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Message from the President of Thai Physics Society &

On behalf of the Thai Physics Society, we would like to express a warm welcome to the 8"
Siam Physics Congress 2013 (SPC2013), which is aimed at providing an academic forum for
those with common in Physics, in order to promote the growth of collaboration among Thais
and oversea physicists, teachers, students, technologists and young scientists.

This year SPC 2013 is settled on a theme “Thai Physics Society: on the Road to ASEAN
Community” to match the tourist city in Chiang Mai, which is also a long history. This is a
point to glance back to the past development of Physics in Thailand in order to reinforce the
present and the future Physics communities. SPC 2013 is organized into three main sessions:
Fundamental Physics; Applied Physics, Engineering and Industrial Physics; and Physics
Education. This stresses an equal importance of all the three realm of Physics, which are
crucial to secure both of radiant future of communities and the advancement of the nation.

This year, we continue to receive a willing supported from the national organizations and
international physicists, as well as, from the industrial sectors, with close to 500 participants.
We would like to express our graduate to all supported from government and private sector.
We would like to thank the co-host organizers, the Faculty of Science, Chiang Mai
University, the Faculty of Science, Burapha University, the Faculty of Science, Thammasat
University, Thailand Center of Excellence in Physics (ThEP), Synchrotron Light Research
Institute (Siam Photon), National Astronomical Research Institute of Thailand (NARIT). SPC
2013 would not be possible without their supports. Last but not least, we are grateful for vital
contributions from our distinguished guests, referees, staff and all participants here. Let us the
benefit from this conference academically, socially and culturally. 1 wish you all a

memorable time at SPC2013.
M@» A‘“Yahz»)«?_’

Associate Professor Dr. Vittaya Amornkitbamrung
The President of Thai Physics Society



Message from the President of Chiang Mai University (CMU)

On behalf of Chiang Mai University, it is our utmost pleasure to co-host the 8™ Siam Physics
Congress (SPC2013) together with Burapha University and Thammasat University.

This year, SPC2013 is held in Chiang Mai or the “Rose of the North” city, which houses
fascinating indigenous cultural identities that includes diverse dialects, delectable cuisines,
distinctive architectures, traditional values, lively festivals, numerous handicraft workshops,
northern style massage, and classical dances. Chiang Mai is also blessed with the presence of
numerous hill tribes that feature a wealth of unique cultures enhancing Chiang Mai’s
distinctive diversity, in combination with the riches from the expatriate communities from all
over the world.

It is indeed a very good fortune that the theme of Siam Physics Congress this year is “Thai
Physics Society: On the Road to ASEAN Community” as Chiang Mai University has been
preparing itself to become a part of the ASEAN Community 2015. So far we have academic
agreements with six universities in ASEAN countries; Cambodia, Indonesia, Laos, Malaysia,
the Philippines, and Vietnam. Therefore, it is an excellent opportunity for physicists,
technicians, researchers, scholars, industrial sector representatives and promising students, as
well as those interested in the physics world, to exchange information and share their
experiences.

On this auspicious occasion, | am convinced that the scientific progress gained from this
landmark event will lead to greatness and strengthen collaborations within this research-
friendly environment as well as in our society and culture. I would like to take this
opportunity to express my sincere appreciation to the organizing teams, Sponsors,
distinguished speakers, my academic fellows and students for making the SPC2013 possible.

| wish every success to the 8" Siam Physics Congress and sincerely hope that this remarkable

event will provide an intellectually inspiring experience to all of you. Please enjoy Chiang
Mai, have a pleasant stay and finally a safe journey back home.

N. (\qul'ach\f'

Associate Professor Niwes Nantachit, M.D.
President, Chiang Mai University



Message from the Rector of Thammasat University (TU)

On behalf of Thammasat University, it is an absolute pleasure to receive an honor from Thai
Physics Society to be a co-host of the 8" Siam Physics Congress.

As for the upcoming Asean Economic Community, science and technology development will
be important keys for the success of this union. We, Thammasat University, values physics as
key fundamental science that will be part of Road to ASEAN. It is our pleasure to co-
organize the conference to serve as a forum for physics communities to discuss and exchange
scientific progress. Also, this physics congress will serve as an opportunity to develop and
strengthen the collaboration among physics communities.

| wish prosperousness and success to the 8™ Siam Physics Congress and hope this landmark
event will benefit to all of you.

Professor Dr. Somkit Lertpaithoon
Rector, Thammasat University



Message from the President of Burapha University (BUU)

On behalf of the Burapha University, it is an absolute pleasure to receive an honor to be
co-host of the 8" Siam Physics Congress (SPC2013) in conjunction with Thai Physics
Society (TPS), the Thailand Center of Excellence in Physics (ThEP), the National
Astronomical Research Institute of Thailand (NARIT), the Synchrotron Light Research
Institute (SLRI), Chiang Mai University and Thammasat University.

From the past until now, we realize that Physics is one of the most important sciences and
harmoniously integrated in every aspect of our society. Physics plays an important role in the
future progress of mankind. SPC2013 aims to provide a forum for interactions and dialogues
amongst researchers, engineers, academic , industrial and those who are interested in physics
to transfer and exchange valuable information.

I am convinced that the scientific progress gained from this landmark event will create ties
and strengthen the collaborations to stimulate an active research environment that is relevant
to our society. | truly appreciate dedication from corporate sponsors, colleagues, delegates
and contributors, especially the dedicated efforts of the SPC2013 collaborative staffs to help
ensure the high quality of the conference.

| wish every success to the 8" Siam Physics Congress and anticipate that this important event
will provide an intellectually inspiring experience to all of you.

Prof. Sompol Pongthai, MD.
The President of of Burapha University



SIAM PHYSICS CONGRESS 2013

March 21-23, 2013
Chiangmai Grandview Hotel, Chiangmai, Thailand

Conference Overview

The 8™ Siam Physics Congress (SPC2013) will be held at the Chiangmai Grandview Hotel,
Changpuek, Chiang Mai, Thailand during 21-23 March 2013. The Siam Physics Congress
was initiated in 2006 by the Thai Physics Society (TPS). The aim of the congress is to bring
together national and international physicists, physics teachers, technologists, young
scientists as well as those who are interested in physics from a variety of fields (covering both
basic and applied physics research) in order to give them an opportunity to share and
exchange their experiences. The Siam Physics Congress incorporates satellite workshops and
annual meetings of the Thai Physics Society, the Thailand Center of Excellence in Physics
(ThEP), Synchrotron Light Research Institute (SLRI), and the National Astronomical
Research Institute of Thailand (NARIT).

Conference Theme
“Thai Physics Society on the Road to ASEAN Community”

Conference Topics

Professionals working in universities, engineering institutions, R&D, academic,
governmental, professional organizations, and industries are invited to contribute papers and
participate in the conference. An abstract or full paper may be submitted in one of the
following areas:

Accelerators and Synchrotron Radiations (Acc)

Astronomy, Astrophysics and Cosmology (Astro-Cos)

Atomic Physics, Quantum Physics, Molecular and Chemical Physics (Atom-QM)
Optics, Non-linear Optics, Laser Physics, Ultrafast Phenomena (Optic)

Statistical and Theoretical Physics (Stat-Theo)

High — energy and Particle Physics (HEP)

lon and Plasma Physics (lon-Plasma)

Condensed Matter Physics (Con-Mat)

Nuclear and Radiation Physics (Nu-Rad)

Biological Physics and Biomedical Engineering (Bio-Phy)

Environmental Physics, Atmospheric Physics, Geophysics and Renewable Energy (Envi-
Energy)

Instrumentation, Metrology and Standards (Inst-Metro)

Material Physics, Nanoscale Physics and Nanotechnology (Mat-Nano)

Magnetic and Semiconductor Devices (Magne-Semi)

Photonics and Optoelectronics (Photo-Opto)

Surface, Interface and thin Films (Surf-Films)

Physics Education : Physics Teaching , Information and Communication Technologies in
teaching Physics, and Active learning of Physics (Phy-Edu)



Organizer

Thai Physics Society

Department of Physics, Faculty of Science, Chiang Mai University

Department of Physics, Faculty of Science, Burapha University

Department of Physics, Faculty of Science and Technology, Thammasat University
Website: http://www.spc2013.net/

Language
The official language of the Congress is English.

Poster Sessions

Poster session 1 will be held in the Chiangmai Grandview Convention Center (poster
sessions-area) from 8.00 to 18.00 and remove their posters by 18.00 on Friday March 22,
2013. The participants are advised to put up their posters during the 15.00-18.00 on Thursday
March 21, 2013.

Poster session 2 will be held in the Chiangmai Grandview Convention Center (poster
sessions-area) from 8.00 to 16.00 and remove their posters by 16.00 on Saturday March 23,
2013. The participants are advised to put up their posters during the 18.00-18.30 on Friday
March 22, 2013.

Exhibitions
Suppliers of instrumentation, materials, process tools and other products and services will
exhibit their products in the Hall Way during the conference.

General Contact of Chiangmai Grandview Hotel

Chiangmai Main Office: 24 Nearby Nimmarnheaminda Rd., Changpuek,Muang, Chiangmai
50300 Thailand

Tel: +66 (0) 53-220-100-9 Fax: +66 (0) 53-221- 602

Bangkok Office: 42/13 Ratchada 42, Ratchadapisake Rd., Chatujak, Bangkok 10900
Thailand

Tel: +66 (0) 2-939-1171-3 Fax: +66 (0) 2-939-1174
http://www.chiangmaigrandview.com/
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The logo of this event includes three capitals letter (S P and C), the number showing the year,
and the road connecting with the letter "S". The three letters stand for Siam Physics
Congress. The shape of these letters resemble Thai painting especially letter "S" that have the
shape of Naga, the serpent king, which is the symbol of power and prosperity that will lead us
through the road of bright -future ASEAN Community whom Thailand is a member and also
a founder of ASEAN. Moreover, in Hindu, Naga has the great power to give us the key to the
universe which relate the astronomy, a field in physic that study the celestial objects. Finally,
all colors used in this logo are the combination of symbol color of cohost universities which
are Thammasat Universities and Red), Burapa University and Grey), and
Chiangmai University (Violet).
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Abstract

The aim of this study is to analyse the orbital period change of HW Virginis (Hw Vir). The data
gatering were done via CCD (SBIG-ST10-XME) that attached to the 0.5 m - reflecting telescope of
Princess Sirindron observatory, Chiang Mai University. The light curves obtained through B, V and
R filters were collected and processed via MaxIm DL4 softwere and O-C diagram. Observations
were done from January to February 2012. The result has shown that the orbital period of HW Vir
was 0.11672 day and continuosly decreased at a rate of 0.000005398307079 sec/year. It new
ephemeris of HW Vir was 2445730.55597 + 0.11672E. From the analysis of O-C residual has

shown a sine wave pattern.

Keywords: HW Virginis : Eclipsing binary : Period change.

Introduction

HW Vir was discovered as an eclipsing binary
by Menzies(1986). The first light curve was published
by Menzies & Marang (1986) includes both primary
and secondary eclipses and the light curve has shown
a striking reflection effect. Wood & Saffer(1999)
analyzed parameters of the sdB star using the spectra.
Kilkenny et al. (1994) report have shown that orbital
period decreasing of HW Vir.

The eclipsing time obtained between 1984 and
1999 were re-analyzed by Cakiri & Devlen (1999) assuming
possibing of the orbital period change is the light-
time effect. They suggested the period of revolution to
be about 19 years around the third body. Wood &
saffer(1999), Kilkenny et al. (2000), Kiss et al. (2000)
and recently Kilkenny et al. (2003) discussed the O-C
diagram for HW Vir has shown that the third body is
likely to be brown dwarf. C.lbanoglu et al.(2004)
analyzed orbital period of HW Vir and parameters of
the third body. The result has shown that 18.8 years
and eccentricity of 0.12 for third body.

However, the aim of this paper has not shown
the parameter and characteristic for the third body of
HW Vir, but analysis and report of orbital period
change of HW Vir.

Observation and Analysis

The data gathering were done via CCD photometer
attached by B, V and R filters that connected to the
0.5 m - reflecting telescope of Princess Sirindron
Observatory, Chiang Mai University. Observations
were done from January to February 2012. The Observed data

were taken to be sending image reduction process for

noise eradicating. Magnitude of HW Vir were
measured by MaxIm DL3.0 and MaxIm DL4
softwares respectively. The observed data analysis
for time of minimum by the equation of Bob Nelson
and it has shown that

HJD (Min) = 2445730.5561 + 0.116719E (1)

The Time of minimum of HW Vir has shown on
table 1.
Table 1: Times of minimum of HW Vir from this
Investigation.

HJID Min Epoch o-C
(2400000+)

55970.35439 I 87730 0.00139
55970.391347 1l 87730 0.001347
55972.3397533 1l 87747 0.001753
55972.456427 | 87748 0.001427

Not : Min I is primary eclipse and Min 1l is secondary
eclipse.
From table 1, calculated data for new ephemeris
of HW Vir has shown in equation (2)

HJID (Min) = 2445730.55597 +0.11672E (2)

Result and Light curves
From table 1, time of minimum and Epoch of
HW Vir calculated by previous authors during the
past 25 years and result has shown that O-C diagram
on Fig.1
The O-C for each epoch were calculated and the



analysis by using a second order polynomial fitting on
the O-C curve was shown in equation (3)

0-C=(-9.98318x10"E*)+
(-1.01627x107E)+1.12x10° (3,
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Figure 1. The O-C diagram of HW Vir

The calculated data for orbital period change
of HW Vir was 0.11672 day while the orbital period
decreased at a rate of 0.000005398307079 sec/year.
Calculated the light curve of polynomial fitting,
the result of O-C residual process has shown that a
sine wave pattern as shown in Fig.2
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Figure 2. The O-C residual diagram of HW Vir

Conclusions

The aim of this paper has not shown the
parameter and characteristic for the third body of HW
Vir, but analysis report of orbital period change of
HW Vir.

The result has shown that orbital period of an
eclipsing binary system HW Vir was 0.11672 day.
Comparing to Bob Nelson’s data that presented in
terms of the orbital period change and its decreased
on 0.000005398307079 sec/year or 1.996636 x 10™
day/cycle. The data of light curve has shown that
continuousely decreased too. The result has show that
new ephemeris of HW Vir on equation (2). However,
the data investigation are needed for the better
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understanding on physical parameter properties and
evolution of this binary system.
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Abstract

This research was aimed to develop the photometry laboratory by using digital single lens reflex
camera for measuring apparent magnitude of stars. The astrophotography including Sky images, Dark
images, Bias images, and Flat images were taken and combined. The final image was then analyzed to
calculate an instrumental apparent magnitude of a star by using IRIS program. An aperture photometry
method was used in this research. The diameters of aperture, inner annulus and outer annulus were 10,
13, and 20 pixels, respectively. The apparent magnitudes from the standard catalog 11/168 were used
for calibrating the instrument apparent magnitude. It was found that the measured visual apparent
magnitude contained standard deviation within £ 0.01, which were sufficient for studying variable
stars. However, this study was limited to the constellation that is close to zenith or at an altitude of

greater than 75 degrees during taken a photograph.

Keywords: Digital SLR, photometry

Introduction

This project was aimed to develop the basic
photometry laboratory for an undergraduate physics
program or pre-service teacher program. The rapidly
improvement of performance of light detector and
personal computer causes the astronomical image
processing would be interested to be placed in an
advance physics laboratory level.

The detectors of conventional digital single lens
reflex (DSLR) camera have been fast developed in the
past decade. Thus the DSLR cameras are widely used
for astrophotography by worldwide amateur
astronomers. Many of astronomical images
processing software had been developed to serve an
astrophotography. In 2009, an International Year of
Astronomy (IYA), the American Association of
Variable Star Observers (AAVSO) started the project
Citizen Sky, the project that welcomes everyone to be
a citizen scientist [1]. The DSLR photometry had
been promoted as a main tool for studying the light
curved of the Epsilon Aurigae, the main target of the
Citizen Sky project.

The prize of DSLR cameras was decreasing
while it got more performance. Furthermore, many of
open-source software for astronomical images
processing were continuing developed through the
time. Such, the DSLR photometry was very interested
to be set as a laboratory for undergraduate students
those were interesting to do an astronomy projects.

Our objectives were to do pilot study about

DSLR photometry and to develop a laboratory for
practical astronomy.

Materials and Methods

Experimental setup

Canon 550D, DSLR camera, with kits lens (18-
55mm) was wused to shoot a sequence of
astrophotography including sky images, dark images,
bias images and flat images without using telescope
[2]. All photographs were taken in RAW format. A
set of images had processed by using IRIS, an open-
source astronomical images processing program. The
final processed images could be explained by
following equation.

(sky image - Bias image - Dark image)
Flat image

The final processed image further separated into
red, green and blue. Only green component images
were used for verifying instrumental v-apparent
magnitude. The instrumental magnitude had
calculated by using an aperture photometry method.
An instrumental magnitude would be calibrated with
standard V magnitude and color index (B-V) in
standard catalog 11/168 (Mermilliod 1991) [1]. Thus,
the v apparent magnitude of target star could be found
by using the calibration curve.

Final processed image =

Observation

There were twelve constellations had been
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studied during November 2012, Andromeda, Aquila,
Aries, Auriga, Canis Major, Cassiopeia, Cepheus,
Cygnus, Gemini, Orion, Sagitta and Triangulum. The
location for observation was Khon Kaen University
Observatory at Chulabhorn Dam, Chaiya Phum
Province, about 140 km west from the city of Khon
Kaen. Each constellation, one dim star had been
chosen as target star while the others were calibrating
stars. One or more constellations had been taken in
the same frame by adjusting the focal length of
camera’s lens to be 50mm. The parameter of camera
was set as: shutter speed = 10 seconds, /3.5 and 1SO
= 800. There were 15 frames of sky image for each
constellation [3]. The sky, bias, dark and flat frame
would be analyzed by using IRIS, astronomical
images processing software, to verify an instrumental
magnitude.

Results and Discussion

Results

The  observational  results of  twelve
constellations were analyzed and then created
calibration curved for each constellation. For
example, the figure 1 shown calibration curve made
of the stars in Aries. An aperture size, inner annulus
and outer annulus were set to be 10, 13 and 20 pixels
respectively. Because this pilot studied aimed to study
the precision of DSLR photometry such that all target
stars were not variable or binary stars.

Transformation Coefficient Determination
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Figure 1. Calibration curve of the stars in Aries

The V apparent magnitudes of selected target
stars were calculated and shown in Table 1. It was
found that the target stars that had an error with range
of £0.01 were including, 8 And, 3 Aqgl, y Cyg and vy
Sge.

In addition, the altitude of constellations those
contained an error more than +0.01 were lower than
75 degrees. It could be disturbed by air mass because
there were had high humidity around the reservoir of
Chulabhorn Dam. However, this studied was set for
developing a photometry laboratory for novice, so
that, an air mass could be neglected by observing at
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high altitude.

Table 1: Standard apparent magnitude compared with
experimental apparent magnitude and standard error
of the values.

App

. Target | App Mag Std
Constellations stars | (standard) Mag Err
(Exp)
o And 2.073 2.055 | 0.012
Andromeda
8 And 3.267 3.252 | 0.014
. Y Aql 2.718 2.499 | 0.012
Aquila
5 Agl 3.360 3.402 | 0.015
] o Ari 2.008 2.073 | 0.054
Aries -
15 Ari 5.701 5.617 | 0.060
] A Aur 4.705 4.690 | 0.024
Auriga
€ Aur 2.084 3.001 | 0.032
Canis Maior B Cma 1.976 1.493 | 0.116
J aCma | -1449 | -1.264 | 0.037
L B Cas 2.268 2.091 | 0.201
Cassiopiea
vy Cas 2.483 2.726 | 0.313
Cenheuss a Cep 2.453 2.463 | 0.098
P v Cep 3212 | 3.463 | 0.074
Cvanus a Cyg 2.868 1.055 | 0.012
v vCye 2.208 | 2.066 | 0.007
- B Gem 1.143 1.420 | 0.091
Gemini
v Gem 1.928 1.641 | 0.100
. y ori 1.636 1.586 | 0.106
QOrion -
K ori 2.062 1.988 | 0.113
] 5 Sge 3.828 3.760 | 0.014
Sagitta
v Sge 3.476 3.443 | 0.018
Trianaulum o Tri 3.416 3.336 | 0.088
g B Tr 2.998 | 3.079 | 0.069
Conclusions

As a result, the digital single lens reflex camera
could be used as photometry tools. It could be set up
as an advance physics laboratory level to study the
physical properties of stars. However, it was limited
to be used for stars at high altitude. The next study
would be include air mass and optical limitation of
using DSLR in photometry.
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Abstract

The activity in galactic nuclei (AGN) has been studied extensively by many research teams
since its discovery. The determination of the size of the so-called “broad-line region” (BLR)
and the mass of the central supermassive black hole (SMBH) is one of the most important
research area of AGN study. In fact, a lot attention was paid in the last years to this problem
and masses of more than 30 SMBH of AGNs were estimated for the first time using the
reverberation-mapping method during the long-time international monitoring programs. These
data allow us to obtain the “Luminosity — Black Hole Mass” relationship and hence to
determine positions of different types of AGNSs relatively to the Eddington limit. The Crimean
Astrophysical Observatory (CrAO) has traditionally had one of the leading positions in
stydying of the AGN phenomenon since the 1960's. The term BLR, which is now widely used,
appeared after pioneer works of Crimean astronomers V.Pronik and E.Dibai. Here we present
some results of our researches based on the regular optical observations made with the ZTSH
(2.6-m) and AZT-8 (0.7-m) telescopes of the CrAOQ.

Keywords: reverberation-mapping method, AGNs, supermassive black hole

experience on the Earth. This fact makes the
investigations connected with AGNs undoubtedly

Introduction important and actual [5]. Many achievements have

Approximately 30% of all galaxies have
supermassive black holes (SMBHSs) in their nuclei.
SMBH manifests itself only by its gravitational field
in most cases, but the black hole causes the glow of
gas around it allowing to analyze properties of active
galactic nuclei (AGN) and to evaluate the SMBH
mass (see, for example, review in [16,29]). AGN are
the brightest objects in the Universe, with extreme
physical conditions (gravitational field of the SMBH,
speeds close to the speed of light, high gas
temperature, etc.) that cannot be created in an

been made in understanding the AGN phenomenon of
over the last 30 years. At present, the generally
accepted model of the nucleus of active galaxy (often
called “central engine”) is a system consisted of a
SMBH in the center and a dusty and gaseous
accretion disk around it. This model explains the
existence of the correlation between observed fluxes
in the continuum and the broad lines, as well as a
delay between them.

The "Mass of the central black hole versus
optical AGN luminosity" (“mass-luminosity” for
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short) correlation is often discussed within the
development of different AGN's models. Therefore
the study of this relationship is very urgent problem.
Equally important is to clarify the question why the
SMBHSs in the nuclei of normal galaxies are not
active. Comparative analysis of the properties of
active and normal galaxies should be done to solve
this issue.

Traditionally, CrAO occupies one of the leading
positions in the study of AGN properties and conducts
its own investigations in this field since the 1960's.
The joint efforts of several observatories (from US,
Israel, Britain, Canada, Russia, Ukraine (CrAO) and
others) provide intensive monitoring of AGNs. As a
result, the masses of more than 30 central black holes
were estimated by means of the reverberation-
mapping technique. CrAO has made a significant
contribution to these international projects. Black
holes masses were calculated for the first time in two
of these AGNs only by CrAO efforts [10,22].

It allowed to improve a general AGN model and
SMBH phenomenon, to check the theoretical models,
and to describe a distribution of visible/dark matter.

In this paper we give the main results of our past
and present research based on the observations at the
2.6-m ZTSH and 0.7-m AZT-8 telescopes (CrAO).

Reverberation-mapping method

Several  methods  were  proposed  for
determination of the central SMBH mass in AGNs in
early studies [1,8,15,28]. However, the most direct
method for determination SMBH masses is
reverberation-mapping technique [3,14,18,19] which
is based is based on the observing the response of the
broad emission lines to the continuum changes. High-
energy continuum ionizes and heats nuclear gas and
produces these lines (the BLR) that stretches up to
several hundred gravitational radii from a black hole.
In the gravity-dominated motion the mass is related to
the distance cr and velocity oy, by the following
equation: )
fetoin,:

G

where G is the gravitational constant, ¢ is the
speed of light, z is a delay between the line and
continuum flux variations, o, is the measured line
profile dispersion. It was shown that [25]: f=1.5 for
the spherically symmetrical free-fall motion of gas in
the BLR, f=3 for Keplerian orbits with random
inclinations, and f=2.0/sin% for the Keplerian disk
with the inclination angle i to the line-of-sight. Onken
et al. 2004 [17] have calibrated the factor f by
comparing the “reverberation” masses and masses
obtained by the measurement of the star velocity
dispersion in the spherical component of galaxies and
it was found to be: f=5.5+1.7. The value of this
coefficient has been updated by [12,27].

Mgy =
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Results and Discussion

CrAO conducts its own photometric and spectral
monitoring campaign of several AGNs since the
1990's. In particular, the mass of the central black
hole and the size of the BLR were calculated by the
reverberation-mapping method for Mrk 817 and Mrk
290 within the framework of international cooperation
with the US, Canada, and Israel for the first time [10].
Significantly more reliable estimates of the masses
and BLR sizes were obtained for NGC 4051, NGC
3227, NGC 3516, and NGC 5548 [2,9,10]. These
results play an important role for the determining and
interpreting of the "mass-luminosity" and the “BLR
size — luminosity” diagrams for AGNs. Furthermore,
new results of spectral and photometric monitoring of
3C 390.3 were obtained on the base of observational
program in the CrAO during 1992-2007 [23,24]. The
time delay was recalculated between flux changes in
the HB and Ha lines and continuum: 94 + 6 and 174 £
16 days respectively. The central black hole mass was
estimated through HP line MBH:Z*lO9 Msun.

In other research the time delay was detected
between flux variations in the optical and X-ray bands
for several Seyfert galaxies [4,6] for the first time.
Additionally, time delay was confirmed between R
and | bands relatively to B in the nucleus of NGC
7469 [11] as well as multi-frequency properties for
3C 454.3 were analyzed [30]. Thus, the new evidence
was presented in favor of reprocessing model from X-
ray radiation into the optical due to Compton
scattering in the accretion disk.

We estimated the central black hole mass and
found the position of 1E 0754.6+3928 in the “mass-
luminosity” diagram using the results of spectroscopic
and photometric observations performed at CrAO in
1998-2004 [22]. We classify this object as a narrow-
line Seyfert 1 (NLS1) galaxy on formal spectroscopic
criteria. The time lag in the HP line relative to the
continuum flux variations, found from the cross-
correlation function centroid, is zeene = 112+%°_;, days.
1E 0754.6+3928 showed very low rms flux variability
amplitude in both continuum and Hf line (~3%) over
the observational period. The mass of its central black
hole is Mgy=1.05 x 10®°M,,, The position of 1E
0754.6+3928 agrees with the positions of other NLS1
galaxies (Figure 1) and can be explained by an
enhanced mass accretion rate on the central source.

The velocity dispersion, sizes of BLR, black
hole mass are presented in Table 1.
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Table 1: The list of some AGNs for which the SMBH
masses and BLR-parameters were obtained with
participation of the CrAO.
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base and methods of data processing and analyzing.
Such improvements allow to achieve high levels of
data accuracy and reliability. We obtained the updated
and reliable estimates of the BLR sizes and central
black hole masses for several AGNSs.

We believe that our project data are of
importance  for  understanding and  further

Galaxy Gine. BLR size BH mass Ref
km/s lightdays  *10'Mg,
1E0754 980 1127 10.5 [22]
NGC4051 927 1.75+0.5 0.160£0.05 [9]
NGC5548 1822 6-30° 6.540.27 [2]
NGC3516 1591 11.6™5 3.177%%,, [10]
NGC3227 1376 14+3.45 0.76+0.17 [10]
Mrk 817 2025 144 ,,.  4.33+1.06 [10]
Mrk 290 1609 8.72*%%, 2.43+0.37 [10]

investigation of the AGN phenomenon. They can be
used in studying geometry and kinematics of the inner
regions of AGNs as well as to improve such
fundamental correlations as “mass-luminosity” and
“the BLR size-luminosity”. These relationships can be
used to deduce some essential properties of active
nuclei. For example, it was found that the nucleus of
3C390.3, which has wide two-humped profiles of

! For maximum and minimum brightness of the
nucleus.

3c3e0.: HEH

T
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Black hole mass (M/M

| T T T T
41 42 43 44 45 46

Absolute luminosity bog( %L, ), ergs s”

Figure 1. Luminosity-black hole mass diagram, the
data for reverberation-mapping are from [20]. With
open circles are marked NLS1 type AGNSs, with
squares are marked the AGNs for which the masses of
the central black holes were measured in the CrAO
[23,24,25]. The filled circle represent data for 3C
390.3 [23]. Lgga, 0.1Lggq, 0.01Lgqq are presented the
Eddington limit.

In 2011 a new observational program was
initiated in the CrAO that concerns with the
determination of SMBH mass of isolated galaxies
with active nuclei. The sample of isolated AGNs [7,
21] was compiled from the 2MIG Catalog [13] and
contains about 60 galaxies at z<0.08. Observations of
these objects will allow revealing those AGN’s
properties which could be explained by the intrinsic
physical processes in AGNs, because these objects
have no a gravitational influence from neighboring
galaxies during 2-3 billion years. This program
includes NGC 5231, Mrk 845, Mrk 1018, Mrk 42,
UGC 10120, PGC 86291, IC 5287 of the Northern
sky (CrAO) and can be extended on the Southern sky
thanks to the collaboration with the NARIT.

Conclusions

Crimean Astrophysical Observatory has made
a major step towards improving its own instrumental

hydrogen lines, is on the upper edge in the “mass-
luminosity” diagram. This result may imply that
AGNs of such type have extremely low accreting rate
(for a given black hole mass).

Our results can be of interest to physicists as
well since those extreme physical conditions that exist
in the “central engine” of AGN are unattainable in the
laboratories on the Earth.
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Abstract

The Eclipsing Binaries’ Minima Monitoring Project (BIMA) is an observational program started at
Bosscha Observatory (Lembang, Indonesia) in June 2012. It is a long term observational project of
eclipsing binaries which be done to improve our understanding on this class of objects, specifically to
establish the orbital period of each system and its variations. The main purpose of the project is to build
an open-database of eclipsing binaries’ minima, collected from observations conducted at Bosscha
Observatory and collaborating observatories. So far, the main partner has been the National
Astronomical Research Institute of Thailand (NARIT) which joined the project in December 2012. In
this paper we present the details of the project and the report for the first semester of activity.

Keywords: Methods, observational, techniques, photometric, stars, binaries, eclipsing, Bosscha
Observatory, NARIT

photographic plate, photographic, photoelectric, CCD
. observations) have been used. It is true that the TOM

Introduction of eclipsing binaries can be determined much more
The study of eclipsing binaries has been an accurately from CCD observations than from the

intriguing field in Astronomy for such a long time. other methods. Hence, CCD observations are prefered
Their vast numbers in the universe and the in this research.

fundamental stellar properties that can be derived Since its establishment in 1923, Bosscha
from them have made eclipsing binaries important ~ Observatory (6°49°28”S and 107°36’56”E) has been
objects to observe. continuously active in binary stars observations.

In general, the photometric observations of  Eclipsing Blnaries” Minima (BIMA) Monitoring
eclipsing binaries have two major goals, which are to ~ Project is an observational program that focuses on
determine the time of minimum (TOM), and to obtain ~ Photometric  obsevation of eclipsing binaries,
the entire light curve [1]. TOM determination is done  Specifically the TOM observations. Essentially,
in order to establish the orbital period and its =~ BIMA research program is a continuation from
variation. In many systems, period changes are Suherli’s undergraduate thesis research [4]. The main
frequently detected, which indicated by eclipses that ~ objectives of the project are to calculate the observed
occur earlier or later than the expected time (Observed ~ TOM of eclipsing binaries and to make an open-
minus Calculated, O-C). These changes may due to database of eclipsing binaries’ minima. BIMA project
the influence of a third body in the system, mass had started in June 2012 and open for collaboration
exchange between the components, or even an abrupt ~ Since. As yet, the main partner of the project has been
single change on the system. Hence, the observations the National Astronomical Research Institute of
of minimum light timing are important to make a  Thailand (NARIT) which joined in December 2012.
better understanding of the period of eclipsing binary
stars.

The advances in instrumentations and observing

. > Instruments
techniques have brought astronomers into many new
and exciting insights about the eclipsing binaries. Bosscha Observatory
Since the 1900s, TOM observations have been . .
recorded and various observation methods (visual, We used the 0.2 m (8-inch) /10 Schmidt-

11
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installed at
Institut

Cassegrain
Astronomical
Bandung Remote Telescope System (GAO-ITB RTS)

telescope
Observatory —
house, equipped with SBIG ST series CCDs.
Alternately, several portable telescopes with similar
specifications with previous are available.

NARIT

NARIT has privilege in using the Panchromatic
Robotic  Optical Monitoring and Polarimetry
Telescope (PROMPT) (30°10°03.50”S and
70°48°19.40”E) which being built by the University of
North Carolina at Chapel Hill and installed at Cerro
Tololo Inter-American Observatory in Chile. We have
been using this telescope since late December 2012.
In the future, we plan to use the 0.5 m Schmidt-
Cassegrain telescope equipped with Apogee CCD
located at Thailand National Observatory (TNO)
(18°35°32”S and 98°29°12”E).

Eclipsing Binaries on the Project

More than 200 eclipsing binary systems have
initially been selected for the BIMA project. The
General Catalogue of Variable Stars (GCVS) and the
All-Sky Automated Survey (ASAS) database have
largely been used to compile the object list. Some
selection criteria had been applied to obtain the list:
all those which are brighter than 11" magnitude at
maximum and have an amplitude of at least 0.4
magnitude, all those systems with orbital period of
less than two days and which have declination
ranging from +60 degrees to -60 degrees.

We exclusively focused on eclipsing binary
systems which have rather small number of observed
TOM.

Calculated Time of Minimum

The predictions of calculated TOMs are
essentials in planning the observations of eclipsing
binaries. The precise timing allows a system to be
observed efficiently, as such, up-to-date ephemerides
are important [2]. Using the ephemerides given in
Kreiner (2004) for all the systems, the observer can
calculate a quite accurate predicted TOM. We use his
ephemerides which are provided at
http://www.as.up.krakow.pl.

In addition to Kreiner ephemerides, we use
ephemerides software from David Motl. For several
objects which are not in agreement with the GCVS or
ASAS period, the observer should first observe the
system according to the updated period from literature
(if available) and then make a correction to the period
based on the observation.

Observations

12
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All the charts for each system have been
generated from the American Association of Variable
Star Observers (AAVSO)’s online Variable Star
Plotter (VSP) page: http://www.aavso.org/vsp.
The differential photometry method is applied for all
BIMA project’s observations. Hence, a comparison
star and a check star are required. A star of nearly the
same color and brightness as the target star is selected
as comparison star. The comparison star should be as
near to the target star as possible, prefereably within
seventeen arc-minutes, which suits the field of view
of default CCD camera and telescope combination for
this project. A check star with the same criteria as the
comparison star should be selected as a test of the
nonvariability of the comparison star. Observers can
choose the comparison and the check stars which also
available from the AAVSO’s online VSP service.
Otherwise, the comparison and the check stars can be
selected by checking the variability of nearby stars
using simbad database (simbad.u-strasbg. fr).

On each night, there is more predicted TOM
than a single observer can hope to cover. Here is the
accurate TOM calculation come into play. Generally,
priority is given to stars which have fewer observable
eclipses and it is suggested that, once the observer has
secured two good timings for one object, no more
observations of that system should be made that year.
This will help to cover an even spread of TOM
observations among the objects on the BIMA project.

The observation should cover on average 0.25 to
0.3 times the period of each system, with symmetric
amount of time for before and after the predicted
TOM. It is important to secure a good series of data
on both descending and ascending branches of the
light curve, to derive a more accurate timing.

Data Reductions

We performed the standard reduction of CCD
images (bias and dark subtraction, flat-fileding) using
the Image Reduction and Analysis Facility (IRAF).
Then, the instrumental magnitudes of each system
from each observation are obtained by applying the
aperture photometry method. We used IRAF‘s apphot
package, with batch photometry mode (non-
interactive). We also used the IRIS software to
recheck the instrumental magnitudes.

After calculating the magnitude difference, the
light curve is build with HJD (Heliocentric Julian
Date) as x-axis and delta instrumental magnitude as y-
axis. Then the observed TOM is determined using the
Kwee — van Woerden method [3].

Preliminary Results

Up to mid-February 2013, we have observed 32
eclipsing binaries in several filters, and V filter for
most systems. We acquired the data from Bosscha
Observatory since 2010 and PROMPT since



December 2012. The summary of the object we have
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is presented in the Table 1.

Table 1 : List of objects acquaired up to mid-February 2013 and details on observation date and location.

Object Observation Date(s) Observation Location
AB And Aug 8" 2012 Bosscha Observatory, 1D
AH Pup  Jan6" 7" 8" 2013 PROMPT, CL
AN Pup  Jan8" 10" 24" 28" 2013 PROMPT, CL
AO Vel Feb 8™, 15", 16™ 2013 PROMPT, CL
AR CMa Jan5" 6" 12" 13™ 20™ 26" 27" 2013 PROMPT, CL
CS Pup  Jan 12" 16" 20" 2013 PROMPT, CL
CT Cet Nov 11" 2012 Bosscha Observatory, 1D
ER Ori Oct 10", 13" 2012 Bosscha Observatory, ID
FR Ori Oct 13" 2012 Bosscha Observatory, 1D
GU Ori Oct 18" 2012 Bosscha Observatory, 1D
HM  Pup  Jan8" 21% 26" Feb 17" 2013 PROMPT, CL
HS Agr Sept 21% 2012 Bosscha Observatory, 1D
KX  Pup  Jan17"2013 PROMPT, CL
LT Pup  Jan10™ 11™ 28" 29" 2013 PROMPT, CL
MR  Del  Jul26™ Aug 10" 2012 Bosscha Observatory, ID
TT Hor  Feb5™ 11" 15" 19" 2013 PROMPT, CL
TU CMa  Dec 312012, Jan 6", 7", 10", 11" 23" 25" 29" 2013 PROMPT, CL
UU  Agr  Jul 19" Sept 10" 2012 Bosscha Observatory, ID
V1073 Cyg Aug 11" 2012 Bosscha Observatory, 1D
V1363 Ori Sept 13", Oct 13" 2012 Bosscha Observatory, ID
V1847 Ori Oct 14™ 2012 Bosscha Observatory, 1D
V337 Agl Sept 16™ 2012 Bosscha Observatory, 1D
V343  Ori Oct 12" 2012 Bosscha Observatory, 1D
V392  Ori Oct 18" 2012 Bosscha Observatory, 1D
V395 And Jul 21, Aug 10" 2012 Bosscha Observatory, 1D
Vv4l7  Agl Aug 8" 2012 Bosscha Observatory, 1D
V566 Oph Jul 21* 2012 Bosscha Observatory, 1D
V579 Pup  Jan4™ 5" 16" 30" 31% 2013 PROMPT, CL
V701 Sco Sept 13" 2012 Bosscha Observatory, 1D
V857 Her  May 16" 27" Jun 18" 2012 Bosscha Observatory, ID
V899 Her  Apr25™ May 3" 4™ 122011, Mar 29", Apr 24", Bosscha Observatory, 1D

May 16", Jul 19", 30", Aug 8", 2012
WwW Eri Nov 4" 2012 Bosscha Observatory, 1D

Reporting Observations

A page at the official Bosscha Observatory
webpage: http:bosscha.itb.ac.id will be
launched in mid-2013. The TOM data will be
accessible by public and a query form addressed to
the primary investigator of BIMA project will be
available.

The TOMs of various eclipsing binary systems,
if possible, will be published in appropriate journal as
a collection of minima.

Conclusions

TOM observation is very important for
investigating the behaviour of any eclipsing binaries’
orbital period. A plot between observed and
calculated TOM residual against the time (O-C
diagram) is used to indicate whether the period of
certain system is right, is too short or is too long, is
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decreasing or increasing, is varying sinusoidally or
otherwise.

BIMA project is an observational program
started at Bosscha Observatory, Indonesia, as a
continuation of Suherli’s undergraduate thesis
research. The project aims for a collection of TOMs
that can be accessible by anyone and optimising the
utilisation of small aperture telescopes. The project is
hoped to cover 200 systems and more in the next few
years.
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Abstract

The aims of Orbital period change study of a Binary System of FZ Orionis, and it’s evolution.
Observation were done via Richey - Chertian diffraction telescope 0.5 m connect to CCD Photometry by
BVR system at Sirindhorn observatory. The results was three time of minimum by 1% Pirmary eclipe and
2" Secondary eclipe, The O-C characteristic were increase paraboric variation. The result has show that
obtiant orbital period change is 4.8416x10™ sec/year or 0.39998 day, The O-C light curve had show that
a third body on this system and it’s sin wave pattern. The firth results of WD program has show that
0.14 ratio, 68.24 * 0.359 degree of inclination, and second data parameter has show that 0.14 ratio, 67.33
degree of inclination. Finaly, an analysis characteristic for FZ Orionis is W Uma type and its evolution
were Close binary system.

Keywords: binary system, third body, contact binary system, semi - detached binary system

Introduction

The FZ Orionis binary star system is an Calculate equation (1) for ephimeris equation, that

eclipsing close binary system that the study is very

little. Hoffmeister (1934) FZ Orionis is variable star. Min = HIDy+PE (2)
Kippenhahn (1953) have revealed the orbital period

change of FZ Orionis is BetaLyrae (EB) system with Take the resulted data to add in Minl and Epoch of
a period of 1.59 day Figer and Le Brogne show that Bob Nelson and A. Liakos, P. Niarchos data by origin
FZ Orionis is W Uma with a period of 0.399986 day. pro8.0 software to gain a new diagram of Minl and
El —Bassuny and Alawy (1993) an orbital period  epoch relation. Calculate phase from;

change of FZ Orionis is continuously decreased at a
rate of -2.6x10™ day/year. ShengbangQian (2003)
From the analysis of physical parameters and model,

it was found that FZ Orionis have orbital pefiog' The phase and magnitude data from the observed
change continuously decreased at a rate of 5.1x10 light curve, calculate orbital period change rating of

daylyear. FZ Orionis by

HJD, — HID

phase = 3)

dP 9
Materials and Methods dE a “)
Observation of EZ Orionis were done at Take the observed data minus the calculated data to
Sirindhorn Observatory, chiang Mai University Using ~ gain the result of the O-C diagram and O-C residual.
a 0.5-meter reflecting telescope with CCD photometric
system in B,V, and R wavelength bands. Observations
were done from 12 February 2012 to 14 February
2012. The observed data were taken to be sent to the The result has shown that time of minimum of
image reduction process for noise eradicating. FZ Orionis in secoundary eclipsing : Minl =
Magnitude of FZ Orionis were measured by 2455970.19873, primary  eclipsing : Minll =
MaxIm DL4 softwares respectively. The observed 2455971.19929 and secoundary eclipsing : Minlll =
data were takan to analyse the time of minmum by the 2455972.1999 and epoch =29868.6 respectively.

Results and Discussion

equation of Bob Nelson and A. Liakos, P. Niarchos; Take Minl, Minll and Minlll and epoch to add in
Bob Nelson and A. Liakos, P. Niarchos data that show
Minl = JD Hel 2444024.4668+0.39998E (1) in fig.1.
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Fig.1 Relation of time of minimum and epoch
for FZ Orionis

For the calculated data, orbital period of FZ Orionis
binary system: FZ Orionis was 0.39998 day while the
orbital period change of FZ Orionis from Bob Nelson
and A. Liakos, P. Niarchos data (O) and calculated
data (C) werw determined from the O-C diagram is
show in fig.2.

@ O-C
—— Polynomial Fit of O-C

0.15 4
0.10 4

0.05 4

0o-C

0.00 o

-0.05

-0.10 T T T T T
-50000 -40000 -30000 -20000 -10000 O

Epoch

T T T 1
10000 20000 30000 40000

Fig.2 Graph of O-C and epoch relation

The data of light curve after the O-C residual process
has a sine wave pattern as show in fig.3.

@ Residual of O-C
— Sine Fit of Residual of O-C

.. °:}’\a

Residual of O-C

-0.06 4

T T T T T T T T )
-50000 -40000 -30000 -20000 -10000 0 10000 20000 30000 40000
Independent Variable

Fig.3 O-C residual of a W Uma binary system:
FZ Orionis

From fig.3 this pattern may possibly caused by the
existence of the third body on this W Uma binary
system: FZ Orionis. Calculation of phase from
observed data and magnitude from the light curve, the
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result has shown that light curve obtained through
B,V and R filters were 0.5,0.5,and 0.5-depth respectively
(fig.4-6)

@ Magnitude B

ﬁ

A
y
3

F-)
&

oeooon

o3

;
£
]

L
]
?
°
)
°
Ll

delta Magnitude B

Phase

Fig.4 Observational light curve of FZ Orionis in B
wavelength band
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Fig.5 Observational light curve of FZ Orionisin R
wavelength band
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Fig.6 Observational light curve of FZ Orionis in V
wavelength band

Photometric solutions

Wilson-Devinney program with DC code (mode
3 as W Uma-Type) was used to calculate physical
parameters of FZ Orionis . some fixed parameters
used in the calculation was taken from A. Liakos, P.
Niarchos (2010)as T,= 6108 K, Q, = 0.15 ,9,=0.32,
A;=0.50,A,=0.50, x1,=0.57 X,,= 0.41 Several values of
mass ratio g = 0.2,0.3,0.4,0.5,0.6,0.7,0.8,and 0.9 were
used in calculations. The best solution of FZ Orionis is
show in tablel and its surface potential and configuration
are constructed using Binary Marker 3.0 program and
are show in fig.7 and fig.8



Table 1: The best solution of FZ Orionis

parameters Best Solution
q=(m,/m,) 0.147605 + 0.0025
i (degree) 68.24 +0.359
T (K) 6108 £0.0010 5703 0.0015
Q 2.123151£0.01 2.123151 £0.01
3 2.123151
Q 2.123722

out

LIB / (L1B+ LZB)

0.6371 £0.0001

Ly / (Lw+ sz)

0.6353 +£0.0001

L /(L L) 0.6356 + 0.0001
A=A, 05, 05
g =g 032, 032
r (pole) 0.502173 +0.2223  0.205597 + 0.0053
¢ (side) 0.549204 + 03749 0.212889 = 0.0062
r (back) 0.568151 +0.5797 0.238542 % 0.0107
D input value 0.068198
> predict 0.068197

Fig.7 The surface potential of FZ Orionis.

Fig.8 The configuration of FZ Orionis.
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Conclusions

Orbital Period Change and Evolution of a Binary
System FZ Orionis : was 0.39998 day Comparing to
Bob Nelson and A. Liakos, P. Niarchos is data that
presented in terms of the orbital period change,
FZ Orionis has 1.01478x10™*" day/cycle. The data of
light curve after the O-C residual process has a sine
wave pattern, that means, may possibly caused by the
existence of the third body nearby this W Uma binary
system : The light curve has show that W Uma binary
system: FZ Orionis was semi-detached type.
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Abstract

We present our observations of the eclipsing binary YZ Phe in the visual band from the robotic
PROMPT-5 telescope at the Cerro Tololo Inter-American Observatory. We acquired an almost
complete phase of the light curve during three nights of observation in September-October 2012. The
light curve of YZ Phe shows a 5.63 hrs period as previously reported, however we notice that the
previous ephemeris data for this star need to be updated. The variation in ephemeris data might indicate
a change in the orbital period due to angular momentum loss. Further observations are planned to
investigate this issue. We also report our investigation on the possible evolutionary scenario of YZ Phe
using the recent version of the TWIN stellar evolution code.

Keywords: Eclipsing binaries, photometry, stellar evolution

Introduction

Eclipsing binaries are binary star in which the
orbital plane of the two stars is nearly in the line of
sight. These objects are easily recognized from the
appearance of two minima in their light curves. There
are three types of eclipsing binaries according to the
shape their light curves: Algol type (EA), B-Lyrae
type (EB), and W-UMa type (EW). Algol type
eclipsing binaries have detached components of two
extreme spectral classes and the light curves show a
clearly defined eclipses with one deep minimum and
one shallow minimum. The B-Lyrae type has a semi-
detached configuration where the one or both stars
has almost filled up their Roche-lobe. Therefore the
stars in these systems have ellipsoidal shape. The light
curve of the EB type eclipsing binary shows a curvy
pattern and minima with different depths, although
not so extreme like the EA type. The last type is the
W-UMa type or the contact system. Both component
in this system have filled their Roche-lobe and touch
each other through its first Lagrange point, L;. The
stars in EW system would have similar spectral
classes and a strongly curved light curve with almost
equal depths for the minima.

The eclipsing binary YZ Phe belongs to the W-
UMa type system. This star has a 5.6 hrs orbital
period and known as one of the shortest eclipsing
binaries to date. YZ Phe was discovered as a variable
star by Hoffmeister [1] and classified as an eclipsing
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binary of Algol type. This star is located in the
southern hemisphere with RA (J2000) = 01" 42™ 26°
and & (J2000) = —45° 57’ 04". Later, Gessner and
Meinunger [2] find that YZ Phe is actually a W UMa
star. The first estimated true period of YZ Phe comes
from Jones [3] who performed a complete UBVRI
photoelectric observations covering the primary
eclipse and derived a ~0.225d period. Kilkenny and
Marang [4] and Samec and Terrell [5] reported similar
period of 0.23472d from the light curve analysis of
simultaneous BVRI observations.  Furthermore,
Samec and Terrell find that YZ Phe consists of two
early K spectral-type dwarf stars with mass ratio of
~0.4.

In this article we report our V band observations
of YZ Phe from the Panchromatic Robotic Optical
Monitoring and Polarimetry Telescopes (PROMPT).
We also investigate the evolution scenario of this
system using a recent stellar evolution code by Peter
Eggleton [6].

Observations and Data Reduction

Optical observations

We obtain the photometry data of YZ Phe using
0.41cm PROMPT-5 telescope at Cerro Tololo Inter-
American Observatory in Chile. The observations was
done on 27 and 29 September and 01October 2012
with a 1kx1k Apogee U47 CCD camera in V filter.
The U42 CCD camera has 13x13 um pixel size and
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total imaging area of 13.3x13.3 mm. The field of view
of this telescope is 10'x10" with pixel scale 0.59” per
pixel. We take 60-seconds exposure for all science
and the corresponding calibration images. Bias
subtraction, dark image correction and flat fielding
were performed through the Skynet pipelines for
PROMPT images while the aperture photometry is
done using IRAF apphot package.

The finding chart of our target star, YZ Phe, is
shown in Figure 1. We choose 2MASS stars
J01422428-4554060 as the comparison and
J01420982-4553468 as check star. Table 1 lists the
coordinate and magnitude of the stars used in our
photometric analysis.

MAMA R ESO

*
Comparison ——@® T

Check

Target

N .
N -
|

Figure 1. Finding chart of YZ Phe from ESO digitized
sky survey in R filter with the field of view of

10.71'x11.21'. The target, comparison, and check
stars are marked with circle.

Table 1: Coordinates and magnitudes of the YZ Phe,
comparison, and check stars

Star RA Dec B Vv
YZ Phe 0142 26 -455704 - 12.70*
J01422428 014224 -455406 1235 11.72

J01420982 014210 -455347 14.06 1342

*maximum brightness in visual [7]

The weather is stable during the observations
although we notice that there were some technical
problems occurred in the night of 29 September and
01 October. The problems caused the change of image
orientation in the CCD which happened during the
observation. In the observation of 01 October, the
images were also shifted to the north so that the check
star is out of the CCD frame. However, these
technical difficulties did not affect the quality of the
data.

Aperture photometry

Before analyzing the photometric data, we
examine the images using the imexamine package to
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make sure that the images are free from any image
distortion. We exclude the data if the ellipticity (or the
roundness) of the stars in the images are larger than
0.15. We present the folded light curve of YZ Phe in
Figure 2.

PN
Pl

129 ¢

Magnitude (V)

13.1

01 +  (Comparison-Check)+1.7
LR -
Ty

Residuals

0 Pigs o o™ R O I

0 0.25 0.5 0.75 1
Phase
Figure 2. The light curve of YZ Phe in V band (top
panel) and the residuals calculated from the
magnitude variations of the comparison and check
stars (bottom panel).

The light curve shows two minima with similar
depth. We calculate the magnitude by averaging the
variations to the comparison and check stars. The
residuals come from the difference in the observed
(instrumental) magnitude of the comparison and
check stars to their real visual magnitudes.

It is also seen in the light curve that the phase of
the primary and secondary minimum are shifted by
0.1. We will discuss this problem in the Result and
Discussion section.

Evolution of YZ Phe

We investigate the evolution scenario of YZ Phe
using the TWIN stellar evolution code for binaries
from Eggleton [6]. The code was first introduced in
1971 [8] and it has been developed during the past
four decades. The recent version of the code is able to
follow the evolution of the two components
simultaneously. This will allow us to trace the
changes in the stellar structure and orbital parameter
of both stars in detail.

The TWIN code needs severals initial values as
the inputs: the stellar masses, the mass ratio and the
orbital period of the progenitor (initial) systems. We
take the values needed from the present value of YZ
Phe system, assuming that the mass of the star in the
system has not change much since its formation. We
take this assumption because both stars in YZ Phe
system are low mass stars (<1 Msun) which needs
more than 10 Gyr to evolve into the red giant phase.

We take the binary paramaters needed as the
input from [5] where the mass ratio (q = My/M;) is
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0.402 and the present orbital period is 0.2347. Recent
study by Stepien and Gazeas [8] proposed that the low
mass contact binaries of W-UMa type should have
progenitor systems with primary initial mass 0.9 —
1.1 Mg, and total initial mass 1.3 -1.6 My,. The
initial period to form these binaries should be between
1.5to0 2.5 day.

We adopt those values and we evolve several
models by varying the initial primary mass and the
initial orbital period. The initial progenitor system
which give the best result is the system with initial
primary mass 1.02 Msun, initial secondary mass 0.43
Msun and initial orbital period of 2.0 d. Figure 3
shows the change in masses (top panel) and orbital
period (bottom panel) of this model. The stars are in
contact at the age of 4.25 Gyr and at this point the
mass transfer start from the primary to the secondary.
The orbital period decreasing slowly and reaches 0.28
d at the end of the evolution. The mass transfer and
orbital period decrease suggest that this system is very
likely will experience a merger. The evolution stops
when mass transfer occurs because the code could not
follow the rapid changes into a merger phase.

] T

— primary

secondary 4
098

M1 (Mg)

0.96

[ 4 0.416
0.94

0.414

Orbital period (d)

0.3 r b

P T S S S S S S S T S

0 2 % 107 4% 107
Age (yrs)

Figure 3. The plot of masses (top) and orbital period
(below) of our best model (1.02+0.43, 2d).

This model shows a good agreement with the
proposed evolutionary model of contact binary by [8].
They also mentioned that the contact binaries will
continuously losing mass and angular momentum
which will lead into a merger.

The present geometry model of YZ Phe from the
Binary Maker 3 software is shown in Figure 4 (taken
from http://ebola.eastern.edu). The two stars are in
contact so that they share the same envelope.
Therefore both stars will have a similar spectral type.
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Figure . The geometry model of YZ Phe generated
using Binary Maker 3.

Results and Discussion

Our analysis of the visual light curve of YZ Phe
shows that the both primary and secondary minima
are shifted by 0.1 phase, as shown in Figure 2. The
ephemeris we used to calculate the phase is the
ephemeris from Kreiner [9]:

HJD = 2452500.0721 + E x 0.23472702 (D)

The shift indicates that this ephemeris is
inaccurate to predict the eclipse of YZ Phe at the
present time. This may also suggest that the orbital
period of YZ Phe has changed since the last
ephemeris measurement. Contact binaries with orbital
periods shorter than 1 day have high angular
momentum loss due to the chromospheric-coronal
activity (magnetized wind). Therefore, it is very likely
that the YZ Phe system experienced orbit shrinkage
due to this effect. However, our observations were
very limited and we do not have enough data to show
any indication of orbital period change. We are
planning to do more observations in future to
investigate this possibility.
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Abstract

This project studies the variability in apparent magnitude of an asteroid. The apparent magnitude of an
asteroid is monitored over time, and a light curve is constructed. The light curve then can tell us about
the rotation period of the asteroid, as well as some physical characteristic about the spin and the shape
of the asteroid. This project chooses to study Phaedra asteroid by a photograph taken by a telescope
PROMPT (Panchromatic Robotic Optical Monitoring and Polarimetry Telescopes) in Chile. Images
are taken in filter R and then used to determine the brightness and the light curve of the asteroid .The
resulting light curve is fragmented and thus pose a problem in determining the full variable period.
However, it has found that the asteroid varies in apparent magnitude and was a variable period longer
than 1.608 hours. The variability in magnitude suggests that the asteroid has a rough shape with uneven
surfaces.

Keywords: Magnitude, Light curve, Phaedra
This research was supported by National Astronomical Research Institute of Thailand (NARIT)

Introduction

There are many interesting objects in the
sky such as stars, planets, comets, the researcher  Scope of the project
was interested about Phaedra. Over 200,000 Variation in brightness of asteroid 174
asteroids have already been discovered to date. Phaedra period from September 7, 2012 - January
They are all of different size. Sizes of asteroids s 2013
are smaller than planets but larger than meteors. ' '
It is believed that asteroids were formed from an
accretion of planetesimal in the asteroid belt in
early stages of solar system development. Most

Materials and Methods
1. Find a candidate among the catalog from

http://www.dur.ac.uk/physics.astrolab/a_lig

asteroids are asymmetric in shape, but look like htcurve.html. Determine the coordinate of
ordinary stars when seen through most the asteroid using

telescopes. The majority of the asteroids orbit http://ssd.jpl.nasa.gov/horizons.cgi. Find a
between Mars and Jupiter in an area called "The rough rotation period from

Asteroid Belt". The largest asteroid : Ceres, was

the first dwarf planet discovered in the solar http://spift.rit.edu/richmond/parallax/phot/

system. LCSUMPUB.TXT.

Phaedra, was the 174" asteroid 2. Take images of Phaedra using R filters
discovered by JC Watson in 1s77 with orbital with exposure time 120 seconds.
period around the sun at 4.83 years, with 3. Use blinking techniques to determine the
inclination 12.13° and perihelion at 2.443 AU. It location of the asteroid
had apparent magnitude around 8.5 with period 4. Use photometry to measure the apparent
of rotation around 5.75 hours with albedo around magnitude of the asteroid

0.149. The researcher is interested in studying 5

the transition period or the period of rotation of '

asteroids Phaedra shaped and surfaces of f,
m;—m,=-2.5log| —

Determined magnitude from formula

asteroids Phaedra.
Objective

To find the periodic variation of the
asteroid Phaedra with photography using filter R
and scientific data analysis process.

2
6. Construct a light curve.
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Results and Discussion
When we plot the brightness of the
asteroid as a function of time, we get the
following light curve:

Light curve of Phaedra

Figure 1. Light curve of Phaedra
X-axis is Julian Date, Y-axis is the magnitude of
Phaedra
Conclusion

The graph shows that the light curve is
not continuous. This is due to methodological
error which cause the overall brightness to
fluctuate. However, it can still be seen that the
brightness of Phaedra varies, with a variable
period of at least greater than 1.608 hours (from
the data base
http://spiff.rit. edu/rlchmond/paralIax/phot/LCSU
MPUB.TXT 5.75 hours), indicating that the
asteroid is not spherical in shape.
Benefits

Such an approach can be used to
determine the brightness of the stars, moon, and
other data collection methods to be used in other
applications.
Problems and suggestions

As the asteroid is moving quickly, the
photographs are not in the same position all the
time. This makes it difficult to perform
photometry consistently. As a result, the overall
brightness of Phaedra measured vary from
session to session. Possibly due to the weather
and the stars used to calculate the brightness of
the asteroid and not the actual brightness of the
asteroid.
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Abstract

The Study of Radio Quiet Zone (RQZ) in Malaysia and Thailand Most of radio observatories are
located in isolated areas. Since radio sources from the universe is very weak, astronomer need to
suppress, remove or avoid radio frequency interference (RFI) from active spectrum users and radio
noise produced by human made (telecommunication, mobile phone and microwave oven). There are
many observatories around the world are surrounded by a RQZ. RQZ can be set up using public or
state laws. A RQZ normally consists of two areas: an exclusive area in which totally radio emissions
are forbidden, with restrictions for residents and business developments, and a larger (radius is above
100 km) coordinating area where the power of radio transmission limits to threshold levels. In this
paper, we report the importance of the usage of RQZ in order to identify the areas were suitable for
RQZ. There are many factors need to consider to address his problem for example mobile phone and
TV transmitters. To identify the best site for radio astronomer, RFI mapping could be a best technique.
We will also use other information gathered from on-site RFI level measurements on selected ’best’
areas generated by the RFI mapping. Then, after identifying best site we travel to the site selected to
view the profile of RFI level. The intention is to find the best site for the purpose of establishing first
radio quiet zones for radio telescope in Malaysia and Thailand.

Keywords: Radio Quiet Zone (RQZ), Radio Astronomy Interference (RFI) and Radio Telescope.

telescopes sources. We astronomers have an
. educational role in making others active radio

Introduction spectrum users as well as the general public to aware
The radio astronomy service is the only entirely ~ Of the high sensitivity of radio telescopes and the
passive radiocommunication service defined by the ~ consequent need for protection of the Radio
ITU-R [1]. Radio astronomy uses extremely sensitive ~ Astronomy Service [1] [2]. RFI can come from the

radio dish to detect very weak signals of cosmic ~ ground (near the observatory and) or space. We can
origin. Therefore, it is highly vulnerable to run away from ground interference but not from space

interference by unwanted emissions from other interferences.

services in nearby or even distant spectrum bands. To The use of the electromagnetic spectrum is
avoid or minimize such interference radio astronomy  increased in last decades. For radio astronomer
antennas is usually placed in remote locations.  especially having equipped with radio astronomical
Nowadays, with the ever expanding use of the radio ObSEI’VﬁtOfieS, especially those who are Working with
spectrum by both the radio astronomer and the  large radio dish, establish a radio frequency to

communications industry. To establish any radio  Protected zones in their neighborhood. For example,
astronomical observation, the first action is to initially ~ the proposed biggest radio astronomy research project
identify all the possible RFI in the targeted site. ~ in the world, Square Kilometer Array (SKA). It is
Human-made RFI are still one of the main enemies in ~ requested different Radio Quiet Zone (RQZs) for its

the selection of suitable sites for radio astronomy  core, central arrays and outer stations respectively [3].
observation and the installation of new radio The radio interference threshold level is normally
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defined at a value of 10 dB less than the radio
telescope noise. Based on this value, the I1TU
(International Telecommunication Union) regulations
concerning the radio astronomy service have assigned
different threshold levels for interfering radio sources
for spectral line or continuum observations [1].

Radio Quiet Zone (RQZ)

To protect radio astronomy services the RQZ
should be proposed. For example a radio-quiet zone
can be set up locally using state or national law to
restrict housing and industrial developments in the
neighborhood of a radio observatory and to restrict
the use of electrical equipment. The largest and best
known such radio-quiet zone in Green Bank and
located in West Virginia in US. Another RQZ is the
Mid-West RQZ in Western Australia, located at very
remote area whereas the population density is about
0.9 ppl/km’[2]. Figure 2 shows the pattern of
interferences level for the low population density in
Australia. For the future large facilities such as the
SKA project will require a new type of international
radio-quiet zone to gain access to much more of the
spectrum than the officially allocated bands, and to
receive protection from transmitters on satellites [5].

The size of a RQZ is largely determined by
transmission losses, which can be divided into free-
space loss and diffraction loss [4]. The area that is
within the specified distance is called the buffer zone,
which serves the purpose of keeping real-world
features distant from one another. Buffer zones are
often set up to protect the radio astronomy
observatory and its environment from interference
with unwanted signals. Most of the radio
observatories in Europe have 1-3 km RQZ [6]. Zone-
2 and Zone-3, respectively, represent a conservation
area within 20 and 30 km. Broadcasting transmitters
using radio astronomy frequencies in this area are
prohibited. Zone-4, which can be defined as the
“Coordination Area” has an approximately 100-km
diameter. The size of an RQZ with a radius of z° from
a radio astronomy service facility must follow the
following expression[5]:

Pt—L(d=2")<Pr (1)

Where Pt(dBW) is the effective radiated power
of an interfering source, defined as the power radiated
by the transmitting antenna in the direction to the
radio astronomy observatory, Pr(dBW) is the
interference threshold level assigned by the ITU, L
(dB) is the transmission loss as a function of distance
(d) and frequency, among which the transmission loss
is the most critical.
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Figure 1. Population density in selected sites in
Australia [2].

Materials and Methods

RFI Measurement Protocol for Candidate SKA
site was studied and will be practiced in this research
[7]. A discone antenna specified for 1420 MHz was
built as shown in Figure 2. This instrument connected
to a low noise amplifier (LNA) 28dB gain. Spectrum
analyzer Protek 3290N (frequency up to 2.9 GHz)
using Belden cables connected to an antenna.
Observation for the pre-trip will take in one hour with
an interval of 15 minutes in 24 hour observation at
selected sites [8]. Data will transfer to the laptop for
analysis. The results measured RFI value of selected
sites were plotted. Both sites selected in Malaysia
namely Universisti Pendidikan Sultan Idris (UPSI)
and Universiti Malaya (UM). Meanwhile in Thailand
we survey RFI at two sites which is Ubon Ratchathani
(UB) and Chiang Mai (CM). In Thailand both sites
were suggested by the National Astronomical
Research Institute of Thailand (NARIT). In Malaysia,
UM considers as a control site and UPSI was
proposed due to count our shielding and quite low in
RFI level.

Figure 2. The Discone antenna used [9]



Table 1: Selected site survey [10]

Sites Latitude/ Pop. Density
Longitude (peoples /km?)

UR  105°27° 378" F/ 110
15°22° 34.5"°N

CM  98°32.92.5" E/ 915
18°29.288" N

UM 101°39.445" E/ 7000
03°0.443”'N

UPSI  101°'32°77 "E/ 70
3°°44°44.6"N

Results and Discussion

In order to study RFI in both countries we ploted 3
spectrogram for all spectrums (0-2.8GHz) and 3D RFI
profile to see the different view as shown in figure 3-
6. Figure 3 shows that average highest peaks located
around window 250MHz-1800MHz. In Figure 4, we
can see that RFI profile drop or decrease with time at
some point. Figure 5 also presents a lot of signals
since UM located near to Kuala Lumpur city center.
We also monitor the interferences at another site in
Malaysia namely UPSI. This site was proposed by
two universities under UPSI-UM project. Meanwhile
we also plotted 2D RFI profile for everysites to
identify window 1300-1500MHz as shown in Figure
7-10. In UB of Figure 7 show one significant single
peak at frequency about 1440MHz and -82.99dBm.
Big spike about 1328.75MHz and -69.86dBm existed
in CM as shown in Figure 8. Figure 9 in UM also
presents a significant peak at 1335MHz and -
73.05MHz. Figure 10 in UPSI shows a one significant
signal at 1360MHz and -86.49dB. In order to
compare RFI signal to the ITU threshold level for
hydrogen line, we took an example a spike 1360MHz
and -86.49dBm at UPSI. The Free Space Power Loss
(FSPL) formula could be used to find the threshold
level. Formula defined,

FSPL=20log4xdf/c )

Which is proportional to the square of the frequency
of the radio signal (f=1420MHz) and to the square of
the distance between the transmitter and receiver (d).
Distance during RFI measurements between the
antenna and the device (d=5m) gives a contribution
the power level of -50.53301dBm. The power of the
RFI seen as the antenna focus will be: -86.49+(-50.5)
= -136.99dBm=-166.99dBW. Being the signal band
narrower than the resolution bandwidth used in the
spectrum analyzer, no further normalization has to be
applied in spectral observation. Therefore, for spectral
line observation, the RFI power generate by signal
radio is expected to exceed the ITU-R RA.769-2
threshold level (-215dBW) by about 48.01dBW.
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Conclusions

From the observed spectra we can conclude that
CM have relatively strong RFI compare to UB. In
order to determine the prime candidate sites, we need
to considerd and identified others parameter such as
population density mobile phone transmitter, contour
and rain drop for example At frequencies about 10
GHz and above, atmospheric effects are dominant
factors in selecting a site for radio astronomy
observation. However, below approximately 2 GHz,
RFI is the strongest consideration. In Europe a radio
telescope that can effectively be used The VLBI
network, 30-40 meters in diameter dish equipped
with at least 1.4-32 GHz broadband receivers and
capable of measuring polarization will be constructed
[5]. In the future, we may consider the new parameter
and different sites in Malaysia and Thailand. We also
could be consider others technique to find an
appropriate location with RFI-free in order to
construct the RQZ and a radio telescope for radio
astronomers.
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Abstract

Spectroscope available in market is too expensive to use for school student’s project. In this research, it
is focus on a low price, but effective spectroscope that use designed from office supplies. Paper carton,
DVD disc and CD disc was assembled together. A Canon 550D DSLR camera was used as a detector
for solar spectrum imaging. The analysis of solar spectra from CD-disc spectroscope and DVD-disc
spectroscope show that solar spectrum is blackbody spectrum with the effective temperature of 5300 K
and 5400 respectively. However, absorption line cannot be detected. This might be because the

resolving power of this spectroscope is not high.

Keywords: Transmissions Spectroscope, CD, DVD

Introduction

When the element heated until flame. The
element will release the energy in heat and light. The
different element will release different wavelength
light. On the other hand. Knowing the wavelength can
tell us about the element of light source. Spectroscope
is the instrument use for dispersion light and measure
the wavelength. The spectroscope is used in many
filed of science. Gemology use in authentication of
jewelry. Astronomy use in authentication of element
in the star (Sirawit, 2007) and measure the radial
velocity. However, using spectroscope is high cost
and nowadays spectroscope can make from CD-discs.
So, its cost savings. This experiment study the
efficiency of spectroscope that make from CD-dish,
DVD-dish, and Grating.

Materials and Methods

1. Study the responding of Canon 550D to
wavelengths

Make the spectroscope from CDs. Then, take
photos of He and H lamp. Select the wavelength
447.15 nm and 587.56 nm from He spectrum with
relative intensity 100 and 1,000 respectively and
486.13 nm and 656.5 nm from H spectrum with
relative intensity 80 and 300 respectively in manual
mode with speed shutter 30 second. After that,
measured the intensity with Salsaj 2.0 and divide with
relative intensity.

29

2. Study the spectrum from CDs, DVDs, and
Grating Spectroscope.

Take the H spectrum with CDs , DVDs , and
Grating spectroscope in manual mode speed shutter
10 second

3. Calculate temperature of The Sun from Wien's
displacement law.

Take the Sun’s spectrum with speed shutter 1
second. Measured the intensity of spectrum with
Salsaj 2.0.Then. Calculate the Sun’s temperature
compare with true Sun temperature.

Results and Discussion

1. The responding of Canon 550D to wavelengths

Make the spectroscope from CDs. Then, take
photos of He and H lamp. Select the wavelength
447.15 nm and 587.56 nm from He spectrum with
relative intensity 100 and 1,000 respectively and
486.13 nm and 656.5 nm from H spectrum with
relative intensity 80 and 300 respectively in manual
mode with speed shutter 30 second. After that,
measured the intensity with Salsaj 2.0 and divide with
relative intensity. This experiment has shown the
result like this The responding of Canon 550D to
wavelengths can be fitted to parabolic graph.
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Figure 2. H spectrum

A) H Spectrum from DVDs
B) H Spectrum from CDs
C) H Spectrum from Grating

2. The spectrum from CDs, DVDs, and Grating
Spectroscope.

Make the spectroscoTake the H spectrum with
CDs, DVDs , and Grating spectroscope in manual
mode speed shutter 10 second. This experiment has
shown the result like this

3. Temperature of the Sun from Wien's

displacement law.

Take the Sun’s spectrum with speed shutter 1
second. Measured the intensity of spectrum with
Salsaj 2.0.Then. Calculate the Sun’s temperature
compare with true Sun temperature. This experiment
has shown the result like this.

Conclusions

550D is the most powerless when responding to
wavelength 547 nm and the spectrum form Grating is
the highness resolving power. Moreover, it is easy to
take a spectrum. The spectrum from CDs is lower
resolving power than Grating. However, it is easy to
take a spectrum from CDs .Finally, DVDs with high
dispersion angle. It is difficult to take spectrum from
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DVDs. We can calculate the Sun’s temperature is
5,300 K from CDs and DVDs and 5,400 K from
Grating.
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Type Max Temperature
wavelength
(nm)

Grating 540 -6 5,400 K 100
CDs 550 4 5,300 K 0
DVDs 550 4 5,300 K 0
Average 546 5,300

nm K
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Abstract

The Jupiter’s atmosphere was analyzed via the 20.1 MHz radio wave that emitted from the Jupiter
due to the turbulence at its great red spot and its 10 satellite. The 20.1 MHz radio wave signals were
detected via the Jove NASA dipole antenna system which located on the top of NRRU Science Center
Building from 20 to 23 August 2012. Data were collected and analyzed via the RadioSkyPipe and
Jupiter Pro softwares. The results were shown that there were 15 dominantly observable signals in the
three days of data collection. The maximum amplitude of the signal was able to detected on 20 August
2012 at 05.41 am. for 16 seconds with the equivalent antenna temperature of 76 kK. While the
minimum amplitude of the signal was detected on 21 August 2012 at 03.00 am. for 14.10 minutes with
the equivalent antenna temperature of 32-34kK These results were presented that there were quite often
of the intermediate and strong turbulences in the Jupiter’s atmosphere at this data collection period.

Keywords: emissions, radio wave, radio telescope for Jove Nasa
Check if the radio telescope. Variability of the
. atmosphere, it will not.
Introduction

Human use of the electromagnetic spectrum
and in daily life for a long time. Take advantage of
the many life forms. Waves are derived from nature. Therefore, researchers are interested in
And we humans invented the electromagnetic waves studying and researching the atmosphere of Jupiter,
in the frequency with which we see and not see. From the nearest star. Using radio telescopes. To know the

radio, television, microwave, infrared, ultraviolet, X- physical data of Jupiter. And is able to know the state
rays, gamma rays, etc., so the waves. It is very useful of the atmosphere of Saturn's distance and made
in the telecommunications and medical. aware of the problems of the world, the waves may

There is also a fictitious radio waves from have an impact on us as well.

outer space sent to the distant planet infested waves

within the Earth in the year 2474 Karl Jansky detects

radio frequency interference young engineer of the

world. Confirmed the discovery of radio signals Materials and Methods
detected from space in the constellation Sagittarius.
The study concluded that Radio Astronomy can be
observed deep in the universe beyond the scope of
conventional telescopes recognized. We can use radio
waves to transmit data over the space. As humans, we
discovered radio waves from outer space to detect this
signal. Cause the camera to detect waves from outer
space. Radio telescope camera was initially built in
the year 2480 by the United States Grote Reber. Plate
size diameter of 31 feet, which has better performance
than conventional telescopes. Optical telescopes
because it can not use it in the air with haze from
radio telescopes. Detect radio signals from space by
the graphics or sound in all weather conditions.
Amateur astronomers in the present study, a radio
telescope to detect signals from space objects, the
Tsar Hercules airplane electric remote. Even the stars
near the sun in the solar system, Jupiter is a source of
radio waves, which are then sent to Earth from space.

The research using the tool a simple radio
reception radio waves a telescope of Jupiter at 20.1
MHz as a device that is designed by Jove Nasa the
project, an organization of the United States. Space
exploration and research to study much more about
astronomy. Overall he is a member of Jove Nasa.

Preliminary preparation.
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1. Create circuit radio waves receiver in the form of
Jove Nasa.

Figures 1. Receiver form Jove Nasa.

2. Created a radio waves receiver half wave length.
The frequency of 20.1 Mhz radio waves antenna
mounted on PVC. By created dipole antenna up all
the second set of images.

Figures 2. Dipole antenna.

3. Steps installing a simple radio a telescope.
Generated to detect radio waves signals from Jupiter.
The following equipment.

1. radio waves receivers.

2. Noise filter.

3. Connectors.

4. Dipole antenna.

5. Computer.

.
fndadsznoundo1nsnssaiing Jove Nasa

Rope
N —-—7—-—\
W £ y . y
—il——
§
antenna |
Pole
Noise filter receivers |-
computer

Figures 3. Diagram ali materials of Jove Nasa.

The installing consists of the steps shown above. The
antenna is to cut through the fall of Jupiter to get a
good signal. The researchers installed on the roof of
the building.
4. The connection following steps.

The antenna is connected to the second set with a
noise filter. Before the introduction of cable to
connect the of Receivers to the amplifier again.
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Before connecting the machine to the standby display
of computer.
5. Steps data collection.

Computer by installing the Radio Sky Pipe is a
tool that can collect data in a computer using sound
card. Analog to digital converter can be used to help
analyze the Radio Sky Pipe. The research program
was used to analyze the radio signal is captured and
stored for the analysis graph. You can view the signal
in real time while the storm surge. By looking through
the Radio Sky Pipe Pro.

Radio-SkyPipe Pro New Chart Started: 8/6/2001 23:43:29 UT

Ele View Mode QOptions Tooks Wave Admin Help

s |
Stop Chart
8=l
8 Rad A RLY|
DR
ol»|HE
=]

511 =

383 -

25 - T

128 -

0=
] | 1 1 |
23433BUT  234348UT 23435307 23447007 23442107

Fated 234323 [Ghent= 0 [Samp/Sec 10,

Figures 4. Sky Pipe program.

5. Analysis of data.
Observation that data Analysis of is as follows.

1. Bring photo from observations of the radio Sky
Pipe analyzed image with the gradient of the graph of
a graph. Characteristics that are indicative of storm
radio waves on Jupiter and the sun, the waves, the
relationship of the detector signal.2. Import photos
from storage to detect motion of the stars relative to
the signal detected from the collected information
primarily to provide a clear signal that the graph is
provided in a manner that is. the storm surge caused
by the fluctuations of the stars of planet detection.
According to the statistical data of the storm radio
waves from other research that has been collected
over a period of several years.

Results and Discussion

The data research save the result and analysis
radio wave of the signal from Jupiter. Through the
program. Radio-SkyPipe 2.4data will displayed as a
graph of the frequency 20.1 MHz radio waves on
Jupiter's radiation. Variability and the Liberation radio
waves telescope Radio Jove Nasa sent to the
following.

&

‘ |
LWL TP YRR

nwe T
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Figures 5. radio waves signals on August 20, 2555.

' MWM Ve

Figure 6. radio waves signals on August 21, 2555.

Detect radio waves on August 20, 2555 by Level
of background signal in the antenna temperature by
50 K has the spread in the atmosphere. All times
Jupiter's four times the level of severe most the
receiving. Started when time. 05:41:40-05:41:56 born
period of 16 seconds in 76 kK.

Date August 21, 2555 by radio waves to detect the
level of background signals in the antenna
temperature On average 30 K and explosion in the
atmosphere of Jupiter, by clearly displaying all 8
times 7 is Started most severely time. 06:10:00 to
06:10:08 pm born 8 seconds at a time 49kK.

| W”MMMMJMMW\MW

57 2804 202 241

Figure 7. radio waves signals on August 22, 2555.

Detect radio waves Date August 22, 2555 by
Background signal level. has radio waves reception in
the variability 24kK Jupiter has less violence, but if
the temperature of the antenna of the antenna
temperature is not very high average 37kK.

The signal detection of radio waves from Jupiter
radio telescope by a simple dipole form of Jove Nasa
during the period from 20-23 August 2555 clearly
detect Have radio waves emissions coming and the
time to will be. radiation frequencies lot in the range
of 03:00to 06:00 between this period with the
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steepness of the graph at high. And a rising pinnacles.
Able to observe and detect signals are clearly. That
appears on the Radio Sky pipe Pro makes researchers
know whether it condition on Jupiter's atmosphere are
the variability over time. The detection of all the
research | know that the stars Have often variation of
atmospheric conditions and Have several levels of
violence in. Radio Jove Nasa telescope simple by
detected.

Conclusions

Detection of radio waves from Jupiter using
radio telescopes of Jove Nasa signal in the frequency
range 20.1 MHz to install rooftop. Science Center.
Radio Sky pipe Pro using data collection and
recording. To detect radio waves from Jupiter will
detect the signal variations caused by the atmosphere
of Jupiter, explosion, lightning, and the start time of
the blast wave from the 20-23 August 2555. between
3:00 to 6:00 pm at the start of a steep wave graph on
the Radio Sky pipe Pro has detected radio emissions
from the obvious. 3 days to detect signals. The most
serious is the third antenna temperature measured
Ahmadinejad's start time 05:41:40-05:41:56 PM
August 20, Duration 16 seconds at 76 K at a low
intensity level is 4 times of the day. August 21
beginning at 3:00:00 to 3:14:10. For the longest
period of 3 days is 14 minutes 10 seconds and detect a
radio frequency receiver includes three days of
intense radiation striking a total of 15 times.
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Abstract

We show that the homogeneous and isotropic solutions of massive gravity are unstable due to the
presence of a non-perturbative scalar ghost. We reach this conclusions by studying the propagating
modes on a Bianchi type-1 manifold. We study the kinetic terms and the masses of these modes, as the
the background approaches the homogeneous and isotropic configuration. In this limit at least one
ghost always exists and its frequency tends to vanish for large scales.

Introduction

The concept of the mass has been central in
many areas of physics. Gravitation is not an
exception, and it is one of the simplest but yet
unanswered questions whether the graviton, a spin-2
particle that mediates gravity, can have a
nonvanishing mass or not. This question is relevant
not only from a theoretical but also from a
phenomenological viewpoint, since a nonzero
graviton mass may lead to late-time acceleration of
the universe and thus may be considered as an
alternative to dark energy.

Recently Refs.[1, 2] proposed the first example
of a fully nonlinear massive gravity theory, where the
so called Boulware-Deser (BD) ghost [3], which had
been one of the major obstacles against a stable
nonlinear gravity theory with a nonvanishing graviton
mass, is removed by construction. Due to the
theoretical and phenomenological —motivations
mentioned above, this theory has been attracting
significant interest.

The first homogeneous and isotropic Friedmann-
Lemaitre-Robertson-Walker (FLRW) solution for this
theory was presented in [4] for Minkowski fiducial
metric and then extended to more general fiducial
metrics in [5]. The analysis of linear perturbations in
this general setup was carried out also in [5].
Although a massive spin-2 particle generically has 5
propagating degrees of freedom, it was found that the
number of degrees of freedom in the gravity sector
was 2, same as in general relativity (GR). This is due
to the vanishing of the kinetic terms for the expected
additional degrees 1 1 Backgrounds with additional
symmetries which remove the extra degrees were
introduced in [7].. This feature may extend to other
setups: Ref. [6] obtained a vanishing kinetic term on
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spherically symmetric inhomogeneous backgrounds.

The goal of the present paper is to determine the
fate of the extra degrees of freedom. We find that in
the nonlinear massive gravity, all cosmological
solutions that respect homogeneity and isotropy have
a ghost, i.e. an excitation with a wrong sign kinetic
term. Therefore, the universe in this theory should
have either inhomogeneities [8] or anisotropy [9]. We
note that the ghost mode found in the present paper is
among five degrees of freedom of the massive spin-2
field and thus, is not the BD ghost.

The model and the background

Imposing the absence of the BD ghost, the
massive gravity action, in vacuum, can be constructed

as [2]

2]

Mg, [ 5 !
S = f /:IU- V=9[R = 2A + 2m2Luc] . (1)
with  Liye = Lo +a3 Ly +ay Ly Where
Lo = (K] = [K?)),
Ly = LK) - 3[K][K2] + 2[K7).
L4 = ([K]* — 6[KJ[K?] + 3[K*]* + 8[K][K*] — 6[K*]),
the square brackets denote the trace operation, and
Kt =t — (Ve ) (2

Here, o and f/w are physical and fiducial metrics,

respectively. Since we are interested in the stability of
the gravity sector only, it is sufficient to consider a
vacuum configuration, with a cosmological constant
A.
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The physical metric is chosen to be the simplest

anisotropic extension of FLRW, namely, the
axisymmetric Bianchi type—I metric
ds? = —N2di® + a®(e* 7 da? + 727 d;; dy’ dy’), (3)

where N, a, and o are functions of the time
variable t. In the rest of the paper, Greek indices span
the space-time coordinates, while the indices i, j = 2, 3
correspond to the coordinates on the y—z plane, with

y2 =y, y3 = z. Since our goal is to obtain the stability
conditions of this metric in the isotropic limit, the
whole system in this limit needs to reduce to the
general cosmological solutions given in [4, 5]. For
this reason, we consider a fiducial metric to be in the
flat FLRW form,

fuw = —n!r')“(_;”('),,n“-l—rl (0,0 Lo, +(),,{),,u Ao’y (4)

where both n and o are functions of the time-
Stiickelberg field ¢V.

The equations of motion for the background can
be calculated by varying the action with respect to the
Stlickelberg fields and the metric. As a result, we
obtain three independent equations as

3(H* =) —A=m; [-(3m — 3%
3%

.;f.,’ (H 425 — Hp e ™7 X) +2J" (H = % — Hye”

and

=34+3az34+ay, 2=14+2a34+ay, 73 =03+ ay
H=af(aN), Hf =d/(an). T=6/N,

X =afa, r=an/(aN). @

We note that, in the isotropic limit (o,> —0),
J ¢(y)’ so that the Stiickelberg

equation of motion, Eq. (5), at leading order, gives

we have J ¢(X) =

71— 272

295 X + 3 X2~ 0, (8)

that is X — constant, which corresponds to the FLRW
result found in [5]. In the same limit, we can also see
that H — constant, as expected.

Even modes

Let us now consider the perturbations which

+3) + 1 (27 4 ;
—~ +OHY = m: (( 27 _ )X [f., —v2(e” + )X + 431

X)=uv,
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transform as 2D scalars under a spatial rotation in the
y—z plane (also referred as even modes). Then, the
perturbed metric for the even sector can be written as

[10]

ds® = —N?(1+ 2d0)dt> + 2(1:\}]1‘[(-2"('}, ydr 4+ e~ 79, Bdy’]
+aet (1 + )da? + 2a%e7 0, 8; fdxdy’

Fa?e 27 [8,(1 + 1) + 30, Edy’ dy” |

©)

while the even-type perturbations of Stiickelberg
fields read

' =t47 et =+ a0t =y +dn. (10

We can then define gauge invariant combinations as

follows
D= — j) _T s
oN (11 - S)
N T —20 ae 2 ) ; P —30 v
- —_ ( —_ 1, .
X X 2a(H — %) t
- e’ ae 7
B= F
+2u(H7‘) 2N
H+2% 5
=y F =7 A2 (28 -7 E)
s — a0 T
T 2N(H-Y)

(1)

The first four definitions do not refer to the
Stlickelberg perturbations and are thus already present
in GR [11]. However, the additional three degrees
arise from the breaking of general coordinate
invariance by the non zero expectation value of the
Stuckelberg fields.

In order to find the behavior of the perturbations,
we proceed as usual by expanding the action at
second order in the perturbation fields, then by
employing the Fourier plane-wave decompositions, as

in exp[i(k; x + kiyi)]. The degrees of freedom arising

from the 90 perturbations, namely ® , B and 7 , are

nondynamical, thus can be integrated out.
Furthermore, the kinetic term for the 7 s

proportional to the background equations of motion,
so that this degree of freedom is also nondynamical.
We interpret this field as the would-be BD ghost,
which is eliminated in this theory by construction.

In the massless theory (i.e. GR), using the

constraint equations also removes the degrees 4_, E_,
leaving only 7 in the action, which becomes one of

two gravity wave polarizations in the isotropic limit.
However, in our case, due to the nonzero mass of the
graviton, these two degrees of freedom are dynamical,
in general.



Thus, the Lagrangian for even-type perturbations

in vacuum has three physical propagating modes, V,,
(a =1, 2, 3). Assuming small deviation from FLRW,
with |o|<< 1 and [%/H|«< 1, we study the Kkinetic matrix

Kab

L)‘I'.’l 3

Heven =

M2 g . [V 1'/‘1
P r 23 a3 h
2 / Ndtdkr d*kra (‘\,l\,,m\v) . (12)

Thanks to the 2D rotational symmetry on the y-z
plane, the action depends onk, = \[k? +kZ , instead of

the individual components. The eigenvalues of K, at
leading order in small anisotropy expansion, are

9.4 s2 .2 2
N 2a* Méwpy Vi
———= =20, Ky
1—r2 2p

5 H2, (13)
“PL

where we defined MGW2 = mgz(l - r)XZ(yZ - 13X),
and introduced the physical momenta

PL= a -

oy _ ky

f'ﬂﬁ ~ f LT = ~ ko ;12 :,ui : pj:-. (14)

-7 a

The kinetic term ¢ which is the only eigenvalue

that does not vanish in isotropic limit corresponds to
one of the gravity wave polarizations in FLRW. Once
small but nonvanishing anisotropy is introduced, two
additional even modes acquire nonzero Kinetic terms
at quadratic order. More importantly, from (13), we
see that x, and x5 have opposite signs, regardless of

the parameters of the theory. Thus, we conclude that
in the isotropic limit, one of the new degrees is always
a ghost. Assuming that (1 — r) > 0 (which turns out
to be the condition for stability in the odd sector, as
we show later), the ghost mode is associated with the
eigenvalue xp < 0.

We conclude the discussion of the even modes
by presenting their dispersion relations. We first make
a field redefinition into new field basis fields W

defined such that the Kkinetic action can be written as
52 5 Wa

| . .
bvan 3 5 / N dt dkyd*kpa® (NF,’ ) )

where 75, = diag(1,—1,1). The mass spectrum can be

determined either by studying the equation for the
frequency-discriminant,  or  equivalently, by
performing a Lorentz transformation to diagonalize
the frequency matrix. Eventually, we find

_4.]‘) o~ 112 + ;"l[f,\\ ,

1— 2

a

W,
ab 57

1o \;( 10p? + pA)? — 8pi ph — (2p* + .'5;)%,-)
1 -2 2, 9.2
(2p* + 3p7)

(16)

120
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with w22w32 < 0 in general, and co22 < 0 by
assuming o(1 —r) > 0. We note that the dispersion
relation corresponding to the ghost, a)22, becomes

smaller at larger scales. Therefore, at sufficiently
large scales, this mode cannot be integrated out from
the low energy effective theory. This feature makes
the FLRW background unstable for massive gravity.
As a consequence, the homogeneous and isotropic
cosmology cannot be accommodated in the nonlinear
massive gravity theory.

Odd modes

Let us now discuss the odd sector (i.e.the
divergence-less part of the modes which transform as
2D vectors under a rotation in the y—z plane). The
perturbed metric we consider is

ds® = —N2dt? + 2ae " Nudidy' + 2a%e” 0, Midwdy’
(i + Ophyy)dy'dy’ . (A7)

2 4o 2 2 2
ta“e dr” 4+ a‘e

where 0y = (3jh; + 0jn)2 and d; = % = th; = 0,
For the Stiickelberg fields, we consider instead

0

) :

=t,¢p =x.,¢" =y +7",

(18)

where ain‘ = 0. Since the vectors are defined on the
2D y-z plane, the transverse condition can be used to
reduce each of these vectors to a single degree of
freedom

vi = v, N =€, N hy =€, 0;h, m = ¢,”0;m0aa,

where Eij is a unit anti-symmetric tensor with 623

—532 = 1. Also for the odd modes we can introduce
gauge invariant combinations as follows

Na = Todd — < .

(19)

Using these fields, the second-order resulting action
depends on the three perturbations (0, A , h.). Among

these, O does not have any time derivatives and can
be removed by solving its own constraint equation. In
General Relativity, this operation also removes 4, and

the final action can be written in terms of A only.
However, in this nonlinear theory of massive gravity,
we expect the field }Zﬂ to remain in the action as an

extra degree of freedom coming from the Stlickelberg
sector.
After a further field redefinition,



the quadratic action, for small anisotropy, takes the
following form

”1"1

Podd = B)

(2)

N dt dkpd*kra® [ML_Q |04

03, Qo } .(21)

where the two modes decouple at leading order in the
small anisotropy expansion, with coefficients

{2 4
a*pi pp
=05, K=
2p?

2 2
at P Méw

.
i 1(1—r2)

2
o, 2

. 02
— =p° + M2y,
Ki Y GW

A-:) {%(I(I .Ug- (22)

and Codd2 =(1 —r2)/(20). Thus, at leading order, we
identify the mode O, with one of the gravity wave

polarizations in the FLRW background [5]. The extra
degree of freedom O), is massless and has sound

speed C,qq- In order for this mode to be stable, we
require the kinetic term for O, to be positive, that is

(1—=r)o>0. (23)

In this case, also Codd2 becomes positive, and the odd
mode O, is, in general, free from ghost instabilities.

Conclusions

In the search for a theory which could explain
the dark energy enigma, the nonlinear massive
gravity, recently introduced in [1], has raised lots of
interest among both theoretical and experimental
physicists, thanks to its implications in our
understanding of fundamental forces, if it is
theoretically consistent and observationally viable.

This theory admits homogeneous and isotropic
solutions, and it has been shown in [5] that, out of the
five modes which would be typically expected in this
theory, only two actually propagate at the linearized
level. Therefore, it is of interest to investigate the
reason for this unexpected feature.

We propose here that this phenomenon is due to
the high symmetry structure of the FLRW
background. Accordingly, we have studied the small
anisotropy limit of the Bianchi—I manifold and found
that there is always a ghost mode in the even sector,
with a propagation speed that diverges in the isotropic
limit. Furthermore, this mode does not have a mass
gap; its frequency tends to zero for small values of the
momentum. Therefore, at sufficiently large scales, the
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frequency cannot be considered as large compared to
the ultraviolet cutoff of the theory. As a consequence,
the ghost mode cannot be integrated out in general,
and the almost-isotropic background becomes
unstable under production of negative energy quanta.

Although our analysis is linear, the terms in the
quadratic action with coefficients proportional to the
small anisotropy can be interpreted as the leading
order nonlinear perturbations in a pure FLRW
universe. The presence of a mode with negative
kinetic term indicates that a homogeneous and
isotropic universe in nonlinear massive gravity is
unstable.

Our conclusion about ghost instability is far
more general than it appears 2 2 Partially massless
gravity [12] may evade our conclusion but it is a
different theory. Also, nonlinear completion is not
known., despite the simplicity of the analysis
presented above. This is because, whenever a
quadratic kinetic term vanishes, the leading kinetic
term is generically cubic and thus can easily become
negative, signaling the existence of ghost at the
nonlinear level. Moreover, the other type of
homogeneous and isotropic solutions (in the non-self-
accelerating branch) suffer from ghost instability
already at the linearized level [13], as expected from
the classical work of Higuchi [14]. Therefore, all
homogeneous and isotropic backgrounds, as well as
most (if not all) of known spherically-symmetric
inhomogeneous solutions, are unstable.
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Abstract

The linear accelerator system at the Plasma and Beam Physics (PBP) Research Facility, Chiang Mai
University (CMU), is under studying for an upgrade to be the injector system for an infrared free-
electron laser (IR FEL). The current PBP accelerator system consists of an S-band thermionic cathode
RF-gun, a bunch compressor in a form of alpha-magnet and a SLAC-type linear accelerating structure.
A 180° achromat section will be installed downstream the linac to manipulate the longitudinal bunch
length. The numerical simulation code “ELEGANT” has been used to optimize the lattice parameters
to provide the electron beam properties suitable for the FEL. The results of optimized lattice
parameters and electron beam properties are presented in this contribution.

Keywords: Beam dynamics, Infrared free-electron laser, FEL injector

Introduction

The Infrared Free-electron Lasers (IR FEL)
facility at Chiang Mai University has been developed
under the plan of a new research facility establishment
of the Thailand Center of Excellence in Physics. The
facility focuses on the production and utilization of
the mid- and far-infrared radiation (MIR and FIR)
based on femto-second electron pulses and free-
electron lasers technology [1]. As shown in Fig. 1, the
facility considered in this paper consists of a
thermionic cathode RF-gun as an electron source [2],
a magnetic bunch compressor in a form of an alpha-
magnet [3], a 3-m SLAC-type S-band linear
accelerator (linac), a 180° achromat section a planar
type undulator and an optical resonator.

Figure 1. Schematic view of planned IR-FEL at CMU.
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The first three components of the existing PBP-
CMU linac system are planned for both coherent THz
transition radiation from femto-second electron pulses
and free-electron lasers. Details of the current PBP-
CMU linac system were reported in [4]. The 180°
achromat section is a new component which is under
detailed consideration. Therefore, we adopt the
magnet lattice of the Kyoto University Free-Electron
Lasers (KU-FEL) for initial optimization in this study.
The achromat section consists of three 60° deflecting
angle dipole magnets and two sets of doublet
quadrupole magnets. Details of KU-FEL achromat
system have been described in [5]. Through the
achromat, the electron bunch length shortens and the
peak current becomes higher for a given bunch
charge.

This study investigates and optimizes the
electron beam parameters suitable for the IR FEL
project at CMU by modifying the PBP-CMU linac
driving condition and considering the bunch
compression in the 180° achromat. To investigate the
beam dynamics, the computer code PARMELA [6]
and ELEGANT [7] have been used for simulations of
multi-particle beam dynamics and optimization of the
electron beam lattice parameters.
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Figure 4. Particle distributions in transverse phase
space at the RF gun exit.
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Figure 2. Planned schematic diagram of

Lattice Optimization

Generally, electron beams for FEL must have high
peak current, small emittance, and low energy spread
in order to generate intense coherent FEL light in an
undulator. To achieve this, the optimization
conditions along the beam line must be carefully
defined. In this study, we focus on optimization of
beam transverse properties by adjusting quadrupole
focusing element.

RF gun

The accelerating field gradients of both half- and
full-cell cavities of RF gun were adjusted to produce
an electron bunch with low energy spread, especially
at the head of the bunch, which will be used for FEL
lasing. With the field ratio of 1:2 and the accelerating
field of 35/70 MV/m, the RF-gun provides the 12,764
particles exiting with low energy spread at the head of
the bunch. The particle distributions at the RF-gun
exit are shown in Fig. 3, 4.
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Figure 3. Particle distributions in longitudinal phase
space at the RF gun exit.
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Alpha magnet

The alpha magnet is a magnetic bunch compressor
equipped with the energy slits inside to filter out the
low energy particles. In this study, alpha magnet
gradient was set at 400 G/cm. and the energy slits
were set to remove particle with energy lower than
3.81 MeV. Because the electron bunches exiting from
RF gun have flat energy at the head of the bunch. So
the bunch compression due to the alpha-magnet can
be neglected in this study.

Linac

The electrons are accelerated by gaining the energy
from the RF wave which propagates inside the linac.
Since the electron bunch which is compressible by
180° achromat magnetic bunch compressor must
have lower energy at the head and higher energy at
the tail of bunch. So the electron bunches have to be
accelerated with an off-crest phase in the linac. In this
study, the RF phase was fixed of 60 deg. and
accelerating voltage were adjusted to have electron
energy about 15 MeV at the head of electron bunch.

However, the electrons gain different energy along
the bunch due to sinusoidal shape of the RF wave. So
the increasing of energy spread of electron bunch
exiting the linac has to be compromised with the
desired electron bunch length.

180° Achromat

The 180° achromat magnetic bunch compres-sor is
a triple bend type equipped with 2 sets of quadrupole
doublet (see Fig.2 QF and QD). Inside the achromat,
different electron energy travels in different path or
called “dispersive system”. In this system, the
electron bunch length can be manipulated by
adjusting the QF and QD strength. The QF and QD
have to carefully optimize to have both desire bunch
length and zero dispersion at the exit of achromat.

Focusing element

The quardrupole is used for focusing beam to
control the transverse beam properties. For PBP CMU
injector system, we require the minimum beam size at
test station and undulator waist. The transverse beam
conditions in each position along the beam line are
listed in Table 1., where B is the betatron function, o
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is the alpha function, ¢ is the beam size, 1 is the
dispersion function and subscribe x,y mean axis X, y
respectively.

Tablel: Beam optimization condition in each position
of beam line for an IR FEL at CMU.

Siam Physics Congress SPC2013

Thai Physics Society on the Road to ASEAN Community 21-23 March 2013

Table 2: Results of optimized quadrupole strength for
an IR FEL at CMU. (F — Focusing, D — Defocusing)

Quadrupole/Type Eff length(m)  Strength(m™)
Position Conditions ~ Optimized Q1/F 0.077 26.90
Quadrupole Q2/D 0.077 -43.64
1) Linac entrance « = Py Q1,Q2,Q3,Q4 Q3/F 0.077 38.23
ay, oy =0 Q4/D 0.077 -33.35
2) Test station oy, 6y =0 Q5, Q6 Q5/F 0.077 20.80
3) Achromat exit My Nxp = 0 QF, QD Q6/D 0.077 -21.17
4) Tripet2 entrance By =By Q7,Q8, Q9 Q7/F (Triplet1) 0.1 38.22
5) Undulator waist o, 5, =0 Q10, Q11, Q12 Q8/- (Triplet1) 0.1 0
Q9/D (Triplet1) 0.1 -25.04
Q10/D (Triplet 2) 0.1 0
Computer Code Q11 /D (Triplet 2) 0.1 -43.36
The computer code PARMELA or the “Phase Q12 /F (Triplet 2) 0.1 83.27
And Radial Motion in Electron Linear Accelerator”
code has been used for simulations of multi-particle
beam dynamics of the RF-gun. The number of macro o (m)
particle 30,000 particles per 2856 MHz are assumed 0.020 T T
to be emitted uniformly from the cathode with current ]'
of 2.9 A. One particle represents a charge of 33.85 fC 0.015 Ox
equivalent to 2.12x10° electrons. 0.010 4 — Oy fIn
From the RF-gun exit to undulator waist, the ” \
numerical simulation code “ELEGANT” or 0.005 { ,
“ELEctron Generation And Tracking” has been used 0.000 Yt _ A el Y
to optimize the lattice parameters and tracking particle ™~ | d
trough the beam line. The ELEGANT is a 6- -0.005 -
dimensional phase space tracking code using transport T *"“ -0 -0 1 1o
matrices up to 3" order. The particle distributions o010 \
exiting from the RF gun which were simulated by -0.015

PARMELA were converted and imported to
ELEGANT by using SDDS toolkit. The SDDS or
“Self Describing Data Set” are group of the programs
using for pre- and post processing of input and output
of ELEGANT i.e. converting input/output to other
programs, text or graphical outputs etc.

Results

The optimized quadrupole strengths are listed in
table 2. The quadrupole Q8 and Q10 can be removed
because the optimized strength is of 0 m™?. The large
beam size in x axis is of 1.8 cm at the inside of the
alpha-magnet and of 1.22 cm. at the focusing
quadrupole of the achromat. The beam size at the test
station is of 0.138 mm in the x axis and of 0.234 mm
in the y axis. And the beam size at the undulator waist
is of 0.223 mm and 0.201 mm in the x and y axis
respectively. The maximum dispersion is of 0.433 m
at focusing quadrupole of the achromat. The beam
size and dispersion function are shown in Fig. 5, 6.
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Figure 5. Beam size of optimized beam line for an IR
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Conclusions

The transverse beam dynamics of the injector
system for an IRFEL at CMU has been investigated
and optimized by numerical simulation. The optimi-
zation conditions which were defined (Table 2.) can
provide the small beam size at test station and
undulator waist (0.138 mm. x 0.234 mm., 0.223 mm.
X 0.201 mm. respectively) and the beam have no
dispersion after exiting the 180° achromat.

For the next study, we will optimize both
transverse and longitudinal beam properties
simultaneously. The RF phase of the linac will be
varied and the 180° achromat will be re-optimized to
investigate the minimum bunch length.

Acknowledgments

Authors would like to acknowledge the support
from the Thailand center of Excellence in Physics and
the Department of Physics and Materials Science,
Chiang Mai University.

45

[1]
(2]

(3]
[4]
[5]

[6]
[7]

Siam Physics Congress SPC2013

= Thai Physics Society on the Road to ASEAN Community 21-23 March 2013

References

T.Vilaithong et al., Journal of the Korean
Physical Society 59 (2011) 2.

S. Rimjaem, “Generation of Far Infra-red
Radiation from Relativistic Electron Beam”,
Ph.D. Thesis, Chiang Mai University, 2006.

J. Saisut et al., Nucl. Instr. and Meth. A 637
(2011) S99-S106.

C. Thongbai et al., Nucl. Instr. and Meth. A 587
(2008) 130-135

H. Zen et al., ”Numerical study on the optimum
cavity voltage of RF gun and bunch
compression experiment in KU-FEL”, in
proceeding of the 2007 Free-Electron Laser
Conference, Novosibirsk, Russia, WEPPHO7.
LM. Young and J.H. Billen, “PARMELA,”
LANL Technical Note LA-UR-96-1835, 2002.
M. Borland, APS LS-287 (2000).



(901 3

Thai Physics society Siam Physics Congress SPC2013
e o Thai Physics Society on the Road to ASEAN Community 21-23 March 2013

X-ray Photoelectron Spectroscopy Studies
of Nitrogen and Sulfur lons in Aqueous Solutions

W. Pokapanich™”", O. Bjorneholm?, and G. Ohrwall®

'Faculty of Liberal Arts and Science,
Nakhon Phanom University, Muang District, Nakhon Phanom, 48000 Thailand
Department of Physics and Astronomy,
Uppsala University, Box 516, SE-751 20 Uppsala, Sweden
*MAX-lab, Lund University, P.O. Box 118, SE-221 00 Lund, Sweden
*Corresponding author. E-mail: wandared.pokapanich@npu.ac.th

Abstract

X-ray photoelectron spectroscopy has been used extensively to investigate the geometric and electronic
structure of solid materials and gases, and recently the methods have become more accessible for
investigations of liquids. This progress in electron spectroscopy has been possible by combining
synchrotron radiation and a liquid micro-jet setup. Liquid micro-jet is a new innovation and its
characteristic; small size of the jet reduces the vapour pressure. Together with combining liquid
nitrogen in cold trap makes the experiment smoothly. This work, we performed using such a setup to
study aqueous ammonium sulfate and ammonium bisulfate. Dilute and nearly saturated solutions were
explored; 0.4 and 4.0 M for ammonium sulfate as well as 0.6 and 6.0 M for ammonium bisulfate. Both
aqueous ammonium solutions, the N 1s photoelectron spectra were identical. Moreover, no
concentration dependence could be observed. Furthermore, the binding energies of the S 2p core-level
photoelectron spectra in aqueous ammonium bisulfate are shifted 0.2 eV higher than the case of
aqueous ammonium sulfate for both concentrations. The result attributed that bisulfate ion has stronger
interaction with the surrounded water molecules than sulfate ion. This has implications for several
aspects of physical and chemistry, as well as biology. Moreover, it can be applied to agriculture due to
high consumption of sulfate compounds, as well as an impact of acid rain.

Keywords: X-ray, photoelectron, aqueous, nitrogen, sulfur
Aqueous ammonium sulfate and ammonium

Introduction

Ammonium sulfate [(NH4),SO,] is intensively
used in agricultural as fertilizers. However, if over
consumption, nitrogen and sulfur can be accumulated
in plants and soil causes several diseases and plant
deflection. Ammonium bisulfate [(NH,)HSQ,] is also
a fertilizer substance. It is highly acidic and causes
acid rain. This work investigated the effect of solvated
nitrogen and sulfur ions with different concentrations;
dilute and nearly saturation by using liquid micro-jet
setup, based photoelectron spectroscopy.

X-ray photoelectron spectroscopy (XPS) is a
powerful tool where this process is used to probe
matter, both gas and solid ™ 2, recently it is available
to probe liquid samples 4. The XPS process arises
when a photon interacts with a core level of the
sample, leading to ionization of one of these inner
electrons P!, This work, the solvated N 1s and S 2p
XPS were explored.

Experimental details

bisulfate were prepared by mixing high purity salts (<
99.0%, Sigma Aldrich) with deionized water to
obtain nearly saturated and low concentrations; 4 and
0.4 M (Molar) for ammonium sulfate as well as 6 and
0.6 M for ammonium bisulfate. The experiments were
performed at the Swedish synchrotron radiation
facility MAX-lab, at the undulator-based soft x-ray
beamline 1411 7 equipped with a Scienta R4000
electron spectrometer, mounted at magic angle 54.7¢
for reducing angular effects. The spectra were
obtained using a 15 micron liquid jet which is shown
in Figure 1, injected into a differentially pumped
vacuum chamber. The propagation of the jet was
perpendicular to the direction of the photon beam and
the spectrometer.
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Figure 1. The nozzle with 15 micron in diameter has
been used in liquid jet setup.

Typical working pressures were in the 107°
mbar range in the differential pumping stage and in
the 10°° mbar range in the analyzer chamber. The
experimental setup has been described in more detail
elsewhere .

The S 2p and N 1s photoelectron spectra were
recorded with the photon energy 250 eV and 480 eV,
respectively. The experimental resolution in both case
was 240 meV. The fitting parameters were in all cases
the vertical energies and Gaussian widths of each
peak as well as a linear background. Moreover, all
spectra have been calibrated against the X state of
liquid-phase water .

Results and Discussion

Figure 2 shows the N 1s photoelectron spectra of
aqueous ammonium sulfate and ammonium bisulfate
obtained with photon energy of 480 eV. The N 1s
components show a single peak which locates at
406.7 eV binding energy and the width is 1.2 eV. The
N 1s XPS spectra were identical for all cases and no
significant concentration effect was found. Therefore,
we attributed that there is no influence of ammonium
ion (NH,") in agueous ammonium solutions.

Comparing the binding energy of N 1s between
aqueous and solid ammonium sulfate which reported
by Ref. [10], the N 1s in aqueous solutions is higher
than the case of crystal 5.4 eV. However, solvated N
1s is lower than atomic nitrogen 3.2 eV [,

— 0.4 M ammonium sulfate

— 4.0 M ammonium sulfate
Y 0.6 M ammonium bisulfate
¢ ~ 6.0 M ammonium bisulfate

Intensity (arb. unit)

M R
407 406
Binding Energy (eV)

Figure 2. The N 1s photoelectron spectra of aqueous
ammonium sulfate and ammonium bisulfate are
presented. Circles are experimental data points. The
dashed line shows the N 1s component. And the thin
solid lines show the sum of the lineshapes. The
colors; black and red represent 0.4 and 4.0 M for
ammonium sulfate respectively. As well as the colors;
blue and red represent 0.6 and 6.0 M for ammonium
bisulfate respectively.

The core level S 2p XPS spectra of aqueous
ammonium sulfate and bisulfate are presented in
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figure 3(a) and 3(b), respectively. Dilute and nearly
saturation solutions were varied, however no
concentration effect could be observed. In addition,
the sulfate and bisulfate features are distinguishable
by their core levels.

(a) ;
— 0.4 M Ammonium sulfate
— 4.0 M Ammonium sulfate |

P52
P 2Py

Intensity (arb. unit)

(b)

— 0.6 M Ammonium bisu]l'ai:e =
= 6.0 M Ammonium bisulfa:te

R B AL R e S
178 176 174 172 170
Binding Energy (eV)

Figure 3. The S 2p photoelectron spectra of aqueous
ammonium sulfate and ammonium bisulfate are
shown in figure (a) and (b), respectively. Circles are
experimental data points. The dashed lines show the S
2ps» components at lower binding energy and S 2py,
components at higher binding energy. And the thin
solid lines show the sum of the lineshapes. The
colors; black and red represent 0.4 and 4.0 M for
ammonium sulfate respectively. As well as the colors;
blue and red represent 0.6 and 6.0 M for ammonium
bisulfate respectively. The vertical thin dot lines
represent the binding energies of S 2p;, components,
and the ticker dot lines represent the binding energies
of S 2py;, components.

In the case of aqueous ammonium sulfate, the
two distinguished components are detected at binding
energies 173.2 and 174.4 eV for S 2ps, and 2pyy,
respectively. The energy splitting is 1.2 eV. For solid
ammonium sulfate, the binding energies of S 2ps,
were reported at 168.0 and 168.6 eV in Ref. [12] and
[13] respectively. They were lower than the liquid
phase 5.2 and 5.8 eV. The comparison of different
core level binding energies of solvated sulfate ion in
aqueous ammonium sulfate to sulfate atomic level,
the S 2ps, and 2p;, were 10.7 and 10.8 eV
respectively 4,



Figure 3(b) represents S 2ps, and 2py, in
aqueous ammonium bisulfate which the binding
energies are detected at 173.4 and 174.6 eV
respectively. Moreover the energy splitting between
the S 2ps, and 2py, is 1.2 eV, equally to the case of
aqueous ammonium sulfate. However, the core level
binding energies are shifted to higher binding energy
than aqueous ammonium sulfate 0.2 eV. Therefore,
we concluded that HSO, from aqueous ammonium
bisulfate is prevailing conduct and effected by the
intra-atomic interaction in the ions; H-O-S, which
agreed with Ref. [13] and has stronger interaction
with the surrounded water molecules than SO,* ions
from aqueous ammonium sulfate.

Conclusions

Dilute and nearly saturated aqueous ammonium
sulfate and ammonium bisulfate were investigated by
using liquid micro-jet setup based photoelectron
spectroscopy. However, no concentration effect could
be observed in all solutions. The N 1s core level
spectra were identical for all cases and no significant
difference was found. This means no influence of
solvated ammonium ion (NH,") in aqueous
ammonium sulfate and ammonium bisulfate. The S 2p
core level in aqueous ammonium bisulfate is shifted
to higher binding energy than aqueous ammonium
sulfate 0.2 eV because the intra-atomic interaction
effects (H-O-S) and HSO, ions is more pronounced
than SO,* ions. It is valuable to explore the effect of
nitrogen and sulfur in aqueous solution, as well as to
investigate the acidifying effect on soil because they
are widely used in agricultural applications.
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Abstract

Spiral waves are ubiquitously observed in a variety of the physical and biological systems ranging from
superconductors, superfluids, CO-oxidation on platinum surfaces, cell aggregation of slime mould, and
arrhythmia in cardiac tissues. Such spiral waves are uniquely explained by a reaction-diffusion
mechanism. Due to both its easy preparation and the convenient detection, the excitable chemical
Belousov-Zhabotinsky (BZ) reaction is employed to study spiral waves in experiments. In this article,
we present a study on the influence of initial concentration of H,SO,4 ([H,SO,]) on the dynamics of
spiral waves in a thin layer of the BZ reaction with pyrogallol. This reaction has an advantage over the
classical BZ reaction with malonic acid, as it is a bubble-free reaction. We found that the spiral tip, i.e.
the organizing center, moved along so-called meandering trajectories with three or four outward petals.
In addition, the area occupied by the spiral tip decreased when [H,SO,] was increased. A further
investigation on the dynamics far from the organizing center was performed by measuring properties of
propagating fronts. An increase of [H,SO,] resulted in a decrease of the wavelength and the wave
period simultaneously. In contrast, the wave speed grew with [H,SO,4]. Since disturbances by the
byproduct CO, bubbles are avoided and the wave velocity is sufficiently low, the results are expected
to present a suitable guideline for further investigations on propagating excitation waves in two- and
three-dimensional excitable media, especially, observations of wave instabilities in three-dimensional
systems using optical tomography.

Keywords: excitable medium, self-organization, meander, tip trajectory.

substrate [18-24]. We study the effect of the initial
. concentration of H,SO, on dynamics of the
Introduction organizing center as well as the properties of

Spiral waves have been observed in different ~ Propagating fronts in a thin layer of solution.
systems such as superconductors [1], superfluids [2],
CO-oxidation on platinum surfaces [3], and cell

aggregation of slime mould [4]. In the heart, such Materials and Methods

spiral waves of electrical excitation and their The bubble-free BZ solutions were prepared
instabilities concern cardiac tachycardia and life- from NaBrO;, H,SO,, pyrogallol and ferroin, all
threatening fibrillations [5-7]. The dynamics of spiral purchased from Merck. Stock solutions of NaBrO; (1
waves have been often studied in the Belousov- M) and pyrogallol (1 M) were freshly prepared by

Zhabotinsky (BZ) reaction as a convenient laboratory dissolving powder in deionized water (conductivity ~
model [8, 9]. Depending on the initial concentrations 0.056 uS cm'™), whereas stock solutions of H,SO, (2.5
of reagents, the spiral tip may either rotate simply on M) and ferroin (25 mM) were commercially available.
a circular path or it may meander, involving a more To prevent any hydrodynamic perturbation, the
complicated path of motion [10-15]. However, the reaction was embedded in a 1.0% w/w agarose gel
classical BZ reaction, with malonic acid as organic (Sigma). Appropriate volumes of the stock solutions
substrate, produces CO, bubbles which disturb the were mixed and diluted in deionized water to form BZ
propagation of waves and their observation [16, 17]. solutions with different initial concentrations of

In this article, we present a study on dynamics of reagents: [H,SO,] was varied between 100 mM and
spiral waves in a bubble-free BZ reaction, in which 400 mM, where [NaBrO3]=150 mM, [pyrogallol]=20
pyrogallol (1,2,3-trihydroxybenzene) is utilized as mM, and [ferroin]=0.625 mM in all cases. We
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investigated the dynamics of spiral waves in a
uniform thin layer of the BZ reaction in a flat reactor
constructed from transparent plexiglas plates [15].
The medium volume was 100x100x1.0 mm®,

An isolated spiral wave was initiated at about the
middle of the medium by the following procedure:
The reactor was oriented vertically and 5 ml of BZ
solution were filled into the reactor forming the first
layer of 5 cm height. Then, we waited until the gel
was formed. Wave fronts were initiated by immersion
of a silver wire of 0.5 mm diameter close to the left
edge of the reactor. Note that the silver wire locally
reduces [Br 7], which is the inhibitor of the system, by
forming AgBr. Next, we waited until one open end of
the wave front reached the edge of the reactor and the
other open end was located near the middle of the
reactor. Another 5 ml of the BZ medium were added
to the reactor as the second layer. Shortly after filling
the second layer, the open end of the wave front
started to curl in and began to form an isolated spiral
wave in the BZ system.

flat reactor )
light source

CCD camera

light path
4 ...........................
?

. —
thermostating bath

Figure 1. Experimental setup.

The dynamics of the spiral wave was observed
in a spectrophotometric setup, as shown in Fig. 1. The
reactor was placed into a transparent plexiglas bath
thermostated at a temperature 24+0.1°C. The bath was
set between a white light source and a colour CCD
camera (Super-HAD, Sony). To trace the spiral tip
precisely, the images of the medium were recorded
every second with a resolution of 0.025, 0.033, or
0.050 mm pixel ™.

For analysis, the color images were converted to
8-bit gray scale ones. The contrast of the images was
further enhanced by background subtraction and
histogram stretching. The background was calculated
as the temporal average of all images. The wavelength
was measured as the distance between two adjacent
fronts. The period was the duration which it took a
wave front to travel for a distance of one wavelength.
The speed of the wave front was calculated as the
ratio between wavelength and period.

The spiral tip was defined as the intersection of
contour lines (0.6xamplitude) of two subsequent
images with a time interval of 5 seconds (Fig. 2a) as
proposed in [25]. A temporal set of the tip positions
was plotted to show the tip trajectory (Fig. 2b).

spiral tip

(b)

(a)
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Figure 2. Analysis of spiral tip motion. (a) Definition
of the spiral tip. (b) Plot of a spiral tip trajectory.

Results and Discussion

Our fresh prepared BZ solutions had red color
due to the reduced state of ferroin. Our results showed
that the dynamics of these BZ media depended on the
initial concentration of H,SO,. For moderate
concentrations [H,S0,4]=150-300 mM, the BZ media
exhibited propagating spiral waves. The spiral tip (the
organizing center of the wave structure) moved along
well-known meandering trajectories often found in
different excitable media [10-15]. We observed two
types: 3-petal and 4-petal forms of meandering
trajectories, as shown in Fig. 3. Note that these paths
did not remain unchanged. They might slowly
translate or/and rotate as commonly found in other
systems.

Figure 3. Spiral tip trajectories with (a) 3-petal and (b)
4-petal forms. Dashed rectangles indicate occupying
areas of the spiral tip.

Table 1 summarized dynamics of the spiral tip at
different [H,SO,4]. For low concentration 150 mM, the
spiral meandered with 3-petal. As the concentration
increased, the trajectory form changed to 4-petal.
However, it took the 3-petal shape when the
concentration was increased to 275 and 300 mM.

The fate of spiral waves in excitable media
generally depends on the motion of the spiral tip. The
spiral waves are terminated when the tip strongly
meanders and ultimately hit the boundary of the
media. To study strength of meandering, we measured
the occupying area where the spiral tip located (see
Fig. 3). As shown in Table 1, this area monotonously
decreased when [H,SO,] was increased. In addition, it
was independent to the form of trajectory.

Table 1: Form and occupying area of the tip trajectory
of spiral waves at different [H,SO,].

[H.SO,] occupying area
(MM) form (mm?)

100-125 no wave no wave

150 3-petal 6.622

175 4-petal 2.85

200 4-petal 2.59

225 4-petal 1.56

250 4-petal 1.44

275 3-petal 1.21

300 3-petal 1.00



325400

no wave no wave

For very low concentrations ([H,SO4]<125 mM),
the media were unexcitable. Its color stayed red all
time and waves can not be triggered by a silver wire
(marked as “no wave” in Table 1 and 2). However, a
spiral wave cannot propagate in case of very high
concentrations ([H,SO4]>325 mM, “no wave” in
Table 1 and 2). Even though waves can be initiated,
they can survive for a short time. Then the whole
media changed rapidly from red to blue. In this case,
the systems were in a so-called stable oxidized state
as reported recently in our article [26].

Dynamics of the media far from the spiral tip
were investigated via measurements of the properties
of wave fronts which emitted from the organizing
center. As shown in Table 2, when [H,SO,] was
increased from 150 mM to 300 mM, both the
wavelength and the wave period of the fronts
decreased, however, the wave speed grew. The
meandering motion of the organizing center which
acted as a non-stationary source and caused the
Doppler effect. The local properties of wave fronts
fluctuated in the course of time. The average values in
Table 2 are presented together with the standard
deviations.

Table 2: Properties of propagating fronts at different
[H,SO4]. A: wavelength, T: wave period, and v: speed.

[H,S0.] A T v
(mM) (mm) (min) (mrr})min'
100-125 no wave no wave no wave
150  g99+0.86 7.81+1.15 1.1640.09
175 6.6540.36 5.5540.52 1.2040.06
200 6.03+0.73 4.2940.77 1.4310.21
225 5794056 3.9240.68 1.5010.16
250 583+0.75 3.6240.50 1.6240.07
275 5984068 3.6940.27 1.6310.22
300 5794075 3.3840.67 1.76+0.37
325-400 no wave no wave no wave
Conclusions

We have studied the influence of [H,SO,] on
dynamics of spiral waves in the BZ reaction with
pyrogallol. For concentration [H,SO,] = 150-300
mM, the BZ media supported meandering spiral
waves. The spiral tip moved along a 3-petal or 4-petal
path whose occupying area decreased when [H,SO,]
was increased. Far from the spiral tip, the front
properties were measured. When [H,SO,4] became
higher, the wavelength and the wave period
decreased, while the wave speed increased.

Advantages of the media in this investigation are
that they do not produce CO, bubbles and they also
support slow wave propagation. These properties
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make the present media suitable for further
investigations on propagating excitation waves in 2D
and 3D excitable media, especially, observations of
wave instabilities in 3D media using optical
tomography [16, 17].
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Abstract

Water is a very essential part of biological membrane. It controls membrane structure as well as
forming the membrane surrounding. Simulations and experiments from other research groups have
suggested that diffusion of water molecules near a lipid bilayer is affected the membrane surface
charges making these water molecules move slower than those in the bulk. To investigate this finding
in finer atomic details, we performed simulations to study the structure and dynamics of water
molecules around phospholipids bilayer POPE using Molecular Dynamics Methods. Our results show
that the diffusion coefficient of water molecules near the membrane surface decrease rapidly up to 50%
as they reach the hydrophilic region of the lipid bilayer. This is clearly due to the charges and dipoles
of the lipid headgroups. This implies a possibility that water molecules may form a strong and long-
lived two-dimensional hydrogen bonded network at the membrane surface which probably allow faster
proton transport towards membrane proteins.

Keywords: Molecular Dynamics, POPE lipid, Lipid Bilayer, TIP3P water, Diffusion

orientation of water molecules are affected by POPE
. bilayer using molecular dynamics simulations.
Introduction

Water is a very essential part of biological
membrane. It involve in both structural and functional

roles of biological membrane such as formation of Materials and Methods

membrane bilayers or liposomes, transport of ions and We setup a membrane-water system of POPE
protons, as well as forming membrane environment. (1-palmitoyl-2-oleoyl-glycero-phosphoethanolamine)
Evidences from both experiments and simulations lipids surrounded by water. The atomic structure of
have suggested that the dynamics of water molecules the POPE membrane bilayer with 72 lipids on each
near biological membrane are affected by membrane layer was constructed from CHARMM-GUI

surface charges. The dynamics of water molecules membrane building server [4]. Water layers of
near the phospholipids bilayer surface has been thickness 30 A modeled using TIP3P [5] were added
investigated by molecular dynamics simulations. The on each side of the membrane. To simplify the system
simulations show that diffusion of water molecules and analysis, we did not add ions to the system. The
varies with the distance from the membrane [1]. final system consisted of 144 POPE lipids and 9,284
Another study compared the effects of lipid bilayers TIP3P water molecules and had 45,825 atoms in a
POPC, POPE and POPG on water dynamics, showing rectangle of size 67.35x67.35x100 A%,
that the headgroups of POPC and POPG bilayers MD simulations of the membrane system were
affect the rotational motion of water more than that of performed using NAMD 2.6 program [6] running on a
POPE [2]. The effect of membrane bilayer on the computer cluster using twenty-four 2.3 GHz AMD
translational and rotational diffusion of water extends Opteron CPUs at 1.33 ns per day. All atomic
far from the surface by a distance of about 7 A [3]. parameters for the force and energy calculations were
In this study, we aim to make a detailed obtained from CHARMMZ27 force fields [7]. MD
understanding at atom scales on how the diffusion and simulations were performed using periodic boundary
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conditions. Temperature and pressure were controlled
using Lengevin temperature control with a damping
constant of 5.0 per ps and Langevin piston control [8]
with an oscillation period of 200 fs and a damping
time of 100 fs. van der Waals interactions were
calculated every time step using a 13 A cutoff
distance and a switching function. An integration time
step of 2 fs was used to enable multiple time-stepping
algorithm to be used in the calculations of the long
range electrostatic interactions which was done using
the particle mesh Ewald method [9,10].

The MD simulations were performed in four
parts. First, the membrane-water system was energy-
minimized for 10,000 steps. Second, it was heated to
increase the temperature from 0 K to 310 K for 0.12
ns. Third, the system was equilibrated at pressure 1
atm and temperature 310 K for 2 ns. Fourth, the
system was further equilibrated at pressure 1 atm and
temperature 310 K for 20 ns.

Analysis was done using VMD program [11] for
visualizing the membrane-water system on a 3D-
stereo graphics workstation. Atomic coordinates of
the system was taken every picosecond from the last
nanosecond of the fourth MD simulation to make a
1,000 frame trajectory used for analysis. For each
frame, the system was divided and analyzed
sequentially as a thin rectangular layer with a
thickness of 4 A along the z axis perpendicular to the
membrane plane. The next rectangular layer was
formed and analyzed by shifting the previous layer
along the z-axis by 0.2 A. For each rectangular layer,
we calculated (over all trajectory frames) the average
values of the number density of different types of
atoms in the system, the diffusion coefficient and the
total electric dipole moment of all the water
molecules in each layer. This was done for 460 layers
from the top to the bottom part of the membrane-
water system.

Results and Discussion

The system of POPE bilayer in water at the end
of the 20 ns MD simulation equilibrated at
temperature 310 K and pressure 1 atm is shown in
Figure 1. It forms a planar bilayer with a thickness of
about 40 A as can be estimated from the distance
between the two peaks of phosphorus-atom layers in
the number density profile of the bilayer shown in
Figure 2. Water molecules can be found as far as
about 10 A below the phosphorus atom layers.
Beyond that it is a non-polar region of the bilayer
where water cannot form hydrogen bonds with.

The diffusion coefficients of the water molecules
shown in Figure 3 show that water molecules move
slower in all three directions as they get closer
towards the membrane surface. The diffusion
coefficients start to decrease at the distance about 30
A from both sides of the membrane surfaces. Within
20 A, they can decrease to about one half of its bulk
value (from 4.3x10° cm’™ to 2x10° cm?™). Just
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before these water molecules move beyond the polar
regions containing oxygen atoms of the membraneg,
the diffusion coefficients start to increase and then
peak at the maxima of the number densities of
hydrogen and carbon atoms and then decrease
abruptly towards zero within about 4 A distance from
the peaks.

5] .:4

‘.J\

"‘ ,; i
5{:‘;{ )./ \
M:*

Figure 1. POPE bilayer in water at the end of 20 ns
simulation (side view). POPE molecules are drawn as
tubes. Water molecules are drawn as red lines.
Phosphorus atoms are drawn as golden spheres.
Carbon, oxygen atoms nitrogen atoms are colored in
cyan, red and blue respectively. Hydrogen atoms on
POPE are not shown to reduce complexity of the
figure.
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Figure 2. The number density profile of various atoms
in POPE-bilayer. The thickness of the membrane can
be estimated from the distance between two peaks of
phosphorus atoms colored in blue.
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To explain the decrease in the values of the
diffusion coefficients of water molecules near
membrane surface we need to see how the electric
dipoles of POPE lipids affect the surrounding water
molecules. This can be seen by calculating the total
electric dipole and its components in x, y and z-
directions of water molecule at various distances
along the z-axes as shown in Figure 4. It can be seen
that mainly there are strong dipole moments of water
molecules along the z-axis (green solid line, but not



along the x- and y-axes) peaks at positions z = -15 and
+28 A where the electric dipole moments of lipids
formed by positively charged PE (phosphatidyl-
ethanolamine) head group and negatively charged
phosphate groups are located. This suggests that the
decrease in water diffusion coefficients may come
directly from the strong electrical attraction between
the two charged groups on the polar heads of POPE
lipids and the surrounding water molecules.

Diffusion coefficient (10 cm?s1)
5

45 -

4 o Lauiad iff_co_

35

3 -

e diff _co_total

T T T T T 1 Zaxis(])
50 -40 -30 -20 - 10 20 30 40 S50

Figure 3. Diffusion coefficient of water molecules
along x, y, and z directions at various positions along
the z-axis.

Another feature that may explain the further
decrease and the later increase in water diffusion
coefficients is the two flipping of total dipole moment
along the z axis (green solid line) of water molecules
below the strong dipole peaks between z = -10 and 0
A; and between z = +14 and +23 A in Figure 4. The
water dipole flipping possibly comes from the strong
attraction of the phosphate groups (at z = -13 and +27
A) in those regions. This causes further decrease in
water diffusion coefficients. As we move deeper
towards the membrane center, the flipped dipole
moments become smaller and disappear between z =
+3 and +14 A. This is possibly due to the lack of polar
groups in the region and the negatively charged
oxygen atoms on glycerol parts of the lipids that
counteract with the negatively charged phosphate
groups. The later increase in the values of water
diffusion coefficients may be explained from increase
in mobility of water molecules around glycerol parts
of the lipids due to much less electrostatic interactions
in this region.
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Figure 4. Total electric dipole moment and its
components along x, y and z axes of water molecules
(magnitude) in rectangular layers of 4 A thickness
along z axis.

The strong reduction in water molecule mobility
near membrane surfaces has very important
implications in various biological processes that
involve water molecules such as proton transfer from
bulk water to membrane proteins. Protons are often
involved in transport of electrical energy and charges
in biological systems. For example, in ATP synthesis
protons are transported from water to a membrane
protein, called ATP synthase, which converts the
electrical energy of proton motion to chemical energy
stored in chemical bond of a molecule called ATP.
Some experimental evidence suggested that proton
transport by 3-dimensional diffusion from bulk water
to the protein is lower and not consistent with the
ATP synthesis rate measured. It has been suggested
that protons may not comes from the 3D bulk water
but diffuse along the 2D plane of the membrane-water
interface instead. Our results support this idea in that
as water molecules near the membrane surface moves
slower, they can form a 2D network of hydrogen
bonds that last longer. This allows protons to be
transported faster along the 2D hydrogen bonded
network of water molecules at the membrane-water
interface.

Conclusions

In this study, we performed a 22 ns molecular
dynamics simulation of a POPE bilayer-water system
without ions. We observe very strong decrease in
diffusion of water molecules near the POPE bilayer
surface and found that the reduced mobility of water
molecules comes mainly from the charges and the
dipole moment on the polar part of POPE lipids. The
result could imply that water molecules may form a
strong and long-lived two-dimensional hydrogen
bonded network at the membrane surface which
probably allow faster proton transport towards
membrane proteins.
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Abstract

During Culture, most mammalian cells require serum or culture medium containing serum replacement
but also contaminated with virus. This research aims to use silk sericin instead of using serum because
it is low cost and free of alien cell contamination. However, sericin quickly releases to culture media
which effect cell attachment and cell proliferation rate. In this study we coated sericin on polystyrene
by plasma grafting technique lead to sericin and polystyrene bound with covalent bond and also
perform cross-link between sericin. So, it can slow down the release rate of sericin in cell culture. For
the plasma process, we utilize Plasma-enhanced chemical vapor deposition by using capacitively
coupled plasma discharge (CCP) reactor.We observed protein adsorption on treated culture dishes
using UV visible technique. The optical intensity of treated sample was 8% improved at 280 nm
wavelength. It was found that the release rate of sericin to decrease when plasma grafting had
performed.

Keywords: Sericin, Cell Culture , Polystyrene , Plasma modification

Introduction micro-etching, cross-linking, increases the surface
energy and associated adhesion to other materials[4].
The most important feature of the plasma technique is
that the surface properties of the treated material can
be modified without changing their intrinsic bulk
properties[5].

Sericin is an important bio-material, which can
be used in cell culture, because it shows good
biocompatiblity, biodegradation, non-toxicity,
oxidation resistance, antibacterial properties, UV
resistance, etc. Sericin is a water-soluble natural

Polystyrene (PS) is widely used as biomaterials
for cell culture because of it potential biocompatibility
and biodegradability, non-toxicity with cell, high
transmittance in the visible range, low production
cost, easily processed[1]. However, PS surfaces are
not optimal for cell adhesion because PS surfaces are
hydrophobic and do not provide a suitable
environment for cell growth. In cell culture can seen
that cells grow very well on a hydrophillic surface

than on hydrophobic surface. Therefore, many iy constituting 25%-30% of silk[6]. Sericin is a
researchers have developed various kinds of methods macromolecular globular protein having molecular mass

to modify hydrophobic surface to improve the cell the ¢ 10 14 310 kDa. Sericin consists of 18 amino acids,
cell adhesion on surface. These include bulk 66t of which have strongly polar side groups such as
modification of the chemical —structure, plasma  pyqgroxyl, carboxyl, and amino groups (Sarovart et al.,
treatment or plasma polymerization, and coating or  5003). Sericin is also especially rich in aspartic acid
grafting adhesive protein that mediate cellular (~19%) as well as serine (~32%) (Wu et al., 2006).
attachment][2]. The protein can be cross-linked, copolymerized, and

_Plasma is a highly unusual and reactive chemical  pjendeq with other macromolecular materials to
environment in which many plasma-surface reactions produce materials of improved properties[7].

occur. The high-density of ionized and excited species Since, sericin easy to dissolve by water which
in the plasma can change the surface properties Of  gffocted cell attachment and cell proliferation rate.

normally inert materials such as polymer[3]. In The aim of this study is to slow down the release rate
particular, the plasma polymerization is the method of of sericin in cell culture on the PS surface dish by

choice for modifying polymer surfaces for cell sng plasma grafting polymerization technique to

culture. 1t provided a unique and powerful method for  j,crease adhesion on PS surface dishs and cross-
modification of polymeric materials. The major ipking. UV-Visible spectroscopy was performed to
effects observed in plasma treatment of polymer — oyamined the releasing rate of sericin by the
surfaces are cleaning of organic contamination,  apsorhance spectra of protein in PBS. The functional
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group and adhesion on the surface of sericin were
analyzed using  Fourier  transform infrared
spectroscopy (FTIR). The atomic force microscope
(AFM) was used to study the morphology of the
surface of the modified polystyrene dish. The
efficiency of cell attachment and proliferation will be
tested by biological technique.

Material and method
Material

Polystyrene dish were purchased from SPL
Lifesciences Co.Ltd (Korea). Sericin (Bombyx mori)
was purchased in powder from Thailand Institute of
Nuclear ~ Technology  (Public ~ Organization)
(Thailand).

Method
Preparation of sericin solutions

The sericin solutions were prepared by
dissolving 0.1 g sericin powder in deionized water at
80°C and stirring for 60 minutes to form solutions of
5% (w/v) concentration.

Preparation of plasma grafting sericin

The PS dish were exposed to Argon plasma in
capacitively coupled plasma discharge reactor. The
RF power at 13.56 MHz was coupled to the chamber
via a manual impedance matching network. A Pirani
gauge and digital controller monitored pressures. A
base presure of typically 8 mtorr was achieved using a
rotary vacuum pump. A constant flow rate of argon
gas at 1 mtorr and 100 W RF power for 10 minute
were used in all experiments. After exposure to the
plasma the PS dish were graft with sericin solution at
100 pl and keep in dry.

Surface Characterization

Contact anglemeter: contact angle were
measured using Contact Angle Meter using sessile
drop and single fiber wilhelmy methods at 20 yl
droplet of doubly distilled water. Samples (PS
untreated and treated Argon plasma) were cut into 3
cm diameter. The valves of contact angle were taken
as average values at different place.

FTIR: The infrared spectra of the modified and
unmodified polystyrene dish were recorded using
ThermoFisher scientific. The spectra were recorded in
the absorption mode within the wavenumber range
4000-400 cm™. Samples(unmodified PS and modified
PS with sericin) were cut into 1.4 cm diameter for
determination.

AFM: The surface topography and roughness of
samples were studied in tipping mode. The samples
were cut into 1.4 cm diameter for determination.
Measurements were done with 30 x 30 um? scan area
at room temperature.

UV-Visible: The release rate of sericin was
examined using UNICAM UV 500 Type 9423
UV530EEE. The spectra was recorded in the
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absorption mode within the wavelength rang 200 -
350 nm. Samples (modified PS with sericin and
unmodified PS with sericin) were dissolves by PBS at
5 ml for 24 hours.

Result and Discussion
Contact Angle
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Fig. 1 Water contact angle on PS as a function of (a)
exposure times (RF power: 100 W), (b) RF power
(plasma duration: 10 min)

Fig.1 show the changes of the contact angles of
water on PS as a function of (a) exposure times, (b)
RF power by argon plasma. The contact angles of
water on PS modified samples were reduced to 30.1°
from 63° of unmodified sample. As shown Fig. 1(a),
the contact angles are not much change with exposure
times. However, at 10 minutes is optimized for argon
plasma because it had minimum error bar. As shown
in Fig. 1(b), the minimum contact angle was 30.1° at
RF power 100 W, which lower than RF power 150
and 200 W due to PS gets too high energy caused loss
structure function. From this result, we can conclude
that the condition of capacitively coupled plasma
discharge reactor was used in RF power 100 W for 10
min.

UV-visible spectroscopy

Sericin is one of a protein synthesized by
silkworm. Generally, proteins absorb near-ultraviolet
region. In this experiment, sericin be expected also
the absorption at 280 nm. As Shown in Fig. 2, the
absorption band at 280 nm of the samples of
modified PS with sericin were decreased as much as
8% compare to the samples of unmodified PS with
sericin. These results indicate that the release rate of
sericin on PS dish to decrease when modified PS dish
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by using Argon plasma because of plasma induces a
chemical reaction between sericin and PS structure.
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Fig. 2, UV-VIS spectra of unmodified PS with sericin
and modified PS with sericin

Fourier transform infrared spectroscopy
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Fig. 3 FTIR spectra of PS, unmodified PS with
sericin and modified PS with sericin

FTIR spectra of unmodified PS, unmodified PS
with sericin and modified PS with sericin. The FTIR
spectra of sericin can be shown in Fig. 3, The broad
peak centered around 3273 cm™is assigned to the
stretching frequencies of the hydroxyl groups of
sericin and peak at 2920 cm 'is assigned to C-H
asymmetrical stretching. For a protein bands can be
seen at 1639 cm™(amide 1), 1530 cm™(amide 1) and
1242 cm™(amide I11) is assigned corresponding to
C=0, N-H, and C-N stretching, respectively. And the
peak at 1400 cm *is observed corresponding to OH
groups of serine. As shown in Fig. 3, the relative
intensity of the band between unmodified PS with
sericin and modified PS with sericin is seem similar.
However, the chemical reaction between sericin and
PS can be affirmed by using the results from UV-
Visible spectroscopy.
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Conclusion

The PS with sericin coatings prepared by plasma
grafting polymerization techniques with Argon gas
was found enhanced the adhesion between sericin and
PS. The results of UV-Visible indicated that the PS
surface induces a chemical reaction between sericin
and PS structure. It can be concluded that plasma
grafting polymerization techniques is promising for
decreasing the release rate of sericin on PS dishs.
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Abstract

This research aims to modify surface of polystyrene dish, utilized in cell culture. According to the low
efficiency of cell attachment and proliferation on commercial polystyrene dish, scaffold with porous
structure on the polystyrene dish is required to improve the cell attachment and proliferation efficiency
on the dish. The scaffold with porous structure will be fabricated from solution of powdered silk
fibroin by plasma grafting polymerization technique. The plasma is produced by a capacitively coupled
discharge reactor (CCP) at low pressure 100 mTorr. The variation of the power generator, plasma
treatment time, and the cycle of coating on the dish are studied. The proper treatment time and power
of generator are 10 minutes and 100 watts, respectively. Argon plasma treatment of PS surface yielded
decreased water-contact angles relative to untreated surface so that plasma can change the property of
surface from hydrophobic to hydrophilic. It was revealed that the scaffold prepared in this study had
uniformly distributed pores and high porosity. Representative UV-vis absorption spectra increase with
the number of scaffold layers. The treated dish has lower spectra absorbance than the untreated dish
which means the efficiency of grafting between the scaffold and treated surface is better than the
untreated surface. Also the peak of amino acid with aromatic ring, named phanyalanine at 280 nm
affirmed the success of grafting between fibroin and polystyrene.

Keywords: polystyrene, plasma treatment, silk fibroin, cell culture

energy is supplied to destroy the bonds on the
. polymer. The plasma polymerization is commonly
Introduction pinhole-free, high cross-linked and strongly bound to

Several kinds of polymer have been utilized in ~ the surface [4]. Argon plasma has been applied in

cell culture application. Among many polymers, ~ many ways, for example, pretreatment for grafting or

polystyrene (PS) has generally been used as a crosslinking of surface macromolecules, removal of
disposable culture dish due to the following contaminants on the surface, and ablation of material

properties; its optical transparency in visible range, ~ from the surface in order to remove a weak boundary
excellent stamina and non-toxicity. PS, however, has  layer and increase surface roughness for better
a low surface energy and is classified as a nonspecific ~ adhesion [5].

adsorbent of biological molecules. Moreover, this also Silkworm silk fibroin has been commercially

results in its poor wettability by water and to very low ~ used for decades as biomedical sutures and for
adsorptive and adhesive properties with cells. To centuries in textile prOdUCtion. Silkworm silk from
simplify animal cell growth on the PS dishes, the ~ Bombyx mori is primarily composed of two protein
surface of the dishes has been treated by either y-  components; fibroin and sericin. Fibroin is a structural
irradiation, chemical modification, or plasma protein of silk fibers while sericin is a water-soluble

discharge to generate hydrophilic groups such as glue-like protein that binds fibroin fibers together.
ether, carbonyl, and carboxylic groups [1, 2, 3]. Connected by a disulfide link, silk fibroin consists of

Surface modification has been obtained by  heavy and light chain polypeptides of ~350 and 25
plasma polymerization techniques. Without altering ~ kDa, respectively. Fibroin is a protein dominated in
their bulk properties [3], plasma polymerization composition by the amino acids glycine, alanine and
techniques furnish a unique and powerful method for ~ serine which form antiparallel -sheets in the spun
modification of polymeric materials. At atomic level, fibers, leading to the stability and mechanical features
polymerization is also plausible when adequate of the fibers. Silk fibroin provides an important set of
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material options for biomaterials and scaffolds for
tissue engineering due to the impressive mechanical
properties, biocompatibility and biodegradability [6].

For tissue engineering, an ideal scaffold material
is one of many important components. The scaffold
provides mechanical stability and maintains a three-
dimensional space for the formation of new cells with
appropriate structure. Scaffold should support cell
attachment, migration, cell-cell interaction, cell
proliferations and differentiation. Highly porous
scaffolds are desirable because cells can easily
penetrate the pores and fill the scaffolds [7, 8].

This study aims to create scaffold from solution
of powdered silk fibroin on the PS surface by plasma
grafting polymerization technique. A scanning
electron microscope (SEM) and an atomic force
microscope (AFM) will be used to investigate the
morphology of the surface of the modified
polystyrene. The releasing rate of scaffold will be
measured by the absorbance spectra of protein in PBS
from UV-Visible spectroscopy. The chemical bonding
of the surface will also be examined with the Fourier
transform infrared spectroscopy (FTIR). Finally, the
efficiency of cell attachment and proliferation will be
determined by biological assay.

Materials and Methods

Materials

Commercial materials used in the present study
were obtained as follows: 35x10 mm culture
polystyrene dishes from SPL Lifesciences Co.Ltd
(Korea); Bombyx mori silk fibroin powder from
Thailand Institute of Nuclear Technology (Public
Organization) (Thailand);  Hexafluoroisopropanol
(HFIP) from Sigma-Aldrich (Singapore). All other
reagents were of the highest grade available.

Preparation of scaffold from silk fibroin on PS
surfaces by plasma grafting polymerization

The sterilized pure PS Petri-dishes were used as
substrate in the argon plasma treatment without
cleaning because the Petri-dishes could be
contaminated by the cleaning process which could
affect the results of cell culturing. For the surface
modification, the Petri-dishes were exposed to argon
plasma in the cylindrical chamber. The RF power at
13.56 MHz was coupled to the chamber via a manual
impedance matching network using circular disc-
shaped parallel electrodes which are separated by a
distance of 10 centimeters. A base pressure of
typically 8.3x10° Torr was achieved using a rotary
vacuum pump. The argon pressure during plasma
treatment was set at 100 mTorr with a range of RF
powers from 50 to 250 watts and treatment times from
5 to 20 minutes. After plasma was produced, a 2.5%
w/v of fibroin solution dissolved in HFIP in the
amount of 100 microlitres was added to each treated
dish and then incubated at room temperature for 24 h.
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Contact angle measurement

In order to examine the effect of plasma
treatment on the hydrophilicity of PS dishes, the dish
surface was characterized by static water contact
angle measurements using the sessile drop method.
For the sessile drop measurement, a water droplet of
approximately 20 ul was placed on the dry surface of
each dish. The contact angle of water onto the dish
was detected at room temperature using a contact
angle analyzer equipped with a special optical system
and a device camera.

UV-Vissible Spectroscopy

To monitor the releasing rate of fibroin scaffold
from the PS surface, UV-Visible Spectroscopy were
used. After scaffolds were fabricated on the PS
surface, 5 ml of phosphate-buffered saline (PBS) were
added to each modified dish and then left the dishes
for 24 h. Then suck up the PBS to quartz cuvette and
measure the absorbance spectra of protein in PBS
solution from UV-Visible spectroscopy.

Surface analysis

The Petri-dishes were cut into circular shaped
with 1 centimeter diameter. The surface topographies
of the untreated and treated dishes were identified by
atomic force microscopy (AFM) in tapping mode.
And the morphologies of the scaffolds were observed
by scanning electron microscope (SEM). The cut
dishes were mounted and sputter-coated with gold
using an ion coater and then observed at accelerating
voltage of 15 kV.

Fourier Transform Infrared Spectroscopy (FTIR)

The surface chemical composition of modified
dish was investigated by a Fourier transform infrared
spectroscopy. Polarized absorbance spectra of fibrils
were recorded wusing a spectrometer in the
spectroscopic range between 400 and 4000 cm™ with
a resolution of 4.0 cm™. The measurement was carried
out at room temperature.

Results and Discussion

1. Contact angle

The water contact angle was measured to
determine the effect of argon plasma treatment on the
hydrophilicity of PS dish surfaces. As shown in
Figure 1 (A), the plasma pressure and exposure time
were fixed at 100 mTorr and 10 minutes, respectively
and the powers were varied from 50 to 250 watts.
The untreated PS is hydrophobic, but became
hydrophilic when treated with the argon plasma. The
water contact angle of the surfaces before plasma
treatment was 63.4+1.3%, which was significantly
decreased to 32.410.8" and 30.1+0.7% after plasma
treatment at the powers of 50 and 100 wiatts,
respectively. At the powers of 150, 200 and 250
watts, the water contact angle was slightly increased
when the powers increased. These results suggest that
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the highest hydrophilicity surface occurred at 100
watts of power. In Figure 1 (B), the plasma pressure
and power of generator were fixed at 100 mTorr and
100 watts, respectively and the exposure time were
varied from 5 to 20 minutes. The lowest value of
contact angle occurred at 10 minutes of exposure
time, prolonged treatment after 10 minutes correlated
with higher contact angles. These results can be
concluded that the proper treatment time and power of
generator are 10 minutes and 100 watts, respectively
at 100 mTorr of plasma pressure.
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Fig.1 Contact angles of PS surfaces. (A): effect of RF
power (plasma pressure: 100 mTorr and plasma
exposure time: 10 minutes) (B): effect of plasma
exposure time (plasma pressure: 100 mTorr and RF
power: 100 watts)

It is well-known that the surface hydrophilicity
of a polymer plays an important role in homogeneous
cell seeding and predominant cell growth onto it. In
our previous report, it has already been shown that
argon plasma treatment provided remarkably
enhanced cell affinity for the polymer surface [5].

2. UV-Visible Spectroscopy

To monitor the releasing rate of fibroin scaffold
from the PS surface, UV-Visible Spectroscopy was
employed. Representative UV-Vis absorption spectra
of protein in PBS can be shown in Figure 2. The
curves, from bottom to top, correspond to adsorption
of treated dish with 1 layer of scaffold, untreated dish
with 1 layer of scaffold, treated dish with 2 layers of
scaffolds and untreated dish with 2 layers of scaffolds,
respectively. From the figure 2, higher absorbance
means higher releasing rate of scaffold. From the
comparison of absorbance between the treated dish
and untreated dish resulted that the untreated dish had
higher releasing rate than the treated dish. Energy
transfer from the argon plasma to PS surface caused
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ablation of hydrogen or chain scission. Moreover, free
radicals occurred on the surface as ready to construct
covalent bonds with the elements from coated fibroin
solution such as oxygen, hydrogen, or nitrogen. After
that chemical functional groups, e.g. amine, carboxyl,
carbonyl, were formed on the modified surface. These
functional groups are very important for growth of
cells. Strength of covalent bonds affected scaffold
releasing rate from the PS surface. The high strength
of covalent bond leads the low scaffold releasing rate
and vice versa.

4.0 -
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untreat_1layer
treat_2layers
untreat_2layers
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Fig.2 UV-Vis absorption spectra of protein in PBS.
The curves, from bottom to top, correspond to
adsorption of treated dish with 1 layer of scaffold,
untreated dish with 1 layer of scaffold, treated dish
with 2 layers of scaffold and untreated dish with 2

layers of scaffold, respectively.

T T T
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As shown in Figure 2, the maximal absorption
wavelength was at ~280 nm which assigned to
aromatic amino acid absorption wavelength. It can be
implied that amino group from fibroin can
successfully bond with aromatic ring on the PS
surface.

3. Scanning Electron Microscope (SEM)

The surface morphology of scaffolds was
observed under a scanning electron microscope. As
shown in Fig.3, it was revealed that the scaffold
prepared in this study had uniformly distributed pores
and high porosity, seen by naked eyes. These
properties may be more suitable for cell growth
because there is not only larger space in which the
seeded cells live, but cell migration is also easier.



Fig.3 Scanning electron micrographs at different
magnifications showing morphologies of scaffold on
the PS surfaces. Original magnification: (A) *300;
(B) %500

4. Fourier Transform Infrared Spectroscopy
FTIR was performed to investigate the chemical
reaction between fibroin and the surface of PS. Figure
4. shows the absorbance spectra of untreated PS,
untreated PS+ fibroin, treated PS + fibroin. In the case
of untreated PS, the C—H located at the range of 2850
- 3150 cm™ appeared. Moreover, IR spectra shows
broad peaks of aromatic C=C at the range of 1475 -
1600 cm™, which indicated main structure of PS, a
long chain hydrocarbon contains elements carbon and
hydrogen. The peaks around 1026 — 1182 cm™ , 1742
snd 1800 cm™ also reveal the C—O and C=O,
respectively. Oxygen appeared on the surface may
come from the manufacturing process. In the case
untreated PS + fibroin and treated PS + fibroin, the
N—H peaks occurred at 3069 — 3272 cm™ while the
C—H peaks at 2926 and 2970 is reduced from the
untreated PS. The protein conformation was
determined by identifying the peak positions of amide
I, 11 and Il corresponding to C=0, N—H and C—N
stretching, respectively. As shown in Figure 4, all
scaffold exhibited amide | and amide Il peaks at 1624
and 1511 cm™ and amide 111 peak at 1229 cm™. The
peaks around 650 — 1000 cm™ also revealed the C—H.
From this result, it could be explained that the C=C,
C—C or C—H chains in the polymer are broken by
energetic plasma bombardment, and the induced
unstable chain react with the atoms from fibroin, such
as O, N and H.
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Figure 4. the absorbance spectra of untreated PS,
untreated PS+ fibroin, treated PS + fibroin.

Conclusions

Wettability of water on PS was improved by
argon plasma treatment. Plasma can change the
property of surface from hydrophobic to hydrophilic.
It was revealed that the scaffold had uniformly
distributed pores and high porosity. Representative
UV-vis absorption spectra increased with the number
of scaffold layers. The treated dish had lower spectra
absorbance than the untreated dish which means the
efficiency of grafting between the scaffold and treated
surface was better than the untreated surface. Also the
peak of amino acid with aromatic ring, named
phanyalanine at 280 nm affirmed the success of
grafting between fibroin and polystyrene. From FTIR
results, The C=C, C—C and C—H chains in the
polymer are broken by energetic plasma
bombardment, and the induced unstable chain react
with the atoms from fibroin such as O, N and H. Then
the formation of new bonds, such as C—N, N—H, and
C=0 will be occurred.
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Abstract

A few years ago, the technique referred to as Etched Wiring Board Technique (EWBT) was introduced
by our group for producing a PDMS-based microfluidic chip master mold. It is based on an ordinary
printed circuit board (PCB) so this technique is simple, fast and inexpensive. However, roughness on
the surface of the PCB substrate and on the edges of copper ridges after a wet etching cause certain
problems to a PDMS replica in relationship to the qualities of laminar flow in the microchannel,
bonding with glass slides and hydrophilic properties of the 4 walls of the channel of a microfluidic
chip. Here we proposed a procedure to overcome these problems simultaneously. The thin layer of
PMMA film that has been spin coated on the etched-PCB mold can smooth the edges of both the
copper ridges and surface of the PCB substrate. From SEM images, the edges of the microchannel and
surface of the PDMS stamp have been significantly improved, although the channel is shallower. After
only a brief irradiation with oxygen plasma, both PDMS stamp and cover glass in contact have created
a strong bonding with each other and at the same time every wall of the microchannel becomes
hydrophilic. The microchip has successfully been applied as a Microchip Capillary Electrophoresis
(MCE) device.

Keywords: Master mold, PDMS-based microfluidic chip, Etched-PCB mold, PMMA

However, PDMS itself has a hydrophobic nature [4].
. This property is inferior in many experiments such as
Introduction in microchip electrophoresis separation.
Poly(dimethylsiloxane) (PDMS) has been In soft lithography, the PDMS stamp is cast from
widely used as a stamp material in microfluidic chip a master mold. There are several methods available
fabrication for Lab-on-Chip and micro total analysis ~ for the production of the master mold. One of the
system (UTAS) due to its beneficial properties. PDMS ~ simplest and cheapest methods has been proposed by
is inexpensive and easy to modify. It has a wide range ~ Our group since 2007 [5]. The method, edge wiring
of optical transparency ranging from visible band  board technique (EWBT), makes master a mold out of
down to 230 nm, so that several detection techniques ~ an ordinary printed circuit board (PCB). However,
are possible. The flexibility is one of the important ~ despite those advantages, there are disadvantages
characteristics that permit an integration fabrication  relating to surface roughness of the resin substrate and
such as integrated detection electrodes. The material ~ €dge roughness of the copper ridges. Moreover, for
is chemically inert, non-hygroscopic, isotropic and ~ Microchip-based Capillary Electrophoresis (MCE)
homogeneous and durable in the sense that stamps which a double-T microchannel configuration with
can be used many times over several months without ~ total length in the order of 5 cm is normally used, a
degradation [1, 2]. More on surface property, it canbe ~ hydrophilic channel is required for improving buffer
bonded with itself or other surfaces. Irreversible  loading and an electro-osmotic flow (EOF) [6].
bonding can occur if the surfaces are Si-based. To economically overcome these obstacles, first
Oxygen p|asma p|ays an important role in forming a of a”, the surface rOUghnESS of the PCB substrate of

0-Si-O covalent bond for a strong bonding [3]. the master mold has to be reduced. By this way, the
PDMS stamp surface is smooth enough so that, after a
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brief oxygen plasma treatment, it can be permanently
sealed by a bare glass slide through contact bonding
and its microchannel surfaces are transformed from
being hydrophobic to hydrophilic [7, 8].

By this research, the solution to the mentioned
obstacles, i.e., the roughness of PCB master molds
and the hydrophobicity of PDMS surfaces, has been
proven. Herein, details of experimental methods and
results are described.

Materials and Methods

Master mold fabrication

The PCB-based master mold was constructed by
adapting the traditional electronic circuit patterning
method, which is described briefly in Fig. 1. The
commercial grade PCBs and other materials used in
this work such as a photoresist film, etching solution,
etc, were bought from a local electronic shop.
Generally, the thickness of its copper cladding is 30
pm and the thickness of the resin substrate is 1 mm.
The microchannel network was transferred from mask
pattern, printed on silk screen film, to PCB by using
photoresist film and UV exposure as shown in steps
(a) to (c). In step (d), the unirradiated photoresist was
dissolved by sodium hydroxide solution. After etching
by ferric chloride solution, as shown in step (e), the
copper ridge pattern for making microchannel
network was created.

<«— Copper cladding
N <— Substrate

(a)
<«— Photoresist film

<«— Copper cladding
N <— Substrate

(b)

: > I «— Photoresist film
<— Copper cladding
\ <— Substrate

Photoresist

m bl
\\ <— Substrate

(d)

Copper ridges of transfered pattern

v
\\\\\\\&\\ N\ \\ <« Substrate

(e)

Figure 1. PCB-based master mold fabrication process
(see text).
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Chemicals

All chemicals used in the experiment were
laboratory-grade substances. PMMA beads of MW =
540,000 was purchased from Scientific Polymer
Products (New York, USA). The anisol (C,;HgO),
which was used as a solvent for the PMMA beads,
was bought from Sigma-Aldrich (Germany). The
PDMS was prepared from Sylgard 184 Silicone
Elastomer Kit, purchased from Dow Corning
(Michigan, USA).

Coating process

As shown in Fig. 2, after the PCB had been
etched, its top surface was coated with PMMA
viscous solution by using a self-made spin coater. The
11% w/w PMMA viscous solution was prepared by
dissolving the PMMA beads in the anisol solvent,
stirred well overnight at room temperature in a closed
container. The viscous solution of PMMA was poured
onto the mold’s surface, then spin coated at 2000 rpm
for 45 seconds. The coating process is completed with
baking using a hot plate at 160°C for 2 minutes to
remove the solvent and harden the PMMA coated
layer. Our investigation had covered up to 3 layers of
coating.

Microfluidic chip fabrication

The PDMS microfluidic chips were fabricated
by casting technique in which the viscous solution of
PDMS was poured on top of the PMMA coated
master mold and then cure at 70°C on the hot plate for
2 hours. After the PDMS had been solidified, the
polymer was peeled off the master mold. Next, both a
PDMS stamp and clean glass slide were exposed to
oxygen plasma of 50 W power for 60 seconds by the
in-house built plasma generator. After this step, the
treated PDMS stamp was press bonded to the treated
glass surface for 15 minutes to ensure good bonding
between both surfaces. At this point, a microfluidic
device with a hydrophilic microchannel at all 4 walls
has been completely fabricated. In order to prevent
hydrophobic recovery, the whole microchannel was
filled with de-ionized (DI) water when not in use.

N e
(a)
T

(b)

M ._-_———
(c

)
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Figure 2. lllustration of the 1-layer, 2-layer and 3-
layer PMMA coatings on the same PCB-based master
mold.

Results and Discussion

Roughness reduction

As clearly seen from Fig. 3, even by the naked
eye, the surface of PDMS stamp from each mold has
significantly been improved. The transparency of each
slab increases as more PMMA layers are coated on
the master mold surface. This is one of the evidences
indicating that the master mold surface can become
smoother by the PMMA coating. In addition, SEM
images of PDMS stamps, as shown in Fig. 4, confirm
that both surfaces of PCB substrate and channel walls
of the coated samples were much smoother compared
with the uncoated one. However, the depth of the
channel was affected by the coated layers. To study
this consequence, the microchannels on the PDMS
stamps were cut across and the cross-sectional viewed
in order to measure the channel depth through the
microscope. The results are shown in Table 1. It can
be seen that the channel is shallower as more layers
were added on the mold. It also shows that edges of
the microchannel are not sharp but has been rounded-
off by the PMMA coated layer. In conclusion, we
may not have a sharp rectangular microchannel chip
but will have a smooth surface channel which is more
important for the MCE applications [6].

Figure 3. Photo of 4 PDMS slabs that were peeled off,
from left to right, the uncoated, 1-layer coating, 2-
layer coating, and 3-layer coating master molds. The
improvement in transparency of each slab is clearly
shown.

Table 1: The average microchannel depth of the
PDMS stamps replicated from each coated mold.

Master mold Average channel depth (um)
Uncoated 31.73
1-layer coating 26.51
2’layer coating 23.33
3'layer coating 18.58
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PDMS / glass interface bonding strength

The bonding strength investigation was
performed by tearing off the PDMS slabs from the
glass cover by force. In every try, the PDMS bulk was
ruptured rather than breaking the bonding at the
interface except for the uncoated one. This shows that
the two parts have been irreversibly bonded. The
results emphasize that the oxygen plasma can be used
for PDMS-glass bonding in the case that the contact
surfaces are smooth enough. The hydophilicity of the
microchannel can be observed simply by filling DI
water to any end of the microchannel. The water will
fill the entire network almost instantaneously without
any bubble and without using any external driving
force.

Microchannels

198kn 9000089

(d)

15kU X188

15kV X108 108pn 000008

18em 808080

15kU X758

(€)
Figure 4. SEM images of PDMS stamps fabricated
from uncoated (a), 1-layer coating (b), 2-layer coating
(c), and 3-layer coating (d) master molds. The (e) and
(f) are closed-up images showing the texture of the
PDMS surfaces from the uncoated and 3-layer coating
master molds, respectively.
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Conclusions

In summary, the technique for PCB-based
master mold surface roughness reduction by spin
coating thin layers of PMMA on the top of the mold
was invented by our group. The proposed process can
solve the hydrophobicity and plasma bonding
problems of PDMS-based microfluidic chip
simultaneously. The surface of the mold was
smoothened as PMMA thin layers were coated which
can be observed from SEM images of PDMS stamp
surfaces. The microfluidic devices with hydrophilic
channel sealed with glass slide can be fabricated using
oxygen plasma bonding technique. The interface
bonding is irreversible and the bonded PDMS device
can withstand any inner pressure level of every MCE
applications.
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Abstract

In this work, we compared amount of oil in oil palm fruits to the electric properties i.e. conductance
and capacitance of the fruits. Three varieties of oil palm with different ages and different colors were
investigated. Conductance and capacitance were measured using an RCL meter. To record the electric
parameters, two electrodes with a constant space between them were inserted into the fruit. After the
electric measurement, the fruit was pressed to measure the amount of oil in the fruit. We found that the
unripe fruits from the three varieties had average oil contents in the range 0.05-4.0 g. The capacitance
was in the range 0.02-0.05 [/F and the resistance was in the range of 25.0-78.0 kQ. Ripe oil palm fruits
contain 1.4-4.0 g of oil for all varieties. The resistances and capacitances of ripe fruits were in the
range of 0.01-0.03 [/F and 40.0-136.0 kQ respectively. The results showed that the amount of oil in
palm oil fruit is correlated with their electric parameters. The method can be applied by oil palm
growers to monitor the development of their crop so that the oil palm fruits can be harvested at the
appropriate time.

Keywords: Oil Palm, Electric Properties, Oil Parameters

better monitoring method than simple observation is
Introduction needed.
To overcome this problem, electrical properties
of oil palm seeds were studied in order to develop a
rapid and non destructive assessment method to
characterize the state of ripening of oil palm seeds.
Behavior of the electrical properties of materials is
related to their dielectric properties. The dielectric
constant of material, which correlates well with
certain properties of the products such as moisture
content and ripeness, were studied by different
researchers over the past years [1-3]. Several
important factors greatly influence the dielectric
properties of materials. Some of these factors are
related to the nature of the material (composition,
structure), while others are associated with the
conditions when electro heating is applied
(temperature, frequency), and others are involved with
the age or maturity stage of the seeds or other food
material [4].

Oil palm is widely cropped in Thailand since it
is used in a wide variety of ways by the local
population. The primary purpose until now has been
the extraction of palm oil (from the flesh of the oil
palm fruit) and palm kernel oil (from its kernel or
seed) for the production of edible and industrial oils.
More recently, the second major objective has
emerged: the production of biodiesel from crude palm
oil. In general, to harvest oil palm fruits, their colour
is observed and assumptions made about amount of
oil they contain. As the palm fruit ripens, the color
changes from black to reddish orange and the oil
content increases in the process. When the oil content
reaches the maximum, the fruit becomes loose and
falls to the ground. However, color changes can also
be caused by external factors such as weather,
temperature, other environmental factors and handling
of the harvest handling. Mere appearance of the oil
palm seeds is not a reliable indicator of oil content. A
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The dielectric properties of fruits and vegetables
have been investigated in several studies. For oil
palm, however, no useful characteristics of this type
have previously been found to have a reliable
correlation with quality. The objective of the present
work was to identify ripening parameters of oil palm
fruits, and to quantify the relationship between color
changes, electrical conductivity and amount of oil
contained in the fruit. The close relationship between
the electric properties and oil contents in the
mesocarp gives us simple to measure parameters to
gauge the mesocarp ripeness and the harvesting time.

Materials and Methods

Materials

Oil palm fruits obtained from a private orchard
were picked at ambient temperature and then weighed
using an electronic balance to group them based on
their weight. The experiment was carried out on fresh
and ripening fruit of three varieties of oil palm. The
three varieties used in this study were: (1) Gotta-Rica,
(2) Suratthanil and (3) AVROS npisifera. The
measurements of all parameters were done when the
fruits were still in fresh condition.

Measurement

The dielectric properties of the oil palm seeds of
a range of stages of maturity were measured. The
resistance and capacitance of the seeds were measured
by using a LCR meter. The samples of oil palm were
placed between two plate conductive electrodes, as
the dielectric material. After the measurement, the
mesocarp of each fruit was peeled and oil palm was
extracted. The amount of oil was compared to the
measured  electrical parameters. Each LCR
measurement was repeated three times and then the
average was calculated.

Results and Discussion

Amount of oil content in oil palm mesocarp at
different age (unripe fruits and ripening fruits) are
shown in Table 1. Both groups provide different
electric parameters and amount of oil content in the
mesocarp. The unripe fruits give a less amount of oil,
are higher in electric capacitance and lower in electric
resistance than the ripening fruits. For all three
cultivars, a constant of electric capacitance for
ripening and ripe fruits could be calculated.

In unripe fruits, the capacitance of the fluid in
the mesocarp is clearly higher than that of the
ripening fruit. The capacitance varied from about 0.02
MUF to about 0.04 pF depending on the cultivar. The
resistance varied from 25 kQ to the 50 kQ dependent
on the cultivar.

In the ripening groups, for all cultivars, the
capacitance is constant in the range from about 0.01
MF to 0.03 pF. An increase in electric resistance was
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observed. The mean values vary in the three oil palm
varieties used in the study but in each case there is a
clear difference between unripe and ripe fruits.

Tablel: Comparison of amount of oil in mesocarp to
electric capacitance (C) and resistance (R). The data
were averaged from 30 fruits.

oil palm amount
cultivar C R of oil
(LF) (k) (9)
1
unripe
fruits 0.02-0.04  40.5-63.5  3.20-3.90
ripening
fruits 0.01-0.03  94.0-136.0 4.0-6.5
2
unripe
fruits 0.02-0.05  25.0-50.0  0.60-2.30
ripening
fruits 0.01-0.03  50.0-65.0  1.37-3.50
3
unripe
fruits 0.02-0.04  25.0-61.0  0.05-0.60
ripening
fruits 0.01-0.03  40.0-78.0  1.50-3.40

During ripening, extensive changes may occur in
the composition of the cell contents such as electrical
conductance and capacitance [25]. Electrical
conductance values expressed the ability of charge
movement in the material and depended on the
number of ions or free electrons of the material.
Capacitance describes the ability of capacitors to store
energy and electrical charge. The presence of a
dielectric material in capacitors causes an increase in
the capacitance value. Increase in the amount of oil is
accompanied by increasing resistance and decreasing
in capacitance. The results agree with work of
Sirikulrat et al. [5] who demonstrated that the relative
permittivity of fresh soybean decreases as the bean
matures. An increase in internal fruit resistance may
be related to decreased concentration of mobile ions
in fluid content in mesocarp.

The high correlation  between electric
capacitance and resistance and amount of oil in oil
palm fruits indicates that the electrical parameters
could be suitable as an index of amount of oil in oil
palm fruit. It was found that the changes of the
electrical parameters of oil palm fruits were closely
related to the ripening and amount of oil.

Conclusions

In this work, electric capacitance and resistance
were used as an index to predict amount of oil content
in oil palm mesocarp. This paper studied the ability of
this method to predict the amount of oil during
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ripening period. Results showed that this technique,
which is based on dielectric property, was able to
assess changes in the amount oil in oil palm fruits
during ripening period. The results showed that the
amount of oil in palm oil fruit is correlated with their
electric parameters. The method can be applied by oil
palm growers to monitor the development of their
crop so that the oil palm fruits can be harvested at the
appropriate time. We feel that a simple LCR
instrument could be developed for use by farmers to
monitor their oil palm crop.
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Abstract

In this study, we focused on sericin hydrolysates, originating from silkworm, used for human bone
marrow mesenchymal stem cells (hBM-MSCs) serum-free culture. Silk sericin protein was absorbed
onto various substrates spontaneously, however, it will be removed immediately from the surface when
exposed to the culture media. We reported that the effect of a covalent linkage between bioactive
protein molecules and polystyrene dish surface via a carbon intermediate layer can slow down the
release rate of protein molecules into the phosphate buffer saline (PBS) solution. Films of amorphous
carbon (a-C) and functionalized carbon were deposited on PS culture dish surfaces using a dc
magnetron sputtering system and RF PECVD system which were used as intermediate layers. We
found that a-C based-films can increase the hydrophlilicity and biocompatibility of polystyrene (PS)
dish, especially a-C films and a-C:N, films which show the good attachment of human bone marrow-
derived mesenchymal stem cells (hBM-MSCs) at 24 hrs. For the UV-vis absorbance, all of carbon
modified-PS dishes showed the less release rate of sericin molecules into PBS solution than PS control.
This revealed that functionalized carbon can be enhanced of specific binding property with given
molecules. The carbon-coated PS dishes grafting with sericin protein were used in serum-free
condition. We also found that hBM-MSCs have higher % of proliferated cells at day 7 for the modified
dishes with carbon films and coated with sericin than the PS control coated with sericin.

Keywords: amorphous carbon layer, sericin, serum-free conditions, covalent grafting, hLBM-MSCs

spontaneously, however, sericin itself is water
. soluble.In the case of cell culture application, their
Introduction immediately removal from the surface when exposed

NowadayS, In vitro mammalian cell culture for to the culture media and could not Support the cell
cell therapy, mammal-derived factors including fetal ~ growth for a prolonged time.
bovine serum (FBS) are often used as a source of The tissue culture polystyrene (TCPS), as a
nutrients and growth factors in the media which cause standard in vitro cell culture substrates, is unsuitable
the concern about the risk of zoonosis such as for serum free cell culture medium since it normally
abnormal prions and various viruses [1]. Therefore, ~ occur in a poor and insufficiently reproducible
serum- and mammal-free culture is Strong|y required_ manner. Therefore, surface modifications are reqUirEd
We focused on sericin hydr0|ysate5, a protein to Optimize cell adhesion and accelerate the cell
extracted from the glue of cocoons, with the  proliferation. Amorphous carbon (a-C) is now being
alternative Strategy of being used as supp|emented in attractive in piOlOgiCﬂl applications because it can be
the culture media. Silk proteins were added to culture ~ prepared relatively inexpensively for a wide variety of
media used as serum free media for cell culture [1]. In  low-cost precursors. It is typically biocompatible and
comparison with bovine serum albumin (BSA),  quite chemically stable under nonoxidizing
sericin had an equivalent effect on the proliferation of ~ conditions. Moreover, it has low density, high thermal
the hybridomas with BSA and the activity of sericin conductivity, good electrical conductivity, mechanical
was not affected by autoclaving. Commonly, sericin ~ Stability and is non cytotoxic [2]. Of prominent
protein  absorbed  onto  various  substrates features of the carbon film including a high specific-
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area, porous carbon is a more binding activemolecule
and more resistant to structural change by hydrolytic
effects in aqueous environments.

This review therefore selectively focuses on a
new method of immobilization bioactive compounds
onto polymer surface via deposited-carbon films. The
objective of this study is to investigate and discuss the
interaction between PS surface - Intermediate layer -
Silk coating and attempt to control and slow down the
release rate of coated-silk molecules by chemical
bond between protein molecules and PS surface.

Materials and Methods

Physical vapor deposition (PVD) sputtering system
and Plasma-enhanced chemical vapor deposition
(PECVD) system

Commercialized TCPS dishes (Nunclon®,
Denmark; Cat#153066), 35 mm in diameter, were
used as the material model in this study. The bottom
part of each dish was used in this experiment as
modified PS dish with amorphous carbon-based
intermediate layer.

To manipulate the amorphous carbon-based
films, we used a DC magnetron sputtering system
(Center for Advanced Plasma Surface Technology;
CAPST, Sungkynkwan University, Korea) attached to
a high vacuum chamber (base pressure 2.0x10® Torr)
using a 4-inches diameter high purity carbon target
cathode and argon (purity 99.999%) gas as a sputter
gas. The a-C films deposited onto the PS bottom part
was used for the SiO, deposition as a-C:SiO, films
and was used for the nitrogen plasma treatment as a-
C:N, films by using a RF plasma-enhanced chemical
vapor deposition (PECVD) system. Table 1 lists the
sputtering deposition parameters.

To functionalize the carbon film surfaces with
SiO, plasma wusing octamethylcyclotetrasiloxane
(OMCTS) as a precursor and oxygen as a carrier
gas,we used oxygen plasma treated onto SiOy films to
improve the hydrophilic and used as the a-C:SiOy
films. In case of a-C:N, films, we used nitrogen
plasma treated onto a-C films.

Table 1: Sputtering parameters

Conditions
About 2.0x10° Torr

1.2x107 Torr

Parameters

Base pressure

Sputtering pressure; 1) a-C;
-1

2) a-C, 1.3x10™ Torr

DC power 0.8 kKW

Sputter time 10 min

The sericin release rate detection using Ultraviolet
(UV) absorption
1. Immobilization method
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Sericin powder (Thailand Institute of Nuclear
Technology; TINT) was dissolved in DI water and
stirred at 60-70 °C for 30 min. 100 pl of sericin
solution was kept and immersed it into each PS dish,
let dry in air for 24 h. After that, 7 ml of phosphate
buffer saline (PBS) solution was poured into each
sericin coated-PS dish and taken an immersed time
for 1, 3 and 7 days (n=4 for each time).

2. Measurement the UV absorbance of the
released-sericin solution.

UV spectra of the released-sericin solution were
taken on a UV-VIS-NIR spectrophotometer (UV-
3600, Shimadzu,Tokyo, Japan). Start with kept 3 mll
of released-sericin solution and transferred it to the
quartz cuvette with a 1-mm pathlength and scanned
with the scanning range was recorded between 190 -
450 nm.

Cell behavior study
Cell culture and seeding

The human bone marrow-derived mesenchymal
stem cells (hBM-MSCs) were purchased from Lonza
group Ltd., Switzerland. The cells were cultured on
75 cm? PS cultured flasks (SPL®, Korea; Cat#70025)
in DMEM (Dulbecco’s modified Eagle’s medium)
(Gibco, USA) containing 20% (v/v) FBS (fetal bovine
serum) (Gibco, USA) and 1% penicillin/streptomycin
(Pen Strep, Gibco, California, USA) for serum
condition and FBS omitted for serum-free condition.
Cultures were maintained at 37°C, 5% CO, and 95%
relative humidity. The culture medium was refreshed
every 2 days before achieving 80% cell-population
confluence.

Cell attachment efficiency and proliferation assay
Attachment efficiency and proliferation assay of
hBM-MSCs were quantitatively evaluated by using
the WST-1 reagent (Roche, USA). Cells were plated
at a density of 1x10* cells per well. According to the
manufacture’s instruction, 150 pl of WST-1 solution
was added to each dish and incubated at 37°C for 4 h.
The colorimetric optical density (OD) of liquid in
each dish was obtained by spectrophotometry at 450
nm using Epoch (Biotek, USA). The proliferation
assay was analyzed using the ODysy value from each
PS dish sample at day 1 and day 7 in comparison to
the control at day 1, which was presented as
percentage of attached and proliferated cells. A higher
percentage of cell attachment and proliferation
corresponded to a higher number of viable cells.

Materials and Methods

Surface characterization

The surface hydrophilicity of modified PS dish
was improved by amorphous carbon (a-C) deposition
and was significantly improved by using SiO,
deposition and nitrogen plasma treatment. A different
a-C films; vary of DC power and Ar pressure, had



lower contact angle of less than 50° (compared with
82° for the PS-control) and a-C:N, films had lower
contact angle of 25°.A-C:SiOy films had a great lower
contact angle of less than 10°, indicating good
spreading of water on the material surface and low
hydrophobicity of the material surface (Table 2). The
deposited of SiO,+0O, treatment and nitrogen
treatment resulted in more polar groups (oxidized
structures e.g. carbonyl, carboxyl and ester groups
and Si-O, NH,) being grafted onto the PS surface
during the plasma process. Nonpolar molecules are
exhibited by London forces because of the correlated
movements of the electrons in interacting molecules.
These forces reveal weak intermolecular forces. If the

material is too hydrophobic, molecules of
extracellular matrix (ECM) are absorbed in a
denatured and rigid state. This geometrical

appearance is unsuitable for binding to cells, since
specific sites on these molecules are less accessible to
cell adhesion receptors, e.g. integrin. The polar
component of surface energy consists of all other
interactions due to non-London forces. Polar
molecules interact through dipole-dipole
intermolecular forces and hydrogen bonds. On
hydrophilic surfaces, cells adhered in higher numbers
to more hydrophilic materials and were spread over a
large area. At the same time, ECM proteins were
adsorbed in a more flexible form, which allows them
to be rearranged by the cells and thus provides access
for cell adhesion receptors to the adhesion motifs on
these molecules.

Table 2 showed the a-C; and a-C, films thickness
of approximately 35 nm and 25 nm, respectively
(sputter time: 10 min) were measured by surface
profiler Alpha-step 1Q. The a-C,:N, film thickness
was about 110 nm (sputter time: 10 min and N,
treatment time: 1 min). In the case of a-C:SiOy films,
the thickness were 157 nm for a-C;:SiO, film, 95 nm
for a-C,:SiOy film (sputter time: 10 min and SiOy
treatment time: 1 min and O, treatment 1 min). It was
also shown that SiOy deposition and nitrogen plasma
treatment can increase the film thickness and the
hydrophilic of carbon films.

Table 2: Films thickness and contact angle.

Contact angle

Modified-PS Film thickness )£ SD
PS control - 82+1.4
PS +a-C, 35 43+ 25
PS + a-C, 25 46 +2.0
PS + a-C;:SiOy 157 14+£20
PS + a-C,:SiO, 94 19+£20
PS + a-C,:N, 110 25+15
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The release rate detection of sericin molecules into
PBS solution.

For the release rate detection of released-sericin
solution, it was found that all of sericin coating onto
modified-PS culture dishes had lower released rate of
sericin compounds into the PBS solution than PS
control for the immersed time at day 1 (Figure 1a),
day 3 (Figure 1b) and day 7 (Figure 1c). It was
implied that the covalent bonds interaction between
the a-C,, a-C, as intermediate layer on PS surfaces
and sericin coatings can slow down the release rate of
sericin compound into the immersed-solution, due to
the porous and pore structures and the reactivity
functional groups surfaces. This supports the idea that
carbon material is more attractive for protein
adsorption due to their inherent stability and surface
properties such as high surface area.

40
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Figure 1. UV absorption spectrum of the released-

sericin solution.



Cell behavior study

Cellular behavior on any biomaterial is an
important indication to determine its biocompatibility.
The whole process of adhesion and spreading of cells
after contacting with biomaterials consists of cell
attachment, filopodia growth, cytoplasmic webbing
and flattening cell mass, and the ruffling peripheral
cytoplasm, which progress in a sequential fashion.

Cell behavior experiments were performed over 7
days using hBM-MSCs. Less adhesion was observed
on the three groups of a-C:Si-O,-based (silica surface)
films as shown in Fig. 10. The cells were also
appeared rounded which indicated the incomplete
attachment of hBM-MSC with ragged cytoplasmic
boundary. The silica surface has the strong
electrostatic attraction between surface silanol groups
and the surface charge of non-prosthetic residues of
protein molecules may alter the damage to the
coherent structure and the native state of the protein
[3]. Moreover, silica has the weak stability upon
prolonged exposure to aqueous solutions which
remains a major problem in the case of cell culture. It
might be concluded that the biological activity and
stability of the sericin protein may change upon
interaction with a silica surface.

Figure 2 shows the proliferation pattern of hBM-
MSCs at day 1 and day 7 with the 5% sericin
coatings,the 5%FBS and without FBS conditions. It
was shown that PS control dish with 10%FBS has the
highest % of proliferated cells at day 7 whereas at day
1, nodifference were detected. It was possible that
sericin protein and FBS effect on cell attachment in
the same way. The carbon-based with sericin-coated
surfaces have the higher proliferation rate with the
mixed of 5% FBS and sericin coatings and the
without FBS than the PS control coated with sericin at
day 7 especially, in the case of a-C, surface. However,
PS dishes with the mixture of 5% FBS and sericin
showed the higher proliferated cells than the used of
only sericin in the same condition.

Figure 2. Examples of SEM micrographs of attached
hBM-MSCs in serum-free condition.

Conclusions

In this study, amorphous carbon based films were
used as intermediate layers for covalent grafting
between sericin protein and PS surface and also were
successfully slow down the release rate of sericin
molecules into PBS solution. The Si-O and nitrogen-
functional groups great affect to the hydrophilic
property of surface more than the roughness of a-C
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based films. The Si-O groups also influence to
surface by made the smooth surface of carbon film
and disfavor with hBM-MSCs adhererance. The
stability of carbon based films with sericin grafting
which is more resistant to structural change by
hydrolytic effects in aqueous environments and
biocompatibility could used in hBM-MSCs culture
with serum-free condition. Amorphous carbon
material is attractive material for biomolecules
adsorption due to its high specific surface area and
rough structure and lead to an increase in the total
amount of sericin protein absorbed and has the
significantly proliferated-cells number at a prolonged
time.

200

B8 Day1
2 pay7

% of proliferated cells

Figure 3. Cell proliferation patterns of hBM-MSCs on
PS surfaces when cultured in serum-free condition at
day 1 and 7.
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Abstract

Oil palm has widely been grown in Southern Thailand. Nowadays, it has been become an important
economic plant. The oil from different varieties are used for bio-energy and industrial uses and also for
human consumption. However, production of young oil palm trees is still limited and the plants are
expensive because it takes up to 8 months for germination to occur and the germination percentage is
only about 60 %. The slow germination rate and the high failure rate leads to additional costs because it
makes disease control much more difficult. Electromagnetic Fields (EMFs) are known to increase
overall percentage germination and shortens the incubation time of several plant species. We therefore
present a physical method to stimulate oil palm germination by treating seeds with EMF. Oil palm
seeds were exposed to EMF fields of 100mT to 250 mT and compared to controls. The treatments also
were done for different period of times varying from 30 min to 5 hrs. The treated seeds were placed in
germinators and sprayed with magnetically treated water. Germination percentages improved on seeds
exposed to EMF and the time before germination decreased compared to the controls. The seeds which
were exposed to EMFs at of 200 mT for 4 hrs started initial primary root at 8 days after magnetic
treatment. There was 30% germination after 8 days incubation and 100% germination after 35 days.
The results indicated that electromagnetic fields significantly shorten the time taken for oil palm seeds
to germinate and greatly increases the proportion of seeds that do germinate. It reduces germination
time of oil palm seeds from 8 months to 8 days and provides very high percentage of germination.

Keywords: Oil Palm Germination, Electromagnetic Fields on Plants, Plant Enhancement

yields. It is thought that plants might respond to
Introduction magnetic fields by showing greater growth and
productivity. At the cellular level, a wide range of
physiological effects can be observed. Magnetic fields
have been reported to exert a positive effect on the
germination of seeds. [1-2]. Extensive research has
revealed that the effects of magnetic treatments
depend not only on the magnetic field strength and
exposure period [3-4], but also on the physiological
condition of the organism involved, and on the
reigning environmental conditions [4]. Basic
stimulating doses (based on magnetic field strength
and exposure period) must therefore be established
under controlled conditions before using them with
plants to be grown in the field [5].
In previous studies, several authors have found

During the evolution process, all living
organisms experienced the action of the Earths
magnetic field (geo-magnetic, GMF), which is a
natural component of the air environment. In general,
the living systems are beings influenced by the Earth's
magnetism. The processes of life take place in an
electromagnetic context result from an interactive
conjunction between the vital magnetism and
geomagnetic field which is an important global
component of the average outside. All living
organisms evolved in the presence of a natural GMF;
determining the influence that magnetic fields might
have on organisms is now the subject of an

increasingly large research effort. ~ Magnetic and that magnetic treatment produces a biostimulation on

electromagnetic  treatments are being used inj,iial growth stages and an early sprouting of several

agricultur_e, as a non invasive teqhnique, to improve seeds [6]). Carbonell et al. [2] concluded that a
the germination of seeds and increase crops and
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stationary magnetic field acts as a noninvasive
external stimulant for germination of rice seeds.

In this study the germination of oil palm seeds
magnetically treated have been evaluated. We object
to determine the optimal range of magnetic field
intensities and suitable time period for increasing
germination rate of oil palm and generally finding the
effect of magnetic field on plant in different aspects.

Materials and Methods

Biological material

Agricultural species of oil palm seeds harvested
from a single yield have been chosen to compose the
samples (each sample contains 50 seeds). The seeds
have been divided into two portions as follows:

A-The first group, is the control group.
B-The second group, called magnetically treated
groups, has been subdivided into four groups.
Seeds in each group have been preliminarily soaked
in distilled water for 2 h. The procedure of study was
conducted. The magnetic treatment was provided as
doses (D), varying the exposure time t and the magnetic
field induction (B) with magnetic induction values B1
=50 mT, B2=100mT B3 =100 mT, B4=200mT and Bs =
250mT. The doses D1-D3o were obtained by exposing the
seeds to each magnetic field induction for different time,
as follows: 1-Exposure to 50 mT: D1 (t=30min), D2 (t=1
hr), D3 (t=2 hr), D4 (t=3), Ds (t=4h), Ds (t=5h). 2-
Exposure to 100 mT: D7 (t=30min), Ds (t=1 hr), D9 (t=2
hr), Dio (t=3), D11 (t=4h), D12 (t=5h). 3-Exposure to 150
mT: D13 (t=30min), D14 (t=1 hr), D1s (t=2 hr), D1s (t=3),
D17 (t=4h), Dis (t=5h). 4-Exposure to 200 mT: Dig
(t=30min), D2o (t=1 hr), D21 (t=2 hr), D22 (t=3), D23
(t=4h), D24 (t=5h). 5-Exposure to 250 mT: Da2s
(t=30min), D2s (t=1 hr), D27 (t=2 hr), D2s (t=3), D29
(t=4h), Dso (t=5h). Magnetic induction was measured
using teslameter with Hall probe, having 10* T
accuracy. All groups were let to germinate on
watered paper support in a Petri dish at room
temperature at 35 °C in darkness. The humidity on
watered paper support in a Petri dish was controlled to
not more than 80 %. All seeds in each group were
labeled with numbers according to exposing time and
randomly located to carry out the germination. All
groups were supplied daily with magnetically treated
water. The daily germination was registered for a
period of 35 days. Germination percentages of seeds
as a ratio of the number of germinated to the total
number of seeds is determined. When the sprouts is
observed, their length were measured. The experiments
were distributed in 3 replicate.
Magnetic field generator
Exposure to EMFs was performed by a locally
designed EMF generator. The electrical power was
provided by a 220 V, AC power supply with variable
voltages and currents. This system consisted of one
coil, cylindrical in form, made of iron with 12 cm in
diameter and 50 cm in length. The number of turns is
1000 of 0.5mm copper wire, which were in two
layers. A fan was employed to avoid the increase of
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temperature (22 + 1+C). Calibration of the system as
well as tests for the accuracy and uniformity of EMFs

(60 Hz) were performed by a tesla meter with a probe
type of hall sound.

Results and Discussion

The oil palm seeds were exposed to magnetic
field ranging from 50 mT to 250 mT at different
period of time varied from 30 min to 5 hr. In Figures
1-3, germination percentages of the seeds exposed to
selected magnetic field strength at 50 mT, 150mT and
250 mT are shown. The fastest early growth of the
seeds was observed on day 5" in group of D,. The
highest germination percentage for each treatment
was obtained from the group of Ds, Dyj, Dy7, D2z and
D,g and shown in Figure 4. It can be noticed that all
seed treatments vyielded a higher germination
percentage compared with the control. Sprouts of oil
palm at day 35" were illustrated in Figure5.
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Figure 1 Germination percentages of oil palm seeds
exposed to magnetic field of 50 mT at different period
of time. The data were averaged from 3 replications.
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Figure 2 Germination percentages of oil palm seeds
exposed to magnetic field of 100 mT at different
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period of time. The data were averaged from 3
replications.
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Figure 3 Germination percentages of oil palm seeds
exposed to magnetic field of 150 mT at different

period of time. The data were averaged from 3
replications.
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Figure 4 Maximum germination percentages of oil

palm seeds exposed to magnetic field for 4 hours at
different fields.
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Figure 5 Oil palm sprouts at day 35" of germination.

The numbers present in the figure mean the period of
magnetic exposure.

Results illustrate a visible increase in the number of
germinated seeds. The seeds under the influence of
MTW germinated faster in comparison to the control.
The stimulatory effect of the application of different
magnetic doses on the germination is in agreement
with that obtained by other researchers. Florez et al.
[7] observed an increase for initial growth stages and
an early sprouting of rice and maize seeds exposed to
125 and 250 mT stationary magnetic fields. Martinez
et al. [8, 9] observed similar effects on wheat and
barley seeds magnetically treated. Alexander and
Doijode [1] reported that pregermination treatment
improved the germination and seedling. Vigor of low
viability rice and onion seeds. Kavi [10] found that
seeds exposed to a magnetic field absorbed more
moisture. Carbonell et al. [2] found that magnetic

treatment produced a biostimulation of the

germination. The mechanisms at work when plant and

other living systems are exposed to a magnetic field

are not well known yet, but several theories have been

proposed, including biochemical changes or altered

enzyme activities by Phirke et al. [11]. Garcia and
Arza [12] carried out an experimental study on water
absorption by lettuce seeds previously treated in a
stationary magnetic field of 1-10 mT; they reported an
increase in water uptake rate due to the applied
magnetic field, which may be the explanation for
increase in the germination speed of treated.

Conclusions

1. Results obtained for oil palm seeds allow to
conclude that magnetic treatment improves the
germination percentage of plants. It can be
recommended to farmers for improving plant
performance and the yield.

2. The best treatment in this experimental setting with
Magnetic field induction 200 mT has been achieved at
exposure time 4 hr for the parameters measured on the
35th day.

3. The influence of magnetic field is not well defined.
Different plants could be sensitive to different
combination of B and exposure time, thus further

investigations of the nature of magnetic field
stimulation are needed.
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Abstract

Oil palm planting has become a very important agriculture especially in Southern Thailand. Because its
oil production has been used as human consumption and is how developed as bio-energy used for some
vehicles therefore oil palm has become a very important economical plant which has been promoted to
crop widely. However, since a nursing time of young oil palm trees needs more than 2 years, rare of
young oil palm trees which caused high price has still caused a problem to agriculturist. In addition,
some young trees weak and unable to grow. This work we therefore present physics method to enhance
oil palm seedling. Magnetically treated water (MTW) was applied to young oil palm nursery. Qil palm
seedlings which were electromagnetically germinated were divided into two groups and transferred
into soil pot with same basic nutrition. Both groups were planted at nature environments. Light
intensity at 1200 Lux was controlled. The first group was watered every day by MTW whereas the
second group was applied by normal water and act as control. Sprout Heights of both groups were
daily recorded. We found that oil palm seedlings which were watered by MTW grew faster than
control. Larger and longer leafs than those of control also were observed. Our results conclude that
MTW is able to stimulate plants growth and reduce their nursing time.

Keywords: Oil Palm, Plants Enhancement, Magnetically treated Water

suitable magnetic treatment increased the absorption
Introduction and assimilation of nutrients.

Magnetically treated water (MTW) has been
noted to increase crop production and drastically
decrease plant disease incidence, and in some cases to
improve the taste of agricultural products. The effects
of MTW on biological materials have widely been
studied [5-7]. It has been reported to stimulate the
growth of seedlings, increase of height, size and
number of leaves. Results show that MTW is more
easily absorbed by the seed tissue and in this way it
can stimulate internal metabolic processes which are
conducive to germination.

Oil palm (Elaeis guineensis) is widely cropped
in Thailand since it is used in a wide variety of ways
by the local population. Unfortunately, the seedling of
young oil palm tress takes more than one year and
growing percentage rarely exceeds 60 %. This is
insufficient for agriculturist and caused high-priced
young oil palm trees. Any improvement, even be it
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Biological stimulation plays an important role in
optimizing crops in terms of the maximization of
yield, promotion of plant growth. The main advantage
of using electromagnetic stimulation methods over
traditional chemical processes is the absence of toxic
residues. Then, Murphy, (1942) [1] reported changes
in seed germination due to a magnetic field. Exposure
of seeds to magnetic field for a short time was found
to help in accelerated sprouting and growth of the
seedlings [2]. They reported the enhancement of plant
growth under magnetic conditions. Savostin, (1930)
[3] observed increase in the rate of wheat seedling
elongation under magnetic conditions. Aladjadjiyan,
(2000) [4] detected that seed exposure to a 150 mT
magnetic field stimulated shoot development and led
to increase of the germination, fresh weight and shoot
length of maize plants. Studies indicated that
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small, in the growing efficiency would therefore be of
great socio-economic importance for palm-crop.

In the work, the use of MTW obtained from
extremely low frequency magnetic field treatment to
stimulate the seedling process of young oil palm tree
will be investigated.

Materials and Methods
Magnetic field generator

The device for the treatment of irrigation water
has been created according to our own magnetic
equipment in laboratory conditions. Exposure to
EMFs was performed by a locally designed EMF
generator. The electrical power was provided by a 220
V, AC power supply with variable voltages and
currents. This system consisted of one coil, cylindrical
in form, made of iron with 12 cm in diameter and 15
cm in length. The number of turns is 500 of 0.5mm
copper wire. A fan was employed to avoid the
increase of temperature (37 °C). Calibration of the
system as well as tests for the accuracy and
uniformity of EMFs (50 Hz) were performed by a
tesla meter with a probe type of hall sound.

Preparation of oil palm seeds

The oil palm seeds which harvested from the
same vyield in order to minimize the genophond
variation and three tests are implemented. In each test,
oil palm of the same weight and similar appearance
are selected and grouped in fifties. Each group of 50
seeds was soaked in normal water for 2h. The seeds
of two groups were exposed to magnetic field of 200
mT for 4 h. Another was served as control. This
experiment was conducted with three replications.

Selection of seed samples

We established three seed treatments in the
experiments, as well as a control sample as a
comparison pattern. The treatments were the
following:

1) The seeds with no magnetic exposure
were initially imbibed of 2 h in normal water and
irrigation with normal water at the moment of
germinating. We will refer to this treatment as control
samples.

2) The seeds with no magnetic exposure
were initially imbibed of 2 h in normal water and
irrigation with MTW at the moment of germinating.
We will refer to this treatment as MTW.

Seed germination

All seeds were transferred to a Petri dish with
two sheets of absorbent paper (serviette). A single
sheet of serviette was used to cover the seeds. For one
such set of experiment, two Petri dishes were prepared
and labeled as either N for sprinkling on top to soak
the serviette with normal water or M which served as
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magnetically treated water. Humidity on the paper
sheet is control to not more than 70 %. The seeds were
allowed to germinate in dark room at room
temperature about 30°C. The number of germinated
seeds was recorded daily for the time necessary to
achieve the final number or percentage of germinated
seeds. Seeds were observed daily for up to 35 days
and considered seedling when the sprout was
approximately 1 cm long or more.

Selection of young tree samples

A number of 25 seed for each seed treatment
was divided into two groups to establish four young
tree treatments in the experiments. The treatments
were the following:

a) Irrigating with normal water at the moment of
germinating and watering with normal water during
the seedling.

b) Irrigating with normal water at the moment of
germinating and watering with normal MTW .

c) Irrigation with MTW at the moment of germinating
and watering with normal water.

d) Irrigation with MTW at the moment of germinating
and watering with MTW.

All young trees were grow in soil which initial
nutrition are known at nature conditions i.e. light
intensity of about 1200 Lux, temperature of about 30
degree. Each sample was watered one time with 30 ml
of water (the kind of water depended on the seed
treatment) at the moment of seedling.

Results and Discussion

Germination percentages of three tests were
shown in Figure 1. First test, the seeds were sprayed
with magnetic water, started early growth at 7" day
with germination percentage of about 5 % and reaches
to 98 % at 35" day. Second test, normal water is
applied, provided early growth at 9™ day. The
germination percentage reaches maximum at 93 % at
the day of 35"

Results illustrate a visible increase in the number
of germinated seeds. The seeds under the influence of
MTW germinated faster in comparison to the control
samples. All seed treatments yielded a better
germination response in time and in number of
germinated seeds than the control samples.

The seeds from the first and the second test were
transferred in to the known nutrition soil. Length of
the sprouts was started to record as a high of young
trees and shown in Figure 2. As shown, the average
sprout length of the oil palm with magnetic water
sprayed was the greatest of all three groups, and those
of the oil palm grown spayed with normal water were
the least. Therefore, it is clear that magnetic water has
an enhancing effect on the growth of oil palm. At the
day of 21% of the germination, young oil palm seeds
under effect of magnetic water grow as shown in
Figure 3.
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Figure 1. Germination percentages of seeds sprayed
with normal water (empty circles) and magnetic water
(full circles) compared to the control. Data are means
of 3 replications experiments.
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Figure 2. Heights of young oil palm trees at seedling
date of 60 days. Data are means of 3 replications
experiments.

The stimulatory effect of the application on the oil
palm seedling is in agreement with that obtained by
other researchers [8-10]. They reported that
magnetically treated water used for crop irrigation
resulted into better germination percentages, larger
growth and better vyields of tomatoes, wheat,
cucumbers and carrots.

The behavior was hypothesized that magnetizing
causes physical and chemical changes of natural water
parameters, resulting in improvement of filtration and
dissolving properties of water. According to
experiments done by Henkenius and Retseck, (1992)
[11], magnetic treated water also stimulates the
growth of seedlings through increased height, weight
and number of leaves.

40
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Figure 3. Oil palm seeds germination at a period
of 21 days grow under magnetic field effect

Correct explanation of the interaction of MTW and
biological systems is a very complex issue nowadays
and most experiences are only in practice, anyway
some experimental results have pointed to some
hypothesis. Some studies have shown that when
normal water is exposed to magnetic fields some of
its physical and chemical properties are changed,
such as: surface tension, conductivity, solubility of
salts, refractive index and pH, which has been shown
by Smikhina, (1981) [12] , and Srebrenik et al.,
(1993) [13], Yakovlev and Kolobenkov, (1976) [14].

Conclusions

1. Magnetically treated water largely influences the
germinating and seedling growth. In general the best
results were found for the cases of MTW with initial
imbibition and at the moment of seedling.

2. The basic mechanism consisted in the change in
the physical and chemical properties of water under
the influence of magnetic field, such as: surface
tension, solubility of salts, which allowed the MTW
water to be better incorporated to the inner parts of the
cells, thus increasing the probability of germination
and seedling.

3. Those simple and basic experiments could lead to a
better understanding of the influence of MTW on the
germination process and in this respect create
scientific bases of upcoming technologies.
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Abstract

Thermoelectric (TE) materials can directly convert heat to electricity or vice versa. The misfit-layered
Ca3C0,40,,; is one of the most promising TE oxide materials due to its high figure-of-merit (ZT) close
to 1.0. In this work, polycrystalline CasCo040,.5 ceramics were prepared by a simple thermal hydro-
decomposition method. The influence of ball milling time on particle size was investigated. The ball
milling process exploited tungsten carbine balls with diameter of 1.6 mm, the ball per powder ratio of
10:1, the rotating speed of 300 rpm, the milling time of 2.5 - 20 h with acetone as dispersion media.
The crystal structure and crystallite size were characterized by x-ray diffraction. The single phase of
every cobaltite sample was obtained. The particle size and morphology were observed by a field
emission scanning electron microscope (FESEM). The particle size was observed to be about 1 pum
before ball milling and was reduced down to 200 nm after milling. The ball milled particles were
fabricated to form a bulk ceramics using a spark plasma sintering (SPS) technique. However, second
phases were found for the bulk ceramics. Seebeck coefficient, resistivity and thermal conductivity of
the milled sample is higher than that of the unmilled sample. The highest ZT value of the unmilled and
milled samples are 0.11 and 0.10, respectively, at 773 K.

Keywords: CazCo040,, ball mill, Thermoelectric, Thermal hydro-decomposition

showed the highest ZT of 0.87 at 973 K [12].
. Although the single crystal provides a high density
Introduction and good TE properties but it is very difficult to
Thermoelectric (TE) materials can directly ~ fabricate in a large quantity.  Therefore,
convert heat to electricity or vice versa. Recently, TE ~ polycrystalline Ca3C040y.5, though lower ZT than the
materials have attracted many groups of researchers  single crystal counterpart, is a more suitable choice
because they are noiseless, have no mo\/ing part, and fora practical use. One of the methods to improve TE
are environmental friendly. Several kinds of TE  properties of polycrystalline CasCo04O,s is doping
materials such as a”oys’ skutterudite’ oxides have with other elements. Par“a”y substituted of several
been investigated [1, 2, 3, 4]. The thermoelectric metals either for Ca or Co were investigated, for
efficiency are defined as a dimensionless figure-of- ~ examples, Ga [13], Ti [14], Fe [6, 15], Cu [6], Mn [6],
merit, ZT= S?T/px where Z, T, S, p, and x are the or Y [7].

figure-of-merit, the absolute temperature, the Seebeck Furthermore, nanostructures are a novel
coefficient (or so called thermopower), the electrical ~ @Pproach to enhance TE properties due to a reduction
resistivity and the total thermal conductivity, ~ Of thermal conductivity. It is hypothesized that

respectively. In practice, ZT > 1.0 is required. The nanostructures can scatter phonon stron_gl_y o) _that
dependence of three parameters: S, p, and x, makes it they can reduce the total t_hermal co_nductlwty. Yin et
difficult to improve TE properties. However, many  @l- compared thermoelectric properties of CazC0,0Oo.;
research attempted to solve this challenging problem  Petween the nanocrystals prepared by electrospinning
by many means, for examples, doping with other and the conventional crystals prepared by a sol-gel

elements [5, 6, 7], improving fabrication process [, ~ Method. TE properties were enhanced by
9], or making composites [10]. nanocrysta_lllne particles [16]. _

The misfit-layered CasCo40.; is one of the most In this work, polycrystalline Ca;C0,0y.; were
promising TE oxide materials due to its non-toxicity, ~ Synthesized by a simple thermal hydro-decomposition
high oxidation resistance, high Seebeck coefficient, ~ Method. The effect of ball milling time on particle

and low resistivity [11]. The single crystal Ca;C0,00. size was investigated. Then, the TE properties of bulk
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ceramics prepared, from unmilled and milled samples,
by a spark plasma sintering were studied.

Materials and Methods

Misfit-layered CazCo0,04.5 polycrystals were
synthesized by a simple thermal hydro-decomposition
method [17]. Calcium and cobalt acetates in a
stoichiometric ratio were employed as starting
ingredients. The starting materials were dissolved in
deionized (DI) water. After completely dissolved, the
mixed solution was heated up to 1053 K and held at
that temperature for 6 h in a furnace under normal
atmosphere. The obtained product was grounded and
calcined for second time at 1123 K for 24 h. The
calcined powder was subjected to a ball milling
process using tungsten carbine balls with diameter of
1.6 mm, a ball per powder ratio of 10:1, a rotating
speed of 300 rpm, a milling time of 2.5 - 20 h with
acetone as dispersion media. The bulk ceramic of the
milled powders was fabricated by a spark plasma
sintering technique.

The CazC0404.5 Samples were characterized by
x-ray diffraction (XRD) using an x-ray diffractometer
with Cu-Koa radiation (Rigaku, UltimalV). The
morphology and the chemical composition at the
pressed surface and the fractured surface of the
samples were evaluated by a field emission scanning
electron microscope (FESEM, JEOL, JSM 6500F)
and energy dispersive x-ray spectroscopy (EDS),
respectively. The sintered pellet was cut and polished
for  thermoelectric and  transport  properties
measurement. The resistivity and Seebeck coefficient
were measured by using ZEM-3 (Ulvac-Riko) in a
temperature range of 423-773 K. The thermal
conductivity was calculated by x = DC,d, where D is
the thermal diffusivity (measured using a laser flash
technique, NETZSCH, LFA457), C, is the heat
capacity (estimated from the Dulong-Petit model, C,=
3nR, where n is the number of atoms per formula unit
and R is the gas constant) and d is density of the
sample which were determined by using their mass
and dimensions.

The crystallite sizes and lattice strain were
calculated based on Scherrer’s equation as follows:

094 )
Bcosé

)

where d, 4, B, 8 and 7 are the crystalline size, x-ray
wavelength, line broadening at half the maximum
intensity, Bragg angle, and lattice strain, respectively.

Bcosezo'dﬂwysina

Results and Discussion

Phase Identification and Morphology

Figure 1 shows the XRD pattern of unmilled
powder, milled power, and sintered CazC0409.5
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samples. The unmilled and milled samples show the
single phase of Ca3Co,0,.5 according to JCPDS card
No. 21-0139. The intensities of the XRD peaks of the
milled samples decrease with increasing milling time.
This is probably due to a reduction in crystallite size
(See in Table 1). Moreover, the lattice strains of the
milled samples increased with increasing milling
time. The longer milling time induce a larger number
of defects in the crystal structure which causes higher
lattice strain. Highly dense bulk ceramics can be
obtained after spark plasma sintering (SPS), 4.42 and
4.12 glem® for the unmilled and milled samples,
respectively. However, the second phase of Co30,
was observed from the bulk ceramics prepared from
the milled powder. The impact of ball milling might
create a small inhomogeneity distribution of Ca, Co
and O but cannot be detected by XRD. When we
applied the SPS process, such inhomogeneity was
driven a by thermodynamic process, by the aid of heat
and pressure, to from a more stable second phase
which was detected in the XRD spectrum as shown in
Figure 1.
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Figure 1. XRD pattern of CazCo0404.5 With various
ball milling times: a)t=0h,b)t=25h,c)t=5h, d)
t=10 h, ) t = 20 h and f) SPS bulk ceramics from
milled powder with t = 2.5 h.

Table 1: Effect of milling time on particle size,
crystallite size and lattice strain of Ca3C0409.;
powders

Time. h Pgrticle C_rystallite Latt!ce
' Size, nm Size, nm Strain, %
0 838 632 0.50
25 535 404 0.71
5 321 192 0.71
10 226 177 1.40
20 208 85 3.61

Figure 2 shows the SEM micrographs of the
samples. The particle size of the sample was
decreased from 1 pum (unmilled sample) to 200 nm
(milled sample) by ball milling for 20 h as shown in
Figure 2 a) and 2 e), respectively. This implies that
the ball milling process can be used to reduce the
particle size of Ca3;C0404.5. Not only the particle size
was decreased but the crystallite sizes, based on the
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calculation of the Scherrer’s equation, were also
decreased with increasing milling time. Nevertheless,
the SPS sample after milling of 2.5 h exhibits
impurity phase as can be seen at the fractured surface
of the ceramic (black arrow of Figure 2 f). This result
is in an agreement with the XRD pattern (Figure 1),
the surface morphology and the EDS data (Figure 3).

Figure 2. SEM micrograph of; non-milled and milled
CazC0404,; particles with various ball milling times
(a-e): a) t=0, b) t=2.5, ¢) t=5, d)=10, e) t=20 h; and
fracture surface of f) t=2.5h after SPS. The black
arrow indicates the impurity phase.

the corresponding EDS mapping of the CazC0,0.5
ceramic. The black arrow points at the second phase.

Figure 3 shows SEM and EDS mapping of the
SPS ceramics. The impurity phase is obvious
observed on the surface of bulk ceramic. Not only the
loss of Ca is illustrated but also the rich of Co and O
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are observed by EDS mapping. Moreover, the point
analysis at the area of the second phase exhibits the
Ca:Co:0 ratios of 7:25:67, which is significantly
different from the ratio of the CazC040,.5 phase.

Thermoelectric Properties

Figure 4 shows temperature dependence of
Seebeck coefficient (S), resistivity (p), and thermal
conductivity (x). The Seebeck coefficients of the
unmilled and milled samples increase with increasing
temperature. The S of the milled samples is higher
than that of the unmilled samples. Hence, the ball
milling process can be used to improve S. On the
other hand, the resistivity of both samples decrease
with increasing temperature. The p of the milled
sample is higher than that of the unmilled samples.
The higher p of the milled samples may be a result of
a reduction in crystallite size which would enhance
electron scattering at grain boundaries, and thus an
increase in p.
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Figure 4 Temperature dependence of unmilled and 2.5
h milled CasCo0404.5: a) Seebeck coefficient, b)
resistivity, and c) thermal conductivity.



The thermal conductivity of the milled sample is
higher than that of the unmilled sample. Usually, the
materials with smaller grain size should have the
lower thermal conductivity due to the stronger

phonon [16]. Thus, the difference in grain size
does not have a significant effect on the x. The reason
for the higher x of the milled sample may probably
due to a presence of the second phase. Combining S,
p, andx, the ZT values of the unmilled and milled
samples are calculated to be 0.11 and 0.10,
respectively, at 773 K.

Conclusions

The reduction of particle size of Ca;C0,04.5 was
achieved by a ball milling technique. For milling time
of 20 h, the nanoparticle size of 200 nm was obtained.
The bulk ceramic prepared from the milled powders
of 2.5 h showed some impurity phase after the SPS
process. The Seebeck coefficient, the resistivity and
the thermal conductivity of the milled samples were
increased. The highest ZT of the milled sample is
0.10, respectively, at 773 K.
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Abstract

The purpose of this research was to produce glass-ceramic from recycled glass and kaolin clay
addition. The recycled glass of soda lime silica glass (SLSG) was used as main raw material and kaolin
clays as reinforce filler. The glass powders were prepared by crushing to a particles size distribution
100-200 um. The SLSG powder were then mixed with the kaolin clay according to the ratio of SLSG
to kaolin clay of 75:25 wt.%, 80:20 wt.% 85:15 wt.% 90:10 wt.% and 95:5 wt.%. The glass ceramic
samples were fabricated using uniaxial pressing and cold isostatic pressing with constant pressure at
1500 PSI. Temperature processing was conducted at different temperatures at 850°C and 1,000°C with
4 hrs holding time. There are several changes in terms of shape, color and appearance after the firing
process. Temperature 1,000°C with 90:10 wt.% ratio of SLSG to kaolin clay is the best result in term
of color and appearance to produce new glass-ceramic material for Turquoise costume jewelry
applications

Keyword: Glass-ceramic, soda lime glass, kaolin, turquoise fashion jewelry
Temperature at  which  transition  from

Introduction supercooled liquid to glass occurs is mentioned

Glass-ceramics are composite materials produced

as the glass transition temperature, Ty In the
through controlled crystallization of base glass

temperature region, some physical parameters of

called "controlled crystallization". The most
conventional definition of glass is an amorphous
material possessing under the glass transition
behavior. [1-3] In the case of crystal as figure 1,
transition from liquid to solidified crystal occurs
at the melting temperature, T,. On the other
hand, a glass material takes the supercooled state
below the Tm, and shows the transition to glass
in the temperature range where the viscosity of
glass increases.

Specific volume
r N

Liquid
(disordered)

Supercooled
Liquid

.._.__ Crystallization
Glass :

(amorphBus solié)

Crystalline

{(ordered) solid

» Temperature

Tq Tm
Figure 1. A volume difference between crystal
and glass.

glass material show “some steep” change. Since
the T, is a fictive temperature that depends on the
fabrication process, a glass can take several
values of T4 depending on the cooling rate.

Materials and Methods

The sample preparation was starting with powder
preparation which includes sieving, mixing and
weighing process of the mixture powder of
SLSG and kaolin clay. As shown in figure 2, the
green samples produced after Cold Isostatic
Pressing (CIP). The sample result of powder
after producing from pressing process is in
cylindrical shape or pellets form with a diameter
of 30 mm.

WWWWW
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Figure 2. The green sample after CIP process.

Results and Discussion

Table 1 shows the result of sample color for each
temperature with different SLSG to kaolin clay
ratio. At 850°C, it can be observed that the
sintering process is in its initial stage. The best
mixing ratio is 90:10 wt.% ratio of SLSG to
kaolin clay at 1000 °C because the presence of
kaolin clay helps the uniformity of the green
body. This may be explained by the high
viscosity of the SiO, rich melting the constituent
[4-5].

Table 1 Glass-ceramic samples at temperature
850 °C (left) and 1000 °C (right) using different
SLSG:kaolin ratio.

Firing temperature plays an important role during
this study because the glass ceramic produced
give various results of physical and mechanical
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properties. The observations on microstructure
gives a lot of information about surface of glass
ceramic produced to identify the existence of a
positive effect in terms of crystal growth and the
negative effects terms of open and closed
porosity and cracks. Through the study, the bulk
density had increased with the increasing of
temperature but had decreased with the
increasing of SLSG to kaolin clay weight ratio.
The appropriate temperature for this study is at
1000°C because at this temperature had the best
result of physical and mechanical properties.
When the amount of kaolin clay had increased
produced a very bad surface finish. While at
90:10 wt.% ratio of SLSG to kaolin clay
produced a very good surface finish. Overall, the
sintering temperature and addition of kaolin clay
provide different effects on each of the samples,
but most result, in the event of increasing
temperatures, the values such as the porosity,
density measurement and water absorption will
decrease.

Table 2: Characterization of produced from flint
glass with the addition of CuO

Color CuO | Colors | Tone | Saturation
appearance | (ppm)
0.002
Very
slightly 4: 4:
0.004 | green |Medium| Moderately
blue: Light strong
VslgB
0.006
0.008
Very
slightly 5. 4:
0.010 greer.l Medium Moderately
blue: strong
VslgB
0.012
0.014
Very .
0.016 1 gightly| 3
- Very
green |Medium .
. slightly
0.018 blue: | dark grayish
' VslgB
0.020

93



“on Thai Physics Society
e Road to ASEAN Community.

25013

Ordinary soda-lime glass appears colorless to the
naked eye. Metals and metal oxides can be added
to glass during its manufacture to change its
color which can enhance its aesthetic appeal.
Such a small concentrations of copper oxide (2 to
3%) used for produces a deep blue green color
[6]. All glasses were completely melted at
1000°C. This melting temperature still remaining
very small bubbles. The additions of copper
powder affects to color and are appearance of
glasses. Consideration Cu®* which provides a
convenient means of changing the color of the
flint glasses from colorless to blue. When CuO
was increased from 0.0-0.02 ppm the colors were
changed from clear glass to bluish-green glasses
as shown in table 2. Silicate glass is an
amorphous material in the form of (SiO,)*-. CuO
shifted the Cu®" ion in glasses from the network-
modifying to network-forming positions. Cu®*
ion as the network-modifying broke the Si-O-Si
bonds and replaced Si** into the network
producing a blue glass [6]. The results of the
green glass show same effects manner as flint
glasses. Rare earth metals are not as sensitive to
the base glass composition. They also have
sharper absorption bands as compared to the
transition metals. The coloring substance can
also be a chromophore consisting of ions of two
or more elements. When a glass is colored by
metal ions, the color is due to electron transitions
associated with the transition elements or rare
earth metals. The color originates from ligand
field splittings of d- or f-electron orbitals. The
color can also differ depending on which base
glass is used and whether the ions are part of the
glass structure as a network former or network
modifier.

Before firing After firing

glass granule melted glass

00D0 0oL

Kaolin granule

Kaolin granule

Figure 3. Firing process of SLSG and Kaolin.
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The investigations discussed in this research
demonstrate the potential of turning soda lime
glass wastes into useful glass-ceramic products.
According to table 2 in case of glass-ceramic
color displayed distinct depending on the glass
body color. The soda lime glass from flint color
combination of kaolin without copper powder is
shown in figure 4a. The blue green samples
displayed some green color concentrations
forming an original of copper powder adding
when processing of glass-ceramic (figure 4b).
The deep blue color appeared to be
superimposed on the blue base of natural
turgquoise pieces; this gave an overall blue-green
coloration to the specimen (figure 4c and 4d).

d

b

C
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Figure 4 Glass-ceramic products flint glass
without copper powder (a) flint glass with 0.5%
copper powder (b) flint glass with 1% copper
powder (c) and flint glass with 2% copper
powder (d).
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Figure

6. All the turquoise jewelry fashion
prototype set.
Additional, pilot plants as Turquoise gem quality

have been successfully operated for the
manufacture of these glass-ceramics. Figure 6
shows product from recycle soda lime
glass/kaolin composite provide properties as 1.7-
1.9 refractive Index, density 2.8-2.9 g/cm® and 8
hardness on Moh’s scale.

Conclusions

The present new ways of recycling silicate
waste, whereby the production of glass-ceramics
will become a viable for a new design and an
alternative of fashion jewelry. Soda Lime Silica
Glass (SLSG) with the addition of kaolin clay as
a filler at a various weight ratio successfully
produced a new material of glass ceramic
produced from recycled glass. Preparation of
glass ceramic by using Cold Isostatic Pressing
(CIP) method is the suitable method in order to
produce more compact and uniform glass
ceramic materials. The glass ceramic produced
from the sintering process provide a various
changes in term of color, shape and appearance.
The best result happen at 1000°C with 90:10
wt.% ratio of SLSG to kaolin clay because the
cylindrical shape are compact and flat. The
effects of firing temperature and weight ratio of
SLSG to kaolin clay produced a different
physical, microstructure, phase and mechanical
properties.
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Abstract

Airborne gamma-ray spectrometric survey measures the abundance of natural gamma ray emitted from
potassium (K), uranium (U) series and thorium (Th) series in the top of the earth’s surface. Gamma ray
emitted from the ground surface relates to the mineralogy and geochemistry of bedrock and weathered
materials. Airborne gamma-ray spectrometric method can be used to study weathering of rocks. The
weathering is disintegration or alteration of rocks and minerals by chemical and physical processes
those relate to environmental condition at or near the earth’s surface. The weathering process modifies
the distribution and concentration of radioelements from initial bedrock concentration. The
concentration of potassium generally decreases with increasing the weathering of rocks because
potassium is highly soluble and leaches from weathering profile, whereas the concentration of uranium
and thorium in weathered rocks depends on complexities of dissolution and precipitation process of
each radioelement. The weathering data of rocks in Songkhla Province obtained from analyzing
airborne gamma-ray spectrometric data and digital elevation model are compared with geological,
erosion and landslide hazard maps. Data processing and interpretation are currently being carried out.

Keywords: Airborne gamma-ray spectrometry, Weathering, Radioelements, Songkhla Province

though soils, rocks and air. Therefore, there is only

. gamma ray that can be detected by airborne

Introduction radiometric survey. Generally, there are many natural

Airborne gamma-ray Spectrometric survey is one radioisotopes. However, there are only radioisotopes

of aerial geophysical methods by measuring of potassium, uranium series and thorium series that

abundance of natural gamma ray emitted from  can produce sufficient gamma ray to be measured by

potassium (K), Uranium (U) series and thorium (Th) gamma-ray spectrometry. Potassium measurement is

series in the top of the earth’s surface. The abundance direct estimate from abundance of “°K. Uranium and

of gamma ray emitted from the ground surface relates Thorium measurement are indirect estimate through
to geochemistry and mineralogy of bedrock and  daughter radioisotopes, ““Bi and ***Tl respectively.

weathered materials. Airborne gamma-ray Potassium is a major component of the earth’s
spectrometric survey has been used in many crust (~2.5%) [Wilford, Bierwierth and Craig, 1997]
applications, such as detecting mineral deposits, and is mainly found in rock-forming minerals such as
geological mapping tool and environmental K-feldspar and mica. The abundance of potassium is

applications. The objective of this work is using high in felsic rock but low in mafic and ultramafic
airborne gamma-ray spectrometric data to study the rocks. Uranium and thorium are a minor component
weathering of rocks. Studying the weathering of rocks of the earth’s crust (~3 and ~12 ppm respectively)
is beneficial because the weathering is one of [Wilford, Bierwierth and Craig, 1997]. The
important factors affecting the occurrence of landslide abundance of uranium and thorium is high in
apart from rainfall and deforestation. Nowadays, the accessory and resistant minerals such as monazite,
landslide is an important disaster destroying a lot of xenotime and zircon but low in rock-forming
lives and building. Consequently, the weathering data minerals.

of rocks covering a wide area are useful to further Weathering is breaking down or alteration of
study the landslide hazard area. rocks and minerals by chemical and physical
Radioactivity is common phenomena of natural processes that relate to environmental conditions at or

geological materials. Radioactivity occurred in three near the earth’s surface. The weathering of rocks can
types that are named alpha particle, beta particle and be separated in two major types which consist of
gamma ray. Alpha and beta particles cannot move physical weathering and chemical weathering. The
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physical weathering is disintegration of rocks into
smaller pieces by mechanical process without a
change in mineral and chemical composition of rocks.
The chemical weathering is alteration in composition
by chemical reaction of minerals with elements in
water and air. Factors influencing the weathering
intensity of rock consist of parent material, external
climate, topography, biotic potential and time. During
weathering, potassium  concentration  generally
decreases with increasing the weathering because
potassium has high solubility. In contrast, Thorium
has low solubility and solubility of uranium depends
on valence state of uranium ion. Therefore, the
concentration variation of uranium and thorium
during weathering is complicated. Uranium and
thorium are released from rocks during weathering
but can be adsorbed by clay oxide of Fe and Al in
weathering profile.

Materials and Methods
Study Area

Study area is Songkhla Province. Songkhla is an
east coastal province in southern Thailand which
covers an area of 7,393.889 km?. This area is located
in 6°17'-7°56" N latitude and 100°1'-101°6' E
longitude. Landform in the north part mainly is
alluvial plain, the east part is coastal plain and the
west and the south parts are mountains and plateau.
Songkhla has been influenced by tropical monsoons
which include the northeast monsoon and the
southwest monsoon. Therefore, Songkhla has only
two seasons. The hot season is from February to July.
The rainy season is from October to January. Figure 1
shows geological map of Songkhla [DMR, 2007].
Songkhla is mostly covered by Quaternary sediments.
The found oldest rock occurs in  Cambrian period.
Sedimentary and metamorphic rocks are found having
many types. Moreover, igneous rock found in this
area is granite occurring in Triassic period.

: | Sedimentary and
* | Metamorphic rocks

¢ |Igneous rocks

Trgr

Figure 1. Geologicaihmadb‘ of‘v”SorigkhIa Province.
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Data sets

This work studied the weathering of rocks by
using airborne gamma-ray spectrometric data. The
data consist of K, eU and eTh. These data were
derived from surveying in 1984-1989 which cover
most area of Thailand under handing of the
Department of Mineral and Resources. Potassium is
expressed in percent while uranium and thorium are
in parts per million. The digital elevation model
(DEM) was also used in this work. DEM was derived
from The Shuttle Radar Topography Mission (SRTM)
elevation data collected in 2000. Figure 2 shows all
data sets that were used.

a) b)

|

d)

Figure 2. a) Potassium map, b) Thorium map,
¢) Uranium map and d) DEM.

Weathering intensity of rocks

This work used the weathering intensity index
(Wil) [Wilford, 2012] to assess weathering intensity
of rocks in study area. The WII formula was
generated by analyzing correlation between airborne
gamma-ray spectrometric data and DEM with
weathering class for the Australian continent in 2012,
The weathering class is levels of rocks-weathering
intensity from field investigations which separated
into six levels. The WII formula is shown below.

WII =6.751+-0.851K +-1.319 Relief
+2.682Th/K +—2.590Dose

)

The dose rate was calculated by using the formula
13.078 K (%) + 5.67 U (ppm) + 2.49 Th (ppm)
[IAEA, 2003] and is expressed in nanoGrays per hour
(nGy/h). The relief surface was generated from DEM
analysis by calculating the difference between the
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lowest and the highest elevations within a 270 m
radius.

Results and Discussion

The abundance of radioelements corresponds
with geological features and landscape process (figure
1, 2 and 3). Figure 3 is ternary map (RGB = K, Th
and U). Granite mountain zones apparently show high
concentration of K, Th and U, whereas other zones of
sedimentary and metamorphic rocks show lower
concentration. Moreover, the ternary map can show
channel as a result of transportation and deposition
from granitic mountain.

Area of special interest is granite mountain
zones. Main component of granite are quartz and
feldspar. Feldspar is easily weathered by hydrolysis
reaction. Besides, granite zones are higher steep than
other zones. Therefore, these zones have high risks in
occurrence of landslide.

]

Channel

Figure 3. Ternary map.

The WII image for Songkhla shown in Figure 4
was calculated by using equation 1. The WII values
can be used to indicate weathering intensity of rocks.
Values of the WII increase with increasing weathering
of rocks.

Figure 4. WII image.
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The WII image in Songkhla indicates that the
WII values in low plain areas are higher than
mountain zones. In plain areas, there is much time for
rocks to weather. In contrast, mountain zones have
more slopes. Weathering of rocks in these zones is
more difficult. Moreover, weathered rocks in these
zones may be eroded from the origin by agents such
as wind and water. Therefore, the WII values in
mountain areas are lower.

Slope (%)

| .o

B B s
>5-10
>10-15
>15:20
B >20-25
25:30
>30-35

-

[ | IR(NA

>35

Slope image for Songkhla shown in Figure 5
was calculated from DEM data. Levels of slope were
separated into nine levels. The slope levels
correspond with WII values. High levels of slope
correlate with low WII values, whereas lower levels
correlate with higher WII values. The levels of slope
affect weathering intensity of rocks and erosion rate.

B £ | Erosion level

Low crosion level
‘moderate crosion level

’ CRRVRE Vo
£ % " ATy
* No corresponding with " B2

High crosion level
the WII values and slope
. P .| I Very high crosion fevel

S| W tniensely erosion level

Figure 6. erosion map.

Figure 6 shows erosion map [LDD, 2002].
Erosion levels are separated into five levels. Most of
erosion map corresponds with the WII values. High
erosion levels correlate with low WII values, whereas
lower levels correlate with higher WII values.
However, some zones are not correlated. For example,
the WII values of the granite mountain area in west
Songkhla are not correlated with erosion levels. This
area is mountainous that there are both high and low
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slope. The erosion map shows low levels in this area,
whereas the WII image shows low values in steep

Landslide hazard level

B Low hazardous

Moderately hazardous

I High hazardous

Figure 7. Landslide hazard map.

Figure 7 shows landslide hazard map [DMR, 2004].
This map shows risks in occurrence of landslide
which separated into three levels. This map indicates
that landslide hazard areas mostly are near the granite
mountain, whereas other zones have no risk although
there are the high WII values. In the risk zones, high
values of the WII indicate high risks in occurrence of
landslide, whereas lower values indicate lower risks.
High values of the WII in mountainous zone are result
of high weathering intensity of rock and thick layer of
weathered rocks. In contrast, low values may be result
of low weathering intensity of rocks or high erosion
rate.

Conclusions

The airborne gamma-ray spectrometric data can
be used to assess weathering intensity of rocks.
Particularly, potassium  content  systematically
decreases with increasing the weathering of rocks.
This work indicates possibility of applying the WII in
order to assess weathering intensity of rock in
Songkhla area. The WII values correlate with
geological map, slope image derived from DEM,
erosion map and landslide hazard map. However, this
index might be adjusted for this area because of
difference in geology and climate between Thailand
and Australia.
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Abstract

The biogas digester and reactor were built to test and compare theirs performance of gas production. The
site of experiment locates at Ban Kung Klang, Kok Krong subdistric, Kangkraw District, Chaiyaphum. The 50 kg
of pig stool and 50 | of water were put and mixed together into each biogas producer. Both of biogas digester and
reactor were controlled to have 30 days of HRT each. Then the data of biogas : pressure, temperature and pH
were collected. The results were presented that the average and maximum pressures of biogas digester and reactor
were 413.89 N/m%543.30 N/m* and 842.22 N/m? /1030.00 N/m?* respectively. Whereas, the average and
maximum temperatures of biogas digester and reactor were 36.0 °C / 37.6 °C and 38.9 °C / 43.6 °C respectively.
While, the average and maximum pH of biogas digester and reactor were 6.67 / 7.7 and 6.67 / 7.7 respectively.
In summary, the gas production performance of biogas reactor was 50.85% better than the biogas digester. The
temperature and pH of both producers were illustrated that they had suitable condition for biogas production.

Keywords: Biogas, biogas digester, biogas reactor, pressure, temperature and pH

test the biogas production. Analyze the probability
of the biogas produced in order to compare the
performance.

1) Design a pig stool digester using PVC
bags in a deep clarifier with the cylinder shape

Introduction

According to the rapid and continuity growth
of economic, the demand of energy use is

increasing so many ways such as for a household,
business and big industrial companies, it caused a
lack of energy and caused a lot of pollution.

The pollution caused by energy consumption
and the amount of wastes is increasing. The wastes
generated from municipal such solid waste,
agriculture and food industry effect on pollutions:
soil, water and air which effected to health and
mind of human. Waste will change into gas that
contributes to global warming. The gas formed by
this process mainly consists of carbon dioxide and
methane.

Biogas production is a way to save money in
the household and another sectors. This study aims
to build the anaerobic system biogas digester and
reactor. We have set up this study at Ban Kung
Klang, Kok Krong subdistric, Kangkraw District,
Chaiyaphum. The study compared the performance
between pig stool - biogas digester and reactor used
to produce biogas.

Materials and Methods

To study the performance of the biogas
digester and reactor, it consists of five steps;
Step 1: Study the documents and related researchs.
Step 2: Design the biogas digester and reactor to

which radius (r) of 27.5 centimeters and the length
of 150 centimeters.

2) Design the three biogas reactor tanks of
150 liters and 200 liters,

- The first tank for 150 liters of
pig stool which will contain the waste and
overflow pipe and rubber pipe connecting
the tank to the second tank.

- The second tank for 200 liters
storage tank for biogas obtained with
water contained within the tank.

- The third tank for 150 liters
tank which will float down to collect the
biogas.

Step 3: Invent the biogas digester and reactor
following the design in Step 2.
Step 4: Experimental biogas digester and reactor.
1) Mix pig stool together.
2) Add water into the mix of pig stool in
both biogas digester and reactor; the ratio is pig
stool weighing 50 kg per 50 liters of water.

3) Mix together thoroughly and close the
valve of the reactor digester tightly and leave them
for 5 days before the first experimental data
collecting. Experimental period from the start to
the end is 30 days 3 times repeatly
Step 5: Collect data and analyze results.
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1) Compare the biogas pressure in graph
from the data collecting in 30 days period.

2) Comparison of the performance of the
system pressure of the reactor and digester to
produce biogas.

Results and discussion

We have tested the pressure and another
parameters of the digester and reactor. The
experimental results show the following graphs.

1100.0
1000.0
900.0
8000
NE 700.0
Z 6000
~ 500.0
g 400.0
2 300.0
£ 2000
100.0
0.0

The average pressure
— 0
AT =TT
_oTieT
/gﬁ =i Digester
53 (,A-"-ﬂ-}—u 3400 | —e—Reactor
Uz‘ 26.7

0 5 10 15 20 25 30 35
Storage time (days)

Figure 1. The average pressure (N/m?) of biogas
within the biogas digester and reactor;
measurement taken 5 days to 1 time.

Figurel has shown that the average of
pressure in the reactor is higher than biogas
digester. The pressure of the reactor has a
maximum of 1030.0 N/m? during a period of
25 days whereas from the digester gas pressure is
highest at 543.3 N/m? during a period of 25 days.

average temperature

=—i—Digester

b~ =8—Reactor

5 10 15 20 25 30

Storage time (days)

Figure 2. The average temperature (°C) within the
biogas digester and reactor; measurements taken 5
days to 1 time.
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Figure2 has presented that the temperature in
the biogas digester is lower than the reactor. During
the storage period to 5,10,15,20 days the
temperature difference had increased gradually.
Biogas digester temperatures lowest at 33.6 °C and
the highest at 37.6 °C while in the Mesophilic the
reactor temperature lowest at 35.0 °C and the
highest temperature at 43.6 °C. the temperature is
not high up to 48-57 °C during the Thermophilic.

PH values (pH) Avg.
80
78 .
76 /
74 pd
71 d
gg - ‘/
m 66 iy
2 64 -
62 =
6.0 . o
58
56
54
52
50
5 10 15 20 25 30
Storage time (days)

=i—Digester

~8—Reactor

Figure 3. The average pH of the biogas digester and
reactor; measurement taken 5 days to 1 time.

Figure 3 has shown that the experimental
results show that the acid-base (pH) of the biogas
digester and reactor during fermentation and
storage period of 15 days. The average pH is
slightly different. The retention period of
5,10,20,25,30 days didn’t cause any difference to
the pH. It close to the pH optimum base which is an
important factor in the control of the biogas
anaerobic fermentation system. The system
performance will work perfectly in pH 6.6 — 7. 6
and will perform at it best when pH at 7.0- 7.2 and
will decrease dramatically when pH is lower than
6.2. This is due to hazardous conditions, microbial
methane generated as microbial volatile organic
acids are used to catch and stop the growth of
microorganisms.

Conclusion

1.) The average pressure of the biogas digester
was 413.89 N/m® and the maximum pressure at
543.30 N/m?. The average pressure of the reactor
was 842.22 N/m? with the maximum pressure
at1030.00 N/m* .We found that the biogas was
increasing in the storage period of 15-25 days and
then gradually decreasing at the end. The
performance of average pressure in the reactor was
higher than biogas digester at about 50.85%, so that
the reactor can be produced for use in the




household with better performance than biogas
digester.

2.) The average temperature of the biogas
digester was 36.0 °C the maximum temperature
was 37.6 °C and the reactor's temperature at 38.9°C
the maximum temperature was 43.6 °C. The
average temperature of the biogas digester and
reactor during Mesophilic is also the optimal.

3.) The average pH of biogas digester was 6.67
with a pH up to 7.7 and the reactor is a pH
averaged 6.72 with a pH maximum of 7.7 We
found that the pH is in the proper range and were
not significantly different.
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Abstract

The velocity of gas and the transferring heat in the thermosyphon heat pipe can be calculated
by using simulation method. In the simulation method, all thermosyphon heat pipes were made from
copper tube at different diameters and lengths in the range of 0.02-0.10 m and 0.50-1.00 m,
respectively. In this work, water was selected as the working fluid, which was contained 40% by
volume of tube at pressure of 50 mbar. The simulation results showed that the velocity of gas at the end
of pipe decreased with increasing of diameter size of thermosyphon heat pipe, corresponding to
decreasing of heat transfer. The length of heat pipe had little effect on the velocity of gas and the
transferring heat in Thermosyphon heat pipe. All of these results can be used to be the preliminary
result for finding the most efficient heat pipe.

Keywords: Thermosyphon, Heat Pipe and velocity

the adiabatic section without exchanging of heat.
. When the vapor arrived to condenser section, it will
Introduction be condensed to be fluid and this fluid will flow down

Heat p|pe has been used in several app”cations to evaporation section again. This process will occur
due to their property, which can exchange of heat  to becycle.
between two regions. These two regions are not
necessary obtained more different temperature. Heat
pipe is commonly used in a wide range of applications
such as air-conditioning, refrigeration, power plant as
well as personal computer [1-3].

There are several types of heat pipe, such as U-
shaped heat pipe, standard heat pipe, rotary heat
pipe, loop heat pipe, electrohydrodynamic heat
pipe, osmotic heat pipe and thermosyphon heat pipe.
Each of types of heat pipe will be used in difference
works. )

For thermosyphon heat pipe is the popular one j
heat pipe that has been used in several application ‘
because it is easy to construct and to use. It is only the
tube, which contains the working fluid under less than

500 mbar pressure. Moreover, this pipe is simple heat  Figure 1. Configuration of Thermosyphon Heat pipe.
pipe for study and use to experiment for find

Liquid return
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~

-
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-—— -
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-

apor flow
—_——
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-~
-

' Evaporator
; Section
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characteristic of heat pipe. In recently years, many researchers attempt to

Thermosyphon heat pipe can separate to be three.  jmprove the performance of the heat transfer by using
sections: evaporator section, adiabatic section and the heat transfer enhancement techniques such as
condenser section, as is shown in figure 1. Generally, addition of external power, employ special surface

the basic idea of heat pipe is based on an evaporation  geometries. While there is a little research explain to
process and the condensation process. At the  the simulation method, which can gain to the heat
evaporation section, the working fluid is evaporated  transfer result [4, 5]. Therefore; if we can obtain the
to be vapor by addition of heat at this section. This  performance of the heat transfer in heat pipe from
vapor is transferred to condenser section by passing  simulation method, it helps to reduce the cost of
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construction the heat pipe. In this work, we have an
objective to study the velocity of gas in heat pipe
from using simulation method. This velocity of gas
will be studied and compared with heat transfer
results.

Materials and Methods
Thermosyphon Heat Pipe

The copper-thermosyphon heat pipe with
0.02 m diameter and 0.30 m length was
constructed. The water was selected to be the
working fluid, which was contained 40% by
volume of tube at pressure of 50 mbar. Adiabatic
section was the position on the heat pipe from
0.12 m to 0.22 m. The temperature of heat source
was controlled at 60°C at position 0.03 m on the
heat pipe in evaporator section. The temperature
on the heat pipe surface was measured by 10
thermocouples, which were placed every 0.03 m
from heat source on the heat pipe surface.

Simulation Method

The velocity of gas in the thermosyphon heat
pipe can be calculated by using the numerical of
the steady Navier-stokes Equation [6-8]. The
Steady Navier-Stokes equations are express as:

—vhu+ (u-V)u+VP=fin
V-u=0inf:
u=0onl_u=g,

( )=0onT,

out
where Q is a domain occupied by fluid of
constant density, u is the fluid velocity, p is the
pressure, f is a force field, v is a kinematic
viscosity and n the normal unit vector to the
domain boundary.

on I,

in’

V= — pA
P p

)

The density of gas in heat pipe can be
calculated by equation:

PV =nRT 2

When p is the density of gas, R is the gas
constant (=8.314 J/mol K), T is the temperature
(we used 298 K in this case) and M is the

Molecular weight (we used the molecular weight
of Nitrogen gas)

Results and Discussion

The temperature on the heat pipe surface is
shown in figure 1. The heat transfer on the heat
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pipe from an experiment will be compared with
the velocity of gas in the heat pipe from using the
numerical method of the Navier-stokes Equation,
as is shown in figure 2.
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Figure 1 : The temperature on the surface of heat pipe
form experimental.
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Figure 2 : The position on the heat pipe versus (a) the
velocity of gas in the heat pipe from the simulation
method (b) the temperature on the surface of heat pipe
from the experimental.

In figure 1 showed that the temperature
decreased with increasing position on the heat
pipe, and temperature on the heat pipe surface in
adiabatic section quite to be constant. In figure 2
showed that temperature on the heat pipe
corresponds with velocity of gas in the heat pipe
by being the initial velocity equal 0.28 m/s. This
results can be used to predict the heat transfer on
others heat pipe.

Figure 3 and Figure 4 show the position on
the heat pipe versus the velocity of gas with
different diameter sizes of thermosyphon heat
pipe at 0.50 m and 0.80 m length of heat pipe
respectively. It was found that the heat pipe with
0.02 m diameter showed highest velocity of gas
at the end of pipe and heat pipe with 0.06 m
diameter had higher velocity of gas at the end of
pipe than heat pipe with 0.10 m diameter.

0.4



This means that the heat pipe with 0.02 m
diameter showed the highest heat transfer, and
heat pipe with 0.06 m diameter had more heat
transfer than heat pipe with 0.10 m diameter.
This is because at larger diameter of heat pipe
the molecules of gas will loss energy by
collisions with wall of heat pipe, leading to the
lower heat transfer.
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Figure 3 : The position on the heat pipe versus the
velocity of gas with 0.50 m length of heat pipe at
different diameter sizes of heat pipe such as 0.02, 0.06
and 0.10 m.
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Figure 4 : The position on the heat pipe versus the
velocity of gas with 0.80 m length of heat pipe at
different diameter sizes of heat pipe such as 0.02, 0.06
and 0.10 m.

Figure 5 and Figure 6 show the distance
from working fluid level versus the velocity of
gas with different lengths of thermosyphon heat
pipe at 0.06 m and 0.10 m diameter of heat pipe
respectively. 1t was found that at constant
diameter of heat pipe, the velocity of gas had
almost constant with increasing the length of
heat pipe. This means that the length of heat pipe
had a little effect on heat transfer. This is because
the molecules of gas have not lost energy in
adiabatic section, leading to the almost constant
heat transfer.
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Figure 5 : The position on the heat pipe versus the
velocity of gas with 0.06 m diameter of heat pipe at
different lengths of heat pipe such as 0.60, 0.80 and
1.00 m.
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Figure 6 : The position on the heat pipe versus the
velocity of gas with 0.10 m diameter of heat pipe at
different lengths of heat pipe such as 0.60, 0.80 and
1.00 m.

Conclusions

The simulation results showed that the
velocity of gas at the end of pipe decreased with
increasing of diameter size of thermosyphon heat
pipe, corresponding to decreasing of heat
transfer. The length of heat pipe had little effect
on the velocity of gas and the transferring heat in
Thermosyphon heat pipe. All of these results can
be used to be the preliminary result for finding
the most efficient heat pipe.
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Abstract

Today rapid technological and industrial advances face environmental challenges, particularly in
petrochemical industries, in which leakages of volatile organic compounds (VOC) are becoming a
major issue. Here we demonstrate the use of an array of artificial or electronic noses in monitoring one-
dimensional diffusion of VOC, namely acetone, toluene and their mixture. Three electronic noses
comprising the same set of commercial gas sensors were placed in a 5 meter long tunnel (40 cm x 45
cm cross section) in order to measure diffusion of the VOC with nearly one-dimensional diffusion
conditions. The electronic nose system was able to distinguish the faster diffusion rate (in the order of
1 m/min) of acetone than that of toluene. In the VOC mixture some temporal separation of acetone and
toluene has been identified by the electronic nose array, which failed in the case of a single type of gas
sensors. Temporal changes in the characteristics of the VOC mixture are discussed.

Keywords: volatile organic compounds, diffusion, Electronic nose

communities is often simpler, such as to the source
. odor and the direction of odor diffusion.
Introduction Here we explore a use of an array of electronic
The current technological and industrial noses in monitoring a one-dimension diffusion of a
development have been expanding at an mixture of volatile organic compounds (VOC). Two

unprecedented rate over the past decades. Pollutions ~ common VOCs have been selected, namely acetone
in both urban and rural areas are becoming a limiting ~ and toluene, because of their widespread use in many

factor for further development. In particular, air industries. The VOC diffusion has been monitored in
pollution is one of the most demanding problems to  a five-meter long tunnel. The response patterns of the
tackle. A current method to detect chemical ~ €-nose are classified by PCA. The type of VOCs as
contamination in air is very high cost, time- identified by PCA as a function of time has been
consuming and limited to only a fraction of chemical ~ studied. The accuracy of such method will be
species in real atmosphere [1]. discussed.

An electronics nose (E-nose) is a device that
comprises many dlf_ferent types of chemical sensors Materials and Methods
and is able to classify various odor types by pattern
recognition algorithms, such as the Principal The in-house Electronic nose  systems
Component Analysis (PCA) [2,3]. In general, E-nose comprised commercial metal oxide gas sensors
is applied to identify volatile compounds from solid (TGS825, TGS830, TGS2600, TGS2610, TGS2602)
or liquid samples, such as food and beverages [4,5]. and a temperature-humidity sensor (SHT15). The
The use of E-nose in air quality monitoring is limited sensor housing was made of stainless steel to
[6]. The type of gas sensors employed for E-nose is minimize odor absorption. The data collection was
usually Metal Oxide Semiconductor (MOS) gas obtained via a microcontroller and a data acquisition
sensors, which are mostly only partially specific to unit, which stores the data on an SD memory The air
certain chemical groups. Despite their low cost, MOS sample intake was initiated by an inlet fan for 3
gas sensors are not favored for real environmental seconds and the sensor voltages were recorded for 20
monitoring with stringent standards. However, the seconds. The ambient temperature and humidity were
information on air quality required by industries and also measured throughout.
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Figure 1. VOC diffusion tunnel.

In the diffusion experiment, three electronic
noses with the same set of sensors were positioned
along the 5-meter tunnel as shown in Fig. 1, at the
distance of 1.0, 3.0 and 5.0 m from the vapour source.
The time references for all E-noses were set by the
GPS signal. Vapour diffusion measurements were
obtained separately on three samples: acetone
(C3HO), toluene (C;Hg) and a 50%w/w mixture of
acetone and toluene. The samples were stored in air-
tight bottles and exposed for 30 seconds to start the
experiment. The weight loss of the samples were
recorded. The measurements were continued for 30
min. The data on the SD card were then taken for
analysis by the Labview-based program for PCA
pattern classification.

Results and Discussion

The different gas sensors will respond variably
to VOCs. The TGS825 gas sensor, with characteristic
responses to many VOCs. Figure 2 displays thes
respond signals of the E-nose at the 1m position
acetone, toluene and a 50%w/w mixture of acetone
and toluene. The results show that the vapours reach
the first E-nose within the first two minutes. Their
arrivals do not seem to differ significantly in time.
The total diffusion spread lasted just over ten minutes.
Their main differences can be seen in the response
level. The sensor voltages for acetone are higher than
those of toluene. This may be explained by the high
vapour pressure of acetone (2.40 kPa) than toluene
(2.9 kPa) [7]. Surprisingly for the mixed solvents, the
response level seems higher than both individuals The
weight loss of the samples after the experiment were
recorded as 37.2 mg for acetone, 10.8 mg for toluene,
and 25.4 mg for the mixture. The ambient temperature
and the relative humidity were 31 °C and 64%,
respectively. The smaller weight loss for the mixed
solution than that of acetone seems to contradict the
highest signals of the mixed solvents. The only
explanation is that the TGS825 may be more sensitive
to toluene than acetone. This is supported by the
signal voltage levels of toluene at half that of acetone,
whereas the weight loss of toluene is a third and the
toluene molecular weight nearly twice that of acetone.
This should be equivalent to a molar concentration
ratio between acetone and toluene of 6:1.

Figure 3 illustrates the TGS825 response of the
three different test vapours on the three E-noses. For
all the vapours, the profiles of the temporal response
of the sensors seem to be characteristics of the
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Figure 2. TGS825 gas sensor responses of E-nose at
the 1m position to acetone, toluene and a 50%w/w
mixture of acetone and toluene.

diffusion transport. The spread of the patterns
increases as a function of the distance from the
source. The diffusion rates of the three vapour types
are in the order of minutes per metre. Interestingly,
the rates do not differ greatly. Acetone may diffuse
slightly faster than toluene. According to Graham’s

law [8], the rate of diffusion R should be dependent
on the molecular mass M as

Rocs )

M

However, the law is only applied for gas
diffusion in void. The vapour diffusion in
this case occurs in ambient. The proper
diffusion relations should concerns a mixture
of two gases, namely air and solvent vapour.
The Chapman-Enskog theory [9] suggests
that for a mixture with low concentration of
one specie (<10%) the diffusion constant
D should be dependent on molecular mass

M, and M, of Gas land Gas 2, respectively,

as
Doc [ @
Ml MZ

The diffusion constant D determine the
diffusion flux J according to Fick’s laws of
diffusion [9],

on

J=-D—
OX

on . . .
where x is the concentration gradient.
X

Since the molecular mass of air i.e. nitrogen
is much less than those of acetone and
toluene. The diffusion constant of acetone in
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Figure 3. TGS825 responses from the E-noses
with the distance from the vapour source of 1.0 m,
3.0 m and 5.0 m, for (a) acetone, (b) toluene, and
(c) a 50% w/w mixture of acetone and toluene..

air should not differ much from that of
toluene. This should explain why the
evolution of the profiles in Fig. 3 does not
show significant differences for the three

vapour types.

The use of a single gas sensor in analyzing
mixed vapours may not be sufficient, as indicated by
the results. For a further analysis of the vapour
diffusion, the PCA technique has been employed in
combining responses from the five gas sensors in
classifying the type of vapour. Figure 4 shows a PCA
score plot of the vapour classification of a reference
ambient air, acetone and toluene. The obtained PCA
conversion matrix was then applied to the vapour
mixture data at different times to calculate their
position on this PCA map.
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Figure 4 PCA score plot of the vapour
classification of a reference ambient air, acetone
and toluene from the E-nose at the 1m position.
The location of the mixed vapour data at different
times were calculated from the obtained PCA
conversion matrix.

The first Principal Component (PC1) contains
most of the variance (99.8%) from the input data set,
since the PCA method ranks the PC in terms of their
importance. This PC1 should correspond mainly to
the concentration level of the vapours, starting from
zero around the background point and going to
toluene and higher concentration of acetone to the
left, respectively. Note that in this case the plot is akin
to the polar coordinate, whereby the background acts
as a centre. The PC2, which accounts to only 0.17%
of the variance, should correspond to the type of
vapour i.e. either acetone or toluene. The arrows are
indicative of the vector directions that should relate to
the vapour type. As the mixed vapour started to
diffuse pass the 1m E-nose, the results indicate that
pattern changes from the acetone side to more of the
toluene side within about 7 min. However, it is worth
noting that the initial pattern of the mixture is rather
isolated from both acetone and toluene. Its vector
direction also differs significantly. This is normally
indicative of a new type rather than a mixture between
the two solvents. Thus analyses of the mixture of
vapours using an array of electronic noses are able to
provide more detailed information than the use of a
single gas sensor. However, an accurate fractional
quantification of the vapour species requires further
investigation.

Conclusions

The use of an array of electronic noses has been
demonstrated to monitor diffusion of volatile organic
compounds and their mixture in one dimension. Their
advantage over monitoring with a single type of gas
sensors is clearly illustrated. However, the
quantification of the vapour composition remains
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problematic.  Future work will explore a more
accurate fractional quantification method and
applications to a wider range of chemical vapour. In
addition, vapour diffusion at large scale will be a
subject of further interest.

Acknowledgments

We acknowledge the support of IRPC public
company Itd, UBE industrial Itd. and Environmental
Research and Training Centre, the Ministry of Natural
Resources and Environment. We thank Advance
Embedded Solution company for usage of measuring
instrument and electronic circuit assembly.

References

1. Alphus Dan Wilson, “Review of Electronic-
nose Technologies and Algorithms to Detect
Hazardous Chemicals in the Environment”,
Procedia Technology 1 (2012), 453.

2. S.Fuchs,P.Strobel,M.Siadat and
M.Lumbreras, “Evaluation of unpleasant
odor with a portable electronic nose”,
Materials Scienceand Engineering C 28
(2008),949.

3. HuichunYua,JunWanga,HongXiao and
MiaoLiu, “Quality grade identification of
green tea using the eigenvalues ofPCA based
on the E-nose signals”, Sensorsand Actuators
B140 (2009),378

4. N.ElIBarbri, E.Llobet, N.EIBariand,
B.Bouchikhi, X.Correig, “Application of
aportable electronic nose system to assess the
freshness of Moroccansardines”, Materials
Scienceand Engineering C28 (2008), 666.

5. Zhi-biao Shi, Tao Yu, Qun Zhao, Yang Liand
Yu-bin Lan, “Comparison of Algorithms for
an Electronic Nose in Identifying Liquors”,
Journal of Bionic Engineering 5 (2008) ,253.

6. A.-C.Romain, D.Godefroid, and J.Nicolas,
“Monitoring the exhaust air of acompost pile
with an e-nose and comparison with GC-MS
data”, Sensors and Actuators B106
(2005),317

7. C. Reichardt, Solvents and Solvent Effects in
Organic Chemistry, Wiley-VCH Publishers,
3rd ed., 2003.

8. S.S. Zumdahl. Chemical Principals. Boston:
Houghton  Mifflin  Harcourt Publishing
Company, 2008, p.164.

9. E.L. Cussler. Diffusion: Mass Transfer in
Fluid Systems, New York: Cambridge
University Press, 2nd ed., 1997.

110

Siam Physics Congress SPC2013

= Thai Physics Society on the Road to ASEAN Community 21-23 March 2013



3

2l

Siam Physics Congress SPC2013

Thai Physics Society on the Road to ASEAN Community 21-23 March 2013

Solar Radiation over Thailand and Some ASEAN Countries: Ground-based
Measurement Approach

S. Janjai’, R. Wattan, S. Pattarapanitchai, 1. Masiri,
S. Buntoung, W. Promsen, and J. Laksanaboonsong,

Solar Energy Research Laboratory, Department of Physics, Faculty of Science,
Silpakorn University, Nakhon Pathom 73000, Thailand
*Corresponding author. E-mail: serm@su.ac.th

Abstract

In this work, surface solar radiation over Thailand and some ASEAN countries was investigated. In
order to obtain solar radiation data for this investigation, solar radiation monitoring stations were
established in Thailand, Laos, Cambodia and Myanmar. Solar radiation data for the period of 2-10
years from these stations were analyzed. The seasonal variation of solar radiation at these stations was
investigated. It is found that the incident solar radiation on these countries is strongly influenced by
tropical monsoons. In addition, the amount of solar radiation indicates that these countries have

relatively high solar energy potential.

Keywords: solar radiation, measurements, ASEAN countries

Introduction

Information of the amount of solar radiation
incident on the earth’s surface is of importance for
solar energy applications [1]. For example, it is
required for designing solar energy applications. For
example, it is required for designing solar energy
conversion systems, such solar systems, solar water
heaters and solar crop dryers [2]. In general, the
amount of the incident solar radiation varies with
time, location and atmospheric opacity. In order to
obtain information for such applications, solar
radiation monitoring stations are normally established
to measure the amount of surface solar radiation on a
long-term basis. In many countries, the stations were
established in the form of a national network. Due to
the importance of solar radiation measurement, Solar
Energy Research Laboratory of Silpakorn University
established the first solar monitoring station at
Silpakorn University in Nakhon Pathom in 1981. In
1994 additional 3 stations were established at Chiang
Mai, Ubon Ratchathani and Songkhla. Both global
and diffuse radiation is routinely measured at these
stations. For Nakhon Pathom station, direct radiation
is also monitored. These stations have been operated
until now. To respond to more demands of solar
radiation data, Department of Alternative Energy and
Development (DEDE) under the collaboration project
with  Silpakorn University established 38 solar
monitoring stations during 2002-2006. Global
radiation is measured at these stations. In 2007,
DEDE together with Silpakorn University set up the
equipment for measuring direct radiation at 8 existing
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stations. Silpakorn University and DEDE under the
collaboration  projects between Thailand and
neighboring countries also  established solar
monitoring stations in Laos, Cambodia and Myanmar
(Figure 1). Global radiation is measured at these
stations. In this work, solar radiation data obtained
from all stations established in these countries are
preliminarily analyzed and the results are reported.

Measurement
Global solar radiation of the stations of
Silpakorn  University at Chiang Mai, Ubon
Ratchathani and Songkhla is measured using

Kipp&Zonen pyranometers (model CM21) whereas
pyranometer produced by the same company (model
CM11) is employed for monitoring global radiation at
Nakhon Pathom. Diffuse radiation at these four
stations is measured by Kipp&Zonen pyranometer
(model CM11) equipped with shade rings (model
CM121) fabricated by the same company. The direct
radiation at Nakhon Pathom is measured employing a
pyrheliometer produced by Eppley (model NIP).

For all stations of DEDE, global radiation is
measured using Kipp&Zonen pyranometers (model
CM11). Direct radiation at the stations of DEDE is
monitored employing pyrheliometers fabricated by
Kipp&Zonen (model CH1) and equipped with
automatic sun trackers of the same company (model
2AP).

For the stations in Laos, Cambodia and
Myanmar, global radiation is measured using
pyranometers produced by Kipp&Zonen (model
CMP11)
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Voltages signals from pyranometers and

Cambodia are recorded using Yokogawa (model
DC100) data loggers whereas Campbell data loggers
(model CR1000) are used to record the voltage
signals from the solar radiation measuring devices for
the measurement in Myanmar. For all stations in these
four countries the voltage signals are captured every
second and averaged over a time period of 10
minutes. The averaged data are recorded in the
memory of the data loggers and downloaded at the
end of every month. They are then sent to Solar
Energy Research Laboratory, Silpakorn University.
At the Laboratory, the voltage signals are converted
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pyrheliometers of the stations in Thailand, Laos and
into solar irradiance using the calibration factors of
these radiation measuring devices. The 10-minute
average of solar irradiance is then integrated over a
period of one hour and one day to obtain hourly and
daily radiation, respectively. All radiation measuring
devices are calibrated once a year by employing
travelling standard measuring devices whose
responsivities are traceable to the world standard of
the World Radiation Center.

Details of the stations and the periods of data
used in this study are shown in Table 1.

Table 1: Details of the stations and the periods of data used in this study
No. Stations (I‘Séglrjgee) L((E)ne%':gg)e Period of data
Thailand
- Global radiation
Northern region
1 | Chiang Rai 20.08 99.88 Jan, 2003 — Dec, 2012
2 Mae Hong Son 19.43 97.96 Jan, 2003 — Dec, 2012
3 | Doi Intanon (Mae Klang) 18.40 98.67 Jan, 2005 — Dec, 2012
4 | Doi Intanon 18.54 98.52 Jan, 2005 — Dec, 2012
5 | Doi Intanon (Radar) 18.59 98.48 Jan, 2006 — Dec, 2012
6 | Nan 18.72 100.75 Jan, 2003 — Dec, 2012
7 | Chiang Mai (DEDE*) 18.83 98.88 Jan, 2003 — Dec, 2012
8 | Chiang Mai (SU") 18.78 98.98 Jan, 2003 — Dec, 2012
9 | Mae SaRiang 18.17 97.93 Jan, 2005 — Dec, 2012
10 | Phrae 18.06 100.06 Jan, 2005 — Dec, 2012
11 | Tak 16.80 98.90 Jan, 2003 — Dec, 2012
Northeastern region
12 | Loei 17.40 101.00 Jan, 2005 — Dec, 2012
13 | Nong Khai 17.87 102.72 Jan, 2003 — Dec, 2012
14 | Khon Kaen 16.45 102.78 Jan, 2003 — Dec, 2012
15 | Nakhon Panom 16.97 104.73 Jan, 2003 — Dec, 2012
16 | Surin 14.88 103.50 Jan, 2003 — Dec, 2012
17 | Ubon Ratchathani (DEDE¥) 15.28 105.14 Jan, 2003 — Dec, 2012
18 | Ubon Ratchathani (SU") 15.25 104.87 Jan, 2003 - Dec, 2012
19 | Nakhon Ratchasima 14.97 102.08 Jan, 2003 — Dec, 2012
20 | Roi Et 16.07 103.00 Jan, 2005 — Dec, 2012
Central region
21 | Phitsanulok 16.78 100.27 Jan, 2003 — Dec, 2012
22 | Phetchabun 16.43 101.15 Jan, 2003 — Dec, 2012
23 | Nakhon Sawan 15.67 100.12 Jan, 2003 — Dec, 2012
24 | Lopuuri 14.83 100.62 Jan, 2003 — Dec, 2012
25 | Bangkok 13.75 100.52 Jan, 2003 — Dec, 2012
26 | Nakhon Pathom (SU™) 13.82 100.04 Jan, 2003 — Dec, 2012
27 | Kanchanaburi (Muang) 14.02 99.53 Jan, 2005 — Dec, 2012
Kanchanaburi
28 (Thong Pha Phum) 14.73 98.63 Jan, 2003 — Dec, 2012
29 | Sa Kaeo (Aranyaprathet) 13.70 102.00 Jan, 2005 — Dec, 2012
30 | Trat 11.77 102.88 Jan, 2005 — Dec, 2012
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| 31 | Prachinburi | 1397 | 10170 Jan, 2003 — Dec, 2012 |
32 | Chonburi 13.37 100.97 Jan, 2005 — Dec, 2012
33 | Prachuap Khiri Khan 11.83 99.83 Jan, 2003 — Dec, 2012
Southern region
34 | Chumphon 10.40 99.18 Jan, 2005 — Dec, 2012
35 | Ranong 9.98 98.62 Jan, 2003 — Dec, 2012
36 | Surat Thani (Samui) 9.47 100.05 Jan, 2003 — Dec, 2012
37 | Surat Thani (Punpin) 9.13 99.15 Jan, 2005 — Dec, 2012
38 | Phuket 8.13 98.30 Jan, 2003 — Dec, 2012
39 | Trang 7.52 99.62 Jan, 2005 — Dec, 2012
40 | Songkhla (DEDEY) 6.92 100.43 Jan, 2003 — Dec, 2012
41 | Songkhla (SU") 7.20 100.60 Jan, 2003 — Dec, 2012
42 | Narathiwat 6.40 101.82 Jan, 2003 — Dec, 2012
- Diffuse radiation
43 | Chiang Mai (SU") 18.78 98.98 Jan, 2003 — Dec, 2012
44 | Nakhon Pathom (SU™) 13.82 100.04 Jan, 2003 — Dec, 2012
45 | Ubon Ratchathani (SU™) 15.25 104.87 Jan, 2003 — Dec, 2012
46 | Songkhla (SU") 7.20 100.60 Jan, 2003 — Dec, 2012
- Direct radiation
47 | Chiang Mai (SU") 18.78 98.98 Jan, 2008- Dec, 2012
48 | Nakhon Pathom(SU* 13.82 100.04 May, 2003 — Dec, 2012
49 | Ubon Ratchathani (SU™) 15.25 104.87 June, 2008 — Dec, 2012
50 | Songkhla (SU") 7.20 100.60 Jan, 2008 — Dec, 2012
L. Jan,2009 — Dec,2010,
51 | Prachuap Khiri Khan 11.83 99.83 Sep, 2011 — Dec, 2012
. Oct, 2007 — Nov, 2007, Jan,2008-
52 | Nakhon Ratchasima 14.97 102.08 Jun,2010, Apr,2011 — Dec, 2012
Oct, 2007- Nov,2011,
53 | Nakhon Sawan 15.67 100.12 Jun,2012-Dec, 2012
. Apr, 2009 — Feb,2011,
54 | Lopburi 14.83 100.62 Agr’ 5011 Nov. 2013
55 | Bangkok 13.75 100.52 Nov,2007 — Dec, 2012
Laos
56 | Vientiane 17.97 102.57 Jun, 2006 — Dec, 2010
57 | Luangprabang 19.89 102.16 Jun-2006 — Aug, 2010
58 | Samnua 20.42 104.07 May, 2006 — Dec, 2010
59 | Thakhek 17.40 104.81 Jun, 2006 — Dec,2010
60 | Pakxe 15.13 105.79 Jun, 2006 — Aug,2010
Cambodia
61 | Kampong Thom 12.68 104.88 Sep, 2007 — Dec, 2009
62 | Phnom Penh 11.55 104.83 Sep, 2007 — Dec, 2009
63 | Kampot 10.70 104.28 Sep, 2007 — Mar, 2011
64 | Sihanou Ville 10.67 103.63 Sep, 2007, Sep, 2010
65 | Siem Reap 13.87 103.85 Aug, 2007 — Aug, 2010
Myanmar
66 | Yangon 16.87 96.002 Aug, 2008 — Jun, 2011
67 | Napyidaw 19.60 96.216 Aug, 2008 — Aug, 2011
68 | Meiktila 20.880 95.880 Aug, 2008 — Jul, 2011
69 | Mandalay 21.980 96.080 Jul, 2008- Aug, 2011
70 | Shwebo 22.580 95.72 Feb, 2008 - Jul,2009
*DEDE Station of Department of Alternative Energy Development and Efficiency

SU

Station of Silpakorn University
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Figure 1 Positions of solar monitoring stations in Thailand (e, A ,+,0), Laos (¢), Cambodia (V) and Myanmar (m).

e Department of Alternative Energy Development and Efficiency (DEDE) (Global radiation)
A Silpakorn University (SU) (global radiation)

Data analysis

Prior to the analysis of solar radiation data, the
data are subjected to a quality control. They are
manually checked for instrument or data processing
errors. Data which violated physical law are
eliminated. These include negative global or diffuse
radiation during daytime, diffuse irradiance exceeding
global irradiance, and others. A table of correction
factors supplied by Kipp&Zonen is also used to
correct the effect of the shade ring on the diffuse
radiation. After this quality control, long-term daily
averaged global, diffuse and direct radiation is
calculated. The ratio of diffuse to global radiation is
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+ direct radiation o diffuse radiation

also computed. The seasonal variation of the amount
of global, diffuse and direct radiation and the ratio of
diffuse to global radiation are investigated and the
results are revealed in the next section.

Results and discussion
Radiation in Thailand
- Global radiation

The seasonal variation of global radiation is basic
information for utilization of solar energy as it
demonstrates the levels of solar radiation received by
the earth’s surface year round. These levels of
radiation are a prerequisite information prior to the
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installation for solar energy systems which used
global radiation as energy source such a PV-power
plant. Based on the analysis of solar radiation

radiation in Thailand, Lao, Cambodia and
Myanmar are shown in Figure 2, 6, 7 and 8,
respectively.

Thailand can be divided into 4 main regions, namely
the north, the northeast, the south and the central
region. From Figure 2, it is observed that solar
radiation at most stations in the north, the northeast
and the central region increases from January to reach
the maximum in April and then decreases with some
fluctuations to the end of the year. The increase from
January to the peak in April is mainly caused by the
northward movement of the apparent sun path with
the decrease of the incident angle of solar radiation on
the ground. Cloudiness is not a dominant factor
affecting surface solar radiation. This is because this
period corresponds to the dry season with the majority
of clear days. The decrease of solar radiation after the
peak is mainly due to cloudiness caused by the
southwest monsoon whose onset normally occurs in
May and it continues blowing until August or
October. It brings moisture from Indian Ocean to the
country, causing cloudy skies and rainfall in most
parts of the country. Normally, October is the
transitional period from the southwest monsoon to the
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measured at solar monitoring stations under this
investigation, the seasonal variations of global

northeast monsoon. The northeast monsoon brings
cold and dry air from Siberia to Thailand. Although
this monsoon causes clear skies in the north, northeast
and the central region solar radiation in these regions
is still relatively low. This is because the apparent sun
path moves southward, causing higher incident angle
of solar radiation on the ground, and lowing surface
radiation.

From Figure 2 it is also noticed that the seasonal
variation of solar radiation at most stations in the
south has a distinct pattern, compared to that of the
other regions. In the south, solar radiation is relatively
high during the period of February to April due to the
favorable incident angle of solar radiation caused by
the position of apparent sun path in this period. For
most stations in the south, solar radiation decrease to
the minimum at the end of the year. This is due to the
fact that the southwest monsoon brings clouds and
rain to the region during May to October like in the
north, northeast and the central region. In addition, for
the period of November to December, the northeast
monsoon which blow across the Gulf of Thailand also
brings clouds and rain to the region, resulting in lower
radiation, compared to radiation in the other regions.
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- Diffuse radiation

Diffuse radiation is generated by the scattering
of solar radiation due to aerosols, clouds and multiple
reflections between the atmosphere and the ground.
The information on diffuse radiation is important for
daylighting applications [3]. It is also used to convert
global radiation on horizontal surface to global
radiation on inclined surface. The number of the
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measured, is very limited. This is because the
measurement of diffuse radiation requires daily
adjustment of shade ring or the use of a solar tracker
with high equipment cost. In Thailand, there are only
four stations belonging to Silpakorn University where
diffuse radiation is routinely monitored. These
stations are located in Chiang Mai, Ubon Ratchathani,
Nakhon Pathom and Songkhla. The seasonal variation
of long-term average daily radiation is shown in

stations, where diffuse radiation is routinely Figure 3.
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Figure 3. Seasonal variation of diffuse radiation at Chiang Mai, Ubon Ratchathani, Nakhon Pathom and Songkhla.

From Figure 3, it is noticed that the seasonal

variation of diffuse radiation at Chiang Mai, Ubon
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Ratchathani and Nakhon Pathom has similar pattern.
According to this pattern, diffuse radiation increases
from January to the peak in June or July and gradually
decreases to the end of the year. The period of high
diffuse radiation corresponds to the rainy season
(May-October). This is because high cloudiness in
this period results in high scattering of solar radiation,
causing high diffuse radiation. For Songkhla, diffuse
radiation is constantly high year round. This is due to
the fact that Songkhla is located in the south with the
long period of rainy season (May-December) and
diffuse radiation is constantly created by clouds in
this season. In addition, biomass burning aerosols
produced in the dry season (January-April) is also
created diffuse radiation in this period of the year.
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- Direct radiation

Direct radiation is of importance for
concentrating solar energy systems such as solar
thermal power plants [4]. This is because these
systems use only direct radiation as energy source.
The equipment to measure direct radiation is
expensive because it requires a sun tracker to point
the radiation sensors toward the sun all days.
Therefore, direct radiation is not widely measured in a
country. In Thailand, there are only 9 stations where
direct radiation is routinely monitored. In this work,
seasonal variation of direct radiation at 9 stations in
Thailand is analyzed and the results are depicted in
Figure 4.
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Figure 4. Seasonal variation of direct variation in Thailand

Results from Figure 4 show that seasonal
variation of direct radiation at Bangkok, Lopburi,
Nakhon Sawan, Nakhon Ratchasima, Pracuap Khiri
Khan, Chiang Mai, Ubon Ratchathani and Nakhon
Pathom has similar pattern. Direct radiation at most of
these stations decrease from January to the minimum
in August or September with some fluctuations. Then
it gradually increases to the end of the year. This is
due to the fact that direct radiation is mainly affected
by clouds and high cloudiness in the rainy season
causes low direct radiation in this season. For the case

119

of Songkhla, the variation of direct radiation is not
prominent. Although, the rainy season in the south is
about 8 months, it is likely that the occurrence of rain
in a day is not continuous with some periods of bright
sunshine, causing relatively high direct radiation,
even in the wet season.

- Ratio of diffuse to global radiation

The ratio of diffuse to global radiation indicates
the energetic quality of solar radiation. For example,
solar radiation with high ratio of diffuse to global



Global radiation (MJ/m?)

” >“< E’»’-‘“Z"Z“:j S

w

(9013

radiation has low energy potential for solar
concentrating applications, even global radiation is
high. In this study, the ratios at Chiang Mai, Ubon
Ratchathani, Nakhon Pathom and Songkhla are
investigated and the result is shown in Figure 5.

From Figure 5, it is noticed that the ratios of
diffuse to global radiation at Chiang Mai, Ubon
Ratchathani and Nakhon Pathom are high during the
wet season (May-October) due to high cloudiness
where as the ratio at Songkhla is almost constant year
round. The yearly average values of the ratio for
Chiang Mai, Ubon Ratchathani, Nakhon Pathom and
Songkhla are 0.44, 0.46, 0.45 and 0.43, respectively.
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Radiation in Laos, Cambodia and Myanmar

Although, only global radiation is measured in
these countries and the data period is relatively short,
the results from the analysis reveal the trend of the
seasonal variation as shown in Figure 6-8.

The results show that seasonal variation of solar
radiation at most stations in these countries are similar
with that in Thailand. Solar radiation in these
countries increases from January to the peak in April
or May and decreases with some fluctuations to the
end of the year due to the influence of the change of
the sun path, the monsoons and local geographical
features.
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Figure 5. Ratio of diffuse to global radiation at four stations in Thailand
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In general, the latitude of the stations plays and
important role in the amount of solar radiation
incident on the earth’s surface because the incident
angle of solar radiation depends strongly on the
latitude. In this work, monthly average daily global

radiation from all stations
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Cambodia and Myanmar is plotted against the latitude
and the results are shown in Figure 9.

From Figure 9, it is noticed that global radiation
in these countries varies systematically with latitude
and the variation depends on the month, mainly due to
the change of the sun path.
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Conclusions

Solar radiation monitoring stations have been
lished in Thailand, Laos, Cambodia and

Myanmar. Global, diffuse and direct radiation in

Thail

and have been analyzed. The seasonal variations

of global, diffuse and direct radiation at the stations in
the north, northeast and the central region have
similar pattern which is different from the south, due
to the differences in the influence of the monsoons.

The
regio

ratio of diffuse to global radiation in the four
ns of the country are relatively high. For the case

of Laos, Cambodia and Myanmar, the seasonal
variation of global radiation at most stations is similar

to th

e variation in most parts of Thailand. Global

radiation at most stations in these four countries
varies systematically with latitude. Finally, the level

1.

2.
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of solar radiation in these countries indicates that the
countries have relatively high solar energy potential.
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Abstract

We investigated the in-medium kaon potential and nuclear equation of state by the azimuthal
distribution of 7" and K* mesons in heavy ion collision. We used quantum molecular dynamics (QMD)

models based on covariant kaon dynamics to simulate % Au+ " Au collisions at 1.50 A GeV and

SONi+ > Ni collisions at 1.93 A GeV, analyzed the azimuthal distributions of K* mesons, and

compared to the KaoS data. Calculated results with in-medium 7"N and K*N potential can reasonably
describe the features of the KaoS data. These indicate that the azimuthal distribution is one of sensitive
probes to extract information on in-medium properties of hadrons at high densities.

Keywords:  Azimuthal distributions,
molecular dynamics, covariant kaon dynamics.

Introduction

Relativistic heavy-ion collisions provide a
unique opportunity to study both the behavior of
nuclear matter at high densities as well as the
properties of hadrons in nuclear matter. In particular,
strange mesons are considered to be sensitive to in-
medium modifications. Theory predicts a repulsive
K™N potential and an attractive K'N potential in dense
matter [1]. It is suggested that the latter effect leads to
a condensate of K mesons in the interior of the
neutron stars, causing dramatic consequences for the
neutron star stability [2].

Microscopic transport calculations simulating
heavy-ion collisions predict measurable consequences
of the in-medium modification of strange mesons. A
repulsive K'N potential would repel the K" mesons
from the bulk of the nucleons and therefore causes a
preferred out-of-plane emission of the K™ mesons at
midrapidity and a directed flow opposite to the
nucleons at target and projectile rapidity. These
effects were found in experiments [3,4].

The K™ mesons are expected to be repelled from
the nucleons and hence the kaon emission pattern
should be anticorrelated with the collective motion of
the nucleons. Indirect evidence for such a behavior
comes from a measurement
of the average K" momentum in the event plane in

SONi+ 2°Ni collisions at 1.93A GeV: the directed
in-plane flow found for protons and lambdas near

in-medium potential,
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nuclear equation of state, quantum

target rapidity is absent for kaons. This finding was
attributed to a repulsive K'N potential which
compensates the effect of the directed nucleon flow.

In this paper we present microscopic
transport calculations simulating the azimuthal
distributions of K" mesons in nucleus-nucleus
collisions. We have calculated two systems:

58 N\[; S58N\[; 197 197
sNI+ eNiat 1.93 A GeV and g AU+ g Au at
1.50 A GeV.

Quantum Molecular Dynamics
In the quantum molecular dynamics (QMD)
model each nucleon is represented by a coherent state

of the form. (we set h, ¢ =1)

U
(r B ro)zlj

Y
4L]ﬂ

where I, is the time dependent center of the

Gaussian wave packet in coordinate space. The width
L is kept constant. One uses Wigner density instead of

(rpo,t) & 1 exp[lpo](r r) 1
{2pL)"

working with wave function. Then, the Wigner
density reads
fEpY= s ge ™ (o0 (e 0d,
( p) )
¢ (r- rlz) Ry U
EXpg& oL (P-Po) 2LY

€ u
The N-body Wigner density is the direct product of
the Wigner densities of N coherent states
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The Wigner representation of our Gaussian wave

packets obeys the uncertainty relation

Dr,Dp, = h /2. The density in coordinate space is

given by the momentum integral over the Wigner
density.

. I’N’pl" ’pNI)_

N
F(0= 8 8(-1)Q T (hyemysei Py i 08Py Opy . 0y 0,
=1
o1 pr (r-rp)’¥ 4)
i=1 (2p L)/ & 2L §
The next step is to determine the local potential
U (r) generated by all the other nucleons at the

centers of the Gaussian. Finally the momenta of all
particles are chosen randomly, the time evolution of
the N-body distribution is determined by the motion

of the centroids of the Gaussian (I,4,;,), which are
propagated by the Poisson brackets

i&n—lpuo' f; o T +U } (5)

g 4

%_irm’ g {|07T+Ui} (6)

These differential equations are solved using an
Eulerian integration routine with a fixed time step

Dt

Pio(N+1)=p,()- N, U (n+ ¥)Dt )
and
(1 112)= 1, (n- 112+ — P pee 0, 1120t ©)
G+ i

H is the nuclear Hamiltonian
H:a \/p|0+ m +E
i

Here U is the nuclear mean field. U™ is the

(U str + U COU)

itj

(9)

Coulomb interaction. The strength of the nuclear
compression is quoted normally in terms of the
incompressibility constant (K). A soft equation of
state (EOS) is represented by a value of K = 200
MeV, which a hard EOS is represented by a value of
K =380 MeV.

Results and Discussion

We consider Fig 1. the result of the QMD calculations
based on covariant kon dynamics [5] for

CINTRINT . .
NI+ SeNi collisions at 1.98 A GeV at impact

parameter 3.8 < b < 6.5 were performed with the
Kaon Spectrometer (KaoS) [6] (solid circle).
Corresponding calculations are performed with the
hard equation of state (EOS). The solid line and
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dashed line represent results of calculations with and
without in medium potential, respectively. Figure 2.

shows a comparison of the K* data of 58NI + 58NI

at 1.98 A GeV with QMD model at impact parameter
3.8< b < 6.5 were performed with the KaoS (solid
circle). Corresponding calculations are performed
with the soft EOS. The dashed and solid lines
represent results of calculations with and without in
medium  potential,  respectively.The  azimuthal
distributions of  the K* mesons from

197 197 . .
79 AU+ 5 AU reactions at 1.5 A GeV with QMD

model calculations in Fig. 3 the dashed and solid lines
represent results of calculations without and with in-
medium potentials, respectively. Both calculations
take into account kaons nucleon rescattering (by soft
EQS). The experiments were performed with (KaoS)
(solid circle).

The model calculations have been made exactly
according to experimental conditions selecting the
corresponding laboratory angles and laboratory
momenta. It is seen clearly again from these figures
that theoretical results with in-medium K" potential
can reasonably describe KaoS data.

>to

We use , = <p_> and , = [Pim Py
1 2 2 2

pt px + py

calculate the direct and elliptic flow of K+ mesons,
which are shown in Table 1 for 5, Au+ 7 Au

collisions at 1.5 A GeV and Table 2 for 5 Ni+ >Ni

collisions at 1.93 A GeV,respectively. Here, one sees
from the tables that calculated v, and v, with in-
medium K* potential are in agreement with data.

0.10

1N dN/dp

0.05

—— with potential
— = w/o potentiall

90

Fig. 1 Azimuthal distribution of K* mesons for semi-
central 2°Ni+ >°Ni reactions at 1.93 A GeV. The

data are corrected for the resolution of the reaction
plane and refer to impart parameter of 3.8 < b < 6.5
fm, rapidites of 0.3 < y/Ypeam < 0.7, and momenta of
0.2 < py< 0.8 GeV/c. The lines represent results of
QMD calculations for without (solid line) and with an
in-medium potential (dashed line) . Both calculations
take into account kaons nucleon rescattering (by hard
EOS)



3122013

on Thai Physics Society
e Road 2 ASEAN Community

=}
=}
!

1/N dN/d$

T w/o potential
with potential

T T T
-90 0 90

¢

Fig. 2 Azimuthal distribution of K* mesons for semi-
central soNi+ >°Ni reactions at 1.93 A GeV. The

data are corrected for the resolution of the reaction
plane and refer to impart parameter of 3.8 < b < 6.5
fm, rapidites of 0.3 < Y/Ypeam < 0.7, and momenta of
0.2 < p; < 0.8 GeV/c. The lines represent results of
QMD calculations for without (dashed line) and with
an in-medium potential (solid line) . Both calculations
take into account kaons nucleon rescattering (by soft
EOS)
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Fig. 3 Azimuthal distribution of K* mesons for semi-
central % Au+ "% Au reactions at 1.50 A GeV. The
data are corrected for the resolution of the reaction
plane and refer to impart parameter of 5.9 < b < 10.2
fm, rapidites of 0.3 < Y/Ypeam < 0.7, and momenta of
0.2 < p; < 0.8 GeV/c. The lines represent results of
QMD calculations for without (dashed line) and with
an in-medium potential (solid line). Both calculations
take into account kaon nucleon rescattering (by soft
EOS)

Conclusions
We have analyzed the azimuthal emission
patterns of K* mesons to simulate® Au -+ % Au
collisions at 1.50 A GeV and °Ni+ >Ni

collisions at 1.93 A GeV , and compared to the
KaoS data. We wused quantum molecular
dynamics (QMD) models based on covariant
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Table 1: The direct flow and elliptic flow of K*
mesons in 7 Ay + %7 Au collisions at 1.50 A GeV

First Data Claculation with K'N
potential / without
K'N potential

0.04+ 0.01 -0.041+ 0.002 /
-0.008+ 0.0013
-0.042+ 0.01/

-0.03+ 0.0013

Direct flow (Nn,)

Elliptic flow (v,) -0.09+ 0.03

Table 2: The direct flow and elliptic flow of K*
mesons in *Ni+ Ni collisions at 1.93 A GeV

28
First Data Claculation with K'N
potential / without K'N
potential

-0.013+ 0.002 /
-0.006+ 0.001
-0.04+ 0.002/
-0.02+ 0.001

Direct flow (n,) -0.01+ 0.01

Elliptic flow (v,) -0.05+ 0.03

kaons dynamics. These distributions are rather flat
and the sensitivity on the K'N potential. This means
that the azimuthal distribution of K* mesons is one of
sensitive probes to extract information on the in-
medium properties of strange at high densities.
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Abstract

The simplest type of black hole known to science is the Schwarzschild black hole because it has no
charge or rotation. In this paper, Schwarzschild black holes are considered in higher dimensions. The
rigorous bounds on the greybody factors for these black holes are derived using the 2x2 transfer
matrices. The results show that the greybody factors decrease as the number of dimensions increase.

Keywords: Greybody factors, higher dimensions, black holes, the 2x 2 transfer matrices

Introduction

Classically, a black hole is a region in spacetime
in which the gravitational field is so strong that
anything, even light, cannot escape. From quantum
point of view, however, a black hole could emit
radiation. This radiation is known as Hawking
radiation, a phenomenon discovered by Stephen
Hawking in 1974 [1]. If particles are created from
vacuum near a black hole horizon, one particle can
move out of the black hole and appear to an observer
as Hawking radiation. Due to the curvature of
spacetime around a black hole, Hawking radiation is
modified. How much the spectrum is modified by can
be measured using the so-called “greybody factor”.

The greybody factors have widely been studied
in the literatures [2-7]. Moreover, there is one
interesting technique, called the 2x2 transfer matrix,
which is used to obtain a rigorous bound on the
greybody factors [8-10]. The bounds of the greybody
factors of the four-dimensional Schwarzschild black
holes have been derived through the application of
this method [11]. In this paper, we derive the bounds
of the greybody factors of the Schwarzschild-
Tangherlini black holes using the 2x2 transfer
matrix.

The Schwarzschild-Tangherlini black holes

The Schwarzschild-Tangherlini black holes are
the generalized four-dimensional Schwarzschild black
holes in higher dimensions. The Schwarzschild-
Tangherlini metric in d dimensions is given by [7]
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where the Schwarzschild radius ry in d dimensions is
given by

167GM
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=
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2
If a particle emitted from the black hole is a

massless uncharged scalar field, with energy »’ and
angular momentum |, its equation of motion is the
Klein-Gordon equation

V49, @ =0, (4

where V* is the covariant derivative. By separating
the variables

D =€"p(r)Y,,(6,4) , ©®)
the radial equation is the Schrodinger like equation
[12-13]

{dz +a° —V(r)}r(dz)/zgozo, (6)
dr;
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1
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From Figure 1, the Schwarzschild-Tangherlini

potential is plotted with I = 3 and GM = 2 in various
dimensions.

Figure 1. The Schwarzschild-Tangherlini potential
with | =3 and GM = 2 in various dimensions.

In accordance with general relativity, since the
gravitational field around a black hole is strong, the
emitted particle, which appears to an observer as
radiation, is incidental to the potential barrier given by
equation (8). Part of the radiation will be reflected
back into the black hole and the rest will be
transmitted out of the black hole. The greybody factor
is thus defined as the transmission probability.

Using the analysis of [8-10], lower bounds on
the transmission probabilities are given by

T >sech? ('[_ngr) (10)

where

\/(h’)z (o -V -h?)’
2h

for some positive function h. The lower bound on the
transmission probability for h = @ is

; (11)

T ZSech{(d ~2)(d =3)+4l(I +d -3)} 12)
8ar,
If d = 4, this bound is reduced to
T > sech? {M} (13)
8GM w

which is exactly the bound for the four-dimensional
Schwarzschild black holes emitting spinless particles
[11, 13]. Figure 2 and 3 show the plot between the
bounds of the transmission coefficients and the energy
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of the emitted particle in various dimensions. The
graphs are plotted by setting | = 3 in figure 2 and | =
10 in figure 3 with GM = 2 in both figures. The line d
= 4 corresponds to the four-dimensional
Schwarzschild black hole. If energies of the emitted
particles increase, the greybody factors also increase.
Figure 4 shows the plot between the bounds of the
greybody factors and the dimensions. The results
indicate that the greybody factors decrease when the
number of spacetime dimensions increase. Figure 5
shows the plot between the bounds of the greybody
factors and angular momenta of the emitted particles.
The results state that if the angular momenta increase,
the greybody factors decrease. Higher dimensions and
angular momenta could cause the emitted particles to
penetrate through the potential barriers with more
difficulty.

Figure 2. The bound of the greybody factor of the
Schwarzschild-Tangherlini black hole with | = 3 and
GM = 2 in various dimensions.

Figure 3. The bound of the greybody factor of the
Schwarzschild-Tangherlini black hole with | = 10 and
GM = 2 in various dimensions.
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Figure 4. Dependence of the greybody factor bound
on the number of dimensions for the Schwarzschild-
Tangherlini black hole, with | =3 and GM = 2.
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Figure 5. Dependence of the greybody factor bound
on angular momenta of the emitted particles for the
Schwarzschild-Tangherlini black hole, with GM = 2
in various dimensions.

Conclusions

In this paper, we obtained the bounds on the
greybody factors using the 2x2 transfer matrix for
the Schwarzschild-Tangherlini black holes. It is found
that the greybody factors depend on the spacetime
dimension, as well as the energy and the angular
momentum of the emitted particles. Higher
dimensions could result in the generation of stronger
potentials, which would consequently lead to the
diminution of the greybody factors.
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Abstract

The observation of a new particle with a mass of about 125 GeV, announced in July 2012 by the ATLAS and
CMS collaborations, has given hopes to the HEP community as the long sought Higgs boson, last missing
ingredient of the Standard Model of Particle Physics, might have been discovered at last. The Compact Muon
Solenoid experiment (CMS) is a general purpose detector installed at the Large Hadron Collider (LHC) at CERN.
During the years 2011 and 2012, the CMS detector has collected over 17 inverse femto-barns of proton-proton
collisions (5 fo* at Vs=7 TeV and 12 fb™ at Vs=8 TeV). These data are currently been analyzed to further
characterize the recently discovered Higgs boson candidate. For a Higgs mass of about 125 GeV, the dominant
decay mode should be into bb, however such decay has not yet been observed experimentally due to
overwhelming backgrounds. A promising channel to search for H—bb is the VHbb channel, where the Higgs
boson is produced via ‘Higgs-Strahlung’ process (a virtual W or Z boson with sufficient energy can then emit a
Higgs) and recoils with large momentum transverse to the beam-line, to finally decay into a bb pair (b-jets). The
presence of a vector boson in the final state highly suppresses the large QCD background and also provides an
efficient trigger path when the vector boson decays to charged leptons (e, p). Recent developments in t lepton
reconstruction and vector boson invariant mass determination made it feasible to extend the VHbb analysis to
both leptonic (e, w) and hadronic (jets) decays of the t lepton. The current VHbb results are summarized and the
novel VHbb final states are presented, with particular focus on HZ, with H decaying to b-quarks and Z decaying
to tau electron and hadronic tau.

Keywords: Higgs, CMS, LHC, VHbb, Tau

experimentally.

. On the 4™ of July 2012, both ATLAS and CMS
Introduction have publicly announced the observation of a new

The Higgs Boson is the last missing ingredient  particle, showing an excess of events at a mass of
of the Standard Model (SM) of particle physics, and is ~ about 125-126 GeV in the two-photons and in the four
essential for the internal consistency of the whole leptons channels, with a statistical significance above
theory. Its existence was postulated in 1964 by Peter ~ the background of over 5¢ [2,3]. The new particle is
Higgs and others [1] as the mechanism for which the ~ consistent with the Standard Model Higgs boson,
gauge vector bosons of the weak interaction (W*'~ and however its properties have to be further investigated
Z° acquire their mass through electroweak symmetry ~ before the Higgs label can be attached to it.

breaking while the photon stays massless. At energies For a Higgs boson mass of about 125 GeV, the
high enough that electroweak symmetry is unbroken,  gominant decay mode should be into bb. However,
all elementary particles are massless, but at a critical because of the large backgrounds, there is no direct
temperature the symmetry is spontaneously broken  evidence for such decay yet, which is indeed crucial
and the gauge bosons acquire their masses. Fermions, to determine the nature of the Higgs boson.

such as leptons and quarks, also acquire mass by

interacting with the Higgs field, but in a slightly

different way than gauge bosons. VHbb Analysis with CMS
In other words, elementary particles acquire their

mass by interacting with the Higgs field that

permeates the entire space. The Higgs boson is an

excited quantum of the Higgs field. As the other 1_9 The main SM mechanism for Higgs production

free parameters of the SM, the mass of the boson is at the LHC is Gluon Fusion, with a cross section 6~17

not predicted by the theory and has to be measured pb (for m,=125 GeV) [4], however the detection of a
131

The Standard Model predicts a number of
possible mechanisms for the production and
subsequent decay of the Higgs boson.
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Higgs boson decaying to bbin this production channel
is almost impossible due to the overwhelming QCD
background at the LHC. The next most abundant
production mechanism is Vector Boson Fusion
(VBF), with a total cross section 6~1.3 pb [5]. This
process can result in a final state with 2 b-quarks and
a vector boson (Gynpy~1.02 pb [6]).

In 2008, a new method has been proposed [7] to
search for a SM Higgs Boson decaying into bb, in
events where the Higgs is produced in association
with a Z or a W. The presence of a vector boson
highly suppresses the QCD background and also
provides an efficient trigger path when the vector
boson decays into leptons (see Fig. 1).

Figure 1. Generic Feynman diagram for a VVHbb final
state, consisting of two bottom quarks and two leptons
(or lepton plus neutrino, or two neutrinos).

Preliminary results from CMS show that, in a
region of phase space where the Higgs is boosted, the
analysis sensitivity for these production channel (with
H—bb) is significant [8].

The VHbb analysis searches for a SM Higgs
boson in the pp—VH production mode, where V is a
vector boson (either W'~ or Z% that decays
leptonically, while the Higgs boson decays into bb.

The Compact Muon Solenoid experiment

The Compact Muon Solenoid experiment is a
general purpose detector installed at the Large Hadron
Collider at CERN.

It is composed of concentric shells of different
types of detector, immersed in a strong magnetic field
oriented along the beam axis (B~3.8 T). The
arrangement is optimized to provide good tracking
and particle identification over the full azimuth and
over a large pseudo-rapidity window (| < 3). Fig. 2
shows an expanded view of the CMS detector, a
detailed description of the experiment and its sub-
detector systems can be found in the reference [9].

During the years 2011 and 2012, CMS has
collected over 17 inverse femto-barns of proton-
proton collisions (about 5 fb™ at Vs=7 TeV and 12 fb™*
at Vs=8 TeV). These data are currently under
investigation by the various physics analysis groups in
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order to finalize the ongoing searches.

Figure 2. Expanded view of the CMS detector. The
LHC beams travel in opposite directions along the
central axis of the cylinder, colliding in the middle of
the detector [9].

Signal and Background Simulation

The main background arise from single vector
bosons associated with jets or di-boson production,
from single-top or tt events, and from QCD processes
involving multiple jets. These processes overwhelm
the signal by orders of magnitude, therefore a careful
tuning of the analysis parameters is crucial to acquire
a decent sensitivity over the background.

Simulations are produced within the CMSSW
software framework [10], where various event
generators (PYTHIA, POWHEG, HERWIG, MADGRAPH)
are interfaced to a detailed CMS detector response
simulation modeled with GEANT4 [11].

The pile-up scenario (number of simultaneous
collision within the same “trigger”) is tuned to the
average pp interaction per bunch crossing during each
LHC run. For 2011 data, the average pile-up is about
10, while 2012 data have an average pile-up of ~ 20-
25 due to the higher luminosity [12].

Event Reconstruction and Analysis

A number of triggers are combined to select
events that are consistent with the VHbb signal
hypothesis in each sub-channel [13]. Several isolated
lepton triggers are applied, together with tight lepton
identification and different p; thresholds for each
channel, missing transverse energy requirements are
also applied to account for the neutrinos involved in
some of the processes.

The analysis strategy begins by identifying the
vector boson from its decay products (charged
lepton(s) and/or missing transverse energy in case of
Z—vv) [13,14]. The H—bb decay is reconstructed as
two separate jets clustered using the anti-k; algorithm
[15], with a cone radius of 0.5. The Combined
Secondary Vertex algorithm [16] is used to identify b-
jet candidates.

All objects are reconstructed using the particle-
flow algorithm [17], which best combines the various
sub-detectors’ signal into a consistent hypothesis of



track, jet, primary or secondary vertex and missing
transverse energy.

Event Selection/Cut Optimization

Beside the trigger selection (see Ch. 3 of [13]), a
number of kinematic and topological cuts are applied
in order to maximize the signal yield with respect to
the reducible background in the Higgs mass window:;
110 < my < 135 GeV [13,14].

The optimization of the analysis is achieved by
mean of Monte Carlo simulations: for a given Higgs
mass hypothesis, the expected signal and main
backgrounds are simulated and fully reconstructed
with CMSSW [10]. The events are then analyzed
using the VHbb package and a Figure of Merit (a
certain function that quantifies the visibility of the
signal over the background) is drawn with respect of
the relevant cut-variable.

A set of pre-selection cuts is applied to enforce
basic kinematic requirements, as well as track
isolation and fit quality requirements. Several other
discriminating variables are calculated from event and
track observables, such as pr balance, b-tagging,
opening angle between vector and Higgs boson, etc.

In a preliminary stage the optimization is done
by “cut & count” (i.e., cuts are applied in steps while
counting the number of passing candidates). Final
results are then produced using a Boosted Decision
Tree (BDT), which further improves the optimization
and also accounts for existing correlations between
cut variables (a multivariate analysis tool is used at
this stage [18]).

For a detailed list of the discriminating variables
and applied cuts see the references [13,14].

Results and Discussion

Published results only include 2011 data and are
limited to five VHbb final states or sub-channels [13].
Preliminary results on the same sub-channels are
publicly available for 2012 data and combined [14].

Since recently, a few additional final states have
been included in the VHbb analysis. The study of
these novel channels is still in progress.

Published Results

Published and preliminary VHbb results are
limited to the following five sub-channels: W(uv)H,
W(ev)H, Z(uw)H, Z(ee)H and Z(vv)H, with all the
Higgs decaying to bb.

Due to the small cross section of the VHbb
process compared to other SM reactions, a large
component of irreducible background will always
dominate the signal for about one order of magnitude
in the best case. Therefore, the signal is observed as a
small excess of events within the Higgs mass window
(110-135 GeV) in the di-jet invariant mass plot (mj).

Cumulative results from all the VHbb sub-
channels listed above do not show a significant
excess, therefore only upper limits can be drawn. Fig.
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3 shows the expected and observed 95% Confidence
Level upper limit (CL) for a Higgs boson with mass
my. Observed data, background-only and signal +
background expectations are plotted. The 1 and 2 ¢
limits for the background-only hypothesis are also
shown [14].

Combining 2011 and 2012 data, the excess of
observed events at m;=125 GeV is ~2.2 ¢ away from
the background-only hypothesis. The excess is
consistent with the Standard Model prediction for a
Higgs boson with that mass [14].

(=]
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CMS Preliminary
.1 —e— CL_Observed
\s=7TeV,L=5fb . .- CL:H125 injected
\s=8TeV,L=12.1fb --e- CL Expected
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CL Expected+ 2¢

[
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o T T5 i 1% 130 135
my [GeV]
Figure 3. Expected and observed 95% Confidence
Level upper limits for the VHbb production of a
Higgs boson with mass my. This plot shows the
combined results of 2011 and 2012 data from all five
VHbb sub-channels mentioned in the text (see [14]).

Ongoing efforts

The VHbb analysis has been extended to include
channels with t lepton(s) from the vector boson.

Tau leptons are short lived particles with mean
lifetime t, = 2.9x10" sec. (c't, = 87.11 um), therefore
they are not directly observed with the CMS tracker,
but their decay product(s) can be used to reconstruct
the secondary vertex of the t decay. Taus decay
leptonically into muons (t—p+vtv,) or electrons
(t—etvtve) about 35% of the times, and
hadronically (t—hadrons+v;) the remaining 65% [19].

The novel VHbb sub-channels are chosen to be
orthogonal to the existing ones (i.e., they do not
produce the same final state particles). They are the
following:  W(tw)H, Z(t(e)r(w)H, Z(t(nw)t)H,
Z(t(e)ty)H, with all the Higgs decaying to bb.

The study of these channels is made possible
thanks to improved algorithms for the reconstruction
of hadronic t decays, such as the Hadron Plus Stript
(HPS) algorithm [20,21], and through the use of a
likelihood method to determine the mass of the vector
boson decaying into t(s) [22]. This method combines
the information on the visible products and missing
transverse energy with knowledge about the
kinematic of either hadronic or leptonic t decays, and
it can reconstruct the invariant mass of the vector
boson when the reaction involves one or more
neutrinos which escape undetected.
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Fig. 4 shows the pseudo-Feynman diagram of
one of these novel sub-channels included in the VHbb
analysis: Z(t(e)t,) H(bD).

This channel is particularly challenging due to
the weak signature of the of the Z° boson (with only
one charged lepton in the final state) and to the large
irreducible background from more copious SM
processes.

Tl

et

Figure 4. Intuitive diagram of the production and
decay of a novel VHbb channel, with hadronic tau

and tau electron in the final state: Z—1(e)t, , H—bb.

Conclusions

So far there are no significant excesses of events
in the VHbb signal region, therefore there is no direct
evidence of the decay H—bb.

Combined VHbb results from 2011 and 2012
data are still to be finalized, but they are ~2.2 standard
deviations away from the SM background and are
consistent with a SM Higgs boson of mass 125 GeV.
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Abstract

Electronic nose (E-nose) is an instrument that can be used to detect and distinguish volatile organic
compounds (VOCs) with high accuracy and fast operating time. The E-nose can be applied to various
fields such as food analysis, medicine, environmental control, and industrial processes. Combined with
robot technologies (robotic chef), the E-nose may be installed and used to detect food aromas during
cooking process. In this work, we have developed the E-nose for robotic chef noses. An example of
application for robotic chef noses has been demonstrated in case of bread baking aromas detection. The
bread baking process has been varied at four different baking temperatures of 40, 60, 80, and 100 °C
and four different baking time of 5, 10, 15, and 20 minutes. The percentage changes of sensor
resistance and principal component analysis (PCA) method have been employed to analyze the data.
The results show that the E-nose can detect bread baking aromas and clearly classify the bread with
baking process at different conditions. This study will be useful for robotic chef noses in various food
quality applications in near future.

Keywords: E-nose, food quality control, PCA method, robotic chef

Introduction Materials and Methods

Electronic nose (E-nose) is an olfactory sensing Bread baking preparation
system that mimics mammalian nose for detection of
volatile organic compounds (VOCs) [1]. Presently, E-
nose systems have continually been developed to
apply in different engineering and industrial areas
including food quality analysis, medicine and
environmental control etc. In case of food industries
applications, the E-nose can be used for detecting the
food spoilage [2], identifying the state of freshness
[3,4] and monitoring the toxic contamination in
beverage [5]. The performance of E-nose is directly
related to the different responses of sensors [6]. One The schematic diagram of E-nose system is
of the challenges for the practical food application of ~ shown in Fig. 1. It consists of three main components;
E-nose is to detect and distinguish food aromas during (1) valves and air pump with mass flow controller,(II)
cooking processes. If this purpose can be done, the E-  sensor array, and (l11) data acquisition (DAQ) &
nose may be used as a sensing part in robotic chef. computer. For sensor array, the eight commercial

In this work, we have constructed an E-nose and ~ Taguchi gas sensors (TGS) were used as sensing part
used for the detection of bread baking aromas at four ~ as listed in Table 1.

different baking temperatures and four different Starting, a pump will suck clean air into a mass
baking times. Eight metal oxide semiconductor gas  flow controller. The mass flow controller was used to

sensors were used as sensing part of the E-nose control air flow rate. In this experiment, the air flow

Fresh bread purchased from a market in
Bangkok was baked at four different baking
temperatures; 40, 60, 80 and 100 °C, and four
different baking times; 5, 10, 15 and 20 minutes.
Then, the baked bread was cut into samples with
weight about 1-2 g. The samples were placed in the
sample bottle for E-nose analysis.

E-nose system

Percentage changes of sensor responses and principal ~ rate was set at 2 L/min. The solenoid valves were
component analysis (PCA) method have been used to select the path of aroma molecule delivery.
employed to analyze the data. The zero air in the reference bottle was sucked into
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sensor array chamber for 5 minutes in order to be a
reference line and clear bread baking aromas in sensor
chamber. When the sensor responses reached to the
resistance baseline, valve 2 was closed and valve 3
was opened. Bread baking aromas in the sample bottle
were sucked into sensor array for 1 minute. Then, the
resistances of sensors were recorded every 1 minute
as a function of time via DAQ for subsequent
analysis.

Sample Sensor array 4 outlet

Mass flow|
lcontroller

| valve

>

%
[— Reference

Computer ! l
i\

Figure 1. Schematic diagram of E-nose system.

Table 1: Lists of sensor array

Sensor Sensor Sensing type
number name
S1 TGS 821 Hydrogen
S2 TGS 822 Organic Solvent
Vapors
S3 TGS 825 Hydrogen Sulfide
S4 TGS 826 Ammonia
S5 TGS 2600  Air Contaminants
S6 TGS 2602  Air Contaminants
S7 TGS 2610 LP gas
S8 TGS 2620 Solvent Vapors

Principal component analysis (PCA)

The principal component analysis (PCA) [7,8]
was employed for recognition and discrimination of
bread baking aromas from measurements of the E-
nose system. In principles, PCA process contains five
following steps: (I) Get data from matrix, (1)
Normalize the data matrix by the mean subtraction,
(1) Calculate the covariance matrix, and determine
eigenvectors and eigenvalues of the covariance
matrix. The calculated eigenvectors must be unit
eigenvectors. (IV) Rearrange the eigenvectors and
eigenvalues. The eigenvectors are ordered by
eigenvalues from highest to lowest. And (V) Obtain
the PCA result by matrix multiplication and
transpose. The obtained new dataset with orthogonal
linear transformation are usually plotted in two or
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three dimensions containing the most relevant of the
data set.

Results and Discussion

The resistance changes of each sensor are
displayed in Fig. 2. We can be seen that these curves
differ from each other in the form of curve shapes and
maximum value of resistance changes depending on
the type of each sensor. This result shows that all
sensors are sensitive to bread baking aromas. The
resistances of all sensors decrease when the bread
baking aromas are introduced into sensor chamber. It
implies that most deoxidizing gases can emit from the
bread baking.

—\W -
o0

200

400 600 BOO 1000 1200 1400 1600 1800 2000

Resistance (Q)

Time (s)

Figure 2. Resistance changes of each sensor as a
function of time.

The percentages of sensor responses can be
obtained from following equation;

oY)

Ry -R
Sensor reponse (%) = % %100
0

where Ry is the value of resistance baseline and Rgens
is the value of sensitive resistance.

Fig. 3 shows the three dimensional plot of the
percentages of sensor responses at different baking
temperatures for baking time of 15 min. We can
obviously observe that all sensors exhibit high
response to the bread baking aromas in the range of
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60-95% at all baking temperatures. At baking
temperature of 60 °C, all sensors show the highest
response. It refers that more VOCs can emits at this
temperature. If baking temperature is so high, some
VOCs can be lost.

% response
100 -

1
80 -

e

7 C
< wC
+aC

Figure 3. 3D plot of the percentages of sensor
response at different baking temperatures.

All data sets were introduced into PCA. Fig. 4
shows the PCA plot of bread baking aromas at
different baking temperatures. It can be observed that
the PCA plot clearly discriminates the bread baking
aromas to four clusters related to different baking
temperatures and time. The best result occurs at
baking time of 15 min. From results, it suggests that
baking time of 15 min can well generate the unique
pattern of bread baking aromas at a function of baking
temperatures.

\ "/
N2

00 20000 40000
PCI(92.53%)

0 | (¢) 15 min

2

PC2(3.80%)

(a) 5 min

PC2(3.90%)

40000 20000 20000 40000 60000
PCI(9349%)

20000 0. 20000 40000
PCI(94.30%)

Figure 4. PCA plot of bread baking aromas at (a) 5
min, (b) 10 min, (c) 15 min, and (d) 20 min of baking
time with different baking temperatures.

Conclusions

In this work, an E-nose has been developed for
food application during cooking processes. An
example has been demonstrated in term of bread
baking aromas detection and classification. The TGS
sensor array shows high response to bread baking
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aromas in the range of 60-95%. With condition of
bread baking time at 15 min and baking temperature
of 60 °C, the bread product can generate a unique
pattern of aroma. Combined with PCA method, our E-
nose can classify bread baking aromas at the different
bread baking conditions. It is hoped that our E-nose
will be installed in robotic chef for real-time
monitoring food aroma during cooking processes in
near future.
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Abstract

A 650nm standard radiation thermometer is used as the standard thermometer for the calibration of
radiance temperature in the temperature range of 960 °C to 2 500 °C by comparison method at the
radiation thermometry Laboratory in National Institute of Metrology (Thailand), NIMT. However, due
to the scattering and diffraction from the radiation within the imperfection of the field of view (FOV)
defined optical system of the radiation thermometer, the sized of source effect (SSE) is shown to be the
systematic error in the calibration. Therefore, the SSE has to be determined for more accurate
calibration results. A new facility for the SSE determination of the radiation thermometer with an
indirect method was developed this work. In-house made acrylic black spot sheets are used as the
obscured black spots while an integrating sphere illuminated by two halogen lamps has been used as
the radiation source for this method. Therefore, the SSE is determined from the changing of output
signals from the radiation thermometer when the sizes of obscured black spots in front of the radiation
source are varied. The. The results from these determinations show an agreement with the SSE
determination by the indirect method from National Metrology Institute of Japan (NMIJ).

Keywords: size of source effect (SSE), standard radiation thermometer, indirect method, integrating
sphere, National Institute of Metrology (Thailand

method using an integrating sphere illuminated with
Introduction halogen lamp as the radiation temperature source and
the monitor detector for correction of the
measurement signal. The results show the agreement
between the results determined by direct method in
NIMT and results from the determination by indirect
method in National Metrology Institute of Japan
(NMLJ), however the different is still 0.08%[4]. Due
to the existing of the instruments in laboratory, the
SSE determination by the indirect method is
employed in this work in order to improve the results.
The integrating sphere with halogen lamps is still
used as the radiation temperature source and a series
of black spot sheets are additional used in this work.

At the radiation thermometry laboratory in
NIMT, the 650 nm Standard Radiation Thermometer
has been used as the standard thermometer for the
calibration of a radiation thermometer in the high
temperature range of 960°C to 2500°C by
comparison method using the variable temperature
blackbodies (VBBs) with the cavity aperture size of
50 mm and 25 mm. However, the temperature scale of
this standard radiation thermometer was realized by
silver and copper fixed point blackbodies which have
the cavity aperture size only 6 mm. Although the
temperatures of the VBBs are set at the same
temperature of the fixed point blackbodies, the
temperature readings from the 650 nm standard Materials and Methods
radiation thermometer can be different due to the
variation of the radiation temperature source sizes.
This phenomenon is called “Size-of-Source Effect”,
and affects to the accuracy of the radiation
thermometer calibration.

There are three methods for the determination
SSE[1], i.e., a direct method? an indirect method[2]
and a scanning method[3]. In the previous work at

L diameters of 6 mm, 9 mm, 12 mm, 18 mm, 25 mm,
NIMT, the SSE of the 650 nm standard radla}tlon 36 mm, 48 mm, and 60 mm respectively. These are
thermometer has been investigated by the direct
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The SSE determination by the indirect method in
this work has been done by obtain the changing of
output signals from the 650 nm standard radiation
thermometer when the sizes of obscured black spots
in front of the radiation source are varied. The new
series of in-house made acrylic black spot sheets are
used as the obscured black spots in this work with the
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almost the same sizes as the black spots used for the
SSE determination at NMIJ (NMIJ used the 72 mm
black spot instead of 60 mm black spot). The SSE is
obtained at the distances between the standard
radiation thermometer and the radiation temperature
source are 49cm and 70 cm similar to the SSE
determination distances at NMIJ. The 9.75 inches
PTFE integrating sphere with the circular exit opening
of 3 inche illuminated with two 250 watt halogen
lamps has been used as the radiation temperature
source. A precision DC power supply is used for the
precision control of the power supply for both
halogen lamps and two DC ventilators are used as
cooling system for the halogen lamps.

The 650 nm standard radiation thermometer has
been mounted on a set of slide table that allow
precisely move of the standard thermometer in X, Y,
and Z axes. With this set of the slide table the distance
between the 650 nm standard radiation and the
radiation temperature source can be varied from
49cm to 70cm and the optical axis of 650 nm
standard radiation is still the same along the variation.

Two nanovoltsmeters are used for reading the
output signals from the 650 nm standard radiation
thermometer and monitoring the stability of the
detector temperature inside the 650 nm standard
radiation thermometer. The output signals and the
detector temperature of this standard radiation
thermometer are recorded by a computer with a
LabVIEW program.

The schematic diagram and the photography of
the setting up of the SSE determination in this work
are illustrated in figure 1 and figure 2 respectively.

250 Watt Halogen Lamps _ PTFE Integrating Sphere

&

650 nm Standard
Radiation Thermometer

Blackspot

Sheet Slide Table

Air Cooled
System

(2 DC Ventilators)

Precision Power Supply  Nanovoltsmeters
for Halogen Lamp

Computer

Figure 1. The schematic diagram of the setting up of
the SSE determination by indirect method using in
this work
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Figure 2. The photography of the setting up of the
SSE determination by indirect method using in this
work

The SSE determination by the indirect method
for the aperture diameter d compared to the reference
diameter dyes , SSE(d,dyef), is defined as the ratio of the
signal of the black spot (Vyack) and the bright area
(Vprighy) between the aperture and the black spot[5],
given below.

V
SSE(d, d,, )= —Black (1)
Bright
The image of the aperture, the bright are and the

black spot for the SSE determination by indirect
method is shown in figure 3.

Aperture

Bright Area

Black Spot

Figure 3. The target image including the aperture and
black spot of the SSE determination by indirect
method.

The diameter of the black spot is d and was
varied from the smallest diameter size of 6 mm to the
largest diameter size of 60 mm. The diameter of the
bright is 70 mm (the 70 mm diameter aperture is
applied), while the reference diameter d, is 6 mm.
The SSE can be obtain as following equation,

SSE(d,d,,, )= SSE(70,d,,; )— SSE(70,d )
= SSE(70,6)— SSE(70,d)  (2)
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Results and Discussion

The SSE determinations by the indirect method
in this work have been done at the temperature of the
radiance temperature source is approximately
1085°C corresponding to the freezing of copper
therefore the 650 nm standard radiation thermometer
can detect the real signal from the measurement. The
SSE are determined at the aperture size of 70 mm and
the reference black spot size of 6 mm with the
variation of the black spot diameter size, the SSE can
be obtained at SSE(6,6), SSE(9,6), SSE(12,6),
SSE(18,6), SSE(25,6), SSE(36,6), SSE(48,6) and
SSE(60,6) which are the SSE when the diameter of
the radiance temperature source has been changed
from 6 mm to 6 mm, 9 mm, 12 mm, 18 mm, 25 mm,
36 mm, 48 mm and 60 mm, respectively. The results
of the SSE determinations by the indirect method at
NIMT while the distance between the radiance
temperature source and the standard radiation
thermometer have been set at 49 cm and 70 cm are
presented in Table 1.

Table 1: The SSE determination by the indirect
method in NIMT at the measurement distance of
49 cmand 70 cm.

SSE at the measurement

Size of Source distance of
49 cm 70cm

6 mm 0.000% 0.000%

9 mm 0.023% 0.032%
12 mm 0.032% 0.042%
18 mm 0.048% 0.069%
25 mm 0.057% 0.076%
36 mm 0.065% 0.082%
48 mm 0.075% 0.091%
60 mm 0.076% 0.102%

The results of the SSE determination in previous
work has been shown in the figure 4 while the
comparison of the SSE determination results by the
direct method in the previous work with the result
determined by the indirect method in this work is
illustrated in the figure 5. The results show that the
trend of the SSE from the determinations by the
difference method are going in almost same way.
However the values of the SSE are shown to be
significantly different. Moreover, the results of the
SSE determination by the indirect method in this
work compared with the results of the SSE obtained
by the indirect method at NMIJ are given in the figure
6.

Although the results from the SSE determination
by direct method in previous work trend to be similar
with the result of SSE obtained with the indirect
method in this work and at NMIJ (see the figure 4 and
figure 5), the results from the figure 6 show a better
agreement of the SSE determination by the indirect
method from NIMT and NMLJ.
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SSE Determinations of 650 nm Standard Radiation Thermometer
by Indirect Method and Direct Method obtained
at NIMT and NMIJ respectively

- Indirectat NMIJ @ 49 cm
0.13% - -@ Indirectat NMIJ @ 70 cm

0.15%

0.11% | Directat NMIT @ 49 cm —
-©-Directat NMIT @ 70 cm @
0.09% ==
L
B 0.07%
0.05% gt

0.03%
0.01%

-0.01% t t t
0 20 40 60 80

Aperture Diameter, mm

Figure 4. SSE determination results of the 650 nm
standard radiation thermometer. The solid line series
are the SSE determined by the direct method at NMIT
and the dot line series are the SSE measured by the
indirect method at NIMJ

SSE Determinations of 650 nm Standard Radiation Thermometer
by Direct Method and Indirect Method at NIMT

Indirect @ 49 cm
0.13% -8 Indirect@ 70 cm
-@ Direct @ 49cm
-B Direct@ 70 cm

0.15%

0.11%

0.09%

0.07%

SSE

0.05%

0.03%

0.01%

-0.01%

Aperture Diameter, mm

Figure 5. SSE determination results of the 650 nm
standard radiation thermometer measured at NIMT.
The dot line series are the SSE obtained with the
direct method in previous work while the solid line
series are the SSE determined by the indirect method
in this work.

SSE Determinations of 650 nm Standard Radiation Thermometer

by Indirect Method obtained at NIMT and NM1J
0.15%
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ENIMT@ 70cm
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Figure 6. SSE determination results of the 650 nm
standard radiation thermometer obtained with indirect
method. The solid line series are the SSE determined
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at NIMT in this work when the dot line series are the
SSE measured at NMIJ.

The results of the SSE determination in this
work do not only have the same tendency as the SSE
results measured at NMIJ but also show the close
proximity from both the measurement results.

Conclusions

The results from the SSE determination by
indirect method in this work show a very good
agreement with the SSE determination results
obtained at NMIJ with the same method. Although the
calibration facility and staff are different, the results
from the SSE determination of the same standard
radiation thermometer are shown that the different are
within 0.008% which are 10 times better than the
results from the previous work. This new facility for
the SSE determination by the indirect method will be
used for investigated the SSE of other standard
radiation thermometers calibrated at NIMT.
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Abstract

The interaction between polarized light on magnetized media under external magnetic field can be
investigated by magneto-optical Kerr effect (MOKE). In this work, we study the polar and longitudinal
MOKE measurements by using either home—made electromagnet or movable permanent magnet for
generating an external applied magnetic field. The external magnetic fields are applied ether
perpendicular or parallel to thin film samples. The home-made electromagnet is constructed with coil
diameter and length of 8.6 and 9.1 cm, respectively, using copper wire with 4,500 turns and the
measured coil resistance equals 70.4 Q. The magnetic field strength can reach 1,110 Gauss at the
applied current of 2.84 A. For another type of applied magnetic field, a 5x5x2 cm® NdFeB permanent
magnet with the magnetic field strength of 1,700 Gauss (measured at 10 mm far from the magnet
surface) is also used. This magnetic field can be varied by movable this permanent magnet utilizing a
stepping motor. The MOKE measurement setup consists of a low-cost diode laser at wavelength of 654
nm, two polarizers, a photoelastic modulator (PEM), a lock—in amplifier and a photo-detector. The
linear polarized light reflected from the surface of the sample is modulated by PEM with A/4
retardation at frequency of 42 kHz. The nickel thin film prepared by electro-deposition technique is
used to examine MOKE under two types of magnetic sources. We observe the MOKE of the nickel
thin film in both types of magnetic source. One of disadvantage of using the electromagnet is the
generated heat at high current while the lack of field uniformity and vibration from moving motor are
those for permanent magnet. The MOKE results are confirmed by our home-built vibrating sample
magnetometer in both of in — plane and out of plane directions. These results indicate that the saturated
field and coercive field occur at about 600 and 170 Gauss, respectively for out of plane mode while for
in—plane mode the magnetization is not saturated at our maximum field of 1,500 Gauss. The MOKE
setup has been developed to investigate the magnetic properties of metal phthalocyanine films such as,
NiTsPc, FeTsPc, CuPc, etc.

Keywords: Magneto-optical Kerr effect (MOKE), electromagnet, permanent magnet

plane of incidence and normal to the sample surface.

Introduction For longitudinal mode (L-MOKE), the applied

. . . . magnetic field is parallel to both the plane of

The interaction between polarized light and jycidence and the sample surface. For transverse

magnetized media under external magnetic field can mode (T-MOKE), the applied magnetic field is

be investigated by magneto-optical Kerr effect  normg) to the plane of incidence and parallel to the
(MOKE). The MOKE was first observed by John sample surface.

Kerr in 1877 [1-2]. The plane of polarization of light The MOKE setup is a very useful technique for

reflected from sample is rotated due to the interaction investigating the magnetic properties of thin film of

with the magnetization of the sample. The amount of various materials such as metals and organic

rotation, called Kerr rotation, is proportional to the compounds. In this work, the generating magnetic

magnetization of the sample. field for MOKE technique is designed by using a

Three different geometries in MOKE experiment 156 made electromagnet and a movable permanent
setup are shown in Figure 1. For polar mode (P- magnet for studying magnetic materials.
MOKE), the applied magnetic field is parallel to the
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Figure 1. Three geometries of MOKE measurements:
(a) polar, (b) longitudinal and (c) transverse modes.

The application of MOKE to study surface
magnetism was introduced by E.R. Moog and S.D.
Barder in 1985 by surface magneto-optical Kerr effect
(SMOKE) [3]. The first system was used to study
ultrathin Fe film growth on Au(100) substrates. The
magnetic properties of organic thin films have been
investigated by magnetic circular dichroism (MCD)
and magneto-optical Kerr effect (MOKE) techniques
[2-3]. The films of metal phthalocyanine (MPc, M =
Ni, Fe, Co and Mn) are one of those films with wide
interest. A MPc molecule consists of a metal atom M
as a center of the molecule surrounded by a ring
structure composed of nitrogen, carbon and hydrogen
[5]. The MPc thin films have been extensively
investigated theoretically and experimentally due to
their potential applications in future electronics, such
as gas sensor devices [4] and data-storage devices [6].

In this work, we develop the MOKE
measurement apparatus with polar and longitudinal
modes using either a home—made electromagnet or a
movable permanent magnet as an external magnetic
field generator. The MOKE setup has been developed
to investigate the magnetic properties of both metal
and organic thin films.

Materials and Methods

Nickel and FePc thin films are used as samples
during the development of the MOKE setup. Nickel
thin films are prepared by electro-deposition
technique. The FePc thin films are fabricated using
layer by layer (LBL) technique [7].

Power Supply
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The schematic diagram of the MOKE
measurement setup with longitudinal mode is shown
in Figure 2. A diode laser is use as a light source with
the wavelength of 654 nm and the power of 1 mW.
The light beam is linearly polarized by polarizer P1,
reaches and reflected from the sample, passes through
a photoelastic modulator (PEM-90™ model, Hinds
Instrument, Inc.) and polarizer P2, respectively, and
finally reaches a detector (DET210 high speed silicon
detector, Thorlab, Inc.). The PEM modulates the light
beam with A/4 retardation at the frequency of 42 kHz.
The signal detected by the detector is connected to a
lock-in amplifier (5610B two phase Lock —in
Amplifier, NF Corporation), which is using the
reference signal from the PEM controller. The
orientation of the magnet can be changed between
applying the magnetic parallel to the film for
longitudinal mode and perpendicular to the film for
polar mode.

The calculation of the Kerr signal, ¢, , is based

on the previous study in reference 3. The optic axis of
the analyzing polarizer P2 is rotated to the orientation
which the minimum intensity of light detected by the
detector, then rotated more by a small angle & (5° or
8°) then fixed. The Kerr signal is then given by

S,
2

0, M)

I

where | and |, are the intensities with and without

applied magnetic field, respectively.

The home-made electromagnet is a coil with
4,500 turns of copper wire. The coil dimensions are
8.6 c¢cm in diameter and 9.1 cm in length. The
electrical resistance of the coil is measured to be 70.4
Q. The magnetic field strength of the home-made
electromagnet is measured using a magnetic field
sensor (CI-6510A model, PACSO scientific). The
sensor was connected directly to an analog channel on
the ScienceWorkshop 500 interface (CI-6400 model,
PACSO scientific) and controlled with a computer via
DataStudio program. The position of the NdFeB
permanent magnet (size of 5x5x2 c¢m?) is controlled

Electromagnet

PEM

~ P2
S~ / Detector
~ ~
DpM

by a $tepping motor and the magnetic field strength is
measpred by a Hall probe (13610.02 tangential with
proteftive cap model, PHYWE Systeme GmbH).

Results and Discussion

agnetic field distribution of the home-made

Lock-in amplifier blectfomagnet
oP |' | . . . -
P M:': |Eh|e distribution of component along the coil
PEM T Digital Multimeter X e magnetic field as a function of the position
Controller along the z- axis of our home-made electromagnet is

Figure 2. Schematic diagram setup for longitudinal
MOKE measurement.
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shown in Figure 3. The magnetic field strength is not
uniform along the coil axis. However, the uniformity
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is better around the center of the coil than the around
the edges. The magnetic field strength is controlled by
an electrical d.c. power supply. The maximum voltage
of 200 V can be applied to the coil generating the
current of 2.84 A, resulting in the maximum magnetic
field strength of 110 and 50 mT at the center and the
edge of the coil, respectively.

The stability of the magnetic field strength
generated by the coil was investigated. The magnetic
field strength at the center of the coil produced from
using the maximum applied voltage of 200 V
decreases linearly from 110 mT to 98 mT after
operating for 10 minutes. It is considered due to the
decrease of applied current from the increase of the
resistance of the coil resulted from the heat generated.

120 T T T T T T
o Electromagnet

L .F \ L E
: 80 |- j YWco =3 :j 9
£ | fl _
m 40 | fﬂ z .

I~ [} R-
0 | ] ] T.'-_-,
-10 -5 0 5 10

Z(cm)

Figure 3. Magnetic field distribution along z-axis of
home-made electromagnet.

B. Magnetic field distribution of the movable
permanent magnet

The magnetic field strength distributions of a
movable permanent magnet are shown in Figure 4.
Figures 4 (a) and 4 (b) shows the contour plots of the
magnetic field strength components perpendicular to
the surface and parallel to the surface, respectively,
near the surface (z = 2 mm) of the permanent magnet
In the area near the center of the magnet, the magnetic
field component perpendicular to the magnet surface
is dominated and the uniformity of the magnetic field
strength is moderated. In the area near the edges of
the magnet, the magnetic field is non-uniform.

-

Magnetic field
strength (mT)
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31936
3375
2813
2250
1655
1125

|
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Figure 4. Two-dimensional contour plot of magnetic
field (a) perpendicular (b) parallel to magnet surface
and (c) magnetic field distribution as a function of z
distance from permanent magnet.

Figure 4 (c) shows the dependence of the
perpendicular to the surface component of the
magnetic field strength on the distance z from the
magnet surface. This relation is used as a calibration
of the magnetic field strength applied to the sample
during the MOKE measurement.

C. Magneto-optical Kerr effect of nickel and MPc
thin films

The Kerr signals of electrodeposited Ni thin film
under applied magnetic field are shown in Figure 5.
For MOKE measured in the longitudinal mode using
the home-made electromagnet, as shown in Figure
5(a), the Kerr signal increases linearly with magnetic
field. The Kerr signal is not saturated at our maximum
applied magnetic field of 110 mT. In addition, the
result of the second scan (L2) slightly shifts from the
first scan (L1). It is considered to be due to the shift of
actual magnetic field strength from the calibration due
to heat generated during the scan.

For MOKE measured in the polar mode using a
movable permanent magnet, as shown in Figure 5(b),
the Kerr signal of electrodeposited Ni thin film



ssssssss

0.75

— T 117 1T 717

0.50 - (a) L1 .
© 025 ™
c L —

D g00 g a
w L i 4
- of

5 02 b .
~

-0.50

PR TR N T 1
0 40 80

LN

=]
=]

-0.75

-120 -40 120

Applied magnetic field (mT)

0.8 —r———T—
_ ol ® i
@
g) L
2 oo} -
= 3
Q L -
v -0.4
-0.8 i 1 i 1 1 "
-200 -100 0 100 200

Applied magnetic field (mT)

Figure 5. Kerr signals of electrodeposited Ni thin film
for; (a) longitudinal mode by home-made
electromagnet and (b) polar mode by a moving

permanent magnet.
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Figure 6. Kerr signal of FePc thin film in longitudinal
mode.

increase with magnetic field. The slope of the curve
decrease gradually with magnetic field indicating the
tendency to be saturated of the magnetization of the
film under the magnetic field. The results imply that
the magnetic easy axis of the Ni films is out-of-plane.
This is in agreement with that films energetically
prefer growing along the [111] direction of the bulk
nickel and this direction is the magnetic easy axis of
the bulk nickel. However, the results are very noisy. It
is considered to be due to the vibration of the system
from the movement of the permanent magnet during
the measurement.

The Kerr signal of FePc thin film measured
in longitudinal mode using a home-made
electromagnet is shown in Figure 6. The Kerr signal
increases linearly with magnetic field. In general,
organic materials are not magnetic materials. Very
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small magnetic properties are induced by week
magnetic field as in our study. The result indicates
that our MOKE setup is sensitive enough to measure
the magnetic properties of organic thin films.

Conclusions

We developed the MOKE measurement
setup using a home-made electromagnet and a
movable permanent magnet. The system is sensitive
enough to measure the magnetic properties of the
metal and organic thin films. The magnetic field
strength of the home-made electromagnet is more
uniform than that of the permanent magnet.
Disadvantage of using the home-made electromagnet
is the heat generated at high current while the lack of
field uniformity and vibration from moving drive are
disadvantages of the permanent magnet.
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Abstract

Rotary encoder is an angle measuring instrument. It is widely used in various instruments and
machines especially in the industrial segment such as printers, CNC machines, theodolites and servo
motors. At the moment, rotary encoder cannot be evaluated in Thailand because there is no approved
calibration system. This leads to a questionable performance of the encoder in the instruments and
machines. We have developed the self-calibration angle system to solve this problem. It consists of
three rotary encoders arranging in specific configuration. The measurement principle of a rotary
encoder (figure 1) is based on the Equal-Division-Averaged (EDA) Method. The system provides the
uncertainty of measurement of 0.15 arc second. The system can be used to validate and to evaluate

rotary encoders.

Keywords: Self-calibration, rotary encoder, angle standard

Introduction

We developed rotary encoder calibration system
for various purposes in angle metrology instruments.
This calibration system can self calibrate with
accuracy about 0.15 arc second and more useful
when compare the old model which stalled in angular
laboratory, National Institute of Metrology
(Thailand).

Materials and Methods

Principle of multi combination encoder, SelfA

Reading Head X

Diagram of self-calibration angle system

Figure 1.

Several sensors are setting around the one scale
disc with the same interval. One of sensor is chosen
main head, A;. When the scale rotate one revolution
angle signal deviation between main head, A; and
other head, A; carried out be & . Where i (i
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1,2,..., Ng) represent graduation line number, Ng is
total graduation line on scale disc. j (j = 1,2,..., Ny)
represent sensor head number, Ny is total number of
.

sensor head
7 X

of SelfA

Figure 2. Diagram

Table 1: Compare Specification between self-

calibration angle system and SelfA

Specification Self-Calibration  SelfA
Angle System

Accuracy 0.05" 0.15"

Encoder Plate 3 1

Reading Head 7 10

Measuring Vertical Vertical &

Axis Horizontal
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Figure 2. Position relation between a rotary encoder
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scale and sensor heads of self-calibration rotary
encoder

When main head, A; detect the scale i at the same
time another sensor head, A; detect scale i+(j-1)
Ng/Ny angle deviation between two position represent
& 1j) can be written as follows:

5i(1,j) =& — &, (jayng /N, @

The average of angle deviation, g4 between each
sensor, j from sensor head, i can be express with the
following formula

1 1
Hi Z_Zé‘i(l,j) =g __Zaﬂ(ifl)Ne/NH @
Ny 3 Ny =

From the law of fourier series we can prove by
mathematic about arbitrary periodic curve,

“An arbitrary periodic curve of 27 can be expressed
by the Fourier series, and when n-number of curves
with a phase shift of 2n/n at a time are averaged, the
averaged curve shows the sum of an integral multiple
of n-order Fourier components of the original curve.”

Following this law the average of angle deviation, g
is calibration curve of rotary encoder but in
order

equation(2) not include Ny of fourier

1
component, N_ Z CRENS
H j=L

Figure 3. Multi-combination between 4 sensors set
and 7 sensors set of selfA system

% | L ] | |
0 60 120 180 240 300 360

Angle Position [°]
Figure 4. Self calibration result of 4 sensors set, M
and 7 sensors set, MC"
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Figure 5. Fourier component of 4 sensors set, M
and 7 sensors set, M“"

Calibration results of 4 sensors set not have 4™
component and 7 sensors set not have 7" component.
We purpose compensate lack of each result to another
one. How ever this method still lacks every 28"
components from least common multiple (L.C.M)
rule.

-2

Angle Deviation ["]
= .
&

. _

% L | ! L L
0 60 120 180 240 300 360

Angle Position [°]

Figure 6. Combination of calibration result of 4 and 7
sensors set, M2
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Figure 7. Fourier component of combination between
4 and 7 sensors set, M%)

Phase shifted combination method

When analysis combination of calibration
result we use fourier transform and inverse fourier
transform. We purpose phase shifted combination
method which more simple explanation. When create
7 shifted curve of 4 sensors set, M®™ with same
interval of 2n/7and average as shown in Figure 8.

Angle Deviation ["]

60 120 180 240 300 360

Angle Position [%] Fi

Figure 8. 7 shifted curve and average of M
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Figu
Figure 9. Fourier component of average M

According to law of fourier series the average curve
in Figure 8 have only 7" fourier component. We add
result of 7 sensors set, M in Figure 4 with average
curve in Figure 8 and create new formula

M =M 4+ M, ©)

Experiment and Results

Rotary table built-in MC-selfA encoder

We developed the Rotary table built-in MC-selfA,
figure 10 shows the picture of the selfA47-table.This
table uses an air bearing (AB-80: CANON), 10 pieces
of sensor heads (SMD-01: SEIKO NPC
CORPORATION) are arranged as shown in fig. 3
(right side). This SMD-01 is a high-precision optical
encoder that employs a diffraction image projection
method. It incorporates an OEIC (Opto-Electric
Integrated Circuit) and LED light source in a single
package. Miniature clear-mold package size is (5.3 X
4.3 X 1.68 mm), and its resolution is 20 um pitch
pattern scale. The rotary scale disc (KOSHIBU
PRECISION CO., LTD) has 18000 graduation lines
and its scale pitch is 20 um and angle interval
corresponds 72”. The work table of the selfA47-table
is controlled by servo motor control.

- p5r02 2013 -
o e ‘ 7 -

Figure 10. The selfA system
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Figure 11. Calibration result of RON905 rotary
encoder by selfA47 and primary standard

Conclusions

The selfA is useful angle calibration system
when compare with self calibration angle system
however selfA still have weak point that lack of
frequency component data at the same number of
sensors we purpose prove this problem by multi
combination of selfA because this method can
evaluate higher frequency component with small
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number of sensors and calibration results curve have
much higher accuracy.
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Abstract

To support testing/calibration of Infrared Ear Thermometer (IRET) within Thailand, National Institute
of Metrology (Thailand) has been established the national measurement standard for IRET. The
measurement system composed of two main parts which are a heat source, blackbody furnace, and a
temperature measurement system, i.e., standard platinum resistance thermometer which can be
traceable to national temperature standard. The blackbody was designed as recommendation in the
Japanese industrial standard (JIS) T 4207:2005 - Infrared ear thermometers which has the effective
emissivity at least 0.9995. The measurement uncertainty of the blackbody furnace was estimated less
than 50 mK for 35 °C to 42 °C temperature range. This system capability complies with the 1SO 80601-
2-56, Medical electrical equipment — part 2-56: Particular requirements for basic safety and essential
performance of clinical thermometers for body temperature measurement.

Keywords: Infrared ear thermometer, calibration, national measurement standard.

Introduction

For clinical screening and medical diagnosis,
one of the most vital parameters apart from blood
pressure and heart rate is body temperature. The
temperature can be measured by using contact
thermometer, i.e. clinical mercury-in-glass
thermometers or clinical electrical thermometers. The
thermometers rely on conductive heat transfer
between body site and the thermometers. Therefore,
thermal equilibrium between body sites and the
thermometers is required taking time normally more
than 1 minute for the measurement. This is the
drawback of the thermometers especially when using
with infant or children. Also, mercury-in-glass
thermometer has problems of glass breakage and
toxicity of the material. To reduce measuring time and
avoid using of poisonous material, infrared ear
thermometer (IRET), one type of non-contact
thermometers, is used instead of contact
thermometers. IRET determines subject’s temperature
by means of detecting the intensity of thermal
radiation emitting from ear canal which has emissivity
close to unity. At present, IRET has been widely
used in Thailand both in household and infirmary. To
assess conformity of the instrument, calibration or
testing of the device is necessary and also traceability
system to national standard is required.

National Institute of Metrology (Thailand),
NIMT, is responsible to establish and maintain
national standard to support measurement activities in
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Thailand, and link the traceability to international
measurement system. Thus, to support measurement
of IRET to be traceable to national temperature scale,
the national measurement standard for infrared ear
thermometer which is a blackbody furnace has been
established. Its performance has been verified and
present in this publication.

Thailand Measurement Standard for Infrared
Ear Thermometer

Thailand national measurement standard for
IRET is a blackbody furnace manufactured by Chino
cooperation Co., Ltd. The system composes of two
main parts which are temperature controlled bath,
including a cavity, and a temperature measurement
system which is a standard platinum resistance
thermometer (SPRT) and read out unit. The SPRT
was positioned at the cavity bottom and was
calibrated according to the international temperature
scale 1990 (ITS-90) from the triple point of water
(0.01 °C) to the freezing point of Zn (419.527 °C).
The uncertainty of SPRT calibration is less than 5
mK. Cavity of the blackbody furnace was made from
copper designed following as recommendation in
the Japanese industrial standard (JIS) T
4207:2005 - Infrared ear thermometers illustrated
in Figure 1. Inside cavity wall was coated by
special blackbody coating resulting in effective
emissivity value of 0.9995+0.0005. The cavity
was fully immersed horizontally in the temperature
controlled bath. For the bath, the working



temperature range is from 30 °C to 50 °C.
Distilled water is used as a medium. For bath
performances, stability and temperature distribution,
i.e. uniformity, was investigated by measuring
temperature variation within 2 hrs and maximum
temperature difference between temperature at cavity
bottom and any position along side of cavity,
respectively. The measurement standard was
maintained in controlled temperature and humidity
room. The room temperature was 23+2 °C and room
relative humidity was 55%+10%.

A

@60

200

Figure 1. Dimension of the cavity used (unit in
mm) [1].

Results and Discussion

Stabilities of the blackbody furnace were
measured at 35.5 °C, 37.0 °C, and 41.5 °C which
normally are the measuring points for IRET
calibration. The results were 2 mK, 2mK and 3 mK
respectively. Uniformity represented a source of
uncertainty due to blackbody emissivity (non-
isothermal case) was found to be less than 4 mK.
Uncertainty of the temperature measurement of the
blackbody furnace including stability and effect of
temperature distribution of cavity wall described
above was estimated to be 11 mK for all three
measuring points. Measurement uncertainty sources
of the blackbody furnace are shown in table 1. Effect
of heat loss inside cavity was estimated as same as in
[1]. For uncertainty due to effective emissivity of
isothermal cavity, the values were estimated
following MSL Technical Guild 22 [2] by adjusting
emissivity of the blackbody to the maximum and
minimum of possible value. On the same hand, effect
of change in ambient temperature was estimate by
varying ambient temperature from 21 °C to 25 °C. The
results in the table 1 were evaluated for commercial
IRET which has 8 um to 14 um operating spectral
wavelength.

The results indicate that uncertainty of the
national measurement standard for IRET is less than
50 mK which complies with the 1SO 80601-2-56,
Medical electrical equipment — part 2-56: Particular
requirements for basic safety and essential
performance of clinical thermometers for body
temperature measurement. The measurement system
established here is suitable to be measurement

standard for calibration of working standard
blackbody radiator for secondary calibration
laboratory which requires uncertainty of the
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measurement less than 70 mK. Traceability of the
national measurement standard for IRET is shown in
Figure 2.

Table 1: Uncertainty budget of
measurement standard for IRET

the national

Temperature of Blackbody

Component of furnace (mK)

uncertainty 355°C 37.0°C 415°C

Calibration of SPRT 5
Temperature
measurement  (incl. 1
stability and
uniformity)
Heat loss inside 1
cavity
Eff_ectlve emlss_lvny 12 13 17
of isothermal cavity
Effect of change in
. 2
ambient temperature
Calibration of 2
indicator (incl. drift)
Drift of SPRT 2
Combmed standard 17 18 21
uncertainty
Extended uncertainty
(95% confidence 34 36 42
level)
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National standard for temperature
(fixed points, u = +0.001 °C)

A

Standard Platinum Resistance Thermometer
(u==0.005 °C)

National measurement standard for IRET
(blackbody radiator, u = +0.05 °C)

Figure 2. Traceability for national measurement
standard for IRET with its uncertainty (u) at 95%
confidence level.

To be confidence in the capability of national
standard, Thailand national blackbody standard for
IRET was compared with the national measurement
standard of Japan at National Metrology Institute of
Japan (NMWJ), AIST. Radiance temperature difference
between two national standards was found within 10
mK [3] illustrating good agreement between two
national radiance temperature scale.
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Conclusions

NIMT has established national measurement Standard

for |

RET with uncertainty less than 50 mK for

temperature range from 35.5 °C to 41.5 °C. The

stand

ard can be used to transfer national radiance

temperature scale from NIMT to working standard in
secondary calibration laboratory.
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Abstract

The accurate temperature measurement and control is essential to maintain high quality of products and
efficiency of industrial operation process. An example of high temperature measurement and control is
in fabrication process of iron and steels which are one of the key products for Asian Economic

Community (AEC). For this high temperature range (above 1000 °C), thermocouples are the most
extensively used. Currently, the accurate of high temperature measurement is limited by an
achievement of low calibration uncertainty. The best way of thermocouple calibration is by using the
metal fixed point temperature assigned on the International Temperature Scale 1990 (ITS-90) which

has the highest temperature at the freezing point of the copper (1085 °C). In this paper, the
measurement of the melting point of a cobalt carbon (Co-C) eutectic fixed point cell for high

temperature measurement above 1085 °C is realized by using the Pt/Pd thermocouples. The results

show that the reproducibility of the Co-C eutectic fixed point cell at 1324 °C can be achieved within 50
mK.

Keywords: Temperature measurement, 1TS-90, Eutectic fixed point, Thermocouple, metal fabrication.

which has the highest temperature at the freezing

point of the copper (1085 °C). However, there is
considerable need to ensure the reliability of higher

Iron and steels are one of the key products temperatures than fixed points specified in ITS-90 [2],
for Asian Economic Community (AEC). additional high temperature fixed points with well
Manufacturing iron and steel, an alloy of iron, have ~ known thermodynamic temperatures will give an
advances over the past decade to provide reliable ~ improvement to practical temperature measurement.
clean material with precision properties and Pure metal fixed points such as the freezing point of
performance. The melting temperature ranges of iron  Palladium (1554.8 °C), platinum (1768.2 °C) and
and steel are important to manufacturers because the ~ rhodium (1963 °C) have been recommended above
success fabrication depends on the correct selection of ~ the freezing temperature of copper as secondary
solidification temperature. The melting point of iron  reference points [3]. In principle, any pure metals that
is reported approximately 1535°C and the melting ~ have melting point higher than copper could be used
point of steel depends on its type (almost 90% carbon as hlgh-f[emperature f|XEd_ points. However, the
steel) is varied from 1320°C to 1530°C [1]. problem is the lack of a suitable material to contain
Fabrication processes such as casting, annealing and ~ the molten pure metal for example ceramics are too
extrusion of iron and steel are usually performed at  fragile to make a crucible, and the contamination
high temperature above 1000 °C. For this high between the metal and its crucible. Therefore,
temperature range, thermocouple are the most Yamada (1999) proposed that metal-carbon eutectic
extensively used temperature sensors because of their ~ @lloys, in graphite crucibles, could be used as fixed

simplicity, low cost, robustness and wide temperature points instead of pure metals for a solution to the
range used up to 2300 °C. fragile crucible and contamination problems [4].

Introduction

o ) In this paper, we present the measurement of the

The eutectic fixed point melting point of a cobalt carbon (Co-C) eutectic fixed
point cell by using the Pt/Pd thermocouples [5,6]. It is

The best way for thermocouple calibration is by thus of significant interest to examine the effect of
using the metal fixed point temperature assigned on exposing the thermocouple to such treatment in
the International Temperature Scale 1990 (ITS-90) temperature range used in iron and steel fabrication.
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The stability of the Pt/Pd thermocouple under test at

intervals over a period of 500 hours is presented.
This paper is arranged as follows. First, the
construction of the thermocouples and fixed point is
explained.Second, the measurement results of the
Pt/Pd thermocouple at Co-C fixed point cell is
described, and finally the results of the stability is
presented and disscused.

Construction of Thermocouple

The Pt/Pd thermocouple was constructed using
high purity metal wires of 0.5 mm diameter and 2000
mm length. The purities of the Pt and Pd wires were
99.997% and 99.97% respectively. The Pt wire was
annealed electrically in air for 10 h at approximately
1300 °C and the Pd wire was annealed electrically at
the same temperature for 10 h before cooling to
ambient temperature by switching off the current. The
purposes of annealing the thermocouple are to
produce a homogenous structure, remove the strain
from cold work handling during assembly, equilibrate
the point defects and remove the contaminants.

The annealed thermocouple wires were inserted
gently into twin bore high purity alumina insulating
tubes. The twin bore tube was used to support the
wires and insulate the bare wires before reaching the
measurement junction. The wires were inserted into
the alumina insulator tube, and 1000 mm from the
measuring junction of the thermocouple was annealed
at 1100 °C in a horizontal furnace for a further 1 h to
remove cold work introduced during assembly. The
measuring junction was formed by welding the two
thermoelements  together. The thermoelements
emerging from the alumina insulator were insulated
with flexible Teflon tubes and connected to a pair of
Cu wires of diameter 0.3 mm to form the reference
junction. Figure 1 shows the Pt/Pd thermocouple after
assembly.

Figure 1. The noble standard Pt/Pd thermocouple after
assembly.

The Eutectic Fixed Point and Furnace

The primary calibration services of the noble
thermocouples by National Measurement Institutes
are usually performed by using a series of fixed
points: the freezing points of tin (231.928 °C), zinc
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Co-C fixed points after exposure to 1350 °C at

(419.527 °C) and copper (1084.62 °C) for range up to
1100 °C. For the range up to 1500 °C, the calibration
employs the melting point of the cobalt-carbon
eutectic (1324 °C) and the palladium-carbon eutectic
(1492 °C). Figure 2 shows the standard fixed point
crucible and cross section showing the ingot material
and thermometer re-entrant well. The fixed point
material is contained in a graphite crucible. The
Graphite cap to the crucible incorporates the
thermometer re-entrant well. The furnace must
provide a uniform-temperature zone for maintaining
the fixed point temperatures to be able to be closely
controlled of melting and freezing cycle. The fixed
point graphite crucibles are protected from oxidation
by enclosure in a ceramic or silica tube (depending on
temperature), as in Figure 3. The fixed point
assembly has a graphite equalizer block with many
layers of thermally insulating by graphite felt and
radiation baffles. To protect the thermometer from
graphite, an alumina tube is inserted to the fixed point
crucible to be a thermometer well. The assembly is
purged and filled of inert gas (Ar) to prevent
oxidation of the graphite [7].

Thermomeéter entrant
Material ingot

Graphite crucible

Figure 2. The standard fixed point crucible (left) and
the cross section with thermometer (right)

The typical fixed point furnace is a three-heater
zone tube furnace shown in Figure 3. The inner tube
of the furnace must be adequate to accommodate the
cell assembly, which is 80 mm in diameter and 750
mm long. The temperature uniformity of the furnace
needs to be well within the few degrees over the
length of the crucible. The temperature profile of the
three zone fixed point furnace suitable to maintain the
Co-C eutectic cell is shown in Figure 4. The
measurements were performed by withdrawing a
reference thermocouple in steps from the bottom of
the fixed point cell up through the thermometer well.

Thermometer
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Figure 3.The three zone fixed point furnace with the
fixed point cell construction.
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Figure 4. The temperature profile of a furnace that is
suitable for the use with a Co-C eutectic fixed point
cell. The axial uniformity of this furnace is within 1.5
°C.

Measurement Results and Discussion

To initiate the melting point, the furnace
temperature is slowly raised with temp rate 2.5
°C/min to about 10 °C below the melting temperature
of the Co-C metal eutectic. It is held at this
temperature for at least 1 hr to ensure thermal
equilibrium has been established. After 1 hr, the
thermocouple output versus time shows thermal
equilibrium between the thermocouple and the
furnace. Then, the temperature of the furnace is
increased to about 20 °C above the fixed-point
melting temperature. By recording the thermocouple
output versus time (e.g. in Figure 5), as the furnace
temperature increases, a melting plateau is observed.
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Once the melt has been completed, the furnace is set
to about 20 °C below the freeze temperature. The
temperature of the fixed point cell will fall below the
freeze temperature (supercooling), followed by
recalescence. Then the thermocouple output will
indicate a freeze plateau. After the freeze completed,
the cell is cooled down to the furnace temperature as
shown in Figure 5.

19100 -
19000 10°C
18900

18800 o

Inflection paoint

\

M elting

18700 o

18600

18500 o N
Freezing

18400

Thermocouple output fu

—— PHPd
—=— 3rd order fitting

Time f min

Figure 5. A representative curve of the melting of a
Co-C eutectic cell measured with a Pt/Pd
thermocouple.

For the realization of the melting point of the
eutectic fixed point temperature, the inflection point is
used in the melting curve [8]. The unique value of the
thermocouple emf at the inflection point is then
compared with the standard reference emf function of
the Pt/Pd thermocouple at the assigned fixed point
temperature [9]. The measured thermocouple emf
values at the melting point of Co-C for this Pt/Pd
thermocouple was 18589 + 2 pV.

To evaluate the thermocouple stability such
treatment in temperature range used in iron and steel
fabrication, the exposed temperature for the
thermocouples was selected to be 1350 °C, and was
applied using a horizontal single-zone tube furnace.
The output of the Pt/Pd thermocouple was measured
at the melting point of the Co-C eutectic before
ageing, and again every 100 h during the ageing
process. The stability of the Pt/Pd thermocouple
measured at the melting point of Co-C is shown in
Figure 6.

The emf values of the Pt/Pd thermocouple at the
Co-C melting point drifted upward before getting
stable. After the first ageing step of 100 h, a drift in
the emf of about 1.5 puV (64 mK) was observed.
During further ageing, from 200 h to 500 h, the Pt/Pd
thermocouple retained its stability within about 0.8
uV (34 mK). This data showed that the stability of
this Pt/Pd thermocouple at the Co-C eutectic fixed
point is comparable to that of other Pt/Pd
thermocouples e.g. reported in [6].
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Figure 6. The thermoelectric stability of the Pt/Pd
thermocouple at the melting point of Co-C as a
function of ageing time at 1350 °C, with measurement
uncertainty (k=1).

Conclusions

The measurement of the melting point of a
cobalt carbon (Co-C) eutectic fixed point cell for high
temperature measurement above 1085 °C was realized
by using the Pt/Pd thermocouples. A  Pt/Pd
thermocouple was constructed for a study of its
thermoelectric stability at regular intervals during a
500 h ageing program at 1350 °C. The stability was
measured every 100 h at the Co-C eutectic fixed
points. The results show that the reproducibility of the
Co-C eutectic fixed point cell after the thermocouple
first ageing step of 100 h can be achieved within 50
mK. These results show that the performance of the
Pt/Pd thermocouple has good stability to the high
temperature thermal environment.  Moreover, the
implementation of high temperature eutectic fixed
points for thermocouples calibration could lead to an
improvement in high temperature measurement for
iron and steel fabrication.
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Abstract

In this research we determine the harmonics in a Thai classical instrument; Cha-Kae, using Fourier
analysis. The musical timbre of a steady tone is also determined by calculating the decay of each
harmonics presented in a series. The result shows that  a sound from Cha-Kae is made up from many
frequencies, which included the fundamental and several harmonics. As an example, a sound spectrum
of the note C (middle) played on a first string of Cha-Kae consists of one dominant frequency (228 Hz)
with the loudness of -16 dB. and several frequencies 461, 688, 1147.5, 1377.5, 1604, 1835, 2070, 2311
Hz, etc. with less amplitude -18, -24, -27, -29, -30, -34, -26,  -31 dB respectively. The ratio between
these frequencies and the lowest frequency are much closed to a whole number. This set of frequencies
is called harmonic series. So the fundamental or the 1% harmonics is 228 Hz, the 2" harmonics is 461
Hz, the 3" harmonic is 688 Hz, and so on. The difference between nearby harmonics is constant and
equals to the fundamental frequencies (228 Hz). The waveform produces by Cha-Kae contains richness
of musical tones, as the result of the superposition of various harmonics. From the calculation of the
decay in each harmonics we observed that the plucking action gives it a sudden attack characterized by
a rapid rise to its peak amplitude. The decay time is less than 1 second for almost every harmonics
except the first three harmonics which is continued until 2 seconds. The relative amplitudes and the
decay of the various harmonics primarily determine a tone color or timbre of the sound. An
understanding of harmonics can be very helpful in better understanding what’s happening in a Cha-Kae
and allows a musician to manipulate it to make its sound the way he wants.

Keywords: Cha-Kae, Fourier analysis, harmonic, fundamental frequencies, decay time.

number multiples of the fundamental frequency,
Introduction In other words. If f is the fundamental frequency, then
a harmonic spectrum has the from {..., -2f, -f, 0, f, 2f,
...}. The first eight harmonics of the note C is shown
in figure 1.

Cha-Kae is a musical instrument that is based on
a harmonic oscillator (string) which oscillates at
numerous frequencies simultaneously. At these
resonant frequencies, waves travel in both directions
along the string, adding and canceling each other to
form standing waves. These frequencies are mostly
limited to integer multiples, or harmonics, of the
lowest frequency. Any complex tone is a combination Q) ~
of several simple periodic waves or partials, each with
its own frequency of vibration, amplitude and phase.

A struck string on Cha-Kae produces many -©-
frequencies which include the lowest partial (the . <)
fundamental frequency), which is the one created by S' (@)
vibration oven the full length of the string, and several >

harmonics [1,2]. This phenomenon is in contrast to S
a percussive musical instrument that the combination -

of frequencies does not form a harmonic series.
The harmonic series is a series containing only Figure 1. First eight harmonics on C.
frequency components whose frequencies are whole
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Materials and Methods

We first recorded the sound from Cha-Kae using
a hi-speed recorder and saved as a wav file on the
computer. Then we characterize a periodic waveform
in terms of harmonics using Fourier analysis.
Switching from a time to a frequency plot can make
the harmonic content more evidence. Most computer
programs use a simplified version of Fourier analysis
called the Fast Fourier Transform (FFT) [3,4]. We
also calculated the decay of each harmonics presented
in a series.

A
Time (s)
r'y
1.-
Violin
E
E
k-
w
| >

Frequency (Hz)

Figure 2. A Fourier transform converts a time domain
into the frequency domain.

Results and Discussion

A waveform of the note C (middle) played on a
first string of Cha-Kae is shown in figure 3. The
x-axis represents time (in second) and the y-axis
represents amplitude of the sound (in dB). It shows
one cycle of waveform that can easily be seen to be
symmetric with positive peak amplitude excursions
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equal to the magnitude of the negative peak amplitude
excursions.

Amplitude (dB)

Time (s)

Figure 3. A wave-form of the note C (middle) played
on a first string of Cha-Kae.

The figure above also shows the attack and
decay of a Cha-Kae string. The plucking action gives
it a sudden attack characterized by a rapid rise to its
peak amplitude. The decay is about 2 second long and
gradual by comparison. The up/down patters is a
result from the interference of various harmonics
present in the sound.

A spectrogram of the note C (middle) is shown
in figure 4. The x-axis represents time (in second), the
y-axis represents frequencies of the sound (in Hz.)
and a color value represents the relative power at each
time and frequency. The Fourier transforms converts

doFs {324
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10 [4505] |
[4166]

Frequency (Hz)

Time (s)
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Figure 4. A sound spectrum of the note C (middle)
played on a first string.

a time domain waveform into a frequency spectrum.
As we seen from the figure, note C is not a simple
pure tone (or one frequency), it is made up from
several different frequencies or partials. The lowest
frequency is 228 Hz, with the highest loudness of
-16 dB. Another frequencies are 461, 688, 902,
1147.5, 1377.5, 1604, 1835, 2070, 2311 Hz. etc, with
less amplitude -18, -24, -27, -29, -30, -34, -26, -31 dB
respectively. The ratio between these frequencies and
the lowest frequency (288 Hz) are 2.02, 3.01, 3.95,
5.03, 6.04, 7.03, 8.04, 9.07, 10.13, etc, These ratios
are very closed to the integer 2, 3, 4, 5, 6, 7, 8, 9, 10,
etc. Since a harmonics is a set of partials that are
whole number multiples of a common fundamental
frequency, these frequencies form a harmonic series.
In our case the fundamental or the 1% harmonics is
228 Hz, the 2" harmonics is 461 Hz, the 3"
harmonics is 688 Hz. and so on as show in figure 5.
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Figure 5. A spectrum diagram summaries the
frequency and the amplitude of the wave visually.
The horizontal position of the line represents the
frequency and its height represents the amplitude.

The decay times for the note C is plotted in
figure 6. As can be seen, the decay times vary
drastically among the various harmonics. The most
prominent harmonics are the fundamental (228 Hz),
the 2" harmonics (461 Hz) and the 3™ harmonics (688
Hz). The fundamental starts at a highest amplitude,
drops and grows four times before dying out at two
seconds. The 2" harmonic starts moderately loud,
grow and drop in the same manner as the
fundamental. The 3™ harmonics starts at low intensity,
grows and decays, and grows to maximum intensity at
0.7 second and then decays again until the intensity
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go to zero at 1.8 second. The decay times of another
harmonics are less than 1 second. This means that

su:u
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'%5”'“ A 80 H:

b Aty
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8

I‘ime(zs.)u

Figure 6. Decay times for the harmonics from note C
from Cha-Kae.

after 1 second the sound will consist mainly of the
first three harmonics shortly after the attack, since the
higher harmonics will fade away very quickly. The
relative amplitudes and the decay of the various
harmonics determine the musical timbre of a tone.

Conclusions

A sound from Cha-Kae is made up from many
frequencies, which included the fundamental and
several harmonics. A sound spectrum of the note C
consists of a fundamental (288 Hz.) and several

< < 6880 Hz; 2™ hamonics

(very low intensity)

OO M08z 3 pamonic
<:><><:><><> 11475 Hz ; 4D barmonics
OOOOQO 13775 Hz ; Sth harmonics

OOOOQOO 1604.0 Hz ; o™ harmonics

2280 Hz ; fundamental

461.0 Hz ; 15t harmonics
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Figure 8. Harmonics series of the note C from Cha-
Kae.

harmonics (461, 688, 1147.5, 1377.5, 1604, 1835,
2070, 2311 Hz, etc.) The difference between
consecutive harmonics is constant (228 Hz) and equal
to the fundamental (228 Hz) as shown in figure 8
Since pitch is a psychological reaction, our ears
respond to sound nonlinearly. We perceive higher
harmonics as closer together than lower ones. The
second harmonic sounds an octave higher. The third
harmonic, three times the frequency of the
fundamental sounds a perfect fifth above the second.
The fourth harmonic vibrates at four times the
frequency of the fundamentals and sounds a perfect
fourth above the third (two octaves above the
fundamental). Double the harmonic number means
double the frequency (which sounds an octave
higher). Human ears tend to group an integer
multiples of a fundamental frequency or the
harmonics into a single sensation. Listener perceives
them together as a tone color or timbre and assigns a
pitch to the sound based on the fundamental
frequency. An understanding of harmonics, together
with the frequencies of all notes on the scale of
Cha-Kae [5], can be very useful in better under-
standing what’s happening in a Cha-Kae and allows
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the musicians to make its sound the way they want.
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Abstract

Most of commercial thermo-hygrometers applied the linear equation as its calibration equation for both
relative humidity and temperature, so three calibration points for each parameter are required for the
thermo-hygrometer calibration by their manufacturer. Meanwhile calibration laboratories calibrate
thermo-hygrometers in terms of correction at points. As a result, it is rather difficult for users to apply
any calibration results for a whole range since the instrument’s behavior is non-linear and sensitive to
temperature. In this paper, two selected types of high accuracy thermo-hygrometer were intensively
calibrated for their relative humidity corrections throughout the relative humidity range of 30 % to 80
% at different temperatures of 15 °C to 30 °C. For each type, the resulting corrections were evaluated
by fitting to different polynomial equations to determine its best interpolation equation. It was found
that the quadratic polynomial equation of two variables for the relative humidity with the linear
function of temperature is accurate enough to use as an interpolation equation for these two types of
thermo-hygrometers. Moreover, for one type of them, the quadratic polynomial equation of two
variables both for relative humidity and temperature is very accurate, yielding the residual error of
lower than 0.1% for relative humidity. From this result, this type of thermo-hygrometer and its best
appropriate interpolation equation will be implemented for the next inter-laboratory comparison in
humidity measurement among calibration laboratories in Thailand.

Keywords: Thermo-hygrometer, calibration, interpolation equation

Introduction Problem
Presently thermo-hygrometers are widely used Fig. 1 show measurement results of a thermo-
in many applications especially for environment hygrometer in terms of relative humidity correction
control and industrial process control. For traditional for the range of 40% to 80% at different temperatures.
application, a narrow operating temperature range is It can be clearly seen that the correction values at any
enough, while a wide range is required for industry. relative humidity are changed by the air temperature.

Normally thermo-hygrometer manufacturers require Moreover the non-linearity can be found at the results
sensors which their response is linear for relative of 40%, 50% and 60% since the manufacture use a
humidity measurement so that a linear equation can linear equation as its calibration equation.

be used as their calibration equation. Moreover,
relative humidity at a given temperature is defined as
the ratio between the actual partial vapor pressure to
the saturation vapor pressure of the air temperature

——40%
1.0
-=50%
. X . . 08 \
[1]. That is the air temperature is a main factor 60%

affecting to the accuracy of thermo-hygrometers, oo

—T70%
. . . 0.2
contamination and condensation.

including non-linearity, thermal radiation, hysteresis,
0.0

A main task of this work is to study the 20 21 22 23 24 25
relationship between the thermo-hygrometer output Temperature / °C
and the actual relative humidity at any temperatures.
The aim is to find out an appropriate interpolate
equation which can describe the behavior of thermo- For properly use, thermo-hygrometers must be used at
hygrometer. It is expected that the resulting equation same temperature on certificate of calibration to avoid
will be used to determine correction values of relative ~ such a problem. Moreover 3 calibration points for
humidity at any temperatures accurately. each parameter (temperature and relative humidity)
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are not enough for a whole range calibration.

Methodology

In this work, two types of high accuracy thermo-
hygrometer were selected in this work. Firstly these
thermo-hygrometers were intensively calibrated for
their correction covering their measuring range as
much as possible. A dew-point hygrometer and a
platinum resistance thermometer were used as
reference thermometers to calibrate the test thermo-
hygrometers by comparison method in a 4.5 ft?
climatic chamber. An accuracy of the used dew-point
hygrometer and the PRT is traceable to NIMT
national standard in humidity and temperature
respectively. The climatic chamber used to generate
humid air was characterized for its stability and
uniformity for a whole operation range.

The calibration for each item was started from
the lowest temperature to the highest temperature. For
each temperature, at least 5 calibration points in the
relative humidity range from 30% to 80% are
required. Measuring relative humidity of thermo-
hygrometer, and the relative humidity and the air
temperature measured by the dew-point hygrometer
and the PRT were the main parameters which must be
recorded in this measurement.

Next the correction values at the calibration
points H(R,t) can be calculated by subtracting the
actual relative humidity value obtaining from the
reference thermometers (Rstp) with the reading value
of the test thermo-hygrometer (Ryyc.) as follows

H (th) = RSTD (t) - Ruuc (t) 1.

After that, the resulting corrections were fitted to
different polynomial function both for the relative
humidity and the air temperature using the regression
method. Finally the resulting interpolation equation
was used to estimate correction values at any relative
humidity and temperature in order to compare to the
measuring correction values.

Results and Discussion

Measurement results of one sensor for each type
are shown and analyzed. Here the first type and the
other one are defined as sensor A and sensor B
respectively. From the method mentioned above, it
was found that the polynomial function of the two
variables in Equation (2) to be sufficiently accurate
for both of them.

H(R,t) =b, +bR+b,R* + bt +b,Rt+b,R%
+byt? +b,Rt? (2),

where H(R,t) is resulting correction of the test thermo-
hygrometer at the relative humidity R and the air
temperature t measured by the dew-point thermometer
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and the PRT. The b; parameter is fitting coefficient
calculated from the measurements results of R and t.

Figure 2 shows the measured correction values
of the sensor A in comparison to estimate correction
values calculated from the interpolate equation above.
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Figure 2. Measured correction and estimate correction
calculated from the interpolate equation for sensor A

From the measurement result of the sensor A, the
non-linearity behavior can be clearly observed at low
temperatures.

Figure 3 shows residual errors of within £0.6%
from the measured value for the whole relative
humidity range. It seems the residual errors increases
with increasing relative humidity.
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Figure 3. Residual error from the measured value for
the thermo-hygrometer sensor A

For the sensor A, a poor fitting result was found with
the r? of lower than 0.9. Even increasing the order of
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the polynomial function, the measurement results are
still unable to fit accurately.
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Figure 4. Measured correction and estimate correction
calculated from the interpolate equation for sensor B

Figure 4 shows the measured correction values
of the sensor B and its estimate correction values
calculated from the interpolate equation in Equation
2. For the sensor B, a good fitting result was found for
its measurement results with r? of greater than 0.99.
Furthermore, this sensor seems to response to relative
humidity linearly for all test temperatures.

For the sensor B, the associate residual errors
from the measuring value are not larger than +0.1%
for the whole range of 30% to 80%. The advantage of
applying this interpolate equation for the calibration
results is that the calibrated thermo-hygrometer can be
used at any temperatures cover the whole calibration
range with much lower error. At this stage, the
maximum of residual error is considered as an
uncertainty for the whole range calibration.
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Figure 5. Residual error from the measured value for
the thermo-hygrometer sensor B

Even a good agreement was found for this type of
thermo-hygrometer, it should be noted that this is the
results from one sample of this type. In fact, more
than two sensors for each type must be investigated to
ensure their behavior. Therefore an ultimate goal of
the subsequent work is to identify the characteristic of
frequently used types of thermo-hygrometer.

Conclusions

Two types of high accurate thermo-hygrometer
were investigated to find out the sufficiently general
interpolation equation for each type. With the
quadratic polynomial equation of two variables for
relative humidity and temperature, a good agreement
between the measured values and the estimate values
was found for the calibration result of one sensor. As
a result, this type of thermo-hygrometer and its
appropriate interpolation equation are already
implemented for the in progress inter-laboratory
comparison in humidity measurement of Thailand.
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Abstract

The resistance thermometer bridges are the devices used by National Institute of Metrology (Thailand)
for the standard platinum resistance thermometers (SPRTs) calibration. Performance of thermometer
bridges is significant to determination of uncertainties of the SPRTSs calibration. This paper presents the
effects from using the different bridges, AC bridge and DC bridge. The results of the different bridges

are summarized.

Keywords: Resistance thermometer bridges, Standard platinum resistance thermometer calibration

Introduction

The International Temperature Scale of 1990
(ITS-90) defines temperatures from Triple point of
equilibrium of hydrogen (13.8033 K) to Freezing
point of silver (1234.93 K) of Standard Platinum
Resistance Thermometers (SPRTs) calibration [1].
The performance of the resistance ratio bridges
estimation of the uncertainties arising from the
resistance measurement. It is necessary to accurately
measure the resistance ratio with the resistance
thermometer bridges.

Normally, National Institute of Metrology
(Thailand), NIMT, use DC bridge model MI 6010 for
the calibration of SPRT. AC and DC Bridge are used
a similar principle of measurement. The measured
resistor Rx, the resistance of SPRT, is compared to

Rs, AC/DC standard resistor, the result of
measurement is a ratio n;
n = Rx/Rs

A bridge circuit is a type of electrical circuit
in which two circuit branches (usually in parallel with
each other) are "bridged" by a third branch connected
between the first two branches at some intermediate
point along them. The bridge was originally
developed for laboratory measurement purposes and
one of the intermediate bridging points is often
adjustable when so used. Bridge circuits now find
many applications, both linear and non-linear,
including in instrumentation, filtering and power
conversion [2].
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Measurement system

The resistance thermometer bridges used in this
study consist of one AC bridge (ASL model F900)
and one DC bridge (model MI 6010).

AC bridge ASL model F900 is based on
measuring the resistance with alternating current [3].
The current flows through the AC/DC standard
resistor compare with the SPRTs. The maximum ratio
of this bridge is 1.299999999. The ASL F900 bridge
are shown in Figure 1.

Figure 1. The AC bridge ASL model F900.

DC bridge model M1 6010 is based on measuring
the resistance with direct current [4]. The current
flows through the AC/DC standard resistor and the
resistance thermometer are adjusted in the inverse
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ratio. The maximum ratio of the bridge is
13.00000000. The DC bridge are shown in Figure 2.

Both resistance thermometer bridges were placed
inside the primary thermometry laboratory. AC/DC
standard resistors, 25 Q, were placed inside the oil
bath with temperature stability of + 1°C. This
measurement we have used standard platinum
resistance thermometer (SPRT) having resistances of
25 Q at the triple point of water (0.01°C), Tinsley
model 5187SA quartz sheath thermometer. The Water
Triple Point cell was used in this measurement.

Figure 2. The DC bridge Ml 6010.

We Placed the Standard Platinum Resistance
Thermometer in the thermometer well of water triple
point cell, shown in Figure 3. The SPRT and AC/DC
standard resistors were connected directly to the AC
bridges. After finished the first measurement, we
move the cable connectors to MI 6010 DC bridge.

All measurements were performed on the same
fixed point cell plateau of triple point of water cell.
The measurements are reported using the two
currents, which are 1 mA and V2 mA, and recorded
for 250 readings with reversal time of current 20
seconds per reading. The performance was evaluated
by observing the standard deviation of the resistance
readings one and half hour of measurement. An
operating frequency of the AC bridge is 75 Hz.

Measurement setup was investigated. All devices
in the laboratory were switched on as normal use.
Electric devices emit amount of electromagnetic
interference. Especially critical are some power
supplies for laptop computers, computer monitor,
UPS, etc. Computer monitor was placed near the
thermometer bridge.
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Figure 3. The SPRT in the water triple point cell.

Results

The measurement results of SPRTs with ASL
F900 AC bridge are shown in Figure 4.
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Figure 4. Resistance measurement of SPRT with the
ASL F900 AC bridge in the triple point of water cell.
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Figure 5. Resistance measurement of SPRTs with the
MI 6010 DC bridge in the triple point of water cell.

The average values of all measurements, DC
bridge and AC bridge, are shown in Figure 6. There
was a lot of noise in the measurements. Many
researches with interference sources were conducted
on the thermometer bridge [5]. AC bridges are more
susceptible to electromagnetic interference from
electronic devices and interference from the power
supply voltage.

AC and DC thermometer bridge
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Figure 6. Comparison resistance measurement of
SPRT with AC bridge and DC bridge in the triple
point of water cell.

Conclusions

Many laboratories have not had as much
success with AC bridges, seeing noise closer to 50
MK. We have gotten better results in NIMT’s
laboratory with DC bridge, which give us noise within
20 pK, compared to about 50 puK for our AC ASL
F900 bridge. Again, this may only be because we're
using AC furnaces and haven't taken as much care to
reduce interference and reactance [6].

Future plan will include the difference

frequency of AC bridge.
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Abstract

Optical Coherence Tomography (OCT) is an optical imaging technology that based on principle of low
coherence interferometry. It is capable of nondestructive and noninvasive depth sectioning of the
sample at high resolution (less than 10 microns), high speed (more than 100 frames/second), and high
sensitivity (down to 107 reflectivity). The ability to perform noninvasive 3D imaging at micrometer
resolution attracts vast applications in bio-imaging and medical imaging fields for over 20 years.
Furthermore, OCT also finds application for nondestructive characterization of non-biological samples,
such as ancient paintings, semiconductors, and material metrology. This work reports application of
three dimensional OCT imaging for metrology of layered polymeric materials. As an example, 3D
metrology of layered polymeric components with discrete gradient refractive index (GRIN) is
demonstrated. Advantages of the polymeric GRIN lens are reduced size, light weight, aberration
corrected, easy-mounting yet highly robust optical systems compared to conventional lenses.
Nevertheless, the fabrication of the layered polymeric GRIN optics is quite different from the
conventional lens fabrication. As a result, most of conventional metrologies fail to correctly
characterize such materials. The design and fabrication of this new type of GRIN optics require new
approach of nondestructive metrology techniques to inspect the samples across the manufacturing
stages, e.g. from nanofilms to sheets to preforms to diamond turning and pollishing. In this work, we
have investigated the capability of OCT, particularly the frequency domain OCT (FD-OCT), to
nondestructively characterize layered polymeric GRIN materials. Several techniques for high-
resolution sub-surfaces topography as well as thickness topography of layered polymeric GRIN
samples were developed. The results correlated well with light microscope observance, however
caused no surface damage in comparison, which confirms the potential of FD-OCT for fast and
nondestructive metrology of the layered polymeric GRIN across the manufacture processes.

Keywords: optical coherence tomography, 3D imaging, nondestructive metrology, optical metrology,
thickness topography, surface profilometry, spectrometer design

high sensitivity depth-resolved 3D imaging of

Introduction samples [2, 3]. FD-OCT utilizes the principle of light

. . interference in the frequency domain [4], where

_ Optical Coherence Tomography conventionally  refiected light from different depths inside the sample
builds on the principle of white light interferometry rg|ative to the position of the reference reflector are
developed by Albert Michelson. In addition, LOwW-  gncoded as different modulation frequencies on the
Coherence Interferometry (LCI) extended white light detected spectrum at the interferometer exit. As a
interferometry to the near infrared spectrum. The result, the full depth profile of the sample can be

technique was extended in the early 90s as a non-  gpained through the Fourier transform of the spectral
invasive tomographic technique [1], referred broadly jnterference pattern captured at the output of the
as OCT in the current literature, for biomedical jyierferometer without scanning the  reference
imaging of the eye as well as highly scattering media refjector, This mechanism dramatically improves
such as the coronary artery and the human skin. OCT imaging speed of OCT, allowing 3D imaging of a
has the potential for unprecedented imaging depth and sample in real time [5 6j.

resolution comparable to other noninvasive medical In recent years lthere has been an ever-growing
imaging modalities. interest in exploring novel, highly efficient optical

Furthermore, recent advancement in Frequency  materials to develop compact and effective optical
Domain OCT (FD-OCT) has enabled high speed and  omponents. One of the most fast-moving directions
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of interest has been focused on the gradient refractive
index (GRIN) optics, which allow for reduced size,
light weight, easy-mounting yet highly robust optical
systems compared to conventional optical set-ups.
One of the breakthroughs is a process to produce
nanolayered polymer film based GRIN optics with an
unparalleled control of the internal refractive index
distribution has been previously described [7, 8]. This
process, based on multilayer co-extrusion polymer
film processing [9, 10], is capable of producing
polymer films comprised of a plurality of layer
thicknesses constrained in individual layer thicknesses
below the quarter-wavelength of visible light.

Nevertheless, the design and fabrication of such
high-performance GRIN optics require nondestructive
metrology techniques to inspect the samples. In this
paper, we demonstrate the capability of OCT to
nondestructively characterize layered polymeric
GRIN materials. Using our new developing system
and techniques of FD-OCT [11, 12], high-resolution
3D imaging, sub-surface interface topography and
layer thickness metrology of a few typical layered
polymeric GRIN samples are demonstrated.

Materials and Methods

Polymeric GRIN samples used in this
development were fabricated by manufacture site at
PolymerPlus, USA. For 3D imaging of the layered
polymeric GRIN materials, we primarily used a
Fourier-domain swept-source OCT (SS-OCT) system
with central wavelength at 1.33 um and bandwidth of
158 nm. The axial optical resolution of the system is
approximately 8 pm and the effective frequency
sweep rate of the light source is 45 kHz. The system
configuration and specification is detailed elsewhere
[11, 13, 14]. The system was built on Mach-Zehnder
interferometer as illustrated in Figure 1. Light from
the source is split by a fiber coupler (80/20) and then
delivered to a sample and reference arms of the
interferometer. Light in the sample arm is focused
into a sample through the focusing optics.
Backscattered light from the sample is then collected
and recombined with light from the reference arm at
another fiber coupler (50/50). The interference signal
is detected by a balanced photodetector and processed
by a personal computer to construct a cross-sectional
image of the sample.

Fourier transform of each interference spectrum
yields an entire sample reflectivity profile along the
incident beam path. Combining with lateral scanning
of the sample beam, 2-dimensional (2D) and 3-
dimentional (3D) cross-sectional images can be
obtained. The maximum sensitivity of the system was
measured to be about 98 dB. The imaging depth range
was about 1 mm as determined by -10 dB sensitivity
fall-off. For a typical lateral imaging field of view
(FOV) of 10x10 mm? 500x500 depth scans were
acquired with lateral sampling resolution of 20 pm.
Each depth scan consisted of 500 sampling points
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with sampling resolution of about 1.9 um, and
therefore covered depth range of approximately 0.9
mm.

FDML laser

I 80/20

Reference arm

M2| calibration signal

Balanced
photodetector

Figure 1 System layout

Based on the 3D imaging data, topography of the
internal layer interfaces of the layered polymeric
GRIN samples can be achieved. In our work, we
detected the axial positions of the intensity peaks of
every depth scan to find the depth locations of layer
interfaces. By applying peak detection algorithm to all
depth scans across the entire lateral FOV, we
segmented layer interfaces within the 3D imaging
volume for topographic mapping. After interface
mapping, the optical thickness of one or more layers
can also be obtained by computing the depth position
difference between interfaces. It should be noted that
the axial quantities directly offered by OCT are
measured in terms of group optical path length (OPL),
or the physical quantities multiplied by group
refractive index (ng). This is due to the low-coherence
interferometry nature of OCT.



-
> | $013
G U R

(M-GRIN# 071310-A1-32-1)

Axial resolution : 8 ym

Lateral resolution : 20 pm

Rayleigh DOF : 1.2 mm

Pixel dimension [XYZ]: 2800x2500x500
Sampling resolution [um] : 10 x 10 x 3.33
Imaging FOV : 28 x 25 x 1.6 mm®

(500 en face slices with a thickness of
3.33 um per slice)

~600 gm
Diameter

Figure 2. Nondestructive 3D tomographic imaging of a
layered GRIN polymer, showing microscopic detail of
its internal structure.

The 3D imaging data of the layered polymeric
GRIN samples enables micron-scale 3D viewing of
their internal structures and details. From the imaging
data, the depth locations and spatial dimensions of
sub-surface defects can be precisely quantified. Figure
2 shows a screen capture of the reconstructed 3D
image of a GRIN sample and a few examples of its en
face images at different depths. A number of line and
particle defects can be clearly resolved from the
images and accurately located in 3D. The non-
destructive 3D visualization and quantification of
defects provided by OCT imaging allows for valuable
feedback to the manufacturing process for pre-
screening and quality control of the materials.

Figure 3 shows an example of layer interface
topography and subsequent transverse optical
thickness  topography results. The thickness
topography was based on subtraction of the interface
topography of two distinct layers. From thickness
topography of each internal layer, a histogram
distribution of sub-surface thickness variation across
the sample was computed. The thickness distribution
histogram associated to each plot of thickness
topography in Figure 3 (bottom part) indicates the
transverse thickness inhomogeneity of the sample.
The capability of OCT for layer thickness topography
allows us to diagnose the problematic samples and
guide improvement directions for manufacturing
process.

Figure 4 shows layer thickness profile over
depth of an iso-index sample computed from OCT
data. It appears that the layer thickness decreases from
the edge towards the middle of the sample. The
metrology results provided by OCT indicates that the
sample was under-compressed near the edges and
over-compressed in the middle prompted the
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manufacturer to inspect their coextrution operation.
The existence of this non-uniform compression was
verified by destructive test under the normal light
microscope [15].

Interface Topography OPL [mm]

OPL

0L [mm]

All color bars represents
10 microns OPL range
(i.e. blue to red)

“Subtracting two surface topography yields
group optical thickness topography, n L(x,y)"

Figure 3. Topography of internal film interfaces (top)
and optical thickness (bottom) of a layered GRIN
polymer. The top topography is an example of
topography of internal interfaces and corresponding
reconstructed en face images at the interfaces denoted
by an orange dash box; The bottom part shows cross
sectional image of the layered GRIN polymer and
corresponding topography of the optical thickness
denoted by the arrows. Histogram distribution plot
associated with each thickness topography, reveals
transverse thickness inhomogeneity.
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Figure 4. Films thickness profile as a function of layer
number from the top surface (left plot) and from the
bottom surface (right plot)

Conclusions

In conclusion, OCT has been proven to be a
useful technique for metrology across the fabrication
processes of the polymeric layered material. OCT-
based metrology provides potential advantages for



microscopic level of material characterization, such as
nondestructive 3D visualization of materials micro-
structures, high sensitivity to extremely small
refractive index variation, and high speed imaging
that would enable for in-line metrology for industrial
applications. The potential useful of these developing
techniques for microscopic metrology of other types
of material is under investigation. Given these
promising features of OCT for material
characterization applications, a new high speed
spectrometer-based FD-OCT system (Figure 5) is
now designed and built at Suranaree University of
Technology, Nakhon Ratchasima, Thailand. The

system was designed to be capable of less than 6 um
depth resolution and high speed 3D imaging of
sample (e.g. more than 100 frames per second) over
large imaging field of view (e.g. 25 mm x 25 mm
laterally and 2-5 mm axially).

Figure 5. New spectrométér—based FD-OCT at the
Laboratory of Laser Technology and Photonics at

Suranaree University of Technology (Nakhon
Ratchasima, Thailand).
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Abstract

The purpose of this research is to study a resonance in a spring pendulum both by the experiment and
by the numerical computation. First, we build the spring pendulum system which consists of the spring
pendulum, the data acquisition system and the software to collect and save the experimental data into
the microcomputer for further analysis. Second, we write a program to solve the equations of motion
for a spring pendulum using Runge-Kutta method. From our apparatus we can observe the resonance in
the spring pendulum clearly by using these parameters; k = spring constant = 0.9155 N/m , M = mass
of a bob = 0.0200539 kg, L = length of pendulum = 0.8572 m, r = elongation from equilibrium
= 0.0142 m and 0 = initial angle = 3°. The spring pendulum can oscillate in two ways: vertically, with
elasticity of the spring acting as a restoring force and horizontally with gravity as the restoring force.
The resonance in the spring pendulum happens when the frequency of the vertical oscillation is twice
that of the horizontal oscillation. The result from our numerical calculation is exactly the same as from
the experiment as we used the same parameter. The apparatus created in our laboratory together with
the application program can be used as an educational and research tool for students and scientist.

Keywords: Runge-Kutta method, resonance, spring pendulum, data acquisition system.
Figure 1. Spring pendulum.

) A Lagrangian approach is implemented to
Introduction deduce the equations of motion of the spring
The spring pendulum comprises of a bob pendulum system. We define the elongation r(t) and
suspended by a light elastic spring which may stretch ~ the angle 6(t) as two generated coordinates. The
but not bend as shown in figure 1. The bob is free to ~ kinetic and potential energies of this dynamical
move in a vertical plane. Friction is neglected. The system are:
oscillations of this system are of two types,

distinguished by their physical restoring mechanisms, KE:lm[f2+(£+r)262}
spring oscillation and pendulum oscillation. 2
y PE:%kr2 +mg(? +r)(L—cos6) —mgr

Where £ is equilibrium length of the pendulum, mis

mass of the bob, £ + r(t) is the length of the spring
and 0(t) is the angle of the spring.

The equations of motion can be derived from the
Lagrange equations, the results are:

r=(/+r)0“ +gcosd—ofr,

.. 2 .
and 6:——fe—m23in9,
l+r

where mr=‘/E and 0y = /% .
m +r

The resulting equations of motion may be solved
numerically [1, 3, 4].
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Materials and Methods

The steps involved in this experiment are:

1. Design, develop and construct the spring
pendulum system consists of a fixed base (30x30 cm),
a long shaft (150 cm) and a spring pendulum.

2. Design, develop and construct the data
acquisition system consists of phototransistor sensor,
signal conditioning and decoder in order to get the
data from the experiment.

3. Assembly the data acquisition system with the
spring pendulum system.

4. Develop the computer program to receive the
signal from usb port of the computer

5. Analyze the data stored on the computer by
plotting a) the graph between angular position and
time b) the phase space diagram which is a graph
between angular velocity and angular position.

6. Change the parameter r, Z, m and k until we
find a small spring oscillation and a resonance
phenomenon.

7. Write a program to solve the equations of
motion using Runge-Kutta method and using the same
parameter as in the experiment.

8. Compare the experimental result with the
numerical calculations.

Results and Discussion

In this research we first design, develop and
build the spring pendulum system. The fixed base
used to mount an optical wheel and the spring
pendulum, is a 1.5 cm thickness and 30x30 cm wide.
It’s weight 12 kg is enough to support the system
during the experiment.

10 cim™

- —)

L4

150 em

- =

L 30 cm >

Figure 1. Fixed base 30x30 cm wide.
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Then we design, develop and build the sensor,
the decoder and the computer program to get the
experimental data onto the computer. An optical
encoder wheel which is used for reading angular
displacement is fixed to axis of the spring pendulum.
The encoder wheel has an angular resolution of about
+ 0.09 degree and the maximum sample rate of 1000
samples/sec. The optical encoder used to read the
angular position as a function of time. The data is
stored on the computer for further analysis.

-

e
d

encoder
A

| :

115 cm

T x

Figure 2. Optical encoder wheel.

A. Experimental results

Case | Non-resonant system behavior

In case that k=1000 N/m, m=0.2 kg, { =0.1548
m, r= 0 m and 0 = 7° the spring pendulum acts like a
simple pendulum as we can observed from the
angular position-time curve in figure 3.

0.05 " I

0.00 T

Angular Position (rad)

o 5 10 13 20 25 30 33 40 43
Time (s)

Figure 3. Time-series plot between amplitude and
time.
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From the data in the range 0-40 second, we fitted
the amplitude with the non-linear regression equation.
We obtain

/

-x/107.124)
Y=0.109789xe! I

sin|2

n[mjmmss}

When we compare the parameters involved with
the damped harmonic oscillator equation

Y:Ae(_y't)sin[(ﬁj + ¢j

We get the period of oscillation T=0.790954
second. After we substitute time into the above

equation, we obtain the graph exactly as from the
experiment as shown in figure 4.

0.15

¥ =0.109789exp(-x/107.124) *sin(2%3.141592633597 (x/0. 790954)+6.21658)

b H 1 | I | I

0.10

0.05

0.00

-0.05 -

Angular Position (rad)

-0.10

-0.15 T
0 -

30 EN) 40 43

Time (s}

Figure 4. The graph calculated from the regression
equation

Case Il Resonant system behavior

In case that k=0.9155 N/m, m=0.0200539 kg,

{ =0.8572 m , r= 0.142 m and 6 = 3°, the resonance
phenomenon of the spring pendulum appeared as
shown in figure 5. The spring pendulum can oscillate
in two ways: vertically, with elasticity of the spring
acting as a restoring force and horizontally with
gravity as the restoring force. The resonance
happened when the ratio of the frequency of
oscillation of the spring is twice that of the horizontal
oscillation. There are two modes of oscillation, the
bouncing mode as a result from destructive
interference and the swinging modes as a result from
constructive interference.
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Figure 5. Resonance phenomenon.
A spring with length £ will oscillate vertically
according to the equation of motion:
mz+k(z—¢)=mg,
where z is the vertical position with z=0 at the top of
the unstretch spring, Zis the second derivative in

time, m is the mass attached to the spring, k is the
spring constant and g is the gravitational acceleration.

The solution of the above equation s
z(t) = AcosO(wgt) + (f +mg/k). For the initial position
Zo, the spring oscillates with  amplitude

A = z,- / -mg/k about the equilibrium point £ +mg/k.
For a massless spring, the angular frequency

cosz\/k/m.

A pendulum with length { oscillates according
to the equation of motion:

10+mglsind=0

For simple pendulum, | = mfz, and for small angles,
sin 0 0. The solution of this equation is

0(t) = 6o cos(w,t), where ®p =Jmgl/1 =g/t .

When the resonance occurs, it is observed that
the period of the pendulum, T,, is equal to twice the
spring-like period, Ts: 2T,= T, ,when, for a mass less
spring and a simple pendulum.

~
~

Ts:27c\/m/k, Tp=2n llg

For the resonance to occurs, the unstretched length
1 ¢ Must be stretched to a length { = amg/k [1, 2].

B. Numerical calculation

The linear analysis of this mechanical system is
straightforward. Spring pendulum such as this one
exhibit complex dynamical behavior including chaos
and resonance. When non-linear effects are included
there is coupling between the two types of motion,
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and analytical methods are incapable of providing the
solution. To obtain insight into the characteristics of
the motion in this case we must turn to numerical
calculation. The equations of motion are integrated to
obtain the position of the spring pendulum as a
function of time using Runge-Kutta method.

In this numerical calculation, we used exactly
the same parameters as in the experiment. The results
from our numerical calculation agree quite well with
the results from the experiment. This shows a high
accuracy of our experimental system that can measure
and store up to 60,000 points in 1 minute.

Case | Non-resonant system behavior

In case that k=1000 N/m, m=0.2 kg, ¢ =0.1548

m, r= 0 m and 6 = 7° the spring pendulum acts like a
simple pendulum with friction. The angular position
time curve is shown in figure 6.

0.15

01

0.05 l\‘

a

Angular Position (rad)

-0.05

01

-0.15

o 10 20 30 40 50 60

Time (s)

Figure 6. Time-series plot between amplitude and
time from numerical computation.

Case Il Resonant system behavior

In case that k=0.9155 N/m, m=0.0200539 kg,

{ =0.8572 m , r= 0.142 m and 6 = 3°, the resonance
phenomenon of the spring pendulum appeared. The
angular position curve is shown in figure 7 and the
phase space diagram is shown in figure 8.
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Figure 7. Time-series plot between amplitude
and time from numerical calculation.
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Figure 8. Phase space diagram as calculated from
numerical analysis.

Conclusions

In this research we study a resonance in a spring
pendulum both by the experiment and by the
numerical computation. We first build the spring
pendulum to do the experiment and then we write a
program to solve the equations of motion of a spring
pendulum using numerical analysis. The results from
our experiment agree quite well with the result from
numerical calculation. The apparatus developed in our
laboratory together with the software can be very
useful in other physics experiments. Our numerical
analysis is worth in many systems that can not set up
the apparatus to do the real experiment. The
complexity between the numerical analysis and the
real experiment makes this experiment a very useful
tool to simulate the thinking process of a physicist.
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Abstract

There are many temperature calibration laboratories in Thailand; however, there is a few of them
could provide calibration with primary standard instruments (The Fixed-point cells corresponding to
ITS-90). This is due to highly expensive price of a set of the fixed point cells. If the temperature
calibration laboratories could have their own set of fixed point cells, it will reduce their calibration
uncertainty. As a result, the calibrated thermometers will be more accurate, increasing the quality of
measurement of the industrial thermometers. Therefore, as being a National Institute of Metrology
(Thailand), we decided to study and invent the fixed point cells (Ga (29.7646 °C), Sn (231.928 °C) and
Zn (419.527 °C) fixed point cells) to cover the temperature range of 0 °C to 420 °C, which is the most
common range used by industrial sections. First of all, Tin fixed point is of our interest because Tin
material is available commercially in Thailand. Since this research is to support the industrial section,
the Tin cell is reduced in size in order to be practical with existing temperature sources, for example,
temperature baths and blocks in the calibration laboratories. A Tin purity, certified by the supplier, is
greater than or equal to 99.999% and its crucible is made of graphite ISO 63, which is also available in
Thailand. The protection tube is made of stainless steel. The diameter of the cell is 45 mm and its
height is 235 mm. The mini-Tin cell is characterized for its important properties: freezing temperature
plateau, reproducibility, and stability. It was found that the mean freezing temperature of the mini Tin
cell is 4.0 mK higher than our reference cell. The freezing plateau is approximately 5 hours with a
reproducibility of 1.0 mK and a stability of better than 2.7 mK.

Keywords: Tin fixed point cell, freezing plateau, freezing temperature

The mini Tin fixed-point cell has been designed

Introduction in order to be practical with existing temperature

) sources of the secondary laboratories. Firstly, the mini

Temperature and its measurement system have Ty fixed-point cell is of interest because Tin material
been involved in many subject areas, for example, s commercially available in Thailand. In general, the
food industrial, automotive industrial and public temperature baths are 50 mm or more in diameter and
health. In present, National Institute of Metrology 300 mm in depth: thus, the mini Tin fixed-point cell is

(Primary  Laboratory) is an organization, WhO reqyired to be smaller than 50 mm in diameter and
maintains the national standard of temperature and shorter than 300 mm in height.

transfers the standard value to secondary laboratories.

Then the standard value will be transferred to

industrial section by thermometers calibration. Materials and Methods
However, all secondary laboratories could not provide
all calibration services to the industrial section due to
a lack of primary standard instrument, which are
considerably expensive.

Therefore, the National Institute of Metrology
(Thailand), department of Thermometry Metrology
has studied and developed the mini fixed-point cells
from material available in Thailand. This is to support
the secondary laboratories to establish the primary
standard with an affordable price for testing and
calibration. As a result of this, a capability of
temperature measurement will be improved to be
more reliable with a higher accuracy.

Material

The mini Tin fixed-point cell is designed to be
235 mm in height and 45 mm in diameter. It has been
made of material available in Thailand and its
structure is shown in figure 1. There are 3
components; 1. The crucible is made from Graphite
ISO-63, 2. The protection tube is made from stainless
steel 304 and 3. The Tin material has a purity of
99.999% and a weight of 174.45 g. The total height of
Tin is approximately 90 mm.
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Graphite Crucible
Stainless steel 304
Reference material (Tin)

) D —

Figure 1. The structure of mini Tin fixed-point cell

The equipments used in the experiment are
thermometry Bridge Model F700 (manufacturer:
ASL), standard platinum resistance thermometer
Model 909 (manufacturer: Isotech), and the silicone
oil bath Model 6022 (manufacturer: Hart scientific).
The pressure in the cell was monitored by a pressure
indicator and the data were collected and saved by
computer with Labview program.

Method

First of all, the effect of the bath temperature
setting on the temperature of the mini Tin fixed-point
cell was investigated in order to be able to choose the
appropriate  setting temperature throughout the
experiment. To investigate this effect, the cell has
been realized many times by varying the setting
temperature for melting state from 232.5 °C to 236 °C
and keeping the setting temperature for freezing state
fixed. Then the temperatures of the mini Tin fixed-
point cell were observed. Moreover, the setting
temperature was kept constant for melting state and
was varied from 231.3 °C to 231.7 °C for the freezing
state. Figure 2 illustrates the correlation between the
mini Tin fixed-point temperature and the liquid bath
setting temperature.

Temperature of mini-fixed point against Setting
temperature of the bath
231.945 '
« & 231940 ()
o = .
S < 231935
g2 [ ) o
o g 231930
Q x “ ¢ Freezing
£ % 231925 _
- £ ’ © Melting
€ 231920 T T T T T
231 232 233 234 235 236 237
Setting temperature of the bath (°C)

Figure 2. The correlation between temperature of the
mini Tin fixed-point cell and the setting temperature
of the bath.
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As can be seen from figure 2, the setting
temperature of the bath could affect the temperature
of the mini Tin fixed-point cell, the higher the setting
temperature, the larger the deviation observed for
melting state. For the setting temperature of the
freezing state, the lower the temperature set, the larger
the deviation occurred. This is due to the heat transfer
at the top of the SPRT, which was not immersed in
the cell. The most appropriate temperature to be set is
231.7 °C because this setting temperature results in
the least deviation from the theoretical value.
Additionally, this temperature will slightly affect the
temperature of the mini Tin fixed-point cell and give
the longest Tin freezing curve.

The oil bath had been set at 228 °C for 3 hours
(pre-condition) and then the setting temperature was
increased to be 235 °C at least for 14 hours in order to
completely melt the cell. The temperature of the oil
bath had been decreased to 229 °C until the Tin
material reached its recalescence and then the oil bath
temperature was increased to 231.7 °C to maintain the
freezing state of the mini Tin fixed-point cell. Figure
3 shows the melting and the freezing curve of the cell.
As can be seen from figure 3, the melting plateau was
approximately 20 minutes at 231.98 °C and the
recalescence was observed at 229.4 °C. The freezing
plateau was approximately 8 hours at 231.93 °C.

Mini Fixed Point of Tin (S/N NIMT-Sn-01)
~ 2851 \
O completely melt
OZ; 234 Freezing
5 233
s 232
g 231
€ recalescence
& 230 I
229 T T T T
2 7 12 17 22 27
Time (Hour)

Figure 3. The melting and freezing curve of the mini
Tin fixed-point cell.

Results and Discussion

From the experiment, the average freezing point
of the mini Tin fixed-point cell from three repeated
realizations is found to be 231.932 °C, which is 4 mK
higher than the temperature of the reference Tin fixed-
point cell. This deviation of the mini Tin fixed-point
cell from the reference cell could be because the
purity of the Tin material has been decreased due to
the contamination from contacting the Graphite
crucible. The mini Tin fixed-point cell has a
reproducibility of approximately 1 mK and a stability
of less than 2.7 mK for 5 hours as shown in figure 4.
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Summary Freezing Curve of Tin
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Figure 4. The freezing curves of three repeated
realizations of the mini Tin fixed-point cell.

Conclusions

It can be concluded that the mini Tin fixed-point
cell has sufficiently good characteristics and it can be
used as the primary standard. It is also suitable for
using in the secondary laboratories in order to
improve their capability of calibration.
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Abstract

Platinum resistance thermometers (PRTSs) are
widely used in many fields of industrials because
it is significantly accurate compared with other
types of thermometers. Although the PRTs are
very accurate, there are few errors occurred in
PRT measurement, for example, errors due to an
immersion depth, a long term drift and a self-
heating. In this study, self-heating error is of
interest for the PRTs. Self heating is the
phenomenon that caused by the power dissipated
and accumulated in the element, resulting in the
increase of element temperature to be higher than
the surrounding temperature. As a result of this,
there will be an error from the self-heating,
which is always happened and very difficult to
avoid in the measurement results. In this
research, the self-heating errors of the 100 ohm
PRTs are investigated. Three parameters that
could affect the self-heating error are studied:
sensing currents, measured temperatures and
probe dimensions. The ratio of the couple current
used to obtain the self heating error is 1:V2 and
the sensing currents are varied from 0.5 mA to 2
mA. The measured temperatures are 0 °C, 23 °C,
150°C and 300 °C. In this study, there are 5
different types of 100 ohm PRTs. It was found
that the higher the sensing current, the larger the
self-heating error occurs. However, the sensing
current of 05 mA resulted in instable
measurements, whereas the current of 1 mA
caused the least self-heating error (less than 10
mK at 300 °C) with sufficiently stable results.
The measured temperature and the probe
dimension were found to have less effect on the
self-heating errors. Additionally, the medium
where the PRT is immersed has been shown up
to be more influential in the self-heating errors.
From the study, the medium with less thermal
conductivity caused more self-heating error.

Keywords Self heating error, Platinum resistance
thermometer
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Introduction

Platinum Resistance Thermometers (PRTSs) are
devices used to measure temperature by correlating
resistance with temperature; the change in resistance
is depending on the temperature, the higher the
temperature, the larger the resistance. To measure the
resistance, the electrical current is required to pass
through the sensing element and the voltage drop
across the resistance is observed to obtain the
resistance.

PRTs are widely used in many fields of
industrial due to low cost, compared with Standard
Platinum  Resistance  Thermometers  (SPRTS).
Additionally, they have relatively high accuracy,
compared with other type of thermometers:
thermocouple, digital thermometer, and liquid in glass
thermometers. Although they are very accurate, there
are a few errors occur in the PRTs measurement. One
of the major causes to the errors is the self-heating
effect. The self-heating effect is a well known
phenomenon that occurs when sensing current heats
up the PRTs sensor, [1, 2]. As a result of this, the
reading temperature is slightly higher than the actual
temperature. For a very high accuracy measurement,
SPRTSs, the self-heating errors is typically 0.2 — 3 mK
, [3], and for PRTs 100 Q, it can be up to 50 mK,
depending on many factors, [1, 4, 5].

In this paper, the self-heating background is
presented and the factors influencing the self-heating
errors are investigated on the 5 different types of
PRTs 100 Q in order to estimate and reduce the self-
heating errors by obtaining the optimal conditions for
PRTs 100 Q measurements.

Self-Heating Background

Self-heating effect occurs when the sensing
current dissipates power and increases the temperature
of the sensing element. The self-heating error is
directly proportional to the square of the sensing
current. The current, I, dissipates power, P, the self-
heating error can be directly calculated in term of
temperature by the following equation, [6];

AT, =Pr=17%Rr @)

AT, is the self-heating error, R is the
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resistance and I is the thermal resistance, which can
be divided into two parts; one is the thermal resistance
from the PRTSs coil to the sheath and the other one is
the thermal resistance from the sheath surface to the
ambient. Therefore, the thermal resistance is
dependent on the PRT Design and the medium in
which the PRT is immersed. However, these two
thermal resistances are very difficult to obtain; the
two currents method is introduced, [7].

To obtain the self-heating error, two different
currents are used to measure temperatures and the
self-heating error can be calculated accurately to
better than 1% for PRTs 100 Q from the following
equation, [4];

ATSH1=(|—2 _Tl)[|12 /(|22_|12)] 2

ATy, is the self-heating error at current |, and

T, and T, arethe temperatureat |, and I,

respectively. The most commonly currents used are 1
mA and 42 mA because they make equation (2) very

simple and the optimal uncertainty of the self-heating
error is at a certain pair of currents; 1.5 mA and 2.5
mA, [7]. The self-heating effect is always happened
and it cannot be eliminated; however it could be
correct with some uncertainty by using equation (2).

Factors Influencing Self-Heating Error

There are many factors that could affect the self-
heating error; PRT design, sensing current and
surrounding medium; therefore, if the optimal
conditions of these factors can be obtained, then the
self-heating error could be reduced.

PRT Design

The different PRT designs could result in
different self-heating error. If the PRT has a large
surface area of the sensing element, the heat generated
can be dissipated more to the surrounding medium
than the PRT with a small surface area. Additionally,
the size of the sheathing could also affect the error;
the smaller the sheathing, the larger the error occurs.

Sensing Current

As can be seen from equations (1) and (2), the
temperature error due to the self-heating effect is
increased with the square of the current; thus the
sensing current needs to be considered when using the
PRT. The conventional current used is typically 1 mA
for PRT 100 Q, recommended by the manufacturer.

Surrounding Medium

A medium, in which the PRT is immersed, also

plays an important role in the self-heating
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phenomenon. The highly thermal conductivity
medium could help more heat to be dissipated. In
addition, the self-heating error decreases with the
increase of the flow rate of the moving medium, [6].
However, the temperature of the medium could also
affect the error because it will alter the properties of
the medium.

Results and Discussion

Experiment

In an investigation, there are 5 different types of
PRT 100 Q; Table 1 shows details of each probe used.

Table 1: Details of each PRT 100 Q

Model Length Diameter
5626 38cm 6.40 mm
5627 30cm 6.40 mm
STS100A500 50 cm 4.00 mm
Pt 100 53 cm 5.95 mm
TS32A 49.5 cm 3.20 mm

There are three parameters that had been studied
in this research; sensing currents, measured
temperature and probe dimensions. The ratio of the
couple currents used to obtain the self-heating errors
is 1:V2 and the sensing currents were varied from 0.5
mA to 2 mA by 0.5 mA each step. The measured
temperatures are 0 °C, 23 °C, 150 °C and 300 °C.
These measured temperatures could not be done by
using one temperature source. Therefore, the alcohol
bath was used to set the temperature of 0°C and 23 °C.
For higher temperatures, the oil bath and the dry
block were used to set the measured temperatures of
150 °C and 300 °C, respectively. Then the self-heating
errors are calculated based on equation (2) and the
results are presented and discussed in next section.

Result and Discussion

First of all, the sensing currents were varied at
each measured temperature. All PRT models result in
the same trends of the self-heating errors; therefore,
only the results of PRT model STS100A500 were
presented. Figure 1 illustrates the self-heating errors
of PRTs 100 Q model STS100 A500 against the
measured temperature for various sensing currents.
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The Self-Heating Error against the sensing
Currents for PRT Model STS100A500
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Figure 1. The self-heating error against the sensing
current for PRT Model STS100A500 with various
sensing currents.

As can be seen from Figure 1, at each sensing
current the self-heating error at the measured
temperature of 300 °C are the highest. In addition, the
self-heating error increases with the sensing current.
However, at low currents (0.5 mA and 1 mA) the
measured temperature has less effect, comparing with
the high currents (1.5 mA and 2 mA) as can be seen
from the slopes of the graphs. When plotting the self-
heating errors against the currents as shown in Figure
2, it could confirm that sensing current has strong
effect on the self-heating errors as the slopes of all
graphs are very deep.
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Figure 2. The self-heating error against the sensing
current for PRT Model STS100A500 with various
measured temperature.
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Figure 3(a-d). The self-heating errors against the
sensing currents for various PRT models.

As can be seen from Figure 3(a-d), at the sensing
current of 0.5 mA the results are very instable since
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there is no trend for the self-heating errors. This is
corresponding to the result of the study of V. Batagelj
that the low currents result in a high standard
deviation of the measurement [7]. Additionally, apart
from 0.5 mA, the self-heating error is the least at 1
mA current and the values of the self-heating errors
are within 10 mK for every measured temperature.
The highest self-heating errors occur at 2 mA current
and 300 °C, the values are between 5 mK to 50 mK.
The probe dimension has less effect on the self-
heating errors for the low currents since there is no
particular trend observed and the self-heating errors
are not significantly different from each other. When
the current is increased up to 2 mA, the effect can be
seen more clearly. However, this is still not caused by
the probe dimension because the self-heating errors
are increased with neither increase nor decrease of
both diameter and length.

The measured temperatures do not affect the
self-heating errors as can be seen in figure 3(a-c) that
the results are slightly different for the measured
temperatures of 0 °C to 150 °C, the self-heating errors
are between 5 mK to 30 mK. However, at 300 °C the
self-heating errors are considerably larger than those
in the other three temperatures, the values of the
errors become 10 mK to 50 mK. Since the media in
temperature sources are different, the thermal
property of the media are considered and presented in
Table 2.

Table 2: Thermal property of the medium at 25 °C in
temperature source [8].

Medium Thermal conductivity
(W/(mK))

Alcohol 0.17

Silicone QOil 0.1

Air 0.024

Alcohol has the highest thermal conductivity;
thus, it should cause the least self-heating errors.
However, the self-heating errors in oil bath are close
to the self-heating error in the alcohol bath; this could
be because the self-heating error is also dependent on
the flow rate of the medium, which is not investigated
in this research. The silicone oil at 150 °C might have
a larger flow rate than the alcohol at 0°C or at 150 °C
the thermal properties of silicone oil might be altered.
Not only air has the lowest thermal conductivity, but
air is also not moving; as a result of this, the self-
heating errors in the dry block at 300 °C are
significantly higher than those at other measure
temperatures.
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Conclusions

It can be concluded that the sensing current has a
strong effect on the self-heating errors of the PRTs
100 Q; the larger the current used, the higher the self-
heating error occurs. Although the lowest current used
was 0.5 mA, but the current of 1 mA is more
appropriate to be used because it gives the lowest self-
heating errors with more stable results. The measured
temperature and the probe dimension slightly affect
the self-heating errors. The more important factor to
be considered is the medium used, which has also
shown the strong effect on the self-heating errors.
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Abstract

The plasma focus is a copious source of multiple radiation and highly energetic particles: hard and soft
x-rays, electromagnetic radiation, fusion neutrons, relativistic electron beams, fast ion beams and
highly energetic plasma streams with shock fronts exceeding Mach 1000. All these complex interactive
radiation and particle streams are generated from a device which typically could be table-top located. It
is a triumph of modern science and technology that we can now present a complete picture of the
plasma focus in the lifetime of its dynamic evolution. That lifetime typically occupies all of 10
microseconds; from the time a spark starts the electric current which rises to 100 kA within a
microsecond, driving a shock wave to Mach 100 straight down the coaxial tube; to the radial
compression phase when increasing electromagnetic forces doubles the speed of the hot plasma shock
waves; before the final focusing action; squeezing the plasma into a superheated highly dense ‘pinch’
with temperatures exceeding that of the centre of the sun. From this minute cauldron of hot dense
matter comes forth the rich explosion of multiple radiation and energetic particles and beams. In a
typical device this “micro-nova” lasts less than 0.1 microsecond. This paper uses sequences of detailed
nanosecond-exposure pictures to show the evolution of the plasma pinch, conveying the idea of the
very high speeds and hence high temperatures involved. Although detailed knowledge of many specific
areas within the lifetime of the plasma focus is still lacking so that the microscopic view in many areas
need to be filled in; yet there is a satisfactory picture of the whole processes linking the plasma focus as
it evolves from stage to stage. Particularly exciting are the many applications that have been
demonstrated using the multiple radiation and energetic particles for micro-lithography, micro-
machining, advanced materials manipulation and fabrication down to nano-levels. Work is on-going
for materials interrogation and identification with security implications; and generation of complex
radiation and particle pulses of relevance to nuclear fusion reactors. Numerical experiments gain
valuable insights that guide future developments and applications, suggesting new devices for
compression and yield enhancements. An integrated hardware and numerical experiment package can
also be profitably developed to train manpower and generate applications for the dawning of the Fusion
Age.

most powerful laboratory pulsed radiation sources in
1. Introduction the world. These sources are plasma-based.

When matter is heated to a high enough
temperature, it ionizes and becomes plasma. It emits
electromagnetic radiation. The spectrum depends on
the temperature and the material. The higher the
temperature and the denser the matter, the more
intense is the radiation. Beams of electrons and ions
may also be emitted. If the material is deuterium,
nuclear fusion may take place if the density and
temperature are high enough. In that case neutrons are
also emitted. Typically the temperatures are above
several million K and compressed densities above
atmospheric density starting with a gas a hundredth of
an atmospheric density.

One way of achieving such highly heated
material is by means of an electrical discharge
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The Plasma Focus is a compact powerful pulsed
source of multi-radiation [1]. Even a small table-top
sized 3 kJ plasma focus produces an intense burst of
radiation with extremely high powers. For example
when operated in neon, the x-ray emission power
peaks at 10° W over a period of nanoseconds.
Powerful ion beams are emitted typically carrying
10" 100 keV ions per kJ of discharged energy. When
operated in deuterium the neutron burst produces rates
of neutron

typically 10" neutrons per second over burst
durations of tens of nanosecond. The emission comes
from a point source making these devices among the



through gases. As the gas is heated, it expands,
lowering the density and making it difficult to heat
further. Thus it is necessary to compress the gas
whilst heating it, in order to achieve sufficiently
intense conditions. An electrical discharge between
two electrodes produces a constricting magnetic field
which pinches the column. In order to ‘pinch’, or hold
together, a column of gas at about atmospheric
density at a temperature of 1 million K, a rather large
pressure has to be exerted by the pinching magnetic
field. Thus an electric current of at least hundreds of
kA are required even for a column of small radius of
say 1 mm. Moreover the dynamic process requires
that the current rises very rapidly, typically in under
0.1 ps in order to have a sufficiently hot and dense
pinch. Such a pinch is known as a super-fast super-
dense pinch; and requires special MA fast-rise (ns)
pulsed-lines. These lines may be powered by
capacitor banks, and suffer the disadvantage of
conversion losses and high cost due to the high
technology pulse-shaping line, in addition to the
capacitor banks.

A superior method of producing the super-
dense and super-hot pinch is to use the plasma focus.
Not only does this device produce superior densities
and temperatures, moreover its method of operation
does away with the extra layer of technology required
by the expensive and inefficient pulse-shaping line. A
simple capacitor discharge is sufficient to power the
plasma focus.

2. The plasma focus

The plasma focus is divided into two
sections. The first is a pre-pinch (axial) section. The
function of this section is primarily to delay the pinch
until the capacitor discharge (rising in a damped
sinusoidal fashion) approaches its maximum current.
This is done by driving a current sheet down an axial
(acceleration) section until the capacitor current
approaches its peak. Then the current sheet is allowed
to undergo transition into a radial compression phase.
Thus the pinch starts and occurs at the top of the
current pulse. This is equivalent to driving the pinch
with a super-fast rising current; without necessitating
the fast line technology. Moreover the intensity which
is achieved is superior to the line driven pinch.

The two-phase mechanism of the plasma
focus [2] is depicted in Figure 1. The inner electrode
(anode) is separated from the outer concentric cathode
by an insulating backwall (see Figure 2). The
electrodes are enclosed in a chamber, evacuated and
typically filled with gas at about 1/100 of atmospheric
pressure. When the capacitor voltage is switched onto
the tube, breakdown occurs axisymmetrically between
the anode and cathode across the backwall. The
‘sheet’ of current lifts off the backwall as the current
rises to a sufficient value.
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Axial phase: The self-magnetic force of the current
then pushes the current sheet, accelerating it
supersonically down the tube. This is very similar to
the mechanism of a linear motor. The speed of the
current sheet, the length of the tube and the rise time
of the capacitor discharge are matched so that the
current sheet reaches the end of the axial section just
as the discharge reaches its peak value. This phase
typically lasts 1-3 s for a plasma focus of several kJ.

Radial Phase: The part of the current sheet in sliding
contact with the anode then ‘slips’ off the end ‘face’
of the anode forming a cylinder of current, which is
then pinched inwards. Imploding inwards at higher
and higher speeds, the shock front coalesces on-axis
and a super-dense, super-hot plasma column is
pinched onto the axis (see Figure 2). This column
stays super-hot and super-dense for typically ten ns
for a small focus. The column then breaks up and
explodes. For a small plasma focus of several kJ, the
most intense emission phase lasts for the order of
several ns. The radiation source is spot-like (1mm
diameter) when viewed end-on.

3. The Pinch phase of the plasma focus
3.1 A filtered photo of the million K pinch

Figure 3 shows a photograph of the INTI PF [4,5]
pinch taken with an ordinary digital camera. The
long-exposure allows light from all the phases of the
PF device to be incident on the recording CCD. But
the combination of filters allows only the brightest
part of the discharge dynamics to be shown; hence the
pinch (the brightest part of the column) is recorded.
The more diffuse part of the column at the right edge
of the photo is the post-pinch plasma stream.

3.2 Nanosecond shadowgraphs of the plasma focus
pinch and post-pinch

To capture time-resolved images of the focus
pinch an exposure time of 1 ns is necessary to freeze
the motion to less than 0.3 mm (since the highest
speed of the current sheet is expected to be around 30
cm/us (or 0.3 mm/ns). A collimated laser beam with
an exposure time of 1 ns is shone through the plasma
focus (side-on) and the shadow of the moving plasma
is cast onto a recording CCD. The plasma self light is
filtered away. The time of the laser pulse is
adjustable. A composite sequence of shots is obtained
[6] as shown in Figure 4. The time of the image is
recorded on top of the image with t=0 being the time
when the plasma focus pinch is judged to be at its
most compressed state.

From this sequence the average speed of implosion
from a=8mm (t=-30 ns) to a~0.5 mm (t=0) is found to
be 0.25 mm/ns or 25 cm/us. The peak speed is more
as the current sheet is accelerating as it speeds
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causing the column to reach a temperature of 3x10°K.
The instability break-up of the column is seen in the

lant D Franmann

Figure 1. Schematic of the axial and radial phases. The left section depicts the axial phase, the right section the
radial phase. In the left section, z is the effective position of the current sheath-shock front structure. In the
right section r, is the position of the inward moving shock front driven by the piston at position r,. Between r,
and ry, is the radially imploding slug, elongating with a length z;. The capacitor, static inductance and switch
powering the plasma focus is shown for the axial phase schematic only.

; Pyrex Insulno\

Hollow Center
I Conductor (Brass)

Figure 2. Dense plasma focus device. Image from
Glenn Millam. Source: Focus Fusion Society [3]

Figure 3. A still photo of the million C plasma pinch
produced in the INTI PF (taken by Paul Lee) Using
suitably chosen filters, the most intense optical
radiation is shown, which turns out to be the pinch; all
other phases of dynamics, being less optically intense,
are filtered away.

In Figure. 5 the anode is shown pointing upwards
(whereas in Figure 4 the anode is pointing left to
right). The sequence [6] follows that of the inward
implosion and instability break-up of the pinch. This
post-focus sequence shows that 14 ns after the break-
up (shown in the sequence of Fig 4) a fast shock wave
is shot out from the focus region traversing 9 mm in
22 ns or 40 cm/ps.

Fig 6 shows a sequence of shadowgraphs taken at a
much later time from 0.65 ps (t=+650 ns) to 1.75 ps.
Measurements [7] show that this copper jet comes
from material sputtered from the anode by the
electron beam. This copper jet travels much more
slowly at 2 cm/us containing % mg of copper carrying
50 J of kinetic energy.

The radiations from the plasma focus are produced for
the 3 kJ PF from -5ns to +26 ns (Fig 4). First the soft
x-rays which is characteristic of the gas (particularly
in gases from nitrogen upwards in atomic number)
start to be emitted just before t=0; the ion beams
emitted in a downstream direction and the electron
beam in the opposite direction towards the anode; and
the neutrons (from deuterium pinches) are emitted just
after t=0; as are the hard x-rays. The high speed axial
shock waves (Fig 5) carrying considerable energy and
the associated post-pinch plasma streaming and then
the slower jet from anode sputtered materials (see Fig
6) constitute the final products of the plasma focus
phenomenon. The use and control of these ‘streaming
death’ products are proving of importance for plasma
focus materials modification, fabrication and
deposition as thin films.


http://focusfusion.org/log/index.php/site/article/focus_fusion_reactor/

3.3 From electrical birth through micro-nova to
streaming demise of the Plasma Focus

The above images reveal detailed dynamics of the
radial phases of the 3 kJ plasma focus, from the
compression to the pinch and instability break-up to
the subsequent fast plasma streaming, these processes
taking just over 100 ns extending another

microsecondors t=-30ns t=-12ns t=-5ns t=0ns t=+13 ns t=+19 ns t=+26 ns
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(end of radial phase) to the streaming death- is
contained in the current waveform and to some extent
in the voltage waveform, also shown in Figure 7.

4. Research towards applications

The small group of plasma focus experts gathered
here today to review the research conducted in our
the following
ss. The list is

Figure 4. A composite sequence [6] of the radial implosion dynamics of the plasma focus (anode shown

pointing sideways- left to right)

t=+40ns t=+53ns t=+62ns t=+72ns

Figure 5. A sequence showing post focus axial shock waves blown out from the pinch [6] (anode shown

pointing up)

Figure 6. Composite sequence [7] showing anode-sputtered copper plasma jet occurring at a later time

(anode shown pointing up)

Many other diagnostics are used to find more
information for all the phases of the plasma focus. At
the same time a comprehensive and complete
numerical experiment code is available to be
configured to run as any plasma focus in the world.
This code [8] needs only one measurement from the
selected plasma focus namely the current waveform.
With this current waveform fitted to the computed
waveform the code outputs all the dynamics from
axial to radial phase and pinch phase giving speeds,
times and dimensions of the pinch, condition of the
plasma, radiation and neutron yields, and the numbers
and energetics of the ion beam, electron beams, post-
pinch fast plasma stream and the anode-sputtered
copper jet. An example is shown in Figure 7 of the
simplest measurement requiring only a current coil.
All the information of that plasma focus shot — from
electrical birth (start of axial phase) through the pinch
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not exhaustive but is a useful guide. More details will

be added as our conference proceeds.

1. Microelectronics lithography towards nano-scale
using focus SXR, EUV and electrons

2. Micro-machining

3. Surface modification and alloying, deposition of
advanced materials:  superconducting ~ films,
fullerenes, DLC films, TiN, ZrAION,
nanostructured magnetic CoPt thin films

4. Surface damage for materials testing in high-
radiation and energy flux environment

5. Diagnostic systems of commercial/industrial
value: CCD-based imaging, multi-frame ns laser
shadowgraphy, pin-hole and aperture coded
imaging systems, neutron detectors, diamond and
diode x-ray  spectrometer, vacuum  uv
spectrometer, ccd-based electron energy analyser,
Faraday cups, mega-amp current measurement,
pulsed magnetic field measurement, templated



SXR spectrometry, water-window radiation for
biological applications; neutron activation and
gamma ray spectroscopy’

Pulsed power technology; capacitor discharge,
Pulsed power for plasma, optical and  lighting
systems,  triggering  technology, repetitive
systems, circuit manipulation technology such
as current-steps for enhancing performance and
compressions; powerful multi-radiation
sources with applications in materials and
medical applications

Plasma focus design; complete package
integrating hardware, diagnostics and software.
Fusion technology and fusion education, related
to plasma focus training courses

DPF78- Circuit Cunrent (I) and Tube Voltage (V)
1000
start radial phase \

end of radial phase

start axial phase

~——Meas linkA
= compIinkA
w— Comp VX7inkV

Iin kA; 7Vin kV

o1 1.5
Time nmicrosecond

Figure 7. Computed current waveform fitted to the
measured current waveform. Indicated on the current
trace are the start and end of axial phase, start and end
of radial phase. This fitting of the computed current
calibrates the code configured as the DPF78 for this
figure. The code then outputs realistic dynamics,
lifetime and dimensions of the pinch and yields and
energetics for this shot.

5. Conclusion: Presenting some products
5.1 Micro-lithography and  micro-machining
towards nano-scale

Figure 8. shows the NX2 (2 kJ, 400 kA, 16 shots per
second, 300 W neon SXR per shot, 10 minute burst
duration) in its original set-up for micro-lithography.
Figure 8(a) is a schematic of the 1-tonne (1.4 m high)
structure with the focus chamber surrounded by the
capacitor bank and raised above the ground on pillars
made up of ALE chargers, gas distributors and trigger
sub- systems.The lithography assembly is suspended
below (behind) the focus electrodes platform see also
Figure 8(d) which shows clearly the extraction of the
neon SXR though the rear of the anode.

Figure 8(b) shows some details of the water-cooled
anode and cathode structures. Figure 8(c) shows the
m-high beamline for monitoring the SXR mounted
above the plasma focus chamber. Figure 8(d) shows
the details of the lithography beamline 1=hollow
anode; 2= cathode; 3=focus pinch; 4= SXR beam
extracted with a diverging angle; 5= magnets for
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deflecting electron beam; 6= holder with 3 in-line
apertures extracting the SXR beam but reducing the
shock/blast waves from the discharge; 7= berylium
window; 8= SXR mask with pattern to be
lithographed; 9= SXR resist on which lithograph
pattern is formed; 10= substrate holding the SXR
resist. Figure 8(e) shows 6 small squares in two rows.
The top row are test structures replicated in resist of
PMMA495. The left square of the second row is the
SXR lithography test mask consisting of 200 nm gold
features placed on a supportingl00 nm membrane of
Si3N4. The other two squares are test structures
replicated in ERP40 positive resist. Figure 8(f) shows
details of two sub-micron replicated lithographed
structures.

The NX2 is also used in repetitive mode for the
related application of micro-machining, producing
sub-micron high aspect ratio trenches; very well
defined and with a much greater depth than the width.
Figure 9 is a SEM image of a 100 nm trench micro-
machined with neon SXR.

5.2 Materials deposition and advanced materials
fabrication

A simple set-up for depositing thin films is
shown in Figure 10. The centre of the anode is
inserted with a cylinder of chromium and argon
may be used as the operating gas. The electron
beam from the pinch impacts on the chromium
producing a post pinch chromium jet which
moves to the sample, coating it within 20-30
shots. The shutter is opened for the process to
begin only when the device is focussing strongly.
For coating a sample surface with TiN the
chromium is replaced with titanium, and
nitrogen is used as the operating gas. After the
pinch the fast nitrogen plasma stream impacts the
sample followed microseconds later by the
anode-sputtered titanium plasma.

Figure 11. shows the NX2 set-up for fabricating
advanced nano-materials. In this set-up 100 nm
agglomerates of FeCo are deposited consisting of
grains typically 20 nm across. This material has
potential for the next generation of ultra-high
density of magnetic data storage. Other possible
candidates are nano-structured materials like
CoPt and FePt which are are also deposited.

5.3 A world-class product: Integrating a
proven hardware package with a proven
numerical experiments package: Developing the
most powerful training and research system for
the dawning of the Fusion Age.
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Figure 10. 2 kJ plasma focus for thin film deposition [10];
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Figure 12. The trolley based UNU/ICTP PFF 3 kJ plasma focus training and research system [12]

Dr Walter Shearer of UNU with UNU UNU Feﬁows Wte and Dr Smith with
Fellows Zakaullah and Dr Eissa 1 set (in crates) of UNU/ICTP PFF

Figure 13. Building on a tradition (shown in this pictoral record) [12-14] the small plasma focus is ready to
be developed into the world’s most effective training and research package when integrated with the Lee
model code [2.8] with emphasis on dynamics, radiation and materials applications.
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Figure 12 shows the UNU/ICTP PFF 3 kJ
system, already acknowledged as a very
successful training and research package. It is
ready to be updated technologically and then
integrated to the Lee Model code with emphasis
on dynamics, radiation and  materials
applications.

It will draw on the spirit and tradition of the
UNU/ICTP PFF (shown in the pictoral record of Fig
13) and the Lee model code. It will be the world’s
most effective training and research package
developed to help meet the needs of scientific and
engineering manpower for the inevitable dawning of
the Fusion Energy Age [15].
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Abstract

A recent paper derived benchmarks for deuteron beam fluence and flux based on neutron yield data
assuming a beam-gas target mechanism [S Lee and S H Saw, Phys. Plasmas 19, 112703 (2012)]. In our
latest work we start from first principles and derive the flux of the ion beam of any gas with mass
number M and effective charge number Z.. The flux equation is then linked to the Lee Model code
which computes the properties of the plasma focus pinch. In this manner the properties of the fast ion
beams (FIB) at the pinch exit of any Mather-type plasma focus operating in any gas are computed. The
results show that whilst fluence, flux, ion number and ion current decrease from the lightest to the
heaviest gas, the energy fluence, energy flux and damage factors are relatively constant throughout the
range of gases H, to Ne but increase for the 3 high-Z gases Ar, Kr and Xe due to the susceptibility of
their pinches to radiative collapse. The FIB energy has a range of 4-9% E,.

l. Introduction

A recent survey' of ion beam measurements in plasma
focus devices showed a wide range of experimental
methods  producing  results  (using  mostly
inappropriate, even confusing units) which are neither
correlated among the various methods and machines
nor show any discernible scaling or trend. That paper
suggested that since the ion beam exits the focus
pinch as a narrow beam with little divergence, the exit
beam is best characterized by the yield of ion number
per unit cross-section per shot or the fluence per shot.
To compute the fluence that paper noted that D-D
neutron yield and scaling were already successfully
computed by means of a beam-gas target neutron
generating mechanism®® in the Lee Model code’.
Since the deuteron fluence was already implicit in the
neutron yield equation, it was a natural step to deduce
the deuteron fluence equation, incorporate it in the
Lee Model code and hence compute the fluence and
other ion beam properties. This was done for a
number of machines. The main results’ were that:
deuteron number fluence (ions m?) and energy
fluence (J m?) computed as 2.4-7.8x10% and 2.2-
33x10° respectively were independent of storange
energy E, from 0.4 — 486 kJ. Typical inductance
machines (33-55 nH) produce 1.2-2 x 10* ions per kJ
carrying 1.3-4 % E, at mean ion energy 50-205 keV.
Thus that paper defined appropriate ion properties and
established reference numbers for these properties for
the case of deuterons.

A natural next question is: What are the
corresponding reference numbers for ions produced in
plasma focus devices operated in other gases? This
question is not only of basic importance to provide
reference numbers for measurements but may also
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help in the selection of gases for materials application
such as damage studies where gases with high ion
beam damage factor and power flow may be
important; or in materials fabrication where
uniformity may require a gas having a lower damage
factor whilst having higher values of fast plasma
stream energy with a bigger radial distribution.

The plasma focus dynamics may be divided
in two major phases’™* the axial and the radial. In the
axial phase a current sheath is driven down the
coaxial channel between the anode and concentric
cylindrical cathode in the direction from left to right
in Fig 1'2. At the end of the axial phase the radial
phase begins in which a cylindrical current sheath is
driven radially inwards preceded by a shock wave.
When the shock wave goes on-axis a stagnated pinch
column is formed with the boundary of the stagnated
region moving outwards. This boundary may be
characterised as a reflected shock wave moving
radially outwards separating a radially inward region
of doubly shocked gas of higher density and
temperature from the outer region of inward
streaming plasma which is driven by the radially
inward moving radial current sheath (piston). When
the outwardly moving reflected shock meets the
incoming piston the focus pinch phase begins in
which the pinch boundary moves slowly either
inwards or outwards depending on the relative
strengths of the magnetic pressure exerted by the
piston and the increased hydrostatic pressure of the
stagnated pinch. The radiation from the dense hot
pinch plasma may become sufficient to affect the
plasma dynamics in terms of radiation cooling and
radiation collapse™ in the case of high Z gases such
as Ar, Kr or Xe. From experimental observations it
has been suggested™ that Ar (Z=18) is the transition
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gas in the sense that for gases with Z<18 the pinching
proceeds as a column whereas for gases with Z>18
the pinching breaks the column up into a line of
densely collapsed hot spots. We return to this point
later in the paper when it becomes pertinent to our
results. The dynamics of the current sheath causes
large temporal changes of inductance dL/dt and
consequential rate of change of currents dl/dt. Large
electric fields are induced. These and the extreme
conditions of the pinch lead to observed plasma
disruptions. Besides electromagnetic radiations from
the focus, particles are also emitted: generally ion
beams in the axial direction away from the anode and
relativistic electrons (REB) towards the anode. In this
paper we focus on the ion beams. We use the
mechanism proposed by Gribkov et al’>. A beam of
fast deuteron ions is produced by diode action in a
thin layer close to the anode (see Fig 1'% , with
plasma disruptions in the pinch generating the
necessary high voltages. These disruptions also
terminate the quasi-static nature of the pinch so that
the duration of the pinch may be related to the transit
time of relevant small disturbances across the pinch
column’.

“Hlasma :s'tii?/_‘_eams and
in the PF-1000

T
Insulator Pi“d‘/ — ~Beam of fast deuteron:
B N
= s e s e \\.‘ ;
\"A
Anode
; x = Z
—— /(!
J | -
. a——— Shock-wave front
Cathode T N ARSI

Plasma diode

- &

Figure 1. Schematic*? of the post- pinch FIB (fast ion
beam illustrated here with deuterons) and FPS (fast
plasma stream) indicated by the post-pinch shock
wave.

During the radial compression phase, energy is
imparted to the plasma and stored in the increasing
inductance of the pinch column. Some of this
accumulating energy is emitted as radiation, primarily
line radiation in the case of high Z gases and also
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v, = effective speed of the beam ions.

All quantities are expressed in Sl units, except where
otherwise stated.

Note that n,v, has units of ions per m? s™.

We derive n, from pinch inductive energy
considerations. We derive v, from the accelerating
voltage taken as the diode voltage U. The flux
equation is derived as:

Flux=3,=2.75X10"(f/[MZ] ") {(In[b/r,])/(r,2)}
(linen2)IUM fons m?s™ 1)

Where M=ion mass, Z = average effective charge of
the ion in the pinch, b= cathode radius, r, =pinch
radius and lginen =pinch current.
The parameter f, is the fraction of energy converted
into beam energy from the inductive energy of the
pinch. By analyzing neutron yield data*** and pinch
dimensional and temporal relationships™ we estimate
a value of f, =0.14.

In this manner starting from first principles
we have derived exactly the same equation as we did
using empirical formula calibrated at a 0.5MJ point of
neutron yield.
In this derivation from first principles we need only
one additional condition: f, =0.14. and the
approximate scaling: t =10° z, . This condition
fo =0.14 is equivalent to ion beam energy of 3%-6%
E, in the case when the pinch inductive energy holds
20% -40% of Eg Our extensive study of high
performance low inductance plasma focus classified™
as Type 1 shows that this estimate of f, is consistent
with data.
We summarise the assumptions:
1. lon beam flux J, is nyV, With units of ions m? s,
2. lon beam is produced by diode mechanism?.

The beam is produced uniformly across the whole

cross-section of the pinch

4. The beam speed is characterized by an average value

Vp.

5. The beam energy is a fraction f, of the pinch inductive
energy, taken as 0.14 in the first instance; to be

adjusted as numerical experiments indicate.

6. The beam ion energy is derived from the diode voltage

U

7. The diode voltage U is proportional to the maximum
induced voltage Vpa; With U=3V,,,; a relationship
in extensive earlier

obtained from data fitting
numerical experiments>*.

The value of the ion flux is deduced in each situation
(specific machine using specific gas) by computing the
values of Z, 1, Iincn and U by configuring the Lee Model
code with the parameters of the specific machine and
specific gas. The code and the procedure are discussed in
more detail in the next section.

provided to the ion and REB. The remnant energy
may be considered to manifest in the fast plasam
stream (FPS).

I1. The Method

A. The ion beam flux and fluence equations

We now proceed to estimate the flux of the ion beam.
We write the ion beam flux as J, =n,v, where

n,= number of beam ions N, divided by volume of
plasma traversed and

B. The Lee Model code
The code’ couples the electrical circuit with PF
dynamics, thermodynamics and radiation. It is
energy-, charge- and mass- consistent. It was
described in 1983% and used in the design and
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interpretation of experiments®'®*"*¥, An improved 5-
phase code incorporating finite small disturbance
speed’®, radiation and radiation-coupled dynamics
was used?®?, and was web-published® in 2000 and
2005%. Plasma self- absorption was included® in
2007. It has been wused extensively as a
complementary facility in several machines, for
example: UNU/ICTP PFFY182021 - NX 2124 NX12,
DENAZ, It has also been used in other machines for
design and interpretation including sub-kJ PF
machines®, FNI1?" and the UBA hard x-ray source®.
Information computed includes axial and radial
dynamics*’ and pinch properties™, SXR emission
characteristics and  yield®#?*#3  design of
machines™*"?-%%  gptimization of machines®®"%
and adaptation to Filippov-type DENAZ. Speed-
enhanced PF' was facilitated. Plasma Focus neutron
yield calculations®®, current and neutron yield
limitations*®, neutron saturation>®, radiative collapse
B3 current-stepped PF® and extraction of diagnostic
data®**® and anomalous resistance data’®* from
current signals have been studied using the code’. As
already pointed out in the introduction the Model
code has recently been used to produce land-mark
reference numbers for deuteron beam number and
energy fluence and flux and scaling trends for these
with plasma focus storage energy®. The present paper
extends the beam ion calculations to include all gases.

C. Procedure used in the numerical experiments
We use the NX2? for these numerical experiments to
study the number and energy flux and fluence in
various gases including hydrogen, deuterium, helium,
nitrogen, neon, argon, krypton and xenon. This gives
us a good range in terms of mass and charge numbers.
We configure the NX2 as follows:

Capacitor bank parameters:
Co=28 mF, r,=2.3 mOhm

Tube parameters: b=4.1 cm; a=1.9 cm, z4=5

Lo=20 nH;

cm

Operating parameters:
appropriate range of pressures.

The parameters are: Lg=static inductance
defined as inductance of discharge circuit without any
plasma dynamics (for example with the bank short-
circuited at the input to the plasma focus tube),
Co=bank capacitance, ro=short circuited resistance of
the discharge circuit; b=cathode radius, a=anode
radius, zp=effective anode length; Vo=bank charging
voltage and Pg=operating pressure, with a range of
pressures chosen so that the plasma focus axial run-
down time covers a range which encompasses at least
from 0.5 to to 1.3 of the short-circuit rise time which
is approximately (Lo/Co)®°. This range is chosen so
that the matched condition with the strongest energy
transfer into the plasma focus pinch is well covered
within the range and also to ensure that the range also
covers conditions of high enough pressures that the
focus pinch is almost not ocurring as defined by the
condition that the reflected shock is barely able to
reach the rapidly decelerating magnetic piston.

V0:14 kV, PO:
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For each shot the dynamics is computed and
displayed by the code which also calculates and
displays the ion beam properties. For H,, D,, He, N,
and Ne the procedure is relatively simple even though
Ne already exhibits enhanced compression due to
radiative cooling.

For Ar, Kr and Xe, the radiation yield (almost wholly
the line yield) is so severe that the radiative collapse
has to be adjusted in terms of minimum radius of
compression rmin (defined by the radius ratio rmin/a)
and time of the pinch so that the remnant fast plasma
stream energy remains at least minimally positive.
This adjustment involves studying the line yield, the
ion beam energy and the FPS energy as well as the
value of fe point by point. The final results contain a
range a degree of uncertainty in the sense that each
strong radiative collapse point could be adjusted a
little differently (by 10% or so) in distribution of
energies. However extensive number of runs show
that despite the uncertainty of the few strong radiative
collapse points for each gas the total picture of energy
distributions with pressure is clear and unambiguous.

We need to point out here that we model the pinch
radiative collapse as a collapse of the pinch as a whole
column whereas experimental observations' indicate
that Ar is the transition gas below which (lighter
gases) the pinch compresses as a column whilst for
heavier gases (Kr and Xe) the compression breaks up
into a line of hot spots. Our numerical experiments
indicate from energy considerations that when the
compression breaks up into hot spots the electric
current does not all flow through the hot spots but
there is a substantial flow of current in a far less
compressed column in which the line of hot spots is
‘embedded’; so that the total effect in terms of energy
transfer and inductance is less severe than indicated
by our collapse- as- a- column modelling.

I1l. Results and Discussions

A. Discharge current and general dynamics

Fig 1. Discharge Current
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Figure 2. NX2 Ne 3 Torr (a) Typical discharge
current (b) Radial trajectories

Figure 2(a) shows the plasma focus discharge current
computed for the NX2 and fitted to the measured
discharge current in order to obtain the model
parameters fp, ., fnr and 22331 Figure 2(b) shows
the computed radial trajectories of the radially inward
shock wave, the reflected radially outward shock
wave, the piston trajectory and the pinch length
elongation trajectory.

B. Radius ratios for various gases

0.20

— (Ymin/a) VS PRRLU.04varisbleRCIL

0.15

0.05 34—

0.00

Figure 3. Radius ratio vs P for different gases

The range of pressures appropriate for operating the
gases in the numerical experiments is widest for the
lightest gas H, which may be operated from 1 Torr up
to 70 Torr still producing a weak pinch. For D, and
He the range reduces to 1- 40 Torr; for Ne we
successfully ran numerical experiments from 0.1 to 10
Torr; for N, from 0.1 toTorr and for Xe it is 0.05 to
1.8 Torr.

Figure 3 illustrates the different compression of the
plasma focus pinch for different gases. In H,, D, and
He the radius ratio stays above 0.15 the 3 graphs
staying together up to 10 Torr towards 0.2 in the cases
of D, and He and 0.18 for H,. The higher pressures
are not shown in Fig 3. For N, the radius ratio drops
from 0.15 to a value about 0.13 over its useful range
of operation. Ne shows signs of enhanced
cvompressionsbetween 3 to 5 Torr indicated by the
enhanced compression (smaller radius ratio down to a
minimum of 0.08 at 4 Torr. Ar shows strong radiative
collapse with a radius ratio of 0.04 (a cut-off value
designed to make the energy distribution adjustments
feasible and not too involved a process) over a narrow
range of pressure around 2.0 Torr. Kr from 0.5-2 Torr
whilst Xe over 0.3 to 1.5 Torr, these latter being a
large proportion of their range of operation.
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C. lon Beam Flux for various gases
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Figure 4. (4a) Flux vs Pressure, various gases
and (4b) Flux, expanded scale

Figure 4a shows the flux in ions m™ s™ for the various
gases investigated. The H, curve starts at low
pressures with a value of 6x10%” at 1 Torr and rises to
a peak of 1.9x10% at 25 Torr. A detailed study of the
results shows that 25 Torr is the pressure where the
magnetic piston work is optimised corresponding to
best energy matching for the NX2 operationn in H,.
The flux then drops gradually and reaches a value
below 10 at 70 Torr. The D, and He curve show the
same trend with lower peak flux values of 1.4x10%
and 7x10?" respectively at 15 Torr and with a reduced
pressure range. N, shows the same trend peaking at
3.6x10%" at 3 Torr. Ne shows an accentuated peak of
6.6x10%", the peak of the accentuated hump appearing
at 4 Torr Fig (4b) corresponding to observed radiative
enhanced compression at 4 Torr (Fig 3). Ar flux is
even more obvious in displaying the effect of
radiative collapse peaking at a highly accentuated
8x10%" at 2 Torr. For Kr although the radiative
compression is even greater than Ar, the flux is fairly
flat at 1.4x10%" in the pressure range of good energy
transfer into the pinch in the region of 1 Torr. The
accentuating effect on the flux being more than made
up by the much greater energy per ion due to the
greatly increased mass numbers of 84. The competing
effects are more complicated than our first discussion
here and will become clearer as we discuss the other
properties. Xe shows the same flat flux curve as Kr
with a flat central value around 6x10%6. Thus we
observe that the beam ion flux drops as the mass
number of the ions, with accentuating factors
provided by radiatively enhanced compression.



D. lon Beam Fluence for various gases
1.E+21
Fluence vs P RRL 0.04 w variable RCTlimit
8.E+20 / —
6.E+20
H2
N —W-D2
—s—He
b N 2
2.E420 N
=@&=Ar RRL
0.E+00 T ——KrRRL
[} 20 40

Figure 5. (5a) Fluence vs Pressure, various gases and
(5b) Fluence, expanded scale

Figure 5a shows the fluence in ions m™ for the various
gases investigated. The shape of the curves and the
trend with gases are very similar to the flux discussed
in the previous section the fluence being the flux
multiplied by the estimated duration of the ion beam
pulse duration. The peak values of the fluence (ions
m?) range from 8x10% for H2 to 6x10* for Xe; again
with clearly radiation enhanced values of 2x10%° and
1.7x10% for Ar and Ne respectively. The values for
each gas are placed in Table 1 for comparison of the
main ion beam properties.

E. Beam ion number per kJ
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Figure 6. Beam ion number per kJ as a function of
pressure in various gases (a) range up to 40 Torr (b)
expanded showing up to 10 Torr (c) up to 3 Torr to
show Kr and Xe graphs

Figure 6 a-c show that the beam ion number per kJ
range from about 10 for the lightest gases to
1.5x10" for Xe in the radaitive enhanced regime.

F. Beam energy in the various gases
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Figure 7. Beam energy as % E, in the various gases

The results of the numerical experiments show that
although the beam ion number is the lowest (see Fig
6) for the heaviest gases Ar Kr and Xe, yet these
beams also carry the largest amounts of energy at 8-
9% E, compared to around 5-8% for the other gases.
This is because the energy per ion more than
compensate for the low numbers.



G. Damage factor
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The damage factor defined as power flow density
multiplied by (pulse duration)®. This quantity is
considered to be important for assessing the utility of
a beam for damage simulation of plasma-facing wall
materials in fusion test reactors.

H. Tabulation of ion beam properties in various
gases for comparison
The above results and some others are tabulated for
comparison in Table 1.

IV Conclusion

In this paper we deduce the flux equation of ion
beams in plasma focus for any gas using experimental
data from the case of deuterons to obtain a calibration
constant for energy fraction. We configure the Lee
Model code as the NX2 using best estimated average
model mass and current factors obtained from fitting
the computed current traces of several gases with
experimentally measured current traces. The flux
equation is incorporated into the code and the number
and energy flux and fluence from different gases are
computed together with other relevant properties. The
results portray the properties of the ion beam at the
pinch exit. They indicate that the ion fluence range
from 7x10% for the lightest gas H2 decreasing
through the heavier gases until a value of 1.7x10% for
Ar and decreases further dramatically to 0.03 x10%
for Xe. The very small fluence value of Xe is due to
the very large energy of the Xe ion, estimated to have
average charge state Ze of 28 and accelerated by
exceedingly large electric fields induced in the
radiative collapse.
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The ion number goes from 86x10** per kJ for H,,
decreases to 2.8x10™ per kJ for Ne and then to 0.02
x10™ for Xe. The beam energy drops slightly from
7.5 % of E, for H, to 4.1% of E, for Ne and then
increases to 9% for Ar and 7.6 % for Xe. The damage
factor is highest for Xe at 170x10"° Wm2s®* dropping
to 100x10™ for Ar and to 2-5x10™ for the lighter
gases. The results for Kr and Xe and to a lesser extent
in Ar are very much affected by the way the radiative
collapse is modelled whilst those of the other gases
from H2 to Ne are not affected by radiative collapse.
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Table 1: NX2 Properties and computed lon beam characteristics in a number of gases

NX2 H2 D2 He N2 Ne Ar Kr Xe
Pressure (Torr) matched 30 15 15 2 3 2 0.5 0.41
|peak (KA 397 [397 [397 |395 382 [ 406 | 390 394
z, (cm) 2.8 2.8 2.8 2.8 2.8 30 |24 2.3
rp, (cm) 033 [032 [031 [0.24 0.22 [0.08 |0.08 0.08
I (ns) 37 37 37 26 21 21 9 5
Zest 1 1 2 6.4 8.5 115 |24 28
lon Fluence (x10%° m™) 7.0 5.2 2.6 0.8 0.8 1.7 0.15 0.03
lon Flux (x10°'ms™) 19 14 7 3.2 5.0 8.0 1.9 0.7
Mean ion energy (keV) 54 54 108 553 927 5250 | 18601 | 215664
FIB Energy (%E) 75 5.3 5.3 47 4.1 93 |48 7.6
Dam Fr (x10™°Wm?s’®) 3.2 2.3 2.3 45 5.1 98 55 170
lon Number/kJ (x10*%) 86 61 31 5.3 2.8 1.1 0.16 0.02
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Abstract

Natural spinels are found in colors equal to those of fine rubies or sapphires. The most valuable one is
known as ruby spinel. Recently, the demands of bright red spinel as a substitution for ruby was
increasing. There are only a few publications on spinel chemical composition available. The paper
presents ion beam technique as a new way to characterize the chemical composition of natural red
spinels from Mokok source. In Thailand, ion beam technology has been recently applied for gemstone
analysis, particularly, the Proton Induced X-ray Emission (PIXE) which is an effective and
nondestructive technique to quantify trace elements analysis in ppm level. Chemical analysis by PIXE
technique showed the major trace element such as chromium (Cr), iron (Fe) and minor trace elements
are titanium (Ti), vanadium (V), zinc (Zn) and gallium (Ga). The amounts and combination of trace
elements affect the optical properties such as clarity, color, hue, tone and saturation. Through this
experiment was successful examined its effect of red spinel for gem quality. UV-Vis spectroscopy
technique results provide absorption spectra of natural spinel, which is appearing origin dependent. The
color in red spinel is also related to the contents of chromium and iron in individual samples. The
investigations discussed of high chromium content is the parameter of beauty in a gemstone need,
causes dominant red color whereby correlates with the absorption spectrum.

Keywords: Spinel, Trace Elements, UV-Vis absorption, lon Beam Analysis

beautiful rich reds spinels are very rare; they can
Introduction be found in a range of pastel shades blended with
brown, orange and purple. There are only a few
publications on spinel composition available,
therefore, the objective of this study is to
characterize the physical properties and chemical
composition of some natural spinels by using ion
beam technique.

Natural spinels occur in various shades of
color such as red, blue, green, yellow, brown,
black or even colorless resemble to those
found in ruby and sapphire [1]. The structure of
spinel is mainly magnesium-aluminum-oxide
(MgAI,Oy) [2]. They are generally indicated by
the formula AB,O., where “A” is a divalent
element such as Mg, Fe, Zn, Mn, Ni, Co, V, and Materials and Methods
Cu, and “B” a trivalent element such as Al, Fe,
and Cr with reciprocal diadochal exchange. Pure
spinel is colorless which contain ideal
composition of 28% MgO and 71.8% Al,O3. The
presence of trace elements such as chromium,
vanadium, iron and cobalt produce many
different shades of color. Most appreciated in the
gemstone market are red spinels. However, the

The samples used in this study are 24
natural spinels from Myanmar having assorted
color including red-orange (24 samples). All
samples were cut and polished into two parallel
faces. The physical and gemological properties
such as refractive index, specific gravity were
studied and also features using sterozoom
microscope (70X). The chemical analysis was
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carried out by PIXE. PIXE is powerful, fast and
relatively simple analytical technique that can be
used to identify and quantify trace elements [3].
It is non destructive character and its capability
to determine simultaneously major and trace
elements. The experiment was examined its
effect on the absorption spectra of Cr®" in natural
spinel, which is appearing origin dependent, by
UV-Vis spectroscopy.

Figure 2. lon beam analysis chamber of PIXE.

Results and Discussion
Gemological properties of all samples were
summarized in Table 1.

Table 1. Gemological properties of spinels from
Myanmar.
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purpose. Showing that major trace elements
are chromium (Cr), iron (Fe) and minor trace
elements such as titanium (Ti), vanadium
(V), zinc (Zn), and gallium (Ga) as seen in
table 2.

Table 2. The trace elements concentration of the
red spinel from Myanmar.

Trace elements Min-max (Wt%o)

Mg 16.45 — 20.69
Al 73.39 - 79.15
Ti 0.01-0.40

\ 0.02-0.75

Cr 0.58 - 3.38

Fe 0.16 - 3.23
Zn 0.08 - 2.81
Ga 0-0.06

UV-Vis spectroscopy can be used to study
the mechanisms of coloration caused by
transition metal in gemstones [3]. The crystal
field transition (d-d) for Cr** (in octahedral
coordination) bands centered at approximately
390-403 and 538-540 nanometer dominating the
absorption spectra of red spinels. The crystal
field transition (d-d) for Fe®' (in octahedral
coordination) bands centered at approximately
286-299 and 303-325 nanometer. The red color
in spinel from Myanmar is related to the contents
of Cr** and Fe* substitution of AP (in
octahedral coordination) in individual samples.
High chromium content causes dominant red
color that correlates with the absorption
spectrum. lron content causes brown color.
When both chromium and iron are present, the
absorption spectra are intermediate between the
mixed colors. Dominant color shows higher
absorption by the corresponding element.
Example of UV-Vis measurement s
demonstrated in Figure 3-5.

Properties Results
Refractive Index 1.705-1.720
Specific Gravity 3.50 - 3.69

Long Wave UV
Short Wave UV

Moderate - Strong Red
Weak Red - Inert

Color red orange
Tone Light - Dark
Saturate very slightly grayish - strong

Chemical analysis by PIXE for trace
element analysis is an excellent tool for this

201

Abs
5

Fe* (295)

i
Wi/
Y
V\\ﬁ

NS
Cr (390) o (538)

0 T T T T l

300




\‘ ‘ / o (393) )
2 | o (538)
9 ‘ hl( U LL‘-VJ\ //“/\\ /
Mo -1_‘__#/“‘_'_&\
——

T T T T {
300 400 500 600 700

nm

Figure 4. UV-Vis spectra of red orange spinel.

Abs
5

Il
4 ‘ ‘ Fe'' (319)
3 / o'’ (403) ,
I‘ ‘ / cr’ (540)
=1 VLA P
(AR ™~
W I e N PN

Y

Figure 5. UV-Vis spectra of red spinel with its
shades and variations.

As concern the changes in intensity of Fe** ions
and UV-Vis absorption spectral characteristics
from figure 6. Therefore, this leads to the
intensity of the orange and yellow tints in the
color of the samples. The color also depending
on the Cr** ions intensity these red spinels can
become more saturated.
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Figure 6. Comparison UV-Vis spectra of red
spinels.

Table 3 presents data on the dependence of the
rationale Cr/Fe of the color of samples. Also
when ratio Cr/Fe increases then color changes in
a certain way: Browish red, Red orange and Red.

Table 3. The trace elements concentration
rational of the red spinels from PIXE.
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Color of Cr Fe Rational
samples (Wt %) | (Wt%) Cr/Fe
Brownish red 1.88 3.23 0.58
Red orange 1.26 1.07 1.17
Red 3.38 0.37 9.13
Conclusions

All spinel samples from Myanmar the
gemological properties showed specific gravities
range from 3.50 to 3.69, refractive indices range
from 1.705 to 1.720 and inert to weak red in
short-wave ultraviolet radiation, moderate to
strong red fluorescence in long wave ultraviolet
radiation. Chemical analysis by PIXE technique
showed the major trace element analysis showing
that major trace elements are chromium (Cr),
iron (Fe) and minor trace elements are titanium
(Ti), vanadium (V), zinc (Zn), and gallium (Ga).
UV-Vis spectra of red spinels, show absorption
bands of Cr**at 390-403 and 538-540
nanometer, show absorption bands of Fe*" at
286-299 and 303-325 nanometer.
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Abstract

Particle-induced X-ray emission (PIXE) and ionoluminescence (IL) are the ion beam analysis
techniques for investigating the trace elements of various materials. The former is the common method,
which use of finding out an amount of trace element in the matter, and the latter is used for observing
the luminescent character in the matter. It is worth to note that a 2 MeV proton beam from a 1.7 MV
tandem accelerator was used for these analysis. On the behalf in this research, a number of clear and
transparent corundum, dull white sapphires, were investigated by the mentioned techniques. After that,
both PIXE and IL results show the correlation which depend upon the concentration of many trace
elements. Basically, a luminescence peak at 692 nm which relate to the Cr** luminescence is obviously
observed in spite of the low content of Cr. The result, additionally, is benefit for verifying a few
existence of Cr®" in corundum. Although it is not enough to produce any color, the further ion beam
modification can be applied by using these results.

Keywords: PIXE, IL, corundum, Cr®*

is normally degraded the saturation of color [3]. In
other words, the insufficient amount of chromium is
caused to produce the red color; thus, a white color
Corundum is the valuable gemstone which  exists instead.
having been found worldwide. Aluminum oxide, lon beam analysis (IBA), as a non-destructive
AlL,O;, is a major composition in the hexagonal analytical method, is an alternative technique for
structure, which is very clear if it is without other characterization of gemstones. Particle-induced X-ray
impurities [1]. However, natural corundum is found ~ emission (PIXE) is a sensitive analytical technique
that occur in many colors on account of originally ~ Which can be used to identify trace elements in a
different elements, structures, and their quantity. The ~ gemstone. lonoluminescence (IL) likewise is a highly
visual appeal and characteristics of corundum is sensitive method for detecting optical phenomenon in
determined by many variables including: brilliance, ~ the matter. Not only PIXE has been made use of a few
color, fire (light dispersion), and luster. Considering, trace element investigations, but IL also has been used
ions of certain elements are high absorbent of some ~ to determine luminescence process of rubies and
specific wavelengths of light, i.e. these are called  sapphires [4-7]. Next, we investigate luminescence of
chromospheres, which possess strong pigmenting corundum and checked the data with the above-
capabilities. Moreover, it is an allochromatic mineral ~ mentioned research. Due to the lack of relation
to which referring color varies based on the presence  information between PIXE and IL of corundum, we
of impurities in their composition and on defects in ~ have tried to fulfill this vacancy. Fortunately, our
their structure [2]. In this case, dull white sapphire  research facility has the Tandem accelerator for
comprise of either coloration or discoloration element ~ detecting the previous mentioned analysis which is
in a few concentrations. Because the red color in ~ the only one in Thailand. The objective of this
sapphire is caused by the substitution of Cr® to AI** research is to find out the correlation between the

in the six surrounded oxygen ions, the lack of the Cr®*  quantitative analysis by PIXE technique and the
qualitative analysis by IL technique. Particularly, both
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Cr®* concentration and luminescence are the main
points for this research.

Experimental procedures

Six natural corundum, dull white sapphires from
Sri Lanka, were chosen for this investigation. All of
them had cleaned to remove silicate and calcite prior
to the following processes. The process can be done
by filling the 48% hydrofluoric acid into the plastic
bottle which submerged the sapphires. Next, we left
the sapphires in the acid about 24 hours in a fume
hood of good ventilation and after this return the acid
to other bottle. Then, the water was filled into the
bottle to clear out the acid. Afterwards, stains and
small particles on the gems’ surfaces were cleaned by
dispersing with ethyl alcohol in an ultrasonic bath.
These methods are necessary for the further
investigation. Generally, the samples were closely
observed and recorded at 10x magnification through
an optical microscope. Subsequently, samples were
attached on a small bolt with a piece of carbon tape
and then skewed it onto the sample holder. Certainly,
samples had been adjusted till the level was
horizontal, then, inserted the sample holder into the
control system which placed in the analysis chamber.

For IBA analysis, the elemental compositions of
the gemstone samples were analyzed by PIXE and IL
techniques with a 2 MeV proton beam generated from
a Cs-sputter ion source using the 1.7 MV tandem
accelerator system at Chiang Mai University [8]. The
beam was collimated to ~1 mm diameter, and the
beam current at the sample was kept below 10 nA.
Base pressure in the vacuum chamber was about
1x107 torr.

Prior to the PIXE experiment, the high-voltage
supply for the detector is slowly adjusted to -500 V,
and wait at least 30 minutes to let the system stable.
The other associated systems such as preamplifier
supply and amplifier supply also turn on the same
way as was mentioned. The analysis chamber has an
aperture of 1 mm-diameter for collimating the ion
beam at the entrance of the chamber. During
measurement, energetic protons collide and penetrate
into the sample at a depth of ~15 um (calculated by
SRIM code) and induce characteristic X-ray
emissions in all directions. The X-rays were detected
by a Si(Li) detector placed at 120° to the beam
direction. An ORTEC multichannel analyzer card
connected to a personal computer was used for data
accumulation and acquisition. The ion beam current
was approximately measured at the small bolt placed
nearby the scintillation plate and verified the
matching of channel number and X-ray energy. The
measurement time depend on the ion current, density
of sample, and the distance to detector, however, it
consumes normally about 600 — 900 seconds. An
electron shower generated by an electron gun was
applied to reduce the bremsstrahlung effect caused by
the charging-up phenomena. The data was
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accumulated by the Maestro software and evaluated
by GUPIXWIN software which reported element
concentration as parts per million by weight (ppm).
Trace element concentrations were calculated using
GUPIXWIN software and were reported as parts per
million (ppm).

For IL, the preparation and incident ion is quite
similar to the PIXE technique. However, a fiber optic
light guide, placed at about 200° to the beam
direction, was used to lead the emitted light to the
spectrometer outside the analysis chamber. Next, the
spectrometer and personal computer were located
close to the analysis chamber to analyze the
luminescence spectra by using an Ocean Optics
spectrometer. In order to clarify any emission peak,
each spectrum was recorded to 300-3,000 ms. For
qualitative analysis, IL spectra were measured and
compared with another spectra by normalized
accumulation time. This method can be used for
identifying the ion-induced luminescence mechanism,
leading to an explanation of the color differences,
which was the qualitative data by fitting with the
OriginPro software compared with the trace element
quantitative analysis.

The emission spectra acquired by the IL
technique will be collected and analyzed in relating to
the Cr** concentration which can be preliminary
observed by the color appearance. Consequently, the
intensity of the Cr** luminescence peak is compared
to the quantitative data by PIXE technique in order to
find out the correlation between the two ion beam
analysis techniques.

Results and Discussion

Six dull white sapphires, labeled the number
including 1, 2, 3, 12, 14, and 15, were characterized
with PIXE technique as shown the amount of trace
elements in Table 1. The table confirms that Al is the
main composition in the sapphire, and other elements
are overshadowed compared with the main element.

By the way, IL spectra were spectacularly
analyzed, which normalized by averaging the
accumulation time equals to 300 ms prior to analysis.
Our measurements exemplify that an emission peak of
chromium, as shown in Figure 1, is clearly seen at a
wavelength of ~692 nm. By Ligand field theory [9],
this peak is the splitting of energy in the d-orbital in
Cr® together with the surrounding O* ions. In fact,
this peak is an electron transition from 2E (first
excited state) to ‘A, (ground state) with emission
of~1.79 eV. In addition to the main peak, the spectra
show dwarf peaks at 657.5 nm and 667.5 nm caused
by electron transition from 2T, (second excited state)
to “A, [10]. There are also the lines at 702.6 nm and
704.6 nm so-called n-line which are an effect of
paired Cr®* [11]. Finally, the side band at 711.7 nm is
caused by molecular vibration [12]. It is worth
mentioning that some sapphires appear the broad
peaks centered at 330, and 420 nm. These belong to
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(code)
Gl 526164 | 49 250 | 402 7 106 | 390 25 35
G2 525593 | 25 137 254 17 31 | 3700 21 131
G3 526896 | 59 326 148 29 33 592 33 35
G12 526058 | 121 | 1412 | 149 17 52 | 2619 | 164 108
G14 527621 | 37 442 197 6 21 551 48 34
G15 525937 | 118 | 564 | 257 20 22 462 217 44

Table 1. The concentration in part per million (ppm) of six dull white sapphires analyzed by PIXE technique
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Figure 1. IL spectrum of dull white sapphire in overall regions (a), 200-600 nm (b) and 600-800 nm (c).

the F'-center [13] and F,-center [14], respectively,
which relate to the imperfection in the crystal lattice
of sapphires. In other words, these color center
luminescence peaks are also observed in the highly
existence of calcium because Ca leads to distort the
octahedral structure of Cr,03, which induce ultimately
the color center. These results indicate that ion beam
luminescence is not only a very sensitive method for
detecting Cr inclusion through substitution of Cr** in
an alumina matrix, but also indicating the single
crystal property of the sapphire.

For correlation between PIXE and IL results, each IL
spectra of sapphire was normalized, as mentioned
earlier, and plot in the relation between the maximum
luminescent intensities and the ratio of Ca/Cr
concentrations is shown in Figure 2. It is clear that the
amount of Ca is the reason why the luminescence of
sapphires is less than others despite the higher
chromium concentration. The calcium also acquires
the Kkinetic energy of incident ion so that not produce
any direct emission in the visible region, i.e., this
element also complete the energy which lead to the
less probability for Cr®* luminescence. In addition, the
trend line likewise indicates that the luminescent
tendency of sapphire is inverse proportional to the
ratio of Ca/Cr concentration. In other words, one
sapphire which contains much calcium leads to inhibit
the luminescent characteristic of chromium.
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Equation y = a + b*x
Adj. R-S 0.989

Value Standard
Intensity Interc -23.36 12.3030
Intensity Slope 1326.5 60.7159
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Figure 2. The plot relation between Cr3+
luminescence intensity and the logarithm of ratio of
Cr/Ca concentrations.

The second interesting for the low luminescence
in spite of as same as Cr®* concentration, G2 with G3,
and G14 with G15, may have caused by the effect of
low iron concentration in the sapphire. As illustrated
in Table 1, the iron concentration in G2 is more than
G3, which likely appear in G14 superior to G15, and
have more luminescence intensity than another. It can
be stated that the iron ion (Fe*") may be a co-activator
for the luminescence by Cr®* [15]. Alternatively, the
kinetic energy of incident ion can be transferred to the
Fe,O; inside the matter; furthermore, the
luminescence of Fe** occur in the infrared region (>



800 nm) [16], which not observed in this experiment.
Then, the Stoke shift effect may be the reason why the
emission energy from Fe®* is able to re-activate the
neighbor Cr,03 such more luminescence that appear
in the common mechanism as stated earlier. It seems
that the iron concentration effect is less significant
than the calcium concentration, for instance, the more
concentration of either Cr** or Fe** in G12 are limited
by the high concentration of calcium as shown in
Table 1.

Conclusions

It is clear that the PIXE analysis can be analyzed
an amount of trace element which benefit to correlate
with the luminescence spectra of sapphire by IL
technique. Even if this investigated sapphire does not
appear any color, dull white sapphire, the
luminescence of Cr** which normally found in red
sapphire or ruby can be slightly observed. The
observation express that there are no difference
between the luminescence of this sapphire compared
with ruby or other coloration sapphire.

As a result, the different emission peak centered
at 692 nm of Cr** is mainly inhibited by the presence
of an amount of calcium element in the matter. It may
offer that the low of co-activator, Fe**, is slightly
responsible for the Cr**-emission; however, it has
rather a dominantly influence on the corresponding
chromium concentration in each sapphire. Moreover,
the correlation between IL and PIXE data show a
good trend line in order to predict the luminescent
mechanism for this discoloration sapphire.

It is worth mentioning that the particle-induced
X-ray emission and ion beam induced-luminescence
technique is advantageous and alternative for
primarily investigating the discoloration sapphire.
Additionally, these data can be implied to select the
sapphire for further enhancing sapphire such as more
clarity, enrich the color.
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Abstract

The dielectric barrier discharge (DBD) plasma system was designed and constructed at atmospheric
pressure air for studying the breakdown voltage. The discharge was generated by applying high voltage
alternative current (AC) source across the copper electrodes. High voltage AC source can be applied of
frequency 50 Hz and potential difference in range of 0-15 kV. Transparent sheet was selected to be the
dielectric barrier and was placed in front of copper electrode with two different configurations such as
single dielectric barrier and double dielectric barrier. In this work, we studied both discharging with
transparent sheet and discharging without transparent sheet. The gap between two copper electrodes
will be adjusted for measuring the breakdown voltage, which can be obtained by using digital
oscilloscope. It was found that the breakdown voltage increased with increasing the gap between two
copper electrodes. The electron temperature of this constructed DBD plasma system was measured and
reported by using optical emission spectrometer. It was found that electron temperature was in the
range of 3-8 eV.

Keywords: Dielectric barrier discharge, atmospheric plasma, breakdown voltage, electron temperature
molecules. This transfer energy between free
electrons and gas molecules leads to new species

. formation, such as ions, atoms, free radicals as well as

Introduction metastable  species. Moreover, non-equilibrium

Due to the vacuum unit in plasma system has plasma can generally be obtaine_d at atmqspheric
quitt more expensive, therefore; the atmospheric ~ Pressure with reduction of the discharge size and
plasma system exhibits to be the alternative in plasma ~ Working at low excitation frequency. Therefore non-
system for reduction in vacuum unit. Nowadays,  equilibrium plasma s suitable for various
atmospheric plasma system became to main operation ~ applications, such as polymer treatment, material
in plasma process with surface modification in short modlflcatlon, material processing as well as substrates

period [1-4]. There are several plasma systems can  cléaning [1-4].

generate plasma at atmospheric pressure, such as However, the breakdown voltage and the

plasma jet, plasma needle, plasma torch and dielectric ~ electron temperature in DBD system should have

barrier discharge (DBD) [5, 6]. To compare these knov_vr_l in order to get WeII_ controlled_ treatment,
atmospheric plasma systems, DBD has been attracted ~ Modification as well as cleaning. The high voltage
high attention with using both laboratory experiment ~ Probe and the optical emission spectroscopy (OES)
and large industrial. Moreover, DBD system can be ~ have been commonly used to obtain the breakdown

obtained in a much simpler way than other systems voltage and the electron temperature; respectively [7-

due to their merits of small dimension, low cost as 9. . .

well as easy circuit in electric power supply. In this work, DBD plasma system was designed

The characteristic of DBD system is the non- and c_onstructed at atmospherlc pressure air by 50 Hz
equilibrium plasma. In non-equilibrium plasma, free ~ ©f high voltage alternative current (AC) source.
electrons obtain energy from an applied electric field Transparent sheet was selected to be the dielectric

and loss energy by collisions with neutral gas  Darrier. The gap between two copper electrodes will
be adjusted for measuring the breakdown voltage. The
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electron temperature of this DBD plasma system was
measured by OES.

Materials and Methods

DBD system

The DBD plasma system was designed and
constructed at atmospheric pressure air by
applying high voltage alternative current (AC)
source across the electrodes and dielectric sheet.
These electrodes made from the copper plate
with 6x9 cm sizes. High voltage AC source was
generated at frequency 50 Hz with potential
difference in range of 0-15 kV by connecting the
variac with a neon transformer, which used to be
step up transformer. The resistor with 20 Q and
200 watts was used to be load in the circuit.

The transparent sheet was selected to be the
dielectric barrier. This sheet was placed in front
of copper electrode with two different
configurations such as single dielectric barrier
and double dielectric barrier. In this work, we
studied both discharging with transparent sheet
and discharging without transparent sheet.

All configuration view of electrodes in
atmospheric plasma system is also shown in

figure 1.
Electrode

S

AC

Electrode

1

S
AC

Electrode Electrode

(b)

Electrode
~

S

AC

Dielectric

Electrode

(€
Figure 1. All configuration view of electrodes (a)
without dielectric barrier, (b) single dielectric barrier
and (c) double dielectric barrier in atmospheric
plasma system.

Characteristics

Dielectric
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The relation of breakdown voltage to gap
between two copper electrodes was measured by
high voltage probe. The electron temperature of
this constructed DBD atmospheric plasma
system was measured and reported by using OES
in the range between 200 and 1,100 nm. A
miniature fiber optic spectrometer (USB2000,
Ocean Optic Inc.) was used in this measurement.
The spatial distribution of reactive species was
measured at different gaps between two copper
electrodes. For elemental analysis OES, it is
important that plasma should be in local
thermodynamic equilibrium (LTE).

Results and Discussions

Breakdown voltage

The breakdown voltage versus the gap
between two copper electrodes is also shown in
figure 2. It was found that the breakdown voltage
increased with increasing the gap between two
copper electrodes in all configurations of
electrodes in atmospheric plasma system. This is
because at larger gap the energy of the particles
transiting in the discharge gap increased. This
energy will be proportional to the applied voltage
and the charge of the particles, leading to the
higher breakdown voltage.

While electrode with double dielectric
barrier showed the highest breakdown voltage
and electrode with single dielectric barrier had
more breakdown voltage than electrode without
dielectric barrier. This is because the increasing
amount of dielectric barrier had more the
dielectric strength; hence the transport current in
the discharge gap will occur when the electric
field had high enough, leading to the higher
breakdown voltage.

12000
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. 10000 —@— single dielectricbarrier /
> —m— double dielectricbarrier /§
2 3000 e
k| 1 Lo
E ¢
S 6000 /
3 ¥
2 j/
[
é 4000 /./ /é
u
l/./ /
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0

2 4 6 8
Gap between two copper electrodes (mm)

10

Figure 2. Plot of the breakdown voltage versus the
gap between two copper electrodes.



Electron temperature

An example of optical emission spectrum of
DBD plasma system from 200 nm to 1,100 nm is
shown in figure 3. The main intensive nitrogen
lines were found in the region between 300 and
425 nm because the nitrogen is the main
composition of air. Spectroscopic data of specific
emissions nitrogen lines present in the
atmospheric pressure air were listed in Table 1.
This spectroscopic data were taken from the
atomic database of NIST [10].

5000
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. 4000 8 8
3 3 g
2 s
2 ~
g 3000 | 2 3000 g
9 £ 5000 2 ’§m
2000 1000 g3
0 T T T
250 300 350 400 450
1000 - Ju , Wavelength (nm)
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700 800 900 1000 1100
Wavelength (nm)

Figure 3. Example of optical emission spectrum of

DBD plasma system from 200 nm to 1,100 nm.

Table 1: Spectroscopic data of specific emissions
lines present in the DBD plasma system [10].

Species A grge | ErEc | Ay (x10°)
[nm] [eV] 5]
N-V 315976 | 2-2 | 84.1-880 | 1.030
N-111 335.878 | 2-2 | 35.6-39.3 | 0.305
N-IV 374754 | 3-5 | 58.6-62.0 | 0.992
N-111 379.297 | 8-6 | 38.4-41.7 | 0.103
N-11 399.499 | 3-5 | 18.5-21.6 | 1.220
N-1V 405.776 | 3-5 | 50.2-53.2 | 0.662
Where A4 is the emission spectrum

wavelength. E; and Ey is the energy level in the
lower level and upper level; respectively. g; and
g is the statistical weight in the lower level and
upper level; respectively. And Ay is the Einstein
transition probability for spontaneous emission
from level k to level i.

To interpret the optical emission spectra, the
energy level populations of nitrogen plasma
species under LTE condition were given by the
Boltzmann distribution law. The intensity
measurement of a spectral line occurring
between the upper energy level and low energy
level of nitrogen plasma species in ionization
stage Z [11, 12], is given as
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he Gi.zNo _ Bz

kgT

I, = exp( ) (1)
where h is Planck’s constant. ¢ is the speed of
light. Ay is the transition probability. Ay, is the
transition line wavelength. kg is the Boltzmann
constant. g, is the statistical weight of the upper
level. Ey, is the energy of the upper level. P, is
the partition function and n, is the total number
density of atom in the ground state.

However, the absolute intensity, the partition
function and the number density must to
determine in an equation 1. To avoid these
difficult, the method based on the relative
intensity ratio of two nitrogen lines will be used
in this work. The intensity ratio of two lines of
the same species of ionization stage Z is express

() 2) () (2524) @

Where I and I, are the line intensity from the
k-i and n-m transition; respectively [11, 13].
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In this work, the intensity ratio of two N-I1I
lines at 335.878 and 379.297 nm was chosen for
finding the electron temperature. The electron
temperature versus the gap between two copper
electrodes is shown Fig. 4.
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Figu
re 4. Plot of an electron temperature versus the gap
between two copper electrodes.

This figure shows that the electron
temperature was in the range 3-8 eV, depending
upon the gap between two copper electrodes. It
was found that the electron temperature decrease
with increasing gap between two copper
electrodes. This is because at lower gap the
electrons had higher average kinetic energy,



because they had not lost much energy due to
collisions with other atoms. With increasing gap,
the electrons have more collisions and lose more
kinetic energy, hence decreasing electron
temperature. These results are similar to results
in other reports [8].

Conclusions

The DBD atmospheric plasma system was
designed and constructed by high voltage AC
source with 50 Hz frequency and 0-15 kV
potential difference. Transparent sheet was used
to be the dielectric barrier in front of copper
electrode. The breakdown voltage measurement
indicates that the breakdown voltage increased
with increasing the gap between two copper
electrodes and increasing amount of dielectric
barrier. The analysis of OES indicates that
electron temperature in DBD atmospheric
plasma system was found in the range of 3-8 eV.
The electron temperature decreased with
increasing gap between two copper electrodes
but the electron temperature increased with
increasing amount of dielectric  barrier.
Therefore, both the breakdown voltage and the
electron temperature depended on the gap
between two copper electrodes and amount of
dielectric barrier.
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Abstract

Gemstones generally are naturally-occurring-crystalline forms of mineral, which are desirable for their
beauty, rarity and durability that are valuable enough to be enjoyed for generations. However, the best
quality gem materials usually are rare in nature. Therefore, individuals continue to strive for methods
to treat lower-quality materials to enhance their appearance and thereby their marketability. Heat
treatment is the most popular technique commercially used for the improvement of quality of
gemstones. However, the treatment is time consuming and is not an efficient process to bring about
desirable changes in the properties of the stones. Heavy ion beams are a good candidate of irradiating
gemstones, for they are able to bring about both heating effect and introduction of defects, impurities
and charges for modification of the optical properties, as well as treat individually different gems. In
the past ion implantation has been investigated from the point of view of improving the optical and
mechanical properties of sapphires for the application on optics, optoelectronics, photonics and tooling.
Many studies have dealt with understanding basic and applied aspects of ion beam modifications of
sapphire but not many have focused on developing industry-ready technology. Plasma and Beam
Physics Research Facility (PBP), Chiang Mai University, Thailand, can facilitate various ion beam
facilities and has engaged into the gemstone industry since 2007. Advanced techniques in plasma and
particle beam are utilized for modification of various gems materials, such as corundum, spinel,
tourmaline and garnet, with respect to optical enhancement. The treatment has shown to be able to
modify color, unify inclusions, increase transmittance and improve luster of gems, thus value adding.
Hence it is the purpose of this presentation to give a review of what have been accomplished for
gemstone enhancement from such facilities.

Keywords: Gemstone, corundum, ion implantation, chromophoric elements, luster

clarity) that has little market value. Therefore,
Introduction individuals continue to strive to develop methods to
treat this lower-quality material in the laboratory to
enhance its appearance and thereby its marketability
for gem purposes.

Heat treatment is the most popular technique
commercially used for the improvement of quality of
gemstones [1]. Heat treatment mainly [2,3] modifies
color, unifies inclusions, increases transmittance and
improves luster. However, heat treatment is expensive
and is not an efficient process to bring about desirable
changes in the properties of gem stones. For example,
it involves annealing at 1000 °C and above for periods
ranging from few hours to few months depending on
the type of gemstones. Different types of gemstones
cannot be treated simultaneously. Alternative
treatments are exposing the gemstones to energetic
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A gemstone is the naturally occurring crystalline
form of a mineral, which is desirable for its beauty,
valuable in its rarity and durable enough to be enjoyed
for generations. Although new occurrences of natural
gemstones are found from time to time in many parts
of the world, these localities combined with
historically important gem deposits have not always
provided the best quality material in sufficient
amounts to meet the current demand for gemstones
among consumers. Besides the relatively small
amount of high quality gem material typically
produced at a given mining locality, there is also
recovered a much larger percentage of lower quality
material (for example, with poorer size, color or
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particle beams and laser beams. Laser beams do not
produce localized heating, whereas low mass particles
such as electrons produce localized but yield poor
coloration. Neutron irradiation makes gemstones
radioactive. Heavy ion beams are a good candidate of
irradiating gemstones, for they are able to bring about
both heating effect and introduction of defects,
impurities and charges for modification of the optical
properties [4], as well as treat individually different
gems.

In the past ion implantation on sapphires has
been investigated from the point of view of improving
their optical and mechanical properties [5-10] for the
application on optics, optoelectronics, photonics and
tooling [11,12]. Many studies have dealt with
understanding basic and applied aspects of ion beam
modifications of sapphire but not many have focused
on developing industry-ready technology. The present
work aims at developing heavy ion beam irradiation
process for enhancing the quality of gemstones and
thus increasing their market values.

Materials and Methods

A variety of gemstones used for this study are
rubies, sapphires, topazes, spinel and garnets from
Thailand, Myanmar (Burma), and Africa. The
untreated samples vary in sizes from a few mm to
almost 1 cm in specific diameters. The ion
implantation was carried out by using various ion
beam facilities at Chiang Mai University, including a
150-kV mass-analyzed heavy ion implanter (Figure
1), a 20-kV multicusp high-intensity plasma source
ion implanter, and a 25-kV negative ion implanter
attached to the Tandem accelerator. The target holders
were designed with special considerations, aiming at
avoiding sputtering contamination on the gem surface
as much as possible, which was able to fit any shape
of gem samples to the holder. Argon, oxygen and
nitrogen ions at energy between 20 - 100 keV were
implanted to the gem specimens with beam currents
of 0.1 to a few mA to implant from 10" to a few 10%°
ions/cm®. The operating pressures in the target
chambers were about 10°-10* Pa. The target
temperatures during ion implantation were measured
using an infrared thermometer to be stabilized at
about 200-600 °C, depending on the size of sample
and the ion implantation conditions. No post
treatments were deliberately done on the ion-
implanted gems. The ion beam-treated specimens
were observed under either gemologist-professional
binocular microscopes (Zeiss, Germany) or directly
the natural lights. The measurement by PIXE and IL
were also taken into account. The grades of the
gemstones were judged by authorized gemological
professionals.
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Figure 1. 150-kV mass analyzed heavy ion implanter
and its target holder.

Results and Discussion

In a normal sapphire, the high concentration of
titanium [Ti*"] and iron [Fe?*] will produce blue color
in sapphire. Bluish or purplish core or inclusions in
ruby are typically attributed to high concentrations of
iron and titanium in the same way as the coloration of
blue sapphire [13]. As shown in Figure 2, the O-ion
implantation gives a positive effect by reduce purplish
tint and make the stones brighter in red and improve
its clarity. The oxygen ion would be involved in the
charge transfer following the process of 4Fe** + O? &
4Fe** + 20%. Thus, the blue color blended with red in
ruby is reduced. In case of natural blue sapphire, the
greenish tint in core (due to the yellow or orange
coloration) could be reduced by N-ion implantation
and the stone turned purer blue after treatment (Figure
3). These results show that appropriate type of ion
should be selected for different kinds of impurity to
enhance ruby and sapphire.

The different varieties of gemstones, including
rubies, sapphires, and garnets were subjected to
treated by plasma beams and are illustrated in Figure
4. The oxygen plasma ion implantation can turn
yellow sapphire at its one end and colorless at the
center into more intense yellow. Also its clarity and
luster are slightly improved from originally slightly
brownish tint and somewhat lower saturation.

lon beam technique can also eliminate the
micro-inclusions of red spinel by locally heating of
ion beams as seen in Figures 5. This heating can be
explained by thermal spike model [14], in which the
penetrating ions releases energy in a cylindrical
volume around their paths and the energy is converted
into heat. At the end, the color of spinel turns to be
more intense red.

Other interesting example is the color change of
green tourmaline by nitrogen ion treatment as seen in
Figure 6.
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(b) (b)
Figure 2. Comparison of natural ruby for (a) before, ~ Figure 4. Demonstration of (a) untreated natural
and (b) after O-ions implantation. gemstones and (b) after treated with O-plasma.

(b)

Figure 3. Comparison of natural blue sapphire for (a)
before, and (b) after N-ions implantation.

Figure 5. Demonstration of (a) untreated natural red
spinel and (b) after 1st and (c) 2nd treatments by ion
beam techniques.
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Figure 6. Color enhancement of green tourmaline by
ion beam techniques.

In case of applying the technique for gems
market we focus our work to 2 objects, namely
inducing of purple sapphire by nitrogen beams
(Figure 7) and improving of white sapphire for
diamond replacement (Figure 8). For these purposes,
violet sapphires are induced from low quality pink
sapphire and brilliant white sapphires are converted
from low quality dull white sapphire.

Figure 7. Violet sapphire (right) induced from low
quality pink sapphire (left) by ion beam techniques.

Figure 8. Low quality dull-white sapphires (middle)
can turn into more brilliant (left-right) by ion beam
treatment.

Conclusions

This overview has demonstrated that by using
ion beam treatments, the color of the ion implanted
gemstone is viewed as more lively and brilliant. For
example, brighter red, better clarity and luster after
oxygen-ion implantation in rubies or more vivid blue
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and less green after nitrogen-ion implantation.
Inclusions in red spinel can be reduced, resulting in
better clarity and luster. The striking results are the
changing of the dull, opaque, white sapphire to be the
brilliant, transparent white sapphires for diamond
replacement and the inducement of violet sapphire
from low quality pink sapphire. These modifications
lead to quality improvement of gemstones and thus
the added values.
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Abstract

A series of Cu-Zn oxide compounds were prepared via co-precipitation process using copper chloride
(CuCl,'2H,0) and zinc chloride (ZnCl, 2H,0) as starting precursors. The compounds were synthesized
with various molar ratio of copper-zinc (1:9, 3:7, 5:5, 7:3, 9:1 ) combination with annealing at 600 °C
for 2 h. As-synthesized samples were characterized by X-ray diffraction (XRD),transmission electron
microscope(TEM), scanning electron microscope (SEM) and Fourier transform infrared (FTIR)
spectroscopy. For XRD results, diffraction peaks of the compounds are well-defined and reveal the
well-crystalline characteristic of the samples. TEM and SEM results show different morphologies of
CuO, ZnO and Cu-Zn oxide compounds appearing in rod, flower and quasi spherical shapes,
respectively.. The presence of functional groups and chemical bonding of the compounds is affirmed
by FTIR results. FTIR results additionally indicate the existence of mixture phases of ZnO and CuO in
the compounds which were obtained by facile precipitation process.

Keywords: copper oxide, zinc oxide, precipitation process, compounds

wet impregnation method, sol-gel based method and
Introduction precipitation method. For large

Metal oxide semiconductors are materials that
attract great attention because of their excellent  scale production, the precipitation process is highly
physical properties for example, electricity and considered because of simple and low-cost process,
magnetism and optics. In this regard, copper oxide safe system, environmental friendly, low temperature
(CuO) material, in particular in form of low process and decreased time of production [9-12].
dimensional nanostructure has been extensively Nevertheless, few researches have been found
studied because of its narrow band gap 1.2 eV and  regarding to the synthesis of the Cu-Zn oxide low-
feasibility in various applications such as catalysis ~ dimension nanostructure compounds.

[1], antimicrobial activity [2] , solar energy
conversion [3] and gas sensor [4]. Meanwhile, zinc
oxide (ZnO) is in great interest for practical
applications owing to its fascinating properties
including wide direct band gap of 3.37 eV with high
exciton binding energy of 60 meV and strong
chemical-thermal stability [5]. Because of prominent
properties, ZnO can be used in various fields of
applications such as sensor [6], varistor [7] and
electrical device [8]. Moreover, both semiconductor
materials are rather cheap, environmental friendly and Materials and Methods
similar physical-chemical properties comparing to
other metal oxide materials. Up-to now, various
structures with exceptional morphologies of these
compounds can be obtained by different preparation
methods, for example, solid state reaction method,

The main objective of this work is to synthesize
copper-zinc oxide compound via precipitation process
and investigate the effect of the Cu:Zn ratio on
structural properties of the compounds. The as-
synthesized samples were extensively characterized
by transmission electron microscopy, X-ray
diffractometer, Fourier transform infrared
spectroscopy and scanning electron microscopy.

In typical procedure to synthesize a series of
material, copper chloride (CuCl,-2H,0) and zinc
chloride (ZnCl,"2H,0) were used as precursors of
Cu and Zn sources, respectively. Cu-Zn oxide were
prepared with various molar ratio of Cu:Zn as
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followed; 3:7, 5:5 and 7:3. First, mixed precursors
were dissolved in 100 ml deionized water by
magnetic stirring. NaOH solution (1.0 M) was slowly
dropped under vigorous stirring until pH reached to
12 and kept at room temperature for 2 h. The
precipitated products were filtered and washed several
times by water until pH reached to 7 and washed
twice by absolute ethanol, then dried in an oven at 80
°C for 24 h. After that, the as-prepared precipitations
were calcined at 600 °C for 2 h. Finally, after-
calcined powders of Cu-Zn oxide compounds were
obtained.

Morphologies and crystallite structure of the
samples were investigated transmission electron
microscopy (TEM, operated at 200 kV) and scanning
electron microscope (SEM) and X-Ray Diffraction
(XRD) technique, respectively. Chemical bonding
information was investigated by Fourier transform
infrared spectroscopy in range of 400-4000 cm™.

Results and Discussion

Figure 1 shows the XRD patterns of the pure
CuO, ZnO and Cu-Zn 0xide compounds with various
molar ratio of copper-zinc (3:7, 5:5, 7:3). XRD
pattern of all samples were nicely indexed to the
characteristic peaks of CuO and ZnO without
unknown phase. The asterisk (*) marked in Figure 1
is attributed to CuO phase. The peaks in Figure 1(a)
are indexed to the monoclinic phase of copper oxide.
The characteristic peaks located at 260= 35.47°, 38.97°

and 48. 74° are assigned to (002), (200) and (202)
plane of CuO phase [13]. The presence of
hexagonal wurtzite of zinc oxide phases are shown in
Figure 1(b)[5]. For Cu-Zn oxide compounds in
figure(c)—(e), their XRD peaks exhibit the mixed
phase of copper oxide and zinc oxide for all samples.
The intensity of peaks indicated the crystallinity of
particles. are varied with variation in Cu:Zn ratio
owing to effect of different molar ratio of copper and
zinc oxide from precursor. The peaks intensity of
CuO is sharp and intense with increasing of Cu
content but conversely decreasing peak intensity of
ZnO.

8000 4
* Cul
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4000 o

Relative Intensity (a.u.)

2000 4

S U

P U
T T T T
30 40

20
Angle 26 (degree)
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Figure 1. X-Ray diffraction patterns of (a) pure CuO,
(b) pure ZnO, Cu-Zn oxide compounds with Cu:Zn
ratio of (c) 3:7, (d) 5:5 and (e) 7:3.

-]

Figure 2. TEM images of (a) pure CuO, (b) pure ZnO,
(c) Cu-Zn oxide compounds with Cu:Zn ratio of 5:5.
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Figure 3. SEM of (a) pure CuO, (b) pure ZnO, (c) Cu-
Zn oxide compounds with Cu:Zn ratio of 5:5.

Figure 2(a) and (b) represent typical TEM images
of both pure CuO and ZnO, respectively. It is revealed
that structure of as-synthesized CuO and ZnO are in
nanorod-like and flower-like or spear-like structure
with diameter less than 100 nm. As observed in
Figure 2(C), unlike pure compound, the Cu-Zn oxide
compound with Cu:Zn molar ratio of 5:5 shows the
formation of quasi-spherical nanostructure whose size
is less than 200 nm. The variation of particle size in
the Cu-Zn oxide compound noticed in the TEM image
may originate from thermal-induced agglomeration
of CuO and ZnO particles after calcination.
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Figure 4. FTIR spectra (a) pure CuO, (b) pure ZnO,
Cu-Zn oxide compounds with Cu:Zn ratio of (c) 3:7,
(d) 5:5and (e) 7:3.

SEM images of pure CuO, pure ZnO and Cu-Zn
oxide compounds with Cu:Zn ratio at 5:5 are shown
in Figure 3. Fig. 3 (a) shows the morphology of
uniform CuO blunted-rod structure whose length is
approximately 2 gm with high length to diameter
aspect ratio. In the case of pure ZnO (Fig. 3(b)), it is
seen that the cluster of ZnO comprises ZnO fluffy
nanospear-like  particles ~ with  uniform  size
distribution. Surprisingly, as seen in Fig. 3(c), the
shape and morphology of as-synthesized Cu-Zn oxide
compounds change significantly to be small cluster of
uniform quasi-spherical nanoparticles with greater
size than pure ZnO. It is acknowledged from TEM
and SEM results that the atomic ratio of Cu/Zn has
strong influence on the formation, morphology and
shape of this oxide compound. Further study and
investigation on this matter is underway so that the
better understanding of the involved mechanisms can
be clarified.

The chemical bonding of these compounds was
evaluated by FTIR spectroscopy recorded in range of
4000-400 cm™.The FTIR spectra of pure CuO, ZnO
and Cu-Zn oxide compounds are shown in Figure 2.
The spectra of all samples exhibit the same features
without strange extra band, indicating the good
formation of metal oxide compound. Furthermore, as
observed in Fig. 4(a), center of prominent absorption
bands can be observed in the vicinity of 600 cm™
which are related to the vibration of Cu-O bond. The
absorption band at 470 cm™ as noticed in Fig. 4(b) is
attributed to typical Zn-O stretching mode.
Meanwhile, the FTIR spectra of all Cu-Zn oxide
compounds show the large absorption bands in the
range of 400-600 cm™ corresponding to various metal
bonding. In Fig. 4(c) center of board peak at 440 cm™
is assigned to Zn-O bond due to high molar ratio of
Zn:Cu. As the Cu:Zn molar ratio increases, additional
peak appeared at 620 cm™ that is ascribed to Cu-O
bending vibrations significantly increases as seen in
Fig. 3(d-e). Moreover, no existence of OH group of
H,O is noticeable, indicating the complete



dehydration at high temperature. Thus, FTIR result
suggests that the good formation of this Cu-Zn oxide
compound can be obtained by this precipitation
process and post thermal treatment at moderate
temperature [14-15].

Conclusions

A series of Cu-Zn oxide compounds with
various molar ratios of copper and zinc have been
successfully prepared via co-precipitation process.
Diffraction peaks of the compounds samples are
distinct resulting to well-crystalline forming between
CuO and ZnO in the compound. SEM and TEM
results revealed that spherical structure of Cu-Zn
oxide compounds is obtained that different from the
morphology of rod-like CuO and flower-like ZnO due
to the agglomeration during the process and optimized
annealing temperature. Chemical bonding results
additionally indicate the existence of mixture phases
of ZnO and CuO.
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Abstract

CaCusTisO5, (CCTO) is a ceramic compound with a high dielectric constant, but it has a high loss
tangent at room temperature. In this work, the Influences of PtO, doping on the dielectric properties of
CaCusTisO1, (CCTO) ceramics were investigate. The ceramics CCTO and PtO, doping CCTO were
prepared by a solid-state reaction method. The samples were studied by X- ray diffraction (XRD),
scanning electron microscopy (SEM) and dielectric properties have been measured as a function of
temperature and frequency range 100 Hz— 500 kHz. The XRD shows the CCTO structure does not
changes after doping with platinum. The results show that PtO, doped can reduce the mean grain sizes
of CCTO, but the dielectric constant still remained a height. The samples of 2.0 mol% Pt-doped have
exhibited high dielectric constant of about 22,000 and the loss tangent about 0.7 at room temperature
and frequency at 10 kHz. The reduced of the loss tangent could be interpreted with the internal barrier
layer capacitor model (IBLC)

Keywords: CCTO, Dielectric properties, Perovskites, IBLC
some elements such as platinum oxide (PtO,) [10]. L.
Avalle et al. [11] reported that dielectric constant in
. TiO, thin film was improved by doping PtO,. In this
Introduction work, study on CCTO samples with the substitutions
of Ti ions by Pt ions. The CCTO ceramics were
The high dielectric material CaCusTi,Ou fabricate_d via a soI!d—state rgactior]. The pr_operties _of
(CCTO), discovered by Subramanian et al. [1], the optalned.ceran}lcs were mv_estlgated WIFh the aim
exhibits high dielectric constant over 10000 at room  ©f improving its dielectric properties. ~The
temperature CaCusTi,0 (CCTO) has attracted a character_lzatlop of the samples was carr_led out using
significant amount of attention base on the dielectric ~ 7@y diffraction  (XRD) and scanning electron
properties [1-3]. The dielectric constant is almost ~ Microscopy (SEM). Physical properties such as
temperature independent from 200 K to 400 K, with density, dielectric constant and loss tangent were also

low frequency dielectric constant of CCTO can be as  Investigated.

high as 95000 in single crystals, and 12000 in sintered

pellets [4, 5]. For the ceramic [4] and the thin-film [6] Materials and Methods

samples at room temperature, the typical value of tan

d is about 0.2 at 10 kHz. The dielectric materials are The undoped CaCu;Ti O, (CCTO) powder was

widely wused in electrical components such as prepared by the mixed-oxide route. High purity (>
capacitors as well as switching and sensing devices 99.9%) CaCO; (Riedel-de Haen), CuO (Aldrich) and
[3]. The CCTO has a complex cubic perovskite like TiO, (Riedel-de Haen) powders were weighed in an
the structure with a lattice parameter, a~7.393 A [7]. appropriate ratio, fully mixed by vibratory milling
The explanation of high dielectric constant of CCTO machine for 10 hour using yttria-stabilized zirconia
was proposed in the terms of local dipole moments balls in the ethanol media. After being dried, the
associated with off-center displacement of Ti ions [1]. powders were calcined at the 900°C for 2 hour to form
Change in dielectric constant of CCTO has been the CCTO powder. For the doping study, PtO,
wildly related to its microstructure [8]. It is also powders at various concentrations were mixed to
reported that electrical properties of CCTO depends CCTO at the calcinations stage (1.0 and 2.0 mol %).

on many factors such as processing conditions, The calcined powder was granulated using polyvinyl
doping, and chemical stoichiometry. The partial alcohol (PVA) 3% binder and formed under a uniaxial
substitution of divalent Ca®* by the trivalent La>* was  pressure of 1,500 kg/cm? into discs, typically 10 mm
carried out, in order to increase the conductivity of the in the diameter and 1.5 mm in the thickness. The discs

grains [9].The loss angle can be reduced by adding of were sintered in the air at 1,000°C in a step of
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5°C/min (with soaking time of 4 hour). During
sintered oxygen gas was fed into the furnace at the
rate of 100 c.c./min. The discs were polished to
produce the flat uniform  surfaces. The
characterization of the samples was carried out using
x-ray diffraction (XRD) (using Bruker D8 Discover)
at room temperature using CuK, radiation as the x-ray
source and scanning electron microscopy (SEM)
(using JEOL JSM-5910LV). The silver paste was
used as the electrical contact. The painted samples
were dried at 700 °C for 20 minutes. The dielectric
constants and loss tangents against the temperature
were measured at the frequency of 100 Hz - 500 kHz
(using Agilent 4284A LCR meter). In the other
physical properties such as density, shrinkage were
intensively studied.

Results and Discussion

Fig. 1 illustrates the XRD patterns for the
undoped CCTO and PtO, doped CCTO ceramics. All
of the diffraction peaks were corresponds to the
known peaks of the standard CCTO, indexed from the
data in the Inorganic Crystal Structure Database
(1CSD) file N0.032002. All of the samples exhibited a
phase-pure perovskite within the detection limit of the
XRD equipment. The crystal symmetry of the
samples at room temperature was determined to be
the cubic. In addition, the density and the shrinkage
slightly increased with the concentration (Fig.2),
suggesting that the doping oxide slightly promoted the
densification.

(220,

(422)

(400)

1)
(321)
@11)
(332)
(015)
(125)

2.0 mol% Pt

Intensity (Arb. Unit)

1.0 mol% Pt

Undoped

= = (130)
=L = (222

- =

50 55

ICSD|No. 032002
N 1 I
T T

wl & L L
B
3
N
[«
A
]

20 2’5 3’5
Figure 1. XRD patterns of pure and doped CCTO:
undoped CCTO, 1.0 mol% Pt doped CCTO and 2.0
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Figure 3. Fracture surfaces of selected the samples:
(A) the crack of undoped CCTO ceramics and (B) the
crack of 2.0 mol% Pt doped CCTO ceramics.

Fig. 3 illustrates SEM images of the fracture
surfaces of an undoped and a doped sample. The
partial intergranular fracture was observed for the
unmodified sample. After doping, the doped samples
exhibited a non-uniform in grain size. The
morphology of PtO, doped CCTO sample consists of
some huge grains (3-5 um), surrounded by small ones
(~0.5 pum). The fracture mode changed to mainly
intra-granular for the doped samples, suggesting a
higher strengthening of the grain boundaries. These
results indicate a rearrangement of the gain boundary
structure take place due to the effect of the addition. A
slightly decrease in the grain size was observed after
doping: grain size slightly decreased from 5 pum for
unmodified sample to 1 um for the 2.0 mol% sample.
It is believe that some amount of Pt ions may go into
the CCTO lattices. However, the existence of the
small grains, suggested that partial Pt ions which
could not go into the lattices and it produced the grain
growth inhibition.

Fig. 4 illustrates the temperature dependences on
the dielectric constant and the loss tangent at a various
frequencies of the undoped CCTO and 2.0 mol% Pt
doped CCTO ceramic samples. For the unmodified
CCTO, the dielectric constant exhibited a stronger
dielectric-frequency dependent while the doped
samples showed a weaker dielectric-frequency
dependent. It should be noted that at the high
frequency, all of the samples showed a dielectric
independent of the temperature. The dielectric
constant at room temperature and at 10 kHz decreased
from 35,000 for the unmodified sample to 22,000 for
the 2.0 mol% Pt doped sample. However, the doping
improved in the loss tangent performance (Fig.4 (D)).
The loss tangent at room temperature and at 10 kHz
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decreased from 0.15 for the unmodified sample to
0.07 for the 2.0 mol% Pt doped sample while at 100
kHz, it decreased from 0.1 for the unmodified sample
to 0.025 for the 2.0 mol% Pt doped sample. However,
the lowest loss tangent was 0.01 at 500 kHz and at
~55°C.
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Figure 4. The dielectric constant and the loss tangent
as a function temperature of the samples: (A) the
dielectric constant of undoped CCTO samples, (B) the
dielectric loss of an undoped CCTO samples, (C) the
dielectric constant of 2.0 mol% Pt doped CCTO
samples and (D) the dielectric loss of 2.0 mol% Pt
doped CCTO samples.
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Figure 5. The dielectric properties of the samples as a
function of frequency: (A) dielectric constant and
(B) The loss tangent.

Fig.5 shows the dielectric constant and the loss
tangent as a function of a frequency at room
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temperature. The dielectric constant decreased with a
frequency. A similar result was observed for the work
done by Kwon et al.[12]. With the increasing
frequency in doping produced a lower in loss tangent.
However, at a lower frequency and a higher
frequency, a higher loss tangent was observed. From
the internal barrier layer capacitor model (IBLC), the
equivalent circuit of CCTO system can be consisted
of two parallel RC elements connected in the series.
The two parallel RC circuits represent to the
semiconducting bulk grain (which consists of grain
resistor (Rq) and grain capacitor (Cy)) and insulating
grain boundary (which consists of a grain boundary
resistor (Rgp)) and grain boundary capacitor (Cgp)). In
case Ry, >> Ry and Cyy~ C >> Cy and wR,,Cy, <<1, the
loss tangent can be expressed as [13,14]:

tano =

+ a)RgC (1)

@Ry,

The first term is dominated at the low frequency,
therefore the loss tangent decreased with the
increasing frequency. However, at high frequency, the
second term has a strong effect. Thus, the loss tangent
increased with the frequency. This feature also
consists with our result (Fig. 5).

The characteristic of the grain (bulk grain and
grain boundary) may be an important factor that
effects on the dielectric properties of the samples. It
is believed that the PtO, addition resulted in a
reduction in total resistance of the grain boundary
[11]. These may be cased a reduction in conductivity
as a result of the lowered loss tangent. Further, the
decrease in grain size may be a reason for the
reduction of in dielectric constant for the present
work. However, the microstructure of a doped
samples showed some small grains or a doped
samples had a large grain size distribution. Therefore,
the grain size distribution may be another factor to
control the dielectric constant. From Fig.3, it should
be noted that there were some small grains placed
between the large gains. Therefore, believe that these
small grains may have more effective effects than the
large grains.

Conclusions

The pure and PtO, doped CCTO ceramics were
prepared by a conventional solid-state reaction
technique. Although the dopants produced the
reduction in the dielectric constant, the dielectric
constant after doping still high especially for Pt
doping. However, the better loss tangent performance
was observed after doping. The loss tangent —
frequency characteristic at room temperature was
agreed with the IBLC model. The significant change
in the microstructure of the Pt doped samples shows a
strong temperate and a frequency independent that are
a proposed from the change in the microstructure can
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be related to the change in the dielectric properties.
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Abstract

A novel organic compound based on dithieno[3,2-b;2’,3’-d]pyrrole (DTP) was synthesized by a
palladium(0)-catalyzed Buchwald-Hartwig reaction and used as donor materials for dye sensitized solar cell.
The dye molecule consists of cyanoacrylic acid and benzyl group as acceptor and linker, respectively. The
compound was characterized with nuclear magnetic resonance (NMR) and UV-Visible spectroscopy. The
results of the synthesis organic dye for dye sensitized solar cell were obtained V. as 0.58 V, Js. as 3.47
mA/cm?, Fill Factor as 0.54 and the conversion efficiency 1.10%. The optimized structural electronic
properties of dyes have been investigated by using the density functional theory (TD-DFT/cam-B3LYP/6-

31G(d)) method of calculation.

Keywords: Organic dyes, dye-sensitized solar cells, dithieno-pyrroles (DTP)

Introduction

Dye-sensitized solar cells (DSSCs) have attracted
significant attention as an alternative to the
conversional solar cell due to their ability design of
structures, low cost synthesis and process compliance
with environmental issues. Since1991 Grézel and co-
workers have developed high efficient DSSC based on
ruthenium complexes inorganic dyest. Although
ruthenium complexes have higher molar extinction
coefficients, efficiency and better stability but
ruthenium is metal and hard to purify from the
synthetic mixture and high cost of dye limit their
development. Thus, the ruthenium complexes dyes
should be replaced by metal-free organic dyes.
Normally, organic dyes systems consist of an electron
donor (D), m-spacer (wr) and electron acceptor (A). Most
of organic dyes include carbazoledyes ["*! fluorine
dyes®*t  triphenylamine dyes®®, coumarin dyes®2**,
indolin dyes!® and porphyrin dyes®™®*" etc.

In this study, the novel organic dye containing
DTP was designed and synthesized as an electron
donor and cyanoacrylic acid as an electron acceptor
bridged by aromatic system.The compound was
characterized with nuclear magnetic resonance (NMR),
fourier transform infrared spectroscopy (FTIR) and
UV-Visible spectroscopy.The photovoltaic properties
were measured to electron acceptor on the performance
of the DSSCs. The optimized structures electronic
properties of dyes have been investigated by using the
density functional theory (TD-DFT/cam-B3LYP/6-
31G(d)) method of calculation.
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Materials and Methods
Experimental Detail

Material

Synthesis ~ of  N-(methyl)thieno[3,2-b:2°,3’-
d]pyyrole(DTP)*¥2 3 3°_Dibromo-2,2’-bithiophene
(6.18 mmol, 1.0017 g) and 2-methylbuthyl amine(6.18
mmol, 0.2881 g) were dissolved in toluene under N,.
BINAP (0.620 mmol, 0.1955 g), NaOt-Bu (14.8 mmol,
0.7215 g) and Pd,dbas ( 0.155 mmol, 0.0954 g) were
added.After stirring for 7 hr. at 110°C, the reaction
mixture was cooled and extracted with water and ethyl
acetate, respectively.

Synthesis of 2,6-diBromo-N-(methyl)thieno[3,2-
b:2°,3’-d]pyyrole(DTP-2Br)**%! DTP (1 mmol, 0.1 g)
was dissolved in glacial acetic acid and CHCI; under
N,.N-bromosuccinimide (2.2 mmol, 0.1986 g) was
dissolved and stirred for 4hr at 0 °C to RT. The reaction
mixture was cooled and extracted with water and ethyl
acetate, respectively. The organic layer was dried over
anhydrous sodium sulphate and removed solvent under
reduced pressure. The residue was purified by column
chromatography using hexane: CH,Cl,.

Synthesis  of  N-(methyl)thieno[3,2-b:2°,3"-
d]pyyrole-2,6-aldehyde (DTP-P)?Y. DTP-Br (5 mmol,
0.1014 g) was dissolved in toluene under N,. 4-
formylphenylboronic acid (10 mmol, 0.0884 g), TBAB
(0.6 g) and K,CO3 (30 ml) were added. The mixture
was stirred for 0.5 hr at RT wunder N, then
tetrakis(triphenylphosphine)palladium (0.1 g) and heat
to 90°Cfor 24 hr. The organic layer was dried over
anhydrous sodium sulphate and removed solvent under
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reduced pressure. The residue was purified by column
chromatography using CH,ClI,: ethyl acetate.

Synthesis ~ of  N-(methyl)thieno[3,2-b:2°,3°-
d]pyyrole-2,6-cyanoacrylic (DTP-C)?Y. DTP-P (0.48
mmol, 0.0417 g) and cyanoacetic acid (0.94 mmol,
0.0447 g) was dissolved in acetonitrile under N, and
then piperidine (20 drop) was added. The mixture was
refluxed and stirred for 20 hr under N,and then
removed solvent under reduced pressure. The residue
was purified by column chromatography using CH,Cl,:
ethyl acetate.

Methods
Devices fabrication

The working electrode preparation

The TiO, films (using PST-18NR; particle size 18
nm as transparent layer and PST-400C as the scattering
layer) were coated on a conductive fluorine-doped tin
oxide glass (FTO, 15 Q/sq) in area 0.25 cm? (0.5x0.5
cm) by screen printing technique and then annealed at
325 °C for 10 min, 375°Cfor 10 min, 450°C for 15 min
and 500°C for 30 min. After cooling down, the
electrodes were immersed in the 0.5 mM of DTP-C dye
solution using acetonitrite as the solvent for 24 hr.

The counter electrode preparation

The Pt films were prepared by screen printing
technique using the mixture of HPtCl,.5H,0 with ethyl
cellulose and terpineol as the Pt paste and then
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Siam Physics Congress SPC2013

Thai Physics Society on the Road to ASEAN Community 21-23 March 2013

annealed at 325 °c for 10 min, 375°C for 10 min, 450°C
for 15 min and 500°C for 30 min and then cooling
down.

DSSC assembly

The working electrode and counter electrode were
assembled in the sandwich structure. The both
electrodes were separated by a paraffin thin sheet for
preventing the short circuit and leaking of electrolyte.
The electrolyte consisting of 0.05 M 1,, 0.5 M Lil, 0.5
M TBP, 0.5 M EMII in 3-methoxypropiolnitrile was
filled into the cells by capillary force.

DSSC measurement

The J-V characteristic curves was measured using
Kiethley 2400 electrometer under AM 1.5 solar
simulator  (16s-002,SolarLight Co.Ltd., USA). The
incident light intensity was 100 mW cm? calibrated
with a standard Si solar cell.

Computational Detail

The structures of donor-acceptor conjugated
compound comprise the electron donor molecule and
acceptor molecule were studied the photophysical
properties using density functional theory (DFT) and
time dependent DFT with B3LYP/6-31G(d,p) method.
All calculations were performed using Gaussain09
program.

\ i 4
2 | |
i @ ki NeOWBu /7y [} _mescHckaAoH (TN
BINAP, Pd,dBa; s s g " B
e Toluene ot F Lo,
110°%, 7hr DTP DTP+2B

R

- | e
Hooc

DTP-C

COOH

Toluene, TBAB,
K,COs, Pd(PPH3),

R

<
<

Piperidine,acet

L
OG-0

DTP-P

onitrile

Scheme 1 The synthesis of DTP-C
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Figure 1. The studied structure of dye-
sensitized.

Results and Discussion

Synthesis

As shown in scheme 1, the organic dye DTP-C
which contained aromatic linker with DTP as an
electron donor and cyanoarylic acid as an electron
acceptor moiety was performed. DTP moiety were
synthesized by a palladium(0)-catalyzed Buchwald-
Hartwig reaction after that there was coupled with 4-
formylphenylboronic acid via Suzuki reaction with
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tetrakis(triphenylphosphine) palladium(0) (Pd(PPhs),)
as the catalyst, followed by conversion of the aldehyde
moiety to cyanoacetic acid through Knoevenagel
reaction in the present piperidine. DTP-C was
characterized the structure of dye in each step of
reaction by nuclear magnetic resonance (NMR) and the
functional group of dye by fourier transform infrared
spectroscopy (FTIR).

'H NMR of DTP-C (CDCl;):8 10.00(s, 1H, -
aromatic-C=CHO), 7.90 (s, 1H, - aromatic-CH=C),
7.76 (m, 4H, aromatic-CHO), 7.39 (d, 2H, aromatic-
dithieno), 7.26 ('s, 1H, dithieno)

Fig 2 FTIR spectra :at 1,614.23 cm™as C=C
stretch of aromatic, 1,723.24 cm™ as C=0O stretch of
carboxylic acid, 2,257.67 cm™as C=N, 2,862.67 and
2,932.40 cm™ as CH stretch and 3,414.84 cm™ as OH
stretch.

Optical property

Fig. 3 shows the UV-visible spectra of the DTP-C
dye measured in DMF solution. The absorption
spectrum of DTP-C in DMF solution displays at 260-
380 nm. The absorption maximum at 320 nm
corresponds to the n-n” electron transition.

Figure 2. FTIR of DTP-C
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Figure 3. Absorption spectra of DSSCs based on DTP-C
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Table 1 Photovoltaic performance of DSSCs based on DTP-C

Dyes Js (MA/cm?) Vo (V) Fill Factor Efficiency (%)
DTP-C 3.47+£0.08 0.58 +0.01 0.54+0.02 1.10+£0.04
Photovoltaic performance of DSSCs based on the |
dye 0, x “f “, “." s ? » ;,‘ ‘;‘ Jt “.‘o s P

Dye-sensitized solar cells were fabricated with the
DTP-C and TiO,. The cells had an effective area 0.25
cm? and the electrolytes were used composed of 1,, Lil
in  3-mothixypionitrite  solution.  The  device
performance statistics under standard global AM 1.5
solar condition are presented in Table 1 with the
photocurrent-voltage (J-V) curve of DSSC the devices
using DTP-C as the photo sensitizer. The cells
exhibited the short-circuit photocurrent density (Js),
open-circuit voltage (Vo) and fill factor (FF) of the
devices are in the range of 3.47+0.08 mA cm?,
0.58+0.01 V and 0.54+0.02, corresponding to an
efficiency of 1.10+£0.04 %

Theoretical calculation

Density functional theory (DFT) calculations
were performed by Gaussian09 program. The
optimized structures electronic properties of DTP-C
have been investigated by using the B3LYP method
with 6-31G (d) basis set.Molecular-orbital calculations
were shown in Fig3which the highest occupied
molecular orbitals (HOMO) of DTP-C were
delocalized by DTP as electron-donor and the lowest
unoccupied  molecular  orbitals (LUMO) by
cyanoacrylic acid as an electron-acceptor through
aromatic ring.
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Figure 3. Frontier molecular orbital profiles of DTP-C
at the B3LYP/6-31G(d) level.

The HOMO were delocalized over the m-spacer
system to the LUMO which comparison of the number
of cyanoacrylic acid (single or double) were found that
di-cyanoacrylic acid electron will transfer to only one
part of cyanoacrylic acid.

Conclusions

In summary, DTP as an electron donor in the
application of solar cells was studied by computational
methodology: density functional theory (DFT) and
time-dependent(DFT) with B3LYP/6-31G(d,p) method
and synthesis organic dye-sensitized. The dye based on
DTP-C was characterized the structure in each step of
reaction by nuclear magnetic resonance (NMR)and the
functional group by fourier transfer infrared
spectroscopy (FTIR). The optical property of DTP-C
exhibited the excite state at 320 nm. The conversion
efficiency reaches in the range of 1.10+0.04%.
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Effect of Annealing Temperature on Physical Properties of Sisal Fibers
from Hupkapong, Phetchaburi Province
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Abstract

Sisal fibers extracted from the leaves of Agavasisalana plants (2-3 years old) from
Hupkapong,Phetchaburi Province were tested at different temperatures for study of the variation of
mass, modulus and the stability of chemicals. The variations of mass were analyzed by
thermogravimetric analysis. Modulus and the stability of chemicals were analyzed by Modulus
measurement. The thermogravimetric curve of sisal fiber shows a weight loss in the temperature range
of 60-100 °C, which is due to the loss of adsorbed water in the fiber and a fast rate of fiber degradation
in the range of 255-370 °C. Modulus and the stability of chemicals values of sisal fibers decreased
with increase in temperature.

Keywords:Sisal fibres/ Modulus /thermogravimetric analysis(TGA)

. Materials and Methods
Introduction

Sisal fiber, one of the most widely used natural 2.1 Young’s modulus apparatus
fibers, is very strong fibers [1]. Sisal fiber is hard ~ The apparatus was designed and built for modulus
fiber extracted from leaves of the sisal plant (Agave ~ Measurement. The equipment contains two aluminium
sisalana). The sisal plant is a monocotyledon, widely ~ rods attached by two scale bars and two binder clips
grown in tropical and sub-tropical countries, North ~ for fastening the specimen. The whole system was
and South America, Africa, the West Indies and the ~ mounted vertically to the heavy wooden base.
South East Asia. Tanzania and Brazil are two main
producing countries [2]. Nowadays, It has been an
increasing demand for natural fiber reinforced
thermoplastic composite in a many variety of
industrial applications [3,4]. ;

In Hupkapong,Phetchaburi Province, Sisal fibers o
made for materials of handicraft such as handbag, hat,
shoes and others. They made socio-economical valve
for residents in Hupkapong, Phetchaburi Province.
Sisal fiber is Lignocellulosicfibers composed of -
cellulose, hemicelluloses and lignin as major
constituents so this made sisal fiber is special
fibersfor reinforcement for use in composites on
account of its low cost, low density, high specific Figure 1. Optical image of an individual sisal fiber.
strength [5,6].The processing methods for extracted
sisal fibers have dried for sunlight. In this work, it
will be presented a study of the effects of temperature 2.2 Sample preparation

on the mass variation, modulus and chemical Sisal pants (Agave sisalana) were obtained from
durability of the fibers were tested. The variation of Hupkapong, Phetchaburi province as shown in Figure
mass was examined by thermogravimetric analysis. 2a. Fibers were extracted from 2-3 year old leaves of
Modulus and the chemical stability were characterized the Agave sisalanaby using decorticating machine
by Modulus measurement. (Figure 2b). Optical image of an individual fiber is

shown in Figure 1.
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_ (@) ()
Figure 2.The Sisal (Agave sisalana) pants (a) and
fibers (b) from Hupkapong, Phetchaburi Province.

2.3 Fiber strength measurement

The fibers with diameter of 0.030- 0.050 mm?
and length of 15 cm were selected for the
measurement. The specimens were divided into 3
groups; non heating and heating at 50°C and 100°C in
anoven. In order to test the chemical stability of the
fibers, non-heat-treated and 100°C heat treated fibers
were soaked in vinegar and detergent solution with
pH of 3 and 12, respectively for 30 mins. The stress
and strain of specimens for all groups was measured
before and after soaked in different pH solution. The
slope of graph between stress and strainwas calculated
to determine the Young’s Modulus of sisal fibers.
Thermogravimetric analysis(TGA) was carried out on
a Shimadzu TGA-50 instrument. Dynamic TG scans
were conducted in a temperature range from 30 to
495°C and heating rate of 10 C min'. The
experiments were carried out under nitrogen
atmosphere at a flow rate of 20 mL min"'for TGA
measurements, samples with approximately 5 — 6 mg,
respectively, of raw sisal fiber and its constituents
were used.

[ Sisal fibres ]

A 4

[ fiber diameter of 0.030 - 0.050 mm? ]

—

[ Non heating ] [ heating at 50 and 100 ]

[ Modulus measurement ] analysis (TGA)

A 4
A4
[ thermogravimetric }

Figure 3. This chart showed procedure of this
experiment
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Results and Discussion

According toYoung’s Modulus measurement of
sisal fibers, the slope of graph between stress and
strain of sisal fibers, Young’s Modulus values of the
sample which annealing at 50 and 100 °Care lower
than that of not annealing as showed in figure 3. This
results indicated that Young’s Modulus valves
decreased after annealed at various temperature and
decreased even more when annealing temperature
increased.

Stress (x10° N/m?)
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Figure 3. Graph between stress and strain of non-
heating and heating at 50°C and 100°C sisal fibers

The percent of Young’s Modulusdecreasing of
sisal fibers after soak in acid and basis solution were
showed in Table 1. The percent of Young’s Modulus
decreasing of annealed sisal fibers at 100 °C after soak
in acid increased from 10.53% to 25.54% and
increased from 1.28% to 8.16% after soak in basic.
These results indicate that annealing process has the
effect to the durability of sisal fibers for against the
acid and basic. Much more effect to the durability of
acid due to the percent of Young’s Modulus
decreasing much more increased than other.

The average of the most weight that the sisal
fibers can be received showed in Table 2. The most
weight that the sample can be receive of the annealed
sisal fibers decreasing from 283.55 g(raw sisal) to
231.44 g (sisal fibers at 100°C) be equal to 18.37% .
The effect to the durability of sisal fibers for against
the acid and basic of raw sisal fiber decreasing from
283.55 g(raw sisal) to 159.58 g (pH 3) and 195.52
g(pH12).The effect to the durability of the sisal fibers
annealing at 100 °C for against the acid and basic
decreasing from 231.44 g(annealing at 100 °C) to
139.59 g (pH 3) and 183.55 g(pH12).

Table 1: comparison of average modulus values of the
sisal fibers under different treatment conditions.
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100 °C had decreased in 10 % of mass, which is due

Type of Average Percentage of to the loss of adsorbed water in the fiber and a fast
treated sisal modulus g : P
. decreasin rate of fiber degradation in the range of 255-370 °C
fibers values(N/m) g ; ;
had rapidly decreased in 70 % of mass and after 375
Non heating 7.03x10’ °C, sisal fibers had decreased continuously.
Heating 50 °C 6.76x10’
i Conclusions
Heatloncg 100 6.37x107
_ In this work,The effects of temperature on the
Non Pﬁgtmg 6.29x107 10.53% mass variation, modulus and chemical durability of
P the sisal fibers from Hupkapong,Phetchaburi Province
Heating 100 4.74x10’ 25.59% represent that modulus and the chemical durability in
0O " O 559 0 . q= - -y - -
C, pH3 acidic and basic conditions of sisal fibers decreased
Non heating 7.12x107 1.28% with increasing temperature and the most weight can
pH12 be  receive  decreased  with increasing
Hoeatlng 100 5.85x107 8.16% tempe_rature.Thermogravimetric analysis showed the
C, pH12 variation of mass changed at two phases in

temperature showed that the variation of structure and
elements at two phases in temperatures.
Table 2: related between kind of sisal fibers and the

most weight that the sample can be received. Acknowledgments

Type of treated the average of the most _glhis r_ers],earcr;] project W(f)uld not r;avlo';;/l bf(_aen
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Effect of Carburizing on the Surface Mechanical Properties of Ti-5Al-2.5Sn
and Ti-10V-2Fe-3Al.
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Abstract

The specimens of Ti-5Al-2.5Sn and Ti-10V-2Fe-3Al alloys with the diameter of 20 mm and
the thickness of 1.5 mm were prepared. The specimens were carburized via current heating technique
using the electrical powers of 40-180 W for 30 min. The microstructure and chemical composition of
the specimens were examined by SEM, EDS and XRD. The Vickers hardness test was performed. The
carburizing temperature, carbon content and TiC formation are increased as the applied electrical
power increases. TiC was formed on Ti-5Al-2.5Sn and Ti-10V-2Fe-3Al carburized at 120 W and
above. Hardness of the alloys carburized at 180 W was decreased in comparison with that of 160 W
due to the spallation of the TiC and high porosity of the surface.

Keywords: carburizing, current heating technique, titanium carbide

and causes very low contamination to the

Introduction environment [11-12].
Since titanium was firstly synthesized in the late
1940, titanium and titanium alloys have been Materials and Methods

developed and widely used leading to the rapid
growth of the titanium industry at the present time.
Titanium and titanium alloys have a high strength,
high corrosion resistance and low density [1-9]. Ti-
5Al-2.5Sn is categorized as alpha alloy (a-Ti). The

Two titanium alloys were used in this study.
Their compositions are shown in Table 1.

Table 1 Composition of titanium alloys.

alloys in this group contain the element such as compositions Ti-5Al-255n _ Ti-10V-2Fe-3Al

aluminium and have the HCP structure [1-5]. The Al 5 3
alloy has high strength and resistance to oxidation at Sn 2.5 )
temperatures in the range of 316-593 °C, has high v - 10
resistance to corrosion and has good welding c 0.08 -
properties [1,3]. Ti-10V-2Fe-3Al is categorized as Fe 0.05 2
beta alloy (B-Ti). The alloys in this group contain the N 0.05 0.05
elements such as vanadium, molybdenum, iron and O 0.02 0.13
chromium and have the BCC structure [1-5]. The 'I|:|i ?3;2 Oé(:jS

alloy has very high strength and hardenability. It

could have the ductile-to-brittle transition and not
suitable for low temperature applications [3].
However, titanium alloys have an important
limitation. The surface properties are poor at high
temperature. Therefore, it is necessary to improve
their surface in order to increase the strength, wear
resistance and corrosion resistance which would
extend the life of equipments and parts [1-5].
Carburizing via a new diffusion coating
technique, the current heating technique, could
improve the surface properties of titanium and
titanium alloys [10-11]. The advantages of this
technique are easy, cheap, low power consumption

The specimens with a diameter of 20 mm and a
thickness of about 1.5 mm were polished down to
0.05 pm alumina suspension and cleaned with
acetone. After that, the specimen was placed amidst
the 20 um graphite powder within a glass tube with
the inner-diameter of 25 mm and the thickness of 2
mm. The specimen and graphite were subsequently
packed by compression with the pressure of 10.3 kPa.
After that, the package was placed on the lower-
copper electrode in the chamber and the electrical
contact with the upper-copper electrode was done as
the chamber lid on the top was closed as shown in
Figure 1. The chamber was evacuated by a rotary
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pump and the argon gas was subsequently flowed into
the chamber with the rate of 50 ml/min. In the
carburizing, the electric current was flowed through
the package with the constant electrical power of 40,
80, 120, 140, 160 and 180 W for 30 min.

The microstructure, chemical composition and
surface morphology of the specimens were examined
by scanning electron microscope (SEM), energy
dispersive X-ray spectroscopy (EDS) and X-ray
diffractometer (XRD) and the Vickers hardness test
was performed.

INSULATOR
N

OUTLET Ar
1 “a

< I
TO VACUUM PU Cu ELECTRODE

.GRAPHITE

MULTIMETER ~
DC POWER SUPPLY

THERMOCOUPLE Cu ELECTRODE

< INLET Ar

Figure 1. Schematic diagram of current heating
apparatus used for carburizing [10-12].

Results and Discussion

3.1 Temperature

The temperature of the alloys carburized at 40 -
180 W is shown in Figure 2. The temperature
increased with increasing applied electrical power. In
the first 5 min of carburizing, the temperature
increased rapidly. After that, the temperature
gradually increased slowly until the end of the
process. The temperature has an effect on the
diffusion of carbon. The diffusion coefficient of the
carbon in the alloys increased exponentially with the
increasing temperature as described by Arrhenius
equation [11, 13-14]:

_Qj

D=D,exp| —
° RT
where D is the diffusion coefficient, D,y is a pre-
exponential term, Q is the activation energy , R is the
universal gas constant and T is absolute temperature,
respectively.
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Figure 2. Plot of temperature as a function of time in
carburizing of (a) Ti-5Al-2.5Sn and (b) Ti-10V-2Fe-
3Al.

3.2 EDS

Chemical compositions of the alloys examined
by EDS are shown in Figure 3 and 4. It’s shown that
the carbon-peak intensity of the untreated specimen is
low in comparison with the carburized specimen
reflecting the diffusion of carbon into the specimen
during carburizing. The relative intensity of carbon
spectrum, with that of titanium, is increased as the
applied electrical power increased reflecting the
increase in carbon content resulting from the
increasing carburizing temperature.
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Figure 3. EDS spectra for (a) untreated Ti-5Al-2.5Sn
and the alloy carburized at (b) 80 W, (c) 160 W and

(d) 180 W.
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Figure 5. XRD patterns for untreated Ti-5Al-2.5Sn

and the alloy carburized at the electrical powers of 80,
120 and 160 W.
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Figure 4. EDS spectra for (a) untreated Ti-10V-2Fe-
3Al and the alloy carburized at (b) 80 W, (c) 160 W
and (d) 180 W.

3.3 XRD

XRD patterns for untreated Ti-5Al-2.5Sn and Ti-
10V-2Fe-3Al and the alloys carburized at the
electrical powers of 80, 120 and 160 W are shown in
Figure 5 and 6. It is obvious that the pattern of Ti in
the untreated Ti-5Al-2.5Sn is different from that of
Ti-10V-2Fe-3Al because their microstructures are
HCP and BCC, respectively.

The results show that TiC was formed in Ti-
5Al-2.55n and Ti-10V-2Fe-3Al carburized at 120 W
and above. There’s no detection of TiC in the alloys
carburized at 80 W. TiC might be not formed or its
formation might be too low to be detected. The
intensity of Ti peaks in the patterns of 160 W is very
small in comparison with that of 120 W, or not
detected, resulting from the increase in the formation
of TiC with the increasing applied electrical power.
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Figure 6. XRD patterns for untreated Ti-10V-2Fe-3Al

and the alloy carburized at the electrical powers of 80,
120 and 160 W.

3.4 SEM

Surface morphology of untreated Ti-5Al-2.5Sn
and Ti-10V-2Fe-3Al and the alloys carburized at 80,
160 and 180 W is shown in Figure 7 and 8. The
surface morphology of the alloys carburized at 40 -
120 W is resembled. There’s a little amount of
formation of the compound that could be TiC. The
surface morphology of the alloys carburized at 140 -
160 W is resembled as well. It is obvious that there’s
the formation of TiC, with slightly-equiaxed grain and
low porosity, covering on the surface. The surface
morphology of the alloys carburized at 180 W is quite
different from the others. There’re the flake-like grain
with the larger size and the higher porosity in
comparison with that of 160 W.

The cross-sectional images for untreated Ti-5Al-
2.5Sn and Ti-10V-2Fe-3Al and the alloys carburized
at 160 W are shown in Figure 9. The images show the
formation of the TiC film, with the thickness of 30 —
50 um, on the surface of the alloys carburized at 160
W. The result is consistent with Arrhenius equation
and the results of EDS and XRD. As the temperature
increased; large amount of carbon could diffuse into
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the alloys leading to large amount of formation of
TiC.
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Figure 7. SEM micrographs of (a) the untreated Ti-
5Al-2.55n and the alloy carburized at (b) 80W, (c)
160W and (d) 180W.

Figure 8. SEM micrographs of (a) the untreated Ti-
10V-2Fe-3Al and the alloy carburized at (b) 80W, (c)
160W and (d) 180W.
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(©
Figure 9. Cross-sectional images of (a) the untreated
Ti-5Al-2.5Sn, (b) the alloy carburized at 160W and
(c) the untreated Ti-10V-2Fe-3Al and (d) the alloy
carburized at 160W.

(d)

3.5 Hardness

The hardness of untreated Ti-5Al-2.5Sn, Ti-
10V-2Fe-3Al and the carburized alloys is shown in
Figure 10. The hardness of carburized alloys is higher
than that of the untreated alloys. For Ti-5Al-2.5Sn,
the hardness increases from 310.54 + 15.53 kg/mm?,
for the untreated alloy, to the highest at 651.36 +
32.57 kg/mm? for the alloy carburized at 160W and
then decreases to 498.1 + 24.90 kg/mm? for that of
180 W. For Ti-10V-2Fe-3Al, the hardness increases
from 358.04 +17.90 kg/mm?, for the untreated alloy,
to the highest at 541.68 + 27.084 kg/mm? for the
alloy carburized at 160W and then decreases to
440.32 +22.02 kg/mm? for that of 180 W.

The increase of the hardness with the increasing
applied electrical power caused by the formation of
TiC. The result is consistent with the XRD result in
that TiC was detected at 120 W and the hardness of
the alloys carburized at 120 W is significantly higher
than that of the lower powers. Because TiC is hard
and brittle, it would be flaked when it largely formed
on the alloy surface. Therefore, the surface of alloys
carburized at 180 W would flake when the hardness
indentation was done leading to the decrease in the
hardness. The result is consistent with that of SEM.
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Figure 10. The plot of hardness of Ti-5Al-2.5Sn and
Ti-10V-2Fe-3Al as a function of applied electrical
power.

160W 180W



3122013

on Thai Physics Society

Conclusions

The carburizing temperature, carbon content and
TiC formation are increased as the applied electrical
power increases. TiC was formed on Ti-5Al-2.55n
and Ti-10V-2Fe-3Al carburized at 120 W and above.
Hardness of the alloys carburized at 180 W was
decreased in comparison with that of 160 W due to
the spallation of the TiC and high porosity of the
surface.
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Abstract

Based on the effective medium theory, the temperature dependence of effective dielectric permittivity
(£,(T)) of a nanostructured ferroelectric film consisting of cylindrical ferroelectric grains has been
theoretically investigated as a function of core radius and the thickness of a nonferroelectric dead layer
(DL) in inhomogeneous grains. The results show the increase in £,(T) with increasing the core radius
and the decrease in £,(T) with increasing the DL thickness.

Keywords: Effective Medium Theory, Ferroelectric Film, Dielectric Permittivity

Introduction

(Ba,Sr)TiO; (BST) thin film is a leading
candidate to be applied as the dielectric material in
high-density  dynamic  random-access memory
because it provides high dielectric constant.
Obviously, the dielectric constant of ferroelectric thin
film depends on the thickness. Since the thickness of
the film is reduced to ten of nanometers as device
requirement, the dielectric constant is suppressed
significantly. This phenomenon is referred to as the
effect of grain size that makes the ferroelectric thin
film less attractive. In order to explain the size effect,
the assuming existence of "dead layer" (DL) was
proposed [1], which was confirmed by the preparation
of BST thin film based on the series capacitor model
[2]. The obtained thin film revealed that each grain
has the ferroelectric core surrounded by the
nonferroelectric surface dead layer, which affects the
effective permittivity of thin film. Therefore, it is
useful to study the effect of grain size on ferroelectric
thin film.

Based on the average field method, Vendik et al.
theoretically studied the dependence of effective
dielectric permittivity of a nanostructure ferroelectric
film on the thickness of DL and the spherical and
elliptical grain sizes [3,4]. The effective permittivity
shows the similar trend that reported in the
experiment [5].

The effective medium theory (EMT) originally
proposed by Hashin [6] in the study of the effective
properties of spherical two-phase composite
materials. Previously, we used the EMT to model a
two-phase strongly nonlinear dielectric composite and
predicted the effective nonlinear coefficient [7]. The
obtained results are in agreement with the
experimental results confirming the reliability of the
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EMT.

In this article, we apply the EMT to model the
ferroelectric film having cylindrical grains in two
dimensions. The temperature dependence of effective
permittivity has been theoretically investigated as
a function of grain size and the thickness of DL.

Methodology

In the EMT model, the ferroelectric film is
considered to be composed of cylindrical gains. Each
grain has a ferroelectric core with radiusa,
surrounded by a concentric nonferroelectric shell with
radius b, while the others are replaced by a
homogeneous medium. The permittivity of the core,
the shell, and the effective medium are £.,£; and &,
respectively. Figure 1 shows a grain modeled in the
EMT with the shell thickness t (b = a + t).

Figure 1. Schematic diagram of a grain modeled in
the EMT.

To determine the effective permittivity of
ferroelectric film (e,), the solution of Laplace
equation in the cylindrical coordinate is given by

¢.(r,8) = Arcoss,
¢(r,0) = (Br + ;)cose,

0=<r=a
as<r=h

1)
@
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P (r,8)=(—r+ g}mse, b<r<wx (3)

where, ¢ is the electric potential and the subscripts
c,5 and e, referred to core, shell and effective
medium, respectively.

The constants 4, B, C and D in equations (1)-(3)
are determined by using the boundary conditions of
the continuity at the core and shell surfaces, which
gives

N —abece0E,

- T -S| -y I - Sy -

(4)

where E, is the external electric field and v, = a?/b?
The effective permittivity of the medium volume
V, is defined by [6]

EQ(E} = 'b"cSc(Ec} + v SS(ES}J 5)
where {E) = (1;’V)J"V |E|ldV. wv.and v, are the
volume packing fraction of the core and the shell,
respectively, restricted by v, = 1 — v,.

It is true that volume average of electric field

inside the medium is uniform throughout [6] with the
solution (E) = E,. This leads to

UC<EC) + vs<Es} = EU- (6)
Using equations (5) and (6), we get
EQED = SSED T, (Sc - Ss)(Ec}' (7)

Calculating the volume average of electric filed inside
the core, we obtain {E,) = —A. Substituting the
expressions (4) into (7), the effective permittivity of
ferroelectric film can be rearranged to

R

This equation is familiar in the study of effective
linear coefficient of cylindrical two-phase composite
materials [6]. Alternative expression of £, is given by

1_|_EL

g B
7]
Eg—Ez 2

©)

—¢ Ec(b2+a2}+as(b2—az)

£ .
Fle (b2-a2)+e.(b2 +a?)

(10)

a

Replacing b=a+t into equation (10) and
neglecting the second power of small value t with the
approximation ~ b% = a?+2at, the effective
permittivity of ferroelectric film is determined as the
function of the grain size (a) and the thickness of
dead layer (t):

1+£+5_3£

_ a)f(1+§+?§). (11)

sg=sc(
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Results and Discussion

To investigate the temperature dependence, figure
2 shows the permittivity of a homogeneous
ferroelectric film of BaggsSross 1103 (BST) with the

structural gquality factor of based on the

phenomeno 2000

1600 4

1200

€M

800

400

360 460
T(K)

T
200

Figure 2. The temperature dependence of the
permittivity of ferroelectric core (£.) based on
phenomenological model [5].

The shell exhibits nonferroelectric properties
when the thickness (t) is about 3 nm and permittivity
of DL (&;) is around order of 40 [2], which is
assumed to be temperature dependent. Using the
permittivity reported in figure 2 as the property of
core and that of DL mentioned in reference [2] as
property of shell, the effective permittivities of
ferroelectric film are determined and reported in
figures 3 and 4.

a=20nm

240+

120

300 400

T (K)

200

Figure 3. The temperature dependence of effective
permittivity (£,(T)) of ferroelectric film for the DL
thickness t =3 nm with the core radius (@) as
parameter.

Figures 3 reveals the increase in effective permittivity
with increasing the core radius for the DL thickness of
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t = 3 nm. The higher the core radius, the more the
effective nermittivitv is ohserved.
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Figure 4. The temperature dependence of effective
permittivity (£,(T)) of ferroelectric film for the core
radius @ = 15 nm with the DL thickness (t) as
parameter.

In figure 4, the temperature dependence of
effective permittivity (£,(T)) for the core radius
a = 15 nm with the DL thickness (t) as parameter, is
reported. It shows the increase in &,(T) with
decreasing the DL thickness. Since the permittivity of
the shell with the DL thickness t is less than that of
the core, decrease t enhances £, of ferroelectric film.

The results of £.(T) of monocrystalline
ferroelectric film in figure 2 are compared with those
presented in figures 3 and 4. It can be analyzed that
the existence of DL reduces the effective permittivity
of the ferroelectric film.

Moreover, we also applied the EMT to
investigate the temperature dependence of effective
permittivity (£,(T)) in the study of effective
permittivity of a nanostructure ferroelectric film
consisting of the spherical grains. The obtained results
are consistent with those reported in references 3
using average field method since the electric fields
inside the ferroelectric film are uniform.

Conclusions

In this work, the effective medium theory is
used to model the ferroelectric film possessing
cylindrical grains, and then the effective permittivity
(e,) is investigated in two dimensions. The
temperature dependence of effective permittivity
(£,(T))is determined as a function of grain size (a)
and the thickness of DL (t). The result shows the
increase in £, with increasing the core radius for the
DL thickness £ =3 nm using the core radius as
parameter. Moreover, for the core radius @ = 15 nm
with the DL thickness as parameter, the result reveals
the increase in £.,(T) with decreasing the DL
thickness. It can be analyzed that the existence of DL
reduces the effective permittivity of the ferroelectric
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film. This result can be applied as fundamental
information for improving and characterizing the
ferroelectric film.
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Abstract

In this research , improvement of copper substrate for carbon nanotubes growth was carried out
by low pressure plasma treatment technique which is using plasma energy at frequency of
13.56 MHz, electric power of 50W and gas pressure 100 mT. The gas mixture gases of 10%Ar
+ 90%N, was used as the working gas and the substrates were treated for 10 min. Thereafter ,
the treated copper substrates were then used for synthesizing the carbon nanotubes by Alcohol
Catalytic Chemical Vapor Deposition (ACVD) technique. The effects of plasma treatment on the
copper surface was determined by Contact Angle test which using Sessile Drop model. It was
found that the plasma treatment affected the contact angle of copper surface. The contact angle of
treated sample is lower than that of untreated sample which exhibits the hydrophilic and more
surface energy. Moreover, microstructures of samples were examined by using Scanning Electron
Microscopy (SEM). From the result, it was found that the copper substrate which treated by
10%Ar + 90%N, gases showed better characteristic of carbon nanotubes.

Keywords: Plasma treatment, carbon nanotubes, alcohol catalytic chemical vapor deposition

cobalt. At the same time, the growth of CNTs
directly on metallic substrate also resolves the

Introduction problem of adhesion of nanotubes layer [25, 26].
Carbon nanotubes have been well-know over the ~ In recent years , copper alloy has been
past 15 years. First discovered by lijima in 1991[1]  increasingly used as a major substrate materials

. He was studying the synthesis of fullerenes by =~ due to its good thermal and electrical
electric arc discharge technique. lijima observed  performance, good manufacturability and low cost.
were so called multi-walled carbon nanotubes ~ However , the formation of copper oxide and
(MWNTs) [2] . Extensive research have been  contaminants [27, 28].

investigated ~ for  many different  technical Plasma cleaning has been used for many
application [3] . Potential technical applications in ~ Years as a pretreatment prior to coating processes.
the areas of molecular electronic devices [4-8] ,  These chemical and physical processes can remove
nanocomposites [9-12] , and electron field emission ~ oxide and contaminants from the surface which
have been proposed or explored [13-17] can be from “natural” or “technological” origin.

CNTs can be synthesized by various Natural contaminants come from exposure of

techniques such as arc discharge , laser ablation ~ surface to the ambient atmosphere and mostly
and chemical vapor deposition (CVD) [18,19]. The  contain oxygen , carbon and hydrogen-containing
CVD method has attracted much attention because  SPpecies. Oxide growing on metal and other
of the advantage that the growth of CNTs can be surface , adsorbed water and various organic [29].
achieved with high purity , high vyield , vertical ~ Plasma cleaning , employing hydrogen as reactive
alignment and low coat. Ethanol , known as a  9as , has been used for many years. The idea
very promising candidate of a low raw materials ~ behind the utilization of the plasma is the

cost by using alcohol source. From these facts, creation of a very reactive gas environment, often
several research groups have used ethanol as the  enclosed in a vacuum system [30].

carbon source to produce single -walled carbon In this study , we reported the improvement
nanotubes (SWNTs) and MWNTs by various CVD of copper substrate for carbon nanotubes growth
methods [20-24]. were carry out low pressure plasma treatment

Synthesis of carbon nanotubes directly on technique. The characteristic and microstructure of
conducting substrates such as copper, nickel and
243



CNTs was examined and compared with that of
CNTs from conventional technique

Materials and Methods

The copper sheet (1x1x0.05 cm) was
cleaned with CH;COCHs; (Acetone , ACI Labscan).
The plasma treatment under the following
conditions in table 1. Thereafter , the sample
surface was examined contact angle by Sessile
drop mode.

Table 1: Experimental condition for plasma treatment

Gas 10%Ar + 90%N,

Base pressure (Torr) 1.9x10°
Volume (Torr) 10%Ar = 2.50x10
909%N,= 7.29%x1072

Frequency (MHz) 13.56
Electric power (walt) 50
Gas pressure (mmTorr) 100
Plasma treatment time (min) 10

The synthesis of CNTs was showed in Fig 1.

Copper sheet 1x1x0.05 cm |

|

Part1.Non-Plasma Pan2. Plasma

10%Ar+80%MN,

Contact Angle X

o ; .
|
CVD Process / h
Somin i Somn SehSCHOH O
o ey

Figure 1. The schematic diagram of CVD set up
for the synthesis of CNT.

Firstly , Nickel oxide powder (NiO,
commercial grade) was weighted 0.1 g and mixed
with Ethanol (C,HsOH 99.8% , Merck). The set
up sample was put into the furnace tube. Ethanol
vapor was then introduced into the furnace after
heated up to 450 'C for 50 min and let it flow
into system for 30 min. Ethanol was then
stopped to heat the furnace up to 700°C for 50
min and thereafter ethanol was let to flow again
for 3 hours.

The microstructure of obtained product
was analyzed using a SEM technique (Scanning
electron microscope, JEOL JSM-6335F). Moreover,
the percent yield was estimate from equation.

Carbon yield (wt %) = WCNTs /W x 100  [18]

Where WepTs is the weight of CNTs (g), W¢ is the
approximate of weight of NiO(g)
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Results and Discussion

3.1 Effect of contact angle by Sessile drop
model of copper substrate before CVD process.

Experimental conditions for plasma treatment

Non-plasma treatment 10%Ar+90%N,

Figure 2. The image of contact angle of the Cu
substrate.

(&) Non - plasma treatment.

(b) 10%Ar + 90%N, plasma treatment.

The average contact angle of water on the
Cu substrate about 61.239 + 1.238 degree. It was
observed the contact angle plasma treatment was
decrease when compared with that of non-plasma
sample. It may be due to plasma treatment has
effect to change the surface energy of the
sample.

Table 2. The average contact angle (Degree) of
copper substrate.

Contact angle (Degree)

Non-plasma treatment 10%Ar+90%N,
Left Right Left Right
71.18 71.31 63.64 62.22
74.40 72.67 58.55 59.47
80.63 79.02 66.50 65.01
80.71 81.47 52.17 53.62
77.92 77.74 65.33 66.33

68.951 + 0.846 61.239 + 1.238

Fig 2. and table 2 showed difference contact
angle by Sessile drop model of copper substrate
non-plasma treatment , 10%Ar+90%N, and
10%Ar+90%H, plasma treatment before CVD
process. From the result could be found that.

3.2 Effect of plasma treatment on the synthesis
of carbon nanotubes on copper substrate
according to the condition.
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Condition Cross section CNTs on copper surface

Non-plasma
treatment

EMR Sc

10%Ar
+

90%N,

Figure 3. SEM micrographs of CNTS on synthesis
copper substrate.

(a)
(b)
(©

(d)

Non-plasma treatment Cu substrate.
CNTs on non-plasma Cu substrate.
Plasma treatment (10%Ar + 90%N,) Cu
substrate.

CNTs on plasma treatment Cu substrate.

The SEM micrograph of samples was show in

Fig 3. It could be found the smooth and long
nanotubes could be obtained from the sample.

Quantity of obtained nanotubes was much
more than that of non-treat sample. Moreover , the
average diameter of CNTs was in the range of
70-235 nm which shown in Table 2.

Table 2. The average diameter of CNTg depending
on the plasma treatment condition.
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Diameter of CNT variation in
plasma treatment condition
No. (nm)
Non-plasma | 10%Ar+90%N,
Scale 100 100
1 53 70
2 71 76
3 34 118
4 59 96
5 96 91
6 42 82
7 71 77
8 44 82
9 104 82
10 78 117
11 102 110
12 63 92
13 57 102
14 55 117
15 63 102
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16 106 234
17 84 155
18 76 70
19 36 126
20 56 112
_Averages 34 -106 70 - 235
diameter(nm)
Conclusions

The plasma treatment has affected to copper
substrate surface. Comparison SEM image and
contact angle of Sessile drop on copper substrate
variation in plasma treatment condition. It could
be found that the plasma treatment had effect to
the contact angle of Cu substrate sample which
had effect to characteristic quantity and size of
CNTs when compared with that of non-treat Cu
substrate sample.
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Abstract

Thetantalum oxide (Ta,Os) thin films with thickness of 200 nm have been prepared on p-type
silicon (100) wafer and quartz substrates by reactive r.f magnetron sputtering with our patented
technique called “reactive gas-timing” without any substrate heating or post annealing. The reactive
gas-timing as an on-off time-sequence control between argon and oxygen plasma (Ar:0) during
sputtering process of 2:5 and 2:1 sec was used. X-ray diffraction (XRD), Atomic Force Microscope
(AFM), UV-Visible spectrometer (UV-Vis), Potentiostat and Galvanometer were carried out to
determine the crystallization, surface morphology, optical and chemical corrosion properties,
respectively. The XRD result shows amorphous phase of the sputtered 200 nm Ta,Os thin film. The
very smooth surfaces with very low roughness of the deposited Ta,Os thin films are revealed from
AFM. The gas-timing sequence of Ar:0O = 2:5 sec yielded a sputtered film to more less roughness than
2:1 sec. UV-Vis spectrum shows that the prepared Ta,Os thin films have more than 90% of transparent
and the absorption edge at 300 nm. The gas-timing sequence of Ar:0 = 2:5 sec affected a sputtered
film to higher transparent than 2:1 sec. The chemical corrosion measurement demonstrates a high anti-
corrosion efficiency of the sputtered-Ta,Os thin films. All sputtered-Ta,Os samples were set as working
electrode that was immersed in 1M of NaOH, HCI and H,SO, electrolyte, respectively. The experiment
results revealed that the reactive gas-timing technique plays the importance role on the corrosion
property of Ta,Os thin film. The Ta,Os thin film grown with Ar:O gas-timing sequence of 2:5 sec has a
better corrosive resistance than 2:1 sec, especially in NaOH electrolyte.

Keywords: Tantalum oxide (Ta,Os), reactive gas-timing, RF magnetron sputtering

nitride (SigN,), silicon oxide (SiO,) and silicon
. carbide (SiC) especially, in strong alkali solution.
Introduction Various technique and system were carried out to

Many wonderful features of tantalum oxide  Prepare Ta,Os thin film as chemical vapor deposition
(Ta,0s) have been interested in many applications  (CVD)[5], pulsed laser deposition (PLD)[6], atomic
such as anti-chemical corrosion layer[1]. Bioimplant, ~layer deposition (ALD)[7], cathodic arc deposition[8],
photocatalyic[2], solar cell, capacitor, electrochromic ~ D.C. magnetron sputtering[9]. In this work Ta,Os
devices[3], biosensor, pH sensing membrane[4] due to  films were deposited by r.f. magnetron sputtering with
the stability in chemical and thermal, high dielectric ~ our patented call reactive gas-timing technique
constant, high reflective index, wide energy gap and ~ (US200900226065) which successfully —deposited
biocompatibility material which  depends on indium nitride (InN) at room temperature with a high
deposition condition and process. Included corrosion  crystalline quality[10]. Furthermore the reactive gas-
resistance makes an advantage for tantalum oxide  timing technique can vary composition in the films.
than other sensitive membrane material as silicon
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However technique the r.f. magnetron sputtering
parameter such as r.f. generator power, base pressure,
substrate glancing angle, target to substrate distance
and gas flow rate can be adjusted to improve
microstructure, electrical, chemical and optical
properties. In this work we focus on the chemical
corrosion property of the Ta,Os films sputtered by r.f.
magnetron sputtering included reactive gas-timing
technique. The physical properties of the sputtered
films were characterized by the X-ray diffraction
(XRD), the atomic force microscope (AFM), the Uv-
visible spectrophotometer (Uv-vis). The sputtered
films with 2 cm? surface area were immersed in
various corrosive electrolytes for determination
corrosion resistance by potentiostat and galvanometer.

Experiment

Tantalum Oxide thin films
characterization

Tantalum Oxide films deposited on Quartz and
glass slide substrates by reactive gas-timing
magnetron sputtering of Tantalum metal target with
99.95% purity; Krut. J. The substrates were
ultrasonically cleaned in acetone, Isopropanol alcohol
and Di water, respectively to remove an organic stain
and else on substrate’s surface and then re-hydrated in
oven at 100 degree Celsius for 15 minutes. The
chamber was pumped down to 2x10°mBar by
cooperated between rotary pump and diffusion pump.
Before sputtering process Tantalum target was pre-
sputtered in argon plasma in 15 minutes at 120W for
removing oxide-contaminated on metal surface. The
fixed gas-timing sequentially on-off between argon
and oxygen fed into the chamber (show in figure 1)
controlled by external program the other parameter
shows in table 1.The crystallinity, optical property
and surface morphology characterization was
examined by X-ray diffractometer(Bruker, D8
Advance using Cu Ka with the radiation wavelength
0.154056 nanometer), UV-Vis spectrophotometer
with a single beam (Thermo electron corporation,
Heliosa) and Atomic force Microscope (Seiko, SPA-
400)

deposition and

Table 1: RF Magnetron Sputteringparameters for
deposition Ta,0s films

Parameters Conditions
Target Tantalum
(Ta) 99.95%
RF Generator Power 200 W
Base Pressure 2x10°mBar
Gas-timing (Ar : Oy) 2:1,2:5
second
Argon flow rate 8 scem
Oxygen flow rate 6.5 sccm
Film Thickness 200 nm
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Gas flow rate (scem)
Gas flow rate(scem)

----------------

A B
Figurel.shows a diagram of argon-oxygen timing;
A.2:1secandB.2:5sec

Time(second)

Chemical corrosion Test

To investigate the chemical corrosion of oxide
films in various electrolytes, Poteniostat and
Galvanometer  (Autolab PGSTAT 302) was
performed. Platinum wire and Ag/AgCl electrode
served as the counter electrode and reference
electrode, respectively. The tantalum oxide thin
filmswhich 2 cm? surface area used as the working
electrode. The electrodes were immersed in to the
corrosive electrolyte using NaOH, HCI and H,SO, ,
respectively.

The system was controlled by NOVA 1.6
version that voltage bias from -1 V. to 0 V. at 0.05
volt step resolution. The measure period was 90
minute after immersed in 50 ml of corrosive
electrolyte. All experiments were carried out at 25
degree Celsius.

Gas-timing Ar : °2= 2:5sec

Intensity(a.u.)

Gas-timing Ar : 02= 2:1 sec

50

60 70

20

Figure 2. Shows XRD patterns of gas-timing sputterd
Ta,0s films; Ar: O,=2:1 and 2:5 sec

Results and discussion

Crystallization

Well-known and basic technique have been
usually used to indentify and determine the
crystallization of films is X-ray driffractrometer.
Form figure 1 shows no any presented peak in
scanned range 30° to 70° refers to all films are
amorphous[11]. According to our conditions has been
deposited at low temperature without any heated
whereas polycrystalline of Ta,Os; orthorohmbic and
hexagonal structure requires at high temperature
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around 500 deegree celsius up.S.V.
JagadeeshChandra and Chel-JongChoi have reported
a ftransition from amorphous to orthorohmbic
structure Ta,Os by post-annealing at least 673 degree
kelvin[12]. Hsyi-En Cheng and Chien-Tang Mao have
reported polycrystalline Ta,Os by substrate treatment
at least 400 degree celsius [13]

Surface Morphology

Figure 3. shows surface morphology of gas-timing
sputterd Ta,Os films; A. 2:1 secand B. 2:5 sec.

In figure 2 demostrates the surface morphology of the
sputtered films with 1 pm? scaned area. The smooth
surface and crackless spot was shown with the root
mean square roughness(RMS) 0.6307 nm and 0.107
nm of the 2:1 and 2:5 sec sputtered films,
respectively. Smooth feature of the sputtered Ta,Os
films may cause by the amorphous orientation of the
films as result is agreeable to previous XRD patterns
showed the films are amorphous. Shih-jehJimmyWu
et all have reported the roughness of amorphous
Ta,Os films at 0.547 nm deposited by r.f. magnetron
sputtering system [14]. According to decrease of the
roughness from 0.6307 nm to 0.107 nm and particle
size trend to smaller with increasing oxygen timing
from 1 sec to 5 sec, respectively.
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ratio is transparent than sputtered 2:1sec ratio films
cause by surface roughness and oxygen vacancies.
Referred to AFM image the sputtered 2:5 sec films
are lower surface roughness around 0.1015 nm which
lower roughness can reduce the scattered visible light
consequently the transmittance gets higher. According
to sputtering conditions, at increasing oxygen timing
the films completely forms to Ta,Os with lower
oxygen vacancies result to lower point defect that
reduces light absorption in the film which makes the
higher transmittance.

Chemical Corrosion
Effect of NaOH concentrations

The corrosion potential was determined in 2
divisions. Firstly, comparision the corrosive tolorance
of 2:1 sec sputterd Ta,Os film and 2:5 sec sputterd
Ta,0s film in alkali electrolyte. Secondly, an
concentrated effect of 1M and 5M NaOH.

The corrosion potential of 2:1 second sputterd
Ta,05 film exhibited -261.69 mV and -121.61 mV
whereas 2:5 sec sputterd Ta,Os film shown -202.71
mV and-150.54 mV in 1M and 5M NaOH,
respectively. Compared the corrosive resistance of 2:5
second sputtered film can tolarable corroded better
than at 2:1 second sputtered film as a result of surface
area. According to AFM image 2:5 second sputtered
film is smoother surface makes low surface area in
corrosive electrolyte which surface area is an
important factor of chemical reaction.

In cause of various concentration, the corrosion
potential  decreases when increasing NaOH
concentration owing to high concentration reveal to
low ion mobility so detected ion decreased.

An effect of corrosive electrolytes

Optical property

100

Gas-timing 2:1 sec Ta,Os Gas-timing 2:5 sec Ta,Os
Electrolyte | Potential(mV) | Electrolyte | Potential(mV)
NaOH -261.69 NaOH -202.71
H,SO, -53.78 H,SO, -53.25
HCI -133.47 HCI -82.60

Transmittance(%)

<+ +* Gas-timing A!102= 2:1sec

Gas-timing Ar:02= 2:5sec
300 400 500 600 700 800

Wavelength(nm)

Figure4. shows the transmittance of gas-timing
sputtered Ta,Os films

Figure 3 shows the optical property of the
sputtered Ta,Os films deposited at different oxygen
gas-timing sequence was measured at wavelength
range from 250 to 850 nm. The green-yellow light
reflected films have the transmittance close to 95% to
98%. Considering to the sputtered films at 2:5 sec

Table2. The corrosive potential in 1M corrosive
electrolyte

In Table 2 exhibits the corrosive potential in 1M
of various corrosive electrolytes NaOH, H,SO, and
HCI. The corrosion potential of sputtered Ta,Os films
with 2:1 sec ratio is -261.69 mV, -53.78 mV and -
133.47 mV ,whereas the corrosion potential of the
sputtered Ta,Os films with 2:5 sec ratio are -202.71
mV, -53.25 mV and -82.60 mV (vs Ag/AgCl) in
NaOH, H,SO,, and HCI, respectively. We classified
to determine in 2 factors; Firstly, a comparison of the
corrosive tendency in difference corrosive electrolytes
according to NaOH and H,SO, demonstrates the
corrosive potential in alkali is more negative than in
acid. It was indicated that the sputtered films could be
tolerably corrosion in strong acid better than strong
alkali that are corresponded to literature. Secondly in
strong acid exhibits the nearby corrosive potential of
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both the sputtered films in H,SO, electrolyte. It could
be implied that gas-timing ratio is not affected to the
corrosion in H,SO,. Where the corrosive potential in
HCI electrolyte of both the sputtered films is similarly
higher than in H,SO, electrolyte which due to CI" ion
had an effect to tantalum atom as Takanori Hino et al
have reported the effect of CI" ion on pitting corrosion
of Ta,0Os films[15].

Conclusions

This article is displayed the effect of the gas-
timing control of reactive gas (Ar:0) during the
sputtering process on the properties of Ta,Os thin
films. The sputtered Ta,0O5 as amorphous thin films
grown at Ar:O gas-timing sequence of 2:5 sec was
revealed the higher smooth surface, transparent and
corrosive resistance than at 2:1 sec. It can imply that
the reactive gas-timing technique plays the
importance role in thin film sputtering process as
shown in our experiment.
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Abstract

Fabricating metal or metal oxide into a polymer nanoparticle has been attracted in recent years as a
simplified method to modify their physical and chemical properties. This research focuses on
synthesizing ferromagnetic iron oxide powder and then encapsulating with nonmagnetic polymer
nanoparticles. The co-precipitation method of ferric (FeCl;6H,0) and ferrous (FeClz4H,0) was used to
prepare the iron oxide powder in water based solution. Sodium dodecyl benzene sulfonate (SDBS),
using as a surfactant, and oleic acid (OA) were added to modify the surface of iron oxide powder to be
compatible with polystyrene (PS) in the nano-encapsulating process. X-Ray Diffraction (XRD) pattern
were analyzed to determine the crystal structure of iron oxide nanoparticles. The XRD pattern shows d-
spacing close to those of both magnetite (FesO4) and maghemite (y-Fe,O3). However, the relative
diffraction intensity between peaks of d=2.52 A and d=1.48 A indicates that the maghemite is
dominated in our samples. The PS-iron oxide composite nanoparticles are synthesized by emulsion
polymerization of styrene and methyl methacrylate at the temperature of 70°C. The particles size and
morphology were observed by Transmission Electron Microscopy. The iron oxide powder has a
diameter of 2- 15 nm with irregular shape. The PS-iron oxide nanoparticles have a diameter in the
range of 160-400 nm. Only encapsulate in the nanoparticles with diameter above 220 nm showed iron
oxide incorporate in the nanoparticles. Furthermore, the sequence of adding surfactant in surface
modification step played a major role on achieving two distinct morphologies types of composite
nanoparticle. The iron oxide powder was attached on a polystyrene nanoparticle surface if the SDBS
and OA were mixed first. In case of the SDBS was firstly added, the iron oxide nanoparticles occur as
clumps within the polystyrene nanoparticles. The permanent magnet was used to sort the magnetic
composite nanoparticles out from nonmagnetic particles. The nonmagnetic nanoparticles have a narrow
diameter range of 160-180 nm and can also be compressed to show the photonic crystal effect in a
liquid phase.

Keywords: Composite nanoparticles, co-precipitation, polymerization, surfactant, iron oxide

of iron oxide nanocrystals, with average diameter
Introduction tunable from ~30 nm to 180 nm [3-5]. Each cluster
composed of many interconnected iron oxide
nanocrystals of ~10 nm. Due to the high-temperature
hydrolysis method in preparing magnetic CNCs

A process for the synthesis of magnetic colloids
for controllable PCs was reported by Asher et al. [1].

The polystyrene (PS)-iron oxide composite colloidal  eeqgeq very careful control reaction conditions [6], a
particles synthesued by the emulsion polymerlzatlon simple method for producing magnetic colloids was
were  highly ~ charged,  monodisperse and  yeported by Liu et al. [7]. The oleic acid (OA)
superparamagnetic at room temperature. For building  omyision droplets containing OA-capped iron oxide
magnetic controllable photonic crystals (PCs) with  coji0idal nanoparticles were developed by emulsion
wide tuning ranges, instant response with low applied  gopjet showed superparamagnetic behavior with high
magnetlc fle_ld, the magnetic controllable PQS with magnetic loading fraction. The superparamagnetic
high magnetic content were developed by Yin et al. iron oxide core nanoparticles were prepared by using
[2]. They developed a high-temperature hydrolysis  cemical co-precipitation reaction. The OA-capped
reaction ~ process  for the  synthesis of o0 oyide emulsion was synthesized by mixing of

superparamagnetic  colloidal ~nanocrystal ~clusters A ang iron oxide nanoparticles in deionized water.
(CNCs) uniform consist of three-dimension aggregate
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Materials and Methods

Synthesis of iron oxide nanoparticles

The iron oxide nanoparticles can be prepared by
the co-precipitation of ferric (FeCl;6H,0) and ferrous
(FeCl34H,0) in 1.0 M ammonium hydroxide solution
(NH4OH). A 10.8 g portion of FeCl36H,0 and 4.0 g
FeCl3;4H,0 are dissolved in 50 ml of deionized water.
The resulting solution is poured with vigorous stirring
into 500 ml of a 1.0 M NH,OH solution. These iron
oxide precipitated colloid is transferred to 500 ml of a
1.0 M tetra methyl ammonium hydroxide (TMAOH)
by collecting with a permanent magnet. After that, 6.3
g of oleic acid (OA) liquid and 1.0 g of sodium
dodecyl benzene sulfonate (SDBS) are added to
modify the iron oxide colloid surface.

Synthesis of PS-iron oxide nanopatrticles

PS-iron oxide composite colloids are synthesized
by emulsion polymerization of styrene (St) and
methyl methacrylate (MMA) by using a reaction
vessel that contained a reflux condenser. The reaction
vessel containg 180 mL of deionized water and 20 mL
of the above nanosize iron oxide is deoxygenated for
30 min. A 3.0 mL portion of MMA and 30 mL of St
are added. A nitrogen atmosphere and a stirring rate
of 350 rpm are maintained throughout the

polymerization. The temperature of reaction vessel is
increased to 70°C when a 0.2 g of sodium styrene
sulfonate (NaSS) is added to be as a surfactant and 2.0
g of ammonium persulfate (APS) is added to initiate
the polymerization. The polymerization process is
achieved for 5 h.

Figure 1. TEM image of synthesized iron oxide
nanoparticles by OA and SDBS surfactants with
diameter varies from 2-15 nm

Characterization of nanosize iron oxide and PS-
iron oxide composite nanoparticles

Morphology and size of the nanoparticles are
characterized by wusing a transmission electron
microscope (TEM) operated at 120 kV. The
nanoparticles dispersed in water cast onto a Formvar-
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coated copper grid at room temperature. Crystal
structure is measured on a Bruker D8 Advance X-ray
Diffractometer (XRD) with a Cug, radiation
(A=15402 A). The data are collected from 20 = 20-70°
at a scan rate of 0.05 per step and 10 s per point.

Results and Discussion

The particles size and morphology were observed
by Transmission Electron Microscopy. The iron oxide
powder has a diameter of 2- 15 nm with irregular
shape.

900 -

800

700 -

Intensity (Count)

400 . . . .
20 40 60 80

2-Theta
Figure 2. XRD pattern of synthesized iron oxide
nanoparticles. XRD peaks of magnetite and

maghemite occur at d=2.52 A (20=35.7°) and d=1.48

-

A (20=62.8°), respectively.

50 nm

Figure 3. TEM image of synthesized PS-iron oxide
composite nanoparticles by firstly mixing OA and
SDBS surfactants then adding to the iron oxide
nanoparticle before polymerization. This indicates
that the iron oxide distributes only on surface of PS
nanoparticles.

X-Ray Diffraction (XRD) pattern were analyzed to
determine the crystal structure of iron oxide
nanoparticles. The XRD pattern shows d-spacing
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close to those of both magnetite (Fe;O,) and
maghemite  (y-Fe,Oz). However, the relative
diffraction intensity between peaks of d=2.52 A and
d=1.48 A indicates that the maghemite is dominated
in our samples.

The PS-iron oxide nanoparticles have a diameter
in the range of 160-400 nm. Only encapsulate in the
nanoparticles with diameter above 220 nm showed
iron oxide incorporate in the nanoparticles.
Furthermore, the sequence of adding surfactant in
surface modification step played a major role on
achieving two distinct morphologies types of
composite nanoparticle. The iron oxide powder was
attached on a polystyrene nanoparticle surface if the
SDBS and OA were mixed first. In case of the SDBS
was firstly added, the iron oxide nanoparticles occur
as clumps within the polystyrene nanoparticles.

Figure 4. TEM image of synthesized PS-iron oxide
composite nanoparticles by firstly adding SDBS
surfactant then later adding OA surfactant to the iron
oxide nanoparticle before polymerization. It indicates
that iron oxide is corporate inside PS nanoparticle.

Conclusions

The synthesized iron oxide powder has a
diameter of 2- 15 nm with irregular shape. The PS-
iron oxide nanoparticles have a diameter in the range
of 160-400 nm. The permanent magnet was used to
sort the magnetic composite nanoparticles out from
nonmagnetic particles. The nonmagnetic
nanoparticles have a narrow diameter range of 160-
180 nm and can also be compressed to show the PC
effect in a liquid phase.

Only encapsulate in the nanoparticles with
diameter above 220 nm showed iron oxide
incorporate in the nanoparticles. The two distinct
morphologies types of composite nanoparticle were
found with the different sequence of adding surfactant
in surface modification step. The iron oxide powder
was attached on a polystyrene nanoparticle surface if
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the SDBS and OA were mixed first. In case of the
SDBS was firstly added, the iron oxide nanoparticles
occur as clumps within the polystyrene nanoparticles.
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Abstract

Titania nanotubes (TiO, NTs) photoanodes were fabricated by means of anodization method. The
electrolytes were the mixtures of oxalic acid (H,C,04), ammonium fluoride (NH4F), and sodium
sulphate(V1) (Na,SO,) with different pHs. A constant dc power supply at 20 V was used as anodic
voltage. The samples were annealed at 450 °C for 2 hours. The resultant products were characterized
by Scanning Electron Microscopy (SEM) and X-ray diffraction (XRD) to determine their
microstructure. TiO, NTs with diameter of 100 nm were obtained when the electrolyte consisting of
0.08 M oxalic acid, 0.5 wt% NH,F, and 1.0 wt% Na,SO,with pH 3 was used. Without external applied
potential, the maximum photocurrent density was 2.77 mA/cm? under illumination of 100 mW/cm®.

Keywords: Titania nanotubes, TiO,, anodization, Hydrogen production, renewable energy

Introduction

Direct conversion of sunlight to chemical energy
in the form of hydrogen to be used as a renewable
energy is an ultimate goal of scientific and
technological interests which solutions may be
feasible importance as a renewable source of
sustainable and environmentally energy for next
generations. Photoelectrolysis of water to produce
hydrogen (H,) has attracted attention due to the
depletion of fossil fuels and global warming. The
photocatalytic evolution of H, and O, from water
occurs when a photocatalytic agent with appropriate
band gap is illuminated by sufficiently energetic light.
Honda and Fujishima [1] demonstrated the process of
electrochemical  photolysis of  water  using
semiconductor TiO, as a working anode. Since then,
a large number of semiconductor materials have been
employed for photoanodes, also called working
anodes for hydrogen production. All of semiconductor
materials, TiO, and modified structure TiO, are
widely used because they are highly photocatalytic,
stable, abundant, and environmentally safe [2].

The scientific principles for the hydrogen
generation were established by Bockris and Uosaki in
Bockris and Uosaki in 1976 [3], Bockris in 1980 [4],
Bockris in 2003 [5], Bockris et al. in 1981 [6],
Gerischer in 1977 [7], and Chandra in 1985 [8] and
reviewed by numerous literatures e.g., by Linsebigler
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et al. in 1995 [9], Bak et al. in 2002 [10], and
Nowotny et al. in 2007 [11]. Recently, most of efforts
have been focused on nanostructured titania such as
nanoparticles [12], nanoflims [13], and nanotubes
[14-15] to increase water photo-splitting efficiency
due to their high surface-to-volume ratios and size-
dependent properties in hoping to increase energy
conversion efficiecy. Nanostructured Titania may be
synthesized by many methods [12-16] such as sol-gel,
and anodization. Anodization has been one of the
most popular in making Titania nanotubes (TiO,
NTs). We have recently prepared mesoporous of
TiO, electrodes by anodization [17]. It is believed that
ability to control the structures of TiO, NTs can be
expected to positively impact a variety of important
technologies and the structures of TiO, NTs depend
largely on many preparation parameters such as
temperature, electrolytes, and anodic voltages. In this
paper, we present the effect of electrolytes on the
structures and photoelectrochemical properties of
TiO, NTs for hydrogen production.

Materials and Methods

TiO, NTs were grown by anodization method at
room temperature. Titanium sheet with 0.25 mm
thick, 99.7% purity purchased from Sigma Aldrich
were firstly polished by various abrasive papers. After
polishing, polished Ti substrates were ultrasonically
cleaned in the mixture of acetone and ethanol. The
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mixed

electrolytes  consisting of 1/12 M
C,04H,-2H,0, 0.5 wt% NH,F, and 1.0 wt% Na,SO,
with different pH values (3, 5, and 7) were used. The
pH of the mixed electrolytes were adjusted by adding
appropriate amount of 1 M H,SO,4, or 1 M NaOH.
Titanium substrate samples were anodized using
home-made housing for the substrate. The system
consists of a two-electrode configuration with a piece
of highly pure platinum counter electrode. The
configuration of the set up is shown in Fig. 1. This set
up allows only one face of titaniun substrates contact
with the electrolyte. The anodization process was
carried on under a constant dc potential 20 V for 2
hrs. Then, anodized Ti substrates were rained by
distilled water and dried in the flow of N, gas. All
substrates were annealed at 450 °C for 2 hrs to obtain
anatase crystalline phases of TiO, [13-16,]. The
current and anodization time data were collected
computer-controlled  apparatus  equipped by
LabVIEW programming. To investigate the surface
morphology and microstructure of TiO, NTs, all
samples were characterized by SEM and XRD
techniques. The determine optical bandgap and
photocatalytic activity for water splitting of TiO, NTs
the sample were characterized by UV-Vis and |-V
curve measurement.

Power supply

Pt counter electrode

Cu electrode

Plastic housing - — — — — — "— — — —

Figure 1. Experimental equipment diagram of one-
face anodization for TiO, NTs

Results and Discussion

XRD patterns of Ti sheet and post annealed TiO,
NTs are shown in Fig. 2. The XRD patterns show
that the phases of TiO, NTs are anatase. The anatase
(101) peak shows prominently when the anodization
was carried out in the electrolyte with pH 3. The SEM
images of post-annealed TiO, NTs grown in the
different pH electrolytes are shown in Fig. 3. The
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morphology of the TiO, was found to be influenced
by pH of the anodizing electrolyte. The prepared
samples with the anodization in pH 5 and pH 7
electrolytes were the titania films with anatase phase.

2500 T T T T T

=
S
< TiOz NTs pH7

2000 T B

g
< A TiO, NTs pH5
Mw Lt A ol

[
al
o
o

T

Intensity (A.U.)

1000 [ LT e B

TiO, NTs pH3

500 [ B

J\ Ti metal foil
J

20 30 40 50 60 70

Figure 2. XRD patterns of post annealed TiO, NTs
grown in the electrolytes with different pHs

®40, 600 Smmo



2010

o Thal Physlcs Socl w

Figure 3. SEM images of TiO, NTs grown in the
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Figure 4. Photocurrent densities as a function of time
under interrupted illumination of light of TiO, NTs
working electrodes anodized in the different pH
electrolytes (a) pH 7 and (b) pH 3

The TiO, NTs were not observed while the samples
with anodization in pH 3 electrolyte showed clearly
titania nanotubes (TiO, NTs) with diameters of about
100 nm.

Photoconversion efficiency of TiO, NTs was
measured by a standard three-electrode cell at room
temperature under the illumination of 100 mW/cm? in
a 1 M KOH solution. The photocurrent response
measurement was tested without external applied
potential to investigate the photo-induced charge
separation efficiency of the prepared photanodes and
are shown in Fig. 4. When the light was turned on and
irradiated the photoanode, the photocurrent rose up
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and kept constant during the light was on while the
light was turned off, the photocurrent abruptly
disappeared. This evident showed that the current
came from the illumination. The photoconversion
efficiency of water electrolysis was calculated based
on the following relations [17-18],

n(%) = (JXEU"‘) x 100,

where J is the photocurrent density, j X EL. is the
total power output and I, is the power density of

incident light and EZ, is the standard reversible
potential which is 1.23V. The photocurrent densities
of the photoanode prepared with pH 5 and pH 3
electrolytes after switchs were turned on were 0.60
mA/cm? and 2.77 mA/cm?, respectively coresponding
with the photocoversion efficiencies of 0.7 % and 3.4
%, respectively.

This photoconversion efficiency (3.4 %) of TiO,
NTs photoanode is larger than that (0.8%) of nano-
TiO, film photoanode made by sol-gel dip coating
[13, 19]. The increase of photoconversion efficiency
may be resulted from the fact that the surface areas of
TiO, NTs are larger than those of nano-TiO, films
due to the agglomeration of the small spherical
crystals of nano TiO, crystals by nature [13]. Another
reason may be due to the reduction of TiO, NTs
optical bandgap energy because nitrogen from NH,F
used for making the electrolyte may incorporate the
structure of TiO, NTs. It is well known that N-doped
TiO, lowers the bandgap energy of TiO, [20, 21]
leading to increase the utilization of sunlight
spectrums and also increase photoactivity. This may
be possible to identify the existence of nitrogen in the
structure of TiO, NTs by X-ray photoelectron
spectroscopy (XPS).

Conclusions

We have synthesized TiO, NTs on titanium foils
by anodization method in the mixtures of oxalic acid
(H,C,0,4), ammonium fluoride (NH4F), and sodium
sulphate(VV1) (Na,SO,) with different pHs. The post
anodization process was carried out by anneaing in air
at 450 °C for 2 hrs. The best condition for growing
TiO, NTs was the electrolyte with pH 3. In this
condition, the diameter of prepared TiO, NTs was
about 100 nm. The phase of prepared TiO, NTs was
predominantly anatase. The photocurrent response
indicated that the photocurrent was the contribution of
light irradiation on photoanode. The hydrogen can be
produced with overall the photoconversion efficiency
of 3.4 %.
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Nanotubes/Carbon Fiber/Epoxy Resin
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Abstract

In this research, fabrication and mechanical properties of nanocomposites between carbon nanotubes
(CNTs )/carbon fiber and epoxy resin was studied. The CNTs was prepared via chemical vapor
deposition technique. To fabricate the nanocomposites, CNTs was mixed with epoxy resin and then
molded with carbon fiber in the tube shape using hand lay-up technique. Physical and mechanical
properties of composite samples such as density, compressive strength and were measured. From the
results, it could be found that density of sample with 4 vol% of CNTs was 1.2504 g/cm® which was
lighter than that of bicycle steel (7.6034 g/cm®). The compressive strength of samples was in the range
of 2.0-2.7 Ton whereas the compressive strength of bicycle steel was about 2.0 Ton. Furthermore,
microstructure of nanocomposite samples was determined using scanning electron microscope
technique (SEM).

Keywords: Carbon fiber, Carbon nanotubes, Epoxy resin, Nanocomposites

0.010 mm), supplied by Union Science CO., Ltd.
Introduction The polymer matrix epoxy resin 852 and
hardener 7278 are mixed in the ratio of 100:27
supplied by Union Science CO., Ltd. To
fabricate composite specimen, carbon nanotube
synthesized by CVD technique (density about
2.1 g/cm®) was added and mixed into epoxy resin
for 4 Vol%. The specimen was molded using
hand lay-up technique which three layers of fiber
woven was plies to the pipe shape. The specimen
was then let in room temperature for 1 day to
settle. Composites specimens were then
examined the mechanical properties such as,
compressive  strength and  densities. The
microstructure  of composites was  also
determined using SEM technique.

In the present days, synthesis fiber have used in
many roles for various applications. Carbon fiber
is one of synthesis fiber which is very popular in
many industries, especially vehicle parts. Bicycle
frame made from carbon fiber is well-known and
accepted in light weight, high strength and
durability.

Generally, bicycle frame made from various
types of fabrication to produce high performance
bicycle parts. Therefore, there are many works
try to improve the starting materials and
processing of carbon fiber to obtain the better
properties of bicycle parts.

In this work, the authors attempted to
fabricate the bicycle part from carbon
nanotube/carbon  fiber and epoxy resin Results and Discussion
composites using hand lay-up technique.

- . . Table 1: Densities of specimens
Mechanical properties such as density and P

compressive strength were examined using Specimen Densities
scanning electron microscopy technique (SEM). (g/cm?®)
. Epoxy resin 1.1322
Materials and Methods Epoxy resin + Carbon Fiber 1.2489
Carbon fiber which used in this work is a Epoxy resin + Carbon Fiber + 1.2504
. . . . NTs
commercially plain carbon fiber (diameter 0.005- e 76034
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Table 1. Showed density of composites specimen
compared with those of neat epoxy resin and
iron. The results showed that density of
composites specimens were lower than that of
epoxy resin and lower than that of iron about 6
times. Besides, it was also found that adding
CNTs into carbon fiber/epoxy resin composites
was not significantly changed in density of the
specimen.

Compressive strength

Figure 1., showed the compressive strength
of the composites specimens. It could be seen
that composites between carbon fiber and epoxy
resin contained with CNTs exhibit higher
compressive strength when compared with that
of non-containing CNTs specimen. The non-
containing CNTs specimens showed some small
crack around the centre of pipe at the load of
20000 N. And the specimen began propagation
to large crack at the higher load.

The composites specimen containing with 4
Vol% of CNTs started to damage and failure in
the range of load about 25000-27000 N. Adding
CNTs particles have effect to failure behavior of
composites specimen. Because the nanoparticle
could adsorb shear load which similar to
microfiber. Moreover, the external load was
transmitted through matrix via reinforcement.
When load was overload, the specimens tried to
release the overload by micro-cracking which
corresponding to the results and the previous
work [1-7]. Specimens containing carbon
nanotube which performed compressive strength
more than that of non-containing carbon
nanotube specimen and iron parts about 13% and
25.5%, respectively, and then iron inhibited
compressive strength higher specimen non
carbon nanotube at 14.4%. It was a good point of
composites upon metal in weight at some

volume.
L]
| I | I I

Specimen1

Compossive force (N)

0

Specimen2 Specimen3 Specimen4 Specimen5

Type of specimens

B Epoxy resin + Carbon Fiber Epoxy resin+ Carbon Fiber+CNTs B Iron
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Fig 1. Increasing in effective compressive strength of
specimens containing carbon nanotube compared
specimens non containing carbon nanotube and iron.

EMSc CMU. 150V X50,000 100

et

Fig 3. Show failure behavior of specimen due
to overload.

Table 2. EDX data of CNTSs.

Element Weight% Atomic%

CK 97.93 99.57

Ni K 2.07 0.43

Totals 100.00
Conclusions

The effect of containing carbon nanotube on
the compressive strength of composites specimen
was investigated unidirectional axial load. The
mechanical properties of carbon nanotube was
found to improve compressive strength and
reduction porous in microstructure whereas it
was not changed in density.

The comparison of experimental result with
specimen containing carbon nanotube and other
specimens indicated that these compressive
strength can be enhanced by filling carbon
nanotube particle for 4Vol%.
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Abstract

In this work, mechanical properties of 0-3 nanocomposite materials between silicon carbide
nano wires (SICNWSs), carbon nanotubes (CNTSs) and natural rubber were studied. The SICNWs and
CNTs were used as reinforcement fiber whereas natural rubber was used as matrix phase. The current
heating technique (CHT) and chemical vapor deposition technique (CVD) were used to synthesis the
nano wires and nanotubes phase, respectively. The volume fraction of reinforcement was varied from
0-10%. To fabricate nanocomposites samples, the nanophases were mixed into natural rubber matrix
and molded. Mechanical properties of the samples, for example, hardness, tensile strength, elongation
and wear test were examined. From the results, it could be found that nanocomposites with volume
fraction of 10% exhibited the maximum hardness (50.6 shore A). The maximum tensile strength and
elongation of the samples were obtained from 4% volume fraction sample which were 17.6 MPa and
1.6000%, respectively. Moreover, microstructure of samples was investigated by using scanning
electron microscopy (SEM).

Keywords:SiCNWs, CNTs, Nanocomposites

thetruck tires. Found the chemical properties of the
Introduction rubber components of the tire in general. Including
the 30% of reinforcing filler in rubber couldpromote
the property of the rubber such as adhesion, resistance
to wear and tear. The carbon black was the popular
filler which was adding in rubber for various
quantities [2-3].

Research Group of the Degussa [2] discovered
that the particle size of the additives could reduce the
rolling resistance of truck tires by up to 20 percent,
which reduced emissions carbon dioxide and indirect
environmental benefits. It also reduced the emission
of volatile organic compounds or VOC (volatile
organic compound) to 80 percent during the
manufacturing process of rubber.

Beside, Gupta et.al. [4] studied the energy
absorption of composite materials between rubber and
glass particles. They reviewed that the materials could
withstand the pressure up to 40% of the damage on

L the work piece. It was also found that the specimens
In 1990, the company Rhodia Silica [1] had been  prenared with fracture strain increased without
synthesis of silicon oxide with a high surface area and resulting in decreased strength.

mixing with the tire. The results showed that adding Furthermore, Brinke et.al. [5] studied the effect

silicon oxide could prevent the loss of energy of the 4t the aqdition of silica into the rubber applying for
tires and reduce rolling resistance to 25% and reduced tjre products. It was found that the addition of silica in

CO, by 5%. Moreover, it was also found that the e ryphercould produce a low rolling resistance tire
rubber-containing silicon oxide exhibited the working and more energy-efficient vehicles.

life more than that of pure carbon rubber to 10%. For these reasons, this research to fabricate and

Advanced Fillers & Pigments Business Unit of g4y the mechanical property of composite materials
Degussa Corporation, a company that develops

Energy consumption of most humans is mainly
dependent on nonrenewable energy. Because
electricity generating with renewable energy is high
cost. At present, the problem of energy especially
petroleum is a problem that all parties both public and
private sectors provide important. Therefore, oil is the
main power or energy that we use in daily life which
is limited and disappears to be possible in the future.

For this reason, researcher and inventors tried to
improve over the engine to reduce using oil. The
concept of this study is that reducing the energy to
drive the optimization of fuel consumption in
vehicles. Which have able to reduce petroleum
consumption. As a result, the researchers have the
idea to produce high performance tires with rolling
resistance by filling nano particle into the rubber for
apply in automotive industry.
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between carbon nanotubes, silicon carbide nano wires
and natural rubber.

Materials and Methods

Fabrication of nanocomposites

CNTs (synthesized from CVD technique) and
SICNWs (synthesized from CHT technique) were
weight in the different ratios (1-10%) and mixed
together by using ball milling technique for 3 hours.

The mixture was then weighed by volume
percentage beaker. The 50 ml of ionized water was
then added into the beaker. And the mixture was
sonicated by using ultrasonic device for 2 hours until
nanoparticle was well dispersion in the water and
water turn to be black. The mixture was then mixes
with natural rubber and molded by hand lay-up
technique. Composites sample was let into room
temperature for 1 day to settle. Mechanical properties
and microstructure of the samples was examined.

Characterization Methods

The tensile strength was measured using
Universal Testing Machine (CAT No. 2603-080). The
durometer shore hardness scale (SHORE A)was using
for examining the hardness of materials. Finally study
microstructure with Scanning Electron Microscopy
(JEOL JSM-5910LV).

Results and Discussion

Table 1 showed the density of composites
samples. From the result, it could be found that
density of the sample were in the range of 0.9697
glcm®. 1t could be observed that the density of the
composites was higher when compare with that of
neat samples (natural rubber). It was the effect of
density of nanofiller which added into the rubber
matrix.

Table 1. The density of nanocomposites

% CNTs+SiCNWs Density
0.9281
0.9563
0.9339
0.9718
0.9541
0.9623
0.9882
0.9945
0.9869
0.9855
1.0058

Boovwourwnro

The tensile strength results of the samples were
shown in Fig 1. It was found that tensile strength of
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sample was increased with the increasing of quantities
of nanofiller. The maximum tensile strength obtained
from 4 vol% of CNTs+SiCNWs sample. When the
quantities of nanofiller were higher than 4 vol%, the
tensile strength of sample exhibited the decreasing
trend. This was may be due to the agglomeration of
CNTs and SiCNWs nanoparticles.

20 [l Volume CNTs+SiCNWs |

Tensile strength (MPa)

0

1 2 3 4 5 6 7

Volume CNTs+SiCNWs (%)

8 9 10

Figure 1. Tensile strength of nanocomposites.

Thereafter, hardness of the samples was determined
using the durometer shore hardness scale (SHORE
A). The result was showed in Table 2. It was found
that hardness of the samples increased with the
increasing of nanofiller. Hardness (Type A) were in
the range of 42.9 — 50.6.

Table 2. Hardness of nanocomposites materials

% CNTs+SICNWs  Hardness (Type A)
42.9
44.8
46.8
47.7
47.8
48.2
49.1
49.4
495
49.7
50.6

Boo~vwourwrnro

Figure 2 showed SEM micrographs of nano-
compsites samples. It could be seen that the adding
nanofiller had effect to the morphology of natural
rubber (Fig.2(a)). The nanofiller was dispersed and
distributed to the rubber matrix (Fig.2(b)). When the
quantity of nanofiller had increased, the
agglomeration of nanofiller could obtain (Fig.2(c))
which could be effect to mechanical property of
nanocomposites sample. Hardness of nanocomposites
was increased with increasing of nanoparticle
quantity.
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Figure 2. SEM Micrographs of nanocomposites
sample (a) neat sample, (b) 4 vol% CNTs+SiCNWSs
and (c) 7 vol% CNTs+SiCNWs

Conclusions

The nanocomposites between CNTs, SiCNWs
and natural rubber was fabricated. Density of the
sample were in the range of 0.9697 g/cm®. Adding the
nanofiller had effect to the tensile strength of
nanocomposites. The maximum tensile strength
obtained from 4 vol% CNTs/SiCNWs sample which
exhibited the tensile strength of 17.63 MPa.
Furthermore, the microstructure of the sample
reviewed the distribution of nanofiller in the natural
rubber.
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Abstract

Graphene has emerged as a highly important material for applications in nanoelectronics, solar cells,
and gas sensors due to its unique two-dimensional honeycomb lattice carbon nanostructure and
electronic properties. In this work, we have fabricated graphene-PEDOT/PSS gas sensor using ink-jet
printing method for NH; detection. In preparation of electronic ink, graphene (0.1 mg) were dispersed
in PEDOT/PSS (40 ml). The interdigitated electrodes made from patterned silver conductive paint were
deposited on a flexible substrate (Transparency film). The graphene-PEDOT/PSS was deposited on
interdigitated electrodes by ink-jet printing technique. Surface morphology of graphene-PEDOT/PSS
was characterized by atomic force microscopy (AFM). The fabricated flexible graphene-PEDOT/PSS
gas sensor was measured in test chamber at room temperature. Ammonia (NHs), ethanol, and acetone
were used to test graphene-PEDOT/PSS sensing behavior with gas concentrations between 100-1000
ppm. From results, graphene-PEDOT/PSS gas sensor shows a strong response to NH;3; and much
weaker responses to ethanol and acetone at room temperature. The sensor response (R/Rp) to NHj,
acetone, and ethanol at 1000 ppm concentration is 1.3977, 1.0155, and 1.0078, respectively. It can be
concluded that the flexible graphene-PEDOT/PSS gas sensor prepared by our ink-jet printing technique
exhibits high sensitivity and selectivity to NH; at room temperature.

Keywords: Ink-jet printing technique, graphene gas sensor, PEDOT/PSS, NH; sensor, printed
electronics

chemical vapor deposition [4], and screen printing [5].
Introduction Although these techniques have been successfully
applied in the fabrication of gas sensor, some of the
techniques have disadvantages such as high cost,
complicated and long-time operations. Very recently,
a promising method for gas sensor preparation was
proposed by using ink-jet printing technique that can
make controlled deposition of functional materials
with suitable geometer on various substrates [6-8].
Because of its many unique advantages such as low
temperature processing, and low-cost, ink-jet printing
has become a potential solution in material and device
preparation. In this work, we have fabricated
graphene-PEDOT/PSS gas sensor by using ink-jet
printing method on flexible substrate (Transparency
film) based on an electronic ink formula for ammonia
(NH,) detection. Atomic force microscopy (AFM)
was used to investigate the surface morphology of
sensing film.

Graphene has emerged as a highly important
material for applications in nanoelectronics, solar
cells, and gas sensors due to its unique two-
dimensional honeycomb lattice carbon nanostructure
and electronic properties [1]. Poly(3,4-
ethylenedioxythiophene)/poly(styrenesulfonate) or
PEDOT:PSS is a polymer mixture of two ionomers.
The PEDOT/PSS has received increasing attention as
possible transparent and conductive materials because
of their efficacious electronic properties and potential
applications in flexible electronic devices [2].
Although, several researches have been studied the
mixture between graphene and PEDOT/PSS
materials, it has never been used to apply in flexible
gas sensing application. So, this research have
interested for application in gas sensor devices. In
fabrication of gas sensor, it can be fabricated by
several techniques such as reactive sputtering [3],
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Materials and Methods

In preparation of the electronic ink, graphene
material (0.1 mg) was dispersed in dimethyl sulfoxide
(DMSO) of 5 ml. The graphene solution was
thoroughly stirred for 30 min at room temperature.
Then, graphene solution was dissolved in the
PEDOT/PSS of 40 ml. The final solution was
thoroughly sonicated for 30 min at room temperature
(see Fig. 1a).

Interdigitated

bnl\ er paint

Substrste (Transpanasency)—

electrodes

l“_‘,
ir&

(b) Interdigitated electrodes fabrication.

-

Graphene-PEDOT/PSS

Cartridge

V4

. —

—\ Interdigitated
electrodes

HP Deskjet 2000
Sensing film

(c) Ink-jet printing.

Figure 1. Gas sensor fabrication steps.

The interdigitated electrodes made from
patterned silver conductive paint were deposited on a
flexible substrate (Transparency film) (see Fig. 1b). A
flexible gas sensor was fabricated by using modified
HP deskjet 2000 j210 printer with a resolution (BW)
of 1200x1200 dpi. The cartridge was refilled with the
prepared electronic ink. The graphene-PEDOT/PSS
was deposited on interdigitated electrodes by ink-jet
printing technique (see Fig. 1c). The fabricated
flexible graphene-PEDOT/PSS gas sensor is
displayed in Fig. 1d. NHa, ethanol, and acetone were
used to test graphene-PEDOT/PSS sensing behavior
with gas concentrations between 100-1000 ppm at
room temperature.

Results and Discussion

Surface morphology of graphene-PEDOT/PSS
sensing film by AFM is shown in Fig. 2. From AFM
image, it indicates that the film surface is well
uniform and only tiny defects are presented with a
scan size area of 2 um x 2 pm. The surface of inkjet
printed film is rather smooth. However, it is hard to
clearly see the graphene structure on PEDOT/PSS due
to limited availability of AFM. Further investigation
on graphene-PEDOT/PSS formation mechanism will
be studied in future.

(d) Graphene-PEDOT/PSS gas sensor.
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Figure 2. AFM image of an ink-jet printing film of
graphene-PEDOT on substrate (Transparency film).

The sensor response (S) of the gas sensor is
defined as S= R/R, where Ry and R are the resistance
of the gas sensor in pure air and test gas, respectively.
Figure 3 shows the sensing behavior of the graphene-
PEDOT/PSS gas sensor to NH;z vapor under a
concentration 1000 ppm, 500 ppm, and 100 ppm at
room temperature.

1.40 T T T T T
1000 ppm

500 ppm
1.12 4

Sensor response

1.05 4 100 ppm

0.98
0

T T T T T
1000 2000 3000 4000 5000

Time (sec)

Figure 3. Gas sensor response to NHj3; gas at room
temperature.

It can be observed that the response of gas
sensor increases when graphene-PEDOT/PSS is
exposed to NH3 gas. It can be seen that the different
concentration affects on response of gas sensor as a
power-law relationship. To study the sensitivity and
selectivity of the graphene-PEDOT/PSS gas sensor,
its sensing response to various gas vapors is plotted in
Fig. 4.
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Figure 4. Sensing response of the gas sensor to NHs,
acetone, and, ethanol at room temperature.

From Fig. 4, graphene-PEDOT/PSS gas sensor
shows a strong response to NHjz and much weaker
responses to acetone and ethanol at room temperature.
The sensor response to NHs, acetone, and ethanol at
1000 ppm concentration is 1.3977, 1.0155, and
1.0078, respectively. So, It can be concluded that the
flexible graphene-PEDOT/PSS gas sensor prepared
by our ink-jet printing technique exhibits high
sensitivity and selectivity to NH3 at room temperature.

Conclusions

The flexible graphene-PEDOT/PSS gas sensor
has been successfully fabricated by using ink-jet
printing technique with high homogeneous surface
sensing film morphology. The results indicate that
graphene-PEDOT/PSS gas sensor shows a strong
response to NHs; and much weaker responses to
ethanol and acetone at room temperature. It is hoped
that this research will be useful for development and
manufacture of future sensing wearable electronics
technology.
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F-doped SnO, Nanopowders Synthesized by Ultrasonic-assisted Co-
precipitation Method
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Abstract

F-doped SnO, nanopowders were synthesized by ultrasonic-assisted precipitation process using tin
chloride (SnCl,) as a tin source, ammonium fluoride (NH4F) as a fluorine dopant source. The fluoride
composition was varied from 0 to 20 mol%. The precursor was prepared using both sources dissolved
in deionized water and kept under sonication in ultrasonic bath. The aqueous ammonia was added
dropwise into the solution with operating time of 2 h. The as-precipitated products were dried at 80 °C
and then calcined at 400 °C for 2 h. The physical properties of nanoparticles with/without fluoride
dopant were characterized by X-ray diffraction, scanning electron microscope and transmission
electron microscope. Obtained results indicate significant effects of ultrasonic radiation on particle size
distribution, uniformity and reduction of agglomeration due to cavitations in solution restrained
aggregation of particles during operated precipitation process. The results reveal that ultrasonic-
assisted method can efficiently synthesize tetragonal F-doped SnO, nanopowders with small particle
size of 10-13 nm.

Keywords: F-doped SnO, powder, Ultrasonic-assisted, Precipitation

electric properties [8]. Furthermore, effective size of
Introduction the particles down to nano scale regime can
drastically increase large specific surface areas. Up to
now, several methods including sol-gel methods [9],
precipitation ~ [10],  solvothermal  [11] and
hydrothermal methods [12] have been conducted and
proposed on the preparation of fascinating SnO,
nanostructure.  Among these techniques, the
precipitation method has considerable benefits over
the others such as simple synthesis process, low
energy consumption and simplicity of solution
concentration [13]. Moreover, in this study, ultrasonic
radiation was supplemented during in precipitation
process because it is able to provide high frequency
clean energy to prevent the agglomeration [14]. This
present paper reports the synthesis of F-doped SnO,
nanoparticles using ultrasonic-assisted co-
precipitation process. The crystalline and surface
morphology of nanoparticles with/without F-dopant
were characterized by X-ray diffraction (XRD) and
transmission electron microscope (TEM).

Tin Oxide (SnO,) has attracted considerable
attentions due to their distinguished characteristic
such as special mechanical, chemical stability,
environmental and good thermal properties [1].
Typically, SnO, is an n-type semiconductor with wide
energy gap (3.67 eV) as tetragonal structure
(a=b=4.737A and ¢=3.18 A) related to rutile structure.
Due to promising properties of SnO,, it has been
utilized in wide range of applications such as gas
sensors [2], transparent conducting electrodes [3], and
optical electronic devices [4]. However, low optical
and electrical performance has occurred by the
stoichiometric SnO, due to its low intrinsic carrier
density and mobility. The concentration of charge
carriers in SnO, can be increased by extrinsic dopant
[5]. The most common dopants used for increasing
the conductivity and optical properties of SnO, are In,
Sb, F and Mo [6]. The non-stoichiometric structure of
SnO, can create oxygen vacancies generating free
electrons to promote higher conductivity in the
samples [7]. In recent years, many processes have Materials and Methods
been developed to the synthesis of SnO, in form of
low dimensional nanostructure leading to the
improvement in physical, optical, catalytic and

268

F-doped SnO, nanopowders were synthesized by
ultrasonic-assisted  precipitation  process  using


mailto:kpewisan@gmail.com

(2013

on Thai Physics Society
e Road 2 ASEAN Community

ultrasonic bath as a mixing device. In experiment,
analytical grade chemical reagents were used without
further purification. Tin chloride (SnCl,) and
ammonium fluoride (NH4F) were used as a tin and
fluorine dopant source, respectively. The composition
of fluoride was varied from 0 to 20 mol%. 0.2 M of
SnCl, and NH4F was dissolved in deionized water
under sonication in ultrasonic bath operated at 120 W
with frequency of 40 kHz. The suspension was
sonicated at 60 °C for 20 min until homogeneous
solution was obtained. Then, aqueous ammonia was
dropped into solution within operating time of 2 h.
The gelatinous precipitated product was washed
several times with deionized water and ethanol via
centrifugation to remove chlorine ions. Finally, the as-
synthesized products were dried in oven at 80 °C and
then calcined at 400 °C for 2 h.

The crystalline structure and surface morphology
of nanopaticles with/without F-dopant were
characterized by X-ray diffraction and transmission
electron microscope. XRD (LabX, XRD-6000)
operated at 40 kV and 30mA over a 28 in range of 20-
80° using Cu-Ke radiation. The diffraction patterns
were recorded with a scanning speed 2°/min. The size,
shape and crystal structure of F-doped SnO, were
observed by TEM (FEI, TECNAI G“20) operated at
200 kV. Before TEM analyses, the samples was
suspended in ethanol and dropped on a carbon-film
coated copper grid.

Results and Discussion

Weight (%/min)

erivative

D

76.33°C

T T T T
400 300 600 700

Temperature (°C)

T T T
100 200 300 800

Figure 1. TG/DTA curves of as-synthesized SnO,
nanopowders.
The thermal behaviors of as-synthesized

precipitates of SnO, powders are shown in Fig.1. The
TG/DTA curves of as-synthesized precipitates
detected at around 70 °C and 230 °C are assigned to
the removal of absorbed water and alcohol and the
decomposition of NH," in the powder according to the
Eq.1[15],

SnCl, + 4ANH,OH — Sn(OH), + 4NH,Cl. (1)

The noticeable peak position about 375 °C of sample
prepared under ultrasonic bath may be attributed to
the dehydroxylation and phase transformation of the
as-precipitated product according to the Eq. 2 [16],
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Figure 2. XRD patterns of F-doped SnO,
nanopowders with different fluorine content of 0-20
mol%.

The XRD patterns of F-doped SnO,
nanopowders with different fluorine doping content of
0-20 mol% are illustrated in Fig 2. All diffraction
peaks of samples show the major peak of (110), (101)
and (211) plane orientation corresponding to
polycrystalline phase of tetragonal SnO, crystal
structure [17]. The XRD patterns of all samples reveal
only diffraction peak of pure SnO, without another
impurity phase. It is noticeable that major peak
position of F-doped SnO, powders shifts slightly
toward the lower diffraction angles due to the
prolongation of d-spacing [18] caused by the dopant.
Because the ionic radius of fluorine ion (1.33 A) is
close to oxygen ion (1.32 A). When doping, the good
substitution of oxygen sites by fluorine ions can result
to the alternation of d-spacing of the structure [19]. In
addition, average crystallite sizes of the F-doped SnO,

nanopowders were calculated by well-known
Scherrer’s equation as follows:
0.91 )
pcosd

where A is the X-ray’s wavelength (0.154 nm), 3 is
the peak width at half-maximum (FWHM),@ is the
diffracted angle of the corresponding peak. The
crystallite size of all samples are obtained from the
FWHM of the (100) peak and summarized in Tablel.
The crystallite size of nanopowders slightly varies in
the range of 10.2-11.2 nm by fluoride incorporation.
Fig. 3 (@ and (b) show EDX analysis of
undoped and F-doped SnO,, respectively. In Fig. 3(a),
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the major elements found in EDX result are Sn and O.
The existence of Cu is resulted from the Cu grid used
in TEM and EDX measurement. Meanwhile the EDX
result of F-doped sample as seen in Fig. 3(b) indicates
the existence of fluorine in SnO, nanopowder. TEM
images and selected area electron diffraction (SAED)
patterns of undoped and F-doped SnO, nanoparticles
are illustrated in Fig.4. The TEM images of SnO,
nanoparticles exhibit excellent dispersion with less
agglomeration and uniformity of particle size in the
range of 10-13 nm. It is suggested that the good
dispersion of the particles is obtained by the aid of
ultrasonic energy supplied during synthesis. The
SAED of F-doped SnO, nanoparticles exhibits several
strong halo rings confirming to polycrystalline
structure and the brightest inner ring attributes to the
(110) plane of SnO, structure. The halo ring has
reciprocal relation with space between crystallite
planes (d-spacing) [20]. The d-spacing of undoped
and F-doped SnO, nanopowder was calculated from
halo ring of (110) plane and found to be 0.33 nm and
0.39 nm, respectively. The particles size and d-
spacing of samples obtained from TEM images are in
harmony with XRD results. This feature is probably
caused by the substitution of oxygen sites by fluorine
ions.

-t

<3

P

Figure 3. EDX analysis of (a) undoped and (b) F-
doped SnO, nanopowders.

Table 1
crystallite sizes of the F-doped SnO, nanopowders

F contents crystallite size
(mol%) (nm)
0 10.2
5 10.1
10 9.8
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15
20
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Figure 4. TEM images and SAED patterns of (a,c,f)
undoped and (b,d,g) F-doped SnO, nanopowder.

Conclusions

F-doped SnO, nanoparticles were synthesized by
ultrasonic-assisted precipitation method. TG result
reveals the phase transformation from Sn(OH), to
SnO, can be taken at 375 °C. The well-dispersed SnO,
nanoparticles with uniform size in the range of 10-13
nm can be prepared by the assistance of ultrasonic
irradiation. The XRD and TEM results exhibit that the
observable change of d-spacing and particle size
caused by the substitution of oxygen sites by fluorine
ions.
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Abstract

Superparamagnetic (FesO,) nanoparticles have been modified by N-(Rhodamine 6G)lactam-Tris(2-
aminoethyl)amine as heavy metallic sensing materials via fluorescent monitoring within a PDMS/glass
microchamber. The magnetic nanoparticles grafted with PEG-bis-amine were functionalized to add
fluorescent properties by attaching Fe;O,@PEG-GA and N-(Rhodamine 6G)lactam-Tris(2-
aminoethyl)-amine in the glutaraldehyde (GA) shell. The prepared fluorescent magnetic nanoparticles
were characterized by transmission electron microscopy (TEM), UV—Visible spectroscopy and Fourier
transform infrared spectroscopy (FT-IR). The fluorescent responses were examined by a portable
fluorescent spectroscopy with an excitation from a 500 nm ultra bright light emitting diode (LED). The
nanoparticle sensor exhibits good selectivity and good sensitivity to some heavy metals in aqueous

solution (pH = 7.0), particularly mercury salt.

Keywords: superparamagnetic nanoparticles, fluorescence, heavy metal

Introduction

A rapid detection of various metals such as Pb
Cu Cd and Hg contaminations in environment is in
great demand. In the recent years, many researchers
have developed devices and methods for such
detection. Traditional methods such as mass
spectrometry and atomic absorption spectrometry
have been used for the detection of these heavy metal
ions [1]. However, the methods have limitation such
as high quantity and expert requirements for standard
operation. On the other hand, fluorescence
spectroscopy offers rapid and nondestructive
qualitative and quantitative detection of metal ions [2,
3]. Fluorescence chemosensors are of increasing
interest, as detecting heavy metal ions because of their
high  sensitivity and  selectivity.  Especially,
Rhodamine derivatives are well-known substances in
both in academic research and industrial uses, which
also have high fluorescence quantum vyield [4, 5].
There has been much interest to develop
chemosensors by a turn-on mechanism of non-

fluorescent rhodamine derivatives, which produce
fluorescence upon the addition of analytes, including
heavy metal ions such as Hg [6,7]. Recently, we
functionalized magnetic core shell Fe304@SiO2
nanoparticles by Rhodamine-based fluorescence,
which has been designed for separation or sensing of
metal ions [8]. In addition, a micro-chamber analysis
system, with low fluid volume consumption, has been
demonstrated for microfluidic fluorescent detection

[9].
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Scheme 1. Structural illustration of Fe;O,/PEG-NH,
(1a), its coupling with glutaraldehyde (1b), and

) Fe;0./PEG-GA/Rhodamine6G-CLT-TAEA (1c)
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This study presents the use of surface-modified
magnetic nanoparticles for detecting heavy metal ions
by a turn-on fluorescence technique in a microfluidic
system. Our interest arises from the possibility of
combining magnetic nanoparticle and fluorescent
properties by entrapping Fe304 and Rhodamine 6G
(Rh6G) in the glutaraldehy (GA) shell, using a simple
and feasible method (Scheme 1). The composite
nanoparticles entrapped in microchamber show
enhanced fluorescence emission under the presence of
various metal ions in water. The sensitivity and
selectivity of the nanoparticles are investigated.

Materials and Methods

FIuidMAG magnetic nanoparticles (MNP), Glycol
bis(amine) (EGDMA, Sigma Aldrich, MW2,000), 1-
ethyl-3-(3-dimethyllaminopropyl) carbodiimide
hydrochloride (EDC, MW191.7), N-Hydroxyl
succinimide ester (NHS, MW 115.1), Glutaric
dialdehyde(25 wt.% solution in water, MW 100.12),
Silver(l) trifluoromethanesulfonate CAS No. 2923-
28-6 (My, 256.94), Iron(I1)
trifluoromethanesulfonate CAS No. 59163-91-6 (M,
353.99), Mercury(ll) trifluoromethanesulfonate
CAS No. 49540-00-3 (M,, = 498.71), Cobalt(ll)
acetate tetrahydrate CAS No. 6147-53-1 (M,
249.09) and Lead(ll) acetate trihydrate CAS No.
6080-56-4 (M, 379.33) were purchased form
Sigma-Aldrich, Inc. (USA). Deionized water was

used to prepare all aqueous solution. 2-
morpholinoethane sulfonic acid (MES), Methanol
(MeOH,HPLC grade) was purchased form

J.T.Bake(USA). Rhodamine 6G-CLT-TAEA was
synthesized at the National Nanotechnology Center
(NANOTEC)
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Figure 1. (a) Fabrication process of PDMS
chamber. (b) Design for fluorescence detection by a
mini fluorescent spectroscopy.
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Preparation of Fe;O,/PEG-NH, : FIuidMAG (5 mg)
was dispersed in a vial with 100 pl of a 25 mM 2-
morpholinoethane sulfonic acid (MES, pH 6). EDC
and NHS were dissolved in 200 puL of a 25 mM 2-
morpholinoethane sulfonic acid (MES, pH 6) to a
concentration of 3.2 M and 1.6 M, respectively. The
solutions were then mixed with the MNP solution and
sonicated for 30 min at room temperature. Then
0.0064 g of poly(ethylene glycol) bis(amine) was
dissolved in 500 pL of 25 mM 2-morpholinoethane
sulfonic acid (MES, pH 6). This solution was added to
the mixture and sonicate for another 30 min. After the
reaction, the grafted MNPs were precipitated by
centrifugation at 10000 rpm, washed with water three
times and stored in water.

Preparation of Fe;0,/PEG-NH,-GA: Fe304- PEG
(2.5 mg) was added to a solution of 5 % GA 50 pl,
The mixture was prepared and sonicated 30 min at
room temperature. The modified Fes0, nanoparticles
were precipitated by centrifugation at 10000 rpm, and
washed with water three times.

Preparation of Fe;04/PEG-GA/Rhodamine6G-
CLT-TAEA : A solution Rhodamine6G-CLT-TAEA
(1 mg) in methanol, and the mixture was prepared and
sonicated 30 min at room temperature. The product
was precipitated by centrifugation at 10000 rpm, and
washed several times with methanol and DI water.
Finally, the product was redispersed in deionized
water. The morphology and size of the MNPS were
characterized by the high resolution transmission
electron microscopy (TEM, Jem-2020 200 keV, Jeol).
The functional group structures were determined by
the Fourier transform infrared spectroscopy (FTIR)
(Perkin-Elmer).

Microchamber: Figure 1 shows a fabrication process
of  Polydimethylsiloxane(PDMS)  microchamber
though a microscale molding technique. The pattern
used was a small piece of glass of size 0.5 cm x 0.5
cm x 0.2 cm, centrally transfixed on glass slide.
PDMS liquid was poured onto the mold, then cured
and peeled off from the pattern. After alcohol
cleaning process, this PDMS plug was treated with
oxygen plasma (Harrick Plasma) for 1 min, then
bonded to a glass slide to form an enclosed micro-
chamber system. The fluorescence spectroscopy was
obtained using a near 90° geometry with a fixed
excitation at 500 nm (LED). The emission spectra
were collected by the HR4000CG-UV-NIR Ocean
Optics spectrometer (Fig. 1b).

Results and Discussion

Characteristics of FluidMAG/ PEG-Glutaral/Rho
damine6G-CLT-TAEA

Fourier Transform infrared (FT-IR) technique
was used to identify various functionalgroups grafting
on MNPs. The successful conjugation as in 2b, 1¢ and
1d of Scheme 1 have been obtained. For all samples,
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the peaks at 536 cm™ correspond to the vibration of
the Fe-O stretching. The magnetic nanoparticles
grafted with PEG bis(amine) display the peaks at
3069 cm™ and 3277 cm™, relating to primary and
secondary amine stretching, respectively [10]. The
absorption bands around 1627 and 1533 cm™ can be
attributed to amine | and amine 1l stretching [11]. The
C-N stretching is at 1250-1020 cm™. For the
Fe;04/PEG-NH,-GA at 3237 cm™® can be attributed to
the O-H stretching. The bands at 1628 cm™ can be
assigned to the stretching of C=N groups [11]. In the
FT-IR spectrum in Fig. 2(d) the peaks around 3354
cm? relate to —NH, group and the Visam(C=0)
vibration occurs at 1637 cm™ . The two bands around
2,922 cm™ and 2,867 cm™ can be assigned to the
stretching vibration of —CH; and —CH,- groups
respectively. Overall, the FT-IR results indicate
successful cross-linked PEG bis(amine) with GA and
Rhodamine6G-CLT-TAEA.

Transmission Electron Microscopy

TEM images show that no significant change in
the morphology of the MNPs occurs during the
surface replacement reaction (Figure 2.). The mean
diameter of the Fe;O, particles determined from TEM
micrographs is approximately 10 nm, with a spherical
shape as shown in fig 2(a). The grafted Fe;O,4 has a
well defined coating layer seen in Figure 2(b).

Optical and fluorescent spectroscopy

Figure 3(a) provides details of the optical
absorption before and after addition of Hg®. In
absorption (black line), peaks are found at 234 and
302 nm. Upon the addition of the Hg®*, a new
absorption band at 534 nm appears, which induces a
clear color change from colorless to pink. The
absorption and emission spectra of the Fe;O4/PEG-
GA/ Rhodamine6G-CLT-TAEA after an addition of
Hg*" exhibits peaks at 525 nm and 554 nm,
respectively (Figure 3(b)).

Microchamber experiments

Figure 5 show peak fluorescence before (a) and
after fix location of magnetic nanoparticles by
magnetic field (b). Fluorescence detection (excitation
500 nm) enhancement of a 0.1 mg of Fe;O4/PEG-
GA/Rhodamine6G-CLT-TAEA resulting from fix
location in microchamber after addition of 50x10° M
Hg(ll) by fiber optic and mini spectroscopy.

The fluorescence spectra of Fe;O4/PEG-
GA/Rhoda mine6G-CLT-TAEA 0.1 mg (Scheme 1,
1d) with various concentrations were recorded, as
shown in Figure 6. Upon the addition of 5-50x10° M
of Hg®" in water, the optical spectra were recorded
within 5 minutes of the addition of Hg2+, is shown in
Fig 6a. Plotting (I-10) and wavelength (nm) will result
in straight line as in Figure 6b.
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A fluorescence changes of Fe;O4/PEG-
GA/Rhodamine6G-CLT-TAEA as a result of others
metal ions, including 1 Ag(l), 2Fe(l1), 3Hg(Il) trifate,
4 Co(ll), 5 Pb(Il), were also measured. Fluorescence
spectra of a 0.1 mg of Fe;04,/PEG-GA/Rhodamine6G-
CLT-TAEA in water pH 7.0, recorded within 5
minutes of the addition of metals ions, good
selectivity and good sensitivity observed for
Hg(I1) over other ions show in Figure 7.
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Figure 7. Fluorescent changes of Fe3O,/PEG-
GA/Rhodamine6G-CLT-TAEA (0.1 mg/ml) after
addition of metal ions.

Conclusions

In summary, we have synthesized a MNP of
Fe;0, PEG-GA/Rhodamine6G-CLT-TAEA which
act as a fluorescent sensor for Hg”* in water. The
composite nanoparticles could be wused in a
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microchamber of application to show enhanced
fluorescence emission and the presence of various
metal ions in water. It is suggested that this method
can selectively and sensitively bind to Hg(ll),
measured of the fluorescence and its application in
microchamber by a portable optical spectroscopy.
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Abstract

In the last decade, many efforts were devoted to the development of new heavy scintillators for medical
imaging, especially, perovskite type based on ceriumed-doped crystals. The scintillation response of
two difference sizes of the new Ce-doped lutetium-yttrium aluminum perovskite (Lug7Yo3AlOs:Ce,
LUuYAP:Ce) crystals were investigated and compared to bismuth germanate (Bi,Ges01,:BGO) crystal.
The light yield and energy resolution were measured using photomultiplier tube (XP5200B PMT)
readout. For 662 keV gamma rays (**'Cs source), the small LuYAP:Ce showed the light yield of
10,900 ph/MeV, which is higher than that of 8,900 and 8,500 ph/MeV obtained for BGO and big
LUYAP:Ce, respectively. The energy resolution of 7.4 % obtained with small LuYAP:Ce is better than
that of 9.0 and 8.9 % obtained with big LuYAP:Ce and BGO, respectively. The light yield non-
proportionality and energy resolution versus gamma energy were measured and the intrinsic resolution
of the crystals was calculated. Over the energy range from 22.1 to 1,274.5 keV, the non-proportionality
of about 19 % for small LuYAP:Ce is better than that of about 21 and 38 % for big LUuYAP:Ce and
BGO, respectively. The photofraction was determined for all tested crystals and compared with the
cross-sections ratio calculated using WinXCOM program.

Keywords: BGO, light yield non-proportionality, LuYAP:Ce, scintillators

sizes of Lug7Yo3AlO03:Ce (LUYAP:Ce) crystals
Introduction covering energies from 22.1 to 1,274.5 keV. From the
obtained data on photoelectron yield wversus the
energy of gamma rays and corresponding energy
resolution, the light yield non-proportionality and the
intrinsic energy resolution of tested crystals were
calculated. The estimated photofraction for all tested
crystals at 662 keV gamma peak will also be
discussed.

Inorganic scintillators play an important role in
detection and spectroscopy of energetic photons and
nuclear particles. Important requirements for the
scintillation crystals used in these applic