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Abstract

Bismuth sodium zirconate (BNZ) based ceramics with a composition of
(BipsNag s)1-1.5xLaxTig 412105003 where x = 0, 0.005. 0.01. 0.02 and 0.03 were prepared
by a solid-state mixed oxide method and sintered at the temperature of 900°C for 2 h.
All the samples had relative density between 91 -97% of their theoretical values. Phase
analysis using X-ray diffraction indicated single rhombohedral or pseudo-cubic
perovskite structure. SEM micrographs showed that addition of La caused the average
grain size of the BNTZ ceramics to decrease as well as an improvement of sample
density. Dielectric properties at room temperature measured at 10 kHz indicated that
addition of La increased the dielectric constant. The results of ferroelectric
characterization also revealed that adding La caused a decrease in coercive field without
affecting the remanent polarization.

Kevwords: D. BLNZT: C. Electrical properties; C. Dielectric properties: D. Perovskites
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Abstract

This research studied the effect of Nb doping on BigsNags [Tip41Z10.50] O3 (when Nb
concentration = 0.00, 0.01, 0.03, 0.05, 0.07 and 0.09 mole fraction). Nb doped BNTZ
ceramics were fabricated using a conventional mixed-oxide method. All samples were
calcined at a temperature of 700 °C for 2 h and sintered at a temperature of 900 °C for 2
h. X-ray diffraction patterns suggested that the compounds possessed rhombohedral
perovskite structure. SEM micrographs indicated that average grain size decreased as
the amount of Nb additives increased. The electrical resistivity showed a decreasing

trend with increasing Nb concentration due to excess charge present in the sample. The



dielectric constant and dielectric loss of samples showed no particular trend when Nb
was added but the optimum was observed when 0.05-0.07 Nb mole fraction was present
in BNTZ ceramics. In this study. both microstructure and donor-type effects played an
important role in determining electrical resistivity and dielectric properties of these
ceramics.

Keyvwords: D. Bismuth sodium titanate; B. X-ray method; C. Dielectric properties; C.

Electrical properties.
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Abstract

Bismuth titanate and lanth doped bi h titanate © ics were prepared from freeze-dried powders employing conventional solid state
reaction and sintering procedures. The sintering process was carried out at 1150°C from 4 up 1o 48 h. X-ray diffraction analysis showed that
preferred orientation was reduced in bismuth titanate ceramic as sintering time increased while lanthanum-doped sample showed much less degree
of preferred orientation and was independent of sintering time. Grain growth studies also showed that initial anisotropic grain growth rate was
the main factor controlling the grain morphelogy. rendering the plate-shaped grain in both pure and lanthanum-doped bismuth titanate ceramics.
Based on established grain growth law, pore-controlled diffusion could be the major mechanism determining the observed microstructure in these

layered compounds.
© 2009 Elsevier Lid. All rights reserved.

Keywords: Sintering: Grain growth; Powders-solid state reaction: Bismuth titanate-based compound

1. Introduction

Pure and doped bismuth titanate (Bi;TizOj; or BIT) have
been under investigation recently due to their good electrical
fatigue resistance behavior and their possible use in ferroelectric
random access memories or FRAM applications.! A number of
techniques have been employed to synthesize these materials
both in thin film and ceramic forms.”® For thin films. a number
of research work have shown that highly c-axis oriented grain
morphology could be produced by several processing techniques
particularly the templated grain growth method which enabled
measurements of anisotropic properties of these films.™10

In ceramics, it has been well known that both pure and
doped BIT possess plate-like grains and properties which are
also orientation dependent. For example, dielectric properties
along the direction perpendicular and parallel to c-axis were
found to be quite different.!! Hence, due to anisotropic behav-
ior of this material, a number of researchers have fabricated
BIT ceramics with grains aligned in cenain direction by various
techniques such as templated grain growth and tape-casting. '
Others have found that employing external parameters such as

* Corresponding author. Tel.: +66 53 941921x631: fax: +66 53 943445,
E-mail address: sukanda@ chiangmai.ac.th ¢S. Jiansinsomboon).

0955-2219/% — see front matter © 2009 Elsevier Lid. All rights reserved.
doi: 10.1016/ jeurceramsos.2009.07.031

magnetic field or pressure could also produce ceramics with ori-
ented grains.' =¥ Inoue et al.!? had shown that BIT ceramics
with highly oriented grains could be fabricated from com-
pacted plate-shaped powders which were originally prepared
from salt solutions. However, the prepared ceramics contained
large pores between well sintered plate-shaped grain colonies.
The authors aiso briefly mentioned the anisotropic grain growth
behavior of sintered green compact prepared from convention-
ally preparedt BIT powder. Based on these previous studies and
the fact that grain growth kinetics and time dependence of grain
morphology of BIT ceramics prepared by conventional sinter-
ing method have not been investigated in detail, this research
therefore attempts to quantitatively study the effects of sinter-
ing time on microstructures, grain orientation and density of
BIT ceramics. The results are discussed and compared to those
of Biz2sLag7<Ti302 (BLT) ceramics to elucidate the effects
of lanthanum ion addition on grain growth behavior of BIT
ceramics.

2. Experimental procedure

BiyTi130y> and BiaasLag7sTiaOy powders were prepared
from binary oxides i.e. Bi;O3 (>98.0%. Fluka), La,05 (99.99%,
Cerac) and TiOa (>99%, Riedel-de Haén). The stoichiometric
amounts of starting powders were mixed using ball milling with
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Fig. 1. X-ray diffraction patterns of calcined powder and sintered ceramics of (a) BisTiaO)2 and (b) Biz2sLag7sTi301:.

zirconia balls and distilled water for 24 h at a rate of 60 rpm. The
mixtures were then transferred to a spherical flask and placed
in a shell freezer. The flask was rotated in an ethanol bath for at
least 1 h to produce frozen slurry, which was immediately dried
in a vacuum drier for at least 24 h. After all ice was sublimated,
fine freeze-dried powders were obtained. The powders were then
calcined at 750 °C for 4 h before being re-ground, pressed into
small pellets and sintered at 1150°C for 4, 10, 24 and 48 h. X-
ray diffraction analysis was employed to study phase formation
and crystal structure of calcined powder and polished surfaces of
ceramics using an X-ray diffractometer (Philips model X-pert)
with CuK,, radiation. Density was measured using Archimedes
method. Microstructure of ceramic susfaces thermally etched
in air at 1000°C for 15min was investigated using a scan-
ning electron microscope (JEOL JSM-6335F). Grain size was
obtained from SEM micrographs using direct measurement of
grain length and thickness across the center of each grain. Aver-
aged values for each sample were obtained from measuring one
hundred grains. For degree of grain orientation, the following
equations were used

_ Y 100D

el Sy ATy )
_ 100D N

i S Ih k) 2y

In the above equations, Py and P are the fraction of (007) X-
ray peaks with respect to all peaks for powders and ceramics,
respectively. o(0017) and /(00/) are the integrated X-ray 00/
peak intensities of powder and ceramic samples, respectively.
To(h k1) and I(h k I} are their corresponding integrated intensities
of all peaks within the 26 range (i.e. 10-60°) under investiga-
tion. After Py and P were calculated, a Lotgering factor'® was
obtained using equation

Fo P—Py
1-Py

3)
3. Results and discussion

Fig. 1(a) shows X-ray diffraction patierns of BIT ceramics.
For sintering time of 4 h, the ceramic surface showed relatively

high degree of preferred orientation of 00 /-type indices. As
the sintering time increased, the degree of preferred orientation
decreased. Quantitatively, the 00 loriented grain contribution
approximated from integrated intensity of X-ray peaks relative
to other grain orientation is also shown in Fig. 2. It seems there-
fore that for short sintering time (4 and 10h), the compacted
particles with c-axis oriented parallel to the pressing direction
tended to grow and contribute to high degree of 00/ preferred
orientation observed. At longer sintering time (24 and 48 h), the
influence of grains with c-axis oriented perpendicular to pressing
direction became more pronounced (Fig. 1(a)) with a corre-
sponding reduction in 00/ preferred orientation (Fig. 2). These
grains seemed to grow over some of the 0 0/-oriented grains.
hence rendering smaller fraction of the latter on the ceramic sur-
face. It should be noted that a slight shift of X-ray peaks of BIT
ceramics compared to that of powder was probably due to instru-
mental error since the weight loss during sintering was found
to be negligible, indicating that stoichiometry did not change
and, therefore, X-ray patterns of ceramics and powder should
be identical.

Fig. 1{b) shows X-ray diffraction of BLT calcined powder
and sintered ceramics. Although the X-ray pattern of calcined
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Fig. 2. Lotgering factor as afunction of sintering time for BIT and BLT ceramiics
with respect to their calcined powders.
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Fig. 3. SEM micrographs of thermally etched surfaces of BIT ceramics at various sintering umes: ¢ai 4 h. ¢by 10h.1¢3 24 hand (J3 48h.

BLT powder was nearly the same as that of BIT, it could be seen
that the degree of 0 0/ preferred orientation of BLT ceramics was
much less than that of BIT ceramics when compared at the same
sintering time. The effect of sintering time on degree of preferred
orientation based on calculated Lotgering factor of 00 -oriented

grains is also shown in Fig. 2. It could be seen that, compared
te BIT ceramics. the degree of grain orientation of BLT was
nearly independent of <intering time. For long sintering period.
the degree of CO/-1ype preferred orientation in BIT and BLT
ceramics was nearly the same. This suggested that the grain

Fiz. 4. SEM mucrographs of thermally etched susfaces of BLT ceramics ab various sintering times: iay 4 hoiby 10h. i) 24hand 1dy 48 h,
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Table 1
Grain length and thickness of BigTi30y2 and BiasLag 75 TizOy2.
Sintering time ¢h) Grain length: ! (pm) Grain thickness: r (pm) i
BIT BLT BIT BLT BIT BLT
4 588 + 1.99 215073 0.98 + 0.30 0.5 £ 0.2 6.00 398
10 844+ 2,58 233 £ 066 146 £ 0.46 0.62 £ 0.16 578 3.74
24 9.62 + 3.96 2.81 + 1.00 1.67 £ 0.57 0.63 % 0.15 576 445
48 1038 £ 4.52 301 +£1.21 177 £ 0.64 0.73 £0.21 5.86 4.12
Table 2
Density of BiyTi;Oy2 and Biz2s5Lag75Ti;O)2 ceranucs.
Sintering time (h) Bi3Ti20)2 Biz 2sLap 75 ThOr2
Density (g/cor’ ) Relative density® (%) Density (g/cm*) Relative density® (%)
4 7.55 £ 0.01 94.15 740 £0.03 96.47
10 7.41 £ 0.08 92.40 743 + 0.02 96.8%
24 7312001 91.14 744 + 0.03 96.95
48 7.38 £ 0.01 92.00 717 £0.13 93.51

2 X-ray density of BiyTiaO}, = 8.02 g/em? and Biy 55 L3y 75 Th O}, =7.67 g/em?.

growth Kinetics of these two systems might be similar at long
sintering time.

Figs. 3 and 4 show thermally etched surfaces of BIT and BLT
ceramics, respectively. For the same sintering time, the grain
size of BIT was much larger than that of BLT ceramic. As the
sintering time increased, the grain size became increased both
in terms of grain length and thickness. Their values are listed in
Table 1. The density for both compounds did not vary much with
sintering time (see Table 2). It could be observed however that
the relative density of BIT ceramics was slightly less than that
of BLT due to the larger plate-like grains, causing greater diffi-
culties in having high packing density. Their low density values
were also confirmed in the micrographs in which relatively high
fraction of large pores was observed in BIT compared to that of
BLT ceramics.

To study grain growth behavior in these compounds, the grain
size in terms of grain length and thickness as a function of time
was plotted and shown in Fig. 5. It could be observed that,

11
104
94
84
74
6
54
4
34
24
1 4

0 T y T y T
0 10 20 30 40 50

Time (h)

BIT: grain length

BIT: grain thickness

Grain size (um)

Fig. 5. Grain size of BIT and BLT ceramics as a function of sintering time.

in both BIT and BLT ceramics, the grain size along ab-plane
initially increased abruptly and then increased more slowly at
longer sintering time. Regardless of sintering time, both grain
length and thickness of BIT ceramics were much larger than
that of BLT ceramics. This indicates the well known effect of
grain growth inhibition by lanthanum ions. To further quan-
tify this point. the grain growth rate was obtained by fitting an
empirical curve to the data points. It was found that the best
fitted curve was obtained using the power function in the form
G=abt' ~5H(1 +br'~¢), where G is the grain size {length or thick-
ness),  is the time, and a, b, ¢ are the fitting constants. After the
fitting, the slope was calculated to obtain instantaneous grain
growth rate.

Fig. 6 shows the growth rate as a function of sintering time.
It is apparent that the initial growth rate along ab-plane (grain
length) was much faster than that along c-axis (grain thickness)
for both BIT and BLT ceramics. This grain growth anisotropy
could be largely due to the different atomic attachment/diffusion

1.000
g 0.100+
E; BIT: grain length
Y
o 3,
§ 0.0103 g ) A‘-A_JA_BIT:grainmicknes
o “*--..__ _ "-..BLT: grain length

BLT: grain thickness
0.001
0 10 20 30 40 50

Time (h}

Fig. 6. Grain growth rate of BIT and BLT ceramics as a function of sintering
ume.
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Fig. 7. Grain size distribution as a function of sintering time: (a) BIT and (b) BLT ceramics.

rates along different directions which, in turn, were influenced
by the orthorhombic crystal structure of BIT and BLT. From
the figure, it could be observed that the grain growth rate of
BIT ceramic in both directions was about 10 times faster than
that of BLT ceramic. This further proved the effectiveness of
Janthanum in grain growth inhibition. As the sintering time
increased. the growth rates in both directions decreased until
their values became comparable at long sintering time. This
reduction in grain growth rate should be expected since as the
grain grew, more time would be needed to complete each atomic
layer on each grain. This comparable grain growth along ab-
plane and c-axis at long sintering time in both BIT and BLT
ceramics also seemed to play a large part in determining the

amount of preferred orientation in these ceramics. Hence, the
initial anisotropic grain growth rate seemed to be the main factor
causing the plate-shaped microstructures in both BIT and BLT
ceramics. For long sintering time, the grain growth rate became
more isotropic with reduced preferred orientation as observed
in this study. The effect of lanthanum on grain growth inhibition
also resulted in narrower grain size distribution in BLT ceramics
compared to that of BIT ceramics, as shown in Fig. 7.

In terms of grain growth mechanism in BIT and BLT ceram-
ics, attempts to find the values of exponent m in the grain growth
law i.e. having a relationship G™ — Gg = k.18 where Go is
grain size at time r=0 and k is a constant, were not very suc-
cessful. Fig. 8 shows the plot of a straight line fit through data
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Fig. 8. Grain growth law applied to BIT and BLT ceramics: () linear fiting for m=4 and (b) goodness of fit as a function of exponent m.

points (using m =4 in this case) and the goodness of fit (having
an ideal value of 1) as a function of exponent m. It could be
seen that the best fit, though still having relatively large resid-
ual error. was found for m equals 4 which corresponded to the
pore-controlled surface diffusion or boundary-controlled diffu-
sion due to coalescence of second phase.!¢ However, the samples
investigated in this study were mostly single phase so it was
unlikely that the latter mechanism would play much role. Hence,
pore-controlled surface diffusion may be a major mechanism in
this material. Care should be taken however that other diffusion
mechanisms may also play a role in these materials. The difficul-
ties in applying grain growth law to BIT and BLT ceramics were
due to the fact that these materials possessed anisotropic grain
growth behavior as well as the fact that the grain growth law was
established based on the assumption that the material must be
a homogeneous compact with isotropic grain boundary energy
and isolated spherical pores at the grain boundary. These prop-
erties were not closely followed in BIT and BLT ceramics due
to their un-equiaxed grains. Nevertheless, based on the informa-
tion obtained in this study, the rate controlling factors of grain
growth could be the interfacial energy as well as the mobility of
lanthanum ions. Further detailed investigation of lanthanum ion
diffusion in BIT ceramic would be beneficial.

4. Conclusions

The BiyTiz0y; and Bi3.35Lao,75T13017_ ceramics sintered
at various sintering times up to 48 h were successfully fabri-
cated. X-ray diffraction analysis showed that while Bi3TinO)2
ceramics showed greater 00/-type preferred orientation than
Biz2s5Lag 75 TiaOy2 ceramics at short sintering time. both materi-
als had similar degree of 0 0 /-type preferred orientation at longer
sinlering period, In both BiyTi:0), and BizasLap35TiaO)p
ceramics, the anisotropic grain growth rate was observed at
short sintering period while at long sintering time, the growth
rate along ab- and c-plane became comparable. This study
showed that the plate-shaped morphology in BiyTi30j2 and
BijssLlag 75TiaOy» ceramics was mainly the results of initial
anisotropic grain growth rate. Sintering these ceramics at longer
time could render a material with more isotropic microstructure
with reduced preferred orientation.
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Dielectric and Piezoelectric Properties of Zirconium-Doped Bismuth
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Abstract. Zirconinm-doped bismuth sodium titanate ceramics were prepared using the conventional
processing method. X-ray diffraction analysis indicated the materials were single phase with a
systematic shift due to increased unit cell size. The measured densities and grain size of the ceramic
samples were found to range from 5.79-6.03 g/em® and 0.5-1.6 pm, respectively. The dielectric
constant as a function of temperature became broader as Zr content increased. The piezoelectric
constant was found to decrease with increasing Zr. Within the range of the solid solutions
investigated, the materials seem to be promising for high temperature applications where stable
dielectric constant 1s required.

Introduction

1t 1s well known that a number of solid solution systems in ferroelectric ceramics are scientifically
and technologically important. These include Pb(Zr.Ti)O;. Pb(Mg;Nb>3)0;-PbTiO; and
Pb(Zn, :Nb,3)O3-PbTi0O;, which have already been widely used in many sensor and actuator
applications [1, 2]. However. the lead-containing compounds are currently of environmental
concerns for future devices. Therefore, a number of non-lead material systems have been
investigated in order to to find suitable replacement for lead-based compounds. One of these non-
lead systems is the solid solution of BaTiO;-BaZiO; (BZT) which was found to possess high
dielectric constant. low loss, high-strain capability and large piezoelectric coefficient [3-9].

Besides BZT, bismuth sodiun titanate having chemical formula, BipsNagsTiOz or BNT, has
recently been received more attention due to their interesting ferroelectric properties. These mclude
remanent polarization of 38 ;l(‘s’cmz, coercive field of 73 kV/em and high Curie temperature (T, =
320 °C) [10-13]. Although a number of dopants have been used to modify properties of BNT
ceramics [13-15], the solid solution Bip sNag 5{Ti,Zr)O; have not yet been investigated in detail.

In this paper, the effects of Zr concentration on physical, dielectric and piezoelectric properties
of BNT are studied and discussed.

Experimental

Big sNag sT1;.,Zr,0s (where x = 0. 0.05. 0.10. 0.15 and 0.20) powders were prepared from binary
oxides. 1.e. B1nO;3 (>98%, Fluka ). Na,COs (99.5%. Carlo Erba), Ti0» (»99%. Riedel-de Haén) and
ZrO> (>99%. Fluka). The powder mixtures were ball-milled for 24 h using zirconia milling media m
ethanol prior to calcination in alumina crucible at 800 °C for 2 h. After phase analysis by X-ray
diffraction technique (XRD. JDX-8030). the powders were pressed into small pellets and sintered at
1100 °C for 2 h. The smtered ceramics were characterized for theiwr densities using Archimedes
method. The surface morphologies were studied using a scanning electron microscope (JEOL JSM-
S910LV) and the grain size was obtained using a limear mterception methed. The dielectnc constant
as a function of temperature was measured using an LCR HITESTER counnected to a high
temperature turnace. The piezoelectric constant was measured using a d:;-meter (KCF PM-3001)
after poling each sample for 5 nunutes in 60 °C silicone oil under 40 kViem electric field.

All nghis reserves. No part of contents of his paper may be reproducea or transmified In any fomm of by any Mmeans WIhou! Ihe wWitten pemission of me
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Results and Discussion

X-ray diffraction patterns of Big sNag sTi;..ZrxO; (BNTZ) caleined powders and sintered ceramics
are shown in Fig.1. For samples having the same composition, there was virtvally no difference
between X-ray patterns of powders and ceramics. The X-ray diffraction pattern of undoped BNT
mdicated the rhombohedral crystal structure, in agreement with the standard powder diffraction file
no. 36-0340 and the pattern reported in literature [13.15]. Incorporation of Zr ions into BNT lattice
caused a slight systematic shift of X-ray patterns to the left without changing relative peak
intensities which suggested that the thombohedral structure was maintained while the size of unit
cell increased with increasing amount of Zr. Similar increase 1n lattice parameter was also observed
for Zr-doped BaTiO; due to the larger Zr-ion substitution in Ti*" site [16].

.
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Figure 1. X-ray diffraction patterns of BNTZ: (a) calcined powder aud (b) sintered ceramics

The density and the average gram size of BNT and BNTZ ceramics are listed m Table 1. The
densities were within the range of 5.79-6.03 g/emr’, corresponding to the relative density of at least
95% of theoretical value. The average grain size ranged from 0.5-1.6 um and increased with
increasing Zr content. This indicated that the addition of ZrO. did not significantly affect the
microstructures of BNTZ ceramics compared with that of BNT.

Table 1. Some room temperature properties of BNTZ ceramics.

BNT BNTZ05 BNTZ10 BNTZ15 BNTZ20
Density (g/cm’) 5.95 5.79 5.94 593 6.03
Graim size (jum) 0.5 1.0 11 12 16
dss (pC/N) 68 57 52 17 40

3 524 620 655 572 562
tan & 0.06 0.04 0.04 0.04 0.05

The dielectric constant and dielectric loss plotted as a function of temperarure at 10 kHz are shown
in Fig. 2. The dielectric curve for BNT showed a normal behavior and had the maxiumum value at
320 °C. which was the transition temperature commonly found by other researchers [10-15]. The
room temperature dielectric constant value of BNT (see Table 1) agreed well with the values
reported [13-15]. The room temperature dielectric constant shghtly increased with ncreasing Zr
content up to 10 mol%Zr and then decreased with farther addtion of Zr. Unlike the BaTi03-BaZrOs
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system [8,9] where addition of Zr decreased the T, of the ceramics, the effect of Zr on the transition
temperature of BNTZ was rather small.

In Fig. 2, it can be seen that increasig Zr concentration caused the dielectric-temperature
curves to become more diffused with correspondmg lower valies of high-temperature dielectric
constant. Since no frequency dependence of the dielectric constant was observed (not shown), the
amount of Zr used in this study did not render the relaxor behavior of this material. This seems to be
in agreement with the study on BaTiO3-BaZrO; solid solution i which the frequency dependence
of the dielectric constant was observed only when the amount of Zr used was equal to or greater
then 30 mol% [8.,9].

From Fig. 2 (b), except for BNTZ20, the dielectric loss of other BNTZ ceramics showed a
relatively constant value for all samples up to about 150 °C. Above this temperature, the values
slightly decreased and then increased as the loss became more significant at high temperature. This
behavior was also observed in BZT system [8.9]. The room temperature dielectric loss values for
BNTZ ceramics were comparable to that of BNT sample. The d;; piezoelectric constant of BNTZ
showed a decreasing trend with increasing Zr content (see Table 1). Tt seems therefore that the
random distribution of larger Zr ions inside BNT lattice caused some reduction in polarizability of
material. It would be interesting, however. to further investigate the BNTZ system m order to find
out whether the morphotropic phase boundary 1s present in order to obtain materials with good
dielectric and piezoelectric properties following the PZT and BZT systems.
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Figure 2. Graph of (a) dielectric constant and (b) dielectric loss of BNTZ ceramics at 10 kHz plotted
as a function of temperature.

Summary

The single-phase BigsNagsTiZr,O; ceramics with x varied from 0 to 0.2 were successfully
prepared using conventional ceramic processing method. X-ray diffraction analysis showed a single
rhombohedral perovskite phase with systematic shift in peak position. mdicating that substitution of
Zr*" ions into Ti' site caused lattice expansion. The piezoelectric coefficient (ds:) showed a
decreasing trend while the dieleciric constant-temperature curves showed a broader peak with
increasing Zr concentration. This seems to suggest that the wmaterial might be used as a high-
stability dielectric material.
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Synthesis of Lead—Free BigsNaysZrO; Powder

Panupong JAIBAN, Sukanda JIANSIRISOMBOON and Anucha WATCHARAPASORN*
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Abstract

In this study, an approach to synthesize bismuth sodium zirconate powders with the formula
Nag Bi, sZrO; by mixed oxide method was investigated. The reaction involved mixtures of reagent grade
B1,03, Na,CO; and ZrO, powders. The mixtures were calcined at temperatures in the range of 700 - 850°C,
and the starting composition was also subsequently changed by addition of Bi,O;, Na,CO; or ZrO, powder at
5, 10 and 15 wt%. The calcined powders were analyzed using X-ray diffractometry. The result revealed that
BNZ/Na,CO, powders calcined at 800°C for 2 hours produced BNZ compound with maximum purity.

Key words: Lead-free ceramics, BNZ, Synthesis, Powder

Introduction

In the past, many electrical devices such as
multilayer  capacitors  (MLCCs), piezoelectric
transducers, pyroclectric detectors/sensors, electrostrictive
actuators, precision micropositioners, MEMs, etc.
were all made from lead bearing compounds, e.g.
lead titanate (PbTiO,), lead zirconate titanate
(PbZn,xTiOy), lead magnesium niobate (PbMgyaNby,05).
etc. However, volatilization of toxic PbO during
high-temperature sintering causes environmental
pollution.? Nowadays, several studies have attempted
to find non-lead ceramics which may replace lead-
based ceramics.” Examples are barium titanate
(BaTiO,), sodium niobate (NaNbO,), bismuth
potassium titanate (BigsKosT10,) Nakata, et al®,
bismuth litium titanate (BigsLipsTiOs), bismuth
sodium titanate (BipsNaysTiOs), etc. Recently,
bismuth sodium titanate (BNT) has received
particular attention because of its interesting
ferroelectricity at room temperature and high Curie
temperature at  320°C. This solid solution was
discovered by Smolenskii, e al.® and has been studied
further by a number of researchers.*>*® On the other
hand, this material had drawbacks such as high
coercive field (E. = 73 kV/em) and high
conductivity, resulting in the difficulty in poling
process.’® Many researchers also attempted to
improve microstructure, mechanical propertics,
piezoelectric and electrical properties. Zirconium is
one of many elements used as a modifier for the
development of well-known Pb(Zr, . Ti,)O; and
Ba(Zr,.,Ti,)O; ceramics. Watcharapasomn, et al.”
attempted to study this problem by investigating
Bi, sNag §(Ti1,.,Z1,)O05 with x = 0, 0.05, 0.1, 0.15 and

0.20. The result revealed that the density, grain size
and hardness were increased with increasing Zr
contents. The purpose of this study is to synthesize
a new lead-free BiysNa,sZrO; in which Ti was
totally replaced by Zr and various conditions such
as calcination temperature and starting compositions
were varied to investigate their effect on compound
formation.

Materials and Experimental Procedures

BigsNagsZrO; (BNZ) powders were prepared
by the conventional mixed oxide method. The starting
chemicals used were Bi,O, (99.9%, Aldrich), Na,CQCy
(99.5-100.5%, RdH) and ZrO, (99%, Riedel-de Haén).
The starting powders were weighed and ball milled
in ethanol for 24 hours. The slurry was dried at
120°C for 24 hours. The mixed powders contained
in alumina crucible were calcined at temperature
ranging from 700 - 850°C for 2 hours. Then, the
calcined powders were checked by X-ray diffraction
method technique to find the appropriate temperature.
After that, the starting composition which was
subsequently changed by addition of Bi,0,,
Na,CO, or ZrO, powder at 5, 10 and 15 wt% was
prepared by above process and then it was calcined
at the appropriate temperature. Finally, the calcined
powders were investigated once more by using an
X-ray diffractometer and measurement of the
amount of second phases was performed.

Results and Discussion

After as-mixed Biy sNa, s7rO; (BNZ) powder
was calcined at different temperatures, phase

*Corresponding author Tel: +66 5394 1921; Fax: +66 5394 3445; E-mail: anucha@stanfordalumni.org
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formation was investigated by XRD as shown in
Figure 1. From the results, it was found that the
temperatures in range of 700°C - 750°C were not
enough for completing the reaction. X-ray diffraction
analysis showed that the sample contained a large
amount of second phases. On the other hand, BNZ
powders calcined at 850°C indicated that the
materials began to partially react with alumina
crucible and produced less pure BNZ powder.
Therefore, based on this study, optimized calcination
temperature was found to be 800°C. Figure 2
showed that the second phases appeared in range of
20 =25 — 30, 33, 46 and 50° which were most likely
the phases of Bi,O; and ZrO,. However, Na,CO;
phase was not exhibited at temperature above
600°C. " 1t was expected therefore that addition of
Na,CO; should help complete the reaction. Hence,
addition of 5, 10, 15 wt% Na,CO; was carried out
and the results are shown in X-ray pattems in
Figure 3. The amount of second phases as
indicated by a decrease in peak intenmsity in the
region of 26 from 25-30° was clearly observed.
Although both Na,CO; and Bi,O; have low
melting point i.e. 850 and 820°C, respectively, the
volatilization of Na,COj; is not as well known as
Bi;O;. In this study, it showed that Na,CO;
volatilized more than Bi,O; and/or had dissociation
problem at calcination temperature used. In order
to check this hypothesis, B1,O; and Z1rO, were also
separately added into starting mixture. Figures 4
and 5 showed X-ray diffraction results of adding
these two compounds, respectively. It showed that
both Bi,O; and ZrO, had nearly no effect on phase
formation of BiysNa, sZrQOs. This seemed to be in
agreement with the existing second phases
observed in Figure 2. The amount of second phases
approximated from X-ray peak analysis of calcined
powders with separately added Na,CO;, B1,0; and
ZrO, are shown in Table 1. It was found that the
relative concentration of impurity phase was =
10.7 wt% in un-doped BNZ powder. Theses phases
were decreased with increasing Na,CO; content.
However, at 15 wi% Na,CO; content, it showed
the second phase reduction was not significantly
different from 10 wt% Na,CO;. For separate

addition of Bi,O; and ZrO, in BNZ powder, both
can be seen that the amount of second phases
clearly increased when compared with BNZ
powder without their addition. Thus, from these
results, reduction of second phases by using
Na,COs additive could be confirmed. Hence, based
on this study, the calcination temperature of 800°C
and addition of excess Na,CO; improved BNZ
phase purity. Further improvement of phase purity
by re-calcination and changing calcination time
will be carried out and reported in the near future.
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Figure 1. XRD patterns of BNZ powders calcined at

different temperature for 2 hours.
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Figure 2. XRD pattem of BNZ powder calcined at
800°C for 2 hours compared with starting
powder XRD pattern.

Table 1. amount of second phases of BNZ/Na,CO;, BNZ/Bi,0; and BNZ/ZrO, powders.

Amount of addition Second phases (%wt) of  Second phases (%wt) of  Second phases (%wt) of
(Yowt) BNZ/Na,CO; BNZ/Bi,0; BNZ/ZrO,
(I 10.69 10.69 10.69
5 9.76 26.77 24.11
10 9.33 43.98 39.78
15 9.36 44.10 43.53
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Figure 4. XRD pattens of BNZ/Bi,O; powders
calcined at 800°C for 2 hours.
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Figure 5. XRD pattemns of BNZ/ZrO, powders calcined
at 800°C for 2 hours.

Conclusions

This research studied several factors
affecting phase formation of new lead-free
BigsNaysZrO; compound. Optimized conditions
included calcination temperature of 800°C for
2 hours with addition of excess Na,COs.
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Abstract

Lead-free bismuth sodium titanate zirconate ceramics (Biy sNaysTi;_,.Zr,0; where x = 0.20, 0.35, 0.40, 0.45,
0.60 and 0.80) were fabricated vsing a conventional mixed-oxide method. All samples were calcined at
temperatures ranging from 700-800 °C for 2 h and sintered at a temperature of 900 °C for 2 h. Higher sintering
temperatures caused the ceramics, particularly those containing high Zr content. to melt and/or react with
alumina crucible. The density of BNTZ ceramics was found to be in the tange of 5.1-6.1 g/cm’. Since the
density values were found to increase with Zr concentration, it seemed that the ability to use low sintering
temperature in this study was likely to be due to the Tower melting point of ceramics with possible partial aid
from very small amount of second liquid phase present as detected by X-ray diffraction analysis. SEM
micrographs indicated a presence of small grains embedded between large grains especially in high Zr
containing samples, causing a rather wide grain size distribution. Average grain size of BNTZ ceramics was
found to range from 0.8 to 5.4 pm. In terms of mechanical properties, their dependence on Zr concentration was
not obvious. Knoop hardness of BNTZ samples ranged from 2.8-4.8 GPa while Vickers showed the values of
3.2-5.4 GPa. Fracture toughness of these ceramics was found to be in the range of 1.1-2.9 MPam"”. These
values were comparable to those of commercialized and widely investigated PZT and PLZT ceramics.

Background ethanol using zirconia ball milling media. After
1t is well known that currently the PZT-based drying, the calcination was carried out at 800 °C/2h
solid solutions have been widely used as aciuators, for composition x = 9,20, 0.35, 0.40 and 0.45, and
transducers and sensors due to their excellent at 700 °C/2 h for composition x = 0.60 and 0.80.
piezcelectric properties [1-3]. Currently, many The calcined powders were then ball milled again
other materials that possess high dielectric and for 6 h. Phase development and crystallographic
piezoelectric coefficients still contain lead ions, for structure of the powders were examined by X-ray
example, PMN-PT and PZN-PT [1-3]. Due to diffraction. The calcined powders were uniaxially
environmental concerns, many attempts to study pressed into the pellets before being sintered at 900
non-lead systems with comparable electrical °C for 2 hours and re-checked for phase purity
properties to those of lead-based ones have been using  X-ray diffraction  technique.  For
camried out. Starting with Ba(Ti,Zr)O; solid microstructural investigation, the ceramics were
solutions, several investigators have shown that polished and thermally ctched at 800°C for 15
these systems possessed broad dielectric contant- minutes.
temperature curves indicating that addition of Zr The density and microstructure of ceramics
into BaTiO; produced more diffused phase were evaluated by Archimedes method and
transition [4,5]. In addition, above 30 mol% Zr, the scanning electron microscopy (SEM), respectively.
material showed relaxor behavior and these The theoretical density was approximated from the
materials seemed to be suitable for tunable unit cell size and its constituent ions with an
capacitors applications. The purpose of the present assumption that the lattice type remained the same
study is lo investigate the microstructure and and only the lattice parameter changed with
mechanical properties for bismuth sodium titanate composition. The grain size was determined from
zirconate  ceramics  fabricated by  using the SEM micrograph using mean linear
conventional mixed-oxide method. interception.  The well-polished ceramics were
subjected 1o Knoop (Matsuzawa MXT-a) and
Materials and Methods Vickers (Galileo Microscan 2) indentations for
The Big sNagsTi; :Zr,05 ceramics with x = 0.20, hardness (ie. H, and H,) measurements. Young’s
0.35, 0.40, 0.45, 0.60 and 0.80 were prepared by modulus (£) and fracture toughness (Kix) were
mixed oxide method powders. The starting determined following method described by Antais
powders of Bi,O; (>98%, Fluka), Na,CO; (99.5%, et al. [S} and Marshall et al. [6}. SEM images of
Carlo Erba). TiO, (>99%. Riedel de Haén) and indented areas were employed to determine all of
ZrO; (>99%. Riedel de Hagn) were mixed in these mechanical properties.
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Fig.1 XRD patiern of BigsNaysTi, <Zr Oz ceramics.

Results and Discussion

X-ray diffraction pattern of BigsNapsTiy.Zr0x
(where x = 0.20, 0.35, 0.40, 0.45. 0.60 and 0.80)
ceramics were show in Fig. 1. It can be seen the
peaks of  BiysNaysTipsZry-0;  systematically
shifted to the left. This indicated that the unit cell
expanded. This is in agreement with th
e fact that the ionic size of Zr ion (r. = 0.72
A)is larger than the ionic size of Ti ion (1= 0.61
A). Based on the relative intensities of X-ray
diffractions peaks. one of the apparent feature
observed was the reduction in peak intensity of
{100y and (111) reflections.

From preliminary investigation of crystal
structure change due to the replacement of Zr in Ti
lattices, it was found that the reduction of these
reflections came from the differences in scattering
factor and ionic size of Zr compared to those of Ti
when the rhombohedral lattice was kept the same.
This suggested that the lattice was distorted such
that the reflecting planes of atoms for these
reflections caused higher degree of destructive
interference  with increasing Zr concentration.
Another observable feature was the splitting of X-
ray peaks especially in the sample with x = 0.60
and 0.80. From crystal structure investigation, if the
unit cell expanded while maintaining the
rhombohedral structure, this peak splitting seemed
to be naturally occurred. Small amount of second
phases was also present in the samples which could
possibly be bismuth oxide or some Zr-rich phase
based on SEM-EDS results. However, these second
phase were not expected 1o have significant effects
on mechanical properties of BNTZ ceramics.

The microstructures of the BNTZ ceramics are
illustrated in Fig. 2. The density of sample with x =

Journal of Microscopy Sociery of Thailand 2009, 23(1): 107-110
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Fig.2

of BigsNagsTi . Zr,05

SEM  micrograph
ceramics, where x = (a) 0.20, (b) 0.35, (c) 0.40. (d)
0.45. (2) 0.60 and (f) 0.80

0.2 was relatively low compared to those
containing higher Zr content. The density for most
samples was found to be in the range of 5.9-6.1
g/em’® which corresponded to the relative density of
at Ieast 95% of their theoretical values. The average
grain size was found to range from 0.8-5.4 pm.
Although it scemed that the grain size increased
with Zr content but the change was only observed
in low-Zr sample. In high-Zr sample. nearly no
change in grain size was observed but there was
smaller grains along the erain boundaries of the
matrix grains which could be part of the grain
erowth inhibition in high Zr sample. These smaller
orains were found to be Zrrich phase as
determined from SEM-EDS technique.

Figure 3 shows backscattered electron images
of representative BNTZ ceramic samples along
with their corresponding EDS spectrum. It could be
observed that relative intensity of Zr peaks were
different between these two samples indicating the
different amount of Zr present in the matrix phase.
Despite the fact that there are some uncertainties
associated with quantitative analysis using this
technique, the EDS spectrum siill gave higher
concentration of Zr for BiysNaysTig-Zr, 05 sample
than the one containing lower Zr content This
higher amount of substitution corresponded well 1o
the shift in X-ray peaks.



Journal of Microscopy Society of Thailand 2009. 23(1): 107-110

n
Full Scaie 482 cts Cursor: 0,048 (3297 cts)

(a)
B
2z
[s)
“ha Y Ti
Ti B T
a 2 4 & 2 10
Fi Sesle 127 de Curgor DIEE (3442 els)
(h)
<3
i
Na ]z,
2 Ti
g B pl
2 a 3 S 10

Fig.3 Backscattered electron images and EDS spectra of BigsNapsTi,,Zr,03 ceramics: (a) x = 0.2 and (b) x=0.8.

Fig,4 SEM micrograph of BigsNag<Ti;Zr,0x where x=0.40. showing (2) Vickers and (b) Knoops

indentation impressions.

Table 1Physical and mechanical property of BNTZ ceramics

BigsNag <Ti;. - ) . Mechanical property
250y Density (g/cm') Grain size (pm) i Hy EiGPa) Ko (Mm
0.20 51 0.78 £0.10 445+049 433+0.32 60 1.25
0.35 6.0 2.63%0.17 363014 397+026 89 1.34
0.40 59 537047 476 +0.62 524 +047 143 2.86
0.45 59 4.18+0.29 278078 324 +0.50 63 1.06
0.60 6.0 4.77x£0.52 426010 544+024 140 195
0.80 6.1 4.63+0.38 317076 4.09+0.16 110 1.49
Mechanical properties of the ceramics in terms found to be about 60-140 GPa and 1.1-2.9
p

of Knoop hardness (Hy). Vickers hardness (Hy).
Young's modulus (E) and fracture toughness (Kic)
were investigaled and their values are listed
Table 1. The hardness value dependence on Zr
concentration was  nol  obvious. The  Knoop
hardness was found to range from 2.8-4.8 GPa
while Vickers hardness was 3.2-5.4 GPa. The
Young's modulus and fracture toughness were
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MPam"“?, respectively. Therefore. compared to the
values obtained for the widely investigated PZT
and PLZT ceramics which had the hardness and
fracture toughness of about 3-5 GPa and 1.0-1.5
MPam** [1]. the BNTZ ceramics seemed to
possess good mechanical properties svitable for
actuater applications.



Figure 4 shows Vickers and Knoop hardness
indentation impressions of a BNTZ ceramic.
Compared to the grain size, the indented area was
much larger and therefore the variation in
mechanical properties of the samples could be
largely due to microstructural inhomogeneities.
Further studies will be needed to separate the effect
of grain boundaries from the grains themselves.

Conclusion

Lead-free BigsNagsTi, Zr,0; ceramics (where
x = 0.20, 0.35, 0.40, 0.45, 0.60 and 0.80) were
successfully fabricated. X-ray diffraction pattemns
showed a systematic shift to the left, indicating the
expansion of unit cell when Zr concentration
increased in  agreement ‘with jonmic  size
consideration. All ceramic samples showed dense
microstructure with grain size variation dependence
on Zr content. The mechanical properties of BNTZ
ceramics did not show significant dependence on
composition. Nevertheless, their values especially
the hardness and fracture toughness were found to
be comparable to those of PZT and PLZT which
suggested that these materials may be suitable for
actuator applications.
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Poly(ethersulfone)s carrying pendant sulfonated imide side group. The first step in the preparation involved nitration
of poly(ethersulfone) (nllrasong—S(SOIO), with ammonium nitrate and trifluoroacetic anhydride resulting in the nitrated
poly(ethersulfone) (NO2-PES). In the second step, the nitro groups on polymer were reacted with tin(If)chloride and sodium
iodide as reducing agents for creating the amino poly(ethersulfone) (NH2-PES). The imide-poly(ethersulfone)s (IPES) were
obtained by reaction of phthalic anhydride and the amino-poly(cthersulfone) with triethyl amine. The sulfonated
imide-poly(ethersulfone)s (SIPES) were prepared by chlorosulfonic acid. The different degrees of sulfonated imide units
of poly(ethersulfone) were successfully synthesized by an optimized condition. The Sulfonated imide-poly(ethersulfone)s
(SIPES) were studied by FT-IR, IH-NMR spectroscopy and thermo gravimetric analysis (TGA). Sorption experiments
were conducted to obscrve the interaction of sulfonated polymers with water. The jon exchange capacity (IEC) and proton
conductivity of SIPES membranes were evaluated with increase of degree of sulfonation. The water uptake of synthesized
SIPES membranes exhibit 30~65% compared with 28% of Nafion 211%. The SIPES membranes exhibit proton
conductivities (25°C) of 1.21-2.62x10-3 S/cm compared with 3.37x10-3 S/cm of Nafion 211%,

Keywords: Polyimide, Poly(cthersulfone), Membrane, PEMFC, Proton exchange membrane, Proton conductivity

P-A37

Preparation of Bismuth Sodium Zirconate Powder by Mixed Oxide Method
Panupong Jaiban, Ampika Rachakom, Napatporn Petnoi, Suwapitcha Buntham, Sukanda Jiansirisomboon, Anucha
Watcharapasomn

Department of Physics and Materials Science, Faculty of Science, Chiang Mai University, Chiang Mai 50200, Thaitand

Lead-free bismuth sodinm zirconate powder with formula Na0.5Bi0.5ZrO3 was prepared by conventional mixed oxide
method. Bismuth sodium zirconate (BNZ) powder with 10 wi% Na2CO3 was calcined at $00°C for 2 h dwell time.
Investigation of the effects of re-calcination and dwell time on phase formation of powders was also carried out. The
results revealed that re-calcinaton significantly affecied the formation of single-phase BNZ powder. Phase characteristics
were checked by X-ray diffraction (XRD). Powder cell software was employed to simulate crystal structure of BNZ
powder. It was found that BNZ powder most likely possessed an orthorhombic structure. Microstructure and chemical
composition were characterized by scanning electron microscopy (SEM) and energy-dispersive (EDX) techniques,
respectively. Thermo-gravimetric analyzer (TGA) and differential scanning calorimetry (DSC) were used to study thermal
transformation of starting compound. Relationships between these properties and phase formation were discussed in details,

Keywords: BNZ powder, Crystal structure, Lead-free powder, Preparation. Mixed oxide method

P-A38

Preparation, Electrochemical Properties and Cytotoxicity Assessment of Nanosized
Cu0/La203/Ce02 Composite for the Decomposition of Gaseous Ammoniu
Chang-Mao Hung

Department of Vehicle Engineering, Yung-Ta Institite of Technology and Comunerce, Taiwan

This work considers the CuO/La203/CeO2 nano-rare earth composite materials were synthesized by coprecipitation
method with agueous solutions of copper nitrate, lanthanum nitrate and cerium nitrate. The performance of the selective
catalytic oxidation of ammonia to N2 (NH3-SCO) over a CuO/La203/CeO2 nano-rare earth composite materials in a
tubular fixed-bed reactor (TFBR) at temperatures from 423 to 673 K in the presence of oxygen was reported. The catalytic
redox behaviors were determined by cyclic voltammetry (CV). Further, cell cytotoxicity and the percentage cell survival

were determined by using MTS assay on human fetal lung tissue cell (MRC-5). The experimental results show that the



The 7" Asian Meeting on Ferroelectricity and
 the 7 Asian Meeting on ElectroCeramics




The 12th International Symposium on Eco—Materials Processing and Design

Keywords: Solar cells, 11I-V heterostructures, Fianite, YSZ, Antireflection coating
P-A27

Influence of Ramp Time of Close Spaced Sublimation on Crystal Structure, Optical and Electrical
Properties of CdTe Thin Films

Thitinai Gaewdang, Ngamnit Wongcharoen, Waraporn Bunkua, Chanya Thaisatuen

Schoot of Physics, Faculty of Science, King Mongkut's Institute of Technology Ladkrabang

CdTe thin films were deposited by close-spaced sublimation(CSS) method on glass substrate in vacuum at a pressurc
of 3.0x10 “mbar. The samples were prepared under four ramp time conditions: 20, 30, 40 and 50 minutes. During this
work, the temperature of the precursor and the substrate were fixed at 550 and 450°C respectively. Crystal structure of
these films were checked by X-ray diffraction method. CdTe thin films are polycrystalline belonging 10 cubic structure
with a preferential orientation of (111) plane.The grain size and surface morphology of the films was smdied by using
Scanning Electron Microsope (SEM). The biggest grain size about 3.16 #zm were observed at ramp time 40 min. The
optical transmission spectrum of CdTe thin films were performed by UV-Vis spectrophotometer with wavelength in the
range 600~ 1,000 nm. Thus, cnergy gap value of cach ramp time was obtained from the spectral transmission data. The
electrical properties of CdTe thin films were performed by using dark current-voltage and light current-voltage
measurements. The resistivity of the films around 1x10° 2+cm was observed at room temperature. Resistivity values of
all samples decrcase under illumination by ELH halogen lamp.

Keywords: CdTe thin films, Close-spaced sublimation, XRD

P-A28

Investigation of Morphotropic Phase Boundary for Bif.5Na0.5T11-xZrx03 Solid Solutions by X-ray
Diffraction Technigue

Ampika Rachakom, Anucha Watcharapasorn, Panupong Jaiban, Napatporn Petnoi, Sukanda Jiansirisomboon
Physics and Materials Faculty of Science, Thailand

Binary solid solutions system of lead-free bismuth sodium titanate zirconate (Bi0.5Na0.5ZrxTil-xO3 or BNTZ) powders
were prepared by a conventional mixed-oxide method with varied composition of x = 0.40, 0.45, 0.50, 0.55, 0.60 and
0.65 mole fraction. Preliminary X-ray diffraction analysis of BNTZ at low Zr (x <0.40) showed the unit cell expansion
while maintaining rhombohedral structure. At high Zr (x>0.60) however, peak splitting occurred and this scemed to
indicate a distorted tetragonal or orthorhombic structure. Thus, this study intended to investigation the existence of
morphotropic phase boundary (MPB) using the change in crystal structure and graphical analysis based cn X-ray diffraction
patterns.

Keywords: BNT, BNZ, Morphotropic phase boundary, X-ray diffraction

P-A29

Kinetic Study of CdS Thin Filims Prepared by Chemical Bath Deposition Method and Their
Characteristics for Solar Cell Applications

Ju-Young Park’, Ki Hoon Kim', Kyu-Jung Cho®, Chashwan Jeong®

"CeNSCMR, Deparunent of Physics and Astronomy, Seoul National Univisity, Seoul 151-747, “Solar Cell Research Group,
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Preparation and Phase Transformation of BipsNagsZr,Ti; O3

A. Rachakom*, S. Jiansirisomboon, and A. Watcharapasorn®
Department of Physics and Materials Science Faculty of Science Chiang Mai University,
Chiang Mai. 50200, Thailand

*E-mail of the first author: a.rachakom@hotmail.com
“E-mail of the corresponding author: anucha@stanfordalumni.org

In this research. lead-free bismuth sodium titanate zirconate (BigsNagsZrxT1;,O; or
BNTZ) powders (x = 0.20. 0.35, 0.40. 0.45. 0.60 and 0.80 mole fraction) were prepared by a
conventional mixed-oxide method by varying factor of time, temperature calcinations and
excess Nap)COs. Preliminary, X-ray diffraction analysis showed a systematic peak shift in the
pattern indicating that the unit cell size mcreased with increasing Zr content. From crystal
structure investigation, at low Zr concentration the unit cell expanded while maintaining
rhombohedral structure. At high Zr concentration, however, peak splitting occurred and this
seemed to indicate a distorted tetragonal structure. Thus, author was studied Quantitative
analysis using Rietveld refinement analysis on X-ray diffraction pattern data of BNTZ powder
were carried out in order to relate the crystallographic information to thenr ferroelectric and

piezoelectric properties.
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Synthesis and Characterization of Bismuth Sodium Zirconate Powders

P. Jaiban*, S. Jiansirisomboon and A. W'atcharapasom+
Department of Physics and Materials Science, Chiang Mai University. Chiang Mai 50200.
Thailand

*E-mail of the first author: panupong_jaiban@hotmail.com
"E-mail of the corresponding author: anucha@stanfordalumni.org

In this study, an approach to synthesize bismuth sodium zirconate powders with a formula
Nag sBigsZrO3 by mixed oxide method was investigated. Bismuth sodium zirconate (BNZ)
powders were characterized by X — ray diffraction (XRD), scanning electron microscopy (SEM)
and energy — dispersive X — ray (EDX) techniques. The effect of calcination temperature and
dwell time on phase formation of the powders was exanined. It was found that the calcination
temperature and dwell time had a pronounced effect on phase formation of the calcined BNZ
powders. Optimization of calcination conditions could produce single-phase NagsBiosZrOs
having most likely a distorted tetragonal structure. Rietveld analysis was employed to
characterize the exact crystal structure and its relationship to ferroelectric and piezoelectric
properties.
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Characteristics of Nb doped
Bio_sNao.sTio-Mzro_ngg, Ceramics

Ampika Rachakom, Panupong Jaiban, Sukanda Jiansirisomboon, Anucha Watcharapasom®
Department of Physics and Materials science. Faculty of Scienee, Chiung Mai University, Chiang M
Thatland

*Corresponding author. c-mail: anucha@stanfordalumni.vrg

Abstract

Lead-frec Nb doped Bismuth Sedium Titanate Zirconate (Big sNag < Ti0 412105001, BNTZ) e
=0. 0.01, 0.03, 0.05, 807 and 0.00% molc fraction was synthesized by the conventional mixed &
All samples were caleined at 700 °C for 2h, presscd into the pellet and sintered at 900''C for 25 The
BNTZ ceramics were characterized using X-ray diffraction (XRD) and scanning clectron mics
The results showed that the crystal structure was rhombohedral phase. The SEM micrographs &
average grain sizes tended to decrcase with increasing Nb concentration while the relative densiry
least 95% of theoretical valuc. In addition, the phases found in these ceramics were also identifiad s
dispersive Xoray analysis (EDX).These informatien will be corrclate to iheir measurced properties.

References
1. B. Jaffe. W.R. Cook, H. Jaffe. Piczoclectric ceramics, Academic press. London, UK. {3
2. G.H. Haerting, Ferroelearic ceramics: histery and technology, J. Am. Ceram. Soc.
(1999).
3. A Moulson. JM. Herbent, Electroceramics: matenials. propernes, applications. Jobs %3
Chichester (2003),
4. C.-L. Huang, B.-H. Chen, L. Wu, Variabihty of impurity doping the medificd Pb(Zr, T4
of type ABO3, Solid Statc Commun. 130, 19-23(2004). %
5. . M. Percira, A,G. Peixoto, M.J.M. Gomes. Eltect of Nb doping on the microstrucise 3
properties of the PZT ceramics, J. Euro. Ceram. 21, 1353-1356(2001 ).
6. S.-Y. Chu, T.Y. Chen, I-T. Tsai, W. Waier, Doping cffeets of Nb additives on the
diclectne prepertics of PZT ceramics and its application on SAW device. Scnsor Actzsg:
198-203(2004). ;
7. Y. Yamada, T. Akutsu, H. Asada, K. Nozawa, S. Hachiga. T. Kurosaki, O. Tkagawa,
Hozumi. T. Kawamura, T. Amakawa, K.-l. Hirota, T. lkeda, Effect of B-wwm
[(K12B11/2)-(Nal/2Bi1:2)] (Ti-B)O3 system with B = Zr, Fel/2, Nb1/2, Zn1/3Nb273 a3
Jpn J. Appl. Phys. 34 | 5462-5466(1995).
% Md. A. Mohiddon. R. Kumar, P. Geol , KL Yaday, Effect of Nb doping on struczesg
properties of PZT (65/35) ceramics. 1EEE. T. Dilcctric. In. 14(2007) 204-211.

Intenity fa.u]
T
1
{
i
(
i
{
i
1
)
i

SR, U So s MY
e

Lo b D) o .

e U U B NG Sy

E 3 0 = % i =
2 egres)

Figure 1 X-ray diffraction patterns of |Big {Na <}y Tio 51280 s0];. Nb0: ceramics when x= 41
0.03.0.07 and 0.09. respectively.

1%6



Proceedings of the 28th MST Annual Conference, 5-7 Janiary 2011, Chiung Rol, Thailand

Poster Presentation

Effects of Sintering Temperatures on Preparation of
BNZ Ceramic
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“Corrcsponding author. e-mail: anuchai@stanfordalumni.ory

Abstract

In this rescarch, effects of sinlering temperatures on preparation of lead-free bismuth sodium zirconale
coramic were investigated. BNZ powder with 10 wt% Na,CO: was prepared by mixed oxide methed. Phase
characteristic of calcined powder was checked by X-ray diffraction technique. 1t was found thar BNZ powder
hizs an orihorhombically disiorted perovskite {ABO;) structure. Then, BNZ ceramics were fabricated by solid-
state sintering and were sintered in a temperature range of 900 — 1100 “C for 2 h. From the results, BNZ
ceramic sintered at 1050 °C showed maximum relative density. XRD patterns indicated that complete solid
solution ceramic appeared at 900 and 950 °C. Nen-perovskite phase existing in BNZ ceramics was found to be
7+0,. Scanning clectron microscopy was uscd to study microstructure. Jt could be scen that grain growth of all
BNZ ccramics increased with increasing sintering temperatures. However, evaporations of bismuth or sodium
based composition seemed 10 affect grain growth and induced perosity in this systemn.  Relationship between
competing mechanism of evaporation and densification of BNZ ceramic were discussed in details.
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Synthesis of Lead—free BiypsNay.sZrO; Powder

Panupong Jaiban, Sukanda Jiansirisomboon and Anucha Watcharapasom*®

Department of Physics and Materials science, Faculty of Science, Chiang Mai University, Chiang Mai 50200

*Comresponding Author: Tel. (053) 941921, Fax. (053) 943445, E-mail: anucha(@stanfordalumni.org

Abstract

In this study, an approach to synthesize bismuth sodium
zirconate powders with a formula NagsBiosZrO; by mixed
oxide method was investigated. The reaction involved
mixtures of reagent grade Bi:0s, Na;CO; and ZrO;
powders. The mixtures were calcined at temperature in the
range of 700 - 850 °C and the starting composition was also
subsequently changed by addition of Bi,O; NayCO; or
ZrO, powder at 5, 10 and 15 wt%. The calcined powders
were analyzed using X-ray diffractrometry. The result
revealed that BNZ/Na,CO, powders calcined at 800 °C for

2 h produced BNZ compound with maximum purity.

Keywords: Lead-free ceramics; BNZ; Synthesis; Powder

1. Introduction

In the past, many electrical applications such as multilayer
capacitors (MLCCs), piezoclectric transducers, pyroclectric
detectors/sensors,  electrostrictive  actuators, precision
micropositioners, MEMs, ectc. were all lead bearing
compounds, c.g. lead titanate (PbTiOs), lead zirconate
(PbZr,,Ti,0;), lead
(PbMg, sNb,303), etc. However, volatilization of toxic PbO

titanate magnesium  niobate
during high-temperature  sintering  causes cnvironmental
pollution [1]. Nowadays, several studies attempted to find
non-lead ceramics which could replace lead-based
ceramics. Examples were barium titanate (BaTiO;), sodium
(NaNbOy),

(BiosKosTiO3) [2], bismuth litium titanate (BipsLigsTiO3),

niobate bismuth  potassium titanate

bismuth sodium titanate (BigpsNaasTiOs), cte. Recently,

bismuth sodium titanate (BNT) has been widely studied
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because of its interesting ferroclectricity at room
temperature and high Curie temperature at 320 °C. This
solid solution was discovered by Smolenskii et al. [3]
and has been studied further by a number of researchers
[3-6]. On the other hand, this material had drawbacks of
high coercive field (E. = 73 kV/m) and high
conductivity, resulting in the difficulty in poling process
[7]. Many researchers attempted to improve
microstructure, mechanical properties, piezoelectric and
electrical properties. Zirconium is one of many elements
used as a modifier for the development of well-known
Pb(Zr.. Ti )O3 and Ba(Zr . Ti)0s

Watcharapasorn e aof. [§] attempted to study this

ceramics.

problem by investigating BigsNag s{Ti1Zr )O3 with x =
0, 0.05, 0.1, 0.15 and 0.20. The result revealed that the
density, grain size and hardness were increased with
increasing Zr contents. The purpose of this study is to
synthesize a new lead-free BijsNaysZrO; in which Ti
was totally replaced by Zr and various conditions such
as calcination temperature and starting compositions
were varied to investigate their effect on compound

formation.

2. Experimental procedures and methods

BiysNagsZrO; (BNZ) powders were prepared by the
conventional mixed oxide method. The starting
chemicals used were Bi,0p (99.9%, Aldrich), Na,CO,
(99.5-100.5%, RdH) and ZrO, (99%, Riedel-de Haén).
The starting powders were weighed and ball milled in
ethanol for 24 h. The shurry was dried at 120 °C for 24 h.
The mixed powders contained in alumina crucible were

calcined at temperature ranging from 700 - 850 °C for 2



h. Then, the calcined powders were checked by X-ray
diffraction method technique to find the appropriate
temperature. Finally, the starting composition which was
subsequently changed by addition of BiOi, NayCOs; or
ZrO; powder at 5, 10 and 15 wt% was prepared by above
process and then it was calcined at the appropriate
temperature. The calcined powders were investigated once

more by using X-ray diffractometer.

3. Results and discussion

After as-mixed BipsNaysZrO; (BNZ) powder was calcined
at different temperatures, phase formation was investigated
by XRD as shown in Fig. 1. From the results, it was found
that the temperatures in range of 700 °C - 750 °C were not
enough for completing the reaction. X-ray diffraction
analysis showed that the sample contained a large amount
of second phases. On the other hand, BNZ powders
calcined at 850 °C indicated that the materials began to
partially react with alumina crucible and produced less pure
BNZ powder. Therefore, based on this study, optimized
calcination temperature was found to be 800 °C. Figure 2
showed that the second phases appeared in range of 26 =25
- 30, 33, 46 and 50° which were most likely to be the
phases of Bi,O; and ZrO,. It was expected thercfore that
addition of Na,CO, should help complete the reaction.
Hence, addition of 5, 10, 15 wt% Na,CO, was carried out
and the results are shown in X-ray pattems in Fig. 3. The
amount of second phases by a decrease in peak intensity in
the region of 20 from 25-30° was clearly observed.
Although both Na,CO, and Bi,0; have low melting point
ie. 850 and 820 °C, respectively, the volatilization of
Na,CO; is not as well known as Bi;Os. In this study, it
showed that Na,CO, might be more volatile than B1,04
and/or had dissociation problem at calcination temperature
used. In order to check this hypothesis, Bi,0O; and ZrO,
were also separately added into starting mixture. Figure 4
and 5 showed X-ray diffraction results of adding these two
compounds, respectively. It showed that both Bi,O; and
Zr0,

had nearly no effect on phase formation of

Biy <Nay sZrO;. This scemed to be in agreement with the
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. Hence, based

on this stud), the calcination temperature of 800 °C and

existing second phases observed in Fig. 2

addition of excess NaxCOj; both affected phase purity of
synthesized compound. Further improvement of phase
purity by re-calcination and changing calcination time

will be carried out and reported in the near future.
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Figure 1. XRD patterns of BNZ powders calcined at

different temperature for 2 h.
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Figure 2. XRD pattern of BNZ powder calcined at 800

°C for 2 h compared with starting powder XRD pattern.
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Figare 3. XRD patterns of BNZ/Na:CO; powders
calcined at 800 °C for 2 h.
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Figure 4. XRD patterns of BNZ/Bi;0O; powders calcined at
800 °C for 2 h.
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Figure 5. XRD patterns of BNZ/ZrO, powders calcined at

800 °C for 2 h.

4. Conclusion

This research studied scveral factors affecting phase
formation of new lead-free BipsNagsZrOs compound.
Optimized conditions included calcination temperature of

800 °C for 2 h with addition of excess Na.COs.
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Sstract: In this work. effect of sintering temperature and W* doping content on phase. densification and

crostructure of Bizochag ;s(T1i.W,)50,; or BLTW ceramics when x = 0, 0.01, 0.03. 0.05 0.07. 0.09 and
3. was investigated. The BLTW ceramics were sintered at 1000-1150°C for 4 h. The result of phase
is by X-ray diffraction indicated the existence of erthorhombic phase for all sintering temperatures. At
#Q; doping content (< 0.01 mol) showed small increase of particular set of plane {00}, Microstructure
SLTW ceramics showed plate-like grains with random orientation. Increase in WO- doping concentration
ed both grain size and degree of preferred orientation of the grains. Increasing the WO, content
sed densification of the ceramics. The mucrostructural result was well corresponded to the X-ray
Trzction result.

£%038: Effects of calcination femperature and excess Na,COs on phase characteristics of bismuth
am zirconate powder

=zpong Jaiban. Ampika Rachakam. Sukanda Jainsinsomboon. Anuicha Watcharapasorn”

ariment of Physics and Materials Science, Faculty of Science. Chiang Mai University, Chiang Mai
Thailand

anuchatstanfordalumni.org

ract: This research smudied the effects of calcination temperature and excess Na:CO- on phase
zcteristics of bismuth sodium zirconate powder. Bijy<Nay,; sZrQ: powder was prepared by mixed oxide
>d. The calcination temperature used was in a range of 00 — XS0°C. Afier that. the swarting
wpositions were changed by adding Na;CO; in the amount of 0, 5, 10, 15, 20, 25 and 30 #1%. Phase
cucteristics of powders were analyzed using X-ray diffraction technique. The second phases appearing in
powder were Bi,O; and ZrO- starting powders. These phases were decreased with increasing Na.CO;
FOn.

¥8039: Effects of Nb,Os on micrestructure, phase, and densification of bismuth sodium titanate

pomn Petnoi, Sukanda Jiansirisomboon, Anucha Watcharapasorn”

mment of Physics and Materials Science. Faculty of Science, Chiang Mai University. Chiang Mai,
i, Thailand :

il: anuchazstanfordalumni.org

act: In this research, the effects of Nb.O: (0. 1. 5. 10, 15 and 20 mol%) on microstructure, phase. and
cation of bimuth sodium titanate [(Big:Na.)TiO; or BNT] ceramics were studied. The powder for
BNT ceramics was prepared by a conventional solid stare reacton method. Using calcinanons
serature of SO0 °C for 2 h. After uniaxial pressing of the powder into discs. green samples were sintered
230 °C for 2 h. The results showed that the solubility limit of Nb,Os i the BNT system could be as high
23 mol%. The density of the ceramics tended to increase with NbyO; addition up 10 5 mol® and then.
v of the ceramics was slightly reduced. The grain size showed a decreasing trend with increasing
#=0; concentration. These results indicated that suitable amount of Nb;Os addition could help improve
sfication and reduce grain growth in BNT ceramics.

ED040: Effect of calcination time on phase formation of Big<NagTi; . Zr, 0,

a Rachakom, Panupeng Jaiban, Sukanda hansirisomboon, Anucha Watcharapasom”

ent of Physics and Malerials science. Faculty of Science, Chiang Mai University. Chiang Mai
2, Thailand

anucha/@stanfordalumni.org

ract: The Bi;Na,Ti,,Zr,0: solid solutions when x= 020, 0.35. 0.40. 045, 040 and 0.80 mole
were prepared using a conventional mixed-oxide method. The raw materials were mixed in ethanol
g zirconia ball media for 24 h. The calcination temperature was ai 700 °C and 2 h dwell time. Phase
tion of the powders was examined by X-ray diffracuon. The XRID patterns demonstrated nearly all
s possessed rhombcehedral structure with increasing Zr concentraiion. all peaks sysiematically shified
e left indicated that the unit cell expanded in agreement with larger 75 ions were substituting smaller
“w@ns. At Zr additives up to 0.60 and 0.80 mole fraction secondary phases appeared which could possibly
Zz-nch phase. Thus. the experimental procedure to decrease the amount of secondary phase using
zzsing dwell tme of caleination from 2 h 10 4 h, The resulis showed those secondary phases were
reduced. In addition, it was hypethesized that besides varying dwell nme, changing temperature and
2 cooling rate of calcination should further increase phase purity of BNTZ powder
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nanofiber. If these patterns were used as a scaffold, it mimicked the fibrillar structure of collagen in
having nonwoven and aligned fiber, on extracellular matrix. Extracellular matrix (ECM) is a st
surrounding and supporting cells which composed of ground substance or proteoglycan and collagen
which embedded as a 3D network in proteoglycan.

E_E0005 PROTEIN ANALYSIS BY MALDI-TOF MS USING PLA NANOFIBER MAT SUPPGQ
FOR PROTEIN ABSORPTION.

Noppavan Chanunpanich’”, Watana Pinsem'~, Boonmee Bognyaphalanantl, Chonlada Suwanboon’,
Samlee Mankhetkorn®, Djohan®, Honsik Byun®, Jun seo Park’

'Integrated Nano Science Research Center, Science and Technology Research Institute, i
“Industrial C hemistry, Faculty of Applied Science, King Mongkut’s University of Technology
Bangkok, Thailand

*Chemistry, Faculty of Science and Technology. Suan Dusit Rajabhat University, Thailand

! Radiologic Technology, Associated Medical Sciences, Chiangmai University, Thailand

? Shimazu (Asia Pacific) Pte Ltd, Singapore.

®Chemical System Engineering. Keimyung University, Daegu

” Chemical Engineering, Hankyong National University, Anseong, Korea Email : nen@kmutnb.ac.th

Abstract: Various PLA nanofiber patterns were successfully fabricated. This paper showed 3 p
having different on aligned fiber mats. L3, L4 and L6 exhibited Yoalignment of 39, 66 and 35, respects
When these nanofiber mat patterns were used for support standard Pepmix-1, having 5 proteins; angi
11, angiotensin 1, neurotensin, ACTH[1-17], ACTH[18-39], for MALDI-TOF MS investigation, it was
that the L4 pattem exhibited the highest intensity peaks of protein and the less S/N ratio. This is becat=
contained high aligned fiber, resulting large surface area, and enhancing protein adsorption.

E_E0006 EFFECT OF EXCESS Pb CONTENT AND ANNEALING TEMPERATURE ON P
EVOLUTION IN THIN FILMS PZT

Tharathip Sreesattabud, Manoch Naksata, Anucha Watcharapasorn and Sukanda Jiansirisomboon
Department of Physics and Materials Science, Faculty of Science, Chiang Mai University, Chiang
50200 Thailand. E-mail: sukanda@chiangmai.ac.th

Abstract: This research studies effect of annealing temperature and excess Pb addition on phase of
films lead zirconate titanate (PZT). Sol PZT was synthesized using a modified triol sol-gel proces
method. PZT films were prepared by spin coating on {111) platinized silicon substrate. Phase of PZE
films were investigated using X-ray diffraction technique. The experimental results showed that ans
temperature and excess Pb content were found to affect on phase and orientation of PZT thin films.
results indicated that (111) PZT orientation started to present after being annealed at 400°C and its in
reduced with increasing anncaling temperature. On the other hand, at annealing temperature > 500°C;
and (110) orientations tended to increase with increasing annealing temperature. However, pyrochlore
still appeared even though at annealing temperature 650°C. Increase in excess Pb addition was fors
increase crystalline phase, with affected the stability of perovskite crystallization in PZT thin films.

E_E0007 GRAIN GROWTH AND CRYSTALLOGRAPHIC ORIENTATION OF Mo®*-Dii
BLT CERAMICS

Pasinee Siriprapa, Anucha Watcharapasorn and Sukanda Jiansirisomboon :
Department of Physics and Materials Science. Faculty of Science, Chiang Mai University, Chiang
50200, Thailand. E-mail: sukanda@chiangmai.ac.th

Abstract: In this work, effect of Mo doping concentration on morphology, growth and crysiz
orientation on bismuth lanthanum titanate grain, i.e. BizasLagss(Ti..Mo0,12012 (BLTM); when x = 0, %
0.03.0.05 0.07, 0.09 and 0.1 mol. respectively. The BLTM powder were prepared by mixed-oxide ms
and calcined at 750 °C for 4 h dwell time before being pressed and sintered at 1000-1150°C for 4 b
result showed that BLTM ceramics composed of plate-like grains. Increase in Mo® doping concens
increased both grain size and degree of preferred orientation of the grains. The result of microstracz
investigation was found to be well agreed with observed X-ray diffraction patterns.

E_E0008 PHYSICAL AND DIELECTRIC PROPERTIES OF LEAD-FREE BISMUTH SOD
TITANATE ZIRCONATE CERAMICS

Ampika Rachakom, Sukanda Jiansirisomboon and Anucha Watcharapasomn

Department of Physics and Materials Science. Faculty of Science, Chiang Mai University, Chiang
50200. Thailand. E-mail: anucha@stanfordalumni.org



5 act: This research studied phase formation, microstructure and dielectric properties of lead-free
“%ssmuth sodium titanate zirconate (BigsNagsTi;,Zr,Os. BNTZ) ceramics when x = 0.20, 0.35, 0.40, 0.45,
%60 and 0.80 mole fraction, respectively. BNTZ powders were prepared by the conventional mixed oxide
=zthod. The synthesized powders were pressed and sintered at 900 °C for 2 h. The experimental results
i ssopested that BNTZ ceramics still possessed rhombohedral phase with the relative density of 95 % of

“&coretical value. The grain size seemed to increase with Zr content. In terms of dielectric properties, it was
Zmmd that addition of Zr caused a decreasing trend in dielectric constant. It was postulated that the
sion of unit cell was the main cause in changing the electrical properties.

E£0009 EFFECT OF BNT ADDITION ON PHYSICAL AND DIELECTRIC PROPERTIES OF
i PZT CERAMICS

Pharatree Jaita, Anucha Watcharapasorn and Sukanda Jiansirisomboon

Department of Physics and Material Science, Faculty of Science, Chiang Mai University, Chiang Mai

55200, Thailand. E-mail: sukanda@chiangmai.ac.th

i Abstract: This research studied effect of bismuth sodium titanate (BNT) addition on physical and dielectric
i groperties of lead zirconate titanate (PZT) ceramics. The BNT additional content used in this study were 0,
51, 0.5, 1.0 and 3.0 wi%. The ceramics were sintered at 1050-1200 °C in atmosphere. Density,

ostructure and phase identifications were carried out using Archimedes’ method, scanning electron
. microscopy and X-ray diffraction technigue, respectively. Electrical properties such as dielectric constant
dielectric loss at room temperature were also measured. The results showed that density and grain size
the ceramics tended to decrease with increasing content of BNT addition. Dielectric constant and
Eelectric loss of the ceramics, however, were found to increase with increasing of BNT content.

. £0010 EFFECT OF CuO NANO-PARTICULAT ES ADDITION ON PHASE AND
CROSTRUCTURE OF PZT CERAMICS

3fethee Promsawat, Anucha Watcharapasorn and Sukanda Jiansirisomboon

Department of Physics and Materials Science, Faculty of Science, Chiang Mai University, Chiang Mai,

587200, Thailand. E-mail: sukanda@chiangmai.ac.th

Abstract: This research studies effect of CuO nano-particulates addition on phase and microstructure of
£ 57T ceramics. Firstly, PZT/xCuQ powders were prepared using a mixed oxide method, when x =0, 0.1, 0.5
20d | wt%. The powders were then pressed and siniered at 1250 °C for 2 h. PZT/xCu0 were investigated in
zxm of phase, density and microstructure using X-ray diffraction technique, Archimedes’s method and
scenning electron microscope, respectively. The results showed that tetragonality and density of PZT
geramics increased with 0.1 wi% CuO addition. Both parameters, however, tended to decrease with further

< crease in CuO content. Average grain size was found to sharply decrease with only 0.1 wt% CuO addition.

0011 EFFECT OF Si;N; NANO-PARTICLES ON PHASE AND MICROSTRUCTURE OF

aTiO; CERAMICS

“Drapim Namsar, Anucha Watcharapasorn and Sukanda Jiansirisomboon

Department of Physics and Materials Science, Faculty of Science, Chiang Mai University, Chiang Mai,
50200, Thailand. E-mail: sukanda@chiangmai.ac.th

“abstract: This research swdies effect of Si;Ng nano-particle on phase and microstructure of BaTiOs
eramics. BaTiOy/xSisN, powders; x = 0, 0.1, 0.5, 1 and 3 wt% were prepared, pressed and sintered at
semperature 1400 °C for 2 h. The BaTiO3/xSi;N; ceramics were investigated in terms of phase, density and
microstructure using X-ray diffraction technigue. Archimedes’s method and scanning clectron microscope,
sespectively. The experimental results indicated crystal structure changes. ie. tetragonality tended to
“E=crease, while relative density of the ceramics with 0.1 wi% SisN, addition was maximum. However, the
tive density tended to reduce with increasing content of Si;N. > 0.1wt%. Average grain size was found to

g}crease with increasing content of added Si;N, nano-particles.

‘E_E0012 FABRICATION, ELECTRICAL AND MECHANICAL PROPERTIES OF PZT/PVDF 0-3

LCOMPOITES
Pailvn Thongsanitgam, Anucha Watcharapasorn and Sukanda J iansirisomboon
Department of Physics and Materials Science, Faculty of Science, Chiang Mai University, Chiang Mai.

50200, Thailand. E-mail: sukanda{@chiangmai.ac.th
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Abstract:  l'his research studied fabrication and properties of PZT/A{1-nPVDF composites with
connectivity. where v = 0, 2.05. 0.1, 0.2, 0.3, 0.4 and 0.5 volume fraction. The experimental results ing
that densities of the composites tended to increase with increasing PZT ceramic content. Investigats
phase and microstructure of the composites revealed well dispersion of PZT in PVDF phase. Diel
measurement of the composites showed that the dielectric constant increased with increasing of PZT
while dielectric loss tangent value reduced. The maximum value of dielectric constant was fo
0.SPZTQ.5PVDF composite {g =~ 96). The results of mechanical measurements in terms of
Young's modulus and fracture toughness were found e be improved with increase in PZT content.

E_E0013 STUDY ON MELT SPINNING OF POLY METHYL METHACRYLATE FIBER FOR
OPTIC APPLICATIONS

Nanjaporn Sumransin’_, Churcerat Prahsarn'. Sirada Phadee”, Lalita Chompang”
'National Metal and Materials Technology Center. 114 Paholvothin Rd.. Kleng Luang. Pathumthani 12
Thailand *e-mail: nanjaprsemtec_or.th
“Department of Textile Engineering, Rajamangala University of Technology Thanvaburi, Pathuss
12110, Thailand

Abstract: Melt spinming of polvimethy! methacrylate) fibers was studied {or its potential use in
PMMA fibers were made, using single screw extruder. under different spinning conditions: exs
temperatures. throughpus rates. and draw ratios 1o investigate their effects on fiber spinnability ané
properties. Experimental results showed thal best spinnability was obtamed 21 extruding 1emperature
and throughput rate § rpm such that fibers could be spun continuously withour breakage. Poor fiber s
was obtained at low extruding temperature {230°C) as fiber breakage occurred gwie oflen. This is th
to be due to higher stress acting on fibers when low emperawure was employed. PMMA fibers ob
showed good light transmission. thus. have potential for applications on oplics in new areas. in
decoration and clothing.

E_E0014 FABRICATION OF LEAD-FREE BISMUTH SODIUM ZIRCONATE CERAMICS
Panupong laiban, Sukanda Jiansirisomboon and Anucha Watcharapasom

Department of Physics and Matenals Science. Faculty of Science, Chiang Mar University, Chiang |
£0200. Thailand. E-mail. anucha/@stanfordalumni.org

Abstract: This research studied fabrication of lead-free bismuth sodium zirconate ceramics with fom
Big:Na, ZrQ:. The Bi, Nay :7r0; ceramic powder was prepared using a mived-oxide method and ches
tor phase purity by X-ray diffraction technique. The powder was pressed into small pellets and sin
various temperatures ranging from 830-1100 “C. After checking phase punty of ceramics by
diffraction technique and measuring density of 1he sintered samples. their microstructure was inwv
using scanning electron microscopy. Roeles of variables such as temperature and tme in sintering p
were discussed in order to find an optimum cendition for fabrication of high-guality bismuth s
Zirconate ceramic.

E_E0015 MICROSTRUCTURE AND TARNISHING RESISTANCE OF SILVER-COPPER-
PALLADIUM JEWELRY STERLING

Kanchana Rithidate, Jirawan Mala and Chutimun Chanmuang

Faculty of Gems, Burapha University. Chantaburi Campus. Chantaburi, 22170, Thailand

E-mail: chutimun@buu.ac.th

Abstract: The Ag-Cu-Pd jewelry sterling in vanious compositions was casted at 1025%C with the
temperature by lost-wax technigue. Pd950 commercial alloy 0-1.5 w1, was used in order 1o determz
etfect of Pd on silver sterling. The tarnish test was performed by immersing the sample in 0.1% Na
3%% NaCl solutiens for 1. 20 3. 3 and 10 hours. To specify the color space from tamishing, the surface
ditference (DE*) were measured by follow the Commiission International d™ Eclairage (CIFI.AB) stz
It was found that the tarnish was improved with high Pd930 content. Microstructural investigation of
cast was studied by using an optical microscope iOM) and scanning electron microscope {(SEM) eg
with an energy dispersive spectroscopy (EDS). Dendritic phase formations were existed in all the
structure. Secondary arms width suggested the improvement of dendrite increasing Pd950. The EDS ;
analysis confirmed the dissolution of Pd not only in stlver marrix but also in eutectic phase which p
higher Cu vontent than that of mawix. However. the mechanical test by Vicker microhardness at 3008 g
5 s shews no significantly difference in hardness for alf the samples.
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