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SIVAPHAN RATTANAPATIPHAN : INVESTIGATION OF NATURAL DYE-
ALUMINIUM-SILICATE POLYMER COMPOSITES FOR pH INDICATORS. THESIS ADVISOR :
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Natural dye extracted from Sappan wood (Caesalpinia sappan L.) has
characteristic chromphore and auxochrome which is shade-sensitive to acid and alkaline
environment. However natural dye is a mordant dye which is required metal mordants to bind
dye with the substrate by metal chelate formation. In this research, high porous aluminium-
silicate powder was used as natural dye absorbers to prepare polyvinyl alcohol (PVA)-natural
dye-aluminium-silicate (Al,Os-SiO,) composites by sol-gel technique with different emulsifier
as anionic surfactant and ethanol. The effect of different molar ratio of aluminium modants
was investigated Film casting method in aqueous solution was conducted to obtain film
polymer composite. Fourier transform infrared (FTIR) was employed to characterize
aluminium-silicate powder and found the vibration of Si-O-Al around wavenumber 1100-1000
cm™.Calcined aluminium-silicate powder at all temperature studied, investigated by X-ray
diffraction (XRD), showed amorphous phase. Natural dyeing efficiency of aluminium-silicate
powder at different molar ratio of aluminium modants were characterized by UV-VIS
spectroscopy and found that more aluminium mordants powder were obtained from anionic
surfactant serve as emulsifier showed higher dye absorption and fixation are 70.93% and
63.61% respectively. The distribution of the powder in film was investigated by Scanning
electron microscopy (SEM) found well distribution of powders Mechanical properties of film
was studied by Universal testing machine. It was found that the composite film with 10%
powder showed the best of mechanical property and color shade intensity. The composite
films showed visual change in color shade in acid and alkaline condition which can be applied
as acid-alkaline indicators in food packaging.
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3 @ a a J
M99 2 aaszauns lgwea lilateanosod o113 [12]

Use levels of Polyvinyl alcohol

Food Category Proposed Food-Use Use Levels for Polyvinyl
alcohol (%)
Dairy-based desserts Ice cream and frozen yogurt 0.2

with inclusions
Confectionery Multi-component chocolate 1.5
Cereals and cereal products Bars 0.5
Ready to eat breakfast cereals
Food supplements with dried fruits 1.8
Ready to eat savories Food supplement tablets 1.5

Nut and fruit mixtures

ana J

2.5.4 1UPn3ennla00113

4 A J Y
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Space)
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NN 22 Llﬁﬂﬂﬂ%ﬂuﬁ%izﬂﬂ L*a*b (L*a*b color space) [16]

2.6.4 ﬂ?gﬁ%ﬁzw L*C*h (L*C*h color space)
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Preparation and characterization of natural dye-aluminum-silicate
polymer compositesfor pH indicators

Sivaphan RattanapatipHgrand Pajaera Patanathabatr
!Department of Material Science and Engineeringufpaof Engineering and Industrial Technology,
Silpakorn University, Nakorn Pathom, 73000, Thailan
“Center of Excellence for Petroleum, Petrochemieald, Advanced Materials, Chulalongkorn
University, Bangkok, 10330, Thailand. E-Mail: paja@su.ac.th

Abstract

Natural dye extracted from Sappan wooGadsalpinia sappan L.) has characteristic
chromphore and auxochrome which are shade-sensitigeid and alkaline environment. The aim of
this research is to prepare polyvinyl alcohol (PM¥tural dye-aluminum-silicate (#Ds-SiO,)
composites by sol-gel technique, following by fibmsting method in aqueous solution. The aluminum-
silicate powder was characterized by FTIR and X-d#fraction (XRD) and the distribution of the
powder in film was investigated by Scanning elettroicroscopy (SEM). The composites showed
visual change in color shade of film in acid an#lalihe condition which can be applied as pH

indicators in food packaging.

Keywords. Aluminum-silicate, natural dye, sol-gel chemisipy indicators

1. Introduction

When food was rotten, the microorganism
in food would generate acid. Thus if food
packaging can identify acidity or alkalinity of
food contained, and can visualize a difference
in pH, the packaging can then inform shelf-life
of food to customers.

Sappan tree or Indian redCdesalpinia
sappan L.), called Fang in Thai, is an
indeciduous tree distributed in Thailand,
China, India and Burma. Its heartwood has
long been used in oriental
folk medicines to treat ™
infectious diseases [1] as i
well as used in natural
dyeing of cotton and silk
for red shade yarn. The
main  constituent  of
Sappan tree is oxidized
brazilin, called brazilein, e 0
which can be extracted by boiled water.

Figure 1. lllustrates the chemical structure
of brazilein [1].

Brazilein has a characteristic
chromophore which can absorb light in the
wavelength ranged between 490-500 nm and
shows the complementary color to eye as red
shade. When in acid condition, the
auxochrome which is an electron-donating
group alters light absorption of the

chromophore to the wavelength ranged
between 480-490 nm. and shows the
complementary color to eye as orange shade.
While, in alkaline condition, the dye alters
light absorption of the chromophore to the
wavelength ranged between 500-560 nm.
shows the complementary color to eye as
purple shade.

However natural dye is a mordant dye
which is required metal mordants to bind dye
with the substrate by metal chelate formation.
In this research, high porous aluminum-silicate
powder will be used as natural dye absorbers.

Aluminum-silicate  powder can be
prepared by sol-gel technique [2]. The Sol-gel
technique was the process that changing liquid
called “sol” which was the suspension with
particle size about 0.1-1.0 micron to solid
called “gel”. Most of precursor materials in
sol-gel technique are alkoxide based system
such as tetraethoxysilane (TEQOS), following
by hydrolysis and condensation reaction. The
mixed metal oxide powder can be prepared by
chemical modifications with chelating ligands
[3].

In the present study, the aluminium
silicate synthesis of different molar ratio of
aluminium oxide (AJOs) and silicon oxide
(Si0,) powder as 1:1 and 2:1 were prepared
from aluminium nitrate and controlled
hydrolysis of tertraethoxysilane [4]. The effect
of different molar composition on dyeing
efficiency will be investigated. Furthermore,
the visual change in color shade of natural
dye-aluminum-silicate  polyvinyl  alcohol



(PVA) cast film in acid and alkali condition
will be compared with that casted in a neutral
condition.

2. Experimental
2.1 Preparation of aluminum-

silicate powder

Aluminium nitrate (AI(NQ)s-9H,0) was
dissolved in distilled water to obtain 1M and
2M solution respectively. The solution was
stirred and refluxed at 8@ for 30 min. Then,
30% aqueous ammonia was added a?C80
under reflux condition to obtain the solution of
pH 3.3 The amount of tetraethoxysilane
(TEOS-(OGHs),Si) was calculated according
to molar ratio of aluminium oxide (ADs) and
silicon oxide (SiQ) as 1:1 and 2:1 which was
called 1AI-1S and 2AI-1S, respectively.
Anionic organic surfactant (0.045 times by
weight of TEOS) was added into the solution
under continuously  stirring at room
temperature. Then, TEOS was added drop
wise into the mixed solution and heat aP80
until gelation. The gel was dried in oven at
60°C overnight. Dried gel was grinded with
alumina mortar and washed with distilled
water several times to remove surplus’*Al
NO; and organic surfactant then dried a?&0
overnight. The powder was calcined at
temperature of 100, 300 and 8@ for 2
hours.

2.2 Natural dye extraction

Natural dye was extracted from grinded
Sappan heartwoodC@esalpinia sappan L.) by
hot water at ratio of dried heartwood to water
equal to 1:10 by weight at 8G for 2 hours.
Then the extracted red dye solution was
filtered by filter paper and adjusted pH value
to 7 with 1M sodium hydroxide solution.

2.3 Natural dye adsorption on

aluminume-silicate powder

The aluminum-silicate powder was milled
with alumina ball in the glass pod overnight
and then the powder were sieved with 635
mesh sieve tray to obtain <20um powder.
Then the powder was added in Sappan dye
bath at ratio of the aluminum- silicate powder
to the dye bath equal to 1:30 by weight at
80°C for 2 hours. Then the dyed powder was
filtered out and dried at 8€ overnight. After
that the dyed powder was washed with
distilled water at the ratio of powder to water
equal to 1:30 and then dried at®6Dovernight.
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2.4 Film polymer composite

preparation

The dyed powder was dispersed in
distilled water in ultrasonic bath. Then, 10%
by weight of polyvinyl alcohol (PVA) was
added in dye bath and heated at ADQntil
PVA was dissolved completely. The PVA-
natural dye aluminum-silicate suspension was
casted into a square acrylic mold with
dimension of 60x60x1 mm at room
temperature and then dried at®60overnight
to obtain red film polymer composites.

2.5 Characterization of powders

and polymer composite film

Fourier transform infrared (FTIR) was
employed to characterize 2AI-1S aluminum-
silicate powder. The crystalline phases of the
calcined 2AI-1S aluminum-silicate powder
developed at different temperatures were
examined by X-ray diffraction (XRD). The
microstructures of the polymer composite
films were observed by Scanning electron
microscope (SEM). The investigation of
change in color shade under acid and alkaline
condition was conducted by placing 1x5 cm
film in closed beakers which were saturated by
vaporized acid and alkaline. The solution
studied were 10% acetic acid solution at pH
2.5, 10% sodium hydroxide solution at pH
14.0 and distilled water at pH 7.0. Then L, a, b
color measurement of all samples was
performed in compared with those of clear
PVA film.

3. Result and discussion
3.1 Characterization of aluminum-

silicate powder

Figure 2. showed FTIR spectra of 2Al-1S
aluminume-silicate powder calcined at 100, 300
and 800C. all spectra show a strong broad
band of Si-O-Al vibration in wave number
region of 1100-1000 cth however, the band
shifted to higher wavelength region, towards
1000 cm' with increase in temperatures from
100 to 806C. It indicated that more
substitution of AlQ tetrahedral took place into
SiO, tetrahedral unit and form Si-O-Al.
Therefore, the characteristics band for Si-O-Si
vibration changed to Si-O-AVibration with
increase in temperature. A medium band in the
wave number region 800-950 ¢rwhich are
the characteristic absorption bands for AIO
octahedral with nonbridging oxygens found to
be present in the samples dried at%Dovhile
there were no existence of such band in the



samples dried at 300 and €C. It could
indicate that at higher temperature,
octahedral changed to A, tetrahedral.

100°C

300°C
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800°C

W\/\/
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Figure 2. lllustrates the FTIR spectra of
gel 2Al-1S aluminum-silicate powder
calcined at 100, 300 and 800°C.

XRD patterns of 2/-1S aluminum-

silicate powders calcini at 100, 300 and

800°C were shown in igure 3. All sample:
remained amorphous with strong broad bar
region 20 = 25 corresponding to the &
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Figure 3. lllustrates XRD pattern of gel
powder calcined at 100, 300 and 800°C.

3.2 Natural geing efficienc

Table 1. showedhatural dyeing efficiency ¢
aluminumsilicate powder at different mol
ratio of aluminiumoxide and silicon oxide.
Dye concentration before and after dyeing
calculated by UV absorptiocalibration curve
at wavelength of 53&m. It was founded th:
aluminumsilicate powder of 2:1 molar ratio
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aluminium oxide and silicor oxide showed
higher dyeabsorption and fixatiotof dye on
the powderdue to higher amount of met
chelating substitutes.

Table 1. Shows percentage of dye
absorption and fixation by aluminum-
silicate powders with different Al content.

Powder | % dye absorption | %dyefixation
1AI-1S 32.55 25.46

2Al-1S 50.64 43.55

3.3Dyed aluminur-silicate
powder distribution

The SEM fracture surface of the polyn
composite filmin Figure « revealed that the
dyed aluminurrsilicate powders were cobble-
stone like morphology with parle size 1-10
um. As seen in Figurd, all the film has well
dispersed of aluminu-silicate powder
throughout the thickness of the fil

(@) (b)

Figure 4. lllustrates SEM image of fracture
surface (a) 1Al-1Sand (b) 2Al-1S polymer
composite throughout the thickness of film.

3.4The change in color sde if
composite film under acid and alkali
condition

Table 2. showedhe AL, Aa, Ab andAE
value of polymer composil film in three
vaporized acid, neutral and alkaline condit
comparedo clear PVA film.The higher AL
shows that the sample brighter, while the
higher - AL showsthat the samp is duller.
The higher Aa show that the sample is
redder while higherAa show that the sample



is greener. The higherAb shows that the
sample is more yellow while highetb shows
that the sample is bluer. Corresponding to
exposed films in Figure 5., in neutral
condition, both composite films was visually
red. In alkaline condition, both composite
films appeared in purple corresponding to
higher -Ab value, while in acid condition, both
composite films appeared in red-orange
corresponding to higherAb value. Moreover,
AE value showed overall change in color
shade of both composite films in different
vaporized acid and alkaline condition.
However, composite film of higher molar ratio
of aluminium oxide to silicon oxide would
change its color shade in acid and alkaline
condition more than the lower one, due to
deeper color shade of original composite film
as it absorbs higher dye concentration.

@  ® ©)

Figure 5. lllustrates color change of
composite films in vaporized of (a) acid
condition pH 2.5, (b) neutral condition pH 7.0
and (c) alkaline condition pH 14.0

Table 2. Showsthe AL, 4a, Ab and 4E value of
the film polymer composites in three vaporized
acid, neutral and alkaline conditions.

1AI-1S Acid Neutral | Alkaline
condition | condition | condition
AL -42.3 -46.2 -46.8
Aa 51.0 49.1 48.4
Ab 19.4 6.6 -7.4
AE 69.0 67.7 67.7
2Al-1S Acid Neutral | Alkaline
condition | condition | condition
AL -47.3 -50.8 -54.7
Aa 51.8 50.0 52.0
Ab 17.5 6.6 -7.4
AE 72.3 71.6 75.8
PVA Acid Neutral Alkaline
condition | condition | condition
L - 94.56 -
a - 0.73 -
b - 3.13 -
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4. Conclusion

Aluminum-silicate  powder  (MADs-
nSiO,) which was prepared by sol-gel
technique can absorb natural sappan wood
dye. The higher molar ratio of &); to SIG
provided higher dyeing efficiency. The natural
dyed aluminum-silicate PVA composite film
changes its color shade according to acid and
alkaline environment. This characteristic of the
film can be applied as pH indicators in food
packaging application which will be further
investigated.

Acknowledgements

The authors would like to thank
Department of Material Science and
Engineering, Faculty of Engineering and
Industrial Technology, Silpakorn
University for funding of materials and
chemicals used in this research as well as
Center of Excellence for Petroleum,
Petrochemicals, and Advanced Materials,
Chulalongkorn University for scholarship
funding.

References

[1] M. Ye, W. Xie, F. Lei, Z. Meng, Y. Zhao,
H. Su and L. Du, “Brazilein, an important
immunosuppressive component from
Caesalpinia sappan L.”, International
Immunopharmacology, 6 (3), (2006), 426-432.
[2] M. Chatterjee and M. K. Naskar, “Sol-gel
Synthesis of lithium aluminum silicate
powders: The effect of silicate source”,
Ceramics international, 32, (2006), 623-632.
[3] S. Tang, P. Zou and H. Xiong, “Effect of
nano-SiQ on the performance of
starch/polyvinyl alcohol blend films”,
Carbohydrate polymer, 72, (2008), 521-526.
[4] A. A. Eliseev, S. V. Kalinin and V.I.
Privalov, “The effect of Copolymerization of
Tetraethylorthosilicate and Aluminum
Hydroxonitrates”, Journal of Solid State
Chemistry, 147, (1999) 304-308.



79

a a 14 = 1 g A o A
2. miﬂim;mmmﬁmmﬁmmuazmﬂiuiammqﬂizmﬁllm AIN 35 (INN 35) IUN 15-17

J 14 [ @ o
fA1AN 2552 2l 1ADY 1%@%?[@51’1 MIAULLTU mmmmﬁ mt’du’aalugﬂwuumima

STT35-0152

FACULTY OF SCIENCE

a a s o 9 o o
aua.msiszgu InmsInemaaiuazmalulaturalszmelne § Yo, 428 s ndn@ ngamma10210

Tel : +66 (0) 26448717, 085-4491881(3%A1), 089-9831353 (ﬁﬁﬂilﬁ) Fax : +66 (0) 264487155

E-mail: rdirdk@ku.ac.th, natkhamon@gmail.com

Tusausu

Az nssumsfholmnimssamsiszam 4 mn3s lasveudalimunsunldfuenammsamadon mn.3s

VBIMULEY A ID: 0152 e-mail address: sivaphan@windowslive.com

tharavymsauznssumssamsiszyy mn.3s 1d5menais
Clsawtsgqu ¥ samlszauagsamauenanuinms

I¢5uaasnzdou du Ciduaa Clswai@d « Toudnind Cidasums

UIURY 800.00 U (uaZesumdin)

Taormanuvesiiuises Yaqaduesnisznevezgiidisndanadondsssumide 1 fiui tavenmiites

Idiumsiinsanainauzeynssunsixnms mn. 35 Ihivauelugiuuy

4
Oenwes
Y IUUU5T88 (1319801 TUD5 5010 T na1sanslsz )

[lgasunanu

2 a 4

U ie Tdsansy

IA.A3. UNITTD uwﬁ”ﬂusmstﬁ



80

3nenAraasna:inaluladiwoouinanddu
_SCI_ENCE AND TECHNOLOGY FOR A BETTER FUTURE .

October 15 - 17, 2009

Venue : The Tide Resort (Bangsaen Beach), Chonburi, Thailand.
15-17 aawnu 2552 ru 10e: Ind Saosn (mauwiiau) sonoasaus

WWW.STT35.SCISOC.OR.TH




E_E0020 NATURAL DYE-ALUMINUM-SILICATE POLYMER COMPOSITE FOR pH INDICATOR
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Abstraet: Nawral dve extracted from Sappan wood (Caesalpitia sappan L.) has a characteristic
chromophore and auxochrome which are shade-sensitive to acid and alkaline environment. The aim of this
research is fo prepare polyvinyl alcohol (I'VA )-natural dye-aluminum-silicate (Al;Oy-5iC)h) composites by
sol-gel techmque, following by hilm casting method in agueous sulution. The aluminum-silicate powder was
characterized by FTIR and X-ray diffraction (XRD) and the distribution ol the powder in film was
investigated by scanning eleciron microscopy (SEM). The composites showed visual change in color shade
of film in acid and alkaline condition which can be applied as pH indicator in food packaging.
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USING A PEG/PMMA BINDER .
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"Metallurgy and Materials Science Rescarch Institute, Chulalongkorn Universily,

Sui Chula 12, Phyathai Road, Bangkok 10330, Thailand

*Depatinent of Engineering Mdlerl.ﬂs University of Sheffield, Mappin Street, Sheffield. United Kingdom

Abstract: Titanium and its alloys arc well-known for their unique properties such as relatively low density,
exeellent carrosion resistance, high strength and biocompatible, They are widely used in aerospace or

biomedical applications. Meal injection moulding (MIM) is a cost effective process for a [abrication of

small, complex-shaped components for high performance applications. In this work. a binder system.
compused of polyethylene glycol (PEG) and polymethyl methacrylate (PMMA), was developed for the
preparation of feedstock of titanium for MIM. The processing parameters and ihe rheological behaviour have
been investigated. Feedstocks, containing 69 vol% of powder, can be successfully prepared and extruded
with a small plunger-typed injection moulding machine. 'I'hey exhibited pseudoplastic behaviour over the
range of shear rates tested. Lhe preliminary study showed thal the PEG/PMMA binder systemn can be
cmployed in the preparation of the feedstock for MIM.

E_E0022 THE INFLUENCE OF SIZE AND LOADING OF CALCIUM CARBONATE ON MELT
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Industrial Iechnology. Silpakom University, Nakhonpathom, 73000 Thailand
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L-mail address: pajacratsuac.th

Abstract: The objectives of the research are to prepare PLA-calcium carbonate sheet by twin-screw extruder
and investigate the effeet of particle size and calcium carbonate loading on melt How index and thermal
praperties of micra and nano-size calcium carbonale-PLA extrusion sheet. The thermal properties and
polymer melt properties including wlass transition temperature, meling temperature, crystallinsation
temperature, and melt low index were examined as a function of filler particle size and filler Ioading. The
results on the melt flow index show that the viscosity of PLA after processing is lower than PLA hefore
processing. The increasing of CaCOy loading makes the decreasing of viscosity ot the blend of PLA-calcium
carbonate. The nano-size CaCQ; has more cffect than micro-size CaCOs. The DSC results show that adding
of micro and nano-size CaCOs has effects on the glass transition lemperature, melting temperature and
crystallinsation temperature of the PLA-calciun carbomate extrusion sheet.
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Abstract: Natural dye extracted from Sappan wo@ahdsalpinia sappan L.) has a
characteristic chromophore and auxochrome whichshesle-sensitive to acid and
alkaline environment. The aim of this researcloiprepare polyvinyl alcohol (PVA)-
natural dye-aluminum-silicate (&Ds-SiO;) composites by sol-gel technique,
following by film casting method in aqueous soluatidhe aluminum-silicate powder
was characterized by FTIR and X-ray diffraction @Rand the distribution of the
powder in film was investigated by scanning elettmmicroscopy (SEM). The
composites showed visual change in color shadénoiri acid and alkaline condition
which can be applied as pH indicator in food paakgg

Introduction: Sappan tree or Indian re@gesalpinia sappan L.) has main constituent
as oxidized brazilin (brazilein) which can be egteal by boiled water. Brazilein has a
characteristic chromophore and auxochrome whichshesle-sensitive to acid and
alkaline environment. However natural dye is a matdlye which is required metal
mordants to bind dye with the substrate by metalate formation. In this research,
high porous aluminum-silicate powder will be usesl @atural dye absorbers.
Aluminum-silicate powder can be prepared by soldgehnique [1]. The Sol-gel
technique is the process that changing liquid dakel” which is the suspension with
particle size about 0.1-1.0 micron to solid callgdl”. Most of precursor materials in
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sol-gel technique are alkoxide based system suclietasethoxysilane (TEOS),
following by hydrolysis and condensation reactidhe mixed metal oxide powder
can be prepared by chemical modifications with ated ligands [2]. In the present
study, the aluminum silicate synthesis of differemblar ratio of aluminum oxide
(Al,03) and silicon oxide (Sig) powder as 1:1 and 1.5:1 were prepared from
aluminum nitrate and controlled hydrolysis of taetthoxysilane [3]. The effect of
different molar composition on dyeing efficiency suavestigated. Furthermore, the
visual change in color shade of natural dye-alumisilicate polyvinyl alcohol
(PVA) cast film in acid and alkali condition wasnspared with that casted in a
neutral condition.

Methodology: Aluminum nitrate (AI(NQ)3-9H,0) was dissolved in distilled water to
obtain 1M and 2M solution respectively. The solatiwas stirred and refluxed at
80°C for 30 min. Then, 30% aqueous ammonia was adte’0°C under reflux
condition to obtain the solution of pH 3.3. The ambof tetraethoxysilane (TEOS)
was calculated according to molar ratio of aluminaxide (ALOs3) and silicon oxide
(SiOy). Anionic organic surfactant (0.045 times by weigh TEOS) was added into
the solution under continuously stirring at roommperature. Then, TEOS was added
dropwise into the mixed solution and heated &30ntil gelation. The gel was dried
in oven at 66C overnight. Dried gel was grinded with alumina taorand washed
with distilled water several times to remove susphi**, NO; and organic surfactant
then dried at 60C overnight. The powder was calcined at temperabfir00, 300
and 800C for 2 hours. Natural dye was extracted from ggth@appan heartwood by
hot water at ratio of dried heartwood to water égoal:10 by weight at SC for 2
hours. The aluminum-silicate powder was milled vatbmina ball in the glass pod
overnight and then the powder was sieved with 685htsieve tray to obtain < 20um
powder. The aluminum silicate powder was charaztdriby fourier transform
infrared spectroscopy (FTIR) and X-ray diffractigXRD). Inductively coupled
plasma (ICP) analysis was conducted on aluminuiwasd powder to measure
amount ratio of aluminum oxide. It was found tHa tatio was 1:1 and 1.5:1, which
was called 1AI-1S and 1.5AI-1S, respectively. Thee, powder was added in Sappan
dye bath at ratio of the aluminum- silicate powttethe dye bath equal to 1:30 by
weight at 88C for 2 hours. Then the dyed powder was filteretlamd dried at 60C
overnight. After that the dyed powder was washetth distilled water at the ratio of
powder to water equal to 1:30 and then dried &C66vernight. The dyed powder
was dispersed in 10% polyvinyl alcohol solutioruitrasonic bath. The PVA-natural
dye aluminum-silicate suspension was casted inteqaare acrylic mold with
dimension of 60x60x1 mm. at room temperature ard thried at 68C overnight to
obtain red film polymer composites. The distribatiof the powder in film was
investigated by Scanning electron microscopy (SENhe investigation of change in
color shade under acid and alkaline condition wasdacted by placing 10x50x1
mm. film in closed beakers which were saturateddyyorized acid and alkaline. The
solution studied were 10% acetic acid solution Ht 25, 10% sodium hydroxide
solution at pH 14.0 and distilled water at pH 7.@en L*, a*, b* color measurement
of all samples form Color spectrophotometer machias performed in compared
with those of clear PVA film.



Results, Discussion and Conclusion:
1. Characterization of aluminum-silicate powder
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Figure 1 showed FTIR spectra of
1.5Al-1S aluminum-silicate powder
calcined at 100, 300 and SD. All
spectra showed a strong broad band
of Si-O-Al vibration in wave number
region of 1100-1000 cth However,
the band shifted to higher
wavelength region, towards 1000
cm® with increase in temperatures
from 100 to 80BC. It indicated that
more substitution of Al@Qtetrahedral
took place into SiQtetrahedral unit
and form Si-O-Al. The decreased
and disappeared of FTIR spectra at
1475 and 1660 cthwhen increasing

Figure 1 llustrates the FTIR spectra of gel 1.5A1-1s calcinations temperature were due to
aluminum-silicate powder calcined at 100, 300 and the decomposition of hydrocarbon of

80d’C.
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Figure 2 lllustrates XRD pattern of 1.5Al-1S

20

30 40 30 60
Diffiraction (°28)

70 80

TEOS precursor.

XRD patterns of 1.5AI-1S
aluminum-silicate powders calcined
at 100, 300 and 86C were shown
in Figure 2. All samples remained
amorphous with strong broad band at
region B = 25 corresponding to the
SiO.

Aluminum-silicate powder calcined at 100, 300 and

80d’C.

2. Natural dyeing efficiency
Table 1 showed natural dyeing efficiency of alummsilicate powder at
different molar ratio of aluminum oxide and silicoride. From ICP characterization
result revealed the corrected molar ratio of alummroxide to silicon oxide were 1:1
and 1.5:1. Dye concentration before and after dyeivas calculated by UV
absorption calibration curve at wavelength of 588 it was founded that aluminum-
silicate powder of 1.5:1 molar ratio of aluminumidex and silicon oxide showed
higher dye absorption and fixation of dye on thevger due to higher amount of
metal chelating substitutes.
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Table 1 Shows percentage of dye absorption and fixatioalbgninun-silicate powders with differer
Al content.

Powder % dye absor ption % dye fixation
1AI-1S 32.55 25.4¢€
1.5Al-1S 50.64 43.5¢

3. Dyed aluminum-silicate powder distribution
: . The SEM fracture

surface of the polyme
composite film in Figure
3 revealed that the dy:e
aluminum-silicate
powders were cobk-
stone like morpholog
with particle size -10
pm. As seen in Figure
all the film has wel
dispersed of aluminu-

£ 1 silicate powdel
_ @ ‘ throughout the thicknes
Figure 3 lllustrates SEM image of fracture surface (a)-1S and of the film

(b) 1.5AI-1S polymer composite throughout the thicknesslof.

4. The changein color shadeif composite film under acid and alkaline condition

The color values of composite films were evaluate@IELAB color system, th
three axes namely as L*, a* and b*. The ccdifference AE) was calculated fror
the total difference in these three coordinate eslof dyed composite films and pu
PVA film. Table 2 showed thaL*, Aa*, Ab* and AE values of composite films in
three vaporized acid, neutral and alkaline conditiompared to clear PVA filmin
neutralcondition (pH=7.0), 1A-1S and 1.5A1S composite films we visually red,
responding to +Aa* value. The lightnessAL*) value decreased anAa* value
increased when increasing molar raticAl ;05 to SiG. The higher amount cAl,O3
provided dull redder color shade due to increasingyeing absorption. Changit
color shade of both composite films alkaline condition (pH=14.1 to purple
corresponding to highe-Ab* value (bluer in original red)while in acid condition
(pH=2.5), both composite films appeared in-orange corresponding to highetb*
value (more yellow in original re.. The color difference AE) of both composit:
films in acid and alkaline condition were considdyadifference from thos in neutral
condition which were distinguishable visualThis characteristic of the film can
applied as pH indicators in food packaging appicatwhich will be furthe
investigated.
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Table 2 Shows theAL*, Aa*, Ab* and AE value of composite films in three vaporized aciduytral
and alkaline conditions.

1Al-1S Acid condition Neutral condition Alkaline condition
AL* -42.23 +1.66 -44.49+ 1.30 -46.76 £ 2.72
Aa* 51.00+1.21 49.07 £ 1.32 48.37 £ 3.08
Ab* 19.34 +1.05 6.60 + 0.90 -7.43+£0.81
AE 68.98 66.56 67.69
1.5Al-1S Acid condition Neutral condition Alkaline condition
AL* -47.30 £ 0.53 -50.73+1.72 -54.66 + 1.31
Aa* 51.73+£0.15 49.97 £0.70 52.00+0.72
Ab* 17.50 +0.17 6.60 £1.65 -7.43+0.91
AE 72.23 71.51 75.81
Pure PVA Acid condition Neutral condition Alkaline condition
L - 94.56 £ 0.29 -
a - 0.73 +0.06 -
b - 3.13+0.06 -

The higher AL* shows that the sample is brighter, while thehgig—AL* shows that the sample is
duller. The higher Aa* shows that the sample is redder while highta*shows that the sample is
greener. The higherab* shows that the sample is more yellow while highab* shows that the

sample is bluer.

In conclusion, aluminume-silicate powder (m@-nSi0,) which was prepared by
sol-gel technique can absorb natural sappan woed @ige higher molar ratio of
Al,O3 to SiG provided higher dyeing efficiency. The natural dyduminume-silicate
PVA composite film changes its color shade accgrdio acid and alkaline

environment.
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