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1.1 Preparation of Cassava Starch-Graft-Polyacrylamide Superabsorbent Polymers and 

Associated Superabsorbent Polymer Composites by Reactive Blending  

Cassava starch-g-polyacrylamide (PAM) was successfully prepared by a reactive batch 

processing using a specially designed batch reactor resulting in a superabsorbent polymer 

(SAP) with water absorption of 605 g/g being obtained under the optimized reaction conditions. 

The occurrence of a graft copolymer was confirmed by FT-IR spectra, where it was found to 

exhibit all characteristic bands of both starch and acrylamide (AM) units. SEM micrographs of 

the starch granules showed an irregular shape and varied particle sizes with a smooth surface, 

while the graft copolymers had a coarse porous structure and broad network. Various types of 

inorganic filler were added to the graft copolymer to prepare the SAP composites (SAPC). It 

was found that the SAPC with bentonite clay exhibited the highest water absorption of 

approximately 730 g/g. Conversely, the incorporation of silica to the graft copolymer gave a 

significantly lower water absorption capability than the copolymer alone.  
 

Key words: Acrylamide, Batch reactor, Cassava starch, Superabsorbent polymer composite 
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1.2 Synthesis and Characterization of Water Swellable Natural Rubber Composites 

Superabsorbent polymer (SAP) based on cassava starch-g-polyacrylamide was prepared 

by a reactive batch processing using a specially designed batch reactor. The SAP composites 

(SAPCs) were prepared by blending with 20 phr of bentonite clay. The clay was used to 

increase water absorbency of the SAP from 605 g/g to SAPC of 730 g/g.  Water swellable 

natural rubber (WSNR) was then prepared by blending high ammonia natural rubber (HANR) 

latex, and dry blending of epoxidized natural rubber (ENR), and maleated natural rubber (MNR) 

with SAPC, poly(ethylene oxide) (PEO) and trimethylol propane trimethacrylate coupling agent 

(TMPTMA).  Curing, mechanical, morphological properties and water absorbency of WSNRs 

were characterized. The WSNR with PEO and TMPTMA gave higher mechanical strength and 

water absorbency. Increasing PEO loadings rendered higher absorbency with lower mechanical 

strength at its contents higher than 10 phr. A higher scorch time, cure time with a low 

crosslinking density, and cure rate index were found in the MNR base WSNRs compared with 

those of the unmodified NR and ENR base WSNRs.  The ENR base WSNR exhibited the 

highest water absorbency with lower mechanical strength compared with the unmodified NR 

base WSNR.  

 

Key words: Coupling agent, Poly(ethylene oxide), Superabsorbent polymer, Superabsorbent 

polymer composite, Trimethylol propane trimethacrylate, Water swellable natural rubber. 
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1.3 Reinforcement of Dipped Natural Rubber Film by In Situ Generated Silica 

A method for preparing silica-reinforced rubber thin film by latex dipping process was 

established. The latex used in the dipping step was pre-mixed with alkoxysilane precursor and 

sulfur curing agents. By one heating step, both in situ silica formation and rubber curing took 

place successfully in the rubber thin films. This work focused on the use of two alkoxysilane 

precursors that contained one vinyl group, i.e., vinyl triethoxysilane (VTOS), and 

methacryloxypropyl trimethoxysilane (MPS). Both were able to covalently link to the double 

bonds in NR chains via sulfur or radical crosslinking. Therefore, the size and distribution of in 

situ silica as well as its reinforcement capability on the NR vulcanizates were investigated as a 

function of the type and amount of added alkoxysilanes. 

 

Key words: Particle-reinforcement, Mechanical properties, Sol-gel process. 
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���������: ��
��
������+"���./�� �������'����, �
	�"���
%��-�0� 

 

1.4 Silica Formation inside Natural Rubber Grafted with Methyl Methacrylate/Gamma- 

Methacryloxypropyl  Trimethoxysilane 

 Methyl methacrylate (MMA) and �-methacryloxypropyl trimethoxysilane (�-MPS) were both 

grafted onto isoprene units of natural rubber (NR) with the aim to prepare rubber-silica hybrid. 

The methoxy silane units of �-MPS were allowed to undergo hydrolysis and condensation 

reaction by heating the cast film of the grafted latex at 50°C to form silica particles within the 

rubber matrix. The formation of this rubber-silica hybrid was confirmed by ATR-FTIR, TEM and 

SEM. The �-MPS coupling agent could also transform into silica inside the rubber. The addition 

of tetraethoxysilane (TEOS) resulted in an increase of in situ silica of up to 6 phr. The grafting 

efficiency of MMA onto rubber was around 80%, while that of �-MPS was about 48%. The final 

composition of the hybrid rubber was 86:12:2.0 (by weight) of NR: MMA:�-MPS. 

 

Key words: In situ silica, Methyl methacrylate, �-methacryloxypropyl trimethoxysilane, Natural 

rubber 
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MMA : �--MPS ��
� 86:12:2 
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2. Biomedical Applications of Surface-Charged Chitosan Particles and Assembled Thin 

Film of Charged Derivatives of Chitosan 

Chitosan is a partially deacetylated form of chitin, a natural substance found abundantly in 

the exoskeletons of insects, shells of crustaceans, and fungal cell walls. Because of its 

favorable physicochemical and biological properties such as biocompatible, non-toxic, 

antibacterial, chitosan is considered as an attractive material that can be potentially used in 

many biomedical-related applications. The repeating units of chitosan constitute a large number 

of hydroxyl and amino groups. These two functional groups offer several possibilities for 

derivatization and immobilization of biologically active species. Taking advantages of functional 

group availability for chemical reactions of chitosan and the diversified bioactivity of chitosan 

and its charged derivatives, this research aimed to explore the applicability of charge-

functionalized chitosan. The research was divided into two parts. The first part concentrated on 

the formation of multilayer films from charged derivatives of chitosan via layer-by-layer 

adsorption. The charged derivatives that were of our interest are N-sulfofurfuryl chitosan (SFC), 

N-succinyl chitosan (SCC), and N-[(2-hydroxyl-3-trimethylammonium)propyl] chitosan chloride 

(HTACC). The assembly process and viscoelastic properties were monitored by quartz crystal 

microbalance (QCM). Stratification of the multilayer film was demonstrated by water contact 

angle analysis. The coverage of the assembled films was characterized by atomic force 

microscopy and ATR-FTIR spectroscopy. Biological responses of the selected assembled films 

were assessed in term of in vitro cell adhesion and proliferation of fibroblasts, antibacterial 

activity, and platelet adhesion. 

 

Keywords: Chitosan, Charged derivative, Multilayer film, Biocompatibility, Particles, Antibacterial 

activity, Biosensor, DNA, PNA, Ion exchanger 
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2.1.1 Surface-quaternized Chitosan Particles as Alternative and Effective Organic 

Antibacterial Fillers  

Taking advantage of the large surface area that is covered with permanent positive 

charges of quaternary ammonium entities, this research aimed to develop environmentally 

friendly, organic antibacterial fillers from quaternized chitosan particles that may be applicable 

for biomedical devices, health and textile industries. The particles were formulated by ionic 

crosslinking of chitosan with tripolyphosphate followed by quaternization that was conducted 

under heterogeneous condition via either direct methylation or reductive Nalkylation with a 

selected aldehyde followed by methylation. Sub-micron, spherical, and positively charged 

quaternized chitosan particles were formed, as determined by 1H-NMR, FT-IR, PCS, and TEM 

analysis. Antibacterial activity tests performed by viable cell counts suggested that all 

quaternized chitosan particles exhibited superior antibacterial activity against the model Gram-

positive bacteria, S.aureus, as compared to the native chitosan particles at neutral pH. Only 

some quaternized chitosan particles, especially those having a high charge density and bearing 

large alkyl substituent groups, were capable of suppressing the growth of the model Gram-
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negative bacteria, E. coli. The inhibitory efficiency of the quaternized chitosan particles was 

quantified in terms of the minimum inhibitory concentration (MIC). 

 

Keywords: chitosan; particle; heterogeneous quaternization; minimum inhibitory concentration 
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2.1.2 Multilayer Thin Films Assembled from Charged Derivatives of Chitosan: Formation 

and Biological Responses  

Charged derivatives of chitosan, N-sulfofurfuryl chitosan (SFC) and N-[(2-hydroxyl-3-

trimethylammonium)propyl] chitosan chloride (HTACC), were prepared by reductive alkylation 

using 5-formyl-2-furansulfonic acid, sodium salt (FFSA) as a reagent and ring opening of 

glycidyltrimethylammonium chloride (GTMAC) by amino groups of chitosan(CHI), respectively. 

Multilayer thin film of chitosan and its charged derivatives was fabricated by alternate layer-by-

layer adsorption onto a surface-treated poly(ethylene terephthalate) (treated PET) substrate. 

Assembly process was monitored by quartz crystal microbalance (QCM). Stratification of the 

multilayer film was demonstrated by water contact angle data. The coverage of the assembled 

films was characterized by AFM and ATR-FTIR analyses. Alternate biological responses of the 

assembled films were assessed by protein adsorption and in vitro cell adhesion and 

proliferation. 

 

Keywords: Chitosan, Charged derivative, Layer-by-layer adsorption, Multilayer film, 

Polyelectrolyte 
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2.2 Syntheses, Characterization and Antibacterial Activity of Chitosan Grafted  Hydrogels 

and Associated Mica Containing Nanocomposite Hydrogels  

 Chitosan (CS) grafted poly[(acrylic acid)-co-(2-hydroxyethyl methacrylate)] (CS-g-poly(AA-

co-HEMA)) at different molar ratios of AA and HEMA, and the associated nanocomposite 

hydrogels of CS-g-poly(AA-co-HEMA)/mica were synthesized by radical copolymerization. The 

grafting positions at the amino or hydroxyl groups in the CS were identified by Fourier transform 

infrared spectroscopy. CS-g-poly(AA-co-HEMA) hydrogels were intercalated in the mica and the 

amount of hydrogel insertion did not affect the spacing of the silicate layers in mica. The higher 

mica loadings produced rougher surfaces of the nanocomposite hydrogel. The water 

absorbency of the CS-g-poly(AA-co-HEMA)/mica nanocomposite hydrogels decreased with 

increasing levels of mica loading to a lower level than those of the CSg-poly(AA-co-HEMA) 

hydrogels. Both CS-g-poly(AA) and CS-g-poly(AA-co-HEMA)/mica nanocomposite hydrogels 

exhibited a higher antiproliferative activity against Staphylococcus aureus than did the neat CS 

hydrogel with CS-g-poly(AA) revealing a very pronounced minimum inhibition concentration 

(MIC) of 1.56 mg ml
-1
. The extent of mica loading in the CS-g- poly(AA-co-HEMA) 

nanocomposite hydrogels did not affect the MIC (12.5 mg ml
-1
). 

 

Keywords:   Chitosan, Acrylic acid, 2-hydroxyethyl methacrylate, Mica, Nanocomposite hydrogel, 

Antibacterial property 

 

�������%����� ���)���%�*���+*� 
�����)�����#[$(�\)"��
#%$����	���,.������,%�$

-��
��,.������,%�$-������%��
���)$�'��,��� 

��������"=-���E�����@%=��#�����=���������#��$�E�4$#� 2--W4���E	����#��������#% (CS-g-

poly(AA-co-HEMA)) �	���%�������4���#%��� � +�� AA $#� HEMA $#�-W�4���#�����������%

+�� CS-g-poly(AA-co-HEMA)/mica 4,���_�������������4��#�����=$))����8#����� "�%��$"������

���@%=4,�������� FTIR �)��� ���4���@%=�	�"�8�$�����"�(�-W4���E�#!�-���E��  -W�4���#����

�������%+�� CS-g-poly(AA-co-HEMA) ���4#��>6��������=���#% E'���	���$�����4+������E�

��#�����=!�*�
�E�#���%+��-��� $#������6�����4$���+��-W�4���#-���	7#%������"���+��*�
�E�#�



16 

 

��%!�-��� �����6-����	������+'
����!",-W�4���#�����������%�	�(
�7��+��+�����+'
� ���484E'��
��

+�� CS-g-poly(AA-co-HEMA)/mica nanocomposite #4#� ����������������6-���!����

��������"=  $#�����	
#4#��������������484E'��
��+�� CS-g-poly(AA-co-HEMA) hydrogel  ��
� CS-g-

poly(AA) $#� CS-g-poly(AA-co-HEMA)/mica composite $�4�[���\��)��
����$)��%��+���E##= 

(antiproliferative activity) %���*(
���%�@K�#����������	�� ��������	�-���E��-W�4���#�����-4,  

�����+,�+,��,���	���4�	���)��
��*(
��	
-4,+�� CS-g-poly(AA) �	��� 1.56 ��##�����%����##�#�%� �����6

-���!� CS-g-poly(AA-co-HEMA)/mica nanocomposite hydrogel -���	7#%����� MIC E'��!",����������

�(� 12.5 ��##�����%����##�#�%� 

 

���������: 
�%#���, �	�
���������, 2-
8�
���$��#����#��
����, 
���, 
8%�
�0���%���������, 
�+��9#&�;�'<*����#$�
$� 

 

2.3 Surface Modification of Electrospun Chitosan Nanofibers for Antibacterial Activity 

Chitosan with a degree of deacetylation of 95% in its blend with poly(ethylene oxide) 

(PEO) was fabricated into nanofibrous membranes by electrospinning. The introduction of PEO 

was to facilitate the fiber formation. The spinning solution was 6.7% w/v chitosan and 0.3% w/v 

PEO in 70:30 v/v trifluoroacetic acid/dichloromethane. The obtained fibers were smooth without 

the presence of beads, as confirmed by scanning electron microscopy (SEM). The diameters of 

the individual fibers were 272 ± 56 nm. The surface of the obtained chitosan fibers was 

modified with N-(2-hydroxyl) propyl-3-trimethyl ammonium chloride (HTAC) with an aim of 

making the chitosan nanofibrous membranes into a quaternary ammonium salt (HTACC). The 

reaction was characterized by Fourier-transformed infrared spectroscopy (FTIR) and degree of 

swelling. The resulting chitosan fibers were tested with two types of bacteria and the 

antibacterial activities were compared and discussed. 

 

Keywords: Surface modification, Electrospinning, Chitosan, Derivative of chitosan, Nanofiber, 

Antibacterial activity 
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3.1 Synthesis of Acrylamide/Acrylic Acid-Based Aluminum Flocculant for Dye Reduction 

and Textile Wastewater Treatment 

  Aluminum hydroxide-poly[acrylamide-co-(acrylic acid)], AHAMAA, was synthesized with a 

redox initiator by solution polymerization in which the effects of reactant contents were 

optimized. The effects of pH, temperature, and initial dye concentration on Congo red reduction 

were investigated. A mixture of Congo red and direct blue 71, and the composite textile dye 

wastewater were investigated. Adsorptions of both dyes were more effective in the non-buffered 

solution than those in the buffered solution, and Congo red were adsorbed more than direct 

blue 71 at all pHs. The adsorption of Congo red increased with increasing temperature and its 

initial concentration. Both dyes obeyed the Freundlich adsorption isotherm. The maximum 

adsorptions in 100 mg dm
-3
 solution were 109±0.5 mg g

-1
 and 62±6.6 mg g

-1
 for Congo red 

and direct blue 71, respectively. At 150 mg dm
-3
 of the mixed Congo red and direct blue 71, the 

adsorption was 142±2 mg g
-1
 by 643±3 mg dm

-3
 AHAMAA. The 40 mg g

-1
 dyes of the textile 

effluent wastewater were adsorbed by 500 mg dm
-3
 AHAMAA. AHAMAA could decrease 

turbidity of the composite wastewater containing a mixture of reactive and direct dyes from 405 

to 23 NTU.  

 

Keywords: Aluminum flocculant, Poly[acrylamide-co-(acrylic acid)], Dye adsorption, Turbidity 

reduction, Wastewater 
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3.2 Photocatalytic Efficiency of TiO2/Poly[Acrylamide-Co-(Acrylic Acid)] Composite for 

Textile Dye Degradation 

Poly[acrylamide-co-(acrylic acid)], (poly[AAm-co-(AAc)]), and TiO2/Poly[AAm-co-(AAc)] 

composite were synthesized by an aqueous solution polymerization method. Poly[AAm-co-

(AAc)] and TiO2/Poly[AAm-co-(AAc)] composite had equilibrium water absorbency of 823±2 and 

455±8 times their dry weights, respectively. The efficiency of the composite to absorb 

methylene blue was determined using UV-visible spectrophotometry. The results showed that 

88% of 5 mg L
-1
 of methylene blue solution was absorbed with an absorption rate of 0.1344 min

-1
. 

Influential factors on the photocatalytic degradation, namely type of TiO2, wavelength and 

intensity of UV radiation, were investigated. In the presence of UV radiation at 365 nm, 

TiO2/Poly[AAm-co-(AAc)] composite can degrade as high as 91% of the dye in 40 min. In 

contrast, poly[AAm-co-(AAc)] could degrade only 3% of the dye.  Degradation of the dye was 

not observed neither in TiO2/Poly[AAm-co-(AAc)] composite nor poly[AAm-co-(AAc)] without 
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exposure to UV radiation when the dye was incorporated into the system. The reused efficiency 

of TiO2/Poly[AAm-co-(AAc)] composite understudy was found that the TiO2/Poly[AAm-co-(AAc)] 

composite could be reused for only 2 times before it became slurry. This result indicated that 

TiO2/Poly[AAm-co-(AAc)] composite not only degraded the methylene blue but also 

decomposed itself under UV irradiation. This leads to a conclusion that the system does not 

cause any environmental problems. 

 

Keywords: Composite, Photocatalysts, Photodegradation, Titanium dioxide 
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3.3 Acrylamide-Based Composite Hydrogels Initiated by Titanium Dioxide Photocatalyst 

for Dye and Composite Hydrogel Degradations 

To synthesize the composite hydrogels, nano-sized titanium hydroxide particles were 

dispersed in distilled water and exposed to ultraviolet radiation (UV) for a set time while the 

dispersion was being stirred. When the titanium hydroxide had reacted with water to generate 

hydroxyl radicals, monomers and crosslinking agent were added and exposed to UV again 

while stirring the reaction mixture. A composite hydrogel was resulted in at the specified time, 

acrylamide with its co monomers namely acrylic acid and/or itaconic acid and crosslinking 

monomer of N, N'-methylenebisacrylamide were used for the synthesis. The resulting composite 

hydrogels were tested for water absorption in distilled water and dye solution such as Congo 

red or other dye solutions. The composite hydrogel and adsorbed dye degradations are to be 

experimented under UV radiation. This project is still ongoing since it has just started in 

January 2011. 

  

Keywords: Acrylamide-based composite hydrogel, TiO2 photocatalyst, Hydrogel degradations, 

Dye degradation 
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4.1 Gel Strength and Swelling of Acrylamide-Protic Acid Superabsorbent Copolymers 

The viscoelastic and swelling properties of polyacrylamide-based superabsorbent 

copolymers were investigated as a function of the ionic comonomer structure.  Superabsorbent 

copolymers were synthesized by free-radical crosslinking copolymerization of acrylamide and 

one of the monoprotic acids (acrylic acid and crotonic acid) or the diprotic acids (maleic acid 

and itaconic acid) as the investigated ionic comonomer. The reaction composition of all 

components, i.e. monomer, comonomer, initiator, co-initiator and crosslinker, was fixed to be 

the same for the synthesis of all four superabsorbent copolymer systems.  Viscoelastic 

measurements were performed in all systems where the particles were closely packed.  The 

network structures of all systems were evaluated via viscoelastic and swelling measurements.  

The results indicated that superabsorbent polymers with high water absorbency were 

accompanied by low gel strength and the calculated high value of molecular weight between 

crosslinks ( cM ) and low value of effective crosslinking density (�e).  Diprotic acid-containing 

superabsorbent polymers showed higher water absorbency over monoprotic acid-containing and 

nonionic ones.  The differences in cM  and �e values of each system were explained with 

respect to the differences in the monomer reactivity ratio and hydrophilicity of the comonomers. 

 

Keywords: Superabsorbent polymers, Swelling, Viscoelastic, Molecular weight between 

crosslinks, Crosslinking density 
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4.2  Acrylamide–Itaconic Acid Superabsorbent Polymers and Superabsorbent Polymer/ 

Mica Nanocomposites 

 Superabsorbent polymer and its nanocomposite of acrylamide (AM)/itaconic acid (IA) were 

synthesized by solution polymerization in an aqueous solution of AM with IA comonomer and 

mica used as an inorganic additive. This reaction was initiated by a redox initiator couple of 

ammonium persulfate and N, N, N�, N�-tetramethylethylenediamine in the presence of N, N�-
methylenebisacrylamide crosslinker. The influences of the concentrations of IA, the crosslinker 

and mica at several reaction temperatures on water absorption of the superabsorbent polymer 

systems were examined. The superabsorbent copolymers and their nanocomposites were 

tested with a load of 0.28 or 0.70 psi in both distilled water and artificial urine. Transmission 

electron micrographs and X-ray diffraction confirmed that the polymer chains were successfully 

intercalated into the silicate layers in the mica. The water absorbency and the artificial urine 

absorbency of the composite with an AM-to-IA mole ratio of 95:5, 0.2% mol N-MBA, and 5% 

w/w mica were 748�5 and 76�2 g g
-1
, respectively, whilst the neat copolymer achieved only 

640±7 and 72±2g g
-1
 in water and artificial urine, respectively. The viscoelastic behavior 



25 

 

suggested that the swollen gel of the nanocomposites exhibited mechanical stability and 

elasticity.  

 

Keywords: Superabsorbent nanocomposites, Mica, Water absorbency, Intercalation 
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4.3  Synthesis of Acrylamide-co-(Itaconic Acid) Superabsorbent Polymers and Associated 

Silica Superabsorbent Polymer Composites 

Superabsorbent polymers (SAPs) were synthesized from acrylamide (AM) and itaconic acid 

(IA) via a crosslinking polymerization. SAP composites (SAPCs) were formed by the 

incorporation of silica with three particle sizes into the polymerization to increase the gel 

strength of SAPs. Effects of AM: IA molar ratios, silica types and concentrations on water 
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absorbency, absorbency rate and absorbency under loadings (AUL) of the composites were 

investigated. The highest water absorbency of the SAP is 233 ± 8 g g
-1
 at an AM: IA molar ratio 

of 97:3 with absorbency rate of 149 ± 2 g g
-1
 within 15 min. The highest AUL of the SAPC with 

0.5-2.0% w w
-1
 silica is 13 g g

-1
 by 1.93 x 10

3
 Pa load. A pseudo-second-order kinetics for 

water absorbency was found in both SAPs and in situ SAPCs.  In situ SAPCs and the 

mechanically mixed SAPCs in vertical and horizontal direction yielded similar water absorbency 

values. This research suggested that SAPCs can be economically prepared by mixing SAP with 

silica powders in a mixing machine to obtain a high water absorption capacity from SAPC. 

 

Keywords: Acrylamide-co-(Itaconic Acid) Superabsorbent Polymers, silica, composite, 

mechanical mixing, vertical mixing, horizontal mixing 
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4.4  Acrylamide/2-acrylamido-2-methylpropane Sulfonic Acid and Associated Sodium Salt 

Superabsorbent Copolymers with Mica Nanocomposites as Fire Retardants 

Superabsorbent polymers (SAPs) of poly[acrylamide-co-(2-acrylamido-2-methylpropane 

sulfonic acid)], poly(AM-co-AMPS-H
+
), and its sodium salt, poly(AM-co-AMPS-Na

+
), were 

synthesized by free-radical crosslinking polymerization. A maximum water absorbency in 

deionized water of 1212 g g
-1 

was achieved for poly(AM-co-AMPS-Na
+
) at an 85% mol of 

AMPS-Na
+
. The inclusion of mica at 5 – 30% (w w

-1
) into the preparation of   poly(AM-co-

AMPS-Na
+
) SAP leads to an intercalated structure, as detected by XRD and TEM analyses. 

Poly(AM-co-AMPS-Na
+
)/30% (w w

-1
) mica SAP nanocomposite showed a tap-water absorbency 

of 593 g g
-1 

with a better thermal stability, compared to the pure SAP. Cone calorimetric 

analyses revealed that the wood specimens coated with the prepared poly(AM-co-AMPS-Na
+
) 

SAP or its 30% (w w
-1
) mica nanocomposite provided excellent protection in delaying the 

ignition time after exposure to an open flame when compared to that observed with the 

uncoated specimen (186, 136 and 13 s, respectively). The maximum reduction in the peak heat 

release rate, the greatest extension of time at peak heat release rate and the minimum in total 

heat release rate were observed with the mica SAP nanocomposite-coated surface. 

Intercalating structure of mica in the SAP nanocomposites provided a better shielding effect 

against external heat sources, and the capability of poly(AM-co-AMPS-Na
+
) SAP in holding a 

large amount of water. 

 

Keywords: Superabsorbent; Acrylamide; 2-acrylamido-2-methylpropane sulfonic acid sodium salt; 

Mica; Nanocomposites; Cone calorimetry. 
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4.5 Effect of fire retardant on flammability of acrylamide and 2-acrylamido-2-

methylpropane sodium sulfonate copolymer nanocomposites 

Poly[acrylamide-co-(2-acrylamido-2-methylpropane sodium sulfonate)] superabsor- bents 

and superabsorbent composites (SAPCs) with zinc borate and/or melamine as fire retardants 

were synthesized.  Water absorbencies decreased inversely to added amount of fire retardant. 

Thermal stability of SAPC/zinc borate increases with increasing zinc borate.    Incorporating 

melamine improved thermal stability of the SAPC until 300°C. Flammability analysis 

demonstrated that wood surface coated with SAP or SAPC emulsions extended time to ignition 

of the wood.  Peak heat release rate and total heat release are smallest in specimens coated 

with SAPC/30%melamine. Wood coated with SAPC incorporating 20% zinc borate/10% 

melamine mixture gave the longest time to ignition at 4½ min. 



29 

 

 

Keywords: Superabsorbent, Zinc borate, Melamine, Fire retardant, Cone calorimetry. 

 

<���������������)��,F)�����,��",F�������%��
���)�%
�������������%����,���


��2-��%��������-2-��$���
��
��-���	�-���F��) 

 -4,��������"=���"����-@�	������)4,��E8����=$�)E��=�)�%=��#�����=+����#�(�����#�-�4=-��-

2-�����#����4-2-����#�������E�4	��E�#�@��%) $#��������%+��E8����=$�)E��=�)�%=��#�����=

"����-@+����#�(�����#�-�4=-��-2-�����#����4-2-����#�������E�4	��E�#�@��%) E'��7����)E���=

)��=��% $#�/"�(���#��	� ������484E'��
��#4#���
���4����7�7���#�)��)�����6+�����"����-@���

���	�= ������&	���*�������,��+�� SAPC/E���=)��=��%�����+'
�%�������6+��E���=)���%�	������+'
� 

����%����#��	��+,�-�!������������%+��E8����=$�)E��=�)�%=��#�����=���)����������J	���*��

�����,��-4,&'���6"J8���8���4�	� 300 �����E#�E	�� ����������"/���-"�,-@+��*�
�-�, �)��� *�
�-�,�	�

��#(�)4,������#*��+�� SAP "�(� SAPC �����&�(4��#�%�4-@+��-�,-4, ��%������#��������,�� 6 

��4�	� $#������6�����,���	��#�������	���4 �	����,���	���4!�*�
�-�,�	���#(�)4,�� SAPC/30% ��#��	� 

*�
�-�,�	���#(�)4,�� SAPC/20% E���=)���%/10%��#��	� �����&"�������%�4-@-4,����	���4&'� 4 

���	 30 �����	 

 

��������� E8����=$�)E��=�)�%=, E���=)���%, ��#��	�, ���"����-@, ���$�#�������	 

 

4.6  Swelling Properties and Strength of Poly[Acrylamide-co-(Itaconic Acid)] Gel and Clay-

Modified Poly[Acrylamide-co-(Itaconic Acid)] Gel 

Three types of clay (montmorillonite, bentonite and mica) and chemically modified clays 

were investigated for creating better superabsorbent polymer nanocomposites (SAPCs) with 

stronger gel strength and higher water swelling at under loading conditions. The selected types 

of clay were treated by two methods, one with inorganic acids (HCl, H2SO4) and another with 

organic compound, such as cetyltrimethylammonium bromide (C19H42BrN) and anionic 

surfactant (hexadecanoic acid) were used.  Ionic exchange capacity and its interaction through 

acid-base were consideration. The SAPCs were synthesized through free radical crosslinking 

polymerization of acrylamide and itaconic acid in the presence of clays and modified clays. 
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Reaction conditions were controlled to give the optimized water absorption and high gel 

strength. This project has just started in January 2011. 

 

Keyword: Superabsorbent, Clays, Modified Clays, Gel strength, AUL, Water absorption 
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 5.1 Microencapsulation of menthol via glass membrane emulsification and controlled 

release  

This research studied the preparation of microcapsules of menthol with the Shirasu porous 

glass (SPG) membrane emulsification technique combined with a high-speed disperser. The oil-

in water emulsion from the SPG membrane was prepared by controlling operation pressures, 

the amounts of surfactant and stabilizer, and the amount of menthol loading. The average 

droplet size ( ed ) and coefficient variation (CV) of the emulsion droplets were systemically 

investigated. The emulsions of menthol so prepared were mixed with the chitosan solution 

prepared by the high-speed disperser. Tripolyphosphate (TPP) crosslinker solution was 

gradually dropped in the emulsion mixture. The effects of crosslinking time and pH of 

microcapsules on the properties of the microcapsules were investigated. The mechanism of 

menthol release of microcapsules was studied. The flow behavior of microcapsules formulated in 

a leave–on hair conditioner was also investigated. It was found that the emulsions of menthol 

were successfully prepared via the SPG membrane pore sizes of 5.2 �m. The droplets having 

the ed , of 19.6±2.3 �m and the coefficient variation (CV) of 11.5% were achieved. When the 

menthol loading in the dispersed phase increased from 5 to 10%wt, the size of emulsion 

droplets decreased but the size distribution was broader. The optimal condition of emulsion 

prepared with the high-speed disperser was 14000 rpm at 90 s mixing in 1.5 %w v
-1
 of chitosan 

solution. Chitosan layer of microcapsule shell was crosslinked via ionic bonding between the 

positive charge of chitosan and the negative charge of TPP. The average size of microcapsules 

was 27.6±7.2 �m with the CV of 26.3 %. The pH of emulsion of the microcapsules was in the 

range of 5-7 which is good for uses in hair applications. The mechanism of menthol release was 

a diffusion control which depended on the amount of chitosan-to-tripolyphosphate ratio (by mole) 

and crosslinking time. The microcapsules formulated in a leave–on hair conditioner were found to 

exhibit the pseudoplastic/thixotropic flow behavior. The conditioner was stability and applicable at 

temperatures not higher than 40 ºC. Its coating on human hair rendered soft hair and easy hair 

combing. 
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5.2  Synthesis of Microcapsules Containing Eucalyptus Oil via Shirasu Porous Glass 

Membrane Emulsification 

 The emulsion of eucalyptus oil was encapsulated by sodium alginate via Shirasu Porous 

Glass Membrane which possesses uniform pore size. The eucalyptus oil, liquid paraffin and 

petroleum ether were used to compose the dispersed phase while sodium dodecylsulfate 

surfactant and poly(vinyl alcohol) stabilizer were used as ingredients in the continuous phase to 

realize an oil-in-water emulsion. Calcium carbonate was used a crosslinking agent. The reaction 

parameters of importance namely the concentrations of encapsulating sodium alginate, and the 

crosslinking agent and the crosslinking time on physical and morphological properties, 

microcapsule size and size distribution were investigated. The extent of encapsulation and 

controlled release of eucalyptus oil were experimented. This project has just started in early 

January 2011. 

 

Keywords: Eucalyptus oil, Sodium alginate, Shirasu Porous Glass Membrane, Microcapsules, 

Encapsulation, Controlled release 
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5.3  Synthesis and Characterization of Controlled Release NPK Compound Fertilizer Hydrogel 

 This research studied the synthesis of controlled-release NPK compound fertilizer 

hydrogels. The controlled-release fertilizer hydrogels were prepared by dipping the fertilizer 

granules in poly(vinyl alcohol) (PVA) solution and then in chitosan (CS) solution. The PVA- and 

CS-coated fertilizer granules were crosslinked via vapor deposition of glutaraldehyde (GA) 

solution in a 2.9-L closed chamber. Water dissolution times of the un-coated fertilizer granules 

and the coated fertilizer granules were investigated. The fertilizer hydrogel were synthesized by 

grafting the crosslinked-CS layer of coated fertilizer with acrylamide (AM) and acrylic acid (AA) 

via inverse suspension polymerization. The existences of functional groups of the crosslinked-

CS and the grafted fertilizer hydrogel were confirmed by FTIR spectroscopy. The morphologies 

of the un-coated and coated granules were viewed by optical microscopy. The surface 

morphology of hydrogel layer after swelling was also investigated by scanning electron 

microscopy. The effect of reactants on water absorbency of compound fertilizer hydrogel was 

observed. Release behaviors of the compound fertilizer hydrogel granules were investigated. It 

was found that water dissolution times of the grafted fertilizer increased with increasing the 

frequency of coating. To synthesize the compound fertilizer hydrogel, the optimal ratio of AM-to-

AA was 3:97% mol and the optimal contents of N,N,N’,N’-tetramethylethylenediamine 

(N,N,N’,N’-TEMED), ammonium persulfate (APS) and N,N’-methylenebisacrylamide (N-MBA) 

was 0.13, 0.13 and 0.01% by mol of monomers, respectively. Water absorbency of the 

compound fertilizer hydrogel was 233±5 g/g in distilled water at room temperature within 24 h 

of immersion. The release nutrient order in 30-days of compound fertilizer hydrogel granules 

was 84±18, 63±12 and 36±15%, of N, P and K nutrients, respectively. The release data of 

the N and P nutrients of the fertilizer granules hydrogel obeyed the Korsmeyer-Peppas model 

while the K nutrient release followed the exponential behavior. 

 

Keywords: NPK Compound Fertilizer, Poly(vinyl alcohol), Chitosan, Glutaraldehyde crosslinker, 

Fertilizer hydrogel 
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5.4  Synthesis and characterization of hydrogel for insulin released from hydrolyzed 

collagen grafted poly[(acrylic acid)-co-(methacrylic acid)] 

Hydrolyzed collagen grafted poly[(acrylic acid)-co-(methacrylic acid)] hydrogels were 

synthesized by solution polymerization. Acrylic acid (AA) and methacrylic acid (MAA), 

ammonium persulfate (APS), N, N, N’, N’-tetramethylethylenediamine (TEMED), and N, N’-
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methylenebisacrylamide (N-MBA) were used as a pair of monomer, an initiator, a co-initiator, 

and a crosslinking agent, respectively. The effects of reagents on the performance and water 

absorbency of synthesized hydrogels were investigated. The grafted hydrolyzed collagen 

hydrogel was confirmed by FTIR technique. The effects of pH in buffered and non-buffered 

solutions, sodium chloride solution, and temperature on the swelling behavior of the grafted 

hydrolyzed collagen hydrogel were examined. The released behavior of insulin or methylene 

blue (as a smaller-sized model drug) was also investigated in simulated gastric and intestinal 

fluids. It was found that when the APS contents were too high or low, the synthesized products 

were not in the hydrogel form and the water absorbency cannot be determined. The high water 

absorbency of grafted hydrogel was reached 476±9 gg
-1
, when the ratio of AA-to-MAA was 

92:8 and the contents of TEMED, APS and N-MBA were 0.015, 0.2 and 0.12 % by mol of 

monomers, respectively. The grafted hydrolyzed collagen hydrogel in the acidic and neutral pH 

solution was suitable for drug delivery application at a target site. It showed that the abilities to 

release of insulin and methylene blue were slightly less in the simulated gastric fluid and 

relatively high in the simulated intestinal fluid. The results obtained were in good agreement 

with the pH responses of the synthesized hydrogel. Thus, the hydrolyzed collagen grafted 

poly[(acrylic acid)-co-(methacrylic acid)] hydrogel exhibits itself as the insulin controlled release 

medium. 

 

Keywords: Hydrogel, Hydrolyzed collagen, Grafted collagen, Acrylic acid, Methacrylic acid 

 

�������%�����
�����)�����#%�*���+*��/
�����,.������&����#�������	���-:������

%�������,.���,�-����F)�
���(��%�����
�-��-��-��$�%�����
�-��) 

��������"=-W�4���#�����##����-W�4�-#E=���@%=��#�����=���������#��$�E�4-�������#��$�E�4

�4��_�������������4��#�����=!����#�#�� !*,�����#��$�E�4��
���������= �������#��$�E�4��
�����

����=���� $������	������=E�#�@%��
������������_������� $#� ��6�, ��6�, ��6�’, ��6�’-���������#����#	�

-4$��	���
������������_����������� $#� ��6�, ��6�’-����#	�)�������#�-�4=��
�����*(���+��� �'�>�7#

+�����%�
�%,�%��������484E'��
��+��-W�4���#�	���������"=-4, �(����������4������@%=+��-W�4���

#�����##����-W�4�-#E=4,�������� FTIR �'�>�7#+�����������
���4-�)�!����#�#��-���	

)�@�@��=$#����#�#��)�@�@��= �����+,�+,�+�����#�#����#(��E�4	���#�-�4= $#���6"J8��%��



37 

 

���%�)����+�����484E'��
��+��-W�4���#������@%=��##����-W�4�-#E= �'�>������������+��

���E8#��$#�����#	�)#8�	�!*,��
�$))���#������#����� �4��#	��$))���#�#��!����������"�� $#�

���#�#��J��!�#��-�, �)��� ��(�������6���������_��������	���"�(��,������-� ����	���������"=-4,-��

��8�!��8�+��-W�4���# $#�-�������&"�������484E'��
�� ���@%=-W�4���#�	���������"=-4,�	������484

E'��
�����������) 476±9 ����+���
��"������$",� ��(��!*,��4����+�������#��$�E�4%���������#��$�E�4 

92:8 �4���# �����6$������	������=E�#�@%  ��6�, ��6�, ��6�’, ��6�’-���������#����#	�-4$��	�  

$#� ��6�, ��6�’-����#	�)�������#�-�4= ������)  0.015, 0.2 $#� 0.12 �4���#+����������= 

%��#��4�) -W�4���#������@%=��##����-W�4�-#E=�	���%�)����!�J�����4$#�J�����
��#��

�	��"�������)������-�������%=!������������-������������D�"��� -W�4���#�#������E8#��$#�����

#	�)#8������,��!����#�#���#	��$))���������"���	��	�J����
���4 ��(��-W�4���#��8�!�

���#�#���#	��$))#��-�,�	��	J�����
��#�� �����&�#������E8#��$#�����#	�)#8�����!������6��� 

E'����4�#,����)7#����4#��!�����+�����%�)����%�����������
���4-�)�+��-W�4���#�	�

��������"=-4,   4����
�   -W�4���#�����##����-W�4�-#E=���@%=��#�����=���������#��$�E�4-��

�����#��$�E�4 �����&$�4�7#��
�%���#����)�������#������E8#��-4,4	 

 

���������: 
8%�
�0�, ������0�
8%�

���, �
�4�#�������0�, �	�
���������, ��#��
��������� 

 

 

 

 

 

 

 

 

 

 

 

 

 



38 

 

������%���������	$�' 6 ���<��)��"��	
�������+������� 

 

6.1 Kapok I: Properties investigation of kapok fiber as a potential pulp source for 

papermaking  

The potential use of kapok fiber as a new source for pulping and papermaking has been 

investigated. The experiment was started by cooking kapok fibers with different dosages of 

sodium hydroxide. Then, the pulp was refined twice using a disc refiner with a disc gap of 1/100 

inch. Handsheets were made and their strength properties were evaluated to determine the 

optimal dosage of sodium hydroxide. The optimized pulping condition was then used to prepare 

kapok pulp. Then, this kapok pulp was mixed with commercial hardwood pulp and/or softwood 

pulp at different blend ratios to make papers. Addition of the kapok pulp to the mixed pulps 

improved the tensile and burst strengths of the sheets but decreased the tear resistance. Water 

repellency of the sheets prepared from the kapok pulp mixed with the commercial pulps was 

also improved. These results indicate that kapok fiber can be a quality pulp source for 

papermaking, especially for packaging paper. 

 

Keywords:  Kapok fiber;  Paper properties, Raw  material, Papermaking 
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6.2  Kapok II: Pretreatment of Kapok Fibers for Pulping and Papermaking 

  Kapok fiber is naturally coated with wax and cutin which render it hydrophobic. To obtain 

the fiber suitable for pulping, it must be immersed in water for as long as three to four weeks. 

This research investigated the effects of fiber pretreatments by chemical method or biological 

method for varied immersion times before it could be subjected to soda pulping. These 

pretreatments were compared with those obtained from the controlled fiber where the kapok 

fibers were immersed in tap water for 3 weeks (as controlled kapok). For the chemical 

pretreatment, the doses of sodium hydroxide (5 and 10% based on O.D. fiber weight) were 

used with various immersion times (1, 2 and 3 weeks). For the biological pretreatment, the 

enzyme lipase doses (0.25 and 0.5% based on O.D. fiber weight) was used under the 

immersion times (1, 3 and 5 hours). All the pretreatment results were compared with those 

obtained from the control. After the kapok fibers had passed the soda pulping process and 

further processes, the pulp and their handsheets having 60 g/m
2
 from each pretreatment were 

characterized for the pulping efficiency, physical properties and optical properties. This research 

elucidated the results and causes of each effect and suggested their benefits for the pulp and 

paper making. 

 

Keywords: Kapok fiber, Chemical pretreatment, Biological pretreatment, Soda pulping, Lipase, 

Immersion times, Paper making 
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Kapok III: Use of Kapok Pulp to Improve Properties of Recycled Paper 

Using recycled paper is one way to reduce environment problems. However, higher cycle 

numbers of recycling leads to reduction of paper strength; thus, improvement of recycled paper 

properties is very important. One way to improve strength of recycled paper is to use kapok 

pulp because kapok is the long fiber with good enough pulp and paper properties. In this study, 

paper was made using kapok and recycled pulp to compare with those using softwood-to-

recycled pulp ratios at 100:0, 10:90, 20:80, 30:70 and 0:100. As a result, it was found that 

recycling up to three cycles had a small effect on paper properties. Higher amount of kapok 

pulp in the mixed pulp between kapok pulp and recycled pulp increased porosity, opacity, 

density and tensile index but decreased brightness and whiteness of handsheets. On the other 

hand, higher amount of softwood pulp led to higher tear index only. So, the combination of the 

mixed pulps and amount of pulps used are really dependent on the final paper property 

required.  

 

Keywords: Recycled paper, Kapok fiber, Softwood, Paper properties 

 

���� III: ����!"��"��	������������#������#�)���������+$�'<��)����	V'����	�$&����� 

   ��������!������	
�'�>�7#+�����!*,��(������!�������)������)�%�+�����4�>�	�7#�%�����(����	��

���!"�� $%������-��/%�� ��������)+�������	�����!"���������-���#4����$+/�$��+�����4�>

��	�����!"�� 4����
� ������)������)�%�+�����4�>��	�����!"���	������������� ���	"�'���	������������

$+/�$��$�����4�>��	�����!"���(� ���!����(������ �������(��������
���(��!����E'���	��)�%�+����(��$#�



41 

 

���4�>�	�4	�� ����4#�������%,������������(��������7����)��(����	�����!"�� !���4���� ��(������: ��(��

��	�����!"�� 100:0, 10:90, 20:80, 30:70 ��	 0:100 !�$%�#���)+�������	�����!"�� %�
�$%� 1- 3 ��) 

�������	
 ��������(��!���� (��(�����-�,��(
�����) ��7����(����	�����!"��$����(������ ��(��!*,

���	�)��	�)��������J��������)������)�%�+����(����	�����!"��7����"������(��������)��(����� ���

����4#���)��� ��(�����	�)��	�)��)��(��!����$#,� ���!*,�����6��4������(�������	����+'
�!����7#�%

���4�>�����(����	�����!"�� ���7#!",�������$+/�$��%��$��4'� ����"��$��� �������� ������	�)

$#������')$��+�����4�>��������+'
� !�+6��	���(�����	�)��	�)��)��(������!���4�����	��������$#,� 

���!*,��(��!����!���4�����	������+'
����7#!",�������%,�����$���	��	����8�+'
�����������!*,��(������ 

4����
� ���7��7������!*,��,�!�7��$#������6�	����"���+'
���)��)�%���4�,��+�����4�>�	�

%,����� 

 

���������: �
	��X�"$��#��G��!, ��+�G��.!�, 
�+��<*��!��, ������>���
	��X 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



42 

 

������%���������	 $�' 7 <"�,��
�����
��
�<"�,���"�	��=�
��
��������>) 

 

7.1  Modified chitosan pretreatment of polyester fabric for printing by ink jet ink  

The present research deals with the use of pretreatment solutions of chitosan (CH), N-[(4-

dimethyl aminobenzyl)imino] chitosan (DBIC), N-[(2-hydroxy-3-trimethylammonium) propyl] 

chitosan chloride (HTACC), glycine (Gly), and a mixture of CH and Gly, for padding polyester 

fabrics prior to printing with a set of seven-color pigmented water-based ink jet inks. After 

padding the fabrics with the above cationic pretreatments, they were printed with a piezo-

electric drop-on-demand jet printer. CH, DBIC and HTACC were characterized by IR and NMR 

spectroscopy. The zeta potentials of the pretreatment solutions, the inks and the fabrics were 

measured. The K/S values, color gamut, tone reproduction, outline sharpness, and the surface 

appearance of the fabrics were characterized. Statistical evaluation of the significance of the 

results was performed. Among the pretreatments, the HTACC at 0.1% (w/v) yielded fabrics with 

the highest K/S values, widest color gamut and gamut volume, more color saturation with good 

tonal reproduction, and the sharpest and smoothest outline of printed character, and a smooth 

fabric surface with less stiffness. The proposed ionic interactions between the protonated amino 

groups of CH and the anionic portion of the encapsulated ink pigments, and van der Waals and 

hydrophobic interactions between the polyester and the pigments are likely reasons for these 

enhanced properties of the printed fabrics. 

 

Keywords:  Chitosan; glycine, N-[(4-dimethyl aminobenzyl)imino] chitosan, N-[(2-hydroxy-3-

trimethylammonium)propyl] chitosan chloride, Color properties, Outline sharpness, Stiffness 
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7.2 Anionically surface-modified pigment/binder ink jet inks for silk fabric printing 

The purpose of this research was to prepare anionically surface-modified organic 

pigment/binder ink jet inks for printing on chitosan-pre-treated silk fabrics. Anionically surface-

modified organic pigment/binder ink jet inks were prepared in four colours (cyan, magenta, 

yellow and black). The pigment-to-binder ratio was controlled at 1:6.4 for the cyan, magenta 

and yellow inks, and 1:3.4 for the black ink. Ink formulations (by weight) were assembled and 

mixed as follows: 8% pigment dispersion, 10% diethylene glycol, 12% glycerol, 5% urea, 10% 

polyacrylate emulsion binder and 55% deionised water. The inks were mixed and filtered with a 

special type of membrane to remove the oversized particles. They were characterised in terms 

of their particle size, zeta potential, particle morphology, viscosity, surface tension and pH. The 

inks were printed onto silk or the chitosan pre-treated silk fabrics using a piezo-type ink jet 

printer. The fabrics were then heat cured and analysed for the effect of chitosan pre-treatment 

on colour gamut, wash fastness and crock fastness. The formulated ink jet inks yielded an 

acceptably good ink jetting reliability, one–year stability and printability. The chitosan pre-treated 

silk fabrics gave a wider colour gamut and colour saturation than the non-treated one. Crock 

fastness and wash fastness of the chitosan pre-treated fabrics where relatively better than 

those of non-treated fabrics. The surface modified pigments are transparent and thus their inks 

printed on the chitosan pre-treated fabrics produced slightly low K/S values of CMYK colours 

because the limited chitosan concentration in the pre-treatment is controlled by its solubility in 



44 

 

acidic solution. The higher loading of chitosan pre-treatment gave higher K/S values and a 

stiffer touch of the fabrics which is uncomfortable for users. Water-based pigmented inks having 

the sulphonate group on the pigment surface can be printed on the fabric surface pre-treated 

with chitosan molecules which have the protonated amino groups to give good color 

appearance. It is anticipated that this type of ink can be applied to any textile surface which has 

been pre-treated with the protonated chitosan. Ionic interactions between the sulphonate group 

of the pigment and protonated amino groups of chitosan in conjunction with polyacrylate binder 

enhance colour strength, widen colour gamut and chroma, and produce good adhesion for 

fabric operational properties such as wash fastness and crock fastness.  

 

Keywords: Anionic functional group, Surface-modified pigments, Ink jet, Fabric pre-treatment, 

Chitosan, Silk fabric, Polyacrylate emulsion binder 
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7.3  Simulation of Printed Images on Silk Fabric by Ink Jet Printer 

Silk fabric is a fabric in which its gloss is perceived differently in comparison with other 

fabrics due to its specific reflectance. This research measured a Bidirectional Reflectance 

Distribution Function (BRDF) of three types of silk fabric having different weaving styles in 

conjunction with reflectance characteristics. We measured BRDF of the silk fabrics and its 

reflection model was then proposed. The proposed reflection model incorporates a specular 

reflection lobe and diffuse reflection lobe. The proposed model and the measured BRDF of the 

three silk fabrics were fitted by the least-square error method. The measured BRDF of the silk 

fabric were also fitted with Phong reflection model, Oren-Nayar reflection model and Torrance-

Sparrow reflection. It was found that the proposed model fitted better with the measured BRDF 

than did the general models of Phong-reflection, Oren-Nayar reflection, and Torrance-reflection. 

The proposed model can thus be used to approximate, analyze and elucidate the 

characteristics of light reflection of the three silk fabrics. 

 

Key words: BRDF, silk fabrics, reflection model. 
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7.4 Effects of Chitosan and Glycine Pretreatment on Polyester Fabric Printed by Ink Jet Ink 
The effects of pretreatment solutions of chitosan (CS) and glycine (Gly) on polyester fabric 

and their printing results were investigated. The polyester fabrics were padded with CS (4% 

w/v) or Gly (5% w/v) solution prior to printing with a set of seven-color pigmented water-based 

jet inks from a piezo-electric jet printer. Hydrophobicity/hydrophilicity of the untreated and 

treated polyester fabrics was measured by wicking test. K/S values and color difference of the 

polyester printed fabrics were investigated. The printed fabric with Gly pretreatment had the 

higher K/S values and color difference than those with CS pretreatment due to its interaction 

with color inks. Gly increased hydrophilicity of the treated polyester fabric, while CS markedly 

decreased the hydrophilicity. Interaction between the pretreatment agent and the active groups 

on pigment color development was elucidated. 

 

Keywords: Chitosan, Glycine, Polyester fabric, Ink jet printing 
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  7.5 Effects of Ink Formulation Containing Surface-Modified Pigmented Jet Inks on 

Jettability 

Six surface-modified pigmented inkjet inks comprising black, cyan, magenta, yellow, light 

cyan, and light magenta colors were prepared with a pigment-to-binder ratio of 1:2. Styrene-

acrylic acid emulsion was used as a binder. Fluid system composed of diethylene glycol and 

glycerol was examined by varying their ratios to adjust the ink viscosity. Overall particle size of 

pigment and polymer emulsion was controlled within the range of 100 to 300 nm. Surface 

tensions were varied by surfactant concentration. The range of viscosity and surface tension 

affecting the jettability were investigated. Good jettability range was found in a viscosity-surface 

tension operation window in each series of ink formulation 5 which could produce the complete 

test patterns.  

 

Key words: Ink formulation, Surface modified pigment, Viscosity, Surface tension, Ink jet ink, 

Jetting 
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