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Utilization of Synthetic Polymers in Environmental Treatment
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Synthesis and Characterization of Cassava Starch Graft Poly(acrylic acid) and
Poly[(acrylic acid)-co-Acrylamide] and Polymer Flocculants for Wastewater
Treatment

Starch-g-poly(acrylic acid) and poly[(acrylic acid)-co-acrylamide] synthesized
via chemically crosslinking polymerization were then each mixed with inorganic
coagulants of aluminium sulfate hydrate [Al,(SO4);18H,0], calcium hydroxide
[Ca(OH);], and ferric sulfate [Fey(SO4);3] in a proper ratio to form complex polymeric
flocculants (CPFs). All CPFs exhibited low water absorbency than those of the
uncomplexed superabsorbent copolymers. The color reduction by the CPFs was tested
with both synthetic wastewater and selected wastewater samples from textile industries.
The synthetic wastewater was prepared from a direct dye in a concentration of 50 mg
dm™ at pH 7. The CPFs of poly [(acrylic acid)-co-acrylamide] with calcium hydroxide
at a ratio of 1:2 is the most effective CPF for the wastewater color reduction. The CPF
concentration of 500 mg dm™ could reduce the color of the synthetic wastewater
containing the direct dye solution by 95.4% and that of the industrial wastewater by
76%. Starch-g-poly(acrylic acid)/Ca(OH), CPF can reduce the synthetic direct dye and
the industrial wastewater by 74% and 18%, respectively. Chemical oxygen demand,
residual metal ion concentrations, pHs, and turbidity of the wastewater were also
investigated and the potential use of the complex polymer flocculants for textile

wastewater treatment was indicated.

Key words: swelling; radical polymerization; polysaccharides; metal-polymer

complexes; hydrogels



Synthesis and Properties of Solvent Absorptive Methyl Methacrylate-
Divinylbenzene Copolymer Beads

Methyl methacrylate-divinylbenzene copolymer beads were synthesized by
radical suspension polymerization. The effects of the divinylbenzene concentration and
the composition of the toluene/heptane diluent were studied with regard to the polymer
bead formation, surface morphology, solvent swelling ratio, and absorption kinetics.
The crosslinking density and diluent composition were responsible for solvent swelling.
The interaction between the polymer and the diluents is attributed to phase separation,
which controls the formation of a network-type or pore-type polymer, or a combination.
For the optimum bead swelling in toluene, a combined morphology of more flexible
polymer networks and a small amount of pores is essential for the desired absorption—
desorption behavior. Dynamic swelling behavior of the polymer beads was elucidated.

The mechanism of toluene transport into the beads became more a relaxation control.

Key words: solvent, absorption-desorption; diluent; bead swelling; transport

Removal of Congo red and Direct Blue 71 by Acrylamide/Acrylic acid-Based
Aluminium Flocculants

Polymeric flocculants of aluminium hydroxide-poly[acrylamide-co-(acrylic
acid)], AHAMAA, were synthesized by solution polymerization. The direct dye
removal efficiency with a variety of poly[AM-co-AA] and AHAMAA was investigated.
It was found that the efficiency of Congo red removal by AHAMAA is better than that
of poly[AM-co-AA] synthesized by 4x107, 2.3x10*, 1.6x10™ and 12x10™ mol of the
acrylic acid, crosslinking agent, initiator, and co-initiator, respectively. The dye
adsorption of AHAMAA is caused by the interaction between the aluminium cation in
AHAMAA and the sulphonate anion of Congo red or direct blue 71. In a buffered dye
solution system, the adsorption of both dyes decreased in all pH solutions. The
AHAMAA can remove Congo red which obeys the Freundlich adsorption isotherm,
whereas poly[AM-co-AA] can adsorb Congo red by the diffusion of dye molecules into
its hydrogel pores. All the synthesized AHAMAASs can remove direct blue 71 and obey
the Freundlich isotherm whereas poly[AM-co-AA] cannot.

Keywords: congo red; direct blue 71; aluminium flocculant; anionic

polyacrylamide hydrogel; Freundlich isotherm



Synthesis and Characterization of Acrylamide-based Aluminium Flocculants for
Wastewater Treatment

Polymeric flocculants of aluminium hydroxide-poly[acrylamide-co-(acrylic
acid)] AHAMAA were synthesized by solution polymerization, initiated by ammonium
persulfate—V,N,N’,N -tetramethylethylenediamine initiator couple using aluminium
hydroxide as a coagulant in the presence of acrylamide and acrylic acid as a
comonomer pair with N,N’-methylenebisacrylamide as a crosslinking agent. The water
absorbency, the rheological properties and the residual aluminium ion concentration in
AHAMAA were investigated. The residual acrylamide monomer concentration in the
polymer was determined. The water absorbency of poly[ AM-co-AA] was always higher
than that of AHAMAA. The water absorbency was found to be related to the storage
modulus of the polymers. The storage modulus of AHAMAA was higher than that of
poly[AM-co-AA] in good agreement with its lower absorbency. The residual
aluminium concentration of AHAMAA was in the range of 0.09-0.2 ppm while the
residual acrylamide monomer was found in a range of 42.7— 67.8 ppm (0.07 —0.10%).
Poly[Am-co-AA] and AHAMAA were tested for turbidity reduction of kaolin

suspension which gave satisfactory results.

Key Words: acrylamide; acrylic acid; aluminium flocculants; turbidity reduction.
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Influence of Additives on Acrylamide Superabsorbent Polymer Performance
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Graft copolymerization, characterization, and degradation of cassava starch-g-
acrylamide/itaconic acid superabsorbents

Biodegradable superabsorbent polymers were synthesized by graft
copolymerization of acrylamide (AM)/itaconic acid (IA) onto cassava starch via a redox
initiator system of ammonium persulfate (APS) and NN,N’,N’-tetrame-
thylethylenediamine (TEMED), in the presence of N,N'—-methylenebisacrylamide

(N-MBA) crosslinking agent, sodium bicarbonate foaming agent, a triblock copolymer



of polyoxyethylene/polyoxypropylene/polyoxyethylene as a foam stabilizer. The
acrylamide-to-itaconic acid ratio, the starch-to-monomer, and concentrations of the
crosslinking agent and initiator, on the water absorption of the superabsorbent polymers
were investigated. The swelling of starch-g-PAM was 39 g g while the starch-g-
P(AM-co-IA) with the IA content of 0.02—0.15% mole gave the water swelling value in
the range of 70-390 g g'. By-products of the reaction were removed by water
extraction. The starch grafted composites were characterized by FTIR and SEM.
Thermal gravimetric analysis was also used for determining the percentage of grafting
ratio. Biodegradation of the starch grafted copolymer was carried out using a-amylase.
After the a-amylase hydrolysis, the amount of reducing sugar was quantified by DNS
method. The hydrolyzed solution gave a negative test with iodine solution and a

positive test by Benedict’s solution, an indication of the existence of glucose units.

Keywords: cassava starch; acrylamide; biodegradable; superabsorbent

polymer, enzymatic degradation

Synthesis and Swelling Properties of Poly[acrylamide-co-(crotonic acid)]
Superabsorbents

Superabsorbent polymers of acrylamide (AAm)/crotonic acid (CA) were
synthesized by foamed polymerization in an aqueous solution of AAm with CA as a
comonomer, initiated by an initiator couple of ammonium persulfate and NN,
N’,N —tetramethylethylenediamine. A crosslinking agent N, N ’—methylenebis-
acrylamide, a foaming agent sodium bicarbonate, and a foam stabilizer, a triblock
copolymer of polyoxyethylene/polyoxypropylene/polyoxyethylene, were used in the
polymerization. The influences of the relative contents of CA, crosslinking agent, and
initiator, on the swelling properties of the superabsorbent polymer systems were
examined. The superabsorbent polymer synthesized with an AAm/CA ratio of 98:2 by
mole, 0.5 wt. % of N, N’-methylenebisacrylamide and 1 wt. % of ammonium persulfate
at 250 rpm and 50 °C for 30 min of polymerization time produced the highest water
absorption of 211 + 9 times its dried weight and could absorb water up to 162 + 4 g g-'
of the dry copolymer within 10 min. The electrochemical reaction for acrylamide—
crotonic acid polymerization was investigated by cyclic voltammetry. The anodic

current indicated that acrylamide acting as an electron donor whereas crotonic acid
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performed as an electron acceptor, then providing the cathodic current. The diffusion of
water into the superabsorbent polymer was non-Fickian (case II and anomalous).
Acrylamide—crotonic  acid  superabsorbents  containing  various  crosslinker
concentrations had a water swelling in the range of 79-289 g g"'. The diffusion
coefficients varied between 6.9 x10” and 5.1 x 10® cm” s'. Adsorption of the basic dye
by the superabsorbent was a monolayer evaluated by the Langmuir isotherm. The

superabsorbents can thus be used to adsorb cationic dyes in textile industry.

Keywords. copolymerization; crosslinking, cyclic voltammetry, superabsorbent

polymer, poly[acrylamide-co-(crotonic acid)]

Syntheses of 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 TA comonomer and mica used as an inorganic additive. The reaction was initiated
by a redox initiator couple of ammonium persulfate and N, N, N, N'— tetra-
methylethylenediamine in the presence of N, N'-methylenebisacrylamide crosslinker.
The influences of IA concentration, mica content, and crosslinker concentration on the
water absorption and physical properties of the superabsorbent polymer and its
nanocomposite were examined. Water absorbency of the synthesized copolymers in
artificial urine was also investigated. Gel strength of the superabsorbent copolymers
and their nanocomposites was tested with a load of 0.28 or 0.70 psi in deionized water.
The transmission electron micrographs showed that the polymer chains were
intercalated into the silicate layers in the mica and created more network junctions in
the matrix polymer as further confirmed by X-ray diffraction. The water absorbency
and the artificial urine absorbency of the composite at the AM- to-1A ratio of 95:5 and 5
wt% mica were 748+5 g g and 76+2 g g, respectively, while the neat copolymer
could give only 640+7 and 7242 g g”' g g in water and in artificial urine, respectively.
It was suggested by the absorbency under load and viscoelastic behavior that the
swollen gel of such nanocomposites exhibited the mechanical rigidity. The 5 wt% mica

addition could effectively reinforce the gel strength and enhanced thermal stability of
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the synthesized superabsorbent nanocomposites without sacrificing water absorption

capacity.

Keywords: superabsorbent polymer, superabsorbent polymer

Syntheses of Acrylamide-co-itaconic acid/Silica Superabsorbent Polymer
Composites

A series of superabsorbent polymers was synthesized by solution
polymerization using a short polymerizing time for acrylamide (AM) and itaconic acid
(IA) monomer via a redox initiator system of 1.0 %wt ammonium persulfate and 0.20
cm’ of N,N,N’,N -tetramethylethylenediamine, the crosslinking agent of 0.5%wt N,N -
methylenebisacrylamide, were carried out with a stirring speed of 250 rpm at the
temperature 45°C for 30 min. Silica was used as an inorganic filler in the
polymerization process to increase strength of the copolymer. The synthesized
copolymers were dewatered and precipitated by an excess amount of methanol and
dried at 50°C in a vacuum oven for 24 h. The acrylamide-to-itaconic acid ratio, silica
types, and silica concentration on the water absorption and absorption kinetics behavior
of the polymers were investigated. In addition, the water absorbency of the synthesized
copolymer and their polymer composites at various loads (0.28 and 0.70 psi) was
investigated. The highest water absorbency of the synthesized copolymer was 233+8
times its dry weight at the AM-to-IA ratio of 97:3, and absorbed water up to 149+2
times its dry weight within 15 min. The highest absorbency under load of the
copolymer was 13.2 and 12.1 times its dry weight with 2.0%wt silica at the loads of
0.28 and 0.70 psi, respectively. The surface morphologies of the copolymer revealed by
SEM technique indicated the porous structure in the synthesized copolymer. The
copolymer thermograms and the sintering test revealed that silica incorporating
superabsorbent composites had a higher glass transition temperature. Mechanical
mixing of the superabsorbent copolymer with the silica powder, a cheaper way to
prepare a superabsorbent polymer composite was investigated to observe their water

absorption.

Keywords: superbabsorbent polymer composite, silica, acrylamide, itaconic acid
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A Novel Method for Producing NR-Silica Composites from Sol-Gel Process of Silane
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Effects of Redox Initiator on Graft Copolymerization of Methyl Methacrylate onto
Natural Rubber

Effects of cumene hydroperoxide (CHPO)/ tetraethylenepentamine (TEPA),
tert-butyl hydroperoxide (TBHPO)/TEPA, and potassium persulfate (K,S,0g/ sodium
thiosulfate (Na;S,03) redox initiator on methyl methacrylate (MMA) grafted natural
rubber by emulsion polymerization were investigated. The optimum reaction condition
for each redox initiator on the grafting of natural rubber was studied. The grafted
poly(methyl methacrylate) (PMMA) stays on the surface of rubber particles. CHPO
dissolves very well in the oil phase and TBHPO dissolves moderately in the oil phase,
and K,S,05/Na,S,0; initiation is water-soluble. Each can interact with TEPA in the
aqueous phase. CHPO was found to give a higher grafting efficiency. To promote a
greater grafting efficiency and yield a lower homopolymer content of PMMA, vinyl
neo-decanoate (VneoD) was added. Percentages of grafting of MMA on natural rubber
latex initiated by CHPO/TEPA, TBHPO/TEPA, and K,S,0s/ K,S,0; of 84.4, 74.5, and
61.1, respectively, were in good agreement with percentages of PMMA in the aqueous
phase as 7.2, 12.0, and 17.9 by CHPO, TBHPO, and K,S,0s. VneoD produces allylic
radicals on polyisoprene chains, favoring the grafting reaction with other vinyl
monomers. CHPO/TEPA is thus a better redox system for grafting of MMA monomer

on natural rubber latex.

Key words: rubber; graft copolymers, emulsion polymerization

Silica-reinforced natural rubber prepared by the sol-gel process of ethoxysilanes
in rubber latex
Silica-reinforced natural rubber (NR) composite was prepared by using tetra-

ethoxysilane (TEOS) as a precursor to generate silica particles inside the rubber. The
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silica was generated in situ by the sol-gel process of TEOS that was mixed directly into
commercial-graded NR latex having 60% dry rubber content and 0.7% ammonia. The
conversions of TEOS to silica inside the rubber were ranging from 90-97%. The silica
particles dispersed evenly without extensive aggregation with sizes of about 500 nm
and lower, as determined by scanning electron microscopy (SEM). An experimental
design methodology, namely ‘two-level factorial design’, was used to evaluate the
influence of the amounts of TEOS, ammonia, and gelation time on the tensile modulus,
tensile strength and tear strength of the vulcanizates. The mechanical properties were
significantly affected by the amount of TEOS added into the latex. Ammonia in the
amount of 0.7% (w/w) present in the commercial latex was found to be sufficient for
the conversion reaction of TEOS to silica. Bis-(3-triethoxysilylpropyl) tetrasulfide or
TESPT, a coupling agent regularly used in rubber industry, was also added with TEOS
to prepare the silica-filled composite. The presence of TESPT resulted in an increase of

the mechanical properties and the rate of sulfur cure.

Keywords: rubber, silicas, composites

Sol-gel process of alkyltriethoxysilane in latex for alkylated silica formation in
natural rubber

Sol-gel process of alkyltriethoxysilanes that was dispersed in natural rubber
latex was utilized in order to generate alkylated silica particles inside the rubber matrix.
Three types of alkyltriethoxysilanes were chosen, i.e. vinyltriethoxysilane (VTOS),
ethyltriethoxysilane (ETOS), and i-butyltriethoxysilane (BTOS), since they differed in
the type of one substituent group. Together with tetraethoxysilane (TEOS), a typical
precursor for silica formation, all silanes were studied for their conversion to silica and
subsequent reinforcement capabilities in sulfur-vulcanized rubber. The in situ generated
silicas were fine and well dispersed in the rubber matrix, as analyzed by SEM and TEM.
Solid-state 2’Si-NMR technique was used to confirm the presence of alkyl substituents
on the silica particles buried inside the rubber matrix. Tensile and tear properties of the
in situ silica-filled NR vulcanizates were higher than those of vulcanizate prepared by
conventional-mixed method. Furthermore, the use of VTOS in combination with TEOS
(5, 10 and 20 mol% VTOS) resulted in an increase of mechanical properties over those

of the vulcanizate mixed with only TEOS. It is possible that the vinyl group from
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VTOS participates in the sulfur vulcanization process. Cure characteristic and swelling

behavior in toluene of the composites were also investigated.

Keywords: nanocomposite, reinforcement, rubber, silica

Effects of methyl methacrylate grafting and in situ silica particle formation
on the morphology and mechanical properties of natural rubber composite
films

The effects of methyl methacrylate (MMA) grafting and in-situ formation of
silica particles on the morphology and mechanical properties of natural rubber latex
(NRL) were investigated. MMA grafting on NRL was carried out using cumyl hydroxy
peroxide/tetracthylene pentamine (CHPO/TEPA) as a redox initiator couple. The
grafting efficiency of the grafted NR was determined by solvent extractions and the
grafted NRL was then mixed with tetracthoxysilane (TEOS), a precursor of silica,
coated by adherence to a glass surface to form a film and cured at 80 °C. The resultant
products were characterized by FT-IR and transmission electron microscopy. The
influence of varying the MMA monomer weight ratio on the surface morphology of the
composites was investigated by scanning electron and atomic force microscopy. The
PMMA grafted NRL particles were obtained as a core/shell structure from which the
NR particles were the core seed and PMMA was a shell layer. The silane was converted
into silica particles by a sol-gel process which was induced during film drying at 80 °C.
The silica particles were fairly evenly distributed in the ungrafted NR matrix but were
agglomerated in the grafted NR matrix. The root-mean-square roughness increased with
an increasing weight ratio of MMA in the rubber. The in sifu silica particles in the
grafted NR matrix slightly increased both the modulus and tear strength of the

composite film.

Keywords: natural rubber latex; methyl methacrylate; in situ silica; sol-gel process
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Dynamic vulcanization of natural rubber/high-density polyethylene blends: Effect
of compatibilization, blend ratio and curing system

Thermoplastic vulcanizates (TPVs) based on NR/HDPE blends with various
types of blend compatibilizers were prepared. It was found that TPVs with phenolic
resin (i.e., SP-1045 and HRJ-10518) compatibilizers showed higher tensile strength,
elongation at break and tendency to recover from prolonged extension than those of the
TPV without a compatibilizer. This may be attributed to Chroman ring structures from
the reaction of NR and phenolic molecules. The TPVs with modified phenolic resins
(PhSP-PE and PhHRJ-PE) showed higher tensile strength and elongation at break than
those of the TPVs with un-modified phenolic rein and without a compatibilizer. A
reaction took place through trace quantities of un-saturation in the HDPE molecules and
methylol groups in the phenolic molecules. Also, the remaining methylol groups in the
phenolic molecules were capable of reacting with NR molecules and produced a linkage
between NR and HDPE molecules. Therefore, it was found that the TPV with PhHRIJ-
PE gave the highest tensile strength and elongation at break. Increasing the content of
the NR gave an increased trend of elongation at break but decreasing trends in
permanent set (expressed as tension set), tensile strength and hardness. Various
vulcanization systems were also used to prepare the TPV, with a mixed curing system
showing the highest shear stress and tensile strength, whilst the sulphur curing system

gave the lowest values, and the peroxide curing system exhibited intermediate values.

Keywords: Natural rubber (NR); thermoplastic vulcanizate (TPV), high-density
polyethylene; compatibilizers
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Thermoplastic elastomer based on high-density polyethylene/natural rubber
blends: rheological, thermal, and morphological properties

Thermoplastic elastomer (TPE) comprising air-dried sheet or natural rubber
(ADS or NR) and high-density polyethylene (HDPE) was prepared by a simple
blending technique. NR and HDPE were mixed with each type of phenolic
compatibilizers (HRJ-10518 or SP-1045) or liquid natural rubber (LNR) at 180°C in an
internal mixer. The mixing torque, shear stress, and shear viscosity of the blends
increased with increasing amounts of NR. Positive deviation blend (PDB) for the blends
containing active hydroxyl methyl phenolic resin in HRJ-10518 or dimethyl phenolic
resin in SP-1045 was obtained. PDB was not observed for the blends without the
compatibilizers or with LNR. The blends with HRJ-10518 or SP-1045 were compatible
or partially compatible while the LNR blends were incompatible. In the phenolic
compatibilized blends, NR dispersed in the HDPE matrix was found in the NR/HDPE
blends of 20/80, 40/60, and 50/50 ratios. HDPE dispersed in NR matrix was obtained in
the NR/HDPE blend of 80/20 ratio, and the co-continuous phase was accomplished in
the NR/HDPE blend of 60/40 ratio. The NR/HDPE blend at 60/40 ratio compatibilized
with HRJ-10518 and fabricated by a simple plastic injection molding machine exhibited
higher ultimate tensile strength and elongation at break (EB). Incorporation of
paraffinic oil caused a decreasing tendency in tensile strength with increases in EB. The

TPNRs exhibited high elastomeric nature with low-tension set.

Key Words: thermoplastic elastomer; rheological properties;, thermal

properties; air-dried sheet; natural rubber, high-density polyethylene

Thermoplastic elastomer based on epoxidized natural rubber and high-density
polyethylene blends: Effect of blend compatibilizers on mechanical and
morphological properties.

Epoxidized natural rubber (ENR) with a level of epoxide groups 20 mole %
epoxide was prepared via performic epoxidation method. It was then used to blend with
HDPE at various blend ratios. Three types of blend compatibilizers were prepared.
These include graft copolymer of HDPE and maleic anhydride (i.e., HDPE-g-MA) and
two types of phenolic modified HDPE (i.e., PhSP-PE and PhHRJ-PE). It was found that
the blend with compatibilizers exhibited superior tensile strength, hardness and set

properties than that of the blend without compatibilizers. The ENR and HDPE
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interaction via the link of compatibilizer molecules was the polar functional groups of
compatibilizer with oxirane groups in the ENR molecules. Also another end of
compatibilizer molecules (i.e., HDPE segments) is compatibilizing with the HDPE
molecules in the blend components. The blend with compatibilizers also showed
smaller phase morphology than that of the blend without compatibilizer. Among three
types of the blend compatibilizer, the HDPE-g-MA provided the blend with the highest

strength and hardness properties but the lowest set properties.

Key words: epoxidized natural rubber (NR), thermoplastic elastomer; high-

density polyethylene; compatibilizers, phenolic resin, maleic anhydride

Influences of blend proportions and curing systems on dynamic, mechanical, and
morphological properties of dynamically cured ENR/HDPE Blends

Thermoplastic elastomers based on dynamically cured ENR/HDPE blends were
prepared. Influence of the process oil, blend proportion and curing systems were
investigated. It was found that the oil-extended TPVs exhibited better elastomeric
properties and the ease of injection process. Increasing proportion of ENR caused
increasing elastic response in dynamic properties and elastomeric properties in terms of
elongation at break, tension set properties and tand. It was also found that the TPV with
phenolic curing system exhibited the superior mechanical properties and smallest
vulcanized rubber domains. However, the TPV with conventional peroxide co-agent

cured system showed superior strength properties but poor elastomeric properties.

Key words: epoxidized natural rubber (NR), thermoplastic vulcanizate (TPV);
high-density polyethylene; peroxide; phenolic resin; sulfur

Influences of blend compatibilizers on dynamic, mechanical, and morphological
properties of dynamically cured maleated natural rubber and high-density
polyethylene blends

Influences of the types and loading amounts of blend compatibilizers on
properties of maleated natural rubber/high-density polyethylene thermoplastic
vulcanizates (MNR/HDPE TPVs) were investigated. It was found that the TPV with
three types of compatibilizer exhibited superior mechanical and dynamic properties
than that of the TPV without the compatibilizers. Furthermore, the phenolic modified
polyethylene compatibilizers (i.e., PhSP-PE and PhHRIJ-PE) showed a better
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compatibilizing effect than that of HDPE-g-MA. Comparing among the three types of
compatibilizer, the TPVs with PhHRJ-PE exhibited the best mechanical and dynamic
properties, and the smallest dispersed vulcanized rubber domains in the HDPE matrix.
Five loading amounts of the PhHRJ-PE were then studied. The PhHRJ-PE at a loading
amount of 5 wt % of HDPE exhibited the best overall properties. The TPVs with lower
and higher loading amounts of PhHRIJ-PE other than 5 wt % exhibited inferior

mechanical, dynamic and morphological properties.

Key words: Maleated natural rubber (MNR); thermoplastic vulcanizate (TPV);
high-density polyethylene; phenolic modified polyethylene; graft copolymer, maleic
anhydride
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Biofouling of Surface-Charged Chitosan and Assembled Thin Film of Chitosan and

Its Charged Derivative
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Surface-charged chitosan: Preparation and protein adsorption

Positive and negative charges were introduced to chitosan surfaces via
methylation using methyl iodide (Mel) and reductive alkylation using 5-formyl-2-furan
sulfonic acid (FFSA). Attenuated total reflectance-Fourier transform infrared (ATR-
FTIR) spectroscopy, X-ray photoelectron spectroscopy (XPS) and zeta potential
measurement confirmed the presence of the desired functional groups on the surface-
modified chitosan films. The chitosan films having negative charges of N-sulfofurfuryl
groups on their surface (SFC films) exhibited selective protein adsorption against both
negatively charged proteins (albumin and fibrinogen) and positively charged proteins
(ribonuclease, lysozyme). Its adsorption can be explained in terms of electrostatic

attraction and repulsion. In contrast, the adsorption behavior
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of chitosan films having positive charges of quaternary ammonium groups on their
surface (QAC films) was anomalous. The quantity of the adsorbed protein tended to
increase as a function of the swelling ratio of the QAC film regardless of the charge

characteristics of the protein.

Key words: chitosan; surface charge; quaternary ammonium group, sulfonated

group, protein adsorption

Alternating bioactivity of multilayer thin films assembled from charged
derivatives of chitosan

Charged derivatives of chitosan, N-sulfofurfuryl chitosan (SFC) and N-[(2-
hydroxyl-3-trimethylammonium)propyl]chitosan chloride (HTACC) were prepared by
reductive alkylation of amino groups of chitosan (CHI) using 5-formyl-2-furansulfonic
acid, sodium salt (FFSA) as a reagent and ring opening of glycidyltrimethylammonium
chloride (GTMAC) by amino groups of chitosan, respectively. The chemical structures
of the charged derivatives were verified by '"H NMR and FTIR analyses. Multilayer
assembly of SFC, HTACC, CHI and the selected oppositely charged polyelectrolytes
was monitored by a quartz crystal microbalance (QCM). Stratification of the multilayer
film fabricated on plasma-treated poly(ethylene terephthalate) (treated PET) substrate
was demonstrated by water contact angle data. The coverage of the assembled films
was characterized by AFM and ATR-FTIR analyses. The bioactivity of the deposited
multilayer film on the treated PET substrate was tested against selected proteins having
a distinctive size and charge. This research strongly suggests that both SFC and

HTACC are potential candidates for altering the surface bioactivity of materials.

Keywords: chitosan; charged derivative, layer-by-layer adsorption; multilayer

film; polyelectrolyte; protein adsorption

Enhancing Antibacterial Activity of Chitosan Surface by Heterogeneous

Quaternization

This research aims to increase the antibacterial activity of chitosan surface by
introducing quaternary ammonium groups via a heterogeneous two-step process:
reductive alkylation using selected aldehydes followed by methylation with methyl

iodide. The quaternization of amino groups should simultaneously generate positive
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charge and hydrophobicity, the two parameters that are believed to affect the
antibacterial activity, to chitosan surface. Attenuated total reflectance-Fourier transform
infrared spectroscopy, x-ray photoelectron spectroscopy, water contact angle and zeta
potential measurements confirmed the success of surface quaternization. As determined
by a measurement of optical density (ODgg), scanning electron microscopy (SEM), and
viable cell counting, the antibacterial activity of the surface-modified chitosan against
Staphylococcus aureus (gram positive bacteria) and Escherichia coli (gram negative
bacteria) were superior to that of the virgin chitosan. The additional positive charge and
hydrophobicity introduced to the chitosan after surface quaternization apparently make
the quaternary ammonium-containing chitosan surface a more favorable substrate for
interacting with the negatively-charged membrane of the bacteria even in a neutral pH
range.

Keywords: chitosan, antibacterial activity, quaternary ammonium group,

hydrophobicity, surface modification
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Characterization of Silk Fabric Print Quality by Ink Jet Ink
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Comparison of textile print quality between ink jet and screen printings

This research was concerned with an investigation of cotton print qualities that
were achieved by ink jet printing and screen printing. The acrylic binder, S-711, with a
pigment-to-binder (P/B) ratio of 1:2 (by weight) was used to produce one set of ink jet
inks. BR-700 was used in the creation of another set of screen inks. Fume silica was
added to the screen ink to increase the viscosity so that the ink would meet the rheology
requirements. The viscosity and flow behaviour of both inks were acceptable. Both the
ink viscosity and the particle-size distribution were slightly increased during storage at
an ambient temperature for two months. The ink jet ink printed fabrics were pretreated
with a solution of poly(ethylene oxide) having 2 to 3 million Dalton molecular weight.
The printed fabrics from both inks were analysed for colour saturation, colour gamut
and their volume, density, tone reproduction, stiffness, air permeability, and crock

fastness. The type, concentration and P/B ratio were exactly the same in both inks in the
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pigment dispersions. Even though the loaded ink volume on fabrics, by ink jet, was
tuned to be approximately the same in optical density as that given by the screen ink, by
a multipass mode printing, both printed fabrics gave different colour saturations, colour
gamuts and tone reproductions. The colour gamut volume, stiffness, air permeability
and crock fastness of the ink jet inks are superior to those of screen inks. The print
quality of the ink jet printing on cotton fabric was, thus, better. However, the ink jet ink
printed cotton fabric needed to be printed three times to produce the same colour and

tone reproduction as that produced by screen printing.

Key words: pigmented ink jet ink, screen ink, print quality, cotton fabric,

polyacrylate binder

Properties of Industrial Thai Silks Reeled by Hand and by Machine

Three mulberry silk filaments from the local producers and one imported silk
filament were analyzed for various properties. The properties of the silk filaments
reeled by hand and by machine were compared. The properties assessed were whiteness
and yellowness, fineness or denier, degumming weight loss, moisture content, relative
density, birefringence, crystallinity, chemical composition, softening point, burning
behavior, tenacity, resistance to sunlight, dye fixation, and resistance to acid, alkaline
and bleaching conditions, according to the standard test methods. It was found that the
hand reeled silks showed the lower values in whiteness, birefringence, crystallinity and
softening point than those of the machine reeled silks. On the other hand, the hand
reeled silks showed a higher denier and dye fixation. The local silks were found to have
the higher values in denier, degumming weight loss, relative density, crystallinity, dye

fixation, and resistance to alkali and bleaching agent than the imported Chinese silk.

Key words: Thai silk, hand reeling, machine reeling, properties

Modulation Transfer Function Measurement for Ink Jet Printed Silk Fabrics

The modulation transfer function (MTF) is a standard method used for
estimating the image quality of a component for detail recording in an image forming
system and for printing quality of the final products. This study focused on the
measurement of MTF of nonprinted and printed silk fabrics and a correlation of the

MTF data to sharpness of the printed silk fabric using the in-house formulated ink jet
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ink. The MTF of the surface was measured using the sinusoidal test pattern in contact
with the fabric using spatial frequencies from 0.375 to 3.0 cycles/mm. The sinusoidal
test target was scanned by a microdensitometer in the reflection density mode. These
data comprise two frequencies; the high frequency is the characteristic of the fabric
while the low frequency is the light scattering of the yarns in contact with the sinusoidal
target. The sinusoidal curves at the low frequency were used for further calculation of
the MTF values. The result indicated that the measurement of MTF of silk fabric using
the contact sinusoidal method can find the point spread function of silk fabrics. This
research investigated the relationships of weave style and direction, wicking properties,
and the MTF of four different silk fabrics with plain weave (silk A, C, and D) or twill
weave (silk B). Dot gain by the Yule—Nielsen model was investigated. The coefficient d
calculated by the MTF empirical model was 0.0604 and the coefficient n by the Yule—
Nielsen model was 1.636 for silk D which had the lowest d and n coefficients compared

with other silk fabrics, indicating good quality in terms of image sharpness.

Key words: Ink Jet Ink; modulation transfer function; dot gain, sinusoidal test

target; point spread function, silk fabric

Surface-modified and micro-encapsulated pigmented inks for ink jet printing on
textile fabrics

Surface-modified and micro-encapsulated pigment dispersions were formulated
into pigmented ink jet inks and their properties were analyzed. The changes in viscosity,
and particle size distribution, and ink stability were observed every week for 12 weeks
at ambient temperature. All the ink jet ink properties were in the operational range. As
for appearance and color, the surface-modified pigmented inks printed on a silk fabric
yielded higher optical densities, better tone reproduction, wider color gamut, and a
larger gamut volume than the micro-encapsulated pigmented inks. For permanence and
usability, the micro-encapsulated pigmented inks gave better fastness; the wear comfort
of the printed silk fabric, evaluated by the bending stiffness, indicated a negative effect
on the pre-treatment of the fabric. Surface pre-treatment of the textile fabrics affected
color, appearance, permanence and usability. Despite almost equal numbers of threads,
the fabric bending strength in the weft direction was much stronger than that in the

warp direction.
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Keywords.: Surface-modified pigment dispersion; micro-encapsulation pigment
dispersion; silk fabric, ink jet ink; textile
Pretreatment of Silk Fabric Surface with Amino Compounds for Ink Jet Printing

This research studied the pretreatment of silk fabric with amino compounds for
ink jet printing. The pretreatment is expected to increase smoothness of the fabric
surface. The pre-treating solutions were serine, glycine, aspartic acid, sericin, chitosan,
and the commercial pre-treating chemical called Sanfix 555. The non-treated and
treated fabrics were printed with the in-house formulated, pigmented inks and later
steamed to fix the ink on the fabric surface. It was found that the pretreatments
containing the amino compounds improved hydrophilicity of the silk fabric except
chitosan. The color gamuts from the sericin, chitosan, and Sanfix 555 pretreatments
were wider than those from the amino acid pretreatments. The chroma of the cyan color
was improved the most. The fabric after the pretreatment with the sericin showed a
significant improvement in the dry crock fastness while the wet crock fastness was
improved by serine and glycine. The chitosan slightly improved both dry and wet crock
fastness. Wash fastness of the printed fabrics was excellent. The stiffness of the silk
fabrics obtained from the chitosan pretreatment was significantly higher than other
pretreatments which were similar to the non-treated one. The ink penetration in sericin
and chitosan coated layers was shorter than those of amino acids, enhancing ink
deposition on the fabric surface. Some mentioned amino compounds from the
pretreatments could hold and fix additional inks on the fabric surfaces, resulting in a

wider color gamut of the inks.

Key Words: Amino acid; Chitosan; Sericin; Pretreatment, Silk fabric; Ink jet

printing

Anionically Surface-Modified Pigment-Based Ink Jet Ink Performance on Silk
Fabric

Anionically surface-modified organic pigment dispersions were used to prepare
four color ink jet inks. The inks had a pH in the range of 8 — 9 and exhibited
Newtonian flow in which the viscosity remained constant at 2.5 mPa s. The surface
tension of the inks was approximately 44 mN m™, and the average particle sizes were

approximately 100 nm. Zeta-potential of the inks was in the range of (—42) to (-51) mV.
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The inks were stable for 10 months (for the magenta and black) and one year (for the
cyan and yellow) as confirmed by SEM and TEM micrographs. The inks prepared were
suited for printing with a piezo type ink jet printer. Untreated and treated fabrics were
printed with these inks and later steamed to fix the ink on the fabric surface. The
anionically surface-modified pigmented ink can interact with the protonated amino
group in chitosan pretreatment through which improved ink deposition on the fabric
surface was obtained. The color gamuts were wider and the chroma of the cyan color
was the most improved followed by magenta color but the color strength of the CMY

pigmented inks was bit low. Possible causes and suggestions were given.

Key Words: Anionic functional group, surface-modified pigmented ink, ink jet,

chitosan pretreatment, silk fabric
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Utilization of Synthetic Polymers in Environmental Treatment

[ a & o o @ N (Y
ﬂ']islﬁwaalﬂ 299 Lﬂ‘;']z‘lﬁﬂ%ﬂ'ﬁﬂ'mﬂﬂ'mﬁd WInaad

Synthesis and Characterization of Cassava Starch Graft Poly(acrylic acid) and
Poly[(acrylic acid)-co-Acrylamide] and Polymer Flocculants for Wastewater
Treatment
(%% 6 [ L% o % 6 a aa
ﬂ"liﬁ\‘]Lﬂi"lz‘ﬁLLa5ﬂ’]i(§li'§‘0ﬁﬂﬁﬂﬂﬂb$t%ﬂ’]$°ﬂaﬂLLﬁ\‘lN%ﬁ"lﬂz‘ﬁa\‘]ﬂi’]wﬁWﬂﬁﬂZﬂiaﬂ
a a aa a a I3 1 Qs 1 a 6 o [
LLaDALLaE waaazmammbﬁﬂ-fﬂ-am‘mﬂuﬂu,azmsnami%unq&lwaammmwsu
NMSUNUABILEE
[ 4 % o % 4 a aa a a an a a
ﬁﬂlﬂ‘ﬂﬁﬁllﬂ\iﬂﬂﬁWﬂ%‘ﬁa\‘]ﬂ‘iW‘Iﬁ‘W’E')ﬁ’E'J8ﬂiﬁﬂll@cﬁﬂL!ﬁ%W’ﬂafJ%ﬂiaﬂLL@%ﬂ-Tﬂ-ﬁgﬂiiﬂ
o A 9 Aaaa a [ A o s Y a 4 [ a Y
UllJﬂIﬂEJLGH’E')N"II’JN‘I/INLﬂiJﬂ’JElﬂ{(]ﬂ‘imWmeiJ@vliL%ﬂfu LﬁJ’E'Jﬁ\‘ilﬂ31%??“1@1’\1@@1&%9'5&@@13%1!@!!@’)
) @ J v 9 a aSd . Y a A 1
i lwaunuarsnen1sduAoUeTUNS (inorganic coagulants) laun ezglifieudaalamsa
o
(aluminium sulfate hydrate; [AL(SO,),18H,0]), upaFey laason laa (calcium hydroxide;
Ja o . o 1 { 4 a g
[Ca(OH),]) uaztvlossndaa (ferric sulfate; [Fe,(SO,),)) Tusasiduiimunzauivelrinailu
1 o [ a P a .
ﬁTiﬂ’f]m‘i%”]JﬂquWﬁ)amﬂiﬁ!ﬂuﬁﬁﬂﬁzﬂﬂm%ﬁfjﬂu (Complex polymeric flocculants; CPFs)
3 A = cy 9 1 a o = oy A [ a g
CPFs “VN“HlJﬂiJﬂWﬂTiﬂﬂ“ﬁuu1u@ﬂﬂ’)11ﬂ7‘l@ﬂmﬂﬁ@,ﬂﬁlﬂl1!11!Wﬂﬂulhlﬂuﬁﬁﬂi$ﬂﬂﬂl“]5\‘l“]5@u
=S Y v 09/’ gl =S [ 4 % 1 09} A A A
‘I/Iﬂﬁ"t]‘]Jﬂ"lSﬁﬂﬁIﬂfJ CPFs ulﬂﬂ‘]_l‘ﬂ\‘]L!H’dflﬁ'ﬂLﬂi13??Llazﬁ’mEJN‘lHLﬁEJ‘VILa’OﬂiJﬁnﬂTiQQ"I‘L!
2 = d a o s a2y g 7 . Y a a o
Qﬁﬁ?ﬁﬂiimﬁ\i‘ﬂ’ﬂ mﬁﬂiJu%ﬁ'EJﬁﬂLﬂﬁW%ﬁﬁﬂﬂﬁﬂﬂiJllﬂlﬁﬂﬁ (direct dye) ANULVUUU 50 Uaansy
1 4 a 1 I~ a Aana a a o
@ﬂgﬂﬂ?ﬁﬂm%mﬁﬁ ﬂTﬂ’J"IiJL‘iJuﬂiﬂ-mﬁ 7 CPFs “U@\‘]W’Em’f)%ﬂiaﬂll’f)“l)’ﬂ-Tﬂ-ﬂzﬂﬁa"llluﬂﬂll
= A o 1 =} a A A =S oy = Y 9
L!,ﬂaL“ﬁﬂilvlﬁlﬂi@ﬂul%ﬂﬂﬂ@]'iWﬁ’Ju 1: 2 3J‘]J'i$ﬁ“l/l‘ﬁﬂWWNTﬂﬂﬁqﬂGl‘L!ﬂﬁﬁ@ﬁﬂJfNuHﬁﬂ ANUVNUN
A Aa o 1 4 a g} [ S
Y94 CPF 500 Haaniuaagninanafuasausnandueaindedunsizvniasazalsved
o g Y= ¥ a S a A vy
ﬂ@ullﬂlﬁﬂ@]ulﬂﬂﬂﬁﬂﬂﬁg 95.4 LLﬁzﬁﬂﬁNﬁﬂJ51]’0\11,!TLE‘TEJ’I]1ﬂIiNWHQ@ﬁTﬁﬂiillﬁ\WI@llﬂiﬂﬂaz 76
@ o [ o a Aa A A o = o =S oy
CPF mamﬂmumﬂwmmw!mwaa@zm ammmmmmm%ﬂam@ﬂ”lcmmmmaﬂﬁmmm
=S [ P =% < 4 1 = g} = Y
Lﬁﬂﬁﬂlﬂi?gﬁﬂNﬁWiﬁ%ﬁWﬂﬂlﬂ\‘]ﬁﬂﬂﬂqmﬁﬂ@]ﬂg LlagﬁﬂﬁﬂlﬂﬂuTLﬁ'fJﬁnﬂIix‘N11!Q@Iﬁ1ﬁﬂﬁill"lﬂ
$ouay 74 1Az 18 MUAIAL ATIVAOUANNABINTOONFIIUNIAUAN (Chemical oxygen demand;
Y A4 A & , Ay &
COD) mmmmumaﬂaaaumaﬂammmaa ﬂ’ﬂmﬂuﬂiﬂ-lfﬂﬁ uazmmﬂ;ummmmﬂﬂ BN
[l dyd [ 9 1 @ 1 a s & a 9 ) [ o W
‘]J\iﬁlfﬂ\iﬁﬂﬂﬂiwﬁllﬂﬁfﬂiGl‘]fﬁ"l’iﬂ@ﬂ"lii]‘Uﬂqu‘W@ﬁm@5‘1/]L‘ﬂuﬁ"l'i‘ﬂiSﬂﬂﬂl%\i%ﬂuﬁiﬁiﬂﬂﬁ‘UTﬂﬂ

Y 9
wudeAndinquwedesgaiiiunn



26

AIEIAY: MIUIN; Wodlva lnatuuuyayyadasz; wadudnailsd; a1stsznay

1 BItaulans-wadivas: lalasioa

Synthesis and Properties of Solvent Absorptive Methyl Methacrylate-

Divinylbenzene Copolymer Beads
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Removal of Congo Red and Direct Blue 71 by Acrylamide/Acrylic Acid-Based

Aluminium Flocculants
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Synthesis and Characterization of Acrylamide-based Aluminium Flocculants for

Wastewater Treatment
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Tasonstaah 2
Influence of Additives on Acrylamide Superabsorbent Polymer Performance
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Graft Copolymerization, Characterization, and Degradation of Cassava Starch-g-

Acrylamide/Itaconic Acid Superabsorbents
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Synthesis and Swelling Properties of Poly[acrylamide-co-(crotonic acid)]

Superabsorbents
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Synthesis of Acrylamide-Itaconic Acid Superabsrobent Polymers and

Superabsorbent Polymer/Mica nanocomposites
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Syntheses of Acrylamide-co-Itaconic Acid/Silica Superabsorbent Polymer

Composites
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A Novel Method for Producing NR-Silica Composites from Sol-Gel Process
of Silane in Latex
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Effects of Redox Initiator on Graft Copolymerization of Methyl Methacrylate onto
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Silica-Reinforced Natural Rubber Prepared by the Sol-Gel Process of

Ethoxysilanes in Rubber Latex
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Effects of methyl methacrylate grafting and in situ silica particle formation
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Thermoplastic Elastomer Based on Epoxidized Natural Rubber and High-Density
Polyethylene Blends: Effect of Blend Compatibilizers on Mechanical and
Morphological Properties
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Influences of Blend Proportions and Curing Systems on Dynamic, Mechanical,

and Morphological Properties of Dynamically Cured ENR/HDPE Blends
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Properties of Industrial Thai Silks Reeled by Hand and by Machine
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Modulation Transfer Function Measurement for Ink Jet Printed Silk Fabrics
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Surface-Modified and Micro-Encapsulated Pigmented inks for Ink Jet Printing on
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Pretreatment of Silk Fabric Surface with Amino Compounds for Ink Jet Printing
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