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Nanocomposite lalexef7inc oxide/poh ""—'W crylate) ( ZnO/PBA) for coating

on fabric was prepaged™ ch u" ion polwaiterization of butyl acrylate in the

silane coupling agey hoxy silane (MPS), in order to

improve the interfacgfcom \\' and the organic PBA. One
-, s.'i

end of MPS was*facilit t for PBA grafting by using

presence of treated 4RO aiticles were first grafted with a

potassium persulfate®as fin ot 4 1ce of nonionic surfactant. The
7/nO/PBA composite Haté:"ency as assured by Fourier transform

infrared spectroscopy FE electron microscopy (TEM). In the

latex, about 16 voeral
_y,. RY

nanoparticles. THE ¢ " by wt. of ZnO was fairly
_ [I,

perature for up to 4 week "u Furthermore, the ZnO/PBA

------------- vere successfully=graitad on the surface of ZnO

stable at room

nanocomp film la cd UV in ies in both of UV and visible
range. Buﬁlu ﬂ»ﬁ’j fl]lb terial activities against
both of £. co i(gram negatwe) dnd S. aureus ggram positive) pacteria.
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CHAPTERI

INTRODUCTION

1.1  Statement of problem

Zinc oxide nanoparticles (nano-ZnO) has drawn increasing attention in
recent years due to its many significant,physical and chemical properties, such as
chemical stability, high luminous transmittance, high catalysis activity, effective
antibacterial and bactericide function, intensive-ultraviolet and infrared absorption
[1-6]. Therefore, nano-ZnO can-be potentially applied to UV-shielding material,
catalyst, antibacterial material,.for example [5]. When applied in coating fabrics
and construction materials, ZnQO is generally used in a form of ZnO/polymer
composite. The inorganicsZn@ particle is quite hydrophilic and possesses a large
amount of hydroxyl“group (-OH) on the, particle surface. It generally came
together to form cluster of warious sizes‘when the particles are mixed with low
polar organic matrix, suchiras polymers. . . -

To prevent the nanoparticles to agg?ééa,t__e in polymers, the combination of
inorganic particles with polyimiers  is 7',u_51;ally accomplished by surface
modification. The grafting of organic polyméréronto Inorganic nanoparticle is one
of the most effective and versatile methods for this modification purpose. It can
significantly enhance the stability of nanoparticles dispersing in polymer matrix
by increasing the affinity-of.the surface for organic substances [5]. A wide variety
of organic polymers! have been emplayed in the syntheses of organic-inorganic
hybrid materials{2,5], especially of metal oxides, such as ZnO and SiO,. The type
of polymer ‘employead ‘s one-of the main (features ‘affeCtingymisrastructure and
macroscopic characteristics of hybrids because they depend essentially on
chemical interactions established between organic and inorganic moieties.
Poly(butyl acrylate) (PBA) is an attractive polymer for this study due to its low
glass transition temperature and one of the water-based coating matrix.

The ZnO/polymer nanocomposites are usually in the form of emulsion, in
which the nano ZnO/polymer particles must be dispersed homogeneously. One

way to achieve this is to modify the ZnO particles by changing its polar surface



(Zn-OH) to hydrophobic chemical groups. The method used is to graft an organic
polymer on the metal-oxide surface. In general a coupling agent, such as
3-methacryloxypropyltrimethoxy silane (MPS), is needed as a link between the
metal oxide and the organic polymer. The methoxy silane end of MPS can
chemically link with ZnO, while the double bond end can become an initiating
point for polymerization of vinyl monomers in the emulsion; hence the process is

called in situ emulsion polymerization.

1.2  Objective

The aim of this work was to prepare nano-composite latex of ZnO and
butyl acrylate via-wemulsien® polymerization™ by the use of 3-

methacryloxypropyltrimethoxy silane (MPS) as a coupling agent.

1.3 Scope of the invéstigation -y

The stepwise investigation was carried out{as follows:

1. Literature review forr rhethods_ to prepare ZnO/PBA nanocomposite
latex. — 2 7

2. Surface grafting modification of anwnh MPS.

3. Emulsion polymeriiation of butquacrylate on, surface-grafted ZnO
particlesto prepare ZnO/PBA nanocomposite latex.

4. Characterization of the latex stability, percent of conversion, percent of
grafting, percent.of grafting efficiency, the morphology, UV-shielding
property . and . antibacterial _property of 'the of 2ZnO/PBA
nanocomposites.

St “Summarizing the results and writing the|thesis:



CHAPTER I

THEORY AND LITERATURE REVIEW

2.1  Preparation of zinc oxide particles

ZnO nanoparticle have been used increasingly as emulsion for coating on

materials such as fabrics and construction materials, since they were shown to

suppress bacteria and block Uv ra&é{i‘)uwle [1-6].
ZnO particles can be prepared | existing methods, such as
P be-n,,_p e g
homogeneous precipitatj;j?chan al @nd spray pyrolysis [9]. In

this research the - re;:: prep\ared\by the spray pyrolysis

method.

ZnOCorapiosites solution YIS ] E

Heating(CH, )

Figure 2.1. Mechanism of the FSP process for ZnO particles synthesis.



Flame spray pyrolysis (FSP) (Fig.2.1) is the use of heat allows for
solvent to evaporation and oxidation with the air to be ZnO
nanoparticles. At first material solution is various contaminated zinc
composites such as zinc acrylate or zinc acetate. The zinc solution
was the inductance to produce a zinc vapor by heating a carbon
additive (e.g. methane) at various temperatures or stable temperature.
Then, the zinc vapor that is then instantaneously reacting with
oxygen in the air to be ZnO nanoparticles that the average primary

particle diameter can-be-controlled by-the selution feed rate [9]. Because

of the lower purity of the seurce material, the final product will still have some
organic group on the surfage. Fhis shows that the hydrophobic properties out.

2.2 Surface grafting as'a way to'modify inorganic metal oxide particles
2.2.1 Silane coupling agents

It has been known that the a&di_ polar surface of metal oxide
nanoparticles results in agglomeration rathe; easily. Therefore one way to
overcome this is to modify the ZnO particle's- By changing its polar surface (Zn-
OH) to hydrophobic_chemical groups. The method used is to graft an organic
polymer on the metal-oxide surface. In general a coupling agent, such as 3-
methacryloxypro-pyltrimethoxy silane (MPS) (Fig. 2.2), is needed as a link

between the metal oxide and the organic polymer.

O
HsC AN /
O /SI\O/CH3
CH, H,C—O

Figure 2.2. 3-Methacryloxypropyltrimethoxysilane (MPS).

Silane coupling agents are silicon-based chemicals that contain two types
of reactivity— inorganic and organic—in the same molecule. A typical general

structure is



(RO)sSiCH,CH,CH,-X

where RO is a hydrolyzable group, such as methoxy, ethoxy, or acetoxy, and X is
an organofunctional group, such as amino, methacryloxy, epoxy, etc.

A silane coupling agent will act at an interface between an inorganic
substrate (such as glass, metal or mineral) and an organic material (such as an
organic polymer) to bond, or couple, the two dissimilar materials.

In 2004, W. Posthumus et al. [10] studied grafting of MPS onto SiO;, tin
oxide (TO), and antimony-doped tin oxide/ (ATO). They found that the treatment
of TO and SiO; particles with sufficient VIPS resulted in a monolayer coverage of
the particles. For ATO the maximum amount of grafted MPS was low. When the
maximum surface coverage was reached, excessive MPS did not bind to the

particles but did form homaogondensates.

Scheme A:

Scheme B:

Scheme C:

X=0H OCH;  R= V
o...

Figure 2.3. Reaction schemes for the grafting of MPS onto oxide particles [10].



2.2.2 Graft mechanism

RSix, s RSi(OH), + 3HX
OH

‘le
Y
~OH OH ) c:n (;.}{
- \(f OH
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E)._.H_#_O\ y; '| ()\\ 1./0 R f;-_l_
SiR ! R R R R "

4 - "
Ol : L8

Figure 2.4. Schematic process for}_gr’éft of silane coupling agent onto ZnO
nanopartié—fia__s [11].

Figure 2.4 illustrated the. graft fﬁéchanism of ZnO nanoparticles with
silane coupling agent MPS. “First, “the f-ﬁT"éEI’;‘oxy groups of MPS undergoes
hydrolysis to result in silanol groups with nié;chénel molecule ejection. Second, the
silanol groups may-bind the hydroxy of the ZnO surfaceﬁi by hydrogen bonds and
condense to form Zn-O-Si linkage with the release of water molecule. Thus, the
MPS is successfully “grafted on the surface of ZnO“nhanoparticles [11]. This
process is catalyzed by. heat and, acid/base-condition. .Change.of particle polarity
and a small amount of water and methanol release 'from “the reaction might
somewhat affect the stability of emulsion. A proper uses of surfactant and water
content-are therefore crucial for sustaining latex stability.



2.3  Nano-ZnO/Polymer composite latex

2.3.1 Preparation of composite latex by in situ emulsion

polymerization

In this work MPS was used as coupling agent. The methoxy silane end of
MPS can chemically link with ZnO, while the double bond end can become an
initiating point for polymerization of the vinyl monomer in the emulsion; hence
the process is called in situ emulsion polymerization. The process can be

explained in Fig. 2.5.

' ?CouplingAgent
Y Mix-Solvent
Lunder reflus

I

N

ZnV

£

HANOCOMPOSITE

Figure 2.5. Steps'f‘or- preparing nano-ZnO/PBA compOs'i,te by in situ emulsion

polymerization.

First, MPS"as "a"silane coupling agent is-grafted on“the ZnO particles.
Second, surfactant such as OP-10 (a nonionic suffactant) (Fig. 2.5) is needed in
order torstabilize the functionalized ZnO nanagparticles(in aqueous_system. The
amount of surfactant is generally lower than the one corresponding to saturation of
the surface. The purpose is to avoid the formation of emulsifier micelles. The
hydrophilic terminal of surfactant points to the water phase to ensure the stable
suspension of the nanoparticles in the aqueous system during emulsion
polymerization. The other terminal (hydrophobic end) points to the MPS phase
(grafted on oxide surface) where they form a layer in which further

polymerization takes place. Third, the monomers (BA) are adsorbed on the



stabilized ZnO particles, which should result in a very high monomer
concentration in the vicinity of the particles compared with the relative limited
one in bulk. In the end, the main chain propagating was carried out on the surface

of the nano- ZnO particle on which encapsulated composite was formed [12].

D
n

Figure 2.6. Polyoxyethylene nonyiphenyl ether (OP-10).

H4C

Till now there have been a number of reports on the preparation of
composite latex of ZnO andwarious polymer types, as follows.

In 2002 Shim et al. [13} studied the preparation and morphology of the
nanocomposite materials ZnQ/poly(methyl methacrylate) (PMMA) prepared by
the in situ emulsionpolymerization. The SEM image illustrated the spherical
structure of nano-ZnO partigles that were émbedded homogeneously with PMMA.
Shim reported that the heart of composite r"r_jaférial preparation was to modify the
surface of the inorganic substances fromﬁjd_qpphilic (due to —OH) to be more
hydrophobic. =

In 2006 Tang et al. [14] synthesized Zh—O/PM MAynanocomposite latex by
in situ emulsion polymerization of MMA in the presence of nano ZnO particles
that were pre-grafted with MPS. The double bond in the molecule of MPS was
used to induce the polymerization for MMA, resulting in the composite latex
containing Zn@ particles’ grafted -with MPS-PMMA. ' By, TEM technique, the
modified nano ZnO particles looked spherical with blockades of PMMA. The FT-
IR analysis tesults-helped-confirm the chemical link between ZnOrand MPS, as
well as the existence of PMMA in the particles. The moditied ZnO nanoparticles
were fairly dispersed in PVC matrix, as indicated by SEM. The increase of ZnO
nano materials improved the UV-light resistance of the material.

In addition Peng et al. [15] successfully grafted ZnO with a water-soluble
polymer, poly(hydroethyl acrylate) (PHEA) via the copper-mediated surface-
initiated atom transfer radical polymerization (SI-ATRP) technique with the
bromo-acetamide modified ZnO nanoparticles (BrA-ZnO) as macroinitiators.

1,10-Phenanthroline and Cu(l)Br in water were us as catalysts. PHEA-ZnO



nanoparticles had better dispersibility than the bare ZnO nanoparticles because of
the water soluble grafted PHEA on their surfaces. The product, poly(hydroethyl
acrylate) grafted ZnO nanoparticles (PHEA-ZnO), were also characterized with
Fourier transform infrared spectroscopy (FT-IR), UV-vis spectroscopy,
thermogravimetric analysis (TGA), X-ray photoelectron spectroscopy (XPS), and
transmission electron microscopy (TEM).

2.4  Testing application
2.4.1 UV shielding property

ZnO produces an efficieniblue-green luminescence and displays excitonic
ultraviolet (UV) laser action aé'room temperature (band gap energy of 3.37 eV,
excition banding energy .of /60 meV)‘-. These attributes make ZnO/polymer
composite materials petentially interesti;rg for photonic applications in the UV
region of the spectrum [16-19]. ZnO-¢an z;tl_sa be used in UV light-emitting diodes,
transparent UV-protection coatings, Iumin‘ésce‘nt devices, solar cells, piezoelectric
devices, etc [20-22]. -’"_{__‘._ _

In addition, the inorganic rfanopartiée-‘s’l_‘ﬂ(ZnO) have a higher density than
the organic monomer, so-a density gradie;rift'""-éf' nanoparticles may be formed in
nanocomposite films=during-a-tong curing process, which would result in the
optical inhomogeneiiy' of the nanocomposite films. Béth of absorbance and
transmittance properties of the ZnO/polymer nanocomposites can be increased by
control of the content af the'MPS-capped ZnOzparticlesiin:thesmatrix [23].

The UV-blocking property of a fabric is”enhanced when a dye [24],
pigment, delustrant, or. ultraviolet absorber. finish*is present. The molecule can
absorb ultraviolet radiation ‘and Block fits transmission through 'a"fabric'to the skin.
Metal oxides like ZnO as UV-blocker are more stable when compared to organic
UV-blocking agents. Hence, nano ZnO can enhance the UV-blocking property
due to their increase surface area (increasing ZnO content) and intense absorption
in the UV region. Zinc oxide (ZnO) nanoparticles embedded in polymer matrices
are can be used as UV-protection in textiles by coating the surface of textiles and

clothing with nanoparticles active surfaces [25].
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Figure 2.7. Zr‘cvn the cotton fabric [25].

In Maged’s study \novel @tlve formulations for cotton,

poly(ethylene terephth?and ott%s were prepared. Gamma

rays as an IOﬂIZIﬂg radi

aluminum potassium su

Figure 2.8. Diagrammatic representation for erythema index after UV light
exposure for optimum coated fabrics [26]
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2.4.2  Antibacterial property

At present, fabrics with antibacterial property has increasingly attracted
attention. Nanosized particles have a larger surface area per unit mass and hence
higher efficiency than bulk materials. Nanoparticles are used in textile finishing
altering surface properties and imparting textile function.

Antibacterial agents can be broadly classified into two types, organic and
inorganic. Organic antibacterial materials are often less stable particularly at high
temperatures and/or pressures compared to/inorganic antibacterial agents. Indeed,
inorganic materials such as metal and metal exides have attracted a lot of attention
because of their ability to withstand harsh processing conditions. One of these
inorganic materials is zine'oxide (Zn0O).

The photocatalytic process 0f ZnO is initiated when a ZnO absorb photons
with energy equal orsSuperios to their band gap, promoting the valence band
electrons to the condugtion/band energyLievel (Eg. (2.1)). The electrons in the
conduction band (e’cg) can recombine with the photo-generated vacancies (holes,
h*vg) decreasing the efficiency of the phdtoc-atalytic process (Eg. (2.2)). On the
other hand, electrons can migrate.to the surface of the ZnO particle being trapped
by adsorbed oxygen molecules, thus f&rﬁfhg the superoxide anion (O)
increasing the efficiency of the photocatalyt’icprocess (Eq. (2.3)). In parallel, the
vacancies generated-in the valence band (h'g)-can be trapped on the ZnO surface
promoting the splitting of adsorbed water molecules or hydroxide anions
generating hydroxyl radicals (HO") (Egs.(2.4) and (2.5)). These hydroxyl radicals
have been consideredas responsible for the toxidation, efyorganic matter due to
their high oxidation capability. Finally, the holes can directly oxidize the adsorbed

organic.matter conducting.to oxidized.intermediates (Eg. (2.6)) :

ZnO +hv % e & Wk (2.1)
e'cg + h'vg — ZnO + heat (2.2)
e'ce + O2 (adsorbedy— O 0 (2.3)
h*ve + H20 adsorbedy— H* + HO' (2.4)
h*ve + HO (aasorbeqy— HO' (2.5)

h*yvg + organic matter (OM)— OM"~ — oxidized products (2.6)
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The oxidation reactions that will occur between the active oxygen and
many kinds of organic matters in bacteria will kill bacteria [27].

Perelshtein studied [28], ZnO nanoparticles deposited on the surface of
cotton fabrics using ultrasound irradiation. Optimization of the process resulted in
a homogeneous distribution of ZnO nanocrystals on the fabric surface.

From Table 2.1, the performance of fabrics coated with 0.75 wt% ZnO
nanoparticles as an antibacterial agent was investigated and their excellent

bactericidal effect demonstrated.

Table 2.1. Antibacterial activity test of the-coated bandages against E. coli and

S.aureus® [28].
E.coli
duration of treatment
sample 1h v 2h
CFU, mL? N/Ng 9% reduction in Viability CFU, mL! N/No % reduction in viability
clean fabric 1.02 x 10’ 0.98 24N AN 1.34 % 10 1.28 -28.23
no fabric 117 x 107 1.14 RO 1.23 x 10 1.35 -35.16
0.75% ZnO (sample 5)  1.71x10"  1.58x 102 9984t 0 ~0.9x 10 100

S:aureus'+ -

dr g Jd
duration‘of treatment

sample 1h o = 2h
CFU, mL* N/No % reduction in viability CFU, mL* N/No % reduction in viability
clean fabric 0.7 x 10/ 0.71 20.46 0.99 x 107 1.125 -12.5
no fabric 0.89 x 10’ 11 -10.11 0.67 x 10° 0.75 24.72
0.75% ZnO (sample 5)  3.9x 10° “*3.36 x 10" 66.4 76x10°  6.55x10% 99.93

#The viable bacteria were monitored by countifigithe number of colony-foriming units (CFU); N/No=survival fraction.

Ming [29] found that antibacterial effects of six inorganic antibacterial
agents<including, basic imagnesium hypochlorite,twa! zinc oxide-whisker (ZnOw)
antibacterial complexes and three silver containing compounds ( following Table
2.2) were assessed using broth dilution and agar dilution tests on six pathogenic
bacteria associated with oral infectious diseases: Streptococcus mutans (ATCC
25175), S. mutans (Ingbritt), Actinomyces viscosus (ATCC 15987), Lactobacillus
casel (ATCC 393), Staphylococcus aureus (ATCC 29213) and Candida albicans
(ATCC 90028).
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The six inorganic antibacterial agents can significantly inhibit the growth
of six common oral bacteria in vitro. Both silver ion and zinc ion-containing
agents can effectively kill the tested oral pathogenic bacteria. The broth dilution
test showed a better performance than the agar dilution test for the insoluble
compounds tested. The author confirmed that the mechanism of antibacterial
activity on the surface nano-ZnO are the same as shown in Egs.2.1 to 2.6.

Tang [30] studied the nano-ZnO embedded in polystyrene in the form of
ZnOl/polystyrene nanocomposite latex via. miniemulsion polymerization. The ZnO
nanoparticles in the composite laiex exhibited good dispersion ability in the
polymer coating film. The composite obtained from the nanocomposite latex still
exhibited antibacterial actiVity, With the antibacterial rate increased when the ZnO
content increased from 0.5.40'5.0'wt%. At low ZnO content, the antibacterial rate

under UV-light was highgrthan the rate under dark condition.

Table 2.2. Antibacterial raie of films addé_d ZnO/ponstyrene nanocomposite
latexes under UV-light and dark condition"{30].

The amount of ZnO among composii€ coatings twt.%) £+ Antibacterial rate (%)

2 Colibacillus Staphylococcus aureus

: '-.'-"'Eighl Dark Light Dark
e L] (L 0 0
075 52 Z3 49 21
1.0 83 56 85 57
2.0 89 75 90 73
3.0 o9 87 99 86
40 99 95 99 94

5.0 99 99 99 99




CHAPTER Il

EXPERIMENTALS

3.1 Materials

Butylacrylate monomer and 3-methacryloxypro-pyltrimethoxy silane
(MPS, AR) were purchased from Sigma-Aldrich, Germany. Zinc oxide (ZnO)
type A (ZoNoP® Zinc Oxide Nano Particles) was donated from Nano Materials
Technology Co., Ltd. (Thailand). ZnO’ iype B (ZP 20L) was donated from
Nanoscience Technology..Co., Ltd. (Thailand)...Potassium persulfate (KPS,
production grade) was purchased from China. Polyoxyethylene nonylphenyl ether
(IGEPAL CA-630, cmc.= 0.083 mM!or 0.005 % v/v, production grade) was
purchased from RhodiagIndia. Hydrophobic acrylic binder (PRIMAL ECO-36)
was purchased from DOW chemical, USA" Methanol (AR) and isopropyl alcohol
(AR) were purchased from Merck, :fhailand. Deionized water was used

throughout this work.

3.2  Procedures w2y

32.1  Preparation of ZnO/PBA composite latex
3.22%1  Grafting of MPS onto ZnO particles

ZnO nanoparticles (2 g) were mixed with a mixture (50 mL) of water and
methanol (ratio:1:4), followed by the addition"of MPS (1 §): The mixture was first
dispersed for 20 min through an ultrasonic instrument (2800HT, Thailand) at
room temperature ~Theymixture was thencheated to reflux for,at-leasti4 h. At the
end of the reaction, 'the mixture*was cooled down and difuted 4 or5 times with
iso-propanol. This mixture was vacuum-filtered through poly(vinylidene fluoride)
membrane (size 0.45 micron) and the ZnO powder was dried at 50°C in vacuum
until dry [11].
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3.2.1.2 Emulsion polymerization of butyl acrylate

The aqueous solution of 0.004 % of surfactant (CA-630) was mixed with
MPS-grafted ZnO in a beaker. The content of MPS-g-ZnO was 0.3% by weight
per volume. The mixture was then sonicated by ultrasonic instrument for 30 min
at room temperature. The dispersion was then poured into a four-neck flask that
equipped with a stirrer. The flask was heated to 65°C under N, atmosphere. Liquid
BA monomer was prepared in the amount of 5-20 % by weight compared to total
latex solution. The monomers were introduced by drill-feeding into the flask and
kept in the react for 1.30 hr. The flask was then heated to 75°C, followed by the
addition of initiator solution (0.25-3% by weight of monomer) [6]. During the
polymerization, the reagtion mixture was maintained-at 75°C for 2-6 h. After that
the latex was cooled dewn tosroom temperature, it was analyzed for latex stability,
monomer  conversionpergentage’ of grafting, and grafting efficiency. The
emulsion polymerization recipe of ZnO/iP'BA nanocomposite latex is shown in
Table 3.1.

Table 3.1. The emulsion polymerization recipe of ZnO/PBA nanocomposite latex.

Chemical Name TonNS % wt
Butylacrylate monomer 5-20
Modified ZnO 0.3
IGEPAL CA-630 0:004
KPS 0.05-0.2
Deionized water 94.7

32,2 Characterization0f- ZnO| grafted with. MP$,‘and ZnO/PBA

nanocomposite latex

3.2.2.1 Chemical functional group of grafted with MPS and
ZnO/PBA nanocomposite particle

A Fourier transform infrared spectrophotometer (FT-IR) analysis was
performed on IR spectrophotometer (Spectrum100, Perkin Elmer). FT-IR was

used to characterize the functional groups of the two types of ZnO particles (type
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A and B) and modified ZnO particles. ZnO powder samples were compressed
with KBr into disks for IR analysis. The prepared ZnO/PBA composite latex after

soxhleted was analyzed by casting the latex on NaCl cell.

3.2.2.2 Latex Stability determination

The latex was left standing in a clear screw thread vials (size: 21x70 mm,
15 mL tall) for 4 weeks. The depth of sedimentation from the surface of
suspension was recorded every day for a total time of 30 days. The sedimentation

percentage of the composite latex was determined by the following equation:
% Sedimeniation = H/Hp x 100% (3.1)

where H (cm).is'the depthiof sedimentation from the surface of
suspension, and Ho (cra)'is the iotal depth;of suspension. The value shown in the

result was averaged from3 sets of experiments.

3.2.2.3 ~ Grafting €fficiency

The resulting BA-grafted ZnO partjE:—_Iers_' were separated from the mixture
by centrifugation at 15,000 rpm for 30 min and washed with water. The BA-
grafted ZnO was then‘subject to soxhlet extraction using acetone as solvent, since
PBA was able to dissolve in acetone. The soxhlet was performed 1 times with a
total extraction time of 2¢hrs,

The monomer ;conversion was determined by conventional gravimetric

method by the following equation:
Conversion (%) = [(A-B)/C] x 100 (3.2)
where A is the weight of total resulting particle which is the weight of ZnO

plus grafted polymers, B is the weight of charged nano-ZnO particles, and C is the

weight of charged monomer.
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The amount of PBA grafted onto the nano-ZnO surface was also
determined by gravimetric method. The percentage of grafting and its efficiency

were calculated by the following equations:

Grafting (%) = [D/E] x 100 (3.3)
Grafting efficiency (%) = [D/F] x 100 (3.4)

where D (g) is the weight of grafted PBA, E (g) is the weight of charged
ZnO particles, and F (g) is the total PBA (grafted and ungrafted polymers) formed

in the system.

3.2.2.4«"Miero- and nano-scale morphology analysis

Size and dispersion behaviorof nano ZnO type A and type B, MPS-g-ZnO
and ZnO/PBA nanocempasite’ particles were studied using transmission electron
microscope (TEM) andsScanning electron‘{microscope (SEM). Initially, 1% wt of
either each type of the nano ZnO or ZnO-gi_!'\/I"I'-DS was diluted in 98% ethanol. The
mixtures were dispersed for .20 min ﬁ’i__'rbqgh an ultrasonic bath at room
temperature. The mixtures were then dropfped_. on a grid and dried for 1 hour
before TEM analysis:\For ZnO/PBA nanocbrﬁp-dsite latexy it was directly dropped
on a grid and let dry before analysis. SEM photographs were used to determine
the dispersion of the nano-ZnO in the composite latex. By the adding bare nano-
ZnO type B 0.3%w of latex in commercial PBA latex and ZnO/PBA composite
latex that consist of 0.3%w of latex-were dry on aluminum trays in diameter 1 cm.
for 3 times. Then, the films on aluminum trays were cut-off in cross-section and
put onrssputter ~The sputters werey coatedowithigold thefare the <canning electron
micrographs were taken. The sample size and growing number were calculated

from electron microscope images by
Sample size =D x S/IM (3.5)
Growing number = M/S (3.6)

where D is Directed numbers, S is length of subject and M is length of

micron bar.
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Example
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where D is multiplier nl#‘.nbers Sis Iength of subject, and M is length of micron
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The ZnO/PBA nanocomposite latex and PBA latex were dip-coated to the
3/4 of total length of both sides of each quartz cuvettes. Then the latex-coated
cuvettes were dried at 60°C for 5 min. The coated cuvettes were then analyzed in a
UV spectrometer, using bare quartz cuvette as blank.
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3.24  Antibacterial property

The antibacterial test was performed according to the agar dilution
susceptibility method. E. coli and S. aureus were two bacterial strains selected for
testing. Ampicillin 50 mg/mL was used as a positive control. First, fresh culture of
spawn raising under 37+1°C over 24 h was washed down by physiological saline
and used as bacterial suspension. The growth medium was agar mixed with the
ZnO samples in different concentration. Second, the bacterial suspension of 100
ML was dropped on to the agar in.growth medium plates. All plates were kept at
37+1°C. After 24 h, the bacteria were washed.off using physiological saline. The
colony forming units (CEU) of baeteria were counted. The antibacterial
concentration was calculated viathe conventional caleulation.

For example: Calculation of'S. aureus type.

In spread thereds 100 i of bacterial suspension. If the concentration of
dilute is 10, the content'of bacteria can b_e'calculated as follows.

In a bacterial suspénsion of 100 uL the amount of bacteria is 72 colonies.

So in bacterial suspension of 1 mL,;'t_he»_-content of bacteria is

(1x10-3) x 72/(100:%10°%) #=720 CFU/mL
After 10°® dilution, the bacteria Contei;}t-’ilﬁ the suspension is 720/ (1x10°°)
’ 2 720540° CFU/ML

The antibactériat-rate(R)was calculated viathe t6ilowing equation:
R(%) = [(B-A)/B ]x100 (3.7)

where Bais the CFU of blank sample and A is the CFU of sample films.



CHAPTER IV

RESULTS AND DISCUSSION

4.1 Modification of nano-ZnO with MPS

In order to obtain stable composite latex of ZnO-PBA, the nano-ZnO
particles must be modified by attaching hydrophobic group on the particle surface
with the purpose to reduce polar-polar interaction among the particles. In the first
step, ZnO particles were reacted with MPS,.so _that the surface of ZnO was
chemically linked with MPS via zinc-gxygen=silicon bonding (Fig. 4.1). On the
other end of MPS moleeule, a-deuble-bond group (€=C) became an initiation

point for butylacrylate-pelymerizaiion WTich was carried out in the next step.

F
F

$ MPS

>
to

Mix-Solvent
,under reflux
ZnO/PBA -
NANOCOMPOSITE X J
Y | a2
‘-k\
. Zn0 - - & o
KPS A\~ BZn0
N\
e -~ ) had

Figure 4.1..Synthesis step. of nano-ZnO/poly(butylacrylate) compeosite by in situ

emulsien poelymerization.

Two types of ZnO particles were compared for its ability to be grafted by
MPS. ZnO type A was prepared by spray-drying process (Fig. 4.2) at 600-1,000
°C. The zinc acetate aqueous solution was ultra-sonicated becoming droplets and
transported into a reaction furnace using air as a carrier gas. The reaction furnace

consisted of four independent heating zones, of which temperatures were set at
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600, 700, 800, and 1000 °C, respectively [29]. ZnO type B was obtained from the
spray-drying at one fixed temperature of 600°C.
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Figure 4.3. FTIR spectra of gano- nO.part \‘ (A0) and type B (BO).

IE
\ \\ oe A and B was followed by

FTIR analysis. Results a. d '__...Lh.l:._ ditions are listed in Table 4.1.
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Table 4.1. Preparation condition and FTIR spectroscopy results of MPS-grafted

nano-ZnoO.
FT-IR Spectrum band detection®
Si-O Si-O- CH;,CH,
-OH Cc=0 ?
No. | zno() (tof;hé%n;“) l\g’)s Method Stretch Zn of silane Remark
900- 1130, 2800-
3400 1 1100 | 1010 | Y% | 3000
cm 1 1 cm 1
cm cm cm
ZnO
A0 2 0 0 0 v x x X X type A
v{ X X x X
Al 6 MeOH 1.5 reflux Amount
A2 2 MeOH 05 reflux v x x x x test
reflux@low 7
e X X pd
A3 2 MeOH 0.5 (<;%mogc) ] Method
Test
Ad 2 MeOH 05 |.Stit for 12h. Y X X x x
reflux@low
A5 2 MeOH ! emp v X X X x Vary
(£100°C) MPS'
A6 2 MeOH W fsiif roraon. |2 & x X x x amount
reflux@lew- |-
A7 2 Me%—!;(l;zo j temp i v X x x % Good
. 100G - solvent
Ag | 2 | MOIHONT || Stintontan | VG 4 x x x test
reflux@low )
A9 2 MeOH 2 mp. - W X x x Vary
{<100°C) e MPS'
Al0 2 MeOH 2 | stifferzen | ] x x x % amount
“reflux@low el
All 2 Me%—_l;rgizo 2 temp v X % X %
. (<100°C)
reflux@low ' Vary
Al2| 2 Me%_'i'('f?@ 4 temp v x 'S x x MPS'
) (<100°C) amount
reflux@low -
Al3 2 Megngo 8 temp v X X X x
: (<100°C)
MeOH+H,0 reflux in
Al 2 40:10 2 water bath 3 9 < x Method
MeOH-+H,0 reflux@low test
Al5 2 4010 2 1 temp v x X x x
: (<70°C)
al 1K . r 1094 ° ; o ZnO
BO 2 0 0 L v % X % X type B
reflux@low
MeOH +
BL | 2 | heo40m0 | ! Lemp v AN A I v Vary
(<60°C) MPS'
reflux@low
C| 2 | ehil 2 emp | vV | v | v | v | v | e
' (<60°C)
L' v =detected x = non-detected
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Figure 4.4. Comparison of the FTIR spefétra of nane-ZnoO particles type A (A0)
and type B (B0); nano-Zn0O particles modilfiéd by MPS from type A (Al) and type

S (Bl)

Form Table 4.1 and Flg 44 only-Zn Z_C; B1 shows IR band at 1,127 cm™
belonging to Zn-O-Si,or Si- 0-Si bond. In addltl_o‘n an.increase of C-H stretchlng
signal (from MPS mzolecule) was observed at 2,955 cm_. These two evidences
suggest that the chemical bonding between ZnO and MPS is achieved for the ZnO
type B. It should be nofed here that any non-bonded MPS was washed away from
these two modified particles by extraction before the IR analysis.

In conclusion ZnO type B was preferably used in this work. The grafting
of MPSvonmane-ZnOuwas, suceessfully carried .outowith theygrafting content of
37% by weight of ZnO type B as determined by sohxlet extraction. " The MPS-g-
ZnO particles were then subjected to the emulsion polymerization of

butylacrylate.
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4.2  Emulsion polymerization of butyl acrylate on MPS-grafted ZnO

nanoparticles

An optimal condition to prepare stable nano ZnO latex was investigated.
The amounts of chemicals used to carry out the emulsion polymerization are
shown in Table 4.2.
Table 4.2. Formulation of BA emulsion polymerization process in the presence of
MPS-g-ZnO (B).

Ingredient (%ow/w)
No ’\t/loo\r/]vc;rt?e?r IGEPAL KPS %Residual Remark
; Butylacrylate| \Water Modified solid
ratio %) %) CA-630) (1% of "7 %)
° . (%) monomer) 0
1 20:80 20 80 0.08 0.2 0.3 2 over CMC
and vary
2 20:80 20 80 0.03 0.2 0.15 2 ZnO content
3 5:95 5 95 0.004 © 0.05 0.3 0.3
- under CMC
4 | 10:90 10 9o | 0.004 01 0.3 05 and vary
monomer
Ll concentration
5 20:80 20 80 0.004 @24 0.3 0.8

To ensure the dispersion of nano-an’ system in water, the amount of
surfactant (IGEPAL_CA-630) used was critical toward latex stability [14]. As
shown in Table 4.3, the-amount-of suifactant-was-varted at 0.03 and 0.004%,
which were over and-under its CMC (CMC = 0.083 mM or 0.005 % v/v),
respectively. At the Righ surfactant content, the latex tended to be unstable.
Aggregation of-latex; particlespwasydeserved. However; when=the amount of CA-
630 was reduced. to 0.004%, the latex was ‘quite’stable and"homogeneous. It was
expected that the grafted ZnO particles were_suffeunded by the“surfactant. One
end of CA-630 is hydraphilicihelping:nano-ZnO suspending in the emulsion. The
other hydrophobic end of CA-630 points to the MPS layer that was previously
grafted on the ZnO particles. This can create a suitable environment for the fairly
hydrophobic butyl acrylate monomer to be later adsorbed on the MPS layer,
which is also an initiating point for further polymerization of the BA. Chain
propagation can then take place from the MPS-grafted on the ZnO surface, and
finally becoming a thin layer of PBA covering the core ZnO particles. This was
proven by the results of FT-IR and TEM shown in Fig. 4.5 and 4.6.
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Figure 4.5 illustrates the spectrum from FTIR analysis, providing
information of the frequency of absorbed band of PBA on the surface of the nano
ZnO. It can be clearly seen that the intensities of carbonyl peak at 1,730 cm™ and
C-H stretching peak at 2,885 and 2,953 cm™ increase dramatically after the BA
polymerization. This is caused by the long chain length of PBA that are present on
the surface of nano-ZnO possibly anchoring via the grafted MPS molecules.
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Figure 4.5. Comparison between the FT-IR spectra of MPS-g-ZnO particles (type

B) before and after emulsion polymerization:proCess of‘butyl acrylate.

This.method, led to, an.encapsulation ,of the .ZnO, particle by PBA layer.
Visualization' of 'the" nanocomposite’ ZnO ‘particle“was ‘carried out by TEM (Fig.
4.6). Figure 4.6 shows the spherical morphology of nano-ZnO particles type A,
type B, and MPS-g-ZnO type B, with the mean size of 2080 nm. In Figure 4.6d,
light-toned shell layer surrounding the dark-toned ZnO particle can be observed.
This outer shell is most likely the PBA layer that was grafted on the ZnO particles
via the MPS coupling agent. The mean size is ~100 nm as determined by
measuring the length of objects in the electron microscope images, multiplied by
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the direct number that under micron bar, and dividing by the length of the micron

bar shown.

Frgure46 TEMs of nan Zno;qar:q ﬂ/p A (a), type B (b), nano-ZnO
nd Z | ZnO/PBA composite particles (d).

I

It was foundjhat the emu'lérdr‘f oiymgrm
weight) in the ﬂ-c'v-='-"6“-"‘-iF-'--“‘"‘“'
the particles of 162% ﬂth a grafti %. the calculation method of
grafting weight and eff&cgcy is listed |gUChapter Il under section 3.3. The

s o444 YT S Y 2. i

possrbly due tofthe fact that BA monomer was rather hydrophobrc and therefore

AN DB IBEN e

MPS-modified ZnO by varying BA monomer content in latex, reaction time, and

gf BA (5 wt% of latex

the ratio of KPS to monomer.

The effect of initial BA content on the degree of grafting was listed in
Table 4.3. Increasing the initial amount of BA from 5-10% resulted in an increase
of degree of grafting and grafting efficiency, as well as the conversion of
monomer. The grafting of PBA chains embedded into the surface of nano-ZnO

increased from 162% to as high as 3905% with grafting efficiency value of up to
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92%. This means that the weight of organic polymers grafted on ZnO particles
was increased to over 39 folds. Also, 92% of all PBA chains formed were
successfully grafted onto the surface of MPS-g-ZnO particles. Nevertheless the

conversion of BA monomer to polybutylacrylate was at the maximum of 65%.

Table 4.3. The effect of BA content on the percentage of conversion, grafting, and
grafting efficiency of BA in the emulsion polymerization process with MPS-g-

ZnO particles.

%BA monomer  %Conversion  Grafi(%) + .Grafting efficiency(%) %Homo PBA

5 43 162 36 64
10 50 1395 8l 19
20 65 5905 92 8

The amount of BA is in pércentage by We-iéht of latex. The polymerization was
carried out using KPS (1% ofimenemer) as initiator and reaction time of 3 hr in
0.3%w of MPS-g-ZnO particles.

In the polymerization of PBA on the nane-ZnO surface by using 5%wt BA
and KPS (1% of monomer) as initiator in O‘S%Vrv_of MPS-g-ZnO particles, the
reaction times (from.120-360 min) did not affect the degrée of BA grafting and
monomer conversion«(Table 4.4).

Table 4.4. The_ effect of réaction time on the percentage of conversion, grafting,
and grafting efficiency.of BA in'the emulsion'polymerization:process with MPS-
g-ZnO particles.

Time (min.) © %Conversion U Graft(%)" " Grafting efficiency(%) %Homo PBA

120 43 168 36 64
180 43 162 36 64
240 45 161 35 65
360 47 166 35 65

The polymerization was carried out using 5%wt BA and KPS (1% of monomer)

as initiator in 0.3%w of MPS-g-ZnQO particles.
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In this study, the amounts of KPS added were varied from 0.25, 0.5, 1 and
3% of BA weight. The correlation between the added KPS amount and degree of
grafting was not, however clear. It was found that when the amount of KPS was
0.5% of BA monomers, the grafting weight of PBA on MPS-g-ZnO, and the graft
efficiency were at the maximum. In general increasing the initiator content would
result in an increasing of initiating point, in this work, at the olefinic end of MPS
and on the BA monomer. In the formal case, the grafting content will increase,
where in the later case, free homo PBA would be obtained at a higher yield.
However in this work the conversion of BA£0.PBA in this system was rather low
(from < 56%). The low conversion suggested.ihat a portion of monomers could
not take part in the emulsion polymerization. Although the initiator content was
adjust from 0.25-3% of menomers weight. Two explanations that can be made at
this point are, the initiater was not active due to improper control of N,, and
improper missing of BAsmonomers in the emulsion. From these results, it is
possible that the amount of KRS of 0.5% s the highest Initiator concentration that
can be absorbed on the'nano-ZnO surface for initiating the C=C bond of MPS
[31]. -
Table 4.5. The effect of /initiaior amount on the percentage of conversion,
grafting, and grafting efficiency of BA in the‘emulsion polymerization process
with MPS-g-ZnO particles. a

nfopr?o%ros]; %Caonversion Graft(%) effic(;'::::(i;%% ) %Homo PBA
0.25 37.27 189.27 39.99 60
0.5 55.82 647.99 81.70 18
1 42 .52 161.85 36.03 64
3 40.12 157.83 34.80 65

The amount of KPS is in percentagé hy weight of BA monomer. The
polymerization was carried out using 5% BA and reaction.time of 3 hrin 0.3%w
of MPS-g-ZnQO particles.

In conclusion, the optimal condition to prepare the nanocomposite latex of
ZnO-poly(butylacrylate) was to use initial BA contents of 0.5 wt%, the reaction
time of 180 hr, the initiator concentration of 0.5 wt% of monomer wt, MPS-g-ZnO

of 0.3 wt%, and surfactant amount of 0.0004 wt%.
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4.3  Latex Stability determination

In this section, the stability of latex was investigated by means of
measuring the height of sedimentation when the latex was stored undisturbed for 4
weeks. The results are reported in terms of the ratio between the height of

sediment and the suspension as shown in Fig. 4.7.

120 -
*
> X BZ
i—g A7ZGM
g . & ZPBA
3 A( ¥ ZBAO.5
- @Z10BA
Z20BA
M zAB
2 .
4 5

Figure 4.7. Comparison of sg§Bq{]Tsjon staﬁ%ﬁare nano-ZnO in mixed-solvent
between MeOH:H,0 (4:1) (BZ), MPS-g-ZnO 0.3% W/l in MeOH:H0 (4:1)
(ZGM), ZnO/PBA latex prepared from 1% KPS 5% BA (ZPBA), 0.5% KPS 5%
BA (ZBA0.5), 1% KEé and 10% BA (Z10BA), 1% Kpg and 20% BA (Z20BA),

and commercial nano<ZnO latex for fabric.coating (ZAB; ZnO 0.3 wt% with

negative acrylic binder 1 wit%).

From’ Fi1g. -4 77 the noert-madified 'ZnO “particles. in IMeOH-water (4:1)
mixed medium (BZ), MPS-g-ZnO particles in MeOH:H,O (ZGM), and
commercial nano-ZnO latex (ZAB) settled to the bottom of medium almost
immediately. The ZnO/PBA composite latexes prepared from MPS-g-ZnO
particles in this work; sample ZBAQ.5, Z10BA, and Z20BA, slowly settled during
the studied period (4 weeks). On the other hand, sample ZPBA which was the
ZnO/PBA composite latex prepared from using 1% KPS and 5% BA, remained

stable without any observable sedimentation for as long as 4 weeks. In this
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sample, the degree of BA grafting was 162%. It should be emphasized here that
the most stable latex sample ZPBA was not the one prepared by using the optimal
condition of BA grafting (0.5% KPS, 5% BA, 0.3% MPS-g-ZnQ), as reported in
Table 4.5, section 4.2. The result of latex stability test suggests that, for the latex
prepared by using the optimal method, the amount of organic polymer PBA
grafted on MPS-g-ZnO particles was as high as 648%. This amount of organic
polymer was somewhat too much to retain the latex stability in this latex system.

Since the goal of this work was to prepare composite latex that can be used
commercially, the stability of latex during storage was a major requirement.
Therefore the composite latex-sample ZPBA Wi;S further investigated for its UV-
shielding and antibacterial activity.

-

4.4  Scanning electhrocopy a\ri]alysis

In order to detep%{e the dis;pérsiﬁiiity of the prepared nano ZnO particles
in the prepared composi)szB:A Iéiiez(, th%;ZhO/PBA composite latex was cast as
films were investigated b,y’ SEM For comparison, a film prepared from non
modified ZnO nanopartlcfes (0 3 wt %) mlied with PBA commercial-grade latex
was also studied. 2T 2

Figure 4.8 shows microscopic images of nano- ZnO type A and B and

MPS-g-ZnO. In geﬁefal_the_motphology_of_ZnO_type_A, Jtype B, and the MPS
grafted ZnO type B partlcles was not distinctively dlfferent
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Figure 4.8. Scanning-electron micrographs of (A)nanQ-ZéO type A, (B)hano-ZnO
type B, and (C)MPS-g-ZnO from ZnO type B. [left- 500 X, right- 5,000 X].

The dispersion“of treated and untreated ZnO nar]oparticles in PBA matrix
is displayed in#ig: 4.9. Dark toned area/is PBA matrix from the scissor-cut cross
section of the film obtained from the untreated ZnO particle in PBA latex [Fig.
4.9(A)] andthe, preparedyZnO/PBAG compositelatex (Fig-y4:9(B))! The ZnO
particlesz:in Fig. 4.9(A) were clearly observed on the organic matrix, whereas the
particles were rarely seen in Fig. 4.9(B). The more homogeneous dispersion of
treated ZnO nanoparticles in the PBA was probably the consequence of MPS and
PBA grafting steps, which caused the reduction of highly polar hydroxyl groups
on the ZnO particles. Therefore the polymer chain grafted on the composite

particle supported the dispersion stability of ZnO nanoparticles.
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Figure 4.9. Scanning el ron mmrographs of cross-section (left) and top viewed
(right) of film samples p pared f,rom (/g)u,nmodlfled ZnO particles mixed into
commercial PBA late anﬂ (B)Zn@/PBA‘nanocomposne latex prepared in this

Stlddled [Ieft— 100 x J,I,rlght 500 x].
bz 7
45 UV- shleldlng propertles e
- L

The light absarmﬂgﬂepewe&ef—ZHG#PBA—nammdmposue particles were

measured. The tested Iatex was cast into a thin film |ayer coated on the both of the
side panels of cuvette that used in a UV spectrophotometer. The coated films of
both ZnO/PBArrnianocompositeiand:ZnO=free PBAwere hazy.and pale white.

The absgrbancespectra of ZnO/PBA composite film and ZnO-free PBA
film were compared as shown in Fig. 4.10. It is-¢learly_seen that'the ZnO/PBA
nanocompasite (a)possesses higheralisarption in both UV (<400 hm.) and visible
region (400-750 nm.) than the PBA films (b). This is most likely a result of the
presence of nano-ZnO at the amount of 0.3 wit% in the latex. As reported by
others [6,2], UV shielding property of polymer films can be improved by the
addition of ZnO nano-particles. Thus the nanocomposite latex prepared in this
work can be used as a UV absorbance material for coating.
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Figure 4.10. Absorba/ Ano-2Z1 3A'composite latex compared

to (b) PBA latex- Bo e performe ating the latex on dry quartz
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tested latex on rou 'ter pap _
4.12). From Fig. 4. 1]jhere was ne’ indi@ng antibacterial activity
surrounding the filter papers on which Zn@free PBA and ZnO/PBA composite

e were Fpofel a.’ahmm it e etd] fpes g0 ot show

antibacterial acmnty
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O Positive contral = Ampicillin 3 mgfmL

¢ Control = PBA
1 Sample = compaosite

Sample position in every
agar test plates (5 sets)

ELcall

Figure 4.11. Disk di
activity of PBA and Zn

In Fig.4.12, again, the prepared ZnO/PBA composite latex, nano-ZnO type
Ll T N,

A, and B showed n&ntibacterTé’f’aétMW aga t was, however, found

that in the case of S ==-:--:—=r ------ 3), only the unmo aified ZnO type A and B

as of Clear zones were observed
surrounding the samplesa,at position 4 & 5 in the agar plates, but the ZnO/PBA

= L
composite Iatﬁlngn h ﬂﬁ i ﬂ#ﬁtesting. The reason
ecte rejglt?sit at th ﬁyﬁ EJFQE

behind this unexp e organic polybutylacrylate can possibly

block t between, t y ' Iiaﬁt vﬁgj/ithout this
contacﬁrﬁgnﬁrﬁniﬁmﬂmﬁh act EJ\?\;E reported to
be an important step toward bactericide activity. In the next test, an agar dilution
susceptibility method was used to support this assumption.
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@ Control = Blank cofton

@ Positive control = Ampicillin 5 mg/mL
3@ Sample = composite

@ 2n0, A

® Zn0, B

Sample position in every

® @
agar test plate.

R 101115
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Figure 4.12. Disk diffusion method using cotton clothes to test the antibacterial

activity against E. coli of ZnO/PBA composite latex, nano-ZnO type A, and type

B, compared with ampicillin positive control.
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@ Control = Blank cofton

@ Positive control = Ampicillin 5 mg/mL
3@ Sample = composite

@ 2n0, A

® Zn0, B

Sample position in every

® @
agar test plate.

Figure 4.13. Disk diffusion method using cotton clothes to test the antibacterial
activity against S. aureus of ZnO/PBA composite latex, nano-ZnO type A, and

type B, compared with ampicillin positive control.
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Table 4.6. Antibacterial rate of antibacterial test by agar dilution susceptibility

method against S. aureus and E. coli.
[The lower the CFU value, the higher the antibacterial activity]

S. aureus CFU/ML x10° %R E. coli CFU/ML x10° %R
negative control 830 0 negative control 1183 0
10% composite 927 -11.65 10% composite 2093 -76.90
20% composite 1270 -53.01 20% composite 1987 -67.89
30% composite 1283 -54.62 30% composite 1963 -65.92
40% composite 917 -10.44 40% composite 2033 -71.83
50% composite 823 0.80 50% eomposite 2047 -72.96

10% Zn0O2 A 0 100 10%:(v/v) ZnO, A 1860 -57.18
20% ZnO, A 0 100 20% (VIv).ZnO, A 1780 -50.42
30% ZnO, A 0 100 30% (v/v) ZnO, A 1330 -12.39
40% ZnO, A 0 100 & & 40% (viv) ZnO, A 1383 -16.90
50% ZnO; A 0 100 50% (v/v) ZnO, A 1300 -9.86
10% ZnO, B 0 100 7-10% (viv) ZnO, B 1220 -3.10
20% ZnO, B 0 100 1. 20% (v/v) ZnO, B 613 48.17
30% ZnO, B 0 100" = /30% (v/v) ZnO, B 0 100
40% ZnO, B 0 100 +40% (v/v) ZnO, B 0 100
50% ZnO, B 0 100 -1 50%(v/v) ZnO, B 0 100
positive control 0 100 positive control 0 100

By agar dilution susceptibility method, the antibacterial property of the
composite latex was carried out by determining CFU value (The colony forming
units) of the latex; compared with-unmodified ZnO particles (Table 4.6). It was
found that the CFU value of every concentration of the prepared ZnO/PBA latex
was quite high-and-almostequaled toithesvalue of, negative-controli(only agar in
growth medium). "This indicated that the composite latex "did not have any
antibacterial properties against both S. aureus and E. coli bacteria strains as also
concluded from the disk diffusion method. However both the untreated ZnO type
A and B in fact showed strong antibacterial effect. This finding confirms
published reports [28, 33] that bare ZnO particles possess antibacterial activity.
Here, in this work, it is most likely that the modified ZnO particles in the
ZnO/PBA nanocomposite are covered by polybutylacrylate. There was no contact

between ZnO nanoparticle and the tested bacteria [33]. Therefore the composite
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latex did not show antibacterial activity under the test condition performed in this

work.
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CHAPTER V

CONCLUSIONS AND SUGGESTION

5.1 Conclusions

Nanocomposite latex of polybutylacrylate and zinc oxide nanoparticles
was prepared by means of emulsion polymerization of butyl acrylate monomer.
The nano ZnO particles were enclosed by PBA: shell with the help of MPS acting
as a coupling agent between the inorganic-Zn® and organic PBA. Parameters
including initial feed of surfactant (OP-10), monomer (BA), initiator (KPS), and
reaction time were investigated./At high surfactant content, aggregation of latex
particles was observed. The optimum amount of CA-630 was found to be 0.004%,

resulting in stable and homogeneaus latéx. Increasing the initial amount of BA from 5-
10% resulted in an increase’of degree of grafting and grafting efficiency, as well as the conversion

of monomer. When the amount of added KPS was 0.5% of monomer weight, the
grafting weight of PBA on MPS-g-ZnO and the graft efficiency were at the
maximum. The reaction times (from 120-'3@ min) did not, however, affect the
degree of BA grafting and monorier converéioﬁf'

The latex containing 0.3 Wi% of ZnO and 5wt% of PBA remained stable
for up to 4 weeks-of-storage—at room temperature. Mixing of ZnO/PBA
nanocomposite latex and PBA latex resulted in a PBA film with well-dispersed
ZnO aggregates. This was probably the consequence of MPS-PBA grafting on the
ZnO, causing/a reduction of: highlyt polar groups on 4the<ZnO particles. The
ZnO/PBA filmy obtained from the composite latex displayed UV-shielding
properties..The.ZnO/PBA.nanocomposite possessed higher.absorptionin both UV
and visible region‘thanthe! PBA' films.~Nevertheless the-ZnO/PBA'latex did not
exhibit any antibacterial activity. It is possible that the ZnO needs to be exposed to
the microorganisms in order to achieve antibacterial effect. From these results, the
ZnO/PBA composite latex obtained from this work can be potentially used as a
coating agent.
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5.2  Suggestion

From this work, it was found that the content of ZnO in the latex was
somewhat low (0.3 wt %). One may need to explore other routes or coupling
agents to increase the ZnO content in the latex. In addition, reduction of the
amount of initiator KPS would be worth investigated, so that the amount of
organic polymer (PBA) can be increased. The amount of PBA in the latex can

affect the film forming ability of the latex as well.
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APPENDEX A

Al Preparation of ZnO/PBA composite latex

Al.l1 Modification of nano-ZnO with MPS
Table A-1: The surface modification recipe of nano-ZnO with MPS

ZnO MPS total solid
2 1 3

Table A-2: The dry solids of MPS-g-ZnO after sohxlet.

- |

trimble 1 Grafted polymer :
Trimble - Pry Solid before - sorrl)xlglt(g) Dry solid
No. (@) diysBiig sohxlet(g) (G+2) after
@ (G+tUG+2) 1 5 sohxlet
1 3.38914 4.0075 0:6184 3.9600 3.9600 0.5709
2 3.38922  4.0065 0.6173 3.9544  3.9544  0.5652
3 3.3946  4.0256 : 0.6335,0 “ 39656 3.965 0.5704

The % graft of MPS onto th_(é surfa’e::'é-fgf nano-ZnO was determined by the

following equation: et 22450
Grafting(v) = [(Qj;n;;Em)/Em] x 100

where Dm (g)4s.the weight of dry modified nano:ZnO after sohxlet, Em

(9) is the weight of charged ZnO particles in dry modified before sohxlet.

Table A-3: The %graft of MPS onto.the surface.of nano-ZnO.

Dry Solid befere ' Dry solid

No. ZnO MPS sohxlet(q) after Gg/f: ft
(GhUG+2) sohxlet
1 04122 | 0.206% 0.6184 0.5709 38
2 0.4115 0.2058 0.6173 0.5652 37

3 0.4207 0.2103 0.6310 0.5704 36
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Al.2 Emulsion polymerization of butyl acrylate on MPS-grafted

ZnO nanoparticles

Table A-4: The emulsion polymerization recipe of ZnO/PBA nanocomposite

latex in reaction time of 3 hr.(standard condition)

Chemical Name % wit
Butylacrylate monomer 5
Modified ZnO 0.3
IGEPAL CA-630 0.004
KPS 0.05
Deionized water 94.7

Weight latex form Table A-3 ihat show in Table A-4 to determine the dry solid in
latex. "
Table A-5: Dry solidin laiex in the effect of BA content.

%BA monomer” L atex{(g) %Solid Dry Solid(g) in latex
5.080 244 0.12
5 5.299 2.49 0.13
5.060 121 0.13
5.012 7.39 0.37
10 5.030 6.32 0.32
5.133 6.35 0.33
3.138 o g 0.43
20 3.311 13.43 0.44
3.237 13.56 0.44

The amount of BA'is in percentage by weight of latex. The polymerization was
carried out using KPS (1% of monomer) as initiator and reaction time of 3 hr in
0.3%w.of MPS-g-ZnO, particles.

Use Table A-4 to calculated the BA monomers content and nano-ZnO content of
dry solid in dry latex by conventional calculation as using Table A-3 in a
compared. And using these data to calculate the conversion(%) as follow

equation:
Conversion (%) = [(A-B)/C] x 100 (A1)
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where A is the weight of total resulting particle which is the weight of ZnO plus

grafted polymers, B is the weight of charged nano-ZnQO particles, and C is the

weight of charged monomer.

Table A-6: The effect of BA content on the percentage of conversion.

%BA monomer

Total result particle in latex (G+UG+2Z)

%Conversion

0.12 41.72

5 0.13 42.72
0412 43.12

Average 0.12 42.52
0.37 56.69

10 0.31 45.72
0.32 48.02

Average 08¢ 50.14
0.42 66.08

20 0.44 64.63
0.43 65.28

Average 65.33

0.43

)

Table A-7: The dry solids of latex after centrifuge in the effect of BA content.

D P r
Latex (q) R et ry solid after centrifuge (g)
%BA . Glass .
monomer | V12! 0 dish{g) dishSsad | 2 3 Dry solid
centrifuge g solid(g) |. ry Soll
1 | 204932 g
2 186068 :
5 3 17,7402 15:1997 | 16.5344 | 16.2353 |116.1385 | 16.1385 | 0.9388
sum 56.8402
4 |- v
5 19.0729
10 5 19.6254 15,2684 | +18.937 4 18,5871+ 18.5899 | 18.5898 | 3.3214
sum . 36.8983
7 -
20 g - 2892459 15.1433 | 23,2347 | 22.9988 | 22.9056" 22.9056 | 7.7623
sum 19.2488

Take these dry solid to sohxleted for 24 hr. the result in Table A-7.




Table A-8: Dry solid latex after sohxleted.
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trimble | Dry Solid Grafted polymer after sohxlet(g) (G+2)

%BA | Trimble + before Dr
monomer (9) drysolid | sohxlet(g) 0 1 2 3 4 y
© (G+UG+2) solid
5 3.1927 | 4.1291 0.9364 | 4.1291 | 3.9542 | 3.7745 | 3.6392 | 3.6392 | 0.4465
10 3.4771 5.6055 2.1284 | 5.6055 | 5.2819 | 5.2351 | 5.2214 | 5.2214 | 1.7443
20 3.1265 | 5.6470 2.5205 | 5.634 | 5.533 | 5.445 | 5.4390 | 5.4393 | 2.3128

The percentage of grafting and its efficiency were calculated by the

following equations:

Grafting (%) = [D/E] >«100

Graftingefficieney (%) ={B/=}x 100

(A2)
(A.3)

where D (g) is the weight.ef grafted PBA, E (0) is the weight of charged ZnO
particles, and F (g) is thestotal PBA (grafted and ungrafted polymers) formed in

the system.

Table A-9: The effectof BA contenton th‘e percentage of grafting, and grafting

efficiency of BA in the gmulsion polymerf;ation process with MPS-g-ZnO

particles. :
Dry Sutid ?)rlfa%egr Total
%BA Latex | Modified | -before PONIIRL Grafting
after polymer | Graft(%) .
monomer (9) Zn0o sohxlet(g) efficiency (%)
T (A CHZ) sohxlet(g) | (G+UEG)
(G+2)
5 56.8402 0.1%7 0.9364 0.4465 0.7659 | 161.85 36.03
10 38.8983 0.12 2.1284 1.7443 2.0117 | 1394.75 80.91
20 19.2488 0.06 2.5205 2.3128 2.4628 | 3905.10 91.57

As the same in'the effect of BA content, the effect of reaction’ time the percentage

of conversion, grafting, and grafting.efficiency as follow in Table A-9 and Table

A-10 respectively.“The polymerization was cartied out using 5%wit BA and KPS

(1% of monomer) as initiator in 0.3%w of MPS-g-ZnO patrticles.
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Table A-10 : The effect of reaction times on the percentage of conversion.

Time (min.) Total result particle in latex (G+UG+2)

%Conversion

0.12 41.72

120 0.12 42.72
0.12 43.12

Average 0.12 42.52
0.12 41.72

180 0.13 42.72
0.12 43.12

Average 0.12 42.52
0.13 43.92

240 0.13 44.62
013 45.32

Average 0.43 44.62
0.13 46.02

360 0.13 46.72
0.14 . 47.42

Average 0" 46.72

F

Table A-11: The effect.of rgaction times cf;r) the percentage of grafting, and

grafting efficiency of BA in the émulsion ﬁd;iﬁnerization process with MPS-g-

ZnO particles.

o

cad A

Grafted.

Dry Solid |~ 5iumer *+. Total
Time | Latex | Modified before P Grafting
: after polymer. | Graft(%) .
(min.) (9) ZnO__t_sohxlet(g) , efficiency(%)
(G+UG+2) sohxlet(g) | (G+UG)
. (G+2)
120 | 54.4323 0.16 0.9342 0.4378 0.7709 | 168.10 35.61
180 | 56.8402 0.17" 0.9364 0.4465 0.7659 | 161.85 36.03
240 | 56.4420 0.17 0.9453 0.4413 0.7760 | 160.62 35.05
360 55.83 0.17 0.9635 0:4463'\ | 0.79601 | "166.46 35.03

As the same.in the effect of BA content, the initiator amount® the fefcentage of

conversion, grafting, and graftingiefficiency as follow in Table A:11/and Table A-

12 respectively. 'The amount of KPS is in percentage by weight of BA monomer.

The polymerization was carried out using 5% BA and reaction time of 3 hr in
0.3%w of MPS-g-ZnO particles




Table A-12 : The effect of initiator amount on the percentage of conversion.
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KPS (% of Total result particle in latex %% Conversion
monomers) (G+UG+2)

0.09 39.27
0.25 0.06 35.87
0.06 36.67
Average 37.27
010 59.82
0.5 012 53.62
=~ 54.02
Average 55.82
0.12 41.72
1 | ORL3 42.72
0.12 43.12
Average X 42,52
= 0.07 39.92
3 y 0:07 40.32
0.07 40.12
Average 40.12

#

Table A-13: The effect of initiator amount o_nthe percentage of grafting, and

grafting efficiency of BA in the-emulsion polyiﬁerization process with MPS-g-

ZnO particles.

Dry Solid Grafted
- before olymer Total Graftin
gopr?o(r:f:a:)s; L?é()ex l\g(?r:ge sohxlet(g) " af¥[er polymer | Graft(%) efficier?
(G+UG+Z | sohxlet(g) | (G+UG) cy(%)
) (G+Z)
0.25 53,73 0:16 0.9242 0.4663 0.7630 189.27 39.99
0.5 57.74 0.17 1.5472 1.2958 1.3740 647.99 81.70
1 56.84 Q17 0.9364 014465 0.7659 161.85 36.03
3 56.85 017 0.9442 0.4398 0.7736 157.83 34.80
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Al.3 Latex Stability determination

The latex was left standing in a clear screw thread vials (size: 21x70 mm, 15 mL
tall) for 4 weeks. The depth of sedimentation from the surface of suspension was
recorded every day for a total time of 30 days. The sedimentation percentage of
the composite latex was determined by the following equation:

% Sedimentation = H/Hg x 100% (A.4)

where H (cm) is the depth of sedimeniation from the surface of
suspension, and Ho (cm) is'the total depth of stispension. The value shown in the

result was averaged from.3:sets of experiments.

Table A -14: Latex stability, determinaticl‘?n: bare nano-ZnO in mixed-solvent
between MeOH:H,0 (4:1) (BZ), MPS-g-%HO 0.3% wiw.in MeOH:H,0 (4:1)
(ZGM), ZnO/PBA latex prepared from 1% KPS 5% BA (ZPBA), 0.5% KPS 5%
BA (ZBA0.5), 1% KPS'and 10% BA (Z10BA), 1% KPS and 20% BA (Z20BA),
and commercial nano-ZnO latex fo,r,,fabrici;gg_ting (ZAB; Zn0O 0.3 wt% with

negative acrylic binder 1 wit%) /= sesidy
Time( day) sample 1~ No. (cl_rjrll)) H (cm.) | % Sedimentation

- i 5 0:05 - 1
. Bz ? 5 0.05- 1
3 5 0.05 1
1 5 0.05 1
ZGM 2 5 0.05 1
3 5 9.06 12
1 5 5 100
ZPBA 2 5 5 100
3 5 5 100
1 5 4 g0
17 ZBAD.5 2 5 4 80
3 5 4 80
1 5 4 80
Z10BA 2 5 4 80
3 5 4 80
1 5 3 60
Z20BA 2 5 3 60
3 5 3 60

1 5 0.05

ZAB 2 5 0.05
3 5 0.06 1.2




Table A -14: Latex stability determination (continued?2)
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Time( day) sample No. (cl_n|2) H (cm.) | % Sedimentation
1 5 0.05 1
BZ 2 5 0.05 1
3 5 0.05 1
1 5 0.05 1
ZGM 2 5 0.05 1
3 5 0.05 1
1 5 5 100
ZPBA 2 5 5 100
3 5 5 100
v 5 3 60
8-14 3 60
3 60
3 60
3 60
3 60
A %
L s 5
50
\ .05 1
e
0.05 1
5 05 1
0.05 1
5 0.05 1
0.05 1
0.05 1
0.05 1
5 100
) 100
el 100
g 50
15-21 Dz‘s’m , 50
3 5 gfs 50
o | ! lass 25 50
pINi ETSL
d 51w
q 1 5 2 40
Z20BA [} 5 Ao 2 s 40
S e e
NIT O OGN FI 51 © , | ]
q ZAB 2 5 0.05 1
3 5 0.06 1.2




Table A -14: Latex stability determination (continued3)

55

Time( day) sample No. (c|_r|r(1)) H (cm.) | % Sedimentation
1 5 0.05 1
Bz 2 5 0.05 1
3 5 0.05 1
1 5 0.05 1
ZGM 2 5 0.05 1
3 5 0.06 1.2
1 5 5 100
ZPBA 2 5 5 100
3 5 4.8 96
5 25 50
22-30 ZBAO. 25 50
25 50
B 1 25 50
_2 25 50
30 5 50
40
Z 2 40
i3 = 40
.05 1
1
= 0.06 1.2
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APPENDIX B

Bl Preparation of ZnO/PBA composite latex
B1.1 Modification of nano-ZnO with MPS
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Figure B-1: FT-IR images

B1.2 Emulsi lyrierizatic \ ac late on MPS-grafted
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Figure B-2: FT-IR spectra for MPS-g-ZnO particles (type B) after emulsion

polymerization process of butyl acrylate.
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