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ACTIVITY.

In this study, agricultural wastes including rice husk (RH) and shrimp shells
were prepared for use as a hybrid filler in natural rubber (NR) composites. RH was
synthesized into rice husk ash (RHA) by acid leaching and burning at 650°C.
The obtained RHA was 86.12% of silica (SiO2) with amorphous structure. Then it was
extracted by sodium hydroxide (NaOH) to obtain sodium silicate (Na2SiO3). NazSiOs
was used as SiO- precursor. In addition, the shrimp shells were extracted into chitosan
(CS) by removal of minerals, proteins, and acetyl groups. The obtained CS was 65% of
degree of acetylation and average molecular weight was 642,000 Da.

The hybrid fillers between SiO; and CS at the ratios of 1:1, 2:1, and 3:1 were
prepared and investigated. The optimum ratio between SiO; and CS was 2:1 which gave
the material with the highest BET surface area and the smallest average particle size.

To study the effect of in situ SiO. content on cure characteristics, mechanical
properties, and morphological properties of in situ SiO2/NR composites and in situ
Si02-CS/NR composites., NR composites with in situ SiO- at contents of 0, 5, 10, and

20 phr and NR composites with in situ SiO»-CS at 5-5, 10-5, and 20-5 phr were prepared



by latex solution and sol-gel method. Then, it was compounded by using a two-roll mill
and formed a sheet by compression molding at temperature of 150°C.

Modulus at 100% elongation (M100), Modulus at 300% elongation (M300),
and hardness were increased with increasing in situ SiO> content while elongation at
break of in situ SiO2/NR composites and in situ Si02-CS/NR composites was decreased
by the addition of in situ SiOs. Tensile strength and tear strength increased with
increasing in situ SiO2 content up to 10 phr for in situ Si0,-CS, up to 5 and 10 phr,
respectively. However, the composites with in sifu SiO> content at 20 phr without CS
exhibits higher tensile strength, tear strength, and hardness than NR. The scorch time
and cure time of in situ SiO2/NR composites and in situ SiO»-CS/NR composites were
decreased by the addition of in situ SiO» Scanning Electron Microscope (SEM)
micrographs of in situ SiO2/NR composites and in situ Si02-CS/NR composites showed
rough surface and many layers. The agglomerate of SiO: particles was observed from in situ
Si02/NR composites at 5 phr only.

Effect of SiO,-CS hybrid filler at CS contents of 0, 3, 5 and 10 phr with constant
of 10 phr in sifu SiO> on the antimicrobial activity and absorption properties of in situ
Si0,-CS/NR composites were investigated. All of the NR composites with the addition
of CS show clear zone of E. coli inhibition. The optimum CS content was 5 phr which
gave NR composite with the highest antimicrobial efficacy. The addition of CS can

improve the water absorption of NR composites.
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SYMBOLS AND ABBREVIATIONS

% = Percent

N = Normality

M = Molarity

°C = Degree Celsius

K = Kelvin

Da = Dalton

]| = Deionized

min = Minute
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ml = Milliliter

m? = Square Meter

nm = Nanometer

phr = Parts per hundred of rubber
h = Hour(s)

kN = Kilonewtons

kv = Kilovolt

mA = Milliampere

rpm = Revolutions per minute
MPa = Megapascal

in situ = In the reaction mixture



CHAPTER I

INTRODUCTION

1.1  General background

Thailand is predominantly an agriculture-based country. More than half of Thai
agricultural is occupied by crops related activities following by fishery cause the
topography and climate which are significantly opportune to cultivation. Thailand is
one of the top three rubber producers representing 75% of the global rubber output with
approximately 33,000 million square meters is the rubber plantation area over the
country especially the southern part of Thailand. Since the early 20th century, Thailand
has become the largest exporter and producer of the world where is processing high
quality rubber products such as tires, rubber gloves, and condoms (Thailand
Convention and Exhibition Bureau, 2019).

Natural rubber (NR) or cis 1,4- polyisoprene is an elastomeric material derived
from the sap of rubber tree also known as NR latex that contains the NR hydrocarbon
in a fine emulsion form in an aqueous serum. It is an important economic crop that can
be cultivated in every region of the country. NR is renewable materials which have
the advantage such as low cost, flexibility, resistant to water, and use in a variety of
application (Kawahara, 2018) (Thongpin et al., 2011).

However, the slowdown in the global economy causes the demand for NR and
rubber prices to decrease. To increase demand and utilization of NR, NR composites
has been developed various functions. Songsaeng et al., (2019) produced NR/reduced

grapheneoxide composite materials which as a green sorbent material for the treatment



of oil spills. Chen and Qiu, (2020) developed the ultraviolet resistance and
flame retardant properties of NR by reinforced with basic magnesium oxysulfate
whiskers. Intom et al., (2020) developed NR/ Bi»Os composites which as lead-free and
flexible radiation shielding materials.

In addition to NR, rice is also Thailand's most important crop and the primary
agricultural export. Thailand is one of the world’s largest rice exporters. Consequently,
the waste from rice cultivation occurred extremely in the country. Rice husk (RH) is
the waste from rice milling process. It was used in several applications such as
adsorbent for removing heavy metals from wastewater, biomass feedstock for
bioethanol production, a coating over the molten metal in steel industries, and blended
with cement as a replacement of silica fume (Kumar et al., 2013). Moreover, a product
from RH burning process is rice husk ash (RHA) was used as silica (SiO.) source that
contained amorphous SiO; around 85-95% (Todkar et al., 2016). Preparation of RH
SiO; has various methods namely thermal treatment, hydrothermal treatment,
biological treatment, and chemical treatment (Shen, 2017). Yuvakkumar et al., (2012)
prepared high- purity nano SiO. powder from RH by using a simple chemical method
which is alkali extraction and followed by an acid precipitation. They obtained the high
purity of SiO2 around 99.9% at 2.5 N of sodium hydroxide in the alkali extraction
process. A lot of research used RH SiO: as a reinforcement in polymer matrix. Moosa
and Saddam, (2017) used RH SiO; in the form of nano-SiO> as a nanofiller in
epoxy-SiO2 nanocomposites. They found that the nano-SiO2 can improve the tensile
strength of epoxy resin. Jembere and Fanta, (2017) studied on the synthesis of SiO. powder
from RHA as reinforcement filler in rubber tire tread part for replacement of commercial

precipitated SiO2. They found that the RH SiO2 can be used as a replacement filler in



NR compound since the RH SiO> can enhance properties of modulus, hardness, and
abrasion resistance.

In addition, the waste from fishery like shrimp shells, crab shells, and cuttlefish
bones are the source of chitin. Chitin is the second widespread biopolymer available in
nature after cellulose. The source of chitin namely crustaceans, insects, and
microorganism. Chitosan (CS) is a carbohydrate polymer produced by the deacetylation
of chitin. The properties of CS namely biocompatibility, biodegradability and antibacterial
(Hajji et al., 2014). Moreover, (Rao and Johns, 2008) studied on the mechanical
properties of CS and NR blend. They succeeded to prepare CS-NR latex blend by
solution casting method and found that the obtained materials have a good adhesion
between CS and NR thus, tensile strength of materials improved when compared with
neat NR. The CS can be used as a reinforcement filler.

In this research work, SiO2 from RH and CS from shrimp shells were used as
hybrid fillerin NR composites. The improvement of NR properties with this filler was

expected.

1.2 Research objectives

To produce multifunctional NR composites that can be antimicrobial, eco-friendly,
and more strength is my goal. NR composites were expected to use as a rubber wound
dressing in medical applications.

Specific objectives of this research work are as follows:

1) To study physical and chemical properties of SiO»-CS hybrid material
which is derived from RH and shrimp shells.

2 To study cure characteristics, mechanical properties, morphological

properties of in situ SiO2/NR composites and in situ SiO>-CS/NR composites.



(3) To study the effect of in situ SiO2 content on cure characteristics,
mechanical properties, and morphological properties of in situ SiO2/NR composites and
in situ SiO2-CS/NR composites.

4) To study the effect of CS content on antimicrobial activity and

absorption properties of in situ SiO2-CS/NR composites.

1.3 Scope and limitation of the study

NR composites reinforced with in situ SiO2 and in situ SiO2-CS were prepared
by a latex solution method. To prepare the hybrid material, the Na>SiOs solution and
CS solution were mixed with various ratios of 3:1, 2:1, and 1:1. The effect of in situ
SiO; and in situ SiO.-CS hybrid filler content on cure characteristics, mechanical
properties, and morphological properties of NR composites were studied. In situ
SiO2/NR composites and in situ SiO2-CS /NR composites were prepared at various in
situ SiO2 contents (0, 5, 10, and 20 phr). In situ SiO>-CS /NR composites were added
CS at 5 phr. Antimicrobial activity of in situ SiO>-CS /NR composites at various CS
contents 3, 5, and 10 phr with constant in situ SiO at 10 phr were also studied. Sodium
silicate (Na2SiO3) was used for in situ SiO2 which was prepared by dissolving RHA
with sodium hydroxide. The preparation of Na,SiOz from RH was adapted from (Moosa
and Saddam, 2017). CS from shrimp shells was prepared follow (El Knidri et al., 2016).

Fourier Transform Infrared Spectroscopy (FTIR) was used to confirm the
functional groups of RHA and CS and also used to determine the degree of
deacetylation of CS. X-ray Diffraction (XRD) was used to confirm the amorphous
structure of RHA and also used to confirm characteristic peak of CS. Molecular weight
of CS was measured by Zetasizer Nano ZS.

High ammonia NR latex (HA Latex) with 60% Dry Rubber Content (DRC) and



0.7% ammonia was used. NR and filler were mixed together before mixed with
the vulcanizing chemicals by a two-roll mill. A conventional vulcanization system
was used.

Mechanical properties of NR composites were investigated. Cure characteristics
of NR composites were determined using a moving die rheometer (MDR). Tensile
properties and tear properties of NR composites were investigated by a universal testing
machine (UTM). Hardness of the NR composites was investigated by Durometer shore
A. Morphology of NR composites were observed by Scanning Electron Microscope
(SEM). Thermogravimetric Analysis (TGA) was used to obtain the thermal
decomposition temperatures and residual SiO, of NR composites.

Antimicrobial activity of NR composites was evaluated using the agar diffusion

method. Escherichia coli (E.coli) was used for testing the antimicrobial activity.



CHAPTER Il

LITERATURE REVIEW

2.1 Natural rubber (NR)

Natural rubber is biopolymers extracted from the Para rubber (Hevea
brasiliensis). It consists of the cis-1,4-polyisoprene molecule which composed carbon
and hydrogen atoms. NR latex is a colloidal suspension which collected from the sap
of rubber trees. Fresh NR latex is composed of 94% rubber hydrocarbon and 6%
nonrubber constituents (i.e., proteins, phospholipids, glycolipids, fatty acids)

(Wei et al.,2017).

Protein
| cH, CH;]»
Rubber hydrocarbon ——> Se=¢” n
/ ~N
H,C H
Phospholipid .
Puotp Polyisoprene

Poly(cis-1,4 isoprene)
Rubber particle

Figure 2.1 Structure of rubber particle.

NR has a variety of properties such as good elasticity and flexibility,
biodegradability and renewability, good formability, and antivirus permeation. It has
been used in a wide application: engineering, sports, and medical application as well.

However, it also has disadvantages such as oxidative and thermal degradation.



Virgin NR is very soft and sticky. It requires vulcanization and any modification for its
good properties like mechanical properties, thermal stability, and others (Chen et al.,2014).

Sulfur vulcanization is usually used for vulcanized NR. In the process, NR was
compounded with activators, accelerators, fillers, and sulfur before it was shaped. It is
also known as NR composites. The filler is an important ingredient which usually filled
in the NR compound especially reinforcement fillers. Reinforcement filler is filled to
improve tensile strength, tear strengths and abrasion resistance of the NR composites.

The popular fillers such as carbon black (CB), silica (SiO), and calcium carbonate.
Rubber Molecules
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Figure 2.2 Network of sulfur vulcanization.



2.2 Silica (SiO.)

Silica (SiO») is a white filler in amorphous form for use as a reinforcement in
NR. It consists of silicon and oxygen in the tetrahedral structure which has silanol
groups (Si-OH) on the silica surface. The formation of silanol groups on the SiO;
surface shown in Figure 2.3. The number of silanol groups leads to high polarity and
hydrophilic due to the formation of aggregates, agglomerates of SiO.. Its hydrophilic
affects the compatibility with the NR matrix leads to poor mechanical properties of NR
composites. This is a problem to use SiO2 with NR. Silane coupling agents were used
to solve the problem that it can improve compatibility. However, the good distribution
of SiO2 in the NR matrix such as the use of nano-SiO> form or in situ SiO2 form also
solve this problem since it decreases the interaction between hydroxyl groups on

the SiO; surface (Zhuralev, 2000).

Condensation Poly L Xerogel

Figure 2.3 Formation of silanol groups on the silica surface (Zhuralev, 2000).



2.3 Rice Husk (RH)

2.3.1 Composition of RH
Rice husk (RH) is the hard-outer cover on rice grain which protects
the rice grain from damage during the growing period. The structure of rice gain is
shown in Figure 2.4. RH has about 20% of rice gain. The composition of RH consists
of organic and inorganic constituents. The organic constituent (cellulose,
hemicellulose, lignin, other protein, and vitamin) which can be removed by
the burning process. The important inorganic component is silica (SiO2) that has content

more than 80% of the inorganic constituents (Oyelaran and Tuunwada, 2014).

L‘ -
v «——— Rice husk 20%

<—— Rice bran 8%
<«———— White rice 70%

<«<—— Rice germ 2%

LN
v
\I
r

Rice grain

Figure 2.4 Structure of rice grain.

2.3.2 Preparation of RH SiO2

Rice husk ash (RHA) is produced by burning RH at elevated temperatures.
It will become amorphous SiO, at 550-800°C and will become crystalline SiO>
at a temperature greater than 800°C. Table 2.1 shows the SiO. content of RHA was

reported by various research works.
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Table 2.1 SiO; content of RHA was reported by various research works.

SiO2 Content (wt%o) References
93.4 Korotkova et al. (2016)
82.1 Raheem and Kareem (2017)
91.4 Rambo et al. (2011)
91.6 Alaneme and Olubambi (2013)
90.5 Todkar et al. (2016)

However, RH also has other elements and impurities thus before or after
thermal processes. The impurities were eliminated by acid leaching or alkaline
treatment. The common procedures for producing SiO> from RH in Figure 2.5.

Acid leaching, RH was treated by acid solution such as a solution of
hydrochloric acid or sulfuric acid in Figure 2.6.

Alkaline treatment, RH was treated by a base solution like sodium
hydroxide solution. The obtained SiO2 with white-color SiO2 and high specific surface
area (Shen, 2017).

Liou, (2004) studied the effect of heating rate on the preparation of nano
SiO, from RH. In his experiment, the RH was refluxed with HCI at 373 K for 1 h.
The refluxed RH was dried at 373 K for 24 h before heated with various heating rates
(i.e., 5, 10, 15, and 20 K/min) at a temperature between 300 to 1000 K in the air
atmosphere. The results found that the impurities about 95% were eliminated by thermal
decomposition. The highest specific surface area of SiO, powder was 235 m?/g with
5.4 nm of the average pore diameter and the average particle size was 60 nm which

gave from the heating rate of 5 K/min. All product which obtain from various heating rates
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were amorphous structure. The slower heating rate can reduce metallic ingredients in

RH better.
Extraction of Silica from Rice Husk
|
T:‘::::::rl“ Hydrothermal  Biological Chemical
o Treatment treatment
(400700 °C) treatment
Alkaline Acid Alkaline  Treatedby  aciq
treatment leaching NHE treatment °‘h°:;3¢'“g'- leaching
a KMnO,, H;
<240°C  >240°C s l" :
With Without  Na,CO, |
pressure pressure  addition Heated above Heated below
9, L
Nighio 1100 °C 900 °C
CO; injection acigition
Acid CO, injection
addition
Calcium addition
+
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S$iQ, 5i0, $i0, Si0; Si0; Si0;

Figure 2.5 Common procedures for producing SiO. from RH (Shen, 2017).
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Figure 2.6 Acid leaching and thermal treatment extraction of RH SiO; (Salim et al., 2018).

Afterward, Liou and Yang, (2011) prepared SiO, from RH and studied

on the effect of acid types that use for precipitation. They produced silica from sodium

silicate (Na>SiO3) and precipitated by different acid types, (i.e., HCI, H2SO4, CsHsO7,

and C2H204). The results found that the highest specific surface area of SiO> was
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636 m?/g with the average particle size was 5-30 nm which gave by using HCI.

Yuvakkumar et al., (2012) prepared high purity nano SiO2 powder from
RH. They studied the effect of NaOH concentration on the purity of SiO; and
investigated the optimum condition of alkali extraction. The RH was burned at 973 K
for 3 h under inert atmosphere before refluxed with 6 N HCI for 1.5 h. The refluxed RH
was boiled with various concentrations of NaOH (i.e., 0.5, 1, 1.5, 2, and 2.5 N) until
becoming NaSiOs solution. The precipitate was washed, filtered, and dried before
sintered at 973 and 1373 K for 3 h. After that, the nano SiO2 powder was obtained.
The results found that the optimum concentration of NaOH is 2.5 N which gave
the purity of 99.9 wt% with an average particle size of 25 nm and a high specific surface
area of 274 m?/g.

Tuan et al., (2017) prepared and characterized nano SiO, from RHA by
using the combination of chemical treatment and calcination. They presented two steps
for synthesizing nano SiO2 from RHA. The first step is acid treatment another is

calcination at 700°C.

The chemical reaction can be shown as follows:

80°C (2h), soaked overnight
RHA + HCI » S10, (ash) + MCI1 + H,O (2.1)

Where M ‘Na, K, Ca, Fe, Al, Mg, .. ...

700°C (2h)
Si0, (ash) » SiO, (nano powder) (2.2)
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The chemical composition, functional groups, crystallinity, and particle
size of SiO, were determined by EDX, FT-IR, XRD, and DLS respectively. The results
showed that the composition of nano SiO> has only silicon and oxygen which confirm
the high purity. The functional groups showed the peaks of SiO> structure and hydroxyl
of adsorbed water. The obtained nano SiO2 was amorphous structure with the average

diameter of about 45.5+7.2 nm.

2.4 Utilization of RHA and RH SiO: in NR composites

The preparation and characterization of NR composites with RH have been
reported by several researchers, Da Costa, (2002) prepared NR composites filled RHA.
The composites were incorporated by a two-roll mill and used a conventional system
for curing. Cure characteristics were studied by using a Monsanto rheometer. They
investigated the effect of RHA filled NR composites on mechanical and dynamic
mechanical properties. In the experiment, white RHA (WRHA), black RHA (BRHA),
carbon black (CB), and commercial SiO, were filled in NR for comparing their
properties. The results showed that WRHA, BRHA, CB, and commercial SiO; filled
NR composites gave similar results of the tear strengths and hardness when they were
filled at low filler loading. For tensile strength, BRHA not efficient but WRHA still
efficient, despite similar the particle size. However, WRHA can not substitute
the commercial fillers due to its performance was not enough for use as reinforcing
filler in case of dynamic mechanical improvement.

Similar work has been reported by Arayapranee, (2005). They studied the effect of
RHA loading on cure characteristics and mechanical properties. RHA was filled in NR

compound with various loadings (i.e., 0, 10, 20, 30, and 40 phr) by using the internal mixer.
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The results showed that the cure time decreases but Mooney viscosity increases when
increasing of RHA loading. Tensile strength and tear strength of the composites
decrease slightly with increasing RHA loading but the hardness increases slightly.

Dominic et al., (2013) synthesized nano-SiO; from rice husk for use
as a reinforcement filler in NR composites. The rice husk nano-SiO2 (RHNS) was
synthesized by acid precipitation. Rice husks were prepared into WRHA by acid
leaching followed by calcination. After that, WRHA was refluxed with NaOH.
The resulting solution is a sodium silicate solution. RH SiO2 gel was produced by acid
precipitation. Then, the obtained gel was dried into xerogel and grounded to become
RHNS. RHNS was filled in the NR compound by a two-roll mill. Commercial SiO>
was also filled for comparison with RHNS. The results found that the particle size and
surface area of RHNS were 10 nm and 252 m?/g, respectively. Both characteristics
better than commercial SiO». The increasing of tensile strength, tear strength, abrasion
resistance, and rebound resilience were given by the addition of RHNS.

During the process of rubber production, SiO2 dust cause problems like air
pollution, energy consumption, and machine abrasion. In situ SiO, formation in
the rubber matrix was used to solve these problems. Suwandittakul et al., (2018)
presented the preparation of in situ SiO2 in NR latex by sol-gel of sodium silicate
solution. They studied and compared the cure characteristics and mechanical properties
of NR composites reinforced with in situ SiO2and ex situ SiO,. The NR latex was filled in situ
SiOz by the sol-gel reaction of sodium silicate which was precipitated turn to SiO by

acid solution.
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The chemical reaction can be shown as follows:

N328i03 + HQSO44I* SIOQ + NagSO:L + HQO (23)

sodium silicate acid silica

The results found that the NR composites filled in situ SiO2 not only solve
the problem of SiO2 dust but also the distribution of SiO> particles in NR matrix is
better than ex situ SiO.. However, the optimum cure time of in situ SiOz shorter than

ex situ SiO, but similar mechanical properties.

2.5 Shrimp shells

2.5.1 Composition of shrimp shells

Shrimp shell is one of the crustacean shell wastes which composed three
major constituents as chitin, protein, and calcium carbonate. Depending on the origins,
seasons, ages, and other factors, the percentage of each constituent varies significantly.
However, the structures remain similar.

Chitin is the linear amino-polysaccharide which consists of N-acetyl
glucosamine units. It has a strong hydrogen bonding network therefore it is insoluble
in organic and inorganic solvents. Nevertheless, chitosan is produced by
the deacetylation of chitin which has multiple functional groups (hydroxyl and amino
groups). The functional groups can take on a positive charge which gave solubility and

antimicrobial properties.
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— Chitin 15-40%

» Protein 20-40%

— Calcium carbonate 20-50%

Shrimp shell

Figure 2.7 Composition of shrimp shells.

The degree of deacetylation (DD) and molecular weight (MW) are
the important characteristics of chitosan. The DD indicates the presence of
amino groups on the chitosan chains. %DD of chitosan is more than 50% but chitin
is less than 50% (Knidri et al., 2018).

2.5.2 Shrimp shell chitosan preparation

Chitin and chitosan are prepared by using 2 processes of extraction
which are chemical and biological methods. The biological method is
an environmentally friendly method due to the treatments are carried out bacteria and
enzymes but long processing time. On the other hand, the chemical method can reduce
the processing time by using the acidic treatment and the alkali treatment with a high
concentration. Despite the environmentally unfriendly but it is commonly used
commercially (Knidri et al., 2018).

Many researchers prepared chitosan from shrimp shells using
the chemical extraction method and the combination of two extraction methods which

consist of three steps namely, demineralization, deproteinization, and deacetylation.
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Hajji et al., (2014) prepared chitin and chitosan from three different
sources (shrimp shells, crab shells, and fish bones). To demineralize, using 0.55 M of
HCI at room temperature for 15-60 min depending on the source. Deproteinization was
carried out using B. mojavensis A21 crude enzyme for 3 h and then become chitin.

Chitosan was prepared by alkali treatment using 12.5 M of NaOH at 140°C for 4 h.

% ‘/; o
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R h f ahé\/\\r::*.«ox_.ﬁf‘mf
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- \k “hy
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_CH
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Figure 2.8 Preparation process of shrimp shell chitosan.

Islam et al., (2016) prepared chitin and chitosan from shrimp shell
wastes. The shell was treated with 1.25 N of HCI for 3 h and overnight. Then,
deproteinized by 5% NaOH (w/w) at 70-75°C for 1 h. Chitin was prepared into chitosan
by using 40% NaOH at 100°C for 5-6 h.

To reduce the processing time of the chitosan extraction, (Knidri et al.,
2016) extracted chitosan from shrimp shells via microwave irradiation.
The demineralization was carried out with 3 M HCI for 8 min in the microwave oven
at 500 W. The deproteinization, the remaining material was treated 10% NaOH for
5 min at 160 W, then 3 min at 350 W. The remaining is chitin. To deacetylated, chitin

was treated with 50% NaOH for 8 min at 350 W. The final remaining is chitosan.
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2.6 Utilization of chitosan in NR composites

Rao and John, (2008) prepared NR/CS blends with the various ratios of
compositions i.e., NR100/CS0, NR90/CS10, NR85/CS15, NR80/CS20, NR65/CS35,
NR50/CS50, and NR90/CS10 (vulcanizate) by solution casting. They also investigated
the effect of the ratio, crosslinking, and thermal aging on the mechanical properties of
the blends. The results found that the optimum NR/CS ratio was 65/35 which gave
the maximum tensile strength. Moreover, the aging of NR/CS blend at 55°C for 10 days
increases the tensile strength of the blend due to crosslinking of the NR phase by
thermal.

Ming-zhe etal., (2017) prepared the blends of NR/CS and investigated the effect
of CS loading on the mechanical and antimicrobial properties of NR/CS blends.
The blends were prepared by blending the CS microsphere suspension with NR latex.
The antimicrobial properties were evaluated according to the Chinese standard QB/T
2591-2003. Escherichia coli (E.coli) bacteria was used for testing the antimicrobial
efficacy. The results found that the mechanical properties and thermal stability of
the blends were enhanced by taking CS microspheres. The hydrophobic NR was
induced into hydrophilic material by blending with CS. The excellent antimicrobial
properties were presented by using 10% w/w of CS microsphere in the blend.

Similar work has been reported by Boonrasri et al., (2018). They studied effect
the of CS contents on antimicrobial properties of NR/CS composites. The NR/CS
composites were prepared by the latex mixing method. The CS with various contents
(ie., 0.0, 05, 10, 2.0, 4.0, and 8.0 phr) in suspension form were filled.
The antimicrobial activity was tested using the agar diffusion method. The test was

carried out by using S.aureus bacteria. The results found that at 300% modulus of
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the composites was increased when CS contents increasing from 0.5-8.0 phr. but tensile
strength and elongation at break were decreased. Adding CS has slightly enhanced

the antimicrobial efficacy of the composites compared with unfilled CS.

2.7 Si02-CS hybrid materials

Due to this research work intend to prepare and characterize natural rubber
composites reinforced with hybrid filler (silica-chitosan) which not sure that have been
reported by other the researcher. However, several of the researchers reported
the synthesis of silica-chitosan composites and silica-chitosan hybrid materials.

Yeh et al., (2007) have been reported the synthesis and properties of CS-SiO;
hybrid materials. They studied the strength and thermal properties of tetrathoxysilane
Ivinylthoxysilane (TEOS-VTES) and CS in different ratios. TEOS and VTES are
a precursor that produces SiO- via the sol-gel process and can form hybrid materials
with CS with a hydrogen bond between the hydroxyl group of SiO2 and the amino group
of CS. The ratios of TEOS-VTES and CS (i.e., 0/0/4, 0/0.8/4, 0.8/0.8/4, 0.8/1.6/4,
0.8/2.4/4, 0.8/3.2/4, 0.8/3.2/4, and 1.2/0/4). The results found that the formation of
hydrogen bond between SiO2 and CS was revealed from the results of FT-IR and NMR
analysis which are shown in Figure.2.9 and Figure 2.10. The thermostability and
mechanical properties of hybrid materials are better than pure CS and improved with
increased TEOS content until the ratio of 0.8/1.6/4. However, when up to 0.8/2.4/4
the mechanical properties depend on VTES content. In the case of excessive TEOS,

the mechanical performance deteriorates.
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Figure 2.9 FT-IR of CS and hybrid materials. (a) CS, (b) VTES, (c) CS/VTES, (d)

CS/TEOS, and (e) CS/VTES-TEOS.
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Figure 2.10 *3C NMR of CS and hybrid materials. (a) CS, (b) CS/TEQS, (c) CS/VTES,

and (d) CS/VTES-TEOS.
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Budnyak et al., (2015) studied the synthesis of adsorbent from CS-SiO;
nanocomposites and investigated the properties. The scheme of synthesis of CS-SiO»
composites in Figure 2.11. CS-SiO> nanocomposites were prepared by the sol-gel
method via the hydrolysis TEOS in the CS solution. In the process of preparation, 1 g

of in situ SiOz in the form of TEOS was added in 38-100 g of CS.
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Figure 2.11 The scheme of synthesis of CS-SiO2 composite (Tetyana et al., 2015).

The interactions between CS and SiO. were determined by using FT-IR
spectroscopy. The results found that the composites show the peak of Si-O stretching
vibrations and a shift of the peak of -NH. deformation vibrations. It represents
the interactions between each other.

Furthermore, (Yu et al., 2018) studied the preparation of in situ SiO, with
polyvinyl alcohol (PVA) and CS to improve mechanical properties for food packaging
films. The in situ SiO2 was used as a reinforcement in PVA-CS by hydrolysis of sodium
metasilicate (Na»SiOz) under the acid condition. The schematic presentation of in situ
SiO2 enhanced PVA/CS biodegradable films is shown in Figure 2.12. The composite
films were prepared with different weight ratios of PVA and CS (i.e., PVA/CS=0/100,
PVAJCS=20/80, (c) PVA/CS=40/60, PVA/CS=50/50, PVA/CS=60/40, PVA/CS=80/20, and

PVA/CS=100/0. In addition, the content of in situ SiO. in PVA/CS biodegradable films
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was 0, 0.3, 0.6 and 0.9 wt.%, respectively. The tensile strength of the composite with
0.6 wt% of in situ SiO; every ratio of PVA/CS as highest as 44.12 MPa due to improved

hydrogen bonds between SiO> and CS or PVA.
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Figure 2.12 The schematic presentation of in situ SiO2 enhanced PVVA/CS biodegradable films

by hydrolysis of sodium metasilicate (Yu et al., 2018).

Definition of hybrid material is ““A hybrid material is a material that includes
two moieties blende on the molecular scale.”. (Kickelbick, 2007). In my work, the
obtained hybrid materials were expected that the possible hydrogen bonding between
inorganic (SiO2) and organic (CS) species or electrostatic interactions. It can be
concluded that the material from my work is a hybrid material according to this

definition.



CHAPTER Il

EXPERIMENTAL

3.1 Materials

High ammonia natural rubber latex (HA Latex) was purchased from Viroonkit
Industry Co., Ltd. (Thailand). It contains 60% Dry Rubber Content (DRC) and 0.7%
ammonia. Shrimp shells were obtained from local seafood Market. Rice husk (RH) was
obtained from local rice mill in Nakhon Ratchasima, Thailand. Hydrochloric Acid
(HCI, 37% v/v), Acetic Acid 99.98%, Sodium Hydroxide (NaOH) were purchased from
ITALMAR (Thailand) Co., Ltd. Other chemicals for rubber compounding such as
stearic acid, zinc oxide (ZnO), N-cyclohexyl-2-benzothiazole-2-sulfenamide (CBS)

and Sulfur (S) were supported by Innovation Group (Thailand) Co., Ltd.

3.2 Experimental

3.2.1 Preparation of RHA and sodium silicate (Na2SiOs3) solution

RH was washed with tap water to eliminate any impurities. The washed RH
was oven-dried at 50°C overnight, and then refluxed with HCI 6 N at 65°C for 3 h. When
the reaction was completed, refluxed RH was filtered and rinsed with DI water several times
to remove the residual acid from the refluxed RH, and then oven dried at 50°C 6 h. After that,
dried RH was burned at 650°C for 3 h. White silica ash (SiO; ash) was obtained. To prepare
10% Na2SiOgz solution, 325.18 g of RHA which compose of 280 g of SiO> was stirred with
2800 ml of 2.5 N NaOH solution for 14 h. Then, the suspension was filtered through a filter

paper (Whatman N0.93) to remove residual of solid. 10% NaSiOs solution was obtained.



24

3.2.2 Characterization of RHA

The chemical composition and SiO. content of RH SiO2 ash was
analyzed by using Wavelength dispersive X-ray fluorescence spectrometer (WDXRF,
Rigaku - ZSXPrimusll).

The structure of SiO> ash was identified by The X-ray Diffractometer
(XRD, Bruker D2 PHASER) with Ceramic Cu X-ray source at a 30 kV and 10 mA.
A setting 20 within the range of 20 = 10°- 60° at a scan rate of 2° per min.

Functional group that is present on surface of RH SiO, ash was
identified by Fourier transform infrared spectrometer (FTIR, Bruker Tensor27) which
carried out at resolution of 4 cm ™t in the range 400 - 4000 cm . Sample was oven-dried
at 60°C for 24 h. The sample was mixed with KBr with ratio 1:8. The sample was made
in pellet form before analyzed.

RH SiO, ash surface morphology was observed by using Scanning
Electron Microscope (SEM, JEOL JSM-6010LV). The sample was grounded, dried,

and coated with gold by a sputter coater.
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Figure 3.1 The process to produce sodium silicate solution from rice husk.
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3.2.3 Preparation of CS from shrimp shells
Before preparation of CS, shrimp shells were rinsed with boiling water
several times to eliminate impurities, then washed with DI water and oven-dried at 80°C
overnight.

Preparation steps were as follows:

Q) Demineralization
The dried shrimp shells were demineralized by 3 M HCI solution
at 75°C for 2 h under constant stirring of 150 rpm to remove calcium carbonate (CaCQOg).
(i) Deproteinization
The demineralized shrimp shells were deproteinized by 10%
NaOH solution at 80°C for 2 h to remove proteins. The resulting material is chitin.
(iii)  Deacetylation
The chitin was deacetylated with 50% NaOH solution at
an elevated temperature of 100°C for 2 h 30 min The obtained material is a chitosan (CS).
To prepare 2% CS solution, 50 g of CS were dissolved with 2500 ml of

2% acetic acid.
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3.2.4 Characterization of CS from shrimp shells

Chemical composition of CS was analyzed by using Wavelength
dispersive X-ray fluorescence spectrometer (WDXRF, Rigaku - ZSXPrimusll).

CS characteristic peaks were detected by using X-ray diffractometer
(XRD, Bruker D2 PHASER) with Ceramic Cu X-ray source at a 30 kV and 10 mA.
A setting 20 within the range of 5°- 40° at a scan rate of 2° per min.

Functional groups and degree of deacetylation of Shrimp shell chitosan
was identified by using Fourier transform infrared spectrometer (FTIR, Bruker
Tensor27) which carried out at resolution of 4 cm™ in the range 400 - 4000 cm™.
Shrimp shell chitosan was oven-dried at 60°C for 24 h. Then, it was mixed with KBr
with ratio 1:8. The sample was made in pellet form before analyzed. The degree of

deacetylation of the chitosan was calculated using Equation (3.1).

_ A1655 100
Degree of deacetylation (%DD) =100 - X (3.1)

A3450 1.33

Where A1655 is the absorbance of the amide | at1655 cm™ and A3450 is the absorbance
of the hydroxyl at 3450 cm™.

Average molecular weight (MW) of CS was measured by using
Dynamic light scattering analyzer (Malvern, Zetasizer-ZS) with various concentration
of shrimp shell CS solution (i.e., 0.1, 1, and 10 g/L).

Surface morphology of shrimp shell chitosan was observed by using
Scanning Electron Microscope (SEM, JEOL JSM-6010LV). The sample was grounded,

dried, and coated with gold by a sputter coater.
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3.2.5 Preparation of SiO2-CS hybrid filler

10% Na>SiOs solution and 2% CS solution were prepared to be the hybrid filler
by sol-gel method. The 10% Na>SiOs solution and 2% CS solution were mixed with
ratio of SiO2-CS (i.e., 1:1, 2:1, and 3:1). The pH of the mixture was adjusted to 7 by
using 2% acetic acid and kept in 24 h to form SiO>-CS hybrid gel. The hybrid gel was
washed several times to eliminate the excess of sodium acetate and oven-dried at 80°C

overnight. The obtained material was SiO,-CS hybrid material.

Table 3.1 The ratio of hybrid filler

Sample SiO2 (part) CS (part)
SiO-CS 111 1 1
SiO-CS 2:1 2 1
SiO-CS 3:1 3 1

3.2.6 Characterization of SiO2-CS hybrid filler

X-ray diffractometry was applied to confirm and detect peaks of the SiO»
and CS. X-ray diffractometer (XRD, Bruker D2 PHASER) with Ceramic Cu X-ray source
ata 30 kV and 10 mA was used. A setting 26 within the range of 5°- 40° at a scan rate of
2° per min. FTIR spectra of the samples were performed by using Fourier transform
infrared spectrometer (FTIR, Bruker Tensor 27) in the frequency range of
400 - 4000 cm™* at a resolution of 4 cm™. Sample was oven-dried at 60°C for 24h.
The sample was mixed with KBr with ratio 1:8. The sample was made in pellet
form before analyzed. The surface morphology and elements of hybrid materials
were observed using Field emission scanning electron microscope (FE-SEM,

Zeiss AURIGA FE-SEM/FIB/ Energy Dispersive X-Ray Analysis EDX).
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The surface area, the total pore volume, the average pore volume, and the average
particle size of hybrid materials were measured using Surface Area Analyzer, (BET,
3Flex Micromeritics, USA) with a degas temperature at 250°C.
3.2.7 Preparation of NR composites

Preparation of in situ SiO2/ NR composites

The various contents (i.e., 0, 5, 10, and 20 phr) of SiO2 in the form of
10% Na2SiO3z solution was added into NR latex that was diluted into 30% of DRC by
DI water. Each solution was stirred for 12 h until obtaining a homogeneous mixture.
The pH of the mixture was adjusted to 7 by using 2% acetic acid in order to precipitate
SiOz in NR latex. The mixtures were stirred for 6 h and cast into aluminum trays. Then,
oven-dried at 60°C for 4 days to obtain composite sheets.

Preparation of in-situ SiO2 - CS/ NR composites

To study the effect of hybrid filler contents on the properties of NR
composites, the various contents (i.e., 0, 5, 10, and 20 phr) of SiO; in the form of
10% NazSiOs solution was added into NR latex that was diluted into 30% of DRC by
DI water. Each mixture was stirred for 12 h until obtaining a homogeneous mixture.
5 phr of CS in the form of 2% CS solution was added into the mixture. The pH of
the mixture was adjusted to 7 by using 2% acetic acid in order to precipitate SiO> in
NR latex. The mixtures were stirred for 6 h and cast into aluminum trays. Then, they
were oven-dried at 60°C for 4 days to obtain composite sheets.

To study the effect of CS contents on the antimicrobial activity of

NR composites, 10 phr of SiO; in the form of 10% NazSiOs solution was added into NR latex
that was diluted into 30% of DRC by DI water. Each mixture was stirred forl2 h until

obtaining a homogeneous mixture. The various contents (i.e., 0, 3, 5, and 10 phr) of CS
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in the form of 2% CS solution was added into the mixture. The pH of
the mixture was adjusted to 7 by using 2% acetic acid.in order to precipitate SiO>
in NR latex. The mixtures were stirred for 6 h and cast into aluminum trays. Then, they

were oven-dried at 60°C for 4 days to obtain composite sheets.

Table 3.2 Formulation of unvulcanized NR composites

Ingredient (phr)*

Sample NR Sios cs
NR 100 - -
To study the effect of in situ SiO2 content on mechanical properties of NR
composites
NR/5SiO2 100 5 -
NR/10SiO, 100 10 -
NR/20Si0; 100 20 -

To study the effect of hybrid filler at various in situ SiO2 contents on mechanical
properties of NR composites

NR/5Si0,-5CS 100 5 5
NR/10Si02-5CS 100 10 5
NR/20Si02-5CS 100 20 5

To study the effect of CS content on antimicrobial and adsorption properties of NR

composites

NR/10SiO2-3CS 100 10 3
NR/10SiO2-5CS 100 10 5
NR/10SiO2-10CS 100 10 10

*phr refer to parts per hundred rubber.
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3.2.8 Characterization of NR composites

Thermal decomposition patterns and residual SiO> of NR composites
were characterized by a thermogravimetric analyzer (TGA, Mettler Toledo
TGA/DSC1). TGA thermograms of NR composites were obtained by heating a sample
from 50 to 650°C (30°C/min, heating rate) under N2 atmosphere and from 650 to 850°C
under Oz atmosphere.

The antimicrobial activity of NR, 10SiO2/NR composite, and in situ
SiO2-CS/NR composites with various CS content were evaluated using the agar
diffusion method. Escherichia coli (E.coli) bacteria was used for testing
the antimicrobial activity. The composite sheets were placed on Mueller Hinton agar
medium that had been seeded with 10° cfu/ml (Colony Forming Units/mL) of the E.coli.
Each sample was incubated at 37°C for 24 h. The antimicrobial properties of
the composite sheets were observed from an inhibitory effect of microbial growth by
measure the diameter of the inhibition zone around NR and NR composite sheets.

3.2.9 Preparation of vulcanized NR composites

NR composites were compounded by a two-roll mill machine.
The ingredients for compounding were shown in Table 3.3. The compounding was
started by mastication of NR composite before adding stearic acid, ZnO, CBS and
sulfur. After mixing 15 min, the compound was stored for 24 h in room temperature.
Curing time of the compound was determined by Moving Die Rheometer (MDR,
GOTECH/GT-M200F) at 150°C. The compounds were vulcanized in a hydraulic press

at 150°C with a pressure of 100 kg/cm?with the curing time from MDR testing.



33

Table 3.3 Compounding formulations

Sample Ingredient (phr)*
NR | SiO2| CS | Stearicacid | ZnO | CBS | Sulfur
NR 100 - - 1 5 1.2 3
NR/5SiO> 100 5 - 1 5 1.2 3
NR/10SiO> 100 | 10 - 1 5 1.2 3
NR/20SiO> 100 | 20 - 1 5 1.2 3
NR/5Si02-5CS 100 5 5 1 5 1.2 3
NR/10SiO2-5CS 100 | 10 5 1 5 1.2 3
NR/20Si0,-5CS 100 | 20 5 1 5 1.2 3

*phr refer to parts per hundred rubber

Minimum torque (ML), maximum torque (MH), scorch time (ts1), and
cure time (tcoo) of NR and NR composite compounds were determined by Moving Die
Rheometer (MDR, GOTECH/GT-M200F) at 150°C. Cure rate index (CRI) of NR and

NR composite compounds was calculated by following equation.
CRI = 100/ (teoo — ts1) (3.2)

Moreover, the reinforcing potential of the filler of the NR composites were evaluated

by the of -value, given by following equation.

a = [(AMf/AMg)—l w ] (3.3)

where AMr and AMg denote the torque difference AM = (MH-ML) during vulcanization
for the filled and unfilled rubber, respectively, and “w” represent the weigh fraction of

the filler in the compound.
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3.2.10 Characterization of vulcanized NR composites

To study mechanical properties of NR and NR composites,
the vulcanized composite sheet was cut into dumbbell shape specimens with die cutters
(Type C). Tensile properties were determined according to ASTM D412-06a using
a universal testing machine (UTM, INSTRON/5565) with a load cell of 5 kN and
a crosshead speed of 500 mm/min. Tear properties were determined according to
ASTM D624 using a universal testing machine (UTM, INSTRON/5565) the rate of jaw
separation is 500 mm/min. Hardness of the vulcanized NR composites was determined
according to ASTM D2240 using a shore A durometer (Bar Eiss, Type BS61 11).

To study morphological properties of NR and NR composites Fractured
surface of NR and NR composites were observed using a scanning electron microscope
(SEM, JEOL JSM-6010LV) at 5 keV. The samples were coated with gold before
observation.

To study absorption properties of NR, 10SiO2/NR composite and in situ
SiO2-CS/NR composites with various CS contents were cut into 10x10 mm square.
Each sample was oven dried at 80°C and cooled in desiccator before weighing (W1),
then the samples were placed in Erlenmeyer flasks of DI water for 2 days at
a temperature of 37°C in oven. Every 12 h, the samples were taken out from the oven

and wiped with a tissue paper before weighing (W>).

The water absorption was calculated as follows:

) W2 - Wy
% Absorption = ————— x 100 (3.4)
Wi



CHAPTER IV

RESULTS AND DISCUSSION

4.1 Characteristics of RHA

In this section, RHA was obtained from the process of acid leaching and
calcination. Chemical composition of RHA was analyzed using WD-XRF. RHA
chemical composition is shown in Table 4.1. The RHA is composed of SiO as a major
component and C, other minor components such as SOs, Al,O3, Na;0, CaO, etc.

Yield of RH SiO. was around 10.42 g per 100 g of RH with 86.12% of SiO> purity.

Table 4.1 Chemical composition of RHA.

Chemical Compound Weight (%)
SiO» 86.12
C 13.43
SOs3 0.12
Al>;O3 0.11
Na20 0.11
CaOo 0.10
Others 0.01
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Amorphous structure of RHA was confirmed using XRD. X-ray diffraction
pattern of RHA in Figure 4.1 that showed the broad peak at 26 ~ 22° which confirmed
a pattern of amorphous SiO>. A small sharp peak at 26 ~ 26° which was attributed to

the crystalline SiO, (Quartz) (Adams et al., 2014) (Yuvakkumar et al., 2012).
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Figure 4.1 The X-ray diffraction pattern of RH.

FTIR spectra of RHA was given in Figure 4.2. FT-IR spectrum of RHA showed
peaks at the wavenumbers of 462, 798, 1068, 1637, and 3460 cm™. The peak at 462,
798, and 1068 cm™ were assigned to the bond rocking of the Si-O, symmetric Si-OH
bending (silanol), and asymmetric Si-O-Si stretching, respectively (Tuan et al., 2017).

SEM micrographs of RHA and SiO. powder which precipitated from RHA
sodium silicate by acetic acid are shown in Figure 4.3. The outer surface micrograph of
RHA is shown in Figure 4.3(a) and the SiO, powder is shown in Figure 4.3(b).
The particle size of RHA and SiO2 were about 34 um and 18 nm, respectively.
The comparison of both was confirmed that the sol-gel method can produce the SiO-

became a small size.
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Figure 4.2 The FTIR spectra of RHA.

Figure 4.3 SEM micrographs of (a) RHA and (b) SiO2 powder from RHA.

4.2  Characteristics of CS from shrimp shells

CS was obtained from the deacetylation of shrimp shell chitin. Yield of chitin
was around 29.34 g per 100 g of shrimp shells. Yield of CS was around 48.50 g per 100 g.
of chitin. Chemical composition of CS is shown in Table 4.2 which shows the heavy

presence of carbon and oxygen. Minor is nitrogen.
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Table 4.2 Chemical composition of CS.

Chemical Elements Weight (%0)
C 45.81
O 45.12
N 8.92
Others 0.15

The FTIR spectrum of shrimp shell chitin and CS are shown in Figure 4.4.
The CS spectrum includes absorbance bands around 3476 and 2925 cm™ were assigned
to the stretching vibrations of -OH bond and the stretching vibrations of C-H bond.
The peaks at 1658, 1421 and 1382 cm™ were assigned to the C=O stretching of
the amide I, C-H bending and OH bending, respectively. The peaks at 1155 and 1028 cm™
were assigned to asymmetric stretching of C-O-C bridge and C-O stretching (Yasmeen
et al., 2016). The degree of deacetylation of shrimp shell CS was calculated by using
the absorbance of -OH band and amide | band. Chitosan’s degree of deacetylation ~ 65%.

The X-ray diffraction pattern of CS is shown in Figure 4.5 which showed the
diffraction peak at 26 ~ 10° and 21° indicated that are fingerprints of a-chitosan and
y-chitosan (Ameh et al., 2015).

The average molecular weight (MW) of CS which obtained from the experiment
was 642,000 Da. The molecular weight of CS depends on the methods of preparation
and the origin of raw materials (Benhabiles et al., 2012).

The morphology of CS is shown in Figure 4.6. The SEM micrographs showed
the surface morphology of CS at 100X and 1500X magnification. The small flakes of

CS were observed in Figure 4.6(a). The flakes size of CS was about 300 um.
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In higher magnification, some areas showed porous surface and crumbling flakes that

were observed in Figure 4.6(b).
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Figure 4.5 The X-ray diffraction pattern of CS.
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Figure 4.6 SEM micrographs of CS at (a)100X and (b) 1500X magnification.

4.3 Characterization of SiO>-CS hybrid filler

The FTIR spectrum of SiO2-CS hybrid materials at various ratios are shown in
Figure 4.7. All spectrum showed the same peaks that included the peaks of SiO> and
the peaks of CS. It indicated that the hybrid material has both constituents.

The X-ray diffraction pattern of SiO2-CS hybrid materials at various ratios are
shown in Figure 4.8. Each ratio of hybrid material showed the diffraction peaks at
20 ~ 10°, 21°, 22°, and 29° corresponding to the characteristics of SiO> and CS.
However, at 260 ~29° shows the crystalline phase of SiO> (Ebisike et al., 2018).

FE-SEM images showed morphology of the SiO.-CS hybrid materials and their
EDX spectra in Figure 4.9 and Figure 4.10, respectively. The hybrid materials have
an irregular and too rough surface which indicated that it has a high surface area
in comparison with RHA and CS in Figure 4.3 and Figure 4.6 before it was prepared as
hybrid material. The EDX spectra showed the elements of hybrid material. At the ratio
of 2:1 showed the highest content of Si following the ratio of 3:1 and 1:1, respectively.

The EDX spectra of each ratio of the hybrid material were observed the consist of
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Si, O, C, and N that are SiO; and CS constituent whereas at the ratio of 3:1 was
observed Na element from sodium acetate residue.

A strong physical contact between filler and polymer matrix was promoted by
using a high surface area material as a filler (Conradi, 2013). In this study, the obtained
hybrid material was expected that has a high surface area for use as a filler in
composites. The Brunauer-Emmett-Teller (BET) isotherm for the SiO>-CS hybrid
materials is shown in Figure 4.11 which can be concluded that the SiO2-CS hybrid
materials are microporous according to the IUPAC classification of adsorption
isotherms (Alothman, 2012). The characteristics of SiO2-CS hybrid materials are given
in Table 4.3. At the ratio of 2:1 (SiO.-CS) presents the highest surface area and total
pore volume according to the smallest average particle size that is the suitable ratio to

produces the hybrid material for use as a filler.
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Figure 4.7 The FTIR spectrums of RHA, CS, and hybrid materials at various ratios.



42

Counts

Quartz Si0,

CS fingerprint

CS fingerprint

—_—CS
5 MM Cristobalite S10,

P ! : 311 (80 : CS)
; | — 21 (8i0, : CS)

— 111 (8i0, - CS)

15 20 25 30 35 40
2 Theta (deg.)

Figure 4.8 The X-ray diffraction patterns of RHA, CS, and hybrid materials at

various ratios.
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Figure 4.9 FE-SEM images of the SiO»-CS hybrid materials (a) 1:1, (b) 2:1, and (c) 3:1.
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Figure 4.10. EDX Spectra of the SiO>-CS hybrid materials (a) 1:1, (b) 2:1, and (c)3:1.
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Figure 4.11 The Brunauer-Emmett-Teller (BET) isotherm for the SiO,-CS hybrid

materials.

Table 4.3 The surface characteristics of SiO>-CS hybrid materials.
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Sample | BET surface Total pore Average pore | Average particle
SiO2-CS | area (m?/g) | volume (cm®qg) | diameter (nm) size (nm)

1:1 196 0.27 5 31

2:1 441 0.60 5 14

3:1 265 0.49 7 23




46

4.4  Effect of in situ SiO. content on the properties of NR composites

4.4.1 The SiOz content in in situ SiO2/NR composites

The SiO2 content was investigated by Thermogravimetric analysis
(TGA). Percentage of remainder was assumed to be SiO. content that occurs in
NR composites. The highest temperature of the analysis can decompose NR thus,
the remainder is only SiO.. TGA curves and results are shown in Figure 4.12 and
Table 4.4. The thermal decomposition temperature at 25%, 50%, and 75% mass loss. It
can be seen that mass loss temperatures of in situ SiO2/NR composites are higher than
neat NR. The higher thermal stability of in situ SiO2/NR composites due to
the SiO2 can absorb heat energy and retard the heat transfer to the rubber chains

(Poompradub et al., 2014).

120 1
l"“ E e T T T TP T T T I Trvrvwm, - T NR
Y
] NR/5Si0

- 80 . E -
3 13
S : £ NR/10S8i0,
2 60 - i
s X
g ] ! Jagey” NR/208i0,

40 1

20

0 ] T T T T T T o ' ! ' . T

0 100 200 300 400 500 600 700 800

Temperature (°C)

Figure 4.12 TGA curve of NR and in situ SiO2/NR composites at various SiO2 contents.
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Table 4.4 Thermal decomposition temperatures of NR and in situ SiO2/NR composites.

Remainder (%)
Sample T25% (°C) | Ts0% (°C) | T7s% (°C)
Expected Actual
NR 386.0 401.5 422.5 - 0.70
NR/5SiO2 391.5 409.5 440.5 4.76 4.09
NR/10SiO; 389.0 406.5 447.9 9.09 9.21
NR/20SiO; 392.0 415.0 509.0 16.67 18.55

Tasu, Tsow, T75% = temperatures correspond to the weight loss of 25%, 50%, and75%, respectively.

4.4.2 Cure characteristics

Cure characteristics at 150°C of in situ SiO2/NR composites at various
in situ SiO2 contents including the minimum torque (ML), maximum torque (MH),
torque difference (AM) scorch time (ts1), 90% of cure time (tc90), and cure rate index
(CRI). Figure 4.13 shows ML and MH of NR and NR composites. The value of ML
indicates the initial viscosity of rubber compounds. ML of the composites increased
with increasing in situ SiO. content thus, the mobility of rubber chains was hidden by
in situ SiO2. The physical cross-link network of the NR compounds is indicated from
the value of ML. The value of MH and AM as well, the enhancement of MH and AM
are attributed to a chemical cross-link network and degree of cross-linking of NR
composites, respectively. The enhancing of NR compound viscosity by the addition of
in situ SiO2. Moreover, the reinforcing potential of filler in NR composites was
evaluated by as. Table 4.5 shows the ofvalue of in situ SiO2/NR composites. At 5 phr
of in situ SiO2 presents the highest filler reinforcing potential (Tabaei et al., 2015).

Scorch time (ts1) and 90% of cure time (tcoo) are shown in Figure 4.14.
Scorch time of in situ SiO2/NR composites is shorter than unfilled NR. However,

the increase of in situ SiO2 content increases scorch time of NR composites.
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On the other hand, cure time of in situ SiO2/NR composites is also shorter than unfilled
NR but it decreases when increasing in situ SiOz content. Generally, the surface
chemistry of SiO> was explained that its surface contains acidic hydroxyl, siloxane, and
silanol groups which can reduce the efficiency of accelerator and curing agent leading
to increased cure time. In the case of in situ SiO2, the enhancement of ML indicates
the formation of physical network increased which can changes the accessibility of
the surface groups. Thus, the adsorption of accelerator on the surface of in situ SiOz is
less. It can speed up the vulcanization (short cure time) and increases the chemical

crosslinking as well.

Cure rate index (CRI) of NR and in situ SiO2/NR composites is shown
in Figure 4.15. The CRI value indicates the speed of curing reaction. The CRI value of
in situ SiO2/NR composites higher than NR except NR composites filled in situ SiO; at
5phr due to it had the most difference of tceo and tsi. This can be concluded that
the surface of in situ SiO; at 5 phr can adsorb the accelerator and curing agent thus

extended the vulcanization time and decelerated the rate of vulcanization.
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Figure 4.13 Effect of in situ SiO2 content on maximum, minimum torque, and torque

difference of in situ SiO2/NR composites.
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Figure 4.14 Effect of in situ SiO> content on cure time and scorch time of in situ

SiO2/NR composites.
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Figure 4.15 Effect of in situ SiO2 content on cure rate index of in situ SiO2/NR composites.

Table 4.5 Cure characteristics of NR and in situ SIO2/NR composites.

sample ML MH AM ts1 tcoo CRI
P (dNm) | (dNm) | (dNm) y (min) | (min) (min 1)

NR 1.02 1550 | 14.48 4 1.38 3.77 41.84

NR/5SiO2 1.77 2854 | 26.77 |19.56 | 0.77 3.47 37.03

NR/10SiOz2 | 2.19 29.18 | 26.99 |10.38| 0.80 2.88 48.08

NR/20SiOz | 4.55 36.56 | 32.01 | 7.88 | 0.82 2.53 58.48
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4.4.3 Mechanical properties

Stress-Strain curves and tensile properties of NR and in situ SiO2/NR
composites including tensile strength, %elongation at break, modulus at 100%
elongation (M100), and 300% elongation (M300) are shown in Figure 4.16, 4.17, 4.18,
4.19, and 4.20, respectively. Tear strength and hardness of NR and in situ SiO2/NR
composites are shown in Figure 4.21 and Figure 4.22. Tensile strength and tear strength
of in situ SiO2/NR composites increased with increasing in situ SiOz content up to 10
phr. Therefore, the optimum loading of in situ SiOz is 10 phr. At 20 phr of SiOg, its
tensile strength decreased due to the intense SiO2 caused poor interaction between
matrix and filler. Elongation at break of in situ SiO2/NR composites was decreased by
the addition of in situ SiOz. This suggested that the addition of in situ SiO2 into NR can
be enhanced the rigidity of the composites. Due to the fact that the mobility of NR
molecular chains was restricted by SiO» particles. Hence, it can resist the stretching of
NR. M100, M300, and hardness of in situ SiO2/NR composites increased with
increasing in situ SiO> content. The results indicate that the stiffness of the composites
increase because the elasticity of NR molecular chains was restricted by SiO; particles.

4.4.4 Morphological properties

The morphology of NR and in situ SiO2/NR composite fractured surface
are shown in Figure 4.23. The fractured surface of unfilled NR shows smooth surface.
On the other hand, the fractured surface of NR composites at 5, 10, and 20 phr of SiO-
showed rough surface and the SiO> particles were observed especially at 5 phr of SiO».
NR composites were prepared by the latex mixing method. So, the mixture was
contained by water from solution depend on solution content that was added into

the mixture. The mixture of 5 phr of SiO> has the least water content compared with
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10 and20 phr thus, the system that has fewer water forms larger particles quickly than
systems that have a lot of water. In addition, the crystals of the residual sodium acetates
may be observed in the composites. However, EDX mapping represents the good
distribution of SiOy particles in all composites. It can be observed well distributed SiO2

particles (white spot).
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Figure 4.16 Stress-Strain curves of NR and in situ SiO2/NR composites at various SiO>

contents.
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Figure 4.19 Effect of in situ SiO> content on M100 of in situ SiO2/NR composites.
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Figure 4.20 Effect of in situ SiO> content on M300 of in situ SiO2/NR composites.
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Figure 4.21 Effect of in situ SiO> content on tear strength of in situ SiO2/NR composites.
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Figure 4.22 Effect of in situ SiO. content on hardness of in situ SiO2/NR composites.



Table 4.6 Mechanical properties of NR and in situ SiO2/NR composites.

Sample Tensile strength Elongation at break M100 M300 Tear strength Hardness
(MPa) (%) (MPa) (MPa) (KN/m) (Shore A)

NR 13.21+1.07 944.60+70.00 0.90+0.03 2.32+0.13 23.32+2.96 43.47+1.68
NR/5SiO2 21.33+1.31 722.50+16.68 1.61+0.08 3.90+0.17 38.48+1.94 53.47+0.31
NR/10SiO» 23.95+2.33 760.39+34.10 1.96%0.02 4.37+0.06 48.03+2.54 56.53+0.67
NR/20SiO; 19.74+£1.14 649.36+14.91 2.48+0.05 5.60+0.10 36.17+£1.49 69.23+0.91

99
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Figure 4.23 SEM micrographs of NR and SEM micrographs and their EDX mapping
(left top of each micrograph) of in situ SiO, NR composite fractured

surface at 150X (left) and 1000X (right) magnification.
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45 Effect of in situ SiO2-CS hybrid filler at various SiO> content

on the properties of NR Composites

45.1 The SiO2 content in in situ SiO2-CS/NR composites

Similar to 4.4.1 section, the SiO. content was investigated by
Thermogravimetric analysis (TGA). The remainder was assumed to be SiO content
that occurs in NR composites. The highest temperature of the analysis can decompose
NR thus, the remainder is only SiO,. TGA curve and results are shown in
Figure 4.24 and Table 4.7. The thermal decomposition temperature at 25%, 50%, and
75% mass loss. 50% and 75% mass loss, it can be seen that mass loss temperatures of
in situ SiO2-CS/NR composites are higher than unfilled NR. The higher thermal
stability of in situ SiO>-CS/NR composites due to SiO can adsorb heat energy and
retard the heat transfer to the rubber chains (Poompradub et al., 2014). However,
the thermal decomposition temperature at 25% of in situ SiO>-CS/NR composites is
lower than neat NR because the weight loss of CS is fast in the beginning due to

the thermal stability of CS is low (Johns and Rao, 2008).
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Figure 4.24 TGA curve of NR and in situ SiO>-CS/NR composites at various SiO. contents.

Table 4.7 Thermal decomposition temperatures of NR and in situ SiO>-CS/NR composites.

Sample Tas% (°C) | Ts0% (°C) | T75% (°C) Remainder (%0)
NR 386.0 401.5 422.5 0.70
NR/5Si02-5CS 383.5 404.0 431.5 5.54
NR/10SiO,-5CS 384.0 404.5 443.5 10.20
NR/20SiO2-5CS 382.5 407.0 479.0 18.67

Tosw, Tsow, T7s% = temperatures correspond to the weight loss of 25%, 50%, and75%, respectively.

4.5.2 Cure characteristics
Cure characteristics at 150°C of in situ SiO2-CS/NR composites at
various in situ SiO2-CS contents including minimum torque (ML), maximum torque
(MH), torque difference (AM) scorch time (ts1), 90% of cure time (tco), and

cure rate index (CRI). The summarized of NR and in situ SiO2-CS/NR composites
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cure characteristics in Table 4.8. Figure 4.25 shows ML MH and AM of NR and
in situ SiO.-CS/NR composites. The ML value of NR composites increased with
increasing in situ SiO,-CS content due to the mobility of rubber chains was hidden by
in situ SiO2-CS. This similar to section 4.4.2. The MH and AM values of in situ
SiO2-CS/NR composites higher than unfilled NR. However, the increase of in situ
Si0,-CS content reduced the MH and AM values of in situ SiO>-CS/NR composites.
This may be due to the curing agent was deactivated by more filler content. This can
greatly reduce torque level. Table 4.8 shows the af value of in situ SiO.-CS/NR
composites. At 5-5 phr of in situ SiO,-CS presents the highest filler reinforcing potential
(Tabaei et al.,2015).

Scorch time (ts1) and 90% of cure time (tcoo) are shown in Figure 4.26.
Scorch time and cure time of in situ SiO2-CS/NR composites is shorter than unfilled
NR. However, the increase of in situ SiO. content does not significantly affect
scorch time of the NR composites.

Cure rate index (CRI) of NR and in situ SiO>-CS/NR composites is
shown in Figure 4.27. The CRI value indicates the speed of curing reaction. The CRI
value of in situ SiO>-CS/NR composites higher than NR except NR composites filled
in situ SiO7 at 10 phr and CS at 5 phr due to it had the most difference of tcoo and tsz.
This can be concluded that the surface of in situ SiO2 and CS can adsorb the accelerator
and curing agent thus extended the vulcanization time and decelerated the rate of

vulcanization.
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Figure 4.25 Effect of in situ SiO2 content on maximum, minimum torque, and torque

difference of in situ SiO2-CS/NR composites.
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Figure 4.26 Effect of in situ SiO, content on cure time and scorch time of in situ SiO.-CS/NR

composites.
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Figure 4.27 Effect of in situ SiO2 content on CRI of in situ SiO>-CS/NR composites.

Table 4.8 Cure characteristics of NR and in situ SiO.-CS/NR composites.

Sample ML MH AM . ts-l tci-)O CRI
(dNm) | (dNm) | (dNm) (min) | (min) | (min 1)

NR 1.02 15.50 14.48 k 1.38 3.77 41.84
NR/5Si02-5CS 3.72 40.05 | 36.33 | 18.14 | 0.75 | 2.93 45.87
NR/10SiO.-5CS | 3.86 35.36 | 3150 | 9.81 | 068 | 3.30 38.17
NR/20Si0.-5CS | 4.49 3198 | 2749 | 486 | 0.72 | 2.48 56.82
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4.5.3 Mechanical properties

Figure 4.28 and Figure 4.29 represent stress-strain curves and
tensile strength of NR and NR composites with various in situ SiO.-CS contents.
Tensile strength increased from 13.21 to 22.06 MPa by adding 5-5 phr of in situ
Si0,-CS. However, tensile strength at 10-5 and 20-5 phr of in situ SiO.-CS decreased
when compared with 5-5 phr of in situ SiO>-CS. This was due to poor interaction
between matrix and filler caused by high fillerfiller interaction. From Figure 4.35 was
observed obviously that 10-5 and 20-5 phr have fine layer surface from more filler
content which was confirmed the result of poor interaction. Moreover, tensile strength
at 20-5 phr of in situ SiO2-CS lower than unfilled NR. This may be due to the result of
more rigid phase that caused NR composites more brittle. Tear strength of NR and NR
composites are shown in Figure 4.33. The highest tear strength increased from 23.32 to
55.97 kN/m by adding 10-5 phr of in situ SiO2-CS while its tensile strength slightly less
than 5-5 phr of in situ SiO,-CS.

Elongation at break of NR composites with various in situ SiO2-CS
contents is shown in Figure 4.30. Elongation at break decreased with increasing
in situ SiO2-CS content. Elongation at break of in situ SiO>-CS/NR composites was
decreased from 866.53% for 5-5 phr of in situ SiO.-CS to 381.16% for 20-5 phr of
in situ SiO.-CS. This was due to the flexibility of NR chains were reduced by
the presence of filler network throughout NR matrix.

Modulus at 100% elongation (M100), 300% elongation (M300), and
hardness of NR and in situ SiO.-CS/NR composites are shown in Figure 4.31, 4.32, and

4.34, respectively. M100, M300, and hardness of in situ SiO2-CS/NR composites were
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unfilled NR and increased with increasing in situ SiO2-CS content. This

was because of the increment of rigid phase from the addition of in situ SiO»-CS.
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Figure 4.28 Stress-Strain curves of NR and in situ SiO>-CS/NR composites at various
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Table 4.9 Mechanical properties of NR and in situ SiO2 -CS/NR composites.

Sample Tensile strength Elongation at break M100 M300 Tear strength Hardness
(MPa) (%) (MPa) (MPa) (KN/m) (Shore A)

NR 13.21+1.07 944.60+70.00 0.90+0.03 2.32+0.13 23.32+2.96 43.47+1.68
NR/5Si02-5CS 22.06%1.64 866.53+19.39 1.83+0.06 4.56+0.16 53.04+2.24 58.53%0.25
NR/10Si0O2-5CS 19.69+1.78 753.93+45.40 2.25+0.07 5.64+0.29 55.97+£3.54 64.37+£0.15
NR/20Si02-5CS 9.59+1.92 381.16+77.39 3.53+0.14 8.37+0.51 49.25+1.60 72.10+0.20

89
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4.5.4 Morphological properties

The morphology of NR and in situ SiO,-CS/NR composite fractured
surface are shown in Figure 4.35. The fractured surface of unfilled NR shows
a smooth surface. On the contrary, the fractured surface of NR composites at 5-5,
10-5, and 20-5 phr of SiO.-CS show a rough surface. At 150X magnification, each NR
composite showed a similar surface. Each NR composite was observed that has many
layer surfaces but the agglomeration of SiO2 was not observed. However, the difference
in their surface was observed at the higher magnification. The rough and thick layer
surface of NR/5Si0.-5CS was observed over its fracture surface while NR/10SiO2-5CS
and NR/20Si0,-5CS have more fine layer surface than NR/5SiO.-5CS due to more
filler content caused the strong of matrix-filler interaction do not have enough. EDX
mapping represents the good distribution of SiO particles in all composites. It can be

observed well distributed SiO- particles (white spot) as well as NR composites without CS.
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Figure 4.35 SEM micrographs of NR and SEM micrographs and their EDX mapping
(left top of each micrograph) of in situ SiO2-CS/NR composite fractured

surface at 150X (left) and 1000X (right) magnification.
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4.6  Effect of SiO2-CS hybrid filler at various CS contents on
the antimicrobial activity and absorption properties of

in situ SiO2-CS/NR composites

4.6.1 Antimicrobial activity

The effect of CS content on inhibition of microbial growth of the in situ
Si02-CS/NR composite films are shown in Figure 4.33. The inhibition of
microbial cell growth by CS was due to a positive charge of CS interferes with
bacteria metabolism by stacking on the negative charge of bacterial surface
(Benhabiles et al., 2012). The antibacterial activity of in situ SiO2-CS/NR composite
films were represented by inhibition zone or clear zone around the samples. All of
composite films show the clear zone of E. coli inhibition and the highest diameter of
the clear zone is 25 mm from NR/10SiO>-5CS following by 20 mm from
NR/10SiO2-10CS and 12 mm from NR/10SiO,-3CS. Although NR/10SiO2-10CS has
the most of CS content, its diameter of the clear zone was less than that of
NR/S10i0,-5CS. This may be due to the interaction of CS and other components which
resulted in a decrease in its antimicrobial efficiency. For NR composites without CS,
no clear zone was observed. This may be due to it does not have the active positive
charge of CS. However, the antimicrobial activity of CS depends on molecular weight
(MW) and degree of deacetylation (DD). Chitosan with a higher degree of deacetylation
tends to have higher antimicrobial activity due to an increase in positive charges

(Benhabiles et al., 2012).
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Table 4.10 The diameter of inhibition zone of NR and NR composites.

Sample CS content (phr)* Clear zone diameter (mm)
NR 0 0
NR/10SiO; 0 0
NR/10Si0O2-3CS 3 12
NR/10SiO2-5CS 5 25
NR/10Si0.-10CS 10 20

*phr refer to parts per hundred rubber.
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Figure 4.36 Effect of CS content on antimicrobial activity of in situ SiO2 -CS/NR

composite films (a) without CS and (b) with CS.
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4.6.2 Absorption properties

Water absorption behavior as a function of time of the in situ
SiO2-CS/NR composites was shown in Figure 4.37. The water absorbability of NR
composites was increased with the addition of CS due to the hydrophilic nature of CS.
However, water absorbability of NR/ 10SiO.-10CS is less than NR/10SiO.-3CS and
NR/ 10SiO2-5CS. This may be due to better interaction between NR and CS which
shown by the FTIR in Figure 4.38.

FTIR spectrum of NR and the NR composites are shown in Figure 4.38.
Basically, pure NR shows characteristic peak at 842 cm™ represented =CH out of plane
bending. Peak at 1375 cm™and 1432 cm™are characteristic of CH2 deformation and at
the region between 2852-2925 cm™ represented the CH: symmetric stretching
vibrations (Manohar et al., 2017) (Aielo et al., 2014). All of NR composites filled SiO-
show a strong peak at 464 and 1086 cm™ that were attributed to the asymmetric bending
vibration and the asymmetrical stretching vibration of Si-O-Si, respectively
(Jarnthong et al., 2017) ( Jembere, 2017). The region between 908-1259 cmof pure
NR was intercepted by the asymmetrical stretching vibration of Si-O-Si in
NR composites. NR composites filled CS, especially NR/10SiO2-10CS shows a peak
at 2350 cm™ that is a characteristic of N-H stretching. The height of the peak increased
with increasing chitosan content. This may be due to the interaction between NR and
CS or silanol groups of SiO2 and CS (Johns and Rao, 2008). Each peak confirmed

characteristic and presence of NR, SiO2, and CS in the composites.
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Figure 4.38 The FTIR spectrum of NR and the NR composites.



CHAPTER V

CONCLUSIONS

Agricultural waste like rice husk (RH) and shrimp shells were prepared as
a filler and hybrid filler in natural rubber (NR) composites. Sodium silicate (Na2SiOz)
solution was prepared from rice husk ash (RHA) which has 86.12% of silica (SiOz) in
the form of amorphous structure. The obtained chitosan (CS) was prepared from shrimp
shells. It has only elements which are the major composition of CS. Its degree of
deacetylation is 65% approximately and its average molecular weight is 642,000 Da.

Hybrid materials were prepared from the combination of RHSIO2 and CS by
sol-gel reaction of Na,SiO3z and CS solution at difference ratios of 1:1, 2:1, and 3:1
(Si02-CS).The SiO.-CS ratio of 2:1 showed the optimum ratio which gave the material
with the highest BET surface area and had a potential to use as a filler in composite
materials.

NR composites from agricultural waste derived from RH SiO, and CS from
shrimp shell waste were successfully prepared by a latex solution method. SiO> filler
was added into NR matrix by sol-gel reaction of Na;SiOs and acid solution then it
became in situ of SiO; particles in NR phase. NR composites with in situ SiO2 and
in situ SiO.-CS at various contents of 0, 5, 10, and 20 phr SiO2 were prepared. Effect
of in situ SiOz content on cure characteristics, mechanical properties, and morphological
properties of in situ SiO2/NR composites and in situ SiO.-CS/NR composites were
investigated. The scorch time and cure time of in situ SiO2/NR composites and in situ

Si0,-CS/NR composites were decreased by the addition of in situ SiOz and in situ SiO,-CS.
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The mechanical properties of in situ SiO2/NR composites, modulus at 100%
elongation (M100), modulus at 300% elongation (M300), and hardness increased with
increasing in situ SiO2 content while tensile and tear strength increased with increasing
in situ SiO2 content up to 10 phr. Nevertheless, at 20 phr still has better properties than
neat NR. Elongation at break of in situ SiO2/NR composites was decreased by
the addition of in situ SiO>. SEM micrographs of in situ SiO2/NR composites showed
rough surface and many layers. The SiO2 particles were observed from in situ SiO- at
5 phr.

The mechanical properties of in situ SiO>-CS/NR composites, modulus at 100%
elongation (M100), modulus at 300% elongation (M300), and hardness increased with
increasing in situ SiO2 content whereas elongation at break decreased. Tensile and tear
strength increased with increasing in situ SiO. content up to5 and 10 phr, respectively.
SEM micrographs of in situ SiO.-CS/NR composites showed rough surface and many
layers same as in situ SiO2/NR composites. Thick layer surface was observed at 5-5 phr
of Si0,-CS whereas, at 10-5 and 20-5 phr of SiO.-CS have thin and fine surface.

Effect of SiO»-CS hybrid filler at various CS contents on the antimicrobial
activity and absorption properties of in situ SiO; -CS/NR composites were investigated.
All of the NR composites which was added CS show the clear zone of E. coli inhibition
and the highest diameter of the clear zone is 25 mm for NR/10SiO,-5CS following by
20 mm for NR/10SiO.-10CS and 12 mm for NR/10SiO-3CS. The absorption of in situ
SiO2-CS/NR composites was increased by the addition of CS whereas, these properties
of NR/10Si02-10CS is lower due to the interaction between NR and CS is better when

compared with NR/10Si0O,-3CS and NR/10SiO»-5CS.
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1. INTRODUCTION

Chitosan is an amino-polysaccharide extracted from chitin
which is the second biopolymer on earth. The sources of chitin are
not only in the shells of shrimp and crab but also can be obtained
in some inseets and certain fungi. Chitosan is a biocompatible and
biodegradable polymer. Moreover, it has antimicrobial activity [1-
2]. A lot of research has focused on the utilize of chitosan as
antimicrobial materials in biomedical applications [3-5]. Chitosan
blended with natural rubber latex directly was shown to improve
its thermal stability, mechanical, hydrophilic, and antimicrobial
properties of natural rubber [6-7].

Rice husk is an agricultural waste from the rice milling
process. Rice husk ush was used as a silica source that contained
more than 60% of amorphous silica with high surface area.
porosity and reactivity [8-11]. Silica plays an important role in
some mechanical properties of natural rubber composites, not only
to improve tensile strength, modulus, hardness, and wet traction
but also reduce rolling resistance. To improve the ability of silica
dispersion in natural rubber matrix, in-situ silica by sol-gel method
was used for rubber composite preparation. Sodium silicate
prepared from silica ash dissolution in sodium hydroxide was used
as a precursor and it was become gel by acid solution [12-16].

2. MATERIALS AND METHODS
2.1, Materials.

High ammonia natural rubber latex (HA Latex) was
purchased from Viroonkit Industry Co., Ltd. (Thailand). It
contains 60% Dry Rubber Content (DRC) and 0.7% ammonia.
Shrimp shell chitosan (CS) with a degree of deacetylation of 65%
and average molecular weight of 181x10° Da were prepared in our
laboratory, Sodium silicate solution was prepared by dissolving
rice husk silica ash (86% of Si0;) with 2.5% of sodium
hydroxide. Other chemicals for rubber compounding such as

Natural rubber or cis 1,4-polyisoprene is an elastomeric
material that derived from the sap of rubber tree also known as
natural rubber latex that contains the natural rubber hydrocarbon
in a fine emulsion form in an aquecus serum [17]. It is an
important economic crop in Thailand due to natural rubber
products are the number one agricultural product with the highest
export volume in the country. Natural rubber has the advantage
namely low cost, renewable materials, and use in a variety of
applications [ 18].

Many researchers have been prepared natural rubber
composites remforced with silica derived from rice husk or
prepare natural rubber composites reinforced with chitin or
chitosan that derived from shrimp shells to improve their
properties [19-20]. In this work, natural rubber composites
reinforced with both filler (silica-chitosan) were prepared and
investigated their propertics such as the antimicrobial propertics,
the absorption properties, and the morphological properties.

The aim of this work is to investigate the effect of shrimp
shell chitosan on antimicrobial properties, absorption propertics
and morphological properties of natural mbber composites
reinforced with silica-chitosan hybrid filler. Natural rubber
composites were prepared by the latex solution method.

stearic acid, zinc oxide, N-cyclohexyl-2-benzothiazole-2-
sulfenamide (CBS) and sulphur were supported by Innovation
Group (Thailand) Ltd.
2.2, Preparation of natural rubber composite films reinforced
by silica-chitosan hybrid filler.

10phr of silica in the form of sodium silicate solution was
added into NR latex that was diluted into 30% of DRC by distilled
water, They were stired for 12 hours until obtaining a
homogeneous mixture. The dissolution of shrimp shell chitosan
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with 2% acetic acid was used to prepare the chitosan solution,
Then chitosan solution at various chitosan contents (0, 3, 5, and
10phr ) was then added to the mixture of natural rubber latex and
sodium silicate in order to precipitate silica in rubber latex. The
pH of the mixture was adjusted to 7 by using 2% acetic acid, The
mixtures were stirred for 6 hours and cast into Petri dishes before
oven-dried at 60°C for 2 days to obtain composite films,

1.3. Preparation of vuleanized natural rubber composites.

The composite films were compounded by a two-roll mill
machine, The ingredients for compounding were shown in Table
1. The compounding was started by mastication of NR composite
film before adding stearic acid, ZnO, CBS and sulphur. After
mixing 15 min, the compound was stored for 24 hours at room
temperature. Curing time of the compound was determined by
Moving Die Rheometer (MDR) at 150°C. The compounds were
vileanized in a hydraulic press at 150°C with a pressure of 150
kg/em’ with the curing time from MDR testing.

2.4, Characterization of natural rubber composite films,
2.4.1 Fourier transform infrared spectroscopy (FTIR)

FTIR spectrometer was used to identify the functional
groups of the composite films. The frequency range 4000 - 400
em™ at resolution of 4 ¢,

2.4.2 Antimicrobial Activity

The antimicrobial activity of the composite films was

evaluated using the agar diffusion method. Escherichia coli

Sample

(E.coli) bacteria was used for testing the antimicrobial activity.
The composite films were placed on Mueller Hinton agar medium
that had been seeded with 10°cfu/ml (Colony Forming Units/mL)
of the E.celi. The plates were incubated at 37°C for 24 hours. The
antimicrobial properties of the composite films were obscrved
from an inhibitory effect of microbial growth by measured the
diameter of the inhibition zone around the composite films and
cured composites.
2.4.3 Absorption Test

The cured composite samples were cut into 10x10 mm
square sheet with thickness of | mm. Each sample was oven dried
at 80°C and they were cooled in desiccator before weighing (W)
then placed in Erlenmeyer flasks of distilled water for 2 days at a
temperature of 37°C in the oven. After that, they were taken out
from the oven and wiped with a tissue paper before weighing
(W5). The water absorption was calculated as follows:

W, -

% Absorption = T % 100

(Eq. 1)

2.4.4 Scanning Electron Microscopy (SEM)

The surface morphology of the composite films was
observed using SEM. The samples were cut into small picees then
were dried and coated with gold by a sputter coater before testing.

Zn0
(phr)’

NR 5
NR/Si0.10 100 10 - 1 .
NR/Si0;10-CS3 100 10 3 1 5
NR/Si0,10-CS5 100 10 5 | 5
NR/Si0;10-CS10 100 10 10 | 5

" part per hundred rubber

3. RESULTS
3.1. FTIR spectral analysis.

FTIR spectrum of NR and the composite films is shown in
Figure 1.

'y
i
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Figure 1. The FTIR spectrum of NR and the composite films

Basically, pure NR shows characteristic peak at 842 cm’'
represented =CH out of plane bending, Peak at 1375 cm™and 1432
cmare characteristic of CH, deformation and at the region 2852-
2925 em™ represented the CHy symmetric stretching vibrations
[21-22]. All of NR composites filled Si10; show a strong peak at
464 and 1086 cm that were attributed to the asymmetric bending
vibration and the asymmetrical stretching vibration of 5i-O-Si,
respectively [23-24].

Figure 2. Effect of chitosan loading on antimicrobial activity of natural
rubber composite films (a) with CS and (b) without CS.

The region between 908-1259 cm'of pure NR was
intercepted by the asymmetrical stretching vibration of Si-O-Si in
NR composites. NR composites filled chitosan, especially
NR/Si0,10-CS10 show a peak at 2350 em that is a characteristic
of N-H stretching. The height of the peak incrcased with
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increasing chitosan content. This may be due to the interaction
between NR and chitosan or silanol groups of SiO; and chitosan
[25]). Each peak confirmed the characteristic and presence of NR,
5104, and chitosan in the composites.

3.2. Antimicrobial properties.

The effect of chitosan loading on inhibition of microbial
growth of the composite films and cured composites is shown in
Table 2, Figure 2, and Figure 3.

The inhibition of microbial cells growth by chitosan was
due to a positive charge of chitosan interferes with bacteria
metabolism by stacking on the negative charge of bacterial surface

[5].

Figure 3. Effect of chitosan loading on antimicrobial activity of cured
natural mbber composite (a)and(b) without CS and (¢) with C5.

The antibacterial activity of the composite films and cured
composites were represented by inhibition zone or clear zone
around the samples. All of the composite films show the clear
zone of E. coli inhibition and the highest diameter of the clear
zone is NR/SIO;10-CS5 following by NR/SIO10-C510 and
NR/SI0,10-CS3. Although NR-810,10-CS10 has the most of
chitosan loading, its diameter of the clear zone was less than that
of NR/SIO, 10-CS3. This may be due to the interaction of chitosan
and other components which resulted in a decrease in its
antimicrobial efficicney. For cured composites, no clear zone was
observed, This may be due to the unactive positive charge of
chitosan, However, the antimicrobial activities of chitosan depend
on molecular weight (Mv) and the degree of deacetylation (DD).
Chitosan with a higher degree of deacetylation tends to have
higher antimicrobial activity due to an increase in positive charges
[5].

Table 2. The diameter of inhibition zone of natural rubber and

natural ubber composites.
d

CS content (phr) 3 ¥ 10 3 5

Clear Zone
diameter (mm)

3.3. Absorption properties,
The water absorption behavior as a function of time of the
cured composites was shown in Figure 4. The water absorbability

4. CONCLUSIONS

Natural rubber composites reinforced with hybrid filler
between rice husk silica and shrimp shell chitosan were
suceessfully prepared by a latex solution method, All of NR
composites that with the addition of shrimp shell chitosan show
antimicrobial activity. The most efficient E. coli inhibition and the
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