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Abstract

Polymethyl methacrylate/50% epoxidized natural rubber (PE) blend and polymethyl methacrylate/50% epoxidized natural
rubber/silicon dioxide (PE15) nanocomposites were successfully prepared via solvent casting method with tetrahydrofuran
(THF) as solvent. The interactions between silicon dioxide (SiO,) particles with polymethyl methacrylate (PMMA) and 50%
epoxidized natural rubber (ENR 50) in PE and PE15 films were investigated using Fourier transform infrared (FTIR) analysis.
Meanwhile, the phase separation between PMMA and ENR 50 in PE and PE15 films was monitored using optical microscopy
(OM) analysis. FTIR analysis shows the presence of hydrogen bonding between PMMA and ENR 50 in PE film and functional
groups responsible to the hydrogen bonding was identified. FTIR analysis also revealed that interactions between SiO, with
PMMA and ENR 50 were SiO, weight percent dependent. While, OM analysis confirmed that phase separation between PMMA
and ENR 50 also influenced by weight percent of SiO,.
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Abstrak

Adunan polimetil metakrilat/getah asli terepoksida 50% (PE) dan nanokomposit polimetil metakrilat/getah asli terepoksida
50%/silikon dioksida (PE15) telah berjaya disediakan melalui kaedah acuan tuangan larutan dengan tetrahidrofuran (THF)
sebagai pelarut. Interaksi antara zarah silikon dioksida (SiO,) dengan polimetil metakrilat (PMMA) dan getah asli terepoksida
50% (ENR 50) dalam filem PE dan PE15 telah disiasat menggunakan analisis inframerah transformasi Fourier (FTIR).
Sementara itu, fasa pemisahan antara PMMA dan ENR 50 dalam filem PE dan PE1S5 telah dipantau menggunakan analisis
mikroskopi optik (OM). Analisis FTIR menunjukkan kewujudan ikatan hidrogen antara PMMA and ENR 50 dalam filem PE dan
kumpulan berfungsi yang bertanggungjawab kepada ikatan hidrogen telah dikenalpasti. Analisis FTIR juga menunjukkan
bahawa interaksi antara SiO, dengan PMMA dan ENR 50 adalah bergantung kepada peratusan berat SiO,. Manakala, analisis
OM mengesahkan bahawa fasa pemisahan antara PMMA dan ENR 50 juga dipengaruhi oleh peratusan berat SiO,.

Kata kunci: polimetil metakrilat, 50% getah asli terepoksida, silikon dioksida
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Introduction

PMMA is a transparent polymer with superior physical properties include resistance to chemical, corrosion and
weathering, light weight and good insulating properties [1]. However, PMMA may not be able to provide some of
the targeted polymer’s properties necessary for curtain applications [1, 2]. This due to hard, brittle and rigid
characteristics shown by PMMA [3]. Consequently, polymer blending is a simple, efficient and versatile
modification approach that has been proposed to improve and tailor polymer properties [1]. It consists of two or
more polymers mixed without involving new chemical bonding between its constituents [4]. In general, polymer
blends show combination properties between both parent polymers that were mixed [5]. Previously, several polymer
blends were investigated include polymethyl methacrylate-g-polyvinyl chloride/polymethyl methacrylate [2],
polyethylene oxide/polymethyl methacrylate [3], polyethylene/polyamide [4], poly(2,6-dimethyl-1,4-phenylene
ether)/poly(styrene-co-acrylonitrile) [5] and polypropylene/polyethylene [6]. Latif et al. reported that PMMA/ENR
50 blend with 10% ENR 50 composition lower the glass transition temperature (7,) of PMMA and give a rubber-
like characteristic to the PMMA/ENR 50 blend with excellent elasticity and adhesion properties [1]. Due to the
rubbery properties of ENR 50.

Unfortunately, most polymer blends are not homogenized [1]. As result, polymer blends produced are
inhomogeneous and cause phase separation [7, 8], thus performance of polymer blends may not be optimized [9,
10]. Interestingly, dispersion of inorganic filler in polymer blends were reported have the ability to improve the
homogeneity and phase separation between polymers in the blending [11]. Besides, addition of inorganic fillers also
has the ability to improve thermal stability [12] and mechanical stability [13] of the polymer nanocomposites.
Among fillers were used in polymer blend include montmorillonite [4, 8], SiO, [11, 13] and titanium oxide [12, 13].

Solvent casting method is the most suitable method for preparation of polymer nanocomposites containing PMMA
and ENR 50. This is due to the method can be carried out at room temperature, therefore, mixing polymers with
different melting temperatures, thermal degradation of unstable polymer and evaporation of additives at high
temperatures will be not concerned.

This study reports polymer nanocomposites were successfully prepared from PMMA, ENR 50 and SiO, via solvent
casting method. The presence of hydrogen bonding between PMMA and ENR 50 in the polymer blend was
identified and functional groups responsible to the hydrogen bonding was suggested. In addition, the ability of SiO,
to occupy themselves in between PMMA and ENR 50 and manipulating the interaction between polymers and filler
were discussed. The role of filler in improving miscibility and phase separation between PMMA and ENR 50 in
PMMA/ENR 50 also was explained.

Materials and Methods
Preparation of stock solutions
10.0 g of PMMA (Aldrich Chemistry, USA), 5.0 g of ENR 50 (Malaysia Rubber Board, Malaysia) and 10.0 g of 15
nm SiO, (Aldrich Chemistry, USA) were dissolved separately in 500 mL of THF (J.T. Baker) in 1L screw cap
bottles. The PMMA (2% (w/v)), ENR 50 (1% (w/v)), and SiO, (2% (w/v)) solutions were stirred for 24 hours using
magnetic stirrers at room temperature. All solutions were kept in closed bottles and were stirred for an hour every
time before use.

Preparation of PMMA/ENR 50 blend and PMMA/ENR 50/SiO, nanocomposites films

25.0 mL of PMMA and 5.0 mL of ENR 50 solutions were mixed and stirred to give PMMA:ENR 50 mass ratio of
90:10 in 100 mL screw cap bottles using magnetic stirrers for 24 hours. Then, SiO, solution was added to the
polymer mixtures at specific ratios (Table 1) and continuously stirred for another 24 hours. The polymer solutions
were casted in Teflon dish under nitrogen gas flow for 12 hours. The obtained thin films then were peeled off, dried
in an oven at a temperature of 50 °C for 12 hours and kept in a desiccator.
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Table 1. SiO, weight percent in the films

Weight Percent of SiO, Designation
(%)

0 PE

1 PE151

3 PE153

5 PEI55

7 PE157

Characterization: Fourier transform infrared spectroscopy analysis

Perkin Elmer Spectrum One FTIR Spectrophotometer was used for FTIR analysis. The spectrum of all film samples
were recorded at room temperature using the spectrophotometer that was equipped with Attenuated Total
Reflectance (ATR) equipment. The scan wavenumber was fixed from 400 to 4000 cm™ with resolution of 4 cm™
and 16 times scan rate.

Optical microscopy

The surface of PE, PE151, PE153, PEI55 and PE157 films was observed under Nikon ECLISPE ME 600 optical
microscopy. Samples were placed onto the microscope slide and the brightness, the contrast, the lens distance and
the magnification of the optical microscope were adjusted in order to obtain the best micrograph.

Results and Discussion
Latif et al. claimed that PMMA and ENR 50 polymer chains in PMMA/ENR 50 blend can interact via hydrogen
bonding [1]. However, the exact functional groups involve in the hydrogen bonding is not further investigated.
Since, C=0 and O-CHj; groups of PMMA and C-O-C epoxy ring of ENR 50 are polar groups that have big potential
to interact with any hydrogen atoms in ENR 50 and PMMA. Therefore, the effect of addition of SiO, on PMMA-
ENR 50, PMMA-SiO, and ENR 50-Si0O, interactions were monitored using FTIR analysis. Figure 1 shows that PE
film possesses C=0, O-CH; and C-O-C peaks that recorded at 1723, 1380 and 1240 cm™, respectively.

—PE ——PE151 PE153
—PE155 PE157

Relative Intenstity

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm!)

Figure 1. FTIR spectra corresponding to PE and PE15 films at various weight percent of SiO,

588



Sharil Fadli et al: FILLER AND POLYMER INTERACTIONS IN POLYMETHYL METHACRYLATE/50%
EPOXIDIZED NATURAL RUBBER/SILICON DIOXIDE NANOCOMPOSITES

Interestingly, a broad peak in PE FTIR spectrum recorded at 3640 cm™ was probably due to hydrogen bonding
between ENR 50 and PMMA, and the possible molecular interactions are illustrated in Figure 2. The formation of
hydrogen bonds was probably due to the polarity of C=0, O-CH; and C-O-C groups. Similar observation was
reported in other blend systems containing ENR 50 [7] and PMMA [14].
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Figure 2. Possible hydrogen bonding between PMMA and ENR 50 in PMMA/ENR 50 blend

FTIR peaks comparison corresponding to C=0, O-CH; and C-O-C peaks of PMMA, ENR 50 and PE films was
conducted to determine which among the functional groups in PMMA and ENR responsible for the hydrogen bond
formed in PE film (Figure 3). It revealed that the intensity of C=O peak of PE film was broader compared to
PMMA film (Figure 3 (a)), whereas, C-O-C peak of PE film was decreased compared to ENR 50 film (Figure 3
(¢)). Indicated that C=0 and C-O-C in PE film experienced strong interaction compared to PMMA and ENR 50
films. Meanwhile, O-CHj; peak of PE film increased compared to PMMA film (Figure 3 (b)), thus, revealing that O-
CHj; was free. From the observation it may suggest that oxygen atoms in C-O-C and C=0 group were responsible
for the hydrogen bonding between PMMA and ENR 50 in PE film.
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Figure 3. FTIR spectra corresponding a) C=0 b) O-CHj; and c¢) C-O-C for PMMA, ENR 50 and PE films
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Interestingly, the O-H broad peak disappeared when SiO, was dispersed in PE151, PE153, PE155 and PE157 films.
This phenomenon is due to the ability of SiO, particles to occupy itself in between polymeric chains and separate
the polymer chains apart. As a result the number of hydrogen bonds reduced. This was further supported by an
increase in intensity of C=0 (Figure 4 (a)) and C-O-C (Figure 4 (c)) peaks of PE151 film. C=0 and C-O-C groups
in PE151 film were free since the number of hydrogen bonds between polymer chains in PE151 film was reduced
when Si0, was added.
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Figure 4. FTIR spectra corresponding to a) C=0 b) O-CHj; and ¢) C-O-C groups in PE and PE1S5 films

It was observed that O-CH; peak in PE151 film (Figure 4 (b)) slightly decreased compared to PE film. This
indicates that a new polymer network was formed between oxygen atoms in O-CH; group and hydrogen atom in Si-
OH group of SiO,. The polymer network between PMMA and SiO, interaction is illustrated in Figure 5 (c).
Interestingly, the intensity of C=0O (Figure 4 (a)) and C-O-C (Figure 4 (c)) peaks in PE153 and PE155 films
decreased when 3% and 5% of SiO, was added. This was probably due to the polymer network moving between
oxygen atoms of C=0 (Figure 5 (b)) and C-O-C (Figure 5 (¢)) with hydrogen atom of Si-OH. Qu et al. also reported
that Si-OH group of SiO, have the ability to interact with oxygen atom of polyamide [15]. In contrast, the intensity
of O-CHj; peak in PE153 and PE155 films increased when 3% and 5% of SiO, was added indicating O-CH; group
does not take place in the polymer network with Si-OH in PE153 and PE155 films.
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Figure 5. Possible polymer networks between SiO, with PMMA and ENR 50 in PE15 films
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The phase separation between PMMA rich phase and ENR 50 rich phase were observed in PE film (Figure 6 (a).
This observation confirmed that PMMA and ENR 50 in PE film was immiscible and was confirmed similar with
our previous reports [11, 16]. Therefore, the PMMA rich phase was observed as brown continuous phase meanwhile
ENR 50 rich phase as fine hairy lines when the polymer blend examined under OM. Interestingly, reduction on the
size of ENR 50 rich phase when 1% of SiO, was added in PE151 (Figure 6 (b)) film indicated that the phase
separation of PMMA and ENR 50 was improved. This probably due to the ability of SiO, to occupy space between
PMMA and ENR 50 hence forcing ENR 50 to move into PMMA phase [16]. The role of SiO, as compatibilizer
agent was also reported by Zhang et al. [17]. In their study, incompatible polypropylene/polystyrene (PP/PS) blend
was successfully improved with addition of SiO, in which of PS has been well distributed in the blend upon from
addition of SiO,.

Figure 6. Optical micrographs for (a) PE, (b) PE151, (c) PE153, (d) PE155 and (e) PE157 films

Furthermore, the phase separation almost diminishing as the amount of SiO; filler was increased up to 7% in the
blend system (Figure 6 (e)). The improvement of the phase separation probably due to more SiO, filler occupying
space in the blend system. Similar observation was recorded by Du et al. when 5% of SiO, was added in
PMMA/SAN [18]. Uniquely, the harry lines of ENR 50 phase was found to be orientated in one direction at 1, 3 and
3% of SiO, filler in PE151, PE153 and PEI1S55 films, respectively. This was suggested that the interaction that
occurred between the filler and the polymers as discussed previously.

In addition, as the amount of SiO, increased up to 5%, more SiO, were distributed into the blend system hence
initiate the formation of polymer network between oxygen atom of C-O-C (Figure 5 (b)) and C=0 (Figure 5 (c))
groups with hydrogen atom of the Si-OH. Since C=0 and C-O-C are more polar than the O-CHj, the filler seems to
be attracted to these C=0 and C-O-C groups like a “magnetic effect” and form a series of SiO, chain (Figure 7).
This “magnetic effect” explained reason for the harry lines of ENR 50 phase and was observed to be orientated in
one direction in its optical micrograph.
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PMMA chain ———
ENR 50 chain ———
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Figure 7. Propose magnetic effect of SiO, on PMMA and ENR 50 chain in PMMA/ENR 50 blend

Conclusion

PMMA/ENR 50 blend and PMMA/ENR 50/Si0, nanocomposites films were successfully prepared via
solvent casting method. Hydrogen bonding between PMMA and ENR 50 in the polymer blend was
determined and functional groups responsible for the hydrogen bond was determined. The interactions
between filler and polymers films were SiO, weight percent dependent. PMMA and ENR 50 in PMMA/ENR
50 blend and PMMA/ENR 50/SiO, nanocomposites films were found immiscible. Interestingly, the
miscibility between PMMA and ENR 50 improved when SiO, was added. This finding is crucial for further
investigation on the effects of SiO, on physical, thermal and electrochemical properties of PMMA/ENR 50
electrolytes.
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