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Abstract

The effect of co-polymer, i.e. poly(methyl methacrylate) (PMMA), and doping salt, i.e. lithium trifluoromethanesulfonate (LiCF3SO3) in
the epoxidized rubber-polymer blends preparation was evaluated. The electrolyte membrane was developed through solution casting
method in the presence of 0-50wt.% of LiCF;SOs. The influence of LiCF3SO; on chemical interaction and structure, ionic conductivity,
mechanical properties, and glass transition temperature (T,) of 45%-epoxidized deproteinized natural rubber (EDPNR45)-PMMA (80/20)
membrane was determined using several techniques, i.e. F-IR, universal testing machine, multipotentiostat, and DSC. Infrared analysis
showed that lithium salts might formed coordination bonds with the oxygen atoms of PMMA and EDPNR45. lonic conductivity of
EDPNR45/LiCF;SO; blends have been evaluated and the highest conductivity (6) was obtained in the presence of 35 wt.% of lithium
trifluoromethanesulfonate (1.71 x 10°S.cm™). The PMMA content’s effect was also evaluated on the properties of EDPNR45/LiCF3SO3.
The highest conductivity and mechanical strength values at EDPNR45/PMMA ratio of 80/20. Enhancing trend of Tg was obtained with
the increase of PMMA and salt concentration. FTIR characterization also confirms the interaction of salt with EDPNR45 and PMMA.
Keywords: EDPNR, PMMA, LiCF;S0O;, Polymer Electrolyte Substrate

1. Introduction needed, this kind of modification is able to improve its

In this era, polymer electrolyte substrates are widely investigated
due to the applicability of these materials in energy devices, such
as in lithium batteries [1, 2]. The reason behind this phenomenon
is due to the effective path of Li* or dopant salt presents in those
materials [3, 4].

Previous study mentioned that the utilization of polar
rubbery material is quite important to improve the electrolyte
membrane ionic conductivity, this is due to some advantages, i.e.
as a polar material it will be able to be used for transporting Li*,
and rubbery material commonly has low T, value that able to
enhance the mobility of Li* [2, 5, 6]. The combination of the low
Tg and Tm values of polymer electrolyte substrates and the
optimum amount of salt ion is believed to be able to improve its
ionic conductivity [7-11]. After the incorporation of dopant ion,
the Tg value of polymeric material normally will increase, in this
regards the low Tg of polymeric material is required.

Natural polymer that has elastomer property, i.e. natural
rubber latex (NRL) and its derivates, can be utilized for this
purpose, this is caused by its wide applications, i.e. tire, glove,
seal, gasket, mounting, etc [12, 13]. NRL cannot be directly
applied for this purpose due to the presence of C=C bonds that
can cause this material to be quite reactive into oxygen, sunlight,
and heat; also, it will easily interact with the hydrophobic solvents,
i.e. toluene, xylene, etc. Structure modification, i.e. polar group
modification (epoxy group) on the natural rubber structure is

hydrophilicity without reducing the other properties of NRL, i.e.
elasticity, Tg, tensile modulus and tensile strength [12, 14].

Several issues related to the utilization of epoxidized natural
rubber (ENR) as polymer electrolyte substrate have been reported,
i.e. the presence of protein during the preparation of epoxidized
natural rubber lead to the inaccurate result obtained during the
measurement as the effect of the interaction of protein with water
[5, 15, 16]. In general, ENR prepared from NRL normally will have
a soft and tacky characteristic, these properties cause some
difficulties to handle this material. To overcome these issues, in
this study the ENR was prepared using urea deproteinization
method to obtain a hyper-deproteinized natural rubber (DPNR)
which has 0.002wt.% of protein [14, 17] (ENR in this study was
called as EDPNR45, due to the degree of epoxidation in this study
which was about 45%), which normally in the natural rubber latex
before deproteinization contains 2wt.% of protein. With this
significant decrease of protein content, we believed the result
obtained during the measurement would be more accurate.

In order to resolve the softness and tackiness issues of ENR,
PMMA was selected for blends with the ENR. Several researches
have been conducted under this topic to observe the mechanical
properties, compatibility and its ability to be utilized as polymer
electrolyte substrates [18-22]. The blends obtained between ENR
and PMMA have good interfacial interaction, and in the last
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decade several studies have dealt with the good properties of
ENR/PMMA blends for the fuel cell application [18, 23].

In this study, a dopant salt of lithium (lithium
trifluoromethanesulfonate, LiCF;SO3) was blended with EDPNR45,
the presence on lithium ion in the blends can help to enhance the
ionic conductivity property. In this study, to produce the
electrolyte membrane, the dopant salt, PMMA, and EDPNR45
were mixed in various ratios. Spectroscopy analysis, i.e. FT-IR,
was performed to determine the shifting of specific functional
group of membranes. Multipotentiostat was utilized to evaluate
the ionic conductivity (o) of the membranes. Universal testing
machine was used to assess the mechanical properties of
membranes. The glass transition temperature of membranes also
determined in this study through thermal analysis using DSC.

2. Experimental

2.1. Materials

Natural rubber latex (NRL) in this study was obtained from Dau
Tieng Rubber Corporation, Viet Nam. Sodium dodecyl sulphate
(NaCi,H,5504, SDS) was purchased from Fisher Scientific UK Ltd
(United Kingdom). Urea (CO(NH,),) was obtained from Nacalai
Tescue, Inc (Japan). Acetic anhydride (CsHqOs), hydrogen
peroxide (H,O,), PMMA (Mw ~120 kDa), lithium
trifluoromethanesulfonate  (LiCF;SOs3), and tetrahydrofuran
(C4H350, THF) were obtained from Sigma Aldrich (Singapore).
2.2. Hyper-deproteinization of natural rubber latex

The hyper-deproteinization of high ammonia natural rubber latex
(HANR) was performed by following protocol [14, 17]. The HANR
with dry rubber content (DRC) ~60 wt.% was added with urea and
SDS with final concentration of each chemical was 0.1 and
1.0wt.%, respectively. This mixture was then incubated for an
hour at room temperature. The separation of cream fraction was
performed through centrifugation and re-dispersed in 1.0wt.% of
SDS solution for twice and in each step, the cream fraction was
separated by centrifugation. The obtained cream fraction of DPNR
was then diluted to obtain DPNR latex which had 10 wt.% of DRC
and it was stabilized with 1.0wt.% of SDS.

2.4. The epoxidation of deproteinized natural rubber latex
(EPDNR)

The pH of the obtained DPNR (100g, DRC ~10wt.%) was adjusted
to 5.5 using acetic acid solution (1 v/v.%), and pre-cooled at 10°C.
The epoxidation was performed by adding 50mL peracetic acid.
After 90 min, the pH reaction was adjusted to 7.1 by adding
0.01M NaOH solution. The resulting EDPNR45 latex was
coagulated and purified by pouring the latex into methanol. The
purified latex was then dried using vacuum oven at 30°C [2, 6,
14].

2.5. The effect of dopant salt (LiCF3503) on the EDPNR45 film
The effect of dopant salt on the characteristic of EDPNR45 was
evaluated by preparing EDPNR45 film by mixing EDPNR45
solution with a specific amount of LiCF3SO; (0-50wt.%) to prepare
polymer-salt  electrolyte  solution. ~ The  mixture  of
EDPNR45/LiCF;SO; was poured onto Teflon surface and allowed
to evaporate slowly.
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2.6. The effect of poly(methyl
EDPNR45/LiCF3SO; film

The solution of EDPNR45/PMMA (100/0; 90/10; 80/20; and
70/30) blends was also prepared in the presence of LiCF;SO; of
35wt.%. The membrane was obtained by pouring the solutions
onto Teflon surface and allowed to evaporate slowly.

2.7. Characterizations

The spectra of EDPNR45 blends was recorded on the ALPHA
Platinum ATR (Bruker). The sample was scanned between a
wavenumber 4000 to 400cm”. The tensile strength and
elongation at break properties of the elastomeric membrane were
carried out through 1SO 37:2017 and evaluated using Strograph
VG5E (Toyoseiki, Japan) equipped with 5-kN load cell at speed 10
mm/min. The ionic conductivity was measured by the complex
impedance method using an Ultimate versatile multipotentiostat

methacrylate) on the

VSP 300 (Biologic Sciences Instrument). The DSC measurement
was carried out on a Seiko Instrument DSC 220 apparatus. The
thermograms were recorded on raising the temperature from -100
to 100°C at a heating rate of 10°C/min under nitrogen atmosphere.
3. Result and discussion

3.1 The properties of epoxidized (hyper)-deproteinization natural
rubber (EDPNR45)

The total nitrogen content of the non-DPNR and DPNR was
achieved by Kjeldahl method (ISO 1656:1996).
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Figure 1. FT- IR spectra of DPNR and EDPNR.

The nitrogen content of HANR was decreased from 0.3800
to 0.0028wt.% after being treated and incubated with the mixture
of urea and SDS at room temperature for 1 hour. After treated with
the peracetic acid, the band oxirane group that indicated the
present of epoxy ring was appeared at 1249 and 870cm™ [24],
and the band that indicated the present of isoprene was found at
1600 and 835cm™ [25]. In DPNR spectrum, there were several
absorption bands, i.e. at 1660, 1459, 1375, and 835cm™ that
referred to C=C stretching, -CH,- deformation, methyl C-H
deformation and =C-H deformation, respectively. Other
absorption bands also appeared at 2960, 2910, and 2853cm’
were assigned to =CH stretching, -CHs; asymmetry stretching, and
—CH, symmetry stretching. The estimated epoxy group percentage
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in EDPNR was about 45 mol% (EDPNR45) that determined by the
following equation [26].

X — Ag70
epoxy (Ag3s+Ag70)

(Eg. 1)

Figure 2 shows the DSC thermograms of DPNR and
EDPNR45. That revealed the Tg value of DPNR and EDPNR45,
which was about -62.29 and -21.48°C, respectively.
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Figure 2. DSC thermograms of DPNR and EDPNR45.

EDPNR45 still had low Tg value (<RT, room temperature) that
indicated EDPNRA45 still had elastomer property just like DPNR.
Supported by the presence of high percentage of epoxy group
(45mol%) and low proteins content (~0.002wt.%), it made
EDPNRA4S5 is suitable to be used as polymer electrolyte substrate.
3.2 The ionic conductivity of EDPNR45 mixed with various
concentrations of LiCF;5O;
The effect of the lithium salt content on the ionic conductivity (o)
property of the electrolyte membrane is shown in Figure 3. The
enhancement of ¢ value of EDPNR45/LiCF;SOs in the corporation
of small amount of LiCF;SO; could be associated to the enhance
of the effective carrier ion amount [2, 27]. On the other hand, at
the higher amount of LiCF;SO; induced to the decrease of o value
thatcould be due to the segmental motion constraint of EDPNR45
[23]. The highest ionic conductivity was obtained at the addition
of 35wt.% of LiCF;SO; with value about 1.71x10°S.cm™.
However, the obtained film of EDPNR45/ LiCF3;SOs were very soft,
tacky and difficult to peel off.

The present of segmental motion constraint was examined
by measuring the Tg of EDPNR45/LiCF;SOs. Transition glass
temperature of EDPNR45/LiCF3SO; versus the amount of LiCF3SO;
that was added into EDPNR45, ranging from 0-50wt.%, is shown
in  Figure. 4. The glass transition temperature of
EDPNR45/LiCF;SO; enhance as the amount of LiCF3;SOs rose, this
phenomenon can be associated to the pseudo-crosslinking of
EDPNR45. The similar result was reported in the previous study
that prepared PEO/LITFSI and PEO/sulfonamide salt hybrid [28,
29].
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Figure 3. lonic conductivity for EDPNR45 as a function of salt
concentration.
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Figure 4. Tg value of EDPNR45/ LiCF3SOj3 at various amount of
salt.

3.3 Effect of PMMA content on the
EDPNR45/LiCF350;
The salt concentration of LiCF;SO; was fixed at 35wt.%, while
PMMA content was varied to study the effect of addition of PMMA
into EDPNRA45/LiCF;SO; polymer electrolyte substrate by
monitoring their ionic conductivity, thermal and mechanics
properties.

Films that obtained from EDPNR45/PMMA/ LiCF;SOs;
solutions appeared homogeneous at room temperature. Figure 5
shows a single Tg value was obtained when the content of PMMA
used blend with EDPNR45 of about 10-20wt.%. This indicated
that there was no microphase separation occurred in the blend
system, and the value of Tg increased when the PMMA content
increased. However, when the PMMA content that added into
blend was about 30wt.% of PMMA, two Tg values were obtained
indicating the phase separation might be occurred in this amount
of PMMA. Compare to the previous studies, the presence of two

properties  of
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Tg values indicated that at this ratio of the polymer electrolyte
blend was not forming a homogeneous mixture [30, 31].

11.5°C
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Figure 5. Effect of PMMA content on DSC thermograms of
EDPNRA45/LiCF;SO;.
Table 1. Effect of PMMA content on ion conductivity of
EDPNR45/LiCF;SOs.

Film
DPNR/PMMA | thickness | & (S.cm™) Appearance
(mm)
slightly stick to
100/0 0.99 1.45 x surface, difficult
10° to peel off,
transparent film
not stick to
1.71 x surface, easy to
90/10 0.30 " el off
transparent film
not stick to
2.94 x surface, easy to
80/20 0.31 105 el off,
transparent film
not stick to
6.58 x surface, easy to
70/30 0-30 10°¢ peel off, hazy
films

Table 1 lists ionic conductivity data and appearance film of
the polymer electrolyte substrates of EDPNR45/PMMA/LICF;SOs. It
was found that when the ratio of PMMA was higher than EDPNR45,
the ionic conductivity of the films rose up to 2.94 x 10°S.cm™ and
the value started to decrease when the PMMA content was
30wt.%. Increased concentration of PMMA in the blend could
enhance the oxygen number that obtained from carbonyl group
[23]. The presence of this oxygen atom could hinder the migration
of lithium ion in the blends due to the high chances of the
coordinate bond formation between the oxygen atom and lithium
ion [32, 33]. The ionic conductivity value decreased at PMMA
30wt.% content because the obtained polymer electrolyte film
was inhomogeneous and might cause the phase separation
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occurred. This statement was supported by the Tg value in Figure.
5, that showed at the 30wt.% of PMMA, the blend system had two
Tg values, e.g. Tg; = -1.2°C (EDPNR45 phase) and Tg, = 96,5°C
(PMMA phase). The phase separation led to the formation of
opaque or hazy films for this blend ratio. The mechanical
properties results of the electrolyte membrane were shown in the
Table 2.

Table 2. Effect of PMMA content on the mechanical properties of

EDPNR45/LiCF;SO;.
Sample Tensile | Elongation
strength at break

(MPa) (%)
EDPNR45 3.5 869
PMMA 43.8 8.2
65wt.% EDPNR45: 35wt.% 4.0 789
LiCF3S0;
65wt.% (90wt.% EDPNR45: 10wt.% 5.8 745
PMMA): 35wt.% LiCF;SO4
65wWt.% (80wt.% EDPNR45: 20wt.% 6.9 690
PMMA): 35wt.% LiCF;SO4
65wt.% (70wt.% EDPNR45: 30wt.% 55 615
PMMA): 35wt.% LiCF;SO4

Table 2 data confirms that PMMA basically could improve the
flexibility of EDPNR45/LiCF;SOs films. A further addition of
PMMA in the sample, resulting to the mechanical strength being
further increased. However, the mechanical properties of blends
started to decrease when the PMMA content was 30%, this could
be due to the phase separation phenomenon.

3.4 Fourier transform infrared analysis

Figure 6 shows the FT-IR spectra of PMMA, EDPNR45/LiCF;SOs,
and EDPNR45/PMMA/LICF;SOs films. Two new bands, at 1367
and 1032cm™', were found in the EDPNR45/PMMA blend and
EDPNR spectra after the addition of LiCF;SOs. These bands was
confirmed as the vibrational of CF; and SO; from the LiCF;SO;,
respectively [23]. The absorption bands at 2853, 2918 and
2965cm”’ that identified as —CH, symmetry stretching, —CH;
asymmetry stretching and =CH stretching were found in
EDPNR45/LiCF3;SO;. In the presence of PMMA, these bands have
shifted and changed into two bands at 2895 and 2954cm™ This
phenomenon can be caused by the effect of the absorbing of CHj
symmetrical stretching of PMMA at 2953cm™. The presence of
specific bands at 689 and 691cm™ was confirmed as the vibration
of LiO, symmetric [34]. These bands indicated that the lithium salt
dissolved in the EDPNR45 and EDPNR45/PMMA matrices and
created a coordination bond between Li* and oxygen ions in the
epoxy group. The other coordinating effect of the lithium salt in
the EDPNR45 blends was also found affecting chemical shift. As
the example, the epoxy band in the EDPNR film that appeared at
1249cm™  was found shifting to 1255cm™ in  the
EDPNR45/PMMA/LICF;SO;. Bands at 1660 and 1729cm™ that
were assigned as -C-O-C epoxy group of EDPNR45 and C=C in
PMMA, respectively were found as a broaden band in the blend
of EDPNR45/PMMA/LICF;SOs, also a new band at 3604cm™ was
appeared that assigned for hydrogen bonding.
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Figure 6. FT- IR spectrum of (a) FT- IR spectrum of PMMA, (b)
FT- IR spectrum of EDPNR45/LiCF;SO;, and (c) FT- IR spectrum
of EDPNR45/PMMA/LICF;SO:s.

4. Conclusions

EDPNR45 were prepared and obtained by epoxidation DNR with
50mL freshly prepared peracetic acid. The ionic conductivity of
EPDNR45/LiCF;SO5 was dependent on salt concentration, Tg. At
lower salt concentration, the ionic conductivity increased as the
effective carrier ion increased. In contrast, at higher salt
concentration, the ionic conductivity was governed by the
segmental motion of EDPNR45. The highest ionic conductivity for
EPDNR45/LiCF;SO; was about 1,71 x 10°Scm™ at 323K.
However, the film has low tensile strength and high elongation at
break and it is not easy to form free standing film from pure
EDPNR45. PMMA has been used to add into the electrolytic film
to improve mechanical and conductive properties. The highest
conductivity and tensile strength achieved in this work is 2.94 x
10°S.cm™, 6.9MPa, respectively at EDPNR45/PMMA ratio of
80/20 and 35wt% of LiCF;SOs;. Because EDPNR45 can be
prepared from natural resource but not from petroleum, it will be
useful as an ionic conducting medium for solid polymer
electrolyte.
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