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Abstract. Lithium batteries development are triggered so many efforts in producing electronic devices due to its excellent performance as
energy storage systems. One of the appealing points solid polymer electrolytes for developing solid-state lithium batteries. In this study,
Solid polymer electrolytes with crosslinked treatment (SPE-C) were prepared from carboxymethyl cellulose-lithium perchlorate (CMC-
LiClO4) and citric acid (CA) as a crosslinker via solution casting method. All SPE-C membranes were assembled into lithium battery coin
cells. Degree of crosslinked and degradation were measured to observe crosslink formation in SPE-C membranes and confirmed by fourier
transform infrared (FTIR), whereas SPE-C in coin cells were characterized by electrochemical impedance spectroscopy (EIS) and linear
sweep voltammograms (LSV). The results showed that crosslinked process is successfully obtained with C=0 from ester linkage of CA
vibration within COO- of CMC for the crosslinking bond formation. The crosslink effect also contributed on enhancing ionic conductivities
of SPE-C in coin cells from EIS results. The highest ionic conductivity was obtained in SPE-C2 (1.24x10-7 S/cm) and electrochemically
stable in 2.15 V based on LSV measurement. SPE-C2 has good dielectric behavior than the others due to the high ions mobilities for
migration process from ion clusters formation, thus it would be useful for further study in obtaining the powerful solid-state lithium
polymer batteries.
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1. Introduction 2019; Nyuk & Isa, 2017). polymethylmethacrylate (Chen &
Vereecken, 2019), polycarbonate (Sun et al. 2014),
polyacrylonitrile (Verdier et al. 2020), polyethylene oxide
(Yap et al. 2013), and poly vinyl alcohol (Saadiah &
Samsudin, 2018) are synthetic polymers, whereas starch
(Ma et al. 2007), carrageenan (Ghani et al. 2019), pectin
(Perumal et al. 2019), chitin (Shyly et al. 2014),
lignocellulosic (Ren et al. 2020), sago (Samsudin et al.
2012), chitosan (Aziz et al. 2019), and cellulose (Samsudin
et al. 2014) are known as natural polymers that can be
used for SPE preparation.

However, several disadvantage issues, such as non-
biodegradable, expensive price, and disposal issues about
synthetic polymers made a new perspective from
. . . iy epe . researchers to use natural polymers as SPE (Baharun et
advantagg . SPE is design ﬂex1b1h§y due to easier al. 2018; Salleh et al. 2016). Cellulose-based SPE such as
processability (Arya et al. 2019; Scrosati & Garche, 2010; . .

. carboxymethyl cellulose (CMC) is a famous polymer with

Tarascon & Armand, 2001). Several polymers which can be . ..
. . . marvelous characteristics for battery application based on
used as hosts for SPE preparation are divided into two . . . . .
N ) theti d natural vol (Aziz et al previous studies (Nyuk & Isa, 2017; Samsudin et al. 2014;
ypes, namely synthetic and hatural polymers (Aziz et at. Sulaeman et al. 2021). CMC is a biodegradable material,

The efforts on rechargeable lithium batteries development
as energy storage systems for several electronic devices
still have much attention. Various ideas were developed to
improve battery performance, such as high energy density,
high capacity, and long lifespan with a specific study on
each battery component (Fu et al. 2016). One of the
components that has been extensively researched for solid-
state battery development is solid polymer electrolytes
(SPE) (Ali & Mohammed, 2020).

SPE have been paid much attention for solid-state
lithium batteries application due to ensuring its safety
such as non-volatile, low flammability, and
electrochemically stable (Ben youcef et al. 2016). Another
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low cost, non-toxic to the environment, and exhibits good
film-forming ability (Mazuki et al. 2020; Megha et al. 2018;
Putro et al. 2019). It has been studied in a lots of works
which developed CMC in the electrolytes system with
promising conduction properties (Mazuki et al. 2020;
Mazuki et al. 2019). However, another obstacle, like the
appearance of dendrite is one of the factors that disturb
safety in the battery system (Ben youcef et al. 2016; Wang
et al. 2018), because the need for batteries with high
energy density certainly requires a stable SPE system.

An effort that can be conducted to ensure the stability
of SPE is adding a crosslinker (Chaudoy et al. 2016;
Lehmann et al. 2020; Meabe et al. 2019), because
crosslinker has proven to increase the stability and storage
modulus of SPE (Ben youcef et al. 2016). In addition, the
presence of crosslinker could increase the dissociation most
of unpaired anions exist in the crosslinked network (Elmore
et al. 2018). CA is one of the candidates that can crosslinked
CMC structure. It forms a cyclic anhydride and esterifies
the hydroxyl groups in the polymer chains (Mali et al.
2018), thus the crosslinked process were obtained and
increase the ionic dissociation to enhance the ionic
conductivity.

In the present scenario, we provide a new class
crosslinked SPE (SPE-C) from CMC and LiClO4 used as
host polymer and ionic salt, respectively. The CMC-LiClO4
mixtures are crosslinked by CA addition. The utilization of
CMC and LiClOs and the addition of Citric acid as
crosslinker for SPE has never been reported before. SPE-C
is successfully synthesized based on the degree of
crosslinking measurement which is confirmed by FTIR
results. Moreover, we observed the dielectric behavior from
several parameters (e.g. complex impedance, dielectric
permittivity, ionic conductivity, loss tangent, and electrical
modulus) that had never been done in this SPE-C before
based EIS method. Furthermore, the voltage stability of
SPE-C in battery cell also analyzed via LSV measurement.

2. Materials and Methods

2.1 Materials and SPE-C membranes preparation

Carboxymethyl Cellulose (D.S: 0.98, Viscosity: >1900 Pa.s)
and Citric Acid technical grade (Mw: 192.12 g/mol) were
obtained from Alibaba.com. Lithium Perchlorate (LiClO4
Purity: 97.0% analytical grade) were purchased from
KANTO CHEMICAL CO., INC, Japan. The SPE-C
membranes preparation were briefly displayed in Fig. 1. In
the preparation process, CMC was added into 30 mL to a
solid content of 2 wt% and stirred at 50 °C for 6 hours.
Then, 20 wt% LiClOs4 was added to CMC solution under
stirring process until homogenous solution was obtained.
To obtain the SPE-C membranes, CA was dissolved into
CMC-LiClOy4 solution to the desired weight ratio (0 wt%, 5
wt%, and 10 wt%) and named as shown at Table 1. The
mixed solution was casted on a petri dish (60 mm x 15 mm)
and dried at 40 °C overnight for water evaporation and
continued to 24 hours for drying process in desiccator
(Capanema et al. 2018). The prepared membranes were cut
into a square (10 X 10 mm) and circular pieces (d = 19 mm)
and stored in a vacuum desiccator for stabilizing their
mass. The square SPE-C samples were characterized by
their degree of crosslinking and degradation in water and
FTIR measurement, whereas circular SPE-C were
prepared for assembly process with lithium metal
electrodes and punched to obtain coin cells. The cells were
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stored in vacuum desiccator for next characterization as
EIS and LSV.

2.2 Characterization

2.2.1 Degree of Crosslinked and Degradation

SPE-C membranes were immersed in water for 1 hour and
heated at 50 °C for 10 minutes to get the dried films. We
measured the initial weight (W;) and dry weight after
immersing (Ws) during the process. After that, we
calculated all quantities to obtain Degree of Crosslinking
(DC) (Wivanius & Budianto, 2015) and Degree of
Degradation (DD) (Capanema et al. 2018) by using
equation (1) and (2).

DC (%) = 72X 100% 1)
DD (%) = %% % 100% @)
Wa

2.2.2 Molecular vibration

Fourier transform infrared (FTIR) spectra of SPE-C
membranes were taken by Nicolet 1S-10 Smart iTR 500-
4000 FT-IR spectrophotometer with ATR accessory for
molecular vibration identification in the range 4000 — 400
cm'! wavenumber with scanning resolution of 0.5 cm1.

2.2.3 Electrochemical properties

Electrochemical impedance spectroscopy (EIS) (Methrohm
Autolab with Nova 1.11 software) was used to observe
some electrical parameters as complex impedance plots.
The circular SPE-C through an assembly process in glove
box (Vigor Tech, USA) with lithium metal electrodes
(Li*/SPE-C/Li*) and crimped to obtain coin cells (CR 2032
3V lithium cell). The cells were stored in vacuum
desiccator. EIS also can interprets in various parameters
such as dielectric permittivity, ionic conductivity, phase
angel, and electrical modulus of SPE-C following equations
3), (4), (5), (6), (7), and (8), respectively (Aziz et al. 2018;
Aziz et al. 2019).

Casted on petri dish
(60 mm x 15 mm)

— . Liclo, Citric acid
PN EMC 2% (w/v) ‘j\.zo-x» (w/v) O\ 5% & 10% (w/v)
| = = =
= = \

Stirred at 50°C for 6

stirred at room temperature until
homogenous solution

Stored SPE in desiccator Cut into circular pieces

Dried at 40 °C

with silica gel (d=19 mm) overnight
in oven
is assemble

Pressure

!

Cell cap

Spring

metal electrodes

Spacers

Limetal Anode
SPE

= Limetal Cathode

Lol cup

Fig. 1 Schematic representation of SPE-C synthesis following
with lithium battery coin cells preparation.
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Table 1

Various composition of the samples.

Sample names

Description
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ester C=0 stretching from CA. (Mali et al. 2018) claimed
that the presence of C=0 and COO- is confirmed as
crosslinking formation between CMC and CA in SPE-C1
and SPE-C2 system. Meanwhile, the contribution of
LiClO4 in all SPE-C is assigned at 1054 cm'! with
spectroscopically free ClOy4 ions. The stretching at 898 cm-
1 is the presence of B1-4 glycoside bonds between glucose
units (Abarna & Hirankumar, 2014; Capanema et al. 2018;
Sim et al. 2010; Sunandar et al. 2019).

SPE-CO 2 wt% CMC + 20 wt% LiClO4
SPE-C1 2 wt% CMC + 20 wt% LiClO4+ 5 wt% CA
SPE-C2 2 wt% CMC + 20 wt% LiClO4 + 10 wt% CA
. 2
&€= w Co(z’2+z”2) (3)
" o_ z'
& = mCO(z’2+z”2) (4)
t
9pc = g5a 6))
tand = i—, (6)
r_ e
- (eN2+(e')? (7)
"o &
M’ = (eN2+(e")2 (8)

Where, €', ", opc, t, Ry, A, tand, M', and M" are real
dielectric, imaginary dielectric, real impedance, imaginary
impedance, ionic conductivity, thickness, bulk resistance,
surface area, loss tangent, real electrical modulus, and
imaginary electrical modulus, respectively. Meanwhile, w
and C, are angular frequency and capacitance in vacuum.
w is given by 2nf where f is frequency of applied field,
whereas C; is given by £,A/L. &y, A, and L is permittivity of
free space (8.854 x 1014 F em?), surface area and thickness
of the samples, respectively (Aziz 2013; Aziz et al. 2018;
Aziz & Mamand, 2018; Aziz et al. 2020).

2.2.4 Potential stability

The SPE-C in coin cells are further studied by using linear
sweep voltammogram (LSV) to identify their voltage
stability and decomposition. The coin cells were placed at
circular electrode and measured by using (WBCS 3000
battery cycler) with 5 mV.s! scan rates under AC voltage.

3. Results and Discussion

3.1 Molecular vibration

The molecular vibration of each sample from FTIR spectra
were given by Fig. 1. In the functional group region, the
broad-strong, low, and sharp peaks at 3363 cm'1, 2928 cm-
1 and 1588 cm'! in all SPE-C samples are assigned as O—
H vibration, C-H bands, and asymmetric COO- group,
respectively (Capanema et al. 2018; Ghorpade et al. 2018,
Gupta & Varshney, 2019; Kanafi et al. 2019; Ndruru et al.
2019). In addition, in the finger print region, the
stretching, symmetrical stretching at 1417 cm and 1325
cm! assigned as O—H and C-H groups (Gupta & Varshney,
2019). The vibration at 1269 cm™ is carboxyl groups (—
COOH), which are assigned to antisymmetric stretching
vibration between (C=0) and (C-0O) from CMC and CA
(Capanema et al. 2018).

However, the contrast of FTIR spectra between SPE-
C0, SPE-C1, and SPE-C2 is can be seen at Fig. 2b. Another
vibration peak which are identified at 1730 cm'! represents
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Fig. 2 FTIR spectra of a) SPE-C0, SPE-C1, and SPE-C2; b) C=0
and COO- stretching region (2000 cm' — 1500 cmt); ¢) ClO«
stretching region (1200 cm-! — 600 cm-?).
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3.2 Degree of crosslinking and Degree of degradation

Degree of crosslinking (DC) and Degree of degradation
(DD) percentage were measured to prove the crosslinked
formation in SPE-C structure. The crosslinked formation
is signed by a formation of covalent bond bridging the
functional groups of the polymer chain, thus the SPE-C
with CA addition as a crosslinker have a more rigid
structure and not easily degraded when it is immersed in
water (Capanema et al. 2018; Mali et al. 2018). As we can
see in Fig. 3, various DC and DD percentage were obtained
from all samples. The DC percentage of SPE-CO without
CA addition as crosslinker is 12.5 %. Then, it is increased
significantly to 63.8 % in SPE-C1 with 5 wt% CA addition.
in the SPE-C2 sample, the DC percentage increased
slightly to 72.22 % at the addition of 10 wt% CA.

The crosslinked formation in SPE-C is influenced by —
COOH groups of CMC (Nan et al. 2019). CMC with high
D.S value (i.e., D.S: 1.22) has a higher -COOH groups that
affected the crosslinked process with CA addition. In
previous study, (Capanema et al. 2018) needs 25 wt% CA
addition to crosslink CMC with 1.22 D.S value, because —
COOH as hydrophilic molecules with negative charges
species may have caused the repulsion between contiguous
polymer chains and obstruct the crosslinking process with
hydroxyl groups. However, the D.S of CMC which was used
in this study is 0.98, thus SPE-CO still has DC value
without CA addition, then 5 wt% and 10 wt% CA addition
are enough for crosslinking formation of SPE-C1 and SPE-
C2, significantly.

Furthermore, DD measurement is obtained to ensure
that all of SPE-C samples is not fully crosslinked. The DD
percentage of SPE-CO achieve to 87.5 % without CA
addition. Meanwhile, the DD percentage decreased to
36.20 %, and 27.77 % for SPE-C1 and SPE-C2,
respectively. it means that the high DD percentage in SPE-
CO confirmed an ease of the sample to degrade due to high
interaction between —COOH and water without the
presence crosslinker component from CA as it describes
before. Thus, SPE-CO has a weak structure that can
influence its performance in lithium batteries system.
Besides, the increment of DD percentage in SPE-C1 and
SPE-C2 is caused by the limitation from their structure in
loading water. It means that both of these samples have
high endurance than SPE-CO.

200 T T T 100
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o= D dati o=
?-\0/ egradation —{f— 1 s é
. 150 g
4 =
= I
= 160 %
o b
e 100 o
> 14 B
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o @
@
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& 420 &
7
= A

Citric Acid (%)
Fig. 3 Degree of crosslinked and Degree of degradation for SPE-C
with different CA concentration.
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3.3 Complex impedance plots

The study of complex impedance plots is a powerful tool to
investigate the phase lag of charge carrier’'s movement
under ac voltage. It is an outstanding informative on
demonstrating the resistances of SPE-C and obtaining its
ionic conductivity (Aziz et al. 2018; Stavrinidou et al. 2014).
Nyquist plot displayed with imaginary (Z”) and the real (Z’)
parts of the complex impedance as shown in Fig. 4.
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Fig. 4 Complex impedance plots of a)SPE-CO0, b)SPE-C1, and
¢)SPE-C2 fitted with electrical equivalent circuits (EECs) models.
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A distinctive result is performed by Fig. 4a due to the high
semi-circle is resulted by SPE-CO. The high impedance
result in SPE-CO0 indicates high charge-transfer resistance
due to the low Li ion conduction process through the bulk
of SPE-CO0 (Aziz et al. 2018; Mei et al. 2018). This situation
is confirmed by EECs model that produce three parallel
circuits with high values of impedance components as
shown in Fig. 4a, thus it neither of charge-transfer in
electrode surface and resulted a slightly Li ions diffusion
through SPE-CO (Yuan et al. 2010). However, the semi-
circle is depressed in SPE-C1 and SPE-C2 following an
increment of impedance components values with Warburg
impedance formation. Warburg impedance is known as
ions injection and diffusion inside the SPE-C system
(Stavrinidou et al. 2014). These results may be assumed
that CA addition in SPE-C1 and SPE-C2 build up the
complete polymer species such as C=0 and COO- formation
to dissociate LiClO4 by using oxygen species. Therefore, Li
ions can diffuse through SPE-C1 and SPE-C2 system
better than in SPE-CO.

3.4 Complex dielectric permittivity

Dielectric permittivity is helpful to observe the polarizing
ability and ion dynamics in SPE-C due to the roles of salts
and polymer chains under external electric fields (Arya et
al. 2019; Arya & Sharma, 2018b). The role of ¢’ (Fig. 5a) is
assigned as the capacitance of SPE-C and measures the
polarization, whereas ¢’ (Fig. 5b) is assigned as the energy
required for the polarization process (Aziz et al. 2018). The
&' and &' curves have a similar pattern for all samples
which is the permittivity values are high at low frequency
and decrease gradually at higher frequency. From these
two graphs (Fig. 5a & Fig. 5b), the high permittivity at low
frequency region is caused by charge accumulation process
in electrode-electrolyte interface or called as electrode
polarization (Putro et al. 2021; Sulaeman et al. 2021).
Furthermore, the permittivity has decrease at
intermediate frequency due to the alteration of molecular
dipoles depended to field. The constant ¢’ and ¢'’ long tail
curves are at higher frequency indicated the lack of excess
ion diffusion due to fast polarity of field in high frequency
or called as dielectric relaxation process (Aziz et al. 2019;
Ravi et al. 2016).

SPE-CO0 showed low ¢’ and £’ due to high resistance. It
indicates the presence of ionic pairing effect when
polarization process among electrode-electrolyte interface,
thus a low ¢’ and " is linearly related with low ionic
conductivity as presented at Table 1. However, the ¢’ and
&' enhanced at SPE-C1 and SPE-C2 because both decrease
their resistance due to the 5 wt% and 10 wt% CA addition,
respectively. The enhancement of ¢’ and ¢ is influenced by
high charge density when polarization process between
electrode-electrolyte interface (Arya & Sharma, 2018b;
Ravi et al. 2016), thus it resulted a dense activity of charge
and charge carriers in accumulation process to align the
dipoles and released the ions to result high ionic
conductivities.

Table 2
Electrical parameter values of SPE-C from EIS characterization.
Electrical parameters (Ry, apc, and &')

Samples names

Ry (Q) opc (S/em) g
SPE-CO 3.83 x 10¢ 2.44 x 109 96.68
SPE-C1 3.43 x 10° 3.71 x 108 536.81
SPE-C2 6.18 x 104 1.24 x 107 1964.42
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Fig. 6 Various g, and ¢’ values depend to CA concentration.

3.5 Ionic conductivity and dielectric constant

The ionic conductivity against dielectric constant of all
SPE-C samples which depended to CA concentration is
presented in Fig. 6. The various ionic conductivities of
SPE-C with or without CA addition are shown in Table 2,
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following the specific value of op¢, R», and &'. SPE-CO
shows lowest op¢ than other samples. It is caused by the
lack of dielectric activities in SPE-CO that triggered ionic
pairs effect from the coulombic interaction between
polymer matrix and LiClO4 salts (Aziz & Abidin, 2013; Ng
et al. 2011). Therefore, this phenomenon resulted a high Rs
value and limited the Li ion diffusion in SPE-CO.
Meanwhile, the increase of opc with increasing CA
concentration indicated that CA in SPE-C1 and SPE-C2
can composed the Li ions between LiClO4 salt and polymer
matrix to diffuse through the SPE-C1 and SPE-C2 system.
This situation is confirmed in FTIR results (Fig. 2) that CA
influenced LiClO4 dissociation based on the enhancement
of C10y free ions. The composed of free ions in SPE-C1 and
SPE-C2 leads to ion clusters formation with their charge
carriers, thus they enhance ions mobility for migration
process (Badry et al. 2021; Chai & Isa, 2011). Therefore,
the opc in SPE-C1 and SPE-C2 increased with increasing
CA concentration.

3.6 Loss tangent analysis

The plotted tan 6 (Fig. 7) aims to understand the relaxation
process (Aziz et al. 2020). The shapes of tan & plots
increase with increasing frequency until a maximum peak
and decrease at higher frequency based on Koop’s
phenomenological model (Koops 1951). It caused that
ohmic component at low frequency is higher than its
capacitive component, whereas the capacitive component
is high at higher frequency (Aziz et al. 2020; Koops 1951).
The presence of single peak in all SPE-C shows the ion
migration via polymer segmental motion (Arya et al. 2019).
A high peak at SPE-CO in the middle frequency is assumed
as high dielectric relaxation due to the long-range
migration. Meanwhile, a dual-phase ions migration
experienced at SPE-C1 at intermediate and high frequency
is a migration of ions via short-range with increasing ionic
conductivity (Tripathi et al. 2020). Furthermore, we obtain
a shifting peak at SPE-C2 which is claimed to reduce
dielectric relaxation due to the case related to previous
results carried out by (Putro et al. 2021). They explained
that the shifts of tan 6 ensure a high conductivity due to
the high charge density in SPE-C2. It is similar to our
complex dielectric and impedance results.

80 T T
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SPE-CO Y
60 —
i~ 40 ;ﬁ
= — P _|
i .

0.5 2 3.5 5

log f (Hz)
Fig. 7 Various tan 6 curves of SPE-C0, SPE-C1 and SPE-C2 as a
function of frequency.
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3.7 Electrical modulus

In this section, the conductivity mechanism 1is
specifically described on electrical modulus (Fig. 8). This
analysis depicts bulk dielectric behavior in all SPE-C
samples such as conductivity relaxation process and ion
hopping mechanism (Verma & Sahu, 2017). Similar curves
of all samples are provided in this study where M’ (Fig. 8a)
and M" (Fig. 8b) values approach to zero at low frequency
and increase at higher frequency. M’ values at low
frequency assigned as electrode polarization process due to
large double layer capacitance association (Arya &
Sharma, 2018a), then the ions are dispersed in high
frequency and resulted in an increase of M’. Therefore, the
ions achieved a relaxation process in segmental polymer
chain (Tripathi et al. 2020).

SPE-CO has a higher M’ values that informed a long
conduction relaxation than SPE-C1 and SPE-C2 where
both have a short conduction relaxation with low M’ in high
frequency. This dispersion in the M’ of the modulus
corresponds to the peak in the M of the modulus spectra.
M" increases with increasing frequency is related to the
long-range random hopping of ions in the material, which
reaches to a maximum value at a particular frequency. It
relates to conduction relaxation process in SPE-C, where
long-range motion is restricted to caged motion. The long-
range motion belongs to the sample with a higher M"
whereas the samples with low M"' have a short-range ion
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motion and resulting in short relaxation process (Kumar &
Srivastava, 2015; Verma & Sahu, 2017). In our results, CA
concentration influenced the relaxation process that
contributes to polymer chain complexation via C=0 and
COO- groups for facilitating the ionic transport in SPE-C1
and SPE-C2. Therefore, these results were linear with
ionic conductivity and dielectric constant values in
previous section that high electrical modulus in high
frequency describes as long dielectric relaxation which is
caused by low ionic conductivity and dielectric constant,
whereas low electrical modulus is triggered by high ionic
conductivity and its dielectric constant.
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Fig. 9 LSV curves with decomposition voltage points of SPE-CO
a), SPE-C1 b), and SPE-C2 c).
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3.8 Linear sweep voltammogram

LSV analysis played a crucial role in determining the
potential stability and decomposition of SPE-C in battery
cells (Dannoun et al. 2020). The LSV measurement was
carried out using 5 mV.s! scan rate, as shown in Fig. 9.
The LSV curves performed in current versus voltage which
are initiated with a straight line and finished with voltage
breakdown (drastic increase line). In this case, a straight
line represents electrochemical stability, while a drastic
increase line is claimed as decomposition voltage of SPE-C
(Abidin et al. 2012).

Three samples have a different decomposition voltage
from each other. SPE-C2 (Fig. 9¢) has more voltage
stability (2.15 V), whereas SPE-CO (Fig. 9a) and SPE-C1
(Fig. 9b) have 1.75 V and 2.0 V voltage stabilities,
respectively. We observed that CA addition successfully
enhanced the electrochemical stability, similar with the
previous result studied by (Jiang et al. 2019). They claimed
that polymer chain structure of SPE-C’s stable polymer
chain structure is caused by crosslinker addition, therefore
the voltage stability and decomposition of SPE-C increase.

4. Conclusion

The crosslinked SPE-C-based CMC-LiClOy is successfully
prepared with CA addition as crosslinker. The degree of
crosslinking measurement showed that SPE-C2 has a
higher crosslinked degree (72.22%) with 10% CA addition.
The functional groups of each other materials contribute to
building up the crosslink formation and LiClO4
dissociation to form free ions. Based on calculation from
EIS data, SPE-C2 has a higher ionic conductivity at 1,24 x
107 S/cm and good dielectric behavior than the others due
to the high ions mobilities for migration process from ion
clusters formation. Meanwhile, the voltage stability of
SPE-C2 is over 2 V in LSV results, it is caused by
crosslinker addition on polymer chain structure.
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