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Abstract

In this study, diethyl carbonate (DEC) as a plasticizer have been
added to the gel electrolytes (GEs) system to influence the
conductivity and storage performance of supercapacitor. The GE
was prepared through a sfiming method consisting of ethylene
carbonate (EC), propylene carbonate (PC), potassium iodide (Kl),
polyvinyl alcohol (PVA) and dimethyl sulfoxide (DMSO).
Consecutively, 5 wt. % DEC as a plasticizer was added for all samples.
* Leakage lssues The GE preparation started with stirring all materials and heated until
« Device innovation
. Better a homogenous gel was formed. The prepared GEs have been
salving 3 electrochemical characterized with electrochemical impedance spectroscopy (EIS).
e ble which utilized to study the ionic conductivity of them. Sample with 15
wt. % of DEC in GE has the ionic conductivity of ~6 x 103 Scm-'. This
study shows that by adding DEC will cause the ionic conductivity
improved which is suggested that this DEC enhanced the ion’s
mobility in the GEs' structures. In cyclic voltammetry, the gel
electrolyte with 15 wt.% DEC attain the highest specific capacitance
of 55.56 Fg! (scan rate of 10 mV s!). The charge-discharge curve of
gel electrolyte acquires a shark fin-like shape which is alike with an
ideal supercapacitor symmetric friangle shape. To summarize, the
development of high conductivity GE may provide the path for high-
performance supercapacitor.
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Abstrak

Dalam kajian ini, dietil karbonat (DEC) bertindak sebagai pemplastik
telah ditambah ke dalam sistem elektrolit gel (GEs) untuk
mempengaruhi  kekonduksian dan prestasi  supercapacitor. GE
disediakan melalui kaedah kacau yang terdiri daripada efilena
karbonat (EC), propilena karbonat (PC), kalium iodida (Kl), polivinil
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alkohol (PVA) dan dimetil sulfoksida (DMSO). Berturut-turut 5 wt. %
DEC sebagai pemplastik telah ditambah untuk sampel. Penyediaan
GE dimulakan dengan mengacau semua bahan dan dipanaskan
sehingga gel homogen terbentuk. GE yang disediakan telah dicirikan
dengan spektroskopi impedans elektrokimia (EIS), yang digunakan
untuk mengkaiji kekonduksian ionik elektrolit gel. Sampel dengan 15
wit. % DEC dalam GE mempunyai kekonduksian ionik ~6 x 103 Scm-!.
Kajian ini menunjukkan bahawa dengan menambah DEC akan
menyebabkan  kekonduksian ionik berfambah baik yang
dicadangkan bahawa DEC ini meningkatkan mobiliti ion dalam
struktur GE. Dalam voltammetri kitaran, elektrolit gel dengan 15 wt.%
DEC mencapai kapasitans tentu tertinggi icitu 55.56 Fg-1 (kadar
imbasan 10 mV s-1). Keluk cas-nyahcas elektrolit gel memperoleh
bentuk seperti sirip yu yang serupa dengan bentuk segi tiga simetri
superkapasitor yang ideal. Unfuk meringkaskan, pembangunan GE
kekonduksian  tinggi mungkin  menyediakan  laluan  untuk
superkapasitor berprestasi tinggi.

Kata kunci: poli(vinil) alcohol, pemplastik dietil karbonat, elektrolit gel,

spektroskopi impedans elektrokimia, voltammetri kitaran
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1.0 INTRODUCTION

The gel polymer electrolytes (GPEs) or gel electrolytes
are important components in electrochemical
device research. Gel electrolytes benefit both liquid
and solid electrolytes, which involves the detrimental
act of tackling leakage, chemical instability, and
poor mechanical properties. In addition, a suitable
gel electrolyte also should be showing a high ionic
conductivity which influences the best performance
in supercapacitor [1-3]. In achieving a high
conductivity of GE, an additive should add to the
system, such as a plasticizer. The study of plasticizer
function is crucial to electrochemical performance
[4].

A plasticizer in an electrolyte will improve the ionic
conductivity. The amorphous phase of electrolytes
will improve with the cooperation of the low viscosity
of the plasticizer by decreasing glass fransition
temperature and melting femperature [2]. Addition,
jonic conductivity can be enhanced with the
existence of plasticizer. The plasticizer will decrease
the ion pair effects in improving free charge carriers
resulting in conduction activity [6]. The existence of
DEC in the gel electrolyte also will soften the polymer
backbone, which helps the better segmental motion
of polymer chains [6]. Thus, the physical structure of
the polymer has been modified where the ions are
freely mobile through the polymer resulting in high
ionic conductivity and fotal performance of the
supercapacitor [6-8].

Thus, with high conductance electrolyte wiill
provide the cell devices performance [9]. In this
research, a diethyl carbonate (DEC) plasticizer (refer
Figure 1) has been added to the gel electrolytes
(GEs) system to enhance the ionic conductivity and
supercapacitor performance [10]. The GEs are

containing of PVA as polymer host, EC/PC and DMSO
as solvent, Kl as salt, and DEC as plasticizer.

\/O, 0\/
T

Figure 1 Chemical structure for diethyl carbonate (DEC) [10]

2.0 METHODOLOGY

The GE was prepared through a stiring method
consisting of 8.52 wt. % ethylene carbonate (EC),
11.36 wt. % propylene carbonate (PC), 11.93 wt. %
potassium iodide (Kl), 5.68 wt. % of polyvinyl alcohol
(PVA) and 62.50 wt. % dimethyl sulfoxide (DMSO).
Consecutively 5 wt. % DEC plasticizer was added for
the samples. The GPEs preparation started with
mixing the EC, PC, DMSO, DEC, Kl and PVA in a glass
container and stiring until a homogenous mixture
formed. This homogenous mixture was heated at 80
oC until a gel formed.

The GEs are fabricated into a supercapacitor with
reduced graphene oxide activated carbon-based
electrode. The rGO/AC electrode consists of 40 wt. %
reduced graphene oxide (rGO), 50% wt. % activated
carbon (AC), 4 wt. % carboxymethyl cellulose (CMC)
and 6 wt. % styrene-butadiene rubber (SBR). The
supercapacitor is fabricated in a battery jig.

The prepared GEs will be characterized with
electrochemical impedance spectroscopy (EIS) with
a frequency range of 50 Hz to 1 MHz. From EIS results,
the gel electrolyte's ionic conductivity will be
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obtained using the equation below; t is the thickness
of the gel polymer electrolyte, Rp is the bulk
resistance obtained from the intercept of the Nyquist
plot with the x-axis and A is the interfacial area
between electrode and electrolyte.

o =1/(Ro-A) (M)

All GEs will be fabricated info a supercapacitor
and tested with cyclic voltfammetry (CV)
measurement. The GEs were placed between two
electrodes in a coin cell with thickness and area of
0.285 cm and 2.01 cm?, respectively. Then the coin
cell with the GEs will be located in the battery jig. The
CV will be started with different scan rates (10, 25, 50,
and 100 mVs!') and in the voltage range of 0 - 1.1 V.
For the charge-discharge (CD) test, the voltage
range will be started from 0 to 1.1 V at different
current densities from 0.06 o 0.10 Ag-'.

3.0 RESULTS AND DISCUSSION

The GEs’ ionic conductivity can be calculated by
determining the bulk resistance (RB) from the
intercept of the Nyquist plot and x-axis. As shown in
Figure 2, the Nyquist plot of GEs for G1is 21.80 Q, G2 is
26.50 Q, G3is 18.50 Q, G4 is 22.80 Q, G5is 18.50 Q and
Gé6is 12.90 Q. All Nyquist plots are shown in a steeply
rising spike pattern. From Table 1, the highest
conductivity of ~11 x 103 S cm'! has shown by the Gé
sample (25 wt. % DEC). The addition of plasticizer in
GE increases ion dissociation, which will cause an
increment of free charge carriers, which is vital in the
conduction process [6é]. The plasticizer's presence will
also soften the polymer backbone to assist the high
segmental motion of polymer chains, improving the
jonic conductivity [11,12]. It proves that about 26%
increment of conductivity has shown for the GE with
the existence of DEC (Gé) compared without DEC
plasticizer (G1).
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Figure 2 Nyquist Plots for 0, 5, 10, 15, 20 and 25 wt. % DEC gel
elecftrolytes

Table 1 Bulk resistance and conductivity for all gel
electrolyte samples

wit. - Standard
sample % Rs (Q) (Cx‘;gds‘fl':}')“ Deviation
DEC
Gl 0 2180 6.51 0.375
G2 5 2650 5.35 0.220
G3 10 1850 7.66 0.290
G4 15 22.80 6.24 0.690
G5 20 1850 7.66 0.315
G6 25 12.90 10.99 0.085

From Figure 3, From CV curves (refer Figure 3), the
specific capacitance, Csp was obtained for all GEs.
The specific capacitance atf scan rate of 10 mV s for
Gl1, G2, G3, G4, G5, and Gé are shown as 30.30 Fg',
26.09 Fg', 30.30 Fg', 55.56 Fg!, 24.41 Fg' and 37.88
Fg', respectively. The G4 sample shows the highest
Csp of 55.56 Fg! which is it can observe that there is a
significant increment of Csp for G4 sample compared
G1 sample (~30 Fg') as expected. This scenario can
prove that the adding of the DEC plasticizer can
increase the ionic conductivity and charge stored in
the supercapacitor [13].

From Table 2, it can be observed that the value of
specific capacitance increases as the scan rate
decreases. This phenomenon should be described
since the reducing of scan rafes will lessening ion
diffusion coefficients in the gel electrolytes. At the
lower scan rate, the gel electrolyte of the
electrochemical devices has massive contact with
the internal surface of the electrode by penefrating
pores more thoroughly. This situation will cause the
electrode surface has store more charge and
resulting a large capacitance which is close to the
intrinsic capacitance [14-16].

Figure 4 depicts the charge-discharge curves at
different current densities ranging from 0.06 to 0.10
Ag'. From the CD curve, the specific capacitances
(Csp) for each scan rate were calculated, in which is
the highest value of Csp (0.16 Fg') was at the current
density of 0.10 Ag'. With regard to the voltage (IR)
drop of the curves, the friangle shape of this

composition is still considerable almost alike with an
ideal supercapacitor. This scenario indicates this
composition possesses a good supercapacitor
behaviour [17-20].

ana

Cuirend (A}
Current (A)
]

ﬂ.u . ﬂ‘! . #‘A . 0‘0 . ﬂ.l . l:# . [ w (& A . " 1k 11
Valiage (V) Veltage (V)

Cwrent (4]
Cwrrent (A)

Current (A)
Current (A}

weoour w1 o1 wa B .
Valtage (V) Valtage (v}

Figure 3 Cyclic voltammetry at different scan rates (10, 25,
50, and 100 mV s) for 0, 5, 10, 15, 20 and 25 wt. % DEC gel
electrolytes

Table 2 Specific capacitance for G4 (15 wt. % of DEC)

Scan rate, Specific capacitance, Csp
mVs-! (Fgm)
10 55.56
25 41.08
50 28.96
100 15.32
——0.06A/g
12 - ——0.07Alg
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Figure 4 Charge-discharge at different scan rate (0.06, 0.07,
0.08, 0.09, and 0.10 Ag") for G4 (15 wt. % of DEC)
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4.0 CONCLUSIONS

Gel electrolytes with variation amount of DEC has
been prepared. The G4 sample (15 wt. % DEC) shows
the ionic conductivity of 6.24 x 103 Scm' and attain
the highest specific capacitance of 55.56 Fg' (scan
rates of 10 mVs') in the cyclic voltammetry test. The
charge-discharge curve of G4 sample acquires alike
with an ideal supercapacitor symmetric friangle
shape. It can be determined that the gel electrolyte
with plasticizer modified the polymer structure and
enhanced the ion mobility in the gel electrolyte, thus
improving the ionic conductivity of the gel electrolyte
resulfing in  a suitable electrolyte for high-
performance supercapacitor fabrication.
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