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Effect of activated carbon and electrolyte on properties of supercapacitor
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Abstract: Effect of activated carbon and electrolyte on electrochemical properties of organic supercapacitor was investigated. The
results show that specific surface area and mesoporosity of activated carbon influence specific capacitance. If specific surface area is
larger and mesoporosity is higher, the specific capacitance will become bigger. Specific surface area influences resistance of carbon
electrode and consequently influences power property and pore size distribution. If specific surface area is smaller and mesoporosity
is higher, the power property will become better. Ash influences leakage current and electrochemical cycling stability. If ash content
is lower, the performance will become better. The properties of supercapacitor highly depend on the electrolyte. The compatibility of
electrolyte and activated carbon is a determining factor of supercapacitor’s working voltage. LiPF¢/(EC+EMC+DMC) is
inappropriate for double layer capacitor. MeEt;NPF,/PC has higher specific capacitance than Et;NPF,/PC because methyl’s
electronegativity value is lower than ethyl and MeEt;N" has more positive charges and stronger polarizability than Et,;N" when an

ethyl is substituted by methyl.
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1 Introduction

Supercapacitor is a kind of new energy storage
device between secondary battery and physical capacitor.
As a new device with great application prospect, it has
become a research hotspot in recent years for its
friendliness to environment, high safety, good power
property and cycling performance. At present, because of
its stable electrochemical behavior, good cycling
performance and low cost, activated carbon has become
a mainstream electrode material for commercial
supercapacitors. The storage of energy exists in the
double layer at the electrode/electrolyte interface[1]. The
characteristic of double layer influences the performance
of the whole supercapacitor and it depends on specific
surface area, pore size distribution, ash content of
activated carbon[2], and certain qualities of electrolyte
such as stability, decomposition voltage, concentration,
ionic diameter, electronegativity and the compatibility
with activated carbon[3]. At present, the electrolytes of

organic supercapacitor are mostly quaternary ammonium

salts of tetrafluoro boric acid or hexafluoro phosphoric
acid, and lithium salts for hybrid supercapacitor.
CHMIOLA et al[4] have investigated the effect of pore
and surface area of carbide derived carbons on specific
capacitance
conclusion highlights the fact that the pore size and the
pore shape or tortuousity can influence the storage of
energy, however, they have not researched on the organic

in H,SO, aqueous system, and their

system, in which stricter pore size distribution is required.
LIU et al[5] have compared the performances of two
electrolytes consisting of the same solute but different
solvents including acetonitrile and propylene carbonate,
and reached a conclusion that propylene carbonate based
electrolyte is a promising alternative, but they have not
made a further research on the electrolytes with different
solutes and the same solvent.

The effect of activated carbon and electrolyte on
electrochemical properties of organic supercapacitor was
investigated in this study, in order to supply some
references to supercapacitor’s material companies for
producing materials and supercapacitor companies for
choosing materials.
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2 Experimental

2.1 Test on physical properties of activated carbon

Activated carbons were provided by Huaxian
Company (China, marked as symbol “A”) and Kuraray
Chemistry Company (Japan, marked as symbol “B”).
Their physical properties are listed in Table 1. Specific
surface area and pore size distribution were tested by a
N, Isothermal Adsorption Tester and calculated based on
BET and BJH means. Laser granularity measurement
was employed to detect the particle size. Ash content was
tested according to Ref.[6].

Table 1 Physical properties of activated carbons

SBET/ Smeso/ (Smeso/ SBET)/
Sample y e
(m™g ") (m™~g ") %
A 1808 872 48.2
B 1261 759 60.2
th/ Vmeso/ (Vmeso/v Iot)/
Sample 3o 0
(cm™g ™) (em™g ™) %
A 1.048 0.628 59.9
B 0.779 0.585 75.1
Average w(ash)/ Dsy/
Sample .
Dpore/nm % um
A 2.319 0.65 12.877
B 2.470 0.34 5.169

2.2 Preparation of electrode and assembly of coin-

type capacitor

First, the activated carbon powders were mixed with
10% (mass fraction) carbon black and 5% PTFE in
appropriate ethanol until slurry was obtained. Then, the
blended slurries were pressed onto stainless steel current
collector and cut to obtain electrode with diameter of 14
mm. Finally the electrode was dried at 120 C for 6 h in
vacuum. The test capacitor consists of two identical
electrodes separated by a porous membrane, with 1
mol/L Et;NPF,PC, MeEt;NPF,/PC, and LiPF¢/(EC+
EMC+DMC) as electrolyte respectively. The assembly of
the capacitors was carried out in a dry Ar-filled glove
box.

2.3 Test on electrochemical performance of super-

capacitor

AC impedance (10 kHz—1 mHz), cyclic voltam-
metry (5 mV/s) and charge-discharge tests of super-
capacitors were performed on a CHI660A Electro-
chemical Workstation. Cycling performance was
measured galvanostatically with a BS-9300 Secondary
Batteries Tester (Qingtian, China).

3 Results and discussion

3.1 Pore structure analysis

Fig.1 shows N, adsorption/desorption isotherms at
77.4 K of activated carbon A and B. Both of the activated
carbons are found to give typical type-I nitrogen
isotherms with an approximate smooth beeline at high
relative pressure and a very sharp increase to reach a
high adsorptive volume at low relative pressure. This
indicates that they possess a lot of micropores.
Adsorption/desorption isotherms of sample B have a
clear hysteresis loop at high relative pressure, in contrast,
sample A has no hysteresis, which shows sample B has
more mesopores than sample A[7]. Besides, the same
conclusion can also be drawn according to S;eso/Sger and
Vmeso/ Vior in Table 1. Judged by adsorptive volume and
cumulative pore volume, specific surface area of sample
A is larger than that of sample B. The result indicates the
high specific surface area of sample A is based on the
precondition that it has more micropores.
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Fig.1 N, adsorption/desorption isotherms of activated carbons

Fig.2 shows the pore size distribution curves of
samples. For sample A, the pore size with maximal
probability is 2.25 nm, and from 2 to 6 nm mesopores
mainly distribute; and for sample B, besides the pores
that are smaller than 1.95 nm, it has a focalization of
pores at 3.75 nm. The average pore size of sample A is
smaller than that of sample B. In Table 1, judged by
Sieso/SBeT and  Vieso/Vior, the same result can also be
achieved. Hence, sample B is more appropriate than
sample A for the system with bigger electrolyte ions.

3.2 Effect of specific surface area and pore structure
on capacitive behavior and power property
Cyclic voltammetry curves of both activated

carbons are shown in Fig.3 (Electrolyte is Et,NPF,/PC).

They do not show any major Faradic reactions within

scan voltage window and have typical capacitive charac-
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Fig.3 Cyclic voltammetry curves of activated carbons

teristics. According to the principle that specific
capacitance keeps direct ratio with specific current at the
same scan rate[8], sample A with higher specific surface
area has larger specific capacitance gained from the
plateau current of rectangle pattern; however, the same
relationship between specific capacitance and BET
specific surface area does not exist and increased specific
surface area has not brought proportionate specific
capacitance. This result ascribes that micropores with
ultrafine pore size are difficult to be utilized by
electrolyte ions and they are null surface area, so
controlling pore size distribution in preparation process
of activated carbon is quite important. At the moment the
scan direction changes, if the current responds more
quickly, the better capacitance and power properties of
activated carbon can be gained. The hysteresis current of
sample B is smaller than that of sample A, because
electrolyte ions that filter in micropores are difficult to
reverse quickly owing to small diffusion path and large
surface tension[9].

Fig.4 shows frequency—specific capacitance curves
calculated by AC impedance[10]. When AC signal
frequency is high, specific capacitance is small because

electrolyte ions can only form the double layer on the
ektexine of activated carbon electrode. Specific
capacitance increases gradually along with frequency
lessening. Electrolyte ions can penetrate into the
micropores; consequently, utility ratio of materials is
improved. When AC signal frequency falls to a fixed
value called Cut-off Frequency, surface area is utilized
adequately and specific capacitance becomes invariable
plateau. If the Cut-off Frequency is higher, the better
power property and higher capacitance retention at large
current density can be realized[11]. The relative large
mesoporsity of sample B decides that its Cut-off
Frequency is higher than that of sample A; as a result, its
rate performance is better. Fig.5 shows specific
capacitance at different current densities. When current
density is low, sample A with higher specific surface area
has larger specific capacitance, and it falls quickly
because ions transfer velocity increases and micropores
utility ratio declines as the current density increases.
Relatively, specific capacitance of sample B falls mildly,
and it is even higher than that of sample A at the high
rate. Otherwise, the higher the specific surface area is,
the more the pores will develop, accordingly, the resis-
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tance and polarization become bigger and the
consumption of energy on resistance becomes greater.
Thus it is essential to control specific surface area and
mesoporosity of activated carbon.

3.3 Effect of ash on leakage current and cycling

performance

Ash contents of samples A and B are 0.65% and
0.34%, respectively. Ash content is an important factor
that influences the leakage current, self-discharge and
cycling stability, and it can be reduced by means of
strong acids process at the cost of reducing product’s
yield and improving cost[12]. Fig.6 shows leakage
current and self-discharge curves of activated carbons.
Leakage current drops drastically before 15 min and
stays at 1.5 mA and 0.75 mA, respectively. As a result of
leakage current, open circuit voltage of supercapacitor
reduces gradually with the extending of time, and it
decreases quickly before 4 h and becomes gentle
subsequently. The phenomenon can be explained by
double layer consisting of compact layer that has strong
interaction with electrode and diffusion layer that has
weak interaction with electrode. This leads to biggish
leakage current and self-discharge where diffusion layer
ions regress to bulk solution at the beginning, and then
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Fig.6 Leakage current (a) and self-discharge (b) curves of

activated carbons

compact layer ions to move to diffusion layer because of
vibration and concentration difference. As the moving
velocity is slow, leakage current and self-discharge keep
relatively jarless and become small after some time. Ash
can make these ions moving from double layer to bulk
solution augment[13].

Ash can also influence cycling charge-discharge
stability. Cycling performance experiments were
conducted under condition of fluky room temperature, so
there are some fluctuation of specific capacitance along
with air temperature[14] from cycling performance
curves in Fig.7. The capacitance fluctuation of sample A
is larger and temperature stability is worse than that of
sample B. There are also other influencing factors
besides ash. For example, if there exist more mesopores,
capacitance fluctuation with temperature will become
smaller[15].
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Fig.7 Cycling performance of activated carbons with different
ash contents

3.4 Effect of electrolyte on capacitive behavior and

power property

Activated carbon B with higher mesoporosity and
better cycling stability is applied to determine the
performance of three electrolytes, Et;NPF,/PC,
MeEtNPF,/PC and LiPF¢/(EC+EMC+DMC). Cyclic
voltammetry curves are shown in Fig.8. Et,;NPF,/PC and
MeEt;NPF,/PC possess wide potential windows with
typical capacitive behavior; but potential window of
LiPF¢/(EC+EMC+DMC) is narrow, furthermore, its
current response is slow when the scan direction changes,
as a result, it influences the power property. In Fig.9,
specific capacitance using LiPF¢/(EC+EMC+DMC) as
electrolyte drops fiercely while current densities are
increased. Judged by this phenomenon and the later
cycling performance, LiPF¢/(EC+EMC+DMC) is
claimed to be inappropriate for double layer capacitor.
Because methyl’s electronegativity value is lower than
ethyl and MeEt;N" has more positive charges and
stronger polarizability, which is more helpful for forming
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double layer than EtyN" when an ethyl was substituted by
methyl, plateau current of MeEt;NPF,/PC in Fig.8 and
specific capacitance at different current densities in Fig.9
are bigger than those of Et,NPF,/PC[16].
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Fig.8 Cyclic voltammetry curves of activated carbon in
different electrolytes
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Fig.9 Relation between specific capacitance and current density
in different electrolytes

3.5 Effect of compatibility of electrolyte and activated

carbon on cycling performance

Besides  clectrolyte  decomposition  voltage,
compatibility of electrolyte and activated carbon is an
important factor influencing supercapacitor’s working
voltage. For instance, decomposition voltage of LiPF¢/
(EC+EMC+DMC) is higher than 4 V when it is used for
lithium ion battery, but difficult to exceed 2.7 V used for
double layer capacitor. Figs.10(a), (b) and (c) show the
cycling performances charged at 2.7, 3.0 and 3.3 V,
respectively. According to these figures, LiPF¢/
(EC+EMC+DMC) decomposes at 2.7 V. At voltage
higher than 3.0 V, supercapacitor explodes only a few
charge-discharge cycle. Under 3.0 V, activated carbon
and Et;NPF,/PC, MeEt;NPF4/PC can be compatible with
each other well. Meanwhile, there are only a few
electrolytes decomposed at 3.3 V, but no explosions

happen after ten thousand cycles. It can also be found
that cycling performance curves decline firstly and then
rise when electrolytes decompose, for oxygen evolution
can bring some capacity.
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Fig.10 Cycling performance of activated carbon in different
electrolytes: (a) 2.7 V; (b) 3.0 V; (¢) 3.3V

4 Conclusions

1) Specific surface area and mesoporosity of
activated carbon influence specific capacitance. If
specific surface area is larger and mesoporosity is higher,
the specific capacitance will become bigger.

2) Specific surface area influences resistance of
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carbon electrode and consequently influences power
property and pore size distribution. If specific surface
area is larger and mesoporosity is higher, the power
property will become better.

3) Ash influences leakage current and
electrochemical cycling stability. If ash content is lower,
the performance will become better.

4) The properties of supercapacitor highly depend
on the electrolyte. The compatibility of electrolyte and
activated carbon is a determining factor of working
voltage of supercapacitor, LiPF¢/(EC+EMC+DMC) is
inappropriate for double layer capacitor. MeEt;NPF,/PC
has higher specific capacitance than Et,;NPF,/PC because
electronegativity value of methyl is lower than that of
ethyl, and MeEt;N" has more positive charges and
stronger polarizability than Et;N" when an ethyl is
substituted by methyl.
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