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Preparation and properties of pitch carbon based supercapacitor
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Abstract: Using the mesophase pitch as precursor, KOH and CO2 as activated agents, the activated carbon electrode material was
fabricated by physical-chemical combined activated technique for supercapacitor. The influence of activated process on the pore
structure of activated carbon was analyzed and 14 F supercapacitor with working voltage of 2.5 V was prepared. The charge and
discharge behaviors, the properties of cyclic voltammetry, specific capacitance, equivalent serials resistance (ESR), cycle properties,
and temperature properties of prepared supercapacitor were examined. The cyclic voltammetry curve results indicate that the carbon
based supercapacitor using the self-made activated carbon as electrode materials shows the desired capacitance properties. In 1 mol/L
Et4NBF4/AN electrolyte, the capacitance and ESR of the supercapacitor are 14.7 F and 60 mΩ, respectively. The specific capacitance
of activated carbon electrode materials is 99.6 F/g; its energy density can reach 2.96 W·h/kg under the large current discharge
condition. There is no obvious capacitance decay that can be observed after 5000 cycles. The leakage current is below 0.2 mA after
keeping the voltage at 2.5 V for 1 h. Meanwhile, the supercapacitor shows desired temperature property; it can be operated normally
in the temperature ranging from −40 ℃ to 70 ℃.
Key words: carbon based supercapacitor; physical-chemical combined activation; specific capacitance; equivalent serials resistance;
temperature property

1 Introduction
Supercapacitor is a kind of new energy storage
device, which can fill the gap between the conventional
capacitor and the battery[1−3]. Supercapacitor has many
advantages, such as good pulse charge and discharge
character, rapid discharge ability, long life span, no
environment pollution[4−5]. Supercapacitors are now
utilized in many fields, such as space industry, national
defense, war industry, electrical vehicle, wireless
communication, and consumptive electronics. It is
estimated that the total market value would be about
one billion by 2015, in the commercial, industrial and
automotive applications[6].
According to the energy storage principle,
supercapacitor can be categorized into carbon based
supercapacitors that store energy by electric double layer
(Helmholtz layer) and the metal-oxide based and the
polymer based supercapacitors that store energy by
pseudo capacitance[7−10]. Carbon based supercapacitor is
also called electric double layer supercapacitor(EDLC).
There are many types of carbon materials that can be
used for carbon based supercapacitor, such as carbon
aero gel[11], carbon nanotube[12], carbon fiber[13], activated
carbon powder[14]. The attributes of carbon (surface area,
pore structure and specific capacitance) are the key
factors to determine the properties (capacitance,

equivalent serials resistance(ESR) and energy density,
power density) of carbon based supercapacitor. Because
activated carbon electrode materials enjoy many
advantages of the stable electrochemical properties, wide
electrochemical window, perfect cycle property and
lower cost, activated carbon is now the main
commercially utilized supercapacitor electrode material.
In this experiment, low-cost mesophase pitch was
selected as raw materials and physical-chemical
combined activated technique was utilized to fabricate
the activated carbon powder that has both the high
surface area and ideal pore structure. This activated
carbon powder was used as electrode material and
activated electrode was prepared. Meanwhile, 1 mol/L
Et4NBF4 was used as electrolyte and cylindrical type
supercapacitor was also prepared, the size of prepared
supercapacitor was d12.5 mm×28 mm. Properties of
prepared supercapacitor, including capacitance properties,
capacitance, ESR, current leakage, cycle property,
discharge at different power density, temperature
properties were discussed.

2 Experimental
2.1

Preparation of activated carbon electrode
materials
When coal tar-pitch (soft point 83 ℃, provided by
Wuhan Ferrous Company) was carbonized at 500 ℃,

Foundation item: Project(2007BAE12800) supported by the National Supported Plan for Science and Technology; Project(06FJ4059) supported by the
Hunan Provincial Academician Foundation
Received date: 2007−03−12; Accepted date: 2007−05−20
Corresponding author: LI Jing, Doctoral candidate; Tel:+86-731-8830474; E-mail:csu_lijing@126.com

602

J. Cent. South Univ. Technol. 2007, 14(5)

the easily emitted compound with small molecule was
removed and the mesophase pitch was obtained. The
mesophase pitch was ground and sieved in order to
collect the grains whose average size was in the range of
100−200 μm. Sieved mesophase pitch was mixed with
KOH (analytical grade, provided by Shanghai Rreagent
Factory ) in nickel crucible, and the mass ratio of alkali
to carbon was 3׃1. In the activation process, the samples
were first heated at 800 ℃ in argon atmosphere，and
argon flow was kept at 60 mL/min, the heating rate was
5 ℃/min, and heating time was 1 h. After this process,
CO2 was led into and the time of combined activated
process was 2 h. After activated process, the activated
carbon was washed first by l mol/L HCl, then distilled
water was used to wash it until its pH value reached 6.5.
After rinsing process, the activated carbon was dried in
an oven at 110 ℃ for 10 h. The characterization of the
porous texture of the activated carbons was conducted
using physical adsorption of N2 at 77 K in the Autosorb-6
apparatus. The morphologies of active carbon powder
and electrode were examined by JSM-5600LV scanning
electron microscope.
2.2 Preparation of activated carbon electrode and
cylindrical type supercapacitor
80%(mass fraction) self-made active carbon, 10 %
acetylene black, 10 % adherent reagent were mixed and
stirred in the agate mortar until homogeneous black
slurry was achieved, which then was spread out onto a
aluminum film of 30 μm. In the vacuum condition,
electrode film was dried at 100 ℃ for 10 h; the roller
was then used to roll the electrode film until its thickness
was less than 190 μm; and the lead wire was dot welted
on the electrode films. Two electrode films were
separated by a separator, and the three films were
wrapped in the certain wrapping machine. The wrapped
electrode films were put into electrolyte in the inert
atmosphere and were put onto rubber packing. At last the
whole was put into aluminum case with the size of d12.5
mm×28 mm, and sealed in the self-made sealer.
2.3 Examination of pitch carbon based supercapacitor
The specific capacitance, ESR, the galvanostatic
measurement and the cyclic voltammeter(CV)
measurements were performed in the 273A EG&G
Princeton Applied Research Potentiosat. As shown in
Eqns.(1) and (2), the ESR was calculated according to
voltage drop of the charge and discharge curve. Specific
capacitance of activated carbon was calculated by E(t)
slope[15]:

R＝ΔE/I

(1)

C＝(2It)/(mΔE)

(2)

where I is the discharge current, t is the discharge time,
m is the mass of carbon on a electrode, and ΔE is the
voltage drop in discharge, excluding the portion of IR
drop; the factor of “2” comes from the fact that the total
capacitance measured from the test cells is the addition
of two equivalent single-electrode capacitances.

3 Results and discussion
3.1 Influence of activated technique on physical
property of activated carbon
The activated methods can be described as physical
activation (CO2, H2O used as activated regent) and
chemical activation (KOH, NaOH, ZnCl2 used as
activated regent). The activated effect was determined by
the method of activation, the attributes of precursor and
the concrete activated techniques, such as activated
temperature, the rate of heating, ratio of activated regent,
and so on. Chemical activation, especially KOH used as
activated regent, has the advantage of low activated
temperature and high activated efficiency[16−17]. But
when KOH was used as activated regent, the pore
structure was formed by the corrosion of micro-graphic
layer, and the amount of microspore of activated carbon
was high and it was difficult to control the pore structure.
When the physical-chemical activated technique was
used at first, the graphic layer in carbon precursor was
permeated into by melted KOH and a great amount of
microspores were formed. When CO2 was led in the
activated process, the microspore on the surface may
have the priority to be activated and widened, because in
the CO2 activated process, the pore structure was formed
by the oxidation of active point of precursor, in the pore
widening process, the mesopore may be formed, and the
tendency of microspore formation may be wakened.
Meanwhile, KOH on the surface of carbon might prevent
the pore structure from collapsing. Compared with the
KOH activated process, the physical-chemical combined
technique might effectively enhance the amount of
mesopores. The physical parameters of activated carbon
are listed in Table 1, where the surface area of activated
carbon is 1 959 m2/g, pore volume is 1.059 cm3/g, and
volume fraction of mesopore is 19.96%, average pore
diameter is 2.224 nm.
Fig.1 shows the N2 adsorption isotherms of the
activated carbons prepared by physical-chemical
combined technique. It can be seen from Fig.1 that the
N2 adsorption isotherms of prepared activated carbon are
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almost type I according to BET classification, which
indicates that microspores occupy most proportion of the
activated carbon pore structure. Meanwhile, it can also
be seen that the plateau has the shape of a small gradual
increase along the pressure axis, which indicates that this
activated carbon has a significant mesopore volume.
Table 1 Physical parameters of activated carbon
Sample

BET surface
Total pore volume
area/
(N2)/(cm3·g−1)
2 −1
(m ·g )
1.059

Mesopore
volume/
(cm3·g−1)

C083020

1 959

0.211 4

Sample

Volume
fraction of
mesopore/％

Average pore
diameter/nm

Density/
(g·cm−3)

C083020

19.96

2.224

0.478
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Fig.3(a) and Fig.3(b) show SEM images of the
activated carbon powder and the electrode of activated
carbon, respectively. It can be found that the activated
carbon has the irregular shape; the diameter of activated
carbon ranges from several μm to several tens μm.
There is no obvious pore structure to be found on
the surface of activated carbon, which indicates that there
is large proportion of micropore in the activated carbon.
It can also be seen from SEM image of activated carbon
electrode that the activated carbon powder is
homogeneously mixed with acetylene black to form the
net-work structure, and there are obvious pores between
carbon particles, which may contribute to the
accessibility of electrolyte.

Fig.2 shows the pore size variation of microspores
for the prepared activated carbon. It can be seen from
Fig.2 that there is a pore diameter concentration plateau
between 1.250 and 1.559 nm, which indicates the
activated carbons with larger proportion of large
microspore.

Fig.1 Isotherms of activated carbon
Fig.3 SEM images of activated carbon powder(a) and carbon
electrode(b)

Fig.2 Microspore distribution of activated carbon

3.2 Cyclic voltammograms examination of pitch
carbon based supercapacitor
Fig.4 shows the cyclic voltammograms(CV)
property of pitch carbon supercapacitor at different scan
rates ranging from 2 to 20 mV/s, and the voltage window
range of CV curve is from 0 to 2.5 V. According to the
CV curve, the reversibility of the supercapacitor
electrode can be analyzed. For ideal supercapacitor, its
CV curve may show rectangle shape, but in the real
examination process, the electrolyte ion may be
prevented by the migration force and the polarized
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resistance is produced to make the CV curve of
supercapacitor a little difference from the ideal rectangle.
It can be seen from Fig.4(a) that the CV curves of
supercapacitor show the regular rectangle-like shape, and
there is no obvious oxidation or reduction peak in these
curves, indicating that the energy is stored on the basis of
the electric double layer. Fig.4(b) shows the relationship
of peak current and scan rate, from which it can be seen
that on the stable electrochemical window of 0−2.5 V,
with the increase of scan rate, the peak current increases
linearly, which indicates that the scan rate has no
influence on the capacitance of carbon electrode, and the
supercapacitor shows the ideal reversibility and the
capacitance behavior.

mainly reaction of the movement of ion. The
mirror-like curve indicates the ideal capacitance property
of prepared supercapacitor, which is in accordance with
the result observed from the CV curve, and the
capacitance of carbon-based supercapacitor calculated by
the slope of the curve is 14.7 F, and the ESR is 60 mΩ,
the specific capacitance of activated carbon is 99.6 F/g.
Fig.6 shows the discharge property of pitch carbon
supercapacitor at different current densities. It can be

Fig.5 Charge and discharge curve of pitch carbon
supercapacitor

Fig.4 CV properties of pitch carbon supercapacitor at different
scan rates
(a) CV curves at different scan rates; (b) Relationship between
peak current(Ip) and scan rate

3.3 Charge and discharge process of pitch carbon
based supercapacitor
Fig.5 shows the charge and discharge curve of pitch
carbon supercapacitor at the current of 0.6 A, and the
maximum voltage is 2.5 V. It can be seen from Fig.5 that
the voltage may change linearly with the change of
charging time on the condition of keeping the current
stable, which indicates that the reaction on the surface is

Fig.6 Discharge properties of pitch carbon supercapacitor at
different current densities
(a) Discharge curve at different current densities;
(b) Capacitance decay at different charge current
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seen from Fig.6(a) that the curves of the discharge still
show the obvious linear shape when the current increases
by eight times, which indicates that the increase of
current dose not cause the polarized phenomenon of
electrode. Meanwhile, as shown in Fig.6(b), when the
discharge current increases from 0.2 to 1.6 A, there is no
obvious capacitance decay. The energy density of this
supercapacitor is 2.96 W·h/kg at the current of 1.6 A,
which indicates that the supercapacitor has an ideal
power property and is suitable for the large current
discharge process.
3.4 Examination of cycle property and current
leakage of pitch carbon based supercapacitor
Fig.7 illustrates the charge and discharge curve of
activated carbon electrode over 5000 cycles, and the
charge and discharge current is 200 mA. In the first 500
cycles, the specific capacitance of active carbon
electrode shows a little decay behavior. After 500 cycles,
the decay rate of specific capacitance is very slow.
Compared with the capacitance of 500th cycle, the
capacitance decay rate is less than 3% because energy,
different from the rechargeable lithium ion battery, is
stored by electric double layer. There is not the
intercalation of ion into the electrode materials that may
cause the volume change, the supercapacitor has the
advantage of desired cycle property.

Fig.8 Examination of leakage current of supercapacitor

3.5 Examination of temperature property of pitch
carbon based supercapacitor
Temperature property is also an important property
for supercapacitor. In the operating process of
supercapacitor, the environment temperature may vary
greatly, which requires that the supercapacitor has the
good electric property in the different temperature
conditions. Fig.9 shows the change of capacitance and
ESR of pitch carbon supercapacitor with the variation
of temperature. It can be seen from Fig.9(a) that the
capacitance keeps stable in the range from −30 ℃ to

Fig.7 Charge and discharge curve of activated carbon electrode

Leakage current is an important parameter to
analyze the property of supercapacitor. There are many
reasons for the current leakage: the reaction of impurity
ion on the electrode, the micro-contact of the electrode,
and the diffusion of electrolyte ion on the electrode
surface because of the concentration gradient. Fig.8
shows the curve of leakage current at 2.5 V, from which
it can be seen that the current leakage is very low and the
current leakage value is less than 0.2 mA after keeping
the voltage at 2.5 V for 1 h.

Fig.9 Temperature properties of pitch carbon supercapacitor
(a) Specific capacitance as function of temperature;
(b)Equivalent series resistance as function of temperature
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50 ℃. The capacitance has the tendency to decay when
the temperature rise to 70 ℃. This is because with the
increase of temperature, the electrolyte ion of electric
double layer has the tendency to move from the electric
double layer. For the same reason, at the low temperature,
because the heating movement becomes slow, and the
electric double layer is relatively stable, the capacitance
of pitch carbon supercapacitor at low temperature is
relatively high.
It can be seen from Fig.9(b) that the ESR decreases
with the increase of the temperature in the temperature
range from −40 ℃ to 25 ℃ because the movement of
ion may speed up at high temperature and the polarized
resistance of electrode is reduced. But with the further
increase of temperature, the heating movement of
electrolyte ion in disorder direction may influence the
effective movement of electrolyte ion under the force of
the electric field, and reduce the effect of low ion
polarized resistance caused by enhancing ion movement
rate. Therefore, in the temperature ranging from 25 ℃
to 70 ℃ , the ESR of pitch carbon supercapacitor
decreases a little with the increase of temperature. But in
the temperature ranging from −40 to 70 ℃, the pitch
carbon supercapacitor shows obvious capacitance
behavior, the shape of supercapacitor is not changed, and
there is also no damage or electrolyte leakage
phenomenon during the cycle process.

temperature properties, which can be operated at the
temperature range of −40 to 70 ℃. The capacitance of
supercapacitor may increase with the increase of
temperature, and the ESR is relatively high at low
temperature.
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