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Abstract—Activated carbon was produced from shochu waste, which is a kind of industrial waste. Nitrogen doping into
activated carbon was attempted by using powder urea in the activation process for producing activated carbon. The heating
rate was changed within the thermal decomposition temperature of urea, and the physical properties of activated carbon
were investigated. The result was revealed that with content nitrogen activated carbon makes the pores size change. And in
the same activation temperature but used a different on increasing heating rate mesopores increased by 60.7%, and the
nitrogen percentage in activated carbon was decreased to 0.45 %. In addition, a compound derived from nitrogen was
formed in the activated carbon with containing, and the measurement of the surface functional group, in the activated
carbon by using urea, a double bond spectrum of the amide carbon and oxygen was observed. It was revealed that by this
nitrogen doping,, it is possible to maintain higher capacitance than the activated carbon in the long-term cycle test.
Index Terms—Supercapacitor, Activated carbon, Nitrogen doping, Urea decomposition.

I. INTRODUCTION
Today, environmental problems are getting more serious, the solving environmental and energy problems is urgent
task in the world. In 2015, the Paris Agreement has been concluded about environmental problem and has a lot of
development are underway to reduce CO2 around the world. Among them, the transport sector accounts for 24% of
the world's energy-originated CO2 emissions, and greening of automobiles is regarded as important. In addition,
power generation by using renewable energy such as photovoltaic power generation and wind power generation; it
has been actively researched to reduce generation which depend on fossil fuels. However, stable power supply and
power leveling are challenge Energy storage technology is effective for these problems. And, supercapacitors are
attracting attention among power storage. Recently, supercapacitors are loaded in automobiles as storage of
regenerative energy [1]. Also, in Europe, the running test of a hybrid overhead wireless trams using supercapacitor
and a battery have been carried out [2] and supercapacitor application is expanding rapidly. The electric storage
principle of the supercapacitor is the electrolyte ions are adsorbed on the pores of powder activated carbon surface
of the electrode and the surface of the carbon is charged by applying a voltage to this electrode [3]. Unlike batteries,
charging and discharging of supercapacitor don't use chemical reaction, the electrode deterioration is extremely
small for long cycles and rapid charging and discharging is possible [4]. In addition, activated carbon can be made
from any raw material. Because, it is an organic material that is no depletion of resources. Studies have been made
to prepare activated carbon from various industrial wastes based on this feature and to apply it to electrodes of
supercapacitors [5-6]. Moreover, it is estimated that by creating activated carbon from industrial waste, it is
possible to drastically reduce the manufacturing cost of supercapacitors [7]. However, the supercapacitor has a
problem about the capacity is very small when compared with any storage battery, because supercapacitor can store
electricity only surface of activated carbon. To increase the capacity of the supercapacitor, the pore structure of the
activated carbon has been optimized and the specific surface area has been increased, although the capacity
increase by them is approaching the limit today [8]. However, recent studies have reported that by doping activated
carbon with nitrogen, the physical properties of the activated carbon surface is changed and sometimes show higher
capacity than expected from the specific surface area due to the influence of pseudo capacity [9-11]. Methods of
doping nitrogen in activated carbon have many methods such as using raw material containing a large amount of
nitrogen and treating under a high temperature in NH3 gas atmosphere. In the previous method, there is also an
example in the nitrogen content of the activated carbon about 10 wt% by adjusting the oxidation treatment
temperature [12]. However, this method requires high temperature treatment, and materials are also limited. The
latter method has the disadvantage that ammonia gas is toxic and expensive. In this study, shochu waste was used as
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raw material for making activated carbon. Shochu is Japanese distilled liquor, and shochu waste treatment is one of
serious problem in Japan. In order to improve a material of supercapacitor, we try to heat treatment by using
powdered urea instead of ammonia and measured the specific capacitance and physical properties of those
activated carbon.
II. EXPERIMENTAL
A. Preparation of activated carbon
Black sesame shochu waste was used as the raw material to produce activated carbon. The waste was dehydrated
and dried at 100 ºC for 70 h. The thermal analysis (TG8120, Rigaku Co., Japan) of black sesame shochu waste was
carried out under Ar gas and the optimum carbonization temperature was investigated. Fig.1 show thermal analysis
of black sesame shochu waste. Fig. 1 indicated that thermal decomposition is almost completed at 700 ºC.
TG

DTA

(a)

(b)

Fig. 1. The graph of black sesame shochu waste thermal analysis. (a) Thermogravimetry and differential thermal
analysis data; (b) Differential thermogravimetry data.

Therefore, carbides were obtained by heating black sesame shochu waste at 700 ºC for 1 h. This carbide (2 g) was
mixed with KOH (14 g). Powdered urea (2 g) and mixed carbide and KOH was placed in electric tubular furnace,
activated by placing powdered urea in front of the mixed carbide and KOH in the temperature 800 ºC for 1 h. This
heating rate was 5 ºC/min. In considering sufficient thermal decomposition of urea, the heating rate was changed to
2.5 ºC/min, 5 ºC/min, and 10 ºC/min between 200 - 400 ºC. Those activated carbons were called U2.5, U5, and
U10, respectively. In thermal decomposition of urea, NH3 and CO2 are generated as shown in the formulas (1) and
(2). It is also reported that urea thermally decomposed varies with temperature [13]. Activated carbon was
activated by using only KOH and heating rate was 5 ºC/min. The activated carbon was prepared by not using urea
and same condition of U5. This activated carbon was called as N5.
NH2CONH2 → HNCO + NH3
(1)
HNCO + H2O → CO2 + NH3
(2)
B. Measurement of surface area, pore volume
Activated carbons were measured by using nitrogen gas (-196 ºC) adsorption analysis
(BELSORP-miniⅡMicrotracBEL Co., Japan). The surface area and pore size were calculated by
Brunauer-Emmett-Teller (BET) method [14], Barrett-Joyner-Halenda (BJH) method [15], and micropore (MP)
method [16].
C. Organic element analysis
Activated carbons were analyzed by organic element analysis (MT-6 CHN Corder, Yanaco, Corp, Japan) to
measure the nitrogen ratio in activated carbons.
D. Surface functional group analysis
U5 and N5 were analyzed by Fourier transform infrared spectrometer (Cary610, Agilent Technologies, Inc,
America) between 400-4000 cm-1. The sample made by mixing KBr and activated carbon, and pressed 2 t.
E. Raman spectroscopy analysis
U2.5, U5 and U10 were analyzed by Microscopic Raman spectroscopy (DXR, Thermo Fisher Scientfitific, Inc,
America) using 532 nm between 100 -3500 cm-1.
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F. Measurement of specific capacitance
The activated carbon electrode was prepared by mixing 80 wt% activated carbon, 10 wt% conductive assistant
carbon (Ketjenblack EC600JD, Lion Specialty Chemicals co., Ltd, Japan), and 10 wt% polytetrafluoroethlylene
(PTFE). The electrode material (10mg) was packed in mold which have 10 mm diameter with Al foil, and pressed
in hot press machine in 10 MPa and 130 ºC for 15 min. The separator was intermediate between two electrodes.
The capacitance was measured using cyclic voltammetry (CV) method by potentio/galvanost analyzer (ECstat-300,
EC FRONTIER, co., Ltd, Japan). 0.8 mol/L (C2H5)4NBF4 in propylene carbonate (PC) (TOYO GOSEI Co., LTD)
was used as electrolyte. The voltage range was 2.5 V, sweep speed was 10 mV/s. And, the long cycle characteristic
was measured 1000 cycles by charge / discharge device (HJ1001SD8, Hokuto Denko Corp., Japan) at current
density of 0.1 A/g. The specific capacitance carbon electrode of under aqueous electrolyte was measured in 1
mol/L Potassium hydroxide (KOH) (Wako Pure Chemical Industries, Ltd.) by automatic polarization system
(HZ-5000, Hokuto Denko Corp., Japan).
III. RESULT AND DISCUSSION
A. Pore size distribution
Fig. 2 shows the nitrogen adsorption isotherm. Hysteresis characteristics were observed in using urea activated
carbons. This result indicates using urea activated carbons are mosoporous. Table.1 show specific surface area,
micropore and mesopore volume of activated carbons. N5 using KOH activation has highest surface area. The
activated carbon using urea show high mesopore volume (Vmeso). Vmeso is depend on heating rate due to the
thermal decomposition of urea is generated CO2, and with increasing the heating rate the generated CO2 was filled
in the interior tubular furnace. And the gas activation using CO2 reported to develop mesopore [17]. Fig. 3 (a) show
micropore distribution of using urea activated carbons. High heating rate activated carbon had a higher second
peak of micropores due to in high heating rate potassium can enter into activated carbon better than in low heating
rate. Fig. 3 (b) show mesopore distribution of using urea activated carbons. The distribution of mesopores
depended on the heating rate.

Fig. 2. Nitrogen adsorption isotherm.
Table. 1 specific surface area, micropore and mesopore volume of samples.
Sample
SBET [m2/g]
Vmicro [cm3/g]
Vmeso [cm3/g]
N5
2946
1.39
0.3
U2.5
1860
0.84
0.28
U5
2292
1.11
0.36
U10
1821
0.89
0.45
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(a)

(b)

Fig. 3. Pore size distribution of activated carbons. (a) Micropore distribution; (b) Mesopore distribution.

B. Organic element analysis
Table 2 shows the results of elemental analysis. Compared with N5, the nitrogen ratio of using urea activated
carbons are high. From this result, it is possible to contain nitrogen into activated carbon by using thermal
decomposition method. Also, the proportional between nitrogen percentage and heating rate trend is inverse with
each other. In addition, in low heating rate the ammonia can be stay inside the tubular furnace better than in high
heating rate. Which means in low heating rate, nitrogen is enter into the activated carbon better.
C. Surface functional group analysis
Fig. 4 (a) shows transmission spectrum of N5, and Fig.4 (b) shows the transmission spectrum of U5. Transmission
spectra of ether C = O stretching (1284 cm-1), aldehyde or ketone C = O stretching (1733 cm-1) and alkane C –H
stretching (2956 cm-1) were observed remarkably in N5 transmission data. On the other hand, Transmission spectra
of N, N- disubstituted amid C = O stretching (1652 cm-1 and 1558 cm-1) [18] was observed remarkably in U5
transmission data. This suggests that functional groups containing nitrogen can be formed by activation using urea
method.
D. Raman spectra
Fig. 5 (a) shows the Raman spectrum of activated carbon using urea. The band at 1360 cm-1 is called D band, and
it is derived from the disorder of the structure. Also, the band near 1580 cm- 1 is the Graphite original band called
G band. The intensity ratio (I1360 / I1580) of D band and G band can be used to evaluate the degree of graphitization
and the ratio of edge and crystal boundary on the graphite surface. The half band width (Δv1580) of the G band is
used for the evaluation of the graphitization degree. Characteristic features of the carbon material can be known
with I1360 / I1580 on the vertical axis and Δv1580 on the horizontal axis, and the upper right part of the graph is a
carbon material with an amorphous structure. When three activated carbons are applied to this graph, they are as
shown in Fig.5 (b). The linearity due to the heating rate is observed, and the structure of the activated carbon tends
to be amorphous by slowing the heating rate.

Sample
N5
U2.5
U5
N10

Table.2. Constituent element ratio of activated carbons.
H [%]
C [%]
1.32
79.8
1.77
72.9
1.75
75.4
1.58
59.6
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(a)
(b)
Fig. 4. Comparison of transmittance spectra. (a) In the case of N5; (b) In the case of U5.

(a)

(b)

Fig. 5. Raman Characteristic of using urea activated carbon. (a) Raman spectra; (b) Relationship between I1355/I1580 and
Δv1580

E. Capacitance of activated carbons and comparison with other study
Fig. 6 (a) shows the specific capacitance in KOH. The capacitances are depending on surface area. Especially U2.5
having a lot of small micropores which has relatively high capacitance. Fig. 6 (b) shows capacitance in
(C2H5)4NBF4 /PC). U10 having a lot of mesopores relatively high capacitance. Fig. 6 (c) shows the results of the
long cycle charge and discharge test. The capacitance shows a high value of N5 with a large specific surface area,
however the capacitance efficiency after 1000 cycles was down to 27% potential. But, activated carbon using urea
showed efficiency was only 40%. It is found that the using urea activated carbon maintain a capacitance efficiency.
Fig. 7 shows the chemical formula [16] of the nitrogen-derived functional group that is thought to occur during
NH3 treatment. The structure of the activated carbon was strengthened by the surface modification of the activated
carbon by NH3 and that the strong hydrophobic carbon decreased the hydrophobicity due to nitrogen contain.
Table. 3 shows the data of this study and other study data on activated carbon using various raw materials and
processing methods. Black sesame shochu waste activated carbon has higher nitrogen content ratio than palm husk
which is a general raw material for activated carbon Improvement of nitrogen content by urea treatment was
observed to improve the nitrogen content by about 1% while using the same amount of urea as carbon material and
high surface area. Since, the activated carbon prepared in this study has a large specific surface area, capacitance
expression due to the surface area and pore volume was dominant. However, since the process of preparing
activated carbon is fewer than that of other nitrogen doping studies, it is found the life of activated carbon can be
extended.

Name
N5
U5

Table.3. Nitrogen doped activated carbon from various source
SBET
N
Cg
Condition/
[m2/g]
[%]
[F/g]
electrolyte
2946
1.54
319
10 mV/s, 1 M KOH
2292
2.60
280
10 mV/s, 1 M KOH
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Glucose activated carbon
Polyaniline activated carbon
Polyacrylonitrile activated carbon
Polyacrylonitrile activated carbon
treatment of urea
Palm husk activated carbon
Palm husk activated carbon treatment of
NH3
Celery activated carbon
Squid gladius activated carbon

1210
34
970

2.81
7.0
7.50

313
157
-

10mV/s, 6 M KOH
40mA/g, 1 M H2SO4
-

Three
Three
-

940

5.6

-

-

-

898

0.28

-

-

-

691

2.06

-

-

-

1186
1129

1.56
4.04

245
204

5mV/s, 6 M KOH
0.5 A/g, 1 M H2SO4

Three
Two

(a)

[6]
[8]
[10]

[20]
[21]
[22]

(b)

(c)
Fig. 6. Capacitance characteristic. (a) Capacitance in KOH; (b) Capacitance in (C2H5)4NBF4 /PC; (c) Capacitance
reduction ratio in (C2H5)4NBF4 /PC.

Fig.7. Chemical formula of the nitrogen-derived functional group.
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IV. CONCLUSION
In this study, shochu waste was used as the raw material of activated carbon, and nitrogen doping was performed
using urea in the activation method. It was found that by using urea, the nitrogen ratio in the activated carbon can be
increased by about 1%. It was also found that changing the heating rate in the thermal decomposition temperature
range of urea affects the nitrogen ratio and the mesopore volume. Using urea activated carbon could keep
capacitance in long cycle test. This factor was considered that activated carbon is modified for surface by NH3
generated urea decomposition to form a nitrogen-derived compound such as amide, and the hydrophobicity of
activated carbon is decreased due to the increase in nitrogen ratio. Since nitrogen doping in this study uses urea in
the activation process, nitrogen doping is easily performed as compared with other studies.
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