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Introduction 
Ordered mesoporous carbon (OMC) has attracted great 

attention recently as electrode materials in electrochemical 
double layer capacitors (EDLC) for the good electrical 
conductivity and ordered porous textures [1]. In the present 
work, OMC materials with different graphitization degree 
were synthesized from asphaltene obtained from coal 
liquefaction residue (CLR) via template technique. The effects 
of high temperature treatment on the characteristics of OMC 
materials such as surface area, pore size distribution, 
graphitization degree, and on their electrochemical properties 
in EDLC were investigated systematically. 
 
Experimental 

Asphaltene was separated from CLR following a 
procedure reported by Li et al. [2]. The OMC was synthesized 
by a template method with SBA-15 [3] as template and 
asphaltene as carbon precursor. The typical procedure was 
similar to our previous report [4]. OMC carbonized in flowing 
argon atmosphere at 900 oC was denoted as OMC-A-900. To 
make OMC materials with different graphitization degree, 
carbonization step was conducted at different temperatures, of 
which the corresponding products were denoted as OMC-A-T, 
where T stands for the heat treatment temperature. 

Physical characterizations of the as-made OMCs were 
obtained from XRD, TEM and N2 adsorption techniques. 
Electrochemical performances were evaluated using a three-
electrode system consisting of working electrode, a platinum 
counter electrode and a Hg/HgO reference electrode. Working 
electrodes were fabricated by mixing the OMC and 
polytetrafluoroethylene in a weight ratio of 95:5. The mixture 
with small amount of ethanol was rolled into a thin sheet and 
cut into round disk of 10 mm in diameter, after which the 
carbon sheet was pressed between two nickel foam that 
functions as current collectors. All electrochemical tests were 
carried out in 6 M KOH aqueous solution. Before the 
electrochemical measurements, the electrodes were soaked in 
electrolyte and evacuated for 24 h to ensure the active material 
contact with the electrolyte completely and thoroughly. 
 
Results and Discussion 

Asphaltene was filled into the channel-like pores of SBA-
15 and converted to OMC after heat treatment, which is 
evidenced by the XRD results in Fig.1. It is noticed that as the 
heat treatment temperature increases, resolved small angle 
diffraction peaks of the as-made OMCs in Fig 1a become 

weaker and shift to higher angle slightly, implying structure 
shrinkage occurs during the heat treatment step. At the same 
time, the wide angle diffraction peaks of carbon shift to higher 
angle gradually, and become sharper and stronger, suggesting 
OMC samples with varying graphitization degree have been 
obtained. 

 
Fig. 1  Small (a) and wide (b) angle XRD patterns of OMCs. 

 
Fig. 2  TEM images of OMC-A-900 (a), OMC-A-1200 (b) 
and OMC-A-1400 (c). 

Typical TEM images for OMC-A-900, OMC-A-1200 and 
OMC-A-1400 are shown in Fig. 2. It can be seen that the 
primary structure of ordered pore arrangement can be retained 
after high temperature treatment though the regular pore 
channels become obscure and disappear partly for OMC-A-
1200. In the case of OMC-A-1400, the ordered mesoporous 
domain can be hardly seen, and worm-like pores are formed 
instead. The XRD and TEM results have revealed that high 
temperature treatment can be employed to tune the 
graphitization degree and the structure of the as-made OMCs 
to some degree. As the heat temperature increases, the long-
range ordering in the as-made OMC samples is lost, but the 
interconnectivity of pores is still preserved. 

 
Fig. 3  N2 adsorption-desorption isotherms (a) and BJH pore 
size distributions (b) of OMCs. (N2 adsorption-desorption 
isotherms and pore size distributions are offset vertically for 
150 cm3·g-1 STP and in a step of 2 starting from OMC-A-1000) 
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All N2 sorption isotherms of the as-made OMCs exhibit 
typical type IV isotherms with distinct capillary condensation 
steps occurring at P/P0 of 0.4-0.7 (Fig. 3a), indicative of 
narrow mesopore size distributions. The condensation step for 
OMC-A-1400 is higher than that other OMCs, indicative of 
larger mesopore volume and bigger pore diameter, which is 
further confirmed by the BJH mesopore size distributions 
shown in Fig. 3b. The mesoporosity is listed in Table 1. It can 
be seen that the total pore volume, BJH pore diameter and 
mesoporosity increase gradually with the increment of heat 
treatment temperature. 
Table 1.  Textual structure properties of OMCs. 

 
The electrochemical characteristics of asphaltene-based 

OMCs with different heat treatment temperatures were 
evaluated using cyclic voltammetry (CV), galvanotactic 
charge-discharge and electrochemical impedance spectroscopy 
(EIS). In Fig. 4, all OMC samples have a quasi-rectangular 
CV curves and linear charge-discharge curves without obvious 
ohmic drop, indicative of excellent candidates as electrode 
materials for EDLC and good capacitive behavior. Fig. 5a 
shows the variation trend of the specific capacitances 
calculated from the discharge curves [5] of OMCs with current 
densities, showing that all the OMCs exhibit high-rate 
performance, which leads one to believe that these asphaltene-
derived OMCs may be of potential in EDLC. The lower 
specific capacitance of asphaltene-based OMCs, which may 
results from the lower specific surface area, can be further 
improved by optimizing the pore textures. There is a tendency 
that Cg decreases slightly with the increase of heat treatment 
temperature at same current density, which may be ascribed to 
the removal of heteroatoms and functional groups composed 
in asphaltene at high temperature treatment. 

 
Fig. 4  (a) CV curves of OMCs at a scanning rate of 5mV·s-1 
and (b) charge-discharge curves of  OMCs at a current density 
of 50 mA·g-1. 

EIS of OMCs are shown in Fig.8. Nearly 90° capacitive 
spike starting from the mid-high frequency indicates the 
suitability of the OMC samples as electrode materials for 
supercapacitors. OMC-A-1400 has lower contact resistance 

and better conductivity, which can be ascribed to the graphite-
like structures with larger pore size caused by high 
temperature treatment. The graphite-like structure, on one 
hand, decrease the equivalent series resistance, on the other 
hand, results in the lower specific capacitance because the 
electrolyte ion migration occurs in a direction of low 
conductivity in graphite-like structures [6]. 

 
Fig. 5  (a) Specific capacitance of OMCs at different current 
densities and (b) Nyquist plots (inset: the enlargement of high 
frequency region). 
 
Conclusions 

OMC materials are synthesized from asphaltene derived 
from CLR by template method, which may pave a new way 
for the effective utilization of CLR. The textural structure and 
the graphitization degree of OMC can be tuned by changing 
the heat treatment temperature. When used as electrode 
materials of EDLC, all the asphaltene-based OMCs present 
ideal electric double behavior. High temperature treatment of 
OMCs caused higher mesoporosity, bigger pore volume and 
graphite-like structure, which could improve the electrical 
conductivity and decrease the impedance of capacitor to some 
degree. 
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