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Template-free preparation of mesoporous
carbon from rice husks for use in supercapacitors
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Abstract: Mesoporous carbon (MC) was prepared from rice husk (RH) by a simple and template-free method which combines

H,PO, activation with a pretreatment of the RH with a NaOH solution and pre-oxidation in air. The pretreatment of RH with NaOH
removes silicon and damages the crystal structure of the cellulose in the RH, both of which are beneficial to the preparation of MC
with a high surface area and high mesoporosity. The MC has a specific surface area of 2 009 m’-g™' and a mesoporosity of 90. 8% .
Its specific capacitance can reach 176 F-g™' at a current density of 50 mA - g™, and a value of 126 F-g™' is retained at
1 000 mA-g™" | indicating an excellent rate capability. A MC electrode has a stable specific capacitance of about 150 F/g at
200 mA-g™" with no apparent capacitance fade after 1 000 cycles, indicating good electrochemical stability.
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only the pores that electrolyte ions can access contrib-
ute to the double layer capacitance, and only the me-

1 Introduction

Supercapacitors are attracting much attention as a
kind of promising energy storage devices owing to
their high power density, high energy efficiency,
long cycle life and environmental-friendly nature ''*'.
Porous carbons have been widely used as the electrode
materials for commercial supercapacitors owing to
their high surface area and low cost. It is noted that

sopores can facilitate the transport of electrolyte ions
and exhibit high ion-accessible surface area of the
spectrum of pores in porous carbon">*'. Therefore,
mesoporous carbons (MCs) always show better rate
performance than microporous carbons''*'"'. MCs are
mainly made by the template method, during which
the template needs to be synthesized beforehand and
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to be removed by acid or base washing after the syn-
thesis of MCs, resulting in a high production cost, te-
dious and environment-hazardous preparative process
of the templated MCs''"*"*'. Thus facile and template-
free methods to prepare MCs are highly desired.

In this paper, the abundant and renewable rice
husk (RH) with low cost has been selected as precur-
sor of MC. Silicon-free MC was obtained by a meth-
od combining a H,PO, activation with a pretreatment
with NaOH solution and a pre-oxidation in air. Sym-
metric supercapacitors were fabricated with the resul-
ting MC as electrode material. Their electrochemical
performance was evaluated by a two-electrode config-
uration.

2 Experimental

2.1 Preparation and characterization of meso-
porous carbon

The synthesis schematic of MC is described in
Fig. 1. NaOH, RH and deionized water were suffi-
ciently mixed at a mass ratio of 1:5:12.5, the resul-
ting mixture was heated to 110 C and then kept for

24 h. Then the mixture was fully washed by deion-
ized water and dried. The obtained material was grin-
ded and mixed with a H,PO, solution (85 wt% ) and
deionized water at a mass ratio of 1:2:2.5, the mix-
ture was first heated to 200 C and kept for 6 h in air,
and then activated at 800 “C for 1 h. After the product
was washed with deionized water and dried at 110 C
for 1 h, the MC was obtained. For a comparison, ac-
tivated carbon ( AC) was prepared by the same
process except without the treatment of RH with
NaOH solution.

X-ray fluorescence ( XRF, EIGAKS, Japan)
was used to characterize the contents of silicon in RH
and the MC. The surface morphology and microstruc-
ture of the samples were investigated by field emission
scanning electron microscopy ( FE-SEM, S4800, Ja-
pan) and transmission electron microscopy ( TEM,
JEM-2100UHR, Japan). The pore structure charac-
terization was performed on the basis of low tempera-
ture nitrogen adsorption-desorption isotherms on a
sorptometer ( Micromeritics, ASAP 2020, America).

sk nSiO,xH,0 + 2n NaOH—nNa,SiO,yH,0 + (n+x-y) H,O

Fig.1 A schematic illustration of MC synthesis from rice husk.

2.2 Preparation of electrodes and electrochemical
measurements

The samples were mixed with acetylene black
and polytetrafluoroethylene (PTFE) binder at a mass
ratio of 85 :5:10 in ethanol to form a slurry. The slur-

ry was coated onto the nickel foam to make the elec-
trodes, which was finally dried at 100 C for 1 h un-
der vacuum. Two symmetric electrodes separated by a
thin porous polymer separator ( Celgard 2400) in a
6 mol/L KOH aqueous electrolyte were sandwiched
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in a CR2032 coin cell. The electrochemical properties
of supercapacitors were studied by cyclic voltammetry
(CV) on a Princeton electrochemical workstation
(PARSTAT 4000, Princeton, USA) and galvanostat-
ic charge-discharge test on a Land cell tester (Land,
CT-2001A, China).

3 Results and discussion

The content of silicon in RH was evaluated by X-
ray fluorescence ( XRF). The silicon content of raw
RH is 6. 65 wt% while the silicon content is
0.33 wt% for the NaOH treated one, indicating that

the silicon can be effectively removed by the NaOH
treatment.

The N, adsorption-desorption isotherms and pore
size distributions of the samples are shown in Fig. 2.
Both of the nitrogen adsorption-desorption isotherms
show clearly hysteresis loops, indicating the existence
of abundant mesopores. The pore structure parameters
of the samples are presented in Table 1. The Sy, and
mesoporosity of MC are 2 009 m’-g™" and 90. 8% ,
respectively, much higher than those of AC, illustra-
ting that the NaOH treatment benefits the formation of
mesopores.
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Fig. 2 (a) N, adsorption-desorption isotherms and (b) pore size distributions of AC and MC.
Table 1 Pore structural parameters of MC and AC.
Samples Sger(m?-g7!) Vi (em?-g™") Vie(emdeg)y v, (em?-g!) Vines” V(%) D,,(nm)
MC 2009 1.30 0.11 1.18 90.8 3.3
AC 867 0.56 0.10 0.35 62.5 4.4

Note : Sggr, BET surface area; V,, total pore volume; V., volume of micropores; V, .., volume of mesopores; D,,, average pore diameter.

Fig. 3(a) shows the SEM image of RH. Fig. 3
(b) and Fig. 3(c) are SEM and TEM images of the
prepared MC, respectively. MC in Fig. 3(b) has a
cracked and pitted surface, indicating that RH has

been seriously corroded by H,PO,. A great deal of
mesopores centering at 2-10 nm can be seen in Fig. 3
(c), which is consistent with averaged pores of
3.3 nm given in Table 1.

Fig. 3 SEM images of (a) RH and (b) MC, (c¢) TEM image of MC.

Fig. 4 gives the discharge curves of MC elec-
trode at different current densities. The charge-dis-
charge curve at the current density of 50 mA-g™' ex-
hibits a symmetrical triangular shape and all discharge
curves are nearly linear, implying a good capacitive

behavior 7,

Fig. 5 presents the CV curves of MC electrode at
different scan rates in the 6 mol/L KOH aqueous
electrolyte. The CV curves show rectangular shapes
without redox peaks, denoting that the capacitance
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comes from electric double layer capacitance. The CV
curve keeps high rectangular degree even at high scan
of 10 mV-s™", which should be attributed to the high
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Fig. 4 Discharge curves of MC electrode
at different current densities.
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Fig. 5 CV curves of MC electrode at different scan rates.

Fig. 6 shows the variation in the specific capaci-
tance vs. current density. It can be observed that the
specific capacitance of MC can reach as high as
176 F-g™' at the current density of 50 mA-g™', and
retains 126 F-g™' even at 1 000 mA - g™, indicating
an excellent rate capability of the MC electrode. The
high capacitive behavior of MC electrode is originated
from its high mesoporosity and large specific surface
area as shown in Table 1, both of which benefit the
formation of double-layer capacitance.
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Fig. 6 Specific capacitance of MC electrode at
different current densities.

Electrochemical cycling stability is well known a
key requirement for the application of supercapaci-
tors, the specific capacitance change of MC under
1 000 cycles at 200 mA - g™ is shown in Fig. 7. It
can be easily seen that MC electrode has a good cycle
stability, it has a stable specific capacitance of about
150 F/g, no capacitance fading is observed even after
1 000 cycles, indicating a good electrochemical stabil-
ity of MC electrode.
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Fig. 7 Specific capacitance of MC electrode at a constant current
density of 200 mA-g~" as a function of cycle number.

4  Conclusions

MC with a specific surface area of 2 009 m*-g™'
and a mesoporosity of 90. 8% was prepared from RH
by a facile and template-free method. This template-
free method combines a H,PO, activation with a pre-
treatment of RH with a hot NaOH solution and a pre-
oxidation in air. The pretreatment of RH with a hot
NaOH solution can remove silicon and damage the
crystal structure of cellulose in RH, which are crucial
and beneficial to the preparation of MC with a high
electrochemical performance. The specific capacitance
of MC electrode can reach 176 F-g™' at 50 mA-g™",
and the electrode exhibits an excellent rate capability
and cycle stability.
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