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Ultrahigh Specifi c Capacitances for Supercapacitors 
Achieved by Nickel Cobaltite/Carbon Aerogel Composites
 Nickel cobaltite, a low cost and an environmentally friendly supercapacitive 
material, is deposited as a thin nanostructure of 3–5 nm nanocrystals into 
carbon aerogels, a mesoporous host template of high specifi c surface areas 
and high electric conductivities, with a two-step wet chemistry process. 
This nickel cobaltite/carbon aerogel composite shows ultrahigh specifi c 
capacitances of around 1700 F g  − 1  at a scan rate of 25 mV s  − 1  within a 
potential window of  − 0.05 to 0.5 V in 1 M NaOH solutions. The composite 
also possesses an excellent high rate capability manifested by maintaining 
specifi c capacitances above 800 F g  − 1  at a high scan rate of 500 mV s  − 1 , and 
an outstanding cycling stability demonstrated by a negligible 2.4% decay 
in specifi c capacitances after 2000 cycles. The success is attributable to the 
fuller utilization of nickel cobaltite for pseudocapacitance generation, made 
possible by the composite structure enabling well exposed nickel cobaltite 
to the electrolyte and easy transport of charge carriers, ions, and electrons, 
within the composite electrode. 
  1. Introduction 

 Energy storage devices are an essential part of the clean energy 
era necessary to tackle the ever worsening fossil energy deple-
tion and global warming issues. Among the many presently 
existing energy storage devices, lithium ion batteries and 
supercapacitors are considered by many the two most impor-
tant ones. Supercapacitors, when compared with lithium ion 
batteries, possess much longer cycle life, much higher power 
densities, and much shorter charging/discharging times, but 
much lower energy densities. [  1  ]  One of the key issues in super-
capacitor development is thus to boost the energy density to 
be more comparable with those of lithium ion batteries. Both 
energy density and power density are directly proportional to 
the specifi c capacitances of the supercapacitors. Consequently, 
intensive and extensive research efforts have been directed to 
the improvement of specifi c capacitances. [  2–4  ]  

 The magnitudes of specifi c capacitances mainly depend on 
the capacitive properties and microstructure of the electrode 
materials. For the time being, hydrous RuO 2  is considered the 
most prominent electrode material for supercapacitors, with 
an ultrahigh specifi c capacitance of 1580 F g  − 1  (measured at 
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1 mV s  − 1 ) reported in the literature. [  2  ]  Its 
commercialization however is not prom-
ising because of the high cost and rare-
ness of Ru. On the contrary, spinel nickel 
cobaltite (NiCo 2 O 4 ) is a low-cost, environ-
mentally friendly transition metal oxide, 
with both its constituent elements being 
relatively Earth-abundant, possessing also 
excellent capacitive properties. [  4  ]  In fact, it 
has been demonstrated to exhibit an out-
standing specifi c capacitance of 1400 F g  − 1  
(measured at 25 mV s  − 1 ) when prepared 
in an aerogel form. [  4  ]  Nickel cobaltite was 
also synthesized as hierarchical porous 
nanowires [  5  ]  and grown as nanoparticles on 
graphene sheets [  6  ]  in an attempt to improve 
the capacitive performances of nickel 
cobaltite through novel nanostructure 
design. The specifi c capacitance perform-
ances of the porous NiCo 2 O 4  nanowires 
and NiCo 2 O 4 /graphene composites how-
ever were not able to exceed those of nickel cobaltite aerogels. 
Aerogels are a class of mesoporous materials possessing high 
specifi c surface areas, high porosities, and three-dimensionally 
well-connected through pore structure. These structural features 
favor aerogels for applications involving hetero geneous reactions 
at solid-liquid interfaces such as electrodes and catalysts. [  3  ,  4  ,  7–9  ]  
For the heterogeneous processes to proceed effi ciently, large 
surface areas to provide abundant active sites for the interfacial 
events, high porosities and through pore structure to enable fast 
mass transfer of the liquid species to access the active sites, and 
3D well-connected network to offer continuous charge transport 
passageways, are desirable. 

 Although great success has been achieved with NiCo 2 O 4  
aerogels for supercapacitor applications, signifi cant improve-
ments are still possible by further enhancing the specifi c sur-
face area and electric conductivity of the electrode together with 
better utilization of NiCo 2 O 4 . This goal can be achieved by using 
a mesoporous matrix of high electric conductivities and high 
specifi c surface areas to host NiCo 2 O 4 , the active material, [  10–16  ]  
with NiCo 2 O 4  deposited as a thin nanostructure onto the back-
bone of the mesoporous matrix to enable a fuller utilization of 
NiCo 2 O 4  for capacitance generations. [  7  ,  12  ,  16  ]  The idea is to expose 
the active material as much as possible to the electrolyte so that 
the capacitance generation through superfi cial redox reactions 
can proceed to a fuller extent. The superfi cial redox reactions 
further require a fast mass transfer of the electrolyte in and out 
of the mesoporous structure. A rapid charge transport within 
the active material domain is also benefi cial. Both scenarios 
can be realized with the present composite design. The thin 
Adv. Funct. Mater. 2012, 22, 5038–5043

http://doi.wiley.com/10.1002/adfm.201201176


FU
LL P

A
P
ER

www.afm-journal.de
www.MaterialsViews.com

     Figure  2 .     a) N 2  adsorption/desorption isotherms and b) pore size distributions of carbon 
aerogel and NiCo 2 O 4 /carbon aerogel composite.  
nanostructure of the active material enables 
exposition of its large surface areas to the 
electrolyte and shortens the travel distance 
for the charge transport within the much 
less conductive active material domain. The 
highly porous and 3D well-connected through 
pore structure of the matrix makes possible 
the fast mass transfer of the electrolyte.  

  2. Results and Discussion 

 In this work, NiCo 2 O 4  is introduced into a 
highly conductive, mesoporous carbon aerogel 

(CA) [  17  ]  matrix in a form of uniformly distributed nanocrystals 
of 3–5 nm in size to serve as the supercapacitor electrode. Note 
here the specifi c surface area and electric conductivity of carbon 
aerogels are much higher than those of NiCo 2 O 4  aerogels, and 
can thus further enhance the utilization of NiCo 2 O 4  to achieve 
even higher specifi c capacitances. The CA matrix is found to 
contribute negligible capacitances to the composite, and thus 
its role may be viewed as an extended substrate, only that this 
extended substrate is highly porous. 

 To obtain a conformal coating of the thin nanostructure of 
the active material onto the backbone of the mesoporous matrix 
however is not a trivial task. Here, we develop a two-step wet 
chemistry process for the conformal thin nanostructure forma-
tion. The precursors of the active material are fi rst introduced 
to coat on the backbone of the porous matrix, followed by 
introduction of the reaction initiator to trigger the nanocrystal 
formation reaction. This design ensures the formation of the 
active material on the backbone of the matrix instead of in the 
bulk of the reacting solution. Note that products from bulk 
reactions may not deposit as a conformal thin nanostructure 
onto the backbone of the porous matrix. The present approach 
differs from the more commonly adopted process, i.e., forma-
tion of the active material sols fi rst followed by immersion of 
the matrix into the sol solution to afford the composite. [  18–21  ]  

   Figure 1   shows the XRD pattern of the NiCo 2 O 4 /CA com-
posite. Also included in Figure  1  are the diffraction patterns of 
© 2012 WILEY-VCH Verlag Gm

     Figure  1 .     XRD patterns of carbon aerogel, NiCo 2 O 4  aerogel, and NiCo 2 O 4 /
carbon aerogel composite.  
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the CA and NiCo 2 O 4  aerogel for comparison. Two broad peaks 
can be identifi ed for the CA and they also appear in the diffrac-
tion pattern of the NiCo 2 O 4 /CA composite. As for the NiCo 2 O 4  
aerogel, the diffraction pattern matches well with that of 
NiCo 2 O 4  of the normal spinel phase (JCPDS # 73–1704), with 
the three most pronounced peaks indexed to the (111), (311), 
and (400) diffractions. Again, these three peaks can be identifi ed 
in the diffraction pattern of the NiCo 2 O 4 /CA composite. From 
the comparison, it is evident that the diffraction pattern of the 
NiCo 2 O 4 /CA composite contains diffraction peaks contributed 
from both the CA and NiCo 2 O 4  aerogel, thus confi rming not 
only the successful incorporation of NiCo 2 O 4  into the CA, but 
also the crystalline phase of the incorporated NiCo 2 O 4  to be the 
normal spinel phase.  

   Figure 2  a shows the N 2  adsorption/desorption isotherms of 
the CA and NiCo 2 O 4 /CA composite. Both isotherms exhibit 
the characteristics of type IV isotherms with a pronounced 
type H1 hysteresis loop, typical for mesoporous materials. The 
two isotherms resemble each other with the one from the com-
posite sample located lower in adsorption volumes, implying 
that the incorporation of NiCo 2 O 4  does not change the essen-
tial microstructural characteristics of the CA, but only reduces 
the surface area and pore space available for the N 2  adsorp-
tion. Figure  2 b displays the corresponding pore size distribu-
tions of the two samples. The CA sample exhibits a bi-modal 
distribution with the fi rst pore size peak located in the micro-
pore region. These micropores however are almost completely 
removed after the incorporation of NiCo 2 O 4 , giving essentially 
a single-modal pore size distribution. The relevant structural 
parameters derived from the isotherms are summarized in 
 Table    1   and further discussed below. The specifi c surface area 
and pore volume of the CA sample are reduced from 449 and 
1.07 to 206 m 2  g  − 1  and 0.818 cm 3  g  − 1 , respectively after the 
NiCo 2 O 4  incorporation. The micropores of the CA sample con-
tribute 51% (231 m 2  g  − 1 ) of the specifi c surface area and 11% 
(0.123 cm 3  g  − 1 ) of the pore volume, which are greatly reduced 
5039wileyonlinelibrary.combH & Co. KGaA, Weinheim

   Table  1.     Specifi c surface areas, pore volumes, and average pore sizes of 
carbon aerogel and nickel cobaltite/carbon aerogel composite 

Sample Specifi c surface area 
(from micropores) 

[m 2  g  − 1 ]

Pore volumes 
(from micropores) 

[cm 3  g  − 1 ]

Average pore size 
[nm]

CA 449 (231) 1.07 (0.123) 10.5

NiCo 2 O 4 /CA 206 (40) 0.818 (0.02) 16.7
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     Figure  3 .     a,b) SEM images of carbon aerogel and NiCo 2 O 4 /carbon aerogel composite, respec-
tively. c,d) HAADF and HRTEM images of NiCo 2 O 4 /carbon aerogel composite, respectively.  
to only 19 (40 m 2  g  − 1 ) and 2% (0.02 cm 3  g  − 1 ), respectively for 
the NiCo 2 O 4 /CA sample, indicating signifi cant fi lling/blocking 
of the micropores with the deposition of NiCo 2 O 4 . Because of 
the micropore removal, the average pore size increases from 
10.5 to 16.7 nm. The sizes of the mesopores however decrease 
because of the NiCo 2 O 4  incorporation as evident from the 
left shift of the pore size distribution at the larger pore size 
side shown in Figure  2 b. Note that the slight left shift in the 
pore size distribution implies also a successful conformal 
thin coating of the incorporated NiCo 2 O 4  on the backbone of 
the carbon aerogel. If the coating is not conformal and thin, 
then the pore structure of the carbon aerogel will be altered to 
a greater extent, thus leading to a much left-shifted and pos-
sibly shape-changed pore size distribution. The conformal thin 
coating of the incorporated material is a key for the success of 
the present design. A conformal and thin coating of NiCo 2 O 4  
not only favors the fuller extent of exposition of NiCo 2 O 4  to 
the electrolyte, but also retains the original advantageous struc-
tural features of the host matrix as being highly porous and 
possessing high specifi c surface areas.   

   Figure 3  a,b show the SEM images of the fractured CA and 
NiCo 2 O 4 /CA samples. No apparent differences can be observed 
from the two fi gures. This is consistent with the N 2  adsorp-
tion/desorption data in that the introduction of NiCo 2 O 4  does 
not change the essential microstructural characteristics of the 
CA sample. Figure  3 c shows a high-angle annular dark-fi eld 
(HAADF) image of the composite sample, which appears as 
a clump of about 110 nm in size obtained from the fractured 
monolithic NiCo 2 O 4 /CA composite. One can observe many 
bright spots distribute quite uniformly on this clump. These 
bright spots are with a size of 3–5 nm and can be identifi ed 
as the NiCo 2 O 4  domain. Note that the atomic numbers (Z) of 
Ni and Co are signifi cantly larger than that of C and the signal 
intensity of the HAADF imaging is proportional to Z 2  of the 
elements. Consequently, these much brighter spots must be 
40 wileyonlinelibrary.com © 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Wei
contributed by the deposited NiCo 2 O 4  nano-
crystals. Figure  3 d shows an HRTEM image 
of the composite sample. Several nanocrystals 
are observed to sit on top of an object. These 
nanocrystals are with a size of 3–5 nm, con-
sistent with the observation of the HAADF 
image. The interlayer spacing of 0.31 nm 
agrees well with the  d -spacing of the normal 
spinel NiCo 2 O 4  in the [220] direction. The 
HAADF and HRTEM images, in addition 
to the XRD patterns, confi rm the successful 
incorporation of NiCo 2 O 4  into the CA matrix. 
Note that the observed samples are grinded 
products from monolithic NiCo 2 O 4 /CA com-
posites. Therefore, the images obtained from 
the HAADF detector or HRTEM show the 
inner microstructure of the composite instead 
of the surface microstructure of the mono-
lithic sample. From the information revealed 
in Figure  3 , it can be concluded that NiCo 2 O 4  
is successfully introduced into the CA matrix 
in a form of nanocrystals uniformly distrib-
uted on the backbone of the CA matrix. This 
is highly desirable for the fuller utilization of 
NiCo 2 O 4  for superfi cial redox reactions to generate capacitances 
since the thin nanostructure of NiCo 2 O 4  is well exposed to the 
electrolyte and the charge travel distance within the NiCo 2 O 4  
domain is short.  

 The capacitive characteristics of the NiCo 2 O 4 /CA composite 
are investigated with cyclic voltammetric measurements and 
constant current charging/discharging.  Figure    4  a shows the 
cyclic voltammogram (CV) of the NiCo 2 O 4 /CA composite at 
the 300 th  cycle with a scan rate of 25 mV s  − 1 , an electrolyte of 
1 M NaOH, and a potential window of  − 0.1–0.55 V vs. Ag/AgCl. 
Also included for comparison are the CVs of the CA and 
NiCo 2 O 4  aerogel. Here, each sample electrode is constructed 
with a 1  ×  1 cm 2  working area and the vertical axis of the plot 
is in area-based current density to give a direct comparison in 
total currents generated by the electrode. Evidently, the cur-
rents generated by the CA matrix are negligible as compared 
with those of the other two samples so that the contribution to 
the capacitances made by the CA matrix is safely neglected in 
the specifi c capacitance data reported here. It has been found 
that carbon aerogels performed poorly in terms of capacitance 
generations when the electrolyte is neutral [  7  ]  or moderately 
alkaline (e.g., 1.0 M NaOH used in the present work). Their 
capacitive performances however improve signifi cantly when 
highly alkaline (e.g., 5 M KOH) [  22,23  ]  or moderately acidic (e.g., 
0.5 M H 2 SO 4 ) electrolytes are used. The CA matrix here serves 
more like a highly porous extended substrate for the active 
material.  

 The CVs of the NiCo 2 O 4 /CA and NiCo 2 O 4  aerogel sam-
ples resemble each other as they should, but with the cur-
rents generated at the low potential region remaining fi nite 
for the NiCo 2 O 4 /CA sample, instead of close to zero for the 
NiCo 2 O 4  aerogel sample. This indicates a wider effective 
working potential window for the NiCo 2 O 4 /CA composite, 
probably resulting from the improvement in NiCo 2 O 4  utili-
zation and overall charge transport made possible by the use 
nheim Adv. Funct. Mater. 2012, 22, 5038–5043
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     Figure  4 .     a) Cyclic voltammograms of carbon aerogel, NiCo 2 O 4  aerogel, and NiCo 2 O 4 /carbon 
aerogel composite. b) Charging/discharging cycles of NiCo 2 O 4 /carbon aerogel composite. 
c) Cyclic voltammograms of NiCo 2 O 4 /carbon aerogel composites at cycles 100, 200, 300, 400, 
and 500. d) Cyclic stabilities of NiCo 2 O 4 /carbon aerogel composites at 500 and 1000 mV/s.  
of the CA matrix to accommodate NiCo 2 O 4 . Note that tran-
sition metal oxides offer not only pseudocapacitances gener-
ated from relevant Faradaic redox reactions but also electric 
double layer capacitances from their surfaces exposed to the 
electrolyte. The fl at portions observed at the lower potential 
region of the CV of the NiCo 2 O 4 /CA composite may be a 
combined effect of the two types of capacitances. This type of 
phenomenon is however not uncommon for transition metal 
oxides, for example, manganese oxide. [  7  ,  11  ,  12  ]  The linear depe-
nence of current density versus scan rate expected for both 
pseudocapacitances and electric double layer capacitances is 
checked satisfactory. [  24  ]  Because of this improvement in CV 
performance, a boost in specifi c capacitances for the NiCo 2 O 4 /
CA composite over that of the NiCo 2 O 4  aerogel is expected. In 
fact, the specifi c capacitance calculated from the present CV is 
1695 F g  − 1  for the NiCo 2 O 4 /CA composite based on a poten-
tial window of  − 0.05 to 0.5 V, almost 300 F g  − 1  higher than 
the maximum value of 1400 F g  − 1  achieved for the NiCo 2 O 4  
aerogel at the 500 th  cycle based on a potential window of 0.04–
0.52 V, [  4  ]  proving the advantage of using CA as the host tem-
plate for the active material, NiCo 2 O 4 . For ultrahigh specifi c 
capacitances, an improvement of 21% (from 1400 to 1695 F 
g  − 1 ) is considered signifi cant. 

 Figure  4 b shows the constant current charging/discharging 
plot of the NiCo 2 O 4 /CA composite at a current density of 
10 mA cm  − 2  in 1 M NaOH operated in the potential window of 
 − 0.1–0.5V. The charging and discharging curves are quite sym-
metric, implying good cycling effi ciency, defi ned as the ratio of 
the discharged energy to the charged energy at each charging/
discharging cycle. The cycling effi ciencies are maintained above 
90% for the fi rst 1000 cycles (data not shown). In addition, no 
appreciable internal electric resistances (IR drops) are observed 
© 2012 WILEY-VCH Verlag GmbH & Co. KGaA, WeinhAdv. Funct. Mater. 2012, 22, 5038–5043
from the curves, indicating the success in 
using the conductive carbon aerogel as the 
matrix and the thinness of the NiCo 2 O 4  
nanostructure deposited on the backbone 
of the CA matrix. The specifi c capacitances 
determined from the present constant cur-
rent charging/discharging plot reach a max-
imum of 1455 F g  − 1  at cycle 600, in reason-
able agreement with that computed from the 
CV data. It is to be stressed that the specifi c 
capacitance value depends on the constant 
current density imposed for the charging/dis-
charging plot just as the specifi c capacitance 
value varies with the scan rate used for the 
CV loops. Higher current densities or scan 
rates give lower specifi c capacitances because 
of the increasing dominance of the internal 
resistances. Reasonably high current densi-
ties or scan rates however should be used 
when reporting specifi c capacitance values in 
order to have results that are practically mean-
ingful. Here, we use the specifi c capacitance 
values obtained from the CV loops based on 
a scan rate of at least 25 mV s  − 1  for a practical 
and consistent comparison with previously 
reported data. 

 Figure  4 c shows the CV loops for cycles 

100, 200, 300, 400, and 500. The loop shape and enclosed areas 
remain roughly unchanged, an indication of excellent cycling 
stability. The specifi c capacitances increase from 1450, 1636, 
1695 to 1696 F g  − 1  with increasing cycle number from 100 
to 400, and then decrease slightly to 1659 F g  − 1  at cycle 500. 
Here, the initial increase in specifi c capacitances is caused 
by the so-called electrochemical activation phenomenon com-
monly encountered in electrochemical processes. [  25  ]  The volu-
metric capacitance corresponding to the maximum gravimetric 
capacitance of 1696 F g  − 1  is 110 F cm  − 3 , a reasonably high 
value for highly porous matrix based composite supercapac-
itor electrodes. [  12  ]  Figure  4 d shows the specifi c capacitances 
versus cycle number for the NiCo 2 O 4 /CA composite at high 
scan rates of 500 and 1000 mV s  − 1 . The specifi c capacitances 
are maintained at around 800 F g  − 1  even at the high scan rate 
of 500 mV s  − 1 , indicating the excellent high rate capability of 
the electrode. With a 20 fold increase in scan rate (from 25 to 
500 mV s  − 1 ), the specifi c capacitances drop only about 50% as 
compared with those obtained at 25 mV s  − 1 . Furthermore, the 
electrochemical activation phenomenon is again observed in 
the fi rst 1100 cycles, with the specifi c capacitance reaching a 
maximum of 873 F g  − 1 . The cycling stability is excellent, with 
the specifi c capacitance maintained at 852 F g  − 1  at cycle 2000, 
only a 2.4% drop from the maximum value. The specifi c caspac-
itances drop further to the level of around 400–500 F g  − 1  when 
the scan rate is increased to 1000 mV s  − 1 . At this extremely 
high scan rate, the cycling stability appears even better than 
that of the 500 mV s  − 1  case. In fact, the specifi c capacitances 
keep increasing to a value of 501 F g  − 1  at cycle 2000. This phe-
nomenon indicates that the electrochemical activation process 
continues to higher cycle numbers at higher scan rates, prob-
ably because there is less time available for the activation to 
5041wileyonlinelibrary.comeim
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penetrate into deeper active material domain and thus more 
cycles are needed to complete the activation, when operared at 
high scan rates.  

  3. Conclusions 

 An outstanding supercapacitor electrode material, NiCo 2 O 4 /
CA composite, is developed, exhibiting an ultrahigh specifi c 
capacitance of around 1700 F g  − 1  at a scan rate of 25 mV s  − 1  
and potential window size of 0.55 V. The success is attributed to 
the fuller utilization of NiCo 2 O 4  made possible by using highly 
conductive mesoporous carbon aerogels as the host matrix and 
the successful creation of an ultrathin NiCo 2 O 4  nanostructure 
on the backbone of the matrix through a two-step wet chem-
istry process.  

  4. Experimental Section 
  Preparation of Carbon Aerogels : Carbon aerogels are prepared with a 

condensation polymerization process using resorcinol and formaldehyde 
as the precursors. [  26  ,  27  ]  Briefl y, resorcinol (26.4 g, 98%, Acros) and 
sodium carbonate (0.035 g, 99%, Showa) are dissolved in de-ionized 
water (34.735 mL), and then added with formaldehyde (35 mL, 36.6 wt%, 
Cecho) to proceed with the polymerization. The reaction proceeds for 
90 min to form a transparent yellowish sol. The sol is let undisturbed for 
one day before placing it in an oven of 50  ° C for another day to form a 
dark brownish gel. The wet gel is aged for fi ve days in an oven of 80  ° C, 
followed by repeated immersion rinsing with absolute ethanol. The 
ethanol soaked product is dried with supercritical CO 2  (SAMDRI-795, 
Tousimis), and then carbonized in N 2  atmosphere at 1000  ° C for 10 h to 
afford the carbon aerogel. 

  Preparation of NiCo 2 O 4  Aerogels : For comparison purposes, NiCo 2 O 4  
aerogels are also prepared and characterized following the procedures 
reported previously. [  4  ]  Briefl y, NiCl 2  · 6H 2 O (0.78 mmole) and CoCl 2  · 6H 2 O 
(1.56 mmole) are fi rst dissolved in ethanol (2.5 mL), followed by 
addition of propylene oxide at a propylene oxide/metal ion molar ratio of 
11:1. The solution is stirred for 10 min, and then let still to gel at room 
temperature. The wet gel is then washed with ethanol several times and 
dried with a supercritical dryer. The dried aerogel is further calcined at 
200  ° C for 5 h for use. 

  Preparation of NiCo 2 O 4 /CA Composite Electrodes : To prepare the 
NiCo 2 O 4 /CA composite, the monolithic CA is immersed in ethanolic 
solution (2.5 mL) of CoCl 2 •6H 2 O (0.74 g, 95%, Showa) and NiCl 2  · 6H 2 O 
(0.37 g, 98%, Showa) for one day, followed by drying at 50  ° C for another 
day. The dried CA is then immersed in propylene oxide (99%, Acros) for 
four days to proceed with the necessary hydrolysis and polycondensation 
reactions for formation of NiCo 2 O 4  nanocrystals on the surfaces of 
the CA backbones. The product composite is obtained after rinsing 
with ethanol and drying with supercritical CO 2 . The dried product is 
further calcined at 200  ° C for 5 h for use. The content of NiCo 2 O 4  in 
the composite is determined to be 9.2 wt% by the weight difference 
before and after the NiCo 2 O 4  incorporation based on 2 grams of starting 
CA. The composite is grinded into fi ne powders and mixed with a solid 
binder, poly(vinylidene fl uoride), at a weight ratio of 10:1. The mixture 
is suspended in 1-methyl-2-pyrrolidone (50  μ L), a binder solvent, with 
ultrasound agitation for 1 h. The suspension is then drop-cast on a 
graphite substrate and dried at 80  ° C for 12 h to afford the NiCo 2 O 4 /CA 
composite electrode. The amount of NiCo 2 O 4  is controlled to be around 
0.23 mg and the working area of the electrode is set at 1  ×  1 cm 2 . 

  Characterizations : The XRD patterns of the samples are recorded with 
an X-ray powder diffractometer (CuK  α  , NEW D8 ADVANCE, Bruker). The 
samples are ground into fi ne powders for the measurements at a scan 
rate of 6 °  min  − 1 . The specifi c surface areas, pore volumes, and average 
2 wileyonlinelibrary.com © 2012 WILEY-VCH Verlag
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