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ABSTRACT: Foam-like porous carbons with specific surface area (SSA) up to 2340 m2/
g were synthesized using direct pyrolysis of sugar and zinc nitrate mixtures without any
hard templates. The role of the ZnO nanoparticles formed from the decomposition of zinc
nitrate, and the effects of high-temperature annealing on the formation of the high-SSA
carbon foams were systematically studied. Due to the facile and quick reaction conditions,
these carbon foams could be easily synthesized on a large scale. When used as
supercapacitor electrode materials, a specific capacitance up to 280 F/g was achieved at
current density of 0.1 A/g and remained as high as 207 F/g, even at a high current density
of 10 A/g.
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1. INTRODUCTION

Highly porous carbon foams have attracted much attention
recently for use in several applications as low-cost materials
with ultrahigh specific surface area (SSA) and facile synthesis,
especially for energy storage devices such as supercapacitors1,2

and batteries.3 Unlike carbon nanotubes or graphene, which
require strict chemical vapor deposition (CVD)4−7 conditions
or complicated chemical exfoliation processes,8,9 carbon foam
can be synthesized in large quantities simply by direct pyrolysis
of carbon precursors such as polymers10−12 or sugars.2,3,13

Using direct pyrolysis of sugar in the presence of inorganic
catalysts, the SSA of carbon foams is usually below 1000 m2/
g.2,13,14 However, with further activation, the SSA can reach as
high as 1500−3000 m2/g.3,14 For example, Wang et al.2 used
the decomposition of ammonium salt to generate gas bubbles,
which created a blowing effect on melted sugar to form carbon
with a strutted graphene structure and SSA of 1005 m2/g.
However, this reaction needed to be done at a relatively slow
heating rate (4 °C/min), making it time-consuming. By using
ZnO nanoparticles as template and etchant at high temper-
ature, Strubel et al.3 synthesized porous carbon foam with SSA
up to 3060 m2/g, which demonstrated very impressive
performance as an electrode in a lithium−sulfur battery.
Three-dimensional aperiodic hierarchical porous carbon was
also synthesized by carbonization of resin with Ni(OH)2 as
catalyst.15 However, these techniques required multiple steps to
synthesize the template or catalyst in advance of the carbon
foam synthesis.
Here, we report a facile one-pot synthesis technique without

presynthesis of any templates or catalyst that is able to achieve
porous carbon foam with SSA up to 2340 m2/g. Our approach

uses the direct pyrolysis of a sucrose and zinc nitrate mixture,
with extremely quick (∼5 min) reaction time and simple
postsynthesis treatment. In this method, the zinc nitrate
decomposes and generates gas to blow the melted sugar,
similar to the role of ammonium salt in Wang’s method.2 The
ZnO nanoparticles formed from the decomposition of zinc
nitrate can also serve as an etchant during high-temperature
annealing16 to further activate the carbon foam and create more
porosity just as in Strubel’s method.3 However, our technique is
not just the simple combination of the blowing effect from
Wang’s method and etching effect in Strubel’s method. In our
method, the nitrate could also act as an oxidizer to burn the
sugar. Meanwhile, the ZnO nanoparticles also act as frames to
prevent the collapse of the melted porous sugar during the
carbonization process. Both of these factors are critical and
make it possible for the reaction to be finished quickly in one
step within a few minutes, which, to the best of our knowledge,
has not been reported before. Moreover, this technique also
offers a way to quickly synthesize other metal or metal oxide/
porous carbon composites for multiple applications. In this
work, the role of ZnO and annealing temperature on the
structure and SSA of the carbon foam were systematically
studied. The materials were then evaluated as electrodes for
supercapacitors in aqueous electrolyte and showed specific
capacitances as high as 280 F/g at a current density of 0.1 A/g,
higher than activated carbons and nanocarbons such as carbon
nanotubes and graphene.
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2. EXPERIMENTAL DETAILS
2.1. Materials Synthesis. The sucrose and Zn(NO3)2·6H2O

(both from Alfa Aesar) were mixed with different weight ratios.
Typically, 1 g of sucrose and 2 g of Zn(NO3)2·6H2O (1g:2g; the same
naming rule applies for other ratios) were put in a 100 mL beaker and
slowly melted and mixed thoroughly to form a uniform viscous
mixture using a hot place at 120 °C. Then, the viscous mixture could
be quickly carbonized and form carbon foam in about 5 min at ∼180
°C on a hot plate or inside a box furnace. If using a hot plate, in order
to heat the precursors more uniformly, a heat gun is recommended to
heat the side of the beaker and make the entire mixture carbonized. If a
box furnace were used, the reaction would be more uniform because
the temperature is more uniform. Due to the formation of NO2 and
NOx gases, it is recommended to place the hot plate or box furnace in
a fume hood with good ventilation.
High-temperature annealing experiments were performed by

heating the as-prepared carbon foam at 1200 °C in tube furnace
under N2 gas flowing at 150 sccm for 2 h. For some samples, a graphite
furnace (GT Thermal Technologies, Inc., Model 1050CG) was used
to anneal the samples at up to 2300 °C for 2 h in Ar. In some samples
where the annealing temperature was not hot enough to reduce ZnO,
the ZnO was etched with HCl, followed by thorough washing with DI
water and drying.
2.2. Materials Characterization. Carbon foam samples were

characterized using scanning electron microscopy (SEM, Philips XL 30
at 10 kV), transmission electron microscopy (TEM, Phillips CM 200
at 200 kV), thermal gravimetric analysis (TGA, Setaram TG-DTA92),
Raman spectroscopy (532 nm, 50 mW excitation laser), and
Brunauer−Emmett−Teller (BET) surface area analysis (Micromer-
itics, Tristar II).
2.3. Electrochemical Measurement. The carbon foam powder

was put onto stainless steel discs (1.5 cm diameter) directly without
any binder or carbon black to make a ∼0.5 mg/cm2 electrode. For the
carbon foams annealed at 1200 °C, to improve the wetting with the
electrolyte, we mixed the carbon foam in a slurry with conducting
carbon black (10 wt %), polyvinylidene fluoride (PVdF, 10 wt %), and
N-methyl-2-pyrrolidone (NMP) and coated onto the stainless steel
discs as a film. Then, two identical electrodes were assembled into a
coin cell with Whatman filter paper as separator and 1 M H2SO4 as the
electrolyte. The coin cell was sealed with around 1200 psi of pressure.
A two-electrode setup was used to measure the performance of the
supercapacitors using cyclic voltammetry with a BioLogic VMP3
potentiostat from −0.5 to 0.5 V. The specific capacitance was
calculated from the galvanostatic charge−discharge curves using eq 117

= Δ ΔC I m V t4 /( / ) (1)

where I is the current used, m is the total mass of carbon foam for both
electrodes, and ΔV/Δt was calculated from the slope of the straight
part of discharge curve. Electrochemical impedance spectroscopy
(EIS) was conducted at open circuit voltage in the frequency range of
1 Hz to 100 kHz with a 5 mV AC amplitude.

3. RESULTS AND DISCUSSION

3.1. Synthesis of Porous Carbon Foam. The synthesis of
carbon foam could be achieved through the direct reaction of a
sucrose and zinc nitrate mixture in a few minutes (Video S1,
Supporting Information). Sucrose and zinc nitrate were first
slowly melted and mixed uniformly at a relatively low
temperature (∼120 °C; Figure 1a). The initiation of the
carbonization process was characterized by a color change in
the mixture to yellow (Figure 1b) corresponding to the
formation of NO2 from decomposition of Zn(NO3)2 when the
temperature was increased to ∼180 °C. The reaction then
proceeded according to the general process shown in eq 2,
where Zn(NO3)2·6H2O, a strong oxidizer, decomposed and
reacted with sucrose to generate gases (N2, NOx, CO2, etc.),

which acted to blow the melted viscous sugar and cause it to
swell (Figure 1b,c).
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Meanwhile, the sucrose would dehydrate and polymerize,
resulting in the mixture to change to a brown color (abruptly,
as shown in Video S1, Supporting Information) and form a
foam-like composite containing embedded ZnO nanoparticles
(Figure 1f). After the reaction was complete, the ZnO
nanoparticles could be removed using acid or through further
annealing at high temperatures. ZnO can be reduced by carbon
according to eq 3 at 900 °C,16 and then the resulting zinc can
evaporate, leaving the black colored porous carbon foam
behind (Figure 1e,f).

+ ⎯ →⎯⎯⎯⎯⎯⎯ − + +
> °

x xC ZnO ( 1)C Zn CO
900 C

(3)

TGA was used to further confirm the reactions. Heating a
carbon foam prepared from 1 g of sucrose and 2 g of
Zn(NO3)2·6H2O (1g:2g carbon foam) in either N2 or air
resulted in the weight loss and differential thermogravimetric
curves shown in Figure 2. The weight loss peak at around 250
°C for both samples corresponds to the decomposition of
residual Zn(NO3)2·6H2O. The sample started burning in air
and showed a weight loss peak at around 380 °C. For the
sample annealed in N2, the sugar kept carbonizing and showed
weight loss until 500 °C. Then, the weight decreased slowly
from 500 to 800 °C, which might be caused by the slow
reaction between carbon and the ZnO nanoparticles. The
weight loss peak around 900 °C should be from the
carbothermal reduction of ZnO16 as described by eq 3.

3.2. the Effect of Precursor Ratio on Morphology and
Specific Surface Area of Carbon Foam. Typical SEM
images of the carbon foams are show in Figure 3. We can see

Figure 1. Synthesis process and schematic illustration of carbon foam.
(a−e) Different stages of the synthesis process and (f) molecular
schematic illustration for the corresponding steps. (a) Starting mixture
of sucrose and zinc nitrate precursors (0.5 g of sucrose and 1 g of zinc
nitrate shown in the picture); (b and c) the precursors start reacting at
∼180 °C, with the zinc nitrate decomposing to ZnO and formation of
gases that cause the melted sucrose to blow into a foam-like structure;
(d) the carbon foam after further annealing at high temperature; and
(e) typical TEM image of carbon foam annealed at 1200 °C.
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clearly that by increasing the amount of Zn(NO3)2·6H2O in the
precursor, the carbon foam became more porous and had a
greater number of smaller pores. This could be from the
increased amount of gas (N2, NOx, CO2, etc.) generated from
the decomposition of Zn(NO3)2·6H2O and the carbonization
of sugar, which could form bubbles in the molten sugar, as seen
by the morphology of the carbon foam. Moreover, the
additional ZnO nanoparticles can also etch more carbon16

and form more pores at high temperatures.
To further study the effect of the sugar to Zn(NO3)2·6H2O

ratio on the SSA of carbon foam, we conducted N2
adsorption−desorption isotherms measurements on three
carbon foam samples with different precursor ratios. Calculated
from the curves shown in Figure 4a, the SSAs of the 1g:1g,

1g:2g, 1g:3g carbon foams annealed at 1200 °C for 2 h were
around 937, 1690, and 2340 m2/g, respectively, indicating that
the higher the amount of Zn(NO3)2·6H2O in the precursor
solution, the higher the SSA of the resulting carbon foam.
When plotting the SSA against R, where R is the mass of
Zn(NO3)2·6H2O (g) used to 1 g of sugar, there is a linear
relationship. Specifically, we can observe that the SSA increased
around 700 m2/g when the amount of Zn(NO3)2·6H2O
increased 1 g relative to the amount of sugar. Also, the y-
intercept, where R = 0, is around 252 m2/g, which corresponds
to the SSA of carbon foam derived from carbonization of pure
sucrose without any zinc nitrate, as reported in the literature.18

This further confirms the contribution of Zn(NO3)2·6H2O to
increasing the SSA of the carbon foams. As shown in Figure 4a,
the 1g:1g carbon foam had a type I isotherm with almost no
hysteresis, while the 1g:2g carbon foam starts to show a little
hysteresis but still kept the type I shape, indicating its
microporous structure. However, the 1g:3g carbon foam
showed a type IV isotherm with large hysteresis, which
indicates that it contains mesoporosity.19 The pore size
distributions calculated using density function theory
(DFT)20 also showed the pore size changes with increasing
Zn(NO3)2·6H2O in the precursor (Figure 4b). Specifically, the
pore size distributions in the 1g:1g carbon foam are mainly
between 2 and 3 nm, while the 1g:2g carbon foam starts having
some pore size between 10 and 100 nm. For the 1g:3g carbon
foam, however, the mesopores between 5 and 400 nm in size
become significant.
These features could be further explained by the TEM

images (Figure 5) of the as-made carbon foams that were
heated at 350 °C for 30 min. At this point, most of the sugar
was carbonized, but ZnO had not been reduced by carbon yet.
The carbon adopted a sheet-like morphology and the ZnO
nanoparticles could be found interdispersed within. The ZnO
nanoparticles in both the 1g:1g and 1g:2g carbon foam mainly
had two sizes. The smaller particles with around 5 nm in size
were found embedded in the carbon matrix surrounding the
bigger particles around 20 nm in size. In the 1g:1g carbon foam
(Figure 5a,b), the majority of the ZnO nanoparticles were
around 5 nm. However, the bigger particles became significant
in the 1g:2g carbon foam (Figure 5c,d). This explains why the
1g:1g carbon foam has a type I isotherm with almost no
hysteresis, while the isotherm of the 1g:2g carbon foam starts

Figure 2. TGA results for 1g:2g carbon foam annealed in (red) N2 and
burning in (blue) air.

Figure 3. SEM images of carbon foam after annealing at 1200 °C for 2
h made from different sugar to Zn(NO3)2·6H2O ratios: (a) 1g:1g, (b)
1g:2g, and (c)1g:3g.

Figure 4. (a) N2 adsorption−desorption isotherms of carbon foam made from different sugar to Zn(NO3)2·6H2O ratio and annealed at 1200 °C for
2 h; (inset) plots the SSA against the grams of Zn(NO3)2·6H2O used (R) with 1 g sugar in the precursor; and (b) corresponding pore size
distributions calculated using the DFT method.
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having the hysteresis feature. The ZnO nanoparticles in the
1g:3g carbon foam are mainly around 10 nm instead of
differentiating into two sizes. Moreover, the ZnO nanoparticles
are so crowded and interconnecting with each other that the
carbon phase no longer looks like a matrix (Figure 5e,f). The
aggregation of ZnO nanoparticles makes the 1g:3g carbon foam
mesoporous and have a type IV isotherm.
3.3. The Role of ZnO on the Specific Surface Area of

Carbon Foam. To study the contribution of ZnO to the SSA
at high temperature, we characterized three 1g:2g carbon foam
samples treated with different annealing conditions with N2
adsorption−desorption isotherms. Specifically, after synthesis,
all three samples were heated at 600 °C for 2 h, where most of
the carbon source changed to carbon but had not reacted with
ZnO nanoparticles. For samples S1 and S2, the ZnO was
removed with HCl and washed with deionized (DI) water
thoroughly. Sample S1 had no further treatment, while S2 was
further annealed at 1200 °C. Sample S3 was annealed at 1200
°C directly without removing ZnO beforehand with HCl. Based
on the N2 adsorption−desorption isotherms (Figure 6a), the
SSAs of S1 and S2 were 1211 and 1268 m2/g, respectively,
indicating that further annealing at 1200 °C did not change the

SSA much once the ZnO was removed. However, the SSA of
S3 was 1674 m2/g, around 400 m2/g more than that of S1 and
S2, revealing that the presence of ZnO can lead to higher SSA
after annealing at 1200 °C due to the ability of ZnO to etch
carbon. The pore size distribution also reveals that from S1 to
S2, further annealing at 1200 °C did not have much change on
the amount of micropores but caused a small increase in the
mesopore volume. However, the etching effect caused by ZnO
nanoparticles at high temperatures makes the differential pore
volume peak increase by about one-third in the micropore
region.

3.4. The Effect of Annealing on the Specific Surface
Area of Carbon Foam. For porous carbon materials, since the
annealing temperatures can significantly change the pore
volume, bond structures, and surface functional groups, they
have a great influence on both the SSA21−23 and carbon
electronic conductivity,22−26 which are two critical factors for
carbon materials in many applications, especially as electrode
materials. For this reason, we systematically studied the effect of
annealing temperatures on the structure of carbon foam so that
good conductivity in the carbon foam could be achieved by
annealing the samples at higher temperatures, while still
keeping the SSA relatively high. According to the N2
adsorption−desorption isotherms of 1g:2g carbon foams
shown in Figure 7a, when the temperature was increased
from 1200 to 1500 °C, the SSA remained almost the same and
then started to decrease from 1690 to 1265 m2/g when the
temperature was further increased to 1800 °C. For the sample
annealed at 2300 °C, the SSA had only 62 m2/g remaining.
To understand this decrease in SSA after high-temperature

annealing, we used TEM to study the structural changes in the
carbon foam. As shown in the TEM images in Figure 8, when
the annealing temperature increased, the carbon foam started to
crystallize, and its surface became smoother. For the sample
annealed at 1200 °C, the surface of the carbon foam sheet was
very rough (Figure 8a), while the structure was mostly
amorphous, with only one to two layers of graphitic structure
(Figure 8b). When the samples were annealed at 1800 °C
(Figure 8c,d) and 2300 °C (Figure 8e,f), the surfaces of the
foam sheets became smoother, and the structures became more
crystalline. The sample annealed at 1800 °C had two to three
graphitic layers, while the one annealed at 2300 °C had three or

Figure 5. TEM images at different magnifications of carbon foams
made from different sugar to Zn(NO3)2·6H2O ratios and carbonized at
350 °C for 30 min: (a and b) 1g:1g, (c and d) 1g:2g, and (e and f)
1g:3g.

Figure 6. (a) N2 adsorption−desorption isotherms of 1g:2g carbon foam treated with different conditions. Sample S1 was annealed at 600 °C for 2 h
and then treated with HCl to remove ZnO; sample S2 was made from S1 by further annealing at 1200 °C for 2 h; and sample S3 was annealed at 600
°C for 2 h and then further annealed at 1200 °C for 2 h without removing ZnO with HCl. (b) Corresponding pore size distributions calculated using
the DFT method.
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more layers. These results indicate that the crystallization
process may cause the coalescence or closing of the small pores
and lead to the decrease of SSA, which also changes the pore
size distribution (Figure 7b). According to Figure 7b, the pores
in the microporous region shifted to larger size when the
annealing temperatures increased from 1200 to 1800 °C, while
the volume of pores in the mesoporous region became higher.
When the temperature further reached 2300 °C, the volume of
the smallest pores in the microporous region became negligible.
The Raman data shown in Figure 9 also confirm that the

carbon foam started to crystallize above 1500 °C, because the
2D band at ∼2680 cm−1 relating to the stacking order of the
graphitic structure along the c axis27 became more significant
for samples annealed at 1800 and 2300 °C. Moreover, both the
D band at ∼1360 cm−1 attributed to defect and disorder28 and
the G band at ∼1590 cm−1 corresponding to the sp2 carbon
network27,29 became sharper as the annealing temperature
increased, which means the high temperature annealing made
the carbon more graphitic. Meanwhile, the curvature of the
graphitic sheets might introduce more defects, which is
consistent with the TEM result (Figure 8 d,f).
3.5. Electrochemical Performance of the Carbon

Foams As Supercapacitor Electrodes. To evaluate the
electrochemical performance of the carbon foams as the
surpercapacitor electrodes, we conducted a two-electrode

setup in coin cells in 1 M H2SO4 electrolyte. For the batch
of carbon foams used for the supercapacitor test, the as-made
1g:3g carbon foams were annealed at 600 °C for 5 h under N2
atmosphere (designated as 1g:3g 600 °C). Then the ZnO was
etched with HCl, followed by washing with DI water and
drying at 300 °C. The 1g:3g 700 or 800 °C carbon foams were
obtained from the 600 °C foams by further annealing at 700 or
800 °C for 1 h, respectively.
Figure 10a shows the typical cyclic voltammetry (CV) curves

of supercapacitors made from 1g:3g 600 °C and Figure 10b
shows the galvanostatic charge/discharge curves taken at
different current densities. Similar galvanostatic tests were
performed on samples with different precursor ratios and
annealing temperatures. The specific capacitances of the
samples treated with different conditions are shown in Figure
10c−f determined by fitting the slope of the linear part of the
discharge curve. The specific capacitance was as high as 280 F/
g for the 1g:3g 600 °C carbon foam at a current density of 0.1
A/g, with 207 F/g still remaining even when the current
density increased to 10 A/g (Figure 10c).
The other combinations of precursor ratio and annealing

temperature showed lower specific capacitances. When the post
treatment temperature was held constant (e.g., 600 °C), the
specific capacitance increased with the ratio of Zn(NO3)2·
6H2O in the precursor mixture (Figure 10f), as expected

Figure 7. (a) N2 adsorption−desorption isotherms of the 1g:2g carbon foam annealed at different temperatures: (green) 1200 °C, 2 h; (blue) 1500
°C, 2 h; (red) 1800 °C, 2 h; and (violet) 2300 °C, 2 h. (b) Corresponding pore size distributions calculated using the DFT method.

Figure 8. TEM images of carbon foam: (a and b) 1:2 CF annealed at
1200 °C for 2 h, (c and d) 1:2 CF annealed at 1800 °C for 2 h, and (e
and f) 1:2 CF annealed at 2300 °C for 2 h.

Figure 9. Raman spectra of 1g:2g carbon foam annealed with different
temperatures: (green) 1200 °C, 2h; (blue) 1500 °C, 2h; (red) 1800
°C, 2h; and (violet) 2400 °C, 2h. The asterisk (*) denotes N2
adsorbed from the air during the spectrum acquisition.
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because the SSA increased with the ratio of Zn(NO3)2·6H2O.
Calculated from the N2 adsorption−desorption isotherms
shown in Figure S1a (Supporting Information), the SSAs for
1g:1g, 1g:2g, and 1g:3g carbon foams annealed at 600 °C were
788, 1069, and 1731 m2/g, respectively. Although the SSAs
were lower than those of corresponding carbon foams annealed
at 1200 °C with ZnO nanoparticles, the shape of the N2
adsorption−desorption isotherms and the pore size distribution
curves were similar to those shown in Figure 4.
According to previous studies, the annealing temperature has

an influence on the carbon surface functional groups, especially
oxygenated groups,22−26,30 which directly relate to the
wettability of the carbon surface with the electrolyte. With
the removal of oxygenated surface groups at higher temper-
atures, the carbon is expected to have less wettability with the
aqueous electrolyte. The annealing temperature also affects the
carbon conductivity dramatically, especially in the range of

600−800 °C,22−25 where the conductivity can increase 1 order
of magnitude or more. This change could also be seen from the
EIS measurement in Figure 11. In the Nyquist plots, the
intercept with the real axis at high frequency represents the
ohmic resistance, including the resistance of the electrode
materials, electrolyte, and the contact resistance. The ohmic
resistance was similar for all of the different samples. Among
each batch of carbon foam prepared with the same precursor
ratio, the charge transfer resistance Rct, represented by the
semicircle regions, decreased when the annealing temperature
increased, especially from 600 to 700 °C. Specifically, the 1g:3g
carbon foams (Figure 11a) have much larger resistance than the
1g:1g (Figure 11c) and 1g:2g (Figure 11d) carbon foams at
different temperatures. Figure 11b compares the Nyquist plots
for the carbon foams with different precursor ratios annealed at
600 °C. Because the 1g:3g carbon foams are more porous and
have more large pores (Figure S1b, Supporting Information),

Figure 10. Performance of supercapacitors with carbon foams electrodes in 1 M H2SO4 aqueous electrolyte. (a) CV curves obtained at different scan
rates for supercapacitors made from 1g:3g 600 °C carbon foam. (b) Galvanostatic charge/discharge curves of supercapacitors made from 1g:3g 600
°C carbon foam at different current densities. The specific capacitances of supercapacitors made from (c) 1g:3g, (d) 1g:2g, and (e) 1g:1g carbon
foams treated with different temperatures at different current densities. (f) Specific capacitances of supercapacitors made from 1g:3g, 1g:2g, and
1g:1g carbon foams annealed at 600 °C at different current densities.
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the contact resistance between the carbon foam particles is
more significant than that of the less porous 1g:2g and 1g:1g
carbon foams. The difference in the pore structure as a result of
the three carbon foam precursor ratios also causes the change
of carbon conductivity to have a different influence on the
capacitance performance when combined with other factors, as
we discuss below. Considering that these two factors can affect
the capacitance properties of the carbon, the performance of
the supercapacitors made from all three types of carbon foams
treated with three different temperatures (600, 700, and 800
°C) was studied and shown in Figure 10c−e.
As Figure 10c shows, the specific capacitances of the 1g:3g

carbon foams kept decreasing when the annealing temperature
increased from 600 to 800 °C, despite the fact that the carbon
conductivity has increased (Figure 11a). Because the ultrahigh
SSA (1731 m2/g, Figure S1a, Supporting Information) and
mesoporous structure (Figure S1b, Supporting Information)
indicate a high contact area with the electrolyte, this shows that
temperature-dependent changes on the interfacial properties of
the carbon foam (e.g., wettability) outweigh the effect of
changes on the carbon conductivity. However, for both 1g:1g
and 1g:2g carbon foams, because the SSAs are much lower than
that of 1g:3g carbon foam and the pores are mainly micropores,
the maximum specific capacitance obtained at 700 °C should be
due to the significant increase of the carbon conductivity22−25

(Figure 11c,d) and the increase in the pore sizes (Figures 6b
and 7b). The specific capacitances started decreasing at 800 °C
(Figure 10d,e), even though the conductivity was slightly better
than that of the carbon foam annealed at 700 °C (Figure
11c,d). This could be due to the surface dewetting from to the
loss of the oxygenated goups.22,24,25 A similar phenomenon

showing a dependence of the specific capacitance on the
annealing temperature was also reported on other porous
carbons recently.1

The supercapacitor made with 1g:2g 700 °C carbon foam
was used to study the cycle performance. The capacitance
retention remained at 100% (Figure S2, Supporting Informa-
tion) after 10 000 charge/discharge cycles at a current density
of 10 A/g, which demonstrates very good long-term stability.
To further study the influence of the wettability of the carbon

foam surface on the specific capacitance, a 1g:2g carbon foam
annealed at 1200 °C with ZnO nanoparticles for 2 h was used
to test the performance as supercapacitor electrodes. Due to the
etching effect of ZnO nanoparticles at high temperature, the
SSA was as high as 1690 m2/g (Figure 7a), much higher than
that of 1g:2g 600 °C carbon foam, 1069 m2/g (Figure S1a,
Supporting Information). Moreover, the carbon conductivity
also improved a lot, as seen by the rectangular shape of the CV
curves (Figure S3a, Supporting Information). However, due to
the bad wettability, the capacitance was not as good as
expected. The specific capacitance was only around 125 F/g at
a 50 mV/s scan rate, while the one for the 1g:2g 600 °C carbon
foam was as high as around 175 F/g at same scan rate (Figure
S3b, Supporting Information). The results reveal that in
aqueous electrolyte, the wettability could be the dominant
factor on the performance of the carbon foam-based super-
capacitors.
From these results, we see that the carbon foams can act as

high-capacitance supercapacitor electrodes, with a specific
capacitance as high as 280 F/g at a current density of 0.1 A/
g, which is higher than most values reported for carbon
nanotubes (50−100 F/g),31 graphene (100−250 F/g),32,33 and

Figure 11. EIS measurement of supercapacitors made of different carbon foams annealed with different temperatures: (a) 1g:3g carbon foams, (b)
carbon foams with different precursor ratio annealed at 600 °C, (c) 1g:1g and (d) 1g:2g carbon foams; (c and d, insets) magnified view of the high-
frequency region.
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activated carbon (100−200 F/g).10,31,34 The carbon foam
performance is comparable with the recently demonstrated
three-dimensional strutted graphene (250 F/g, at 0.5 A/g),2

KOH activated porous carbon nanosheets (300 F/g, at 0.5 A/
g),35 and even nitrogen doped KOH activated porous carbon
(300 F/g, at 0.1 A/g).36 However, the synthesis method used
to achieve our highly porous carbon foam is simple and does
not require doping or presynthesized templates or particles.

4. CONCLUSIONS
In summary, we have developed a facile one-pot technique able
to fabricate foam-like porous carbon without presynthesizing
any hard templates or precursors. By simply adjusting the ratio
of sugar to Zn(NO3)2·6H2O, the carbon foams with different
SSAs and pore size distribution can be easily achieved at a large
scale. Due to the unique roles that ZnO nanoparticles act
during the synthesis and post annealing stages, a high SSA up to
2340 m2/g is obtained. The excellent electrochemical perform-
ance of the carbon foam makes it very promising for potential
applications as electrode materials in the energy storage field.
Moreover, the unique properties and the scalable synthesis
make these novel carbon foams suitable for many other
applications, such as sorbents and catalyst supports.
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