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Abstract  

Flexible supercapacitors, which can sustain large deformations while maintaining 

normal functions and reliability, are playing an increasingly important role in portable 

electronics. Here we report the preparation of a three-dimensional α-Fe2O3/carbon nanotube 

(CNT@Fe2O3) sponge electrode with a porous hierarchical structure, consisting of a 

compressible, conductive CNT network, coated with a layer of Fe2O3 nanohorns. The specific 

capacitance of these hybrid sponges has been significantly improved to above 300 F/g, while 

the equivalent series resistance remains at about 1.5 Ω. The highly deformed CNT@Fe2O3 

sponge retains more than 90 % of the original specific capacitance under a compressive strain 

of 70% (corresponding to a volume reduction of 70%). The hybrid sponge still works stably 

and sustains similar specific capacitance as initial value even after 1000 compression cycles 

at a strain of 50%. The outstanding properties of this hybrid sponge make it a highly 

promising candidate for flexible energy devices. 
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1. Introduction 

Recent advances in foldable, compressible, and stretchable electronics have promoted 

increasing demand for lightweight, and flexible high-performance power sources that can 

sustain large deformations while maintaining normal functions and reliability.
1-4 

As for 

energy storage devices, electrochemical supercapacitors store energy through double-layers 

capacitance and pseudocapacitance, providing a high power density and modest energy 

density system.
1, 5

 Experimental results suggest that the electrode material plays a key role in 

the development of high performance supercapacitors.
6-7

 Among various supercapacitor 

electrode materials, carbon based nanomaterials (such as carbon nanotubes (CNTs), and 

graphene), which typically store energy through an electric double-layer effect at the 

electrode/electrolyte interface, have received extensive attention owing to their high specific 

surface area, excellent electrical conductivity, and environmental friendliness.
8-11

 However, 

the relatively low specific capacitance (or energy density) is far from satisfaction. Therefore, 

it is highly desirable to explore new electrode materials.  

Pseudocapacitive materials (including transition-metal oxides and electrically 

conducting polymers) with higher energy density have been hybridized with carbon materials 

to improve the performance of electrode materials. For example, the specific capacitance of 

CNT increased about 2-11 times when grafted with RuO2 (6.7 times), MnO2 (7.7 times), 

V2O5 (6.4 times), Co4O3 (2.2 times), or PPy( 10.7 times).
12-16

 Among these oxides, iron 

oxides are considered as particularly promising electrode materials because of their variable 

oxidation states, natural abundance, low cost, low toxicity, and high theoretical capacity.
17-23

 

Different electrode composites have been constructed form carbon based materials and iron 
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oxides, such as nanocomposite of goethite nanorods and reduced graphene oxide, 

graphite-like C3N4 hybridized α-Fe2O3 hollow microspheres, 2D sandwich-like 

graphene-supported Fe3O4, and graphene/Fe2O3 hydrogels.
24-27

 Typically, these materials are 

in powder form and have a specific capacitance of 100~250 F/g. 
17-23

 When used in 

supercapacitors, these active materials are mixed with conductive additives and binders on a 

metal current collector to form the electrode. However, electrodes assembled using these 

methods rarely display good mechanical properties, which are necessary for flexible 

electrodes. Recently reports on new types of freestanding carbon-based 3D architectures such 

as aerogels, foams, and sponges have revealed further improved mechanical properties of the 

electrodes.
1,3,28-30

 However, there has been limited progress in developing flexible 

supercapacitors.  

Here we report an effective approach to fabricate a porous electrode, in which carbon 

nanotube sponge was uniformly coated with α-Fe2O3 nanohorns (CNT@Fe2O3), and 

demonstrate the application of the hybrid sponge as a highly compressible supercapacitor 

electrode. The pseudocapacitive material (α-Fe2O3) was directly deposited into the 3D porous 

sponge by low-temperature hydrothermal synthesis, while protecting the original 

interconnected CNT network and high conductivity. Furthermore, the monolithic material can 

directly act as the current collector, leading to a lighter weight and higher energy density than 

the 3D carbon powder nanostructures. Furthermore, the CNT@Fe2O3 sponges maintain stable 

electrochemical characteristics under high compression, which confirms their potential use as 

flexible electrodes.  
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2. Experimental  

2.1 Fabrication of CNT @α-Fe2O3 sponges 

CNT sponges were synthesized by CVD, as reported by our group previously.
31

 To 

fabricate the α-Fe2O3/CNT composite, the as-grown CNT sponges were cut into rectangular 

blocks (about 8 ×6 ×3 mm
3
) and exposed to UV for 1 hour. The obtained sponge blocks were 

immersed into 30 mL FeCl3 ethanol/aqueous precursor solution with a concentration in the 

range 0.01-1.0 M ( the volume rate of ethanol and aqueous was 1:1). The mixture was sealed 

in a 50 mL Telfon-lined autoclave and hydrothermally treated at 100°C for 2 h. Then, the 

CNT@FeOOH sponges were taken out, washed repeatedly with deionized water, and 

freeze-dried. At last, the composite was annealed in air by an atmospheric pressure tubular 

furnace to obtain α-Fe2O3/CNT sponges. The annealed temperature and time were 300℃ and 

3 hours. The heating rate was set as 10°C min
-1

. 

 

2.2 Characterization 

Scanning electron microscopy (SEM, S-4800), transmission electron microscopy (TEM, 

JEM-2010HR), and an X-ray diffraction (XRD) (Empyrean) were used to characterize the 

morphology and structure of sample. Raman spectra were performed on a high resolution 

confocal Raman spectrometer (LabRAM HR) with a 633 nm laser. X-ray photoelectron 

spectroscopy (XPS) was recorded using an ESCALAB 250Xi spectrometer. 

Thermogravimetric analysis (TGA) was conducted on a simultaneous thermal analyzer 

coupled with Fourier transform infrared spectrometry (STA449F3) from 20 to 800℃ in air 

atmosphere at a heating rate of 20℃/min. Mechanical tests were carried out by an electronic 
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universal testing machine (Instron 5943) equipped with two flat-surface compression stages. 

 

2.3 Electrochemical measurement 

All the electrochemical experiments were carried out in 2 M KCl aqueous electrolyte at 

room temperature using Zahner electrochemical station. Cyclic voltammetry (CV), 

galvanostatic charge/discharge, and electrochemical impedance spectroscopy (EIS) were 

measured in a standard three-electrode system with platinum wire and saturated Ag/AgCl 

electrode as the counter and reference electrode. The sponge clamped by two polymeric 

blocks (twisted around by platinum wire) was used as working electrode. The CV curves 

were measured under different scan rates of 5-300 mV/s between -1 and 0 V. EIS 

measurements were carried out in the frequency range from 100 kHz to 0.1 Hz at open circuit 

potential with an ac perturbation of 5 mV. The specific capacitance of the supercapacitor was 

calculated from the CV curves according to the following equation:  

Vm

VdI
Cs






 

where I is the response current (A), V is the potential vs Ag/AgCl, m is the mass of electrode 

(g), ν is the potential scan rate (mV/s), ΔV is the potential range (V). 

 

3. Results and Discussion 

Our strategy is to deposit uniform and porous Fe2O3 nanoparticles within the CNT 

sponge, while maintaining its original 3D network and mechanical stability, as illustrated in 

Fig. 1(a). First, the CNT sponge was immersed in precursor FeCl3 solution to deposit FeOOH 
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nanospindles on the surface of the CNT by a low temperature hydrothermal process, resulting 

in a hierarchical CNT@FeOOH sponge. Prior to this growth, the CNT sponges were treated 

with UV/O3 to increase their hydrophilicity. The CNTs contain many oxygen-containing 

groups and other carbon hexagonal ring after the UV treatment.
32, 33

 These groups on CNTs 

can act as anchoring sites or nucleation sites for the growth of FeOOH.
34

 As a result, the 

FeOOH nanoparticles spontaneously grow and uniformly assemble on the entire surface of 

each nanotube. Subsequently, the CNT@FeOOH sponge was annealed in air to convert it to 

CNT@Fe2O3 sponge, as verified by the thermogravimetric analysis of CNT@FeOOH (Fig. 

S1). The resulting CNT@Fe2O3 sponge maintained the porosity and flexibility of the original 

CNT sponges. It can be compressed to large strains and recovered to its initial shape. These 

characteristics are favorable for flexible supercapacitor application.  

We have characterized the morphology of CNT and CNT@Fe2O3 sponges by SEM and 

TEM. The as-grown CNT sponge (inset of Fig. 1b) exhibits a well-defined interconnected 3D 

porous network (Fig. 1b). This porous structure is favorable for depositing pseudocapacitive 

materials by hydrothermal processes or in-situ polymerization, as the precursor solution could 

easily infiltrate into the inner portion of the sponge through the pores. 
13, 16, 35

 After deposition 

of FeOOH, the CNTs among the entire inner of sponge were uniformly decorated with 

nanospindles with a length of around 20-30 nm and diameter of 10 nm (Fig. 1c). The 

morphology of FeOOH is very sensitive to growth environment. It tends to form spindle-like 

shape in acid solution; however, rod-like FeOOH is the dominant shape in neutral solution.
36

 

Here, spindle-like FeOOH is more easily formed in ethanol/aqueous precursor solution (with 

a pH of 1.32-1.62). By careful annealing in air, the FeOOH nanospindles were converted to 
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Fe2O3 nanohorns (Fig. 1d). Because the CNTs form a stable skeleton, the CNT composite 

maintained its overall structure during the phase transformation of FeOOH (inset of Fig. 1d). 

TEM images reveal that the Fe2O3 nanoparticles become porous but the size and shape 

exhibit nearly no changes after annealing (Fig. 1e and 1f). Thermal dehydroxylation of 

FeOOH takes place during the annealing process while the morphology keeps the same in the 

conversion. The formation of the hollow structure is due to the volume reduction from the 

transformation of β-FeOOH with a low density of 3 g/cm
3
 to denser α-Fe2O3 with a density of 

5.3 g/cm
3
.
37

 Fe2O3 nanoparticles and CNT also show strong adhesive force. Fe2O3 

nanoparticles were still adhered to CNTs, even after ultrasonic for 10 minutes. 

More structural and phase characterizations of the CNT@Fe2O3 were investigated by 

X-ray diffraction (XRD) (Fig. 2a). The XRD pattern of the CNT@FeOOH corresponds well 

to that of β-FeOOH (JCPDS 42-1315) (Fig. 2a). After annealing, all diffraction peaks of the 

XRD pattern can be indexed to rhombohedral hematite structure (α-Fe2O3, JCPDF 33-0664), 

signifying the successful conversion of β-FeOOH to α-Fe2O3 during annealing. With a closer 

examination of its chemical composition, we carried out Raman and the X-ray photoelectron 

spectroscopy (XPS) analysis. The Raman spectrum of the CNT@Fe2O3 nanocomposite 

shows several characteristic peaks at 214, 273, 388, 478 and 584 cm
-1

 from α- Fe2O3, whereas 

the D and G peaks resulting from CNT were also observed (Fig. 2b). Furthermore, the XPS 

survey spectrum (Fig. 2c) demonstrates the coexistence of Fe, O, and C in the nanocomposite. 

In high-resolution XPS spectra of Fe2p region (insert in Fig. 2d), two obvious peaks at 710.2 

and 723.9 eV are observed and corrspond to the Fe2p3/2 and Fe2p1/2 spin-orbit of Fe2O3. In 

addition to these two peaks, a satellite peak is observed at 719.3 eV, which is consistent with 
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the characterization of Fe
3+

.
27, 38

 TGA measurement carried out in air was used to determine 

the loading amount of Fe2O3 in the CNT@Fe2O3 sponge. As shown in Fig. 2d, the TGA 

curves display a significant loss of mass at approximately 550 °C and a constant weight 

above 650 °C. The major weight loss from 550 to 650 °C resulted from the combustion of 

CNT. For the CNT sponge, the mass percent of the residue is about 18.0 %. This residue is 

attributed to the catalyst in the CNT during synthesis.
32

 The content of Fe2O3 in CNT@Fe2O3 

sponge was calculated to be 28.8, 47.0 and 72.0 wt. % for the samples grown at 0.01, 0.1 and 

1.0 mol/L FeCl3 solution, respectively.  

During the assembly of FeOOH on the CNT sponge, the electrostatic adsorption of Fe
3+

 

ions to oxygen-containing groups on CNTs and further hydrolysis, olation/oxolation may be 

responsible for the heterogeneous nucleation, growth of FeOOH nanospindles, and adhesion  

on the CNT network, as reported by Lou.
34

 The Fe2O3 nanoparticles loading (18.0-72.0 wt. %) 

relative to the CNT mass and the morphology of Fe2O3 can be readily tuned by varying the 

initial concentration of FeCl3 in solution and the hydrolysis period. The loading amount of 

Fe2O3 in the composite increased with the increasing concentration of the precursor, as can be 

seen from the TGA curves and SEM images (Fig. 2d and Fig. S2). However, when the 

concentration of FeCl3 solution exceeded 0.1 mol/L or the hydrolysis period exceeded 4 

hours, the Fe2O3 nanoparticles could agglomerate (Fig. S2 and Fig. S3).  

To evaluate the supercapacitor performance of as-prepared CNT@Fe2O3 sponges, CV, 

galvanostatic charge/discharge, and EIS measurements were performed in a three-electrode 

configuration. Fig. 3a shows the CV curves collected at different scan rates from 5 to 300 

mV/s in the voltage window of -1 to 0 V vs. Ag/AgCl (for use as negative electrodes in 
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aqueous electrochemical capacitors). The nearly mirror-image current response upon voltage 

reversal indicates good reversibility behavior of our nanocomposite electrode. The slight 

distortion of the rectangular shape manifests pseudocapacitive behavior of Fe2O3, which 

might arise from a reversible Fe
3+

/Fe
2+

 couple.
39, 40

 The specific capacitance calculated from 

the CV curves (Fig. 3a) is 296.3 F/g at a scan rate of 5 mV/s, which is much larger than those 

of the CNT sponge and Fe2O3. Cycling stability of the CNT@Fe2O3 electrode was 

investigated at a scan rate of 100 mV/s for 1000 cycles (Fig. 3b). There was a certain degree 

of degradation in the current density and specific capacitance after the first 200 charge and 

discharge cycles (maintaining about 80% of the initial value), similar to Fe2O3 composites 

reported previously.
 17, 19, 21 

After 1000 charge and discharge cycles, it still maintained more 

than 60% of the initial specific capacitance. Galvanostatic charge/discharge analyses were 

performed in the potential range of -1 to 0 V at different current densities between 1 and 20 

A/g (Fig. S4). It shows symmetrical triangle curves revealing good reversibility of the 

CNT@Fe2O3 sponge electrode. Additionally, negligible voltage drop (IR drop) can be seen 

from the curves, indicating a very low internal resistance, which is important for energy 

strorage electrodes. 

    Fig. 3c compares the CV of the original CNT sponge and CNT@Fe2O3 sponges at the 

same scan rate of 100 mV/s. The CNT@Fe2O3 sponges are prepared at different 

concentrations of FeCl3 solution (0.01, 0.1 and 1.0 mol/L). The CV curves of the original 

CNT sponge exhibits a typical nearly rectangular shape, suggesting fast reversible Faradic 

reactions and electrical double-layer capacitor behavior.
28

 Two small redox peaks were also 

observed at -0.5V. Considering the oxygen-containing groups originating from the UV/O3 

Page 10 of 24Journal of Materials Chemistry A

Jo
ur

na
lo

fM
at

er
ia

ls
C

he
m

is
tr

y
A

A
cc

ep
te

d
M

an
us

cr
ip

t



11 

 

irradiation, we suppose that an oxidation or reduction reaction has taken place during the CV 

scan. In comparison, the Fe2O3 decoration leads to higher current density and enlarged area 

enclosed by the CV curve, which obviously demonstrates the pseudocapacitance of Fe2O3 

nanospindles. Fig. 3d is a summary plot of specific capacitance at different CV scan rates. 

The highest specific capacitance is about 296.3 F/g obtained for the CNT@Fe2O3 sponge 

(grown at a concentration of 0.1 mol/L) at a scan rate of 5 mV/s, compared with the CNT 

sponge (80.2 F/g) and the CNT@Fe2O3 grown at 0.01 mol/L (177.3 F/g) and 1.0 mol/L 

(264.6 F/g). The higher specific capacitance of the CNT@Fe2O3 sponges results from the 

combination of the electric double-layer capacitance of the porous CNT network and the 

pseudocapacitance of Fe2O3. When more active material (Fe2O3) is anchored to the CNT 

surface, the faradic current of the supercapacitor electrode becomes stronger. At low growth 

concentration (lower than 0.1 mol/L), the capacitance of the samples increased almost 

linearly (inset of Fig. 3d). However, increasing of the Fe2O3 loading does not lead to a 

continued improvement in specific capacitance due to the increase in the overall weight and a 

decrease in homogeneous distribution of the nanoparticles. We can clearly observe a larger 

crystal size of the Fe2O3 (80-100 nm for 1.0 mol/L sample), and aggregation of the nanohorns. 

This may directly leads to a decrease of specific surface area, as well as the electronic and the 

ionic charge separation rate at the electrode-electrolyte interfaces, which can explain the 

inferior specific capacitance of the 1.0 mol/L sample compared with the 0.1 mol/L sample. 

From galvanostatic charge/discharge measurements (Fig. 3e), the CNT@Fe2O3 sponges have 

a longer charging and discharging time than the pristine sponge, illustrating their larger 

capacitance, which corroborates the result from the CV curve. Fig. 3f shows the Nyquist plots 
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of the EIS spectra for different samples. All spectra show a semicircle in the high frequency 

range and a straight sloping line in the low frequency range. The equivalent series resistance 

(Rs), read at the intercept of the semicircle on the Z’ axis at high frequency, are approximately 

equal for all samples (~1.5 Ω). Additionally, the diameter of the semicircle represents the 

charge-transfer resistance (Rct) for the electrode. The Rct of CNT@Fe2O3 sponges is about 2.0 

Ω, a little higher than that of original CNT sponge (1.1 Ω) and much lower than that of Fe2O3 

(10 Ω),
41

 demonstrating good combination of the CNT and Fe2O3. The four straight lines at 

the low frequency range exhibiting a similar slope (nearly vertical) suggest good capacitive 

behavior without diffusion limitation. 

Besides the improvement of specific capacitance by doping with Fe2O3, the 

CNT@Fe2O3 sponges still maintain their flexibility and recover under large degree 

compression (inset of Fig. 4d). Five CNT@Fe2O3 sponges (fabricated at the same conditions) 

were measured in the original state and compressive state with a strain of 10%, 30%, 50% 

and 70%, respectively. At the same scan rate of 5 mV/s, the sponges showed similar CV 

curves and specific capacitance under the different compressions (Fig. 4a). The highly 

deformed sponge electrode retained above 90% of the original specific capacitance even up 

to 70% reduction of its volume. A similar conclusion is conveyed without distinct change at 

different strain via the galvanostatic charge/discharge results (Fig. 4b). The equivalent series 

resistance (Rs) of the electrode stayed the same regardless of the increasing strain, while the 

charge-transfer resistance (Rct) gets moderately bigger from 1.9 to 2.8 Ω as the strain 

increases from 0 to 70% (Fig. 4c). For the CNT@Fe2O3 sponge, the CNT network acts as a 

reinforced skeleton and provides the main mechanical strength. Even with intensive volume 
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reduction, the 3D CNTs can maintain an open porous structure to allow electrolyte infiltration, 

which is important for ion diffusion and minimizing capacity loss.
28

 After 1000 cycles of 

compression under 50% strain, the CNT@Fe2O3 sponge shows similar CV curves (Fig. 4d) 

and Nyquist plot (Fig. S5) compared with the original state at a scan rate of 5 mV/s. At high 

scan rate (100 mV/s), it also shows the same characters (Fig. S6). Stress-strain curves reveal 

that the CNT@Fe2O3 sponge can recover most of its volume during the unloading stage with 

negligible plastic deformation (Fig. S7). This indicates that the hybrid sponge can work as a 

stable compressible electrode and sustain repeated deformation for many compression cycles. 

To further understand the materials stability, which is directly related to electrochemical 

cyclic stability, morphology and structure analysis was conducted on the sample after a 1000 

cycles test at a scan rate of 1000 mV/s. From the typical SEM images showed in Fig. 5a and 

5b, one can see that the rice-like Fe2O3 nanohorns have changed into spherical particles, and 

that the primary particles are slightly aggregated and have grown to 30 nm in size; this is 

because of the formation of a solid electrolyte interphase layer.
42, 43

 Similar aggregation of 

Fe2O3 nanoparticles in electrochemical reactions has also been observed by Lu etc.
19

 

Meanwhile, the similar Raman spectrum (Fig. 5c) and similar binding energy (Fig. 5d) and 

XRD (Fig. S8) indicate that the crystalline structure of α-Fe2O3 did not change. The 

spheroidizing and aggregation of the Fe2O3 could lead to a decrease of the specific surface 

area of the active materials and an increase of the ion diffusion distance, resulting in the 

attenuation of capacitor during electrochemical cycle.  

 

4. Conclusion 
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A freestanding three-dimensional composite based on a CNT sponge and grafted Fe2O3 

crystals is constructed. As a pseudocapacitive material, Fe2O3 involves a relatively rapid and 

reversible redox reaction during the charge/discharge process, which remarkably improves 

the capacitance of sponge electrode. The electric double-layer capacitance and 

pseudocapacitance jointly account for the high specific capacitance of the as-prepared 

CNT@Fe2O3 sponge. Furthermore, the significant compressibility and robustness arising 

from the CNTs sponge skeleton protect the hybrid material from performance degradation 

under large strain for many cycles. It is believed that the rationally designed composite 

material can afford a better overall performance in light-weight and flexible energy devices. 
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Fig. 1 Fabrication and morphology characterization of the CNT and CNT/Fe2O3 sponges. (a) 

illustration of the fabrication of the CNT@Fe2O3 sponge. (b) SEM image of the as-grown 

CNT sponge. Inset shows a sponge with the size of 11×10×3 mm. (c) TEM image of 

CNT@FeOOH showing uniform assembled FeOOH nanospindles on the surface of CNT. (d) 

SEM image of the CNT@Fe2O3 sponge. Inset shows a CNT@Fe2O3 sponge block. (e) and (f) 

TEM images of CNT@Fe2O3 showing hollow structure of rice-like Fe2O3 nanohorns.  
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Fig. 2 Structural characterization of CNT and CNT@Fe2O3 sponges. (a) XRD patterns of 

CNT@Fe2O3, CNT@FeOOH and CNT sponges. (b) Raman spectra of CNT@Fe2O3 and 

CNT sponges. (c) XPS full spectrum of the CNT@Fe2O3 sponge showing three signals form 

Fe, O, and C elements. Inset is the high-resolution XPS spectra of Fe2p. (d) TGA analysis of 

the CNT sponge and three CNT@Fe2O3 sponges grown at different FeCl3 precursor 

concentration. 
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Fig. 3 Supercapacitor application of CNT@Fe2O3 sponges. (a) CV curves of CNT@Fe2O3 

sponge at different scan rates from 5 to 300 mV/s. (b) The cycling performance of 

CNT@Fe2O3 sponge at a scan rate of 100 mV/s. Inset shows CV curves of the 1
th

, 10
th

, 100
th

, 

and 1,000
th

 cycles. (c) CV curves of the CNT sponge and three CNT@Fe2O3 sponges grown 

at different FeCl3 precursor concentration (0.01, 0.1 and 1.0 mol/L). (d) Calculated specific 

capacitances of the CNT sponge and three CNT@Fe2O3 sponges at different scan rates. Inset 

shows the specific capacitance of different samples at a scan rate of 5 mV/s. (e) Galvanostatic 

charge/discharge curves for the four samples. (f) Nyquist plot from electrochemical 

impedance test for different samples. 
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Fig. 4 Supercapacitor performance of the CNT@Fe2O3 under compression. (a) CV curves of 

CNT@Fe2O3 sponge under different compressed condition (ε=0%, 10%, 30%, 50% and 70%) 

at 5 mV/s. Inset shows the specific capacitance of the samples under different compressive 

strain at a scan rate of 5 mV/s. (b) Corresponding galvanostatic charge/discharge curves of 

CNT@Fe2O3 sponge under different compressive strain at a current of 1A/g. (c) Nyquist plot 

from electrochemical impedance test for different states. (d) CV cures of CNT@Fe2O3 

sponge recorded before and after 1,000 compression cycles (ε= 50%) at 5 mV/s. Inset show 

pictures of the CNT@Fe2O3 sponge at original and pressed state. 
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Fig. 5 Characterization of CNT@Fe2O3 sponges after electrochemical test. The 

electrochemical tests were conducted by CV at a scan rate of 100 mV/s. (a) SEM image of 

CNT@Fe2O3 in the initial state before the CV scan. (b) SEM image of CNT@Fe2O3 after 

1000 cycles of the CV scan, showing spheroidizing and slight aggregation of the 

nanoparticles. (c) Raman spectra of CNT@Fe2O3 before and after the CV scan. (d) XPS 

spectra of CNT@Fe2O3 sponge before and after the CV scan. 
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The porous, flexible and compressible CNT@Fe2O3 sponges show high specific capacitance (> 300 

F/g).    
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