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Abstract Nanostructured Fe2O3–graphene composite was
successfully fabricated through a facile solution-based route
under mild hydrothermal conditions. Well-crystalline Fe2O3

nanoparticles with 30–60 nm in size are highly encapsulated
in graphene nanosheet matrix, as demonstrated by various
characterization techniques. As electrode materials for
supercapacitors, the as-obtained Fe2O3–graphene nanocom-
posite exhibits large specific capacitance (151.8 F g−1 at
1 A g−1), good rate capability (120 F g−1 at 6 A g−1), and
excellent cyclability. The significantly enhanced electro-
chemical performance compared with pure graphene and
Fe2O3 nanoparticles may be attributed to the positive syn-
ergetic effect between Fe2O3 and graphene. In virtue of their
superior electrochemical performance, they will be promis-
ing electrode materials for high-performance supercapaci-
tors applications.
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Introduction

Energy storage and conversion is one of the most important
issues in the twenty-first century [1, 2]. In this context, the
research and development of new, low-cost, and environ-
mental friendly energy storage system have received para-
mount currently attention. Supercapacitors (also called
electrochemical capacitors or ultracapacitors), as one of the
most promising electrochemical energy storage systems, are
rapidly gaining momentum, particularly in the field of por-
table electronic devices, electric vehicles, and hybrid electric
vehicles due to their high power density and long cycle life
compared with secondary batteries and their higher energy
density compared with electrostatic and electrolytic capaci-
tors [3–7]. Generally, supercapacitors can be simply classi-
fied as electric double-layer capacitors (EDLCs) and
pseudocapacitors depending on the nature of charge storage
mechanism [3]. The charge storage mechanism in EDLCs is
through electrostatic forces based on electrical double layers
formed at the interface between an electrode and electrolyte
[8]. EDLCs using carbon-based materials usually have high
power density but suffer from low energy density [3, 9]. In
contrast, charge storage mechanism in pseudocapacitors is
raising from fast Faradaic redox reactions between the elec-
trolyte and the electrode [3, 10]. The specific capacitance
values based on fast Faradaic redox reactions are usually
many times greater than that of the EDLCs therefore the
key point for the development of high-performance
supercapacitors [3, 11].

Electrode materials for redox pseudocapacitors are typi-
cally conductive polymers or transition metal oxides. Al-
though conductive polymers have large specific values, the
degradation of the conducting polymer material as a result
of swelling and shrinkage of electroactive polymers during
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cycling limited their applications significantly [12]. Ruthe-
nium oxide (RuO2) has a good pseudocapacitance (as high
as 720 F g–1) and high electronic conductivity but its toxic
nature and high cost limit its commercial applications great-
ly [13]. Therefore, numerous studies have been carried out
to find new materials with superior capacitive behavior but
much cheaper. In this regard, transition metal oxides such
as, manganese oxides, nickel oxides, and cobalt oxides are
intensively investigated as potential materials for electro-
chemical capacitors [14–20]. Although these classes of met-
al oxides are well-established for electrochemical energy-
storage applications, exploration of alternative electrode
material with a combination of low cost and improved
performances is particularly interesting. Iron oxides have
been considered as one of the most promising pseudocapa-
citor electrode materials with respect to both its specific
capacitance and cost effectiveness [21]. For example,
Fe3O4 and γ-Fe2O3 exhibit good pseudocapacitor behavior
in alkaline electrolyte with the capacitances of 5–500 F g−1

depending on the electrolyte, cell–design, structure, and
morphology. However, the high-rate charge–discharge per-
formance and cycle stability are not satisfied because of
their poor electrical conductivity and metastability [22,
23]. Recent studies show that hematite (α-Fe2O3) nano-
structures can be used as electrode materials for supercapa-
citors. For instance, nanostructured iron oxides (α-Fe2O3)
film was electrodeposited anodically onto nickel substrate
for ECs has been developed by Wu and co-workers [24].
They found that the electrochemical capacitive performance
of the film depends on morphologies. Recently, we devel-
oped a morphological–conserved route for the synthesis of
mesoporous α-Fe2O3 nanostructures with controllable
shapes for supercapacitors applications [25]. The mesopo-
rous multi-layered nanosheets have the maximum specific
capacitance value of 116.25 F g−1 at 0.75 A g−1 and the
specific capacitance drops to 86.25 F g−1 after 1,000 con-
tinuous charge–discharge cycles. Very recently, Huang and
co-worker successfully fabricated highly ordered α-Fe2O3

nanotube arrays through anodization method on iron foils
for supercapacitors [26]. The as-prepared α-Fe2O3 nanotube
arrays exhibit high specific capacitance value of 138 F g−1 at
1.3 A g−1. Strikingly, the unique nanostructures of the α-
Fe2O3 nanotube arrays also present remarkable rate capabil-
ity (91 F g−1 at 12.8 A g−1) and good cycling stability (the
capacitance retention close to 89% after 500 cycles). The
superior electrochemical performance of mesoporous nano-
structures and nanotube arrays can be attributed to its large
specific surface areas for electrolyte accessibility, shorter
pathway for rapid ion diffusion, and more active sites for
fast Faradaic redox reactions. Nevertheless, the synthesis of
these novel structures is rather complex and difficult to
control. Another option that can improve the electrochemi-
cal performance is to combine α-Fe2O3 with other

components with good conductivity to facilitate the electron
transfer between the active materials and the current collec-
tor. For example, Long and co-workers described a simple
electroless deposition of conformal nanoscale iron oxide on
carbon nanofoams for ECs [27]. The resulting FeOx–carbon
nanofoams can deliver specific capacitance value of 84 and
300 F g−1 when normalized to the content of FeOx. In
addition, the as-obtained FeOx–carbon nanofoams have
good capacity retention (capacitance fading <20% over
1,000 consecutive cycles) by the addition of borate to buffer
the Li2SO4 electrolyte to suppress the electrochemical dis-
solution of the FeOx. Despite this success, there still remains
much interest in exploring simpler and versatile synthetic
route for the synthesis of α-Fe2O3-based composites with
enhanced electrochemical performance.

Graphene, a unique single-layer of carbon atoms tightly
packed into a two–dimensional honeycomb sp2 carbon lat-
tice, has attracted tremendous attention in energy storage
devices as a result of its huge specific surface area, good
chemical stability, and remarkable electrical conductivity
[28–31]. Such merits suggest that graphene sheets can be
used as matrices for hosting active nanomaterials to improve
their electrochemical performance results from the synergis-
tic effects of their components [31–35]. For example, Ruoff
and co-workers demonstrated, for the first time, that reduced
graphene oxide–Fe2O3 composites can be used as the excel-
lent anode material for Li-ion batteries [32]. The reduced
graphene oxide–Fe2O3 composites exhibit large specific
capacity, good cycling performance and rate capability be-
cause of the positive synergistic effect of reduced graphene
oxide and Fe2O3. Dai and co-workers reported a novel
solution-based route for the synthesis of Ni(OH)2–graphene
composites for electrochemical pseudocapacitors with po-
tentially high energy densities, extraordinary power densi-
ties, and long cycle life[33]. Enlightened by these pioneer
works, it is believed that the nanostructured Fe2O3–gra-
phene composite will be a promising candidate for high-
performance supercapacitors. However, to our best knowl-
edge, employing Fe2O3–graphene composites as electrode
materials for supercapacitors have not been reported. Here-
in, we demonstrate the successful preparation of Fe2O3–
graphene composites via a facile one-step solution-based
route under mild conditions. Significantly, the resulting
Fe2O3–graphene composites exhibit good pseudocapacitive
behavior in terms of highly specific capacitance, good rate
capability, and excellent cyclability.

Experimental section

All chemical reagents (analytical grade) were used as re-
ceived without further purification. Deionized water was
used throughout.
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Preparation of GO Graphite oxide (GO) was synthesized
from pristine graphite powder based on a modified Hummers
method [34] (Fig. S1 in the Electronic Supplementary Material
(ESM)). Then, 20 mg of GO and 40 mL of water were ultra-
sonicated in a beaker for 90 min in order to fully exfoliate the
graphite oxide to GO sheets. Finally, a homogeneous GO
aqueous dispersion (0.5 mg mL–1) was obtained.

Preparation of Fe2O3–graphene nanocomposites In a typi-
cal procedure, an aqueous solution (10 mL) of FeCl3·6H2O
(0.6 mmol) was added into an aqueous suspension of GO
(40 mL). After continuous stirring for 2 h, 10 mL of NaOH
(1.2 mmol) aqueous solution was added dropwise into the
above mixture. Finally, the mixture was sealed in a Teflon-
lined stainless steel autoclave for hydrothermal reaction at
180 °C for 12 h. The final product was washed several time
with water and ethanol, and then dried at 80 °C for 12 h. For
comparison, Fe2O3 particles and graphene were also pre-
pared in the same conditions but without the presence of GO
or FeCl3.

Characterizations and electrochemical tests. The phase
structure of the products was measured by powder X-ray
diffraction (XRD) experiments on a RigaKu D/max–RB
diffractometer with Ni-filtered graphite–monochromatized
CuKα radiation (λ01.54056 Å). The morphology and mi-
crostructure of the products were characterized using a
transmission electron microscope (TEM; FEI, Tecnai 30)
with an accelerating voltage of 300 kV and a field-
emission scanning electron microscope (FESEM; JEOL
JSM-6701F). Fourier transform infrared (FTIR) spectra are
recorded on IFS 66v/s FTIR spectrophotometer from 4,000
to 400 cm−1 at room temperature using KBr pellet tech-
nique. X-ray photoelectron spectrometer (XPS; X-ray
monochromatisation, Thermon Scientific) was carried out
with Al Kα as the excitation source; the binding energies
obtained in the XPS analysis were calibrated against the C
1 s peak at 285.0 eV. The specific surface area was estimated
by the Brunauer–Emmet–Teller method based on nitrogen
absorption–desorption (Micromeritics ASAP 2020). Ther-
mogravimetric (TG)–differential scanning calorimetric
(DSC) analysis of the cobalt oxalate precursor was per-
formed on a Netzsch STA 449 F3 thermogravimetric ana-
lyzer (Germany). The TG and DSC curves were recorded in
a dynamic atmosphere at a heating rate of 10 °C min−1 in the
temperature range of 30–800 °C.

The working electrodes were prepared by mixing the
electroactive material (80 wt.%), acetylene black (15 wt.
%), and poly(tetrafluoroethylene) (5 wt.%) binders in etha-
nol to form a homogeneous slurry, which was then pressed
onto a nickel grid (about 1×1 cm2) and dried at 60 °C
overnight. The electrochemical measurements were done
in a three-electrode cell with Pt foil (1×1 cm2) as the counter
electrode and a saturated calomel electrode (SCE) as the

reference electrode. The mass of active materials in working
electrode was 6 mg. The used electrolyte was 2 M aqueous
KOH solution. Cyclic voltammetry (CV) tests were done
between −0.85 and 0 V (vs. SCE) at different scan rates. The
long-term galvanostatic charge–discharge was evaluated
with a LAND CT2001A multichannel galvanostat in the
potential range of −0.85–0 V (vs. SCE) at a current density
of 2 A g−1. CV and chronopotentiometry tests were
employed on an electrochemical workstation (CHI 660B,
Chenhua, Shanghai). Before electrochemical tests, the
working electrodes were aged for 12 h to ensure good
soakage of the electroactive material in the electrolyte [35].

Results and discussion

GO are highly negatively charged result from numerous
oxygen-containing functional groups attached to the surface
and edge of carbon sheets [28]. They readily exfoliated in
water to yield a stable dispersions consisting mostly of
single-layer sheets, which are referred to as graphene oxide
sheets [36] (Fig. S2 in the ESM). The positive charged Fe
ions will adsorb onto the surface of graphene oxide nano-
sheets by strong electrostatic interactions [28, 31, 37–39].
After continuous stirring, almost all of the Fe ions will
adsorb onto GO surface to form Fe ions–GO mixtures.
NaOH was used as the precipitant to conversion of Fe
ions–GO into Fe(OH)3–GO. The Fe(OH)3 particles pro-
duced anchor onto the surfaces of the GO sheets through
oxygen-containing functional groups, such as carboxyl, hy-
droxyl, and epoxy [28, 32, 38]. Under hydrothermal con-
ditions, Fe(OH)3 decomposes to Fe2O3 while GO is
converted into graphene via dehydration and dehydroxyla-
tion [28, 32]. Finally, Fe2O3–graphene composites formed
after hydrothermal treatment.

The as-prepared Fe2O3–graphene composites were first
characterized by X-ray diffraction to identify its structure
and the diffraction pattern is presented in Fig. 1. All peaks
could be readily indexed as a pure rhombohedral phase of
α-Fe2O3 (hematite, space group: R3c) with lattice constants
a05.03 Å and c013.67 Å, which are consistent with the
values given in the standard card (JCPDS no. 33-0664). No
other crystalline phases were observed, which suggests the
high purity of the as-prepared product. Moreover, the XRD
diffraction peaks are relatively broad, indicating that the
crystals constituting the products are of small sizes. More-
over, no stacking peak of graphene sheets is detected, sug-
gesting that the graphene sheets are highly disordered
stacking with a low degree of graphitization [32, 37]. These
results indicate that the as-obtained composite consists of
disorderedly stacked graphene and well-crystallized Fe2O3

nanoparticles. Comparing with bare Fe2O3, the weakening
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of the diffraction intensity for Fe2O3–graphene composites
probably result from the GO surface interacts strongly with
the coated species, providing pinning forces to the small
particles to hinder diffusion and recrystallization [40]. For
quantifying the amount of graphene in the Fe2O3–graphene
composites, thermogravimetric analysis was carried out in air.
As can be seen from Fig. S3, the Fe2O3–graphene composites
show a rapid mass loss between 350 and 450 °C with an
exothermal peak in the DSC curve. The weight loss of this
step is about 17.45%, indicating that the amount of graphene
in the Fe2O3–graphene composite is about 17.45%. The pres-
ence of graphene and Fe2O3 nanoparticles in the composites
was also confirmed by FTIR spectroscopy analysis. For GO,
the bands at 1,071, 1,230, 1,380, and 1,734 cm−1 (Fig. 2a),
which correspond to C–O stretching vibrations, C–OH

stretching peak, C–O–H deformation peak, and C–O stretch-
ing of COOH groups, respectively [28]. Compared with GO,
two new peaks located at 558 and 461 cm−1 should be the
stretching vibration of Fe–O [41]. This values shift to higher
wavenumbers compared with that of 540 and 455 cm−l

reported for the stretching mode of Fe–O in bulk [42]. More-
over, all of these absorption peaks related to oxidized groups
decreased significantly in the FTIR spectrum of Fe2O3–gra-
phene composites, indicating the reduction of GO and resto-
ration of the conjugated aromatic system [28, 38]. In addition,
a new absorption band that appears at 1,575 cm−1 corresponds
to the aromatic skeletal of C0C stretching vibration of the
graphene sheets further confirm the reduction of GO. The
chemical bonding states in the product were further provided
by XPS measurements, as shown in Fig. 3. The Fe 2p XPS
spectra of the sample exhibit two peaks at 724.6 and 711.2 eV,
corresponding to the Fe 2p1/2 and Fe 2p3/2 spin–orbit peaks
of Fe2O3 (Fig. 3b). Moreover, a satellite peak at 718.9 eV
(indicated by a circle), which is the characteristic of Fe2O3

[32]. The peak at 530.3 eV in the O 1 s spectra corre-
sponds to the oxygen species in the metal oxide (Fig. 3c).
Another peak at 532.1 eV indicates the presence of residual
oxygen–containing groups (such as C–O–C and –COOH)
bonded with C atoms in graphene [37]. Compared with C
1 s of GO (Fig. S4 in the ESM), the intensities of all of the
C1s peaks of the carbons binding to oxygen and the peak
of sp3 carbon, especially the peak of C–O (epoxy and
alkoxy), decreased dramatically revealing that most of the
oxygen containing functional groups are successfully
removed and the conjugated graphene networks are par-
tially restored.

In order to investigate the surface area of the as-prepared
Fe2O3–graphene composites, N2 adsorption/desorption iso-
therms were carried out, as shown in Fig. 4a. According to
the IUPAC classification, the isotherm can be classified as
type IV with H3 type hysteresis behavior with an evident
hysteresis loop. In particular, when the relative pressure (P/P0)
is higher than 0.9, a steep increase appears, indicating the
presence ofmacropores. For pure Fe2O3 nanoparticles, a small
step of N2 adsorption and desorption branches occurs at
the relative high pressure (P/P0), indicating the pores
mainly comes from the voids among the nanoparticles
(Fig. 4b). The specific surface area of Fe2O3–graphene is
121.35 m2 g−1, which is larger than pure Fe2O3 NPs
(24.55 m2 g−1). The large specific surface areas will
undoubtedly shorten the ion diffusion paths and enhance
the utilization of active materials, which can contribute
to an improved pseudocapacitive performance.

Figure 5a and b are the low and high magnification TEM
images of the as-obtained Fe2O3–graphene nanocomposites
(also see Fig. S5 in the ESM). As can be seen in Fig. 5a, a
sheet-like shape of graphene with a size larger than 2 μm is
uniformly deposited with numerous nanoparticles. From the

Fig. 1 XRDpatterns of the Fe2O3 nanoparticles (a) and Fe2O3–graphene
nanocomposites (b)

Fig. 2 FTIR spectrum of the GO (a) and Fe2O3–graphene nano-
composites (b)
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high magnification TEM image (Fig. 5b), it can be seen
clearly that the Fe2O3 with a size of 30–60 nm are homo-
geneously deposited on the thin graphene layers. Graphene
sheets show wrinkled or crumpled thin paper-like structure
with a lot of folds at the edge. High-resolution TEM
(HRTEM) image (Fig. 5c) clearly demonstrates that the
well-crystallized and single-crystalline nature of Fe2O3

nanoparticles in the Fe2O3–graphene composite. The lattice
fringes with a distance of 0.252 nm were clearly observed in
the Fig. 5c, which can be indexed as the (1 1 0) plane of α-
Fe2O3. The chemical composition of the obtained Fe2O3–
graphene nanocomposites was also determined by energy-
dispersive X-ray spectroscopy (EDX) analysis attached to
the TEM (Fig. 5d). The result shows the presence of Fe, O,
C, and Cu peaks, the signals of Cu element originated from
the supporting TEM grid during the measurement. Based on
the above analysis, it is unambiguously demonstrated that
Fe2O3 nanoparticles have been successfully attached onto

Fig. 3 XPS spectra of Fe2O3–graphene nanocomposites a wide scan, b Fe 2p, c C 1 s, and d O 1 s spectra of the Fe2O3–graphene nanocomposites

Fig. 4 N2 adsorption–desorption isotherms of Fe2O3–graphene nano-
composites (a) and Fe2O3 nanoparticles (b)
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the surfaces of graphene sheets. It is worthwhile to note that
the interaction between nanoparticles and graphene sheets is
quite strong, which cannot be destroyed even after a long

time of ultrasound irradiation. The intimate contact between
the Fe2O3 nanoparticles and graphene sheets enables fast
electronic and ionic transport through the active materials to
charge collector and thus improve the electrochemical per-
formance [32, 37]. Moreover, Fe2O3 nanoparticles on the
surface of graphene sheets can act as spacers to efficiently
prevent the aggregation of the nanoparticles as well as the
restacking of graphene sheets, avoiding/weakening the loss
of their high active surface area [37]. FESEM images of the
pure Fe2O3 obtained at the same reaction conditions are
shown in Fig. S6. The as-prepared Fe2O3 nanoparticles are
20–100 nm in size agglomerated severely into several
micrometers. Figure S7 shows the FESEM image of the
as-synthesized graphene. It is evident that pure graphene
has some wrinkles and folds but not transparent suggesting
graphene nanosheets restack each other greatly during the
hydrothermal reduction process, which is consistent with the
XRD result (Fig. S7 in the ESM).

CV and galvanostatic charge–discharge measurements
were examined in a half-cell configuration with three-
electrode mode to evaluate the electrochemical properties of
the Fe2O3–graphene composites. Figure 6a shows the repre-
sentative CV curves of the Fe2O3–graphene composites at
different scan rates in 2 M KOH electrolyte with a potential
window between –0.85 and 0 V (vs. SCE). The rectangular
and symmetric with two couple well-defined redox reaction
peaks in CV curves indicated the combination of both double-

Fig. 5 Typical TEM images of the as-obtained Fe2O3–graphene nano-
composites a lower magnification and b higher magnification, cHRTEM
image, and d EDX spectrum

Fig. 6 Cyclic voltammograms
of the Fe2O3–graphene
electrode at the scan rate from 5
to 15 mV s–1 (a) and b charge–
discharge curves of the Fe2O3–
graphene electrode at different
current densities at the potential
range of −0 85 to 0 V in 2 M
KOH aqueous electrolyte, c plot
of specific capacitance as a
function of current density, and
d capacitance retention of the
Fe2O3–graphene electrode as a
function of cycle number The
inserts show the charge–
discharge profiles of the first six
charge–discharge cycles at the
current density of 2 A g–1 with
the voltage window from −0 85
to 0 V
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layer capacitive from graphene and pseudocapacitive behavior
from Fe2O3. The pseudocapacitance is rising from the reaction
between Fe3+ and electrolyte, which are mainly governed by
the intercalation and deintercalation of K+ species within can
intercalate into the interlayer, the tunnels, and the holes in the
crystal structure [25, 43]. The peak current increases with
increasing scan rate from 5 to 15 mV s−1 but the shape of
the CV changed slightly indicating a small equivalent series
resistance and weak polarization of the electrodes [44]. Fur-
thermore, the almost linear (quasi-linear) relationship of the
plot of peak current versus the square root of scan rate (Fig. S8
in the ESM), indicating a fast electron transfer rate during the
electrochemical reaction, and thus the electrode process is
rather a diffusion controlled than a kinetic one.

The charge–discharge behavior of the as-prepared
Fe2O3–graphene electrode was evaluated by galvanostatic
charge–discharge cycling at different current densities in
KOH solution (2 M) with the potential ranges between
−0.85 and 0 V (vs. SCE). Pure graphene and Fe2O3 nano-
particles prepared by the same procedure under the same
electrochemical conditions were also studied for comparison
(Fig. S9 in the ESM). Obviously, Fe2O3–graphene electrode
shows a longer charge–discharge time under the same gal-
vanostatic charge–discharge process, implying a larger ca-
pacitance than pure graphene and Fe2O3 nanoparticles.
Moreover, the charging curves are somewhat mirror-
symmetrical to their discharging counterparts indicating
the Fe2O3–graphene electrode has high electrochemical re-
versibility and excellent capacitive characteristics [35]. The
specific capacitances were calculated from the galvanostatic
discharge curves using the equation: C 0 It/(ΔVm), where I
is the current applied, t is the total discharge time, ΔV is the
potential drop during discharging, and m is the mass of the
sample on one electrode. On the basis of this equation, the
specific capacitance values of Fe2O3–graphene composite,
pure graphene and Fe2O3 nanoparticles can thus be calculated
from the discharge curves to be 141.2, 54.1, and 18.2 F g−1,
respectively. It is worth to note that the background capaci-
tance of nickel foam (including acetylene black) was negligi-
ble (Fig. S9 in the ESM), suggesting that the capacitance
mainly from Fe2O3–graphene composite. Importantly, the
Fe2O3–graphene composite exhibits excellent rate capability.
Figure 6b shows representative charge–discharge profiles of
the Fe2O3–graphene electrode at various current densities. A
specific capacitance of 151.8 F g−1 can be achieved at 1 A g−1

and 120 F g−1 at 6 A g−1. When the current density further
increased to 16 A g−1, the specific capacitance can still remain
at a high level of 94 F g−1 with a good retention above 62%
(Fig. 6c). The super high-rate charge–discharge capability
implying that the unique structure can sustain the rapid trans-
port of electrolyte ions and electron throughout the electrode
and ensure the highly efficient of utilization of pseudo and
double-layer capacitance [32, 37, 45].

The electrochemical stability of the Fe2O3–graphene elec-
trode is investigated by chronopotentiometry measurement in
the range of −0.85–0 V at 2 A g−1 in 2 M KOH aqueous
solution. As shown in Fig. 6d, the specific capacitance only
decreases by 14% of the initial capacitance after 1,000 cycles,
revealing the excellent electrochemical stability of the Fe2O3–
graphene electrode. To the best of our knowledge, this is the
best report for the cycle stability of Fe2O3-based electrode.
Previous studies employing Li2SO4 as electrolyte but the
acidity of the lithium sulfate electrolyte is expected to promote
reductive dissolution of the Fe2O3 when cycled to progres-
sively negative potentials, with the formation of soluble Fe2+

species inevitably lead to capacitance loss [27]. In this work,
KOH used as electrolyte instead of Li2SO4 because of the K

+

has a similar hydration ions radius with Li+ and Fe2O3 also has
a good stability in alkaline electrolyte than in acidic environ-
ments. More importantly, the residual functional groups at-
tached to graphene nanosheets are more chemically active in
alkali electrolytes where redox reactions occurred, which will
contribute to the total pseudocapacitance [46]. The excellent
pseudocapacitive performance of the Fe2O3–graphene com-
posite electrode is probably attributed to the positive syner-
gistic effects between the Fe2O3 and graphene. First, the
incorporation of Fe2O3 nanoparticles into graphene cannot
only inhibit the stacking/agglomerating of graphene nano-
sheets but also reduce the aggregation of the nanoparticles
made the nearly every Fe2O3 nanoparticle accessible to the
electronic and ionic transport pathways resulting in high dou-
ble–layer capacitance, and importantly, enhancing the utiliza-
tion of active materials [28]. Second, the large distance
between neighboring graphene nanosheets provide enough
void spaces to buffer volume change during the redox reac-
tion, and endow good electrical contact with the nanoparticles
upon cycling [32, 37]. Third, the unique structure can facilitate
the diffusion and migration of the electrolyte ions that can
increase the specific capacitance value and improve the high-
rate charge–discharge performance [38, 39]. Finally, graphene
also provides a highly conductive network for electron trans-
port during the charge and discharge processes, thus reducing
the polarization of the electrodes [44–46].

Conclusions

In summary, we have developed an efficient solution-based
route for the synthesis of nanostructured Fe2O3–graphene
composite under hydrothermal conditions. Various measure-
ments confirm that well-crystalline Fe2O3 nanoparticles
with 30–60 nm in size are highly encapsulated in a graphene
nanosheet matrix. The electrochemical properties of the
Fe2O3–graphene composites were measured by cyclic vol-
tammogram and galvanostatic charge–discharge studies.
Results show that the Fe2O3–graphene nanocomposite
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exhibits excellent electrochemical performance as an elec-
trode for supercapacitors in terms of specific capacitance,
rate capability, and cyclability. The superior electrochemical
performance of the Fe2O3–graphene is probably attributed
to its unique nanostructure, which intimately combines the
conductive graphene network with uniformly dispersed
Fe2O3 nanoparticles.
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