aann

v A

anm

Research Article

Cr,0;/rGO nanocomposite with excellent electrochemical capacitive
properties

Imran Shafi' - Yuanyue Liu? - Gaojie Zeng' - Zijiong Li? - Baojun Li? - Erjun Liang'

Received: 23 June 2020 / Accepted: 7 October 2020 / Published online: 17 October 2020
© Springer Nature Switzerland AG 2020

Abstract

Herein, we have reported the excellent electrochemical capacitive properties of the Cr,0;/rGO nanocomposite syn-
thesized by hydrothermal. After the structural authentication by Raman spectroscopy and XRD studies, the Cr,05/rGO
nanocomposite was probed under different physicochemical techniques. It is found that due to good structural congruity
between Cr,0; nanoplates and rGO, the electrochemical properties of Cr,05/rGO nanocomposite have strong synergistic
effects. As a result, an unprecedented pseudocapacitance of Cr,05/rGO nanocomposite is revealed at extremely small
scan rate (0.1-1.1 mV s™"). At higher scan rate (10-50 mV s™"), the charge/discharge behavior (in CV) of the Cr,0,/rGO
nanocomposite is found to be oriented towards the ordinary known properties of the commercial Cr,O0; however, the
charge storage capacity is still very high. Furthermore, very high theoretical charge storage capacity (93% at 50 mVs™),
high specific capacitance (556 Fg~'/310 Fg~'at0.75A g™ '/1.75A g™ ' (GCD) and 635 F g ' at 1.1 mV s™' (CV) respectively)
and excellent cyclic retention (92% of the initial value after 3500 cycles) was obtained for the Cr,05/rGO nanocomposite.
The EIS test (Nyquist plot) is in good agreement with the aforementioned results.
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1 Introduction specific capacitance, higher specific power density and

excellent cyclic life [1, 2]. In this context, the supercapaci-

In order to deal with contemporary challenges of increas-
ing demand for electrical energy storage (EES), the devel-
opment of more efficient, reliable and environmental
friendly devices have become need of the hour. Among
the available EES devices, batteries and capacitors are
of utmost importance. Although, a high energy density
is featured by the batteries but they have a couple of
drawbacks: a low power density and slow charge rate. On
the other hand, capacitors meet many desired proper-
ties including faster charge/discharge capability, higher

tors have received significant attention in last decade and
many different materials have been investigated for super-
capacitor application. Generally, on the basis of their work-
ing principle and the internal structure, supercapacitors
are classified into two major types, electric double-layer
capacitors (EDLCs) and pseudocapacitors or faradic capaci-
tors [3]. In EDLCs, energy is stored on the surface of the
electrode without chemical reaction taking place while in
pseudocapacitors the energy is stored by both the surface
controlled processes and reversible faradic reactions [4,
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5]. Pseudocapacitors are found to have the higher energy
densities mainly due to the redox reactions taking place
at the surface of electrode materials such as conducting
polymers [6-8] and transition metal oxides (TMOs) such as
NiO, RuO,, Fe,03, MnO,, etc.[9-14]. Like many other mate-
rials, the TMOs display more redox reactions due to their
multiple oxidation states [15].

Therefore, being widely available, environmental
friendly and electrochemically compatible, the Cr,0; is
widely investigated for its potential application in lithium
ion batteries [16, 17]. Except batteries, it has been widely
applied in other fields, such as catalysts, gas sensors and
magnetic applications [18-20]. Similarly, due to some of
its promising properties (given in above lines), it is also
applied for supercapacitor application. To date, only a few
reports on the use of Cr,0O; for supercapacitor application
are available in literature in which the Cr,05; nanocompos-
ites were reported to have both, the surface controlled
and diffusion limited redox reactions [21-24]. However,
the capacitance values reported are far below the required
level which hereby indicates that it is a challenging task to
obtain high electrochemical capacitive outcomes from the
Cr,05. The main obstacle in this regard is its poor electri-
cal conductivity and small BET area. On the other hand,
graphene is known due to its promising electrical conduc-
tivity and high Brunauer—-Emmett-Teller (BET) area and
appears as an ideal companion for the nanoscale TMOs
including Cr,0; to improve its electrochemical perfor-
mance [25-28].

In this context, we have synthesized the Cr,05/rGO
nanocomposite by a hydrothermal route and conducted
its electrochemical screening. At extremely small scan rate,
the current response is found proportional to the poten-
tial throughout the charging/discharging cycle in the CV,
which resulted in an unprecedented pseudocapacitance
of Cr,0;/rGO nanocomposite with a large CV surface
area. Similarly, by increasing the scan rate, the electrode
has shown excellent polarization behavior with increas-
ing current response and an extended potential window,
however, the charge/discharge tendency is found to
move toward the ordinary Cr,0; behavior in which sharp
faradaic peaks are associated with small surface area. Ideal
supercapacitor behavior is displayed by the Cr,0;/rGO
nanocomposite in GCD results for smaller current densi-
ties and very high specific capacitance from both the CV
and GCD curves is computed.
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2 Experimental
2.1 Synthesis of materials

All the reagents used in this work were purchased from
Shanghai Macklin Biochemical Co., Ltd. China and used
directly without further purification.

2.2 Synthesis of the rGO

GO was prepared by modified Hummer’s method from
natural graphite in a two-step process. Briefly, graphite
powder (1.5 g) was firstimmerged into concentrated sul-
furic acid [H,SO, (50.7 mL)] placed in an ice bath along
with sodium nitrate [NaNO; (1.14 g)]. Potassium perman-
ganate [KMnO, (6 g)] was then added slowly with stir-
ring for 2 (h). After 72 h, 150 mL solution of H,SO, (5%)
was added and then the reactants were terminated to an
addition of 30% H,0,. At this stage, the color of the solu-
tion was changed into bright yellow. The mixture was
ultrasonicated for 20 min and then washed with hydro-
chloric acid [HCL (10%)] in order to remove the metal
ions. Finally, the mixture was washed several times with
water led by ethanol absolute and a solid product was
obtained in a cold environment at low temperature. The
as prepared GO was then reduced by chemical method
(through hydrazine treatment) to get rGO [29]. Briefly,
GO powder was mixed in purified water (1 mg/ ml) in a
flask. Immediately after mixing, hydrazine monohydrate
(1 ul/3 mg of GO) was inducted into the mixture and
the mixture was placed at 80° C in oil bath under stirring
for 12 h. After which, the resulting product was obtained
through centrifugation at a frequency of 10,000 RPM.

2.3 Synthesis of the Cr,0,/rGO nanocomposite

The rGO suspension was prepared in double deionized
water (DDW) followed by ultrasonication for 1 h. Simi-
larly, Na,CrO, was mixed in DDW and ultrasonicated for
1 h. Later on, rGO and Na,CrO, were mixed to form a sec-
ondary solution (75 mL). The required ratio was prepared
by keeping rGO and Na,CrO, (1: 3). After which the sec-
ondary solution was stirred for 30 min and then the pH
of the solution was adjusted to 2 by adding the droplets
of HCI. The suspension was aged for several hours at 60°
C in water bath. After which the same suspension was
transferred into a Teflon-lined stainless steel autoclave
(100 mL) and was kept at 150 °C for 24 h. The resulting
product was washed with deionized water and absolute
ethanol for several times. The final product was collected
by centrifugation (10,000 RPM) and dried at room tem-
perature in vacuum oven for 24 h. The dried Cr,05/rGO
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Scheme 1 The schematic illustration for the synthesis of the Cr,05/rGO nanocomposite.

composite were then calcinated at 500 °C for 4 h in Ar
environment. The schematic illustration for the synthesis
of the Cr,05/rGO nanocomposites is shown in Scheme. 1.

2.4 Fabrication of the working electrodes

The pretreated Ni-foam strip was pressed under a suit-
able pressure for 10-15 s and then the active mass (Cr,05/
rGO composites) was loaded on it by droplet method in
which two drops of the active slurry were loaded gently
on 1 cm? of the electrode and dried in vacuum oven at
60 °C for 8 h. The loadable material was consists of an
active mass, carbon black and polytetrafluoroethylene
(PTFE) with the ratio 90: 5: 5. The loaded electrodes were
dried over night to become fully dry. Later, the dry elec-
trodes were soaked in 2 M KOH aqueous solution for 10 h
and then examined for the electrochemical performance.

2.5 Characterizations

The structural and compositional analyses were carried out
by using the Raman spectroscopy and the X-ray diffraction
(XRD). Raman spectrum was acquired by using a LabRAM
HR Evolution Raman spectrometer (HORIBA Jobin Yvon
S.A.A)) with 532 nm laser wavelength excitation and XRD
was performed between 10°—80° at a voltage (V) =40 kV
and current (I)=30 mA with a Ni—filtered Cu—Ka radiation.
The energy band gap of the Cr,05;/rGO nanocomposite was
analyzed by ultraviolet-visible (UV—uvis) spectrophotometer.
The surface morphology of the samples was observed by a
scanning electron microscopy (SEM) while the size and the
shape of the materials were analyzed by a tunneling electron
microscopy (TEM) JEOL JEM (2100 F) under an accelerating
potential of 200 kV. The BET surface area and the pore size of
the rGO and the Cr,05/rGO nanocomposite were evaluated
by N,—adsorption/desorption isotherms. Zahner-Ennium—
E, (German) work station was used for electrochemical
measurements (CV, GCD and EIS) in 2 M KOH solution with-
out any prepurging.

3 Results and discussion
3.1 Material characterization

The Raman spectrum for the Cr,0;/rGO nanocomposite
is shown in Fig. 1a. The peak P, located around 550 cm™
is attributed to the stretching vibrations of Cr-O (A;y)
[30] while the peaks P,—P; and P located at 296 cm™,
350 cm™', 528 cm™! and 615 cm™! are identified as Eig
modes. All these peaks are termed as Raman active modes
for Cr,0, [31, 32]. The two peaks observed at 1370 cm™'
and 1590 cm™' are referred to D and G bands (sp® and sp?
hybridized C—C modes). The existence of the D and G
bands in Cr,03/rGO nanocomposite, which is consistent
with the isolated rGO spectrum in Fig. 1a and confirms
the presence of reduced graphene oxide in the nanocom-
posites. Generally, the intensity ratio of the D and G bands
(Ip/lg) is used to determine the quality of carbon nanoma-
terials [33]. Its lower value indicates a higher crystallinity
of the structures or vice versa. For the Cr,0;/rGO nano-
composite, it has been reported 1.8 [34] whereas, it is 1.04
in present study, suggesting a better crystallinity of the
nanocomposites.

The XRD patterns of rGO and Cr,0;/rGO nanocompos-
ite are shown in the Fig. 1b. The XRD pattern of Cr,05/
rGO nanocomposite reveals the rhombohedral sym-
metry of nano Cr,O; (space group R-3c, a=0.4957 nm,
b=0.4957 nm and c¢=1.3592 nm, JCPDS card no. 81
- 0314). It is noteworthy that the appearance of an extra
peak, corresponding to the (002) plane of the stacked
graphene sheet at 26 =26° [35], witnesses the presence
of the graphene in Cr,05/rGO composite [34]. Moreover,
greater intensity of the (104) than that of the (110) plane
suggests the material being oriented towards the (104)
plane. More active sites are provided for this orientation
during the insertion/deinsertion process of OH7' [3]. The
UV—uvis absorption spectra of rGO, commercial Cr,05 and
Cr,03/rGO nanocomposite are shown Fig. 1c and their
energy band gaps are obtained accordingly (Fig. 1d).

It can be seen that the energy band gap of the com-
mercial Cr,Oj is 3.04 eV however, for the Cr,05/rGO nano-
composite synthesized in present study, it is 2.47 eV. This
smaller value may be due to the induction of rGO (with
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Fig.1 a The Raman spectra of rGO and Cr,05/rGO nanocomposite,
b The XRD patterns of rGO and Cr,05/rGO nanocomposite, ¢ The
UV-vis absorption data of the rGO, commercial Cr,0; and Cr,05y/

energy band gap of 1.95 eV) into Cr,0; nanoplates, which
is in agreement with the results of [36] and indicates the
semiconductor nature of the Cr,05/rGO nanocomposite.
By the analogy of these results with [37, 38], it may be con-
cluded that the rGO has good contact and possibly forms
heterojunctions with Cr,05 nanoplates. The introduction
of rGO in conducting metals is one of the strategies to
enhance the electronic conductivity of the composites
through formation of heterojunctions which leads to a
reduced bang gap and high conductivity of the compos-
ite [39]. A suitable energy band gap facilitates the transfer
of the electrons between conduction and valence bands
during the faradaic reactions and improves charge storage
and hence the capacitance.

The surface morphology, shape and size of the materi-
als are given in SEM and TEM images shown in Fig. 2a-f.
Figure 2a is the surface morphology of as prepared GO
while, Fig. 2(b) shows the surface morphology of rGO. Simi-
larly, the surface morphology of Cr,05/rGO nanocompos-
ite is shown in Fig. 2(c), which verifies the presence of rGO
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and Cr,0; on the surface. Figure 2(d) is the TEM image of
rGO while, Fig. 2(e and f) are the TEM images of Cr,05/
rGO nanocomposite at 200 nm and 50 nm respectively.
The well ordered structures of the Cr,0;/rGO nanocom-
posite is depicted by both, Fig. 2(e and f). Further, the EDS
image given in Fig. 2(g) shows that the At % of carbon and
oxygen are 68.40 and 31.60 respectively.

The BET area is a very important parameter regarding
electrochemical energy storage. A high BET area leads
towards a high performance. The BET area of 25, 170 and
265 m? g~ for commercial Cr,0;, rGO, and Cr,0,/rGO
nanocomposite are shown in Fig. 3a, c and e while, the cor-
responding pore size distribution is given in Fig. 3b, d and
f.The Fig. 3e shows a type—IV of the isotherm [40] which
suggests the existence of a range of pore size, i.e. The
adsorption / desorption hysteresis from the relative pres-
sure of 0.1-0.8 indicates the existence of the mesopores
on the surface of the Cr,05/rGO nanocomposite while, the
presence of the micropores is witnessed by a vertical tail
near the relative pressure“1”.
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Fig.2 a-cThe SEM images

of as prepared GO, rGO and
Cr,03/rGO nanocomposite,

d The TEM image of rGO at
500 nm and e-f The TEM
images of Cr,0;/rGO nano-
composite at 200 nm and
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Fig.3 a, c and e The adsorption / desorption curves for commercial Cr,05, rGO and Cr,0,;/rGO nanocomposite respectively and b, d and f

The pore size distribution for Cr,05, rGO and Cr,05/rGO nanocomposite respectively

SN Applied Sciences

A SPRINGERNATURE journal



Research Article

SN Applied Sciences (2020) 2:1836 | https://doi.org/10.1007/s42452-020-03636-8

—
—

Cr0O (OH) + OH™

Cr(OH); + e

(Charging)

0,033 |Commercial Cry04 L
& =003
% _ 0.0224 -

@ 01-1.1mvs? >
< < 0.02
= =

0.011
€ 1 T 00
b o
£ =
S 0.000 5 000
o °
o 8001
= 00114 =
§ §_"'°2
0 0,022 4 D 03

0,033 4 -0.04

0.5 -
|Cr203ﬁ‘rGO composite
0.4
= 0.3
o 01-11mvs?
< o2
€
8 0.1
3
3 oo
&£ 01
g 02
P o3
0.4

000 0.06 012 018 024 0.30 036 0.42 048 0.54 0.60 0.0 0.1 02 03 0.4 0.5 056 00 01 02 03 04 05 06 07
Potential (V) Potential (V) Potential (V)
10 % 25
o5 | Anodic (d) 25 §[Cr205/7GO composite 38 Anodic ®
~ ||-#— Cathodic| : Cathodic|
0.5 ,:‘ 20 154
T < 10-50 mv s = v
o -1 o
< 02 £ 2 os
— @ —
£00 01-11mvs? E, o 004 10-50 mVs™
@ o
S 02 . 054
- 2 ; §
04 G 10 .04
2 15 M
0.6 (7] narrowed region 181
084 b 2,04
25
40 25

0.4 06 08 03 1.0

0.5

03 05 07 11 015 030 045 060 075 3 4 5 6 7 8
sqrt. Slew rate (mV s") Potential (V) sqrt. Slew rate (mV s")
Cr0 (OH), + OH- 5 Cr(0OH); + e (Discharging)
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3.2 Electrochemical Screening

The CV curves of the commercial Cr,05, rGO and Cr,05/rGO
nanocomposite performed at extremely small scan range
from 0.1to 1.1 mV s~ are shown in Fig. 4a, b, c respectively.
Figure 4a shows that there is no current response up to
0.26 V (of 0.50 V) and then there are well known abrupt
oxidation/reduction reactions for commercial Cr,0;. As
a result, the commercial Cr,0; has conventional narrow
redox peaks which make it a suitable faradaic material,
but its surface area (hence surface capacitance) is very
small with limited potential window. Similarly, the current
response of rGO in Fig. 4b is linear with potential up to
0.30V (of 0.62 V) and then there is a multi—state charge/
discharge process. Though the peaks of rGO in Fig. 4b are
not as sharp as commercial Cr,0;, but the potential win-
dow is significantly extended along with a higher current
response and the faradaic peaks are broadened which
give rise to an enhanced CV surface area (hence the sur-
face capacitance too). It isimportant to mention here that
the electrochemical study of the isolated rGO electrode
(both in CV and GCD) in present work is just to visualize its
intermediary role physically. The Fig. 4c shows the charge
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The CV pattern for Cr,05/rGO nanocomposite from 10—50 mV s™'

and fThe log. (I,eax) Vs. log. scan rate for Cr,05/rGO nanocomposite
at10-50mvVs™

/ discharge tendency of Cr,0;/rGO nanocomposite at the
same scan range, which is quite different as compared with
commercial Cr,0; in Fig. 4a. The current in Fig. 4c is directly
proportional to the scan potential throughout the charge
/ discharge cycle for Cr,05/rGO nanocomposite. There are
well maintained broader redox peaks with a large CV sur-
face area in Fig. 4c, which indicates that the total current
(hence the surface capacitance too) is increased signifi-
cantly. From the general observation of Fig. 4a, b, ¢, it is
clear that rGO has produced a strong synergistic effect [41]
with the electrochemical features of Cr,05 nanoplates to
develop a rectangular CV for Cr,05/rGO nanocomposite.
The logarithm of peak current (A g") verses square root of
the scan rate (mV s™") for Cr,03/rGO nanocomposite from
0.1to 1.1 mV s™!, which manifests a rapid increase in cur-
rent is shown in Fig. 4d.

Additionally, the CV curves for the Cr,05/rGO nanocom-
posite from 10—50 mV s~ are also recorded and shown in
Fig. 4e. The proportionality of current with potential is not
sustained now. There is a significant decrease in current
from 0 to 0.45 V in Fig. 4e and as a result, the CV is being
narrowed at central part, while the faradaic peaks become
sharp. However, the potential window and peak current is
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still increasing with the scan rate which emphasize good
reversibility of the reactions at electrode’s surface [42-44].
The logarithm of peak current (A g”) verses square root of
the scan rate (mV s™") for Cr,053/rGO nanocomposite from
10—50 mV s~ is shown in Fig. 4f, in which the log. (Ipeak) is
linearly proportional to the logarithmic scan rate, suggest-
ing the reaction being surface limited [45, 46], however,
the rate of increase in the charge storage is decreasing for
higher scan rates.

The surface capacitance of the Cr,0;/rGO nanocom-
posite at a rate of 1.1 mV s™' (m=0.6 mg) is computed
635 F g~ which is reduced to 551 F g~' at a scan rate of
50 mV s~". Along with the excellent electrode performance
at such a high scan rate, the surface capacitance results
also explicate the consequence of increase in the scan rate
as decline in surface capacitance with a shift in charge/
discharge behavior. The surface capacitance can be cal-
culated by the following equation,

55— 5 S

= omkU, — Uy ~ 2mk(U, =0, M

where k is the scan rate, S; and S, are the discharging/
charging integrated area relative to the horizontal axis, U,
and U, are the initial and final potentials respectively, S is
the net surface area and m the active mass. The surface
reactions during the charging/discharging can be attrib-
uted to the conversions from Cr** to Cr** and vice versa,
according to the following chemical equations [47, 48],

CrO (OH) + OH™ <Cr(OH), + e~ (Charging)

CrO (OH), + OH™ s Cr(OH); + e~ (Discharging)

Being semiconducting nature, the CV behavior of Cr,0;/
rGO nanocomposite may be better explained according

1.6 ep—————————
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to the electrochemistry of semiconductors. The mutual
change in the current and corresponding potential can
be expressed by Nernst and Randles—Sevcik equation,

2r2 (E-E%nF
I nF AF[ve[—RT ]

- (E—E%)n F)
RT(] + e[—RT ])

()

where n is the number of electrons transfer between the
oxidized and reduced sites, F is the Faraday’s constant,
Ais the electrode’s area, v is the scan potential rate, T is
the temperature, R is the gas constantand I', =T, + T,
the total area covered by the oxidized and reduced sites.
For the CV of Cr,05/rGO nanocomposite shown in Fig. 4c,
the peak potential difference for oxidation and reduc-
tion states is very small (0.14 V), which illustrates that the
redox centers may be interactive (electron’s donation and
acceptance takes place at close potentials) with each other
due to their good electronic conductivity and very short
gap between them. The electrons for a suitable poten-
tial jumps into conduction band from the valence band
and results delocalized electron pseudocapacitance [49].
Moreover, the aforementioned results also provide hints
that there are both; diffusion and capacitive controlled
reactions on the surface of electrode during charging /
discharging process [50]. In this context, we have analyzed
the total current response and the results are presented
in Fig. 5a, b.

The b value governed by the power law of current
i = av® for Cr,0,/rGO nanocomposite at a scan range
from 10 to 50 mV s~ is 0.9 which authenticate the capaci-
tive nature of the total charge storage in this range while,
Fig. 5b shows that the Cr,03/rGO nanocomposite has deliv-
ered a capacitive current of 93% at a scan rate of 50mv s
according to the equation for total curreni(v) = kyvz + kv

I Diffusion
Il Cpacitive

50 mVs™

-
o (L] o
M A M

Specific Current (A g')

-10 o

030 045 060 075
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Fig. 5 a Logarithm plot of the peak specific current verses logarithmic scan rate for 10 - 50 mV s™' and b The capacitive and diffusion con-

trolled current at 50 mV s~
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[50]. The results shown in Fig. 5a, b emphasize that the
Cr,05/rGO nanocomposite may be a suitable candidate
for supercapacitor application. The comparison of the pre-
sent work with similar previous reports on Cr,05 and Cr,04
nanocomposites is given in [S,].

The GCD curves of commercial Cr,0;, rGO and Cr,05/
rGO nanocomposite at current density from 0.75 to 1.75
A g~ "are given in Fig. 6a, b, ¢, respectively. The charging /
discharging process for commercial Cr,Oj in Fig. 6a is the
result of abrupt reactions (similar to Fig. 4a) while, a multi-
state (similar to Fig. 4b) charging/discharging cycle with
better capacity is observed for rGO is shown in Fig. 6b. The
GCD curves of commercial Cr,O; have obvious discharge
losses, indicating that the reactions at the surface of the
electrode are not fully reversible and the actual discharge
energy is only a portion of total charging energy whereas,
the GCD curves of rGO given an intermediary view. Nev-
ertheless, the energy loss region disappears in GCD pro-
files of Cr,03/rGO nanocomposite and the fairly balanced
energy charge/discharge results, which are desired for
supercapacitor electrodes [51], are obtained in Fig. 6¢. In
Fig. 6d, an ideal supercapacitor behavior is highlighted
in a triangular section in which the charging energy E,
is balanced by the discharging energy E, for Cr,05/rGO
nanocomposite. The emergence of the associated regions
R-1 and R-ll aside reveals pseudocapacitance [52] during

charging/discharging processes, which is responsible for
the balanced energy and high performance.

The cycling lifetime is a challenging issue in the capaci-
tive systems. It is demonstrated that the Cr,05/rGO nano-
composite gives rise to an excellent cycling retention of
92% after 3500 charge/discharge cycles, which is much
higher than the commercial Cr,0; (65%) electrode as
shown in Fig. 6e. The Nyquist plot for Cr,0;/rGO nanocom-
posite is given in Fig. 6f. The equivalent series resistance
(ESR) obtained from the intercept of the semi-circle is 0.55
ohms, which is increased to 0.81 ohms after 3500 cycles.
Further, the ending tail is very close to vertical (90°) which
indicates the excellent capacitive nature of the Cr,05/rGO
composite [53]. The results are in accordance with the
Maxwell—Wagner model [54], according to which, the
small increase in ESR witnesses the existence of purely
conducting grain boundaries in the material. A compari-
son of the present work with the similar results in literature
isgiveninTable 1.

The higher electrochemical performance may be asso-
ciated with faster ionic transport with the mesoporous
nature of the Cr,0;/rGO nanocomposite which can play
ensuing role in achieving the high electrochemically
active BET area. Moreover, the higher pore volume of 0.826
cm? g~ for the Cr,05/rGO nanocomposite may also favora-
ble for faster ionic diffusion thereby providing more elec-
trochemically active sites during the charging/discharging

bt
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Fig.6 a-c The GCD results for commercial Cr,0;, rGO and Cr,0,/
rGO nanocomposites at a current density from 0.75—1.75 A g,
respectively, d Explication of the charge / discharge process of
Cr,0,/rGO nanocomposites at 0.75 A g, e The cycling retention of
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Table 1 The comparison of the

. Materials Synthesis methods Specific Capaci-  Specific cur- Electrolyte Reference

present work with the other tance (F g™’ rent(Ag™")  (KOH, M)

Cr,0; and Cr,05-composites (GCD)) '

used as electrode materials for

supercapacitors Cr,0; nanoparticles  Hydrothermal 340 0.5 1 [24]
Cr,05/ Carbonization 291 0.25 6 [22]
CCr,03/MWCNTs Hydrothermal 257 0.25 1 [3]
Cr,05/rGO Hydrothermal 556/310 0.75/1.75 2 Present work

process. Therefore, the porous nature, high pore volume
and high BET area are most likely responsible for enhanc-
ing the electrochemical performance of the Cr,0,/rGO
nanocomposite [41]

4 Conclusions

The Cr,0;/rGO nanocomposite with promising electro-
chemical characteristics were synthesized by a hydro-
thermal method successfully. By the induction of rGO into
Cr,05 nanoplates, the unprecedented pseudocapacitance
of Cr,03/rGO nanocomposite was revealed at extremely
small scan range, which was turned towards the ordi-
nary Cr,O; behavior with decreasing surface capacitance
for higher scan rates. Very high percentage of capacitive
current is separated from the noncapacitive effects in a
CV profile. The fairly balanced GCD curves for Cr,05/rGO
nanocomposite were observed. Exceptionally high values
of the surface and GCD based specific capacitance along
with an excellent cycling retention after 3500 cycles were
obtained for Cr,05/rGO nanocomposite. This work includ-
ing the preparation method and nanostructure will lead
towards the development of the pseudosupercapacitors
in future.
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