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Abstract
Polypyrrole (PPy) decorated on reduced graphene oxide (rGO) films is successfully prepared with pyrrole (Py) monomers 
and rGO through one-step combining oxidation with polymerization reaction. Compared with the pure individual compo-
nents, rGO/PPy compound turns out better electrochemical characteristics owing to the introduction of rGO sheets, which 
improves the specific surface area and the conductivity of composite material. When the amount of rGO is 10% of the total, 
the rGO/PPy compound delivers the best capacitance of 389.3 F g−1 at 1.0 A g−1 in a three-electrode system and 266.8 F g−1 
at 0.25 A g−1 in the symmetric supercapacitor system. In addition, asymmetric device (rGO/PPy//AC) has been success-
fully fabricated using optimized rGO/PPy compound as positive electrode, activated carbon as negative electrode (AC) and 
1 M Na2SO4 aqueous solution as electrolyte. The device obtains long cycle stability under the high-voltage region from 0 
to 1.6 V, meanwhile displaying the satisfied energy density of 19.7 Wh kg−1 at 478.1 W kg−1. Besides, the rGO/PPy//AC 
device presents satisfactory rate capability and long life time.
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1  Introduction

Supercapacitors featuring high power density, shot charg-
ing time, low cost, low pollution and long lifetime reveal a 
huge potential for applications in energy devices [1–4]. In 

particular, asymmetric supercapacitors with high rate and 
cyclic reversibility have emerged as an appealing strategy 
to satisfy the increasing demands of energy storage sys-
tems [5]. However, compared with the rechargeable bat-
teries, supercapacitors exhibit relatively low energy den-
sity restrained by the specific capacitance and cell voltage, 
which severely impede their practical utilization [6, 7]. As 
a consequence, a great amount of effort has been devoted 
to improving the energy density without degrading other 
excellent features [8, 9]. It is well known that designing and 
developing advanced positive/negative electrode is of great 
importance to achieve the desired performance in the same 
electrolyte under different potential windows. Carbonaceous 
materials, such as carbon nanotubes (CNTs), activated car-
bon (AC), carbon aerogel and graphene, are generally served 
as the negative electrodes. Because AC at the interface of 
electrode and electrolytes easily forms a large amount of 
more layers, which can accelerate the ions transport in the 
electrolyte, resulting in a high rate capability as well as an 
improved energy storage capacity [10, 11]. Owing to the 
excellent properties of AC, including large specific surface 
area, simple synthesis as well as excellent conductivity, it is 
the most important and widely used material in the negative 
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electrode material [12, 13]. Recently, many positive elec-
trode materials, such as transition metal oxides/hydroxides 
metal sulfides and conducting polymer materials, have been 
intensively studied for supercapacitors [14, 15]. Among 
the significant conducting polymers, polypyrrole (PPy) has 
aroused widespread concern considering its easy synthesis, 
remarkable storage performance, low price and stability in 
air [16, 17]. However, the phenomenon of expansion and 
contraction has limited its further applications to a great 
degree, always leading to the poor stability and the large 
internal resistance during the charge and discharge pro-
cesses. To better solve the issues, many efforts have been 
concentrated on improving the conductivity and stability of 
PPy, especially depositing PPy on a carbon-based material 
with the good conductivity [18, 19].

Reduced graphene oxide (rGO), the distribution of carbon 
atoms at a 2D monolayer like honeycomb, can be prepared 
in large quantity through chemical reduction of graphene 
oxide. Those have attracted great attentions because of the 
high conductivity, good electrochemical stability, large sur-
face area and remarkable mechanical natures [20, 21]. It is 
seen that the conductivity of PPy is relatively improved as 
the formation of PPy/rGO sheets; meanwhile, rGO sheets 
have provided the nucleation sites for PPy as well as an 
excellent pathway for electrolyte ion or electron transfer, 
resulting in good capacitive performance [22]. Therefore, 
the capacitive property of rGO/PPy compound is evaluated 
as positive electrode for high-energy device.

In this paper, rGO/PPy compounds are fabricated by 
one-step oxidation polymerization process in the presence 
of rGO and pyrrole (Py) with various mass ratios. PPy nano-
particles could directly uniformly coat on the surfaces of 
rGO sheets. The asymmetric supercapacitors made of rGO/
PPy compound and AC can achieve a high energy density 
of 19.7 Wh kg−1 at 478.1 W kg−1 with a superior cycling 
retention rate of 90.9% after 7000 cycles.

2 � Experimental procedure

2.1 � Materials

Pyrrole, expanded graphite, absolute ethanol, ethylene gly-
col (EG), activated carbon (AC), polytetrafluoroethylene 
(PTFE) aqueous solution (60 wt%), acetylene black, hydro-
chloric acid (HCl), sulfuric acid (H2SO4), phosphoric acid 
(H3PO4), potassium permanganate (KMnO4), and sodium 
sulfate (Na2SO4) were purchased from Sinopharm Chemi-
cal Reagent Co., Ltd. Sodium p-toluenesulfonate (NaPTSA), 
ammonium persulfate (APS), and hydrogen peroxide (H2O2, 
30 wt%) were purchased from Shanghai Aladdin Reagent. 
Ni foam was from Changsha Liyuan New Material Co., Ltd. 
All chemicals were employed without further purification.

2.2 � Preparation of reduced graphene oxide 
and rGO/PPy compound

Graphene oxide was achieved from graphite according to 
the improved Hummers’ method [23–25]. Ethylene gly-
col (EG)-reduced rGO was prepared by the Ref. [26]. The 
detailed steps of prepared rGO are as follows: 100 mg rGO 
was dispersed into 200 ml of EG and ultrasonically formed 
a suspension solution for 1 h; Then, the suspension was 
refluxed overnight at 90 °C; The product was repeatedly 
washed three times with deionized water and three times 
with absolute ethanol; Finally, the obtained product was 
dried in a vacuum oven overnight at 60 °C.

The rGO/PPy compound was prepared with a simple 
one-pot method combining oxidation with polymerization 
reaction, as illustrated in Scheme 1. The detailed synthesis 
process is shown as follows: firstly, the desired rGO and 
0.97 g NaPTSA were ultrasonically dispersed in DI water 
to form a homogeneous solution. Secondly, 1.0-mL Py 
was added to the above-mentioned solution and stirred 
vigorously for about 20 min. Finally, the polymerization 
reaction happened using 0.5 M of APS in an ice bath and 
the mixture was kept stirring for 1 day. The product was 
filtered and then washed thoroughly using absolute etha-
nol and distilled water. After drying overnight, the final 
rGO/PPy compounds were achieved. For convenience, the 
achieved products are named as PPy, rGO5/PPy, rGO10/
PPy, rGO15/PPy and rGO20/PPy, respectively, on the basis 
of the various mass ratios of rGO to Py (rGO/Py) (0:100, 
5:100, 10:100, 15:100 and 20:100).

2.3 � Assemble about supercapacitor

Active material, conductive agent and adhesive were 
mixed with the mass ratio of 17:2:1. Firstly, some alcohol 
was added to the mixture under strongly stirring to form 
uniform slurry at 25 °C. Then, press it to form a thin film. 
Subsequently, the film was cut into a fixed area of the 
sheet and pressed onto a nickel net. The required working 
electrode was obtained by drying in vacuum.

The symmetric and asymmetric devices were assem-
bled through using our previous method [27]. A symmetric 
supercapacitor was fabricated by two as-prepared equal 
active material electrodes. Before assembling the super-
capacitor configuration, activated material electrodes and 
separator were immersed in 1-M Na2SO4 aqueous electro-
lyte solution for 8 h to make electrolyte homogeneously 
diffuse into the interior of activated material electrodes. 
For the asymmetric supercapacitor, the active materials 
of positive and negative electrodes were rGO10/PPy com-
posite and AC, respectively. Based on the CV curves (Fig. 
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S1), the specific capacitance of the rGO10/PPy composite 
is 383 F g−1, and the specific capacitance of the AC is 
175 F g−1. According to the positive and negative charge 
balance, the calculated optimal mass ratio of rGO10/PPy 
composite and AC should be 0.46, which the loading mass 
of the prepared rGO10/PPy composite and AC is 2.0 and 
4.3 mg, respectively. And the electrolyte was also 1-M 
Na2SO4 aqueous solution.

2.4 � Characterization

Fourier transformed infrared spectra (FTIR) were tested by a 
spectrophotometer (8400S, Shimadzu, Japan) pressing into a 
sheet using KBr particles. X-ray diffraction (XRD) analyses 
of the obtained materials were measured on an X-ray dif-
fractometer (D8-advance, Bruker, Germany) using a Cu Kα 
source. The Brunauer–Emmett–Teller (BET) surface area 
analysis could get data of pore size as well as specific surface 
area, which used ASAP 2020 Surface Area and Porosity 
Analyzer (Micromeritics, Norcross, GA, USA). Morpholo-
gies and sizes of performed samples can be observed using 
transmission electron microscopy (TEM, HITACHI H-7650, 
Japan) and field emission scanning electron microscopy 
(FESEM, S-4800, Japan) can be observed.

The electrochemical characteristics of assembled super-
capacitors were assessed in a two-electrode cell using gal-
vanostatic charge–discharge (GCD), cyclic voltammetry 
(CV), as well as electrochemical impedance spectroscopy 
(EIS) tests. The electrochemical workstation (CHI660C, 
Shanghai ChenHua Co., Ltd, China) is used to determine 

the electrochemical measurements at 25 °C. The CV data 
of devices were recorded during 5–100 mV s−1 between 
0 and 0.8 V and at a voltage ranging from 0.8 to 1.8 V, 
respectively. Moreover, the GCD curves were collected at 
1.0–6.0 A g−1. The EIS tests of devices were performed in 
0.01–100,000 Hz.

3 � Results and discussion

3.1 � Characterization of materials

Figure 1a presents the XRD patterns of rGO, rGO10/PPy 
compound and PPy. It can be found that the XRD pattern of 
rGO reveals double sharp diffraction peaks at 2θ = 25° and 
43°, which suggests that most hydroxyl and carboxyl groups 
bonded to graphene nanosheets have been disappeared [28, 
29]. The peak of the pure PPy locates at 2θ = 20–25° in 
accordance with the reported literatures [18, 19]. Further-
more, the XRD pattern of rGO10/PPy compound is almost 
identical to that of pure PPy. In addition, the peaks from 
rGO10/PPy compound can be observed the characteristic 
peaks of rGO and PPy, indicating that rGO and PPy are 
successfully combined, which is further demonstrated in 
Fig. 2e, f.

Figure 1b exhibits the FTIR spectra of rGO, rGO10/
PPy compound and PPy. It is observed that the peaks at 
1240, 1621 and 1725 cm−1 are coming from the stretching 
vibrations of C–O, C=C and C=O of the pure rGO, respec-
tively [19]. The shoulders appear at 1466 and 1547 cm−1, 

Scheme 1   Illustration of the 
synthesis process of rGO/PPy
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suggesting antisymmetric and symmetric stretching modes 
of pyrrole ring in PPy FTIR spectrum. The peaks at 1041 
and 1306 cm−1 are ascribed to the C–H deformation vibra-
tions and C–N stretching vibrations, respectively. Addition-
ally, polymerized pyrrole has typical peaks located at 784 
and 964 cm−1 [18, 19]. Meanwhile, the existence of PPy can 
be identified by the peaks located at 1187 and 905 cm−1 [18, 
19]. In the case of rGO10/PPy compound, the peaks belong-
ing to PPy and rGO can be observed easily. Therefore, it can 
prove that PPy is directly grown on the rGO sheets. From 
the SEM image of rGO, it exhibits a paper-like structure 
(Fig. 2a). Figure 2b clearly shows a typical individual rGO 
sheet which has a lateral dimension of a few micrometers. 
From the SEM images (Fig. 2c, d), the size of pure PPy 
particles is approximately 300 nm with some aggregation. 
The TEM images of rGO10/PPy compound (Fig. 2e, f) reveal 
that the surfaces of rGO sheets are covered with many PPy 
nanoparticles; besides, little agglomerate of PPy is observed, 

which further demonstrates that PPy is indeed grown on the 
surface of rGO nanosheets via the π–π stacking interactions 
and van der Waals force.

Figure 3a shows the N2 adsorption–desorption isotherms 
of as-prepared materials. Hysteresis loops standing for the 
typical IUPAC type IV sorption feature can be found in all 
curves, which further suggest the existence of mesoporous 
structure [30, 31]. The pore size distribution curves (the 
inset in the Fig. 3a) also prove the above results. Further, 
it is calculated that the specific surface area increases to 
74.0 m2 g−1 with the increasing rrGO/Py from 0:100 to 10:100, 
as shown in Fig. 3b. The improvement of the specific sur-
face area is caused by the introduction of rGO, which can 
prevent PPy from aggregating and support for deposition 
of PPy nanoparticles. This point is favorable for increasing 
the contact between the electrode and the electrolyte, which 
may be beneficial to the improvement of the electrochemical 
performances. Whereas, the specific surface area is reduced 

Fig. 1   XRD patterns (a) and 
FTIR spectra (b) of rGO, 
rGO10/PPy compound, and PPy

Fig. 2   SEM image (a) and TEM image (b) of rGO, and SEM images of (c, d) PPy and (e, f) rGO10/PPy compound
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under the further increasing rGO/Py, owing to the rGO aggre-
gation. The pore size and specific surface area of AC have 
been reported in the previous literature [31].

3.2 � Electrochemical measurements

To check the effect of rGO and obtain the optimum rGO/PPy 
composite, the electrochemical performances of rGO, PPy 
and their composites were investigated in three-electrode 
system. The CV curves of rGO, PPy and different rGO/
PPy composites at a scan rate of 20 mV s−1 in 1-M Na2SO4 
is shown in Fig. 4a. Obviously, the rGO10/PPy composite 
has the largest rectangular area, indicating the highest Cs 
compared to GO, PPy and their composites. In addition, 
the GCD test also demonstrates this point, as displayed in 
Fig. 4b. The rGO10/PPy composite has the longest discharg-
ing time, which is proportional to Cs. Based on the GCD 
curves, the rGO10/PPy composite obtains the highest Cs of 
389.3 F g−1 compared to others, as shown in Fig. 4c. To 
study the practicality of the obtained materials, the meas-
urements such as GCD, CV and EIS are conducted in a 
two-electrode system. The relationship between rrGO/Py and 
the electrochemical characteristics of compounds has been 
studied. Figure 5a shows CV curves of symmetric devices 
in the voltage range between 0 and 0.8 V at 20 mV s−1 based 
on rGO, PPy and various rGO/PPy compounds. Meanwhile, 
the CV curves for all samples are similar with rectangular 

shape, demonstrating a satisfied capacitive behavior [6]. 
It is obviously observed that the rGO10/PPy compound 
obtains the largest enclosed area, which suggests the best 
specific capacitance under the same condition compared 
with rGO, PPy and other rGO/PPy compounds. Figure 5b 
displays the GCD curves of different as-prepared materials 
at 0.25 A g−1. All curves retain almost the same symmetric 
shape at 0–0.8 V, implying an ideal capacitive character in 
accordance with the CV curves. The values of iRdrop can 
be calculated according to their GCD curves as shown in 
Fig. 5c [32, 33]. The ESRs of rGO and PPy are higher than 
those of compound-based supercapacitors. The reason is the 
lack of the π–π interaction in PPy and rGO samples. This 
interaction between rGO nanosheets and the PPy nanopar-
ticles is conducive to extend the conjugation length of the 
rGO/PPy compound resulting in the improved conductivity, 
matching with the previous literature [34].The value of ESR 
is the lowest, when the rrGO/Py is 10:100. Further, the rGO 
aggregation leads to the enhanced ESR with the increasing 
rrGO/Py. And from their GCD curves, the Cs of rGO, PPy 
and different rGO/PPy compounds can be evaluated based 
on the following equations [9, 27]: CT = I × Δt/(ΔV × mac), 
Cs = 4 × CT, where CT (F g−1) refers to specific capacitance 
of supercapacitor, Cs (F g−1) refers to the single electrode 
specific capacitance, Δt (s) refers to the discharge time, I 
(A) refers to the charge/discharge current, ΔV(V) refers to 
the actual discharging voltage excluding iRdrop (V) and mac 

Fig. 3   a N2 adsorption–desorp-
tion isotherms, and the inset is 
pore size distributions of PPy 
and different rGO/PPy com-
pounds. b Influence of rrGO/Py 
on the specific surface area of 
material

Fig. 4   a CV curves of rGO, PPy and their compounds at a scan rate of 20 mV s−1 in three-electrode system. b GCD curves ofrGO, PPy and their 
compounds at a constant current density of 1.0 A g−1. c Cs based on GCD curves
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(g) represents the total mass. As clearly displayed in Fig. 5d, 
the Cs values increase sharply with the growth of rrGO/Py 
and the maximum Cs value is 266.8 F g−1 when the rrGO/Py 
is 10:100. Then, the value of Cs reduces with the further 
addition of the rrGO/Py. Hence, rGO10/PPy compound reveals 
the highest Cs compared to rGO, PPy and other rGO/PPy 
compounds, due to the three main aspects as follows: (1) the 
rGO and PPy prevent each other from the agglomeration to 
obtain higher electrolyte-accessible specific surface area; (2) 
the right amount of rGO could form the effective conduc-
tive network between PPy and rGO promoting the rapid ion 
transport during the charging/discharging process; and (3) 
the rGO10/PPy electrode displays lower resistance, facilitat-
ing the faster electron transfer and ion diffusion.

Figure  5e illustrates the GCD curves of rGO10/PPy 
compound tested between 0 and 0.8 V at different current 
densities from 0.25 to 2.0 A g−1. The shape of charging 
curves with straight line is symmetric corresponding to that 
of the discharging part, implying its remarkable electro-
chemical reversibility as well as charge/discharge perfor-
mance during the charge/discharge process. Moreover, the 
Cs counted from their GCD curves is 266.8 (0.25 A g−1), 
260.5 (0.5 A g−1), 249.0 (1.0 A g−1), 240.9 (1.5 A g−1) and 
232.1 F g−1 (2.0 A g−1), respectively. And it shows that the 
value of Cs calculated at 2.0 A g−1 keeps 87.0% of that cal-
culated at 0.25 A g−1, which testifies that the rGO10/PPy 
compound electrode obtains the high rate capability. The 
result is attributed to the shortened diffusion/transfer path of 
ions/electronic, large electrolyte-accessible specific surface 
area, in favor of improving the conductivity as well as the 

close connection between PPy and rGO through π–π stack-
ing interaction and van der Waals force.

The test results of the electrochemical impedance can 
assess the transfer/diffusion of electronic/ion in the elec-
trode/electrolyte interface, as displayed in Fig. 5f. It is found 
that all curves appear ideal electrochemical capacitance 
feature. There is a small depressed semicircle correspond-
ing to the imaginary part at the high-frequency region, as 
well as the real part at low-frequency region. The rGO10/
PPy compound presents the best electrochemical impedance 
performances, which has the lowest internal resistance (Rs, 
4.27 Ω) based on the semicircle intersection of the curve on 
the x axis [9, 27, 35], and owns the smallest charge transfer 
resistance (Rct, 4.89 Ω), according to the diameter of the 
obtained semi-circle along the x axis from high- to low-fre-
quency part [35]. Furthermore, the rGO10/PPy compound 
electrode illustrates a line closer to the y axis than the others 
(rGO and PPy) at the low-frequency part, exhibiting excel-
lent capacitive feature. These results prove the advantageous 
synergistic effect between the both (rGO and PPy) including 
(1) alleviating two-component (rGO and PPy) agglomera-
tion; (2) reducing particle size; and (3) enhancing electronic 
conductivity, which plays a vital part in increasing the elec-
trochemical characteristic of the compounds.

3.3 � The performance of asymmetric supercapacitor

Based on the abovementioned results, rGO10/PPy compound 
was selected to construct an asymmetric device to further 
evaluate its potential application value. Figure 6a displays 

Fig. 5   a CV curves of supercapacitors based on rGO, PPy and differ-
ent rGO/PPy compounds at a scan rate of 20 mV s−1. b GCD curves 
of supercapacitors based on rGO, PPy and different rGO/PPy com-
pounds at a constant current density of 0.25  A  g−1. c iRdrop and d 

Cs based on GCD curves. e GCD curves of supercapacitor based on 
rGO10/PPy compound at different current densities. f Nyquist plots of 
supercapacitors based on rGO, PPy and rGO10/PPy compound
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the typical CV curves of the constructed rGO10/PPy//AC 
asymmetric supercapacitor under various voltage window 
from 0.8 to 1.8 V at 20 mV s−1. It is well shown that the 
device possesses quasi-rectangular CV curves with an ideal 
capacitive characteristic at the voltage window less than or 
equal to 1.6 V. However, as the voltage range is beyond 1.8 
V, it turns out an obvious polarization connected with H2 
evolution [36, 37]. Figure 6b illustrates the CT as a function 
of voltage range for the device. It can be seen that the CT is 
improved remarkably from 41.1 to 62.3 F g−1 at 0.8–1.6 V, 
which implies the advanced stored energy density (E) 
beyond 606% based on the following formula: E = 1/2CV2. 
The result indicates that the overall property of the device 
is increased significantly.

The GCD measurements at 0.6–4.0 A g−1 are elucidated 
as shown in Fig. 6c. The charging/discharging curves pre-
sent symmetric triangular shape and very tiny voltage drops, 
demonstrating the superior electrochemical reversibility as 
well as capacitive characteristics. The CT counted from 
their GCD curves is 65.9 (0.6 A g−1), 63.0 (1.0 A g−1), 61.3 
(1.6 A g−1), 57.7 (2.7 A g−1) and 55.7 F g−1 (4.0 A g−1), 
respectively. It is found that the CT at 4.0 A g−1 has been 
about 15.5% decay compared with that at 0.6 A g−1, exhib-
iting the high rate capability of the device belonging to the 
rGO/PPy compound and AC with high rate performance. In 
addition, Fig. 6d shows that the value of CT decreases as the 
current density increases.

As an important requirement to meet practical appli-
cations for the energy storage property, the satisfied long 

lift-time is measured and displayed in Fig. 6e. The capaci-
tance of the device can still retain about 90.9% of the initial 
value after 7000 cycles, demonstrating superior cycling life. 
This mainly results from the good cyclic stability of the AC. 
On the other hand, rGO sheets can support PPy nanoparti-
cles and stabilize the structure of PPy, when PPy is severely 
swelling and shrinking during continuous repeated charging/
discharging process.

Both energy density (E, Wh kg−1) and power density (P, 
W kg−1) are significant evaluation parameters of device. E 
and P of the device can be counted according to the next 
formulas [9, 27]: E = 0.5 × CT × (ΔV)2/3.6, P = E × 3600/(Δt). 
The Ragone plots of rGO10/PPy//AC, rGO10/PPy//rGO10/
PPy, AC//AC and PPy//AC devices based on GCD curves 
are illustrated in Fig. 6f. Obviously, the device can possess 
a maximum of 19.7 Wh kg−1 at 478.1 W kg−1. These results 
are obviously larger than those supercapacitors, including 
rGO10/PPy//rGO10/PPy, AC//AC and PPy//AC. The syner-
gistic effect between two electrodes is beneficial to enhanc-
ing E and P of the device, which is conducive to the forma-
tion of the high CT and wide voltage window.

4 � Conclusions

This work has demonstrated that the obtained rGO/PPy com-
pounds with various mass ratios of rGO to Py (rrGO/Py) for 
supercapacitors have been prepared through in situ oxidation 
polymerization. PPy particles have been well coated onto 

Fig. 6   a CV curves of rGO10/PPy//AC asymmetric supercapaci-
tor measured at different potential windows in 1-M Na2SO4 aqueous 
solution at a scan rate of 20 mV s−1. b CT of the asymmetric superca-
pacitor as a function of potential window. c GCD curves and d CT of 
rGO10/PPy//AC asymmetric supercapacitor at different current densi-

ties. e Cyclic performances of rGO10/PPy//AC asymmetric superca-
pacitor at current density of 1.6 A g−1, the inset is the GCD curves of 
the device at 1st, and 7000th cycles. f Ragone plots of symmetric and 
asymmetric supercapacitors based on AC, PPy and rGO10/PPy//AC
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the surfaces of rGO nanosheets. When the rrGO/Py is 10:100, 
the rGO/PPy compound presents remarkable capacitive fea-
tures, including the highest Cs of 389.3 F g−1 at 1.0 A g−1 
in a three-electrode system and 266.8 F g−1 at 0.25 A g−1 as 
well as remarkable rate capability in the symmetric super-
capacitor system. The excellent performances are ascribed 
to the improvement of the electrolyte-accessible specific 
surface area, the effective conductive network between 
PPy and rGO, as well as the lower resistance facilitating 
the faster electron transfer and ion diffusion, which result 
from the advantageous synergistic effect between rGO and 
PPy. The device is constructed by the rGO10/PPy compound 
and AC as the positive/negative electrode from 0 to 1.6 V, 
respectively. In addition, the device provides outstanding 
rate capability with the CT retention of 84.5% as the addition 
of current density from 0.6 to 4.0 A g−1. The maximum E 
of rGO10/PPy//AC device is 19.7 Wh kg−1 at 478.1 W kg−1. 
Furthermore, the rGO10/PPy//AC device presents the good 
cyclic stability as well as retains 90.9% of the initial CT 
value after 7000 cycles. In addition, a comparative table 
on the electrochemical performance on some literature of 
graphene-based materials and their composites considering 
capacitance, working voltage window, stability, energy den-
sity and power density is displayed in supporting informa-
tion (Table S1†). These encouraging results indicate that 
such device is expected to satisfy the needs of wide volt-
age window and outstanding performance energy storage 
systems.
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