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Graphene oxide (GO) was prepared using the modified Hummers method 
and used as a template for polypyrrole. Polypyrrole was polymerized in situ 
on the surface of GO to finally obtain the polypyrrole/graphene oxide com-
posite material. The effects of different reaction times on the electrochem-
ical performance of polypyrrole/graphene oxide in the second step were 
studied. It was obtained that the composite material had optimal properties 
when the reaction time was 24 h.Keywords:
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1. Introduction

With the development of today’s society, peo-
ple’s demand for energy is increasing. The 
development and application of new energy 

are imminent. As a new type of energy storage device, 
supercapacitor has been widely used in various fields such 
as electric vehicles, communications, and industrial pro-
duction. Because of its advantages such as fast charging 
speed and high power density, it has been widely used in 
various fields such as electric vehicles, communications, 
and industrial production [1-3]. It is well known that su-
percapacitors correspond to different electrode materials 
according to different energy storage mechanisms [4-6]. 
At present, common electrode materials include carbon 
nanotubes, biomass carbon and other high specific surface 
area carbon materials, metal oxides, and high-molecular 

conductive polymers. Conductive polymers have attracted 
much attention because of their good electrical conductiv-
ity and higher specific capacitance. Among many conduc-
tive polymers, polypyrrole is considered to be one of the 
most valuable electrode materials due to its characteristics 
of cheap raw materials, simple synthesis, and high theo-
retical capacitance. However, due to its poor mechanical 
properties, the polypyrrole has a significant change in vol-
ume after multiple charge and discharge tests at high rates, 
and its conductivity decreases. As a result, the polypyrrole 
exhibits a poor capacitance retention rate and a rapidly 
decaying capacitance [7-10].

In order to improve the shortage of pure polypyrrole, 
polypyrrole can be combined with carbon materials to im-
prove its performance. Such as graphene oxide, biomass 
carbon, activated carbon and so on. Among many carbon 
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materials, graphene oxide has a wrinkled surface, which 
results in graphene oxide having a large specific surface 
area. In addition, the surface of graphene oxide has a large 
number of oxygen-containing functional groups, so that 
it has better water solubility, which is conducive to better 
dispersion of graphene oxide in water. In order to provide 
more active sites for polypyrrole, the polypyrrole nano-
spheres are embedded on the graphene oxide substrate. 
However, the reaction time for the synthesis of polypyr-
role has a great impact on the morphology of polypyrrole 
and its performance in super capacitors. In this paper, 
modified Hummers method was used to prepare graphene 
oxide [11]. Polypyrrole nanospheres were prepared on the 
surface of graphene oxide by in-situ polymerization. At 
the same time, the optimal reaction time of polypyrrole 
were discussed.

2. Experimental Part

2.1 Experimental Reagent

Hydrogen peroxide, Potassium hydroxide, Graphite, 
Sodium nitrite, Sulfuric acid, Potassium permanganate, 
Absolute ethanol, Chlorhydric acid, Pyrrole, Ammonium 
persulfate(APS), N-methylpyrrolidone, Acetylene black, 
Carbon paper. All medicines were purchased from re-
search technology suppliers and used without further puri-
fication.

2.2 Experimental Process

(1) Synthesis of graphene oxide by improved Hummers 
method[11]. 60 ml of dilute hydrochloric acid was mixed 
with 20 ml of ethanol solution, and 36 mg of graphene 
oxide solid powder was added thereto. The above mixed 
solution was dispersed uniformly by ultrasound, and then 
pyrrole monomer was added.

(2) Take a certain amount of APS and dissolve it in 20 
ml of dilute hydrochloric acid to obtain the pre-prepared 
mixed solution.

The above two solutions were stirred in a water bath 
below 0°C. Slowly add the pre-prepared mixed solution to 
the liquid mixed with graphene oxide, and react the mixed 
solution in the ice bath for 6 h, 12 h, 18 h, and 24 h. Final-
ly, the resulting solution was suction filtered and washed 
with dilute HCl, ethanol and deionized water in this order. 
Dry in a vacuum oven at 60°C for 10 h. The obtained 
product was a polypyrrole/graphene oxide composite 
(PPy/GO).

2.3 Test Equipment

Cyclic voltammetry and constant current charge and dis-

charge tests were performed on all samples using H2SO4 
as electrolyte in Shanghai Chen Hua CHI660E. The cy-
clic voltammetry test voltage is -0.2~0.8 V, Ag/AgCl is 
the reference electrode, Pt sheet electrode is the counter 
electrode, and the test sample is the working electrode; 
Charge/discharge test voltage selection range is 0~0.8 V.

3. Results and Discussion

3.1 Electrochemical Testing of Materials

Figure 1. Cyclic voltammetry curves of PPy/GO with 
different reaction times

Figure 2. Charge/discharge of PPy/GO with different 
reaction times

Figure 1 is a cyclic voltammetry diagram of PPy/GO 
prepared at different reaction times. The scan rate is 20 
mv s-1, and the test voltage is -0.2 V to 0.8 V. It can be 
seen that the shapes of all the curves are almost the same. 
Protrusions appear on the scan curves. This is because 
during the test, the sample has undergone a redox reaction 
and exhibited a redox peak. It can also be seen from Fig-
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ure 1 that when the reaction time is 24 h, the area enclosed 
by the CV curve is the largest. This shows that under this 
reaction time, the sample has a larger specific capacitance 
[12-13].

Figure 2 is a GCD chart of samples prepared at differ-
ent reaction times. It can be seen from the figure that the 
performance of PPy/GO with a reaction time of 24 h is 
the best. Although the discharge time of PPy/GO with a 
reaction time of 24 h is lower than that of the 12 h and 18 
h samples, the reaction discharge part of the former two 
is not fully discharged, which has a greater impact on the 
stability of the sample[14-15].

4. Conclusions

In short, graphene oxide prepared by the improved Hum-
mers method has a large specific surface area. The effects 
of different reaction times on the electrochemical per-
formance of PPy/GO composites were discussed. It was 
finally obtained that the PPy/GO composite had the best 
electrochemical performance when the reaction time was 
24 h. In general, as the research continues, the optimiza-
tion of PPy/GO will become more in-depth. I believe that 
PPy/GO will definitely become one of the most popular 
electrode materials in the future.
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