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The secondary nickel zinc batteries have advantages of high specific energy, 
low cost. Nevertheless, due to the high solubility of zinc electrode in alkaline electrolyte, the 
performance of the secondary zinc batteries are poor, which limits its extensive commercialization. 
Monolayer graphene has many advant
strengh. Its application in nickel zinc battery significantly improved the cycle life and discharge 
capacity of the Ni
for 4 hours.
crystallization.
for Ni/Zn batteries were tested by galvanostatic charge/d
performance in cycle stability and the discharge capacity maintained at a high level. The TEM 
examinations on the material found that the ZnO was loaded on the graphene well.
surface area and the int
performance of Ni/Zn secondary cells.
 
 
 
 
 

 

INTRODUCTION 
 

Energy storage has been considered as an important element in 
modern energy supply chain, which can enhance stability of 
grids, promote penetration of renewable energy resources, 
improve energy efficiencies, reduce consumption of fossil 
energy resources and environmental impacts of energy 
generation[1]. Renewable energy resources such as wind and 
solar energy are considered to be one of the best solutions to the 
global energy crisis and environmental issue.
power output of renewable energy is unpredictable due to 
unstable environmental conditions. To take full advantage of 
renewable energy, electrical grids need large batteries that can 
store the power coming from wind and solar insta
it is needed. Ni/Zn secondary battery has advantages of high 
open-circuit voltage, non-toxicity, low cost
suitable for sustainable development. However, the low cycle 
life becomes the obstacle to limit the widespread 
commercialization of Ni–Zn batteries. The major problems in 
Ni/Zn secondary batteries are the self-discharge of the Zn 
electrodes, passivation, dendrite growth and 
electrode[2-4]. A variety of attempts have been taken to fix 
these problems above, including adding additives to the zinc 
electrode or the electrolytes[5-10]. These additives include 
alkaline earth metal hydroxides, sulfates and titanates.
more stable separators[11,12]and designing three
zinc sponge anodes[13]. The technology of pulse charging, 
intermittent charging and electrode vibration has also been 
applied. 
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ABSTRACT 

The secondary nickel zinc batteries have advantages of high specific energy, 
low cost. Nevertheless, due to the high solubility of zinc electrode in alkaline electrolyte, the 
performance of the secondary zinc batteries are poor, which limits its extensive commercialization. 
Monolayer graphene has many advantages. Such as high specific surface area, super conductivity and 
strengh. Its application in nickel zinc battery significantly improved the cycle life and discharge 
capacity of the Ni-Zn battery. Synthesis of graphene-ZnO composites by

hours. The dimension of the filled Zinc Oxide ranged from 70nm to 100nm and had good 
crystallization. The electrochemical properties of graphene-ZnO composites as anode active materials 
for Ni/Zn batteries were tested by galvanostatic charge/discharge
performance in cycle stability and the discharge capacity maintained at a high level. The TEM 
examinations on the material found that the ZnO was loaded on the graphene well.
surface area and the interaction between the two forces, which leaded to the improvement of 
performance of Ni/Zn secondary cells. 

Energy storage has been considered as an important element in 
modern energy supply chain, which can enhance stability of 
grids, promote penetration of renewable energy resources, 

efficiencies, reduce consumption of fossil 
energy resources and environmental impacts of energy 

Renewable energy resources such as wind and 
solar energy are considered to be one of the best solutions to the 

ntal issue. However, the 
power output of renewable energy is unpredictable due to 
unstable environmental conditions. To take full advantage of 
renewable energy, electrical grids need large batteries that can 
store the power coming from wind and solar installations until 

Ni/Zn secondary battery has advantages of high 
low cost and so on. It’s 

However, the low cycle 
life becomes the obstacle to limit the widespread 

The major problems in 
discharge of the Zn 

passivation, dendrite growth and shape change of 
attempts have been taken to fix 

these problems above, including adding additives to the zinc 
These additives include 

alkaline earth metal hydroxides, sulfates and titanates. Selecting 
designing three-dimensional 

zinc sponge anodes[13]. The technology of pulse charging, 
intermittent charging and electrode vibration has also been 

In essence, all the above problems affecting the cycle life of 
Ni–Zn batteries are associated with dissolution of the zinc 
electrode into solution during charge or discharge processes 
[14,15]. Therefore, the investigations and treatments on ZnO 
are very important approaches to improve the electrochemical 
performance of Ni/Zn batteries
ZnO composites were prepared by the hydro
reaction[16,17]. The electrochemical
composites as the anodic active materials for Zn/Ni cells were 
investigated detailed. 
 

Experimental 
Preparation of Graphene-ZnO composite
 

Graphene-ZnO composites w
hydrothermal synthesis procedure.0.12g 
0.0027molZn(NO3)2·6H2Owere dissolved into 
water under magnetic stirring 
treatment for 15 minutes. Finally, a proper amount of NH
was added to the solution in the condition of ultrasonic stirring. 
And kept stirring for about 5min.
 

Then, the mixture was put into a stainless steel 
autoclave was sealed and placed in a oven at 80
Subsequently, the product was 
washed with distilled water three
dried at 80°C for 5h at last. The content of Zn in the mixture 
was tested by TG,63.16%.The
the prepared powder were featured 
microscope (TEM, JEM-2010)
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The secondary nickel zinc batteries have advantages of high specific energy, high specific power and 
low cost. Nevertheless, due to the high solubility of zinc electrode in alkaline electrolyte, the 
performance of the secondary zinc batteries are poor, which limits its extensive commercialization. 

ages. Such as high specific surface area, super conductivity and 
strengh. Its application in nickel zinc battery significantly improved the cycle life and discharge 

ZnO composites by hydrothermal method at 80℃ 
the filled Zinc Oxide ranged from 70nm to 100nm and had good 

ZnO composites as anode active materials 
ischarge cycling. It showed excellent 

performance in cycle stability and the discharge capacity maintained at a high level. The TEM 
examinations on the material found that the ZnO was loaded on the graphene well. Increased specific 

eraction between the two forces, which leaded to the improvement of 

the above problems affecting the cycle life of 
are associated with dissolution of the zinc 

electrode into solution during charge or discharge processes 
Therefore, the investigations and treatments on ZnO 

are very important approaches to improve the electrochemical 
n batteries. In this present work, Graphene-

prepared by the hydro-thermal 
The electrochemical performance of the 

as the anodic active materials for Zn/Ni cells were 

ZnO composite 

were prepared by a very simple 
procedure.0.12g graphene and 

Owere dissolved into 100ml distilled 
 for 15minutes,and then ultrasonic 

Finally, a proper amount of NH3·H2O 
was added to the solution in the condition of ultrasonic stirring. 
And kept stirring for about 5min. 

Then, the mixture was put into a stainless steel autoclave, the 
autoclave was sealed and placed in a oven at 80℃for 4h. 

he product was taken out from the container 
three times and centrifugal once, 
The content of Zn in the mixture 
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featured by a transmission electron 
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Preparation of Electrodes and test Batteries 
 

The prepared Graphene-ZnO composites material, distilled 
water and binders(PTFE) were fully mixed to make a 
homogeneous slurry with enough rheological properties and 
coated on the copper network. Then the network was cut into 
(2 cm × 2 cm) to fabricate the anode electrode. Finally, the 
coated electrode was dried at 80°C and pressed at a pressure of 
10MPa. A nickel hydroxide (β-Ni(OH)2) electrode paste, used 
as cathode. The proportion of designed capacity for the β-
Ni(OH)2cathode and Graphene-ZnO anode was about 5:1. 
Therefore, the capacity obtained in this experiment just 
reflected the property of composite electrode. A polyolefin 
microporous membrane was used as separator, 7M KOH, 0.1M 
LiOH, as the electrolyte. And then the Graphene-ZnO anode 
and β-Ni(OH)2 cathode were assembled into a battery. 
 

Electrochemical Tests 
 

The galvanostatic charge-discharge experiments were tested by a 
BS9300 Battery Program control Test System at room 
temperature. The battery was charged at 0.1 C for 5min, and 
then discharged at 0.1C drop to 0.8 V cut-off.  
 

RESULTS AND DISCUSSION 
 

Transmission electron microscope (TEM) was used to examine 
the microstructures of the new designed Graphene-ZnO hybrid 
electrode. Fig. 1 showed the TEM of the blank graphene and 
Graphene-ZnO Composites. The microstructures of the blank 
was captured by TEM as shown in Fig.1 (A, B, C) and the 
Fig.1(D,E,F) showed the TEM of Graphene-ZnO composites. 
As we can saw from the TEM, there was no change in the state 
of graphene before and after the hydrothermal reaction and Zinc 
Oxide was evenly distributed on the surface of graphene, and its 
length was about 20nm to 70nm. It also can be calculated that 

the coverage ZnO on monolayer graphene was about 35％, 
indicating that the coverage was high. In order to explain the 
composite’s synthesis mechanism, we had done the explanation 
of the mechanism as follows: 
 

First, the surface of single graphene contained some oxygen-
containing groups, Zn2+ was combined with these perssad 
during ultrasonic agitation, distributed on the surface of the 
graphene. With the addition of NH3·H2O, Zn(OH)2 was 
generated. Then, after dehydration of Zn(OH)2, Graphene-ZnO 
composites were formed. 
 

 
 

Fig 1 TEM micrographs of the blank comparison(A,B,C) and Graphene-ZnO 
compositesprepared by thehydrothermal synthesis (D,E,F) . 

 

Determination of the content of Zinc Oxide by 

thermogravimetric（TG）analysis. Fig.2 exhibited the TG of 
Graphene-ZnO composites. As shown in the picture, the weight 
of the mixture had not changed significantly before 450℃, until 
500℃ the weight drops rapidly. Finally, the weight of the loss 
after 560℃ was negligible. Through calculation, the mass of 

Zinc Oxide in the compound accounts for 63.16％. 

 
 

Fig 2 The TG of Graphene-ZnO composites 
  

The battery cycle performance of the pasted electrodes with 
Graphene-ZnO composites as anode materials was shown in 
Fig.3.At the initial stage, the battery performance was relatively 
low, but after about 200 cycles, the battery performance 
stabilized at a higher level. After 500 cycles, it showed a slight 
attenuation. In the 1000 cycles, the capacity fading rate was 

only 0.047％, exhibited good cyclic stability. When the 

discharge depth reaches 81.67％ (cut off voltage 0.8 V), 
discharge capacity of ZnO as anode material was up to 548 
mAh/g. This was far better than the discharge capacity of other 
ZnO based composites anode materials. And the average 
discharge capacity of Graphene-ZnO oxide composites was 
about 460mAhg−1. Compared with the previous improvements, 
it had been greatly improved. 
 

 
 

Fig 3 Electrochemical cycle behavior of Ni/Zn batteries with Graphene-ZnO 
composites(test capacity based on Zinc Oxide content) 

 

According to the change trend of the midpoint charge voltage 
and midpoint discharge voltage in the battery cycle tests, the 
performance of the Ni/Zn batteries were further evaluated. 
Fig.4a showed the variation of midpoint charge voltage for the 
batteries with Graphene-ZnO composites as electrode active 
materials. In the first few cycles, it continued to raise, about 
200 times after cycles, it tended to be stable. This was because 
with the charge and discharge cycle, the internal conductive 
network of the battery was formed. The stable midpoint charge 
voltage can improve charge efficiency and supply an 
enhancement of active material utilization in the anodes. Fig.4b 
showed the variation of midpoint discharge voltage of the 
batteries with Graphene-ZnO composites as electrode active 
materials. The midpoint discharge voltage was an essential 
parameter for secondary cells. The higher midpoint discharge 
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voltage means the higher specific power, higher discharge 
potential and better property in discharge. As was shown in the 
picture, it reached its highest value at about 300th cycles. In 
general, the Graphene-ZnO composites as anode material 
displayed good cycle performance. 
 

 
 

Fig 4 (a)Variation of midpoint charge voltage for the batteries with Graphene-
ZnO composites 

 

 
 

Fig 4 (b) Variation of midpoint discharge voltage for the batteries with 
Graphene-ZnO composites 

 

CONCLUSIONS 
 

In the manufacturing process，the synthesis of Graphene-ZnO 
composites by hydrothermal reaction was simple and easy to 
operate and generated nanoscale ZnO. This greatly reduced the 
production cost and helped to improve the peformance of the 
cells. Due to the high electron mobility, high mechanical 
properties, high elasticity and large specific surface area, 
graphene had high electron mobility. We synthesized 
Graphene-ZnO composites. Through experimental analysis, the 
Graphene-ZnO composites that we synthesized as anode 
material for Ni-Zn battery exhibited excellent property. It’s 
charge and discharge voltage can still maintained at a high level 
and the decay rate of the battery energy was very low even after 
1000 cycles. Apparently, it was helpful to improve the cycle 
life and specific capacity of Ni-Zn batteries. On the other hand, 
Zinc Oxide content was also a critical factor in the stability of 
nickel zinc batteries, a proper proportion may helped it perform 
better. 
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