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Abstract: The influence of transformation pH value on the performance of nano-scale Ni(OH)2 was analyzed. The measurement 
results of XRD and TEM indicate that the samples are composed of β-Ni(OH)2 with crystal size of 20−50 nm, and the crystal lattice 
parameters of nano-scale Ni(OH)2 prepared at different transformation pH values are different. With the increase of transformation 
pH value, the agglomeration of nano-scale Ni(OH)2 becomes obvious. Cyclic voltammograms(CV) and electrochemical impedance 
spectroscopy(EIS) measurement results show that transformation pH value affects the proton diffusion coefficient(D) and 
charge-transfer resistance(Rct) of the material. The specific capacity is up to 327.8 mA·h/g, and the discharge performance of 
electrodes depends on both D and Rct, so the kinetic characteristics that electrodes reaction is controlled by both mass-transfer step 
and charge-transfer step was put forward. 
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1 Introduction 
 

Nano-scale Ni(OH)2 is a new kind of battery 
material[1−3]. It exhibits many superior electrochemical 
performance, such as larger proton diffusion coefficient 
and higher electrochemical reaction activity, so much 
interest has focused on investigation of nano-scale 
Ni(OH)2[4−6]. HE et al[7−8] prepared nano-scale 
β-Ni(OH)2 by the method of controlled crystallization 
and granulation process, and found that nano-scale 
Ni(OH)2 mixed with nano-scale Co(OH)2 presents higher 
specific capacity, reaching its theoretical value of 289 
mA·h/g at 1C, and also exhibiting much improved 
electrochemical performance at high discharge capacity 
rate up to 10C. Nanosized cathode material Ni(OH)2 was 
prepared by aqueous solution precipitation reaction 
under ultrasonic dispersing condition by ZHOU et al[9]. 
The nano-sized Ni(OH)2 prepared is of β-type crystal 
with the particle size ranging from 10 nm to 40 nm. The 
measured proton diffusion coefficient is 1.8×10−12  
cm2/s, and the specific discharge capacity is 381 mA·h/g. 
WANG et al[10] found that the high density nano- 
crystalline multiphase nickel hydroxide is composed of a 

mixed phase of α-Ni(OH)2 and β-Ni(OH)2. The 
mechanism of the electrode reaction is still found to be 
controlled by proton diffusion, and the proton diffusion 
coefficient is 5.67×10−10 cm2/s. ZHUANG et al[11] 
synthesized nano-sized Ni0.96Co0.04(OH)2-C by a 
precipitation- transformation method, and found that 
substituting Ni with Co(Ni0.96Co0.04(OH)2) can upgrade 
nano-Ni(OH)2 rate discharge ability and electrochemical 
reversibility, while adding both Co and carbon black can 
increase discharge capacity. TIAN et al[12] prepared 
nickel hydroxide nanorods by using hydrothermal 
synthesis method. 

According to Refs.[13−16], a majority of 
researchers have laid their emphasis on the discoveries of 
new preparation methods. However, there are very few 
detailed reports on a certain preparation method and the 
relationship between the preparation conditions and the 
corresponding performance of nano-scale Ni(OH)2, 
especially its electrochemical behaviour. So in this study, 
on the basis of the preparation of nano-scale Ni(OH)2 
through precipitate transformation method, the emphasis 
was centralized on the influence of transformation pH 
value on the electrochemical performance of nano-scale 
Ni(OH)2, and some relative problems were discussed. 
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2 Experimental 
 
2.1 Preparation of materials 

0.1 mol/L Ni(NO3)2 solution was mixed with 
Na2C2O4 solution at 65 ℃  under stirring to yield 
precipitate of NiC2O4·2H2O. 10 min later, surfactant 
Tween-80 was added. After stirring for 10 min, the 
mixed solution and 0.5 mol/L NaOH solution were 
dropped into the starting solution (NaOH solution with 
certain pH values) to transform NiC2O4·2H2O into 
Ni(OH)2. The reaction system was stirred for 5 h, so that 
the transformation was fully completed. The precipitate 
was separated by centrifuge and rinsed with distilled 
water and acetone, and then it was oven-dried. After 
pulverized, nano-scale Ni(OH)2 was obtained. The pH 
value of the starting solution was controlled at 9.8, 10.1, 
10.5 and 10.8, respectively. 
 
2.2 Characterization of nano-scale Ni(OH)2 

A D/MAX-A diffractometer that was made in Japan 
was used to measure the XRD spectrum of the samples 
with voltage of 35 kV, Cu Kα and scan rate of 2 (˚)/min. 
TEM observation was performed with a 1200EX 
micro-scope that was made in Japan with voltage of 80 
kV and Cu target. Zeta(ζ) potential was measured by 
using a Zetasizer 3000HS made by Malvern. 
 
2.3 Electrochemical behaviour of nano-scale Ni(OH)2  

The electrochemical behaviour of nano-scale 
Ni(OH)2 was investigated, and in order to estimate the 
electrochemical behaviour of nano-scale Ni(OH)2 in 
practical cell, the performance of the mixture composed 
of micron-scale Ni(OH)2, nano-scale Ni(OH)2, Ni 
powder and CoO powder was also tested. 
2.3.1 Cyclic voltammograms 

Cyclic voltammetric measurement was performed 
on CHI630a electrochemical workstation. The working 
electrode was a powder microelectrode[17] with a 
diameter of 80 μm, and the samples were filled into the 
powder microelectrode. The reference electrode was a 
Hg/HgO with OH− electrode. The electrolyte was a 7 
mol/L KOH solution with 15 g/L LiOH and the scan 
range was 0−0.70 V. 
2.3.2 Electrochemical impedance spectroscopy 

EIS was measured using an EG&G PARC Model 
273 Potentiostat/Galvanostat, a Model 5210 Lock-in- 
Amplifier and an IBM computer. The measurements 
were made at the open circuit potential with a 
superimposed 5 mV sinusoidal voltage in the frequency 
range of 10 mHz−10 kHz, and the experiment data were 
analyzed by using a nonlinear least squares(NLLS) 
fitting program equivalent circuit developed by 
Boukamp.  

2.3.3 Discharge performance 
The density of nano-scale Ni(OH)2 is relatively 

small, so it cannot be used as electrode-active material 
alone. Here the mixture of nano-scale Ni(OH)2 and 
micro-scale Ni(OH)2 was used as the active material, 
while Co and Ni powders were additives, and the 
substrate was a 1 cm×1 cm foam nickel. The counter 
electrode was an excessive metal hydride electrode. A 
single nickel electrode was sandwiched between two 
metal hydride electrodes and the assembly was immersed 
in the electrolyte consisting of 7 mol/L KOH and 15 g/L 
LiOH, then the simulated cell was prepared[18]. The 
reference electrode was a Hg/HgO with OH− electrode. 
After the simulate battery was activated, the discharge 
curves were tested. 
 
3 Results and discussion 
 
3.1 Morphology and crystallization style 

XRD and TEM results of nano-scale Ni(OH)2 are 
shown in Figs.1 and 2, respectively. 
 

 
Fig.1 XRD patterns of nano-scale Ni(OH)2 prepared at 
different pH values 

   
Fig.1 indicates that all the samples are typically 

β-phase Ni(OH)2, and some characteristic peaks of 
nano-scale Ni(OH)2 such as (001), (101), (102) and (111) 
are broadened, and this indicates that the crystal grain is 
refined. Table 1 lists the crystal lattice parameters of 
nano-scale Ni(OH)2 and micron-scale spherical Ni(OH)2 
calculated from Fig.1. It can be deduced from Table 1 
that the values of parameter a of all samples are almost 
the same, but the those of parameter c are quite different, 
and the sample prepared at pH of 10.5 has the maximum 
parameter c. The parameter c of micron-scale Ni(OH)2 is 
smaller than that of nano-scale spherical Ni(OH)2, and 
this illustrates that nano-scale Ni(OH)2 has bigger 
inter-lattice-layer distance than that of micron-scale 
Ni(OH)2, which is favorable to the diffusion of proton 
between two inter-layers. 
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Fig.2 TEM micrographs of nano-scale Ni(OH)2 prepared at different transformation pH values: (a) pH=9.8; (b) pH=10.1;         
(c) pH=10.5; (d) pH=10.8 
 
Table 1 Crystal lattice parameters of samples 

Nano-scale Ni(OH)2 Parameter 
pH=9.8 pH=10.1 pH=10.5 pH=10.8 

Micron-scale spherical Ni(OH)2

a 3.123 0 3.124 2 3.124 6 3.123 5 3.125 8 
c 4.613 9 4.657 1 4.741 0 4.711 0 4.605 0 

 
It can be seen from Fig.2 that the nano-scale 

Ni(OH)2 is in pin shape or flake shape. The 
agglomeration of nano-scale Ni(OH)2 becomes 
significant with the increase of transformation pH value. 
The crystallization velocity of Ni(OH)2 produced by OH− 

reacting with Ni2+ is different on different crystal faces, 
which leads to different growth velocity on different 
crystal faces, so the samples show an anomaly shape 
such as pin shape or flake shape. Nano-scale material is 
prone to agglomerate, owing to its characteristics. During 
the process of agglomeration, zeta (ζ) potential is a key 
impact factor. The effect of transformation pH value on ζ 

potential is given in Fig.3. ζ potential decreases with the 
increase of transformation pH value, which means that 
the charge number on the surface of nano-scale Ni(OH)2 
diminishs when the transformation pH value is enhanced, 
and this makes the agglomeration of nano-scale Ni(OH)2 
particles become easier. This result is in agreement with 
Fig.2. 

 
3.2 Cyclic voltammetry behaviour 

Cyclic voltammetric curves of nano-scale Ni(OH)2 
are given in Fig.4(a). It can be seen from Fig.4(a) that the 
anodic peak potentials Epa of samples prepared at the pH 
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Fig.3 Effect of transformation pH value on zeta potential 
 

 

Fig.4 Cyclic voltammograms of samples: (a) Nano-scale 
Ni(OH)2; (b) Mixtures 

value of 10.1, 10.5 and 10.8 are almost the same, which 
are lower than those of the samples prepared at the pH 
value of 9.8. This demonstrates that these samples will 
exhibit smaller polarization during the charge process. 
The cathodic peak potentials Epc of samples prepared at 
the pH values of 9.8 and 10.5 are higher than those of 
others, indicating that these samples give higher 
discharge platform. According to Epa and Epc of samples, 
it can be deduced that the sample prepared at the pH 
value of 10.5 exhibits superior electrochemical activity. 
Fig.4(b) shows the cyclic voltammetric curves of 
mixtures. It has the following characteristics: 1) The Epa 
and Epc of all mixtures become low compared with 
Fig.4(a); 2) The peak current increases obviously; 3) The 
Epa of the samples prepared at the pH value of 9.8 and 
10.8 is lower than that of others, but the sample prepared 
at a pH value of 10.1 has the highest Epc, indicating that 
the sample prepared at a pH value of 10.1 exhibits 
superior discharge performance. 

We can estimate the proton diffusion coefficient (D) 
f Ni(OH)2 by using the following formula: o

 
I
 p=2.69×105×n3/2×A×(Dv)1/2×C0              (1) 

where  Ip is the current of peak, A;  n is the transfer 
electron number; A is the area of electrode, cm2; D is the 
proton diffusion coefficient, cm2/S; v is the scan rate, V/s; 
C0 is the concentration of reactant, mol/mL. 

By changing scan rate, the corresponding Ip was 
measured, and Ip—v1/2 curve was gotten. From the slope 
of Ip—v1/2 curve, the proton diffusion coefficient of 
Ni(OH)2 was estimated. The calculation results are listed 
in Table 2. 

The data show that, with the increase of transforma- 
tion pH value, the proton diffusion coefficient increases 
firstly, and reaches its maximum at the pH value of 10.5, 
then decreases. The increase of proton diffusion 
coefficient can accelerate the rate of proton diffusion in 
Ni(OH)2, decrease the concentration polarization, and 
enhance the electrochemical performance of Ni(OH)2. 
The proton diffusion coefficient is relative to c value of 
Ni(OH)2 crystal lattice. It can be concluded from Table 1 
that the increase of c value leads to the increase of the 
inter-layer distance, which also means a smaller 
inter-layer proton diffusion resistance and a bigger 
proton diffusion coefficient. This result is in agreement 
with Table 1. After additives are added in nano-scale 
Ni(OH)2, the proton diffusion coefficient decreases 
significantly. This may be due to the fact that the 
addition of other additives makes the contact between  

 
Table 2 Effects of transformation pH value on proton diffusion coefficient of samples (10−14cm2·s−1) 

Nano-scale Ni(OH)2 Mixture 
pH=9.8 pH=10.1 pH=10.5 pH=10.8 pH=9.8 pH=10.1 pH=10.5 pH=10.8 
0.713 53.7 212 65.8 0.464 0.122 3.19 0.049  
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Ni(OH)2 particles become poor, and the diffusion of 
proton becomes difficult. 
 
3.3 Electrochemical impedance performance of 

samples 
In order to estimate the performance of nano-scale 

Ni(OH)2 in practical batteries, the EIS research is 
focused on the mixtures. The complex plane plots of 
mixtures are given in Fig.5, and the fitting results of 
charge-transfer resistance (Rct) are listed in Table 3. It is 
obvious that different mixtures exhibit different Rct, and 
there is no distinct regular relationship between Rct and 
transformation pH value. It can be seen from Table 3 that 
the Rct of mixtures is relatively small when the pH value 
equals 10.1 and 10.8, indicating that the charge-transfer 
process of these mixtures is easier. 
 

 
Fig.5 Nyquist plots of different mixtures 

 
Table 3 Charge-transfer resistance of mixtures (Ω) 

pH=9.8 pH=10.1 pH=10.5 pH=10.8 
2.11 1.66 6.83 0.07 

 
In other words, the electrochemical polarization of 

these mixtures in the charge-discharge process is lower 
than that of others, which is beneficial to the 
improvement of electrode performance. 
 
3.4 Discharge performance 

The discharge curves of samples are given in Fig.6. 
It can be seen that different samples exhibit different 
specific capacities, and the sample prepared at the pH of 
10.1 gives the maximum specific capacity (327.8 mA·h/g) 
and higher discharge platform. In Table 2, it can be found 
that the sample prepared at the pH value of 10.5 exhibits 
the maximum proton diffusion coefficient, which means 
that the concentration polarization of this sample is 
relatively small in the process of charge-discharge. From 
Table 3, it can be seen that the sample prepared under the 
pH value of 10.8 shows the relatively small 
charge-transfer resistance. But the discharge results 

indicate that the discharge performance of these two 
samples is inferior to that of the other samples. This is 
because that the discharge performance of Ni(OH)2 
electrodes is not decided by one factor (Rct or D), but 
depends on two factors: Rct and D. The sample prepared 
at the pH value of 10.1 has suitable Rct and D (relatively 
small Rct and relatively large D), so it exhibits higher 
discharge platform and larger specific capacity. This 
means that the whole anode reaction is not controlled by 
the single mass-transfer step or the charge-transfer step, 
but by both of them collectively. 
 

 

Fig.6 Discharge curves of samples prepared under different pH 
values 
 
4 Conclusions 
 

1) Transformation pH value exerts a great influence 
on the agglomeration degree of nano-scale Ni(OH)2. 
With the increase of transformation pH value, the 
agglomeration of nano-scale Ni(OH)2 becomes more 
obvious, but all samples are β-type Ni(OH)2. 

2) Samples prepared at different transformation pH 
exhibit different D and Rct, and the samples prepared 
with the transformation pH equal to 10.5 and 10.1 have 
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the maximal D and minimal Rct, respectively.  
3) The discharge performance of electrodes depends 

on D and Rct, so the kinetic characteristics of electrodes 
reaction are controlled by both mass-transfer step and 
charge-transfer step. 
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