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Abstract 
 
Nano-scale β-Ni(OH)2 and Co(OH)2 were prepared by controlled crystallization, mixed by 
ball milling, and granulated to form about 5µm spherical grains by spray drying 
granulation. The granulation significantly enhanced electrochemical performance of 
nano-scale Ni(OH)2, probably because of good size matching between active material 
and electric conductor. The granulated grains of nano-scale Ni(OH)2 presented the high 
performance at high discharge C-rate, and its specific capacity at 10C exceeded that of 
conventional spherical micro-scale Ni(OH)2 at 3C. The granulated nano-scale β-Ni(OH)2 
is a promising cathode active material for high power Ni-MH batteries. 
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Introduction 
 
The increasing concerns over air pollution and depletion of natural petroleum reserves have 
spurred renewed interest in electric vehicles (EV), where high power batteries are playing 
important role. Being of high power and low cost, Ni-MH batteries are considered to be one 
of the most promising choices for EV application. Active electrode materials for high power 
batteries need to be of high proton diffusion coefficient and high electronic conductivity. 
Nickel hydroxide with a smaller crystalline size shows a high proton diffusion coefficient, 
giving excellent electrochemical performance [1, 2]. Nano-scale hexagonal β-Ni(OH)2 was 
synthesized and was anticipated to significantly boost performance of Ni-MH batteries [3]. It 
was reported that the specific capacity can be increased over 10% from 214 mAh g-1 to 235 
mAh g-1 at 0.2C when the active material was prepared by mixing nano-scale Ni(OH)2 with 
conventional spherical Ni(OH)2 [4, 5]. When electrode formulation of pasting slurry was 
consisted of only 60 wt.% active nano-scale Ni(OH)2 and large amount of conductor, the 
capacity reached 400 mAh g-1-Ni (253 mAh g-1-Ni(OH)2) at 1C [6].  
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Whilst, it was experimentally found that the electrode prepared by nano-scale Ni(OH)2 with 
normal conductor showed even worse performance, probably because of poor 
conductivities both between conductor and nano-scale Ni(OH)2 particles, and among 
nano-scale Ni(OH)2 particles. Nano-scale Ni(OH)2 is of small inner crystal resistance, but big 
inter-crystal resistance and contacting resistance with conventional conductor, which has 
been hindering it from practical use to directly prepare cathode.  
Therefore, nano-scale Ni(OH)2 can only be applied as adjuvant to improve the performance 
of micro-sized spherical Ni(OH)2, which can also be electrochemically enhanced by surface 
modification. But the surface modification is not effective to reduce inner resistance of 
particles. So it is needed to reduce both inner and inter-crystal resistances for performance 
improvement of Ni(OH)2.  
In this study, nano-scale Ni(OH)2 was prepared, mixed with nano-scale Co(OH)2, then 
granulated by spray drying granulation. The obtained granulated micro-sized spherical 
grains of nano-scale Ni(OH)2 showed high performance at high C-rate. All references to 
Ni(OH)2 refer to β-Ni(OH)2 phase. 
 
 
Experimental 
 
Hydrous colloid of nano-scale Ni(OH)2 was prepared from NiSO4 and NaOH by controlled 
crystallization. The details of preparation were described in reference [7]. Then, n-butanol 
was added into the colloid with agitation, and distilled at the azeotropic temperature of 
n-butanol till all n-butanol was completely evaporated. The product was dispersive powder 
of nano-scale Ni(OH)2. Nano-scale Co(OH)2 was also prepared as above procedures, and 
used as conductor.  
The as-prepared colloid of nano-scale Co(OH)2 and deioned water were added into colloid 
of pre-distilled nano-scale Ni(OH)2 and ball-milled to form slurry, from which the spherical 
grains were prepared by spray drying granulation technique as described in reference [8]. 
Positive electrodes were made by pasting a slurry mixture of active Ni(OH)2 grains, carbon 
black, graphite, carboxymethylcellulose (CMC) and Teflon in water on nickel foam, and 
dried at 80°C for 4 hours. The electrode formulation of pasting slurry consisted of 85 wt.% 
active grains, 10 wt.% graphite, 3 wt.% carbon black, and 2 wt.% others. The electrolyte was 
30 w% KOH solution. The discharge performance with cut-off voltage of 1.0V was carried at 
room temperature.  
 
 
Results and discussions 
 
By the qualitatively large widths of X-ray diffraction lines of as-prepared nano-scale Ni(OH)2, 
its crystalline size is evaluated to be 2.77 nm and 10.5 nm from the width of the diffraction 
lines of (001) and (100), respectively, according to Scherrer’s equation [9]. An average 
length is evaluated to be 6.75 nm by formula proposed in reference [10].  
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Fig. 1 SEM images of granular grains of nano-scale Ni(OH)2 

 
 
Figure 1 shows the SEM images of granulated grains of nano-scale Ni(OH)2. Its particle size 
is about 2~5 µm. No crystalline grains can be observed on the surface of particle at 
magnifying level of micron because it is still nano-sized. Four processes were adopted to 
prepare electrode, whose electrochemical performance was tested at a discharge rate of 1C. 
First, nano-scale Ni(OH)2 was directly used to prepared positive electrodes by weight 
percentage of 85%, as described in experimental section, resulting in its specific capacity 
reaching only 183 mAh g-1 as shown in Table 1. Secondly, it was granulated to form 
micro-sized grains before used to prepare electrode, its capacity increased to 215 mAh g-1. 
Thirdly, it was mixed by ball milling with nano-scale Co(OH)2 at Co/Ni mole ratio of 1/20 
before used to prepare electrode, its capacity further increased to 258 mAh g-1. Fourthly, it 
was mixed by ball milling with nano-scale Co(OH)2 at Co/Ni mole ratio of 1/20 and then 
granulated to form micro-sized grains before used to prepare electrode, its capacity 
increased up to 289 mAh g-1. 
 
Table 1 Specific capacity of nano-scale Ni(OH)2 at a rate of 1C. 

 
Preparation process mAhg-1

1.Nano-scale Ni(OH)2 without granulation 183 
2.Granulation of Ni(OH)2 without Co(OH)2 215 
3.Mixing with nano-scale Co(OH)2 at Co/Ni=1/20 258 
4.Granulation after mixing with of nano-scale 
Co(OH)2 at Co/Ni=1/20 

289 

 
 
Above experimental results demonstrate that the addition of Co(OH)2 plays a crucial role in 
improving the performance of nano-scale Ni(OH)2 because it enhances the conductivity of 
the active material when it transforms into CoO(OH), of which the conductivity is high, during 
charging [11, 12]. By comparison of process 1 and 3 in Table 1, it is found that the addition of 
Co(OH)2 leads to a specific capacity increase as high as 75 mAh g-1 for the un-granulated 
samples. After granulation, the addition of Co(OH)2 makes an increase of 74 mAh g-1 from 
215 to 289 mAh g-1 by comparison of process 2 and 4. The proper Co/Ni mole ratio is 
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experimentally optimized to be 0.05. 
However, what is more notable is that granulation can further enhance the specific capacity 
of nano-scale Ni(OH)2. By comparison of process 1 and 2, it is found that the granulation 
leads to a specific capacity increase of 32 mAh g-1 for the samples without addition of 
Co(OH)2. After addition of Co(OH)2, the granulation makes an increase of 31 mAh g-1 from 
258 to 289 mAh g-1 by comparison of process 3 and 4.  
Therefore, the above results have shown that the granulation can significantly enhance the 
capacity of nano-scale Ni(OH)2. Whilst nano-scale Co(OH)2 also plays crucial role for 
capacity of nano-scale Ni(OH)2 as an electronic conductor, leading to a capacity increase as 
high as 75mAh/g when nano-scale Co(OH)2 mixed by Co/Ni mole ratio of 1/20, and even an 
increase of 106mAh/g after further granulation by spray drying granulation. 
The specific capacities of granulated grains of nano-scale Ni(OH)2 with Co/Ni=1/20 and 
conventional micro-scale spherical Ni(OH)2 at high C-rate are shown in Figure 2. The 
granulated grains of nano-scale Ni(OH)2 mixed with Co(OH)2 at Co/Ni=1/20 reaches the 
capacity of 289 mAh g-1 at 1C, at which conventional micro-sized spherical Ni(OH)2 reaches 
only 272 mAh g-1. The former presents the capacity in excess of 258 mAh g-1 at 10C and the 
latter go down to 218 mAh g-1 even at 3C. Being compared with conventional spherical 
Ni(OH)2, granulated grains of nano-scale Ni(OH)2 mixed with nano-scale Co(OH)2 reveals 
excellent performance at high C-rate up to 10C. 
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Fig. 2 Comparison of capacities of the granulated grains of nano-scale Ni(OH)2 mixed 
with nano-scale Co(OH)2 and conventional spherical micro-sized Ni(OH)2 at high C-rate. 
 
 
The effect of granulation of nano-scale Ni(OH)2 on its electrochemical performance is 
probably as follows. Sizes of active material and electronic conductor need to be match 
properly. Generally, electronic conductor is made up of 1~3 µm particles. When nano-scale 
Ni(OH)2 is granulated to be about 5 µm grains, the electronic conductor is smaller. When 
they are mixed to prepare electrode, electronic conductor, smaller particles, surrounds the 
grains of Ni(OH)2, bigger particles, and forms a conductive network in the electrode, leading 
to good electrochemical performance, as illustrated in Figure 3 (a). Whereas, nano-scale 
Ni(OH)2 is directly mixed with conventional conductor, nano-scale particles of Ni(OH)2 
surround micro-scale particles of conductor, that is isolated by nano-scale Ni(OH)2, leading 
to poor electronic conductivity, as shown in Figure 3 (b). This is the reason why nano-scale 
Ni(OH)2 always presents poor electrochemical performance when its electrode preparation 
is according to conventional method. Only when nano-scale Ni(OH)2 is mixed with a large 
amount of conductor, it shows good performance. But this is not practical for preparation of 
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electrode. Therefore, size of electronic conductor does not match with that of nano-scale 
Ni(OH)2, this hindered nano-scale Ni(OH)2 from being used to directly prepare electrode. 
Granulation makes nano-scale Ni(OH)2 particles to form micro-scale grains, which match 
well with conventional electronic conductor particles. 
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Fig. 3 Illustrations of nano-scale Ni(OH)2 and electronic conductor in electrode. (a) Granulation. 
(b) Without granulation 
 
 
Conclusion 
 
Addition of nano-scale Co(OH)2 can significantly improve electrochemical performance of 
nano-scale Ni(OH)2. Further granulation of nano-scale Ni(OH)2 by spray drying granulation, 
by which nano-scale Ni(OH)2 is granulated to form micro-scale spherical grains, takes effect 
for improvement of its performance during preparation of cathode materials. The granulated 
nano-scale Ni(OH)2 shows excellent performance at high discharge capacity rates. It 
achieves high utilizations of Ni(OH)2 in excess of 89% at 10C. It is a promising material for 
high power Ni-MH batteries. 
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