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Preparation of α -nickel hydroxide/carbon composite by the liquid 
phase deposition method

Alexis Bienvenu BÉLÉKÉ, Akinobu HOSOKAWA, Minoru MIZUHATA† and Shigehito DEKI

Department of Chemical Science and Engineering, Graduate School of Engineering, Kobe University, 
1-1, Rokko, Nada, Kobe 657-8501

High purity α-nickel hydroxide/carbon composite has been synthesized by the liquid phase deposition (LPD) method. The 
purity of the as-prepared samples was confirmed by X-ray photon electron (XPS) survey spectra, which showed no other peak 
than that of the core levels Ni 2p, O 1s, C1s, Ni 3s and Ni 3p involved in the process. Scanning electron microscope (SEM) 
images showed carbon particles randomly embedded within the Ni(OH)2 network. The amount of deposited nickel hydroxide 
can be controlled by the ratio between carbon and the quantity of the treatment solution, and the reaction time.
©2009 The Ceramic Society of Japan. All rights reserved.
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1. Introduction
Nickel hydroxide is widely used as a positive electrode active 

material in commercial nickel-based secondary batteries.1) It pos-
sesses two phases in its reduced states known as α-Ni(OH)2 and 
β-Ni(OH)2, which transform to γ-NiOOH and β-NiOOH, respec-
tively, during charging.2) In most cases, the active material of the 
positive electrode belongs to the β-form. It is generally accepted 
that α-Ni(OH)2 exhibits superior electrochemical properties 
compared to the β-form.3) However, α-Ni(OH)2 is labile and it 
rapidly converts to β-Ni(OH)2 during synthesis or in the presence 
of a strong alkaline solution.4) While significant progress has 
been made regarding the stabilization of α-phase in a strong 
alkaline medium by the insertion of metal additives within the 
lattice of Ni(OH)2, less attention has been devoted to nickel 
hydroxide composite materials from the view point of improving 
the electronic conductivity of the positive electrode. The addition 
of metal ions such as cobalt additives (CoO, Co(OH)2, etc.) in 
the form of CoOOH conductive film on the spherical Ni(OH)2 by 
physical mixture, or its insertion in the lattice of Ni(OH)2 by 
chemical co-precipitation have proven to improve the discharge 
capacity rather than the electronic conductivity.5)–10) The use of 
a conductive agent such as carbon as part of active materials for 
the positive electrode is regarded to be beneficial in the terms of 
enhancing the conductivity of electrochemical devices due to its 
highly accessible surface area, good electrical conductivity, 
chemical stability and mechanical strength.11)–14) However, the 
commonly used approach which consists of the physical mixture 
of active material and carbon has some shortcomings in the terms 
of: (i) decreasing the load of Ni(OH)2 active material due to 
carbon low density and high surface area and, (ii) low utilization 
of efficiency of carbon black because of less contact between the 
conductor and active material. It is therefore desirable to explore 
alternative approaches for mixing. In this scope, Zhang et al. 
have recently reported on the high-rate discharge properties of β-

nickel hydroxide/carbon composite prepared by co-precipitation 
method. The authors found that the carbon black distributed in 
the β-Ni(OH)2/C material reduces the inner resistance of 
Ni(OH)2 particles.15)

In this study, we propose a very simple and convenient route 
to the synthesis of α-nickel hydroxide/carbon composite by the 
liquid phase deposition (LPD) method. While efforts towards it 
stabilization in alkali media and electrochemical properties are 
still under investigation, we expect that such type of material 
would be suitable for applications.

2. Experimental
The Ni parent solution was prepared according to the proce-

dure described in our previous work.16) The carbon oxidative 
pretreatment was carried out as follows. 2.0 g of carbon black 
(Vulcan XC–72R, specific surface area: 255.8 m2 g–1) were first 
loaded in a bottomed flask set under refrigerant. Then 15.986 g 
of KMnO4 were dissolved into 200 ml ion exchange water (IEW) 
by hot stirring for few minutes, and loaded into a 500 ml mesh 
cylinder. Next, 132 ml of the 4M HNO3 solution was added on 
the KMnO4 solution. The amount of the mixture was adjusted 
with IEW to make 400 ml solution, which was loaded in the bot-
tomed flask containing carbon black. The system was mixed by 
stirring at 70°C for 4 h under refrigerant, filtrated and washed 
with hot water three times. The filtrate was again shacked into 
400 ml of 2M HCl for 17 h at an ambient temperature, washed 
with hot IEW twice and dried at 110°C for 8 h.

α-Ni(OH)2/C composite was obtained as follows: a proper 
amount of oxidized carbon was loaded in a plastic bottle and 
therein; the reaction solution (consisting of 12.5 mmol dm–3 of 
Ni parent solution, 0.1 mol dm–3 of H3BO3 and IEW carefully 
mixed in a volumetric mesh flask) was poured on. The initial 
concentrations of the Ni parent solution and H3BO3 were 30 
mmol dm–3 and 0.5 mol dm–3, respectively. The system was 
shacked ultrasonically for 10 min before diving into water bath 
to allow reaction at 50°C up to 48 h. The sample was collected 
by suction filtration, washed repeatedly with hot IEW and dried 
at 60°C for 3 h.
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For cyclic voltammetry measurements, the positive electrode 
was prepared as follows. 50 mg of the composite (ca. 80% 
nickel hydroxide and ca. 20% carbon) was mixed with 200 mg 
of 20 g dm–3 polyvinyl alcohol (PVA; M. W. = ca 500) as a binder 
to make a paste. The mixture was inserted into 1.5 × 1.5 cm2

nickel foam, dried in the air at 120°C for 3 h and, then pressed 
under a pressure of 20 MPa for 1 min. The working electrode 
active surface area was 1 × 1 cm2. Nickel foam (1.5 × 1.5 cm2) 
was used as counter electrode whereas 6M KOH solution served 
as an electrolyte. Measurements were conducted at a scan rate of 
1 mV s–1 against Ag/AgCl for 5 cycles.

3. Results and discussion
3.1 Analysis of the composite
Powder XRD patterns of α-Ni(OH)2/C composite are shown 

in Fig. 1. All the diffraction peaks are similar to those reported 
for α-nickel hydroxide thin film,16),17) and are consistent with that 
of α-Ni(OH)2·0.75H2O, (JCPDS card No 38–715),18) except for 
the first reflection. The high intensity of the (003) plane indicates 
that the obtained phase has a good crystallinity. The broadening 
of the (006) reflection plane is caused by its combination with 
the graphite peak, which indicates the presence of carbon. No 
other peak for impurities or β-phase could be detected.

XPS spectra survey of the composite is shown in Fig. 2. The 
two peaks at 873.2 and 855.6 eV are assigned to Ni 2p1/2 and 
Ni 2p3/2 core level, respectively. O 1s core level is located at 
531.9 eV while that of C 1s appears at 285.2 eV. The last two 
peaks at 112.6 and 66.9 eV belong to Ni 3s and Ni 3p core level, 

respectively.19) No peak for impurity or other element is found in 
the XPS spectra, indicating the purity of the α-phase Ni(OH)2/C 
composite synthesized under the current experimental condi-
tions.

3.2 Effects of composition and reaction time
Figure 3 shows SEM images of the as-deposited α-Ni(OH)2/C

composite at two different carbon contents. In both cases, carbon 
particles can be easily distinguished from the α-Ni(OH)2 net-
work. However, in Fig. 3(a), which contains a high amount of 
carbon (0.2 g l–1), the carbon particles appear as aggregates 
within the α-Ni(OH)2 network whereas in Fig. 3(b) with a small 
amount of carbon (0.13 g l–1), the feature exhibits abundant 
amount of nickel hydroxide. In other words, the amount of 
deposited Ni(OH)2 on carbon particles depends upon the amount 
of carbon (in gram) and quantity of reaction solution (in liter). 
The larger the solution content, the higher the amount of depo-
sition, and the better distribution of carbon particles within the 
Ni(OH)2 network. Besides this composition factor, the reaction 
time plays a crucial role in controlling the amount of deposition. 
According to SEM images and XRD patterns (not shown), the 
deposition occurs after at least 6 h of reaction but with a low 
amount of Ni(OH)2. Increasing the reaction time from 12 to 48 h
did not show any change in the sample morphology nor structure, 
but displays rather the increase in the intensity of the (003) 
reflection and the decrease of the graphite peak. These results 
indicate that the amount of deposition can be controlled by the 
initial concentrations and the reaction time.

3.3 Cyclic voltammetry
Figure 4 shows cyclic voltammetry of the electrochemical cell 

made using α-Ni(OH)2/C composite as an active material of the 

Fig. 1. Powder X-ray diffraction patterns of the as-deposited α-
Ni(OH)2/C composite.

Fig. 2. XPS spectra survey of α-Ni(OH)2/C composite.

Fig. 3. SEM images of the as-deposited α-Ni(OH)2/C composite at two 
different carbon contents: (a) 0.2 g l–1, (b) 0.13 g l–1.

Fig. 4. Cyclic voltammograms of the cell made with α-Ni(OH)2/C 
composite as working electrode.
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working electrode. The oxidation peak Ea (which describes the 
cycling behavior at the anode) appears at ca. 370 mV before the 
oxygen evolution, and shifts towards positive potentials with an 
increasing number of cycles. The intensity also increases in the 
same way until the 4th cycle, then, it becomes stable at the 5th 
cycle. The reduction peak Ec, (showing the cycling behavior at 
the cathode) for the first cycle is located at 133 mV, and slightly 
shifts towards negative potentials. These peaks are assigned to 
the γ-NiOOH → α-Ni(OH)2 process. The potential difference 
between Ea and Ec, ΔEa,c, was used to estimate the reversibility 
of the electrode reaction. A value of 179 mV was found for ΔEa,c,

which is higher compared to the theoretical value of 158 mV, and 
implies somewhat a low reversibility. The large volume of the 
active material is suspected as a principal cause of this low 
reversibility. There may be an excess of composite loaded into 
the electrode active surface area, which could hinder the proton 
diffusion process. Another hypothesis is that the current scan rate 
of 1 mV s–1 could be too fast to detect the electrochemical 
response. It is well-known that the separation between redox 
peaks, ΔEa,c is the combination of two main factors such as the 
ohmic drop and the energetics of the ion insertion-expulsion 
reaction,20),21) the latter factor includes many parameters such as 
proton concentration, the electrolytic concentration and so on. 
On the other hand, the electrode can only intercalate or deinter-
calate the number of proton commensurate with the volume of 
the active material available.22) It is therefore difficult at this 
stage to state on which of the two factors is responsible of this 
low reversibility. Efforts to improve the electrochemical proper-
ties are currently on process and this aspect will be elucidated 
subsequently.

4. Conclusion
α-Ni(OH)2/C composite has been successfully prepared by the 

LPD method. The high intensity of the (003) reflection in the dif-
fraction patterns indicate that the composite possesses a good 
crystallinity. No other peak of β-phase was detected. XPS survey 
spectra confirm the purity of the samples under current synthesis 
conditions. The amount of deposited nickel hydroxide can be 
controlled by the reaction conditions such as the composition 
ratio between the amount of carbon and the content of the treat-
ment solution, and the reaction time. With further investigation, 
α-Ni(OH)2/C composite is expected as a potential candidate of 
the positive electrode active materials for rechargeable nickel-
based batteries.
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