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Abstract: Nano-scale Ni(OH), doped with Zn was prepared by precipitation transformation method and characterized by XRD and
TEM. The electrochemical performance was investigated by cyclic voltammetry (CV) and constant current technology. The
measurement results indicate that the lattice parameters of nano-scale Ni(OH), are changed and the agglomeration of particles
becomes obvious with the increased Zn-doped content. Compared with un-doped one, the discharge specific capacities of nano-scale
Ni(OH), doped with 10% Zn are enhanced by 8% and 6%, respectively, at the discharge rate of 0.2C and 3C. After 110 cycles, the
discharge specific capacity of the sample doped with 10% zinc is still above 85% of its initial capacity discharged at 0.2C. Therefore,
a suitable Zn-doped content is beneficial to improving the discharge performance of nano-scale Ni(OH),.
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1 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 play an important role. Due to the high
power and low cost, Ni-MH batteries are considered to be
one of the most promising choices for EV application [1].

As the positive material of MH/Ni battery, Ni(OH),
is a kind of p-type semiconductor, and its properties are
one of the most important factors to influence the
performance of battery. Doping such metal cations as Co
and Al is an effective way to improve the
electrochemical performance of Ni(OH),. Nano-scale
Ni(OH);, is a latent positive material for MH/Ni batteries
with superior electrochemical performance [2,3]. It has
been reported that nickel hydroxide with a smaller
crystalline size shows better charge—discharge cyclic
characteristics and a higher proton diffusion coefficient,
and the capacity of Ni(OH), electrode can be increased
by mixing nano-phase Ni(OH), with spherical Ni(OH),
[4]. In order to further enhance the electrochemical
performance of nano-scale Ni(OH),, many elements have
been doped into nano-scale Ni(OH),. Among them,

cobalt doping significantly high-current
discharge capacity and cycle performance of Ni(OH),
[5,6]; Cu-doped amorphous nano-Ni(OH), power
material has higher charge efficiency and better
discharge performance [7,8]; nano-scale Ni(OH), doped
with Al exhibits a better electrochemical cycle
performance [9]; Mn-doped Ni(OH), shows higher
oxygen evolution overpotential and proton diffusion rate
[10]; Mg doping and Y doping enhance the high rate
discharge capacity and cyclic performance of nano-scale
Ni(OH),[11-13].

As reported, doping Zn [14,15] into micron-scale
Ni(OH), can improve the reversibility and oxygen
evolution overpotential of Ni(OH), electrode and inhibit
the expansion of Ni(OH), electrode, but the effects of
doping Zn on the performance of nano-scale Ni(OH),
have not been well investigated so far. The effects of
doping Zn on the crystalline parameters, surface
morphology, and proton diffusion coefficient of
nano-scale Ni(OH), have not be reported yet. Therefore,
In this work, Zn-doped nano-scale Ni(OH), was prepared
by solution method, and the effects of doping amount of
Zn on the crystal structure, surface morphology
and electrochemical performance of nano-scale Ni(OH),
were investigated.
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2 Experimental

2.1 Preparation of Zn-doped nano-scale Ni(OH),

0.2 mol/L Ni(NOs), and 0.2 mol/L Zn(NOs), were
dropped into 0.1 mol/L Na,C,0, solution at the same
speed and stirred to generate precipitate of oxalate. After
10 min, tween-80 was added into the reactor slowly.
After stirring for 1 h, the obtained mixed-solution was
pumped into base NaOH solution (50 °C, pH=11.0), and
at the same time, 0.2 mol/L NaOH was also dropped into
the base NaOH solution at a suitable rate to keep pH
unchanged. The reaction system was stirred for 5 h, so
that the precipitation reaction was fully completed.
Precipitate was separated by centrifuge and washed with

distilled water, and then was oven-dried at 70 °C for 12 h.

After being pulverized with an agate mortar, nano-scale

Ni(OH), doped with Zn was obtained. In this experiment,

the mass fraction of doped Zn was controlled at 0, 5%,
10%, and 15%.

2.2 Characterization of Zn-doped nano-scale Ni(OH),

TEM observation was performed at a voltage of 20
kV using a TEM-1200EX scanning electron microscope
made by JEOL. A D/MAX-rB diffractometer which was
produced by Rigaku Corporation was used to measure
the XRD spectra of the samples (voltage 45 kV, Cu K,,
scan rate 5 (°)/min).

2.3 Electrochemical measurement of Zn-doped nano-
scale Ni(OH),

Cyclic voltammetric measurement was performed
by a CHI630A electrochemical workstation. A powder
microelectrode was used as working electrode in a
three-electrode system, a Hg/HgO electrode was used as
reference electrode and a hydrogen-storage alloy
electrode was used as counter electrode. The electrolyte
was 7 mol/L KOH solution with 15 g/l LiOH. The
scanning range was 0—0.70 V and scanning rate was 1—9
mV/s.

Discharge performance was conducted by test cells.
Zn-doped nano-scale Ni(OH), was mixed with 5% (mass
fraction) cobalt, 5% (mass fraction) nickel and 80%
(mass fraction) sphere nickel hydroxide powders, and
then appropriate mount binder (m(CMC):m(PTFE)=
1.5%:5%) was dropped into the mixed powder to obtain
a paste. The paste was filled into foam nickel substrate
with dimensions of 1 cmx1 cm, then was dried at 80 °C
for 2 h. The dried electrode was pressed to obtain a
nickel hydroxide electrode. A single Ni(OH), electrode
was sandwiched between two hydrogen-storage alloy
electrodes and then were immersed in the electrolyte
consisting of 7 mol/L KOH and 15 g/l LiOH. The test
cells were conducted with BTS series battery
performance-testing instrument produced by Neware

Company.
3 Results and discussion

3.1 XRD analysis of Zn-doped nano-scale Ni(OH),

Figure 1 shows the XRD patterns of nano-scale
samples doped with different amounts of Zn. It can be
seen from Fig. 1 that all characteristic diffraction peaks
are well consistent with the hexagonal S-Ni(OH), (26=
19°, 33°, 38°). This result indicates that all samples are
typically p-Ni(OH),. The low and broad peaks at (001)
and (102) lattice plane indicate the refinement of crystal
grains.
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Fig. 1 XRD patterns of nano-scale Ni(OH), doped with
different amounts of Zn

With the increased zinc-doped content, the
crystallographic ability of material becomes bad.
Especially for the sample doped with 10% Zn, many
small peaks on XRD patterns indicate that there are
abundant defects in the sample, which is helpful in
improving the electrochemical performance of Ni(OH),.

Table 1 shows the lattice parameters of nano-scale
Ni(OH), doped with different amounts of zinc, which are
calculated according to Scherrer Formula [16]. It can be
seen from Table 1 that Zn-doping exerts only a slight
influence on parameter a and parameter b, but parameter
¢ is changed obviously. With the increased Zn-doped
amount, parameter ¢ increases firstly, and then decreases.
When the doped amount of Zn is 5%, parameter c
achieves its maximum value. The changing trends of
parameter a and parameter b are the same as parameter c,
but parameter a and parameter b reach their maximum at
the point of 10% Zn doping. As we known, Ni(OH), is a
kind of stratified structure material, and the increase of
parameter ¢ means the increase of interlayer spacing and
the decrease of proton diffusion in the reacting processes
of Ni(OH),, which is helpful to improving the
electrochemical performance of Ni(OH),.
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Table 1 Effect of Zn-doped content on lattice parameters of

samples
Zn-doped content/% alA b/A c/A
0 3.1205 3.1205 4.6178
5 3.1218 3.1218 4.6541
10 3.1262 3.1262 4.6457
15 3.1153 3.1153 4.6372

3.2 Morphology analysis of Zn-doped nano-scale

Ni(OH),

The TEM images of nano-scale Ni(OH), doped with
different contents of Zn are given in Fig. 2. It can be seen
from Fig. 2 that the un-doped sample consists of many
small thin slices and a spot of acicular crystals, and the
particles are in a well-distributed state. With the increase
of Zn-doped content, the agglomeration of particles
becomes significantly serious. Doping zinc into the
lattices of nano-scale Ni(OH), not only affects the lattice
parameters, but also changes { potential and thereby
changes the interaction force between particles [17].
According to the results of TEM measurements, it can be
concluded that the repulsive interaction of particles is
reduced with the increased zinc doping content. Due to
high surface free energy, nano-materials are unstable and
easy to agglomerate. The decrease of { potential further
leads to agglomeration of particles. The suitable
agglomeration of nano-scale Ni(OH), can enhance its

taping-density and improve its volume specific capacity,
but too serious agglomeration is harmful to high rate
discharge performance of nano-scale Ni(OH),.

3.3 Cyclic voltammetry behaviour of samples

Figure 3 shows the cyclic voltammetry curves of
nano-scale Ni(OH), doped with different contents of Zn.
It is obvious that the oxidation peaks of all samples
appear at the potential about 0.5 V, so it can be
concluded that doping zinc does not affect the oxidation
potential of nano-scale Ni(OH), evidently. With the
increased Zn-doping amount, the potential of reduction
peak increases firstly and then decreases. When the
Zn-doped contents are 5% and 10%, the reduction peak
potential approximates to 0.4 V which is higher than
others. The higher reduction peak potential is desirable
for Ni(OH), because it will heighten the discharge
plateau of Ni(OH), electrode and improve the discharge
performance of batteries.

For a nano-scale Ni(OH), micro-electrode system,
peak current and scanning rate fit to the following
formula:

Ip =2.69%x10° xn** x Ax (Dv)"* xC° (1)

where /p is the peak current; n is the number of transfer
electrons; A is the area of electrode; D is the proton
diffusion coefficient; v is the scanning rate; C° is the
initial concentration of Ni(OH),.

Fig. 2 TEM images of nano-scale Ni(OH), doped with different contents of Zn: (a) 0; (b) 5%; (c) 10%; (d) 15%
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Fig. 3 CV curves of samples doped with different contents of Zn: (a) 0; (b) 5%; (c) 10%; (d) 15%

The oxidation peak current /p and the square root of
scanning rate v'’* are used to fit a line, and then the slope
of line and the real superficial area 4 of the powder
microelectrode are taken into Formula (1) to calculate
proton diffusion coefficient D of nano-scale Ni(OH),.

As shown in Table 2, the proton diffusion
coefficient (D) of nano-scale Ni(OH), firstly increases
and then decreases with the increased Zn-doped contents.
The maximum D is obtained when the doping content of
Zn is 10%. The change trend of D is similar to that of
parameter ¢ shown in Table 1, which proves that raising
layer distance is beneficial to increasing D value. It can
also be seen from Table 2 that the proton diffusion
coefficient of nano-scale Ni(OH), doped with Zn is
bigger than that of the un-doped one. Certainly, the
proton diffusion coefficient is not the unique determinant
factor to the electrochemical performance of Ni(OH),. In
some cases, the charge transfer step could also affect the
electrochemical performance, but the proton diffusion

Table 2 Proton diffusion coefficient of samples doped with
different contents of Zn

Zn-doped content/% 0 5 10 15

Proton diffusion coefficient/(10 %cm®s ™) 1.23 1.36 1.58 1.37

coefficient exerts a greater effect on the electrochemical
performance of Ni(OH),.

3.4 Discharge performance of samples

Figure 4 shows the discharge curves of nano-scale
Ni(OH), doped with different contents of Zn. As
described in Fig. 4, the discharge specific capacity of
samples increases gradually at first and then decreases
with the increased Zn-doping contents. In the case of
0.2C discharging, the discharge specific capacity of
nano-scale Ni(OH), doped with 10% Zn is about 285
mA-h/g, which is higher than that (about 264 mA-h/g) of
the un-doped nano-scale Ni(OH), by 8%, and its
discharge plateau is also the highest. When being
discharged at 3C, the discharge specific capacity of the
sample doped with 10% Zn is 6% higher than that of the
un-doped one. And the sample doped with 15% Zn also
shows a higher discharge specific capacity, but its
discharge plateau is lower than that of other samples
when discharge rate is 3C. So, it can be concluded that
10% is a suitable Zn-doped content, which coincides
with the result of cyclic voltammetry measurement. That
is to say, doping 10% zinc in nano-scale Ni(OH), can
preferably change the lattice parameters, increase proton
diffusion coefficient, and improve discharge performance



Li ZHAO, et al/Trans. Nonferrous Met. Soc. China 23(2013) 1033—-1038 1037

1.5 ()
14 * — Without Zn
“h «— 5% Zn
+— 10% Zn
| Jp— 0,
% 13 15% Zn
g
S 12
1.1
. A
¥ A
1.0+ o 4
0 50 100 150 200 250 300
Specific capacity/(mA-h-g™")
)
1.4 = — Without Zn
13L «— 5% Zn
. s — 10% Zn
 —_— 0,
> 12} 15% Zn
¥}
=11
E11r
=
Z 10k \
L i
0.9 LN
I\t
081 "k
0.7 1 1 1 1
0 50 100 150 200 250

Specific capacity/(mA+h-g™")

Fig. 4 Discharge curves of samples doped with different
amount of Zn: (a) 0.2C; (b) 3C

of nano-scale Ni(OH),.

The effect of Zn-doped nano-scale Ni(OH), on the
discharge performance of nickel hydroxide electrode can
be explained as follows. Usually, common micrometer
nickel hydroxide is spherical with an average size of
10—15 pm, and void volume of granules can still reach
above 0.5 pm after being compacted. Nano-scale
Ni(OH), has at least one physical dimension less than
100 nm in length, so when nano-scale Ni(OH), is added
into common micro-sized spherical Ni(OH),, it can fully
fill in the interspace of common micro-sized Ni(OH),
particles, which facilitates enough contact, thus shortens
the route of proton diffusion among common micro-sized
Ni(OH), particles [3]. On the other hand, the proton
diffusion coefficient of nano-sized Ni(OH), is larger than
that of micro-sized Ni(OH), (see Table 2). Both aspects
accelerate the utilization of active materials in nickel
hydroxide electrode.

3.5 Cyclic performance of samples

Figure 5 shows cyclic performance of nano-scale
Ni(OH), doped with 10% zinc, in which cycles about
110 times are discharged at 0.2C. It can be seen from

Fig. 5 that the rest capacity of test cell decreases
gradually in the first 60 cycles, and then stabilizes at
85% of its initial capacity. The reduction of cyclic
capacity at initial stage is related not only to common
factors (e. g. the falling of active materials), but also to
the agglomeration of nano-scale particles and Zn
dissolving. Nano-scale particles are unstable and easy to
agglomerate in charge/discharge processes, which would
reduce the specific surface of nano-scale Ni(OH), and
increase the polarization of reaction. Meanwhile, a small
part of doped zinc may dissolve in electrolyte to make
the capacity of test cell decrease.
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Fig. 5 Cycle performance of nano-scale Ni(OH), doped with
10% Zn discharged at 0.2C

4 Conclusions

1) Doping zinc can change the lattice structure of
nano-scale Ni(OH),.

2) Doping zinc can also change the peak potential
and proton diffusion coefficient of nano-scale Ni(OH),.
Appropriate Zn doping amount can enhance the proton
diffusion coefficient.

3) The discharge performance of Zn-doped nano-
scale Ni(OH), is improved, especially the sample with
10% zinc, whose discharge specific capacity and
discharge voltage are higher than those of other samples.
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