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Influence of Crystal Growth Direction Selectivity on Morphology
and Electrochemical Activity of Spherical Nickel Hydroxide
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Northeastern University, Shenyang 110819, China)

Abstract: The spherical nickel hydroxide was synthesized by chemical precipitation method under the same
physical and chemical conditions but different aging times. The morphologies of the spherical nickel hydroxide
were characterized by SEM. It was found that with the increase of the aging time, the morphology of the spherical
nickel hydroxide changed from irregular crystals to regular spherical crystals. XRD patterns showed that when the
aging time was 3 h, the growth of (001) crystal plane reached a steady state, and it did not transform with the
increase of the aging time. However, (100) crystal plane and (101) crystal plane continued to grow with the
increase of the aging time, and the relative crystallinity reached a maximum value. The shapes of the diffraction
peaks were sharp and high when the aging time was 12 h, which indicated that the structural regularity
strengthened. The influence of crystal growth direction selectivity on the morphology and electrochemical activity

were discussed in the crystallization process of spherical nickel hydroxide.
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Spherical Ni(OH), is one of the most important Although spherical Ni(OH), has been industrially
battery material which has been widely applied in produced in large-scale, the structures in different

electroplating, storage battery, spaceflicht and so on. batches always appear different because the growth
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mechanism of Ni(OH), crystal has not been researched
thoroughly. Wang summarized the mechanism of
crystal growth defect in detail. He concluded that the
sub-step theory could be applied to explain the crystal
growth mechanisms of both solution and sublimation
processes!'?. Ma et al. measured and estimated crystal
plane growth kinetics. They presented a framework
which integrated the various components to achieve
the ultimate objective of model-based closed-loop
control of the CShDP*. Huo et al. proposed a synthetic
image analysis strategy for in-situ crystal size
measurement and shape identification for monitoring
crystallization processes, based on a real-time imaging
system™7.

X-ray diffraction plays a key role in the analysis
of the crystallization process. Ramesh used XRD
to determine the thermal decomposition of Ni(OH),.
Further, he concluded that the decomposition mecha-
nism mainly depended on the preparative conditions'®.
Deschamp presented that continuing advances in all
phases of a crystallographic study have expanded the
ranges of samples which can be analyzed by X-ray
crystallography, including larger molecules, smaller or
weakly diffracting crystals, and twinned crystals .
Xu et al. used X-ray diffraction to analyze the growth
and phase transformation of metastable B-Hgl,"!'*",

The crystallization factors of spherical Ni(OH), on
macroscopic perspective were investigated, including
temperature, pH (ammonia content), reactant supersa-
turation, mixing intensity and paddle type as well as

19 However, the factors of micro-

many other aspects[
cosmic perspective are rarely studied. Therefore, in
this study the spherical Ni(OH), was synthesized by
chemical precipitation method with different aging
times under the same physical and chemical conditions.
The morphologies and the relative crystallinities of the
spherical Ni(OH), were characterized by SEM and
XRD. It is found that the crystal growth direction
selectivity has a great influence on morphologies and
crystallization of spherical Ni(OH),. This work provides
the rules of the growth of crystal plane according to
the crystallization of spherical Ni(OH),. It also offers a

theoretical basis and experiences for reducing the

structure differences of Ni(OH), industrial products.
1 Experimental

1.1 Preparation of spherical Ni(OH),

According to the industrial process of spherical
Ni(OH), preparation, the chemical precipitation method
was applied to the preparation of spherical Ni(OH),.
The reaction temperature of the system was controlled
within 50~57 °C, and the pH value was controlled
within 11 ~11.7. A certain concentration of nickel
sulfate solution, ammonia and sodium hydroxide
solution in a certain proportion was filled to the
bottom of the reactor. Under the same physical and
chemical conditions, the samples prepared with the
aging times of 3, 6, 9 and 12 h, and then the samples
were filtered out for measurement.

1.2 Instruments

The scanning electron microscope (SEM) used in
this experiment was SU8010 produced by Japan Hi-
tachi Company. The X-ray diffractometer used in this
experiment was D8 Advance X Bruker ray analyzer
produced by German Bruker Company. Light tube
type was Cu target (Ko, A=0.154 06 nm). The scan
range was 10°~90° with scanning speed of 2°-min™.
The electrochemical workstation used in this experi-
ment was Biologic vsp300 produced by France Claix
Company.

2 Results and discussion

2.1 SEM analysis

Under the same physical and chemical conditions,
when the aging time is 3 h, the Ni(OH), particles form
irregular crystals with different sizes, the surface
structure of the crystals is composed of the acicular
micro-crystals, as shown in Fig.1. It is because in the
early reaction, the Ni(OH), particles form flocculent
and micro-crystals under the

precipitates strong

agglomeration.

When the aging time is 6 h, the Ni (OH),
particles form many agglomerate crystals with similar
sizes and shapes, the surface structure of these crystals
is composed of many well-defined acicular micro-

crystals, as shown in Fig.2. It is because the crystal
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nucleuses gradually form and crystals gradually grow
with the increase of the aging time under the
agglomeration. The flocculent precipitates gradually
fill the gaps of agglomerated particles and the quasi
spherical crystals are formed. Due to the growth of
layers is perpendicular to the spherical surface in the
spherical Ni(OH),, the

surface of these quasi spherical crystals is formed by

crystallization  process —of
the well-defined acicular micro-crystals.

When the aging time is 9 h, the Ni(OH), particles
form spherical crystals with similar sizes, and the
surface structure of these crystals is composed of
many grainy micro-crystals, as shown in Fig.3. It is
because the precipitates fill the gaps of agglomerated
particles and the more compact spherical crystals are
formed. Due to the surface of these crystals is
attached of grainy micro-crystals, the precipitates

continue to adhere to the surface of the crystals and

Fig.1 SEM images of Ni

the crystals grow slowly under the agglomeration.

When the aging time is 12 h, the Ni (OH),
particles form many complete spherical crystals with a
uniform size, the surface structure of these crystals is
composed of many micro-crystals with clear stripes, as
shown in Fig4. It is because the agglomerated
particles combine more compact, and the surface
structure of these crystals grows more integrated.
2.2 XRD analysis

The XRD patterns of the samples with different
aging times are shown in Fig.5. It can be found that
the main diffraction peaks are nickel hydroxide, and
other crystal items are not observed. When the aging
time is 12 h, the characteristic peaks in the XRD
patterns are highest, the FWHM is minimum, and the
relative crystallinity is the best. If the relative
crystallinity of the samples prepared at 12 h is treated

as 100%, according to amorphization formula A4 =[1-

Fig.2 SEM images of Ni(OH), particles (aging time 6 h)
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Fig.4 SEM images of Ni(OH), particles (aging time 12 h)

Ul /[(Udy)|x100%, the calculation of each samples is
plotted in a linear graph, as shown in Fig.6. Moreover,
the mathe-matical relationship between aging time and
amor-phization is A =—0.007 77 *+0.037 17+0.653 2,
which can be obtained according to Fig.6.

It can be found that the FWHMy,, and the peak
intensity on (001) diffraction peak are basically the
same with the increase of the aging time from Fig.5.

Which means that the growth of (001) crystal plane

reaches a steady state when the aging time is 3 h.

However, the FWHM ;o0 and FWHM,yp;y decrease while
the peak intensities are enhanced. Which means that
(100) crystal plane and (101) crystal plane continue to
grow with the increase of the aging time. SEM images
show that when the aging time is increased from 3 to
12 h, the morphology of Ni(OH), crystals changes from
irregular crystals to complete spherical crystals, it can
be concluded that the growth of (001) crystal face has
not a greater influence on the morphology of Ni(OH),
crystals, but the growths of (100) crystal plane and
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Fig.5 XRD patterns of the samples with different

aging times
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Fig.6 Aging time-conversion relation of amorphization

(101) crystal plane have a greater influence on the
morphology. And the FWHMn and FWHM i of
Ni(OH), crystals with different aging times are given in
Table 1.

According to Table 1, the selectivity of crystal

(100) crystal plane and (101)
crystal plane with different aging times can be
calculated by Scherrer formula D=KA/(Bcosf), and the

results are given in Table 2. From Table 2 it can be

growth directions on

seen that the growth rate of (101) crystal plane is greater
than (100) crystal plane when the aging time is 6~9 h,
and the growth rate of (100) crystal plane is greater
than (101) crystal plane when the aging time is 9~12
h. It shows from SEM images Fig.2~Fig.3 that when
the aging time is increased from 6 to 9 h, the morpho-
logies of Ni(OH), crystals change from agglomerate
crystals to spherical crystals. This means that the
growth of (101) crystal plane has a greater influence
on the sphericity than (100) crystal plane. SEM images
Fig.3~Fig.4 show that when the aging time is increased
from 9 to 12 h, the surface structures of Ni (OH),
crystals change from grainy micro-crystals to striped
micro-crystals. This means that the growth of (100)
crystal plane has a greater influence on the surface
structure than (101) crystal plane.
2.3 Performance characterization

The the
indicator of Ni(OH),. The Ni(OH), samples prepared at

different aging times were compressed with carbon

electrochemical activity s basic

black and adhesive in proportion as 7:2:1 into sheet
electrode. CV Scan was tested at the speed of 10 mA/
s in the range of 0 ~ 0.6 V, while the Hg/HgO was
selected as the reference electrode. The CV curves

are shown in Fig.7. According to Fig.7, it can be seen

Table 1 FWHM for Ni(OH), crystals with different aging times

Aging time / h 3 6 9 12
FWHM (100 2Th.) 0.216 5 0.196 8 0.137 8 0.118 1
FWHM (101 2Th.) 04723 0.393 6 0.159 7 0.157 4

Table 2 Selectivity of crystal growth directions for Ni(OH), with different aging times

Aging time / h D / nm AD/At / (nm-h™)

(100) 3 0.660 2 0.220 0
6 0.726 4 0.022 0

9 1.037 0 0.103 5

12 1.210 2 0.057 7

(101) 3 0.306 8 0.102 2
6 0.368 1 0.020 4

9 0.907 8 0.179 9

12 0.920 6 0.004 2
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Fig.7 CV curves of the samples with different aging

times

that with the increase of the aging time, the
electrochemically active specific surface area also
increases. When the aging time is 12 h, the electro-
chemically active specific surface area and peak
current reach the maximum, which shows the best
electrochemical  activity. Therefore, it can be
determined that the aging time is proportional to the
electrochemical activity of Ni(OH), crystal.

According to SEM analysis and CV analysis, the
aging time has a influence on the morphology and
electrochemical activity. Therefore, the relationship
between the morphology and electrochemical activity
can be determined: the higher sphericity leads to the
better electrochemical activity, and the surface structure
of striped micro-crystals has a better electrochemical
activity than the surface structure of grainy micro-
crystals.

Bulk density is one of the most important
electrochemical indices of spherical Ni(OH), The bulk
density of spherical Ni(OH), determines the compacin-
ess of Ni electrode, and then affects the specific
capacity. The international standard GB 1482-84 was
applied in this experiment. And the bulk densities of
the samples with different aging times are given in
Table 3.

increases with the increase of the aging time, and it

It can be seen that the bulk density

suggests that the aging time is proportional to the
electrochemical activity of Ni(OH), crystal, which is in
agreement with CV analysis. Moreover, Fig.8 can lead

to the mathematical relationship between the bulk

Table 3 Bulk densities of the samples with different

aging times

Time / h Bulk density / (g-mL™)
3 0.49
6 0.92
9 1.44
12 1.75
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Fig.8 Aging time-conversion relation of bulk density
density and the aging time: d,=0.174T%%,
3 Conclusions

(1) Under the same physical and chemical condi-
tions, the sophericity and the relative crystallinity of
Ni(OH), particles are proportional to the aging time.
The mathematical relationship between aging time and
amorphization is A=-0.007 77%+0.037 17+0.653 2.

(2) Under the same physical and chemical condi-
tions, the growth of (101) crystal plane has a greater
influence on the sphericity of Ni(OH), crystal than (100)
crystal plane and contrary to the surface structure.

(3) Under the same physical and chemical condi-
tions, the bulk densities increase with the increase of
the aging time. The mathematical relationship between
the bulk density and the aging time is d.=0.174T°%,

(4) The aging time is proportional to the electro-
chemical activity of spherical Ni(OH),.
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