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ABSTRACT A novel technology for preparing ultrafine nickel pow der has been studied. Ultrafine Ni pow-

der of average 0. 058 Hm in size was precipitated through chemical reduction by hydrazine hydrate from aqueous

mixture containing nickel sulphate, ammonium tartrate and sodium hydroxide in the presence of an agitator.

The purity of Ni powder reached 99. 5% . Furthermore, the primary factors affecting the particle size of Ni

powder were investigated.
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1 INTRODUCTION

Nickel powders have important industrial
applications. They are commonly used in alka
line batteries, as catalysts and pigments in antr
corrosion paints. In addition, they have found
recently several other applications which depend

s

on their magnetic properties There are many

methods of preparing Ni powder commercially,

. 2 . . 3
e.g., laser evaporatmn[ ], at0m1zat10n[ ], elec

trodeposition' !, hydrogen reduction !, car

1 and so on; different method is

bonyl process
adopted according to different performance re-
quirement.

At present, it is urgent that novel function-
al material needs ultrafine Ni powder. There
fore, the present study was carried out in at-
tempt to prepare ultrafine Ni powder directly by
chemical reduction precipitation under milder

conditions and simple equipment.
2 PRINCIPLE ANALYSIS

The method that Ni powder is prepared by
chemical reduction precipitation is mainly based
on I -pH diagram of NrH,0 system, as seen in
Fig. 1.

From Fig. 1, at 25 C, the reduction poten-
tial of Ni** /Niis — 0.221V; when pH value is
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equal to 4.2, Ni powder can be reduced by H».
But under normal pressure, the reaction is diffrr
cult to be carried out, because of kinetic factors
during gasliquid reaction. And the solid reduc
ing agent with more negative potential is easy to
pollute Ni powder. So, strong basic hydrazine
hydrate was elected as reducing agent. The pH
is about 6. 2 when Ni( OH), forms, and the
higher the temperature, the lower the pH form-
ing Ni( OH) » precipitation. Thus, a complexing
agent must be added in the solution in order to
depress precipitation of Ni( OH), and decrease
growth rate of Ni particle. Based on complexing

Fig. 1 E-pH diagram of Ni H,O system
(solid line: 25 C; dashed line: 100 C)
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coefficiency of some complexing agents and the
experimental results, ammonium tartrate is re-
garded as a more proper complexing agent.

3 EXPERIMENTAL METHOD

3.1 Raw Material

Nickel sulphate, ammonium tartrate, sodi
um hydroxide and hydrazine were chemically
pure. TN was used as dispersing agent.

3.2 FExperimental

In a container with NiSO4, ammonium tar
trate was added as complexing agent, several
drops of TN as dispersing agent and NaOH was
used to adjust pH value. At 80 C, hydrazine
was added into the solution slowly and the mix-
ture was stirred for some time. After the reac
tion finished, the products were filtered, dried
and sieved. Finally, average particle size and pu-
rity of Ni powder were analyzed.

4 RESULTS AND DISCUSSION

4.1 Single Factor Experiment

The factors affecting particle size of Ni
powder were investigated, such as total concen-
tration of Ni** , concentration of NaOH, con-
centration of hydrazine ( volume ratio) and tem-
perature, etc. The experimental results are
shown in Figs. 2~ 5, respectively.

Figs. 2~ 5 show that the average particle
size of Ni powder ( d ) increases with [ Ni*" |
and [ NoH4*H,0], and finer Ni powder can be
obtained when increasing [ NaOH|. The effect
of temperature on the size of Ni powder is less,
but the elevating temperature is favorable to ac
celerate the reaction.

4.2 Orthogonal Experiment

On the basis of the single experimental re-
sults, the three factorsthree levels orthogonal
experimental method ( Lo ( 3*)) was adopted.
Primary factors affecting the reduction were in-
vestigated, e.g. [Ni**], [NaOH] and [ NaH4e
H,0].
are listed in Table 1.

The experimental conditions and results

Table 1 shows that when the reaction con-
ditions are controlled properly, [ Ni** ] is 29. 35
g/ L., [NoH4*H,0] is 10 1, [ NaOH] is 60 ¢g/ L,
and ultrafine Ni powder with an average particle
size of 0. 058 Hm can be prepared.

The average particle size of the reaction
products has direct relation to the reaction rate.
The faster the reaction is, the more Ni crystal
nuclei forms, the finer the Ni particle size is. So
the average effect of each factor and each level on

Fig. 2 Effect of [Ni** | on the

particle size of Ni powder
(6=807C, t = 1h, [NaOH]= 20¢/L;
volume ratio of NoH4*H,0= 1. 2, 3601/ min)

Fig. 3 Effect of [ NaOH] on the

particle size of Ni powder
([Ni** 1= 58.70¢/L, volume ratio of
N,H4*H>0= 102, [NaOH]= 40¢g/L,

t=1h, 0= 80 C, 3601/ min)
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Table 1 The experimental conditions and results

Sample [N ]/gL™! [ NaH4*Hy0] (volume [ NaOH]/ gL' Average Reducing
No. (factor A) ratio) (factor B) (factor C) diameter/ Hm efficiency/ %
1 29. 35 -3 20 1.23 99. 98
2 29. 35 122 40 1.28 99.97
3 29. 35 11 60 0. 058 99.99
4 58.70 -3 40 0.53 99.96
5 58.70 122 60 0.38 99. 98
6 58.70 11 20 1.47 99.99
7 88.05 -3 60 1.32 99.97
8 88.05 122 20 2.04 99.96
9 88. 05 11 40 1.88 99.95

Note: 0= 80 C; ¢t = 1 h; 360r/ min.

Fig. 4 Effect of [ NoHs* H,O] ( volume ratio)
on the particle size of Ni powder
([Ni** |= 58.70¢/L, [ NaOH] = 60¢/L,
0=80C, t = 1h, 3601/ min)

the reduction was investigated according to the
average particle size of Ni powder(Table 2).

It can be drawn from the above analyses
that average particle size of Ni powder is affected
first by the concentration of [ NaOH]; second by

[Ni** ]; and then by [ NoH4*H,0].

4.3  Chemical Component of Ni Powder
Ni powder was analyzed, the results are
listed in T able 3.
From Table 3, it can be seen that the purity
of Ni powder is larger than that of industrial
products.

Fig. 5 Effect of temperature on

the particle size of Ni powder
([Ni** 1= 58.70¢/L, volume ratio of
N,H4H,0= 12, [NaOH]= 40¢g/L,
t = 1h, 3601/ min)

Table 2 The average effect of each factor
and each level on the reduction

Factor Factor Factor

A B C

Average effect Z1/3  0.86 1.03 1.58
of each factor 22/ 3 0.79 1.23 1.23
and each level 23/3 1.74 1.14 0.59
M aximum
difference 0.95 0.20 0.99

between levels

Influence order C> A > B
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Table 3 Chemical component of
Ni powder( %)

Ni, « Impurity elements, >
Co Zn Al Si
99.5 0.3 0.069  0.021 0.0068
Fe Pb Sh Bi Cd
0.041 0.00063 0.001 0.0001 0.0003
Mn Mg As Sn Cu
0.0064 0.004 0.011 0.0005 0.0079

S CONCLUSIONS

(1) With ammonium tartrate being com-
plexing agent and NaOH adjusting pH value, the
NiSOrbearing solution was reduced by hy-
drazine directly. Under the conditions of 29. 35
g/ LINi** ], 1: 1 [N,H4*H,0], 60g/L[NaOH]
and stirring at 80 C for 1h, ultrafine Ni pow der

with an average particle size of 0. 058 Hm and
purity larger than 99. 5% was obtained.

( 2) Orthogonal
showed that the particle size of Ni powder was
affected first by [ NaOH], second by [Ni** ],
and then by [ N;H4*H,0].

experimental  results
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(6) Under the optimum technical condr
tions, the highest current efficiency may reach
98% , which is 13% ~ 15% higher than those
reported both at home and abroad '~ . The cur
rent efficiency decreases with the extension of
electrolysis time and the increase of calcium con-
tent in lead; after 6 h electrolysis, this current
efficiency reaches 82% .

(7) The present electrolysis technique with
co-deposition of Ca®™ and Na* at the liquid lead

cathode was first put forw ard.
(8) A Pb-CaNa ternary master alloy at a
lower electrolysis temperature was successfully

produced, thus providing a new material which
was superior in quality to Pb-Ca alloy for manu-
facture of grid applied alloy used in the mainte
nance free lead acid batteries.

REFERENCES

I DE 2528685, 1977, DE 2709483, 1977.

2 Zhang Renyi. Metallurgy of Liaoning, (in Chinese),
1983, (3): 72.

3 @epgoreB H 1lu ap. llpuk mgpas 3 BKTPOXHUMUI,
Focxummsmar, 1962: 345- 348.

4 flE A BRSO S AN, MEL O
RS 4, BEAN 30 4 264- 265.

( Edited by Li Jun)




