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(57) Abrege/Abstract:

Provided I1s a method for producing high density nickel powder particularly having a median diameter of 100 to 160 um by

controlling a particle size of nickel powder. The method Includes: performing an Initial operation by charging a pressure vessel
equipped with a stirrer with a nickel ammine complex solution containing nickel in the concentration of 5 to 75 g/L together with
seed crystals In the amount of 5 to 200 g per liter of the solution, Increasing the temperature of the solution, and performing a
reduction reaction with hydrogen by blowing hydrogen gas into the pressure vessel, thereby obtaining the nickel contained in the
nickel ammine complex solution as nickel powder; and thereafter, performing a specified operation A repeatedly at least once to
obtain the nickel powder having the median diameter of 100 to 160 um and a bulk density of 1 to 4.5 g/cm”.
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Apstract

Provided 1is a method for producing high density
nickel powder particularly having a median diameter of
100 to 160 um by controlling a particle size of nickel
powder . The method includes: performing an 1inlitial
operation by charging a pressure vessel eguipped with a

stirrer with a nickel ammine complex solution contalning

nickel in the concentration of 5 to 75 g/L together with
seed crystals in the amount of 5 to 200 g per liter of
the solution, increasing the temperature of the solution,
and performing a reduction reaction with hydrogen by
blowing hydrogen gas 1into the pressure vessel, thereby
obtaining the nickel c¢ontained 1n the nickel ammine
complex solution as nickel powder; and thereafter,
performing a specified operation A repeatedly at least
once to obtain the nickel powder having the wmedian

diameter of 100 to 160 um and a bulk density of 1 to

4.5 g/cm3.
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METHOD FOR PRODUCING HIGH DENSITY NICKEL POWDER

Technical Field
(00011

The present 1invention relates to a method for
producing high purity and high density nickel powder by

hydrogen reduction.

Background Art
(0002]

As a method for industrially producing nickel powder
expected to be used as a conductive paste material or a
positive electrode active material for a nickel metal
hydride battery or the like, there i1is a method emploving
a wet process. There are various methods for
industrially producing nickel powder by the wet process,
and one 0of the methods 1s a method for producing nickel
powder by adding a reducing agent to a solution
containing nickel for reducing a nickel ion contained in
the solution. In particular, a reducing method by
blowing hydrogen gas 1nto an acidic solution containing
nickel as a complex can be industrially i1nexpensively
carried out, and hence 1s widely employed.

In this method, as described 1n Patent Literature 1,

a pressure vessel 1s charged with an ammine complex

solution containing nickel, the vessel 1s sealed and

heated, and hydrogen gas 1s blown thereinto, and thus

nickel powder 1s obtained by reduction with hydrogen.
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[0003]

Nickel powder having a diameter of several tens Lm

or less has problems that dust is generated in dryving the
powder, and that a used filter is clogged in filtration
of the powder. Differently from a case where a fine size
Of several tens um or less is directly necessary as in an
electronic material, in a case where the obtained nickel
powder 1s dissolved in an acid again to be used as a
material for obtaining a salt of a nickel compound or the
like, a powder having a particle size of about 100 to
160 pym and a bulk density of about 1 to 4.5 g/cm? is
sultable and desired from the viewpoints of both
processability and handleability.

[0004]

The nickel powder produced by the above-described
method has, however, a problem that the powder has a
large particle size but a low bulk density, namely, a
density of the powder is liable to be low.

such low density nickel powder requires time and
effort for bulk handling, and in addition, has a problem
that an 1mpurity contained in the soclution before the
reduction 1s easily precipitated.

(0005}

Therefore, nickel powder having a particle size of
about 100 to 160 um and simultaneously having a higher
bulk density, namely, high density nickel powder, has

been reqguired.
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Patent Literature 1, however, merely describes a
method of adding an organic additive as a method for
controlling a particle size, but it is difficult ¢to
obtain high density nickel powder by this method alone,

and 1t has been regarded as a significant problem to find

another method.

(0006]

Besides, although Non Patent Literature 1 describes
a method for industrially producing nickel powder, also
this literature merely describes, as a method for
controlling a particle size, that a particle size 1is
increased by increasing an amount of nickel to be reduced

4

and thus, a method for obtaining high density nickel

powder has not been found yet.

Citation List
Patent Literature
[0007]
Patent Literature 1: Japanese Patent Laid-Open No.
2015-140480

Non Patent Literature

[0008]

Non Patent Literature 1: POWDER METALLURGY, 1958, No.

1/2, pp. 40-52

CA 3003246 2019-04-15



sSummary

[0008a]

Certain exemplary embodiments provide a method of
producing nickel powder, comprising: performing an
initial operation by charging a pressure vessel equipped
with a stirrer with a nickel ammine complex solution
containing nickel in a concentration of 5 to 75 g/L
together with seed crystals in an amount of 5 g to 200 g
per liter of the nickel ammine complex solution,
increasing a temperature of the solution, and blowing
hydrogen 1into the pressure vessel for performing a
reduction reaction with the hydrogen, thereby obtaining
the nickel contained 1in the nickel ammine complex
sblution as an obtained nickel powder; and thefeafter
performing operation A repeatedly at least once, the
operation A being performed by: separating the obtained
nickel powder according to a density to recover nickel
powder having a low density, the nickel powder having a
low density defined as nickel powder collectable in an
upper portion of a cylinder when the nickel powder
obtained after reduction is put in the cylinder filled
with water and stirred and the cylinder is then allowed
to stand still in an upright position; and weighing the
recovered nickel powder having a low density in an amount
of 5> g to 200 g per liter of the nickel ammine complex
solution containing nickel in the concentration of 5 to
75 g/L, charging the pressure vessel equipped with the

stirrer with the weighed nickel powder used as seed

CA 3003246 2019-04-15



crystals together with the nickel ammine complex solution,
increasing a temperature of the solution, and performing
the reduction reaction with hydrogen by blowing the
hydrogen into' the pressure vessel for obtaining a
resulting nickel ©powder, thereby, after repeating
operation A at least once, to obtain the nickel powder
having a median diameter of 100 um or more and 160 pum or
less, and having a bulk density of 1 to 4.5 g/cm3.
[0009]

The present invention provides a method  for
producing high density nickel powder particularly having

a median diameter of 100 to 160 um by controlling a

particle size of nickel powder.
[0010]

The first aspect of the present invention for
solving the above-described problem is a method for
producing nickel powder, including: performing an initial
operation by charging a pressure vessel equipped with a
stirrer with a nickel ammine complex solution containing
nickel in the concentration of 5 g/L or more and 75 g/L
or less together with seed c&ystals 1n the amount of 5 g
or more and 200 g or less per liter of the complex
solution, increasing the temperature of the solution, and
blowing hydrogen gas into the pressure vessel for
performing a reduction reaction with hydrogen, thereby
obtalining the nickel <contained in the nickel ammine
complex solution as nickel powder; and performing, after

the 1nitial operation, operation A described below

CA 3003246 2019-04-15



repeatedly at least once to obtain nickel powder having a

median diameter of 100 pum or more and 160 pm or less and

having a bulk density of 1 to 4.5 g/cm3.

[Operation A] This 1is performed by: separating the
obtained nickel powder according to a density for
recovering nickel powder having a small density; and
welighing the recovered nickel powder having a small
density 1in the amount of 5 g or more and 200 g or less
per liter of the nickel ammine complex solution
containing nickel in the concentration of 5 g/L or more
and 75 g/L or less, charging the pressure vessel equipped
with the stirrer with the weighed nickel powder used as
seed crystals together‘ with the nickel ammine complex
solution, increasing the temperature of the solution, and
performing the reduction reaction with hydrogen by

blowing hydrogen gas into the pressure vessel for

obtaining nickel powder.
[0011]

The second aspect of the present invention is the
method for producing nickel powder in which the operation
A of the first aspect is performed repeatedly four times
or more, and thus the reduction reaction is performed
five +times or more 1in total including the initial

operation to obtain the nickel powder.
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Advantageous Effects of Invention
(0012]

By controlling mixed state or adjusting an amount of
a seed crystal used in a reaction, a particle size of
nickel powder generated by a wet hydrogen reduction

reaction, which has been difficult to control, can be

controlled.

Brlef Description of Drawings

[0013]

[Figure 1] Figure 1 1is a flowchart for producing high
density nickel powder having a particle size controlled
and having an inside portion densified according to the
present invention.

[Figure 2] Figure 2 is a graph illustrating a particle
size (a median diameter) obtained by performing a
hydrogen reduction reaction with various stirring powers
ancd various amounts of a seed crystal.

[Figure 3] Figure 3 "1s a graph illustrating a
relationship among the number of times of a reduction
reaction, a particle size (a median diameter), and a bulk
density obtained by repeatedly performing the reduction
reaction of nickel with hydrogen with high purity nickel
powder having a controlled particle size used as a seed
crystal.

[Figure 4A] Figure 4A illustrates cross-sectional views

of nickel powder obtained by repeatedly performing the

reduction reaction of nickel with hydrogen with the
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number of repeating times varied (after once and three
times of the hydrogen reduction reaction) with high

purity nickel powder having a controlled particle size

used as a seed crystal.

[Figure 4B] Figure 4B illustrates cross-sectional views,
following those of Figure 4A, of the nickel powder
obtained in a similar manner by repeatedly performing the
reduction reaction of nickel with hydrogen with the
number of repeating times varied (after five times and
seven times of the hydrogen reduction reaction) with the
high purity nickel powder having a controlled particle
size used as the seed crystal.

[Figure 5] Figure 5 1is a flowchart for producing

conventional nickel powder.

Description of Embodiment
[0014]

In the present invention, an initial operation for
obtaining nickel powder having a controlled particle size

1s performed by performing a reduction reaction with

hydrogen of a nickel complex ion contained in a nickel
ammine complex solution with a limited prescribed mixed
state and an amount of a seed crystal used in the
reduction reaction adjusted, and Chereafter, the
following operation A is repeatedly performed.

[O0L15]

In the operation A, the nickel powder obtained by

the reduction reaction is separated according to a

CA 3003246 2019-04-15



density, nickel powder having a low density is used as a
seed crystal, and after obtaining a limited prescribed
mixed state, the reduction reaction with hydrogen is
performed to obtain nickel powder.

When the operation A is repeated, precipitation of
nickel within the nickel powder proceeds, and a bulk
density 1s more conspicuously increased as compared with
growth 1in particle size, resulting in obtaining high
density nickel powder.

With respect to the number of repeating times, the

operation A 1is performed at least once for obtaining

nickel powder having a median diameter of 100 um or more

and 160 pum or less and a bulk density of 1 to 4.5 g/cm3,

the operation A 1is repeated at least twice or more for
obtaining a bulk density of 2 g/cm® or more, the
operation A 1s repeated at least three times or more for
obtaining a high bulk density exceeding 4 g/cm3, and the
operation A is preferably repeated four times or more for
stably obtaining a higher bulk density, and in other
words, the precipitation of nickel by the reduction
reaction 1s repeated five times or more including the
first precipitation (the 1nitial operation). The
operation A repeated five times (six times including the
initial one) or more has, however, a little effect, and
the density increase reaches a ceiling by repeating the
operatlion A four times, and further repetition 1s not

practically effective but is wasteful.

CA 3003246 2019-04-15



[0016]
[Mixed State and Amount of Seed Crystal]

In the reduction reaction, a nickel concentration in
the nickel ammine complex solution is 5 g/L or more and
75 g/L or less, and a mixed state in which the nickel
powder used as the seed crystal 1s added in an amount of
O g or more and 200 g or less per liter of the nickel
ammine complex solution having the nickel concentration
1s formed.

For forming the mixed state, as a stirring speed for
the mixed state 1is lower, a particle having a larger
median diameter is generated, and when the stirring speed
1s the same, as the amount of the seed crystal is larger,
the particle size (the median diameter) is incfeased.
Therefore, the particle size of the nickel powder to be
generated can be controlled by controlling the stirring
power and adjusting the amount of the seed crystal.

(0017}
[Separation of Nickel Powder]

Next, the separation according to a density may be
performed as follows: the nickel powder is put in, for
example, a cylinder filled with water, and the resultant
cylinder 1s stirred and allowed to stand still  in an
upright position. Thus, nickel powder héving a high
density can be collected in a lower portion of the

cylinder, and one having a low density can be collected

in an upper portion. The thus obtained nickel powder

10
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having a low density is recovered in an amount

appropriate for the necessary repetition.

Examples
[0018]

The present 1nvention will now be described with

reference to examples.

Example 1

[0019]

In Example 1, referring to the flowchart of Figure 1
for preparing high density nickel ©powder having a
controlled particle size and having an inside portion
densified according to the present invention, the initial
operation was performed through preparation procedures as
described below, so as to check influence, of the mixed
state and the amount of the seed crystal according to the
present invention, on the control of a particle size of a
nickel particle obtained by the reduction reaction, and
to examine the mixed state and the amount of the seed

crystal for obtaining nickel powder having a target

particle size of 100 um or more and 160 um or less.

In Figure 1, a broken arrow indicates the "initial

operation", and a thick arrow indicates the "operation A".

11
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[(0020]

[Preparation Procedures]

(Procedure 1)
Nickel powder having a particle size (a median

diameter) of about 1 um was prepared, and was dispensed
in amounts of 5 g, 7.5 g, 15 g, and 22.5 g, and to each
of these dispensed portions, 336 g of nickel sulfate
hexahydrate, 330 g of ammonium sulfate, and 191 ml of 25%
ammonlia water were added, and about 440 ml of pure water
was added thereto to obtain an original solution having a
total volume adjusted to 1 liter. Such an original
solution was prepared as two samples per diépensed
portion, namely, eight samples in total were prepared.
(Procedure 2)

Each original solution prepared in Procedure 1 was

put in an inner cylinder of an autcclave, and the inner

cylinder was set in the autoclave.
(Procedure 3)
In this procedure, in order to check the influence

of the mixed state, stirring was performed at stirring
speeds of 500 rpm and 750 rpm respectively for the

different addition amounts of the  nickel powder.
Incidentally, stirring power obtained at the stirring

speed of 500 rpm was 3.6 W/L, and the stirring power
obtained at the stirring speed of 750 rpm was 11.3 W/L.

(Procedure 4)
The temperature of the solution within the autoclave

was 1ncreased up to 185%3;

12
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(Procedure 5)

With the prescribed temperature kept, hydrogen gas
was blown thereinto from a gas bottle so as to keep a
total pressure at 3.5 MPa.

(Procedure o)

After a lapse of 60 minutes from the start of the
blowing of the hydrogen gas, the blowing of the hydrogen

gas was stopped, and the temperature in the autoclave was

lowered.

(Procedure 7)

After lowerling the temperature down to 70°C or less,

the i1nner cylinder was taken out, the resultant solution
was flltered to recover nickel powder, and the recovered
nickel powder was washed and vacuum dried.

(Procedure 8)

A particle size (a median diameter) of the recovered
nickel powder was measured using a particle size analyzer.
[0021]

As a result of the measurement, it was found that
nickel powder having a particle size of 100 to 160 um can
be obtalned under conditions of the stirring speed and

the addition amount of the seed crystal of Example 1.

[0022]

It was found that, as 1llustrated in Figure 2, as
the stirring speed 1s lower, a particle having a larger
medlian diameter is generated, and that the particle size
(the median diameter) 1is larger as the amount of the seed

crystal 1s larger when the stirring speed is the same.

13
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In other words, it was found that a particle size of
nickel powder to be generated can be controlled by

controlling the stirring power and adjusting the amount

of the seed crystal.
Example 2

(0023}

Nickel powder according to Example 2 was prepared in
the same manner as in Example 1 through the following

preparation procedures.

[0024]

[Preparation Procedures]
<Initial Operation>
(Procedure 1)

Initial nickel powder was prepared using the same

apparatus and the same method as those used in Example 1

except that 22.5 g of nickel powder having the same

particle size of about 1 pum as that used in Example 1 is
added as a seed crystal and the stirring speed was set to

500 rpm.
[0025]
<Operation A>
(Procedure 2)
The nickel powder obtained 1in Procedure 1 was
separated according to a density, and a portion on a low

density side was dispensed in an amount of 91 g for

Observing a cross-sectional structure, and the dispensed

portion was added to 336 g of nickel sulfate hexahydrate,

330 g of ammonium sulfate, and 191 ml of 25% ammonia

14
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water, and about 440 ml of pure water was added thereto
Lo prepare a solution having a total volume adjusted to
1 liter.

Incidentally, for the separation according to a
density, the nickel powder was put in a measuring
cylinder filled with ©pure water, the resultant was
stirred and then allowed to stand stlll, and the

necessary amount of the nickel powder was dispensed from

an upper portion.
(Procedure 3)

The solution prepared as described above was put 1n
the same autoclave as that used in Example 1.

(Procedure 4)

The temperature in the autoclave was increased to
185°C while stirring the solution at a stirring speed of
750 rpm, hydrogen gas was blown thereinto at 2 L/min (a
flow rate wunder atmospheric pressure), and with the
blowing of the hydrogen gas controlled to keep a total
pressure of 3.5 MPa, a reduction reaction was repeatedly
performed for the first time (the second time including
the 1nitial operation).

(Procedure 5)
After a lapse of 60 minutes, the blowing of the

hydrogen gas was stopped, and the temperature in the

autoclave was lowered.

15
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(Procedure 6)

After lowering the temperature down to 70°C or less,
nickel powder was recovered from the autoclave by
filtering and washing.

[0026]
(Procedure 7)

Next, a low density portion of the thus recovered
nickel powder in an amount of 129 g was dispensed in the
same manner as described above, and the reduction
reaction was repeatedly performed for the second time
(the third time including the initial operation) in the
same manner as 1n the repeated procedures of the first
time (Procedures 2 to 6 of Example 2).

(Procedure 8)

Subsequently, a portion in an amount of 156 g was
similarly dispensed from the recovered nickel powder, and
the reduction reaction was repeatedly performed for the
third time (the fourth time including the initial
operation) in the same manner as in the repeated

procedures of +the first time (Procedures 2 to 6 of

Example 2).
(Procedure 9)

Subsequently, a portion in an amount of 153 g was
similarly dispensed from the recovered nickel powder, and
the reduction reaction was repeatedly performed for the
fourth time (the fifth time including the initial

operation) 1in the same manner as in the repeated

16
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procedures of the first time (Procedures 2 to 6 of

cxample 2).

- 4

(Procedure 10)

Subsequently, a portion in an amount of 158 g was
similarly dispensed from the recovered nickel powder, and
the reduction reaction was repeatedly performed for the
fifth time (the sixth time including the initial
operation) in the same manner as in the repeated
procedures of the first time (Procedures 2 to 6 of
Example 2).

(Procedure 11)

Subsequently, a portion in an amount of 158 g was
similarly dispensed from the recovered nickel powder, and
the reduction reaction was repeatedly performed for the
sixth time (the seventh time including the initial
operation) 1n the same manner as in the repeated
procedures of the first time (Procedures 2 to 6 of
Example 2).

[0027]

Incidentally, every time after completing the
reduction reaction, a particle size (a median diameter)
of the recovered nilckel powder was measured using the
same particle size analyzer as that used in Example 1.
Besides, the cross—-section was observed to - check
denseness inside the particle.

Furthermore, the nickel powder was put in a

measuring cylinder, the resultant measuring cylinder was

17
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tapped for 3 minutes, and then, a bulk density was
measured by a known method.
[0028]

The measurement results are illustrated in Figure 3.
In Figure 3, the abscissa indicates the number of times
OL repeating the reduction reaction including the
reduction reaction of the initial operation, the left
ordinate indicates the particle size [um], and the right
ordinate indicates the bulk density [g/cm3].

As 1lllustrated in Figure 3, even though the number
of times of repeating the reduction reaction was
increased, the particle size (the median diameter) was
little changed, and it was found that nickel powder
having a particle size of 100 to 160 um and having a bulk

density in the range of 1 to 4.5 g/cm3 can be obtained
under the conditions of the present invention.
[0029]

1t 1s also understood from Figure 3 that the bulk
density increases without increasing the particle size as
the number of times of repeating the reduction reaction
Ls 1ncreased. In other words, high density nickel powder
1s obtained. The bulk density abruptly increases.if the
number of times of repeating the reduction reaction
including that of the initial operation is up to four,
but if the number of repeating times is beyond four, and
five or more, the increase in bulk density is small, and

the bulk density shows a substantially constant value.

18
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In other words, it is suitable to repeat the
operation A four times, namely, to perform the reduction
reaction by carrying out reduction processing five times
including the reduction reaction of the initial operation.
(0030]

Besides, the nickel powder obtained with each number
of repeating times was embedded in a resin, the resultant
was polished, and the polished cross-section was observed
with an electron microscope. Thus, it was confirﬁed, as
1llustrated in Figures 4A and 4B, that the inside portion
of each particle was densified, resulting in increasing
the bulk density.

[0031]

The mechanism that the repetition of the hydrogen
reduction does not increase the outer diameter but
densifies the inside portion is not precisely clear, but,
for example, the following is probably one of the causes:
the nickel powder occludes supplied hydrogen, and the
occluded hydrogen reduces a nickel ion contained in the
solution in contact with the hydrogen inside the particle
not affected by contact among the particles of the nickel

powder.

In this manner, 1t was found that nickel powder
having a particle size controlled to fall in a prescribed
range and having a high density because of being
densified inside can be produced by repeating a reduction
reaction with high purity nickel powder having a

controlled particle size used as a seed crystal.

19
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(0032]

(Conventional Example)

Referring to a conventional method for producing
nickel powder illustrated in Figure 5, nickel powder of a
conventional example was prepared by using an original

solution, which was prepared by adding, to 22.5 g of

nickel powder having the same particle size of about 1 Jm

as that used in Example 1 as a seed crystal, 336 g of
nickel sulfate hexahydrate, 330 g of ammonium sulfate,
and 191 ml of 25% ammonia water, and adding about 440 ml
of pure water to the resultant to adjust a total volume
to 1 liter, and by using the same apparatus as that used

in Example 1 except that the stirring was performed at a

stirring speed less than 500 rpm.

The thus obtained nickel powder had a bulk density

less than 1 g/cmd.

20
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Claims

L. A method of producing nickel powder, comprising:
performing an 1initial operation by charging a
pressure vessel equipped with a stirrer with a nickel
ammine complex solution containing nickel . in a
concentration of 5 to 75 g/L together with seed crystals
in an amount of 5 g to 200 g per liter of the nickel
ammine complex solution, increasing a temperature of the
solution, and blowing hydrogen into the pressure vessel
for performing a reduction reaction with the hydrogen,
thereby obtaining the nickel contained in the nickel
ammine complex solution as an obtained nickel powder; and

thereafter

performing operation A repeatedly at least once, the
operation A being performed by:

separating the obtained nickel powder according
to a density to recover nickel powder having a low
density, the nickel powder having a low density
defined as nickel powder collectable in an upper
portion o©of a cylinder when the nickel powder
obtained after reduction is put in the cylinder
filled with water and stirred and the cylinder 1s
then allowed to stand still in an upright position;
and

welghing the recovered nickel powder having a
low density in an amount of 5 g to 200 g per liter

of the nickel ammine complex soluticon containing

21
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nickel in the concentration of 5 to 75 g/L, charging
the pressure vessel equipped with the stirrer with
the weilighed nickel powder wused as seed crystals
together with the nickel ammine complex solution,
increasing a temperature of the solution, and
performing the reduction reaction with hydrogen by
pblowing the hydrogen into the pressure vessel for
obtaining a resulting nickel powder,

thereby, after repeating operation A at least once, to

obtain the nickel powder having a median diametér of

100 ym or more and 160 um or less, and having a bulk

density of 1 to 4.5 g/cm3.

2. The method o¢f producing nickel powder according to
claim 1, wherein the operation A 1s performed . repeatedly
four times or more and thus the reduction reaction 1is
performed five +times or more 1n total including the

initial operation to obtain the nickel powder.

22
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Fig.4A

t
S4700 5.0kV 11.8mm x250 SE(M]) 2013/08/23

AFTER PERFORMING HYDROGEN REDUGTION
REACTION ONCE

i
S4700 5.0kV 11.8mm x250 SE(M) 2013/05/23

AFTER PERFORMING HYDROGEN REDUCTION
REACTION THREE TIMES
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Fig.4B

. i
S4700 5.0kV 11.8mm x250 SE(M) 2018/05/25

AFTER PERFORMING HYDROGEN REDUCTION
REACTION FIVE TIMES

$4700 6.0kV 11.6mm x250 SE(M) 2013/05/29

AFTER PERFORMING HYDROGEN REDUCTION
REACTION SEVEN TIMES
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Fig.5

NH40H NICKEL SULFATE SOLUTION

COMPLEXATION SEED CRYSTAL

DISPERSANT (Ni METAL POWDER)

T

H2 NICKEL SULFATE AMMINE
COMPLEX SOLUTION

NH3RECOVERY PRESSURIZED HYDROGEN REDUGCTION

SLURRY

FILTERING /WASHING

(NH4)2S04 HIGH PURITY Ni POWDER
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