(12) STANDARD PATENT (11) Application No. AU 2016345951 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(61)

(21)
(87)
(30)
(31)
(43)
(44)

(71)

(72)

(74)

(56)

Title
Method for producing seed crystal of cobalt powder

International Patent Classification(s)
B22F 9/26 (2006.01)

Application No: 2016345951 (22) Date of Filing:  2016.10.17
WIPO No:  WO17/073392

Priority Data

Number (32) Date (33) Country
2015-210258 2015.10.26 JP
Publication Date: 2017.05.04

Accepted Journal Date: 2019.01.17

Applicant(s)
Sumitomo Metal Mining Co., Ltd.

Inventor(s)
lkeda, Osamu;Yamaguma, Ryo-ma;Ozaki, Yoshitomo;Takaishi, Kazuyuki;Heguri,
Shin-ichi;Kudo, Yohei;Doi, Yasuo

Agent / Attorney
Davies Collison Cave Pty Ltd, Level 14 255 Elizabeth Street, Sydney, NSW, 2000, AU

Related Art

W.KUNDA et al., "THE REDUCTION OF COBALT FROM ITS AQUEOUS AMMINE
AMMONIUM SULPHATE SYSTEM USING HYDROGEN UNDER PRESSURE",
Hydrometallurgy, (1979), vol. 4, no. 4, pages 347 - 375

JP H08503999 A

US 4761177 A

US 3775098 A




wO 2017/073392 AT I 00000 10O 0

12) FHFBAFHNIE OV T ARSI -EREFE

(19) 1 FRANRIF A HEHLED >
Xk e —% U O 0 ||I|||II|||L£II|||IIIII AN O 0
~ (10) B ARES
(43) ERABA B =
WO 2017/073392 A1l
2017 &£ 5 A 4 H(04.05.2017) WIPO I PCT
(51) ER4FER 5 (Jp). & {#— (HEGURI Shin-ichi); T 7920002 &
B22F 9/26 (2006.01) &E%i’rlﬁlﬁﬁﬁﬁﬁ,ﬁm 17%&5% EREBIW
(1) EBRHBEES: PCT/JP2016/080690 *:é(ilt(ﬁfg Y(ﬁ? ”_;_?9’2‘6';%?;2;&%%2%%%%
(22) EFRERER: 2016 4E 10 A 17 B(17.10.2016) %EB}TH }ﬁs"ﬁ EE%iEEﬂ‘Luﬁ;A?i WEE
= F Ehime (JP) % X (DOI Yasuo);
(25) EFRHEDE:E: SN 792’01'002 ﬁ&%ﬁ%’r!@,ﬁﬁﬁﬁ,ﬁm 178 Sasvso 1;
(26) ERARFDEE: BAR:E RERmUHEXE FHEEHRAAMN Ehime
(30) BERIET—42: UE).

45FE 2015-210258 2015 4E 10 A 26 H(26.10.2015) JP

HEE A FREE &% WK A= suMITOMO
METAL MINING CO., LTD.) [JP/JP]; T 1058716 BRIR
HBEXFESTH 1 1FE 35 Tokyo (JP).

#BAE: A {EJIKEDA Osamu); T 7920002 & 1§
%%EMm%ﬁm17§53 FREE MW
Xt FEEHFKAAA Ehime (JP). WWFR BEE
(YAMAGUMA Ryo-ma); T 7920002 Z1g 1R EEH
%ﬁm17§sﬁ FrREEMILKARE
BIEHFRFA Ehime JP). EIE £ % (OZAKI
Yoshitomo); T 7920002 Z 1818 #1 B ETHHEET 1 7
55 fFREERMUKAEH HEEMRAR
A Ehime JP). &/  #15F (TAKAISHI Kazuyuki);

1)

(72)

RIBA. 1A BRI OSHIDA Yoshitaka); T 1040061
RRETPRAXBEITEHIE125 HEEIL
Tokyo (JP).

(74

@) EEE (RTODBWRY . 2THOEEOERR
SENMTEE): AE, AG, AL, AM, AO, AT, AU, AZ, BA,

BB, BG, BH, BN, BR, BW, BY, BZ, CA, CH, CL, CN,
CO, CR, CU, CZ, DE, DJ, DK, DM, DO, DZ, EC, EE, EG,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL,
IN, IR, IS, KE, KG, KN, KP, KR, KW, KZ, LA, LC, LK,
LR, LS, LU, LY, MA, MD, ME, MG, MK, MN, MW, MX,
MY, MZ, NA, NG, NI, NO, NZ, OM, PA, PE, PG, PH,
PL, PT, QA, RO, RS, RU, RW, SA, SC, SD, SE, SG, SK,
SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ, UA,
UG, US, UZ, VC, VN, ZA, ZM, ZW.

T7920002 BIERFFBEDEHEET1 7F 55
FrReEHUKXESHE FHEEHERA Ehime

(EEA]

(54) Title: METHOD FOR PRODUCING SEED CRYSTAL OF COBALT POWDER
(54) EBADAH : a/\)L FDREEEDOEEAE

(57) Abstract: Provided is a production method for efficiently obtaining a

AA cobalt powder by means of a process which increases the reduction reaction

HEE/LMER BB phE7 U E=DL

efficiency during the production of the cobalt powder from a solution that
NH4OH contains a sulfuric acid cobalt ammine complex. A method for producing a
cc @1& seed crystal of a cobalt powder, which is characterized by sequentially per-
0 g forming: a complexing step for obtaining a solution containing a sulfuric acid
(=9 ILE) cobalt ammine complex by adding ammonia and/or a solution of an ammonia
EE @g compound into a cobalt sulfate solution; a mixing step for obtaining mixed
slurry by adding a solid material into the solution containing a sulfuric acid
He 66 cobalt ammine complex obtained in the complexing step; a reduction/depos-
FFEs-#MHIR| BRBYEL ition step for obtaining a cobalt powder slurry containing a cobalt deposit, in
which the cobalt component is deposited, as a cobalt powder, on the solid
material surface, by introducing the mixed slurry obtained in the mixing step
wr [ BRI —— into a reactor and reducing cobalt contained in the mixed slurry by blowing a
hydrogen gas into the reactor; and a solid-liquid separation step for obtaining
| BRHB the cobalt deposit and the liquid after the reduction by subjecting the cobalt
ERE=TAY/YS /3 powder slurry obtained in the reduction/deposition step to solid-liquid separ -
ation.
Qé iubal(r:ullr:le Is'ollulion (57) E%‘] )",gﬁ = ‘\)l/ I\ 7;/ E y‘aﬁ i = ﬁ-g- %) ;ﬁ;ﬁfJ\ [5 E {‘S
cCc Cr:rr:;e:ngs:le;e )l/ F%%%L?éiféxﬁmﬁ —%—%-t(-,- %)ﬁlf'\ l') j“jjiﬁ
00 Sexd s (vt v BN BEBANELEFRME, MEQ/LER
FF Redugllun/l;eposmonslep "\ 7 y:E 7\ 7 y:E:T‘ﬂ:g%o)lglﬁs jL\I;T /:E—
88 Seedcrystairepeated TRUT7VE=ZTALSYDOFROEME ZRML THREED /L
Il Liquid afer reduction I\ 7 > E yﬁg{ igﬁ-g- %) 5@5& i??af %)ﬁ’at tI#g t ~ % o)fh‘ﬂ:
S Covaltpowder IRTHERBEINLV TS VERESHET HBRRIC. B
MHMEMATEGRAZ) LT HEEIRRE, THREAIIE
THEEREAS—ZRICEBAICE RIGHEISKFEAREREAATRESASY—IZEENSANIL
hiéibr:ﬂwhmﬁbznwhwtLT@%%%EE&&LE:A»hﬁ&%i%ﬁ?é:ﬁ»h
MAS—%21FHRL - HHIEE, TORIT - THIETHEIA/NL MRS Y —ZEERDEEL TaN
LMREME BT REBIERSMIELIBICESC L EHEET 5a/N0 KROBRROREHE,



WO 2017/073392 A1 W00 000N

84 EEE (RTDLEVRY ., £2TOERBDLER SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
SE A E[EE): ARIPO (BW, GH, GM, KE, LR, LS, MW, GW, KM, ML, MR, NE, SN, TD, TG).

MZ, NA, RW, SD, SL, ST, SZ, TZ, UG, ZM, ZW), 1 — /1, pa sz
S5 <7 (AM, AZ, BY, KG, KZ, RU, TJ, TM), 3 — ’?”E‘ﬁ"‘sﬁ_g’ﬁ'

A w3 (AL, AT, BE, BG, CH, CY, CZ, DE, DK, EE, — EFRFRERE (FH% 21 &)
ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,



04 Jul 2018

2016345951

Description

Title of Invention:

METHOD FOR PRODUCING SEED CRYSTAL OF COBALT POWDER

Technical Field
[0001]

The present invention relates to a method for
producing cobalt powder from a solution containing a
cobalt ammine sulfate complex, and particularly relates
to a method for obtaining seed crystals to wuse for

crystal growth.

Background Art
[0002]

Various methods for obtaining cobalt, which is used
as an electronic material or heat resistant alloys, have
been known. In recent years, a demand for cobalt salts,
which become raw materials such as battery materials, has
been increased.

The cobalt salts are generally produced by
dissolving a cobalt metal in an acid. However, sheet-
shaped and massive forms such as conventionally common
electrolytic cobalt are easily handled, but are extremely
slowly dissolved in an acid. Meanwhile, the form of fine
powder 1s easily dissolved in an acid, but has the
handling disadvantage of being easily scattered and the

like. Ones called briquets and obtained by consolidating
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or sintering grains or powder are preferred to make good
use of the advantages of the both.
[0003]

As a method for obtaining such a small size of
cobalt grains or powder, an atomizing method for
dispersing melted cobalt in gas or water to obtain fine
powder and a dry method such as CVD for obtaining cobalt
powder by volatilizing cobalt and reducing it in a gas
phase as shown in Patent Literature 1 are known.

[0004]

As a method for producing cobalt powder by a wet
process, there are a method for generating it using a
reducing agent as shown 1in Patent Literature 2 and a
spray thermal decomposition method for obtaining cobalt
powder by a thermal decomposition reaction by spraying a
cobalt solution 1in a reduction atmosphere at a high
temperature as shown in Patent Literature 3, and the like.

However, since these methods require expensive
reagents and a large amount of energy, they are not
economical as methods for industrially obtaining a large
amount of material for the battery materials or the like.
[0005]

There has remained a problem that in a method for
growing using cobalt powder as seed crystals as shown in
patent Literature 4, seed crystals and grown cobalt
powder are remelted, resulting in a decrease in the
recovery since the reaction 1s performed in an acidic

solution having a pH of 4 or less.
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[0006]

Additionally, there has remained a problem that, in
a method for adding a sodium hydroxide solution to a
cobalt sulfate solution for a raw material and performing
hydrogen reduction, the hydroxide of cobalt is generated
and thereby allowing a reduction reaction not to proceed
when the pH cannot be maintained at 4 and increases, and
consequently the efficiency in the reduction reaction
decreases.

[0007]

Meanwhile, a method for feeding hydrogen gas to a
cobalt ammine sulfate complex solution having cobalt in
the form of an ammonia complex to reduce cobalt ions in
the complex solution and obtain cobalt powder as shown in
Non Patent Literature 1 is industrially low-priced and
useful.

However, also in this method, there is a problem
that many crystal nuclei are generated heterogeneously,
resulting in the prevention of the growth in the same way
as the above-mentioned prior arts since particles are
intended to be generated from a solution and grow by a
wet reaction. That 1is, 1t 1is essential to control the
number of the generated nuclei of the crystal in a proper
range, resulting in efficient growth.

Then, as mentioned above, a method for feeding a
reducing agent to a slurry in which a small amount of
fine crystals called seed crystals coexist, and growing

objects on the surfaces of the seed crystals to obtain
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powder having a predetermined particle size is commonly
used.
[0008]

The seed crystals added in the above are often used
by conducting treatment such as grinding a portion of a
product repeatedly. However, there has remained a
problem that the processing also took time and effort and
the yield decreased as the processing is repeated more
times and therefore this lead to an increase 1in cost.
There has also remained the problem of seed crystals
having the optimal particle size and properties being
capable of necessarily being obtained stably only by
grinding simply, or the like.

That is, a method for stably obtaining seed crystals

to use for crystal growth has been required.

Citation List

Patent Literature

[0009]

Patent Literature 1: Japanese Patent Laid-Open No. 2005-
505685

Patent Literature 2: Japanese Patent Laid-Open No. 2010-
242143

Patent Literature 3: Japanese Patent No. 4286220

Patent Literature 4: Japanese Patent Laid-Open No. S57-

54207

Non Patent literature
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[0010]

Non patent literature 1: "The Manufacture and properties
of Metal powder produced BY the gaseous reduction of
aqueous solutions", Powder metallurgy, No.l1/2 (1958), pp

40-52.

Summary of Invention
Technical Problem
[0011]

In such a situation, the present invention provides
a production method for obtaining cobalt powder
efficiently by a way for increasing reduction reaction
efficiency to produce the cobalt powder from a solution

containing a cobalt ammine sulfate complex.

Solution to Problem
[0012]

A first aspect of the present invention to solve
such a problem is a method for producing seed crystals of
cobalt powder, sequentially including: a complexing step
of adding ammonia, an ammonium compound solution, or both
of ammonia and an ammonium compound solution to a cobalt
sulfate solution to obtain a solution containing a cobalt
ammine sulfate complex; a mixing step of adding nickel
powder as a solid that is insoluble or slightly soluble
in the solution containing the cobalt ammine sulfate
complex, to the solution containing the cobalt ammine

sulfate complex obtained in the complexing step to form a
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mixture slurry; a reduction and precipitation step of
charging a reaction vessel with the mixture slurry
obtained in the mixing step, and blowing hydrogen gas
into the reaction vessel to reduce cobalt contained in
the mixture slurry and obtain a cobalt powder slurry
containing cobalt precipitate with a cobalt component
precipitated on the surface of the solid as cobalt
powder; and a solid-liquid separation step having a
solid-liquid separation treatment for separating the
obtained cobalt powder slurry into the cobalt precipitate
and a solution after reduction, and a solid separation
treatment for separating the obtained cobalt precipitate
into the added nickel powder of the solid and the cobalt
powder that is precipitated on the surface of the nickel
powder of the solid, to form the solution after reduction,
the nickel powder of the solid, and the cobalt powder.
[0013]

A second aspect of the present invention 1is the
method for producing seed crystals of cobalt powder,
wherein the nickel powder of the solid in the first
aspect has an average particle size of 0.1 um or more and
5 um or less.

[0014]

A third aspect of the present invention 1is the
method for producing seed crystals of cobalt powder,
wherein the cobalt <concentration in the solution
containing the cobalt ammine sulfate complex in the first

and second aspects is 75 g/L or less.
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Advantageous Effect of Invention
[0015]

According to the present invention, seed crystals
having a size suitable to be add to a cobalt ammine
sulfate complex solution as seed crystals to form cobalt
powder can be obtained efficiently when a cobalt ammine
sulfate complex solution is reduced with hydrogen gas to

produce cobalt powder.

Brief Description of Drawing

[0016]

[Figure 1] Figure 1 is a production flow chart of the
method for producing cobalt powder according to the

present invention.

Description of Embodiment
[0017]

The present invention 1is a method for efficiently
producing seed crystals to be add when hydrogen gas is
blown into a cobalt ammine sulfate complex solution to
produce cobalt powder.

[0018]

Hereinafter, the method for producing cobalt powder
according to the present invention will described with
reference to the production flow chart shown in Figure 1.
In the present invention, cobalt powder is obtained by

subjecting a cobalt sulfate solution serving as an
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original solution to a complexing step, a mixing step, a
reduction and precipitation step and a solid-liquid
separation step.

The reduction rate mentioned in the present
invention is defined as a rate obtained by dividing the
weight (g) of the obtained cobalt powder by the cobalt
amount (g/L) contained in the fed cobalt sulfate solution
(L) .

[0019]
[Complexing Step]

A cobalt sulfate solution that can be used in the
present invention 1s not particularly limited, but a
cobalt leachate obtained by leaching/dissolving a cobalt-
containing material such as an industrial intermediate
comprising one or a mixture of two or more selected from
mixed sulfide containing cobalt, crude cobalt sulfate,
cobalt oxide, cobalt hydroxide, cobalt carbonate, cobalt
powder, and the like with sulfuric acid or ammonia can be
used. Usually, various impurities are also industrially
contained in the cobalt leachate. The leachate 1is
generally used by removing impurity elements in the
leachate by subjecting the leachate to a purification
step such as solvent extraction, ion exchange, or
neutralization.

[0020]

Next, aqueous ammonia and ammonium sulfate are added

to the cobalt leachate to obtain a cobalt ammine sulfate

complex solution.
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The concentration of ammonium sulfate in the
solution is preferably in the range of 10 to 500 g/L. If
the concentration is more than 500 g/L, it is higher than
the solubility, and crystals may be precipitated. This
is not preferable since an operational trouble occurs.
If the concentration is less than 10 g/L, since ammonium
sulfate 1is newly produced by the reaction, it 1is
industrially difficult to keep the concentration at a
level of less than 10 g/L.

The cobalt concentration in the <cobalt ammine
sulfate complex solution is 75 g/L or less. It 1is
because in the reaction of a solid after the addition in
later steps, 1if the cobalt concentration in the cobalt
ammine sulfate complex solution is too high, the
reduction rate will be decreased due to the shortage of
reaction sites.

[0021]
[Mixing Step]

In this step, to the cobalt ammine sulfate complex
solution prepared as described above is added a solid
that is used as a matrix for precipitation.

The solid to be added is not particularly limited as
long as it 1is insoluble or sparingly soluble with a low
solubility in a cobalt ammine sulfate complex solution,
an aqueous ammonium sulfate solution, or an alkali
solution.

[0022]

Specifically, it is preferable to use nickel powder.
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When cobalt powder is used for a solid, it is the
same as cobalt precipitate, and therefore these do not
need to be separated. Cobalt powder is thus the most
suitable to be used as seed crystals, but it is difficult
to industrially obtain fine cobalt powder at a low price
stably.

[0023]

Although there is an advantage of iron powder being
available at a low price easily, there is a disadvantage
of iron powder Dbeing easily dissolved 1in an acidic
solution and hardly serving as crystal nuclei. Because
dissolved iron ions becomes a new cause of contamination,
and the like, iron powder is not suitable.

In a method for using a slightly soluble or
insoluble solid and precipitating cobalt thereon like the
present invention, the influence o0f remelting 1is so
avoidable as to be negligible and it is not necessary to
repeat some of product, differently from a method for
precipitating cobalt using seed crystals that is
generally used conventionally and forming the cobalt
including the seed crystals into a product. Therefore,
there 1s a characteristic that cobalt complex ions
contained in an ammine complex solution can be reduced
nearly completely in a viewpoint of the balance between
the amounts of materials in the process.

[0024]
It 1s preferable that the solid have a smooth

surface so that the precipitated cobalt powder can be

10
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separated effectively. As mentioned above, the amount of
the solid added equivalent to the amount of cobalt
existing in the solution or more is required.
Specifically, when nickel powder is used for a solid, 75
g/L or more need to be added.

[0025]

[Reduction and Precipitation Step]

Next, the reaction vessel of a pressure vessel is
charged with the slurry formed by adding nickel powder in
the mixing step, and cobalt complex ions in the slurry is
reduced by blowing a reducing agent such as hydrogen gas
into the reaction vessel to precipitate cobalt on the
surface of the solid.

[0026]

Here, the temperature of the mixture slurry, namely,
the reaction temperature, 1is preferably in the range of
150 to 200°C. If the reaction temperature is less than
150°C, reduction efficiency is decreased, and even if the
reaction temperature is higher than 200°C, the reaction
is not affected, but the loss of thermal energy increases.
[0027]

The pressure of the gas phase part, which is a space
other than the solution 1in the reaction vessel, 1is
preferably maintained in the range of 1.0 to 4.0 MPa by
feeding hydrogen gas. If the pressure is less than 1.0
MPa, reaction efficiency 1is reduced since the amount of
gas migrating from the gas phase part into the solution

is little. Meanwhile, even 1f the pressure 1is higher

11
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than 4.0 MPa, there is no influence such as the reaction
being enhanced, but the 1loss of hydrogen gas Jjust
increases, resulting in no advantage.

Hydrogen gas may be blown into the gas phase part in
the reaction vessel or blown directly into the slurry.
[0028]

[Solid-Liquid Separation Step]

The solid having cobalt precipitate on the surface
obtained in the reduction and precipitation step is taken
out of the pressure vessel with the solution after
reduction in the pressure vessel and subjected to solid-
liquid separation from the solution after reduction.

This solid-liquid separation may be any of, for
example, a method using a nutsche and a vacuum flask, a
method using a centrifuge, a method using a filter press.
[0029]

Then, when a substance other than cobalt is used for
the solid, operation of separating the cobalt precipitate
on the surface from the solid may be performed.

Specific separation method can be properly performed
by applying a shock to the solid and the cobalt
precipitate, or the like.

[0030]

When the size of the cobalt precipitate still
including the solid or the cobalt precipitate after
separation from the solid is still smaller than that used
for seed crystals, the size of the cobalt precipitate can

be increased by repeating the mixing step again.

12
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The solid collected here can be reused for the
mixing step repeatedly.

The solution after reduction can be used repeatedly
as a complexing agent in the complexing step without any
treatment or by the recycling thereof into ammonia by

treatment such as heating and distillation.

Examples
[0031]

Examples for generating seed crystals for obtaining
cobalt powder of the present invention will be described
below.

The average particle size was measured using a

commercial laser particle size analyzer (Microtrac).

Example 1
[0032]

A solution containing a cobalt ammine sulfate
complex was prepared by adding 191 ml of 25% aqueous
ammonia to cobalt sulfate equivalent to 75 g of cobalt
and 330 g of ammonium sulfate, dissolving them and
adjusting the total volume of the solution to 1000 ml.

To this solution was added 75 g of nickel powder
having an average particle size of 1 um and used as a
matrix for precipitation to obtain a mixture slurry.
[0033]

Next, an inner cylinder of an autoclave having a

volume of 3 L was charged with the mixture slurry, the

13
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mixture slurry was then heated to 185°C with stirring,
hydrogen gas was blown into the mixture slurry while
keeping the temperature, and hydrogen gas was further fed
SO as to maintain the pressure in the inner cylinder of
the autoclave at 3.5 MPa. After a lapse of 60 minutes
from the start of the feeding of hydrogen gas, the
feeding of hydrogen gas was stopped, and the inner
cylinder was cooled.

[0034]

After cooling to room temperature, the mixture
slurry in the 1inner cylinder was filtered, and the
insoluble solid having cobalt precipitate formed on the
surface was removed. Then, solid-liquid separation was
conducted by suction filtration using a wvacuum flask and
a nutsche.

The reduction reaction rate of cobalt at this time
was 99%.

[0035]
(Comparative Example 1)

A  solution containing a cobalt ammine sulfate
complex was prepared by obtaining a solution containing
75 g of cobalt, 330 g of ammonium sulfate and 191 ml of
25% aqueous ammonia, adding 3.73 g of polyacrylic acid
having a concentration of 40 wt% as a dispersant instead
of a solid of seed crystals of the present invention
thereto, and adjusting the total volume of the solution
to 1000 ml.

[0036]

14
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The same inner cylinder of the autoclave as Example
1 was charged with the prepared solution, which was then
heated to 185°C with stirring, hydrogen gas was blown
into the mixture slurry while keeping the temperature,
and hydrogen gas was further fed so as to maintain the
pressure 1in the inner cylinder of the autoclave at 3.5
MPa.

After a lapse of 60 minutes from the start of the
feeding of hydrogen gas, feeding hydrogen gas was stopped,
and the inner cylinder was cooled.

[0037]

After cooling to room temperature, the solution in
the inner cylinder was filtered, and the insoluble solid
having cobalt precipitate formed on the surface was
removed. Then, solid-ligquid separation was conducted by
suction filtration using the vacuum flask and the nutsche.
The cobalt reduction reaction rate at this time was 72%,
and as high efficiency as that of Example of the present
invention was not obtained.

[0038]
(Comparative Example 2)

A solution containing a cobalt ammine sulfate
complex was prepared by adding a solution containing 330
g of ammonium sulfate to a cobalt sulfate solution
containing 75 g of cobalt, adding 191 ml of 25% aqueous
ammonia to the resulting solution, and adjusting the

total volume of the solution to 1000 ml.

15
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To this solution was added 75 g of commercial iron
powder having an average particle size of 1 um as a solid
soluble in the solution to prepare a mixture slurry.
[0039]

The inner cylinder of the autoclave used in Example
1 was charged with the prepared mixture slurry, the
mixture slurry was then heated to 185°C with stirring,
hydrogen gas was blown into the mixture slurry while
keeping the temperature, and hydrogen gas was further fed
SO as to maintain the pressure in the inner cylinder of
the autoclave at 3.5 MPa. After a lapse of 60 minutes
from the start of the feeding of hydrogen gas, the
feeding of hydrogen gas was stopped, and the inner
cylinder was cooled.

[0040]

After cooling to room temperature, the mixture
slurry in the inner cylinder was filtered, and the iron
powder having cobalt precipitate formed on the surface
was removed. Then, solid-ligquid separation was conducted
by suction filtration using the wvacuum flask and the
nutsche.

[0041]

It was found that the cobalt reduction reaction rate
as to this Comparative Example 2 was 76%, which was
higher than that in the case where a conventional
dispersant was used, but as high effect as that of
Example of the present invention was not obtained even if

easily soluble solid was added.

16
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[0042]

Throughout this specification and the claims which
follow, unless the context requires otherwise, the word
"comprise", and variations such as "comprises" or
"comprising", will be understood to imply the inclusion
of a stated integer or step or group of integers or steps
but not the exclusion of any other integer or step or
group of integers or steps.

[0043]

The reference in this specification to any prior
publication (or information derived from it), or to any
matter which is known, is not, and should not be taken as,
an acknowledgement or admission or any form of suggestion
that that prior publication (or information derived from
it) or known matter forms part of the common general
knowledge in the field of endeavour to which this

specification relates.

16A
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The claims defining the present invention are as follows:

[Claim 1]
A method of producing seed crystals of cobalt powder,
sequentially comprising:

a complexing step of adding ammonia, an ammonium
compound solution, or both of ammonia and an ammonium
compound solution to a cobalt sulfate solution to obtain
a solution containing a cobalt ammine sulfate complex;

a mixing step of adding nickel powder as a solid
that 1s insoluble or slightly soluble in the solution
containing the cobalt ammine sulfate complex, to the
solution containing the cobalt ammine sulfate complex
obtained in the complexing step to form a mixture slurry;

a reduction and precipitation step of charging a
reaction vessel with the mixture slurry obtained in the
mixing step, and blowing hydrogen gas into the reaction
vessel to reduce cobalt contained in the mixture slurry
and obtain a cobalt powder slurry containing cobalt
precipitate with a cobalt component precipitated on a
surface of the solid as cobalt powder; and

a solid-liquid separation step having

a solid-liquid separation treatment for
separating the cobalt powder slurry obtained into the
cobalt precipitate and a solution after reduction, and

a solid separation treatment for separating the
cobalt precipitate obtained into the nickel powder of the

solid added and the cobalt powder that is precipitated on

17
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the surface of the nickel powder of the solid, to form
the solution after reduction, the nickel powder of the
solid, and the cobalt powder.
[Claim 2]

The method of producing seed crystals of cobalt
powder according to claim 1,

wherein the nickel powder of the solid has an
average particle size of 0.1 to 5 um.
[Claim 3]

The method of producing seed crystals of cobalt
powder according to claim 1 or 2, wherein a cobalt
concentration in the solution containing the cobalt

ammine sulfate complex is 75 g/L or less.

18
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