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Ni and Co have previously been extracted from lateritic ores,

either by ammoniacal leaching of the ore after selective reduction
roasting, or by pressure leaching a slurry of the ore with
concentrated H2S04 The first process has high energy costs associated
with drying and the selective reduction of the ore, and in the second
it is difficult to separate Ni from Co on a high purity basis. These

i problems have been overcome by a liquid-liquid extraction process, in
I which the Ni and Co in a sulphate liquor are contacted in a Co
Sextraction circuit with a first cationic extractant to produce a
Isolvent, rich in Co, Mn and Zn and a raffinate rich in Ni. The first

raffinate is then contacted in a Ni extraction circuit with a second
J cationic extractant to produce a second solvent rich in Ni. Prior to

this duplex liquid-liquid separation, a preliminary step of removing
certain impurities is effected. This consists of lowering the pH to a

Srange of 3.0 3.2, to precipitate most of the Fe and then to 4.2 
to remove the remainder of the Fe, as well as Al and Cr. The Co,SMn and Zn are stripped from the first solvent, using a strip liquor of

sulphuric acid at a pH of 1.0 2.0. Co and Zn are then precipitated
with aqueous Na 2S, leaving Mn in solution. The Ni rich solvent is
likewise stripped with H2SO4 or similar and may then be recovered as a
high purity metal by electrowinning. The first cationic extractant may
be bis (2,4,4 trimethylpentyl) phosphinic acid or derivative thereof
in a modifier of tri-butyl phosphate or derivative and a first diluent
of SHELLSOL 2046, (80% paraffins and naphthenes and approximately 
of aromatics). The second cationic extractant may be a monocarboxylic
acid, preferably tertiary, or derivative, typically VERSATIC 10, in a
second diluent, which may be the same as the first. The neutraliser
used to lower the pH in two steps in the preliminary stage of the
process may be CaO, CaC0 3 Na 2C03 or NaOH solution. Prior to stripping,
the first and second solvents may be scrubbed with NaCi solution for
the first and H20 and NiSO 4 solution for the second.
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36.
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of:

(a)

(b)

A process for recovering nickel and cobalt from a

ate liquor, the process comprising the steps of:

contacting the sulphate liquor with a first

cationic extractant in a cobalt extraction

circuit to produce a first raffinate rich in

nickel and a first solvent rich in cobalt,

manganese, and zinc; and

contacting the first raffinate rich in nickel

with a second cationic extractant in a nickel

extraction circuit to produce a second raffinate

and a second solvent rich in nickel.

A process for the recovery of nickel and cobalt

a sulphate liquor, the process comprising the steps

contacting the sulphate liquor with a cationic

extractant in a cobalt extraction circuit to

produce a raffinate rich in nickel and an organic

solvent rich in cobalt, manganese, and zinc; and

treating the raffinate rich in nickel to
substantially recover nickel from the raffinate.

A process for the recovery of nickel and cobalt
a sulphate liquor, the process comprising the steps

treating the sulphate liquor to substantially

recover cobalt, manganese, and zinc from the
sulphate liquor; and

contacting the treated sulphate liquor from step

with a cationic extractant in a nickel

extraction circuit to produce a raffinate and an

organic solvent rich in nickel.
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THE RECOVERY OF NICKEL AND COBALT FROM LATERITIC ORES

FIELD OF THE INVENTION

The present invention relates generally to the recovery of

nickel and cobalt from lateritic ores and relates

particularly, though not exclusively, to the recovery of

nickel and cobalt from acidic sulphate liquors produced by

acid pressure leaching of lateritic ores. More

particularly, the present invention relates to the use of a

first and a second cationic extractant for the removal of

nickel, cobalt, and manganese from an acidic sulphate

liquor. Even more particularly, the present invention

relates to the use of bis (2,2,4 trimethylpentyl)

phosphinic acid as the first cationic extractant and a

tertiary mono-carboxylic acid as the second cationic

S'l, 15 extractant.

BACKGROUND TO THE INVENTION

There are currently two hydrometallurgical processes most

commonly used for the recovery of nickel and cobalt from

lateritic ores.
i

20 The first process, known as the CARON process, involves

drying the lateritic ore and then reduction roasting the

dried lateritic ore in multi-hearth roasters in an

atmosphere containing hydrogen and carbon monoxide. Nickel

and cobalt are thus selectively reduced to the metallic

form and in this form are amenable to ammoniacal leaching.

The reduced ore is cooled, quenched in an ammonium

carbonate solution, and then leached in aerated tanks. A

pregnant liquor is separated from a residue in a continuous

countercurrent decantation (CCD) solvent extraction circuit

using the ammonium carbonate solution as a washing medium

for the reduced ore.

The pregnant liquor which contains both nickel and cobalt

is then reacted with ammonium hydrogen sulphide to

j r L II 



I f

3-

precipitate virtually all the cobalt and part of the

nickel. Alternatively, this sulphide precipitation step

can be preceded by an ammoniacal solvent extraction circuit

which preferentially extracts the nickel. The nickel is
then precipitated as nickel carbonate, dried, roasted, and

upgraded by hydrogen reduction to between approximately 

to 90% nickel.

The CARON process has relatively high energy costs

associated with the drying and reduction roasting of the

1 0 lateritic ore. This coupled with high capital cost for

plant and low cobalt recoveries makes the process

unattractive.
00 o

*The second known process used for the recovery of nickeliit

and cobalt from lateritic ores, known as the MOA BAY

process, involves grinding the lateritic ore, preparing a

slurry of the ore in water and then pressure leaching the

slurry at a temperature of approximately 2460 C with
concentrated sulphuric acid. The leached slurry is theni passed through a CCD circuit and a pregnant liquor

i 20 containing approximately 95% of the nickel and cobalt

re st' contained in the leached slurry is separated from a residue

!i in the CCD circuit. The pregnant liquor is then treated

i o with calcium carbonate to neutralise any residual acid.

f Nickel and cobalt are then precipitated by reacting the

i 25 neutralised pregnant liquor with hydrogen sulphide at a

temperature and pressure of approximately 120 0C and 1050

kPa, respectively. A concentrate produced by this reaction
containing between 55 to 60% nickel/cobalt, and between 

to 40% sulphide is then refined to recover the nickel and

cobalt in a separate refinery.

The MOA BAY process is restricted because presently there

is no satisfactory method of separating high purity nickel

and cobalt products from the acidic sulphate solutions
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produced.

SUMMARY OF THE INVENtION

An intention of the present invention is to provide a

process for recovering nickel and cobalt from sulphate

liquors that is relatively inexpensive and effective in the

recovery of a high purity nickel and cobalt products.

According to a first aspect of the present invention there

is provided a process for recovering nickel and cobalt from

a sulphate liquor, the process comprising the steps of:

contacting the sulphate liquor with a first

cationic extractant in a cobalt extraction
0

circuit to produce a first raffinate rich in

nickel and a first solvent rich in cobalt,

manganese, and zinc; and

contacting the first raffinate rich in nickel

with a second cationic extractant in a nickel

extraction circuit to produce a second raffinate

and a second solvent rich in nickel.

According to a second aspect of the present invention there

20 is provided a process for the recovery of nickel and cobalt

from a sulphate liquor, the process comprising the steps

,of:

contacting the sulphate liquor with a cationic

extractant in a cobalt extraction circuit to

produce a raffinate rich in nickel and a solvent

rich in cobalt, manganese, and zinc; and

I treating the raffinate rich in nickel to

substantially recover nickel from the raffinate.

According to a third aspect of the present invention there

is provided a process for the recovery of nickel and cobalt

from a sulphate liquor, the process comprising the step of:

treating the sulphate liquor to substantially

recover cobalt, manganese, and zinc from the



sulphate liquor; and

contacting the treated sulphate liquor from step

with a cationic extractant in a nickel

extraction circuit to produce a raffinate and a

solvent rich in nickel.

Typically, the sulphate liquor is an acidic sulphate liquor

obtained by acid pressure leaching of lateritic ores.

Typically, the process for recovering nickel and cobalt

comprises an initial step of adjusting the pH of the

sulphate liquor so that impurities are removed from the

sulphate liquor to produce a partially neutralised liquor.

Typically, the impurities removed from the sulphate liquor

include iron, aluminium, and chromium.

Typically, the step of adjusting the pH of the sulphate

15 liquor involves first adjusting the pH to a value of

between 3.0 to 3.2 so that the majority of the iron is

precipitated.

PFollowing removal of the iron precipitate from solution the

sulphate liquor is further adjusted to a pH of between 4.2

to 4.5 to remove residual iron, aluminium, and chromium.

This two stage neutralisation substantially minimises co-

C. precipitation of nickel and cobalt and allows any nickel

and cobalt co-precipitated in the second stage to be

o redissolved in fresh sulphate liquor without redissolving
25 significant quantities of iron.

Typically, the step of adjusting the pH of the sulphate

liquor involves treating the liquor with a calcium oxide,

calcium carbonate, sodium carbonate, or sodium hydroxide

solution.

n^7,
I-T 0J)^
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Typically, the first cationic extractant comprises bis

(2,4,4 trimethylpentyl) phosphinic acid or a derivative

thereof.

Typically, the process for recovering nickel and cobalt

further comprises the step of adding a first alkali

solution to the cobalt extraction circuit to at least

partly neutralise sulphuric acid produced in said circuit.

Typically, the first alkali solution comprises a sodium

hydroxide solution, an ammonium hydroxide solution or

ammonia gas.

Typically, the step of contacting the sulphate liquor with

the first cationic extractant involves firstly mixing the

first cationic extractant with a modifier.

Typically, the modifier is tri-butyl phosphate or a

derivative thereof.

Typically, the step of contacting the sulphate liquor with

the first cationic extractant involves firstly mixing the

first cationic extractant with a first diluent.

Typically, the first diluent is SHELLSOL 2046 or a

20 derivative thereof. SHELLSOL 2046 is a proprietary name

for a hydrocarbon liquid containing 80% paraffins and

napthenes, and approximately 20% aromatics.

Typically, the process for recovering nickel and cobalt

further comprises the step of scrubbing the first solvent

using a first scrubbing solution to remove impurities.

Typically, the first scrubbing solution comprises saline

water.
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Typically, the process for recovering nickel and cobalt

further comprises the step of stripping cobalt, manganese,

and zinc from the first solvent using a first strip liquor

to produce a cobalt, manganese, and zinc liquor.

Typically, the step of stripping cobalt, manganese, and

zinc from the first solvent further involves controlling

the pH of the first strip liquor.

Typically, controlling the pH of the first strip liquor

involves adjusting the pH to a value of between 1 to 2.

Typically, the first strip liquor comprises sulphuric acid

or a derivative thereof.

Typically, the process for recovering nickel and cobalt

furthe:c comprises the step of treating the cobalt,

manganese, and zinc liquor with a sulphide solution so as

S s 15 to precipitate cobalt and zinc whilst leaving manganese in

;solution.

4 
€t

I l Typically, the sulphide solution is a sodium sulphide

i solution.

Typically, the second cationic extractant comprises a mono-

carboxylic acid or a derivative thereof.

a 4 a More typically, the second cationic extractant comprises aji tertiary mono-carboxylic acid or a derivative thereof.

{i sa, 'Even more typically, the second cationic extractant

comprises VERSATIC 

Typically, the process for recovering nickel and cobalt

further comprises the step of adding a second alkali

solution to the nickel extraction circuit to at least

o
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partly neutralise sulphuric acid produced in said circuit.

Typically, the second alkali solution comprises a sodium
hydroxide solution, an ammonium hydroxide solution, or a
combination thereof.

Alternatively, the second alkali solution comprises ammonia

gas.

Typically, the step of contacting the first raffinate with
the second cationic extractant involves firstly mixing the
second cationic extractant with a second diluent.

Ij o

10 Typically, the second diluent is SHELLSOL 2046 or a
'derivative thereof.

S" Typically, the process for recovering nickel and cobalt
further comprises the step of adjusting the pH of the
second raffinate and contacting said second raffinate with

15 barren organic to recover at least a portion of the second

cationic extractant.

More typically, the pH of the second raffinate is adjusted
V ,to a pH of approximately 4.

ij 
i I

i' Typically, the process for recovering nickel and cobalt
,i 20 further comprises the step of purifying the second solvent
i rich in nickel produced from the nickel extraction circuit
S| using a second scrubbing solution.

Typically, the second scrubbing solution comprises water.

Typically, the process for recovering nickel and cobalt

further comprises the step of further purifying the second
solvent rich in nickel produced from the nickel extraction

circuit using a third scrubbing solution so that a high
purity nickel solvent is produced.
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Typically, the third scrubbing solution comprises a nickel

sulphate solution or a derivative thereof.

Typically, the process for recovering nickel and cobalt

further comprises the step of stripping nickel from the

high purity nickel solvent using a second strip liquor to

produce a high purity electrolyte suitable for recovering

high purity nickel.

Typically, the second strip liquor comprises sulphuric acid

or a derivative thereof.

10 Typically, the process for recovering nickel further

comprises the step of electrowinning the high purity

electrolyte to recover high purity nickel.

Typically, the step of electrowinning the high purity

electrolyte further comprises recycling spent electrolyte

from the high purity electrolyte as strip liquor which is

then used in the step of stripping the high purity nickel

solvent.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

In order to facilitate a better understanding of the

invention several embodiments of the process for recovering

nickel and cobalt from sulphate liquors will now be

described in some detail, by way of example only.

Example 1

In this example of the present invention an .cidic sulphate

leach liquor from a small leach pilot plant utilising acid

pressure leaching was used.

Leach liquor taken from the leach pilot plant was partially

neutralised to a pH of approximately 4.3 and an Eh of

approximately 400mV to remove impurities. The results are

shown in Table 1.

9 ~i -L t-C LII 'I-~II
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As indicated in Table 1 impurities such as Fe, Al, and Cr

were substantially removed from the leach liquor by partial

neutralisation of the leach liquor. The free sulphuric

acid in the leach liquor was partially neutralised by the

addition of calcium carbonate.

The partially neutralised liquor was then contacted with a

first organic solution containing approximately 10% bis

(2,4,4 trimethylpentyl) phosphinic acid, 5% tri-butyl

phosphate and 85% SHELLSOL 2045, in a cobalt extraction

circuit, to produce a raffinate rich in nickel, and a first

solvent rich in cobalt and manganese with minor

o «concentrations of zinc. In this embodiment bis (2,4,4-
trimethylpentyl) phosphinic acid is to be considered a

first cationic extractant.

tt

The first solvent, was then scrubbed ue a ffrst

scrubbing solution, in this example water. Th. scrubbed

first solvent was then stripped using a first strip liquor

at a pH of approximately 2.0, in this example a solution of

between 10 to 20 g/l of sulphuric acid, to recover cobalt,
20 manganese, and zinc in a cobalt, manganese and zinc liquor.

The results are given in Table 2.

As indicated in Table 2 the first solvent is rich in

cobalt, manganese, and zinc and the raffinate rich in

nickel.

A second organic solution including a second cationic

extractant, in this example tertiary mono-carboxylic acid

(VERSATIC 10), was then contacted with the raffinate in a

nickel extraction circuit. The tertiary mono-carboxylic

acid was firstly preequilibrated with an alkali solution,

in this example a sodium hydroxide solution, to convert the

mono-carboxylic acid to an alkali form. This

preequilibration involves substitution of hydrogen ions in

the mono-carboxylic acid for sodium ions in the sodium

1. I -I 'I i C1I I-
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hydroxide solution.

By way of comparison another reagent di (2-ethyl hexyl)

phosphinic acid (DEHPA) was contacted with the raffinate in

another nickel extraction circuit. The results for both

VERSATIC 10 and DEHPA are given in Table 3.

As indicated in Table 3 the concentration of nickel in the

second solvent was substantially greater when VERSATIC 

was used, as an example of the present invention, compared

with the use of DEHPA.

10 The second solvent produced when VERSATIC 10 was used was

then scrubbed with a second scrubbing solution, in this

example water, followed by another scrub with a third

scrubbing solution, in this example nickel sulphate, to

produce a high purity nickel solution. The high purity

nickel solvent was then stripped with a second strip

liquor, in this example sulphuric acid, to produce a high

purity nickel electrolyte. The results are given in Table

4.
doer

20 As shown in Table 4 aqueous phases resulting from the

nickel sulphate scrub and the sulphuric acid strip are both

particularly rich in nickel and have substantially reduced

concentrations of cobalt and impurities. This high purity

nickel electrolyte is now suitable for electrk-winning so as

to recover high purity nickel.

Example 2

In this example of the invention leach liquor from a small

leach pilot plant utilising acid pressure leaching was used

to run a small scale continuous solvent extraction circuit.

Leach liquor from the pilot plant was partially neutralised

using limestone to a pH of 4.8. The Eh was adjusted to

680mV with peroxide prior to limestone addition. The

-i
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results are shown in Table 

As indicated in Table 5 impurities such as Fe, Al and Cr

were removed from the leach liquor.

The partially neutralised liquor was then contacted with a

first organic solution containing a first cationic

extractant, in this example 15% CYANEX 272, in a four (4)

stage continuous mini circuit to produce a nickel

raffinate. The sulphuric acid produced by the extraction

was neutralised by preequilibration of the barren solvent

with sodium hydroxide and by sodium hydroxide addition to

osq the first and third scages of the circuit. A typical

Sextraction profile is shown in Table 6.
0*

The first solvent rich in cobalt and manganese was then

sscrubbed in a single stage with a first scrubbing solution,

in this case water. The cobalt and manganese solvent was
then stripped in a three stage circuit using sulphuric acid

w at a concentration of 100 g/l to give a strip raffinate pH
of approximately 1. The stripping profile is shown in

Table 7.

1 20 The raffinate from the cobalt and manganese extraction was
then contacted with a second organic solution containing a

second cationic extractant, 15% VERSATIC 10, in a five 
stage continuous circuit. The sulphuric acid generated by

the extraction was neutralised by ammonium hydroxide added
to the first, third and fifth stages of the circuit. The

extraction profile obtained is shown in Table 8.

The second solvent rich in nickel was then scrubbed with a
solution of nickel sulphate to remove Co, Ca and Mg and
produce a high purity nickel solvent. The results are

given in Table 8.

-C c~Cy C- ~Y -Dbll 
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The high purity nickel solvent was then stripped with

liquor containing sulphuric acid to produce a high purity

nickel solution suitable for electrowinning. The stripping

profile is shown in Table 9.

As can be seen a solution of better than 99% nickel purity

has been produced.

Example 3

In this example leach liquor from a leach pilot plant

operation using hypersaline ground water for the acid

pressure leach was used in the small solvent extraction

•a circuit used in Example 2 to demonstrate that the process

o was equally as effective in saltwater as potable water.

I 

Leach liquor from the pilot plant was neutralised in a

small continuous two stage neutralisation circuit. In
the first stage the pH was adjusted to 3.2 using limestone

and in the second stage to a pH of 4.5 using either
i limestone or caustic soda. The results of the

neutralisation are given in Table 

art,

The partially neutralised hypersaline leach liquor was then

contacted with a first organic solution containing a first

cationic extractant, 15% CYANEX 272, in a five stage

extraction circuit. Ammonium hydroxide gas was added to

the first, third, and fifth stages of the circuit. A

typical extraction profile is given in Table 11. The

solvent was then scrubbed using hypersaline ground water

d and the results are also shown in Table 11.

The cobalt and manganese solvent was then stripped using a

three stage circuit using sulphuric acid at a

concentration of 100 g/l. The strip profile is given in

Table 12.

I i i cr i -P -C I pC I I 1 C I -s~L 1~C-
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The saline raffinate from the Co and Mn extraction circuit

being rich in Ni, was then contacted with a second organic

solution containing a second cationic extractant, in this

example 15% VERSATIC 10, in a five stage continuous

circuit. Ammonium hydroxide was added to the first, third,

and fifth stages to neutralise the sulphuric acid generated

by the extraction. The extraction profile is given in

Table 13.

The second solvent rich in nickel was then scrubbed with a

solution of nickel sulphate to remove the impurities such

as Mg from the solvent as shown in Table 13.

0

a  The scrubbed second solvent was then stripped with a

0 solution of nickel sulphate containing sodium sulphate and

S4. boric acid representing an electrowin spent electrolyte to

15 produce a high purity nickel solution suitable for an

electrowinning feed. The stripping profile is given in

Table 14.

Now that several embodiments of the present invention have

o t been described in some detail it will be apparent to those
20 skilled in the relevant arts that the described process for

prior art:

1. high purity nickel and cobalt are recovered using

essentially hydrometallurgical techniques followed by

electrowinning;

2. final nickel and cobalt products are produced in

a single plant removing the need to send products to

another refinery for further processing; and

3. the value of the high purity products are much

greater than the intermediate products which require

further refining.

i 
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The present invention is not limited to the embodiments

described above and numerous variations and modifications

can be made to the process for recovering nickel and cobalt

from sulphate liquors which still remain within the arrmit

of the present invention. For example, the present

invention also extends to acidic liquors containing cobalt

and nickel which have been generated by pressure oxidative

leach processes of either sulphide concentrates of nickel

and cobalt, or sulphide ores of nickel and/or cobalt. The

preceding examples of the present invention are provided to

illustrate specific embodiments of the invention and are

not intended to limit the scope of the process of the

invention.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1.

sulphate

(a)

*4

I
44

I
4.4

44

i 
K'

c 4 4
44

4
Cf IL

4.4,

4

A process for recovering nickel and cobalt from a

liquor, the process comprising the steps of:

contacting the sulphate liquor with a first

cationic extractant in a cobalt extraction

circuit to produce a first raffinate rich in

nickel and a first solvent rich in cobalt,

manganese, and zinc; and

contacting the first raffinate rich in nickel

with a second cationic extractant in a nickel

extraction circuit to produce a second raffinate

and a second solvent rich in nickel.

2. A process for recovering nickel and cobalt from a

sulphate liquor as defined in claim 1 comprising an initial

15 step of adjusting the pH of the sulphate liquor so that

impurities are removed from the sulphate liquor to produce

a partially neutralised liquor.

3. A process for recovering nickel and cobalt from a

sulphate liquor as defined in either claim 1 or 2 wherein

the step of adjusting the pH of the sulphate liquor

involves first adjusting the pH to a value of between 

to 3.2 so that the majority of the iron is precipitated.

4. A process for recovering nickel and cobalt from a

sulphate liquor as defined in claim 3 wherein the sulphate

liquor is further adjusted to a pH of between 4.2 to 4.5 to

remove residual iron, aluminium, and chromium.

A process for recovering nickel and cobalt from a

sulphate liquor as defined in claim 4 wherein the two stage

neutralisation substantially minimises co-precipitation of

nickel and cobalt and allows any nickel and cobalt co-

-r 191 F -kl~e i i I~-C
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precipitated in the second stage to be redissolved in fresh
sulphate liquor without redissolving significant quantities
of iron.

6. A process for recovering nickel and cobalt from a

sulphate liquor as defined in any one of claims 2 to 
wherein the step of adjusting the pH of the sulphate liquor

involves treating the liquor with a calcium oxide, calcium

carbonate, sodium carbonate, or sodium hydroxide solution.

7. A process for recovering nickel and cobalt from a

j 10 sulphate liquor as defined in any one of the preceding

claims wherein the first cationic extractant comprises bis

i (2,4,4 trimethylpentyl) phosphinic acid or a derivative

thereof.

8. A process for recovering nic.- cobalt from a
15 sulphate liquor as defined in any oi: j the preceding

claims further comprising the step of adding a first alkali
i solution to the cobalt extraction circuit to at least

I partly neutralise sulphuric acid produced in said circuit.

9. A process for recovering nickel and cobalt from a
20 sulphate liquor as defined in any one of the preceding

claims wherein the step of contacting the sulphate liquor

V with the first cationic extractant involves firstly mixing
U the first cationic extractant with a modifier.

A process for recovering nickel and cobalt from a
sulphate liquor as defined in claim 9 wherein the modifier
is tri-butyl phosphate or a derivative thereof.

11. A process for recovering nickel and cobalt from a
sulphate liquor as defined in any one of the preceding
claims wherein the step of contacting the sulphate liquor

with the first cationic extractant involves firstly mixing

the first cationic extractant with a first diluent.

Illk- -ONE114K UM I-
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12. A process for recovering nickel and cobalt from a

sulphate liquor as defined in any one of the preceding

claims further comprising the step of scrubbing the first

solvent using a first scrubbing solution to remove

impurities.

13. A process for recovering nickel and cobalt from a

sulphate liquor as defined in claim 12 wherein the first

scrubbing solution comprises saline water.

14. A process for recovering nickel and cobalt from a

sulphate liquor as defined in any one of the preceding

claims further comprising the step of stripping cobalt,

manganese, and zinc from the first solvent using a firstfirs

strip liquor to produce a cobalt, manganese, and zinc

liquor.

15. A process for recovering nickel and cobalt from a

sulphate liquor as defined in claim 14 wherein the step of

stripping cobalt and manganese from the first solvent

I *further involves controlling the pH of the first strip
4 ee

liquor.
4i

*4#4

16. A process for recovering nickel and cobalt from a

liquor as defined in claim 15 wherein controlling the pH of

the first strip liquor involves adjusting the pH to a value
of between 1 to 2.

17. A process for recovering nickel and cobalt from a

sulphate liquor as defined in any one of claims 14 to 16

wherein the first strip liquor comprises sulphuric acid or

a derivative thereof.

18. A process for recovering nickel and cobalt from a

sulphate liquor as defined in any one of claims 14 to 17

further comprising the step of treating the cobalt,

-w -r 7I~ I" C 
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manganese, and zinc liquor with a sulphide solution so as

to precipitate cobalt whilst leaving manganese in solution.

19. A process for recovering nickel and cobalt from a

sulphate liquor as defined in any one of the preceding

claims wherein the second cationic extractant comprises a

mono-carboxylic acid or a derivative thereof.

A process for recovering nickel and cobalt from a

sulphate liquor as defined in claim 19 wherein the second

cationic extractant comprises a tertiary mono-carboxylic

10 acid or a derivative thereof.

*a 0

21. A process for recovering nickel and cobalt from a

sulphate liquor as defined in claim 20 wherein the second

cationic extractant is VERSATIC 

0

22. A process for recovering nickel and cobalt from a

15 sulphate liquor as defined in any one of the preceding

claims further comprising the step of adding a second

alkali solution to the nickel extraction circuit to at

least partly neutralise sulphuric acid produced in said

circuit.

23. A process for recovering nickel and cobalt from a

sulphate liquor as defined in any one of the preceding

claims wherein the step of contacting the first raffinate

with the second cationic extractant involves firstly mixing

the second cationic extractant with a second diluent.

24. A process for recovering nickel and cobalt from a

sulphate liquor as defined in any one of the preceding

claims further comprising the step of adjusting the pH of

the second raffinate and contacting said second raffinate

with barren organic to recover at least a portion of the

second cationic extractant.
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A process for recovering nickel and cobalt from a

sulphate liquor as defined in claim 24 wherein the pH of

the second raffinate is adjusted to a pH of approximately

4.

26. A process for recovering nickel and cobalt from a

sulphate liquor as defined in any one of the preceding

claims further comprising the step of purifying the second

solvent rich -n nickel produced from the nickel extraction

circuit using a second scrubbing solution.

1 0 27. A process for recovering nickel and cobalt from a

o° sulphate liquor as defined in any one of the preceding

o claims further comprising the step of further purifying the

second solvent rich in nickel produced from the nickel

r.extraction circuit using a third scrubbing solution so that

15 a high purity nickel solvent is produced.

4 28. A process for recovering nickel and cobalt from a

ii sulphate liquor as defined in claim 27 wherein the third

scrubbing solution comprises a nickel sulphate solution or

a derivative thereof.

29. A process for recovering nickel and cobalt from a

i sulphate liquor as defined in either claim 27 or 28 further

comprising the step of stripping nickel from the high

i purity nickel solvent using a second strip liquor to

produce a high purity electrolyte suitable for recovering
25 high purity nickel.

A process for recovering nickel and cobalt from a

sulphate liquor as defined in clairi 29 wherein the second

strip liquor comprises sulphuric acid or a derivative

thereof.

31. A process for recovering nickel and cobalt from a

sulphate liquor as defined in either claim 29 or 30 further

I c-I c i rr 



solution to the nickel extraction circuit to at least
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comprising the step of electrowinning the high purity

electrolyte to recover high purity nickel.

32. A process for recovering nickel and cobalt from i

sulphate liquor as defined in claim 31 wherein the step of

electrowinning the high purity electrolyte further

comprises recycling spent electrolyte from the high purity

electrolyte as strip liquor which is then used in the st.p

of stripping the high purity nickel solvent.

S33. A process for recovering nickel and cobalt from a
*oo 10 sulphate liquor as defined in any one of the preceding

i 0 claims wherein the sulphate liquor is an acidic sulphate

liquor obtained by acid pressure leaching of lateritic

ores.

34. A process for the recovery of nickel and cobalt

from a sulphate liquor, the process comprising the steps

of:

contacting the sulphate liquor with a cationic
*f t

extractant in a cobalt extraction circuit to

produce a raffinate rich in nickel and an organic

20 solvent rich in cobalt, manganese, and zinc; and

treating the raffinate rich in nickel to

substantially recover nickel from the raffinate.

A process according to claim 34 wherein the

cationic extractant comprises bis (2,4,4 trimethylpentyl)

25 phosphinic acid or a derivative thereof.

36. A process for the recovery of nickel and cobalt

from a sulphate liquor, the process comprising the steps

of:

treating the sulphate liquor to substantially

recover cobalt, manganese, and zinc from the

sulphate liquor; and

I I I i--



U. usi±ng a third scrubbing solution so that a high
purity nickel solvent is produced.

1
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contacting the treated sulphate liquor from step

with a cationic extractant in a nickel

extraction circuit to produce a raffinate and an

organic solvent rich in nickel.

37. A process according to claim 36 wherein the

cationic extractant comprises a mono-carboxylic acid or a

derivative thereof.

38. A process according to claim 37 wherein the

cationic extractant comprises a tertiary mono-carboxylic

acid or a derivative thereof.

39. A process for recovering nickel and cobalt from a

sulphate liquor substantially as herein described with

reference to the accompanying tables.

o 00
00 0

01 1e

S.el DATED THIS 9TH DAY OF

15 RESOLUTE RESOURCES LIMITED

By Its Patent Attorneys:

GRIFFITH HACK CO.
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Attorneys of Australia
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TABLE 1
impurity Removal by pH Adjustment

Concentration (mg/i) 

Al Ca Co Cr Cu Fe Mg Unx lNa Ni Pb Zn

Leach Liquor H163 15205 22 5 619 7700 644 450 3740 <10 34

Partially i
neutralised 9.5 454 233 0.58 2.5G5 0.05 9133 747 685 3824 <10 37

I liquor I_ 

TABLE 2
Results from the Cobalt Extraction Circuit

Concentration (mg/i) 

AllCalCo JCr TCu ~FIMg Jn NaINi 

Partially Neut 95 454 233 0.58 2.56 0.05 9133 747 685 3824 37

Liq. I 

Co&Mn Loade 57 22 553 <1 14 2 946 3063 12 5 199
(organic) 

Raffinate 1 392 153 <1 <1 <1 8046 297 1320 2765 9
(Agueous)j__ 

Co Mn Liquor 5 44 516 <1 5 <1 2138 186 <5 4 <1

(Aqueous)<1186 

Stripped Solvent 9 10 2 <1 1 3 5 15 <1 3

L -(AqUeous) I I_ I_ I I
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TABLE 3

Comparison of VERSATIC 10 and DEHPA Extractants
in the Nickel Extraction Circuit

Concentration (mgl)

Al Ca Co Cr Cu Fe Mg IMn Na Ni I Zn pH

Raffinate 0.2 416 2.5 0.2 >0.01 <0.1 5028 0.7 11183 3464 10 5.1
Feed

(Aqueous) 

VERSATIC 

Organic 4.7 26 3 0.5 0.6 0.8 26 0.4 38 4948 16 
Solvent

Raffinate <0.3 449 2.8 <0.01 <0.05 <0.01 5683 2.3 11178 2403 7.4 6.4

DEHPA

Organic 3.2 370 5.6 0.12 0.6 0.3 5554 5.1 113 1455 4.8 
Solvent

Raffinate <1.3 326 1.9 <1 <1.05 <0.2 4194 0.4 12162 2873 8.6 6.52

I 



TABLE 4

Purification Scrubbing and Stripping of the Versatic 

organic Solvent in the Nickel Extzrac-tion Circuit

o n c e n t r a t i o n (m g 

IAl. Caf CO] Cr CU Fel Mg Ma [Naj Ni 

HiSO, Scrubbed 4.1 11 0.5 4 0.8 0.8 1.3 <0.2 1-9 5136 2.8
(organic) 

NiSO4 Scrubbed 1.6 18 2.4 <0.1 <0.5 <0.2 16 0.3 16 23639 13
(Aqlueous) 

H 2S0 4 Stripped 8.6 11 <1 <1 <1 1.2 9.3 <1 11 630 4
(Organic)

HS04 Stripped 3.4 88 12 <1 1. 1 3.5 150 2 98 32200 
(Aqjueous) 1 1]
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Ta
Mini Circuit Paz

Concentr

Al Ca Co Cr

Leach Liquor 705 150 213 86

Partially 0.0 510 159 0
Neutralised

Liquor

Gypsum 0.9 18.0 0.1 0.1
precipitate 

TA
Co and Mn Extract

Raff

Co Mn

Feed 5.3 195.2 692.4

Stage 1 5.1 62.6 85.3

Stage 2 4.65 29.2 15.3

Stage 3 4.73 10.7 2.5

Stage 4 4.67 <0.1 <0.1

Loaded Organic 437.6 <0.1

Scrubbed Organic 456.4 <0.1

00 0* 4 0 0 0 0 A SA

a a 0 4 «0 0

BLE 
*tial Neutralisation

ation (mg/1) 

Cu Fe Mg Mn Na Ni Zn

4.3 6300 7800 635 700 2400 19.0

0.3 0.4 6600 564 N/A 2000 12.0

0 8.0 2.5 0.2 0.9 0.8 0

BLE 6
Lon Profile and Scrub

finate Concentration (mg/1)

Ni Mg Ca Cu Fe Zn

1988 6844 480.5 0.3 0.4 12.0

1854 6114 480.6 <0.1 0.76 <0.1

1650 660.2 475.7 <0.1 <0.1 <0.1

1769 6024 468.3 <0.1 <0.1 <0.1

1751 5724 450.1 <0.1 <0.1 <0.1

1658.6 754 5.27 <0.1 41.5

1721.6 812 12.67 <0.1 40.6
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TABLE 7
Co and Mn Stripping Profile

Strip Raffinate Concentration (mg/i) 

pH Co Mn Ni Mg Ca J CU Fe Zn

Strip 1 0.90 128 354 <0.1 486 11.2 1.26 3.85 67.8

Strip 2 0.75 899 3051 <0.1 2625 29.3 5.08 9.23 308.9

Strip 3 0.79 4916 18885 <0.1 16088 122 2.0 3.57 647.7

[Stripped organic 8.86 123.54 <0.1 8 0.96 <0.1 N/A 

TABLE 8

Ni Ex~traction Profile and Scrub Results

Raffinate Concentration_(mg/i) 

pH Co J n Ni J Mg Ca

Feed 4.51 7.8 2.8 1752 5855 487.5

Stage 1 7.60 <0.1 <0.1 874.5 5306 491.5

Stage 2 7.29 <0.1 <0.1 369.2 4699 538.1

Stage 3 7.44 <0.1 <0.1 66.3 5694 550.2

Stage 4 7.24 <0.1 <0.1 20.2 4690 538.5

Stage 5 7.14 <0.1 <0.1 17.8 5258 474.2

Loaded organic 16.2 8.1 14013.2 66 100.2

Scrubbed organic 8.5 I 7.4 13976.8 6 18.2



TABLE9
Ni Stripping Profile

__________ConcentratioCn en r t on 

PH Co -T Mn Ni T9 Mg Ca

Strip 1 Raffisnate 0.73 43.9 25.5 10406 7.0 15.0

Strip 2 Raffinate 1.15 <0.1 <0.1 369.2 4699 538.1

Strip 3 Raffinate 2.21 212.1 89.0 54870 2.0 

Barren organic <0.1 1.7 143.6 2.0 5.4d

TABLE 
Two Stage Neutralisation of Hypersaline Leach Liquor

C IcolCu]neto J Mg M a* Mi

Al C Co Cr Cnenraio (mg/i)N N ZnJ

Leach Liquor 242 570 213 28 2.0 1020 J8570 571 23500 2650 18.5

-1:H 3.2 Liquor 91 560 210 0.25 1.5 830 9100 570 25000 2650 20.0

pH 4.5 Liquor 0.05 j550 {195 0.5 0.9 0.05 9900 j595 26500 2475 25.0
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Co Extraction
TABLE 11

Profile and Scrubbing in Saline Water

Concentration (mg/1)

pH Co Mn Ni Mg Ca Na

Feed 4.05 191 609 2518 9309 555 26584

Stage 1 5.70 72.6 51.0 2503 9390 555 25984

Stage 2 5.52 23.0 4.0 2033 7709 453 21126

Stage 3 5.68 8.6 0 2452 9036 547 25357

Stage 4 6.39 2.0 0 2036 7519 456 21228

Stage 5 5.62 .02 0 2407 8528 498 25150

Loaded Organic 475 1495 11.6 1928 85 36

Scrubbed Organic 456 1509 0 1878 54 

TABLE 12
Co Stripping Profile Hypersaline Liquor Test

Concentration (mg/1)

pH Co Mn Ni Mg Ca Na

Strip 1 Raffinate 0.18 141 411 0 160 13 11

Strip 2 Raffinate 0.55 1750 6200 2.1 2565 97 42

Strip 3 Raffinate 1.53 2154 7058 6.0 8821 277 497

Barren Organic 2.5 7.3 0 3.7 136 0

06.-Ii I-~Y B r-
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TABLE 13
and Scrubbing of Hypersaline CoNi Extraction Profile and Mn Raffinate

Concentration 

pH Co Mn Ni Mg Ca Na

Feed 5.35 1.5 0 2366 8484 509 25780

Stage 1 6.46 0.3 0 1898 8292 500 25275

Stage 2 6.38 0.3 0 1339 8562 562 25698

Stage 3 6.77 0 0 159 8081 623 23979

Stage 4 6.80 0 0 15 8112 645 24385

Stage 5 6.90 0 0 0.90 8063 501 25720

Loaded Organic 2.6 0 5122 47 6.1 

Scrubbed Organic 4.8 5.0 5627 2.2 4.5 0

TABLE 14

Ni Stripping Profile from Saline Water Continuous Tests

Concentration 

pH Co Mn Ni Mg Ca Na

Strip Feed 58.2 104 37747 12.8 8.0 17500

Strip 1 Raffinate 0.46 69 194 39454 17 11.8 17195

Strip 2 Raffinate 0.63 98 268 49730 18 12.5 17031

Strip 3 Raffinate 1.54 116 271 60255 26 13.3 17470


