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‘ Thisvinvention relates to a hydro-
metallurglcal method of extracting metal values
from starting materials such as ores, concentrates,
end metallurglcal Intermediates and resldues, and
5 1s particularly directed to providing a method of
leaching such materials for the extraction thérefrom

of metal values such as nickel, copper and cobalt.

Pyrometallurgical methods of extracting

metal values from ores, concentrates, metallurgical

10 1intermediates such as mattes, spelss, slimes, and
residues, are well known and widely used. Such
methods have the important dlsadvantages of high
capltal and operating costs and_very frequggt;yuit B
1ls not posslible or 1t 1s not economically practical

15 to recover valuable by-products of the material being
treated, Hydrometallurgigal metheds of extracting
the metal values of minerals, sﬁch as ores and
éoncentrates, matte, speiss, secondary metals and —
the like have been and are being closely investigated '

20 for the possible substitution of such methods for
the more costly pyrometallurgical methods,
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It 1is known that metallic nlckel,
copper and cobalt are soluble under oxidizing condlitions
in ammonia-ammoniwm carbonate solutions. This metheod

has the disadvantage that the metal values in the start-

ing material must be in reduced metallic condition

necéssitating, in the treatment of sulphide material,
preliminary pyrometallurglcal oxidizing and reduclng
roasting operations which involve costly capital and

operating costs. Also, nickel, copper and cobalt are

10 soluble only to a limited extent in carbonate solutiohs,

lfor example, of the order of about 16 grams per litre.

Application No. 581,014, filed November 6,
1948, in the name of Frank A. Forward, now patent No.
492,486, 1ssued April 28, 1953, discloses a method for
extraeting metal values from nickelirerous sulphide
" material by 1eaeh1ng the nickeliferous sulphides, which

may contain other metal values such as, for example,

copper and cobalt; with strong aqueous ammonia substan-

‘ ££a11y~free from ammonium carbonate. The starting maferial,
20 which contains sulphide suiphur, and the strong aqueous

ammonia are chargéd‘into é:reaction zone whereln they

are actively agitated and an oxidizing gas, such as

oxygen;“oxygen enriched air or compressed alr, is fed : {f )

into the reaction zone durling the course of the
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leaching operation whlch 1s conducted, preferably,
under superatmospherilic pressure and at elevated
temperature., Durling the course of the leaching

operation, the metal sulphlides are converted to

complex soluble ammines which are dissol¥®wed 1ln the

leach solution, Metal extraction efficienciles
of the order of from 90% to 95% of the metal
values contalned 1ln the starting material are

obtalned with low capital and operating costs.

We have found in the operation of the
method disclosed in application No. 581,014, now _
patent No. 492,486, that if there i1s not suffielent
e?;diked or Oxidizable soluble sulphur present in

| thé Starting material, such as in the treatment of
a matte in which a iafge'part of the original
sulphur has been removed in earlier roasting and/or
émelting operations, or in the treatment of metals such
kasiaécondary metals which contain véry little, 1: any,

'sulphur, the extent to which the metals of interest

are soluble 1n the strong aqueous ammonia leach

‘solution is limited by the amount of oxidizable

or éﬁidiied gulphﬁrrpreaent which 1s soluble in
the»leaeh solution. Thus, when it 1is desired to

leach’with'strons agueous ammonla starting material

cbntaining~metal values such as, for example, one

 or-more of the metals nickel, copper and eobalt
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which contains as little as 1% to 24 sulphur
whereas from 30% to 35% sulphur 1s necessary to
provide complete and efficient leaching conditions,
it 1is necessary to supply sulphur in an oxidized

or oxidlzable soluble form to the starting material
or in the leach solutlon in amount sufficient to
make up for the sulphur deficiency in the starting
material,

We have found further that a metal or
& metal sulphide of which the metal of interest
forms an ammine sulphate complex which 1s soluble
in the leach solution can be dissolved by oxidation
in a solution containing aﬁhoniacand an ammonium

salt, such as ammonium sulﬁhéte or ammonlum sulphamate,

v T

The minimum amount of the oxidized or
oxidizable sulphur requifed to effect complete
solublility of the ammines of the metal or metals
of interest is found to be the stoichiometric equi-
valent*of the metal or metals to be dissolved. The
minimuﬁ volume of aqueous leach solution is deteruined

by the solubllity of the salt in the solution which, 1n
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turn, is determlned by the character and the

amount of the sulphate or sulphamate anions present,

by the amount of the ammonia present, by the
character of the metal or metals to be dissolved

5 and by the temperature at which the leaching

operatlon is conducted.

We have found that there must be suffi-
clent ammonla present in the leach solution to form
anmines of each of the metals present which are

. soluble in the leach solution ln the presence of
all the other metals of interest. When an ammonium f H“
salt such as ammonlium sulphate or ammonium sulphamate
is émp10yed to provide the anions, the‘ammonia'
rel@ééed during the course of the reaction will
provide an important part of the total ammonia
reduiréd. Thus, it 1s preferred to employ an
ammonia salt such as ammonium suiphate or ammonium
éulphamate to provide the anlons necessary for

the dlssolution of the metal ammines. : vl

; It has been found further that the
bsulphur deficiency in the starting material can be
satisfied by employing pnsaturated sulphur compounds
‘such as ammonium sulphide, hydrogen sulphide, sulphur
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dioxide, ammonium sulphite, ammonium thiosulphate,
polythionates and the like which, in the course of
the leaching operation, convert to ammonium

sulphate or ammonium sulphamate.

The following examples illustrate the
operétion of the method in the treatment of
various types of starting materials, In each
instance, the starting material 1s deflcilent in
oxidized or oxidizable sulphur which is soluble
1h the leach solution to the extent that there is
not sufficient sulphwr present in the starting
material to effect complete solubllity of the

be dissolved 1n the leach solution.

i A matte pfodueed by preliminary smelting
opefations and containing about 66 parts nickel plus
copper plus cobalt, about 8.3 parts iron and about
25 parts sulphur was leached with 1000 parts of a
solutio; contalning about 10% ammonium sulphate,

(§H,), S0,, and about 8% swmonia, NH The theoretical

‘ \ 3°
minimum amount of oxidized or oxidizable sulphur
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required to effect complete solublility of the

" nickel, copper and cobalt amminqs produced by

leaching this matte was of the order of 40 parts
and it was necessary to satisfy the sulphur require-
ment and provide sufficlent excess oxidized or
oxlidizable soluble sulphur to ensure complete
solubility of the metal ammines by the addition,

in this instance, of ammonium sulphate to the agueous
ammonla to form the leach solution. The mixture of
finely pulverized matte, of the order of about 100%
minus 200 mesh standard Tyler screen, was actively
agitated in a reactlon vessel, such as an autoclave,
at a pPressure of about 30 pounds per square inch
and‘atva»témperature of about 175°F. for a period

of about’ﬁﬁieé‘hbnrs;»an'o#idiziﬂg'gas such as

;oxygenf'oxygen enriched alr, or compressed air,

beingfiﬁﬁééted into the reaction vessel during

_the leaching operation. At the end of the leaching

period, it was found that about 99% of the nickel,

‘copper, cobalt and sulphur had been dissolved in the
" leach Solution vhich contained about 3% grams per S

litre'nickel, 19 grams per litre copper, about

106 grams per litre ammonia (total) and 43 grams

per litre total sulphur. In this particular example;
the sulphur in the leach solution was about 50% in

- excess of the stolchiometric egquivalent of the metals

ﬁB be dissolved and the ammonia present was sufficient

to form tetrammine complexes.,
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Further experiments under comparable
condltions in which a more highly concentrated
ammonlia-ammonium sulphate leach solution was

employed and in which the ammonla content of

5 the leach solution was as high as 150 grams per
litre, total sulphdr was as high as 100 grams
per litre and with copper plus nickel plus cobalk
from about 40 to 70 grams per litre produced
similar results.

10 Example 2,

The same starting materilal was employed
and the leaching operation was conducted under the
same conditions as set out in Example 1 above with
the difference that the oxidized and oxidizable
rsulphur presenﬁ in the mixture charged into the
reaction vessel.constitutéd only 80% of the
_ stoichiometric eqﬁi;alent of the minimuﬁ amount
:required to effect complete solubllity of the

metals of interest and the ammonia was provided

in considerable éxceéé.of that fequired to form théi‘
tetrammines of the metals., The leaching operation

was effective for extracting only 80% of the nickel

values and 90% of the copper values originslly
6ontained in the starting materlal, Due to the deficiency

S SR
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'materials contaihing metgls of interest which are

deficient in sulphur may be supplied by treating

-are not limited to sulphur dioxide, hydrogen
sulphide, ammonium sulphide and like oxidizable
25 .
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of the sulphur, the nickel and copper could not
be dissolved completely in the leach solution
despite the fact that a small amount of these
metals normally dissolve in the complete absence

of sulphur as a result of the solubllity of the

hydroxides in strong ammonia solutions. It is

found that the leaching operation proceeds satis-
factorlly only if there 1s present in the leach

solution sulphate or sulphamate anions in at -

least the stoichiometric equivalent of the metals

to be dissolved.

The sulphur required to effect complete
30lubility of the metal ammines produced by leaching

the leaching solution either prior to or durlng

the‘leaching operation with an unsaturated sulphur

compound which_when reacted with ammonia and oxygen
forms a coﬁpoundlof the group comprisinglat least |
one of the compounds ammonium sulphate and ammonium

sulphamate. Such sulphur compounds include but

sulphur compounds. S L
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Thls procedure has an important

advantage in treating starting materials containing

metals such‘as copper, nickel and/or cobalt in
which 1t 1s desired to produce a leach solution
5 containing, in addltion to the metal values,
unsaturated sulphur compounds such as polythionates
other than dithionates, and thiosulphates. Copper
can be separated substantially completely as
copper sulphide from such a solution by boilihg
10 the solutlon for a short period of time as described
in detail in the cofpending application of Vliadimir N.
‘Mackiw, Serial No. 608,291, filed November 21, 1950,
The operation of the method, therefore,.in which
an unsaturated sulbhuﬁucompound ls selected
to supply the oxidizable sulphur necessary to
effect complete solubllity of the metal ammines
,13 capable of two modifications. If copper
1é§paration from the léééh solution by bolling the

. solution after the leachlhg operation 1is not con-

20 2 templated, the minimum amount of the unsaturated
sulphur compound, such as sulphur dioxide, required
to be added prior to or during the leaching operation
is the stoichiometric equivalent for the formatilon

of the ammine sulﬁhates or sulphamates of the metals

25 of interest such as, for example, copper, nickel,

and cobalt. If the copper is to be separated by
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polythionate and/or thiosulphate decomposition
effected by boiling the leach solution following

the leaching operation, the minimum amount of
sulphur dioxide, or the equivalent amount of

5 sulphur contained in hydrogen sulphide or ammonium
sulphide or other unsaturated sulphur compound
must be sufficient to provide the polythlionates

- which, on decomposition in the bolling operation,

provide . the sulphide ions for copper sulphide,

10 CupS, precipitation, providing that the total

~sulphur anions 1s at least equlvalent to the
4stoichiometric equivalent for all the metals to
_be dissalved

The operation of thls latter modification
15 ‘is 111ustrated by the folloving data-
' . lst Stage - Temperature 145- 180°F

Pressure 20-150 p.s. i.g. (air)
Leach Solution - Ni -40~50 g.Dp.1.
o Cu -15-25 g:p.1.
NH, total - 80-150 g.p.1.
S total - 35- 70 2. p.1.
Extraction - N1—95, Cu-70 Co-95.
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2nd Stage -~ Temperature and pressure as above.
Leach solution - Ni - 5-10 g.p.l.
' Cu - 30-60 g.p.1.
‘ S Total - 35-70 g.p.1.
S Combined extractions N1-99, Cu-99, Co-99,

Example 4,

The method of the present lnvention can
be employed also to -separate impurities from impure
nickel metal. For example, nickel powder conteining

. from about 0.5 % to 2% sulphur, 0.2% to 1.0% cobalt,
F‘ﬁﬂéodl%‘siliconwand about 1.,0% iron was treated to
Vﬁeméve the impurities and to produce a sulphur;free,

cébalﬁ;ffee; silieon-free, iron-free nickel metal,

The impure nickel powder, in the amount
of about #5 grams’ vas added to a litre of solution _
,containing about 200 grams per litre ammonium sulphate
and 10 grams per litre amménla, The nickelAwas‘reacgeq
for thirty minutes in a pressure vessel, such as an e
, autoclave, at a temperature of about. 220°F, at
a pressure qf about 50 pounds  per -square 1nch, an

oxldizing gas such as oxygen, oxygen enriched air,
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or oémpressed alr, belng fed into the reaction vessel
duriné the course of the leaching operation, At the
end of the leaching period, 100% of the nickel,
sulphur and cobalt had dissolved, leaving ferric
hydroxide and silica in insoluble form. The suspended
impuritles were separated from the solutlon by filtra-
tion and the purified nickel solution was then subjected
to a hydrogen reduction treatment durigg which, in '
the first stage, cobalt-free nickel was precipitated,
and in the second stage, cobalt was recovered. The
effluent solution from the reductlon stage bhaving a
composition substantially identlical with the leach
solutlon employed to dissolve the original impure
nickel powder, was recycled to the leaching stage
and‘vas‘employed thereln to dissolve a second %ot of
nickel powder. In operating the method continuously,
a small amount of the leach solution can be withdrawn
continuously for treatment to remove the small amount
of ammonlium sulphate produced by oxidation and dissolu~
tion of the sulphur in the impure nickel powder and
thus maintain the‘desired ammoniﬁm sulphate - ammonih;
ratio ' in the leach solutlon. In the example des-
cribed above, the amount of ammonium sulphate in the
solution, about 200 grams per litre, is approximately

100# in excess of the stoichlometric amount regq

for'reaction with the nickel and cobalt ammines iﬁﬁ'

the solution.
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Example 56

The method was also employed with

important advantages in the treatment of nickel
oxide ores and concentrates. The metal values of

5 Interest in such ores and concentrates were first
reduced to metallic form, such as by a reducing
roasting operation, and any reduced iron present
was rerxidized by any one of several known methods to
& form in vhich it was insoluble in the leach

10 solution. The reduced material in finely pulveru-

lent form, of the order of 100% minus 200 mesh
standard Tyler screen, was added to an ammonla-
ammonium sulphate solution containing from about
5% to about ?5% ammonium sulphate and from about
15 1% to about 6% ammonia. The mixture was charged

'1hto’avreact16n vessel, such as an autoclave,
rihéfein 1t was actively agitated under a pressure
,offthé order of about 30 pounds per square inch at
‘& temperature vithin'the‘range of from about TO°R,
20 to about 220°F., for about four hours, an éxidizing

gas such as 6xygen, oxygen enrlched air, or compnessedkair
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belng fed into the reaction vessel during the
leaching operation. At the end of the leaching

operation about 95% of the nickel values originally
contained in the starting material was dissolved

5 in the leach solutlion which was filtered to
separate the insoluble residue. The solution
containing the nickel values was then subjected
to a hydrogen reduction treatment by which pure
nickel was precipitated in the first stage and

10 the cobalt was precipitated in the second stage.
The barren solution, after nickel and cobalt
removal; was returned and reéemployed in the

leachling stage of the method. :

‘The method possesses a number of

15 important advantages in extracting the metal valués,

- particularly nickel, copper and cobalt, from start-
ing materlals contalning such metal values which

are deficlent In sulphur. The metal ammine sulphates
or sulphamates formed by the union of the metal

20 ammines with the sulphate or sulphamate lons,
provided or produced in the leaching operation,
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are highly soluble in the leach solution, the
reactions proceeding rapidly and producing metal

and sulphur extractlion efficiencles approachlng
100%. For example, the solublility of nickel in

such soiutions is as high as from 80 to 100 grams
per litre as compared with the maximum solubility

of about 16 grams per litre in ammonia-ammonilum
carbonate solutions. The method involves relatlvely
low capital and operating costs as compared with

the capifal and operating costs of pyrometallurgical
methods of the priloxr art. and, also,may be employed
toirecover, in addition to the metals of interest,
valuable‘bj—products vhich heretofore elther could
not be recovered eéonomiéally‘or,‘alternativelfz

were lost in the treatment of the materials.

It will be understood, of course,
that modifications may be made in the operation
of the method described hereinabove without
departing from the scope of the invention defined
by the appended claims. . ' E
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The embodiments of the ilnventlon in whilch an

exclusive property or privilege is claimed, are defined

as follows:

1. The method of extracting metal values from metal
bearing oxidizable material containing values of at least
one of the metals nickel, copper and cobalﬁ, sald material
containing less than the stoichiometrilc equivalent of sul-
phur to the metal values to be extracted, sald method
comprising the step of actively agitating sald material in
an agueous ammonia solution substantially free from am-
monium carbonate and containing free ammonia 1n ‘

amount -at least sufficient to form amines of each metal

~ present in éaid material to Qe dissolved in the solution and
an added ammonium salt selected from the group consist-

ing of ammonium sulphate and ammonium sulphamate,

sald ammonium salt being present in amount sufficient to
provide sulphur atoms in at least the stoichiometric
;equivaient of the metal values to be dissolved, conduct-
~ing the operation in a reaction zone malntalned at elevated
témperature and upder superatmospheric pressure and

feeding an oxygen bearing, oxldizing gas into the reaction

zone during the operation.
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2. The method of extracting metal values from oxidlza-
ble metal bearing materlal containlng values of at least

one of the metals nickel, copper and cobalt, sald material
containing less than the stolchlometric equivalent of'sul—
phur to the metal values to be extracted, said method com-
prising the step of dispersing said material in flnely divided
form in an agueous ammonia soclutlon substantially free

from amﬁonium carbonate and containing free ammonia

in amount at least sufficlent to form amines of each metal
present in said méterial to be dissolved in the solution and
an added ammonium salt selected from the group con-

sisting of ammonium sulphate and ammonium sulphamate;

sald ammonium salt belng present in amount sufficlent

“to provide sulphur atoms in at least the stoilchlometric
equivalent of the metal values to be dissolved, condudting

the operation in a reaction zone malntalned at elevated
temperature and under superatmospheric pressurg}active-

1y agiltating the mixture, and feeding an oxygen bearing;

oxidiiing gas into the reaction zone.
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3. The method of extracting metal values from oxil-
dizable metal bearing material containing valueéof at least
one of the metals nickel, copper and cobalt, sald material
containing less than the stoichiometric equivalent of
sulphur to the metal values to be extracted, sald method

comprising the step of actively agltating said material

In an agueous ammonia solution substantially free from
ammonlum carbonate and containing free ammonia in

amount at least sufflcient to form amines of each metal
present in said material to be dissolved in the solution
and an added ammonium salt selected from the group
consisting of ammonium sulphate and ammonium sul-
phamate, saild ammonium 2alt being present in amount
sufficient to provide sulphur atoms in at least the stol~
chiometric equivalent of the metal values %to be dissolved,
conducting the operation in a reaction zone maintained
aﬁ‘a temperature -above about TO°F. and under a pressure
above about 30 pounds per square inch, and feeding an

dxygen bearing, oxidizing gas into the reaction zone

during the operation.
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b, The method of extracting metal values from oxi-
dizable metal bearing material containing values of at
least one of the metals nickel, copper and cobalt, saild
material containing less than the stoichlometric equilva-
lent of sulphur to the metal values to be extracted, sald
method comprising the step of dispersing sald material
in finely divided form In an aqueous ammonia solution
substantlially free from ammonium carbonate and con-
taining free ammonia in amount at least sufficient to
form amines of each metal present in said material
to be dissolved in the solution and an added ammonium
gsalt selected from the group consisiting of ammonium
sulphate and ammonium sulphamate, sald ammonium salt
being present in amount sufficient to provide sulphur

atoms in at least the stoichiomeltric equivalent of the

metal values to be dissolved, conducting the operatidn

at a temperature above about TO°F. and under a pressure
above about 30 pounds per square inch, and feeding an e
oxygen bearlng, oxidlizing gas into the reaction zone

during the operation.




;5. The method of extracting metal valuesg from oxi-
dizable metal bearing material containing values of at
least one of the metals nickel, copper and cobalt, sald
mabterial containing less than the stolchlometric equiva-

lent of sulphur to the metal values to be extracted, saild

method comprilsing the steps of actively agitating said
material in an aqueous ammonia solution substantially
free from ammonlum carbonate and containing free ammonla
in amount at least sufficient to form amines of each
metal present in said material to be dissolved in the
solution and an added ammonium salt selected from the
group consisting of ammonium sulphate and ammonium

sulphamate, sald ammonium salt being present in amount

sufficlent to provide sulphur atoms in at least the

stoichiometric eguivalent of the metal values to be

dissolved, conducting the operation in a reaction zone

maintained at elevated temperature and under super- \

atmospheric pressure, feedlng an oxygen bearing, oxldiz-

ing gas into the reaction zone during the leaching §
operation, separating undissolved residue from the leach i

gsolution, separating dissolved metal values from the leach

solution, and re-cycling leach solutlon from the last

mentioned step to the ledchlng step of the method. y
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0. The method of extracting metal values from oxl-

dizable metal bearing materlal contalning values of at

least one of the metals nickel, copper and cobalt, said
materlal containing less than the stolchiometric equivé~
lent of sulphur to the metal values to be extracted, sald
method comprising the steps of actively agitating said
material in an aqueous ammonia solutlon containing free
ammonia in amount at least sufficlent to form amines

of each metal present in sald material to be dissolved

in the solution and an added ammonium salt selected

from the group consisting of ammonium sulphate and

ammonium sulphamate, saild ammonlum salt being present:

in amount sufficient_to provide sulphur atoms in at

least the stoichiometric equivalent of the metal values

to be dissolved, conducting the reaction in a reaction‘zone
malntalned at elevated temperaﬁure and under super-

atmospheric pressure, feeding an oxXygen bearing oxidiz-

ing gas into the reaction zone during the leaching .

operation, the dissolution of the metal values in the
leach solution being effected essentially by the reaction
between the metal values, aqueous ammonia substantially
.free from ammonium carovonate, ammonlum salt selected

from the group conSistiﬁg of ammonium sulphate and ?
ammonlym sulphamate and the oxygen bearing,oxidizing

gas.
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7. The method of extracting metal values from oxi-
dizable metal bearing material containing values of at
least one of the metals nickel, copper and cobalt, sald
material containing less than the stoichiometric equiva-
lent of sulphur to the metal values to be extracted, sald
method comprising actively agitating said materlal in

an agueous ammonia solution containing free ammonia

in amount at least sufflclent to form amines of each
metal present in sald materlal to be dissolved in the
solution, an added sulphur compound adapted to form

in the solution under oxlidizing conditions an ammonium
salt of the group consisting of ammonium sulphate ana
ammonium sulphémate in amount sufficient to provide
sulphur atoms in at least the stoichiometric equivalent
of the metal values to be dissolved, conducting the
>reaction in a reactlon zone maintalned at elevated
temperature and under superatmospheric pressure, feeding
an oxygen bearing, oxidizing gas into the reaction zone

' Quring the leaching operation, the dissolution of the
metal values in the leach'solution belng effected essen-
t1ally by the reaction between the metal values, agueous
ammonla substantlally free from ammonium carbonate,
ammonium salt selécted’ffom the group consisting of
ammonium sulphate and ammonium sulphamate and the oxygén

bearing, oxidizing gas.
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8. The method according to claim 7 1in which the

metal values are 1n the form of mineral sulphldes.

9. The method according to claim 7 in whilich the

metal values To be extracted from the oxidlzable
(]

material are in reduced metallic form.

10. The method according to claim 7 in which the
metal values are in the form of sulphides from which a

portion of the sulphur has been extracted.
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