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(57) ABSTRACT 

A process for the recovery of nickel and/or cobalt values 
from a concentrate containing nickel or cobalt hydroxide 
comprises the Steps of Subjecting the concentrate to a 
leaching Stage with an ammonium Solution to produce a 
leach Solution containing nickel and/or cobalt values and a 
residue. The nickel concentration in the leach Solution is 
controlled to a maximum value of about 3 to 25 g/l, 
preferably 8 to 15 g/l and more preferably 10 g/l. 
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PROCESS FOR THE RECOVERY OF NICKEL AND 
| OR COBALT FROM A CONCENTRATE 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application is a division of U.S. patent appli 
cation Ser. No. 08/660,290 filed Jun. 7, 1996, which is a 
continuation-in-part of U.S. patent application Ser. No. 
08/488,128 filed Jun. 7, 1995 which, in turn, is a continu 
ation-in-part of U.S. patent application Ser. No. 08/425,117 
filed Apr. 21, 1995 which, in turn, is a continuation-in-part 
of U.S. patent application Ser. No. 08/098,874 filed Jul. 29, 
1993 which issued as U.S. Pat. No. 5,431,788 on Jul 11, 
1995. The contents of the foregoing applications are incor 
porated herein by reference. 

FIELD OF THE INVENTION 

0002 This invention relates to a process for the recovery 
of nickel and/or cobalt from a concentrate. 

BACKGROUND OF THE INVENTION 

0003) Nickel Sulphide ores are presently treated in com 
mercial practise by a variety of processes in which the first 
Step is almost always a physical concentration by flotation to 
upgrade the Ni content, typically, from a range of 0.5% to 
2.0% up to 7 to 25% Ni, as a concentrate. The Subsequent 
treatment of this concentrate is usually pyrometallurgical 
(Smelting) to produce a Ni matte or an artificial high grade 
sulphide with about 20% to 75% Ni. 
0004. The matte is then generally refined to nickel prod 
ucts by hydrometallurgical techniques. 
0005. This combination of pyrometallurgical/hydromet 
allurgical processing of Ni concentrates is now well estab 
lished commercially with a number of variations, particu 
larly in the hydrometallurgical portion. Most processes 
recover Some portion of the associated metal values where 
present, Such as copper and cobalt. In addition, a leach 
residue containing precious metals, Such as gold and Silver, 
as well as platinum group elements, e.g. platinum and 
palladium, is often produced for Subsequent recovery of 
contained values. 

0006. This treatment scheme has some inherent draw 
backs. Those associated with the pyrometallurgical Step, 
include: 

0007 (i) Production of smelter gases including SO, 
which must now be treated in an acid plant to 
produce Sulphuric acid byproduct, which frequently 
is difficult to market from a remote location. (The 
capital and operating costs of Such acid plants impact 
on the overall economies of the process.) 

0008 (ii) Losses of nickel and particularly cobalt 
into the Slag produced during Smelting, often more 
than 50% of cobalt input. 

0009 (iii) High costs of smelting in general, par 
ticularly for low grade concentrates (<10% Ni). 

0010 (iv) Difficulty in treating certain concentrates 
with deleterious elements, Such as magnesium (Mg) 
and arsenic (AS). 
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0011. The hydrometallurgical steps for treating Ni matte 
vary considerably but all known commercial processes have 
one or more of the following disadvantages: 

0012 (i) High costs for reagents such as caustic soda 
or ammonia, required for neutralization. 

0013 (ii) Large byproduct production, such as 
ammonium Sulphate or Sodium Sulphate, which are 
difficult to market. 

0014 (iii) High energy costs, due to large tempera 
ture changes during the process. 

0015 (iv) Complex and costly process flowsheet, 
leading to high capital and operating costs. 

0016. As an alternative to the established pyrometallur 
gical/hydrometallurgical route outlined above, there is one 
known proceSS using wholly hydrometallurgical Steps, that 
treats concentrates without Smelting. It uses a preSSure 
leaching technique with ammoniacal Solution. This avoids 
most of the disadvantages associated with the Smelting 
processes, but unfortunately still suffers from all of the listed 
disadvantages of the known hydrometallurgical routes, and 
in fact is not even as efficient overall as the best of the 
pyrometallurgical/hydrometallurgical routes. 
0017 Copper or nickel Sulphide ores often also contain 
other metal values, Such as cobalt, as well as precious 
metals, Such as gold and Silver and the platinum group 
metals. Since these ores are typically low grade ores, in So 
far as copper/nickel is concerned, and also have a high 
Sulphur to copper/nickel ratio, the economical extraction of 
copper, nickel and cobalt values have been problematical. 
Some Sulphide ores contain Such low copper/nickel values 
that the recovery of precious metals must be high in order to 
render the process economical. Due to the pyrite content of 
Some ores, the recovery of gold by conventional cyanidation 
is often difficult, which also renders the treatment of the ore 
uneconomical. 

SUMMARY OF THE INVENTION 

0018. According to the invention there is provided a 
process for the recovery of nickel and/or cobalt values from 
a concentrate containing nickel and/or cobalt hydroxide, 
comprising the Steps of Subjecting the concentrate to a 
leaching Stage with an ammonium Solution to produce a 
leach Solution containing nickel and/or cobalt values and a 
residue, and controlling the concentration of nickel in the 
leach solution to a maximum value of about 3 to 25 g/l. 
0019. The term “concentrate” in this specification refers 
to any material in which the metal value content has been 
increased to a higher percentage by weight as compared with 
the naturally occurring ore and includes man made artificial 
Sulphide ore, Such as matte, and metal values precipitated as 
Solids Such as hydroxides and Sulphides. 
0020) Further objects and advantages of the invention 
will become apparent from the description of preferred 
embodiments of the invention below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021 FIG. 1 is a flow diagram of a hydrometallurgical 
metal extraction process. 
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0022 FIG. 2 is a flow diagram giving more details about 
the solvent extraction steps of the process of FIG. 1. 
0023 FIGS. 3A and B show a flow diagram of a further 
embodiment of the process for the recovery of precious 
metals. 

0024 FIG. 4 is a flow diagram of another hydrometal 
lurgical metal extraction process. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0.025 The process is suitable for the treatment of copper 
ores, particularly copper Sulphide ores, which also contain 
nickel and/or cobalt values, or nickel/cobalt Sulphide ores 
without Significant copper values, as well as nickel/cobalt 
oxide (laterite) ores. In addition, the process can treat 
nickel/cobaltores with other elements often considered to be 
deleterious, Such as magnesium, arsenic and Zinc, or ele 
ments which are valuable and Worth recovery, Such as the 
precious metals, gold and Silver, and the platinum group 
metals. 

0026. The feed ore or concentrate to the process may 
contain one or more Sulphide minerals of the base metals Cu, 
Ni, Co and Zn, frequently combined with Fe and sometimes 
with other elements Such as AS, Sb, Ag, etc. 
0.027 Typical Sulphide minerals of the base metals listed 
above are: 

Copper: CuS - Chalcocite, CuFeS - Chalcopyrite 
Nickel: NS - Millerite, (Ni,Fe)Ss - Pentlandite 
Cobalt: CoS - Linnaeite, (Co,Fe)AsS - Cobaltite 
Zinc: ZnS - Sphalerite, (Zn,Fe)S - Marmatite 

0028. The metal:Sulphur ratio in this context is the ratio 
of the total base metals (Cu, Ni, Co., Zn) to Sulphur in the 
concentrate, and this is a measure of the grade of the 
COncentrate. 

0029. Typically the metal:Sulphur ratio varies from 1.5 
for high grade concentrates down to 0.2 for low grade 
concentrates. For concentrates that are predominantly 
Ni/Co, the metal:Sulphur ratio is more often in the lower part 
of the range, from 0.2 to 0.8 (Fe is specifically excluded 
from this calculation, even though it is present in practically 
all Sulphide concentrates). 
0030 The significance of the metal:Sulphur ratio to the 
process, is that if affects the metallurgy occurring during the 
initial operation of pressure oxidation. 
0031. The different embodiments of the process may be 
used to treat a range of Ni/Co concentrates in which the 
metal:Sulphur ratio varies from low to high as outlined 
above. However, in addition to this ratio, there is another 
important characteristic which must be taken into account. 
The degree of Sulphur oxidation (to Sulphate) during pres 
Sure oxidation. Sulphur contained in concentrate is con 
verted during pressure oxidation either to elemental Sulphur 
(S) (no Sulphur oxidation), or oxidized to Sulphate (SO). 
Typically about 70-95% of the Sulphur is not oxidized, and 
is produced as elemental Sulphur. Expressed another way, 
sulphur oxidation (to Sulphate) varies usually from 5 to 30%. 
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It is considered beneficial to minimize Sulphur oxidation, 
and it is an important objective of this process to do so. This 
is facilitated by the introduction of a Source of Sulphate or 
bisulphate, Such as HSO, into the pressure oxidation stage. 
0032. The significance of Sulphur oxidation is that it 
produces acid, which must eventually be neutralized, and it 
affects the distribution of Cu, Fe and other elements in the 
product slurry from pressure oxidation. Higher acid Slurries 
(low pH) contain Cu in Solution, whereas lower acid slurries 
(high pH) have Cu in Solid form, as basic copper Sulphate. 
0033 For concentrates with low metal:Sulphur ratio and/ 
or high Sulphur oxidation, the process flowsheet shown in 
FIG. 1 is the general case. This is referred to as Mode C. 
Enough acid is produced during pressure oxidation 12, that 
it is necessary to neutralize this acid by Slaked lime in the 
latter Stages of the autoclave. This is indicated as the 
neutralization 501 in FIG. 1. Without this neutralization, the 
product slurry would have low pH, resulting in Significant Fe 
in Solution, and almost all of the Cu as well. 
0034. It is an important feature of the process that this 
product slurry contain minimal Fe in solution (less than 100 
ppm) and about 1-5 g/l Cu in Solution. By adjusting the 
amount of slaked lime added in the neutralization 501, these 
objectives can be achieved even with concentrates that have 
low metal:Sulphur ratio and exhibit relatively high Sulphur 
oxidation, e.g. 15-30%. A typical example of this type of 
concentrate is a pentlandite/pyrite type of mineral assem 
blage. 

0035 However, for concentrates that have high metal 
:Sulphur ratio and/or low Sulphur Oxidation, the total amount 
of acid produced during preSSure oxidation 12 is less, and no 
neutralization 501 may be required to achieve a product 
slurry with low Fe and Cu in the desired range. This 
embodiment of the process is termed Mode A and is 
described below with reference to FIG. 4. A typical example 
of this type of concentrate, is a pentlandite/chalcopyrite/ 
pyrrhotite type of mineral assemblage. 
0036). In Mode A, the amount of acid consumed during 
preSSure oxidation by other chemical reactions is more than 
Sufficient to use up all the acid produced by Sulphur oxida 
tion. 

0037 Examples of both Mode A and Mode C required for 
two different concentrates are shown in the table below: 

CONCENTRATE 
PROCESS ASSAY 2% METAL:SULPHUR 9% SULPHUR 

TYPE Cu Ni Co S RATIO OXIDATION 

MODEA 6.3 14 O.6 34 O.61 6 
MODE C O.1 22 O.6 29 O.78 15 

0038. Thus, the first concentrate with 14% Ni exhibited 
only 6% S oxidation in pressure oxidation, and thus was 
treated by Mode A, whereas the Second concentrate required 
Mode C, due to the higher S oxidation (15%). 
0039) Process Mode C will now be described with ref 
erence to FIG. 1. 

0040 First the ore or concentrate is subjected to pressure 
oxidation 12 in an autoclave in the presence of an acidic 
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Solution containing Sulphate, chloride and copper ions. In 
the present example the amount of H2SO introduced into 
the autoclave is about 40 g/l and the concentration of 
chloride in solution is about 10-12 g/l. Typically the tem 
perature is about 90° C. to about 160° C. under an oxygen 
partial pressure of about 200-2000 kPa. The retention time 
is about 0.5-5.0 hours, depending inversely on temperature, 
and the process is normally carried out in a continuous 
fashion in the autoclave. However, the process can also be 
carried out in a batch-wise fashion, if desired. 

0041. The neutralization 501 is effected by pumping 
Slaked lime into the last one or two compartments at the exit 
side of the autoclave, at about 10-20% solids in water. 

0042. After pressure oxidation 12, the slurry produced in 
the autoclave is discharged through one or more flash tanks 
22 to reduce the preSSure to atmospheric pressure and the 
temperature to 90-100° C. 
0043. The slurry is then further cooled and subjected to 
filtration 24 to produce a pressure oxidation filtrate 29 and 
a Solid residue (pressure oxidation filter cake). 
0044) The neutralization step 501 is used to precipitate 
Soluble copper into the pressure oxidation filter cake, that 
would otherwise report to the pressure oxidation filtrate 29. 
Thus, the neutralization 501 can be used to minimize copper 
in the filtrate 29, typically down to 1 to 5 g/l copper, which 
makes the Subsequent removal of copper from Solution 
easier. In addition, the neutralization 501 helps to minimize 
Fe in the pressure oxidation filtrate 29. However, when 
adding Slaked lime it is preferable not to add too much So as 
to precipitate Ni/Co. Typically, adding Slaked lime So that 
the pressure oxidation filtrate 29 has a pH of between about 
3 and 4 has been found suitable for removing most of the 
copper and yet minimizing Ni/Co precipitation. 

004.5 The pressure oxidation filtrate 29 is generally sub 
jected to copper Solvent extraction 50, particularly if Sig 
nificant copper values are present in the original concentrate, 
to recover the copper values and to reduce Cui") in the 
raffinate 63 as low as possible, typically less than 100 ppm. 
In addition, the preSSure oxidation filter cake is Subjected to 
an atmospheric leach 14 to recover copper in Solution, which 
solution is subjected to Cu solvent extraction 16. The leach 
14 is carried out with raffinate 120 from the Cu Solvent 
extraction 16 which is dilute acid at about 3-20 g/l HSO. 
In addition the leach 14 helps wash the entrained solution 
containing any Ni/Co values out of the pressure oxidation 
filter cake. These values which will accumulate in stream 51 
can be recovered on a bleed basis (say 1 to 10% of flow, 
depending on concentration) by precipitating at pH 7 to 8 
with slaked lime as Ni/Co hydroxides, similar to the con 
ditions in the precipitation 506, described below. The mixed 
Ni/Co hydroxide can then be filtered off and recycled to a 
purification stage 500, described below. 
0046) The slurry 31 resulting from the leach 14 is difficult 
to filter and liquid/solid Separation is effected by means of a 
Series of thickeners in a counter current decantation (CCD) 
arrangement 34. Wash water is provided by a portion of the 
raffinate from the solvent extraction 16, which is split at 36 
and neutralized at 46 using limestone to remove acid. The 
slurry from the neutralization 46 is filtered at 48, to produce 
a gypsum residue and the liquid 51 is recycled as wash 
Water. 
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0047 The loaded extractant from the solvent extractions 
50 and 16 is subjected to stripping 44 and is then sent to 
copper electrowinning 20. 

0048. The Cu solvent extractions 50 and 16 are operated 
with a common extractant. This is shown in FIG. 2 where 
the broken line indicates the organic extractant being circu 
lated after stripping 44. The stripping 44 is effected with 
spent acid or electrolyte 55 from the electrowinning 20 to 
obtain a pure copper Sulphate Solution or pregnant electro 
lyte 57 which is then passed to the electrowinning stage 20. 
Any Suitable copper extractant capable of Selectively remov 
ing Cu from an acid Solution also containing Ni/Co/Zn/Fe, 
may be used. An extractant that is found to be Suitable is a 
hydroxy-oxime, such as LIX 84TM or LIX 864TM reagents 
from Henkel Corporation. 
0049. If no significant copper values are present in the ore 
or concentrate, it is nevertheless beneficial to carry out the 
pressure oxidation 12 in the presence of copper ions (e.g. 5 
to 10 g/l Cu). Copper ions can be added in the form of a 
copper salt, such as CuSO or CuCl2. Thereafter, Cusolvent 
extraction and Stripping are still carried out but the elec 
trowinning 20 will be omitted and the pregnant copper 
liquor resulting from Stripping 44 of the organic extractant 
will be recycled to the pressure oxidation 12. Alternatively, 
a copper concentrate can be added in which case the copper 
can be recycled after Cu Solvent extraction and Stripping or 
Sent to electrowinning for recovery of the copper. This will 
also be the case if a laterite ore is being processed. 
0050. The raffinate 63 is subjected to a purification stage 
500, to prepare a solution of Ni/Co free from elements such 
as Fe, Zn and Cu that cause difficulty in the Subsequent 
process Steps of Solvent extraction and electrowinning of Ni 
and Co. The purification stage 500 is a precipitation step in 
which residual Cu, Fe and Zn are precipitated by the 
addition of slaked lime and recycled Mg(OH). Typically, 
the feed solution to the purification stage 500 will contain 
copper and iron, as well as any Zinc and magnesium present 
in the concentrate. The precipitation 500 is effected at a pH 
of about 5 to 6 So that, ideally, no more than about 1 ppm Zn, 
1 ppm Cu and 1 ppm Fe remain in the Solution. It is also 
important not to precipitate too much Ni/Co. This is 
achieved by careful control of pH, i.e. not allowing the pH 
to rise too high. The recycled Mg(OH) has been found to be 
beneficial in this regard. 
0051) The product from the precipitation 500 is subjected 
to a liquid/solid separation 502. The Cu, Fe and Zn, which 
precipitate as hydroxides, can be reprocessed by a dilute acid 
wash or leach 503, particularly for Ni/Co recovery. The 
product from the acid wash 503 is subjected to a liquid/solid 
separation 505 leaving principally Cu, Fe and Zn hydrox 
ides, which provides an outlet for zinc from the system. The 
liquid 504 from the liquid/solid separation 505, is recycled 
to the pressure oxidation 12. 
0052) If the Zn content is sufficiently high, the Cu/Fe/Zn 
hydroxide can be further leached with dilute acid to selec 
tively recover zinc. In an extreme case, a Zinc Solvent 
extraction Step can be included, if desired. 
0053. The concentrations of Ni, Co and Mg in solution 
after the precipitation 500 will depend on the composition of 
the concentrate. Depending on the mineralogy, it is possible 
that most of the magnesium in the concentrate leaches 
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during the pressure oxidation 12. Thus, for Ni/Co concen 
trate containing Say 20% nickel and 5% magnesium, the 
typical solution after the precipitation 500 will be about 30 
g/l nickel and about 6 g/l magnesium. The magnesium 
content will be greater in the case of a laterite ore. 
0.054 The solution resulting from the liquid/solid sepa 
ration 502, is subjected to a selective precipitation step 506 
in which Ni and Co are precipitated as hydroxides or 
carbonates with a Suitable neutralization agent, Such as 
Slaked lime (Ca(OH)2), Soda ash (Na2CO), ammonia or 
caustic soda (NaOH). This is effected at a pH of about 7 to 
8, whilst minimizing the precipitation of Mg(OH)2. A pre 
ferred neutralization agent is slaked lime due to its relatively 
low cost, and because the reaction does not introduce any 
new cations, such as Na" and NH", into the liquor. 

Neutralization with Slaked Lime 

0055) 

NiSO4(aq) + Ca(OH) - Ni(OH)2(s) + CaSO4.2H2O(s) (1) 
(gypsum) 

0056. A similar reaction occurs with CoSO and MgSO, 
producing Co(OH) and Mg(OH) respectively. 

Neutralization with Caustic Soda) (NaOH) 

0057. However, it is important to have some Mg present 
in the precipitated Solid, which facilitates the Separation of 
Ni and Co, as will be described below. A two-stage counter 
current precipitation Sequence has been found beneficial. 
0.058. In some circumstances, a precipitation with caustic 
Soda or ammonia for instance that does not produce a Solid 
byproduct (gypsum) is advantageous, so that the Niprecipi 
tate is of a higher grade, and free from calcium. 
0059) The product from the precipitation step 506 is 
subjected to a liquid/solid separation 508. 
0060. The liquid from the liquid/solid separation 508 is 
Subjected to a precipitation Step 510, preferably again with 
Slaked lime, for the same reasons as above, to precipitate 
additional Mg, if needed, thereby to prevent accumulation of 
Mg in the System. The product from the precipitation Step 
510 is subjected to a liquid/solid separation 512. The Solid 
from the Separation 512 is a magnesium hydroxide byprod 
uct 514. AS indicated above, Some of the magnesium 
hydroxide byproduct 514 is recycled for use in the precipi 
tation 500. The liquid from the separation 512 is recycled to 
the pressure oxidation 12, as indicated by the recycle Stream 
516. 

0061 The solid hydroxide cake from the separation step 
508, containing the Ni and Co values, is subjected to a leach 
518 with an ammonium solution at a pH of about 6 to 8. 
0062) The ammonium solution may be ammonium sul 
phate or ammonium carbonate but the former has been 
found to be Superior because it has a lower pH, thus allowing 
for a better Co to Ni separation in solution. In addition, 
ammonium Sulphate has a lower ammonia (gas) vapour 
preSSure, and as well, the Ni/Co extractions are Superior with 
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ammonium Sulphate. In the present example a 200 g/l 
ammonium Sulphate Solution is used. 
0063. The reactions which take place during the leach 
518, in which soluble nickel and cobalt diammine Sulphates 
are formed, are as follows: 

0064. The Mg present in the solid also dissolves, as 
follows: 

0065. In carrying out the leach 518, it is not attempted to 
leach out 100% of the Ni/Co values in the solid but only 
about 90-99%. This enables the leach 518 to be carried out 
at a low pH rather than a higher pH of about 9 which would 
otherwise be required. This higher pH requires the addition 
of ammonia to the leach as a Second reagent with the 
ammonium Sulphate. 
0066. A further problem which arises is that the known or 
commercially available Co extractant does not function 
effectively at this high pH value. The extractant degrades 
and it is not Selective against Ni. As a result, it is necessary 
to effect Ni extraction first, rather than Co extraction, which 
would then require reducing the pH by the addition of a 
further reagent Such as acid, which would in turn mean 
production of byproduct ammonium Sulphate and consump 
tion of the reagent ammonia. Another problem that arises is 
that, in order to effect Ni Solvent extraction first, it is 
necessary first to oxidize all the Co to the +3 oxidation State 
to avoid extraction of Co with Ni. This oxidation is difficult 
to achieve quantitatively. This, therefore, results in further 
process complications. Also it is necessary to reduce the 
Co" back to Co" following Ni extraction and this is 
equally difficult to achieve. 
0067. To avoid the above difficulties, the process accord 
ing to the present invention provides effecting the leach 518 
at a pH of about 6 to about 8 and then subjecting the resultant 
Solid to a Subsequent washing Stage 520 with dilute ammo 
nium sulphate solution, as will be described below. 
0068 A further aspect of the process is that the concen 
tration of nickel ions in solution during the leach 518 is 
controlled to remain at a relatively low value of about 10 g/l 
maximum. It has been found that this results in better Ni 
recovery during the leach 518. With the amount of Ni 
present in the Solid known, the appropriate Volume of liquid 
required to arrive at the desired Ni concentration can be 
calculated. 

0069. The product from the leach 518 is subjected to 
liquid/solid separation 522. 
0070 The liquid from the separation 522 is subjected to 
a Co solvent extraction 534 to provide a Co loaded extrac 
tant and a raffinate which is then subjected to a Mg solvent 
extraction 536 to provide a Mg loaded extractant and a 
raffinate which is subjected to a Ni solvent extraction 538 to 
provide a Ni loaded extractant and a raffinate. 
0071. The raffinate from the Ni solvent extraction 538 is 
recycled to the leach 518. 
0072 The solid product from the liquid/solid separation 
522 is subjected to the repulp or washing step 520 as 
indicated above where the Solid is washed with ammonium 
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Sulphate Solution. This is a weak ammonium Sulphate Solu 
tion of about 10% the concentration of the Solution of the 
leach 518. It results from the washing of entrained ammo 
nium Sulphate Solution from the Solid in the Washing Step 
520. 

0073. The product from the repulp step 520 is subjected 
to a liquid/solid separation 524 and the solid is washed with 
water. The wash water and liquid from the liquid/solid 
separation 524 is subjected to a Co solvent extraction 526 to 
again provide a Co loaded extractant and a raffinate which 
is subjected to Mg solvent extraction 527 to provide a Mg. 
loaded extractant and a raffinate which is subjected to a Ni 
solvent extraction 528 to provide a Ni loaded extractant and 
a final raffinate which is recycled to the repulp step 520. 
0.074 To compensate for the water added during the 
water wash at the separation 524, there is a bleed of the final 
raffinate to the Strong ammonium Sulphate raffinate coming 
from the Ni solvent extraction 538. For this purpose, the 
Strong ammonium Sulphate circuit includes an evaporation 
step 539 to compensate for the raffinate bleed from the weak 
ammonium Sulphate raffinate. 
0075) The Co solvent extractions 534,526, the Mg sol 
vent extractions 536,527 and the Nisolvent extractions 538, 
528, respectively, are all operated with a common extractant, 
as is the case with the Cu Solvent extractions 50, 16. 

0.076 An extractant which has been found to be suitable 
for both Co and Mg extraction is an organic phosphorous 
acid extractant, more Specifically an organic phosphinic acid 
based extractant, such as Cyanex 272TM, of Cyanamid Inc., 
which comprises bis 2,4,4-trimethylpentyl phosphinic acid. 
For the Ni extraction, a hydroxy-oxime based extractant, 
such as LIX 84TM, of by Henkel Corp, has been found to be 
Suitable. 

0077. The respective Co, Ni and Mg loaded extractants 
are Scrubbed with Suitable aqueous Solutions to remove 
entrained ammonium Sulphate Solution and then Stripped 
with dilute acid to produce pure pregnant Solutions of Co 
and Ni and a Mg pregnant liquor containing Small amounts 
of Co and Ni. The Co and Ni Solutions are sent to the Co and 
Ni electrowinning stages 530 and 532, respectively. 

0078 Prior to stripping, the Co loaded extractant is 
scrubbed with a Co concentrate solution which is split off 
from the Co pregnant Solution going to Co electrowinning 
and/or a Mg concentrate Solution which is split from the Mg 
pregnant liquor. This is to facilitate the removal of Ni Values 
which may be present in the Co loaded extractant. Likewise, 
the Mg loaded extractant can be scrubbed with a Mg. 
concentrate Solution which is split off from the Mg pregnant 
liquor. 

0079 For good separation of Co from Ni during Co 
Solvent extraction and Ni Solvent extraction, it has been 
found beneficial to have Some Mg present in the Solution 
feed to the Co Solvent extraction. Typically, Solution analysis 
has the same ratio of Co to Ni as found in the original feed 
concentrate (commonly 1:30). Thus for 10 g/l Ni, 0.33 g/l Co 
is typical. 

0080. The same extractant is used for both the Co and Mg 
Solvent extractions 534 and 536. The extractant is more 
selective for Co than for Mg, and more selective for Mg than 
for Ni. During the Co solvent extraction 534, the amount of 

Jan. 31, 2002 

extractant used is limited to occupy all the available Sites 
with Co ions, to a major extent, and with Mgions, to a lesser 
extent, which counteracts the extraction of Ni. During the 
Mg solvent extraction 536, the available sites are filled with 
mainly Mg ions and, to a lesser extent, with Some Co ions 
and possibly also a small amount of Niions. The Ni and Co 
ions are then recovered by the recycle of the Mg pregnant 
liquor to the Ni/Co precipitation 506, as indicated by the 
arrow 543. 

0081. It has further been found beneficial to maintain a 
Mg concentration about equal to the Co concentration, 
although this may vary quite widely from say 1:5 to 5:1. 
0082 The benefit of having Mg present is that: 

0083 (i) it minimizes the amount of Ni that is 
extracted during Co Solvent extraction, whilst allow 
ing 

0084 (ii) high Co percent extraction, i.e., greater 
than 90%, and 

0085 (iii) a high Co to Ni ratio in the Co product, 
i.e., Co: Ni>1000:1. 

0086. Without Mg present, some compromise must be 
reached in the Co solvent extraction, whereby 

0.087 (i) some Ni is co-extracted with Co, or 
0088 (ii) the Co extraction is incomplete, or 
0089 (iii) the Co to Niratio in the Co product is too 
low. 

0090. With Mg present, some Co (i.e. 5-10%) can be left 
un-extracted during Co Solvent extraction and instead will 
be extracted during Mg Solvent extraction. The products of 
Mg Solvent extraction are: 

0091 (a) Pregnant liquor from stripping containing 
Some Mg, Ni and Co, which is recycled and not lost; 
and 

0092 (b) Mg raffinate with very low Co levels, i.e. 
about 1 ppm, which allows the Subsequent Ni solvent 
extraction to produce a very good Ni to Co ratio in 
the Ni pregnant liquor going to Ni electrowinning. 
Thus, very pure Ni cathodes and Co cathodes result. 

0093. The solid from the liquid/solid separation 524 is 
washed (540) with dilute acid to recover entrained Ni/Co 
which is recycled to the precipitation 500. The solid residue 
after the liquid/solid separation 542 is discarded. 
0094. A suitable temperature range for the Ni/Co leach 
518 and Ni/Co solvent extractions has been found to be 
about 30° C. to 60° C., preferably about 40° C. to about 50° 
C. 

0.095 Turning now to FIGS. 3A and B, the recovery of 
precious metals, Such as gold and Silver, will be described. 
This process involves the treatment of the final residue 
Stream 35 in FIG. 1. 

0096. The precious metals are not leached during the 
preSSure oxidation Stage 12 but remain in the Solid residue 
35 remaining after the atmospheric leaching Stage 14. 
0097. In order to facilitate precious metal recovery, the 
flash down 22 from the preSSure oxidation Stage 12 is carried 
out in two stages. The first Stage is at a temperature slightly 
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above the freezing point of elemental Sulphur, i.e. about 
120 to 130° C. with a corresponding steam pressure of 
about 50-150 kPa. The process is preferably carried out in a 
continuous mode, the retention time at the first flash let 
down stage being about 10 to 30 minutes. 
0098. The second flash let-down stage is at atmospheric 
pressure and about 90 to 100° C. with a retention time of 
again at least 10 minutes. This allows the elemental Sulphur, 
which is still molten in the first flash-down stage, to convert 
to one of the Solid phases, Such as the Stable orthorombic 
crystalline phase. This procedure facilitates the production 
of clean crystals of elemental Sulphur, which is important to 
the recovery of the precious metals from the leach residue. 
0099] The leach residue 35 now produced by the atmo 
Spheric leaching Stage 14 contains, in addition to the pre 
cious metals, hematite, crystalline elemental Sulphur, unre 
acted Sulphides (pyrite) and any additional products that 
may result from the particular concentrate being used, e.g. 
gypsum and iron hydroxides. 
0100 Gold in the residue 35 is believed to be largely 
untouched by the process So far and most likely is in the 
native State. Silver, however, is oxidized in the pressure 
oxidation Stage 12 and is probably present as a Silver Salt, 
Such as Silver chloride or Silver Sulphate. 
0101. It has been found that conventional cyanidation 
does not leach gold well from the residue 35. It is believed 
that this is due to the encapsulation of the gold in mineral 
particles, Such as pyrite. The gold can however be liberated 
by the pressure oxidation of these minerals, referred to as 
“total oxidative leaching’. In order to effect Such leaching 
without oxidizing elemental Sulphur also contained in the 
residue 35, the process comprises the Step of removing as 
much of the elemental Sulphur as possible. 
0102 Firstly, by virtue of the two stage flash-down, good 
quality Sulphur crystals are produced. Secondly, the leach 
residue 35 is subjected to froth flotation 402 to produce a 
sulphur rich flotation concentrate 404 and a sulphur depleted 
flotation tail 406. The tail 406 is subjected to a solid/liquid 
separation 408 to produce a liquid which is recirculated to a 
conditioning tank 410 upstream of the flotation step 402 and 
a Solid 412 which is Sent to the total oxidative leaching Stage 
414. 

0103) The flotation concentrate 404 is filtered (416), and 
dried to a low moisture in a dryer 418. The product is then 
Subjected to a Sulphur leaching Step 420 with a Sulphur 
extractant. Any Suitable Sulphur extractant Such as perchlo 
roethylene (PCE) or kerosene may be used. In the present 
example hot PCE is used. The slurry from the leach 420 is 
filtered 422 and the resulting liquid is Subjected to cooling 
424 to produce crystalline S and then filtered (425). The 
cooled Sulphur can be Subjected to an optional Sulphur 
purification Step (not shown) to remove impurities, Such as 
Selenium and tellurium, therefrom. The solid Sulphur is dried 
in a dryer 426 to produce a Sulphur product 428. The liquid 
from the filtration 425 is recycled to the hot PCE leach 420. 
0104. The solid residue from the filtration 422 is dried in 
a dryer 430. The resulting product, which is a low sulphur 
residue 432, is sent to the total oxidative leach 414. 
0105. The PCE vapours from the cooling 424 and the 
dryers 426 and 430 are recycled to the hot PCE leach 420 via 
a condenser 434. 
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0106 A test was carried out in which 100 g of residue 
from the atmospheric leach 14 containing 25.1% elemental 
sulphur (S) and 3% sulphide was processed through flota 
tion 402 and leaching 420. This produced 73.8 g of desul 
phurized residue (feed material for the total oxidation leach 
414) containing 1.9% S and 4.1% sulphide, i.e. a total of 
6% total Sulphur. 
0107 The desulphurized residue contained 5.9% of the 
elemental Sulphur (S) in the original leach residue, i.e. 
94.1% was recovered to a pure elemental Sulphur product. 
0108. The total oxidative leach 414 is carried out at about 
200° C.-220° C. and 200-2000 kPa oxygen partial pressure, 
Sufficient to fully oxidize all Sulphur and metal compounds 
to the highest Valences, respectively. Thus all Sulphur and 
pyrite are oxidized to Sulphate. The oxidation is conducted 
in acidic conditions, Such as with the acid being produced in 
situ. If Sufficient pyrite is present, the reaction is highly 
exothermic and generally the desired operating temperature 
can be achieved. Typically about 10% of total oxidizable 
Sulphur will be Sufficient with normal percentage Solids in 
the feed slurry. 
0109 After the total oxidative leaching 414, the slurry is 
subjected to neutralization 437 at pH 2-3 with limestone and 
then subjected to a liquid/solid separation 438 by means of 
a counter current decantation (CCD) circuit, to obtain a Solid 
containing precious metals and a liquid 13 which may 
contain base metal values, Such as copper. The liquid 13 can 
be combined with the liquid (stream 33) going to the solvent 
extraction 16 for the recovery of copper, as indicated in FIG. 
1. 

0110. A portion of the neutralized stream 51 (FIG. 1) of 
the raffinate from the Cu solvent extraction 16 is split off at 
49 and the resulting stream 53 is partly used (about 80%) as 
wash water in the liquid/solid separation 438 and partly 
recycled (about 20%) to the total oxidative leach 414, as 
indicated in FIG. 3B. The precious metals recovery circuit 
of FIGS. 3A and B is indicated by the block 155 in FIG.1. 
0111 Prior to the cyanidation 444, the solids from the 
Separation 438 can be Subjected to an optional Slaked lime 
boil step 443 to facilitate the recovery of silver during the 
cyanidation 444 by the decomposition of silver jarosite 
compounds formed during the total oxidative leach 414. 
0112 The precious metals are in the Solids remaining 
after the separation 438. Now that pyrite and other encap 
Sulating minerals in the original concentrate have been 
decomposed, the precious metals are amenable to cyanida 
tion 444. 

0113. In the cyanidation step 444, the Solids are leached 
with NaCN under alkaline conditions. In order to effect this, 
the Solids are Slurried up with cyanide Solution to form a 
30-40% solids slurry. Additional NaCN and slaked lime are 
added as required to maintain a minimum NaCN concen 
tration of about 0.2 to about 0.5 g/l NaCN, with a pH of 
about 10. The temperature is ambient and usually about 4 to 
8 hours retention time is required in continuous mode of 
operation. 

0114 Both gold and silver report in high yield to the 
cyanide Solution, and are recovered typically by the estab 
lished process of carbon-in-pulp circuit, whereby activated 
carbon is added to the cyanide slurry to absorb the precious 
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metals, without the necessity of filtration. The loaded car 
bon, now rich in precious metals is separated by Screening 
(445) and the barren pulp discarded to tailing. 
0115 The loaded carbon is treated by established meth 
ods to recover the precious metals content by a leach/ 
electrowin/Smelt process (447). The product is generally 
Dore metal containing both gold and Silver, which is sent to 
a gold refinery 449 for final separation of gold from silver. 
Barren carbon from a carbon regeneration step 451 after the 
precious metals recovery, is recycled to the carbon-in-pulp 
circuit 444. 

0116. The overall recovery of precious metals by the total 
proceSS is generally well over 90%, and under optimum 
conditions approach 99%. 
0117. A test was carried out in which desulphurized 
residue was processed in a total oxidative leach 414 at 220 
C. for 2 hours under oxygen pressure and then depressurized 
and cooled to room temperature. The resultant Slurry was 
neutralized to pH 3 with limestone and then filtered. The 
filtered cake was then leached with cyanide Solution under 
Standard conditions to leach gold and Silver. 
0118. The gold extraction after the total oxidative leach 
414 and cyanidation 444 was 97% with only 1.0 kg/t NaCN 
consumption. In comparison, the gold extraction on a resi 
due that had not been oxidized in the total oxidative leach 
414 was only 34% and cyanide consumption was extremely 
high at 19.0 kg NaCN/t. 
0119 FIG. 4 is a flow diagram of Mode A. Steps which 
correspond with those of the embodiment of FIG. 1 are 
given the same reference numerals. 
0120) The process comprises a pressure oxidation stage 
12 in which Sulphide minerals in the concentrate or ore are 
oxidized by high pressure oxygen, followed by a liquid/solid 
Separation (e.g. filtration) 24, producing a Solid (pressure 
oxidation filter cake) 25 and pressure oxidation filtrate 29. 
0121 The Solid 25 contains all or almost of the copper 
content of the feed concentrate, and is treated for copper 
recovery 14 by acid leaching, Solvent extraction and elec 
trowinning as in the embodiment of FIG. 1, thus producing 
high quality copper cathodes, and a residue 35 which may 
contain precious metals. The residue 35 can be treated for 
precious metal recovery, as described with reference to 
FIGS. 3A and B above. This is indicated by the block 155 
in FIG. 4. 

0122) The filtrate 29 is purified at 500 to remove delete 
rious elements Such as Cu, Fe and Zn, by neutralization with 
slaked lime to about pH 6, as described with reference to 
FIG. 1, producing a purified solution 36, after filtration, 
containing Ni, Co and certain other elements Such as Mg 
which may be present in the feed concentrate. 
0123. The solution 36 is treated for Ni/Co recovery as 
described with reference to FIG. 1. This is indicated by the 
block 38 in FIG. 4. The solution 39 produced in 38 is 
recycled back to the pressure oxidation 12, to complete the 
cycle, as before (stream 516 in FIG. 1). 
0.124 While only preferred embodiments of the invention 
have been described herein in detail, the invention is not 
limited thereby and modifications can be made within the 
Scope of the attached claims. 
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What is claimed is: 
1. A process for the recovery of nickel or cobalt values 

from a concentrate containing nickel or cobalt hydroxide, 
comprising the Steps of: 

Subjecting the concentrate to a leaching Stage with an 
ammonium Solution to produce a leach Solution con 
taining nickel or cobalt values and a residue, and 

controlling the concentration of nickel in the leach Solu 
tion to a maximum value of about 3 to 25 g/l. 

2. The process according to claim 1, wherein the maxi 
mum value is from about 8 to 15 g/l. 

3. The process according to claim 2, wherein the maxi 
mum value is about 10 g/l. 

4. The process according to claim 1, wherein the leaching 
Stage is effected with an ammonium Sulphate Solution. 

5. The process according to claim 4, wherein the leaching 
stage is effected at a pH of from about 6 to 8. 

6. The process according to claim 4, wherein the ammo 
nium Sulphate Solution has a concentration of from about 
150 to 250 g/l. 

7. The process according to claim 6, wherein the ammo 
nium Sulphate Solution has a concentration of about 200 g/l. 

8. The process according to claim 1, wherein the nickel or 
cobalt leaching Stage is effected with an ammonium carbon 
ate Solution. 

9. The process according to claim 1, wherein the nickel or 
cobalt leaching Stage is effected with a mixture of ammo 
nium Sulphate and ammonium carbonate in Solution. 

10. The process according to claim 1, further comprising 
the Steps of: 

Subjecting the residue to an acidic Washing Stage to 
produce a wash Solution containing nickel or cobalt 
values and a discardable residue, 

Subjecting the wash Solution to a Selective precipitation 
treatment to obtain a Solid containing nickel or cobalt 
hydroxide; and 

recycling the Solid to the leaching Stage. 
11. The process according to claim 1, further comprising 

the Steps of: 
Subjecting the residue to an acidic Washing Stage to 

produce a wash Solution containing nickel or cobalt 
values and a discardable residue, and 

treating the wash Solution for the recovery of the nickel or 
cobalt values therefrom. 

12. The process according to claim 10, further comprising 
the Step of Subjecting the residue to a washing Stage prior to 
the acidic Washing Stage to produce a Second wash Solution 
containing nickel or cobalt values and a residue which is 
Subjected to the acidic Washing Stage. 

13. The process according to claim 12, further comprising 
the Step of Subjecting one or both of the leach Solution and 
the further wash Solution containing nickel or cobalt values 
to Solvent extraction to recover nickel or cobalt values 
therefrom. 

14. The process according to claim 13, wherein the 
Solvent extraction is effected with a nickel extractant to 
produce a nickel containing Solution. 

15. The process according to claim 13, wherein the 
Solvent extraction is effected with a cobalt extractant to 
produce a cobalt containing Solution. 
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16. The process according to claim 12, wherein the 
Solvent extraction comprises the Steps of: 

effecting a cobalt Solvent extraction in the presence of 
magnesium ions with a cobalt extractant to produce a 
cobalt extractant loaded with cobalt ions and a first 
raffinate containing nickel and magnesium ions in 
Solution; 

effecting a magnesium Solvent extraction on the first 
raffinate with a magnesium extractant to produce a 
magnesium extractant loaded with magnesium and 
cobalt ions and a Second raffinate; and 

effecting a nickel Solvent extraction on the Second raffi 
nate with a nickel extractant to produce a nickel loaded 
extractant and a third raffinate. 

17. The process according to claim 16, further comprising 
the Step of Stripping the cobalt and nickel loaded extractants 
to produce cobalt and nickel Solutions, respectively. 

18. The process according to claim 17, further comprising 
the Step of Subjecting the cobalt and nickel Solutions to 
electrowinning to recover cobalt and nickel therefrom. 

Jan. 31, 2002 

19. The process according to claim 17, further comprising 
the step of: 

Stripping the magnesium extractant to produce a pregnant 
Solution containing magnesium and cobalt ions, and 

recycling the pregnant Solution to the Selective precipita 
tion treatment. 

20. The process according to claim 16, wherein the cobalt 
extractant is the same as the magnesium extractant, the 
extractant being more Selective for cobalt than for magne 
sium. 

21. The process according to claim 13, wherein the 
Solvent extraction comprises the Steps of: 

effecting a cobalt Solvent extraction at a pH of about 6 to 
8 to produce a cobalt Solution and a first raffinate, and 

effecting a nickel Solvent extraction on the first raffinate at 
Substantially the same pH as the cobalt Solvent extrac 
tion to produce a nickel Solution and a Second raffinate. 


