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PURIFICATION OF NICKEL MA'I'I'E WITH 
REGENERATED MOLTEN HALIDE EXTRACTANT 

The present invention pertains to re?ning nickel sul 
phide, and more particularly, to re?ning nickel sul 
phide by molten chloride liquid-liquid extraction tech 
niques. 
The recovery of nickel from sulphide ores containing 

both nickel and copper is often complicated by the 
presence of copper. The treatment of such ores most 
frequently involves pyrometallurgical operations in 
which the sulphides of nickel and copper are brought 
to a molten state. When the ore being treated is primar 
ily a nickel ore, e.g., a nickel to copper ratio greater 
than about 5:1, it is highly desirable to refine molten 
nickel sulphide, but until recently no such process ex 
isted. With the exception of two processes described 
hereinafter, treatment of rich nickel sulphide melts in 
variably includes a solidi?cation step prior to any treat 
ment for copper removal. For example, molten nickel 
sulphide is cast into anodes and the nickel sulphide an 
odes are treated electrolytically to recover puri?ed 
nickel and elemental sulphur. Or molten nickel sul 
phide is solidi?ed, comminuted and thereafter treated 
to produce a re?ned nickel product. Most often, solidi 
?ed nickel sulphide is roasted to produce nickel oxide 
and the nickel oxide is reduced for further puri?cation 
by either electrore?ning or by carbonylation. It has 
been recently suggested that solid nickel sulphide could 
be selectively chlorinated to chlorinate impurities, such 
as copper, and the selectively chlorinated impurities 
could be removed from the solid nickel sulphide by 
leaching. All these processes have the disadvantage of 
requiring an intermediate solidi?cation step and are 
relatively slow when compared to the kinetics achieved 
when treating molten nickel sulphide. 
Recently two processes have been proposed for re 

moving copper sulphide from molten nickel sulphide. 
Queneau and Renzoni in US. Pat. No. 3,069,254 dis 
close a variation of the well known tops and bottoms 
process. The process disclosed in US. Pat. No. 
3,069,254 involves contacting a molten solution of 
nickel and copper sulphide with a molten solution of 
sodium sulphide and sodium chloride or other alkali or 
alkaline earth chlorides to selectively dissolve copper 
sulphide and to provide puri?ed nickel sulphide. Al 
though the process disclosed by Queneau and Renzoni , 
is a substantial improvement over the prior art, the pro 
cess is only capable of separating copper sulphide from 
nickel sulphide and other sulphides are substantially 
unaffected by the treatment. It has also been suggested 
that impure nickel sulphide be contacted with a slag 
containing nickel chloride and alkali or alkaline earth 
chlorides to purify the nickel sulphide. Slags, which are 
the reaction products between bases and silica, are 
characterized by relatively high fusion temperatures. 
In the extractive metallurgy of nickel, temperatures 
generally in excess of l,200°C. are employed in order 
to insure that any slags employed remain ?uid. Any 
process which requires incorporation of nickel chloride 
in a slag will be quite inef?cient since nickel chloride 
sublimes at temperatures slightly above 1000°C. 
(l832°F.), well below the temperatures required by 
slags. ln any event, most slags can, even in the presence 
of alkali and/or alkaline earth chlorides, dissolve and 
retain only minor quantities of nickel chloride so that 
excess nickel chloride is vaporized therefrom. Nickel 
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2 
chloride volatilized from'such slags will be oxidized 
rendering the process more inefficient. Another draw 
back of employing slags as a carrier for nickel chloride 
is that the recovery of nickel and impurities incorpo 
rated in the slag is quite di?icult. The presence of silica 
and bases in the slag increase the resistivity to such an ' 
extent that nickel chloride and impurity chlorides can 
not be electrolytically precipitated therefrom. Further 
more, the high temperatures employed in forming the 
slag along with the amorphous nature of the solidi?ed 
slag renders the slag chemically inactive for other re 
covery processes, e.g., hydrometallurgical process. 
Moreover, the use of high temperatures which are dic 
tated by the use of the slags as carriers for nickel chlor 
ide, create particularly corrosive conditions due to the 
presence of chlorine. Although attempts were made to 
overcome the foregoing difficulties and other disadvan 
tages, none, as far as I am aware, was entirely success 
ful when carried into practice commercially on an in 
dustrial scale. 

It has now been discovered that nickel sulphide can 
be re?ned by use of a chloride extractant at only mod 
erate temperatures and the molten extractant can be 
directly regenerated for re-use. 

It is an object of the present invention to provide a 
process for re?ning nickel sulphide. 
Another object of the present invention is to provide 

a process for removing copper from nickel sulphide in 
a molten state. 

The invention also contemplates providing a pyro 
metallurgical liquid-liquid extraction process for re?n 
ing molten nickel sulphide. 
The invention further contemplates providing an 

overall process for re?ning nickel sulphide by a molten 
chloride liquid-liquid extraction technique and for re 
covering impurities and regenerating the molten chlor 
ide extractant for reuse. 
Other objects and advantages will become apparent 

from the following description. 
Generally speaking, the present invention contem 

plates a process for re?ning nickel sulphide. A bath of 
nickel sulphide containing chloridizable impurities is 
established, and the bath is provided with a molten su 
pernatant layer of an extractant consisting essentially 
of at least one chloride of a metal from Groups IA or 
IIA of the Periodic Table. The bath is contacted with 
at least one reagent selected from the group consisting 
of nickel chloride and chlorine to chloridize the impuri 
ties, and the chloridized impurities are collected in the 
extractant to re?ne the bath to produce a loaded ex 
tractant. The loaded molten extractant is separated 
from the re?ned bath and is regenerated in the molten 
state for re-use. 
Any material containing nickel sulphide, regardless 

of the manner in which it is produced, can be treated 
by the process in accordance with the present inven 
tion. However, for the sake of ef?ciency and overall 
operation, it is advantageous to treat a nickel sulphide 
material or nickel matte containing at least about 60 
percent nickel, e.g., about 70 percent or more nickel, 
and no more than about 26 percent sulphur, e.g., about 
18 percent to about 24 percent sulphur, and a total 
chloridizable impurity content of no more than about 
15 percent. The chloridizable impurity content advan 
tageously should not exceed about 12 percent. As will , 
be shown hereinafter, greater amounts of impurities are 
removed when the matte is sulphur de?cient, i.e., the 
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sulphide contains less than about 2l percent sulphur, 
or less sulphur than is required to satisfy the stoichiom 
etry of NiaSz. However, the sulphur de?ciency should 
not be so great as to increase the melting point of the 
matte above about 900°C., i.e., the sulphur content 
should not be less than about 18 percent, so that the 
liquid-liquid extraction can be conducted at a tempera 
ture between about 750°C. and 900°C. Chloridizible 
impurities which can be eliminated from nickel matte 
by processing in accordance with the present invention 
include, although the invention is not limited thereto, 
cadmium, cobalt, copper, iron, lead, manganese, tin 
and zinc. As noted hereinabove, these impurities ad 
vantageously are not present either individually or col 
lectively in amounts exceeding about 12 percent since 
if present in greater amounts, larger and uneconomical 
amounts of the chloride extractant must be employed. 
Certain impurities can be lowered to less than about 1 
percent by prior treatment, e.g., iron can be eliminated 
by blowing and slagging. When present in the foregoing 
amounts, the chloridizible impurities can, in most 

cases, be lowered in one or more stages to an amount 
of less than about 0.05 percent, e.g., the iron content 
can be lowered from initially about 1 percent to less 
than about 0.02 percent, cobalt from initially about 5 
percent to less than about 0.02 percent, copper in 
nickel sulphide from initially about 10 percent to less 
than about 0.02 percent, lead from initially about 0.25 
percent to less than about 0.002 percent, cadmium 
from initially about 0.2 percent to less than about 0.005 
percent, zinc from initially about 2.0 percent to less 
than about 0.5 percent, and tin from initially about 0.2 
percent to about 0.01 percent. It will be noted that all 
compositions given herein are on a weight basis unless 
otherwise expressly stated. 
As noted hereinbefore, nickel matte is re?ned by the 

process in accordance with the present invention at a 
temperature between about 750°C. and 900°C. Al 
though temperatures higher than 900°C. can be em 
ployed, high nickel losses are vencountered due to the 
increase in the partial pressure of nickel chloride, and 
pressure or closed vessels must be used to minimize 
losses associated with these high partial pressures of 
nickel chloride. Higher temperatures also promote heat 
losses. Thus, in terms of reaction rates, chloride losses 
and heat consideration, it is advantageous to conduct 
the chloridizing treatment at a temperature between 
about 750°C. and 900°C. 
An important feature of the present invention is the 

use of a supernatent molten chloride extractant for col 
lecting the chloridized impurities. As will be shown 
hereinafter, the use of such an extractant renders the 
process more efficient, particularly when gaseous chlo 
rine is employed as the chloridizing reagent. The ex 
tractant is at least one chloride of a metal from Groups 
[A or 11A of the Periodic Table, i.e., chlorides of alkali 
metal and alkaline earth metals. The extractant should 
have a melting point below about 800°C. and a vapor 
pressure of no' greater than about 0.25 atmosphere at 
800°C. Of course, a combination of chlorides can be 
employed to provide an extractant having an even 
lower melting point. It is to be noted that for the pur 
poses of this invention the term “alkaline earth metal” 
includes magnesium which forms a chloride that melts 
at 708°C. and has a boiling point of 1,412°C. From the 
physical standpoint, chlorides of sodium, potassium, 
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rubidium, magnesium and calcium can be employed . 

4 
individually whereas the chlorides of strontium and 
barium can only be employed in combination with at 
least one of the foregoing chlorides. 
Another important characteristic which the chloride 

extractant must display is that it must be capable of dis 
solving nickel chloride as well as chloridized impurities. 
The chloride extractant should be capable of dissolving 
up to about l percent nickel chloride and even more 
advantageously, up to about 20 percent nickel chlor 
ide. For overall efficiency while minimizing nickel 
losses due to volatilization of nickel chloride, the chlor 
ide extractant contains between about 15 percent and 
5 percent nickel chloride.‘ If the chloride extractant 
does not dissolve nickel chloride, nickel chloride, 
which has substantial vapor pressures even at tempera 
tures as low as 850°C, is lost to the ambient atmo 
sphere by volatilization from the system. Even more 
importantly, the absence of nickel chloride from the 
extractant system renders the process inoperative since 
there is no available nickel chloride to react with the 
impurities contained in the sulphide bath. For overall 
efficiency in removing a preponderant part of the im 
purities most commonly associated with nickel sul 
phide, it is advantageous to employ a molten chloride 
extractant containing equal amounts of sodium and po 
tassium chlorides. 
Chloridization of the impurities can be conducted in 

any manner that insures good liquid-liquid or gas-liquid 
contact, depending upon the state of the chloridizing 
reagent. When gaseous chlorine is employed as the 
chloridizing reagent, it is advantageously passed 
through the nickel matte in the form of tiny, well dis 
persed bubbles. For example, a suitable vessel can be 
equipped with one or more porous plugs through which 
the chlorine is passed thereby introducing the chlorine 
into the nickel matte in the form of small, well dis 
persed bubbles. However, when nickel chloride is em 
ployed as the chloridizing reagent, it is advantageously 
dissolved in the molten extractant, and good liquid 
liquid contact between the lower matte layer and the 
supernatant chloride extractant is insured by mixing ei 
ther by mechanical, electromechanical or pneumatic 
agitation. 
When chloridizing impurities in nickel matte by em 

ploying nickel chloride dissolved in the chloride ex 
tractant, the process can be conducted either on‘ a 
batch or continuous basis. If conducted on a batch ba 
sis, one or more contacting operations can be em 
ployed. When it is desired to conduct the process on a 
continuous basis, countercurrent principles are advan 
tageously employed. Equilibrium between the molten 
extractant and molten nickel matte is rapidly achieved. 
This fast rate of reaction is an important feature of the 
process, because it allows the use of a number of stages 
without requiring much additional heat at each stage. 
The process is advantageously conducted countercur 
rently in a tower arrangement. For example, molten im 
pure nickel matte can be introduced at the top of a baf 
fled tower while molten chloride extractant can be in 
troduced at the bottom of the tower so that the ?ow of 
nickel matte in a downwardly direction and the ?ow of 
the molten extractant in the upwardly direction provide 
the desired countercurrent, liquid-liquid contact. 
Whether the molten nickel sulphide is treated on a 
batch basis or on a continuous basis, matte to extract 
ant ratios of between about 2:1 and 1:3 are employed 
in order to insure that the nickel matte is refined to the 



3,802,870 
5 

desired extent. Lower sulphide to extractant ratios can 
be employed but such lower ratios create materials 
handling problems. Higher matte to extractant ratios 
can be employed but the matte will not be re?ned to 
the desired extent. The puri?ed nickel sulphide can be 
treated by conventional methods to produce nickel or 
nickel oxide. Because molten nickel matte is highly re 
?ned by practice of the present invention, it is highly 
advantageous to surface blow turbulent molten matte 
with a free-oxygen-containing gas directly to nickel 
metal (oxygen nickel). After vacuum desulphurizing, 
deoxidizing, and degassing the nickel bath, the nickel 
can be cast, even on a continuous basis, to provide a 
nickel metal product which is suitable for most uses. 
The loaded chloride extractant containing substantial 

quantities of nickel chloride and chlorides of the impu 
rities is advantageously treated in the molten state to 
regenerate the chloride extractant and to recover 
nickel and valuable impurities. For example, the preg 
nant chloride extractant is transferred to an electro 
lytic cell which comprises a graphite container acting 
as a cathode and a graphite anode. Nickel and impuri 
ties are recovered as metallic alloy powders by electro 
lyzing the molten chloride extractant at a temperature 
between about 700°C. and 900°C. at an electricalpo 
tential of about 1.5 volts to 10 volts. Current densities 
of 1,000 amperes per square foot or even more can be 
employed but as the amount of metal powders pro 
duced increases, there is a noticeable decrease in cur 
rent ef?ciency. Chlorine gas is evolved at the anode 
and is directly recycled to the chloridization operation 
or is used to produce nickel chloride, dissolved in the 
extractant. Upon completion of the electrolysis reac 
tion, the regenerated extractant can be directly recy 
cled for further use or can be treated to havenickel 
chloride added thereto before re-use as an extractant. 

Advantageously, the loaded molten extractant is 
treated with magnesium or a magnesium base alloy to 
precipitate, by replacement reaction, nickel and the 
chlorinated impurities as a molten magnesium alloy. 
Magnesium or alloys thereof are added to the loaded 
extractant in amounts equivalent to between about 1 
and 2 mole equivalents of magnesium for each mole 
equivalent of base metals in the loaded extractant. 
Since magnesium is less dense than is the chloride ex 
tractant, it is highly advantageous to employ a magne 
sium base alloy that contains at least about 6 percent 
nickel or copper. Best results are obtained by adding a 
magnesium base alloy containing between about 5 per 
cent and 30 percent, e.g., between about 6 percent and 
15 percent nickel or copper. The magnesium alloy is 
advantageously added to the loaded extractant in par 
ticulate form while the extractant is maintained at a 
temperature between about 750°C. and 900°C. Al 
though it is not absolutely necessary, it is highly advan 
tageous to maintain the loaded chloride extractant in a 
turbulent state, by mechanical, electromechanical or 
pneumatic means, to facilitate reaction between the 
magnesium and the chloride extractant. The purified 
extractant can be recycled to the chloridization treat 
ment while the alloy, containing nickel, cobalt, copper, 
iron and other impurities, can be treated to recover 
these elements. As the magnesium content of the chlor 
ide extractant continually increases it becomes advan 
tageous to electrolytically treat the magnesium-laden 
extractant to recover the magnesium for further use. 
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6 
Magnesium can be recovered from the extractant in 

_ electrolytic cells conventionally employed for recover 
ing magnesium from magnesium chloride. The electro 
lytic treatment produces magnesium for purifying 
loaded extractant, a low magnesium salt and chlorine 
which can be recycled to the chloridization re?ning of 
nickel matte. 
The magnesium-chloride-containing extractant can 

be either regenerated by passing chlorine, obtained as 
a byproduct of the electrolysis, through a portion of the 
re?ned matte that is provided with the supernatant 
molten chloride extractant layer, or the extraction pro 
cess carried out directly by passing chlorine through 
the impure matte contacted with the supernatant mol 
ten chloride extractant. To insure rapid and efficient 
regeneration of the molten nickel-chloride-containing 
extractant, regeneration is conducted at a temperature 
between about 750°C. and 800°C., with the chlorine 
bubbling small bubbles through at least 10 inches of 
molten nickel sulphide. 
For the purpose of giving those skilled in the art a 

better understanding of_ the invention, the following il 
lustrative examples are given: 

EXAMPLE .1 
Impure nickel matte containing 26.4 percent sulphur, 

0.65 percent copper, 0.78 percent cobalt and the bal 
ance essentially nickel was heated to a temperature of 
780°C. and was contacted with molten sodium chloride 
containing 10 percent nickel chloride. The reaction be 
tween the molten chloride extractant and the nickel 
matte was conducted on a batch basis, and the ratio of 
nickel matte to chloride extractant was about 1:1. The 
?nal matte analyzed 0.2 percent copper, 0.1 percent 
cobalt, and 72.6 percent nickel. The liquid chloride ex 
tractant had a ?nal analysis of 0.4 percent copper, 0.46 
percent cobalt and 1.90 percent nickel. The nickel, co 
balt and copper contained in the loaded extractant 
were recovered from the extractant as an alloy powder 
by electrolysis in a manner similar to that disclosed in 
Example Vlll. - 

EXAMPLE II 

This example con?rms that mattes more de?cient in 
sulphur are re?ned to a greater extent than mattes con 
taining greater amounts of sulphur. The analyses of the 
nickel mattes are given in Table I. Molten nickel mattes 
were contacted with liquid sodium chloride containing 
10 percent nickel chloride at 780°C. on a batch basis. 
Ratios of nickel matte to chloride extractant of 2:1 
were employed. The ?nal analyses of the nickel mattes 
and the chloride extractants are also given in Table I. 
It is noted from Table 1 that the ?nal copper and cobalt 
analyses were lower in matte B, the more sulphur de? 
cient matte. The loaded extractants were treated ina 
manner similar to that shown in Example Vlll to elec 
trically precipitate an alloy powder containing nickel, 
cobalt and copper. 

TABLE 1 

Analysis 
Test A % Cu % Co % S % Ni 

Initial Sul?de 0.74 0.68 23.2 — 
Final Sul?de 0.28 0.16 —- — 
Loaded Extractant 0.71 0.90 — 2.3 
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TABLE l-Continued 

8 
from about 100:1 to about 20,0001 and the nickeldto 
iron ratio from about 50:1 to about 90001. The loaded 
extractant was electrolyzed as described in Example 

Test A % Cu % Co Magi‘; % Ni Vlll to precipitate an alloy powder and to regenerate 
Test B % Cu % Co % s % Ni 5 the extl'actam 

iiiiiilsiigi‘le 3123 ‘(iii 1&6 _ EXAMPLE v 
Loaded Extractant 0.64 0.77 — 2.76 _ 

This example con?rms the importance of maintain 
10 ing a supernatant chloride extractant on the surface of 

the molten matte during the chloridization treatment. 
EXAMPLE “I A nickel matte sample having the composition given in 

This example con?rms the effectiveness of counter- Table Ill was provided with a supernatant layer of a 
curl-em extracticn Nickel matte containing 26,6 per- chloride extractant containing equal proportions of so 
cent sulphur, 0.87 percent copper, 1.01 percent cobalt 15 dium chloride and potassium chloride. The matte to ex 
and 0.22 percent iron and the balance essentially, nickel tractam ratio Was 514- The matte and the Sample Were 
was contacted with a chloride extractant consisting of maintained at a temperature of 800°C, and gaseous 
sodium chloride with 10 percent nickel chloride at Chlorine at a rate of 0.4 liter per minute per kilogram 
780°C. with a ratio of matte to chloride extractant of Of matte Was passed through the nickel matte for 2 
2:1. After the ?rst stage extraction the matte contained 20 hours. The ?nal matte and the loaded extractant had 
0.5 percent copper, 0.3 percent cobalt, 0.026 percent] the compositions given in Table 111. Another nickel 
iron and 72.1 percent nickel and after second stage ex- matte having the composition given in Table IV was 
traction the matte analyzed 0.25 percent copper, 0.8 -maintained at 930°C. while gaseous chlorine was 
percent cobalt, 0.01 percent iron and 72.8 percent passed therethrough at a rate of 0.4 liter per minute per 
nickel. The first stage chloride extractant contained 25 kilogram of matte for 2 hours. The re?ned matte had 
0.83 percent copper, 0.01 percent cobalt, 0.22 percent a composition given in Table IV. By comparing the re 
iron, and 2.7 percent nickel while the second stage ex- ?ned matte compositions given in Tables Ill and 1V it 
tractant contained 0.48 percent copper, 0.37 percent is apparent that nickel matte is more thoroughly re 
cobalt, 0.045 percent iron, and 3.19 percent nickel. fined by employing a supernatant layer of a chloride ex 
Thus, between the ?rst stage and the second stage of 30 tractant. Thus, in order to fully realize all the bene?ts 
extractions the nickel to copper ratio in the matte was ?owing from the chloridizing treatment it is essential to 
increased from about 144:1 to about 290:1. The nickel provide an effective molten chloride extractant as well 

' to cobalt ratio in the matte was increased from about as means for economically regenerating such extract 
180:1 to about 900:1 and the nickel to iron ratio in the ant. The loaded chloride extractant was treated in a 
matte was increased from about 280011 to about 35 manner similar to that described in Example Vlll to 
7300:1. A nickel-copper-cobalt-iron alloy powder was precipitate a nickel-copper-cobalt-iron alloy powder 
precipitated from the loaded extractant in a manner and to regenerate the chloride extractant. 
similar to that described in Example V111, and the ex- TABLE "I 
tractant was regenerated for subsequent re-use. 

EXAMPLE 1v 40 may“. 
%Cu %Ni %Co %Fe %S 

This example con?rms the improved results obtained . _ 

by employing. sulphur de?cient nickel matte, counter gig 76__ 8:3‘; 3:5‘: 5;‘ 
current princlples and low mckel matte to extractant Fina; 5.1" 0,7; 10,8 055 0,15 _ 
ratios. Nickel sulphide containing 20 percent sulphur, 45 
0.8 percent copper, 0.78 percent cobalt, 0.38 percent ‘ 
iron and the balance essentially nickel was contacted in TABLE IV 
three countercurrent stages with a chloride extractant 
consisting of sodium chloride and 10 percent nickel Amy“: 
chloride at 780°C. The total amount of chloride ex- 50 %Cu % Ni % Co % Fe % s 
tractant employed was such that an overall matte to H 
chloride extractant ratio of 1:! was employed. The ?nal 8g? 32:; gig 31%: £31‘; 
analyses of the matte and the chloride extractant are 
given in Table II. It is seen from these results that be 
tween the initial matte and the ?nal nickel sulphide, the 55 
nickel to copper ratio was increased from 100:1 to _ EXAMPLE VI 

about 5000;}, the nickel to cobalt ratio wa§__i_ncreased_ A two-stage matte-re?ning process is shown by this 

TABLE 11 

Analysis 

' Nickel Sul?de Extractant 
Stage % Cu % Co % Fe ' % Cu % Co % Fe % Ni 

Initial 0.8 0.78 0.38 - _ __ _ 

. Sul?de 

is! 0.24 0.067 0.016 0.75 0.57 0.13 3.58 
2110 0.087”, 0.008 0.028 0.19 0.068 “0.04, 2.0 
3rd 0.016 0.004 0.009 0.047 0.013 0.032 4.4 
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example. A nickel matte having the composition given 
in Table V was provided with a supernatant layer of a 
chloride extractant containing equal amounts of so 
dium chloride and potassium chloride. The matte to ex 
tractant ratio was 3:5. The matte and supernatant ex 
tractant layer were maintained at a temperature of 
815°C. and gaseous chlorine at a rate of 0.4 liter per 
minute per kilogram of matte was passed through the 
nickel matte for 2 hours. The ?nal matte and loaded ex 
tractant of this first stage re?ning had the analyses 
shown in Table V. After the loaded extractant from the 
?rst stage re?ning was separated from the nickel matte, 
the nickel matte was provided with an equal amount of 
supernatant chloride extractant layer containing equal 
amounts of sodium chloride and potassium chloride. 
While maintaining the matte and the extractant at a 
temperature of 815°C, gaseous chlorine at a rate of 0.4 
liter per minute per kilogram of matte was again passed 
through the nickel matte for 2 hours. The analyses of 
the loaded extractant and the re?ned matte are given 
in Table VI. It is apparent from Table VI that multi 
stage treatments are quite effective in producing highly 
re?ned nickel mattes. The loaded chloride extractant 
for each re?ning stage was regenerated in a manner 
similar to that described in Example VIII, and a nickel 
copper-cobalt-iron alloy powder was recovered from 
the electrolytic treatment. 

TABLE V 

Analysis 
% Cu % Ni % Co % Fe % S 

Initial Matte 0.47 75.5 5.0 0.17 20.7 
Final Matte 0.10 75.5 0.26 0.03 22.0 
Final Salt 0.41 5.50 4.60 0.18 — 

TABLE VI . 

Analysis 
% Cu % Ni % Co % Fe % S 

Final Matte 0.02 74.0 0.017 0.025 24.7 
Final Salt 0.10 11.9 0.035 0.075 —' 

EXAMPLE VII 

This example confirms the effectiveness of a chlori 
dizing treatment in removing impurities other than co 
balt, copper and iron. Nickel matte containing cad 
mium, lead, tin and zinc in the amounts shown in Table 
V11 was treated at 810°C. with a chloride extractant 
containing equal amounts of sodium chloride and po 
tassium chloride and 12 percent nickel chloride with 
the matte to extractant ratio being 1:1.5. The composi 
tions of the re?ned matte and the loaded extractant are 
given in Table VII. The loaded extractant, after being 
separated from the re?ned matte, was electrolyzed in 
a manner similar to that described in Example V111 to 
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produce an alloy powder containing nickel, lead, tin, ' 
cadmium and zinc. 

TABLE VII 

Analysis 
% Pb % Sn % Cd % Zn 

Matte Initial 0.23 0 2 0.2 0.15 
Matte Final 0.002 0.01 0.005 0.001 
Salt Final 0.11 0 15 0.15 0.10 
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EXAMPLE VIII 

This example con?rms that loaded chloride extract 
ant can be electrolyzed to produce alloy powders and 
to regenerate the chloride extractant for further re-use. 
An electrolytic bath containing 40 grams of sodium 
chloride and 40 grams of potassium chloride and con 
taining copper, nickel, cobalt and iron in the amounts 
shown in Table V111 was established and maintained at 
a temperature of 800°C. A two volt potential difference 
was impressed upon graphite electrodes immersed in 
the loaded extractant, and an anode current density of 
83 amperes per square decimeter was’ maintained. 
After 32 minutes at least about 95 percent of the cop 
per, nickel, cobalt and iron were precipitated from the 
loaded extractant at the cathode while chlorine was 
evolved at the anode; and the regenerated extractant, 
the analyses of which is given in Table V111, was suit 
able for re-use in the chloridizing treatment. Under 
these conditions a current efficiency of 51 percent was 
realized. 

TABLE VIII 

Analysis 
% Cu % Ni % Co ‘7: Fe 

Initial Salt 80 gm. 0.58 2.5 0.64 0.18 
Final Salt 0.002 0.066 0.002 0.002 

EXAMPLE IX 

This example shows the electrolysis of a loaded ex 
tractant on a larger scale, an electrolytic bath contain 
ing 5,000 grams of sodium chloride and 5,000 grams of 
potassium chloride and containing copper, nickel, co 
balt and iron in the amounts shown in Table IX was es 
tablished and maintained at a temperature of 780°C. A 
stainless steel cathode and a graphite anode were im 
mersed in the electrolytic bath and a potential differ 
ence of two volts was impressed upon the electrodes. 
The anode current density was 60 amperes per square 
decimeter while the cathode current density was 93 
amperes per square decimeter. After a period of 6 
hours, at least about 95 percent of the copper, nickel 
and cobalt were precipitated from the loaded extract 
ant at a current ef?ciencyof 53 percent. The regener 
ated extractant having the composition given in Table 
IX was suitable for recycling to the chloridizing treat 
ment and the chlorine evolved at the anode was recy 
cled to the chloridizing treatment to chloridize further 
impurities in the nickel matte. 

TABLE IX 

Analysis 
% Cu % Ni % Co % Fe 

Initial Salt 10,000 gm. 2.95 1.45 0.14 0.40 
Final Salt 0.02 0.01 0.013 0.05 

EXAMPLE X 

This example demonstrates that a loaded chloride ex 
tractant can be regenerated by the addition of a magne 
sium base alloy. A particulate magnesium base alloy, 
having the composition given in Table X, was intro 
duced in an amount one mole equivalent of magnesium 
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for each mole equivalent of base metal in the loaded 
extractant, which comprises equal parts of sodium and 
potassium chlorides and which contained chloridized 
metal values in the amounts shown in Table X. The 
loaded extractant was at a temperature of 750°C. when 
the magnesium alloy was added thereto, and was main 
tained in an agitated state to provide good liquid-liquid 
contact between the liquid magnesium alloy and the su 
pernatant loaded extractant. The regenerated extract 
ant had the composition given in Table X. 

TABLE X 

Analysis ‘5% 
‘k Cu ‘it Ni % Co % Fe % Mg 

Loaded 2.73 l0.9 4.40 2.65 0.88 
Extractant v 

Magnesium 2.70 8.35 2.85 0.095 . .Bal.‘ 
alloy 
Regenerated 0.007 0.0l5 , 0.007 0.045 9.28 
Extractant ‘ 

' Balance magnesium plus limited amounts of oxygen combined with the 
magnesium. 

EXAMPLE X] 

This example demonstrates the cyclic nature of the 
process in accordance with the present invention. A 
loaded extractant, having the composition shown in 
Table XI and at a temperature of 750°C., was reacted 
with a magnesium base alloy having the composition 
given in Table XI, in an amount of about one part of 
magnesium base alloy for each l7 parts of loaded ex 
tractant in a manner similar to that described in Exam 
ple X. The regenerated extractant had the analyses 
given in Table XI. . 
Molten nickel matte, having the composition given in 

Table Xll and at a temperature of 750°C, was treated 
with gaseous chlorine in the manner described in Ex 
ample ll to produce a re?ned matte showing the analy 
ses given in Table Xll. During the chlorination treat 
ment, the nickel matte was provided with a supernatant 
layer of the regenerated extractant in an amount equiv 
alent to about three parts of extractant for each ?ve 
parts of matte to collect the chlorinated impurities. The 
analyses of the regenerated and the loaded extractant 
are also given in Table Xll. This example confirms that 
the process can be conducted on a cyclic basis thereby 
minimizing reagent and fuel costs. 

TABLE Xl 

Analysis 
‘5: Cu % Ni % Co % Fe %Mg 

Loaded 3.05 7.75 0.65 0.56 — 
extractant ‘ 

Magnesium 2.7 8.35 2.85 0.09 74.8 
alloy 
Regenerated 0.003 0.005 0.005 0.032 4.2 
extractant 

TABLE XII 

Matte Chlorination With Puri?ed Salt 
Analysis 

% Cu % Ni % Co % Fe %Mg 

Initial matte 3.88 72.5 0.72 0.22 — 
Regencrated 0.003 0.005 0.005 0.032 4.2 
extractant ' 

Refined matte 0.96 76.0 0.12 0.085 — 
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TABLE XII-Continued 

Matte Chlorination With Puri?ed Salt 
Analysis 
% Co 

l.5 

%lVlg 
5.0 

% Cu 

4.05 

% Ni 

6.0 

% Fe 

1.65 Loaded 
extractant 

Although the present invention has been described in 
conjunction with preferred embodiments, it is to be un 
derstood that modi?cations and variations can be re 
sorted to without departing from the spirit and scope of 
the invention, as those skilled in the art will readily un 
derstand. Such modi?cations and variations are consid 
ered to be within the purview and scope of the inven 
tion. 

I claim 
1. A process for refining nickel sulphide by chloridi 

zation including treatment of an extractant used in the 
chloridization process which comprises: establishing a 
bath of nickel sulphide containing between about 18 
percent and 26 percent sulphur and at least one chlori 
dizable impurity selected from the group consisting of 
cadmium, cobalt, copper, iron, lead, manganese,'tin, 
and zinc in a total amount up to about l5%; providing 
the bath with a supernatant layer of a molten extractant 
consisting essentially of at least one chloride of a metal 
from Groups lA or IIA of the Periodic Table; contact 
ing the bath with at least one reagent selected from the 
group consisting of nickel chloride dissolvedin ‘the 
molten extractant to provide the molten extractant 
with a nickel chloride concentration between about 0.1 
percent and 20 percent or gaseous chlorine to chlori 
dize the chloridizable impurity, to collect the chlori 
dized impurity in the molten extractant, and to produce 
re?ned nickel sulphide‘, separating the molten extract 
ant containing the chloridized impurity from the re 
?ned bath; and electrolyzing the molten extractant 
containing the chloridized impurity to precipitate an 
alloy of nickel and the impurity, to produce gaseous 
chlorine, and to regenerate the molten extractant for 
re-use in the chloridizing step. 

2. The process described in claim 1 wherein nickel 
chloride is added to the regenerated molten extractant 
which is then recycled to ‘the chloridization step. 

3. The process as described in claim 1 wherein the 
regenerated molten extractant is contacted with re 
fined nickel sulphide and gaseous chlorine is passed 
therethrough to provide the molten extractant with a 
nickel chloride concentration between about 0.1 per 
cent and 20 percent. 

4. The process described in claim 1 wherein the re 
generated molten extractant is recycled directly to the 
bath of impure nickel sulphide and chlorine is passed 
therethrough to chloridize nickel and the impurity in 
the bath thereby refining the nickel sulphide and col 
lecting the chloridized impurity in the molten extract 
ant. 

5. The process described in claim 1 wherein the 
loaded extractant is electrolytically treated at a temper 
ature between about 750°C. and 900°C. 

6. A process for re?ning nickel sulphide by chloridi 
zation including treatment of an extractant used in the 
chloridization process which comprises:v establishing a 
bath of nickel sulphide containing between about 18% 
and 26 percent sulphur and at least one chloridizable 
impurity selected from the group consisting of cad 



3,802,870 
13 » 

mium, cobalt, copper, iron, lead, manganese, tin, and 
zinc in a total amount up to about 15%; providing the 
bath with a supernatant layer of a molten extractant 
consisting essentially of at least one chloride of a metal 
from Groups IA or lIA of the Periodic Table; contact 
ing the bath with at least one reagent selected from the 
group consisting of nickel chloride dissolved in the 
molten extractant to provide the molten extractant 
with a nickel chloride concentration between about 0.1 
percent and 20 percent or gaseous chlorine to chlori 
dize the chloridizable impurity, to collect the chlori 
dized impurity in the molten extractant, and to produce 
re?ned nickel sulphide; separating the molten extract 
ant containing the chloridized impurity from the re 
?ned bath; and adding at least one metal selected from 
the group consisting of magnesium or magnesium base 
alloys to precipitate the chloridized impurity from the 
molten extractant to regenerate the molten extractant 
for re-use in the chloridizing step. 

7. The process described in claim 6 wherein the mol 
ten extractant containing the chloridized impurity is 
treated with a magnesium base alloy containing at least 
about 6% nickel or copper so that the alloy sinks in the 
molten extractant thereby minimizing oxidation of the 
alloy. 

8. The process described in claim 7 wherein the mag 
nesium base alloy contains between about 6 percent 
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and 30 percent nickel or copper. 

9. The process described in claim 6 wherein at least 
a portion of the magnesium-laden molten extractant is 
electrolytically treated to recover magnesium, to re 
generate the molten extractant and to produce chlorine 
which is recycled to the re?ning operation. 

10. The process described in claim 6 wherein nickel 
chloride is added to the molten extractant to provide 
the extractant with a nickel chloride concentration be 
tween about O.1 percent and 20 percent which is then 
recycled to the chloridizing step. 

11. The process as described in claim 6 wherein the 
regenerated molten extractant is contacted with re 
?ned nickel sulphide and gaseous chlorine is passed 
therethrough to provide the molten extractant with a 
nickel chloride concentration between about 0.1 per 
cent and 20 percent for re-use in the chloridizing step. 

12. The process described in claim 6 wherein the re 
generated molten extractant is recycled directly to the 
bath of impure nickel sulphide and gaseous chlorine is 
passed therethrough to chloridize nickel and the impu 
rity in the bath thereby re?ning the nickel sulphide and 
collecting the chloridized impurity in the molten ex 
tractant. 

* * =l< * * 


