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The present invention relates to the production of high |

purity nickel and elemental sulfur from. nickel matte
and, more particularly, to a process for electrolytically
producing high purity nickel cathodes and elemental sul-
fur from nickel matte anodes.

It is well known that the conventional recovery of .

nickel from sulfide ores usually involves the processing
of nickel matte, as by roasting, to nickel .oxide followed
by high temperature reduction, e. g., at about 2800° F.,
to the impure metal which is then cast into impure nickel
anodes and finally electrolytically refined to nickel of
high purity. These high temperature operations for re-
ducing mickel matte to metallic nickel anodes are cosi-
ly, cumbersome, and time consuming. In addition, metal
values are lost through dust and slags. The sulfur ini-
tially in the nickel matte is exhausted as gas of rela-
tively low value when the matte is sintered to oxide. Al-

though attempts were made to overcome the foregoing -

difficulties and other disadvantages, none, as far as we
are aware, was entirely successful when carried into
practice commercially.

It has now been discovered that high purity nickel
and elemental sulfur can be produced in a special way
through the direct electrolysis of sound nickel matte
anodes.

It is an object of the present invention to provide a
process for electrolytically producing high purity nickei
from sound nickel matte anodes.

Another object of the invention is to provide a process
for. electrolytically producing mnickel and concomitantly
recovering elemental sulfur.

The invention also contemplates providing a process
for ancdically corroding sound nickel matte anodes. to
recover high purity nickel and elemental sulfur,

‘The invention further contemplates providing a process
for electrolytically concentrating the precious metals
found in nickel matte.

A still further object of the inventicn is to provide an
impreved aqueous-electrolyte for use in the anodic cor-
rosion of nickel matte anodes.

It is another object of the invention to provide a
process for preparing improved nickel matte anodes for
use in the process contemplated by the present invention.

Other objects and advantages will become apparent
irom the following descripiion.

Genglrally speaking, the present invention contem-
plates a process for ‘electrolytically recovering nickel
and sulfur from nickel matte (nickel sulfide) comprising
anodically corroding sound, impure nickel matte anodes
in the anode compartment of a divided cell containing
an aqueous sulfate-chloride electrolyte to form an im-
pure nickel-rich anolyie which may contain irdn, arsenic,
lead, copper, cobait, etc., and to form an anode sludge
mainly comprised of elemental sulfur and including
therein substantially all the preciots metals, the selenium
and the tellurium originally in said impure anode. The
impure nickel-rich anolyte is treated to remove substan-
tially all the iron, arsenic, lead.and copper and, if de-
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sired, also the cobalt, thus providing a purified electrolyte
which is then used as the catholyte. Nickel is electro-
deposited in the cathode compartment of the cell from
the catholyte and thereafter the impoverished catholyte
is preferably recycled to the -anode compartment. The
crude elemental sulfur is recovered as anode sludge
which is treated to separate the sulfur from the metal
values, especially the precious metals.

The matte anodes. utilized'in the present invention may
be produced from nickel nmatte, nickel sulfide precipitates,
or other source of nickel sulfide. Sound nickel matte
anodes can be prepared by melting nickel sulfide in a fur-
nace, skimming off any dross or slag formed, and then
pouring the molten matte into molds of suitable size and
configuration. The nickel matte anodes, if allowed to
cool in the air, are brittle and highly stressed and crack
spontaneously. Such cracking can be eliminated for all
practical purposes by slow cooling of the anodes at least
through the temperature range of about 975° F. down
to ‘about 460° F. to 500° F., particularly in the upper
part of this range in which polymorphic transforma-
tions occur. = At temperatures in excess .of about 975° F,
the anodes are strong and will withstand rough handling.
Suitable ancdes have been prepared by a process com-

. prising melting nickel sulfide at about 1706° E., casting

the molten nickel sulfide into open horizontal cast iron
anode mclds, and cooling the thus-formed anodes to a
temperature of between about 1000° F. and 1100° F.
in the mold. The matte anodes were then removed from
the mold and passed through a furnace in which they were
gradually cooled from about 975° F. to about 800° F.
at the rate of about 20° F. per hour, then to about 400°
F. at a rate not exceeding 150° F. per hour and then
air cooled.  Alternatively, the anodes may be cooled at
the foregeing rates in annealing boxes. After cooling,
the matte anodes still are relatively fragile and require
more careful handling than metal anodes to prevent
breakage. To facilitate handling of the anodes. and more
particularly collection of the voluminous sludge which
forms: during anode corrosion, the cooled anode is sus-
pended within a wooden frame. However, it has also
been found satisfactory to place -the anodes in loosely
woven bags of a material resistant to the action of the
anolyte at a pH as low as 1.8.

The nickel matte anodes are comprised largely -of
nickel and sulfur (between about 20% and 32% sulfur),
the sulfur content increasing with increasing copper con-
tent, and may contain, in addition to the copper mén-
tioned, small amounts, e. g., up to about 5%, of such
other materials as iron, arsenic; lead, cobalt, precious
metals, selenides and tellurides. - The nickel sulfide present
in the anode is mainly in the form of NisS,.

Nickel to sulfur ratics approximating that satisfied
by the formula Ni3S,, e. g., matte anodés containing
about 27% sulfur and the balance essentially nickel,
have been found most satisfactory in the present process.
It is believed that the mechanism involved in the anodic
corrosion of the nickel matté anodes in the process con-
templated by the present invention is as follows:

NigS;—6e~>3Nit++1-28 (elemental sulfur)

Experimental evidence on the nickel-sulfur system indi
cates that on solidification a metallic phase separates as
“islands” in a nickel sulfide matrix as the sulfur confent
is decredsed below about 25%, as shown by the increase
in magnetic permeability and by microscopic exarnination.
The metallic phase, of course, increases as the sulfut con-
tent decreases. When a mixture of a nickel sulfide phase
with a substantial amount of a metallic phase is anodically
correded, the metallic phase dissolves selectively. leaving
uncorroded sulfide fragments. When the sulfur content
of the nickel matte anode is about 20% to about 25%
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(about 75% to about 95% nickel sulfide), corrosion of
the sulfide phase is not substantially hindered. However,
as the sulfur content drops below about 20%, selective
dissolution of the metallic phase makes it difficult to cor-
rode the sulfide phase uniformly. As a result, the propor-
tion of the non-corroded sulfide rapidly increases with
decreasing sulfur content.

The nickel matte anodes may contain copper in amounts
up to about 30%, although preferably the copper content
of the matte anodes should not exceed about 20%.
Secondary nickel maite anodes, described hereinafter,
may contain about 30% of copper. In the normal course
of the nickel matte production, nickel and copper ap-
parently occur as NigS; and Cu,S. If sulfur in excess of
that necessary to form Ni;S, and Cu,S is present, it ap-
parently unites with the copper to form what appears to
be CuS rather than Cu,S. It has been found that for
optimum results sufficient sulfur should be present in the
nickel matte anodes so that substantially all the copper

is present as CuS. This is explained by the fact that in 2

the sulfate-chloride electrolytes contemplated, the anode
potential required to corrode Cu,S is less than that re-
quired to corrode NigS,;, while that required to corrode
CusS is of the same order as that required to corrode NigS,.
Thus, when a nickel matte anode containing copper in the
form of Cu,S is anodically corroded, the cuprous sulfide
is selectively dissolved leaving uncorroded nickel sulfide.
The deleterions effect caused by the selective dissolution
of the Cu,S is not apparent until the copper coatent is
at least 5% and is not serious until the copper content
is about 10%. When more than about 5% of copper is
present in the nickel matte anode, the minimum sulfur
content (20% ) of the matte anode should be raised about
1% for each 2% of copper present in excess of 5%.
'Thus, a nickel matte anode containing 20% copper should
contain  at least about 28% of sulfur. Although the
copper sulfides discussed hereinbefore have been referred
to as CuS and Cu,S, respectively, it is not intended to
indicate that these copper sulfide compounds are actually
present but that the proportioning of the elements ap-
proximates that expressed by the aforementioned formulas.

Anode corrosion of sound nickel matte anodes (in

accordance with the invention) is smooth and uniform

and is superior in this respect to cenventional metal
anodes. This factor together with the uniform anode
weight obtainable and the use of the anode frame or bag
to hold the sludge permits almost complete corrosion of
the anodes and requires the return of only about 10% of
the original anode weight as scrap for remelting. This
is in contrast to the usual 20% anode scrap returned when
using conventional metallic nickel anodes. The anode
sludge, which- is largely elemental sulfur, is granular,
porous and clings to the uncorroded portion of the matte
ancde. This enables substantially complete retention of
the sludge within the anode frame. During the courses
of the anodic corrosion, the volume of the original anode
material is approximately doubled, i. e., the anode studge
occupies twice the volume initially occupied by the matte
anode. The wooden frame employed to hold the matte
anode has two substantially parallel faces which are fitted
with acid-resistant cord running vertically over each face
and spaced a number of inches apart, e. g., about 2 inches
apart. The thickness of the frame, i. e., the distance
between the two corded faces, is made twice the anode
thickness to allow for swelling during anode corrosion.
Similar allowance for increase in volume is made if an
anode bag is used instead of the anode frame.

In accordance with the invention, sound nickel matte
anodes are anodically corrodéd in the anode compartment
of a divided cell in an aqueous nickel-containing sulfate-
chloride elecirolyte to produce an impure nickel-rich
anolyte. The impure aqueous anclyte which is produced
has a pH of between about 1.8 and 2.4 and contains
from about 40 to 70 and preferably from about 40 to 60
g. p. L. (grams per liter) of nickel, from about 12 to 30
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g. p. L. of sodium, from about 20 to 55 and preferably
from about 30 to 50 g. p. 1. of chloride radical, from
abont 65 to 115 g. p. 1. of sulfate radical, from about 10
to 25 and preferably from about 15 to 25 g. p. 1. of boric
acid, up to about 0.5 and preferably not more than about
0.1 g p. L. of iron, up to about 3 and preferably not more
than about 2 g. p. 1. of copper, up to about 0.05 g. p. 1.
of arsenic, up to about 0.002 g. p. 1. of lead, up to about
0.25 g. p. 1. of cobalt, and up to about 0.6 g, p. 1. of

o calciam.  The impure anolyte is treated with a basic ma-

terial and preferably a basic nickel material, such as
nickelous hydroxide, nickel carbonate, etc., to raise the
pH to from about 3.7 to 4.3. The impure electrolyte is
then treated to remove substantially all the iron; copper;
arsenic, lead and cobalt to yield a purified aqueous
electrolyte which becomes the catholyte. The electrolyte
purification system is substantially that detailed in U, S.
Patent No. 2,394,874 wherein a process is disclosed for
removing substantially all the iron, copper, arsenic, lead
and cobalt present in the impure nickel-containing anolyte
to yield a substantially pure catholyte from which a nickel -
cathode containing at least 99.88% nickel, up to 0.1%
cobalt, up to 0.01% iron, up to 0.002% arsenic, up to
0.002% lead and up to 0.01% copper is electrodeposited.
The catholyte, i. e., the purified aqueous sulfate-chloride
electrolyte, has a pH between about 4 and 5 and preferably
about 4 and contains not more than about 0.002 g. p. 1. of
iron, not more than about 0.001 g. p. 1. of copper, not
more than about 0.0005 g. p. L. of arsenic, and not more
than about 0.0005 g. p. l. of lead. 'The catholyte may
Thus, it may
contain up to about 0.6 g. p. L. of calcium without affect-
ing the operating characteristics of said process. The
concentrations of nickel, of chloride and of sulfate radical
fall within substantially the same ranges as set forth here-
inbefore for the impure anolyte. The catholyte is elec-
trolyzed at a temperature between 100° F. and 160° F.
and preferably between about 135° F. and 145° F. by
passing an electric current at a current density of between
about 5 to about 25 and preferably between about 10 to
about 15 amperes per square foot through said catholyte
between an anode and a cathode to electrodeposit nickel
cathodes. During electrolysis, a potential between about
2 volts and about 4 volts is maintained between the anode
and cathode.

In practice, only about 25% of the nickel content of the
purified nickel-rich catholyte is removed during the electro-
deposition of nickel in the cathode compartment. The
catholyte depleted in nickel content then flows through
the cathode diaphragm to the anode compartment where
it is replenished in nickel and impurities content before
flowing out of the cell as impure anclyte.

When ancdically corroding nicke] matte anodes in an
aqueous sulfate-chloride electrolyte within the scope of
the invention, the anode current efficiency with respect
to nickel is about 96% while the cathode current efficiency
is about 99.5%. Thus, when the process is operated con-
tintously, a nickel deficiency arises in the electrolyte
which is manifested by an equivalent increase in acid
content, -The operating characteristics of the system are
such that the pH of the anolyte flowing from the electro-
Iytic cells is between about 1.8 and 2.1. Since the increase
in acidity is equivalent to the nickel deficiency, the low
pH as well as the nickel deficiency in the system are cor-
rected simultaneously by the addition of a basic nickel
salt prior to the first step -in the electrolyte purification
treatment, which requires a pH of about 3.7 to about 4.3.

If electrolyte composition is not maintained within the
iimits specified hereinbefore, particularly with respect to
the chloride and sulfate content thereof, the electrolysis
is adversely affected. Utilization of electrolyte composi-
tions outside of the range specified decreases the anode
efficiency. This is of great practical importance since
cost of basic nickel salts is a major factor in determining
the economy of the operation and since even a small de-
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crease. in-the: anode -efficienicy’ with constant-cathode: effi-
ciency. sharply increases: the: quantity:'of .such-basic-salts

to be:added.. For example;-the cost of basic nickel salts-

added: to-an electrolyte not having ‘acompositionin- ac-
cordance with “the invention, operating at an anode
efficiency of 94% and having a pH of about 1.5 was
50%: higher: than ‘the cost of that added'to an electrolyte
operating:at an anode efficiency of 96% -and having a pH
of ‘about 2.1. In addition, life of cathode diaphragms
and tank linings is much shorter at pH:1.5 than at pH 2.1

The differences in the results attained in the process by
varying the chloride and sulfate*contents of a sulfate-
chloride electrolyte are brought out in Table I..

Table 1

No.1|No:2{No.3|No.4|No. 5] No.6

Composition::

gm./liter—
[8) 20 40 | 100 85 30
S0~ 100].- 100 | 100|100 0 80
Nit++_ 50 & 50 50 50 50
H;BO,.. - 20 20 20 20 20 20
Anolyte pH.___ L8118y L9 16 1.5 21
Anode Eff., Percent. | 75 95 95 94 94 96

Anode - Sludge; § content, Per-

cent... ... .. _____ .. 80 96 98 92 94 96
Cell Voltage_________ —eesf 240231 211 200 21| 21
Anode C. D., a.5.1._ R R T R T} 15 15 15 15
Temperatare, ° F*________~""""70 140 | .140-] 140 | 140 | 140 | 140

After a mnickel matte anode has beer completely cor-
roded, there is usually about 10% anode scrap, i. .,
about 10% nickel -matte in the ancde sludge.- The anode
sludge, excluding the ariode scrap. contained therein, con-
tains about 97% elemental’ sulfur; - about: 1.25% nickel,
about 0.3% copper, about 0.2% se¢lenium,’ about 0.02%

tellurium, about 0.01% precious metals, about 0.6% iron, ¢

and about’0.7% sulfide: sulfir.  The sludge can be re-
moved from -the anode frame, dried and treated for the
recovery- of elemental  sulfur’ of commercial purity, ‘the
precious metals; and the base metals

Sulfur purification and recovery may be carried out by
known means, such’ as by distillation. The residue con-
taining the precisiis metals, now concentrated to ‘about
100 times the initial concentration of the preciotis - metals
in the initial matte anode; can be mixed with a precious
metals concentrate produced in-accordance with the teach-
ings of U. S. Patent No: 2,425,760, Sufficient elemental
sulfur in the form of primary- anode shidge’ can then be
added to bring the sulfur content of the mixture to be-
tween about 27% and 30%. “This mixture is then melted
and cast into secondary matte anodes containing between
about 45% and 55% nickel; about 15% to 20% copper,
about 2% to 3% iren; about 27% to 30% sulfur and
about 0.2% to 0.4% precious mietals: The ‘secondary
anodes are heat treated, assembled in the anode frame,
and electroiyzed in a manner and under
stantially the same as those detailed herein for mnickel
matte anodes. The products of thig electrolysis of the
secondary matte anodes are electrolytic nickel” and an
anode’sludge containing about 90% elemental sulfur and
the precious metals. Sulfur is recovered from this sludge
by distillation as from the primary anode slidgs. The
residue containing large-amounts of precious metals; e. g.,
abouit 2000 ounces per ton, together with base metal sul-
fides, selenivm, telluritim, etc., is processed - for the re-
covery of the precious metals. - The precious metals may
be recovered. by roasting the residue between about
800° F. and 1000° F. i6 sulfatz the base metals and to
produce a calcizie. - The calciné is leachsd’ with a weak
sulfuric acid solution to- dissolve the base metals. The
leach residue containing the precious metals is processed
by known means fot the separation of the various noble
metals.

For the purpose of giving those: skilled. in: the  art-a
better understanding of the invention, the following illus-
trative example is given; o

conditions sub- i
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Finely: divided nickel sulfide concentrates coritaining:
about-70%: to:-72% nickel, about 21% to 25% sulfur;
about 2% to- 3% . copper, about 0.5% to 1% cobalt, up-
to: about 1% iron, and small amounts of lead, arsenic,
precious metals, eic., were melted in a furnace at about-
1700° F. - After the matte was completely molten, the
dross and slag. were skimmed off and the matte poured
into open horizontal cast iron molds. - The molds were
provided with two steel anode suspension straps about one
and one-half inches wide by one-quarter inch thick cen-
tered and spaced about 14 inches apart so that when the
nickel sulfide was cast around the straps’ they projected-
about two inches into the body of the anode. Anode
dimensions were about 45 inches by 29%% inches by 1V
inches. After casting; the anodes were. allowed to cool to
between 1000° F. and 1100° F. in the mold, They: were
then removed from the mold and passed through a tun-
nel furnace during which they were gradually cooled to
within the range of about 400° F. to 50G° F: over a.
period of twenty hours. After removal from - the tunnel
furnace, the anodes were air cooled to atmospheric tem-
peratures. The resultant nickel matte anodes were placed’
in wooden frames' having two parallel faces with acid-
resistant cords running vertically over each face and
spaced about 2 inches apart. The distance between : the
two, faces of the frame was about twice the anode thick-
ness, i, e., about 3 inches. The framed matte anode
was placed in the anode compartment of a compart-
mented cell and anodically corroded in an-aqueous. sul-
fate-chloride - electrolyte to vield a nickel-rich impure.
aqueous anolye having a pH of about 1.9 and containing:
about 54 g. p. 1. of nickel, about 28 g. p. L. of sodium,
about 46 g. p. 1. of chloride radical, about 87 g, p. l. of
sulfate radical, about 18 g. p.. L of boric acid, about
0.07 g. p. 1. of iron, about 0.012 8. p. L of lead and
arsenic, about 0.36 g. p. 1. of copper, - and “about . 0,1
g p. L. of cobalt: and ‘to yield an anode sludge: largely
retained in the wooden frame comprising 97% elemental
sulfur, 0.01% precious metals, 2.8% loose uncorroded
sulfides and 0.2% of selenium and tellurium. . The im-
pure nickel-rich anolyte was withdrawn and the pH
raised to-about 4 by the addition of ‘nickel hydroxide.
It was then purified in accordance with the procedure
set forth in U. S. Patent.No. 2,394,874 to yield a puri-
fied nickel-rich catholyte having a pH of about 4 and
containing: about 55 g.. p. 1. of nickel, about 28 g. p. 1.
of sodium; about 46 g p. 1. of chloride radical; about:
87.g: p. L. of sulfate radical; and about 18 2. p: 1. of boric
acid.. ‘The catholyte was electrolyzed in the cathode
compartment of the compartmented cell at a tempera-
ture of abouit 140° F. by passing about 6300 amperes
at an impressed -voltage of 2.5 from the anode to the
cathode to deposit. commercially pure nickel on the
cathode: ' The anode frame was removed from the
electrorefining” tanks” and the sludge sluiced off. The
sludge  slurry ‘was filtered to recover the’ solids which
were dried and treated: for recovery of elemiental suifur
of commercial purity and for recovery of base metals
and precious metals. This was done by distilling the
sulfur off at about 850° F. and casting the liquid sulfur
distillate into molds to produce elemental sulfur of com-
niercial ‘purity. The reésidue containing - the' precious
metals, now concentrated to about 100 timies ‘the ‘initial
anode concentration, was mixed with other precious metal
concentrates’ obtained' from' a smelter and sufficient ele-
menial sulfur was: added to bring the sulfur content
of -the mixture to about 27% to 30%. This mixture
containing about 50% nickel, about 16% copper, about
27% sulfur, and about 0.25% precious metals was then
melted and cast into molds to form secondary nickal
matte anodes which were then electrolyzed in the same
manner as were the- primary nickel matie anodes de-
scribed- hereinbefore “to produce electrolytic 'nickel” and
an-gnode sludge-containing the precious metals:and aboug
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90% elemental sulfur. The sulfur was recovered by dis-
tillation to leave an enmriched residue containing about
2000 ounces per ton of precious metals and also con-
taining base metal sulfides, selenium and tellurinm.  This
residue was roasted at about 1000° F. and then leached
with water containing about 1% sulfuric acid to -dissolve
the base metals. The leach residue, containing about
50% precious metals, was then treated to separate the
various precious metals, viz, gold, silver, platinum, palla-
dium, rhodium, iridium and ruthenium.

The present invention is particularly applicable to ihe
treatment of nickel matte produced in accordance ‘with
the procedure detailed in U. S. Patent No. 2,419,973,
said nickel matte being largely composed of nickel
sulfide and including copper sulfide, precious metals,
selenium,  tellurium,” ete. It is apparent that, in addi-
tion to the specific application of ‘the present invention
herein enumerated, the invention is broadly applicable
to the electrolytic recovery of nickel of high purity and
elemental sulfur from nickel sulfides.

It is to be observed that the present invention provides
for eléctrolyzing nickel matte anodes in a special electro-
Iyte to vield not only high-purity electronickel but also
elemental sulfur and precious metals. '

Furthermore, the invention provides a process for
electrolytically recovering and concentrating precious
metals directly from nickel matte without need for an
elaborate prior treatment.

Moreover, the invention provides a process for pro-
ducing electronickel, elemental sulfur and precious met-
als in which specially prepared nickel matte anodes are
employed.

Although the present invention has been described in
conjunction with preferred embodiments, it is to be
understood that modifications and various may be re-

sorted to without departing from the spirit and scope -

of the invention, as those skilled in the art will readily
understand. Such modifications and variations are consid-
ered to be within the purview and scope of the invention
and appended claims.

We claim:

1. A method for producing electrolytic nickel which
comprises in combination the steps of amodically cor-

roding by direct electrolytic action at high anode effi- -

ciency in the anode compartment of a divided cell a uni-
tary and conductive ancde of nickel matte characterized in
having a -sulfur content of about 20% to about 32%
by passing a current through said anode of nickel matte
while it is in contact with an aqueous sulfate-chloride
‘anolyte containing from about 65 to about 115 grams
per liter of sulfate radical and from about 20 to about
55 grams per liter of chloride radical and maintaining
the pH of said anolyte at a pH of about 1.8 to about
2.1, to thereby produce an: impure nickel-rich anolyte
and an anode sludge comprised mainly of elemental sul-
fur; removing said impure anolyte from said anode com-
partment; purifying said impure anolyte; introducing said
purified anolyte intc the cathode compartment of a di-
vided cell to thereby provide a catholyte; and electrode-
positing nickel from said catholyte onte a cathode in said
cathode compartment.

2. .A method for producing electrolytic nickel which
comprises in combination the steps of anodically corrod-
ing by direct electrolytic action at high anode efficiency
in the anode compartment of a divided cell a unitary and
conductive anode of nickel matte characterized in having
a sulfur content of at least about 20% by passing a cur-
rent through said anode of nickel matte while it is in
contact with an aqueous sulfate-chloride anolyte con-
taining about 65 to 115 grams per liter of sulfate radical
and about 20 to 55 grams per liter of chloride radical
and maintaining the pH of said anolyte at a pH of about
1.8 to about 2.4 to thereby produce an impure nickel-

rich anolyté_and an anode sludge comprised mainly of ele-:
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mental sulfur; removing said impure anolyte from said
anode compartment; purifying said impure anolyte; in-
troducing ‘said purified ‘anolyte into the cathode com-
pariment of .a divided  cell to thereby provide -the
catholyte; and electrodepositing mickel from said cath-
slyte onto a cathode in said cathode compartment.

3.” A method for producing electrolytic.nickel which
comprises in combination the steps of anodically cor-

roding: by direct electrolytic action at high anode effi--

ciency a unitary and conductive anode of nickel  matte
characterized in having a sulfur content of at least about
20% by passing a current through said anode of nickel
matte while it is in contact with an aqueous sulfate-
chloride anolyte and maintaining the pH of said anolyte
at a pH of about 1.8 to about 2.4 to thereby produce an
impure nickel-rich anolyte and an anode sludge comprised
mainly of elemental sulfur; remoxing and purifying said

impure anolyte to thereby provide a catholyte; and

electrodepositing mickel ‘from said catholyte” onto 2
cathode. : :

4, A method for producing electrolytic nickel which
comprises the steps of anodically corroding by " direct

clectrolytic action at high anode efficiency in the anode -
compartment of a divided cell a unitary and conductive

anode of nickel matte comprised mainly of nickel sul-

fide and up to about 30% copper and characterized in
having a weight percent sulfur content of not less than ™
20 plus half the weight percent copper content of the

matte in excess of 5 by passing current through said

anode of nickel matte while it is in contact with an-

aqueous sulfate-chloride anolyte and maintaining the pH -
of said anolyte at a pH of about 1.8 to about 2.4 to-
thereby produce an impure nickel-rich anolyte and an -

anode sludge comprised mainly of elemental sulfur; re-

moving said impure anolyte from said anode compart--

ment; purifying said impure anolyte; introducing said
purified anolyte into the cathode compartment of a

divided cell to thereby provide a catholyte and electro--

depositing nickel from said catholyte onto a cathode in
said cathode compartment. -
5. A method for producing electrolytic nickel

which -

comprises  the steps of anodically corroding by direct -

electrolytic action at high anode efficiency in the anode

compartment of a divided cell a unitary and conductive -

anode of mickel matte comprised mainly of nickel sul-

fide and up to about 20% copper and characterized in -

having a weight percent sulfur content of not less than
20 plus half the weight percent copper content of the
matte in excess of 5 by passing a current through said
anode of nickel matte while it is in contact with an
aqueous sulfate chloride anolyte containing about 65 to

about 115 grams per liter of sulfate radical and about-

20 to 55 grams per liter of chloride radical and main-

taining the pH of said anclyte at a pH of about 1.8 to-

about 2.1 to thereby produce an impure nickel-rich
anolyte and an anode sludge comprised mainly of ele-
mental sulfur; removing said impure anolyte from said
anode compartment; purifying said impure anolyte; in-
troducing said purified anolyte into the cathode compart-
ment of a divided cell to thereby provide a catholyte and

i

electrodepositing nickel from said catholyte onto a-

cathode in said cathode compartment.
6. A method for producing sulfur which comprises

anodically corroding by direct electrolytic action at high

anode efficiency a unitary and conductive anode of nickel

matte comprised mainly of nickel sulfide and vp to about

30% copper and characterized in having a weight per-

cent sulfur content of not less than 20 plus half the weight
percent -copper content of the matte in excess of 5 by -
passing a current through said anode of nickel: matte
while it is in contact with an aqueous sulfate-chloride -
anolyte and maintaining the pH of said anolyte. at a-

pH of about 1.8 to about 2.4 to thereby produce an anode
sludge comprised mainly of elemental sulfur. -~ :

7. A method as in claim 6 in which :said aqueous.
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sulfate-chloride anolyte contains from about 65 to about
115 grams per liter of sulfate radical and about 20 to
about 55 grams per liter of chloride radical.

8. A method for producing sulfur which comprises
anodically corroding by direct electrolytic ‘action a uni-
tary and conductive anode of nickel matte character-
ized in having a sulfur content of at least about 20%
by passing a .current through said anode of nickel matte
while it is in contact with an aqueous: sulfate-chloride
anolyte and maintaining the pH of said anolyte at a pH
¢f 1.8 to about 2.4 to thereby provide a sludge com-
prised mainly of elemental sulfur and containing at least
one element uelected from the group consisting of selen-
ium, tellurium and precious metals, and subjecting the

sludge to further ireatment to separate elemental sulfur

by distillation.

9. A method as in claim 8 wherein the sludge sub-
jected to distillation is comprised mainly of elemental
sulfur and contains selenium.

10. A method as in claim 8 wherein the anolyte con-
tains from about 65 to about 115 grams per liter of

10

20

: 10
sulfate radical and from about 20 to about 55 grams per
liter of chloride radical.
11. A method as in claim 10 wherein.the sludge sub-
jected to distillation contains a small amount of selenium
and-the balance is mainly elemental sulfuor.
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