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UNITED STATES PATENT OFFICE.

"HORACE L. WELLS, OF NEW HAVEN, CONNECTICUT.

METHOD OF SEPARATING COPPER, NICKEL, AND OTHER METALS FROM COPPER-NICKEL

- MATTE.

940,292.
No Drawing.

To all whom 1t may concern: *

Be it known that I, Horace L. WELLS, a
citizen of the United States,residing at New
Haven, in the county of New Haven and
State of Connecticut, have invented a new
and useful Improved Method of Separating
Copper and Nickel and other Metals from
Copper-Nickel Matte; and I do hereby de-
clare the following to be a full, clear, and
exact description of the same.

My invention relates to an 1mproved
method for extracting and separating nickel

and copper from a matte consisting largely

of nickel and copper sulfids and com-
monly known as “rich copper-nickel matte ”.
This matte i1s the well known product re-
sulting from refining crude copper-nickel
matte 1n a Bessemer converter, or otherwise,
until the iron sulfid of the crude matte has
been nearly all removed. The matte usually
contains in the neighborhood of eighty per
cent. of copper, nickel and cobalt, taken to-
gether, and it may also contain small quan-

tities .of iron, gold, silver as well as metals

of the platinum group. To be satisfactorily
applicable to my process, the matte should
contain at least about thirty per cent. of
nickel and cobalt together and not more
than about fifty per cent. of copper; since
when the matte contains too great a propor-
tion of copper sulfid, the same by its mass
to some extent protects the nickel and other
soluble sulfids from the action of hydro-
chloric acid. -

The object of my present invention 1is to
provide a simple, effective, rapid and com-
paratively inexpensive method for directly
extracting and separating the nickel and the
copper present in.such mattes as above
specified. By directly extracting and sepa-

rating, I mean without roasting, or without

- further smelting, or without first reducing
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to metallic form. I should here explain that
the method forming the subject of my pres-
ent invention does not aim to separate from
the nickel, any cobalt or iron in the matte,
nor does it aim to separate from the copper,

any gold, silver or metals of the platinum

oroup 1n the matte. These other metals
may afterward be separated,1f desired, from
the nickel and copper in any of the usual

ways.

With these ends in view my invention

consists in subjecting a -matte containing { converted or free hydrochloric acid and the

| nickel and coppef sulfids to the action of a

heated hydrochloric acid solution.

- My 1invention further consists in treating
fresh matte and any of its derived solid
residues which are not exhausted of their
nickel with fresh hydrochloric acid and any
of 1ts derived liquids which are not ex-
hausted of their free acid in a progressive
manner untl! exhausted or substantially ex-
hausted solid residues and liguids are ob-
tained.

My inveniion further consists in certain
other detuaiis as will be hereinafter described
and pointed ouf in the claims.

in practicing my improved method, I pul-
verize the matte, and agitate 1t with heated
hydrochloric acid solutions. A fine pulveri-
zatlon of the matte greatly promotes the ac-
tion of the acid. A pulverization repre-
senting a sieve of at least eighty meshes to
the linear mch secures good results. I pre-

fer to use a solution containing as a maxi-

‘Specification of Letters Patent. Patented Nov. 16, 1909.
Application filed February 19, 19C9. Serial No. 478,878.
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mum not more than about twenty to twenty- |

five per cent. of actual hydrochloric acid
since when acld solutions stronger than this
are heated the acid may pass off and be
wasted. Care must be taken not to actu-

takes place.too much copper dissolves with,
or 1n place of, the nickel. It is possible by
using a very large excess of acid to dissolve
substantially all of the nickel out of the
matte in a single operation. It is also pos-
sible by using a very large excess of matte

to change substantially all the hydrochloric

acid i1n a solution into nickel chlorid in a
single operation. It 1s more convenient and

expeditious, however, to apply the acid to

the matte and its resulting residues in two or
more separate portions, and also to apply

the matte to the acid and its resulting solu-.

tions 1n two or more separate portions. By
agitating a matte containing in the neighbor-
hood of forty per cent. each of nickel and
copper, with the amount of hydrochloric
acld solution required by calculation to con-

vert the nickel into nickel chlorid and heated
a large portion of the

to about 180° F.,
nickel contained in the matte will be re-
moved in two or three hours. At the expi-
ration of this time the heated hydrochloric

acid solution has been converted into a

nickeliferous solution containing some un-
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‘ally boil the solutions, since when boiling
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matte into a cupriferous residue containing | determines its rapidity of action, it folloWS
that the most advantageous results can be
secured by simultaneously treating two or

some nickel. For the conversion of all or
substantially all of the hydrochloric acid
into nickel chlorid, I propose to treat the

‘nickeliferous solution so derived with matte,
‘either fresh or its solid derivatives until all,
- or substantially

all of the free acid in the
initial solution hasbeen converted into nickel
chlorid. Furthermore, for the extraction of
all, or substantially all of the nickel from
the cupriferous solid residue so derived, 1
propose to treat the same with heated hydro-
chloric acid solution either fresh or its liquid

~derivatives until all of the nickel in the ini-

tial charge of matte has been extracted.

The solid and liquid derivatives just above
referred to are intermediate products ob-

tained 1n the progress of my improved proc-
ess and consist on the one hand of matte
from which the nickel has been partially ex-
tracted, and on the other hand liquid which
has been partially exhausted of its free acid.
The progressive treatment of the nickelifer-
ous solution with matte and 1its solid deriv-
atives and the progressive treatment of the

cupriferous residue with hydrochloric acid

solution or its liquid derivatives may be con-
ducted 1n a variety of ways. The number
of treatments will depend upon ecircum-
stances, such as the length of time of each
treatment, the temperature and the compo-
sition of the original matte. The liquid so-
lution will, of course, grow weaker and
weaker 1n free acid, while on the other hand
the solid residue will be more and more de-
pleted of nickel, and the extent to which the

treatment of the liquid and the residue will ;

be carried on will be determined by consid-
erations of economy, as obviously there may
be a point beyond which it will not pay to

. convert the last trace of free acid into nickel
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chlorid and to extract the last trace of nickel
from the residue. The described treatment
of the nickeliferous solution with matte and
of the cupriferous residue with acid solution

. are reciprocal operations in which nearly ex-
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hausted acid solution can be advantageously

treated with fresh matte or a residual matte

still rich 1n nickel, while on the other hand,
cupriferous residue nearly depleted of its
nickel may be advantageously treated with

fresh acid solution or acid solution still con-

taining considerable free acid. From this it
follows that each charge of matte 1s sub-
jected as fresh matte and 1ts derivatives in
the form of solid residue, to a cycle of treat-

ments with acid solution, and its liquid de-

rivatives, and that each given quantity of

fresh acid 1s subjected as fresh acid and its
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derivatives in the form of nickeliferous so-
lution, to a reciprocal cycle of treatments
with matte or its solid derivatives. -

As the strength of the solution in free
acid determines its rapidity of action, and
as the richness of the solid residue in nickel

L

more charges consisting of matte-and 1its .
progressively exhausted derivatives with two
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or more given amounts of hydrochloric acid
solution and 1its progressively exhausted liqg- =~

uid derivatives.

In other words, several

charges of matte in their progress of ex-

haustion may be advantageously treated si-

5

multaneously with several acid solutions in
their progress of exhaustion. Kxcellent re-
sults will be obtained by using acid and =
matte according to its strength in free acid

on the one hand, and according to its deple- gg

tion of nickel on the other hand, the em-
ployment of the acid being in one direction
and of the residue in the other direction, in -
so far as the weaker the acid the richer the

matte placed with it for treatment, and the

'_35_ -

richer the matte 1in nickel the weaker the
actd placed with 1t for treatment. The
number of steps in each cycle and the corre--
lation of concurrent cycles by borrowing, so

to speak, acid from one to use on the residue

| 90
of another, and vice versa, 1s obviously ca-

pable of great variations and will be chieﬂyg_;_”'_
determined according to economy of time

and labor. The progressive feature of my
improved process may be summarized by

the statement that the matte 1s treated suc-
cessively by three or more solutions, the first ==
of which it finishes, and the last of whichis =
fresh acid which finishes 1t; while at the

same time the liquid starting as fresh acid,

acid, 100
acts upon three or more solids in the other

direction meeting the fresh matte at the last

step and being finished by it.

_ I have found :
‘that the process may be advantageously

carried on by the use of three vessels, but do .105 N

not limit myself to any number or arrange- -~
ment of vessels. I will explain further that
since 1t 1s more convenient to remove a lig-
uld than a solid from one vessel to another,

I prefer to bring about the successive action

of the partially exhausted liquids upon the
appropriate solids and vice versa, by pour-
ing the liquids from one vessel to another, -

and thus decanting
upon which they have-previously acted. I

them from the solids

will state also that I prefer to leave behind
In these decantations the small portion of

liquid which adheres to the solid residue and

wets it and that I prefer to permit any small

amount of solid matter that may be in sus-

120
pension in the decanted liquids to pass with -

them from one vessel to another, except in.
the cases of the fimished solid residue and .~
the finished liquad. The finished solid resi-

due I propose to wash with water, the re-

sulting washings being saved for absorbing
hydrochloric acid gas 1n another part of the

process, or for diluting strong hydrochloric =~

acid solution. The finished solution I pro- - i

pose to clarify, either by settling and decan-
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tation from thé;, .sediment, or by filtration or

by both.
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In practlc:ing my improved process, I pre-

fer to use equal charges of matte and of
acid carefully calculated according to the

amount of acid necessary to react with the

nickel, cobalt and iron in the matte, and
vary these charges only as it may be desired
to equalize, for convenience, the length of
time required to finish the two end prod-
ucts. For instance, if it i1s found that the
extraction of the nickel from the final
cupriierous solid residue is requiring more
time than the neutralization of the nickel-
iferous final solution, I shall use temporarily
a proportionately larger amount of acid; if,
on the other hand, the neutralization of the
nickeliferous final solution is requiring more
time than the extraction of the last nickel
frcm the final cupriferous solid residue, I
shall use temporarily a proportionately
larger amount of fresh matte. I may add
that the described nickeliferous solutions

particularly when strongly acid, contain a

considerable amount of copper the greater
part of which 1s precipitated as copper sul-
fid and thus removed from the solutions
when the same are heated and agitated with
matte or its derivatives rich in nickel sulfid
presumably on acccunt of the abundant pro-

“duction of hydrogen sulfid which acts upon

the copper in the solutions and precipisates

1t as copper sulfid. Most of the copper con-

tained i1n the more acid solutions is there-

fore removed when these solutions have been

exhausted of substantially all of their hy-
drochloric acid. The finished solution as

far as treatment with matte is concerned, 1s

a nearly neutral nickel chlorid solution con-

taining, besides a possible small amount of

copper chlorid, any iron and ccbalt, also as

 chlorids, that the matte may have con-

tained. Any last trace of copper may be
removed from the finished solution prefer-
ably after cooling it, by agitating i1t with
oas given off abundantly in.the 1nitial treat-

ment of fresh or nearly fresh matte with a

strongly acid solution; or any last trace of
copper may be removed from the solution

by the use of hydrogen sulfid made 1in some

other way. Whatever the details may be,
1 secure as the result of my improved method

of treatment. a nickel chlorid solution on-
the one hand in which there 1s no free acid

or practically none, and on the other hand,

- a cupriferotis: residue in which there is no
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nickel or practically none. The solution
contains an amount of nickel practically
correspoending to the amount of nickel 1n an
original charge of matte of given quantity,

~is practically free from copper, nearly free
- from hydrochloric acid, and contains also

65

~any iron and cobalt that may have been

present in the matte. This solution is emi-

tallic nickel by the usual methods, (for in-

stance, by electrolysis,) after its purifica-
tion from iron, and the separation of the

cobalt by the customary methods if these

steps are desired. The solid residue con-

sists chiefly of copper sulfid, and contains

practically all of the copper in the initial

70

charge of matte as well as any gold, silver

-and metals of the platinum group that may
have been present therein, but it contains

practically no nickel. This solid residue is
very suitable for the production of metallic
copper and the recovery of the precious

‘metals by the usual methods.

In order to make my method more eco-
nomical, I have .devised means for recover-
ing the chlorin of the nickel chlorid solution
in the form of hydrochloric acid which may

and at the same time converting the nickel

79
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be used again for the treatment of matte,

into commercial products, nickel chlorid be-

'Ing a salt not extensively used in the arts.
First method : When the nickel chlorid so-

lution 1s evaporated to dryness and the re-
sidual solid nickel chlorid i1s heated to a
temperature approaching low redness in an
atmosphere containing hydrogen, for ex-
ample 1n water-gas which consists chiefly of
hydrogen and carbon monoxid, the nickel
chlorid 1s changed to metallic nickel which
1s left in a pulverulent condition, while
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hydrochloric acid goes off and may be ab-
sorbed by water in the customary manner to

make the aqueous solution commonly called
hydrochloric acid. In case calcium chlorid
or sodium chlorid, or both, or other salts of

similar behavior, have been introduced into

the nickel chlorid solution in freeing it from
iron, or the separation of its cobalt, these
salts will remain unchanged, mixed with the
metallic nickel powder, and they can be re-
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moved therefrom by simple treatment with
water, which dissolves them. In case that .

the iron and cobalt have not been removed
from the nickel chlorid solution, they will
be contained in the metallic nickel.

116

Second method : Another method of recov-

‘ering the hydrochloric acid from the nickel
chlorid solution for use again in the treat-

mient of matte, consists in adding to the so-

Jution sulfuric acid and ammonium: sulfate

'1n amounts calculated to correspond to the
amount of nickel present in the nickel

chlorid solution. The mixture is allowed to
stand for a short time and to become cool if
necessary. The greater part of the nickel

‘will be precipitated in the form of nickel-
‘ammonium sulfate, a salt much used in the

process of electro- plating nickeled goods.
The solution separated from this precipitate
contains hydrochloric acid corresponding in
amount to the nickel chlorid that has been
changed to sulfate, together with the con-
stituents of a small amount of ammonium-

nently suitable for the preparation of me- | nickel sulfate remaining dissolved in (he
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hqumd. This amd hqu1d can then be used

for the treatment of matte according to the
method already described. The small
amounts of sulfates present in this liquid do
not interfere with this process, as they pass

The two methods above described of re-
covering the hydrochloric acid, will form the
subject of separate apphcatlons

1 clam — -

1. The herein described method of sepa-

ratinge nickel and copper from a rich matte
(Jontfunmn their sulfids, the said method con-
sisting 1n puh eriZIng the matte and agitat-
g it “with hydr ochloric acid solution heated-
below the boiling point and containing not

more than 25% of actual hydrochloric acid,

‘the solution resulting containing the 111ckel'
and the solid residue 19:-:111“110‘ contammg

the copper.
9. The herein described method of sepa-
rating nickel and copper from a matte con-

-tammn their sulfids cons:sting in treating

fresh matte and any of its derived solid
residues which 'are not exhausted of their
nickel with fresh hydrochloric acid and any
of 1its derived liquids which are not ex-

hausted of their free acid, in a progressive

manner until exhausted or substantlally eX-
hausted solid residues and liquids are ob-
tained. - -
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8. The herein described method of Sepa-:}ifi“_"’
rating nickel and copper from a matte con-

tammg their sulfids, the said method consist-

39

ing in pulverizing the matte and treating 1t

with heated hydrochloric acid solution, and '_

through 1t unchanged rmd may ultlln‘l,tely be ~then pr 001essne1} treating the resulting SO- o

_Jetoxeled

solid derivatives, and the resulting'sohd resi-

' Iution and its derivatives Wlth matte and its
40

due and its derivatives with hydrochlomc L
acid solution and its acid liguid derivatives. -

4. The herein described method of sepa-'.f'f-f:_
rating nickel and copper from a matte con- -
taining their sulfids, the said method con-

alstmg in pulverizing the matte and treating
it with heated hydmchlonc acid ‘solution,

and then progressively treating the resultmﬁ L

nickeliferous solution and the 1esult1ng soli

until substantially

cupriterous residue respectively with matteftﬁ_o |
and 1its solid derivatives and hydrochloric = -
acid solution and its acid liquid derivatives =~

all of the hydrochloric -

acid in the initial solution has been changed =

to nickel chlorid and until substantially all

- Witnesses:
Crara L. WEED, .
. (Grorcr DUbpLEY SEYMOUR.

09 .
| of the nickel 1n the initial charge of matte"_f';_'.- .
' has been removed. :
- In testimony whereof, I have swned thls,__';'- |
“specification in the plesmce of two subscrlb '

. HORACE L. WELLS.
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