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To all whom 16 nialy conceriv:

- Be it known that we, WILLIAM
RumBoLb and GeorcE PATcHIN, subjects ot
the King of Great Britain, residing at lLon-
don, England, have invented a certain new
and useful Process for the Treatment of Com-
plex Sulfid Ores After Oxidation and Natu-

the following is a specification.
This invention refers to an improved proc-

" ess for-the extraction of zine and othier metals

from complex oxidized ores containing zinc,

resulting i the dissolving of the oxids, sul-

fates, and carbonates of zinc, nickel, cobalt,

manganese, copper, and cadmium from the
complex ores containing these metals, an es-

sential feature of the process being the treat-
ment of the aforesaid oxidized ores, which

_have been ¢rushed to a requisite degree of
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fineness, with a solution consisting of ferric

 sulfate, sulfuric acid, and sodium:chlorid m

water in certain proportions and as herein-

after described and claimed. Heretofore va-

rious solvents have been employed for: dis-
solving the metallic substances in such-com-
plex ores. .Thus it has been proposed to

crush the ore to be treated, which ore may or
may not bé in-an oxidized condition, ‘and.

~ then to mix the powdered ore with ferric

30

- proposed to subject copper sulfid and oxid to
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salts—generally acid ferric salts—and to
treat the mixture electrolytically to produce
a solution of metals. It has further been

the action of a solvent containing ferric sul-

fate, produced electrolytically by the oxida-

tion of ferrous sulfate, by which copper sul-
fate, ferrous sulfate, and free sulfur are ob-
tained, and also to dissolve zinc sulfid 1n a
similar manner with an analogous production
of zine sulfate, ferrous sulfate, and free sul-
fur, the copper and zinc sulfates thus ob-

- tained being dissolved in the solution of fer-

45

rous sulfate produced by the reaction. 1t

has also heretofore béeen proposed to leach

partially or completely oxidized zinc ores

first with a solution of ferrous sulfate and
afterward with a solution containing a mix-
ture of ferric and ferrous sulfates and to re-

. move the zinc from the solution obtained in

this way by electrolysis and then to eonvert

the ferrous sulfate into ferric sulfate, and,

further, to reduce a portion of this ferric sul-
~ fate thus produced .to ferrous suliate by

been proposed to leach roasted zinc ores with

Patented Oct. 2,1906.

- ' means of sulfurous anhydrid. It has further
GEORGE
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a solution of zinc sulfate and ferric sulfate

and from the solution thus obtained to re-

cover zinc by electrolysis, producing ferrous

sulfate, which by further electrolysis 1s con-
verted into ferric sulfate. -
Now according to the present invention 1t
is essential that the ore must be 1n a com-
pletely-oxidized condition before treatment,

and therefore where the ores are not natu-

rally oxidized they are subjected to an OXl-

dizing roasting until the sulfur is removed as

ally previous to roasting, where such is nec-
essary) to the, requisite ‘degree of fineness to
pass a screen having, say, forty meshes to the
inch. The crushed and oxidized product is
then treated with a solution consisting of Ter-
ric sulfate, sulfuric acid, and sodium chlorid

in water in the proportions hereinafter more

particularly stated, whereby all the sulfuxic-
acid radicals in the solvent are used 1A dis-
solving zinc compounds or other -rretallic
compounds from the ore without the produc-

6o

far as possible. The ore is crushed (gener- .
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tion of ferrous compounds, and a neutral so- -

lution is obtained which is entirely free from
salts of iron, and this without the employ-
ment of electrolytic action. The results,

‘therefore, attained by this invention are the

production of a pure and white:zinc oxid
suitable for paint and other commercial and

oxidized ores containing zinc and the recov-
ery also.as by-products of any copper, man-

| ganese, nickel, or cobalt there may be in such

ores. -Moreover, by the removal of the cop-
per, manganese, nickel, cobalt, zine, and other
refractory substances it is possible to recover
any gold and silver there may be In the ores

80

“metallurgical uses from complex sulfid and

go

treated by this process, this recovery being

effected from the ore residues by any of the
~ordinary methods adopted for the recovery

of these metals. -

The approximate proportions composing

the solution employed according to this in-

vention, consisting, as aforesaid, of ferric sul-
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fate, sulfuric acid, sodium chlorid, and water,
consist of about one per cent. of ferric sultate,

ten parts, by velume, of commercial sulfuric

acid, (or sufficien$.chamber acid to equal this .

strength,) and a small ({)roportioﬁ of sodium
chlorid, the latter ingredient varying in quan-

L1Of
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tity according to the composition of the ore |

to be treated, but in no case being sufficient
to dissolve the silver chlorid which may have
been formed. These ingredients are dis-
solved in one hundred parts of water. These
proportions are selected with a view to the
employment of a relatively small proportion
only of ferric sulfate, (which is the main ob-

ject of the invention,) and this small propor-

tion, when mixed, as stated, with a compara-
tively large proportion,of sulfuric.acid, as we

‘do by our invention, is continuously decom-

posed and regenerated until all the free acid

has become neutralized, so that a small pro-

portion of ferrie sulfate is capable of reacting
theoretically for an indefinite period, where-
by the object of this invention is attained.

The solution, as before described, acts as a
solvent upon the crushed oxidized ore, and

by this solvent the oxids, sulfates, and car-
bonates of copper, manganese, nickel, cobalt,
and zine, with other substances, are dissolved
and ferric sulfate decomposed. So long as
free sulfuric acid remains in the solution the
ferric sulfate thus decomposed is regenerated
and again becomes available for solvent pur-
poses; but when the solvent becomes satu-

rated with dissolved matter from the ore and

free from uncembined sulfurie acid the iron
15 precipitated from the solution chiefly in the
form of ferric hydrate, and thé solution is

then ready to be filtered. The addition of

sodium chlorid to the solvent has been found

to have a beneficial effect in making the ex-

traction of the metallic compounds from the
ore more complete, especially when the com-
pounds of copper are found in the ore. The
sodiam chlorid, in the presence of sulfuric

actd, is converted into sodium sulfate {(which

13 of no value in the process) and hydrochlo-
ric acid. The hydrochloric acid so formed

acts upon such portions of the metallic com-~

pounds as are not readily dissolved by sul-
furic acid and ferric-sulfate solution, result-
ing in the formation of metallic chlorids,
which are decomposed by the free sulfuric

“acid to form soluble sulfates, thus regenerat-

ing the hydrochloric acid. It will thus be

seen that the beneficial effect of hydrochloric’

acid 1s under these conditions obtained by
the employment of a small proportion only of
sodium chlorid, which is o1ly a convenient
and economical method of introducing the
hydrochloric acid radical. The sodium chlo-
rid also serves the further purpose of convert-
ing any silver sulfate which passes into solu-
tion 1nto insoluble silver chlorid, which re-
mains with the ore residues, from which it is
subsequently recovered by any of the known
methods. The solvent claimed, therefore, is
not sulfuric acid, ferric sulfate, and sodium
chlorid separately, but the combined and si-

“multaneous action of the three.

The reactions which take place between
the solvent and the metallic compounds in

832,341

the ore are as follbwvé, which also include

.. ) ‘ .. .
some of the .secondary reactions described
above: ' | -

{. 3Zn0+FelSO)+8H0=
L | | S 3ZDSO¢+F€2(OH)G.
2. 8Cu0+FexSOs)s+3H.0=

| ‘ 3CuSN0+ FE’E(OH)G‘.

Fex(OH)s+3H:S0,=Fex(SO1)s+6H:O.
. 2NaCl+H:50:=Na:SO.+-2HCL. '
- CuO++2HCI=CuCL+IL0.
. CuCly+HeS0s=CuS044-2HCIL.

37n0ZnS0.4-6HCl = |
Zn S0+ 3ZnCl+ 3 H-Q.

In carrying on the process the solution is
passed over successive lots of ore until it be-
comes saturated with dissolved matter, the
partially - saturated solution thus coming
onto partly-spent ore, and having been so
treated the saturated solution is then in the
condition in-which the extraction-of the
metal 1t contains is proceeded with, as will be

N o oo w

hereinafter described. Before proceeding
further in the description we would point out

that some variation in the solution may be
made In certain circumstances—that is, for

-instance, where sulfuric acid is not conven-

lently obtainable the oxidized or ‘roasted
ores may be treated with a solvent consisting
of sulfurous acid, sodium chlorid; and water—

and this solution is then passed over ore

which contains ferric oxid, which it takes up,
although it should be understood that with

-this alternative solution if the ore contains &

little or no iron then ferric oxid should be
added to the solution. The sulfurous acid
contained in this what we have termed “al-
ternative’’ solution may, as is.well known,
be obtained by absorbing in water the sulfur
dioxid contained in the furnace-gasesfromthe
roasting of sulfid ores and which canbe effected
by allowing these gases to meet a stream of
water flowing down an  absorption-tower
packed with coke or other suitable material,

‘although this mode of obtaining sulfurous

acid does not form part of this invention. To
the solution thus obtained is added the reg-
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uisite quantity -of sodium chlorid, and it 1s

‘then passed over the ore, as previously ex-

plained, until all free sulfurous acid has been
removed te form metallic sulfites. The solu-

tion 1s then permitted to again absorb a fur-

ther quantity of sulfur dioxid and again is

| passed over ore, and these operations are re-
peated until the selution is saturated with
dissolved matter from the ore. - This satu--

125

rated solution is then oxidized by the action
of the atmosphere, or steam or air, or both,
are blown through 1t in order to oxidize the
metallic sulfites to sulfates. Further, with
our new. solvent, whether prepared by the

| mixture of ferric sulfate, sulfurie acid, sodium

120 -
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chlorid, end vrater, or whetherit has been pre-

pared with sulfurous acid and water, with an

- added quantity of sodium chlorid and the fer-

vic oxid obtained from ore containing ferric

oxid, or.separately added, and then theresult-

ant product oxidized, the subsequent treat-
ment which we shall now describe 1s always
the same. i . D

 The saturated solution is first treated with

zine-dust or metallic zine in some other form.

by which copper, arsenic, antimony, lead,

bismuth, cadmium, and tin are precipitated.
CubOutZn= ZoSO—+Co
CdSOu+Zn="ZnS0s+Cd,  &c.

- The solution 1s filtered froin the above pre-
cipitated matters and treated with an oxidiz-

ing agent to oxidize and precipitate the man-

ognese as hydrate. For this purpose we
have found the alkaline permanganates, such
as potassium and sodium permanganates,
most suitable, and when’ these are employed
the manganese in sclution, together with that

in the permanganate, is precipitated as man-

canese dioxid or in the form of a hydrate, as
represented in the following equation:

 3MnSO+KeMnOs+ T0He= -

30
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SMnQU Mn20750H2—|—QIQHS(}@‘FHESOL
The nickel and cobalt are precipitated as

the hydrated oxids from the solution by the.

proper addition of bleaching-powder or some
of the other recognized precipitants tor these
substances. '

ONISO,+Ca(Cl0):+2Ca(CH )+ HO=

| | C:?LCIE—!—QC&SOH—sz(OI‘I)ﬁ

21080 Ca(Cl0)4+-2Ca{CH L+ HO= =
| U%Clz—l—QC&SOfFGOﬂ(OH)ﬁ.

The solution is finally treated with just suf-
ficient ammonium hydrate to decompose the

zine salts in solution and hydrate oxid of zine-

is precipitated. o
£m %ng“ ONH.OH — ZD(OH)E"’— (NI‘I4)3804
ZnChL+2NHOH = Zn(OH-F2(NHyCL
The hydrated oxid of zinc is separated by

filtration, washed, dried,, ground, and pre-

pared for paint or other commercial and met-
allurgical uses. o '
Alternatively, the zinc may be precipitated

from the solution of zine salts obtained by

this process by means of barium hydrate or
barium sulfid to form a mixed product of
either barium sulfate and hydrated oxid of
zine or barium sulfate and zine sulfid.

ZHSO.H—B&(OH)H:ZH(OH)_z—I—BaSO.a |
SO+ BaS=7nS-+BaS0..

When ammonia is usetd, this is recovered
from the residual liquors alter the precipita-

-

these liquors with lime or other oxids of alka-
line earths. | ‘

- (NH.):S04+ Ca(OH):= 2N H.OH+CaSO..

i

The ferric sulfate which is used in the sol—l

ventisregenerated by passingsulfuric acid and
sodium chlorid in the proportion of one part,

of water.over the spent ores, and thus redis-
' solving the precipitated ferric hydrate or other
iron compounds precipitated therein, as be-
fore described, so that in the continuous use
of this procegs only sufficient ferric sulfate to
form the original solvent is required.

Fez(QH )ﬁ+ 3H 2804 -_-'- F 82(804)3 6H20._

The ore residues from the above operation

| retain any gold and silver originally present

in the ore and may be treated for the recov-
ery of these metals by any of the existing
methods. -
What we claim as our mnvehtion,
sire to secure by Letters Patent, 15—

by volume, of acid to ten parts, by volume,

and de—~
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1. The process for the extraction of zmmc

and other metals from vornplex oxidized ores
containing zinc; consisting 1 passing over

sisting of ferric sulfate, sulfuric acid, sodium

successive lots of crushed ore a solution con-

chlorid ana water, until such solution be-

‘dissolved matter consisting of the zinc, and

comes saturated with digsolved matter, such

95

‘also the copper; cadmium, manganese, nickel,

cobalt, antimony, lead, bismuth, and tin, or
any or all of these metals when contained in

being employed in the solution in relation to
5 large amount of sulfuric acid whereby the
ferric sulfate is continuously decomposed and
regenerated until all the free ncid has become
neutralized.substantially as set forth.

.2. The process for the extraction of zinc
and other metals from complex oxidized ores
containing zine; consisting in passing over

‘successive lots-of crushed ore-a solution con-

ten parts.by volume of commercial sulfuric
acid, a small proportion of scdium chlorid—-
but not sufficient of the latter to dissolve any

sisting of about one per cent. of ferric sulfafe,

| said ores, a small proportion of ferric sulfate

100
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silver chlorid which may be formed—and one )

hundred parts of water, the ore feing so
treated until such solution becomes saturated

consisting of the zinc, and also the copper,
cadmium, -manganese, nickel, cobalt, anti-
mony, lead, bismuth, and tin, or any or all of

these metals when contained in said ores,

substantially as set forth.
- 3. The

_ process for the extraction. of zinc
and other metals from complex oxidized ores
containing zinc; consisting In passing over
successive lots of crushed oré a solution con-

taining ferric sulfate, sulfuric acid, sodium

115

with dissolved matter, such dissolved matter

120
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"o | | precipita- | chlorid and water, until such solution be-. .
tion of hydrated oxid of zinc by distilling | comes saturated with dissolved matter, then




~ treating the saturated solution with metallic

10

zinc to precipitate the copper, arsenic, anti-

mony, lead, bismuth, cadmium, and tin, sub-

stantially as set forth.

4. The process for the extraction of zinec
and other metals from complex oxidized ores
containing zinc; consisting .in passing over
successive lots of crushed ore a solution con-
taining ferric sulfate, sulfuric acid, sodium

chlorid and water, until such solution be-
comes saturated with dissolved matter, then |

- treating the saturated solution with metallic

zinc to precipitate the copper, arsenic, anti-

mony, lead, bismuth, cadmium, and tin, then

15 filtering the solution from the above precipi-

tated matters, and treating the filtered solu-

- tion with an oxidizing agent, to oxidize and

20

‘precipitate the manganese as hydrate, sub-

stantially as.set forth. .
- 5. The process for the extraction of zine
and other metals from complex oxidized ores

- contalning zinc; consisting in passing over

~ taining ferric sulfate, sulfuric acid, sodium
chlorid. and water, until such solution be-
comes saturated with dissolved matter, then

30

successive lots of crushed ore a solution con-

treating the saturated solution with mefallic
zinc- to precipitate the copper, arsenice, anti-
mony, lead, bismuth, cadmium, and tin, then

filtering the solution from the above precipi- |

tated matters, and treating the filtered solu-

tion with an oxidizing agent, to oxidize and |

832,341

- precipitate the manganese as hydrate, then
Eltermg out the manganese hydrate, and
add

then adding bleaching-powder for precipitat-
ing from the solution the nickel and cobalt,

| substantially as set forth. - .
for the extraction of zinc

~ 6. The process . _
and other metals from complex oxidized ores

containing zinc; consisting in passing . over

35
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successive lots of crushed ore a solution con-

taining ferric sulfate, sulfuric acid, sodium

chlorid and water, until such solution be-

comes saturated with dissolved matter, then-

treating the saturated solution with metallic

zin¢ to precipitate the copper, arsenic, anti-

mony, lead, bismuth, cadmium, and tin, then
filtering the solution from the above preeipi-

tated matters, and treating the hltered solu-
tion with an oxidizing agent, to oxidize and 5o
precipitate. the manganese as hydrate, then =
filtering out the manganese hydrate, then

adding bleaching - vowder for precipitating

45
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from the solution the nickel and cobalt, then

filtering out the nickel and cobalt preecipi-

tates, then finally treating the solution with
ammonium hydrate, to decompose the zinc
salts in solution, and presipitate the zinc as
hydrated oxid substantially as set forth.
- WILLIAM GEORGE _KUMBOLD.
 GEORGE PATCHIN. ?
Witnesses: R
GRIFFITH BREWER,
WiLriaM A, MARSHALL.
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