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[57] ABSTRACT

A method for the separation of bismuth from a complex
chloride solution obtained by leaching with chloride
reagents ores containing bismuth and high concentra-
tions of other metals comprising adding to said complex
chloride solution at least a stoichiometric amount of a
precipitating. agent selected from the group consisting
of hexamininecobalt (III) salts and hexammine-
chromium (I1II) salts soluble in said solution to precipi-
tate said bismuth as a hexamminecobalt (III) bismuth
salt or a hexamminechromium (III) bismuth salt and
separating said precipitate from said solution.

8 Claims, No Drawings
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RECOVERY OF BISMUTH FROM CHLORIDE
PROCESS SOLUTIONS

BACKGROUND OF THE INVENTION

This invention relates to a method for the separation
of bismuth from chloride solutions containing high con-
centrations of other metals. More particularly, this in-
vention relates to a method of separating bismuth from
complex chloride solutions containing other metals
using as precipitating agents hexamminecobalt (IIT) and
hexamminechromium (I1I) salts.

Bismuth is a rare metal obtained as a by-product in
copper, lead, and zinc production. The metal .or its
compounds are useful in low-melting alloys, thermo-
electric devices, castings, magents, catalysts, medicines,
and cosmetics.

Bismuth is commonly recovered from smelter flue
dusts, anode slimes, and lead bullion by pyrometallurgi-
cal and hydrometallurgical techniques. With hydromet-
allurgical techniques, bismuth is the major component
in solution and is readily recovered by hydrolytic pre-
cipitation, sulfide or carbonate precipitation, cementa-
tion, or electrolysis.

Recovery of bismuth by known techniques from the
pregnant leach solutions of hydrometallurgical pro-
cesses, however, is technically or economically infeasi-
ble. The pregnant solutions often contain high concen-
trations of Fe, Cu, Pb, or Zn, and low concentrations of
bismuth, and the pH is usually maintained below 3.0 to
prevent hydrolysis of solubilized metals in major con-
centrations. Therefore, separation of bismuth via hydro-
lytic precipitation of bismuth from leach solutions of
hydrometallurgical processes by dilution with water or
by precipitation by neutralization with bases is not feasi-
ble.

Leaching of Cu concentrates by ferrous chlo-
ride/oxygen solutions produces solutions having a pH

. of 1 to 2 containing CuCl; and FeCl; and solubilized
bismuth. Although bismuth in such solutions could be
precipitated as BiOCl by raising the pH to 3 or 4, this
procedure fails to produce a pure Bi product because
Cu(1l) and Fe(1I) react to form Cu(i) and Fe(III) oxide
precipitate at pH above 2.5 with consumption of base.
Sulfide precipitation of bismuth also fails in the presence
of Cu(Il) or Fe(IIT) because these metal ions oxidize
sulfides.

Cementation or electrolysis of Bi in the presence of
Cu or Fe(III) cannot be done because any reagent capa-
ble of reducing Bi(III) to Bi metal will reduce Fe(III) to
Fe(IT) and Cu(II) to Cu(I) or Cu metal.

It is an object of the invention to provide a method
for the separation of bismuth from solutions containing
same which avoids the aforementioned problems. In
particular it is an object of the present invention to
recover bismuth from solutions which contain as well
high concentrations of other metal components that
interfere with prior art bismuth recovery techniques.

SUMMARY OF THE INVENTION

These and other objects of the inventions are ob-
tained by adding to a complex chloride solution ob-
tained by leaching with chloride reagents ores contain-
ing bismuth and high concentrations of other metals at
least a stoichimetric amount of a precipitating agent
selected from the group consisting of hexamminecobalt
(111) salts and hexamminechromium (IIT) salts soluble in
said solution to precipitate the bismuth as a hexam-
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minecobalt (IIT) bismuth salt or a hexamminechromium
(III) bismuth salt and separating the precipitate from the
solution. The separated hexamminecobalt (IIT) bismuth
salt or hexamminechromium (IIT) bismuth salt may then
be decomposed by reaction with a base or other suitable
water-soluble salts to form the corresponding [Co
(NH3)g]+3 salt or [Cr (NH3)g]+3 salt and an insoluble
bismuth product.

DETAILED DESCRIPTION OF THE
INVENTION

The complex solutions of metal chlorides treated in
accordance with the present invention are obtained by
the leaching of sulfide ore concentrates by ferrous chlo-
ride/oxygen, chlorine/oxygen, or ferric chloride. For
example, the leaching of copper concentrates by ferrous
chloride/oxygen typically produces complex chloride
solutions containing over 20 g/1 Cu and over 20 g/1 Fe.
These solutions contain the bismuth as an impurity,
typically in concentrations of about 0.3 to 0.5 g/1. Other
impurities such as Ni, Ag, Zn, Cd and Pb may also be
present normally at concentrations of less than 2 g/1. In
these solutions the chloride concentration is about 2 M
or higher and consequently the bismuth is present as
anionic chloro complexes. It has been found that hex-
amminecobalt (IIT) salts and hexamminechromium (I11)
salts soluble in the complex chloride solutions are very
effective precipitants for the bismuth in the chloride
solutions. In general the precipitation reaction employ-
ing these precipitating agents is capable of lowering the
bismuth concentrations to 50 mg/]1 or less. Thus the
method of the invention enables the separation of bis-
muth from high concentrations of metals which form
weaker chloride complexes such as Mn, Fe, Co, Ni, Cu,
Zn and light metals. _

The amount of the precipitating agent of the inven-
tion added to the chloride solution is one to 1.5 times the
stoichiometric amount. If an excess of the hexam-
minecobalt (III) salt or hexamminechromium (IIT) salt is
employed for the precipitation, some copper is precipi-
tated as a complex salt by the excess reagent. Any cop-
per present in the bismuth product can be separated by
treatment with ammonia. The preferred precipitating
agent salts of the invention are hexamminecobalt (IIT)
chloride or hexamminechromium (III) chloride. The
stoichiometric requirements are 1.280 g [Co(NH3)6]Cl3
or 1.247 g [Cr(NH3)]Cl3 per gram of Bi. The preferred
amount of the precipitating agent is 110-120 percent of
stoichiometric in which case roughly 40 mg/l Bi will
remain in solution, when the Cu concentration is ap-
proximately 25 g/l and the Fe concentration approxi-
mately 90 g/1. In such cases much of the excess hexam-
minecobalt (IIT) salt or hexamminechromium (III) salt
precipitates out as a complex copper salt.

The temperature at which the precipitation is con-
ducted may range from about 0° to 120° C., with about
10° to 40° C. being preferred. The pH of the complex
chloride solutions ranges from about 0.5 to 2.5 and is
usually about 1 to 2. The precipitation can be carried
out under atmospheric pressure but elevated pressure
can be employed if desired.

The bismuth precipiate, i.e., hexamminecobalt (III)
bismuth salt or hexamminechromium (III) bismuth salt,
can be separated from the chloride solution by any
suitable method such as by filtration or centrifugation.
Where the precipitating agent is the chloride, i.e.,
[Co(NH3)6]Cl; or [Cr(NH3)6]Cl3 the bismuth will pre-
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cipitate as [Co(NH3)6]BiClg and [Cr(NH3)6]BiCls. The
precipitate may then be washed, preferably with an
aqueous acidic chloride solution so as to reduce solubil-
ity losses and treated with a water-soluble base or salt to
decompose the precipitate to the corresponding water-
insoluble bismuth product and the water-soluble
[M(NH3)g] +3 salt wherein M is Co or Cr. This decom-
position is generally conducted at a temperature of
about 20°-130° C., preferably 60°-80° .C. When the
decomposition is effected using a water-soluble base the
washed precipitate, e.g., [Co(NH3)g]BiCls is slurried in
water and treated with lime, caustic soda, ammonia or
any other soluble base capable of effecting the conver-
sions:

"¢ [Co(NH3)6]BiCle(s)+ 20H ——[CoANH ) 1+3 4 501 -~
+BiOCI(s)+Hy0

[Co(NH3)6]BiClg(s) + 30H ~—[Co(NH3)g]+ 3 +6CL-
~ +3Bi;03(s)+ 3/2H;0

Alternatively, the decomposition of the precipitate may
be effected using other water-soluble salts, such as car-
bonates, phosphates, silicates or borates capable of de-
composing [Co(NH3)g]Bi salts and [Cr(NH3)]Bi salts
to.. an insoluble bismuth product and soluble
[Co(NH3)e]+3 salts and/or [Cr(NH3)5]+3 salts, respec-
tlvely

_ If copper is present in the insoluble bismuth product
obtained after decomp051t10n, the copper can be dis-
solved by adding ammonium hydroxide.

The following examples are included to further illus-

trate the present invention.

EXAMPLE I

One liter of chloride leach solution containing, in g/1,
Cu, 25; Fe, 90; Zn, 2; Pb, 0.6; and Bi, 0.37; and having
a pH of 2 and a temperature of 20° C. was treated with
0.55 g of [Co(NH3)6]Cl; predissolved in 15 ml of water.
Precipitation of [Co(NH3)s]BiCl¢ occurred immedi-
ately. The mixture was stirred slowly for 3 hour to
flocculate the precipitate. This salmon-pink to orange
precipitate of [Co(NH3)s]BiCl¢ was then centrifuged,
‘washed with 3 pct aqueous HCI, slurried in water, and
treated with lime to a pH of 10-11. The resulting mix-
ture was centrifuged to recover solid Bi;O; and
[Co(NH3)6]Cl3-CaCl; solution. The treatment of the
Bi;Oj precipitate with aqueous ammonia causes dissolu-
tion of any copper that is present. The bismuth recovery
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[Co(NH3)s]Cl3 was about 85 pct. The amount of Cu
precipitated was about 0.03 g Cu/g Bi.

EXAMPLE II

Similar results are obtained by substituting as the
precipitating agent in Example I [Cr(NH3)g]Cl3 for the
[Co(NH3)6]Cls. In this case all operations. should be
conducted at temperatures below 25° C. and in dim
light because the hexamminechromium (III) complex
ion is subject to thermal and photochemical decomposi-
tion.

It is claimed:

1. A method for the separation of bismuth from a
complex chloride solution having a pH of about 0.5 to
2.5, 'and obtained by leaching with chloride reagents
ores containing bismuth and high concentrations of
other metals, said solution comprising over 20 g/1 cop-
per, over 20 g/1 iron and about 0.3 to 0.5 g/l bismuth,
said method comprising adding to said complex chlo-
ride solution at least a stoichiometric amount of a pre-
cipitating agent selected from the group consisting of
hexamminecobalt (III) salts and hexamminechromium
(IIT) salts soluble in said solution to precipitate said
bismuth as a hexamminecobalt (III) bismuth salt or a
hexamminechromium (III) bismuth salt and separating
said precipitate from said solution.

2. A method according to claim 1 wherein the precip-
itating agent is hexamminecobalt (III) halide.

3. A'method according to claim 2 wherein the hexam-
minecobalt (IIT) halide is hexamminecobalt (III) chlo-
ride.

4. A method according to claim 1 wherein the precip-
itating agent is hexamminechromium (III) halide.

5. A method according to claim 4 wherein the hexam-
minechromium (II) halide is hexamminechromium
(III) chloride.

6. A method according to claim 1 wherein the precip-
itation is conducted at the temperature of about 0° to
120° C.

7. A method according to claim 1 wherein the hex-
aminecobalt (III) bismuth salt or hexamminechromium
(1II) bismuth salt is decomposed by reaction with a base
or water-soluble salt to form the corresponding water-
insoluble bismuth product and - water-soluble
[M(NH3)6]+3 salt wherein M is Co or Cr.

8. A method according to claim 1 wherein the sepa-
rated bismuth precipitate is slurried in water and treated
with a water-soluble base to convert the precipitate to
Biz03 and a water-soluble [M(NH3)g] 3 salt wherein M

was about 90 pct, with 37 mg/l Bi remaining in the 50 is Co or Cr.

copper-iron chloride pregnant solution. Recovery of
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