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(57) Claim
1. A method of concentration of complex oxidized 

copper ores, comprising:

preparation of a pulp of said complex oxidized 
copper ores, wherein the said pulp is formed by 
mixing together crushed copper ores with water, 
said crushed complex oxidized copper ores 
containing 50-100% of particles having a 
screened size to 0.74mm, and the prepared pulp 
has a ratio of solid to liquid phases equal to
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1:0.5-3.0;

sulphidizing the pulp with elemental sulphur in 
the absence of leaching agents, acids, 
sulphites and hydroxysulphides, wherein the 
mass ratio of elementary sulfur to oxidized 
copper is 0.2-1.5:1; said sulphidizing being 
performed at a temperature of at least 115°C 

and for at least 20 minutes, and being 
characterized in that the pulp is sulphidized 
with molten sulphur; and

subjecting the sulphidized pulp mixture to 
flotation to obtain a sulphide-copper 
concentrate.

3. A method as claimed in Claim 1 or 2, wherein 
pulp sulphidizing is carried out at pressure of a 1.5-10 atm.

4. A method as claimed in any one of Claims 1 to 
3, wherein pulp sulphidizing is carried out in the presence 
of an additive, which is sodium sulphate or a natural 
mineral (mirabilite) or sodium chloride or calcium chloride.
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(57) Abstract

The method provides for preparation of a pulp, its sulphidizing and floatation. The sulphidizing of the pulp is effected 
-λ.with melted sulphur at a temperature of 115-180°C and a pressure of 1.5-10 atm in the presence of sodium sulphate or sodium 
^chloride at a mass ratio between the sulphur and the idized copper of (0.2-1.5):1.
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' METHOD 0? CONCENTRATION CF REBELLIOUS OXIDIZED COPPER 
ORES ' . .

Technical Field ·
The present invention relates to non-ferrous metal­

lurgy,- concerns a method of copper recovery and, more 
specifically, a method of concentration of rebellions 
oxidized copper ores.

• Background of the Invention ■
According to mineralogical composition copper ores 

are divided into the following. types: sulphide, mixed 
(oxidesulphide) and oxide ores. Concentration of sulphide 
ores by conventional techniques of flotation is not ac­
companied with any difficulties. Oxide and mixed ores 
are, as a rule, complex for concentration.

By flotation of said ores a low-grade concentrate is 
produced. The degree of recovery Df copper and other associ­
ated valuable ore constituents, for example, silver, is 
not high. This is due to the presence of badly-flotative 
minerals such as chry socolla, cuprite, malachite, broshanti- 
te, etc. in oxide ores. However, as sulphide ore resources 
are being exhausted, concentration of oxidised ores be­

25

50

55

comes a matter of high practical importance, 
concan + raheifi

oi'/-concentra-c-ti-o-s of oxidizedSeveral methods c opperL^c-p n-oe-ntra-c-t i-o-s 
ores are known in the art.

US Patent No. 4,200,455, IRC C22B 15/10 published on 
29.04.80 teaches roasting of oxidized copper ores in a 
reducing medium at a temperature of 500-l000°0 in the 
presence Df additives of hydrochloric acid and hydrogen 
sulphide with subsequent leaching of copper from the 
roasted ore with an ammoniacarbonate solution. This method 
requires high energy consumption for heating the total 
amount of ore to said temperature. This technique involves 
emission of dust and toxic gases into the atmosphere during 
roasting, this requiring dust collection and purification 
of effluent gases. Besides, the use of such toxic mate­
rials as ammonia and hydrogen sulphide necessitates spe-- 
cial safety means to be developed, this making the process 
more expensive. ' ■
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According 'bo another process, described in US Patent!
No. 2,989,39^, published on 20.OS.1981, oxidized
copper are is'mixed, with iron, sulphides (pyrite and pyrrhobite) 
and chlorides Df alkali- and alkali-earth metals. Then, 
the mixture is roasted at a temperature of 5θΟ-8ΟΟ°Ο in 
a neutral or reducing medium in the presence of water 
vapour. The object of such treatment is to convert oxidized 
copper constituents to sulphides which are readily reco­
vered by foam flotation. As the previously mentioned techni­
que, this method also involves high energy consumption and 
is accompanied with toxic gas and dust emission. The 
extraction of copper and silver in the concentrate produ­
ced by such a method is 82% and 72% respectively.

It is known that copper can be recovered from its 
oxidized ores through leaching by alkali and acid solutions. 
So, US Patent No 3,985,853, IPC C01G3/00, published on 
12.11.1976, teaches to use a 25% solution Df sodium hydro­
xide as a leaching agent. The process is carried out at 
a temperature of 6O-1OO°G in the presence of an additive· 
of a silicate material,. taken in an amount of 50-100% by, 
mass of the initial ore. 1

Then, a copper-containing solution is separated from 
the solid phase by filtration. However, this method is 
applicable only for copper extraction. Treatment of oxi­
dized ores containing copper and silver is not efficient 
for silver extraction since silver compounds under such 
conditions are not leached out.

The use of sodium hydroxide is also undesirable as’ t
it is very expensive, toxic and difficult to handled.

Well known is a method of benefication of rebellious
oxidized copper ores, which includes leaching of copper ;
with hydrochloric acid, precipitation of copper from its·
solution, addition Df iron chips or sponge iron into ·
the pulp and flotation of the metal copper deposition
thereby obtained. ,,. 'e-on ce-ntrcvl \o(\

There are known other methods of^«-oncentratin oxidized

j
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ores with tha use of acids for Leaching. According to US . 
Patent No. 4,008,072 IPG C22B 15/08, published on 15.02.1977, 
a pulp, obtained by leaching oxidized copper ora with 
sulphuric acid, is treated with ionized sulphides, preferab-

5 ly hydrogen sulphide. The copper sulphides thus obtained 
are then recovered by flotation.

US Patent No 5,728,450, IPG G01G, 5/12, published 
on 17.04.1973, discloses a method of concentration of 
oxidized and mixed oxide-sulphide ores, wherein leaching ■

10 of copper and its precipitation in the form of sulphides 
occur simultaneously. According to this method crushed 
ore is mixed with water, elementary sulphur, an acid, and 
water soluble sulphites (bisulphites). .

The pulp obtained hy such technique is heated.
15 Leaching copper with its simultaneous sulphidizing i$ car­

ried out at a temperature of 25“1OO°C for 20 minutes:
Then the pulp is cooled and delivered to flotation.Recovery 
of copper.in flotation concentrate provided by this method 
is 75-85%.

20 The use of acid leaching for treatment Df .oxidized 
copper ores of high calcium content and^ma-gtiium carbonates 
is not expedient as it.results in high consumption of the
acid.which reacts.with said carbonates and thereby is 

ι rre-jri
MAce-tr 1 evaJL#/lost. There are also other disadvantages in

25 using acids: kas they are highly corrosive the problem of 
protecting eauipmenG against destructive action of acids 
raises and the environment is polluted with dump waste 
product, flotation tailings and acid-containing waste 
wa ter.

30 All the hereinbefore-mentioned prior art methods of
concentration of ores fail to provide for the most efficient 
recoyery of copper and associated valuable components from 
then. Besides, some of these methods involve high energy 
consumption and environment pollution, other demand uti- 

35lization of acids and alkalis which are harmful for the 
working personnel and bring about additional difficulties 
caused by separation Df solid and liquid phases and neut­
ralization of waste products.
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Suramary of the Invention
The object of the present invention is to provide 

such a method of concentration of rebellious oxidized cop­
per ores, which would provide for the most efficient reco­
very of copper in concentrate with simultaneous recovery 
of silver from said ores, decrease environment poiLution 
and simplify, the process.

An aspect of the present invention provides a 

method of concentration of refractory
oxidized copper ores, which comprises preparation 

of a pulp, sulphidizing the pulp with elemental/ 

sulphur, flotation of the pulp and producing a sulphide-copper 

c oncentrate,
in that sulphidizing of the pulp is carried out 

with molten sulphur.

A ,

Λ β i/ ft 
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In accordance with one aspect of the invention there is 
provided a method of concentrating complex oxidized copper 
ores which comprises:

preparation of a pulp of said complex oxidized 
copper ores, wherein the said pulp is formed by 
mixing together crushed copper ores with water, 
said crushed complex oxidized copper ores 
containing 50-100% of particles having a 
screened size to 0.74mm, and the prepared pulp 
has a ratio of solid to liquid phases equal to 
1:0.5-3.0,-

ί
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sulphidizing the pulp with elemental sulphur in 
the absence of leaching agents, acids, 
sulphites and hydroxysulphides, wherein the 
mass ratio of elementary sulfur to oxidized 
copper is 0.2-1.5:1; said sulphidizing being 
performed at a temperature of at least 115°C 

and for at least 20 minutes, and being 
characterized in that the pulp is sulphidized 
with molten sulphur; and

subjecting the sulphidized pulp mixture to 
flotation to obtain a sulphide-copper 
concentrate.

The method of bha invention permits increasing copper 
recovery in the concentrate up to 92.,GX. Besides, the 
method permits extracting silver in the same process with 
a high recovery of up to 90.2,¾. Furthermore, the method 
of the invention permits considerable reduction of harmful 
emissions into the environment. The method of the invention 
also permits (simplification Df the production process 
through obviation of the ore leaching stage and., the stage 
of converting copper from the ore into a solution.

It is expedient for sulphidizing a pulp to use a 
mass,ratio of elementary sulphur to oxidized copper equal 
to 0.2-1.5s1· Such a quantity is sufficient for an ef­
ficient sulphidIsabion reaction. It is preferable to carry 
out pulp sulphidizing at a temperature from 115 to 18O°C 
and pressure from 1.5 to 10 atm. Under such conditions 
sulphur melts and efficiently reacts with oxidized copper 
in the ore as well as with other valuable associated com­
ponents, for example, silver.

It Is advisable to sulphidizo pulp iu the presence 
of sodium sulphate or a mineral ,containinq sodium sulphate,

77B1S/SLV



for example, mirabilite. This promotes an additional in­
crease of copper recovery u.p tD 98.6%. It ia desirable 
to maintain a mass-ratio of sodium sulphate or mirabilite 
to elementary sulphur corresponding to 3-7 parts by mass

5 of sodium sulphate, being taken for one part by mass of 
elementary sulphur.

Besides said additions of sodium sulphate and mirabi­
lite, pulp can be sulphidized in the presence of sodium 
chloride or a calcium'chloride taken in a mass ratio to

10 sulphur equal to 0.7-3:1. The additions of said materials 
can increase copper recovery by 2-5% and that of silver 
by 5-7%.

After sulphidizing the pulp is treated by flotation 
to obtain a sulphide concentrate from which copper, silver 
and other. valuable components are extracted by metallurgical 
treatment.

It is advisable to return a part of sulphide concentrate 
in the amount Df 1.5-5.0% by mass as related to the initial 
oxidized ore, back to the preparation stage. This promotes

20 a decrease in the consumption of . e le ma ntary sulphur used 
for sulphidizing by as much as 1.5-3 times.

These and other advantages of the invention will 
be more apparent from a detailed description of the method.

An oxidized complex copper ore is crushed to 0.7^ zim 
size. Then a fraction containing said size in the amount 
of 50-100,5 is screened, mixed with wafer and a pulp is 
prepared with a ratio of solid and liquid phases (S:L) equal 
to 1:0.5-3.0.

Then elementary sulphur is added to the pulp thus 
xq obtained in the amount corresponding to the mass ratio of

sulphur to oxidized copper equal to ¢.2-1.5:1, that is for 
1 part by mass of oxidized, copper 0.2-1.5 part by mass 
Df sulphur should be taken. Then, according to the inven­
tion, pulp is sulphidized with molten sulphur. One of simple

35 and available ways of keeping sulphur in the molten state
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is heating the pulp to a temperature within the range from 
115 to 180°0 in an air-tight vessel, for example in an 
autoclave. During heating the pulp to said temperature 
the pressure in the.vessel increases to a value within 
the range of from 1.5 to 10 atm. Under such conditions 
sulphidizing is carried out for 20-120 minutes. At said 
.temperature the elementary sulphur melts and reacts with 
oxidized copper and silver compounds being in a solid phase 
The process results in the highest yield of copper and 
silver sulphides, so that their recovery in flotation is 
increased up to 90% and more.

It is desirable to perform sulphidizing at a tempe­
rature Df 115-180°C because a temperature lower than 115°O 
would not be sufficient for melting the sulphur and the 
reaction of the copper with the sulphur would not be’ effi­
cient, whereas a temperature over 18O°C does not increase 
the yield of copper and silver sulphides but results in 
extra energy consumption.

Said quantity of sulphur used for sulphidizing is 
so defined because a quantity Df less than 0.2 part by 
mass is not enough to convert all copper from the ore 
into sqlphides, whereas a quantity over said upper limit, 
i.e, 1.5 part' by mass, does not increase sulphide yield, 
but results in unreasonably high sulphur consumption.

The duration of sulphidizing as stated above is 20-120 
minutes. This duration is so defined because during a 
period shorter than 20 minutes sulphides are not obtained 
with a high yield. whereas sulphidizing for
a period longer than 120 minutes does not increase the 
sulphide yield but prolongs the process, and this is 
not desirable.

Thus, according to the invention, sulphidizing of 
the pulp is carried out with elementary sulphur"at a 
temperature of an ore pulp of 115-18O°C, wherein sulphur 
is in molten state and copper is in the solid phase but 
not in dissolved state as in the methods known in the art.
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The prior art methods 'envisage obligatory leaching "of Dre 
with an acid or an alkali to convert copper to a solutions
and only after that.copper in its dissolved state is subjec­
ted to sulphidizing.

5 In the present method sulphides are produced through
the reaction of molten sulphur directly with copper present 
in the solid phase hut not in solution. Such a way of pulp 
sulphidizing permits one to obtain an unexpected effect 
of a higher copper sulphide yield. This, in its turn, fa-

10 vourably tells on copper sulphide recovery in flotation 
concentrate, which has considerably increased to 90% and 
even more. Besides, there is also another unexpected ef­
fect, that is, high recovery of silver, while in the . 
methods known in the prior art, silver. recovery was rather 
low or silver was not recovered at all.

The method of the invention of concentration of oxi­
dized copper ores rules out the operation of leaching 
copper from ore and thereby simplifies the production process

After sulphidizing, the pulp containing copper and 
20 silver sulphides is cooled to an ambient temperature (10- 

-30°C) and subjected to foam flotation, which is accomp­
lished with the utilization of a conventional collector 
reagent (huty'l xanthate) and a frothing reagent (a mixture 
of mono- and dihydric alcohols of the thioran anddioxane 

25 alcohols). Recovery of copper in flotation concentrate
amounts tD 92.6/¾. We have found that by the present method 
a sufficiently full recovery of silver is obtained, amoun­
ting to 90.1%.

During flotation there is no necessity to use reagents. 
50 regulating ρΉ-medium, what simplifies the flotation process.

This is due to the fact that the pulp after sulohidizing 
has a pH=6-7 wh-at^c or responds to the value required for 
efficient flotation and therefore the use of additional 
reagents-ragulators of the medium is not necessary.

It is advisable to sulphidize the pulp in the presence
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Df sodium sulphate or a mineral containing sodium sulphate, 
for example, mirabilite, whose composition is NagSO^ · lOHgO. 
Said additive permits a further 4-6% increase in the re­
covery of copper and silver. -

5 It is advisable to keep the mass of sodium sulphate
or mirabilite to elementary sulphur such that for 1 part 
by mass of elementary sulphur 3-7 parts by mass of sodium 
sulphate would be taken. Said additive improves the effi­
ciency of the reaction of copper and silver with elementary

10 sulphur and thereby promotes for' increasing the copper- 
and silver sulphide yield. When sodium sulphate or mira­
bilite (on conversion to sodium sulphate) is added in an 
amount of less than 3 parts by mass additional yield of 
said sulphides does nor occur, so that its addition in an 
amount of more than 7 parts by mass does not further’ in­
crease said sulphide yield.

Sulphidizing the pulp may be carried out in the presence 
of sodium Dr calcium chlorides. The addition of said chlo­
rides also permits further increase in the recovery of

20 copper and silver sulphides. The advisable consumption of 
said materials is from 0.7 tD 3 parts by mass per part by 
mass of elementary sulphur.

If sodium or calcium chlorides are added in an amount 
less than 0.7 part by mass an additional increase of sul-

25 phide recovery does not occur.
Addition of said chlorides in an amount of more than 3

parts by mass does not further increase sulphide recovery 
but only unreasonably enlarges the consumption of'said 
agents. Introduction of sodium chloride into the pulp in-

50 creases copper and silver recovery by 5_7% each and in­
troduction of calcium chloride increases same by 2-3%.
It is preferable to use sodium chloride from said materials 
due to its availability, low cost and efficient action on 
the process.



I It is advisable to return a portion of the sulphide
{ concentrate thus produced to the initial pulp in.an amount
ί of 1.5-5.0% to the total mass of, the ore treated. Such
t an approach permits one to reduce sulphur consumption without
; 5 deteriorating sulphidization and flotation results. This

is provided by the fact that unreacted sulphur remaining 
in the concentrate in the form of fine particles can par-

1 ticipate in th.e sulphidization reaction along with sulphur
} introduced into the initial pulp. Said amount of sulphide

10 concentrate returned to the stage of pulp preparation is 
determined by the presence of unreacted sulphur therein.
An amount of reused concentrate less than 1.5% by.mass 
does not provide for significant decrease of sulphur con-

■ sumption, whereas its amount of more than 5% by mass while
15 providing for its additional saving increases the volume 

ί of materials, which is not desirable.
! Thus, return of the sulphide concentrate in said

amounts to the stage of ore pulp preparation permits 1.5-5 
times reduction of elementary sulphur consumption resulting

• 20 in its saving.
The preferred embodiment of the present invention is

described below.
i A rebellious oxidized copper ore is crushed to the particle
5 size than 0.7^ mm in an amount of 7θ% · The crushed ore
ί 25 is mixed with water in a mass ratio of solid and liquid
j phases S:L~1:0.5> then elementary sulphur is introduced
j into the obtained. pulp in a k®9s ratio to the oxidized
5 copper equal to 0.5:1 and then sodium sulphate is added
ί therein in a ratio of 7 parts by mass to 1 part by mass
. 50 of elementary sulphur. Then the pulp is charged into an

air-tight tank, for example, an autoclave, and heated.
The process is carried out at temperature Df 16O°C and

pressure of 6 atm. Under such conditions the sulphur melts 
and efficiently resets with the oxidized copper ore and

55associated valuable components. The products of the sulphi-

#:
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dization reaction, viz., copper and silver, are recovered 
by foam flotation. To this end, after sulphidizing the pulp 
having pH=6.4 is cooled to 25°C, then a collector (bntyl
xanthate), a frothing reagent (a mixture of 'mono- and Alky ckric.

5 -d-ihydri^ thioran and dioxane alcohols) are introduced 
therein and the pulp is subjected to flotation, A part 
of the concentrate produced in the amount of 1.5% .by mass 
related to the ore quantity is returned back to the stage 
of the initial pulp preparation and sulphidizing of new

10 portions of.the ore is carried out in the presence of this 
c oncentrate.

Copper recovery from the ore is 9θ·6%, that of silver 
is 97.5%.

The method of the invention has commercial advantages
15 over the methods known in the art.

1. It permits to efficiently solve the problem of pro­
cessing rebellious oxidised copper ores and surpasses in 
its technical and economic characteristics all the known 
methods intended for the same purpose.

20 2. The important advantage of the present invention is 
an increased copper recovery. If ores contain silver, gold 
and platinum, these metals can he adequately recovered as 
we 11.

5. The present invention simplifies the concentration 
25 process due to obviation of leaching, which usually invol­

ves additional problems associated with separation of solid 
and liquid phases, protection of the equipment against cor­
rosive action of acids, subsequent recovery or neutralizing 
of the leaching 3gent, etc.

50 4..The present invention promotes environment pollution
control. The implementation of the method is not accompa­
nied with gas emission, and waste products (flotation tai­
lings, waste water) do not contain acids and alkalis, and, 
therefore, do not create additional ecological problems.

L
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5. The present invention can be readily used in commer­
cial production as it does not require any special equipment 
The method may he successfully used.in any heated air-tight 
vessel, for example in an autoclave.

6. The copper-sulphide concentrate produced by this 
method can he efficiently processed in the copper-smelting 
production hy the same method which is usually used for the 
concentrate recovered from the sulphide ores. If a concent­
ration plant is Located close to a copper-smelting p^ant, 
the possibility of obtaining high economic profits is appa­
rent. .

7. The subject invention may be effciently used for
UCO-S+S-

processing of copper plant intermidiate and vas-6-s^products, 
containing oxidized copper compounds: dust, cinder, slimes, 
etc.

To make the present invention more apparent, illustra­
tive examples of the embodiment of the method for concent­
ration of oxidized copper ores are given below.

ϋχ ample 1
The initial oxidized rebellious copper ore contained 

1.2% copper and 10.4 g per ton of silver, including 0.95% 
copper present in the composition of oxidized minerals 
(chrysocoilas; malachites,broshsntites) and 0.59% copper 
in the form of sulphides. Said ore was crushed to particle 
size of less than 0.7^ (72% of particles). The ground
ore was mixed with water in a mass ratio S:L equal to 1:1.5·

Ziementary sulphur was added to the puip thus pro­
duced in the mass ratio to the oxidized copper of 0.2- 
-1.5:1·

The puip was charged into an autoclave of 1 litre 
capacity, equipped with a mixer, and heated to 16O°C. As 
the temperature increased the pressure in the autoclave 
also increased and amounted to δ atm. The puip sulphi- 
dizing lasted 60 minutes. Under said conditions the sulphur 
melted and reacted with the oxidized copper from the ore.
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Thereby copper sulphides, mainly covellite, as well as sil­
ver sulphides were produced.

Then the pulp, which by the end of the sulphidizing 
process had pH=6-7, 'was cooled to 25°C and directed to flo­
tation. In flotation butyl xanthate was used as a collector 

•Ar\<<A\ Vx -yd iQ_
and a mixture of mono- and d-i-faydcie? thioran and dioxane 

r F
alcohols was used as a frothing reagent. The characte­
ristics of copper and silver recovery jn concentrate depen­
ding on the quantity of sulphur used are shown in Table 1.

Table 110

15

20

Amount Df elemen­
tary sulphur, kg 0.2 0.5 0.75 1.0 . 1.5

Copper recovery in 
concentrate, % 74.9 84.3 91.5 91.7 91.8
Silver recovery in 
concentrate, % 72,3 82.7 90,0 90.1 90.2

Example 2
The same ore as in Example 1 was used. The process was

carried out as described in Example 1, except that pulp
sulphidizing was accomplished with temperature varying
within the.interval of 115-130°C and pressure within the
range of 1.5-10 atm. Sulphur was added 
0.75 kg per kg of the oxidized copper

in. the amount of ,
C i St ' C-W

or e. The , car ac.ter i sfic a,
of copper and silver rec ov ery in concentrate are shown in
Table 2..

Table 2
Temperature di
sulphidizing,° C 115 140 1oO 180

Pressure in 
autoclave, atm. 1.5 4 6 10
Copper recovery 
in concentrate,/ 31.5 37.2 91.5 ■ 92.6
Silver recovery 
in concentrate, % 80.8 86.0 90.0 90.1

■W
 * ’
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Sx ample 3

The ore and conditions of concentration were the same 
as in Example 1, except that sodium sulphate was introdu-l
ced in the pulp in a mass ratio to elementary sulphur equal

5 to 3-7:1, or natural mineral(mirabilite) of the composition
Na_SOi,· 10Ho0 was added therein in the amount as converted 

cL H· cL
to sodium sulphate and related to sulphur, according to
the same ratio 3-7:1· Elementary sulphur in this case was

Iadded in the amount according to the ratio 1.2:1.
ΊΟ The data characterizing recovery of copper in flotation

concentrate within said alteration range of sodium sulphate 
or mirabilite consumption are shown in Table 3.

Table 3 ‘

Sodium sulphate consumption 
il sulphidizing, kg 3:1 5:1 7:1 ,I
Copper recovery in concentrate, 
when sodium suLphate was used, % 92.1 97.5 98.6'
Copper recovery in concentrate,
when natural mineral (mirabilite) 
wa s us e , %

91.3 9Ο.3 7.5 ,
I

Example L\
The method of ore concrentration was the same as in

Example 1, except that sodium chloride was added bo the pulp
in the amount of 0.7:3.0 kg per kg of the sulphur charged.
Sulphur consumption in this case wa s 0.75 kg/kg. The data

obtained are shown in Table 4.
Table 4

ί
II

■ s

Sodium chloride consumption 
,in sulphidizing, kg 0.7 1.5 3.0'
Copper recovery in 
concentrate, % 93.0 97.1 97.-8
Silver recovery in
concentrate, % 94.1 9b. 0 96.,8
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Example 5
The ore used and the conditions of concentration 

were the same as described in Example 4 with the only 
difference that instead of sodium chloride before sulphi-

5 dizing calcium chloride was added to the pulp in an amount 
of 0.7-3.0 kg per kg of the sulphur charged. .

The data obtained are shown in Table 3·
Table 5

Calcium chloride consumption 
in sulphidizing, kg 0.7 1.5 3.0
Copper recovery in 
concentrate, % 92.7 9^.5 94.7
Silver recovery in 
concentrate, % 92.1 92.8 93.0

•jq Example 6
The initial ore contained 1.22% copper including copper 

in the form of oxidized minerals (chrysocollas, malachites, 
azurites) in the amount of 1.10%. The ore was concentrated 
under the conditions described in Example 1 with S:L=1:©.5

15 and the quantity 'of sulphur added was equal to 0.75:1·
Copper recovery in the concentrate was 35.0%. A portion of 
copper-sulphide concentrate in the amounr of 1.5-3.5/¾ to 
the mass of the initial ore was returned back for the pre­
paration of a new portion of the pulp. In this case the

20 amount of sulphur used for sulphidizing was decreased, as 
this reduction was balanced with sulphur present in the 
concentrate. The data characterizing the ore concentration 
with sulphur consumption of 0.2:1 depending on the quantity
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ί Industrial Applicability
; The present invention may be used for concentration
| . of rebellions oxidized copper ores and for processing of
j copper plant intermidiate and waste products containing
j 5 oxidized copper compounds: dust^cinder, slimes and for re-
J covery of copper thereof.
Jl Sulphide concentrates produced by this method are
1
ί recovered concurrently with copper and noble metal impurities
β . . such as silver, gold and other valuable metals.



16

THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method of concentration of complex oxidized 
copper ores, comprising:

- preparation of a pulp of said complex oxidized 
copper ores, wherein the said pulp is formed by 
mixing together crushed copper ores with water, 
said crushed complex oxidized copper ores 
containing 50-100% of particles having a 
screened size to 0.74mm, and the prepared pulp 
has a ratio of solid to liquid phases equal to 
1:0.5-3.0;

- sulphidizing the pulp with elemental sulphur in 
the absence of leaching agents, acids, 
sulphites and hydroxysulphides, wherein the 
mass ratio of elementary sulfur to oxidized 
copper is 0.2-1.5:1; said sulphidizing being 
performed at a temperature of at least 115°C 
and for at least 20 minutes, and being 
characterized in that the pulp is sulphidized 
with molten sulphur; and

- subjecting the sulphidized pulp mixture to 
flotation to obtain a sulphide-copper 
concentrate.

2. A method as claimed in Claim 1, wherein pulp 
sulphidizing is carried out at a temperature of 115-180°C.

3 . A method as claimed 
pulp sulphidizing is carried out

in Claim 1 or 2, wherein 
at pressure of a 1.5-10 atm
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4. A method as claimed in any one of Claims 1 to 
3, wherein pulp sulphidizing is carried out in the presence 
of an additive, which is sodium sulphate or a natural 
mineral (mirabilite) or sodium chloride or calcium chloride.

5. A method as claimed in Claim 4, characterized 
in that the mass ratio of sodium sulphate to sulphur is
3-7:1.

10
o β"β d O O

» « © «
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6. A method as claimed in Claim 4, characterized 
in that the mass ratio of sodium or calcium chlorides to 
sulphur is 0.7-3:1.

7. A method as claimed in any one of Claims 1 to 
6, wherein pulp sulphidizing is carried out in an aqueous 
medium of pH=6-7.

8. A method as claimed in any one of Claims 1 to 
7, characterized in that the obtained sulphide concentrate♦ ♦ 4 I

"*•‘20 in an amount of 1.5-3% by mass to the initial oxidized ore
¢4 4 9

0.41’ ; is returned back for preparation of the initial pulp.

· 9. A method of concentration of complex oxidized
copper ores substantially as herein described with reference

25 to any one of the Examples.
a a β <o
« « a© o
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METHOD OF CONCENTRATION OF REBELLIOUS OXIDIZED 
COPPER ORES

ABSTRACT
A method comprises preparation of a pulp> its sulpbi- 

5 dizing and flotation. Sulphidizing of the pulp is carried
out with mplten sulphur at a temperature of 1ΐ5-"ΐ80οσ and 
pressure 1.5-10 atm. in the presence of sodium sulphate 
or sodium chloride additives.
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