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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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3.

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 elemenfary sulfur to oxidized
copper is 0.2-1.5:1; said sulphidizing being
performed at a temperature of at least 115°%¢
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.

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 calc¢ium chloride.
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The method provides for preparation of a pulp, its sulphidizing and floatation. The sulphidizing of the pulp is effected

- ~with melted sulphur at a temperature 0f 115-1800C and »* a pressure of 1.5-10 atm in the presence of sodium sulphate or sodium

#:/ﬁ:{?w%;'gglgride at a mass ratio between the sulphur and the idized copper of (0.2-1.5):1.
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* METHOD OF CONCENTRATION (F REBELLIOUS OXIDIZ&D COPPER
ORES

Technical Field

The present invention relates to non-ferrous metal-
lurgys; concerns a method of copper recovery and, more
specifically, a methpd of concentration of rebellious
oxidized copper ores.

Background of the Invention

According %o mineralogical composition copper ores
are divided into the following types: sulphide, mixed
(oxidesulphide) and oxide ores., Concentration of sulphide
ores by conventional techniqgues 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 concentrste is
produced. The degrece of recovery of copper and other essoci-
ated valuable ore constituents, for example, silver; is
not high. This is due to the presence of badly-flotative
minerals such as chrysocolle, cuprite, malachite, troshanti-
te, etc. inr oxide ores. However, as sulphide ore resources
are being exhausted, concentration of oxidized ores be-
comes & matter of nigh practical icportance.

Concentrofion

Several methods of]ecpreentractiesn 0f oxidized copper
ores are known in the art.

US Patent No. 4,200,455, IPC C22B 15/10 published on
29.04.80 teaches roasting of oxidized copper ores in a
reducing mediuvm at a tempgersture of 500-4000°7 in the
oresence of additives of hydrochloric zcid and aydrogen
sulphide with subseguent lesctins of copper TFrom the
roasted ore witn an emmoniacarbonate solution. This method
requires hign snergy consumption for heating the total
amount of ore to said temperature. This technigue involves
emission of dust and toxic gases into the étmosphere during
roasting, this requiring dust colléction 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 %o another process, described in US Patent!
No. 2,989,394, published on 20.06.1961, oxidizea
copper cre ig mixed with iron sulphides (pyrite and pyrrhotite)
and chlorides of alkali- and slkali-earth metals. Then,
the mixture is roasted at a temperature of 500-800°C in
a neutral or reducing medium in the presence of water
vapour. The object of such treatment is o convert oxidiaed
copper constituents to gulphides which are readily reco-
vered by foam flotation. As the previously mentioned techni-
gqus, this method also involves high energy consumption and
1s 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 1is known that copper canh be recovered from its
oxidized ores through leaching by alkali and acid solutions.
So, US Patent No 3,985,855, IPC CO1G3/00, published on
12.11.1976, teaches to use a 25% solution of sodium hydro-
xide as a leaching agent., The process is carried out at
a temperature of 60-100°C in the presence of an additive
of a silicate material, taken in an amount of 50-100% by,
mass of the initial ore. ‘

Then, a copper-containing solution is separated from
the solid phase by filtration. However, this method is
applicable oniy 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
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 of iron chips or sponge iron into

the pulp and flotation of the metal copper deposition
thereby obtained. !

eoncentration

There are known other methods of[eeeeegtgaiin oxidized
N

1
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pres with the use of acids for leaching. Accordlng to US
Patent No. 4,008,072 IPC C22B 15/08, published on 15.02.1977,
a pulp, obtained by leaching oxidized copper ore with
sulphuric acid, is treated with ionized sulphides, preferabj
5 1y hydrogen sulphide. The copper sulphides thus obtained
are then recoversed by flotation.
US Patent No 3,728,430, IPC GOlG, 2/12, published
on 17.04.1973, discloses a method of concentration of
oxidized and mixed oxide-sulphide ores, wherein leaching -
40 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 (bisulpanites).
The pulp obtained by such technigue is beated
15 Leaching copper with its simultaneous sulphidizing is car-
ried out at a temperature of 25-100°C for 20 minutes:
Then the pulp is cooled and delivered to flotation.Recovery
of copper,in flotation concentrate provided by this method
is 75-857%.
20 The use of acid leaching for treatment of  oxidized
copper ores of high calcium content and égggzingLrbonates
"is not expedient as it results in high consumption of the
acid.which reacts witn ssid carbonates and thereby is
treeteievably
Lnna~n4eméiy/lost. There are also other disedvantsges in
using acids: as they are highly corrosive the proolem of
protecting equipmeni against destructive action of acids
raises and the environment is polluted with dump waste

product, flotation tailings and acid-containing waste
water.,

n
Ul

All the hereinvefore-mentioned prior art methods of
concentration of ores fzil to provide for the most efficiens
recoyery of copper and sssociated valuabls components from
then. Bésides, some of these methods involve high energy
consumption and environment pollution, other demsnd uti-
351ization of acids and alkalis which are harmful for the
working personnel and brinz about additional difficulties
caused by separation of solid and liquid phases and neut-
ralization of waste products.
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summary of the Invention
The object of the present invention is tbo provide
such a method of concentration of rebellious ox idized 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 envirocnwenl pollubtion

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

concentrate,
in that sulphidizing of the pulp is carried out

with molten sulphur.

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;
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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°%¢
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 the invention permits increasitig copper
recovery in the concentrate'up'to 92.6%. Besides, the
me thod permits extracting silver in the same process with
a high recovery of up to 90.2%. Furthermore, the method
of the ihvention permits considerable reduction of harmful
emissions into the environment. The method of the invention
also p2ruits gimplification of the produclion process
through ooviation of the ore leaching stage and.the stage
of converting copper from the ore into a solution.

It is ezpedient for sulphidizing a pulp to use 3
mass ratio of elementary sulphur to oxldized copper equal
to 0.2-1.5:1. Such a quagntity is sufficient for an ef-
ficient sulphidisation reaction., It is prefsrsble to carry
out pulp sulphidizing al a temperature {rom ‘415 to 180°C
and pressure from 1.5 to 10 atm. Under such conditions
sulphur melts and efficiently reacls with oxidized copper
in the ore as well as with other valunble associated com-

ponents, for example, silver.
It 1s advisable to sulphidize pulp in Lhe prescunce

ot sodium sulphate or a mineral-containin: sodium sulphate,

7781S/SLV
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for example, mirabilite. This promotes an additional in-
crease of copper recovery up to 98.6%. It isg desirable
to maintain a mass-ratio of sodium sulphate or mirabilite
to elementary sulphur corresponding to.5-7 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 ratib %o

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

After sulphidizing the pulp is treated by flotation

to obtain a sulphide concentrate from whicn copper, silver
15 and other valusble components are extracted by metallurgical
treatment. . :

It is advissble to return a part of sulphide concentrate
in the amount of 1.5-%.0/% by mess as related to the initial
oxidized ore, back to the preparation stage. This promotes

20 a decrease in the coansumption of elementary sulphur used
for sulphidizing by as muca as 1.5-3 times.

These and other advantages of the invention will
be more apparsent from a detailed description of the rethod.

An oxidized complax copper ore is crushed to 0.74 unm

25 size. Then a frzctiion conbtaininz said size iz the amount
0f 50-130,6 is screensd, nixed with weiuer and & gulp is
prapared with a rstio of solid and liguid phzsses (S:L) egual
to 1:0.5-%.0.

Then elerentery sulphur is added to the pulp thus

30 obtained in the emount corresponding to the mass ratsio of
sulphur to oxidized copper equal to Q0.2-1.5:1, that is for
1 part by mass of oxidized, copper 0.2-1.5 part by mass
of sulphur should be taken. Theh, according tb the invsn-
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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1s heating the pulp to a temperature within the range from
115 to 480°C in an air-tight vessel, for example in an
autoclave. During heating the pulp %o said temperature

the pressure in the vessel incregases to a value within

the range of from 1.5 to 10 atm. Under such conditions
sulphidizing 1s carried out for 20-120 minutes. At said
tempersture the elementary sulphur melts and reascts with
oxidized copper and silver compounds being in a solid phass.
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 %o perform sulphidizing at a tempe-
rature of 115-180°C because a temperature lower than 415°C
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 180°C does not increass
the yield of copper and silver sulphides but results in
extraenergy consumption.

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

The duration of sulphidizing as stated above is 23-12D
minutes. Thnis duraticn is so defined bec:cuse 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 increzse the
sulphide yield but prolongs ths process, and this is
not desirable.

Thus, according to the invention, sulphidizing of
the pulp is carried out with elementary sulphur et a
temperature of an ore pulp of 115-180°C, wherein sulphur
is in molten state and copper is in the solid phase but
not in dissolved state ze in the methods known in the art.
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The prior art methods envisage obligator& leaching of ore
with an acid or an alkali %o convert copper to a solution
and only after that copper in its dissolved state is subjec-
ted to sulyu1d171ng.

In the present method sulphides &are produced tbrougb
the reaction of molten sulphur directly with copper present
in the solid pbaSe but 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-
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
silver sulphides is cooled to an ambient temperature (10-
-30°C) and suojected to foam flotation, which is accomp-
lished with the utilization of g conventional collector
reagent (butyl xantnete) and s frothing reagent (a zixture
of mono- and dinydric alcohpls of the thiorah anddioxzns
alconols). Regovery of copper in flotztion <concentrzte
amounts to 92.6/%. We have found thst by the presznt mevhod
a sufficiently full recovery of silver is opbtained, amoun-
ting to S0.1%.

During flotetion taere 1s no necessivy to use reagents,
regulating pH-mediuwm, what simplifies the flotation process.
This 1is due to tbe E\Ct that the pulp after sulphidizing
has a pH=06-7 whe#kcorresponds to the value required for
efficient flotation and therefore the use of additional
reagents-regulators of the medium is not necessary.

’ It 1s advisable to sulphidize the pulp in the presencs
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of sodium sulphate or a2 mineral containing sodium sulphate,
for example, mirabilite, whose composition is Na,50, * 10H0.
Said additive permits a further 4-6% increzse in the re-
covery of copper and silver.

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 sodiunm
sulphate would be taken., Said additive improves the effi-
ciency of the resction of copper and silver with elementary
sulphur and thereby promotes for  1increasing the copper-
and silver sulphide yield. When sodium sulphste 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 not occur, so that its addition in an
amount of more than 7 parts by mess does not further in-
crease said sulphide yield.

Sulphidizing the pulp may be carried out in the presence
of sodium or calcium chlorides. The =zddition of said chlo-
rides zlso permits further increase in the recovery of
copper and silver sulphides. The advisable consumption of
said meterials is from 0.7 to 3 parts by mass per part by
mass of elementary sulphur.

If sodiuﬁ or celcium chlorides are added in an amount
less than 0.7 part by mass an e2dditional increase of sul-
phide recovery does not occur.

Addition of said chlorides in an smount 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-
creszses copper and silver recovery by 5-77% 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.
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It is advisable to return a portion of the sulphide
concentrate thus produced to the initial pulp in,an amount
of 1.5-3.0% to the total mass of, the ore treated. Such
an approach permits one to reduce sulphur consumption without

5 deterioréting 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-
ticipate in the sulphidization reactiion 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 concentrzte less than 1.5% by mass
does not provide for significant decrease of sulphur con-
sumption, whereas its amount of more than 3% by mass while

15 providing for its additional saving increases the volume
of materials, which ig not desirable.

Thus, returc of the sulphide concentrate in said
amounts to the stage of ore pulp prepsretion permits 1.5-3
times reduction of elementary sulphur consumption resulting

20 in its saving.

The preferred embodiment of the present invention is
described below.

A rebeilious oxidized copper ore is crushed to the particle
size than 0.74% mm in zn emount of 70,5 . The cruched orse

25 is mixed with water in a mass ratio of solid snd licuid
phases S:L-1:0.5, then elementary sulphur ls introduced
into the obtairned pulp in a we=s ratio o the ozidized
copoer eguel to 0.5:1 and then sodium sulphate is added
therein in e ratio of 7 parts by mass to 1 part by mess

30 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 of 163°C and
pressure of 6 atm. Under such conditions the sulphur melts
and efficiently rescts with the oxidized copper ore and

55associateé 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 (butyl
xanthate), a frothing reagent (a mixture of 'muno- and
éaéw@;aﬁ?thloran 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 sulphidizinz of new
portions of the ore is carridd out in the presence of this
concentrate.

Copper recovery from the oré is 98.0%, that of silver
is 97.5%.

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

1+ It permits to efficiently solve the problem of pro-
cessing rebellious‘oxidized copper ores and surpasses in
its tecaonical and economic characteristiics sll the known
methods intended for the same purposs.

2. The important advantage of the present invention is
an increased copper recovery. If ores contain silver, gold
and glatlnum, these metals can be adsgu~tely recovered as
well,

5. The present invention simplifies the concentrasnion
orocess due to ocoviation o leachiny, wznich usually invol-
ves addGitional proolems aszsociated wiih separation of solid
and liguid pozsses, grotection of the eguipmen®t zgainst cor-
rosive ection of zcids, :ubsequeni recovery or neusrslizing
of the lescaing agent, etc.

4, The present invention promotes euvironment pollution
control. The implementetion of the method is not accompa-
nied with gas emission, and viaste products (flotation tai-
lings, waste water) do not contain zcids and alkelis, and,
therefore, do nnt create sdditional ecological problems.
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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 me thod may be successfully used in any heated air-tight
vessel, for example in an autoclave.

6. The copper-sulphide concentrate produéed by this
method can be efficiently processed in the copper-smelting
production by the same method which is usually used for the
concentrate recovered from the sulphide ores. If a concent-
rztion plant is located close to a copper-smelting plant,
the possibility of obtaining high economic profits is sppa-
rent.

7. The subject invzsrntion may be effcientlxuggﬁg for
processing of <copper plant intermidiste znd was#kproducts,
containing oxidized copper compounds: dusi, 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 ziven below.

axample 1

The initial oxidized rebellious copper ore contained
1.2% cogper and 10.4 g per ton of silver, including 0.93%
copper present in the composition of oxidized minerals
(chrysocollas, malachites,broshentites) and 0.297% copper
in the form of sulphides. Said ors was crushed %o particle
size of less than 0.74 mn (70,4 of perticles). Thes ground
ore wass mized viith weter in a mass ravio S:L ezusl to 1:1.5.

Alementary sulphur was added %o the pulp tbus/pro—
duced in the rass ratio to the oxidized copper of 0.2-
-1.5:1.

The pulp was charged into an sutoclave of 1 litre
capacity, equipped with a mixer, and heated to 160°C. As
the temperature increased the pressure in the autoclave
also increased and amounted tc & atm. The pulp 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 %o flo-
tation. In flotation butyl xantbagshngggsed as a collector
and a mixture of/ponOn and déhgdnieLthioran and dioxane
alcohols was used as a frothing reagent. The characte-
ristics of copper and silver recovery in concentrate depen-

ding on the quantity of sulphur used ere shown in Table 1.

Table 1
Amount of elemen-
tery 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, % 2.3 82.7 90.0 90.1 90.2

Example 2 _ ,

The same ore 2s in @xample 1 was used. The process wes
carried out as described in Lxample 1, except that pulp
sulphidizing was accomplished with temperature varying
within the interval of 115-180°C and pressure within the

range of 1.5-10 atm. Sulphur wes added in the smount of .
' ChococteristicS

0.75 kg per kz of the oxidized copper ors. TheL“ﬂ*’eﬁ’ﬁ“i:‘Hf“q

of copper and silver recovery in concentrate zrs shown in
Table =z.

Teblas 2
Temperature oIl -
sulphidizing,°C 115 140 100 180
Pressure in
sutocleave, atm. 1.5 ' b 5 10

Copper recovery _
in concentrate,% 31.5 37.2 91.5 . 92.6

Silver recovery
in concentrate, % 80.8 86.0 G0.0 90.1
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Bxample 3 ’

The ore and conditions of concentration were the same

as in Lxapple 1, except that sod itm sulphete was introdu-
ced in tﬁe pulp in a mass ratio to elementary sulphur equal
to 3-7:1, or hatural mineral(mirabilite) of the composition
N32804'10H20 wag added therein in the amount as cqnverted
to sodium sulphate and related +to sulphur, according to
the same ratio 3-7:1. Blementary sulphur in this case vas
added in the amount according to the ratio 1.2:1. !

The data characberizing recovery of copper in flotaltion
concentrate within said alteration range of sodium sulphate
or mirabilite consumption are shown in Table 3. ’

Table 3
Sodium sulphate consumption
il sulphidizing, kg 541 5:1 731
Copper recovery in concentrate,
when sodium sulphste was used, % 92.71 97.5 G8.6

Copper rscovery in concentrate,

when natural mineral (mirsbilite) 91.3 96.3 7.5
was use , % : '

Bxample 4
The method of ore concrentration was ths seme as in
Gxample 1, except that sodium chloride was added to bLhe pulp
in the amount of 0.7:3.0 kg per kg of the sulphur charged.
Sulphur consumption in this caée was 0.75 kag/kg. The dats

obtained are shown in Table 4. {

Table 4 ;

Sodium chloride consumption : ' \

“in sulphidizing, kg 0.7 1.5 5.0

Copper recovery in : ;
concentrate, % . 95.06 97.1 97.8
Silver recovery in '

(UR]
G
[ox}
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Example 5 '

' The ore used and the conditions of concentration
were the same as described in &xample & with the only
difference that instead of sodium chloride before sulphi-
dizing calcium chloride was added %o the pulp in an amount
of 0.7-3.0 kg per kg of the sulphur chearged.

The data obtained are shown in Table 5.

Table 5

Calcium chloride consumption _ )
in sulphidizing, kg 0.7 1.5 3.0
Copper recovery in .
concentrate, % 92.7 94,5 94,7
Silver recovery in ,
concentrate, % 92.1 92.8 95.0

Example 6 - i

The iritisl ore contsined 1.22;5 coppser includingz 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 mxamplie 1 with $S:L=1:0.5
and the quantity of sulphur added was ecuel to 0.75:1.
Copper recovery in the concentrate was %5.0,5. A4 portion of
coppar-sulphide concentrate in the amount of 1.5-2.5/ %o
the mass of the initial ore wes resturned back for the pre-
paration of a new portion of the pulp. In %this csse the
amount of sulpnur used for sulpnhnidizing was decressed, as
this reduction wes valanced with sulphur present in the
concenirate. The date charzscterizinzg the ore concentration
with sulphur consumption of 0.2:1 depsnding on the guantity
of recovered concentrete used in sulonidizing are shown
in Table 6,

Teble ©
Amount of recovered _
concentrate, % by mass 1.5 2.5 Z .
‘Copper recovery in g
concentrate, % 74,7 86.5 89.8
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Industrial Applicability

The present invention may be used for concentration
of rebellions oxidized copper ores and for processing of
copper plant intermidiate and westa products containing

5 oxidized copper compounds: dust,cinder, slimes and for re-

covery of copper thereof.

Sulphide concentrates produced by this method are

recovered concurrently with copper and noble mefal impurities

such as silver, gold and other valuzble metals.




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

10 containing 50-100% of particles having a
e 0%, screened size to 0.74mm, and the prepared pulp
o  on has a ratio of solid to liquid phases equal to
n 1:0.5-3.0;

25 - sulphidizing the pulp with elemental sulphur in
0oee? the absence of leaching agents, acids,
sulphites and hydroxysulphides, wherein the
mass ratio of elemenfary sulfur to oxidized
copper is 0.2-1.5:1; said sulphidizing being

aveg

‘uee20 performed at a temperature of at least 115°¢

CHap

° .20 and for at least 20 minutes, and being

oo

characterized in that the pulp is sulphidized

LY
° 9
wo

® 0

with molten sulphur; and

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

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

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

Hrxw oo
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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.

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
in an amount of 1.5-3% by mass to the initial oxidized ore

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

to any one of the Examples.

DATED this 30th day of August 1990

KHIMIKO-METALLURGICHESKY INSTITUT; VSESOJUZNY
NAUCHNO-ISSLEDOVATELSK & GOSUDARSTVENNY INSTITUT
By their Patent Attorneys
GRIFFITH HACK & CO.
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METHOD OF CONCEWTRATION OF RABAZLLIOUS OXIDIZaZD
COPPER ORES
ABSTRACT
A method comprises preparation of a pulp, its sulphi-
dizing and flotation. Sulphidizing of the pulp is carried
out with mplten sulphur at a temperature of 115-180°C and

pressure 1.5-10 atm. in the presence of sodium sulphate
or sodium chloride asdditives.
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