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(57) Abréegée/Abstract:

In @ method for recovering a copper sulfide concentrate by froth flotation from an ore containing an iron sulfide, wet grinding of the
ore with grinding media made of high chromium cast iron alloy having a chromium content of from 10 to 35 % by weight Is
combined with an addition of hydrogen peroxide to the conditioned mineral pulp before or during flotation in order to improve
concentrate grade and recovery of copper sulfides.
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Method for recovering a copper sulfide concentrate from an

ore containing an iron sulfide

H

FFi1eld of the Invention

H

The present 1nvention 1s directed to a method of recovering

a copper sul:

su

and recovery of

H

"1de concentrate

copper sulfides, has a low consumption of

from an ore contalinling an 1ron

"1de which provides an improvement 1n concentrate grade

H

processing chemicals and can be easily adapted to changing

ore compositions.

H

Background of the

Invention

The most common method for recovering a copper sulfide
concentrate from an ore 1s by froth flotation. The ore 1s
wet ground to form a mineral pulp, which 1s usually

conditioned with a collector compound that adsorbs to the

SUXY

copper sul:

passed through the mineral pulp to

H

face of copper sul:

"1de minerals more hydrophobic. A gas 1s

H

hyvdrophobic particles of the mineral pulp attach

predominantly to
bubbles and are carried with the gas bubbles to the froth

that

concentrate.

Wet

with steel grinding media,
ball mill.

ﬁ

grinding of

"1de minerals and makes the surface of

)

then

form gas bubbles,

H

he gas/liquid phase boundary of the

forms on top of the mineral pulp. The froth 1s removed

from the liguid surface to recover a copper sulfide

the mineral pulp 1s usually carried out

ﬁ

H

most commonly steel balls 1in a

It 1s known that use of high chromium cast 1ron

alloy grinding media can i1mprove the recovery of copper

S

fides during

steel grinding media.

—~ -

ﬁ

- carbon

otation as compared to the use o1

ﬁ

It 18 believed that corrosion of

H

carbon steel and adsorption of 1ron speciles, formed by such
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H

~he surface of copper sul

Onto

"1des depresses

~—

copper sulfides and that high chromium cast

H

1ron alloy grinding medla 1mprove recovery of copper

sulfides during

resistance of

flotation due to the better corrosion

H

such allovys.

Most copper sulfide ores contain 1ron sulfides 1n addition

to copper sulfides and one aims at achieving selective

1n the

us 5,11

sulfide

flotation of

ﬁ

copper sulfides, with 1ron sulfides remalning

flotation tailings.

0,455 discloses a method

for separating copper

)

from rimmed 1ron sulfide which uses conditioning o:

the mineral pulp with an oxidant that 1s preferably

hyvdrogen peroxide.

The document teaches to add an oxidant

H

1n an amount that raises the redox potential of the mineral
pulp by 20 to 500 mV.

A Uribe

09-83 describe an i1mprovement 1n the selectivity

ralsing

through

The amount of

provide

summary

The 1nventors of
combining wet grinding of
media made of

chromium content of

addition of hydrogen peroxide

pulp before or during

HH

erfect,

sulfides.

combination signai

-Salas et al.,

flotation of

59 (2000)

for the

Int. J. Miner. Process.

~— ~—

from an ore of

chalcopyrite pyrite matrix by

H

the redox potential of

the mineral pulp by 0.1 V

~—

an addition of

hyvdrogen peroxide before flotation.

H

hyvdrogen peroxide added 1s adjusted to

a constant redox potential.

of the Invention

H

the present i1nvention have found that

~—

copper sulfide ore with grinding

H

high chromium cast i1ron alloy having a
from 10 to 35 %

~—

by weight with an

H

0 the conditioned mineral

flotation achieves a synergistic

H

improving concentrate grade and recovery of copper

found that such

The 1nventors have also

H

ficantly reduces the amount of

hyvdrogen
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peroxide needed
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CO achieve an op

sulfides from the ore.

The present 1nvention 1s there:
recovering a copper sul:

contalning an i1iron sulfide,

ﬁ

steps orf

PCT/EP2014/064945

H

Cclmum recovery of copper

)

"Oore directed to a method for

"1de concentrate from an ore

which method comprises the

a) wet grinding the ore with grinding media to form an

mineral

pulp,

b) conditioning the mineral pulp with a collector

compound to

c) froth flotation of

form a

froth from the

F

froth and a

form a conditioned mineral pulp, and

the conditioned mineral pulp to

flotation tailing, separating the

sulfide concentrate,

I

flotation tailing to recover a copper

and wherein grinding media made of high chromium cast i1ron

H

Q

alloy with a chromium content of from 10 to 35 % by weight

are used 1n step a)

and hydrogen peroxide 1s added to the

conditioned mineral pulp between steps b) and c¢) or during

step C).

~—

The 1nventors of the present i1invention have also found that

method can be determined based on the concentration of

dissolved oxygen 1n the mineral pulp after addition of

che optimum amount

H

of hydrogen peroxide to be used 1n this

~—

hyvdrogen peroxide and that an optimum recovery of copper

sulfides can be maintained by adjusting the amount of

hyvdrogen peroxide to maintaln a minimum concentration of

dissolved oxvygen.

H

This allows adapting the method to

changes 1n the ore composition without carrying out ore

assays or ex

cra op

c1imliza

C10n experimen

-...-'S.
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Brief Description of the Drawings

ﬁ

Figure 1 shows the content of dissolved oxygen (DO) plotted

H H

against the logarithm of the amount of hydrogen peroxide

ﬁ

added 1n the experiments of example 1.

I

Figure 2 shows DO plotted against the logarithm of the

H

amount of hydrogen peroxide added 1in the experiments of

example 2.

Figure 3 shows curves for cumulated copper concentrate

grade (y—-ax1s) plotted against cumulated copper recovery

)

(x—ax1s) for examples 3 to 6, with Cr- denoting the use of

forged carbon steel grinding media and Cr+ denoting the use

~—

of high chromium cast 1ron alloy grinding media.

H

Figure 4 shows DO plotted against the logarithm of the

ﬁ

amount of hydrogen peroxide added 1in the experiments of

example /.

H

Figure 5 shows DO plotted against the logarithm of the

I

amount of hydrogen peroxide added 1n the experiments of

example 8.

Figure 6 shows curves for cumulated copper concentrate

grade plotted against cumulated copper recovery for

H

examples 9 to 13, with Cr- denoting the use of forged

)

carbon steel grinding media and Cr+ denoting the use of

high chromium cast i1ron alloy grinding media.

ﬁ

Figure 7 shows DO plotted against the logarithm of the

H

amount of hydrogen peroxide added 1n the experiments of

example 14.

F'igure 8 shows curves for cumulated copper concentrate

grade plotted against cumulated copper recovery for

I

examples 15 to 18, with Cr- denoting the use of forged

)

carbon steel grinding media and Cr+ denoting the use of

high chromium cast i1ron alloy grinding media.
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Figure 9

~—

amount oxf

example 1

shows

9.

DO plo

hyvdrogen peroxide added 1n the experiments of

CA 02918638 2016-01-19

S

Figure 10 shows curves

grade plotted against cumulated copper recovery

examples

carbon steel grinding media and Cr+ denoting the use of

20 to 23,

with Cr- denoting the use of

ced against

PCT/EP2014/064945

chm of the

che logari

fTor cumulated copper concentrate

for

ﬁ

forged

)

high chromium cast i1ron alloy grinding media.

F'igure 11 shows curves

grade plotted against cumulated copper recovery

examples

Detailed

The metho

concentra

three method steps.

In the

24 to 27.

d of
Le

first step of

1s ground with grinding medila made of

1iron alloy with a chromium content of from 10 to 35 %

welight, p

by weight.

referably 10-25% by weight,

H

Description of

the method of

H

Grinding can be carried ou

from the art that uses grinding media.

for cumulated copper concentrate

for

the Invention

the 1nvention recovers a copper sulfide

from an ore containing an iron sulfide using

the ore

the i1nvention,

~—

high chromium cast
Dy

more preferably 15-21%

known

C 1n any mill

Sultable mills are

ball mills using balls as grinding media or rod mills using

rods as grinding media,

The m11l]

material.

chromium cast 1ron alloy with a chromium content of

to 35 3 Db
High chro

are known

cast 1ron

comprlising a carbide phase.

preferably has a lining of

Most pre:

v weilight.

mium cast

from the

alloy 1s

1ron alloys suitable

"erably,

pri1or art.

with ball mills being preferred.

H

an abrasion resistant

~—

has a lining of

the mill] a high

H

from 10

for the 1nvention

Preferab. the high chromium

Yr

a high chromium white 1ron alloy

More preferably, the high
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chromium cast 1ron alloy 1s a martensitic solid solution

Q

free from pearlite and comprising less than 5 % by weight

austenite, such as the high chromium cast 1ron alloys known
from GB 1 218 981 and GB 1 315 203. Such phase compositions

H

ensure high abrasion resistance of the grinding media.

Grinding media sultable for the invention are available

commercilally from Magotteaux under the trade name Duromax®.

The ore 1s wet milled to form a mineral pulp, 1.e. an

H

agqueous suspension of ground ore. The ore may be fed to the

mi1ll together with water. Alternatively, ore and water are

fed separately. Milling 1s carried out typically to a

median particle size of 50-200 pm. Preferably, the ore 1is
ground to what 1s called the liberation size, 1.e. the

maximum medlan particle size where essentially all copper

sulfide 1s exposed to the particle surface and essentially

no copper sulfide remains encapsulated i1inside a particle.

I I

In the second step of the method of the invention, the ore

1s conditioned with a collector compound to form a

conditioned mineral pulp. Collector compounds are compounds

which after addition to the mineral pulp adsorb to the

I

surface of copper sulfides and render the surface

hyvdrophobic. Collector compounds suitable for froth

I

flotation of copper sulfides are known from the prior art.

Preferably, an alkalili metal alkyl xanthate 1s used as
collector, such as potassium amyl xanthate or sodium ethyl

xanthate. Conditioning 1s typilcally carried out by adding

the conditioner to the mineral pulp and mixing for a time

H

ficient to achieve adsorption of the conditioner

H

period su:

to the mineral surface, typically for less than 15 minutes.

Preferably for 0.5 to 15 minutes. Alternatively, the

I

collector 1s added in the first step of grinding and

conditioning 1s carried out by retaining the mineral pulp

for a corresponding time.

Further reagents, such as frothers, pH regulators,

H

depressants and mixtures thereof may be added i1n the
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froth flotation. Suitable
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ch steps.

froth formed 1n a

frothers are commercially

avallable, e.g. from Huntsman under the trade name

Polyvifroth®. Depressants are compounds that render the

~—

surface of unwanted minerals more hydrophilic. Polyamines

known from the prior art,

triethyvlenetetraamine,

sulfides. pH regula

hydroxide or sodium carbonate,

H

pH of the mineral pulp to a desired value,
from /7 to 11.

value 1n the range

In the third step o

conditioned mineral pulp 1s subjected to

form froth and a flotation tailing,

H H

such as diethvlenetriamine or

may be used as depressants for i1ron
~0ors, such as calcium oxide, calcium

may be added to adjust the

preferably to a

f the method of the 1nvention, the

froth flotation to

with hydrogen peroxide

being added to the conditioned mineral pulp during froth

~— f— -

H

flotation or between the second step of

conditioning the

mineral pulp and the step of froth flotation.

separated from the

sulfide concentrate

using equipment and procedures known
the art for the froth

The froth 1s

flotation tailing to recover a copper

. Froth flotation may be carried out

ﬁ

to a person skilled 1in

flotation of copper ores.

Froth flotation may be carried out as a single stage

flotation or as a multiple stage

rougher, scavenger and cleaner stages.

froth flotation, hydrogen peroxide 1s pre:

flotation,

using e.dg.
In a multiple stage
"erably added

before the first flotation stage or during the first

flotation stage.

When hyvdrogen peroxide 1s added between the step of

conditioning the mineral pulp and the step of

flotation, the time

peroxide and froth

period between addi

~—

H

froth

c10on O

- hydrogen

flotation 1s preferably less than

15 min, more preferably less than 3 min and most preferably

less than 1 min. Limiting the time period between addition
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H

of hydrogen peroxide and froth flotation improves both

~—

concentrate grade and recovery of copper sulfides.

H H

In a preferred embodiment of the method of the invention,

froth flotation 1s carried out continuously and hydrogen

peroxide 1s added continuously during froth flotation.

Hydrogen peroxide 1s preferably added as an agqueous

Q

solution comprising 0.5 to 5 % by weight hydrogen peroxide.
Adding such a dilute hydrogen peroxide solution provides
better concentrate grade and recovery than obtailined with

H

the same amount of a more concentrated hydrogen peroxide

solution. Therefore, 1t 1s preferred to dilute a commercial

Q

hyvdrogen peroxide solution comprising 30 to 70 3 by weight

hyvdrogen peroxide to a dilute solution comprising 0.5 to

5 % by weight hvydrogen peroxide before adding 1t 1n the

method of the i1nvention.

~—

The amount of hydrogen peroxide added to the conditioned

pulp can be varied over a wide range depending on the ore

~—

composition. The method of the invention requires only

H

small amounts of hydrogen peroxide. In general, less than

~—

100 g hydrogen peroxide per ton of ore are needed and

preferably less than 50 g/t are used. The method can be
carried out with as little as 2 g/t hydrogen peroxide per

H

~on of ore and preferably at least 5 g/t are used.

ﬁ

Usually there will be an optimum amount of hydrogen

H

peroxide per ton of ore that depends on the ore

composition. Increasing the amount of added hvydrogen
peroxide up to the optimum amount will lead to an i1ncrease
1n concentrate grade and recovery of copper sulfides,

H

whereas 1ncreasing the amount of added hydrogen peroxide

beyvond the optimum amount will not lead to any further

improvement, but 1n general will even lead to a reduced

ﬁ

concentrate grade and recovery of copper sulfides.
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optimum amount of
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f hydrogen peroxide that 1s close to the

hyvdrogen peroxide can be determined by

the following method without carrying out ore assays for

~—

determining concentrate grade and recovery of copper

H

sulfides. A series of preliminary experiments 1s carried

~—

out 1n which varyving amounts of hydrogen peroxide are added

to the conditioned mineral pulp and the concentration of

H

dissolved oxygen 1s determined 1n the mineral pulp after

H

dissolved oxygen 1s then plotted against the amount of

che addition of hydrogen peroxide. The concentration of

H

~—

added hydrogen peroxide to give a curve having an

inflection point,

~—

and the target amount of hvydrogen

H

peroxide 1s determined as the amount of hydrogen peroxide

at the 1nflection point. The method of the 1nvention 1s

preferably carried out using from 0.5 to 10 times the

target amount, more pre:

che target amoun

— @

Preferably, the concentration of

‘erably using from 0.5 to 2 times

H

~—

dissolved oxygen 1s plotted against the logarithm of the

H

amount of added hydrogen peroxide to give a curve having an

~—

essentially constant slope on both sides of the 1nflection

polnt.

ﬁ

The concentration of dissolved oxygen 1n the mineral pulp

can be determined with equipment known from the prior art.

Preferred sensors

for determining the concentration of

ﬁ

dissolved oxygen are amperometric sensors or optical

sensors that measure oxygen concentration by

H

electrochemical reduction of oxygen or by oxygen caused

ﬁ

fluorescence guenching of a dye. The sensor preferably has

an oxygen permeable membrane on the oxygen sensing device,

which membrane has low permeability for hydrogen peroxide.

FFor the method of

I

the i1invention, where grinding media of

I

H

high chromium cast i1ron alloy are used, the curve of the

I

concentration o:

logarithm of the

has a minimum at

dissolved oxygen plotted against the

amount

H

of added hydrogen peroxide usually

the 1n:

“lection point. This property 1s
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H

used 1n a preferred embodiment of the

invention, where the concentration of

determined 1in the mineral pulp a:

~—

~—

method of

PCT/EP2014/064945

H

_he

dissolved oxygen 1S

"ter addition o:

H

- hydrogen

peroxide and the amount of hydrogen peroxide added 1is

adjusted to malintaln a minimum concentration of

H

dissolved

oxygen. Such adjusting can conveniently be done either

regularly or when a change 1n ore composition has occurred

~—

by varyving the amount of hydrogen peroxide added while

H

H

measuring the concentration of dissolved oxygen after

~—

addition of hydrogen peroxide and continuing such

varlations 1n the direction where a lower concentration of

dissolved oxygen 1s achieved until a minimum concentration

H

ﬁ

of dissolved oxygen 1s reached.

The method of the invention provides an unexpected

H

improvement 1n the concentrate grade and recovery of copper
sulfides 1n the obtalned copper sulfide concentrate, which
1s higher than what a person skilled 1n the art would

expect from the 1ndividual e:

H

ﬁ

fect known

for using grinding

H

media of high chromium cast 1ron alloy instead of grinding

ﬁ

media of forged carbon steel and the e:

ﬁ

fect observed for

adding hydrogen peroxide to a mineral pulp obtained by wet

ﬁ

milling with grinding media of forged carbon steel.

H

H

Furthermore, the use of grinding media of high chromium

cast 1ron alloy for wet grinding the ore substantially

H

reduces the amount o:

achieving an optimum concentrate grade and recovery o3

copper sulfides and thereby reduces the total amount of

hydrogen peroxide needed

chemicals needed for recovering copper sulfides

flotation.

I

grade and recovery OoO:

copper sul:

"1des,

invention can also provide an improved

from the ore and reduce the content of

I

arsenic minerals 1n the copper sulfide

for

ﬁ

by froth

In addition to providing an i1mprovement 1n the concentrate

I

the method of the

recovery

H

of gold

"1des and

1ron sul:

concentrate.
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The 1nventors of the current i1nvention have also realized,

~—

that the redox potential of the mineral pulp,

been used 1n the prior art

oxidant 1n a froth flotation process,

which has

H

for controlling addition of an

cannot be used to

control or adjust hydrogen peroxide addition in the method

~—

H

concentration of dissolved oxygen a:

hydrogen peroxide 1s a suitable parameter

H

"ter addition of

of the i1nvention. They have further found that the

H

for adjusting the

amount of hydrogen peroxide used 1n the method of the

invention, which parameter has not been i1dentified 1n the

pri1or art.

The followlng examples

11lustrate the 1nvention, but are

H

not intended to limit the scope of the invention.

Examples

—~ -

In al:

ﬁ

otation experiments,

ores were ground to a

particle size Pgyg of 200 ym with a laboratory Magotteaux

M111l® using 16*1 i1nch rods as grinding media.

mineral pulp was transferred to a laboratory

and mixed for two minutes to homogenize.

The resulting

flotation cell
Sodium ethyl

H

xanthate was added as collector at 21 g per ton of ore,

followed by 5 g per ton of POLYFROTH® HZ/7 frother from

Huntsman. The resulting mineral pulp was conditioned for 1

—~ -

min before

timed concentrates were collected during
intervals given 1n the examples.
collected by hand scraping the froth from the surface of

the pulp once every 10 seconds.

otation was started by introducing air. Four
flotation over

Fach concentrate was

H

Concentrates were weighed

and assayed and cumulated grades and recoveries were

calculated from these data.

recovery and the values

recovery and recoveries

for grades at a spec]

Grades were plotted against

fic copper

at a specific copper grade given 1n

the tables below were read from these curves.
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Examples 1 to ©

FFlotation was carried out with a sedimentary copper/gold

H

ore having a head assay of 1.74 % Cu, 9.95 3 Fe, 3.27 ppm
0 Au, 168 ppm Bi, and 3.21 % S.

In examples 1 and 2, preliminary experiments were carried

H

out using varying amounts of hydrogen peroxide that were

added i1mmediately before starting flotation and the redox

H

potential (Eh) and the content of dissolved oxygen (DO)

10 were determined 1mmediately after flotation was started. In

example 1, the ore was ground with grinding media made of

forged carbon steel. In example 2, the ore was ground with

H

grinding media made of high chromium cast 1ron alloy with a

~—

chromium content of 15 % by weight. The results are

H

15 summarized 1in table 1. No significant change of redox

potential upon hydrogen peroxide addition was observed for

the mineral pulp ground with high chromium cast 1ron alloy

grinding media.

H

Figure 1 shows a curve of DO plotted against the logarithm

ﬁ

20 of the amount of added hydrogen peroxide for example 1. The

H

curve of figure 1 shows an i1nflection point for a hydrogen

ﬁ

peroxide amount of about 66 g/t, with DO slightly

H

decreasing upon addition of smaller amounts and DO rapidly

ﬁ

lncreasing upon addition o:

larger amounts. Figure 2 shows

25 the corresponding curve for example 2 with an inflection

point at about 34 g/t with DO decreasing upon addition of

H

smaller amounts and DO 1ncreasing upon addition of larger

amounts.

30
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Table 1

Variation of

~—

added hydrogen peroxide amount

PCT/EP2014/064945

H,O, added Example 1% Example Z
(g/t] forged carbon steel high Cr cast iron alloy
DO [ppm] Eh [mV] DO [ppm] Eh [mV]

0 1.13 241 .22 298
7.5 1.13 230 7.30 256
15 1.05 220 6.30 254
30 0.95 226 5.00 252
60 0.90 2272 5.50 254
90 1.56 227

120 2 .20 239 0.2 2972
180 6.80 248
240 /.00 297

* Not according to the 1nvention

concentrates collected over intervals of 0.5,
minutes.
grinding media made of
> and o0,
chromium cast 1ron alloy with a chromium content of

welght.

SO.

be

In examp.

In example 4,

es 3 to o, I

In examples 3 and 4,

H

a 1 3

ﬁ

ution was added 1n an amount o1

flotation.

fore starting

In example o0,

the ore was ground with grinding media o:

otation was carried out with
D,

the ore was ground with

ﬁ

H

and 10

15

by weight aqueous hydrogen peroxide

" 75 g/t ore immediate:

5

Y

the same aqgqueous

forged carbon steel and 1n examples
high

Dy

No hydrogen peroxide was added 1n examples 3 and 5.
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~10on was added 1n an amount o

‘ore starting

with Cr- denoting the use of

PCT/EP2014/064945

f 30 g/t

flotation.

for cumulated copper concentrate

for

H

forged carbon

steel grinding media and Cr+ denoting the use of high

chromium cast 1ron alloy grinding media.

compare these results at 85 %

concentrate copper grade.

Table 2

Copper and gold concentrate grades and gold and diluent

recoverilies at 85 %

copper recovery and at 18 3

Tables 2 and 3

Q

copper recovery

Example | Grinding Grade Recovery
medla,
H,0, added Cu | AU Au Bi IS NSG
L5 ] lppm] | [%] L5 ] L5 ] [ 5]
3% Forged carbon 18.2 | 25.0 2.5 | 69.2 |18.8 | 3.6
steel,
0 g/t
4 * Forged carbon 19.2 | 26.0 550.0 | 65.0 |13.0 | 3.4
steel
75 g/t
O* High Cr cast 20.06 | 29.2 55.8 [ 38.9 | 11.8 | 1.8
i1ron alloy
0 g/t
o High Cr cast 23.2 | 27.2 07.5 | 60.0 4.8 2.2
1ron alloy
30 g/t

* Not according to the invention,

LS

1ron sul:

"1des,

NG

= non sulfide gangue
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Copper and gold recovery and concentrate gold and diluents

.

grade at 18 =3

concentrate copper grade

Example | Grinding Recovery Grade
medla,
H,0, added Cu |Au | Au Bi IS  |NSG
[ %] [ %] lppm] | [ppm] | [5] [ %]
3% Forged carbon | 85.7 | 58.8 | 24.7 1420 0.2 41 .5
steel,
0 g/t
4 * Forged carbon [ 89.3 | 63.3 | 24.7 1310 4.7 42 .8
steel
75 g/t
O* High Cr cast 38.8 | 60.3 | 26.2 1260 0.2 41 .5
1ron alloy
0 g/t
S High Cr cast 94.8 | /0.7 | 23.3 1280 4.3 43.4
1ron alloy
30 g/t

* Not according to the invention,

LS

1ron sulfides,

The data of

copper concentrate grade and i1in the selectivity

NG

"1des

sulfides over 1ron sul:

non sul:

"1de gangue

for the method of

table 2 show a synergistic i1mprovement 1n

for copper

I

the 1nvention

compared to using only hydrogen peroxide or using only high

chromium grinding media.

synergistic i1mprovement 1n the recovery of

Table 3 shows a similar

H

copper and gold.
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Flotation was carried out with a vo.
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Examples 7 to 13

0

H

Q

PCT/EP2014/064945

canogenic sulfide

Q

deposit ore having a head assay of 2.63 3 Cu, 19.2 % Fe,
and 15.9

In examples /7 and G,

5 S,

H

preliminary experiments were carried

out using varvyving amounts of hydrogen peroxide that were

added 1mmediately be:
potential
were determined i1mmediately a:

example 7/,

forged carbon steel.

"ore starting

H

flotation and the redox

(Eh) and the content of dissolved oxygen (DO)

"ter flotation was started. In

H

In example 8§,

the ore was ground with grinding medilia made of

H

the ore was ground with

grinding media made of high chromium cast 1ron alloy with a

chromium content of 21 % by weight.

summarized 1n table 4.

I

No si1igni

The results are

H

ficant change of redox

potential upon hydrogen peroxide addition was observed for

the mineral pulp ground with high chromium cast 1ron alloy

grinding media.

~—

Figure 4 shows a curve of DO plotted against the logarithm

H

~—

curve oO:

H

of the amount of added hydrogen peroxide

figure 4 shows an 1in:

H

"lection point

for example /. The

for a hydrogen

peroxide amount of about 190 g/t with no significant change

~—

~—

H

of DO upon addition of smaller amounts and

increasing upon addition of larger amounts.

the corresponding curve
point at about 16 g/t with

smaller amounts and

amounts.

DO decreasing upon addition of

DO rapidly

Figure 5 shows

for example 2 with an inflection

H

~—

DO 1ncreasing upon addition of larger
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Table 4

Variation of

added hydrogen peroxide amount

H,O, added Example 7% Fxample 8
(g/t] forged carbon steel high Cr cast iron alloy
DO [ppm] Eh [mV] DO [ppm] Eh [mV]

0 0.74 250 3.63 258
7.5 3.69 256
10 3.20 294
15 2.58 252
20 2 .85 254
25 3.23 252
30 0.77 243 3.55 248
35 4.36 252
60 0.75 2377

120 0.74 239

180 0.72 235

240 1.05 230

300 1.49 240

360 1.67 245

* Not according to the invention

In examples 9 to 13, flotation was carried out with

and '/

the ore was ground with

concentrates collected over intervals of 0.5, 2, 4,

minutes. In examples 9 to 11,
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H

grinding media made of forged carbon steel and 1n examples

~—

12 and 13, the ore was ground with grinding media of high

chromium cast 1ron alloy with a chromium content of 21 % by

welight. No hydrogen peroxide was added 1n examples 9 and

Q

12. In examples 10 and 11, a 1 % by weight agueous hvydrogen

~—

peroxide solution was added in amounts of 15 g/t ore and

240 g/t ore immediately before starting flotation. In

example 13, the same aqueous hydrogen peroxide solution was

added in an amount of 15 g/t ore immediately before

starting flotation.

Figure 6 shows the curves for cumulated copper concentrate

grade plotted against cumulated copper recovery for

H

examples 9 to 13, with Cr- denoting the use of forged

ﬁ

carbon steel grinding media and Cr+ denoting the use of

high chromium cast i1ron alloy grinding media. Tables 5 and

O O

o compare these results at 90 % copper recovery and at 18 3

concentrate copper grade.

The data of tables 5 and o show that the method of the

invention requires less hydrogen peroxide for achieving

high copper recovery and concentrate grade than flotation

I

of an ore ground with forged carbon steel.
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Table 5
Copper and 1ron concentrate grades and diluent recoveries

at 90 % copper recovery

Example | Grinding Grade Recovery
medla,
H,0, added Cu Fe Fe LS NoG
L5 ] L5 ] L5 ] L5 ] L5 ]
9= Forged carbon 10.5 | 26.8 18.2 |110.0 [ 4.5
steel,
0 g/t
10~* Forged carbon 20.0 | 28.8 17.7 | 7.7 4.1
steel
15 g/t
11* Forged carbon 21.1 | 27.60 lo.4 | 8.0 3.9
steel
240 g/t
12* High Cr cast 20.1 | 206.7 lo.o | 7.7 4.7
1ron alloy
0 g/t
13 High Cr cast 22.3 | 27.8 15.0 | 6.6 3.7
1ron alloy
15 g/t

* Not according to the invention,

IS = 1ron sulfides, NSG = non sulfide gangue
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Copper and 1ron recovery and concentrate diluents grade at
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PCT/EP2014/064945

18 % concentrate copper grade
Example | Grinding Recovery Grade
media,
H,0, added Cu Fe Fe LS NoG
(5] | (%] | (% (%] (%]
9= Forged carbon | 91.0 | 18.8 | 26.38 19.0 28 .4
steel,
0 g/t
10~* Forged carbon | 93.5 | 20.2 | 28.1 18.0 20.4
steel
15 g/t
11* Forged carbon [ 94.6 | 19.5 | 26.9 20.0 27.5
steel
240 g/t
12* High Cr cast 93.8 | 18.7 | 26.Z2 1°7.7 29.7
1ron alloy
0 g/t
13 High Cr cast 95.0 | 19.4 | 26.7 18.8 28 .7
1ron alloy
15 g/t

* Not according to the invention,

1o =

1ron sulfides,

NoG =

non sul:

“1de gangue




CA 02918638 2016-01-19

WO 2015/007649 PCT/EP2014/064945

21

Examples 14 to 18

FFlotation was carried out with a porphvry copper/gold ore

- Q Q

having a head assay of 0.43 % Cu, 5.4 % Fe, 0.18 ppm Au and

0.0 5 S.
0 In example 14, a preliminary experiment was carried out
with the ore ground with grinding media made of forged

I

carbon steel, using varying amounts of hydrogen peroxide

that were added 1mmediately before starting flotation, and

I

the redox potential (Eh) and the content of dissolved

10 oxygen (DO) were determined immediately after flotation was

started. The results are summarized 1n table 7.

Table 7

Variation of added hydrogen peroxide amount

H,O, added Example 14%*
(g/t] forged carbon steel
DO [ppm] Eh [mV]
0 0.40 224
1.5 0.40 203
15 0.30 186
30 0.30 199
o0 0.30 190
120 0.4 201
180 0.7 210
240 1.00 225

15 * Not according to the 1nvention
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F'igure 7 shows a curve of DO p.

H

the amount of

H

Ol

added hydrogen peroxide

ﬁ

The curve of

hyvdrogen peroxide amount of about 95 g/t with no

ﬁ

DO upon addition of

ﬁ

ficant change of

S1gn]

H

DO rapidly increasing upon addition of

and

In examples 15 to 18,

concentrates collected over 1ntervals of 0.5,

minutes. In examples 15 and 16,

I

grinding medila made of
17 and 18,

chromium cast 1ron alloy with a chromium content of 18 %

otted against the

figure 7 shows an inflection point

PCT/EP2014/064945

logarithm

for example 14.

for a

smaller amounts

larger amounts.

flotation was carried out with
2,

the ore was ground with

4, and 9

forged carbon steel and 1n examples

the ore was ground with grinding media of high

Dy

welght. No hydrogen peroxide was added 1n examples 15 and
17. In examples 1o and 18, a 1 % by weight agqueous hydrogen

peroxide solution was added in an amount of 120 g/t ore

flotation.

1immedilately before starting

Figure 8 shows the curves

grade plotted against cumulated copper recovery

~—

examples 15 to 18, with Cr- denoting the use o:

carbon steel grinding media and Cr

high chromium cast i1ron alloy grinding media.
70 %

—hese results at

9 compare

concentrate copper grade.

denoting the use of
Tables 8 and

for cumulated copper concentrate

for

forged

H

copper recovery and at 9 3
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Table 8
Copper and gold concentrate grades and gold and diluent

recoveries at 70 3 copper recovery

Example | Grinding Grade Recovery
medla,
H,0, added Ccu Au Au LS NG
L5 ] lppm] | [%] L5 ] (5]
1o* Forged carbon 0.2 1.3 35.0 | 14.5 | 3.1
steel,
0 g/t
lo~* Forged carbon 1.2 1.7 46.0 [11.2 | 2.0
steel
120 g/t
17* High Cr cast 12.06 | 2.7 40.0 | 10.06 | 0.7
i1ron alloy
0 g/t
18 High Cr cast 18.9 | 3.2 31.0 | 3.7 0.5
1ron alloy
120 g/t

* Not according to the invention,
1S = NoG =

1ron sulfides, non sulfide gangue
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Table 9

Copper and gold recovery and concentrate gold and diluents

Q

grade at 9 3% concentrate copper grade

Example | Grinding Recovery Grade
media,
H,0, added Ccu Au Au LS NG
L5 ] L5 ] lppm] | [T (5]
1o* Forged carbon | 60.0 [27.5 | 1.7 33.0 471 .0
steel,
0 g/t
lo* Forged carbon | 67.0 [42.5 | 2.0 27.0 477 .0
steel
120 g/t
17% High Cr cast 77.5 |148.0 | 2.2 34.5 38.0
i1ron alloy
0 g/t
18 High Cr cast 32.0 [49.0 | 2.1 22 .0 02 .9
1ron alloy
120 g/t
* Not according to the invention,
IS = 1ron sulfides, NSG = non sulfide gangue

ﬁ

The data of table 8 show a synergistic 1mprovement 1n

copper grade and 1n the selectivity for copper sulfides

ﬁ

over 1ron sulfides for the method of the i1nvention compared

to using only hydrogen peroxide or using only high chromium

grinding media. Table 9 shows a further 1mprovement 1n the

H

recovery of copper and gold.
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Examples 19 to 23

Flotation was carried out with an 1ron oxide hosted

- Q

copper/gold ore having a head assay of 0.83 % Cu, 21.7 %
Fe, 0.39 ppm Au, 568 ppm As, and 4.0 5 S.

In example 19, a preliminary experiment was carried out

H

with the ore ground with grinding media made of forged

I

carbon steel, using varying amounts of hydrogen peroxide

that were added 1mmediately before starting flotation, and

I

the redox potential (Eh) and the content of dissolved

oxygen (DO) were determined i1mmediately after flotation was

started. The results are summarized 1n table 10.

Table 10

Variation of added hydrogen peroxide amount

H,O, added Example 19%*

(g/t] forged carbon steel
DO [ppm] Eh [mV]

0 0.95 233

1.5 0.00 2106

15 0.08 203

30 0.063 200

o0 0.65 2006

90 1.15 214

120 1.57 224

* Not according to the 1nvention
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Figure 9 shows a curve of DO plotted against the logarithm

~— ~—

H

of the amount of added hydrogen peroxide for example 19.

The curve of figure 9 shows an inflection point for a

hydrogen peroxide amount of about 64 g/t with no

H H

significant change of DO upon addition of smaller amounts

~—

and DO rapidly 1ncreasing upon addition of larger amounts.

ﬁ

In examples 20 to 23, flotation was carried out with

concentrates collected over intervals of 0.5, 2, 4, and 8

minutes. In examples 20 and 21 the ore was ground with

ﬁ

grinding media made O:

forged carbon steel and 1n examples

H

22 and 23 the ore was ground with grinding media of high

chromium cast 1ron alloy with a chromium content of 18 % by

weight. No hydrogen peroxide was added 1n examples

Q

20 and

22. In examples 21 and 23 a 1 3 by weight agueous hydrogen

H

peroxide solution was added in an amount of 50 g/t

immediately before starting flotation.

ore

Figure 10 shows the curves for cumulated copper concentrate

grade plotted against cumulated copper recovery for

I

examples 20 to 23, with Cr- denoting the use of forged

carbon steel grinding media and Cr+ denoting the use of

H

high chromium cast 1ron alloy grinding media. Tables 11 and

12 compare these results at 80 % copper recovery and at

13 % concentrate copper grade.
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Copper and gold concentrate grades and gold and diluent

recoverilies at 80 %

CA 02918638 2016-01-19

21

copper recovery
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Example | Grinding Grade Recovery
medla,
H,O, added Cu AU Al AS LS NoG
L5 ] lppm] | [ e e |5 ]
20% Forged carbon 10.0 | 3.7 060.0 [ 33.9 [46.3 | 1.8
steel,
0 g/t
21% Forged carbon 12.0 | 3.9 59.0 | 27.5 | 38.0 | 1.4
steel
50 g/t
22% High Cr cast 11.5 (4.0 0l.5 | 22.8 | 34.9 | 2.0
i1ron alloy
0 g/t
23 High Cr cast 15.7 [ 4.4 40.0 | 10.3 | 10.1 | 1.7
1ron alloy
50 g/t

* Not according to the invention,

1o =

1ron sulfides,

NG

= Nnon sul:

"1de gangue
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Table 12
Copper and gold recovery and concentrate gold and diluents

grade at 13 % concentrate copper grade

Example | Grinding Recovery Grade
medla,
H,O, added Cu Au AU AS LS NoG
L5 ] L5 ] lppm] | [ppm] | [5] [ 5]
20% Forged carbon | 57.5 | 36.0 | 3.8 2140 42.8 | 19.
steel,
0 g/t
21% Forged carbon | 75.0 | 53.0 (4.0 2171380 41.8 | 20.
steel
50 g/t
22% High Cr cast 712.5 [43.0 (4.2 2070 33.9 | 28.
i1ron alloy
0 g/t
23 High Cr cast 7.7 |o6l.5 | 4.4 1400 15.8 | 46.
1ron alloy
50 g/t

* Not according to the invention,

0 IS = 1ron sulfides, NSG = non sulfide gangue

ﬁ

The data of table 11 show a synergistic improvement 1n

copper concentrate grade and 1n the selectivity for copper

sulfides over 1ron sulfides and arsenic minerals for the

H

10 method of the i1nvention compared to using only hydrogen

peroxide or using only high chromium grinding media. Table

12 shows a similar synergilistic improvement i1n the recovery

ﬁ

of copper and gold.




10

15

20

CA 02918638 2016-01-19

WO 2015/007649 PCT/EP2014/064945

29

Examples 24 to 27

Flotation was carried out with a volcanogenic sulfide

- Q Q

deposit ore having a head assay of 2.65 3 Cu, 19.6 % Fe,

and 1lo.1 % S, which ore was similar to the ore used 1in

examples / to 13.

In examples 24 to 27, the ore was ground with grinding

I

media of high chromium cast i1ron alloy with a chromium

- Q

content of 21 % by weight. Flotation was carried out with

I

concentrates collected over intervals of 0.5, 2, 4, and 7

minutes. No hydrogen peroxide was added in example 24. In

Q

examples 25 to 27, a 1 % by weight agueous hydrogen

peroxide solution was added to the conditioned mineral pulp

I

in an amount of 15 g/t ore. In example 25, flotation was

started 1mmediately after hydrogen peroxide addition,

whereas 1n examples 26 and 27, the ore was conditioned with

hyvdrogen peroxide by starting flotation 15 and 60 minutes

after hydrogen peroxide addition.

Figure 11 shows the curves for cumulated copper concentrate

grade plotted against cumulated copper recovery for
examples 24 to 2/. Tables 13 and 14 compare these results
at 94 3 copper recovery and at 20 3% concentrate copper

grade.
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Table 13
Copper and 1ron concentrate grades and diluent recoveries

at 94 3 Ccopper recovery

Example | HyO, added, Grade Recovery
conditioning
fime Cu Fe Fe LS NSG

[ 5] [ 5 ] [ 5 ] [ 5 ] [ 5 ]

24%* 0 g/t 19.2 | 27.0 18.0 [10.4 | 4.8

29 15 g/t, 21.1 | 28.0 17.1 | 10.8 | 4.8
0 min

20 15 g/t, 20.1 | 26.3 lo.1 [ 11.4 | 5.1
15 min

2] 15 g/t, 20.0 | 25.8 15.7 | 11.8 | 5.2
o0 min

* Not according to the invention,

IS = 1ron sulfides, NSG = non sulfide gangue
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Table 14
Copper and 1ron recovery and concentrate diluents grade at

20 % concentrate copper grade

Example | HyO, added, Recovery Grade
conditioning
fime Cu Fe Fe 1S NoG

| % ] | 5 ] | 5 ] | 5 ] | 5 ]

24 % 0 g/t 93.3 | 17.2 | 27.2 18.8 29 .1

29 15 g/t, 94.7 |1 18.0 | 27.5 23.2 29.3
0 min

20 15 g/t, 94.2 | 15.3 | 26.3 23.2 29.3
15 min

2] 15 g/t, 94.0 | 15.8 | 25.8 23.2 29.3
00 min

* Not according to the invention,

IS = 1ron sulfides, NSG = non sulfide gangue

The data of tables 13 and 14 show that the method of the

ﬁ

invention provides the best results 1f there 1s no or only

H

a short delay between the addition of hvyvdrogen peroxide and

the flotation step. However, even when the ore 1s

conditioned with hydrogen peroxide, the method of the

invention still provides an i1mprovement over a method using

H

grinding media made of high chromium cast 1ron alloy and no

hyvdrogen peroxide.
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The embodiments of the invention in which an

exclusive property or privilege 1s claimed are defined as

follows:

1. A method for recovering a copper sulfide concentrate

from an ore containing an iron sulfide, comprising the

steps of

a) wet grinding the ore with grinding media to form a

mineral pulp,

b) conditioning the mineral pulp with a collector

compound to form a conditioned mineral pulp, and

c) froth flotation of the conditioned mineral pulp to
form a froth and a flotation tailing, separating the froth

from the flotation tailing to recover the copper sulfide

concentrate,

wherein grinding media made of high chromium cast
iron alloy with a chromium content of from 10 to 35 % by
welght are used 1n step a) and hydrogen peroxide 1s added

to the conditioned mineral pulp between steps b) and c¢) or

during step c).

2. The method of claim 1, wherein the grinding media are
high chromium cast i1ron alloy balls with a chromium

content of from 10 to 35 % by weight.

3. The method of claim 1 or 2, wherein the high chromium

cast i1ron alloy is a high chromium white i1iron alloy

comprising a carbide phase.

4 . The method of any one of claims 1 to 3, wherein the

high chromium cast iron alloy 1s a martensitic solid

Q

solution free from pearlite and comprising less than 5 %

by weight austenite.
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5. The method of any one of claims 1 to 4, wherein the
hydrogen peroxide 1s added less than 15 minutes before a

gas is introduced for froth flotation.

6. The method of any one of claims 1 to 4, wherein froth
flotation is carried out continuously and hydrogen

peroxide 1s added continuously during froth flotation.

7. The method of any one of claims 1 to 6, wherein
hydrogen peroxide 1is added as an aqueous solution

comprising 0.5 to 5 % by weight hydrogen peroxide.

3. The method of any one of claims 1 to 7, wherein an

alkali metal alkyl xanthate 1s used as collector.

9. The method of any one of claims 1 to 8, wherein
hydrogen peroxide is added in an amount of from 0.5 to 10
times a target amount, the target amount being determined
in a series of preliminary experiments in which the amount
of added hydrogen peroxide 1s varilied, the concentration ot
dissolved oxygen 1s determined in the mineral pulp after
addition of hydrogen peroxide, the concentration of
dissolved oxygen 1s plotted against the amount of added
hydrogen peroxide to give a curve having an inflection
point, and the target amount of hydrogen peroxide 1s
determined as the amount of hydrogen peroxide at the

inflection point.

10. The method of any one of claims 1 to 9, wherein the

concentration of dissolved oxygen 1s determined in the

mineral pulp after addition of hydrogen peroxide and the
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amount of hydrogen peroxide added is adjusted to

maintain a minimum concentration of dissolved oxygen.
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