
ISSN 1067-8212, Russian Journal of Non-Ferrous Metals, 2021, Vol. 62, No. 4, pp. 375–381. © Allerton Press, Inc., 2021.
Russian Text © The Author(s), 2021, published in Izvestiya Vysshikh Uchebnykh Zavedenii, Tsvetnaya Metallurgiya, 2021, No. 3, pp. 4–14.

MINERAL PROCESSING
OF NONFERROUS METALS
Current Status of Copper-Ore Processing: A Review
T. N. Aleksandrovaa, *, A. V. Orlovaa, **, and V. A. Taranovb, ***

a St. Petersburg Mining University, St. Petersburg, Russia
b AO Mekhanobr Engineering, St. Petersburg, Russia

*e-mail: Aleksandrova_TN@pers.spmi.ru
**e-mail: orlova-anna2007@yandex.ru
***e-mail: taranov.vadim@gmail.com

Received September 10, 2020; revised January 25, 2021; accepted January 28, 2021

Abstract—An analysis of f lowsheets for processing sulfide and oxide copper ores, reagent modes, processing
equipment, and flotation indicators in some domestic and foreign processing plants and productions is car-
ried out. Autogenous and semiautogenous mills are commonly used in the primary grinding stage in ore pro-
cessing plants, which excludes medium and fine crushing. The alternative is high-pressure grinding rolls,
which can reduce electricity consumption compared with autogenous and semiautogenous grinding. An
increase in the use of large-volume and high-performance ore-processing f lotation equipment to maintain
the quality and quantity of the product is noted. In addition to ball mills, fine- and ultra-fine-grinding mills
in different configurations are widely used in the regrinding stage of the rougher f lotation concentrate. An
analysis of the f lotation reagents to increase the efficiency of the separation process is made, where domestic
and foreign approaches to the selection of f lotation reagents are given. It should be noted that the combina-
tion of primary and secondary collectors is often used in foreign processing plants. Flotation reagents used in
the processing of copper sulfide and oxide ores and their costs are presented. The combined circuit of f lota-
tion-hydrometallurgical processing of mixed copper ore at the Udokan deposit is considered. The conclu-
sions reveal the current trends in the processing of copper ores, including the choice of equipment.
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INTRODUCTION
According to the International Wrought Copper

Council, copper is chiefly used in building construc-
tion, equipment manufacturing, and infrastructure. In
2019, global copper consumption was 29.44 million t,
which is a 0.5% increase when compared to 2018.
According to London Metal Exchanges, the average
value per ton of copper in early 2018 and the end of
2019 ranged from $5800 to $7200 [1, 2]. The ever-
growing demand for copper ensures the creation of
new branch enterprises and the reconstruction and
expansion of existing industry clusters both in Russia
and abroad.

The choice of copper-ore processing technology
depends on its composition, i.e., the sulfide, oxide,
carbonate, and copper silicate content.

Leaders in copper ore processing include Chile,
Peru, the United States, Australia, China, Russia,
Mexico, Kazakhstan, Zambia, and Congo. Chile
accounted for almost a third of global copper produc-
tion in 2018.

The largest volume of processing is currently asso-
ciated with porphyry copper, copper sandstones and

slates, and copper-pyrite deposits in Russia. The ores
of sulfide copper-nickel, copper-pyrite deposits, and
ores of copper sandstones and slates are primarily pro-
cessed abroad. The amount of copper in copper sand-
stones and slates varies from 1 to 6%, in sulfide cop-
per-nickel ores from 1.1 to 4.9%, in copper-pyrite ores
from 0.1 to 3%, and in copper-porphyry ores from 0.4
to 1.2%.

Up-to-date technological solutions, effective
reagent f lotation schemes, high-performance equip-
ment, and integrated approaches when choosing the
succession of ore processing are required due to the
gradual decline in the copper content of the ore. This
paper analyzes the current trends in copper-ore pro-
cessing in domestic and foreign processing plants.

IMPROVING ORE PROCESSING

Ore-processing plants are currently dominated by
flowsheets in which autogenous and semiautogenous
(SAG) mills are used in the first stage of grinding and
ores with 80% size more than 200 mm have a single
grinding stage. Primary crushing is commonly carried
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out as close as possible to a mine or a quarry. The
crushed ore is transported mainly by a belt conveyor
system and, more and more rarely, by truck to the pro-
cessing plant.

The competing option of autogenous and semiau-
togenous grinding technology is the use of high-pres-
sure grinding rolls (HPGRs). HPGRs are typically
used in the third stage of crushing instead of fine
crushing, or at high hardness of ores in the fourth stage
of crushing, which enables the ore to be softened
before ball milling. The ore-processing f lowsheet at
the Metcalf mill (United States) includes two stages of
crushing: coarse crushing in a gyratory crusher and
medium crushing in a cone crusher manufactured by
Metso (Finland) in a closed circuit with a screen
reaching 80% passing 41 mm. Fine crushing is carried
out in a grinding roller in a closed circuit with screens
and then grinding is carried out in a ball mill in a
closed circuit with hydrocyclones up to 80% passing
250 μm [3].

The semiautogenous grinding process is very sus-
ceptible to changes in the particle size and mechanical
properties of the incoming ore, which can decrease the
ore-processing productivity. In response to this prob-
lem, up-to-date solutions like the use of an individual
disintegration operation for crushed pebbles in a ball
mill or HPGRs are applied to common operations
that optimize the performance of SAG mills (addi-
tional ball load and recrushing of pebbles with the
subsequent return of crushed material to the mill
feed). The ore pebbles generated in the SAG mill dis-
charge with a size of –65 + 12 mm after recrushing in
a cone crusher to 80% passing 15 mm is fed to an
individual ball mill used for pebble grinding in the
Mikheevskii Mining and Processing Enterprise
(MPE). The crushed ore pebble material is for-
warded to the HPGRs operating in a closed circuit
with a screen, where the undersized product enters the
sump of the ball mill in the Bozshakol Processing
Plant in Kazakhstan.

The advantage of autogenous and semiautogenous
grinding is the simplicity and reliability of the flowsheet
during operation when compared with HPGRs. How-
ever, HPGRs can reduce energy costs by 15–30%.

MAIN TRENDS 
IN PROCESSING COPPER ORES

In recent times, a low copper content in ores has
been observed (ores containing 0.2–0.3% copper are
used for processing in Canada and the United States,
and ores containing at least 0.4% copper are used in
Russia [4]) owing to the exhaustion of rich copper
resources. The f lowsheet of processing copper ores is
developed for each particular ore, but there are some
general trends in the choice of operations, circuits,
reagent options, and equipment. The approaches to
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processing copper ores and choosing reagents are pre-
sented in [5–7].

The f lotation process is most often used for copper
sulfide ores due to the good f loatability of most sul-
fides. A f lotation f lowsheet usually includes a rougher
stage and several recleaner stages. For porphyry cop-
per sulfide ores, the Palabora processing plant (South
Africa), producing 150000 t of ore per day, uses a
flowsheet which consists of rougher and scavenger f lo-
tations with regrinding of the rougher f lotation con-
centrate followed by recleaning and yielding a copper
concentrate. Its recovery is 80% with a copper grade
of 33%.

A similar f lowsheet is used in the Josemaria plant
(Argentina), producing 50000 t of ore per day, except
for the scavenger f loatation step of the rougher tail-
ings. The copper content in the original ores is 0.29%.
The final copper concentrate produced contains
25.1% copper with 86% recovery.

The Mikheevskii MPE, producing 18 million t of
porphyry copper ore per year (at a grade of 0.4% cop-
per), applies the bulk-differential f lowsheet and pro-
duces copper and molybdenum concentrates. The f lo-
tation feed is the tertiary grinding overflow of 80%
passing –65 μm. The copper f lotation circuit includes
rougher and scavenger f lotations, as well as several
recleaner stages when rougher and scavenger concen-
trates are reground with a recleaner concentrate. The
rougher bulk concentrate contains 4% copper with
75% recovery. After recleaning, the final copper con-
centrate produced contains at least 20% copper with
85% recovery.

The plant within the Tominskii MPE produces
28 million t of porphyry copper ore per year, where the
initial content of copper in the ores is 0.4%. The
rougher f lotation feed is the tertiary grinding overflow
of 80% passing –65 μm. The f lotation circuit includes
rougher and scavenger f lotations, regrinding and size
distribution of the concentrate to an overflow of 80%
passing –35 μm, as well as two recleaner operations
and a recleaner scavenger operation. The final con-
centrate contains 20% copper with 85% recovery.

The mineral composition of copper ores delivered
to the processing plant (producing 65 000 t per day) in
the Santo Domingo project (Chile) [8] includes
pyrite, chalcopyrite, bornite, covellite, chalcocite,
quartz, carbonates, plagioclases, and aluminosilicate
clays. The initial content of copper in the ores is 0.3%,
but the concentrate is expected to produce 30% copper
with 94% recovery. The projected f lowsheet of cop-
per-ore processing will consist of the rougher f lotation
with regrinding of the concentrate of the rougher, one
recleaner f lotation to 80% passing –34 μm and fol-
lowed by recleaning.

For oxide copper ore and some sulfide ores, a com-
bined flotation–hydrometallurgy technology is
applied to produce copper concentrate and copper
cathodes. The processing of this ore includes ore
OF NON-FERROUS METALS  Vol. 62  No. 4  2021
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preparation, f lotation, concentrate leaching, and sol-
vent extraction and electrowinning (SXEW). This
technology with the f lotation extraction of copper sul-
fides from the leaching cake is meant to be used in the
mining and metallurgical plant (MMP) under con-
struction at the Udokan deposit in Russia.

The extraction of copper minerals from unpayable
ores containing a low concentration of copper in the
ore (oxide, mixed ores, and secondary sulfide ores)
can be affected by the leaching of ground ore followed
by solvent extraction and electrowinning. This tech-
nology is applied in a number of large copper produc-
tions, including Escondida (Chile), Collahuasi
(Chile), Buenavista del Cobre (Mexico), and Morenci
(United States) [9].

In the Minera Tres Valles mining plant (Chile)
[10], the copper ore extracted in a quarry and an
underground mine after stockyard blending is crushed
in the fourth stages into particles less than 6 mm; then
it is mixed with sulfuric acid and water in a sintering
machine and fed for heap leaching, which is carried
out in 3 months. The leach solution is fed to extraction
using an extractive agent, and then electrolysis of the
electrolyte solution is performed to obtain copper
cathodes.

DIRECTIONS 
FOR IMPROVING FLOTATION MODES

Xanthates and aerofloats are the most commonly
used collectors for sulfide copper minerals in domestic
processing plants. The processing of oxide copper ores
is worse than that of sulfide copper ores, and the plants
apply the split f lotation of sulfide and oxide copper
minerals, depending on the degree of oxidation. To
improve the f lotation efficiency of the latter, their sur-
face is sulfidized in advance and then flotation is per-
formed using sulfhydryl collectors (butyl and amyl
xanthates). Oxyhydryl collectors such as fatty acids
and fatty acid soap are also used for the f lotation of
oxide copper minerals.

Dithiophosphates, PAX (potassium amyl xan-
thate), fuel oil, SIPX (sodium isopropyl xanthate),
and thionocarbomates are the most commonly used
collectors in foreign processing plants. For example,
plants such as Higland Valley (Canada) and Bagdad
(United States) apply PAX in combination with fuel
oil, while the El Salvador plant (Chile) applies a com-
bination of PAX and thionocarbamate. In the Minera
Candelaria plant (Chile), AP3894 (Solvay), 6–8 g/t,
is used as a primary collector, and at Hostaflot-Lib K
(Sansil-Clariant), 3–4 g/t, is used as a secondary col-
lector. Three collectors, including PAX, Sascol 95,
and Matcol TC-123, will be used in the projected plant
of the Josemaría deposit (Argentina).

The paper [11] presents additional collectors of
DK-80 tertiary acetylenic alcohols (2-methyl-3-
butyn-2-ol) in combination with AeroMX5152 (15–
RUSSIAN JOURNAL OF NON-FERROUS METALS  Vo
40% allyl ester of amylxanthogenic acid) and
VK-901B (dialkyldithiophosphate-dialkylthionocar-
bamate) to improve the f lotation efficiency of the por-
phyry copper ore. Additional collectors based on
DK-80 and DMIPEK tertiary acetylenic alcohols
maintain effective interactions with the surface of sul-
fide minerals, along with primary collectors contain-
ing bivalent sulfur in the structure of the functional
group.

The study [12] shows that the application of
desorbed xanthates that are active toward the gas–liq-
uid interface removes constraints on the formation of
the f lotation contact. The effect of the desorbed
reagents on the water film separating the mineral par-
ticle from the air bubble is reinforced with an increase
in the length of the xanthate’s hydrocarbon fragment.
The paper [13] assesses the ratios of the physical and
chemical sorption activities of the reagent applied for
the sulfide minerals. The f lotation separation selectiv-
ity of sulfides is influenced by the liquid volume,
which is removed by the desorbed physical and nonde-
sorbed chemical sorptions of the reagent.

Laboratory tests at the Research Institute of Com-
prehensive Exploitation of Mineral Resources
(IPKON) of Russian Academy of Sciences (Moscow)
show that new dithiocarbamate, dithiazine, and dith-
iophosphinate collectors (2-hydroxylpropyl ester of
diethyldithiocarbamate acid (HPEDDCA), copper
diethyldithiocarbamate (CDDC), perhydro-1,3,5-
dithiazine-5-yl-methane (DTZ), and sodium
diisobutyl dithiophosphinate (DTPI)) increase the
concentrate quality in the gold content by more than
1.5 times and gold recovery by more than 1.5–5.0%
when processing refractory minerals [14]. These col-
lectors can also be used in the f lotation of goldbearing
copper ore.

The testing of new types of f lotation reagents such
as thermomorphic polymers with functional groups of
dithiophosphinate, thioamine, and thiosemicarbazide
in the Norilsk Nickel laboratory demonstrates a 12–
15% increase in the recovery of platinum, 3–4% for
palladium, and 4–6% for copper and nickel from an
ore which is rich in these elements [14].

Terpiniol, propylene oxide/butyl alcohol
(PO/BA), methyl isobutyl carbinol (MIBC), T-80,
Dow 250, pine oil, etc. are used to create f lotation
froth. The frother is often weak for the recovery of the
coarse middlings and poorly selective for fine f loating
particles. Therefore, a complex of frothing agents is
used in ore-processing plants.

Sodium sulfide (100–200 g/t ore) is usually used to
sulfidize the surface of oxide copper minerals at
domestic plants; sodium hydrosulfide is less common.
Foreign plants apply hydrogen sulfide as a sulfidizer
(10–150 g/t ore).

Liquid glass (80–150 g/t), NaHS, lime, Akremon
D-13, CMC (carboxymethylcellulose) (50–200 g/t),
and NaHSO3 most frequently play a depressor role in
l. 62  No. 4  2021
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the f lotation of copper minerals. As a depressor for the
waste copper-nickel ore in the monomineral fractions
of sphalerite, a humate agent exhibit high depressing
activity. The use of the humate agent in the bulk f lota-
tion operations and in the recleaner operation of the
bulk concentrate improves the recovery of nickel and
copper into the concentrate without compromising
the quality of the latter [15].

One important task in the processing of copper ores
is to remove pyrite varying from 10 to 90% in the sul-
fide copper ores. The pH of pulp affects the depression
of pyrite [16].

A main factor influencing the selectivity of the cop-
per-ore f lotation process is the pH value. Lime,
sodium carbonate, sodium sulfide, liquid glass, sulfu-
ric acid, cyanide, etc., are used to control the pH of the
pulp. The Utah Copper plant (United States) performs
primary f lotation at pH 8.5 and recleaner f lotation at
pH 9, 5, while the primary and recleaner f lotations in
the Pinto Valley, Mineral Park and Bagdad plants
(United States) are conducted at pH 11.5 [17].

The bulk f lotation and the sulfide f lotation of cop-
per from atmospheric leaching cake in the future cop-
per ore processing plant at the Udokan deposit is
planned to be carried out at pH 9.0–10.5 and 5–6,
respectively. Lime milk will be used to form and main-
tain the pH medium.

One problem in the f lotation process is the pres-
ence of sludges. Fine particles covering the minerals
prevent the attachment of mineral particles to air bub-
bles. Process selectivity is reduced due to the high
adsorption capacity of the sludges towards the agents
and ions that are present in the pulp. One way to solve
the problems caused by sludges is the preliminary
removal of sludges with the use of starvation mode flo-
tation, i.e., at very low doses of the collector. The pre-
liminary classification and further separate prepara-
tion of coarse and fine fractions of the crushed ore
material also have a positive effect. The method for the
flocculation of sludges of sulfide minerals with a
hydrophobic polymer such as a butadiene–styrene
polymer SK-300X is known. The use of column flota-
tion machines for the selective absorption of sludges is
an option to improve the efficiency of processing ores
with a high content of fine particles [18].

DIRECTIONS IN THE DEVELOPMENT 
OF PROCESSING EQUIPMENT

Owing to the involvement of more low-grade and
more refractory ores into processing, the production
of processing plants is increasing, resulting in the
common use of efficient equipment.

In high-productivity processing plants, primary
crushing is carried out in gyratory crushers. The Supe-
rior MKII gyratory crushers manufactured by Metso
(Finland) are used in many plants. The company has
recently launched a new line of Superior MKIII
RUSSIAN JOURNAL 
crushers having capacities ranging from 5250 to
17000 t/h. In low-productivity primary crushing
plants, jaw crushers are used (e.g., the Nordberg C jaw
crushers with capacities ranging from 335 to 1435 t/h,
which are manufactured by Metso in Finland).

The HRC3000, the world’s largest roller press (or
HPGR)—with a capacity of 4928 t/h—used for fine
crushing in a closed circuit with screens from Schenck
Process (Germany), 4 × 10 m, was successfully imple-
mented in the Metcalf plant (United States) [3].

SAG mills (Outotec, Finland) work well in SAG
operations. The Tominskii MPE is equipped with
SAG mills, 11.6 × 8.2 m, fitted with 23 MW gearless
drives. Copper Mountain (Canada), producing 40000 t a
day, installed SAG mills, 10.4 × 5.2 m, fitted with a
13.5 MW engine power.

Large-volume chambers used for rougher and
scavenger f lotation operations are now found more
often in processing plants. The Outotec TankCell f lo-
tation machines (Finland) are available with a nomi-
nal volume of chambers up to 630 m3, while the vol-
ume of the chamber in the FLSmidth SuperCell f lota-
tion machines (Denmark) is up to 600 m3. The use of
flotation machines with a chamber volume of 630 m3

at a rougher f lotation stage improved recovery by more
than 3% at the Buenavista del Cobre (BVC) plant in
Northern Mexico and increased the copper content in
concentrate by 24%. In f lotation machines with the
Outotec FloatForce mixing mechanism (Finland), the
contact between bubbles and particles in the shear
zone between the rotor and stator is maximized. The
contact of coarse particles and air bubbles is caused by
intensive and smooth mixing, which enable the high-
est recovery to be obtained due to the decrease in the
“removal” of particles from air bubbles [19]. At the
flotation process in the plant, there are two parallel
sections producing 90000 and 100000 t per day,
respectively. A single Outotec TankCell e630 f lotation
machine (Finland) is installed in each section and the
volume of the rougher f lotation increased from 3043
to 4303 m3.

A single f lotation machine with a volume of 630 m3

will be installed in two parallel rougher f lotation lines
in the plant being designed in Argentina to produce
25 million t of ore a year. It is also expected that seven
flotation machines with a volume of 630 m3 will be
located in the recleaner–scavenger f lotation. In the
plant being designed in Chile to produce 100000 t a
day, 14 f lotation machines (two rows of seven) with a
chamber volume of 600 m3 each will operate in the
bulk rougher f lotation stage.

Flotation machines with a chamber volume of
300 m3 (Mikheevskii MPE, Tominskii MPE) are
installed in the rougher–scavenger f lotation stages in
modern domestic processing plants. Flotation
machines of this type provide about 75% recovery of
copper minerals.
OF NON-FERROUS METALS  Vol. 62  No. 4  2021
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Fig 1. Flowsheet of the processing of copper ore at the Udokan deposit.
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The column flotation machines which operate
both in conjunction with mechanical f lotation
machines and independently are widely used in
recleaner operations. Their use makes it possible to
obtain a high metal content in the concentrate for par-
ticles of size <150 μm [20]. The copper content in the
recleaner concentrate produced by the Minera Can-
delaria plant (Chile) is about 30%.

Fine- and ultra-fine-grinding mills such as Metso
VertiMill, Stirred Media Detritor (Finland), FLS-
midth VXPmill (Denmark), and Outotec HIGmill
(Finland) in vertical format and Glencore Technology
IsaMill horizontal mill (Australia) are increasingly
used for regrinding rougher concentrate instead of
drum or tube mills [21]. These regrind mills have a
number of advantages over drum mills: a reduction in
grinding time, the absence of scrap contamination in
the mill product, a decline in the energy intensity of
the process, a reduction of grinding medium con-
sumption (by an average of 30%), the required grind-
ing fineness, and simplicity of maintenance, etc.

In addition to the liberation of minerals in the fine
fraction, grinding in the IsaMill compared with con-
ventional grinding in a steel medium also has a positive
effect on the f lotation recovery of minerals, contribut-
ing to the speed-up of f lotation process at lower
reagent consumption and excluding the effect of the
steel medium on the surface of minerals. This effect in
steel grinding can be partially reduced by increasing
the pH and supply of reagents in f lotation operations,
but the selectivity of the process decreases [22].
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In the Josemaria plant (Argentina), a vertical mill
with an engine capacity of 11 220 kW to achieve a
product size of 80% passing –25 μm will be installed
in the regrinding stage of the rougher concentrate. In
Georgia, an HIG1100 mill with an engine capacity of
1100 kW has been installed to regrind the rougher con-
centrate from 80 to 40 μm. In the Sossego plant (Bra-
zil), the product size of the Vertimill is 80% passing
‒44 μm [23]. Three vertical mills VTM3000 (Metso,
Finland) with an installed engine capacity of 2237 kW
were put into operation in the Talnakh processing
plant in Norilsk [24].

In many plants, filter presses are used in the dewa-
tering phases to achieve the required moisture content
of the concentrate obtained. These filters, compared
with a ceramic disk filter, are most effective for filter-
ing finely ground copper concentrate [25].

COMBINED FLOWSHEET 
OF COPPER ORE PROCESSING

Combined solutions are now used alongside the
conventional f lowsheet for mixed copper-ore process-
ing. For example, the future MMC of the Udokan
deposit in Zabaykalsky Krai will introduce this tech-
nology to obtain a bulk f lotation concentrate entering
the atmospheric leaching and subsequent processing
of the solution using the SXEW method. After neu-
tralization, the washed cake of atmospheric leaching
will be sent to sulphide f lotation. The Fig. 1 shows the
primary operations and material f lows.

The products of the MMC are KM-0 copper cath-
odes and copper concentrate (copper content >45%).
l. 62  No. 4  2021
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One of the main reasons for choosing the combined
processing of copper ore from the Udokan deposit was
its material composition. The main copper carriers in
the ore are chalcocite, bornite, and the copper sulfate
brochantite. The accessory minerals are sulfides (cov-
ellite and chalcopyrite), copper sulfate (antlerite), and
carbonates (malachite and azurite). The head grade of
copper in the ore is 1–2% and the oxidation state is
~60% [26]. The decision to use the combined technol-
ogy for processing ores with the ultimate recovery of
copper into a bulk concentrate (~90%), its low copper
content (~5–6% copper), and the decrease in copper
loss with tailings was taken after numerous tests.

The ore processing f lowsheet includes crushing,
grinding to a size of 80% passing –180 μm, the first
bulk f lotation with regrinding of the f lotation tailings
to a size of 80% passing –74 μm, the second bulk f lo-
tation, thickening and filtration of the bulk concen-
trate, atmospheric sulfuric leaching of thickened bulk
flotation concentrate, filtration of the leaching solu-
tion, extraction and reextraction of pregnant leach
solution to prepare the pure electrolytic conductor
(free from contamination), electrolysis of copper from
the reextract, neutralization of atmospheric leaching
cake, its regrinding to 80% passing –25 μm, rougher
sulfide f lotation with two recleaners, and dewatering
of sulfide f lotation concentrate.

The following reagents will be used in the bulk f lo-
tation operation: butyl xanthate as a copper collector
(40–100 g/t), sodium sulfide as a sulphidizer (50–
200 g/t), and methylisobutylketone (MIBK) as a
frothing agent (10 g/t). The reagent mode of sulfide
flotation includes depressor liquid glass (15–35 g/t),
collector butyl xanthate (5–15 g/t), and frothing agent
MIBK (5–10 g/t). About 88% of copper with its con-
tent exceeding 45% will be extracted into the copper
sulfide f lotation concentrate.

Concerning the equipment for the processing plant
of the Udokan MMC, the use of Outotec large-vol-
ume TankCell chambers (Finland) with their volume
of 300 m3 may be noted. The Outotec HIGmill bead
mills (Finland) will be used to regrind the atmospheric
leaching cake. The filtration of the bulk concentrate
with a particle size of 60–100 μm will be carried out
using Outotec Larox press filters (Finland) with a fil-
tration area of 1314 m2 up to a moisture content of
20% and a copper concentrate with a particle size of
25 μm and a filtration area of 198 m2 up to a moisture
content of 17%. The relatively high moisture content
is due to the properties of the waste materials in the
concentrate.

CONCLUSIONS
Much attention is given to the grinding technology

(semiautogenous grinding/HPGR) in selecting and
optimizing the process f lowsheet for copper ore. In the
autogenous and semiautogenous grinding technology,
RUSSIAN JOURNAL 
of special interest is the optimization of the circuit for
pebble recrushing using separate grinding.

The choice of the process f lowsheet for copper ore
is greatly influenced by the industrial type of the
deposit and the oxidation state of the ore. The f lota-
tion process is widely used for sulfide ores, but f lota-
tion and hydrometallurgy processes are used for oxide
and mixed ores.

In the f lotation process of sulfide ores, butyl xan-
thate is mostly used either independently or in combi-
nation with dithiophosphates or thionocarbamates. In
Russia, it has been used as the main collector for cop-
per ores for a long time. Ethyl xanthate and aerofloats
are commonly used in foreign plants. They remain of
limited use in Russia because of their higher cost.

Pine oil, MIBK, and cresylic acid are used as a
frothing agent in the f lotation process of copper sul-
fide minerals.

At present, the development of new flotation
reagents is focused on their selectivity, environmental
safety, and efficiency. Since the development and test-
ing of a new reagent are usually time- and resource-
consuming, a long period of time is required to
develop and introduce the reagent into the technolog-
ical process of the plant. Time-tested reagents are
favoured in developing reagent modes in new process-
ing plants.

Processing plants are increasingly provided with
high-performance ore-processing equipment. An
increase in the use of large-volume flotation machines
with chamber volumes from 300 to 630 m3 is noted.
The preference for their small number over a large
number of f lotation machines with a smaller chamber
volume helps reduce capital and operating expendi-
tures. Column flotation machines in recleaner f lota-
tion operations are widely used in the foreign process-
ing plants. They can reduce the area of equipment
installation due to their design, in addition to the effi-
cient separation of particles smaller than 150 μm.

Metso VertiMill mills (Finland) are used to open
minerals in the regrinding stage; the Glencore Tech-
nology IsaMill (Australia) and Outotec HIGmill
(Finland) mills are used for fine grinding. These mills
are designed in different types of configurations,
which makes it possible to place them in small areas,
using less energy for grinding to the required grain size
when compared with drum mills.
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