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AHJATIA

Maructpiik guccepranus /1 GerreH Typanbl, 3 OemimueH, 17 kecreneH, 18 cyperreH,
1 xoceiMIIaan xkoHe 47 oneOu KO31eH TYPaIbI.

JluccepTanusuiblK KYMBIC AJIMaJibl KEH OPHBIHBIH MBICTHI YIMETI IaiiManay epiTiHalIepin
3epTTeyre, OHIMAI epiTIHAIEPAIH XUMISUIBIK KYpaMbIH aHBIKTayFa, CYHBIK SKCTPAKIUS 9IiCIMEH
MBICTHI anyFa, Acorga CR60 cHUAKTBI KCTpareHTTep/IiH kKaHa TYpJepiH KOJiJaHa OTBIPHII, Kpajl
TY311y po0ieMaiapbiH 3epTTeyre apHaJIFaH.

KymbicteiH MakcaTsl Acorga 5640 >xone Acorga CR60 (Cytec) skcTpareHTTepiH CYHBIK
MBIC SKCTPAKIMACHIHIA OHEPKICINTIK KONIAHYABIH TEXHUKAIBIK-9KOHOMHKAIIBIK Heri3/iemMeci
YILIiH ChIHAY OOJIIbI, aTal alTKaH/1a MEHIIIKTI aFbIH/Ibl aHBIKTAY, apajacThIPy >KbUIIaMIbIFbIHbIH,
TEMIIepaTypaHblH OCHl PEAareHTTI HaijanaHa OTBHIPBIN KPAAThIH Ty3LTy mporecine ocepi, PLS
epITIHALTIEPIHEeH MBIC ATYJbIH OHTANUIIBI KaFJailIapblH 93ipIiey.

3eprrey obbekTinepi Kypambiaaa Cu — 2,35 r/aqm° 6ap AnMansl KeH OpHBIHBIH YiiMeni
mraiimanay epitigaici (PLS) sxone kypambinaa 1 r/am3 MbIC Oap MOAENBIIK ePITiHAI OOIBI.

Kympicta CR-60 kpanrel OacaThlH KOCIAHBI KOJIJAHY KPAJTBIH Taina OOJyBIHBIH
TeMeHJIeyiHe bIKMan eTreTiHi aHblKTangel, CR60 KocmachlHBIH 0acTbl apTHIKIIBUIBIFEL -
OIYHKBIpJIAp/ia KPajaThlH Maiga OONYBIHBIH TOMEHJEYyi, ockulaiiia PLS koHE OpraHuMKalbIK
arbIHAAp YIIIH KOJEMHIH YJIFarobl, OYJI 3aybITTap/blH OHIMALUIITIHIH apTyblHA TiKeJIeH oKenel.
PLS epirtinginepinae KpeMHUN AMOKCHAI OOJFaH Ke3lle CYWBIKTBHIKTHI aly MpoIeci KUbIHFa
coranpl, 0ipak ACORGA CRO60LT peareHTiHIH KOCIAacChIMEH MPOIECTIH TYPAKThl KYMBICHI
Oaiikanapl.

Kympicta Acorga CR60 (CYTEC) kpantel OacatbiH Kocmackl Oap Acorga 5640
HKCTPAreHTIMEH MBIC ally MPOLECIHIH MaTEeMaTHKAIBIK MOEIi KYpacThIPbLIFaH.



AHHOTAIUA

Marucrepckast auccepranus H3JOkKeHa Ha /1 cTpaHMIax, COAEPXKUT 3 pasjena,
17 tabnuu, 18 pucynkos, 1 Ilpunoxxenue u 47 nuTepaTypHBIX UCTOYHUKOB.

JuccepranyonHas pabora MOCBAIIEHA M3YyYEHUIO PACTBOPOB KYYHOTO BBIIIEIAUNBAHUS
MeJIi MECTOPOXKICHHS AJIMaIbI, ONIPEISIICHII0 XHMUYECKOTO COCTaBa MPOAYKTUBHBIX PACTBOPOB,
U3BJICYCHUIO ME/IU METOIOM KUIKOCTHOH IKCTPAKIINH, H3YIEHUIO ITPOOIeM Kpa000pa30BaHus C
NPUMEHEHHEM HOBBIX THUIIOB SKCTPAareHToB, Takux kak Acorga CR60.

lenpto paboOTHl SBISAIOCH MCHBITaHHE SKCTpareHTOB Acorga 5640 m Acorga CR60
(CYTEC) nmnst TeXHMKO-PKOHOMHUYECKOTO OOOCHOBAHHUS WX IMPOMBIIUICHHOTO MPUMEHEHUS B
KHUJKOCTHOI SKCTPaKIMK MEIH, & IMEHHO OIpeelIeHHEe YAeIbHOTO PacXoa, BIUSHUE CKOPOCTH
MEIIAIOK, TeMIIEPaTyphbl Ha Mpolecc 00pa30BaHMs KpaJla ¢ UCIOIb30BAHUEM JIAHHOTO peareHTa,
pa3paboTKa ONTHMAIIBHBIX YCIOBHH SKCTpakuuu Mean u3 PLS pactBopos.

OObeKTaMH  HMCCIICAOBAaHUN  SIBJSUTMCH PAacTBOP Ky4HOro BbimenaunBanus (PLS)
MecTOposKIeHns AnMasl ¢ coepkanneM CU — 2,35 r/am3 u MoebHbIH pacTBOp ¢ COepKaHUEM
memn 1 r/ame.

B pabore ycraHOBIIEHO, YTO NpHUMEHEHWE Kpajaomnonasistome mnpucaaku CR-60,
CIOCOOCTBYET CHIKEHUIO 00pa30BaHuUs Kpajaa, OCHOBHOE mpeumyiiecTBo npucaaku CR60 - ato
CHIDKEHHUE 00pa30BaHMs Kpasia B OTCTOMHHUKAX, TEM CaMbIM yBeJIHYeHHE 00bEMa U1 ToToKoB PLS
U OPraHWKH, YTO HANpSMYIO BEIET K YBEIMYEHHUIO MPOU3BOAMTEIBHOCTH 3aBOJOB. lIpomecc
KHMJKOCTHOI SKCTPAKIMH B IIPHUCYTCTBUH TMOKCHAA KpeMHUs B pacTBopax PLS 3aTpynusiercs, HO
¢ no6askoii pearenta ACORGA CR60LT nabmogaetcs crabmibHas paboTa mporecca.

B pabore nmocrpoena MaTeMaTHYeCKask MOJIEINb IPOLIECCA SKCTPAKIIMH MEH SKCTPAreHTOM
Acorga 5640 ¢ kpagonoaasmstomniei npucaakoit Acorga CR60 (CYTEC).



ANNOTATION

The Master's thesis is presented on 71 pages, contains 3 sections, 17 tables, 18 figures,
1 Appendix and 47 literary sources.

The dissertation work is devoted to the study of solutions for heap leaching of copper from
the Almaly deposit, the determination of the chemical composition of productive solutions, the
extraction of copper by liquid extraction, the study of the problems of crud with the use of new
types of extractants, such as Acorga CR60.

The aim of the work was to test the extractants Acorga 5640 and Acorga CR60 (CYTEC)
for a feasibility study of their industrial use in liquid copper extraction, namely, to determine the
specific flow rate, the effect of the speed of agitators, the temperature on the process of formation
of the crud using this reagent, to develop optimal conditions for the extraction of copper from PLS
solutions.

The objects of research were a heap leaching solution (PLS) of the Almaly deposit with a
Cu content of 2.35 g/dm?® and a model solution with a copper content of 1 g/dm?.

The paper found that the use of the CR-60 anti theft additive helps to reduce the formation
of theft, the main advantage of the CR60 additive is to reduce the formation of crud in settling
tanks, thereby increasing the volume for PLS and organic flows, which directly leads to an increase
in the productivity of plants. The process of liquid extraction in the presence of silicon dioxide in
PLS solutions is difficult, but with the addition of the ACORGA CR60LT reagent, stable operation
of the process is observed.

A mathematical model of the copper extraction process with the extractant Acorga 5640
with the anti crud additive Acorga CR60 (CYTEC) is constructed in the work.
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INTRODUCTION

Current state of the scientific and technical problem. At the present stage of
economic development, the problem of effective and rational development of copper
ore raw material base of the Republic of Kazakhstan has extremely important national
economic significance. The urgency of this problem consists in limited and
irreplaceable reserves of copper-containing deposits, higher cost of extraction,
deterioration of quality composition of extracted ores, negative effect of production
wastes on the environment and so on. The solution to this problem lies in the
development and implementation of modern methods of geotechnology and
hydrometallurgy into industrial practice on the basis of heap leaching of new low-
grade ores or pre-leaching of spent deposits, extraction extraction of copper from
productive leaching solutions and electrochemical production of complex
(commercial) metal from re-extracts. The content of copper in ores of the oxidized
zone is high enough for their processing by heap leaching methods with further
extraction of the target metal from productive solutions by extraction and electrolysis
(SX-EW process). Critical analysis of existing technologies, patent search, analysis
of the technology market was performed. It is determined that many organic
compounds can be used to extract copper from aqueous solutions, but the number of
selective reagents is limited due to: The selectivity and degree of extraction depend
largely on the structure of the extractant and the composition of aqueous solution;
extractants containing in their structure hydroxyl I (OH) and oxime (NOH) groups
are more selective towards copper in a wide range of pH of aqueous leaching solution,
this eliminates the consumption of reagents for neutralization of aqueous solutions
and positively affects the economics of the process. Technologies aimed at search of
new types of extractants with the highest copper selectivity as well as reagent regimes
of their application (ratio of organic and aqueous phases during extraction,
composition of the organic phase, neutralization of crude, etc.) are topical.

The aim of the work was to test the extractants Acorga 5640 and Acorga CR60
(CYTEC) for feasibility study of their industrial application in liquid copper
extraction, namely to determine the specific consumption, the effect of stirrer speed,
temperature on the process of crude copper formation using this reagent, the
development of optimal conditions for extraction from PLS solutions.

Work objectives:

— study of the chemical composition of productive solutions;

— carrying out laboratory research of heap leaching solutions of Almaly
deposit on the pilot plant (pilot extraction plant of Cytec Solvay Group) using CR60
additive;

— determination of the optimal extractant, which does not affect the formation
of interfacial waste (crud);

— definition of chemical-physical analysis of CR60 additive reagent and
development of alternative reagent regimes which contribute to suppression of inter-
phase waste formation and reduction of organic drops carried away together with
aqueous solution (raffinate);



— definition of the optimal technological parameter of extraction in the
condition of which will be less formation of interfacial waste (crud);

— determination/calculation of the volume of the formed interphase
suspension (crud) in the extraction settling tank.

The scientific novelty of the work lies in the development of methods for the
application of the additive Acorga CR60 (CYTEC) for copper extraction, by which,
it is possible to reduce the formation of crude to 30 % due to the action of sulfur -
hydrochloric acid - heptane mixture and hydro-sulfate-chloride salt mixture in the
additive.

It has been established that for the optimal extraction of copper in the Almaly
deposit with the copper content in PLS solutions up to Cu — 2.35 g/dm?3 it is
expedient to use the extractant Acorga 5640 — 5 %; the best result showed that at
900 rpm extraction of copper was 91.0 %.

Topicality of the problem. The topic of research is relevant because reducing
the weight of the crud significantly affects the economic performance of the
technology of liquid copper extraction, especially the costs and expenses of the
reagents of the process. The accumulation of solids in solvent extraction (SX) loops
can cause problems with the physical and economic performance of the operation.
These solids are responsible for the formation of a solid stabilized emulsion
containing organic, aqueous, air, and fine solids. Accumulation of steal in SX sumps
can limit SX operation performance, require plant downtime, result in higher organic
losses, or lead to higher water entrainment of organics (all of which can have
significant negative economic consequences). Existing methods of steal
management are usually reactive in nature. The steal is physically removed after
excessive amounts have been fed into the circuit and is treated mechanically using
centrifuges or filtration. A new proactive solution has been developed to prevent the
formation and accumulation of interfacial suspensions.

Theoretical and methodological basis for writing the paper. Performance of
this work is based on knowledge of the extraction of metals from aqueous solutions,
the ability to work with aqueous and organic reagents, knowledge of the basic
methods of determining the copper content in aqueous solution, engineering
methods of processing research results and the ability to create and optimize
mathematical models built by the method of complete factor experiment.

Practical basis for writing the work. Researches were carried out in laboratory
of special courses (classrooms 302 and 312 of GMK building) of department
"Metallurgical processes, heat engineering and technology of special materials™ with
use of modern laboratory equipment and qualitative chemical reagents,
physicochemical researches of samples were carried out in laboratories of JSC
Institute of Metallurgy and Mineral Processing.

Rationale for the need to carry out the work. Kazakhstan occupies 6th place
in the world on stocks of copper. In view of this fact sale of copper for the Republic
is the second most important source of formation of GDP. Kazakhstan produces
about 4 % of world copper production and about 50 % of copper production among
CIS countries. Production of copper from oxide ore only in Aktogay Kazminerals

10



will be about 20 thousand tons per year by 2024. New extraction techniques are in
demand both for Kazakhstani enterprises and for foreign countries such as:
Australia, Canada, Zambia and others.

Performance of work on the project GF Noe AP14871587 — "Development of
a comprehensive technology to reduce mottling in liquid copper extraction" for
2022-2024, this master's thesis is the expected result of the project.
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1 Critical analysis of literary and patent data
1.1 Raw material sources of copper in the Republic of Kazakhstan

The content of copper in different types of ores varies from 0.3-5 %. The
content of the main by-product components varies over a wide range. The main
method of copper ore mining is open pit, which accounts for about 65 % of the world
metal production. The annual capacity of the largest copper-ore enterprises exceeds
30 million tons of ore and 200 thousand tons of metal (Chuquicamata and El
Teniente in Chile, Bingham in the U.S., Panguna in Papua New Guinea). The largest
reserves of copper ores are concentrated in the Urals, Kazakhstan, Central Asia,
Africa and America [1], [2], [3]. China, Chile, Japan, the USA and Russia are the
leaders in world production of copper. In total, most copper is produced in Asia
(43 %), America (32 %) and Europe (19 %). Africa produces only 4 % of copper,
and Australia and Oceania produce 2 %. In turn, such countries as Chile, Peru, USA,
China, Indonesia and Australia became world leaders in copper production [4].
Kazakhstan produces about 4% of world copper production and about 50 % of CIS
production. At the same time, consumption of copper in the republic is 8 % of its
total production, 22 % is exported to neighboring countries and 70 % is exported to
foreign countries.

Kazakhstan ranks high in the world market of non-ferrous metals in terms of
reserves, mining and production of refined copper: 7th in refined copper production
[1-5] 9th in the world in terms of copper reserves, 11th in terms of production.
Zhezkazgan and Balkhash copper are registered as benchmarks on the London Non-
Ferrous Metals Exchange [9]. Extraction of copper in Kazakhstan, including
production of copper in concentrate, production of refined copper, is growing
steadily [7], [8], [11].

The deposits of cuprous sandstone, copper-porphyritic, and colchodan-
polymetallic are mainly used [10]. In 2017, the production of copper ores in
Kazakhstan was almost 78.5 million tons and 5.77 million tons of copper-zinc ores
[10]. Of these, 26 million tons were mined in the Karaganda region, 28.5 million
tons in the Pavlodar region, and 18.3 million tons in the East Kazakhstan region. In
total, 10.5 million tons of copper concentrate and 408435 tons of refined copper
were produced [10], the production of which is mainly concentrated in the
Karaganda region. Global demand for refined copper is growing and in 2017 was
24.4 million tons according to UBS Global Researched [14]. Global population
growth and continued urbanization require significant investments in infrastructure,
the main raw material for which is still copper. The observed increase in copper
prices on the London Metal Exchange (LME) shows the feasibility and further
investment in the development of the copper industry in the Republic of Kazakhstan
is shown in figure 1.
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Figure 1 — Copper prices in US dollars (USD) per ton over the last year

The current official data of the London Metal Exchange (LME) on the
quotations of non-ferrous metals used in the electrical industry. The cost of metal is
specified in US $ per ton. Analyze the dynamics of copper prices (LME Copper)
over the past year.

The price on the London Metal Exchange today is: US$8227.86 per ton [14].
The main copper producers in Kazakhstan are Kazakhmys (0.23 million tons of
production in 2016, commercial products copper, zinc), Kaz Minerals (0.18 million
tons, commercial products copper), Kazzinc (0.5 million tons, commercial products
zinc, lead, copper, aluminum) [14]. Reliably proven copper reserves in Kazakhstan
are estimated at about 36.6 million tons [15], [16].

The largest corporation mining copper-containing ores in Kazakhstan, and
one of the top ten copper companies in the world, is Kazakhmys Corporation LLC,
which produced 233.77 thousand tons of copper cathode equivalent in 2017 [17].
The division includes the Balkhash copper smelter, Zhezkazgan copper smelter.

This company accounts for about 85 % of copper concentrate produced in the
country and 90 % of refined copper. The main raw material base of Kazakhmys
Corporation LLC still remains Zhezkazgan deposit. Now the plants work with ore
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containing 0.7 — 0.8 % of copper. Therefore, off-balance reserves of operating
mines, including mixed ores in caving zones, in broken pillars, in protective pillars,
in ore body flanks, and accumulated technogenic formations represented by poor
oxidized and mixed ores in ore dumps and ore enrichment wastes in tailings storages
are considered as a reserve replenishment of raw material base of PO
"Zhezkazgantsvetmet" of "Kazakhmys" Corporation [18], [19].

The total volume of the balance reserves and deposits of copper [7] is
concentrated in the Eastern and Central Kazakhstan, with their most part concluded
in poor copper-porphyry deposits. The reserve for strengthening of mineral-raw-
material base is a number of xomuenano-polymetallic deposits in the east of the
republic (Artemyevskoe, Kosmurun, Akbastau, etc.). In Central Kazakhstan the
Nurkazgan copper and porphyry deposit with high quality ores has been prepared
for exploitation, in South Kazakhstan the Shatyrkol copper deposit, and in the
Zhezkazgan mining district one of the largest deposits in the country,
Zhaman-Aybat [7]. The copper-porphyry type deposits, such as Aktogay, Aidarly,
Koksay and Bozshakol, also have significant potential [7].

The main growth projects of Kaz Minerals Corporation are the development
of the Bozshakol and Aktogay deposits. The full design capacity of the Bozshakol
processing plants will be 30 million tons of ore per year [19]. The term of operation
of the mine - more than 40 years, the content of copper in ore — 0,36 %. Reserves of
copper in Aktogay deposit are estimated at 5.8 million tons of copper and 115
thousand tons of molybdenum. The Aktogay mine will operate for over 50 years, at
a copper content of 0.37 % in the oxide ore and 0.33 % in the sulphide ore. The
annual capacity of the enrichment plant to process sulfide ore will be 25 million tons
[19]. Copper production of Kaz Minerals Group in the coming years is expected in
the range of 270-300 thousand tons of finished products [19].

1.2 Hydrometallurgical methods of copper-containing raw material
processing

Copper is one of the main non-ferrous metals in terms of production volume,
the need for which and its price is constantly increasing. Copper has long been
successfully used in various branches of technology. Today this is quite an extensive
range of use: radio engineering, power engineering, chemical technology,
metallurgy. Therefore, issues of expanding the raw material base, availability and
improving the quality and technology of copper have always been given close
attention, both in Kazakhstan and abroad. Thus, the search for new technological
solutions for the chemical separation of pure copper from copper-containing
solutions is now an urgent task. An alternative to the electrochemical, as well as
sorption and extraction method of obtaining pure copper are methods of its chemical
recovery from solutions.

Hydrometallurgical methods of copper recovery are in principle suitable for
processing of any types of ore raw materials. However, they are usually used to
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extract copper from oxidized ores or preburned sulfide ores. The share of
hydrometallurgical processes in the total copper production abroad is constantly
increasing and now amounts to about 12 — 15 %. The limited use of
hydrometallurgical methods in the copper industry is mainly the result of small
reserves of oxidized ores and the difficulty of associated extraction of gold and
silver. For this reason, hydrometallurgy is mainly used for processing of poor ores
with unprofitable content of noble metals, whose waste rock does not react
chemically with the solvent. For hydrometallurgy to be practical, it is also necessary
for copper to be in the form of an easily soluble compound or to be converted to a
soluble form without significant costs.

Leaching is defined as "the treatment of complex substances, such as a
mineral, with a specific solvent capable of separating its soluble parts from the
insoluble parts™ [20]. The method is used to obtain a concentrated solution of a
valuable solid material or to remove an insoluble solid from a soluble material with
which it is contaminated. The method used for extraction is largely determined by
the fraction of soluble component present, its distribution in the solid, the nature of
the solid, and its particle size [21]. If the solute is evenly dispersed in the solid, the
material near the surface will dissolve first, making the process much more difficult.
Consequently, the solvent will have to penetrate through this outer layer before it
can reach more dissolved material, and the process will become progressively more
difficult. The extraction rate will decrease.

The following leaching methods are used to produce copper ores and
concentrates: agitation, autoclave, percolation, underground and heap leaching.

The heap leaching method is the most promising for copper raw materials, as
it allows processing the dumps of old and new pits of deposits, for which the method
of enrichment is unprofitable [22].

The technology of heap leaching of copper ores has turned into a giant
operation [22]. Combined with solvent extraction and electrolysis, it now accounts
for about 20 % of copper production and is expected to grow. It has replaced the
cementation process with scrap iron. Hydrothermal oxidation of sulfide concentrates
has the great advantage of producing elemental sulfur, which solves the SO, and
sulfuric acid problems of smelters. In the case of copper, hydrogen deposition occurs
without the need to

neutralization of the acid produced, which is a great advantage and can be an
excellent substitute for electrolysis. Recent advances in the engineering aspects of
pressure equipment design are widely opening up possibilities for a wider range of
applications.

Heap leaching was first introduced in 1752 in Riotinto (Spain) and is still used
today. In pre-revolutionary Russia, the heap leaching method was used at Kedabek
(Caucasus) and Gumeshki (Urals). The main solvent in copper leaching is sulfuric
iron oxide, which is formed due to the weathering of pyrites. Then, as part of the
industrial application of mineral leaching, there is the heap leaching technology, a
technology that was developed in the United States, however, it is in Chile that this
technology has been significantly improved, reaching practical application on a large
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scale (mainly in the copper metallurgical industry), and where the
hydrometallurgical process is now the most commonly used. In the
hydrometallurgical process, the crushed material is transported (usually by conveyor
belts) to a location where a pile will be formed. In this process, the material is first
sprayed with an aqueous solution and sulfuric acid (H,SO,), known as the curing
process, to begin the copper sulfation process in oxidized minerals or sulfated
minerals (cured with mixed solutions of sulfuric acid and chlorides [25]). The
mineral is discharged using a spreader machine, depositing it in a very organized
manner and forming a continuous 6 to 8 m high embankment: Heap leaching. A drip
irrigation system is installed over this pile, and sprinklers cover the entire open area.
A watertight membrane is installed under the leach pile to provide a drainage system
(corrugated pipes) to collect the saturated leaching solution (PLS) that can seep
through the pile [26].

Then, depending on the characteristics (physical and/or chemical) of the
mineral, industrial percolation leaching can be grouped into the following categories
In situ leaching (ISL), (underground), dump leaching (DL), (mined) ground
mineral), heap leaching (HL), (figure 2) (ground and/or agglomerated mineral); vat
leaching (VL) (ground mineral or concentrates); and heap leaching of agglomerated
fine fraction (AFHL) (ground mineral or concentrates) [28].

Heap leaching does not require the construction of expensive plants; huge
masses of ore can be processed at one time; and it does not require large amounts of
highly skilled labor.

However, the application of heap leaching is limited by certain requirements
to the composition and preparation of ores: the ore should be as porous as possible,
with microscopic channels contributing to the penetration of solutions, the rock
should crack, crumble under the action of the solution.
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Figure 2 — Dimensions (a) and cross section (b) of a conventional leach
heap

Secondary sulphides (chalcocin and covelin) are successfully processed.

Primary pyrite, on the other hand, cannot be dissolved. The process requires
favourable climatic conditions — dry climate and high average annual temperature.
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It is important to prepare an impermeable bed under the dump. Experiments show
that extraction of copper can decrease by 30 — 40 % in case of bad bed. The soil is
prepared with a slope of 3.5° to 8°. The bed is usually prepared from a layer of clay
or silt from enrichment plants, moistened with oil and then dried (this operation is
repeated several times). Only in such conditions an impermeable layer is obtained.

Gradually the size of the heaps increased from 10 to 300 metres, and the dump
trucks originally used for smaller heaps were replaced by huge stackers. As heap
leaching became a major construction undertaking, requiring the movement of tens
of thousands of tonnes of ore per day, a thorough knowledge of the fluid flow
through the layers, and material and heat balances, complex mathematical modelling
equations were introduced to fully automate the process.

It involved not only civil engineers, but also microbiologists and metallurgists.

Two methods are currently in operation:

— a short pile 10 — 20 metres high, which is then removed after depletion and
dumped into a tailings pond. A new heap is then introduced in its place;

— new ore stacks are continuously added to the short pile, reaching a height of
about 300 metres. Once dry, the pile remains in place and is prepared for vegetation.

Each system has its own advantages and disadvantages. In a short pile system,
the metal stockpile in the plant is low, but there are costs involved in transporting
the ore for disposal. In a high pile system, or movement is under control, but stacking
machines are expensive.

Site preparation is an important part of heap leaching technology. To avoid
solution loss and groundwater contamination, the site must be cleared of debris,
compacted with a layer of clay and then covered with an impermeable membrane
over a layer of asphalt. Perforated plastic pipes are then installed to collect the
leachate. A pile is then created. For high piles there is always a risk of these pipes
breaking. All precautions must therefore be taken to ensure that the pipes are strong
and able to withstand the heavy load of the pile.

For good results, the ore must be leached periodically and dried completely.
If the surface of a piece of ore having the favourable properties listed above is
moistened with the solution, it will penetrate into the pores of the piece, pass through
the capillaries (if the capillaries are open at both ends) and have a dissolving effect
on the copper minerals. When the lump dries, the soluble salts (copper sulphate
crystals) from the capillary will emerge on the surface under the force of reverse
capillarity.

The next time the ore is wet, this salt will be transferred to the solution and
washed off with water. It is necessary to use only the amount of water necessary for
washing off the CuSQ,, as a great excess of water is useless the solution is only
flattened and no more copper is extracted.

Therefore, after moistening of ore it is necessary to dry it only under this
condition quick and full enough leaching of copper is possible.

Gradually the size of the heaps increased from 10 to 300 metres, and the dump
trucks originally used for smaller heaps were replaced by huge stackers. The
operation of the unit as heap leaching became a major construction undertaking,
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requiring the movement of tens of thousands of tonnes of ore per day, a thorough
knowledge of fluid flow through the beds and material and heat balances, complex
mathematical modelling equations were introduced to fully automate the process.

Heap leaching, heap leaching and vat leaching have been widely used in the
last three decades in the copper and gold mining industry. In the case of copper, this
technology has been used to:

— waste copper oxide production and low-grade ores;

— rich copper oxide ores;

— relatively high grade sulphide copper ores (1— 2 % copper).

A huge advantage obtained in sulphide processing is related to bypassing the
milling and flotation stages in the treatment of huge volumes of milled material [28].
However, this technology cannot be applied to the following material:

chalcopyrite raw material as it is, for all practical purposes, insoluble in
ambient conditions;

sulphides containing precious metals as these would be lost in piles.

1.3 Liquid copper extraction

Solvent extraction is a process in which a compound is transferred from one
solvent to another due to the difference in solubility or distribution coefficient
between the two immiscible (or poorly soluble) solvents [29]. Compared to other
separation methods it gives a better separation effect than chemical precipitation and
a higher degree of selectivity and faster mass transfer than the ion exchange method.
Compared to distillation solvent extraction has advantages like low energy
consumption, high production capacity, fast operation, simple continuous operation
and easy automation.

Extraction is the first step to separate the desired natural products from the
raw materials. Extraction methods include solvent extraction, distillation method,
pressing and sublimation according to the extraction principle. Solvent extraction is
the most widely used method. Extraction of natural products goes through the
following steps:

— solvent penetrates the solid matrix;

— the dissolved substance dissolves in solvents;

— the dissolved substance diffuses from the solid matrix;
the extracted solutes are collected. Any factor that increases diffusivity and
solubility in the above steps will facilitate extraction. Extraction solvent properties,
raw material particle size, solvent/solids ratio, extraction temperature and extraction
time will affect extraction efficiency.

The choice of solvent is crucial for solvent extraction. When selecting
solvents, selectivity, solubility, cost and safety must be considered. According to the
law of similarity and miscibility (like dissolves in like), solvents with a polarity value
close to that of the dissolved substance are likely to perform better, and vice versa.
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In metal recovery operations, the valuable component is usually a metal ion
or metal ion complex contained in an aqueous solution. This aqueous solution is
mixed with an immiscible organic phase containing an active extractant, with the
active extractant transferring the desired component from the aqueous phase to the
organic phase. The agueous-organic mixture, called dispersion, then passes from the
mixer to a settling tank where the phases are separated. "Loaded organic" phase,
now containing the extracted metal, is then transferred from the extraction section
of the SX circuit to the reextraction section where the extracted metal is separated
from the organic phase. The "purified organic phase" is then reused for extraction
[30]. In most cases the separation of the extracted particles from the saturated
organic matter is done by mixing the saturated organic matter with an agqueous
solution. After the re-extraction operation, the final extraction of the metal from the
aqueous solution takes place. Extraction of the metal directly from the loaded
organic phase is also possible, but is not currently used commercially. Because the
solvent extraction process resembles the extraction of metals from solid ion
exchange resins, it is sometimes referred to as liquid ion exchange.

In the LX/SX/EW copper production process, crushed oxidised copper ore is
piled in a heap which is irrigated with a sulphuric acid solution. The copper is
leached from its minerals using a leaching agent to produce a saturated leaching
solution (PLS). The solution is diverted from the base of the heap via a pipeline.

The PLS contains impurities that need to be removed. The solution is purified
and concentrated in the solvent extraction process. In the extraction stage, copper
ions are selectively transferred from the aqueous phase to the organic phase using
an organic extraction chemical in an organic solvent. The loaded copper-containing
organic solution is washed with water to remove impurities. During the stripping
step, copper ions are transferred from the loaded organic phase back to the aqueous
phase to form a rich electrolyte. The empty organic solution is recycled back for
extraction. The concentration of sulphuric acid in the aqueous solution leaving the
extraction stage (raffinate) is brought to an appropriate level by adding water or
sulphuric acid [31].

The mixture of raffinate, water and sulphuric acid has formed a leaching agent
and it is returned back to the leachate. The rich electrolyte leaving the stripper is
mixed with the spent electrolyte when mixing the electrolytes to achieve the correct
concentration of copper in the

High purity copper cathodes are produced by electrolysis. The spent
electrolyte is recycled back for stripping.

The choice of the level of variables to be controlled during the extraction
process is influenced by factors which are responsible for limiting the extraction
rate. There are many factors that influence the extraction rate. Among the most
important are particle size, solvent, temperature and liquid agitation [32]. Then, if
diffusion of the solute through the porous structure of the residual solids is
considered the main controlling factor, the material must be small in size so that the
distance that the solute must travel is small. In addition, if diffusion of dissolved

19



solids is the controlling factor, a high degree of liquid agitation is required. The
process flow diagram is shown in figure 3.
1.4 New types of solvent extractants for copper extraction

Although a large number of molecules with a wide range of extraction
functions have been proposed as extractants for copper extraction from sulphuric
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Figure 3 — Basic Process Scheme for Extraction and Re-extraction of
Copper-bearing Ore

acid leaching solutions, only hydroxy oximes have been used in industrial SX-EW
plants for copper [32].

General structure extractants can be divided into two different classes
depending on their structure and properties: ketoximes, which are usually medium
strength copper extractants, and salicylaldoximes, which are very strong copper
extractants. The strength of the copper extractant is based on the degree to which the
previously shown copper extraction equilibrium is shifted towards extraction by the
reagent. Simply put, very strong copper extractants extract a significant amount of
copper at pH values less than 1.0, while medium strength copper extractants are most
useful at pH values above 1.6 to 1.8.
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Another class of extractants combines salicylaldoxime with ketoxime in an
approximate molar ratio of 1/1. This "third" class is not based on structure, but rather
on the distinct and advantageous properties of the blends. These proprietary blends
are classified as strong copper extractants and as such are applicable at low pH
values such as 1.2.

Ketoxime: Ketoxime was the first hydroxy oxime extractant to be used
commercially to extract copper from dilute sulfuric acid leach solution, and
ketoxime was used exclusively for approximately 11 years. The most outstanding
feature of the ketoximes represented by LIX 84 is the good physical characteristics
they exhibit under a wide variety of conditions, particularly with respect to aqueous
solutions, which are known to be sensitive to certain organic solutions. One example
would be stirred leaching solutions which contain colloidal silica, some solids and/or
residual flocculants. A second example is leaching solutions with dissolved organic
matter, often present due to decaying vegetation. The ketoximes exhibit excellent
phase separation, low carry-over losses to raffinate and do not contribute excessive
crud. Since ketoximes are only moderately strong extractants for copper and are
kinetically slow at low temperatures, the number of SX installations using
exclusively ketoxime extractants is limited. However, in circuits designed to use
ketoximes, the operator obtains a cheap and reliable copper extractant.

Salicylaldoximes: Salicylaldoximes were developed to overcome the
perceived drawbacks of ketoximes. Their outstanding characteristics include fast
copper transfer kinetics and high extractability. However, salicylaldoximes
themselves are such strong extractants of copper that they are most often used in
combination with an equilibrium modifier or with ketoxime so that they can be
effectively removed with an acidic copper solution from which high quality copper
can be obtained.

The use of equilibrium modifiers directly leads to some disadvantages as some
modifiers are known to accelerate the decomposition of the reagents. It has also been
reported that equilibrium modifiers contribute significantly to the amount of fouling
produced in some solvent extraction loops.

Another problem sometimes associated with modified reagents is electrolyte
contamination due to excessive entrainment of the leaching solution into the loaded
organic stream. Finally, nonylphenol is known to have harmful effects on some
structural materials.

Since the salicylaldoxime group is less stable than the ketoximes, and in the
salicylaldoxime subgroup the nonyl derivative is less stable than the dodecyl
derivative. In working circuits at normal temperatures, the cleavage of the reagent
by 5-nonylsalicylaldoxime is calculated to be about 10% of the total reagent
composition. The actual degradation results of the working circuits have not been
published; however, it is known that for some plants the degradation is higher than
the calculated value depending on the modifier, temperature and acid content in the
aqueous desorbing solution.

In heated circuits the degradation of reagents can be even more significant
and must be determined experimentally. Nevertheless, the total reagent loss in a
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well-functioning plant is quite low, so losses due to degradation are not excessive in
any case.

Despite their drawbacks, reagents with modified salicylaldoxime, such as
LIX 622, have proved very successful in commercial schemes that are designed for
their use and where the leaching solution is compatible with the reagent.

Henkel solvent copper extraction reagents. Henkel manufactures three oxime
extractants: 5-nonylsalicylaldoxime, 5-dodecylsalicylaldoxime and 5-nonyl-2-
hydroxyacetophenonoxime. These three oximes form the basis for a wide range of
reagents which are obtained by mixing the oximes in different ways, for example
with a diluent, with each other or with a modifier, to obtain LIX copper solvent
extraction reagents with the properties best suited for the particular leaching solution
and the plant design under consideration.

In addition, there are existing SX copper plants that purchase individual
reagent components separately and mix these components to best suit the individual
needs of a particular leaching solution, plant or time of year

Table 1 — Composition of some copper hydroxime extractants available from
Henkel

Extractant/Category Composition

LIX 84/Ketoxime Mixture of predominantly 2-hydroxy 5-
nonylactophenoxime with small quantities of 5-
dodecylsalicyl doxime in a hydrocarbon diluent with a
high flash point, required for handling purposes
LIX860N/Aldoxime Mixture of predominantly 5-dodecylsalicyl-aldoxime
with small guantities of 2-hydroxy-5-
nonylacetophenoxime in a hydrocarbon diluent with a
high flash point, required for handling

LIX 860N/Aldoxime Mixture of essentially 5-nelicalcylacylphenoxime with
small amounts of2-hydroxy-5-nonylacetophenoxime in
a hydrocarbon diluent with a high flash point, required
for the purposes of handling

LIX 984/Mixture Diluted mixture of LIX 84 with LIX 860.

LIX 973/Mixture Mixture of LIX 860 and LIX 84 by 7/3 volume

LIX 622/ Mixture of 5-dodecylsalicylaldoxime and tridecanol in a

Salicylaldoxime hydrocarbon diluent with a high flash point, necessary
for handling

Henkel offers both conventional reagents and concentrated reagents [33].
Concentrated reagents contain the same oximes as conventional reagents. However,
because concentrated reagents contain less diluent in order to reduce packaging,
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transport and handling costs, concentrated reagents are more viscous than reagents
in the conventional formulation and they do not flow well at temperatures below
about 5 °C.

We can recommend the optimum reagent composition for your specific
conditions and applications.

ACORGA® OPT solvent extraction reagents are proprietary formulations
specifically designed to increase copper transfer compared to unmodified aldoxime:
ketoxime systems.

— improved copper transfer;

— improved Cu, Fe selectivity.

Table 2 shows the content of some of the aldoxime copper extractants
available from Solvay.

Table 1 shows the content of some oxime copper extractants available from
Henkel.

Oxime copper extractants sold by Henkel Corporation, alone or in blends, are
highly selective for copper over iron when mixed with almost all copper leaching
solutions. As a result, minimal bleeding from the electrolysis plant is required for
iron control.

ACORGA copper solvent extraction reagents. ACORGA® copper extractants
are well established in the industry and used by the largest copper mines in the world
[33]. Solvay's extensive product line includes a range of modified aldoxime M
extractants, a range of modified aldoxime: ketoxime OPT extractants, a range of
nitration resistant NR extractants and a range of oxidation resistant OR extractants.

Table 2 — Composition of some aldoxime copper extractants available from
Solvay

Extractant/Category Composition

ACORGA® M5640 modified ester, fast kinetics, high Cu/Fe selectivity, high
grade PIS, low medium pH, strong aldoxime
ACORGA® M5774 modified ester, fast kinetics, high Cu/Fe selectivity,
medium pH, medium PIS, medium aldoxime
ACORGA® M5910 modified ester, fast kinetics, high Cu/Fe selectivity, high
pH, weak aldoxime, low average Pls

ACORGA® NR-10 modified ester, fast kinetics, high Cu/Fe selectivity,
medium pH, medium PIS, nitration resistance
ACORGA® NR-20 modified ester, fast kinetics, high Cu/Fe selectivity, high
pH, nitriding resistant, low medium PIS

ACORGA® OPT5540 | aldoxime/ketoxime blend, modified ester, fast kinetics,
high Cu/Fe selectivity, high quality PIS, medium PIS
ACORGA® CR60 LT | They are process additives designed to assist in solvent
extraction operations to reduce the formation of crud due
to turbidity in leaching solutions.
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1.5 Possible causes of crud formation

Common to all or most solvent extraction operations in the mining industry is
the problem of stable emulsions (crud) and possible sludge formation. Sludge can
cause significant losses of solvent in the circuit and consequently have a negative
effect on operating costs. As there can be many causes for sludge formation, each
plant may have a sludge problem unique to that operation.

Factors such as the type of ore, solution composition, solvent composition,
presence of other organic components, design and type of agitation, etc. can
adversely affect the chemical and physical operation of the solvent extraction circuit
and lead to sludge formation.

The nature of the feedstock composition can be a major determining factor as
to whether or not sludge will form during subsequent extraction operations.

Solids should be absent from most solvent extraction schemes, and
clarification is usually aimed at reaching about 10 parts per million solids. One of
the main reasons for the lack of good clarification, resulting in solids entering the
solvent extraction circuit. The presence of colloids, such as silica, can lead to the
formation of stable emulsions and sludge during phase mixing to achieve mass
transfer. Aged feeds may present a greater potential stealing problem than fresh
leaching solutions [34]. In plants dominated by bacteria, sludge was formed due to
favourable environmental conditions and costly modifications to the circuit were
subsequently required. Removal of air from such circuits is often necessary to
minimise bacterial and fungal growth. In some systems, hydrolysed compounds may
precipitate out of solution and thus a crude mass is obtained. In some extraction
systems, the anionic strength of the aqueous stock solution may not be sufficient, so
stable emulsions are formed when the two phases are mixed. If sufficient agitation
is applied over a period of time, sludge may form. Another important cause of sludge
formation in solvent extraction plants is dust from the air if it is allowed to mix in
the mixer-sump circuit. Thus, the vessels must be sealed to prevent dust
accumulation. Organic substances in the feed, such as lignin or humic acids, can also
contribute to sludge formation.

Nature of solvent. The choice of extractant and solvent composition is an
important aspect of a successful solvent extraction operation, but the possibility of
sludge formation due to solvent composition should not be overlooked. Many
systems require a modifier to improve phase separation, promote solubilisation of
organometallic compounds and reduce the tendency for third phase and emulsion
formation. If the solvent tends to form emulsions when mixed with the aqueous
feedstock solution, which can lead to sludge formation, if colloids or suspended
solids are present in the aqueous feedstock, several factors may be responsible.
Perhaps the system requires the addition of a modifier, replacement with a different
modifier or a higher concentration of modifier is required. It may also be that the
type and composition of the diluent may be incompatible with the system. An
aromatic diluent or an aliphatic diluent with some aromatic content may be more
desirable than a fully aliphatic diluent for that particular process. Often unreacted
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chemicals from the production process or possibly impurities from the containers
used to transport the solvent components are present in the solvent. The problems
associated with such contaminants become particularly evident if their effects are
not considered in laboratory studies [35]. Their presence in the solvent system can
lead to sludge formation, good or poor phase separation and improved or degraded
loading characteristics. Such effects can lead to the rejection of a particular solvent
due to its poor chemical and physical characteristics.

Equipment selection. There is no universal contact equipment suitable for all
solvent extraction operations. Even in a plant, it can be quite wrong to choose the
same type of contactor for all stages of the extraction process. Thus, each plant has
to make a choice; the final choice is determined by the type of agueous raw material
and its composition, the type and composition of the solvent, and how the relevant
physical characteristics affect the mixing process, flow structure and coalescence.
Naturally, the efficiency of mass transfer must also be taken into account. With an
adequate understanding of all the physico chemical variables present in the process,
which will thus affect the extraction as well as minimise emulsion and sludge
formation, suitable equipment for this plant can be selected [35]. That is, the type
of equipment and the mixing method used to achieve mass transfer are important if
the tendency for emulsion formation is to be minimised. Solvent degradation due to
the chemical system [36] may have to be considered when selecting equipment. In
one plant, centrifugal contactors were chosen over mixing sumps because of the
lower solvent degradation.

Method of operation. In solvent extraction, one of the main concerns must be
the technique by which mass transfer is achieved. That is, the physical design and
operation can contribute not only to high solvent losses, such as entrainment, but
also to the formation of stable emulsions and slurries. The physical aspects of the
process relate to the dispersion of the two mixing phases, the type of droplet
formation and the speed and completeness of coalescence. These are important
aspects in choosing the right contact equipment and in the design and operation of
the plant. Depending on the type of contact equipment chosen and the energy input
to the system, different types of dispersion will be created for a particular system.
The differences will be indicated by mass transfer rates, droplet size distribution,
surface wetting, deposition and coalescence rates, and entrainment.

Depending on the physical and chemical properties of the two dispersible
phases, such as viscosity, surface tension, presence of solids, colloids, etc., with
more mixing and smaller droplet sizes an unstable region will be reached followed
by a stable emulsion. If solids or colloids are also present, the result will be a crude
mass [34]. This is shown in figure 1 showing the operating range of pulsed columns.
This information can easily be correlated to excessive turbulence in settling tank
mixers, especially in pump mixer design, and in some stirred columns where there
is a lot of agitation [36].

The chemical and physical aspects of the feedstock may vary for each
individual operation and will vary in inorganic composition, organic content, colour,
density, etc. The composition of many slurries appears to have common components
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such as Si, Al, Fe, P etc. Together with solvent, gypsum, clay and other fine particles
there is often a direct relationship between raw liquor and sludge compositions,
indicating possible water transport as well as ineffective clarification prior to solvent
extraction.

A resin-like substance is formed on some South African plants and is defined
as aliphatic carboxylic acids. There is evidence of the presence of dodecanoic acid
from the oxidation of the modifier dodecanol. More than one plant in North America
has experienced some stealing problems at more than 3 % isodecanol. It is possible
that the vortex created by agitation is a contributing factor to the sludge produced by
the breakdown of isodecanol. Trivalent iron as an oxidiser is also present. In an early
plant, an animal glue flocculant used to filter leached pulp caused strong fungal
growth in the solvent extraction circuit. The addition of a solvent soluble fungicide
(benzothiazole derivative) reduced the amount of dirt caused by the fungus. Using
an aromatic diluent instead of an aliphatic diluent is also effective in minimising the
problem of dampness caused by bacteria.

In some cleaning and washing systems the crude sludge consists mainly of
silica as well as inorganic sulphates. Such sludge can be treated with dilute sulphuric
acid and recirculation through a pump leads to destruction of the sludge.

Crud prevention. As mottling is a phenomenon that is difficult to fully
characterise, is often site-specific and can indeed vary from extraction, cleaning and
partitioning operations, it is therefore difficult to cite preventive measures. The
following are some of the methods that can be suggested to prevent dampness.
Again, it should be stressed that since crud has a different history of formation, one
or more preventive measures may be necessary [38]. Solids in the raw material have
been mentioned as one of the main causes of subsequent sludge formation in the
solvent extraction circuit. Consequently, good clarification is necessary in order to
minimise crudity and hence operating costs. Benefits of good clarification:

— better mixing efficiency;

— less rawness and hence less solvent loss, less entrainment of organics;

— less difficulty in maintaining a continuous phase;

— reduced transfer of iron to the electrolyte (in copper processing) through
suspended solids;

— improved tank farm efficiency, reduced maintenance costs.

Conclusions on Section 1:

analysis of the current state of the copper industry in Kazakhstan has shown
that the development of the ore base is associated with the involvement in processing
of previously unprocessed dumps of substandard ores, overburden mineralized
rocks, lost reserves of extra-mine deposits, concentration tailings, metallurgical
waste, etc. At the same time the most difficult objects for processing are mixed
copper ores, including those stockpiled in dumps at many copper deposits in
Kazakhstan;
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— poor and especially oxidised copper ores are most often processed using
hydrometallurgical methods, among which leaching, ion exchange and extraction
processes are the most popular;

— concentration of copper in the extraction extraction process from productive
solutions occurs during the extraction re-extraction stage;

— the extraction process is influenced by many technological factors, among
which the most important are: the influence of pH, the presence of impurities and
solid suspended matter, temperature and the resistance of the extractant to melt;

— extraction of copper from productive solutions usually proceeds by two
mechanisms — solvate and cation-exchange, in the presence of chelate-forming
groups in the extractant the extraction mechanism will be associated with the
formation of chelate complexes.
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2 Experimental part

Extraction of copper in the extraction process is largely determined by the
state of copper in agueous solutions. Since copper extraction was carried out from
solutions prepared by dissolving copper sulphate, thermodynamic analysis of copper
state in aqueous solutions was performed for the following systems: «Cu-H;O»,
«Cu-Fe-H,0», «Cu-S-H,0», «Cu-Fe-S-H,0», «Si-S-H,0», «Fe-S-H,0», «Mn-S-
H,0», «Mn-H,0», for which the corresponding Pourbe diagrams were constructed.

The construction of Purbet diagrams for the above systems, were carried out
with the software product of Outokumpu Technology Engineering Research (HSC
Chemistry 5.11).

2.1 Thermodynamic analysis of the systems «Cu -H20», «Cu-Fe- H20»

The thermodynamic analysis of the "Cu-H,0O" system (figure 4) shows that in
acidic media at pH = - 2 + 4, copper is in solution in the form of Cu?*. The stable
solid phases are elemental copper and its oxides Cu,O and CuO. In addition, it forms
CuFeO, complex.
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Figure 4 — «Potential-PH» diagram of «Cu-H,0» and «Cu-Fe-H,0» system

For example, these diagrams for the system "Cu-H,O" and "Cu-Fe-H,0" is
plotted at 25 °C, a pressure of 1 bar and a component concentration of 1 mole per
1000 g of solution.

Areas of existence of stable condensed phases: CuO, Cu,0, Cu, Cu(Hs),
Cu-Fe-Hy0.

CuO formed at Eh 0.2 to 2.0 and pH 4 to 14 in weakly acidic, slightly alkaline
and strongly alkaline media;

Cu,0 formed at Eh -0.4 to 0.5 and pH 4.8 to 14 in weakly acidic, slightly
alkaline and strongly alkaline environments;
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Cu formed at Eh -1.8 to 0.3 and pH 0 to 14 in acidic, weakly acidic, weakly
alkaline and strongly alkaline media;

Cu(Hs) is formed at Eh -2 to -1 and pH 0 to 14 in acidic, weakly acidic, weakly
alkaline and strongly alkaline environments;

CuFeO, formed at Eh - 0.4 to 0.75 and pH 3.5 to 14 in acidic, weakly acidic,
weakly alkaline and strong alkaline media.

The domains of the stable ionic phases are: Cu(+2a)

Cu(+2a) formed at an Eh of 0.25 to 2 and a pH of 0 to 5.2 in acidic, weakly
acidic media.

2.1.1 Thermodynamic analysis of the «Cu-S-H>O» system

The dissolution of copper sulphides is only possible with oxidative leaching
shown in the picture 5.
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Figure 5 — «Potential-PH» diagram of «Cu-S-H,0O» system

For example, this diagram for the system "Cu-S-H,O" is plotted at a
temperature of 25 °C, a pressure of 1 bar and a component concentration of 1 mole
per 1000 g of solution.

Areas of existence of stable condensed phases: CuO, Cu,0, Cu, Cu(Hs), Cu,S.

CuO forms at Eh from 0.2 to 2.0 and pH from 4 to 14 in weakly acidic, slightly
alkaline and strongly alkaline media;

Cu,0 formed at Eh -0.4 to 0.5 and pH 4.8 to 14 in weakly acidic, slightly
alkaline and strongly alkaline environments;

Cu formed at Eh -1.8 to 0.3 and pH 0 to 14 in acidic, weakly acidic, weakly
alkaline and strongly alkaline media;

Cu(Hs) formed at Eh -2 to -1 and pH 0 to 14 in acidic, weakly acidic, weakly
alkaline and strongly alkaline media;

Cu,S formed at Eh -0.9 to 0.3 and pH 0 to 13 in acidic, weakly acidic, weakly
alkaline and strongly alkaline media.
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The domains of the stable ionic phases are: Cu(+2a)
Cu(+2a) formed at an Eh of 0.25 to 2 and a pH of 0 to 5.2 in acidic, weakly
acidic media.

2.1.2 Thermodynamic analysis of the «Cu-Fe-S-H>O» system

Many copper-bearing ores contain chalcopyrite along with the main oxidised
copper minerals. As a consequence, the analysis of the "Cu-Fe-S-H,O" system
diagram helps to predict the behavior of its main components in the picture 6.
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Figure 6 — «Potential-PH» diagram of «Cu-Fe-S-H,O» system

For example, this diagram for the system "Cu-S-H,O" is plotted at a
temperature of 25 °C, a pressure of 1 bar and a component concentration of 1 mole
per 1000 g of solution.

Areas of existence of stable condensed phases: CuO, Cu,0, Cu, Cu(Hs), Cu,S,
CusFeS,.

CuO formed at Eh from 0.2 to 2.0 and pH from 4 to 14 in weakly acidic,
slightly alkaline and strongly alkaline media;

Cu20 formed at Eh -0.4 to 0.5 and pH 4.8 to 14 in weakly acidic, slightly
alkaline and strongly alkaline environments;

Cu formed at Eh -1.8 to 0.3 and pH 0 to 14 in acidic, weakly acidic, weakly
alkaline and strongly alkaline media;

Cu(Hs) is formed at Eh from -2 to -1 and pH 0 to 14 in acidic, weakly acidic,
weakly alkaline and strongly alkaline media;

Cu,S formed at Eh -0.9 t0 0.3 and pH 0 to 13 in acidic, weakly acidic, weakly
alkaline and strongly alkaline environments;

CusFeS, forms at Eh -0.4 to -0.2 and pH 0 to 4 in acidic, weakly acidic
environments.

Areas of existence of stable ionic phases: Cu(+2a)

Cu(+2a) formed at Eh 0.25 to 2 and pH 0 to 5.2 in acidic, weakly acidic media.
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2.1.3 Thermodynamic analysis of «Si-S-H>O» system

In the process of ore leaching with sulphuric acid the acid interacts with silicon
oxide contained in the initial ore, the record of the interaction is shown as a reaction:

H4Si0O4 — Si0,+2H,0 (1)

This reaction produces free orthosilicic acid. Thus, in agueous solution under
certain conditions in very small quantities orthosilicic acid (monomolecular form) is
unstable, so it condenses very quickly into high-molecular forms which are insoluble
in water and transform into H,SiO3; methacrystalline acid. This can be seen from the
reaction below and the Purbe diagram (Figure 7).

H,Si04 H+ — H,Si03— gel (SiO,:nH,0) (2)

Eh (Volts) Si- S -H20 - System at 25.00 C
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Figure 7 — «Potential-PH» diagram of «Si-S-H,O» system

For example, this diagram for the Si-S-H,O system is plotted at 25 °C, 1 bar
and a component concentration of 1 mole per 1000 g of solution.

Areas of existence of stable condensed phases: H;0,4Si, Si;Hs

H40,Si formed at Eh of 0.8 to 2.0 and pH of 0 to 12.5 acidic, weakly acidic,
weakly alkaline and strongly alkaline media;

Si;Hg formed at Eh -2 to -1.3 and pH 0 to 9.5 in acidic, weakly acidic, weakly
alkaline environments.

Areas of existence of stable ionic phases: SiO3(OH)(-3a), Si(OH)s(-a).

SiO3(OH)(-3a) formed at Eh of 0.4 to 2 and pH of 12.3 to 14 slightly alkaline
and strongly alkaline media;

Si(OH)s(-a) formed at Eh -2 to 1 and pH 0 to 14 for acidic, weakly acidic,
weakly alkaline and strongly alkaline media.
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2.1.4 Thermodynamic analysis of the «Fe-S-H>O» systems

In this system «Fe-S-H,O» in solution there are Fe?* ions, which are oxidized
to Fe3+ by the equation Fe3* +& = Fe?*,
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Figure 8 — «Potential-PH» diagram of «Si-S-H,0» system

For example, this diagram for the system «Fe-S-H,O» is plotted at 25 °C, a
pressure of 1 bar and a component concentration of 1 mole per 1000 g of solution.

Areas of existence of stable condensed phases: FeO-OH

FeO-OH formed at Eh -0,4 to 2,0 and pH 0,4 to 14 acidic, weakly acidic,
weakly alkaline and strong alkaline media;

Areas of existence of stable ionic phases: Fe(+3a), Fe(+2a), HFe20(-a).

Fe(+3a) formed at Eh of 0.7 to 2 and pH of 0 to 0.4 acidic environments;

Fe(+2a) formed at Eh of 0.2 to 0.7 and pH of 0 to 4 acidic media;

HFe20(-a) formed in Eh from -2 to 0 and pH 0 to 14 acidic, slightly acidic,
slightly alkaline and strongly alkaline media.

2.1.5 Thermodynamic analysis of the «Mn-H20» and «Mn-S-H,O0»
systems

The Purbe diagram of the «Mn-H,O» system was created using the Outotec
HSC Chemistry Software for solutions with an initial manganese concentration of
1 mol/L. The «Mn-H,O» diagram shows that manganese in aqueous solution
between pH 1 - 7.6 and potential 1.3 - 1.2 exists as Mn?* cation. Above pH 7.6,
manganese hydroxide Mn(OH); is formed in solution, which is insoluble in water.
Therefore, the half-reaction for the transition of manganese Mn(l1)/Mn (0) up to
pH 7.6 can be written in the following form:

Mn?* + 2e—Mn, (3)
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At equilibrium pH higher than 8,6 the reaction takes place:
Mn(OH); + 2e— Mn + 20H" 4)

The potential of the first half-reaction does not change over a large pH range,
while in the second half-reaction it decreases with increasing pH of the medium.
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Figure 9 - «Potential-PH» diagram of «Mn-H,0» and «Mn-S-H,0»
Systems

For example, this diagram for «Mn-H,O» system is created at a temperature
of 25 °C, a pressure of 1 bar and a component concentration of 1 mole per 1000 g of
solution.

Areas of existence of stable condensed phases: Mn, Mn(OH),, Mnz0O,,
MnO-OH, MnOa.

Mn formed at Eh from -2 to -1.4 and pH from 0 to 14 acidic, weakly acidic,
weakly alkaline and strongly alkaline media;

Mn(OH), formed in Eh from -1.5 to -0.5 and pH 8 to 14 slightly alkaline and
strongly alkaline environments;

Mn3Oy is formed at Eh from -0.5 to -0.3 and pH 7.8 to 14 in slightly alkaline
and strongly alkaline environments;

MnO-OH formed at Eh from -0.3 to 0.25 and pH 3 to 14 slightly acidic,
slightly alkaline and strongly alkaline media;

MnO; is formed at Eh 0.25 to 1.6 and pH 0 to 14 in acidic, weakly acidic,
weakly alkaline and strongly alkaline media.

Avreas of existence of stable ionic phases: Mn(+2a), MnO4(-a).

Mn(+2a) formed at Eh from -1.2 to 1.3 and pH from 0 to 7.8 in slightly
alkaline and strongly alkaline environments;

MnQy(-a) formed at Eh 0.6 to 2 and pH 0 to 14 for acidic, weakly acidic,
weakly alkaline and strongly alkaline media.

For example, this diagram for the system «Mn-H,O» is created at 25 °C, at a
pressure of 1 bar and with a component concentration of 1 mole per 1000 g of
solution.
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Areas of existence of stable condensed phases: Mn, Mn(OH),, Mn3zO, ,
MnO-OH, MnO,, MnS, MnSO4'H,0, MnSO,.

Mn formed at Eh from -2 to -1.4 and pH 0 to 14 acidic, weakly acidic, weakly
alkaline and strongly alkaline media;

Mn(OH); formed in Eh from -1.5 to -0.5 and pH 8 to 14 slightly alkaline and
strongly alkaline environments;

Mn3O, formed at Eh from -0.5 to -0.3 and pH 7.8 to 14 slightly alkaline and
strongly alkaline environments;

MnO-OH formed at Eh from -0.3 to 0.25 and pH 3 to 14 slightly acidic,
slightly alkaline and strongly alkaline media;

MnO; is formed at Eh 0.25 to 1.6 and pH 0 to 14 in acidic, weakly acidic,
weakly alkaline and strongly alkaline environments;

MnS formed at Eh -0.4 to -0.3 and pH 0 to 14 acidic, weakly acidic, weakly
alkaline and strongly alkaline media;

MnSQO, formed at Eh 0.25 to 1.6 and pH 7.6 to 14 in acidic, weakly acidic,
weakly alkaline and strongly alkaline environments;

Areas of existence of stable ionic phases: Mn(+2a), MnOy(-a).

Mn(+2a) formed at Eh from -1.2 to 1.3 and pH from 0 to 7.8 in slightly
alkaline and strongly alkaline environments;

MnOy(-a) formed at Eh 0.6 to 2 and pH 0 to 14 in acidic, weakly acidic,
slightly alkaline and strongly alkaline media.

Table 3 — Thermodynamic characteristics of the main reactions in the system

Ne | Temperature, °C | AH° kJ | AS®, J/°C | AG®, KJ K lg(K)
Reac.
Cu+H,0=CuO + H,
0,000 20,487 -11,864 | 23,728 | 1,032E-019 | -18,986
100,000 20,821 -10,831 | 24,862 | 2,737E-015 | -14,563
200,000 21,207 -9,916 25,898 | 1,087E-012 | -11,964
300,000 21,610 -9,144 26,850 |5,764E-011 | -10,239
1 [400,000 22,017 -8,489 27,731 | 9,905E-010 | -9,004
500,000 22,420 -7,930 28,551 | 8,484E-009 |-8,071
600,000 22,815 -7,449 29,320 | 4,578E-008 |-7,339
700,000 23,197 -7,035 30,043 | 1,788E-007 | -6,748
800,000 23,562 -6,678 30,729 | 5,514E-007 | -6,258
900,000 23,903 -6,375 31,381 | 1,424E-006 |-5,847
Cu+Fe;03=2FeO + CuO
0,000 142,978 54,582 | 128,069 |3,330E-103 |-102,477
2 |100,000 143,062 |54,877 |122,585 |1,575E-072 |-71,803
200,000 142,876 | 54,443 | 117,116 |7,928E-055 |-54,101
300,000 142,533 53,790 | 111,703 |2,526E-043 | -42,597
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Continuation of table 3

Ne | Temperature, °C | AH® kJ | AS®, J/°C | AG® KJ K lg(K)
Reac.
400,000 142,060 |53,032 |106,361 |2,918E-035 |-34,535
500,000 141,445 152,183 101,100 |2,626E-029 |-28,581
600,000 140,635 51,200 95929 |[9,703E-025 |-24,013
700,000 139,586 |50,062 90,867 |3,902E-021 |-20,409
800,000 139,203 49,686 |85,882 |3,224E-018 |-17,492
900,000 138,923 149,437 80,926 |8,370E-016 |-15,077
2Cu+S(g)= Cu,S
0,000 -85,266 -27,122 | -77,858 | 1,994E+062 | 62,300
100,000 -85,138 -26,734 | -75,162 | 1,060E+044 | 44,025
200,000 -83,634 -22,900 |-72,799 |4,254E+033 | 33,629
300,000 -83,129 -21,929 |-70,560 |8,088E+026 | 26,908
3 400,000 -82,713 -21,258 |-68,403 | 1,622E+022 | 22,210
500,000 -82,151 -20,473 |-66,322 | 5,612E+018 | 18,749
600,000 -81,957 -20,237 | -64,287 | 1,237E+016 | 16,092
700,000 -81,787 -20,053 |-62,273 | 9,691E+013 | 13,986
800,000 -81,649 -19,917 |-60,275 |1,888E+012 | 12,276
900,000 -81,550 -19,829 |-58,288 |7,236E+010 | 10,860
2Cu+SiO,= 2CuO+Si
0,000 143,160 | -1,059 143,449 | 1,643E-115 |-114,784
100,000 143,429 |-0,219 143,511 | 8,713E-085 | -84,060
200,000 143,696 | 0,416 143,500 |5,146E-067 | -66,289
300,000 143,935 [0,875 143,434 | 2,005E-055 | -54,698
4 400,000 144,128 1,185 143,330 | 2,895E-047 | -46,538
500,000 144,257 | 1,366 143,201 | 3,291E-041 |-40,483
600,000 144,191 1,289 143,066 | 1,541E-036 | -35,812
700,000 144,433 | 1,552 142,923 | 7,937E-033 | -32,100
800,000 144,671 1,785 142,756 | 8,412E-030 |-29,075
900,000 144,400 |1,526 142,610 | 2,695E-027 | -26,569
Cu+2H,S04=CuS0,+S0,(g)+2H,0
0,000 -0,386 43,027 |-12,138 |5,163E+009 | 9,713
100,000 -2,822 35,007 |-15,885 |2,016E+009 | 9,304
200,000 -3,259 33,961 |-19,328 |8,476E+008 | 8,928
5 [300,000 -3,207 34,034 |-22,713 | 4,588E+008 | 8,662
400,000 -1,892 36,135 |-26,216 | 3,252E+008 | 8,512
500,000 -0,428 38,162 | -29,933 | 2,897E+008 | 8,462
600,000 1,045 39,954 |-33,840 |2,958E+008 | 8,471
700,000 2,524 41,558 |-37,917 |3,282E+008 | 8,516
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Continuation of table 3

Ne | Temperature, °C | AH® kJ | AS®, J/°C | AG® KJ K lg(K)
Reac.
800,000 4,020 43,020 | -42,147 | 3,838E+008 | 8,584
900,000 5,540 44,375 |-46,518 |4,642E+008 | 8,667
1000,000 7,078 45,632 -51,019 |5,737E+008 | 8,759
CUz(OH)zCO3=2CUO+COQ+HQO
0,000 25,629 72,333 5,871 2,004E-005 | -4,698
100,000 25,373 71,546 -1,324 5,967E+000 | 0,776
200,000 24,917 70,475 | -8,428 7,821E+003 | 3,893
300,000 24,201 69,110 |-15,410 |7,522E+005 | 5,876
6 400,000 23,195 67,499 -22,242 | 1,666E+007 | 7,222
500,000 21,881 65,684 |-28,903 |1,481E+008 |8,171
600,000 20,248 63,701 -35,373 | 7,155E+008 | 8,855
700,000 18,284 61,576 -41,638 | 2,248E+009 | 9,352
800,000 15,985 59,329 -47,684 | 5,150E+009 | 9,712
900,000 13,342 56,976 -53,500 | 9,280E+009 | 9,968
1000,000 10,350 54,531 -59,076 |1,387E+010 | 10,142
H,0+Si0,=H,SiO;
0,000 5,257 -21,442 | 11,114 | 1,280E-009 | -8,893
100,000 3,326 -27,445 | 13,567 |1,131E-008 |-7,947
200,000 1,185 -32,518 | 16,571 |2,213E-008 | -7,655
300,000 -1,110 -36,916 |20,048 | 2,264E-008 |-7,645
7 400,000 -3,548 -40,834 |23,939 | 1,687E-008 |-7,773
500,000 -6,129 -44,405 | 28,203 | 1,064E-008 |-7,973
600,000 -8,973 -47,861 |32,816 |6,101E-009 |-8,215
700,000 -11,568 -50,674 | 37,745 | 3,330E-009 |-8,477
800,000 -14,218 -53,265 |42,944 | 1,793E-009 | -8,746
900,000 -17,416 -56,131 | 48,434 |9,468E-010 |-9,024
1000,000 -20,185 -58,396 |54,162 |5,032E-010 |-9,298

Conclusions of section 2

— on the basis of the presented thermodynamic analysis of copper in aqueous

solutions, it follows that copper in aqueous solution, depending on the presence of
nonmetals, can be in two main ionic forms as the simple cation Cu?* and as the
complex cation Cu(NH3)s2*; cation-exchange and neutral extractants should be used
for copper extraction from aqueous solutions; the simple copper cation Cu?* exists
only in the oxidation potential region, and this region also depends on the copper
concentration in solution and on the presence of sulfur or chlorine in the system.
This fact can be of importance, if reagents capable of reducing the oxidation
potential, the so-called redox polymers, are used as extractants;
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— thermodynamic analysis of leaching of oxidized copper ore has shown, that
minerals malachite, azurite, kuprite and sulphates of copper dissolve effectively in
solutions of sulphuric acid H2SO4 at pH from 0 to 4 in acid medium. And minerals
such as chrysocolla, chalcocene, covelline, chalcopyrite dissolve in the presence of
oxidants. The obtained values of Gibbs energy indicate the thermodynamic
possibility of copper extraction when using the selected extractants. The Gibbs
energy changes from -10.5 to -26.5 kJ as the pH of the medium increases from 1.5
to 4.
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3 Experimental data for liquid copper extraction and mottling
3.1 Input materials

The object of the study was the heap leaching solution (PLS) of the Almaly
deposit, which operates a metallurgical complex for the production of copper
cathode with a capacity of 10 thousand tonnes of copper cathode per year. Specific
PLS conditions (silica, high concentration of dissolved solids, high viscosity) are
observed at this deposit, which favours crude formation in the lagoons, leading to
crude movement and plant instability, partly and increased entrainment of organic
phase with aqueous phase. Despite such specific conditions, the copper cathode
production plant is operating according to design values and has the potential to
increase production.

The aim of this work was to determine the compatibility and effectiveness of
the new CR60 chemical additive to reduce cathode formation and its effect on the
physical and metallurgical characteristics of the process, as well as the organic phase
entrainment.

The concentrations of the major elements in solution were: Cu — 2.35 g/dm?,
Fe — 21.55 g/dm?3, SiO, — 0.34 g/dm?.

To determine the elemental composition of the productive solution,
evaporation with obtaining a solid sediment was carried out. Evaporation of the
productive solution (PLS) showed that the total concentration of salts reaches 35 %.

Preparation of the crud sample for analyses involved pre-drying the sample
until it was completely dehydrated, followed by grinding to no more than 0.1 mm
particle size. In order to determine the main mineral forms present in the crud, X-
ray phase analysis was carried out, the results of which are presented in table 4.

Table 4 — Results of X-ray phase analysis of the crud (formation of interfacial
waste)

Name Formula %
Quartz SiO; 63,98
Anglesite Pb(SO,) 14,94
Magnetite FesO4 13,73
Hematite Fe,03 7,35

The result of X-ray phase analysis of the crud showed the predominance of
quartz 63.98 %, also found some amount of lead mineral anglesite —14.94 %, as well
as iron minerals magnetite — 13.73 % and hematite — 7.35 %.
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Figure 10 — XRD diffraction data

The detailed elemental composition of the krad was investigated by X-ray
fluorescence analysis, the results of which are shown in table 5.

Table 5 — Results of X-ray fluorescence analysis of the crud (interfacial waste
formation

Components Content, % Components Content, %
O] 40,08 Co 0,010
Na 0,329 Cl 0,168
Mg 0,608 K 0,256
Al 2,037 Ca 0,175
Si 23,46 Ti 0,228
P 0,078 Cr 0,021
S 5,829 Br 0,006
Mn 0,058 Zn 0,008
Fe 1,357 W 0,335
Ni 0,073 Mo 0,016
Cu 2,686 Sr 0,007
Zr 0,006 Pb 0,009

In order to determine the basic elemental composition of a sample of
productive solution a complete evaporation was carried out until the formation of
dry salts. The resulting salts were crushed to a particle size of no more than 0.1 mm
and used for X-ray fluorescence analysis in table 6.

Evaporation of 100 ml of productive solution allowed to isolate 35 g of salt
compounds in a solid dry state, which is a sufficiently high content. Comparing
analyses of elemental composition of solid sediment of productive solution and crud,
we can note quite high values of oxygen, sulphur, iron.

39



Table 6 — Results of X-ray fluorescence analysis of solid sediment of

evaporated productive solution

Components Content, % Components Content, %
@) 59,394 Ti 0,067
Na 0,346 \Y 0,008
Mg 3,818 Mn 0,386
Al 4,883 Fe 5,048
Si 0,304 Co 0,014
P 0,296 Ni 0,016
S 14,984 Cu 0,746
Cl 0,263 Zn 0,073
K 0,019 Y 0,004
Ca 0,114 Th 0,013

The formation of "beard" (interphase suspension consisting of crud and other
impurities) apart from the presence of oxidation products of organic phase is also
promoted by unfavorable composition of productive solution (high content of solid
slime particles, high content of silicon in solution etc.).

The rate of "bearding" for each type of mixing and stratification chambers is
individual and difficult to determine in advance. To reduce the formation of this type
of beard, in addition to cleaning the solution of contaminants, it is also very
important to minimise any air ingress into the solution during all stages of feeding
and mixing of the aqueous and organic phases.
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Figure 11 — Diffraction data from X-ray diffraction krad analysis
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3.2 Pilot plant tests

Highlights of the pilot plant tests with the reagent. The pilot plant was located
in the Department of MPT&TSM, figure 12. The test was performed with ACORGA
CRG60OLT reagent dosing in PLS with 1E+1S configuration (1 extrusion stage and 1
reextraction stage), the raffinate and rich electrolytes were drained into the drainage
system.

Figure 12 — SOLVAY pilot extraction plant

The reagent dosage (ACORGA CR60LT) was chosen to be 10 ppm or ml/m?
of solution and increased to 15 ml/m? as the tests progressed.

The first 72 hours of the tests were conducted in parallel two circuits as one
extraction and one reextraction (1+1) at a CR60LT dosage of 10 ml/m3, then the
circuit was rearranged as one in three parallel extractions and one reextraction for a
period of 148 hours at a CR60LT dosage of 15 ml/m?2,

The difference in the formation of stain was evident between the two circuits
(starting with reagent dosing); the control circuit (without dosing) recorded a greater
amount of interfacial stain, whereas the kest circuit (with dosing) showed much less
stain formation. In the paper, the figures relating to the formation and comparison
of the stain are given in cm?.

In order to determine the selectivity values of each type of organics, and as a
sample to compare phase separation times, a prepared model solution was used in
addition to the productive solution from the field. Extraction was carried out on
laboratory extractors.
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Figure 13 — laboratory extractraction plant

The target concentration of copper in the model solution was 1 g/l, total iron
was 2.4 g/l (Fe**: Fe** = 1:1), the pH was adjusted to 1.7 by sulfuric acid (in
accordance with pH = 1.7 in the productive solution). Copper sulfate CuSO, - 5H,O
was used to prepare the model solution by recalculating the molecular proportion of
copper (25 %) — 4 g/l of copper sulfate to achieve 1 g/l of Cu?* ions. Similarly, iron
salts were dissolved to achieve a given concentration of Fe?*/Fe** ions = 2.4 g/I.

The selectivity tests were carried out with Acorga series extractants (5747,
5910, 5640) and Lix 984. The diluent used was KO-30 paraffin.

During the initial selectivity tests a longer separation time of agueous and
organic phases was observed during extraction of copper from the productive
solution. Complete separation of aqueous and organic phases was observed only
after more than 5 — 7 minutes, while in the model solution complete separation was
achieved in 20 seconds. The recommended separation time for hydrometallurgical
SX-EW cathode production should not exceed 30 seconds. This test, under
production conditions, is performed by taking a sample of the organic and aqueous
phase mixture from the mixer chamber, followed by fixing the moment of complete
separation.

In addition to the long phase separation, there was also an indistinct interfacial
separation — visible traces of organics were present in the upper layer of the aqueous
phase, similar to the "beard" interfacial suspension described earlier. A clear
separation of the phases in the extraction process is shown in figurel4.
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Figure 14 — Separation of organic and aqueous phases, product and model
solution in the separating funnel

At the subsequent re-extraction and electrolyte generation, by washing the
organics with 20 % sulphuric acid solution, the separation of the phases took place
within the required duration of not more than 30 seconds. At the same time the
electrolyte obtained by washing the organics after the extraction of the productive
solution had a markedly different colour shade from the electrolytes obtained during
the processing of the model solutions. The green colouring indicated possible
transfer of a significant amount of iron ions into the electrolyte, the electrolyte in the
model solutions was more dominated by the blue colour characteristic of copper
sulphate in figure 15.

In practice, the freshly prepared organic phase is translucent with a slight
yellowish tinge, the colour changes to light brown when it is first run in the liquid-
extraction cycles. From the start up in the organic phase, after the reextraction stage,
a certain amount of copper from 0.2 to 0.5 g/l will be continuously present. This
amount of copper is quite acceptable and there should be no tendency for the
concentration of copper present to increase at all times.
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after productive solution after model solutions

Figure 15 — Electrolytes after washing of the organic phase in the
reextraction step

3.3 Extraction results for copper recovery using different extractants

The data in the table shows the highest efficiency when using 5 % Acorga
5640 extractant the final copper transfer from the pregnant solution to the electrolyte
Is 87.5 %, at the extraction stage the copper recovery into the organic phase is 94 %.
For the productive solution with 1 g/l copper concentration, the Acorga 5640
extractant concentration of 5 % is the best compared to 10 % due to the transfer
mechanism.

Table 7 — Extraction of copper with different extractants in the model solution

Solvent extraction
Cus
Cuin V PLS, | Raf, V Raf, E Cu,
Test PLS, g/l || o/l ml O:W | Stages % Pu
Acorga 5910 —
10 % 1,0 0,6 0,15 0,6 1.1 3 85,0 1,7
Acorga 5640 —
10 % 1,0 0,6 0,09 0,6 1.1 3 91,0 1,7
Acorga 5640 —
5% 1,0 0,6 0,06 0,6 1.1 3 94,0 1,7
Lix984 — 10 % 1,0 0,6 0,07 0,6 1:1 3 93,0 1,7
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Continuation of table 7

Re — extraction
E Cu,
Cus % E Cu,
Cuin Vorg., |Elect., |V (from %
org., g/l |1 g/l Elect.,,| | O:W | Stages org.) (final)
Acorga 5910 —
10 % 2,55 0,2 4,5 0,1 2:1 3 88,2 75,0
Acorga 5747 —
10 % 2,55 0,2 4,6 0,1 2:1 3 90,2 76,7
Acorga 5640 —
10 % 2,73 0,2 5,0 0,1 2:1 3 916 | 833
Acorga 5640 —
5% 2,82 0,2 5,25 0,1 2:1 3 93,1 | 875
Lix984 — 10 % 2,79 0,2 5,14 0,1 2:1 3 92,1 | 857
Residual Cu in | Acorga Lix98
the org. phase | 5910 — Acorga 5747 Acorga 5640 — Acorga5640- | 4-10
g/l 10 % —10% 10 % 5% %
0,3 0,25 0,23 0,195 0,22

To assess the selectivity of the organic phases the transport of iron ions during
extraction and re-extraction of model solutions was analysed. The balance was
calculated using the same parameters as in the copper extraction calculations. The
initial Fe?*/Fe®* ion content in the model solution was 2.4 g/I. Final balance of
Fe?*/Fe3* ions is shown in table 8.

Table 8 — Selectivity of extractants by Fe?*/Fe3* ions (on the model solution)

Solvent extraction
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Fe**/Fe** | V E
inPLS, | PLS, | Fe*/Fe?* B | V Raf, Fe3*/Fe?*,
Test g/l I Raf, g/l ml O:W | Stages % Pu
Acorga 5910
—-10% 2,4 0,6 2,2 0,6 1.1 3 8,3 1,7
Acorga 5747
—-10% 2,4 0,6 2,0 0,6 1.1 3 16,7 1,7
Acorga 5640
—-10% 2,4 0,6 2,2 0,6 1.1 3 8,3 1,7
Acorga 5640
-5% 2,4 0,6 2,38 0,6 1.1 3 0,8 1,7
Re — extraction
E E
Fe**/Fe** | V | Fe*/Fe?* \% Fe**/Fe*., | Fe**/F?.
in the org., | inElect.,, | Elect, % (in , %
org., g//l I g/l | O:W | Stages org.) (final)




Continuation of table 8

E E
Fe3/Fe?* | V | Fed'/Fe?* \Y; Fedt/Fe?*., | Fe*'/F?*,
in the org., | inElect., | Elect., % (in , %
org., g//l I g/l | O:W | Stages org.) (final)
Acorga 5910
—10% 0,6 0,2 0,17 0,1 2:1 3 14,2 1,2
Acorga 5747
—10% 1,2 0,2 0,18 0,1 2:1 3 7,5 1,3
Acorga 5640
—10% 0,6 0,2 0,1 0,1 2:1 3 8,3 0,7
Acorga 5640
5% 0,06 0,2 0,1 0,1 2:1 3 83,3 0,7
Lix984 —
10 % 0,33 0,2 0,1 0,1 2:1 3 15,2 0,7
Acorga
) 5910 10 Acorga 5747 — Acorga 5640 Lix984 —
Residual Cu % 10 % ~10% Acorga5640 -5% | 10 %
in the org.
phase g/l 0,515 111 0,55 0,01 0,28

According to the results shown in table 8, the best Fe?*/Fe®* ion selectivity is
shown by the Lix984 and Acorga 5640 series (5 % and 10 %).

3.4 Testing the Acorga CR60 mottling suppressant

A CR60 additive developed by Solvay was tested to suppress mottling. For
carrying out studies on copper extraction we used extractant Acorga 5640 —5 % with
the addition of additive CR60 from the productive solution, g/dm?: copper 2.3; iron
21.55; SiO; — 0,34. pH of solutions — 1,7. The study of the influence of impurities
was carried out in a separating funnel, the ratio between organic and aqueous
phases — 1:1, temperature - 20 °C, stirring intensity — 750 rpm, phase contact time —
60 sec, retention time — 60 sec. Re-extraction was carried out with sulphuric acid
solution of concentration 200 g/dm?. In parallel, as a comparative sample, extraction
test was carried out using Lix 984 extractant on the studied productive solution. The
results are shown in tables 9 — 10.

Table 9 — Extraction of copper from productive solution of Almala with
extractant Acorga 5640 - 5 % + RC60

Test Solvent extraction
VPLS, | Cus V Raf, E Cu,
PLS, g/l || Raf, g/l | ml o:W Stages | % Pu
Cu 2,350 1,6 1,21 1,6 1:1 3 48,5 1,7
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Continuation of table 9

Test Solvent extraction
Fe VPLS, | Cus V Raf, E Cu,

PLS, g/l I Raf, g/l | ml o:wW Stages | % Pu
SiO; 0,34 1,6 0,21 1,6 1:1 3 38,2 1,7

Re — extraction
E Cu,
Cus %

Cusorg., | Vorg., |Elect, |V (from E Cu, %

o/l I g/l Elect., | | O:W Stages | org.) (final)
Cu 9,12 0,2 11,55 0,15 2:1,5 3 95,0 46,1
Fe 12 0,2 10,25 0,15 2:1,5 3 64,1 45
SiO; 1,04 0,2 0,16 0,15 2:1,5 3 11,5 44
Residual Cu in the Cu Fe SiO2
org. phase g/l 0,4575 4,3125 0,92

Table 10 — Extraction of copper from productive solution of Almala with
extractant Lix 984 — 10 %

Solvent extraction
VPLS, |CusB V Raf, E Cu,
Test PLS, g/l I Raf, g/l | ml o:wW Stages | % Pu
Cu 2,350 0,6 0,35 0,6 1:1 3 85,1 1,7
Fe 21,55 0,6 20,8 0,6 1:1 3 3,5 1,7
SiO; 0,34 0,6 0,21 0,6 1:1 3 38,2 1,7
Re — extraction
E Cu,
Cus %
Cusorg., |Vorg., |Elect, |V (from | ECu, %
g/l I g/l Elect, | | O:W Stages | org.) (final)
Cu 6,0 0,2 7,0 0,15 2:15 3 87,5 74,5
Fe 2,25 0,2 2,6 0,15 2:15 3 86,7 3,0
SiO, 0,39 0,2 0,24 0,15 2:15 3 46,2 17,6
Residual Cu in the org. Cu Fe SiO,
phase g/l 0,75 0,3 0,21

3.5 Investigation of the interfacial suspension (crud) formed

The intensity of interfacial sedimentation of crud in plants depends on the
quality of the liquor, the processing conditions, the type of organics, and other
factors. Usually formation of stable crud layer is observed within 10 —15 days in the
amount from 0.2 to 1.0 % of total mass of organic phase.
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In the studied productive solution, accumulation of crud has been observed
already at the 3rd stage of extraction at optimum stirrer speed of 350 rpm, and after
10 stages its quantity has exceeded 1.0 %. The filtration of an organic phase
weighing 100 g after 10 extraction stages resulted in a crude weight of 2.55 g, as
shown in figure 16.

Figure 16 — Crud

It was found that CR-60 additive, contributes to some reduction of crud
formation, but high concentrations of iron salts (18 — 20 g/l) and other salts do not
allow to avoid fully contamination of the organic phase. Evaporation of the
productive solution showed that the total concentration of salts reaches 35 %.

3.6 Mathematical model of copper extraction of productive solutions of
Almaly deposit

Using the program “Solvay Extraction”, calculations of extraction schemes
have been made according to the composition of productive solutions obtained
during leaching of ores from Almaly deposit, which contain copper — from 1 g/dm?
to 3.2 g/dm® with pH equal to 1 (figures 17 and 18). Based on calculations the
extraction isotherm was constructed and extraction processes of copper were
simulated (figures 17, 18) with the scheme 3E+1P, allowing to reach a through
extraction of copper 84.1 %.
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Figure 17 — Extraction (a) and re-extraction (b) isotherms of copper from the
Almaly deposit PLS

DESCRIPTION: (R=T74.98%) (R=86.02%) (R=91.07%)
Reagent: ACORGA M5640 Flowrate 1.0 Flowrate 1.0] Flowrate 1.0]
10.00 vol’ Raff:| 0.25gpl Raff:| 0.14gpl Raff:| 0.09gpl
Flowrate{m3/h) 1.0 Flowrate 1.0 Flowrate 1.0
PLS(Copper)| 1.00gpl 1.00gpl 1.00gpl
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Figure 18 — Schematic of the liquid copper extraction process from the Almaly
deposit PLS

Based on the data obtained, a mathematical model of liquid copper extraction
was calculated. The main factors that affect the process of copper extraction are Cu
concentration (1 — 2.35 g/dm?) (X1), pH of the medium (X2), extraction duration,
min (X3).

Mathematical model of copper extraction was built by full-factor experiment.
Constant values for planning the experiment and building a mathematical model
taken stirring speed equal to 350 rpm.
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Variable technological factors at construction of mathematical model were the
following:
— concentration of copper in the initial solution, g/l (X1);
— pH of the initial aqueous phase (X2);
— duration of extraction, min (X3).
Boundary conditions of copper extraction realization by «Acorga 5640»
extractant are shown in table 11.

Table 11 — Boundary conditions for copper extraction with extractant «Acorga
5640»

Level of X1, X2, pH of the Xa,
variation (C, g/dm?®) medium extraction time, min
Lower level 1,0 1,6 10
Upper level 2,35 1,7 60

The number of experiments N to be performed is determined as follows [43]:
N = nk (5)

where n is the number of levels;
k is the number factors.
Therefore, for 2 levels and 3 factors N = 8. The matrix planning matrix for 8
experiments looks like that shown in table 12.

Table 12 — Experiment planning matrix for copper extraction with extractant
based on «Acorga 5640x»for the three varying factors

Test X1 X5 X3 X1X> X1X3 XoX3 X1 X5X3
1 + + + + + + +
2 _ + + _ _ + _
3 + _ + _ + — -
4 + + _ + — — -
5 + — — — — + +
6 — + — — + — +
7 — — + + — — +
8 — — — + + + —

Let’s write down the form of the regression equation according to according
to the planning matrix
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Y =Yo+b1 X1 +02X2 +b3 X3 +b12 X1 X2 +b13 X1 X3 +b23 X2 X3 +b123 X1 X2 X3 (6)

Where Y, is a free term of the regression equation;
bi is coefficients
Of the regression equation Y. The free term of the regression equation can be
calculated as follows:

>y,

N

Y, (7)

Where N — the number of extraction experiments;

Y, — the average value of the degree of copper extraction into the extract
during extraction with the extractant “Acorga 5640”.

The data obtained in accordance with the plan of experiment (table 12) for
copper extraction with the extractant «Acorga 5640y are presented in tablel3.

Table 13 — Results of copper extraction experiments by the extractant
«Acorga 5640» obtained in accordance with the plan of experiment

Test Y, Y, Y
1 87,5 87,7 87,6
2 814 81,6 81,5
3 72,6 72,2 72,4
4 68,4 68,8 68,6
5 63,1 62,5 62,8
6 55,6 56 55,8
7 51,4 52,4 51,9
8 48,5 47,9 48,2
Y=66,1

Calculation of parameters of the mathematical model were calculated in
accordance with the following algorithm for calculating the coefficients, variance,
and Student’s t-test and Fisher criteria [43], [44]. which performed using the
capabilities of an office program Microsoft Excel:

Of the regression equation were determined by equation:

3 XijYi
N (8)

The variance of the coefficients (Shj) and reproducibility (Svosp) were calculated

bj=
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by expressions, where N — number of experiments

SBOCl'I
Spj = VN : 9)
>s:
SBocn=\ N (10)

Where Si? is the variance of the unit measurement, determined by the formula:
SP=(Y1-Y )+ (Yn-Y) (11)

The significance of the coefficients was evaluated by the Student’s test

{= D1 (12)
Sbj
comparing with the reference table its value te .= 2.78 for the level p = 0.05 and
the number of degrees of free

f=N(m-1) (13)

where m = 2 is the number of parallel experiments (m=2and f=4 (2 - 1) = 4).
If t; is greater than tc 0., then this coefficient is significant.

Checking adequacy of the obtained equation was performed according to
Fisher’s criterion [44]:

F= SOCT.Z/ SBocnp.z; (14)
N —\ 2
_ Y~ Y)
Soer 2 = = (15)
N-L

Where L is the number of significant coefficients: L = 2. Regression
coefficients and values of the unit variances of the experiments, which were obtained
from the experimental data, are presented in table 14.

Complete regression equation for copper extraction with extractant
«Acorga 5640»

Y =66,1 +6,7x; — 7,31x, — 7,28X3 + 3,88X2X3 (16)

In the course of calculating dispersion of reproducibility and regression
coefficients, the following values were obtained: Sysp = 0.377; Sp; = 0.133.
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The reference table value of the criterionStudent tewp.= 2.12 for
significance level p = 0.05 and number of degrees of freedom F, calculated according
to formulas (11) and (12) [43], [44].

Table 14 — Regression coefficients and unit variance for the construction of
the mathematical model of copper extraction with the extractant «Acorga 5640»

553{52?:3%? Value U_nit Value
variance
by 6,7 SZ 0,02
b, 7,31 S2 0,02
b3 7,28 S2 0,08
D12 -1,98 SZ 0,08
D13 -0,0612 S2 0,18
D23 3,88 S2 0,08
D123 -1,61 S2 0,5
SZ 0,18

Significance of the calculated coefficients regression coefficients were
determined by comparing them with the table value Student’s criterion. Regression
coefficient is significant if Student’s t-test for coefficient (tj) is greater than the table
Student’s criterion ter tap.

Based on from the data obtained, it follows that only four coefficients of the
equation of the regression equation are significant, that is why L = 4 and the final
form of the regression equation has not changed (Eq.(16)).

The residual variance at L = 4 is S%, = 0.1425, and the variance value of the
Fisher’s criterion:

Fpacs = 0,1425 /0,1421 = 1,002. (17)

Tabulated value of Fisher’s criterion at F, =8 and F1 = 4 is Fianie = 3.84. The obtained
mathematical model of copper extraction with the extractant «Acorga 5640» is
adequate to the experiment, as the condition:

Fsettl < Ftabul, 1,002 < 3,84 (18)
Thus, by method of full-factor experiment the mathematical model adequately

describing the process of extraction of copper extraction with extractant «Acorga
5640y.
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3.7 Feasibility study on copper extraction
3.7.1 Process comparisons

Elements of penalties. All processes provide acceptable rejection of major
deleterious elements such as arsenic and antimony, provided the Fe: As + Sb ratios
are acceptably high.

Copper cathode quality. The Placer and CESL processes use modest versions
of the commercially proven SX-EW technology, which when operated well should
guarantee an acceptable cathode product. In the absence of documentation, the
Dynatec/Direct REB solution cleaning technology should be regarded as unproven.

Copper recovery. High leaching efficiencies and copper recovery with
SX-EW are practical for CESL and alluvial processes. Based on very limited
published information, it is difficult to see how copper would be effectively
recovered from Dynatec bleed solution without at least some use of SX technology.

Grinding. It is believed that the differences in technical characteristics of
concentrate regrind are not a significant cost difference between the processes.

Pressure oxidation. The principle difference in pressure oxidation costs
between the high and low refining processes is due to the higher oxygen
consumption during general oxidation. The complete oxidation of chalcopyrite
requires 2.14 kg of oxygen per kg of copper compared with about 1 kg/kg for low
grade (20 % S — SQy). For a concentrate containing pyrite and chalcopyrite ina 1:1
molar ratio (21 % copper sulphide only), the total oxygen consumption under
pressure increases to 4 kg/kg, whereas for low gravity pressures the oxygen
consumption increases slightly to 1.3 kg/kg at 20 % S — SO4. Assuming a low
energy scenario with a correspondingly low oxygen cost of US $33/tonne, moving
to the traditional mode of comparing the cost of copper in USD/Ib indicates the
following.

Clearly, in a scenario with relatively high electricity and oxygen costs (say
$66 per tonne of oxygen), the cost for oxygen under total pressure of pyrite
concentrate ($0.12 per Ib cu m or $52.80 per tonne of concentrate) becomes the
dominant operating cost see "Operating Cost Comparison' and negates much of the
cost associated with in situ processing.

Table 15 — Operating costs of the O, pressurised process

Product Oxygen cost, USD/Ibc
oxygen under selective | oxygen under selective
pressure pressure
Chalcopyrite 0,032 0,010
1:1 Chalcopyrite:Pyrite 0,06 0,013

The high gold content in pyrite would be necessary to justify the total oxygen
pressure in this scenario. Placer recently reported 98 % copper recovery from a
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continuous pilot campaign at 30 minutes storage. [45] CESL reports (very limited)
batch testing data for 1 hour of storage, while Dynatec reports 4 hours of batch
storage. Even taking into account the higher tank pressure and pumping
requirements for total pressure oxygen, these data show a significant but difficult to
quantify capital cost advantage for pressurised oxygen compared to CESL or,
especially, Dynatec.

SX-EW copper. Due to the necessary dilution of free acid in the total POx
PLS, it is estimated that the hydraulic load on the SX will be approximately double
that for low gravity processes. As settling tank mixers are inexpensive per unit
volume, the capital cost disadvantage compared to total POX is not severe. However,
the loss of organics will be roughly proportional to the aqueous PLS consumption,
resulting in an operating cost penalty of $0.005 per pound of Cu for total POX.

Waste Disposal/Decontamination. Placer publications clearly take
neutralisation costs into account; whereas, in the authors' view, these costs are
neglected in documenting low severity processes. In an era when acid drainage is
almost universally recognised as a potential problem for mining waste, disposal of
sulphur and unreacted pyrite without equivalent, effective calcium alkalinity would
only be allowed in the context of carefully considered containment (i.e. hazardous
waste) and retention of owner responsibility, probably in the form of a large closure
bond. Thus, neutralisation is not necessarily a significant cost driver. In the case of
an acid-consuming heap or tailings leach, a total POx company could get an acid
credit of up to $40 per tonne or $0.09 per pound of copper if the alternative acid
source is, for example, market acid delivered by truck over long distances. In such a
situation, sulphur credits would also be applicable to low-treatment processes, but
would be reduced to take into account the cost of converting sulphur and pyrite into
usable acid.

Construction materials. The Placer and Dynatec processes use sulphate
solutions, which outside the autoclave allow extensive use of stainless steel for
wetted metal processing. The chloride content in CESL of (approximately) 12 g/l
would require more exotic alloys and/or lined or coated equipment, with
correspondingly higher (but difficult to quantify in general comparison) capital and
maintenance costs.

Confirmed process status. Based on published data and the relationship of
unit operations to commercial practice, a subjective ranking of the authors of the
‘proven status' of the technologies is as follows

Placer>> CESL>>> Dynatec

The placer mining process has required much less time for continuous
experimental demonstration, but this is considered to be more than compensated by
the extensive commercial operation of the high-toxicity refractory gold ore and
concentrate treatment processes. This provides reliable assurance of precious metal
recovery (and cost estimates), while the recovery of PM from CESL process residues
Is not yet documented in the technical literature. The very small amount of published
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information is the main reason for the relatively low "proof of concept” rate of the
Dynatec process.

Capital cost comparison. A recent presentation by Placer included a
preliminary capital cost estimate of US$248 million for a plant to produce 100,000
tonnes per year of copper cathode from 20 % copper concentrate at an unspecified
mine [45]. At a capacity of (about) US$2,500/year tonne, this meets the published
CESL "target” of US$2,000-2,500/year tonne and is comparable to Noranda [46]
capital costs by an order of magnitude (US$2,500 — 3,000/year tonne) at a minimum
cost. ((200 000 tons/year) is considered acceptable for a new greenfield smelter. No
capital cost data is available for Dynatec technology, but the additional plant
operation (sulphur melt filtration) and longer autoclave residence time do not give
much hope for cost reduction.

Comparison of operating costs. Using the recently presented Placer estimate
of operating costs [45] as a basis, it is possible to sing the recently presented Placer
estimate of operating costs [45] as a basis, the operating costs of the high and low
severity POx-SX-EW processes can be compared as follows.

Table 16 — Comparison of operating costs for POx-SX technology $US/Ib
copper

$US/Ib copper
high severity low severity
total POx Pox*
Oxygen 0,041 0,012
Neutralisation (mill tailings) 0,006 0,006
Autoclave grinding and agitation 0,018 0,018 Less mass transfer,
but more agitators
Maintenance consumables 0,013 0,019 Scaled up
Salary / Labour Force 0,006 0,006
Total leaching 0,084 0,061
Total SX-EW 0,109 0,103 Less reagent loss and
mixing
Waste handling 0,02 0,02
Cathode  transportation  and 0,03 0,03
marketing
Total 0,243 0,214
*Based on CESL, Dynatec estimate 10-20 % higher

Thus, with an additional operating cost of $0.03 per pound of copper or $13.20
per tonne of 20 % concentrate (a difference that is within the likely range of these
preliminary estimates), the potential operator of the whole POx process could benefit
from a more proven technology and guaranteed gold and silver recovery.

Extraction of an additional 1.3 grams of gold from fully reacted pyrite could
also have made up for the difference in costs. Conversely, the significantly higher
total cost or oxygen consumption of smallpox could skew the comparison in favour
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of smallpox. In this regard, it may be interesting to note that the total oxidation study,
resulted in total costs for POx, SX-EW, neutralisation and disposal of US$0.42/1b
cc. This was expected to be mitigated by the relatively high energy and oxygen
consumption costs of the project. This was expected to be mitigated by significant
gold recovery, avoidance of port costs for trans-shipment and improved socio-
economic (i.e. political) impacts of additional employment. Judging by the lack of
follow-up, the high operating costs were unacceptable.

Overall economic viability. Again, drawing on Placer's recent presentation,
their summarised venture analysis of 20 % copper concentrate shows [45].

Table 17 - Overall economic viability

Capital expenditure $248 million
Difference between transportation and smelting 0.175 per pound of copper
costs and total production costs Pox or

$US 38.6 million/year

Payback period at 6 % interest rate of 8 years

Given the protection from additional smelter costs due to (hopefully) copper
prices above the base level of $0.80/Ib and increased freight rates, these figures
indicate a potentially viable venture.

Conclusions. The potential viability of hydrometallurgical technology (POXx)
versus toll smelting for new copper projects still depends on transport cost savings
and the availability of relatively cheap electricity at the mine. However, the use of a
combination of industrially proven processes (such as alluvial technology) clearly
indicates that suitably qualified new mines may have a viable, cost-effective
alternative to contract smelting of their products. Subject to further cost validation,
low-cleaning processes can provide equivalent or greater savings in the associated
concentrates.
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CONCLUSION

Geotechnological methods are the most promising for processing of off
balance and waste ores. They allow to expand the raw material base of deposits by
extracting metals directly from ore.

The key factors influencing the quality of productive leaching solutions are
the presence of silicate minerals, carbonate minerals, clay, feldspar, iron oxides,
highly porous copper minerals and/or slurries.

Interfacial slurry/scalding is recommended to manage not only the continuous
removal of this phase from the system, but also to pay attention to factors that lead
to interfacial slurry formation such as leaching regime, settling time of the product
solutions, agitator rates, organic levels in the settling chutes and acidity of the
solutions to avoid formation of a silica gel.

Experiments show that the use of ACORGA CR60 with a dosage of 10 ml/m3
in the PLS line before feeding it into the liquid extraction, results in a significant
reduction of interfacial crusting in the circuit. The phase separation time in the test
chain extraction step increased by an average of 8 seconds, which is explained by
the reduced amount of solids in the organic phase. The increase in WRF was due to
less interaction of solids with the organic phase caused by the addition of the reagent.
The recovery of copper was similar in both circuits, confirming that the reagent does
not affect the metallurgical characteristics of the process and does not carry any risk
to the overall process. At the time of this comparison test, the main advantage was
the reduction of mole formation in the test circuit and a positive effect was observed
in the difference of organics entrainment.

ACORGA CRG60LT is used on an industrial scale in many plants in North
America, Latin America and also in the DR Congo. The main advantage of CR60 is
the reduction of stain build-up in settling tanks, thus increasing the capacity of the
PLS and organics flows which directly leads to an increase in the productivity of the
plants. In addition, the liquid extraction process is known to be difficult in the
presence of silica in PLS solutions, but with the addition of ACORGA CR60LT a
stable process is observed.
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Annorauna. Hakomienne TBepAElX YACTHI E KOHTYPAX SECTPAEIHH pAacTBOpHTENeM (SX) MomeT
BEIZBATE IPODJIEME © (H3HMECENME B SEOBOMEYECEEME IOKA3ATEIME OIIEPAITHE. 3TH TECPIEE BEIIECTEa

OTBETCTESHHEI 33 00pascBaEHe TEepOoH CTA0NTHIHpOBAEHOH SMYyIRCHH, COOSpEameR OpraHH9eciHe,
BOJHEle, BOMYIIHEE H MeHHe TEepasle ZacTHOsl. Hakomwmense kpaga B oTcToimmrax SX MOReT OrpaHERTHTE
NPOH3BOJHTENBECCTE ONEpAITHE S, INOTPefOBATE NPOCTOA YCTAHOBKH, NPHEECTH E OOIee BEICOKHM
OpTAHMYECERM ICTEPANM HIIH OPHEECTH K DoJlee BRICOKOMY YHOCY BOJE B OPTAHFUECEHEe BEMIecTEA (BCe 3To
MOEET FMMETH SHAUMTENBHEE HETATHEHHIE SECHOMHUECEHE DOCTHEfCTEEA). CyMeCTEVIOMEE METoMIED

VHOpaEIeHRd Epagos oORMHC HOCAT peakTHEHEH XaparTep. Kpag dHsHOeckH yIATdAeTcH ODOCTE TOTO, Kk
NoJAeTCH 9pesMEpHOS EOIHYecTEC B KOHTYPe, H CoOpaDaTEIEaeTcHd MEXaHHMUECKEH © HCOOIBIOBAHFEN
memTpEdyT B GEmeTpamm. Brmno paspaforans EcBoe yIpemIarNes peMIeHHe MUA NpefOTEPANISHHA
oOpASCEAHNA B HAEOIUIEHHE Memdassen: pipecefi. B cTaTee DpencTaRmeHEl pesyIBTATH TEXHHTECKHX
eI H, KOTOpPElE DBIH oCcymecTEIeHE HA 33B08ax SX-EW e KazaxcTane.

KamgeBsle CI0BA. SKCTPAKITHA, KEPAT, SKCTPareHT, BERIIETaTAEAHHR.

O0pazoBaHHe H HAKOINIEHHE Kpaga B KOHTYPax 3KCTPAKUOHH pacTBopHTeNeM (SX) IJaBHO
00CYEIACTCA H CHIHTACTCA KPHTHIECKH Ba#HBIM A BCETO THIPOMETALTYPrHEIecKoro mponecca [ 1].
OfpazoBaHHe Epaja NPHCYICTBYET BO BCEX cHoTeMax SX, Oyap TO MeOs, VpaH, IUHHE H T. [
B paborax Purm, 1980 OmMH ompegeneHsl Kpaghl - Kak CTA0HTH3HPOBAHHEIE 3MyIBCHH,
COOEpAITHE OpPTAHHYECKHE, BOJHEIE H MEKHe TEEpIElE JAacTHUOEL [HI PYOE H COCTAE CHIPEA
ABTATCA OCHOBHEIM OIpeIe A0 M GarTopom 00pazoeaHuA pyOel H 00BMHO cogepmar 51, Al Fe,
P u cyasdaret [2]. O0EMHO Kpan obpazyeTcd Ha IPaHHIE paslela MexIy OpraHHYecKoH H BOTHOH
cpefanH, HO er0 TARAE MOKHO HAOMFOIATE B BHAE [NTABAMINEH BIRECH HA IOBEPXHOCTH OTCTOHHHKA
HIIH J0HHOH (PakmHH, KOTOpas acTO BCTPETACTCA B KOHTYpaX, 00palaThBaomiy E20anTEEacMOe
BEIIENATHEARINEe CEIpbe. Ilockomeky oDpazopaHHe Epaja NpPAaKTHUECKH HeH30e®mHO, MHOIHE
COEPEMEHHEIE METOJEl VOPABIEHHA EKpPATOM HENAKTCA PEaETHEHEIMH, 9T0 IIO3BONIEET EPamy
00paz0BBIBATECA H BCTPAHBATECA B KOHTYPRL 53 Kak Tomeko 3TO DpPOHCKOOHT, €r0 YOAMAKT H
00paDATRIBAIOT C MOMOIIEE PAZTHYHERN MEXAHHISCKHY METOIOE, 0DEMHO ¢ HOMOIIER HHIETPANHH
HIH TpexdazHol eHTpHGYTH, 018 VIATeHHA TEepIEX JaCTHI] H HIBNeTeHHA OPTaHHTeckoH $azkL
3aXBA9EHHOH B 3MyIsCHH [3]. Taroxe pazpabaTHEaroTCA ABTOMATHIHPOEAHHEIE HACOCHEIE CHCTEMEL
KOTOPEIE TACTO HCIONMBIVIOTCA HA IPEINPHATHAY BO BCEM MEHpE, B TOM THCTIE H HA IPeIIpHATHIX
Kazaxcrana: Kazummaepanc AxToraf, Ha MeCTOPOEIeHHH Amvansl. Bpema H QHHAHCOBEI® 3ATPATEL
HeoDXOIHMEIE 1A YIPARTIeHHA 00paz0BaHHEM KPAda, MOTYT OHTEH PeINAONTHM ACTIEKTOM paboThl
SH-EW zamoma.

Bo mHOrHX 3aB0JaX 0O NOpPOHIEOACTEY EATOOHOH MemH B KazaxcTaHe, IpHMeHTHOITHE
TEXHONOMHH KVIHOTO EEIMETA9HEAHAY, HHIKOCTHOH 3KCTPAKITHH H 3MeKTPOIHIA AENAHTCA Domee
EEICOKAA KOHIEHTPANHA THOKCHNA KPEMHHA, MPHCYICTEVIOINETO MHOO B PACTEOPEHHOM, NTHOD B
KOIOHIHOM EHE. PACTRODHMOCTE MTHOKCHIA KPEMHHES OVIET 2aBHCETE 0T TEMIIEepaTypEl H pH cpemn
IpyTHX (QaKTOpOoB, IPH 3TOM Dofee HAIKHE TeMIepaTyPEl H Oollee BEICOKAT KHCIOTHOCTE IPHBOITT
E YCHIeHHOMY OCAEIEHHID H 00paz0BaHHI0 KONIOHIHOTO KpesHHA [4].

belmo 3aMedeHo, 9T0 KOJUIOHTHEI JHOECHT KpeMHHA B PLS BiHAeT Ha pazgencnne daz B
FHHIKOCTHOH JKCTPaEIIHH, H padoTa B HENPePHEHOM OpPTraHHIecKoM PeiHMe ARMAETCA HIBECTHOH
NP3aETHEOH, NOMOTAIMEH IPeoNoNeTs Npo0iieMEl pazdeleHHA (a3, CBAZAHHEIE ¢ JHOKCHIOM
EpeMHHA [3]. B HenpeprEHOH BOJHOH Ccpele KOUUIOHTHBIH THOECH[ KPEMHHA MOEET IPHEECTH K
VEETHIEHHI) EPEMEHH Paz[eneHHd (a3, 9T0 NpPHEEIET K VEENMHIEHHID VHOCA BOJRI H TEM CaMEIM
VBENHYHT (HIHIECKHEH TpaHC(ep OpHMeceH Ilpm.{eceﬁi E 3MEETPONHT. B 3KCTpeMATEHEL VCIIOEHAX
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MOTYT 00paz0BEEATECA CTA0OHIEHEIE IMYIRCHH, IT0 JHATHTEIEHD BIHAET HA NPOHBOJHIEIRHOCTE
npegnpuATEA [6]. KoamoHaHEe 9ACTHOR He OCETAT H HX TPYIHO VIAIHTE H3 BEIIEIATHEAKIIETO
pacteopa [7]. Korga »TH 9acTHOE o0BEIHHAKTCE, MOMET 00pa3OBaThCA CHIHKATENb, KOTOPEIH
OCEJAeT HAa YCHOKOHTEIAX JKCTPAakTOpOB, 9I0 CO30AET JONOMHHTEARHEE NPOOIEMBl 1A
MIOOfepHAHNA 3AJAHHEX CKOpocTeH MOTOKA H NPOHIB0IHTEIEHOCTH.

Ofverxm nccredoeannd. OOBEETOM HCCIEIOBAHHA OB PAacTEOP KVHIHOIO BEINIENAMHEAHHA
(PL5) mecTopoEIgeHHA AMMANEL, B KOTOPOM (VHEDHOHHDPYET METALTYPIHIECKHH KOMIUIEKC IO
NPOH3BOOCTEY EATOOHOE MeOH MOmHOCTEX 10 TEIC. TOHH KaTomHOH MegH B rog. Ha manmom
MECTOPOEIEHHH HAOEomaroTcd coenHdH9eckme yoaoeHA PLS (IHOKCHI EpeMHHA, BEICOKAA
KOHIEHTPAITHA PACTEQPEHHED BEMECTE, BEICOKAA BAIKOCTE), KOTOPEE DIIArONpHATHE! 00paz0BaHHED
Kpaja B OTCTOHHHEAX, IT0 NPHBOJHT K JEHAEHHID KpaJa H HecTaOHIBHOCTH 3aBOJA, OTIACTH H
MOBEIIEHHOMY VHOCY OpTaHHIecKoH (azsl c BogaoH. He cuoTpa Ha Tarse coenAdHIecKHe VCIOBHA,
KOMIVIEKC IO IPOH3EBOACTEY KaToOHOH MelH (VHKIHOHHPYET COTMACHO MPOSKTHEIM 3HATEHHAM H
HMeeT NOTeHIHAT /11 HAPAIMHEIHAA IPOHIB0ACTEA.

Ilens ganHOH PabOTEL COCTOANA B TOM, ITODE! ONPEIeTHTE COBMECTHMOCTE H 30 eKTHEHOCTE
HOBOH XHMHYeCEOH J0OABKH 114 YMEeHEIIEHHA 0DpPazoBaHAA KPAlA H ee BIHAHHA Ha (JHIH9eCKHE H
METATTYPIHIECKHE XADAKTEPHCTHEH OPONecca, A TAKKE YHOCA OPraHHYeCKOH ¢ BOgHOH (azol Kak
OCHOEHOH IPHODHTET

KoHmenTparms OCHOBHELX 3IEMEHTOB B PacTBope cocTarraa: Cu— 2 35r/md’, Fe —21.55r/m’,
$i0; —0,34r/me’.

J18 ompejencHHA 3NMEMEHTHOTO COCTAEA MPOSYKTHEHOTO pACTEOpPA, OHIA IpOHIEEIEHA
EEIIIAPEA C IOMyIeHHEM TREPIOr0 0CAOKa. BeIapka IpoIyETHEHOTO pacTeopa (PLS) morazama, 91o
00INad KOHOeHTPAITHA colel JocTHraeT 35 Y.

IlogroToBka obpazla Kpada K AHANTH2AM BEII0YANA B ce0f NpelRapHTEIBHYID CYIIKY IpOOH
IO DOONHOTO ODO3E0OEHEAHHA H [OCHeIyIOIee HCTHpPaHHE [0 EPYVOHOCTH He Oomee
0.1 s C meneko oOpeleleHHd OCHOBHEIX MHHEepanEHEX ¢opM IpPHCYTCIEVIOIIHX B Kpaje
EEIIOMHATCH PEHITeHO(a30BEIH AHAMHS, Pe3yIETATE KOTOpOro IpeIcTaBIeHEl B TabmaHe 1.

Tabdmumna 1 — PeayIsTaTs peHITeH0(AZ0E0I0 AHATHZA Kpagao0pazoraHne MexEazHOro 0TX0Ia)

HanmeHopaERe Doparyma %
Keapn 510, 63.98
AnrnesaTr Ph{504) 1494
MarmernT Fe;0 13,73
Tenarnt Fe 0y 7,35

OcHosHele MOMERTE] NCHBIMAHNI HA NUTOTHON VCMAHOSKE © APUMEHEHIEM Peazerma.

IInnoTHAA YCTAHOBKA DBUIA PACTIONOMEHA B CAMOM 3IAHHH 33B0JA BHIKOCTHOH JHCTPAKITHH.
Ienm Tect (c mozspoekol pearenta ACORGA CR60LT e PLS) v Kontpons (bez mozHpOBEH —
EOHTpONEHAA) OEUIH HacTpoeHEl ¢ koHGHTypanmed 1E+15 (1 cramma sxcraprums H 1 cragHa
PEIECTPAKOHH), pAdHHATH H GOTaTHE 3MeKTPOIRTEL CIHEATHCE B IPEHAKHVIO CHCTEMY 33BOIA.

Tozupoeka pearesra (ACORGA CRG0LT) 6eina Beibpada pasHod 10 9/wiH HiE Mou/w
pacTEOpa, H YBEIHYeHA 10 15 M 1o X0/Iy IpoBeNeHHS TECTOR.

Tleperie 72 9aca HCOIRITAHHEA IPOBOTHIHCE E MAPATIETEHER JBVX IelIAX KK OOHA SKCTParITHA
H 07Ha pesxcTpakmud (1+1) npu gozapoeke CRE0LT 10 mu/a’, ganee nems 65ima mepecTpoeHa Kak
OJHA B TPH NapallelsHoH 3ECTPAkIHE H 0JHOH Pe3KCTPaKIHHE Ha NepHod 148 9acor IpH J03HPOEKE
CRG0LT 15 mm/ae’.

Pazmigre B QopMHpOBaHHH Epaja OBITO OYEBHIHEIM MEEIy OBYMA NelAMH (HadHHAA C
IOIHPOBAHHA peareHTa). B NemH KoHTponk (Dez Jo3HpoRIH) 2adHKcHpOBAaH OONMBIIHE 00BEM
nMeEdazHOTo Epaja, TOTOA KAk ek TecT (c Do3HpOEKOH) MOKAa3ana oOpaz0BaHHE Kpada HAMHOIO
MeHEIe. B 3ToM oT9eTe TH(PEL CBA3AHHEE C 0Dpa30BaHHEM H CPAaBHEHHEM KPaja, IPHBEEHE] B CM°.

148

67



Pezymemanisl MEMATTYPIUHECKLY NAPAMEMPOS HO MECIAM HA MUIOMHOL VEMaHosks

ITpobnr PLS, padeHaToE, OEIHOTO IMEKTPOIHTA H OBYVX OOTATEIN NIEKTPOIHTOE OTOHpPATHCE
Eaggele 4 9aca, B OCHOBHOM [ AaHANH2a Ha cojepmanue MegH. Cogepsanne Megn B PLS,
padHHEATAX H B 3IeKTPOIHTAX N0KAZaHEl B Tadmmme 2.

Tabmana 2. Pe3yabTaTel MEeTAMTYPIHIECEHE MapPaMeTPOR.

Vemosma Mems 8 PLS Mene & Mene B Mems & DegaoM
padmmaTe BoraToM SmeRTpOTHTE
SNEKTPOIHTE
Tect, o/n 1.8-236 0.11-024 36-41 34-36
KorTpoms, r/'a - 0.13-022 364-—-412 -

Pezymemaniel uzuHeckyy NAPAMEmpos BO UCHBIMARLA HA MUIOMHOT YemaHoere

B TedeHHH HCORTATENEHOTO NEPHOIA B 0DEHN Nenax He OEUI0 33PETHCTPHPOBAHD KPATa HA JHe
cernepoR. Pazmmma B obbemax memdazmofl Maccel Mexgy memamH TecT H KoHTpons ObLTa
3HATHTENEHOH HA CTAMHAL INCTPAKITHE, Kpar B nenH KoHTpoas o0pazoBEEAncd HHTEHCHEHO.
Bpema paspeneana daz gna pend Tect B KoHTpons OBLIO0 HEMHOTO PasiHEHEIM B CTATHAX
sxcTparnHH. Habmogaerca yeensierne BPP B uenn TectT B cpeasen Ha 10 cexvHI, Kak mOKa3aHO
B TabmHme 3. 3T0 0AHIATOCEH H HAOMIJAT0CE BO BPEMA HCIIEITAHHE HA APYTHX 3aB0JAX. Y BEMHICHHE
BEI3BAHO MeEHEIDHM B3aHMOJCHCTEHEM TEEPIBIX BEIIECTE ¢ OpradEHY9eckoH Qazof, =emy
CHoCcoDCTEYET NOIHPOBEA PeareHTa A1 VMEHBINEHHA o0pazoBaHHA Kpaga. YeelHdeHHe BPE, me
NOEMTHANO HA (HIHYeCcKHe XapaKTepHCTHEH NPOIlecca B OTHOMIEHHH VBETHIEHHA YHOCA OPTAHHEH C
BOOHOH dazof.

Tabmuana 3. PeaynbTaTe!l onpegeneHHd EpeMeHH paccaoeHHA das.

KonTpois Tecr
Cramem Tmyomaa | Membassedi | BPE({cex. .
BP®(cex.) upniﬁ;:cuj {Fcu} opr. Ecu) ) Toytrea | Memdazmsni xpax (ca)
El 130,00 9.40 7.10 138,00 9.10 4,70
51 83,00 8.60 0,50 81,00 8.45 0.50

JaxawdeHne. [ eoTeXHONIOTHIECKHE COOCO0R HAHODONEE NEPCHEETHEHEL IIA IEpepaboTEH
330a7aHCOBEIX, OTBATRHEIX H IOTEDIHHEIE pPvI. OHH DO3BOMAKT PaclIHPHIE CHEIPREBEVIO Oazy
MECTOPOEIEHAH, HIBNEKAT MEeTATE HENOCPEACTECHHD H2 PYIEL

KroderEvE (paKTOpaMH BIHAINIHE HA KA9eCTEO NPOIYKTHEHED PACTECPOE BEINETATHEAHNHA
ABIAKOTCA HANHYHE CHIHKATHED MHHEDAICE, KapOOHATHEIX MHHEPANOE, [TIHHA, NOISBOH INIAT,
OKCHJE JKeTe3a, BEICOKONOPHCTEE MeTHEE MHHEPATE] H/HIH IINaMEl 00pazVIONIHE MHHEPATEL

OfpazoparHe MeE(as0BOH B3BeCH/KPada PEKOMEHIYETCA VIIPARIATE He TOJBKOD NOCTOAHHEIM
VOATeHHeM H3 CHCTEMEI 3T0H a3el, HO H VIENATE BHHMAHHE HAa (aKTOpRl KOTOPEIE MPHBOIAT K
o0pazopaHHID MeE(azoROH BIBeCH, TAKHE KaKk PEeAHM BHINSTAMHEAHHA, BPeMA OTCTAHBAHHA
NPOIYKTHEHE PAacTEOPOE, CKOPOCTH MEINANOK, VPOEEHE OPTAHHEH B EeloDaX OTCTOHHHEA H
EHCTOTHOCTE PACTOPOE IT00EI H3DEHATE 00pAz0BaHHE KPeMHHEBOI0 TE/IA.

JECTIIEPHMEHTEl IOKAZEIBAKT, 9T0 HCOONEIOBAHHE PEareHTA AT YMEeHEINeHHA 0DpazoBaHHA
Epaga ACORGA CR60 ¢ gozapoexoi 10 mw/se B mmamo PLS nepeq ero nogagei & JKuaxocTayIO
SECTPAKITHID, IPHBOOHT K 3HATHTEEHOMY YMEHBIIEHHID 00pa30BaHAT Mem(aiHoTo Epaga B IEmH.
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Bpemsa pasgencHHA da3 YBEMHIHIOCE HA CTAIHH 3ECTPAKITHH B IEMH TeCT B CPeIHEM HA § CexyHI,
9T0 OOBACHAETCA CHHEEHHEM KOIMHIECTEA TEEPALX BEINECTE B OpPraHHIeckod (aze. VBemHIeHHE
EBPZ cBAzago MEHEIMHM E3aHMOIEHCTEHEM TEEPIEIL BEIIECTE C OPraHATeCcKOH (a30H, EEZBaHHEIM
I00ABEOH peareHTa. MzpnedeHHe menH OBRUI0 OJHHAKOBEIM B OOSHX IENAX, MOJTEEpPEIAL, IT0
PEAreHT He BIHAET Ha METANTYPTHIECKHE XapAKTEPHCTHEH IIPONECCa, H HE HECET HHEAKHE PHCEH
Im1 BCETO Iponecca. Bo EpeMd NMPOBEIEHHA JAHHOTO CPABHHTENBEHOTO HCNOEBITAHHA, OCHOBHOE
IPEEMYIIECTEC 3a(HKCHPOBAHO B YMEHEIIEHHH 00pa’0BaHHA KPAada B UelH TecT, MO3HTHEHBIH
3dderT ORI OTMEdEH H B PAa3sHHIE VHOCA OPLAHHEH, HO 3ABHCHMOCTH, 9T0 3T0 AcHCTEHTEIBHO
BrHAHHEe peareHTa CRO0, 3a5MHOMHTE CI0AHO, TAK KAK IPH OTEIHYEHHH JOZHPOBEH YVHOC OCTABAICA
Ha [pekHeM YpoBHe 063 moBeImeHHA. KaK CIeqcTEHe, pacCHHTaTh SKOHOMHMECKHH 3ddekT HMeHHO
TI0 VHOCY OPTaHH9ecEoH $a3sl Ha JaHHARE MOMEHT He IPeIoCTARTIeTCT BOSMORHEIM.

Pearesr ACORGA CR60LT mcnonezyeTcd B NpOMBIIIIEHHER MACIITA0AX Ha MHOTHX 3aB0OJAX
Cegeprof o JIaTHHCKOR AMepHEE, a TAKEe HA npoH3EoacTeax B [P Konro. Kak mokazaso B gaHHOH
CTATEE OCHOBHOE NIPEHMYINECTEC — 3T0 CHHEEHHE 00Paz0BAHHA KPaja B OTCTOHHHKAX, TEM CAMEIM
VBeTHIeHHe 00eMa 111 morokoBR PLS H OpraHHEH, 9T0 HAOpPAMYED BeleT X YEEIHTIEHHED
[OpPOHIECTHTEIEHOCTH 33B000E. B JoNONHEHHH, KAk HIBECTHO NPOIECce AHIKOCTHOH IKCTPAKIHHE B
IPHCYICTEHH JHOKCHOA KpeMHHA B pacTBopax PLS zatpynHAercd, Ho ¢ JoDaBKOH pearsHTa
ACORGA CE60LT zabmogaetca crabHIsHAR paboTa mponecca.
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MBICTEI cyilbIK SKCTPAKIMAIAY Npouecine cabar TysLTymin acepi
Ecupxerenoe MH Y MygasFaanesa A.0. ' Arrvenobaesa A 10, Yenymranoea T.A. 10,
Nikoloski A.*

Angarma. EpiTeimmi aury naﬁermpme mrﬂﬁ&mmrepmn BHHEATYEL (SX) ONepalAHEE (N3 HEATEE
HaHe 3NOHOMHEKAEIE EepCeTHIITEPIHES KHEEHTEE, TYABPYE MyMEIH. By KATTH 3aTTap OpraHHKAIEE, CY, aya
WaHe YCaK, KATTH] 3aTTAPAAH TYPaThE KATTH TYPaKTaEEPELUEAH SMYIECHAREE TY3UTYiHe Bayan oepeml. SX
TYHIEPFRIITAPBIEAFEl YPIBIKTEE FHHATYE SX HYMBICEIHBH AYMEICEH MeKTeyl, KORIEIPFEEEIE TOKTA
KATYRIH TA7Tall eTyi, MOFaphl OPTaHMKATHI MIEFHEIApTa SKETyi HEMece OPTAMMKATHIN 3ATTapra CYARIR
Kebipex TycylHe SKEyl MyMEH (MyHElE Oopi aHTApIBKTAH TEPIC SHOHOMPKATEIE, CATIAPFA SKEMY1 MYMEIH).
Kpamret Eacx,ap}rm EQMIAHKICTAFEL SiCTEpL SUeTTe peakTHETL. Kpan TisDerTe mAManaH THC MemIepe
Gepitrennes KefiiH QHHKATHIE TY[PAe ATBHEII TACTATANE HaHe NEHTPH{YTATAP HeMeCe CYSTUIEY ApHEiILI
mma.lmm, sml;em:m Dazaneiy, CyCOeHIHATAPIEH Oafina Goysl MeH BHHATYRIHA Hol Cepuey YIIH HaHa
ANTEIHE-ATA #acangel. Maranaga Kasaxcrapmarm SX-EW 3ayeITTapeiHOa #y3ere acEIPEUFAH
TEXHHEAEE, mem:imn;epp;i.n HATHEETIEP] FCHHBIITAH.

Herisri cesgep. SHCTPAKIHA, EPAf, SHCTPAreHT, IIARMATAY.
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Influence of stalk formation on the process of liguid extraction of copper
Yesirkegenov ML.I'"" Mukangalieva A. O'Altmyshbaeva A.Zh '’ Chepushtanova T.A. ' Nikoloski A.*

Abstract. The accumulation of solids in solvent extraction (SX) circuits can canse problems with the
physical and economic performance of the operation. These solids are responsible for the formation of crud, a
splid stabilized emmlsion containing organic, aguecus, ait, and fine solid particles. The build-up of crud in S
settlers can limit SX operation throughput, require plant downtime, lead to higher organic losses, or result in
higher aqueous in organic entrainment (all of which can have a significant, negative economic impact). Current
practices for crud management are typically reactive. Crud is physically removed after it has been allowed to
build to excessive levels in the circuit and processed mechanically vsing centrifuges or filtration. A new
proactive solotion has been developed to prevent crud formation and budld-up. This paper will review results
from operations in Kazakhstan covering heap leach, concentrate leach, and agitated leach feeds.

Keywords. extraction theft, extractant, leaching.
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