MOJTOTOBKM II€Xa KaycThyeckod conbl mpousBojctBa AO «HaBomazor»
CaCOs, Na,SOy4, npucyrcrByroT Mg(OH), u H,O. B Hacrosiee Bpemst Be-
JyTCSl HAYYHBIE MCCIIEJAOBAHMS MO MOJYYEHHIO HOBBIX BUIOB NMPOAYKIIUU
Ha OCHOBE IIJIAMOB.
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POSSIBILITIES OF PROCESSING OF OXIDIZED COPPER
ORE AT "ALMALYK MMC" JSC

The reduction of the base of mineral raw materials, the deterioration
of the condition of quarries and mines, and the increasing requirements for
environmental protection impose new requirements on the search and ex-
traction of mineral resources. Improving existing technologies and increas-
ing the share of hydrometallurgical processes in copper production are the
main issues. Extraction of copper using hydrometallurgical processes is
based on the treatment of oxidized copper ore with a solvent, followed by
precipitation of the metal from the solution. Oxidized copper ores in the
Kalmakyr mine of "Almalig MMC" JSC can serve as a promising raw ma-
terial for the development of copper metallurgy in Uzbekistan [1].

Involving oxidized ores in processing is one of the urgent problems
for "Almalyk MMC" JSC. As of today, over the years, in 9 landfills, there
are about 100 million tons of oxidized ore, in addition to the balance with a
copper content of 0,455%, 10,4 million tons of ore with a balance of —
0,827% copper [2].
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Flotation methods for copper oxide minerals mainly include direct
flotation and sulfidation flotation. Direct flotation is performed by adding
bulking and foaming reagents directly to the flotation process without the
use of activators. Sulfidation flotation involves the addition of a sulfidizing
reagent prior to the addition of a collecting reagent to modify the properties
of mineral surfaces. Due to sulphidation, a highly active copper sulphide
film is formed on the copper oxide mineral surface. Thus, xanthate scaven-
gers with good selectivity are more likely to interact with the sulfided min-
eral surface. The main methods of direct flotation of copper oxides are che-
late reagent flotation and fatty acid flotation. A chelate collector for copper
oxide minerals usually has a strong collection capacity [3].

For mixed oxide-sulfide copper ores, the chelating collector can pro-
vide simultaneous flotation of copper oxide and copper sulfide minerals.
However, the disadvantage of chelating collectors is their lack of selectivi-
ty, which can also affect their free rock. Compared to chelate collectors,
fatty acids such as sodium oleate have several advantages as collectors.

Hydroxamic acid and its derivatives are used as collectors for direct
flotation of copper oxide minerals. Hydroxamic acid directly covalently
binds with metal cations on mineral surfaces through chemical adsorption
and forms metal chelates. Metal cations on the mineral surface dissolve in
the solution and form hydroxyl complexes, which are re-adsorbed on the
mineral surface. Octyl hydroxamic acid and its derivatives are widely used
in malachite flotation to increase the hydrophobicity of the mineral surface.
Direct flotation is convenient for copper oxide ores with simple mineral
composition and high quality. However, in actual production, the use of di-
rect flotation for copper oxide ores with complex composition and low
quality is ineffective. For this reason, it is appropriate to use sulfidation flo-
tation for such ores [4].

The chemical composition of oxidized copper ore from the Kalmakyr

mine No. 9 tailings dump of "Almalyk MMC" JSC was studied.

Table — Chemical composition of the oxidized ore sample from the No. 9
tailings dump

Mlnerals SIOZ A203 Fetotal Feoxide Fesulﬁde KZO Nazo Mgo MnO P205

Content, % 61,88 |13,19| 6,82 | 6,37 | 0,45 | 4,7 | 091 | 1,99 | 0,04 0,26

Cuoxi e
Minerals | Swal | SOs | Pb | CaO | Zn |Ag, g/t|Au, g/t d Cluitice

free bound

Content, % 0,20 [<0,25|0,0067| 0,76 | 0,017 | 1,83 | 1,54 | 0,43 0,22 0,05

As can be seen from the table, the ore contains copper in both oxide
and sulfide forms, with part of the oxidized copper existing in a free state
and part bonded with other minerals. It was found that the ore contains
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copper in both oxide and sulfide forms. Based on the studies of the pro-
cessing works performed and implemented in practice, a technological
scheme for processing oxidized copper ores to recover valuable compo-
nents was developed for "Almalyk MMC" JSC. According to the proposed
technology, it is suggested to first process the oxidized copper ore hydro-
metallurgically, and then direct the remaining mass to flotation in order to
separate copper in its sulfide form and extract rare metals.

The process was carried out in 3 stages using selective leaching and
percolation. A sulfuric acid solution with a concentration of 70 g/l was used
as the leaching agent. The copper recovery into the solution was 90-95%.
The residual mass, after being washed, is crushed to -0.074 mm and sent to
the flotation process. Effective flotation reagents are being studied to en-
sure the maximum flotation of copper minerals. The flotation concentrate
obtained from the process is sent to control flotation, and the resulting con-
centrate is directed to the copper smelting plant, while the waste is returned
to the process for re-flotation.

In conclusion, the structure of the minerals in the ore and the prepa-
ration processes for their treatment significantly impact the flotation pro-
cess when processing oxidized copper ores. Selecting effective reagents in
the flotation process is a key condition, as it is necessary to enhance the
hydrophobic properties of the minerals and ensure their attachment to the
air-water interface. Selective leaching in the heap is considered one of the
most efficient methods for separating oxidized minerals, where various re-
agents can be used as solvents. After selective leaching, both free and
bound copper oxides transition into the solution, resulting in the exposure
of the surface of copper sulfide minerals, which ensures their easy flotation.
The recovery of oxidized copper minerals reaches 90-95%. During the flo-
tation process, gold and silver can also be separated along with the sulfide
minerals.
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NCCIEAOBAHUE AHOJIUTA ITPHU SJIEKTPOJIM3E XJIOPUJIA
KAJIUA B MEMBPAHHOM 2JIEKTPOJIM3EPE

K cymectByromeit MmemOpanHO¥ ycTaHoBKe [1-5] mpucoenunmim
7a00paTOPHBIM BaKyyMHBIM HACOC TaK YTOOBI U3 aHOJHOW YaCTH AJIEKTPO-
mu3épa obpasyromuecsi Ta3000pa3Hble MPOIYKTHI TOJCACKIBATINCE. Takoe
U3MEHEHHE B YCTAaHOBKE J1ajl0 O YMEHBIICHHE COAEepKaHUE THIIOXJIOPUTA U
XJIOPATOB B COCTaBe aHOJUTA (COJEBOM pacTBOP OOETHEHHBIN XJIOPUIOM
HATpPHs1), YTO MO3BOJIIET MCIOJIb30BAaTh AHOJUT B paboyeM LMKJIE MHOTO-
KpaTHO [6—7]. DKCIepUMEHThl MPOBOAWIM IPU PA3IUYHON MNPOJOJIKH-
TesibHOCTU 10 80 MUHYT B Bakyyme OT 30 10 90 MM PT. CT. UBMEHSIS TEM-
neparypy ot 60 10 90°C. ITpx 3TOM MOCIIE ONbITa ONPENETSIIN COAEPKAHUE
TUIIOXJIOPUTA U XJIopaTa B aHoyuTe. [losydeHHbIE B pacCUMTAHHbBIE DKCIIe-
pUMEHTaNIbHbIC JaHHbIC TPUBECHBI B Tabmuax 1-3.

['MnoxJyiopuT onpeaensii METOJJOM HOHOMETPUHU. Y CIIOBUS MPH aHa-
JM3€ aKTUBHOTO XJIOpA B QHOJUTE: KOHIIEHTpALMs TUOCYIb(dara HaTpHs
0,05 m; Hommma kamus — 5 cm®; 10%-HOro pacrtBopa kpaxmama 1 cm?,
1 %-Horo, 00beM npoOsl mpoaykra 10 ¢cm®. Pacuer akTUBHOIO XJI0pa mpo-
W3BOJIUIIH TIO cleayromen Gpopmyie:

v Vicu -0,003545-1000
eln 10 . 2

XJI0paT-uoHbI ONPEAEIAIN THTPUMETPUIECKUM METOJA0M, OCHOBAHO
Ha UX BOCCTaHaBJIMBas UX cepHOKUCIBIM kene3oM (II) B kucmoii cpene npu
HarpeBaHWU U MOCJIEIYIOLIEM OIpeIeIeHUN N30bITKa BOCCTAHOBUTEIS pac-
TBOPOM II€PMaHraHara Kajus. XuMHA3M PEAKIIMU BOCCTAHOBIICHHUSI XJIOpPAT-

nona: KCIO; + 6FeSO4 + 3H,SO4—KCl+3Fe,(SOs4); + 3H,0. Onpenene-

=V -0,17725
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