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Abstract. The present work addresses the problem of improving the percolation properties of heap leaching piles of
clay, slime-oxidised and mixed ores. These ores are prone to colmatation, which hinders percolation of the solution
through the ore layer. Laboratory tests on percolation leaching were carried out using a 2 m column having an internal
diameter of 190 mm, loaded with 89.42 kg of ore material having a grain size of -55+0 mm. In order to eliminate colmata-
tion, the ore layer was divided into two equal parts by a drainage layer of polystyrene foam. The research object was ore
material extracted from the northern Nurkazgan deposit (Karaganda region, Republic of Kazakhstan), in which copper is
present in the form of sulphide (53.48%) and oxidised minerals (46.52%), including 23.5% of chrysocolla. The mineral
composition of a test sample determined by optical and electron microscopy, X-ray diffraction, local X-ray spectral, X-ray
fluorescence and inductively coupled plasma mass spectrometry was characterised by 93.78% of rock-forming minerals,
53.23% of which comprised layered silicates, namely, mica, chlorite and kaolinite. Ore mineralisation was characterised
by both sulphide (copper sulphides, pyrite) and oxide (malachite, iron hydroxides and manganese oxides) phases. The
content of easy-sliming minerals equalled 56.30%. Prior to leaching, moisture saturation during the period of one day
was carried out. The ore was top irrigated with a solution of sulphuric acid having a concentration of 60 g/dm3. Pregnant
solutions were processed following a sorption method (sorption/desorption—electrolysis). The copper extraction into the
solution yielded 60.04% with a sulphuric acid consumption of 50.0 kg/t ore at an average irrigation rate of 10.58
dm3/(m2h) or 0.1058 dm/h per clear opening. Therefore, heap leaching of ores at a layer height of lower than 1 m can be
performed following the "leaching—extraction/re-extraction or sorption/desorption—electrolysis” scheme.
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Pestome. Llenb — noBsbilleHne uUnbTpaLMOHHbBIX CBOMCTB LWTabens Ky4HOro BbllLeNnaynBaHus rMHUCTbIX, Wamu-
CTbIX OKMCIEHHBIX W CMELIaHHbIX pyJ, KOTOpble CKMOHHbI K KOMbMaTaLMW WU Pe3ko CHUXAKT npocayuBaHue pacteopa
yepes cnow pyael. ins nposeaeHns nabopaTopHbIX UCTbITAHWI MO NEPKOMNALMOHHOMY BbiLLENa4ynBaH1I0 UCNOMb30Ba-
nacb KOJSIOHHA BbICOTOW 2 M W BHYTpeHHUM guameTpom 190 MM, B koTopylo bbina 3arpyxeHa pyga maccon 89,42 kr
kpynHocTblo 55-0 MM. C uernblo yCTpaHeHWs KonbMaTauun pyay 3arpyxanu cnoem BbiCOTOM 1 M, Aanee yknagblsanu
LPEHaXHbIA CITON M3 NEHONONKUCTMPOSA U CHOBA Hacbinanu crnown pyael BoicoTor 1 M. OBBbEKTOM MCCNeaoBaHUin ABnse T-
cs pyda cesepHoro yyacTka HypkasraH (KaparaHauHckas obn., Pecnybnuka KasaxcraH), B KOTOpOi Medb NpakTUYecku
nopoBHY npeAcTaenera cynbduaHbiMu (53,48%) 1 okncneHHbiMK (46,52%) MUHepanamu, U3 HWX XpU3oKonna cocTas-
nset 23,5%. B muHepansHom cocTase npobbl, onpegeneHHOM ¢ y4eTOM AaHHbIX ONTUYECKUX U 3NEeKTPOHHOMMUKPOCKONM u-
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YECKUX WCCNEAOBaHUN, PEHTFEHOCTPYKTYPHOrO, NOKaNbHOrO PEHTTEHOCNEKTPaNbHOro, PEHTreHOMIYOPECLEHTHOTO U
Macc-CneKTPOMETPUMN C MHAYKTUBHO CBSI3aHHOW Nnasmoil, npecbnagatT nopogoobpasyolne MUHepanbl, COCTaBMs to-
e 93,78%, u3 kotopbix 53,23% NPUXOAUTCS HA CMOUCTbIE CUNWUKATLI — CRKAbI, XNOPUT, KAONUHWT. PyaHas MuHepa-
nu3auus npeacTaBneHa Kak cynb@uaHsiMu asamu (Cynbduabl Meau, MMpuUT), Tak U OKCUOHBIMW — ManaxuT, rMapOoKCH-
Obl Kenesa, okcuabl mMapraHua. CopepxaHwe nerkownamyrLmxcs MuHepanoB cocTasuno 56,30%. lNepep Havanom
BblLLieNaunBaHNs NPOM3BOAUNM BMaroHachILeHWe pyabl B TeyeHue cyTok. CBepxy pyay opollany pacTBOPOM CEpPHOM
KUCMOTbl C KOHLEeHTpauven 60 rlam®. MepepaboTKy NpPOAYKTUBHLIX PAaCTBOPOB OCYLLECTBMANM MO COpPOLMOHHON cxeme
(copbuumsi/gecopbumua — anektponus). B peaynbtate NnpoBefeHNs UCCEAOBAHUI U3BNEYEHNE Meu B pacTBOP COCTaBM-
no 60,04% c pacxogom cepHoii kucnotel 50,0 Kr/T pyabl Npu cpeaHei ckopocTh opoluenuns 10,58 nM3/(M2-q) unn 0,1058
OM/4 Ha cBoboaHOE ceyeHne TpyObl. Takum 06pa3om, CMOIb30BaAHKE MOCIIONHOTO LWTabebHOro BhILENAYNBAHUS PYAbI
C BbICOTOI cost He 6onee 1 M MOXeT BbITb peann3oBaHo Mo CXeMe «BbllerniadynBaHne — IKCTPaKLMs/peaKkeTpakumus unm

copbumns/aecopbunst — 3NEKTPONN3».

Knroyesnbie criosa: BbillenaynBaHmne, KONOHHA, pyaa, MeaHble MUHepanbl, pacTBop, M3BeYeHne
Ans yumuposanus: Kapumosa J1. M., Kainpananos E. T. iccnegoBaHus no nepkonsiLMOHHOMY BbILLENAYNBaHMIO

mMeau u3
https://doi.org/10.21285/1814-3520-2022-1-142-153.

INTRODUCTION

Improving the percolation properties of a
leached mineral is essential for the efficient op-
eration of heap leaching plants at deposits char-
acterised by a high content of clay ores. The
colmatation of clay and slime ores occurring dur-
ing their leaching either impedes or reduces the
solution percolation through the ore layer. In or-
der to improve the percolation properties of a
heap leaching pile, the pelletising of clay ores is
widely used [1-18] in industrial mining of weath-
ered gold-containing ores and alluvial and hard
rock gold mining heaps having a high clay
content.

In [2], various ores were pelletised at an av-
erage cement consumption of 5-6 kg per ton of
ore and 3.5-4 kg of chlorinated lime. The
strength of the as-pelletised ore amounts to
73.5-78.4 kPa. A further increase in the binder
content reduces the percolation properties, pro-
longs the leaching process, as well as raises the
cost of ore dressing. Moreover, when pelletising
clay ore and tailings, an increase in cement con-
sumption may lead to an opposite effect, namely,
a decrease in the strength of pellets [10].

Ore material is pelletised using sulphuric ac-
id as a binder [18]. Ore pellets and samples of
various grades are loaded into percolation col-
umns for leaching experiments. Due to the criti-
cal static pressure in the upper part of the pile
(over 73.5 kPa with the strength of pelletised ore
of 68.3 kPa), the leaching rate becomes low,
followed by the formation of fine grains in the
initial ore. As a result, the hydraulic conductivity
of the pile is reduced.

The heap leaching of metals directly in the
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ore pile can be intensified by mechanical loos-
ening (in particular, blasting), which increases
the porosity and ore jointing, thus facilitating the
extraction of the target component to the preg-
nant solution [19-22]. However, during mechan-
ical loosening by blasting, on the first day, the
need for solution irrigation (leaching) increases
by 5-8 times. The resulting ore repacking slows
down the leaching process.

In [23], a cuvette-heap leaching of metals
was carried out by leaching a mineral mass with
a reagent solution, followed by metal extraction
by sorption leaching in two steps: firstly, the
mineral mass is placed in cuvettes having mois-
ture-proof walls, initial reagent solution is intro-
duced, further slime-clay and sand fractions are
separated by hydrocyclone. The sand fraction is
piled and subjected to heap leaching. Following
the leaching of sand and clay-sand fractions, the
remaining liquid phase is strengthened and fed
to heap leaching.

MATERIALS AND METHODS

This research is aimed at improving the per-
colation properties of heap leaching piles of clay
and slime oxidised and mixed ores, which are
susceptible to colmatation. Colmatation is
known to reduce the solution percolation
through the ore layer. In order to solve this prob-
lem, leaching was carried out in layers having
limited height. To this end, a porous material
(polystyrene  foam or inorganic-hydrophilic
sorbent) was placed between the layers, or the
ore was loaded into cuvettes by layers divided
using a filtering material (polystyrene foam or
inorganic-hydrophilic sorbent).
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The residues of the leaching (cakes) can be
utilised as a backfill material in underground
mining [24].

Ore material extracted at the northern Nur-

Table 1. Chemical composition of copper ore
Tabnuua 1. Xumnyeckuit cocTas pyabl

kazgan deposit (Karaganda region, Republic of
Kazakhstan) was used as a research object.
The results of chemical and phase analysis are
presented in tab. 1 and 2.

Component Cu Ag* Au* Fe S Zn Pb As
Ygﬁight percent, %, | 417 1.79 0.33 1037 0.94 0.052 0.001 0.0043

Component P SiO; Al,03 Ca0 MgO K-0 Na,O Mo
}%’ftight percent, %, | 114 53.36 19.64 0.52 2.25 411 0.16 0.004

Table 2. Copper phase analysis in ore
Tabnuua 2. ®asoBbIli aHanu3 meaum B pyae

Metal speciation Cu content, % (abs.) Cu distribution, % (rel.)
Cu in sulphide minerals 0.223 53.48
Cu in oxidised minerals, 0.194 46.52
including chrysocolla 0.098 23.50
Total 0.417 100.0

Note / lMpumeyaHue: abs. — absolute; rel. — relative / abs. — abcontoTHLIN; rel. — OTHOCUTENBHBIN.

Tab. 2 shows that copper is almost uniformly
distributed between sulphide (53.48%) and oxi-
dised (46.52%) minerals, including 23.5% of
chrysocaolla.

Ore mineralisation is dominated by second-
ary supergene phases, including iron hydrox-
ides, hematite, manganese oxides, jarosite, as
well as the rarely occurring malachite. In rare
cases, sulphide minerals, such as chalcocite,
chalcopyrite, covellite and pyrite, are observed.
The investigated ore belongs to the oxidised
type, having predominantly ingrained and collo-
form textures.

The mineral composition of the test sample
determined based on optical and electron mi-
croscopy, X-ray diffraction, atomic emission
spectrometry, local X-ray spectral, X-ray fluo-
rescence and chemical analyses, is character-
ised by 93.78% of rock-forming minerals, includ-
ing 53.23% of layered silicates, namely, mica,
chlorite, kaolinite. Ore mineralisation comprises
sulphide phases (copper sulphides, pyrite) and
oxide phases (malachite, iron hydroxides, man-
ganese oxides). The content of easy-sliming
minerals equals 56.30%, which can reduce the
efficiency of dressing processes.

Microscopic studies revealed that ferrugi-
nised clay-mica-quartz metasomatites are char-
acterised by a relic porphyric structure, visible in
cross-polarised light, and a solid, partly porous
grain resulting from the destruction and leaching
of primary sulphide and carbonate minerals. Iron
hydroxides in the form of fine dust primarily im-
pregnate mica-clay minerals. They occur as
small clusters and films in interstices and over
the grain interface of quartz in the binder mass
and develop as sinter deposits on the walls of
cavities and micropores (fig. 1 and 2).

Iron hydroxides and oxides are the principal
ore minerals in the sample. They are represent-
ed by finely dispersed formations, evenly dis-
tributed over the host rock, resulting in a yellow-
ish-brownish colour; linear aggregations of finely
dispersed particles, developing along the cleav-
age of layered silicates; a non-uniformly distrib-
uted hematite impregnation (10-150 microns),
pseudomorphically substituting pyrite; sinter,
often zonal deposits (films, crusts) on the walls
of pores and solution cavities; continuous solid
isolations, infilling fragmenting cracks in defor-
mation zones, associated with chlorite, kaolinite,
and sericite (fig. 3).
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c d

Fig. 1. Clay-mica-quartz metasomatite, characterised by a relic porphyric structure: a — polarised-light transmission; b —
cross-polarised light; ¢ —in back-scattered electrons; d - combined in characteristic radiation of elements. Spectrain Fig. c:
1-quartz; 2,3,7,9 -chlorite; 4 — chlorite + sercite; 5 — apatite; 6 —rutile;

8 — covellite + chalcopyrite; 10, 12 — pyrite; 11 - barite
Puc. 1. FnuHucmo-cnoducmo-keapyeenili MemacomMamum, xapakmepu3syroujuticsi penukmosoli nopghuposudHoli
cmpykmypoUl: a — npu 00HOM HuKoJie; b — 8 CKpeujeHHbIX HUKONSX; C — 8 06pamHO paccesiHHbIX 3eKkmpoHax; d -
KOM6UHUPOBaHHOE 8 Xapakmepucmu4YecKoM U3JlyyeHuu anemeHmoe. Cnekmpsbi Ha puc. c: 1 — keapu; 2, 3, 7, 9 — xnopum; 4 -
xsiopum + cepuyum; 5 — anamum; 6 — pymun; 8 — koeennuH + xanbkonupum; 10, 12 - nupum; 11 - 6apum

Fig. 2. Ferruginised clay-mica- quartz metasomatites
Puc. 2. OxenesHeHHble 2/TUHUCMO-CHOUCMO-K8apyeeble MemacoMamumal
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Fig. 3. Formation of iron oxides and hydroxides (reflection image): a — sinter deposits on the walls of solution cavities;
b —impregnation of mica-clay minerals by finely dispersed formations; ¢ — dissemination of hematite in pyrite;
d —impregnation of rocks by finely dispersed formations and infilling of pores and voids
by hematite
Puc. 3. dopma ebideneHusi okcudoe u 2udpokcudoe xesnesa (U3obpaxeHue 8 OmpaxeHHOM ceeme):
a - HameyHble 06pa30eaHust M0 cCMeHKaM Nycmom eblwenayueaHusi; b — nponumka moHkoducnepcHbiMU 06pa3oeaHusIMU
cnroducmo-2IuHUCMbIX MUHEPanos; C — 8KpanieHHoCmb 2eMamuma, obpasosaswezocs no nupumy; d — npponumka nopod
moHKoducnepcHbIMU 06pa308aHUSIMU U 8bIMOIHEHUE MOP U mycmom 2eMamumom

Copper constitutes an industrially valuable
component, whose minerals-concentrators are
represented by inherent phases, including sul-
phides (chalcopyrite, chalcocite, covellite) and
carbonates (malachite), as well as iron hydrox-
ides and mica-clay minerals, where copper is
present as an isomorphic impurity.

For percolation leaching, a 2 m column was
used, loaded with 89.42 kg of the ore having a
grain size of -55+0 mm. The ore was irrigated
from the top with a sulphuric acid solution at a
rate of 300 ml/h. However, following one day,
the process was halted due to the high content
of clay and slime components. It is well know
that such components can cause colmatation,
thus reducing drastically the solution percolation
through the ore layer up to its complete halt.

The layer height was reduced to avoid col-
matation during the leaching of oxidised ore
from the Northern section of the Nurkazgan de-
posit. Leaching was carried out in a 1 m high
column having a diameter of 140 mm. About
21.5 kg of the ore having a grain size of -55+0
mm were loaded into the column; leaching was
carried out at the initial sulphuric acid concentra-
tion of 60 g/dm®. The pregnant leaching solu-
tions were processed according to the “sorp-
tion/desorption—electrolysis” scheme. The daily
volume of pregnant solution from the column
was forwarded to the sorption columns filled with
Lewatit MonoPlus cation-exchange resin
(LANXESS Deutschland GmbH (Germany))
[25-28]. Solutions obtained upon sorption ex-
traction of copper, following strengthening to the
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required concentration of sulphuric acid, were
directed to feed the leaching process. The sorp-
tion scheme was selected based on a rather low
copper content in pregnant leaching solutions
(0.3-0.8 g/dm®).

The following parameters were controlled:
copper mass, solution volume and process du-
ration. According to the obtained data, the first
four cycles ensure 84% of copper extraction with
a maximum in the third cycle (fig. 4).

On completing the percolation leaching, the
cake yield equalled 96.42%. The total leaching
time amounted to 14 days. The chemical and
phase compositions of the cake are presented in
Tab. 3 and 4.

Thus, upon percolation leaching in a 1 m
high column, the copper recovery into solution
amounted to 56.06%. Further studies were car-
ried outin a 2 m column.

The research was carried out on a setup
comprising 2 m high plastic percolation columns
("Evonik Operations GmbH", Germany), having

& %

an inner diameter of 190 mm. The ore was
ground to the grain size of -55+0 mm; 89.42 kg
of the ore were loaded into the column. It had
been established earlier that, for an ore layer
height of 2 m, the leaching process halted, while
for a 1 m layer, no colmatation was observed. In
order to address this limitation, 1 m layer of ore
was first loaded, followed by a Styrofoam drain-
age layer, and one more 1 m layer of ore was
added. Prior to leaching, the ore was moistened
for a day. The ore was irrigated with sulphuric
acid solution from the top at a rate of 300 mi/h or
per specific flow rate in the column:

03 0.58dm3/(m? - h
o9z - 10 m>/(m* - h).

This corresponds to a flow rate of 0.1058
dm/h in the column per clear opening (or 1.058
cm/h). Such a feed rate is used in conventional
copper production with low permeability ores
and is selected given the strong colmatation of

7, days

Fig. 4. Dependencies of copper and iron extraction into solution on duration of leaching

Puc. 4. 3agucumocmu useneyeHusi Medu U xesne3a 6 pacmeop om nPodOKUMESLHOCMU 8bIUe1ayueaHus

Table 3. Chemical composition of the ore residue (cake) following percolation leaching in a 1m high column

Tabnuua 3. Xvmuueckuii cocTaB ocTaTka pyabl (keka) nocne nepkonsLUOHHOrO BhILLENa4YnMBaHNS B KONTIOHHE BbICOTON 1 M

Cu Fe Zn Pb Al S Mo, g/t
0.190 9.67 0.039 0.003 8.55 0.84 30.3
P Au, g/t Ag, g/t As, g/t Si Mg Ca
0.080 0.32 1.63 24.9 18.0 1.636 0.394
Table 4. Copper phase analysis in cake following percolation leaching of ore
Tabnuua 4. ®a3oBbIli aHanKU3 Meau B Keke NOCne NEPKONALMOHHOIO BbiLLenaynBaHus pyabl
Copper components Abs. % Rel. %
. . . 0.091 47.89
Oxides, including chrysocolla 0.062 =
Sulphides 0.099 52.11
Total 0.190 100.0
Note / lMpumeyaHue: abs. — absolute; rel. — relative / abs. — abcontoTHLIN; rel. — 0OTHOCUTENBHBIN.
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the column material. The initial solution was fed
from a reservoir by a Qudos 60 Watson Marlow
peristaltic pump to a distribution device installed
at the top of the column, which distributed the
solution evenly over the column section. The
solution passing through the ore mass was col-
lected in a storage tank. Upon reaching a specif-
ic copper concentration in the solution, the latter
was fed for copper sorption. Solutions, fully or
partially strengthened with acid and refilled with
water to the required volume, were recycled for
irrigation. Acidity was adjusted using a pH meter
and chemical analysis for the residual acidity of
the solution. Leaching was carried out up to the
trace level of oxidised copper in ore.

The grain size distribution of the initial ore in-
tended for percolation leaching was studied. The
grain size distribution and chemical composition
of the initial ore are shown in tab. 5.

Fig. 5 shows the scheme used for ore heap
leaching. This method can be carried out as a
cuvette ore loading with a layer height of less
than 1 m. Drainage material is deposited on top
of this layer, followed by the next ore layer of up
to 1 m high. Thereby, the weight pressure of the
ore layer is applied to the drainage material in-
stead of the underlying layer. Therefore, the
permissible accumulation of finer ore fractions
occurs in individual layers, rather than in the bot-
tom layer [29].

Table 5. Granulometric and chemical composition of the initial ore for percolation leaching
Ta6bnuua 5. MpaHynoMeTpUYEeCKUin U XMMUYECKUIA COCTaB UCXOAHON pyAbl AN NEPKONSALMOHHOTO BbILLeNaynBaHus

Class, mm vield, % Components, % . Distribution, %
Cu Fe Al Ag, g/t Si Ca Cu Fe Ag, gt
-55 + 45 6.68 0.459 10.46 10.13 1.86 25.04 0.378 7.36 6.73 7.01
-45 + 40 4.28 0.649 8.5 11.02 1.28 25.84 0.370 6.66 3.51 3.10
-40 + 315 8.88 0.738 10.91 10.05 3.91 24.54 0.258 15.73 9.32 18.42
-315+25 8.69 0.196 10.72 11.14 0.58 23.04 0.347 4.09 8.97 2.90
-25+ 20 6.45 0.502 10.18 10.14 1.36 25.54 0.319 7.76 6.33 4.96
20 + 14 9.61 0.363 9.65 9.66 1.72 26.24 0.329 8.38 8.95 9.33
-14 + 10 8.16 0.325 9.72 10.11 1.42 26.04 0.369 6.36 7.65 6.56
-10+7 5.58 0.307 9.66 10.52 1.45 24.84 0.591 411 5.21 4,58
-7+5 7.42 0.334 9.95 10.18 1.54 24.94 0.385 5.95 7.13 6.46
-5+34 7.46 0.322 10.09 10.49 1.39 26.04 0.383 5.76 7.26 5.87
-34+2 5.58 0.359 10.22 10.68 1.54 24.64 0.371 4.80 5.50 4.86
-2+0 21.21 0.453 11.48 10.66 2.17 24.24 0.468 | 23.04 23.44 25.95
Ore/sum 100.0 0.417 10.37 10.40 1.79 24.95 0.390 100.0 100.0 100.0

Ore stack 1

Ore stack 2

Ore stack 3

Ore stack 4

Fig. 5. Chain of apparatuses of ore heap leaching: 1-5 - leach (ore pile), particle size — 55+0 mm; 6 — heap irrigation system;

7 —drainage layer of polystyrene foam or inorganic-hydrophilic sorbent; 8 — process solution collection header; 9 — solution
ponds; 10 — pumps; 11 - settling tank; 12 - pipelines; 13 - sulphuric acid solution; 14 - freshwater tank; 15 - ore container
Puc. 5. Cxema yenu annapamoe nocsoliHo20 wmabesbHOo20 Ky4HO20 8blujesia4ueanusi pyobl: 1-5 — eblujenayueaemsbil

Mamepuan (pyOHbIlU wmabenb), KpynHocmbro -55+0 mm; 6 — cucmema opoweHusi Ky4u; 7 — OpeHaxHbIlU col u3

neHononucmuposna uiu MuHepanbHo2udpogunbLHo2o copbeHma; 8 — konnekmop c60pa mexHoOI02U4€CKO20 pacmeopa;

9 - npydku dns c6opa pacmeopoe; 10 — Hacockl; 11 - omcmolHuk; 12 - mpy6onpoeodsi; 13 — pacmeop cepHOU KUC/IOMbI;

14 - 6ak ceexeli 800bI; 15 — pyOHasi Kloeema
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The sorption process of ore leaching solu-
tions was carried out in the following stages:
sorption/desorption and sorbent scrubbing. The
solution following the sorption process was re-
cycled for leaching. The sorbent was subjected
to a desorption process (with cycling), yielding
an electrolyte containing > 40 g/dm® of copper.
The wash water following scrubbing of the
sorbent was fed (strengthened) to the leaching
process. Chemical and phase analysis of resi-
due (cake), following percolation leaching of ore,
as well as particle size distribution, are present-
ed in tab. 6-8.

An analysis of cake grain size distribution fol-
lowing percolation leaching showed a minor re-
distribution of grain size grades. The copper

content in grades decreases from 0.649-
0.196% to 0.295-0.114%, indicating successful
leaching. This is also confirmed by the residual
distribution of components by grades in cake
(see tab. 9). Here, the copper content decreases
from 0.417% in the ore to 0.164% in a cake; its
yield of 90.65% corresponds to the 60.04% ex-
traction of copper into the solution.

Given that the ore contains a higher concen-
tration of fine grades (see tab. 5), it can be as-
sumed that sulphide minerals in them are re-
leased more fully, which indicates their higher
activity in the leaching process.

Copper and iron extraction into solution
(relative) depending on leaching duration is
shown in fig. 6.

Table 6. Chemical composition of the residue after percolation leaching of ore
Tabnuua 6. Xumuyecknii coctaB ocTaTka (keka) nocrne nepkonsunMoHHOro BbilenavnBaHns pyas

Cu Fe Zn Ph Al S Mo, g/t
0.164 9.52 0.0385 0.0006 9.46 0.848 48.02
P Au, g/t Ag, g/t As, glt Si Mg Ca
0.0901 0.17 1.753 24.4 18.0 1.353 0.269

Table 7. Copper phase analysis in residue (cake) following percolation leaching of ore
Ta6nuua 7. ®a3oBblit aHanM3 Megun B ocTaTke (KeKe) nocne NepKONSLMOHHONO BblllenavnBaHus pyabl

Copper components Abs. % Rel. %
Oxides 0.079 48.17
Sulphides 0.085 51.83
Total: 0.164 100.0

Note/llpumeyaHue: abs. — absolute; — relative / abs. — abcontoTHbIN; rel. — OTHOCUTENBHBIA.

Table 8. Granulometric and chemical composition of the residue by size classes after percolation leaching of ore (jitalics
— weighted average content in the residue after leaching, cake)
Tabnuua 8. [paHynomMeTprUYecKMin 1 XMMUYECKMIA COCTaBbI Keka No Knaccam KPYnHOCTU NOcre NepKOMSLMOHHOTO BbiLLe-
naynBaHms (KypcuB — CPEAHEB3BELLEHHOE COAEPKAHNE B OCTATKE MOCIE BhILENaYnBaHns (keke))

Class. mm Exit, Components, % . Distribution, %

' % Cu Fe Al Ag, glt Si Ca Cu Fe Ag, g/t
-55+45 5.79 0.295 10.78 9.80 1971 18.7 0.358 10.36 6.41 6.51
-45+40 4.35 0.257 10.62 10.22 1.351 171 0.259 6.79 4.82 3.35
-40+31.5 8.98 0.212 10.84 10.05 1.441 18.4 0.233 11.56 9.48 7.38
-31.5+425 8.81 0.221 8.97 8.45 1574 17.6 0.235 11.82 9.05 7.91
-25+20 6.53 0.179 8.54 11.20 1.662 19.0 0.214 7.10 5.69 6.19
-20+14 9.41 0.141 8.37 10.21 7.729 18.9 0.235 8.05 9.19 9.28
-14+10 9.13 0.131 8.42 10.09 1571 18.7 0.289 7.26 8.85 8.18

-10+7 5.88 0.120 8.52 12.20 1.342 20.1 0.243 4.28 5.86 4.50
-7+5 7.33 0.118 8.77 8.73 1.435 19.1 0.211 5.25 6.39 6.00
-5+3.4 8.79 0.117 9.54 9.97 1.663 18.8 0.200 6.24 8.04 8.34
-3.4+2 4.98 0.114 9.86 8.641 1.944 18.2 0.231 3.44 4.33 5.52
-2+0 20.02 0.147 10.98 9.45 2.351 18.8 0.324 17.85 21.89 26.84
Cake/Sum 100.00 0.164 9.52 9.46 1.753 18.0 0.269 100 100 100
https://ipolytech.ru 149




2022. T. 26. Ne 1. C. 142-153.

. ISSN 2782-4004 (print)
iIPolytech Journal 2022.26(1): 142.153
13 58
——Cu
—i—Fe
7, days
40

Fig. 6. Dependencies of copper and iron extraction into solution on duration of leaching
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Acid consumption increases sharply at a
copper recovery of approximately 40%. At the
initial stage, along with the dissolution of copper,
the readily soluble waste rock compounds (0x-
ides, iron hydroxides, calcium and magnesium
carbonates, etc.) are intensively leached. By
reducing their content in the ore, the efficiency
of the process improves. In the latter case, how-
ever, the dissolution rate of copper and its con-
centration in the solution decreases.

CONCLUSION
In the conducted study, copper extraction into
the solution amounted to 60.04% with a sulphuric

acid consumption of 50.0 kg/t ore or 21 kg per
kilogram of extracted copper at an average irriga-
tion rate of 10.58 dm®(m?-h) = 0.1058 dm/h.

The obtained results show that:

— between 1 and 10 days of leaching, most
of the copper (30%) is extracted into the
solution;

— low copper concentration solutions ob-
tained in the final stages of leaching should be
recycled.

Heap leaching of ore piles having a height of
lower than 1 m can be performed via the follow-
ing stages: "leaching—extraction/re-extraction or
sorption/desorption—electrolysis".
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