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Abstract. Work aimed at diversification of production through the extraction associated with valuable metals in the
uranium mines. The peculiarity of this work is the additional processing of spent and existing blocks using the existing
production infrastructure for the extraction of associated useful components. Underground leaching technology is
well developed for uranium deposits. The technology of underground leaching of associated components differs only
in the reagents used, hardware design, etc., but they are fundamentally similar in the method of extraction. Even if
there are associated components in the uranium-bearing Sands with a content of less than 1 g/t, up to 0.1 g/t
production can be profitable. In this regard, the use of ready-made infrastructure of spent blocks in the uranium field
allows us to expect good economic profitability in the future.
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Introduction

The bowels of the Republic of Kazakhstan
contain about 25% of the world's proven uranium
reserves. A unique feature of uranium reserves is that
75% of them are concentrated in deposits associated
with regional formation oxidation zones, which can
be mined wusing a relatively cheap and
environmentally preferred method of underground
well leaching.

The development of the uranium mining
industry of Kazakhstan is associated with the solution
of major scientific and practical problems. Each of
the fields has its own specific features, which makes
it necessary to carry out certain volumes of scientific
research not only in the process of developing new
ones, but also when applying known technical

solutions. These circumstances objectively determine
the high science intensity of uranium mining.

Literature review

The uranium mining industry of Kazakhstan
has a significant in size and fairly well-explored
mineral resource base. Deposited underground
borehole leaching (UL) systems [1].

As a rule, a number of noble and precious
metals, such as gold, vanadium, rhenium, selenium,
germanium, scandium, etc., which are not currently
extracted, are simultaneously contained in uranium
ores. The analysis carried out in a number of studies
showed that there are prerequisites and grounds for
involving in the technological cycle the extraction of
associated valuable components contained in them
from spent uranium blocks - gold, germanium,
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scandium, etc. The economic effect of the extraction
of these metals in total can be no less than that of
uranium, and taking into account the possibility of
using the already constructed uranium production
infrastructure, the extraction of these elements after
uranium extraction can be economically justified. It
is especially valuable that this process can be
combined technologically and organizationally with
the reclamation of spent blocks, which is especially
important from an environmental point of view. The
main advantages of the method of downhole leaching
of uranium in comparison with traditional mining
methods of field development are as follows:

- the possibility of involving in the operation
of poor and off-balance ores of deposits with
complex geological and hydrogeological conditions;

- insignificant capital investments and terms
for commissioning deposits;

- improved working conditions, reduction in
the number of workers compared to the mine method,;

- the negative impact of production on the
environment is reduced.

Currently, in the processing of polymetallic
ores, a multi-stage hydrometallurgical process is
used, with the help of which uranium, gold, rare and
rare-earth metals are extracted.

In the technology for the extraction of
uranium, gold, rare and rare earth metals, the main
role is given to hydrometallurgical processes, since
the content of uranium, thorium, tantalum and
niobium, zirconium, molybdenum, gold and rare
earth elements in ores is small and the use of
pyrometallurgical processes is groundless. [2].

Hydrometallurgical processes have several
advantages:

- their application provides selective
extraction of metals from poor and hard-to-
concentrate ores with minimal reagent costs in simple
equipment at low temperatures. Hydrometallurgical
methods can also be used for processing technogenic
deposits (tailings of concentration plants, old dumps),
which in some cases may be more cost-effective than
processing existing deposits;

—  the economic  efficiency  of
hydrometallurgical processes has increased due to the
development and implementation of such selective
extraction methods as ion-exchange processes,
extraction, the use of filterless circuits, autoclave
oxidative leaching, etc. [3].

To obtain useful components from “poor”
productive solutions with concentrations of less than
1 mg / dm?® in terms of the content of the useful
component, it is recommended to use methods for
intensifying the underground well leaching process,
which, in addition to the current methods, can be the
following methods:

1. Increasing the redox potential of
leaching solutions, as an option - introducing an
additional oxidizing agent (oxygen, ozone, etc.)
directly into the ore horizon through the injection
well or increasing the oxidizing ability of the
leaching solution supplied.

2. Overlaying on a solution containing
a valuable component, potential differences, both on
the surface (electrolysis cells) and directly on the
leaching area (in the ore horizon).

3. The use of liguid extraction in
conjunction with a high-performance tubular
extractor.

4. Selection of the most optimal grade
of ion-exchange resin for each of the required useful
components along the way (or for their sum to obtain
a collective concentrate with its subsequent
separation into constituent elements).

5. The use of membrane technologies
should be considered a promising direction due to the
cheapening of basic structural materials -
nanostructured polymers and plastics. The use of
nanofiltration of "poor" productive solutions to
obtain incidentally useful components in cost-
effective concentrations.

A known method for the extraction of gold
from concentrates, including leaching of
concentrates with sulfuric acid solutions
containing thiocarbamide, in the presence of an
oxidizing agent is hydrogen peroxide. The
leaching process is carried out in two stages.
Extraction of gold from solutions after leaching
was carried out in an electrolyzer with plate
titanium cathodes (extraction of gold in the
cathode deposit 70-80%). After electrolysis, gold
was recovered by sorption on activated carbon.
[4]. The main disadvantage of the considered
method for the extraction of gold from
concentrates is multi-stage (two stages of
leaching and two stages of extraction of precious
metals from the leaching solution) and, as a
result, large volumes of processed solutions, loss
of thiourea at the stages of sorption and
electrolysis.

In [5], the results of studies on the leaching
of gold from crushed ore to a fineness of -12 + 0
mm are presented. The use of sodium acetate as a
chemical additive in the leaching of gold in a
bottle test from crushed ore to a grain size of -12
+ 0 mm increases gold recovery by ~ 4% and
improves the kinetics of gold dissolution.

Sorption extraction of rare earth elements
seems most appropriate at the stage of primary
concentration. A serious problem in the sorption
extraction of rare-earth elements from
technological and productive solutions with pH =
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0.5 = 2.5 is the presence of a large amount of iron
(111) and Al in them, since it is known that such a
medium is non-selective for the separation of iron
(1) and Al (as the most interfering impurities)
from rare-earth elements, both at the sorption
stage and at the desorption stage [6]. In practice,
the task of extracting rare earth elements from
such solutions is solved by hydrolytic deposition
of iron (I11) and Al with alkaline agents, with
further organization of the process of extracting
rare earth elements from clarified solutions, or
from hydrated pulps, which was reflected in the
method [7]. The disadvantages of this method
include the large loss of rare-earth elements (20 +
25%), due to coprecipitation with iron (111) and Al
hydroxides, the use of strong solutions of
precipitants, their high consumption, the
formation of hardly processed waste water.

Another method is a preliminary reduction
in a solution with pH = 0.5 + 2.5, the most
disturbing impurity of iron (I11) to iron (I1) - with
iron shavings, urea, sodium sulfite, etc. With this
organization of the process, the choice of sorption
systems with significant separation coefficients of
iron (1) and rare-earth elements (1) is much
wider [8]. The disadvantage of this method is a
change in the chemical composition of
technological solutions with a high consumption
of reagent reductants.

At the same time, in a number of industries
maintaining a high concentration of dissolved iron
(111 is dictated by technological necessity,
because its presence contributes to an increase in
the leaching (oxidizing) ability of solutions [9].
Therefore, the development of a method for the
selective extraction of rare earth elements from
solutions with pH = 0.5-2.5 containing iron (l11)
and Al without changing the chemical
composition of the solutions is an extremely
urgent task.

The known method [10], in which the
extraction of rare earth elements from the
technological solution pH = 0.5 + 2.5, is carried
out by sorption on gel sulfocachyonite KU-2. The
rough concentrate obtained after precipitation

contains%: rare earth elements - 1; iron - 2.0-2.2;
aluminum - 15-18; water - 82. Next, a
reprecipitation stage is proposed with the aim of
bringing the draft concentrate of rare-earth metals
to commercial output 30-40%.

The main disadvantages of this method is
the low selectivity of the capacity of
sulfocationite according to the amount of rare
earth elements, and, therefore, the complicated
subsequent operation of bringing the rough
concentrate of rare earth elements to marketable
products. These shortcomings lead to the need to
use additional equipment - reactors for dissolving
hydrates, filters for filtering a large number of
intermediate products, as well as to the additional
consumption of a rather expensive reagent - alkali
during aluminum leaching. In addition, the degree
of extraction of rare earth elements by this method
is quite low - the yield is 60%.

Of the known analogues, the closest to the
claimed invention in terms of features and
purpose is a method of extracting rare earth
elements from sulfuric acid leaching solutions
[11] - adopted as a prototype. The prototype
method includes sorption of REE from solutions
with a complexing ion exchanger containing
monodiglycolamide (MonoDGA) as an active
component, desorption of REE with a solution of
sulfuric acid with a concentration of 20-100 g /
dm® to obtain a desorbed complexing ionite,
which is sent to re-sorption of REE and desorption
solution, which is sent for further processing.

The disadvantages of the method include the
low capacity of the complexing ion exchanger for
REE, which makes the further desorption solution
process unprofitable.

Experimental part

Analyzes were carried out to determine the
concentration of related elements in the composition
of the combined technological solutions. The results
of the analysis are presented in Tables 1-2. From the
obtained data, a number of REE elements with the

Table 1 - The concentration of related elements of technological solutions

Ne | Combined Al, Ca, Mg Fe, Mn, Co, Cu, Mo, V, X P33,
Sample mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm?® | mg/dm® | mg/dm® | mg/dm® | mg/dm® | mg/dm®
1 Block 1 990,42 492,24 1433,10 3134,00 78,99 0,85 0,19 0,23 21,10 21,80
2 Block 2 824,71 491,20 1272,10 2791,70 76,62 0,81 0,10 0,16 14,48 17,36
3 Block 3 748,74 466,99 1283,40 2563,90 69,40 0,72 0,18 0,16 13,22 16,13
Average 16,26 18,43
concentration 854,63 483,47 1329,53 2829,86 75,05 0,79 0,157 0,18
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Table 2 — The concentration of rare earths with the highest content

Ne Combined |73 ; Ce, Nd,
Sample mgrdm mg/ dm3 mg/ dm3

1 Block 1 3,96 9,87 3,70

2 Block 2 3,19 7,89 2,91

3 Block 3 2,95 7,36 2,74

Average concentration 3,36 8,37 312

Ce = 8,3 mg/dm?
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Figure 1 Distribution of REE by the average value of concentration in samples

most pronounced concentration indices can be
distinguished; these are cesium (Ce) 8.37 mg / dm?,
lanthanum (La) and neodymium (Nd) with 3.36 and
3.11 mg / dm?® respectively. REE concentration
distribution is shown in Figure 1.

It is worth noting that the amount of rare earth
elements is 18.43 mg/dmd.

Determination of the concentration of gold
(Au) in the composition of the combined
technological samples

Research to determine the gold content in
technological samples was carried out in the
laboratory "Technologies for the hydrocarbon and
mining and metallurgical sectors and related service

industries" JSC "Institute of Metallurgy and Ore
Beneficiation", Satbayev University in Almaty.
The analyzes were performed according to the
methodology (Measurement Technique reg. No. KZ
07.00.01996-2014) on a Varian AA240 atomic
absorption spectrometer. From the results of the
analysis, it was found that in block Ne 1, 0.20 mg/1
of gold was found.

Conclusions

Features of the technology of downhole leaching
and the availability of finished mining infrastructure
of mines makes the diversification of the production
of uranium mines for the extraction of useful
associated components from the spent ore blocks of a
uranium deposit promising and economically
justified.
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Inecne 6aranbl MeTangapAbl OHAIPY MaKkcaTbiHAA YPaH OHAipiCiH apTapanTaHabIpy

DOyncebaeBa T.C.
On-®apabu ambiHOarbl Kasak ¥nmmabik YHUsepcumemi, Anmamai, KazakcmaH

Tyiingeme. JXKyMmpIc ypaH KeHIMITEpiHIE ijlecrie KYHIBI MeETalapAbl aly eceOiHeH eHMIPICTI opTapanTaHIbIpyFa
OarpITTanFaH. JKypri3ineriH >KYMBICTBIH €peKIIeNiri inecre Mmaigamsl KOMIOHEHTTEpAl OHIIpY YIIiH KOJIIAHBICTAFHI
OHIIpicTIK MHOPAKYPHUIBIMIBI TaljaiaHa OTHIPHIN, MaiIalaHBIIFAH XKOHE JKYMBIC ICTEI TYpFaH OJOKTap sl KOCHIMIIA
KaliTa eHICYICH Typansl. JKepacTsl maiiManay TEXHOJOTHACH ypaH KEH OPBIHIAPHI YIIiH KaKChl HrepiireH. lmecre
KOMITOHEHTTEP/II XKEePacThl MaiiManay TeXHOIOTHSCHI ITaiiIalaHbUIATBIH peareHTTED, annapaTypaiblk peciMaey JKoHe T.0.
OolibIHIIA FaHa epeKIIeieHe i, Oipak onap eHAipy Tociii OoibIHIIA YKcac. YpaH KyMAaphIHAA iiecrie KOMIoHeHTTep < 1
r/T-uan 0,1 1/t geiiin OosiraH karnmaiima nga, eHaipic THiMIi Oomybl MyMKiH. OcblFaH OalaHBICTBI ypaH KeH
OpBIH/APBIHBIH OHJIENTEH OJIOKTapBhIHBIH JabIH MH()PAaKYPHUIBIMBIH HaliaanaHy OoJlallakTa KaKChl 3KOHOMHKAJBIK
TUIMIUTIKTI KYTYTre MYMKIHZIK Oepeti.

Tyiiin ce3mep: ypaH KeHimTepi, ijecne Oaraibl MeTajjap, inecrne MHaiaanbl KOMIIOHEHTTEP, JKep acThl YHFbLIAI
mraiManay, eHiMIl epiTiHi.

Aueepcudukaumsa ypaHoBoro npoMsBoAcCTBa C Lieflbio 406bIYK
NONYTHbIX LeHHbIX MeTannoB

[yncebaesa T.C.
Kaszaxckuli HayuoHanbHbil YHusepcumem umeHu Anb-®apabu, Anmamei, KasaxcmaH

AnHoTanusi. Pabora HaneneHa Ha qUBepCU(HUKALUIO IPOU3BOJICTBA 3 CYET W3BJICUCHUS MOMYTHBIX LIEHHBIX METAJLIOB
Ha YpaHOBBIX pyJHHKaX. OCOOEHHOCTh POBOIUMOI pabOTHI COCTOUT B JIOMOJIHUTEIBHON MepepaboTke 0TpadOTaHHBIX
U JEHCTBYIOUIMX OJIOKOB C HCIOJIb30BAHUEM CYLIECTBYIOIIEH ITPOU3BOJICTBEHHOW HHQMPACTPYKTYpPhl Ul JOOBIUU
MOMYTHBIX IOJIE3HBIX KOMIIOHEHTOB. TEXHOJOTHWS MOA3EMHOI0 BBINIEIaYMBAHUs XOPOIIO OTpabOTaHa Uil YPaHOBBIX
MECTOPOXKICHUH. TeXHOJOrus IOA3EMHOTO BBIIIETAUYMBAHMS IIOMYTHBIX KOMIIOHEHTOB OTJIMYAETCS TOJBKO II0
UCIIONIb3yEMBIM peareHTaM, annaparypHoMy o(OpPMIICHUIO U T.J., HO OHH IPUHIMIHAIEHO CXOXKH 110 COCO0Y 00bIYH.
Jlaxxe mpu HaNWYMM B YPAHOHOCHBIX IECKaX IONYyTHBIX KOMIIOHEHTOB C cojepxaHueM < | r/t, Bmiote 10 0,1 T/t
MIPOM3BOJICTBO MOXKET OBITh pPeHTa0eIbHO. B CBs3M C WeM HCHOIb30BaHNWE TOTOBOM MH(PACTPYKTYPHl OTPAOOTAHHBIX
0JIOKOB YPaHOBBIX MECTOPOK/ICHHUH TTO3BOJISIET OKUIATh XOPOIIYI0 SKOHOMHUYECKYIO PEHTa0eIbHOCTD B IEPCIEKTUBE.
KuroueBble c1oBa: ypaHOBbIE PyJHHUKH, IIONYTHBIE EHHBIE METAJUIBL, OMYTHBIE MOJE3HBIE KOMIOHEHTEHI, TIOA3EMHOE
CKBaYXMHHOE BBIIIENIAYMBAaHUE, IPOAYKTUBHBIN PacTBOP.
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