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ABSTRACT

The article discusses the current state-of-the-art in the tin industry and the prospects of the Republic of
Kazakhstan. The evaluation is performed in terms of the development of domestic tin production for the
growing global demand and the development of the domestic high-tech industry. The study includes the
main domestic sources of the raw material base of the tin, which includes mineral raw materials,
anthropogenic and secondary waste. Since the most important for the contemporary tin industry are
mineral raw materials, the possibility of complex processing of ore from the Syrymbet deposit was
studied. Based on the results of the studies performed, it was found that the mineral tin-containing raw
materials of the Syrymbet deposit, in addition to cassiterite, also contain acid-soluble tin-containing
minerals (stannin, etc.). At the stage of gravity concentration, the most efficient extraction performance
of tin into concentrate was found for the gravity separator — amounting to 34.2%. At the leaching stage,
the most efficient extraction of tin (1,543 ug/L) showed an aqueous solution of sulfuric acid with a
concentration of 100 g/L, at a temperature of 45 °C.
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industry, which is an indicator of the level of

Introduction technological development, consumes up to 47% of all

tin produced, which is used for the manufacture of

Tin has been one of the metals determining  Vvarious solders. In addition, tin is used for the
the development of mankind for a long time. So in an  Production of tinplate, storage batteries and is used in
alloy of tin with copper, bronze was obtained, which  the chemical industry [2]. Recently, in connection with
made it possible to make a breakthrough in the the COVID-19 pandemic, electronic communication
development of civilization [1]. In the current time, tin ~ devices have become increasingly important, which are
has not lost its importance in the least. The electronic  integral parts of the distance learning and work system.
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Their production and, accordingly, the consumption of
tin will only increase [3]. The price of tin in February
2021 was 23,435 S/t [4]. Up to 300 kt/y of tin are
produced currently [5]. Since the world mineral
reserves of tin, which are economically profitable for
mining, amount to 4.7 Mt [5], to eliminate economic
risks, it is necessary to expand the material base of the
tin industry. To do this, it is necessary to involve
technogenic and secondary tin-containing waste in
recycling. The development of environmentally and
economically attractive comprehensive methods
for processing tin-containing raw materials is a
priority.
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Figure 1 - Typical schemes for the processing of
tin-containing raw materials

Typical schemes for processing tin-
containing raw materials are shown in Figure 1. The
method of processing any given tin-containing raw
material depends on the form in which it is
contained in the material. So in electronic waste,
tin is in a metallic form, within the composition of
an alloy (solder) with lead and other elements [6].
The melting point of the solder is from 180 °C.
Therefore, often to remove the solder, electronic
boards are heated to the melting temperature of
the solder, or they are burned in furnaces with
electric or fuel heating [6]. In this case, harmful
substances are released as a result of the
decomposition of the plastic. Also, the increased
consumption of electricity is associated with
additional CO, emissions into the atmosphere [7].
Therefore, the most efficient from the point of view
of energy consumption and environmental
protection are the hydrometallurgical methods of

processing electronic secondary raw materials
using various reagents [8]. Anthropogenic waste
materials, such as tailings of polymetallic ore
concentration, contain tin in the form of minerals -
cassiterite, stannine, etc. The schemes for their
processing are close to the scheme for processing
mineral raw materials.

In the direction of developing various
approaches to the processing of technogenic and
secondary tin-containing raw materials, constant
work is underway, hydrometallurgical [9],
pyrometallurgical and combined processing

methods are being developed [10].

In addition to involving tin-containing waste
in recycling, it is also necessary to increase the
efficiency of processing mineral raw materials.

Figure 2 - The largest tin deposits in Kazakhstan
Syrymbet -1, Sarybulak -2, Donetskoe - 3, Usken -
4, South Atasu - 5, Maykol - 6, Karaoba - 7, Bis - 8,
Karagailly-Aktas-9, Karasu -10, Kalay tapkan —11

The state balance sheet in Kazakhstan includes
tin reserves at the following deposits: Akhmetkino,
Bakennoye, Belogorskoye, Verkhnebaimurzinskoye,
Yubileinoye, Medvedka, Kalai-Tapkan, Zhalanash,
Karaoba, Syrymbet and others. The largest of them
are shown in Figure 2. The ores are characterized
by a relatively high content of tin, but as shown by
technical and economic calculations, they require
pre-enrichment in the process of mining [11].
Northern Kazakhstan is represented by the
Syrymbet and Sarybulak (Syrymbet ore field),
Donetskoye and Usken deposits. Central
Kazakhstan is represented by the Karaoba and
Maikol deposits. South Kazakhstan is represented
by the Karagayly - Aktas and Biye fields. East
Kazakhstan is represented by the Karasu and
Belogorskoye fields. He most promising project is
the development of the Syrymbet deposit, which
ranks first in importance among 15 undeveloped tin
deposits in the world. According to the
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International Tin Association (ITA), Kazakhstan has
tin reserves in the amount of 351 kt [12]. The
Syrymbet field development project provides for
the extraction of 90.4 kt of tin in concentrate [13].

Placer and bedrock ores are the most
important mineral sources for tin production. The
main mineral of tin mining is cassiterite (Sn03) [14].
Due to its high specific gravity, it is usually enriched
by gravity methods [15]. However, only relatively
large cassiterite particles can be separated by
gravity methods. This is usually in the order of 50-
60% of the tin content in the ore. Therefore, to
increase the efficiency of extracting tin from
mineral raw materials, gravity methods are
combined with flotation methods [16]. The most
profitable are the ores of alluvial deposits. Placer
tin ores are enriched by gravity, bedrock - by
magnetic separation and combined gravity-
flotation methods. In addition to cassiterite, tin in
ores can also be found in the form of stannine
(CuzFeSnS,). In this case, the content of tin in the
frame of the total amount can reach up to 70%
[17]. At present, the ores of tin deposits have a low
content of tin, a lot of impurities, which makes such
ores difficult to concentrate by traditional methods.
In the case of gravitational enrichment, part of the
tin can go into the tailings [18]. Cassiterite goes into
tailings because of its small size and stannine
because of its lower density compared to
cassiterite. To extract tin from tailings and poor
ores, various methods are used, the essence of
which is the distillation of tin in the form of
chlorides, sulfides and oxides. The processes of
stripping tin in the form of oxides and sulfides are
used at many enterprises [19], but these processes
take place at high temperatures, which requires
significant fuel costs and complex hardware design.
In the presence of acid-soluble forms of tin-
containing raw materials, hydrometallurgical
methods of tin extraction are the most effective
from the point of view of reducing energy and
material costs. Sulphuric acid is a typical reagent for
hydrometallurgical methods [20]. It would be
logical to assume that tin can be extracted from
stannine by leaching since, unlike cassiterite, it is
soluble in acids.

As can be seen from the state-of-the-art
review, hydrometallurgical methods have not been
well developed or applied for tin extraction. This
outlines a gap in the current knowledge and
practice. The purpose of this work is to study the
chemical and phase composition of mineral raw
materials - ore from the Syrymbet deposit, to study

the possibility of enriching raw materials and
complex extraction of valuable components from it
using hydrometallurgical methods.

Experimental part

Ore samples were selected for completing
necessary analyses. One of the goals was to study
the chemical and phase composition of the ore of
the Syrymbet deposit, and the other was to study
the possibility of enriching raw materials and
extracting valuable components from them. To
average the composition, the mineral raw materials
were mixed, and the raw material was taken by the
quartering method. All experiments were carried
out in the laboratory at the premises of D.
Serikbayev East Kazakhstan Technical University.
Samples with a total weight of 1 kg were dried in a
drying oven for 48 h, at a temperature of 80 °C. An
ICP-MS 7500cx inductively coupled plasma mass
spectrometer from Agilent Technologies (USA) was
used to study the chemical composition of raw
materials by the spectral method. An X'Pert PRO X-
ray diffractometer manufactured by PANalytical
(Netherlands) was used for the identification of the
phase composition. The raw materials were divided
into size classes to study the distribution of tin by
size classes. Each fraction was weighed on a
balance and prepared for further analysis. Also,
samples of raw materials were prepared for
analysis on a JSM-6390LV scanning microscope
manufactured by JEOL Ltd. (Japan). To study the
morphology of raw materials (Fig. 3), a BX-51
microscope (Olympus, Japan) was used.

A concentration table (SKO-2) and a gravity
separator (ITOMAK 2K) were used to evaluate the
possibility of enriching raw materials and extracting
valuable components from them. When enriching
raw materials through a concentration table - (CKO-
2), the following parameters were used: vibration
frequency - 310 /min, stroke length - 12 mm, S/L =
2/8. When enrichment through a centrifugal
separator (Itomak — 2K), the following parameters
were used: water pressure - 0.1 atm., rotation
speed - 240 rpm. To determine the chemical
composition of raw materials by the spectral
method after gravitational enrichment, we used an
ICP-MS 7500cx inductively coupled plasma mass
spectrometer (Agilent Technologies, USA). To study
the phase composition, an X'Pert PRO X-ray
diffractometer was used.

To carry out the leaching, the tailings of the
gravity concentration of the ITOMAK centrifugal
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separator were used. An aqueous solution of
sulfuric acid (H2S04) was used as a reagent. The
density of H,SO; is 1.84 g/mL. To study the effect of
concentration on the extraction of tin from the test
material, aqueous solutions of sulfuric acid with a
concentration of 20 g/L, 40 g/L, 60 g/L, 80 g/L, 100
g/L, 120 g/L, 140 g/L were used. S/L ratio = 1/3 (50
g / 150 g). Process temperature - 45 °C. Leaching
was carried out in a heat-resistant laboratory
glassware with stirring on a magnetic stirrer. To
determine the chemical composition of raw
materials by the spectral method after leaching, an
ICP-MS 7500 cx inductively coupled plasma mass
spectrometer (Agilent Technologies, USA) was
used.
The discussion of the results

shows the

Figure 3 topography and

microstructure of the ore surface from the
Syrymbet deposit.
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Figure 3 - Topography, the microstructure of the surface
of an ore sample from the Syrymbet deposit - a, and
profiles of the distribution of elements — b

The profiles of the distribution of elements
in the selected area, made using a scanning
microscope JSM-6390LV manufactured by JEOL Ltd.
(Japan), can be seen there. Figure 4 shows an image
of the surface morphology of the sample taken
using a BX-51 microscope (Olympus, Japan).

Figure 4 - Surface morphology of an ore sample
from the Syrymbet deposit

After the classification of raw materials, the
distribution of tin was determined according to
eight standard-size classes. The results are
presented in Table 1. According to the results of the
analysis of the distribution of tin in eight standard
size classes, it can be concluded that tin is mainly
found in the fraction (-3 + 2) = 36%, and in the
classes (-1.5 + 1), (-1+ 0.63), (-0.63 + 0.5), (0.5 +
0.31), (-0.31 + 0.05), tin is distributed almost
evenly.

Table 1 - Distribution of tin by eight standard size grades
and in the initial mineral raw materials

Size, Output | Content  Sn | Distribution,
mm (8) (ppm.) Sn %
-3+2 317 2,757 36
-2+1.5 85.3 1,040 3
-1.5 99.7 11.3
+1 3,392
-1 114.4 11.2
+0.63 2,857
-0.63 69.6 9.7
+0.5 3,962
-0.5 207.6 12
+0.31 4,912
-0.31 93 13
+0.05 3,940
-0.05 3.2 3,535 3.9
Raw
material 2,861

The results of gravity concentration are
shown in Table 2. The lowest tin content was found
in the classes (-2 + 1.5) and (-0.05). The Itomak 2K
gravity separator proved to be the most efficient in
terms of the extraction of tin by the gravity
method. The result of studying the phase
composition of the concentrate showed that all the
tin in the concentrate is in the form of cassiterite. It
is likely that acid-soluble tin minerals (stannine) are
found in the tailings. However, due to the fact that
the sensitivity of the X-ray diffractometer makes it
possible to analyze the substance at a content of
>1%, it was not possible to establish the presence
of acid-soluble tin-containing minerals in the tails.
As a result of the leaching of the tailings of mineral
processing at the ITOMAK unit, it was found that tin
is extracted into the productive solution. Therefore,
acid-soluble forms of tin are present in the tailings.
In this case, the concentration of sulfuric acid has a
significant effect on the extraction of tin (Fig. 5).
The most effective extraction of tin (1,543 pg/L)
was shown by an aqueous solution of sulfuric acid

— 4 ——
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Table 2 - Results of the performed gravity separation

Figure 5 - Dependence of tin extraction
depending on concentration

with a concentration of 100 g/L at a temperature of
45 °C. A further increase in the acid concentration
showed only a slight increase At an acid
concentration of 120 g / L, the extraction of tin into
the productive solution was 1648.4 ug / L, and at
140 g/ L-1676.24 pg / L. Thus, this method can be
used for the comprehensive extraction of tin.

Conclusion

As a result of the work carried out, it was
found that the extraction of the tin using a
concentration table (SKO-2) was 19.9%. The most
effective extraction by gravity methods is possible
with the use of the gravity separator ITOMAK — 2K.
The extraction of tin was 34.2%. In both cases, a
significant portion of the tin remained in the
tailings. Obviously, it is necessary to continue the
work with the aim of greater extraction of tin into

Equipment Output, (%) Content Sn, % Extraction
Concentrat | Tailings Intermedia | Concentrate | Tailings Intermed | Sn, %
e te iate
SKO-2 0.012 93.7 6.288 4.75 0.135 0.16 19.9
ITOMAK 2K 0.008 99.92 - 12 0.016 34.2
1800 concentrate, as well as extraction of tin from the
1600 1676,24 tailings. The leaching carried out with an aqueous
P solution of sulfuric acid showed that, in addition to
1400 )
— 1200 1/15380 cassiterite, the ore contains acid-soluble forms of
‘Qmoo // tin-containing mineral raw materials, which are
o B0 effectively leached. At the same time, an increase
” 600 in the concentration of sulfuric acid significantly
400 383,30 increased the extraction of tin into the productive
2 180.15 solution. This direction of work is promising, and
oo further study of the effect of temperature and
0 20 40 60 80 100 120 140 160 ] ] ] . )
2S04 (g1) concentration of sulfuric acid will allow choosing

the most economical regimes for leaching acid-
soluble forms of tin-containing mineral raw
materials. Summarizing the possibilities of
expanding the base of tin-containing raw materials,
it can be stated that Kazakhstan has all the
prerequisites for development in this direction. The
most promising in this regard are e-waste and
anthropogenic raw materials. However, mineral
raw materials are by far the main resource for the
tin industry.
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TYRIHAEME

Makanaga KasakctaH PecnybaunkacbiHaafFbl Kanaibl eHepKacibiHiH, Kasipri kafoabl meH 6onawarbl
KapacTbipbinfFaH. bafanay ecin Kene KaTKaH oa/neMAiK CypaHbICTbl KOHE OTaHABIK KOFapbl
TEXHONOTUANBIK CafaHblH, AaMyblH €CKepe OTbIpbif, KafalbliHbiH OTAHAbIK, OHAIpICiH AambITy
TYPFbICbIHAH XKYpri3inreH. 3epTreyae MUHEPanaplK LWKKi3aT, TEXHOreHAIK KaHe KalTanama Kangblkrap
KipeTiH Kanavbl WWKi3aT 6asacbiHblH, Herisri OoTaHAbIK Ke3aepi KapacTbipbinagbl. Kasipri kanaiibl
OHepKacibi yWiH MWHepangblK LWUKI3aT MaHpi3abl 6onbin TabblnaTbiHAbIKTaH, CblpbiIMbGET KeH
OpPHbIHbIH, KeHiH KelleHAi eHAey MYyMKiHAiri 3eptrenai. MyprisinreH 3epTreynepgiH HaTuxenepi
6oiibiHWa CbipbIMBET KeH OpHbIHbIH, Kanaibl 6ap MWHepangbl LWMWKI3aTbiHbIH,  KypambliHAQ
KaccuTepuTTeH 6acKa, KbllWKbiNAa epuTiH Kanaibl 6ap muHepangap (CTaHHUH XaHe T.6.) 6ap ekeHi
aHbIKTanapl. paBuTaumanblK 6alblTy Ke3eHiHA4e KOHLEHTPATKa KanalbliHblH eH Tuimai 6eniHyi
rpaBuTaLMANbIK cenapaTopaa 6onatbiHbiH KepceTTi - 34,2%. EpiTiHainey KeseHiHae KanalbiHbiH €H,
Timai 6eniHyi 45 ° C Temnepatypaga 100 rpamm / AUTP KOHLEHTPALMACHI 6ap KYKIPT KblWKbIbIHbIH,
cynbl epitiHaiciHae 6onaabl (1543 mkr / n).

TyliiH ce3dep: Kanaiibl, CbipbIMBET KEH OPHbI, FPaBUTALMANBIK BalbITy, epiTiHAINeY, KYKIPT KbllWKblAbl,
KacCUTepWUT, CTaHHUH.
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AHHOTAUMUA

B cTaTbe paccMaTpuBaETCA COBPEMEHHOE COCTOSIHWME M NEPCNEKTUBbI 0N0BAHHOM oTpacau Pecnybamnku
KasaxctaH. OueHKa NpoBOAMTCA C TOYKM 3PEHMA Pa3BUTUA OTEYECTBEHHOro NMPOM3BOACTBA O/10BA C
Y4YeTOM PacTyLiero MMpPOBOro CNPOCca U PasBUTMUA OTEYECTBEHHOMN BbICOKOTEXHO/OMMYHOM oTpacaun. B
nccneaoBaHme BK/KOYEHbI OCHOBHbIE OTEYECTBEHHbIE MCTOYHUKM CbipbeBOi 6a3bl 0/10Ba, B KOTOPYHO
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BXO4AT MUHEpPaNbHOE Cblipbe, TeXHOreHHbleé U BTOPUYHbIE OTXOAbI. I'Iocr(oany BaXKHENLWUM Aana
COBDeMeHHOi/‘I 0/10BAHHOM NPOMbBIWNEHHOCTN  ABNIAETCA  MUHEPa/sIbHOE  Cblpbe, WU3y4yanacb

Cratba noctynuna: 1 7 mapma 2021 BO3MOHOCTb KOMM/IEKCHOM nepepaboTku pyabl mecTopoxaeHua CobipbimbeT. Mo pesynbTatam
PeueH3nposaHue: 26 mapma 2021 NPOBEAEHHbIX WCCNEA0BAaHWI  YCTAHOB/MIEHO, YTO MWHEpaNbHOE 0/10BOCOAEpIKallee Cbipbe
MpuHAaTa B Nnevatb: 11 mas 2021 mectopoxaeHua CbipbiIMOeT MNOMMMO  KaccuUTEpPUTA COLEPXKUT TaKXKe KUCI0TopacTBOpUMble

0/10BOCOZEPIKaALLME MUHepasbl (CTaHHUH U Ap.). Ha cTaguu rpaBuTaLMOHHOrO oboraleHns Hambonee
3¢ PeKTUBHOE M3BNEYEHWA ON0BA B KOHLEHTPAT NOKasan rpaBUTALMOHHbIN cenapaTtop - 34,2%. Ha
cTaguu BbllenadmnsaHma Hambonee adpdpeKkTBHoe nssnedeHme onosa (1543 MKr / 1) nokasan BOAHbIN
pacTBOp CEPHOI KMCAOTbI C KOHUeHTpaumer 100 r / a npu Temnepatype 45 ° C.

Knroyesble cnoea: onoso, mecTopoxaeHne CobipbimbeT, rpaBuTauMoHHoe oboralyeHue,
BbllENaunBaHNE, CEPHAA KUCNOTA, KACCUTEPUT, CTAHHUH.
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