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TYWIHOEME

XKymbic KazakctaHHbIH HukonaeBckoe KeHOPHbIHBIH TOMEHCOPTTbI CYNbPUATHI MbIPbILL KOHLEHTPATTapblH ©HAEY MeH MbIC-KaaAMUAni
KanablKTbl apanblk OHIMIH any TEXHOMNOrUsChIH Kypy BoibiHLIa e3ekTi MaceneHi weluyre barbiTTanfaH. Makanaga aBToknasThl Wanmanay
YPAICIHEH KeWiHri, TEMIp, MbILbSIK, CypbMa, KOPFaChIH, KYKIPT XaHe MapraHeuTeH ruaponuTrKkanblk Ta3apTy apKblnbl anblHFaH cynbgaTThbl
MbIpbILL epITIHAINEePIH MbIC NeH KagMUAEH Ta3apTy YPAICIH aKcnepyvMeHTanabl 3epTTey HaTwkenepi kenTipinreH. MbiCc neH kagMuingi
LeMeHTauuAnbIK Ta3apTy YPAICIHIH TEXHONOrMAMbIK TOPTINTEepi 3epTTeNyLUi eHiMAi epiTiHAIHIH MbIC NeH KaAMUiA KocnanapblHaH >XofFapbl
nopexene TasapTblyblH KAMTUTbIHABIFEI aHbIKTaNadbl (epiTiHaiaeri Mbic NeH kagMuingid kypambl — 2,98 r/am3-AeH TeMeH, an MbIpbiLl
menwepi — 221,64 r/am3). AnblHFaH MbIC-KaaMUIni Kanapblk apasblk eHiMi MbIC NeH kaaMWUiA  eHipiciHae KonaaHy YLiH xapamabl 6onbin
Tabbinagb!.

Tywningi ce3pep: peHTreHdasanblK Tangay, atomgbl-abcopbumsanblk Tangay, Temnepartypa, Mbipbill LaHpl, BipcaTtbinbl Ta3apry,
LileMeHTaums, MbIC-KagMUIATi KEK, KOHLIEHTpaT.

PE3IOME

[aHHas paboTa HanpaBneHa Ha peLleHre akTyarnbHON 3aaa4m Nno BOBIIEYEHWIO B NepepaboTKy HU3KOCOPTHOIO CyrbMAHOIO LIMHKOBOIO
KOHLeHTpaTa HukonaeBckoro mectopoxaeHus KasaxctaHa v paspabotke TEXHOMOrMm ero nepepaboTky ¢ NonyYeHNEM NPOMEXKYTOYHOMO
npogykTa — MeaHo-KaAMUEBOrO keka. B cTaTbe npeacTaBneHbl pesyrnsraThl 3KCNepUMeEHTarnbHbIX UCCNeqoBaHuUi NpoLecca O4YUCTKN OT Meau
N KaAMUS1 LUMHKOBOTO CyrnbaTHOro pacTBoOpa, NOMyYeHHOro nocre ruaporiMTUYecKon O4YMCTKM OT XXeresa, Mbllbsika, CypbMbl, CBUHLA U
KpPEeMHUsi pacTBOpa OT aBTOKMaBHOIO BblLLieNaynBaHNs HU3KOCOPTHOIO Cyrnb(UAHONO LIMHKOBOIO KOHLUEeHTpaTa HukonaeBckoro mecTo-
poxaeHus KaszaxctaHa. Bbino onpegeneHo, YTo yCTaHOBMEHHbIE TEXHOMOMMYECKNe pexumbl npoLiecca LeMeHTaunm Meam u kagMmusi obe-
CMeYnBaloT BbICOKYO CTEMNEHb OYMCTKY MCCNedyeMOoro NpoayKTMBHOMO pacTBopa OT Meau 1 kaaMusi. B oumLieHHOM pacTBope codepkaHune
MEAMN 1 KaAMUsi COCTaBnsAno meHee 2,98 r/am?®, umHka — 221,64 r/gme. Mony4YeHHbI NPOMEXKYTOYHbIN NPOAYKT — MeAHO-KaAMUEBBIN Kek
- MPUroAeH ANsi UCMONb30BaHUS B NPOU3BOACTBE MEAU U KagMusi.

KnoueBble cnosa: peHTreHoda3oBbIi aHanus, aToMHO-a6CcopbLMOHHbIN aHanus, UMHKOBas Mbifb, OAHOCTaAMMHAS OYMUCTKA, LIEMEHTa-
LMsi, MeAHO-KaAMUEBbIN KeK, CynbMUAHbIA KOHLEHTPAT.
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DEVELOPMENT of TECHNOLOGY and EQUIPMENT for DIRECT SMELTING of
REFRACTORY LEDGE GOLD ORES of TERISKEY Ltd ORE MINING COMPANY

Abstract: This article presents the results of the works on improvement of the process parameters and development of the basic design
elements of an electric furnace for processing of ledge gold ores from a number of deposits of Teriskey Ltd Ore Mining Company in order
to create a pilot project for testing and implementation of a contractile pyrometallurgical selection process (CPS-process) for refractory
gold-bearing materials in this enterprise. The design compositions were prepared based on previously completed studies on direct melt
processes of the ledge gold ores from Teriskey Ltd deposits, i.e. three-, four- and five-component charges for the CPS-process. The ratio
of individual components and their calculated compositions were determined. Constructional calculations of basic dimensions, design
and technological parameters of individual components and systems of the pilot project were carried out. Thus, the basic parameters of
a two-electrode electric furnace with the capacity of 200 — 300 kVA, the main equipment for the gas cleaning system, systems of feeding
and preparation of the raw charge materials with the determination of the structure of load devices were found. Based on the initial data
and production schedules of Institute of Metallurgy and Ore Benefication JSC, the project of above-mentioned pilot plant of CPS-process
approved by the management of OMC Teriskey Ltd has been performed.

Keywords: matte, slag, gold, contractile pyrometallurgical selection, CPS - process, blending.

Introduction. It is known that more than 50 % of arsenic, antimony and carbon. According to experts,
the available active gold reserves are characterized as  about 60 % of the current reserves can be included into
hard for benefaction and containing contaminants, i.e.  the share of such ores. The gold metallurgy describes
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these ores as refractory ores. Kazakhstan deposits of
sulphide gold ores are also characterized with a large
number of the above mentioned harmful impurities
in the ore. In this regard, some of reserves should be
described as refractory raw material. At the moment,
for many fields there is no effective technology of
enrichment and metallurgical processing. For this
reason, the gold deposits are currently insufficiently
used on an industrial scale. Therefore, the main
problem of modern gold mining companies in the
world industrial practice is associated with changes
of quality of ores and concentrates in the raw
material base for the worse. Use of many traditional
technologies does not provide the necessary level of
environmental protection and requires increase of
scientific and technological indicators of production,
especially in case of processing refractory ledge gold
ores. All this requires the development of a number
of innovative treatment processes for ledge gold ores,
providing a significant reduction in metal losses and
necessary intensification of metallurgical treatment.
One of such ways is the direct pyrometallurgical melt
of gold ores with concentration of the main amount
of gold and silver in sulfide matte melt. In the semi-
industrial and industrial scale, electrofusion of gold-
concentrates was tested, and the basic technological
parameters of the process were determined [1-3].
However, the general total gold and silver recovery is
low because of the already afforded significant losses
of these metals during enrichment of refractory ores.

In this regard, a pilot testing of a new technology
of contractile pyrometallurgical selection of
refractory ledge gold ores bypassing their enrichment,
is currently planned. At the same time, refractory
ledge gold ore deposits of Shovan, Zholbarysty,
Kelinshektau, Nizhne-Kumystinskoye and tailings of
thiosulfate leaching of gold ore deposits of Kumysty
of Teriskey Ltd, located in the Suzak region of South
Kazakhstan are identified as the objects of direct melt
of ores. For this purpose, together with Teriskey Ltd a
complete pilot plant of CPS process is planned to be
created in this enterprise.

Experimentally - Calculation and Results
Discussion Part. Calculated composition of initial
charging materials and outputs of collector gold
mattes and melted slags. The compositions of
charges on the basis of these ores and output of melt
products for pilot tests of the developed technology
were calculated [4-6] on the basis of laboratory and
pilot tests of CPS-process of gold ore melt of OMC
Teriskey Ltd carried out in 2012-2015.

The material loaded into an electric furnace
is a charge made up of Shovan, Zholbarysty,

Kelinshektau, Verkhniye Kumysty ore deposits,
tailings of thiosulfate leaching, limestone and coal.
These ores and tailings of thiosulfate leaching are
stored in separate compartments in the closed storage.
Preparation of ore, limestone and coal is a two-stage
crushing on a cone and jaw crusher to a particle size
-20 mm. If required, the individual components of the
charge are dried to a moisture content of not more
than 6 %. It is necessary to additionally install an oven
for drying the charge components with a moisture
content of more than 6 %.

Calculations of three options for charge loading
in an electric furnace were held. The first option is
designed for processing of kinds of ores mined in
the company and kept in the ore yard. The second
option is designed for processing of four kinds of ores
which are scheduled to produce parallel in future. The
third option is designed to melt all gold ores together
with is tailings of thiosulfate leaching accumulated
earlier. The advantage of the above calculation of
charges is that they can be used without charge-
forming additives by varying the content of sulfide
ore deposits of gold in Kelinshektau. To obtain a
satisfactory slag composition it is enough to use only
one of the calcium flux that provides the minimum
possible amount of slags and thus minimizes the loss
of useful components from them.

So, to prepare charge for melting in an electric
furnace, we take gold ores of OMC Teriskey Ltd
and limestone flux containing CaO of not less than
57 %, and coal with an ash content of not more than
40 %, that we tested as raw materials. The chemical
composition of the ore is shown in Table 1.

Table 1 - Chemical composition of native gold ore deposits of OMC
Teriskey Ltd used to load in an electric furnace

Composition
Deposit g/t %

Au|Ag|As| C | Cu | Fe | S |SiO,|Ca0 |ALQ,
Zholbarysty |6.9|71.7]0.25(0.65|0.24(13.7|13.1|58.8| 0.54 | 4.6
Shovan 7.4|330(0.22(/5.30(0.29(13.8| 1.5 |33.9|11.8| 4.9
Kelinshektau (4.8| 211 |0.40| — [3.30|23.8(25.6|24.6|5.47| 0.1
Nizhne- 1.7/ 2.510.01| 1.5 |0.01| 6.9 [0.25|64.5| 3.2 |14.2
Kumysty
Verkhne- |2.1/5.2(0.01| — |05 (24| — [60.4{1.57(20.3
Kumysty

Tailings |6.7|262(0.30| — [5.45(12.9| 9.4 |19.9/13.1(0.90

During the processing the technological parameters
of contractile pyrometallurgical selection of gold
ores of OMC “Teriskey” Ltd, calculations of optimal
charge options to load in an electric furnace were
carried, including triple, four- and five-component
charge. The estimated compositions triple, four- and
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five-component charges is shown in Table 2. Output
of matte and slag varies within the specified limits
due to change of melting temperatures, reducing
agent flow within 0 to 1 % of the charge weight,
frequency of slag discharges and matte and exposure
time before release. Thus, we calculated the load in
an electric furnace in three options that provide use
of all available melting gold ore materials of OMC
Teriskey Ltd and describe the preparation and charge
load systems in an electric furnace.

Table 2 - Estimated compositions of the charges consisting of

voltmeter, showing the strength of the current and
the voltage applied to the electrodes. Calculations of
the electric furnace were made, recommendations for
the basement of an electric furnace were given, and a
list of materials and non-standard equipment for the
installation and operation of the furnace was settled.
Based on the calculations the basic parameters of a
two-electrode electric furnace and design features of
its basic elements were determined (Table 3).

Table 3 - Basic parameters of two-electrode furnace

ores, coal and flux for an electric furnace with performance of 2.8 Parameter Measuring unit | Parameter value
charges a day Set electric power KVA 200-300
Nominal operation power kVA 200-250
Weight Maximum voltage V 180
of charge Matte output | Slag output Maximum current strength A 2500
components, Nominal operation voltage V 50
Name of | matte | of | slag Nominal operation current A 1300
kg % chgr%te wellght, chgnﬁ:} wellght, strength
we;/g ’ 9 We(',/g ’ 9 Number of electrodes el. 2
- 2 2 Specific  resistance  of Ohm'm 0.02
Triple components charge liquid slag
Shovan 700 25 Electrode diameter mm 100
Zholbarysty 320 | 11.43 Density of electric current Alcm? up to 40
Kelinshektau 980 35 1400- in electrode
10-1 4-12 -7
CaCoO, 771.96 | 27.57 01518 6| 50-70 1960 Energy flow per 1 ton of kW:-h 500
Coal (60 % C) | 28 1 slag
Total 2800 | 100 Dimensions of electric mm 1300r
furnace outer stack
Four-component charge - - -
Dimensions of electric mm 600r
Shovan 336 12
furnace foxhole
Zholbarysty 320 |17.43 Hearth size mm 600"
Kelinshektau | 980 | 35 280- 1400- Dimensions of  crown mm 1400r
V. Kumysty 364 13 | 10-15 420 50-70 1960 outer stack
CaCO, 771.96| 27.57
Coal 28 | 1 The parameters needed to control the operation
Total 2800 | 100 of the furnace are slag release temperature, matte
Five-component charge T .
Shovan 96 | 7 release temperature periodically measured with an
Zholbarysty 320 [ 1143 optical pyrometer and temperature along. the flue gas
Kelinshektau | 980 | 35 path, dust chamber, cyclone scrubber is measured
CaCoO, 77196|27.57 | | .| 280- | o o | 1400- periodically with a portable millivoltmeter with a
V. Kumysty 364 | 13 420 1960 thermal couple. The electrical capacity of the plant,
Tailings 140 5 the voltage across the electrodes, the electrode current
Coal 28 ! is displayed on the stationary control panel with
Total 2800 | 100 voltmeters and ammeters mounted on it. The furnace

Calculation of structural elements of an electric
furnace. Technical characteristics of an electric
furnace. Developing structural elements of an electric
furnace we took an air cooling furnace transformer
available in OMC Teriskey Ltd into account, and its
specifications were used to calculate the structural
elements ofan electric furnace. Four-stage transformer.
The first stage is 50 V, the second stage is 100 V, the
third stage is 150 V, the fourth stage is 200 V. The
remote control of the electric furnace is stationary
and consists of stage-switching buttons, ammeter and
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parameters are given in Table 4.

Table 4 - Basic accounting parameters of two-electrode furnace

Parameter Measuring unit Parameter value
Smelting rate t/day 2
Energy flow kW/t of charge 500
Charge moisture % 2-3
content
Slag °C up to 1450
temperature
Matte °C up to 1350
temperature




Metallurgy

Calculations for gas-cleaning equipment.
Quantity of electrothermics flue gas is typically 10-12
times less than that during smelting sulfide charge in
reverberatory furnaces, its amount generally is 100-
150 m? per tonne of charge. Calculated composition
of the gaseous phase during processing gold ore of the
deposit of OMC Teriskey Ltd with a capacity of 2 tons
a day is given in Table 5.

Table 5 - Calculated composition during processing of gold ore from
the deposit of OMC Teriskey Ltd with a capacity of 2 tons a day

Gaseous phase Amount
component kg % I m¥day | %
SO 311.93|55.01| 109175.5 | 109.2 | 45.65
CcO 224 | 0.39| 13204 1.3 0.55
CO, 252.84| 44.6 | 128718.5 | 128.7 53.8
Total 567.01| 100 | 239214.4 | 239.2 100

When processing 2 tons a day of gold ore from
the deposits of OMC Teriskey Ltd, the output of all
process gases after dust chamber will amount to 239.2
m3. Air leaks account for approximately 50 % of the
output of process gases. When processing gold ore the
output of process gases, taking into account the leak,
will be 358.8 m? per day.

Based on the calculated data shown in Table 5, and
the data of the works in pilot plants, taking into account
existing technical characteristics, dust and gas cleaning
aggregates used in the center of metallurgy, constructive
and overall indicators of the system components of gas
cleaning were calculated for the pilot plant of CPS-
process on Teriskey Ltd. Thus, the structures and the
basic dimensions of the following dust and gas cleaning
elements are determined, i.e. dust chamber, cyclone, wet
scrubber, wet electrostatic filter and smoke exhaust.

The hardware and technological scheme of gas
cleaning of the pilot plant composed of the above-
mentioned elements is shown in the figure. This
diagram shows a five-stage scheme of dust removal
and cleaning of process gases released from the
furnace. The gas temperature at the outlet from the
furnace riser is 800-900 °C, from the cooling chamber
is 400-450 °C, at the outlet of the scrubber is 40-60 °C,
at the outlet of the second scrubber is 20-40 °C. For
more fine cleaning of exhaust gases from the furnace
it is offered to install an optional dry electrostatic
filter, wet scrubbers and wet electrostatic filter.

Conclusion. On the basis of experimental data
obtained during laboratory studies of CPS-process of
direct melt of ledge gold ores from the deposits of
Teriskey Ltd, the charge compositions and output melt
products for the planned pilot tests of this technology
were calculated.

1 - electric furnace; 2 - dust chamber; 3 - cyclone; 4 - dry electrostatic filter;
5 - wet scrubbers; 6 - wet electrostatic filter; 7 - exhauster.

Figure - Proposed scheme of gas cleaning during smelting of
gold charge of OMC Teriskey Ltd using the method of Contractile

Electric Melt (CPS-process)

Taking into account these technological
parameters, as well as the results of the CPS-process
pilot tests, the calculations of the main melting unit,
two-electrode electric furnace with a rated capacity of
200-300 kVA, were carried. The design was selected,
and the main overall indicators of the elements of the
gas cleaning system were calculated, and on that basis
a hardware and technological scheme of the CPS-
process pilot plant in the Teriskey Ltd was offered [6].
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TYAIHOEME

Herisri makanaga XLWC «Tepicken» eHaipiciHae Taxipnbeni-eHAIpiCTiK KOMNNEKCi anTbiH Kypamabl 6epik WKKI3aTblH KbICKapTbIfFaH
NVpOMETanyprusnbiK npouecc aiciMeH eHaeyai Toxipnbeney xoHe eHrisy ywiH con XKLWC «Tepicken» Tay-kKeH KOMMaHUSACBIHbIH
GipkaTap Tynki anTblH KeHAEPIH eHAey MakcaTblHAa KypbinaTbiH 3MeKTP NeLliHiH Heri3ri KOHCTPYKTUBTI napameTprnepiH eHaey aHe
aHbIKTay KyMbIcTapbl kenTipinreH. bisgiH 3epTTey >xymbicTapbiH xypridyimia 6apbicbiHaa TKK XKLLC «Tepicken» Tynki anTblH KEHAEPIH
Tikenew GankpiTy GapbicbiHAa ecenTik kypamaapbl AavibiHaAanapl: yL-, TepT- xaHe 6ec koMMoHeHTTi wukikypampap KMNC-npouecimeH
Oenek KOMMNOHEHTTEP >XoHe KypamaapAblH ecenteynepiHe KaTbiHacbl. Herisri rabaputTi ecenTteynepi, KOHCTPYKUMSICHI XoHe benek
KOHAbIPFbINApMeH Taxipnbeni-eHAiIPICTIK KOMMNMNEKCTIH XYMECiHIH TEXHONOrNANbIK kKepceTkiluTepi ecentenreH. COHbIMEH kaTtap, eHrisinreH
kywTiniri 200-300 KBA eki anekTpoAThl 3NeKTp NeLUiHiK Heri3ri napaMeTprepi, rastasanay XXyMeciHiH Heriari xabablKTapbl, )KYKTeY XXYNeCiHiH
KOHCTPYKUMACBIMEH KOXAamanbl Matepuangapabl AavibiHaay xaHe 6epin Typy Xyihenepi aHbikTangpl. Herisri 6epinreH marnymattap AK
«MeTannyprusi xxeHe KeH 6aibITy MHCTUTYTbI» AaibliHaanfaH pernameHT KINC-npoueciHiH xofapblaa anTbinFaHpaan Taxipnbeni-eHaipicTik
koHAbIpFbl TKK XKLLC «Tepicken» GacLubinbIFbIHbIH GEKITYIMEH Xacanabl.

Tywningi cespep: WTENH, KOX, anTblH, KblCkapTbliFaH nupoMeTannypruanblk cenekumns (KMNC-npouecc), koxagamanay.
PE3IOME

B naHHoM cTaTbe NpuBeaeHb! pesynbraTbl paboT no 0TpaboTke TEXHOMOrMYECKUX NapaMeTPoB 1 pa3paboTke OCHOBHbBIX KOHCTPYKTUBHbIX
3MEMEHTOB 3MeKTponeymn Ansa nepepaboTkv KOPEHHbIX py4 30M0Ta U3 psiga MecTopoXaeHun ropHopyaHon komnanum TOO «Tepuckeny».
VccnenoBaHuns npoBeaeHbl C LENbo CO3AaHUS Ha 9TOM NPEANPUSTUAN OMbITHO-NPOMBILLIIEHHOTO KOMNeKca Ans UCMbITaHWsA U BHEAPEHWS
npouecca cokpatuTenbHoOW nupomeTtannyprmudeckon cenekummn (CIMC-npouecc) 3onoTocofepKallero yrnopHoro cbipbs. Ha ocHoBaHumn
paHee BbIMOMHEHHbIX HAMU UCCIeA0BaHWI MO U3YyYEHNIO NPOLIECCOB NPSIMON NNaBKW yKka3aHHbIX KOPEHHbIX Py 30110Ta, NOArOTOBMEHbI
pacyeTHble cOCTaBbl TpeX-, YeTbIpeX- U MNATUKOMMOHEHTHbIX WwuxT Ans CrC-npouecca. OnpepeneHbl COOTHOLUEHWUST OTAENbHbIX
KOMTMOHEHTOB U X pacyeTHble COCTaBbl. BbINOMHEHbI KOHCTPYKTUBHbBIE pacYeThbl OCHOBHbIX rabapuToB, KOHCTPYKLMU U TEXHOMOMMYECKUX
rokasaTernien OTAEMNbHbIX Y3MOB U CUCTEM OMbITHO-MPOMbILLIIEHHOIO KOMMIiekca. Tak, HalieHbl OCHOBHbIE MapamMeTpbl ABYX3I1IEKTPOAHON
3MEeKTPONeYn yCTaHOBIEHHOW MoLLHOCTH, paBHon 200 — 300 kBA, ocHOBHOro o6opyaoBaHust Anst CUCTEMbI MbINIEra3ooumUCcTKM, CUCTEM
NoAayn 1 NOATOTOBKM LUMXTOBBLIX MaTepuaroB C onpeaeneHneM KOHCTPYKLUMM 3arpy304HbIX YCTPOMUCTB. Ha OCHOBaHUM NCXOAHbIX AaHHbIX
N TEXHOMOIMYECKOro perrameHTa, paspabotaHHoro AO «UHCTUTYT meTannyprum n oboraleHusi», BbIMOMHEH MPOEKT BblLLeHa3BaHHOM
OMbITHO-MPOMBbILLNEHHON ycTaHoBkM CIC-npouecca, yTBepxaeHHbI pykoBoacTeoM 'PK TOO «Tepuckein».

KnroueBble cnoBa: WTelH, Wnak, 30110To, CoKpaTUTenbHas nupomMertannyprudeckas cenekums, ClMC-npouecc, WNXToBKa, pacyeThbl.
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