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Study of leaching processes of sintered black shale ore
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ABSTRACT

This paper presents the results of physical and chemical investigation of black shale ore, as well as the

investigation of combination of hydro- and pyrometallurgical methods in the sintering process of black

shale ore with ammonium hydrosulfate to convert metals into water-soluble form. The homogeneous

composite of black shale ore taken for the study consists of 67 % SiO2, 18 % C and 3 % H.0, 0.683 % V,
Received: 10 September 2020 0.0415 Mo, 0.0148 % U3Os and other components. Thermogravimetric analysis of sintering of carbon-
Peer-reviewed: 22 September 2020
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silica ore with ammonium hydrosulfate in the presence of sulfuric acid was performed in the temperature
range 20-1000 °C. It is established that at low-temperature sintering of ore with hydrosulfate ammonium
after further leaching with sulfuric acid solution the extraction of uranium, vanadium, molybdenum and
rare earth metals is 98.2 %, 91.3 %, 82.2% and 78.3 % respectively. The optimal leaching temperature is
90 °C, the ratio S: L = 1:3, and the leaching time is 2 hours.

Keywords: black shale ore, sintering, leaching, uranium, vanadium, molybdenum, rare earth elements
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some advantages in terms of the leaching processes.

Introduction However, they also have several drawbacks, such as
large capital expenditure for the construction of the
Recently, several new technologies with leaching equipment, maintenance of the bed

different advantages have been developed for the ~ Permeability under acidic leaching conditions,

processing of black shale ores, including sulphation
atmospheric leaching [1, 2], autoclave (pressure
acid) leaching [3], leaching of roasted shales etc. [4].
Autoclave leaching is one of the common
hydrometallurgical processes used to processing
black shale ores on industrial scales. High pressure
acid leaching and heap leaching processes offer

control of the acid consumption, inventory and cycle
time management, and water management. Acid
consumption in the pressure acid leaching process
was less than in atmospheric leaching with iron
precipitation as jarosite [5]. Low levels of sulphuric
acid were used to extract of vanadium from black
shale ores using the sulphation atmospheric
leaching process, in conjunction with relatively low
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levels of recovery. Numerous processes have been
developed on the commercial scale but have failed
to get a satisfactory yield with the operating costs.
As reported that [6], pregnant sulphuric acid leach
solutions are more amenable to downstream
processing by sorption and solvent extraction
processes.

Experimental part

Materials. The objects of the investigation were
representative samples of black shale ore of the Big
Karatau. They were crushed to a particle size of 0.2
mm. Chemical, X-ray phase, spectral and
thermographic methods were used for analyzes of
initial products.

In general, the ores of the Big Karatau have a
diverse mineral composition. Black shale ore are of
magmatic origin and are metamorphic rocks [7].
From the mineralogical and X-ray spectral analysis of
black shale ore from the Balasauskandyk field of Big
Karatau, South Kazakhstan region, performed on an
electron-probe microanalyzer with the usage of an
energy-dispersive spectrometer, it follows that all
valuable ore minerals are in a siliceous carbon
matrix.

The homogeneous composite of black shale ore
consists of 67 % Si0, 18 % C and 3 % H,0. They also
include non-ferrous, rare, radioactive and rare earth
metals. The full composition of black shale ore from
the Balasauskandyk deposit is revealed in Table 1.

Thermogravimetric analysis of sintered black
shale ores. A thermogravimetric analysis to
investigate black shale ore was carried out. It was
determined a derivatogram of ore decomposition at
various temperatures. Besides it was investigated a
sintering of black shale ore with ammonium
hydrosulfate.

During the sintering process at a temperature of
100-350 °C, water is removed by dehydration.
According to the results of thermogravimetric

method of analysis in the temperature range from
100 to 387 °Cis the removal of water.

Data from DTA and thermogravimetric
measurements of the system under study (Fig. 1,
table. 2) clearly demonstrate changes in the quality
and quantity of its components. During the release
of H,0 and CO; into the atmosphere, the analysis
provides information about changes in the
substance at the level of chemical compounds.

The first minimum on the curve of DTA, located
at about 100 °C, can be attributed to the
manifestation of the removal of adsorbed moisture
sample. Also, in the development of this effect (after
100 °C), itis possible to release gases sorbed by coal,
consisting mainly of nitrogen and carbon dioxide.
The exothermic effect with a peak at 475 °C reflects
the oxidation of coal. CO and CO; may be present in
the gas phase. The endothermic effect with an
extremum at 385 °C corresponds to the intense
minimum on the DTA curve. This may be presumably
a manifestation of gas discharge of the organic
component of the sample. It is indicated that
decarboxylation and dihydroxylation reactions are
possible here, i.e. separation of the least stable
carbonyl and hydroxyl groups.

Ammonium hydrosulphate melts at 149 °C. On
closer examination of the DTA curve, a weak
endothermic effect (weak bend) can be seen at
approximately this temperature. At 490 °C
ammonium hydrosulfate boils. Perhaps, at this
temperature, its decomposition reaction with the
formation of ammonia, SOs and water is feasible. It
is possible that this reaction was the cause of the
minimum on the curve of DTH at about 500 °C.

The exothermic effect on the DTA curve with a
peak at 545 °C most likely reflects the oxidation of
pyrite. The final oxidation product in this process is
hematite. Herewith sulfur dioxide SO2 enters the gas
phase. The minimum on the DTG curve after 800 °C
(on the DTA curve it corresponds to a weak
endothermic inflection) can be a manifestation of

Table 1 - Composition of black shale ore of the Balasauskandyk deposit

Element Content, % Element Content, % Element Content, %
Al2O3 3,79 S 0,80 Ba 0,776
Fe20s3 2,07 Sr 0,049 \" 0,683

K20 1,16 C 18 Co 0,0082
Ca0O 0,383 Cr 0,042 Cu 0,0418
SiO2 72,35 W03 0,0352 Mo 0,0415
MgO 0,29 Y203 0,0241 Nd203 0,0071
Na20 0,0678 UsOs 0,0148 Se0; 0,0068
TiO2 0,119 ZrO; 0,0105 ThsO7 0,0047
P20s 1,15 Ce02 0,0095 Rb20 0,0035
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Figure 1 - Derivatogram of decomposition of black shale ore under low heat sintering

Table 2 - Thermogravimetric indications of sintering in the range of 20-1000 °C

Sequence of The amount of Estimated emissions at appropriate Temperature ranges of
weight loss weight loss in % stages of decomposition decomposition stages, °C

Amg 14.125 H20, CO» 20-385

Am; 26.75 C,H,N 385-570

Ams 16.625 C,H,N 570-650

Amg 197.0.0 CO2, H, N 650-735

Ams 5.0 CO2, H, N, SO2 735-1000
>Am1000°C 80.5 H20, C, H, N, NO2, CO, SO2, 20-1000

dehydration of muscovite or sericite. The
combination of the endothermic effect with an
extremum located near 700 °C and the above-
mentioned minimum can be attributed to the
decomposition of the carbonate ore - hantite
CaMgs[COsls. Separately, the endothermic effect
with an extremum located near 700 °C is a
manifestation of the decomposition of calcite,
accompanied by the release of carbon dioxide.
Leaching studies of sintered black shale
ores. In this study, samples of black shale ores (100
g) were ground to a size of 0.2 mm, thoroughly
mixed with ammonium hydrosulfate (NH4)HSO in a
ratio of 1:0.75 (75 g of ammonium hydrosulfate) and

sintered in a muffle electroheating furnace SNOL
40/1200 at 350 °C for 2 h. All leaching tests were
carried out in a temperature-controlled three-
necked flat bottom glass flask (cap. 250 mL) on hot-
plate cum magnetic stirrer at fixed rpm (400) and a
reflux condenser to avoid the loss due to
evaporation. Leaching the applicability sulfuric acid
leaching was studied. The leaching time was
recorded after successive addition of the sintered
black shale ores and sulphuric acid solution (10-60
g/L, S:L ratio = 1:3) to the reaction vessel, and then
put this vessel in an oil bath maintained at a preset
temperature 90 °C. The choice of leaching
temperature is due to the fact that at low

Table 3 - Results of leaching of sintered products with sulfuric acid

The concentration of sulfuric Content of, g/L
acid, g/L Vv U Mo REE
10 0,81 0,026 0,024 0,014
20 1,01 0,037 0,047 0,021
30 1,17 0,049 0,062 0,032
40 2,19 0,068 0,075 0,039
60 2,21 0,072 0,079 0,040
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temperatures (< 90 °C), the recovery degree is low,
and at higher temperatures, intensive evaporation
and boiling of the productive solution occurs. During
the leaching process, the ratio S:L ratio = 1:3 was
taken, since this ratio is optimal.

At the end of each leaching experiment, the
residue was filtered, rinsed with deionized water
and dried in an electric oven at 70 2C. The
experiments were repeated three times to obtain
reproducible results with an accuracy of 0.5 %.

Results and Discussion

From the data of mineralogical and X-ray
spectral analysis of black shale ore, it follows that all
valuable components are in a silicon-carbon matrix,
which does not allow to completely extract valuable
metals from ores. For processing of this raw
material, it is necessary to have the technology
allowing extraction most fully valuable metals into a
productive solution.

At the next stage of the study, it was conducted
a leaching of sintering products with a sulphate
solution at different concentrations of sulfuric acid:
temperature — 90 °C, S: L = 1:3, leaching time is 2
hours. The results of the investigation are presented
in the table 3.

From the obtained data it follows that with an
increase in the concentration of sulfuric acid to 40
g/L, the leaching rate of uranium, vanadium,
molybdenum and rare earth metals increases
significantly. The degree of extraction of vanadium,
uranium, molybdenum and rare-earth elements is
81.7 %, 93.3 %, 82.2 %, and 78.3 %, respectively.

Research conducted by leaching sintering
products at different duration of contact time with
the solution. The process was conducted at the
temperature of 80 °C, S: L = 1:3, the concentration of
sulfuric acid is 40 g /L. The optimal leaching time is 2
hours was established in the previously published
article [1].

Conclusions

During sintering of ore with ammonium
hydrosulfate, as a result of chemical reactions, water
and the carbon contained in the black shale ore is in
the form of dioxide are removed. Moreover, in this
process vanadium, uranium, rare-earth sulfates and
molybdenum oxide are formed.

By optimizing the technological modes, it was
found that with low-temperature sintering of ore
raw materials with ammonium hydrosulfate within
350 °C, further leaching with a solution of sulfuric
acid at a temperature of 80 °C, extraction of
uranium, vanadium, molybdenum and rare-earth
metals reaches 98.2 %, 91.3 %, 82.2 % and 78.3 %
respectively.
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TYAIHAEME

Byn KymbiCTa KOMIpPTEK-KPEMHUI KeHiH OU3MKa-XMMUAZBIK 3epTTey HaTWXKenepi, CoHAai-ak
meTangapapl cyaa eputiH  dopmara  alHanablpy YWiH KeMipTeri-kpeMHWIn  KeHiH amMMOHWi
ruapocynbdatbimeH 6ipikTipy NpoLeciH 3epTTey HaTUKenepi KenTipinreH. 3epTrey ywWiH anblHFaH Kapa
TaKTaTac KeHiHiH, 6ipTekTi KomnosuTi 67% SiO2, 18% C xaHe 3% H20, 0,683% V, 0,0415 Mo, 0,0148%
U3Og »oHe 6acka KOMMOHeHTTepAeH Typadbl. KYKIPT KbIWKbUIbIHBIH, KaTbICybIMEH aMMOHUIA
rmapocynbdatbl 6ap KeMipTeri-KpemHuUiNi KeHAi cuHTe3aeyre TepMOrpaBUMETPUANbIK Tangay 20 —
1000 °C TemnepaTypa apanbifblHAA KYPri3ingi. AMMOHMIA ruapocynbpaTbiMeH KeHAi TemeH
TemnepaTypaaa KeHTeKTey KesiHAe KYKIpT KbIWKblabl epiTiHAiciMeH oAaH api WwakimanayaaH Kewi
YypaH, BaHaAuWMi, MONNBAEH KaHEe CUPEK Kep MeTangapbiH any TuiciHwe 98,2 %, 91,3 %, 82,2 % aHe
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78,3 % KypalTblHbl aHblKTanabl. Byn Kafganaa walimanayablH, OHTalabl Temnepatypacel 90 °C,
KaTblHackl K:C = 1:3 »aHe Wwalimanay yaKkplTbl-2 cafar.

Tyiiin ce30ep: KeMipTeK-KPeMHUINNI KeHAEep, KYWAipY, Waimanay, ypaH, BaHaauin, moambaeH, cupek
Kep anemeHTTepi.
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AHHOTAUMA

B paHHOM paboTe npeacTaBneHbl pe3ynbTaTbhl GU3MKO-XMMWYECKUX WCCNefoBaHUI  yrnepoa-
KpemHesemucToit pyapl bonbworo Kapartay, a TakKe ucciefoBaHuWA npouecca CnekaHus yrnepoa-
KPEeMHEe3eMUCTON pyabl € rmapocynbGaToM aMMOHUA A1A  MpeBpalleHna MeTansoB B
BOZOpPACTBOPMMYIO dopmy. [OMOreHHbI KOMMO3UT YepHOW CNaHLEeBOW pyabl, B3ATbIA AnA
nccnenoBaHms, coctout us 67 % Si02, 18 % Cn 3 % H,0, 0,683 % V, 0,0415 Mo, 0,0148 % Uz0s u apyrue
KOMMOHEHTbl. TepmMorpaBMMETPUYECKUI aHaNU3 CMeKaHWua yrnepoa-KpemHe3emucTon pyabl C
rmapocynbGpaTom aMMOHUA B NPUCYTCTBUM CEPHOM KMCNOTbl NPOBOAUAN B MHTEpBAne Temnepatyp 20
—1000 °C. YcTaHOBNEHO, YTO NPWU HU3KOTEMMNEPATYPHOM CNEKAHUN PYAbl C TMAPOCYNbdaTOM aMMOHUSA
nocne AasbHeWLIero BbIleauYnBaHNA PACTBOPOM CEPHOWN KWUCIOTbl M3BNEYEHMEe ypaHa, BaHAAus,
monnbaeHa M peakosemesibHbIX MeTannos coctasnsetr 98,2 %, 91,3 %, 82,2 % wn 783 %
COOTBETCTBEHHO. [pM 3TOM ONTMManbHas TemnepaTypa BblwenaynmBaHua cocrasnser 90 °C,
cooTHoweHue T: XK = 1:3 n Bpems BbllwenaunsaHma-2 yaca.

Knroyesble cn106a: YepHOCNAHLEBbIE PyAbl, CNEKaHWe, BbllenadnsaHue, ypaH, BaHagunii, monnbae,
peAKo3eMesIbHbIE 31EMEHTbI.
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AHHOTALMUA

B cTatbe npeacTaBneHbl pe3ynbTaTbl YKPYNHEHHO-1abopaToOpHbIX MCMbITAaHWMA MNOJNYYEHUA M3  Waama
CEePHOKMCIOTHOTO Lexa (ganee: wnam) banxalwckoro meaennaBuabHOro 3aBoAa Ce/IeHOBOro KOHLEHTpaTta 1
M3B/JIEYEHUIO U3 HETO CeNeHa B PacTBOp. ITOT W/am B OT/IMYME OT aHANIOTUYHBIX LNAMOB 3aBOA0B LIBETHOM
MEeTaNlypruu  CyLLEeCTBEHHO OTIMYAEeTCs XMMUYECKMM WU BeLLeCTBeHHbIM COCTaBamMu, OCOBEeHHO mno
copepskaHuio ceneHa (4,6 - 12,5 mac. %). BosneyeHve ero B coepy npovsBoACTBa MO3BOAUT YBEAUYUTb
BbINYCK ceneHa 6onee yem Ha 20 %, OT NO/Ny4aemMOro 3aBOAOM W3 MEeAE3NeKTPOAUTHbIX Wwaamos. LWnam
MPOMbIT BOAOW OT CEPHON KWCNOTbl, BbicyweH npu 105 °C. CeneHoBbIM KOHUEHTPaAT nosy4Yanun
nocnefoBaTe/bHbIM BblLLLENaYMBAHMEM LWNAMa PACTBOPaMM KapboHaTa HaTPUA U a30THOM KUCNOTbI, CENEH U3
KOHL,EHTpaTa BbILEe1a4YMBanM pacTBopamm cyabduta HaTpua (aTMochepHoe AaBaeHue) U TMAPOKCUAA HAaTpUA
(BblcOKOE faBneHve, aBTOKNABHOE BbilienaunsaHue). LLnam, KOHLEHTPAT, KEKM, OCAAKM, BblAENEHHblE U3
pacTBOPOB, U PAcTBOPbl aHA/NM3NPOBAAU C UCMOb30BAHMEM COBPEMEHHbIX MPUOOPOB HOBOrO MOKONEHUA:
CNEKTpOMeTp c WHOYKTUBHO CBA3aHHOMN nnasmon Optima-8300,
peHTreHodNyopPecUEHTHbIMBOAHOAMCNEPCUOHHDI CNEKTPOMETP AXiOS, aTOMHO — SMUCCUOHHbIM CNEKTPOCKON
Optima 2000, gudppaktomeTp D8 Advance, K — dypbe cnektpomeTp Avatar 370. M3 wnama, coaeprkallero,
mac.: 51,2 Pb, 12,5 Se, 3,21 Hg n apyrue snemeHTbl, NONy4YeH CeNeHOBbI KOHLLEHTpAT cocTaBa, mac. %: 0,41
Pb, 59,16 Se, 15,4 Hg. MpuBeaeHbl TEXHONOrMYECKME MOKa3aTeNM MNONYYEHUs KOHUEHTpaTa, %: BbIXo4
KoHUeHTpaTa - 20,74, ussneuerue Pb - 0,81, Se - 98,23, Hg - 99,50. B KoHUeHTpaTe No AgaHHbiMm POA n UK-
cnekTpockonuu u3 10-TU BELLECTB CENEHa, COAEPHKALUMXCA B LWame (NpuBefeHbl B CTaTbe), OCTAlOTCA
3/1EMEHTHbIN CeneH U ceneHug pTyTU. U3BneyeHMe ceneHa M3 KOHLLeHTpaTa B pacTBOp cocCTaBuio, %:
cynbduUTOM HaTpus — 76,84, ruapokcugom Hatpua - 89,65. Myabna OT BCKPbITUA KOHLEHTpaTa pacTBOpOM
TMAPOKCMAA HaTpUA GUNbTPOBasacb OYeHb MAOXO0. B ¢punbTpaTax copeprkanacb B3BECb KOAJOMAHOMO TUNA,
KOTOpYIO He yAanocb OTOUABTPOBaTb HW NOA BaKyymMOM, HU UeHTpudyruposaHuem. [Moatomy ansa
onpeAeseHNA KayeCTBEHHOr0 W BELLECTBEHHOrO COCTaBOB (GUALTPATOB MOJMYYann COAW, BbiNapusas
onpeaeneHHbl U 3aTeM HeUTpann30BaHHbIM WX OBbEM [0 CyXOro COCTOAHMA. YCTAHOB/JEHO, 4YTO M3
KOHLLeHTpaTa pacTBopammn 060ux peareHTOB BbILLE1a4NBAETCA TONbKO 3/1IEMEHTHbIN Ce/eH, a CeNeHns pTytm
ocTaeTcs B Kekax. [lpuyem ns ceneHcoeprKallmx pacTBOPOB CyNbduUTa HaTPUA CO BpEMEHEM BHOBb YacTUYHO
BbINafaNn 3/EMEHTHbI CefeH, B CONAX COAEPKWUTCA TO/MbKO 3NEMEHTHbIM ceneH. [aeTca obbacHeHue
nepexosa PacTBOPUMBIX COMEN CeNeHa B €ro 3/1eMEHTHOEe cocTosHMe. HecmoTps Ha 6onee BbiCOKOe
M3BNEYEHMEe CeNleHa M3 KOHLUEHTpaTa MeTOAOM BbilleflauMBaHWA B aBTOK/IaBaX, yuuTbiBas obopyaoBaHue,
CNIOXHOCTb ero 06cnyKuBaHua, GUABTPALMIO NYNbMbl U XMMUYECKUIA cocTaB GUAbTPATOB, NpeanoyTUTebHee
MCNo/ib30BaTb NPUEM BblLLLEAYUBAHUA CYNIbPUTOM HATPUA.

Knroueseole cnosa:
LWAaMm, CeeH, CBUHELL, PTYTb, KOHLLEHTPAT, BblLLeNaYMBaHWe, a30THaAsA KUCIOTa, KapboHar, cynbduT u
TMAPOKCUA, HAaTPUA.
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BeeaeHue

MonyyeHue cepHo KMCNOTbI us
MeTanNyprmyeckmx rasos banxallcKoro meaHoro
3aBoga (BM3)  conpoBoxgaeTca  60abWKUM
KONMYEeCTBOM nynbnbl, KoTopas, ABNAACH
TexXHOoreHHbIM obpa3oBaHMem, 6e3 BblaeneHua U3

Hee Wnama  cbpacbiBaeTcd  Ha  OYMUCTHblE
coopyeHua. CotpyaHukamu  AO  «UHCTUTYT
MeTannyprum u  oboraweHua» (A0  «MMuO»)

YCTAaHOBAEHO, YTO C NYAbMOW B rog, TepAeTca Ao 3-x
TOHH peHun, 6onee 30 % ceneHa, OT NOJly4aeMoro
Ha 3TOM 33aBOAE M3 MeAEe3/IEKTPO/INTHBIX LIAAMOB,
M paa Apyrux UeHHbIX 3nemeHToB [1, 2]. Mpuuem
OCHOBHOE KO/IMYECTBO PEHUA COCPEnOTOYEHO B
pacTBope (KoHueHTpauua 7 — 12 mr/am); cenena —
B wWname (cogeprkanme 0,58 — 37 mac. %). AO
«MMunO» BbINOJ/IHEH 60o/bLIOM KoMmneKc
TEXHO/IOTMYECKUX UCCNeA0BaHUM MO pPeHuo wu
CeNeHy, yuntbiBana Ux BocTpeboBaHHOCTb B Mupe. B
pesynbrate pas3paboTtaHa M  nNpoBepeHa B
nonynpombIWAEHHOM MacwTabe copbunoHHasn
TEXHONOMNA U3B/JIEYEHUS peHuA U3 pacTteopos [3],
Nony4yeH CeNeHoBbI  KOHUeHTpaT [4-8]. K
COXKaNeHuto, LWaambl CEPHOKMC/IOTHbIX LLEXOB
MEeTaNNyprmyecknx 3aBooB He BOBJIeUYEHbI B chepy
npous3BoAcTBa cefeHa. B  mupoBoM npaKkTuke
BOMPOCAaMW €ro W3B/IEYEHUA W3 TeXHOreHHbIX
06pa3oBaHKUIA ra3004NCTKM OT NepepaboTkm megHo-
HUKeNeBblX KOHUEHTpatoB Ha 3aBogax AO
«KonbcKas ropHo-meTannypruyeckass KOMNAHWUS»
(AO «KIMK») 3aHumatotcs To/bKO B Poccum
(MHCTUTYT XMMUM U TEXHONOTUWN PEAKUX SNEMEHTOB
M MWUHepanbHoro cbipba um. W. B. TaHaHaesa) u
KasaxcraHe (AO «MMunO»). POCCUNCKMMM yYeHbIMU
M3y4yeHO MoBeAEeHMEe CefieHa B MPOLEcce CYXoM U
MOKpOA OUYMCTKM NblaerasoBom cmecu
NUPOMETANNIYPIMUYECKMX NepesenioB MegHbIX W
HMKEeNEeBbIX KOHLEHTPATOB; onpeaeneHbl ero
coaepKaHua B TEXHOTFeHHbIX  MaTepuanax;
npeanoXeHbl cnocobbl U3BNEYEHMA U3 NPOMbIBHOM
CEePHOMN KWUCNOTbI, NyNbMbl M KEKOB (LWNamoB) U
nosly4yeHusn CeNeHoBOro KOHLEeHTpaTa n3
CeneHcoaep)KalWmx OCaAKoB, BblAENEHHbIX U3
PacTBOPOB, U KEKOB, N MNOSYyYEHNE METAI/INYECKOTO
ceneHa U3 KoHueHTpaTa [9-18]. AO «MMuO» u3
wnama BM3  TakXe nonyyeH  CeNneHoBbIl
KOHLUEHTPAT MOCNeA0BaATe/IbHbIM  BbILEAYMBAHMEM
WamMa pacTBopamu KapboHaTa HaTpusa M a30THOM
KucnoTbl. Cnegyetr OTMETUTb, YTO XMMMUYECKUI U
BEeLLEeCTBEHHbI COCTaBbl ceneHcoaeprKalmx
TEXHOTeHHbIX  00pPa3oBaHMM  Ta3004YUCTKU WU
NOJlY4EHHbIX U3 HUX CENEHOBbIX KOHUEeHTpaToB BM3
n AO «KI'MK» cywiectBeHHo pasanyatorea [2, 9].

B HacTosLee Bpems TEXHOreHHble
o0bpa3oBaHMA BCEX OTpac/ien MNPOMbIWJIEHHOCTH, C
OZHOM CTOPOHbI, ABASAIOTCA CEepbe3HON npobiemoi
ONA  OKpY:Kalollen npupoAHOM cpedbl: OHW, Kak
NpaBW/IO, HAKanJMBaloTCA W 3aHMMAlOT OrPOMHble
Tepputopun. C Apyroit CTOPOHbI, B TBEPAbIX W
KUOKMX TEXHOTreHHbIX o6pasoBaHMAX
KOHLEHTPUPYIOTCA LEeHHble 3NEeMEHTDI,
COMyTCTBYHOLWME OCHOBHOMY METaANy, MO3TOMY WX
MOXHO PAcCMaTpuBaTb KaK cbipbe. BoeneuyeHue B
chepy npomn3BoACTBa NY/bMbl CEPHOKUCIOTHOIO LieXa
BEM3 no3BOAUT HE TONLKO PACLUMPUTL aCCOPTUMEHT
BOCTpebOBaHHON TOBApPHOW MNPOAYKUMM U CHU3UTL
cebectonmocTtb meau.

Llenb daHHOU pabomei: NONyYEeHUE CENEHOBOTO
KOHUEHTpaTa M3 wnama BM3 B yKpynHeHHO-
N1abopaTopHbIX YCNOBUSAX U M3BJIEYEHUE U3 HErO
cefieHa B pacTBop.

N3BneyeHne ceneHa B pacTBOp U3 pas/IMYHbIX
TBEPAbIX TEXHOTeHHbIX obpasoBaHuit
OCYLLECTBNIAOT NUPOMETANNTYPrUYECKMMMU n
r’MApPOMETaTYPruyecKkMmm MeTo4amu npu
atmochepHoM U NOBbILWEHHOM  AaBAEHUU
(BblWenaunBaHue B aBTOK/aBax) [19-24].
ConocTaBuUTe/bHbIN aHaNU3, KOTOPbIX NMOKasan, Y4To
NUPOMETANNYpPruyeckue MeToAbl ABNAOTCA
3HEepPro3aTpaTHbIMKU, CAOXHbIMKM B annapaTypHOM
odOpMNEHUN U COMPOBOXKAATCA 0OpasoBaHMEM
MblierasoBoil CMecu, BHOBb MOCTyMnalolWen B
cuctemy rasooumctkm [19, 20, 23]. B sToi cBs3M
npegnoyteHune 6b110 OTAaHo
rMAPOMETANNYPIrUYECKMM METOAAM.

B KauecTBe BbILLENAYMBAIOLWMNX pPeareHToB A/
TEXHO/IOTMYECKMX W aHA/IUTUYECKUX  Lenew
nccneposaHbl okncantenn (HNOs, KMnOis, MnO,,
CuO, H;0,, KNO3, Cl;, CaOCl,), conu (FeCls, CuCl,
Fex(SO4)3, NaxSOs) m NaOH [19-24]. [Mpuuem
HEKOTOpbIe M3 HUX OKUCAAIOT TONIbKO 3/1E€MEHTHbIM
ceneH, B 4actHocTh, HNOs; c ob6pasoBaHuem
CeNIEHUCTON KUCNOTbI; Apyrue - razoobpasHsbiii Cly 1
CaOCl; - 321eMeHTHbIn ceneH W ceneHuabl ¢
obpas3oBaHMEM CENEHUCTOM U CeNeHOBOM KUCAOT.
Pactsopamn NaOH u Na,SO3; nssnekaerca TOAbKO
3/1IeMeHTHbIN ceneH B Buae conen NaSeOs mnu
Na,SeOs 1 Na,SeOs nnm Na,SOs3Se cooTBETCTBEHHO.

Ons n3BneyeHUs ceneHa W3 KOHLLEHTPATOB,
MOJIyYEHHbIX U3  TEXHOreHHbIx 06pas3oBaHWi
cepHokucnotHoro npowussoactea AO  «KIMK»,
anpobupoBaHbl PacTBOPbI CONAHON KUCNOTbI, CMECb
CONSIHOM W CepHoi Kucnot ¢ pgobasneHnem
okuMcauTena (He ykasaH) u cynbouT Hatpua [9].
PesynbTathl 3KCMepMMEHTOB no BblbOpY
BbILLLE/1TAYMBAIOLLETO peareHTa u Ux obcyRaeHue He
npusoaAtca. KoHcTaTupyeTca, «..4To Haubonee




KomnnekcHoe Wcnonb3oBaHne MuHepanbHoro Coipbs. Ned (315), 2020

ISSN-L 2616-6445, ISSN 2224-5243

TEXHO/NIOTUYECKN MPUEMNEMBIM C TOYKM 3peHUA
nocneayrowero nNOJIyYeHMA CeneHa  ABAAETCA
BbiwenaumsaHne 20 %-m pacTtBOpomM cynbdPuta
HaTpuA Npu TemnepaTtype, 61M3KOMN K TemnepaTtype
KUMEHMUA, N COOTHOLIEHNN TBEPAOM U KuUAKoM das
1:10-1:20». MNpuBegeH XMMMWYECKMA  COCTaB
KOHLEHTPATOB M KEKOB NOCNAE WX BbllelaYnBaHmA
pacTtBopom cynbduTa HaTpuA 3aB040B
«CeBepoHuKenb» U  «leyeHeraHukenb». 0O6a
KOHLEHTPATa UAEHTUYHbI MO 3/1IEMEHTHOMY COCTaBy
(Se, Te, Pb, Ni, Cu, Fe, As, Zn, Re, Co, Sn, Sb), HO
pasnMyaloTcA NO  COAEPKAHUID  3/1EMEHTOB.
OcobeHHO MO cofeprkaHuto ceneHa (65,6 n 11,5
mac. %). Mpwu yCnoBmsaAx nposeseHuA
3KCMEPUMEHTOB M3B/IEYEHME Ce/sleHa B pPacTBop
cocTaBuo «...94,0-99,5% npu ybbiam Beca Teepaomn
¢das3bl 80-87%» B Kekax OOHapy)KeHbl Te ke
3N1eMEeHTbI, YTO M B KOHLEHTpATax, HO cogepiKaHue
ux Bospocno. o paHHbIM  peHTreHo$a3oBOro
aHaNMn3a OCHOBHOM $a3ol B KeKax ABAAETCA OKCUA,
Hukens(ll).

Ha ocHoBaHuu aHanusza nyb6avkaumii no
BblILLENAYMBAHUIO ceneHa Pa3NINYHbIMU
peareHTaMu, y4ynTbiBasa MX XMMUYECKME CBOWCTBaA,

NCMNo/b30BaHNe B NPaKTUKe, CTOMMOCTb,
BO3MOXHOCTb NpuobpeTeHnss Hamu  BblbpaHbl
CyNbdUT M TMAPOKCUA HATPUA.
JKcnepuMeHTaNbHasA YacTb
Mamepuarnei, peazeHmeol. Wnam
CEePHOKUCNOTHOTO LUexa BM3 (manee: wnam),

KapboHart HaTpua (FTOCT 5100-85), a3oTHasA K1cioTa
(TOCT 4461-77), cynbdut Hatpua (FOCT5644-75),
rmgpokcug Hatpua (TOCT4328-77).

Memoos! aHanusza. PeHTreHodNyopecLLeHTHbIN
- PO/ (BonHOAMCNEPCUOHHDIV CNeKTpomeTp Axios),
XUMUYECKUI (cnekTpomeTp C
WHAYKTUBHOCBA3aHHOM nnasmoli Optima-8300) ans
KO/IMYECTBEHHOrO OnpeAesneHna 3/1eMeHTOB B
WwName, KOHUEHTpaTe, KeKax W  pacTBopax;
peHTreHodasoBbit - PDA (andpaktometrp D8
Advance); uHdpakpacHas cnektpockonus - UKC (UK
— dypbe cnekTpomeTp Avatar 370 Thermo Nicolet)
ona  onpepeneHus  $asoBOro  coctaBa M
rpynnMpoBoK B ocagKkax. MaeHTudumkaumio
COeAMHEHMN CBUHLLA U CeNeHa B LWaMe M KeKax U
UX rpynnnMpoBoOK nposoanau no [25-33].

Memoouka nposedeHua  sKcnepumMeHmMos.
LLnam OTMbIT BOAOW OT KUCNOTbI, BbICYLUEH NpU
105 °C g0 nocTOAHHOrO Beca, pacTepT, ycpeaHeH
KBapTOBaHWEM, NMPOAHANN3UPOBAH Ha XMMUYECKUIA
W BELLECTBEHHbI COCTaBbI.

MonyyeHue cesneHoeo20 KOHUeHmpama.
KoHueHTpaT noay4yanu nocnepoBaTesIbHbIM
BbILLEIAYMBAHMEM LUAMa PacTBOpPaMM KapboHata
HaTpMA WM  a30THOW KMC/AOTbI HA YCTaHOBKeE,
BK/IIOYAIOLLEN TEPMOCTAT, AYElrKy C pybalKkon u
06paTHbIM XONI0AUNBHUKOM, MeLLanky c
peryavpyembim  4uciom  060OpOTOB, BOPOHKY
BloxHepa, Konby byH3eHa (pucyHoK 1).

1-TepmoCTaTMPOBAHHAA AYEMKA C XONOANIbHUKOM,
2 — Mellasnka c peryampyembim yncnom obopoTos, 3 —
TepmocTaT
PucyHoK 1 - YcTaHOBKa 414 BbIlLelaYnBaHUA Wiama
M CEIeHOBOrO KOHUEeHTpaTa

B aueiky obbemom 1 am® 3anMBanu pactsop
KapboHaTa HaTpuA, Harpesaan A0 3a4aHHOM
TemnepaTypbl,  HaBeCcKy  W/aama  3acbinanu
NOPLMOHHO NPW BKAIOYEHHOW MELLaNKe U CKOPOCTH
ee BpaweHna 600 o06/muH. Mo wucTeueHun
334aHHOro BPEMEHW ropaYYo Nyabny GpuUAbTPOBaNU
NnoJ BakyyMOM Yepes npeasapuTesibHO Harpetyto
BOPOHKY. KapboHaTHbIN KeK BO3BPALLA/IM B 3TY Ke
AYEerKy C npenBapuTesNibHO HarpeTbiM PacTBOPOM
a30THOM KucnoTbl. Topsadyto nynbny ¢GuAbLTPOBaNU
TaKKe yYepes HarpeTylo BOPOHKY. DunbTpathbl
CMBa/M B Cyxve WHOMBUAYANbHbIE EMKOCTW.
CeneHoBbI KOHLEHTPAT NPOMbIBAAM Ha ¢uabTpe
ropsye AUCTUNAMPOBAHHOW BOLOM OT PacTBOpa,
KOHTPO/IMPYA OTMbIBKY MO pPeaKkuuu C pacTBOPOM

xnaopuaa 6apus. MpoMmbITbIi KOHULeHTpaT
BbICYLLUMBANM A0 NOCTOAHHOro Beca npu 105 °C,
pactupanu, ycpeaHanm KBapTOBaHWEM,

aHaNM3MPOBAAMU Ha XMMUYECKUA U BeLLecTBEHHbIN
COCTaBbl.

M3BneyeHne ceneHa W3  KOHUEHTpaTa B
pactBop. CeneH M3 KOHLUEHTpaTa U3B/ieKaan ABymA
cnocobamu: npu aTmochepHoM (BbllLenaunBaHme
pactBopom cynbduTa HaTpuA) U MOBbILIEHHOM
AaBNeHum (BblWEeNnayMBaHne pacTBOpOM
rmapoKcnaa HaTpus B aBTOK/1aBax).
BbllwenaunBaHme KOHUEHTPATa Cy1bGUTOM HaTpus
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NPOBOAMMN Ha YCTaHOBKe (PUCYHOK 1) No aHanormm
CO LWIAaMOM; TMAPOKCMAOM HaTpUs Ha yCTaHOBKe
(pycyHoK 2).

PUCYHOK 2 - ABTOK/1aBHas yCTaHOBKa (a), aBTOK/NaB C
¢dTOpNAacTOBbIM CTakaHOM (6)

Bo  d¢TopnnactoBble  CTakaHbl  3aaMBanu
HeobxoaMMbIt  obbem pacTBOpa  FMAPOKCMAA
HaTpMA  3aJaHHOM  KOHLLEHTpauuu;  3acbinanam

HaBeCKy KOHLEHTpaTa, nepemellas eé naao4ykon us
dTopnnacta; 3atem CTakKaHbl MNOMelWwann B
aBTOKNaB, KOTOPbIN 3aKpblBa/M M MOMELLAIN ero
TepmocTaT, 3agas Temnepatypy 230 °C. Mo
WCTEYEHMN 3a[,aHHOIO BPEMEHM OTK/OYaAN Harpes
W OXJlaXganu aBTOKNaB A0  TemnepaTtypbl
atmocdepsbl. MNynbny GuabTpoBanM nog BaKyymMom
yepe3 OGUALTP CMHAA NeHTa. Kek Ha o¢unbTpe
NPOMbIBaNM ANCTUAINPOBAHHOM BOAoN oo pH=7.
LLnam, KOHLEHTPAT M KeKW aHaNM3MpoBanM Ha
XMMUWYECKUI U BELLECTBEHHbIN COCTaBbl, PacTBOPbI
TONbKO Ha CBMHeL, cefeH WU pTyTb. B cratbe
npuMBoOaATCA " ocyXpaatoTca pes3ynbTaThl,
Kacatowpeca TOJIbKO CBWMHLQA, ceneHa v pTyTn. B
HEKOTOPbIX C/yYasax Npu 0b6CyXRAeHUN pPe3ynbTaToB
NPUBOAATCA AaHHbIE U NO APYTUM 3/1EMEHTAM.

Pe3ynbTtatbl M 06CyKaeHUe

MonyyeHWe CENEHOBOrO  KOHLEHTpaTa W3
wnama. [pombITbii  BAAXKHbIM  Wnam  beno-
pO30BOro ugeTa c He3HauyMTeNbHbIMU

BKpPan/JeHNAMM YepHOro LBeTa, Cyxoh — cepbli.
N3meHeHMe ugeTa Wwaama obycnosneHo
nepexogoM cCeneHa KpacHon moguduKauun B
YepHylo Npu BbICyWMBaHUM Wnama npu 105 °C.
XUMMYEeCcKUI cocTas wWwnama, mac. %: 51,2 Pb; 12,5
Se; 6,5 S; 3,21 Hg; 1,87 Si; 0,54 1; 0,24 Bi; 0,2 Ag;
0,11 Zn; 0,09 Cu; 0,09 Al; 0,05 Br; 0,054 Ti; 0,04 Sr;
0,03 Ni. BKpanneHua yepHoro useta, BO3MOXHO, -
Yronb, NPUMEHAEMbIN ANA NAAaBKNM MEAHOW LINXTbI.

OnpepeneHne ¢GopM HaXOXKAEHUA ceneHa U
CBMHUa B wWname P®OA 3aTpygHUTENbHO WU3-33
HaNoXeHUA ANOPaKUMOHHBIX pedneKkcoB BeLLecTB
ceneHa HU3KOW NHTEHCUBHOCTU C
AMdpaKkUMOHHbIMKU pediekcamn cynbdaTta CBMHLA
CUNbHON WHTEHCUBHOCTU [6]. [dudpaKkTorpamma

Wwiama npuBeAeHa Ha pUCyHKe 3a, NpumepHoe
cofeprKaHne TONbKO CoOeaMHEHWNIN CBMHLA M cesleHa
npeacrasneHo B Tabanue 1.

M3 Tabamupl 1 BMAHO, YTO  OCHOBHbIM
coeuvHeHnem B Wwname sBasetrca PbSO,; B Hem
coAepXaTca  TaK¥e  3/eMeHTHbI  ceneH  2-X
MmoaMdUKaLMIA, B  HE3HAUUTE/IbHbIX  KOJMYEeCTBax
ceneHcoAepyKalupe coeauHeHna cBMHUa U pTyTn [25].
OpgHako n3-3a pPa3INYHbIX WHTEHCMBHOCTEMN
ANPPAKLUMOHHDBIX pedNeKkcoB BELLECTB  M3y4aemblxX
3/1IEMEHTOB M Pa3/IMYHOTO COAEPMKAHUA UX B LUIAME,
Ha/IMuMe HEKOTOPbIX CEeNeHCoAEP KALMX CoeaNHEHUM
noz, BONpocom. Bo3amorKHO, OHM HaxoaaTca B LW1aMe B
BMAE BKPANIEHWI.

Tabauuya 1 - CogeprkaHue coeaMHEHUI ceNleHa U CBUHLA
B LWJAaMe, KOHLleHTpaTe

CopeprkaHue, %

dopmyna Wham CceneHoBbIN KOHUEHTpaT

npob6a Ne 1 | npoba Ne 2
PbSO4 69,1 9,6 10,4
Se, syn 5,0 34,6 36,1
Se 3,0
PbSO4PbSeO4 6,1
PbSeOs 0,9
PbSo,55€0,5 0,6 He o6HapykeHo
HgSeOa4 7,7
HgSeO4HgO 0,7
HgSeo,750,3 0,2
HgSe, 1,3 11,2 13,0
Se0> 4,4 He obHapyKeHo
Mg(HSeO0s3)2(H20)3 8,5

MK-cnekTpockonua (pucyHoK 3B) noatsepamna
Hanunume PbSO, - 1175 (1174), 1057 (1059), 968,
632, 599 cm™ [26, 28, 31], PbSeO,, - 834, 800 (801)
cmt [28], Bo3amoskHO ecTb 1 SeOs%- 800 (801) cm-* [28].

BbilenaumsaHme wnama npoBOAMAM
nocaefoBaTe/IbHbIM BbilesauMBaHNEM PacTBOPOM
coapl C MonyyeHMem KapbOHATHOTO Keka W
BbILLENAYMBAHMEM €ro  PacTBOPOM  a30THOMU
KUCNOTbI C MONYYEHMEM CEeIEHOBOrO KOHLEHTpaTa
(nanee: koHUeHTpaT). YC0BMUA Kaxaoi onepauum
npuseaeHbl B Tabauue 2.

— 14 ——
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pacTBOpaMu KapboHaT HAaTPUA M a30THOW KMCNOThI
npoxoamna 6e3 0OCNOXHeHUN. PunbTpatbl OT
KaXXgolM onepaumy BblWEeNavymMBaHUA M KaXKgoro
peareHTa cobupanm B UHAMBMAYA/bHbIE EMKOCTM.
A KOHLLEHTpPaTbl OT Ka)X40ro OonbiTa BbICYLWIMBAAM U
pactupanu MHANBUAYANBHO, 3atem nx
06beaAnHUAK, TLWATENbHO NepeMeLlanu, ycpegHuam
KBapTOBaHMEM W oTObpanu cpeaHtod npoby ans
aHanusa (2 napannenbHble npobbl). PacTBopbl
TaK¥Ke TWaTeNbHO nepemellanu u otobpanm npobol
Ans aHanusa. LlBeT pactBopa OT BbllLenaunmBaHuA
COA0M - enNTbli UBeT, a30THOM KMUC/OTON — CBETNO-
3€1eHbli LBET, KOHUEHTPATa - YepHbIi. Pe3ynbTathbl
npeacTasfieHbl B Tabavue 2 1 Ha pUCYHKe 3.

M3 Tabnnubl 2 BUAHO, YTO NPU BbilLeNa4YMBaHNSA
Wwnama KapboHAaTOM HaTpUA KOHTPOAMpPYyeMble
3IeMeHTbl MPaKTUYECKM MOAHOCTbIO OCTalTCA B
KapboHaTHOM Keke. O uyem CBUAETENbCTBYIOT
CTeneHun ux nsBnedyeHus B pacteop, %: 0,23 Pb, 0,93
Se, 0,037 Hg. A30THOW KMCNOTOM M3 KapboHaTHOro
KEKa B pacTBOP M3BNEKAETCA MNpPaKTUYEeCKU
NONHOCTbIO TONbKO  CBWMHeu, (99,62 % ot
cogepskaHua B Wname). A ceneH U PTyTb TaKxKe
NPAKTUYECKU NOJHOCTbIO OCTAIOTCA B KOHLLEHTpPaATE,
coaepKaHue KOTOPbIX noBblWaeTca
cooTBeTcTBEHHO ¢ 12,5 a0 59,16 mac. % u ¢ 3,21 go
15,4 mac.%. CopeprkaHMe CBMHLA CHUMXKAETCA C
51,17 po 0,41 mac. %.

P®DA B KoHUeHTpaTe o06HapyKeHbl PbSO4, Seqyn,
HgSe (pucyHoK 36). B oaHOW M3 napannenbHbiX
npo6b - un Mg(HSeO0s)(H20);. Heobxoammo
OTMETUTb, 4YTO $a30BbIA COCTAaB KOHUEHTpaTa M
KO/IMYECTBO COeAMHEHWUI B NapannenbHbiXx npobax

OT/INYAETCA  He3HaunTesbHOo.  MK-cnekTpockonuei
(pcyHOK 3r) B oTanume ot POA He BbISBNEHO HU
OOHOTO COEAMHEHUA WUAWN CeNeHCoAepXKalLuMxX rpynn,
HO  3aduKkcmposaHa rpynna SO~ (nonocobl
nornowenua: 1099, 620, 594 cm™?) [26, 28], koTopas ¢
Y4YETOM [arKe He3HauyMUTeIbHOrO COAEpPrKaHMA CBUHLA
B KOHLeHTpaTe noATBepXKAaeT npucyTcTBue cyabdata
CBMHLA B KOHUEHTpaTe. MprUyMHON NPOTUBOPEUMBBIX
JaHHbIX PDA un  MK-cneKTpockonuu  KacaTenbHO
BELLECTBEHHOrO COCTaBa COEAMHEHWM cesleHa B
KOHUEHTpaTe ABAAETCA npegHasHayeHne MeToZ0B.
M3BecTHO, uTo MK-CcnekTpockonua dukcmpyet rpynnbl,
06pa3oBaHHble 33 CYET KOBA/JIEHTHOM CBA3U WX
anemeHToB. CpaBHEHME BELLECTBEHHOrO COCTaBa
Ce/leHa B LWIAME W KOHUEHTPaTe MOKasano, 4To
KOJIMYECTBO ceneHcoaepKaLmx CoeaNHeHMI
Cokpatunocb ¢ 11 pgo 4 (tabnvua 1). Yto
NnoATBEPXKOAETCA W HaAMuMem ceneHa B 06oMx
pactBopax (Tabnuua 2). WM3BneyeHwe ceneHa B
pacTBOp M3 WaamMa KapboHATOM HATpPUA, BEPOATHO,

06yCNOBNEHO  B3aMMOAEWCTBMEM  COEAUHEHWIA
PbSO,PbSe0Qs4, PbSeO; u HgSeO, (aHanormyHo
PbSOs) u SeO, «c obpasoBaHMeM NJIOXO

pacTBOPMMbIX KapbOHATOB CBMHLA W PTYTU U
XOPOLWO pPacTBOPUMbIX KapboHaTa, ceneHata W

ceneHuTa HaTpus. A30THOM Kncnotom
NPesanoNoKUTENbHO OKUCIAETCA Seeyn.

3a BpeEMSA nposegeHus YKpPYNHEHHO-
NnabopaTopHbIX  WCMbITAaHUA N0 MOJYYEHUIO
Ce/eHOBOTO KOHLLeHTpaTa us3 Wwaama,

nepepaboTaHo 2,4 Kr cyxoro waama, CofeprKallero
mac.%: 51,2 Pb, 12,5 Se, 3,21 Hg; nonyyeHo 422 r
KOHUeHTpaTa, coaepawero 0,41 Pb, 59,16 Se, 15,4
Hg.
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MN3BneyeHne ceneHa M3 KOHLEHTpaTa B pacTBoOp
npu atmMochepHOM [AABNEHUWM PACTBOPOM CynbduTa
HaTpua (NasSOs). Ycnosua: KoHueHTpaumsa Na,SOs —
300 r/am3, T:X=1:5, Temnepatypa - 80 °C, Bpema — 2 u.
Mynbna ¢unbTpoBanacb XOpowo, Kek Ha ¢uabTpe
NPOMbIIM  AUCTUNANMPOBAHHOM Bogok Ao pH=7.
®PunbTpaT NPO3pPayHbIi  TEMHO-KOPUYHEBOTO LBETA,
KeK — YyepHoro upeTa. U3 dpunbTpaTta yepes HekoTopoe
BPeEMA BbIMa/l TOHKOAMCMEPCHbI OCagoK Ceporo
LBETa, KOTOPbI OTOUALTPOBAAN, NMPOMbLIM BOSOW U
BbICYLUM/IM 0 NOCTOsIHHOrO Beca npu 105 °C (pucyHoK
4). LigeT ocagKa nocne BbICYLUMBAHWUA COXPAHWUICA, HO
€ro YacTuubl chOpPMMPOBANUCL B IEFKO PACcTUpPaeMble
KOHrIoMepaTbl. Pe3ynbTatbl aHAaAM30B NpeaCcTaB/eHbI
Tabnvue 3 1 Ha pUcyHke 5.

PucyHok 4 - Ocagok uns ¢unbTpata

20, rpazg
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Kak BMAHO U3 Tabnaumubl 3, pacTBOPOM cy/bduTa
HaTPUA N3 KOHLLEHTPATa B PacTBOp M3BseKaeTca 76,84
% ceneHa (68,8 % B BUAE pacTBOpMMON conun 1 8,04 %
B BUAE 3/IEMEHTHOIO), @ CBMHEL, N PTYTb MPAKTUYECKU
nosiHoctblo (> 99 %) ocratoTcA B KeKke. B Keke no
OaHHbIM PDA copeprkatca OBa BewecTBa CesieHa:
3/1eEMeHTHbIN oAHol  moauduKaumm (37,2 %) wn
cenennp, prytm (42,6 %). WM3-3a He3HaUUTENbHOIO
KOo/M4ecTBa CBUHUQA B Keke PPA He obHapyun ero
coeamHenua. OagHako MK-cnekTpockonus, Kak bosee
YYBCTBUTENbHbIA METOZ MO CpaBHeEHUIO C POA,
3admKeposana rpynny SO.* (1101 cm? [26, 28)),
KOTOPYHO MOYKHO OTHECTU K cynbdaTy CBMHLA (pUCyHOK
5B), HO rpynn ceneHa He BbifiBMNA. Takum obpasom, B
KEeKe OT BbllLEeNa4YMBAHNA CENEHOBOr0 KOHLEHTpAaTa
cogep)atcA B OCHOBHOM HgSe, Se M B 04eHb
He3HaunTelbHOM KosindecTse PbSQO,.

CeneH B ocagke (copeprkaHue 86,99 mac. %,
Tabsmua 3) no AaHHbIM PDA (prcyHoK 56) HaxoauTcs B
AByx ero moamndukaumii: Se (74,4 %) n Segn (21,9 %).
Hannune cynbduta HaTpuA obbACHsEeTCA
HEeA0CTaTOMHOM OTMbIBKOM OCagKka oOT pactsopa. MK-
CMeKTP OcCaZKka He NpUBOAMTCA: He 3adpUKCMPOBAHO
ceneHcoaepKaLmx rpynn.

6 .- Se

-Se, syn

- Na,S0,

20 30 40 50 60 70 80

1000 500
Bomrogoe uriemo, el

PuUcyHOK 5 - [ndpakTorpammsl: Keka 5a, ocagra 56; MK-cneKkTp Keka 58

Ta6nuua 3 - [oBeaeHMe CBUHLA, CeneHa u pTyTu Npu BbllenauymMBaHNN CeNeHOBOro KOHUeHTpaTa CYJ'IbeVITOM HaTpuA

PacTtBop Kek

KOHUeHTpauuma, r/am? nssneyeHune, % cogepxaHue, mac. % nssnedyenue, %

Pb | se | Hg | Pb | se | hg | ™™ %% ["pb | se | Hg | Pb | se | Hg

KoHueHTpaT
041 [59,16 [154 |
PactBop cynbduTa HaTpms
0,004 | 81,4 [ 0,012] 048 | 6838 |0,04]
Kek
| 46,72 | 0,88 | 29,56 | 32,8 | 99,07 | 23,34 | 99,51
OcapoK 13 punbrpata

| 536 | 003 869 ] 016 | 037 | 804 | 0,05




KomnnekcHoe Wcnonb3oBaHne MuHepanbHoro Coipbs. Ned (315), 2020

ISSN-L 2616-6445, ISSN 2224-5243

Mepexon ceneHa B pacTBop, O Yem
CBMAETENbCTBYET €ro KOHLUEeHTpauus B pacTBope
(81,4 r/gm3), obycnosneH B3aMMoAeNncTBMEM
31eMEHTHOTO cefleHa € CcynbGUMTOM HaTpusa Mo
peakuuu [19]:

Se + Na;S03¢>Nay5eS0s (1)

Peakuus obpaTtumas: npwu BbICOKMX
Temnepatype W KOHUEHTpauuu cynbduta HaTpuA
peaKkuua CcABMHYTA BMPABO, MPU CHUMMKEHUU 3TUX
napameTpos B/1eBO. [103ToMy N0 Mepe OxNaxKaeHNA
pacTBopa M3 HEro W BbiMasl YaCTUYHO 3/IEMEHTHbIN
CeneH.

Takum obpasom, cynbdUToM HaTpus B
YCNI0BUAX MPOBEAEHUA 3KCNEepUMEHTa B pPacTBOP
CENEeKTUBHO W3BJIEKAETCA TO/IbKO 3/1E€MEHTHbIN
CeneH, W3B/IeYEHME KOTOPOro M3 KOHUEHTpaTa
coctaBuio bonee 76,7 %, ns wnama — 75,3 %.
Bbixog, KeKka OT wnama coctasun 9,69 %, ceneH B
KEeKe OCTaeTcs B BUAE Ce/leHnaa PTYTU U YaCTUYHO B
BUAE 3NEMEHTHOTO.

N3BneyeHne ceneHa W3 KOHUEHTpaTa B
pacTBop Npu  BblWeNAYNMBAHUN  TUAPOKCUAOM
HaTpua B aBTOK/AaBax. YCNOBMA NpoBeAeHMA:
KOHLEHTpaLMA pacTeopa rmgpokcmaa Hatpua - 50 n
200 r/am3, T:XK=1:7, Temnepatypa - 230 °C, Bpems 7 u.
Mynbna B oboux cnyyanax ¢uAbTpPoBanacb OYEHb
megneHHo. Punbtpatbl —  MYTHble, TEMHO-
KOPMYHEBOrO LBeTa. Bna)kHble Kekn — TemHo-
cepble; cyxme — yepHble. Co BpemeHem M3 0bomx
$MAbTPATOB BbIMNAAM OCaAKM Ceporo LuBeTa, HO
duAbTPaTbl OCTaBa/MCb  MYyTHbIMU. BblaenuTb
0CagKkn ounbTpaumen Uan LeHTPUdYrMpoBaHUeM
He nojay4ynnocb. M3 NpomBOZ OT NMPOMBIBKM KEKOB
TaKXKe BbiNa/M 0OCafAKM, HO pa3HOro LBeTa:
KopuuHesblt (50 r/am3 NaOH), B3Becb KpacHoro
useTa (200 r/gm3 NaOH). BO3HMKAW TPYAHOCTM M
npuM aHanM3e KOHTPONAMPYEMbBIX 3/EMEHTOB B
pactBopax. [o3Tomy 6bI1I0 NPUHATO pelleHue
BbIMapUTb no 50 cmd $unbTpaTos,
HEeMNTPaAZIM30BaHHbIX CONMAHOM KUCAOTON, A0 CYyXOro
coctoaHusa (panee: conu). Conu B3BECUMAM MU
NnoAroToBMAW ANA YCTAHOBJIEHUSA 3/IEMEHTHOIO MU
BELLECTBEHHOrO COCTaBOB. M3BneyeHMe B pacTBop
CeneHa, CBMHLA M PTYTU AAOTCA TOJIbKO MO KeKam
(tabnuua 4).

M3 Tabnuubl 4 BWAHO, 4YTO TULPOKCUAOM
HATPUA B PacTBOP M3BNEKAOTCA CBUHEL, U Ce/eH, a
PTYTb MPaAKTUYECKM MNOJAHOCTbIO OCTAaeTCA B KeKe.
KOHUEHTpaUMA 3TOro peareHTa CKasblBaeTCA Ha
BbIXO4E KEeKOB W WX BeLLeCTBEHHOM COCTaBe
(pycyHkM 6a un  66); cTeneHM M3BEYEHMUN
3/IeMEeHTOB, Nepelweawunx B pacTtBop. Tak, C ee
NnoBbILIEHMEM COKpalllaeTca Bbixog, Keka (39,03 u

22,67 %) n copepxaHue cenenHa (42,91 u 27,01
mac.%), HO YBE/NIMYMBAETCA COAEpPrKaHME CBMHLA
(0,39 n 0,46 mac.%), ptytn (39, 28 n 67,64 mac. %).
N3BneyeHMe B  pacTBOp M3  KOHLEHTPaTa,
paccynTaHHOe NoO Keky, coctasuno, %. 63,22 u
74,88 Pb, 71,69 1 89,65 Se, 0,43 n 0,44 Hg.

MAOpoOKCMAOM HaTpUA U3BJIEKAETCS TOJIbKO
3/IEMEHTHbIN CeNeH, ceneHug pPTyTM, KOTOPbIA
HE3aBUCMMO OT €ro KOHLEHTPauuu OocCTaeTcs B
KeKax, 4YTO XOpowo cornacyerca C AaHHbIMU
Tabnumubl 4 n noateepkaaercs POA (pucyHok 6a u
66) Mpuuem ceneH U3BNEKAETCA M3 KOHLEHTpaTa
MPaKTUYECKNM  MNONAHOCTbIO  TOJbKO  PacTBOPOM
rMAOPOKCMAA HaTpUA C KOHUeHTpaumeii 200 r/om3. B
KeKe, KakK BMAHO W3 pPUCYHKa 66, ocHoBHOE
coegMHeHue - ceneHung pTyTm, Ho o6pa3oBanoch U
HoBoe coeguHeHue - NasHg(SeOs)s. Mo gaHHbIM UK-
CNeKTpocKonun B 0BOMX KeKax OTCyTCTBYOT
cefeHcoAeprKallmMe rpynnbl, NOTOMY CMEKTPbl He
npuBOAATCS.

B consax no aaHHbIMm P®J1, cogepartca, mac. %:
25,7 Cl, 19,2 Na, 17,1 Se, 6,8 Si, 0,34 Mg, 0,42 S,
0,341, 0,02 Te, 0,035 K, 0,01 Ni, 0,035 Cu, 0,05 Zn,
0,02 Hg un Pb. Cogep:kaHMe 3N1EMEHTOB B CONSX,
noaTBep:KAaeT MU3BJIEYEHUE W3 KOHLUEHTpaTa B
pacTBOp CeNfeHa M CBMHUA. A TaKKe U KpemHus,
KOTOpbIn ecTb M B wname (1,87 mac. %) wu
KoHueHTpaTe (5,83 mac. %). B 3aBucumoctn ot
KOHUEHTPAUUN TUAPOKCHMAA HATpUA copdepkaHue
KpemMHUA B KeKax CHU3unochb ¢ 5,83 oo 3,62 mac. %
(50 r/am3®) n po 0,35 mac. % (200 r/gm®). Mo
OaHHbIM  POA B conax (pucyHkm 66 u  6r)
OCHOBHbIMU  COEAMHEHUAMM ABAAKOTCA  XJ0PUA
HaTpua (71,86 u 45,94 %) n aneMeHTHbII ceneH
(28,14 n 54,06 %). B otanune ot POA metogom UK-
CNeKTpockonun  (pucyHok  7)  obHapyKeHbl
opraHuyeckume coeguHenus: CioH16N2Os (1417,
1340, 473 cm?t), CioH16N,0gNag (1417, 1340, 1322,
941, 775 cm?) [33]), cynbdaT-moH (1101, 619 cm?
[26, 28]) u npeanonoxutenbHo SiO,enH,O (1101,
473 ecm* [31, 33]).

XMMUYECKUIA COCTaB pPacTBOPOB Ob6BACHAET
NAoXyto GUNLTPALMIO PAaCTBOPOB Ha/IMYMEM B HUX
KONIONAHOM KPEeMHEBON KUCNOTbl U KOPUYHEBDIN
LBET — CONen HaTpuA rymmHoBbIxX Beulects (I'B). B -
MHOTOOCHOBHbIE KUCNOThI, coaepxauime
KapboKCUNbHbIE, TMAPOKCUAbHbIE, KapbOHUNbHbIE,
a3oT U cepocoepKaluue rpynnbl B YrasxX U Apyrux
NpUpoaHbIX obbekTax [34]. Hanuume conmn Hatpus
B B pacTBOpax 0OYyCAOBNEHO B3aMMOAENCTBMEM
yraa ¢ ruapokcMaom Hatpua [35], a nocne ux
HelTpanusaumm obpasyetca Kucaota CioHieN20s
(3TMNneHaMamMHTETPAYKCYCHasA KMCaoTa) U
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PuUcyHOK 7 - K- cnektpbl coneli (a— 50 r/am3 NaOH, 6 - 200 r/am3 NaOH)

Tabnuua 4 - Coaep:aHue CBMHLA, Ce/IeHa U PTYTU B KOHLEHTPATEe U KEKax U CTENEHW UX U3BNeYeHUA

MpoaykT BbIXOfI, CoaepkaHune , mac.% M3BneyeHue B KekK, % ;aenequme B PacTBop o Kewy,
kexa,% Pb | se | Hg Pb | se | Hg Pb | se | Hg
KoHueHTpaT
|041 59,16 1540 |

KoHueHTpauua rmuapokenaa Hatpua - 50 r/am3
Kek-1 | 39,03 |039 [4291 [3928 [3668 |2831 9957 [6322 [71,69 |0,43

KoHLeHTpauma ruapokcnaa Hatpua - 200 r/gm3
Kek-2 | 22,67 |o46 | 2701 |6764 |2512 [1035 [99,56 | 74,88 [89,65 | 044
Ci0H1aN20sNa; (amHaTpuesasn CONb HaTpuA. OgHaKo No AaHHbIM POA aHanmza B consax,
3TUNEHANAMUHTETPAYKCYCHOM KUCIOTbI). NOJIly4YeHHbIX BbINApMBaHMWEM pPaACTBOPOB, 3TU COMMU

M3 conoctaeneHuss gaHHbix PPA  un UK-  OTCYTCTBYIOT, €CTb 3/1IEMEHTHbIN CeneH (PUCyHoK 6B 1
CMEKTPOCKOMUM MMAPOKCMAOM HATPUA U3 KOHLEHTpaTa  6r). OueBMAHO, W3MEHeHMe YCIoBWUIA MNpUBENO K
B PacTBOpP WM3B/IEKAETCA 3/IEMEHTHBIN CeNeH U CBUHeL,  TpaHchOopMaLUMKM CeneHa, COAEPrKALLEeroca B CONAX, B

no peakumam [36 - 38]: 3/1IEMEHTHOe COCTOSIHME, TaK Kak peakuus (2)
obpatnma.

3Se + 6NaOH <= 2Na,Se + Na,SeOs + 3H,0 (2) Takum obpazom, aBTOKNABHbIM
BbllLleNaYnBaHneM KOHLEHTpaTa PacTBOPOM

PbSO,4 + 4NaOH <= Nay[Pb(OH).] + Na,SO4 (3) rMAPOKCUAA HaTpMA (He 3aBUCMMO OT CoAepyKaHus) B
pacTBOpP W3B/IEKAIOTCA 3/IEMEHTHbIA CeneH, CBUHEL,

PbSO,4 + 3NaOH <= Na[Pb(OH)s] + Na,S0O4 (4) KPeMHUA W TYMMHOBble BellecTBa. M3BneyeHue

ceneHa u3 KoHueHTpata (200 r/am3 NaOH) coctasuno

B cooTBeTcTBMM C peakumelt (2) B3aumogencteue 89,65 %, 13 wiama — 88,06 % %; BbIXOZ KeKa OT Liama
3/IEMEHTHOro cefieHa npoTeKaeT ¢ obpasoBaHMem  coctaBun 4,7 %. CeneH B KeKe OCTaeTca B BuUAe
XOPOLUO PacTBOPUMbIX CONEN ceneHmaa U cenenuta  cynbdumaa ptyt. O4HAKO MpU BbICOKOM W3BEYEHWUU
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CefleHa M3 Waama B PacTBop 3TOT cnocob obnagaer
CYLLLECTBEHHbIMM HeAoCTaTKaMM: C/IOXKHas
annapaTypa, TPYAHOCTb ee O6C/Ny:KMBaHUA, Noxas
buNbTPauMA Ny/bMbl, CIOXKHbIA COCTaB pacTBopa Ans
OanbHenwwel ero nepepaboTKu.

BbiBOAbI

MpoBeaeHbl YKPYMHEHHO nabopaTtopHble
MCMbITaHMA NOMYYEHUA CEIEHOBOrO KOHUEHTpaTa u3
LW1aMa CEPHOKUC/IOTHOTO Uexa banxalwckoro megHoro
3aBoAa. NocneposaTenbHbl BbilENAYMBAHMEM LIAAMA
pactBOpamun KapboHaTa HaTpuA, a30THOW KWUCNOTbI
nepepabotaHo 2,4 Kr cyxoro Lwjiama, CoAeprKallero,
mac.% 51,17 Pb, 12,5 Se, 3,21 Hg; nonyyeHo 0,42 kr
Ce/IeHOBOro KOHLEHTpaTa coctasa, mac %: 0,41 Pb,
59,16 Se, 15,4 Hg. MNokasaTtenn,%: BbIXO4 KOHUEHTpaTa
—20,74; n3eneyenue : 0,81 Pb, 98,23 Se, 99,5 Hg.

M3 KOHUEHTpaTa, COAEPMKALLEro 3/IEMEHTHbIN
CeNleH U CefeHng, PTyTH, pacTBopamu cynbduta U

rMOPOKCMAQ  HaTpuA  BbllLE/IAuMBAETCA  TOJIbKO
3/1eMEeHTHbIN CeneH.

MoKasaTenM  BbIWENAYMBAHUA  KOHLEHTpaTa
pactBopom cynbduTa, %: BbIXOA Keka — 46,72;

u3B/ieyeHme B pacteop: 76,84 Se, 0,48 Pb, 0,04 Hg. Co
BPEMEHEM M3 PacTBOpPa 3/IEMEHTHbIN ceneH (8,04 %).
OTW e MNOoKasaTenn OTHOCUTENbHO LWAama,%: BbIXOA

Keka — 9,69; nssneyeHune B pacrsop: 75,48 Se, 0,004
Pb, 0,04 Hg.

MNMoKasaTenu aBTOKNABHOrO  BbILLLENAYNBAHUA
KOHLIEHTpaTa pacTBOpOM ruapokcuaa Hatpua (200
r/am3), %: BbIXoA, Keka — 22,67; U3BnedyeHUe B pacTBop:
89,65 Se, 74,88 Pb, 0,44 Hg. 371 ke noKasaTenu
OTHOCUTENIbHO WNama, %: BbIxog Keka — 4,7;
nsBneyeHne B pacteop: 88,07 Se, 0,6 Pb, 0,43 Hg.
OAHaKo 3TOT MEeToh, M3-3a C/IOXKHOM KOHCTPYKLMSA
annapatypbl, TPYAHOCTM ee 0OCNYKMBAHMSA, MNJIOXOM
$unbTpauma nynbnbl, CI0XKHOMO COCTaBa pacTBopa A1
JanbHenwein nepepaboTKM, HECMOTPA Ha BbICOKME
TEXHOJIOTMYECKME MOKa3aTeNn, He npuemaem pans
peannsaumm Ha NpPaKTUKe.

Paboma  ebinonHeHa  npu  ¢uHaAHcoeol
noodepike Komumema Hayku MuHuUcmepcmea HayKu

u obpaszosaHua  pecnybauku  KazaxcmaH o
npoz2pamme «Paspabomka u peanuzauus
UHHOBAUUOHHbIX — mexHoso2uli, obecrieyusaroujux

rosbiweHue u3eneveHuss UsemmHsix, 6/1020p00HbIX,
peoKux, pedKo3eMesibHbIX Memansao8 U pewieHue
rpou3800CcMBeHHbIX 300a4 MPOMBbILUSIEHHbIX
npednpusamuli Pecriybauku KazaxcmaH Ha 2018-2020
200b1»

KoHpnmkr uHTepecos. OT MMeHM BCeX aBTOPOB
KOPPECNOHAEHT aBTOP 3afAB/AAET, 4YTO KOHOAMKTA
WHTEPECOB HET.
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ABSTRACT

The article presents the results of large-scale laboratory tests of obtaining selenium concentrate from

the slime of the sulfuric acid workshop (hereinafter: slime) of the Balkhash copper smelting plant and

the extraction of selenium from it into solution. This slime, in contrast to similar slime from non-

ferrous metallurgy plants, significantly differs in chemical and material compositions, especially in the

selenium content (4.6 - 12.5 wt.%). Involving it in the production sphere will increase the production
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of selenium by more than 20% from that obtained by the plant from copper electrolyte slime. The
slime is washed with water to remove sulfuric acid, dried at 105 ° C. Selenium concentrate was
obtained by sequential leaching of slime with solutions of sodium carbonate and nitric acid, selenium

from the concentrate was leached with solutions of sodium sulfite (atmospheric pressure) and sodium

hydroxide (high pressure, autoclave leaching). Slime, concentrate, cakes, precipitates isolated from

solutions, and solutions were analyzed using modern devices of a new generation: An Optima-8300
inductively coupled plasma spectrometer, an Axios X-ray fluorescence spectrometer, an Optima 2000

atomic emission spectroscope, a D8 Advance diffractometer, a D8 Advance infrared spectrometer

Avatar 370. From the slime containing, wt. %: 51.2 Pb, 12.5 Se, 3.21 Hg and other elements, a
selenium concentrate was obtained with the composition, wt. %: 0.41 Pb, 59.16 Se, 15.4 Hg. The
technological indicators for obtaining a concentrate are given, %: concentrate yield - 20.74, Pb
recovery - 0.81, Se - 98.23, Hg - 99.50. According to XRD and IR spectroscopy, the concentrate contains

elemental selenium and mercury selenide from 10 selenium substances contained in the slime (given



mailto:a_sharipova@mail.ru
mailto:a.zagorodnyaya@satbayev.university

Complex Use of Mineral Resources. Ne4 (315), 2020 ISSN-L 2616-6445, ISSN 2224-5243

in the article). The extraction of selenium from the concentrate into the solution was, %: sodium
sulfite - 76.84, sodium hydroxide - 89.65. The pulp from opening the concentrate with sodium
hydroxide solution was filtered very poorly. The filtrates contained a colloidal suspension, which could
not be filtered off either under vacuum or centrifugation. Therefore, to determine the qualitative and
material composition of the filtrates, salts were obtained by evaporating a certain and then
neutralized volume to dryness. It was found that only elemental selenium is leached from the
concentrate by solutions of both reagents, while mercury selenide remains in the cakes. Moreover,
over time, elemental selenium partially precipitated again from selenium-containing sodium sulfite
solutions; the salts contain only elemental selenium. An explanation is given for the transition of
soluble selenium salts to its elemental state. Despite the higher recovery of selenium from the
concentrate by leaching in autoclaves, taking into account the equipment, the complexity of its
maintenance, filtration of the pulp and the chemical composition of the filtrate, it is preferable to use
the method of leaching with sodium sulfite.

Keywords: slime, selenium, lead, mercury, concentrate, leaching, nitric acid, carbonate, sulfite, and
sodium hydroxide.
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TYRIHAEME

Makanaga bankal Mbic 3aybITbIHbIH, KYKIPT KbILKbI/bI LEeXbIHbIH, WAaMbIHaH (api Kapaii: waam) ceneH
KOHLLeHTPaTbIH KaHe OHAafbl epiTiHaigeH ceneHai 6enin anfaHmafbl ipineHAipinreH-3epTxaHanbik,
CbIHAKTbIH, HaTMXenepi KenTipingi. Byn WAamHbIH TYCTi MeTasNyprua 3aybITTapbiHbIH, WAAMAAPbIHAH
XUMUSAbIK KOHE 3aTTblK Kypambl ¥KafblHaH, acipece ceneHHiH, yneci 6ombiHwa (4,6 - 12,5 mac. %)
avibipmalubinbiFbl 6ap. Byn waamabl eHAipicke KaTbICTbipaTbliH 60CAK, 3aybITTbIH, MbIC 3/1€KTPOUTTI
WAamMblHA KapafaHAa, CeNeHHiH Wwoifapbinybl 20%-AaH aca Kofapblnanapl. LUnam KyKipT KblLWKbIIbIHAH
CYMEH 3Kybl apKplibl 6eniHegi, oaaH api 105 °C kenTipinedi. CeneH KOHUEHTpaTbl Waamabl HaTpuit
KapbOHATbIHbIH, }KaHE a30T KbILWKbIIbIHbIH, epiTiHAINepiMEH Ke3eK Kes3eK Wwaimanay apKblabl anbiHAb,
KOHLLEHTPATTaH cesieH HaTpuit cynbduTi (aTMocdepasnblk KbiCbiM) XaHe HaTPUIN rMA0KCUAI (KoFapfFbl
KbICbIM, aBTOKNaBTbl LWaimanay) epiTiHainepimeH wWwarmanay apkpiabl anbiHabl. UHAYKTUBTI-
6ainaHbiCKaH nnasmarnbl aTOMAbIK-3MUCCUOHABIK, CNeKTpomeTp Optima-8300,
peHTreHodpNyopecLeHTTbl TOKbIHABI-AUCNEePCUOHAbI CNEeKTpomeTp AXios, aTomabl — 3MWUCCUOHAbI
cnektpockon Optima 2000, gudpaktomeTp D8 Advance, MK — ®ypbe cnekTpomeTp Avatar 370 cuAKTbI
KaHa 3amaHayu KOHAbIpFblNapAbl NaiganaHy apkplibl epiTiHAiAeH 6GeniHreH LWaam, KOHUEHTparT,
cy3iHaj, TyHba XaHe epiTiHaj TangaHapl. Maccanblk yneci: 51,2 Pb, 12,5 Se, 3,21 Hg »aHe 6ackaga
anemeHTTep 6ap WnamHaH, mac. Kypambl, %: 0,41 Pb, 59,16 Se, 15,4 Hg ceneH KOHLEHTPaTbl afblHAbI.
ANbIHFaH KOHLLEHTpATTafbl TEXHONOTUANBIK KepceTKiwTep MblHadan 6onapbl, %: KOHLEHTPaTTblH,
WwhbifbiMbl - 20,74, 6enin anbiHybl Pb - 0,81, Se - 98,23, Hg - 99,50. KoHueHTpaTtTa MK-cnektpockonus
aHe POT KepcetkiwTepi 6oibiHWa, ceneHHiH, 10 3aTbiHaH wWaamaa (Makanaga KenTipinre)
3/1EMEeHTTi CeNeH MeH CbiHan ceneHunai Kanapl. KOHUEHTpaTTaH ceneHHiH, epiTiHgire 6eniHyi: HaTpui
cynbdutimeH - 76,84 % Abl, HaTpuii ruapokcuaimeH - 89,65 %-abl Kypagpl. KOHLEHTpaTTaH HaTpuii
r'MAPOOKCUAI epiTiHAICIMeH anblHFaH KoWbipTnak (nynbna) ete Hawap cysingi. Cysrige (dunbtpae)
Konnoug TypiHaeri KysriH OonfaHAbIKTaH, ON BakKyyMMeH Je, LUeHTpdyrameH ae cysinmeg,.
COHZAbIKTaH, Cy3iHAIHIH cananblK ¥aHe 3aTTblK KYPaMbIH aHbIKTay YLWiH Ty34ap anblHAbI, COAAH KeWiH
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onap 6enrini 6ip menwepae 6ynaHabIpbIn, codaH KeliH onap berTapanTaHAbIpblibin Kenemi Keby
AeHreliiHe aeWiH XeTkisingi. Eki (Koc) peareHT epiTiHAiNEPIMEH KOHLEHTPATTaH TeK 3N1EMEHTTi cenex
WwarmanaHagbl, an CbiHan ceneHnai cysiHgige Kanagpl. CoHpai-ak, HaTpUi  CynbOUTIHIH,
ceneHkypamabl epitiHginepiHeH 6ipas yakbiTTaH KeliH KalTafaH 3N1eMEHTTIK cefieH TYHAbIPbIAAbI, an
Ty34apAa TeK 3/eMeHTTiK ceneH 6onaapl. EpuTiH ceneH Ty3gapbl GipTiHAEN OHbIH, 3N1EMEHTTIK KyWire
ayblcaTblHAAFbl Kalnbl TyciHikTeme 6epingi. Kypan-»abablKTbl, OHbl KYTiM yCTayAblH KypAeniniriH,
KOMbIPTNaKTbl Cy3yAi KoHe OUAbTPATTbIH, XMMMUANBIK KYPamblH €CKepe OTbIpbif, aBTOKNaBTapAa
epiTiHAiNey apKblabl KOHUEHTpATTaH ceneHHiH, 6eniHyi »Kofapbl GONFaHbIHA KapamacTaH, HaTpuii
cynbdUTIMEH epiTiHAiNey a4icCiH KoNgaHfFaH aypbic.

TyliiH ce30ep: Wwnam, ceneH, KOPFacblH, CbIHaN, KOHLEHTPAT, epiTiHAiNey, a30T KbIWKbIbl, KapboHarT,
HaTPUIN CyNbOUTI MEH TMAPOKCUA,.

Aemopnap mypanel aknapam:
TexHUKa fblabIMOapbIHbiH, AOKMOPLI, MPOGeccop, CUpeK WallbipaHKbl 3nemMmeHmmep 3epMmxXaHacsIHbIH,

3azopodHsaa Anuxa HukonaesHa 6ac frulneimu Kbismemkepi, Satbayev University, Memannypaus #aHe KeH 6alisimy uHcmumymel,

050013, Shevchenko srt., 29/133, Aamamei, Kazakcmat, https://orcid.org/0000-0002-8252-8954, e-
mail: alinazag39@ mail.ru, a.zagorodnyaya@satbayev.university

LWapunoea AliHaw Cy2ypbexkosHa

TexHUKa FblabIMOAPbIHLIH KAHOUOAMSbI, CUPEK WAaWbIPaHKbI 31eMeHmmep 3epmXxaHacbiHbIH aFa
FbIALIMU Kbi3MemKepi, Satbayev University, Memannypaus xaHe keH 6alisimy uHcmumymel, 050013,
Shevchenko srt., 29/133, Aamamel, KazakcmaH, https://orcid.org/0000-0002-

2618-9521, e-mail: a_sharipova@mail.ru;

JluHHUK KceHusa AnekcaHOposHa

Mazucmp, cupek WawWbIPaHKbl 37eMmeHmmep 3epmxaHacbiHbiH UHMeHepi, Satbayev University,
Memannypaus xaHe KeH 6alibimy uHcmumymsl, 050013, Shevchenko srt., 29/133, Anmamei,
Kasaxkcmat, https://orcid.org/0000-0002-0683-1409, e-mail: xenija_linnik@mail.ru,
k.linnik@satbayev.university

Py3axyHosa lanus CyneiimeHosHa

TexHUKa FolnbIMOapbiHbIH, KAHOUAamMel, hu3uKasnelk manday adicmepi 3epMXAHACbIHbIK MeH2epywici,

Satbayev University, Memannypaua xcaHe KeH 6alisimy uHcmumymesl, 050013, Shevchenko srt.,
29/133, Anamameol, Kasakcmat, https://orcid.org/0000-0002-5843-662X, e-mail:
galiya_suleymen@mail.ru

Ccoblnka Ha OaHHYl0 cmameto: 3a20po0HAA A. H., WWapunosa A. C., /luHHUK K. A., Py3axyHosa I. C. lony4eHue u3 waama cepHOKUCAOMHO20

yexa banxawckozo medHO20 30800a CeneHOB020 KOHUEHMPAMA U u3sse4eHue U3 He2o cesaeHa 8 pacmeop // KomnaekcHoe ucnons3osaHue
MUHepasnbHo20 cbipbs = Complex Use of Mineral Resources = Mineraldik Shikisattardy Keshendi Paidalanu. -2020. Ned4( 315), cmp. 11-24.
https://doi.org/10.31643/2020/6445.32

Cite this article as: Zagorodnyaya A. N., Sharipova A. S., Linnik X. A., Ruzakhunova G. S. Polucheniye iz shlama sernokislotnogo tsekha
Balkhashskogo mednogo zavoda selenovogo kontsentrata i izvlecheniye iz nego selena v rastvor [Obtaining selenium concentrate from the
slime of the sulfuric acid workshop of the Balkhash copper plant and extracting selenium from it into solution]. Kompleksnoe Ispol’zovanie
Mineral’nogo Syr’a. = Complex Use of Mineral Resources = Mineraldik Shikisattardy Keshendi Paidalanu. - 2020. Ne 4 (315), pp. 11-24. (In Rus.).
https://doi.org/10.31643/2020/6445.32

(1]
(2]
(3]

4

(5]

(6]

(7]

(8]

Jlutepartypa

Linnik X. A., Amanzholova L. U., Sharipova A. S., Zagorodnyaya A. N. Balkhash copper-smelting plant sulfuric acid
workshop’s slime composition // Kompleksnoe Ispol’zovanie Mineral’nogo Syr’a. - 2017. - Ne 4. - P. 42 — 48.

3aropogHaa A.H. LLUnam cepHOKUCNOTHOrO Lexa banxalckoro meaennaBuabHOMO 3aBOAa — a/fibTEPHATUBHBIN UCTOYHMK
nosy4YeHus ceneHa Ha npeanpuaTnn // KomnaekcHoe Mcnoib30BaHMe MUHEpPanbHoro cbipba. - 2018. - Ne 4. - C. 46-54.
3aropogHsaa A. H., Abuwesa 3. C., lapunosa A. C., }ymabekos XK. . MoaynpombiluneHHble UCNbITaHUA COPOLMOHHON
TEXHO/IOMMU U3BIEYEHUA PEHUA U3 CTOYHbIX BOA, OT NPOMbIBKM METaNYPruyeckmx rasos banxalckoro meaHoro 3asoga //
LieeTHble meTannsbl. - 2016. - Ne 1. - C. 49-53. https://doi.org/10.31643/2018/6445.29

JinnHuk K.A., Wapunosa A.C., 3aropogHasa A.H., AmaHxonosa J1.Y., Akuynakosa C.T. CocTaB wWnama CePHOKUCAOTHOIO
uexa bBanxauickoro MmegennasunbHoro 3asoga // Tpyabl KonbcKoro HayyHoro ueHTpa PAH. Cepusa: Xumua u
maTepuanosegeHue. - 2019. - Nel (10). - Bein. 3. - C. 181-190.

Linnik X.A., Sharipova A.S., Zagorodnyaya A.N. A slurry emission off a pulp appeared after metallurgic gases wash of
balkhash copper smelting plant by spinning // Kompleksnoe Ispol’zovanie Mineral’nogo Syr’ya. - 2019. - Ne 2. - C. 5-13.
https://doi.org/10.31643/2019/6445.11

3aropogHaa A.H., JinHHuk K.A., Wapunosa A.C., Akdynakosa C.T. loArotoBKa LW/iamMa CEPHOKUCAOTHOMO Lexa
BaNXalCKoro MegennasuibHOrO 3aBoga A/ M3yYeHWs BELLEeCTBEHHOrO COCTaBa cesieHa // XvMudeckas TexHosnorus. -
2019.-T.-20.-Ne 10. - C. 462-468. DOI: 10.31044 / 1684-5811-2019-20-10-469-474.

3aropogHaa A.H., Wapunosa A.C., JInHHMK K.A. lynbna bBanxalcKoro CepHOKUCNOTHOrO MPOM3BOACTBA — LLEHHOe
TEXHOTEHHOE Cbipbe A/1A U3B/eYeHNA peHusa u ceneHa // Matep. XXIV Mexa,. Hay4HO-TEXH. KOHP. «HayuHble OCHOBbI U
npaKTUKa nepepaboTKu pya U TEXHOTEHHOTO Cbipbs». EKaTepuHbypr, 9-12 anpens 2019 . - C. 309-313.

Zagorodnyaya, A.N., Sharipova, A.S., Linnik, X. A, Amanzholova L.U. Selection of a reagent to separate lead and selenium
contained in the slime of the sulfuric acid workshop of Balkhash copper plant // International Journal of Mechanical and



mailto:a.zagorodnyaya@satbayev.university
mailto:a_sharipova@mail.ru
mailto:xenija_linnik@mail.ru
https://orcid.org/0000-0002-5843-662X
https://doi.org/10.31643/2020/6445.
https://doi.org/10.31643/2020/6445.32
https://doi.org/10.31643/2019/6445.11

Complex Use of Mineral Resources. Ne4 (315), 2020 ISSN-L 2616-6445, ISSN 2224-5243

Production Engineering Research and Development (IJMPERD). - 2020. — Vol. 10(2). - P. 1341-1352. DOI:
10.24247/ijmperdapr2020128

[9] Kacukos A. T., ApewunHa H. C. YTnamsaumsa n KomnaeKkcHaa nepepaboTka NpoAyKTOB M OTXOAO0B raso0YMCTKU MELHO-
HUKenesoro npounssoacTtea. Anatutel: UL, KHL, PAH, 2019. - 196 c. DOI: 10.25702/KSC.978.5.91137.410.

[10] ApewuHa H. C., Kacukos A. T., Manbw, WU. 3., KyaHeuos B. f. YTMAn3auma HEKOHAMLMOHHbIX CEPHOKMC/bIX PAaCTBOPOB U
MyNbM ra3004MCTKM KombBrHaTa «CeepoHukenb» OAO «Konbckas TMK» // LiseTHas meTanayprua. - 2008. - Ne 8. - C. 32—
38.

[11] KacukoB A. T., ApewuHa H. C., Manby W. . Pa3paboTka NpOLLECCOB YTUAM3AUMM U KOMMJIEKCHOW nepepaboTku
NMPOMMPOAYKTOB ra3’oo4uMcTKM megHoro npoussoactea OAO «Konbckaa TMK» // MHHOBaUMOHHbIE OOCTUMKEHMA W
peleHna O YCOBEPLUIEHCTBOBAHUA TEXHONOIMMYECKMX MPOLLECCOB HA NpeanpuaTUAX TOPHO-MEeTaslypruyeckoro
Komnekca: cb. ct. — CaHkT-lMeTepbypr, 2008. - C. 28-32.

[12] ApewwuHa H.C., Kacukos A.l., Manby, WN.3. M3yyeHrne noBeseHUA ceNeHa M OCMUA MPU IKCTPAKUMOHHOW nepepaboTke
pacTBOPOB razoo4ymCTKM KombuHata "CeepoHukenb" OAO "Konbckaa TMK" 1 onpegeneHve onTMMasbHbIX METOAOB
KOHLEHTPUPOBAHUA 3TUX 3/1emMeHToB. // B cBopHMKe: HOBble MNOAXOAbl B XMMWYECKON TEXHOMOMMW U NpPaKTUKa
NPYMEHEHMA NP OL,ECCOB IKCTPAKLMKN U copbUMnN. MaTepuanbl 1-0 HaydHO-NpaKTMYecKkoi KoHdepeHumn. 2009. - C. 32-34

[13] ApewwuHa H.C., Kacukos A.l., ManbL, WN.3. U3yyeHne BO3MOXKHOCTU NONYYEHUA AONOJHUTENBHOW CENIEHOBOW NPOoAyKLUn
M3 MPOMMPOAYKTOB W OTXOA0B MeELHO-HUKenesBoW TexHonormn [/ Bcepoccuiickas HaydyHas KoHdepeHuma c
MeXayHapoaHbiM ydacTvem. MccnepoBaHva M pa3paboTkM B 061aCTM XMMUKM U TEXHOMOTMKU  GYHKLMOHANbHbIX
maTepuanos. MaTtepuanbl HayuHo KoHbepeHumu. 2010. - C. 27-29.

[14] ApewwunHa H. C., Kacukos A. T., Manby, U. 3., 3eHKkeBuuy T. P. M3BneuyeHue ceneHa m3 NpoAyKToB rasooumctkn OAO
«Konbckaa TMK» // LiseTHble meTannsbl. - 2011, - Ne 11. - C. 62—-65.

[15] Kasikov A. G., Areshina N. S. New engineering solutions in utilization of gas purification products of the Kola MMC copper
process // Fundamental science and technology — promising developments. — North Charleston, - 2013. - Vol. 2. - P.
147-150.

[16] ApewwuHa H. C., Kacukos A. T., [porobyxckas C. B., Bonuek K. M. TmapomeTtannypruyeckas nepepaboTka ceneHoBbIX
KEeKoB MeAHO-HMKeNeBOoro Npoun3soacTtea // Xumunyeckas texHonorus. - 2013. - Ne 11. - C. 651-657.

[17] ApewwuHa, H. C., Kacukos A. I. BO3MOMHOCTM MONYyYEHMA [AOMNOJHUTENBHOM MNPOAYKUMM NPU peleHun npobaem
YTUAN3ALMU MefbCOLEPIKALLUX OTXOL0B M BO3BPATHbIX NMPOAYKTOB raso04vMCTKM Ha KombuHaTe «CeBepoHuKenb» OAO
«Konbckaa TMK» // CeBep 1 pbIHOK: GOpMMPOBaHME IKOHOMMYECKOro nopaaka. - 2014. - Ne 3. - C. 101-103.

[18] Kacukos A. T., ApewwuHa, H. C. K Bonpocy yTuaM3aumm pacTBOPOB CUCTEMbl OYMCTKWU MblNEra30BOro MOTOKa MegHo-
HUKenesoro npomssoactsa // Tpyabl XIV Bcepoccuickon HaydHOW KoHbepeHuun ¢ MexayHapoaHbiM yyacTUem
«PepcmaHoBCKas Hay4yHas ceccusa». (AnaTtuTel, 3—4 anpens 2017 r.). - 2017. - C. 380-382.

[19] Ywmrkumkos O. M., Cyactamsblii B. M. CeneH u cenenngbl M: Hayka, 1964. - 320 c.

[20] Kyapnasues A.A. Xumua n TexHonorma ceneHa u tennypa. M: Metannyprusa, 1968. - 339 c.

[21] TpeiiBep T.H., U.I'. 3aitueBa W.T., KocoBuesa M.M. CeneH 1 Tennyp. HoBaa TexHonorus nonydeHua n padmHnposaHuma. M.:
Metannyprua, 1977. - 296 c.

[22] Bacunbes B.T., OTBarnHa M.N. MpounsBoacTBO cepHOM KncaoTbl. M.: Xumus, 1985. - 383 c.

[23] MacTioruH C. A., HaboiueHko C. C. MepepaboTka MeLe3NeKTPONUTHBIX LLAAMOB: 3BOOUMA TexHoorun. // MeTannyprua
LBETHbIX meTannos. - 2012. - Ne 5. - C. 15-21.

[24] HaszapeHko U. U., Epmakos A. H. AHanuTuyecKkas xmmus ceneHa u Teanypa. Mocksa: Hayka, 1971. - 251 c.

[25] Powder diffraction file-2, release 2009. International centre for diffraction date.

[26] Nakomoto K. Infrared and Raman spectra of inorganic and coordination compounds: Part A: Theory and applications in
inorganic chemistry. New York: John Wiley and Sons, 2009. P. 419.

[27] CunbBepcTeitH P., Baccnep T, Moppun . CnekTpomeTpuyeckan MaAeHTUOUKALMA OpPraHNUYeckux coeanHeHnn. M.: Mup.
1977.-592 c.

[28] Farmer V. C. The Infrared spectra of minerals, Mineralogical society, 41 queen’s gate. London. 1974. - 539 p.

[29] KasuubiHa M. A., Kynnetckas H. B. MpumeHeHune Y-, K- n AMP-cnekTpocKonumn B opraHnMYeckoin xvumun, M.: Bobicwas
wKona. 1971. - 264 c.

[30] Bonbwakos I. @., Fnebosckas E. A., KannaH 3. I'. MHPpaKpacHble CNeKTpbl U PEeHTreHOrpamMmMbl FreTepoOPraHUYecKnx
coeanHeHunin, JleHnHrpag: Xmmusa. 1967. - 168 c.

[31] Moenke H. Mineralspektren, Acad. Verlag, Berlin, 1962, - 394 p.

[32] HR Minerals (600 spectra). Thermo Fisher Scientific Inc. for Nicolet FT-IR. 2008.

[33] HR Aldrich FT-IR Collection Edition Il (18454 spectra) Thermo Fisher Scientific Inc. for Nicolet FT-IR. 2008.

[34] Nonos A.N. TymnHOBbIe BelLecTBa: CBOMCTBa, cTpoeHue, obpasoBaHue. CMN6.: CaHT-MeTepbyprckuii yHusepcuteT, 2004, —
248 c.

[35] Kagpiposa A. B., Mapkabaesa A. I., Ewosa . T., Kaupbekos XK. K., Akbaesa [. H. UccnepoBaHve KaTanuTUYECKUX
CBOWCTB FYMMHOBbIX KUCIOT B PEaKUMAX XUAKOPA3HOro OKUCAeHWUA cynbduta HaTpua // BecTHUK KemepoBsckoro
rocyaapcTBeHHoro yHmeepcuTerta - 2013. - Ne 3 (55). - T. 3. - C. 82- 87.

[36] 3ennkman A.H., KopwyHos B.I'. MeTannyprua pegkux metannos. M.: Metannyprua, 1991. - 432 c.

[37] PromuH A.N., MupoHkuHa H.B. UccnepgoBaHMe KUMHETUYECKMX 3aKOHOMEPHOCTEW PacTBOpeHMs cynbdaTta CBUHLA B
pacTBopax xnopuaga v rugpokcuaa Hatpua // Journal of Siberian Federal University. Engineering & Technologies 2013. -
Ne 3. - C. 450-454.

[38] NuawmH P.A., Monouko B.A., AHgpeeBa J1./1. HeopraHmyeckas xumus B peakuusax. CnpasoyHuk. M.: ipoda, 2007. - 637.c



https://www.elibrary.ru/item.asp?id=38236897
https://www.elibrary.ru/item.asp?id=38236897
https://www.elibrary.ru/item.asp?id=38236897

KomnnekcHoe Wcnonb3oBaHne MuHepanbHoro Coipbs. Ned (315), 2020 ISSN-L 2616-6445, ISSN 2224-5243

Reference

[1] Linnik X. A., Amanzholova L. U., Sharipova A. S., Zagorodnyaya A. N. Balkhash copper-smelting plant sulfuric acid
workshop’s slime composition // Kompleksnoe ispol’zovanie mineral’nogo syr’ya = Complex Use of Mineral Resources.
2017.Ne 4. P. 42 — 48. (in Eng.)

[2] Zagorodnyaya A. N. Shlam sernokislotnogo tsekha Balkhashskogo medeplavil’'nogo zavoda — al’ternativnyj istochnik
polucheniya selena na predpriyatii (Slime from sulfuric acid shop of Balkhash copper-smelting factory — alternative source
for production of selenium at the enterprise. Review) // Kompleksnoe ispol’zovanie mineral’nogo syr'ya = Complex Use
of Mineral Resources. 2018. Ne4. P. 46-54. https://doi.org/10.31643/2018/6445.29 (in Russ.)

[3] Zzagorodnyaya A. N., Abisheva Z. S., Sharipova A. S., Zhumabekov Zh. Zh. Polupromyshlennye ispytaniya sorbtsionnoj
tekhnologii izvlecheniya reniya iz stochnykh vod ot promyvki metallurgicheskikh gazov Balkhshskogo mednogo zavoda
(Semi-industrial tests of sorption technology for extracting rhenium from wastewater from washing metallurgical gases of
the Balkhash Copper Plant) // Tsvetnye metally = Non-ferrous metals. 2016. Ne 1. P. 49-53. (in Russ.)

[4] Linnik K. A., Sharipova A. S., Zagorodnyaya A. N., Amanzholova L. U., Akchulakova S. T. Sostav shlama sernokislotnogo
tsekha Balkhashskogo medeplavil’'nogo zavoda (Composition of sulfuric acid workshop's slime of Balkhash copper-
smelting plant) // Trudy Kol’skogo nauchnogo tsentra RAN. Seriya: Khimiya i materialovedenie (Proceedings of the Kola
Scientific Center of the Russian Academy of Sciences. Series: Chemistry and Materials Science). 2019. Ne 1 (10). Issue. 3.
P. 181-190. (in Russ.)

[5] Linnik X. A., Sharipova A. S., Zagorodnyaya A. N. A slurry emission off a pulp appeared after metallurgic gases wash of
balkhash copper smelting plant by spinning // Kompleksnoe Ispol’zovanie Mineral’nogo Syr'ya = Complex Use of Mineral
Resources. 2019. Ne 2. C. 5-13. https://doi.org/10.31643/2019/6445.11 (in Eng.)

[6] Zagorodnyaya A. N., Linnik X. A., Sharipova A. S., Akchulakova S. T. Podgotovka shlama sernokislotnogo tsekha
Balkhashskogo medeplavil’nogo zavoda dlya izucheniya veshchestvennogo sostava selena (Preparation of slime from the
sulfuric acid shop of the Balkhash copper-smelting plant for the study of the material composition of selenium) //
Khimicheskaya tekhnologiya = Chemical engineering. 2019. T. 20. Ne 10. P. 462-468. DOI: 10.31044 / 1684-5811-2019-20-
10-469-474. (in Russ.)

[7] Zagorodnyaya A. N., Sharipova A. S., Linnik X. A. Pul’pa Balkhashskogo sernokislotnogo proizvodstva — tsennoe
tekhnogennoe syr’e dlya izvlecheniya reniya i selena (Pulp of the Balkhash sulfuric acid production is a valuable
technogenic raw material for the extraction of rhenium and selenium) // Mater XXIV Mezhd. Nauchno-tekhn. Konf.
«Nauchnye osnovy i praktika pererabotki rud i tekhnogennogo syr’ya» (Mater. XXIV Int. scientific and technical. conf.
"Scientific foundations and practice of processing ores and technogenic raw materials."). Ekaterinburg, 9-12 aprelya 2019
g. P. 309-313. (in Russ.)

[8] Zagorodnyaya A. N., Sharipova A.S., Linnik X. A, Amanzholova L.U. Selection of a reagent to separate lead and selenium
contained in the slime of the sulfuric acid workshop of Balkhash copper plant // International Journal of Mechanical and
Production Engineering Research and Development (IIMPERD) 2020. P. 1341-1352. DOI: 10.24247/ijmperdapr2020128 (in
Eng.)

[9] Kasikov A. G., Areshina N. S. Utilizatsiya i kompleksnaya pererabotka produktov i otkhodov gazoochistki medno-
nikelevogo proizvodstva (Utilization and complex processing of products and waste gas cleaning of copper-nickel
production). Apatity: FIC KNC RAN, 2019. 196 s. DOI: 10.25702/KSC.978.5.91137.410. (in Russ.)

[10] Areshina N. S., Kasikov A. G., Mal’ts I. E., Kuznetsov V. Ya. Utilizatsiya nekonditsionnykh sernokislykh rastvorov i pul’p
gazoochistki kombinata «Severonikel’» OAO «Kol’skaya GMK» (Utilization of substandard sulfuric acid solutions and
slurries of gas cleaning of the Severonikel Combine, OJSC Kola MMC) // Tsvetnaya metallurgiya = Non-ferrous metallurgy.
2008. Ne 8. P. 32-38 (in Russ.)

[11] Kasikov A. G., Areshina N. S., Mal’'ts I. E. Razrabotka protsessov utilizatsii i kompleksnoi pererabotki promproduktov
gazoochistki mednogo proizvodstva OAO «Kol’'skaya GMK» (Development of recycling processes and integrated
processing of industrial products from gas cleaning of copper production at OJSC Kola MMC) // Innovatsionnye
dostizheniya i resheniya dlya usovershenstvovaniya tekhnologicheskikh protsessov na predpriyatiyakh gorno-
metallurgicheskogo kompleksa: sb. st. (Innovative achievements and solutions for improving technological processes at
enterprises of the mining and metallurgical complex collection of articles) — Sant—peterburg, 2008. P. 28-32. (in Russ.)

[12] Areshina N. S., Kasikov A. G., Mal’ts I. E. Izuchenie povedeniya selena i osmiya pri ehkstraktsionnoj pererabotke rastvorov
gazoochistki kombinata «Severonikel’» OAO «Kol’skaya GMK» i opredelenie optimal’nykh metodov kontsentrirovaniya
ehtikh ehlementov (Study of the behavior of selenium and osmium during the extraction processing of gas cleaning
solutions of the Severonikel plant of the Kola MMC and determination of the optimal methods for the concentration of
these elements) // V sbornike : novye podkhody v khimicheskoj tekhnologii i praktika primeneniya protsessov ehkstraktsii i
sorbtsii. Materialy 1-oj nauchno-prakticheskoj konferentsii. (New approaches in chemical technology and the practice of
using extraction and sorption processes. materials of the 1st scientific and practical conference) 2009. P. 32-34. (in Russ.)

[13] Areshina N. S., Kasikov A. G., Mal’'ts I. E. lzuchenie vozmozhnosti polucheniya dopolnitel’noj selenovoj produktsii iz
promproduktov i otkhodov medno-nikelevoj tekhnologii (Study of the possibility of obtaining additional selenium products
from industrial products and waste of copper-nickel technology) // Vserossijskaya nauchnaya konferentsiya s
mezhdunarodnym uchastiem. Issledovaniya | razrabotki v oblasti khimii tekhnologii funktsionakmnykh materialov.
Materialy nauchnoj konferentsii. (All-Russian scientific conference with international participation. Research and
development in the field of chemistry and technology of functional materials. Materials of the scientific conference.)
2010. P. 27-29 (in Russ.)



https://doi.org/10.31643/2018/6445.29
https://doi.org/10.31643/2019/6445.11

Complex Use of Mineral Resources. Ne4 (315), 2020 ISSN-L 2616-6445, ISSN 2224-5243

[14] Areshina N. S., Kasikov A. G., Mal’ts I. E., Zenkevich T. R. lzvlechenie selena iz produktov gazoochistki OAO «Kol’skaya
GMK>» (Selenium recovery from gas cleaning products of Kola MMC) // Tsvetnye metally = Non-ferrous metals. 2011. Ne
11. P. 62-65. (in Russ.)

[15] Kasikov A. G., Areshina N. S. New engineering solutions in utilization of gas purification products of the Kola MMC copper
process // Fundamental science and technology — promisingdevelopments. — North Charleston, 2013. Vol. 2. P. 147-150.
(in Eng.)

[16] Areshina N. S., Kasikov A. G., Drogobuzhskaya S. V., Volchek K. M. Gidrometallurgicheskaya pererabotka selenovykh kekov
medno-nikelevogo proizvodstva (Hydrometallurgical processing of selenium cakes of copper-nickel production) //
Khimicheskaya tekhnologiya = Chemical engineering. 2013. Ne 11. P. 651-657 (in Russ.)

[17] Areshina N. S., Kasikov A. G. Vozmozhnosti polucheniya dopolnitel’noj produktsii pri reshenii problem utilizatsii produktov
med’soderzhashchikh otkhodov i vozvratnykh produktov gazoochistki na kombinate «Severonikel’» OAO «Kol’skaya GMK»
(Opportunities for obtaining additional products when solving the problems of disposal of copper-containing waste and
returnable gas cleaning products at the Severonikel Combine of OJSC Kola MMC) // Sever i rynok: formirovanie
ehkonomocheskogo poryadka (The North and the Market: Forming the Economic Order). 2014. Ne 3. P. 101-103. (in
Russ.)

[18] Kasikov A. G., Areshina N. S. K voprosu utilizatsii rastvorov sistemy ochistki pylegryazevogo potoka medno-nikelevogo
proizvodstva (On the issue of disposal of solutions of the system for cleaning the dust and gas stream of copper-nickel
production) // Trudy XIV Vserossijskoj nauchnoj konferentsii s Mezhdunarodnym uchastiem «Fersmanovskaya nauchnaya
sessiya» (Proceedings of the XIV All-Russian Scientific Conference with International Participation "Fersman Scientific
Session"). (Apatity, 3-4 aprelya 2017 g.) 2017. P. 380-382 (in Russ.)

[19] Chizhikov D. M., Schastlivyj V. P. Selen i selenidy (Selenium and selenides). Moscow: Nauka, 1964. 320 p. (in Russ.)

[20] Kudryavtsev A. A. Khimiya i tekhnologiya selena i tellura (Chemistry and Technology of Selenium and Tellurium). Moscow:
Metallurgiya, 1968. 339 p. (in Russ.)

[21] Grejver T. N., Zajtseva I. G., Kosovtseva M. M. Selen i tellur. Novaya tekhnologiya polucheniya i rafinirovaniya (Selenium
and tellurium. New technology for obtaining and refining). Moscow: Metallurgiya, 1977. 296p. (in Russ.)

[22] Vasil’ev B. T. Otvagina M. |. Proizvodstvo sernoj kisloty (Sulfuric acid production). Moscow: Khimiya, 1985. 383 p. (in Russ.)

[23] Mastyugin S. A., Nabojchenko S. S. Pererabotka medeehlektrolitnykh shlamov: ehvolyutsiya tekhnologii (Copper
electrolyte sludge processing: technology evolution.) // Metallurgiya tsvetnukh metallov = Metallurgy of non-ferrous
metals. 2012. Ne 5. P 15-21. (in Russ.)

[24] Nazarenko I. I., Ermakov A. N. Analiticheskaya khimiya selena i tellura (Analytical chemistry of selenium and tellurium.).
Moscow: Nauka, 1971. 251 p (in Russ.)

[25] Powder diffraction file-2, release 2009. International centre for diffraction date. (in Eng.)

[26] Nakomoto K. Infrared and Raman spectra of inorganic and coordination compounds: Part A: Theory and applications in
inorganic chemistry. New York: John Wiley and Sons, 2009. P. 419. (in Eng.)

[27] Sil'verstejn R., Bassler T., Morril G. Spektrometricheskaya identifikatsiya organicheskikh soedinenij (Spectrometric
identification of organic compounds). Moscow: Mir, 1977. 592 p. (in Russ.)

[28] Farmer V. C. The Infrared spectra of minerals, Mineralogical society, 41 queen’s gate. London. 1974. 539 p. (in Eng.)

[29] Kazitsina L. A., Kupletskaya N. B. Primenenie UF-, IK- i YaMR-spektroskopii v organicheskoj khimii (Application of UV, IR
and NMR spectroscopy in organic chemistry). Moscow: Vysshaya shkola, 1971. 264 p. (in Russ.)

[30] Bol’shakov G. F., Glebovskaya E. A., Kaplan Z. G. Infrakrasnye spektry i rentgenogrammy geteroorganicheskikh soedinenij
(Infrared spectra and X-ray diffraction patterns of heteroorganic compounds). Leningrad: Khimiya, 1967. 168 p. (in Russ.)

[31] Moenke H. Mineralspektren, Acad. Verlag, Berlin, 1962, 394 p. (in Eng.)

[32] HR Minerals (600 spectra). Thermo Fisher Scientific Inc. for Nicolet FT-IR. 2008. (in Eng.)

[33] HR Aldrich FT-IR Collection Edition Il (18454 spectra) Thermo Fisher Scientific Inc. for Nicolet FT-IR. 2008. (in Eng.)

[34] Popov A. I. Guminovye veshchestva: svojstva, stroenie, obrazovanie (Humic substances: properties, structure, education.).
St. Petersburg: Sant-Peterburgskij universitet, 2004. — 248 p. (in Russ.)

[35] Kadyrova A. B., Markabaeva A. G., Eshova Zh. T., Kairbekov Zh. K., Akbaeva D. N. Issledovanie kataliticheskikh svojstv
guminovykh kislot v reaktsiyakh zhidkofaznogo okisleniya sul’fita natriya (Study of the catalytic properties of humic acids
in liquid-phase oxidation reactions of sodium sulfite) // Vestnik Kemerovskogo gosudarstvennogo universiteta = Bulletin of
Kemerovo State University. 2013. Ne 3 (55). T. 3. P. 82-87. (in Russ.)

[36] Zelikman A. N., Korshunov B. G. Metallurgiya redkikh metallov (Metallurgy of rare metals). Moscow: Metallurgiya, 1991.
432 p. (in Russ.)

[37] Ryumin A. I., Mironkina N. V. Issledovanie kineticheskikh zakonomernostej rastvoreniya sul’fata svintsa v rastvorakh
khlorida i gidroksida natriya (Study of the kinetic regularities of the dissolution of lead sulfate in solutions of sodium
chloride and hydroxide) // Journal of Siberian Federal University. Engineering & Technologies. - 2013. - Ne 3. - P. 450-454.
(in Russ.)

[38] Lidin R. A., Molochko V. A., Andreeva L. L. Neorganicheskaya khimiya v reaktsiyakh (Inorganic chemistry in reactions).
Spravochnik. Moscow: Drofa, 2007. 637 p. (in Russ.)

— 94 ——



KomnnekcHoe Wcnonb3oBaHne MuHepanbHoro Coipbs. Ned (315), 2020

ISSN-L 2616-6445, ISSN 2224-5243

M= Crossref
UDC 622.363.2; 622.648
DOI: 10.31643/2020/6445.33

@creative
commons

IRSTI 52.13.07

New solutions to the problems of stripping of ore bodies using inclined
workings driven downward in conditions of increased water cut

! Buktukov N.S., "* Gumennikov E. S., 2 Asanov A.A., : Mashataeva G. A.

1D. A. Kunayev Mining Institute, Almaty, Kazakhstan

2 Kyrgyz State University of Construction, Transport and Architecture n.a. N. Isanov, Bishkek, Kyrgyzstan

* Corresponding author email: gulzada_90_90@mail.ru

Received: 15 September 2020
Peer-reviewed: 21 September 2020
Accepted: 14 October 2020

ABSTRACT

The authors of this paper describe the face transport system that ensures the stripping of ore bodies
using the underground development method with inclined narrow workings driven downward, including
in conditions of increased water cut. The face transport system will allow the preparation of a new 500-
thousand-ton mine with minimum general construction and mining construction works as well. The
article contains an engineering study of the transition of the road heading to blastless continuous-flow
methods of rock development using hydraulic impulse or mechanical shock machines, which are under
development. For deep and ultra-deep developments starting from 250-300 m and deeper, a new
technical solution is given for the construction of a downhole mine airlift with the lowest capital and
operating costs and sufficiently high reliability and productivity. New technical solutions will ensure the
radical transition of the technological concept of mining production from the drilling-and-blasting cyclic
to blastless continuous-flow one.

Keywords: stripping of the deposit, inclined working, hydraulicimpulse gun, breaking, hydraulic pipeline,
air lift.
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Introduction

This research contains an engineering study of

Republic of Kazakhstan and the preservation of the
industrial potential of processing enterprises with
due account for the current trend of depletion of
large deposits.

transition of road heading to blastless continuous-
flow methods of rock development using hydraulic
impulse or mechanical shock machines, which are
under development. New rock cutting machines are
designed for blastless continuous breaking of hard
and hardest rocks right in the face [1, 2, 3, 4]. These
new tools give the opportunity to use the most
efficient and safe pipeline transportation on inclined
drives to deliver the developed rock from the face to
the surface [5, 6, 7]. The developed new technical
proposals and methods of mining operations are
aimed at technical and technological support of the
replenishment of the mineral resources in the

At the territory of Kazakhstan, mainly in
undeveloped areas, there are several thousands of
small gold, and rare metal deposits, which due to
their limited reserves, geological conditions of
occurrence, and the composition of useful
components are classified either as marginal or
unrecoverable ones.

One of the main tasks of the mining industry,
specializing mainly on hard ores and rocks, is the
technical and technological support of the transition
from cyclic technologies to continuous-flow ones
using new technical means that can make mining
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enterprises commercially more efficient [8, 9, 10,
11].

Over the past decades, the situation with the
replenishment of raw materials of the Republic of
Kazakhstan has significantly worsened. Mining of
numerous deposits with small or hard-to-recover
reserves using such traditional technologies as
drilling and blasting has practically no economic
prospects.

There arose a long-felt need for significant
modernization of the exploration, stripping and
development of polymetallic and other deposits.

Developing a face of inclined working

During several years the Mining Institute after
D.A. Kunayev has been searching for new
technological solutions to reduce the cost of mine
construction and, therefore, the mining cost. At the
same time, the emphasis is placed on the mining of
small deposits of valuable ores and metals that are
not yet developed.

This requires new technical solutions that
should significantly reduce capital and operating
costs, for example, through the use of process charts
for steeply inclined stripping by means of
conveyorways equipped with a hydraulic pipeline
transport capable of both driving these workings and
stoping.

Currently, the work is carried out for creating
equipment for fine-fraction breaking of hard ores
and rocks using powerful impulse water jet devices,
and for medium-hard rocks, using mechanical
impact devices with an electromagnetic drive [1, 2,
3].

The creation of a new cost-effective process
chart for stripping ore bodies, which can also be
effectively used for their development, is based on
the continuous-flow and safe driving of steeply
dipping workings from the surface, including in the
conditions of increased water cut in the rock mass.

Backtracking from the drilling and blasting
method of roadheading and mining to the hydraulic
impulse breaking using an electric drive will
significantly reduce the amount of ventilation and
ventilation means in full compliance with sanitary
standards for the mine atmosphere due to the
environmental friendliness of the process.

Figure 1 shows a drawing of the design of the
GPE-1200 mud-pulse gun with a 600 kJ useful power
of water jet. According to calculations, the technical
performance of one GPE-1200 reaches 500
thousand tons per year, while the standard
performance for a heading face when using a drilling

and blasting method is 40 thousand tons per year
[2]. Figure 2 shows a photo of an experimental
sample of a small mud-pulse gun with a 24 kJ water
impact power.

Process charts for stripping ore bodies

A process chart is proposed for stripping new
deposits by means of a pair of steeply inclined
conveyorways with a cross section of no more than
10 m? each (Fig. 3 and 4), at that with the sections of
a lowered height for the purpose of more
convenient maintenance of the working roof and its
fastening, mainly with rods and a grid.

During the roadheading period, both inclined
workings are equipped with a pair of looped
hydraulic pipelines moving after the radheading to
deliver the rock mass from the bottom to the surface
(Figures 5 and 6).

Ore body 1 is stripped by means of two inclined
workings 1 and 2 with two-sided lateral
circumference of ore body 3 along the host rocks.
The slope of workings is 30 - 35°.
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Figure 1 - Drawing of the design of the GPE-1200
mud-pulse gun

1 — Gun tube; 2 — Compression space of weak
electrolyte; 3 — Spark gap;
13 — Set pressure stop valve; 15 —
Aerohydrodynamic channel; 17 — Muffler; 18 — Water
charge nozzle
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For the operation, one of them is equipped with
a ring hydrotransport pipeline to deliver the flow of
waste rock to the surface. The working 2 is equipped
with a pipeline for supplying material from the
surface to the mining areas for backfilling.

Hydraulic pipeline transport

The main problem when driving underground
mine workings using continuous-flow method is the
transportation of the broken rock mass from the
face to the surface, or to the general mine, i.e.
mainline vehicles. The problematic link here is the
build-up of the transport line following the advance
of the heading face while a point of unloading of the
rock mass is situated at one permanent place.

The predominant type of transport equipment
for horizontal tunneling and stoping is roller belt
conveyors, which can only be docked if a load is
overturned, which poses many associated problems.
The belt conveyors are completely unsuitable for
downward driving of inclined workings with a slope
of over 30°, often in conditions of high water inflow
into the face.

Figure 3 - Process chart for stripping and preparation of
a compact ore body

1-Ventilation steeply inclined shaft;
3- Conveyor steeply inclined shaft;
4- Orts; 5- Panel steeply inclined stub headings; 9-
Freezers’ compartment.
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Figure 4 - Cross section of the stripping plane 1-1

1- Annular drift; 4 — First transport ort;
6- Pump chamber; 7- Water collector; 8- Electric
substation chamber.

The solution to the problem may lie in the
creation of an efficient hydraulic pipeline transport,
for example, with ball separators of bulk cargo,
which simultaneously acts as pistons and scrapers.
By means of water-jet washing such separators can
avoid jamming in the places of loading and
discharging [5, 6].

To increase the performance of
hydrotransportation from deep horizons, it is
possible to use high-pressure air boost along the
route.

A technical problem of the hydro-pipeline
transport is that the broken rock must be lump, and
this is rather successfully solved by using rock cutting
mud-pulse equipment.

According to Fig. 4 and 5, the unit is located in a
steeply dipping working 1 with the face 2 flooded
with water and includes a pair of looped pipelines 3
with half-ring connections 4 and 5.

The pipeline is sectioned using nipples 6 ensuring
unhindered sliding of the annular pipeline following
the advance of the working face along the metal
linings 7. Gravity movement of the pipeline system,
depending on the slope angle, from the stop in the
face 2 or from any pusher on the surface is not
shown.

Free floating hollow ball scrapers8 made of
fiberglass (for instance) are placed in the pipeline
cavity. The upper semicircle 5 in the empty branch
has an unloading slot 9 above the receiving hopper
for the transported material. The lower semicircle of
the pipeline 5 along its inner perimeter is tightly
connected to the annular conduit 10. Inside its
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cavity, there is a freely rotatable hoop 11 equipped
with blades 12.

Figure 6 - Face transport system in side view

At the place of coupling of the empty branch of
the annular pipeline 7 and the annular conduit 10, a
limited-swing spring-loaded retainer 13 is mounted
to fix the ball scrapers8 that can simultaneously
interact with the blades 12.

The section of the empty branch above the fixed
ball scrapers8 is connected using a bypass pipeline
14 with the cavity of the annular conduit 8 near its
second coupling point with the dumping branch of
the pipeline 3.

The top of the conduit 8 is tightly connected to a
single-compartment loading and displacement
chamber 15 containing a pair of opposed valves
controlled by a reciprocating drive 16 and a high-
pressure water injection system 17 to inject water
into its cavity.

To supply water into the displacement chamber
15 at the time of displacement of bulk cargo from it
into the annular conduit with pressure higher than
the working pressure in the transport pipeline 3, the
pressure system 17 from the pump of control water
pumping point 18 from the face is equipped with a
throttle valve 19.

The upper part of the empty branch of the
annular pipeline 3 is equipped with a pressure pipe
20 connected to a hydraulic pump (not shown in the
drawing), ensuring a supply of powerful stream of
clarified water into the cavity of pipeline 3.

In the descending order, next after the half-ring
4, there are telescopic pipes 21 for building up the
transport pipeline with new sections of pipes as the
drifting face 2 moves forward. The lower half-ring 5
is equipped with holes 22 for attaching the hydraulic
mud-pulse driving gun 23 (Fig. 1).

To rehandling the broken fine-fraction ore or rock
from the flooded face 2 into the receiving chute of
the displacement chamber 15, a suspension device
is used consisting of the main pipeline 24 and a
looped part 25 as well as a freely rotatable manually
controlled pipe 26 telescopically mounted at the
face end. The suction end of the pipe 26 is equipped
with fingered rippers 27, and a water jet nozzle 28,
which is connected to the cavity of the annular
pipeline 3. Similar ball scrapers8 are placed inside
the looped pipeline 24 and 25, while its annular
branch 25 is equipped with a discharge slot 29.

For deep horizons, the dumping branch of the
hydrotransport pipeline is located along the length
of the route and is equipped with a high-pressure
pneumatic pipeline 30 with normally closed valves
31 with pressure exceeding the local hydraulic one.
The valves 31 can be either automatic, triggered by
mechanical expansion of the bulk cargo, or with
remote control.

The work of the transport system is managed by
3 operators. The operation begins with the
development of the wall face of the inclined working
with a hydraulic mud-pulse device 21. One operator
controls the operation of the hydraulic gun, the
second one controls the reloader, and the third one
controls the operation of the loading chamber.

The clarified water blower on the surface
dynamically moves the water flow with the
developed rock and the ball scrapers 8. The latter
ones can have different speed of movement in the
empty branch and get accumulated on the retainer
13. When they are retained the water flow in the
bypass pipeline 14 sharply increases, which rotates
the hoop 11 with the blades 12 in the annular
conduit 10. The blades periodically interact with the
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loading and displacement chamber 15. At the same
time, each blade together with the rock pushes the
retainer 14 and let the next ball scraper 8 into the
annular part 5 of the pipeline and further along the
dumping branch.

To reload the broken fine-grained rock or ore
from the flooded face 2 into the receiving chute of
the loading and displacement chamber 15, the
pressure water is supplied to the suspended tubular
device 30, 31 from the bypass pipeline 14 using a
flexible sleeve 28 into the telescopic pipe 26.

The water jet forces the ball scrapers 8 to move
ringwise resulting in the suction of a mixture of
bottomhole water and bulk material, which is made
moved by pins 27 of the rotary nozzles 32 manually
or mechanically. Through the clear opening 29, the
water-rock mixture is discharged into the chute,
while the water is drained back into the face and
removed by the pump 18 located on the surface
along the dumping branch of the transport pipeline
3.

To increase the efficiency of the unit operating at
great mining depths, the dumping branch of the
pipeline is connected to the pneumatic injection
pipeline 30 with a compressed air pressure higher
than the local hydraulic pressure in the transport
pipeline and is separated from it with a back
pressure valve 31.

To drive inclined workings in dry face conditions,
it is possible to use, with some modernization,
existing continuously operating rock loading
machines, for example, 1PNB-2 by the Kopeysk
machine plant (RF).

The modernization includes the remodeling of
one of the swinging arms to the opposite movement
of both shoveling arms, the replacement of the
scraper conveyor with a shortened belt conveyor
and the installation of a pressure blade conveyor
above the main conveyor belt, which fixes the load
on the main conveyor belt.

Vertical stripping

For deep mining, as an example of an innovative
solution related to the delivery of rock mass to the
surface, a new design of a borehole pneumatic lift is
proposed, which differs from other designed
modifications with rolling elastic seals.

Attempts to create an effective pneumatic lift
were undertaken at the design stage by many
Institutes of the former USSR. However, all solutions
related to effective sealing between the pneumatic
carriage and the shaft walls were hindered by

practically impossible technical conditions and
requirements to contact surfaces, which were made
of antifriction polymeric materials up to the shaft
lagging. The actual operating conditions of mine
shafts and lifts do not allow the use of such
solutions.

The result of the proposed solution is a
pneumatic lift (Fig. 7 and 8) with a balanced circuit,
which includes two vertical transport mine workings
1 and 2 connected at the bottom with a linkage 3. Air
blowers 6 are mounted between bridges 4 and 5 in
linkage 3 with the possibility of alternate suction or
injection into workings 1 and 2.

Each of the workings is equipped with the same
type of cargo platforms in the form of cylindrical
walls 7 and 8, respectively, with a sealed top floor 9
and a sealed bottom floor 10 equipped with a
normally open hatch 11. Due to this, the cavities of
the platforms can be used as an emergency exit onto
the surface. Moreover, the opening in the bottom
floor 10 is used for the maintenance of the unit. In
this case, the mine vehilces 12 are mainly dumpers
on the floors 9.

The side walls 7 and 8 of the platforms are
equipped with at least two pairs of mutually parallel
annular grooves 13. Each pair of grooves 13 contains
toroid ends of elastic rolling seals 13 made mainly of
synthetic polyurethane elastomer. Each seal in the
area of the grooves contains a circle of fixing balls
15, mainly made of lightweight plastic materials.
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Figure 7 - Overview drawing of the balanced
pneumatic lift

Walls of cylinders and grooves in the zone of
interaction with the rolling seals must be covered
with anti-friction materials or polished.

The inner parts of the platforms are equipped, for
example, with annular water collectors 16 that have
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a hydraulic connection 17 with the friction surfaces
of the rolling seals 14, with the surfaces of the
grooves and walls of the platform cylinders. Water
here serves both as a lubricant and a coolant of
friction surfaces.

12

15

13

17 i

= T~_10
11

Figure 8 - Side elevation of the pneumatic lift’s
platform

An unusable liquid or gaseous medium is pumped
into the cavity of rolling seals 14 with a thrust
pressure on the walls of the enclosing mine that is
higher than the working air pressure under the
platforms created by the blowers 6.

When the blowers 6 are switched on to inject air
into one of the workings and, accordingly, to suck
from the other one, there arises a lifting force, which
raises the loaded platform onto the surface and
simultaneously lowers down the empty platform.

When the platforms move, expanded elastic
seals 13 of the friction walls of the vertical workings
roll around them without slipping, while slipping on

the polished and water-moistened side surface of
the grooves and cylindrical walls of the platforms. At
this, the seals are securely fixed due to the aligned
grooves and balls inside the elastic shells.

Conclusions

The use of a pneumatic lift with rolling seals will
ensure underground mining at unlimited depth with
the least wear-out of the seals and high reliability of
their operation. Here, the requirements to the
quality of the surfaces of borehole walls, fixed, for
example, with smooth-walled tubing, and the
requirements to the axial deviations of the
boreholes themselves are significantly lower.

New means and methods for preparing ore
bodies for underground mining will significantly
simplify the mining technology and considerably
decrease the amount of work for the development
of mines’ surface and the physical volume of mining
operations. Consequently, the productivity of the
mine as well as environmental and industrial safety
will be significantly enhanced.
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AHHOTALMUA

MpounsBoacTBEHHAA AeATeNbHOCTb Ye/I0BeYeCTBA C MCMNO/Ib30BaHMEM BbICOKO30/IbHOTO WMCKOMAeMoro
BMAA TOMAMBA 418 MPOU3BOACTBA 3/IEKTPOIHEPTUM HEYKNOHHO YBEAWYMBAET 30/10Bble OTXOAbl W
BbIGPOCHI YrNEKUCIOro rasa B OKpyMKalolyto cpeay. B npeanaraemoli cTaTbe NpeanoXeH BapuaHT
6€30TX0HOTO CXKMUraHMA 3KMBACTY3CKOro yrasa B NAaBUNbHOM PEaKTope, yCTaHaB/IMBaEeMOM Mo, KOTI0M;
npeaycMaTpyBaeTCca NosyyeHne, KpoMe napa IHepreTUYecKnx NapameTpos, pacniasa NpUroaHoro ans
NPOU3BOACTBA CTPOUTE/IbHLIX MaTepPUanos, BO3rOHOB LMHKA, Faaava M repmaHus, COKpaleHue
Bbl6pocoB «CO2» B aTmocdepy M BO3BpaT B npouecc yactu yraepoga «COz». Ha ocHoBe meToga
npeaenbHOro 3HeprocbeperkeHuna paspaboTaHa sHeprocbeperatoLLan TENI0BasA CXEMA IHEPTrETUHECKOTO
KOT/N1a Ha 6ase npeanoXKeHHoW TexHonorun soccTaHoBneHusa «COz, H,O» oTxoaAawmx rasoB peakTopa
UMHKOBbIMM napamu po «CO, Ha». [lonyyaembili npu  3TOoM, WM36bITOYHbIM BoZopos byaer
MCNob30BaTbCA ANA BbITECHEHMA U3 «CO» 3nemeHTapHoro yrneposa. OTpaboTaHHbIN peareHT, oKcua,
LMHKa, NoCne BOCCTAHOBNEHWA HA LMHK OyAeT 3aMKHYTO MCNo/ib3oBaTbcs B npouecce. B cnyvae
peanusauuun npegnaraemoit cuctembl Bbibpocbl CO; B aTmocdepy cokpaTatcs go 50%, 03kmaaemblii CPoK
oKynaemocTtu coctasut 1,0 — 1,5 ner.

Kniouesble cnoea: poKeug, yrnepoaa, peaktop nieepcun $as, AUCTUANALUA UMHKA, 30/10Bble OTXOAbI,

BO3rOHbI rai/inAa, repmaHuA.
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BeeaeHue

Nmen 70% MCTOYHUKOB Ha yrnie 1 BbipabaTtbiBas
80% 3HeprMm Ha yronbHbIX CTaHumAx KasaxctaH
OoCTaeTcA /NMAepom nNo BpeaHbiM Bblbpocam B
OKpyKatowylo cpedy. YuutbiBad, uto OyayT
CTPOUTLCA HOBbIE TenaoBble CTaHUMK Ha banxawe,
KoKkweTay, ActaHe u Apkanbike, TO OMNACHOCTb
3arpA3HEeHUA OKpyKatowen cpeabl OyayT pactu.
ExkeroaHbli1 BbIXOA, 30/1bl U 30/10LL1AKOBbIX CMECeN

NPU CHUraHMM TONIbKO 3KMBACTy3CKOro yras
cocTaB/sisieT oKosio 19 maH. T, a B 30n100TBanax T3C,
OT CMUraHMA TONbKO 3KMBACTy3CKoro yrasa, K
HacTosLWEeMy BpeMeHU HakonieHo 6onee 300 mnH.
TOHH 30/10WNaKoBbIX 0TX0A08 (3LLUO), coaeprkalmx
0o 5-8% octatouHoro yrnepoaa. KoHueHTpauuit Ga,
Ge B 3LUO 6onee 200 r/T, unHKa Ao 4%, u4TO
CPAaBHMMO C COAEpP)KaHWEM T[annua, repmaHus
LMHKa U B McxoaHoM yrne [1]. Bonpocy nssneyeHus
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rannva, repmaHua U3 OTXOAALLMX Fa30B CHUTaHUS
Yyria NOCBALWEHO MHOro uccnegosaHuii. B [3, 4]
npegnaraerca y/naB/iMBaHue BO3roOHOB B
abcopbUMOHHBIX annapatax MyTemM OpOLEeHUs
pPacTBOPOM CONIAHON KWUC/AOTbl C NOC/AeaytoWwum
npoayBOM pacTBoOpa BO3AYXOM, YTO MO3BOAUT
Nnony4YnTb CONAHOKMCALIN pactBop Ge(lV) n Ga(Ll).
MpeaLwecTsytowne paboTbl BEUCh B HanpaBaeHUA
ncnoab3osaHmA 3LLUO B fOPOXKHOM CTPOUTENLCTBE,
NPOM3BOACTBE CTPOUTE/IbHbIX MaTepuanoB Kak
Ayeuctoro betoHa, 30n06eTtoHa [2]. OpHaKo,
HECMOTPS Ha MX HECOMHEHHYID Ba*KHOCTb, BCe
nepeyncneHHble MUcCcAeaoBaHMA HanpaB/ieHbl Ha
nepepaboTky OTX040B, c/AedAya  OCTaTOYHOMY
NPUHLMNY «CHayana co3AaBaTb OTXOAbl, 3aTEM MX
«ycnewHo» nepepabartbiBaTb».

MeTtogonorua

ﬂepcneKTMBHblM HanpaBieHUNEM, Ha Hall
B3rnag, 6blno 6bl co3aaHune TEXHOJZIOTUMN,
I'IO3BOI1mOLLI,el71 6e30Txop,Hoe CXuUraHune
3KMBACTY3CKOro yrnsa ¢ BbipaboTKOW 33 OAMH UMK
napa HepreTnyeckux napameTpos, BO3roHoB

peaKo3emenbHbIX MeTanioB, pacnaasa NpUrogHoro
ONA NPOU3BOACTBA LWIAKOBaTbl MAM KaMeHHOro
antba.  TaKkas TexHonorna obecneynBana 6bl
6e30TX04HOCTb NPOLLecca U CHU3UANA Obl YAENbHYIO
SMUCCUIO YrNeKucioro rasa B atmocdepy no
OTHOWIEHMIO K KaxXgoh wu3  [ONOSHUTENbHO
BblpaboTaHHOM NpoayKumn. MoctaBneHHas 3afaya
pelwanacb MeToA0M npeaenbHoro
3HeprocbepekeHua [6], BKAtoYatowmii: oTHOP
NPOrpeccMBHOrO  MAaBUAbLHOTO  06OpPYyAOBaHUS,
dopmumpoBaHue 6e30Txo4HON TEXHO/I0TUM,
WCKtOYatoLWen BpegHble BbIOPOCHI B OKPYKAIOLLYIO
cpeay W paspaboTku  sHeprocbeperatollei
Tena0BOM cXeMbl NepepaboTKM CbipbA.

Pe3ynbTatbl 3KCNEPUMEHTOB

Ona pelweHMAa yKasaHHOM 3agayM  aBTopbI
npegnaratoT nepepaboTky IKMbacCTy3cKoro yras
MeToAO0M MIaB/ieHUss — B NJIaBU/IbHOM arperaTe
HOBOrO MOKO/IEHUA «peakTop uHBepcun a3 —
Bpallatowanca nedb» (PUD-BM) [5]. OnbiTHO-
NPOMbILIZIEHHOE  WUCMbiTaHME  Ha  YCTAaHOBKe
npousBoauTenbHoCTbio 1,5 T/4 nokasanu, uto
CTeneHb BOCCTAHOB/IEHUA TFePMaHMA W UMHKA U3
«boratbix» wnakos (Ge 110-115r/t. wn., Zn 10-
11%) YcTb - KameHeropckoro cBUHLOBO-LIMHKOBOTO
KOmbMHaTa B peaKTope MHBepcun a3 coctasun ~
70%. KoHueHTpauua uMHKA B BO3roHax — 55-60%,

repmanusa — 1, 4 — 1,6%. YaenbHbIN pacxos sHeprum
B COMOCTaBMMbIX YC/IOBUAX B 2-3 pasa HUXKe, yem
npu nepepaboTKe TeX Ke LW/AaKOoB B BesbLNeyn
JIeHMHOropcKoro NOAMMETANANYECKOTO KOMBUHATA
[6]. YctaHoBKa npopaboTtana B TemnepaTypHOM
pexxume pacnnasa 1300-1400°C okono 1000 uyacos
" nokasana Ha4EeXHOCTb KOHCTPYKLMHK
nnasuabHoro arperata [6, 7]. Ha pucyHke 1la
NOKa3aH MaKeT yctaHoBKM PUD-BIT.

PucyHok 1a - MaKeT NUN0THOM YCTaHOBKM MO
nepepaboTke Wnaka. A - byHkep, B -TennoobmeHHuK, C -
Bpalatolanca neyb, D - peakTop MHBepcuu das, E-
3NEKTPOOTCTOMHUK, F-meancTbliii YyryH, G-nuTble KamMHU
M3 CMIMKATHOrO LUNaKa

Ob6cyaeHne pe3ybTaToB IKCNEPUMEHTOB

Bo3roHKka repmaHua W3 pacnnasa 3aHMMana
ocoboe mecto B akcnepmmeHTax. CornacHo [6] npu
BO3rOHKe LUMHKa B Be/IbLNEYM raninii u repmaHunii
ocTatoTcA B KAMHKepe. MNocnegHee ob6cToATENLCTBO
BO3MOHO OODBACHAETCS BbICOKOW TemnepaTypol
KuneHua (2200°C), n HU3KMM AaBAeHUM napa npu
1300°C (1 mm.pT. cT.), rannma u (2850 °C, 0,7 MM.pT.
CT) repmaHua, No cpasHeHUo ¢ uuHKom (900°C, 40
MM.pPT. CT).

N3yyeHne TepMOAMHAMMYECKUX XapaKTEPUCTUK
peakumn GeO+CO=Ge+CO;,, Ga,03+3C0O=2Ga+3C0O,,
Zn+Ge0=Zn0+Ge, Ga;03+3Zn=3Zn0+2Ga
MoOKa3blBaeT, YTO 3HAYEHWUA KOHCTAHT paBHOBecuA
ONA HUX, NPV TemnepaType pacnnasa 1300 -1400°C,
HaxoaAaTca B AnanasoHax (9,868E-007 - 9,135E-012)
[18]. 3T paHHble TaKXKe NPUBOAAT K MbICAK O
Ma/sioil BEPOATHOCTU BOCCTaHOBNeHWA Ge M Ga B
yC/IOBUAX NpoLiecca.

Mostomy nepen 3KCNepMMeHTaTOpamMu BCTaeT
BOMPOC, MO KaKOMy MEXaHM3My CTasia BO3MOMKHa
BO3roHka GeO npu TemnepaType pacnnasa 1300 -
1400°C. PesynbTaTbl OBCYXAeHMA NPUBOAAT K
BbIBOAY, YTO MosieKy/bl GeO mMOran 3axBaTblBaTbCA
napaMmm LUMHKA W BbIHOCUTbCA W3 CN0A pacnJjasa.
TakXke caenaHo npeanonoXeHue, 4To B Cay4vae

—— 34 ——
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HaxoXaeHua Ga;0s; B LWaKe, NyTb €ro BO3rOHKM
MOXKET MPOTEKATb MO TAKOMY e MeXaHU3My.

OnAa un3ydyeHUA BO3MOXKHOCTM MJIaBKM CMeECH
30/10BOM YacTK IKMBACTY3CKOro Yras M U3BECTHSAKA
Ha pacnnas npUrogHbliM  Ana  NpPou3BOACTBA
WNaKoBaTbl 6bln NpousBedeH TEXHOJ/IOrMYECKUi
pacyeT ana cocrasa 3O B %: SiO; - 60; Al,0; - 25;
Fe,0s- 10; CaO - 5; MgO - 0,8. CooTHowweHMe: 100Kr

30/10wnaK/100kr M3BECTHSAK. Mony4yeHHble
pacyeTHble  3HAYeHMA  MOAYNA  KUC/IOTHOCTU
pacnnasa - 1,52, moagyna BAsKoctM - 1,2 wu

noKasaTtensa BOAOCTOMKOCTU - 4,42 ynoBneTBOPAIOT
MONIYYEHUIO  LUAAKOBATbI/ANTBIX  KamHel  npu
Temnepatype 1500°C ¢ BA3KocTbio pacnnasa 6,47
lMyas, 4To NO3BONAET NIETKO BbIMYCKATb €ro U3 eTKn
[8].

PaspaboTKka sHeprocbeperatoLyei
TEN10BOW CXeMbl

Ha ocHoBe 3KcneprMeHTaNbHbIX UCCNes0BaHMI
Ha MWIOTHON YCTaHOBKE MO BO3TOHKE LMHKA M

repmMaHMa U3  METa/U/IYPrmyecknMx  LWAaKoB U
TEXHO/IOTMYECKOTO pacyeTa KOMNO3MLMM
«301a/13BECTHAK» 6blna paspaboTaHa

NPUHUMNWAAbHAA CXema peakTopa uHBepcun ¢as
ANA 6e30TX0AHOro CHUraHMA 3KMBACTY3CKOro yras
nop, kotiom T3C [9].

Mpepnaraemblii NNaBUAbHLIA peakTop 6yaert
BCTPOEH NOJA, XON04HYH BOPOHKY KOT/1a U paboTaTtb
no cneayouwemy npuHuuny (pucyHok 16). Cmech
ApobneHoro yrna W W3BECTHAKA, Ha NEepPBUYHOM
BMXPEBOM BO3AYyLWIHOW cTpye, 6yayT BAyBaTbCA B
Karkable us3 ropenok LUUANHOPUYECKUX
cenapauMoHHbIX Kamep peakTopa C ABYX 6OKOBbIX
CTOPOH. C HWMMKHUX NPOAYBOYHbIX peleTok byaer

nonasaTbCA BTOPWUYHbLIA  AyTbeBON BO3Ayx. B
CenapaLMoHHbIX  Kamepax  byayT  npoTekaTb
ropeHue yrasA, AeKapboHM3auuMA  M3BECTHAKA,
XMMUYecKue peakuuu obpasosaHua

MUHepanornyecknx ¢as, a B BaHHe ¢opmmpoBaHue
pacnnaBa HeobXxOAMMOWM  KOHCUCTEHUMW  Ans
npou3BoACTBa CTPOUTE/NIbHON  MmpoAayKuui. 3a
npeaenom peaktopa pacnnas 6yaet HanpaBAATbLCA
K Ccneaylollyto TEeXHOMOMMYecKylo cTaauio, Aans
Moslyd4eHua LWAaKoBaTbl WM KaMEHHOro JIUTbA.
BO3roHbl LUMHKa, rafinusa U repMmaHusa B OTXOAALIMNX
rasax peaktopa, nociae oxna)kaeHus B Kotne, byayt
y/1laBANBATbLCA B 31eKTpodunbTpe.

OaHako, HEeCMoTpA Ha OXungaemyro
6E3OTXO/.'J,HOCTb npouecca CXuUraHmAa yrna wu
ynaydweHna  aKCnAyaTauuOHHbIX  XapaKTePUCTUK
KOTna, [AdaHHaA Cuctema He  yaoB/EeTBOpPAET

rNaBHOMy TpebOBaHWMIO 3KONOTMWM - COKPALLEHWUIO
BbIOPOCOB AMOKCUAA yrnepoaa B aTmocohepy.
OnoKena yrnepoga MoXKeT b6biTb OTaeneH oT

BO34QyXa WAM [AbIMOBbIX ra3oB C MNOMOLLbIO
TexHonorn abcopbuum, aacopbUMU, OUYUCTKM
amMMHamMM, MeMbBpaHHOro rasopasgefieHus Wau
rasormapaTos. [10-16]. KoHeuHol Luenbto

nepeyncaeHHbIX TeXHoNornn asnsetca 3axsat CO;
M3 rasoB, TPAHCMOPTUPOBKA K MECTYy XPAHEHMA U
JONrocpoYHan usonauma ot atmocoepsl. OaHakKo,
Nnpwu BCell BaXXHOCTWM YKA3aHHbIX PaboT B HUX He
CTaBuTCA 3aja4a yTUAn3aymu CO, C
NCNO/Ib30BAaHUEM 3SHEPreTUYeCKOM COCTaBAAOLWEN
rasa—yrnepoga.

OpHVUM U3 NyTel K peleHnto Npobaembl MOXKET
6bITb  MCMNONb30BaHWE LMHKA, KaK peareHTa,
npeobpasyowero CO,; u H,O0 B8 CO m H; no
dopmyne: Zn+C0,=Zn0O+CO wn Zn+H,0=ZnO+H,.
BolaeneHue yrnepoga M3 ero MOHOOKCMAA MOXKET
npoTeKaTb No ypaBHeHuto - CO+H,=C+H,0.

CornacHo [17], UMHK - XMMMWYECKM AKTUBHbIN
MeTann, obnagaer BblpaXeHHbIMU
BOCCTAHOBUTE/IbHbIMW CBOMCTBAMM, MO aKTUBHOCTU
ycTynaet LEeNI0YHO3eMe/IbHbIM MeTanNaMm.
Pearvpyer ¢ napamu BOAbl NpW TemnepaTtype
KpacHoro KaneHus (550 - 650 °C) ¢ obpasoBaHMeEM
OKCMAa LMHKa 1 Bogopoaa.

Mpu 3KcnepuMeHTax Ha NWIOTHOM YCTAHOBKE,
[6], WHTEHCUBHOCTb  MPOTEKaHUA peakumit
Zn+H,0=Zn0+H;, Zn+C0,=ZnO+CO wu3y4yann BO
BPeMs BO3rOHKW UMHKa M3 wnaka. Mpu nepexoge
BOCCTAHOBUTE/NIbHbIX LMHKCOAEPIKALLMX Ta30B C
peakTopa (t=1400-1500°C) Bo BpaLatoLLytOCa Nneyb
C HavanbHol  (1400-1500°C) w  KoHeuHOM
TemnepaTtypHoit 3oHoi (600-550°C), co BpemeHem
npebbiBaHWA MNOTOKAa ra3oB B Neyn 2-3 ceKkyHAbl,
cnepos KOHAEHCMPOBAHHOIO LMHKa Ha
NOBEPXHOCTU neun He Habawganocb. [aHHbIN
pes3ynbTaT CBUAETENbCTBYET O BbICOKOW CKOPOCTU
NPOTEKAHUA YKA3aHHbIX PeaKLUit.

PucyHoK 2 OEMOHCTPUpPYLOT
BOCCTAHOBUTE/IbHYIO  CMOCOBHOCTb  LMHKA U
Bogopoda B npegenax Temnepatyp 400-1000°C
[18]. B paHHOM  WHTepBane BCe TPWU pPeakuuu
3K30TEPMUYECKME, KOHCTaHTbI paBHOBeCKSA
peakuuii pacTeT € yMeHbLUEHMEM TeMMepaTypsbl,
YTO MOATBEP)KAAET O BbICOKON pPeaKUMOHHOWM
CNocobHOCTM UMHKA. B uHTepBane temnepatyp 700
- 800°C KoHcTaHTa paBHoBecuA peakuuun (1)
Zn+H,0=ZnO+H, B pABa pasa Bbiwe yYem «K»
peakuumn (2) Zn+C0O,=Zn0O+CO, 4TO yKasbiBaeT Ha
BEPOATHbIN  OMepeKalwWmii  Temn  pa3BUTUA
peakuuu (1) nepepa, (2). B npomexyTke Temnepatyp
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400 - 500 °C «K» peakuum (3) CO+H,=C+H,0 noutn
oAnHakoBa ¢ «K» peakuuu (1) Zn+H,0=ZnO+H,. U3
yTo BOAOPOA,
oyaner

nocnegHero MOXKHO 3aK/loUnUTb,
BOCCTAHOB/NEHHbIM B (1)
pacxoaoBaTtbca B (3).

ycneBaTb

PUCYHOK 16 — MpuHUMNManbHaa cxema NaaBuUAbLHOIoO
peakTopa
1 — peakTop nHBepcuun das,
2 — NapoBOIi KOTE/ 3/1eKTPOCTaHLMIA,
3 —ropenku ana BBoga CMeCU 3KMHacTy3CKOro yrisa un
W3BECTHAKa, 4 — BaHHa pacnnasa,
5 — rasbl, BO3roHbl LMHKaA, repMmaHua 1 ranauvs
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PuUcyHOK 2 — MpaduK TemnepaTypHOI 3aBUCUMOCTH
KOHCTaHT paBHoBecus peakumii: 1- Zn + H20 = ZnO + Hy,
2-Zn+C02=7Zn0+CO,3-CO+H2=C+H20
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PucyHok 3 — MNpuHuMnuanbHaa cxema
3NEKTPOTEPMMUYECKOM YCTAHOBKU « AUCTUNNATOP-
KOHAeHcaTop»

Kopnyc ycTaHOBKM C OrHeynopHoi GpyTepoBKow
1-TopH, 2- InekTpoasl, 3-OkaTbiwm “Zno-C", 4- Kngkui
UMHK, 5-CO-cogepKalmi ras

Ha 6ase «nnaBWAbHbIM
KoTen», pa3paboTaHa
3HeprocbeperatoLlen, 6e30TxoaHOM n
3KO/IOTMYECKM  UUCTOM  CUCTeMbl nepepaboTku
3KMBACTY3CKOro yraa MnokasaHHas Ha PUCYHKe 4.
MpuHUMN AeicTBnA cuctemol cneaytowmit. Mpouecc
HenpepbiBHbIM. [pobneHas wuxTa, cocToAwan M3
3KMBACTY3CKOro yraa U M3BECTHAKA, BAyBaeTCs B
peaktop uHBepcuun ¢pa3 (PUDP) 2. B PUD wuxTa
NAaBuTCA, NeperpeBaeTca, BO3FOHAETCA M3 Hero

peaKkTop-napoBo
Tennosas cxema

UMHK W TepMaHWi, a CUAMKATHbIM pacnnas
HanpasnaeTca Ha npon3BoOACTBO
cTpoimatepuanoB. OKucauTenb — oboralleHHbIN
8o 30% kucnopogom  Bo3ayx. OTxogAwme
BOCCTAHOBUTE/IbHbIE  rasbl PUD 2 yepes
pPagMaLMOHHYIO 4YacTb Kotia 1 noctynaet B
BO34yXonogorpesaTenb 4 (B3n),

KoHAEeHCMPOBaHHbIN LMHK U3 3/1IeKTPOTEPMUYECKON
YCTAHOBKU «AUCTUNNATOP-KOHAeHcaTop» 3, (cm.
puc.3), nocpeacTBoOM BOAAHOIO napa
BblpabaTbiBaeMoro B KecCcoHax PUD 2,
aucneprupyertca B MexXTpybHoe npoctpaHcTeo B30,
4, B mexTpybHOom npocTpaHctee B3N 4
NPOUCXOAUT OCHOBHbIE pPeaKuMM BOCCTAHOBAEHMUA -
Zn+H,0=Zn0O+H; n Zn+C0O,=Zn0O+CO. OTxogdAwme
rasol, cogepxawue H;, CO wm ZnO npoxogAr
3KOHOMaM3epHyl0 Kamepy 5, rae npoucxoaut
peakuma 3amelleHunn - CO+H,=C+H,0, C
BblAe/fIeHMeM aToMapHoro yraepoga (caxu). Yactb
CKOHAEHCUPOBAHHbIX BOAAHbLIX MapoOB BbIBOAATCA
n3 5. anee rasbl ¢ Kamepbl 5 cocroawme mns H,0, C,
ZnO noctynatoT B anektpodunbtp 6 (3P) ans
cenapauumn caxkm (C) n BosroHoB ZnO OT rasos.
Yxogawme rasbl ¢ I, Bkawvatowme B cebe B
OCHOBHOM BOJAHbIE Napbl U a30T, C MUHUMANbHbIM
konnyecteom CO, BbiNycKkatoTca B aTmocdepy.
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PucyHok 4 — MNpeanaraemas Tennoan cxema sHeprocbeperatouieit, 6e30TX04HOM U SKONOTUYECKM
6e3onacHoi nepepaboTKM 3KMBACTY3CKOTO YA B arperaTte «MnaaBu/ibHbIA PeakTop - NapoBoOn KoTen», 1-
pafAnaLMOHHas YacTb KOTNA, 2 — PeakTop UHBEPCUM a3, 3 — YyCTaHOBKA « AUCTUANATOP - KOHAEHCATOP UWHKa», 4 —
BO34yxonoaorpesaTtesb, 5 —SKOHOMal3epHaA Kamepa BOCCTaHOB/IEHUA Yrnepoaa U3 ero MOHOOKcKaa, 6 —
anekTpodunbTp, 7 — pyKasHble punbTpbl. L — wmnxTa, P — cunmkaTtHbI pacnnas, T —Tonameo, OK — okucautens, M —
nap, Ol —otxogAawme rasbl, YI — yxogawme rasol, C, CO, CO2, H20 — yrnepoa, MOHOOKCUA M AUOKCUA Yraepoaa, napbl
BO/bl COOTBETCTBEHHO, Zn, Zn0, Ga203 1 GeO - KOHAEHCUPOBAHHbBIN LWHK, BO3rOHbI LIMHKA, ra/l/INA U repMaHus,
COOTBETCTBEHHO.

lporHo3Hble pacuyeTbl MOKa3bIBAKOT, YTO MNpwU
COOTBETCTBYLLEMN [0BOAKe npesnoXeHHoOM
TexHonormn Bblbpocbl CO; B aTMochepy MOXKHO
COKpatUTb A0 50%. Cmecb caxun (C) u BO3roHoBs
(ZnO, Ga;0;, GeO) HanpaBnsetTcA B YCTaHOBKY
«OAUCTUNNATOP -  KOHAEHCATOp  UMHKa» 3,
OCHOBHbIMM  MPOAYKTaMKW  KOTOPOMN  ABAAOTCA
KOHAEHCUPOBAHHbIN LMHK M CO-ras copepralmi
cybnmmatbl Ga;0s n GeO. CO-ras ns KoHAeHcaTopa,
nocsie OYMCTKM OT BO3rOHOB ras/iva U repmaHua B
pyKaBHbIXx ¢uabTpax 7, Hanpasndetca B PUD B
KauyecTBe AOMOJIHUTENbHOIO TON/INBA.

B cnyyae peanusauum, B npepnaraemom
CUCTEME «MJIAaBWJIbHbLIA PEaKToOp- NAapoBOM KOTen»
YMEHDBLUAIOTCA  IKCMJIyaTaUUOHHbIE  U3LEPKKU
NpOM3BOACTBA Napa 3a CYeT COKPaLLEeHUA NNaHOBbIX
OCTAaHOBOK KOT/1a Ha YMCTKY NOBEPXHOCTEN Harpesa
OT 30JI0BbIX OT/NOXEHUN U YBENNYEHUA CPOKaA
CNy»Obl  XBOCTOBbIX  MOBEPXHOCTEM  Harpesa,
CBA3aHHOTO ¢ abpasMBHbLIM 30/10BbIM U3HOCOM TPYO
[19-23].

CornacHo npoBeaeHHOoro YKpYMHEHHOro
TEXHUKO-9KOHOMMYECKOro 0b60CHOBaHMA
npegnaraeMoin CMCTeMbI, CPOK OKYNMaemocCTu KOT/a
BK3-450/39¢ T3C npou3BoAALIEro 31EKTPUYECKYIO
W TENJIOBYIO 3HEPruio, BO3rOHOB LIMHKA, repMaHma U
LUINAKOBaTHbIX U34E/INI COCTaBAAET:

e I*n  965959238*10 19
NPV 7945764661

3pecb | - KanuTanbHble BNOXEHMA, N — CPOK
peannsaumnmn NpoeKTa, KOJNYECTBO NIeT, B TeYeHue
KOTOpPbIX oyayt Nnosy4YeHbl rogosble
COKOHOMNEHHble  cpeactBa; NPV —  uuctas
npuBeAeHHas  CTOMMOCTb, pPasHULA  MeXaybl
HaCTOALLEN CTOMMOCTbIO BCEX DYAYLUMX AEHENKHbIX
MOTOKOB W MepPBOHAYaIbHbIM KanuUTa/I0B/I0KEHUEM,
C yyeTom 6aHKOBCKOWM CTaBKK 20%;

Takum o06pasom, ycTaHOBKA NIaBWIbHOMO
peakTopa MHBepcumn ¢as nog Kotnom EK3-450/39¢
N NPUMEHEHWE TEXHOJIOMMWN YTUAM3ALUMM ANOKCMAA
yrnepoga  NO3BOAUT  KpOMe  MPOM3BOACTBA
SHepreTMYecKom NPoayKuuK, BbipaboTaTb BO3rOHbI
UMHKa M repmaHua, LWNAAKOBATHbIX U34enni,
MWHMMMU3NpPOBATL Bblbpockl CO; B aTmocdepy Ao
50% wn BepHyTb yacTb yrnepoga CO, B npouecc B
KayecTse TON/MBA.

BbiBOAbI
1. TMpegnoxeH nNAaBWUAbHLIA peakTop AnA
6e30Tx0aHON nepepaboTKM  3KMOBACTY3CKOro  yrns

yCTaHaBnMBaemoM nog  Komiom T3C m  cnocob
BblAENEHMNA u3 CO, yrnepoga ana ero
pereHepaTMBHOIO MCMO/b30BAHMA B NPOLECCe.

2. Pa3paboTaHa sHeprocbeperatolias Tenaosas
CXema CXuraHus sKkmbacTy3ckoro yrasa B KoTiax TIC
MUHUMKM3UpYLoWwasa Bblbpocel CO, B atmochepy A0
50%.
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3. OKupaeTca, 4YTO B C/Ay4ae peanusaumm KoHdpamkT uHTepecoB. OT MMeHN BCEX aBTOPOB
npes/laraeémMoi CUCcTeMbl, 33 CHET BbIPabOTKM BO3rOHOB ~ KOPPECTNOHAEHT aBTOP 3aAB/AET, 4YTO KOH(AMKTa
UMHKa, rasivs, repmaHua W LUNAKOBaTHbIX U3AENNK,  UHTEPEeCOB HeT.

CPOK OKYMaemoCTu MHBeCTMUMn coctasmut ~ 1-1,5 nert.
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ABSTRACT

The production activity of mankind using high-ash fossil fuels for electricity generation is steadily
increasing ash waste and carbon dioxide emissions into the environment. The article proposes a
variant of wasteless combustion of Ekibastuz coal in a melting reactor installed under the boiler; it is
envisaged to obtain, in addition to steam of energy parameters, a melt suitable for the production of
building materials, sublimates of zinc, gallium and germanium, to reduce emissions of "CO2" into the
atmosphere and return to the process a part of carbon in "CO2". An energy-saving thermal diagram of
a power plant boiler has been developed on the basis of the proposed technology for the reduction of
"CO2, H20" of reactor waste gases with zinc vapor to "CO, H2". The resulting excessive hydrogen will
be used to displace elemental carbon from "CO". The spent reagent, zinc oxide, after recovering into
zinc will be used again in the process. In case of implementation, CO, emissions into the atmosphere
will be cut up to 50%, the expected payback period of the proposed system will be 1.0 - 1.5 years.
Keywords: carbon dioxide, reactor inversion phase, zinc distillation, ash waste, germanium, gallium
sublimates.
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TYWNIHAEME

DNIeKTP 3HEPruAcbiH eHAipyAeri Oofapbl KyA4i OTbIHAblI MailganaHaTblH afams3aTTblH, ©HAIPICTIK
6enceHpiniri KopwaraH opTafa Ky KanAblKTapbl MEH KOMIPKbIWKbIN Ta3biHbIH, WbIFAPbIAYbIH YHEMI
apTTbipbIN  OTbipagpbl. YCbIHbIAFAH Makanaga KasaHAbIKTbIH,  acTblHA OpHaTbinfaH  6anKbITy
peakTopbiHAa EKibacTy3 KemipiH bicblpancbi3 XafyAblH, HYCKAcbl YCbiHbIAFaH; aTmocdepara «CO2»
LUbIFAPbIHABINAPLIH  a3alTy KaHe TexXHONOrMANbIK npouecke ««CO2» KemipTericiHiH, 6ip 6eniriH
KaWTapy YLWiH 3HepreTMKanblK napameTpaepaeH 6acka, KypblibiC MaTepuangapbiH, Mblpbil, ranavin
KOHe repmanuit cybaMmaTTapbiH eHAipyre Koiaiabl 6ankbiMaHbl any KapacTbipblafaH. YCbiHbIAFAH
TexHonorua HerisiHge «COz, H20» peaKTop ras KangblKTapblH mbipbilw 6ybimeH «CO, Ha»-re aewiH
TOTbIKCbI3AAHABIPY YLWiH 3HEPrUAHbl YHEMAEUTIH XKbly CXemacbl Kacangbl. ANbIHFAH apTbiK cyTeri
Kapananbim KemipTeKkTi «CO» -AaH bIFbICTbIPY YWiH KonAaHbinagbl. ymcanfaH peareHT Mblpbill
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OKCMAJ, MbIpbIWKA AeWiH TOTbIKCbI3AaHFAHHAH KeWiH, TyWMbIKTanfaH npouecte KongaHbinagbl. Erep
YCbIHbI/IFAH Kyle icKe acbipbiica, aTmocdepara CO» TactaHapinapbl 50%-Fa Kemuai, KymcanfaH
Kapbl 1,0 - 1,5 Kbinga eteneai.

TyiiiH ce30ep: KOMIPKbIWKbIN rasbl, Ppasanaphpl UHBEPCUANAY PEAKTOPbI, MbIPbIWTHI Ta3apTy, Ky
KanAblKTapbl, repMaHWii, ranauvii waxaapbl.
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ABSTRACT

The article presents technical solutions for the implementation of a high-precision satellite positioning
system when performing mine surveying in an open pit. A system was put into commercial operation at
one of the fields of JSC "Sokolovsko-Sarbayskoe mining and processing production association" (JSC
"SSGPQ") this year. The project was funded by the Science Committee of the Ministry of Education and
Science of the Republic of Kazakhstan through grants for scientific and technical projects 2018—-2020 and
was co-financed by a private partner, JSC "SSGPQO". All work was carried out jointly with the Subsidiary
Limited Liability Company "Institute of Space Engineering and Technology". The technology of differential
correction of GNSS signals in the form of base stations of differential correction (BSDC) allows solving the
problems of high-precision satellite positioning. The main task assigned to the continuously operating base
station is the collection of code and phase data from GPS/GLONASS satellites and the distribution of this
data to users (services of JSC "SSGPQO" and specialists of contracting organizations performing mine
surveying and geodetic work at the field). Development of a mobile module and the rationale for its
inclusion in the BSDC is provided in this work.

Keywords: base station for differential correction (BSDC), active repeater, ultrashort waves (VHF), Global
Navigation Satellite Systems (GNSS), pit.
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Introduction

The base station for differential correction  signals, processing, storage, and provision of
(BSDC) refers to the systems of receiving and navigation data to consumers in the served area, as
processing navigation signals. BSDC is a land-based ~ well as transmission of navigation data and service
stationary station for receiving and processing information to the differential correction center
GLONASS/GPS/BeiDou signals, includes software  (CDC).
support (SS) for processing satellite measurements  SS BSDC is intended for decoding the differential
and a complex of radio-electronic and technical  corrections stream, processing navigation data and

means [1, 2].

inverse coding of the differential corrections stream

The base station of differential correction is  for transmission via GSM and VHF channels to
intended for automated reception of navigation consumers of correcting information. CDC software
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Figure 1 - Location of the BSDC complexes. Mobile complex BSDC

is designed for remote monitoring of the BSDC state,
control of operating modes, and control of the BSDK
operating modes.

The purpose of the BSDK creation is the
formation and transmission of differential
corrections, which are used by GPS receivers
(rovers) of the Kacharsky pit of JSC "SSGPQ".

BSDC can be divided into 3 interconnected
complexes (navigation, transmitting and mobile
complexes), containing the following main types of
equipment:

v’ navigation equipment;

v’ computing equipment;

v’ telecommunication equipment;

v’ other equipment and devices.

The location of the BSDC complexes is shown in
the figure 1.

The mining enterprise developed working
design documentation (WDC) for the base station of
differential correction (BSDC) prior to the start of the
project. In general, the developed WDC includes: the
BSDC specification; drawing of the geodetic point on
which the base station is installed; BSDC operation
manual and BSDC test program.

The development of a mobile complex is further
considered in detail, taking into account the
conditions of mine surveying at the Kacharsky pit.

The manual for the operation of the mobile complex
BSDC is part of the general manual for the operation
of the BSDC. The central element of BSDC is the
repeater.

An active repeater is a transmitting and
receiving radio technical device, which is located at
intermediate points of radio communication lines,
the function of which is to amplify the received
signals and their further transmission [3]. The
equipment of the mobile complex BSDC in general is

shown in Figure 2.
Location::
ledge / pit area or storage room
Basic equipment:

Active repeater of VHF signals

Repeater mast

Receiving Directional Repeater
Antenna

Transmitting Directional Repeater
Antenna

Figure 2 - Equipment of the mobile complex BSDC
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Hytera RD625 analog-to-digital repeater was
selected as a VHF signal repeater. Built-in mini
duplex and power supply allow up to 25W output
power. This functional design of the RD625
combines in one housing: a transceiver, a power
supply, and a duplexer (see Figure 3) [4].

The power supply unit integrated into the RD625
allows for autonomous charging of the backup
battery. Its output voltage is 13.6V £ 15%, and its
output system voltage is 90 ~ 264VAC. If the input
voltage is lost, the repeater automatically starts
switching over to operation from the backup
battery, without breaking the connection. RDAC
software application allows to increase the
efficiency of maintenance and control of the
repeater and is used for its diagnostics and control
[4].

- Figure 3 - Hyte.ra RD625 repeater

This type of repeater proved to be quite heavy
and required a serious wind-resistant mast.
Therefore, a folding design of the tripod-type
repeater mast was developed. In order not to mount
such structure every day, it was installed on a
transport trolley (trailer), which made it possible to
carry out its mobility.

The repeater with frequency transfer f1/f2 is
intended for radio coverage of shadow zones by
creating a secondary radio zone at frequency f2. This
repeater has been tuned to operate with a VHF input
signal at a frequency of (f1) 408.00 MHz, and its
output frequency (f2) is 411.00 MHz.

As aresult, the mobile repeater included: folding
telescopic mast, directional antennas with cables
and connectors - 2 pcs, rotary nodes - 2 pcs, a
protective box, the repeater itself, a power battery,
wire extensions with tensioners and anchors - 3 pcs.

Orientation and setting the tilt of the antennas
relative to the horizon, special mechanical tilt units
3 and 4 are made for fixing the antennas to the mast
(see Figure 4). The nodes provide antenna tilt + 30°,
+ 15°, 0° -15° -30° as well as the necessary
resistance to wind loads.

To change the angle of inclination of the
antennas, it is required to unscrew the fixing screws
shown in Figure 4, turn and tilt the plate with the
antenna to the desired angle and torque down the
screws.

To set the required orientation of the antennas,
it is needed to loosen the upper and lower nuts of
the tilt unit, shown in Figure 5a. While supporting
the antenna and node, the antennas must be turned
towards the control tower and secondary area,
respectively. At the end of the procedure, tighten
the nuts back.

cukcaTopbl
aHTeHH

HaKroHa

v /
g /

a) tilt node -3 of receiving b) tilt unit -4 of the
antenna -2 in position + 15°  transmitting antenna -7 in
the 0° position

Figure 4 - Special mechanical tilt units 3 and 4

To link antennas to the repeater, the antenna
cable of the receiving antenna is connected to the N-
type connector on the repeater body, see 5b. The
antenna cable of the transmitting antenna is joined
to the N-type connector on the repeater body. If the
length of the receiving antenna cable is not enough,
an extension cable adapter is used.

20-

Perpan:
ensop

26- Taiikn

KpenneHus
¥ yana <
) &

a) receiving antenna at the b) repeater with a power

H

top and  transmitting
antenna at the bottom of the
mast

supply battery in a
protective box

Figure 5 - Repeater and VHF antennas
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Figure 6 - Orientation of antennas when installing on dumps

dispatcher's mast

Figure 7 - Orientation of antennas when installed in a pit

It is important to remember that turning on and
supplying power to the repeater - 20 by pressing the
button -28 (see Fig.5b) is allowed after connecting
the antenna cables and the power must be turned
off before disconnecting the antenna cables.

Antenna orientation in various operating
modes in open pit conditions

If the working area is located on the surface of
the pit behind the dumps, the receiving antenna of
the repeater (upper) should be oriented towards the
control tower using tilt nodes 3 and 4. The secondary
radio coverage area (at frequency f2) will be
provided in the sector of the transmitting (lower)
directional antenna. The width of the secondary
sector will be approximately 35°. The length of the
secondary radio coverage area can be from 3 to 5
km, depending on the height of the repeater
antennas above ground level.

If the repeater is far away from the control
tower, the repeater should be located at a height
(see Figure 6).

When placing the repeater in a pit, fix the
antennas at tilt nodes 3 and 4 using locking screws
23 in the position + 300 and - 300, respectively. The
secondary radio coverage area (at frequency 2) will
be located at the bottom of the pit (see Figure 7).

Conclusion

The use of global navigation satellite systems
(GNSS) in open-pit conditions has some specific
features. The design of the pit walls in the extreme
position with steep slopes, as well as a constant
increase in the pit depth, entails not only a decrease
in the number of visible satellites but also an
increase in sighting angles, which leads to an
increase in the DOP coefficient (geometric decrease
in accuracy) [5]. One of the possible ways to solve
this problem was the development of a mobile
complex BSDC, in particular, the use of an active
repeater.

The significance of this project on a national
scale consists of providing high-precision positioning
of the territory of a mining enterprise and allows
solving two main problems of open pit mining
hereafter: increasing labor productivity through the
introduction of digital technologies and significantly
increasing its safety [6-8]. Implementation of the
developed high-precision positioning system at the
Kacharsky field will allow its use at other mining
enterprises in Kazakhstan.
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AHHOTALUMUA

NHTepec TEXHONOrOB K TEANYpPYy CBA3AH C ero pasHoobpasHbiMU GUINYECKMMU U XMMUYECKUMU
cBOMCTBaMU. OCHOBHbIM MPOMbIW/IEHHBIM UCTOYHUKOM TENYyPa CNYKaT MeAe3NeKTPoNUTHbIe
LWNambl, B pe3ysibTaTe NpepaboTKu KOTOPbIX Te/yp BO3MOXKHO Peann3oBaTh Kak B 3/1eMEeHTHOM
BUAE, TaK U B BUAE TENNYPCOAEPKALLEro Npomnpoaykta. B gaHHoN paboTe usyyeHbl GU3MKO-
XMMUYECKME CBOMCTBA Teanypcogepxawero npomnpogykta TOO «Kasaxmbic CMIATUHI,

Cratba noctynuna: 15 ceHmsabpsa 2020 nonyyeHHas B8 2018 rogy. Mpu npoBeaeHUN nccneaoBaHnit 6biAM UCNONb30BaHbI TaKMe METOAbI
PeueHsuposaHue: 30 okmabpsa 2020 aHaNU3a, Kak rpaHyI0MeTPUYEeCcKnii, peHTreHoha3oBbIi, peHTreHOPIIooPEeCcLEHTHbIV U pacTpoBas
MpuHsTa B Nevatb: 9 HoA6pa 2020 3/1EKTPOHHO-30HA0BasA MMKPOCKONWA. bBblN0  yCTaHOBNEHO, 4YTO MaTepuan B OCHOBHOM

NpeacTaBNeH KPymHbIMW arperatamu, Mmerowmmu pasmep ot 0,2 MM, BAAKHOCTb Npob6bl
cocrasnifieT 15,57 %, HacbinHasA NAOTHOCTb cocTasuna 6e3 ytpacku 0,8 r/cms, ¢ ytpackoi — 0,88
r/cm3, yron ectecTBeHHO oTKoca — 33°. PeHTreHoh/lyopecLeHTHbIM METOAOM aHa/nM3a YCTaHOB/IeH
3/1EMEHTHbI coCcTaB maTepuana, mac. %: Cu — 33,327; Te — 21,863; Se — 0,766, O — 35,116; S —
5,045. PeHTreHO}a30BbIM aHa/iM30M OMpeaeseHo, YTO mMaTepuan B OCHOBHOM HaxoAuTCA B
amopdHOM cocTosHUM, 6binu BbisBaeHbl cnegytowme dasbl: Cuz,sSO4(OH)s-2H20, (Cus(SO4)(OH)a),
(CuS0O4(H20)3). Tennypcoaepskaime dasbl BBUAY CUAbHON aMOPPHOCTM 0BHAPYKUTb HE YAaN0Ch.
INeKTPOHHO-30HA0BOW MWKPOCKOMNWEW YCTAHOBJIEHO, YTO Ha MOBEPXHOCTM MNPOMNPOAYKTA
NPUCYTCTBYIOT rMapocynbdaTtHbie Gopmbl meau B BuAe Yellyek. 3C-aHanun3 oTAe/bHbIX y4acTKOB
noKasan, YTo MaTMHa, KPOME TaKMX 3EMEHETOB KakK MeAb, Cepa U KMCIOPOA, TaKKe COAEPKUT B
HebOo/IbLLINX KONMYECTBAX X/10P, CeNeH U A0 25 % Tennypa. B oTKpbITOM y4yacTke maTepuana 6bi1o
YCTaHOB/IEHO Ha/sMuMe HeBONbLIMX KOMYECTB Cepbl, XPOMA, CesleHa U 10 45 % Kucaopoaa, uto
CBMAETENbCTBYET 06 €ro OKMCAEHUN.

Kntouyesole cnoea: Tennyp, NpOMNPOAYKT, MeAE3NEKTPONUTHbIN LWAam, CBOMCTBA, Meap.
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BeeaeHue

NHTepec TeXHONIOroB K Tesypy CBA3aH C ero
pa3Ho0bpasHbIMU GU3UYECKUMU U XUMWUYECKUMMU
CBOMCTBaMMU [1]. Tak B CTEKONbHOM
NMPOMbILINEHHOCTM NPWU NOMOLLM A06aBKM YMUCTOrO
Tennypa  NOAy4yaloT  CTEKAQ C  BbICOKMMM
nokasaTensmm npenomaeHus, a TaKXke
cneuyanbHble CTEKNa, nponyckatowme
MHpPaKPACHbIE IY4M B O4EHD LUIMPOKOM AMana3oHe.
B pe3nHoBOM NPOMbILLIEHHOCTH Tennyp
MCNONb3YIOT KaK aHa/for cepbl A8 BYAKaHM3aUUK
Kay4yyKoB. B 3/1eKTpOHMKe Tennyp npumeHaeTtcs B
KayecTBe MNOAynpoBOAHMKA (4NA M3roTOB/EHUN
NnoNyNpPOBOAHUKOBBIX XOJI0AWUIbHUKOB). [J0OBONBHO
HOBOW 06/1aCTbIO UCMO/Ib30BAHUA TENNYPaA ABNAETCA
npoussoactBa DVD-AUCKOB, OCHOBOM KOTOPOM
ABNAETCA NNEHKA AMOKCHAA TeAnypa, IerMpoBaHHas
ON0OBOM W repmaHuvem. [lpumeHeHue Tennypa
(CdTe) B poToranbBaHMKe NpounsBesio pesosounto B
MHAYCTPUMU COJIHEYHbIX 3/1eMeHTOB 7
CTUMYNNMPOBAJIO rN106aNbHBIN ero cnpoc.

Moyt noNOBMHA NpPOM3BOAMMOIO Tensaypa
MCNonb3yeTcA ANA NermpoBaHuA CTalM U YyryHa.
Jobaska Tennypa (0,03-0,04 %) orpaHu4MBaet
NoraoWeHne YyryHom asoTa, U3Me/IbYaeT 3epHo B
CTanu, NOBbIWAET €€ MPOYHOCTb U KOPPO3UOHHYHO
CTOMKOCTb.  JlerupoBaHMe  4yryHa  Teaaypom
yBe€/MYMBAET €ro KOBKOCTb M  CTOMKOCTb K
TpewmHoobpas3oBaHuio. B LBETHOM meTannypruu
Tennyp NPUMEHALOT ans yAyyleHumsn
obpabaTtbiBaemocTm MeaHbIX CNNaBoB.,
NPOYHOCTHbIE U MNJACTUYECKME XaPAKTEPUCTUKM
CNN1aBOB Ha OCHOBE 0/10Ba, aJlOMMHUA U CBMHLA.
JlernpoBaHHbIN TENNYPOM CBUHEL, UCNOAb3YIOT ANA
M3roToBNEHUs  CTOMKMX  obosioyek  Kabeneit
NorpyXHbiX HeGTAHbIX HACOCOB.

Mo wuHbopmaumm Ha 1 aAHBapa 2017 roaa,
npusegeHHon B [2], 3anacbl Tennypa B mupe no
oueHke USGS cocrasnatot 24570 ToHH. KpynHbimun
3anacamu obnagaet CLUA, Mepy v psag aApyrnx cTpaH
(pucyHOK 1). OCHOBHbIMM MOKYMATENAMM TENNypa
Ha MMpPOBOM pblHKe (PUCYHOK 2) sBAAlOTCA
Manansua c ponei 12,8 %, NoHKOHT ¢ aoneit 11,05
% 1 duannnuHbl c gonen 10,79 %. Cpean OCHOBHbIX
nocTaBLIMKOB Tennypa (pucyHok 3) B nepuog 2012-
2016 morKHO BblaenuTtb Typuuto ¢ gonen 26,49 %,
FoHKOHT ¢ goneit 12,45 % v benbruio c goneii 10,15
%. ABTOpbI OTYETa OTMEYALOT, 4TO 06 BEMbBI MMPOBOIA
TOProBAM  TeNNypOom  MNpuBedeHbl MO Becy
NPoAyKLMMK, COAEPKalLen Tennyp, a He no Becy
MEeTaI/INYEeCKoro Tesnypa.

OCHOBHbIM  MPOMBILWIEHHBIM  UCTOYHUKOM
Tennypa CAyxaT MeaesNIeKTPOJIMTHbIE  LUJIaMbl,

peacrasasiowme  cobot  MHOTOKOMMOHEHTHbIM
maTtepuan u cogeprawmin 8o 45 % Cu, 5 % Au, 45 %
Ag, 18 % Se, 10 % Te, 40 % Pb, 16 % Sb 1 9 % As [3].
Kak npaBuio, meap B LWNamax npeacTaBfieHa B
3NIeMeHTHOU dopme, ceneH U Tennyp — B Buge
CeneHnaoB 1 Tennypuaos 61aropoHbIX MeTaNIoB,
meau.

Bce cxembl nepepaboTKM wWAama OTAMYalOTCA
MHOFOCTaAMNHOCTBIO W BKAOYAIOT B ce6A KOMNAeKe
MeTaNnNypruyecknx nepenenos, Lesib KOTOPbIX —
noJslydeHMe TOBapPHbIX MNPOAYKTOB: 6naropodHble
MeTanbl, SNeMeHTHble ceneH n tennyp. Cyuiectesyer
[O0BOJ/IbHO LWMPOKKUIA CNEKTP NPUEMOB NepepaboTKu
MeAe3/IeKTPOJINTHBIX LW/IAaMOB, 4YTO 06YC/I0BNEHO
pasHoobpa3svem wuX Xumuyeckoro wu $asoBoro
cocTasos [4-9].

CLUA; 14,25%

HaHaga; 3,26%

Mepy; 14,65%
JpyTHE CTPEHR;
65,12%

LWeeums; 2, 73%

PucyHoK 1 — CTpyKTypa MMPOBbIX 3anacos Teaaypa Ha
01.01.2017r. [2]

—
Opyrae; H,41%

A

SUAHNNMHE; 10,79%

[ N

Befbrma; 6,38%

Fepmanunr; 7,21% .
# ManaHaua; 12,18%

KHTaH, TOHKOHT;

dpanyms; 3,37%
11,05%

KHTaH; O, 60%

PucyHok 2 — Jonn cTpaH B umnopre Teanypa 8 2012-
2016 rr [2]
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TypumR; 26,49%

KuTa, FoHEOHT;
12,45%

. Benbraa; 10,15%

KuTan; 9,79%
r

Opyrue; 11 93%

dpaHLmMa; 2, 22%

McnaHus; 2, 74%

Kawaga; 7,01% MpeacTaguTeND

Kopew; B,06% SUANNNHHE; 3,16%

PucyHok 3 — [lonin cTpaH B akcnopTe Tennypa 8 2012-
2016 rr [2]

KpynHeiwnm npoussoautenem megu  Ha
Tepputopumn Pecnybankmn Kasaxctan asnaetca TOO
«Kopnopauua «Kaszaxmbic», NponsBoasaLLee NOUCK,
pasBeaKy, Aobbidy, oboraweHue, nepepaboTky U
peannsauunio noayvyaemolx NpoayktoB. OgHUMM K3
BMA,0B TOBAapHON NpoayKunn Kopnopauuu asasetcs
Tennypua meaum, nepepabotka KOTOPOro NO3BOAUT
OpraHM30BaTb BbIMYCK 3JIEMEHTHOrO  Tenaypa
TEXHUYECKUX MApPOK.

Ha banxawckom megennasunbHom 3asoge TOO
«Kazaxmbic CManTUHr» obe3merkmBaHue LWiama
npoBoOAAT nocpeacTBOM ABTOK/1aBHOTO
BbllenaumsaHma [10]. Npu aTom:

e ob6e3merkeHHbIl LWAam NOCTyNnaeT Ha NaaBKy B
neyb Kango,

e Tennypcogepkawmii pactBop — Ha CTaauio
LeMeHTauMn Jnsa w3B/eYeHUA Tennypa B Buae
TOBAPHOrO NPOAYKTA — TeNypuaa megu.

AO «WNHCTUTYT meTannyprum u oboraweHuna»
(A0 «MMunO») Ha NPOTAXKEHUN OONTOr0 BPEMEHM
3aHMMQAEeTCA BOMPOCaMM M3BAEYEHUA CeNeHa U3
npomnpoayktos [11-14]. Kpome Toro, B HacTosLlee
Bpems B UNHCTUTyTe paspabaTbiBaeTcs TexHo/orma
n3BaEeYEeHUA 3/1eMEHTHOro Tennypa n3
TEeNNypcogeprKalero  NpomMnpoaykta  (npoekt
AP08052016) c Uenblo NOAYYEHUA TOBAPHOrO
3N1€MEHTHOT0 TeNNypa BbICOKOIPPEKTUBHBIM U
3KoNnornyeckn 6esonacHbIM CMOCcObOM KaK Ha
METa/lyPruyeckux  npegnpuatuax  Pecnybamku
KasaxcraH, Tak v 3a pybexkom.

Llenbto AaHHOM paboTbl ABAAETCA U3y4YeHue
OUBNKO-XMMMNYECKUX CBOWCTB TENNYPCOAEPKALLErO
npomnpoaykta TOO «Kazaxmbic CMIATUHTY.

JKcnepumMeHTaNIbHaA YacTb

cocTaB
NPOMMPOAYKTa

lPaHyIOMETPUYECKUI
TeNypcoaeKaLlero

napTum
TOO

«Kasaxmbic CM3NTUHIY», yCcpeaHEHHOW MEeTOAOM
KBApTOBaHWUA, onNpeaensnca Knaccubukaumen Ha
aHa/IMTUYECKMX CUTaX C PasHbIMM pa3mepam aveek

nonoteH. [MpeaBaputenbHo  matepuan  bbin
BbICYLUEH.
Bna)KHocTb  onpegeneHa nyTem  Harpesa

NCXO4HOr0 MPOMPOAYKTA B BaKYYMHOM CYLUMIbHOM
wkady npu gasneHmn 7,8 KlMa n temnepatype 70 °C
[0 YCTAaHOB/I@HUSA NOCTOAHHOM MacCbl HAaBECKMU.
HacbinHaa nnoTHocTb (6e3  yTpsAckm u ¢
YTPACKOM) onpegeneHa C MOMOLLbIO MEPHOro
umMnmHapa. Bce Heobxoaumbie B mpouecce
BbINONHEHUA paboT B3BewMBaHWA 0b6pasLoB
NPOBOAMAUCL HA aHanUTUYeckux Becax PA214C
(Ohaus-Pioneer) c norpetuHocTbio +0,0005 r.
JNeMeHTHbI  COCTaB  TeypPcodepKallero
NPOMMpPOAYKTa onpeaenanca
peHTreHodNYyopPecUEeHTHbIM aHaIM30M C NOMOLLbIO
peHTreHo$NyopecUEeHTHOrO BOIHOANCNEPCUOHHOTO
cnektpomeTpa Axios. MuHepanorMyeckuii cocrtas
OMarHocTMpoBanca peHTreHodasoBbIM aHA/N30M
Ha peHTreHoBckom audpaktomeTpe D8 Advance

(BRUKER), wm3nyyeHne Cu-Ka, u pacTpoBoi
3/1eKTPOHHO-30HA0BOW MUKpOCKonuen
nocpeacTsom 3/1EKTPOHHOIo pacTpoBoro

MUKpoaHanunsatopa JEOL JXA-8230 dpmpmbl «JEOL».

O6cyxpaeHue pe3ynbTaToB

B 2018 rogy AO «MMunO» 6bina nprobpeteHa
napTva Tennypcogepiallero npomnpogykra TOO
«Kasaxmbic CManNTMHr» B Koamdectse 8,3 Kr.
3aBoAacKoW Tennypug megu npeacraBnset coboit
CbiNyYMii MaTepuan pasnYHOM KpynHocTh, 6Ge3
3anaxa (pucyHok 4). LBer — 6segHo-3eNeHbli
(onnBKoOBBbIN). BUAHO, 4TO NPOMMPOAYKT 4OCTaTOYHO
CUIbHO OKOMKOBaH.

PucyHoK 4 — Tennypcogep:awmii npomnpoaykt TOO
«Kazaxmbic CM3ATUHI»
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[paHynOMETpUYECKMM  MeToAOM  aHanu3a
ycpegHeHHoW npobbl NONYYeHHOro NPOMMPOAYKTa
(macca npobbl — 500 r) 6bin  onpeaeneH

$PAKUMOHHBIM COCTaB TENNYPCOAEPHKALLENO CbipbA,
npueegeHHblt B Tabnuue 1. Kak BugHO U3
Tennypuaa meam, nepeg AanbHenwemn
nepepaboTKoi ero LenecoobpasHo HaNpPaBAATb Ha
CTagMi0 M3MeNbYEHMA, YTO MO3BOAUT MPOBECTM
n3BfevyeHme Tennypa Hanbosee NOAHO.

BnakHocTb npobbl, coctasnamowan 15,57 %,
onpeaeneHa sKCNepMMEHTaZIbHO NyTeEM ee Harpesa
B BaKYYMHOM CYLIMIbHOM WKady npu gasneHnn 7,8
KMa wn Temnepatype 70 °C [0 ycTaHOBAEHMA
NOCTOAHHOM Maccbl HaBecku. WMcxoaHas macca
NPOMMPOAYKTA, NOMELLAEMAA B CYLUMbHbIN WKad,
coctasasna 0,5 Kkr.

Tabaunua 1 — GpaKLMOHHbIV COCTaB Te/TypcoaepKallero
NPOMMpPOoAyKTa

Rpynwocte <01 | 0102 0,2-0,5
maTtepuana, Mm

Konunyectso, % 5,01 4,18 13,08
Kpynroctb 0,5-1 12,5 2,5
maTtepuana, Mm

Konunyectso, % 19,21 30,15 28,37

HacbinHaa NAOTHOCTbL 3aBOACKOro Tenaypuaa
megm (macca HaBecku — 20 r) onpeaeneHa c
NOMOLLbIO MEpPHOro uuAnHApa U cocTtaBuna b6es
yTpackun 0,8 r/cm3, ¢ ytpackon — 0,88 r/cm®, yron
ecTecTBeHHO oTKoca — 33°.

PeHTreHOGNyOpeCUEHTHbIM METOA0M aHanM3a
YCTaHOBAEHO, YTO OCHOBHbIMW 31€MEHTaMU B Npobe
Tennypmaa megm nocne Cywkm aBnaroTca, mac. %: Cu
— 33,327, Te — 21,863; Se — 0,766, O — 35,116; S —
5,045; coaeprkaHue npoymx Konebnerca oT coTbiX 40
[ecATbIX AoNen NpoueHTa U B CyMMe cocTaBnsder
3,883 %.

180 200
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40
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pes3ynbTaToB aHa/iM3a, MaTepuan B OCHOBHOM
npeacTasfieH KPyrnHbIMM arperatamu, MMeroWwmmm
pa3mep 0,2 MM 1 bonee, Knacc KpynHoct meHee 0,2
MM CyMMapHO cocTasnaet amwb 9,19 %. Moatomy
BBUAY CU/IbHOM CTEMEHN OKOMKOBAHHOCTM

MocpeactBom  peHTreHoda3oBOro  aHaaAM3a

(pucyHOK 5) 6bl10 onpeaeneHo, YTo maTepuan B
OCHOBHOM HaxoamuTcA B aMopdpHOM cocTosHUKU. U3
KpucTanauyeckmx ¢a3 6blan  BblABAEHbl  ¢dasbl
BOAHbIX CynbdaToB Meau Pas/IMYHOro COoCTaBa:
ctpaHabeprut  (CuzsS04(OH)s:2H,0),  aHTnepuT
(Cu3(S04)(OH)4), BoHaATTUT (CuSO4(H20)3), KoTOpbIE
npegaoT  maTepuasny  3e/1eHOBATyl0  OKpPaCKy.
YKasaHHble ¢$asbl  ABAAKOTCA  eCTeCTBEHHbIMMU
NPOAYKTaMM KOPPO3UN Meam Nos BO34ENCTBUEM
OKpy»Katolen cpeabl (natMHa) B YCNOBUSAX CUIbHOM
B/IA’KHOCTM M 6osblLOro coaepaHusa cepbl [15].
Tennypcogepawme  ¢asbl  BBMAY  CUIbHOM
amopdHOCTM 06HAPYKUTb He yaanoch.
Bonee noapobHaa uHPopmauma o mopdonornu
NOBEPXHOCTU MPOMMNPOAYKTA MOJiyYeHa PacTpPoOBOW
3/IeKTPOHHO-30HA0BOW MUKPOCKONUEN (pUCYHOK 6).
bblno ycTaHOBAEHO, YTO rnapocynbdaTHble Gopmbl
mMean MPUCYTCTBYIOT HA MNOBEPXHOCTU 3epeH
NPOMMPOAYKTa B BUAE YellyeK U MOKPbIBAKT ee
noytm nonHoctoto. 3AC-aHanm3  OTAENbHbIX
YYaCTKOB, OTMEYEHHbIX Ha PUCYHKe 6 Touykamu 1-5,
nokasan (Tabnuvua 2), 4To NaTMHa, KPOMe TaKMX
3/IeMEHTOB KaK Mefpb, Cepa W KUCA0pPoA, TaKKe
COLEPHKMUT B HEOONBLUNX KOIMYECTBAX XN0P, CE/IEH U
no 27 % Ttennypa. Cnegyer OTMETUTb, 4YTO B
OTKPbITOM Yy4yacTKe maTepuana 6bl10 YyCTaHOB/EHO
Hannume HebOoNbLWIMX KOJIMYECTB Cepbl, X/10pa,
ceneHa u oo 45 % kucnopopaa, 4To cBuaeTenscTeyeT
06 ero okucneHuu.

MpucyTcTBMe xnopa obbAcHAeTCA

aTMOCd)eprIM OKucneHnem matepunana, a ceneH
ABNAETCA eCTeCTBEHHOM NPUMECDHIO B Tennype.

e o e e S e e L S N L e o e
50 60 70 80

2Theta (Coupled TwoTheta/Theta) WL=1,54060

PUCYHOK 5 — PeHTreHorpamma npombILLAEHHOrO TeNNYPCOAEPIKALLErO NPOMMNPOAYKTA
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PUcyHOK 6 — [0BEPXHOCTb TENYPCOAEPIKALLETO
npoaykKTa

Tabnnua 2 — J1eMeHTHbIN COCTaB OTAE/bHbIX YY4acTKOB
NOBEPXHOCTM TE/INYPCOAEPIKALLErO NPOMMNPOLYKTA

CoaepkaHune anemeHTOB B Touke 3/4C-
nemeHT aHanu3a, mac. %
1 2 3 4 5
0] 41,91 | 42,24 | 40,72 | 50,94 | 46,08
S 4,02 435 | 16,58 | 16,04 | 3,86
Cl 1,26 1,01 0,89 0,04 2,99
Cu 23,13 | 24,68 | 37,76 | 30,26 | 22,48
Se 0,75 0,61 - - 0,48
Te 28,93 | 27,10 | 4,06 2,71 | 23,10
BbiBOAbI
B pesynbTaTe npoBegeHHON paboTbl 6binu
onpegeneHol cnegywowme  GU3NKO-XMMUYECKUNE
CBOMCTBa:

e MaTepMan B OCHOBHOM  NpeAacTaBieH
KPYNHbIMM arperatamu, umerowmmm pasmep ot 0,2
MM, KIacC KpynHoctTm meHee 0,2 MM CyMMapHO
coctasaset amwb 9,19 %,

® BJIaXKHOCTb Npobbl cocTaBaneT 15,57 %,

® HacbINHan NJOTHOCTb COCTaBMAA 6e3 yTPACKK
0,8 r/cm3, c ytpackoin — 0,88 r/cm3, yron ectectBeHHO
oTKoca — 33°,

® peHTreHodNYyOopeCLEHTHbLIM METOoA0M
aHanmsa YyCTaHOB/EH 3/IEMEHTHbIN cocTas
maTtepuana, mac. %: Cu — 33,327; Te — 21,863; O —
35,116; S — 5,045, Se — 0,766; copep*kaHue npoymx
KonebneTca oT coTbIX A0 AECATbIX A0NEN NPOLUEHTa
n B cymme coctasnaet 3,883 %,

® peHTreHo$a3oBbIM aHA/NM30M OnpeseneHo,
4YTO MaTepman B OCHOBHOM HAaxoamMTcA B aMOppHOM
COCTOAHUM, Oblnn BblABNEHbI caeaytowme ¢asbl:
CU2,5504(OH)3'2H20, (CU3(SO4)(OH)4), (CUSO4(H20)3).

Tennypcogepawme  ¢asbl  BBMAY  CUIbHOM
amopdHOCTU 06HaPYKUTb He yaanoch.
® 3/1eKTPOHHO-30HA0BOW MWKpPOCKONue

YCTAHOBNEHO, YTO Ha NMOBEPXHOCTU NMPOMMPOAYKTA
NPUCYTCTBYIOT rMapocynbdatHble Gopmbl meam B
Buae dewyek. IAC-aHann3 oOTAENbHbIX Y4YaCTKOB
NMOKasas, YTo MaTUHA, KPOME TaKMUX I/IEMEHTOB KaK
mMelb, Cepa W KUCAOPOA, TaKXKe COAEPXUT B
HebOoNbLIMX KONMYECTBAxX X0p, ceneH n go 25 %
Tennypa. B oTKpbITom yvacTke maTtepumana 6bino
YCTAHOB/IEHO Ha/InYMe HebObLLMX KOIMYECTB Cepbl,
Xxnopa, ceneHa un po 45 % Kucnopopga, uTO
CBUAETE/NbCTBYET 06 €ro OKUCNEHUMN.

MonyyeHHble AaHHble 6yayT cnocobcTBoBaTb
pa3paboTKe HOBbIX M  YCOBEPLUEHCTBOBAHMUIO
CYLLECTBYIOWMX  TEXHOJIOTMK MO  MOJIYYEHUIO
MeTaNnAnyeckoro Tennypa.

KoH$AMKT nHTepecos. OT MMeHW Bcex aBTOPOB
KOPPEeCMnoHAEHT aBTOP 3asABAAET, YTO KOH(/MKTA
WHTEPECOB HET.

bnazodapHocmb. Paboma 8binosaHeHa npu
¢uHaHcosoli noddepke MuHucmepcmesa
obpaszosaHua u HayKu Pecnybauku KasaxcmaH
(epaHm  AP08052016). Aemopbl  8bipaxcarom
6n10200apHocmb U 2nyboOKy0 Npu3HamMesbHOCMb
Cykyposy bynamy MeHozanuesu4yy, baxeimyssi
Haypei36eky, AalivipxaHosoli [JaHe OcepbaesHe 3a
nposedeHue aHaaumMu4Yeckux pabom.

Study of physical and chemical properties of tellurium-containing middlings

12 Nitsenko A. V.*, 12 Burabaeva N. M., 2 Tuleutay F.Kh., 2 Seisembaev R. S.,
L2 Linnik K. A., 3 Azlan M. N.

1 Satbayev University, Almaty, Kazakhstan
2 Institute of Metallurgy and Ore Beneficiation JSC, Almaty, Kazakhstan
3 Universiti Pendidikan Sultan Idris, Malaysia

* Corresponding author email: a.nitsenko@satbayev.university

— §3 ——


mailto:a.nitsenko@satbayev.university

Complex Use of Mineral Resources. Ne4 (315), 2020 ISSN-L 2616-6445, ISSN 2224-5243

Received: 15 September 2020
Peer-reviewed: 30 October 2020
Accepted: 09 November 2020

ABSTRACT

The process experts are concerned in tellurium due to its various physical and chemical properties.
The copper anode slime is the main industrial source of tellurium, after processing of that tellurium
becomes marketable product and can be sold both in elemental form and tellurium-containing
middling. Physical and chemical properties of the tellurium-containing middling of Kazakhmys
Smelting LLP produced in 2018 have been studied in this paper. The following methods have been
applied during the study: particle size distribution, X-ray phase, X-ray fluorescence and scanning
electron probe microscopy. It was found that material is mainly represented by the large pieces of
0.2 mm in size, with moisture content of 15.57 %, bulk density of 0.8 g/cm? without tapping and
0.88 g/cm? with tapping, the angle friction - 33°. The elemental composition of the material was
determined by X-ray fluorescence method as follows, wt. %: Cu—33.327; Te — 21.863; Se — 0.766,
0-35.116; S —5.045. X-ray phase analysis showed that material is mainly in the amorphous state,
the following phases had been identified: Cu25504(OH)3:2H,0, Cus(SOs)(OH)s, CuSOa(H20)s.
Tellurium-containing phases could not be detected due to strong amorphism. Hydrosulfate forms
of copper in the form of flakes have been found on the surface of the middlings by electron probe
microscopy. EDS analysis of individual areas showed that patina also contains small amounts of
chlorine, selenium and up to 25 % tellurium, in addition to such elements as copper, sulfur and
oxygen. Small amounts of sulfur, chromium, selenium and up to 45 % of oxygen has been found in
the open area of material, that is specific for its oxidation.

Keywords: Tellurium, middlings, copper anode slime, properties, copper.
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KypambiHpa Tennyp 6ap eHAipicTiK @HiMHIH, PU3NKANbIK-XUMUANDIK,

KacuetTepiH 3eprrey
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TYWIHAEME

TexHoNOITapAplH, TeANypFa KbI3bIFYLbINbIFbI OHbIH, 9PTYPAi  GU3MKaNbIK KIHE XUMUANDIK
KacueTTepimeH 6ainaHbicTbl. Tennypain, Heri3ri eHAIPICTIK Ke3i MbIC 31EKTPOAUTTI Waambl 60bIN
Tabblnagbl, OHbl BHAEY HITUNKECIHAE TeNNYPAbl INeMEHT TypiHae Ae, KypambiHaa Tennyp 6ap opTa
OHIM TypiHAae ae anyFa 6onaabl. byn xymbicta 2018 binbl anbiHfaH «Kazakhmys Smelting» XLLUC-
HiH, Tennypbl 6ap OHAIPICTIK OHIMIHIH, PUINMKO-XUMUANBIK KacueTTepi 3epTTenreH. 3eptrey
6apbicbiHAa 6i3 BenwekTepaiH MenlepiH yaecTipy, peHTreHaik ¢pasa, peHTreHaik dayopecueHumn
JKOHE PacTp/bl 3NEKTPOHAbI-30HATbI MUKPOCKOMUA CUAKTbI Tangay ofAicTepiH KonAaHAablK.
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Martepwan HerisiHeH menwepi 0,2 Mmm ipi arperatrapgaH Typaabl, YAriHiH, biaFangbiibifbl 15,57 %,
WwanKamaraHaarbl YRIHAINIK ToiFbi3gbiebl 0,8 r/cm?, waiikaraHga 0,88 r/cm® 6onabl, Tabusn ewjic
6ypbiwwbl — 33° 60NaTbIHABIFLI AHbIKTANAbI. PeHTreHa ik dayopecueHTTi Tangay agici matepuanabiy,
3/IeMeHTTIK KypaMblH aHblKTaabl, mac. %: Cu — 33,327; Te — 21,863; Se — 0,766, O — 35,116; S —
5,045. PeHTreHaik ¢asanblk Tangay maTepuangplH, HerisiHeH amopdTbl Kyide eKeHAiriH
aHbIKTaAbl, Keneci pasanap aHbiKTangpl: CuzsS0s(OH)3-2H,0, Cus(SO4)(OH)s, CuSO4(H20)s. Tennyp
6ap dasanapabl KywTi amopdTbl boNFaHAbIKTAH aHbIKTAYy MYMKiH 601Maabl. DNeKTPOHAbI 30HATbI
MMKPOCKOMNUA apKblNbl OHAIPICTIKTIK @HIMHIH, 6eTiHAEe MbICTbIH, Kabblplwak, TypiHaeri rgpocynbdat
dopmanapbl 6onaTbiHAbIFbI aHbIKTANAbI. HeKe aitmakTapapbiH, DCK Tangaybl, NaTMHaAa MbIC, KYKipT
JKOHEe OTTeri CUMAKTbl 31eMeHTTepaeH 6acka, a3 menwepae Xaop, ceneH xaHe 25 % -ke aeniH
Tennyp 6ap ekeHairiH KepceTTi. MaTepuanablH, awblk 6enimiHae a3 menwepae KyKipT, Xpom,
ceneH xaHe 45 % feniH oTTeriHiH, 6onaTbiHAbIFbI aHbIKTaNAbI, BYN OHbIH TOTbIFYbIH KepceTeai.
Tyiiin ce30ep: Tennyp, eHAIPICTIK OHIM, MbIC 3IEKTPONUT LUNAMbI, KAaCUETi, MbIC.
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ABSTRACT

The article presents the results of calculating the material and thermal balances of refined ferrochrome
(RFeCr) smelting using a new reducing agent. According to the results of the material balance and enlarged
laboratory tests, it was found that when the traditional reducing agent silicochrome (FeSiCr48) is
completely replaced with a complex alloy of aluminosilicochrome (FeAlSiCr), a metal of the following
chemical composition can be obtained, %: Cr 66.8-69.1; C 0.21-0.29, Si 1.91-2.02. The composition of
FeAlSiCr for silicon and chromium is the same as that of FeSiCr48, but additionally contains Al. In the
process of obtaining refined ferrochrome, this aluminum passed into slag and changed its phase
composition. In the Ca0-Mg0-Al,03-SiO; system, the phase composition of the slag moved from the region
of bicalcium silicate to the region of helenite, which allowed to obtain non-crumbling slags. In addition,
due to the high activity of FeAlSiCr (where, 5 = Si + Al 2 60%), the basicity of the slag was maintained at the
level of CaO/SiO, = 1.6-1.7, against to 2. Based on the results of the heat balance calculation, it was found
that the use of a complex FeAlSiCr reducing agent leads to a 24% reduction in electricity consumption. The
low power consumption compared to the classical technology is explained by the presence of two active
elements in the FeAlSiCr, silicon and aluminum. Thus, the amount of heat introduced by exothermic
reactions prevails with the heat introduced by electrical energy.

Keywords: refined ferrochrome, aluminosilicochrome , reductant, ferroalloy, material balance.
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Introduction

The production and

of 200 kVA to obtain the alloy itself with its further
use at smelting of refined ferrochrome (RFeCr).

use of a complex Considering the disadvantages (scattering of

aluminosilicochrome alloy is a complex scientific
and technical problem associated with the
development of effective technological processes
for their production and the rationalization of alloy
compositions. Therefore, for the development of
the aluminosilicochrome alloy, a scientific base was
created based on the regularities of the state
diagrams of the Fe-Al-Si-Cr system, and laboratory
and enlarged laboratory tests were carried out in
an ore-thermal furnace with a transformer power

slags, an increase in the basicity and multiplicity of
the slag, as well as the consumption of specific
electricity to obtain 1 ton of metal) of the current
technology for smelting refined ferrochrome at the
Abishev Chemical and Metallurgical Institute, work
was carried out to replace the traditional reductant
ferrosilicochrome  with a new alloy -
aluminosilicochrome. The use of
aluminosilicochrome as a reducing agent instead of
ferrosilicochrome is due to the sufficient content of
silicon and aluminum in it. The presence of



http://ofernio.ru/udc/udc66.htm#669.16
file:///C:/Users/Меру/AppData/Local/Temp/Rar$DIa0.404/baisanova.aidana@mail.ru
https://orcid.org/0000-0001-6902-1211
mailto:ye.shabanov@gmail.com
mailto:grigorov@imet.ac.ru
https://creativecommons.org/licenses/by-nc-nd/3.0/

Complex Use of Mineral Resources. Ne4 (315), 2020

ISSN-L 2616-6445, ISSN 2224-5243

chemical compounds and solid solutions of iron,
silicon and aluminum in aluminosilicochrome
should significantly reduce the losses of silicon and
aluminum for oxidative processes when interacting
with atmospheric oxygen [1-4].

In comparison with the traditional method, the
developed technology for smelting refined
ferrochrome has the following advantages:

- increasing the degree of extraction of
chromium into metal;

- establishing the value of the basicity of the
slag and, as a result, reducing the consumption of
lime and reducing the frequency of slag;

- stabilization of final slags from spillage.

At the Abishev Chemical and Metallurgical
Institute research was carried out on the smelting
of refined ferrochrome using a complex reductant
aluminosilicochrome in a refining-type electric
furnace with a transformer power of 300 kVA [5].

In general, the process of smelting RFeCr using
the new reducing agent was characterized by stable
electrode fit. The use of aluminosilicochrome has
led to the intensification of processes in the
furnace. Fluctuations in the current load were
noted closer to the time the alloy was tapped from
the furnace, when metal accumulated in the
furnace bath. The reaction zone was characterized
by a high temperature (temperature of white heat,
over 1200 °C).

During the campaign, 29 heats were carried
out. It has been established that when using a new
complex reductant aluminosilicochrome metal and
slag with the following chemical compositions are
obtained, %: Cr 66,8-69,1; C 0,21-0,29, Si 1,91-2,02
(metal); Cr,0; 4,13-7,94; SiO, 20,37-26,41; Al,O3
18,24-21,97; CaO 27,87-35,8; MgO 11,95-18,26
(slag). The resulting metal in terms of the content
of the main elements corresponds to the grade
composition of low-carbon ferrochrome (GOST
4757 - 91, ISO 5448 - 81). Despite the relatively high
percentage of carbon (0,52 %) in the composition

Table 1 — The chemical composition of chrome ore

of the new reducing agent aluminosilicochromium,
its content in the final metal (RFeCr) corresponded
to the permissible limits.

The use of the FeAlSiCr alloy contributed to the
stabilization of the structure of self-disintegrating
slags from disintegration due to the movement of
their phase region from larnite to the helenite
region. The samples of the obtained slags were
kept in natural conditions for several months and
their resistance to spillage was visually established.

In industrial furnaces, about 5,2 MW of
electricity is consumed to smelt 1 ton of low-carbon
ferrochrome. Given the large heat losses and
structural features of the experimental 300 kVA
furnace, it is impossible to achieve this figure.
Therefore, in order to issue an objective
assessment of the specific power consumption,
appropriate calculations were carried out.

The aim of this work is to calculate the material
and heat balances of refined (low-carbon)
ferrochrome smelting using a complex reductant
aluminosilicochrome. The tasks of calculating the
material balance are to determine the consumption
of a complex reductant aluminosilicochrome and to
compare the results of smelting refined
ferrochrome by traditional and proposed methods.
Another task of the calculations is the theoretical
determination and comparison of the specific
consumption of electrical energy.

Calculated part

The material balance was calculated using the
method of F.P. Edneral and A.F. Filippov [6].

To carry out experimental studies on the
development of a technology for smelting refined
ferrochrome, chromium ore of the Donskoy GOK
was used, as a fluxing material - burnt lime, in
which the content of calcium oxide is 75-80 %. The
chemical compositions of the charge materials are
shown in tables 1-3.

Chrome ore, %

Cr203 SiO2 cao MgO Al203 FeO Fe203 S P other
45,09 6,44 1,30 14,29 8,99 10,42 2 0,024 0,02 3,21
Table 2 — The chemical composition of the complex alloy FeAlSiCr
FeAlISiCr (aluminum-chrome-silicon), %
Cr Si Al C Ca+Mg Fe
13,9 51,07 21,66 0,51 0,5 9,97
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Table 3 — The chemical composition of lime

Lime, %

SiO2

Cao

MgO

Al203

FeO

Fe20s3

other

0,23

67,77

0,01

0,01

0,0089

0,01

0,024

0,02

30,97

The charge calculation was based on the
following chemical reaction equations (1-4):

Cr,03 + 3/2Si = 2Cr + 3/2Si0; (1)

2FeO + Si = 2Fe + SiO; (2)

Cr,03 + 2Al = 2Cr + AlLO3 (3)

Table 4 — Distribution of recovered items

3FeO + 2Al = 3Fe + Al,03

In the course of calculating the ratio of
charge materials on the basis of production and
the following distribution of

literature data,
elements was taken (table 4).

Element Cr Fe Al Si P
Converts,%: into metal 85 95 1 5 50
into slag 15 5 89 85 25
away 0 0 10 10 25
Table 5 — Estimated material balance of refined ferrochrome smelting at slag basicity
Basicity (Ca0/SiOz) Set, kg Received, kg
chrome ore 100,00 metal 49,85
aluminosilicochrome 26,99 slag 121,20
1,7 lime 70,31 away 24,98
air oxygen 3,14 discrepancy 4,41
total 200,44 total 200,44

The results of calculations of the material
balance of refined ferrochrome production using a
complex reducing agent are presented in table 5.

To calculate the heat balance, we used the
thermophysical characteristics of materials, the
heat effects of reactions, and the results of
calculating the material balance. In the incoming
part of the heat balance, the physical heat of the
charge, the heat of exothermic reactions, and the
heat introduced by electricity were taken into

account. In the consumable part, the heat content
of the metal and slag, the loss of the furnace
surface and with the exhaust gases.

For a comparative assessment of the results of
calculating the heat balance of smelting RFeCr,
table 6 presents the calculated data of the authors
[71, which shows the heat balance of the
production of low-carbon ferrochrome using the
traditional reductant - ferrosilicochrome.

Table 6 — Heat balance of production of low-carbon ferrochrome using ferrosilicochrome

Coming, % Expenditure, %

Ph.y5|cf';1l heat of the charge + heat of 41 Heat content of metal 115

oxidation C (electrodes)

Heat of exothermic reduction reactions,

slag formation, combustion of excess 30,7 Slag heat content 71,4

reduction

Heat introduced by electricity 65,2 Furnace surface loss 7,5
Waste gas losses 9,6

Total 100 Total 100
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The results of calculating the heat balance of
refined ferrochrome using the complex reductant
aluminosilicochrome are presented in table 7. In
the calculations, as a rule, the ambient temperature
is taken as the zero point in temperature. The

Table 7 - Results of calculating the heat balance
aluminosilicochrome

charge will add additional heat if its temperature
exceeds the temperature of the medium. Since in
our case, according to the calculation conditions,
preliminary heating of the charge is not provided,
the charge will not add additional heat.

of refined ferrochrome using a complex reductant

Coming Expenditure
Article kj % Article kj %
Physical heat of the 0 0 Heat content of the 77 100 71
charge alloy
Exothermic reactions 946 288 87,53 Slag heat content 677 918 62,7
Electricity 134 767 12,46 Heat  content — of |, q 03
gaseous products
Endothermic reactions 23727 2,1
Heat loss 298 161 27,5
Total 1081 055 100,0 Total 1081 055 100,0

The discussion of the results

The low power consumption in comparison
with the classical technology is explained by the
presence of aluminum in the composition of
aluminosilicochromium. In the heat balance it is
shown that, depending on the used reducing agent,
the values of the introduced heat of exothermic
reactions and electricity change (tables 6-7).

Based on the results of heat balance
calculations, the specific power consumption for
the production of 1 ton of refined ferrochrome was
determined, which is 3,9 MW/t. If we compare the
production data (5,2 MW/t) with the obtained data,
then the energy savings when using the new
reducing agent is 25%.

Conclusions

1. Calculations of the material and heat
balances of refined ferrochrome smelting when

using a complex aluminum-chromium-containing
alloy of aluminosilicochrome as a reducing agent
have been performed. As a result of calculating the
heat balance, it was found that the use of a
complex reductant in the smelting of refined
ferrochrome leads to a 25% decrease in power
consumption.

2. According to the results of enlarged
laboratory tests, it was found that with the
complete replacement of the traditional reducing
agent silicochromium (FeSiCr48) with a complex
alloy of aluminosilicochrome (FeAlSiCr), it is
possible to obtain a metal of the following chemical
composition, %: Cr 66,8-69,1; C 0,21-0,29, Si 1,91-
2,02.
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TYRIHAEME

MaKanasa KaHa TOTbIKCbI3AAHAbIPFLIWTLI KOAAAHA OTbIpbiN, TasapTbinfaH deppoxpomapl (PPX)
6anKbITyAbIH, MaTePUANAbIK KaHe Xblny BanaHCTapblH ecenTtey HaTUKeNepi KenTipinreH. Matepuangbik
6anaHc  KaHe  ipineHAipinreH-3epTxaHanblK ~ CbIHAKTap  HaTWxKenepi  GoWbIHWA  A3CTypAi
TOTbIKCbI3AAHABIPFLIW cUAMKOXpomabl (PCX48) antomocunmkoxpom (PACX) KeweHmi KopbiTnacbiHa

Makana kengj: 10 kazaH 2020 TONbIK aybICTbIPY Ke3iHAE Keneci XMMUANBIK Kypamaasbl MeTanapl anyfa 60naTbiHAbIFbI aHbIKTanabl, %:
CapantamarnbiK wony: 26 KazaH 2020 Cr 66,8-69,1; C 0,21-0,29, Si 1,91-2,02. ®ACX-TbIH, Kypambl KPeMHUI1 MeH Xpom bolibiHwa PCX48-meH
Kabbinpganapl: 24 kapawa 2020 bipaen, bipak KypambiHAa Kocbimwa Al-i 6ap. TasapTbinFaH deppoxpomapl any bapbicbiHaa 6yn

ANOMUHUIA KOXKFa ©TiN, OHblH, dasanbik KypambiH e3repTTi. Ca0-MgO-Al03-SiO2 xyieciHAe KOMKAbIH,
basanbik Kypambl eKi KanbUmMidNi CUAMKATTaH (NapHWUT) reNeHUT aimarbiHa KewTi, COMUTIN YriTiAMenTiH
KeceK KoXApapabl anyfa MyMmKiHAK 6epai. ByaaH 6acka, PACX benceHginiriHib, ofapbl 6onybiHa
6ainaHbicTbl (MyHAa, S = Si + Al > 60%) KoKApIH, HerizginiriHiv, 6ipnirin 2 emec, Ca0/SiO; = 1,6-1,7
AeHreiiHae yctan Typy MymKiH 6onabl. ¥biny 6anaHcbiH ecenTey HaTuxkenepi 6onbiHwa GACX KelweHai
TOTbIKCbI3AAHABIPFLIWbIH NAAaNaHY 3/E€KTP 3HEPTUACbIHbIH, WbIFbIHbIH 24%-Fa a3aiTyfa MYMKIHAIK
6epai. KnaccvKkanbik TEXHONOMMAMEH CafbICTbIPFaHAA 3N1EKTP SHEPTUACIHbIH, TOMEH LWblFblHbl PACX-TbIH,
KypambiHAa eKi 6enceHpi 3NeMeHTTIH, KPeMHUI MeH antoMUHWRAIH, 6onybimeH TyciHAipineai.
Ocblnaiwa, 3K30TePMUANBIK PeaKUMUANap apKblibl eHri3iNeTiH Kbly Me/lepi 31eKTp SHepruacbiMeH
6epinreH xbinyaaH 6acbim 6onagpl.

TyliiH ce30ep: TasapTblifaH GEpPPOXPOM, aNOMOCUANKOXPOM, TOTbIKCbI3AAHAbIPFbIW, GeppoKopbITNa,
maTtepuangplk 6anaHc.
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AHHOTALMA

B cTaTbe npepcTaBneHbl pe3ynbTaTbl pacyeTa MaTepuanbHOrO M TennoBoro 6anaHCcoB BbiNaaBKu
paduHupoBaHHoro deppoxpoma (PPX) ¢ ncnonb3oBaHMemM HOBOro BoccTaHoBWTenA. Mo pesynbTaTam
maTtepuanbHoro 6anaHca U yKpynHeHHO-NabopaToOPHbIX WUCMbITAaHWIA YCTAaHOBAEHO, YTO MpPWU MOJHOW
3aMeHe  TPagMUMOHHOTO  BOCCTAHOBUTENA  cuMKOXpoma (PCX48) Ha  KOMMAEKCHbIM  cnnas

Cratba noctynuna: 10 okmabpsa 2020 antomocunnkoxpom (PACX) MOXKHO NONAYUUTb METANN CAeayoLWero Xumu4yeckoro coctasa, %: Cr 66,8-
PeueH3npoBaHue: 26 okmabpsa 2020 69,1; C 0,21-0,29, Si 1,91-2,02. Coctas PACX NO KpPemMHWIO MU XPOMY TaKOMn e, Kak y ®CX48, Ho
MpuHATa B nevatb: 24 Hos6psa 2020 AONOIHUTENBHO cogepuT Al. B npouecce nosyyeHna padpuHUpoBaHHOTO Gpeppoxpoma 3TOT atoMUHUI

nepewen B WAaK U M3MeHun ero ¢asosbit coctas. B cucteme CaO-MgO-Al;03-SiO; da3osbiii cocTas
WNaKa nepemectunca M3 obnactv AByXKa/sbLMEBOro CWAMKaTa B 06/1acTb resfieHuTa, Y4TO MO3BOAMUA
MoMy4UTb He paccbinatowmecs Wwnaku. Boobasok m3-3a BbICOKOM akTMBHOCTU PACX (rae, S = Si + Al >
60%) OCHOBHOCTb LWNaKa yAanocb noAanepmsaTb Ha yposHe Ca0/SiO; = 1,6-1,7, npotus K 2. Mo
pesynbTaTam pacyeTa TennoBoro 6anaHca YCTaHOB/AEHO, YTO MCMO/Ib30BaHWE KOMMIEKCHOro
BoccTaHoBUTEN DACX NPUBOAUT K YMEHbLUEHWUIO pacxoda 3/1eKTposHeprumn Ha 24%. Huskuid pacxos
3/1EKTPO3HEPTUM MO CPABHEHUIO C KACCUYECKON TexHoornen obbacHAeTCA Hannunem B coctase PACX
ABYX aKTUBHWX 3/1IEMEHTOB, KPEMHUA U aNtOMUHUA. Takum 06pasom, KOAMYecTBO BHOCMMOro Tenna
3K30TEPMUYECKMMM peakumammn npeobnagaer ¢ Ten10mM BHOCUMOMW 3NEKTPUYECKON SHEpruen.
Kniouesbie cnoea: paduHUpoBaHHbIV Geppoxpom, astoMOCUINKOXPOM, BOCCTaHOBUTENb, dpeppocnnas,
maTepuanbHblit 6banaHc.
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BbinsaBKa BbICOKOYrnepoAaucToro ¢eppomapraHua Ha BbICOKOOCHOBHbIX LU/IaKaXx
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CraTtba noctynuna: 22ceHmabps 2020
PeueH3npoBaHue: 24 okmabpsa 2020
MpuHATa B neyaTb: 25 HoAbpAa 2020

AHHOTALMA

B ctaTbe npuBeaeHbl pe3ynbTaTbl NabopaTOPHOro M KpynHONabopaTOpHOro MCMbITaHWA No
BbIN/JIaBKE BbICOKOYrNepoamcToro deppomapraHua Ha BbICOKOOCHOBHBIX —LUMAKaX. Mpwn
NabopaTopHbIX  UCMBbITAHUAX  MOATBEPXKAEHbI, 4YTO MOBbIWEHWE OCHOBHOCTM  LU/IAKOB
beppomapraHLeBoro NpousBoAcTBa 6NAronpUATHO BAMAET Ha BOCCTAHOBNEHWE MapraHua B
METaNN U CHUXKEHWE KOHLEHTpauuMu KpeMHua B HeM. OAHaKo, BbICOKas OCHOBHOCTb Aenaet
WNAK TYronnaBkMM W BA3KMM, NpuBOoAA K 6O/bIMM MOTEPAM MapraHua cO  LUIAKOM.
Mcnonb3oBaHne 6opaToBbix GAHOCOB peLuaeT 3TOT BOMPOC, BO34eNCTBYA Ha GU3NKO-XMMUYECKne
CBOWMCTBA KOHEYHbIX LWIAKOB, YTO MO3BO/AET BECTU MPOLECC MPU BbICOKMX OCHOBHOCTAX C
OOCTUMKEHMEM ONTUMANIbHBIX TEXHO/MOFMYECKMX NoKasatenen. lonydYeHHble MNONOXKUTENbHbIE
pe3ynbTatbl N1abopaTOPHbIX OMbITOB MOC/AYXWAM OCHOBOW Ana anpobauuu paspaboTaHHOM
TEXHONIOTUX B MONYMPOMbILAEHHOM Mac-WwTabe C BbINJABKOW BbICOKOYrNEPOAUCTOrO
deppomapraHua ¢aocoBbiM CNOCO60OM M3 MapraHLEeBoOW pyabl MecTopoxaeHua «borau». B
pesynbTaTe W3y4YeHWUs BbLINNABKM Yriepoauctoro dbeppomapraHua B KpynHO-N1abopaTopHbIX
YCNOBUAX YCTAaHOB/IEHA BO3MOXKHOCTb Nepeiesia MapraHLEBbIX Py Ha BbICOKOOCHOBHbIX LUIaKax
NpW COOTBETCTBYIOLLEM PEry/IMPOBaHUMN TPAHCNOPTHbIX CBOMCTB W/AKa Ha CTaHAAPTHbIW MeTann
C BbICOKMMW TEXHUKO-IKOHOMUYECKMMM MOKasaTenamu. lpu 3TOmM Hawuayylwime nokasaTtenn
pocturatotcsa npu otHoweHunn Ca0/SiO, B Wwnake, pasHom 1,8 1 ¢ coaepxaHmem okcuaa 6opa B
wnake 0,8%. YcTaHOBAEHO, YTO MpM 3TUX YC/IOBMAX MOJyYeHHble 6Gopcoaepskalime
BbICOKOOCHOBHbIE LWAAKKU yraepoauctoro deppomapraHua He MoABep)KeHbl pPaccbiNaHuio.
Kniouyesbie cnosa: ®deppomapraHen, 6opatoBbiii $AOC, OCHOBHOCTb, LWAAK, CTEneHb
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BeeaeHue

Hanbonee BakHOW 3afadyelt nNpwu BbiNnaBKe
MapraHLeBbIX deppocnnasos ABNAETCS
NoBbllIEHWE CTENEeHM U3B/JEYEHUA MapraHua B
cnnae. ObycnoBAEHO 3TO TEM, YTO A0 HACTOALLErO
BPEMEHMU He  yCTaHOB/IeHbl  ONTMMasbHble
napameTpbl npouecca BbINAABKK

BbICOKOYriepoaucToro ¢eppomapraHua. OgHum us
NOJIOKUTENbHbIX MOMEHTOB 3/1eKTPONEYHOM
NAaBKM MapraHueBbix ¢GeppocniaBoB ABAAETCA
OTHOCWUTE/IbHO  HEeBbICOKAs  BeJuMYMHA  NoTepb
MapraHua C peaKkuMOHHbIMM rasamuM. B aTom
cnyvae, npu A0CTaTOYHOM KosimyecTtse
BOCCTaHOBUTENA B LUMXTE M3BJEYEHWE MapraHua
byaeT onpeaenATbca pacnpeseneHNEM ero Mexay
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METAN/IOM U LIAKOM, KOTOPOE, B CBOK oyepenb,
33aBMCMT OT aKTMBHOCTM MapraHua B wnake. Ecau
[ONYyCTUTb, YTO TaKoe pacnpegeneHne B yCA0BUAX
NPOMbILWAEHHOW NNAaBKM B6AU3KO K paBHOBECHOMY,
TO, CnegoBaTeNbHO, OHO AOJIKHO OnpeaenATbcs
TemMnepaTypoli pPeakLMOHHOM 30Hbl W COCTaBOM
(ocHoOBHOCTbIO) LLNaKa n meTanna.
MHoroumMcneHHble WUCCNef0BaHUA [A0Ka3blBalOT O
3HAYUTENIbBHOM BJIMAHUM OCHOBHOCTM LUNAKA Ha
pacnpegeneHve mapraHua. MNpu aTom HekoTopble
aBTOpbI ONTUMAaJIbHOW ans BbINAaBKK
deppomapraHua HasbliBalOT BENNYMHY OCHOBHOCTM
okono 1,2, apyrve pekomeHayet 6o0/siee BbiCOKME
3HAaYeHMA OCHOBHOCTM MpPM  COOTBETCTBYIOLLEM
PEeryiMpoBaHNUM TPAHCMOPTHbLIX CBOWMCTB  LU/IaKa.
Mpn BegeHUM npouecca Ha BbICOKOOCHOBHbIX
wnakax, ans obecneyeHua  HGraronpUATHbIX
yCnoBUi BOCCTaHOBUTE/IbHbIX npoueccos
HeobxoaMmo, 4Tobbl 06pasyloWKUIACA OKCUAHbIM
(pyaHodntocoBbIN) pacnnae o6n1aaan NOHUMKEHHOM
BA3KOCTbIO U TemnepaTypoi Kpuctannmsauyuu. Mo
AaHHbIM [1], Hannume B wuxte MnO, SiO; n apyrux
OKCMAO0B cCcO34aeT ycnoBus ana  obpasoBaHuA
CUNMKaToB npu Temneparype HUXe
BOCCTaHOBAEHUA cBobogHol (MnO) go (Mn) wu
(Si0,) po (Si), uto obycnosnuBaeT nepexomd UX B
WNaKoBbIA  pacnnas. [oaTomy MapraHey, U
KPeMHUIA BOCCTAHaB/MBAIOTCA B OCHOBHOM He M3
CcBOBOOAHbIX OKCMAOB, @ M3 OKCMAOB, CBA3AHHbLIX B
CUNNKATBI:

2MnO0O-SiO; + 4C = 2MnSi + 4CO. (1)
Umetowmeca B Wnake oCHOoBHble okemabl CaO um
MgO noBblwatoT akTMBHocTb MnO BcnepcTeue

NPOTEeKaHMA PeaKkuunii:

MnO-SiO,+(Ca0, MgO) =MnO+(Ca0, Mg0) -Si0, (2)

B mupoBoii  npakTMke  ¢deppocniaBHoro
Npo13BOACTBA MMeeTCcA  OMbIT  MOJIyYeHun
CTaHAapTHOro BbICOKOYTNEPOAMUCTOro
deppomapraHua B  [AOMEHHbIX Meyax Ha

BbICOKOOCHOBHbIX Wakax (Ca0/SiO, = 1,6-1,7) [2-
6]. Mpu 3TOM AOCTUraeTcA yBeAUYeHue CTeneHu

M3BNEYEHMA  MapraHua MO  CPaBHEHW C
OEeNcTBylOWen TexXHONormen mnonyyeHUs 3STOro
cnnaBa B anekTponeyax. C  noBbiWeHUEM

OCHOBHOCTM LWAaKa pacTeT akTMBHocTb (MnO) u
CHUMKAETCA aKTUBHOCTb KpemHesema (Si0O,), uTo
CO3/4a€eT YC/IoBUA A1A MOSIHOTO BOCCTAHOBAEHUS U
nepexoaa mMapraHua B ¢eppomapraHel,. Bbicokan
WwaxTa OOMEHHOWM neyu obecneumnBaet
KOHAEHCALMIO MCNApAOLWErocas B 30HAX BbICOKMX

Temnepatyp BOCCTAHOBAEHHOrO MapraHua, u4To
YMeHbLUAeT NoTepn ero € rasamm No CPaBHEHULO C
HMU3KOLWaxXTHbIMK ¢$eppocnaaBHbIMK nedyamu. Mpu
OAMHAKOBbIX COCTaBaXx BbICOKOOCHOBHbIX LUJIAKOB U
npouYmnx PaBHbIX yCcnoBumax BbIM/1aBKU
BbICOKOYF/1IepoAncToro ¢deppomapraHua, BA3KOCTb
OOMEHHbIX  LWJIAKOB  CYLLECTBEHHO HUXKe, 4em
3/IEKTPONEYHbIX. CpaBHUTENbHbIN aHanms
MoKasbliBaeT, YTO MPUYMHOM 3TOro  ABNAETCA
CyLLEeCTBEHHOE pas/nymne B COAepKaHuu cepebl. U3-
32 BbICOKOrO yAeNnbHOro pacxoda KOKca C
cogepkaHmem cepbl  1,5-1,8%, pocturatowero
1800-1850kr Ha 1T gomeHHoro deppomapraHua,
KOHLIEHTPALUMA ee B LW1aKax Bo3pacTaeT go 2,5-3%.
B ycnoBuAx 3nekTponnaBkM, KoOrga 3a  cyeT
3/IEKTPO3HEPIUN YMEHDbLUAETCA pPacxol KOKca, B
LNakax cogepxutca okono 0,5-0,8% S [7].

Ons nabopaTopHbIX McCneaoBaHMA B KayecTse
WKXTOBbIX MaTEpPManoB MCNO/b30BaAN  CMeCb
MapraHueBbIX pya MeCTOpoXAeHU «MblHapan» u
«borau» B cooTHoweHun 40:60 c pobaBkamu
HeobxoaMMOro  KoAu4yecTBa  KoKca.  [laHHoe
COOTHOLWEeHNe BblbpaHO ana obecneyeHna B
MapraHueBoM cbipbe He MeHee 42% mapraHua u
COOTHOLIEHUA MapraHLa K »enesy He meHee 8,5 [8-
13]. B kKayectBe d¢atocyowen aobaBku
b6opcoseprKalLMXx MaTepuanoB MPUMEHANM OKCUA,
Kanbumsa n okeua 6opa mapkn YOA. MapraHuesyto
PYAY Y KOKC npoapobunun go dpakumm — 5mm un Bce
LWNXTOBbIE martepuanbl NpoKamBanu bo
noctofaHHoro Beca npu 900°C. TexHW4Yeckuin wu
XMMUYECKUI  COCTaBbl  LUMXTOBbIX MaTepuanos
npueeaeHbl B Tabanuax 1 v 2.

Tabaunya 1 XvMmmyecknin coctaB MapraHLeBon pyapl, %

MapraHueBas .
Mn Fe Si0, Ca0 MgO Al,03 P
pyaa
MbiHapan 45,20 1,00 12,00 2,60 0,55 2,78 0,046
Boray 40,16 8,01 10,10 2,21 0,20 5,94 0,042
Cmecb 42,17 5,20 10,86 2,36 0,34 4,67 0,043

Tabnunua 2 TexHWMYecKuit U XMMUYECKUI COCTaB KoKca, %

Matepu N ) Ca Mg
A \ w Cre Fe Sio, P AlLO3
anbl (0] (o]
19,3 6,0 2,4 73,8
Kokc
8 9 4 6
3ona 10, 40,5 0,1 9,6 14,6
- - - - 6,08
KOKca 25 9 38 8 1

OnbITbl NPOBOANAN B TUTAAX BbicOTOW 40MM M

ANamMeTpom 25Mm, N3roTOBNEHHbIX n3
BblCOKOUMCTOrO  rpaduTta. [lnaBKy Beau B
BbICOKOTEMMEPATYPHON  MNeuyn  CONpPOTUBAEHUA

TammaHa. Meub TammaHa npeactasnsetr cobow

— g4 ——
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ncenenoBaTeNbCKkyo YCTaHOBKY, NpeaHa3Ha4YeHHYH

AanA nonyyeHuA BbICOKUX Temnepartyp n
NMPUMEeHAEMYIO AanAa moaennpoBaHnA
METANNYPTINYHECKUX npoueccos. JaHHan
BblCOKOTEMMNEPATYPHAA YCTaHOBKa CHabxeHa

HarpesaTesiem, paboynMm MPOCTPAHCTBOM KOTOPOA
CNYKUT yronbHas Tpyba, n CMJI0BbIM
TpaHchopmaTopom. PerynmposaHue TemnepaTypbl
B Ne4yn npou3BOAUTCA MIABHO MNpPU MNOMOLLM
TUPUCTOPHOIO PEryNATOPa HaNPSAMKEHMA, KOTOPbIN
BK/OYEH B MNepBMYHYI0 OOMOTKY CMI0BOro
TpaHcHOPMATOPHOTO TOKA, YTO NO3BOISET NOJyYaTb
Ha BbIXOAHbIX LWMHAX TOK B HECKOJIbKO TbICAY amnep
npu HU3KOM HanpsaxeHun (ot 0,5 pmo 15B).
Temnepatypy uM3mepsnnM  BONbdpam-peHNeBONn
Tepmonapoin BP-5/20, ropsumit cnaii KOTOpon B
APMUPOBAHHOM KOPYHAN30BOM 4Yexsie NoABoaAnCA
KO OHY TUTAA.

YcTaHOBKa  npeaHasHa4veHa NAaBKK
MEeTannoBs, LWNAKOB W  ApYyrMX  NpPOAYKTOB
meTannyprum. HabumeKy neum no Bcemy obbemy
PEKOMEHAYETCA BbINONAHATL YrO/JIbHOM KPOLUKOW,
npoceAHHOM 4epe3 cUTo 4-6 MM, @ Y KOHTaKTHbIX
Konew, ONA NAOTHOrO KOHTakTa — yepes cuto 200
mew. BopooxnaxkpaembiMM 3NeMEHTAMU  Neyn
ABNAOTCA meaHble KOHTAKTHble KO/bLLa,
TUPUCTOPbLI, KOPMNYC M KpblWKK. PerynnposaHue
Hanopa BOAbl MNPOM3BOAUTCA BEHTUAAMM ANA
noaayn B  XONOAUNbHUKU  COOTBETCTBYHOLLMX
anemeHToB. COHpOC BOAbI OCYLLECTBAAETCA B
KaHaaunsauumio.

C uenbto bHonee NOMHONO BOCCTAHOB/EHUSA
MapraHua w3 Waaka MW MNOBbIWEHMA CTENeHu
n3BfeYyeHMa ero B cnnas, ObliM  NpoBeLeHbI
nabopatopHble  McCcnenoBaHMA MO BbiNaaBKe
BbICOKOYI/IEPOAMCTOrO deppomapraHua C
BapbMpoOBaHMEM OCHOBHOCTU B npegenax 1,3-2,0 n
ncnono3oBaHMem 6opatoBbix ¢arocoB. PacueTsbl
WMXTbl MNPOM3BOAM/IM HA MOJIYYEHWE KOHEYHOTO
Lnaka ¢ ocHoBHOCTbio Ca0/Si0,, pasHbim 1,3, 1,4,
15 16, 1,7, 1,8, 1,9, 2,0 npu cneayroLmx
NPUHATLIX KO3PPULMEHTAX Nepexosa KOMNOHEHTOB
LIMXTbI B NPOAYKTbI NnaBku [14, 15]:

ans

KomMnoHeHTbI B cnnas, % B foteps ¢
wnak, % rasammu, %
MapraHey, 80 8 12
KpemHui 10 90 -

Konnyectso 6opaToBoro ¢ntoca 3agaBanv U3
pacyeta nonyyeHua B wuxte 0,3-2,44% B,0:s.
CoctaBbl  OMbITHbIX  LWWXT, PaCCYMUTaHHbLIX MO
CTAaHOAPTHOW MeToaMKe, NpPeacTaB/ieHbl B Tabanue
3. Bcero 6bin10 nposeaeHo 40 onbiToB. Mpu KaxKaom

3HAYeHUM 3aJaHHOW OCHOBHOCTM  KOJIMYECTBO
oKcuaa 6opa B wwuxte coctasaano, %: 0; 0,3; 0,7;
1,2; 2,44. TlpenBapuUTenbHO CAO3MPOBAHHYIO W
nepemMelUaHHyo LWKXTY 3acbiMann B rpaduToBbIi
TMreslb M NOMELWANn B 3apaHee HarpeTyw Ao
33aHHOM TemnepaTypbl nedyb. B  wuHTepsane
Temnepatyp 1500-1550°C npowucxoamno nosHoe
nponiaB/ieHMe LWWXTOBbIX MaTepuanos. [locne
pacnnaBneHnAa cnnas Bblgepxueann B neun 1,5
Yyaca npu Temnepatype 1550°C.

Ta6bnuuya 3 CocTas WKNXTbI

n’\}i hg:r;rj::ers Kokc, r Cao, r B20s, 1
1-5 50 10 5,85 0-1,22
6-10 50 10 6,45 0-1,22
11-15 50 10 7,01 0-1,22
16-20 50 10 7,57 0-1,22
21-25 50 10 8,13 0-1,22
26-30 50 10 8,69 0-1,22
31-35 50 10 9,25 0-1,22
36-40 50 10 9,80 0-1,22

Mocne oxnaxpeHuWa npobbl MeTanna W LWNaKa
noaseprain  B3BELWMBAHWUIO U XMMWYECKOMY
aHannsy. XMMMWYECKUA aHanus npob npousseseH
cornacHo [OCTy-227726-77,-22772.4-77,22772.6-
77,22772.7-96. Pe3ynbTatbl NA1aBOK NpUBEAEHbl B
Tabnuue 4 1 Ha pucyHkax 1-2.

m.
85 1
&0 1
75 1
70 4

65 4

&0 1

CreneHe MIBneveHuA Mn, %

55 4

50 v T -
12 14 16 18 2

OcHoaHocTe wnaxa, Cal/5i0;

LUMdpbl Y KPMBbIX — KOAMYECTBO OKcuaa 6opa, r/100r

pyAbl
PUCYHOK 1 3aBUCMMOCTb CTEMEHM U3BNEYEHNA MapraHLa
OT OCHOBHOCTH LU/aKa

B xome nabopaToOpHbIX TUresbHbIX MAaBOK
cTeneHb W3B/IEYEHUA MapraHua B ChNiaB  He
npesbiwana 82%, 4TO CBA3AHO C NOBbIWEHHbIM
nepexoaom MapraHua B ra3oByl ¢asy Wu3-3a
OTCYTCTBMA OUABTPYIOWEro C/loA U3  LUMXTOBbIX
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MaTepunanos, Kak B pyAHOTEpMUYECKOM
anekTponeun. Kak nokasanum TepmoamHamuyecKme
pacyeTbl, nposefeHHbIe o NOMOLLbIO
nporpammHoro  Komnnekca  «ACTPA-4»  [16]

WHTEHCUBHbIN Nepexos, mapraHua B rasosyto ¢asy
HauyMHaeTcs npu TemnepaType 1600°C.

Kak BugHO 13 pucyHKoB 1 n 2, npu Bbinnaske
BbICOKOYF/1IEPOANCTOTO deppomapraHua no
KNnaccuyeckon TexHonormm (6es 6opa) nosblllieHne
OCHOBHOCTM 60nee 1,5 NpMBOAUT K YXYALIEHUIO
KMHETUYECKMX ycnoBuit BOCCTAHOB/IEHMA
KOMMNOHEHTOB B CNJaB W, Kak cneacrsue
yBe/MYMBAET NOTEPM MAPFraHLA CO WNakom [4].

MnO s wnaxe, %
S

12 14 16 18 2
OcuxosnocTs wnaxa, Ca0/Si02

undpbl y KPUBbIX — KOANYECTBO oKcnaa bopa, r/100r

pyapl
PuUcyHOK 2 13meHeHWe KOHUEeHTPaLunumM MOHOOKCHAa

MapraHua B 3aBUCMMOCTU OT OCHOBHOCTU LWWNaAKa

Mpu 3TOM TeKylee CHUKEHWE COoAeprKaHuA
KPEeMHUA B MeETa//le COXPaHAETCA: 4Yem Bblwe
OCHOBHOCTb, TEM HW}KE KOHLLEHTPALMA KPemHuA B
cnnase (puUcyHok 3). 3To ob6bacHaeTca Tem, yto CaO
CBA3bIBAET  KpPeMHe3emM MyTem  paspyLlueHus
CMNMKATOB MapraHua wW obpasya TyronnaBkui
napHuT (2Ca0-Si0z). OnNTMmanbHoe KOANYecTBO
60opaToBbIX GAOCOB MNPU PaA3/IUYHbIX OCHOBHOCTAX
pasHoe. [na 6onee  BbICOKOOCHOBHbIX  3TO
KONM4YecTBO Bblwe. Mo n3BnevyeHno mapraHua npu
6a30B0OI TEXHONOrMM OMTMMaNbHAA OCHOBHOCTb
cocrasnsfet 1,3-1,5. Mpu BBOAE 6opcoaeprKallmx
dntocoB B 6a30ByHO LUIMXTY NOKa3aTeNn U3B/AEUYEHUSN
yxyauwatotca. C yBennyeHnem pacxoga 6opatoBoro
bntoca ob6nacTb ONTUMANbHOM  OCHOBHOCTM
CABUraeTca B CTOPOHY UX BOMbLIMX 3HAYEHU. Tak,
npu M3MEeHeHUM cogep’aHua okcnga bopa ot 0,3
oo 1,2% obnactb  ONTUMasnbHOW OCHOBHOCTU
nameHsetca c 1,7 go 1,9. MNpu cogeprkaHnum B LWnNxTe
2,44% oKkcupa 6Gopa noKasaTenu UM3B/AeYEHUA
yxyawatotca. Mpu 3TOM MmeeTca TeHAEHUMA K
YBE/IMYEHUIO CTEMEHU WM3BJIEYEHUA MAPraHua npwu

ocHoBHocTAX 2,0 wu Bblwe. Wcnonb3oBaHue
6opatoBblx  GAOCOB  MO3BOAAET  pPacWIMpPUTb
AManasoH OCHOBHOCTM, CHUXaA BA3KOCTb W
Temnepartypy KpucTanansaumm npu
He3HaYnuTeIbHOM N3MEHEHUN
3/IEKTPONPOBOAHOCTM  WaakoB [5, 6]. Takum

obpa3om, co3aatotca 6aaronpuATHbIE YCNOBUA ANs
NOJIHOTO BOCCTAHOB/IEHMA MapraHua B MeTann.

OnTumanbHble napameTpbl nAaBKu 6b1n
LOCTUTHYTbI npwu OCHOBHOCTH 1,8-1,9 C
cogeprkaHmem B wuxte 0,7 un 1,2% B203

COOTBETCTBEHHO. [lpn 3TOM cTeneHb U3BAEYEHUSA
MapraHua B cnjaB Mo cpaBHeHMtO ¢ 6a3oBol
nnasko Bblpocna Ha 9-10%, a coaeprkaHue
KpemHua B meTanne He npesbiwano 1,3%.

64
53

® 43

3

c

]

5 33

=

o

? 23
13
03

2 14 1.6 18 2

OcHoeHocTb wnaka Ca0/Si02

PUcyHOK 3 3aBMCMMOCTb KOHLLEHTPaLUM KpeMHHUA B
MeTaJl/ie OT OCHOBHOCTMU LUMaKa (Lndpbl y KPUBbIX —
KO/IM4YeCTBO oKcuaa 6opa, r/100r pyab)

AHanus pe3ynbTaTos nabopaTopHbIX
MCcCNeaoBaHWUA  MOKasbiBaeT, YTO  NOBbIWEHUE
OCHOBHOCTM L1aKoB deppomapraHLeBoro
npov3BoAcTBa 61aronpuATHO BANAET Ha

BOCCTaHOB/AEHME MapraHua B METaNN U CHUMXKeHue
KOHLLeHTpauMn KpemHua B Hem. OgHaKo, BbICOKasA
OCHOBHOCTb Ae/laeT WNaK TYronjaaBkUM U BA3KUM,
npueogs K 6onbWKMM MNOTEpPAM MapraHua co
wnakom. WcnonbsoBaHne 6opaToBbix dalocoB
pewaeT 3TOT BOMPOC, BO34AENCTBYA Ha OU3MKO-
XMMMUYECKME CBOMCTBA KOHEYHbIX LWAAKOB, YTO
No3BOJIAET  BeCcTU npouecc  npu BbICOKUX
OCHOBHOCTAX C  AOCTU)KEHWEM  ONTUMaNbHbIX
TeXHO/IOrMYECKMX NoKasaTenem.

lMonyyeHHble  MONOXUTENbHbIE  pe3ynbTaTbl
NlabopaTopHbIX OMNbITOB MOC/YXKWU/IM OCHOBOM AnA
anpobaunu pa3paboTaHHOM TEXHONOrUN B
nosynpombIWAEHHOM Mac—-wWwTabe C BbINJAaBKOM
BbICOKOYI/1epoAnCcToro ¢peppomapraHua ¢patocoBbIim
CNocobom M3 MapraHLEBOWN pyabl MECTOPOXKAEHUA
«borau».
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Tabauua 4 XumMyecKMin cocTaB MeTasina U Wiaka, %

Nel v | Fe Si c [ B | P | MnO]| si0; | ALO; | CaO | MgO | B,0; %32 Ml\;';“
1| 7546 | 1589 | 1,22 | 6,59 | - |02 | 13,76 | 29,36 | 13,19 |38,18| 3,50 | 0,00 | 1,3 |70,00
1.1] 76,18 | 12,04 | 6,09 | 5,25 [0,05/0,23 | 10,08 | 29,37 | 13,15 38,18/ 0,87 | 0,39 | 1,3 66,27
127581 12,39 | 6,40 | 5,60 |0,13|0,18 | 11,82 | 29,35 | 13,00 |38,15| 0,87 | 0,91 | 1,3 |64,40
137523 | 12,09 | 6,40 | 6,14 |0,22|0,18 | 11,75 | 29,32 | 13,15 |38,12| 0,44 | 1,56 | 1,3 | 63,70
147622 | 11,89 | 599 | 6,11 |0,45|0,17 | 11,66 | 29,30 | 13,11 |38,10| 0,22 | 3,17 | 1,3 |52,46
2 (76,24 1539 | 0,91 | 589 | - |01 | 12,43 | 29,51 | 13,00 41,32 3,38 | 0,00 | 1,4 |71,80
2.1|76,82 | 10,46 | 568 | 6,09 |0,04]0,18 | 9,46 | 29,50 | 13,21 |41,33[ 1,09 | 0,37 | 1,4 |68,65
2217593 | 12,01 | 592 | 6,11 |0,13]0,19 | 11,07 | 29,53 | 12,60 41,35 0,22 | 0,89 | 1,4 | 67,3
237541 | 11,96 | 6,22 | 5,95 |0,22|0,18 | 10,72 | 29,50 | 12,45 |41,30] 1,96 | 1,55 | 1,4 |66,27
2.4 76,66 | 12,48 | 553 | 6,21 |0,45|0,23 | 11,47 | 29,55 | 13,12 |41,37| 0,44 | 3,15 | 1,4 | 56,6
3 7656 | 14,82 | 0,90 | 6,60 | - |0,12 | 10,21 | 27,37 | 13,91 42,06 3,96 | 0,00 | 1,5 |73,20
3.1|79,84 | 11,22 | 4,88 | 6,79 |0,05|0,16 | 8,49 | 27,37 | 13,19 |42,05| 1,52 | 0,38 | 1,5 |75,73
3.2|7531| 11,59 | 547 | 6,40 |0,12|0,14 | 10,33 | 27,35 | 13,00 |41,03| 0,44 | 0,88 | 1,5 |70,40
33|77,18 | 10,73 | 591 | 583 |0,21|0,16 | 10,07 | 27,38 | 13,91 |41,07| 0,65 | 1,57 | 1,5 |72,70
3.4|7632 | 12,48 | 536 | 6,02 |0,44|0,16 | 10,47 | 27,29 | 12,12 |40,94| 0,22 | 3,19 | 1,5 |64,60
4 76,53 | 15,20 | 0,64 | 6,64 | - |0,12 | 12,65 | 26,85 | 12,09 |43,56] 3,96 | 0,00 | 1,6 | 68,95
41]79,71| 10,34 | 3,42 | 6,78 |0,05|0,15 | 6,72 | 26,84 | 13,21 |43,55| 0,65 | 0,40 | 1,6 |77,82
42]76,03| 11,46 | 4,65 | 6,49 |0,11|0,16 | 9,24 | 26,87 | 12,60 |42,99| 0,87 | 0,87 | 1,6 |74,30
437761 10,77 | 532 | 592 |0,23]0,20 | 9,10 | 26,82 | 11,96 |42,92| 0,87 | 1,49 | 1,6 | 76,10
447582 | 12,14 | 4,79 | 6,18 |0,47|0,21 | 10,05 | 26,84 | 11,88 |42,95| 1,09 | 3,14 | 1,6 |66,30
5 | 76,28 | 15,58 | 0,62 | 6,97 | - |0,14 | 12,88 | 25,13 | 13,21 |44,13| 3,61 | 0,00 | 1,7 |66,82
5.1|77,18 | 11,79 | 3,01 | 594 |0,04|0,20 | 6,26 | 2514 | 12,45 |44,14| 0,64 | 0,35 | 1,7 |80,00
5.2|76,60 | 11,96 | 413 | 6,24 |0,13|0,15 | 7,71 | 25,52 | 13,21 |44,15| 0,21 | 0,94 | 1,7 |81,11
5.3|76,26 | 12,38 | 4,60 | 6,18 |0,21]0,20 | 8,30 | 25,49 | 12,60 |44,11| 1,28 | 1,53 | 1,7 |79,12
5.4|7577 | 11,63 | 4,74 | 5,95 |0,45|0,23 | 10,00 | 25,09 | 12,45 |44,16| 0,64 | 3,11 | 1,7 |66,60
6 | 76,02 | 1545 | 0,59 | 6,95 | - |0,12 | 12,99 | 24,83 | 12,60 |45,51| 3,73 | 0,00 | 1,8 |64,93
6.1| 80,47 | 11,99 | 1,03 | 6,11 |0,06|0,14 | 5735 | 24,83 | 13,12 |45,51| 1,28 | 0,41 | 1,8 |83,15
6.2| 80,05 | 12,34 | 1,42 | 6,00 |0,13]0,12 | 5,75 | 24,80 | 13,19 |44,64| 0,43 | 0,95 | 1,8 |84,62
6.3| 76,04 | 12,09 | 3,90 | 6,18 |0,23|0,11 | 7,15 | 24,75 | 13,00 |44,56| 0,64 | 1,54 | 1,8 |84,34
6.4 76,36 | 11,99 | 4,21 | 589 |0,44|0,20 | 9,74 | 24,71 | 13,91 |44,48| 1,06 | 3,14 | 1,8 |67,79
7 175,86 | 16,02 | 0,54 | 7,16 | - |0,12 | 13,10 | 23,79 | 11,96 |46,11| 3,26 | 0,00 | 1,9 |63,50
7.1180,76 | 11,64 | 0,91 | 6,10 |0,030,10 23,78 | 12,09 |46,11| 0,64 | 0,39 | 1,9 |80,88
7.2179,97 | 11,84 | 1,30 | 6,42 |0,15|0,11 | 6,75 | 23,75 | 13,21 45,13 0,85 | 0,94 | 1,9 | 81,9
7.3180,01 | 11,91 | 1,56 | 6,18 |0,21|0,12 | 5,87 | 23,73 | 12,60 |45,09| 1,28 | 1,51 | 1,9 |85,80
7.4176,77 | 12,38 | 4,20 | 6,14 |0,45|0,14 | 9,80 | 23,69 | 11,96 |45,02| 1,28 | 3,21 | 1,9 | 69,6
8 | 7551 | 14,01 | 0,43 | 7,55 | - |0,12 | 13,77 | 23,59 | 11,88 |47,20| 3,19 | 0,00 | 2,0 62,20
8.1|80,86 | 12,04 | 0,77 | 6,01 |0,06|0,10 | 6,72 | 23,59 | 11,88 |47,19] 1,28 | 0,36 | 2,0 | 76,89
8.2|80,10 | 12,27 | 1,16 | 598 |0,14|0,11 | 7,84 | 23,55 | 12,45 |47,13| 1,28 | 0,85 | 2,0 |78,80
838035 | 11,80 | 1,26 | 6,15 |0,21|0,11 | 7,00 | 23,52 | 12,48 |47,05| 1,49 | 1,59 | 2,0 82,30
8.4]76,99 | 11,52 | 4,19 | 6,66 |0,43|0,14 | 9,40 | 23,51 | 11,98 |47,03| 0,85 | 3,14 | 2,0 |74,80

JKcnepMMeHTbl NPOBOAUAN B HM3KOLLAXTHOM
PYAHOTEPMUYECKOM  3/1IEKTPOMNEYM  MOLLHOCTbIO
0,2MBA. Temnepatypa pgyrosoro paspaga 2500-
4500°C obecneumnBaeTcs rpadpuUTOBbIM I/1EKTPOLOM
avameTtpom  200mm.  dneKTponeyb CHab)KeHa
YeTblpbMA CTYMEHAMMU PeryimpoBaHnAa BTOPUYHOIO
HanpaxeHus - ot 18,5 no 49,5B. na obecneyeHus

YUCTOTbI BOCCTAHOB/JIEHHOrO MeTanna NoguHa nevm
6blna M3roToBNEHA M3 TLATENbHO YNJIOTHEHHOMO
MEeNKOPa3MoJIOTOr0  BbICOKOYMUCTOrO  rpadwmra.
CxemaTnyecKkoe CTpoeHue BaHHbl nevyn npuseneHo
Ha pUCYHKe 4.

lMoBepxHOCTb NOAa HAK/NOHEHA nog yrnom 5-70
B HanpaBAeHUM IETOYHOro OTBEpCTUA, YTO
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obecneunBaet 6osiee nerkuii BbiXxog pacniaBa M3
30Hbl BOCCTAHOB/EHMA. 015 OTKPbITUA W MNPOXKUra
NeTKM 6blla CKOHCTPyMpOBaHa M CMOHTMPOBAHA
CMCTEMA NPOXKUra C rPaduTOBLIM 3/EKTPOAOM
30mm.  dyTepoBKa  MNeuM  BbINOJAHEHA M3
MarHe3smMToBOro Kupnuya. 1A 3akpbIiTUA NE€TOYHOrO
OTBEpPCTMA UCMNONb30BaM  CMECb OrHeyrnopHoM
FNIMHbI U APOBAEHHOW 31EKTPOAHON MacChl.

Ons BbINJaBKK BbICOKOYF1€poAMNCTOro
deppomapraHua Ha  OCHOBHbIX  LINAKax C

ncnonb3oBaHMem 6HopaToBbiX  GAOCOB  LIMXTY
COCTaBAANM n3 MapraHLuesom pyAbl
MecTopoXaeHna «borau», KoOKca W  U3BeCTW.
bopcoaeprKawmm maTtepuanom CNyXuna

6opaToBan pyaa MHAEPCKOro MECTOPOXKAEHUA.

~380B
L
AN
A \ﬁ
] 32
6 4

.

" &%
ORI RXRAXK
Dotriatotateotetolotetatetotoleotels KRR

1 —3neKkTpoapl; 2 — UCXOAHaA WKXTa; 3 —30Ha
pasMArYeHHoM WuxTbl; 4 — nepexoaHas 30Ha; 5 —
NPUCTEHHbIN FapHUCaXK; 6 — peaKLMOHHAsA 30Ha;

7 — pacnnas; 8 — meTanNoKapbuaHasa HacTbiNb.

PucyHok 4 CTpoeHue BaHHbl pyAHOTEPMUYECKOM Neyn ¢
TpaHchopmaTopom molHocTbto 0,2MBA

Mo  TEXHONOTMYECKON  XapaKTepuUCTUKe K
MapraHueBbiM pyaam npeabaAsaaoT TpeboBaHMA
MWHUMANbHOTO COAEPXKAHUA MesouM M Nbian. B
CBA3N C 3TMM W3 OMbITHOW NApPTMM MapraHueBoW
pyabl B Konnyectse 3T oTceBann Gppakumio -8Mm, a
Kyckn 6onee 50mm poapabnvsann B LLEKOBOM
Apobunke o ¢pakumm 8-50Mm M U3 HUX BbiAn
0TO6pPaHbI NPO6LI AN XMMUYECKOTO aHaIM3a NyTem
NPUMEHEHWUA  TPEXPasoBOrO  KBAPTOBAaHWA U
nepemelwwmnBaHna. TakKe Oblin oTobpaHbl NpPobbl
KOKca, 6OpaToBOM pyAbl WM M3BECTU 3ITUM Ke
MeTOAOM.  XMMMWYECKMA  COCTaB  LUMXTOBBIX
MaTepuanoB npeacTaBaeH B Tabavue 5.

Tabnuua 5 Xumuyeckuii CocTas WMXTOBLIX MaTepuanos, %

Matep Mn Fe, Ca Si Al, M
Ac \Y W Ce S
wan obu | 6w O |0, | O3 | g0
Mn
45, 5,8 1,5 6, 0, 0,0
KOHLUe 2,7 - - - -
05 8 1 28 31 35
HTpaT
Koke 11, 58 | 48 14, 4, 20 | 3,8 1, 75, 0,0
83 8 ,5 57 34 A 3 07 73 6
B,
(¢5}
Bop. 26, 31 12
- - 73 - - -89 -
pyaa 9 9 3
U3Bec 76, 0, 04 0, 21, 0, 0,0
™ 32 | 3 ! 6 61 | 5 2
Pasorpes asneKkTponeusm npousBoauManM B

TeyeHMe 8 4acoB C MCNONAb30BaHMEM KOKCOBOW
NoAyLWKM B KAYecTBE NMPOBOAHMKA 3NEKTPUYECKOTO
Toka. [lo 3aBepweHWn nepuoga pasorpesa
3/IeKTponeYb MOJIHOCTbIO OYMCTUAW OT OCTaTKOB
KOKCOBOM  MOAYLWKW.  DAEKTPUUYECKUN  peXRMM
nepvoga pasorpesBa: BTOPUYHOE HaMNpAXKeHue
24,6B, cmnna ToKa 100A. T[lpouecc Benu npu
HanpaxkeHun 18B wu cune ToKa 3500-4500A
HenpepbIBHbIM CMOCOOOM, C 3arpysKoi LUMXTbI
HeboNbWMMM  MOPUMAMM MO  Mepe  YCaaKM
KOJIOLWHMKA, C NeEPUOANYECKMM BbIMYCKOM MeTanna
yepes Karkaple 2 Yaca B YYryHHbIe U3/10KHULbI.
Mopaya WKMXTOBLIX MaTepuanoB U o0bpaboTKa
NoBEPXHOCTH KONOLWHMKA nNpou3BoAUINCH
CTa/IbHbIMW COBKaMM U AepeBAHHbIMM LLIECTaMM.
OTKpbITME NEeTKM npoussoauan rpaduToBbIM
3/IEKTPONPOXUIOM. MeTann w WAaK KaxKaoro
BbINyCKa B3BELUMBA/IN, NOC/E Yero oToupanm npoby
Ha XMMWYECKUI aHaNM3 COFNACHO YCTAaHOB/IEHHbIM
npasunam oTbopku npob. [lpaKTnyeckn 3a BCHO
KamMnaHu1to BbIMN/J1aBKK yrnepoancroro
dbeppomapraHua npouecc NpoTekan  POBHO.
KonowHMK B TeyeHMe BCero nepumopa MchbiTaHWUM
paboTan XOpOoLlO, LWAAKOBAaHUA W «CBULLEWY He
Habntoganocb. Masbl BbIAENANNCD PABHOMEPHO NO
BCEM MOBEPXHOCTU KOJIOWHWKA. KOHyC LWuxThI
BOKpYr anekTpoga cocrtasnan 0,3-0,45m nog yrnom

35-40°. LWunxTa onyckanacb pPaBHOMEpPHO
camoobBanom, cnekaHma KONOLWHMKA He
Habntoganocb. KonebaHMA TOKOBOW  Harpysku

oTmeyanucb 4epes 1-1,5 yaca nocne BbINYCKa,
Korgaa B Mneym Hakanameanca metann. [locagka
3/1eKTPoAOoB 6blia rnyboKoW, NeTKa OTKpbiBanacb
nerko. Metann u Wnak BbIXOAUAU aKTMBHO. [lpwn
HeobXo0AMMOCTU, NPYTbAMU NPOMU3BOAM/IM LLIYPOBKY
netoyHoro oteepctnA. [lpyM  OKOHYaHWMM CAMBA
pacnnaea M3  JIeTOYHOro  oTBepctua  BypHO
BblAENANUCL T[a3bl, YTO CBMAETENbCTBOBANO O
MOJIHOM BbIXO4€e MeTanfa U3 PeakLMOHHON 30HbI.
Mpn HanMuMn 3TUX TEXHONIOTMYECKUX MPU3HAKOB
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NIeTOYHOE OTBEPCTUE 3aKpbiBanu [IMHON, nocne
Yero B Me4Yb 3arpy)Kain CBEXYH LWUXTY C
obpasoBaHMEM KOHyca BOKPYr 3/1eKTpoaa.

Mocne BbIMYCKa MeTanna, 06paboTku
KOJIOWHMKA W 3arpyskM HOBOWM MOPLUKN  LIKNXTHI,
TOKOBas Harpyska BblPpaBHWBANACh. LnxTa
PaBHOMEpPHO nporpeBanacb oTXoAALMUMN
pPeaKkLMOHHbIMMK rasamm, yTO co34aBasio
6naronpusTHble ycnosus ana pasBuTUA
BOCCTAHOBUTE/IbHbIX MPOL,ECCOB.

C MCcnoIb30BaHMEM TEOPETUYECKUX MOJIONKEHWN M
[16-20], BbiTekatowmx K3  dopmanM3oBaHHOM
moaenm OKCUAHbIX pacniaBos n
3KCNEPUMEHTa/IbHbIX AaHHbIX MO BA3KOCTU U
3/IeKTPONPOBOAHOCTHU LaKoB npou3BoACTBa
MapraHueBbix ¢eppocniaBoB paccynTaHbl BOCEMb
BapMaHTOB LUMXT BbIM/aBKM deppomapraHua. Ans
YBE/IMYEHMA  CTEMEeHWM  WU3BJIEYEHUA  BeayLmx
KOMMOHEHTOB B CM/laB  MPUHATO  pelleHue
YBE/IMYUTb OCHOBHOCTb LWJ/aKa, a ANA yaydweHua
dU3nNYeCcKmx CBOMCTB MCNONb30BaTb
b6opcoaeprKawme ¢nrocbl. OCHOBHOCTb KOHEYHOro
LINaKa BapbMpoBanu B npeaenax ot 1,3 (6asosas)
no 2,0. Ana npoBeAeHWs ONbITHbIX NAaBOK 6bian
PacCcYMTaHbl LWMKXTbl Ha MNOAYYEHME LWAAKOB C
ocHoBHocTtbto 1,3, 1,7, 1,8 wu 2,0. Pacxopg
b6opatoBoro ¢ntoca B COOTBETCTBMM C 3aAaHHbIM
cofepraHnem okcuaa 6opa B wwuxte 0,3; 0,5; 0,7
coctasnan 3,75, 7,5, 15% ot pacxoaa mapraHLueBoi
pyZbl. Mpu pacyeTe WKUXTbl NPUHATO creayloLlee
pacnpeaeneHne 6opa mexay NPoAyKTamu MnaaBKu
(tabnuua 6): 15% B cnnas, 75% B wnak, 10% noteps
C rasamm.

Tabnauua 6 CoctaBbl WIMXTbl MO BapMaHTam

Martepwuansi, V- VI- VII- VII-
I-8 -8 | lll-8 V-8
KK B B B B
Mn pyaa 10 10 10 10 10 10 10 10
Kokc 251252526 | 25| 25 2,6 2,7

N3BecTb 0,8 1,7 2,1 2,5 1,9 2,3 2,8 2,5

B pyaa 0o [ 7] 2839 ]17]28]39] 28
MnaBKM  XapaKTepu3oBa/NCb  HOPMasbHOM
paboToli neuu, ycTon4mMBom HarpysKom.

LLlnakoBaHWEe KOMOWHMKA, a TaK¥Ke CBULLM BO
Bpems NnaBoK He Habnwganuce. MazoBbiaeneHme u
CXO[, LMXTbl HA KONOLLIHMKE 6blIN PaBHOMEPHbIMMU.
BbicOTa KOMOWHMKA BO BCEX BapuaHTax OMbITOB
ocCTaBafacb 04MHAKOBOM, YTO CBMAETE/IbCTBOBAJIO O
TeyeHMM npouecca 6e3 HaKONAEHUs LWUXTbl WU
pacnnasa. Bcero no Bcem BapuaHTam 6bino
BbinnasneHo 301,8kr metanna wm 400,2Kr wnakKa.
OCHOBHblE TEXHWKO-3KOHOMMUYECKME MOKa3aTenu

npuvBeaeHbl Mo BCEM BapuaHTam B Tabauue 7. Kak
MoKa3blBaeT aHa/M3  OCHOBHbLIX MOKasaTenein
BbIN/JaBKM  yrnepogucroro deppomapraHua, B
LENOM TPOLLECC XapaKTepusyeTcs CTabuabHbIM
COCTaBOM MeTaslla U WAnaKa. MoayyeHHbIn MeTann
BO BCEX BapMaHTax OMbITOB MO XMMWUYECKOMY
coctaBy oTBe4yaeT TpebosaHusm [OCTa w
COOTBETCTBOBAN yrnepoauctomy deppomapraHuy
Mapkm OPMH78.

Kak BMAHO M3 Tabauubl 7, BO BCEX BapMaHTax
nccnefoBaHUii  HabnogaeTca pPocT  M3BAEYEHMA
MapraHua B8 cnaaB Npu yBeJIMYEHUN OCHOBHOCTU
KOHEYHOrO LuaaKa.

Mpn BegeHMM NNAaBKM NO  CTAHAAPTHOM
TEXHO/NIOTUM  M3BNEYEeHMEe MapraHua B Chaas
pocturaet 82% npu KpatHocTM wniaka — 0,95.
Pacxog wnxtoBbIX maTepuanos coctasaset 2,130T
mapraHueson pyabl, 0,480T Kokca, 0,230T u3Bectu

Ha 1T MmeTanna, a  yAe/nbHbIi  pacxon,
aneKTpoaHeprnmn — 4889 KBTyac. B onbITHbIX
nnaBkax MOBbIWEHWE OCHOBHOCTM U  BBOJ

6opaToBbIx $OCOB CNOCOBCTBOBANM YBENMUYEHUIO
CTeneHn W3BNeYEHUA MapraHua. MonoxKutenbHoe
BAUAHWE OKcMAa 6opa Ha NOoKasaTenu M3BAeYeHUs
MapraHua B CMAaB COMacyetca C AaHHbIMKA NO
BAMAHUIO €ro Ha ¢U3MYECKMe CBOMCTBA LUNAKOB.
Mpucytctene  B,Os  CHWXKaeT  TemnepaTypy
KPUCTaNNM3aLUMM M BA3KOCTb BbICOKOOCHOBHbIX
LUNAKOB. B CHUMKEHWWM BA3KOCTW pacnnaBoB Urpaert

ponb yBe/nMuYeHMe neperpeBa M3-3a  HU3KKX
TemnepaTyp KpucTanauMsauum 6Hopcogeprkalymx
LWNaKoB " BEPOATHOCTb Ae3nHTerpaumm

HenpepbIBHbIX KPEMHEKUCNOPOAHbLIX KOMMIEKCOB
Ha 6onee npocTble ¢parmeHTol B pe3ysbTaTe
nepexoga 6opa w3 4YeTBEPHOM B TPOWHYIO
KOOPAMHAUMM W HAPYLIEHWA CNIOWHOCTU CETKMU.
Mpn stom 6Gonee 3ameTHbIN 3PPEKT CHUKEHUA
BA3KOCTM OTMEYAETCA Ha BbICOKOOCHOBHbIX LUIaKax
N HU3KKX TemnepaTypax. OgHaKo, Npu NoBbIWEHUN
OCHOBHOCTM U COAEpPXKaHMA B LUMXTE OKCcuAa 6opa
MMeeT MeCTO POCT KPaTHOCTM LWJaKa M Kak
CNefcTBUE, YBEIMYEHME PACXOAa SNEKTPOIHEPIUM.
Mpu NnpoBeAeHUMN NAABOK 3TOT paKToOp yCUAMBaeTcA
M3-3a UCNOJIb30BaHWSA B KaYecTBe bopcoaeprkallero
¢dntoca 6opaToBOW pPyAbl C BBICOKMM COAEPKAHMEM
OKCMAA KpemMHusa, Ha odnocoBaHWE KOTOPOro
TpebyeTca AONONHUTENIBHOE KOJIMYECTBO M3BECTM.
ONTUManbHbIM  PEXMMOM  BeAeHMs npolecca
Aasnsetca V-ii BapuaHT onbiToB. B 3atom cnyyae
[OCTUTaeTcs MaKCMMaibHOe U3B/ieYeHNe MapraHua
(87%) ¥ HM3KMI pacxog, LIMXTOBbIX MaTepUasioB:
MapraHuesom pyabl - 2,00T; Kokca - 0,400T; nssectu
0,280 T 1 6bopaToBoM pyapl - 0,250T Ha 1 T.
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Tabnanua 7 TeXHUMKO-3KOHOMMYECKME NOKa3aTeAn BbiMAaBKM YrAepoancToro peppomapraHua ¢pocosbim crnocobom

No HanmeHoBaHue YrnepogmcTblii eppomapraHel,
n/n nokasaTenewu | B. Il B. Il B. IV B. V B. VI B. VIl B. VIl B.
1 MpoaomKnTenbHOCTb 8 8 8 3 8 3 8 8
paboTbl, Yac.
2 flonyueHo 37,6/35,7 |38,1/41,9 | 37,8/50,6 |37,8/59,4 | 39/44,4 (37,6/51,5|37,1/59,3/36,8/57,4
cnnaea/wWwnaka, Kr
MouwHocCTb
3 TpaHchopmaTopa, 0,2 0,2 0,2 0,2 0,2 0,2 0,2 0,2
MBA
4 HanpsaxeHwne, B 18 18 18 18 18 18 18 18
Pacxog, matepunanos, Kr
s Mapr. pyabl 80 80 80 80 80 80 80 80
N3BecTu 8,65 15,5 17,87 20,27 16,75 19,46 22,17 22,64
Kokca 18,3 18,5 18,65 18,80 18,5 18,66 18,82 18,65
6 bop. pyaa - 6,0 12,0 21,0 6,0 12,0 21,0 12,0
. CpeaHuii coctaB metanna, %
Mn 78,48 78,85 79,55 79,85 80,50 80,16 79,51 79,66
Si 2,34 0,21 0,52 0,74 0,25 0,57 0,70 0,83
6,43 6,68 6,47 6,67 6,57 6,50 6,13 6,22
B - 0,02 0,04 0,065 0,021 0,041 0,059 0,049
CpeaHuii cocTas Wwaaka, %
MnO 17,63 11,14 12,92 14,69 7,98 9,77 11,79 10,68
Cao 39,46 47,80 45,81 42,43 50,26 48,63 47,42 50,25
SiO2 30,35 28,12 26,95 24,96 27,92 27,03 26,34 25,12
Al03 10,96 7,25 6,33 7,83 6,87 6,43 5,70 5,72
B203 - 0,4 0,8 1,4 0,45 0,83 1,5 0,88
9 [ OcHoBHOCTb WNaKa 1,3 1,7 1,7 1,7 1,8 1,8 1,8 2,0
10 KpaTHOCTb Wwnaka 0,95 1,11 1,34 1,56 1,14 1,37 1,6 1,56
11 Viseneuenne 82 84,5 83,5 82,7 87 83 82 81
mapraHua, %
Pacxopg,
12 | aneKkTpo3aHepruu, 4889 4986 5286 5333 4995 5315 5360 5450
KBT-yac/T
yrnepoamcrtoro ¢eppomapraHua npuM OCHOBHOCTU CTaHOAPTHbIXN  METAaNN C BbICOKUMW  TEXHWUKO-
KOHEYHOro LWnaka pasHol 1,8 u b6opa B meTanne 9KOHOMMYECKMMM  NoKasatenamu. [lpy  3aTom
0,02%. KpatHocTb wnaka cocrtasnaet 1,14. Pacxon ~ Hawunydwue nokasatenM  OOoCTUratoTcA npu

aNneKTpoaHeprnumn — 4995 KBT-yac. M3BneuyeHune 6opa
B cnnas coctasuno 10-12%, uyto 64M3KO K
pacyeTHOMy. KpemMHM1 BO BCEX OMbITHbIX MJaBKax
He npeBblWwaeT AonycTumoro npegena (2%).

BbiBOAbI
TakMum o06pasom, B pesynbTaTe M3yYeHus
BbINNaBKM  yrnepogucroro d¢eppomapraHua B
KPYnHO-NabopaTopHbIX  YC/OBMAX  YCTaHOB/IEHA

BO3MOXXHOCTb nepeaesia MmapraHuesbiX pya Ha
BbICOKOOCHOBHbIX LWJ/1aKaX Npu COOTBETCTBYHOLLEM
peryampoBaHnn TPaHCNOPTHbIX CBOMCTB LWWNAKa Ha

oTHoweHun CaO/SiO, B wnake, pasHom 1,8 n ¢
cogeprkaHnem okcuga 6opa B wnake 0,8%.
YCTaHOBAEHO, YTO NPU 3TUX YCIOBUAX NONYYEHHbIE
b6opcoaeprKawme BbICOKOOCHOBHbIE LINAKK
yrnepoauctoro dgeppomapraHua He MoABEP’KEHbI
paccbinaHuio.

KoHnuKT nHtepecos

OT nmeHu Bcex dBTOPOB KOppeCNnOHAEHT aBTOP
3aAB/IAET, YTO KOHd)fIMKTa MHTEPECOB HET.
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ABSTRACT

The article presents the results of laboratory trials for the smelting of high-carbon
ferromanganese on highly-basic slags. Laboratory trials have confirmed that an increase in the
basicity of ferromanganese production slags has a positive effect on the reduction of manganese
to the metal and a decrease in the concentration of silicon in it. However, the high basicity
makes the slag high-melting and tough, leading to large losses of manganese with the slag. The
use of on borate fluxes solves this problem by affecting the physical and chemical properties of
the final slags, which allows the process to be carried out at high basicities with the achievement
of optimal technological indicators. The obtained positive results of laboratory experiments
served as the basis for approbation the developed technology on a semi-industrial scale with the
smelting of high-carbon ferromanganese by the flux method from the manganese ore of the
«Bogach» Deposit. As a result of studying the smelting of carbonaceous ferromanganese in large-
scale laboratory conditions, the possibility of converting manganese ores on highly-basic slags
with appropriate regulation of the transport properties of slag to a standard metal with high
technical and economic indicators was established. The best results are achieved when the
Ca0/SiO; ratio in the slag is 1.8 and the boron oxide content in the slag is 0.8%. It is established
that under these conditions, the obtained boron-containing highly-basic slags of carbonaceous
ferromanganese are not subject to slaking.

Keywords: ferromanganese, borate fluxes, basicity, slag, degree of extraction.

Sariyev Otegen Rafhatovich

Information about authors:

Candidate of Technical Sciences, docent of the Department of metallurgy, mining and oil and gas
technical faculty of K.Zhubanov Aktobe regional university Aktobe, Kazakhstan. Email:
rafhatsson@mail.ru

Dossekenov Murat Sagitzhanovich

Engineer of LLP «Scientific and research engineering centre of ERG», Aktobe, Kazakhstan. Email:
dossekenov.ms@mail.ru

Kelamanov Bauyrzhan Satybaldyuly

Candidate of Technical Sciences, docent of the Department of metallurgy, mining and oil and gas
technical faculty of K.Zhubanov Aktobe regional university Aktobe, Kazakhstan. Email:
Kelamanov-b@mail.ru

Abdirashit Asylbek Miramkhanuly

Master of technical Sciences, Lecturer at the Department of Metallurgy, Mining and Oil and Gas,
Aktobe, Kazakhstan. Email: asik_942017@mail.ru

Yorfapbl Heri3gi KoXpapAaa XKofapbl KemipTeKTi peppomapraHeyTi 6anKpiTy

t*Capues O. P., 2 locekeHos M. C., : KenamaHos b. C., } 96gipawumt A. M.

1 K.}KybaHos ambiHOarbl Akmebe eHipsik yHusepcumem, AKmebe, Kazakcmat

2 «ERG Folnbimu-3epmmey-uHmUHUpUHe opmaneirel» XLUIC, Akmebe, KazakcmaH

* Aemop0dbiH 3neKkmpoHAbIK noymacsi: rafhatsson@mail.ru

Makana kengi: 22 koipKyliek 2020
CapanTtamansik wony: 24 KazaH 2020
Kabbinganapl: 25 kapawa 2020

TYAIHAEME

Byn maKkanafa »ofapbl Herisgi KoxKpapha »Kofapbl KemipTeKTi deppomapraHeuti 6ankbiTy
6OoMbIHWA 3epTxaHanblK »KoHe ipi 3epTXaHaNblK CbIHAKTAPAbIH, HITUXKenepi KenTipinrex.
3epTxaHanblK, CbiHaKTap KesiHae deppomapraHel, eHAipici KOXKAApbIHbIH, HEri34iNiriHiH, apTybl
MapraHeuTiH, MmeTanfa AeliH TOTbIKCbI3AAHYbIHA KaHe OHAAFbl KPEeMHUIN KOHLLEHTPALMACHIHbIH,
TeMeHZeyiHe OH, 9cep eTeTiHAIr aHbIKTanabl. Anainga, Kofapbl HEri3finik KoXKAabl KMbIH
6anKMTbIH KaHe TYTKbIp eTedi, 6yn mapraHeuTiH KobeH bGipre ofanybiHa akeneai. bop
dntocTepiH KongaHFaHAQ, oNap KOKAApAblH, GU3MKO-XMMUANBIK KacueTTepiHe acep eTin byn
mMaceneHi weweai. AFHW ypAicTi KOfFapbl HEri3ginikrte »Kyprisin OHTalAbl TEXHONOTUANBIK,
KepCeTKiluTepre KON KeTKizyre MyMKiHAIK 6epedi. 3epTxaHanblK ToxipubenepaeH anbiHFaH OH,
HaTUKenep «borau» KeH opHbIHbIH, MapraHeL, KeHAepPiHEH KOoFapbl KOMIPTEKTI deppomapraHeuTi
KOXAaManblK aaicneH 6ankbiTy apKbiabl KapTbliak ©HEepKaCinTiK ayKbimaa d3ipaeHreH
TEXHO/NOTUAHBI CblHAaKTaH ©TKi3yre Heri3a 6onabl. Ipi 3epTxaHanblK Kafganga KemipTekTi
beppomapraHeuTi 6aNKbITYAbl 3epTTey HITUNKeCiHAe MapraHel, KeHAepiH ofapbl TEXHUKaNbIK-
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3KOHOMMKANbIK KepceTKiwTepi 6ap CTaHAAPTTbl MeTanfa apHaiAfaH KOXAblH Tacbimanaay
KacueTTepiH TUWICTi peTTei OTbIpbIN, »KOFapbl Heri3gi Koxpapaa Kanta 6eny MymKiHgiri
aHblKTanapl. byn petTe eH, )aKcbl KepceTkilwTepre Koskaarbl Ca0/SiO; KaTbiHackl 1,8-re TeH, )aHe
KO KypambiHAafbl 6op okeuai 0,8% bonFaH Kesae Kon XKeTkisineai. byn afganaa KypambiHaA
6op 6ap KemipTeri deppomapraHeLiHiH, KOFapbl HerisAi KOMXAApblHblH  LIalblpayFa
YLWbIPaMaiTbiHbl aHbIKTaNAbl.

TyiiiH ce30ep: PeppomapraHel, 60paTTbl KOXKAAMa, HEFi34iNiK, KOXK, 6eniHy aapexeci.
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U3yueHne BANAHNA TeXHONOMMYECKUX NapamMeTpoB npoLecca KOKCOBaHMUA Ha
KayecTtso KaMEHHOYFOHbHOﬁ CMO/1bl, nonyqaemoﬁ B KOKCOBbIX Ne4yax

AO «ApcenopMwuTtran Temupray»

A.B. AxmeTos, U. H. Paxumbekosa, C.H. LLlapkaes, A.3. Nnbscos

XumuKko-memannypauveckuli uHcmumym um. K.Abuwesa, Kapaza+Hda, KazaxcmaH

* dnekmpoHHas noyma aemopa: a.akhmetov-steel@mail.ru

CraTtba noctynuna: 28 okmsabpsa 2020
PeueHsnpoBaHue: 13 Hosb6pa 2020
MpuHaATa B nevatb: 07 dekabps 2020

AHHOTALUMA

B cTaTbe NpUBOAATCA pe3ynbTaTbl UCCNEAO0BaHMI, NPOBEAEHHbIX C LeAblo YCTAaHOBAEHUA MPUYUHbI
YBENMYEHUA NIOTHOCTU KaMEHHOYrONbHOM CMOJIbI, CBbIWE HOPMaTUBHOM 1,22 r/cm3, Ha KOKCOXMMU-
yeckom npoussoactee AO «ApcenopMuttan TemupTtay». UccnepoBanucb npobbl KOHLEHTPATOB
yrnein ¢ AeBATM NAAcToB BOCbMM LWAxXT KaparaHAMHCKOrO yronbHOro 6acceiHa U KOHLEHTPAT yras
mapku XK, noctaBneHHbI B Kokcoxumnpoussoactso AO «ApcenopMwuttan Temuptay» u3 LO®
«Ky3HeuKkaa» (Poccuna). B xome paboT BbifiBNEHA 3aBMCMMOCTb COCTaBa ra3oB OT TemnepaTypbl,
BO3AENCTBYIOWEN Ha BbIAE/MBLUMIACA NMPU KOKCOBAHUM ra3. DKCNEPUMEHTaIbHO YCTAaHOB/IEHO, YTO C
NoBbIWEHNEM TeMne-paTypbl BbiAENAIOLWErocA KOKCoOBOro rasa csbiwe 7502C go 10002C npoucxoaut
ncnapeHve nerknx GpaKkumii U3 CMO/bl U UX YAANEHUE B ra300TBOAALLMIA TPAKT, YTO COMPBOXKAAETCA
yTAXKeNeHNeM, yBe-M4yeHnem NAoTHOCTH, yN1aBIMBaeMoi AnA nepepaboTku B NeK KaMeHHOYTro/IbHOM
cmosnbl. Tem ca-mbiM pe3ynbTaTbl UCCAeA0BaHUIA CMOJIbl, BblAENEHHON B PasHbIX TemMMnepaTypHbIX
MHTEpBaNax YKasbl-BalOT, YTO MNOKas3aTenu BbIXOAA CMOJIbl U ee MJIOTHOCTU MpU UCMbITAHUAX
KOHLEHTPATOB MOAYMHAIOTCA ONpPeAeNeHHON 3aKOHOMEPHOCTU — C YBE/IMYEHMEM TemnepaTypbl
KOKCOBaHMA M NpU neperpese Bbl-AeNAOLWEroca ra3a yBeMunBaeTcsa NA0THOCTb CMOJIbl U CHUXKaeTcA
ee Bbixo4. MccnenoBaHWAMM B LieXe YCTAHOB/IEHO, YTO TEXHO/IOTMYECKOW MPUYMHON YTAKENeHus
CMOJIbl KOKCOBOFO rasa ABAAETCA HU3KUI YPOBEHb 3aCbiNW YrONbHOW LUUXTbI, YTO AAeT BO3MOMKHOCTb
KOKCOBOMY ra3y 3aJepmBaTbCA B MOACBOAOBOM MPOCTPaHCTBE M Neperpesathca Ao 1000°C,
ycunuBas ynér Nerkmx dpakumin CMONbI c rasom.
Knrouessbie cnoea: Yronb, KAMEHHOYIO/IHAA CMOJ1A, KOKC, MeTaH, NIOTHOCTb CMO/b.
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BeepgeHue

MHbIMM COCTaBaMM W CBOMCTBaMM, He yO0BNETBO-
pAarownmmn Tp66OBaHMF|M nonyyeHnA Ka4yeCTtBeHHbIX
NeKoB..

B nocnepgHee Bpema Ha KOKCOXMMMUYECKOM
npoussogctee AO «ApcenopMuttan TemupTtay»
CYLLEeCTBEHHO M3MEHWUNOCb KayeCTBO KaMeHHOo-
YrO/IbHOM CMOJIbl B CTOPOHY YBE/INMYEHUA ee NAOT-
HoCTw, cBblwe 1,22 r/cm®. Mpeanonaranoch, 4To 3T0
BbI3BaHO BOB/JIEYEHEM B KOKCOBAHME MaJIOU3yYeH-
HbIX Yyriei u3 HoBblXx nJactoB KaparaHAWHCKOro
yronbHoro b6acceiiHa, U3 KOTOPbIX BO3MOXKHO Bblae-
NAOTCA KOKCOBbIMA a3 U KaMEHHYro/ibHas cmosa C

Llenblo paboTbl CTaBMAOCL YCTaHOBAEHMUE
WUCTUHHOM MPWYMHbI YBENIMYEHUA MJAOTHOCTM Ka-
MEHHOYrONbHOW CMO/Ibl U U3ydYeHMe BAUAHUA Ha ee
NAOTHOCTb YCNOBMI KOKcoBaHMA B nedax AO
«AMT». B 4acTHOCTM BAMAHUA TeMnepaTypbl KOKCO-
BOTO rasa, M3 KOTOPOro Y/aB/NMBAETCA KaMeHHO-
yrosibHasi CMoJ/1a, Npu ero yaaneHuu vs neuu. Ana
Yyero uccaeoBannCcb NPobbl KOHLEHTPATOB Yr/ien ¢
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LEeBATM NNAcToB BOCbMM LWaxT KaparaHAgMHCKOro
YronbHOro 6acceHa U KOHLEHTPAT yraa mapku MK,
NMOCTaB/IEHHbIA B KOKcOXmmnpounssoactso AO «Ap-
cenopMuttan Temuptay» m3 LOP «KysHeuKas»
(Poccus).

B xope vccnepoBaHuWiA yCTaHOBEHbI 3aBU-
CMMOCTM COCTaBa rasoB M NAOTHOCTU CMOJIbl KOKCO-
BaHMA KOHLEHTPATOB yraei OT TeMnepaTypbl KOK-
COBOTO rasa, a TakKe UX CBA3b KaK MpUYMHA yTAXKe-
JNIEHMA CMObI CBbILE HOPMATUBHOM NNOTHOCTH.

3KcnepumeHTaanaﬂ Y4acTb

NccnenoBaHMA KOKCOBbLIX Fa30B MOJyYeH-
HbIX M3 KOHUEHTPATOB Yrnen yroibHOro Aenapra-
meHTa AO «ApcenopMuttan TemupTtay» npoBoau-
Mcb B NabopaTOpHOM peaKkTope npu Tpex Tenso-
BbIX peXXnumax — ¢ Temnepatypamu rasa 550 °C, 750
°C v npm 1000 °C. Mpwn aTom 3agayent uccnegoBaHua
CTaBWJIOCb BbIAABNIEHWE 3aBUCMMOCTM COCTaBa ra3os
W NJOTHOCTM CMOJIbI OT TEeMMepaTypbl rasa.

MN3BeCTHO, YTO OCHOBHOM 06beM rasa npwu
KOKCOBAHWW BbIAENAETCA B MHTEpBase TemnepaTyp
Harpesa yrosbHoi wuxTbl 380-600 °C [1,5,7]. Takoi
ras HasblBaeTCA NEPBUYHbBIM UM FA30M MOJIYKOKCO-
BaHMA. Mpn ganbHenwWwem Harpese yras, ¢ npespa-
LLEHWEM ero B NMONYKOKC U Aasiee — B KOKC, UHTEH-
CMBHOCTb BblAeNIEHUA ra3a CHUXKaeTcA. B peanbHbIx
YC/IOBUSAX, B KAMEpEe KOKCOBOM Mneyn, npouecc npe-
BPALLEHMA YrO/IbHOMN LWMXTbl B KOKC MAET NOCTeNeH-
HO — nepemelaowmmcs GPOHTOM OT CTEHOK Ka-
Mepbl K cepegumHe nupora. Takum obpasom, 1 nep-
BMYHbIN ra3 Bblgenaetcs 60/bly YacTb BPEMEHMU
HaXOXAEHUA WMXTbl B MeYn, NpeKkpaLlan BbloenATb-
CA TONIbKO NPU MOSIHOM ee CMeKaHuW, Co BCTpeyeit
$pOHTOB crnekaHua B cepeanHe nupora. [2,3,4]
KOKcoBbIl e ras, noaydyaemblit U UCNONb3YEMbIN B
NPOMBILNEHHBIX YCAOBUAX 3TO, MO CyTW, MepBUY-
HbI ra3, NOABEPrMNCA AONOJNHUTENBHOMY Harpe-
By 80 750 °C npu ero npoxoxKaeHuu 4vepes npo-
CTPaAHCTBO MeXAY LUMXTOM U pacKaNeHHbIM CBOAOM,
a TaK)Ke CTEHKaMM Neyun No NnepumeTpy LWNXTbI.

MepBaa cepua nccnenoBaHUiA Benacb B Na-
60pPaTOPHOM KOKCOBOM peakTope Npwu Temnepaty-
pe wuxTbl B npegenax 700 °C n Temnepatype oTxo-
AAwero rasa 8 npegenax 550 °C. To ecTb npu Tem-
nepaTypax NOJYKOKCOBAHWUA, 3aBEAOMO HUXKeE, YeMm
B peanbHbIX YCNOBUAX B MPOMbIWJIEHHON neun, B
KOTOpOM TemnepaTtypa 6onbleN YacTU LWIKXTbl 4O-
cturaet 900-1000 °C, a TemnepaTypa rasa B noga-
CBOZLOBOM NpocTpaHcTee gocturaet 750 °C. Bropas
cepva UCNbITAaHUM NPoBOAMAACL NPU TemnepaType
Yro/ibHOM WKxTbl B peaktope 1000 °C. Temnepatypa
BblAENAOLLEroca rasa npm aTtom coctasuna 750 °C.

B TpeTbei cepum TemnepaTypy KOKCOBaHMA Bbl-
AepXuBanun B npegenax takxKe 1000 °C, tTemnepa-
TYpy BblAEeAMBLIErocA rasa nogHMManun nocpeg-
CTBOM HarpeBa oTBogsAwen Tpybkn go 1000 °C, T.e.
¢ neperpesom Ha 250 °C cBbiwe Temnepatypbl 750
°C, obblvMHOM AnA rasa, 3BaKyMpPyemoro ns nozacso-
[0BOr0 NPOCTPAHCTBA PeasibHON KOKCOBOW Meyu.

O6c¢cyxaeHue pe3ynbTaToB

UccnepoBaHMe cocTaBa MOJYYEHHbIX ra3oB
npon3BOAMIOCE Ha XpomaTtorpade «Kpucrtanntokc-
4000M». YcTaHOBNEHO, YTO BbIXO4, NEPBUYHOIO ra-
32 M ero cocTaB NPSMO CBA3aH C BeLLeCTBEHHbIM
COCTaBOM OPraHMYecKoM MacCbl UCXOAHbIX YrIen,
onpeaenseTca reHesucCoM M YCAOBUAMU UX MeTa-
mopdu3ma, KoTopble Y UCCeAyeEMbIX YrNen oKasa-
Ancb  conoctaBMmbimn. COOTBETCTBEHHO M COCTaB
ra3oBBblAENAEMbIX MNPU KOKCOBAHUM NPUMEpPHO-
OAMHAKOBbIN. Kak BUAHO M3 pe3yabTaToB MNOJIYKOK-
coBaHuA, Tabnnua 1, B coctaBe HU3KOTEMMNepaTyp-
HbIX NEePBUYHbIX ra3oB nNpeobnagaetr MeTaH, B npe-
penax ot 48,3 go 56,97 %, Kpome coctasa rasos B
yrne nnacta Ko w. «um. Kysembaesa», «CapaH-
ckoi» K7 n «mm./leHnHa» Os. B HUX Aona meTaHa u
BOAOPOAA HAaX0AATCA NMPUMEPHO B PaBHbIX Koan4ye-
ctBax 48,3-47,97 % w 50,89-47,15 % cooTBETCTBEH-
HO. KoHUEeHTpauun ob6HapyXKEeHHbIX XpomaTorpa-
dom BTOpOCTENEHHbIX, NONYyTHbIX razos — CO, C;Hs,
CsHsg, O3, CO3, N3, C3Hg 1 C;Hs HEBBICOKM M HAaXoZAT-
CA B AONYCTUMbIX Npeaenax, XapakTepHbIX A1A KOK-
COBaHuA.

MNpeobnasaHve MmeTaHa B MNEPBUYHOM,
HM3KOTEMMEPATYPHOM rase MOXKHO OOBACHUTL He-
MoJsIHOM AuccouMaumeit meTaHa Ha BoZopoS4 U yr-
nepog, npu uccneayemon temnepatype (550 °C) u
onpeaeneHHbIMWU PaBHOBECHbIMU YCI0BUSAMMU, CO-
OTBETCTBYHOLWMMMN YCAOBUAM NPOTEKAHUA NpoLuecca
TEPMMYECKOrO Pas/ioXkKeHMa NepBMYHOro rasa B ne-
4Yu. YNPOLLEHHYIO peaKkuuio guccoumaumm metaHa
noA BO34eNCTBMEM TeMMepaTypbl MOXKHO NpeacTa-
BUTb B CieAylOLLEM BUAE:

CH4 +Q =>nC+ nH +CH4 (1)

Mpu aTom BblgenAOWMNCA CBOBOAHDBIN Yr-
nepog (C) B ycnoBusx peanbHOW KOKCOBOW Neuu
YaCTMYHO NpeBpalLaeTcA B TBEPAbIA KTEXHUYECKUI
yrnepoa», CTPYKTYPHO CXOXUMK C rpaduTom, Bbi3bl-
Ban AB/eHWe, Has3blBaemoe «3arpaduymMBaHMeM»
CTeHOK neuu [6,8,9]. C yBennyeHnem tTemnepaTtypsl
rasa KOJIM4YeCcTBO MeTaHa COKPALLAeTCa U yBennuu-
BaeTcA [0NA NPOAyKTa ero guccoumauumm — Boao-

poaa.
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Tabauya 1 — CoctaB NONYKOKCOBOIO rasa npu Temnepartype rasa 550 °C

KomnoHeHTbl, BXoaALlMe B COCTaB rasa, %
No HanmeHoBaHue waxTt MOHOOKM,U, ﬂ,ByOKMCb
MeTaH | Bogo- MponaH, | Kucno-
n/n WHaekc nnacra. yrnepoga, | 3taH, C2He yrnepoga, | Asot, N2
CHs |poa, H2 CsHs pog, O2
co CO2
1 |«AbaincKkaa» nnact Kis 56,79 | 28,67 1,73 1,60 1,44 0,61 3,79 5,31
2 |«TeHTeKc-kaa» nnact s | 56,58 | 47,43 2,90 0,40 - 0,15 1,12 0,94
«uMm. Kysembaesa» nnact
3 48,51 | 53,73 4,43 - - - - 1,73
K1o
4 |«um. KocteHKo» nnact K3| 56,92 | 36,42 2,51 1,37 1,12 - - 1,43
«KasaxcTaHcKaa» naact
5 1 54,97 | 34,02 1,42 1,55 1,44 - 3,08 1,84
6
«KasaxcTaHcKaa» naact
6 56,72 | 38,86 - 1,13 - - - -
JIEE]
7 |«lWaxtuHckaa» nnact Oi2| 56,44 | 43,26 2,06 0,83 - 1,01 - 5,95
8 |«CapaHckaa» nnact Ky 48,30 | 47,97 - 1,45 1,32 - 1,10 -
9 |«um. leHnHa» nnact s | 50,89 | 47,15 - 1,27 - - - 0,94
10 |UO®P «KysHeukas» (PP) | 53,72 | 30,43 4,16 1,40 - - 3,05 1,32

Bo BTOpOW cepum B cocTaBe ra3oB HabJito-
[AEeTCcA KapTWHaA, NPOTUBOMOJIOXKHAA pe3ynbTaTam
MCNbITaHUI HU3KOTEMMNEPATYPHOro rasa — MNpowuc-
XoauT npeobnajaHve AoNAM BoAOpOAa Hag, AONew
MeTaHa, B cpegHem Ha 21,5 %. CHuKeHne ponm
MeTaHa 0b6bACHAETCA MHTEHCUbMKauMeln peakuuu
€ro pas/ioXeHuA, BbI3BAHHOM, KaK poCTOM Temne-
paTypbl ra3a, Tak U ero HeKOTOPbIM MeperpeBom
NpM KOHTaKTe, MO Mepe ero BblAeNeHMA No nepu-
METPY CMEeKaoWeNCa WNXTbl C TOPAYNUMM CTEHKAMU

KOKCOBOrO peaKkTopa, Tabsmua 2.

B Lesom Takoe COOTHOWEHME OCHOBHbIX
BbIAE/MBLUMXCA Ta3’0B B WUCCAeAyeMOM palioHe
Temnepatyp (750 °C) u wuxtbl (1000 °C) noKasbl-
BAeT Ha COOTBETCTBME OPraHMYEecKoro coctaBa MC-
cnegyembixX YroabHbIX KOHUEHTPATOB TpeboBaHUAM
KOKCOBaHMsA.

B aTom cnydyae cpegHee cogepikaHue BO-
Aopoga 6osblle YeM coaepiKaHMe meTaHa Ha 38,5
%.

Tabnuua 2 — CocTaB KOKCOBOTO rasa npu Temnepartype rasa 750 °C 1 1000 °C

TemnepaTypa rasa
TemnepaTypa rasa 1000 °C
Neo HanmeHoBaHUe WaxT 750 °C
n/n MHaeKkc nnacta. Bopgo- MerTaH,
MetaH, CHs, % Bopopoga, H2, %
poa,H2, % CHs, %
1 |«Abaiickaa» Kis 33,54 48,21 27,89 60,55
2 |«TeHTekckaa» [e 33,87 57,45 28,33 70,39
3  |«um. KysembaeBa» Kio 30,92 60,32 25,62 70,72
4  |«num. KocteHKo» K3 33,96 50,31 28,87 61,12
5 |«Ka3saxcTtaHcKaa» g 32,44 50,45 27,82 61,51
6 |«KasaxctaHckaa» Qi1 32,97 52,45 27,54 64,36
7 |«WaxTtnHckaa» Oi-2 33,82 54,15 28,96 65,46
8 |«CapaHcKaa» Ky 30,56 58,84 26,47 70,14
9 |«nMm. JleHnHa» e 31,62 57,55 26,45 68,39
10 |UOD «KysHeukan» (PD) 32,15 50,14 26,94 61,44
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Tabnuua 3 — XapaKTepUCTUKM CMO U3 Pa3/INYHbIX KOHLLEHTPATOB MpKU TemnepaType noaykokcoaHua 700 °C u Temne-
paTtype rasa 550 °C

Bbixop, Bbixop, 30/1bHOCTb CMONbI, | [TNOTHOCTL CMObI,

CMO/Ibl U3 KOHLEH- | CMO/bl U3 KOHLEH- r r/cm3 npu t wuxTol

Ne KoHueHTpaTt TpaTa, TpaTa, 700 °Cuntrasa 550

r % °C

1 |«Abalickas» Kis 18,38 4,99 0,02817 1,05
2 |«TeHTeKcKaa» [s 33,14 9,01 0,03744 0,98
3 |«laxtuHckaa» A2 22,72 6,17 0,0485 0,99
4 |«um. Kysembaesa» Kio 18,00 4,89 0,0595 0,96
5 |w. «num. NleHnHa» g 16,08 4,35 0,0395 0,96
6 |w. «CapaHckasa» K7 9,34 2,50 0,2435 1,02
7 |w. «KasaxcTtaHcKaa» s 15,38 4,18 0,0690 0,99
8 |w. «KasaxctaHckaa» Oi1 16,68 4,50 0,2611 1,04
9 |w. «um. KocTteHKo» K3 19,74 5,36 0,0446 0,99
10 |LO®P «KysHeuKkan» 14,22 3,84 0,2017 1,08

Tabnuua 4 — XapaKTepuCTUKa CMOA M3 Pas/IMYHbIX KOHLEHTPATOB Npu TemnepaTtype KokcoBaHusa 1000 °C n Temnepa-
Type rasa 750 °C

Bbixog cmonbl | Bbixog cmonbl | 30A1bHOCTb CMO- | [TAOTHOCTb CMOAIbI,

No M3 KOHLLEeH- |13 KOHLEHTpPaTa, nbl, % r/cm® npy t WnXTb

- KoHueHTpaT TpaTa, (%) 1000 °C nt rasa 750

(r) °C

1 |«Abaiickas» Kig 17,05 4,18 0,0312 1,11
2 |«TeHTeKckaa» s 24,31 6,61 0,0294 1,10
3 «WaxTtnHckaa» 12 20,75 5,86 0,0451 1,10
4  |«um.KyzembaeBa» Kio 17,88 4,86 0,0531 1,09
5 |w. «um.JleHnHa» [e 15,05 4,09 0,0400 1,09
6 |w. «CapaHckaa» K7 8,15 2,26 0,2512 1,11
7 |w. «KasaxcraHckaa» e 13,99 4,08 0,0720 1,12
8 |w. «KasaxcTaHcKaa» i1 15,65 4,06 0,2901 1,13
9 |w. «um.KocteHKko» K3 18,23 4,80 0,0398 1,08
10 |[UO® «Ky3HeuKaa» 12,50 3,08 0,1895 1,12

Tabnuya 5 — XapakTepuctMka CMOJ U3 Pas/IMYHbIX KOHLEHTPATOB Npu TemnepaType KokcoBaHma 1000 °C u Temnepa-
Type rasa 1000 °C

BbIxo4, cMOAbI U3 | Bbixod cMonbl U3 | 30bHOCTb cMObI, |TTAOTHOCTb cMmonbl, r/cm3
KOHLEHTpPaTa, KOHUEeHTpaTa, % npu t WWXTbl
Ne KoHugeHTpaT (r) (%) 1000 °Cwn
t rasa 1000 °C
1 |«AbaicKkaa» Kis 14,45 3,93 0,02760 1,19
2 |«TeHTeKcKaa» s 22,13 6,02 0,02967 1,19
3 |«WaxtruHckaa» 12 15,77 4,29 0,03980 1,22
4  |«um. Kyzembaesa» Kio 14,1 3,86 0,0595 1,18
5 |w. «um. JleHnHa» e 13,09 3,56 0,03655 1,18
6 |w. «CapaHckaa» K7 7,58 2,09 0,2284 1,21
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7  |w. «KasaxcTaHcKaa» e 12,53 3,41 0,0484 1,22
8 |w. «KasaxcTtaHcKaa» Oi1 13,16 3,58 0,2711 1,27
9 |w. «um. KocteHKo» K3 14,59 3,97 0,04733 1,17
10 |[UO® «Ky3Heukaa» 9,33 2,54 0,2102 1,25

Tabauua 6 — XapaKTepuCcTUKa NpUMecei CMOA U3 yrieil KOHLEHTPATOB KOKCOBaHWA KaparaHAMHCKOro yronbHoro 6acceiHa

Neo KoHueHTpaT MaccoBasa go- | MaccoBas go- | MaccoBasa go- MaccoBas YcnoBHas BA3-
nn nasoapl, % | NA BEWeECTB, He | 1A BELLECTB He aons KocTb (CP),
PacTBOPUMBIX B|pacTBOPUMBIX B| HadTasnHa B By

XWUHONNHE Tonyone, % nepecyete Ha
(a-p.), % 6e3ss. K.C., %

1 |w.«Abalickaa» Kis 2,36 3,7 9,95 8,6 7,1

2  |«w.TeHTeKcKaa» s 2,2 3,45 8,72 8,5 7,5

3 |w.«WaxtnHckaa» Q12 3,1 3,85 10,65 8,7 6,95

4 |w.«um.Kysembaesa» Kio 2,1 3,75 9,43 8,9 7,6

5 |w. «um./leHnHa» e 2,3 3,25 10,85 8,55 7,45

6 |w. «CapaHckaa» K7 2,3 3,15 9,84 8,8 7,25

7 |w.«Ka3axctaHcKaa» s 2,3 3,2 10,27 8,65 7,6

8 |w.«KasaxctaHckaa» Oi1 1,7 3,6 10,54 8,9 7,85

9 |w. «um.KocteHKo» K3 2,8 3,0 9,59 8,15 7,7

10 |(UO® «KysHeukaa» 1,8 3,4 9,83 8,5 7,8

3aBUCHMMOCTb napameTpos u“ noKasartenemn
CMOJ1bl KOKCOBaHMA OT TemnepaTtypbl ra3a onpeae-
NenAnacb TakXKe B TEX XKe TpeX TENNOBbLIX peXXnmax.

B nepBoii cepun nccnegoBaHuin bein onpe-
LeneH BbIX0o4 CMOJIbl, TaK¥Xe U3 HM3KoTemnepaTyp-
HOro rasa, nNpu Temnepatype nosaykokcosaHua 700
°C n TemnepaType rasa 550-600 °C. Npu aTol Tem-
nepatype M3 KOHUEHTPATOB pAda LIAXT MOJy4YeHbl
CMOJIbI C MJIOTHOCTbIO HUXKe 1 r/cm® — « TeHTeKcKaa»
Oe, «WaxtnHckaa» 0.0, «um. KysembaeBa» Kio, u
KOHLEHTpaT «uM. JSleHnHa» [e. YyTb Bbiwe 1 r/cm?
MMEIOT CMOJIbl KOHUEHTpaToB - «Abalickaa» Kis ,
«CapaHckaa» K;, «KasaxctaHckaa» [i1 U KOHLEeH-
TpaT LLO® «Ky3HeuKaa».

Bo BTOpOIn CcepuM  UCMbITAHUN  pexum
HarpeBa COOTBETCTBOBa/ TemnepaTypHbIM pPeXKu-
MaM XapaKTePHbIM ANA NOAYYEHUA MeTanaypruye-
CKOro KoKca — Temnepatypa wuxtbl 1000 °C n tem-
nepartypa rasa B npegenax 750 °C, T.e. npu Temne-
paType rasa B NoACcBOAOBOM MPOCTPAHCTBE KOKCO-
BOM Meyun, B YCNIOBUAX COOTBETCTBYHOLLMX HOPMASIb-
HOMY XxoA4y mnpouecca KokcoBaHuA. CpedHAA naoT-
HocTb cocTasuna 1,109 r/cm?.

B TpeTbei cepun MUCMNbITaHUI MOLeNNpoBa-
JINCb YCNOBUA COOTBETCTBYIOLLME HU3KOMY YPOBHIO

3aCbINW YroNIbHOM LWMXTbI, KOFAa ra3 3a4ep*KMBanch
B NMOACBOAOBOM MPOCTPAHCTBE MOT NneperpeBaTbeA
Ha 200-300 °C. B atom c/iyvyae NAOTHOCTb CMOJIbI
yBennumnach B cpegHem Ao 1,17-1,27 r/cm3.

MonHaa XxapaKTepuUCTUKa BblOeNALWMXCA
CMON1 U3 N3y4yaeMblX KOHUEHTPATOB yrneﬁ npu wnc-
cneayembliX TemnepaTtypax npuseneHa B Ta6m4u,ax

3,4,5.

UccnepoBaHHasa 30/1bHOCTb CMOA  Cylle-
CTBEHHO He MeHAeTcA OT TemnepaTypbl. He3Haum-
Te/ibHasA NoBbIWEHHaA 30/bHOCTb, A0 0,29 %,
HabloAaeTcA TONbKO Y CMOM KOHLUEHTPaToB yraa
waxT «CapaHckaa» K;, «KaszaxctaHckaa» [ii, LOD
«Ky3HeuKaa». CpeaHsa 30/1bHOCTb He MpeBblWaeT
0,099 %, TO ecTb Haxo4UTCA B Npeaesiax HOPMbI.

OnpeaeneHne maccoBoi npumecen — go-
N1 BOAbl, MAacCOBOW A0/IM BELLECTB HepacTBOpU-
MbIX B XMHO/IMHE, MAacCOBOM 40/IN BELLECTB Hepac-
TBOPUMbIX B TOJIyO/iIe, MaccoBOW A0 HadTanMHa U
YC/IOBHOM BSI3KOCTU CMOJIbl NPOBEAEHbI NO CTaH-
OapTHbIM meTogmKam [10,11,12]. MNony4yeHHble na-
pameTpbl, B LEAOM, COOTBETCTBYIOT npeaesiam Co-
NyTCTBYIOLWMM YC/IOBUAM MPOBEAEHHbIX MWCMbITA-
HUK, Tabanua 6.

Pe3ynbTaTbl MCNbITAaHWI MOKA3bIBAlOT, YTO
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NOKa3aTe/M BbiXoda CMOJibl U €e NJIOTHOCTU npu
UCNbITAHNAX KOHUEHTPATOB TaKXe NOAYUNHAKOTCA
onpep,eneHHon 3dKOHOMEPHOCTUN — C YBEJIUYEHNEM
TEMNEPATYpPbl KOKCOBAHNA U NPU Neperpese Bblae-
NAWErocAa ra3da CHM»XaetcAa BbiXOo4 CMOJbl U yBe-
NIN4nBaeTCA ee NJI0THOCTb.

BbiBoAbI

Cepueit aKCnepuMeHTOB B Tpex Temnepa-
TYPHbIX BapWaHTaX YCTAHOBAEHO, YTO OCHOBHOI
NPUYNHON YBEINYEHUA YAENbHON MNOTHOCTM Ka-
MEHHOYroNbHOM cMObl cBbilwe 1,22 r/cm® aBnsetca
M36bITOYHBIA MUPOAN3 CMOJIUCTbIX COCTaBAAOLLMUX
rasa u ysesMyeHue onun nerkux ¢pakumi, npouc-
Xoasuwme BcaeacTene neperpesa cBbiwe 1000 °C

BblAE/MBLUEroca rasa. Tem cambiM KOHZEHcauum u
YNaBAMBAHUIO B BapuibeTax KOKCOBbIX Nneyen noa-
BepKeHbl 6onee Taxenble ¢pakuun, a nerkue
dpaKkLMM CMOAbI MPY 3TOM YXOAAT B ra30X0A4bl, YTO
B UTOre BbI3blBaeT yBe/IMYEHNE MNOTHOCTU YNaBAU-
BaeMOW CMObI.

UccnegoBaHUAMKM  HenocpeacTBEHHO Ha
NpPOM3BOACTBE YCTAHOB/IEHO, YTO TEXHOJ/IOrMYECKOM
NPUYMHOM Neperpesa rasa B KOKCOBOW Meyn ABas-
eTcA yBennyeHve NoAcBOA0BOrO NPOCTPaHCTBA U3-
33 4acCToO AOMYCKAaeMOoro NepcoHasom 4YpesmepHo
HW3KOro YPOBHA 3aCbINW YroAbHOM WKXTbI, YTO AaeT
BO3MOXHOCTb KOKCOBOMY rasy 3afepKuBaTbCA B
pa3orpeTom NpoCTPaHCTBE U NeperpeBaThCaA CBbIlle
Hopmbl (750-800 °C), Ao ux 3Bakyauuu B BOAO-
oXNaXKaaemble CTOAKU U BapuabeTbl.
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ABSTRACT

In the article there are presented results of a research that was carried out to determine a reason for
the increase of more than 1,22 g/cm3 coal-tar oil densityat the coke production of “ArcelorMittal
Temirtau” joint-stock company. There have been studied samples of coal concentrates from nine layers
of eight mines in Karaganda coal basin and GZh coal concentrate which are supplied to the coke chemi-
cal production of “ArcelorMittal Temirtau” joint-stock company from “Kunetskaya” Enrichment plant
(Russia). During the work there has been determined dependence of the gas composition on the tempera-
ture affecting gas that was released during coal carbonizing process. It is experimentally established that
withanincreaseinthetemperature ofthereleased coke gasabove 750°Cto 1000° C, light fractions

evaporate from the resin and are removed into the gas discharge path, which is accompanied by a
weighting, an increase in the density captured for processing coal tar into pitch. The results of the resin
studies that is isolated in the same temperature ranges show the indicators of the resin yield and its
density during the tests of concentrates also follow a certain pattern — with an increase in the coal car-
bonizing temperature and with overheating of the released gas, the resin density increases and its yield
decreases. The researches in the plant has found that the technological reason for the weighting of the
coke gas resin is a low level of coal charge stockline, which makes possible to linger the coke gas in the
underroof space and to overheat with increasing the access of light fractions of the resin with the gas.
Keywords: Coal, coal-tar oil, coke, methane, resin density.
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KokcTey npoueciHiH TeXHONOrManbIK napamerpnepiHin «ApcenopMurrtan
Temipray» AK KOKcC newTtepiHae anbiHaTbiH TAaCKOMIp LWAMbIPbIHbIH CanacblHa
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TYRIHAEME

Makanaga «ApcenopMuttan Temiptay» AK KOKC wWbIfapaTblH 3aybITbiHAA KOMIp LWaMbIpbIHbIH,
ThIFbI3AbIFbIHbIH, HOPMATUBTIK 1,22 r/ cM3 —TaH Kofapbl y/fatobiHbIH, cebenTepiH aHbIKTay MaKcaTbiHAa
JKYPrisinreH 3epTreynepdin, HaTUXKenepi kenTipinreH. KapafaHabl Kemip 6acceiiHiHiH, ceri3 WaxTacbIHbIH,
TOFbI3 KabaTblHaH anblHFAH KOMIp KOHLEHTPATTapbiHbIH, yAarinepi xaHe KysHeukaa OpTanblk eHAey
3aybITbiHaH (Peceit) ArcelorMittal Temirtau KOKC-XMMUANBIK BHAIpICIHE »KeTKi3inreH GZh mapkanbl Kemip
KOHLLeHTpaTbl 3epTTengi. *ymbic 6apbicbiHAa ra3gapablH, KYPaMblHbIH, KOKCTey KesiHae 6eniHeTiH rasfa
acep eTeTiH TemnepaTypafa Tayenainiri aHbIKkTanapl. beniHreH KOKCTbIK ras3gbliH TemnepaTtypacbl 750 ° C-
TaH 1000 ° C-ka feWiH KeTepinreHae, eHin ¢pakumanap warbipaaH bynaHbin, ras LWbIFATbIH KONFa
Wblfapblnagbl, 6yn Kesge KailTa eHAey YWiH anblHFAH KeMIp WaliblpblHbIH, TbIfbI3AbIFbl ayblpaanapl.
CoHbIMeH, TemnepaTypaHblH, 3p TypAi AuanasoHblHAa 6GeniHreH wanbipabl 3epTTey Hatuxkenepi
KOHLLEHTPATTapApl CbiHay Ke3iHAe WaliblpAblH, WbIFbIMbI MEH OHbIH, Tbifbi3Ablfbl 6enrini 6ip 3aHAbINbIKKA
6afblHATbIHAbIFbIH KepCeTedi - KOKCTey TeMNepaTypachl }ofapbliaca KaHe BeniHreH ras Kpi3bin Ketce
WalbIpAbIH, TbifbI3AbIFbl apTafbl KaHe OHbIH, WblfbIMbl TOMeHAenai. Llexta yprisinreH 3eptreynep
HaTUKECIHAE KOKC rasbl LWabIPbIHbIH, aybipiayblHbIH, TEXHONOTMUANBIK cebebi Kemip LWMKIKYPambIHbIH,
TOKNECIHIH, TOMEH AeHreiae 60NaTbiHABIFbIHAH €KeHAIMNH aHbIKTanabl, 6yN KOKC newwi rasbiHbiH, Tebe
acTblHAA KeHiCTiKTe KanybiHa kaHe 1000 ° C peliH Kbi3biM KeTyiHe MyMKIHAIK 6epin, eHin waiblp
bpakumanapbiHbiH ra3beH KeTyiH apTTbipagb.

TyiiiH ce30ep: Kemip, Kemip LWalbipbl, KOKC, METaH, Wanblp TbifbI34blfbl.
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The effect of the catalytic layer composition on the hydrogen permeability

of assymetric tantalum-based membranes
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ABSTRACT

The paper offers the measuring results for hydrogen permeability of the membranes made of 40 um
thick tantalum foil covered with a metallic film with different thicknesses on one side. The
measurements were performed when the membranes were in contact with a commercial argon and
hydrogen gases mixed at the ratio of 1/5 at an overpressure of 500 kPa and at 580-585°C. It is shown
that films of Mo, Re, W, Cu, Co, and Ni metals deposited on the tantalum membrane surface from the
side facing a hydrogen-containing gas mixture increase its hydrogen permeability. The effect degree of
these metals increases in the specified row from left to right. The effect on the hydrogen permeability
of tantalum membranes, comparable to and superior to the deposition of a Pd film, exerts the
deposition of Cu, Co, and Ni films. It is explained by the high hydrogen permeability level of these
metals and the catalytic activity of their surface that results in intense hydrogen dissociation. The value
of the hydrogen permeability of the membranes naturally increases with a thickness decrease of
metallic films, however, it is obvious that this behavior is not linear. The hydrogen permeability of
membranes with Cu, Co, and Ni films decreases over time, that is explained by the oxygen segregation
at the Ta membrane/film interface, as well as by the processes on the membrane surface in contact
with the gas mixture. The nature of these processes should be studies since the lower oxides of these
metals are reduced by hydrogen at this temperature.

Keywords: composite membrane, tantalum, metal catalytic overcoat, hydrogen permeability,
dilatation.
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Introduction

One-stage membrane separation with the
ultrapure hydrogen production is a promising
method to separate hydrogen from gas mixtures
formed during steam reforming. Currently,
palladium and its alloys are industrially used as a
membrane material but their very high cost limits

the spread of this method. In respect thereof, the
hydrogen industry development requires to develop
new highly efficient and inexpensive hydrogen
permeable membranes [1- 2]. Group 5 metals are
significantly cheaper than palladium and are
characterized by high hydrogen absorption capacity.
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Under various sources, the hydrogen permeability of
tantalum is 6*1078-2*107"mol*m™*s1*Pa™0> at 440
°C [1]. However, the tantalum surface is covered
with an oxide film as a result of interaction with
reactive gases, as well as surface segregation of the
oxygen dissolved in the grid, at operating
temperatures (> 350°C). Such a film sharply reduces
the catalytic dissociation of hydrogen molecules on
the membrane surface required to absorb hydrogen
[3]. The actual hydrogen permeability of 40 um thick
tantalum membranes upon contact with technical
grade hydrogen decreases up to ~1.17-6
*107%mol*m™1*s"1*Pa™0> [4] when the temperature
rises to 500-580°C.

It is believed that double-sided coating with a
layer of palladium or palladium alloys up to several
microns thick is the most promising to reduce
oxidation and improve catalytic dissociation on the
tantalum membrane surface [1- 2, 5- 6]. However,
this coating when heated is subject to destructive
changes in the morphology of its surface [5] and a
change in composition due to reactive diffusion at
the border with tantalum. These processes rapidly
reduce membrane hydrogen permeability. In this
regard, the search for effective ways to prevent the
degradation of the palladium film properties is of
decisive importance to use tantalum as a material
for hydrogen-permeable membranes. Replacement
of palladium with another metal is even more
promising.

It is proposed to use a barrier layer separating
the Group 5 metal membranes and the Pd alloy layer
to prevent mutual diffusion. The materials used to
form barrier layers can be divided into two types:
non- porous and porous ones. The hydrogen flux is
determined by the hydrogen permeability of the
layer material in the first case, and by its gas
permeability in the second one. Perovskites, hydroxy
acids and fluorides [1], metal oxides [1], carbides
[7], including niobium and tantalum [8 - 9],
chalcogenides [10 - 11] and nitrides [12] are
considered as materials for the barrier layers based
on the requirement of hydrogen transfer and
inertness with respect to palladium and the
membrane material.

Despite certain advances in researches focused
on the development of barrier layers made of non-
metallic materials, it can be concluded that non-
metallic coatings cannot be considered promising
due to the fact that they are characterized by a
complete absence of plasticity that will result in their
inevitable destruction during hydrogen dilatation of
membranes, that is shown in the work [12]. Besides,

questions about the magnitude of the adhesion of
tantalum and palladium to such films and the
problem how to apply these films commercially
remain open. Metal-based barrier layers are more
promising in contrast to them since they are
characterized by plasticity, lack of porosity, and the
possibility of using various methods of deposition.
Meanwhile, studies focused on use of metal barrier
layers are very limited [13- 14].

It is known that the hydrogen permeability of
such metals as Fe, Ni, Cu, Co, Mo increases with
temperature [15- 16]. The hydrogen permeability is
Ni - 7.8 *10''}, Cu - 4.9*10%2, Fe - 1.8*10° mol*m"
1*51%pa05 3t 500°C under the data givenin [17], that
is significantly lower in comparison with tantalum
and palladium (1.3*107 and 1.9*10%mol*m™1*s1*pa-
05), However, the hydrogen flux through the
membrane increases in proportion to the decrease
in its thickness that confirms the fundamental
possibility to use both the specified metals as a
material for the barrier or face layer and with an
even lower value of hydrogen permeability.

The stability of the structure and properties of
the metal barrier layers on the membrane surface
can be maintained only if there is no reaction
interaction of the layer material with hydrogen,
tantalum and palladium with the formation of
hydrides, intermetallic compounds, weak mutual
diffusion with the formation of solid solutions, in the
temperature range 400-600°C. Analysis of binary
phase diagrams Ta-Me, Pd-Me, H-Me (where Me are
various metals) enables us to conclude that W is the
most inert to Ta and Pd; it forms only solid solutions
with them. Re forms solid solutions with Pd but
forms y - phase with Ta. Due to the high melting
temperature, W and Re are characterized by low
diffusion coefficients that suggests that the layers
of these metals are stable in the specified
temperature range. Mo and Ta are infinitely soluble
in each other but this metal is less promising as a
barrier layer due to the formation of one
intermetallic compound MoPd; with Pd. Ni, Co, Cu,
Ag form a continuous series of solid solutions with
Pd but they form a number of intermetallic
compounds with tantalum Ni and Co. The low
melting point of Cu, Ag can cause palladium to
diffuse into their surface. It can be concluded based
on the analysis of the phase diagrams that W and
Re are the most suitable metals for use as a barrier
layer separating the tantalum membrane from the
palladium catalytic layer. Cu and Ag can be
considered as promising materials to replace the
palladium layer in direct contact with tantalum. The
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use of Ni, Co as a material for such layers will be
possible only in the case of slow reaction diffusion,
or if their intermetallic compounds with Ta will not
significantly reduce the hydrogen permeability of
the composite membrane.

The literature contains an extremely small
number of publications devoted to studies of the
hydrogen permeability of composite membranes
made of Ta, Nb, V and alloys based on them with a
metallic face layer, with the exception of Pd [18].
Earlier [19] it was shown that the deposition of
films of solid solutions based on these metals on
the front side of niobium and tantalum membranes
does not significantly affect the hydrogen
permeability in comparison with membranes
without coatings. At the same time, the authors of
[20] have shown that the deposition of Ta and Nb
layers on the surface of membranes made of the
VgsAlipTas alloy reduces the hydrogen permeability
in comparison with similar membranes but with Pd
coating by 44 and 48%, respectively. In [21], it is
specified that the hydrogen flux for an amorphous
NisoNb,oTasZr3oCos alloy with a nickel coating was
less than one fourth of the value achieved with the
use of a Pd coating.

Thus, to use tantalum as a material of hydrogen
permeable membranes to create membrane
reactors, it is important to search for metals that can
be used as a material:

- a barrier layer to prevent the interaction of the
tantalum hydrogen permeable membranes and the
palladium catalytic layer;

- face layer, instead of palladium, in cases where
the separated hydrogen-containing atmosphere is
not aggressive.

There is no information in the literature on the
change in the hydrogen permeability of tantalum
membranes when layers of such metals as W, Re,
Mo, Cu, Ni, Co are deposited on their surface. Due to
the fact that these metals are promising for use as a
barrier or face layer in a number of their properties,
this article presents the study results of the effect of
the thickness of the face layer made of these metals
on the hydrogen permeability of tantalum
membranes.

Experimental part

40 pum thick tantalum (HFC) cold-rolled foil in the
annealed state produced at the Ulba Metallurgical
Plant JSC were used to obtain the membranes. W,
Re, Mo, Ni, Co, Cu, and Pd films of various
thicknesses after ionic cleaning were deposited onto

120x120 mm foil surface from one side by
magnetron sputtering. Only one layer of the
specified metals was applied to the inlet side of the
membrane. The thickness of the films was
determined both by measuring the transverse
sections using a JEOL JXA-8230 microprobe analyzer,
and by calculation based on the experimentally
measured deposition rate of layers.

The hydrogen permeability of the obtained
membranes was determined with a classical design
device [22] by measuring the flow rate of hydrogen
passing through a sealed membrane. A C160 twill
weave mesh made of AISI321 stainless steel with
surface preliminarily oxidized to prevent interaction
with the membrane was used as a gas-permeable
substrate. Aluminum sealing washers were used to
ensure tightness.

When the membrane was heated in vacuum up
to 580 -5°C, argon was admitted on both sides of the
membrane up to atmospheric pressure. Hydrogen
was admitted from the inlet side of the membrane
up to an excess pressure of 500 - 15 kPa. Thus, an
Ar/H2 gas mixture with a volume ratio of 1/5 was
obtained from the membrane side covered with a
metallic film. Argon injection was required to
exclude the destruction of the membrane, since the
plasticity of tantalum sharply decreases at the
experimental temperature and hydrogen pressure
of ~100 kPa. Numerous preliminary experiments
have shown that the elimination of argon admission
and the use of hydrogen at the stage of bringing the
pressure to atmospheric from the permeate outlet
side results in the membrane destruction with a
subsequent increase in the hydrogen pressure on
the inlet side. This is due to the occurrence of
stresses during hydrogen dilatation.

At the beginning of the experiment, hydrogen
passing through the membrane displaced argon
from the chamber from the permeate side with a
volume 0.5+0.05 cm3 As a result thereof, the
hydrogen pressure at the outlet became equal to
atmospheric and the hydrogen pressure drop
between the inlet and outlet sides of the membrane
in a short period of time changed from ~500 to 400
kPa. The Ar/H2 gas mixture ratio on the inlet side of
the membrane was maintained by feeding pure
hydrogen into the chamber. Additionally dried (Tr =~
-40°C) argon 99.95% and hydrogen grade B (99.95%)
(GOST 3033-80) were used in the experiments. The
working area of the membranes was 78.5 cm?2. The
gas flow rate was fixed using a block of rotameters
and RRG12 gas flow meters. The measurement of its
velocity was performed by fixing the interval of the

—— g4 ——
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exit of bubbles from the capillary at low flow. The
bubble volume was previously measured. The
hydrogen flow rate was measured before the
breakthrough that was shown by the sharp increase
in the gas flow. Unfortunately, the destruction of
membranes with some barrier layers in a series of 3
experiments occurred even before the hydrogen flux
reached its maximum. The composition analysis of
the gas leaving the membrane was not performed,
since it is known that metal membranes provide
absolute selectivity to hydrogen. Besides, numerous
preliminary experiments performed by the authors
of the article have shown that a breakthrough of a
membrane with such a large area occurs with a well-
recorded increase in the gas flow, and a continuous
increase in the gas flow is observed when there is a
microcrack.

The hydrogen flow density was calculated in J,
mol/s*m?based on the measurement results for the
hydrogen flow rate using Formula 1. The hydrogen
permeability of membranes was shown by the
hydrogen permeability value - P, mol/s*m?2*Pa®®
calculated by Formula 2.

N

J=—7 1
V.S (1)

(2)

oo 3
(/P =+/py)

where v is the hydrogen flow rate, dm3/s; Vi is
the molar volume of gas at the temperature and
pressure of the flow entering the measuring device
from the unit equal to 22.4 dm3/mol; S — membrane
area, m?, p, — gas pressure on the membrane
surface on the inlet side inside the chamber, Pa; p; -
pressure of gas supplied to the measuring device, Pa.

A test for hydrogen permeability of uncoated
tantalum foils was performed for comparison under
identical conditions.

Results and Discussion

The experimental results obtained showed that
the deposition of thin metallic layers on the surface
of tantalum membranes results in an increase in
their hydrogen permeability. The deposition of Cu,
Co and Ni layers, to a lesser extent Mo, W, and Re,
has a significant effect on this parameter.

The time dependence of the hydrogen
permeability of a Ta membrane covered with a W
layer with a thickness of more than 0.22 um is close
to linear (Figure 1), and the destruction of such
membranes occurs before the curve reaches its

maximum or a gentle segment. The hydrogen
permeability change curve reaches an extremum at
a layer thickness of 0.11 um. With a W layer width
increase from 0.11 to 0.44 um, the maximum
membrane hydrogen permeability decreases from
10.8*107 until 1.8*107 mol/s*m?2*Pa®>.

The curves of changes in the hydrogen
permeability of membranes witha 0.028 -0.113 um
thick Re layer are concave that confirms an increase
in the rate of change in this value and the
destruction of membranes until reaching maximum
values (Figure 2). The observed change in the
hydrogen permeability of the tantalum membrane
with time is almost identical with a Re layer
thickness of 0.028 and 0.056 um, and its maximum
value is ~5.4 *107 mol/s*m?2*Pa%°. An increase to
0.113 and 0.281 pum results in a decrease in the rate
of change in the hydrogen permeability and a
decrease in its maximum value to ~3.2 and ~1.6
*107 mol/s*m?*Pa®>. A Ta membrane with a 1.125
pum thick Re layer is characterized by the hydrogen
permeability observed in tantalum membranes —
1.8-4.5 *10¥ mol/s*m?*Pa’>.

With anincrease in the Mo layer thickness from
0.05 to 0.2 um, the period until the maximum level
of hydrogen permeability of the Ta membrane is
reached decreases from ~80 to 40 sec. In this case,
the maximum value of the membrane hydrogen
permeability practically does not change and is 3.0-
3.1 *107 mol/s*m?2*Pa%> (Figure 3). An increase in
the layer thickness to 0.4 um results in a decrease
in this parameter up to ~1.9*107 mol/s*m?2*pPa®>
and an increase in the period until it reaches 60 s.
The membrane with a 0.6 um thick Mo layer breaks
through until an inflection appears on the curve at
a hydrogen permeability value ~1.18*10
mol/s*m?2*Pa®>,

The maximum hydrogen permeability increases
from 2.01 to 4.02 *10® mol/s*m?*Pa®> with a
decrease in the Cu film thickness from 1.912 to
0.478 um (Figure 4). The hydrogen permeability of
the membranes decreases after reaching the
maximum values, that is explained by a change in
the characteristics of the copper layer surface. The
most likely reason for it is the formation of a thin
oxide layer on the developed film surface since its
color changes from pink to bright red.

In the range of Co film thicknesses 0.049-0.488
pum, the maximum hydrogen permeability reaches
8.06-9.5*10° mol/s*m*Pa®>, and at 0.975 mKkm —
3.85*10° mol/s*m?2*Pa%° (Figure 5). This value
decreases to 5.4-7.5*%10° mol/s*m?*Pa’> over time.
A membrane with a 0.975 um film was
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Figure 1 Effect of the W layer thickness (um) on the change in the hydrogen permeability of Ta/W composite
membranes over time upon contact with a hydrogen-containing gas mixture at 580°C
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Figure 2 Effect of the thickness of the Re layer (um) on the change in the hydrogen permeability of Ta/Re
composite membranes over time upon contact with a hydrogen-containing gas mixture at 580°C
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Figure 3 Effect of the Mo layer thickness (um) on the change in the hydrogen permeability of Ta/Mo composite
membranes over time upon contact with a hydrogen-containing gas mixture at 580°C
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Figure 4 Effect of the Cu layer thickness (um) on the change in the hydrogen permeability of Ta/Cu composite
membranes over time upon contact with a hydrogen-containing gas mixture at 580°C
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Figure 5 Effect of the Co layer thickness (um) on the change in the hydrogen permeability of Ta/Co composite
membranes over time upon contact with a hydrogen-containing gas mixture at 580°C

operated for the same time until destruction, as did
a membrane made of pure tantalum, while the
steady-state level of hydrogen permeability
exceeded ~100 times and corresponded to 2.48*10
5mol/s*m?2*Pa®>.

At a Ni film thickness of 0.075 um the Ta
membranes demonstrate the maximum hydrogen
permeability at the level 13.3 *10°® mol/s*m?*Pa®>
(Figure 6). The membranes are destroyed in a short
time at 0.038 um. In the range of thicknesses from
0.19 to 0.75 um, the maximum value of hydrogen

permeability is close and is 7.87-10.6 *10°
mol/s*m2*Pa®>., a decrease in hydrogen
permeability is observed to 5.77-5.94 *10°

mol/s*m?*Pa®> over the membrane operation

time.
1600

The maximum value of the hydrogen
permeability of Ta membranes decreases from 14.4
to 9.68*10° mol/s*m?2*Pa®> with an increase in the
Pd layer thickness from 0.039 to 0.155 um (Figure 7).
There is a smooth decrease in hydrogen
permeability to 11.5*10° mol/s*m2*Pa®° over the
time, at 0.039 um and to 8.05*10° mol/s*m?*Pa®>
at 0.155 um. Then the membranes lose their
tightness and collapse. The hydrogen permeability
of membranes significantly decreases at a Pd layer
width of 0.39 um, and amounts to 1.22-1.35*10°
mol/s*m?*Pa®5, And the period until the
membrane breakdown increases with an increase
in the Pd layer thickness. The data obtained
correlate well with the results presented in the
work. [23].
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Figure 6 Effect of the Ni layer thickness (um) on the change in the hydrogen permeability of the Ta/Ni
composite membranes over time upon contact with a hydrogen-containing gas mixture at 580°C
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Figure 7 Effect of the Pd layer thickness (um) on the change in the hydrogen permeability of Ta/Pd composite
membranes over time upon contact with a hydrogen-containing gas mixture at 580°C

Study of the W and Mo films structure after the
tests showed that cracks and peeling are possible
in the surface as a result of dilatation of Ta
membranes with a coating thickness of more than
0.4 um, (Figure 8). It confirms their limited
plasticity. Meanwhile, no cracks were found on the
surface of thinner films. Films of other metals, such
as Re, Cu, Co, Niand Pd, did not undergo significant
changes during the test period.

X 4,500

Cnoit Mo — Mo layer
TpewmHbl — Cracks

Figure 8 Chipping and formation of microcracks in a
0.625 um Mo layer after the membrane testing

The experimental results obtained enable us to
conclude that the deposition of metallic layers on
the tantalum membrane surface allows to increase
its hydrogen permeability (Figure 9). This parameter

is significantly influenced by both the layer material
and its thickness. A decrease in its value with an
increase in the layer thickness is explained with the
hydrogen permeability value of the layer material
[15]. However, such a significant effect of the
coating material used on the membrane as a whole
is explained primarily by the catalytic properties of
the surface that determine the development of
dissociative processes on the membrane surface in
contact with a hydrogen-containing gas mixture. If
we compare the hydrogen solubility in copper,
nickel, and palladium at the experimental
temperature, under the data given in [24], then the
difference in the hydrogen permeability of
membranes with a Pd and Cu layer with an identical
thickness should be ~10 times, and between
membranes with Pd and Ni coating by at least 3
times in favor of palladium coating, and in terms of
hydrogen permeability, this difference should be
3.8*10%1 2.43*10% respectively [15]. But in fact, with
an equal film thickness, tantalum membranes with a
palladium film demonstrate even lower hydrogen
permeability. Thus, in the case of Pd - 0.078 um and
Ni - 0.075 um films, the hydrogen permeability is
12.9 and 13.3 *10°® mol/s*m*Pa’>, and in the case
of Pd films - 0.39 um and Cu-0.478 um, Co - 0.488
um: 1.35, 4.0, 9.5a*10® mol/s*m?2*Pa®>
respectively. All this suggests that the hydrogen
dissociation on the surface of nickel, cobalt and
copper proceeds more intensively than on the
palladium surface. Meanwhile, it cannot be
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excluded that the reason for the results obtained
can be a significant difference in the value of the

energy barrier during the transition of hydrogen
atoms through the Ta/coating interface.
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Figure 9 Effect of the composition and thickness of the metallic layer on the tantalum membrane surface on the value of
their peak hydrogen permeability

The low hydrogen permeability of Ta
membranes with a Mo, W, and Re layer is primarily
justified by the extremely poor hydrogen
permeability of these metals, since there is a
significant dependence of this parameter on the
thickness of the films of these metals. Thus, the
permeability coefficient of the W films was from 1.1
to 32*10" mol/s*m*Pa®° after 24 hours at 400°C
under the data of [25], meanwhile, this
characteristic significantly increases with an
increase in temperature due to an increase in the
diffusion  coefficient of  hydrogen [26].
Molybdenum in comparison with tungsten is
characterized by a higher hydrogen permeability
~5*1012 mol/s*m*Pa®>[15], however, it does not
allow achieving higher hydrogen permeability of the
tantalum membrane.

The decrease in the hydrogen permeability value
observed in many experiments over time is
explained by several reasons. First, the hydrogen
concentration behind the membrane increases at
the initial stage of diffusion, since this cavity that is
not significant in volume (~ 10 cm?), is initially filled
with argon. It causes a decrease in the difference in
the partial pressures of hydrogen on the outer and
inner surfaces of the membrane. Second, there is a
gradual change in the properties of the outer and
inner surfaces of the membrane that slows down the
intensity of dissociative-associative processes at the
hydrogen/membrane interface specified by a
change in the membrane surface color, especially
facing the inside of the unit chamber. Besides, a

probable reason is the oxygen diffusion to the
surface of the tantalum membrane and the
formation of an oxide film at the coating/tantalum
membrane interface described in [27] but it requires
additional researches.

A gradual decrease in the hydrogen permeability
of membranes due to the formation of an oxide film
on the coating surface in direct contact with the gas
mixture is, in principle, possible when Mo and W
coatings are used, while the Re, Ni, Cu, and Co lower
oxides at these temperatures are reduced by
hydrogen to the metallic state. Under the data of
[28], even a small H,0 content in hydrogen results in
a significant decrease in this characteristic in
molybdenum that is obviously associated with a
decrease in catalytic activity on the surface due to
the formation of oxides.

The duration of its operation until destruction
increases with an increase in the metallic layer
thickness on the membrane surface. Besides, the
total operating time of membranes with a copper,
nickel, and cobalt layer significantly exceeds the one
that is observed for membranes with tungsten,
rhenium, and molybdenum films. It is explained by
the fact that the diffusion of hydrogen decreases
with an increase in the layer thickness, and, as a
consequence, the dilation of tantalum membranes
decreases resulting in their destruction. The
mechanism of increasing the operating time of
tantalum membranes in the case of deposition of a
layer of hydrogen highly conductive copper, nickel
and cobalt can only be explained from the
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standpoint of preventing the formation and
propagation of cracks on the membrane surface
deformed due to dilatation, since these metals
retain a high level of plasticity when hydrogen is
dissolved in them.

Conclusions

Films of Re, W, Mo, Cu, Co and Ni metals
deposited on the tantalum membrane surface from
the side facing the hydrogen-containing gas mixture
increase its hydrogen permeability. The effect
degree of these metals increases from left to right in
the specified row. The deposition of Cu, Co, and Ni
films has an effect on the hydrogen permeability of
tantalum membranes that is comparable to and
superior to the deposition of a Pd film. It is explained
by the high level of hydrogen permeability of these
metals and the catalytic activity of their surface that
results in intense hydrogen dissociation. With a
thickness decrease of the metallic films, the value of
the hydrogen permeability of the membranes
naturally increases but it is obvious that this
behavior is not linear.

Over time, the hydrogen permeability of
membranes with Cu, Co, and Ni films decreases that
is explained by the oxygen segregation at the
membrane/film Ta interface, as well as by the
processes on the membrane surface in contact with
the gas mixture. The nature of these processes
requires study, since at the hydrogen diffusion
temperature, the lower oxides of these metals are

reduced by hydrogen. One of the probable reasons
is defects in the structure of the deposited films, due
to which active gases penetrate to the tantalum
surface and interact with it.

It can be concluded based on the data obtained
that it is promising to replace the palladium catalytic
overcoat on the surface of membranes made of
tantalum and its alloys with Cu, Co, Ni films and to
use such membranes to extract hydrogen from gas
mixtures without aggressive substances.

Considering the increase in the hydrogen
permeability of tantalum membranes upon
deposition of Re, W, Mo, Cu, Co, and Ni films, it is
promising to test them as barrier layers separating
the face layer from palladium.
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KabbingaHabl: 09 xceamokcaH 2020

Co aHe Ni meTanaapbiHbiH, KabblpLbIKTapbl OHbIH, CyTeri eTKI3rilTiriH }ofapblnaTaTbiHbl aHbIKTaNAbl.
Ocbl MeTangapAablH, acep eTy ASperKeci KepceTiireH KatapAa COoNgaH OHfFa Kapail apTagbl. TaHTan

membpaHanapblHbIH, cyTeri eTKisriwTiriHe Cu, Co kaHe Ni KabblpWbIKTapbIH TYHAbIPY acep eTesi. MyHbl

Pd KabbIplbIfbIH KanaTKaHMeH canbiCTbipyfa 6onagpl KoHe opaH fa ackin Tyceai. byn ocbl

MeTanaapapliH, *Kofapbl CyTeri eTKi3rilTirimeH KaHe onapablH, 6eTiHiH, KaTaAuTUKanbik 6enceHainirimeH

TYCiHAipineai, HaTUKeciHAe CyTeriHiH KapKblHAb! AUCCOLMALMACDH XKypedi. MeTann KabblplwbIKTapbIHbIH,

Ka/NblHAbIFbl a3alifaH CaliblH MembpaHanapAblH, cyTeri OTKi3rilWTiriHiH, Wwamacbl 3aH4bl TypAe apTagpl,
AereHmeH 6y 3aHAbIIbIK CbI3bIKTbIK emec. YakblT eTe Kene Cu, Co aHe Ni KabblKlWbIKTapbl 6ap
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membpaHanapabiH, cyTeri eTKisriwTiri TomeHaenai, 6yn Ta membpaHa / KabblpwbiK 6eTiHAeri oTTeriHiH
6eniHyimeH, coHaali-aK membpaHa 6eTiHaeri ra3 KocnacbIMeH XaHacy npouectepimeH TyciHaipineai.
Byn npouecTtepain, TaburaTblH 3epTTEY KasKeT, OMTKeHi 6y TemnepaTypaga oCbl MeTanaapablH, TOMEHT i
OKCMATEPI CyTeriMmeH TOTbIKCbI3aaHaabl.

TyiiiH ce30ep: KOMMNO3ULMAMbLIK MembpaHa, TaHTas, METanAaplK KaTaJMTUKaAblK KabblH, cyTeri
OTKI3riWwTiK, Aunataums.
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AHHOTALUMUA

B paboTe npeacTaBaeHbl pesybTaTbl U3MepeHns BOAOPOA0NPOHMULAEMOCTU MeMbpaH M3 poNbru TaHTana
TONWMHOW 40 MKM, C OOHOM CTOPOHbI MOKPbITbIX METa//IMYECKOW MAEHKON Pas/IMYHOW TOALMUHBI.
N3mepeHunn nposesaeHbl MPU KOHTaKTe MembpaH C ra3oBoii CMeCblo aproHa M BOA0POAa TEXHUYECKOM
YNCTOTbI B COOTHOLIEHWUM 1/5 Npu M3bbITOYHOM AasieHun 500 kMa npu 580-585°C. MoKaszaHo, YTo NAEHKK
meTannos Mo, Re, W, Cu, Co 1 Ni, HaHeceHHble Ha NOBEepPXHOCTb TaHTA/NI0BON MeMbpaHbl CO CTOPOHbI,
0bpalleHHOW K BOAOPOACOAeprKalLei ra30BOI CMecH, NOBBILIAKOT ee BOAOPOAONPOHMLAEMOCTb. CTeneHb
BAMAHUA 3TUX MeTa//IoB BO3pacTaeT B YKa3aHHOM pagy c/neBa Ha npaso. BauAHve Ha
BOAOPOAONPOHULAEMOCTb MeMBpaH M3 TaHTana, COMNOCTaBMMOE C HaHeceHMem nyieHkn Pd u
nNpeBocxogsallee ero, OKasbiBaeT ocaxkaeHue naeHok Cu, Co u Ni. 9To 06bACHAETCA BbICOKMM YPOBHEM
BOZOPOAONPOHULAEMOCTM 3TUX METAaNNoB W  KaTa/IUTUYECKOM aKTUBHOCTbIO WX MOBEPXHOCTH,
npuBOAALLEN K MHTEHCUBHOW Auccoumauumn sogopoda. C ymeHblleHMEeM TOALWMHbI MeTaNInYyecKux
N/NIEHOK BE/IMYMHA BOAOPOAONPOHULAEMOCTU MEMBPAH 3aKOHOMEPHO PACTET, OAHAKO, O4EBUAHO, YTO 3T
33aKOHOMEPHOCTb He IMHelHa. C TeueHnem BpemeHW BOAOPOA0NPOHMLAEMOCTb MeMbBpaH ¢ nieHkamu Cu,
Co 1 Ni cHMKaeTca, 4To 0bbACHAETCA cerperauumeit KUCA0poaa Ha NOBEPXHOCTU pa3aena Ta membpaHa
/ NAeHKa, a TaKKe NpoLeccamm Ha NOBEPXHOCTM MemMBpaHbl, KOHTAKTUPYIOLWENH C ra3oBOi CMECbHHO.
Mpupoaa aTux npoueccos TpebyeT U3yyeHus, NOCKONbKY NPU 3TOM TemnepaType HU3LWKNE OKCUAbI 3TUX
MeTa//IoB BOCCTAHAB/IMBAKOTCA BOAOPOLOM.

Kntoyesble cn108a: KOMNO3ULMOHHAA MeMbpaHa, TaHTas, MeTaNIMYeCcKoe KaTaJMTUYECKOe MOKPbITUE,
BOA0POAONPOHULAEMOCTb, ANNATaLUA.
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TYAIHAEME

Byn KymbiCTa A9CTYpAi KoHe nnasmameH benceHpipinreH afpalhinapaafbl KasaHAbIKTbIH,
KYMbIC icTeyi 3epTTengi. aHapmaiabl 3N1eKTPOTEPMOXMMUANBIK AavibiHAAy (MITX/) KaHe KaHy
npouectepiHib, $u3nKanblk MexaHusimiH TyciHin, Cinar ICE 6afgap/iamacbiHblH, - Moaenbaey
MYMKIHZIMH TeKcepy YWiH naasmanbik OTbIHAbIK KyhemeH (MOX) »KabablikTanfaH, MKblAyblK,
KyaTbl 3 MBT Taxipubenik newTte KemipaiH, KaHyblHa 3epTTey Xyprisinai. *afyfa angbiH
ana nnasmanblK OavblHOAyAaH ©TKEeH aspOKOCMNaHblH, *KaHy NpPOUeciH 3epTrey YWiH
)aHapmaKablH, Nna3ma Kesi opHasnackaH eki ¢asanbl afblHAA TEPMOXUMMUAJbIK anmacy
KUHETUKACbIHbIH, MeXaHU3MiH 6esnweKTen KapacTblpaTblH 6ip enwemai Mnasma-Kemip
>KHe newTiH, HaKTbl TFEeOMEeTPUACbl MeH KeMmMip 6enweKTepiHiH, »aHy MNpPOuEeCiHiH,
KMHeTuKacblH yw enwemai Cinar ICE KomMnbloTepnik 6afgapnamanapbl KOAAaHbIAAbI.
Ecenteynep HatuxkeciHge MITX/[ npoueciHgeri ra3 6eH 6enwektepaiH, TemnepaTypacbiHblH,
KbINAAMAbIFbIHBIH, Tapasybl, ra3 ¢asacbl KOCNANAPbIHbIH, KOHLEHTPALMACHI, IeFPAEHTeH KemMip
KanablFblHOAFbl KOMIpPTEriHiH, KOHUEHTPauMA KaHe rasgaHy AeHreni aHbikTanabl. Kanyabl
nnasmanbik 6enceHaipy anayablH Kby TEXHWKanblK cunaTtramanapbiHa, »XaHapmalabiH,
MeXaHWKaNbIK KaHball KanfaH Ka/iAaplfblHa XOHE Mew LWbIFbICbIHAAFbl @30T OKCUAIHIH,
KOHLUEHTpaUMACbIHA 9cep eTeTiHAIr aHbIKTanabl. KemipaiH »kaHyblH mogenbaeyae Cinar ICE
6afgapnamacblH  nanlganaHy apKblabl MNPOLECTi TWimai cunatrayFa KOAM  XKeTkisyre
6onaTbiHbl ganenaeHai.
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oHE OHbl XOfapbl peaKUUNAJbIK eKi Kocnanbl

OTTbIKNEH BipiKTipin Kafy 6oiblHLWA

ToXKipubenik MmoaHAepAiH MOKTbifbl OyHAaaM

MaTeMaATUKANDbIK, KoHe PU3nKanbIK,
moaenbaeynepadi ganbiHAayabl KubiHAATaAbl.
KypambiHaa

apacblHaH KaTTbl OTbIH TYypiHe XaTaTblH Kemipai

KemipTeri 6ap maTepuangapaply,
YKaHa TexHoJsioruanapAbl nanganaHbin TMIMAINIriH
aApPTTbIPY KYMbICTApbl KONfa anbiHyaa. KypambiHaa
KeMmipi 6ap WKKi3aTTapFa NNasmManblk,
TEXHO/IOTUAHbI NanaanaHyablH, TUIMAINiri Kofapbl
TemnepaTtypaHblH, NanganaHblly MyMKiHAirimeH [1],
KaXeTTi

eHIMA] anyaplH TEPMUANBIK  TypaeHy

O2pPEeXKeCiHiH, KoFapbiibifbiMeH [2] cunaTtTanagbl.
KeMipAiH,
TacCinaepiH,

[3] 3eprtrey  KymbicbiHAA TMimaj

nanaanaHblIyblHbIH,  *KaHa ecenTey
KOHEe MoJAenbaey KoNJapblH Kepyre 6onagbl.
Kemip aHeprva anblHaTblH MaHpI34bl KaHe Ken
Herisri

KONZaHbIC Taybin OTbIpfaH Ke34epiHiH,

KaTapblHAA. ©/1em BOMbIHLIA SNEKTP SHEPTUACBIHbIH,
KbIPbIK,
anbiHaapl.

nambiagaH Ken Mmeswepi KemipaeH

Kemip nuponusgey npouecrtepiHe,
Kynaipy

nKemainiri

CYMbINTY  MnpoLecTepiHe,
rasgaHaplpy

ambeban oTbiH. Xumua eHepKacibiHae Kemipai

npoveciHe,
npoueciHe YKOFapbl
WMKI3aTTbIpAbIH, KaTapblHA aTKbi3agbl. Kemip
KalTanama eHaeyneH OTKeHAe  MeTannypruaga

KanablKTbl  Kemip,  XMMMANbIK,

TYpiHAE,
aHepruAcbiHAa 6ynbl Kemip TypiHAe a3 KesaeceTiH

eHepKacinTe

LUIMKI3aTTbl Kemip 3NEeKTPAIK
3NleMeHTTepAj Whifapyaa XaHe rpadput eHaipiciHae
KeHiHeH KonpaHblnaabl. OcblHAAM naiganaHblay
MYMKIHAIKTEPIHE Kapalh MemeKeTimizge Kemipai
KalTa eHaey oAiCTepiHiH, *KaHy npouecTepiHaeri
6eniHeTiH 3UAHAbI KanAbIKTapAbl a3anTy Xoaapbl
ayKbiMaa
3eptTenyae. *Kofapbl peakuMAsbIK eKi Kocnanbl

[4] KymbicTa KepceTinreHAeh KeH
OTTbIKNeH GipiKTipin »kafy MITX/ KoHe XKaHy

NPouUecCiHiH  Herisri  wamanapbl nonemn

TemnepaTtypa ©piciH, KOHAEHCUP/IEHreH ras
Kocnanbl KypaywbinapablH,
6inyai
KITX npoueciHaoe »aHe

TeKTi KoHe

KOHUEHTPALUMACBIH, Xbl14aMAbIfblH
Tanan erveg.
Ka3aHAblK newiHaeri »aHy npouectepimeH
Kypaeni

XUMUANBIK NpouecTepai TepeH, HaKTbl Taaaay

KaTap JKypeTiH dU3MNKanbIK KaHe

YWiH caHAblK Moaenbaey agiciH nanpanaHy

TUiMAi KaHe bIHFalAbl Tacin 6onbin Tabblnaabl.
Ocbl Kaca/fblHFaH XyMbICTa angbimbizfa 6ip
enwemgi MNMnasma-Kemip KaHe yw enwemgi
Cinar ICE
apKbibl

KOMNblOTEPANIK BafFpgapnamanapbl
Ka3aHAbIKTaFbl »aHy npouecTepiH
moaenbaey MYMKIHAITIH 3epTTey MaKcaTbl

KoMblaabl.
Taxipnbenik 6enim
aHapmanabl 3/IEKTPOTEPMOXUMMUANDBIK,
AavbiHAAn, KaHy npouecTepiHiH  GU3MKanbIK
MeXaHM3iMiH TYCiHin, Cinar ICE
6afgapnamachbiHblH,  Modenbaey MYMKIHAITIH
Tekcepy YWwiH l-cypeTTteri nnasmasnblK OTbIHAbIK,
KyrmemeH »KabablKTanfaH, Xbly/blK KyaTbl 3
MBT Taxipubenik newTe KemipaiH, *XaHyblHa
3epTTey XKyprisingi.
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1-NnNa3smMoOTpPOH, 2-3/1€KTPOMATrHUTTI
KaTywkKa, 3 - aspokocna, 4 — XKITX/[,
Kamepachbl, 5- aspokocna bepeTiH
KYpbiNfbl , 6-asapoKocna, 7 TemnepaTypa
enuwen, ras yAriciH anatblH oMbiMLUa, 8-
eKiHLWIi peTTi ayameH KamMTy KypblifbiCbl, 9-
»KaFfy Kypa/iblHbIH OpTaHFbl TyTiri, 10 —ras
Y/ITIiCiH YX9He KOPTKbl KEMip KanablfblH
aslyfa, TemnepaTtypaHbl elleyre apHaafaH
ovibimwanap, 11-new Kamepacsbl, 12- ekiHwi
peTTi aya, 13-ns1a3mo TyAblpywbl aya

Cypet 1—-X3TX[ KamepanapbiH
NAasMaTPOHMEH KIHE KYMbIHAbI KOMipTO3aHMeH

colKecTeHAipy cbi3bachbl

nanganaHblny
Kanablk MesLepi

KaTtTbl OTbIHHbIH,
TUiMAiNIriH apTTbipbIn,
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meH HKIC KaHapmai 6anaHcblHAaFbl TabUFU
rasgbl, 3UAHAbI ra3s To3aH4bl KanAblKTapablH,
6eniHy menwepiH TemeHaeTyre 6afblTTanfaH
WKITX[ HerisgenreH Kemip  TyTaTyAblH,
nJjasmasnbiK TEXHO/IOMUACHI KypacTbipbingbi (1

cyperT). KITX, KIC-te NoX
nampanaHybliMeH »ysere acagbl. MXI3TX[
TEXHOJIOTUACBbI 3NEeKTP AOofan naas3maHbl

nnasmatpoHaa 1 aspokocnameH (KemipluaH,
+ anfawkbl aya) 3 KemipgiH ywaTblH ycak
6enwekKkTepi naga 6onfaHfa AeMNiHri »KoaHe
KOPbITKblI Kemip Kangblfbl as-a3gaH
rasgaHablipbina 6acTalTblH TemnepaTypafa
AOeNiH Kbi3ablpyfa HerisaenreH.

bacTtankpbl KemipaeH 6 Herisiri
aspoKocnameH apanackaHha anfalwkKbl ayaaa
KbIlWKbINAAHATbIH  »X3HE  WbIFbIC  KepAaeri
ayaHbIH, TEPMOXUMUANDBIK, AanblHAaNybIH
KaMTUTbIH Kayin-Katepi »Kofapbl, €Ki Kocnanbl
OTbIH (bICTbIK ra3+KopbITKbl KanablK) asblHaabl.
ANbIHFaH OTbIH eKiHWi peTTi aya 12-meH
apanackaHga 11 KasaHAablK newiHae KocbiMmLua
OTblHAbl  KaKMacTtaH e34iriHeH TyTaHaAabl.
Toxipnbene  binfangbinblifbl 1,3 nanbis,
WbIFbICTaFbl YWATbIH Yycak 6enwekTtepi 14,7
namoi3, Kynginiri 45,2 nanbi3 KOHE XaHy
XKblnybl 15 960 KOX/Kr EKibacTysaplk Tac
KOMIpiHIH WwaHbl aHabipbingbl. KemipaiH
YHTaK »KyKanbifbl 12,5 nanbi3. AFHU, BO/ILLEKTIH,
opTawa enwemi 60 mKm.

3epTTey HATUXKeNepi }KaHe 01apAabl TaKbinay

1,15 m y3biHAbLIKTEI MO KenemiHgeri
KITX ecentey nnasmoTpaH KyaTbl 36 KBrT,
aspoKocnaHblH, 6acTtanKkbl TemnepaTtypacbl 300
OC, MOX apKblabl aya MeH Kemip LWbIfbiHbI 600

oHe 410 Kr/caf wamanapbiHga [lnasma-
Kemip barpapnamacbiMmeH Kyprising,.
Ecenteyneppe  ayagafbl *KaHe raspafbl

KemipTeri AMOKCUAiHIH Merswepi eckepinmen,
aya 79 Kenemgik naibi3bl as3oTTtaH, 21
Kesnempaik naubi3bl OTTEKTEeH Typagbl 4en
KONOaHblAbI.

A3poKoOCnaHbIH, })kaHy NPoLUEeCiH angblH ana
*KaHyfa naasmanblkK aanblHOayabl TEOPUANbIK,
3epTTeyae KaHapmanablH, Naasma  Kesi
OpHanackaH eKi dasanbl afblHOA
TEPMOXMMUABIK asiMacy KUHETUKACbIHbIH,
MmexaHU3MiH 6esilueKkTen KapacTbipaTblH 6ip
enwemgi [lNnasma-Kemip KoaHe newTiH,
HaKTbl reomeTpuUAChl MeH Kemip
6eeKTepiHiH, KaHy NPOLLECIHIH,

KMHEeTUKACbIH YW esiwemMmai XeHjingeTinreH
KMHEeTUKaNbIK cbizba anyfa MYMKIHAIK
6epetin Cinar ICE eKi KomnbloTepnik
barpapnama nanganaHbingbl. Mnasma-Kemip
KemerimeH [MOX-ga eTeTiH npouecTtep
caHablk 3eptTrence, Cinar ICE  KemerimeH
Kayin-KaTepi *Kofapbl €Ki Kocnasbl OTblHAbI
KOCa ’KaKKaHAaafbl  Ka3aHAblK  MeLiHiH
YKYMbIC npoueci moaenbaeHai.

Mnasma-Kemip 6arpapnamachbiHblH,
MYMKIiHZ(TI KONOAHbICTafbl MNOX KoHe
naasmasnbik, rasgaHablpfFbilUTapAAFbl
ToXipubenepae aNblHfaH ToXipubenik
manimeTTepai napanaHbin Tekcepinai [5, 6].
Cinar ICE 6afgapnamachbl gacTypAni newTtepaeri
npouectepAai ywesnwemai ecenteynep apKblibl
TeKkcepinai [7, 8]. Bipak ocbl bargapnamaHbi
navpgananbin OX 6ap newTtepai ecente
JKYPrisy ywiH, oHbl Xobanay ywin Cinar ICE
barpapnamacbl nnasmanblk 6enceHaipinreH
KeMmip4iH, KaHy npouectepiH ecenTteyae
KONAaHbINYbIH 3epTTEN any Kepek.

Cinar ICE 6afgapnamacbliHblH, MYMKIHAITIH
TeKcepy YWiH Taxipubenik newTiH aactypni
)KOHe XaHyAbl naasmanbiK besceHaipreH eki
KYMBIC iCTey peXumi TaHnaanbin  anblHAbI.
aHyabl nnasmanbikbenceHaeHaipyre 36 KBT
KyaTneH »KYMbIC iCTEMTIH naa3maTpoH asiaybliH
nanganaHy apkbiabl Kon xkeTkisingi. MOXK-pa
a/iblHaTbIH KEO (»kofapbl peakuuanbl
eKikocnanbl OTTbIK) Wamanapbl Kemip-MNnasma
barpapnamacbiH KongaHbin ecentenai. Onap
Cinar ICE rmapoaAvHaMUKaHbIH yweawemg,i
barpapnamacblH namganaHymeH opbliHAANbIN,
NOX-6eH KamTblIiFaH TaxKipubenik newTi yuw
enwemai ecenteyre apHanfaH 6Hactankbl
wamanap 6ongbl.

CoHbIMeH KaTap ocbl bGafgapnamamen
Kapanaibim KemipTosaHgbl KYMbIHAbI
OTTbIKMNEH »KabablKTasfaH newTeri KemipaiH
KaHy peTi ecentenai. Ecentey HaTuKeciHae
KITX/[ Keneci cumnatramanapbl anbiHAObL:
Temnepatypa Tapanybl (2-cypeT), ras xaHe
benwekTep Kblngamablifbl  (3-cypeT), ras
dasacblHblH, KoOcCMa KOHLUEHTpaLUsChI (4-
CypeT), KOpPbITKbl Kemip KanablfblHOaFbI
KeMipTeriHiH, KOHUEeHTpaumnAachl YKoHe
raspaHy gaperkeci (5- cyper).

2 - cypeTTe ras »kaHe Kemip 6esleKkTepiHiH,
Temnepatypacbl MOX y3biHAbIFbI 60MbIMEH
KOFapbIIaNTbiHbl  KOPIiHIiN  Typ. BacTtankpbl
aymakTa AfHM maH O meH 0,35 meTp apacbiHAA
bonfaHOa Kemip 6enwekTepiH Kbi3ablpaTbiH
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ras d¢asacbl 6ap naasmanblK Ke3A4iH Xblay
a/Zimacybl WamagaH TbiC Xofapblnangbl. 0,35
neH 0,8 m apacblHOAFbl ayMaKTa KeMIpTETiHiH,
KbIWKbIIAAHYbl CangapblHAaH XaHe Kemip
besnweKTepiHiH, 6eTiHaeri by 6eniHyiHe
coilKec onapablH Temnepatypacbl 1121 °C
nemniH ecin, rasgapaa 6onatblH
TemnepaTtypagaH 264 rpagycKa acbin Kerteai.
byn KYObINbICTbIH, HaTUXeciHae ocCbl

ayMaKTafbl Temnepartypa KUCbIFbIHbIH,
MHBepcuacbl Halkanagbl. 0,9 metp ras
TemnepaTtypacbl 1015°C maKcMmym MaHre

xeTin, MO woifbicbiHAa asgan 1002 °C geniH
TemeHaena,.

byn Kafpainpga ras TemnepaTypachbl
benweKktep TemnepaTypacbiH 41 rpagycka
KOfapbliaTagbl. On 6enwetepaid MOXK
KabbipfacblHaH cayneneHydiH »blay bepinyiHe
6aNaHbICTbl OPbIHAANATbIH KyOblbic.

MOX KipiciHgeri ras XaHe 6Genwek
blngamabiKTapbl (3-cypeT) 6ipaeit 6ona Typa

y3blHAbIKKA 6annaHbICTbl ©ecehdi AeXKyMeHiH
WbIFbICbIHAAQ MaAKCUMYM MIHAepre KeTin,
coMKeciHWe 33,8 KoHe 33,2 m/c

XblgamablKkKka ne 6onagbl. [as Kblngamablebl
MOX¥ 6apnbiK y3biHAbIFbI 6OoWbIMeH 6enwek
XblgamablFblHAH apTbiFbipak 6onagbl. MOXK
WbIFbICbIHAAFbI afblH Xangamablfbl O3CTypAi
WaHKeMipAi OTTbIKTbIH, W bIFbICbIHAAFbI
aspoKocna KblAgamAblfblHAaH aWTapAbIKTal
apTbIK 60M1aTbIHbIH aTan ©TKEH XKeH.

1200 T T | I I I I
1000 4 =
X f

_
600 - /

4004

°C

0.000.150.30 0.45 0.60 0.75 0,90 1.05 115
X, m

1 - ras, 2 — 6enweKTtep

CypeTt 2 — MO 60ibiHWa XKEO
TemnepaTypacblHbIH e3repyi

4 yoHe 5 cypeTTrepaeH Kemip besweKTepiH
KbI3AbIPFAaHA4A KOPTKbl KOMIp KaaAblfbiHbIH,
rasgaHymeH KaTtap 6OipyakblTTa KemipaiH
yLaTbIH yCcakK benuweKkTepiHiH, 6eninyi
6aKkanagbl). MyMeHiH LWbIFbICbIHAA YaHFbIL
KocnanapabiH Hz, CHai, CO, CgHe, H

KOHLUEHTpaumanapbl MOX Y3blHAbIFbI
6onbimeH ece oTbipbin, 41,8 naibi3gbl Kypan
©3 MaKCUMYMbIHa XKeTez,i.

35 T T T T T 3
304
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0.000.190.300.450600.750.901.051.15
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1-ras3, 2 — benwekTep

Cypet 3 — NMOX y3blHAbIFbl 6oMbiHWa KEO
KbI1AAMAbIFbIHbIH, ©3repyi

100

10 4

Ci. kenem. %

0.1

0.01|

0.00 0.15 0.30 0.45 0.60 0.75 0.90 1.051.15
XM
Cypert 4 - TTIOX y3bIHABIFBI O0HBIMEH Ta3TEKTEC

KocnaJlapAblH KOHICHTPAIIUACBIHbIH e3repyi
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CypeTt 5 — razgaHabipy AeHreliHiH (1) »kaHe MO
y3blHAbIFbl 6OMbIHLIA KOPbITKbI KEMIpP
KanablFblHAAFbI (2) KemipTeri KOHUEHTpaLUUACHI

MOX  wbifbicbiHaafbl  CO,, H,O, O
TOTbIKTbIPFbILLTAP KOHLUEHTPaUMANAPbIHbIH,
KOocCblHAbICbI 7,3 nanbi3gaH acnanabl. MOX
y3blHAbIFbl BOMbIMEH a30T KOHUEHTpauuackl N,
79 nambisgaH 50,8 nanbi3fa TemeHAena.
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KOpTKbl Kemip KanablfblHOafbl  KemipTeri
KOHUEHTPaLUMSACbl ToMeHaenai ae, KemipTeriH
rasgaHabipy AeHreni NnoXx Y3bIHAbIFbI
6oMbiMmeH ecin, wbifbicTa 69,5 Nalbi3abl Kypan

new aymafblHOAQ eKiHWi peTTi ayameH
apanacKkaHAa KapKblHAbl TyTaHaTblH *KOfapbl
peakuuAnbl  eKi  Kocnanbl  OTbIH  ajnyfa
MYMKIHAIK bepeai. KopTKbl Kemip
KanabiFblHbIH, KaHy Xblaybl 7200 KOXK/Kr
6onagbl.

1 kectegeri NOX wWbIfbICbIHAAFbI A/IbIHFAH

WIOTX/], MPOLLECIHIH, MHTerpanablik,
cunaTramanapsbl HKITX, OHIMAEpPiHIH,
KaHyblH Toxipubenik newte Cinar ICE
6afpapnamacobiH KOoNAgaHbIn CaHAbIK,
mopenbgereHae 6acTtankbl ManimeTTep
peTiHoe nanganaHbiAgbl. Taxipmnbenin,
newrTi ywenwemai ecenTteyae
navaanaHbliFaH KOCbIMLLA 6acTankpbl

mMmanimeTTep 2 Kecteae Kentiping,.

Kecte 1l - NMOX wbifbicbiHgafbl KITX/,
eHiMAepiHiH, cunaTtTtamanapsl [9]

Fa3 ¢a3acbl Kypambl, Kenem %, Kr/caf
H2 co CHa CeHe | CO2| H20 N2
21,6 19,2 0,4 0,7 | 58| 1,6 |50,8
14,0 (1742 | 2,2 18,0 | 82, | 9,1 |462,0
2
a3 remneparypacsi, °C Benwek o
Temneparypacsbl, °C
1002 961
Kyn, kr/ca¥f 185,3
C, kr/caf 68,4
AFbIH }KbINA4AMAbIFbI, 33,8
m/c
OTTbIKTbl  Cinar ICE 6afpapnamacbiMeH
ecentey  HaTuxkenepi 6-8 cypeTtTepae
KepceTinreH. 6 A, b cypeTiHae eki pexxumaeri
Temnepartypa epicTepi KepHeKi TYpAe

KepceTinreH. A cypeTiHae OTTblKTa Kemipai
O9CTYpAi Xafy, b cypeTte aspo KocnaHbl
angblH ana naasmanblK b6enceHgeHAaipreHaeri
Temnepartypa epictepi KenTipinreH. Kemipai
aacTypni Typae KaKKaHAaa 1580°C
MaKcumanabl TemnepaTypasibl CUMMETUANDIK,
anayablH TemnepaTtypachl.

1600°C wamacblHOafbl Kannbl AQPOCbLIH
Tyabipagbl. MOX oacepi rKofapblpeaKkuuanol,
ekikocnanbl OTblH anayblHblH, GOPMACHIHbIH,
e3repyiHeH, anayabiH, Y3bIHADbIFbIHbIH,
a3alobiMeH XaHe TemnepaTypaHbiH, 2015°C
AeliH e3repyiHeH 6alikanaabl.

Kecte 2 - newrTi ywenwemai ecenteyre
apHanfaH 6bactankbl manimerTtep [10]

Aactypni NOX

Cunatrama »arFpan | »Karpaiibl
Kemip WblfblHbI, Kr/caf 410 410
BipiHWwi peTTi aya 600 600
WbIFbIHbI, Kr/caf
MewTeri ayaHbIHEKiHWI 2322 2322
peTTi WhIfblHbI, Kr/caf
BipiHWwi peTTi aya 300 300
Temnepartypacsl, °C
EKiHWI peTTi aya 300 300
Temneparypacsl, °C
MOX-aaH KemniHri KopTKbI - 253,7
Ka/i4blK WbIFbIHbI, Kr/caFf
KITX/M rastekTi - 761,6
eHiMmAaepAaiH WbIfbIHbI,
Kr/caf
Kemip TbifbI3ablfbl, 1200 1200
Kr/m3
EcenTeywi Top enwemi 56X56X60 56X86X6

J

A — KemipaiH, A2CTYpAi TypAe XKaHy pexumi,
B — NOX-6eH 6enceHaeHaipinreH kemipai »kary
pexmmi
CypeTt 6 — MNewTiH, 601/IbIK OPTanblK KMMACbIHbIH,
TemnepaTtypa epici

Byn epTe TyTaHymeH KoHe 6acTankbl
KemipmeH CanbICTbipfaHaa YKOFapbl
peaKkuuanblKk cunatka 6onaTblH  »KOFapbl

Temnepatypanbl HMITXA (1 KecTte) eHiMmiHiH
TO/NbIK, ¥aHyMeH 6ainaHbICTbl gen TyciHaipyre
6onagpbl.
EcenTiK >XaHe TaxKipnbenik
ManimeTTepai canbiCTbipy

7 cypeTTeH KepiHin TypfaHgan Taxipmnbenik
KOHe ecenTik TemnepaTypanblK 6HannaHbIC
cananbl TYpAe yKcac *aHe oTTbiK 0,5 meTp apa
KALWbIKTbIKTA OpHasiacKkaH aymakTa

— 100——
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anTapAbIKTal MaKCcMMyMFa ketegi. Oactypni
TypAaeri  KaHyaa newTeri MaKCcMmMmangbl
TemnepaTtypa Aenreni 0,13 meTp apa
KalWbIKTbIKTA 6eneHpeHaipinreH MnoX
OTTbIFblHAH }KOfapbl. TemnepaTtypa alblpmacsl
0,025 xaHe 0,13 meTp apanbifbiHga 164
rpagycka xetegi. On TOX nanganaHy
peXUMIMEH CanbICTbipFaHOa A9CTYPAi Kafy
Ke3iHOe ’KOfapbl KOHUEHTpauuara  XKaHe
KOCblHAbI 6eTKke une Kemip 6enweKkTepiHiH,
coyneneHy 6GenceHginirimeH cunatTtanagbl.
CoHfbl Kafpaaga MNMOX gaH OTTbIK KeHiCTiKKe
bICTbIK a3 6eH maccacbl 6acTanKbl Kemip
WbIFbIHbIHbIH, 30  naWbI3blHAH  acnamTblH
KOPTKbl KeMip KanablfblHAH TYypaTblH eKi
KOocnanbl OTblH Tyceai. byn cayneneHaipywi
benweKkTepaiH KOCbIHAbI 6eTiHiH yw MmapTe
TemeHgeyiHe akenegi. 0,13 metpgeH 0,6
meTpre AeNiHri ayMmaKTa nnasmanbik
benceHaeHAaipy KaHe A3CTYpAi pexumiHge ae
TemnepaTtypa AeHreni kofapbl. 0,4 meTpae eH,
*KOFapbl aWblipMallbliblKbalikanaabl »aHe 260

rpaayc 6onaapbl. Toxipnbene
benceHaeHAaipinreH OTTbIKTbIH, KaHy
TemMnepaTtypacbiHblH,  €H,  XOfapfbl  MaHi

O9CTYpPAi TypAae *afymeH canbicTbipfaHaa 200
rpagycka »ofapbl.
1800

1600 -

H,m
1 — Kemipai 4acTypni XKafy, 2 —Kemipai newte
MOX-6eH XKafy, 3, 4 — newTe Kemipai MO 6eH
»koHe MOM-cbI3 }KaFfyablH TaXKipnbenik maHaepi
Cypet 7—lewTiH, 6UiKTIri 6olbIMeH KaHy
OHIMAEPIiHiH XOFapbl TemnepaTypasiapbiHbIH Tapanybl

Bipak, TemnepaTypaHblH MaKCUMYMbl afbiC
6OMbIMEH KilUKEHEe TOMEHre bIfbICTbIPbIIFAH

KoHe newrTiH, 0,67 meTp  bBuiKTiriHae
barikanagpbl. OTbIHAbI nJjasma’snbik,
benceHaeHaipy KesiHaeri anay

TemnepaTypacblHblH, XOfapblablfbl OHbIH, 0,67
MeTp aymafblHAAQ OTTEK KOHUEHTPauUACBIHbIH,
bipaeH TemeHaeyimeH ganenneHeTiH
TO/NIbIFbIPAK XaHYMeH TyciHaipineai (8 cyper).

1 — Kemipai gactypni Kafy, 2 — kemipai MOXK-6eH
KaFy
CypeTt 8 — OTTeriHiH new bumikTiri 6oMbimeH opTa
MaccablK Tapaay KOHUEHTPALUACHI

45
1

3.0 40
=
(@] ) 3e
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0.0 T T T T T
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1 — Kemipai gacTypi KaFfy, 2 —Kemipai newTe
MOX-6eH XKarfy, 3, 4 — newTe Kemipgi MOXK 6eH
*KoHe MOM-cbI3 )KafyablH ToXKipnbenik maHaepi

Cypert 9 - MewrTiH, 6UiKTiri 6oMbIMeH XKaHy
eHiMmAepiHAe OTTeri KOHLUEHTPaLUA MaHIiHIH opTa
MIHAEPIHIH Tapanybl

OTbIHHbIH, MEXHUKaNbIK, *KaHbaybIH,
KeMipAiH, aHy TO/bIKTbIfblH CUMNATTAUTbIH
*KaHb6aW KanfaH KemipTeriHiH, KOHUEeHTpaLUUsAChI
new wbifbicblHga (H = 7,5 m) TMOX
KoNnpaHfaHAaafbl A9CTYpAi KafymeH
canbICTbipFaHaa TepT ecere TemeH (9 cyperT).
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1 — Kemipai oacTypni XKafy, 2 —Kemipai newTte
MOXK-6eH xary, 3, 4 — newTe Kemipgi MOXK 6eH
KoHe MOM-cbI3 )KafyablH TaXKipnbenik maHaepi

Cypet 10- OpTa maccanbl KOHLEHTPALMACBIHbIH,
new 60MbIMeH Tapasnybl

CoHbimeH KaTap, MMOMX KaTTbl OTbIHHbIH,
YKaHy NPOUECIHIH 3KONOMNANDIK,
CUNaTTamaNapblH KAKCAPTATbIHbIH A30T OKCUA
TypiHAeri KanablKTapAbiH, eKi ecere
TemeHaeTeTiHiH 10 cypeTTeH Kepe anambi3.

Ocblnawa, yw enwemai ecentey
b6arpapnamacbl Cinar ICE Tekcepy VywWiH
ToXipubenik newTi HaKTbl 3epTTey MaHAepi
nanaananbingbl [11, 12]. 7 cypeTTeH NewWTiH
6acTankpl ayMaFblHOaFbI Temnepartypa
KUCbIFbIHOAQ WHBEPCUAHbIH, 6ap 6o0nyblHaH
KoHe cunaTTaywobl TemnepaTypanbik
MaKCMMyMaapAaaH KepiHeTiH ecenTik »KaHe
ToXipubenik moHAepAiH cananblk COMKeCTIriH
KepceTeai. Toxkipubene ae, ecenteynepae ae
ToXipubenik new  WbIFbICbIHAAFLI  KaHY
eHiMAepiHiH, TemnepaTypacbl A9CTYPAiI KaHY

KopbITbiHAbI

Kymbic  HaTMXKeciHae Ka3aHAbIKTbIH,
O9CTYPAI KaHY peXumiHgeri KemipaiH, *KaHy
npouecrepiHe KaHe Kemip YKaHYbIH
nnasmanblk, b6enceHaeHOipy  KYMbICTapblHa
3epTTey  Kyprisingi. Hafyabl  naasmanbik,
benceHaoeHAaipy anayablH KbIIYTEXHUKANbIK,
cunaTTamanapblHa  3Cep  €eTin,  OTbIHHbIH,
MeXaHMKaNbIK ¥aHbayblHblH, TeMeHAeTin, new
WbIFbICbIHAAFbI asoT OKCUAiHIH,
KOHLLEHTPALMACBIH a3aMTaTblHbl aHbIKTaNAbI.

OTTbIK KeHiCTiriHae Kemipagi gactypni

Karyabl JKafy NpoueciH naasmainblk,
6enceHaeHaipy KesiHae KyprisinreH
canbiCTbIpMmarbl CaHAbIK, 3epTTeysiep

KOMIpAiH, »XaHy npoLuecCiHiH, cunaTraylbl
Herisri wamanap 6oiblHLWA
(temnepaTtypanap, »KaHbafaH KemipTeri
KOHUEHTPaUMACLI, aHy eHimaepiHgeri
oTTeri »aHe as30T okKcuai) ToxKipnbenik
JKoHe ecenTiK MIHAEepAiH, canasjblK XaHe
CaHAbIK, KepceTKiwTep 60MbIHWa
KaHafaTTaHap/IbIKTalM COMKecTiK aeHremniH
KepceTTi. MblaynblK  KyaTbl 3 MBT
ToXipubenik newrTeri KemipaiH, MOX
apKbiabl KaHe OX-cbI3 KaHyblH Cinar ICE
6afpapnamachbiH TeKcepy éyn
6afpapiamanbiK UblHHbIH, MOX apKbiabl

pexxnuminae MNoX navaanaHblifaH
»KafganaaH Xofapbl ekeHi 6alKkangbl. MaHy

OHIMIiHIH, Taxipubenik KoHe ecenTiK
Temnepartypa MIHAEPIHIHNEeLWTiH, TONbIK,
OuikTiri 60MbIHWA alblpMallbibIfbl 20

nambizgaH acnamabl. byn aribipmalwbinbIK
Cinar ICE 6afpapnamacbiHAa KeHingeTiareH

KMHEeTUKanblK cbizba fast chemistry-gin,
KONOaHbllybiIMeH  cunaTttanagbl. KopTKbl
KanablKTafbl »KaHbafaH KemipTeri
KOHLUEHTpaLumACbI ToXipmnbenik newTiH,

WbIFbiCbiHAa enweHai (9 cyperT).

Tokipubenik newTiH, WbIFbICbIHAAFLI A30T
OKCUAiHIH,  KOHUueHTpauuacbl (10  cypeT)
ToXipnbene kaHe ecenteyae Kemipai aactypni

’Kafyfa KapafaHaa naasmanbik,
6enceHpeHaipinrenge TemeH 6onabl. AsoT
OKCUAI  KOHUEHTpaumAcbl  MaHiHiIHTaXKipnbe
MeH ecenTteyae alTapsblKTan

alblpmaLlblNbIFblHbIH, 60nybl (52-54%) Cinar ICE
bafgapiiamacbiMEH  KYpblIifaH — KMHETUKasbIK,
cbi3ba HaKTblNayabl Tanan eTeTiHi KepiHea,.

OHEepKacCinTiK  KasaHAablKTapablH,  eceney
makcaTbiHaa MNOM KypbiabiMmAablK cbi36acbiH

anyfa, [OX obanay yuwiH ceHimai
6acTankbl manimeTtTepgai anyfaa
nanganaHblNyblHbIH, MYMKIHA,TH
Aanenaenai.
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ABSTRACT

In this work, the operation of the boiler in traditional and plasma-activated conditions is investigated. To test the
possibility of modeling the Cinar ICE program with an understanding of the physical mechanism of the processes of
electrothermochemical fuel preparation (ETCF) and combustion, a study of coal combustion in an experimental
furnace with a thermal power of 3 MW equipped with a plasma fuel system was carried out. To study the
combustion process of an air mixture that had undergone preliminary plasma preparation for combustion, one-
dimensional plasma-coal and three-dimensional computer programs Cinar ICE were used, which study in detail the
mechanism of the kinetics of thermochemical exchange in a two-phase flow, where the plasma fuel source is located,
and the exact geometry of the furnace, and the kinetics of the process combustion of coal particles. As a result of
calculations, the distribution of temperature, velocity of gas and particles in the process of ETCPT, the concentration
of gas-phase mixtures, the concentration of carbon and the degree of gas contamination in the remainder of alloyed
coal were determined. It was found that the plasma activation of combustion affects the thermal characteristics of
the Torch, the mechanical non-combustible fuel residue and the concentration of nitrogen oxide at the outlet from
the furnace. It has been proven that when simulating coal combustion, it is possible to achieve an effective
description of the process using the Cinar ICE program.
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AHHOTALMA

B paHHOl pabote uccnepoBaHO GYHKLMOHMPOBAHWE KOT/MA B TPAAMLMOHHBIX M M/1Ia3MEHHO-aKTUBMPOBAHHBIX
ycnosusax. [11a nNpoBepky BO3MOXHOCTU MoAenvpoBaHusa nporpammbl Cinar ICE ¢ noHMMaHvem ¢éuanyeckoro
MexaHu3Ma MPOLLECCOB 31EKTPOTEPMOXMMMUYECKON MOAFroTOBKM Tonamea (ITXMT) ¥ ropeHws npoBeaeHo
1ccne0BaHNE FTOPEHUA YINIA B SKCNIEPUMEHTA/IbHOW NEYM TEM/I0BOI MOLLHOCTbEO 3 MIBT, OCHALLEHHOW N1a3MeHHO
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MpuHATa B nevatb: 14 dekabps 2020 KoMnbtoTepHble nporpammbl Cinar ICE, aeTanbHO M3ydatoLme MexaHn3m KUHETUKM TEPMOXMMMUYECKOTO ObMeHa B
OByx}pasHOM MOTOKe, rae HaxoAMUTCs MIA3MEHHbIN UCTOYHUK TOMIMBA, U TOUYHYIO FEOMETPUIO MeYM, Y KUHETUKY
NpoLecca ropeHna yrosibHbIX YacTuu,. B pesynbTate pacyetos bbiav onpeseneHbl pacnpeseneHve Temneparypbi,
CKOPOCTM ra3a v yactuu, B npouecce ITXIMT, KOHUEHTPaLWA razodasHbIX CMeCcei, KOHLEHTPALMA yriepoaa 1 cTeneHb
3ara3oBaHHOCTM B OCTATKe JIETMPOBAHHOMO YrA. YCTaHOB/IEHO, YTO NJIa3MeHHas aKTMBALWA rOPeHUs BAMAET Ha
TEN/IOTEXHUYECKME XapaKTepUCTUKN PaKena, MexaHW4YecKMii HeCcropaeMblii OCTaTOK TOM/IMBA M KOHLEHTPaLmIO
OKCMO@ a3oTa Ha BbIxoge M3 neun. [JoKasaHo, YTo MpM MOLEMPOBAHMM TOPEHUA YA MOXHO [A06WTbCA
3¢pdeKTMBHOrO onmncaHms NpoLiecca ¢ NoMoLLbo nporpammbl Cinar ICE.
Kntoyesvle cnoea: [11a3mMeHHAs akmueayus, 2opesKka, MoodesuposaHue npoyecca 20peHuUs, MonsaueHas
cucmema, yanepoo.
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