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U3YYEHUE MUPOMETAJITYPIMYECKOW NMEPEPABOTKU
NONTMMETAJUJTUHECKUX CBUHLOBO-LUUHKOBDIX
KOHUEHTPATOB KOHN MAHCYP
BOCCTAHOBUTEJIbHbIMU TA3AMU

Acpopos B.J1., baxpuoounsooa I1I.b., Iaii6ynnaesa 3.X.
TagXXMKCKUM TEXHUYECKUN YHUBepCcUTeT MMeHn akagemmka M.C.Ocnmu,
r. Aywan6e, TagXUKNCTaH

Jlisi BBINONIHEHMsI Pa3BepHYTON IPO-
IPaMMBbl 9KOHOMUIYECKOTO U COLMAIbHOTO
pasButus TafKMKMCTaHA B IPOMBIIIIIEH-
HOe IIPOM3BOACTBO TpebyeTcsi BOBIEYb
CYLIECTBYIOI[Me  MMHEepPaIbHO-ChIPbEBbIE
pecypcsl, fobbI4a 1 oboramieHe KOTOPBIX
CBSI3aHBI CO 3HAYMTEIBHBIMU 3aTpPaTaMIL
9TO B MOTHON Mepe OTHOCUTCS K pyAam
TSDKETIBIX IIBETHBIX META/I/IOB, TaK KaK CO-
[iep>KaHye MeTa//IOB B HUX CHIDKAeTCs, a
XUMJKO-MIHEPA/IOTUYECKUII COCTaB CTa-
HOBUTCsI BCe 601ee CTIOXKHBIM. B pesybrare
B METa/UTypPriUdecKmil Iepefie/l MOCTyNaoT
B OCHOBHOM KOJUIEKTVBHbIE KOHI[€HTPATB,
nepepaboTKa KOTOPBIX TPaAMUIOHHBIMU
criocob6amm 3aTpyHNUTENbHA, a MHOTAA U
HEBO3MOXKHA.

B HacTosAIMII Iepyof; B CTPaHe BO3HM-
KaeT HeoOXOMMOCTh B 9KOHOMUM ChIpbe-
BBIX, TOIUIMBHO-9HEPreTUYECKNX U IPYIUX
MaTepuaibHbIX PECypCcOB, IIOBBILICHNN
KOMIIIEKCHOCTY VICIIO/Ib30BAHVS  CBIPb,
VIHTEHCUPUKALMY TeXHOJOTMYECKNX IIPO-
11eCCOB, CHIDKEHMHU ce6ecTOMMOCTU IIpo-
AYKUMY ¥ HEOOXOAMMOCTDb BBINOTHEHNS
TpeOOBaHMIT OXpaHbl OKPY)KaIoIell cpe-
Zibl. BceM mepeuncieHHBIM TPeOOBaHNAM B
Oorblieli CTelleHN YAOBIETBOPSIIOT HOBBIE
BBICOKOMHTEHCUBHBIE TIPOLIECCHI IIIaBKU
B PacIbUICHHOM COCTOSIHUM Y B >KUJIKOV
BaHe aKTUBHBIM BO3JIe/ICTBMEM KUCTOPOJ-
Horo iyTbs [1]. B HbIHemHuit nepuop Ha
CBUHIIOBO-IIMHKOBBIX MeTaJUIyPrU4ecKux

IpefIpuATUAX [eMICTBYIOIIMX Ha 0ase
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Mectopoxzenuit 3apuucopu Hlumonn n
AntpiH TonKaH NIPOBOAATCA CepbE3HbIE
paboTBl TI0 OCBOGHMIO KICIOPOIHO-B3Be-
LIEHHOV IJMK/IOHHO 3JIEKTPOTEPMIUYECKON
IIJTABKY U IIJTABKE B JKUJIKOVI BaHHE.

Hapsiny ¢ atum it cynbpupHbIX CBU-
Hel| COfepXKalluX MarepuajnoB paspabda-
TBIBAIOTCSL CIOCOOBI HEIOCPEeICTBEHHOTO
HO/TyYeHVsI Y€PHOBOTO CBYMHIIA C IIOMOILIBIO
Pas/IMYHBIX BOCCTAHOBUTENE: TBEPHOrO
yI7epona, MOHOOKCH/A YITIepoya, Kapouaa
Ka/bLis, BOJOPOJA, IPUPOJHOTO rasa, u
[PYTUX BUJOB YITIEBOZOPOSHOTO TOIUIMBA
[2-6]. HenocpencrBennas o6paborka pac-
IUIaB/IEHHBIX CUCTEM B MPUCYTCTBUU BOC-
CTAHOBUTE/ISA ITO3BOJISET CENIEKTUBHO W3-
BJIEKATh METAJI/IBI B Pa3/IIHbIE TPOJYKTBL
Tak, npu nepepaboTKe CIOKHBIX HOMNMe-
Ta/UTMYECKIX MaTePIanoB CBIHEL] IO/TyYa-
eTCsl B BUJie METAJUIA, Me[b U YKee30 Iepe-
XOIAT B IITEVH, I[MHK Bo3roHsercs [7].

B nupomeTamrypruuyeckoM IpousBoOf-
CTBE TSDKEJIbIX LIBETHBIX META//IOB TPaju-
LVIOHHBIM HaIlpaBJIEHNEM CUYUTAITCA BOC-
CTAaHOBJIEHVE META/UIOB M3 KUCIOPOIHBIX
COEVHEHUN C MCIIO/Ib3OBAHMEM YITIEPOJ-
coflepKalllMX BOCCTaHoOBUTeNeN. Vicropu-
YeCKM CJIOKMIOCh TaKuMM 00pasoM, 4TO
IepBOHAYa/IbHO MeETAaJUIbl JIOOBIBAIM U3
OKJCJIEHHBIX PYJ BOCCTAHaB/IMBAsA €€ U3
KUC/IOPOJHBIX ~ COEVHEHUII  YITIEPOLOM
[IPeBECHOTO YITIA. JTO OOYC/IOBUIO Jla/lb-
Hejllllee VCIIONb30BaHME IIpMeMa Iiepepa-



Ta6J1VILI,a 1 — XuMunyeckme cocTtaBbl NOAMMETANINYECKMX CBMHLLOBO LLUMHKOBbIX

KOHLLEHTPATOB
SneMeHT KoHueHTpat N21, % macc. KoHueHTpaTt N22, % macc.

Pb 46,569 50,613
S 21,886 16,426
Zn 4,016 16,233
Fe 20,693 4,849
Cu 2,037 2,687
Si 3,887 8,170
Al 1,297 0,866
K 0,907 -

Ca - 0,703

00TKM CynIbGUHBIX MaTepUajIoOB 110 CXeMe
OKMC/TUTETIBHBIN  00>KUT-BOCCTAHOBJIEHNE.
[TapannenbHO ¢ yKa3aHHBIM M3y4anoch
BOCCTAaHOBJIEHJ€ OKCUJIOB METAJI/IOB B Ia-
30BBIX aTMocdepax, OFHUM U3 KOTOPBIX
saBnsetcsa Bogsanoin ra3 (BIN) H, -H, O- CO-
CO,, mpu CTpOro ompefie;IeHHOM COCTaBe
I OIITVIMA/IbHO JMHaMMKe Ta30BBIX IIOTO-
KOB. BO3MOXXHBI pasnuyHble TEXHOJOIUM
HOTy4eHUs Ta30BOJM CMeCU HY>XHOTO CO-
craBa [8]

Hacrosmaa paboTa mocsAmieHa nsyde-
HIIO NMPOMETAJITyPrU4ecKoil Iepepabor-
KI ITONIMETA/I/INY€CKIX CBYHIIOBO IIVTHKO-
BBIX KOHIIEHTPATOB MeCTOpOoXXeHnA Konn
MaHcyp ¢ MCHONb30BaHMEM BOCCTAaHOBM-
TE/IbHbIX I'a30B IIOTyYeHHBIX TasuduKanm-
eit yrisa Mectopoxpenusa ®on Arxo6.

Vcnonb3oBaHye yriei A rasuguka-
vy 06yC/IOB/IeHa TeM, 94TO Ta/pKMKICTaH,
He UMes JOCTATOYHOTO KOJIMYecTBa CoO-
CTBEHHOTO Ta3000pa3HOro U XWUJKOTO TO-
II/IVBA IIO/IHOCTBIO 3aBUCUT OT UX IIOCTABOK
u3 Ipyrux crpa. [lostomy Hapsagy ¢ nmouc-
KOM a/IbT€PHATUBHBIX MCTOYHMUKOB TOII/IN -
Ba VI 9HEPTUM 3aC/TyXIBAIOT 0COOOTO BHM-
MaHMA BOIIPOCHI MICIIO/Ib3OBAHMA PECYPCOB

yI7A, KaK IIOTEHLMATbHOTO MCTOYHMKA
YITIEBOIOPOAOB, XMMUYECKUX IPOAYKTOB
u Bojopopa [9]. 3amacel yria B HacTOA-
IMIT IePUOJ, COCTAB/IAeT B Ta/pKuKncTaHe
6onee 3 MIH TOHH, a npuHATas «Konnern-
LIV Pa3BUTUA YrOMbHONM oTpaciu Tamku-
kuctaHa K 2030 r» IUTaHUpYeT BBIPAOOTKY
yrs 6onee, yeM Ha 10 MIH. TOHH. B cBsi3n
C 9TUIM OJIHUM U3 IIePCHEKTUBHBIX HAIPaB-
JIEHUII MCIO/Tb30BaHMe YITIA ABJIAETCA €To
rasuduxanys. B 3aBUCUMOCTHY OT OKMC/IN-
Tejleil yI7iA MOXKHO IOTYYUTb TeHepaTop-
HBII ra3 pa3Horo cocraBa. OgHNM M3 Ta-
KUX BUJIOB I'€HEPATOPHBIX Ta30B SABJIAETCS
BOJISHOJ I'a3, KOTOPbINI IIPEUMYLeCTBEHHO
coctout u3 okcuza yrinepopa (CO) u Bogo-
poza (H,), mmpoko mpruMeHseMblil B Me-
TaJUTypPrU4ecKOll IPOMBIIIIEHHOCTN I
BOCCTaHOBJIEHNA MeTa/uIoB [10].

B Hammx mccnefoBaHUAX IS BOCCTa-
HOBJICH)Ms JVICIIONb30BaHBl IIPOOBI JBYX
HapTuil  KOHIIEHTpaTa AJpacMaHCKOro
rOpHO-000TaTUTEIPHOrO KOMOMHATa, Iie-
pepabarplBaronIyie PyAbl MeCTOPOX/ICHMI
Konn Mancyp. Obe maptuy KOHILleHTpara
HO/Ty4eHbl (IOTAIVIOHHBIM OOOTalieHneM
PYZHBL, SABIAIOTCA CBUHLIOBO I[MHKOBBIMU
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PucyHok 1 — @oTorpaduyeckoe nsobpaxeHme Npobbl KOHLEHTpaTa
PucyHok 2 — neKkTpOHHO- MUKPOCKOMUYECKOe N3o6paxeHne KOHLeHTpaTa
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PucyHok 3 — PacnpepeneHue pasmMepoBs 4acTumL, KOHLEeHTpaTa MectopoxaeHua KoHn MaHcyp

MONMMETA/INYECKUMIY  KOHLIEHTPaTaMI.
beun onpenenensl rpaHyn1oMeTpUYeCKNi
COCTaB, XUMUYECKNI COCTAB, MUHEPAJIOT -
YeCKMII COCTaB JCC/IElyeMbIX KOHIIEHTpa-
TOB. B Tabmuie 1 mpuBeneHbl pe3yn1bTaThl
aHa/IM3a XMMIYECKOr0 COCTaBa 000X KOH-
LI€eHTPATOB.

dororpaduyeckoe M3006paxkeHNe KOH-
LIEHTPATOB, KOTOPLIl HOMydeH B ¢opme
M3MeTTbYEHHOT0, MENIKO IPOCEAHHOIO IIO-
pOIIIKa C XapaKTePHOII 3e/1eHOBATO-YePHOI1
OKPAacKOJ C JIETKMM >XeJITOBaTbIM TOHOM
npezictaBieH Ha puc.l. Pesynbrar cTpyk-
TYpHOTO aHa/IM3a 3TUX KOHI|EHTPAaTOB C
KPYIHO TpaHYIMPOBAHHOI CTPYKTYpOIt
IpMBefieH Ha pUC.2.
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B xope wuccrnenoBaHMA OIpefeneHbl
pacmpefeneHysa pasMepoB 4YacTHUll, C Iie-
JIbI0 OYepTaHMA OCTeOBaTeNbHBIX 11IaTOB
IJI OIpefeNeHMsI MeXaHM3Ma peaxIuii
BOCCTAHOBJIEHUA CYIbQUAOB MeTajIoB
rasaMiu. AHanM3bl pasMepoOB 4YacTUI] KOH-
LIEHTPATOB OTOOpPa)kaloT OJHOMOJANBbHOE
pacnpeneneHye. 3Ha4eHNA pa3MepoB 4a-
cTHLl i1 0O60MX MapTUil KOHILIEHTPATOB

pasm/meI I M3MEHAKTCA B [OMalra3doHax
0.84-148.26 MxM (puc.3).

Jlns onpepenennsa MuHepanIornyecKoro
coCTaBa IONMMMETA/UIMYECKNX CBMHI[OBO
IIMHKOBBIX KOHIleHTparoB Konm MaHcyp
IIPOBE/IN PEHTTeHO]A30BbIe AHAMN3DI, KO-
TOpble IIOKa3bIBAOT, YTO MMHEPaIoru-
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PucyHok 4 — paduk peHTreHodasoBOro aHaamsa CBUMHLOBO LIMHKOBOIO KOHLeHTpara MmectopoxaeHns KoHu

MaHcyp

YeCKUII COCTaB KOHIIEHTPATOB COCTOUT
n3 ranedura (-JCPDS NO: 00-005-0592),
chanepura (-JCPDS NO: 00-005-0566),
nuputa (-JCPDS NO: 00-042-1340), xanb-
kormmputa (-JCPDS NO: 00-037-0471),
anrnesura (-JCPDS NO: 00-036-1461) u
kBapa (-JCPDS NO: 00-046-1045) B xaue-
CTBe OCHOBHBIX (a3 (puc.4).

[na monmy4eHMss BOCCTAHOBUTEIBHOTO
rasa IMpPOMeTaTypPruU4ecKol mepepabor-
K/ CBUHI[OBO I[MHKOBOTO KOHIIEHTpATa,
IpOBeNEH Ipolecc rasudukanuy yrsa ¢
VICIIO/Ib30BaHMEM [BYXCTYIIEHYATOrO pe-
akTopa (puc.5).

[IpenBapuTe/nbHbIl HArpeB I, OT-
[ileleHNsi OT YIJIepOfia COIYTCTBYIOLINX
KOMIIOHEHTOB 1 ra3uuKainys yriepopa
OKVC/IUTENIEM OCYIIeCTBISIIOT B JBYXCTY-
[IEHYaTOM peaKTope C J[IBOVHBIM KOpIIy-
com. Peaktop paspenéH Ha [jBe KaMepbl:
BepxHIol0 (A) m HwkHOK (B) crymenm.
PeakTop cocrout u3 BHemHero ¢yTepo-
BaHHOTO KOpIryca 1 ¥ BHyTPEHHEro CTaslb-

HOro Kopmyca 2. VI3sMe/Ib4eHHbIN YyTOolb [0
4yepes 3arpy304Hble YCTPONCTBA 3 MOAAIOT
BO BHYTPb KaMepbl 4 BepXHel CTYIIEHN pe-
aKTopa A I 3a CYET HarpeBaHMA OT TeIIa,
IepefaroLero Yepe3 BHYTPEHHIOK CTajlb-
HYIO CTEHKY 2 HarpeBaeTCs O TeMIEPATyp
650 -700 °C. IIpn temneparypax 300-350
°C M3 cocTaBa yI/Id BBILENAIOT BCE JIETY-
q1ie KOMIIOHEHTHI (0€H30/1 ¥ €0 TOMOJIOTH
90-170 °C; ¢denonsl n nupyuauHbl 170-200
°C; nadranenosass ¢pakumsa 210 -230 °C;
MeTmnHadTaneHs! 230- 270 °C; aHTpaleHbl
270- 350 °C), KOTOpBI€ OTBOJATCS U3 Peak-
TOpa 4yepes LITyLep A/ OTBOfA ra3006pas-
HBIX JIETYYMX ¥ CMOJIMCTBIX KOMIIOHEHTOB
yIig 5 B KOHJEHCALMOHHYIO KOJIOHHY 14
1A OXJIXKIEHNA U TOCTEAYIOIIEro pasfie-
nenus. IIpm remneparypax 500-550 °C us
OCTaBUIENICA HArpeToil CMeCU BBIEIAIT
BCe CMOJIUCTBIE BelecTBa (KaMEHHOYTOMb-
HBIII TIeK), KOTOpPbIe TAK>Ke OTBOJATCS 4e-
pes WTynep AId OTBOJA 5 U3 peakTopa B
YKa3aHHYI0 KOHJEHCALMIOHHYIO KOJIOHHY.
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PucyHok 5 — [IByxcTyneHuaTbi peakTop AJiA MosyYeHnss BOCCTAHOBUTENBHOMO rasa

A- BEPXHSIA CTYMeHb peakTopa;
B- HUXHSA CTyneHb peakTopa;

1- BHeWHUM dyTepoBaHHbIN KOPMYC peakTopa;

2- BHYTPEHHWI CTaslbHOM KOPMyC peakTopa;

3- 3arpy3oyHoe yCTPOMCTBO A1 Nofayun yris B
peakTop;

4- KaMepa peakTopa Harpesa yrnisa v nonyyeHus
nnacTMeULMPOBAHHOMO yrinepoaa;

5- wTyuep ons oTBOAA ra3006pasHbiX eTyuYnx u
CMOJINCTbIX KOMMOHEHTOB COCTaBa Yr/s;

6- yCTPOMCTBO AN NOJAYM yriepona nu3 BepxHemn
CTYMEHU B HUXHIOKO CTYMeHb PeakTopa;

7- KaMepa peakTopa AN rasndurkaumm yrnepoaa;
8-BpalLaoLancsa KONOCHMKOBAas peLueTka ansa
pacnpeneneHna rasoobpasHoOro OKUCIUTENA B
06bEMe 30HbI rasndukaLmm yrinepona;
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9- BXOAHOW WTyLEep AN NOAAYN BELLECTB OKUCIUTE-
nem B peakTop;

10- BepTUKaNbHOE peLueTyaToe OTBEPCTHUE;

11- BbIXOAHOM WTYLEp 419 OTBOAA FrEeHEPATOPHOro
rasa mus peakTopa;

12- pelwweTka An8 ynaBAnMBaHUA He MpopearupoBaB-
LUINXCA YacTuL, yrinepona;

13- BbIXOAHOE YCTPOMCTBO AJ151 BbIFPY3KWM 30/1bl U3
peakTopa;

14- KOHOEHCALMOHHAA KOMTOHHA;

15- koTen ytunusatop (l) reHepaTtopHoro rasa;

16- koten ytunusatop (I) 3onbl.



[Tocme oTpeneHusa neTy4nxX M CMOJIMUCTBIX
BEIeCTB OYMILEHHBIN YI/Iepoy IIacTU(M-
LMPYIOT Ipu TeMnepaTypax 650-700 °C u B
I1acTU(PUIMPOBAHHOM COCTOSIHUM 4epes
BBIXOJJHOE YCTPONMCTBO 6, COeNMHANOLEe
BEPXHIOI0 U HIVDKHIOIO CTYIIEHU PeaKTopa,
IIOCTyIIaeT B KaMepy 7 HVDKHEN CTYIIEeHMU
b peaxTopa mia rasmcpukanuu. B kamepy
7 HIVDKHEN CTYIIEHM peakTopa 4yepe3 Bpa-
IIAIOIIYIOCA KOJIOCHUMKOBYIO PEIIeTKYy 8 n
BXOJHON WITyLEep 9 MOoparT BOAAHON Iap
npu Temrneparype o 1050 °C s nomnyde-
HIA BOJAHOIO Ia3a, COCTOALETO U3 BOJO-
ponia U OKCuza yIriepoja B COOTHOLIEHUN
H,: CO=1:1 no o6Bvémy. B peakrop mogma-
I0T BOJIAAHOM IIap, COITIACHO CTEXMOMETPHU-
yeckoMy coortHomenuto C: H,O=1:1 pna
IPOTEKAHNA PEAKLVY HEIIOTHOIO OKMCIIe-
HUA yriepopa ¢ obpasosannem H, n CO.
[IprMeHseTca annIoTepMUYECKNII Harpes
peakTopa, KOTOpbIil 0beclieunBaeT IOBBI-
HieHue TemIieparypsl yriepopa ¢ 700 mo
1050 °C n c1oco6CTByeT MPOTEKAHUIO XI-
MIYECKON peaKLIN.

[Tomy4yeHHDBIVI BOAAHON Ta3 MCIONb3Y-
I0T B IUPOMETA/UIyPIUMYE€CKOM IIpoIiec-
Ce BOCCTAaHOBJIEHMA META//IOB CBUHI[OBO
LMHKOBOTO KOHIleHTpaTa. (CMech rasos
13 BOIOpPOJA U OKUCU YITIEpOfia C TeMIIe-
patypoit 1050 °C HanpaBIAKT B MEXKOP-
IIyCHOE IIPOCTPAHCTBO OKMUCIUTEIBHOTO
peakTopa MOMUMMETA/INIECKOIO CBMHIIOBO
LIMHKOBOrO KOHIIeHTpaTa. OHOBpeMEHHO,
B 30HY peaKL\y peaKToOpa OKUC/IEHN KOH-
LIEHTpaTa IOJA€TCA IPeABAPUTEIbHO Ha-
TPEeThIl BO3AYX JI/IA OCYLeCTBIEHUA MUPO-
MeTa/UTypIU4ecKoro Crnocoba OKMCIeHU
rajleHnTa U JPYIUMX MMUHEPAnoB COCTaBa
KOHIIEHTpaTa 110 peaKIuAM:

PbS + 3/20, = PbO + SO, + 413,7 x[[>x/Mormb, (1)

ZnS +3/20, = ZnO + SO, + 890,0 KIHK/MOb. (2)

2FeS, + O, = Fe, 05 + 450, +1655 kllx/Momb, (3)

OKMCINTENTbHBIN PeaKTOP COCTOUT U3
JIBYX 30H: BEPXHsAA 30HA - 30HA PeAKINMN
OKVICTIEHVSI TQJIEHUTA U €ro COIYTCTBYIO-
VX MUHEPAJIOB, OCYIIeCTB/IseMas IpU
temneparype fo 1050 °C, HIOKHAA 30HA
- 30Ha OXJIAXK[IEHUS BOMSAHOIO rasa u 06-
pasyromuxcs TBEpAbIX okcujos o 300 °C
myTéM HarpeBa BO3yXa O TeMIIEpaTy-
PBl Havyajia OKVC/IEHNS TaJleHUTa U SPYTUX
MIHEpPAJIoB COCTaBa KOHIeHTparta. [lnd
OXJIOK/JIEHVI HPORYKTOB OKVCTIEHUS MMU-
HepajIoB COCTaBa KOHIIEHTpaTa M BOCCTa-
HOBUTE/BHOTO Ta3a U Iepefayyl UX TeIa,
VICTIO/IB3YIOT IPOTMBOTOYHOE [IBVDKEHUE
BO3JlyXa B HIDKHE 30He peaKkTopa OKNC-
neHus. Takum o6Opas3oM, Ha BBIXOfe U3
peakTopa TemIiepaTypa BOJAHOTO Tasza U
IPOAYKTOB OKJC/IEHUA MUHEpPAjoB KOH-
neHTtpata cocrasngeT 300 °C. Takoe cHu-
JKeHJe TeMIIepaTypbl BOJSAHOTO rasa I
IPOAYKTOB OKJC/IEHUA MUHEpPajoB KOH-
IleHTpaTa He0OXOIIMO, YTOOBI B BOCCTAHO-
BUTE/IBHOM PeaKTOpe C y4€TOM BBIfesie-
MOTO TeI/Ia BOCCTAHOBUTEIbHBIX PeaKIINiA
TeMIlepaTypa PeakKLUJMOHHON Cpembl BOC-
CTaHOBJIEHMs CBUHIJA MOJ/IeP)KMBajIach Ha
yposHe 350-380 °C.

V3 okucnuTeNnbHOM 9acTU CMeCh TBEP-
IbIX OKCUJIOB IIOCTYIaeT B BOCCTaHOBM-
Te/IbHBIN peakTop. [aspl, obpasyromyecs
npu peakuysx (1) - (4), U3 peakMOHHOI
30HBI HaIIPABJIAIOT B MEXKOPITYCHOE IIpO-
CTPAHCTBO peaKTOpa HpeABapUTEIbHOTO
HarpeBa YIJIA. a TaKXKe B PEaKIVOHHO
30HE€ OKMC/IUTEIbBHOTO PEAKTOpa 3a CYET
VHEPTHBIX ra30B COCTaBa BO3JlyXa I BblJie-
NAAEMBIX IIPY PeaAKIMAX OKUC/IEHUSA MUHe-
pazoB cocTaBa KOHIIEHTpaTa oOpasyeTcs
MHOTOKOMIIOHEHTHAs CMECh, COCTOSILIAA B
OCHOBHOM 13 cepHucTOro anruapuga SO,,
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asora N,, aproHa Ar u Apyrux npumecein
cocraBa Bo3jyxa. JlaHHasg CMeCh C TeMIle-
patypoit fo 1000 °C BbIBOAMUTCA U3 peak-
TOpa ¥ IIOJla€TCA B MEXKOPIYCHOE IIPO-
CTPaHCTBO PeaKTOpa HarpeBa YIJIA JI/I €r0o
HarpeBa fo Temneparypsl 700 °C u ganee
YTUNU3UPYETCA 110 Ha3HAYECHUIO.

/3 OKMCIUTENPHOTO PEeaKTOpa, TaKKe
BBIBOZIAT BOJSAHOM ra3 C TEMIIEPATYpoil [0
300 °C 1 MofA0T CHU3Y B PEaKTOp BOCCTA-
HOBJIEHN CBMHIIA HABCTPeYy TBEPIBIM OK-
CHU/IHBIM MaTepyaaM.

CocTaB BOJAHOrO rasa Ha BXOfie B pe-
aKTOp BOCCTAHOBJIEHUA OKCUIOB COCTOUT
u3 Boplopoga H, n okucn yrnepoga CO, of-
HaKO Ha BBIXOfle M3 peaKkTopa COCTaB rasa
MeHseTcs, u oH cocrout u3 CO, u H,O uns-
3a MPOTEKaHMs peaKLMil BOCCTAHOBIEHUS
MeTa/yIoB (Ha mpyMepe CBUHIJA) U3 OKCHA
IO PEeaKIVIAM:

PbO + H, = Pb + H,O + 93.1 x[[)x/monb, (5)

PbO + CO =Pb + CO, + 60.9 x[I>x/monb. (6)

[Ipn msy4eHUM KMHETUKM BOCCTaHOB-
JIeHUsI OKCUJIOB CBUHIIA (POMOMYECKON 1
TeTparoHajbHON Mopudukanum) mo pe-
akiuu (5) B mHTepBane Temuneparyp 350-
380 °C ompefienneHa 3aBUCUMOCTb CTEII€HU
BOCCTaHOBJIEHIsI CBUHIJa OT BPeMEHU pe-
aKIUy, KOTOpasl ONMCBIBAETCS YpaBHEHM-
eM tiepBoro nopsjka. Obe mogubukanum
OKCHUJIa CBUMHIIA TIOKa3alIM OfMHAKOBOE OT-
HOIIIEHYVIEe K BOZOPO/Y. DHeprus aKTUBALINN
peaxiuu BOCCTAaHOB/IEHUsI OKCUA CBUHIIA
BOJIOPOJOM (5) BapbupyeTcs B IIpefieNiax OT
85,8 mo 93,1 k]I>x/MoO7Ib.
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YepHOBOII CBUHEI] BBIBOAUTCS U3 pe-
aKTOpa BOCCTAHOBJIEHMSA M B TeIJIO00-
MeHHUKe-XOMOANIbHIKE OX/TAXIAeTCs JI0
HOPMAJ/IbHBIX TeMIepaTyp. VI3 30HbI peak-
[V BOCCTAHOBUTE/IBHOTO peaKTopa Tasbl,
COCTOAIIME U3 BOASHOTO Napa U JBYOKUCH
yrnepoga (H,0+CO,), mocrynaor B Te-
II000MEHHVK-XOMOJV/IBHUK ¥ OXJTaXK[a-
1ot no 18-20 °C. IIpu oxnmaxkaeHun ra3os
KOH/IEHCUPYETCs BOJISTHOI TTap B BUJie KOH-
neHcara H,O, KOTOpbIil BEIBOAUTCA CHU3Y
XOJIOAV/IbHMKA, OCTABIIMIACA JBYOKNCD
yrepoga CO, HampaBjsAeTcsad B XpaHWUIN-
Ile IA JJaJbHENIIero MCIOAb30BaHMA 110
Ha3HAYEHUIO.

BbiBOAbI

B pabore mpuBeneHbI TEXHOIOTMYECKIE
peleHNs TPOU3BOJCTBA TAKEbIX 1IBETHBIX
METa//IOB Y3 KOHKPETHBIX TUIIOB KOHIIEH-
TpaToB. PaccMOTpeH mMpoMeTamaypruye-
CKMit CrIOco6 TepepabOTKy CBUHI[OBO L[MH-
KOBBIX TOJIMMETA//INMYECKUX KOHIIEHTPaTOB
Konn Mancyp ¢ ucnonb3oBaHyeM BOCCTa-
HOBJTE/IbHBIX I'a30B [1O/TyYeHHbIX rasuduka-
myeit yrna @oH SrHo6 B ABYXCTYIEHYaTOM
peakrope. OnpefeneHa sHeprusA aKTUBALUN
peakuuy BOCCTAHOBJIEHMsA OKCHUJA CBMHIA
(poMOMYecKoit 1 TeTparoHaaIbHOI MOfUduU-
Kamym) B MHTepBase Temneparyp 350-380°C
BOJIOPOJIOM, KOTOpasi BapbUpyeTcs B Ipefie-
nax ot 85,8 mo 93,1 xJI>k/Mo7b.
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STUDY OF PYROMETALLURGICAL PROCESSING OF KONY
MANSUR POLYMETALLIC LEAD-ZINC CONCENTRATES
WITH REDUCING GASES

Asrorov B.1., Bakhriddinzoda Sh.B., Gaibullaeva Z.H.
Tajik Technical University named by academician M.S.Osimi,
Dushanbe, Tajikistan

In order to implement the extensive
program of economic and social
development of Tajikistan, industrial
production requires the involvement of
existing mineral resources, the extraction
and enrichment of which are associated
with significant costs. This fully applies to
ores of heavy non-ferrous metals, as the
metal content in them decreases, and the
chemical and mineralogical composition
becomes more and more complex. As a
result, the metallurgical process receives
mainly  collective  concentrates, the
processing of which by traditional methods
is difficult, and sometimes impossible.

At present, there is a need in the
country to save raw materials, fuel and
energy and other material resources,
increase the complexity of the use of
raw materials, intensify technological
processes, reduce production costs and
the need to comply with environmental
protection requirements. All of the above
requirements are met largely by new high-
intensity processes of melting in atomized
state and in a liquid bath by the active
action of oxygen blast [1]. Currently, lead-
zinc metallurgical enterprises operating
based on the Zarnisori Shimoli and Altyn
Topkan deposits are carrying out serious
work on the development of oxygen-
weighted cyclone electrothermal smelting
and smelting in a liquid bath.

Along with this, for sulfide lead-
containing materials, methods are being
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developed for the direct production of
crude lead using various reducing agents:
solid carbon, carbon monoxide, calcium
carbide, hydrogen, natural gas, and
other types of hydrocarbon fuels [2-6].
Direct treatment of molten systems in
the presence of a reducing agent makes it
possible to selectively extract metals into
various products. Thus, in the processing
of complex polymetallic materials, lead is
obtained in the form of a metal, copper and
iron are converted into matte, and zinc is
sublimated [7].

In the pyrometallurgical production of
heavy non-ferrous metals, the traditional
direction is the reduction of metals
from oxygen compounds using carbon-
containing reducing agents. Historically,
metals were mined from oxidized ores by
reducing it from oxygen compounds with
the carbon of charcoal. This led to the
further use of the method of processing
sulfide materials according to the oxidative
roasting-reduction scheme. In parallel with
the above, the reduction of metal oxides in
gas atmospheres, one of which is water gas
(WG) H, -H,0-CO-CO,, was studied with
a strictly defined composition and optimal
dynamics of gas flows. Various technologies
for obtaining a gas mixture of the desired
composition are possible [8]

This work is devoted to the study
of pyrometallurgical processing  of
polymetallic lead-zinc concentrates from
the Koni Mansur deposit using reducing



Table 1 — Chemical compositions of polymetallic lead-zinc concentrates

Concentrate No. 1,

Concentrate No. 2,

Element % wt. % wt.
Pb 46,569 50,613
S 21,886 16,426
Zn 4,016 16,233
Fe 20,693 4,849
Cu 2,037 2,687
Si 3,887 8,170
Al 1,297 0,866
K 0,907 -
Ca - 0,703

gases obtained by coal gasification from the
Fon Yagnob deposit.

The use of coal for gasification is
because Tajikistan, not having enough
of its own gaseous and liquid fuels, is
completely dependent on their supplies
from other countries. Therefore, along with
the search for alternative sources of fuel and
energy, the issues of using coal resources
as a potential source of hydrocarbons,
chemical products, and hydrogen deserve
special attention [9]. Coal reserves in
Tajikistan currently amount to more than
3 million tons, and the adopted “Concept
for the Development of the coal Industry
of Tajikistan to 2030” plans to produce
coal for more than 10 million tons. In this
regard, one of the promising areas for the
use of coal is its gasification. Depending on
the coal oxidizers, generator gas of different
composition can be obtained. One of the
same types of generator gases is water gas,
which mainly consists of carbon monoxide
(CO) and hydrogen (H,), widely used in the
metallurgical industry for the reduction of
metals [10].

In our studies, samples of two batches
of concentrate from the Adrasman Mining
and Processing Plant, processing ores from
the Koni Mansur deposits, were used for
recovery. Both batches of the concentrate
were obtained by flotation ore enrichment
theyarelead-zinc polymetallic concentrates.
The granulometric composition, chemical
composition, mineralogical composition of
the studied concentrates were determined.
Table 1 shows the results of the analysis
of the chemical composition of both
concentrates.

A photographic image of the
concentrates, which is obtained in the form
of a crushed, finely sieved powder with a
characteristic greenish-black color with
a slight yellowish tone, is shown in Fig.1.
The result of the structural analysis of
these concentrates with a coarse granular
structure is shown in Fig.2.

In the course of the study, particle size
distributions were determined in order to
outline successive steps for determining the
mechanism of reactions for the reduction
of metal sulfides with gases. Particle
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Figure 1 — Photographic image of a concentrate sample
Figure 2 — Electron microscopic image of the concentrate
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Figure 3 — Particle size distribution of concentrate from the Koni Mansur deposit

size analyzes of the concentrates show a
unimodal distribution. The particle size
values for both batches of concentrates
are different and vary in the range of 0.84-
148.26 um (Fig. 3).

To determine the mineralogical
composition of polymetallic lead-zinc
concentrates, Koni Mansur conducted
X-ray phase analyzes, which show that
the mineralogical composition of the
concentrates consists of galena (PbS-JCPDS
NO: 00-005-0592), sphalerite (ZnS-JCPDS
NO: 00-005-0566) , pyrite (FeS_2-JCPDS
NO: 00-042-1340), chalcopyrite (CuFeS_2-
JCPDS NO: 00-037-0471), anglesite
(PbSO_4-JCPDS NO: 00-036-1461), and
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quartz (SiO_2-JCPDS NO: 00-046-1045) as
the main phases (Fig. 4).

To obtain a reducing gas from
pyrometallurgical processing of lead-zinc
concentrate, a coal gasification process
was carried out using a two-stage reactor
(Fig. 5).Coal preheating, separation of
accompanying components from carbon,
and carbon gasification with an oxidizer
are carried out in a two-stage double-
vessel reactor. The reactor is divided into
two chambers: upper (A) and lower (B)
stages. The reactor consists of an outer
lined vessel 1 and an inner steel vessel
2. Crushed coal is fed through loading
devices 3 into the chamber 4 of the upper
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Figure 4 — Graph of X-ray phase analysis of the lead-zinc concentrate of the Koni Mansur deposit

stage of the reactor A and, due to heating
from heat transmitted through the inner
steel wall 2, is heated to temperatures of
650 - 700 °C. At temperatures of 300 - 350
°C, all volatile components (benzene and
its homologues 90-170 °C; phenols and
pyridines 170-200 °C; naphthalene fraction
210-230 °C; methylnaphthalenes 230-270
°C; anthracenes 270-35 0°C) are released
from the composition of coal, which are
discharged from the reactor through a
fitting for removing gaseous volatile and
resinous components of coal 5 into the
condensation column 14 for cooling and
subsequent separation. At temperatures of
500 — 550 °C, all resinous substances (coal
tar pitch) are separated from the remaining
heated mixture, which are also discharged
through the outlet fitting 5 from the reactor
to the indicated condensation column.
After the separation of volatile and resinous
substances, the purified carbon is plasticized
at temperatures of 650 — 700 °C and, in a

plasticized state, through the outlet device
6 connecting the upper and lower stages of
the reactor, it enters chamber 7 of the lower
stage B of the reactor for gasification.

Water vapor is supplied to the chamber
7 of the lower stage of the reactor through
a rotating grate 8 and an inlet fitting 9 at
a temperature of up to 1050 °C to obtain
a water gas consisting of hydrogen and
carbon monoxide in the ratio H,: CO = I:
1 by volume. Water vapor is supplied to the
reactor according to the stoichiometric ratio
C:H,0=1:1 for the reaction of incomplete
oxidation of carbon with the formation
of H, and CO. Allothermic heating of the
reactor is used, which provides an increase
in the carbon temperature from 700 to 1050
°C and promotes the chemical reaction.

The resulting water gas is used in the
pyrometallurgical process for the reduction
oflead-zinc concentrate metals. A mixture of
gases from hydrogen and carbon monoxide
with a temperature of 1050 °C is sent to the
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Figure 5 — Two-stage reducing gas reactor

A - the upper stage of the reactor;

B - lower stage of the reactor;

1- outer lined reactor vessel;

2 - internal steel reactor vessel;

3 - loading device for supplying coal to the reactor;

4 - chamber reactor for heating coal and obtaining
plasticized carbon;

5 - fitting for the removal of gaseous volatile and
resinous components of the coal composition;

6 - device for supplying carbon from the upper stage
to the lower stage of the reactor;

7 - reactor chamber for carbon gasification;

8 - rotating grate for the distribution of gaseous
oxidizer in the volume of the carbon gasification
zone;
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9 - inlet fitting for supplying oxidizer substances to
the reactor;

10 - vertical lattice hole;

11 - outlet fitting for removal of generator gas from
the reactor;

12 - grate for trapping unreacted carbon particles;

13 - output device for unloading ash from the reactor;
14 - condensation column;

15 - waste heat boiler (I) generator gas;

16 - waste heat boiler (Il) ash.



inter-vessel space of the oxidizing reactor
of a polymetallic lead-zinc concentrate. At
the same time, preheated air is supplied
to the reaction zone of the concentrate
oxidation reactor for the implementation
of the pyrometallurgical method for the
oxidation of galena and other minerals of
the concentrate composition according to
the reactions:

PbS + 3/20, = PbO + SO, + 413,7 kJ/mol, (1)
ZnS + 3/20, = ZnO + SO, + 890 kJ/mol. (2)

2CuFeS, + 40, , 28i0, =
= 2Cu +4S0, + 2FeSiO,. kJ/mol. (4)

The oxidizing reactor consists of two
zones: the upper zone is the reaction zone
for the oxidation of galena and its associated
minerals, carried out at temperatures up
to 1050 °C, the lower zone is the zone for
cooling water gas and the resulting solid
oxides to 300 °C by heating air to the
temperature of the onset of oxidation of
galena and other minerals concentrate
composition. To cool the products of
oxidation of minerals of the composition
of the concentrate and reducing gas and
transfer their heat, countercurrent air
movement is used in the lower zone of the
oxidation reactor. Thus, at the exit from the
reactor, the temperature of the water gas
and the oxidation products of the minerals
of the concentrate is 300 °C. Such a decrease
in the temperature of the water gas and the
products of oxidation of the minerals of
the concentrate is necessary so that in the
reduction reactor, taking into account the
heat generated by the reduction reactions,
the temperature of the reaction medium for
the reduction of lead is maintained at the
level of 350 -380 °C.

From the oxidizing part, the mixture of
solid oxides enters the reduction reactor.
The gases formed during reactions (1) -
(4) from the reaction zone are sent to the
intervessel space of the coal preheating
reactor. and also in the reaction zone of the
oxidizing reactor, due to the inert gases of
the air composition and the minerals of the
concentrate composition released during
the oxidation reactions, a multicomponent
mixture is formed, consisting mainly of
sulfur dioxide SO,, nitrogen N,, argon Ar
and other impurities of the air composition.
This mixture with a temperature of up to
1000 °C is removed from the reactor, fed
into the intervessel space of the coal-heating
reactor to heat it up to a temperature of
700 °C, and then disposed of as intended.

From the oxidation reactor, water
gas with a temperature of up to 300 °C is
also removed and fed from below into the
lead reduction reactor towards solid oxide
materials.

The composition of water gas at the
inlet to the oxide reduction reactor consists
of hydrogen H, and carbon monoxide CO,
however, at the outlet of the reactor, the gas
composition changes, and it consists of CO,
and H,O due to the reactions of reduction
of metals (for example, lead) from oxide
according to the reactions:

PbO + H, = Pb + H,0 + 93.1 kJ/mol, (5)

PbO + CO =Pb + CO, + 60.9 kJ/mol. (6)

When studying the kinetics of the
reduction of lead oxides (rhombic and
tetragonal modification) according to
reaction (5) in the temperature range of
350-380 °C, the dependence of the degree
of lead reduction on the reaction time was
determined, which is described by a first-
order equation. Both modifications of lead

435



oxide showed the same ratio to hydrogen.
The activation energy of the lead oxide
reduction reaction with hydrogen (5) varies
from 85.8 to 93.1 kJ/mol.

Black lead is removed from the
reduction reactor and cooled to normal
temperatures in a heat exchanger-cooler.
From the reaction zone of the reduction
reactor, gases consisting of water vapor and
carbon dioxide (H,O + CO,) enter the heat
exchanger-refrigerator and are cooled to 18-
20 °C. When gases are cooled, water vapor
condenses in the form of H,O condensate,
which is discharged from the bottom of the
refrigerator, the remaining carbon dioxide
CO, is sent to storage for further use as
intended.

Conclusions.

The paper presents technological
solutions for the production of heavy
non-ferrous metals from specific types of
concentrates. A pyrometallurgical method
for processing lead-zinc polymetallic
concentrates Koni Mansur with the use of
reducing gases obtained by gasification of
Von Yagnob coal in a two-stage reactor is
considered. The activation energy of the
lead oxide reduction reaction (rhombic and
tetragonal modification) in the temperature
range of 350-380°C by hydrogen has
been determined, which varies from 85.8
to 93.1 kJ/mol.
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