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IKOJIOI'MYECKH BE3OITACHASA TEXHOJIOI'UA 'ASUPUKAILINN
BYPOI'O YIJIA

Axmeooe Hcnomoek, Ymapoe Hepoun, @.Koouposa
Hamneanckuii unoicenepro-cmpoumenvbHulil UHCIUmym, 2.
Hamanean, ynuya Ucnama Kapumosa, oom 12.

AnHOTauusi: B cratbe paccMoTpeHa akTyaibHas mpoOjema 3arps3HeHHUs
OKpY>KaroIllel Cpebl IPU HUCIIOJIB30BAaHUU TBEPJOTO TOIUIMBA, B YACTHOCTH, OYpOro
yras. [loka3aHa TEpCIEKTHUBHOCTh Ta3u@UKaM Oyporo yrias B KadecTBe
HKOJIOTMYECKH Oe30macHoro cmocoba ero mnepepabotku. [IpuBeneHbl OCHOBHBIC
MPUHILIMIIBI U TEXHOJIOTMH Ta3u(UKaIMU TBEPABIX TOILTUB, BKIIOYas Oyporo yriis.
PaccMoTpeHbl nepcneKTUBbl MCHOIb30BaHUS MOIY4aeMOro Ipy ra3uuKaluy ra3a B
Pa3IMYHBIX OTPACIIAX MPOMBIIUIEHHOCTH.

KuaroueBble cioBa: [lupokonaeHcar, nuporas, YIJI€BOAOPOJbL, MPOAYKTHI
nepepaboTKu He(PTH.

B Hacrosiiee BpeMs B TEIUIOBBIX 3JIEKTPOCTAHIMAX B KauecTBe TorumBa 10 90%
UCIIOJIb3YIOTCSL KUJKOE YIJIEBOJAOPOJHOE TOIUIMBO M Ta3, Ha JIOJNIO K€ TBEPAOIO
TOIUIMBA NAAAET JIUIIB 0KOJO0 5-10%. JT0 CBA3aHO C TEM, YTO KUIKOE TOIUIMBO M ra3
HSKOHOMUYHEE, 4YEeM TBEpPJO€ TOIUIMBO M TMpH CKUTAaHUM HUX B arMmocdepy
BbIOpPAChIBAETCS MEHBIIIE BPEAHBIX BEILIECTB.

1o mporHo3am yueHbIX MpHU CETOIHALIHUX 3amacax, 100bI4ax U pacxoax, HepTH
n raza xsatut Ha 30-40 ner, a TBEpAOro TOIUIMBA HA COTHHU JIeT. B cBsA3M C
YMEHBUIEHUEM 3aI1acoB Tra3a U HEPTU B OyayIIeM JJisl YCIEIHON paboThl TETIOBBIX
AJNIEKTPOCTAHLIUA OCHOBHBIM TOIUIMBOM y HAac B pecnyOnuke Oyner Oypblid yroib
aHTPEHCKOT0 MECTOPOKEHHs, 3amacoB kotoporo xBarut Ha 200 net (1). B cBs3u ¢
ATUM TUTAHUPYETCS YBeNUYeHUe N00bIuM anrpeHckoro yriast k 2010 rogy ao 12 muH.
TOHH, MPU €ro CKUTAHUM PE3KO BO3PACTYT BBIOPOCHI B arMocdepy BpEAHBIX AJIs
OKPYXAIOILEH Cpe/ibl BEIIECTB: TBEPABIX MBUIBHBIX YACTHIL, TUOKCH]IA CEPBI, OKCHJIOB
a30Ta, OKCUJIOB yIiiepoia u Ap.

B cBa3u ¢ o3TMM mepeA  UCCIEeNOBaTENsIMU CTOUT 3ajadya pa3paboTKu
HKOJIOTUYECKU 0€30MacCHON KOMITJIEKCHOM TEXHOJOTHUU NMPeoOpa30BaHMs aHTPEHCKOTO
YIS B Ta3000pa3Hoe TOIUIKBO.

[lepepaboTka aHIPEHCKOro YIriisi Ha ra3000pa3HOE TOIUIUBO, Hapsay C
noydeHuem roprounx ra3oB (CO, Hy; u CH4), mo3BoauT pemmuth 3aady OXpaHbI
OKpy)Xalolled cpeapl OT  BpEeIHbIX BBIOPOCOB, HMEIOLMIMX MECTO  TpH
HETMOCPEJICTBEHHOM COKMTaHWU TBEpAbIX TOIUMB. Kpome Toro, ra3zoo0pasHbie
MPOAYKTBI, OOpasyromuecss MOpu rasuuKaluv TBEPABIX TOIUIUB, MOTYT OBIThH
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UCTIONB30BaHbl IS TPOM3BOJICTBA CHHTETUYECKOTO JKHJIKOTO TOIUIMBA, CHHTE3a
YIJI€BOJOPOAOB HAa OCHOBE OKHCH YIJIEpoJa W BOAOPOJA; CHUHTE3a aMMHaKa WU
MeTaHOJIa (B MEPCIIEKTHUBE KaK MOTOPHOTO TOTUIMBA); TIOTYYEHUS BOJIOPOJA, KOTOPHIMA
B OyIyIIieM MOKeT OBITh MCIIOIH30BaH KaK YHUBEPCAIBHBIN YHEPTOHOCUTETH (2).
CymHocTh mporiecca ra3udukauu. ['a3udukanms TBEpABIX TOILIUB — IIPOIIECC

NpEBpPALICHNs TBEPABbIX TOIUIMB B TOPHOYHME Tra3bl IIYTEM OKHCIEHUS BO3IyXOM,
KHCJIOPOJIOM, BOJISIHBIM [TAPOM MJIM YTJIEKHCIIBIM Fa30M IPU BBICOKOW Temneparype. B
OTJIMYME OT KOKCOBAaHMs, MPOLECC ra3u(puKalni XapaKTepu3yeTcs MpeBpaleHueM
BCEH OPraHNYECKOM MacChl TOILTMBA, HCKITF0YAs MMOTEPH, B Ta3bl. [ a3uduIiupyroTcs Bce
BU/IbI TBEPJIOTO TOIUIMBA: KAMEHHBIE U OyphI€ YT, aHTPALIUT, KOKC, MMOJIYKOKC, TOP(,
ApeBecHHa, TOPIOYNE CIAHILBI U Jp. ['a3uduKanuio TBepJpIX TOIUIUB MPOU3BOASIT B
ra3oreHeparopax. B 3aBucMMocTH OT TUIa TOIUIMBA: KYCKOBOE, MEJIKO3EPHUCTOE WIIH
MBUICBUIHOE, TIpollecc Tra3suduKaluy TPOBOJIT B Tra3oreHeparopax pa3HOM
KOHCTPYKIIUH.

["azoreneparop mnpeacTaBiasieT coOOM BepTUKAIBbHYIO Kamepy (Imaxry),
M3TOTOBJICHHYIO U3 JMCTOBOW CTalM WJIM CTPOUTENBHOTO KHPIHUYA U BBUJIOKEHHYIO
BHYTpPH OTHEYNopoM. B BepxHeil yacTu razoreHeparopa B Kamepy 3arpy»aercs CJIou
ToruMBa (Yriisl, KOKCa) pa3iMYHOW KPYMHOCTH, MOAJEPKUBAEMBINA KOJOCHHKOBOM
PELIETKOM, MO KOTOPYIO Yepe3 CIeUaIbHOE OTBEPCTUE MTOAETCS BO3AYX, KUCIOPOA
win nap. OOpasyrouuiics B ClI0€ TOIUIMBA Ta3 OTBOJAT 4Yepe3 OTBEPCTHE,
PaCIIOJIOKEHHOE HaJl CJIOEM TOIUIMBA B CTEHKE rasoreHeparopa. Illnaku u 3071a
YAQISIOTCS 4Yepe3 JABEpLbl, BJCIAHHbIE B CTEHKM IIAXThl. 3arpyxaeMoe B
ra3oreHepaTop TOILIMBO Oiaroaapsi HEMPEPHIBHOMY €0 pacXOJ0BaHHUIO MOCTEHNEHHO
CIIyCKAaeTCsl BHU3.

B BepxHell wacTtu CiOs TOIJIMBA, HA3bIBAEMOM 30HOM MOACYIIKH, TOIIJIMBO
MIPOrPEBAETCS U MOJCYIIMBAETCS NOCTYNAIOIIUMH CHU3Y TOpsSYMMU razamu. B cpeaneit
4acTU CJIOS, KOTOpash Ha3bIBA€TCA 30HOM CYXOMl TMEpEeroHKH, TOIUIMBO TIOA
BO3zelicTBeM ra3oB ¢ Temmeparypor 550-800°C moaBepraercs pas3ioKEHUIO:
o0Opa3yroTcs ra3bl, apbl CMOJIBI, BJIara; TOIJIMBO MPEBpAIIAeTCs B MOJTYKOKC U KOKC.
Huxe, B 30He rasudukanuy, rae Temmeparypa npesbimaer 1000°C, koke BeTymaer Bo
B3aUMOJICHCTBHE C ra3aMu IyThs. B pe3ynbrare peakuuii co CBOOOAHBIM KHCIOPOIOM
IOyThsl, KOTOPBIA B 30HE ra3u(puKALMK MOJHOCThIO PACXOAYETCS, YriepoJ TOILIMBA
npeBpamaercss B CO u CO,, BoasHON Map pearupyer ¢ yriepoaoM ¢ o0pa3zoBaHUEM
Hz, CO n COz.

N3 razoreneparopa BBIXOJUT a3, COCTOSIIHNI U3 CMECH ra30B, MOJTYYEHHBIX B
nporeccax ra3upukaluyd U CyXOl NMEperoHKd, ¢ MPUMEChI0 HEMPOpEearunpoBaHHOTO
BOJSHOTO Iapa, MapoB CMOJIbI, MbLIM, cepoBojopoAa W Ap. ['a3 mepen nopadei
MOTPEeOUTENI0 TOABEpraeTcss OXJaxaeHuto M ouuctke. I[lpu BbeIOOpe cmocoba
razuukanuuy pearoliee 3HaYeHe UMeeT BUJI TOIUIMBA M Ha3HAYEHUE Ta3a.
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OCHOBHBIC XHUMHUYECKHE NpEeBpaiCHus TBCPALIX TOIJIMB B T'OPIOYMC I'a3bl IIPHU

mMoOBIX MeTojax rasudukanmuu B OOMMUX YepTax OCTAIOTCS OJMHAKOBHIMHU.
[Masuduxarus yriei sSBIsSEeTCS CIOKHBIM MHOTOCTAIUIHHBIM T€TEPOTCHHBIM (HU3UKO-
XUMUYECKUM MporneccoM. [Ipu 3TOM MpoTeKaroT clieyIolue OCHOBHbIE TIEPBUYHBIE
peakIuu yriepoja yrjieil ¢ KUCIOPOIOM U BOJSHBIM mapoM (4).

C+ 0, & CO, + 94 250 kkan / Kr * Mo (1)
2C+ Oy «» 2CO + 52 285 kkan / kr * Mo (2)
C + H;0 < CO + H, — 31 690 xkan /kr * mon (3)

C +2H;0 «» COy + 2 Hy — 21 420 xkaun / kr * Mmon 4)

["a3000pa3Hbie MPOAYKTHI, 0Opa3yromuecs mo peakiusMm (1) — (4), pearupyrot
MEXy COOOM, a TaKKe BCTYIMAIOT BO B3aMMOJCHCTBHE C NMEPBUYHBIMHU YTIIEPOJIOM
TOTUIMBA U OKUCIIUTEIISIMH 110 PEAKITHSIM

2C0O + Oz «» 2CO; + 136 215 xkan / kr * Mon (5)

2H; + O3 <> 2 H,0 + 115 670 kkan / kr * Mo (6)

C+ Oz 2C0O —41 965 kkan / kr * Mo (7)

CO + H;0 map <> CO; + Hy + xkai / xr * mon (8)

WHorma npuMeHsIeTCs TakKe THaAporasudukanms — ra3uuKaIys BOI0OPOIOM:
C+2 Hy; <> CHy + 20 870 xkai / kr * Moa (9)

[Ipu 5TOM MeTaH MOKET BCTyNaTh B PEAKI[MU KOHBEPCUU C BOJSHBIM [MApOM U
OKcHJIOM yriiepoaa (2):

CHy4 + H20 > CO + 3 H; — 49 200 xkan / kr * Mo (10)

CHs + CO; > 2CO + 2 H,—51 800 kkan / kr * mon  (11)

Ecnu rasudukanuio BemyT MPHU TMOBBIIIEHHBIX NABJICHUSX, TO B MPOAYKTAX
ra3uuKanuu MOXET HaxOJMWTCS 3HAUYMTENIbHOE KondecTBO MmeTaHa (2). Kpome
peakiuii ropeHusi, OKUCICHUS U KOHBEPCHUH, NMPHU TrazuduKanuu yried B CTaAUN UX
HarpeBa 00pa3yroTcst NpOayKThl uposnu3a. [Ipoaykrsl peakiuii (3) u (4) Ha3bIBaIOTCS
BOJSTHBIM Ta30M. CKOPOCTh MPUBENICHHBIX BBIIIE PEaKIMid ra3u(puKanyd 3aBUCUT OT
CKOPOCTH XHMHUYECKOTO B3aMMOJICUCTBHsI BemecTB M ckopoctu auddysun. C
MOBBIIEHUEM TEMIEPATypPbl CKOPOCTh XWMHYECKHUX MPOIECCOB PE3KO BO3PACTAET,
CKOpOoCTh ke auddy3un pacTeT HE3HAYUTENbHO, BcieactBue uero Bbimie 1000°C
npoliecc razuukanuym TOpMO3UTCA ke cKopocThio Anddy3un. CxkopocTs Auddy3un
pacTeT ¢ yBEIMYEHUEM CKOPOCTU AYThs, UTO SIBISETCS CPEICTBOM HMHTEHCU(PUKAIIUU
MPOIECCOB Tazu(PuKaIMu TBEpABbIX TOIUIMB. Kpome MOBBINICHHUS TeMmIepaTypbl U
CKOPOCTH MAYyThS TMPOIECChl Tazu(dUKAIUU HWHTCHCUPUIIUPYIOTCS YBEIWYECHUEM
PEaKIMOHHON TMOBEPXHOCTU (IMIPUMEHEHUEM MEJKO3EPHUCTBIX U MBUICBUIHBIX
TOIUJIUB), YBEJIMYEHUEM JIaBJIICHUS, KOHLICHTPALIMKU KUCIIOPO/ia B IyThE U JIP.

B 3aBucumoctu oT cnocoba rasuduranuu, coctaBa AYThEBOTO MOTOKA U
yCIOBUM Ta3u(uUKalMu: JABJIEHUS M MOJA4YM yIis, KauecTBa T'OPIOYEro BEIIECTBa,
0COOEHHO, €r0 PEAKIIMOHHOW CIIOCOOHOCTH — MOJIYYaeTCsl TeHEPAaTOPHbBIN ra3 pa3HOro
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Ha3HaueHus. B Hacrosimiee BpemMsi B TMPOMBIIIJIEHHOM MaclITabe MCIOIb3YIOTCS

mporecchl  TrazuuKanuu ¢ HUCHOJIb30BAaHUEM  MApOBO3AYIIHOTO WA

MapPOKUCIIOPOTHOTO MYThs: Ta3u(UKAIUs KyCKOBOTO TOIIMBA B ILUIOTHOM CJIO€ TIOJ

nasienueM 2 — 3 MIla (cioco06 Jlypru); razudukamusi MEITKO3€pHUCTOTO TOIUIMBA B

KHTISIIEM CJIO€ Ha MapoBO3AYITHOM (WM 00OTAIIEHHOM KHCIOPOJAE) MyThe (Croco0

Bunkiepa); razudukaiys ToruMBa B IbuieyriepoaHoM ¢akene (cnocod Kommepca-

Totrmexka).

Pazpabotka razorenepatopa Kommepa-Totiiena oTHocutcss Kk 1952 1. u
MpeHa3HaYeHbl JJIsl MOJIy4eHUsI CHUHTe3-Ta3a. B 3Tux rasoreHeparopax MpoIece
OCYILIECTBJISIETCA TMPU JBWKEHUM YrOJbHOW TBHUIM B CIOYTHOM TMOTOKE C
MAapOKHUCIIOPOTHON CMeChIo TIpu atMochepHoM naBieHud. B psne ctpan (I'epmanus,
['peniust, SImoHMS) TEXHOIOTHYECKHN Ta3 MOTY4YaroT Tra3uduKaIueil yroabHON MbUTH 10
BBICOKOIIpOM3BOAUTENbHOMY MeTony Konmnepca-ToTieka.

VYrone mnepen rasudukanuein uzmenvyaercs (90% wactun < 0,1 Mm)
BBICYIIIUBAETCS (CoaepKuTes Biaru 10 1% B kaMeHHOM yriie 1 10 8% B Oypom).
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