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OF QOXIDATION PROCESSES ON OIL YIELD
AT OIL SHALE RETORING

Ewme B panHux pa6orax K. JIyrca [1] moka3aHO, YTO HPH MOJYKOKCOBAHHH
ClIaHIla KHCIOPOJ HEraTHBHO BIIHMSET Ha BBIXOH cMOJBI. B 50-X romax 3ToMy
BOMpPOCY OBLT MOCBSIIEH * LIEJbIM pPSI HccleqoBaHWM [2—5], W3 KOTOpPBIX
MocleIHHE OBAa PacCMATPUBAIKM BONPOCHI COBEPLIEHCTBOBAHHUS TEXHOJOTHUM
MOJIYKOKCOBaHMS ClaHIla. B 3THX paGoTax yCTAaHOBJIIEHO, YTO B HaMOOIbLIEH
CTEeNEHH BBIXOJ CMOJBI 3aBUCHT OT OKHUCIEHHS CIaHIa, KOTOpPOe MPOHUCXOIMUT
yXe Ha CTagWh €ro HarpeBaHHs, OO Hayala aKTHUBHOM TepMHUYECKOM
IECTPYKIIHM.

BDTa 0cOOEHHOCTh MO3IHEe OBbLTa MOATBEPXKIEHA B HCCIeOOBaHHUM [6], rme
MokKa3aHo, 4YTO Haumbosee 3GGEKTHBHO OKHUCIEHHE CIAHI[Aa NpPOTEKaeT B
TeMIepaTypHOM HHTepBase 200—300 °C 1 4To peluarolee 3HaUeHHE B JTAHHOM
cllyyae HMeeT He KOHIIEHTpalUs B TEIIOHOCHTEeNe KHUCIOpoma, a ero
a6CONIIOTHOE KOJHUYECTBO B pacyeTe Ha mepepabOTaHHOE TEXHOJIOTHYEecKOe
ceipbe. IlpaBma, B 3TOM HCCIEIOBAHHMH HCIOJIB30BAIN IPEIBAPUTEIBLHO
OKHCJIEHHBIN B Ta60PaTOPHBIX YCIOBHSX CIIAHEL], U MOSTOMY NMPOMBIIIIEHHBIN
MPOLECC ero MOJIYKOKCOBAHUS He GbLT CMOOEIHUPOBAH MOJHOCTBIO.

ITo3xe, I'. B. CUNOBCKMM NpOBe] aHAJOTHYHOE HccienoBaHue [7] yXe B
YCIIOBHSIX, MPHUOIHKAIOLIUXCS K MPOMBIIUTIEHHBM. CllaHell MOJIyKOKCOBAalIX B
MIOTOKE Ia30BOT0 TEILIOHOCHTEJS C Pa3IHYHBIM COIEpPKaHHUEM KHCIOpoga. DTa
paboTa TakXXe MOATBEPOWNA, YTO KHCIOPOH BIMSET Ha BBIXON CMOJBI
HeratuBHO. A. K. MurtiopeB [5] 0OBSCHSI BBICOKHEM BBIXOL CMOJBI Ha
TYHHEJBHBIX TMe4YaxX, NOCTHIaBIIMK MpPaKTU4YeCKH JabopaTOpPHOrO YypOBHS,
MIaBHBIM 06pa3oM HEeGONBLIUM KOIHWYECTBOM OCTATOYHOIO KHCIOpPOa B
OUPKYISIAOHHON CHUCTEMeE IMeYeH.

Iyst moJydyeHUs HOMOJHUTEIbHON WHGMOPMAIlUA O BIMSHUHM KHUCIOPOZA Ha
BBIXOJ CMOJIBEI MPH IMepepaboTKe clIaHIa B FeHepaTopax HaMH GBI 06001IeH
OIBIT DKCIUTyaTAllMH PA3IUYHBIX arperaToB OISl MOJYKOKCOBaHUS KyCKOBOIO
ciaHua (Tabm. 1). AHanW3 MOJYYEHHBIX MaTEpPHUANOB MOKa3all, YTO BBIXOX
CMOJIBI 3aBHCHT OT YIEJbHOr0 pacXofa Ha MpoIecc: YeM OH BBILIIe, TEM MEHBbLIIe
MoJry4aeTcsi cMOJIbI [8]. DTO 03HAYaeT, YTO MPH CYLIECTBYIOLIEM TEXHUYECKOM
YPOBHe OpraHM3allMd TOTO MJIM HHOTO TMpollecca MOJIYKOKCOBAHUS C
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yBeJIMYeHHeM YIebHOT0 pacXofa Bo3oyxa Bo3pacTaeT KOJIHUYECTBO KHACIOPOaa,
MOMNaJaloLIero B LIaXTy NOJYKOKCOBaHUS.

OIHOBPEMEHHO BBISICHUJIOCH, YTO OT YAENLHOr0 pacXoma BO3OyXa Ha Ipoliecc
3aBUCHT M rIIyOMHA MUPOJIM3a JETYYUX NMPOLYKTOB B LIAXTe MOJYKOKCOBAHMS
(oueHMBaeTCs MO yOeJIbHOMY BBIXOLY BOZOpPOZa, COmepKalleMycs B rase, B
pacyeTe Ha ciaHel WM YOM), TO ecThb HabGmogaeTcs MmpsiMasi CBSI3b MEXIY
KOJIMYECTBOM KHCIIOPOJa, OMaTarOLIMM B LIAXTY MOJYKOKCOBAHHUS, ¥ MITyOUHOM
MUPOJINU3A JIETYYUX MPOLYKTOB.

Hannuve Tako¥M 3aKOHOMEPHOCTH JaeT OCHOBaHME MpennojaraTb, YTO MPHU
MOMaJaHUM KUCIOPOHa B LIAXTY MOJYKOKCOBAHHWS CKOpee BCero MPOMUCXOIMUT
TePMOOKHUCITUTELHBINM MUPOJINU3 JIETYYHX MPOLYKTOB B PEAaKIIHOHHOM 06BeMe,
a He OKHCIIEHHWe CIIaHIla 10 ero akTUBHOM TePMHYECKOM OeCTPYKILIMH, KaK 3TO
OOLLENPUHSATO CYUTATh. VI3 NpaKTHKHK SKCILIyaTalliy, HAPUMep, FTeHepaToOpOB
C nonepevyHsIM MOTOKOM TemnoHocutedns (T1I1T) u3BecTHO, YTO YaCTh BOLOPOIA
npH nepepaboTKe clraHIla 06pasyeTcs yKe B caMOM ropsiuert KaMepe ¥ UMEHHO
32 CYET OKHUCIMTEJIBHOr0 MHUPOJIH3a MONAJalLIUX TyLa B cOCTaBe 06paTHOrO
rasa napos cMoJsl [9].

Huxe 6ynyT paccMOTpeHbI BO3MOXKHBIE UCTOYHUKY MOMagaHusl KACIOPOaa B
LIAXTy TMOJIYKOKCOBAaHMUSI IMeHepaTOpOB M IYTH YCTPAHEHHUS STHUX HUCTOYHHUKOB
WA YMEHBLUEHMS BIMSHUS KUCIOPOLa Ha BBIXOL CMOJBI. B OXHOM M3 CBOMX
pabor A. AapHa [4] yKaspIBal Ha TO, YTO B MEPBBIX KOHCTPYKLIMSX
reHepaTopoB (B KOTOPBIX HeOOXOZMMOe IS Mpolecca TEemIo MOJydaloch
TOJBKO 32 CYeT ra3udUKaIIMM OITYKOKCa) OCHOBHBIM UCTOYHHUKOM OCTaTOYHOI'0
KOJIMYeCTBa KHCIOPOLa B ra30BOM TEMIOHOCHUTENE, MOCTYNaBLIeM B LIAXTY
MOJIYKOKCOBaHMS, ObLI rasMHUKaTop — BCJIENCTBHE HEYIOBIETBOPHUTEIbLHOM
OpraHM3allMM Tpouecca rasudHUKaIUy MOIYKOKCa, a TaKXKe 06paTHBIN ras.

[TocTyniteHKHe 3HAYUTEIBHBIX KOMHYECTB KUCIOPOLa U3 ra3uruKaTopa B LIAXTy
MOJYKOKCOBAaHUSL  TI'eHepaTopoB  MOATBEPXKOAeTcs  HEeNoCcpeICTBEHHBIMU
aHaMu3aMM Tra3oB rasudukanud. I[lo . manHeM [10, 11], B 3THUX rasax
comepxanock 6—10 % kucmopoma. Ilocne BHeOpeHHS TreHEpaTOPOB C
LIEHTpaJIbHBEIM BBOIOM TermoHocuTes (IIBT) u ITIIT, B KOTOPEIX YacTh Temsia

Tabnmnpa 2. XapakTepDHCTHKA ra3a, BBIXONAINEr0 M3 rasuduURaTopa reHepaTOPOB
Pa3MYHOR KOHCTPYKIIHH
Table 2. Characteristics of Gasifier Gases of Retorts of Different Design

[ KoMIOHEHTSI, Terepatopsl ¢ IIBT | LeHepatopsl ¢ IIIIT Ha |
% 06beMHbIE ITC-5 I10 "Cnanuexum"”
CX3 ITC-5 110 6e3 rope- ¢ ropeyoy-
"Kuupln" *Crnanuexum” JIOYHOIO yc- HBIM YCT-
TpO#CTBA POACTBOM
[CO,+H,S 22,2 23,7 14,1 Wil &
C,H,, 0,0 0,4 0,5 -
0, 3,3 0,8 5.8 5.4
co 2,0 4,7 g -
H, 2,2 7,6 0,5 -
C.Hq 1,1 1,0 0,8 -
N, 69,2 61,8 76,6 -
YaenbHas Temiora
CrOpPaHHUA BbICILIAA,
M]Ix/M? 1,09 2,22 1,05 -
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IUIsL Tpoliecca IOJy4yaeTcsi B TOMOYHBIX YCTPOMCTBAX 3a CYUET CIKHIaHUS
reHepaTOpPHOro rasa, YOeJbHBIM pacXof BO3oyXa Ha OyThe cTal Huxe. Kak
BHUIHO M3 Ta6J. 2, MpH STOM YMEHBLIMIACh U KOHLIEHTPALUs KUCIOPOJa B razax
rasudUKalyy, a CIeIOBAaTeIbHO, YMEHBIIMIOCh U a6COTIOTHOE KOJIMYECTBO
KHCIIOpOJa, MOCTYNAoLIero U3 rasudukaropa B LIAXTY MOJIYKOKCOBAHUS.

B Tak¥X YCIOBHSX BBEIXOI CMOJBI TOJKEH 6BLT 3HAUUTENIbHO Bo3pacTh. Ho Ha
redeparopax ¢ IIBT oH BO3poc He CTOJb YK CyLIECTBEHHO — NpUMepHO ¢ 14,5
oo 15,3 %. Ckopee Bcero 3TO OOBSCHSIETCS TeM, 4YTO Ha TreHeparopax
YKa3aHHOM KOHCTPYKLIMH TEIUIOHOCHTEJIb B CI0€ IIaXTe MNOJYKOKCOBaHMS
pacnpenesics KpalHe HepaBHOMEPHO [12, 13] ¥ mO3TOMY yIeIbHbIE PACXOIbI
BO3IyXa Ha Mpouecc ObBLIM SBHO HETOCTATOYHBIMH IJISI MOJHOTO W3BIEYEHUS
JETYYUX MPOLyKTOB. I TeM He MeHee, BbIXOJ, CMOJIBI B JAHHOM CIIy4ae XOTs U
HEe3HaYUTEJbHO, HO BCE X€ BO3POC U CKOpee BCero moTtomy, yTo 3ddeKT OT
CHHKEHHS yIeJLHOTO pacxofa BO3IyXa OKasalicsi 60liee CylLIeCTBEHHBIM, YeM
yXyIOlLIeHHe PaBHOMEPHOCTH paclpeneseHUs TeIIOHOCHUTEINS B CJI0e.

Ha renepatopax c¢ IIIT, cyms mo 3HAYMUTEILHO BO3POCLIEN IPOIYCKHOM
CIOCOOHOCTH IO CIAHLY MpPH OMHOBPEMEHHO YBEIMYMBLIEMCS BBIXOLE CMOJIBL,
PaBHOMEPHOCTb pachpefeseHUss TEeIJIOHOCHUTENS B Clioe, MO CPaBHEHHIO C
IPYTMMH KOHCTPYKIIUSIMH, 3aMETHO JIy4llle.

Kak BUEHO M3 Tabin. 1, mo Mepe peKOHCTpyKuuH reneparopos I'T'C-5 I1O
"ClaHIeXHM" , KOTOpasi COMPOBOXKIANach OcIabIeHHeM NpoLiecca ra3ubuKayuu
MOJYKOKCca (a cledOBaTeNbHO, U YMEHBLIEHHEM IMOCTYMIIeHUS KHUCIOpOoga B
LIAXTY IMOJYKOKCOBAaHMS), BBIXOJ CMOJBI CTaJ BO3pacTaTh. [Ipv MOTHOM XKe
3aMeHe MapoBO3NYLIHOrO OYTh OOGPAaTHbIM UPKYJSUUOHHBIM Ta3oM
Heo6X0IUMOCTh B rasudHKaTOpe KakK MCTOYHHUKE KHMCIOPOHa, MOCTYNAOLIEro
B LIAXTy MOJYKOKCOBaHMS, MPaKTHYECKH TepsieT CMbICH. [Ipyd 3TOM 3aMeTHO
COKpallaeTcs YAEeIbHBIM pacxon BO3IyXa Ha IPOLECC BCAEACTBAE YMEHbLIEHUS
OUCCOIMWALIMK KapOOHATOB M CHHXKEHHMS MOTepb (DHU3MYECKOro  Temia ¢
BBITPYKaeMbIM M3 reHepaTOpOB MOJYKOKCOM [14] (mpy ycIOBUHM, KOHEYHO, UTO
mepexol Ha pexXuM 6e3 rasudbHKalMKM IOJIYKOKCAa He CONPOBOKIAETCS
YXyOLIEeHWEeM YCIOBHIM HarpeBa CIaHILIA B LIAXTe MOJIYKOKCOBaHMS). [1py 3TOM,
€CTeCTBEHHO, IOHMXKAETCS YINEJIbHBIN BBIXOH T€HEepaTOPHOrO ra3a, a BBIXOJ
CMOJIBI BO3pacTaeT 6Jaromaps YMEHBLIEHHMIO KOJHYECTBA MOCTYMAIOLIEro B
LIAXTY MOJYKOKCOBAHMS OCTATOYHOI0 KMCIOpoga. Takum 06pa3oM, MpOUCXOTUT
nepepacnpeneeHie XMUMHYECKON TEIUIOTHI CIaHIA B MOJE3HbIX MPOLYKTAaX.

ITpouecc ra3udHKalMK IMOJYKOKCAa B HMXHEM YacTH [AeMCTBYIOLUMX
reHepaTopoB HECOBEpLUeHEeH, ¥ ero NpakTH4YeCcKW HEeBO3MOXKHO OpPraHMU30BaTh
TakKPM 00pa3oM, YTOGBI H30eXaTh MOCTYIUIEHWS KHCIOpOZa B LIAXTY
MOJIYKOKCOBaHUS, OCOOEHHO MNpH BO3HMKHOBEHHMH mporapoB [5, 15]. Her
COMHEHHS B TOM, YTO B MeHEpaTOpax OCHOBHBIM MCTOYHHMKOM MOCTYIIEHHUS
KHCIOpOJa B LUAXTy IIOJIYKOKCOBAaHHS SIBISETCS IMpolecc rasuduKanuu
NOJyKOKCa, ¥ MOITOMY 3aMeHa ero Ha OXJaXIeHHWEe IOJIYKOKca 06paTHBIM
ra3oM C TOYKH 3peHHUS BbIXOLA CMOJIBI SIBISIETCS ONPaBIaHHBIM MEPOIIPHUSTHEM.

W3 Taba. 1 BUEHO M TO, 4TO Ha reHepatope N2 7 c¢ IIIIT npu mepepaboTKe
CllaHLa Ha pexuMe 6e3 rasudUKaldy MOJYKOKca OBLI JOCTHUTHYT Hauboiee
BBICOKHM BBIXOH cMOJBl — 17,8 %. IIpu 3TOM 06palaer Ha ce6si BHUMaHHE He
TOJBKO CPAaBHUTENHLHO HEOOJBLION YIENbHBIM pacxol BO3Oyxa, HO M HHU3Kasd
KOHLIEHTpaLMs KUCIOpOaa B reHepaTopHOM raze — 0,3 %. U aT0 He cinyvyalHo,
TaK KaK BO BpeMs MCNbITAHHUS reHepaTopa B ropsiyed Kamepe MJs MOJTyIeHUs
WU pacnpelelieHUs TEIIOHOCHTENS OBLIM YCTAHOBJIEHBI JBa TOPEIOYHBIX
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YCTPOWCTBA, a TeMIEpaTypa TEIIOHOCUTENs MOLIep>KUBANAch Ha BBICOKOM
ypoBHe (960—970 °C). Br0 006ecHeyniIo BO3MOXHOCTbL 6ollee TOJHO
HCNONB30BaTh KMUCIOPOL BO3MyXa NPU CKUraHUM ra3a B yKa3aHHbIX YCTPOUCTBAX
0 CPaBHEHUIO CO CiIy4yaeM, KOrfa HCIOJb30BaJIOCh TOJBKO OOHO TaKoe
YCTPOWICTBO M COIepXKaHHWe KHCIOPOJa B reHepaTOPHOM rase CHHXKAIOCh B
JydumieM ciaydae b g0 0,6 %.

CrenoBaTelbHO, INpH HCIOBITAHHM TreHepaTopa N2 7 Ha pexXxuMe 6e3
rasuduKaum NOJIyKOKca 66T JOCTUTHYT CaMbIN HU3KUM YPOBEHb MOCTYTIIEHUS
KHCIOPOfa B LIAXTy MOJYKOKCOBAaHHS, YTO M CHOCOGCTBOBANO MOJIYYEHHIO
HauboJIee BEICOKOTO BBIXOIA CMOJIBL. [1pH MONYKOKCOBAaHUY CIIaHIIA, HAapUMeED,
B ra30CXKHUTaTeJIbHOM peTopTe [8] KOHIIEHTpAIUsl KHCIOPOLa B ra3e JOCTHralia
04YeHb HH3KOro 3HaueHHs — 0,2 %, YTO CBHUIETEILCTBYET O BO3MOXKHOCTH
XOpOLIO OpPraHM30BaTh MPOLECC TOPEeHUS raza U MPAKTHYECKH IMOJIHOCTBIO
HUCNOJIB30BATh MPHU 3TOM KHUCIOPOJ BO3IyXa, HOCTYNAKOIIUN B PETOPTY.

TakuM 06pa3oM, B reHepaTopax MCTOYHHKOM KHMCIOpOAa, MOMAJaloLIero B
LIaXTy MOJYKOKCOBAaHHSI B COCTaBe Tra30BOr0 TEMJIOHOCHUTENS, MOTYT OBITh U
IBIMOBBIE Ta3bl, MOJy4YaeMble MpPH CXHTaHHM O0GPATHOrO raza B TOMOYHBIX
YCTPOUCTBaX. DTO NOATBEPXKTAIOT HENOCPENCTBEHHBIE aHANIM3bl Ta30BOr0
TENJIOHOCUTEINSI, B3ATOr0 H3 ropsiyer kamepbl reHepatopoB c¢ IIIT. Kak
NOKa3aHo B [16], B oTHoenbHbIe MEepUOLbI pabOTHI FeHEPaTOPOB COLEpKaHUe
KHCJIOPOJa B Ta30BOM TEIIOHOCHTENE ToCcTHraeT 3—5 %. IIpudeM HMeeT MecTo
SIBHO BBIpaXK€HHAs TEHIEHIINSI — C MOBBIIIEHHEM TEMIIEPATYPBI TEMIOHOCHTENS
KOHILIEHTpaLUs KUCIOpOa B HEM MOHMXKaeTcsl. Takasi 3aKOHOMEPHOCTh BIOJIHE
€CTeCTBeHHa, TaK KaK MNpH 60liee BBICOKMX TeMIlepaTypax B TOMOYHBIX
YCTPOMCTBaxX YCIOBHSI FOPEHHs raza yJIy4LIAIOTCS W KHMCIOPOL BO3Lyxa MpH
9TOM MCIOIB3YEeTCs NONHEE, YeM B CIy4Yae CPAaBHUTENbHO HU3KUX TEMIIepaTyp.

V3 W3M0XEeHHOro BbIlIE CIENyeT, YTO Hauboiee 3¢ eKTHBHBIE CPeICTBa
YMEHBIIEHHUSI KOJIMYEeCTBA OCTATOYHOr0 KHUCIOPOAA, MOCTYHALIEro B LIAXTY
MOJYKOKCOBaHMSI B COCTaBe ra30BOr0 TEMJIOHOCHTENS, CIeAYIOLINe: 3aMEHUTh
B reHepaTope rasudHUKaIMIo MOIYKOKCAa Ha OXJIaXIeHHe ero 06paTHBIM ra3om
U COBEPLIEHCTBOBATh KOHCTPYKIIMM T'OPENIOYHBIX YCTPOMCTB B HaIlpaBIEeHUH
IOOCTHXKEeHHS. 00jiee IOJHONO MCIOJNB30BAHUS KHCIOPOZa BO3OyXa HpH
CXXMUraHuu rasza. OgHaKO 30ech CleIyeT HMeThb B BHMOY, YTO OpraHU3amys
9(hGDEKTHBHON 30HBI OXJaXIEeHHS B HHXHEH 4YacTH TeHepaTOpoB MpH
HEyIOBJIETBOPUTENLHON DPaboTe rOpeOYHBIX YCTPONCTB HE MOXKET 3aMeTHO
YBEJIHYUTD BBIXOL CMOJBL. [103TOMY 062 MEPOTIPUSITUS CIAEOYET OCYLECTBISTh
OIHOBPEMEHHO.

YTo Xe KacaeTcsi 00paTHOro rasa, TO, IO HallleMy MHEHHIO, OH BpSO JH
MOXeT ObITh 3aMETHBIM HCTOYHHKOM IOCTYMJIEHUS KHCIOpPOJa B LUAXTY
NMOJyKOKcoBaHUs. [Ipu ucnblTaHuM, HanpuMmep, Ha I'T'C-5 renepatopa N° 8 ¢
KOJBbIEBOM KaMepoW TMOJYKOKCOBAHHUS C [MOBBIIIEHHBIM COLEpPXKAHUEM
KHCIIOpoxa B 06paTHOM rase (3—4 %) yoelbHBIM pacxoj BO3OyXa Ha MpoLecc
3aMETHO MOHHXKAJICS — NPpUMepPHO ¢ 250 10 200 M3/T. DTO FOBOPUT O TOM, UTO
KHCIOPOX, COmepXKalluics B 06paTHOM rase, pacXOmOBajlCs Ha ropeHHe rasa
B TOMOYHBIX YCTPOMCTBaX TIEHEPATOPOB M BpsiA M MONANAN B LIAXTY
NONYKOKCOBaHMS. IIpM mepepaboTKe CiIaHLa, HampuMep, B HEOGOIBLIOM
MUAJIOTHOM TreHepaTope O6OJNbllee KONMHYECTBO KHCIOPOoga B O6GpPaTHOM
(reHepaTOpHOM) rase, COCTABISBIIEM OKOJO 5 %, HHKaK He MpemnsTCTBOBAJIO
JOCTHXKEHHUIO BBICOKOI'O BBIXOHA CMOJBI [17]. BOMBLIOH ONBIT SKCIIyaTalluU
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TYHHEJBHBIX I€YeH MOOTBEPXKIAaeT, YTO IPHU MHOIOKPATHOM LIMPKYJISIIHH
mapora3oBoM CMeCH 4Yepe3 CJIOHM TMOJYKOKcCa OHa IOCTENEHHO
06€eCKHCIOpOXKHUBaIach [5].

TaxkuM 06pa3oM, 60JbIIEE KOJTUIECTBO OCTATOUHOrO KUCIOPOXA B 06paTHOM
rase mpH nmepepaboTKe CIAHIA B FeHepaTopax BPSI JH MOXKET OTPHLATENBHO
BIUSITh HAa BBIXOJ CMOJBI.

O HeraTHBHOM BIHMSHHH KHCIOPOHA Ha MpPOLIECC TEPMHUYECKON NECTPYKIIUU
rOPIOYMX CIIaHIIEB FOBOPUTCS BO MHOTHX paboTax 3apy6eXXHBIX CHEIIUAIUCTOB
[18—22]. U3 ombITa SKCIUTyaTallMd HW3BECTHBIX 3apyOeXHBIX PEeTOPT IS
MOJYKOKCOBaHUS  KYCKOBOTO  CJIaHIIa  CllegyeT, 4YTO 3(PdEeKTUBHBIE
TEXHOJOTHYECKHE MEPONpPHUSTHUSI, 06eCcrneIrBarOIe BO3MOXHOCTh JOCTUraTh
BBICOKHE BBIXOIBI CMOJBI, MPUOIMKAOIINECS K Ja60paTOPHBEIM, HANpPaBIEHBI
B HEpBYIO OuYepelb Ha YMEHBIIEHHE KOMUYECTBA OCTATOYHOTO KHCIOPOZa B
PEaKIIMOHHOM 00BeMe INaxThl MOJYKOKCOBAHUS 3a CYeT KakK YMEHBLUEHUS
yOEJIBLHOrO pacxoga BO3OyXa Ha NpoIecc, TaK ¥ ILUPKYISIUHA TIa30BOro
TENJOHOCHUTENSI, HArpeBaeMOro B MeTallIHYeCKUX Tpy6UaThIX
TEMI00OMEHHUKAX. DTOT cmocod MOJYyYeHUS] Ta30BOTO TEMJIOHOCHUTENS B
OOJNIBIIMHCTBE pPabOT 3apyOeXXHBIX CHELWATHUCTOB pacCMaTpPUBAeTCs Kak
pPagMKalbHOE pellieHre BONpPOoca O MOJyYeHUH TEIIIOHOCUTENSI C MUHUMAJIbHBIM
COepKaHHUEM OCTaTOYHOI0 KHCIOpoaa. Kpome TOro, B 3TOM ciiyyae pelaeTcs
M Takas BaXKHas 3ajayva, Kak YBeIHWYeHWUEe TEIJIOThI CTOPaHMS rasa.

B coobmenun P. II. Kamepona [23] maxe yka3plBaloch Ha TO, YTO IpH
WUCMOJB30BaHUHM  TEIUIOOOMEHHHUKOB IS  HarpeBa  LMPKYJISILIHOHHOTO
TEMJIOHOCUTEJSI MPOLIECC CTAHOBUTCS MeHEee YYBCTBUTENHHBIM K HELOCTAaTKaM
B pachpeleseHHH TEIIOHOCUTEsS. M3 yKa3aHHBIX ABYX (aKTOPOB Ha BBIXOLE
CMOJIBI B 60JTbIIIEV CTENEHH CKa3bIBAETCS HAJTUYME KUCIOPOIa B TEIIIOHOCUTEJIE,
YeM PaBHOMEPHOCTD €ro pacrnpenesieHus B ciioe. Kak 0TMeyanoch BbILIE, C ATOU
0COOEHHOCTHIO OpraHHU3AIIMH MPOIECCa MBI TOXKE CTOJIKHYJIUCh HAa TeHepaTopax
c JIBL.

CnenyeT HaOMHHUTD, YTO B MPOMBILIJIEHHBIX YCIOBUAX IS MOIYKOKCOBAHMS
KyCKOBOI0  CJIaHIIa TeII00OMeHHUKH  (Kamopudepbl) [Ois  Harpesa
LUPKYJISIAOHHOIO TEIUIOHOCUTEeNsT (Mapora3oBO¥ CMeCH, B3STOU [0
KOHIEHCAIlUOHHOM CHUCTEMBI) B DCTOHMM BIEpBble OBUIM MPUMEHEHLI Ha
TYHHENbHBIX Meyax ¢ 00eCHmevYusId BO3MOXHOCTb MOIYy4aTh NPAKTHYECKH
na60paTOPHBIM BBIXOT, CMOJEI [5, 24]. YUTO0 Ke KacaeTcsl BEpTUKAIbHBIX PETOPT
(reHepaToOpoOB), TO [QJIS ODTOro ciyyas TemI00OMeHHMKHM (OJIsi Harpepa
LUPKYISIIAOHHOIO TEMJIOHOCUTENISE — TeHepaTOPHOro rasa, B3STOr0 MOCIe
KOHJIeHCB.III/IOHHOP'I CHCTCMBI) GbIJII/I MpeJIOKEHBI HALIMMHU CIIENUATIUCTAMMU €111 e
B 30-e ronpl [25], HO Ha cilaHUenepepabaThIBAIOLIUX MpPeanpusiTUsIX Poccuu u
DCTOHUM MPUMEHEHMS TaK U He HALIIH.

U, HakoHell, HeNb3sl HE OTMETHUTb, YTO OTKa3 Ha 'eHepaTopax OT OCHOBHOTO
HUCTOYHMKA OCTATOYHOI'0 KUCIOPOAa, MOCTYNAIOLIETr0 B LIAXTY MOTYKOKCOBAHUS,
TO €CTh 3aMeHa rasudHUKalMM MOJIYKOKCAa Ha IMPOLECC ero OXJaXKIEeHHS
0OpaTHBIM Tra30M, C TOYKHM 3PEHHUS DKOJOTMM K HKCIOJb30BaHMS YIiepona
MOJYKOKCa SIBISIETCS HE JYYIIMM TeXHUYeCKHM peleHHeM. B 3ToM ciayuae
COIepXKaHWe BelleCTB, BPeOHBIX IS OKpyXakoulew cpembl (OeH3(a)IHpEH,
BOLOpPAacTBOpUMAs CylbUIHAS cepa, JIeTyure GEeHOJBI ¥ Ip.), B BEITPYKaeMOM
MOJYKOKCE ECTECTBEHHO 60Jblie, YeM B XOpPOLIO BBDRKXKEHHOM 30JbHOM
OCTaTKe, KOTOPbIM MOJy4YaeTcsi MpH MIyooKoM rasudukauuy noiaykokca. Ho
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OpraHM3allMsi HTOr0 Mpolecca Ha JEUCTBYIOLIMX reHepaTopax MPaKTHYeCKH
HEBO3MOXHA H3-32 TOr0, 4YTO 3HAYUTEJIbHOE KOJHUYECTBO OCTATOYHOrO
KUCIopoga 6yneT HeM36eXHO MOMamgaTh B LIAXTY MOJIYKOKCOBaHHS. UTOOLI
OCYLLECTBUTh MNIyOOKYIO rasuduKaIMIo MOJYKOKCa B reHepaTopax, HO B TO Xe
camMoe BpeMs MOJHOCTHI0 MCKIIIOYUTh HEraTUBHOE BIMUSIHUE HA BBIXOX CMOJIBI,
MPOIECC HEO6XOIUMO OpraHMU30BaTh TAKUM 06pa30M, YTOOBI ra3bl ra3uduKaIluu
He MOMamalil B LIAXTY MOJIYKOKCOBaHHUS.

BrIBOJBI

1. O6o06lueHHe pe3yJbTaTOB TEOPETHYECKHX MCCIENOBAHHMM M OMbBITa
OKCILTyaTalluK FeHepaToOpOB MOKa3aJi0, YTO Ha BBIXOM CMOJIBI P MepepaboTke
ClIaHIla B reHepaTopax pelIalolIuM 00pa3oM BIHSIOT B IEPBYIO OYepelb
a6COIOTHOE KOJHUYECTBO OCTATOYHOrO KHMCIOPOHA, MOCTYMAIOLIEro B LIAXTY
MOJIYKOKCOBaHHUSI B COCTaBe ra30BOr0 TEIIOHOCHTENSI, ¥ PABHOMEPHOCTh €ro
pacmpenesieHuss B cioe. IIpd 3TOM ymeslbHbIE 3aTPaThbl TEIIOTBI U PACXOL
BO3JyXa Ha MPOLECC HOJKHBI ObITh TOCTATOYHBIMHU IS MOJHOTO 32aBepLICHUS
mpoitecca MOJYKOKCOBAaHMUS CIaHIAa, a KOJHYECTBO KHUCIOPOZAa B COCTaBe
TEIJIOHOCUTENS. NOJKHO ObITh MHHHMAJIbHBIM, HE MpEBBIIIAad B pacyeTe Ha
craHell mpumepHo 0,5 m3/T.

2. OCHOBHBIM HMCTOYHHKOM KHCIOPOZa, MOCTYHNAMOLIEro B  LIAXTY
MOJIYKOKCOBAHHUS TpPH MepepaboTKe ClIaHIla B reHepaTopax, SBISETCS MpOLece
ra3uduKaIdy MoJIyKokca. IIpyd ociabieHUH 3TOr0 Mpomecca ¥ yMeHbLIEHUH
YIEJIBHOTO pacxoma BO3OyXa B TrasddUKaTOpe KOJIWMYECTBO KHCIOPOIa,
MOCTYMAIOLIETO B LIAXTY MOJYKOKCOBAHHUS, YMEHBIIAETCS. JIpyriM BO3MOXKHBIM
WCTOYHMKOM IOCTYIUIEHHS KHCIOPOZa B LIAXTy SIBISIOTCS IBIMOBBIE TIa3bl,
MOJydyaeMble MPHA CXKUTaHUM MeHEPATOPHOrO rasa B TOMOYHBIX YCTPOMCTBAX,
PAacMOJIOXXEHHBIX BHYTPHU MeHEPATOPOB. »

3. YcuoBus, o00ecnevYMBarOlIde MHHUMAJIbHOE TMOCTYNJIEHHE B IIAXTY
MOJYKOKCOBAHUSI OCTATOYHOTO KHUCIOPOIA B COCTaBEe ra30BOr0 TEMIOHOCHUTEIS
NPH CYLIECTBYIOLENM OpraHW3allud Impomecca nepepaboTKHM claHLa B
reHepaTopax, CBOISATCS K OCYLIECTBIEHHWIO B IMEPBYI0 OYepedb CIeHYIOLIUX
MEepPOTNIPUSTHUM:

- 3aMeHa ra3udHUKaINK M0JYKOKCa Ha OXJIaXIEeHHWE ero 0O0paTHBIM ra3oM C
MOJYYeHHEM" TEIUIOHOCHUTENSI TOJBKO 33 CYET CXKHUraHHWS ra3a B TOMNOYHBIX
YCTPOMCTBAX;

- COBEpIIEHCTBOBAaHWE KOHCTPYKIIMM I'OPEJIOYHBIX YCTPOWCTB M YBelIHYeHHUE
UX KOJUYECTBa;

— MOBBILIIEHHWE TEMITEPATYPhI TEIUNIOHOCUTENS 00 ypoBHS 900—1000 °C.

IIpu »ToM 3aMeHa Mpollecca ra3HdHUKAIIMKM IMOJYKOKCA B HHXKHEHM 4YacTH
reHepaToOpoOB Ha OXJaXIEeHHe ero OOpaTHBIM Tra30M M COBEPLIEHCTBOBAaHHUE
. KOHCTPYKITAH T'OPeNIOYHBIX YCTPOUCTB HOJKHBI OCYLIECTBISTHLCS OTHOBPEMEHHO.
B NpOTHBHOM cCilyyae 3aMeTHOTO YBEJIHWYEHHS BBIXOJAa CMOJBI HOCTHYL HE
yIacTcs.

4. DdheKTUBHBEIM CPEeICTBOM, TaKXe HamnpaBIeHHBIM Ha YMEHBLICHHE
KOJIMYEeCcTBAa OCTAaTOYHOTO0 KHCIOpPOAa, MOCTYMAKOLero B  LIAXTY
MOJYKOKCOBAHMS, SIBISIETCS] CHUXKEHHUE YIEIBbHOT0 pacX0a BO3AyXa Ha MPOIIECC.
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Hapsimy ¢ opraHu3aiueri B HMXKHEN YacTH MeHepaTOpOB 30HBI OXJIaXKIEHWUS,
YMeHbLIIEHHe pPacxoJa BO3MyXa HOCTUraeTcs 3a CYeT:

- MOHMXKEHHUS TeMIepaTyphbl Mapora3oBoM CMeCH B ra300TBOHaxX (HAIpUMeD,
MyTeM YBeJIHYEeHHUS TOJLUMHEI CJIOS B 1IaXTe MOJYKOKCOBAHUS U YIYyULISHUS
pacnpeneleH|sT TEIMIIOHOCUTENS B CIIOE);

- CHHXKEHHS CTEMeHH ITUCCOLMAINK KapOOHATOB (BTOMY CHOCOGCTBYIOT

YMeHBLIIEHHEe BpeMeHH ImpeObIBaHHS CIaHIA B LIaXTe MOJIYKOKCOBAHUSA,
yIIy4lIeHHe paBHOMEPHOCTH BBOJA TEMIOHOCHUTEJIS B CIIOM CIaHIA, YIyJllleHUe
YCJIOBUM IOPEeHMS ra3a B TOMOYHBIX YCTPOMCTBAX C LIEJIbIO YBEIUYUTH B ra30BOM
TEIJIOHOCUTENIe KOHLIEHTPALIMIO TUOKCHIA YIIIepona).
5. PaguKkanbHBIM TEXHHYECKHM pellleHHEM, 00eCIeYMBAIOLIMM yMEHbLIEHHE
KOJIMYeCTBa OCTATOYHOI'0 KHCIOPOIa, MOCTYMAIOLIEr0 BIAXTY MOJTYKOKCOBAaHUS
B COCTaBe TIa30BOr0 TEMJIOHOCHUTENS, SBISETCS MCIOIb30BaHHUE
LUPKYJISITHOHHOTO TEMIOHOCUTEISI, KOTOPBIM HAarpeBaeTcs B pacmoJIOKEeHHBIX
PSIOM C reHepaTopaMH TEINIOOOMEHHHKAX.

YT0o6BI ° COXpaHMTh B [OaHHOM CcIy4yae M BO3MOXHOCTb INIY6OKO
rasuUIMpoOBaTh MNOJYKOKC, HEO0OXOOMMO O6eCHeYHUTh YCIOBHS, KOTOpEIE
HCKJTIOYATH 6Bl MOMagaHie ra30B ra3subHKAIMY B LIAXTY MOJYKOKCOBAHHUS.

V. YEFIMOV, R. LOOPER, S. DOILOV, H. KUNDEL

ON POSSIBILITIES TO DECREASE INFLUENCE
OF OXIDATION PROCESSES ON OIL YIELD
AT OIL SHALE RETORTING

Summary

Negative influence of oxygen in the heat carrier on oil yield at retorting oil shale has been
established in a number of papers [1—5]. In the paper [6] it is stated that oxidation runs most
efficiently in the temperature range of 200-300 °C, and that decisive is the absolute amount
of oxygen per processed shale, not its concentration in the heat carrier. The former value
should be minimal not exceeding approximately 0.5 m’/t oil shale.

To get additional information about the influence of oxygen on oil yield at processing oil
shale in retorts we have tried to summarize the experience obtained at retorting lump oil shale
in different types of units (see Table 1). This analysis showed that the oil yield depends on
the specific air consumption in the process: the higher this value, the less oil is formed [8].
It means that at the present technical level retorting is carried out so that an increase in
specific air consumption results in an increase of oxygen ingress into the semicoking shaft.

At the same time a direct relationship between the degree of volatiles pyrolysis and specific
air consumption, i. e. the amount of oxygen ingressed into the semicoking shaft was observed.
This regularity enables to assume that within the reaction volume there occurs most likely the
thermooxidative pyrolysis of volatile products, not the oxidation of oil shale as it is considered
traditionally.

The main source of oxygen ingressed into the semicoking shaft at processing oil shale in
retorts is the process of spent shale (semicoke) gasification (Table 2). This process is not fully
elaborated for utilization in commercial scale and can not be arranged so that the ingress of
oxygen into the semicoﬁing chamber could be eliminated, particularly when burn-outs occur
(during these periods oxygen concentration in gasification gases may increase up to 10 %).
In case of a slower semicoke gasification process and reduced specific air consumption for
gasification the absolute amount of oxygen ingressed into the semicoking shaft also decreases.
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One of the efficient methods to decrease specific air consumption is to build furnaces into
the semicoking chamber to obtain additional amount of heat carrier by combusting generator
gas. The maximum effect is reached when steam-and-air blow is completely replaced by
recycle gas: specific air consumption is reduced whereas recycle gas is deoxygenated in the
cooling zone while passingthrough spent shale bed which has the temperature of about
500 °C.

Another possible source of oxygen to the semicoking shaft with heat carrier is production
of flue gases by combusting recycle gas in burners built in retorts. During some periods of
their operating, particularly, when gaseous heat carrier is of low temperature [14], its oxygen
content is as high as 3 to 5 %. However, the experience from operating retorts shows that
concentration of oxygen in gaseous heat carrier may be reduced to a very low value —
0.2—0.3 %, whereas absolute amount of oXygen ingressed into the semicoking shaft may be
kept as low as 0.3—0.4 m® per tonne of oil shale. .

Measures which enable to obtain minimum ingress of residual oxygen with heat carrier into
the semicoking shaft of retorts may be summarized as follows:

- replacing the semicoke gasification with its cooling by recycle gas when heat carrier is
produced by combusting gas in furnaces;

- improving the design of burners and increasing their number;

- increasing the heat carrier temperature up to 900—1000 °C.

Another effective measure for reducing the amount of oxygen ingressed into the semicoking
shaft with gaseous heat carrier, is to decrease the specific air consumption in the process.
Besides spent shale cooling in the lower part of the retort by recycle gas, the following factors
facilitate the reduction in air consumption for oil shale processing:

- lowering the temperature of the oil vapours in gas ducts (e.g. by increasing the thickness
of the shale bed in semicoking shaft and improving distribution of the heat carrier across the
bed);

- lowering the degree of carbonate dissociation (e.g. by reducing the time oil shale stays in
the semicoking shaft; ensuring even input of heat carrier into the shale bed; improving
conditions of gas combustion in burners so that the concentration of carbon dioxide in heat
carrier increases etc.).

The radical technical solution of this problem would involve the employment of recycled
heat carrier heated in separate heat exchangers located near the generator. In this case the
deep gasification of semicoke within the lower part of retort may be maintained but it is
necessary to provide conditions which enable to eliminate the ingress of gasification gases into
the semicoking shaft. ;

We consider the recycle gas employed upon processing oil shale in retorts hardly to be an
appreciable source of the oxygen ingress into the semicoking shaft. Additional amounts of
residual oxygen containing in recycle gas fed into both cooling zone and furnaces are
practically totally consumed at gas combusting and passing across the bed of semicoke heated
up to approximately 500 °C. Subsequently, in this case the increased amount of residual
oxygen in the recycle gas should have no negative influence upon oil yield.
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