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FO. II. RYPAKOBCREHH

BJIUAHUE 9OPEKTUBHOCTH OXJAKJIEHHUA OBPATHBIM
TA30M IIOJIYKOKCA, BBITPYJKAEMOI'O U3 ITEHEPATOPOB,
HA HUCIAPEHHUE BOJBI U3 PA3IPY30YHOI'O YCTPOMCTBA

Ju. ZHURAKOVSKY

INFLUENCE OF THE EFFICIENCY OF COOLING THE SEMICOKE
FROM GENERATORS WITH A RECYCLE GAS ON WATER
EVAPORATION FROM A CHARGING DEVICE

C 1enbI0 COKpAIlleHWs pacxoja TeMJIOThl Ha IIPOIllecC MOJIYKOKCOBAHUSA
cIaHIA BO BCeX KOHCTPYKIMSX reHepaTopoB, npepmiecTByomux 1000-ToH-
HOMY, OBIJIO IIPEAYCMOTPEHO WKCIIOJIB30BATH XMMHUUYECKYIO TEIJIOTYy IIOJY-
KOKca IIyTeM ero radu(uKanuy IapoBO3LYIIHBIM AyTheM [1].

OHAaKO, KaK IMOKAa3aJl OMBIT SKCIJIyaTallud, PaGOTOCIOCOGHOCTh TaKHX
reHepaTopoB ObLJIAa BechMa HeyCTOWYHBOM. IIpeike Bcero aTo 00bsICHAETCS
XUMHUYECKUM COCTABOM IIOJIyKOKCa, KOTOPBIM COJEP KUT MHOro KapOoHa-
TOB, ¥ HU3KOM TeMIlepaTypoi mjaBiieHusi ocraTka (~1250 °C). daurenb-
HOe BpeMs He yAaBaJioch AOOUTHCI CTAOMJIBHOM paboThl rasudukraropa,
yacTroe IIJIAKOBaHHE OCTATKAa MPHUBOLWUJIO K OCTaHOBKe arperata. Cymie-
CTBEHHA S YaCTh TEIJIOTHl B3AaMMOJEUCTBUSA IaPOBO3AYIIIHOTO AYThA C IMOJY-
KOKCOM pacXoZoBaJjach Ha [JUCCOIUAIMI0O KapOGOHATOB W pacljaBJIeHHe
MaTepuaa.

3Iech HAZO OTMETUTH, YTO MEJIKHE YaCTHI[bI, KOTODHIE COoZepiKaT 60Jb-
IIe OPTaHWYECKOTO BEIeCTBA U, COOTBETCTBEHHO, yIJepoja, IO 3aBepIie-
HUU IIpollecca IIOJIYKOKCOBAHUS HUMEIOT 06oJjiee Pa3BUTYIO YAeNbHYIO IIO-
BEPXHOCTh, a CJIeJ0BATEJNHLHO, W OOJBIIYI0 PEeaKIMOHHYIO CIOCOOHOCTE.
IlosToMy HMEHHO MeJKHE YacCTHUIEI MaTepuaja B IIePBYIO ouepenb
ABJISIOTCA MCTOYHMKOM pACIJIaBJIeHUMSA MaTepWajia B rasupukaTope u
ITaKOBaHUusA cjiosi. OOpasymolnuecss HENPOXOLUMEBIE [IJIsS Tras30B 30HBI
00y CJIOBINBAIOT HEPABHOMEDHOE ABUIKEHNE Ia30B B ra3suduKaTope U Iomna-
JaHWe HeIpopeardpoBaBIIEro KHCJIOPOJAa B COCTaBe ra30BOr0 TEIJIOHOCHU-
TeJIsl B MIAXTY MOJIYKOKCOBAHUS, UTO, KOHEYHO K€, CHUIKAeT BBIXOJ, CMOJI-
HBIX (DpaKIjuii.

W3yueHue rasupuKamuu CIAHIEBOrO IIOJYKOKCAa IIOKa3ajo, YTO STOT
Impollecc IPOTeKaeT He B KUHETUYECKOH, a B Auddy3uoHHOH obnactu [2].
IlosTOMYy KOHCTPYKIMU T'€HEPATOPOB, COBMEIAIOIHME IIAXTHI IIOJIYKOKCO-
BaHUS U Tra3uUKaIUN, B KOTOPEIX IIepepaboTKa mMaTepuajia IPOUCXOLUT
C pas3JIMYHBIMH CKODOCTSIMH, OBLIM H3HAYAJIBHO OOpeYeHBI HA Heyzaduy.

Ilo mepeuyncIeHHBEIM BBINIEe IPUYMHAM B reHEepaTopax AJIsi TEPMUYECKOH
nepepaboTKHU CJIaHIA-KyKepCUTa 30HaA TasH(UKAIUM TOJYKOKca OblIa
3aMeHEHa 30HOU ero OXJaKJAeHUs 00paTHBIM reHEepPaTOPHEIM rasom. B sTom
caydae IMOJIYKOKC OXJIaKJaeTcss KaK 00paTHBIM ra3oM, TaK U BOJOI B yalie
THZPO3aTBOPa Pasrpy304YHOTO yCTPOMCTBA.

V3ameHeHHEe TEXHOJIOTHMH IepepadOTKM CJIaHIa cpasdy 2Ke IIOKasaJo IIpe-
UMYIIeCcTBO 3TOoro metoza. CoKpaTuUiIcs pacxoj BO3AyXa Ha CXKHUraHHe
raza — 3a CUYeT BO3BpaTa YaCTHU TEIJIOTHI IMOJIYKOKCa B IIpoliecc, pabora
resHepaTtopa crajia 0oJiee YCTOWYHBOM, IIOSBUJIACH BO3MOXKHOCTH YBEJIH-
YUTH IIPOIYCKHYIO CIIOCOOHOCTH IO CIAHILY IIPDU OLHOBPEMEHHOM BO3pacTa-
HUU YAeJbHOTO BBIXOJA CMOJIBI. '
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CylecTBEeHHBIM IMIPEHMMYIIECTBOM IIPU OXJAMKACHWU IOJYKOKCAa I'eHepa-
TOPHBIM T'a30M CTaJI0 M CHUJKEHHEe BBIXOZA IIOJCMOJIBHOM BOJABI, TAK KakK
IJIsi TOJIYKOKCA, OXJIAKIEHHOTO ra30M, KOJIMYEeCTBO HCIapdAIOIledcs Hu3
THAPO3aTBOpPa BOABI yMeHbImaercsa. OxnanuB moaykokc go 80 °C obpar-
HBEIM Ta30M, MOYKHO NPAKTHYECKU MCKJIIOUYUTH HCIIapeHHWe BOABLI U3 T'HIPO-
3aTBOpa. B 3TOM ciyuae BBIXOJ IMOACMOJIBHOM BOABLI GYAeT MUHMUMAJILHBIM,
YTO 3HAUYHMTEJIHLHO OOJIErYHT ee AaJIbHEHWIIYIO ImepepaboTKy, a TaKiKe COKpa-
TUT KOJIM4YECTBO CTOYHBIX BoZ. Ho Ayid »TOro HEO6GXOAMMO, COTJIACHO IIPHU-
BeJEHHBIM HMJKE€ pacueTaM, 4TOObl pacXo[ ra3a Ha OXJaKAeHue ObLJI Ha
ypoBHe 0,43 M’/Kr, 4TO AJIs [eMCTBYOIMX KOHCTPYKIHMIl TIeHEpaTOPOB
MPAKTHYECKX HEBO3MOJYKHO M3-32 PE3KOr'0 IMOBBIIIEHUS IPU 3TOM TI'UAPaB-
JIMYECKOTO COIIPOTUBJICHHUS.

OO1iee ypaBHEHHe, OIIMCHIBAIOIee OXJa’KIeHue IOJiyKokca npo 80 °C
oOpaTHBEIM TeHEepaTOPHBIM ra3oM ¢ HauyaJdbHOUM Temmepatypoir 50 °C u
BOZO# M3 vamu c¢ temmepatrypoi 40 °C, MOXKHO MpeACTaBUTH B BHIE:

GsA pep(S” — 80) = Ve (T” — 50) + Gu(i” — i'40), (1)
rge Gs, Vg, Gy, — pacxopmbl ClIaHIA, rada U BOJABI COOTBETCTBEHHO;
A, — BBIXOJ, MoJIyKokca (4, = 0,59);
Cps Co — TEIJIOEMKOCTh ITOJIYKOKCAa M I'a3a COOTBETCTBEHHO;
S’ — TeMIlepaTypa IOJYKOKCa Ha BXOJE B 30HY OXJIaKJIEHUS;
e — DHTAJBOHA IIapa U BOABI COOTBETCTBEHHO;
B — TeMIepaTypa rasa Ha BBIXOJE U3 30HBI.

Ypapuenue (1) ygobHee MpeAcTaBUTH Yeped yAeJIbHbIE PACXOAbl HA 1 Kr
clIaHIA rasa OXJaXJeHHs vy (M’/Kr) u ucnapsomeiics U3 THAPO3ATBOPA
BOABI Uy (Kr/Kr):

Aycp[(S' — S”) + (S = 80)] = vgeo (T — 50) + vu (i’ — i's)s  (2)

rge S” — TeMmepaTypa IOJYyKOKCa, BBIIDYXKaeMOro M3 TreHepaTopa, [0
KOHTakKTa ¢ Bomou, °C.

KosudecTBO McnapdAmonieicsa U3 THAPO3aTBOPA BOABI 3HAUMTEIBHO MEHb-
Ille pacxo/ia MOJYKOKCa, II0O9TOMY 9HTAJIBINIO BOAAHBIX IIaPOB MOXKHO
NPUHATH IPU TeMIepaType Ha HECKOJIBKO I'PajycoB MeHbIIei, ueM TeMIle-
paTypa IOCTyNAalIlero Ha OXJajKJeHHWe BOLOU MOoJyKokca S’.

Ta6auya 1. IlokasaTend MCHAPEHHS BOABI M3 THAPO3ATBOPA NPH PA3THIHBIX
TeMIepaTypax MOJYKOKCA

Table 1. Indices of water evaporation from waterblock under different
semicoke temperatures

Indices TemnepaTypa mosykokca S” °C
Semicoke temperature S”, °C

203 237 271 343 409 500 600 700

HcnapeHue BOJEHL,
Kr/Kr
Water evapora-
tion, kg per kg vy -10° 28.1 35.1 41.6 54.6 65.6 78.9 92.2 102.7

ObpaszoBaHue
BOJAAHBIX IIAPOB,
m®/kr
Water vapour
formation,
m?® per kg vip-10°  85.0 43.5 51.8 67.9 81.6 96.2 114.7 127.8
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Puc. 1. 3aBHUCHMOCTL KOJHMYECTBA BOJALI, HCIapSAMOIIeHcss U3 THAPO-
3aTBOpA, Uy OT TeMmepaTyphl S” IOJyKOKca, MOCTYyNAaIOIIero M3 30HEI
TenyIoo0MeHa

Fig. 1. Quantity u, of water evaporating from waterblock as a
function of temperature S” of semicoke removing from the zone
of heat interchange

KonuduecTBOo wucmapsmieiics #3 TUAPO3aTBOPA BOABI IOACYUTHIBAJIU
110 YPaBHEHUIO

Apcp(S” — 80) = vy, (i” — '40). (3)

PesynpraTel pacyera IpU PAa3JIMYHBEIX 3HAUYEHUAX TeMIlepaTyphl IOJY-
KOKca IIpejcTaBJyieHBl B Tabs. 1 u Ha puc. 1.

3aBUCHMOCTh KOJIMYECTBA WMCIIAaPAIONIIEHCS BOABL OT TEMIEPaTypPhl IOJIY-
KOKCa [0 ero KOHTaKTa C BOJOH XOPOIIO OIMCHIBAETCS ypPaBHEHUEM

vw = [—15,44 + 23,78(S” /100) — (S”/100%)] X 1073, 4)

Onsa oneHku 5 GeKTUBHOCTH OXJIAKAEHUS IIOJYKOKCA OOPATHBIM ra3oM

Oblyla MCIOJIb30BaHA Aampo0UpOBaHHAS METOAWKA pacuyeTa YCTAHOBOK

CyXoro TyIlIeHMs KOKca, OCHOBaHHas Ha paborax Kwuraea [3] u Tuwmo-

deesa [4], a TaxkKe pacyeT KOHEUHBIX TEMIIEPATYP 110 YKCIY eSUWHHIL Iepe-
Hoca [5]. !

3”,°C Ina cnyuas cyxoit pasrpysku
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Puc. 2. 3aBucuMoCTs TeMuepaTypsl S” OXJIaXXIEHHOTO MOJYKOKcCa OT
YAeJIBbHOr0 pacxoja o6paTHOro rasa Yy NIPH CYXOM BEIIDY3Ke U3 IeHe-
patopa. Havansusle Temnepatypsi: raza 50 °C; moaykokca 500, 600 u
700 °C

Fig. 2. Temperature S” of cooled semicoke as a function of recycle
gas specific consumption y; under dry unloading of semicoke from
generator. Initial temperatures are as follows: for gas 50 °C, for
semicoke 500, 600 and 700 °C
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Ta6auya 2. TexHOJOrHYecKHe IapaMeTpPhl OXJIaKACHHSA
THOJIYKOKCA IPH PA3IMYHBIX HAUANLHBIX TeMIEPaTypax
moaykokca S’ m pacxojax o6paTHoro rasa y (m’/kr)
Table 2. Technological parameters of the semicoke
cooled under different semicoke initial temperatures S’
and values of recycle gas consumption y; (m® per kg)

ITapameTp SL.°C
Parameters
500 600 700
Vg — 0
S” 498 598 . 698
T 493 593 693
Vw 0.0782 0.091 0.102
Vg =— 0.15
S” 316 368 417
= 133 160 188
Vw 0.0498 0.0586 0.0663
Vg — 0.3
S” 169 183 209
/i 60 64 69
Vw 0.0218 0.0259 0.0299
Vg — 0.4
o 85 90 95
/ i 50 51 51
Vw 0.0038 0.00515 0.00625

Kax mokasaiu pacyeThl II0 ypaBHeHHUiO (2), B ciydyae CyXOil BHITDY3KH
MIOJIYKOKCa, KOTAA OXJIaKAeHHEe OCYIIECTBJISIETCS TOJBKO OOPaTHBIM ra3oM,
TEeMIIEPaTyPy OXJIAaKAEHHOIO IOJIYKOKCA MOJYKHO OIpPEeAeIHUTh CJeAyIONUuM
o6pasom (puc. 2):

e S M0F — 110)0,. (5)

Ilpy HaIWYUMKM B KOHCTPYKIIMM PAa3rPY304YHOr0 YCTPOMCTBA T'HDPaBJIH-
YECKOr'0 3aTBOpPa B TEIJIOOOMEH, AOIMOJHUTEJIbHO K TeHepaTOPHOMY rasy,
BCTYIIAIOT BOAAHBIE IMaphbl, 00pas3ylol[uecs IPHU OXJIAaKAEHUU IIOJYKOKCA
BOZOM B ruzposaTBope. IlogmemmuBaschk K 06paTHOMY rasy, BOASIHbIEe IapbI
MOBBIIIAIOT HAYAJILHYIO TeMIlepaTypy ra3oB 7’ u, BHOCSA CBOM BKJAJ B Tell-
JI006MeH, CHUIKAIOT TeMIepaTypy IIOJYKOKca A0 KOHTaKTa ¢ Bozoi S”.

PesynbTaThl pacueToB CBeleHBI B TabJl. 2 U AJA OMEPATUBHOTO OIpeze-
JIeHUS BeJIMYUH IPUBEJEeHbl HA PUCYHKax 3 u 4.

3aBUCHMOCTS KOJIMYECTBA MCIapsolleiica U3 IMAP0o3aTBOPa BOABI XOPO-
110 OMUCHIBAETCH YPaBHEHHUEM

vw = [(S” + 150)/8,3(S’ + 198)/3,73v,] X 1072, (6)

B3aB mpousBogHble IO S’ M Ug, HETPYAHO yOGeAuUTHCs, YTO B AHUATIa30HE
nmapaMeTPOB JKCIJIyaTallud reHepaTopa KOJUUYECTBO HCIIaPAIOIIENHCcs BOABI
ropaszo CuJbHee 3aBHCUT OT pacxXxoja rasa, 4eM OT HadyaJbHOH TeMiepa-
TYyPBI OXJIa’KAaeMOr'o IOJIYKOKca.

Ha ocHOBe mNOJIyYeHHBIX B3aKOHOMEDHOCTEH MOYKHO CPaBHUTH BBIXOJ,
TMOACMOJIbHOM BOABI mpu mepepaborke kykepcura B 1000-ToHHOM reHepa-
TOpe ¢ monepeYHbIM NoToKoM TeroHocuTtesnd (IIIIT) u B 1400-ToHHOM reHe-
paTope C pajuasibHO-IIONEpPeYHBIM moTokom TemyoHocurens (PIIT), xoro-
pPHIii coopyskaercsa B cocraBe I'T'C-7. B pacueTe IpUHSATO, YTO BJIAXKHOCTH
pabouero cinaHma cocraBiaser 10 9% u BBIXOJ NHPOTEHETHYECKON BOJBI
Ha pa6ouuit crameny — 2 9. Huaa 1000-ronnoro renepatopa I'TC-6 mpu
pacxoje o6paTHOro rasza B 30HY oXJaxJeHus vg — 0,15 m’/kr mo npakTu-
YEeCKUM 3aMepaM CTeleHb IUCCOIMaluu KapOoHaToB cocraBasier 40 9%,.
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Puc. 3. Temneparypa S” IOJIyKOKca 4O KOHTAKTa C BOAOH rMAPO3aTBOpa
¢ y4yeToM Telioo6MeHa HCIapHuBIIeHCs BOZBI

Fig. 3. Temperature S” of semicoke before the contact with water
of waterblock, taking into account heat interchange of evaporated
water 5
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Puc. 4. HTeHCUBHOCTB MCIIaPEeHHUA BOALI U3 I'MAPO3aTBOPA Uy, IPHU pas-
JIMYHOM pacxoje o0paTHOro rasa B 30HY TelJooOMeHa 1 M Pa3HBIX
TeMIepaTypax HoJyKokca S”

Fig. 4. The intensity v, of water evaporation from waterblock under
different consumptions y of recycle gas into heat exchange zone
and different semicoke temperatures S”

IIpu Temmepatype maporas3oBoii cmecu 220 °C HeoOXoAMMEIN 00BEM rasa
oas cxuranua cocrasiager 0,36 M°/Kr, BBIXOJ, TeHepaTOPHOrO rasa —
0,43 m°/xkr.

IIpu nmepepaboTke B reHepatope ¢ PIIT pacxox rasa B 30HY OXJaiKie-
HUA [peAyCMaTpPUBAaeTCsd YBeJIHYUTh H0 Ug — 0,85 m’/kr. Cremens amc-
coanuy KapOOHATOB B 9TOM CJIydae OXKHUJAeTCs MEeHbIIeH — OKoJo 25 9.
KoHcTpyKIus arperata U COOTBETCTBYIOIIEE STOMY H3MEHEHUE TeXHOJIOTH-
YeCKOr'o pe’kuMa IIpoliecca IepepadOTKU IIPeAIOoJIaraioT CHHMKEHHE pac-
XOoZa TemJIOTHI Ha IOJIYKOKCOBaHWe cJjaHma. Ilo pacuery, pacxoj rasa
Ha cxxuranue coctaBuT 0,26 M’/Kr, 4TO HmpHBeZET K yMEHBIIEHHUIO yIeb-
HOT'O pacxoka BO3AyXa, HEOOXOAMMOTO IJs CXKHIaHWUS rasa, M, COOTBET-
CTBEHHO, K YMEHbBIIEHHUIO YAEJHLHOTO BEIXOJA TIeHepPaTOPHOI'O rasa.
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Tabauya 3. BanaHc BOAbI IPH HepepadoTKe KyKepCHTa B reHepaTopax pasjiMmdHOR
KOHCTPYKIHuH (Kr/Kr paGouero ciaaHIa)

Table 3. Water belance-sheet for kukersite processing in gas generators

of different design (kg per kg of the processed kukersite)

ITpuxon Tun reHepaTopa Pacxop Tun resepaTtopa
Input Type of generator Output Type of generator
IIIIT*'  PIIT#*2 TITIT*! " PIIT*?
1. Bnara craHna 1. B mapax ¢ resHepartop-
Oil-shale moisture 0.100 0.100 HBEIM ra3oMm
In the vapours with
2. ITuporenernyecka s the generator gas 0.048 0.035
BJIara
Pyrogenetic moisture 0.020 0.020 2. YHOC B KaleJbHOM
COCTOSTHHH C ra3oM
3. cniapeHue BOABL Carry-over in a grop
U3 IEAPOo3aTBOpa state with gas 0.040 0.030

Water evaporation
from waterblock 0.055 0.015 3. Biiara mosykokca
Semicoke moisture 0.393 0.393
4. Ha yBna’kHeHUE IOJIY-
Kokca zo w = 40 9%,

For semicoke 4. C moACcMOJBHOM BOAOM
moisturing upto (mo pasHOCTH)
w=409% 0.393 0.393 With the tar water

(by the difference) 0.147 0.113
5. Bozga peakuuii rope-

HUS rasa 5. ITorepu

Water of the Losts 0.001 0.001
reactions of gas
combustion 0.058 0.042

6. Brara Bo3gyxa
Air moisture
(¢=0.8; t=10°C) 0.003 0.002

Bcero
Sum 0.629 0.572 0.629 0.572
*! _ with cross-current heat carrier.

#2 _ with radial cross-current heat carrier.

PaccuuraHHbBle 3HaUeHUA cTaTeil 6ajilaHca BOALI NpUBEAEHHl B TabJ. 3.
Kak BugHO u3 9TO# Tabauilbl, o6pasoBaHue MOACMOJBHOM Boabl B 1000-
ToHHOM reHepaTtope c¢ IIIIT posnxHO cocraBnaTh 0,147 Kr/Kr, 970 3HAUEHUE
COBIIaZlaeT C NMOJYYEHHBIM Ha NIPaKTHKe BbIXoxoMm Boabl — 0,150 isi/kr.

IIpu oxJya’XeHuU MOJYKOKCA O0OPaTHLIM I'eHEepaTOPHBIM Tra3oM, IIOMUMO
¢Gu3uYecKOro TemrooOMeHa Cpel C Pas3JUYHBIMH TeMIepaTypaMH, IIPOTe-
KalOT ¥ HEKOTOPble XMMUYECKHEe PeaKluu (raduuranusa II0JYKOKCA IUOK-
CHZOM YyTJIepOZa, PeaKI[isi BOASHOIO rasa, o0pasoBaHue I'UAPOKCULA KaJIb-
IUa U Jp.), TEIJIOTA KOTOPHIX MOJKET IIOBJHATH HA TEMIIEPATYpPy IIOJY-
KOKCa ¥ KOJIMYECTBO HCIAPHUBIIEHCH U3 T'UAPO3aTBOPA BOIHI.

W3 mnepeumcneHHBIX peakKnueil Haubojee CYIIECTBEHHBIM TeILJIOBBIM
addexTomM o06sazaeT BOCCTAHOBJIEHHWE KapOOHATOB U3 OKCUAA KaJIbIUs
AMOKCHJIOM YTrJepoja, TPUYEeM CTelleHb BOCCTAHOBJIEHHS (pexapOoHU3a-
nuu) OyzeT 3aBHCETh OT abCOJMIOTHOTO KOJMYECTBA MAUOKCHUAA yTIJiepoja
WJIH YAeJbHOTO pacxXofa rasa B 30HY OXJasKAeHWs. VIMEHHO II03TOMY
KOHeYHas CTelleHb JUCCONUAIlNy Kap6OHATOB B cilydae yAeJbHOTO Pacxoja
raza Ha oxJjaaxxzaeHue 0,35 M3/ KI' IIPpUHATA 3HAYUTEJNbHO MeHbIe#, pas-
HOM 25 Y, O6naromapsa dyemy OOJIbLIASI YACTH TEIJIOBBIX 3(heKTOB 6blIa
yureHa. Ho mockonbKy pacueTsl B 000MX BapuUaHTAaX NMPUBEAEHBI C OJHHA-
KOBBIMU JONYILIeHUAMU, PA3HOCTH MEXXKJY BBIXOJAMH IIOJCMOJILHONH BOMBI
NOJI’KHA COXPAHHUTHCHA, M OHA COCTABJIAET NMPUMEPHO 35 Ji/T.
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BriBoasl

1. Opranuzanusa OXJaKAEHWUS IMOJYKOKCA B HHJKHEM 4YacTH TeHepaTopa
00paTHBIM LMPKYJIUPYIOIUM I'a30M I[IO3BOJMJIA CTAOUIN3UPOBATH PabOTy
arperata ¥ YJYYIIATh TEXHOJIOTMUYECKHe IOKAas3aTeJu IepepaboTKu
cIaHIA.

2. KonuuecTBO BOABI, HCIAPAIOIIEHCA M3 THAPO3aTBOPA Pas3rpy304HOTO
YCTpPOMCTBA TreHEpaTopa, B3aBHCHUT OT HAYAJBLHOM TeMIepaTyphl IIOJY-
KOKca S’, a TaKiKe OT pacxoja ra3a B 30HY OXJaKAEHUS Uy U ONUCHLIBAETCS
YpaBHEHHEM

vy = [(S’ + 150)/8,3 — (S’ + 198)/3,73v,] X 102 (&r/kr).

3. Pemamomyio poJib CHUKEHHM BBIXOJA MOACMOJIBHON BOJABLI UI'DAET yBe-
JIMYeHue pacxoza OOpaTHOTO rasa Ha OXJIaKAeHue BHIIPYIKaeMOoro H3
reHepaTopa IOJIYKOKcA. -

4. CoryacHO pacueTaM, IIPHU YBeJIHUYEHHH YAEJIBHOTO pacxoja o6paTHOro
rasa Ha OXJask/eHHe IOJIyKOKca B reseparopax c¢ PIIT mo 0,35 m’/xr
YAEJbHBIN BBIXOJ, IOJCMOJIBHOM BOZBI, 0 CPABHEHHWIO C 3THM IIOKa3aTe-
nem pasa 1000-rorsoro remeparopa ¢ IIIIT, cuusutca B 1,3 pasa.

Ju. ZHURAKOVSKY

INFLUENCE OF THE EFFICIENCY OF COOLING THE SEMICOKE
FROM GENERATORS WITH RECYCLE GAS ON WATER
EVAPORATION FROM A CHARGING DEVICE

When developing the technology of Estonian oil shale-kukersite thermal pro-
cessing, the construction of a generator was changed: a gasifier was substi-
tuted with a zone of heat-exchange. Instead of steam-air blast generator
gas for cooling removing semicoke was introduced into a lower part of a gene-
rator. In such a case semicoke is cooled both with recycle gas and with water
of waterblock and the gas heated with the semicoke is added to a heat-carrier
and is used for thermal processing in a semicoking chamber.

Thus, as a result of substitution of gasification zone with the heat-exchange
zone the following takes place in the heat belance of the process: chemical heat
of semicoke is replaced by physical heat.

The recovery of some part of physical heat of semicoke into the process gives
the possibilities for stabilizing the generating set operation, increasing the
shale-oil yield, and decreasing the tar water yield.

Cooling of semicoke with recycle gas reduces the temperature of semicoke
before its contact with water of charging device waterblock. Due to it the
quantity of water evaporating from waterblock decreases. Having cooled semi-
coke with recycle gas up to 80 °C, it is possible to minimize evaporation of
water from waterblock. In that case the yield of tar water is minimum and
that makes its processing by far easier. But, as it is obvious from the calcula-
tions, for this purpose it is necessary to have a specific gas consumption for
semicoke cooling at a rate of 0.43 m® per 1 kg of oil shale. It is impossible for
generators of the present design because it leads to a sharp rise of hydraulic
pressure loss. :

The general equation for the semicoke cooling with recycle gas and water
from the waterblock bowl at initial state may be presented in the form of
eg. (1), or more conveniant eg. (2).
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The quantity S” of water evaporating from waterblock under different tem-
peratures of semicoke cooled with the gas is calculated according to eg. (3).
Results of calculations are presented in Table 1 and in Fig. 1. The dependence
of quantity of evaporating water on semicoke temperature is well described by
the following equation:

(v = [—15.44 + 23.78(S” /100) — (S”/100%)]-10~2 (kg per kg) 4)

For evaluating the efficiency of semicoke cooled with recycle gas here were
used the approved method of calculation for installation of semicoke dry
quenching [3, 4] and the method of calculating final temperatures according
to the number of units of transfer [5].

According to eg. (2) calculations, in case of dry unloading of sxicoke when
it is cooled only with recycle generator gas the mean temperature of cooled
semicoke can be described by the following equation:

8" =8 — (2.28' —110)y,. 5)

Including the inset of vapours of water evaporating from waterblock, the
dependece of the intensity of evaporation on semicoke mean initial tempera-
ture S’ and on specific consumption y of cooled gas calculated according to
egs. (4) and (5) is described well by the following equation:

w = [(150 + S’)/8.3 — (198 + S")y /3.73]10°3 (6)

The results of calculations are given in Table 2, and in Figs. 3 and 4.

Having differentiated with respect to S’ and y, it is easy to make sure that
over the range of parameters of generator operation the evaporation of water
depends on specific gas consumption to by far greater extend than on the mean
initial temperature of cooled semicoke. Using the obtained regularities as a
basis, it is possible to compare the tar water yield for kukersite processing
at a 1,000-tonnes-per-day generator with that for 1,400-tonnes-per-day generator
with the radial cross-current heat carrier being a part of the gas-generator
station No. 7.

For processing kukersite at a generator with radial cross-current heat car-
rier it is foreseen increasing v, up to 0.35 m? per 1 kg due to the new design of
generating unit.

This allows decreasing the pressure loss of cooling zone. The degree of carbo-
nates dissociation is expected to be lower: about 25 % instead of 40 9% for pro-
cessing at 1,000-tonnes-per-day generator. The decrease of heat consumption
for semicoking leads to decreasing air specific consumption and, consequently,
to decreasing the generator gas specific yield. The calculated values of water
belance are given in Table 3. As we see, the value of the tar water yield 0.15 litre
per 1 kg used in practice for 1,000-tonnes-per-day generator coinsides with
the calculated one.

The water belance shows that when the recycle gas yield increases from
0.15 to 0.35 m® per 1 kg of kukersite the tar water specific yield decrease is
0.035 litre per 1 kg.

When heating semicoke with recycle gas, in addition to physical heat inter-
change between mediums having different temperatures some chemical reac-
tions take place, such as semicoke gasification with carbon dioxide, water gas
reaction, calcium hydroxide formation, etc., and their heat can influence the
final temperature of removing semicoke and the quantity of water evaporating
from waterblock.

Among the listed, the most significant thermal effect belongs to carbonates
reduction from calcium oxide with carbon dioxide, it being known that the
degree of reduction (decarbonisation) depends on the absolute quantity of carbon
dioxide or on the specific consumption of the recycle gas into the zone of
heat interchange.

That is why, to account the most part of thermal effects, in case i = 0.35 m*®
per 1 kg of kukersite the final degree of carbonates dissociation was taken
25 9%, instead of existing 40 % for operating 1,000-tonnes-per-day generators.
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Since calculations were made in both variants with equal assumptions the
difference between tar water yields must remain, and it is so, this difference
is about 35 litres per 1 tonne of processed kukersite.

As a conclusion it can be said that the obtained regularities allow prognosing
an increase of tar water volumes when putting into operation the new gas
generator station No. 7.
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