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Tyrtora O.B. IligBumieHHss edexkTUBHOCTI rasudikaiii BHCOKO30JbHOTO
BYTULIS HA OCHOBI BCTAHOBJICHHS 3aKOHOMIPHOCTEH (DOpMYyBaHHS €HEPTETHIHOTO
onTuMyMy Tiporiecy. - KBamidikaiiiina HaykoBa mparis Ha IIpaBax PyKOIHUCY.

Huceprariisi Ha 3700yTTS HAYKOBOI'O CTYIEHS JokTopa (inocodii 3a
conemianbHicTio 144 —  «TemnoeHepreruka». — YKpaiHCbKUH  JIep:KaBHUIA

YHIBEPCUTET HayKH 1 TeXHOJ0r1i, [{Hinpo, 2026.

VY auceprarliiiHiii po60Ti OTpuMaHi HOBI HAYKOBO OOIPYHTOBaHI pe3yIbTaTH,
10 y CYKYIHOCTI € CYTT€BUMH JIsi BHUPIIIEHHS aKTyajJbHOI HAayKOBO-TE€XHIYHOI
3ajayi, SKa MOJsArae y MiJBUIIEHHI e()eKTHUBHOCTI rasudikaiii BUCOKO30JIbHOTO
BYT1JUISI HA OCHOBI BCTaHOBJICHHSI 3aKOHOMIPHOCTEH (DOPMYBaHHSI €HEPTreTUYHOIO
ONTUMYMY TPOLIECY 3a Pe3yJbTaTaMH Y3TOJKEHOTO MOCIIIHKEHHS TEeMIIEpaTypH,
CKJIaJly, TEIUIOTH 3TOPSHHS Ta MUTOMOIO BHXOJY I€HEpaTOPHOrO ra3y IpH 3MiHI
napaMeTpiB OKHMCHMKA, 3 YpaxyBaHHSM BIUIMBY MiHEpaJbHOI CKJIAZOBOI MajuBa,
eKOJIOTTYHUX XapaKTePUCTUK FEHEPATOPHOrO Tra3y Ta €KCepreTUHYHOi e(h)eKTUBHOCTI
CXEM TePMOXIMIYHOT IePEPOOKH.

Y po60Ti BCTaHOBJIEHO, 1110 Mpoliec Ta3udikailii BUCOKO30JbHOT0 BYT1LISI Ma€e
YITKO BUPAKEHY 00JIACTh €HEPreTUYHO PALlIOHANIBHUX PEKUMIB, iKa (POPMY€EThCA
npu KoedirieHTi BUTpatu okucHUKa Onm3bko 0,3-0,32. IlokazaHo, 110 3MiHa
KoedilieHTa BUTPATH OKHCHUKA MPUBOAMUTH 10 (POPMYBaHHS TPHOX XapaKTEPHHUX
peXKUMHHMX oOjacTteid, a camMe 00JacTi HEIOCTaTHhOI  OKHMCIIFOBAJIBLHOI
3a0€3Me4YeHOCTI 3 HAasABHICTIO HEMPOPEAroBaHOTO BYTJIEII0, 001aCTl palioHaIbHUX
pekHMIB  Ta 00JacTi HAWIWMIIKOBOTO OKHCIEHHA. Y mepmniid  obnacti
0oOMeXyBaJIbHUM (PaKTOPOM € HEIOCTaTHE TMEPETBOPEHHS TaluWBa, y TPETii
3poctanHg BmicTy CO; 1 HyO Ta 3HMKEHHS YacTKM TOPIOUHMX KOMIIOHEHTIB
reHepaTopHOro Ta3y. BcTaHOBi€HO, IO BHUKOPUCTaHHS JIOTapu(pMIYHOTO
nokasHuka Ig((CO+H,)/CO;) no3Bojisie OTpUMATH CTIAKUNA KpPUTEpId OLIHKU

pexxuMy razudikarii.



Brnepine BcTaHOBIEHO, 10 KOE(IIIEHT BUTPATH OKUCHUKA € BU3HAYAIBHUM
HEMEePEPBHUM KEPYBAJIbHUM TapaMeTpoM Ipoliecy rasudikaiii BUCOKO30JIbHOIO
BYTUUIsSI, 3MiHa $KOIO 3YMOBIIOE Y3TO/DKEHY TpaHC(hOpMallilo TeMIepaTrypu
poliecy, CKJIaay OKHCHUKA, TEIJIOTH 3TOpPSHHS, CKJIaay Ta MUTOMOTO BHUXOAY
TE€HEPATOPHOTO Ta3y, MPUYOMY CHEPreTUYHO ONTHMAIBHHM PEXHM IS BCIX
JOCTIIKEHUX YMOB (hopMy€eThCs IpH KoeditieHTi BuTpaT okucHuka 0,3-0,32. [Tpu
IIbOMY TIOJI0KEHHSI MaKCUMyMy HE€ 3MIIIY€EThCS 31 301IbIIIEHHAM BMICTY KHCHIO B
OKHCHHKY, 1110 ATBEPKY€E KBa3lyHIBepCaIbHUI XapaKTep ONTUMAIbHOI 00J1acTi 3a
KOoe(DII[lEHTOM BUTPATH OKUCHUKA.

BaxnuBuM  pe3ysbTatoM poOOTH € 3ampolOHOBAHUM  IHTETpalbHUN
CHEPTreTUYHUH MOKA3HHUK, 110 OJJHOYACHO BPaXOBY€E MUTOMUMN BUX1]] T€HEPATOPHOTO
razy Ta Moro HWX4y TeIrioTy 3ropsiHHs. [lokaszaHo, 110 1€ MOKa3HUK Ma€ YiTKO
BUPOKEHUNH MaKCUMyM IMpu Koe(imieHTi BuTpatu oxkucHuka 0,3 118 Bcix
JOCIIKEHUX YMOB, HE3BXKAIOUM HaA TMPOTWICKHUN XapakTep 3MIHH HOTO
CKJIQJIOBUX, & CaM€ 3pPOCTAaHHS BUXOAY Tra3y Ta 3HWKEHHsS HOr0 TEIJIOTBOPHOI
3MaTHOCTI TpH 30UIBIICHHI IOJa4yli OKHWCHHMKA. MaKCHMallbHI  3Ha4YeHHS
IHTErpaJIbHOTO €HEPTreTUYHOI0 TTOKa3HUKa CTaHOBIATh 17,2—18,1 MJ[x/Kr ByTiuIs
3aJIe’KHO BiJ BMICTY KHCHIO B OKUCHUKY. BCTaHOBIIEHO, 1110 TIOBITpsiHA Ta3u(iKaIlis
IpU OIIHII 33 IHTETPaIbHUM EHEPreTUYHUM IOKa3HUKOM HE € TMPUHIIMIIOBO
eHepreTHYHO cnadkoro. He3Baxaroun Ha HIDKYY TEIUIOTY 3TOPSIHHS MOBITPSHOTO
TE€HEPATOPHOTO Tra3y, WOro OUTBINIMKA BUX1J 3a0e3leuye CyMapHHN €HEepreTHUYHUN
pe3yabTaT TOrO CaMoro MOPSAKY, 10 1 MPY KUCHEBIN ra3udikarii.

CyMicHHI aHaNi3 TeMIepaTypu NpoLEecy Ta IHTETPAIbHOIO €HEPreTUYHOro
MOKa3HUKa TMOKa3aB, MO 31 30UIbIIEHHSM KOedillieHTa BUTPATH OKUCHUKA
TeMmrepaTypa 3p0CTa€ MOHOTOHHO 1 HE Ma€ MaKCUMYyMY B 00JIaCTI €HEPTE€TUYHOTO
ontumyMy. OTXe, parlioHATLHUNA PEXUM razudikariii BiIMOBIa€ HE MaKCUMAJIbHIN
TeMIIepaTypi, a 00JJacTi 1 JOCTaTHOCTI, 32 SIKOI JOCIATA€ThCSA HANOIBINE 3HAUYCHHS
CYMapHOTO €HEPreTUIHOTO BUXOY T€HEPATOPHOTO Trasy.

VY naucepramii TOCHIPKEHO TMOKAa3aHO, IO MiAIrPIB OKUCHUKA BUKOHYE

NnepeBaXXHO (PYHKIIO, 10 I1HTEHCU(IKYE, TOCWIIYA BXe CcHOpMOBaHI



3aKOHOMIPHOCTI, TOAl SIK BMICT KHCHIO B OKHMCHHKY € OUIbII BH3HAYaJIbHUM Ta
dbopMye  BITHOBIIOBAJIHHO-OKHUCIIOBAIBHMNA  CKJIaJ, TE€HEPATOPHOTO  Tasy.
[TigBumieHHs TemMnepaTypH B gociikeHoMy aiana3oni B 273 K go 1273 K cnpuse
30utbIeHH0 BiHOmEeHHsT CO/CO; Ha 20 %, ajie He MPU3BOIUTH 10 aHAJIOTIYHOTO
3poctanns H,/H,O, To6TO TemmeparypHuii ¢akTtop € OUIbLI CHPUSTIUBUM IS
dbopMyBaHHS BYTJIEIEBOI BITHOBIIOBAILHOI CKJIAIOBOI ra3y, HI’K BOJTHEBOI.

BcranoBneHno, mo 31 30UIBIIEHHAM TeMIepaTypu MiAIrpiBy OKHCHHUKA
nokazHuk 1g((CO+H,)/CO,) 3pocTae myist BCiX MOCTIIKEHUX CKJIQIB OKUCHUKA Ta
MOKa3aHO, IO CTYMiHb 30aradeHHs OKHCHUKA KHCHEM € OUIbII BU3HAYaJIbHUM
dbaxTopoM hopMyBaHHS TEMIIEPATYPHOTO PIBHS Ta CKJIay T€HEPATOPHOIO ra3y, HIXkK
TeMIepaTypa Horo miIirpiBy.

Okpemuii OJIOK JOCHIDKEHb MNPUCBAYEHO BIUIMBY MIHEPATbHO-XIMIYHUX
KOMIIOHEHTIB TajuBa Ha 1mepedir ra3udikaiii BHCOKO30JbHOTO BYTIJUIA.
Bcranosneno, mo migBumieHHs BMicTy Na,O y BYrijun 3yMOBIIOE MOHOTOHHE
3HUKEHHS TeMIlepaTypH razudikaiiii sk 3a MOBITPSIHOTO, TaK 1 32 KUCHEBOT'O JTYTTS.
Jlnis moBITpsiHOI ra3ugikailii cyMapHe 3HH)KEHHS TeMIIepaTypyu CTaHOBUTH OJU3BKO
100 K, a gnsa xucHeBoi - 200-250 K. [{ns moBiTpsiHOT raszudikariii 3011bIIEHHS
BMicTy Na,O Big 2 10 16 % cynpoBOIKY€TbCS 3pOCTaHHSAM CyMapHOTO BMICTY
CO+H; maiixe Ha 40 %, Toni sik BMicT CO,+H,0 3menmryerbes npubnusHo Ha 16
%, 1110 CBIJYUTH PO MIJBUILEHHS BIIHOBIIOBAJIILHOTO MOTEHITIATY Ta €eHEPreTHUHOT
IIIHHOCTI TeHepaTOpHOTO Ta3zy. JIJis KuCHEeBOI rasudikarii aHAJIOTIYHA TEHACHITIS
TaKOX BCTaHOBJIEHA, ayie i BUpakeHicTh MeHIa. Omep)kaHi pe3yibTaTh Nal0Th
nijgctaBu po3rsgatd Na,O sk BaxxsMBui gaktop iHTeHCH]ikalii razudikaifHmx
NEPEeTBOPEHb, OCOOIMBO 3a TOBITPSAHOI Ta3udikaiii, 1€ #Oro BIUIUB Ha
CIIBBIJHOILIEHHS MK BIJHOBJIIOBAJLHUMHU Ta O17IbII OKUCHEHUMHU KOMIIOHEHTaMU
NpOSIBIISIETHCSL HaWBUpasHime. Y I[bOMY BHIAJKy HaTpiiiBMiCHA MiHepalbHa
CKJIaJioBa crpusie (OopMyBaHHIO TEHEPATOPHOTO Ta3y 3 BUIIHMM BiTHOBIIIOBAJIHLHUM
MOTEHIIIaJIOM 1 KpallliMU €HePTeTUYHIMH XapaKTEPUCTUKAMH, IO € CYTTEBUM IS

JOCSITHEHHSI EHEPT€TUYHOIO ONITUMYMY IIPOLECY .



BcTranoBneHo Takox, 1o 31 30u1bleHHsIM BMICTY Na,O y Byrijijii MOHOTOHHO
3poctaroTh KoHmeHTparii HCl, NaCl 1 KCl y mnpoaykrax rasudikaiii, a B
reHepaTopHuil ra3 nepexoautb 54—71 % wHatpiro 1 61-69 % xJopy Bif iX BMICTY Y
BUXIIHOMY TianuBi. [l yMmoB rasudikaiii Xjaop AOLUIBHO pO3MISAaTH SK
KOMIIOHEHT COJIbOBOT'O KOMIUIEKCY MIHEPabHOI YACTMHH COJIOHOTO BYTULIS, IO
Bu3Havae Gopmu nepedyBanHs Na, K 1 camoro Cl y ra3osiit ¢a3i Ta BIIUBa€e Ha
po3moxia XiMiuHMX (HOPM eleMeHTIB y cucTeMi. IOro TeXHONOriYHe 3HAYeHHS
nposiBisieTbest uepe3 yrtBopeHHs HCI 1 jeTkux XJ0puaiB JyKHHUX METaiB,
M1JBUIIICHHS KOPO31MHOT aKTUBHOCTI T'a30BOTO CEPEIOBUIIA, 3POCTAHHS CXUIIBHOCTI
710 yTBOPEHHS BiKJIa/IeHb Ta YCKIATHCHHS YMOB OUHIIEHHS TEHEPATOPHOTO Ta3zy.

HocmimxenHss BBy no0aBku Fe mokasamo, mo BBEIECHHS 3aiiza B
kuipkocTsix 0,02 1 0,04 Kr/Kr He CHOpUYUHSE ICTOTHOI 3MIHM TEMIIepaTypu
razuikarlii Ta He 3MIIIYy€ TOJ0KEHHS TEMIIEPaTypPHOIrO ONITUMYMY, ajie 3abe3neuye
MOMIpHE TIABUIICHHS 3HAYEHHS IHTETPAIBHOTO CHEPreTHYHOTO IOKa3HUKA Ta
3riaKyBaHHS MaKCUMyMY BIJIOBIHOI 3aJIGKHOCTI Bif KoedillieHTa BUTpATU
OKHCHHKA.

VY aucepraliii BCTAHOBJIEHO Y3TOJDKEH1 3aKOHOMIPHOCTI (POPMyBaHHS CIPKO-
Ta a30TOBMICHMX KOMIIOHEHTIB TEHEpPATOPHOTO Ta3dy nmpu Trasudikarii
BHCOKO30JIbHOTO BYT1JUI B YMOBaX OJHOYACHOT'O BapilOBaHHA TeMiiepatypu 1273—
2473 K, BMicTy KUCHIO B OKUCHUKY 21-100 % Ta xoedilieHTa BUTpATU OKHUCHUKA
0,2-0,5. TlokazaHo, 10 YTBOPEHHS €KOJOTIYHO HEOE3MEYHUX JIOMIIIOK
BU3HAYAETHCS HE JII€I0 OKPEMOT0 MapamMeTpa, a 3MIHOIO OKHCTIOBAIBHO-BITHOBHOTO
cTaHy cucteMmu. Briepuie nokasaHo, 1o Koe@iieHT BUTPATH OKUCHUKA € OCHOBHUM
napamMeTpoM KepyBaHHs (OpMaMH 3B’S3yBaHHS CIPKU Ta a30Ty B T€HEPATOPHOMY
rasi. [Ipu fioro 3nauenHsx meniue 0,3 nepeBa)karoTh BIIHOBHI YMOBH, 3a IKUX CIpKa
1 a3ot nepexoaath y dopmu H,S, COS, SH, CN, ta HCN. V niamazosni 0,3-0,35
dbopMmyeThcs  TepeximHa  00JacTh, IO  XapaKTEPU3YETbCS  IHTCHCHBHOIO
nepeOdyIoBOI0 CKJIaay Tra3y, 3HUKHEHHSM YacTHHM NPOMDKHHUX CIPpKO- Ta
a30TOBMICHHUX CIIOJIyK 1 MaKCHUMaJbHUM YTBOPEHHSM OKPEMHUX CIPKOBMICHHX

KoMnoHeHTiB. [Ipu monaneiioMy 30UIbIIEHHI KoedillleHTa BUTpaTH OKHUCHHUKA



nocuoeTbesi yrBopeHHss SO,, SO ta NO, 110 BiANOBIAa€ MEepexoay A0 OUIBII
OKUCIIOBAJIBHOTO  pexuMy.  OOIPDYHTOBAHO  MOXJIMBICTH  BHUKOPUCTaHHS
iaTerpansaoro nokasuuka 1g[(H,S+COS+SH)/(SO,+S0O)] stk kpuTepito po3moainy
MDK BIJHOBHUMHM Ta OKHCIIOBaJIbHUMH ¢dopmamu cipku. Ile mo3Bosise
dbopmatizyBaTi BUOIp peXuMiB Ta3udikaliii 3 ypaxyBaHHSIM €KOJIOTIYHUX BUMOT JI0
CKJIaJly T€HEpPaTOPHOro Tasy.

Oxkpemuii  po3ain  poOOTHM  MPUCBSIYEHO  EKCEPreTUYHOMY  aHAIII3y
KOMOIHOBAaHHUX CXEM TEPMOXIMIYHOI mepepoOKu Byriuid. BukoHaHO cHcCTeMHE
MOPIBHSUIPHE E€KCEPreTUYHE JOCHIDKCHHS KOMOIHOBAaHUX CXE€M Y €JIUHOMY
METOJI0JIOTIYHOMY TM0JIi, 110 JO03BOJUJIO 3ICTAaBUTH MpsSME 3TOpsiHHS BYTULIS Ta
OaraTocrafiitHi cxemu 3a 3aranbHuM ekcepretnyHum KK/, KK/ 3a onepxanusm
¢bizuynoi ekceprii, KKJI 3a oxepxaHHsSM XIMIYHOI e€Kceprii Ta piBHEM
eKCepreTHYHux BTpar. s ABOCTaAiiiHOI CXeMH «IOBITpsHa Trasudikamis —
3TOPSIHHSI TEHEPATOPHOTO Ta3y» BCTAHOBJICHO HASBHICTH ONTHMYMY 3arajJibHOTO
excepreruunoro KKJI. 3a BiJICYTHOCTI OXOJIOJKEHHS TE€HEPAaTOPHOTO Trazy
MakcumanbHe 3HadeHHs KKJ]I mocsiraeThest mpu TeMriepaTypi T€HEPaTOPHOTO rasy
1273-1373 K 1 craHoBuTh Onu3bko 63 %, TOAl SK MOMEPEIHE OXOJOMKEHHS
reiepaTopHoro razy no 393 K 3wmimye ontumym y obmacts 1373-1573 K 3
nigsuieHHsM KKJ[ 1o 65 %. 3a cykynmHICTIO €KCepreTUYHUX, TEXHOJIOTTYHUX Ta
EKOJIOTTUHMX KPUTEPIiB HANUOLIBII JOIUIBHOK € CXeMa MOBITPSHOI razudikarii 3
MOTAJTBIITUM 3TOPSIHHSIM T€HEPATOPHOTO Ta3y Ta MOTo MOMEPEIHIM OXOJIOKCHHSIM.

[IpakTuHe 3HAYEHHS OJEpP>KAHUX PE3yIbTAaTIB MOJSArae y pPO3pOOJICHHI
MIJIX0AY J0 KOMIUIEKCHOTO OIIHIOBAHHS €HEePreTUYHOI €(PEeKTHUBHOCTI MPOIIECY
rasuikariii Ha OCHOBI CHiILHOTO BUKOpHUCTaHHS Kputepito 1g((CO+H,)/CO,) Ta
IHTErpajJbHOTO EHEPreTUYHOro Moka3Huka. OTpuMaHi pe3ysibTaTh CTBOPIOIOTh
OCHOBY JUIsl TOOYZOBU PEKUMHUX KapT razu@ikaiiii BUCOKO30JIbHOTO BYT1JUIA 3a
KOe(QIIIEHTOM BUTpPATH OKHUCHUKA, TEMIEPAaTypoOlO MpPOIECY, BMICTOM KHCHIO B
OKMCHUKY Ta CKJIaJIOM T€HEpaTOpHOro razy. BoHn MOXKyTh OyTH BUKOPUCTaHI NpU
HAJIaroJDKeHH1, ONTHMI3alii Ta eKCIUTyaTalllifHOMY CynpoBOAl rasugikariitHux

IIPOLIECIB, & TAKOXK IIPU OOTPYHTYBaHH1 BUMOT JI0 OUMILIEHHS TEHEPATOPHOTO ra3y Ta



BUOOPI TEXHOJIOTIYHO W EKCEePreTHYHO JOIIBHUX CXEM MOro MoJajbIIoro
BUKOPHUCTAHHS.

KirouoBi cioBa: Byrums, rasudikaiiis, OKHCHUK, TEHEPATOPHHM Ta3,
Koe(]iIliEHT BUTPATH OKUCHUKA, TEPMOXIMIYHA KOHBEPCisl, CHEPTCTUUHHM ONITUMYM,
eHEproeeKTUBHICTh, TEPMOAMHAMIYHE MOJICITIOBAHHS, MIHEPAIbHO-XIMIYHI
KOMIIOHEHTH, CIPKO- Ta a30TOBMICHI CIOJYKH, €KOJIOTiYHA e(EeKTUBHICTD,

CHEepPreTUYH1 TEXHOJIOT11, EKCEpreTUUHUM aHai3
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ABSTRACT

Tutova O.V. Improvement of high-ash coal gasification efficiency based on
establishing regularities in the formation of the process energy optimum. —
Qualifying scientific work on the rights of the manuscript.
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and Power Engineering». — Ukrainian State University of Science and Technologies,

Dnipro, 2026

The thesis presents new scientifically substantiated results which, taken
together, are significant for solving an urgent scientific and technical problem. This
problem consists in increasing the efficiency of high-ash coal gasification based on
establishing the regularities of formation of the energy optimum of the process
according to the results of a coordinated study. This includes the study of the
temperature, composition, heating value, and specific yield of syngas under variation
of oxidizer parameters. This considers the influence of the mineral component of the
fuel, the environmental characteristics of the syngas, and the exergy efficiency of
thermochemical treatment schemes.

The work establishes that the gasification process of high-ash coal has a
clearly defined region of energetically rational modes, which is formed at an oxidizer
consumption coefficient of about 0.3—0.32. It is shown that a change in the oxidizer

consumption coefficient leads to the formation of three characteristic operating
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regions. Namely they include the region of insufficient oxidizer supply with the
presence of unreacted carbon, the region of rational modes, and the region of
excessive oxidation. In the first region, the limiting factor is insufficient fuel
conversion. In the third region, it is the increase in the CO, and H,O content and the
decrease in the fraction of combustible components of the syngas. It is established
that the use of the logarithmic indicator 1g((CO+H;)/CO,) makes it possible to obtain
a stable criterion for assessing the gasification mode.

For the first time, it has been established that the oxidizer consumption
coefficient is determining continuous control parameter of the high-ash coal
gasification process. Its variation causes a coordinated transformation of the process
temperature, oxidizer composition, heating value, composition, and specific yield of
syngas. At the same time, the energetically optimal mode for all studied conditions
is formed at an oxidizer consumption coefficient of 0.3—0.32. The position of the
maximum does not shift with an increase in the oxygen content in the oxidizer,
which confirms the quasi-universal character of the optimal region with respect to
the oxidizer consumption coefficient.

An important result of the work is the proposed integral energy indicator,
which simultaneously considers the specific yield of syngas and its lower heating
value. It is shown that this indicator has a clearly defined maximum at an oxidizer
consumption coefficient of 0.3 for all studied conditions, despite the opposite
character of changes in its components. Namely it is the increase in gas yield and
the decrease in its heating value with increasing oxidizer supply. The maximum
values of the integral energy indicator are 17.2—18.1 MJ/kg of coal, depending on
the oxygen content in the oxidizer. It is established that air gasification, when
assessed by the integral energy indicator, is not fundamentally weak in terms of
energy. Despite the lower heating value of air syngas, its higher yield provides a
total energy result of the same order as in oxygen gasification.

The combined analysis of the process temperature and the integral energy
indicator showed that, with an increase in the oxidizer consumption coefficient, the

temperature increases monotonically and has no maximum in the region of the



energy optimum. Therefore, the rational gasification mode corresponds not to the
maximum temperature, but to the region of its sufficiency, at which the highest value
of the total energy yield of syngas is achieved.

The thesis shows that oxidizer heating mainly performs an intensifying
function, strengthening the already formed regularities, whereas the oxygen content
in the oxidizer is more determining and forms the reduction—oxidation composition
of the syngas. An increase in temperature in the studied range from 273 K to 1273
K promotes an increase in the CO/CO; ratio by 20% but does not lead to a similar
increase in H,/H,O. This means that the temperature factor is more favorable for the
formation of the carbon-based reducing component of the gas than for the hydrogen-
based one.

It has been established that, with an increase in the oxidizer heating
temperature, the indicator 1g((CO+H,)/CO,) increases for all studied oxidizer
compositions. It is also shown that the degree of oxygen enrichment of the oxidizer
is a more determining factor in the formation of the temperature level and
composition of syngas than its heating temperature.

A separate block of research is devoted to the influence of the mineral and
chemical components of the fuel on the gasification of high-ash coal. It has been
established that an increase in the Na,O content in coal causes a monotonic decrease
in the gasification temperature under both air and oxygen gasification. For air
gasification, the total temperature decrease is about 100 K, while for oxygen
gasification it is 200-250 K.

For air gasification, an increase in the Na,O content from 2 to 16% is
accompanied by an increase in the total CO+H, content by almost 40%, whereas the
CO,+H»O content decreases by approximately 16%. This indicates an increase in
the reducing potential and energy value of the syngas. For oxygen gasification, a
similar tendency is also established, but it is less pronounced.

The obtained results provide grounds to consider Na,O as an important factor
in the intensification of gasification transformations, especially under air

gasification. There its influence on the ratio between reducing and more oxidized



components is most clearly expressed. In this case, the sodium-containing mineral
component promotes the formation of syngas with a higher reducing potential and
better energy characteristics, which is significant for achieving the energy optimum
of the process.

It has also been established that, with an increase in the Na,O content in coal,
the concentrations of HCI, NaCl, and KCI in the gasification products increase
monotonically, and 54-71% of sodium and 61-69% of chlorine, relative to their
content in the initial fuel, pass into the syngas. Under gasification conditions,
chlorine should be considered as a component of the salt complex of the mineral part
of saline coals. This determines the forms of occurrence of Na, K, and Cl itself in
the gas phase and affects the distribution of chemical forms of elements in the
system. Its technological significance is manifested through the formation of HCI
and volatile alkali metal chlorides, an increase in the corrosive activity of the gas
environment, a higher tendency to deposit formation, and the complication of syngas
cleaning conditions.

The study of the influence of Fe addition showed that the introduction of iron
in amounts of 0.02 and 0.04 kg/kg does not cause a significant change in the
gasification temperature and does not shift the position of the temperature optimum.
However, it provides a moderate increase in the value of the integral energy indicator
and smoothing of the maximum of the corresponding dependence on the oxidizer
consumption coefficient.

The thesis establishes coordinated regularities in the formation of sulfur- and
nitrogen-containing components of syngas during high-ash coal gasification under
simultaneous variation of temperature in the range of 1273-2473 K, oxygen content
in the oxidizer from 21 to 100%, and oxidizer consumption coefficient from 0.2 to
0.5. It is shown that the formation of environmentally hazardous impurities is
determined not by the action of a separate parameter, but by the change in the
oxidation—reduction state of the system.

For the first time, it is shown that the oxidizer consumption coefficient is the

main parameter for controlling the forms of sulfur and nitrogen binding in syngas.



At its values below 0.3, reducing conditions prevail, under which sulfur and nitrogen
pass into the forms H,S, COS, SH, CN,, and HCN. In the range of 0.3-0.35, a
transition region is formed. It is characterized by intensive restructuring of the gas
composition, disappearance of part of the intermediate sulfur- and nitrogen-
containing compounds, and maximum formation of individual sulfur-containing
components. With a further increase in the oxidizer consumption coefficient, the
formation of SO,, SO, and NO is intensified, which corresponds to the transition to
a more oxidizing mode.

The possibility of using the integral indicator 1g[(H,S+COS+SH)/(SO,+SO)]
as a criterion for the distribution between reducing and oxidizing forms of sulfur is
substantiated. This makes it possible to formalize the selection of gasification modes
with consideration of environmental requirements for the syngas composition.

A separate section of the work is devoted to the exergy analysis of combined
schemes of coal thermochemical treatment. A systematic comparative exergy study
of combined schemes was performed within a unified methodological framework.
This made it possible to compare direct coal combustion and multistage schemes by
total exergy efficiency, efficiency of physical exergy production, efficiency of
chemical exergy production, and the level of exergy losses.

For the two-stage scheme “air gasification —syn gas combustion”, the presence
of an optimum of total exergy efficiency was established. Without syngas cooling,
the maximum efficiency is achieved at a syngas temperature of 1273—1373 K and is
about 63%, whereas pre-cooling of syngas to 393 K shifts the optimum to the range
of 1373-1573 K with an increase in efficiency to 65%. According to the set of
exergy, technological, and environmental criteria, the most reasonable scheme is air
gasification followed by syngas combustion with its pre-cooling.

The practical significance of the obtained results consists in the development
of an approach to the comprehensive assessment of the energy efficiency of the
gasification process based on the joint use of the criterion 1g((CO+H;)/CO,) and the
integral energy indicator. The obtained results create a basis for constructing

operating maps of high-ash coal gasification according to the oxidizer consumption



coefficient, process temperature, oxygen content in the oxidizer, and syngas
composition. They can be used in the adjustment, optimization, and operational
support of gasification processes, as well as in substantiating requirements for
syngas cleaning and selecting technologically and exergy-reasonable schemes for its
further use.

Keywords: coal, gasification, oxidizer, syngas, oxidizer consumption
coefficient, thermochemical conversion, energy optimum, energy -efficiency,
thermodynamic modeling, mineral and chemical components, sulfur- and nitrogen-
containing compounds, environmental efficiency, energy technologies, exergy

analysis
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