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1. Inceprauifina po60Ta IPUCBAYEHA BUPIIIEHHIO aKTyaIbHOI HAyKOBO-TE€XHIYHOI 3a4a4i NiJBUIIEHHS €(PEKTUBHOCTI
rasudikariii BUCOKO30JIbHOTO BYTiJlIS IIJISIXOM BCTAHOBJIEHHS 3aKOHOMIPHOCTE (POPMYBaHHSI €HEPTETUYHOTO
ONTUMYMY Ipolecy. HeoOxiHICTh HOCIIPKEHHS 3yMOBJIeHa TUM, 110 TpaAuliiliHe CIajlloBaHHS BUCOKO30JIbHOTO
BYTIJIJIS1 CYIIPOBOMKY€ETHCS MMiJIBULIEHUMHU BTPaTaMi, 3HAaUHUM YTBOPEHHSIM MiHEPaJIbHOTO 3aJIMILIKY, YCKIIAAHEHHIM
ra3004MILEHHS Ta €KOJIOTIYHUMU OOMEKEHHSIMHU, TOA] SIK rasuikanis 3adesnedye 6ibIll KEPOBaHE TEPMOXIMiUHe
IIEPETBOPEHHS NaJIMBa 3 OJlePKaHHSIM reHepaTOPHOro rady. MeToro po60oTH € MifgBUILEHHS €(PEKTUBHOCTI
rasu@ikallii BUCOKO30JIbHOTO BYTiJLJISI HA OCHOBI y3roZPDKEHOTO aHasli3y TeMIIepaTypu NPoLecy, CKIaLy OKMCHHUKA,
TEIJIOTU 3TOPSIHHS, CKJIAJy Ta IUTOMOIO BUXOAY F€HEPATOPHOTO ra3y 3 ypaXyBaHHSIM BIUIMBY MiHEPaIbHO-XiMiYHUX
KOMIIOHEHTIB [IaJIMBa, €KOJIOTIYHUX XapaKTEPUCTUK ra3dy Ta €KCepreTU4Hoi e(PEKTUBHOCTI CXeM TEPMOXIMI4HOI

nepepo6ku. Y poboTi BCTaHOBJIEHO, 1110 KoedillieHT BUTPaTH OKMCHUKA € BU3HAYaJIbHUM HEeTlepePBHUM



KEepyBaJIbHUM IIapaMeTPOM Npouecy razudikallii BUCOKO30JIbHOTO Byris. [lokazaHo, Mo 3MiHa [bOr0 apaMeTpa
3yMOBJII0€ (OPMYBaHHS TPhOX XapaKTEPHUX PEKMMHUX 00J1acTel: 0671aCTi HelOCTaTHbOI OKMCIIIOBaJIbHOL
3a0€311€4€HOCTi 3 HAsIBHICTIO HEIIPOPEAroBaHOTO BYTJIELI0, 00J1aCTi EHEPreTUYHO PallioHAJIbHUX PEXUMIB Ta 00J1aCTi
HaJIJINIIKOBOrO OKUCHEHHA 3i 3pocTaHHAM BMicTy COZ2 i H20 Ta 3HMKEHHSAM 4YaCTKU FOPIOYUX KOMIIOHEHTIB.
EHepreTM4yHO ONTUMAaIbHUI PEKUM IJIS1 LOCIIIPKEHUX YMOB (DOPMYETLCS IPY KoedillieHTi BUTpaTH OKUCHUKA 0,3-
0,32 i He 3milyeThCs 3i 361/1bLIEHHSM BMiCTy KUCHIO B OKMCHUKY. 3allpOIIOHOBAHO iHTerpajbHUN eHepreTHYHUN
IIOKa3HMK Npoliecy razudikatiii, o BpaxoBye NUTOMUI BUXi[l FeHEPATOPHOrO rady Ta HOro HWK4y TEIJIOTY
3TOPSIHHSA. BCTaHOBJIEHO, 1O LieY TOKa3HUK Ma€ MAaKCUMYM MNP KoePillieHTi BUTPaTU OKACHUKA 6J113bKO 0,3 11
BCiX JOCJIIPKEHUX CKJIaJiB OKUCHUKA, a 1Oro MaKCUMaJlbHi 3HaU€HHS CTaHOBJIATH 17,2-18,1 MIIK /KT BYTiJjs B
3aJIEXKHOCTI Bifl BUJly OKMCHUKA. JloBe/ieHO, 110 palioHaIbHUI peskuM rasudikaliii BilioBifae He MakCMMasbHIN
reHeparopHoro raay. Iligirpis OKMCHUKA MiIBUIY€E TEMIIEPATYPHUI PIBEHD i CIIpUSAE 3POCTAHHIO BilHOLIEHHS
CO/CO2 npubnusHo Ha 20%, ajie He 3MiHIO€ [I0JIOKEHHSI eHEPreTUYHOTO ONTHMYyMY. BCTaHOBJIEHO IBOICTHUIA BILJIMB
MiHepasIbHO-XiMI{YHUX KOMIIOHEHTIB nasnusa. [TinpumeHHs BMicTy Na20 3HMXKye Temneparypy rasudikarii Ha
100-250 K ra 3a nosirpsHoi rasudikauii 36inbimye cymapauii BMict CO+H2 maibke Ha 40%, 110 CBiUUTb PO
iABUILEHHS BilHOBJIIOBAJIbHOTO [IOTEHLIialy reHepaTopHOro rasy. BogHouac 3pocraiots KoHueHTparii HCl, NaCl i
KCl, a B razoBy (pazy nepexonutb 54-71% Hatpito Ta 61-69% xy10py, 1110 IOCUIIIOE KOPO3iiiHi PUBUKH, CXUJIbHICTb 0
YTBOPEHHSI BiIKJIaJIeHb Ta BUMOTH [0 OUUIIEHHS TEHEPATOPHOrO ra3dy. BcTaHOBIEHO y3ropKeHi 3aKOHOMIPHOCTI
(opMyBaHHS CipKO- Ta a30TOBMICHMX KOMIIOHEHTIB F€HEPATOPHOTrO ra3y py OJHOYACHOMY BapiloBaHHi
Temrnepatypu 1273-2473 K, BMicTy KucHIO B okucHUKY 21-100% Ta koedilieHTa BUTpaTu okucHuka 0,2-0,5.
[ToxazaHo, 10 came KoedillieHT BUTPATU OKMCHUKA BU3HAYa€ Mepexin MK BiTHOBHUMU Ta OKUCIOBAJIbBHUMU
(dopmamu 3B's13yBaHHS Cipku i1 a30Ty. OGIpyHTOBAaHO BUKOPUCTAHHS NokasHuka Ig[(H2S+COS+SH) /(SO2+S0)] six
KPUTEPilo PO3MOAiNY MK BiTHOBHUMU Ta OKUCJIIOBAJIbLHUMU (OpMaMU CipKu. BUKOHaHO eKcepreTuyHui aHai3
KOMOIHOBaHMX CX€M TEPMOXIMIYHOI IepepoOKU ByTins. [ cXeMu «IOoBiTpsHa ra3udikaliisi — 3ropsiHHs
reHepPaTOPHOro ra3y» BCTAaHOBJIEHO HASIBHICTb ONTUMYyMY 3arajbHoro ekceprernynoro KKII. ITonepenne
0XO0JIOIKEHHS reHepaTopHoro rasy 1o 393 K 3mimye ontumym y obsacts 1373-1573 K i nipBumye KK mo 65%
IIOPiBHSIHO 3 63% 6e3 oxosnonkeHHs. OnepsKaHi pe3ysbTaTy CTBOPIOIOTh HAYKOBY OCHOBY 1715 [TOOYI0BY PEXXUMHUX
KapT rasudikatlii, BU60py €HEPreTUYHO Ta €KOJIOTIYHO NOLiNBHUX PESKUMIB, OOI'PYHTYBAHHS BUMOT [IO OYMILEHHS
reHepaTOpPHOro razy Ta BU60PY CXeM HOT0 MOoAaIbIIOr0 BUKOpUCTaHHS. KiTo4oBi cyioBa: Byriss, rasudikaris,
OKHCHUK, TeHEepaTOpHUM ra3, KoeQillieHT BUTpaT OKMCHUKA, TEPMOXIMiYHA KOHBEPCisl, EHEPreTUYHUI OIITUMYM,
eHeproedeKTUBHICTh, TEPMOAMHAMIYHE MO/IEIIOBaHHS, MiHEpaIbHO-XiMiYHI KOMIIOHEHTH, CipKO- Ta a30TOBMICHI

CIIOJIyKH, €KOJIOTiYHA €(DEKTUBHICTh, EHEPT€TUYHI TEXHOJIOTI, EKCEPreTUYHNI aHaJIi3

2. The thesis is devoted to solving an urgent scientific and technical problem of increasing the efficiency of high-
ash coal gasification by establishing the regularities in the formation of the process energy optimum. The need for
this research is determined by the fact that conventional combustion of high-ash coal is accompanied by increased
losses, significant formation of mineral residue, more complicated gas cleaning, and environmental limitations,
whereas gasification provides a more controlled thermochemical conversion of fuel with the production of syngas.
The aim of the work is to improve the efficiency of high-ash coal gasification based on a coordinated analysis of
the process temperature, oxidizer composition, heating value, composition, and specific yield of syngas, taking
into account the influence of mineral and chemical components of the fuel, environmental characteristics of the
gas, and exergy efficiency of thermochemical treatment schemes. It has been established that the oxidizer
consumption coefficient is the determining continuous control parameter of the high-ash coal gasification
process. It is shown that variation of this parameter leads to the formation of three characteristic operating
regions: the region of insufficient oxidizer supply with the presence of unreacted carbon, the region of
energetically rational modes, and the region of excessive oxidation with an increase in CO2 and H2O content and a
decrease in the fraction of combustible components. For the studied conditions, the energetically optimal mode is
formed at an oxidizer consumption coefficient of 0.3-0.32 and does not shift with an increase in the oxygen
content in the oxidizer. An integral energy indicator of the gasification process is proposed, which takes into



account the specific yield of syngas and its lower heating value. It is established that this indicator reaches a
maximum at an oxidizer consumption coefficient of about 0.3 for all studied oxidizer compositions, and its
maximum values are 17.2-18.1 MJ /kg of coal, depending on the type of oxidizer. It is shown that the rational
gasification mode corresponds not to the maximum temperature, but to the region of its sufficiency, at which the
highest total energy yield of syngas is achieved. Oxidizer preheating increases the temperature level and promotes
an increase in the CO/CO?2 ratio by approximately 20%, but does not change the position of the energy optimum.
The dual influence of the mineral and chemical components of the fuel has been established. An increase in the
Na20 content decreases the gasification temperature by 100-250 K and, under air gasification, increases the total
CO+H2 content by almost 40%, which indicates an increase in the reducing potential of syngas. At the same time,
the concentrations of HCI, NaCl, and KCl increase, while 54-71% of sodium and 61-69% of chlorine pass into the
gas phase, which intensifies corrosion risks, the tendency to deposit formation, and the requirements for syngas
cleaning. Coordinated regularities in the formation of sulfur- and nitrogen-containing components of syngas have
been established 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 oxidizer
consumption coefficient determines the transition between reducing and oxidizing forms of sulfur and nitrogen
binding. The use of the indicator Ig[(H2S+COS+SH) /(SO2+S0O)] as a criterion for the distribution between reducing
and oxidizing forms of sulfur is substantiated. An exergy analysis of combined coal thermochemical treatment
schemes has been performed. For the "air gasification - syngas combustion" scheme, the presence of an optimum
of total exergy efficiency has been established. Pre-cooling of syngas to 393 K shifts the optimum to the range of
1373-1573 K and increases the efficiency to 65% compared with 63% without cooling. The obtained results create a
scientific basis for constructing gasification operating maps, selecting energetically and environmentally
reasonable modes, substantiating requirements for syngas cleaning, and choosing 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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