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2. Scientific and technological principles of combustion processes of non-designed fuels in boilers of thermal
power plants

Pedepar:

1. Y puceprauiiiHiil po60Ti BUPIlIEHO Ba>KJIMBY HAyKOBO-TMIPUKJIAIHY ITPOOGIEMY PO3POOKU TEXHOJIOTIUHUX 3acaf,
IIPOLECIB CMa/IOBAaHHS HEMTPOEKTHUX MaJIUB (XapaKTEPUCTUKU SIKMX HE BPaXOBaHi B TEXHOJIOTIi CIIaIlOBaHHS Ta
KOHCTpPYKIii 0671aiHaHHS, 1110 BUKOPUCTOBYE 1[I0 TEXHOJIOTIIO) B icHy1ounx KoTaoarperatax TEC ta TELL. PosrnsnyTi
IIPOLIECH CIAJIIOBAHHS BUCOKO30JIbHOI'O aHTPALUTY, "cosioHOro" Byrius IliBHiuHOrO JloH6acy, okpeMmo 6iomacy,
cyMilient 6ioMacu Ta aHTpaLUTy B iCHYIOUMX KOTJIaX Ta TEXHOJIOTII 171 ix peasnisdauii. O6rpyHTOBaHO
MePCIEKTUBHICTb Ta JOLiNBbHICTh BIPOBAIKEHHS HACTYITHUX TEXHOJIOTiA BUKOPUCTAHHS BITYN3HSIHOTO BYTJIIS:
TEPMOXiMiYHOI MiATOTOBKY aHTPaLUTY; [1I0NlepeIHbOro YacTkoBoro BuganeHHs Cl ta Na 3 3acosieHoro ByTis;
CIiZIBHOTO (paKeJIbHOTO CIIAII0BAaHHS CyMilllell aHTPaLUTY, 6ioMacy Ta ra30BOTO BYTiJIS B iCHYIOYMX KOTJIAX.
TeopeTUyHO Ta eKCIepUMEHTAIbHO JOBELEHO 11711 TEXHOJIOTII TepMOXIMIYHOI HiIrOTOBKY MTUJIONIOIOHOTO BYTiJLIs

aHTPALMTOBOI I'PyNy rpaHUYHi MapaMeTpH i CIiBBiAHOLIEHHs BUTpaTH ra3/Byrinus (~0,6% 1o termy) s



3a6e31e4yeHHs ONITUMAJIbHOTO CTYIEHIO aBTOTEPMIYHOCTI ITPoliecy Ta ONTUMAabHOro Yacy nepebysanss (0,1 c)
BYTiJIbHMX YACTUHOK B 30Hi BUCOKUX TEMIIEPATYP, 10 MiHiMi3yBas0 BUTPATH NpUpoAHOro rasy Ha TXII, no3Boaunsio
BM3HAUUTU poboUi mapameTpu Ta reomeTpito nanbHukiB TXI1. Ha gitouomy xoTsi TIIIT 210A 3 3acTOCYyBaHHSIM
MOJIEPHi30BaHOTO MajbHUKA 1,5 POKY €(eKTUBHO CIAIIOBAIOCs BYTiJlIs aHTPALUTOBOI I'PyNH MiIBUIIEHOI TOHAT,
IIPOEKTHY 30JIbHOCTI (00 30%) 3 MEHIIMMY BUTPATaMy IPUPOAHOro rasdy Ha "migcsivyBanHs" (3 10% no 0,6%ternn),
HaJiliHUM BHXOJOM LIJIAKy B TOMY YMCJIi i HA 3HIPKEHUX HaBaHTaKEeHHSIX. Briepliie po3po6sieHO TeXHOJIOTIIo Ta
OpUTiHaJIbHUI NaJbHUK CIIAJI0OBAHHS IPUPOJHOrO ra3y B MUJIOBYTiJIbBHO - IIOBITPSIHOMY [IOTOLLi, BUBHAY€HO 10T0
aepoJMHAaMIiYHi Ta TEIJIOTEXHIUHI MapaMeTPH, MEXi CTabiIbHOTO TOPiHHS, CTBOPEHO KOHCTPYKIIO Ta aTpO60BaHO
Ha fiil04oMy ¢dakesbHOMY KOTJIi 06s1aiHaHHS, B IKOMY OyJla peasizoBaHa 15l TexXHoJoris. Ha mifcrasi TeopeTnyHux
Ta €KCIIEPUMEHTAJIbHUX NOCIIKeHb NanbHuKa 3 TXI] TennoBoro noTyxHicTio 70MBT Ta po3paxyHKOBUX
IOCJiI)KE€Hb BHYTPIIIHbO TOIIKOBUX ITPOLIECIB OOI'PYHTOBAHO CKOPOYEHHS (10 20%) 3arajlbHUX BUKUIIB OKCUIIB
a30Ty. Briepiie nokasaHo, M0 TEXHOJIOTIi CNiJIbHOTO CIa/II0BAaHHS TBEPHOi 6ioMacy Ta aHTPALUTY B IUJIOBYTiIbBHUX
KOTJIaX 3HaYHO PO3UINPIOIOTH C(Pepy eHepreTUUHOro BUKOPUCTAaHHS 6ioMacu MOPIiBHSHO i3 3apyOiKHOIO MTPAKTHUKOIO
CIIiJIBHOTO CNaJIIOBaHHS BUKJIIOYHO 3 BUCOKOPEAKLIIHUM BYTiJUISIM Ta HalliBaHTpaUUTaMU. EKCliepyMeHTaIbHO
BCTAHOBJIEHO, 10 JOJIaBaHHS TBEP0i 6ioMacH MoKpallye yMOBU 3aliMaHHS aHTPALIUTY, B TOMY YMCJIi MiBUIIEHO]
30JIbHOCTI, ITPYM LIbOMY 3MEHILIYIOThCSI BUKUIY 3a0PYAHIOIOUMX PEYOBUH Ha YaCTKY 3ajydeHoi 6iomacu. Bniepiue
BUSIBJIEHO CUHEPTreTUYHUI e(eKT IIPU CHiJIbBHOMY TEPMOJIi3i 6i0Macu Ta BUCOKO30JIbHOTO aHTPALIUTY
(HEeagUTUBHICTD 110 TBEPIOMY 3aIULIKY - 4 - 10%), 110 06yMOBJIEHO BIIJIMBOM JIETKMX 6ioMacu Ta iX B3aeMoii 3
KOKCOM aHTpauuTy. EQeKT nigTeepaxeHo JBOMA He3a/1eKHUMU €KCIIEPUMEHTATbHUMU METOAAMM -
TEPMOTPaBIMETPUYHUM Ta CIIEKTPOCKOMIYHUM. BU3HaUY€HO KiHETUYHI KOHCTAHTH IIPOLECIB 3HEBOIHEHHS, BUXOY
JIETKUX Ta FOPiHHS KOKCOBOTO 3aJIMIIKY BYTi/jIs Pi3HOTO CTyneHIo MeTamopdizmy, pisHOPigHOI TBepoi biomacu Ta
ixHix cymimen. EHepris akTuBallii Ta nepefeKCIOHeHLIHUI MHOKHUK OyJIM BU3HAYEHi B MeXXax Ou(EPEHLINHOro
Ta iHTerpanapHOro nigxony. KineTnyHi XapakTepUCTUKY BUKOPHUCTOBYBAJINCS IIPY BU3HAYEHH] MiHIMAJIbHOTO 4acy
nepebGyBaHHS 1aJ1MBa y NaJMBHi Ta 6aJlaHCOBUX CIIiBBiJHOIIEHb KOMIIOHEHTIB i TPMBAJIOCTI CKJIaJJOBUX IIPOLIECIB 117151
3a0€e31e4eHHs MaKCMMaJIbHOI €(DEKTUBHOCTI CNIayII0BaHHS. PO3p06sI€HO IPOEKT MajIbHUKA Ta TEXHOJIOTIYHY CXEMY
1711 peastisanii TeXHOJIOTI] CIiILHOTO CIasyiIoBaHHS aHTpauUTy Ta 6iomacu Ha koTii TTIIT 210A. Po3po6ieHo
TEXHOJIOTIIO CIaI0BaHHs 6ioMacy B KOMYHAJIbHUX KOTJaX, 110 BUKOPUCTOBYIOTb IIPUPOAHUI ra3. ClIpoeKTOBaHO Ta
BUTOTOBJIEHO NepeATonoK Ao Kotaa JKBP-2,5. Busnaueno 3pocraHHg (Ha 10-17%) NOBHOTH BUTOpaHHS cyMmilii
AQHTPALUTY MiABUILEHOI 30JIbHOCTI 3 Ta30BUM BYTiJUISIM B IOTOKOBOMY P€AaKTOPi B MEXKaX JOCIiI)KyBaHUX
criBigHoueHs (10-30% razoBoro Byrijis). Briepine BUKOHAHO MOPIBHAJIBHUI aHaJIi3 HATUBHUX MiHepaJsliB BOIHUX
€KCTPaKTiB COJIOHOTO BYTiJIs BiTUM3HSIHUX poposul,. ITokasaHo, mo BMicT NaCl B HUX KOJIMBaeThCs Bif, 66 10
91%mac. Y10CKOHaJIEHO TEXHOJIOTiI0 BOJHOTO 3HECOJIEHHS Byrijulg 3axifgHoro JJon6acy cymileHHIM

3baravyBayIbHUX i BiTMUBOYHUX QYHKIH BiflcalOYHUX MAIIKH.

2. A number of actual and critically important theoretical and applied problems aimed at the formulation of the
technological fundamentals of the off-design fuels (the fuels whose characteristics were not taken into account at
the stage of boiler design) combustion in the existing boilers of TPP and CHP are solved. The processes of high-ash
anthracite, "salty" coal of the Northern Donbas, separate biomass, mixtures of biomass and anthracite effective
combustion in existing boilers and technologies for their realization were deeply analyzed. As a result of this the
following technologies of domestic coal use are properly substantiated: thermochemical preparation of anthracite
(TCP); preliminary partial removal of Cl and Na from salty coal; co-combustion of anthracite, biomass and
bituminous coal in existing boilers. The prospects and expediency of their practical introduction are proven. The
limiting parameters and the natural gas / coal consumption ratio (~ 0.6% for heat) have been theoretically and
experimentally proven for the optimum thermochemical preparation of anthracite group coals, which provides the
optimal degree of autothermicity of the process and the optimum residence time (0.1 c) of coal particles in the high
temperature zone that minimizes the consumption of natural gas at the TCP, which in turn makes possible the
determination of the operating parameters and geometry of TPPs burners. The proposed modernized burner with
TCP has been installed on the operating boiler TTIIT 210 A boiler and effectively burned anthracite group coal with
the extremely high ash content (up to 30%) which is well above the design value. The modernized burner has been



in the operation for 1,5 years and has shown a reduced natural gas consumption for "backlighting" (from 10% to
0.6% on thermal base), reliable slag removal, including that whilst on reduced loads. For the first time, the
technology and original burner for the combustion of natural gas in the dust-coal-air stream have been developed.
Its aerodynamic and thermophysical parameters, the limits of stable combustion have been determined. The
prototype has been created and tested on the active equipment. Based on theoretical and experimental research of
burner with thermal capacity of 70 MW and calculations of in-furnace processes, the reduction (up to 20%) of total
emissions of nitrogen oxides was substantiated. It has been shown for the first time that the technologies of
combustion of solid biomass and anthracite in pulverized coal boilers significantly expand the scope of energy use
of biomass compared to the foreign practice of co-firing exclusively with bituminous coal and semi-anthracite. It
has been experimentally established that the addition of solid biomass improves the conditions of anthracite
ignition, including the coal with the increased ash content, while emissions of pollutants per the share of the
involved biomass are reduced. For the first time, a synergistic effect was observed with the co-thermolysis of
biomass and high-ash anthracite (4-10% additives misbalance on a solid residue) due to the influence of volatile
biomass and their interaction with coke anthracite. The effect is confirmed by two independent experimental
methods - thermogravimetric and spectroscopic. The kinetic constants of the processes of dehydration, the yield
of volatile and combustion of the coke residue of coal of varying degrees of metamorphism, the heterogeneous
solid biomass and their mixtures were determined based of the thermogravimetric and Isothermal reactor
techniques. The Arrhenius rate coefficients and frequency factors were determine within the differential and
integral approach. The kinetic constants were used in the determining of the minimum fuel residence time in the
furnace, material balance of the components and the duration of the constituent processes of the combustion. The
calculations aimed at the obtaining of maximum combustion efficiency. The design of the burner itself and the
technological scheme of its the implementation within the anthracite - biomass co-combustion technology in the
TTIIT -210A boiler have been developed. The technology of biomass combustion in communal boilers using natural
gas has been developed. The original pre-furnace for the [IKBP-2.5 boilerwere designed and manufactured. The
growth (on 10-17%) of the burnt-out of increased ash content anthracite mixture with gas coal in the flow reactor
within the studied ratios (10-30% of bituminous coal) has been observed. For the first time, a comparative analysis
of native minerals of aqueous extracts of salt coals of domestic deposits was performed. It has been shown that the
NacCl content ranges from 66 to 91% by weight. The technology of water desalting of the coal of the Northern
Donbas has been improved by combining the enrichment and washing functions of the jigging machines.
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