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Pedepar. [Ipu CoxHraHud HOTOKOB IPOMBIIUICHHBIX OTXOIO0B (CMECH Pa3HBIX BEIIECTB) B KaMepax
CropaHusl TEIUIOTCHEPUPYIOIINX YCTAaHOBOK oOpasyeTcs TemoBas sHeprus. [Ipu sTom sHepreTn-
YEeCKUH BKJIaJ XUMHYECKUX COCIMHEHUH, BXOJAIIMX B UX COCTaB, pa3inieH. B craTbe paccmoTpe-
HBI SHTAJIBIINU CTOPAHHS HanOoJIee XapaKTePHBIX XUMUIECKHX BEIIECTB, COCTABICHBI yPaBHEHUS
9HEPreTHYeCKoro OajaHca Mpy OJHOBPEMEHHOM CXKUTaHMU HECKOJBKHX MACCOBBIX ITOTOKOB TOII-
JIMB € YYETOM HX TeIIOTBOPHOH criocobHocTH. MccnenoBans! 00muye MeXaHU3MBI TEIUIONepeaadn
K CTEHKaM KaMmepsl cropanus. IIpuBeneH aHann3s BK/Iaja KOHBEKIUH M M3Ty4eHHUs B o0lee KOJIH-
YeCTBO TEIUIOTHI, IEPEaHHON TEIUIOreHepaTopy, B 3aBUCHMOCTH OT TEMIIEpaTypsl mponecca. [lo-
Ka3aHO, YTO TEMJIOOOMEH H3IIy4eHHEM MEXIy KaMepol Cropanus M TpyOaMu KOTIa 3aBUCHT OT
TEIIOBBIX PaJNAallMOHHBIX CBOWUCTB OTIIOXKEHUS 30bL IIpy 3TOM HM3IydaTenbHas CIOCOOHOCTH
00pa30BaBIIETOCS OTJIOKEHHS 30J1bl YMEHBIIAETCS C TOBBINIEHHEM TeMIepaTypbl. PaccMorpena
3aBUCHMOCTh MAaKCHMAaJbHOTO M3JTyYeHUs IUIAMEHH OT COOTHOIICHHS MAacCOBOTO COJCp)KaHHUS
yraepozaa u Bogopona (C/H) B TormBe Ha IpUMepe HCXOAHBIX FOPIOYHX XHMHYSCKHX BEIIECTB,
BXOJUIIIUX B COCTaB TBEPABIX, XUAKUX U Ta3000pa3HbIX OTXOAOB NMPOMBIILICHHBIX TEXHOJIOTHH.
OmnpeneneHsl OCHOBHBIE 3aTrpS3HSIONINE BEIIECTBA MPU CTOPAHUH NPOMBIIIIEHHBIX 0TX010B. [lo-
JIPOOHO MPOaHAIN3HUPOBaHbl MEXaHH3MbI 00pa3oBaHusi okcuaoB azora (NOy), TBepIbIX YacTHI,
okcunoB cepsl (SOy), TalIOreHOBBIX KUCIIOT, OJMMEPOB, CaXH, JETYYHX OPraHUYECKHX COCAMHE-
HUI ¥ 3011b1. MceneioBaHO pacnpesieieHue pa3iiMyHbIX NpoLeccoB GOpMHUPOBaHUs OKCHIOB a30Ta
B 3aBHCHMOCTH OT BEJIMYHHBI, 00paTHON K03 duimenty n3zdpitka Bozayxa (¢ = 1/a). [TpuBogut-
csl (u3MYecKas CXeMa M CUCTeMa XMMHUYECKHX YPaBHEHHH MeXaHH3Ma 00pa30BaHUs Ca)H, BKIIO-
qajomasi Hanbojee BaKHBIEC STaIbl (POPMUPOBAHMS MONUIUKINIECKHX apOMATHIECKUX YTIIEBOJIO-
pomoB. PaccMOTpeHBI CTafuM BBIACIEHHUS PEAKTUBHBIX 3051000pa3yromux 31eMenToB. Ilokasano,
YTO 30JIbHBIC OTJIIOXKEHUS CO3JAI0T Cephe3HBIC MPOOJIEMBI IIPH AKCILTyaTallMH TEIIOTeHEePaTOpOB,
0COOEHHO C TaKOH pa3BUTOH MOBEPXHOCTHIO TEIUIOOOMEHA, KaK KOTEJbHbIE YCTAaHOBKU. B cBs3u
C 9THM TaKKe yJIeJICHO BHUMaHHE (OpMaM M YCIOBHUSIM IIPOTEKaHUS IIPOLIECCOB OCAMXKICHUS 30JIBI.
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Abstract. When industrial waste flows (mixtures of different substances) are burned, thermal energy
is generated in the combustion chambers of the heat generating plants. In this case, the energy con-
tribution of the chemical compounds included in their composition is different. The article consi-
ders the enthalpies of combustion of the most characteristic chemicals, formulates the energy
balance equations while simultaneously burning several mass flows of fuels, taking into account
their calorific value. The general mechanisms of heat transfer to the walls of the combustion
chamber are investigated. An analysis is made of the contribution of convection and the radiation
mechanism to the total amount of heat transferred to the heat generator, depending on the process
temperature. It is demonstrated that the heat transfer by radiation between the combustion chamber
and the boiler tubes depends on the thermal radiation properties of ash deposition. In this case,
the emissivity of the resulting ash deposition decreases with increasing temperature. The depen-
dence of the maximum flame radiation on the C/H ratio by weight is considered using the example
of the initial combustible chemicals that are part of solid, liquid and gaseous wastes of industrial
technologies. The main pollutants which emerge during the combustion of industrial waste are
determined. The mechanisms of formation of nitrogen oxides (NO,), particulate matter, sulfur
oxides (SOy), halogen acids, polymers, soot, volatile organic compounds and ash are considered
in detail. The distribution of various processes of formation of nitrogen oxides depending on the
value inverse to the coefficient of excess air (p = 1/u) is determined. A physical scheme and
a system of chemical equations of the mechanism of soot formation which includes the most
important stages of the formation of polycyclic aromatic hydrocarbons are presented. The stages
of the separation of reactive ash-forming elements are considered. It is demonstrated that ash deposits
pose serious problems in the operation of heat generators, especially those that have such
a developed heat exchange surface, such as boiler plants. In this regard, the forms and conditions of
the processes of ash deposition are also considered separately. The combustion conditions affecting
the state, size and distribution of solid particles and the condensed phase of ash are determined.

Keywords: combustion enthalpy, heat transfer, radiation, pollutants, nitrogen oxides, polymers,
volatile organic compounds, soot, ash deposits
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I'enepanusi TenJioBO# YHePruM Npu ropeHun

T'openue ompeaenseTcs Kak HEPreTHYeCcKOe 3BOIOIMOHHOE (IK30TepMuye-
CKOE) XMMHYECKOE MpEeBpaIlleHre, 0ObIYHO MPOUCXOSIIEE B Pe3yabTaTe 00JIb-
IIOr0 KOJMYECTBA ITAMOB 3JICMEHTAPHBIX XUMUUECKUX PEAKIHI, KOTOPBIC MOTYT
WHAWBUAYaAJIbHO OLITH OK30TCPMUYCCKUMU WU SHAOTCPMUYCCKUMU, HO BMECTC
JAIOT TaKoH oOmwit 3(pdeKT, 4To SHEPTuss XUMHUICCKUX CBSA3CH MCXOTHOTO pea-
I'CHTa — TOIIJIMBA — BBIACISACTCA B BUAC TCIIJIOTHI.

TakuM 00pa3oM, MOXKET OBITh ONpe/eieHa CTaHJIapTHASI SHTAJBIINS Cropa-
HUsE (SHTAJIBIUS PEAKIUK MPEBPAIICHUS M3 YHCTHIX DJICMEHTOB B MX Hamboiee
CTaOMJIBHOM COCTOSTHHHU NPU ONPENESIICHHBIX YCIOBHSAX) VIS KaKIOTO COCIUHE-
HUSl, IPUCYTCTBYIOILErO B yPABHEHUM ropeHus. Eciu pesysbTupyromas Temie-
patypa TUIaMEHH W JIBIMOBBIX T'a30B OUYEHb BBICOKAsl, JOMOJHUTEIHHO K HOP-
MaJIbHBIM MPOAYKTaM CrOPaHMs MOSBIAIOTCS U HEKOTOPBIE APYrue, HalpUMEp
xomnosuimu NOy [1]. Camast BakHast U3 3TUX peakuuii — oOpa3oBaHHE TEILUIO-
Boro NO 1o Mexauusmy 3enbaoBuua [2], 94To IposSBIAsSETCsS B OCHOBHOM MTOCPE-
CTBOM CJIEIYIOIIEH PeaKum:

N, +0, - 2NO —180,5 kJlx. 1)

B MNPAKTHYCCKUX CUCTEMAX CTrOpPAHUSL SHGPFGTI/ILIGCKI/Iﬁ OanaHC BBIYMCIISICTCS
C UCIIOJIb30BaHUEM HIDKHEH TCHJ’IOTBOpHOﬁ CITOCOOHOCTH TOIIIMBA, a TaKXEC TCII-
JJOCMKOCTH TOIINIMBA, OKHUCJIUTCIIA U JBIMOBBIX I'a30B. HpI/I TaKOM IIOJAXO0O€ pCaK-
o r[pe06pa30BaHI/1;[ HMECT BU

MgHy g +MgCps (Tg =Ty ) + M Cp (T =Ty ) = CMpaATrg, 2

rae Mg, My, Mgg — MAaCCOBBIC MMOTOKU TOIUIMBA, BO3yXa U JBIMOBBIX T'a30B COOT-
BETCTBEHHO; Hyp — HM3IIAS TEIJIOTa CrOpaHUS (Q;) TOIUIUBA; Cpg, CpL, Cpm —

YI[eHBHBIe TCIIJNIOEMKOCTH TOILJIMBA, Bo3nyxa 1 IBIMOBBIX I'a30B COOTBeTCTBeHHO;
Tg, TL, Tre — TEMIEpATyPHI TOILIMBA, BO3IyXa U IEIMOBBIX Ta30B COOTBETCTBEH-
HO; Ty — TeMIiepatypa OKpy>KaroIei cpe/ibl.

Tensionepegaua

BaXHOCTh KaXKAOTO M3 MEXaHM3MOB TEIJIOMEpPENay 3aBHCHUT OT paboueii
temmeparyps [3]. Kak Bugao 3 puc. 1, npu temneparype Hmke ~600 °C xoH-
BEKTHBHBIN TEIJIOBON MOTOK SIBJSIETCS] JOMHHHUPYIOMIUM. J[JIs1 BBICOKOTEMITEpa-
TYPHBIX TPOIIECCOB, B TOM YHCJE TOPEHUS, TEMIepaTypa rasza OOBIYHO BBIIIE
1000 °C u m3nmyueHHe cocTaBiseT OOMBIIYIO YaCTh TEIIONEPeIayH.

Terutonepeiaya U3Iy9IeHHEM MEXIY TPyOaMH KOTJIa B OKPYXKaIOIIEH cpeaoi
3aBHUCHUT OT TETUIOBBIX PAJMAIMOHHBIX CBOWCTB OTJIOKEHHS 30JIbl. M3mydaTesn-
Hast CIOCOOHOCTH 00Pa30BABIIETOCS OTIOXKEHHS 30JIbI YMEHBIIAETCS C MOBBIIIIE-
HHEM TEMIIEPaTypPbl, OJHAKO aOCOIOTHOE 3HAUYECHHE MOYKET M3MEHSTHCS B IIH-
pokux npenenax (0,20-0,95).

B cuctemax CKuraHusi TOIUTHBa OOIIee HM3IyYCHHE PacCMAaTPUBACTCS Kak
W3JIydeHHe TUIAMEHH, M3JTyYeHHE IBIMOBOTO ra3a U uaiydeHue cred. [Ipu ckxura-
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HHUH KUJIKOT'O TOIUIMBA IIJIaMsI MOXKET UMCEThH B TpI/I'LIeTI)Ipe pasa 6OJII)IHee I/I3Hy qe-
HHE, YeM MPU CKUTAHHUH ra3a, n3-3a OOJBIIOr0 KOJINYECTBA 00pa3yroIIeics B HEM
CaXH, YTO JETaeT ero JOMHUHECHeHTHBIM [4]. OTHOCHTENbHOE MaKCHMAbHOE
I/I3J'Iy‘-IeHI/Ie INIAMCHU B KaMean CFOpaHI/ISI HpaKTI/IT-IeCKI/I HpHMO HpOHOpIIPIOHaJILHO
3aBHCHT OT 3HAYEHHs COOTHOIICHHS MACCOBBIX JIOJIeH Yrjiepoaa M BOIOPO-
na (C/H). Kak BUIHO U3 pUC. 2, TOTUTHBA, UMEIOIIHE B COCTABE TPOAYKTOB Cropa-
HHsE OOJTBIIIE 30JTBI, TEHEPUPYIOT O0JIee MHTEHCHBHOE U3 TyUEHHE TIIIAMEHH.
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Puc. 2. 3aBUCHUMOCTb H3JIy4YCHHs IUIaMeHH OT cooTHoweHus C/H:

1 — cxmKEHHBIN ra3; 2 — TOPOJICKOi eBpOIelCKuii ra3; 3 — KOKCOBBIH ra3; 4 — MPUPOIHbIN ras;
5 — ceipast HedTh; 6 — cmech 33 % oTpaboranHoro macna u 67 % kokcoBoro rasa; 7 — cmech 67 %
otpaboranHoro Macia u 33 % KoKcoBOro rasa; 8 — mMazyTt; 9 — oTpaboTaHHOE MacIo;

10 — kpeo3oroBoe Macio; 11 — kameHHBI yrons; 12 — kpeo3oToBas cMoia

Fig. 2. Flame radiation dependency on C/H ratio:
1 - liquefied gas; 2 — town European gas; 3 — coke oven gas; 4 — natural gas; 5 — crude oil;
6 — 33 % waste oil and 67 % coke oven gas; 7 — 67 % waste oil and 33 % coke oven gas
combination; 8 — heavy fuel oil; 9 — waste oil; 10 — creosote oil; 11 — coal fuel; 12 — creosote resin
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3arpsi3Hs0NINE BelIeCTBA, BbIAEISIONINECsS MPU CTOPAHUHT

Ha monro mponeccos cropanust mpuxoautcst 6oiee 95 % BweiOpocoB CO,
u NOy, okono 92 % BridpocoB CO, 85 % Beiopocor SO, u 40 % BeIOpPOCOB He-
METAHOBBIX JIETYYMX OPTAaHUYCCKUX COCIMHCHHH.

3arpsA3HAIONINE BENIECTBA, BBIIESISAIONIMECS B PE3YJIbTaTe TOPEHUS, TIPUHSTO
KiaccuuIMpoBathk 1o rpymnmam [5]:

e IpoyKThI ONTHOTO cropanus (CO,, H,0);

e TI000YHBIE TIPOAYKTHI oaHOTO cropanus (NO,);

e mpoayKThl HerodHoro cropanust (CO, caxa, JeTydre OpraHHYecKHue Co-
enunenus (JIOC), Takue kak, HapuMep, ajJKaHbl, aJIKCHBI, ATKUHBI, apOMaTHye-
CKHE COCTMHCHHMS U aJIbJICTU/IbI);

e TIPOJTYKTHI, IPOUCXOJISAIINE U3 JTOTOTHUTEILHBIX BEIIECTB, COJEPKAIHXCS
B Toruse (SO, NO,, TBepbie yacTuisl, Tsukensie Mmetamisl, HCI, HF u op.).

Oxcuownt azoma (NOy). K HanbGosnee BayKHBIM ra3000pa3HbIM 3arps3HSIOLIM
BEILIECTBAM, BBIJICISIFOLIMMCS B pe3yJIbTaTe MPOLIECCOB TOPSHUs], OTHOCSTCS OK-
cumsl azora (NO + NO,) [6].

PaznnyaroT crieyromnie MexaHu3Mbl (POPMHUPOBAHHS OKCHIIOB a30Ta [7]:

« teruioBbie NO (MexaHu3M 3ebI0BHYa): BHICOKHE TEMIEPAaTyphl B OJIM3KUX
K CTEXHOMETPUYCCKUM YCIIOBHSX;

« opicTpeie NO (Mexanmnsm PeHnMopa): boraras TOINTHBOM CMECH,

o N,O-MexaHu3M: yciaoBusl 00CTHEHHOW TOTUIMBOM CMECH MPU MOBBINICHHOM
JIaBJICHHY,

o NNH-Mexanu3M: ycinoBusi 00eIHECHHOM TOILJIMBOM CMECH;

e npeo0pa3oBaHuE CBSI3aHHOTO C TOIUIMBOM a30Ta: TOILIMBO, COJEpIKallee
aTOMBI a30Ta.

[Ipu BeICOKMX TemmepaTypax JOMHHUpYOmUM ucTodHuKOM NO, siBisiercs
BBIICJIIEMasl IPU TOPEHHU TEIUIOTa, HO TpH OoJiee HU3KUX TEeMIIeparypax mpe-
00JIaaloT MeXaHW3Mbl TOIUIMBHOTO a30Ta. COOTHOIIEHHE «BO3JyX — TOII-
JIMBO» TAaK)KE CYIIECTBEHHO BIMSET Ha paclpeieieHHe pa3iuyHbIX MPOLECCOB
oOpazoBanusi okcuaoB azota. Obnactu GopmupoBanus NO Mo U3BECTHBIM Me-
XaHU3MaM B 3aBHCUMOCTH OT BEJIHWYHMHBI, 00paTHONW KO3(QQHIUEHTY H30BITKA
Bo3ayxa (¢ = 1/a), mokaszaHsl Ha puc. 3.

NO u3 cBsI3aHHOIO a30Ta B TOILIUBE

NO 3enpaoBuua

NNH

NO denumopa
N,O

NO ne obpazyercs

Temnepatypa obpazoBanust NO

|
0,7 OOenHeHHAs CMECH ¢0=10 Boraras cmech 2,0

Puc. 3. O6nactu popmuposanust NO
Fig. 3. NO formation areas
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Temnoseie NO HaunHaroT obpasoseiBarbes mpu ~(1200-1300) °C, u ¢ mans-
HEHIMM TOBBIIICHUEM TEMIIEPaTyphl UX (HOpMUpOBaHUE OBICTPO YBEITUIMBACT-
cs1. Kpome toro, mosienerre NO HHTEHCH(DHUITMPYETCS C YBETUUCHHEM H30BITKA
KHCJIOPOJIa ¥ BPEMEHHU NMpeObIBaHUS TOTUTMBOBO3IYITHON CMECH B 30HE C BBHICO-
ko#t Temmeparypoit. beictpbie ke NO OOBIYHO COCTABISAIOT JHIL OTPAHUYCH-
HYIO JIOJTFO OOIIEro KOJIMYeCTBa OKCUIOB a3ota [7].

TemmoBoit mexaHu3Mm obOpazoBanust NO cOCTOMT U3 CIENYIOMIMX PEeaKIHiA
(Ha3bIBaEMbBIX MEXaHM3MOM 3eJbJI0BHYA):

O+N, &>NO+N; N+0O,«>NO+O; N+OH<« NO+H. (3)

DKCIIepUMEHTANbHBIC U3MEpeHus TerioBoro obpasoBanust NO, mokazany,
YTO €ro KOHIICHTPAIMs SKCIOHCHIIMAIBHO 3aBUCHT OT TEMIICPAaTyphl U HPOIOp-
MUOHANTbHA KOoHIeHTparmu N, ¥ KBaJpaTHOMY KOpHIO KoHIeHTpanuu O, Hero-
CPE/ICTBEHHO B MJIAMEHH, & TAK)KE BPEMEHH MPEOBIBAHUS 3THX MOJIEKYJ B 00Ja-
ctu Tropenust. Takum oOpa3oM, Ha Bo3HUKHOBeHHE TerioBoro NOy B OCHOBHOM
BJIMSIOT YeThIpe (hakTOpa: MUKOBas TEMIeparypa; KOHIICHTpAIMsS a30Ta B TOI-
JIMBE; KOHIICHTpalus Kuciioponaa; Bpems npeObiBanus N, u O, npu MUKOBOM
Temreparype.

Ecnu temnieparypa cropaHus CHHXKAeTCS B YCIOBUSAX 00CIHEHHON TOTUIUBO-
Bo3aymHoi cmecu (o >1,5), obpazoBanme TemmoBoro NO pe3ko CHHKaeTCs.
Ho o6mee xommuectBo NO 3HaumTensHO mnpeBbimaer koHieHTparuio NO,
MOJIYYECHHYIO0 C TOMOIIBI0 MeXaHu3Ma 3ejbJoBuYa. [IpudyrHa B TOM, YTO MpPH
BBICOKOM H30BITKE Kucioposa nossisercss N,O, a 3aTeM cHOBa MPOUCXOIUT Jie-
nenue Ha e MoJiekybl NO.

Mexanmsm 3akucu azora (oOpasoBanus N,O) momobeH TemIoBoMy Mexa-
HU3MY B TOM, YTO aTOMBI KHCIOPOJa ATaKyIOT MOJCKYJSAPHbIA a30T. OmHaKo
B MPUCYTCTBUU TPEThEl MOJIEKYJbl M Pe3ylbTaTOM 3TOM peakiduu SABJISETCA
dopmuposanue N,O [8]:

N, +O+M = N,0+M;

4
N,O0+O—> NO+N.
OO0bIYHO HEOOJIBIIAs], HO IPU HEKOTOPBIX YCIOBUAX 3HaunTeNbHas yactb NO
obpasyercs uepe3 mexanusM NNH. Pagukan NNH mosmisercs B pesyibTare
peaxuu N, u3 Bo3nyxa ¢ H ¢ manpHeiimum okuciennem g0 NO

NNH +0 — NO + NH. (5)

B ycnoBusx Goraroit TormmBoBosaymHoi cmecu (0,6 < o < 1), xorma Term-
noBoii MexaHu3M oOpazoBanus NO maeT HOBOJNBHO HHM3KHE 3HAYCHUS, UMEET
MECTO AJIBTEPHATHBHAS PEaKIHsi, B OCHOBHOM OOYCIOBIICHHAS IPHCYTCTBHEM
CH-panukana. Beictpsiit Mexanusm obpazoBanusi NO xapakrepusyercst TeM, 4TO
a30T BO3AyXxa (UKCHpPYETCs YIiIeBOAOpOaAHbIMH paaukanamu, a HCN Bmocnes-
ctBum okucigercs 1o NO. Takoit myte oOpazoBanuss NO Ha3bIBaeTCs MEXaHH3-
MoM Denumopa:
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— NO

CH+N, > HCN+N... .
- N,

(6)

Ha puc. 4 nokazano o6paszoanre NO (B ppm — parts per million — maccoBsix

YacTAX HA MHJUIMOH) B KaMepe CrOpaHusl C TMepeMEIINBaHUEM (CKHTaHHE Me-
tana) [9]:

ppm
100 \ \ =
(@] [0}
2 o
o |3 3
E‘ )
9 (um)
60 & @)
+ 3
[0} Q
40 2 2
] [
= 3
20 2 o —
04 06 08 10 12 14 16 «

Puc. 4. Ternossie u 6picTpeie NO
Fig. 4. Thermal and prompt NO

Vcnosue paBHOBECHA I PA3JIMIHOIO0 OTHOLICHUS BOSI[yX/TOHJ'II/IBO (B 3aBHU-
CHUMOCTH OT BHJa TOHJ'II/IBa), BKJIFO4Yasd pCakiuun O6pa30BaHI/ISI NO:

CH, +(x+%)(02 +3,76N,) _>§Co2 +%H20+
(")

+Xco+dH,+20, +{3,76(x+1j—5}N2 +XNo.
2 4 8 8) 8 4

DTOT THIT peakIMyi MPOUCXOJUT B KaMepe CropaHus, B KOTOPOH COOTHOIIIE-
HUE BO3lyXa K TOIUIMBY HIDKE CTeXHOMeTpHueckoro. TemmepaTypa peak-
nuu cocrapisieT ~1200 K, Ho He Gonee 1600 K, mpu 3tom okoso 50 % a3ora,
NPUCYTCTBYIOIIETO B BO3AyXe, mpeBparnaercs B okcua azora (NO), a ocras-
mmecst 50 % BeimensitoTes B Buze cBoboaHoro asora (N,). s Temmeparyp cropa-
Hust 6osnee 1600 K B nononxenne k NO Hemocpe[CTBEHHO B 30HE TOPEHUsI 00pa-

syercst Taoke NO,. B aToM citydae ypaBHeHHE MOXKHO 3aITicaTh B BUJIC

C,H, +(x+1j(o2 +3,76N,) >~ CO, +LH,0+2CO+
8 2 4 2 ®

I, X0, +0376) x+ L |- X N, + 2NO + 2NO,,.
42" 8) 8 4 8

HckomaemMble BUIbI TOILIMBA OOBIYHO COMCPIKAT OPraHUUECKHE A30THBIE COCIH-
nHernus1. Coneprkanue azora cocrapiser: ~0,8-1,5 % — nns yrus; ~0,1-0,6 % — mst
He(TenpoayKTOB. B mpoliecce CKUraHus MPOMCXOAMT YACTUUHOE OKHCICHHE



Yu. P. Yarmolchick, R. Schroger, H. Haberfelner, M. Pichler, D. Kosti¢, G. V. Moroz
Combined Combustion of Various Industrial Waste Flows in Boiler Furnaces 533

aszoTcojepxkaiiero TomauBa. Ilpu cpemnux ycioBusx okucisercs ~20-40 %
asora B yrie, ~60-70 % — B Tsokenbix Hedrenmpoaykrax (Mazyrax) u ~80-90 % —
B JIeTKUX He(TempoaykTax (au3esnb, kepocuH, OeH3uH). OOpa3oBaHHE TOTLTUB-
Horo NO B OCHOBHOM 3aBHCHUT OT M30BbITKa KHCIOPO/a, TOTIA KaK TeMIlepaTypa
oKka3piBaeT HezHauutenbHoe BiausHue [10]. B ycrnoBusix 00eqHEHHOH TOILUIMBO-
BO3IylIHOW cMmecu (0> 1) OKOJIO ABYX TpeTeil TOIUIMBHOTO a30Ta OKUCISIETCS
c obpazoBanneM NO. OcransHoe koHBepTHpyeTcs B N,. B ycrnoBusax Goratoit
tommmBoM cMecH (o< 1) kommuectBo ob6pasyromerocs NO ymeHbiaercs,
HO TIOSBJISAIOTCS Jpyrue mnpoayktbl, Takue kak HCN (cuHuMIbHAsS KHCIOTA)
n NH3 (ammuak), kotopsie nmo3anee okucisrores 10 NO (u ganee mo NO,) B at-
Moctepe. KiroueBbiM (akropoM sBISieTCS TO, YTO CyMMa 3arps3HSIONIAX
BemectB umeeT MuHuMyM mipu o = 0,6-0,75 (wmu ¢ = 1,35-1,65). Ilpu Takux
YCIIOBHSIX KOHBEPCHUS CBSI3aHHOTO C TOIUTMBOM a30Ta B MOJICKYJIsIpHBIiA a30T (N,)
UMEET MaKCHMYM.

Teepovie wacmuysl. CymecTBYIOT YEThIPE KJIACCA YaCTUL, KOTOpbIE (HOpMH-
PYIOTCS M3 Ta30BbIX HJIM TAPOOOPA3HBIX MPEKYPCOPOB B CUCTEMAX CKUTAHHMS:

e HCOPTraHWYECKUE YACTHIIbI, 0OPa3yIOIIMECs MPH BBICOKHX TeMIepaTypax
(3oma);

e H,SQO,, nosBnsomascs npu TeMrepaType yXoasiux ra3os;

e Caka, TIOyUCHHAS TIPU BHICOKHUX TEMIIEPATypaXx;

¢ KOH/ICHCHPYEMbIC OpPraHUYECKHE YacCTHUIIbI, 00pa3yroLIHecs Mpyu TeMmepa-
Type yXOIAILIUX T'a30B.

Tpu W3 HUX — YaCTHIBI HEOpraHuueckoro mnerua, kammn H,SO4 u koHneHeu-
pyIoILasicss OpraHuKa — BKJIIOYAIOT TOMOTEHHOE HJIM T€TEPOreHHOE 3apOXKICHUE
TBepAbIX yacTull. OOIee KOMMUYECTBO KOHJCHCAIMU JUIS 3THX TPEX KaTerOpHi
YETKO OMPENEeNICHO W MPHUONU3UTENLHO PABHO KOJMYECTBY MEPBOHAYAIBHO HC-
MapeHHOTO MaTepuaia, KOTOPOE TMPEBBIIIAECT PABHOBECHE MPH TEMIIEPAType
OKpy>KaroIei cpenpl. JIJIs casku U CTajus 3apOK/ICHHS YaCTHII, H €€ KOJINIECTBO
OTIPEIENAIOTCS ETANBHOW KHHETHKOM, a HE TEPMOIUHAMUYECKAM PaBHOBECHEM.

Okcud cepvl. MHOTHE MTPOMBILIICHHBIE OTXOJIBI U UCKOMIAEMOE TOILUIUBO CO-
nepxar cepy. OHa MOXET MPUCYTCTBOBATh B JIFOOOM HJIM BO BCEX CBOUX COCTOS-
HUSX OKUCIEHHS OT S_p 10 Sig. C TOUKM 3pEHHUs 3arpsI3HEHUS BO3yXa OCOOBINA
HHTEpeC MPECTABISIET cepa, MOSBIIAIONIASACA B BUJEC OPraHUYECKON MM HEOp-
raHn4ecKol (MHPHUTHOM) cephl, CBOOOMHON CEPHI WM CEPHI B (hOpMe OpraHmue-
CKUX WM HEOPTaHUYECKUX KUCIOT. MOXKHO OXHIATh, YTO B KAXKIOM U3 3THX
ciydaeB cepa OyJeT MOSIBISATHCS B TOIIMBHBIX Ta3aX B BHJE AUOKCHIA WIH TPH-
OKCHJIa CEePBI.

Ecnu BKJIFOUUTH B TI100ambHYIO (OPMYIYy CrOpaHHs yCIOBHS OOratod ToII-
AMBOBO3AYIIHON cMech (o < 1), To momy4yuM 0oOpa3oBaHHE JHOKCHIA CEpPhI IO
CIeayrouen cxeme:

CxHy+(x+¥j(oz+3,76N2)+mSHZS—>5002+1H20+

8 2 4 ©)
X y X y

+ECO+ Z+mS H, + Z_st 0,+3,76 x+§ N, + m SO,
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Pactipenenenne cepbl MeXIy MUOKCHTHOW M TPHOKCHIHON (hopMamu 3aBH-
CHUT OT €€ XMMUYECKOr0 COCTaBa B TOILUIMBE, rpa)uKa W3MEHEHHUS! TeMIIepPaTyphl
BO BPEMCHHU U COCTaBa JAbIMOBBIX I'a30B, a TAKXE OT HaJIUYHA WU OTCYTCTBUSA
KaTaTUTUYECKON 30IIbI. XOTs XOJIOAHOE OKOHYAHHE XUMHUYECKOTO PaBHOBECHUS
Y M30BITOYHBIE KOHIECHTPALMH KUCIOPOAa CIIOCOOCTBYIOT OKHCICHHIO 10 TPH-
OKCHJIa, CKOPOCTh PEaKIUW MEIJICHHAs W, KaK MPaBUIO, TONbKO ~2—4 % cephl
OKHCIIIETCS 10 TPHOKCHIa. B 00xacTh ropeHHWs TPHUOKCH][ CEPhl pearupyer
C BOJISHBIM MapoM C 00pa3oBaHHWEM CEpHOW KHCIOTHI, y KOTOPOW TOUYKa POCHI
3HAYUTCIIbHO BBIIIC, YEM Y YUCTOM BOJHI.

T'anozenosvie kucnomost. HexoTopble W3 OpraHMYECKUX COCIUHEHHH Talio-
TCHOB OKAa3bIBAIOT TOKCHMYHOE, KAHIIEPOr€HHOE WIIM WHOE OMacHOEe BIMSHUE Ha
3mopoBbe. Kpome Toro, kucible rasbl, 00pa3ylomuyecst BO BpeMsi CrOpaHus, SB-
JISIOTCS CHIIBHBIMH KHCIIOTaMH, KOTOPBIE MOTYT BO3J€CTBOBATH Ha METaJLIbI
(manpuMep, B KOTJIaX) U OYSHb KOPPO3HIMHBI B BOJHBIX PACTBOPAX B CKPyOOepax.
XJ0p U coiisiHas KMCJIOTA, KaK MpPaBUJIO, OTHOCATCS K YHCIy CaMBIX Ba)KHBIX
YJIEHOB 3TOTO CeMeHCTBa, XOTs (Top, OpoM, O M UX KHCIOTHI MOTYT CO3/1aBaTh
Oonee cepbe3Hble MPOOJIEMBI IPH pacueTe W MPOEKTUPOBAHUU CHCTEMBI Cropa-
HUS, €€ DKCIUTyaTallid W OpPTaHMW3aldd KOHTPOJS HaJ 3arpsA3HSIONMME Belle-
CTBaMH.

[MpuHnunuaneHas GopMmyia peakiu CKUTaHHS YTIEBOJOPOJOB, COJCpXkKa-
KX HAanbOJIee PacIIpOCTPaHEHHbIH TajoreH (XIOpH):

C,H,Cl, +x0, - xCO, +zHCL+(%)HZO. (10)

XTOpUpPOBaHHBIE COEIUHEHNS TAK)KE OKa3bIBAIOT KOMIUIEKCHOE BO3/IEHCTBHE
Ha oOpazoBanne NO u3-3a B3aMMOJIECHCTBUS psia PEaKIMOHHBIX IPOIECCOB.
OHu MoryT yMeHbIINTH 00pa3zoBanue TeroBbix NO, HO yBEIMUUTH KOHIICHTpA-
o 6eicTpeix NO [5].

Hoaumepeor. TlonumMepsl KIACCUPUITUPYIOTCS HA KOHICHCAIIMOHHBIC U aJIH-
TuBHble. KOoHIEHCAIMOHHBIE TOMMEPhl (OPMUPYIOTCS U3 MOJU(PYHKIHMOHAIb-
HBIX MOHOMEPOB PA3INYHBIMHU PEaKUUAMHU KOHJIEHCAIlUH OPTaHMYECKOM XUMHU
C YJAJIEHUEM HEKOTOPOH Majoi MOJIEKYJIbI, TAKOW, Hanpumep, kak Boja. Ilpu-
MEpOM KOHJIEHCAIIMOHHBIX IOJIMMEPOB SIBIAIOTCS MOJIMaMHUbI, 0Opa30BaHHbIE
13 TUaMHUHOB U TUKUCIIOT C YAAJIE€HUEM BOJBI:

(mH,N—R = NH,) + ("HO,C -~ R'= CO,H) -

—>H—(—NH—R—NHCO—R'—CO—)—OH +(2n—1)H20). (1)
Takas ¢opma moJaMMEpHU3aLUM B MPOLECCAX CKUTAHHUS OTXOAOB pacipo-
CTpaHEHa, MOCKOJIbKY B HUX YacTO NPHCYTCTBYIOT HEHACHILLICHHBIE YTIEBOA0PO-
Il M PA3IIMYHBIE KUCIIOTHI, KOTOPBIE MOTYT PEarupoBath C OJUMEPaMHU.
AIUTHBHBIE MOJMMEPHI 00pa3yroTCs U3 HEOMEPOB 0e3 MoTepu Majoi Mo-
JeKyJbl. B oTaMune oT KOHOCHCAIIMOHHBIX IOJIMMEPOB, MOBTOPSIOIIEECS 3BEHO
AAIUTHBHOTO MOJMMEpPA UMEET TOT JK€ COCTaB, YTO M MOHOMep. OCHOBHbIE af-
JUTHUBHBIE MTOJUMEPHI MOSBIIIOTCS MPU MOJMMEPU3AIMA MOHOMEPOB, COAEpIKa-
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HIMX JBOHHYIO CBSI3b «yTIepoll — yraepo». OObIYHBIM PUMEPOM aIUTHBHOM
MOJMMEPH3AIIUH SBISIETCS TTIOJIMMEPU3AIIHS OJTHMBUHUITXIIOPH/IA.

Casxca coctouT 3 cepuvecKuX HAHOUYACTHUI SJIEMEHTApHOTO YIiepoAa
(mepBUYHBIX YacTHII) ¢ quaMeTpoM B nuanasone ot 5 mo 100 um. Takue HaHO-
YaCTUIIB TEHEPUPYIOTCS MyTEM KOATYJSIUH, POCTa TMOBEPXHOCTH, OKUCIICHHUS
U KOaJIeCUEHIMH MPEKYPCOPOB YacTHll pazmMepoMm Menee 3-5 HM. Caxa dopmu-
pyeTcs B OOTaThIX TOIUIMBOM YCJIOBHSX, B KOTOPBIX YTJIEBOAOPOIHbIE (hparMeH-
ThI UIMEIOT OOJIBIYIO BEPOSITHOCTh CTOJKHOBEHHSI JAPYT C IPYTOM W POCTa, a He
oxucisrores 10 CO, H,, CO, u H,0. B cocrosiHiu paBHOBECHs OHA CYIIECTBYET,
koraa C/O npesbimaer 1,0. B nuddy3nonHom miamenn caxa obdpasyeTcs qaxe
IpH U30BITKE BO3MyXa, MOCKOIBKY ACHHUITUT KHCIOpOaa BCerma OyaeT oOHapy-
JKUBATHCS HAa TOTUTUBHOM CTOPOHE PPOHTA MITAMEHH.

OO6pa3zoBaHue CaxH — 3TO CIOXHBIH XUMHYECKHU Ipolecc, B KOTOPOM
YYaCTBYET OOJIBIIIOE KOJIUYECTBO PA3NUYHBIX BEIIECTB, TAKMX KaK alleTHJICH,
O€H30JI U MOJULHUKINYEcKHe apomarnueckue yrieBogopoabl (ITAY). TTockoins-
Ky [TAY sBIsIOTCSI mpeKypcopamMu cakd, 0a30Boe NMOHUMAaHHE MEXaHH3Ma ee
(GbopMHPOBaHUS JODKHO HAYMHATHCS C MOHUMAHHS MEXaHW3Ma BO3HUKHOBE-
Husi [TAY. M3BecTHO, 4TO aleTuieH oOpa3yeTcss B OONBIIUX KOHIIEHTPAIUSIX
MpU COKUTaHUH, 00OTAIICHHOM TOTUIMBOM, M €r0 TOoJIMMepHu3alus BeaeT K dop-
mupoBanuio I[TAY [3]. OHo HaunHaetcst 1160 ¢ pasnoxenus C3Hy, 1160 ¢ peak-
muu CH wim CH, ¢ C,H, no CsHs, xoTopbrii MoxxeT 00pa3oBBIBATH MEPBOEC
koutbIio (6er3om CgHg).

I'mobanbHO (GOPMUPOBAHME YACTHUI[ CAXKKH MOXHO pa3[elUTh Ha JBa JTa-
na (puc. 5): MoJeKysIpHBIE peakiuu (MOJCKyJsIpHas 30Ha); Gu3ndeckue mpo-
IIECCHI POCTa YacTHIl (MApPTUKYIAPHAS 30Ha).

MornekynspHas 30Ha

Anundatuyeckoe Maponuz Manble Mepeoe
_— _— —_— -
TONNUBO pagukanel nay =»

. apomMaTuyeckoe
OMcIMTENBHBIA TononHutensHan P Poct
nuponua peroMEMHALMA konsLo koneu

lMapmukynsipHasi 30Ha (Yacmuuabl)

Hyxneauma KoanecueHuus MepenuHble Armomepaus
— _——— —_—
b —— Hyknen YacTuuI Arnomepartbl
PacT nosepxrocTv

Puc. 5. Cxema popMupoBaHus caxxu

Fig. 5. The schematic of soot formation

[IpuBeneHHas Ha puc. 5 KayecTBeHHas: KapTUHA (POPMUPOBAHUS CaXH TMOKa-
3bIBACT pAa3IMYHbIC MPOIECCHl, MPUBOIAIINE K OOpPAa30BAHUIO OKOHYATEIHHO-
ro KOHIJIOMEpaTa €€ YacTUI[. DTH MPOIECCHl MOXXHO OOOOIIMTH CIEAYIONIHM
obOpazoM:

e PaCIIETICHHE MOJIEKYJT TOTUTUBA JIO MEITKUX YTIIEBOIOPOIHBIX PAIUKAJIOB,

¢ oOpa3zoBaHue Oojiee KPYIMHBIX YIIICBOAOPOAOB (YTI€BOJIOPOIHBIX pagnKa-
JIOB) ¥ apOMaTHYECKUX CTPYKTYP B YCIOBHSIX OOraToil TOIUIMBOM CMECH;
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e (hopMHupOBaHWE TIEPBUYHBIX YACTHIl CAXH (3aPOKICHUE YACTHI)) — HY-
KJIEaIHs;

e MIOBEPXHOCTHBIE PEAKIIMH POCTA YACTHUII CAXKH — KOAJIECIIEHIINS;

o 700aBJIeHEe KPYIHBIX (ApOMATHYECKUX) MOJIEKYJI Ha MOBEPXHOCTH YaCTHIL
CaXH — aJINTALHS;

e KoaryJsinus 4acTvll Ca)Xyh B arjioMeparbl U JaJICC B KOHTJIOMEpAThl Ha I10-
BEPXHOCTSIX.

IlepBblii U3 NPUBEICHHBIX ATANIOB OYE€Hb TECHO CBA3aH C MPOIECCOM IOJIH-
MepH3alnd, KOTOPBI MOXET MPOUCXOAUTH BO BPEMs CXHIaHUS OTXOJO0B 0e3
peanu3alyy JajlbHENIINX TAIOB.

Jlnst yrpoIeHust OnMcanus Mexanu3ma popMmupoBanus caxu [11] ero mosx-
HO pa30WUTh Ha JBa OCHOBHBIX 3Tala ¢ HECKOJBKHMH JNOMyIIeHHUAMHU. [lepBoiii
9Tall — MOSABJICHUE 3apPOXKIAIONIMXCSA YacTHIl (HyKiealys). XOpoIo H3BECTHO,
4T0 00pa30BaHHE CaXKH COMPOBOKIAETCS MPUCYTCTBHEM aleTUIICHOB (IMOJIH-
AIlETUJIEHOB) M apOMaTHYECKHX (IOIMApPOMATHUYECKUX) KOJBIEBBIX CTPYKTYD.
[Moka3zaTeabHBIM BHIOM JJIs 3TOrO mporiecca sBisercs anerwied. Torma rio-
OaIbHYIO PEaKIUIO MPeoOpa3oBaHms alleTUIIEHA B Ca)Ky MOXHO 3aIlMcaTh

C,H, > 2C s, + H,. (12)

Btopoii peakieif, OTBETCTBEHHOH 3a 00pa3oBaHUE CaXKH, SBISETCS POCT
MMOBEPXHOCTH 3a cueT ancopoumn C,H, Ha moBepXHOCTH YacTWIl. DTa CTaAHS
MOJXKET OBITh CXeMAaTUYECKH 3aIMCaHa KaK

C,H, +nCs, = (N+2)Cs) + H,. (13)

O6myto hopMyiTy CropaHusi YIJI€BOIOPOIOB B OOTAaTHIX TOILIMBOM CMECSX
MOJKHO OIMUCATh POPMATBHOM UICATN3UPOBAHHON peaKIuei

CnHm+k02—>2kCO+gH2+(n—k)Cs. (14)

Vpasuenue (14) npencraBiseT uacaU3MPOBAHHBIA ciy4dail 6e3 oOpa3oBa-
Hust H,O u CO,. D10 ykas3pIiBaeT Ha TO, YTO TBEPBIA YIJIEPO]] MOSBISIETCS, KO-
raa cootHorrerune C/O > 1.

B atmocdepHBIX cucTeMax CropaHus OCHOBHBIMH WHCTPYMEHTaMH, 3allld-
LIAIOLIMMH OT TIOSIBJICHUS Ca)KH M CMOT'a, SIBJIAIOTCS! BBICOKAs TEMIIepaTypa, JUIi-
TENBHOE BpeMsI IPEOBIBAHNS B 30HE TOPEHHS U Pa3BHTas TypOyIeHTHOCTD [12].
WupiMu cnoBamu, eciau obecrieunts Oojiee ATUTEIbHOE BpeMsl NpeObIBaHus Ya-
CTHII B BEICOKOTEMIIEpATYPHOI 30HE TIPU XOPOIIEeM ITepeMEeIIMBaHIH, TO MOKHO
rapaHTUpoBath okucieHue caxu [5]. K coxaneHuro, 3TH yCIOBUS TaKXKe MOTYT
MpUBECTH K Oosiee BrIcOkoMy oOpazoBaHmio NOy.

Jemyuue opzanuueckue coeounenusn (JIOC) npeactaBistor coboii mo0bIe
OpPraHHYEeCKHe COCAMHCHHUsS, KOTOPbIC MOCNE MOMaJaHus B aTMocdhepy MOTyT
OCTaBaTbCsl B HEH B T€UEHUE AOCTATOYHO UIMTEIBLHOTO BPEMEHH, YTOOBI y4acT-
BOBAaTh B (POTOXMMHYECKUX pPEaKIUSIX. BaKHBIM mapaMeTpoM B IpOLEeaypax
OLICHKU KAauecTBa BO3JyXa SIBIACTCS HE TOIBKO 0OIee KOMHUYECTBO BBIACISIC-
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mbix JIOC, HO ¥ UX KOHKpeTHbIi coctaB [6]. Hanpumep, crannoHapHbIe MOpIi-
HEBBIE BUTATENH OONBIIOTO JUaMeTpa, paboTaromuye Ha CKMKEHHOM MPHPOI-
HOM Taze, OyAyT coepKaTb HEKOTOPOE KOJIMYECTBO MeTaHa B BbIxJione. Ho oHu
TaKXe BBIICISIIOT (OPMAaNbIETHA W apOMaTHUECKHE COCAMHEHHs], TaKhe Kak
O€H30J1, TOIYOJI M KCHJIOJN, KOTOPhIE OY€HBb BPEAHBI IS OKPY>KAOIIEH CpEeIIbl.
[TosTOMY mpencTaBisieT HHTEpeC, Kak OHU TeHEPUPYIOTCS U TI0YeMy He YHHUTO-
JKAFOTCS B pe3yJIbTaTe IUIAMEHHOTO TOPEHHUSI.

B o0miem, HecropeBine yrieBoIOPOAbI SBISIOTCS CIEACTBHEM JIOKAIFHOTO
3aTyxaHus TamMeHd. Pasznnuaror nBa s¢ddekra: 3aTyxanue minamenu aedopma-
Uel U 3aTyXaHue IUIaMeHH y cTeH U B melsix. O0bsicHeHune 3Tux 3¢ dekros mo-
JIpOOHO paccMaTpUBaEeTCs, HalIpuMmep, B [2].

3ona. OcHoBHasg (opma TBEpIBIX YACTHL[ — HEOPTraHWYECKHE MEITKOIHUC-
nepcHble Tena. OOliee KOIMYecTBO B3BEHICHHBIX YACTHIL MPEICTABISIET cOOOM
MPEUMYIIECTBEHHO OTHOCUTEIFHO HHEPTHYIO 30JIy: CMECh HEOIaCHBIX COeTUHE-
HUi{, B OCHOBHOM COCTOSIIYIO U3 KPEMHUS, aJIIOMUHUS, KJIbLHS, JKeJle3a U KUcC-
nmopoaa. OgHAKO JOJI0 BEIOPOCOB MPU CTOPaHUHM OTXOJIOB COCTABIIAIOT M TSKE-
JIBIe METaJUTbI: CBHHEI, PTYTh, KaIMUH, MBIIIBIK U JIPYTHE DJIEMEHTHI, KOTOpPEIE
MOTYT OKa3bIBaTh 3HAYUTEIbHOE TOKCUYECKOE, KaHIIEPOTe€HHOE M WHOE BO3JCH-
CTBHE Ha 3JI0POBbE.

Kornma tomnmmBo cropaeT, BBIAENSAIONIUECS W3 HETO 30JI000pa3yloliue dJe-
MEHTHl TPOXOIAT pa3jinuHble MyTH peakuuu. [locie momazaHus B Kamepy
CrOpaHHs YacCTHIBl TOIJIMBA OBICTPO HArpeBaloOTCs U BhICHIXaroT. [locne 3toro
HAYMHAETCS MTUPOJIH3, T. €. OPraHWYECKHE JIETy4re BEIECTBA BEICBOOOKIAAIOTCS
U3 TOIUIMBA U CrOpPAalOT BUAMMBIM IilaMeHeM. Ha 3Toil cragum BMecTe ¢ razamu
BBIZICIISIFOTCSL HEKOTOpPbIE peakTUBHBIE 30i7000pa3yromue anmeMeHTs. C 3Toro
MOMEHTA U Jlajiee HAauWHAETCS TOPeHHEe KOKCa.

[lepBU4HBIE YaCTUIBI 30JI6I COCTOAT U3 HEOPTaHUUECKUX MM OPraHMYECKHX
yacTHIl 00 WX KOMOWHAIMH. ASPO30JIM TOPEHHS SBISIOTCS MYJIbTHMOIAIb-
HeIMHA. CaMble MeITKHe YacTHIIHI TOSBISAIOTCS B pe3yJibTaTe MpeBpalleHns rasa
B YaCTHUIIBI U 00pa3yroT HyKJIeu (sapa) wiv HaHodacTulbl. OHH PacTyT MyTeM
KOAaryJsliy W yBEIMYCHHS MMOBEPXHOCTH B pEeKMME HakoruieHus. boiee kpymn-
HBbIE CBEPXMHKPOHHBIE YaCTUIIBI 00pa3yIOTCsS M3 HEOPTaHWYECKOTO MaTepHana,
MOCTYTAIOIIETr0 B TBEPAOH MM KUIKOH (ha3e ¢ TOIUIMBOM, U HA3bIBAIOTCS OCTa-
TOYHO# 305101 TBepabIX dacTuil [9].

Jns mornmanust ¢popmupoBanus [[AY mpu cropanuyd BaXXHO 3HaHHUE dJie-
MEHTapHBIX peakuuid, 00pa3yIomux MepBoe apOMaTHIECKOE KOJbIIO. DTH peak-
AW SABIIIOTCS O0BEKTaMHU JeTaIbHOTO M3ydeHus. O000menHas cxema odpa3o-
BaHUS JIETy4Yel U MOIOBOM 30JIbI IOKa3aHa Ha puc. 6.

dopMupoBaHHE TBEPAOTO OCAIKa MOKHO MPEACTABUTH YETHIPbMS Hauboee
Ba)XKHBIMHU 3TallaMH. 00pa3oBaHHUE 30J1bl, IEPEHOC YaCTHUI] 30JIbl WK 30J1000pa-
3YIOIIETO COCTaBa Ha MOBEPXHOCTH, aJre3Ms YaCTHUI 30JbI K TOBEPXHOCTH; KOH-
CoNMIanus ocaaka.

CriocoOHOCTh YacTHUI[ 30JbI MPHJIUNATh K MOBEPXHOCTSM CHIIBHO 3aBHCHT
OT TeMIepaTypsl U GU3NIECKOTO COCTOAHUS. Pacna B yacTuiie 307161 AEHCTBY-
€T KaK IPWINIAIoIIee BEIIeCTBO U Beell yacTuipl. C TOUKK 3pEHUS JTUIKOCTH



10. I1. Apmonvuux, P. lpézep, X. Xabepghenvnep, M. ITuxnep, [I. Kocmuy, I'. B. Mopos
538  KoMmOuHMpPOBaHHOE CXKMIaHKE TIOTOKOB PA3IIMYHBIX IIPOMBIILUIEHHBIX OTXO/OB B TOIKAX. ..

OoJbIIIOE 3HAYCHUE MMEET TeMIlepaTypa, pu KOTOPOI MPHCYTCTBYET JOCTATOY-
HOE KOJIMYECTBO PacIlIaBa, YTOOBI NMPHUKIEUTHh YACTUILy 30JbI K IOBEPXHOCTH.
Temnepatypa, npu kotopoi 15 % xoHaeHCHpOBaHHOH (hasbl, T. €. CyMMBI KH-
KOM M TBepO# (a3, pacIuIaBIeHO, OIPENeNIeTCs] Kak KpUTHYECKas: TeMIIepaTypa
JIMIIKOCTHU B OTJIOKEHHSX KOTJIA-yTHIM3aTOpa.

8=0,1-1,0 um

30112, OTI0KHUBIIASCS
Ha yacTulax
MHHEPAJIOB,
WM T10II0Bas 30J1a
3 =1-100 pum
Puc. 6. Cxema 00pa3oBaHusl 30J1bI

Fig. 6. The schematic of ash formation

301bHBIC OTIIOKEHHS BBI3BIBAIOT OCOOCHHO CEphE3HBIC MPOOJIEMBI B KOTIIAX.
Pa3nuuatoT aBe GOPMBI IPOIIECCOB OCAKICHHUS 30JIBL: IIIAK U 3aTrpsI3HEHHE.

LlInak OTHOCHUTCS K OTJIOKEHHUAM, 00pa3yIOmUMCs Ha y4acTKax KOTia, MoJ-
BEPKEHHBIX BO3JCHCTBHIO B OCHOBHOM JIyYHCTOW TEIIOTHI, TAKMX KaK CTEHKH
KaMepbl cropanus. lllnakoBble OTIOXKEHHS QOPMUPYIOTCA U3 YACTHUI[ PACILIaB-
JICHHOHM WMJIM HAIlOJIOBHHY PACIUIABICHHOM 30JIbI, KOTOPBIC NMPWINNAIOT K TOps-
yuM cTeHKaM Tonku. OHM He 00pa3yloTcs cpasy Mocie 3amycka KOTja, a Mel-
JICHHO HAKAIUTMBAIOTCS TOclie POPMUPOBAHUS HAYAIBFHOTO CIIOSI Ha CTEHKaX.

[lonsATHE «3arps3HEHHE» HWCIONIB3YeTCs IS XapaKTEPUCTHKH OTIOXKEHHHH,
MOSIBIISIIOIIMXCSL Ha KOHBEKTHBHOM IIPOXOZE, HampuMep Ha TEeIIOOOMEHHBIX
Tpybax. B aToMm ciyuae oTiIOKeHHsS 00pa3yroTcsi HEOPraHHYECKHMH IapamH,
KOTOpBIE KOHJCHCHPYIOTCS Ha OTHOCHUTEIBHO 00Jiee XOJOIHBIX MOBEPXHOCTSIX
TpyO Ter1ooOMeHHHKa.

XOTsl MeXaHU3MBI ()OPMUPOBAHUS [IJIAKA U 3arpsS3HEHMS HE OJJMHAKOBEI, 00a
TECHO CBSI3aHBI C TEHACHIMEH KOMIIOHEHTOB TOIUIMBHOW 30JIbI TUIABUTHCS HIIH
UCTIAPATHCS TIPH HU3KHUX TEMIIepaTypax.

VYcnoBus cropanus, Takue Kak Temreparypa u atMocdepa, BIHUSIOT Ha JIeTy-
4ecTh M B3aMMOJICHCTBHE HEOPTaHWYECKUX KOMIIOHEHTOB TMPH CrOpPaHUH
U OXJIAKAEHHM Ta3a, 4To, B CBOIO OUYE€pe/b, ONpPEAENseT COCTOSIHUE, pa3Mep
U pacrpesie]ieHue TBEPAbIX YaCTHIl U KOHJACHCHPOBaHHOHU (a3wl 30ibl. [Ipome-
KYTOUHBIE YaCTHIBI TPAHCIIOPTUPYIOTCSI C Ta30BBIM IOTOKOM HYepe3 CHUCTeMY

CTOpaHus, B TEUECHHUE dTOTO BPEMEHH Ta3bl M 3axXBaueHHAs 30j1a OXJIAKIAFOTCS.
Ocaxaenne, KOPPO3us U 3PO3Us MIPOUCXOJIAT, KOTJA MPOMEKYTOTHBIC YACTHITBI
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30JIbl TPAHCIIOPTHPYIOTCS Ha MOBEPXHOCTh TEIUIONEpeadr, pearupyroT ¢ Mo-
BCPXHOCTHIO, HAKAIIJIMBAIOTCA Ha Heﬁ, CIICKAIOTCA U YIIOTHAIOTCA.

BCHC}ICTBI/IG BAXXHOCTU TEMIICPATypPhbl IUIABJICHHA 30JIbI IPOTHO3MPOBAHUC
Havaya IniakoobpazoBanus (paciyIaBIeHHs 30I1bI) M 3arpsA3HEHMs (HAKOIUICHIS
pacIuIaBIeHHBIX OTIOXKEHHH) OBITIO M OCTAaeTCs aKTyaJbHOM MpoOIeMOn st
TEXHOJIOTOB MO TOIUTUBY. [TOCKOJIBKY 30J1a COIEPKUT CEMb OCHOBHBIX M MHOXeE-
CTBO BTOPOCTEIICHHBIX COCTABIISIONIMX B HECKOJBKUX COTHSX Pa3IMYHBIX MUHE-
PaJIbHBIX COCTABOB M KPUCTATMYECKUX (DOPM, aHAIU3 MPOOIEMBI OTIOKEHUN
U pa3paboTKa HaEKHBIX WHCTPYMEHTOB MPOTHO3UPOBaHHS 3aTpyaHeHbl. Crie-
JIOBaTENIbHO, HaYaIbHasl TeMIieparypa JedopMaliu mpu ONpeIeICHUH TeMITepa-
TYpBI TUIABJICHUS 30JIbI SIBJISAETCS OPHUCHTHPOM MPH YCTAHOBJICHHU BEPXHETO
npezena pabodel TeMnepaTypebl.

BBIBO/IbIL

1. IIpoBeneHHBIN aHATN3 MEXAaHU3MOB TEIUIONIEPEayr B TONKE KOTJa MPH Of-
HOBPEMEHHOM C)KUTAaHUH HECKOJIBKHX MOTOKOB MPOMBIIIIEHHBIX OTXOAO0B ITOKA3bI-
BACT, YTO MpH Temieparypax nponecca Hike 600 °C ocHOBHO BKJIaJl BHOCUT KOH-
BeKIus, a npu Temreparypax Boime 1200 °C — paananiioHHBII TETNIO0OMEH.

2. OnpenesneHa 3aBUCUMOCTh MaKCHMaIbHOTO M3ITYYCHHUS B TOIKE KOTIIA JIJIsI
Pa3MYHBIX TOIUIMB OT 3HAYEHHS COOTHOIICHUS MAacCOBBIX JIOJIeH yriepoja
u Bonopoaa (C/H).

3. BulzienieHbl OCHOBHBIC 3arps3HSIONINE BEHISCTBA MPU CTOPAHUH MTPOMBIIII-
JICHHBIX OTXOJIOB M OIPEAETICHbl MEXaHU3MbI, CXEMbI PEaKIUi U 3Talbl UX 00-
pa3oBaHUs B 3aBUCHMOCTH OT XHMMHYECKOTO COCTaBa TOIUIUB, TEMIEPATyphI
nporecca 1 Ko3hurenTa n30bITKa BO3AyXa O.

4. TlokazaHO, YTO CIIOCOOHOCTH YAacTHI] 30JIbI NPWIMNATE K MOBEPXHOCTSIM
YCTPOHCTB TEMI000MEHA CHIIBHO 3aBHCHUT OT TEMIEPaTyphl U (U3MYECKOTO CO-
crosiHus. PacrnaB B yacTuiie 305161 ACHCTBYET KaK MPHIUIAOLIECE BEIMISCTBO IS
BCEH YaCTHIIHI.
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