b. M. Epwos, II. M. Craanux

O POJIH MAKPOKHHETHYECKHX ¢$AKTOPOB
B NMPOUECCE OKHCJIEHHS METAHA B ®OPMAJILOErHJ

Oxucaenie mMeTaHa c Ueablo noaydyeHHst ¢dopManabaeriaa
npejcTasssieT cob60i0 BecbMa CJOKHYlo 3aaauy. [laxke npu
HaJHYHH JOCTATOYHO CEJEKTHBHOTO H MpPOH3BOAHTEJb-
HOrO KaTaJjii3aTopa, ynpaBJjeHHe [MpoLecCOM OKHCJEeHHs
npeactaBisieT OoJibLIHE TPYAHOCTH. ['eTeporeHHo-roMoreH-
Hasi npHpoaa MeXaHH3Ma peakUHH oOycaaBJHBaeT OUEHb
60J1blLYI0O 33aBHCHMOCTb €ro KHHETHKH OT pas3JIHuHbIX Mak-
podaKTOpPOB.

Psinom paboT nokasaHo, YTO NMPH NOJb30BAHIH MOPHCTHI-
MH KaTa/JH3aTopaMH KHHETHKa Mpoliecca OKHCJEeHHsI OKa-
3bIBaeTcsi BeCbMa 4yBCTBHTEJAbHOM K YCJOBHSIM AHPPY3HH
pearypyiollHX BeLIeCTB K MOBEPXHOCTH KaTaJjH3atopa. B
3TOH CBSI3H OTMeuyaeTcsi HEMOCTOSIHCTBO BeJIHUHHbI MOpsd-
Ka peaxuHH, TeMnepaTypHoro kosdHuueHTta, [l, 5] 3Haye-
HHsl BEeJIHYHHbl 3HEPrHH aKTHBAUHH H T. M.

OcHoBHast TpyAHOCTb OKHCJEHHsi MeTaHa B (opMaJb-
AerHa cBsi3aHa C HeOoOXOAHMOCTbIO MpefoTBpallleHHs J0-
okHcsennst ero B CO2 1 Boay. Karanusatop, o6ycaaBnnsa-
IOLUHA nosiBjeHHe (¢opManbierHaa, o6bIYHO KaTaJH3HpyeT
[2] n npouecc AanbHedwero okucaenus CH,O. [To3atomy
HeoO6X0AHMO CO31aTb TakHe YCJOBHf, NMpH KoTopblx ¢op-
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MaJibJaerHm, SIBJASIIOLUIHICSA MPOMEZKYTOUHbLIM IIpOAYKTOM
DeaKUHH,

CPh*‘:‘C]‘iQO—}COQ

HaXoAHJ/ICsl Obl MMHHHMAJbHOE BpPEMsI B KOHTAKTe C KaTaJH-
3aTopoM. IIpOTOYHO-UHPKY/SLLHOHHLII pPeakTop, MNpeao-
KeHHbI  TeMKHHBbIM € COTPYAHHKaMH [3], MOMOJAHEHHDbIH
3aKaJjJouHbIM ycTpolicTBoM [4], nosBoana Gojiee TOHKO H3Y-
YHTb OCOOEHHOCTH Ipollecca OKHCJeHHsi MeTana. Ha Ta-
KOM  [POTOYHO-UHPKYJIALHOHHOM 3aKaJOYHOM peaKkTope
MBIl H3YUHJIH BJHSIHHE HEKOTOPbIX MaKpohakTopoB Ha Mpo-
LleCC OKHCJIEHHs1 MeTaHa B (opMaJbjJeruj Ha CHHTE3HDO-
BaHHOM HaMu amomocmuhamom KaTa/JH3aTope C coJepKa-
HHEeM Al 203 — 1,50% M yZaesbHOII MOBEPXHOCTHIO paBHOH
485 Mm%

OﬂbITb] MIPOBOJH/IHCH B NMPOTOYHO-UHPKYJASILHOHHOH yCTa-
HOBKe, H300parKeHHo# Ha puc. I.

Peaktop npeacrasasn coGoio KBapuesylo TpyOy AJIH-
Hoit 500 mm, c BHYTpEHHHM. fuamMeTpoM 38,2 . BepxHss
ero yvactb (1) aaunolo 290 mam, npeaHaszHayeHHas AJst
npeiBapHTeabHOTO oforpeBa peaklHOHHOH cMecH, CcHabke-
Ha HHXPOMOBOH 0O0OrpeBaTe/bHONH CMHpaJblo. HuKHSASL
yactb AJHHO 60 ma, rae nomeluadcsi kataausatop (2),
oborpeBasach IJIATHHOBOH cnHpaJablo. Temneparypa npej-
BapHTEJbHOrO 00OrpeBa 3amepsjach XpoMe/lb-aJloMeaeBoi
TEepMONapod, a KaTajgH3atopa — NJAaTHHO-NJATHHOPOAHE-
BOH TepMonapoi.

Karanusatop, B Buae rpanys, yaep>kuBaJscsi Ha ¢apdo-
POBOH CeTKEe C MHOTOYHCJEHHBLIMH OTBepcTHAMH. McxomHas
MEeTaHO-KHCJI0pOAHAasA CMecChb OINpeleJeHHOro cocTaBa BBO-
JHJ4Ch B pEakTop uepe3 naTpyOoK (4) H BbpIBOAH/IACh Ye-
pe3 oTBOA (5). 3akajoyHas Bo/Ja, 3ajMBaeMasi B YCTaHOBKY
B KoauuectBe 300 s, NHPKYJAHPOBaJ/ia Ha NMPOTSKEHHH BCe-
ro omnbiTa, BBOAHJIAachb uyepe3 naTtpybok (6) u BbIBOAHJIACH
yepe3 BbLIBOA (7) CTEKJAHHBLIM IHPKYJSILHOHHBIM HaCOCOM.
Penupkyasuus MeTaHO-KHCJOPOJHOH CMeCH uyepe3 peakTop
obecneynBasach LeHTPOOEIKHBIM LHPKYJIALHOHHBEIM HACOCOM
(8). CxopocTh UHPKYJAALHH CMECH BO BCEX OMNbITaX, KpOMe
ONBITOB IO H3YUEeHHIO BJHSHHST CKOPOCTH peLUpKYJIsUHH Ha
BBIXOJ LEJIeBbIX NMPOAYKTOB, MOAAEpIHBaJach NMOCTOAHHOH
W =3 2/MUH, 2 CKOPOCTH TOJAYH €€ B PeakTop Bapbupoaa-
nach or 0,0417 almun po 0,366 a/mun.
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Puc. 1. CxemMa npoTOUHO-LLHPKYJSUHOHHOIO peakTopa.

JlauHbiii peakTop ABJAsieTcsl Oe3rpajHeHTHbIM IO KOH-
LIlEeHTPALHAM pearHpyloulHX BelIeCTB Ha BXOJEe H BLIXOAE
CJ1051 KaTaJaH3aTopa.

KoauuectBo ¢opManbieruia, obpasylollerocsi B Kaxk-
JIOM OIbITe, ONPEAe/soCh THAPOKCHIAMHHHBIM Croco6oM,
nyTeM aHa/JHM3a 3aKaJouHOil BOAbI, KOHAEHCATOpPa H BOJHL,
coZepIKaBLIEHCST B APEKCEJbHBIX CKSHKAX, Yepe3 KOTOpbie
MPONyCKaAHCh BBIXJOMHBIE Ta3bl H3 peakTopa.

AHanH3 MEeTaHO-KHCJOPOAHOH CMECH H BBLIXJIOMHBLIX ra-
30B OCYILECTBJfICA C TMOMOILLIO rasaHanusaropa BTH,
Kotopulit noasoasa onpeaensite COs, O, CO, H,, CH,.
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Bce onbiThl MPOBOAHAMCH € TPHPOJHBIM Ia30M, COAEp-
JKaHHe MeTaHa B KOTOpPOM coOcTaBjsano 98 oOGbeMHbIX NpPO-
1eHToB. MeTaHO-KHCJOpPOAHAs CMeCb TOTOBHJAaCh H3 pac-

CH
cyera ——— = 2.

0,
TemnepaTypa npeaBapHTenbHOro o6orpeBa BoO BCeX
oneitax — 540°C, 3axkaqouyHoil Boabl — 30°C.

B nepBoi cepHH onbiTOB Gblia onpejiejeHa ONTHMAaJb-
Hasi BbICOTA CJIOS1 KaTaJsiH3aTopa, ofbecrneuHBalolnass Haubo-
Jiee BbICOKHE 3HAUeHHS CeJIeKTHBHOCTH H KOHBEPCHHM MeTa-
Ha. OnbiThl CTaBHJAHChL NpH TeMIepaType KaTtaJd3aTopa
560° M CKOPOCTH moJauH cMecH 5 a/uac.

Januble no 3aBucumMocTH BuixogoB CHs; u CO,; oT BbICO-
Tbl CJIOSl KaTajH3aTopa NpeACTaBJeHbl Ha pPHCYHKe 2 B KO-
OpAHHATaX:
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Pic. 2. 3asucimoctb CH, 1 COz OT BBHICOTHI CJIOfI KaTaH3aTopa.
3uakuX H A o06o3HauyeHbl 3HayeHHs CH,O u CO, B mpoueHTax
[0 OTHOIIEHHIO K NpOnyLleHHOMY MeTaHy. y
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ITpouent npespamenusi B CO, u CH,O B paccuere Ha
TMPONYILEHHBLIH MeTaH — TOJLHHA CJIOS KaTajaH3aTo !a B
mm. Kak BHAHO H3 NMPHBEJEHHOTrO PHCYHKA, C yBeJHYEHHEM
TOJWHHBL cjosi ot 10 no 60 mm Beixod .¢opManbierdiaa
Bo3pacraeT. [lajbpHelillee yBeJHUEHHE TOJILIHHBI CJOs MPH-
BOJHT K pe3KoMy cHHzKeHHI0 KoauyectBa CH,O. Brixonsl
CO: (kpuBas 2) npomoJ’KalOT PAacTH C YBeJHYEHHEM CJOS
KaTtajHsatopa. M3 3Toro cneayer, UTO OKHCJEHHe MeTaHa
HaHboJsee Lesecoobpa3Ho NMPOBOLHTL NPH BLICOTE CJIOS Ka-
Taau3atopa = 60 ms, T. K. B 3THX YCJOBHSX NOOKHCJEHHE
CH;O B COy u HyO meHee BeposiTHO.

Bausinue TeMNepaTtypbl KaTaJdH3aTOpa HaA BLIXOXA neJse-
BbIX MPOAYKTOB NpPH CKOPOCTH MOAAYH CMecH 5 s/dac no-
Ka3aHo Ha pHCYyHKe 3 B KoopaHHatax: Buixox CO, v CH,O
B MOJfX Ha JHTp—TeMnepatypa KaraJjHdatopa. [lpuBe-
JeHHble KpPHBble MNOKAa3bIBAIOT, UTO C POCTOM TEMIEpPAaTYphbl
yBeaHuHBalTcs Bbixoaa Kak CO,, tak u CH,O. MakcHMyM
Ha KPHBbLIX He Habaloaaercs. [IoBHAHMOMY 3TO OGBACHAET-
cs1 3(hheKTHBHLIM JIEeHCTBHEM 3aKaJiKH. :
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Puc. 3. 3asucumocts seixona CO, u CH,0 ot TeMnepaTypel Ka-
Tanu3aTopa. OGo3naueHHst Kak W B NpPeAbiiylueM pPHCYHKE.
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BecbMa BaKHLIM GBIIO BLISICHHTD XapakTep 3aBHCHMO-
CTH BbIXOJA NPOJAYKTOB PeaKkUHH OT CKOPOCTH peUHpPKY.Is-
UHH = DEAaKUHOHHON cmecH. Temneparypa KaTaJH3atopa
660°C, ckopoctb nopaun cmecu 5 a/«ac.
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Puc. 4. 3apucumocts Bmixoga CO, u CH.O or CKOpPOCTH pe-
UHPKYAAUHK peakuHoHHOM cMmech. O6o3naueHHs npeHHE.

Kak cienyer M3 Xoma ‘KpHBBIX pHC. 4, MOCTPOEHHBIX B
KoopAuHaTax: Bbixog CO, u CH,O B npoueHtrax Ha Npo-
NYUIEHHBI! MeTaH — CKOPOCTb PEUHPKYJSLUHH B JHTpPax 3a
MHHYTY, NDH CKOPOCTH peuHpKy/asiuud W paBHOH HYJIO
(kpuBas 1) ¢dopmaiabierHi B NPOAYKTAX peakuHit He 00-
Hapy:kHBaercsa. KoanuectBo CO, mpu TaKoi CKOPOCTH CO-
oTBeTcTBYeT MakcHMmymy. [losiBneHHe ¢opmanbiaerujia Ha-
6atonaerca npu W >0. IToavem xpusoit (1) Bbixoma ¢op-
MaJibJleriaa cooTBeTCTBYeT cnany Kpupoit (2) Bbixoga COs.
Hauunas co ckopocts W =3 a/sun xKonuyectBo o6pasyio-

76



uwerocs opMmaabaeriga mMajo 3aBiHcHT ot W. Orcioga Buj-
HO, HACKOJBbKO Bar<eH ﬂpOTO‘{HO-I_Lle\'y.HHLLHOHHbli"l MeTod B
HCCJe/IOBAHHH MeXaHH3Ma OKHCJeHHs MeraHa. JlefcTBH-
TEJbHO, HMesl XOPOLUHH KaTaJH3aTOp OKHCJAEHHsI MeTaHa
B (hopMasbAerdi, B YCJIOBHSIX NMPOTOYHOrO MeTOAa MOIKHO
COBCEM He HMeTb (hopMaJibierHia B UHC/Ae MPOJYKTOB pe-
AKI[HH.

Becema Gosbluoe BaHsiHHE Ha Ka4eCTBEHHBIH H KOJHYe-
CTBEHHBIH COCTaB NMPOJAYKTOB pEaKIHH OKAa3bIBAET pacCTosi-
HHEe 3aKaJloOUHOH NOBEepPXHOCTH OT Kataaudartopa. HMccieno-
BaHHe NPOBOJAHJIOCE NPH TeMnepaType KartaauzaTtopa=660°,
V nopauu cmecu=>5 a/4ac. J{aHHble 3TOH CEpHH NpeACTaB-
JeHbl Ha pHCYHKe 5.
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Pne. 5. 3asucumocts CO; u CH,O oT paccTtosnHa 3aKalouHoilt
MOBEPXHOCTH A0 Kartaausatopa. OGO3HaueHHs1 TNpexHHE,

KpHBble TPHBEJEHHOTO PHCYHKA: MOCTPOEHBLI B KOOPAH-
Hatax: npoueHTt npespauerisi B COp; CH,O B pacuere Ha
NPONYyLUIEHHbIH MeTaH — pacCTOsIHHE 3aKaJOYHOil TOBepX-
HOCTH OT Kartaausatopa B sa. Kpupasa (1) mpeacrasaser
laHHble MO BhIxojaM ¢dopmanbiernaa, kpusas (2) — CO,.
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B33MMHOC pacrnoJjiorkeHHe KpPHBBIX TIPHBEIAEHHOro pH-
CyHKa MOKa3biBaeT, UTO B 3aBHCHMOCTH OT PacCTOSHHS 3a-
KaJIOUHOMH MOBEPXHOCTH JO CJOS KaTaJlH3aTopa COOTHOLIeHHe
CQ, : CH;O uaMmeHsiercsi. DToO MOKHO OOBSICHHTH JHUB C
FeTepOreHHO-TOMOTEHHBIX [IpeJcTaBJeHHiI MexaHH3Ma Ka-
TaJHTHYECKOrO OKHCJIEHHsT MeTaHa. Tak, mpH GJHM3KOM pac-
TIOJIOXKEHHH TOBEPXHOCTH 3aKaJOuyHOil BOJAbI OT cCJ0f1 Ka-
Tajausatopa (30—40 mm) OCHOBHBIM NPOJAYKTOM peakKiHH
sipyisiercs opMaapperun. C yBeqHYyeHHEM 3TOro paccrosi-
Hug, koandyectBo CHoO pesko cHMI<aeTcsi npu 0OAHOBPEMEH-
HOM HapactaHuu Beixoga CO», KOTOPLIH NPH yAajJeHHH 3a-
KaJIOYHOH noBepXHocTH Ha 60 Mam CTAHOBHTCSI OCHOBHBIM
npoaykrtom peakudH. HecomHenuo, uro CO,, no KpaiHeH
Mepe 3HAUHTeJbHAas ero Yactb, 00pa3yeTcsl BCJeACTBHe JO-
OKHCJIEHHS (opMaabjieruja.

OGHapy:KeHHble HaMH 33KOHOMEpPHOCTH [I0Ka3blBaloT
GOJIBIIYIO POJb Pas3jHYHBIX MaKpo(haKTOpoOB B INpolecce
OKHCJIEHHSI MeTaHa H TMOATBEPXKAAIOT €ro TreTeporeHHO-
TOMOTEHHYIO MPHPOLY.

BuiBoani

1. UayueHo npouecc OKHCJIEHHs MeTana Ha aJIOMOCHJAHKaTHOM Ka-
TaJH3aTOpPEe MPOTOUHO-UHPKYAALHOHHLIM METO/OM, B YCJAOBHAX TNpHMC-
HeHHSI 3aKaJIKH.

2. YcTaHOBJEHO, YTO MPH BCEX MNPOYHX paBHbBIX YCJIOBHAX MAaKCH-
MaJsbHBIE BHIXOMBI - (hopMajibfersjga o6pa3yioTcs Ha CJoe KaTaJH3aTopa
BbicOTON 60 MAL

3. CKOpOCTh PEUHPKYJALHH PEaKIHOHHON CMEcH, KaK H paccrosl-
HHe 3aKaJIOuHOM MOBEePXHOCTH A0 CJOf KaTajlu3aTopa, BechbMa CHJIBHO
H3MEHSIOT KAYECTBEHHBIX M 'KOJHYECTBEHHBIfi COCTAB MPOAYKTOB OKHC-
JIeHHs MeTaHa.
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