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AnHoTaumsi: B pabote npeicTaBieHbl OCHOBHBIC MOMEHTHI ITOJTYyUYCHHS CUHTE3-
raza W3 I[IUPOKONW MaJUTPhl YIJIEBOAOPOJOB PA3IMYHOTO IMPOUCXOXKIICHHUS.
[IpennoxkeHbl  TEXHOJOTMYECKHME  BapuaHThl  MOJy4eHUE  CHUHTE3-raza W3
YIJIEBOJIOPOAHBIX CMECEH.

KiawoueBbie ciaoBa: CuHHTE3-ra3, KaTalu3aTop, KaTaJUTUYECKUE CHCTEMBI,
YTJIEBOIOPO/IBI, TPOAYKTHI MEPEepadOTKH HEDTH.

3amacel TPUPOAHOrO Ta3a Ha Halmied IulaHeTe Beluku. [IpupomHbiii ras
MPEACTABISIET COOOW CMeCh Tra30B, COCTaB KOTOPOW B 3HAYUTEIBHONM Mepe
omnpenenseTcs MectopoxkaeHueM. OiHako B JTI00OM Clydyae OCHOBHBIM KOMIIOHEHTOM
SABJISIETCA METaH, oObeMHasi J10Jis1 KoToporo kosebsercs oT 70 1o 98%. OcrtaiibHbIe
KOMIIOHEHThI — 3TO 3TaH, MpomaH, OyTaH, U300yTaH, HEOPTaHUYECKUE Ta3bl (30T,
VTJIEKUCIIBIA U OaropoaHblii ra3el). Yem OoJibllle OTHOCHUTENbHAS MOJCKYJISpHAS
Macca yriieBOJIOpOoJia, TEM MEHBIIE €ro COJICpXKaHUE B MPUPOAHOM raze. [lomyTHbIi
He(TSIHOM Ta3 pacTBOpeH B HETH WIM HAXOJIUTCS HaJ HEl, o0pasysi CBOeoOpa3HyIo
«ra3oByl0 mamnky». B mpoiiecce goO0brdum HedTH €ro OTACNSIIOT U HCMIOJB3YIOT B
KaueCTBE TOIUIMBA WJIM XUMUYECKOTO ChIpbs. B TMONyTHOM Tra3e CoOIepKUTCS
3HAYUTEIHLHO MEHBIIIE METaHa U OOJIbIlIE €r0 TOMOJIOTOB, YEM B IPUPOIHOM raze. J{is
MPaKTUYECKUX 1I€JIei MOMYTHBIN ra3 pa3iestoT Ha (pakLUuU: ra30Bblil OEH3UH (CMECh
MEHTaHa, FreKcaHa U APYTUX aIKaHOB), IPOMaH-OyTaHOBas ppakius (CMECh MponaHa u
OyTaHa) U Cyxoil ra3 (CX0JIeH M0 COCTaBY C MPUPOIHBIM).

B oprannueckoMm cuHTE3€ MPUMEHSIOT KaK YUCTBIA OKCHUJ| YIJiepoja, TaK U ero
CMECH C BOJOpPOJOM (CHHTE3 — ra3) B 00beMHOM OTHomeHuHu oT 1:1 mo 2 — 2,3:1.
Momnooxkcun yraepoaa CO npeacTasisieT co00i 0eCBETHBIN TPYAHO CKIKAEMBIi ras
(Temmeparypa KoHjeHcanuu npu armocepHoMm gapnenun — 192°C, kpurmueckoe
naenenne 3,43 Mlla, kputnueckas temneparypa — 130°C). C Bozmyxom o6pasyer
B3PBIBOOITACHBIE CMECH B Mpejaenax KoHieHTpamui 12,5 — 74 % (006.). MoHookcu
yriepojia SBJISETCS BEChMa TOKCHYHBIM BEIIECTBOM, €r0 MPEJETbHO TOMyCTUMAs
xonuentpaysa (ITJJK) B NpoHM3BOJICTBEHHBIX HOMEIIEHMSAX cocTapisgeT 20 mr/me.
OOBIUHBIE MPOTUBOTA3BI €T0 HE AJCOPOUPYIOT, MOATOMY MPUMEHSIOT MPOTHBOTA3BI
M30JIUPYIOIIETO TUTIA WJIK UMEIOITUE CTIeIIUaTbHbIN FOMKAIUTOBBIN MaTPOH, B KOTOPOM
HAaXOJATCS OKCHJbI Maprania, karaymsupyromme okucienue CO u COz. Oxcun
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yriaepoja ciabo copOUpyeTcsi He TOJIbKO TBEPIAbIMH TEJaMHU, HO U KUJIKOCTAMH, B
KOTOPBIX OH Majio pacTBOpyUM. OTHAKO HEKOTOPbIE COJM 00Pa3yIOT C HUM KOMILIEKCHI,
YTO UCHOJIB3YIOT ISl COPOIMM OKCHJIa Yriepoja BOJHO-aMMHUAYHBIMH PacCTBOPAMHU
COJIEV OJTHOBAJICHTHOW. CMECH.

[Ipu cropaHuu MpeaeabHBIX YIIIEBOAOPOIOB BBIACISIECTCA OOJBIIOE KOTUIECTBO
TeIJIa, IMOATOMY MPUPOIHBIA Ta3 SBISETCA caMbiM 3()(PEKTUBHBIM W JCHICBBIM
TOIUIUBOM JUISI  TEIUIOAJIEKTPOCTAHUMNA, KOTEIbHBIX YCTAHOBOK, JOMEHHBIX U
CTEKJIOBapeHHBIX Ieueid. Kpome Toro, mpu cropaHud METaHa BO3AYX MTPAKTUUYECKU HE
3arpsA3HSAETCS BPEAHBIMU BEILIECTBAMU.

MeraH npUpoOAHOTO U MOMYTHOTO HE(PTSIHOTO ra30B SBISIETCS BaXKHBIM ChIPheM
JUISL XUMUYECKOM TPOMBIIIITIEHHOCTH. KOHBEpCcHEN MeTaHa OJIy4aroT CUHTE3-Ta3, a Ha
€ro OCHOBE — METaHOJI U CUHTETUYECKU OCH3UH:

CH; + H,O — CO+3H, CO +2H, — CH3OH

nCO + (2n + 1)H, —— C,H2p+2 + nH20
N3 meTaHa nmoay4daroT aleTHIIEH, BOJOPOI, Caxy, FaJOr€HONPOU3BOIHBIE:

2CH4 — C,H, + 3H, CH; — C+2H> CH4 + Cl, — CH3CI + HCI

['omonorm MeraHa, cojaepxXamivecss B NPUPOJHOM U, TJIABHBIM 00pa3oM, B
MOMYTHOM HE(TSHOM raszax, mociie pa3fesieHusl Ha UHAUBUIYAJIbHbBIE YTIIIEBOIOPOIbI
UIYT Ha TOJy4YEHUE AJIKEHOB M jaaiiee moiuMmepoB. IIpoman-OyranoBas ¢dpakiuus B
CKIDKEHHOM BHJE MCIOJB3yeTCsd Kak OBITOBOE TOIUIMBO W TOIUIMBO ISt
KapOIOpaTOpHBIX JBUraTeieil aBTomoOmieil. ['a30BbIii OCEH3WH, TOJydYaeMbld U3
MOMYTHOT'O Ta3a, TAKXKE SIBJIAETCS OCHOBOW HHU3KOCOPTHBIX O€H3MHOB. OCHOBHAs
peakuus, Jexalass B OCHOBE 3TOI0 METOJA, COCTOUT B KOHBEPCHUH YIJIEBOAOPOIOB
BOJSHEIM apoMm Ha KaTajau3aTope N1 Ha ALLQO3:

CHy4 + H,O <> CO + 3H, ~ AH ., = —=206K]xnc / monb

Peakuusi CubHO SHAOTEPMUYHA, M €€ PABHOBECHE CMEIAETCS BIIPABO JIUILb MTPU
MOBBIILIEHUH Temreparypbl. YTOObl yBEJIWYUTh CTENEHb KOHBEPCHH METaHa, BEIYT
npouecc pu 800 — 900°C B n30bITKE BoAsiHOrO mapa. [Ipu atmocepHoM naBieHUH
ATOT M30BITOK HEBeNMK (2:1), HO TOBBINIEHNE AABICHUS HEOIArONPHUATHO BIMSIET HA
COCTOSIHE paBHOBECHS, U B 3TOM CJy4yae NPUXOJUTCS paboTaTh ¢ OOBEMHBIM
OTHOILLIEHHEM napa K METaHy = 4:1.
Kpome koHBepcuHM MeTaHa MPOTEKAET TaKKE€ KOHBEPCHS OKCHAA YIVIEpOAa:

CO+H,0 < CO,+H, ~ AH:'.,‘,X = 41,0xTdnc / moab

DTa peakuus dK30TEPMUYHA, U €€ PABHOBECHE IIPU IOBBIIEHUH TEMIIEPATYPHI
CMCIIACTCA BJICBO, IIPUYICM H36I)ITOK BOJIAHOI'O IIapa BBI3BIBACT IIOBBIIICHHOC 06'
pa3oBaHHe IMOKCHIA yriaeposaa. KoHBepcHs OKCHAA yIieposa MpOTeKaeT ObICTPO,
COCTaB KOHBCPTHPOBAHHOT'O rasa OMnpeCaCIACTCA €c PaBHOBECHUCM.
[Ipy KOHBEPCUM METaHA BOJISHLIM MApOM IIOJIYYaeTCs ra3 ¢ OOJBIIUM OTHOLIEHHEM
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H,:CO (kxax Mmunumywm 3:1), B TO BpeMs Kak Il OpraHUYECKOTO CHHTE3a TpeOyeTcs
cuHTe3-Ta3 ¢ otHomeHueM Hy:CO ot 1:1 mo (2 + 2,3):1. DTOro oTHOMIEHUS MOXKHO
I0OUTHCH, nojiBepras KOHBEpCUU KUIKUE yTIEBOAOPOIbI:
- CHz- + H2O <> CO + H, u no0aBinsst mpu KOHBEPCUH K BOJISTHOMY TIapy THOKCH/T
yriiepoja, KOTOPbIA TaKKe KOHBEPTUPYET yTIIE€BOIOPOIbIL:

CH,+ CO, <> 2CO +2H, ~ Al{_'f.m = =247 dxnc ! moaw

Peaknust sHn0TEpMUYHA, U €€ PABHOBECUE CMEIIAETCS BIPABO MPHU JIOCTATOYHO
BBICOKON Temneparype. OHa MNpPOTEKaeT MEJICHHEE, YeM KOHBEPCHUS BOJSHBIM
napoM. BBuay BBICOKOW 3HIOTEPMUYHOCTH KOHBEPCHUIO YIJIEBOJIOPOJIOB IMPOBOJIST B
TpyOuaThix nedax. MicxoaHoe Chipbe MOAAI0T B TPYOBI, 3al0JHEHHBIE T€TEPOreHHBIM
KaTaqu3aTopoM M O00OTrpeBaeMble TOMOYHBIM Ta30M, IMPUYEM TeIulonepeaayda
OCYIIECTBJISICTCS. TJIAaBHBIM O0Opa3oM 3a cuUeT U3JIy4YeHHs (paJuaHTHBIC II€YH).
Henoctatku 3T0i crucTeMbl - 00Jibiast MOTPEOHOCTh B )KAPOCTOMKHUX TPyOax U Majioe
MIOJIE3HOE MCMOJB30BaHNE O0OBbEMa IMEYM, B KOTOPOW KaTalu3aTop 3aHUMAET OYEHb
HEOOJIBIITYIO YaCTh.

[lo »tuM mnpuumHam ObuUia pa3paboTaHa jpyrasg CcUCTEMa, B KOTOPOH
SHAOTEPMUYECKUE PEAKIIUN KOHBEPCHH COBMELIEHBI C K30TEPMHUECKUM MPOLIECCOM
CrOpaHusi 4aCcTU yTIIeBOA0PO/Ia IPU Mo1aue B KOHBEPTOP KUCIOpOoAa, Oaroaaps 4emy
CyMMAapHBbII NPOLECC CTAHOBUTCS HEMHOI'O AK30TEPMUYECKUM. PacyeTsl MOKa3bIBAIOT,
YTO JUIs1 TOM LIEJIM Ha KOHBEpCHIO Hajo noaaBath cMecb CHs m Oz B oTHOMIEHUN 1 :
0,55, Haxopsulyrocs BHE TIPEACIOB B3PHIBAEMOCTH, KOTOpbIE TeM Oojee He
JOCTUTalOTCSl M3-3a pa30aBieHUs cMeCH BOASHBIM MapoM. OOBEMHOE OTHOIICHHE
MOCJIETHETO K METaHy B 3TOM CJIy4ae MOKHO OpaTh 0o0Jiee HU3KUM, YEM B OTCYTCTBUU
KHucjiaopoAaa, a iMeHHo ot 1:1 10 (2,5+3):1 B 3aBUCUMOCTH OT IPUMEHSIEMOTO JIaBJICHHUSI.
OTOT NPOIECC OKUCITUTEIBHON, WM aBTOTEPMUYECKON KOHBEPCUU TOTYyUUIT OOJIBIIIOE
pacnpoctpanenue. OH He TpeOyeT MOABOAA TEIJa M3BHE U OCYIIECTBISETCS B
[IAXTHBIX [€Yax CO CIUIOLIHBIM CJI0€M KaTajlhu3aTopa.

[Ipouiecc COCTOMT M3 HECKOJBKHUX CTaAuMi: MOATOTOBKH ChIPbS, KOHBEPCHH,
YTUIN3ALUKU Temia, 04uCcTKH ra3a ot CO;. [Ipyn moAroToBKe ChIphs CIEAYET UMETH B
BHUJIY, YTO HUKEJICBBIM KaTaJIM3aTOpP YYBCTBUTEJICH K OTPABICHUIO OPTraHUYECKUMHU
COCIMHEHUSIMU CEpBI, COJIEp)KAHUE KOTOPHIX B YIJEBOAOPOJE OrPaHUYUBAIOT
seanuunHol 1 Mr S B 1 M3 Chipbe, He yIOBIETBOPSAIONIEE STUM YCIOBUSAM, HYKHO
OUHWIATh, JUISI YEro TOJBEPraloT KaTATUTHYECKOMY THIPOOOECCEpPUBAHUIO C
MOCIEAYIOIUM yAaJleHHEeM 00pa30oBaBILErocs cepoBoaopoaa. Ctaausi MOATOTOBKU
CBIPbsl BKJIIOYAET TaKKE€ KOMIPUMUPOBAHUE ra3a, CMELIEHUE €r0 C BOJSHBIM MapoM U
MpeABapUTEIbHOE HarpeBaHue CMECH.
[TonyyeHHBId Ha JTOW CTaguW CHUHTE3-Ta3 B 3aBUCUMOCTH OT TpeOOBaHUN K
cootHotennto CO u Haconepxut 15 — 45 % (06.) CO, 40 — 75 % (00.) Hz, 8 — 15 %
(06.) CO2, 0,5 % (06.) CHs u o 0,5 — 1 % (06.) N2 u Ar. Otot ra3 ounmiaroT ot COy,

—
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IUISL Yero MPUMEHSIOT aO0COpOLUIO BOIOM IOJ JaBIEHUEM, XEMOCOPOLUIO BOIHLIM
pacTBOPpOM MOHOI3TAHOJIaMHWHA HUJIN Kap60HaTa KaJiusl. HpI/I Harp€BaHUM U CHUKCHHUU
NaBJeHHs TPOUCXOAAT oOpaTHble mpeBparnenus u Boiensercs COz, a pacTBop
pereHepupyercs:

CH,OHCH;NH; + CO; <» CH,OHCH;NH,-CO»

K,CO3; + CO, + H,O « 2KHCO;

3

Ha mnonydyenue 1 wm° ounieHHoro cuHTe3-Taza pacxoxyercs 0,35 — 0,40

M® npupognoro rasa, 0,2 M3TeXHMYECKOro KHMCIOpOJAa M B 3aBUCHMOCTH OT
npuMeHsieMoro napiieHus u go6asku CO; ot 0,2 10 0,8 KT BOASHOTO Tapa.
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