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(54) TPYBYATO-MEMEPAHHO-LLENEBOV PEAKTOP

(57) Pedepar:

N3obpeTeHne moxeT OblTb UCMOMbL30BaHO B
XMMUYECKOM  MaLUMHOCTPOEHWUW.  YrneBoAOopOAHoe
Cbipb€ W [UCMEPCHbI  KaTanusaTop noJalT B
peakUMoHHOEe MpOCTpPaHCTBO Yepe3 naTtpybok 3.
PeakuuoHHoe NpOCTPaHCTBO obpasoBaHo
LeHTparnbHou Tpybon 1 u BTOPOW MO OTHOLLEHWUIO K OCU
peakTopa Tpy6on 2, BbINOfHEHHOW M3 HAHOMOPOLUKOB
MeTanmnoeB B BuAe MpoHULE@eMon pAns Bogopoaa
mMembOpaHbl. Ha BHewHen Tpybe 5 3akpenneHbl
natpybku 6, 7 gna nogayn MpodyBOYHOrO rasa wu
BbiBOJa BoAopoda. YrneBOAoOpOOHOE Cbipbe MoAatoT

yepe3 naTpybok 4. TpybyaTo-memOpaHHO-LieneBon
peakTop OcCHalleH TypbynusaTopamu peakLUoHHOW
Macchbl, pa3meLleHHbIMY B peakLYOHHOM
NpocTpaHcTBe, AaTynkamMu [aBrieHus, pacxopa
peareHTOB W MpOAYKTOB Ha BXode W Bbixode U
TepmMonapowm 8. N306peTeHne nossonseTt
yCOBEpPLUEHCTBOBATb KOHCTPYKLMIO Tpybuartoro
peakTopa ans ocyLlecTBneHns
BbICOKOSHOOTEPMUYECKNX  ra3odasHbiX  MpOLIeccoB
AerngpvpoBaHns, MOBbICUTb KOHBEPCUIO WCXOAHOro
CbIpbSl Y CENEKTUBHOCTbL NO oneduHam. 2 un.
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(54) TUBULAR TYPE MEMBRANE SPLIT-FLOW REACTOR

(57) Abstract:

FIELD: motors and pumps.

SUBSTANCE: hydrocarbon material and dispersed
catalyst are supplied to reaction chamber through
the nozzle 3. Reaction chamber is formed by the
central pipe 1 and the second to reactor axis
pipe 2, which is made of metal nanopowders in the
form of membrane permeable for hydrogen. Nozzles
6 and 7 are fixed to the external pipe 5 to
supply blow-down gas and discharge hydrogen.
Hydrocarbon material is supplied through the
nozzle 4. Tubular-type membrane spit-flow reactor
is equipped with swirl vanes for reaction mass.
They are installed in reaction chamber. The
reactor is also provided with pressure sensors,
reagent and inlet and outlet product flow meters
and thermocouple 8.

EFFECT: improved design of tubular-type
reactor to perform highly endothermic gas-phase
processes, increase initial raw material
conversion and selectivity by olefins.
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M306peTeHne oTHOCUTCS K 06racT XMMMUYECKOro MalMHOCTPOeHUs. OHO MOXET ObITb
MCNOMNb30BaHO MPU N3rOTOBIEHNN HENPEPbLIBHO-AENCTBYHOLMX TpyOUaTO-MeEMOpPaAHHO-LLENEBBIX
pPeakTopoB 1151 OCYLLECTBNEHNS BbICOKOIHAOTEPMMYECKNX radodhasHbiX NpoLLeCcCcoB
aerngpupoBsaHusa u/unu apomaTnsauumn MHaMBMAYyanbHbIX UM CMecen
yrnesogoponoB C,, Cs, Cy4, Cs (aanee C,-Cs), a Takke nonyTHbIX HedTAHbIX rasos (MHIN) ¢
cenapauuen (otaeneHnem) Bogopoga oT ApYrnx NPOAYKTOB peakuun Yyepes memobpaHy B
N30TEPMUYECKOM PEXMME, a TakkKe B Ka4eCTBE CENEeKTUBHOIO cenaparopa Ans BblaeneHus
BOAOPOAA M3 ra3oBbiX CMeCel CNOXHOro CoCTaBa.

TpybuaTo-MeMbpaHHO-LLIENEBON PeakTop OOMKEH ObiTb KOMMNAKTHbLIM
BbICOKOMPON3BOANTENBbHBIM MHOrOYHKLMOHANBHBIM annapaTtoM AN CUHXPOHHO-
nocrneaoBaTenbHOro OCYLLECTBIEHUST HECKOSTBbKUX XMMUYECKUX N Pn3NYECKMX NPOLECCOB - OH
JormKkeH OblTb peakTopoM, kKaTann3aTopoM U cenapaTopoM OLHOBPEMEHHO.

V3 aTol 3agayum criegyeT, YTo NPOAYKTOM HACTOSILLIEro U300peTeHNs AOIMKEH CTaTb PeakTop
HOBOTO TMMNa C HAHOMOPUCTLIMU KaTanMTUYECKUMN MemMbpaHamMun, CoaepXaLlmin cnegyoLme
COCTaBHble 4YacTu:

1. Kopnyc peakTtopa ¢ apmatypon n KUIT;

2. HaHonopwucTble TpybyaTbie MeMOpaHbl, NpoHULAaeMble ANst BOAOPOAA, KaTanuaaTopbl
OervapvpoBaHns U/unm apomaTtusaumm nHauBmuayaneHbIX Unu cmecen yrnesogopogos Cs-Cs, a
Takxke NMHI.

CoBOKYMHOCTb 9TMX COCTaBHbIX YacTen formkHa obecneunTb npoBeaeHne MembpaHHo-
KaTanuTn4ecknx aKonornyeckn 6e3onacHbIX 1 3KOHOMUYECKN 3PGEKTUBHBIX NPOLIECCOB
nepepaboTKnN yNOMsIHYTOrO NErkoro yrneBo40pPOAHOrO Chipbs B LIEHHbIE NPOAYKTI
He(TEXMMUYECKOTO CUHTE3a - ONedrHbI, apoMaTU4eckne yrnesogopoasl U Bogopos. KoHkpeTHo
TpybuyaTble HaHOMOpUCTbIE MeMBpaHbl 1 KOHCTPYKLMS peakTopa Ha UX OCHOBE MpeAHa3HayveHbl
Ons nepepaboTKM Nerknx yrneBoAopOaHbIX ra3oB B LeHHOE HehTEXMMNYECKOE Chipbe - NMnbo
oneduHbl 1 BogopoAd, nnbo 6eH3on 1 Bogopoa, a Takke Ans oTAeneHus Bogopoaa Ha membpaHe
OT HenpeBpPAaLLEHHOrO Cbipba 1 NMPOAYKTOB €ro AernapupoBannga n/mnn apomaTtunsaunm.

13BECTHO HECKOSbKO TMMNOB, B TOM YMCne U TpybUyaTbiX peakTopoB, C KaTanuTU4ecku
aKTUBHbLIMM KOMMO3UTHBIMW NONynpoHuLaemeiMn membpaHamu [MateHT Ne 0145262, EP, B1,
1985; MaT. 6214757 CLUA ot 05.10.1999, MIK C07C 2/04, BO1J 21/10; MNMaTt. 6361582,

6361583 CLUA ot 19.05.2000, MINK 7B 01D 53/22]. Tak, Hanpumep, B nateHTe EP Ne 0145262
B1, 1985, onnucaH ogHOCTaAWHbINA NpoLece yaaneH1s KMCnopoaa U3 Bogbl C MOMOLLbIO
MeMOpaHHOro peakTopa, NpeacTaBnaLero cobor Ny4yok NPOHULAEMbIX TOMLKO ANg Bogopoaa
nannagMpoBaHHbIX C BHELUHEN CTOPOHbI, MOMELLEHHBIX B OYMLLAEMYH0 BOAY NOMUMPONUIIEHOBbIX
Kanunnsapos, B KOTOpbIE NOSAETCs BOAOPO4 NPV KOMHATHOM TeMmnepaType.

[(MaBHbIM HE4OCTaTKOM BCEX TaKMX PELLEHNI ABMSIETCH TO, YTO B Ka4eCTBEe MaTtepuana ans
N3roTOBMEHMUSA KaTannTUYeCckn akTUBHbLIX MNOMYNPOHULaeMbIX MeEMOpPaH UCNONb3YHTCA TEPMO- U
peakTonnacTbl, TeMnepaTypa TepMopasnoxXeHnsa KoTopbix He npesbiwaeT 350-400°C. Takne
MeMOpaHbl He MOTYT UCMOMb30BaTLCS B KAYECTBE OCHOBbI KaTann3aTopoB B pacCMaTpuBaeMbIX
SHOOTEPMUYECKMX MpoLeccax AernapupoBaHis u/unn apoMaTunsaumm nerkux MHAMBUAyanbHbIX
unu cmeceit yrnesogoponos Co-Cs unum IMNMHIM, Tak kak 3Tu npoLecchl NpoTekalT npu
TemnepaTypax 400-700°C. NonMmepHble MeMOpaHbl, KpOMe TOro, XapakTepuUaytoTCA HU3KOM
MEXaHWYECKOW MPOYHOCTBIO, JIETKO OKUCNSATCS, NOABEPXKEHbI MUKPOOMONOrnyeckomy u
pagunaLMoHHOMY pa3pyLUEHUI0, UMEIKT HU3KWIA pabouunin pecypc.

3anateHToBaHbl Takke MeMOpaHbl U peakTopbl 4ernapupoBaHUs Ha UX OCHOBE U3 KEPaMUKU U
rpacputa (cMm., Hanpumep, Mat. Ne 4791079 ot 13.12.1988, CLUA; MNMat. Ne 5202517 ot
13.04.1993 r., CLLUA; MaT. Ne 5430218 ot 04.07.1995 r., CLLUA). HeopraHudeckne memopaHsbl
NPaKTUYECKN NNLLEHBI HE4OCTATKOB NOMMMEPHbLIX MeMOpaH, HO UMEIOT OYEHb KPYMHbINA
COOCTBEHHbIN HEOOCTATOK - XPYMNKOCTb. ATO NMUMUTUPYET UX rEOMETPUYECKYD (POPMY 1 pasMepsl,
NPVBOONT K O4YE€Hb HU3KOWM YAENbHOM NPOVM3BOANTENBHOCTU U K MOBbILLEHUIO MAaTEPUAanoemMKocTu u
T.A.

Mpouecchbl AernaprMpoBaHns U apoMaTtm3auny nNerkux MHANBUAYarnbHbIX UM CMeCeM
yrnesogopofos C,-Cg vnu MHIM 06bI4HO OCyLLEeCTBAAIOT B 060rpeBaeMbIX CHapyxu TpybuaTbix

Crpanuua: 4



170

15

20

25

30

35

40

45

50

RU 2342988 C2

peakTopax Unun B nevyax-TenfioobMeHHNKax nyTem NponyckaHnsa ykasaHHoro (MHoraa
npeaBapuUTENbHO Pa3orpeToro) Chipbsi Yepe3 CroK 3epHUCTOro Katanuaartopa (CM., Hanpuvep,
Mat. Ne 2102310, P®; 3anska Ne 19953641, DE). HegoctaTtkomM Takmx peakTopoB SBNAETCA
OTCYTCTBME B HUX YCTPOMCTB ANA OTAENEHUs BOAOpOoAa OT NMPOLYKTOB peakumun. [NockonbKy
peakumsi AerMapupoBaHns sIBNsieTcsl 0bpaTUMON, TO 3TO NPUBOAUT K CHVXKEHUIO Kak KOHBEPCUM
NCXOOHOrO CbIpbsl, TaK U CENMEKTUBHOCTM MpoLecca No NpoayKTam.

V13BecTeH peakTop, BKNHOYAKLWNA Kamepy AN OCYLLEeCTBEHUS peakLmi aernapmpoBaHns
YIMeBOAOPOAHOrO Chipbsl U Kamepy AN OKUCIIEHMs1 BOOOPOAa, KOTOpble pa3aerieHbl
NpOHULLAEMON TONbKO A58 BOAopoda MembpaHoi, a Takke NOABOASILLYIO Cbipbe U OTBOASLLYHO
npoaykTbl apmatypy (Mat. Ne5449848 ot 12.09.1995 r., CLWLA). MaBHbIM HEQOCTATKOM 3TOro
peakTopa SIBMSEeTCH TO, YTO ero KOHCTPYKLMNA HE MO3BONSAET NOBLICUTL €ro
NPOM3BOAMTENBHOCTb 32 CYET MCNOSMb30BaHNA OOMNOSMHUTENBHOMO HACLINHOrO KaTanuaaTopa
aernapupoBaHus.

Haunbonee 6nnskum K HacTosiLLeMy U3006pEeTEHNIO MO TEXHUYECKON CYLLLHOCTU N OOCTUraeMomMy
pesynbTaTy ABNAeTCA TpybyaThi peakTop ANs OCYLLEeCTBEHUS ObICTPONPOTEKAOLLNX
BbICOKO3K30TEPMUYECKNX KUAKO- U ra3odpasHbIX NpoLEecCoB, BbINOSIHEHHLIN B BUAE TPEX COOCHO
pacnonoXXeHHbIX MeTannM4ecknx Tpyd ¢ ABYXCTOPOHHE oXnaxaaeMbiM Tpyb4yaTo-LeneBbiM
peakuUOHHbIM NPOCTPAHCTBOM, 0Opa3oBaHHbIM MEPBON MU BTOPOW MO OTHOLLEHWIO K OCK peakTopa
Tpy6amum [Mat. PP 2201799 ot 29.09.2000]. D70 peLLeHne Mbl paccMaTpMBaeM B Ka4ecTBe
npoTtoTtuna.

[(MaBHbIM HEAOCTATKOM MPOTOTUNA ABASIETCS TO, YTO 3alUMLLAEMbIN NATEHTOM MO NPOTOTUNY
peaktop [[MaT. P® 2201799 o1 29.09.2000] He cogepxMT MembpaHbl 4Nns oTaeneHns Bogopoaa
OT HenpeBpaLLEHHOTO CbipbsA N OPYIMX NPOAYKTOB peakLui.

3apadeli N3006peTeHNs ABNAETCA COBEPLUEHCTBOBAHNE KOHCTPYKLMM TpybGuaToro peakropa no
npototuny [[Mat. P® 2201799 o1 29.09.2000] ANns ocyLLeCTBNEHUS BbICOKOIHAOTEPMUYECKMX
rasocpasHbIx NPOLECCOB AerMaApMpPOBaHnS U/Mnn apoMaTmnsaumm MHANBMAYanbHbIX UMK CMecen
yrnesogopoaos C,, Cs, Cy4, Cs (nanee C,-Cs), a Takke nonyTHbIX HedTAHbIX rasos (MHIM) ¢
cenapauuen (otaeneHnem) Bogopoa oT APYrnx NPOAYKTOB peakuumn Yyepes memobpaHy B
N30TEPMNYECKOM PEXUME.

MocTaBneHHas 3agada peluaeTcsl TeM, YTO B pa3paboTaHHOM Tpyb4yaTo-MeMbpaHHO-LLENEBOM
peakTope ANnS OCYLEeCTBIIEHUS1 BbICOKO3HAOTEPMNYECKMX BbICOKOTEMMNEPATYPHbIX razodasHbixX
NPOLLECCOB AernapupoBaHmsa n/mnm apoMmatmsaunm MHAMBUAYanbHbIX UM CMecen
yrnesogoponoB C,, Cs, Cy4, Cs, BKNtOYAs NONYTHbIE HEQPTSAHbIE ra3bl, BbINOSIHEHHOM B BUAE
akcuanbHOro TpexTpybyaToro peakuMoHHOro YyCTpONCTBa C TENNOOOOrpeBOM Yepes LieHTPanbHYI0
Tpyby, cHabxeHHOM naTpybkamn Onsi BBOAA B peaKLMOHHOE NPOCTPaHCTBO AUCMNEPCHOro
KaTtanmsartopa U UCXOLHOro YrineBogopOaHOro Chipbs; TypOynuaaTopammn peakumoHHON Macchl,
pasmelleHHbIMM B TpyO4aToOM peakuMOHHOM NPOCTPaHCTBE; AaT4YMKkaMu TeMNepaTypbl, AaBleHUs
N pacxoda peareHToB 1 NPOAYKTOB Ha BXOAE M Bbixode; naTpybkamu Ansi BbIBOAA NMPOAYKTOB U
natpybkamu onsi BBoga 1 BblBoga TEMNNMOHOCUTENS, BTOpas Mo OTHOLUEHMIO K OCU peakTopa Tpyba
BbINOSIHEHA U3 HAHOMOPOLLUKOB METansioB B BUAE NPOHML@EMON A5 BOAOPOAa MeMOpaHbl

[Mpn 3TOM B peakuMOHHOM MPOCTPaAHCTBE MEXAY LeHTpanbHON 1 BTOPOW MO OTHOLLEHMIO K OCK
peakTopa TpybaMu cooepXKUTCsl ANCMNEPCHbIA KaTanu3aTop AerngpupoBaHus U/unm
apomMaTusauumn nHamMBnayanbeHbIX UM cmecei yrnesogopoaoB C,, Cs, Cy4, Cs, a Takke
NOMNYTHbLIX HE(PTAHbIX rasos.

MpuHUMnuanbHas cxema NpoAONbLHOro paspesa pa3paboTaHHOro COrfacHo HacToALEMY
n3obpeTeHnto TpybuaTo-meMOpaHHO-LEeNeBoro peakrtopa npueeaeHa Ha dwur.1.

TpybuaTo-MeMbpaHHO-LLIENEBON PeaKTOp COrfacHO N300PETEHNIO COAEPXKNT LEeHTParbHYHO
Tpyby 1 (TennoobmeHHuK) guameTtpom D4, Hanpumep, 20 MM 1 grnvHon 500 MM ¢ 3akpenneHHbIMK
Ha Hen cMecuTenamn-TypbynmsaTtopamm peakuMoHHOMW Macchl U WITyLepamMm nogadv 1 yganeHus
TennoHocuTens (HanpMmep, TOMOYHLIX ra30B ¢ 3agaHHon TemnepaTypoin oT 400 go 700°C Ha
BXxoAe) (Ha YepTexe He rnokasaHbl); BTOPYHO MO OTHOLLEHUIO K OCK peakTopa Tpyby 2,
N3roTOBMEHHYIO N3 HAHOMOPOLLKOB METAaNoB B BUAE NPOHMLAEMON Ansa Bogopoda meMopaHbl
onameTpom Dy, Hanpumep, 50 mm n gnvHon 350 mm. LleHTpanbHas Tpy6a 1 n BTopas no
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OTHOLLIEHUIO K OCK peakTopa Tpyba 2 06pasyoT peakLUMoOHHOE NMPOCTPaHCTBO, 3arnofIHEHHOe
ONCnepcHbIM KaTanu3aTopoM OernapupoBaHis U/vnm apomartmsaumm yrineBogopoaHoro Chipbs.
YrneBogopoaHoe Chipbe M ANCNEPCHbIN KaTanm3aTop B peakLyMOHHOe NpOCTPaHCTBO NOSATCs U
BbIBOOATCA Yepe3 naTpyoku 3, 4; BHELLHIOW TpyOy 5 anameTtpom D3, Hanpumep, 80 MM 1
anvHon 400 MM ¢ 3aKkpenreHHbIMU Ha Hel naTtpybkamm 6, 7 nogayv NpogyBOYHOro rasa (asora,
aproHa, CO, CO,) 1 BbiBOga Bogopoaa (BHELLHASA TENON30M5aUMs BHELWHeN TpyObl 1 BCero
peakTopa Ha dur.1 He nokasaHa). [Ina 3amepa TemnepaTtypbl B peakLMOHHOE NPOCTPaHCTBO
Tpyb4yaTo-MmeMOpaHHO-LENEeBOro peakTopa BMOHTUPOBaHa TepmMonapa 8. Kpome atoro,
Tpyb4aTo-MeMOpaHHO-LLENEBOW peakTop OCHAaLleH AaTynKaMy OaBNEeHNsa B peakLMOHHOM
NPOCTPaHCTBE M B NPOCTPAHCTBE MEXAY BTOPOW MO OTHOLLEHUIO K OCU peakTopa Tpyoor 2 n
BHeLLHen Tpybon 5, kyaa otaensetcs Yepe3 membpaHy obpasyoLwmiica Bogopoa, a Takke
LWTYLIEepOM ANs AaTyMKa pacxoda UCXOOHOro Cbipbs M NPOAYKTOB peakumn U LWTYLEpOM Ans
noakno4eHnsa npobooTbopHMka (Ha dur.1 He nokasaHbl).

CmecuTtenu-TypOynuaatopbl COrnacHo n3obpeTeHunto NpeacTaBnsaioT cobor durypHole nnm
OblpyaTble (Kak CUTO) NNacTUHbI, 3aKpenneHHbIe CBAPKOM K BXOOHOW (HWXKHEN) YacTu
LueHTpanbHon Tpyobl 1. OHM obecneunBatoT TypOynM3aUmio NOCTYMNaLWEro B peakTop ra3oBoro
NnoToKa M SIBNSAOTCS OMOPHOM peLleTKoN A4S HaCbIMHOro AMCMNEPCHOro KaTanusartopa.

Pa3paboTaHHbIN cornacHo n3obpeTeHnto peakTop NpeacTaBnsieT cobon peakTop BbITECHEHMS.
McxopHoe rasoobpasHoe cbipbe NodaeTcs B peakLMOHHOEe NPOCTPAHCTBO C 3a4aHHOW 06 bEMHOM
ckopocTbio W, n/cek. Bpems npebbiBaHWs peakuMoHHOW Macchl B Tpyb4aTo-memOpaHHo-
LLieneBoM peakTope t onpeaensaeTcs yCroBMsAMM OCYLLECTBNEHNS N KUHETUYECKNMMN
XapakTepucTMkamMmm KOHKPETHOW LerneBon xmmMuyeckon peakumm. OHO onpegenseTcsa hopMynomn
(1): t=V/W (1), roe V - o6bem TpybuaTo-LLENEeBOro peakUumoHHOro npoctpaHcTea, nutpbl; W -
ob6bemMHas cyMMapHasi CKOPOCTb nodayn ra3oobpasHoro chipbsi B Tpyo4aTO-MembpaHHO-
LLieneBow peakTop, NUTPbLI B CekyHAOy. B cBoto ovepenb, 06beM peakLMOHHOro NpoCTpaHCTBa
onpenensieTcst popmynoii (2): V=nR,2.H-tR,2.H (2), rae Ry u R, - paanycbl Tpy6 1 1 2
COOTBETCTBEHHO; H - BbICOTa (ASIMHA) peakuMoHHOro NpocTpaHcTBa. B npmBegeHHOM npumepe
06beM peakLmoHHoro npoctparcTa V=577 cm?® (0.577 n=0.000577 m3), cevenve
peaKLMOHHOro NPOCTPaHCTBa paBHo 16.5 cm?. Pasnuua pagunycos R,-R,, onpeaensiowas
LUMPUVHY LLIEeNeBOro NpocTpaHcTBa, paBHa 1.5 cMm. VIMeHHO Manas lumpuHa LLeneBoro
npocTpaHcTBa obecrneynBaeT XOpOLLUIA MPOrpPeEB NCXOAHOrO Chipbs 00 3a4aHHON TemnepaTtypbl
peakumun. 'pagmeHT TemnepaTyp No AnvHE TennoobMeHHOro NPOCTPaHCTBa (T.€. B LeHTpanbHoOn
Tpy6e 1) Gnarogapsi BbICOKOW NIMHENHOW CKOPOCTU NoAayun TENNOHOCUTENS HE3HAYNTENEH.
MoaTBepXKAEHHbIE SKCMEPUMEHTOM pacyeTbl NOKa3bIBaOT, YTO paguarnbHblid rpagueHT
TemnepaTyp mexay Tpydbamu 1 1 2 (T.e. B peakuMOHHOM MPOCTPaHCTBE, 3arnofIHEHHOM HaCbIMHbIM
KaTtanms3aTtopoM) Npuv HEKOTOPbLIX PEXMMax OCyLLEeCTBNEHMSA npoLecca AernapupoBaHus
pocturaeT 100-150 rpagycoB. Hanuumne Takoro sHa4unTenbHOro pagnanbHOro rpagmeHTa
TemnepaTyp onpegenseTcs pacxogoBaHMEM TeMma B 3HOOTEPMUYECKMX NpoLeccax
OerngpupoBaHust U apoMaTu3auumn 1, B MEHbLLEN CTENEHN, ra3oqnHAMNKON HACbIMHOMo
KaTtanms3aTtopHOro crosi. 3ta 0CO6EHHOCTL pacCcMaTPUBAEMOro peakTopa ABMSETCS BAXKHbIM
OOCTOMHCTBOM NaTeHTyeMOro pelleHus. [leno B ToM, YTO CHUXeHue TemnepaTypbl Ha 100-150°C
Ha MeMbpaHe NPUBOANT K PE3KOMY 3aMeSIEHNIO NPOLLECCOB KOKCOOOpa3oBaHNA Ha MembpaHe, K
NOBbLILLIEHMIO MPOMNYCKHON CNOCOBHOCTN MeMBpaHbl 4N BOAOPOAA, K MOBbLILLEHNIO KOHBEPCUM
CbIpbSl 1 K YBEITMYEHUIO MEXpereHepaLMOHHOro nep1oaa.

"eomeTpryeckas NOBEPXHOCTb TPyOUaTON KaTanuTUYECKN akTUBHOW MembpaHbl paBHa 550

CM2 (0.055 m?). HacbinHas NNOTHOCTbL OHOTO M3 HAaChIMHbIX KaTanuaaTopos paBHa 0.68 r/cm?,
ero yaenbHas NoBepxHOCTb paBHa 186 mM2/r. O6LLas NOBEPXHOCTL HACLINHOIO AUCTIEPCHOO
kaTanuaaTopa B 06beme peakLMoOHHOro NpocTpaHcTBa paBHa 577 cm® x 0.68

ricm® x 186 M2/r = 72980 m2. CpaBHeHIe reoMeTPUYECKOi MOBEPXHOCTW Tpy6UaToit
KaTanMTUYecKn akTUBHOM MembpaHbl (0.055 M2) ¢ obLLeii MOBEPXHOCTLIO HACLINHOTO

AVICMepCHOro kaTanuaaTopa B 06beme peakL1oHHOro npocTpaHcTea (72980 M?) nokasbiBaer,
4yTO 06OLlasi NOBEPXHOCTb HACLIMHOMO ANCMEPCHOTO kaTanmM3aTopa B 3Tom obbemMe noytn B 1.3
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MITH. pa3 (T.e. 6bornee YyeM Ha LEeCTb NOPSAKOB) NMPEBLILLAET FrEOMETPUYECKYIO MOBEPXHOCTb
TpyOuaTon KaTanMTU4eCKn akTMBHON MembpaHbl. [Mpu NPoYNX HEM3MEHHBIX YCIOBUSIX 3TO
obecneunBaeT NpUHUMNUANBbHYI0 BO3MOXHOCTb MCMOSb30BaHMS HACBIMHOMO ANCMEPCHOTO
KaTanusartopa 4Ns Pe3KOro MoBbILLEHUS NPON3BOAUTENBHOCTM paccMmaTpuBaeMoro TpybyaTo-
MeMOpaHHO-LLEeNeBOro peakropa.

3HayeHne W (1 t) BbibupatoT Takum 06pasom, 4Tobbl B TeYeHNe BpeMeHun npebbiBaHus t
peakunoHHOM Macchl B peakTtope gocturanack 90-98-npoueHTHast KOHBEPCUS UCXOOHOIO Chipbs.
Bpems npebbiBaHns B pa3paboTaHHOM peakTope, onpegensiemoe dopmyron (1), 3aBUCUT OT
3aaHHON cTeneHn KoHBepcuu. [NocneaHss onpegenseTcs KNHETUHECKUMU XapakTepUCTUKaMU U
ycroBusiMu ocyLiecterneHmns peakumm. OBbIYHO t MOXET UMETb 3Ha4YeHne, BbiOpaHHOe 13
nHTepBana 3 cekyHapbl - 15 MuHyT. U3 ypaBHeHus (1) BMOHO, YTO Npu BbIOpaHHbIX 3Ha4YeHuaxX V
(n kOHBepcuK cbipbsl) NponssoanTenbHOCTL (W) peakTopa Bo3pacTaeT C YMEHbLUEHUEM BPEMEHMU
npebbiBanus t. MNpu t=3 cek, B cnyyae AerMapupoBaHns NponaHa, Npon3BoANTENbHOCTb
paccMoTpeHHoro peaktopa (W) no cbipblo MoxeT gocturatb 0.7 M3/yac (unm

1733 M3 nponaHa/m® peakumoHHOro NpocTpaHcTBa B Yac, 4to cooTBeTcTBYeT 3150 r nponaHa

C KyBun4yeckoro meTpa peakuMoHHOro NpocTpaHCcTBa B Yac). JIMHelrHasa cCKkopoCTb NponaHa B
XMBOM CEYEHUN peaKkLMOHHOIo NPOCTPaHCTBa paccMaTpmBaemMoro TpybyaTto-memopaHHo-
LeneBoro peaktopa npu t=3 cek 6yaet pasHa 11.8 cm/cek. NpuBeaeHHbIE OLEHOYHbIE pacyeThl
AN cnyyas npou3BosibHO BbIOpaHHOro TpybyaTo-MeMOpaHHO-LLENEBOro peakTopa,
[OOMOSHEHHbIE pacyeToM ero Tennosoro 6anaHca, noaTBepXaatT paboTocnocobHOCTL peakTopa
N SBMSIOTCA OPUEHTMPOM OIS NPOEKTUPOBAHUSA APYIMX aHaNOrMYHbIX PEAKTOPOB.

Mpouecc gernapvpoBaHns U/vnn apomaTtmsalmm MHAMBUAYanbHbIX UK CMECel
yrnesogoponoB C,-Cs, a Takke NONYyTHbIX HEPTAHBLIX FrA30B NPOTEKAET Ha NOBEPXHOCTU YacTuL
HaCbINMHOro ANCNEPCHOro katanuaaTtopa. Mpn aToM 06pa3yoTca COOTBETCTBYOLME ONedUHbI,
apomartumyeckme yrnesoaopoabl, BOOOPOA M HEDOMNbLIOE KONMYECTBO YINepoanCTbIX OTIOXEHUN
Ha NOBEPXHOCTM YaCTUL, HAaCbIMHOIO AMCMNEPCHOro kaTanuaartopa. Npu gernapvposaHum
MHOMBUAOYanbHbIX UNM cmecel yrnesogopoaoB Cy-Cs, a Takke NonyTHbIX HEPTSHbLIX ra3os
MCNonb30Banu HaHeCEeHHbIe NannagneBble UM NIIaTMHOBBIE KaTanuaaTopbl, a npu
apomaTtum3aunn yKasaHHOro Cbipbsi UCMOMb30BanNu LEeonUTHbIe kaTanu3aTopsbl. s obecneyeHms
NOBLILLIEHNS CENEKTMBHOCTU NO LeneBbiM NpoaykTam AerMapvpoBaHne 1 apomatmnsaumio
NCXOOHOrO Chipbs OCYLLECTBNAT NpM TeMnepaType, BbibpaHHON M3 MHTepBana Temnepatyp 480-
680°C, BpemeHu koHTakTa oT 0.1 o 6 cek 1 MaccoBOM COOTHOLLEHMM KaTanusaTopa K Cblipbto
oT 5:1 go 25:1. lNpu nepepaboTke NONYTHbLIX HEPTAHBLIX FA30B B YKa3aHHbIX YCIOBMAX
OCHOBHbIMW MPOOYKTaMN SABASOTCS STUIMEH, NPONuUneH, n3obyTuneH, M3oammneH u
BbICOKOOKTAHOBbIN OEH3H.

Bnarogaps npoHuyaemoctTM memGpaHbl Ans Bogopoaa, no KparHen mepe, YacTb Bogopoaa
andpyHanpyeT Yepes MeMOpaHy B MPOCTPAHCTBO MeXAy BTOPOW MO OTHOLLEHMIO K OCU peakTopa
TpyOoWn 2, BbINOMHEHOW B BUAE TpyO4aTon MmembpaHbl, 1 BHELLHeW Tpyoor 3 n, Takum obpasom,
oTOensdeTcs oT Apyrnx NPOAYKTOB peakuun. Peakuusa germapupoBaHmsa SBnsieTca o0paTMMon.
YpaaneHve Bogopoaa Yepes memOpaHy B npouecce AernapvpoBaHns obecrneynBaeT NoBbILLEHNE
KOHBEPCUM UCXOLHOMO Chipbsi M CENEKTUBHOCTM Mo onedunHam. [nsa nogaymn ONONHUTENBHOIO
TENMOBOro MMNynbCca B peakTop OTAENEHHbIN Ha MeMbBpaHe BOOOPOS NOSTHOCTLIO MW YAaCTUYHO
OKUCNAT B MPOCTPAHCTBE MeXay MeMOpaHol 1 BHELUHeN TpyOon.

M3-3a 0TMEYEHHOro KOKCOOOPa30BaHNA aKTUBHbIE LIEHTPbLI HA NOBEPXHOCTWN YaCTUL, HACLINHOIO
OMCNepCcHOro katannsaTopa OrnoKNpYTCS YINepoauCcTbIMU OTIIOXKEHUSIMU, U aKTUBHOCTb
KaTanu3aTtopoB MOCTENEHHO CHXaeTcs. s BoCCTaHOBMNEHMS OUCNEPCHOro Katanuaaropa ero
peakTMBUPYIOT M3BECTHBIMW MeToAamMu (CMOTpuy, Hanpumep, MNat. Ne 5087792, CLUA; MaT. Ne
2095337, P®) nyTem BbiXUraHMs YrNepoancTbIX OTNOXEHWI HENOCPEACTBEHHO B TpybyaTo-
MeMOpaHHO-LLeNeBoOM peakTope. B 3aBMCMMOCTU OT NpUpoabl KaTanm3aTtopoB U YCNoBUI
OCYLLIECTBIEHMS MpoLecca MexXpereHepaunoHHbIN nepnog MoxeT nameHsTbesa ot 100 go 8000
yacoB. PereHepauys HacbIMHbIX OUCNEPCHBIX KaTann3aTopoB OObIYHO 3aBepLUAETCs B TEYEHME
24 vyacos.

Ha ¢our.2 npeacraBneHa npuHUMnuansHas cxema TpybdaTto-meMOpaHHO-LEeNeBOro peakropa,
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B PEaKLMOHHOM NMPOCTPaAHCTBE KOTOPOro MeXxay LEeHTpanbHOM 1 BTOPOW MO OTHOLUEHMIO K OCH
peakTopa Tpybamum pacnonoxeHa rpynna (Habop, cepusi, NakeT) TpyouaTbiX, NPOHMLAEMbIX A5
BOAOpOAA MEeTanN/IMYecknx MemobpaH, Ha BHELLHEN NOBEPXHOCTM KOTOPbIX 3aKpensieH
KaTanusaTop gernapvpoBaHus n/unm apomatmsaunm MHaMBUAYyanbHbIX UM cMecen
yrnesogopoaos C,, Cs, Cy4, Cs, a Takke NonyTHbIX HEPTAHbIX ra3os.

dopmyna n3obpeTeHus

TpybyaTo-MeEMOpPaHHO-LLENEBON peakTop AM1s OCYLLECTBNEHMS BbICOKOIHAOTEPMUYECKNX
BbICOKOTEMMNepaTypHbIX rasoasHbIX NpoueccoB AernapnupoBaHus u/unm apoMmartumsagum
nHaMBMAyanbHbIX UK cmecel yrnesogoponos C,, Cs, Cy4, Cs, BKNIOYAA NOMNyTHbIE HEPTAHbIE
rasbl, BbINMOMHEHHbIN B BUAE akcuanbHOro TpexTpybyaToro peakLumMoHHOro yCTponcTBea ¢
TennooborpeBoM Yepes LeHTpanbHyto Tpydy, CHabxeHHbIM naTpybkamu ona Beoga B
peakuMOHHOEe NPOCTPAHCTBO AMCNEPCHOro Katanusaropa U UCXOL4HOro YrneBo4OPOAHOMO Chlpbs;
TypOynusaTtopamy peakuMOHHOW MacChl, pa3MeLLEHHbIMU B PEAKLIMOHHOM MPOCTPAaHCTBE;
AaTynkamum TemnepaTypbl, AaBNEHUS U pacxoda peareHToB U NPoAYyKTOB Ha BXOAE U BbIXOAE;
natpyOkamu ons BbIBOA4A NPOAYKTOB M natpybkamu Ans BBoAA WM BbIBOAA TEMNOHOCUTENS,
OTNINYAKLLMIACS TEM, YTO BTOpas Mo OTHOLLEHUIO K OCY peakTopa TpyOa BbINONHEHa U3
HaHOMOPOLLKOB METAasoB B BuAe NPOHMNLIAEMON ANs Bogopoaa MeMOpaHkl, a B peakLMOHHOM
NpoCTpaHCTBE MeXAy LieHTparnbHOW 1 BTOPOM MO OTHOLLEHUIO K OCU peakTopa Tpybamu
OOMONMHUTENbHO COAEMKUTCA QUCNEPCHBIN KaTanusaTop AernapupoBaHng U/unum apomatusauum
nHAMBUAYanbHbIX UM cMecer yrnesogoponos C,, Ci, Cy4, Cs, a Takke NonyTHbIX HePTAHbIX
rasoB, unu rpynna TpybyaTtbix, MPOHMLaeMbIX A4S BOAOPOAA MeTannmyeckmx membpaH, Ha
BHELLUHEWN NOBEPXHOCTM KOTOPbLIX 3aKpenreH ykasdaHHbIn KatanusaTtop.
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