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posedeH meopemuyecKull aHaslu3 803MOXXHOCIMU COMNPSKeHUSsI C peakyueli 06bI4HO20 Oe2udpuposaHusi MemaHora 8

[1

popmarnbOeaud pasnuydHbIX peakyull, UHULUUPYIOWUX MpomeKaHue uenesoeo rpoyecca. lokasaHo npeumywecmeo
riepekucu 8000po0da neped UHOYKMopamu op2aHUHeCcKo20 rpoucxoxoeHust. [Mpu npumeHeHuu nepekucu 800opoda
CmayuoHapHbIl  PeXUM — peakyuu  ycmaHaenueaemcsi MpaKmuyecku  MaHOBEHHO.

YcmaHoerneHo,  4mo

UHULUUUPOBaHHbIL Mpouecc ceoo0umcsi K 0OHOBPEMEHHOMY MPOMEKaHU UHOYKmupyrouwed U yeneeol peakyul ¢

8bICOKOU CerTeKmu8HOCMbI0 Mo ghopmarib0eaudy.

Theoretical analysis of the possibility of conjugating the reaction of formaldehyde formation via dehydrogenation of
methanol with other initiating reactions is conducted,; and advantages of using hydrogen peroxide vs. organic inductors are
discussed. When hydrogen peroxide is used, the reaction reaches stationary condition almost immediately. It is demonstrated
that the induction and the targeted reaction proceed with high selectivity towards formaldehyde.

Knroyeenie cnoea: deaudpuposaHue, MemaHor, ¢hopMmarib0eaud, mepMoOuHaMuYecKull aHanu3, KUHemu4Yeckul aHaus,

peakyuu cornpsxeHue.

Key words: dehydrogenation, methanol, formaldehyde, thermodynamic analysis, kinetic analysis, interface reactions.

dopManbAeru ABISIETCS IICHHBIM CBIPHEM IS
[IOJIyUY€HUs] OCHOBHBIX MOHOMEPOB CHHTETHYEC-
KOT0 Kayuyyka, IMOJMMEPOB U MHOTUX TOTOBBIX
IPOJIYKTOB OBITOBOM XUMHUH. OCHOBHBIM CBHIphE-
BBIM HCTOYHMKOM, IIOJIOBMHA PECYpPCOB KOTOPOTO
(20 mmH. TOHH B TOA) HAET HAa TOIyYCHHE
¢dopmanbaeruna, apusercss MeTanon. Hempocratkom
CYIIECTBYIOIIEr0 IMPOMBIIIICHHOTO CHocoda Moiy-
YeHUST (pOpMaNBAETHIA OKHCIHTEIBEHBIM JIETHAPH-
pOBaHHEM METaHOJa SIBISIETCS 00pa3oBaHUE OOJb-
OIOr0 KOJMYECTBA CTEXMOMETPUYECKOH BOJBL,
HETIPOU3BOJUTENEHO 00pasylomeiicss B KadecTBE
mo6oyHoro mpoaykra [1]:

CH;0H + 1/20, — CH,0 + H,O

ITepexoq K HEOKUCIHUTETHLHOMY IMPOIECCY,
HECMOTPS Ha M3BECTHBIE NMPEHMYIIECTBA, IJIaBHBIM
W3 KOTOPBIX SIBISIETCSl TIONyYEHWE, HapALy C
(hopMaNbIeTHIOM, BOJOPOJa — KIIFOUYEBOTO HJie-
MEHTa TOIUTMBHOW YHEPTETUKH, COMPSHKEH C 00Jb-
OIMMHA  JHEpro3arparaMd B CBS3U C TEPMO-

JUHAMHUYCCKUMU OIPAaHUYECHUSIMU PEaKIuu:
CH;0H — CH,0 + H, (AG <0, T > 500°C)

Kpome TOro, mobGouHOW peakiuedl mpu He-
OKHCJIMTEIIFHOM ACTHIPUPOBAHUU METAHOJNA SIBIIS-
IOTCSl JIECTPYKTHUBHBIE TPEBpALLEHHs], HMEIOLINe
MECTO MpH TMOBBIIIEHHBIX TeMIieparypax (900-
1000°C):

CHzo — CO + Hz
2CH3OH — CH4 + C02 + 2H2
B om0l cBA3M mpencTaBiseTCs  LIEJEco-

00pa3HbIM H3BICKATh CONPSIKCHHBIC IPOIECCHI,
WHAYKTUpPYIOIHE oOpa3oBaHue (opMaibaeruia
MIPU TIOHIKEHHBIX TEMIIEPATypax U 0oJiee BEICOKOU
CEJICKTUBHOCTH TIpoIiecca.

Peakmugs CH;0OH CH,O + H,
JUHAMHYECKH BO3MOKHA, HaunHas ¢ 527°C.

Kak BugHo u3 Tabmn. 1, B 3aBHCHMOCTH OT
OPUPOJBl MOTEHIMATLHOTO HWHAYKTOpA, HWHHUIIHU-
UPYIOIIETO TMPOIECC, CIBUT PABHOBECHS CHIIBHO
pasaryaeTcs.

TepMO-

Tabmuma 1. TepMoauHAMHYECKUI aHAH3 BO3MOKHOCTH XUMUYECKOTO CONPSKEHHUS
¢ peakuuel nerupupoBaHus MeTaHoja B opmanbaeruy [2, 3].

WNunnuarop conps>keHus T, °C AH, T AG, Ix AS, Tx/K AC,, Ix/K
- 527 92229.5 -9222.1 126.815 5.83
C,Hg 627 257369.5 -6632.0 293.335 70.56
C,Hy 25 -14351.0 -44887.7 102.421 -36.45
H,0, 25 -261559.8 -298061.7 122.428 15.24

IIpu BBEIEHNM B CUCTEMY JTaHa
CH;0H + C,Hg = CH,0 + C,H4 + 2H,
peakuus TepMOAMHAMUYECKH BEPOSITHA, HAUYMHAS C
627°C, T.e. TeMIepaTypHOe OrpaHUYEHHE TIOBBILIA-
ercst Ha 100°C ¢ TOYKH 3peHUs TEPMOTMHAMHKH.

84

ECHI/I BBCECTHU B CI/ICTeMy OTHUJICH,
CH;0H + C,H4 = CH,0 + C,Hg¢
TO, HAYMHAaA YKE C KOMHATHOM TEMIICPATypbl, pCAKIINA
HE UMCCT TCPMOANHAMUYICCKHX Ol—paHI/IquHI\/JI:
HpI/I BBCACHHHU MEPCKUCHU BOAOPOJa B CUCTEMY,



«Becmnux MUTXT», 2009, m. 4, Ne 6

TaKk K€ KaKk W B CiIydae STHJICHA, TCPMOAWHA-
MUYCCKHUE OrpaHHUYCHUSA OTCYTCTBYIOT, Ha4YMWHas C
KOMHATHOM TeMIiepaTyphl:

CH;0H + H,0, = CH,0 + 2H,0

[Ipu sToM, B cilydac TPUMEHEHHUS IIEPEKHCH
BOJIOPOZa TEXHOJOTHYECKUH dS(PQPEKT MPOTrHO3H-
pyeTcst o BceM IapameTrpaM HamOojee BBICOKHIMA
(cpaBHUTE 3K30TepMHUECKU A((DEKT, U3MEHEHHUE
sHepruu ['ub6ca).

[NonydeHHble maHHBIC TOATBEPXKICHBI DKCIIC-
PUMEHTAJIBHO TPH OCYIICCTBICHHH PEaKIUH Ha
karamu3atope K-1, MoguuIIMpoBaHHEIM OKCHIIOM
muHKa (Zn-K-1), B TemnepatypHoii obmactu 600-

850°C npu BpemeHu koHTakTa 1.4 ¢, 06beMHOM
OTHOIIIEHUH Ta3000pa3HOTO METaHOJla K a30Ty B
notoke 1: 1. KonmnyecTBo mepekucu BoOJOpoAa B
pacTBope C IMOJABACMBIM METAHOJIOM COCTABIISLIIO
0.5% wmacc. JInst cpaBHEHHSI TTOKa3aHBl PE3YIBTATHI
MPOBEACHHUST TIpollecca B TMPHUCYTCTBUH BOJEI,
KOJIMYECTBO KOTOPOH OBLIIO SKBUBAJICHTHO OIBITY C
nepekucTeio Bojmopoaa. C,-YrieBomopoasl moma-
BaJIUCh B CTCXI/IOMeTpI/I‘leCKI/IX KOJIM4eCTBax, IIO-
CKOJIbKY BBEACHHE WX B WHUIMUPYIONUX KOJH-
YECTBaX Ha MOKA3aTeNsX MPOIECcca HE OTPA3UIIOCh.

Pe3ynpTaThl 3KCHEPHMEHTOB TIPUBEIICHHI B
Tabm. 2.

Tabnuma 2. BausiHue XUMUYECKOTO CONPSIKEHHS H})I/I pasHBIX TeMiepaTtypax (karanusaTop Zn-K-1, Bpems
KOHTakTa 1.4 ¢, 3arpy3Ka Kataqu3aropa 2 cM", MOJIbHOE OTHOIIIEHHE Ha BXOJe METaHOI — a30T 1 : 1).

WNuannmarop vnmm 700°C 780°C 850°C
WHIYKTOP X, % S, % X, % S, % X, % S, %
- 1.0 90.2 5.1 78.3 154 65.0
C,Hg 1.5 93.2 6.3 84.0 7.5 69.3
C,Hy 2.2 92.5 8.1 82.0 15.7 71.6
H,0, 3.0 100.0 18.0 96.0 50.3 80.0
H,O - - 7.2 85.4 14.2 78.2

X — KOHBEpCHS METaHOJa; S — CEJIEKTUBHOCTD 110 (hopMabIerumy

Haumuas ¢ 900°C Bkjian JIECTPYKTUBHBIX
npeBpanicHuil Gopmanbaeruna ycmnmsaercs. [pu
950-1000°C CENEKTMBHOCTL TIO0 CyMME OKCHIOB
yraepona ¢ MeraHoM gocturaetr 50%. Ilpu stom B
Cllydac WCIIONIF30BaHUS B KadeCTBE WHHUIHATOPA
MEPEKUCH BOJOPOJAa B CMECH OKCHAOB YIJIepoa
JOMUHUPYET NIHOKCHI. BbIXom MeTaHa BO Bcex
OKCIIEPUMEHTAX IPH MOBBHIIICHHBIX TEMIIEpPaTypax
OBLT MpakTUYeCKH 3KBUBaNeHTeH KonmaecTBy CO,.
CreneHb 3ayriaepokuBaHus MOBepxHOCTH Zn-K-1
Karanu3aropa TpWU OTCYTCTBUM WHUIMATOpA, a
TaKke NMPUMEHCHWH 3TaHa, STHJICHA, B MCHbBIICH
Mepe BOIBI, OKa3ajach BHICOKOH. B ombiTe 0e3
MpUMEHEHHs] HHULIMATOPOB Ha KaTtanu3arope Zn-K-
1 npu Temmeparypax 700 u 780°C mabmomanoch
3aMEMJICHHOE  YCTAaHOBJICHHE  CTAllMOHAPHOTO
peKUMa peaknuH, BBIpa)KEHHOE KoJeOaHWeM B
nepBble 30 MMH KOHIEHTpalMHd BOAOPOAA B KOH-
TaKTHOM Trase B npeaenax +£20-25% otH.

Ha puc. 1 mpuBeaena kpuBasi BBIXOJa BOJIO-
pona npu Temmeparype 780°C B OTCYTCTBHE
uHumaropos. Haunnaa ¢ 850°C kouBepcus noc-
TUTAaJa CPEIHETO YPOBHS B TEUECHHUE TIEPBBIX 5 MUH,
a ¢ TPUMEHEHHEM MEepPeKUCH BOAOPONIA CTAIHO-
HApHBII PEXUM YCTAaHABIUBAJICS IPAKTUICCKU
MT'HOBEHHO.

Takum 06pa3oMm, Cyas MO TONYyYEHHBIM JaH-

HBIM, peaknuio Ha Katanmmzatope Zn-K-1 crnemyer
BECTH B TeMmrepaTypHoM uHTepsaie 800-850°C B
MPUCYTCTBUU TEpeKucu Bojopoaa. OnHaKO BpeMs
PEakLMOHHOIO LUKJIa MEXIy CTaAusiIMU pEereHe-
paunu Ha Karanmmzatope K-1, MoxudunmupoBanHOM
IUHKOM, TpU KOTOPOM HMEET MECTO IICEeBJO-
CTalMoHapHas 00JacTh MPOTEKAHUS PEaKIuH, COK-
pamaercst npumepHo Ha 10 MuH, HecMOTps Ha
HEKOTOpPOE€ BO3pacTaHUE CEeIEeKTUBHOCTU. Pasnu-
YyhHe B CEJIEKTUBHOCTH, [0 CPaBHEHHUIO C paHee
MOJIy4YeHHBIMHU JTaHHBIMU Ha KaTanuzarope K-1 [4],
CBS33aHO C pa3lIMYUEM XUMHUYECKOIO0 COCTaBa Kara-
JN3aTOPOB U PEKUMHBIMU YCIOBHUSAMHU OCYIIECTB-

JICHHUA IIpouccca.
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Puc. 1. YcTaHoBiIEHUE CTALlMOHAPHOTO pEXUMa B
X0JI€ HEOKHCIUTEIBHOTO NeTHAPUPOBAHNS METaHOJIA
B opmanbaerun npu 780°C B oTcyTCTBHE
nnuimatopa (H,0,).
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