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KUJAKOPA3ZHOE OKUCJIEHUE NU30BYTAHA KUCJIOPOJAOM BO3JYXA

Kniouesvie crosa: usobyman, mpemuunviii Oymunosviii cnupm, 2u0ponepoxkcuo mpem-oymuia, OKucieHue

Ilposedeno uccredosanue okucienua uzodymawna 6 sHcuoxou @aze. Hccnedosano enusHue pacmeopumens, HAIUYUs
61a2U U UHUYUAMOPA HA CKOPOCTb PACX0008AHUSA KUCIOPOOd U CENeKMUBHOCb OKUCTEHUS U300YMAana.
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Oxidation of isobutane in liquid phase was studied. The influence of solvent, moisture & initiator on rate of oxygen

depletion & on isobutane selectivity was examined.

BBeneHune

B macrosmee BpEMs TPOLECCBI OKHCICHUA

yIJIEBOJOPOAOB B  Hameil cTpaHe B oObemax
MPOMBILIICHHOTO MIPOU3BOAICTBA MPE/ICTABIICHBI
UCKJIFOYHTENIbHO OKUCICHUEM 3THIOCH30I1a B MPOLIECCe
COBMECTHOT'O MPOU3BOJICTBA cTuposa u

MPONMJICHOKCUIA U OKUCIICHWEM HW30IMPONMIOeH30J1a B
MPOLIECCEe COBMECTHOTO MOJIyUSHHUs alleToHa 1 (heHoa.

BmMmecre ¢ TeM MOXXHO BBIIENHUTH PsiJl (hakTOpoOB
B TOJIb3Y Pa3sBHUTHS MPOLIECCOB OKUCIICHHUS: BO-TIEPBBIX,
MOJTyYEHHE OYeHb ITUPOKOTO CIIEKTPa MPOMENKYTOUHBIX
U IETIEBBIX MPOJYKTOB, MOHOMEPOB JUISl MPOHU3BOJICTBA
MOJTMMEPOB; BO-BTOPBIX, 0OOTAaTOW CHIPbEBOH 0a30M,
MPAaKTHYECKH BCE YTIIEBOJOPOABI CIIOCOOHBI BCTYIATh B
peakIuN OKHCIEHHS; B TPEThUX, JOCTYIHOCTHIO
OCHOBHOTO OKHCIHTEIBHOTO areHTa - KHCJIOpOoJa
BO3/yXa.

OKHCIIEHHE  YITIEBOAOPOJOB MOJIEKYJISIPHBIM
KHCJIOPOZIOM HW3HAYallbHO OCYILIECTBIJIOCh B Ta30BOii
(dasze mnpu BBICOKMX TemIlepaTypax Ipouecca. B
MoHorpadguu [1] npuBeneHB  NPUHLIUNHAIBHBIE
TEXHOJOTMYECKHE CXEMBbl Ta30(a3HOr0  OKHCIECHUS
napa(uHOB B CITUPTHI, ANBAETHIBI, KETOHBI H KUCIIOTHI,
MIOKa3aHO, YTO B KaYECTBE IMPOMEKYTOUYHBIX ITPOTYKTOB
obpasyrorcs rupponepekncu. CoriacHo Teopun baxa u
OHrnepa [2], IMEHHO TIEPEKHCH SIBIISIOTCS IEPBUIHBIM
MPOJYKTaMH OKHUCJICHHS, a IPU JAJbHEHIIEM pa3BUTUH
Ipolecca OHM NPEBPAINAIOTCs B KOHEYHBIE, Ooiee
cTtaOwibHbIe  MPOAYKTh. OTHOCHTENBHAS JIETKOCTh
00pazoBaHusl NEpeKHceil CBs3aHa C TeM, 4TO JJISl ATOTO
HEOOXOAMMO Pa3opBaTh JIMIIbL OJHY CBSI3b B MOJIEKYJIE
kuciopona. Ilpum  oOpasoBaHuM JI0OOTO  APYroro
KHCJIOPOZICOJIEPIKAIIIETo MPOAYKTa TpeOyeTcst pa3opBaTh
JIBE CBSI3M B MouieKyJie kucinopoza (118 xkan/mouns), 4ro
JIeNaeT TaKWe O3JIEMEHTapHbBIe aKThl  JOCTATOYHO
3aTpyIHUTEIBHBIMU.

Jlornyeckoe pa3BUTHE IIEPEKHCHAs TEOPHA
MIPOLIECCOB OKHCICHUS IIOJIy4YHiia B TPYJax akaaeMHKa
H. H. CemenoBa. Im Obi1a co3aHa MIMPOKO W3BECTHAS
B HACTOSIIEE BpEMs TEOpUsl ILENMHBIX pEaKUuil c
BBIPOXKJICHHBIMU PA3BETBJICHUAMU.

CienyromuM 3TaroM B Pa3BUTUH TEOPHH U
IMPaKTUKU OKHMCJICHHUA Yrii€Boaopoa0B SABUIJIIUCH
UCCIIEOBAaHMSI JTOr0 Ipolecca B OKUAKOHW  (ase.
Bosnb1oii sKcriepuMEHTANBHBIA MaTepHal M0 KHHETHKE
OKHCJIEHHsI OPraHMYECKUX BEIIECTB CBHUJIETEIBCTBYET O
TOM, YTO TIPOLECCHl OKHCICHHUS YIJIEBOJOPOAOB B
KUAKOH (asze, Takke KaKk W B Ta30BOH, OTHOCATCA K
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KJIacCy LETHBIX BBIPOXKACHO-PA3BETBICHHBIX PEAKIHH.
Brmaromapst TOMy, dYTO TUTIOTHOCTH JKHUAKOH (pasbl
3HAYUTEIBHO MPEBOCXOIHUT IUIOTHOCTh T'a30BOH (ha3sl,
KUAKOpA3HOE OKHCICHHE TPOTEKAaeT C OOJBIINMH
CKOpPOCTSAMH M Tpu Oojiee HU3KHX TeMIepaTypax. ITo
00yCJIOBJICHO, B YAaCTHOCTH OOJIBIIEH KOHIIEHTpAIUeH
OKUCIAEMOI'0 BCHICCTBA, 3HAYUTCIIbHBIM YMCHBILICHUEM
CKOpPOCTH OOpbIBa ILI€NH BCIEACTBHE 3aTPyJHEHUS
middy3un cBOOOIHBIX pPaaAMKaIOB K CTEHKe, Ooiee
OnaronpusATHBIMM  YCIOBUSIMH  JJISl  HAKOIUICHUS
THIpOTIEpEKUCed B CWIy  yMEHBIICHUS WX
TeTEepOTeHHOr0 pacnasa. B HacTosIee BpeMs: OCHOBHBIE

3aKOHOMEPHOCTH KuIKo(azHOro OKHCIICHHS
JIOCTATOYHO XOPOIIO U3YYeHbl. 3HAYUTEIBHbIA BKIIa]] B
co3JaHne COBPEMEHHOMU TEOpHUn OKHCIICHHSI

yIJIEBOJOPOIOB B JKWAKOH (aze BHecen H. M.
OmmManyaiem [2, 3].

Bosbiioli npakTu4yeckuid MHTEpPEC K MpoLeccy
MOJYUYCHUA OPraHUYCCKUX THUAPONCPOKCHIOB BbI3BAJIO
OTKPBITHE ¥  PA3BUTHE TMPOIECCa  CEICKTUBHOTO
SMOKCHIUPOBAHUS olle(huHOB OpraHUYECKUMU
THIIPONICPEKUCSIMH  C  TIPUMCHEHHEM B  KadecTBE
KaTaJIn3aTOPOB IMPOU3BOJHBIX METALIOB IMEPEMEHHOMN
BaJleHTHOCTH [4, 5].

Kak BecpMa TeEpCHEKTHBHOE HAaIpaBICHUE
pa3BUTHS TPOM3BOJICTBA OKHUCEH M HEHACHIIECHHBIX
YIIEBOAOPOAOB sl  TPOM3BOJACTBA  ITOJIMMEPHBIX
MPOAYKTOB PAcCMaTPHUBAETCSI COYETaHHE IPOIECCOB
OKHCJIEHHS  YIJIEBOJIOPOJIOB C  SIIOKCHAMPOBAHUEM
onepuHOB. B YacTHOCTH, OKHCICHHME H300yTaHa [0
rugporiepokcuna  tper-Oyruna  (I'TITB)  moxer
paccMaTpuBaThCs KaK OJHA W3 HAYalbHBIX CTaJIHd
MPOIECCOB  IOJIyYCHUsI  HM300yTHIICHA,  H30IPECHA,
MPOMWICHOKCHAA —  BAXKHBIX  KPYMTHOTOHHAXKHBIX
HEe(PTEXUMIUIECKUX TPOITYyKTOB.

kcnepuMeHTanbHas 4acTb

HccnenoBanue mponecca OKHCJICHHUA
H306yTaHa OCYHIECTBJISUIM B IEPUOANIECKOM PEKUME C

HCIOJIb30BAHUEM peaKTopa-aBTOKIIABA,
TIPECTABIISIOIIETO coboit TOJICTOCTEHHBIN
METAUIMYECKUI  COCYJ  LMJIMHAPHYECKOH  (OpMEI
BMeCTHMOCTBIO 350  cM’,  BBINOJNHEHHBIT U3

HeprKaBerollel cTaini. Anmnapar o0opyIoBaH pyOarikoit
JUISL TIOJJaYyl TEIUIOHOCUTENS, MaHOMETPOM, KapMaHOM
JUIL  TEpMOMapbl,  BEHTWJIEM Ui  aBapUHHOTO
CTpaBIJIMBaHUs, CUPOHHON TPyOKOH M BEHTHJIEM TOYHOM
PETYIUPOBKH A7 0TOOpa MPod PEaKIIOHHON MacCHI.



3arpyXeHHbII peakTop Ui IepeMELIMBaHMsA
3aKpeISUIM  HAa  BCTPSXHUBAIOLIEM  YCTPOMCTBE,
TEMIIEpaTypy MOJACPKUBAIA MOAAa4Yel TETIOHOCHUTEs
u3 TepMocrara B pyOamKky peakTopa. 3a Hadaio
BPEMCHHN pPCAKUIHU IMPUHUMAIU MOMCEHT JOCTUIKCHUA
PEaKIMOHHON CMEChI0 TEeMIIepaTyphl, OTIMYAIOUICHCS
OT 3a/IaHHOTO 3HauYcHHs He Oosee yeM Ha 1°C. OtOOp
npo0 ra3oBod a3kl OCYIIECTBISUIM B MEAWIMHCKHUHA
CTEKJISTHHBIN IIIPUILL, TPOOBI )KUAKOH (as3bl oTOMpany B
MEHUIWUTHHOBBIE CKJISTHKH, MIOMETIICHHBIE B
MeTaJUIMYeCKHe KOHTEHHEpHl, M3 MPOoOOOTOOPHOTO
IITyLepa Yepe3 Uriy.

Ha xpomartorpade «Kpucrami-5000 Jlroxc»
OPOBOOWJIM  aHamm3bl: cocrtaBa  Cs-ppakumm ¢
WCIOJIb30BaHUEM KAMWUTSIPHON KOJOHKH JJMHON 60 M,
JIHaMETPOM 0,32 mm c HAHECEHHOU hazoit
Al,03/NaySOy; OKCHaaT AHATN3UPOBAIIH Ha
KaWIIIPHOM KOJOHKe JuMHOW 50 M, nuaMmerpom
0,2 MM ¢ HanecenHod ¢azoii WAX 52. M3mepenus

KOHLIEHTPALUU KHUCIIOpoaa BBIIOJIHSIIN Ha
xpomarorpadpe JIXM-8 MJI ¢ wucnoiap30oBaHUEM
HacaJIOYHOU KOJIOHKH, 3a0JIHEHHON NaX.
KoHnuenTpauuto IT'TITb onpeaeNsuin METOJIOM,
OCHOBAaHHBIM Ha  B3aUMOJICHCTBUU  MEPOKCHIHBIX

COEJIMHEHUM MOJKUCICHHBIM PACTBOPOM HOJUJIAa KaJus
C BBIICTICHHEM HOJa W MOCIEAYIOIINM THUTPOBAHUEM
BBIJICIMBIIICTOCS H0/1a PACTBOPOM THOCYJIb(haTa HATPHSI.
MaccoBylo JOI0 KHUCJIOT ONpEeNeNsyidi B pacuere Ha
YKCYCHYIO KHMCJIOTY TUTPOBAHHEM PEaKLUOHHON CMECH
CIIUPTOBBIM PAaCTBOPOM T'HIIPOKCHUIA KAJIHS.
DKCIIEPUMEHTHI IPOBOUIIN B MEPUOTUICCKOM
peXUMe OJTHOKPATHOM 3arpy3Kd B peakTop U300yTaHa U
a30THO-KHCJIOPOJHOM  CMECH, C  KOHLEHTpauueu
kuciopona 30,5 % 00. ¢ ucCHonp30BaHUEM B KadecTBE
pactBoputens H-O0yranona mo 'OCT 6006, ocymeHHOTO

(comepxanme Bmarn 0,13 % wmac) u BomHOTO
(comepxanme Bmarm 11,9 % wmac)  Tper-OyraHomna
(TBC). MaccoBoe  COOTHOIIEHWE  HM300yTaH

pactBoputens — 70 : 30, Temneparypa peakuuu 125 °C,
HauaTbHOE naBieHHe 60 Krc/cM’, BpeMs peakiuu 6
4acoB.

PesynbTaTtbl U ux obcyxaeHue

B mpenBapuTEeNbHBIX OMBITaX MO OKUCICHHIO
n3o0yTaHa ©e3 WCIONB30BaHUS PACTBOPUTENS OBLIO
onpeneneHo, 4ro koHueHtpauus I['TITh B oxcupare
MOJKET IOCTHTaTh JOCTaTOYHO BBICOKMX 3HAYCHUH —
6oree 50 % wmac., ipu comep>KaHUM KHUCIOT Ha YpPOBHE
3-4 % mac. OgHako KOHBepCHs M300yTaHa OCTaBajach
HeBbicokor, BbIxox I[TITH or Teopermueckoro He
npesbiman 2,25 % 3a 3 yaca cuHTE3A.

B LIEJISIX HCKIIIOUECHUS Yepe3MEpPHOTro
koHueHTpupoBanus ['TITb B okcupare u CHMKEHHS
KHCJIOTOOOpa30BaHUs B TIpOLlEcCe OKUCICHUS ObUIH
o1poOoBaHBbI BapHUAHTHI HCTIOJIh30BAHUS
pactBopuTeneil. Ha HavanbHOM 3Tame paccMOTPEHO
UCTOJNBh30BaHUE  OYTIIOBOTO W  TPET-OyTHIOBOTO
cnupToB. VcmblTaHWE BO3MOXKHOCTH HCIOJIB30BaHUE
BogHOTO pactBopa TBC ObuTO0 OOYCIIOBIEHO TEM, YTO
BOJIHBIE PAcTBOPHI TpeT-OyTaHONa MMEIOTCA Ha pAne
npousBoacTB OAO «HmxHekaMcKHEDTEXUMY.

Kak moxa3amu pe3ymnbTaTel HCCIEIOBAHUM,
MaKCHMallbHasi CKOPOCTb pAacXOJOBaHMsI KHCIOpPOJa
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Habmomanach B cpene H-OyTaHomna: yke depe3 4 daca
peakuuu JOCTHTaeTCA MPaKTHYECKU MOJTHOE
UCYEpIBIBAHUE KHCIOpOJa B PEaKIMOHHOW CMECH.
3aBUCUMOCTH U3MEHEHUS KOHICHTpallu KHUCjiopoJa OoT
BpEMEHM  mpeacTaBieHsl Ha  puc.l.  OpHako,
CEJIEKTUBHOCTh PEaKkIMU B 3TOM Cilydyae OYeHb Mala,
koHuentpauus I'TITH cocraBnser Bcero 1,3 % mac
(puc.2) B TO BpeMsl KaKk KOJMYECTBO KHCJIOT JOCTUTaeT
5,03 % wmac. OdeBHUIHO, 3TO CBS3aHO C BBICOKOM
CKOPOCTBIO  OKHCJEHHs  camMoro  OyTaHoma ¢
00pa3oBaHMEM TPOIYKTOB TIIyOOKOTO OKHUCICHUS —
KHCIIOT.

[0], % 6.
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T, MUH
Puc.1 - H3MeHeHMe KOHLEHTpaUWU KHUCJIOpOAAa B
onbITax ¢ pa3auyHbiMu pactBopurteasivMu 1 — TBC
TOB., 2 — TBC ocyu1., 3 — H-OyTaHO.JI
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KNCNOTbI aueToH
Copep:kanue 1eJeBBIX M MOOOYHBIX
NMPOAYKTOB PpPeakuud B NPUCYTCTBUHH Pa3INYHBIX
pactBopuredei 1 — TBC 1oB., 2 — TBC ocym., 3 — n-
OyTaHoJI

CKOpOCTh pacxoIOBaHHS KHCIOPOAA B CIydae
ucnoiib3oBanus ToBapHoro ThC 3HAYUTENHHO HUXKE IO

MeTaHon



cpaBHEHHIO ¢ 06e3BOAHBIM TpeT-OyTaHoioMm (puc.l), To

€CTh TIPUCYTCTBUE BObI I/IHFI/I6I/IpyeT
Impouecc OKUCJIICHUA, npu 3TOM yXyamaeTcs u
CCJIICKTUBHOCTB rnmpouecca, YBCJIUYMBACTCA  BBIXO/

MOOOYHBIX MPOJYKTOB KUCIIOT, METAHOJIA U alleTOHA.
Tak ke 1 Bcell CEpUU IKCIEPUMEHTOB

HEOOXOAMMO OTMETHTB, YTO 3aBHCUMOCTH HM3MEHEHUS

KOHIIGHTpPAallUU KHUCIOPOAA BO BPEMEHH HUMEIOT [JBa

YETKO  BBIP@KCHHBIX  NPAMOJIMHEHHBIX  ydJacTka,
XapaKTEePHU3YIOIIHXCS pa3IuIHOM CKOPOCTBIO
NpOTeKaHus  peaknuu. Brawane — HaOmomaercs

HEKOTOpBIM MHAYKLMOHHBIA IEPUOA, 3aTe€M IO MEpe
HaKOIUICHUS B peaKIIMOHHOU CcMeECH I'TITh
WHIIYKIMOHHBIH 3 (QEKT U34e3aeT U CKOPOCTh PEaKLnH
BO3pacTacT. To ectb 1A yCTpaHCHHUA WKW YMCHBIICHUA
HHIYKIIHOHHOTO nepuoja HE00X0IUMO
MpeIBApUTENILHOE BBEJCHUE B UICXOAHYIO PEAKIIUOHHYIO
CMeCh UHUIIMATOPA.

Ha pwuc.3 mnokazaHel auarpamMMbl CHIDKEHHS
KOHIICHTPALUN KHCIOPOa U ONBITOB C MHAITUATOPOM
U B €ro OTCYICTBHH. B KkadecTBe WHHUIAaTOpa B
HUCXOJHYIO PEaKIOHHYIO CcMech BBOJHIIN
nonojuutensto I'TITH B konmmuecTse 2,7 % mac.
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[02], % 06.

0 60 120 180 240 300 360
T, MUH
Puc.3 - WN3MmeHeHHe KOHIEHTPalUH KUCJIOpPOAAa B

onbiTax B npucyrcTBum Oe3pogHoro THC 1 — 6e3
I'lITH, 2 — B npucyrcreuu I'TITH

Tax JuarpaMma, XapaKkTepu3yomas
W3MCHEHHE KOHLEHTPALMH KHCIIOPOAA B IPUCYTCTBUH
uHAnuaropa (2), wuMeeT BHJA IpIMOW Ha BCEM
NPOTSHKEHUH SKCIIEPUMEHTA, YTO CBUJIETEIBCTBYET 00
OTCYTCTBHUM MHIYKLHMOHHOTO mepuoja peakiuu. Kak
CIIEJICTBHE B JIBA pa3a COKPALAETCS BPEMs IOJIHOIO
pacxo0BaHUs KUCIOPOJA.

3aknovyeHue
Takum o0pazom, NpeaCcTaBIEHHbIE
HCCJICAOBAaHUA IIOKa3ajiu, qTo BBCJCHHC B

PEaKMOHHYIO CpEely PEarcHTOB, HE OTHOCSAIINXCS K
LEeJIEeBbIM  NPOAYKTaM  PEakuuH,  CHOCOOCTBYeT
CYILECTBEHHOMY YXYAIICHHIO IIOKa3aTesNed mporecca
okucieHus nzolOyrana. B nemsix obecneueHust Oosee
Oe3olacHBIX YCIOBMHM TNpOBEJEHHS IIpolecca |
UCKJIIOYEHMSI YepEe3MEPHOro KoHueHTpuposBanus ['TITh,
peakuuio IenecooOpasHo NPOBOAUTH B YCIOBHSX
MEHbBLIEH KOHBEPCHU HM300yTaHa WJIM B IPUCYTCTBUH
0e3BO/IHOTO TpeT-OyTaHONa B KayecTBE pa3z0aBUTEII.
[penBapuTenpHOE BBEICHUE B PEAKIMOHHYIO CHCTEMY
WHULAATOpA IIO3BOJISIET HMCKIIOYHUTHh HHIYKLIHOHHBIH
nepuon ¥, Kak CJIEICTBHE, YBEIHYUTH CKOPOCTb
peaxIuy.
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