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KHWPHUI (JIoKTOPJIMK TUCCEPTALUACH AHHOTALUSACH)

Juccepranus MaB3yCHHUHI H0J3ap0JMru Ba 3apypaTv. XO03UPIH BakTna
nyHé MuMKécuaa Tabumil Ta3 3axupanapu 144 TpaH.m® Tamkun staau, myHgaH 1,5-
2,0% xuMEBUN KaiTa uMUUIaHMOKAa. TaOuuil ra3Hu KalTa WIUIANl YYyH KaTajlu-
3aTopiiap Ba SHTM 3aMOH Tajabyiapura kaBo0 OepyBYM TEXHOJOTHK >KapaHIapHU
SIpaTUII XO3UPTrd KYHHUHT J0J13ap0 MyoMMOCHAMp. X03upaa AyHE Oyinya 3TUiieHra
HUcOaTaH MIIUTHK SXTHEXK 150 MTH. TOHHAHU, BUHUJIXJIOpHUATa OYiran tTanad 42 MiH.
TOHHAHM, BUHUIIALIETATIa HUCOATaH 3ca 3.8 MJIH.TOHHAHU TAIKUII DTaju .

PecnyGnukamMu3 MyCTaKWIUIMKKA PUIITAHIAH CYHT METaHHHU KaTaJIMTUK OKCH-
KOHJICHCATIIAIll, apoMaTJiall XaM/1a alleTUIEHHU TUAPOXJIopall, THApaTiaanl, aleTul-
Jam skapaHiapy y4yH IOKOPH YHYMJIODJIMK Ba CEJIEKTHMBIMKKa 3ra Oynran, Oap-
KApOPJIUTH FOKOPH, TYPFYH, MycTaxkaM, (aosl Ba HHUCOATaH ap30H, KOKCIAHWIIHH
KaMalTUpaguraH Kartajlu3aTopiiap spaTuil, U1y OuilaH Oupra KaTaluTUK Kypui-
MaJIapHUHT HUIIYU MapaMeTpiIapUuHU MaxCyJOTIApHUHI Makcumanl yHyMHu OVyiinua
onTUMaJlJall, >Kapa€HJIApHUHT TEXHOJOTHMK MapaMeTpjapyuHU Ba PpPEaKTOpJIapUHU
MOJCJUIAIITUPHUII, HHEPTUs Ba PECYpPCTEKAMKOpP, UYUKUHIUCU3 TEXHOJIOTHUSIIAp
apaTtuil Oopacuia KEHI KAMpOBIU 4Opa-Taa0upiiap amalira OUpWiInO, MyailsiH
HaTWKajapra 3pUIlnIIn.

ByryHru KyHza kaxOH MUKECUA alleTOH, BUHWIALIETAT, BUHWIXJIOPHL, STHIICH,
CYIOK E€KWIFM KaOu Mopjanap uiuiad yukapuiira, Oy 6opaaa, »KymiajiaH, Kyduaaru
Macajajiapra 3bTHOOp KapaTWIMOKIA: METAaHHU KaTaJuTUK OKCHKOHJEHCATIIAII,
alETUJICHHU TUAPOXJIOpiall, THApariam Ba auetwuam. by skapa€nnapHu amanra
OIIUPUII YuyH 3(PPEKTUB TEXHOIOTHUS Ba KypuiaManap OuiaH >KMXO3JaIIHUHT (PU3KK-
KUMEBUN Ba TEPMOJMHAMHUK AacCOCIApWHM, HJ€all CUKUO YUKApyBUM PEAKTOPHUHT
MaTeMaTUK MOJEIMHU SpaTUll Xamja *KapacHJIapHUHT ONTUMall TEXHOJIOTHUK Mapa-
METpJIApUHU aHUKJIANl Wynmu OWjlaH STWICH, CYIOK EKWIFH, BUHUIXJIOPHI, alleTOH,
BUHWJIAIETAT OJIMII >Kapa€HJIApUHUHT SHEPTHUs Ba PECYpPCTEKAMKOP KaM YMKWH]IAIN
TEXHOJIOTHUSJIAPUHU SPATHIILL.

V36ekucron Pecriy6iukacu ITpesunentunnnr 2008 i 15 nrommaru ITK-916-
coryii «/IHHOBaLMOH JIOMKXANap Ba TEXHOJOTHUIAPHU MIUTA0 YMKApUINTA KYJJIaml-
HU parOaTiiaHTUpHUII OYinYa Kymmm4ya yopa-tagaoupiaap» Ba 2009 viun 11 maptoaru
[IK-1071-conmn «KuM€ caHoaTM KOpxoHajapyu KYPWIHMIIMHU KaJajuIallTHPUILI Ba
SIHTU TypJard KuM€ MaxcyJIoTJIapy Miuiad YMKApUIIHU Y3iamTupui oyiuya qopa-
Tafgoupnap nactypw» tyrpucuaaru, 2009 viun 12 maptaaru [1K-1072-connm « a6
YUKAPUILIIHA MOJEPHM3AlIMs KWIHIL, TEXHUKABUI Ba TEXHOJOTHK KalTa >KUXO03Jall
Oylinya SHI MYXUM JIOMUXAQJIapHU amalira OUIUPHII YOopa-TaJ0upliapu JacTypu
TYFPUCHIA»TH  Kapopiapuaa Ba Oomka MEbEpUN-XYKYKHUH — XyxoKaTiapaa
OenrmwnadraH Basu(aapHA amalira OMIMPHUINTa yIIOy JUCCEPTAus TaIKUKOTH
MyalsH Japaxkaja Xu3maT KWIaJIu.

TagkukoTHuHr Pecny0uauka ¢aH Ba TEXHOJOTHAJIAPH PHUBOKJIAHUIIH-
HUHI AaCOCHMH YCTYBOp WYHAJIMUILIAPUIa OOFIMKJIUIK. Ma3kyp TaaKUKOT

1
W.B. Omanuna, JL.T'. Bpyk, O.H TemkuH. AlbTepHaTUBHbIE METObI HOIY4YEHHUS POYKTOB OCHOBHOT'O OPIraHMYECKOro CHHTE3a. M.

MMUTXT, 2002, c. 106.



PecniyOnuka ¢an Ba Texnonorusuiap puBoxiaaHumUHUHT VII. «KuméBuit Texnomo-
TUsUTap Ba HAHOTEXHOJIOTHSIIAP» YCTYBOp HyHaAIMIMra MyBo(puKk Oakapuiras.

Jluccepranus MaB3ycH 6Yiin4a XopHKHii MIMHA-TaIKHKOT/Iap MIAPXHZ,

MeTaHHM KaTaJUTHUK OKCHUKOHACHCATJAIl Ba apoMatiall peakuusaapu y4yH
KaTalIn3aTopJiap ApaTuiira WyHaITUPWITAH WIMUKW W3JIAHULILIAD KAXOHHUHI €TaK4Yu
WIMHI Mapkasjlapy Ba OJIMA TabJIUM Myaccacalapu, kymiaaad, Tokyo National
University, Japan Petroleum Institute (SImonms), Chicago University (AKIII), Royal
Military College of Canada (Kanaga), French Petroleum Institute (dpanius),
Australian Institute of Petroleum (ABcTtpamus), Research Institute of Petroleum
Processing (I'epmanus), Indian Institute of Petroleum (Xunaucton), Poccus dannap
aKaJIEMUSICHHUHT HOOPTaHUK KUME WHCTUTYTH, Poccus ¢danmap akaaeMUsICHHUHT
opraHuk KumE& WHCTUTYTH, Poccus danmap akajgeMusiCHHUHT (U3MKa WHCTUTYTH,
NU.M. I'yokun nomumaru HedTh Ba Ta3 Poccust [laBnat yauBepcutetu (Poccus)
WIMHI-TaIKUKOT HHCTUTYTIapuia 0JIn0 OOPUIMOKIA.

MeTaHHM KaTaJIMTUK OKCHUKOHJEHCATIAI, apoMatiiall Ba aleTWJICHHU THUIPO-
XJIOpJall, THApATIall, aleTH/UIallra OWJl JKaxOHJa oJlu0 OOpwWiraH TaJKHUKOTIap
HaTWKacuaa KaTop, XKyMJIaJlaH, KyWHJard WIMHA HaTWKajlap OJIMHTaH: METaHHH
OKCUKOHJIeHcaTna0 3TujieH oyuil TexHojoruscu sparuirad (M.M. I'yOkuH HOMIH
HedTh Ba ra3 Poccus JlaBnar ynuBepcutetu, Poccus ¢annap akaaeMUsICUHUHT
I''K.bopeckoB HOMIM KaTaJin3 WHCTUTYTUHUHT CuOUp OYIUMM); JTHICH HIILIA0
YUKApUIIl YYyH SIHTM KaTanuzatopiap spatuiarad (DJIEeKTpOKMME Ba OpraHUK
Karanuzaropyiap uHctutyTH, Kozoructon); (Texas A&M University, AKII); C»-
YTIEBOAOPOATIAPUHYN MIIIA0 yuKapuil TexHosorusicu Takaud xkuinuarad (Chemical
Engineering Department, Hacettepe University, Ankara-Turkey); sTunen omum
TEXHOJIOTUACUTA LEOJNHUTIN OWpPUKMalap acocuja KaTaiu3aTopijap TapKUOH
apatuwirad (U.M. I'yOkun HOMIM HeTh Ba ra3 yHuBepcutretd, POA kommngaru
karanu3 uHCTUTYTH, Poccus), (Department of Mechanical Engineering, The Hong
Kong University of Science and Technology, Clear Water Bay, Kowloon, Hong
Kong, Xuroit); NaWMn/S10; tapkubiau katanuzatop sapatuwirad (Jlanpwkoy Ouznk-
kuM€ UHCTUTYTH, Kopest).

JyHEna MeTaHIaH 3TUIIEH, CYIOK EKWIIFU, alleTUIICHIAaH BUHUIXJIOPHUI, AllETOH,
BUHUJIALETAT OJUII TEXHOJIOTHsICH OViimya KaTop, >KymjaJaH, KyWHJIard yCTyBOP
HyHanunuiapaa TaaKUKOTIap ojJu0 OOpHIIMOKJA: METaHHU OKCHMKOHJEHCATIall Ba
apoMartjani; aleTWICHHH TUAPOXJIOpJIAll; THApATIall Ba aleTHUIANl peakusapu
y4yH IOKOpU YHYMJIOPJIMKKA, CEJEKTHUBIIMKKA, (DaoyuiMKka Ba OapKapoOpiMKKa dra
Oyiran Karamu3aTtopiiap SIpaTHIll; METaHAaH OSTUJICH OJIMII >KapaéHUHH CaHOaTTa
YKOPUHU ITUII YIYH PEAKTOPIAPHUHT TEXHOJIOTHK IMapaMeTPIapUHUA MOJISJUTAII TUPHUIIT
Ba ONTHMAaJLIAII.

MyaMMOHMHI YPraHMJITAaHJIMK Aapamacd. MeTaHHM KaTAINTHK OKCHKOH-
nencaraad Co-yriaeBoaopoaiap OJHUII, KaTAIM3aTOPIAPHUHT caMapaJOpIUTUHU OLIH-

JuccepTamusi MaB3ycH 0yiinua xopuskuii mamMuii-ragkukoTiap mapxu: > Ghose R., Hwang H.T., Varma A. Oxidative coupling of methane using
catalysts synthesized by solution combustion method // Applied Catalysis A: General. 2013. Vol. 452. P. 147-154; Jlomonocos B.11., Ycmanos T.P.,
CureB M.IO., berukoB B.IO. 3akoHOMEpHOCTH OKHCIICHHS JTHJICHA B YCJIOBHSAX PEAKIMU OKHCIMTENFHOW KOHIeHcanuu MmeraHa // KuHernka u
katanus. 2014. T. 55. Ne 4. C. 498-505; Xin Y., Song Z., Tan Y.Z., Wang D. The directed relation graph method for mechanism reduction in the
oxidative coupling of methane.//Catalysis Today. —2008. 131 (1) —p.483-488; Témkun O. H., A6anto-Yages X. I., Xoaur Kum Bonr. «Kunernueckue
MOJICTIM CHHTE3a BHHHWJIAIIETATa HA [IUHKAIICTATHBIX KaTaln3aTopax HOBOTo MOKoJeHus»/Kunernka u karamus, 2000 r., Ne 5, 1. 41, c. 701-718 Ba
Oorika MaHGanap acocua Uuad YUKUIIH.
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pUII, STUJIEH UIILIA0 YUKAPUITHUHT UCTUKOOIIAPH, STUIICH UILIA0 YUKAPUIITHU Talll-
kwamtupum oyiinda X.M. Munaues, M.}O. Cunes, O.B. Kpsuios, A.I'. Jlenos,
B.A. Menmuko, A.3. Jloporounnckuir, M. Guisnet, T.H. Bonaapenko, M.A.
Kanyctun, A.C. JlokreBnap, O.H. Temkun, b.A.Tpodpumos, P.M. Dmua, JLb.
Ouiep, WU.JI. KotaspeBckuiiiap TOMOHUIAH WIMHI U3TaHUILLIAP 0O OOpuiraH.

MeraHHM KaTaJIMTHK apomaTiall XamJa aleTUIECHHW TUAPOXJopJall,
TUApATIIAL, AlETUUIANl PEaKUUsJIapu YUYH FOKOPH YHYMIOPJIMKKA, CEJIEKTUBIMKKA
Ba (aosuiukka 3ra Oynaran katanusaropiap X.M. MunaueB, M.IO. Cunen, O.B.
Kpsuios, A.I'. enos, B.A. MenbimnkoB, Y.L. Jongnap ToMoHMAaH sipaTWIraH Ba
caHoaTra >KOpuUi STWiraH. MeTaHHHM apoMariialll KaTalu3aTopyiapu Ba TEXHOJIO-
rusmapu 3ca X.M. MunaueB, A.3. [{oporounnckuii, M. Guisnet, T.H. bongapenko,
M.A. Kanyctun, A.C. JlokreBnap TOMOHJApHIaH Takiud OSTUIATAaH Ba HILIA0
YUKApUILTa KYJJAHWITaH. ALCTWICHHU TUIPOXJIOpJall, TUApaTall, aieTHUIall
peakiusiiapy O.H. Temkun, Bb.A.Tpodumo, P.M. ®mun, JIL.b. ®umep, U.JL.
KotnsapeBckunitiap TOMOHMAH SIPATHIITaH.

MeTraHHM KaTalUTUK OKCHKOHJIEHCATIAll, apomaTiall XamJa aleTUICHHU
TUAPOXJIOpIaNl, TUApPATIAll, aleTUUIall )apa€Hiapu Oyinya IOKOpU YHYMJIOPJIUK
Ba CEJICKTUBJIMKKA 3ra OYyiiraH, 0apKapopuru I0KOpU, TYpFyH, MyCTaxKaM, ap30H Ba
¢daoJi, KOKCIaHUIIHA KaMaTHpaguraH KaTajau3aTtopiap spaTuil, 11y OujaH Oupra
KATAUIUTUK KYPWIMAHUHT HINYM MapaMeTPIAPUHU MaXCYJIOTJIAPHUHI MaKCHUMall
yHYMH Oyiinya oOnTUMAasUIall, >XapaCHJIAPHUHT TEXHOJOTHUK IMapameTpilapuHu Ba
pEaKkTOpJapHU MOJECJUIAIITHPHUIL, SHEPrUusi Ba PECYpPCTEKAMKOP, UUKUHANCHU3
TEXHOJIOTUSJIAp SPATHIl XaMJa caHoaTra >XOpWil 3TUIll Joii3ap0 OYnub, wiMwuii
axamusTra sra.

Juccepranus MaB3yCHHHMHI JHMCCEPTANMS Oa’kKapWwiraH oOJHMHA TabJIUM
MyacCaCACHHMHI WJIMMU-TAAKHUKOT wWuuiapura Ooraumkauru. [luccepranus
TaJKUKOTH TOIIKEHT KUME-TEXHOJOTUS MHCTUTYTUHUHT WIMHUN-TAIKUKOT HIILIapU
pexacuauHr DT/(-31-95 «Opranuk wmoamamapHu OKCUMETWIIAIl —KATAJIMTHUK
peakuMsuiapuHu Tagkuk 3tuin (1995-1997), maB3ycunaru GyHaameHTan JoMuxacu
Ba UK-2012-5 «Maxannuii xoM-aii€ Ba caHOAT YMKUHAUIIAPU ACOCHUIA ATUJIALETAT
unuiad YMKAPUIL TEXHOJIOTMK TU3UMHUHHU xopuit >ty (2013-2014) uHHOBaIMOH
JolMxacu goupacuaa Oakapuiras.

TaaKMKOTHHHI MaKCaJAW: METAHHU KaliTa MILIAII YYyH FOKOPU YHYMJIOPJIUTH
Ba KOKCIAHUIIHU KaMaWTUpaauraH OapKapop KaTajlu3aTOPJIAPHUHI TApKUOWHMU Ba
OJIMIII TEXHOJIOTHSICUHM SApATUIl XamJa >Kapa€HJIApHUHI TEXHOJOTHK Hapamerp-
JAPUHU Ba PEAKTOPJIAPUHU MOJACIIIAIITHPHUII XaM/la ONTUMAaJUIalAaH noopar.

TagnkKMKOTHUHT Ba3udagapu:

I0KOpY (haoJIUru, TEPMUK OapKapOpiUTH, YHYMIOPJIHIU, CEJICKTUBIUTH Ba
KOKCJIQaHUIITHU KaMaTUpUIIK OWIaH XapaKTepjaHaJWraH KaTajlu3aTOpJIapHUHT
onTUMana TapkuOM Ba TEXHOJIOTHSICUHM SIpaTUIl XamjJa METAaHHH KaTalluTHUK
OKCUKOHJICHCATJIalll Ba apomaTjall, aleTWICHHU TUAPOXJIOpJIall, THApaTIall,
aeTWUIall peakUMsUIapd MaxCyJOTJIapUMHM HWIUIa0 YUKApUIl KypcaTKU4Japura
KaTaJIn3aToOP TAPKUOIAPUHUHT TAbCUPUHU YPraHUIIL;

KaTaJIM3aTOPJIAPHUHT (PaoJiCU3IaHUIITa HUCOAaTaH OApKAPOPIUTHUHU TEKITUPUIIL
Xamjia KOKC XOCHUJ OVJIMII >Kapa€HUHUHT KMHETUKACUHU YPraHWIl acocuaa yJapHH
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pereHepanus KWIWII [IAPOUTHHA Ba  KATAIM3ATOPIAPHUHT  (U3HK-KUMEBUN
XOCCaJlapMHU  TEKIMUPHUIIT XamJa pPEAKIUSIAPHUHT OOPHUIIMHA TEPMOIUHAMUK
acocJiall;

SpaTWITaH KaTajau3aTropjiap HWINTHPOKUAA KapaCHIAPHUHT KHHETHKACUHU
YpraHum acocuja PeakIMsUIApUHUHT KUHETHUK MOJCIUTAPUHH SpaTHII Ba OOpHII
MEXaHU3MJIAPUHU TakJIu( 3TUII; KHHETUK MOJEIIAp TaXJIWIU acoCHIa sKapaéHIapHU
ONTUMAJIAIITUPUII Ba peaKTOpiap TYpUHU TaHJAII, PEaKTOPJIAPHUHT MaTeMaTHK
MOJIENIM acOCHJa KaTalu3aTop KAaTJIAMUHMHT Ba 3appadallapHUHT ONTUMAJ YITYaMUHU
aHUKJIaI,

METaHHU KaTAJIUTHK OKCHKOHJCHCATIAII XapaCHUHU aMajra OIIUPHUII Yy4yH
3¢ (HEeKTUB TEXHOJIOTHs Ba KypuiManap OwilaH >KUXO3JAINTHUHT (U3HK-KUMEBUN Ba
TEPMOJIMHAMHUK AaCOCJIApUHU, HJIea]l CUKUO YMKApPYBUM PEAKTOPHUHT MaTEMaTHK
MOJICJTMHU SPATUII XaMJa Kapa¢HJIApHUHT MakKOyJl TEXHOJOTHK TapaMeTpiaphHH
AHUKJIAI,

OTWICH, CYIOK CKWIFW, BUHWIXJIOPWJ, AalleTOH, BUHWJAIETAT OJUII  y4yH
KaTajau3aTopJiap Ba TEXHOJOTHUSIIAP SPATHUIII.

TaanKMKOTHUHT 00BEKTH TaOWUi Ta3, XaBo, alleTUJICH, KEPaM3UT, OCHTOHUT,
ATHJICH, apOMaTHK YTJIEBOJOPOAJAp, BUHIIXJIOPHI, XJIOPOIPEH, alleTOH, aleTajb-
JeTU]l, BUHUJIAIETAaT.

TaagKHKOTHUHI NMpeaAMeTH METaHHM KaTaJIMTHK OKCHUKOHJEHCATJAIl Ba apo-
MaTjall XamjJa alueTWJICHHU TUIpaTiiall, THAPOXJIOpJall Ba aleTHUIall peakiius-
Japu.

Taakukor ycymwnapu. J[luccepranusna GU3NK-KUMEBUN, Ta3 XpoMaro-
rpadusicu, CKaHMPJIOBUU SIEKTPOH MuKpockonusi, MK-crmekrpockomnus, peHTreH-
(dazoBuil Tax M ycyiapuial (o janaHuIraH.

TagKMKOTHUHT MIMHUIl SHTWIMTY Kyiugaruiapjaad uoopar:

muddepeHnran peakTop MapouTHIA APATHITAH KaTaIu3aTopiap UIITHPOKHIA
pPEaKIMsUTADHUHT KUHETUK KOHYHUSTIApU Ba jKapaéHiap OOPHUIIMHWHT MaKOyJl
IIAPOUTH AHWKJIAHTAH XamJla PEaKIUsJIapHUHT OOpHII MeXaHU3MJIapu TakIud
STHITAH Ba kapa€HiapHu udomanaiural KWHETHUK TEHIJIaMajiap TaHJIaHuO, ynap-
HUHT a/ICKBAaTJIUTH aCOCJIaHTaH,

METaHHU KaTaJIUTUK OKCHUKOHJIEHCATJall, apoMaTialll, aleTUJICHHU TUApat-
JaIl, TUAPOXJIOPIIALI, alleTHIIANT PeaKIUsIIApUHUHT OOPUIITN TEPMOJUHAMUK JKUXAT-
JlaH acoCJIaHTaH;

METaHHU KaiiTa UIuIail )Kapa¢HIapUHUHT TEPMOJUHAMUK acoCiapH sSpaTHIraH
Xamjla KUHETUK Ba MCCUKJIUK OallaHC HOYM3UKJIM TEHTJIaMajapyu acocujia KaTaiu3a-
TOPHUHT 3WY KaTjaMuJa KypWIMaHUHT TEXHOJOTHK IMapaMeTpiapyd ONTHUMalIall-
TUPUIITaH;

Tamky AUQPy3ust pexxuMuaa UIUIOBYM OUp MOFOHAIM aauadaThK Kypuiamaaa
METaHHU KaTAJIMTUK OKCUKOHACHCATIIAIT )KapaéHU TEXHOJOTUSICH UIIIa0 YNKHIITaH;

metangaH Cp- Ba apOMaTHWK YIJICBOJOPOJUIap Xama aleTUICHIAH BHHUII-
XJIOPHJI, alleTOH Ba BUHWIAIECTAT CHHTE3W YHYMHHH OIIWPHUINTa WMKOH OepyBYH
IapouTiap, IOKOPW TaHIa0 TabCHp STYBUYM Ba HIIAIl MYAJAaTH IOKOpW OYynran
KaTanu3aTopiiap TApKUOU aHWKJIAHTaH Ba OJIMII TEXHOJIOTUACH WIIA0 YNKHUIITAH;



ATWICH, CYIOK EKUJIFH, alleTOH, BUHIIXJIOPHU]] Ba BUHUJIAIETAT CUHTE3W TEXHO-
JIOTUK TapaMeTpJiapy UIIa0 YHKUIITaH.

TaaKUKOTHUHT aMaJIMi HATHKAJIAPH: MCTaHHU KaTaJIMTUK OKCUKOHJICHCAT-
JalI, apoMartiail, aleTUJICHHW THUIPOXJIOpiall, THApaTIall, areTHIa KapacH-
Japu YYyH SHTH TapKUOJard FOKOPH YHYMIOPJIWK Ba CEJICKTHUBIIMKKA 3ra OyiraH,
KOKCJIAHUIITHU KaMaTUPUIIK OWJIaH XapakTepilaHaIuraH KaTaau3aTropiiap TapKUOU
Ba OJIMII TEXHOJIOTHMSICH XamJla KaTaJu3aTOpJapHHU pereHepanus KUJUIIHUHT Iud-
¢Gy31u0oH MaTeMaTHUK MOJEIIN SIPaTUIITaH;

TAQIKUKOTIAp HATHWXKAacula METaHHM KAaTaJIMTUK OKCHUKOHJIEHCATJIall Kapaé-
HUHU aMalira OMHUPHUII ydyH d(PPEKTUB TEXHOJOTUS Ba KypuiMayap OujaH XKUX03-
JAITHAHT (PU3UK-KUMEBUN Ba TEPMOJMHAMHK aCOCIIapU Xamja Hjeajl CHKUO YHhKa-
PYBYH PEAKTOPHUHT MaTEeMAaTHK MOJIENN UIUTA0 YMKUJITaH.

SpaTUITaH KaTaau3aTopiiap HWINTHPOKUA KAWJ dTUJITAH KapaHiap TepMOIn-
HAMUK aCOCJIAHTaH, PEaKIMsUIAPHUA YTKA3WII PEaKTOpJapu MaTEeMaTUK MOJeIIalll-
TUPWITAH Xamja >KapaéHJIApHUHT SHEPTHsS Ba PECypCTEKaMKOp, KaM YHKWHIUIH
TEXHOJIOTHUSJIAPH MIIIIA0 YNKHUIITaH.

TaakuKOT HATHKAJAPUHUHI MINOHYWIMJIHTH. TaJKUKOT HaTWKaJIApUHUHT
UIIOHYWIWJINTH, SPATHIITAaH KaTaJlu3aTOPJIAPHA Ba OJMHTAH MaXCYJIOTJIApHU TaXJIW
KUJIMIIIA peHTreH(das3an, KUHETUK, a3 XpoMaTrorpa@uk TaAKUKOT yCyJiapuaa
KYJUlaHuiITaH ac600-yCKyHaTapHUHT 3aMOHABUMINTH, SKCIIEPUMEHTAN TaAKUKOTIAp-
Ja CTaHAAPTIAIITUPUITaH METOAMKAJIAPHUHT KYJUIAHWIWIIY, Ha3apuil Ba IKCIIEpH-
MEHTaJI HaTWKaJapHUHT OUp XWUIUTUAAH HOOpart.

TagKUKOT HATHXKAJAPUHMHI WIMMH Ba aMajuil axamusaTH. TaJIKuKOT
HATWOKAIAPUHUHT WIMHH aXaMHUsTH METaHHM KaTaIUTHUK OKCHKOHJEHCATIIAII,
apoMariaini, aneTWICHHW TUAPOXJIOpJAIl, TUApPATIAIl, aleTUJUIANl pPeaKIusIapu
y4yH SIHTH TapKUOJard IOKOPH YHYMJIOPJIMK Ba CEIEKTHBIMKKA dra Oyiran
KaTaau3aTopiiap SpaTUITAHIUTH, KapaSHIAPHUHT KWHETUKACHUHHU YpraHWJITAHIIUTH,
pEaKIMsUTApHUHT OOpHIII MEXaHW3MIIAPH Xamja >KapaCHIApHUHT TaKOMHUJUIAIITH-
pWITaH TEXHOJOTHK CXeMaJlapH SPATHITAHIMTH OWIaH U30XJIaHAIH.

TaaKUKOTHUHT amMalvii aXaMHUSATH KWHETHUK Ba MCCUKJIWK OajaHC HOYM3HKIU
TEHTJIaMaJIapy acoCHa KaTaIM3aTOPHUHT 3UY KaTIaMH/Ia KypHWJIMaHWHT WITYH T1apa-
METpJIApUHU ONTHUMAJUIAIITUPHUII, Macca TAIIMIIHUHT (PU3UK-KUMEBUN MOJICIMHU
AKCIIEPUMEHTAJ acociall, (PU3UK-KUMEBHUM, TapkuO, KUMEBUU Ty3WIUILIAPHUHT
y3apo OOFIMKJIMIMHUA YpHATHUI, >Kapa€HJIApHUHT TypJd IIAPOUTIApAa YTUIIUAA
YHYMHH, KOHBEPCUSHA Ba CEJICKTUBIUKHM XHCOOJAIIra MMKOH OepajuraHn maTema-
THUK MOJIEN SPATUII XaM/la UIIUTa0 YMKAPUII PEaKTOPIAPUHN MOACIIIAIITHPHUII Ba KaM
YUKAHWIN TEXHOJOTUsIIap spaTuiaan moopat. Kaiin sTwiran peakuusuiap y4dyH
TaHJIAHTaH KaTaJM3aTOPJIAPHUHT XaMJa YOy Kapa¢HJIapHUHT WILUIA0 YMKapUIlTa
KOPUH STHIHIIN Y30eKHCTOH Pecry6lIMKACHHHUHT STHIICH, CYIOK GKWIIFH, alleTOH,
BUHUJIAIETAT, BUHUIXJIOpHAJApra OyiraH SXTUSKUHUHT MaxXaJUTMid Xomaménap
xucoOura KOHAUPUILI UMKOHUHH Oepau.

TaakuKOT HATH)KAJAPUHUHT KOPHIi KWJIMHMINM. METaHHU KaTaJluTHUK
OKCUKOHJIeHCATIa0 dTWJICH, METaHHWU apoMariad CYoK EKWIFH, alleTHICHHH
KaTaJUTUK THIAPOXJopiad BUHUIXJIOPHI Ba XJIOPOMPEH, THUApATIad aIeToH,



aneTwuiad BUHWIANIETAT CHHTE3W YUYYH KaTajau3aTopiiap WIuIad yukapuin Oyiinmda
OJIMHIaH WMWK HaTHXKajaap acocua:

METaHHU KaTAJIUTUK OKCHUKOHJEHCATJ]Aall Ba apoMatiall XamJa aleTWIECHHU
TUAPOXJIOpJaIl, TUApaTIall, aneTWUlall peakiusaapd y4yH SHTH Tapkubaaru
IOKOpYM YHYMJIOPJIMK Ba CEJIEKTHBJIMKKA 3ra OYJraH KaTajJu3aTOPJAPHUHT TEXHH-
kaBuii mapriaapu [aemat peectpura kuputwiaran (Ts-16909155-02:2013; Ts-
16909155-03:2013; Ts-16909155-04:2013; Ts-16909155-05:2013). Mnmuii HaTuxka-
Jap MaxCyJOTJIApHUHT cU(ATUHM Ba TEXHOJOTHK >Kapa€HHM Ha3opaT KHIUIITa
UMKOH Oepaiu;

METaHHU KaTaJUTUK OKCHUKOHJEHCATIad STWJICH, METaHHU apoMariad CYIOK
EKUIIFY, alleTWJICHHU KAaTAJMTUK TUAPOXJIOPIa0 BUHWIXJIOPHI Ba XJIOPOIPEH, THJ-
pamial aneToH, aneTwiiad BUHHWIALETAT CUHTE3U yUyH TaHJIAHTaH KaTajlu3aTopiiap
«Hapowuitazot» AXK a6 unkapumra xopuii sturas («Y3kumécanoar» zHuar 2016
un  luosOpmarm  NeO1/3-3528-con  mamiaymoTHomacw). Ukrtucomuii  camapa
XOpWXKJIaH oJIM0 KeNWHAETTaH KaTalu3aTopjiapHU MaXaJUTMWIAIITUPUIL, SIHTU
MOJJaJIap OJIMII Ba TEXHOJOTHUK >KapaéHJapHU ONTUMAJUIAIITUPUIL HMKOHUHU
OepraH.

TaagkukoT HATHKAJAPUHUHT anpodamusicd. TaaKUKOT HaTUXaIapu
xankapo Ba PecnyOiuka xoHdepeHImsIapuaa KymiagaH, Bcepoccuiickoit
KOH(pepeHIIMn «AKTyaJbHble NpPOOJIEMbl aHATUTUYECKOM Xumum», Abstracts of
papers of the American Chemical Society. 2002, (San Diego, 2001; Chicago, 2001;
Orlando, 2002; Boston, 2002; Orleans, 2003; Boston, 2007), USA: ACS Washington.
2002, Abstracts of papers of the American Chemical Society ( 2003), The 39®
IUPAC Congress and 86" Conference of The Canadian Society for Chemistry
(Kanana), Tperbsa mexnynapoanas kordepenmus crpad CHI' «3onb-rens cuaTe3 U
UCCIICIOBAHNE HEOPraHWYECKUX COCIUHEHUM, THUOPUIHBIX (PYHKIMOHAIBHBIX
MaTepuaioB U aucriepcHbix cuctem» (8-12 centsiops 2014 roa. r. Cysnans, Poccus),
Matepuansl  Bceepoccuiickoli  KOH(MEpeHIIMM C  MEXIyHAPOIHBIM  YYacCTHEM
«CoBpeMeHHBIE TOCTIKEHUSI XUMUU HETIPEICIbHBIX COSAMHEHUN: aJIKHHOB, aJIKEHOB,
apeHoB u rerepoapeHoB» ( Cankr-IlerepOypr, 2014), Kumé Ba KUMEBUN TEXHOJIO-
TUSHUHT Joi3ap0 myammonapu (Tomkent,1995 Ba katop PecnyOnuka wiamuii-
amanuii amxymannapuaa (Tomxkent, 2001,2008, 2015; Tomxkent, 2016) myxokama
KUJIMHTaH.

TaagkuKOT HATHKAJTAPUHUHT IbJOH KWIMHUIIM. Jluccepramusi MaB3ycu
6yitnua xamu 60 Ta WIMHI HII 4OTI STHITAH, Iy1apaaH, Y36ekucTon Pecny6ankacu
Onuii arrectansi KOMUCCUSCHUHUHT JOKTOPJUK AUCCEPTAlUSIIAPU ACOCUN HUIMHI
HATWKaJapUHU YON 3TUII TaBCHUS 3TWITaH WIMHI Hampiapaa 21 ta, sxymnanad, 14
Ta peciyOJIMKa Ba 7 Ta XOPWXKUHN KypHaAUIapa MaKkoJia Hallp dTUJITaH.

JluccepTaUMSHUHT XAa:KMHU Ba TY3WJIMINM. Jluccepranus TapKuOU KHUPHIIL,
Oemra 000, Xynoca, (oigaraHuiarad afabuériap pyxaTtu Ba wioBajiapaaH uoopar.
JuccepranustHUHT XXM 197 OeTHU TaIIKWJI 3TTaH.
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JIUCCEPTAIIMSIHUHT ACOCUN MASMYHHA
Kupum kucmuga yTkazwiran TaIKUKOTIAPHUHT O0J3apOMTU Ba 3apypaTd
acocJlaHraH, TaJKUKOTHUHI Makcaju Ba Basudanapu, OObEKT Ba MpeaMeTiapu
TaBcU(IaHraH, pecnyOiuka GaH Ba TEXHOJOTHSUIAPU PUBOKIJIAHUIIMHUHT YCTYBOD
NYHAIIUILIApUTra MOCIIMTU KYPCAaTUJITaH, TAAKUKOTHUHI UMW SHTUIIATY Ba aMajluu
HaTKajgapy 0aéH KWIMHIAaH, OJJMHIaH HAaTWKAJIApHUHT WIMHMNA Ba aMajuil axaMUsITH
oun6 Oepuiras, TaIKMKOT HATHKaJapUHU aMaJIETra »KOpHUil KWINLI, HAIIp 3TUITaH

UIILJIap Ba JUCCEepTaLUs TY3WIUIIN OYlinya MabIyMOTJIap KEITUPWITaH.

JluccepTanusiHUHT «METAHHHU KATAJIMTHK OKCHMKOHJIEHCATJIALI, apoMaTJiall
Ba alleTWICHHHU THAPOXJIOPJIALI, THAPATIALI, ANETH/IALI KapaéHIapu KaTaJIu-
3aTopJapu, TapkuOu Ba xoccajgapw» ae0 HOMJAaHTaH OupuHUM O00H7a MaB3y
Oyinya om0 OopwiIraH TaaKUKOTJIAp HATHXKAJIApH, XOPWKUM Ba MaXaJlIui anaOu-
érnap taxymau Oatadcun EpuTwirad. MabliyMoTaap yMyMJIAIITHPHITAH Ba UIMUIL-
TaxJIMIMK XyJIocalap YMKAPWITaH XaMmJla UMUK aabuéTnapaard MabJIyMOTJIapAaH
KenuO YMKKaH XOoJifa AMCCepTalys WIIMHUHT Makcaau, Basudanapu, J0a3apOoauru
Ba MyXUMJIUTH Oenrmiad Oepunra.

JuccepranussHuHT «MeTaHHM KalTa MIIAI YYyH KaTAJIM3aTOpP TAPKUOUHHU
sIpaTUII Ba MHIPEeAHEHTIap (PU3UK-KUMEBUI Xoccanapu. ZKapaéHiaapHu amaira
OIIMPHII KYPWIMAJIAPH Ba peaKkuMs MaxcyJdoT/JapH TAXJWJIW» 1e0 HOMJIAHTaH
UKKMHYM OoOuja MeTaHHM KaTaJlUTUK OKCUKOHJAEHCATIAll, apoMaTiall Xamjaa
AUETWICHHU THApaTiall, THAPOXJIOPJAIL, aleTHUIAIl PEaKLUSIIAPUHUHT KUHETUK
KOHYHUSATIAPUHU YPraHUIIHUHT TaXpuba KypwiMacu, TaXpuOaHW YTKa3ull Ba
peakuys MaxcyJOTIapUHM TaxJIMJI KAJIUII MeToaukacu éputwirad. Karanuzaropiap
CUHTE3U Oyin4a TagKuKoTIap Oepuirad. KaTtanuzaTopaapHUHT XapaKTepUCTUKaIapH
(Gu3MK-KUMEBUM ycyapaa YpraHuiarat, TaAKUKOT UIIKAa UIIUTATUITaH OEHTOHUT Ba
KepaM3UTHHU (aoJIalITUPUIL yCyJulapyu Kentupuirad. KatanusaTopHu pereHepanus
KW  yCyJulapu (KaTalu3aTop 3appavyalapuHUHT KOKCIAHWIIMHH pEereHepanus
KWJIUII KOHYHUATIAapU AUPPY3MOH MaTeMaTUK MOJEN KyJu1ad amalira OIIWPHIITaH)
XamJia YHUHI TEKCTyp Xapakrepuctukanapu (1-xaaBan Ba 2-)kajBaj) YpraHuirat.
Karanuzarop xyn ycynna Ba «301b-T€lIb» TEXHOJOTHSIAPH ACOCUIA TalEpJIaHTaH.
Peakiust MaxcyJioT/Iapu yHYMHU Ba TapKUOU ra3-CyHOKJIMK XpoMaTorpagusicu ycyauaa
AQHUKJIAHTaH.

1-xaaBaa
Karanu3zarop HAaMyHaJIAPMHUHT TEKCTYP XapaAKTEePUCTHKAIAPH
Hamyna C,% o P, P, & o Vs

r/iem® | M¥r | r/em®
(Zn0)y:(CdO),:(ZrO»),/xepam3uT - 0,875 1,37 |287 ]0,361 | 0,523 | 0,38
Zn0-18*CdF»-2*Cr,03-5*A1,05-75 5,88 10,879 | 1,49 2,80 |0,410 | 0,468 | 0,31

(Mn203),-(Naz2MoOs)y- (Z105),) 6,22 0,995 | 1,63 |3,10 | 0390 | 0,474 | 0,32
(Mn,03)y(Z1O,),-(KCI), 6,54 10923 | 1,46 | 2,81 | 0,368 | 0,480 | 0,33
5,0 Mo*1,0% ZrO, * 1,0% ZnO 8,46 | 0973 | 1,52 |3,09 | 0,360 | 0,510 | 0,32

KaranuszaTtopinapHUHr COJMUINTHPMA CHPT F03aCH, FOBAKJIAPHHUHI XAXKMHU Ba
ylapHuHr YiauaM Oyiuda takcumiaanuinu-196°C ma Micromeritics ASAP 2000
npubopuia a30THUHT ajcopOuMsicu €paaMujia YTKazuiraH. Xap Oup Taxjimi yuyyH
0,25r karanuzarop uuiaTWiaaud. Karanu3aTopiaapHHUHT COJIMINTUPMA CHPT 103aCH
BET meroau €pnamuaa, FoBakIapHUHT yiadaMm Oyitmda takcumutanumu BJH Meronu
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Oyiimua ancopOmnaHrad a3oT HM30TEPMAJIAPUHUHT  coXajlapura acociaHuO
xucoOnanau. KokCHUHT TYTIaHumm aepuBaTorpaduk ycyn épaaMuaa Ypranuian.

2-:kaaBaJl
KaTaau3zaTop HaMmyHaJlapu TEKCTYPACHHUHT ACOCHIi XapaKTepPUCTUKAJIAPH
Hamyna Koxkc | Seer, | Si, | Vs(P/Po=0,99) | V,cem®/r | D, um
% | mr/n | M¥r cM’/r
(ZnO)x:(CdO)y:(ZrO2)/xepam3uT - 2116 | 189 0,416 0,0073 8.8
7Zn0-18, CdF2-2, Cr203 -5, AI2O3-75 | 5,88 | 1715 | 157 0,375 0,0058 9,6
(Mn203)x'(NazMoO4)y* (ZrO2).) 6,22 | 1685 | 159 0,370 0,0036 9,3
(Mn203)x*(ZrO2)y- (KCl), 6,54 | 1815 | 175 0,371 0,0005 8,5
5,0 Mo*1,0% ZrO2 * 1,0% ZnO 8,46 | 1605 | 157 0,315 0,0011 8,0

JuccepranussHUHT «MeTaHHM KATAJUTHK OKCHKOHAEHCATJAIl, apoMaTt-
Jam Ba alleTUJIEHHH THAPOXJIOpPJIall, THAPAT/IAll, aleTH LAl KapaéHJIapuHH
ypranuun» 7e6 HOMJIaHTaH YYuHYM 000uaa skapaéHIapHUHT KUHETUK KOHYHUSTIApH
Yypranwiral Ba KUHETUK MoOJieJUlap MILIa0 YMKUITraH. MeTaHHU OKCUKOHJEHCATiIab
STWIIEH oyl Oup Oockuunu sxkapa€H OYnub peakius atmocdepa Oocumuaa
VTKazuiaau. MeTaHHU OKCUKOHJICHCATIIAI Kapa€HUa KyWuaaru peakuusiap Coaup
oynmanu:
2CH4 + 1/202 — C2Hs + H2O AH = -176,8 xx/Monb
2C,Hg + O2 — 2C,H4 + 2H20 AH =-105,1 xx/mMoib
2CH4 + Oy — CoHs + 2H20 AH = -281,9 xx/Moib
CH4 + 20, — CO; + 2H20 AH = -802,33 xk/MOIb
YOy xapaéH 3TaH Xocws1 OYIuIIM OWjaH Ke4aJu Ba 3TaH Karaiau3atop (aon
MapKaszuaa JeruapoTreHIIaHTaH a dTUJICH XOCHI OVTaiu.
3- :kaaBaJj
KaTtaau3aTop TApKHOMHMHI MEeTAHHH OKCHKOHIEHCATIAN PeaKIusICHIATH
daosanrura tascupu (T=750°C; CHi:xaBo=1:2; V=1200 coat™)

CH4 nunr xouBepeusicu, Ko,
Ne Karanmuzatop Tapkubu VMymuit C,H., ra CenexTHBIHUK, Sy,
1 Mn;0; 33,5 13,0 35,8
2 | Mny0O3 *Lay03 29,0 7,0 24,1
3 | Mn2Os *PbO; 36,0 10,0 27,7
4 | Mn,O3 *KCl 51,0 24,0 47,0
5 | MnO; *KBr 47,1 16,0 33,9
6 | MnyO3 *KJ 38,0 14,0 38,0
7 | MnO; *KCI*ZrO; 52,3 30,9 59,1
& | Mn0; *KC1*BeO 45,0 21,0 46,6

MeTaHHM OKCHKOHJEHCATJIAll PEeaKUusCH KyWuaarn napaMmerpiap Owuiax
XapaKTepJlaHAUIaH CTaHJAPT IIApOoUTIapAa oJu0 OOpWIIN: PEaKUUSHH YTKA3UII
xapopatu 750°C, MeTaH:xaBo Xaxkmuii HucOarTinapu 1:2, XaXMuUM TE3IMK KUMMATHU
1200coar™!. KaTtanusarop TapkuOura KMPyBYHM KOMIIOHEHTIAPHMHI OKCHKOHIEHCAT-
JaHUI >kapaéHugaru (aojuiMrura TabCUPUHM YPraHWII HaTWXKamapu 3-)kajaBaija
kentupwirad. JKaaBanman KypuHuO TypuOauku, mapraHen, okcuaud (Mn20s)
karanuzatopu Tapkubura KCl Hu kuputuin camapanu Hatuxka oepau. Karanusarop
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tapkuoura mupkoHuil (IV) OKCHUIHUHT KUPUTWIMIIN YHUHT (Daoiiurura mxoOHid
TabCHUP KypCaTIN.

Karanuzarop Tapkubura ZrO; kupuTuirasja, 3TuieH oyitnua yuym 24,0% nan
30,9% raua, stuneH Oyinua cenekTuBIUK 3ca 47% pan 59,1% raua oprtuim
kyzatwian. TagkukoTnap HaTwxkacuaa (MnxOsz)x (KCl)y (ZrO2), Ttapxubim
KaTajau3aTop TaHJIaH/H.

«30J1b-T€JIbY» TEXHOJIOTUACH aCOCH[Ia KaTalu3aTopiap CUHTE3 KWJIMII MILIATH-
nagurad ac000-yCKyHaJapHUHT OJIMAJIUTH, TEKAMKOPJIMIHM, 3KOJOTMK XaB(dcus-
JIMTY, TaHHApXW ap30HJIMIY, TEXHOJOTMSUIAPHUHI MOCJIAUIYBUAHJIMTU KaOW KaTop
xycycusatinapu Owian ad3amnukiapra sra. llly cababnmapra xypa yuyH Oup Karop
noauyHKIMOHAT Xoccajapra 3ra OyiraH «30Jb-T€Ib» TEXHOJOTHICH acoCHaa
taii€pnanran (Mn20;3)x(Na2MoOs4)y+(ZrO2), Tapkubmmu MakOysn HaHOKATaIU3aToOP
TaHJIaHIu. MeTaHHUHT KoHBepcusicura Ba Co-yriaeBonopoaiapu Oyitnua xapaéHHUHT
CEJICKTUBIIMIUIAa TYpiAd OMMJUIAPHUHI TabCUpU YpraHwiau. JKapa€HHUHT YTUII
KOHYHUSATIIApUTra peareHTiap mapruuan 00CUMIAPUHUHT TabCUPUHH YpraHuiina Oup
ra3HUHr Hapuuagl OOCUMHMHM Y3rapTUpHO, MKKUHYMCUHUKU Y3rapTHpMaraH XoJjaa
yuuiad Typunau. Yu3HKIM Te3JIUK Y3rapMaciurd y4yH peakiMOH 30Hara Kepakiu
MUKJIOpAA TO3a aproH rasu rooopwian. ConuiurupMa TE3TUKHM JOUMHUHN Ccakjall
YyUyH KaTaJIM3aTOPHUHT XaXXMH TaJKUKOT IIAPOUTUTA MOCIAIUITUPUIIIH.

4-xaaBajt

Peakuuss yHymMura meraH napuuaj OOCHMMHMHI TYPJM COJMIITHPMA

XAKMHH Te3JIMK Ba Xa-poparjiapJard TabCHPHMHHM TEKIIHPHII HATHKAJIAPH

(P, =01Mlla; P, =0,014 MIla), kat: (Mn203)x * (Na2M0Qy)y * (ZrO),

W, P, , MIla i CH, =Gy, 1> % V¢_y, » MI/MJLKaT.coat

MII/MILKAT.COAT N 700°C 750°C 800°C | 700°C 750°C 800°C
600 0,017 8,8 14,3 20,6 6,7 8.4 10,6
800 0,017 7,6 11,5 17,4 5,6 7,2 8,8
1000 0,017 6.7 9,1 13,5 5,2 6.4 7,6
1200 0,017 5,8 8,5 9,7 4.8 5,8 6,5
600 0,025 18,4 20,8 24,5 7,2 9,5 12,8
800 0,025 15,2 17,6 21,0 6.4 8.2 11,3
1000 0,025 13,0 15,2 18,6 5,6 6,4 10,0
1200 0,025 10,6 12,8 14,4 4,8 5,0 8,1
600 0,033 25,8 274 28,6 23,2 34,6 41,8
800 0,033 24,6 30,2 35,8 41,9 54,5 57,8
1000 0,033 234 33,2 428 64,3 72,8 81,4
1200 0,033 20,8 28,5 39,2 48,8 62,5 75,9

XapopaT Ba XaXMHUW TE3JIMKHUHI TYpJd KAUMATIApUlia ra3 OKUMHU YHW3UKIU
TE3JUTMHU JOUMHUH cakjaraH XoJija MeTaH napuuanl OOCUMHMHHUHT OKCHKOHJICH-
CaTJaHWII >Kapa€HUIa TAbCUPWHH YPraHWIIJAH OJIMHTAH HaTwKaimap 4-xaasainja
KEeNTUpWITaH. 4-kafBanjgaH KYpuHUO TypHOIUKH, CONUINTHPMA XAKMHM TE3JIHK Ba
XapOpaTHUHT OWp XWJI KUMaTiapujaa METaHHUHT Mapiyan OOCHMH OpPTHINU OWIaH
YHUHI YMyMHUWA KOHBEpPCHSICHM KaMasnh. METaHHM OKCHUKOHJAEHCATIall pPEeakLHsICh
KMHETHK KOHYHMSTIapura KMcJIOpoj mapiuan 0ocuMuHUHT Tabcupu 700+-800°C Ba
CONMIITHPMA XaXMHUM Te3mukauar 600-1200coar! kuiimariapuga yprasuuiy.
Kucnopon mnapuman O6ocumununr kuiimatu 0,014 Mlla pgan 0,01 MlIla raua
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y3raptupuwian. by BakTma meranHuHT mapnuan Oocumu mommuii (0,033 Mlla)
cakimanau. OnMHraH HaTIKajmap S-kanBanaa kentupuirad. XKagBanmaH KYpuHHO
TypUOIUKH, KUCIOPO Mapuuan O0CUMUHUHT KaMaluy OuiaH METAHHUHT YMYMHMA
KOHBEPCHUSCH, UIYHUHIJEK, STUICHHUHI XOCWJI OYJIMII YHYMH Ba CEJIEKTUBIUIH
kamasiii. CH4:O HUCOATMHUHI OpPTHUILM METaH Ba KHUCJIOPOA KOHBEPCHUSCHHUHT
nacanummra onub Kenau.
S-xanBaJ
Peaknusi yayMura KucJopoJa napuuaj 00CHMMHHMHT TYPJIH COJUIITHPMA
Xa;KMHI Te3JIMK Ba XapopaTjapIaru TabCUPUHU TeKITUPUII HATHKATIAPU
(P,,. =01Mlla; P, =0,033 Mlla); kat: (Mn203)x * (Na2Mo0QOy)y * (ZrO),

W, g, MicE, i), % U g, , MJI/MILKAT.COAT
m/mikar.coat | Mlla | 700°C 750°C 800°C 700°C 750°C 800°C
600 0,010 | 17,2 20,8 24.6 9,8 12,3 14,5
800 0,010 | 14,8 18,4 21,2 8,2 10,0 11,3
1000 0,010 | 104 14,0 17,8 6,4 8,5 9,8
1200 0,010 7,7 11,2 15,5 4,9 6,0 7,5
600 0,012 | 20,5 23,8 27,2 15,0 20,4 24,8
800 0,012 182 20,0 24,5 13,2 17,5 19,9
1000 0,012 | 15,8 17,4 21,1 10,7 14,8 16,2
1200 0,012 13,9 16,2 18,7 8,5 11,2 13,8
600 0,014 | 25,8 274 28,6 23,2 34,6 41,8
800 0,014 | 24,6 30,2 35,8 41,9 54,5 57,8
1000 0,014 | 234 33,2 42,8 34,3 72,8 81,4
1200 0,014 | 20,8 28,5 39,2 48,8 62,5 75,9

Peaktopra stan, atunes, CO Ba CO2 JapHUHT KUPUTWIHILN MAXCYJIOTIAPHUHT
XOoCWJl OYynuImvHA TacauTupuimy ucOoTiaaHan. KOHTaKT BaKTUHUHT OPTHINU Ba
XAPOPATHUHT KYTAPWIMIIK METaH Ba KUCIOPOJ KOHBEPCUSICUHUHI OLIUIIUTa Xamja
ATUJICHTa HUCOATaH CEJICKTUBIMKHUHT KaMaWHIINATa OJTN0 KeaIu.

Memannu kamanumux apomamiawi. AnabuérnapaaH MabJiIyMkd, Mo-
CaKJIOBUM KaTaJlUu3aTopjiap METAaHHU OKCHJJIOBYWIAP MIITUPOKUCU3 apoMaTiall
peakiuscuaa IOKOpPU KaTAIUTHK (aoJuiukka 3ra. Karaiu3aTOpHUHT KaTaJIMTHK
daomnmunurura Ba yHyMaopiurura (aoa KOMIIOHEHTIAp Macca HUCOATIapUHUHT
TabCUPH YPraHWIIM Ba MOJMOACH acCOCHIary KaTajlu3aTopra MUPKOHUHN KYIIHIraniaa
SHT IOKOpM HaTWXKajgapra OHPUIIUII MYMKUHJIMTA HUCOOTNIaHIu. TaakuKoTiap
HaTWKacuaa Kyhugarun TapkuOra sra Oynran MakOysn KaTaau3aTtop TaHJIaHIU:
5,0%Mo*1,0%Zr*1,0% Zn/6entorut. Tabuuii ra3HUHT OKCHIOBYH HINTHPOKHUCH3
apoMaTJIaHUII PEaKUMSICU TE3JIMIUra, apoMaTUK YIJIEBOJAOpPOJjiap YHYMHIa Ba
CEJIEKTUBJIMIUIa XamJa OONUIaHFUY MOJJajap KOHBEpPCHUSICUTA XApOPATHUHT,
XOKMHUH TE3MTUKHUHT, KOHTAKT BAaKTUHUHT, KaTalu3aTop KaTjiaMu OajaHJINTUHUHT,
KaTanu3atop ($aosi KOMIIOHEHTIApH Macca HUCOATIIApUHUHT TahCUPH YPTAHWIIU Ba
HATWIKaJla PEAKUUSIHUHT KyHujgaru MakOyJs IIapOUTH TaHJIAH]IU: T=750°C, xaxxmuii
TE3IHK V, =1000 coar’!; karamuzatop KarTiaMuHMHT Oamammmuru 10cm. Apennap

yaymu 5,0%Mo*1,0%Zr*1,0%Zn/6eHTOHUT TapKuOIM KaTaau3aTop HIUIATHITaHAA
Vew, =1000 coar™, T =750 °C 6yaranna 40,4 % HH TALIKWI STajlH.
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Ayemunennu eudpoxiopraul peakyuscu. BUHUIXJIOpUI caHoaTAa IMOJIU-
BUHUJIXJIOPHI, IIYHUHTACK, TYypJd cOMoJmuMepiap (BUHWINACH XJIOPHUA, BUHWII-
arerar, akpHWIOHUTPUII, METUIIMETaKpUIaT Ba OOIIKaIap) OJIUIIAa UIILIATUIIA U,

ATETUIICHHU THAPOXJIOpJIall PEaKIMsCHHU YMYMHU KYPUHUIIIA KyWraarnda
€3U11 MyMKHH:

CH =CH + HCl — CH; = CHCI + 112,4 x¥)X/Mo01b

Bununxmnopua cuHte3uga Kyiuaaru Kymmmia peakiusiap 6opaiu:

CH> = CHCI + HCI — CH3CHCly;
2CH=CH —» CH=C - CH = CH:; + 20,9 xXX/mo015b
CH=C-CH=CH; + HCl — CH; = CH — CCl = CH: + 106 xXX/mo1b
6-:xanBaJ
AlleTHJIEHHH KATAJTUTHK THAPOXJIOPJIall peakuusicuaaru Gpaosjiurura
KaTaamu3aTtop Tapkuduuunr tabeupn (T=165 °C; C:H2:HC1=1:1,1; V =210

coat™)
Ne Karamuzatop TapkuOu C2H> nunr xonsepcuscu, Ky CenexTuBiuK, S
YMymui Bunwixnopuara
1 | ZnCl 63,5 43,0 67,7
2 | (ZnCla)x (CdCla)y 39,0 17,0 43,6
3 | (ZnClh)x (AICD)y 36,0 12,0 33,3
4 | (ZnClo)x (CuCl)y 68,5 47,8 69,8
5 | (ZnCl)x (FeCl)y 52,3 31,6 60,0
6 | (ZnCh)x (FeCls)y 77,8 56,0 72,0
7 | (ZnCl)x: (FeCl3)y: (CuCl), 95,7 82,3 86,0
8 | (ZnCly)x:(FeCls)y:(MgCl2), 75,0 61,5 81,7
9 | (ZnCl)x(FeCls)y*(BeCl2), 71,8 55,6 77,4

Bununxnopua cuHTe3n OYiH4Ya TaaKUKOTIAp KyWHJaru rnapameTpiiap OuiaH
Xapak-TeplIaHyBYM CTaHAApT mapouTaa Yyrkaswigw: xapopar 165°C, C,Ha:HCI
xaxMuii aucOatnapu 1:1,1; xaxmuii Te3nuk karraauru V=210 coar!. Karanmusartop
«30JTb-T€JIb» TEXHOJOTHUSICH acocuia Taiépnanau. KaranuzaTop TapKMOMHUHT arleTH-
JIEHHHU KaTaJUTHK THIPOXJIOPJIAI peaKIuscuaard (paojiurura TabCUPUHN YpraHUIIl
HaTWXalapu 6-xaaBaiaa KeATUPUITAH.

Kansangan ZnCl, acocuna spatunran karanuszarop tapkuoura FeCls va CuCl
HU KUPUTHUII BUHWIXJIOPUZ OYHW4Ya YHYMHUHT OPTHUINHNTa OJIUO KEIUIH KYPHUHHUO
Typubau. Taakukornap Hatmwxkacuaa (ZnCh)x:(FeClz)y-(CuCl), Tapkubnu kaTanu-
3aTOp TaHJIAH/IH.

Ayemunennu kamanumux euopamiaui. ANCTUICHHU alleTOHraya KaTaJuTUK
TUApATIIAII PEAKIIUICUHE YMYMHH X0J1a Kyiuaarnda €31l MyMKHH:

2C,H2 + 3H,0 — CH3COCH;3 + 2Hz + CO»

AIIETOH XOCUJI OYJIUIIM KyHUJard UIIOHWIN MEXaHU3M acoCHa MU30XJIaHaIu:

C;H; + H,O — CH3CHO; 2CH3;CHO + H,O — CH3COCH; + 2H; + CO»
CH;CHO + H;O — CH3;COOH + Hz; 2CH;COOH — CH3COCH; + CO:2 + H,0
AILICTHIICHHU alleTajabJeru ] Ba aleTOHradya KaTaJuTHK TUapaTiall peakilus-
Japu  yuyyH TOJH(PYHKIMOHAI KaTalau3aTopiiap TaHJam Oyiuda TaaKAKOTIap
YyTkazunau. CUHTE3 KWIMHTaH KaTajlu3aTopjap TapKUOM Ba Xoccajapu 7-xajaBaja
Oepunrad. ANETWICHHW THApATIANl PEAKIUSICH HATWKacuaa OWUp XWI IIapouTaa
unuiaTUiIaéTral KaTaau3aTOPHUHT TapkKuOM Ba TaOuaTtmra Kapal areraabieruj ¢Ku
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areTon xocun O6ymamu. XKymnaman, tapkuodu 18 % CdF2, 2,0 % AlF3, 5% Cr203,75 %
ALLO; Oymran kammuii (ropumanm karamuszarop wmrtupokuga 360-440 °C na
anerusieH: cyB=1:3:1:5 HucOarma peakiusra KUPHUINTAHIA aleTaabJIeruj XOCHJ
oynanu. KanMuil-xpoM-aatOMUHUNIN KaTaau3aTopra pyX OKCHUAM €K (TOPUANHU
kymum  (Ne5 katanuzatop) KaTaJdu3aTOPHUHT TaHJIad TabCUP ATYBYAHIUTHHU
TabMHUHJIANAM Ba AaleTUJICHHW THUIpaTiall PEeaKkIUusICHHU aleTOH XOCHJ OYJIuIll
TOMOHHUTA UYHAITUPAIHN.

7-KaaBal
CuHTe3 KMIIMHIaH KATAJTH3ATOPJIAPHUHI X0CCAJIAPH BA TAPKUOH
Ne Tapku6bu, macca % Comum- | Perenepanus- | Kyrtwiran Maxcyior
THpMa raJa MIuian yHyMH, %
CHPTH, BaKTH, coat
M CH3CHO | aueron
1 | ZnO —20, AlF3 -3, ALO3; —77 135 72 10 82
2 | CdF2—20, AO3 — 80 186 96 75 5
3 | CdF2— 18, AlF3 -3, ALO3; — 79 210 96 82 3
4 | CdF2—18, AlF3 -2, Cr203 — 5, ALO3 —75 225 120 83 1,5
5 | ZnO - 18, CdF2 -2, Cr203 - 5, ALO3 — 75 165 120 3 86

8-:kanBan
Karaau3zaTtop TApKUOMHMHT peakuus MaxcyJOTJIAPUHUHT YHYMUTa TAbCHPH
(T=425°C; v, =120 coat™)

Karanuzatop Tapkubu Auneruniexn Karanu3zat Tapkuow,
No Macca % KOHBEPCUSCH, Macca xuxatigaH %
% CH3CHO | CH3COCHj3

1 | ZnO-15.0, Ni203-5.0, Al203-80.0 92.0 8.0 68.6
2 | Zn0O-10.0, Co203-5.0, A1203-85.0 78,6 10,4 65,8
3 | ZnO-15.0, Fe203-5.0, A1203-80.0 84.0 94 76.0
4 | ZnO-10.0, Ni203-5.0, Fe203-5.0, Al203-80.0 94.8 11.5 86.4
5 | ZnO-10.0, C0203-5.0, Fe203-5.0, A1203-80.0 80.4 8.0 60.8

JKapa€HHUHI TEXHOJIOTMK MapaMeTpiapura xapopar, KaTalu3aTop YI4aMH, peaKkTop
napameTpJjiapy Ba KaTaJlu3aTop KaTjiamu OajaHMIJIMKIAPUHUHT TabCUPH YPTraHWIIU.
ALIETOHHUHI XOCWJ Oynum yHyMu Ba cenektuBiuru 425°C raya optu® Oopanu.
Xapopat 425°C pman opTranaa xocwi OYyna€TraH aleTOHHUHT OOIKa Mojjajiapra
KOHBepcUsich Ty(]aillii yHMHT YHYMHU Ba CEJIEKTUBIMIH Kamasau. Kanmuid
oupukmanapu kywmd 3axapmu (IIIK 0,1 mr/m®) mopmanapmup. LlyHusr y4yn
TapKuOuga KaJMui cakiaamMaran OMpUKMaJIApHUHT KaTaJTUTUK (PAOJIIIUTH alleTHICHHH
TUApATIIANl peakUusuIapyua TEKIMUPUWIAN. 8-)KaJBajlla PEaKUUsl MaxCyJIOTIAPUHUHT
yHYMHTa Kataau3aTtop $haosi KOMIIOHEHTIAPUHUHT TAbCUPH KEATHPUIITAH.
Kansangan KYypuHUO TypuOIUKH, TapKUOWAA TEMHUpP, pyX Ba HUKENT OKCH]I-
napuHH cakiaoBud Ne4 kaTanu3aTop MINTUPOKHUAA AlIETOHHUHT XOCWJ OVIHI YHYMH
86.4 %, aneTusieHHUHT KOoHBepcusicu dca 94.8 % Hu Tamkwi 3taau. TaakukoTiap
HaTHXKACUa alleTUIICHHU KaTAIUTHK TUAPATIANI PEaKIUICH YIyH KyHugaru MakOy
mwapout tannanan: CoHa:HoO mone mucbatn=1:2; T=425°C; v, =120 coar’!; kar:

Zn0-10.0, Ni203-5.0, Fe203-5.0, Al203-80.0. Typsiu Temneparypanap/ia aHUKJIAHTaH
KUHETHUK TEHIJlaMa KOHCTaHTajJapu acocuja >kapaéHHUHT (aosutaHuil 3Heprusicu E,
= 28,6 x)K/Monbpra TeHIJIMTA aHUKJIAHIH.
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Ayemunennu kamanumux ayemuiiaw. PeakuusHu KyHumara TeHriamMa OuiiaH
udoaanam MyMKUH:
C>H, + CH;COOH — CH, = CHOCOCHS3s; AHj,, =-98 KXK/Moinb

AUETUNICHHN alleTWUIall peakuuscuIa KyHuaard KyliuMua peakuusiap Xam
Oopau:
2CH3COOH — CH3;COCH3 + H20 +CO»
C>Hz + H,O — CH3CHO
2CH; + H,O — CH3CH =CHCHO
CH3COOH + CH;0COCH = CH> — CH3;CH[OC(O)CHs]2
CH30COCH = CH»z + H2O«+~CH3COOH + CH3CHO

AleTwieHAaH BUHWIALICTAT OJIMII PEAKIUsACH YHyMHra Ba >KapaHHUHT
CEJICKTUBJIMTUTAa Xamaa OOLIIaHFUY MOJJAIADHUHT KOHBEPCUSCHUTA alleTUJICH:CUpKa
KHUCIIOTa MOJIb HUCOATIApUHUHT TabcupH ypranunranuaa ZnO:CdO:ZrOz/kepam3ur
TapkuOIM  KaraaM3aTop MINTMPOKHMAA SHr  MakOyn mapoutr: T=185°C,
CoHo:CH3COOH=4:1, V=280 coar! oskammurum anuknanau. ByHga cupka
KUCIIOTAaHUHT YMyMUH KoHBepcuscu 85.4% HuU, BUHUJALETATra HUCOATaH KOHBEP-
cusacu 79.8 % Hu Tamkuia 3tad. CHpKa KUCIOTaHW BHHWUIALI PEAKLIUSICUH YHYMUTa
xapopatHudr Ttabcupu 150-240°C opanurupa ypranwiranna, BUHWIALETATHUHD
yaymu 185°C raua oprumm Ba xapopar 185°C man omranga kaMaiMiy aHUKJIaH/IH.
Xapopar 185°C pgam omranga BUHMIALETATHUHI NApPYAJAHUIIM Ba KyIIMM4a
Mojanap Xxocuia Oyaumm cababiu peakiys YyHyMU KaMaluIli Ky3aTHIIIH.

Peaxyusnapnune xunemux mooennapu: METAaHHUHI KaTaJIUTHK OKCUKOHJECH-
CaTJaHUII PEaKlMsICHU IOKOPH XapopaTiap/a amaira OmraHwiuru yuyH Jlenrmrop-
XWHIIENBYT MEXaHU3MJIapura MOC KeJIyBUM KHHETUK TeHIJiama OujiaH udosa-
JaHUIIM MyMKHUH. bu3 yTkaszran Taxpuba HaTHXajlapura Kypa, METaHHU OKCHUKOH-
JIEHCATJIAll PeaKlUsACH reTeporeH MexaHu3m Oyinya yTaau. DTaHHUHT STUJIEH XOCUI
kw6 perugporentanumyu 700°C 1aH 10KOpM XapopaTia KaTaau3aTop CHUPTUIATH
daon mapkaszga coaup O0ynaau:

1)CHs+Z — CHa = Z; 2)CHs=Z +[0] — CH; =Z + [OH]
3)CH; = Z+CH; *Z—C2He* Z + Z; 4) C2He = Z + [O] — C2H: = Z + [OH]
5)C2H: *Z+[0]*Z— CHa=Z+[OH] Z 6) C2Ha=Z — C2Ha + Z;

7) [OH] - H20 +[O] + [ ] 8)2[ ]+ 02— 2[0]

TankukoTnap Hatmwxkacuaa MeTaHHUHT (Mn2O3)x:(KCl)y-(ZrO2), Ba (Mn203)y
(Na2Mo00Os)y*(Z1r0O2), katanuzaTopiapy UINITUPOKUAA TudPepeHIran peakTop mapou-
TUJIa OKCUKOHCHCATIIAHUII PEAKIIUICUHA KAaHOATIAHTUPAJAUTaH KUHETHK TeHTIaMa:

W= k‘Kcm'PCIt,‘KOZ‘P()2 (1)
(+ Ky, Poy, +K,, -POZ)Z

CH,

TaKJIU(Q TN,

Kapa€HHuHT (Mn203)x* (KCl)y* (Z1rO2), KaTajau3aTopu WILITHUPOKHU]IA
daommanum sHepruscu E. = 33,8 kXK/monb,  (Mn203)x(NazMoOs)y(Z1r0O»),
KaTam3aTopu UITupokuaa 29.8 k’K/mMoib ra TEHIJIUTY aHUKJTaHIH.

Ayemunennu 0ye (pazaoa Kamaiumuk 2uOpOXIOPIAUL PeaKyusicu KUHEeMUKacu
6a Mmexanuzmu: aueTWICHHH 1uddepeHnral peakTop MIAPOWTHIAa TaHJIAHTaH
(ZnCL)x: (FeCls)y (CuCl), Tapkubiu KaTaiM3aTOp HINITUPOKHAA BOJOPOJ XJIOPHJ
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6I/IHaH rmapoxJjopaam pCaKMUACHMHUHI KMHCTHUK KOHYHHATIIAPWHU Xdp TOMOHJIaMa
Yprauuin xapaéHHUHT KyWHgard OOCKHWIM MEXaHM3MHHHM Takiu(d STHINra MMKOH
oepau:

1.CcH2+Z —» CoH2 -Z; 2. HCl1+Z —HCI - Z;

3.CoHZ +CoH2Z — CH2=CH-C =CH -Z+Z; 4.CH2-Z+HCl-Z — CH3Cl-Z +Z

5.CH,=CH-C=CH-Z+HCl-Z - CH2=CH-CCl=CHz2Z +Z

6. C2H3Cl -Z - CH3Cl1+Z; 7.CH2=CH-CCl=CH:; ‘-Z -CH2=CH-CCl=CH: +Z

Z- kamanuzamop (haoi Mapkasu.

Taxpuba HaTWKacuaa OJUHIAH Ba agabMETapAard MabIyMOTJIAPHH TaXJIUI
KWINO, aHWKJIAHraH KOHYHHUATIApra KyHHIard KWHETHK TEHIJIaMa jKaBoO OepHIIu
AHUKJTAHIH;

_ ky "Pen, * Puc @)
1+bCZH2 " Pc,n, +bycrt P

Kapaéununr daomnanuri sueprusicu 27.8 kKXXK/Monb ra TEeHIIMrd UCOOTIaHIN.
AyemunenHu Kamaiumuxk uOpamiaul peakyusCuHuHe KUHemuKacu 6a mexa-
HU3Mu: PEAKIUSHUHT KUHETHUK KOHYHUSATIAPWHHU YPTaHWII acoCHia alleTHICHHH
KaTaJIuTUK THUIpaTiad, ameToH OJHUII PEAKIUSCHUHUHT KyWHJard KUHETUK
TEHIJIaMacH TakiIu@ dTUIIN:

2

PC3H(,O 'Pco2 'PH2
K, = 3)
P P2 ‘P3
c,H, "1 H,0
Kapaéuuunr daomwtanum sHeprusicu E, = 28,6 xK/Moap  ra TeHriauru

AHUKJIAH]IH.

AuemuﬂeHH” Kamailumuk ayemujiiaut. AHCTI/IHGHHH ancTujiram pCaxKnusa-
CUHUHT TE3JIMTUra OONUIaHFUY MOagalIap mapuuajl 6OCI/IMJIapI/IHI/IH1“, X&DKMI/Iﬁ TE3-JINK
Ba XaPOPATHUHT TACUPHHY YPraHUII XaM/la XpOMaTOrpapUK TaXJIMJ HaTHKalapura
KYypa alleTHUIEHHH alleTHUIAII PEaKLUACH KyMUIard TeHIIaMaHu KaHOATIaHTHPAII:

B k(PCzHZ * CH3COOH) ) &)
(1+be PCH3C00H) ’

Kapa€uuunar ZnO:CdO:ZrOz/kepaM3uT KaTaau3aTOpu HMIITUPOKUAa (aosia-
Hui 3Heprusicu E, = 29.2 kXK/Moib ra TeHTJIMIY aHUKJIaH !,

HuccepranvsiHUHT «MeTaHHM KAaTAJUTHK OKCHKOHACHCATJIAIL, ApOMAaT-
JIalll Ba AleTWICHHU TMAPOXJIOPJIALl, THAPATIIALL, AUETUWLJIAII KapaéHIAPUHU
BAa PEaKTOPJApPUHU MOJAC/UIAINTHPHUIN XaMAa ONTHMALIAIITHPHID» 71e0
HOMJIAaHTaH TYPTUHYM OOOMJa METaHJaH OJIMHIaH MAaxCYJOTJIAPHUHT KaTaauTHK
*KapaCHJIapUHU MaKOYJUTAIITUPHUIN, METaH acocuja amMalra OIIaJuraH KaTaluTUK
Kapa€Hiap pPEaKkTOPJIAPUHU, HMCCUKIUK KapaCHJIIApUHU, HUCCUKJIMK aJIMAlluHYyBYU
KypWIMalapHU, HWCCUKJIMK QJIMAllMHUIN >Kapa€HWHU, Ky3FajaMac KaTjiaMjd Kara-
AU3aTOPJIM aAua0aTUK PEAKTOpAard KaTalu3aTop KaTjaMuAa HCCUKIMK >KapacH-
JJApHUA, METAHHHU KaTAJIIMTHUK apoMaTianl Ba OKCUKOHAECHCATIIAI, alleTUJICHHU Kara-
JUTUK THUIPOXJIOpPJIAII, THApATIAll Ba aUEeTWLIAII >KApACHIAPH PEaKTOpJIapUHU
MOJIeJUIAIITHPUII Macalajlapy KypuO YMKUIITaH.

Wnean cuku® 4MKyBYM peakTopiiapia peareHtiap TapkuOu Ba OKUM XapopaTu
KYPWIMAHUHT Y3YHJIUTH (€KM KOHTaKT BakTu) OVimya Yy3rapanu. LlyHunr yuyn
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KapaCHHUHT MaTEeMaTHK MOJIENH KyHuaaru matepuan OanaHc Ba UCCHUKIHMK OajlaHCH
TEHIJIaMajap TU3UMU KyPUHUIINIA E3WIIAIN:

dc dC dc dc

gr = RGeSk Gk G TRk G Sk G ()
ﬂz(Ql'k'CA_Qz'kz'CB)'RT/p (6)
dr C

P
Peaknusimapau TEepMOJIMHAMUK >KUMXATAAH acociall >KapaéHJIapHUHT MakOyll
[IAPOMTUHU TaHJall HyKTau-HazapaaHn myxumaup. bocum P<0,5 MIla 6ynranna

MYBO3aHAT KOHCTaHTacu Kydupard ¢opmynanan rtomwramd: K =K, = "IRD,

MyBo3aHaT KOHCTaHTacH Oyindya OepuiaraH IapouTAa MaxCyJOTHHHT MaKCHUMa
(MyBO3aHaT/aaru) yHymMu Kyujaaru (opmynaaad Xuco0aad TOMMITaH:

x= /K, (P+K,)

Hatwxanapra xypa temneparypa 427°C  nmam 527°C raua Gynran opanmkia
AG <0 Oynrannurd ydyH aneTWICHHHM THApatiam xapa¢H y3-Y3ugaH amanira
omamu. Bocum 0,1 MIla Ba temmeparypa 427-527°C Oyaranma MyBo3aHaTaaru
MakcuMal yaym 98.3% eranu.

Memanunu oxcuxonoeHcamaiaul peakxyusiacu mepmoOUHaAMUK Maxauiu.

Peakuusnapauar uccukiuk 3¢dextn Ba ['mbOc sHeprusicu XucobOiaaHTaH
KuiiMaTiiapu 9-xajBaiia KeITUPUITaH.
9-:kaaBaJl
PeakuusiiapHuHr uccukiank 3¢ gexraapu Ba 'm60¢ 3HeprusIapuHuHT
XUCOOJIAHTaH KUMMAaTJIapu

Ne | Peakumsiiap AH 3, ; KK/mMonb AG’ , xXK/monb
1 | 4CH4 + O2 — 2C2He + 2H20 -176,6 -197,296

2 | 2CHe + O2 — 2C2H4 +2H20 -104,7 -363,242

3 |2CHs4+ O2 — CoHs + 2H20 -281,314 -280,06

4 | CoH4 + 202 — 2CO + 2H20 -756,162 -937,574

5 | CH4+202 — CO2 + 2H20 -801,724 -1006,544

6 | C2H4 +302 — 2C0O2 + 2H20 -1321,716 -1286,186

7 | CHs4+ 1,502 —» CO +2H>0 -518,738 -609,026

["a3map apanammacuHu aina0aTUK KU3AUPUII KATTAIUTHA PEaKTOPHUHT MYXUM
xapaktepucTukacuaup. KaranuzaTtop KaTiamMu MCCUKIMK OajaHCH acocuja MeTaH-
:KUCJIOpOJl HUCOATIApUHUHT TYpJId KUAMAaTIapyu Y4YyH rasjap apajaliMacuHU aJua-
0aTHK KM3AUPHUILI KyHUJaru TeHI1aMma acocu1a XUCOOIaH /In:

TK(mLm.U
2(Ci QKA 'HiTKWM ): Wxnpmu ’ IZ(Cimpnm 'C;,i )dT (8)

T

XucoOmnam HaTwKajmapu Kyiuaara 1-pacMmaa kypcatuinrad. PacMaan kypuHuo

TypUOJUKHA, METAHHUHT MUKIOPHU OPTHUINM OWiIaH aauadaTUK KU3IUPHUII MHacasiiu.
Macanan, sTuieHra HucOaTaH CENEeKTUBIMK MeTaH:Kuciaopoa=2:1 Oynran mMaxOyl
mapoutaa agumabatuk Kusgupum 1690°C mu Tamkmn d>tagd. MeTaH:KHUCIOpPO
HUCOATU 5 TeHr OYyiraH MmIapouTHAa aauadaTUK KU3IUPHUII 575°C Tamkun stamgu.
HactnaOku raznap apajnammacuaa MeTaHHUHT Mukaopu 90% Oynrannga anguabaTuk
KU3IUPUII 325°C raua xamasy.

Kupuut b2 (Cl Kupuut i

W i H_TKmaM )_ W

YUKHUII
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MabinyMkHu, aguabdaTUK THUIMAATA pPEaKTopiap KaTaJuTUK KapaCHJIapHU
amMajra OLIMPHUII YYyH XKyJda Kyl HWIUIATUIAAN, >Kapa€HIAPHUHI CEJIEKTUBIUTH
XapOpaTHUHI KEHI Y3rapuild OpaiMFuaa KaM ysrapaau. byHpall peakTopilapHUHD
ad3aIMIM  yIapHUHT METAJUICMFMMIIADUHUHT KHYUK KuiiMatra 2-3 1/M° (kar)
ATAJIMTH XaMJla PEaKTOop SICAIIHMHI OCOHJIMIM Xamjaa ap3oHiurugaaup. Kamuumuru
Aca pEeaKUUSJIApHUHT KaTrTa HCCUKIMK 3¢dekTd OuiaH amanra ONIMIIA Ba
CEJICKTUBIIMK KaTaJIU3aTop KaTiaMu Oyiinya Oup *KUHCIU OYIMacIuruaaaup.

1600+

1200

,°C

= 800-
<

B00T. oo T

1 2 3 4 5 6 7 8 9
CH,/O, nucbaru
1-pacm. P=0,1 MIla na nactiaadkm razaa CH4:0: HucOatT/iapu OuiaH aguadaTuk
KHU3IMPHII OPACUAATH OOFITUKINK

10-xanBan
5 moroHaJM a1a0aTHK PEaKTOPAA )KAPAEHHUHT KYPCATKHUYJIAPHU
P.MITa | CH4/O2 | Tupuu,’C | Tamans,’C | 37, cenc | Ko, .% | Ky, % YHym
MOJTh C2 C2H4
0,1 5 800 1000 0,13 95,6 44,8 43,2 40,3

IOxopuna Tabkuanad YTraHUMU3JAEK METAH:KUCIOPOA Hucbatu S5 TeHr
Oynaramma, rasjap apanamMacMHM anamabatuk Kusaupum uccukauru 575°C  Hu
Tamkwi 3tagu. KaOyn KUJIMHTaH I0KOPH SKUHJIAIIWIINHE XUCOOTa OJCaK, METaHHH
OKCHKOHJICHCATJIAIl PEaKUUsACHHU 4-5 TOFOHANM KypWiIMaJa amalira OIIWPHII
MYMKHAH 5KaH. YmOy IIapoutina >kapaéHHU amMajira OLIMPUII camMapalld YCyia
XucoOJIaHa M.

bunap apanammanuHr MoJjekyyasp aupdy3us KodIPUIUEHTUHH Ha3zapuil
xyucoOania Kydiuaari TeHriamaaad poiaanaHuiam:

D, =1858-107 .T" Uy +MB)2/MA M, [ )
P.o,-Q,
[lepByn COHHM JaMUHAp PEKUM YIyH Sh=0,42-S2°+0,57-Re”-Sc*”. Sc-IImuar

COHM: Sc=v, /Dl;

apain
Memannu xamanumuk apomamaaut KypUIMACUHUHS UWYU NAPAMEMPIAPUHU
Makoyiiawmupuwi: METAaHHU KaTaJuTUK apoMaTiiall KypWIMACHHUHT HINTYH Ta-
paMeTpiiapuHy MaKOyJUIAIITUPHINIA YHAOTEPMUK TeHepaTopiap YUyH raziud KU3u-
put OujaH HOYM3HUKIIN UCCUKIUK OanaHC TeHTIaMacy TY3WIIN:
L
[(I-x)q, +q, -xJ7 +Cpt i +Cyty =q,, (l_rT)'X"'CHK'tHK'x (10)
r
Meran ynymu (x) HAHT MakCUMall KHMMATH KyWHJIaryd rmapaMmeTpiiapra: Max-
CYJIOTJIap TE3JUTHra, KaTaau3aTop KaTJIAMUHUHT OaJaH/IJTUTHra Ba YHUHT Maii1ajInuK
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JapaXkacura, KyluuM4a peakiusanap Te3JIMK KOHCTAaHTAJIApUTra, peakTopra KHpaéTran
peakiusra KUPHUIIYBYM KOMIIOHEHTJIAp HUCOATHra, KaTajau3aTop CHUPTH TAallKH

COJIMIITUPMA FO3acura OOFJIUK. IOxopunaru TeHrnamagaH METaHHUHT YIIYyIIW
Kyhnarnya udoanaHu:
' +Cotar +C, -t
X = qxz 77 ar r B B (1 1)

L
7

q, '77* +Cpe -t +qx2(1_%)_q; '77*

Tnr
OHIOTEPMHUK TeHepaTopJaH YHKUIIA WCCUKJIUKHA (METaHHH) TeXalll
Kyiugaru udoja 6uian xucoOaaHau:

Maxoyn

Ab:(uj.loo:

Makoyn

k

Maxéyn
e

—_x‘.lo() (12)

Makoyn
x ).

Memannu oxcuxonoencamaawu PEAKMOPUHU MAMEMAMUK MOO@]ZﬂanupMW.'
PEaKTOPHHU MOJICUIAIITUPHINIA U CUKIO YUKAPYBYU U30TEPMHUK PEAKTOPHUHT
MOJIEIN UIUIATHIIIN
%ﬂi Ba y,(0)=y/

BYH,Z[a 7 -IIapTIIN KOHTAKT BAKTU, 7, - [ ~-KOMITOHCHTHHUHT XOCHUJI 6SJ7J'II/IHI TE3JIUT'HN.

MeTtaH opTHKYa OJIMHraH/Aa )Kapa€HHU YTKA3ULIAA JUMHUTIOBYM OOCKUY TALIKU
CUPT 103ara KUCJIOPOAHUHT U y3uscuaup. 3appadaHuHI 103acuja KUCIOPOIHUHT
KOHIIEHTpAaUUsICU Ba nHapuuman OocuMM  Kylujaard  TeHIJamMaJaH  TOIMWJI-
nu: f(Cy —Cp ) =R; ; KamiaM OYiinya yMyMuii OOCHMHMHT ¥3rapuiiy JpraH TEHITIa-

2
Macu OwnaH udomaranaIu: %: f %% Cdepux Oymmaran 3appadayiap y4IyH
&
TUAPABIMK KApUIWINK Kod(pduimeHTn Kyiuaaru d¢opMmyna Oyiinua aHUKIAH-
. f = 3ﬁ’4+0,586; OyHma Re, :4—u. ABTOTEpMHUK pEeXUMIA Kapa€HHU
€ |4 2

apan
YTKa3WIIa peakiuss KeUUIINaa axpann0d 4uKyBuUM Oapya MCCUKIUK KHUPYBYHU Ta3
OKMMUHU Ku3aupuira capduananu. [IyHuHT y4yyH peakTopra KHPyBUM Ba
pPEaKTOp/IaH YMKYBUM Ta3JapHUHT XapopaTyiapy KaTalu3aTOPHUHT HCCUKIMK OanaHc
(8) Tenrmamacu opkanu Oornanrad. JKapa€H KypcaTKuujapura macca Ky4dupHII
KO3(PUIIMEHTH Ba OOLIKA OMUJUIAPHUHT TABCUPHHM YPraHWII HaTUKACKUA METAHHU
OKCUKOHJI€HCAT/Ia0 3TUJIEH OJIUII PEAKTOPUHUHI ACOCUN KYpCaTKUYJIapH aHUKIAHIH.
Harwxanap 11-xanBanna keaTupuiras.

Jlemak, METaHHM OKCHUKOHJEHCATaIl XapaHUHU OUp MOFOHAIM aguadaThK
peakTopia aBTOTEPMHUK peXKMMIA Talmku JIud@ys3uss mapouTuja KaTtaau3aTtop
3appavasiapuHuHT 3QdexkTuB auamerpu 5,0 MM Ba ra3HMHT 4u3ukiu te3nuru 0,36
M/cek Oynranma amanra omupuil MyMKUH. C; yriieBOJOPOMJIAPHUHT HUFUHAMCH
Oyiinua KaTaJu3aTOPHUHT COJUIITHPMA YHYMAOPJIMIY TaHJaaHTaH pexxumaa 17280 kr
(Co)/m*coar (stmmen Oyinua-16253.5 xr/m’-coar)ud TamKWia OTaad. byHza
KaTaau3aTop KaTJIaMUHUHT KauHiaurd 2,0 cMm 6ynaau. Jlemak, KypuiIMaHUHT 3THIICH
Oyiinua KyBBaT Oupyuru 16253,5 MuHr. Kr/iinn Oyiaranga METaHHUHT COJUIITHPMA
cappu 360 um’/m*coar Hu Tamkun dtagd. UIyHH TabKMIJIalml KEPAaKKU, METAHHU
OKCHKOHJICHCATJIAIl PEaKTOPH KyBBATHHU cHUCTeMaZa OOCUMHHU OLIMPHII XUCOOUTA
KYTTAUTUPUII MYMKHH.
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11-xaaBaj
Metanau okcukoHaeHcart/aml (MOK) peakTOpHHHMHI acocuii KYpCcaTKU4JIapu

Kypcarknu MOK
3appayaHuHT XapakTepinu ynuamu, d ,, MM 5,0
Katnmam kanusimry, h, M/cex 2,0
I"a3HUHT Te31IHrH, U, M/CEK 0,36
[ITapTii KOHTAKT BaKTH, 7 , CEK 0,13
Kousepcus, X, % 95,6
Te3IMKHUHT MaKPOKMHETUK KOHCTAHTACH, @, C | 36,7
Macca anmammm ko3dpduimentu, A, ¢! 44,0
Te3MMKHUHT KHHETHK KOHCTaHTacH, K, ¢! 220,0
KoHncranranap aucbaru, k/ [ 5,0
C2 Gyiinya conmMuITHpMa yHyMIOPIIHK, g, , T/M>-coar 1,9
12-sxkanBaj
PeaKTOpHI/IHF acocui KOHCTPYKIHUOH XapaKTCpPUuCTuKajaIapu
PeakTOpHHUHT acocHii XapaKTepUCTUKATIAPU KuiimaTnapu
C2(oTunen)0yiinya KyBBaTH, MUHT.KI/HHI 17280,0(16253,5)
KypwiMaHuHr 1uameTpu, M 7,9
MeTaHHMHT COTUIITHPMA capdu, HM>/M>-coaT 380
KucnopoHUHT KOHIIEHTpauMsICH, XaKMUK % napaa 16253,5

Macanan, 6ocum 0,5 MIla raua ommpwuiica, METaHHH OKCHKOHJCHCATJIAII
pPEaKTOPUHUHT OMpIUK KyBBaTh TakpuOaH 33800 MUHT.KI/WMIIHUA TaIIKWAJ STaJu.
PeaktopHuHr  acocwii = KOHCTPYKLIHMOH  XapaKTepUCTHKajmapu  12-xanBanga
KEJITUPUJITaH.

Ayemunennu Kamamumuxk 2UOPOXIOPAAW HCAPAEHU PeaKmOpPUHU Mooei-
nawmupuw: Vinean cuku0 4yMKapyBYM peakTopiiap/a peareHTIapHUHT €TUO KEJHIIl
BAaKTHU XaXM Y3rapuiiu Owiad Oopaguran KaitMac OMpUHYM TapTUOJIN peakusiiapaa
Kyluaaru Tenrinama o0yiinya xucoOaaHaau:

1

1
=—|(1+p)1
T (+ﬂ)n1_xA

_ﬂxA}

Wcranran 3appadyaHuHT HUji€ail CUKMO YMKapyBUM peakTopiiapAa OVIMII BaKTH
Oup XWJ Ba Kypuwimaaa O6apya peaklMoH apajlalliMaHUHT OYJUII BaKTUHUHT XHUCOO-
JaHTaH KUWMaTura TEHr. bupuH4ym TapTHOIM peakuusuiap y4yH martepuan OanaHc
acocuia Kyluaru TeHriaMa Takiaug STUIIN:
1
c, —L(ﬂ)qca K-t dv=C,, —L(dcaﬂj
Pe, dx 0 Pe, { dx
Taknud sTunATaH WHTETpaN TEHTJIAMAaHWHT TYFPUWIMTUHA OUPUHYHM TapTHOIN
peakusyiap y4yH XucoOyaml HaTuxkajdapu OWIaH MabiyM TaxXJIWIWA eduM Oup
XWUIMTH Tacaukianau. Mpeanm cuku® 4YMKapyBUM peakTopjap Yy4yH peakTopra
KUPUIII Ba YUKUINJA KOHIECHTpALUsIap TpaguCHTIAPUHUHT HHUCOATH TEHIJIUTHU
TUINOTE3aCH TaxXJIWJIUKA MCOOTIaHAM. AUETUICHHU TUAPOXJIOPJAIl pPEaKTOPUHUHT
acocuil xucobsanran napamerpiaapu 13->xaaBanga KeITUPUIITaH.
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13-:xaaBag
AleTHJIeHHH THAPOXJIOPJIAll PEAKTOPUHUHT ACOCHd XHMCOOJIaHTaH

napamMerpJiapu
[TapameTpiapHUHT HOMJIAHUIIIM Ba YJIAPHUHT YITYaMIIAIUTH Unean  cuxud  4uKapyBYU
peakTop
PeakTopnaH 4MKHUIIIA OXUPTH HUCOUN KOHIICHTPAIHS 0,002
Makcuman xapopar, °C 189,6
IOKopu XapopaTiiu Hail y3yHJIMIH, M 0,58
Peakiinon razHuHr ypraya xapopaTtu 121,2
Hccurnuk y3atuin ko3¢ GUIIMEHTHHUHT YpTaya KUHMaTH 33,5
Haiina peakiinoH ra3jiapHUHT ypTada OYIuIT BaKTH, CEK 3,58

Bununayemam cunmesu  JcapaéHunHu - mMamemamux — MOOEIIAWMUPUL  8d
magoyinawmupuw: KaranuzatopiaapHUHT (DaoUIMTH Ba CENEKTUBIUTHU KAaTaTUTHK
PEaKIUSHUHT TE3MUTMHUA Ba KeUHIl CUpATHHH TabMHUHIA0 Oepanu. AIETUIeH Ba
CUpKa KHCJIOTaJaH BUHWIALETATHUHI CHHTE3M KYy3FaaMac KaTiaMid KaTaJlu3aTop
UIITUPOKKUIA HJlea]l CUKMO YMKApyBUM HAWCMMOH peakTopnaa onuld Oopuiaiu.
Bununanerar wummad YMKapullga HANCUMOH PEAaKTOp HILIAIIMHUHT  aCOCHM
napaMerpiapu 14-xaaBanga KEITUPUITaH.

14-xanBaja
Bunnianerar nniad YuKaApuuaa HAiCUMOH PeaAKTOP NILIAINMHUHT aCOCHI

napaMeTpJiapu

T.,’C P, U, pmg > m/c Hccukimk G, MHUHT | D M h,m N, MMH
MTIla TalllyBYH TOHHA/HAWIT oHa

170-200 | 0,1 0,60 KaitHok cyB 50 2,5 6,5 4,7

KaTaJ'II/IBaTOpHI/IHF JAC3aKTUBJIIaHUIIITMHHA nHoOaTra 0auo AlICTUJICH Ba CHpPKa
KHUCJIOTadaH BHHHWJIAOCTAT CHUHTC3U YYYH HACAII CI/IKPI6 YUKapyBUHU PCAKTOPHHUHI

MaTCMaTHK MOJCINHHA KYﬁHHaFH KS"pI/IHI/IHII[a TaCBHUpPJaAll MYMKHH:

ox OW+1) 00
al vxaalc.mtﬁ r(m X) at g ( )

Skuunammm mapoutuaa: x(0,¢)=0; ¢<[0,¢,]; 0,0)=0,; (€[0,/,]

XaXMHH

JuccepranusHuHT «MeTaHHN KAaTAJUTHK apoMat/iail, OKCHKOHAEeHCATIAII
Ba alleTWJIEHHH TWAPOXJIopJiamnl, ruapatjail, aueTuiam KapaéHJapuHUHT Ba
KATaJAu3aTopjap SPATHIIHUHT TEXHOJOTHsJIapu» 1e0 HOMJIAHTaH OCIIMHYH
000M/1a METaHHM OKCUKOHJIEHCATJIa0 ATWJICH, alleTWICHHU KaTaJUTUK TUIpaTiad
aIleTOH, alleTWJICHHW KaTAJIMTHK THAPOXJIOpTad BUHUIXJIOPH] Ba XJIOPONPEH Xam/a
BUHWJIXJIOPHJI Xamja KaTalu3aTopiap OJIUII WILIA0 YHWKAPWII TEXHOJIOTHSIAPH
Eputmirad. TeXHOJOTMK CXEMaHWHT acOCHH DJEMEHTH peakTtop OYyimO, wumniad
YUKapuiIaéTraH MaxCyJIOTHUHT cH(aTH YHUHT MyKaMMaJUTUTUra OOFIIHK.

KapaéunmapHuHr MakOyJl TapamMeTpiapuHU XHCOOJIalll Ba YPraHWill ydyH
muddepeHIan peakTop IIapOUTHIA PEaKIUsJIapHUHT KHMHETHUKACH YPraHWIIW Ba
peakTopjap MOJE/UIapH SApaTWIAM Ba JKapaéHjap MakKOyJUIAIITHPWIAN XaMJia
METaHHM KaTaJUTHK apoMartjiall, OKCHKOHJCHCATIAIl Ba aleTHUICHHU THAPOXJIOP-
JanI, TUApATIall, aleTWUIaml KapaCHIapUHUHT Ba KaTaau3aTopiiap SPATUITHUHT
MyKaMMaJUTAIITHPUIITAH TEXHOJOTHSIIAPU TaKIu() dTHIIN.
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Memannu okcukonOeHcamaab smuien uaab YuKapuul mexHoai02usiCcu
TaOuuii ra3Hr OKCUKOHJIEHCAT/Ia0, dTUICH OJUIIHUHT TEXHOJIOTHK CXEMAaCH 2-

pacMjia KenTUpwirad. ¥ ukku 00CKu4aaH noopar. A. Acocuit 6Gockuuap: 1. TaOunii razuu
OKCHKOHJICHCATam; 2. DTWICHHUHT a0copOuuscu;, 3.0twieHHUHr paecopOrumscu. b. Eppamum
6ockuunap: 1. AncopOeHT pereHepanuscu.

T1-Ucurryunap;  T2-HalicumoH — kusuTrudnap;T3-3ur-
3arCUMOH HCUTrHYNap; T4-KU3UTHINTA31apy YMKUII Hailnapy;
P5-peaxrop; ®6-uunHu wapnap; T7-Halicumon coByTruy; b8-
bapomerpuk ckpy00ep; H9-Bakyym-Hacoc;
E10-cys iurrau; All-abcopbep; Al2-mecopbep; K13-kom-
npeccop; H14-nacoc; K15-auetnieHnu 10TTUpHII KOJOH-KacH;
K16-CO, uu 0TI KOIOHKACH.

2-pacM. Tabumii ra3 Ba XaBoJaH JTHJeH OJHIIHHHT
TeXHOJIOTHK cXeMacH

Bununxnopuo eéa xnoponpennune bupeanruxoasu CuHmesu Jcapaénu mexuonoausacu (3-
pacm)

TexHOMOTNK cXeMa BUHIIXJIOPH] Ba
XJIOPOTIPEH OJIUII MYJutapuian noopar.
l-ameTrIIeH Y9yH Ta301bJep, 2-UCCHKITHK
TYycrud, 3-KaabLui XJIOpyuay uaum, 4,5-
peaktopap, 6-aacopOINOH KOJIOHKA,
7-MILIKOp 3pUMacH y4yH uauil, 8-necopoep,
9-XJI0pH]] KHCIIOTA YIYH HITUIIT

3-pacm. BuHMIXJ10pua Ba XJIOPONPEHHH OMPrajuKiaa MILIad YNKAPUIIHUHT TEXHOJIOTUK
cxemacu

Ayemon uwinab uuxkapuw mexronozusicu (4-pacm)

H,O l
)
1 1-Hacoc; 2-aneTuiaeH MaHOau; 3-UCCUKIHUK
7

aollllY aJIMaIITUPYBYM KypuiiMa;4-peakTop;S-uc-
—H[[]" CHKJIMK JIMALITHPYBYU Kypuima; 6-kara
JU3aT y4yH UM, 7- abcopOIMoH Kypuit
Ma; 8-xaBo OepyBUH Kypuiama; 9-a30T
MaHOau; 10- pekTr(UKaITMOH KOJIOHKA;
11-anetanpaerun yayH uaumi; 12-ameton
b4 y4yH uaui; 13-Koaauk ydyH Wani;
14-UCCUKITUK aMalITUPYBYX KyPHIIMA.

4-paCM. AIIeTOH HIILJIA0 YUKapull TEXHOJOTHK CXeMacCH
Bununayemam uwinab wuxapuw mexnonoacuscu (5-pacm)

AmnerunieH Ba CHUpPKa  KHCIOTAaJlaH  BHHWIANETAT  OJMII  JKapa&Hu
(ZnO)x(CdO)y(ZrO7), kaTaimM3aTOpW WINTUPOKUAA amaira omangd. Peakius
JTaBOMUA KaTaau3aTtop (Haouiru Kamasau. byHUHT acocuii cababu pyX areTaTHUHT
napyaJaHuIIu:

(CH3C0OO0)2Zn — ZnO + CO;, + CH3COCHj;
Ba KaTajqm3aTop FOBaKJIapwja alleToH, aleTaabICeTH] Ba peakius KylIiuMYa Max-
CYJOTIIAPUHUHT KOHJeHcaTnanummanp. Karanuzarop tapkubura ZrO; HUHT KHUPH-
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TWINAIIN KYIIMMYa PEeaKIus MaxCyJIOTIapUHUHT XOCHUJ OYIHMIINHU KaMaWTUpaad Ba
KaTaau3aTop FOBaKJIapHa YJApHUHI CMOJIa XOCWJI KHJIMO KOHJIEHCATIaHUIIMHUHT
OJIIMHU 0J1aJ1, Oy 3ca KaTalu3aTop WUUIAII BAKTUHUHT OPTHUILNTA OJIMO KeJIaaHu.

Tusum: 1 — cupka kucnota; 11 — anerunen; I —moit; IV —cys; V — 1y3 spurMacu, -15°C;
VI — 1y31u cyB, -40°C; VII — BUHMIaLETAaT.

I-BuHmnanerar yuyH waunr, — 2,11-pektudukanmon  KojoHKa,  3,5-mediermarop;
4,8,10,12,18,19-coByTruuiap, 6-alieTuiieH reHepaTopu; 7-CUpKa KUcioTa; 9-Ty3nu sputMa; 13,20-
vwurrud, 14-ro3anaruy; 15-0yrnatrud; 16-peakrop; 17-noBymika; 2 1-curum

5-Pacm. byr ¢a3zauau ycysaaa aneTru/ieH Ba CHPKa KUCJI0TAAAH BUHWJIALETAT

OJIMINHUHI TEXHOJOIHK CXeMaCH

Bunnnanerar peaknusra KUpHWIIMaraH CHpPKa KHCJIOTagaH Ba KyIM4a
MaxcyJIoTJIapAaH abcopOrusi ycynuaa (CHpKa KUCIOTa YIyH aacopOeHT cudartuia
peaKkTOpHUHT OyF ra3 apajaniMaid KOHJACHCATHHHM HILIATHII MYMKHH, €KM TalllK{
azcopOeHT cudaTraa KCUII0J UIIaTUIaan) To3alaHaIu.

XVYJIOCAJIAP

1.Maxannuii xoMaménapjaH METaHHU OKCHUKOHJEHCATIAll PeakUuscH Y4yH
[(Mn203)x(KCl)y*(ZrO2), Ba (Mn203)x'(Na2Mo00O4)y*(Z1rO2),]; kaTanuTuk apomatiialil
peakmusicn yuyH [5,0% Mo*1,0% Zr*1,0% Zn/6eHTOHUT], alleTUICHHN KaTaJIMTHK
ruppoxsopaam peakiusicu yuyH [(ZnCly)x:(FeCls)y (CuCl), ], rugparnam yuyyH
peakmusicn yuyH [(18,0 % CdF2, 2,0 % AlF3, 5,0 % Cr203, 75,0 % AlOz Ba 10,0 %
Zn0, 5,0 % Ni203, 5,0 % Fe20s, 80,0 % AlOs3)], anetwmam peaknuscu yIyH
[(ZnO:CdO:ZrOz/xepam3ut)| Tapkubnmm TepMHK Oapkapop, IOKopu (aosuiuk,
CEJIGKTHUBIIMK Ba YHYMJOPJIMKKA 3ra OYiraH, KOKC XOCHJ OYJIUIINHM KaMaWTHPHUILN
OwiaH xapakTepilaHaauraH MakOyJl KaTajau3aTtopiap Takiaud STUIIH.

2.]ludpdepennman peakTop  mApOUTHAA  ApATWITaH  KaTalu3aTtopiap
UIITAPOKHUIA PEAKIMSUIADHUHT KHHETUK KOHYHUSTIApU Ba jkapacHiap OOpHUITUHUHT
MakOyJ1 IIAPOUTH AaHUKJIAHIA Xama peaKIUsUIApHUHT OOPUII MEXaHU3MIIApU TaKIud
STWIIM Ba >KapaCHiapHu wudoaamaiuraH KUHETUK TEHIJIaMallap TaHJIaHuoO,
YJIApHUHT aJIEKBATIUTHA aCOCIAH]IH.

3.Merannu KaiTa unuiani kapaéuiapu yayH 3(pQGeKTuB TEXHOJIOTHUS Ba KypHII-
Majap OWJIaH KUXO3JMAMHUHT (GU3HK-KUMEBUN Ba TEPMOJUHAMUK acOCTIapH SpaTuil-
I XamJla KHHETHK Ba UCCUKJIMK OajaHC HOYM3UKJIM TEHIJIaMajlapy acocuia KaTaju-
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3aTOPHUHT 3WMY KaTjaMuJa KypUJIMaHUHT TEXHOJOTHUK MapaMeTpiiapy ONTHMaJ-
T TAPUIIN.

4.MeTaHHU KaTaJMTUK OKCUKOHJEHCATIAIL, apoMatjall, alleTUJICHHH TUAPO-
XJIOpJall, TUApaTiall, aleTWUIall peakuusIapd Y4YyH KapaHIapHUHT TYypiH
IapouTiapaa YTUIIUAA YHYMHHM, KOHBEPCUSHM Ba CEJEKTUBIMKHU XHcoOJalra
UMKOH OepaauraH ujaeajg CHUKUO YMKapyBUM PEAKTOPHUHI MaTeMAaTUK MOJENH
ApaTWIIH, >KapaéHIapHUHT MakOyJ TEXHOJIOTMK NapaMeTpiiapyd aHUKJIaHAW Xamia
Tamkd gudPy3us peXuMUAa HILIOBYM OWp TOFOHANW aauabaThK KypuiMmazaa
METaHHHU KaTAJMTUK OKCHUKOHJAEHCATJAll XapaéHUHU amalira OUIMPUIITHUHT WIMHNA
acoCH HIUIa0 YNKUIIIH.

S5.MeTaHHH OKCHKOHJIEHCATNIa0 3THIIEH, apoMaTial CyIOK EKWUJIFU, alleTUICHHU
rupariad aneToH, rUApoXopiaad BUHUIXIIOPU Ba XJIOPOMPEH, alleTU/iad BUHUII-
arieTar oJIMII KapaCHJIapyu peaKkTopiIapyu MaTeMAaTUK MOJEIIAIITHPHIIIIN.

6.SlpaTwiran kaTanuzaTropiap HWINTHPOKUAA KapaéHIAPHUHT KHHETUKACHHU
Ypra’uil acocuaa peakuusIapUHUHT KWHETHUK MOJAEIUTApMHU TaHJIAHIU Ba OOpHII
MEXaHM3MIIapH TakIud OHTHWIOM XaMJa KHHETHK MOJeiap TaxJIuiId acocuaa
xapaéHinap MakOyJUIAIITHPWIIA Ba MakOyJl peakTop TypH TaHIAaHIU, PEaKTOPHUHT
MaTeMaTHK MOJENU acOCH/a KaTalu3aTop KaTJaMUHUHI Ba 3appadajapHUHI MakOyl
yiyamMu aHUKJIaHIH.

7.MeTaHHM OKCHKOHJEHCAT/Ia0d »JTUJICH, AaleTUICHHM TuapaTiad aleToH,
TUIPOXJIOPSad BUHWIXJIOPHUJ Ba XJIOPONPEH, aleTHIad BUHMUJIALETAT OJMIIHUHT
TaKOMWUIAIITHPWITAaH Ba KaM YUKUHIWIMA, OHEPrus Ba PECypCTeKaMKOp
TEXHOJIOTHSIIapH TaKJIU( STHIIN.

8.Tabumii ra3gaH STWIEH CHUHTE3 KWIMII YYyH MapraHe-Kaaui-IupKOHHMA-
KepamM3uTiIi, TaOWWUW Ta3laH ATHIEH CHHTE3 KWIHII YYyH MapraHel-MOJIuOJeH-
HATPUN-IIUPKOHUN-KEPAM3UTIIN, alleTUICHAH alleTOH CUHTE3HW YYYH KaJMHU-XpOM-
GTOp-aMIOMUHUNIN, AaleTUJICHAAaH aleTOH CHHTE3W YYyH TEeMHUP-PyX-HUKEN-
KepaM3WTJIM, AaleTWJICHJaH BUHWIALCTAT CHHTE3W YYyH pPyX-KaaIMHUH-IIUPKOHHI-
KepaM3UTIIA TapKUOJIM Karaau3aropiap Takiaud HTHWIAM XaMmJa yJlapHu uuuiad
YUKApPUIIHUHT TEXHOJIOTMK perjiaMeHT/Iapu Taépnanau Ba «HaBoumitazor» AXKna
U110 YUKApUILTa )KOPUNA ATHIIIN.
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BBEJIEHUE (AHHOTAIUA JOKTOPCKOM JUCCEPTALIUN)

AKTYaJIbHOCTH M BOCTPE0OOBAHHOCTH TeMbl AMcCcepTauMu. B HacTosmee
BpEMsI 3aI1achl IPUPOIHOTO Ta3a BO BCEM MHUpa COCTABIAOT 144 tpna.m®, u3 Hux 1,5-
2,0% moaBepraroTcsi XUMHUYECKOW TmepepaboTke. Pa3paboTka KkaTanu3atopoB U
TEXHOJIOTUYECKUX MPOIECCOB, OTBEYAIOUIUX COBPEMEHHBIM TpeOOBaHUSIM, IS
nepepadoOTKU MPUPOJHOTO Ta3a SABJISETCS aKTyalbHOW MPOOJIEMON CEroJIHSAIIHEro
nHsi. B Hacrosiiee BpeMs B MUPOBOM MacilTade MoTpeOHOCTh B ATUJICHE COCTABIISIET
150 MJIH. TOHH, B BUHUIXJIOpUIE 42 MIH. TOHH, B BUHUJIALIETAaTe 3.8 MJIH.TOHH'.

[Tocne mocTrykeHHMs HE3aBHCUMOCTH Harlel PecryOnukoin yuensiocs ocoboe
BHUMaHHE pPa3pabOTKe KaTaau3aTopoB C BBICOKOW 3(PGPEKTUBHOCTHIO, CEIEKTUB-
HOCTBIO, YCTOMYMBOCTHIO, CTAOMIBLHOCTHIO, MMPOYHOCTHIO, AaKTUBHOCTHIO U OTHOCH-
TEJIBHO JICMIEBBIX, OOJAMAIOIMNUX HHU3KOM KOKCYEMOCTBIO ISl KaTaJuTHYCCKOMN
OKCHUKOHJEHCAIlUU, apOMaTH3allMi METaHa, a TakKe TUIPOXJIOPUPOBAHUsA, THJpa-
TallMM ¥ aleTWIMPOBAHUS alleTUJICHA, MCCIICIOBAHUSIM IO ONTUMH3AIMKU KaTaJlu-
TUYECKUX YCTAaHOBOK JUIsI MaKCUMAaJbHOTO BBIXOJA MPOJYKTa, MOJCIUPOBAHUIO
TEXHOJIOTUYECKUX IMPOLIECCOB M PEAKTOPOB,  pa3pabOTKe H3HEpPro- U pecypco-
coeperaronux, O€30TXOJIHBIX TEXHOJOTHM, MNPEANPUHSITH MHUPOKOMOCIITAOHBIE
JENCTBUSA U JOCTYTHYTHI ONPEICICHHbIE PE3YJIbTATHI.

K ceromusmneMy JHIO ¢ 1I€JIbI0 BRIPAOOTKHM B MHPOBOM MacllTade areToHa,
BUHUJIAIIETATa, XJIOPBUHWIA, STUJICHA, KUJKOrO TOIUIMBA, B TOM YHCIE MPHUAAETCS
0c000€ BHUMAaHHE PEIICHUIO CICTYIONIUX 3a/1a4: KaTaJTuTHIeCKass OKCUKOHIEHCAITUS
ME€TaHa; TUAPOXJIOPUPOBAHUE, THUApATAlMS U aleTHWIHNpOBaHWE aneruieHa. s
OCYIIIECTBJICHHUSI dTUX MPOIIECCOB HEoOXoauMa pa3paboTka (U3HKO-XUMUYECKUX U
TEPMOJAMHAMHYECKUX OCHOB 3THX IPOIECCOB, CO3[JaHUE€ MATEMaTUUYECKOW MOJEIu
peakTopa HAEATBHOIO BBITECHEHHUS, a TakKkKe pa3padoTKa 3HEPro- M pecypco-
cOeperaronmx MajJoOTXOAHBIX CIOCOOOB MOJMYYEHHS ATUJIEHA, *KUJKOTO TOIUIMBA,
BUHWIXJIOPHIA, alleTOHA, BUHUJIAIIETaTa YCTAHOBJICHUEM ONTUMAJbHBIX TEXHOJOTH-
YEeCKUX MapaMeTpoB Ipolecca.

JlaHHO€ nuccepTallMOHHOE KCCIIEIOBAHUE B OIPEACIICHHON CTEMEHU CIY>KUT
BBITIOJTHEHUIO 3aJ1ay, MPEAYCMOTPEHHBIX B MOcTaHOBIeHUsAX [Ipesunentra Pecny6-
muku Y30ekuctan Ne TII1-916 «O nonoJHUTENBHBIX Mepax MO CTUMYJIHPOBAHUIO
BHEJIPEHUS] HTHHOBAIIMOHHBIX MMPOEKTOB M TEXHOJIOTHI B MPOU3BOACTBO» OT 15 utons
2008 roma u IIII-1071 «O mporpamme Mep MO YCKOPEHHUIO CTPOUTENIBCTBA H
OCBOEHUIO MMPOU3BOJICTBA HOBBIX BUJIOB XMMUYECKOU poaykuu» oT 11 mapra 2009
roga u Ne III1-1072 «O nporpamme mep Mo peanu3aluy BaXHEUIIUX MPOEKTOB IO
MOJIEPHU3AINU, TEXHUYECKOMY U TEXHOJIOTMYECKOMY MEPEBOOPYKEHHUIO MPOU3BO/I-
ctBa» oT 12 wmapra 2009 roma, a Takke B APYrdX HOPMATHUBHO-IIPABOBBIX
JOKyMEHTaX, MPUHATHIX B JaHHOU cdepe.

CBsi3b HCCIEIOBAHUSA C TNPHOPUTETHLIMHM HAINPABJICHUSIMH PAa3BUTHUS
HAYyKH " TexHojgorud PecnyOuauku. JlaHHOE wHCClIleNOBaHUE BBIIIOJHEHO B

1
W.B. Omanuna, JL.I'. bpyk, O.H TeMkuH. AnbTepHaTUBHBIE METO/IBI TIOJIyYEHHsI IPOAYKTOB OCHOBHOTO Oprannieckoro cuuresa. M. MUTXT,

2002, c. 106.
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COOTBETCTBUHM C TPHOPUTETHBIM HAMPABICHUEM pPa3BUTHS HAYKA W TEXHOJOTHMA
pecniyonuku VII. «XuMuueckas TEXHOIOTUSI U HAHOTEXHOJIOTHS.

0030p MesKIyHAPOAHBIX HAYYHBIX HCC/IeI0BAHMIA 110 TeMe JuccepTanun’.

Hayunbie uccnemoBaHusi, HampaBlIeHHBbIE Ha pa3pabOTKy KaTaau3aTOpPOB s
peakiuil  KaTAIUTUYECKOW  OKCHUKOHACHCAIIMM W  apoMaTH3allik  MeTaHa,
OCYUIECTBJISIOTCS B BEAYUIMX HAYYHBIX IEHTpPaX W BBICHIMX 00pa30BaTENIbHbBIX
yupexaeHusix mupa, B ToM uucie, Tokyo National University, Japan Petroleum
Institute (SImonus), Chicago University (CIIIA), Royal Military College of Canada
(Kanana), French Petroleum Institute (®panmus), Australian Institute of Petroleum
(ABctpanus), Research Institute of Petroleum Processing (I'epmanusi), Indian
Institute of Petroleum (Mumust), uncturyt Heopranwdecko xumuu AH PO,
WHCTUTYT OpraHM4yeckol xumuu akaaemuu Hayk P®, mncturyr @uszuku AH PO,
Poccwuiickuit uactutyT HeTH U raza umenu M.M.I'yOkuna.

B pesynpraTe mpoBeNEHHBIX B MHpPE HCCIEIOBaHWA B 00JacTH KarTaju-
TUYECKOW OKCHKOHJCHCAIMM M apoMaTH3allud MeTaHa U THIPOXJIOPHUPOBAHHIO,
THIpaTaliy, aleTUIMPOBAHHUIO AlleTHIICHA MOJIYYEHBI PSIJi CYIIECTBEHHBIX HAayYHBIX
pe3yNbTaTOB, B TOM YHUCJE: CO3/laHa TEXHOJOTHUS TONYYCHHs ITHJIEHA OKCHUKOH-
neHcanuei Merana (Poccuiickuil yauBepcutrer HeTu U raza umenn M.M.I'yOkuHa)
(Cubupckoe otaenenue nHCTUTYTa Karaim3a umeHu ['.K.bopeckoa AH P®); coznan
HOBBIM KaTalnu3aTop IS MPOU3BOJCTBA ATUJICHA (MHCTUTYT JIEKTPOXUMHUHU U Opra-
HUYeCKUX KaranuzatopoB, Kazaxcran), (Texas A&M University, CILA); npenmo-
KeHa TexHonorus mpousBojacTBa Cz-yrieBogopoaoB (Chemical Engineering Depart-
ment, Hacettepe University, Ankara-Turkey); ycraHoBieH cocTaB KaTaiuzaTopa Ha
OCHOBE IICOJIUTHBIX COEMUHEHUN IS moydeHus stuineHa (Muactutyt HedTn u rasa
uMm U.M.I'yO6kuna, Uacturyr katammza AH P®), (Department of Mechanical
Engineering, The Hong Kong University of Science and Technology, Clear Water
Bay, Kowloon, Hong Kong, Kuraii); Co3gan katanuzatop coctaBa NaWMn/Si0;
(JIampuxoy, MuctuTyT @usnueckoit xumuu, Kopes).

B Mupe ocymecTBisieTcss  psA HCCIAEAOBAaHWN MO CO3JaHUIO TEXHOJIOTHUN
NOJyYeHUs] ATHIICHA, >KMJIKOTO TOIUIMBA W3 METaHa W XJIOPBMHWIA, alleTOHA WU
BUHWJIALIETATa W3 alleTWJIEH, B TOM YHUCIIe 1O TJIaBHBIM HAINPaBICHUSIM: OKCHUKOH-
JeHCcalusT ¥ apoMaTu3allvsl METaHa, TUAPOXJIOPUPOBAHME AalleTUJIEHA; CO3JaHHe
KaTamu3atopa i peaklMil TuapaTalid U aleTUIMPOBAHUIO C BBICOKOHM 3¢ dek-
TUBHOCTBIO, CEJIEKTUBHOCTBIO, AKTUBHOCTHIO U YCTOMYMBOCTHIO; MOJETUPOBAHUE U
ONTUMU3AIUS TEXHOJIOTHYECKUX MapaMeTPOB peaKkTopa Jisl BHEIPEHUS B TIPOMBIIII-
JICHHOCTH TpOIlecca MOMyUYeHHsI STUIICHA U3 METaHa.

Crenenb M3y4yeHHOCTH Npodaembl. HayuHbie nccienoBanus, HapaBieHHbIC
Ha monydeHue Ci-yriieBOJOPOJOB KaTATUTHUYECKOW OKCHKOHACHCAIMEH MeTaHa,
noBbIlIeHHE d()PEKTUBHOCTH KaTaau3aTopa, ONTUMH3AIUIO MIPOIecca MPOU3BOICTBA
ATUJIEHA, OpraHu3alui mpou3BojcTBa dtuiieHa mnposoawm M.EO.Cunes, O.B.

2 O030p MeKAYHAPOAHBIX HAYYHBIX HcclienoBanmii mo Teme aucceprauuu: Ghose R., Hwang H.T., Varma A. Oxidative coupling of methane
using catalysts synthesized by solution combustion method // Applied Catalysis A: General. 2013. Vol. 452. P. 147-154; Jlomonocos B.1., Ycmanos
T.P., Cunes M.IO., BerukoB B.}O. 3ak0OHOMEPHOCTH OKUCIICHHS 3THJICHA B YCIOBUSAX PEAKI[MK OKHCIUTEIBHON KOHACH AN MeTaHa / KuHetuka u
katanus. 2014. T. 55. Ne 4. C. 498-505; Xin Y., Song Z., Tan Y.Z., Wang D. The directed relation graph method for mechanism reduction in the
oxidative coupling of methane.//Catalysis Today. —2008. 131 (1) —p.483-488; Témkun O. H., AGanto-Yases X. M., Xoanr Kum Bowr.
«KuHeTHYecKre MOJIENIM CHHTE3a BUHWIIAIIETaTa Ha [IMHKAIIETATHBIX KaTaln3aTopax HOBOTo mnokoyieHus »//Kunernka u karanus, 2000 r., Ne 5, 1. 41,
c. 701-718 u qpyrux UCTOYHUKOB.
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Kpoinos, A.I'. Jlenos, B.A. Menmukos, X.M. Munaues, A.3. [loporounHckuii, M.
Guisnet, T.H.bonmapenko, M.A.Kanyctun, A.C.JlokreBmap, O.H.Temkus,
b.A. Tpodpumos, P.M. ®nug, JI.b. ®umep, U.JI. KotnspeBckuii.

B pesynbpTaTe NpoOBENEHHBIX HCCIEIOBAHUN B OOJACTU MPUTOTOBICHUS U
TEXHOJIOTUH KAaTaJIM3aTOPOB C BBICOKOM A()PEKTUBHOCTHIO, CEJIEKTUBHOCTHIO U
AKTUBHOCTBIO ISl KAaTAIUTHYECKOM apomMaTh3aluyd METaHa U TUAPOXJIOPUPOBAHMS,
rUApaTaluy, aleTUIMPOBaHUS AalETUJICHAa CO3[ajd W BHEAPUIM B MPOU3BOACTBO
X.M. Munaues, M.IO. Cunes, O.B. Kpsuios, A.I'. /lenos, B.A. Menbmnkos, M.IO.
CuneB, Y.L. Jong. Kartanuzatopel apoMaTtu3allii ME€TaHa M TEXHOJIOTHUU TMpe.-
JOXWIM U BHEIpUiIU B mpou3BoAcTBO X.M. MunaueB, A.3. Jloporounnckuii, M.
Guisnet, T.H. bonmapeaxko, M.A. Kanycrun, A.C. JlokTeB, peakuuu
TUAPOXJIOPUPOBAHMS, THUApPATAIMMU, aleTWINpoBaHUs aneTwieHa wu3ydanmu O.H.
Temxun, b.A.Tpodpumos, P.M. ®nun, JI.b. @umep, N.JI. KotaspeBckuii.

Co3gaHne Katanu3aTopoB i1 OKCUKOHAEHCAIMM W apOMaTH3allMyd METaHa U
TUAPOXJIOPUPOBAHMUS, TUApATAIIMY, AllECTUIUPOBAHUS alleTUIIEHA C BBICOKOU 3(dek-
TUBHOCTBIO, CEJIEKTUBHOCTHIO, BBICOKOM YCTOMYHMBOCTHIO, CTAOMIBLHOCTHIO, MPOU-
HOCTBIO, JICHIEBBIX M aKTUBHBIX C HU3KOM KOKCYEMOCTBIO SIBJISIETCS aKTYyaJIbHBIM U
COBpEMEHHBIM. B TO € BpeMs ONTUMHU3AIUA KATAUIMTUYECKBIX YCTAHOBKaX C
MaKCHUMaJIbHBIM BBIXOJIOM TIPOJYKTOB, CO3/JaHME DJHEPro- U pecypcOeperarommx,
0€30TXOAHBIX TEXHOJIOTUN U BHEJPEHUE UX B MPOU3BOJICTBO SIBJISETCSA AKTYaJbHBIM U
MMEET HAyYHOE 3HAUYCHHUE.

CBsi3b TeMbl [JHCCEPTAIMM C HAYYHO-HCCJIEA0BATEJbCKMMHU pPadoTamMu
BbICIIET0 Y4eOHOr0 3aBe/leHHsl Y4Ype:KIeHHs, Ile BbINOJIHAETCH JAUCCepPTalUs.
JluccepTalMOHHBIE  HCCIENOBAHUE  BBIIIOJIHEHO B paMKax IUIAHA HAy4HO-
UCCJIEIOBATEIbCKUX pPaboT (yHIaMEHTaIbHBIX W HWHHOBAIIMOHHBIX TPOEKTOB
TamkeHTCKOro XuMuKo-trexHosnorndeckoro uHeruryra OT-31-25 «Mccnenoanue
KATAIMTUYECKUX PEAKIHMM OKCUMETWIIMPOBAHMS OpraHMyeckux BemecTtB» (1995-
1997), HK-2012-5 «BueapeHue TEXHOJOTMYECKOM CXEMbl  IPOU3BOJICTBA
ATUJIAIETAaTa U3 MECTHOTO CBhIPhS U MPOMBIIIUICHHBIX 0TX010B» (2013-2014).

Heabio uccenoBaHus sIBISETCS YCTAaHOBJICHUE COCTaBa U pa3pabOTKa TeX-
HOJIOTUHU TIOJIyYEHHUs KaTajiu3aropa ¢ BBICOKOW 3((PEKTUBHOCTHIO U HU3KUM KOKCO-
BaHUEM JIsl IepepadOTKU METaHa, a TaKKe MOJCIMPOBAHUE U ONTUMHU3ALUS TEXHO-
JIOTUYECKUX MapaMeTPOB peakTopa.

B cooTBeTCTBHH € MOCTABIEHHOM LENBIO PELIATUCH CAEAYIOIINE 3a0a4UM:

HaX0XJCHHE OINTHUMAJbHOIO COCTaBA U CO3/IaHUE TEXHOJIOTUM IMOJYyYEHHUS
KaTaau3atopa C BBICOKOW AaKTUBHOCTHIO, TEPMHUYECKOW CTOMKOCTHIO, A()PEeKTHB-
HOCTBIO, CEJICKTUBHOCTBKO M HHU3KOM KOKCYEMOCTBIO, a4 TAKKE YCTAHOBJICHHUE BJIIMS-
HHSl COCTaBa KaTajau3aTopa W MPOAYKTOB PEAKUW Ha OKCUKOHJICHCHUPOBAHUE U
apoOMaTH3alMI0 METaHa, THAPOXJOPHPOBAHUE, THAPATALMIO AUCTHWIMPOBAHUE alle-
TUJICHA;

HCCIIEIOBAHUE YCTOMYMBOCTH KaTajau3aTOpa OTHOCUTENIBHO €ro JAe3aKTUBALIUU
M HAa YCTAaHOBJICHHUE YCIIOBUH pEreHepaluyd, OCHOBE W3YYEHUS KUHETHKU
oOpa3oBaHUsSI KOKCa, H3y4YeHUE (DU3MKO-XUMHYECKUX CBOMCTB KaTtajmu3aropa H
TEPMOJIMHAMHYECKOE€ 000CHOBAHUE MTPOTEKAIOIIUX MPOIECCOB;
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Ha OCHOBE M3YYEHUS KMHETHUKH IMPOLECCOB C YYACTHEM CO3JAHHBIX KaTalld-
3aTOPOB, CO3AaTh KMHETHYECKYI0 MOJENb M MPEMIOKHTh MEXaHU3M IMpoLecca; Ha
OCHOBE aHaJiM3a KMHETUYECKOW MOJENH ONTUMHU3UPOBATH IMPOLIECC U BHIOPATH THUII
peakTopa; Ha OCHOBE MaTeMAaTUYECKOW MOJIEIHN PEAKTOPa YCTAHOBUTH TONIIHUHY CIIOS
KaTaau3aTropa U ONTUMAaJbHbIE pa3Mephl 3€PEH;

YCTAHOBJICHHE ONTHUMAJIbHBIX TE€XHOJOTMYECKUX MapaMeTPOB Jid KaTaJuTH-
YECKOM OKCHKOHJCHCAIIMM MeTaHa, 00ecleueHUuEe ONTUMAJIbHOMW TEXHOJOTHEH W
o0opyaoBaHuEeM pa3padoTKa (U3MKO-XMMUYECKHMX OCHOB M CO3JaHUE MaTema-
TUYECKON MOJIENI PEAKTOpa UACAIBbHOIO BBITECHEHUS UM HAXO0XKJICHUE CTAaHOBJICHUE
ONTHUMAJIBHBIX TEXHOJIOTMYECKUX ITAPAMETPOB MPOLECCA;

CO3JaHUE KaTaJIM3aTOPOB M TEXHOJOTHUU JJI IIPOU3BOJICTBA STUIICHA, KUIAKOTO
TOIUUIMBA, BUHWIXJIOPUA, alleTOHA, BUHUJIALIETATA.

O0beKTBIM HCCICI0BAHMSA SBIISIETCS INPUPOAHBIM ra3, BO3AYyX, AalleTHIEH,
KepaM3HUT, OCHTOHHUT, 3TWIEH, apOMATHYECKHE  YIJIEBOJOPOAbl, BUHWIXJIOPHUI,
XJIOPOIIPEH, alleTOH, alleTallb/IeTu]], BAHWIALIETAT.

IIpeamer uccjie0BaHMsA: KaTATUTHUYECKas OKCHUKOHJIEHCALUS U apOMaTU3aLIHS
METaHa, a TAKXKe TuapaTalus, TMIpOXJIOPUPOBAHNE U AlIETUIIMPOBAHHUE AlIETUIICHA.

Metoabl ucciaenoBanms. B nuccepTraiimoHHON padoTe MPUMEHEHBI (PUBHKO-
XUMUYECKUWA aHaiu3, Tra3oBas XxpoMarorpadus, CKaHUpYyIOIas 3JIEKTPOHHAS
mukpockonusi, UK-criekrpockonust u peHTreHo(pa3oBbIil aHAN3.

Hay4Hasi HOBU3HA MCCJIeIOBAHUSA 3aKJIF0YAETCA B CIEAYIOIIEM:

HallIeHbl KUHETUYECKUE 3aKOHOMEPHOCTH pEaKIUH C ydacTueM paspado-
TAHHOT'O KaTajlu3aTopa B yCIOBUSX NU(D(epeHIINalIbHOTO peakTopa U ONTHUMAaJIbHBIC
YCJIOBHSI TPOTEKAHUS IPOLIECCOB, MPEI0KEHBI MEXaHU3Mbl TPOTEKAHUS U3YUEHHBIX
peakuuii, BbIOpaHbl KWHETHMYECKHE YpaBHEHHUS OTOOpakalollue TMpolecc Hu
000CHOBaHA X aJCKBAaTHOCTD,

TEPMOJIMHAMHYECKH 0OOCHOBAHO MPOTEKAHUE PEAKIIMI KATATMTUYECKON OKCH-
KOHJIEHCAllMW U apOMaTU3allid METaHa, a TAKXKe THApaTaluu, THAPOXIOPUPOBAHUS U
alETUIMPOBAHUSA allETUJICHA,;

CO37aHbl TEPMOJMHAMHYECKUE OCHOBBI Ipoliecca nepepaboTKh MeTaHa M Ha
OCHOBE HEJIMHEHHBIX YpPAaBHEHMI TEIJIOBOrO0 OaJlaHca M KUHETUKH  ONTUMU3H-
POBaHbI TEXHOJIOTUYECKHUE MApaMETPhI YCTAHOBKH C IJIOTHBIM CJIIOEM KaTalln3aTopa;

pa3paboTaHa TEXHOJIOTHSI MpoIlecca KAaTATUTHUYECKON OKCUKOHICHCAIIMH METa-
HA B OJHOCTyNEHYaToW aanabaThuyecKol YCTaHOBKe, paboTarolieid B pekuMe
BHenTHeH auddy3un;

HalJEeHbl YCIIOBUA W COCTaB KaTaJlM3aToOpa C BBICOKOW H30MpaATENbHOCTHIO H
OPOAOKUTEIBHOCTEIO PaOOThI, IMO3BOJISIIOIIME IOBBICUTH BBIXOJ MPOAYKTa MpHU
cunteze Cz- M apoOMaTUYECKUX YIJIEBOJOPOAOB M3 METaHA, a TAKXKE XJIOPBUHUIIA,
alleTOHAa M BUHWJIAIETaTa M3 aleTUJIeHa, a TakKe pa3padoTaHa TEXHOJOTUS HX
HOJIyYECHHUS;

ONpeJeeHbl TEXHOJOIMYECKUE MapamMeTpbl CHHTE3a 3THJIEHA, KUIKOIO TOIl-
JMBA, alleTOHA, XJIOPBUHWJIA U BUHUJIAIIETATA.

IIpakTH4yeckue pe3yJbTaThl HCCJIEI0BAHMSA:

YCTaHOBJIEH COCTAaB M TEXHOJIOTHS MOJyYEHHUS KaTalu3aTopa HOBOI'O COCTaBa
JUISl KaTaJIMTUYECKON OKCUKOHJEHCAMM W apoMaTH3allMd METaHa U THUAPOXJIOpHU-
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pOBaHUS, TUAPATAIINH, AIICTIIIMPOBAHUS alleTHIICHA, 00JIa1aloIIero BEICOKOM dhdek-
TUBHOCTBIO M CEJICKTHBHOCTBIO, XapaKTePU3YIOMIETOCsS HU3KOW KOKCHPYEMOCTBIO, a
TakKe co3jaHa audQy3noHHAs MaTeMaThdecKash MOJIEib pEreHepaluy KaTaau3a-
TOpA;

0 pe3yJabTaTy HCCIEI0BaHUi pa3paboTaHbl (U3HKO-XMMHUYECKHE U Tep-
MOJIMHAMUYECKHE OCHOBBI IPOBEJEHUS IPOIECCOB KAaTAUTHYECKONW OKCHUKOHJIE-
cary MeTaHa u odecrieunBanne d(HHEKTUBHON TEXHOJIOTUN U 000PYIOBAHHS, TAKKE
pa3paboTaHa MaTeMaTHIeCKasi MOJICNIb PEaKTopa HICaThHOT'O BEITCCHCHUS,

Ha OCHOBE pa3pabOTaHHBIX KaTalU3aTOPOB YKa3aHHBIC MPOIECCHl TEPMOJIH-
HAMHUYECKH OOOCHOBAHBI, MATEMATHYECKA MOJICITUPOBAHBI PEAKTOPHI JJIsi TIPOBEIC-
HUS peaKIMid, a TaKke pa3paboTaHbl IHEPro- M pecypcoOeperaronue U MajooT-
XOJTHBIC TEXHOJIOTHH.

JI0OCTOBEPHOCTH Pe3yabTaTOB HCCAeA0BAHHA. J[OCTOBEPHOCTh PE3yJIbTaTOB
UCCJICJIOBAHMSI 3aKJIFOYACTCS B HCIOJb30BAHUM COBPEMEHHBIX NMPHOOPOB JIJIs aHa-
JH3a KaTaJIu3aTOPOB M IMOJTYYCHHBIX MPOJAYKTOB PEHTTeHO()A30BBIM, KHHETHICCKUM,
ra3oxXpoMaTorpapuuecKuMH METOJaMH, HCIIOIb30BaHUE CTAHIAPTHBIX METOIMK JIS
AKCIIEPUMEHTAIbHBIX HCCIICIOBAHUM U IMOATBEPIKIACTCSA HACHTHUYHOCTHIO TCOPETH-
YECKUX U IKCIICPUMEHTAIBHBIX PE3yJIHTATOB.

HayuHnasi 1 npakTH4YecKasi 3HAYMMOCTD Pe3yJIbTATOB MCCJI€I0BAHUIA.

HayuHast 3HAYUMOCTD PE3yIbTaTOB HCCIICIOBAHUS OMPEICISICTCS MOJyICHUEM
HOBOT'O KaTajau3aTopa JJIs OKCUKOHICHCAIMK M apOMaTH3aIlii METaHa U THIPOXJIO-
pUpOBaHUs, THIpATAIMH, AlCTHIMPOBAHUS aleTHIICHa, O0O0JaJafoIIero BBICOKOM
3P PEKTUBHOCTHIO U CEIICKTUBHOCTBIO; M3yUYCHUU KHHETHUKH TPOIECCOB, MEXaHHU3Ma
TEUCHUS PEAKIUU M CO3JIaHUU TEXHOJOTUYCCKOW CXEMBI COBEPIICHCTBOBAHHMSI
nporecca;

[TpakTHdeckass 3HAYMMOCTh PE3YJIBTATOB  HCCIICIOBAHUS 3aKJIIOYaeTCs B
COCTaBJICHMM KWUHETHUYECKOTO U TEIUIOBOro OajaHca Ha OCHOBE HEJMHEWHBIX
ypaBHEHUH, ONTHUMH3AIMK PabOYMX I[MapaMEeTPOB YCTAHOBKH C IUIOTHHBIM CIIOEM
KaTajau3aTopa, SKCIICPUMEHTAIbHOC OOOCHOBAaHUEC (PU3UKO-XHUMHUYCCKON MOJICIN
MacCOIEePeHOCa, U3YUCHUN B3aUMOCBSI3U MEX 1y (PU3UKO-XUMUUYESCKHUMH CBOMCTBAMH,
COCTaBOM M XHUMHYECKHM CTPOCHHEM; CO3JaHMH MaTeMaTHYEeCKOH MOJIEIIH,
MO3BOJISIONIEH pacYUTHIBATh 3PPEKTUBHOCTh, KOHBEPCHIO M CEJICKTHBHOCTH TpHU
pa3IMYHBIX YCIOBUSAX TIpoIlecca, a TakKe MOJCTUPOBAHUE MPOU3BOJCTBEHHBIX
peaKTOpoB W pa3paboTKe MaJOOTXOIHBIX TEXHOJIOTUN. BHeIpeHwne B MPOU3BOJICTBO
BBIOpaHHBIX KaTaJIM3aTOPOB JUIS YKa3aHHBIX pEaKIUH IMO3BOJHT TOJHOCTHIO
obecieunth  PecriyOnmumky — V30ekucTtaH — ATHJICHOM,  JKHJIKHM  TOIUIMBOM,
BUHUJIAIIETATOM, XJIOPBHHHJIOM, TTOJTy9EHHBIMH U3 MECTHOTO CHIPbSI.

BHenpenue pe3yabTaToB HcciaenoBaHusi. Ha ocHOBe pe3yibTaToB, MOTYUYCH-
HBIX TIpU pa3pabOTKe KaTajau3aropa IS IOJyYeHHUs OSTHJICHA KaTaIMTHYCCKOU
OKCUKOHJICHCAITUU ITHJICHA, )KHJIKOTO TOIUIMBAa apOMATH3AIMCH METaHa, MOJTydICHUs
XJIOPBHHHJIA M XJIOPONPEHA KATATMTUYSCKUM THIAPOXJIOPUPOBAHUEM alleTHIICHA,
alleToOHa rUjpaTalueii ¥ BUHUJIAICTaTa-alCTHINPOBAHUEM:

pa3pa0oTaHbl U BBEJCHBI B I'OCYJAAPCTBEHHBIA PEeCTp TEXHUUYCCKUE YCIOBHS
MOJyYEHHUsI KaTaju3aTopa HOBOTO COCTaBa C BBICOKOW CEJICKTHBHOCTBIO U 3 dek-
TUBHOCTBIO JUIsI OKCHKOHJICHCAIIMM W apoOMaTH3allMd METaHa, a TakKe THUIPOXIIO-
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pUpPOBaHMs, THIpaTalUu W auetuiaupoBanus auetuwieHa (Ts-16909155-02:2013; Ts-
16909155-03:2013;  Ts-16909155-04:2013;  Ts-16909155-05:2013).  Hayunoe
UCCJIEJIOBAHUE TIO3BOJIIET MPOBEPSATHh KauyeCTBO MPOAYKIMU M TEXHOJIOTHYECKUI
poLEeCC;

Kartanuzatopsl 151 OKCUKOHAEHCAIIMM METaHa M TOJYYeHHs dTUJIEHA, apoMa-
TU3AIUKU U TOJYYEHUS KUJKOTO TOIUIMBA, TUAPOXJIOPUPOBAHUS AllETHUIICHA U TOJY-
YeHHe XJIOPBUMHWJIA U XJIOPOMpeHa, THApaTalued MOJyYduTh AalleTOH, alleTHJIMPO-
BaHUEM BUHUJIAIETAT BHEAPEHBI B Mpou3BoicTBO HA AO «HaBouiiazor» (crpaBka ot
1 Hosi6pst 2016 1. Ne(01/3-3528/U; AO «Uzkimyosanoaty). DxoHomuueckas 3pdek-
TUBHOCTbh JOCTUTHYTA 3a CUET 3aMEHbI MIPUBO3UMBIX M3-3a IPAHUILIbl KaTaau3aToOpOB
MECTHBIMH, TOJIyYEHHEM HOBBIX BEIIECTB U ONTUMHU3AIUU TEXHOJOTHYECKUX MpPO-
LIECCCOB.

Anpobanus pe3yJabTaTOB UCCIEI0BAHMS.

PesynbTaThl  ucciienoBaHusi  OOCYXKIAduCh  Ha  MEXKIYHApOAHBIX U
pecnyOnMKaHCKUX KOH(epeHIusx B TOM uwucie: Bceepoccuiickoil KoH(epeHImH
«AxTyanbHble TIpOOJIEeMBbl aHaIUTHYECKOW xumum», Abstracts of papers of the
American Chemical Society. 2002, (San Diego, 2001; Chicago, 2001; Orlando, 2002;
Boston, 2002; Orleans, 2003; Boston, 2007), USA: ACS Washington. 2002, the 39
IUPAC Congress and 86" Conference of The Canadian Society for Chemistry
(Kanaga), Tpetbst Mexxnynapoanas konpepennus crpadn CHI' «3omab-rens» cunres u
UCCJIEIOBAHUE HEOPTaHWYECKUX COCTUHEHUN, TUOPUAHBIX (DYHKIIMOHAIBHBIX
MaTepHaIOB U AUCTIEPCHBIX cucTeM (8-12 centsops 2014 roa. r. Cy3nmans, Poccus),
Marepuansl  Bcepoccuiickoii  KOH(GEpPEHIIMM € MEXKIYHAPOJIHBIM  y4acTHEM
«CoBpeMeHHbIE TOCTHKEHUSI XUMUU HENPEIEIbHBIX COSUHEHUN: aIKUHOB, aJIKEHOB,
apeHoB u rerepoapeHoB» (Cankt-Iletepbypr, 2014), «AKTyanbHbIE TPOOJIEMBI
XUMUU U XuMmuueckod TexHosmorum» (Tamkent, 1995) u psga PecnyOnmkaHckux
Hay4yHO-TpakTuyeckux KoHpepenmusax (Tamkent, 2001, 2008, 2015; TamkeHT
2016).

Ony0/1MKOBAHHOCTHL Pe3yJbTATOB MccJenoBanus. [lo Teme auccepranuu
onyOnukoBaHa 60 Hay4HBIX paOOT, B TOM 4YHCJIE B H3JaHUAX, PEKOMEHIOBAHHBIX
BBICIIIEH aTTeCTallMOHHON Komuccued PecryOnuku Y30ekucTaH s MyOJIMKaiuu
OCHOBHBIX Hay4HBIX PE3YyJbTaTOB JNIOKTOPCKUX auccepranuii 21; B Tom yucie 14 B
pecnyOIuKaHCKUX U 7 B 3apyO€KHBIX KypHaJaXx.

O0bém M cTpyKTypa auccepramuu. /{uccepraiusi COCTOUT U3 BBEACHUS, MSATH
IJIaB, BBIBOJIOB, CIHCKa HCIOJB30BAHHOM JIMTEpATypbl U NpWiIoKeHH. OOrmmii
00BEM nHccepTaruy cocTaBisgeTr 197 crpanwuil.

OCHOBHOE COJEPKAHME TUCCEPTAILIAU

Bo BBCACHHNU 000CHOBBIBAETCS AKTYyaJIbHOCTb U HGOGXOI[I/IMOCTI) IMPOBCACHHBIX
HCCHCI[OBaHHﬁ, CJIN U 3aaa491 UCCIICTOBAHUA, OXaPAKTCPHU30BAHbI OOBEKT U npeamMceT
HCCJIICA0OBAaHUs, ITOKa3aHO COOTBCTCTBHC pa6OTBI Ba’XHbIM HaIIPaBJICHHAM pPAa3BUTHUIA
HayKHW W TCXHOJOI'MH peCHy6HI/IKI/I, M3JI0KCHbI Hay4YHass HOBH3HA W IIPAKTHYCCKHC
PE3YIbTATHI, OOBSICHEHBI HAay4YHOC M IIPAKTHUYCCKOC 3HAYCHHUC [IOJYYCHHBIX
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pe3yibTaTOB, MPUBEIEHBI CBEACHHUS O BHEIPEHUM PE3YyJbTaTOB HCCIEIOBAHUS B
MIPOU3BOJICTBO, YHCIIE OMyOIUKOBAHHBIX padOT U CTPYKType AUCCEPTALIHH.

B mnepBoii rnaBe nucceprannu «CocTaB M CBOMCTBA KaTAJIM3ATOPOB JIs
OKCHKOHJACHCAIMH M apoMaTH3alMHd MeTaHa, W THUIPOXJOPHPOBAHUS,
TUApaTaluy, ANETHJIHPOBAHUS ALETWIEHA» IOAPOOHO M3JI0XKEHBI PE3yJIbTaTh
IIPOBEIEHHBIX MCCIEAOBAHUM, NPOBEIEH aHAIU3 HMHOCTPAHHOW M OTCYECTBEHHBIN
auTeparypbl. JlaHHble 00BEIUHEHBI U ClIeJaHbl HayYHO-aHAJTUTUYECKUE BBIBOJBI, a
TaK)K€ Ha OCHOBE JAHHBIX JINTEPATYPbl ONPEAEIICHBbI LIENIH, 3aa4l, aKTYyaJIbHOCTh U
BaYKHOCTH IMCCEPTALMOHHON pabOTHI.

Bo Bropoli rnaBe nauccepraunu «BblOOp cocTaBa KaTtajaM3aTopa sl
nepepadoTKH MeTaHa W (PU3HKO-XMMHYECKHE CBOHCTBA MHIPEJHEHTOB.
OOopynoBanue AJ1si NMPOBEJCHUS MPOLECCA M AHAJIM3 NPOAYKTOB peakuum»
OCBEIICHO 00OpYAOBaHME AJIA KaTaIUTHYECKON OKCUKOHJEHCALMU U apOMaTU3ALMH
METaHa, TuapaTaniy, TUAPOXJIOPHUPOBAHUS, AUETUIMPOBAHMS ALIETUIICHA, a TaKXKe
U3yYeHUE KHHETHYECKMX 3aKOHOMEPHOCTEW, YCJIOBHS MPOBEACHMS IIpoliecca H
METO/IMKA aHajlu3a NPOAYKTOB pEaKIMil, MPUBEACHBbI PE3yJbTaThl IO CHHTE3Y
KaTalu3aTopoB. XapaKTEPUCTUKU KaTaIU3aTOPOB HM3YyUYEHbl (PUIUKO-XUMUYECKUMHU
METO/IaMM,  M3JI0)KEHbl ~ METOIbl  aKTUBALIMKM  OEHTOHUTAa M  KepaM3uTa,
UCIIOJIb30BaHHBIX B pabore. I[lpuBeneHbl yCIOBHS pereHepanuy KaTaau3aTropa
(pereneparnsi KOKCOBaHHMSI 3EpEH KaTalu3aTopa IMpOBEJEHA C HCIOJIb30BAaHUEM
MaTEMaTUYECKON MOJIENIHN) U U3YUYEHBI €ro TeKCTypHbIE XapakTepucTHKu (Tadn.1. 1 u
2). KaranuzaTop moyiydeH MOKpPBIM CIOCOOOM Ha OCHOBE «30JIb-T€JIb» TE€XHOJIOTHH.
BbIX0l NpPOAYKTOB pEakUWH M COCTaB ONPEACISIIMCH METOJIOM Ta30XKUIAKOCTHOU
xpomarorpadbun. YaenpHas TOBEPXHOCTh  Karamuzatropa oOOBEM TMOp W
pacrpezneneHre 3EépeH Mo pasMepaM ycraHaBimuBaau nupu 196°C ma mnpubope
Micromeritics ASAP 2000 agcopOuueit a3ora. [ ka)xaoro aHaan3a UCIOIb30BaHO
0,25 r xaranu3aTopa. Y aenbHas NOBEPXHOCTh KaTaau3aTopa ONPEenessiiach METOAO0M
BET, pacnpenenenune nop no pasMepam onpezaermsuiace meronoMm BJH Ha ocHoBe
oOnacteil u30TepMbl copOumu  azora. HakoruieHne Kokca — ONpenessioch
nepuBaTorpauyeCcKUM METOIOM.

Taoauma 1

TekcTypHbIE XapaKTEPUCTHKH 00Pa3I0B KATAJIN3aTOPa
Oo6pa3ery Cn | p, P, | P, 4 a Vs
r/em® M/ | t/em’
(Zn0),:(Cd0),:(Zr0,),/kepam3ut - 0875 | 1,37 | 2,87 | 0,361 | 0,523 0,38
Zn0-18*CdF;-2*Cr,03-5*A1,03-75 5,88 | 0,879 | 1,49 | 2,80 | 0,410 | 0,468 0,31

(Mn203)x'(NaxM0QOs)y* (Zr0»),) 6,22 | 0,995 | 1,63 | 3,10 | 0,390 | 0,474 0,32
(Mn203)x- (ZrO»), (KCl), 6,54 | 0,923 | 1,46 | 2,81 | 0,368 | 0,480 0,33
5,0 Mo*1,0% ZrO; * 1,0% ZnO 846 | 0973 | 1,52 | 3,09 | 0,360 | 0,510 0,32
Tabéauua 2
OcCHOBHbBIE XaPAKTEPUCTHKH TEKCTYPhl 00pa31l0B KATAJIM3ATOPA
O6pasen Kokc | Sper, | S, | Vs(P/Pi=0,99) | V,em’/r | D, Hm
% mr/1 | mr eM’/r

(Zn0)4:(CdO),:(ZrO»)/xepam3uT - 2116 | 189 0,416 0,0073 8,8
Zn0O-18, CdF, -2, Cr,0; -5, Al,03-75 5,88 | 1715 | 157 0,375 0,0058 9,6
(Mn203)x'(NaxM0QOs)y: (ZrO»),) 6,22 | 1685 | 159 0,370 0,0036 9,3
(Mn203)x (ZrO2)y- (KCD), 6,54 | 1815 | 175 0,371 0,0005 8,5
5,0 Mo*1,0% ZrO: * 1,0% ZnO 8,46 | 1605 | 157 0,315 0,0011 8,0
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B Ttperben rmaBe mmccepranuu «M3ydeHHe NpoueccoB KaTaJIUTHYECKOMN
OKCHUKOH/JACHCAIMH, apOMAaTH3alMU MeTaHA W THAPOXJOPHPOBAHMS, I'MApPaTa-
MU, AUETHIMPOBAHMS ALETHJICHA» U3YUYCHbl KMHETHYECKHE 3aKOHOMEPHOCTH M
IPEMIOKEHBl KUHETHYeCKHue Mojaenu. [lomydeHune 3TuieHa W3 METaHa SBISETCS
OJIHOCTYNEHYATOM peakuued U TPOBOJUTCA MpU aTMOCPEpHOM JaBieHuu. B
IIPOLIECCE OKCUKOH/ICHCAIIMA METaHA IPOTEKAIOT CIEAYIOIINE PEAKIINN:

2CH4 + 1/202 — CyHg + H20 AH = -176,8 xx/Monb
2CHg + O, — 2C2H4 + 2H20 AH =-105,1 xx/mMonb
2CH4 + O — CoHs + 2H,0 AH = -281,9 xx/Molb
CHs + 202 — CO2 + 2H20 AH = -802,33 xx/M0I1b

OTOT mpolecc MpoTeKaeT uepe3 o0pa3oBaHue 3TaHa U IPU ACTUAPOTECHU3ALNN
3TaHa B aKTUBHBIX LIEHTPAX KaTajau3aTopa o0pa3yeTcs 3TUJICH.

Peaknnsi OKCMKOHIEHCAauMyM MeETaHa NPOBOJWUTCS B CTAHIAPTHBIX YCIOBHUSAX,
XapaKTEPU3YIOIUXCS CIEAYIOMIMME MapaMeTpaMu: Temmeparypa mpouecca 750°C |
00BEMHOE OTHOILIEHHWE MeTaH: BO3ayx=1:2, 00OBEMHas CKOPOCTh 1200u4ac™.
pe3yJIbTaThl M3YYEHHUs BIIMSHUS KOMIIOHEHTOB KaTaju3aTopa Ha €ro akTUBHOCTH
npuUBEACHBI B TaOHIIE 3.

Tabimuna 3
3aBHCHMOCTH AKTMBHOCTH KATAJIHU3ATOPA OT COCTABA NPHU pPeaKuuH
OKCHKOH/ICHCALIUM METAHA
(T=750°C; CHy:Bo3ayx=1:2; V=1200 uac™)

Konsepcus CHy , Ko,
Ne CocraB karanuzaropa O6mas o C,H, CeJIEKTUBHOCTE, Sy,
1 Mn,0s 33,5 13,0 35,8
2 Mn,0; *La,03 29,0 7,0 24,1
3 Mn,O; *PbO, 36,0 10,0 27,7
4 Mn,0; *KCl 51,0 24,0 47,0
5 Mn,O; *KBr 47,1 16,0 33,9
6 Mn,Os *KJ 38,0 14,0 38,0
7 Mn;03 *KC1*ZrO; 52,3 30,9 59,1
8 Mn,Os *KCI1*BeO 45,0 21,0 46,6

N3 Ttabmumer BugHo, uyto nobOamnenne KCl k karammszatopy w3 oOkcuaa
Mapraniia (MnyO3) ma€T NONOXKUTENbHBIA pe3ysibTar. BBemeHue B cocTaB
Kataym3aropa okcuga rupkoHust (IV) okazano mMojgoxuTenbHOE BO3JEHCTBUE Ha
aKTUBHOCTb KaTajau3aTopa.

[Ipu BBemenun ZrO, B cocTaB KaTajau3zaTopa HAOJIOAACTCS YBEIHMUYCHUE
BbIXO/a 110 3TUJIeHy ¢ 24,0% no 30,9%, cenextuBHOCTH 110 3TUIEHY ¢ 47% 10 59,1%.
B pesynprare wucciaemoBaHuii BbIOpaH KaTanmuszaTop coctaBa (MnyOs)x -(KCl)y
‘(Zr0Oz),. CuHTE3 KaTtanm3aTropa Mo «30JIb-T'elib» TEXHOJIOIMH 00JaJaeT 1eJIbIM PSI0M
MPEUMYIIECTB: MPOCTOTA UCIIOIB3YEeMOTr0 000PY10BaHUS, YKOHOMHUYHOCTh, YKOJIOTH-
yeckas 0€30MacHOCTh, HU3Kasi Ce0ECTOMMOCTh, COOTBETCTBUE TeXHOIOoTuu. [1o aTum
NpPUYMHAM B KA4eCTBE OMNTHUMAJIBHOTO OBUI TMPUHAT KaTaau3aTtop O0JIaNaromnii
oM YHKITMOHATBHBIMUA CBOMCTBaMH cocTaBa (Mn203)x(NazMoO4)y(Z1r0O2), usro-
TOBJICHHBIN MO «30JIb-T€JIb» TEXHOJOTUH. M3yueHO BIUSHUE pa3IuYHbIX TapaMeTpoB
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Ha KOHBEPCHIO METaHAa M CEJIEKTHMBHOCTHb Ipouecca no Cr-yrameopoponaam. llpu
V3YYEHHH BIUSHUS NAPLUUAIBHBIX JABJICHUNM PEAreHTOB HA 3aKOHOMEPHOCTH TEUYEHHUS
peakUMU MEHSJIOCHh IIapLMalbHOE JaBJICHUE OJHOIO ras3a IpU IOCTOSHCTBE
NapLUHMAIBHOIO JABJIICHUN ApYyroro rasa. [[insd DOCTOSHCTBA JMHEMHOM CKOPOCTHU
BBOJWJIOCH HEOOXOJUMOE KOJMYECTBO YHUCTOro aproHa. Jus coOmroneHus
IOCTOSTHCTBA YJEJIBHOM CKOPOCTH O0BEM KaTallu3aTopa COOTBETCTBOBAJ YCIOBUSM
UCCIIEJOBAHUS.
Taduauua 4
Pe3yabTaThl HCcIe10BAHUI 110 H3Y4YEHHUIO BJIMSHUSA NAPUHUAJBHOIO JaBJICHUS
METAaHa HA BHIXOJA NPOAYKTA NPH Pa3IHYHbIX Temneparypax (P, =0,1MIla;

P, =0,014 Mlla), xat: (Mn203)x * (Na2M0Oy)y * (ZrOz),

W, m/mnkar.sac | Peg,, MITa e, = 8,5, 7o D¢_g, » MII/MILKAT.9ac
700°C 750°C 800°C | 700°C 750°C 800°C
600 0,017 8,8 14,3 20,6 6,7 8,4 10,6
800 0,017 7,6 11,5 17,4 5.6 7,2 8,8
1000 0,017 6,7 9,1 13,5 5,2 6,4 7,6
1200 0,017 5,8 8,5 9,7 4.8 5,8 6,5
600 0,025 18,4 20,8 24,5 7,2 9,5 12,8
800 0,025 15,2 17,6 21,0 6,4 8,2 11,3
1000 0,025 13,0 15.2 18.6 5,6 6.4 10,0
1200 0,025 10,6 12,8 14,4 4.8 5,0 8,1
600 0,033 25,8 274 28,6 23,2 34,6 41,8
800 0,033 24,6 30,2 35,8 41,9 54,5 57,8
1000 0,033 234 33,2 428 64,3 72,8 81,4
1200 0,033 20,8 28.5 39,2 48,8 62,5 75,9

Tabimua S
Pe3yabTaThl HCCIe0BAHUI 110 H3YYCHHIO BJIMSHUSA NAPUHAJIBHOIO
JAABJICHUS KHCJO0POAA HA BHIXO0/ NPOAYKTA NPH PA3JIHYHBIX YACJbHbIX
00bEMHBIX CKOPOCTSIX M TeMIlepaTypax

(P, =01MIa; P, =0,033 Mlla); kat: (Mn203)x * (Na2M0O4)y * (ZrOz),
W, UM KAT. TaC P, M, ey, ), % Vg, g, » MI/MJLKAT.4aC

Mlla | 700°C 750°C 800°C 700°C 750°C 800°C
600 0,010 | 17,2 20,8 24.6 9,8 12,3 14,5
800 0,010 | 14,8 18,4 21,2 8.2 10,0 11,3
1000 0,010 | 104 14,0 17,8 6,4 8,5 9,8
1200 0,010 7,7 11,2 15,5 4,9 6,0 7,5
600 0,012 20,5 23,8 27,2 15,0 20,4 24,8
800 0,012 182 20,0 24,5 13,2 17,5 19,9
1000 0,012] 15,8 17,4 21,1 10,7 14,8 16,2
1200 0,012 13,9 16,2 18,7 8,5 11,2 13,8
600 0,014 | 258 27.4 28.6 23,2 34,6 41,8
800 0,014 | 246 30,2 35,8 41,9 54,5 57.8
1000 0,014 | 234 33,2 42,8 34,3 72,8 81,4
1200 0,014 | 20,8 28,5 39,2 48.8 62,5 75,9

Pe3ynbTaTel HCCIEN0BAHUN 110 3aBUCUMOCTH OKCUKOH/ICHCAIIUU METaHa OT €T0
MapluHUaIbHOTO JABJICHUS MPH Pa3IMYHBIX TeMmIepaTypax U OOBEMHBIX CKOPOCTSIX
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npuBeAcHBI B Tabimie 4. V3 Tabnuilbl BUIHO, YTO MPH YBEIUYCHUH MAPIHATIBHOTO
JABJICHUSI METaHa MPU MOCTOSHCTBE yACIbHON OOBEMHONU CKOPOCTH U TeMIIEpaTypbl
00111ast KOHBEpPCUSI METaHa CHUXKAETCS.

BrnusitHue mapruanbHOTO JABJICHHS KUCIOPOJa HA KMHETHYECKHE 3aKOHOMEp-
HOCTH OKCUKOHJCHCAIIMM METaHa W3Y4YEHO IIpHU 700+-800°C W OTHOCHUTEIHLHOM
00BEMHOI ckopoctr 600-12009ac™. TlapiuansHOe HaBIEHHE KUCIOPOIA H3MEHSIIOCH
¢ 0,014MIIa no 0,01 Mlla, npu >ToM mNapuUMAIBHOE JaBJICHUE METaHa MOMAJEP-
xuBangoch noctossHHbIM (0,033 MIla). [lomydeHHble pe3ysbTaThl TMPUBEICHBI B
tabmuue 5. M3 Tabmuubl BUIHO, YTO C YMEHBIIEHHWEM MaplUUaIbHOTO J1aBJICHUS
KHUCIIOpOJa YMEHbIIIaeTcsi 0011asi KOHBEPCHUSI METaHa, BMECTE C TEM BBIXOJ ITHJICHA U
CEJIEKTUBHOCTh Takxe cHukarorcs. CHuxeHnune cootHomeHuss CHi:O; mpuBoguT K
CHIKEHHMIO KOHBEPCUU METAaHa U KUCIOPO/Ia.

Jloka3aHO CHUKEHHE BBIXOJ]a KOHEUHBIX MPOJYKTOB MPHU BBEICHUHU B PEAKTOP
staHa, 3TwieHa CO u CO;. yBenMYE€HHE BpPEMEHHM KOHTAKTa W TEMIIEpaTyphl
OPUBOJUT K BO3PACTAHUIO KOHBEPCHUU METaHa M KHUCIOPOJa U TOHUKEHUIO
CEJICKTUBHOCTH IO ATUJICHY.

Kamanumuueckana apomamuzayua memana. VI3 temneparypbl H3BECTHO,
Mo-coaepkaiiie KaTaau3aTopbl 00Jaal0T BRICOKON KaTAIUTUYECKON aKTUBHOCTBIO
IpU peakluyd apoMaTu3alii MeTaHa 0e3 ydyacTus okuciutesneil. 3yueHo BinusHue
COOTHOIICHHUS] AaKTHUBHBIX KOMIIOHEHTOB Ha AaKTUBHOCTb U 3(PPEKTUBHOCTH
KaTanu3aropa M JOKa3aHa BO3MOXKHOCTb JIOCTHIKEHHUSI BBICOKOTO pe3yibTaTa MpH
n00aBIIEHUN ITUPKOHMS B COCTAB KaTalu3aropa Ha OCHOBE MojubaeHa. B pesynbrate
WCCJIEIOBAaHUM BBIOpAH KaTajau3aTop onTuMaibHOro coctaBa 5,0%Mo*1,0%Zr*1,0%
Zn/6entonut. M3yueHa 3aBUCUMOCTh CKOPOCTH PEaKIMM apoMaTH3allud MeTaHa 0e3
OKHUCIIUTENSA, BBIXOJA M CEJIEKTUBHOCTH apOMATHYECKHUX YTJIEBOJIOPOJIOB, a TaKXKe
KOHBEPCUU HCXOJHBIX BEIIECTB OT TEMIEpPaTypbl, 0OBEMHONH CKOPOCTH, BPEMECHH
KOHTAKTa, BBICOTHI CJIOSI KaTajlu3aTopa, COOTHOIICHUS AaKTUBHBIX KOMIIOHEHTOB
KaTaaM3aTopa W BHIOpaHbI CIIEAYIOIME ONTUMANbHBIE yclaoBHs peakiun: T=750°C,
00BEMHAsT CKOPOCTh Vew, =1000 yac™!, BeICOTA CI1OSI katanu3aropa 10cM. mpu UCTIONb-

30BaHMM KaTanusaropa coctasa 5,0%Mo*1,0%Zr*1,0%Zn/6entonut npu 7, =1000

gac'!, T =750 °C Beixox apenos cocrasiuset 40,4%.

Peaxuyusn cuopoxnopuposanus auemunena. XJIOPBUHWI UCIIOIb3YETCS B
MPOMBINIJIEHHOCTH JJISl TIOJIyYEHHUs TMOJUXJIOPBUHIIA a TaKXKEe Pa3IUYHBIX COIOJIH-
MEpOB (XJIOPUCTOTO BHHWIHMJICHA, BUHMJIAILICTaTa, AKPUIOHUTPHIIA, METHIMET-
aKpuJiata u Jpyrux).

Peakiiys ruipoxiopupoBaHus alleTHIICHa B 00IIEeM BUE MOYKHO 3aIlicaTh Kak

CH=CH + HCl — CH; = CHCI + 112,4 xXX/monn
[Ipu cuHTE3€e XJIOPBUHWIA MPOTEKAIOT CIEAYIONINE TOOOYHBIE PEAKIUU:
CH, = CHCI + HCl1 — CH3CHCly;
2CH=CH — CH=C - CH = CH; + 20,9 xXX/Mo1b
CH=C-CH=CH; +HCI — CH2 =CH - CCl = CH2 + 106 x)XX/mo1n
UccnenoBanusi mo CHHTE3y XJIOPBUHWJIA TMPOBOJUINCH B  CIECAYIOIINX
crangapTHeIX ycnosuax: T=165°C, o6wémuoe cootnomenue CoHo:HCI=1:1,1 00bEM-
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Hast ckopocTh V=210 wyac!. xaramu3aTop H3rOTOBJEH HA OCHOBE «30JIb-TEJIb»
TEXHOJIOTHH.

B tabnuue 6 npuBeaeHbl pe3ysbTaThl M3YyYEHHs] 3aBHCUMOCTH AKTUBHOCTH
KaTaau3aTropa r'uJIpoXJIOPUPOBAHUS alleTUIeHa OT ero cocrara. M3 Tabiuibl BUIHO,
yro BBeaeHue FeCls m CuCl B cocraB katanmmzatopa u3z ZnCl, npuBoautr K
NOBBIIEHUIO BBIXOJA XJIOpBMHMIA. B pe3ynbprate uccienoBaHuil BbIOpaH KaTaju-
3atop coctasa (ZnCh)x:(FeCls)y (CuCl), .

Tabnauna 6
3aBHCHMOCTH AKTHBHOCTH KATAJIM3ATOPA THAPOXJIOPUPOBAHNS alleTHIEHA OT
ero cocraBa
(T=165 "C; C;H,:HCl = 1:1,1; V = 210 gac™)

No CaoiicTBa Katanuzaropa Kongsepcust C2Hz, Ky CeneKTUBHOCTb,
Oo6as ITo S,
BUHWJIXJIOPUIY
1 | ZnCl 63,5 43,0 67,7
2 | (ZnCla)x (CdCla)y 39,0 17,0 43,6
3 | (ZnCh)x (AICl3)y 36,0 12,0 33,3
4 | (ZnCla)x (CuCl)y 68,5 47.8 69,8
5 | (ZnCh)x (FeCla)y 52,3 31,6 60,0
6 | (ZnClh)x (FeCls)y 77,8 56,0 72,0
7 | (ZnCla)x (FeClz)y: (CuCl), 95,7 82,3 86,0
8 | (ZnCl)x:(FeCls)y: (MgCl), 75,0 61,5 81,7
9 | (ZnCla)x (FeCls)y (BeCla), 71,8 55,6 77,4

Kamanumuuecxkas eudpamayus ayemunena. Peaknuwio KaTaaIuTHYECKOM

TUApATaIliy alleTUIICHA JI0 alleTOHA B 0OIIEM BHJIE MOYKHO 3aITUCaTh:
2C2H; + 3H,0 — CH3COCH3 + 2H; + CO2

OObpazoBanue aneToHa OOBACHSAETCS CIEMYIONIMM YCTAHOBJIEHHBIM MEXaHHU3-
MOM pEaKiuu

C;H; + H,O — CH3CHO; 2CH3;CHO + H>,O — CH3COCH;3; + 2H; + CO»

CH;CHO + H>O — CH3COOH + H»; 2CH3;COOH — CH3COCH;3 + CO2 + H20

[IpoBeneHb! UcciaeaoBaHU TIO BBIOOPY MOIU(YHKIIMOHATBHBIX KaTaIu3aTOPOB
JUIS1 KaTaIMTUYECKOM THApaTalliy alleTUJIeHa 40 alleTallbIeruaa 1 alleToHa.
CocraB ¥ CBOMCTBA CHHTE3MPOBAHHBIX KaTaIM3aTOPOB IIPUBEICHBI B Ta0IUIIE 7.

Tabamua7
CocTaB M CBOIiCTBA CHHTE3HPOBAHHBIX KATAJIU3ATOPOB
Ne Cocras, % Macc VYnensHas | Bpewms pa- | Bsixon oxumaemoro
MTOBEPXHO 00TBI 110 npoaykra, %
2
CTB, M/ pz;illjzgg- CH3CHO | Arneron
1 | ZnO —20, AlF3; —3, ALO3 — 77 135 72 10 82
2 | CdF2—20, Al2O3 — 80 186 96 75 5
3 | CdF2— 18, AlFs —3, AO3 - 79 210 96 82 3
4 | CdF2—18, AlF3 -2, Cr203 — 5, AbO3 —75 225 120 83 1,5
5 | ZnO - 18, CdF2 -2, Cr203 — 5, ALO3 - 75 165 120 3 86

B peaknuu rugpaTanyv aneTuieHa IpyU MpaB  PEaKIUU B OJJUHAKOBBIX yCIIO-
BUSX B 3aBHCHMOCTH COCTaBa W TPUPOJBI KaTajam3aTopa 00pazyeTcs aleTaibIerH
WIH areToH . Hanpumep npu coctase 18 % CdF2, 2,0 % AlF3, 5% Cr203,75 % ALO;
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Ha KagMmueBoM karanuzarope npu 360-440°C u cootHomenun CoHz:H20 =1:3 o 1:5
oOpasyercst aretanpaeru. [lpum moOaBieHWM K KaJAMHH-XPOM-aTIOMHHHEBOMY
KaTanu3atopy okcuaa uiau ¢ropuna uuHka (karamuzarop NeS) oOecneumBaercs
n30MpaTenbHOe JIEHCTBUE KaTalu3aTopa W HaNpaBIseTCsS B CTOPOHY OOpa3oBaHUs
areToHa.

W3ydanoch BIMSHUE TeMIEpaTypbl, pa3MepoB KaTajlu3aropa, HapaMeTpoB
peakTopa, U BBICOTBI CJIOSI KaTajlu3aTopa Ha TeUeHHue Impoliecca. Brixon aneruneHa
Bo3pactaeT a0 Temneparypsl 425°C. Ilpu nanpHeIIeM MOBBIILIEHUU TEMIIEPATYyphl
BCJIE/ICTBUE KOHBEPCHM allETOHA B JIPYIHM€ BEILECTBA €ro BBIXOA U CEJIEKTUBHOCTH
cHkaoTcs. CoelMHEHUs KaaMUs SIBISIFOTCS CUJIBHBIMU OTPABJISIONIMMH BELIECT-
Bamu (ITJK 0,1 mr/m®). ITosToMy HcClIemOBaHbl aKTUBHOCTH KaTaaM3aTOPOB HE
coJiepKaliX KaJMUN 171 THApaTaluy aleTuiaeHa. B tabnuue 8 npuBeeHsl JaHHbIE
110 BIUSHUIO AKTUBHBIX KOMITIOHEHTHI KaTaJIN3aTOPa HA €r0 aKTUBHOCTb.

Tadnauna 8
3aBHCHMOCTB COCTABAa KATAJIU3aTOPa HA BHIXO/ NPOAYKTOB
(T=425"C; 7., =120 4ac™)

CaoilicTBa KaTanus3aTopa, Konsepcust Cocras katanuzara %
Ne % macc aleTUJICHa, Macc
% CH3CHO | CH3COCH3

1 | ZnO-15.0, Ni203-5.0, Al203-80.0 92.0 8.0 68.6

2 | Zn0O-10.0, C0203-5.0, A1203-85.0 78,6 10,4 65,8

3 | ZnO-15.0, Fe203-5.0, Al203-80.0 84.0 9.4 76.0

4 | Zn0O-10.0, N1203-5.0, Fe203-5.0, A1203-80.0 94.8 11.5 86.4

5 | Zn0-10.0, C0203-5.0, Fe203-5.0, A1203-80.0 80.4 8.0 60.8

N3 Tabnuiel BUIHO, YTO Ha Katanm3aTtope Ned comeprkaiieM OKCHUIBI JKele3a,
IIMHKA U HUKEJS BbIXOJ arleToHa 86,4%, koHBepcus aleTuieHa coctaBisieT 94,8%;io0.
ITo pesymbraram HcCClIeIOBaHUN BBIOpaHbI CJIACAYIONIME ONTHUMAbHBIC YCIOBUS
KaTaTUTUYECKOW THApaTalluM aleTuiaeHa: MoyibHoe cooTHomeHue CoHo:HO =1:2;
T=425°C; v, =120 coat’!; kar: ZnO-10.0, Ni203-5.0, Fe»03-5.0, A,03-80.0. U3

KOHCTAaHT KHHETHYECKMX YpPaBHEHUW PACCUMTAHHBIX JUIS Pa3HBIX TEMIIEpaTyp

HalJIeHa PHEPTrusl akTUBaMKU peakiuu E, = 28,6 kXK/Monp katauTHdeckoe areTH-

JUPOBAHUE alleTHIICHA. Peakinio MOKHO MIPEJCTABUTh CICAYIOIINM YPaBHEHUEM:
C,H> + CH3COOH — CH>, = CHOCOCH3; AHj,, =-98 kKXX/mMomb

[Tpu aneTHIMPOBAHKMHM allETHIICHA IPOTEKAIOT CIICIYIOIIME TOOOYHBIC PEaKIINU
2CH;COOH — CH;COCH3 + H20 +CO»
C:H; + H,O — CH3CHO
2C;H; + H,O — CH3CH =CHCHO
CH3COOH + CH30COCH = CH; — CH3CH[OC(O)CHs]2
CH;OCOCH = CH: + H,0+CH3COOH + CH3CHO

[Tpu u3y4eHnn 3aBUCHMOCTH BBIXO/a NIPOAYKTA O CEJICKTHBHOCTH IpoIliecca, a
TaK)X€ KOHBEPCUHM MCXOJHBIX BEIIECTB OT MOdbHbIX cooTHomeHud C,H2:CH;COOH
IpU HKCIONBb30BaHMU Kartanmusatopa coctaBa ZnO:CdO:ZrO»/xkepamM3uT onTHUMAab-
ueMu okaszanuch T=185°C, CoH,:CH3COOH=4:1, V=280 uac™!. IIpu 3T0oM 0o61mast
kouBepcusi CH3COOH cocrasnser 85,4%, a no Bununauerary 79,8%.
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[Ipy wW3yyeHMH 3aBHCHMOCTH BbIXOJA MPOAYKTa NpPH BHHWIMPOBAHUU
YKCYCHOM KHCIIOTHI OT TeMmepaTypsl 150-240°C HaiineHo, 4To BBIXOJ BHHHUJIALETATA
pacrér mo 185°C, a mpm Bo3pacTaHMU TeMIEepaTypbl BBIXOA yMeHbLIaeTcs. Ilpu
Temneparypax Boime 185°C BcnencTBue pasnokeHus BUHUIIALIETaTa U 0Opa30BaHUs
n0OOYHBIX BEUIECTB HAOJIIOAAETCS CHHXKEHHE BBIX0/1a IMTPOJIYKTA.

KuneTnueckue MOAenn peaklmii: OCKOJIBKY peakiusl KaTAINTUYECKONH OKCH-
KOH/ICHCAllMM METaHa IPOTEKaeT IPH BBICOKMX TEMIIEpATypax OHa MOXKET ObITh
onyMcaHa  KHHETHYECKMMH  ypaBHEHHUSMH, COOTBETCTBYIOUIEMH  MEXaHU3MY
Jlearmropa-XuniensByaa. CornacHo pe3yJsibTaTaM HalluX HCCIEAOBAHMM, peakLUs
OKCUKOHJICHCAllMM METaHa IPOTEKaeT MO TIeTEepOreHHOMY MexaHu3Mmy. [lerunpo-
reHu3ands dTaHa ¢ oOpa3oBaHMEM OTHWIEHa Inpu Temmeparypax Bbime 700°C
IIPOTEKAET AKTUBHBIX LIEHTPAX MOBEPXHOCTH KaTaJIM3aTopa:

1)CHs4+Z — CHa = Z; 2)CHa=Z +[0] — CH; =Z + [OH]
3)CH; = Z+CH; *Z—C:He* Z + Z; 4) C2He = Z + [O] — C2H: = Z + [OH]
5)C:H; =Z+[0]*Z — C2Ha=Z+[OH] Z 6) C2Ha=Z — CoHa + Z;

7) [OH] - H20 +[O] + [ ] 8)2[ ]+ 02— 2[0]

[To pe3ynbrataM WCCICJOBAHHNA MPEIJIOKEHO KHHETHYECKOS YpaBHCHHE,
yIOBJICTBOPSIONICE peaklWd OKCHUKOHJCHCAIIMM METaHa Ha KaTajau3aTopax
(Mn203)x (KCl)y*(ZrO2), 1 (Mn203)x: (Na2M0Os)y+(ZrO2), B ycnoBusx nuddepen-
IIUATBHOTO PeaKTopa:

_ k'KCH4'PCH4'K02'P02 (1)
(1+KCH4 ’PCH4 +K02 'P02)2
Haitneno, 4YTO DHEpPIus aKTHUBaLIUU rporecca Ha KaTaJln3aTope
(Mn203)« (KCl)y*(ZrO2), E. = 33,8 x)XK/mMoap, a Ha  KaTaiam3aTope

(Mn203)x'(Na2M00O4)y+(Z1r0O2), Ea =29.8 xXK/momb.

Kunemuka u mexanusm napogaznozo Kamaiumuyeckozo 2uopoxiopupo-
6aHUA auemuiena: Pe3yIbTaTbl BCECTOPOHHETO U3YyUYECHUS! KHHETUUYECKUX 3aKOHHO-
MEPHOCTEH THAPOXIIOPUPOBAHUS AIETHUIICHA B YCIOBHIX AU (dEepeHITnaIbLHOTO peak-
Topa Ha BbeIOpaHHOM KaTanu3aTtope (ZnCly)y (FeCls)y:(CuCl), mo3Bomunu mpen-
JIOKUTH CTYyNEHYAThIM MEXaHU3M Mpoliecca:

1.CcH2+Z — CoH2 -Z; 2. HCl+Z —HCI - Z;

3. CoH2Zz +CoH2Z - CH2=CH-C = CH -Z +Z;

4. C2Hz -Z +HCl-Z — C:HsCl-Z +Z

5.CH2=CH-C =CH-Z+HCl-Z »> CH2=CH -CCl=CH2-Z +Z

6. CoH3Cl -Z — CoHsCl +Z; 7.CH2=CH-CCI=CH2 -Z - CH2=CH-CCl=CH: +Z
30ech: Z- akmusHblll yeHmp Kamaiuzamopa.

AHalU3  ONBITHBIX W JIUTEPATypHBIX  JaHHBIX  YCTAHOBJIEHO, YTO
3aKOHOMEPHOCTSIM PEeakiliy OTBEYAeT CeAyollee KHHETHYECKUE ypaBHEHHE.

W= ky "Pcn, " Pral @)
1 +bQH2 ‘Peu, T byci+ Puci

JlokazaHo, 4TO HEPIUs aKTUBAILMHK Tpoliecca paBHa 27.8 K)K/Mob.

KuHetnka u MexaHW3M peaklMy KaTaJIuTHUYECKOW rujparanuu anetuieHa. Ha
OCHOBE W3Y4YCHUS KHHETUUYECKUX 3aKOHOMEPHOCTEW pEaKIuu KaTaJIuTUYeCKOMN
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ruyaparanuu aneTujicHa € IMOJIYUYCHHEM alCTOHA IMPCIIOKCHO CICAYIOIICC KHHCTU-

94eCKOE ypaBHEHHUE
2

PC3H(,O 'Pco2 'PH2
K, = 3)
p P2 . P3
C,H, H,0
Haiinena sneprus aktuBauuu peakuun Ea = 28,6 KXX/Monb .

Kamanumuueckoe ayemunuposanue ayemuena. 110 pesyibraraM U3y4eHUs
3aBUCHUMOCTH CKOPOCTH PEAKIMU aUECTWIHPOBAHMS aAlUETWICHA OT MNapLHUalbHOTO
JABJICHUS] UCXOJHBIX BEIIECTB, OOBEMHONW CKOPOCTU M TEMIIEpATypbl U XpOMaTorpa-
(uyeckuil aHamu3 yCTaHOBJIEHO, YTO PEAKLUIO YAOBJIETBOPSET CIEAYIOIIEE ypaBHE-
HUE:

B k(PCzHZ * PCH3COOH) ) 4)
(1+be Py coon) ’

Omnpenenena  dHeprus  aKTUBAIlMM  PEAKIMM  HA  KaTaJlu3aTope
Zn0:CdO:ZrO/xepam3ut E. = 29.2 xk)K/moub.

B derBeproii rnaBe «MoaeJupoBaHne U ONTHMH3ANNS MPOLECCOB KATAJIN-
THYECKOH OKCHKOHAEHCAIIMM W apOMATH3AIHM MeTaHa M THAPOXJOPHPOBAHMS,
TUAPATAlHM, ANeTUJIHPOBAHNUS All€THJIEHA M PEAKTOPOB» PACCMOTPEHBI BOIIPOCHI
ONTUMH3AIMHA KATAJTUTUICCKUX MPOIECCOB, YCTAHOBOK TEIIOOOMEHa, aauadaTu-
4ECKHX PEaKTOPOB C HETIOJBMKHBIM CIIOEM KaTaIH3aTOPOM, KaTATMTUIECKOW apoma-
TU3allMd U OKCHKOHJICHCAIINM METaHa, TUAPOXJIOPUPOBAHNE, THApATAIIHS, alleTUIIH-
pOBaHHME alleTHIICHA.

B peakTopax ¢ mIeaNbHBIM BHITECHEHHEM COCTaB PEareHTOB W TEMIIEpaTypa
NOTOKa MEHSIOTCS 1O JUIMHE 00opymoBaHMs (WU Bpemsi KOHTakrta). llosTomy
MaTeMaTHYecKass MOJENb  Ipollecca  3aluChiBaTbcs B BHUJIC  YPaBHCHHM
MaTepHaIbHOIO U TEIJIOBOro OanaHca:

dc, dC dcC,.

dC
dr :_kl'CA;d_TB:kl'CA_szB; L

:k2 'CB;

=k, - Cy (5)

d_T:(Ql'k'CA_Qz'kz'CB)'RT/p (6)

dr C

p

TepmoannaMuyeckoe OOOCHOBAaHHE pEaKUMW Ba)XKHO C TOYKH 3pEHHUs BBIOOpa
onTUMaJbHbIX ycnoBud mpouecca. I[Ipm P<0,5 MIla koHcTanTa paBHOBECHS
Haxozautcs 1o gopmyne K, = K, = e 29"

MakcuMalbHBIM BBIXOJT B JaHHBIX YCIOBHSAX II0 KOHCTaHTE pPaBHOBECHS
paccuuThIBaeTcs 1mo Gopmye

x=JK,/(P+K,) (7)

Vcxozisa u3 pesynsTatos ot 427°C  mo 527°C B oTOM HHTEpBae AG <0 mporecc

THIpATalK NpoTekaeT camonponssoisHo. Ipu 0,1 MIIa u remnepatype 427-527°C
MaKCHMaJIbHBIN BBIXOJ IIpH paBHOBecHU 98,3%.

Tepmoounamuueckuii aHanu3 peaxyuu OKCUKOHOEHCayuu Memana: PacuUTaHHBIE
3HAUEHUS TEIUTOBBIX 3(hPeKToB u sHepruii ['Md0Oca pa3nuuHbIX peakuuil TpUBEIECHBI B
Tabauue 9.
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3HaueHne aauMabaTMYecKOro HarpeBa CMECH Ta30B  SIBISETCS  BaKHOU
XapaKTepUCTHKON peakTopa. Ha ocHOBe TemmoBoro 6anaHca caos KaTaiau3aTopa MmpH
pa3IMYHOM COOTHOIICHHH METaH: KHUCIOPOJ aanadaTUYeCKHil HarpeB CMECH Ta30B
paccuuThiBaeTcs o ¢popmyiie:

BBIX

1,20, 1)~ Wo3(C 1 )= W, e, co ki ®)
TO

Pe3ynbTaTel pacuéra npuBeaeHsl Ha puc 1.

Tabauna 9
Paccuntannbie TemioBbie d3pPexTnl u 3Heprun 'md06ca pa3jIuvyHbIX peakinuii
Ne | Peaxuun AH 3, ; KK/Monb AG’ , KXK/monb
1 | 4CHs + O2 — 2C2Hs + 2H20 -176,6 -197,296
2 | 2CHe + O2 — 2C2H4 +2H20 -104,7 -363,242
3 | 2CHs4 + O2 — C2H4 + 2H20 -281,314 -280,06
4 | CoH4 4+ 202 — 2CO + 2H20 -756,162 -937,574
5 | CH4+202 — CO2 +2H20 -801,724 -1006,544
6 | C:H4 +302 — 2C0O2 + 2H20 -1321,716 -1286,186
7 | CH4+ 1,502 — CO +2H20 -518,738 -609,026
1600
12001
2 |
— 8004 |
A00 . T .
0 T T T t t f 1

1 2 3 4 5 6 7 8 9

cootHomenue CH,/O,

Puc.1. CBsa3p Mexay aamadaTH4YeCKUM HArpeBOM H COOTHOLICHHEM
CH4:0O: B ucxoanoii cmecu npu P=0,1 MIla

W3 pucyHKa BUAHO, YTO C YBEITUYEHHEM KOJIMYECTBA METaHa aJnadaTHuecKui
HarpeB cHWxkaercs. Hampumep, CENEKTUBHOCTh IO 3TUJIIEHY IPH COOTHOIICHHH
CH4:0,=2:1 onTuManbHBIX YCIOBUSX anuabaTtmdeckuii HarpeB cocrabiser 690°C.
IIpu coornomenun CH4:0,=5 amuabaruueckuii Harpe 575°C. Ilpu mocTHKEHUH
KoauuecTsa Metana 90% annabaTuueckuii HarpeB cHmKaercs 10 325°C.

Taoauna 10
Iloka3aTesn nmpouecca B CTYEHYATOM a1MA0aTHYECKOM peaKkTope
PMIla | CH4/O2 | Ta,’C Toun’C | Szcen | Ko, % | Ky, % Bbixoz
MOJIb C C2H4
0,1 5 800 1000 0,13 95,6 448 432 40,3
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N3BecTHO, YTO peakTOphl aAMabdaTUYECKOro THMA IMIUPOKO UCIOJIB3YIOTCS IS
IIPOBEICHMS KATAIMUTHYECKUMX IPOLECCOB, a CEJEKTHBHOCTh IPOLIECCOB MaJlo
MEHSIETCSl TP M3MEHEHUHU TeMIlepaTypbl B IIMPOKUX mpenenax. [IpeumyiiecTBo
TAKMX PEAKTOPOB 3aKIIOYAETCS B HU3KOHM MeTawioéMkocTH 2-3 1/M°  (Kar),
JEIIEBU3HE M TPOCTOTE€ KOHCTPYKIMH. A HEIOCTaTKaMHU SIBJISIOTCS MPOTEKaHUE
pEaKlMM C BBICOKHM TEIUIOBBIM 3((PEKTOM M HEOJHOPOJHOCTHIO KaTajiu3aTopa o
BCEH TONIIMHE Closl KaTanu3aTtopa. Kak ObUI0 OTMEUYEHO BBINIE, MPU COOTHOIICHUU
CH4:0,=5 agmabaTvueckuii HarpeB ra3osoil cMecu cocrasisier 575°C. C yuérom
BBICOKOTO MPHUOJMKEHHUS, OKa3ajJoCh BO3MOKHBIM MPOBEIACHUE OKCUKOHICHCAIMU
MeraHa B 4-5 ctyneHyaToil yctaHoBke. IIpoBeaeHue mporecca mpu 3THUX YCIOBHUSX
cuntaercs Hanbosee 3PHEeKTHBHBIM.

st Teopetrdeckoro pacuy€ta Kod(pGUIMEHTa MOJNEKYyJIspHON muddys3un
MOJIb30BAINCH YPaBHEHUEM

0,5
D, =1858-107 .75 Mt M)/ M, M, ] )
P.o, - Q,
Yucno IlepByna mis TJaMUHAPHOTO pexuma Sh=0,42-S%* +0,57-Re”’- Sc™” . Uucmo
MImunra: Se=v,,,/Dy;

Onmumuzayus paboyux napamempos 060py008anusi O KAMaiumuyeckoll
apomamusayuy Memana: TPHU ONTUMHU3ALMHM PabOYUX IMapaMeTpoB 000PYIOBaHHUS
JUI. KaTaJIUTUYECKOW apoMaTH3allid METaHAa HEJIIMHEWHBIE YPABHEHHS TEIJIOBOIO
OaJsiaHca Juisi ra30BOr0 MPOTPEBAHUS BHIBEICHO YHAOTEPMUUYECKOTO T€HEPATOPOB:

L
r

[(1-x)q,, +q X" +Cppt ir +Cyt = q., (l_%)'x"'cru( tyex (10)
nr

MakcuManbHOE€ 3HAUYEHHE JIOJM MeTaHa (X) 3aBUCUT OT CJEAYIOIIUX
apamMeTpoB: CKOPOCTH 00pa30BaHMs MPOIYKTOB, BBICOTHI CJIOS KaTalu3aTopa U €ro
U3MEJIbYEHHOCTH, KOHCTAHT CKOPOCTEH NOOOYHBIX pEakUuuid, OTHOUIEHUIO
KOMIIOHEHTOB BHOCHUMBIX B PEAKTOp, YJEIbHOM IOBEPXHOCTM KaTtanuzaropa. s
METaHa PaCCUUTHIBAECTCS IO CIECAYIOIIEMY YPABHEHUIO:
q,, N +Cpr -t +Cy -t (11)

L
* r * *
q, -1 +C171('tm<+qx2(l_% —qy 7

s

DOKOHOMUSI TeIia (MEeTaHa) B IHAOTEPMHUYECKOM TE€HEPATOpPE PACCUUTHIBACTCS IO

YPaBHEHUIO
onmuman _ x
Ab:[QL____ﬂLJ4oo=

X =

onmuman

xwloo (12)

onmuman

k

onmuman

MaremaTtudeckoe MOACIIMPOBAHNUC PCAKTOPAa OKCHKOHACHCAIIMHW MCTAaHaA: IIpU
MOJCIMPOBAHUMN PCAKTOpa HMCIIOJIb30BaAHA MOACIb HN30TCPMHUYCCKOIO pCaKTOopa
NACaJIbHOI'O BBITCCHCHUA !

Di ) Ba y,0)= !
dr

3IleCI>I 7 -YCJIOBHOC BpPEM:A KOHTAKTa, 7,-CKOPOCTb O6paBOBaHI/I$I I -TOr'0 KOMIIOHCHTA.

[Ipn wu30BITKE KONMMYECTBA METaHA JIMMUTHUPYIOIICH CcTaauel sBIsSIeTCS
b dy3us Kuciopoa K MOBEPXHOCTH Karanuszaropa. KoHIeHTpaus u napruaibHoe
JIaBJICHUE KHUCIIOpOJAa Ha IIOBEPXHOCTHM 3€pHA HAWJIEHBI IO YPaBHEHHIO:
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B(C, —C5)=Ry; W3MEHEHHE OOIIEr0 [aBICHHS [0 CIOK PAacCyMTaHO IO
AP a p-U’

YyPaBHEHUIO DpraHa: — = f — .
L £ 2
Jns Hechepuueckux yactuil KO3POUIIMEHT THAPABINYECKOTO COMPOTUBIICHUS
38,4 4u
pacuuTaiy no ypaBHEHUIO f = R +0,586 3mech Re, =——— . B aBTOMarnyeckom
€ 14 a

CMECh

peXuMe BCE BBIAEISIONIEECS TEIUIO HANpaBiIAeTCs Ha 00OrpeB rasa IMojJaBacMoro B
peakrtop. [loaToMy Temneparypsl 01aBA€MOr0 U BBIXOJSLIETO T'a3a CBS3aHBI MEXIY
co0oif ypaBHEHHEM TeruioBoro OanaHca kartanuzaropa (8). [ns omnpeneneHus
3aBHCHMOCTH TOKa3aTeNell mporecca oT KodpuimeHTa Macconepenoca u Ipyrux
napamMeTpoB ObUIM YCTAaHOBJIEHbl OCHOBHBIE IIOKA3aTENIM pEaKTOpa IMOJy4YEeHHUS
ATUJIEHA OKCUKOHIeHCcale Metana. Pe3ynbrarel npuBeaeHsl B Tadbmuie 11.

Taoauna 11
OcHOBHBIE NIOKA3aTeJH PeAKTOPA OKCMKOHAeHcanuu Metana (OKM)
ITapameTpsl OKM
XapaxrepHble pa3sMepbl 4acTull, d ,, MM 5,0
Tomnmum=a caos, h, M/cex 2,0
CKOpoCTh Ta3a, u, M/Cex 0,36
Y cii0BHOE BpeMs KOHTAKTa, 7 , CEK 0,13
Koungepcus, X, % 95,6
MUKpOKHHETHYECKAsh KOHCTAHTA CKOPOCTH , @, ! 36,7
Kos¢duruent maccoodbmena, 3, ¢! 44,0
KuHeTnyeckas KOHCTaHTa ckopocTH, k, ¢! 220,0
OTtHoleHNe KOHCTaHT, k/ [ 5,0
OtnocutenbHbli Boixon mo Ca, g, , /M uac 1,9

3HAYUT NPOLIECC OKCHUKOHACHCAIlMM METaHAa MOXHO IPOBOJIUTH B OJHOCTY-
NEeHYaTOM a/JuabaTUYECKOM pPEaKTOpe, aBTOTEPMUYECKOM pEXUME IPHU YCIOBHUH
BHentHeH nuddysun ¢ dpdexTuBHBIM AUamMeTpoM 3€peH Kataiauzaropa 5,0 MM H
nuHeHOM ckopoctu raza 0,36 m/cek. B BbIOpaHHOM pexuMe  yaelbHas
s(pextrBHOCTL Kataausaropa o C cocranser 17290 (C,)/mP.uac (o stuieny -
16253,5 xr/m°. yac). IIpu 3ToM TommuMHa caos KaraauzaTopa 2,0 cM. 3HAYMT IpH
€IMHUILIC MOIIIHOCTH YCTAaHOBKH 1O 3THIIEHY 16253,5 ThICS4 KI/TOJ1 yATBHBIA pacxo
MeTaHa cocTaBuT 360 HM> /M. gac.

Cnengyer MOIYEPKHYThb, YTO MOILIHOCTh PEAKTOpAa OKCUKOHJEHCAIlMM METaHa
MOXKHO YBEJIMYUTh 3a CU€T yBEJIMYEHMs JaBiieHus B cucreme. Hampumep, npu
yBenumueHnn pAasiaeHuss o 0,5 Mlla eauHuyHass MOIIHOCTh pEAKTOpa peakuuu
OKCUKOHJAECHCAIUU cocTaBUT mnpubauzutenbHo 33800 Twic.kr/rog. OCHOBHBIE
KOHCTPYKIIMOHHBIE XapaKTEePUCTUKHU peaKTOpa MpUBEACHBI B Ta0uIe 12.

Taoauua 12
OcHOBHbIC KOHCTPYKIHOHHbIC XAaPAKTEPUCTHKH PeaKTopa
OcHOBHBIE XapaKTEPUCTUKH pPEAKTOPA 3HaueHus
MomHocTh 10 C2(3TUIIeH), THIC.KI/TOJ 17280,0(16253,5)
Jlnametp ycTaHOBKHU, M 7,9
VY nenpHbI pacxol METaHa, HM /M2 4ac 380
Konunenrpanus kucnopona, % 06 16253,5
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MopenupoBaHue peakTopa Mmpolecca KaTaJTuTHUYEeCKOrO THUAPOXJIOPUPOBAHUS
alleTUJICHA: BpeMs JIOCTAaBKH PEAarceHTOB B PEAKTOP C HACAIBHBIM BBITCCHCHHEM B
HEOOpaTUMBIX PEAKIUAX 1-TO MOpSAKE ¢ U3MEHEHHEM 00beMa PAacCUMUTHIBACTCS TI0
cienymwieit hopmyiie:

1

T= (1+ﬂ)ln1_XA —ﬂxA}

Bpemss mnpeObiBaHus JI0O0OTO0 3€pHA B PEAKTOPE HACATBHOTO BBITECHEHUS
OJINHAKOBO M PaBHO O0OIIEMy BpPEMEHU HAxXOXJEHUS PEaKIHMOHHOW cmecu. Jlis
peaKuHﬁ IICPBOI0o IIOpAAKa Ha OCHOBC MATCPHUAJIBHOIO 63H3HC3 MMpCaJIOKCHO
CJIeyIoIlee ypaBHEHHE.

——( “") jc K-7-dx= CH—L(‘{C j
dx
CHpaBeI[HI/IBOCTB MMPCIIOKCHHOT'O HHTCTPAJIBHOTI'O YPaBHCHUA JOKa3bIBAcT
COBIIAZICHUC pvaéTOB JJI peaK]_[I/Iﬁ IEPBOro nMopsAaAKE U M3BCCTHBIX aHAJIUTHYCCKHX
paC“IéTOB. AHAJIUTUYECKU AOKa3aHO pPaBCHCTBO OTHOILIECHUU I'padUCHTOB KOHICH-
TpalMi Ha BXOJC M BBIXOJIC PEaKTOpa C HcalbHbIM BhITeCHEHHEM (Tabmuma 13)

Ta6auna 13
OcHOBHbBIE pacyeTHbIE MApaMeTPhl PEAKTOPa I'MIPOXJIOPUPOBAHNS AlleTHJIEHA
HazBanus mapameTpoB U €IUHHIIBI H3MEPEHHUS Peaxrop U7EaIHLHOTO
BBITECHEHHUS
[TocieHsisl OTHOCUTEIbHAS! KOHLIEHTPALIMSI HAa BBIXOJE 0,002
MakcumMaibHas Temneparypa, "C 189,6
JliMHa BbICOKOTEMIIEPATYPHOU TPYyOKH, M 0,58
Cpeansist TeMIiepaTypa peakLiMOHHOI'O Tas3a 121,2
Cpennee 3HaueHne K03 uIMeHTa TerIonpoBOJHOCTH 33,5
Cpennee Bpemsi HAX0XKJICHHs ra3a B TpyOKe, cek 3,58

MaremaTudeckoe MOJIeIUPOBAHUE U ONTHMM3AIIMS MPOIlecca CUHTE3a BUHMII-
anerata. AKTUBHOCTb W CEJICKTHMBHOCTh OOECTIEUYMBAIOT CKOPOCTh U KaueCTBO
TeueHus peakiuu. CHUHTE3 BUHWIALIETaTa W3 alleTUIEHA M YKCYCHOM KHCJIOTBI
IIPOBOJIMTCS HAa HEMOJBHKHOM CJIO€ KaTajiu3aTropa B TPyOKOOOpa3HOM pEaKTOpEe C
HJeaJIbHBIM BEITEeCHEHHEM (Tabmma 14).

Taoauna 14
OcHoBHbBIE TapaMeTpbl pad0THI TPYOUATOr0 peakTopa AJsi MPOU3BOACTBA
BHHHJIALIETATA
T.,°C P, U, pmg > M/c [Tepenocunk | G, TBIC. | DM h,m N, wMuH
MIla Temia TOHH/TON HITYK
170-200 | 0,1 0,60 Kunsmas 50 2,5 6,5 4.7
BOAda

C yuéroM Je3aKTHBAlMM KaTaJiM3aTopa UeaJbHYyI0 MaTeMaTUYECKUM MOJACIb
peakTopa ¢ uicaIbHBIM BBITECHEHHMEM JJI CUHTE3a BUHWIAIIETaTa U3 alleTWICHA U

YKCYHOﬁ KHUCJIOTBI MOKHO IMPCACTABUTH B CJIICAYIOIICM BHUAC

ox @(v +1) 00
= T =0k, (T
61 v ( 061>eM )C) 8 ( )

00vém

[Tpu ycnoBuu npubnuxenus: x(0,¢)=0; ¢e[0,z,]; 0(£,0)=0,;, ([0,/,]
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B nsaroil rmaBe auccepranmu «TexXHOJIOrHS CO34aHMSA KaTAJIU3ATOPOB M
NMPOLECCOB KATAJTUTHYECKOH AapoOMaTH3alluM OKCHKOHACHCANMH MeETaHA U
THAPOXJIOPUPOBAHNS, THAPATANMH, ANETHJIUPOBAHUS ALETHJIEHA» OCBELICHBI
TEXHOJIOTUA MOJyYEeHHs KaTaJIM3aTOPOB JUIsl MOJIYYEHHUS dTUJIEHA OKCUKOHIEHCAalUen
METaHa, MOJYYEHHUs XJOPBUHWIA U XJIOPONpEeHa KaTAIUTUYECKUM THUAPOXJIOPH-
POBaHMEM allETHIICHA.

OCHOBHBIM 3JIEMEHTOM TE€XHOJIOTHYECKOM CXEMBI SIBIIICTCS PEAKTOP U KaYECTBO
BbIpa0aThIBaEMOI MPOTYKIIMU 3aBUCUT OT €r0 COBEPIIICHCTRA.

JUiss yCTaHOBJEHHUS ONTHMAJbHBIX IApaMETPOB Ipoliecca H3ydeHa KUHETHKa
peakiuii B aud@epeHnanbHOM pPEeaKTOope U CO3JaHbl MOJENH PEaKkTOpOB H
ONTUMHU3HUPOBAHBl MPOLECCHl U TMPEUIOKEHb 0OoJiee COBEpPILICHHBIE TEXHOJIOTUU
W3Y4YaeMBbIX [TPOLIECCOB U UCIOJIb3YyEMBIX KaTaIM3aTOPOB.

Texnonozusi npouzeo0Cmea SMmuieHa OKCUKOHOeHcayuel Memand.

TexHonoruyeckas cxema NOJy4eHHs 3THJIEHA W3 NPUPOJHOIO raza U BO3ayXa
IIPUBEJICHA HA PUC.2.

T1-o6orpesatem; T2-tpy6uarsie Harpesatemy; | 3-3ur3aro0passeie 060rpeBaTen;
T4-tpyOkn BbIXoma rasa; PS-peaxrop; @6-daphoposie mapst, T7-TpyGuartsiit
XomomibHuK; b8-0apomerprueckuii ckpy00ep; H9-Bakyym-nacoc;E10-cobuparens
Bozet; All-abcopOep; Al2-necopbep; K13-kom-npeccop; H14-nacoc; K15-komonka
nornomenns anerunena; K16-kononka normomerns CO,

Puc 2. TexHoJiornyeckasi cxeMma moJyy4yeHus 3THJIEHA U3 MPUPOJTHOTO ra3a M BO31yxa

Cxema cOCTOUT U3 JBYX CTAIUM:
A. OCHOBHbBIE CTaIUH:
1) OKCUKOHIEHCAIIMs TTPUPOJIHOTO rasa;
2) abcopO1us ITUJICHA;
3) necopOuus dTUICHA.
Bb. BcnoMmorarejbHbBIE CTA1UU:
1. Pereneparus agcopbenTa

Texnonoeus npoyecca coemMecmuo20 cunmesa Xa0peuHula u xaioponpena (Puc.3)

TexHonoruyeckas cxema COCTOUT U3 JIUHUI MOTyYEHUs
XJIOPBHHUJIA UXJIOPOTIPEHA.

1-razonpaep ISl alleTHIICHA, 2-TeTUIOTSKATENb,
3-EMKOCTD € XJIOPUIOM KaJblust 4,5-peakTopsl,
6-aicopOIIOHHAS KOJIOHKA, 7-EMKOCTB JJIs

pactBopa ménoun, 8-aecopoep,

9-EMKOCTb JJIs1 COISTHOM KHMCIIOTEI.

Puc.3. Texnosornueckasi cxema COBMeCTHOI'O NMPOU3BOACTBA XJIOPBHHMJIA U XJIOPOIIPEeHA
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Texnonoeus npouzsoocmea ayemorna (Puc.4)

1-Hacoc; 2-UCTOYHMK aneTniieHa; 3,5,14-Temoo00MeHHUKY;
4-peakTop; 6-EMKOCTB st cOOpa KaTanu3ara;

7- abcopOIMOHHAsT YCTAaHOBKA; 8-BO3YXOBO/I;

9-ucroyHuk a3ota; 10- peKTU(PHUKAUOHHAS KOJIOHKA;
11-éMKOCTB [JIs anieTanbaernaa; 12-éMKOCTh IS alleTOHA,
13-éMKOCTB TSI OCTaTKa.

Puc.4. Texnosornyeckas cxemMa nNpou3BO/JACTBA aAlleTOHA

Texnonozus npouzsoocmea eununrayemama (Puc.5)

11
14

1

15 16 17 18

Cxema: I — ykcycHas kucnora; Il —anerunen; 11l —macno; IV —Boga; V — pactBop conu, -
15°C; VI — conénas Boaa, -40°C; VII — BuHMIIaLIeTAT.

Ob6o3nauenus: l-cocyn ans BunHuianerara; 2,11-pektudukalioHHOE KOJIOHHBI, 3,5-
nednermarop; 4,8,10,12,18,19-oxiaqurenu, 6-aeTUICHOBBIN reHepaTop; 7-yKCyCHass KHUCIIOTa; 9-
coni€Hbli pacTtBop; 13,20-Hakonurenu, 14-ouncturens; 15-ucnapurens; 16-peakrop; 17-n0Bymika;
21-8MKOCTB

Puc.5. Texnonornueckasi cxemMa 1noJiy4eHusi BAHMJIALETATA U3 AalleTHJICHA
U YKCYCHOM KHCJIOTHI Napo(a3HbIM METOI0M.

[Tosmyuenue BUHMIIALIETATa U3 ALlETHIIEHA U YKCYCHOM KHUCIOTHI POU3BOAUTHCS
Ha katamuzarope (ZnO)x(CdO)y(ZrO2).. B mpomecce peakuumu axTUBHOCTD
Karanu3aropa cHmwkaercsa. OCHOBHas NpPHUYMHA CHIDKCHUS-PA3JIOKEHUE alleTaTa
[IMHKa ¥ KOHJEHCAIMsl MOOOYHBIX MPOIYKTOB (ALETOH, alleTadbACTUA U APYTUX) B
nopsx Karanusaropa. Beenenue ZrO: cHukaet 00pa3oBaHue NOOOYHBIX MPOAYKTOB U
yOpekIaeT 00pa3oBaHUE CMOJIbI MPU UX KOHJEHCAIlMU B MOpax KaTalu3aTopa, a 3TO
OPUBOJUT K YBEITMYEHUIO BPEMEHBI pa0OThl KaTalu3aTropa.

(CH:CO0),Zn — ZnO + CO, + CH;COCH;
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Bununanerar ounmaercs OT He BCTYIIMBILIEN B PEAKLNs YKCYCHOW KUCIOTHI U
npuMecel MeTosoM abcopOuuu (B KayecTBE aJicOpOeHTa AJii YKCYCHOM KHCIOTBI
UCIIOJIb3YETCSl Ta30MapoBO KOHJEHCAT peakTopa, WM B KayeCTBE BHEIIHEIrO
a7IcOpOeHTa MPUMEHSETCS] KCUIIOMN).

BbIBO/IbI

1. IlpennoxkeHsl KaTanu3aTopbl, 00JagalolMe TEPMUYECKON YCTONYMBOCTHIO,
BBICOKOW aKTHMBHOCTBIO, CENEKTHUBHOCThIO U 3(P(HEKTUBHOCTHIO, C HU3KOM KOKCY-
€MOCTBIO IS Pa3UYHBIX MPOIIECCOB M3 MECTHOTO CHIPhS: UISI OKCUKOHICHCAINH
MeraHa-cocTaB  [(Mn2O:)x'(KCl)y(ZrO2), m  (Mn20s3)x'(NaxMoOs)y(ZrO2).]; s
KatamTuaeckor apomarm3anuu [5,0% Mo*1,0% Zr*1,0% Zn/6enTonut]|, mis
Karanmutudeckoro ruapoxiopupoBanus [(ZnCly)y:(FeClz)y-(CuCl), ], [(18,0 % CdF-,
2,0 % AlFs, 5,0 % Cr203, 75,0 % AlOz 1 10,0 % ZnO, 5,0 % Ni2Os, 5,0 % FexOs,
80,0 % Al>O3)], mst peakrum aretrsmupoBanus [(ZnO:CdO:ZrO./xkepam3ur)].

2. N3y4yeHbl KMHETUYECKHE 3aKOHOMEPHOCTH YKa3aHHBIX PEaKIMA Ha IOy-
YEHHBIX KaTajau3aTropax B YCIOBUAX AU(PGEpeHIMANIbHOTO PEaKkTopa, ONpeeCHBI
ONTHMAJIbHBIC YCIIOBHUS MPOTEKAHUS PEAKIUH, TPETI0KEHBI MEXaHU3Mbl U3yYEHHBIX
peakuuii, BbHIOpaHbl KHHETHYECKHE YpaBHEHHUA, OToOpaxarouue IMpolecc Hu
000CHOBaHA UX aJIEKBATHOCTbD.

3. TlopoOpanbl (HU3MKO-XUMHUYECKHE U TEPMOJAMHAMHYECKHUE OCHOBBI oOec-
NEYCHHUS] YCTaHOBKaMU M mpubopamu il 3PGEeKTUBHON TEXHOJIOTHH MepepaboTKu
METaHa U Ha OCHOBE HEJMHEHWHBIX YPAaBHEHHM KMHETHUECKOTO U TEIJIOBOTO OanaHca,
ONTHUMHU3UPOBAHBl TEXHOJOTUYECKUE TapaMeTphl IMpollecca Ha TUIOTHOM CJIO€
KaTanu3aropa.

4. Co3naHa maTeMaTH4eCcKas MOJCIb pEaKTopa C HACATbHBIM BHITCCHECHUEM,
MIO3BOJISIONIASl PACCUYNUTATh KOHBEPCHUIO M CEJIEKTHBHOCTH MPOIECCOB M BBIXOJ MPO-
IyKTa TPHA PA3TUIHBIX YCIOBUSAX TMPOTEKAHMS PEaKIMii OKCUKOHACHCAIIMN METaHa,
THIPOXJIOPUPOBAHUS AlCTHIICHA, a TAKXE CO3/IaHbl HAyYHBIE OCHOBBI IIPOBEICHUS
peaknuii B OJHOCTYIICHUYATOM aanabaTHYEeCKOM peakTope B PEKHUME BHEITHEH
b dy3un.

5. IlpoBegeHo MaTemMaTH4YECKOE MOJETUPOBAHUE PEAKTOPOB MPOIECCOB
MOJIyYeHHS STUJIEHA OKCUKOHJIEHCAIlMEH MeTaHa U >KUJIKUX TOIUIMB apoMaTu3alluei,
a TaKkKe MOJy4YeHHUs aleToHa TUApaTaluel, XJIOpPBUHWIA U XJIOPOMpPEHA THIPO-
XJIOPUPOBAHUEM, BUHHJIAIIETATA-al[ETUIIMNPOBAHUEM.

6. BeiOpaHbl KHHETUYECKHUE MOJIEIH PEAKIIMi Ha OCHOBE M3YUYCHUS PEaKInii Ha
CO3JaHHBIX KaTaJIM3aTOpax U MPEIJIOKEHbl MEXaHU3Mbl TCUCHHS PEaKIIMid, a TaKKe
Ha OCHOBE aHAJIN3a KMHETUYECKUX MOJIENEH MPOIECChl ONTUMU3UPOBAHBI U BHIOPAH
ONTHMAJIBHBIA THUI pPEaKTopa; HAa OCHOBE MAaTEMAaTHUYECKOW MOJEIH pPEeaKTopa
BBIOpAHBI ONITUMAJIEHOE Pa3MeEPHI CII0S U 3EPEH KaTaim3aTopa.

7. IIpennoxkeHbl yCOBEPIICHCTBOBAHHbBIE, MAJIOOTXOHBIE, SJHEPTO- U PECYPCO-
cOeperaronye TeXHOJOTUH TTOTYUYSHUS dTUICHA OKCUKOHACHCAIMEH MeTaHa, alleTOHa
rujapaTalyell amneTWIeHa, XJIOPBUHWIA M XJOPOIMpEeHa THAPOXJIOPUPOBAHUEM W
BUHUJIAIIETATA allCTHIIMPOBAHUEM alleTUIICHA.

49



8. IlpemnokeHsl pasHble KAaTAIM3aTOPbI [JUIA IIOJIYYEHHUS Pa3INYHBIX
IIPOAYKTOB, W3rOTOBJIECHBI MX TEXHOJIOTMYECKUE PErJIaMEHThl U BHEAPCHBI B
npousBoacTso B AO «HaBonasor»: miis npou3BOACTBa ITUIICHA U3 MIPUPOJHOTO rasa
MapraHeln-KaIMn-IUPKOHUN-KEPaM3UTOBBIN; U1 CHUHTE3a 3TUJIEHA W3 IIPUPOLHOIO
raza MapraHeu-MoJIuOJeH-HATPUN-UUPKOHUN-KEPAM3UTOBBIN; i MOJyYEHHUS
alleTOHa U3 alleTUICHA KaIMUH-XpOM-()TOp-aIIOMUHEEBBIN: IS MOTYUYEHHs! alleTOHA
U3 aleTUIICHA XEJIe30-IUHK-HUKEIb-KEPAaM3UTOBBIN; IOJIy4YEeHUsl BUHWIALICTATA W3
AlETUJICHA IMHK-KaAMUN-IUPKOHUI-KEPAM3UTOBBIN KaTAJIU3aTOPBI.
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INTRODUCTION (Annotation of doctoral dissertation)

Actuality and claiming of dissertation theme. At present time the natural gas
reserves all over the world is 144 trln.m?, of which 1.5-2.0% exposed to chemical
processing. Development of catalysts and technological processes meeting modern
requirements for the processing of natural gas is an actual problem of today. At
present, on a world scale a demand for ethylene is 150 mln. tons, vinyl chloride - 42
mln. tons, vinyl acetate - 3.8 million tons'.

After achieving the independence of our republic turned actual development of
technologies producing substances, imported from abroad for currency: for example,
acetone, vinyl acetate, vinyl chloride, ethylene, liquid fuel. Therefore, special
consideration is given to the development of the catalysts with high-efficiency,
selectivity, steadiness, stability, strength, active and cheapest having a low cokability
for catalytic oxycondensation, aromatizing methane, as well as hydrochlorination,
hydration and acetylation of acetylene. At the same time, 1s conducted a study on the
optimization of catalytic systems for maximum yield, modeling technological
processes and reactors, the development of energy and resource saving, waste-free
technologies.

Today, in order to develop on a world scale acetone, vinyl acetate, vinyl
chloride, ethylene, liquid fuel is being paid a particular attention to the solution of the
following tasks: catalytic oxycondensation of methane; hydrochlorination, hydration
and acetylation of acetylene. Establishing the physicochemical and thermodynamic
foundations of an effective technology and providing with equipment, creating a
mathematical model of the reactor with the ideal allocation, establishment of
optimum technological parameters and development of energy and resource saving
technologies for the production of the abovementioned products.

The research of the dissertation in significant level promotes the solution of the
tasks, set out in normative legal documents, dedicated to such activities: Orders of the
President of the Republic of Uzbekistan dated July 15, 2008 DP-916- «Additional
measures to promote the implementation of the innovation projects and technologies
in production» and the DP-1071 of March 11, 2009 «The program of measures to
intensify the construction of chemical plants and mastering the production of new
chemical products », and DP-1072 of March 12, 2009 « On program measures of
important projects realization on modernization, technical and technological
upgrading of production» and also other normative-legal acts concerning the given
activity.

Conformity of research with priority directions of development of science
and technologies of the Republic. The given research was completed, according to
the priority directions of science and technologies development VII «Chemical
technology and nanotechnology».

! 1.V.Oshanin, L.G.Bruk, O.N.Temkin. Alternative methods of preparation of the products of the main organic synthesis. M. MITKhT, 2002, p.106

(Russian).
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Review of foreign scientific researches on the dissertation theme?.

Scientific researches directed to the developing the catalysts for reactions of
catalytic oxicondensation and aromatization of methane, are carried out in the world's
leading centers and institutions of higher education. Such as the Tokyo National
University, Japan Petroleum Institute (Japan), Chicago University (USA), Royal
Military College of Canada (Canada), French Petroleum Institute (France), Australian
Institute of Petroleum (Australia), Research Institute of Petroleum Processing
(Germany ), Indian Institute of petroleum (India), the Institute of Inorganic Chemistry
of the Academy of Sciences of the Russian Federation, Institute of Organic
Chemistry of the Russian Academy of Sciences, Institute of Physics of the Academy
of Sciences of the Russian Federation, the Russian Institute of oil and gas named after
M.Gubkin.

As the result carried out in the world significant advances in research on the
catalytic policondensation and aromatization of methane and hydrochlorination,
hydration, acetylation of acetylene conducted all over the world. Including were
established a technology for producing ethylene by methane oxicondensation
(Russian University of Oil and Gas named after Gubkin) (Siberian department of the
Institute of Catalysis named after G.K.Boreskov AS RF); created a new catalyst for
the production of ethylene (Institute of electrochemistry and organic catalysts,
Kazakhstan), (Texas A & M University, USA); proposed a technology of production
of Cr-hydrocarbons (Chemical Engineering Department, Hacettepe University
(Ankara-Turkey); established the catalyst composition based on zeolite compounds
for the production of ethylene (Institute of Oil and Gas named after Gubkin, Institute
of Catalysis of the AS RF), (Department of Mechanical Engineering, The Hong Kong
University of Science and Technology, Clear Water Bay, Kowloon, Hong Kong
(China), created a catalyst with the composition NaWMn/SiO; (Lanzhou Institute of
Physical chemistry, Korea).

In the world the researches are carried out in main areas of technology for
producing ethylene, liquid fuel from methane and vinyl chloride, acetone and vinyl
acetate from acetylene. These directions are: oxicondensation and aromatization of
methane; hydrochlorination of acetylene; creating a catalyst for the reactions of
hydration and acetylation with high efficiency, selectivity, activity and stability;
modeling and optimization of technological parameters of the reactor for introduction
in industrial processes for producing ethylene from methane.

Degree of study of the problem. Scientific investigations on the production of
C> hydrocarbons by catalytic oxicondensation of methane, increase of catalyst
efficiency, optimization of the production process of ethylene, organization of
ethylene production conducted by Kh.M. Minachev, M.Yu.Sinev, O.V. Krylov, A.G.
Dedov, V.A. Menshikov, Y.L. Jong, A.Z. Dorogochinsky, M. Guisnet, T.N.
Bondarenko, M.A. Kapustin, A.S. Loktev, O.N. Temkin, B.A.Trofimov,

2 Ghose R., Hwang H.T., Varma A. Oxidative coupling of methane using catalysts synthesized by solution combustion method // Applied Catalysis A:
General. 2013. Vol. 452. P. 147-154; JlomoHocoB B.W., Ycmano T.P., Cunes M.IO., Berukor B.JO. 3aKkOHOMEpHOCTH OKHCICHHS STHJICHA B
YCIIOBHUSIX PEaKINH OKUCIUTEIbHON KOHAeH cau MeTana // Kunerrka u katanus. 2014. T. 55. Ne 4. C. 498-505; Xin Y., Song Z., Tan Y.Z., Wang
D. The directed relation graph method for mechanism reduction in the oxidative coupling of methane.//Catalysis Today. —2008. 131 (1) —p.483-488;
Témkru O. H., AGanrto-Yases X. ., Xoanr Kum Bonr. «KuHeTHYeCKHE MOJIETH CHHTE3a BUHIIALCTATA HA IIMHKALETATHBIX KaTaJn3aTopax HOBOTO
nokojenus »//Kuneruka u karanmus, 2000 r., Ne 5, 1. 41, ¢. 701-718;
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R.M. Flid, L.B. Fisher, I.L. Kotlyarevsky.

As the result catalysts with high efficiency, selectivity and activity for the
catalytic aromatization of methane and hydrochlorination, hydration, acetylation of
acetylene have been created and implemented in the production by Kh.M. Minacheyv,
M.Yu. Sinev, O.V. Krylov, A.G. Dedov, V.A. Menshikov, Y.L. Jong. Catalysts for
aromatization of methane and technologies have been proposed and implemented in
the production by Kh.M. Minachev, A.Z. Dorogochinsky, M. Guisnet, T.N.
Bondarenko, M.A. Kapustin, A.S. Loktev. Hydrochlorination reaction, hydration,
acetylation of acetylene were studied by O.N. Temkin, B.A.Trofimov, R.M. Flid,
L.B. Fisher, I.L. Kotlyarevsky.

Creating catalysts for methane aromatization and oxicondensation and
hydrochlorination, hydration, acetylation acetylene with high efficiency, selectivity,
high stability, stability, strength, cheap and active low coking is actual and modern.
At the same time, the need to optimize the catalytic equipment to maximize the yield
of products, creating energy and resource saving, non-waste technologies and their
introduction into production are essential and have significant value.

Connection of dissertation theme with researches of high educational
institution. Dissertation research was carried out at Tashkent Chemico-
Technological Institute under the plan of research works «FTD-31-25», «Study of
catalytic reactions of oxymethylation of organic compounds» (1995-1997), based on
fundamental project IK 2012-5 «Implementation of technological scheme of ethyl
acetate production from local raw materials and industrial wastes» (2013-2014).

The aim of the investigation is to establish the composition and development
of the technology for producing a catalyst with high efficiency and low coking
processing for processing methane, as well as modeling and optimization of
technological parameters of the reactor.

The objects of the research:

finding the optimal composition and development of technology for producing
a catalyst with high activity, thermal stability, efficiency, selectivity and low
cokability, as well as establishment of the influence of the catalyst composition and
reactions products to the oxicondensation and aromatization of methane,
hydrochlorination, hydration, acetylation of acetylene;

to study catalyst stability against its deactivation and on the basis of the
studying the kinetics of coke formation, to set regeneration conditions, to study the
physico- chemical properties of the catalyst and thermodynamic substantiation of the
reaction proceeding;

on the basis of studying the kinetics of processes involving created catalysts to
create a kinetic model and propose a mechanism of the process; based on the analysis
of the kinetic model to optimize the process and select the type of reactor; based on a
mathematical model of the reactor to establish the thickness of the catalyst layer and
the optimum size of the grains;

establishing the optimal technological parameters for conducting the process of
catalytic oxicondensation of methane, providing with optimal technology and
equipment of physical and chemical bases, the creation of a mathematical model of a
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reactor of ideal exclusion and the establishment of optimal technological parameters
of the process;

creating catalysts and technologies for the production of ethylene, the liquid
fuel, vinyl chloride, acetone, vinyl acetate.

Objicts of the research: natural gas, air, acetylene, keramzit, bentonite,
aromatic hydrocarbons, vinyl chloride, chloroprene, acetone, acetaldehyde,
vinylacetate.

The subject of the research: catalytic oxicondensation and aromatization of
methane, as well as hydration, hydrochlorination and acetylation of acetylene.

Research methods: in the dissertation were used physico-chemical analyses,
gas chromatography, scanning electron microscopy, IR-spectroscopy and powder X-
ray diffraction analysis.

Scientific novelty of dissertational research is as follows:

studied the kinetic objective laws of reactions with the presence of the catalyst
obtained under a differential reactor, found optimum conditions of processes flow,
proposed the mechanisms of occurrence of studied reactions, selected kinetic
equations presenting the process and tested their adequacy;

it was thermodynamically justified flow of the reactions of catalytic
oxicondensation and aromatization of methane, as well as hydration,
hydrochlorination and acetylation of acetylene;

created physico-chemical and thermodynamic bases of efficient technology and
equipment for processes of processing methane and optimized technological
parameters of equipment with a solid catalyst bed; developed the process technology
of catalytic oxicondensation of methane in a single-stage adiabatic equipment
operating in the mode of external diffusion; established the composition and
technology of obtaining a catalyst with a strong selective effect and highly operability
for obtaining C> and aromatic hydrocarbons from methane and increase the yield of
products in the synthesis of vinyl chloride, acetone and vinyl acetate from acetylene.

The technological parameters of the synthesis of ethylene, liquid fuel, acetone,
vinyl chloride and vinyl acetate were developed.

Practical results of the research:

established the composition and technology of production of of the catalyst
with new composition for the catalytic oxicondensation and aromatization of methane
and hydrochlorination, hydration, acetylation of acetylene having high effectiveness
and selectivity, characterizing a low cokablity, as well as created a diffusion
mathematical model of the catalyst regeneration;

according to the researches results was developed physico-chemical and
thermodynamic bases of processes flow of catalytic oxicondensation of methane and
provided with effective technology and equipment, also developed a mathematical
model of a reactor of ideal exclusion;

on the basis of the developed catalysts the presented processes were
thermodynamically justified, mathematically modeled reactors to carry out reactions,
as well as developed energy and resource saving and low-waste technologies.

Reliability of research results. The reliability of the research results include
using the modern analytical instruments for the analysis of catalysts and obtained
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products by powder XRD, kinetic, gas chromatographic methods, using standard
techniques for experimental investigations are confirmed by the identity of the
theoretical and experimental results.

Scientific and practical value of results of the research.

The scientific value of the research i1s to obtain a new catalyst for
oxicondensation and aromatization of methane and hydrochlorination, hydration,
acetylation of acetylene having high effeciency and selectivity; to study the kinetics
of the processes, the flow mechanism of the reaction and to establish the
technological scheme of process improvement;

Practical importance of the research lies in the preparation of the kinetic and
thermal balance on the basis of non-linear equations, optimization of operating
parameters of the plant with a solid catalyst bed; experimental study of physico-
chemical model of mass transfer; examine the relationship between the physico-
chemical properties, composition and chemical structure; the creation of a
mathematical model allowing to calculate the efficiency, conversion and selectivity
for different process conditions, as well as the modeling of industrial reactors and the
development of low-waste technologies. Introduction to the production of selected
catalysts for these reactions will fully provide the Republic of Uzbekistan with
ethylene, liquid fuel, vinyl acetate, vinyl chloride obtained from local raw materials.

Implementation of the research results. Based on the results obtained in the
development of a catalyst for production of ethylene by catalytic oxicondensation of
ethylene, liquid fuel by aromatization of methane, obtaining vinyl chloride and
chloroprene by catalytic hydrochlorination of acetylene, obtaining acetone by
hydration and vinyl acetate by acetylation:

Developed and introduced to the state registration technical requirements for
obtaining a catalyst of new composition with high selectivity and efficiency for
oxicondensation and aromatization of methane, as well as the hydrochlorination,
hydration and acetylation of acetylene (Ts-16909155-02: 2013; Ts-16909155-03:
2013; Ts-16909155-04: 2013 ; Ts-16909155-05: 2013), that allows to check the
quality of the product and the technological process;

Catalysts for oxicondensation of methane and obtaining ethylene,
aromatization and production of liquid fuel, the hydrochlorination of acetylene and
obtaining vinyl chloride and chloroprene, obtaining acetone by hydration, vinyl
acetate by acetylating were introduced into production at JSC «Navoiyazoty
(document, Ne01/3-3528/U; «Uzkimyosanoat»). The economic efficiency achieved
by replacing imported catalysts from abroad with local, by obtaining new materials
and technological process optimization.

Approbation of results of investigation.

Results of the research were discussed at the international, including: the All-
Russian conference «Actual problems of Analytical Chemistry», Abstracts of papers
of the American Chemical Society 2002, (San Diego, 2001; Chicago, 2001; Orlando,
2002; Boston, 2002; New Orleans, 2003; Boston, 2007), USA: ACS Washington.
2002, Abstracts of papers of the American Chemical Society (2003), The 39" IUPAC
Congress and 86™ Conference of The Canadian Society for Chemistry (Canada), The
Third International Conference of CIS countries «Sol-gel synthesis and investigation
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of inorganic compounds, hybrid functional materials and disperse systemsy» (8-12
September 2014 in Suzdal, Russia), Proceedings of the All-Russian conference with
international participation «Modern achievements of chemistry of unsaturated
compounds: alkynes, alkenes, arenes and heteroarenes» (St. Petersburg, 2014),
«Actual problems of chemistry and chemical technology» (Tashkent, 1995) and a
number of Republican scientific-practical conferences (Tashkent, 2001, 2008, 2015,
2016).

Publication of the research results. On the topic of the dissertation 60
scientific articles were published, including in the journals recommended by the
Higher Attestation Commission of the Republic of Uzbekistan for the publication of
basic scientific results of doctoral dissertations 21; including 14 in national and 7 in
international journals.

The structure and scope of the dissertation. The dissertation consists of an
introduction, five chapters, conclusions, list of references and notes. The total volume
of the dissertation is 197 pages.

MAIN CONTENT OF THE DISSERTATION

In introduction the actuality and necessity of the conducted researches, the
aims and objectives of the research were substantiated, the object and subject of
research described, the correspondence of the work with important areas of science
development and technology of the Republic shown, the scientific novelty and
practical results set out, the scientific and practical significance of the obtained results
explained, information on the implementation of research results into production,
number of published papers and dissertation structure presented.

In the first chapter of dissertation «Structure and properties of catalysts for
oxicondensation and aromatization of methane, and hydrochlorination,
hydration, acetylation of acetylene» were in detail expounded results of the carried
out investigations, conducted an analysis of foreign and domestic literature. The
findings were combined and made scientific-analytical conclusions, as well as on the
basis of literature data the aims, objectives, actuality and importance of the
dissertation determined.

In the second chapter of dissertation «The choice of catalyst composition for
processing methane and physico-chemical properties of the ingredients.
Equipment for conducting the process and the analysis of the reaction products»
highlighted equipment for catalytic oxicondensation and aromatization of methane,
hydration, hydrochlorination, acetylation of acetylene, as well as studying the kinetic
objective laws, the conditions for conducting the process and methodology of the
analysis of the reaction products, presented the results of the synthesis of the
catalysts. Characteristics of the catalysts were studied by physico-chemical methods,
described methods of activation of bentonite and keramzit used in this work. The
conditions for catalyst regeneration (regeneration of coking of catalyst grains carried
out using a mathematical model) have been presented and studied its textural
characteristics (table 1.1 and 2). The catalyst was prepared by the wet process based
on «sol-gel» technology. Yield and composition of the reaction products were
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determined by gas-liquid chromatography. The specific surface area of the catalyst,
pore volume and size distribution of the grain was set at 196°C on the device
Micromeritics ASAP 2000 by nitrogen adsorption. For each analysis used 0.25 g of
the catalyst. The specific surface of the catalyst was determined by the BET method,
pore size distribution determined by the BJH method on the basis of nitrogen
adsorption isotherms areas. The accumulation of coke was determined by
derivatography method.

Table 1

Textural characteristics of catalyst samples

Sample C,% P, 0, 0, g a v,
g/em’ | m%g | g/em®
(Zn0),:(Cd0),:(Zr0,),/keramzit - o875 | 1,37 | 2,87 | 0,361 | 0,523 | 038
Zn0-18*CdF,-2*Cr,03-5*Al,03-75 5,88 | 0,879 1,49 2,80 0,410 | 0,468 0,31

(Mn,03)-(Na;M0Oy)y- (ZrO2),) 6,22 | 0995 | 1,63 | 3,10 | 0,390 | 0474 | 032
(Mn;03),(Zr0s),-(KCI), 6,54 | 0,923 | 1,46 | 2,81 | 0,368 | 0,480 | 0,33
5,0 Mo*1,0% ZrO; * 1,0% ZnO 8,46 | 0,973 1,52 3,09 0,360 | 0,510 0,32
Table 2
The main characteristics of the catalyst samples textures
Sample Coke | Sser, | Si, | Vs(P/P=0,99) | V,cm’/g | D, nm
% mg/l | m%/g cm’/g
(Zn0)x:(CdO)y:(ZrO2),/keramzit - 2116 189 0,416 0,0073 | 8.8
Zn0-18, CdF2 -2, Cr203 -5, Al203-75 5,88 | 1715 | 157 0,375 0,0058 9,6
(Mn203)x-(NazMoOa)y- (ZrO2),) 6,22 | 1685 | 159 0,370 0,0036 | 93
(Mn203)x(ZrO2)y (KCl), 6,54 | 1815 | 175 0,371 0,0005 | 8.5
5,0 Mo*1,0% ZrO2 * 1,0% ZnO 8,46 | 1605 | 157 0,315 0,0011 8,0

In the third chapter of dissertation «Studying the processes of catalytic
oxicondensation, aromatization of methane and hydrochlorination, hydration,
acetylation of acetylene» were studied kinetic objective laws and kinetic model was
offered. Preparation of ethylene from methane is a single-stage reaction and carried
out at atmospheric pressure. In the process of methane oxicondensation the following
reactions occur:

2CH4 + 1/202 — C2Hs + H2O AH = -176,8 kJ/mol

2C2Hs + O2 — 2C2H4 + 2H20 AH = -105,1 kJ/mol

2CH4 + Oy — CHs + 2H0 AH = -281,9 kJ/mol
CH4 + 20, — CO; +2H,0 AH = -802,33 kJ/mol

This process occurs through the formation of ethane and in dehydrogenation of
ethane in the active centers of the catalyst ethylene is formed.

The reaction oxicondensation of methane is carried out under standard
conditions, characterized by the following parameters: temperature of the process
750°C, volumetric ratio of methane: air = 1:2, volumetric rate 1200 hour. The re-
sults of studying the effect of catalyst components to its activity are shown in table 3.
The table shows that the addition of KCI to the catalyst from manganese oxide
(Mn03) gives a positive result. Introduction of zirconium oxide (IV) in the catalyst
composition had a positive effect on the catalyst activity.

When ZrO: introduced in the catalyst composition is observed an increase of
yield on ethylene from 24.0% to 30.9%, the selectivity for ethylene from 47% to
59.1%. As a result of investigations, the catalyst with the composition (Mn20O3)yx *
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(KCl)y ¢ (ZrO2), was selected. The synthesis of the catalyst on the «sol-gel»
technology has a number of advantages: simplicity of the equipment used, economy,
environmental safety, low cost, appropriate technologies.
Table 3
The dependence of the activity of the catalyst on composition in the reaction of
methane oxicondensation
(T=750°C; CH4:air=1:2; V=1200 hour™)

Ne Composition of the catalyst In(f(;zrersion of CHa . OInQézH“ Selectivity, Se,
1 | MnxOs 33,5 13,0 35,8
2 | Mn0Os *Lay03 29,0 7,0 24,1
3 | Mn0s3 *PbOs 36,0 10,0 27,7
4 | Mn,Os3 *KCl 51,0 24,0 47,0
5 | MnOs3 *KBr 47,1 16,0 33,9
6 | Mn,Os3 *KJ 38,0 14,0 38,0
7 | Mn2Os3 *KCI*ZrO, 52,3 30,9 59,1
8 | Mn,O; *KCI*BeO 45,0 21,0 46,6
Table 4

The results of studies on the effect of the partial pressure of methane to the yield
of the product at different temperatures (2, =0,1MPa; P, =0,014 MPa),

cat: (Mn203)x - (Na:MoQy)y - (Zr0»),

W, B, . 0 4. ., ml/ml.cat.hour
ml/ml.cat.hour 1\;—[;43 e =), % .

700°C 750°C 800°C | 700°C 750°C 800°C
600 0,017 8,8 14,3 20,6 6,7 8,4 10,6
800 0,017 7,6 11,5 17,4 5,6 7,2 8,8
1000 0,017 6,7 9,1 13,5 5,2 6,4 7,6
1200 0,017 5,8 8.5 9,7 4.8 5,8 6,5
600 0,025 18,4 20,8 24,5 7,2 9,5 12,8
800 0,025 15,2 17,6 21,0 6,4 8,2 11,3
1000 0,025 13,0 15,2 18,6 5,6 6,4 10,0
1200 0,025 10,6 12,8 14,4 4,8 5,0 8,1
600 0,033 25,8 27,4 28,6 23,2 34,6 41,8
800 0,033 24,6 30,2 35,8 41,9 54,5 57,8
1000 0,033 23,4 33,2 42.8 64,3 72,8 81,4
1200 0,033 20,8 28,5 39,2 48,8 62,5 75,9

For these reasons, as an optimal was accepted a catalyst having multifunctional
properties with composition (Mn203)x - (Na2MoOQOs)y + (ZrOz), produced by «sol-gel»
technology. The influence of various parameters on methane conversion and
selectivity of the process for C, hydrocarbons was studied. When studying the effect
of the partial pressures of the reactants to the objective laws of the reaction
proceeding changed the partial pressure of a gas at a constant of partial pressure of
other gas. For constancy of the linear velocity the required amount of pure argon was
entered. To comply with the constancy of the specific speed an amount of the catalyst
corresponded to the investigation conditions.
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Results of research on dependence of methane oxicondensation on its partial
pressure at different temperatures and volumetric speeds are given in table 4. The
table shows that in the partial pressure of methane at a constant specific volumetric
speed and temperature total methane conversion decreases. The effect of oxygen
partial pressure on the kinetic objective laws of methane oxicondensation was studied
at 700 =+ 800°C and relative volumetric rate 600-1200 hour!. The oxygen partial
pressure was varied from 0.01 MPa to 0,014 MPa, the partial pressure of methane
was maintained constant (0.033 MPa).

The obtained results are shown in table 5. The table shows that with decreasing
oxygen partial pressure decreases the total conversion of methane, at the same time
the ethylene yield and selectivity are also reduced. By reducing ratio of CH4:O> leads
to reduction of the conversion of methane and oxygen.

Table S5
The results of studies on the effect of the partial pressure of oxygen to the yield
of the product at various specific volumetric speeds and temperatures

(P, =01Mlla; P, =0,033 MIla); cat: (Mn203)x - (Na2M0Oy)y - (Zr0O2),

W. mUml.cat.hour FPa,, Moo, —c 8,3, % U¢_ &, , ml/ml.cat.hour
MPa | 700°C 750°C 800°C 700°C 750°C 800°C
600 0,010 | 172 20,8 24.6 9,8 12,3 14,5
800 0,010 | 14,8 18,4 21,2 ) 10,0 11,3
1000 0,010 | 104 14,0 17,8 6,4 8.5 9.8
1200 0,010 7,7 11,2 15,5 4,9 6,0 7,5
600 0,012 20,5 23,8 27,2 15,0 20,4 24.8
800 0,012 182 20,0 24,5 13,2 17,5 19,9
1000 0,012 158 17,4 21,1 10,7 14,8 16,2
1200 0,012 13,9 16,2 18,7 8.5 11,2 13,8
600 0,014 | 258 27,4 28.6 23,2 34,6 41,3
800 0,014 246 30,2 35,8 41,9 54,5 57.8
1000 0,014 234 332 42,8 34,3 72,8 81,4
1200 0,014 | 20,8 28,5 39,2 48,8 62,5 75,9

Reduction of the output of the final products, when introduced ethane, ethylene
CO and CO; into a reactor was proven. Increase of contact time and temperature
results in an increase of conversion of methane and oxygen and in a decrease of
ethylene selectivity.

Catalytic aromatization of methane. It is known from the literature, Mo-
containing catalysts have high catalytic activity in the reaction of aromatization of
methane without oxidants. The influence of the ratio of the active components on the
activity and effectiveness of the catalyst has been studied and proved possibility to
achieve a high result by the addition of zirconium in the catalyst composition based
on molybdenum. As a result of studies was chosen optimal catalyst composition 5,0%
Mo * 1,0% Zr * 1,0% Zn / bentonite. The dependence of the reaction rate of methane
aromatization without oxidant, yield and selectivity of aromatic hydrocarbons, as
well as conversion of the starting materials on temperature, volumetric rate, contact
time, the height of the catalyst layer, the ratio of active catalyst components was
studied and selected the following optimal reaction conditions: T = 750°C,
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volumetric rate ¥, =1000hour”, the catalyst bed height 10cm. When using the
catalyst with the composition of 5,0% Mo * 1,0% Zr * 1,0% Zn / bentonite at ¥, =

1000 hour!, T = 750°C arenes output makes 40.4%.

The reaction of acetylene hydrochlorination. Vinyl chloride is used in industry
to produce polyvinyl chloride, as well as various copolymers (vinylidene chloride,
vinyl acetate, acrylonitrile, methyl methacrylate and others).

The reaction of acetylene hydrochlorination generally can be written as

CH=CH + HCl — CH2 = CHCI + 112,4 kJ/mol
In the synthesis of vinyl chloride occur the following side reactions:
CH; = CHCI + HC]1 — CH;3;CHCl;
2CH=CH — CH=C-CH =CH: + 20,9 kJ/mol
CH=C-CH=CH; + HCl — CH2 = CH — CCl = CH: + 106 kJ/mol
Table 6
Dependence of the catalyst activity of acetylene hydrochlorination on its
composition (T=165"C; C:H>:HCI1 = 1;1,1; V = 210 hour™)

No Properties of the catalyst Conversion of C2Hz, Ko Selectivity, S
Total On vinyl chloride
1 | ZnCl, 63,5 43,0 67,7
2 | (ZnCly)x (CdCla)y 39,0 17,0 43,6
3 | (ZnCl)x (AICl3)y 36,0 12,0 33,3
4 | (ZnClp)x (CuCl)y 68,5 47.8 69,8
5 | (ZnCh)x (FeCla)y 52,3 31,6 60,0
6 | (ZnCl)x (FeCls)y 77,8 56,0 72,0
7 | (ZnClo)x (FeClz)y: (CuCl), 95,7 82,3 86,0
8 | (ZnCh)x:(FeCl3)y:(MgCla), 75,0 61,5 81,7
9 | (ZnCla)x (FeCls)y* (BeCla), 71,8 55,6 77,4

Studies on the synthesis of vinyl chloride was conducted under the following
standard conditions: T = 165°C, volumetric ratio of CoH2:HCI = 1:1.1; volumetric
speed V =210 hour!. the catalyst was made based on «sol-gel» technology.

Table 6 shows the results of a study dependence of the activity of the catalyst
of acetylene hydrochlorination on its composition. It is shown from the table that the
introduction of FeCls and CuCl in the composition of the catalyst from ZnCl, results
in the increase of the yield of vinyl chloride. As results of the studies the catalyst with
the composition (ZnCl,)x-(FeCls)y-(CuCl), was selected.

Catalytic hydration of acetylene. The reaction of the catalytic hydration of
acetylene to acetone in a general form can be written:

2C,H2 + 3H,0 — CH3COCH;3 + 2Hz + CO»

Acetone formation is explained by the following established reaction
mechanism

C:H> + H20 — CH3CHO; 2CH3CHO + H20 — CH3;COCH3 + 2Hz + CO2

CH;CHO + H>O — CH3COOH + Hz; 2CH3COOH — CH3COCH; + CO: + H20

Studies on the choice of polyfunctional catalysts for the catalytic hydration of
acetylene to acetone and acetaldehyde were carried out.

The composition and properties of the synthesized catalysts are given in table
7. In the hydration reaction of acetylene with rights reaction under the same
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conditions depending on the composition and nature of the catalyst is formed
acetaldehyde or acetone. For example in the composition of 18 % CdF», 2,0 % AlFs3,
5% Cr203,75 % AlOs on cadmium catalyst at 360-440°C and a ratio of CoHz: HO =
1: 3 to 1: 5 is formed acetaldehyde. When added oxide or fluoride of zinc (catalyst
Ne5) to cadmium-chrome-aluminum catalyst selective effect of the catalyst is
provided and is directed towards the formation of acetone.

Table 7
The composition and properties of the synthesized catalysts
Ne Specific Time to Yield of expected
Composition, % mass surface | regeneration, product,%

area, hour

m?/g CH3CHO | Acetone
1 | ZnO —20, AlF3 -3, ALO3; —77 135 72 10 82
2 | CdF2—20, AlOs — 80 186 96 75 5
3 | CdF.— 18, AlF5 -3, ALO; — 79 210 96 82 3
4 | CdF2— 18, AlF3 — 2, Cr203 — 5, ALO; -75 225 120 83 1,5
5 | ZnO — 18, CdF2 -2, Cr203 — 5, ALO3 — 75 165 120 3 86

The influence of temperature, catalyst size, parameters of the reactor, and the
catalyst layer height to the process proceeding was studied. Yield of acetylene
increases up to 425 ° C temperature. With further increase in temperature due to the
conversion of acetone into other substances the yield and selectivity are reduced.
Cadmium compounds are potent toxic substances (MPC of 0.1 mg/m?). Therefore the
activity of the catalysts not containing cadmium for the hydration of acetylene was
investigated. Table 8 presents data on the effects of the active components of the
catalyst on its activity.

Table 8

The dependence of the catalyst composition on the yield of products

(T=425°C; v, =120 yac™)

Properties of the catalyst, conversion of Composition of
No % mass acetylene, % catalyzate % mass
CH3CHO | CH3COCH3
1 | ZnO-15.0, N1203-5.0, Al203-80.0 92.0 8.0 68.6
2 | Zn0O-10.0, C0203-5.0, Al203-85.0 78,6 10,4 65,8
3 | ZnO-15.0, Fe203-5.0, Al203-80.0 84.0 9.4 76.0
4 | ZnO-10.0, N1203-5.0, Fe203-5.0, A1203-80.0 94.8 11.5 86.4
5 [ Zn0O-10.0, C0203-5.0, Fe203-5.0, A1203-80.0 80.4 8.0 60.8

The table shows that the catalyst Ne4 containing oxides of iron, zinc and nickel
the yield of acetone is 86.4%, the conversion of acetylene - 94.8%. According to the
research were selected the following optimal conditions for the catalytic hydration of
acetylene: the molar ratio of CoH2:H,O =1:2; T=425°C; V., =120 hour™; cat: ZnO-

10.0, Ni203-5.0, Fe203-5.0, Al03-80.0. From the constant of the kinetic equations
calculated for different temperatures found activation energy E. = 28.6 kJ/mol
catalytic acetylation of acetylene. The reaction can be represented by the following
equation:

C:H; + CH;COOH — CH; = CHOCOCH3s; AHj,, =-98 kJ/mol

In acetylation of acetylene the following side reactions occur
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2CH3COOH — CH3COCH3 + H20 +CO2
C2H; + H,O — CH3CHO
2C;Hz + H,O — CH3CH =CHCHO
CH3COOH + CH30COCH = CH; — CH3;CH[OC(O)CHzs]2
CH30COCH = CH; + H,O«+~CH3COOH + CH3CHO

When studying the dependence of product output on selectivity of the process,
and conversion of the starting materials on molar ratios C;H»:CH3COOH using the
catalyst composition of ZnO:CdO:ZrO/keramzit were the optimal T=185°C,
C,H,:CH3COOH=4:1, V=280 hour'. Where in the overall conversion of
CH3COOH is 85.4%, and on vinyl acetate -79.8%. In studying the dependence of the
yield of the product during vinylation of acetic acid on the temperature 150-240°C
found that vinyl acetate output growing to 185°C and the yield decreases with
increasing temperature. At temperatures above 185°C due to decomposition and the
formation of vinyl acetate by-products is observed reduction in yield.

Kinetic models of reaction: as a reaction catalyst oksikondensation of methane
occurs at high temperatures, it can be described by kinetic equations chemi
Langmuir-Hinshelwood mechanism. According to the results of our research,
oksikondensation of methane reaction proceeds by a heterogeneous mechanism. The
dehydrogenation of ethane to ethylene at temperatures above 700°C proceeds active
centers of the catalyst surface:

1)CH4+Z — CHa = Z; 2)CHa=Z +[0] — CH; *Z + [OH]
3)CH; = Z+CH; *Z—C2He* Z + Z; 4) C2He = Z + [O] — C2H: = Z + [OH]
5)Co:H; =Z+[0]*Z — C2Ha=Z+[OH] Z 6) C2Ha=Z — CoHa + Z;

7) [OH] - H20 +[O] + [ ] 8)2[ 1+ 02— 2[0]

According to the research proposed to the kinetic equation satisfying reaction
oksikondensation of methane on catalysts (Mn203)x (KCl)y'(ZrO2), and (Mn2O3)x
(NazMo0Os)y*(Zr0O,), in the conditions of a differential reactor:

_ k'Kcm'})0114'[(()2'})02 (1)
(1+KCH4 'PCH4 +K02 'Poz)2

It was found that the activation energy of the process on the catalyst
(Mn203)x (KCl)y*(ZrOz2). E.=33,8 kJ/mol, and on the catalyst
(Mn203)x'(NaxM0O4)y(ZrO2), Ea=29.8 kJ/mol.

Kinetics and mechanism of vapor phase of catalytic hydrochlorination of
acetylene: the results of a comprehensive study of the kinetics of hydrochlorination
of acetylene in a differential reactor at the selected catalyst (ZnCl)x (FeClz)y-(CuCl),
allowed to propose a stepwise mechanism of the process:

1.C;cH2+Z —» CoH2 -Z; 2. HCl1+Z —»HCI - Z;

3. CoH2Z2 +CoH2Z —- CH2=CH-C =CH -Z+Z; 4.CH -Z+HCl'Z — C:H3Cl-Z +Z

5.CH2=CH-C=CH-Z+HCl-Z - CH2=CH-CCl=CH2Z +Z

6. C2:H3Cl -Z - C:H3Cl+Z; 7.CH2=CH-CCl=CH2 -Z -CH2=CH-CCl=CH2 +Z

where: Z - active catalyst center.

Analysis of experimental data in the literature and found that the laws of the
reaction corresponds to the following kinetic equation.
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ky ‘Peu, " Puci
(2)
1+bCZH2 " Pc,n, +byucrt P

It is proved that the activation energy is 27.8 kJ/mol.

Kinetics and mechanism of reactions of acetylene catalytic hydration. On the
basis of studying the kinetics of catalytic hydration reaction of acetylene to give
acetone proposed the following kinetic equation

2
R s
c,H, "1 H,0

Found reaction activation energy E. = 28.6 kJ/mol.

Catalytic acetylation acetylene. The study of dependence of the rate of the
acetylation reaction the partial pressure of acetylene starting materials, temperature
and volumetric rate and chromatographic analysis revealed that the reaction satisfies
the following equation:

W=

_ k(PCsz * PCH3C00H) L ()
(I+be PCH3COOH) ’

The activation energy of the reaction on the catalyst ZnO:CdO:ZrO./keramzit
block E. =29.2 kJ/mol.

The fourth chapter «Modeling and Optimization of catalytic oxiconden-
sation and aromatization of methane and hydrochlorination, hydration,
acetylation of acetylene reactors» was examined by optimization of catalytic
processes, heat transfer systems, adiabatic reactors with fixed bed catalyst, the
catalyst aromatization and oksikondensatsii methane, hydrochlorination, hydration,
acetylation acetylene.

In reactors with the ideal displacement reagent composition and flow along the
length of the temperature change of equipment (or contact time). Therefore, the
mathematical model of the process in the form of written material and heat balance

equations:
dcC dcC dC dcC
dTA :_kl'CA; d_::kl'CA_kZCB; dTC:kQ'CB; TDsz'CB (5)
dl (0, -k-C,=0Q,-k,-C,)-RT/p ©6)
dr C
T

p
Thermodynamic study of reactions important in terms of the selection of
optimal process conditions. At P < (0.5 MPa the equilibrium constant is given by
K — K/ :efAG/(RT)
) :

The maximum yield under these conditions the equilibrium constant calculated

by the formula (7):
x=JK, (P+K,)
(7)

Based on the results from 427°C to 527°C in this range AG <0 hydration
process occurs spontaneously. At 0.1 MPa and temperature 427-527°C the maximum
yield at equilibrium is 98.3%.

Thermodynamic analysis of the reaction of methane oksikondensation: calcu-
lated value of thermal effects and Gibbs energies of different reactions are shown in
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table 9. Adiabatic heating value of gas mixtures is an important characteristic of the
reactor. On the basis of the heat balance of the catalyst bed at various ratios of
methane to oxygen adiabatic heating of the gas mixture is calculated by the formula:

HlT ): WBX 'TKTE(CiBX 'C;,i )dT (8)

0
TS’

W,z (Ci o - H ) — W2 (Ci BRIX

Calculation results are shown in Figure 1.

Table 9
The calculated thermal effects and the Gibbs energy of various reactions
Ne Reactions AH 3, ; kJ/mol AG’, kJ/mol
1 |4CH4+ O2 — 2C,He + 2H20 -176,6 -197,296
2 | 2C2Hs + O2 — 2C,H4 +2H,0 -104,7 -363,242
3 | 2CH4 + Oy — CHs + 2H,0 -281,314 -280,06
4 | CHs +20, — 2CO + 2H0 -756,162 -937,574
5 |CHs+20; — CO2 + 2H0 -801,724 -1006,544
6 | C;Hs+ 302 — 2CO;7 +2H20 -1321,716 -1286,186
7 | CH4+ 1,50, — CO +2H,0 -518,738 -609,026
e
" 1200
I; 2004
. K\‘—“—-—-..._

T f % f s 8 7 & ¢
CH*"C{-_ ratio
Fig.1. The relationship between adiabatic heating and ratio of
CHy4: O in the initial mixture at P = 0.1 MPa.

The figure shows that an increase in the amount of methane adiabatic heating is
reduced. For example, ethylene selectivity ratio of CH4:0, = 2: 1, the optimum
conditions of adiabatic heating 690°C. At the ratio of CH:O2 = 5 adiabatic heating is
575°C. Upon reaching 90% of the amount of methane adiabatic heating is reduced to
325°C.

Table 10
Indicators of the process in stepwise adiabatic reactor
P.MPa | CH4/O2 | Tin,’C Tex’C | Y rsec | Ko, % | Koy, % Yield
mol C C2H4
0,1 5 800 1000 0,13 95,6 44,8 43,2 40,3

It is known that adiabatic type reactors are commonly used for catalytic
processes, and processes selectivity varies little with temperature change in a wide
range. The advantage of such reactors is the low metal content of 2-3 t/m? (cat), low
cost and ease of construction. A disadvantage is the reaction heat of the high
heterogeneity of the catalyst and the entire thickness of the catalyst layer. As noted
above, in a ratio of CHa: O, = 5, adiabatic heating of the gas mixture is 575°C. Given
the high approach, it was possible to conduct oksikondensation methane in the 4-5
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step installation. Conducting the process it is considered the most effective under
these conditions.
For the theoretical calculation of molecular diffusion coefficient used equation:
D, =1858-107 .7 (ML MM, M7 (9)
P-cy-Q,
Sherwood number for the laminar regime Sh=0,42-S)°+0,57-Re”-Sc”>.
Schmidt Number: Sc=v_ /D! .

Optimization parameters of the equipment for catalytic aromatization of
methane: in optimization of the operating parameters of equipment for catalytic
aromatization of methane was derived nonlinear equation of heat balance for gas
heating the endothermic generator:

mix

L
[(I‘X)qx, +‘I1* 'x]77* "'Cm"t*Hr +CBt; =49, (l_rIZTF)'X"”CnK o X (10)
Tnr
The maximum proportion of methane (x) depends on the following parameters:
the rate of product formation, the height of the catalyst bed and crushed, the rate
constants of adverse reactions against the components introduced into the reactor, the
specific surface area of the catalyst. Methane is calculated by the following equation:

g, N +Cpr -t +Cy -t (11)
L

* r * *
q, 1 + Cre -t +qxz(1_%)_qxl n

nr

heat savings (methane) in the endothermic generator is calculated from the equation

optimal optimal _
A[):[uj.mo: * ‘_100 (12)

X =

optimal optimal
kl’ x p:

Mathematical modeling of the reactor oxicondensation of methane in the

simulation model used reactor isothermal plug flow reactor:
iy and y,0)= 5
dr

Here: z - the conditional contact time; r,- the velocity of the formation of the

i -th component.

An excess amount of methane limiting step is the diffusion of oxygen to the
catalyst surface. Concentration and partial pressure of oxygen at the grain surfaces
were found by the equation: g(C;, —C; )=R, ; the total change in pressure on the

2
layer calculated by Ergani equation % = %'D 2U :
&
For non-spherical particles of the hydraulic resistance coefficient calculated

38’4+0,586, here Re, =

. In automatic mode, all the
Re 14

using the equation f =

mix " &
generated heat is directed to the heating gas fed to the reactor. Therefore, the
temperature of the feed gas and effluent interconnected catalyst heat balance equation
(8). To determine the parameters of the process of mass transfer coefficient and other
parameters have been set the main figures of the reactor for producing ethylene
oksikondensation of methane. The results are shown in Table 11. Hence methane

oxicondensation process may be conducted in a single stage adiabatic reactor
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autothermally provided with external diffusion grains catalyst effective diameter of
5.0 mm and a linear gas velocity of 0.36 m / sec. The selected mode C, specific
catalyst efficiency is 17290 (C2) /m3.hour (on ethylene -16253,5 kg/m3.hour). The
thickness of the catalyst layer is 2.0 cm. So, if time unit installation capacity of
ethylene 16253,5 thousand kg/year relative methane flow is 360 nm?*/m?.hour. It
should be emphasized that the power of the reactor oxicondensation of methane can
be increased by increasing the pressure in the system. For example, when the pressure
to 0.5 MPa unit power reactor oxicondensation reaction of approximately 33,800
thousand kg / year. The main structural characteristics of the reactor are given in
Table 12.

Table 11
The main indicators of the reactor oxicondensation of methane (OCM)
Parameters OCM
Characteristic particle size,  ,, mm 5,0
Layer thickness, h, m/sec 2,0
gas velocity, u, m/sec 0,36
Conditional contact time, 7, sec 0,13
Conversion X, % 95,6
Microkinetic rate constant, @, s’ 36,7
Mass transfer coefficient, 3, s’ 44,0
Kinetic rate constant, k, s™! 220,0
Ratio of the constants, k/ S 5,0
Relative yield on C2, g, , t/m*-hour 1,9
Table 12
The main structural characteristics of the reactor
Main characteristics of the reactor Values
Capacity on Cz(ethylene),thous.kg/year 17280,0(16253,5)
Fitting diameter, m 19
Specific consumption of methane, nm*/m?*hour 380
Oxygen concentration % rot 16253,5

Simulation process reactor catalytic hydrochlorination of acetylene: the
delivery time for the reactants in the reactor by displacement with perfect irreversible
reactions in the 1% order with change in volume is calculated by the following
formula:

1

l-x,

r=% (1+ f)n —ﬂxA}

The residence time of any grain in a plug flow reactor and identically equal to
the total residence time of the reaction mixture. For the reactions of the first order on
the basis of material balance suggested the following equation.

1
CaH—L(&)+jca'K'T'dx:Cau_L de,,
Pe, dx 0 Pe, \ dx
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The validity of the proposed integral equation proves coincidence of calculations for
the reactions of the first order and well-known analytical calculations (table 13).

Table 13
The main design parameters of the reactor hydrochlorination of acetylene
Names of the parameters and measurement units Reactor of ideal exclusion
Last relative concentration at the outlet 0,002
Maximum temperature, °C 189,6
Length of high-temperature tube, m 0,58
The average temperature of the reaction gas 121,2
The average value of the coefficient of thermal conductivity 33,5
Average time finding gas in the tube, sec 3,58

Equal relations of concentration gradients at the inlet and outlet of the reactor
with ideal exclusion was analytically proved.
Mathematical modeling and optimization of process of synthesis of vinyl acetate. The
activity and selectivity provide flow rate and quality of the reaction. Synthesis of
vinyl acetate from acetylene and acetic acid is carried out on a fixed bed of catalyst in
the tubular reactor with the ideal displacement (table 14).

Table 14
The main parameters of the tubular reactor for the production of vinyl acetat
T.°C P, U, pme > m/c Heat carrier G, thousand | D,m |h,m [N, min
MPa tons / year pieces
170-200 | 0,1 0,60 Boiling water | 50 2,5 6,5 4,7

Given the catalyst deactivation ideal mathematical model of the reactor with a
plug for the synthesis of vinyl acetate from acetylene and acetic acids can be
represented as follows

K _OWHD) Vo Ty 2 =0k, (T)
al vvolume at !

Subject approach: x(0,¢)=0; 7<[0,z,]; O(1,0)=0, ([0,/,]

volume >

In the fifth chapter of the thesis «Technology for creating catalysts and
catalytic processes flavoring oxicondensation methane and hydrochlorination,
hydration, acetylation acetylene» highlights technology for producing catalysts for
the production of ethylene by methane oxicondensation producing vinyl chloride and
chloroprene catalytic hydrochlorination of acetylene.

The main element of the technological scheme of a reactor, and the quality of
products produced depends on its perfection.

To determine the optimal process parameters to study the kinetics of reactions
in the differential reactor and reactor model designed and optimized processes and
improved technology offered studied processes and catalysts used ethylene
production technology methane oxicondensation.
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T1-heaters; T2-tube heaters; T3-zigzag
heaters; T4-heating zases outlet tubes; P3-
reactor; F-porcelain balls; T7-tube cooler;
Bi-barometnc scrubber; H-vacuum pump;
Ell-water collector; All-absorber; Al12-
desorber; K13-compressor; Hl4-pump; K13-
column for acetylene sorption; Kl6-column
for CO; sorption.

L

Figure 2. Technological scheme for producing ethylene
from natural gas and air.

The technological scheme for producing ethylene from natural gas, and water is
shown in Figure 2.

The scheme consists of two stages: A. The main stages. 1) oxicondensation of
natural gas; 2) ethylene absorption; 3) ethylene desorption.
B. Supporting steps:
1. Regeneration of the adsorbent

Technology of co-synthesis process of vinyl chloride and chloroprene (Figure 3)

Technological scheme consists of producing
ways of vinyl chloride and chloroprene.
1-gazolder for acetylene, 2-heater blocker,
3-vessel with calcimm chloride, 4,5-
reactors, 6-adsorption column, 7-vessel for
allcal solution, §-desorber. 9-vessel for
hydrochloric acid

Figure 3. Technological scheme of joint production of
vinyl chloride and chloroprene

Technology for acetone production (Figure 4)

1-pump; 2-acetvlene resource; 3-device
for heat transfer; 4-reactor; 5- device for
heat transfer; 6-vessel for katalizat; 7-
absorption part; §-air providing part; 9-
nitrogen resource; 10-rektification
column; 11-vessel for acetaldehvde; 12-
vessel for acetone; 13-vessel for
resedue; 14- device for heat transfer.

Figure 4. Technological scheme of production of acetone

Technology of production of vinyl acetate (Figure 5)
Preparation of vinyl acetate from acetylene and acetic acid produced on the
catalyst (ZnO)x(CdO)y (ZrOz),. During the reaction, the catalyst activity decreases.
The main reason for reduction decomposition of zinc acetate and condensation by-
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products (acetone, acetaldehyde, etc.) in the catalyst pores. Introduction ZrO» reduces
the formation of products and forestalls the formation of condensation in the resin in
the pores of the catalyst, and this increases the temporal catalyst.

(CH3COO0O)2Zn — ZnO + CO;, + CH3COCHj;

Scheme: I - acetic acid; II - acetylene; III — technical oil; IV - water; V - salt solution, -15°C;
VI - salt water, -40°C; VII - vinyl acetate.

Legend: 1-vinyl vessel; 2.11-distillation column, 3.5-reflux; 4,8,10,12,18,19-coolers, 6-
acetylene generator; 7-acetic acid; 9-salted solution; 13.20-collectors, 14-cleaner; 15-evaporator;
16-Reactor; 17-trap; 21- capacity.

Figure 5. Technological scheme for production of vinyl acetate from acetylene
and acetic acid vapor phase method.

Vinyl acetate 1s purified from unreacted acetic acid and impurities absorption
method. (As an adsorbent used for the acetic acid reactor gas-vapor condensate, or
xylene is used as an external adsorbent).

CONCLUSIONS

1. It was offered catalysts having thermal stability, high activity, selectivity and
efficiency, with a low coking for the various processes of local raw materials: for
methane oxicondensation-composition [(Mn203)x (KCl)y(ZrO2), u
(Mn203)x'(Na2Mo0Os)y+(Z1r0O2),]; for catalytic aromatization [5,0% Mo * 1,0% Zr *
1,0% Zn / bentonite], for catalytic hydrochlorination [(ZnCl)x:(FeCls)y-(CuCl), ],
[(18,0 % CdF2, 2,0 % AlFs, 5,0 % Cr20s, 75,0 % ALOs and 10,0 % ZnO, 5,0 %
Ni2O3;, 5,0 % Fe03, 80,0 % AlOs3)], for acetylation reaction
[(ZnO:CdO:ZrOy/keramzit)].

2. It was studied the kinetic regularities of the reactions on obtained catalysts in terms
of the differential reactor, determined the optimal reaction conditions, offered the
mechanisms of the reactions studied, selected kinetic equations that show the process
and tested their adequacy.

3. It were selected physico-chemical and thermodynamic bases of maintenance with
equipment and instruments for efficient processing technology of processing methane
and based on non-linear equations of the kinetic and thermal balance optimized
technological parameters of the process on a dense bed of catalyst.
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4. It was created a mathematical model of the reactor with ideal exclusion, which
allows to calculate the conversion and selectivity of the processes and yield of the
product under different reaction conditions of oxicondensation of methane, acetylene,
hydrochlorination, as well as established the scientific bases of reactions. a single-
stage adiabatic reactor in external diffusion mode.

5. It was conducted mathematical modeling of reactors of the process for producing
ethylene by methane oxicondensation and liquid fuels by aromatization, as well as the
production of acetone by hydrating, vinyl chloride and chloroprene by
hydrochlorination, vinyl acetate by acetylation.

6. It was selected the kinetic model of reactions based on the study of reactions to
established catalysts and proposed mechanisms of reaction course, as well as based
on the analysis of kinetic models of processes optimized and chosen the best type of
reactor; based on a mathematical model of the reactor selected the optimal size of the
layer and the catalyst grains.

7. It was offered advanced, low-waste, energy and resource-saving technologies for
producing ethylene by methane oxicondensation, acetone by hydration of acetylene,
vinyl chloride and chloroprene by hydrochlorination and vinyl acetate by acetylation
of acetylene.

8. It were proposed various catalysts for the production of various products, their
production schedules made and implemented in the production of JSC “Navoiyazot”,
for the production of ethylene from natural gas manganese-potassium- zirconium
keramzit; for synthesis of ethylene from natural gas - manganese- molybdenum —
sodium- zirconium-keramzit; for the production of acetone from acetylene cadmium-
chromium-fluorine- aluminium; for production of acetone from acetylene iron- zinc-
nickelkeramzit; for production of vinyl acetate from acetylene zinc- cadmium -
zirconium-keramzit catalysts.
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