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V,05-WO;-TiO, and Mn/Ce-doped WO;-TiO, devices for Selective Catalytic

Reduction of NO, by NH3: insights into the dopant effect

G. Pantaleo, L. Consentino, C. Migliore, L. F. Liotta*
Institute for the Study of Nanostructured Materials (ISMN-CNR), Palermo, Italy

*|leonardafrancesca.liotta@cnr.it

Nitrogen oxides NO, (NO and NO,) produced from mobile and stationary sources are responsible
of many serious environmental issues (photochemical smog, acid rain and ozone depletion) and damages
to the human health [1]. Selective catalytic reduction (SCR) by ammonia over V,;0s-WO53/TiO, based
catalysts is one of the most effective methods used for removal of NO,. However, these systems are
effective in a relatively narrow range of temperature (between 250-400 °C) and the N selectivity starts to
decrease above 300 °C [2]. Since many years, CeO, has attracted a lot of attention in catalytic field,
especially in automotive applications, due to the excellent redox properties and oxygen storage capacity;
moreover, is a non-toxic compound as opposed to the V,0s, whose toxicity is known. MnOy-TiO, based
catalysts have been reported to be active and selective in NO SCR at T <150 °C [3]. The excellent redox
property of Mn-based catalysts could greatly facilitate the low-temperature SCR activity [4].

In the present work catalytic devices based on Mn/Ce-WOs-TiO, were prepared, characterized
with several chemical physical techniques, and investigated in NO SCR by NHs. A conventional home-
prepared WO3-V,05-TiO, cordierite catalyst and a commercial reference were used for comparison.
Hydrothermal aging treatments were performed, before NO SCR tests, in order to simulate long-term use
in a diesel engine.

This work was supported by the project TECBIA “Tecnologie a Basso Impatto Ambientale per la produzione di
energiasui mezzi navali” (Progetto n. F.090041/01/X36 —CUP B98117000680008)"".
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Nanocatalysis: should it require nanokinetics?

D. Yu. Murzin*
Abo Akademi University, Abo/Turku, Finland

*dmurzin@abo.fi

An overview of the recent development of heterogeneous catalytic kinetic concepts will be
presented.

An emphasis will be put on application of mechanistically sound models which are needed as a
part of understanding of catalytic reactions on a molecular level as well as design and intensification of
chemical processes. Such models should include among other parameters the size and geometry of
reacting molecules, the size of nanoclusters and deactivation as a part of reaction mechanisms.
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Gold catalysts for CO oxidation and PROX

G. Pantaleo*
Institute for the Study of Nanostructured Materials (ISMN-CNR), Palermo, Italy

*giuseppe-pantaleo@cnr.it

The use of gold, as a component for catalysts, has increased drastically since when the
surprisingly high activity in CO oxidation at low temperature has been reported for small (3-5 nm) gold
particles supported on various oxides [1-2]. In recent years the importance of very small gold
nanoparticles, their oxidation state and interaction with the supports has been extensively studied and
reported in the literature.

The use of gold catalysts, due to the high activity at low temperature in CO oxidation, is important
not only for environmental purposes but also for solving the issue of hydrogen purification. Indeed, the
preferential oxidation of CO in Ha-rich gas (PROX) is one of the most promising approaches to purify the
hydrogen streams produced by steam reforming. However, even the lowest concentration of CO in the
Ho-rich stream obtained from WGS (water gas shift reaction) which is around 1-2 vol% cannot be
tolerated using PEM (Proton exchange membrane fuel cells). The amount of CO to avoid poisoning must
be lowered below 10 ppm for Pt anodes and below 100 ppm for CO-tolerant alloy anodes.

In recent years, in this context, the contribution of ISMN especially in collaboration with the
Bulgarian Academy of Sciences (BAS) has been relevant and appreciated within the scientific community
[3-9].

The aim of this work is to collect the main results obtained in the gold catalysis over the years of
this joint and fruitful collaboration, while at the same time trying to explain some aspects that require
further effort to be fully clarified.

This work was supported by the European Community, Grant COST Project D 15 and COST D 36 action.
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CO; conversion into higher hydrocarbons or propanol:

Catalyst development and mechanistic aspects

E. V. Kondratenko*
Leibniz-Institut fiir Katalyse e.V., Rostock, Germany

*Evgenii.kondratenko@catalysis.de

The conversion of CO, into value-added chemicals is a crucial step towards a greener chemical
industry. In this regard, CO, hydrogenation to methanol, methane or higher hydrocarbons has been
intensively investigated over various heterogeneous and homogeneous catalysts [1]. The present
contribution deals with (i) CO, hydrogenation to higher hydrocarbons (CO,-FT) and (ii) direct production
of propanol from CO, and C,Hy,4 in the presence of H,. Our CO,-FT studies are focused on understanding
of fundamentals relevant for controlling catalyst activity and particularly product selectivity. To this end,
we followed an approach including meta-analysis of available literature data for establishing statistically
significant correlations between catalyst compositions, reaction parameters and performance [2],
controlled material synthesis [2,3], kinetic and mechanistic analysis as well as sophisticated catalyst
characterization. For example, our mathematical analysis revealed that the Pauling electronegativity of
dopant for Fe,O3 can be used as a descriptor for CO, conversion and CH, selectivity. To enhance Cs.-
hydrocarbons selectivity and the ratio of olefins to paraffins it is important to combine alkali and
transition metals as promoters for Fe,O3. The developed Mn-K/Fe,O3 catalyst (K/Fe of 0.005 and Mn/K
of 0.4) hydrogenated CO; to C,.-hydrocarbons with 83% selectivity at 42% CO, conversion. In addition,
a positive correlation between the fraction of iron carbides and the selectivity to C,.-hydrocarbons was
established. Another selectivity governing factor is the presence of metallic Fe and Fe3O,4. The fraction of
different iron-containing phases can be tuned through the kind of precursor used for catalyst preparation.

The idea behind our approach for direct propanol synthesis from CO, and C,H, [5-9] is the
combination of heterogeneously catalyzed CO, conversion to CO through reverse water-gas shift
(RWGS) reaction with the hydroformylation of the in situ produced CO with C,H,4 to propanal on one
catalyst. Propanol can easily be dehydrated to propene thus opening an alternative way of production of
this olefin from CO, and other natural feedstocks (C,H, from bioethanol and H, from H,0). This
contribution is especially focused on reaction pathways leading to propanol and on catalyst properties
governing the selectivity and activity. Reaction-engineering aspects relevant for improving product
selectivity are also discussed.

This work was supported by Deutsche Forschungsgemeinschaft (KO 2261/10-1), Leibniz-Gemeinschaft e.V. (SAW-
2017-LIKAT-1, SAW 2011 LIKAT 2) and Deutsche Akademische Austauschdienst.
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Model catalysts synthesized by the di-block copolymer inverse micelle method:
insights on nanoparticle formation and network stability within the

environmental TEM

F. J. Cadete Santos Aires™**, E. Ehret!, B. Domenichini®, L. Burel, T. Epicier*

1]RCELYON, UMR CNRS 5256, Université Claude Bernard Lyon 1, France
National Research Tomsk State University, Tomsk, Russian Federation
3]CB, UMR 6303 CNRS, Université de Bourgogne Franche-Comté, France

*francisco.aires@ircelyon.univ-lyonl.fr

The di-block copolymer inverse micelle method, where an amphiphilic di-block copolymer
dissolved in toluene creates a system of inverse micelles, is a rather simple method to obtain well
controlled supported metallic nanoparticles once the micelle core is charged with metallic salts.
Supported metallic catalysts can be obtained in this way on both flat (model catalysts) and powder
(realistic catalysts) supports [1]. Our main interest deals with applications of bimetallic catalyst systems
that we investigate from extended catalytic surfaces [2] to realistic catalysts [3]; the idea being to isolate
and understand the role of important physico-chemical parameters on the catalytic behaviour of these
systems in the shape of model catalytic surfaces and try to extrapolate them to realistic catalysts. This is
very important for the controlled design of catalysts with specific properties. In this way we can, not only
spend less active material (often rare and expensive), but also avoid unnecessary poisoning while keeping
high activity (stability) and finely tune the selectivity to avoid deleterious unwanted products; these are
important points to be able to achieve environmentally friendly and sustainable catalytic processes. Self-
organized nanoparticles on flat surfaces is an intermediate configuration between extended catalytic
surfaces and realistic catalysts and a necessary step to better extrapolate results between model and
realistic systems. We have thus extended the di-block copolymer method to the synthesis of bimetallic
catalysts [4]. In our presentation we will deal with a PdAu system, obtained from a PS-b-P2VP
copolymer micellar solution that we transfer by spin-coating to a surface of a SiNx eletron-transparent
films on dedicated microchips than are heated in Wildfire sample holder (DENS Solutions) within an
objective lens aberration-corrected environmental TEM (Titan ETEM G2 80-300 kV from ThermoFisher
Scientific) so that we can study in situ the behaviour of such a system in variable temperature and gas
pressure. We observed the formation of the individual particles from the seeds within the core of the
micelles in the presence of oxygen in variable temperature; sintering of the seeds within the micelle cores
starts at 350 °C and is completed at 500 °C, temperatures that correspond, respectively, to the onset of the
copolymer decomposition and to its quasi-completed decomposition [5]. We also observed that the
network of nanoparticles is stable under oxygen up to 900 °C and that, above this temperature, the
network is modified only by the decomposition of the nanoparticles (when we approach their melting
point).

The authors acknowledge the French Microscopy and Atom probe network (METSA) and the Consortium Lyon — St-
Etienne de Microscopie (CLYM) for supporting this work.
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doToHHKA NOJYIIPOBOAHHKOBBIX KBAHTOBBLIX TOYCK

E. A. CirocapeBa™

Cubupckuil pedepanvruiil ynusepcumem, Kpacnosapck, Poccus

*ESlyusareva@sfu-kras.ru

@OoTOHMKA MOJYIPOBOJHUKOBBIX TIuApoduiabHbIX KBaHTOBbIX Touek (KT) pasnuunoro
XMMHYECKOT'O COCTaBa SBISICTCS MPEAMETOM aKTHBHOIO HCCIEAOBAHUS YK€ OoJiee ABYX JECATKOB JIET.
Bbicokuii k03()(pUIMEHT SKCTUHKIMM U KBAaHTOBBIA BBIXOJ (DOTOJIOMUHECLEHIUH, IOCTUIacMble B
HEKOTOPhIX M3 HHX, (oToxumuyeckas CTaOWIBHOCTb, BapuUaOEIbHOCTh  CTAOMIIM3HUPYIOLIMX
(YHKIMOHATIBHBIX TPYII M BO3MOXKHOCTH DPErYJIMPOBAHUS TOJOXKEHHUS CHEKTPOB MCIYCKAHUS IyTeM
U3MEHEHHs pa3MepoB YaCTHUL] CHOCOOCTBYIOT MX YCHEIIHOMY HCIIOJIb30BAaHUIO B TEIEKOMMYHUKAIUY,
ONTOXJIEKTPOHUKE, MeAunuHE. MHOrme wu3 3TUX IPWIOKEHUH JOBEIEHBI [0 KOMMEpPYECKOIO
MCIIOJIb30BaHUS.

B nBaanate nepBoM Beke KIIFOUEBOM 3a/1adeil ABIseTcs pa3padoTKa albTePHATUBHBIX HCTOUHUKOB
JHEPruM, a TaKKE CHIKCHHE DKOJOTMYECKOW HAarpy3ku Ha OKpyKawollyro cpeny. Mcmosb3oBanue
(OTOIIEKTPOXUMHUECKOTO KaTajr3a MO3BOJISIET MOBBICUTH 3(P(EKTUBHOCTh METOI0B, IPUMEHSIEMBIX IS
pewieHus 1monoOHBIX mpoOieM. KiroueBas uzes ¢oTokaTanuza 3akKIOYaeTcsi B MPOCTPAHCTBEHHOM
paszeneHMH IIpoliecca TeHEpaluy/cenapalyy  3apsiioB U PEaKIUU  OKUCICHUSA-BOCCTAHOBIICHUS
KOMIIOHEHTOB 3JIEKTPOJUTA. B TO BpeMs Kak NEpBbIi MIPOLECC MPOUCXOANUT B IOJIYIPOBOJHUKE, BTOPOU
IPOTEKaeT Ha TPAHUIIE IOJIYIPOBOAHUK/PAcTBOp. Takoe pa3aereHHE IO3BOISET PE3KO YBEIUYUThH
COBOKYTIHYIO 3()(peKTUBHOCTB 3a CUET BBICOKOI'O KBAHTOBOT'O BBIXOZa (hOTOreHepaluu B MOIYyIPOBOAHUKE
Y BBICOKOHM YZAEJIBHOW MOBEPXHOCTH Kosutouaa. IlInpokne BO3MOKHOCTH JH3aiiHa IOJYIPOBOJHUKOBBIX
HaHOCTPYKTYp — KBAHTOBBIX TOYEK — JeJal0T UX MHTEpecHOM miIaTGopMoil A yHpaBisieMoro
¢dorokaranusa.

B nexuumm OyayT paccMOTpeHbl OCOOEHHOCTH  3JIEKTPOHHOI'O  CTPOEHHMsI HAHOYACTHIL
IIOJIYTIPOBOJIHUKOB, ONpPEIENISIOIINE HX ONTHdeckue cBoicTBa. Ilpu »ToM ocoboe BHMMaHue Oynaer
YIIEJIEHO POJM pa3MepHOro 3pdexTa, KOTOPbI XapakTepU3yeTcsi 3aBUCUMOCTBIO (PU3HYECKHX CBOMCTB
(mapaMeTpbl KPUCTAJUIMYECKOW pEHIeTKH, IIMPHHA 3alpelIeHHOW 30HBI, (DOHOHHBIE CIEKTPHI,
KHHETHYECKHE NapaMeTpbl HOCUTENEH M T.N.) OT pa3Mepa yacTtulel. Kpome Toro, 6yayT paccMoTpeHbl
¢du3nyecKkue NPUHIUIBI TeHEepali HOCUTENEH Ha MOBEPXHOCTU OOBEMHOIO MOJYIPOBOJHUKA C YUETOM
Halnuus (a30BOM I'paHUIBI U CBS3aHHBIX C HEIO M3MEHEHHWH 30HHOW CTPYKTYpBl, a TaKKe OTJINYMA
(OTORIIEKTPOXUMUYECKUX CBOMCTB KBAHTOBOPAa3MEPHBIX YaCTHUIl OT MAaCCUBHOIO Marepuana. B kauecTse
OPUMEPOB TPEASAralTcsl MOIYIPOBOAHUKOBbIE KBaHTOBbIE TOukM Tuna AyBs m meposckuthbie KT,
ABJIAIOIIMECS TEPCHEKTUBHBIMU MaTepuasaMu sl (POTOIIEKTPOXMMHUECKOTO 3alacaHus COJIHEYHOU
JHEPIUH.

Paboma evinonnena 6 pamxax eocyoapcmeennoco 3aoanus Munucmepcmea Hayku u evicuieeo obpasosamus P®
(FSRZ-2020-0008).
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AKTHBHbBIE H TCpMOCTﬂﬁHJILHLIe METAJI-OKCH/IHDBIC KAaTAaJIU3aTOPbI:

CI)YHIlaMeHTaJILHLIe aCNeKThbl KATAJIUTHYECKOI0 JdeliCTBUS

A. U. bopouun™

Huemumym kamanuza CO PAH um. I' K. bopeckoesa

*poronin@catalysis.ru

Karanuzatopsr peakiuu okucinenus CO ¢ ucnons3oBanueM Pt(Pd)/CeO; komMmo3urmu, HECMOTPs
HAa UX BBICOKYIO aKTHBHOCTb, XapaKTEPU3YIOTCS HEJOCTATOUYHO IIUPOKUM TeMIIepaTypHbIM HHTEPBAIOM
JEHCTBUS U HEBBICOKOH TEPMHUUYECKOW CTAOMIBHOCTBHIO, KOTOpPBIE TPEOYIOTCS ISt (PYHKIIMOHUPOBAHUS
TpeX-MapIIPYTHBIX KaTaau3aTopoB. TakuM oOpazoMm, Haubojee aKkTyalbHBIMH 3aJjauaMu MPU CO3TaHHUU
KaTaJn3aTOPOB HEUTpaIu3allid HOBOTO ITOKOJICHUS SIBJISIFOTCSI HU3KOTEMIIEpATypHAas AaKTUBHOCTH B
peakiuu okucienuss CO, a Takke pacUIMpeHrue TePMUYECKON YCTOWYMBOCTH KaTallM3aTOPOB BILIOThH 0
1000 °C wu BbIIIE MPU COXPAHEHUU KATATUTUICCKUX XaPAKTEPUCTUK HU3KOTEMIIEPATYPHOTO OKHUCIICHUS.
C (¢yHOaMeHTaIbHOW TOYKH 3pEeHHs B OTHOIIEHWH Karaiau3aropoB MIII/CeO, (MIII'-meTamibt
IUTATUHOBOM TPYMIBI) 0 CUX IOp B JIATEpAType HAET OOIIMpHAs JUCKYCCHs OO0 ONTUMAIBHOM
YCTPOMCTBE aKTHUBHBIX IEHTPOB KaK B INKalle «HAHOYACTHUIIBI-KJIACTEPhI-OJJHOUOHHbBIEC IIEHTPBI-TBEPAbIE
PacTBOPBI», TaK M B IIKAJIE «METALI-OKCHI». B padore Ha mpumepe kataimsaropoB Pt/CeO; u Pd/CeO,, a
TaK)Ke  KaTalu3aropoB  MOJU(PHUIMPOBAHHBIX  OJIOBOM Pt(Pd)//SnO,-CeO,  paccMOTpeHBI
dbyHIaMEHTAIbHBIC aCleKThl (OPMHUPOBAHUS TEPMHUYECKH CTAOWIIBHBIX (a3 W aKTUBHBIX IIEHTPOB
noBepxHocTu peakuuu okucieHus CO. Jlns oOcyxnenus (yHKIIMOHAJIbHBIX CBOMCTB KaTalll3aTOPOB
UCTIONB30BaJICA IMUPOKUH Habop cTpykrypHeix (PDA, TIOMBP, EXAFS/XANES), crnexkrpaibHbIX
(P®DC, CKP) u kunernueckux (TTIP-CO+O,, TIIP-CO, TIIP-H;) MeT010B HCCIIeqOBaHUS.

JUisi TOBBIMIEHUST TEPMOCTAOMIIBHOCTH KaTalM3aTOPOB HAa OCHOBE OKCHIA LEPHs TPaIUIOHHO
UCIIONB3YEeTCsl JBa moaxoda: a) ponupoBanue pemeTkn CeOz CTaOMIM3UPYIOUIMMH JIOHAaHTaMH
(manbonee u3BecTHbie - ZI, La) wimn 0) Hanecenne CeO, U aKTUBHOTO KOMIIOHEHTa Ha MOBEPXHOCTH
TEPMHUYCCKH- ¥ MEXaHHUYeCKH- cTabuiapHOro Hocutess (a-Al,O3, KOpauepur, MeTaUTHYeCKUe CeTKH). B
JAaHHOW paboTe B KavyecTBE OCHOBHOTO TIEPCIIEKTHBHOTO MOJIX0/Aa OOCYXKIAeTCs MPOMEKYTOUHBIH
BapHaHT BCTPEYHOTO COOCAXEIEHUs Mo TexHojoruu oOne pot. Takoi moaxox monapa3zymeBaeT
OJTHOBPEMEHHO KaK BO3MOXKHOCTH JIOTTMPOBAHMSI OKCHJIA LEepHs, Tak U cTtabmim3anuto HanodacTu CeO;
Ha TIOBEPXHOCTHU reTepo(asHOro HOCUTENS MPH PACCIOSHUH CHCTEM B X0J/1e TepMHUUecKoil aktuBaiuu. [1o
cpaBHeHHIO ¢ Kataiau3aropamu Pd/Ce momuduimpoBanssiii karaauzarop Pd/CeSn mo3Bosui He TOJIBKO
COXpaHUTh CBOUCTBO Hu3koTeMmmeparyproro okucienuss CO (HTO CO), HO ¥ yBETMUYHTh aKTUBHOCTh
HTO CO npu npokamuBanuu npu 900-1000 °C. DT1OT TepMoakTUBUPYIOMIHN dPPEKT SIBISETCS HOBBIM
nist MIIT/CeO;, u mpupoa TepMOAKTHUBAIMH JACTATBHO 00CYXKIaeTcsl.

Pacimpenue TemmnepaTypHOTO OKHa aKTUBHOCTH KaTallM3aTOPOB B CTOPOHY TEMIIEpaTyp HIKE
KOMHATHOW paCCMOTPEHO Ha MPUMEPE PA3IMIHBIX MEPCIIEKTHBHBIX KaTATUTHYECKUE CHCTEMBI HA OCHOBE
MIIT" u okcumoB TiO,, CeO,, a takke yriepoansix HanomarepuanoB (YHM). [lns karanu3atopoB
Pt/CeO; Haie)kKHO YCTAHOBIICHO, UTO MPH HU3KOM coaepkanuu matuabl d3¢ppekt HTO CO oTcyrcTByeT
3a CYeT CWJIBHOM CTabmim3alud HOHOB Pt*" B IIOCKOKBaIpPaTHOM OKPYKEGHHH 4 aTOMOB KHCIOPOJA.
YBennueHue 3ar12)y31<1/1 IIaTUHbl Bblmle 8%Bec NPUBOIUT K (OPMUPOBAHHIO ACCOIMATOB TaKHX
onHOMOHHBIX [Pt°'O4] ¢dparmentoB B Bume KimactepoB PtOy, 007aJalOIIMM aHOMATBHO BBICOKOM
karamutudeckoi akTuBHOCTRIO (AHTO CO) mpu Temmeparypax Hmwke 0 °C. OO6cyxmaercs, 4To B
Karanu3aTopax ¢ BblpaxeHHbIM cBoiicTBoM AHTO CO TpeOyercs He TOIBKO TOBBIIICHHAS
KOHIICHTPAIUs TUTATUHBI, HO W TPOUCXOTUT (POPMHUPOBAHUE CICHH(PHUHBIX CTPYKTYpP, BKIFOYAFOIIAX
wonsl Pt™" u Pt**. lns cucrem Me/YHM pacuetsl MetonoM DFT naror Teopernyeckoe mpenckazaHue
BBICOKOW KaTaJIMTHYECKON aKTMBHOCTH peakuuu okuciacaus CO mpu ucnosib3oBanuu Single atom
HEeHTPOB 1o Mexanm3mam TER u TLH.

Paboma ewvinonnena npu gunancosoii noddepoicke Munucmepcmea Hayku u @vicue2o obpazosanus PD ¢ pamxax
eocyoapemeennoco 3a0anusi Uncmumyma wamanusa CO PAH (npoexm AAAA-A21-121011390053-4), a maxoice npu
yacmuunoli noodepoicke PH® (npoexm Ne21-13-00094).

15



HccaenoBanne MeXaHM3MOB AKTHBAILIUHU NMEepoKCHUuaa BOAOPOAA KAK KJIKY K CO3JaHHUIO
3(l)(l)eKTI/IBHLIX I€TCPOr¢cHHbIX KaTAJIU3aTOPOB 1JIfd CCJICKTUBHOI'O )KI/II[KO(l)a3HOFO

OKHCJICHUHA

0. A. Xonneesa*

Deoepanvrulil uccredosamenvckutl yeump « Mucmumym kamanusa um. I.K. bopeckosa Cubupckoeo
omoenenus Poccuiickou akademuu nayky», Hosocubupck, Poccus

*khold@catalysis.ru

Karanuzaropsl, cogepkariue Ti(1V), Nb(V) u Zr(1V) uenTpsl, nIpuBiIeKarOT HIMPOKOE BHUMAHUE
Onarojgaps cBoed CIOCOOHOCTH OCYHIIECTBIISATH PEAKIUU CEJIEKTHUBHOIO >KUAKO(PA3HOTO OKHUCIIEHUS C
NPUMEHEHUEM <«3EJICHOTO» OKUCIUTEeNs - Tmepokcuaa Bogopoaa [l1]. OmgHako MexaHU3MBI HX
KaTaJIMTUYECKOrO JEHUCTBUS MOKA OCTAIOTCS MPEAMETOM MHOTOYMCICHHBIX aucKyccui [1, 2]. B nanHou
JEKIUU OOOOIICHBI Pe3yNbTaThl paboT, B KOTOPBIX 3aMEIICHHBIC MOJMOKCOBOJIb(paMaThl CTPYKTYPHI
Junaxeucta [MWsO1g]" (MWs) (M = Ti, Nb u Zr) 6buid yCHEmHO HCIONb30BaHBl B KAueCTBE
MOJICKYJISIPHBIX MOJEICH JUIs BbISCHEHUS MexaHu3MoB aktuBanuu H,0, [3-5]. C npumeHeHuem
CHEKTPOCKOMUYECKNX, KMHETUYECKUX, M30TOMHBIX M TEOPETUYECKUX METOJOB YCTAaHOBIIEHA KIIHOYeBast
PO TPOTOHOB B OOpPA30BaHMU AaKTUBHBIX (POPM OKHCIHUTENS — THApOINEpoKcokoMmiuiekcoB ‘MOOH’,
OTBETCTBEHHBIX 3a TEPEHOC aroMa KHUCIOpOoAa, U CHIDKEHHH AaKTHUBAIMOHHOTO  Oapbepa
AMOKCUIMPOBAHMsSI, KOTOPbI ymenbiiaercs B psay: Ti(IV) > Nb(V) > Zr(IV). Ilokasano, 4ro pasmep
aToMa rerepomMerauia M MU ero KOOPIMHAIMOHHOE OKPYKEHHE CYIIECTBEHHO BIHSIIOT Ha CTPOCHHE
‘MOOH’ u wmexanm3Mm mnepeHoca kuciopona. Ecmu mms Ti(IV) oOsuHO mpeoOmamaer mepeHoc [-
KHCTOpOJa ¢ 6-KOOPAMHHPOBAHHOrO ruaporepokcokommiekca Ti(n'-OOH), To mwis Gomee KPYIHBIX
Nb(V) u Zr(IV) Bo3mM0oxHO 00pa3oBaHHe 7-KOOPIUHHUPOBAHHBIX YACTHII Nb(nz-OOH) u Zr(nz-OOH), TUTSt
KOTOPBIX IEPEHOC O-KUCIOPOJla CTAaHOBUTCS dHepreTuuecku Oosiee BHITOAHBIM. OcobeHHOCThI0 ZI'Wis
TaK)Ke SIBJIACTCS OJIM3Kasi OCHOBHOCTh aTOMa KHCJIOPOAa MEPOKCOTPYIIBI 1 MOCTUKOBOTO KUCiIopoaa ZI-
O-W, uro ymeHbIIIaeT BepOATHOCTh 00pa30BaHUS MATOAKTUBHBIX TYMIMKOBBIX MEPOKCOPOpM HM(nZ-OO),
xapaktepubix s TIWs u NbWs. YcranosneHnHble pas3nuuuss B CTPOCHHHM AaKTHBHBIX YaCTHIl M
MEXaHM3MaX I[epeHoca KHCIOpOJAa IO3BOJSIOT OOBSCHUTH IENbI pAl OCOOCHHOCTEH MOBEICHUs
rereporeHusix Ti-, Nb- u Zr-comepariux Katajin3aTopoB U JIaTh PEKOMEHIAIMH 110 UX ONTHMAILHOMY
CUHTE3y U MPUMEHEHHUIO.

Pa6oma 6vina noodepaicana coemecmuvim epanmom Poccuiickozo ¢onda pynoamenmanvuvix uccredosanuii (grant
20-53-10008) u The Royal Society (grant IEC\R2\192205).
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doTokaTaau3aTopsl Ha 0cHOBe g-C3N, /151 MpoIeccoB MOIy4YeHHs BOIOPO/A MO/

AeHCTBHMEM BHIMMOIO CBETAa

A.B. }KypeHOI(l, . b. Bacunbuenko™?, E. A. Kosnosa'™*

1 . .
DedepanvHulil ucciedosamenvcekutl yenmp « Muemumym xamanuza um. I K. Bopeckosa Cubupckozo
omoenenus Poccutickou akademuu nayxy, Hosocubupck, Poccus

2 .
Hnemumym neopeanuueckou xumuu um. A.B. Huxonaeea CO PAH, Hosocubupck, Poccus

*kozlova@catalysis.ru

TenneHUuss K COKpPALEHUIO JIETKOAOCTYIHBIX 3allacOB BBICOKOKAYECTBEHHOI'O HCKOIAEMOI0
VIJIEPOACOACPKAILIETO  ChIpbS  OMNpENENSeT  OCTPYI0  HEOOXOAMMOCTh  OCBOEHHUS  JOCTYIHBIX
QIbTEPHATUBHBIX M, MPEXJE BCEro, BO30OHOBISEMBIX HCTOYHUKOB 3Hepruu. Ilpm sTomM omHuUM U3
Haubosee MEepCHEKTUBHBIX HAMpaBICHUNA Ppa3BUTHSI DHEPreTUKH OYAYLIEro MOKET CTaTh pa3BUTHE
coaHeyHOW »dHepreTukd. Oco00 MNpHUBIEKATEIBHBIM B  3TOH  OOJIACTH  CYMTAETCS  MPOLECC
(bOTOKATATUTUYECKOTO MOJYYEHHUsI BOJOPOJA IMOJ JEWCTBUEM BHJIMMOTO CBETAa, IMOCKOJbKY B JIaHHOM
Cllydyae OCYIIECTBIISIETCS TpaHc(opMaiysi CONHEYHOW OJHEPrUH B DHEPIUI0 XUMHUYECKUX CBS3EH.
YHUKanbHBIE CBOWCTBA BOJOPOJIA MO3BOJSIOT CYUTATh €r0 YHUBEPCAIbHBIM U Hauboliee SKOIOTHUECKU
YUCTBHIM XUMUYECKUM YHEPIOHOCUTEIIEM, IPUTOIHBIM JJI UCIIOIb30BAHUS IPAKTUUECKU B JIIOOBIX THUIIAX
TEIUIOBBIX JIBUTaTelIed U MHOTHX MHBIX BUJIAX AJIEKTPOTeHEPUPYIOMHUX yCTpoiicTB. C 3TOM TOUKHM 3peHus
pa3paboTka HOBBIX AS(Q(GEKTUBHBIX TEXHOJIOTHI TONYYEHHUS BOJOPOAA SBISETCS AaKTyalbHBIM IS
pelieHusi, o KpalHei Mepe, JTOKAIbHBIX 3a7a4 BOAOPOJHOM SHEPreTUKH [1].

OCHOBHBIM (PaKTOPOM, CHACPKHBAIOIIUM TPAKTHUECKOE HCIIOIb30BaHUE (HOTOKATATUTHUECKUX
MPOLIECCOB  SIBISIETCSI OTCYTCTBHE J(PGEKTUBHBIX U OJHOBPEMEHHO CTaOMIBHBIX T'€TePOTreHHBIX
doTokaranu3aTopoB, GYHKIIMOHUPYIONINX O] ICHCTBUEM BHIMMOTO CBETA, COCTABJISIFOIIETO O0KoJo 43%
CONTHEYHOTrO cmHekTpa. B mocnennee Bpemst Ooibllie BHUMaHHE HCCIEOBaTeNIeld MPHUBIICKAET
rpadpurononoOubii  HuTpux  yriaepona  g-C3Ns.  JlamHBI  Marepuan  oOnamaer  CBOWCTBaMH
MOJYTIPOBOJTHUKA C IIMPUHOW 3amperieHHoil 30HbI 2.7 3B, U MON0XKEHUSIMU BaJCHTHOW 30HBI U 30HBI
IPOBOJUMOCTH, MOIXOASAIIUMH JUISI (POTOKATATMTUYECKOTO pasioxeHuss Boabl [2]. PaspabareiBatoT
pa3inyHble TOIXOJbl K YBEJIWYEHHIO aKTHUBHOCTH (hoTokaramu3zaTopoB Ha ocHoBe g-C3Ni. OcHOBHOIM
CTpaTeruei 3jech SBISETCS CO3/JaHHE CHUCTeM C Mex(pa3HbIMu Trerepornepexoaamu. Llupokoe
npuMeHeHue Hamen cuHTe3 g-C3Ng ¢ HCIonb30BaHMEM pa3IMYHBIX TEMIUIATOB JUIS TOJTy4YEHHs
MaTepHaJIOB C Pa3BUTOM MOPUCTOM CTPYKTYypoit [1].

OnHUM M3 pacHpOCTpaHEHHBIX METOJIOB MOBBIMIEHUS! aKTUBHOCTH g-C3N4, sBisieTcs HaHeceHHe
METAJIMYECKUX  COKAaTalM3aTOPOB HA  MOBEPXHOCTh  IOJYHPOBOJAHMKOB, YTO HNPUBOJUT K
IPOCTPAHCTBEHHOMY Pa3esIEHUIO IEKTPOH-AbIPOYHbIX Map. TpaaulIMOHHO B KaUeCTBE COKATAIM3aTOPOB
UCTIONB3YIOTCSl OaropofiHble METaJUIbl U UX COEAMHEHHUS, OCOOCHHO METaulbl IUIATUHOBOM TPYIIIBIL.
CoOTBETCTBEHHO, BO3HUKAET 3a/laya CO3JaHMsI aKTUBHBIX (POTOKATAIM3aTOPOB C HUBKUM COJIEpKAHHEM
OJarOpOIHBIX METAJUIOB, YTO MOXET OBbITh JOCTUTHYTO 3a CUeT BBICOKOM JAHMCHEPCHOCTH YacCTHIL
COKaTaJlM3aTopa U UX B3aUMOJICHCTBHEM C MOJYNIPOBOIHUKOBBIM HOCUTEIIEM.

B nHacrosmem nokiane NpoOBEACH CPAaBHUTENbHBINM aHAIN3 OCHOBHBIX CHHTETUYECKUX IOIXOOB
Uit Moaudukauuu rpaduTOnoJ00HOr0 HUTPUAA YIJepoAa M clelaHbl BBIBOJABI O Haubosee
3¢ (GEeKTUBHBIX METOJax MOBBIIIEHHUS (POTOKATATUTHUYECKONW akTUBHOCTH g-C3Nj4 B peaknuu noiaydeHus
BOJIOPOJia MO IEHCTBUEM BHAUMOIO CBETA.

Paboma nodoeparcana epanmamu PH® Ne 21-13-00314, PODPHU Ne 20-33-70086 u IIpezuoenma PP M/-79.2020.3.
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KaranuzaTopbl — BaKHBIN 371€MEHT XUMUYECKUX TeXHOJIOTUM. OHU UTPAIOT OMPEACIIAIONIYI0 POJIb
IPY TPOU3BOJICTBE OOJBIIMHCTBA MPOIYKTOB XUMHUECKOW MPOMBIIIJICHHOCTH, BKIIFOUasi HEQTEXUMUIO H
BTOPUYHYIO TIEpepaboOTKy ChIpbs. Karanm3aTopbl UCMONB3YIOTCS AJIsi CHIDKCHUS TOKCUYHBIX BEIOPOCOB B
OKPYKAIONIYIO CPEly, OYUCTKU BO3yXa (OT BBIXJIOIHBIX T'a30B, OAKTEPH U BUPYCOB, OPTAHUKH) U BOJIBI
(or opraHmka, TSKEIBIX METAUIOB M T.A.). HOBOe BaKHOE HampaBieHUE, TIC HCIIOIb3YIOTCS
KaTaJIn3aTOPhI, 3TO BO3OOHOBIIIEMAsi SHEPTETHKA, B T.4. POTO U POTOIICKTPOKATATUTUICCKOE ITOTyICHHUE
Bojiopona. OueBUIHO, YTO KOHKYPEHTHBIC MPEUMYIIECTBA MOJIY4YaIOT T€, KTO HCIOJB3yeT Hambosee
3¢(deKTUBHBIE W  HENOpPOrHe KaTamu3aTopbl. [lodTOMY cO3laHHME HOBBIX  PEBOJIIOIIMOHHBIX
KAaTaJTUTHYECKAX MAaTePUAIOB TpeOyeT pa3BUTHE TEXHOJIOTHH CHHTE3a, KOTOPHIC TO3BOJISIOT IMOJy4aTh
HaHOMATEPHaJIbl C COBOKYITHOCTHIO KOHTPOJIMPYEMBIX MapameTpoB. HOBbIE MOAXO/bI K CHHTE3Y BayKHBI,
KaK IMPU MacIITAOHOM IIPOMBIIIUICHHOM TIPOU3BOCTBE, TaK ¥ HA CTAMH MIOMCKOBBIX MCCIICAOBAHUN.

B mnocnennee Bpems Ui CHHTE3a KaTallM3aTOPOB BCE Yallle CTaIM WCIOJIb30BATh MMITYJIbCHYIO
nazepuyto abmsmuto (MJIA) [1]. NJIA mo3BosseT 3GGeKTHBHO BIUATH HA MPOILECCHl CHHTE3a, a TaKKe
pea30BbIBATh JIKCTPEMAJIbHBIC YCIOBHS, 3allyCKas XHMHUYECKHE IPOLECChl HEAOCTYIHBIE IPYruM
MeTosiaM. B pe3yibrare MOKHO TOJTyYUTh KaK OJHOPOHBIC, TAK U HEOAHOPOIHBIC MHOTOKOMIIOHCHTHBIC
HAHOCTPYKTYpPbI, B T.4. B HEPaBHOBECHBIX cocTosHUsIX. MJIA oOnamaer psaoM NPEUMYIIECTB I10
CPaBHCHHIO C TPATUIIMOHHBIMH METOJAAMH «MOKPOW» XHMHH, JOIOJHSSI W PACHIMPSS BO3MOXKHOCTH
cuHre3a. [loBbimienne mnpoumsBomutenbHocTH WMJIA 10 mpuemieMbix 00BEMOB  IMMOJIy4aeMbIX
KaTaJu3aTOPOB JICTIACT 3TOT METOJ IMEPCIEKTUBHBIM HE TOJBKO JIJII HAyYHBIX WCCIICIOBAHUM, HO U TIPH
HPOMBIIIICHHOM CHHTE3¢ KaTaIu3aTOPOB IS psijia MPHIOKEeHu# [2].

B Hacrosmielr pabore mpoBelneH 0030p pa3sHOOOpPA3HBIX TOJXOJOB K CHHTE3Y HAHOCTPYKTYP C
UCIIOJIb30BAHUEM MOIITHOTO UMITYJILCHOTO JIA3€PHOTO U3JIyueHHs. PacCMOTpEHBI CyIIECTBYOLINE B TaHHON
00J1acTH JIa3epHBIC METOJOJIOTUH TIOJYYCHUS HAHOYACTHII, BKIFOYAs CHHTE3 KaK METAJUIOB M YHUCTHIX
OKCHIIHBIX (a3, TaK M CO3JAaHUE HETPATUIIMOHHBIX CTPYKTYpP: Ne(PEKTHBIX WM JIETUPOBAHHBIX OKCHIIOB,
HEPAaBHOBECHBIX COCIMHEHHHA, METALI-OKCUIHBIX CTPYKTYp SIPO-000JI0YKa, JPYTUX aHW30TPOITHBIX
mMopdornorwuii [3]. PaccMoTpenne HampaBieHO Ha ONpeeNieHHe MEPCIEKTUB U YHUKAJIBHBIX BO3MOKHOCTEH
JIa3€pPHOTO CUHTE3a U 00padOTKH KOJUIOUIOB ¢ (POKYCOM Ha MPUMEHEHHUE B KaTaJIU3€, YUUTHIBAsI MHOXKECTBO
CIIOKHBIX CTPYKTYP, TOCTYITHBIX JIJIS TIOJTYYIEHUS ¢ TIOMOIIBIO JTa3ePHBIX METOJIOB.

Taxxe B paboTe ImpeaCTaBICHBI PE3yNIbTaThl OPUTHHAIBHBIX HCCIEA0BaHUN Mo moidydeHuio NJIA
MHOTOKOMIIOHEHTHBIX METAUIMYECKUX W OKCHUIHBIX HAHOMATEPHAJIOB, KOTOPHIE ITOKa3ald CBOIO
3¢ ()EeKTUBHOCTh B Pa3IUYHBIX KaTAIUTUYECKUX Ipolieccax: HHU3KoTemmepaTypHoMm okucieHuun CO u
ammuaka (Ox-Me, rae Ox okcuast Si, Ce, Sn, Mn, Ti, Al, W, a Me — Ag, Au, Pt, Pd, Cu), cenektiBHOM
okucienun HuTpodenona (Pt-Ag), rauuepuHa u npornmienriaukons (Au-Ag, Pd-Ag, Pt-Ag, Pd-Au), a
Takke NpH (HOTOKATATUTUICCKOM PA3IOKCHUH OPTraHUYCCKHX 3arps3HUTENICH M TOJYyYCHHH BOJOpOJIa
(BSO, TiO,-Me, ZnO-Me, rne Me — Pt, Pd, Au, Ag,), Ipyrux KaTaTUTHYECKUX MPOIeccax.

Paboma 6vira noodepacana epanmom PHD Ne 19-73-30026.
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The result of the functioning of the current energy system is the release of huge amounts of CO,
leading to global warming [1]. Despite the sharp decline in costs for solar and wind technologies, the
issue of energy storage, storage and transportation is still not resolved. The energy transition is proposed
to be carried out with the help of hydrogen energy, the first mention of which appeared back in 1972 [2].
However, despite the very high energy density by mass (119.7 MJ/kg [3]), hydrogen has a very low
energy density by volume (8.96 GJ/m®, referred to as liquid fuel [4]), as well as other disadvantages.
Ammonia is a very convenient form of storing H, in a chemically bound form because it can be stored in
liquid form under ambient conditions. Ammonia is the second most widely produced chemical after
sulfuric acid, which provides it with a developed infrastructure and good logistics. Despite the fact that
there are a huge number of laboratory catalysts for low-temperature decomposition of ammonia, there are
still only a few catalysts ready for introduction into industry. The aim of this work was to develop an
effective ruthenium catalyst on carbon supports.

The work used heat-treated (1200, 1400, 1600, 1800, 2000, 2200 °C) Sibunit and carbon black
with different amounts of pyrocarbon deposited (40, 80, 120, 160, 200, 260, 300 %). The specific surface
area of Sibunit after treatment decreased by an order of magnitude: from 303 m?/g for the initial Sibunit
(Sib20) to 29 m?/g for Sib2200. The specific surface area of carbon black with 40 % pyrocarbon (TP40) is
128 m?/g, and that of TP300 is 29 m?/g.

According to XRD, the Sibunit structure is ordered: the number of graphite layers increases
threefold for Sib2200 as compared to the initial Sibunit, and the crystallite sizes increase from 3.0 to 8.8
nm for Sib2200. Raman spectra show the same thing: The Ip/lg ratio decreases from 1.59 for Sib 20 to
1.18 for Sib2200, the intensity of the 2D line increases significantly. EPR and XPS also show a
significant ordering of the Sibunit structure. In the sample of 4% Ru/Sib20, Sibunit particles have a close
to spherical shape with a wall thickness of 10 to 30 nm, in the sample on the Sib1400 support, the
particles have a rounded shape with a wall thickness of 15 to 22 nm, while the wall thickness is more
constant, the walls are more dense. In Sib2200, the shape of Sibunit particles approaches a polyhedron
with clear angles and a shell thickness of 5-20 nm.

According to the results obtained, the conversion of NHj3 increases with an increase in the
calcination temperature of the carrier by 2.5 times (from Sib20 to Sib2200). Already for Sub 1200, the
specific activity increases by 1.7 times from 10 mmol NHs/(gca*min) for catalysts of 4% Ru/Sib20 to 17
mmol NHa3/(gcar*min) for 4% Ru/Sib20. The specific activity of 4% of the Ru/Sub 2200 catalyst is 24 mol
NH3/(geaemin). In the TP40 and TP300 samples, the activity is 19.9 and 18.2 mmol NHas/(gcs*min),
respectively.

Thus, for the preparation of effective catalysts for the decomposition of ammonia, both expensive
heat-treated Sibunit and cheap carbon black with different pyrocarbon content can be used.

The work was made with the financial support of the Ministry of Science and Higher Education of the Russian
Federation in the framework of the state task of the BIC. Project AAAA-A21-121011390009-1.
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Alumina-supported Pd3:Bil catalyst (where 3:1 indicates the atomic ratio between two metals)
was obtained by the method of simultaneous diffusion impregnation using acetic acid solutions Pd(acac),
and Bi(ac)s. After removing the solvent, the catalyst powders were subjected to temperature treatment in
the atmosphere of argon (500 °C), oxygen (350 °C), and hydrogen (500 °C). Metal mass content
determined by XRF equals 3.5 % for Pd and 2.4 % for Bi. Particle diameter determined by TEM ranges
from 1 to 9 nm with maximum at 4 nm.

The Pd3:Bil catalyst was tested in the glucose oxidation reaction for 150 min at pH varied from 6
to 12; the temperature was maintained at 60 °C. The reaction was also conducted without pH control.
During uncontrolled pH-process, the reaction proceeded for a short time until pH 3.4 was reached and
practically stopped after that. Gluconic acid yield was less than 1%. At pH level 6-7, the conversion of
glucose slightly increased and reached 3.6% and 17.1%, respectively. At the same time, in the cases
considered, the selectivity towards gluconic acid remains equal to > 99.9 %. It is assumed that in the
acidic and neutral medium, the low activity of the catalyst is associated with surface poisoning by
oxygen, which leads to the formation of the inactive layer of palladium oxide, or by obtained gluconic
acid. pH increase to 8-9 caused a significant conversion increase to 51.0% and 56.6%, respectively. With
pH increase to 10-11, the conversion of glucose continued to increase, however, in addition to gluconic
acid, fructose was found as a by-product associated with glucose isomerization in alkaline media [1]. At
pH 11, the selectivity towards gluconic acid decreased to 80.8%. In a strongly alkaline medium (pH 12),
both glucose and reaction products were destroyed, and the selectivity towards gluconic acid was 43.2%.
The by-product formation was intensive at this point and was presented by formic, oxalic, and glyoxalic
acids, as well as by ethyleneglycol.

Catalytic tests of the Pd3:Bil sample were conducted in temperature range from 20 to 60 °C, at
pH level 9 and [Glu] : [Pd] ratio of 5000:1. At a temperature of 20 °C (room temperature), the reaction
barely proceeded, and by the end the conversion of glucose reached 1.7%. A temperature increase to
30 °C led to an increase of reaction rate by a factor of 4 compared to the reaction conducted at room
temperature. In this case, conversion reached 6.9%. At 40 °C, the reaction rate increased another 2.5
times. A temperature increase to 60°C led to glucose conversion value of 56.6%. The highest activity iS
achieved at 60 °C (~0.26 s™). Within the temperature range of 20-60 °C, the reaction proceeded
selectively without any by-product formation or their concentrations were below the detection limit. For
70 °C and 80 °C, formation of fructose as a by-product was observed. At 90 °C the by-product formation
became significant and included formic, oxalic, and glyoxalic acids, as well as ethylene glycol. The
apparent activation energy was calculated by the graphical method using the Arrhenius equation, which
was 67.7 kJ/mol. For activation energy calculation temperature range of 20-60 °C was used since higher
temperatures favour intense by-product formation.

The research work was supported by the grant No. 8.2.02.2020 (Competitiveness Improvement Program of National
Research Tomsk State University).
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Considering the depletion of the world’s fossil-fuel reserves and their uneven distribution,
hydrogen-based energy systems have attracted extensive attention. One of the most interesting ways of
hydrogen production is photocatalysis over semiconductor materials [1]. Among them, graphitic carbon
nitride is paid the special attention to the researchers due to its chemical and thermal stability and suitable
band positions for different photocatalytic reactions [1]. To enhance its catalytic activity Pt or other noble
metals are deposited. High cost is known to restrict its practical application. However, there are several
compounds such as cobalt phosphides having a metal-like structure and allowing one to effectively
separate the photoinduced charges [2, 4, 5]. Nowadays, some preparation methods of Co,Py synthesis are
described [2, 4, 5]: thermal decomposition, photochemical reduction, and hydrothermal methods. The aim
of this work is a comparative study of all mentioned methods for preparation of Co,P,/g-C3N4 for
photocatalytic hydrogen production under visible light irradiation and choosing the best one.

The pristine g-C3N4 was prepared by the thermal decomposition of melamine at 550 °C during 2 h
[3]. For several experiments, cobalt hydroxide was deposited on the g-C3N, surface. The thermal
phosphorylation was conducted over Co(OH),/g-C3sN4 sample with presence of NaH,PO, at 300 °C
heating in nitrogen atmosphere during 1 h [2]. The photochemical reduction of CoCl, with presence of
CsN4 and NaH,PO; was realized under visible light illumination (A = 450 nm) [4]. The hydrothermal
route was autoclaving the mixture of g-C3N4, CoCl, and P at 200 °C during 10 h [5]. Photocatalytic
activity was measured in 10 vol. % of triethanolamine basic solution (0.1 M NaOH) under visible light
irradiation (A = 450 nm) [3]. Additionally, the photoelectrochemical tests were conducted in two-
electrode cell, the tested samples served as a worked electrode, Cu,S/brass was a counter electrode, the
electrolyte consisted of 1 M Na,S, + 0.1 M NacCl [6].

The thermal phosphorylation demonstrated the best results: the catalytic activity was 156 umol g™
h™ while the platinized graphitic carbon nitride showed 216 pmol g* h™. The sample prepared by
hydrothermal route was less active. No hydrogen was measured over the sample prepared by the
photochemical reduction method. In the experimental conditions cobalt phosphate was formed, the
addition of ethanol or barium chloride did not change this result. The photoelectrochemical tests
coincided with the photocatalytic activities: the most active sample was Co,P/g-C3N, prepared by the
thermal phosphorylation method.

Finally, in this study it was shown that thermal phosphorylation is the optimal method for cobalt
phosphide preparation. The obtained photocatalyst was comparable in catalytic activity with the
platinized one.

This research was funded by RFBR and Novosibirsk region, project number 20-43-543012.
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Samples with a given atomic ratio Pd3:Bil, Pd5:Bi2, Pd2:Bil, Pd1:Bil, and Pd1:Bi2 supported on
v-Al,O3 were obtained by the method of simultaneous diffusion impregnation from acetic acid solutions
of the precursors Pd(acac), u Bi(ac)s [1]. Palladium supported on y-Al,O3 was prepared as a reference
sample. After removing the solvent, the catalyst powders were subjected to temperature treatments in an
atmosphere of argon (500 °C), oxygen (350 °C), and hydrogen (500 °C). The total amount of supported
metals on the support surface was ~ 4-6.6 wt. %. It was found by TEM that an increase in the amount of
introduced bismuth relative to palladium leads to the formation of large aggregates with an average
particle diameter of > 50 nm. This phenomenon is probably associated with the sintering of bismuth and
palladium particles during heat treatment due to the low melting point of bismuth (271 °C) [2], while in
the Pd/Al,O3 and Pd3:Bil/Al,O3 samples, the particles have an average size of 4 nm.

The evolutionary «USPEX» algorithm [3] and the «VESTA» software package were used to
theoretically predict the structural characteristics of nanoclusters with given ratios. The introduction of
bismuth to palladium leads to its localization on the bimetallic particle surface. First, the inverted crown-
jewel morphological structure is formed, when the basic metal atoms appear on the atoms surface of the
precious metal. The tendency of bismuth to diffuse onto the formed particle surface may be due to its
lower surface energy compared to palladium [4]. This feature is important for the catalytic process, since
the affinity of bismuth for oxygen is higher [5] than that of palladium, and, therefore, bismuth will protect
the catalyst active surface from oxidative poisoning.

The obtained catalysts were investigated in the glucose oxidation reaction into gluconic acid at a
molar ratio of [Glu]:[Pd] = 5000, a temperature of 60 °C, and a pH of 9. In a catalytic test of the Pd/Al,O3
reference sample, 29.1% of glucose was converted to gluconic acid at a selectivity of 93.1%. The highest
glucose conversion values (56.6%) with a selectivity for the desired product > 99.9% were observed in
the presence of a catalyst with a lower bismuth content corresponding to the stoichiometric
Pd3:Bil/Al,03. Testing the sample with the highest bismuth content Pd1:Bi2/Al,0; showed that the
glucose conversion was comparable to that achieved in the presence of Pd/Al,O3 (27.8%). An increase in
the proportion of introduced bismuth to 66.6 at. % with respect to the total atomic metals loading in the
case of Pd1:Bi2/Al,0; led to blocking of active centers and, as a consequence, low catalytic activity of
the sample.

The research work was supported by the grant No. 8.2.02.2020 (Competitiveness Improvement Program of National
Research Tomsk State University).
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Gamma-valerolactone (GVL) is a platform molecule, which expresses a great potential. GVL
derived from carbon-neutral biomass and allows synthesis of chemicals, usually obtained from fossil
resources. GVL is considered a promising solvent, feedstock for biofuels, biopolymers production and
finds application in the food and pharmaceutical industries [1].

For the process of direct hydrogenation (the use of molecular H,) of levulinic acid (LA) and alkyl-
levulinates (AL), Ru-based catalysts are the most commonly used due to relative affordability of Ru
among other Pt-group metals and maximum selectivity in respect to GVL [1]. The research usually
implements the use of Ru-catalysts with a high content of the active component (5 wt.%) dispersed on
supports having micropores in their structure, which in the liquid-phase LA to GVL hydrogenation can be
a serious drawback, preventing reagents transport to catalytically active sites and products backwards.

This work is focusing on the development of solid Ru-based catalysts (1-3 Ru wt.%) dispersed on
a mesoporous, graphite-like carbon material (CM) Sibunit-4 and study of the catalytic process of direct
hydrogenation of LA and AL to GVL involving synthesized catalysts.

A series of Ru/C catalysts with different textural and acidic properties have been prepared by
incipient wetness impregnation method [2,3] using initial and oxidized carbon supports. Catalysts were
characterized by TEM, N, adsorption, XPS, pHp,c.

The efficacy of the Ru/C catalyst based on carbon material of the Sibunit series has been
demonstrated in the process of LA hydrogenation to GVL. The maximum obtained GVL yield exceeded
98 mol. %. The increase of the support acidity, caused by an increase in the temperature of the oxidative
treatment of carbon material, resulted in an increase in the reaction rate and a decrease in the yield of
GVL, due to a decrease in the selectivity of the process, while maintaining high values of LA conversion.
The increase of the support acidity presumably is capable of accelerating the reaction rate both at the
stage of hydrogenation of the ketone group and at the stage of the intramolecular lactonization [4].

The study of the ruthenium content influence on the process of direct hydrogenation of LA to
GVL demonstrated that with an increase of Ru content from 0.5 to 2 wt. %, there is an increase in the
conversion of LA (from 61 to 99 mol.%), and GVL yield (from 60 to 98 mol.%). Further increase of Ru
content up to 3 wt.% has led to GVL yield drop to 92 mol.%.

Repeated catalytic testing demonstrated that the obtained Ru/C catalysts based on the mesoporous
graphite-like material Sibunit-4 are stable in an aqueous medium and retain catalytic activity without
noticeable decrease after 3 cycles at 160 °C for 3 h.

This work was supported by the RFBR grant 20-03-00636.
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Green chemistry is a research area of chemical science that addresses the challenges in material
and technology design for both energy-efficient manufacturing and environment protection. The Ag-
based nanocatalysts are in the focus of green chemistry approach as advantageous systems due to
relatively low cost, low-temperature activity, nontoxicity, and facile preparation and modification
procedures [1, 2]. The CeO, addition to the Ag-containing catalytic systems enhances the catalytic
activity because of the metal-support interaction that results in the interfacial charge transfer and
synergistic action of the metal and oxide active sites [3, 4]. Graphene is a two-dimensional carbon
nanomaterial with a uniform slit-like microporous structure and high surface area (up to 1500 m?/g).
Graphene and its derivatives (e.g., graphene oxide (GO), reduced graphene oxide (RGQ)) are considered
promising environmentally benign adsorbents and catalyst supports [5, 6]. This work aims to prepare the
Ag-Ce0,/GO system and study the synergetic effect of the active components on the catalytic activity in
the 4-nitrophenol (4-NP) reduction into 4-aminophenol (4-AP) under mild conditions.

Graphene oxide (GO) was prepared by the modified Hummers’ method [7] from graphite powder.
Silver- and/or ceria-containing catalysts (Ag/GO, CeO,/GO, Ag-CeO,/GO) were synthesized using the
deposition-precipitation technique. The nominal loadings of silver and ceria in the catalysts were 5 and 10
wt.%, respectively. The synthesized samples were characterized by a set of physical-chemical methods:
XRD, TGA-DSC, low-temperature N, sorption, UV-vis and Raman spectroscopies. Catalytic activity of
the samples was tested in 4-NP reduction into 4-AP by sodium borohydride (NaBH,) as a reducing agent
at room temperature and atmospheric pressure in water medium.

According to the TGA results, in the oxidizing medium the synthesized GO support decomposes
via two characteristic steps at 200 °C (decarboxylation) and 600 °C (combustion) indicating the graphene
oxide structure. The combustion temperature region is shifted towards lower temperatures for Ag/GO,
Ce0,/GO, and Ag-CeO,/GO samples since the active components catalyze the support combustion. The
XRD data also indicate the GO formation by the diffraction peak at 20 ~ 11° that is attributed to (002)
plane of the hexagonal GO lattice. Contrary to the pristine support, the Ag- and/or CeO,-containing
catalysts do not show this peak due to the wedging and distortion of layered GO structure by silver and
ceria particles. According to XRD data, the average size of Ag and CeO, nanoparticles is 30.5 and 5.6
nm, respectively. No catalytic reaction occurs without the catalyst. The pristine support (GO) and the
Ce0,/GO sample show rather low catalytic activity in the process, while the Ag-containing samples
(Ag/GO and Ag-CeO,/GO) are active, with the latter showing superior activity.

Therefore, the employed synthesis techniques allowed modifying the properties of silver species
to obtain the Ag-CeO,/GO catalyst that was an efficient system for catalytic processes, especially for the
reduction of nitroaromatic compounds at room temperature and ambient pressure in water medium.

This work was supported by the grant of President of Russian Federation, grant Ve 075-15-2021-261.
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Most of the valuable organic compounds are currently produced from depleting fossil fuels
resources [1]. The application of biomass becomes promising due to the high sustainability of the feed as
well as opportunity to synthesize a wide spectrum of compounds. Thus, biomass conversion is
accompanied by the formation of valuable side products during the refining, such as 5-
hydroxymethylfurfural (HMF) [2]. However, for realization of fully waste-free process potential, the use
of catalytic systems is mandatory. For this, a large number of catalysts was investigated and synthesized,
which can be divided into noble metal-containing and non-noble metal systems. These catalyst systems
have their advantages and disadvantages, which helps to design an efficient catalyst for target reaction.

For supported metal catalysts, the choice of a support is key aspect of the design due to its acid-
base or redox properties as well as possible metal-support interactions affecting the catalyst performance.
Besides, the physical properties of support including specific surface area, the temperature of destruction
etc. should also be considered [3].

Recently, the metal organic frameworks (MOFs) have attracted much interest in many
applications due to their high porosity, diverse structures, and controllable chemical structures. Besides
properties typical for highly porous structured materials such as the sieve effect, MOFs have several
unique features. MOFs consist of metal ions or clusters and organic linkers. So, each of these parts brings
new properties into MOF and their combining may lead to whole new properties of MOF.

The present work is devoted to the study of the physical and chemical properties of NH,- modified
UiO-66 used as support for Pd catalyst for HMF oxidation. Unmodified UiO-66 and fully or partially
NH,-modified UiO-66-NH; samples were synthesized by hydrothermal method using ZrO(NO3),xH,0 as
Zr-precursor and terephthalic acid and/or aminoterephthalic acid as linker. Hydrochloric acid and
dimethylformamide (DMF) are used as modulator and solvent respectively. The samples prepared were
studied by low temperature nitrogen sorption, XRD, and IR-spectroscopy.

According to XRD data, both unmodified and fully modified samples are characterized by the
presence of crystalline phase with UiO-66 structure. The low temperature nitrogen sorption data indicates
that the unmodified UiO-66 sample is characterized by a bimodal pore distribution with pores diameters
around 0.6 nm and 0.9 nm and high specific surface area of 1100-1300 m?/g, which well agrees with
previous studies [4]. The modified UiO-66-NH, sample contains predominantly narrow pores with 0.5-
0.6 nm diameter. The specific surface area of the UiO-66-NH, sample is ~700 m?/g, which is significantly
lower than for unmodified UiO-66 sample. These results can be attributed to additional crosslinking
within pore volume via formation of -NH-C(=0)- bonds between linkers. To clarify this suggestion a
series of partially modified UiO-66-NH, samples prepared using a mixture of modified and unmodified
terephthalic acid with different molar ratios (0.25:0.75, 0.5:0.5, 0.75:0.25) was additionally studied.

The results on XRD, low temperature nitrogen sorption and IR-spectroscopy study of the partially
modified UiO-66-NH, samples as well as catalytic properties of the supported Pd catalyst based on
unmodified UiO-66 and modified UiO-66-NH, samples will be discussed.

This work was supported by the Russian Science Foundation, grant No. 19-73-30026.
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MonoauTHsblii MukpopeakTop Ag/SiO; 1J1si IPOTOYHOT0 BOCCTAHOBJICHHS
4-nutpodenosa

M. A. Bapeitaukos®, O. H0. MuckeBuu

Tomcxuii I'ocyoapcmesennwiti Yuusepcumem, Tomck, Poccust

*m_bar-ov@mail.ru

Karanutuueckue npoTOYHBIE PEAKTOPBI IO3BOJIAIOT IPOBOAUTH XMMMUECKHE PpeaklHuu Oolsee
0e30MacHO M HKOJIOTMYHO, MOJydyaTh Oojee BBICOKHE BBIXOJbl M CEIEKTHBHOCTH 3a 0Oojiee KOPOTKOE
BpEMs, YEM B MEPUOANYECKUX peakTopax. Cpeny MpOTOYHBIX CHUCTEM MOXKHO BBIJEINUTH PEAKTOpPA C
MOHOJIMTHBIMH KaTanuzatopamu. Vcrnonbp3oBaHre MOHOIUTHBIX KaTalu3aTOPOB MO3BOJISET MPEO0/10JIeBATh
TaKue HEIOCTATKH, KaK Mepenaj JaBlIeHHs, MIOXOW TEIUIo- U MacCOOOMEH, MEXaHUYECKOe HMCTHpAHHE,
XapakTepHbIE JUISI PEAKTOPOB C YILUIOTHEHHBIM ciioeM [1]. Panee [2] Hamu ObUT MOJTydeH MOHOJIMTHBIN
JVOKCUJ] KPEeMHHs C B3aUMOCBA3aHHBIMH MAaKpOIIOpaMU W Me3omopamu Jjsi ObicTpoil auddysuu
peareHTOB K aKTUBHBIM LIEHTPAM BHYTPU ME30IOp M 00paTHO.

Peaknust BoccTaHoBineHus: 4-HUTpo(eHOIAa YAaCTO MCIIOJB3YETCsl B KAUeCTBE MOJCIHHON peakinuu
JUISL OLICHKM KaTaJIUTUYECKOW aKTHBHOCTH KaTalu3aTtopoB. Takke 4-HUTPOPEHON — 3TO 3arps3HUTEIb,
KOTOpBIA cOpachlBaeTCsi KOMIIAHUSIMU B CTOYHBIE BOJbI IIPU MPOU3BOACTBE npoiaykuuu [3]. Oaun u3
Croco00B yhaneHuss HUTPO(EeHOoNna M3 CTOYHBIX BOJ — KAaTaJUTHUYECKOE BOCCTAHOBJICHHE 10 4-
amuHO(eHona. [locneHuii, B CBOIO 0Uepeib, ABISETCS OJHUM U3 PEareéHTOB OPTaHUYECKOT0 CUHTE3a MPH
MIPOU3BOJICTBE KPACOK, (hapMalleBTUYECKUX MpenapaToB U T.A. YacTo AJd JaHHOW peaklMH MCIOIB3YIOT
TaKWe, HAHECEHHBIC Ha Pa3JIMNYHbIC HOCUTEIH, METAJLIBI KaK 30JI0TO, aJuTauii u cepedpo [4-6].

B nannoii pabote paccMOTpeHO BiMsiHUE MeToa pUrotoBieHus Ag/SiO, Ha cocTaB U CTPYKTYpY
MOBEPXHOCTU Kartaiu3aTopa. MepapXuyecku HOPUCTBIH MOHOJMT ObUI IMOJIYYEH 30J1b-T€Ib METOJOM.
CuHTe3 HaHOYacTuI] cepedpa B HOPHUCTOM cucTeMe MOHOJMTAa NMpoBoaAWiIM BoccTaHoBieHueM AGNO3
dbopMaMuIOM MM MPOMNUTKOM pacTBOPOM HHUTpaTa cepedpa, ¢ MOCIEIYIOIIMM MPOKaIUBAaHUEM U
BOCCTaHOBJEHHEM B Oopruapune Hatpus. [lpu cpaBHeHHH cHekTpoB aud@y3HOro oTpakeHus
HaMMEHBIINK pa3Mep HaHOYACTHUIl cepeOpa Habmoaancs Uit 00pas3IoB, MOTYYCHHBIX BOCCTAHOBJICHUEM B
6opruzapuie HaTpus. YMEHbLICHHE YIEIbHOM IJIOIIAaM MOBEPXHOCTH KaTalau3aTropa MO CPAaBHEHUIO C
HOCHUTEJIEM, U CIBUI MAaKCUMyMa paclpeiesieHus MOp B CTOPOHY OOJBIIMX JUAaMETPOB HJsl BCeX
HOJYYEHHBIX KaTaJlU3aTOPOB CBHUJAETEIBLCTBYET O TOM, 4YTO cepeOpo pacmojaraercs He TOJIBKO Ha
MOBEPXHOCTU CKelleTa, HO M B Me3omopax. V3yueHa KaraauTHuecKas AaKTUBHOCTb MOHOJIUTHBIX
KaTaJIn3aTOpOB B PEAKLMU BOCCTAaHOBJIECHUs 4-HUTpodeHosa OOpruIpHUIOM HATpUs B IMPOTOYHOM
peakrope. BoccraHoBieHHBIN B Goprujipuie HaTpus oOpasell KaTaln3aropa Mokas3ajl BICOKYIO CTENEHb
BBIMBIBAHHUSA W HU3KYIO KaTaJIUTHYECKYI0 aKTUBHOCTh. HauOomnblias akTUBHOCTb JOCTUTHYTA ISt
00pa31oB, NMOJyYECHHBIX BOCCTAHOBJIEHUEM cepedpa opmMaMHuIOM B 1MOpax Hocutens — He MeHee 90% B
teuenue 40 munyr. Ha cnextpax mud¢y3sHOro orpakeHus: OTMEUYEH CIBUTI MaKCUMyMa IOTJIOIICHUS
BJIEBO JJIs1 0Opa3lLOB IMOC/E KAaTATUTHUECKUX HCCIET0BaHHUM, 4TO TOBOPUT 00 YMEHBIIEHHHM Pa3MepoB
HAHOYACTHI] cepeOpa B Mpoliecce KaTanausa.

Takum oOpa3om, Omarogapsi CBOMM XHMMHUYECKMM UM (PU3MUYECKUM CBOMCTBAM MOHOJIMTHBIN
JUOKCHJI KPEMHUS, COJIEpP KAl Me30- U MaKpOIOpPhl, MOXKET OBITh YCIEIIHO MCIOJIb30BaH B KayeCTBE
HOCHUTEJSl TETEPOreHHOr0 KaTalu3aTopa, 4YTO IIOKa3aHO Ha IPHUMEpPE peakLUUu BOCCTAaHOBIEHUS 4-
HUTpo(eHoa B BOJIHOI cpefie.
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NnenTndukanus npoMe:KyTOYHBIX U MOOOYHBIX COCAUHECHUI B peaKIuu
KATAJTUTHYECKOI0 OKUCICHUSA S-THAPOKCUMeTWI(PypPypoaa meroaom

AMP-cniekTpockonuu

E. JI. biunos*, K. JI. Tumodees, T. C. Xapnamosa, O.A. Korenpaukos, O.B. BoasHkuHa,
B. II. TyrynsaypoBa
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B mocnexgHue TOABI OCTPO BCTAaeT BOIPOC O HAXOXKIACHUU AIbTEPHATHUBHBIX HCTOYHHKOB
XMMHUYECKHX pPEareHTOB, IIOMUMO HPOAYKTOB HedTenepepa®oTku. Cpenn TakMX HCTOYHUKOB MOXKHO
BBIJICJIUTH METOJIbl, OCHOBAaHHBIE HAa HWCIOJb30BAHUM OMOMACCHI B KA4yeCTBE CBIPhbS. TakoW HMCTOYHHMK
ABJISICTCS HKOJIOTUYECKU YUCTBIM, OTIIMYAETCSl HEMCCAKAEMBIMHU 3al1acaMM ChIPbsl U CPAaBHUTEIBHO HU3KOM
neHoi. OJHUM W3 KIIIOYEBBIX COEAMHEHHH, MOJIy4YaeMBIX NpHU TepepadboTke OMOMAaCCHI, SIBISETCS 5-
ruapokcumMetwipypdypon (HMF), u3 koToporo, myreM KaTaJTUTUYECKOTO OKHCICHHS, MOIYYalOT P
MOJIC3HBIX COCMUHECHUH, B TOM uucie 2,5-pypanaukapbonoByio kuciory (FDCA). JlanHas kuciaora
MOXET  SIBIATbCA ~ aJbTEPHATHUBOM  TepeTaieBod  KHUCIOTE, IOJydaeMOH M3  IMPOAYKTOB
HedTenepepabOTKH, sl MOJTY4YeHUs MoNudTHIeHPypanoarta. OgHaKko, HE A0 KOHIA SICHBI MPOLECCHI,
KOTOpbIE MPOUCXOJAT B XOA€ KaTaquTuueckoro okuciaeHus HMF mpu ucnonb3oBaHMM pa3IUUHBIX
karanuzaTopoB. Katanutuueckoe oxucinenune HMF moxxer nporexate mo asym nytsm. IlepBbiil nmyTh
npeicTaBiIsieT co0oil  M3HAavYambHOE OKHUCIIEHHE KapOOHWIBHOM TIpynmsl ¢ oOpa3oBaHueM S-
THJIPOKCUMETHII(YPAHOBOW KUCIOTHI U TATBHEHIIINM OKHCIICHHEM /10 2,5-()ypaHanKkapOOHOBOM KHCIOTHI.
Bropoii myrb — 93TO M3HAYAJIBHOE OKUCIEHUE TUIPOKCUMETHWJIBHOTO 3amectuTens 1o 2,5-
mudopmuidypana u qanpHelmee okuciaenue 10 FDCA.

Ienp nanHON paboThl — WACHTU(UKALMS TPOMEKYTOUHBIX U MOOOYHBIX MPOAYKTOB B pEaKIUU
KaTaJIMTHYECKOTO OKUCIEHUs S-ruapokcumermwidypdypona no 2,5-pypanankapOoHOBOH KHCIIOTHI
metoaom AMP-criekTpockonuu.

B xozxe paGotsl Obutn 3anucansl IMP-cieKTpbl HHAMBHYAIBHBIX COCIMHEHUH, KOTOPHIE MOTYT
SBIATHCS TNPOAYKTaMHU peakuuu, a Takke SMP-cnekTpbl Tpex peakIMOHHBIX CMeCel: MCXOIHOro
peareHTa W THAPOKCHA HATPHUsA, UCXOJAHOTO peareHTa M Karaiamzaropa — 1% Pd-Ag/UiO-66, a takxe
CMeCh MCXOJHOTO pearcHTa, Kartanusaropa 1% Pd-Ag/UiO-66 u rumpokcuaa Hatpus. B cmecsx, rie
onHOBpeMeHHO mpucyrctBoBaiu HMF u ruapokcun HaTpus, OHM OBLIM B3STHI B MOJIIPHOM
cootHomeHuu 1:2 coorBerctBeHHO (0,025 M HMF u 0,05 M ruapokcuaa Hatpusi). PeakinuoHHbIe
ycioBus ObuTH crienyroniue: Temmneparypa 100 °C, naBienue 5 aT™M. ¥ Bpems peakiuu 3 Jaca.

JU1s MHAWBUYAIBHBIX COEAMHEHUHN ObUIM paciM(pOBaHbl CUTHAJIBI '"Hu BC SMP-cniekTpoB u
COOTHECEHBI CO CTPYKTYPOU 3THX COCIMHEHUH B pasnuuHbix pactBoputesx (DO u DMSO-ds), a Takke
npu pasnuunbix 3HaueHusx pH (pH = 7 u pH = 10). B xoxe pacuudpoBku 0bUI0 0OHAPYKEHO, YTO B
BOJIE TPOTEKAeT TUApaTalnus KapOOHWJIBHBIX TPYII HWHTEPMEIUATOB pPEAaKIUU C 0Opa3oBaHHWEM TIeM-
JIOJIOB.

Jlis peakIMOHHBIX cMeceil Takke ObulM paciIu(pOBAHBI CUTHAJIBI "H u BC SAMP-cniekTpos.
CooTHeceHne CUTHAJIOB PEaKIIMOHHBIX CMECei U CUTHAIOB WHAMBUYAIbHBIX COCMHEHUN MMOKa3aIH, YTO
B CMECSX peareHT + THAPOKCHI HaTpus W peareHT + kKarammzatop 1% Pd-Ag/UiO-66 peaxius
NPaKTUYECKU HE MPOTEKAeT, MPUCYTCTBYIOT JIUIIb CUTHAJIBI UCXOJHOTO peareHTa. CMech ke peareHra,
rHOpoKcHaa HaTpusi W karanmmzatopa 1% Pd-Ag/UiO-66 mokazana na SIMP-cnektpax curHaibi
pa3IMYHBIX MHTEPMEIHATOB, @ MMEHHO S-THIPOKCHUMETHI()YypaHOBOH KHCIOTHI M S5-0KcOo]ypaHOBOM
KHACJIOTHI, W TEJIEeBOTO TMpoAykTta — 2,5-pypanaukapOoHOBON KHCIOTHL. Takum o0pa3om, OBLIO
OTIpeNIeNIeH0, YTO B CMecH S-ruapokcuMmeTmindypdyposa ¢ THAPOKCHIOM HATpUs M KaTaau3aTOpOM
1% Pd-Ag/UiO-66 peakiiusi mpoTeKaeT 4epe3 W3HAYAIbHOE OKHCICHUE MMEHHO KapOOHUJIBHOW IPYIIIIBI
HMF.

Paboma 6vina noodepocana epanmom PHD npoexm Ne 19-73-30026.
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Ho.ﬂyqune KOMITIOHCHTOB HU3KO03aCThIBAKOIIIMUX AJU3€CJIBbHBIX TOIIJIUB
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B Poccuiickoit ®enepauuu crnpoc Ha JU3EIbHOE TOILNIMBO C KaXIbIM TOJOM CTaOUIBHO
YBEJIMYUBACTCS, IPUYEM HAUOOJBIINNA CIIPOC MPUXOAUTCS UMEHHO Ha apKTUYECKYIO M 3MMHIOI0 MapKu
toruBa. I[Ipm 3TOM Bce akTHMBHEe B pPa3pabOTKy BOBJCKAIOTCS MECTOPOXKACHUS TSKEIBIX U
napaUHUCTBIX HETeH, B CBS3U C YeM, MPOLECC MOITYYSHUS HU3KO3aCTHIBAIOLIETO TU3EIbHOTO TOILIHNBA
CTaHOBUTCA Bce 0oJiee CI0KHOMN 3a1a4ei.

Haubonpimas noTpeOHOCT, B HHU3KO3ACTHIBAIOIIEM JAM3CIBHOM TOIUIMBE XapaKTepHa JUIs
OTJAJICHHBIX, CEBEPHBIX M ApKTUYECKUX TEPPUTOPHH Hamed ctpadbl. OIHAKO HAa CETOAHSIIHUHA JCHb
OTCYTCTBYIOT MaJOTOHHA)KHbIE PEHTAOEIbHBIC TEXHOJOTHH, MO3BOJSAIONINE MOIy4YaTh HE(PTEIPOTyKTHI,
YIIOBJICTBOPSIOIINE KIIMMAaTHYECKIM 0COOEHHOCTSIM PETHOHA M0 MeCTy. B CBsI3u ¢ uem, nepCreKTHBHBIM
npelcTaBisieTcs pa3padoTKa Mpollecca, IMO3BOJSIONIET0 IMOJy4aTh HU3KO03acThIBAIOIIEe AH3EIbHOE
TOTIJIMBO Ha HEOOJIBIINX JIOKAIBHBIX YCTAHOBKAX.

B mpouecce wuccnenoBaHus peaqu3oBaH IMpOIECC MEepepadOTKH MPSIMOTOHHOM H3eNbHOM
¢pakuum Ha 1a0OpPaTOPHOM KATATUTUYECKOH YCTAHOBKE MPOTOYHOTO THUMA C HCIHOJIH30BAHUEM
IICOIMTHOTO  KaTaiauzaropa  Tuma ZSM-5  (katammsarop  mapku  KH-30  mpowmsBojcTBa
I[MTAO «HoBocubOupcKkuii  3aBOJi ~ XMMHYECKHX  KOHIICHTPATOB») B  YCIOBHSX  BapbUPOBAHUS
TEXHOJOTMYECKUX  MapamMeTpoB  mporecca  (temmeparypa 350-425°C ¢ marom 25 °C,
nasienne 0,35-0,70 MIa ¢ marom 0,35 MIla, 06beMHas CKOPOCTb TOAAYH ChIPbsi 3-4 u™ ¢ marom 1 a™)
0e3 HCMOIb30BaHUs BOJOPOIOCOJCPIKAIIETO Ta3a; ONpeAeNieHbl COCTaB M CBOMCTBA CBHIPhS Mpolecca U
MOJYYCHHBIX TPOJYKTOB; BBISBICHB 3aKOHOMEPHOCTH BIIMSHHS TEXHOJOTHUECKUX IIapaMeTpoB Ha
COCTaB, CBOICTBa M BBIXOJ MOJNYYEHHBIX TMPOAYKTOB, BBISBICHBl HAMpPABICHUS MPOTEKAIOIINX
XUMHYECKHX MPEBpAICHH; OIMpeaesieHbl ONTUMAIbHBIE TEXHOJIOTUYECKHE IapaMeTphl peain3aluu
npoliecca U3 paCCMOTPEHHBIX.

[lokazaHo, YTO ONTHMAaJIBHBIMH TEXHOJOTHUYECKUMH TapaMeTpaMH pealH3aluy Ipolecca
0€3BOIOPOHON TepepadoTKH MPSAMOTOHHOW NW3eIbHON (pakiMM Ha IIEOJIMTHOM KaTaiu3aTrope Tuma
ZSM-5 ¢ TOYKHM 3peHHs BBIXOJA M CBOKMCTB ITOJIy4aeMOTO IMPOJYKTa SBJISIFOTCS TEMIIepaTypa mporecca
350 °C, nasnenue 0,70 MIla, o6beMHast CKOPOCTh NOJIA4H CHIPbA 4 gt

BeisiBIieHHBIE  3aKOHOMEPHOCTHM  BJIHMSHHS ~ TEXHOJOTHUECKMX  IMApaMeTpoB  Ipolecca
0€3BOIOPOIHON TepepabOTKH MPSMOTOHHOW IW3eIbHON (pakiMM Ha IIEOJIMTHOM KaTaliu3aTrope Tuia
ZSM-5 Ha cocraB, CBOWCTBAa M BBIXOJ ITOJYYCHHBIX MPOJYKTOB IO3BOJST BBIOMpATh ONTHMAJIbHBIE
napaMeTpsl peajn3aluu Mmpolecca Js ChIPhs Pa3IMYHOrO COCTaBa, YTO JACT BO3MOXHOCTh MONy4YaTh
IPOIYKTHI JIYUIIETO Ka4eCTBa C MUHUMAIIbHBIMU SKOHOMUYECKHMHU M SHEPTeTUIECKUMU 3aTPaTaMH.

Hccnedosanue svinonneno npu gpunancosoii noodepoicke PODHU 6 pamxax nayunoeo npoexma Ne 20-38-90156.
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Konnonaubie CuO, kaTanuszaTopsl, noayyeHnsie UJIA

. A. I'onuaposa™, T. C. XapnamoBa, B. A. CBeTinn4HbIi

Tomckui I'ocyoapcmeennsiit Ynusepcumem, Tomck, Poccus

*dg_va@list.ru

Pa3paboTka 3KOJOTMYHBIX METOJOB CHHTE3a MaTepUalIOB, a TAK)Ke CIIOCOOOB OTYMCTKHU BO3yXa U
CTOYHBIX BOJ OT TOKCHYHBIX 3arps3HSIOIMX BEIIECTB AaHTPOIOIC€HHOTO IPOUCXOKJCHUS SIBISETCA
aKTyaJIbHOM  3ajjauell  COBpPEMEHHOCTH. [IpuMeHeHHe KaTaIUTUYECKHUX TEXHOJOTUH  SBISETCS
3¢ (peKTUBHBIM CIOCOOOM OYUCTKHU. |'eTeporeHHble KaTajau3aTopbl HA OCHOBE OKCHAOB MEIH, KOTOpHIE
YCHENIHO TMPUMEHSIOTCS Il peaklUui OKHUCICHHS W BOCCTAaHOBJICHHUS PA3JIMYHBIX coeauHeHuit [1], Bce
0oJbIlIe MPUBIEKAIOT BHUMAHUE B SKOJOTMYECKOM KaTallu3e Kak allbTepHAaTHBa JOPOTHMM CHCTEMaM Ha
OCHOBE 0JIaTOPOTHBIX METAJLIOB.

B mactosmeit pabore KOJUIOMIHBIE KATaJM3aTOpPbl Ha OCHOBE OKCHJIOB MEIU C Pa3IU4HbIM
dazoBeiM  cocraom (Cu/Cu,O, Cu,O, CuO) wu wmopdonorueii (chepudyeckue, KyOHUUeCKuUe,
BEepeTEHOOOpa3HbIe) OBLIM CHUHTE3UPOBAHBI METOJOM HMITYJIBCHOU JiazepHou abmsaumu (MJIA) menu B
BOJTHO-3TaHOJILHOM PacTBOpE, AMCTHUIMPOBAHHON BOJIC M BOJJHOM pacTBOpe nepekucu Bopopoxa [2,3]. B
KadecTBe cpaBHeHus Obutn mosydensl HY CuO metomom xumMudeckoro ocaxaeHus [4]. OOpasibl ObuH
WCCJICJIOBAHBI B PEaKIMH BOCCTaHOBJICHUS T-HUTpodeHona (nm-HD) no n-amunodenona (nm-Ad) B Boze
npu 19-27 °C ¢ ucnons3oBanrieM NaBH, B kadectBe BoccTanoButeins [3]. CpaBHEHHE KATaIUTHYCCKOM
aKTUBHOCTH 00pasloB MPOBOAWIM C UCIOJNb30BaHUEM dS((HEKTUBHOW KOHCTAHTHI CKOPOCTH,
paccuyMTaHHOW C UCIOJIB30BAaHWEM KMHETUYECKOM MOJENU TCEBAOIEPBOrO MOPsAKA, a TaKKe YHEPrUu
AKTHBALIUU, OIPEAEICHHOW IO YpaBHEHHIO AppeHuyca. Bo3MOKXHOCTH MOBTOPHOIO HCIIOJIb30BAHUS
koona wuccnenoBanu npu 23 °C mytem no0aBieHHS B PEaKIHOHHYIO CMECh CBEXEH MOpLUU
KOHLEHTPUPOBAaHHOTO pacTBopa nN-HD nociie 3aBepiieHus peakuu.

Pe3ynbrarhl BccnenoBaHUs MOKa3ald, YTO CaMbIM aKTHUBHBIM CpEIU HCCIETOBAHHBIX OOpa3loB
aBiseTcs Karanuzarop, nonydeHHblii MJIA meau B 10% BOAHO-3TaHOIBHOM pacTBope, BenuunHa Ea
coctaBmsiia 67 x/lx/mMonb. MeHee aKTUBHBIMHU SIBJISIOTCS Karaiu3aTopsl, nonyderusie MJIA B 0,05%
pacTBope NEPEKUCH BOJOPO/Ia U B TUCTHIIIMPOBAHHOM BOJIE, /1711 KOTOPBIX BennuuHa Ea coctaBnsier 69 u
72  x/x/monbp coorBercTBeHHO. CaMblif BBICOKMH SHepreTudeckuii Oapbep HaOmojancs IS
KaTajan3aTopa, MOJIy4eHHOTO METOJ0M XMMHUYECKOro ocaxaeHus, BeanurnHa Ea coctaBuna 77 k{x/Mob.

Pe3ynbrarhl uccienoBanus BO3MOKHOCTH MOBTOPHOI'O MCIOJIb30BAHMS KOJUIOMIA MOKA3alld, YTO
JUISL BCEX KaTajJu3aTOpPOB MPH MEPBOM KATAIUTUUECKOM ITUKJIIE HA TIOJYYEHHBIX KUHETHYECKHUX KPUBBIX
HaOMI01aeTCsl MHAYKIMOHHBINA MEPHOJ, KOTOPHII CBS3aH C PECTPYKTypU3AIHel TOBEPXHOCTH KOJIJIOUIOB,
HEe0oOXoauMOM 1yIsi POpMUPOBAHUSI aKTUBHOM MOBEPXHOCTH Karanmuzaropa. sl mociaeayromux UKIoB
WHIYKIMOHHBIM TMepuoj OTCYTCTBYeT. Jlnsi Bcex KaTaiu3aTopoB, mnpurotoBieHHbx WJIA wMenw,
HE3aBUCHMO OT NMPHUPOABI MCIOIB3YEMOTO PAaCTBOPUTEINS, HE HAOIIOAATOCh CYIIECTBEHHBIX M3MEHEHHM
KAaTaJIMTUYECKONM aKTUBHOCTH B TpexX IUKIax. HekoTopoe CHM)KEHHE aKTUBHOCTH, MPU COXPAHEHUU CTO
IPOLEHTHOW KOHBEPCUH, HAOJIOJANIOCh Ha YETBEPTOM U MmITOM Lukiax. Ilpu stom Haumbosbiiee
CHI)KEHHME aKTUBHOCTH TMPH MOBTOPHOM HCIOJB30BAaHUU HAOIIOJANOCH IS KaTalu3aTropa, MOJy4eHHOTO
NIIA.

[IpencraBneHHble MCCIENOBAHUS TOKAa3bIBAIOT IEPCIEKTUBHOCTh Hcnonb3oBanus WIIA s
CHHTE3a KOJUIOMJIHBIX KaTaJu3aTOPOB JJII OTYUCTKU CTOYHBIX BOJ OT HUTPO(EHOIBHBIX COSAMHEHHUH 1O
CPaBHEHUIO C XUMHUYECKH CUHTE3MPOBAaHHBIMU KaTaIn3aTOpPaMH.

Cnucok auTepaTypsl

1. M.B. Gawande, A. Goswami, F.-X. Felpin, T. Asefa, X. Huang, R. Silva, X. Zou, R. Zboril, R.S. Varma, Chem.
Rev., 2016, 116, 3722—3811.
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Asp., 2021, 613, 126115.

4. K. Phiwdang, S. Suphankij, W. Mekprasart, W. Pecharapa, Energy Procedia., 2013, 34, 740-745.

31
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[Tpou3BoaHbIC ATHIICHA HAXOAAT IPUMEHEHHE B Pa3IMYHBIX c(hepax 4erIoBeUecKOi 1esTeNbHOCTH,
IPU 3TOM C KaXJbIM T'OZOM CIIPOC Ha 3TUJIEH JMIIb pacTeT. Bo BceM MuUpe OCHOBHBIM IPOLIECCOM IS
IPOM3BOJICTBA ATUJICHA SABISETCA MUPOJHM3 (ITAPOBOI KPEKUHT) YIIIEBOJIOPOIHOTO ChIpbsi. B KadecTBe
CBIPbsI MOT'YT HCIIOJIb30BaThCSl KaK KOMIIOHEHTBI MPUPOAHOrO rasa, TaK M COCTaBISIOIME HEe(TH, MPU
TOM BBIXOJ 3TWIEHAa cocTaBisgeT 24-55 % B 3aBUCUMOCTM OT ChIpbS U YCIOBUHM NPOBEACHUS
nporecca [1]. Bo3aMOXXHOCTE NPOEKTUPOBaHMS YCTAHOBKU MUPOJIM3a IO JtOObIE BO3MOXKHBIE THIIbI
CBIpbSl OTHOCUTCSI K IpEUMMYyLIECTBaM JaHHOro npouecca. Camblii BBICOKMI BbIXoj 3TmieHa 10 80 %
JOCTUTaeTcs, €CJIM UCIOIb30BaTh B KAUECTBE ChIPbsl 3TAH M IPOBOJUTH MIPOLIECC NIPU TEMIIEPATYPE BhILIE
850 °C [2].

HenocraTtkamu sBJISIOTCS BBICOKAsi CTOMMOCTb KalIMTAJIbHBIX 3aTpaT U3-3a HAJIMYKS Ha YCTAaHOBKE
KpailHE BBICOKMX M HuU3kux temmeparyp (or -160 no +900 °C), omioxeHHe KOKca B
BBICOKOTEMIIEPATYPHBIX 30HAX YCTAaHOBKU. JlaHHBINH MPOLIECC OTIMYAETCS BBICOKMMHU 3HEpPro3arparami,
3HaYUTEIbHBIM BbIOpocoM COX M MPOTHBOPEYHUT KPUTEPUSM YCTOMUUBOTO PAa3BUTHS, KOTOPHIE MMEIOT
KECTKHE TpeOOBaHMS OTHOCUTENIBHO 3allUThl OKpYXarolled cpeapl M pPacXOoJOBaHUS IHEPIUH.
ANBTEpHATUBHBIM METOAOM, CHIKAIOIIIUM BBIOPOCH TAPHUKOBBIX TA30B M MOTPEOJICHHE SHEPTHH, MOKET
BBICTYIIaTh OKUCIUTEIBHOE JETUAPUPOBAHHE.

B npucyrcTBuM KUCIIOpOia B PEaKIIMOHHOM Cpeie TOMUMO IIEJIEBOTO MPOAYKTA JETUAPUPOBAHHS
MOTyT 0Opa30BbIBaTbCA KHUCIOPOJCOAEpIKALIME MPOAYKThl HemojsHoro okucieHus u COx. [na
YBEIMYCHUSI CEJIEKTUBHOCTH TIPOIlEcca HCIONB3YIOTCS KaTamu3aTopsl. K mpenMyiecTBaM MOXKHO
OTHECTH TO, YTO IPOLIECC COMPOBOXKAAETCS BBIACICHUEM SHEPIUHU, NMPOTEKaeT NpU TEeMIepaType OT
300 °C, u mpuCYTCTBUE KHUCJIOPOJa B PEAKIIMOHHON CMECH NPENATCTBYeT oOpa3zoBaHUIo Kokca. Ocobo
CTOUT OTMETUTh BO3MOXHOCTb 3JEKTPUPHUKAILMU MPOLEcca, 3TO CIIOCOOCTBYET YMEHBIIEHUIO BEIOPOCOB
COx B atmocdepy.

OnHuM u3 Hanbosee NePCHeKTUBHBIX KaTaIU3aTOPOB OKUCIUTEIBHOTO JIETUAPUPOBAHUS SABISETCA
YETBIPEXKOMIIOHEHTHAs CHCTEMa CMEIIaHHbIX OKcHaoB Ha ocHoBe MoVTeND [3]. OcHoBHbIME (a3amu,
o0pa3yromumMu cTpykTypy  MoVTeNbOx, SBJISIFOTCS opTopoMOuYeckas MI-daza u
TnceBJIoreKcaronanbuas M2-gasa.

Karanu3aropsl pacueTHOro KaThuoHHOTO coctaBa Moi1Vo3Tep23NDp12 monyuanu cmerieHuem
BOJIHBIX PACTBOPOB HCXOJHBIX KOMIIOHEHTOB C MOCIEIYIOIIeil CTymeH4YaTtod TepMoobdpadoTkoii [4].
[lonydyeHHble KaTanu3aTOphl HUCCIEAOBATUCH HA0OpPOM  (U3MKO-XMMUYECKHUX METOJOB, TaKXkKe
oTpeieNIeHbl KaTAIUTHUYECKUE XapaKTePUCTUKU 00pa3IoB.

Paboma evinonnena npu gunancoeoii noodepoicke Munucmepcmea nayku u evicwezo obpazosanusi PO ¢ pamkax
2ocyoapemeennozo 3adanust Mnemumyma kamanuza CO PAH (npoexm AAAA-A21- 121011390008-4).

Cnucoxk aureparypsl

1. A.Boulamanti, J.A. Moya, Renewable and Sustainable Energy Reviews, 2017, 68, 1205-1212.

2. H.A. Wittcoff, B.G. Reuben, J.S. Plotkin, Industrial organic chemicals, John Wiley & Sons, 2012.

3. C. Baroi, A.M. Gaffney, R. Fushimi, Catalysis Today, 2017, 298, 138-144.

4. E.V. lIshchenko, T.V. Andrushkevich, G.Y. Popova, Y.A. Chesalov, L.M. Plyasova, A.V. lIshchenko,
L.S. Dovlitova, Catalysis in Industry, 2010, 2, 291-298.

32



CuHre3 u uccienoBanne cTpykTypsl kataanzatopo Ni/CeMnOy
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B nuteparype akTMBHO 00CYXIalOTCS HOBBIE MOJIXOJIbl K CO3/JaHUI0 AKTHUBHBIX HAHECEHHBIX
HUKEJIEBBIX KaTaJln3aToOpoB yriekuciaotrHoro pudopmunra merana (CO;z + CHy = 2CO +2H3) u cnocobam
HOBBIIICHUST WX CcTabmibHOCTH [1]. AKTyalbHOCTh pPa3BHTHS JaHHOTO HAmpaBiCHUs OOYyCIOBJICHA
MpOLECCaMH CHIDKAIOIIMMU CpPOK CIYXObl JaHHBIX KaTalu3aTOPOB H3-3a 00pa3oBaHUS IMPOIYKTOB
YIJICOTIIOKEHHSI M CIIEKaHUSl YacTUI[ aKTHMBHOTO KOMIIOHEHTa IPU BBICOKHMX TEMIIepaTrypax Iporiecca
(>700 °C). OmuuMm wu3 CrmocoOOB pemicHUs MPOOIEMbl 3aKOKCOBBIBAHUSA HHUKEIHCOAEPIKAIINX
KATATH3aTOPOB SIBISETCS yBENUUeHue auciepcHocTd dacturi Ni° Py HCIIONB30BAHMM HOCHTEIEH HIIH
moudukatopoB (CeOz, MnO, MgO, La,03) [1, 2, 3], ciocoOGHBIX K 00pa30BaHUIO TBEPIBIX PACTBOPOB
WJIA COBMECTHBIX COCMHEHUN C HUKEJIEM.

B nannoil pabote wuccinenoBaHa CTPYKTypa HHKENbCOAEPXkAIIUX KaTaIM3aTOPOB HAa OCHOBE
OUHAPHBIX OKCHJIOB LIepHsi — Mapranua u ocobennocts dopmuposarns HU Ni°. Hocurenmn CeMnOy ¢
pa3IUYHBIM MOJIBHBIM cooTHomeHneM Ce/Mn (9/1 u 1/1) ObLIM CHHTE3UPOBAHBI 30J1b-T'€JIb METOJOM C
UCTIOJIB30BaHUEM JIMMOHHOM KHCJIOTHI B KadecTBe KoopauHaropa. Hukenp B xommuectBe 10 macc.% u
no6asku Ag i Cu (1 mon.% ot comepxanust Ni) HAHOCHJIM Ha MOBEPXHOCTh HOCHUTENIEH METOJ0M
NPONHUTKH TI0 BIAroeMKOCTH. [loimydeHHBIE CHCTEMBI 0XapaKTepH30BaHBI METONAMH PEHTI€HO(Aa30BOTO
aHanuza, KP-cmekTpockonmuu — HHM3KOTeMIepaTypHOW  ajgcopOuuu  a3ota W TeMmIepaTypHO-
IPOTPAMMHUPYEMOT'O BOCCTAHOBJICHUSI.

Hnsa wocutens CeMnOy (9/1) ycranoBneHo oOpazoBanue TBepaoro pactBopa Ce;xMnyO, 5 3a
cder wactmuHOro 3amemenns womoB Ce'” ma Mn" B KyOndeckoit crpykrype ¢urooputa. I[lpu
YBEJIMUYCHUHU KOJMUYECTBA MapraHia g0 cootHomienus Ce/Mn = 1/1 nabiaromaetcsi pacCiOeHHE CUCTEMBI U
kpuctaymmm3anus, nomumo CeO,, okcmmoB mapranna Mn,O; m Mn3O4. Ha cragumm mpurotoBieHUs
[PEIIECTBEHHIKOB KaTamn3aTopoB noHbl NiZ* 4acTHYHO BHEAPSIOTCS B CTPYKTYPY (IIOOPHTONOLOGHOI
dazer Ce;xMnyOy5 ¢ yBenmueHneM 4muclia KHUCIOPOTHBIX BakaHCHH. J[1si oOorameHHOro MapraHiem
obpasiia Takxke obpasyercss cmemanubiii okcun NixMn,O4. HecMOTpst Ha dYacTHYHOE BCTpavBaHHUE
HWOHOB aKTHBHOTO KOMIIOHEHTA B CTPYKTYpPY HOCHTENSI OCHOBHBIM mpemniectBenHrukoM HY Ni sBisercs
¢aza okcuna NiO ¢ pazmepom OKP 15-27 Hwm.

®opmuposanue gactur, Ni’ B pexnme TIIB-H mporcxomut B mmamasone ot 250 go 600 °C
COBMECTHO ¢ BoccTaHoBleHHeM MnyO3 u Mn3Os mo MnO. TemmepaTypsl MakCUMyMOB ITHKOB
noryomenuss Hy 3aBHCAT OT KoOIMYecTBAa MapraHia B CTPYKType HOCHTENS, YTO MOJTBEPKIAET
00pa3oBaHNe COBMECTHBIX OKCUIHBIX (a3 Cey.(x+y)MNyNiyOa.s.

Paboma noooepacana epanmom PH® (coenawenue Ne 19-73-30026).
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HccnenoBanusi MOCIEAHET0 AECATHIICTUS IMOKA3ajiH, YTO IIOJIUSAECPHBIE KOMIUICKCH PYTCHUS
NPECTaBIISIIOT MHTEPEC KaK IEPCIEeKTUBHBIE BBHICOKOA((PEKTHBHbBIC KaTaaH3aTOPbl OKHUCICHUS BOJBI B
HCKYCCTBEHHOM (POTOCHHTE3€ C IIETbI0 CO3AaHus B OyaymieM (hOTOKaTaIUTHYECKHX IpeoOpa3oBaTesei
COJTHEYHOW DJHEPTUU B DSHEPrHI0 XUMHUYECKOro TormBa. OJHAKO 53TH KaTaaU3aTOPbl JAlIE€KH OT
COBEPIICHCTBA, OCKOJBKY HE O0JIAAIOT JOCTaTOYHOW aKTUBHOCTHIO. BONBIIMHCTBO M3 HHUX COACPIKHT
OpraHUYeCKUe JINTaH[bl, KOTOPbIE OKUCIIAIOTCS JIerye, YeM BOJAa, a Takxke JiabuibHble cBsizu Ru—O-Ru,
NPUBOJSIINE K JI€3aKTHBALMK KaTanu3aTopa. Hamm nccnenoBanus mokasai, 4To 3aMeHa KUCIOPOAHOTO
MOCTHKA MeKIy anpamu RU B kommiekce (cBasb RU-O 1.86 A) ma asormsiii (cBsass RU-N 1.72 A), a
TaKKe MCIONb30BaHUE B CHHTE3aX HEOPraHMYECKUX JIMTaHI0B U PasiMuHbIX mpoTuBokatnoHos (Li*, K7,
Rb*, Cs") BausaroT Ha CTAOUILHOCTH U AKTHBHOCTh KATAJTHN3aTOPOB OKKCIIEHHS BOJIBL.

B nanHOli paboTe MpHUBOISATCS PE3YNbTAThl HCCIIEAOBaHUS (POTOKATATUTHYECKOTO OKHUCICHUS
BOJBI MepcyibparoM Kanuss B npucyrctBuu (oroceHcubmmuzaropa bpysRuCl,-6H,O wu  HOBOro
OMAIEPHOTO HUTPUAHOTO Komriekca pyrenus c¢ Li* kartmomamu Lis[Ruy(u-N)Clg-2H,0] (1) mpu
00JIy4eHUHU KBaHTaMU BUIUMOTO cBeTa (A = 450 HMm).

3aBUCUMOCTbh HadaJbHOM CKOPOCTH Ipoliecca W, OT KOHLEHTpaluu KoMiuiekca 1 omuceiBaeTcs
napaboIMYeCKM 3aKOHOM, T.€. KaTaJUTUYeCKH aKTHBHAS YacTHIAa oOpasyercs W3 ABYX OHSIEPHBIX
HUTPHUIHBIX KOMIUIEKCOB 1 M mpencraBisieT co0oil TeTpasiiepHblil Kiactep pyrenus. Metogom ESI macc-
CIIEKTPOMETPHUH YCTAaHOBJICH COCTaB TETPasIEPHOTO KOMILJIEKCa pyTeHHs. B Macc-crekTpe mpoayKToB
peakuuy (OTOKATATUTUYECKOTO OKUCICHHS BOABI B HM30TONHOM DACIpENEICHHH TPHCYTCTBYET
MaKCUMaJIbHBI THK M/z = 512.28, COOTBETCTBYIOUIMI TETPAPYTCHUEBOMY THHUTPUIHOMY KATHOHY
RusN,Os*, koTopmlii cormacyercs ¢ paccumTaHHRIM (M2 = 512.30). D¢ HEeKTUBHOCTH
(OoTOKATATUTUYECKON CHUCTEMBI B 3aBUCHMOCTH OT KOHIICHTPAllMM KOMILUIeKca 1 (MakCHMallbHOE YHUCIIO
oGopoTos katamuzatopa TON = 360 npu [1] = 1.1x10™ mons/n (a), kBauTOBbIA Bbix0ox O ® = 0.51 npu
[1] = 1.1x10™ MOJIB/JT) BBIIIE, 4eM y ero kucmopoauoro anamora Lig[Ru,OClip-2H,0 (TON = 240, @ =
0.2).
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[Tnasmoxumuueckass obpadotka (I1XO) sBusercs 3PpdeKTHBHBIM CIOCOOOM MOAU(DUKAITUN
MaTepHajoB C MOJYYEHHEM Pa3sHOOOpa3HBIX CBOWCTB MOBEPXHOCTU. DTO MPEUMYIIECTBO HCIIONb3YETCS
IpU aKTHBAIIMM TE€TEPOreHHBIX KaTaau3aTopoB U ajacopOeHToB. B psane cmywaes I1XO mpuBogut x
MHOTOKPATHOMY TOBBIIIEHUI0 aKTUBHOCTH KaTaJIu3aTOPOB, OOYCIOBICHHOMY M3MEHEHUEM MPUPOJBI UX
akTUBHBIX y4acTkoB [1]. Ilempro maHHOM paboTel Obuto u3ydenue BnusHus [1XO B kuciaopome Ha
KaTAJIMTUYECKYI0 aKTUBHOCTh Menbcozepskanux nepoBckutoB (BICUVOX) coctaBa BigV2.oXCupxOq1-0
(x=0,00; 0,04; 0,06; 0,16) B mpeBpaleHUsAX U300yTaHOMA.

Hccnenyemple cructemMbl ObUIM MOMY4YeHBI Ha Kadeape Heopranndeckord xumuu PYJIH metomom
TBepA0(a3HOTO CHHTE3a W JIETAThHO HM3ydeHbl ¢ npuMmeHeHnem MmeTonoB [ITA, POA u UKC. I1XO
MPOBOAWIIM B TJCIOUIEM paspsie KUCIOpPOoJa B BaKyyMHOW NMPOTOYHON yCTAHOBKE C HCIIOJIb30BAHHEM
nepeMeHHoro Toka. KaTtanuTtudeckue OMNBITHI TPOBOJWIM HA YCTAHOBKE MIPOTOYHOrO THMA C
XpoMmaTorpapuuecKuM aHaJIU30M BEIIECTB.

Ha wucxomHol NOBEpPXHOCTH MPOTEKAET IBE pPEAKIUU — JACTUAPUPOBAHUE W JACTUpaTaIus
n300yTaHoOJa C CEJIEKTUBHOCTBIO MO anpiaeruny Ao 85%. I1XO B kuciopoae MPUBOIUT K MOTHOU
JIe3aKTUBALIMKM IIEHTPOB JETHUApATAllMK, W W300yTaHOoN mpeBpamaercs B aimpaerun co 100%-noit
cenektuBHOCThIO. [locne [IXO B Theromem paspse KHCIOpOAa KOHBEPCHS CHUpPTa B peakUuu
JETUIpUPOBAHUS KaTanu3aTopoB o-¢pas3bl Bo3pacTaeT B ~ 1,7 pasa mO CpaBHEHHMIO C MCXOJIHBIMH
oOpa3uamu. B ciydae BBICOKOMPOBOIAIICH Y-MOIU(DUKAIIMY aKTUBUPYIOLIETO ICHCTBUS IIa3Mbl HET —
akTUBHOCTH nocye [1XO, HanpoTus, CHIKAETCS.

Bnusinue coctaBa u crpykrypsl BICUVOX Ha addext [1XO BuaHO mo pasHOCTH Ea“© peakuuu
neruapupoBanus AEa=Ea,xo—Ea,ucx, kKoTopas Bo3pactaer B psgy xCu=0,04(—24) — 0,06(-8) —
0,16(+54 x/I>x/M07B), 4TO yKa3bIBAET HA YMEHBIICHHUE MPOYHOCTH CBS3HM PEareHTa ¢ aKTUBHBIM LIEHTPOM
BICUVOX mnpu yBenmnuennn xCu. DPQeKT akTUBAIMHM KaTaIM3aTOpa UMEET MECTO y MEepBOHAYAIHHO
HeakTuBHOTO obpasiia ¢ xCu= 0.04, u OH CBSI3aH C MOSBIECHHUEM IEHTPOB C YBEIHMUYEHHOW TEMIOTON
azcopbuun crmpra Q. J{ns akTHBHOM y-hassl pesyistar obpatHeii — poct Ea“ C, ymensmenne Q u
CHI)KEHHE AaKTUBHOCTH. DBIM30CTh XapaKTepUCTHK, MOJYYEHHBIX s 00pas3loB o-(asbl, BKIOYas
IBOMHOW BaHajaT, TOBOPUT O ToM, dYto I[IXO rrnaBHBIM 00pa3oM BIUSET HA COCTOSIHHE
CTPYKTypoOOpa3ymolieil MaTpUllbl C 3J€MEHTaMHU BHUCMYT, KHUCIopoJ, BaHaauil. [IpucyrcTBue Mmanbix
KOJIMYECTB ME/IU HE U3MEHSET 3TOT 3PPEKT.

Takum o6pazom, mocie I[IXO B Tneromem paspsae O, Hanboyiee aKTUBHOTO Karaiu3aTopa
BICUVOX B ciaydae o-pa3bl BBIXOJ albAeruia yBenuuuBaercs B 2-3 pasza npu 100% ceneKTUBHOCTH.

Paboma 6vina noodepocana epanmom PODOHU ¢ pamxax nayunoeo npoexma Nel8-33-00928. ITybruxayus svinonnena
npu nodoepoicke Ilpoepammvl cmpamezuuecko2o akademuieckozo auoepcmea PYIIH.

Cnucok 1uTepaTypsl
1. ALl Pylinina, E.l. Povarova, I.I. Mikhalenko, T.V. Yagodovskaya, Russian Journal of Physical Chemistry A,
2013, 87, 6, 929-934.
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KBaHTOBO-XHMHU4YecKoe MoAeTupoBaHue uHTepdeiica y-BiO3/BipSi05
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[Tpu momommy Teopuu GyHKIMOHAA IUIOTHOCTH MCCIIEA0BAaHA aTOMHAS U DJICKTPOHHAS CTPYKTypa
noBepxHocTeil okcuaa Bucmyta y-BiO3 (001) u cumnennta BigpSiOg (001), a Taxoke nHTepderica Ha ux
OCHOBE. YKa3aHHBIE COCIUHEHHUS OOJIaAal0T CXOAHOW CTPYKTYpOod U OJNM3KMMH HapaMeTpamu
KPHUCTAJUINYECKON PEIIETKH, YTO MMO3BOJISIET paccMaTpuBaTh HHTEp(dEiic MEXIy HUIMU B KaueCTBE MOJICIH
GbopMHpOBaHUs TPaHUIBI pa3jeia MEKIAY OKCHIHOW M CHIMKaTHON (azamu npu obOpasoBanuu Bi-
COoZIeprKaIMX KOMIIO3UTOB, 00JIaIafoIuX (POTOKATATUTUIECKOW aKTUBHOCTBIO.

Pacuets! nmpoBoauiuck B mporpaMmmaoM nakere VASP npu nomomu 0OMeHHO-KOPPETSIIHOHHOTO
dyakuuonana PBE B pamkax 0000IIEHHO-TPAaJUEHTHOTO MNPHOJMKEHUS C MCIOJb30BaHUEM Oa3uca
wiockux BomH U PAW-merona. [{nst ydera OUCHEpCHOHHBIX B3aMMOJACHCTBHIA MEXIY MOBEPXHOCTIMHU
ObLIa UCIoJib30BaHa Koppekius D3-BJ.

Ha nauanpHOM 3Tare paboThl ObLIO MPOBEICHO MOJICIUPOBAHUE AIIEMEHTAPHBIX siueek y-Bi,Oz n
Bi12SiO4. ITonydeHHble B X0A€ pacyeToB MapaMeTpPbl PELICTKH U 30HHBIC CTPYKTYPBI COIJIACYHOTCS C
UMEIOIIMMUCS JIMTePATypHBIMU JTaHHbIMU. Jlayee Obuia mpoBeaeHa onTuMu3aius moBepxHocrei (001),
NOJIYYEHHBIX ITyTEM Cpe3a BIOJb COOTBETCTBYIOIIEH KpHcTayuiorpaduyeckor miockocTd. Ha ocHoBe
HOJYYSHHBIX IIacTHH ObLT chopmupoBad untTepdeiic y-Bi,Oz/ BiipSiOx.

B pabore 00CyXIeHBI 3JEKTPOHHBIE CBOMCTBA OTJEIBHBIX MMOBEPXHOCTEH M MX M3MEHEHUS NpPU
oOpazoBanumn uHTEpQeiica, MPOAHATU3UPOBAHBI KIIOYEBBIE OCOOCHHOCTH 30HHOW CTPYKTYpPHI BCEX
PAacCMOTPEHHBIX CUCTEM.

Paboma 6vi1a noodepacana epanmom PHD Ne]9-73-30026.

36



le/II‘OTOBJ'IeHPIe H U3YUCHHUE (l)OTOKaTaJIHTH‘IECKOﬁ AKTHUBHOCTH KOMIIO3UTHBIX

MaTepuajioB HA 0CHOBE BUCMYT-COJAEPKAIIMX COeTMHEHU I

J1. A. Kopuynos*, 10. A. benuk, O. B. Boggakuna

Tomcxuii I'ocyoapcmesennwiti Yuusepcumem, Tomck, Poccust

*d.kovchunov@gmail.com

B coBpemenHOM Mupe BCE OObIlle BHUMAHHS YISNISICTCS MpoOIeMe 3arpsi3HEHHS OKPYKAroIIen
cpensl. [lpu 3TOM mpocToe CXKuraHue OTXOJ0B MOPON HEMPUMEHHUMO, MOCKOIBbKY MPOIAYKThl CTOpaHUs
MOTYT OKa3aThCs €I TOKCHYHEEe, YeM H3HadaabHOe BellecTBO. [loaToMy HampamieHue (oTokaraim3a
JUISL Pa3fiO’KEHUs pa3iMYHbIX HE repepadaTbhiBaeMbIX OTXOOB, B YAaCTHOCTH, OPTaHMYECKUX BEIIECTB,
KpaiiHe TIePCIIEKTHBHO Ha CErOHSIIHUI JeHb [1]. OOume 3aqay co3naért HeoOXOIMMOCTh B pa3paboTKe
(OTOAKTHBHBIX BEIIECTB HA OCHOBE PA3JIUYHBIX METAIOB W MOJYNPOBOAHUKOB [2]. CrmocoOHOCTH
COCIMHEHUH BHCMYTa MPOSIBIATH (DOTOKATATUTHUYECKYIO aKTUBHOCTh B BHJIMMOM JHANa30HE CBETOBBIX
BOJIH U OnmkHero Y @-uzinydeHus 00yciaBiIuBaeT UX BOCTPEOOBAHHOCTb.

Lenbto paboOTHI SIBISETCS CHHTE3 JBYX 00pa3lloB KOMITO3UTHOTO Marepuana coctaBa BiyTipsSios
30b-Telb MeToAOM [3] M HUX H3yYyeHHE METOJaMH PEHTreHO(a30BOro aHalu3a M DIEKTPOHHOU
cnekrpockonuu audysHoro orpaxkenus. Ob6a oOpas3ia MoJydeHbl MPOKATHBAHUEM Telsl B MyQeTbHOU
neuu B TeueHue AByx yacoB. Obpazen BTS-600 611 npokanén npu 600 °C, BTS-400 — npu 400 °C.

doTrokaTaIUTHYCCKas AKTUBHOCTH IPUTOTOBICHHBIX OOpa3loB Oblla OIEHEHAa B pEaKluu
paznoxenuss PomamuHa b, KOHIEHTpamusi  KOTOpOro  ompexaensiiacb  Metogom  Y®-Bun
cniekTpodoTomMeTpun.

[To nanupiM PDA monydennble oOpas3ipl 00JaJal0T CXO0XXKHM COCTaBOM ¢ IpeoOnagaHueM ¢as
Meracuiankara BucMmyta BipSiOs u TerparoHanbHOM Momudukanuu oprotutaHara Bucmyta BisTizOgo.
Onnako BTS-400 taxke COAEpKUT TEPMHUUCCKH MEHee CTaOMiIbHYI0 a3y TuTaHuTa BucMyTa BiyTiOs3),
KOTOpAst IPH MOBBIIICHUH TEMIIEPATYPhI IEPEXOAUT B TUTaHAT BUCMYTa Big, TiOx.

Crnextpsl DCJIO BTS-400 u BTS-600 ob6nagaroT mojaocoi MOTJIONIEHUS MPU JJIWHE BOJHBI 318
oM. Kpaii mornmomenus aiist BTS-600 cocraBnsier 395 M, aiis BTS-400 — 505 am. 13 aToro cienyeT, 4To
BTS-400 aktuBupyercst B BUAUMOM yactu cnekrtpa, a BTS-600 — B OimmkHem Y @-uznydenun. CormnacHo
pe3yabpTaTtaM (HOTOKATATUTUYECKOTO Pa3JIOKEHHsI pacTBOpa pojaMuHa b 3HaueHUs KOHBEPCHH IS
obpasua BTS-600 u BTS-400 paBubt 44% u 40% cOOTBETCTBEHHO.

B nepcnexktuBe Oyner mnpoBeneHO Ooisiee JAeTalbHOE M3ydyeHHE O0O0paslloB C IOMOIIBIO
CKaHUPYIOIIEH W/WIM TPOCBEYMBAIOIICH OSIEKTPOHHOM MHKpOCKONMuU. B xome manbHeHIImx
UCCJIEJIOBaHUM, 00ECIeUnBAOIINX OJIPOOHBIE CBEIEHUS O (PU3UKO-XUMUYECKUX CBOMCTBAX U CTPYKTYpE
KaTaJnu3aToOpOB, CTAHET BO3MOKHBIM YCTAaHOBUTH (DAKTOPHI, BIUSIONIME HA CKOPOCTh PEAKIIMH, a TaK Ke
MEXaHHU3Mbl B3aUMOJICHCTBUS JAHHBIX BEIIECTB C PA3IMYHBIMHU KJIACCAMU COCIUHEHHI, YTO MO3BOJIHT
n00UTHCS HanOOoJbIIEH YPHEKTUBHOCTH HX peaTU3aIUH.

Paboma 6vina noodeporcana epanmom PH® npoexm Ne 19-73-30026.

Cnucok 1uTepaTypsl
1. A.B. Boponmos, E.A. Ko3nosa, A.C. becos, [I.B. Kosnos, C.A. Kucenes, A.C. Cadaro, Kuremurxa u kamanus,

2010, 51, 829-836.
2. K. Yompa, C. lac, M.: Mup, 1986, 435.
3. T.J. Cemuenko, Xapwvkos: bU, 1997, 144,
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KBaHTOBO-XHMHYECKHI AHAJIU3 BJIUSHUA MOJIEKYJI BOJAbl, MyPABbUHON M YKCYCHOM

KHMCJIOT HA KHHETHKY 00pa30BaHMA 2-MeTHIMMM/IA30J1a
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1 . .
Tomckuui I'ocyoapcmeennwiti Ynusepcumem, Tomck, Poccust
2 . . y
Tomckuui I'ocyoapcmeennwiii [ledacocuueckuti Yuueepcumem, Tomck, Poccus

*asdfecOl@yandex.ru

NMuna3zon u ero MNpOW3BOJIHBIC MIMPOKO HCIOJIB3YIOTCS B TIPOU3BOJCTBE IMOPOIIKOBBIX
Kpacutenei, jekapctB W ymobpenuit [1,2]. 2-MeTHIMMHIA301 MOKET OBITh IOJYYCH peakiuei
B3aMMOJICHCTBHS TJIHOKCAJs, alleToalbJCriia U aMMHaka B BOJHOM pactBope [3]. Drta peakims He
TpeOyeT Karajau3aTopa, a peareHTbl U PACTBOPUTENb IIUPOKO HCIONb3YIOTCS B IMPOMBIIIICHHOCTH.
N3ydyenne mexanm3mMa oOpa3oBaHUs 2-METHWJIMMHJIA30J1a YKCIIEPUMEHTATBHBIMA METOJAMH OCJIOKHEHO,
TE€M HEe MeHee, KBAHTOBO-XUMHUECKHE METO/IbI MO3BOJISIOT NOMYYUTh HEOOXO0AUMYIO HH(GOPMAIIHUIO.

beuta mpemiockeHa pacueTHash CXema, aJeKBAaTHO OIMCHIBAIONIAS IKCIECPUMCHTAIBHBIC TaHHBIC.
CTpyKTypbl HUCXOOHBIX M TPOMEKYTOUYHBIX BEIIECTB, a TaKXKe TMPOAYKThl pEaKIuu ObUIH
ONTHUMH3UPOBAHBL. J[J1s1 BceX CTajmii peakiuy B3aMMOICHCTBHSI alleTalIbJCTH A, TIMOKCAISI U aMMHaKa
ObUIM HaiiieHbl M onTuMu3zupoBaHbl mepexoanbie coctostHus (IIC) Oe3 BAMSHHUS SBHBIX MOJIEKYI
PACTBOPUTEIISA, C BKIIFOUCHHEM OJHOMU, BYX SIBHBIX MOJICKYJ BOJIBI, & TAK)KE C BKIIFOUEHUEM OJIHOH SIBHOMI
MOJIEKYJIbI MYPaBbHHON U YKCYCHOM KHCIOT. ONTHMH3AIMSI T€OMETPUH BCEX CTPYKTYP IMPOBOAMIACH C
HOMOIIBI0  MporpamMmHoro makera Gaussian’l6 na wimactepe  ANNEMARIE B  MapOyprckom
yHuBepcuteTe uMeHn Puimmnmna. Pacdersl mpoBoawinchk Ha ypoHe Teopuu B3LYP-D3/6-311G(d,p).
I'eomerpust cTaOUIBHBIX KOHPOPMEPOB ISl KaXKI0W MOJIEKYIISIpHOH cTpyKTypsl U [IC onTuMu3npoBanack
¢ yueToM pactBoputelis ¢ momoinibio PCM momenu [4].

Bce cramuu B3auMOJICHCTBUS alleTaNbICTH/IA, TIMOKCAIS W aMMHaka OBUIH pacIlpeleicHBI 110
TUTIAM: HYKJI€O(UIbHOE MPUCOCTUHEHHE (AG* ~ 33.7 xxan / momp, AH* ~ 22.2 xkan / mous),
peruapararus amuHocupToB (AG” ~ 45.2 kkan / mons, AH" ~ 45.9 xkan / mois), mepeHoc aroma
BOJZIOpO/IA (AG# = 29.4 kxan / Mob, AH* = 29.4 xkan / MoJb). MccaemoBanre mokasaio, YTO SHTAIbIIUS
akTHBaIUK nmoumwkaercs Ha 25-30 kkan / Monb a sueprust [ m60ca aktuBanmu nmonmxaercs Ha 20—25 kkan
/ MOJTb TIpU BKITIOYEHHH OJHOW SIBHOM MOJIEKYJIbI BOJbI B CTPYKTYphI I1C. ITpu BKIIOYEHHH B CTPYKTYPHI
[IC nByxX SBHBIX MOJIEKYJI BOJBI DHTAJIBIUS aKTHBAIMK W dHEprus [mbOOca akTUBAIMU B CpPEAHEM
nonmxarorca Ha 35—40 kxai / Mo 1 30—35 kkai1 / MOJIb, COOTBETCTBEHHO.

DHTaNbIUS aKTHBAMK TOHWXkatoTcs Ha 47-50 kkanm / monb, a sHeprus ['mOOca akTHBaIUU
nonmxaercss Ha 35-40 kkana / MoJib MPH BKIIOYEHUH B CTPYKTYphI [IC 0MHONW MOJNEKYJIbI MypaBbHHOMN
KHCITOTBI. DHTAJBINS aKTUBAIIMK W dHeprus ['mb0Oca akTuBanuu moHmwkaroTcs Ha 45-50 kkan / Monb u
3247 xxan / MOJIb TIpY BKJTFOUEHUH OJHOM MOJIEKYJIbI YKCYCHOU KHUCIOTHI B cTPYKTYphI [1C.

AKTHUBallMOHHBIE Oapbepbl TMOHWKAIOTCS TPHU YBEIMUYEHUU KOJIMYECTBA SIBHBIX MOJEKYT
pactBoputenst B crpykrypax IIC. Jlanabiid 3Q¢deKT BO3ZHHMKAET BCIEICTBHE OOpa30BaHMS CTAOMIBHBIX
[IECTU- ¥ BOCBMU-IIEHTPOBBIX IIUKJIOB U OJIHOBPEMEHHOTO TpaHcdepa aTOMOB BOJOPO/IA.

bout onpenenen Hanbosee BepOsATHBIN MyTh peakiuu. CaMmble BHICOKHE Oapbepbl aKTUBALIUU (AG#
= 23.4 xxan / Mo, AH* = 22.0 kxan / MOJIb) HAOJIOJAIOTCS Ha CTAJUM IMKJIH3aldH. JTa CTaaus
SIBIIIETCS JIMMUTUpYIoNei. Ha 3ToM 3Tare moBbBIICHHE YHCiia IBHBIX MOJICKYJ BOJbI B cTpykType TIC ¢
OJIHOTO JI0 IBYX NMPUBOJUT K YBEIMUYEHUIO dHeprun [ 1OOca akTUBAIIUY ¥ SHTAIBITUY aKTUBAIIUU.

Cnucok auTepaTrypsl
S. Kumari, K.S. Pramod, K. Nitin, Der Chemica sinica, 2010, 1(3), 36-47.
H. Olivier-Bourbigou, L. Magna, D. Morvan, Appl. Catal. A: General, 2010, 373, 1-56.
3. V.S. Malkov, A.S. Knjazev, O.A. Kotelnikov, M.V. Odnokopylova, RF patent No. 2486176. Claim. 17.11.2011.
Publ. 27.06.2013.
4. V.P. Tuguldurova, A.V. Fateev, O.Kh. Poleshhuk, O.V. Vodyankina, Physical Chemistry Chemical Physics, 2019,
21(18), 9326-9334.
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BiinsinuMe 1aBjeHHMs B THAPOTEPMAIbHOM CHHTE3€e HA XapAKTEePUCTUKH THMOKCHAA
Maprasua co crpykrypoit OMS-2, moanpuuupoBanHoro uepuem
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Tomckuu I'ocyoapcmeennswiii Ynusepcumem, Tomck, Poccus
*kad0818@mail.ru

Ha ceromusmHuii 1eHb B MHUpE OCTPO CTOMT IpoOjemMa 3arpsi3HEHHs OKPYXKarolled cpeisl, B
YAaCTHOCTH BO3JyXa, jJeTydyuMu opranmdeckumu coeauHeHusMu (JIOC). O6espexuBanune JIOC myrem
NIyOOKOTO HX OKHCIeHUS dS(Q(PEKTHBHO TPOBOIUTCS C TIOMOIIBID KAaTaau3aTOPOB, OCHOBHBIM
KOMIIOHEHTOM KOTOPBIX SIBJISIOTCS Oiaropognbie MeTauibl. OJHAKO B CBSI3U C BBICOKOW UX CTOMMOCTBIO
aKTyaJbHOH 3a/a4yeil ABISETCSA 3aMeHa OJIarOpOAHBIX KOMIIOHEHTOB KaTalu3aTopa Ha 0oJiee TOCTYIHbIE
metaiibl. [lo 3ToN mpuumMHe 1EIeco00pa3HbIM CTAHOBUTCS IOUCK ajbTEPHATUBBI IUIATUHO- H
naUIaAnICOACPKAIIUM KaTaTUTHIYECKUM KOMIUICKCAM.

JIMOKCH MapraHiia co CTPYKTYpOH OKTa’apHYCCKHX MOJCKYIsApHbIX cuUT (OMS-2) sBisercs
OJTHUM M3 TIEPCIIEKTUBHBIX KaTain3aropoB riryookoro okucienus JIOC [1]. Karanutudeckas akTHBHOCTh
OMS-2 MoxeT OBITh MOBBIIIEHA €ro0 MOAHMDHUIMPOBAHNEM KaTHOHAMH Pa3IN4YHBIX MeTamioB (Ag’, Cu?,
Fe** u ap.) [2, 3]. Cpenu mMeTaisioB 1iepuii BBI3BIBACT HAHOOJBIIHMIA HHTEPEC MIPHU MCIOJIB30BAHUU €T0 B
kauectBe Moaudukatopa ani OMS-2 wu3-3a  0coOOEHHOCTEH OKHCIUTEIHbHO-BOCCTAHOBUTEIBHBIX
nepexonoB Mexxay Ce(lll) u Ce(1V) B CeOx [4].

l'unporepmalnbHbIi CHHTE3 SBISETCS OAHUM M3 CIIOCOOOB MoNydeHus repuiiconepxammx OMS-2
(Ce-OMS-2) [5]. BbLio mpernonoxeHo, 4To Ha XapakTepucTHKH noxydaemoro Ce-OMS-2 MoxeT BIUsITh
JaBJICHHE B aBTOKJIaBe BO Bpems cuHTe3a. llocienHee ompenerneHHbIM 00pa3oM 3aBHCHUT OT CTEHCHH
3aIOTHCHHS aBTOKJIaBa MIPU TPOYMX MMOCTOSHHBIX YCJIOBUAX. Ha ocHOBE 0030pa iuTepaTypsl Ha JaHHYIO
TeMy OBbUI CIelaH BBIBOJA, YTO CYIIECTBYET TOJBKO AIKCHEPUMEHTATbHAs 3aBUCUMOCTH JIaBJICHHUS OT
CTCNICHM 3arloJiHeHMs aBTokiaBa [6]. B nmaHHOM paboTe mpoM3BENCHA TIONBITKA YCTAHOBIICHHS
TEOPETUUECKON 3aBUCUMOCTH U €€ aHallu3a MpH MapaMmeTpax, JaleKuX OT KPpUTHUECKUX JJIS1 BOJBIL.

[IpakTuyeckas yacth pabOTHI 3aKIOYajach B MPUTOTOBJICHHMH ABYX oOpasuoB Ce-OMS-2 mpu
pa3MYHBIX 3HAYCHHSIX CTENEeHU 3allOJIHEHUs AaBTOKJIaBa. Pe3ynbTaThl HCCIENOBAaHUS SJIEMEHTHOTO
(P®nA) u ¢azoBoro cocraBa 00pa3LoB, WX KpUCTALIMYECKOW CTPYKTypel (Metomamu PDA u
cnektpockonuu KP) U TeKCTypHBIX XapaKTEepHUCTHUK (METOAOM HH3KOTeMIIepaTypHOW copOuuMM a3oTa)
noKasaim, 4to 0oJiee BHICOKOE JaBJICHHE B IIEJIOM OTPHIIATEIILHO BIHMSET HAa XapaKTEPUCTUKHA 00pPa3IoB.
YCcTaHOBNIEHO, YTO MOBBIIIEHHOE aBIEHUE CITOCOOCTBYET BKIIOYCHHIO HOHOB IIEpUs B 00pa3Ilbl, OJJHAKO
npUBOTUT K paspymeHnto OMS-2-cTpyKTypsl, 4TO B UTOTe HETAaTUBHO OTPAXKACTCS HA KaTATUTUICCKOU
aKTUBHOCTH o00pa3loB B Tpoiecce Hu3koremmneparypHoro okucienuss CO. C 1enp0 COXpaHUTh
cTpykTypy OMS-2 Ob1110 perieHo 3aMeHUTh UCTIONIb3yeMbI B THAPOTEPMAIbHOM CHHTE3€ KaTalnu3aropa
HUTpAT MapraHia Ha cyiabpar. Ha OCHOBE MOJIYYeHHBIX TEKCTYPHBIX M CTPYKTYPHBIX XapaKTEPHUCTHUK
KaTaJan3aToOpPOB, JIEMEHTHOTO aHalu3a W KaTAIUTUYECKUX TaHHBIX B MpOIlEcce HU3KOTEMIIEPATypPHOTO
okucnenus CO chopMmynupoBaHa MepcreKTHUBa JaibHEeHIIel padoThI.

Paboma evinonnena npu ¢hunarcogou noodepacxke PH®, npoexm Ne 19-73-30026.
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KuakogasHoe npespanieHue rJiMIEepruHAa Ha Au-coAepKaluX KaTajJau3aTopax B

LHEHHbIE MPOAYKTHI
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HuskoreMmriepaTypHoe OKHUCIEHUE TIUIEPUHA SIBISETCA MEPCIEKTUBHBIM CIIOCOOOM TMOJYyUYECHHS
TaKUX LEHHBIX IPOJYKTOB, KaK MOJIOYHAs! KUCJIO0TA, TIIMLEPAIbIACTU]l, TUTUAPOKCHAeTOH U np. [1]. s
MOBBIIICHHS BBIX0/IA JKETAEMOTO MPOAYKTa MPUMEHSIOTCS CEJIEKTHUBHBIE KaTalln3aTOPhl, KaK MPaBUIIO, HA
OCHOBE 0y1aropoJHbIx MeTaioB Au, Pd u Pt. ¥V 30510ThIX KaTaln3aTopoB MMEETCS MPEUMYIIECTBO: OHU
0oJiee yCTOHYHMBBI K OTPABJICHUIO U JIC3AKTUBUPYIOTCS HE TaK OBICTPO, KAaK MAJUTaIUEBbIC U IUIATHHOBBIC
aHajoru. B nuteparype onuchIBaeTCs BIUSHUE YCIOBHM peaKIIMU HA aKTUBHOCTh KaTaJIU3aTOPOB, OAHAKO
MPHUPOJIa HOCUTEJICH OCTACTCS MATOU3YYCHHBIM (aKkTOpoMm [2].

B npanHoit pabore ObLIO H3Y4YEHO BIMSHUE NPUPOJLI HOCHUTENS HA COCTOSHHUE AaKTHUBHOTO
KOMITOHCHTa B HAHECCHHBIX 30JI0TOCOAepKalux Karaau3aTopax (Au/TiOz, Au@UiO-66 u Au/ZrO,) u ux
KATAJIMTUYECKYI0 AKTHUBHOCTb B PEAKLMU OKHCIWUTEIbHONM KOHBEpcHM riuiepruHa B C3-IPOIYKTHI.
AU/TiO; ObLT CHHTE3UPOBAH I CPABHEHHS ¢ aKTUBHOCTBIO HOBBIX 00beKTOB — AU@UIO-66 u Au/ZrO,.

Ha ocHoBe naHHBIX, MOJTYYEHHBIX METOJOM HU3KOTEMIIEpaTypHOH aacopOuuu N, yCTaHOBIEHO,
YTO yJelbHas IJIOIIA (b TOBEPXHOCTH Bapbupyercs B mpeaenax 20 — 49 M2/ TSl OKCHJIHBIX HOCHTEJIEH 1
Au karanuzaropoB. [ rubpugHoro mnonumMmepa UiO-66 BBeneHHE MPEANISCTBEHHHKA AKTUBHOTO
xomnonenTa HAuCly npuBOANT K CHHXKEHHUIO Sy;, YTO CBSA3aHO C YACTUYHBIM Pa3pylleHHeM Tepedranara
mupkonus. Ilo manaeiM POA nmns Auw/TiO; katanu3atopa aKTHBHBI KOMIIOHEHT pacHlpe/esieH
paBHOMEPHO B BUJE€ AU HAHOYACTHIl pazMepaMu <3 HM, MOCKOJIBKY pediekcoB OT ¢a3bl Au® He GbiI0
obOHapyxeHo. B Au/ZrO; u Au@UiO-66 npuMeHeHne MeToa MPOMUTKU MO BIATOEMKOCTH MPUBOAUT K
(GOpMHUPOBAHUIO KaK MAJIBIX, TAK M1 OTHOCUTEIHHO KPYITHBIX AU HAHOYACTHII.

[lo pe3ynpraram KaTadIUTHYECKUX MCCIECIOBAHUM YCTAHOBJEHO, YTO NPHUpPOAA HOCUTENS
OKa3bIBACT BJIMSIHME HAa aKTMBHOCTH 30JI0TOCOAEpXKAIMX KaTanu3aTopoB. Camble BBICOKME KOHBEPCUU
rmnepuHa ObUtM monydeHbl Ha Au/ZrO;, omHako caMbiM 3(()EKTHUBHBIM KaTalnu3aTOPOM SIBISIETCS
AU/TiO,, T.K. B HEeM IO JaHHBIM DJIEMEHTHOTO aHalM3a caMOe HHU3KOe cojepkaHue 3osota. [lpu
CpPaBHEHMH IIUPKOHUEBBIX HOCUTENEW BUAHO, 4TO ZrO; MpOosBIseT OOJBIIYI0 CEIEeKTUBHOCTH B
OTHONIICHUH MOJIOYHOH KUCIIOTHI, @ U1O-66 — B OTHOIIICHUY TIUIICPUHOBOM KHCIIOTHI.

Taxxe OBLJIO M3Y4YEHO BIMSHHUE KOHIICHTPAIMHM IIENOYM M TEMIEpaTypbl Ha KaTaTUTHYECKYIO
AKTHUBHOCTH TOJYYEHHBIX KaTaJIu3aTOpoB. Mexay KOHBEpCHEW TJIMIIEpUHA W JaHHBIMH (aKTOpamu
HaAOJI0/IaeTCsl CUJIbHAs 3aBHCHUMOCTb, YTO COTJIaCyeTcsi C JINTEepaTypHbIMU JAaHHbIMH [1]. Bnuszue
1IeJIOYM U TEeMIIepaTypbl Ha CEJIEKTUBHOCTh MO OTHOLICHHIO K OCHOBHBIM MPOAYKTaM YKa3blBaeT Ha
MPOTEKAaHWE KOHKYPUPYIOIIMX TMapajUIeIbHBIX PEaKluid, B PE3yJbTaTe KOTOPBIX oOpa3yercs
TJIMIIEPUHOBAS UM MOJIouHAas kuciota. Ha coctaB 00pa3yronumxcst MpoAyKTOB PEeaKIMK BIUSIOT YCIOBUS
nposeneHus (T, KOHIEHTpalys EeN04H), a TAK)KEe KUCIOTHOCTh IOBEPXHOCTH KaTaau3aTopa.

Paboma svinonnena npu punancosoii noddepaicke Poccuiickoeo Hayunozo @onoda (npoexm Ne 19-73-30026).
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HccaenoBanue HanpaBIeHU NpeBpalleHU H-IIEHTAHA, H-T€KCAaHA U H-TeNTaHa pHU

UX nepepadoTKe HA LEOJUTHOM KaTanauzarope tuna ZSM-5
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HccnenoBanus cocTaBa M XapaKTePUCTHK CTaOWIBbHBIX ra3oBeix KoHaeHcaToB (CI'K), mo6odHbIX
IPOAYKTOB MOATOTOBKU TOBapHOTO MPUPOAHOrO TIa3a, U NPOAYKTOB MX IepepalOTKM Ha LEOJIUTHOM
Katanuzarope mnokaszanu, uto CI'K sBisioTCs mepcrneKTUBHBIM CHIPBEM ISl MIPOU3BOJCTBA OCH3MHOB.
Y CTaHOBIIEHO, YTO OCHOBHBIMHM KOMIIOHEHTaMu B cocTaBe pasznuuHblx CI'K sBisroTcs yrieBonopossl
Cs-C7 [1]. Onnako uccnenoBaHUe HAMIPABICHU MPEBPAIEHUI YTIIIEBOIOPOJIOB B Ipoliecce nepepaboTku
Ha OCHOBaHMM JAaHHBIX, MOJy4eHHbIX npu nepepadborke CI'K, 0Cln0XHEHO MX MHOIOKOMIIOHEHTHBIM
coctaBoM. lloaromy st Gosee eTalbHOrO W3Y4EHHs HAINpPaBICHUM NpEBpallleHUuN YIieBOJOPOAOB,
Bxomsamux B coctaB CI'K, Ha mabopaTopHON KaTaJUTHUECKOW YCTaHOBKE ObUI Pean30BaH IMPOLECC
nepepaboTKU YHUCTBIX YIJIEBOJOPOAOB (H-TIEHTAH, H-T€KCAaH W H-TeNnTaH). B kadecTBe kaTaiu3aropa
UCIIOJIb30BAJICA LIEOJIUT CTPYKTYpHOro THUna ZSM-5. DkcriepuMeHT NpoBOAMIM B AHAIla30He TeMIepaTyp
648-698 K ¢ marom 25 K, naBnenunu 0,25 MIla u pacxozae ceipps 0,33 mMi/MuH.

AHanu3 MHIUBUAYAIBHOIO YIJIEBOJOPOJHOIO COCTAaBa MOJYYEHHBIX MPOAYKTOB OCYILECTBIISIICS
METOZIOM Ta30BOM xpomatorpaduu. I[lomydeHHBIH WHAWBUIYAIBHBI COCTaB TMPOJYKTOB OBLI
arperupoBaH U (Qopmaiau3oBaH. BemecTBa ¢ HauMEHbIIUMHM KOHIIEHTPALUSAMU OOBEIWHEHBI B
IICEBAOKOMITOHEHTHI.

OcHOBBIBasICh Ha aHaJgM3€ COCTaBa MpPOAYKTOB IIpollecca, a TaKkKe TEeOPeTHUYECKHX
IPEJICTABICHUSX O MEXaHM3ME IPEBpALICHHM, NMPOTEKAIOIIUX HAa BBICOKOKPEMHHUCTBIX LEOJUTAX THUIIA
ZSM-5, Obl1 chopMHUpOBaH IEepeueHb TEOPETUYECKH BO3MOXHBIX PEaKIil, MPOTEKAOLINX B IpoLecce
nepepadOTKM H-TICHTaHa, H-TEKCAaHAa W H-TENTaHa, HAa OCHOBAaHMM KOTOpPOro OblIa COCTaBlieHA
dopmanu3oBaHHas cXeMa IPEeBpaIlEeHUI BELECTB Ha IE0JIMTHOM KaTalIlu3aTope.

@dopmalii30BaHHAs CXeMa XMMHUYECKUX IpeBpalieHuil yrieBogopoaoB Cs-C; BkitodaeT B ceOst
CJICAYIOIINE TUIIbI PEaKIIHA:

J M30MepU3alMsl U KPEKUHT napaduHOB ¢ 00pa3oBaHNEM OJIe(DUHOB,;

o nepepacupeieieHie  BOAOpoAa B onepuHax ¢ 0Opa3oBaHUEM  APOMATHUYECKUX
YIJI€BOJIOPOAOB U H-MapaduHOB, a TaKKe AUOIEPUHOB, KOTOpPHIE MPHU B3aUMOJICHCTBUU C OJepUHAMU
yTeM JTUEHOBOT'O CHHTE3a 00pa3yroT IUKI00IEPHHBI,

J nepepacnpezieNieHie BOJOpoJa B HHUKIOONe(hHUHAX, KOTOPOE MPUBOAUT K OOpPa30BAHMIO
apOMaTUYECKHUX YTIIEBOJOPOJOB U HAPTEHOB,;
J peaKIuK aTKUIMPOBaHHS 0Je(UHOB ¢ 00pa3oBaHHEeM HA()TEHOB ¢ OOKOBBIMU METHIILHBIMH

U OSTWIBHBIMU TpYyNIaMH, KOTOpPbIE IOJBEPraroTCcs peaKkUMsIM ACaIKWIMPOBAaHUS C 00pa3oBaHUEM
osieuHOB 1 HAPTEHOB 6€3 OOKOBBIX IIETIEH.

ITonHBI nEpeyeHb COCTOUT U3 865 TEOPETHUECKN BO3MOXKHBIX peakuui. s KakIoi peakiuu
OBLT MPOU3BEEH pacueT TEPMOJANHAMUYECKUX [TapaMeTPoB B MporpaMmMHoM nakere Gaussian [2].

AHanus nmokasai, 4ro u3 865 TeopeTH4eCKH BO3MOKHBIX peakluil TEPMOAMHAMUYECKN BO3MOXKHO
nporekanue 777 peakuuid. [[nf KHUHETHYECKOrO OMNMCAaHMS NPEBPALICHHUN YIJIEBOAOPOJIOB HA
MOBEPXHOCTH II€OJIUTHOTO KaTtanuzaropa ZSM-5 Obuto coctaBneHo 140 ypaBHEHMHA XMMHYECKHX
peakiuil, CBA3BIBAIOIIMX H-IIEHTAH, H-TEKCAaH M H-TENTaH C NPOMEXYTOYHBIMM KOMIIOHEHTaMH M
IIPOJYKTaMHU PEAKILIMii, 110 IIPEITI0KEHHONU CXeEMe.

Hccnedosanue 8blnosineno npu unancosoll noodepacke PODU ¢ pamxax nayurnozo npoexma Ne 20-38-90157.
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I'uaposmTuyeckoe OKuCJIeHHe HeJVI00H03bI ¢ HCI0JIb30BaHneM Pt-conepxamero
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['mokoHOBast KMCIIOTA MUPOKO BXOAMT B PELETITYPY MHOXKECTBA MUIICBBIX, (hapMalleBTUYECKUX U
TUTHUEHUYECKUX MPOAYKTOB; HCIOJB3YETCSI B TEKCTUJIBHOW M METaJUIyprH4ecKOd MPOMBIILICHHOCTH;
HAXOJIUT MPUMEHEHUE B CTPOUTENBHBIX TexHoJorusx [l]. I'mokapoBas KUCIOTA SIBISIETCS MPOJIYKTOM
Oosee TMIIyOOKOTO OKHCIICHHS TJIIOKO3bl, U TaK JK€ SIBJISETCS BaXXHBIM COEIMHEHUEM C IIUPOKHUMHU
MEePCIEKTUBAMU HUCIOJIb30BaHUSI B MUIIEBON MPOMBIIUIEHHOCTH, MEAUIIMHE, B MPOU3BOJICTBE MOIOIIHNX
cpencts u np. CorjaacHO JaHHBIM aHATUTHYECKOTO moptana Reports and Data [2], k 2027 roxy MupoBoi
PBIHOK TITIOKapOBOM KUCIOTHI gocturHeT 1,46 miupa. nomtapoB CIIA. B HacTosiiee Bpems MIIOKapOBYIO
KHUCJIOTY TMOJYYaroT IMyTeM XHMHUYECKOTO OKHMCIEHHS TIIOKO3bl — HECEIEKTUBHOTO, JOPOTOCTOSIIETO U
He0Ee30MacHOT0, C TOUYKH 3PEHUSI IKOJIOTHH, MPOIIECCa C UCIOIb30BAHMEM a30THOM KUCJIOTHI B Ka4€CTBE
okuciutens [3]. Takum 00pa3oM, aKTyalbHOCTh IMOMCKAa HOBBIX CIIOCOOOB CHHTE3a TJIIOKOHOBOW H
[JIFOKApOBOM KUCTIOT U3 JACIIEBOTO U JOCTYITHOTO CHIPhS SIBJSIETCS OUEBUIHOM.

B nanHoil pabore wuccieqoBaH MpoIecC TUAPOIUTUYECKOTO OKHCICHUS UEeT00H03bl /10
[JIFOKOHOBOM M TJIIOKAPOBOWM KHUCIOT B MPHUCYTCTBHM Pl-comepskaiero karaiau3atopa Ha OCHOBE
Me30nopucToi MaTpulibl cBepxcuutoro nonuctupona (CIIC) — 3 % Pt/CIIC MN270.

B xome paboThl OBLIO HCCICNOBAHO BIMSHUE TEMIIEPATyphl IPOIECcca THAPOIUTHICCKOTO
OKHUCJICHHUSA UeI0oO0M03bl Ha CTEeNeHb KOHBEPCHUU CyOCTpaTa M BBIXOJ TMPOAYKTOB PpEaKIUu.
DKCTIIEpUMEHTHI IPOBOJAWINCH B TemmepaTtypHoM auarazone ot 110 go 150 °C. Mcxons u3 moTy4eHHBIX
pe3yNbTaTOB KAa4eCTBEHHOI'O M KOJIMYECTBEHHOI'O XapaKTepa, ObUla MpeAsioKeHa CXeMa pPEeaKIHH
KOHBEPCUHU 11EJUIO0MO03bI B TIIIOKOHOBYIO U TVIFOKAPOBYIO KUCIOTHI B JJAHHBIX yCJIOBUsIX (1esioduosa 0,5
r; 3 % Pt/CIIC MN270 0,1 r; H,O 20 mi; Oy 5 6ap; 3 4). B xome umcciaenoBaHusl Takke Oblia
ONTUMHU3MPOBAHA TMPOJODKUTEIBHOCTh TIporecca. bpUlo TOKa3aHO, YTO MaKCUMAJbHBIA BBIXOJ
TJIFOKOHOBOM KHCIOTHI cocTaBiseT 21,6 % mpu Bpemenu peakiuu 1 4. B Toxe Bpems, eciu LI€JIeBbIM
MIPOJIYKTOM SIBJISIETCSl TJIFOKApOBas KUCIOTa, TO ONTUMAJbHASs MPOJOJDKUTEIBHOCTh peakiuu — 2 9.
Boixon kucnotsl npu 3ToM aocturaet 63,4 %. CUHTe3UpOBaHHBIN KaTaau3aTOp OKa3alics CTaA0MIIbHBIM B
TUAPOTEPMAIBHBIX YCIOBUSIX Tpolecca W ObUT HCIOJb30BaH, MUHUMYM, B TPEX MOCIEAOBATEIbHBIX
[UKJIaX UCIIONIb30BaHUs, 0€3 3aMEeTHON MOTEePH aKTUBHOCTH.

Takum o6pa3oM, B xoae palOoThl Obula TOKa3aHa MEPCHEKTUBHOCTh HCIOJIb30BaHUs Pt-
coJIepXKalIiX KaTaTUTUYECKUX CHUCTEM Ha OCHOBE MOJIMMEPHONW MATPHIIbl CBEPXCIIUTOTO MOJUCTUPOJIA B
polecce TUAPOIUTUYECKOTO OKHUCICHHS 1EeTUI00MO3bl 0 TIIOKOHOBOW W TIOKapoBoW kuciot. [lpu
temriepatype 145 °C, naBnenun O, 5 6ap, BECOBOM COOTHOIICHHH CyOCTpat/kaTanu3arop 4/1, BeIXon
TJIFOKOHOBOM M TIIFOKapOBOW KUCIOT Aocturaet 21,6 u 63,4 %, COOTBETCTBEHHO.

[Tony4yenHble pe3yiabTaThl B MEPCIEKTHUBE MOTYT OBITh MCIOIB30BaHbBI ISl CO3/IaHUS TEXHOJIOTHH
KATAJIMTUYECKOW KOHBEPCUHM PACTUTEIBHBIX TOJUCAXapHUJIOB, B IMEPBYID OuYepedb, LEUIIOI03bl, B
aJbJOHOBBIE M aJbJAPOBBIE KHUCJIOTHI, IUPOKO HCIIONB3YIONIHMECS B XMMHYECKOM CHUHTE3€, IMUIIEBOH,
dbapMaleBTUYECKON U JPYTUX 001aCTAX MPOMBIIUIEHHOCTH.

Paboma noodepocana cpanmamu PH®D (19-19-00490) u PODU (20-08-00079, 19-08-00414).
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CuHTe3 U HccieI0BaHNe KATATUTHYECKHX CBOWCTB MOPUCTHIX HaHOCIIaBoB Ni-Pt B

Pe€aAKIHUAX PA3JI0KCHHUA ITUWICHA H JICKTPOXUMHUIECCKOI'0O BbIACJICHHUA BOA0OPOIA
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bumerannuyeckre HaHOCIIABBI 00JAaJAlOT CBOWCTBAMH, OTIIMYHBIMH OT MOHOMETAJTHYECKUX
aHaJIOTOB M MOTYT NPHUMEHATHCS B MEIULUHE (MarHUTHAs THIEPTEPMMUs, LI€JICHAIIPABICHHAs J0CTAaBKa
JeKapcTB) M B KayecTBE MArHUTHBIX MarepuanoB. Cpeau MHOrooOpas3usi HAHOCIUIABHBIX CTPYKTYD
BBIJICJIAIOTCS. TIOPUCThIE HAHOCIUIABBI, SIBJISIOIIMECS MEPCIEKTUBHBIMM MaTepuallaMH 3a cyeT OoJbluei
AKTUBHOM MOBEPXHOCTH, OOJIBIETro YKcia aKTUBHBIX CATOB, BEICOKOW MPOBOAMMOCTH M Pa3BETBICHHOM
CeTH KaHajoB, crocoOcTByromed nudp¢y3nun HoHOB. OcCoObIMM CBOWCTBAMH CILIABOB IJIATHMHOBBIX
METaJUIOB C TOPHUCTOW CTPYKTYpOMl SBJISIETCS CTAOMJIBHOCTh, CTOMKOCTh K KOPpPO3UM, a TaKkKe
CHOCOOHOCTh KaTaIM3UPOBaTh Pa3JIMUHbIE XUMUYECKUE MTPOLecChl. Bapbupys cocTaB U yCJIOBUS CUHTE3a
CIUIABHOI'O OPUCTOTO KaTaanu3aTopa MOKHO MEHATH €ro MOpP(OJIOTHIO U YIPABIATh aKTUBHOCTHIO.

OnHUM M3 TPOLECCOB, B KOTOPOM IIOPHCThIE€ HAHOCIUIABbI IIJIATUHOBBIX METAUIOB MOTYT
IPOSIBIISATH BBICOKYIO KaTAIUTUYECKYIO aKTUBHOCTb, SIBJISIETCS CUHTE3 YIJIEpOJHBIX HaHOBOJIOKOH (YHB)
pa3IoKEHUEM YIJIEBOJIOPOIOB HAa METAIIIMUECKUX KaTallu3aTopax, U3BECTHBIM B juTeparype kak CCVD
— Catalytic Chemical Vapor Deposition [1]. 3BecTHO, YTO HUKEIIb MOXKET SIBIATHCS OJHUM U3 aKTHBHBIX
KaTaJIn3aTOpPOB JIAHHOT'O Ipoliecca, a CIUIaBJIEHHE 3TOr0 MeTajula ¢ JPYTMMH IHO3BOJISIET YIYYIIUTh €ro
KatanutHaeckue cBorictBa [2,3]. Ctpykrypa YHB m ux TeKcTypHBIE XapaKTEPHUCTUKH ONPEHCISIOTCS
YCIOBHUSMHU PpEaKIUH, COCTaBOM M MOPQOJIOrHed HMCIOJIb3yeMOro Karanau3aropa. TakuM o0pa3oM,
paszpaboTka 3(pPeKTUBHBIX KaTamu3aTropoB s cuHTe3a YHB ¢ kemaeMbiMH (PU3MKO-XHMMHUYECKUMU
CBOWCTBaMHM U CTPYKTYPHBIMU XapaKTEPUCTUKAMU MPEACTABISAETCS aKTyallbHOW Hay4HO 3a/1aueil.

B pabore mpemioskeHa METOMKA CHHTE3a MOPUCTHIX HaHOCIIaBOB Ni-Pt, koTopas npencrabiseT
cOo0OH BOCCTAaHOBUTEIbHBIA TEPMOJIM3 CIHELMAIBHO IPUTOTOBIEHHBIX NPEIIIECTBEHHUKOB. TakuMu
NpPE/IIIECTBCHHUKAMH  BBICTYMain  MuUKporereporeHHbie cmecu coemunenuin  [Ni(NH3)s]Cl, u
[Pt(NH3)4]Cl2-H,O, mosmydeHHbIE COOCaKACHHEM HMCXOAHBIX KOMIUIEKCHBIX COJIEH B HEPaBHOBECHBIX
ycioBusix B aneroHe. [lomydenHast cepusi oOpa3lOB MOPHUCTBIX HUKENS, IUIATUHBI U HAHOCILJIABOB C
conepxanueM Pt 10-75 aT.% ucnbITaHa B peakuuu pasjoxeHus 3TuwieHa. [lokazaHo, yTo no0OaBieHue
10 ar.% Pt k Ni mpuBoguT K cuHepreTmdeckomy 3(@dekTy, KOTOpbIli BhIpaKaeTCsl B TOBBIIICHHON
AaKTHBHOCTH CIUIABHOTO KaTaJlM3aTopa MO CPAaBHEHHUIO ¢ YUCThIMU MeTaiiamMu. CuHTtesupoBaHHble YHB
001aJal0T BBICOKON 3JIEKTPUYECKOM MPOBOAMMOCTBIO M Pa3BETBIECHHOW MOBEPXHOCTHIO, UYTO MO3BOJISET
paccmaTpuBaTh MX B KauecTBE YJOOHOTO KaTAJIUTUYECKOTO HOCHUTENS MJIs 3IIEKTPOXUMHUYECKUX
IPOIECCOB. AKTHBHBIMU IIEHTPAMH BBICTYAIOT CIUIaBHble HaHouyacTisl Ni-Pt, 3akpemseHHbie B
MAacCHBE YIJIEPOJHOr0 Marepuasia B mpouecce cuHre3a YHB. IlonydeHHble NMpONyCKaHUEM STHIICH-
cojiepkaiieii ra3oBoii cMecu dyepe3 mopucthie HaHocmaBbl Ni-Pt  kommosuTHeIe  00pa3sibl
Nio.goPto.10/Cyus, NiogoPto20/Cyus,  NiosoPlo4o/Cyus ©u  NiPt/Cyyg TpOSBISIOT  aKTHBHOCTH B
JNIEKTPOXMMHUYECKON peaklu BblIeIeHUs Bojopoja. HauOomnbiiell akTUBHOCTBIO, COMOCTaBUMOM C
obpasmom cpaBHeHust Pt/Cyyikan, 001amaeT oopaserr Nig goPto.40/Cyns.

Paboma bvina noodepacana epanmom PH® 6 pamxax nayunozo npoexma Ne 21-13-00414.
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Ha ceromusmamii 1eHb B MUPE DPKOHOMUYECKAs JIEATEIBHOCTh MPAKTUYECKH BCEX TOCYIApCTB
3aBUCHT OT KJIMMATHYECKOW KOHBIOHKTYpHI [1]. CTpaHbl 3amaga paccMaTpuBaiOT IMyTh JTOCTHIKCHHSI
KJIMMaTH4ecKkoi HelTpainbHocTy K 2050 rony, T.€. TOCTUKEHUE HYJIEBOTO BbIOpOCA MApHUKOBBIX ra3oB. B
TaKUX COBPEMEHHBIX peausix HeoOXOJUMO aKTUBHO COBEPIICHCTBOBATH TPAIUIMOHHBIE XHUMHUYECKHE
TEXHOJIOTUH, B KOTOPBIX OJHUM U3 MPOAYKTOB peakiuu MoxkeT O0biTh CO,, monaaatomiuii B armocgepy. B
pamKax peanuzauud BomopoaHoW cTpaTeruu rocyAapcTB cCTpaH 3amaja IUIaHUPYeTCsl IMepexoi K
BOZIOpOAHOMY 001ecTBY HauuHas ¢ 2035 rona. TpaIulMOHHBIN KPYITHOMACIITAOHBIN CIIOCO0 MOIy4EeHHS
BOJIOPOJIa, TAaKOM Kak MapoBasi KOHBEPCHUS MeTaHa, 00J1aJaeT CYIIECTBEHHBIM HEIOCTATKOM — OOIbIIIHe
BEIOpOocEl CO, B atmocdepy. [l cHUXKEHHS BBHIOPOCOB JMOKCHAA YIIepoJia HEOOXOJWMO pPa3BUBATH
HETPaJUIMOHHBIE CIIOCOOBI MOTYYeHHs BOJOPOa, HAPUMEp, KaTATUTUYECKOE Pa3IoKeHHe MeTaHa, TIe
MPOIYKTAMHU PEAKITUU SBISIFOTCS] BOJIOPO U HAHOBOJIOKHUCTHIN YTIIEPOI.

I[Mporiecc KaTaIUTHYECKOTO pa3jiokeHus MeTaHa mpoBoawin Ha Ni-comepikaiux KaTaau3aTopax
pa3MuHOro coctapa, AonupoBaHHbx CO, Mo, Cu, Fe, K, La. B kauectBe Hocutens ucrnosb3oBain AlyOs,
SiO, mnmu C. BapbupoBaiu Temmeparypy mporecca ot 500 no 675 °C u aasnenue ot 1 mo 10 arm. B
3aBUCHMOCTH OT TIPUMCHSEMON KaTAIUTHYECKOW CHUCTEMBl pa3indaliaCh KOHBEPCHS HCXOJHOTO
YII€BOJIOPO/AA, BBIXOA MPOAYKTOB pEaKIMH, a Takke MOpP(HOJIOrHs U TEKCTYPHbIE XapaKTEPUCTUKU
M0JIy4aeMOT0 HaHOBOJIOKHUCTOT'O yIiiepoia. MeToiuKa 3KCIIepMMEHTOB IpeicTaBieHa B padote [2].

[Tokazano, 4to Hambojee NEepPCHEeKTUBHBIM KaTaau3aTOpOM MJis Ipolecca KaTaluTHYECKOrO
paznokenuss MertaHa sBisercss karanuzatop cocraBa /0Ni-20Cu/10Al,O3(macc.%), mokasaBimit
MaKCHMaJbHBIA BBIXOJ] BOJIOPO/JAa U HAHOBOJOKHUCTOIO YIiepoAa 3a Bpems 0 JAe3aKTUBALUU
KaTaauzaTopa.

HaHOBOMOKHUCTBIN yriaepoa MOKET OBITh HCIONb30BAaH BO MHOTHX MPUKIATHBIX MPUMEHEHUSX.
OcHOBHOE BO3MOJXKHOE HANpaBlIeHUE KPYMHOTOHHAXKHOTO WCIIOJNB30BAHUS YIJIepoJla — I3TO €ro
MPUMEHEHUE B IIMHHOM MPOMBIIIIEHHOCTH, METAJUTYPTHH, CO3JJaHIE HOBBIX CTPOUTEIHHBIX MaTEepPHAIIOB
u 100aBOK B O€TOH, acaybT, a TakKe OOJbIINE MEPCIEKTUBHI UCIOJB30BAHUSA B KAYECTBE HOCHUTEIS
Karajan3aTopa, Marepuana d3JCKTPOJOB CYINEPKOHJICHCATOPOB M YYBCTBUTEIBHOTO JJIEMEHTA Ta30BBIX
cencopos [3, 4].

Takum 00pa3om, B paboTe MOKa3aHO, YTO B PE3YJIbTATE PEAKIIMH KATATUTHICCKOTO Pa3IOKEHUS
MeTaHa 00pa3ylTCs BOJOPOA M HAHOBOJOKHHCTHIN YIIEpOJ, KOTOPBI MOXKET OBITh MCHOIB30BaH B
Pa3IUYHBIX OTPACIAX TPOMBINUICHHOCTH, TPU STOM HaWOoJiee MEPCICKTHBHO TPUMEHSATh HHKEIb-
Me/IHbIE KaTAIUTUYECKUE CUCTEMBI C COJIep:KaHneM HUKeNs He MeHee, ueM 70 macc.%.

Pa6oma svinoanena 6 pamxax 2ocyoapcmeennozo 3adanust Munobpuayxku (koo FSUN-2020-0008).
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KoopauHaIMOHHbIE COCIUHEHUS MEPeXOAHBIX 30-MEeTaioB TMOKa3ald CBOK  BBICOKYIO
KaTaJUTUYECKYI0 aKTUBHOCTh B pa3JIMYHBIX IPOIECCaX OPraHUYECKOro CHHTE3a: OKHUCICHHUS
MEpKaIlTaHOB 710 JHUCYJIb(GHUIOB MOJICKYISIPHBIM KHCIIOPOJIOM, AJIKHJIUPOBAHHE apOMAaTHYECKHUX
COCIMHCHUH, a TaK)KEe B PEAKIMIX W30MEPU3AMK aJKaHOB HOpMaibHOro crpoeHus [1]. 3a mocnennue
HECKOJIBKO JIET B XUMUHU He(DTH OOJIBIION HHTEPEC B KAYECTBE HOBBIX KATATUTUICCKUX CUCTEM BBI3BIBAIOT
KOMIUIEKCHI IEpeX0qHbIX 30-MeTaIIOB ¢ a30TcoAep KauMu katnoHamu coctasa (HL),[MHals].

B nacrosimeit pabore ObII MPOBEACH 3KCIIEPHUMEHT MO0 U3YYCHHIO KATATMTUYECKOH aKTUBHOCTH
TeTparajJoreHuIHbIX KoMmiuiekcoB Menu(ll) Ha ocHOBe a30TCoJepKaIIUX TeTEPOIUKINYSCKUX KAaTHOHOB
Ha MPUMEPE PEaKIIMKU U30MEPH3AIMK H-TeNTaHa B PEAKTOPE MEPUOANICCKOTO ICHCTBHSL.

Terparanorenuausie kynpatbi(ll) Ha ocHOBE a30TCoAEpKAIIETO TeTEPOLIMKINIECKOTO OCHOBAHUS
2,3,5-tpudenunrerpazonus  xjaopuctoro cocrasa (2,3,5-phsTz),[CuHals] [2] moka3biBarOT BBICOKYIO
KaTaJMUTUYECKYI0 AaKTUBHOCTb B COBMECTHOM HHM3KOTEMIICPATYpPHOM MPOILIECCe H30MEPH3alUU |
JETUAPOLMKIIN3AIMHA TeNTaHa HOPMAILHOTO cTpoeHHsl. OCHOBHBIMH TPOJYKTaMHU IMPOIECCOB SIBIISIOTCS
2(3)-meTmirekcas, 2,3-TMMETHIIIUKIONEHTAaH, METHIIIIMKIOreKcaH. Ha OCHOBaHMY TaHHBIX, OJTYYEHHBIX
METOJIOM XPOMAaTOMACC-CIIEKTPOMETPUH, OB PacCYMTaH CyMMApPHBIH BBIXOJ MPOJAYKTOB KOHBEPCHH H-
rerTaHa B MPUCYTCTBUU PA3JIMYHBIX KOMILICKCOB B 3aBUCMOCTH OT TEMIIEPATyPhI IIPH BPEMEHU PEaKIIUU
2 yaca. MakCHMaJbHBIA BBIXOJ MPOAYKTOB JIs KOMILIekca TeTpaxiopokymnpata(ll) nabmaromaercs mpu
80 °C. Beixon cocraBui 42 %. [yt GpoMUIHOTO KOMIUIEKCA IPHU TEX KE YCIOBUAX BBIXOJ paBeH 45 %.

B xnopokommiekce meau(ll) Ha ocHoBe Tpanc-2,5-aumernnnunepasuna (H,DMPpz)[CuCly] [3]
KaTaJUTHUYECKHE CBOMCTBA MPU TEX K€ YCIOBUIX Oosee sipko BbIpaxeHsl npu 60 °C, cymMmMapHBbIi BbIXOA
IPOJYKTOB KOHBEPCUH H-TenTaHa coctaBui 50 %.

B pesyipraTe 3KCIepMMEHTa MOKa3aHO, YTO KATATMTUYECKOW aKTUBHOCTBIO 00JIalaeT Kak
Heoprannyecknii anmoH [CuHaly]®, Tak M OpraHMYecKWii KaTHOH, Y4YaCTBYIOLIMHA B IPOLECCE
00pa3oBaHUsl aKTUBHPOBAHHOTO KOMIUIEKCA, MPUBOJISINETO K OCYNIECTBICHHIO Cpa3y JBYX IPOIECCOB:
U30MEpH3aIMH U KaTATUTHYCCKON JICTHIPOIMKIIN3AIIUHU TeNTaHa.

Paboma 6vina noodepscana Poccuitickum uayunvim onoom, epanm Ne 20-63-46026, a maxowce Munucmepcmeom
Hayku u svicuie2o obpazosarnusi Poccuiickoii @edepayuu, npoexm Ne 121071500036-4.
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@DOTOKATATUTHICCKUM  TEXHOJOTHSAM  yIenseTcss OOJbIIoe BHUMAaHWE TPU  PEIICHUU
sKojJornueckux mnpobsem. IlepemoBoi 3amaueit B oOmactu Qorokaranusza sBiseTcs 3(PQGeKTHBHOE
UCIOJIb30BaHUE BHUUMOTO CBETa (COJIHEYHOTO CBETa) MpHU (HOTOIM3E OPraHUYECKHX 3arps3HUTENCH U
(OTOKATATUTUISCKOM TOJYYSHUH HKOJOIMYECKH YHCTOro BogopoaHoro TtormmmBa [1]. Tlomumo
U3BECTHOTO M MIMPOKO HCIIOJIB3YeMOTo MoaynpoBogaHuka T10,, cpean Apyrux (HOTOKATAIM3aTOPOB
nepcreKTUBHBIM cunTaercs ZNO u MarepHualibl Ha €ro ocHoBe. Bbicokas sHeprus cBs3U SKCUTOHOB (60
M3B), nemeBu3Ha, YHUKAIBHBIE ONTOAICKTPOHHBIE CBOWCTBA, AaHTUOAKTEpHATbHAS AKTHBHOCTH, BBICOKAS
CBETOUYYBCTBUTEILHOCTh JenaioT ZNO MHOrooOemanmM MaTepruaJoM B 00acTd (QoToKaTaiusa.
I'maBHBIM HemocTatkoM ZnO sBisiercs ObicTpasi pekoMOWHAIMs (DOTOTEHEPUPOBAHHBIX 3JIEKTPOHHO-
JOBIPOYHBIX Tap, YTO 3HAYUTENIBHO CHUXKAET MX (POTOKATAIUTUYECKYIO aKTUBHOCTh. Kpome Toro, kak u
JUOKCHJI TUTaHA, OKCHUJI IIMHKA MOTrJow@aer Toibko B Y® obsactu. Jns panpHelmiero ymydileHUs
cBoiictB Hanouactul] (HY) ZnO nmpuBnekaTeNnbHBIM SBISETCSA AOMUPOBAaHUE OIAaropogHBIMU METaJUIAMU,
takumu Kak AU, Ag, Pt. Llenp HacTosIIEro WCCICIOBaHHUS — TIIOBBIIICHUE (HOTOKATATHTHYCCKON
aktuBHOCcTH HY ZnO, mony4eHHBIX METOJOM HMMIYIbCHOW mna3zepHod abmsauuu (MJIA), B Buaumon
o0jacTu cBeTa, JI0NMPOBAHUEM UX CEPEOPOM.

HY ZnO 6sutn mosryuenst MJIA (Nd:YAG naszep, 1064 uM, 7 HC) MeTaIUTMYECKOMW MHIIEHH ZN B
Bo3ayxe [2]. Hanecenme cepebpa mHa HU ZnO mnpoBoawmiock ABymMsi crocobamu: u3 aOJSIIIMOHHOIO
kotorga (MJIA mumienn Ag B TUCTHUIMPOBAHHOW Boje) W u3 mpekypcopa AgNOs ¢ mocieayrommum
OTXKHIOM JijIsl TIoaydeHuss kommnosuta Ag/ZnO. Jlns uaeHTUDHUKAIIMA CTPYKTYPhI 00pa3IoB MPOBOIHIN
uccaenopanne merogamu POA, DCIO m COM. DoToKaTaIUTUYECKYyH0 aAKTUBHOCTh IOJTYYEHHBIX
00pa3IoB OIEHUBAIM B peaknuu (HOTOPA3IOKEHUS BOJHOTO PACTBOPA MOJEIHHOTO OPraHHMYECKOTO
kpacutenss Pomammna b oOmydenuem cBetoguonamu ¢ AiauHOW BonHBL 375 HM u 410 HM.
®oropaznoxenne Pogamuna b olieHuBany no cnekTpam MOIJIONIEHHUS, ¢ TIOMOIIbIO CHEKTpodoTOMETpa
Cary 100 Scan.

He mommposanusiii obpazer; ZnO, nmomyuennsiii MUJIA B Bo3ayxe, 1o cTpykrype siBisercst ZnO
CTPYKTYpHI BIOPIIMTAa U UMeeT nonocy noriomieHus a0 380 uam B Y P-o6nactu. Jonuposanue HY ZnO
cepeObpoM criocoOCTBYET MOTJIOMICHUIO 00pa3IloB B BUIMMOM 00J1acTH CIieKTpa 3a cueT Hamuuus y HY Ag
MOBEPXHOCTHOTO TI1a3MOHHOTO pe3oHanca (I1T1P).

DKcrnepuMeHTallbHbIE TaHHble GoTopasznoxenus Pogamuna b B nmpucyrcTBun abnsunonHsix HY
ZnO u nonmpoBanHbix HY AQ u3 aOIIIMOHHOTO KOJUIOWAA MOKa3alu OJNM3KYI (OTOAKTHBHOCTH TPHU
obnyuyennn Y@ cBeroauoaamu ¢ JUTMHOW BOJHBI 375 HM. [lox meilicTBueM BUAMMOIO CBETa C IJIMHOU
BosiHbl 410 HM oOpaserr AQ/ZnO_chem paGortaet ropaszo syudre, ueM obpasusl ZnO u Ag/ZnO_NIJIA.
[TomyueHHBIN pe3ynbTaT MOKHO OOBSCHUTH T€M, YTO MpU ucmoib3oBaHuu mpekypcopa AGNO; Obuio
JOCTUTHYTO Oojiee paBHOMepHOe pacrpeneneaue HU Ag mo mosepxHoctn HU ZnO, a Takke mydriee
B3aMMOJIeiicTBHE cepebpa C OKCHIOM IIMHKAa, YTO CIOCOOCTBOBANIO YIYYIIEHHIO IEpeHoca 3apsja,
n3berasi peKOMOMHAITNHN AJIEKTPOHHO-IBIPOYHBIX T1ap.

Paboma 6vina noodepacana Poccutickum Hayunvim gpornoom (I panm Ne 19-73-30026).
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CrexnoBonokHUCTBIH MaTepuan (CBM) mmMpoko HUCHOIB3yeTcsl B KadecTBE HOCHUTENS MAJIs
IPUTOTOBJICHUS T€TEPOr€HHBIX KaTaIU3aTOPOB PA3IMUHBIX XMMHUYECKUX IPOLECCOB. XOPOLIO U3BECTHO,
yTo CBM MMEIOT BBICOKYIO aKTMBHOCTb M CTOMKOCTb K JI€3aKTHBALlMM B Pa3JIMUYHBIX KaTAIUTUYECKUX
nporeccax, TaKUX Kak IIyOOKOE€ OKHCJIEHHE JIETyYUX OPraHMYeCKUX COEJIMHEHHH, CEelIeKTHBHOE
okucinenue HjS, oxucnenune SO, cenekTHBHOE THIAPUPOBAHME ALETHIIEHOBBIX YIJIEBOAOPOJOB M [p.
CBM Takxe cBOMcTBEHHa Xopolas THOKOCTh M BBICOKAas YCTOMYMBOCTD K MEXaHUYECKUM MU
TEPMHUYECKUM BO3AECUCTBUSM. B KauecTBe aKTMBHBIX KOMIIOHEHTOB B I'€T€POr€HHBIX KaTajau3aTopax Ha
ocHoBe CBM 00BbIYHO UCTIOB3YIOT 06JArOpOIHBIE METAIIIBI MIIM OKCHJIBI IEPEXOAHBIX METAJIIOB.

Haubonee BakHOW 3amayeil JJis MPOMBINUICHHOCTH W HAayKH B IICJIOM SIBJISIETCSl pa3paboTKa
Croco0O0B HAJIEKHOTO 3aKPEIJIeHUs aKTUBHOIO KOMIIOHEHTa Ha noepxHoctu CBM unu B ero oobeme,
UCIIOJIB3YS Pa3IMuHbIe CIIOCOOBI MPUTOTOBJIEHUS MeTEPOreHHbIX KartanuzaropoB. HexpaBHo B MHcTuTyTE
katanmza CO PAH Obu1 mpemioxeH cnoco0 mnonmydeHus HaHeceHHBIX CBM Ha ocHOBe OKCHIIOB
nepexonubix MmetamwioB (Cu, Cr, Fe, V, Ni, Co, Mn u ap.) ¢ UCHOJB30BaHHUEM IIPEIBAPUTEIHLHO
HaHECEHHOI'0 BHEIIHEro mnopucroro ciosg SiO Ha MOBEPXHOCTh CTEKJIOBOJIOKHHUCTOIO HOCUTENS C
NOCJEIYIONMM BBEACHUEM aKTUBHOTO KOMITIOHEHTa. Ho Takoil cmoco0 HaHeceHUs YBEITUYHMBACT
KOJINYECTBO CTaJAUNA MPUIOTOBJICHHS KOHEYHOIO TETEepOreHHOro Karaiuszaropa Ha ocHoBe CBM u
sBisieTcss  goporocrosnM. [losromy Hambonee JEMIEBBIM CIIOCOOOM  CTaOWIHM3alMd  KaTHOHOB
HEepeXOAHbIX METAJUIOB Ha MOBEPXHOCTU W/mnu B o0bemMe CBM sBisieTcss MeToa MOHHOIO OOMEHa ¢
BapbUPOBAHUEM YCIIOBHI copOIMK 0 KATHOHOB CTEKJIOBOJIOKHHCTHIM HOCUTEIIEM, a TAKXKE MPUPOJIbI COITH
MeTaJla aKTUBHOTO KOMIIOHEHTa M BBIOOPA MOCIEIYIOIUX PEKUMOB TEPMUUYECKUX 00paboToK oOpasia
MOCJI€ €r0 MPOMUTKH.

JlanHas paboTa COCTOUT M3 JABYX 4acTeil. B mepBoii yacTu ObIJI0 M3yueHO BIUSHHUE MPUPOJBI ABYX
cojiell kobasibTa Ha 3JIEKTPOHHOE COCTOSIHME KOOaibTa, CTaOMJIM3MPOBAHHOIO HAa CTEKJIOBOJOKHHCTOM
Hocutesne. Bo BTopoill wactu paboThl HaMu ObUIM BBIOpaHBI PEXHUMBI IMOCIEIYIOIMIUX TEPMHUUYECKHX
00pabOTOK C 1EIbl0 MOJYYEHHUsS KOHEUHOro IMpOJYKTa — HAHECEHHOIo KOoOalbTCcoaeprKallero
reTepOreHHOr0 KaTaju3aTopa Ha OCHOBE CTEKJIOBOJIOKHHCTOTO HOCHUTENS — C 3aJaHHBIM 3JIEKTPOHHBIM
COCTOSIHMEM KoOanbTa M 3apaHee W3BECTHOM MHPUPOJON B3aMMOJIEHCTBHS AaKTUBHOTO KOMITIOHEHTa C
HocuteneM. Metogom Y®-Bun cnektpodoroMeTpun HaMu OBUTH OTPECNICHBI: CTETEHb OKUCICHUS
KaTHOHOB KOOaJdbTa M KOOPJMHALMOHHOE YHCIO MO KHUCIOpPOIY, a TaKKe YCTAHOBIEHBI MecCTa
cTaOWIN3aluy aKTUBHOTO KOMIIOHEHTa Ha IOBEPXHOCTU HOcUTeNs u/ninu B 00beme CBM.

Bbu10 ycTaHOBIEHO, UTO MCIIOJB30BaHUE HUTPATa KOOAIbTa MPUBOJIUT K CTAOMIM3AlMK KATHOHOB
KobasibTa B BUJE KJIACTEPOB B IMPHUIOBEPXHOCTHBIX ciosix CBM, a kaTuoHBl KoOanbTa U3 XJIOpHUIA
KoOanbTa CTAaOUIM3UPYIOTCS B BHUJI€ M30JIMPOBAHHBIX KaTHOHOB B TETPAdAPUUYECKON M OKTA3APUUECKOM
KHUCJIOPOJIHOM KOOpAMHALMK B MPUIMIOBEpXHOCTHBIX ciosix CBM. B paGote Taxke ObUIO MOKa3aHO, YTO
PEKUMBI  TIOCIEAYIONIMX TEPMHUYECKHMX OOpabOTOK CYHIECTBEHHO BIMSIOT Ha YIOPSJIOYECHHOCTD
HAHECEHHOTO KOMIIOHEHTAa M IPUPOJLy €ro B3aUMOIECHCTBHS CO CTEKJIOBOJOKHUCTBIM HOCUTENIEM, YTO
CYIIECTBEHHO Oy/IeT CKa3bIBaThCS HA KaTAIMTHUECKUX CBOIMCTBAxX Karaiau3aropa Ha ocHoBe CBM.

Paboma ewvinonnena npu gunancosoii noddepoicke Munucmepcmea Hayku u gvicuie2o obpasogsanus PD 6 pamxax
2ocyoapemeennozo 3adanus Muemumyma xamanuza CO PAH (npoexm AAAA-A21-121011390054-1.)
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Bausinue Y ®-u3znydyeHus Ha Aerpaganuio 2,6-1u(ruapokcumMeT)-4-meTuigeHosa

A. A. Penoposa*, 1. B. Cokonona

Tomckui I'ocyoapcmeennsiit Ynusepcumem, Tomck, Poccus

*Stasy_fedorova@mail.ru

B Hacrosiiee Bpemsi mpoOiieMbl 3arpsi3HEHUs OKpPYKAroIleld Cpellbl OMacHbIMU XUMHYECKHUMHU
BElIECTBAMM, pe3Ko oOocTpuinch. [1o3ToMy BO3pacTaeT MHTEpEC K YAAJIEHUIO 3TUX TOKCUKAHTOB W3
OKpYXarollel cpeibl mocie ucrob3oBanus [1]. ®eHos U ero Mporu3BOIHBIC COCTABIISIOT BaXHBIH KJIACC
3arpsi3HUTENICd BOJBI M3-32 MX CTaOWIBLHOCTH M pacTBopuMocTH B Boje. CyllecTBYyeT MHOMXECTBO
TPAIUIIMOHHBIX METOOB pa3pylieHus (EHOJIOB, HO KaXKIbIi M3 HUX MMEET CBOM HEIOCTATKU. METOIbI
XUMHYECKOTO OKHCJICHHMSI JOPOTHM M TPUBOAAT K 3arpsi3HEHUIO BOABl JIPYTMMH TOKCUYHBIMU
3arpsi3HUTENSIMU. bUopasiiokeHne MOJKHO HCIIONIb30BaTh TOJBKO JJis pa30aBiICHHBIX CTOYHBIX BOJ.
W3ydeHue mnpeBpaileHUi CTaOMIbHBIX TOKCHUYHBIX COEIMHEHUN B NPUPOJE U BBHIOOP ONTHUMAJbHBIX
CIOCOOOB  YTHIM3AlMM  SIBISIOTCS BaXHBIMH  IPOOJIEMaMH  3allUTHl  OKPYXKAlOIIeH Cpeasl U
paloHaIbHOIO UCIOJIB30BAaHUS IPUPOIHBIX PECYPCOB.

B nocneame TopI aKTyambHBIM CTAHOBHUTCS MCCIIEAOBaHUE YPPEKTUBHOCTH HOBBIX HCTOYHUKOB
Y®-u3nydyeHus, MO3BOJSIIONIMX OKAa3bIBaTh BIMSHHE Ha pa3jMYHbIe dSJIEKTPOHHO-BO30YXKICHHbBIE
COCTOSIHMSI OPTaHMYECKUX MOJIEKYJ. TakKuMu MCTOYHUKAMU SIBISIOTCS SKCHUIUICKCHBIE JIAMIIbI, KOTOPbHIE
HaXOJST Bce OoJice MUPOKOE MPUMEHEHHE B 00OacTu GoTosmusa Tokcukantos [2,3]. YabrpaduonaeroBoe
(Y®) uznyuyenue ¢ sHeprueil KBaHTa, CPABHUMOM C SHEPTHEH XUMHUYECKOUN CBS3H, SBIACTCS YHUKATbHBIM
UHCTPYMEHTOM JIJIsi UHUIIMUPOBAHUS U BBIIIOJHEHUS MHOTUX (PU3MYECKHX M XUMUYECKUX MPOIECCOB Ha
MOBEPXHOCTH W B 00BEME Pa3NUUHBIX cpel. Y D-u3iaydeHHe MOXKHO HCIOJIb30BATH HE TOJBKO JUIS
o0e33apaKuBaHusl BOJIbI U BO3AYyXa, TO €CTh JUIS yJIaJeHHs MaTOTeHHBIX MHKPOOPTaHH3MOB, HO U JJIs
pPa3JOKEHUsI CJIOXKHBIX OpPraHMYECKUX COEIMHEHUH. OTOT METOJ MOYKHO MCHOJIb30BaTh Kak
CaMOCTOSTENILHO, TaK ¥ B COYETAHUH C APYTUMH TEXHOJIOTUsAMHE [4].

Lenbto naHHON paboThI ABIsETCS U3ydyeHue BiausHue Y D-u3nydeHus Ha CleKTpaJIbHbIE CBOICTBA
elie OJHOr0 TMPEACTABUTENS 3aMEIICHHBIX (eHomoB — 2,6-mu(ruapoxcumerwin)-4-metundenona. Ero
UCIIOJIB3YIOT B XUMHYECKON MPOMBIIIJICHHOCTH B KA4eCTBE pPa3IMYHBIX J100aBOK (myourtenu, Y-
GbunbTpsel U mp.). CeKTphI MOTIONMEHUS U (ITYOPECHEHIINN HCCIEAYEMBIX PACTBOPOB PETUCTPUPOBAIU HA
cnekrpopayopumerpe CM2203 (pupma «Solar», bemapycs). B kadectBe uctounukoB YO uzmydeHus
OBLIM MCIOJIB30BaHbl YHHKAIbHBIE UMITYJIbCHBIE JaMIbl Ha pabounx Mmonekymnax KrCl (222 um), XeBr
(282 uM) u XeCl (308 um) c mapamerpamu AA = 5—I10 HM, Wy = 18 mBr/em?, f = 200 I,
JUTUTETILHOCTh UMITyNIbca 1 MKC, KOTOpbIe ObLTH pa3paboTaHbl B IHCTUTYTE CHIIBHOTOYHOW 3IEKTPOHUKH
CO PAH, r. Tomck [5]. OGnyyeHue BOJHBIX PACTBOPOB HCCIEIYEMOTO COSIUHEHHUS MPOBOJUIOCH B
CTAIlHIOHAPHOM PEKUME.

[Ipu o6nyuennn sxcunamnoi XeBr (282 HM) ynanocs o0HapyXHUTh 110 CHEKTpaM (pIyopecleHInn
MOJIHYIO (POTOAETPATAIUIO UCCIeTyeMOro coenHeHus. [loay4eHo, 4To ¢ yMEHbIIEHUEM KOHIICHTPAIHH
nporiecc poroTpachopmanuiu 3amenieHHOTo (heHona mpoucxonut OwvicTpee. CreneHb QoToaerpaganuu
3aBUCHT OT BPEMEHU OOTy4eHUS.

Cnucok uTepaTypsl

1. IO.H. Kapacesuu, M.: Hayxa, 1982. 144 c.

2. D.A. Cocuun, M.B. Epodees, B.®. Tapacenko, J[.B. lluri, [Ipuboper u mexnuxa sxcnepumenma, 2002, 6, 116—
117.

3. D.A. Cocuun, M.B. Epodees, A.A. Jlucenko, B.®. Tapacenko, JI.B. Iurw, Onmuueckuii scypran, 2002, 69(7),

77-80.

I'.I'. MaradoHoBa, duc. 0-pa xum. Hayk. Yaau-Yos, 2015, 357.

A M. boituenko, M.U. Jlomaes, A.H. [1anuenko, 3.A. Cocuun, B.®. Tapacenko, Tomck: STT, 2011, 512.
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JlazepHblii cuHTE3 U (POTOKATAIMTHYECKOE MOJIyYeHHe BOopoaa Ha AedexkTHOM T10,

K. T1. denoposuy*, FO0. A benuk, E. /1. ®axpyraunosa

Tomckui I'ocyoapcmeennsiit Ynusepcumem, Tomck, Poccus

Jlnokcu TUTaHAa HAXOAWT IIMPOKOE MPUMEHEHHE B IMpPeoOpa3OBaHWU COJIHEYHOW SHEPruu B
KayecTBE AaKTHUBHOTO (OTOKATamM3aTopa, TaK Kak oO0lagaeT BBICOKOM  (POTOYCTOWYMBOCTBIO,
(OTOAKTUBHOCTHIO, IKOJIOTMYECKO 0e30macHOCThI0. B 4acTHOCTH, AaHHBINA MOJYIPOBOJHUK MOKET
UCIIOJIb30BAaThCS B KAuyeCTBE IEPCHEKTUBHOIO Marepuana Juisl mojaydeHus Boaopona. OnHako, u3-3a
JOCTAaTOYHO OOJIBINON IIMPHHBI 3amperieHHoN 30HbI, 110, paboTacT TOJIBKO B YIbTPaHOIETOBOM
o0jacTu CIEKTpa, YTO OIrPaHUMYMBAET €ro IPHUMEHEHUE IIPU MCIOIb30BAaHUM COJHEYHON HHEPIUH.
JlaHHBIN HEAOCTATOK MOXHO MPEOJI0JIETh MTyTEM CO3JaHHsl COOCTBEHHBIX 1€(DEKTOB CTPYKTYPHI JUOKCHIA
TUTaHa, KOTOPBIE YJIYYIIAIOT MOIJIOUIEHUE MOIYIPOBOJIHMUKA B BUIMMOI 00JIACTH CIIEKTpa U BIMSIIOT Ha
ero ortokaraauTHueckre cBoicTBa. JlehekTHOCTh CTpyKTYphl T10, 3aBUCHT OT CHOCO0A €ro MOTyYCHHUS.
Tak, nccnenoBanus mnokasanu [1], 4To MeTOX MMIYJIbCHOM JIa3epHOW aOISALMU IO3BOJSET NOJYYUTh
JTMOKCH/JI TUTaHa B BHICOKOJIE()EKTHOM M BBICOKOJIUCIIEPCHOM COCTOSIHUH.

B nannoit pabore AMOKCHJ THUTaHa OBLI IMOJY4YeH B MPOIECCe JIa3epHOW abONsAluU MUIIECHU
METAJJIMYECKOr0 TUTaHa B BOJE MPHU BO3JIEHCTBUU UMNYIbCHBIM n3nyueHueM Nd:YAG nazepa (1064 HM,
7 uc, 20 I'm, 160 mJLx/ummynsc). [locne aGusmuu MOMYYCHHBIH KOJUIOUAHBIA PacTBOP IOJBEPralics
JOTIOTHUTEILHOMY JIa3€pHOMY OOJIYUEHHIO C TEMHU >K€ MapaMeTpamMH H3ITy4eHHs. 3aTeM KOJIJIOMTHBIN
pacTBOp BBICYIIMBAJICS Ha BO3AyXe JO0 IOJY4YEHHUsS IOpOIIKA, KOTOPBIA Jajee OTKUTrajucs IpH
temneparypax 250-800 °C.

[TonydeHHbI1 00pa3el] MMEET CBETJIO-CEpPhI I[BET, KOTOPBIM MO Mepe OTKUIa NEPEeXOJIUT B
KOPUYHEBBIM U 3aTeM B CBETJIO-KeNThlid. OOpasel] COCTOUT MPEUMYIIECTBEHHO U3 c(hepUUecKrX 4acTHIl
CO CpeJHUM pa3MepoM 3-5 HM ¢ HEOOJIBIIMM KOJMYECTBOM KpPYHHBIX yacTull 70 50 HM, IpuU 3TOM
ylenabHas IJIOWAAb MOBEPXHOCTHU AJIi HEr0 cOCTaBiseT 253 M/r. TIo JaHHBIM PEHTTEHOCTPYKTYPHOTO
aHainuza, oopasell sBiseTcss peHTreHoaMopHbIM, a ipu oTxkure 10 400 °C B oOpasie NpenMyIecTBEHHO
bopMupyeTcsi KpucTajindeckas CTpykTypa anarasa. [Ipu ganpHeiiieil TepMooOpabOTKe yBEIUUUBACTCS
coJiep’kaHue pyTHIbHOH (a3el B 0Opasie, ogHako npu orxure a0 800 °C monHoro ¢a3zoBoro nepexoaa
He npoucxomuT. CornmacHo crekTpockonuu JU(GPY3HOTO OTpaKEHUs, MOTyUYCHHBIC 00pa3Ibl 00IaTaI0T
WHTEHCUBHBIM TIOTJIONICHHEM B BUAMMON OOJIACTH CIEKTPA, CBSI3aHHBIM C MPUCYTCTBUEM B CTPYKTYpE
nedEeKTOB pA3TMYHON TPHPOAB (BaKaHCHMIl 1O KHCIOPOAY pAa3IMYHOrO TWma, HOHOB Ti ',
aBTOJIOKQIM30BAaHHBIX SKCUTOHHBIX cocTOosTHUK) [1].

[lopomkn 1uokcHAa TUTaHa OBLIM MPOTECTUPOBAHBI B Ipolecce (POTOKATAIUTUYECKOTO
MoJTydeHus: BoJopoia u3 5% BOIHOTO pacTBopa INIMIIepHHA Mo AekcTBueM u3nydeHus LED ucrounuka
¢ anuHoM BosHbl 375 HM. [lo JaHHBIM SKCIIepUMeEHTa, HayallbHbIN o0paser] 1 oToxxeHHbIN npu 250 °C He
MPOSIBUIIU aKTUBHOCTH WU3-3a OTCYTCTBUS KPHUCTAJUIMYECKOW CTPYKTyphl. OOpaszel, OTOMXKEHHBII 0
800 °C Tak e He MpOSBWI AaKTUBHOCTH H3-32 MPEoOJalaHus B CTPYKTYpE KPHCTALUTMYECKOW (hazbl
pyruia. Takum oOpa3om, Haubosiee akTUBHO ce0s Mmokazainu oopasibl, npokaneHHsie mpu 400 u 600 °C,
BhIZIeNIeHne Bosiopoza coctasmiio 0,073 u 0,126 06.% 3a 3 yaca, COOTBETCTBEHHO.

Paboma 6vina noodeporcana epanmom PH® Ne 19-73-30026.

Cnucok uTepaTypsl
1. E.D. Fakhrutdinova, A.V. Shabalina, M.A. Gerasimova, A.L Nemoykina, O.V. Vodyankina, V.A. Svetlichnyi,
Materials, 2020, 13, 2054 (17).
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HcciienoBanue CTPYKTYPHI U ¢BOiicTB KaTajauzaTopoB Ni/SBA-15

moaudunupoBanubix CeO, u La,0;

A. A. ®erucosa’, I1. K. HyTaHeHKol, H. B. [[opoq)eeBal’*, M. B. Fpa6quK01, 10. B. Hapnquz,
O. B. Bonsinkuna

1 . .
Tomckuit I'ocyoapcmeennwiii Yuusepcumem, Tomck, Poccust
2
Hnuemumym kamanuza CO PAH, Hoéocubupck, Poccus

*nv-dorofeeva@yandex.ru

B nHacrosiee Bpemsi 0co00e BHUMaHHE YISNISIETCS YKOJIOTUISCKOM pobieMe, 3aKIIF0UaroNIeiics B
CHIDKCHUU aHTPOMNOTEHHOTO BIMSHHUS Ha OKPYKAIOIIYI cpefy. YTJIEKUCIOTHAs KOHBEPCHUS MeTaHa
(YKM) mMoxeT CHU3UTh BEIOPOCHI OCHOBHBIX MAapHUKOBBIX Ta30B — CHy 1 CO, myTem npeoOpazoBaHust UX
B CHHTE3-Ta3, KOTOPHIA HCIOJB3YIOT AJIS MOJIYYEHHs] MPOJYKTOB TOHKOIO OPraHUYECKOTO CHHTE3a:
KHJIKOE TOIUIMBO, METAHOJ, AUMETHIIOBBIN »up Ap. Becbma mepcnektuBHbIMEH KaTanmu3aTopamMu YKM
seistiorest  Ni-comepikaiiie  KaTaau3atopbl  BCIACACTBUE OTHOCHTENIBHO HHU3KOH CTOMMOCTH |
KaTAIMTHYECKUX CBOMCTB, HE YCTYHAOIIUX OnaropofHbpiM MmetaimiaMm. OIHAaKo MPOAOIDKUTEIbHAS
9KCIITyaTalusl B yCIOBHUSAX BBICOKMX TEMIIEpAaTyp MPUBOAMT K J€3aKTHBAIMHM Karaiu3aTopa. OgHUM U3
nyTeil pemieHuss MpOoOJIEMBI SIBISCTCS MOJUQHUKAIMS HOCUTENS W IMPHUMEHEHHE CIIOXKHBIX CHCTEM,
cojieprKalux JA00aBKH KOMIIOHCHTOB, cTabmimsupyromux vactuilel Ni. {enbio maHHO# paboThl ObLIO
UCCIIC/IOBAaHNE BIIMSHUS YCIOBUU TNPHUTOTOBJICHUS HUKEJEBBIX KAaTAIM3aTOPOB HAa HMX CTPYKTYpHBIC H
TEKCTYpHBIC XapaKTEPUCTHKH, a TaKkXe UccienoBaHue (HopMHUpOBaHHs U pacnpeaenenus gactui Ni B
MOPUCTON CTPYKTYpPE U Ha BHEITHEH noBepxHoctu SBA-15.

Meszonopucteiii SBA-15 Obul mosiydeH METOIOM TEMIUIATHOTO CHHTE3a C HCIOJIb30BAHHEM
tpubokconomumepa Pluronic P123 B kadectBe Temiuiata. CHHTE3MPOBAHHBIN MOPOIIOK ObLT MPOKaJICH
pH pa3nu4HbIX Temieparypax B auanazone 500-800 °C. CeO,- u La,Os-monudunupoBaHHbIe HOCUTENH
ObUIM CHHTE3UPOBAaHBI METOJIOM IPOIUTKU IO BIArOEMKOCTH C HCIOJIH30BAHHWEM BOJIHBIX PacTBOPOB
HUTPATOB LIEPHs U JTaHTaHA C J00ABKOI JTMMOHHOM KUCIOTHI U 6e3 He€. Ha ocHoBe MoauduunpoBaHHBIX
Hocuteneil monmydeHsl Ni-comeprkaniue karamuzaropel (10 mac.% Ni), mpokanennsie npu 800 °C.
[TomyueHHBIE HOCUTENIM U KaTalU3aTOPbl HCCIIEOBAHBI METOJAaMU HU3KOTEMIIEpaTypHOH aacopOuuu
azora, POnA, POA, MYPP, TIIB-H,. Karanutudeckass akTUBHOCTh U3y4Y€Ha B PEAKIIUU YTIIEKUCIOTHOU
KOHBEPCUH METaHa.

CornacHo JaHHBIM HU3KOTEMIIepaTypHOU ancopOuuu azora u MYPP B mporiecce npokanuBanus
SBA-15 mpoucxonuT YacTU4Has Jerpajaluedl  MOPUCTOM  CTPYKTYphl, COIPOBOXKAAIOLIAsICS
YMEHBIICHHEM TapaMeTpa pemieTku (a) W AuaMeTpa IOop, YTO MOXKET OBITh CBSI3aHO CO CIIEKaHWEM
KOHI[0B yacTuIi] SBA-15. Beenenne okcuaa HUKEI YaCTUIHO cTabumu3nupyet cTpyktypy SBA-15 3a cuer
dopmupoBanus dactunr NiO B me3omopax, Oonee kpymHble wacTuipl 10-30 HM pacmpeseieHbl Ha
BHEIIHEeW moBepxHOCTH HocuTensa. Moaudukatoper CeO, u La,O3 Takke uMeoT OMMOAATBLHOE
pacripesie/ieHie YacTHll: B IOPax U Ha BHEUIHEW MOBEPXHOCTH HocuTens. B cinydyae Hanecenust La,Oz Ha
SBA-15 mnaOmronmaercs yMmeHblleHHe mapameTpa pemerkn SBA-15, 4To, BeEposTHO, CBSI3aHO C
00pa3oBaHHEM MMOBEPXHOCTHBIX CHIIMKATOB JaHTaHa. B karamusarope Ni/La;O3/SBA-15 dpopmuposanue
Ni HY nmabmomaercs B AByX auanazoHax temmneparyp 350-450 °C u 500-850 °C, cOOTBETCTBYIOMIUX
BocctanoBiennto yactuil NiO u LaNiOy. B cayuae karamuzatopoB Ni/SBA-15 u Ni/CeO,/SBA-15
YaCTHIIBI AKTHBHOTO KOMITOHEHTa 00pa3yroTcs ToJbko mpu BoccTanoBieHud NIO. YacTuibl HUKeNs
umerorT Oosee cuibHOoe B3ammojeiictBue ¢ CeOz m LayO; mo cpaBHeHuto ¢ SiOz, 4TO TPUBOAMT K
00pa3zoBaHMIO 00JIee METKUX YaCTUIl HUKEIS.

YcranosneHo, uro B peakuuu YKM BBenenue La,Os; u CeO; B coctaB HOCUTENST CLIOCOOCTBYET
TIOBBIIIIEHUIO KOHBEPCHH PEAreHTOB IO CPABHEHUIO C HEMOAW(UIIMPOBAHHBIM 00pa3IlOM M CHU)KAET
3ayriepoKMBaHUE KaTalln3aTopa.

Paboma 6vina noodepacana spanmom Poccuiickozo nayunozo ¢ponoa (npoexm 19-73-30026).
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CuHTe3 rpaHyJIMPOBAHHOI0 MOJIEKYJIsIpHOTo cuta SAPO-11 ¢ nepapxuveckou

MOPUCTOM CTPYKTYPOH

M. P. AI‘HI/IYJIJII/IHl'*, 3. P. Xaiipymmuna’, 1. A. KyﬂameBaz, E.C. MCH_IGPSIKOBal,

. B. Cepe6peHHI/IKOB1, b. . KyTenmz.1

1
Unemumym nepmexumuu u kamanuza YOHUIL] PAH, Y¢pa, Poccus
2 . . . L
Yopumckuii 2ocyoapcmeennvlii Hegpmanoi mexnudeckuil ynusepcumem, Yga, Poccus

*maratradikovich@mail.ru

Monekynsapaoe cuto SAPO-11 Omaromaps HaJIMYUIO OJHOMEPHON KaHAJIBHOM TOPUCTOM
CTPYKTYpBI ¢ pasmepoM nop 4.0%6.5 A ¥ KHUCIOTHBIX EHTPOB «yMEPEHHON» CHIbI SABISETCA OJHUM W3
Haubosee MepCIeKTUHBIX MaTepHalioB JJIsl CO3/IaHUs KaTalu3aTOpPOB JAM3ENbHBIX TOIJIMB M Macend [1].
@upmoii Chevron Ha ocnoBe SAPO-11 pa3zpaboran mporecc noyrydeHust CAHTETHUECKUX 0a30BBIX Maceln
I1l-Tpynmbl 1 HU3KO3aCTHIBAIOIIUX TU3EIbHBIX TOIUB [2]. Ciaemyer OTMETUTh, YTO B MPOMBINIICHHBIX
KaTaJIUTHUYECKUX MPOIEccax MOJIEKYJIIpHbIE CHUTA HCIOJB3YIOT B BMJI€ I'paHyJ, KOTOpbIE IOJIy4YaloT,
dopMysi TOpPOIIKOOOPa3HBIM IIEOJUT CO CBS3YIOIIMMU MaTepHallaMd, TaKUMU KaK MOHOTHJIPOKCHJIBI
ATIOMHUHHS C TOCIIeAyomel cymkoi u npokankoi mpu 500-650 °C. B mpornecce dhopMoBaHus rpaHy
MPOUCXOIUT YaCTH4YHAs OJIOKMPOBKA MOP KPHUCTAUIOB LEOJIMTA YaCTUIAMHU CBS3YIOLIEr0 MaTepuana,
KOTOpasi MPUBEAET K YMEHBIIECHUIO IOCTYITHOCTU KaTAJIUTUYECKH aKTUBHBIX LIEHTPOB U KaK CJIEJICTBUE K
CHIDKCHHIO akTHBHOCTU. Kpome Toro, cBs3yroline Ha OCHOBE OKCHUIOB QFOMHHHUS MPHUBOJIUT K POCTY
BKJIaJla TIOOOYHBIX peakuui T'MIpPOKpeKHHra. PerieHneM naHHOW mpoOjIeMbl MOXKET CTaTh CO3JaHHE
IPaHyIMPOBAHHOTO HEPAPXHUECKOTO (MHKPO-ME30-MaKpOmopucToii) cuimkoamoModochara SAPO-11
0e3 CBSI3YIONIETO.

B pabore mpeanoxkeH cmoco0 CHUHTE3a TPaHYIMPOBAHHOIO MoJekymasipHoro cuta SAPO-11
BBICOKOM CTENEHHU KPUCTAUIMYHOCTH C HUEPAPXUUYECKOW IMOPUCTOM CTpyKTypoul. Kpucramnumzamus
OCHOBaHa Ha MPUTOTOBIEHUU TpaHyl, coctosmmx u3 70% macc. mopomkoodbpaznoro SAPO-11 u 30%
Macc. BPEMEHHOIO CHIIMKOATO(OCHaTHOrO CBSA3YIOMIET0, KOTOPOE B IMPOIECCe KPUCTALTU3AINH
npespaiiaerca B SAPO-11, dopmupyst emuHyo cucteMy CpoCTKOB KPUCTAIIOB cuinkoanomModocdara.

[TokazaHo, 4To Takoil cnoco0 KpUCTaIM3alMK MO3BOJISIET MOIYYUTh TpaHyiIupoBaHHbIH SAPO-
11 BBICOKOH CTETEHU KPUCTAIUTMYHOCTH U ()a30BOM YHCTOTHI C YIEIbHOM MOBEPXHOCTBIO Syt — 230 M2/,
ob6bemMamMu MUKpO- Me30- 1 Makporiop 0.08, 0.11 u 0.53 cM>/T, COOTBETCTBEHHO.

ITokazano, uro OMdyHKIMOHANBHBIE KaTaauThyeckue cuctembl Pt/SAPO-11 ¢ uepapxuyeckoit
MOPUCTON CTPYKTYpoW oOecreunBaroT Oosiee BBICOKMN BBIXOJ MO H3omapaduHaM IO CpPaBHEHHUIO C
IPaHyJINPOBAHHBIMU CUCTEMaMU COJEPIKAIINE CBI3YIOIINE BEIECTBA.

Paboma evinoanena npu gunancosoil noddepoicke Cmunenouu npesuoenma P® monodvim yuenvim u acnupanmam
(CI1-3341.2021.1).

Cnucok uTepaTypsl
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BoccranoBienue 4-untpodenosia na Ir-Ag/CeO, karaauzaropax
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Boccranosnenue 4-HuTpodeHoa SIBISIETCS MOJCTHHONU peakiuei A UCCIeI0OBaHUS aKTUBHOCTH
KaTaJn3aTOPOB BOCCTAHOBJIEHHUS HUTPOCOEIWHEHUN B COOTBETCTBYIOIIHME aMHHOcoenuHeHus [1].
BoccranoBieHue HUTPOAPEHOB — OAMH M3 BAXHEHUIIUX IMPOIECCOB B XMMHYECKOH MPOMBINIICHHOCTH,
MOCKOJIbKY AaMHHBI SIBJISIIOTCS BaXXHBIM CBIPbEM I CHHTE3a MHOTUX XHUMHYECKHX BEIIECTB:
arpoXMMMKATOB, KpacuTeneil, QapmMakojJoruuecKkux mpemapatoB u ap. [2]. Hcmomb3oBanue
KaTaJu3aTOPOB Ha OCHOBE OJIATOPOJHBIX METAIIOB, B YacTHOCTH A(J, TO3BOJSIET BOCCTAHABIMBATH
HUTPOCOEIUHEHHUSI C BBICOKOM CKOPOCTBIO M CEJIEKTHUBHOCTBIO B MSTKUX YCIOBHUSAX (Txomm, Parws
pactBoputenb H,0) ¢ ucionp3zoBanrem NaBH, B kauectBe BoccranoBuTens [3]. Takke mepcreKTUBHBIM
npescTaBisieTcs pa3padoTka OMMETAIUIMYECKUX KaTallu3aTOpoB, B KOTOPBIX 3a CYET CHHEPTreTUYECKOTro
sddekra IBYX METAUIOB JOCTUTAETCS BBICOKAs AaKTHUBHOCTh JaK€ NPH HU3KOM COJEpIKaHUU
OnaropogHoro metaiia. B HacTosieil pabote B kauecTBE BTOPOTO MeTalljia MpejiaraeTcsl UCIOIb30BaTh
UPHUIH, KOTOPBIA, HE CMOTPS Ha CBOKO BBICOKYIO CTOMMOCTD, SIBJISICTCS MAJIOMCCIICIOBAHHBIM METAJIIOM,
a xommosunus Ir-Ag - NpakTUYEeCKH HOBBIM OOBEKTOM HCCIeNOoBaHUSA. TakuM 00pazoMm, LEJbIo
Hacrosiei padotel cran curtes Ir-Ag/CeO, kaTanu3aTopoB IpU BapbUPOBAHUH COJCPKAHUS METAJIOB
U HCCIEeIOBaHME KaTATUTUYECKOW AKTUBHOCTU IOJYYEHHBIX KOMIIO3UTOB B PEAKIIMH BOCCTAHOBJICHHUS
4-autpodenomna.

Karanuszaroper XIr-yAg/CeO, ObuIM TONYy4EHBI METOAOM IOCIEIOBATEIBHON IMPOMUTKH II0
BJIArOEMKOCTH (X M Y - MaccoBoe coxaepkanue Ir u Ag, X+y=2). IlomydeHnHsie 0Opa3ibl UCCIETOBAHbI
KOMIUIEKCOM (PH3UKO-XUMUYECKHX METOAOB: HU3KoTemiepaTypHas aacopouusi N, POA, TIIB-H,, KP- u
Y®-Bun cnexkrpockonus u ap. Katanutuueckass akTUBHOCTh MCCIEAOBAaHA B PEAKLIUH BOCCTAHOBJICHUS
4-uutpodenona OOPruIPUIOM HATPUS MPU KOMHATHOU TeMIepaType U aTMOC(HEPHOM JIaBIICHUU.

Metonamu HH3KOTemrepaTypHou ajacopbuuun N, m PDA mokazano, yto wactunbl Ir m Ag
pacroiaraloTcs Kak Ha MOBEPXHOCTH, TaK W B MOpax HOCHUTENS, MOCKONBKY IMpH BHeceHuu Ir m Ag
HA0JII0/1aeTCsl 3aKOHOMEPHOE YMEHbILIEHUE YAEIbHON MOBEPXHOCTH U 00bEMa mop (oT 70 M2/ u 0,24
eM/r st CeO, no 33 M2/T 0,21 eM/r st 11r-1Ag/Ce0y). TlokazaHo, 4To cepedpo HaAXOIUTCSA B BHIIE
BBICOKOJIMCTICPCHBIX METAIUTMYECKUX YACTHUI] U/WIIH OKUCICHHOM peHTreHoamophHoMm coctossaur AgOy.
Wpunuii mpeacTaBieH XOpOILIO OKPUCTAJUTM30BaHHBIMU (a3zamMu Mmetaumueckoro Ir u IrO, Cremyer
OTMETUTh, YTO C YBEJIMYCHUEM COJIEp)KaHUs cepedpa, pasMep KpUCTAIUTOB kKak Ir, Tak um IrO;
ymenbiaercst (OKP(Ir) ot ~47 um ms 21r/CeO; o 12 um mis 11r-1Ag/CeO,; OKP (IrO,) ot 35 um ais
2Ir/Ce0O; no 25 um ans 11r-1Ag/Ce0,). s obpasia 0,51r-1,5Ag/CeO;, kpuctammutsl Ir u IrO, HaxomaTcs
B peHTreHoamoppHoM coctossiHuu. [lo nmanueiM TIIB-H;, coBMecTHOe BOCCTaHOBIEHHE OKHCIEHHBIX
dopM cepebpa u UpHAUS I BCEX OMMETAUIMYSCKUX KATaIM3aTOPOB YKa3hIBAeT HAa B3aWMOJCHCTBHE
MeTal-MeTamul. Katanutudyeckue MccieqoBaHus B peakIMi BOCCTAHOBJICHHS 4-HUTpOQeHoa MoKa3aH,
yro pobasienue Ir k AQ/CeO, yBenHMuMBaeT aKTHMBHOCTH KAaTaJW3aTOPOB W B 3aBUCHMOCTH OT
COZIep’KaHMsT HOCHUT 3KCTpeMalbHbIi Xapaktep: 2Ag/CeO; (k=0,36 MHH'1)<O,5|r-1,5Ag/Ce02 (k= 0,55
muH )<1Ir-1Ag/CeO,(k=1,11 mun)>1,5Ir-0,5Ag/Ce0; (k=0,85 mun™')> 21r/Ce0,(k=0,79 mun™).

Takum o0Opa3om, mokazaHo, uto Marepuaibl Ir-Ag/CeO, HecMOTps Ha HU3KOE COACPIKAHHE
METayuioB B cocTaBe (1m0 2 macc. %), Omaromapss CBOMM YHUKAJIbHBIM XapakTEPUCTHKaM, 00JagaroT
BBICOKON KaTATUTUYECKOW aKTUBHOCTBHIO B BOCCTAHOBJICHHH HUTPOCOCIUHEHUI B MSTKHX yCIOBHSIX.

Paboma 6vira nododepocana epanmom PODOU Ne 20-33-70122.

Cnucok auTepaTypsl
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