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Co0304 and Co0304-CeO2 mixed oxides for VOC, methane and soot oxidation

L. F. Liotta*
Istituto per lo Studio dei Materiali Nanostrutturati (ISMN)-CNR, Palermo, Italy

*leonardafrancesca.liotta@cnr.it

In order to guarantee cleaner air for the environment, exhaust gas emission regulations are getting
tighter and tighter all over the word. When traditional catalysts are applied, three times higher noble metal
content is required to meet the new severe regulations. In particular, demand for Pd used in automotive
catalytic devices, has increased from 15 to 150 tons per year, over the last decade. Considering the
relevant cost of precious metals and the easy poisoning by sulphur and in presence of water, the
development of alternative and cheaper technologies is urgently required.

Cobalt oxide catalysts have been extensively investigated during the last years as possible
substitutes to precious metals for their catalytic properties in several oxidation reactions for VOCs
abatement [1] and diesel soot combustion as well [2]. The active behavior of Co-based catalysts, typically
as Co30g4, is most likely related to high bulk oxygen mobility and the facile formation of highly active
oxygen species. Moreover, the role of surface acidity of CosO4 in catalytic oxidation has been recently
claimed [1]. All these properties are mainly related to the preparation methods and crystallite size. Doping
Co304 by addition of a second oxide may also affect acid, electronic, redox and structural properties of
the resulting system.

Different combinations of Coz04 with various oxides have been proposed, as function of the Co-
Ce composition, preparation method and nature of pre-treatments.

In our group, we have explored the combination of Co304 with CeO; to obtain active methane
combustion catalysts. Binary oxides of Co304/CeO2 with different amount of cobalt oxide were prepared
by co-precipitation method. The best methane oxidation activity was attained in correspondence of Co/Ce
atomic ratio ~1 [3, 4]. In this sample, the presence of highly dispersed Co304 particles in good contact
with CeO> was claimed as the key factor for the improved redox properties and catalytic performances.
High lattice oxygen mobility and formation of surface anionic vacancies in such C0304-CeO, system
were also relevant to propene and toluene oxidation activity [5, 6].

Recently, we also addressed the use of Co304-Cu.0-CeO> mixed oxides for diesel soot oxidation.

This work was financially supported by the Université Claude Bernard Lyon 1 and CNRS (PICs program PROXIVOC
2015-2017) and is carried out in the field of the COST Action 17136 (Indoor Air Pollution Network).
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Catalytic processes of biofuels transformation into syngas and hydrogen:
fundamental problems of nanocomposite active components design, kinetics and
reaction mechanism, operation parameters of reactors with structured catalysts and

oxygen/hydrogen permeation membranes, their mathematical modeling

V. A. Sadykov!>*, N. F. Eremeev!, L. N. Bobroval, Y. N. Bespalko!?, A.-C. Roger®

'Novosibirsk State University, Novosibirsk, Russia
2Boreskov Institute of catalysis, Novosibirsk, Russia
SUniversity of Strasbourg, Strasbourg, France

*sadykov@catalysis.ru

Transformation of biofuels into syngas/hydrogen is now one of the most important task in the
energy-related fields. Due to a high reactivity of biofuels a heavy coking is observed leading to the
catalyst deactivation. To deal with this phenomenon, active components comprised of complex
perovskite, fluorite or spinel oxides with a high lattice oxygen mobility (bulk or loaded on mesoporous
MgAlO4) promoted by Ni/Co-based alloys were designed and supported on monolithic substrates with a
good thermal conductivity to prevent emergence of cool/hot zones deteriorating performance in biofuels
steam/autothermal reforming. They were also tested in catalytic membrane reactors producing syngas/H>
from biofuels conjugated with reagent (oxygen) or products (hydrogen) separation. In this lecture next
problems are considered:

1) Atomic-scale factors controlling oxygen mobility and reactivity in these catalysts as revealed
by combination of sophisticated structural, spectroscopic and kinetic methods.

2) Effect of the active component composition, specificity of the surface sites and nature of
oxidant on mechanism of biofuels transformation into syngas elucidated by transient methods (in situ
FTIRS, SSITKA, pulse microcalorimetry).

3) Structured catalysts performance in pilot-scale reactors operating on concentrated feeds and its
mathematical modeling.

4) Design of asymmetric supported membrane reactors permeable for oxygen or hydrogen with
layers of nanocomposite active components on the fuel side, studies of their performance in real feeds and
its mathematical modeling.

For optimized active components a high mobility and reactivity of the surface oxygen provides
realization of step-wise redox mechanism of biofuels transformation into syngas with the rate determining
stage being the rupture of C-C bond in activated fuel molecule.

Optimized structured catalysts provide a high yield of syngas in the intermediate temperature
range both in steam and autothermal reforming of biofuels approaching equilibrium and stable
performance without coking. Mathematical modeling demonstrated the absence of any heat- and mass-
transfer effects.

For catalytic oxygen-permeable membrane reactors a high oxygen flux (up to 15 cm?® Oz/cm?min)
was achieved under air/CH4 (+ CO2 + biofuel) feeds gradients at ~ 900 °C, providing a high yield of
syngas. For hydrogen-permeable membranes at ~ 700 °C complete EtOH conversion in steam reforming
and a high hydrogen permeation (> 1 ml H, cm™ min™) were demonstrated. Membranes remained stable
after operation in real feeds without any deterioration of performance or coke deposition.

This work was supported by the Russian Science Foundation (Project 16-13-00112) and Russian -French network
GDRI “Catalytic valorization of biomass” (RFBR-CNRS 18-58-16007_a Project).
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Pd supported on silica doped by TiO.. Methane oxidation activity and SO- tolerance

G. Pantaleo*
Istituto per lo studio dei materiali nanostrutturati (ISMN-CNR), Palermo, Italy

*giuseppe-pantaleo@cnr.it

Pd-based catalysts are the most active ones for methane oxidation at low temperatures [1, 2]. In
several studies it is pointed out that their catalytic activity depends strongly on the nature of the support
[1 — 3], on the palladium precursors and on [4] the size of the PdO particles considered as the active phase

[1].

Natural gas is considered a suitable alternative fuel because combustion of natural gas produces
less greenhouse gas emissions per unit of energy than gasoline or diesel.

In this work titania-modified silica with different weight percentage of TiO, were investigated.
Test reactions were consecutively performed in order to evaluate the thermal stability and poisoning
reversibility. The modification of silica by small amounts of titania improved the catalytic activity on the
methane oxidation reaction, with an optimum doping silica with 10 wt.% TiO».

In addition, the catalysts containing titania showed a higher tolerance towards SO either adding it
as reagent in the feed or after an overnight pretreatment at 350 °C in sulfur containing atmosphere.

The catalysts were characterized by XPS, XRD, FT-IR and BET measurements. According with
both structural and surface analysis, the samples containing Si-O-Ti linkages were interpreted as
responsible for the enhanced intrinsic activity with respect to PdO on pure SiO2 or pure TiO2. The
combination of the right quantities of two chemically different oxides like TiO, and SiO, increases the
tolerance of the PO phase poisoning by SO». The preferential interaction of the sulfur molecule with
TiO2 and the easy SOx desorption from high surface area silica were recognized key factors for the
increased sulfur tolerance of the TiO2-doped catalysts.

This work was supported by the European Community, Network of Excellence (NoE) IDECAT (Integrated Design of
Catalytic Nanomaterials for Sustainable Production) and COST D36 action.
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Catalytic Partial Methane Oxidation over supported Ni based samples

V. La Parola*
Istituto per lo studio dei materiali nanostrutturati (ISMN-CNR), Palermo, Italy

*valeria.laparola@cnr.it

Methane is the predominant component of natural gas and it is expected to outlast fossil fuel.
Besides a direct use of methane as fuel, ways to transform it into high values products are implemented.
The most practical way to use methane is to transform it into syngas, a mixture of CO and H: at various
molar ratios, used as building block for Fischer Tropsch or methanol synthesis [1-2]. The composition of
syngas can be varied by using the appropriate reactions: Dry Reforming (DR H2/CO = 1), Steam
Reforming (SR H2/CO = 3), Catalytic Partial Oxidation (CPO H>/CO = 2). Industrial plants for the
production of syngas are actually based on the reforming processes, which are highly endothermic.
However, CPO, which is an exothermic process, has several advantages with respect to the reforming
processes. Indeed it is energy and cost effective and allows the use of smaller reactor since it is a much
faster reaction.

As follow up of our previous works, we aim to maximize the catalytic and the cost efficiency of a
CPO nickel catalyst by supporting NiO and CeO2 over a high surface area support [3 — 5]. In order to gain
a deeper insight on the effects of the supposedly CeO2 promoter, we compared the CPO behavior of the
supported mixed oxide with the behavior of the supported nickel oxide. The results in terms of activity
and stability were related to the ability of the nickel particles to activate methane, controlled by electronic
interaction with the support and/or with the promoter. The structural properties of the catalysts were
investigated by XRD, TPR, and XPS. The catalytic behavior of the catalysts was tested in a methane
partial oxidation reaction performed at 1 atm in a temperature range of 400 — 800 °C with different
experimental conditions and in a long run at 650 °C. The differences in activity are explained by looking
at the different interactions between the Ni nanoparticles and the support found between the two catalysts.
The obtained catalysts are stable up to 80 h, without any loss of activity.

This work was supported by The Executive Programme for Cooperation between Italy and India (Prot.
No. MAE01054762017).
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Karagauruyeckass KOHBepCHs KUIAKHX OTXO0A0B NepepadoTKu 0MOMACCHI B YCJI0BUAX,

COOTBETCTBYIOLIUX TPeOOBaHUAM ''3e1eHOi XumMuu'

A. H.IlectpsikoB™

Tomckuii nonumexuuyeckuil ynugepcumem, Tomck, Poccus

*pestryakov2005@yandex.ru

CeJIeKTUBHOE OKHUCJIEHHE CIIMPTOB, KOTOPLIC B OOJBIINX KOJHYECTBAX COACPpIKATCA B IPOAYKTAX
nepepaboTKu OMOMACCHI, B IEHHBIE KapOOHMIIbHBIE U KapOOKCHIIbHBIC COSAMHEHUS, HTPAET BAKHYIO POJIb
B TOHKOM OPraHM4€CKOM CHHTE3C U UMECT 0ombIIOE IMPOMBIIIJICHHOC 3HAYCHUC. TpaI[I/IHI/IOHHO, pC€aknuun
OKHCJICHUA MMPOBOAAT C UCITOJIb30BAHUECM CTCXUOMCTPHUICCKUX OKI/ICJ'IHTCJ'ICfI, TaKHUX KakK KMnO4, pcarcat
JKOHCA, THPUAWH-IAUXPOMAT H Jp., KOTOpbIE TNPHUBOIAT K OOpa30BaHMIO OOJBIIOTO KOJIMYECTBA
TOKCHUYHBIX OTXOJOB. B CBsI3M C 3THM, B MeToAax mepepadoTku Omomacchl Bce OoJbliiee BHUMAaHUE
YIeSIeTCS TETEPOTeHHBIM KaTalW3aTopaM Ha OCHOBE OJIaTOPOJHBIX METAJUIOB C BO3MOXKHOCTBIO WX
IIOBTOPHOI'0 HCIIOJB30BaHHA, 4 TAKIKC MPHUMCHCHUIO OKOJOTMYCCKU YUCTBIX M ACHICBBIX OKHCJ’H/ITGJ'IC?I,
TaKHUX KaK MOJ'ICKy.]'IprHBIfI KHCJIOPOJ UJIK BO3AYX, B MATKUX YCIIOBHUAX, COOTBECTCTBYIOIIUX Tpe60BaHI/I$[M
«3EJICHOW XUMHM.

B Hactosimiee Bpems TMOKa3aHO, YTO HAHECEHHBIE 30JI0ThIE KATAIM3aTOPhl B JKUAKO(DA3HOM
OKHCJIICHUH CIHMPTOB OTIHWYAIOTCA BBEICOKOH AKTHUBHOCTHIO, BBICOKOH CEJIEKTHBHOCTHIO U nqueﬁ
YCTOMYMBOCTBIO K JI€3aKTUBAIIMH 110 CPAaBHEHHUIO € KaTanu3aTopamu Ha ocHoBe Pt u Pd.

B TIIY Oputo mpoBeAeHO KOMIUIEKCHOE CpPaBHUTEIBHOE WCCIEAOBAHUE HAHO30JOTHIX
KaTaJu3aTOpOB, HAHECEHHBIX Ha CIIOXKHBIE OKCHJIbI, BKIIIOUaroliee B ce0sl U3yYeHHE CTPYKTYPHBIX,
AIIEKTPOHHBIX, a TAKXK€ KaTaIUTHUYECKHUX CBOMCTB ATHX CHUCTEM B MPOIECCaX >KUIKO(DA3HOTO OKUCICHUS
psana cnupTtoB (peHmndTanom, raunepud u T.1.) 1 HMF. [TogpoGHO paccMOTpeHO COBMECTHOE BIIMSTHHUE
psila mapamMeTpoB — COJIEp)KaHUsl 30JI0Ta, MpUPOJbl Moaudukatopa U aTMochepsl MperBapUTEIbHON
00paboTkn — Ha (HOpMUPOBAHHE AKTUBHOW MOBEPXHOCTH 30JIOTOCOJEPKAIINX KATaJIM3aTOPOB U, Kak
CIIEICTBHE, HAa HUX KATAJUTHUECKUE XapaKTEpUCTUKH (AKTUBHOCTh M CEJIEKTHMBHOCTH) B Ipoliecce
okucinenus couproB u HMF. Ompenenensl mapameTpbl, MO3BOJISIIOIIKE II€JIEHANIPABIEHHO BIUATH HA
AKTUBHOCTb M CEJIEKTUBHOCThH 30JI0TOCOJAEPIKAIIMX KAaTalu3aTOPOB B IPOIECCE OKHUCICHUS CIUPTOB U
HMF. Beuia ycranoBieHa mpsiMasi KOPpENSIUs MEXKIY KaTAIUTUYECKOW aKTUBHOCTBIO U COJEpKaHHEM
Au*(Au®") monoB. Ha OCHOBe MHOJyYEHHBIX JAHHBIX OblIa SKCHEPMMEHTANbLHO J0KAa3aHAa KaTHOHHAS
MPHUPO/Ia AKTUBHOTO IIEHTpA.

HccnenoBaHo BIMSHHE KHCIOTHO-OCHOBHBIX CBOMCTB HOCHUTENS Ha CTaOMJIM3alUI0 AaKTHBHBIX
1eHTpoB 30J10Ta. [lokazano, 4yTo (yHKIIMOHATBHBIE TPYIIILI MOBepXHOCTH Hocutens (bpeHncrenoBckue u
JIbIOMCOBCKHE KUCIIOTHBIE U OCHOBHBIE IIEHTPHI) BHICTYMAIOT HE TOJIBKO KaK HHCTPYMEHT (POpMUPOBAHUS
U crabwimzanuud Au® IIEHTPOB, HO TaKXKe Yy4aCTBYIOT B IIPOIIECCE KOHBEPCHHM CIMPTa, B YACTHOCTH,
OTIPEIEIISAIOT CEIEKTUBHOCTD Ipolrecca (00pa3oBaHUE KUCIOTHI WK 3(hupa).
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Sustainable selective oxidation of aliphatic alcohols in the liquid phase

V. Cortés Corberan*
Institute of Catalysis and Petroleum chemistry (ICP), CSIC, Madrid, Spain

*vcortes@icp.csic.es

Selective oxidation of alcohols plays a key role in industry: more than 100 million tons of
carbonyl compounds are produced yearly by alcohol oxidation. The high environmental impact of
conventional processes, that use stoichiometric and toxic oxidants (transition metal salts and oxides), has
driven the research of alternative sustainable catalytic processes. However, oxidability of alcohols
depends on their molecular structure: the less reactive are the primary Ce-+ linear alkanols (often called
higher or fatty alcohols). Their low reactivity, jointly with to their physico-chemical properties, make
their oxidation the most challenging [1].

To overcome these difficulties, we investigated systematically the use of nanometal (Au, Ag)
catalysts under demanding green chemistry conditions (low temperature, liquid phase, oxygen as oxidant
at atmospheric pressure), using n-octanol and n-tetradecanol as model molecules, and showed the
feasibility of their oxidation under such soft conditions by using supported nanogold catalysts [2, 3], as
well as the role of bare support surface in the reaction mechanism and the primary nature of the ester
formation [4].

The strong influence of the support nature on the catalytic properties motivated further research
looking for the improvement of catalytic performance. The effect of catalyst components (both active
metal and support) is currently being studied with nanogold and silver catalysts. This has shown the role
of the metal-support interactions in determining the catalytic activity and that the effect of the metal
content depends on the nature and surface properties of the oxidic support [5, 6], which opens the way to
increase catalyst efficiency by modifying such surface.

This work was supported by MINECO project CTQ2017-86170-R.
Collaboration with the research teams of ICMS, CSIC (Spain), TPU (Russia), CNN, UNAM (Mexico) and AMU
(Poland) is gratefully acknowledged.
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Mup 06e3 HepTH: HacTOsILIEEe M OyAylLIee
A. B. JlaBpenos*, E. A. bynyueBckuii, T. P. KaprioBa, A. A. Henomusiuid, E. /1. ®enoposa

Llenmp noewvix xumuyeckux mexronoauti Mncmumyma kamanuza CO PAH, Omck, Poccus

*lavr@ihcp.ru

B Hactosiee BpeMsi HE(Th SBISETCS OCHOBHBIM ChIPbEM JJIsi INPOM3BOJCTBA BCEX BUOB
MOTOPHOTO TOIUIMBA. Bemymyro ponb He)TH B NPOM3BOACTBE MOTOPHOTO TOIUIMBA OTpaXKaeT
YBEJIMUUBAONIUICS Ha Hee MupoBoi crpoc. [lo mporno3am IEA u OPEC o6mee motpebienue Hedtn
Oyzaer yBenmmuuBaThest oT 97 MutH. Oappeneii/nens B 2015 r. mo 112 muH. 6appeneii/nens B 2040 romy.

VYXyaleHue 5KOJOrM4ecKo OOCTaHOBKM B MHpE, BBI3BAaHHOE BBIOpOCAMH 3arps3HSIOLINX
BEILIECTB W IMAapHUKOBBIX Ta30B, O0Opa3ylIIMXCs B MPOILECCE CXKUTAHMS YIIIEBOJOPOJIOB, MPUBEIO K
Y)KECTOUEHHIO DJKOJOTMYECKMX TpeOOBaHM K MOTOPHBIM TOIIMBaM. OJTO B CBOIO Ouepelb
CHOCOOCTBOBAJIO TMOUCKY AJbTEPHATUBHBIX TOIUIMB, TAKMX KaK CHHTETHYECKOE U OMOTOIIMBO. ChIpheM
JUIS TIPOM3BOJICTBA aJIbTEPHATUBHOTO YIJIEBOJOPOJHOTO TOIUIMBA MOKET ObITh MPUPOAHBIN ra3, yrojib, a
TaK)Ke pacTuTeNbHas Ouomacca.

Hanbonee mnepcnekTUBHONW OCHOBOW JUIsi TPOM3BOJCTBA MOTOPHOTO TOIUIMBA CUYHTACTCS
pacturenpHas Ouomacca, rIaBHbIEe JOCTOMHCTBA KOTOPOW — ObICTpasi BO30OHOBIIIEMOCTh U BOBMOXKHOCTh
CHIDKEHHUSI COJIEpP)KaHUs YIJIEKUCIIOTO Tra3a B aTMocdepe 3a CUeT ero MOTJIONIEHUS B MPOU3BOJACTBEHHOM
HuKiIe mnoyiydeHus OuororuMB. Ha ceromusmHuii JneHb pa3paOOTaHbl JBa MOKOJEHHS TEXHOJOTUH
MOJIyueHUs OMOJU3ETIbHBIX TOIUIMB M3 MAacJIOKUPOBOTO ChIpbsA. TEXHOJOTHH MEpPBOrO MOKOJIEHHS
OCHOBAaHBI Ha Tpoliecce nepesTepruuKay TPUTITUIEPUIOB C MOTYYEHUEM METUIOBBIX 3(DUPOB KUPHBIX
KHUCTIOT. B OCHOBE TEXHOJOrHil BTOPOrO MOKOJEHHS JIEKaT MPOLECChl TUApomnepepaboTKU KUPOB C
MOJTyYCHUEM CMECEH YIIIEBOIOPOJIOB MH3EIBbHOW M KEPOCHHOBOW (pakiuid. [JTaBHBIM HEI0CTAaTKOM
JNEUCTBYIONIUX MPOMBIIUICHHBIX IPOILIECCOB MOJMYyYEHHE YIJIEBOJOPOAHOTO IU3EIbHOIO TOIUIMBA Ha
OCHOBE PacCTUTENIbHBIX Maces SBJISETCS IBYXCTaJAMMHOCTh U HEOOXOJIMMOCTh UCIOJIB30BaHUS OTACIbHBIX
KaTaJau3aToOpOB U YCIOBHH JIA OCYLIECTBJICHUS KaXaA0u U3 craanil. Ha nmepBoii cTagun oCylmecTBiIsieTcs
THAPOKPEKUHT Ha  Ccyiabduaaeix  karaamzaropax Co(Ni)-Mo(W)-S, Hna BTOpoii mpoBoaMTCS
TUAPOU30MEPHU3AIUS CMECH BBICOKOMOJIEKYISPHBIX aJIKAHOB Ha OM(YKIMOHAILHOM KaTajau3aTope AJs
obecrieueHus TpeOyeMbIX HH3KOTEMIEPATypHBIX XapaKTEPUCTHK JU3ENbHOTO TOIUIMB. [lanbHeliiee
COBEPIICHCTBOBAHKE TUAPONEPEPaObOTKH MACIOKUPOBOTO CHIPbS MOXET ObITh OCHOBAHO Ha pean3alluu
OJIHOCTAJIMHHOTO Tpoliecca 6€3 UCIOIb30BaHUS CYJIb(PUIHBIX KaTAIU3aTOPOB.

Paboma evinonnena ¢ pamrax 2ocyoapcmeennozo 3adanus LIHXT UK CO PAH ¢ coomeemcmeuu ¢ Ilpoepammoii
DYHOAMEHMANBHBIX HAYYHBIX UCCAEO08AHULL 20CYOapcmeeHHblx akademutl Hayk Ha 2013-2020 200b1 no nanpaenenuio V.47,
npoexm Ne V.47.1.3 (nomep cocpecucmpayuu ¢ cucmeme ETHCY HUOKTP AAAA-AL17-117021450099-9).
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Coke-resistant catalysts for dry and steam reforming of methane

F. J. Cadete Santos Aires*?*

IRCELYON, UMR 5256 CNRS/UCB Lyon1, Université de Lyon, , France
2LCR, National Research Tomsk State University, Tomsk, Russia

*francisco.aires@ircelyon.univ-lyonZ1.fr

Methane (CHa4) and carbon dioxide (CO3) are the main contributors to the greenhouse effect. Dry
reforming of methane (DRM) is a pathway to valorize these gases and to decrease their emissions. Both
CO; and CHg4 are abundantly available and CO> provides a clean oxygen source for the DRM into syngas
(CO+H2) usable for hydrogen, methanol or fuel production. The ratio of H2/CO is crucial for the
subsequent application of syngas. Since DRM H,/CO ratio is usually less than one (due to side reactions),
combined steam/dry reforming of methane (SRM/DRM) is of great interest to enhance and adjust the
hydrogen content in syngas. Among other issues not discussed here, the main barrier for methane
reforming (both dry and steam) is that classic nickel catalysts deactivate mainly due to the surface coking.
In this context and in order to increase the stability of the catalysts towards coking, the use of noble
metals may be considered, despite the fact they are expensive. Our results tend to show that ceria-
supported Ir catalysts may be good candidates both for DRM and SRM.
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@®0TOAKTHUBHbIE HAHOKOMIIO3UTHDbIE MaTepualjbl

A. B. Emenun™

Canxm-Ilemepbypeckuil 2ocyoapcmeennniii ynusepcumem, Cankm-Ilemepoype, Poccus

*alexei.emeline@spbu.ru

DoTOAKTUBHBIMU MarceprajlaMM  Ha3bIBAOT TBCPAOTCIBbHBIC COCIUHCHMHA, CHOCO6HI)IC K
B3aHMOﬂeﬁCTBHIO CO CBC€TOM, BBI3bIBAKOIIWM TOT WIN HHOU (1)I/I3I/IKO-XI/IMI/I‘IGCKI/II71 OTKJIUK B O6’BCM€ I/I/I/IJII/I
Ha MOBEpXHOCTH Matepuana. [lo cBoeil GyHKIMOHATBFHOCTH (POTOAKTUBHBIC MAaTEpPHAJIbI JCIATCSA Ha JBE
TPYIIIBI: MaTepHalbl 3HEPTETUYCCKOr0 W HH()OPMAIMOHHOTO TpeoOpa3oBaHUs KBAHTOB CBETa (CM.
CXeMmy).

Npeo6pa3zoBaHne KBAHTOB

JHepreTuyeckoe
npeobpasoBaHue UHpopmaymoHHoe
(3anaceHue aHeprumn npeo6pa3soBaHue
ceerta)

Cxema knaccupukanuu (poToaKTUBHBIX MaTEpHAIIOB

B nmoxmane Oyayr mpencTaBiIeHBI OCHOBHBIE MEXaHM3MBI M KOHIICTIIIUM TPUMEHEHHUS HOBBIX
(hOTOAKTUBHBIX MAaTEPHAJIOB B TEXHOJOTHAX SHEPTeTUUECKOrO MPeoOpa3oBaHUs CBETA, TAKUX KaK:

1) rereporeHHbIi poTOKATATNS;

2) GhOTO3IEKTPOXUMHUECKOE IPe0Opa30BaHUE SHEPTHH CBETA B «COJIHEYHOE TOILIIMBOY,

3) caMOOYHINAIOIINECS TIOBEPXHOCTH;

4) hoToBOSIBTANKA,

U B TEXHOJIOTUSX MH(POPMAIIMOHHOTO IpeoOpa3oBaHusl CBETa, TAKUX Kak:

1) onTO3IEKTPOHHKA,;

2) uadopmanruonHas GOTOHHKA;

3) mMarepuabl an-KOHBEPCHOHHOM JTFOMUHECIICHITUH.

Taxxe OynyT npeacTaBiaeHbl OCHOBHbIE MOJIXOAbI 1O (POPMUPOBAHUIO (POTOAKTUBHBIX MaTepUaAIOB
HOBOT'O IOKOJICHHUSI, OCHOBaHHbIE Ha TOHUCKE U Pa3pabOTKe METOJMK CHUHTE3a HOBBIX (DOTOAKTHBHBIX
MaTepHUaIoB, UX XUMHYECKON MOAM(HUKAIMN, KOHCTPYHMPOBAHUSI I€TEPOCUCTEM Ha UX OCHOBE U T.A. B
YaCTHOCTH, JIeTalbHOE BHUMAaHUE OyJeT yJeJIeHO METo1aM JTOMUPOBaHUsl (POTOKATATH3aTOPOB HA OCHOBE
OKCHJIOB METAJUIOB U HAHOKOHCTPYUPOBAHUS T€TEPOCTPYKTYP HA X OCHOBE, POPMHUPOBAHUIO FIIEMEHTOB
(OTOBONBTAUKH M ONTOXEKTPOHUKH HA OCHOBE TaJOUTHBIX MEPOBCKUTHBIX MAaTEpPHUAJIOB U CTPYKTYD,
CO3JaHMUS W ONTHUMH3AIMH (DOTOAKTHBHBIX MAaTEpHUaJOB HA OCHOBE METAJLI-OPTaHMUYECKUX KapKaCHBIX
CTPYKTYp H Jp.

N3noxkeHHble MEXaHU3MBbI, KOHIIETIUHA U TOJIXOAbl OyIyT MPOWUTIOCTPUPOBAHBI PE3ylbTaTaMu
uccienoBaHuil, mpoBoauMbIx B nadopatopun CIIOIY «DotoakTuBHBIE HAHOKOMIIO3UTHBIE MaTEpUAIIbD)
u Ha 6a3e pecypcHoro nentpa Hayunoro napka CII6I'Y «Hanodoronukay.
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New approaches to the synthesis of semiconductor photocatalysts for the hydrogen

evolution under visible light

E. A. Kozlova'?*, D. V. Markovskaya'?

1Boreskov Institute of Catalysis, Novosibirsk, Russia
2Novosibirsk State University, Novosibirsk, Russia

*kozlova@catalysis.ru

Solar energy is known to be an original source of all fossil fuels used by mankind because it was
stored by plants which further transformed to coal, petroleum, and gas during several geological periods.
However, the limitation of its stocks encourages scientists to search new types of the fuels. Hydrogen is
an ideal energy source due to its high heating value and the prevalence on the planet. One of the most
interesting alternative ways of H> generation is the photocatalytic reactions from aqueous solutions of
inorganic compounds. The photocatalysts based on CdS or the solid solution of CdS and ZnS are mostly
used for the hydrogen evolution from aqueous Na>S/Na>SO3 solutions [1].

Another approach of solar energy utilisation is its direct conversion to electricity with solar cells
or photogalvanic devices [1]. It should be noted that the latter devices can include photoelectrodes which
combine a conductive material and the photocatalyst. Nowadays, photoelectrodes based on fluorine-
doped tin oxide (FTO) and CdS, CdS/TiO2, CdS/ZnO are described. One can see that the same methods
are used for the improvement of both the photocatalytic and photoelectrochemical properties. From this
point of view, establishing the correlations between the photocatalytic activity and photoelectrochemical
parameters like a short-circuit current density and a power conversion efficiency is an important task.

It is important to investigate this phenomenon in the case of the solid solutions of CdS and ZnS
modified by some transition metals species, because cadmium and zinc sulfide solid solutions are very
active photocatalysts of the hydrogen production under visible light. Earlier, we prepared the
photocatalysts consisted of Cdo3Zno7S and different co-catalysts such as Ni(OH)2 [2], Zn(OH): [3], and
NiS [4] and tested them in the photocatalytic hydrogen production from aqueous Na>S/Na SOz solution
under visible light irradiation. In this research the photoelectrodes based on FTO and Cdo3Zno.7S were
synthesized, their surfaces were modified by 0.06 % Ni(OH)2, 20% Zn(OH)2 or 0.3% NiS co-catalysts.
The synthesized samples were studied in the electrolyte containing sodium sulfide. The influence of the
co-catalyst nature on the short-circuit current density, open-circuit voltage, and power conversion
efficiency was studied.

Photonic efficiency and power conversion efficiency were crucial parameters for the studied
processes. The changes in photonic and power conversion efficiencies were the same as those in the
photocatalytic activity and short-circuit photocurrent density. The changes in target parameters were
observed in the following consequence Cdo.3Zne7S/FTO — ZnOH-20/FTO — NiOH-0.06/FTO — NiS-
0.3/FTO. The enhancement of the photocatalytic activity was fixed in the similar consequence. The
correlation between the photocatalytic activity and photoelectrochemical parameters were established for
the Cdo.3Zno7S/FTO modified by the different nickel- and zinc-containing compounds for the first time.
Also, established patterns can be successfully applied to the process of CO; reduction.

This work was supported by RFBR project 18-03-00775 and President of Russian Federation Scholarship SP-
1029.2019.1.
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Study of the effect of extra irradiation on the structure, optical and photocatalytic

properties of titanium dioxide obtained via pulsed laser ablation in water

Z. P. Fedorovich*, E. D. Fakhrutdinova
Tomsk State University, Tomsk, Russia

*zhanna.fedorovich.99@gmail.com

Nowadays nanodispersed titanium dioxide is widely used in photovoltaic devices, in the "green
technologies™ of solar energy, as well as in the production of bactericidal materials and sunscreens.
However, heterogeneous photocatalysis is the most promising area of its application.

Currently, new technologies to synthesize titania-based materials, which absorb light in the visible
region and have high photocatalytic activity, are developed. Pulsed laser ablation (PLA) has attracted a
great interest, since this technique allows obtaining pure nanocolloids and nanocrystalline powders during
ablation in liquids or vacuum or gaseous media. Earlier, we obtained highly defective dark blue titanium
dioxide with intense absorption in the visible spectral region using pulsed laser ablation method [1]. It is
known that the parameters of laser radiation, the media where the ablation process is carried out, as well
as the secondary interaction of laser radiation, have a significant effect on the properties of the final
material. In this work we studied the effect of extra laser irradiation during the synthesis of a material by
pulsed laser ablation on the structure, optical and photocatalytic properties of titanium dioxide.

The synthesis of TiO. powder materials was carried out as follows. Using PLA of bulk targets in
water, 100 ml of a colloidal solution was obtained. For pulsed laser ablation, we used the fundamental
harmonic radiation of an Nd: YAG laser (LOTIS TII, model LS2131M-20) with a wavelength of 1064
nm and a pulse energy of up to 180 mJ. The pulse duration and pulse repetition rate were 7 ns and 20 Hz,
respectively. A metal Ti plate (99.9% purity), 10x25x1 mm in size, was used as a target. After ablation,
the solution was divided into 2 parts. The first part was subjected to additional laser irradiation for 1 hour
with stirring with the same laser parameters. Then both parts of the colloidal solution (irradiated and non-
irradiated) were dried in open glass containers at a temperature of ~ 60 °C. Thus, powder materials were
obtained. Then, the samples were annealed at 250 °C and were used for further studies.

Based on X-ray diffraction and diffuse reflection spectroscopy data, it was found that additional
irradiation leads to changes in the structure and, as a consequence, the optical properties of materials. The
photocatalytic activity of the materials was evaluated using the photodegradation of aqueous solutions of
Rhodamine B and phenol under visible light irradiation.

This work was supported by the Russian Science Foundation; Project No. 19-73-30026.

References
1. Fakhrutdinova E.D., Palatova A.V., Svetlichnyi V.A., IEEE Proc. International Conference of Young Specialists
on Micro/Nanotechnologies and Electron Devices (EDM), 2018, V. 2018-July, No. 8434990, P. 3 - 7.

1 -2 okmabpsa 2019, Tomck, Poccus 20



Hayunas wikona monoowvix yuenvix «Hogvle kamanuzamopuvl u Kamaiumuieckue npoyeccvl O peuleHus
3a0au 9KOI02UYecKU YUCmOoU U pecypcocbepezaioujeti IHep2emuKu»

The oxyl mechanism of the H abstraction from methane on the [FeO]?* unit

containing zeolite like species: DFT computation

V. Yu. Kovalskii*, A. A. Shubin!?, S. Ph. Ruzankin?, I. L. Zilberberg!

'Boreskov Institute of Catalysis SB RAS, Novosibirsk, Russia
2Novosibirsk State University, Novosibirsk, Russia

*vyukoval @catalysis.ru

The [FeO]?* group is known to be key intermediate in the oxidation catalysis by the non-heme
iron enzymes and by the FeZSM-5 species called Panov’s a-oxygen (0-O). Especially fascinating is the
fact that a-oxygen is able to oxidize methane to methanol at the negative temperatures. The origin of such
extraordinary reactivity has been debated in the literature for decades without any convincing outcome.
There are few competing points of view. First one belongs to Baerend’s group, who attributes the a-O
reactivity to its ground state ferryl configuration Fe'V=0 and to its low-lying empty o*(d;%(Fe)-pz(O))
orbital capable of accepting electron from C-H group of methane [1]. Second mechanism (we called oxyl
one) is presented in our paper [2] and in work [3] by Solomon’s group, assigning the reactivity to the
excited oxyl Fe'"-O" configuration. The latter configuration appears from the ferryl-type ground state
configuration Fe'V=0 via to electron transfer from terminal oxygen to the iron cation in the course of the
H abstraction process. A distinct model proposed by Panov and coworkers associates reactivity of the
[FeOJ?* group with oxyl configuration Fe''-O" in the ground state. The latter assigning is based on the
single [FeO]?* model having oxyl ground state with the use of M06-2X functional [4].

This work presents additional arguments to support oxyl mechanism with the use of model
[FeOJ?*-unit containing complexes — from simple [O=Fe(OM(OH)2).], (M=Al, Ga) to complex (active
site of FeZSM-5 zeolite) — in the methane oxidation: O=Fe(L).+CHs — HO-Fe(L). + CHas. Calculated
hydrogen abstraction transfer (HAT) barrier for different models shows that for the most relaxed model
[O=Fe(OM(OH)2).] appears to be largest (16 kcal/mol), while for ring models, O=Fe(M(OH)2)2(u-
0)4(Si(OH)2)2 and FeM2SisH12021 (6-ring model of zeolite), the barrier is only 1.7 and 4 kcal/mol,
respectively. The negative spin density on the methyl radical for all models reveals the oxyl mechanism.
The switching from the ground-state ferryl and excited-state oxyl terms of the same symmetry in the H
abstraction process is explained qualitatively in terms of the avoided-crossing mechanism.

The results will allow one to obtain a coherent and consistent mechanism for methane oxidation
by ferryl unit and to give grounds for a search of new potentially reactive ferryl-containing systems.

The reported study was funded by RFBR according to the research project Ne 18-33-00932.
The Siberian Branch of the Russian Academy of Sciences (SB RAS) Siberian Supercomputer Center is gratefully
acknowledged for providing supercomputer facilities.
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Solar energy is considered a renewable and sustainable resource. There are two important ways of
its conversion to chemical bond energy with photocatalysts and to electric one with solar cells. These
phenomena have the common key stages such as generation of electron-hole pairs, charge consumption,
target processes, and recombination. Therefore, it is reasonable to assume the presence of correlation
between photocatalytic activity and photoelectrochemical parameters of the samples. This study was
aimed at the establishment of this correlation for active photocatalysts used for hydrogen photoproduction
and photoelectrodes with the same phase composition.

Earlier the Cdo.3Zno.7S photocatalyst modified with Ni(OH). [1], Zn(OH)2 [2], and NiS [3] were
tested in the photocatalytic hydrogen production from Na>S/Na>SOsz solution. The most active samples
were 0.06% Ni(OH)2/Cdo.3Zno.7S, 20% Zn(OH)2/Cdo3Zno.7S, and 0.3% NiS/Cdo.sZno7S. It is worth noting
that the increase in photocatalytic activity is observed in the following consequence: Cdo3Zne7S =~
20% Zn(OH)2/Cdo.3Zno.7S < 0.06% Ni(OH)2/Cdo.3Zno.7S < 0.3% NiS/Cdo.3Zno.7S.

In this work the photoelectrodes made of fluorine-doped tin oxide (FTO), Cdo.3Zno7S, and some
co-catalysts were prepared via the successive ionic layer adsorption and reaction method. The
photoelectrochemical properties of the synthesized samples were studied by cyclic voltammetry and
impedance spectroscopy. The photoelectrochemical cell has been fabricated by sandwiching the counter
electrode and the tested photoanode using a parafilm spacer. The Cu.S/brass was used as a counter
electrode. The electrolyte consisted of 1 M NazSp, 0.1 M NaCl.

The obtained I-V curves demonstrate the stability of all photoanodes in the range from -0.8 V to
0.8 V. The deposition of the co-catalysts to the photoanode Cdo3Zno7S/FTO surface leads to the growth
of the target parameters and the falling of the resistivity. Note that the increase in the short-circuit current
density, power conversion efficiency, and electron lifetime is observed in the following consequence:
Cdo3Zne7S/IFTO < 20% Zn(OH)2/Cdo.3Zno7S/IFTO = 0.06% Ni(OH)2/Cdo3Zne7S/IFTO < 0.3%
NiS/Cdo3Zno7S/IFTO for the studied photoanodes. The similar trend is earlier demonstrated for the
catalytic activities of the modified photocatalysts with the same phase composition. Moreover, the
correlation between the photocatalytic activity and photoelectrochemical parameters is found. It is
important to note that other characteristics of the photoanodes such as the changes in the short-circuit
current density during several runs differ in the same consequence as electron lifetime.

Finally, the correlation between the photocatalytic activity and the photoelectrochemical
properties of CdosZno7S solid solution modified with co-catalysts is established. However, the
photocatalytic and photoelectrochemical processes are complicated; therefore, such correlations require
further detailed analysis.

This work was supported by President of Russian Federation Scholarship SP-1029.2019.1.
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Perovskite oxides (ABO3) have important applications in heterogeneous catalysis because of their
unique structural and chemical properties. The A and B sites in the ABOs structure can both be partially
substituted by other cations to form Ai1xA'xB1yB'yOs-s (A, A' = metal of s-, d- or f-element, B,B' =
transition metal) composite oxides which show excellent performances in many catalytic reactions [1]. In
perovskite-based catalysts, the surface structure of the catalyst depends sensitively on the pretreatment
conditions. The chemical composition, atomic structure, and chemical state of the catalyst surface often
exhibit dynamic changes in various gaseous environments. Among many pretreatment conditions,
reduction and oxidation are the most frequently used processes. The redox pretreatments affect the
surface structure and, thus, the activity of the catalyst. Changes in the catalyst structure in response to
various redox pretreatments may help in understanding the mechanisms of catalyst activation and
deactivation.

This paper presents the results of obtaining and studying the phase composition, the structure, the
surface morphology, the states of atoms of transition elements and the redox properties of Co- and Fe-
containing oxides with a perovskite structure and their solid solutions — GdFe1.xCoxOz (x = 0; 0.2; 0.5;
0.8; 1).

The structure was characterized by X-ray diffraction (XRD), Thermogravimetric analysis (TG),
transmission electron micrograph (TEM), temperature-programmed reduction (TPR) and X-ray
photoelectron spectroscopy (XPS) techniques. It was found that the reduction treatment under H:
atmosphere results in an intermediate phase such as Gd2Co20s and FeOx/CoOx/Gd20s as stable system at
800 °C. Reduction temperatures of the catalysts were shifted to higher values with replacement of cobalt
by iron. The presence of partially reduced cobalt in the surface may act as an activity promotor that
diminishes the coke deposition on the catalyst surface. This aspect was observed on the GdFeq2C00803
catalyst that showed the highest activity and lower coke deposition.

Scientific research was performed at the Research Park of St. Petersburg State University: Center
of Thermal Analysis and Calorimetry, Center of X-ray Diffraction Studies and Interdisciplinary Center of
Nanotechnology.

This work was supported by RFBR (grants Ne 18-33-01209 and Ne 19-33-50079) and Scholarship of the president of
the Russian Federation (Ne CI1-1164.2019.1).
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Cpemn Oosbmoro pasHooOpasust  amomModocdaroB AlPOs-n  0coOblii WHTEpPEC BBI3BIBACT
ctpykrypa AIPOs-11 (AEL) 6naronapss HATUYHIO OJHOMEPHOW KaHAIBHOW CHUCTEMBI C JUTHIITUYCCKUM
nopamu pasmepoM 4.0%6.5 A, KoTopble COMOCTABUMBI [0 pa3sMepy ¢ MHOTHMH TIPOMBILLIEHHO BaKHBIMU
oprannueckuM mojekyiaamu. Tak Si (SAPO-11) u Mg (MAPO-11) conepxaine MOJEKyIspHbIE CUTa
SBIIAIOTCSL  TEPCHEKTUBHBIMM  KaTalnu3aTopamMM Ul Tujapouszomepusanuu  H-nmapagpuHoB  Cr+,
n3oMepu3anuu H-OyreHa B M300yTWJIEH, HM30MEpPHU3allMU IUKIOTEKCAHOHOKCHMMAa B KalpojaKTaM,
METHJIUPOBaHUE apOMAaTHYCCKHX YriieBoopoaoB [1]. OmHako, HECMOTps Ha OOJBIION JTOCTUTHYTHIH
ycrex B 00J1acTU CHHTE3a U IMPUMEHEHUS B KaTallu3e MOJIEKYJISPHBIX CUT co cTpykrypoil AEL, mis Hux
BCE €Il[€ OCTAIOTCA MaJl0o M3YyYEHHBIMU CIOCOOBI YIpaBiieHUs UX Mopdosorueid u XapakTepuUCTHKaMU
MOPUCTOM CTPYKTYphl. PerieHne mogoOHBIX 3a/ad MO3BOJIUT MEPEHTH HE TOJBKO K CO3JaHuio Ooliee
3¢ (GEeKTUBHBIX KATATUTHYECKUX CUCTEM, HO K aJICOpOEHTaM U MeMOpaHaM Ha UX OCHOBE.

B nanHoi#l paGote MccienoBaHO BIMSHHE MPUPOAbI MCTOUYHHMKA aFOMUHUS HA MOPQOJIOTHIO U
nopuctyro crpyktypy amomodochara AIPOs-11. B kauecTBe MCTOYHHMKA ATFOMHHHS HCIOJIb30BAIH
OemuT, rcesaooeMuT u uzonpornokcua Al.

Monekymnsipusie  cuta AlIPO4-11 ObUTH TOAYYEHBI 1O METOJIMKE, OMUCaHHOW B [2], wu3
peakmmonHoro rems  cocraBa  1.0Al03*1.0P.0s5*0.3SiO*1.0DPA*50H,O0  mpu 200 °C ¢
MPOJOJKATEIIBHOCTh KpUCTAITA3aIUA OT 1 10 48 u.

[TosydeHHblE MPOIYKTH KPUCTAUIM3ALMU OXapakTepu3oBaHbl C¢ mnomMonipio PDA, COM wu
HU3KOTEMITEpaTypHOU aJcOpOIMU-IeCOPOIMH a30Ta.

[lokazaHo, 4TO peakUOHHAs CIOCOOHOCTh HMCTOYHHMKA ATIOMUHHUS 3HAYUTENIBHO BIIHMSET Ha
mopdosoruio  kpuctauioB  AIPOs-11.  AIPO4-11,  cuHTE3WpOBaHHBIE C  HCIOJH30BAaHHUEM
TUAPATUPOBAHHBIX OKCHUIOB QJIIOMHHHUS, MPEICTABISIOT COOOW MpPSIMOYrOJIbHbIE TUIACTHUHBI WM
BBITSAHYTBIC MPU3MBI pazMepoM OoT 1 g0 2 mxMm. OOpazen; amromodochara AIPO4-11, monydeHHBIH Ha
OCHOBE H30IPOIOKCHAA aFOMUHHUSA, UMEET MCEeBIOCHEPUUYECKYI0 MOP(OIOTHIO KPUCTAUIOB pa3MepoM
~ 10 MKM, COCTOSIIIMX M3 HAHOKPUCTAIUIOB pazmepoM ~ 50-200 HM, u o6JagaeT MUKpPO-ME30MOPUCTOM

CTPYKTYpOIl.
Paboma svinoanena npu noodepacku Poccuiickoeo nayunoeo gonda ([lpoexm Ne 18-73-00007).
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JUIs  KaTamm3aTopoB TUIAPOOYUCTKU YIJICPOJHBIM HOCHUTENh SBISICTCS OO0Jiee HHEPTHBIM, B
cpaBuennn ¢ AlOz [1, 2]. UsBectHo, uyTo i KaTaau3aTopoB Ha ocHoBe AlxOs moGamieHue
XENaTUPYIOIINX areHToB, TakuxX kak JuMmoHHas (JIK) m HutpunorpuykcycHas kuciora (HTA), u
HEKOMIUIEKCOOOPA3YIOIINX OPraHUYEeCKUX J00aBOK, TaKUX Kak JAMATUIEHTIHMKONb (J31), mpuBomut k
6onee cenexktuBHOMY (opmupoBanuto CoMoS ¢azer Il tuma. JIK B pacTtBope mNpenMyIIeCTBEHHO
B3aUMOJICHICTBYeT C MOJMOAEHOM, Ha CTaJuud CyAb(QUIUPOBAaHUSA TMOBBILIAET TEMIeEpaTypy
Cynb(pUAMPOBAHKS TIPOMOTOPA, YTO MPUBOIUT K CHUKEHHUIO JOJIU WHIUBUIYAIbHBIX CYJIb(QUIOB
npomotopa u aktuBHoro meramia [3]. JetictBue HTA mocTatoyHo cX0Ke C JIMMOHHOM KHCIOTOHM.
Otnuume 3akimtouaercss B ToMm, 4yro HTA Ha cTaguM NPUTOTOBIEHUS MPOMUTOYHOTO PacTBOpa
MIPEUMYIIECTBEHHO B3aMMOJIEHCTBYET ¢ mpoMoTopoM [4]. DI cnmyXUT MOI0OKKOW MEXKTy aKTUBHBIMH
METaUTaMH W HOCHTEJIEM, YTO CHH)KAeT B3aMMOJEHCTBHE MeTaui-HocuTenab [5]. B mamno#t pabote
uccnenosano BiausHus JIK, HTA u JIOT" Ha cBoiictBa CoMo-kaTaian3aTopoB Ha OCHOBE MHOTOCIIOMHBIX
yraepoaHbix HaHoTpyOok (MYHT).

Karanuzatopel nonydensl nytém nponutku mo BraroéMkoctu MYHT CoMo-pactBopamu c JIK,
HTA u IJI'. Copepxxanue Mo Bo Bcex oOpazmax 12.0 macc.%, Co 3.2 macc.% u 1.5 macc.% P.
CynbdumupoBanue npoBoaunau B Toke HoS mpum T: = 220 °C, T2 = 400 °C. CynbduaupoBaHHbBIC
KaTaJau3aTopbl HUCCIAEAOBAIM METOJIOM a3oTHOW mnopomerpuu, PO®OC u I[IOMBP. Karanuzatopsl
TECTUPOBAIHM, HCTOJB3Yys cMmech auoen3otuodena ([IbT) m xuHONMHA B yHIEKaHE, MPH CICIYIONTUX
yenosusx: T =280 °C, P = 3.5 MITa, MCIIC = 80 4, Ha/ceipre = 500 Hm/m®,

ITo pesympratam I[IDMBP wmopdonorus dactuii akTUBHOTO KOMIIOHEHTA 3HAYUTEIHHO HE
oTAMuaercs. JIMHA YacTHI aKTMBHOTO KOMIIOHEHTa paBHa 28.8+29.6 A, xommyectBo cnoés — 1.1.
Otmeuaercst b Hebosbiioe yBenuuenue noau CoMoS ¢asbl npu ucnosb3oanuu JIK mo 72.2 % (B
CoMoPHTA - 70.5 %, B CoMoPIDI' — 68.1 %). OGHapyXeHbl pa3iuyusi B TOBEPXHOCTHOU
koHueHTpauuun Mo, Co u P. IloBepxHoctHas koHueHtpauus Mo Bospactraer ot 0.9 % mo 2.0 % B
cnenytromeM nopsiake: CoMoPJIK < CoMoPHTA < CoMoP/IOI. TlosepxHnocTHast koHieHTparus Co ot
0.5 % no 1.6 %: CoMoPJIK < CoMoP/JI2I" < CoMoPHTA. P ot 0.6 % 1o 1.7 % aHanorndHbIiM 00pa3oM.
Haumensbiieil akTUBHOCTBIO B peakiuu rujgpoodeccepuanus BT u ruapoaeasoTupoBaHusi XHMHOJIMHA
obnanan karanmuzatop COMOPIDT (18.6 % u 19.4 %, cOOTBETCTBEHHO). POCT aKTUBHOCTH OTMEYasCs
nipu ucnosb3oBanuu JIK, kouBepcus BT cocrasmnsuia 24.3 %, crenenp neazotupoBanus 27.7 %.

Hccnedosanue svinonneno npu gunancogoii noddepoicke PODU 6 pamrax nayunozo npoexma Ne 18-33-00401.
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MOHOJIUTHBIE MOPUCTBIE MaTEepUalbl HCIOJB3YIOTCS B Xpomarorpaduu, aacopOuLuM, KaTaluse,
ceHcopax [1] u T. 4., IpU ITOM MPOTOYHBIC KATATUTHYCCKUE CHCTEMBI JJIsI TOHKOTO OPraHMYeCKOTro
CUHTE3a SBISIOTCS OJHOW W3 pa3BUBAOIMUXCS oOmactedi ux mnpumeHenus [2]. IIpemmymectsa
MOHOJIUTHBIX MHKPOPEAKTOPOB Ha OCHOBE JHMOKCHJA KPEeMHHS BBITEKAIOT W3 WX YHUKAJIbHON
JBYHETIPEPBIBHOW CTPYKTYPBI, B KOTOPOH MPOTOYHBIE MaKpOTIOPHI CBSI3aHBI C CEThIO Me3omop. [lopucTsie
MOHOJIUTHbIE OJIOKM Ha OCHOBE JMOKCHA KPEMHHUS CHUHTE3UPYIOT 30JIb-T€Jb METOJIOM W3 AJIKOrOJISITOB
KPEeMHHS B TPUCYTCTBHH TOpooOpazoBaTensi. KOHTpoiIMpysh XMMHUYECKHH COCTaB, CTPYKTYpy TOp H
MMOBEPXHOCTH BIUIOTH JO HAaHOMETPOBOro MaciuTadba, a Takke (pu3nmueckue CBOMCTBA, MOXKHO IOJIy4aTh
BBICOKOIIPOHUIIAEMBIE CpEJlbl B COYETAHMM C BBICOKOM YJEIbHOM IUIOMIAJbI0 MOBEPXHOCTH IS
ONITUMU3AIMA MAaCCOMEPEHOCa K y4JacTKaM AaKTHBHOW MOBEPXHOCTH M OT HHUX. CTpyKTypa Takux
MaTtepuanaoB (GopMupyetcs B mporuecce (Ha3oBOro paccioeHHs IpH reJIMpoBaHUH U 3aBUCHUT OT COCTaBa U
ycnosuii cuHTe3a [3]. MccrenoBaHue 3THUX TPOIECCOB TMO3BOJIMT pa3padOTaTh MOIXOIBI K CO3AaHHUIO
MaTepHaJIOB C 3a/laHHBIMH XapaKTePUCTUKAMHU.

B nanHO# pabore Makpo-/Me30MOpPUCTbIE MOHOJIUTBHI, NMPUTOTOBJIEHHBIE 30J1b-T€Ib METOJOM U3
TeTpadTOKcucHiaHa, nmoiudTmieHokcuaa (I190), Boasl u a30THOM KHUCIOTHI [4], ObUIM CHHTE3WPOBAHBI
npu  MousisipHoM cooTHomeHun [190/Si02 B amamazone 0,48 — 0,82. HccrmenoBaHbl CTPYKTYPHO-
MEXaHWYEeCKUe CBOWCTBa 3TUX MarepuanoB. [lokazaHo, yTo MaTepuanbl 00Jagal0T OMMOJATbHBIM
pacmpeneneHueM Imop Mo pasmepaMm. Pasmepbl Makpomop 3aBUCAT OT kosmuectBa [ID0, HO
3HAYUTENILHOTO Pa3IMyusi B ME3OMOPUCTOCTH U IUIOUIAJM MOBEPXHOCTH MOHOJIMTOB HE HAOIIOJAeTCs.
Takum o6pazoM, n3MeHeHHe MOJIsSIpHOTO oTHOIICHHS [0 K MHOKCHIy KpEMHUS TTO3BOJISIET HE3aBUCUMO
KOHTPOJMPOBaTh pa3Mep Makpornop B oOmactu 2—41 MkMm. MakcuManbHbBIE 3HAYEHUS MEXaHUYEeCKOU
NIPOYHOCTH HA Pa3/aBIIMBAaHUE U KOA(QDUIHEHTAa NTPOHUIIAEMOCTH cocTapistor 2 MIla u 4,7-10 — 12 m?
COOTBETCTBEHHO, a MOPUCTOCTh U yeibHas IUIOMIAlb MOBEPXHOCTU HaxoasaTcs B obmactu 85 — 90 % u
180 — 234 m%/r. TlonydeHHBIE CBOICTBA MOHOJHUTA MO3BOJIAIOT PACCMATPHBATH €0 B KAaueCTBE HOCHTEIS
KaTajau3aTopa AJisi IPOTOYHBIX PEaKTOPOB.
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IHonyyeHnne KaTAJIUTHYECKH AKTHUBHBIX cepruyecKuX arjiomeparos Ha ocHoBe NiO
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OnHO¥ U3 OCHOBHBIX IPOOJIEM COBPEMEHHOTO MHpa SIBJIETCS MpolieMa 3arps3HeHus: aTMoc(epsl
Pa3IMYHBIMU TOKCUYHBIMU OPraHUYECKMMH COEIMHEHUSIMHU, OKCUIAMH a30Ta U YIiiepoJia, 3HaUUTEeIbHAS
J0JIs1 BBIOpOCAa KOTOPBIX MPUXOAMUTCS HAa MPOMBIIUICHHBIE TPEANPHUIATAS W aBTOTpaHcHopT. OgHUM U3
METO/IOB YMEHBILIECHUS 3arps3HEHMs] OKpPYKaloIEeW cpeabl SBIISAETCS MCIOJIb30BAaHHE TIE€TEPOreHHBIX
KaTaJIu3aToOpOB INTyOOKOTO OKUCIIEHUSI Ha OCHOBE OKCUJIOB d-MeTaioB, B TOM uucie Ha ocHoBe NiO, kak
albTepHATHBA JOPOTrOCTOSIIIUM KaTaiau3aTopaMm Ha ocHoBe Pt, Pd, Au [1]. bonbiioe BHuManue yaensercs
pa3paboTke KaTanu3atopoB chepruyeckorr GOpMbI, KOTOPHIE XapaKTEPU3YIOTCS BBHICOKOW CTOMKOCTBIO K
HCTUPAHUIO U CLIOCOOCTBYIOT YCTOMYMBOM paboTe KaTaTUTUUYECKUX YCTAHOBOK C JABMKYIIUMUCS CIIOSIMH.
OaHMM K3 METOJIOB MOJIyYEHHS OKCUAHBIX ariioMepaToB cepudeckoil (GopMbl SIBISETCS TEPMUUYECKOE
paslioKeHUEe COJIEBBIX (OpM HMOHOOOMEHHBIX CMOJ [2], TpU OSTOM aKTyaJIbHOM 3amadend JyIst
uccienoBaTesieil ocTaeTcsi BBIOOp HOHUTOB M YCIIOBUM UX TEPMHUUECKOM I€CTPYKLUU.

Hens manHo# pabGotbl — uzyuyenue BiausiHUS Thna katuonuta (TOKEM-250, TOKEM-100) Ha
YCIIOBHUS CUHTE3a U MOP(}OJIOTHIO TOBEPXHOCTH c(PepruecKux arjiomMepaToB Ha ocHoBe okcuaa Hukens(Il)
1 YCTaHOBJICHHE KaTaTUTUYECKON aKTUBHOCTHU MOJYYEHHBIX arjiloMepaToB.

st mosydenust cepudeckux ariomepatoB Ha ocHoBe NiO katuonutel TOKEM-250 wm
TOKEM-100 B Na-dopme nomerany B HaChIICHHBINA BOIHBIA PacTBOp HUTpaTa win xjaopuaa Hukess(l1)
Ha | CyTku W 3aTeM TepememmBanu 4 daca. Ilocie 3TOro KaTHOHHMTHI, HAckImeHHBbIe HoHamu Ni%*,
¢GbuIbTpOBaNM, MPOMBIBATM BOJOW M CYIIMIM MpH KOMHATHOW Temmeparype. IlomyueHHble 00pa3iibl
MOJIBEPrajii CTAAMMHON TepMudeckoi oOpaboTke mo Temmeparypsl 600 wm 700 °C. TemneparypHblid
peXUM OTXHra ObUT BbIOpaH Ha OCHOBAaHUM pE3yJAbTAaTOB TEPMHUYECKOTO aHaJM3a KAaTHOHHUTOB,
HACBIIIEHHBIX HOHaMU Ni’', POBEICHHOr0 Ha CHHXPOHHOM TepMHdeckoM aHaimm3atope — NETZESCH
STA 449F1 Jupiter ¢ razoBeiM Macc-criekrpomerpoM QMS 403 Aéolos. ®a30BbIi COCTaB MOJTYICHHBIX
arJoMepaToB HCCIIEAOBAIM METOJ0M pEHTreHO(a30Boro anaiamusa Ha mudpakromerpe Rigaku Miniflex
600. Mopdosioruio MoBEpXHOCTH H3ydalld Ha pacTpOBOM 3JIEKTpoHHOM MuKpockore Hitachi TM-3000.
HccnenoBanue KaTaqIuTUYECKONW aKTUBHOCTH cheprueckux arioMeparoB NiO mpoBOAMIN HA YCTAaHOBKE
MIPOTOYHOTO TUIIA B MOJIEJIIBHON peakluu OKUCIEHUs napa-kcuiona. KauecTBeHHBINH M KOJTUYECTBEHHBIH
aHaJIM3 UCXOJHON CMECHU U MPOJIYKTOB OKHCIEHUS napa-KCUII0Ja MPOBOIWIN B pexkume «online» Ha UK-
dypre-cnekrpomerpe pupmbl «Cumexe» FT-801.

YCTaHOBIIEHO, YTO THUI KAaTHOHWTA OKa3blBaeT BIMSHUE Ha TeMIepaTrypy (OpMHUpOBaHHS H
MOP(OJIOTHIO TIOBEPXHOCTH C(EpUUECKHX arjioMepaTtoB Ha ocHoBe okcuga Hukemi(ll), ero
KpUCTAIIMYECKYI0 Moaudukanuio. B pesynpTate cTaauiiHON TepMHYecKOd 00pabOTKH KaTHOHHTA
TOKEM-100 B Ni-popme, 3aBepmaroreiics npu temmneparype 700 °C, dopmupyrorcs chepuueckue
armomepathl Ha ocHOBe okcuja Hukensi(Il) TpuronanbHOM CHHTOHUM, XapaKTEPU3YIOLIUECs CIHEKIIehcs
Mopdororueit moBepxHoctu. [Ipumenenne karnonnta TOKEM-250 no3BossieT noay4arh arjioMeparbl Ha
ocHoBe NIiO kyOmueckoit momudukanuu npu temneparype Ha 100 °C Huke, XapakTepu3yrOLIHECS
HEOJTHOPOJHON Mop(osiorueil MOBEpXHOCTH M YAaCTUYHO pa3pylIeHHOM cdepuueckoir  ¢Hopmoil.
[TomydeHHble 00pa3Lbl MPOSBISIOT KaTATUTHUECKYI0 aKTUBHOCTh B PEAKIMM OKUCIIEHUS Mapa-KCUiIoJa:
MaKCUMaJlbHasi KOHBEPCHUS napa-KCWIIONa JIOCTUTaeTcss B auamnaszoHe temmeparyp 275 — 375 °C u
cocraBisger 100%. I[lomydeHHble arjoMeparbl MOTYT OBITh B JalIbHEHIIEM HCCIIEZIOBaHBbl B KauecTBE
KaTaJIu3aTOPOB OKUCIEHUS YIIIEBOJOPOIOB.
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HccnenoBanne cTa0MIBHOCTH M KATAJIUTHYECKON AKTUBHOCTH NIEPOBCKUTA
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CHoXHBIE OKCUBI CO CTPYKTYPOU MEPOBCKUTA O0IATAIOT PSIIOM PA3IHYHBIX (PU3UKO-XUMUYECKUX
CBOMCTB, HalpUMEp, BBICOKOTEMIIEPATYPHON CBEPXIPOBOJAUMOCTBIO, MAarHeTOCOIPOTHUBIISIEMOCTBIO,
KaTaJIUTHYECKOM aKTUBHOCThIO. B uacTHOCTH, COEIMHEHUS Ha OCHOBE MaHTaHWTA JIaHTaHa MOTYT
YCIEIIHO MPUMEHATHCS B PEaKIUu TIIyOOKOro okuciaeHust MeTaHa. OHUM U3 KIHOYEBBIX TPEOOBaHUM 1715
HCIOJIb30BAHUS MEPOBCKUTONOAOOHBIX OKCHIOB B KayeCTBE KaTalIM3aTOPOB B BBICOKOTEMIIEPATYPHBIX
peaKuusaX OKUCICHUS SBJISETCS UX TEPMOCTA0MIbHOCTD.

B nmanHO# paboTe MpOM3BEICHO MCCIEA0BaHUE CIIOKHOTO okcra coctaBa LaosCaosMnosC0o503
MeronaMu [IOM u POA B pasnuuHbIX ra3oBbIX Cpelax M IOCIE y4yacTHsl B KaTaJUTHUYECKOW peakluu
okucinenus MetaHa. Ilo ganaeiM  P®DA  wucxomHoe sBisercs  OOHO(A3ZHBIM — MEPOBCKUTOM
opTopoMOMdecKoii Moau(HUKaNK, ¢ 00BEMOM 3MeMeHTapHOl sueiiku 223.2 A3 u cpemnnM pasmepom
OKP 30 um. [To nanneiv IIOM, obpa3zen mpenacraBisieT co00i XOPOIIO OKPUCTAUIM30BAHHBIN TBEpAbII
pacTBOp, UIMEIOIINIA JSHIPUTONOI00HYI0 MOP(HOJIOTHIO U pa3Mep YacTHIl nopsiika 50 HM.

[Ipn mnpoBeaeHMM peakUWyd TJIYOOKOTO OKHUCIIEHHS MeTaHa OblJIO BBISBICHO MaJeHUE
KaTaJUTHYECKON aKTUBHOCTH obOpasua npu temmneparype 550 °C, nmposBiieHHOE B CHUKEHUH KOHBEPCHU
CH4 ¢ teuenuem Bpemenu. Ilpu monmxkenun temmeparypbl ¢ 550 °C mo 500 °C 6wputo 0O0HaApPYXEHO
CHM)KEHHE KOHBEPCHH, TI0 CPAaBHEHUIO C paHee MosiydeHHbIMH 3HaueHusMu 11 500 °C B xoae Harpesa.
JlaHHas 1e3aKTUBAIMS MOXKET ObITh CBSI3aHA CO CTPYKTYPHBIMU M3MEHEHHUSIMHU KaTalu3aTopa; B CBS3U C
9TUM, OBLIO MPOBEJICHO MCCIEOBAaHUE CTPOCHUS 00pasiia rmocjie peakuuu. B wactHoctu, metogom [1OM
ol oOHapyx)eHbl dacTuiibl CaO u MnxCo03xO4, KOTOpPBIE pacrojarajuch Ha TOBEPXHOCTH YaCTHIL
HCXOJIHOTO MEPOBCKUTA.

Jliia GoJiee AETaIbHOTO M3YYEHHUS IMpoliecca MPEeBPaLIeHUs] CTPYKTYPbl OKCHJa ObLIN MPOBEIEHBI
BBICOKOTEMITEpATYpHbIC pPEHTTeHOTpaduuecKkue uccieaoBanus obpasia in Situ B KuciIopoae BO3ayxa, a
TaKke B WMHEPTHOU cpexae renus. [lpm HarpeBanum oOpasia mepoBckuta B reiaun jgo 600 °C ObLim
3adukcupoBanbl cieapl ¢daszpl CaO, a takke obpaszoBanme Co-coaepxkanieit daszwl. [lpu manpHelmem
HarpeBanuu 10 750 °C mpomoimkaercs oOpa3oBanue kpuctammimdeckoro CaO, a Takxke HaOJIOIAIOTCS
peduiekchl, XapakTepHble A Kyouueckoil mmuHenu tuna MnyxCo03xOs. Ilpu HarpeBaHHM CIIOKHOTO
OKCHJIa B IIPUCYTCTBUU KHCIOpoa, B auamnazone 10 900 °C BKIOUUTENBHO, HOBBIE (Da3bl HE 00pa3yroTCs,
OJTHAKO OXJaXJICHHE HCCIeAyeMOro obpasima co CkopocTbio 12 °C/MUH. NPUBOIUT K TOSBICHHIO
pednekcoB CaO u MnxC03.xO4.

HccnenoBanue CTpyKTypbl MepoBCKUTONOA0O0HOrO okcuaa LagsCaosMnesC0os503 a0 u mocne
peaKkuMy KaTaIUTHYECKOrO OKHUCJIEHHMS MeTaHa I10Ka3ajo, YTO MaJeHUE KaTaJUTUYECKON aKTUBHOCTU
uccienyeMoro oOpasia cBsi3aHO ¢ 00pa3oBaHMEM HOBBIX (a3 U3 CTPYKTYpbl HCXOJHOTO TBEPAOTO
pacTBOpa B YCIOBHSIX OKUCIUTEIbHO-BOCCTAHOBUTEIIBLHOM CPE/ibl ITPU U3MEHEHUN TEMIIEPATYPBHI.

Paboma 6vina noodepoicana epanmom PH® Nel8-73-00139.
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MOBEPXHOCTH CJI0KHBIX BAHAIATOB BUCMYTA, JIONHPOBAHHBIX HoHaMu keme3a(lll)
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TBepabic 2IEKTPOIUTHI ¢ KApKACHO-CIIOUCTOH CTPYKTYpOH Ha OCHOBE CJIOXKHBIX BaHAIaTOB
Bucmytra cemeiictea BIMEVOX mnpencraBnsror 0ombimoit MHTEpeC UIsi KAaTAIMUTHUYSCKOW XUMUH,
MMOCKOJIBKY CIEKTp TaKMX MaTEPHUajOB MOXHO pPACIIUPHUTH 32 CUYET BapbHPOBAHHS COCTaBa ITyTEM
3aMeIEeHUsT KAaTHOHOB 0Aa30BOTO BEIIECTBA HA aKTUBHBIC MOHBI-JOMAHTHL. J{JIs1 aKTHBAIMK TBEPJOTO Tea
MIPUMEHSIOTCS Pa3HbIe METOIbI, CIIOCOOCTBYIONTHE 00OPA30BAHKMIO HOBBIX IIEHTPOB aJICOPOITUHU M KaTalln3a.
BosznelicTBre mia3Mbl Ta30BOTO pa3psijia BIMSIECT HA YISIbHYIO TOBEPXHOCTh, M3MEHSET DJIEMEHTHBIN
COCTaB M CTENCHb OKHCIICHUsS IMOBEPXHOCTHBIX aTOMOB Karaimu3atopa. OTMETHM, YTO HCIOJL30BaHUE
MIa3MOXUMHUYECKO 00paboTku st aktuBanuu BIMEVOX-katanu3aTtopoB paHee HE UCCIICIOBAIIOCH.
Llenvio  pabomer  SBISETCS  WCCICIOBAHUE  BIUSHUS  OOpa0OTKH  TIOBEPXHOCTH  CIOXHBIX
KeNe30Co/AepiKalux — BaHamaTtoB  BHCMyTa  BisFexV2.0x0115  (BIFEVOX)  BBICOKOYACTOTHOM
0€32JIEKTPOIHOM TTa3MOM BOJOPO/Ia B MPEBPAIISHUSIX U300yTaHOJIA.

Kepamudeckue TBepabie pacTBOpbI BisFeaV22x011-5 momydeHs! METOIOM TBEPIO(A3HOTO CHHTE3a
u oxapakTtepusoBansl [1]. O6pa3usl 06padareiBanu BeicokoyacTOTHEIM (BY) paspsnom npu nasienun Ho
0,1 — 1 mm pr.ct. B Teuenne 20 muH. Karanmmtudeckue npeBpamieHust H300yTaHOIa H3ydald B HHTEpBaJe
temneparyp 200 — 400 °C Ha ycTaHOBKe MPOTOYHOTO THIIA C XPOMATOTpAaGUIECKHM aHAIM30M (Ta3-
HocuTeNb — renuid, nerekrop — AU, xomonka ¢ Porapak Q).

Ha wucxomnoit moepxHoctu BIFEVOX ocHOBHOW peakuued SIBISETCS  JIETUIPUPOBAHUE.
CeNeKTHBHOCT TI0 abJeTUIy yBenuumBaercst ¢ poctoM coxepxkanms Fe'"' m mma Feoss mocruraer 90 %.
CreioBaTeNbHO, B COCTAaB KATAIUTUYECKH AKTHUBHOIO IEHTpa MCCIENyeMbIX cucTeM BxoiarT nombl Felll
KOOpAMHUPOBAHHBIC uepe3 Kuciopoa ¢ noHoM BaHamusi Fe—O-V. Tlocne o6padotkn B BU-H> Hanpasnenue
pEaKIMy MEHSETCsI, 1 OCHOBHBIM IPOTYKTOM SIBJISIETCS OJIe(hMH C CETICKTUBHOCTRIO 17151 Feg 15 = 86 %.

[TockonbKy M300yTHIIEH SBJSIETCS LIEHHBIM MPOIYKTOM, TO MPEACTaBIISUIOCh UHTEPECHBIM CPAaBHUTH
pe3ynbTathl, modydeHHble s obpasnoB BIFEVOX mo um mocne obpadotku B BU-Ho. Ha wucxomHou
noBepxHoctd  BIFEVOX  3HaveHust  3HepruM  akTHBAMKM  OOpa3oBaHMsl  HM300yTHIEHa |
MIPEIRKCITIOHCHIIMAILHOTO MHOKUTENS paBHBI 66, 103, 169, kJlx/Monb u — 12, — 6, — 16 k/[x/Monb it Xre =
0.06, 0.10, 0.15 cootBerctBenHoO. [locne 06padoTku B BU-H2 3T 3HaUSHMSI M3MEHSIFOTCS M COCTABIISIOT ~ 46
k/[x/mMonb u ~ 13 kJx/Monb i Bcex oOpasiio. CienoBarenbHo, mocie oopadboTku B BU-H, aktuBHOCT Ha
KeJe30CoAeprKalluX BaHagaTtax yBennunBaercs B 2 — 10 pa3, ¢ yBenuyeHHueM Yuciia akTUBHBIX HIEHTPOB JI0 3
pa3. Takum o6pazom, oOpabotka B BU-H, co3maeT HOBbIe KaTaTMTUYECKH aKTUBHBIE LIEHTPHI, OTBETCTBEHHBIC
3a MPOTEKaHWE PEAKIIMH JIETUAPATALIMH, YTO CBA3AHO C PE3KHM POCTOM MPEAIKCIIOHEHIIMATEHOTO MHOYKHUTEIIS.
Jlns xene3ocoiepiKalliX BaHAATOB BHUCMYTa TaK K€ XapaKTEPHO PE3KOE CHIDKEHWE 3HAUYEHWN SHEpPruu
aKTHUBAIMH JIETUIPATAIINY, T.€. YBETUUEHHUE IIPOYHOCTH CBSI3H CIIUPTA C TIOBEPXHOCTBHIO.

Paboma 6bvina noodepoicana epanmom PODHU ¢ pamxax nayunoeo npoexma Nel§-33-00928.
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Crnoucteie naBoiinble ruapokcuabl (CAD) sBiAIOTCS NEPCHEKTUBHBIMU COEIMHEHUSMHU  JUIS
MOJIy4YEHHUSI Ha WX OCHOBE KaTajlM3aTOpOB Ul Ipoliecca CEIeKTUBHOTO TujpupoBaHus (ypdypona, B
pe3yibTaTe KOTOpOro OOpa3yloTCs LIEHHblE XMMHUYECKHE NPOAYKTbI U3 BO30OHOBISIEMOTO CHIPbS.
BBenenue nepexoAHOro Metaqia B CTPYKTYpPY HPUBOJUT K 3aMETHOMY MOAM(PHUIMPOBAHUIO CBONCTB
TUAPOKCUAHON (a3bl U POPMUPYIOIIETOCS MPU TEPMOOOPAOOTKE CMEIIaHHOTO OKcuaa. [lepcrekTuBHBIM
MetoqioM cuHTe3a CJI siBisieTcst ObICTPBIN U O€30TXOIHBIM MEXaHOXUMUUYECKU METOJ, OCHOBAaHHBINA Ha
MIPOTEKAaHUU TBEpAO(Da3HON peakuu MEXIy THAPOKCHIAMH METAJUIOB HAa MOBEPXHOCTH MEJIONINX Tell,
KOTOpBIE MPU CTOJIKHOBEHHH MOJIy4alOT OOJIBIIYIO SHEPTHIO.

[enpro manHOM paboThl ObLT CHHTE3 MexaHoxuMudeckuMm metogoM NIMgAI-C/IT, uccnenoBanue
ux (a3oBOro cocrama, a TaKKe KaTaJIUTHYECKHX CBOWCTB cucTeM «Ni-CMEIIaHHBII OKCHI» B pEaKInuU
XKuaKodasHoro TuapupoBanus Gypdypora.

Cunte3 Hukenb-coaepxkamux CHIT pa3nuyHOro cocraBa OCYIIECTBIUICS B JBe cTaauu. Ha
MEpBOM CTaaHM THUIPOKCHIBI METAUIOB, B3STHIE B PACCYMTAHHBIX COOTHONICHHSX, TIOJBEPraju
MEXaHOXMMMYECKOM aKTHBAllMMU B IIApOBOM IaHeTapHOU MenbHULE TUa AI'O-2C, Ha BTOpOM cTaguu —
MIPOBOJIMIIN CTapeHHe 00pa3loB B JUCTHIUIMPOBAaHHOU Boje. Da30Bblil cocTaB 00pa3loB HCCIEI0BaIN Ha
madpaxtomerpe D8 Advance («Bruker»), a comepkaHre METasIOB B KaTaau3aTopax KOHTPOJIHUPOBAIU
metogoM ADC-UCII. HMccnenoBaHue KaTadIUTUYECKOW AKTUBHOCTHM NPOBOJWIIM HA YCTAHOBKE A
x)uakodasHoro ruapupoBaHus Gypdyposia mpu moBbIIeHHOM naBieHun. [lepen peakmmeit oOpasiibl
MOJIBEPTajii  OKHCIUTEIHLHOM, 3aTeéM BOCCTAaHOBHUTEIBbHONW 00paboTke B Toke Bomopoma mpu 600 °C.
Peakuuto npoBoawin B Teuenwe 220 munyr npu temnepatrype 90 °C, maBiaenun 2,0 Mlla u
KoHUeHTpauuu ¢ypdypona B BogHoM pactBope 5 macc.%. IIpoaykTsl peakiuu aHadU3UPOBAIM Ha
razoBoM xpomatorpadpe Xpomoc ['X-1000 ¢ xkamwuiapHoit kosoHkoH VB-WAX B pexume
MIPOrpaMMHUPOBAHHUS TEMIIEPATYPHI.

B xome pabotsl ObuT cuHTe3upoBaH psix 00pas3ioB NIMgAI-C/II', B KOTOpbIX BapbHpOBAU Kak
noaro Ni mo ortHomenuro k Mg (ot 10 mo 100 %), Tak M COOTHOIIEHHUE MUY/M" ot 2 no 4.
KonuuecTBeHHBIN aHalM3 METAIOB B 00pa3llax IOKa3ajl COOTBETCTBHE JKCIEPUMEHTAIbHOIO
COOTHOIIEHUSI METAJUIOB PAacCYeTHOMY, YTO CBHUAETEIHCTBOBAJIO O IMOJHOM MNPOTEKaHUHM pEaKUuu Mpu
MexaHoxumuueckoi axtuBanuu. Ilo manHeiM PDA cTpykTypa Bcex o00Opas3loB COOTBETCTBOBaia
crpykrype CJI', Ho npu yBenuuenuu gosu Ni 6osbiie 70% yMeHbIIaIach KPUCTATMYHOCTD 00pa3IoB,
YTO OTPAXKaJOCh B pa3MbIBaHUH TUGPAKIIMTOHHBIX MOJIOC.

[Tokazano, uto HukKedb-coaepxamue C/AI mposBUIM BBHICOKYIO KAaTaIUTHUYECKYI) aKTHBHOCTH B
peakiuu xxuaKodazHoro ruapupoBanus pypdypoina, KoTopas Bo3pacTalia ¢ yBEJIMUYEHUEM COOTHOIICHUS
Ni/Al. Inst TpéXxkOMIIOHEHTHBIX 00pa3oB koHBepcus cocTaBisia 100% npu cootnomenun Ni/(Ni+Mg)
= 0.5, wnezaBucumo oT cooTHomenus (Mg+Ni)/Al. JlanHble 0O0pa3ipl, CHUHTE3UPOBAHHBIE C
WCIOJIb30BAHMEM MEXaHOXMMHMYECKOW CTaJuH, HE YCTYHNalId MO CBOEH KaTaIUTUYECKON aKTUBHOCTH
COOTBETCTBYIOIIUM 00pa3iiaM, MPUTOTOBJICHHBIM TPAJUIIMOHHBIM METOJOM COOCQXKICHUS, a TaKkKe
cranapTHbIM KaTamuzatopam Pd/C. TlonydeHHBIE Pe3yabTaThl MPOJAEMOHCTPHPOBAIIHN, YTO SKOJOTUUHBIN
U MEHee TPYAOEMKHH METOJ MEXaHOXMMHUYECKOTO CHHTE3a SBJSETCS MEePCHEKTUBHBIM TPU CHUHTE3€
BBICOKOAKTHBHBIX KaTaln3atopoB Ha ocHoe CJIT .

Paboma evinonnena 6 pamxax zocyoapcmeennozo 3adanus LIHXT UK CO PAH ¢ coomsemcmeuu ¢ Ilpocpammon
YHOAMEHMANbHBIX HAYYUHBIX UCCAEO08AHUL 20CYdapcmeennblx akademuti Hayk Ha 2013-2020 20061 no nanpasnenuro V.40,
npoexm Ne V.46.2.4 (nomep 2ocpecucmpayuu ¢ cucmeme ETHCY HUOKTP AAAA-A17-117021450095-1).
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Biausinue NMPUPOALI IIETOYHO3EMEJTBbHOI0 ME€TaJ1JIa HA KATAJIUTHYICCKUE CBOMCTBA

karajauzatopa Cu/Me-Al>O3 B peakuun KOHAEHCAIIHHN AlleTOHA ¢ METAHOJIOM

J1. E. JIsicoa'™*, B. C. Uepussckuii?, JI. B. [Tuprorko?, A. C. XapuToHOB>**

YHosocubupcruii F'ocyoapcmeennwiii Texnonoeuueckuii Ynusepcumem, Hoeocubupck, Poccus
2Uncmumym xamanuza um. I K. Bopeckosa CO PAH, Hosocubupck, Poccus

*lysova@catalysis.ru, **khar@catalysis.ru

Hauboupiee npakTuyeckoe 3HAYCHUE CPel KETOHOB UMEIOT alleTOH U MeTWTHIKeTOH (MOK).
AtneroH TIPOU3BOTUTCS MIOCPEJICTBOM MHOTOTOHHA)KHOTO KyMOJIBHOTO npoiiecca.
HecOananciupoBaHHOCTH phIHKA (PEHOJIA U alleTOHA CO3JIAeT YCIOBHUS ISl TIEPEIPOU3BOJICTBA MTOCIIETHETO.
PazpaboTtka texHosnoruu mnonydeHus MOK u3 aineroHa mo3Bosmiia Obl BBIBECTH H30OBITOK alleTOHA C
pBIHKA U caenath 6osee noctynabiMm MOK.

[lepBrie paboThl MO HcciaeAOBaHUIO Ta30(a3HON KOHJEHCAlMM aleToHa ¢ MeraHojoM B MOK
npoBomick Ha pydexe 60-70-x romoB XX B. B kadecTBe Karanmsaropa WCIIONB30BAIH CHUCTEMY
Cu/TiOz [1]. B cBs13u ¢ HU3KOM MPOM3BOUTEIHHOCTHIO STHX KAaTaIM3aTOPOB, a TAK)KE M3-3a OTCYTCTBUS
PBIHOYHBIX YCIIOBUH (OTCYTCTBHE MEPENpPOM3BOJICTBA alleTOHA) JaHHOE HCCICIOBAaHWE HE TIOTYYHIIO
TambHEHWIero pa3BUTHA. B mociemHue roabl ObUM OOHapY)KEHBI 0oJiee aKTHBHBIE W CEICKTHBHBIC
katanu3aropel Ha ocHoBe SiO2 um AlOs [2]. Opmnako karanuzatopbl Cu/SiO2 HMEIOT HHU3KYHO
crabwibHOCTh. Katanmuszartopsr CU/Al,O3 — cTaOnibHBI, HO IMEIOT HU3KYIO CEJICKTUBHOCTh MPEBPAICHHUS
Metanosa B MOK, uyto 00ycioBieHO MOOOYHONW peakmueil oOpa3oBaHUsS ITUMETUIIOBOTO 3(upa Ha
KHACIOTHBIX 1eHTpax AlO3.

B pa6ote [3] 6bu1a uccnenosana cucrema Cu/Mg-Al,O3. Ycranosieno, uro moaudukamms AlO3
MarHueM II03BOJISIET CHH3HUTHh KHCIOTHOCTh HOCHTENs, CIIOCOOCTBYSI HE TOJIBKO YBEIHUYCHUIO
CEJIEKTUBHOCTH TpeBpalieHusi Mmetanosia B MOK, HO ¥ 3HAYMTEILHOMY POCTY aKTUBHOCTH. [lomyueHHbIe
pe3yIbTaThl CTUMYJIHPOBAIN TIOCTAHOBKY PabOTHI MO M3YYEHHWIO BIHSHHS MPUPOABI Moaudukaropa —
[IEJIOYHO3EMENBFHOTO MeTaJula — Ha Karanuthueckue cpomictBa cucremMbl Cu/Me-AlO3z. C sToii nenpro
ObUI CHHTE3UPOBAH psJl Karajau3aTopoB Ha ocHoBe AlOs3 ¢ 0JMHAKOBBIM COJIEP)KAHHEM MEIH, HO
MOJU(GUIMPOBAHHBIX pPa3HBIMH IIeI0OYHO3eMeIbHbIME MeTaiamu (Mg, Ca, Sr, Ba). IlpoBeneno
UCCIIEIOBAaHUE WX KATATUTHYECKUX CBOWCTB B PEAaKIIMU KOHJIICHCAIIMU alleToHAa ¢ MeTaHoJoM. [lokasaHo,
YTO C YBEIMYCHHEM pajJlyca KaTHOHA METajlla UICT CHIKCHHE aKTHBHOCTH, a TaKXKE CEIEKTUBHOCTH
IpeBpalleHusl Kak aneroHa, Tak U meraHoina B MOK. Haubosiee akTUBHBIM ¥ CEJICKTUBHBIM OKa3aJiCsi
Cu/Mg-Al;03 karanuzarop, a Haumenee — Cu/Ba-Al,O3 karanuzarop.

Paboma evinonnena 6 pamkax 2ocyoapcmeennozo sadanus Uncmumyma kamanusa CO PAH (npoexm AAAA-A17-
117041710083-5).
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ITosryuenne Bopopona, He 3arpsi3HeHHOro COx, pa3iioxkeHueM aMMHaKa HA

PYTE€HHEBbIX KaTaJu3aTopax, HaHeceHHbIX Ha Haden

B. A. Bopucos?, [I. A. llerpynuu®*, B. JI. Temepes!, M. M. Cumynun®
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Ponp Bomopoma kak SHeEproHocuTenss B OyaylmieM MOXKET CTaTh OJHOW M3 KIoueBbIX. Ero
MPUMEHEHHE B TOIUIMBHBIX JJIEMEHTAaX CHOCOOHO PEemIMTh MpoOJeMy BBEIOPOCOB OKCHIIOB YIiepoja B
atmochepy [1]. Ommako I TOJY4YeHHsT  YHUCTOTO  BOJOpoJa  TpeOyeTcs  MpUMEHEHHUE
BBICOKOIIPOM3BOIUTEIBHBIX ~ KAaTaJIM3aTOPOB, CIOCOOHBIX paboTaTh TPU CPABHHUTEIHHO HU3KHX
TeMITeparypax.

OnHMM W3 TEPCIEKTUBHBIX HOCHTEJICH KaTallM3aTOPOB SIBISETCS TMPOMBIIUICHHO BBITYCKACMBIN
HaHOpa3MepHBIN Y-okcun amtoMunust Mapku Haden. Ha ero ocHoBe Oblma MpUrOTOBIIEHA CEpHs
katanuzaropoB M-Ru/Nafen (rme M — Cs, Ba), koTopble ganee ObUIM HCCIEIOBAHBI METOAAMU
npocBeunBarolieil  31aexkTpoHHoM Mukpockonuu (II9M), pentrenodaszoBoro anammza (PDA) u
peHTreHoBckoil  (oToanexkTpoHHo  cnektpockonuu (PO3C). Kpome Toro, Obuta u3ydeHa
KaTaJUTHYECKas aKTUBHOCTh 0OPA3I0B B PEAKIIUU HU3KOTEMIICPATyPHOTO PA3JIOKCHUS aMMHUaKa.

PesynbTaThl 25IeKTPOHHONW MUKPOCKOIIHU JEMOHCTPHPYIOT PABHOMEPHOE paclpe/ieieHue YacTHII
AKTUBHOTO KOMIIOHEHTa Ha TOBEPXHOCTH BOJIOKOH OKCHJIa QIIOMHHHS KakK IS YHCTOTO, TaK W JUIS
3ayriepoxeHHoro Hocutens. OmnpeneneHHbpld ¢ nomompbio [IOM-u3o0paxkenuit pasmMep HuX HE
MIPEBBIIIAET, 38 HEKOTOPHIMH HCKIIIOUEHUSMU, 4 HM.

Jliia ompeneneHus KaTaTMTUYECKUX CBOMCTB 0Opa3loB ObUIM MPOBEACHBI UCIBITAHUS B PEAKIIMU
paslioKeHUs aMMHaKa B POTOYHOM PEaKTOPE C HEMOABMKHBIM cioeM npu Temmeparype 450 — 500 °C u
aTMoc(epHOM JaBlieHWH. PyTeHuil Ha 3ayriepo’KEHHOM HAHOOKCHE ATIOMHHHS MOKa3bIBaeT Oosee
BBICOKYIO, B CpaBHEHMUM C UHCTBIM, aKTUBHOCTh. Ilpuyem »5To chopaBeyIMBO Kak  JJs
HEIPOMOTHPOBAHHOTO, TaK M IS poMoTHpoBaHHOro obpasia (mpu T = 500 °C, 8,7 mmoab Ha/rxar*Muu
Ha RU/ANF-C mportus 4,4 mmoinb Ho/riar*Mun Ha RU/ANF 1 18,3 MMonb Ho/rrar*Mun Ha Ru-Cs/ANF-C
npotuB 9,6 MMosIb Ho/Twar*MuH Ha RU-CS/ANF). Ha nmpumepe Gapuii-ipOMOTHPOBAHHOTO KaTalM3aropa
MOXXHO MPOCJEIUTh BIUSHUE TMPEIIIECTBEHHUKAa IMPOMOTOpa Ha KaTalUTUYECKUEe CBOMCTBa. Tak,
oOpaselt, Ui MPUTOTOBJICHHS KOTOPOTO Hcrob3oBaiics pactBop BaCly mokasan nBykparHoe oTcTaBaHue
[0 aKTHBHOCTH, B CPaBHEHHHM C 0Opa3loM, MOJy4eHHBIM mpomuTkoii pactBopom Ba(CH3COO). (7,6
MMOIIb Ho/Tear*Mus Ha RU-Ba®/ANF mpotus 3,5 MMoib Ha/Tr*MuH Ha RU-Ba®/ANF).

C yderoM BbIlIECKa3aHHOTO, HauOOJiee ONTHMAJIbHBIM BAPUAHTOM JJS IPOMBIIIJICHHOTO
MPUMEHEHHsI, MOTYT CIY)XHTh KaTalu3aTopbl Ha OCHOBe 3ayriepoxxeHHoro Hadena. Ilpu stom, B
KauyecTBE MPOMOTOPOB PALIMOHAIBHEE BCErO MPUMEHATh COCIMHEHUS 11e3Usl.

CHucoK JUTepaTypshl
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HccaenoBanue cnocooda MOJIYIE€HHUS YUCTOIro BoaAOpoaAa METOAOM KaTaJIUTHYECKOI0

Pa3/10/KeHUs1 CMECH NMPONAaHa U OYyTaHA TEXHUYECKOM
M. B. Ionop*#3*
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Ha ceromHsmHuii 1eHb TEeMITBI TOTPEOJNICHHS Ta30MOTOPHOTO  TOIUIMBA  TOCTOSIHHO
YBEIMYHUBAIOTCS, B CBS3M C YEM PACTET M KOJMYECTBO JOOBIBAEMOTO ISl €ro IMOJyYSHHUs MPUPOIHOTO
raza. [Ipm STOM BO3HMKaeT HEOOXOIUMOCTh B pa3pabOTKe CHOCOOOB ONTUMH3ALUU MOTpeOsIeHUs
MPOIYKTOB He(Te-ra3onepepaboTKH, UMEIOINX HETaTHBHOE BIMSHUE Ha OKPYKAIOIIYIO CPEIy, a TaKKe
COBEPILICHCTBOBAHUS, WM JaXX€ CO3JAHHsI TEXHOJIOTHH, TO3BOJISIIOIINX COKPATUTh BO3/CHCTBHE
BBEIOPOCOB BPE/IHBIX BEIIECTB HA SKOJIOTHIO.

OmHuM W3 BapUaAHTOB pEUICHHS JIAaHHOW NpPOOJIEeMBbI SBISETCS HCIOJIB30BAaHHE BOJOPOAA B
KayecTBe J100aBKM K YIJI€BOJAOPOJHOMY TOIUIMBY, B YacCTHOCTH razomoropHomy [1]. Mcnonb3oBanue
Takoi n00aBkM B HeOOdbIMX KosmdecTBax (0T 5 10 20 00.%) MO3BOJSET 3HAUYUTEIBHO YIYUYIIUTh
nokazatenu padoter aurarens: pactetr KIIJ, ymenpimaercs pacxoj TOIUIMBA, CHUXKAETCS BBHIOPOC HE
CTOPEBIINX YTIIEBOJOPOIOB B aTMOC(eEpY, a TaK K€ OKCHIOB a30Ta U YTapHOTO Ta3a, YTO TaK XKe SBISICTCS
MIPEUMYIIECTBOM.

Jlnist IpoBeIeHNsT SKCTIEPUMEHTOB OBLT BBIOpaH CIOCO0 TOTydeHHs BOJOPOA IIYTEM Pa3IoKEHHS
cMmecu niporada u Oyrana texaudeckor (CIIbT) Ha MeTammnuecknx Karaauzaropax pa3IiyHOTO COCTaBa:

CH,—*>xC+¥%H,T.

B xoz1e mporiecca peakiuu Tak ke o0paszyeTcs IIeHHBIA MOOOYHBIN MPOIYKT — HAHOBOJIOKHUCTHIN
YTIIEPOJ] C Pa3BUTOM yIEIbHOM MOBEPXHOCTHIO.

Jiia uccrnenoBanusi OBLIM KCIOJIB30BAaHbI KaTanu3aTopsl, conepkamue 50 macc.% uukens u 40
macc.% X, rme X — Menp, jKeJe30, MOJUOAEH WIM KOOaabT, HAaHECEHHbIE HAa JUOKCHUJI KPEMHHS.
OKCHEPUMEHTHl TPOBOIWINCH B MPOTOYHOM KaTanuTHdeckoil ycranopke BTRS Jn (“Autoclave
Engineers”, CIIIA), npu Temneparype nporecca 600 °C u armochepHoM JaBiIcHUN.

[To pe3ynbraram ucciaenoBanus Hanbosee 3pPEeKTUBHBIM MO KOJIUYECTBY MOJy4aeMOTO BOJAOPOIa
Mokaszan ce0si Karamu3arop, COAep)Kalluid Meab B KauyecTBE MNPOMOTHpYomied no0aBku. Tak Kkak
AKCIEPUMEHT CUMTAJICS 3aBEPIICHHBIM MPU CHUKEHUH aKTHMBHOCTH KaTajln3aTopa, MOXKHO TOBOPUTH H O
nokasarese 3(pGEeKTUBHOCTH MO MPOAOKUTEIBHOCTH KH3HU Karanu3zatopa. Bpems >KM3HM HHKeIb-
MEJIHOTO KaTallu3aTopa COCTaBHUIIa HE MeHee YyeM 24 yaca MpH KOHIIEHTPAIMKU BOJOpoia He MeHee ueM 47
00.%.

[IpermyriecTBOM JaHHOTO MeToJa MOXHO cuutaTth TOT (akr, uro CIIBT, sBusercs
MIEPCTIEKTUBHBIM YTJIEBOJOPOIOM, KOTOPBI OJHOBPEMEHHO SIBISETCS M Ta30MOTOPHBIM TOIUIMBOM, U
CBIPBEM ISl TIOMYYEHHS BOJIOPOAA.

Paboma bvina noodepoicana cmunenduet Ipesuoenma P® CI1-260.2019.1.
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Bausinue cnmoco0a cuHTe3a U coacpKaHusl aKTUBaTOpa HA KHCJIOTHO-OCHOBHBIC

cBoiicTBa okcucyabpuaHoro Jiomunopopa Gd:0.S:Th

A. B. Pommonosa*, B. U. Kyynap, T. C. MunakoBa
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JIromuHOBOPBI, BO30YKJaeMble PEHTIC€HOBCKUM H3Ty4€HUEM, HAXOAT IMIMPOKOE MPUMEHEHHE B
pa3nuyHBIX O0MacTAX (MeauIHHA, NePEeKTOCKONHs, OMOMMHU/DKUHT). B Hacrtosmiee BpeMs, OIHHM U3
Hanbosee PPEKTUBHBIX PEHTTEHOIIOMUHO(OPOB SBISETCS OKCUCYITb(U TaloIMHUS, aKTHBUPOBAHHBIH
tepouem (Gd20,S:Th). M3BectHO, 4TO 3(hPEKTHBHOCTH JTFOMUHOPOPOB 3aBUCUT OT NS(EKTHOH CUTYallMd B
KPUCTAJUIaX, COJICPYKAHMSI TIPIMECHBIX ITOBEPXHOCTHBIX (Pa3, KOHIIEHTPAIIUU U COOTHOIICHUS JIEKTPOHHBIX U
IBIPOYHBIX JIOBYIIIEK, CTENEHHW Cerperaiii HOHOB aKTMBaTopa B OObeME M Ha TOBEPXHOCTH YaCTHI]
momuHO(opa. B 3aBHCHMOCTH OT croco0a CHHTE3a M COJEpKAHHWS aKTUBaTopa OyIyT MEHSThCS
MOBEPXHOCTHBIC M JTFOMUHECIICHTHBIE CBOMCTBA JIToMHHO(OpOB [1].

OObeKkTaMH JAaHHOTO KCCIEAOBaHUs SIBISUTMCH 0oOpasisl Gax0.S:Th, cuHTe3upoBaHHBIE B
pa3UYHBIX YCIOBHUSAX M C Pa3HbIM cojepkanueM TDh. Bce moMuHOGOps! ObUTH TONy4YeHbI B CaHKT-
[leTepOyprckoM TOCYZapCTBEHHOM TEXHOJIOTUYECKOM YHHUBEPCHTETE TBEpHoQa3HbIM CHHTE30M. Bce
00pa3mpl JTFOMHHO(GOPA CHHTE3UPOBAIHCH NMPH BBICOKUX TEMIIEPATypax W SIBIBUINCH HETIOPUCTBIMH, C
OYEHb MAJION YJEIbHOMN MOBEPXHOCTBIO.

HccnenoBanne KHCIOTHO-OCHOBHBIX CBOKMCTB JIFOMHHO(OPOB TIPOBOJMIOCH TIPH TOMOIIA
Meroga pH-merpun. @ukcupoBanue 3HadyeHHid pH M M3MEHEHME MX BO BPEMEHH IPOBOJWIIOCH IpHU
nomom  pH-merpa/monomepa WTAH. Ilokazano, 4Yto o00mee KHCIOTHO-OCHOBHOE COCTOSIHHE
UCCIIETyeMbIX  JIIOMUHO(QOPOB  sIBNsETCS  CHA0OKUCIBIM:  BeMMYUHBI  pHuuwe CHHTE3MpPOBAHHBIX
JTOMUHO(OPOB JIexkaT B uHTEpBaie 6,4 — 6,6 en. pH. Jlna oGpas3iioB, CHHTE3UPOBAaHHBIX ¢ HEOOJIBIITUM
coziepkanueM aktuBaropa (10 2 macc.% Tb), xapakrepHo HamM4YKe MUHUMYyMa Ha KHHETHYECKUX KPUBBIX
pH B mepBeie MHUHYTHI uccienoBaHus. JlaHHBIM (akT OOBSCHSETCS MPUCYTCTBHEM Ha MOBEPXHOCTH
oOpasma J0JM KHCIOTHBIX HeHTpoB bpencrema [2], oOycrmosnennsix HamuumeM atomMoB S u O. Ilpu
JalbHENIIeM MPOBEICHUHN SKCIEpPUMEHTa HAONI0AaNoCh BO3pacTaHWe BeMMYuHBI pH 10 MOCTOSHHOTrO
3HaYeHHs 0,5, 4TO MOATBEPI)KAACT HaIWYME OCHOBHBIX LeHTpoB bpencrena (Gd u Tb) Ha moBepxHOCTH
mromuHO(popoB. st oOpasmoB mromuHOPOPOB, comaepxamux 10 macc.% Tb, usmenenms pH Obutn
HE3HAYUTEIIbHBI, T.K coJepkaHue Tb T0CTaTOYHO BEIMKO YTOObI KOMIEHCHUPOBATH JIEHCTBUE KHCIOTHBIX
ueHTpoB bpencrena.

CrexTpsl  (POTOTIOMHUHECHICHIIMK CHUMAJIUCh C TOMOIIBI0 crekTpoduiroopumerpa CM 2203
(Solar, bemnapycs). Habmiomaembpie MOJOCH JIOMHUHECHEHIIMM COOTBETCTBYIOT YPOBHSIM OJHEPrUu
TpexBasieHTHOro Tepous [3]. Mcnonb3oBanue rpaMTOBOrO MOKPHITHS TUIJIEH W JIOJOYCK MPHUBEIO K
CHMIKEHUIO MHTCHCHBHOCTH (DOTOIFOMUHECHICHIIMK JTIOMUHO(OPOB B Auana3zoHe anuH BoiaH 480 — 630
HM. BeposTHO, 3TO mPOUCXOAUT HM3-3a 3arpsi3HEHUSI JIIOMHUHO(OPOB MPUMECSIMH YTiepoa. YBeIUueHHe
coJiep>KaHus aKTUBaTopa 10 2 mMacc.% MPUBOAUT K MOBBIIIEHUIO HHTEHCUBHOCTH (DOTOTIOMUHECIICHIINH .
JlanbHeiiliee  MOBBIICHHE  COACpP)KaHHE  ID  MPUBOAMT K  CHIDKCHHIO  MHTCHCHBHOCTH
¢doromoMuHecteHu. B obnactu ¢uoneroBo-ronayooit momunecueHmu (400 — 480 M) HabIrOATOCH
YMEHBIIIEHNE UHTEHCUBHOCTH JIIOMMHECIICHIIMH C YBEIMUECHHEM KOHIIEHTPALUU TepOus B IIOMUHOpOpE.
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Cunre3 n HCCJICAOBAHHUE KATAJIN3AaTOPOB CCJICKTUBHOI'O T'IMJIPUPOBAaHUA NTUCHOB B

cocTaBe 0eH3MHA KATAJUTHYECKOI 0 KpPEKHMHIa

A. A. Canomarunal?*, B. 10. Ilepeiima?, A. B. Caiiko? O. B. Kinumos?
YHosocubupcruii 2ocyoapcmeennuiii mexuuueckuii ynusepcumem, Hosocubupck, Poccus
2Uncmumym xamanuza um. I K. Bopeckosa CO PAH, Hosocubupck Poccus

*sillyann@mail.ru

B Hacrosimee Bpemsi OJIHUM M3 OCHOBHBIX KOMIIOHCHTOB BBICOKOOKTAaHOBBIX aBTOMOOMIIBHBIX
TOIUIMB sAByAeTcs OeH3uH Katanutudeckoro kpekunra (BKK) [1]. Ilepen ucnonb3oBaHueM B KauecTBe
kommoHeHTa cMmemenusi, bKK moasepraror mnpoueccy THIPOOYHCTKH, OCYIIECTBISIEMOMY C LIEJIBIO
yAQJICHUs] CepocoepkKalnuxX coenuHeHuil. JKecTkue yCIOBUSI Tpoliecca THAPOOUYUCTKH (BBICOKHE
TeMIepaTypbl ¥ JaBJCHUs) OOYyCIaBIMBAIOT HEOOXOIMMOCTh TPEIBAPUTEIBLHOTO THUIPUPOBAHUS
coaepxamuxcs B BKK areHoBBIX yrieBoAopoioB, CIIOCOOCTBYIONIMX 3aKOKCOBBIBAHHMIO KaTaln3aTopa
MPOJAYKTaMH ToJuMepu3anuu. [Ipu 3ToM mporiecc TUAPUPOBaHUS JAOJHKEH MPOTEKATh CEIEKTUBHO, TaK
KaK TMapajuieIbHOE HACKIIICHUE 0JIe(DUHOBBIX YIJIEBOJAOPOJIOB MPUBOJIUT K CHIDKEHUIO OKTAHOBOTO YHCIIA.
B cBsa3u ¢ mpuMeHEHHEM Ha POCCHICKUX HedTernepepadaThIBAIONIUX MPEANPUITHIX HUCKIIOUATEIEHO
MMITOPTHBIX KaTaJIM3aTOPOB CelleKTUBHOrO ruapupoBanus aueHoB (CI'J]) akTyanbHOM 3amaueil sBisercs
pa3paboTKa OTEeUYEeCTBEHHBIX KOHKYPEHTOCTIOCOOHBIX aHAJIOTOB.

B mannHO# paboTe MpemIoKeH METOJl MPUTOTOBJICHHUS HUKEIh-MOJUOICHOBBIX KaTaM3aTOPOB
CI'] BKK, u mpoBeIeHO N3y4EHHE BIUSAHUS X COCTaBA HA KATAIUTHYECKUE XapaKTEPUCTUKH.

B xone manno#t paboThl MeTo0oM mpomnuTKH ObUT mpurotoBiieH psag NiMo/AlOs karanuzaropos
CI'l BKK ¢ pa3nmuyHbIM COOTHOIICHHEM AKTHUBHBIX META/UIOB. [IpUTrOTOBIIEHHBIE KaTaIM3aTOPhl OBLIH
ucnbiTadbl B nporiecce CI'J] B 6eH3MHOBOM (hpaKIuM KaTaJUTHIECKOTO KPEKUHTa (JMarna3oH TeMIeparyp
kurenust 30 — 210 °C) u B mMozaenbHON cmecH, coxaeprkaieii 10 macc.% rekcena, 2 macc.% HW30MpeHa,
0,0525 macc.% tuodena, 0,056 macc.% uzo0yTHIMEpKanTaHa, OCTalibHOe — H300KTaH. ConepxaHue
nrojieUHOB B ChIpb€ W THAPOTEHU3ATE OMNPEAessUIM METOJOM Tra3oBOiM XpomaTtorpaguu U MeToAoM
OTpeJieNieHUs] IUEHOBOTO YKcia HEPTENPOIYKTOB C MOMOUIbIO peaKlUU MPUCOEINHEHUS MaIEHHOBOIO
aaruapuaa (metox UOP 326), KOMIIOHEHTHBIN YTIIeBOIOPOIHBIN cocTaB — MeTogoM ASTM D6730.

Pe3synbrarel TecTupoBanus oOpa3loB B OEH3MHOBOM (hYpaKIMH MO3BOJISIOT CIIENATh BBHIBOJ O TOM,
YTO Cpeli MPOTECTUPOBAHHBIX 00Pa3IOB ¢ yBeInYeHUEM cOOTHOLIEeHUSI Ni/Mo nMeeT MecTo yBeJTu4eHue
aKTUBHOCTH B TpeBpalleHud AueHoB. HamOomblnas akTUBHOCTh HAOMIOJAETCS MPH COOTHOLICHUU
AKTUBHBIX METAJUIOB, paBHOM 1,5. B TO ke BpeMsl yBeJIMUEHUE COOTHOILLIECHUSI AKTUBHBIX METAJJIOB B
YCIIOBUAX MPOBEACHUS UCTIBITAHUN MPAKTUUYECKU HE BJIUSET HA CTEIEHb FUAPUPOBAHUS MOHOOJIE(DUHOB a,
ClIeIOBaTeNIbHO, U Ha OKTAHOBOE YHCIO MOJIy4aeMOro MpOJayKTa. TakuM oOpa3om, MpH yBEIUYECHUU
cooTHomeHus: Ni/Mo Takxe oTMedeHo yBennueHue cenektuBHocTu nporecca CI'JI BKK.

AHaNoruyHble  pe3yapTaThl OBUIM MOJYYEeHbl B  XOJI€ HCHOBITAHHM  CHHTE3MPOBAHHBIX
KaTaJlu3aTOpPOB B MOJIEIBHOM CMECH: C YBEIIMUEHHMEM 3arpy3Kd aKTUBHBIX METAJUIOB KaTaJlUTHUECKas
AKTUBHOCTH TAKXKE YBEIIMYMBACTCS M JOCTHIaeT MakCuMyMa Tipu cootHomernu Ni/Mo = 1,5.

Hcnonp3oBanue karaauzaropa ¢ ONTUMHU3MPOBaHHBIM cocTaBoM B mpouecce CI'J[ mo3BomsieT
JOCTUYh CTENEHH TUIPUPOBAHMS AUEHOB Oomee 85 % (cHmwkeHue AueHoBoro yucna ¢ 4,3 mo 0,6), uto
MO3BOJISIET ~ TONy4aTh  MPOJIYKT,  COOTBETCTBYIOIIMKA  TpeOOBaHMSIM K  CBIPpIO  Tpollecca
runpoodeccepuBanus bKK.
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Pa3paborka katanuzatopoB Ag-CeO2/SBA-15 nist BoccTaHoOBIeHUs 4-HUTPO(eHo I

A. B. Taparaiiko, I'. B. MamonToB*

Tomcxuu I'ocyoapcmeennwviii Yuusepcumem, Tomck, Poccus

*grigoriymamontov@mail.ru

Bosnbmioit uatepec k Ag-coaepkaiiuM KaTalTu3aTopaM B XUMHUYECKOM TIPOU3BOJICTBE U «3EICHOM»
XMMHH, TIOMHUMO CBOWCTB, MPHUCYIIUX KaTaJM3aTopaM Ha OCHOBE OJaropoJHBIX METAJUIOB B IICJIOM,
OOyCIIOBJICH WX OTHOCHTEIHHO HHU3KOW CTOMMOCTBIO, HHU3KOTEMIIEPATYpHON AaKTHBHOCTBIO W
BO3MOHOCTBIO YBEIIMYCHHUS WX AKTUBHOCTH TPU KOHTAKTE C TMOJYIPOBOJHUKAMH WU OKCHUIAMU
MepeXoAHbIX MeTa/uoB, Hanpumep, CeO: [1, 2]. Hemocratkom Ag-CeO: cructem SIBISETCS OTHOCUTEIBHO
HEBBICOKAsl yJeNbHAs IMOBEPXHOCTh, YTO TPeOyeT JOTOJHUTEIBHON CTaOWIM3aIMi CUCTEMBI Ha
MepBUYHOM HocuTene, Hampumep, SiOz. B KkauecTBe MepCHeKTHBHOTO HOCHTEIS pPacCMaTpPHBAETCS
SBA-15 — Me30nOpHUCTHII MaTepual, MPeACTaBISIONINNA cO00H CHCTEMY TeKCOTOHAIBHO YHOPSAOYSHHBIX
WIAHAPUYECKUX TIOp W COCTOSIIIUNA W3 aMOpP(HOTO OKCHAAa KPEMHHUS, KOTOPBIH 00JIamaeT BBICOKOM
yzenbHol moBepxHocThio (600800 M%T) [3]. Ilenbio NaHHOH pPaGOTHI CTANO MOTyYEHHE CHCTEMBI
Ag-CeO2/SBA-15, mpoBencHHE HCCIIEAOBAHUS CBOWCTB CHUCTEMBbI M HU3yYEHHE €€ KaTaluTHYSCKON
AKTUBHOCTH B PEAKIIUU BOCCTAHOBJICHHS 4-HUTpOQeHOJIa B 4-aMIUHO(DEHOIT MPU KOMHATHON TeMIIepaType
1 aTMOC(EepHOM JTaBJICHHUH.

SBA-15 ObLT moJydeH TEMIUIATHBIM CHHTe30M [4] ¢ HCIOJb30BaHMEM B Ka4yeCcTBE TEMILIATa
tpubnokcomonumepa Pluronic P-123 (BASF, T'epmanms). Cepebpo- wu/wiu mepwuii-coaepikarime
katanu3aropel  (Ag/SBA-15, CeO./SBA-15, Ag-CeO,/SBA-15) mosydeHbI METOJOM IPOMUTKH IO
BJIArOEMKOCTH THOpHaHOW cTpykTypsl Pluronic P-123@SBA-15 BoausiMu pactBopamu AGNO3 u/wiu
Ce(NO3)3-6H20 ¢ mobaBkoit mumonHoi kucioTel. Comepxkanrie Ag u CeO2 B MONy4eHHBIX 00pa3max
coctaBuno 5 m 10 macc. %, cooTBercTBeHHO. CHHTE3MpPOBAaHHBIC OOpAa3Ibl MCCIEAOBAIM METOIAAMHU
aacopOmmu azota mpu Temmeparype -196 °C, PDA, MVYPP, ODCHO, TIIB H,. Karamutudeckas
aKTHBHOCTh OOpa3IOB HCCIICZOBaHA B PEAKIMH BOCCTAHOBIICHUS 4-HHUTpodeHONa B 4-aMuHO(DEeHON
OOpruAPUIOM HATPUS TP KOMHATHOH TeMIIEpaType U aTMOC(HEPHOM JaBIICHHH B BOJTHOU Cpejie.

MeTtoaoM HH3KOTEMIEpaTypHOUW ancopOruu a3oTa OBLIO TPOBENEHO HCCIESIOBAHHE TEKCTYPHI
CHHTE3MPOBaHHBIX 00pa31oB. [TomydeHHbIe 00pasibl KMEIOT BHICOKYIO YAEIbHYIO MOBEpXHOCTH (594754
M?/r) 1 o6sem mop (0,86-1,04 cm®/r), a Taxke y3koe pacmpeneneHue mop 1o pasmepam (5,5-7,8 HM).
Janubie POA u MYPP ykasweiBator Ha hopmMupoBaHue 4dacTHIl cepedpa pasmepoM g0 10 HM W yacTuil
CeO2 pazmepom 3—4 HM, a TaK)Ke TOJATBEPKAAIOT '€KCOTOHAIBHO YIOPSIOYEHHYIO CTPYKTYypy SBA-15 B
MOJIydeHHBIX oOpa3nax. COBMECTHOE BOCCTAaHOBIIGHHE OKHUCIICHHBIX (OpM cepedpa M TOBEPXHOCTH
gactury CeOz (TIIB) m Hamuume KpacHOro caBura Iuta3MOHHOTO morjiomieHus cepedbpa (DCIO)
MOJITBEPXK/IAIOT HAJMYME KOHTAKTHOTO B3aUMOJICWCTBUSI aKTUBHBIX KOMIIOHCHTOB IMPU MX COBMECTHOM
HaHeceHWH. HanOouibliel KaTaJTuTHYeCKO aKTUBHOCTBIO B PEAKIIMM BOCCTAHOBIICHHS 4-HUTpO(dEeHOIa B
CHHTE3MpOBAHHOM cepum obnamaer obpasen Ag-Ce02/SBA-15 (k = 0,013 c?), uro ykaseiBaer Ha
MOJIOKUTEILHOE BIIMSHUE B3aMMOICHCTBHSI KOMIIOHEHTOB Ha KaTAJIUTUYECKYIO aKTUBHOCTb.

Takum 00pa3om, MokazaHO, YTO HMCIOJIb30BaHWEe Matepuana SBA-15 B kadecTBe HocHTens, a
TaKXKe CTAOMIM3UPYIOMIAs POJIb JIMMOHHOM KHCIOTHI W TPUOJOKCOTIOIMMEpA MO3BOJSIOT IOJIyYaTh
BbIcOokoucniepcHble yactuiibl Ag u CeO, TUCHEPCHOCTh KOTOPBIX YBEIMYUBAETCS MPU COBMECTHOM
HaHeceHHH. Koomnepaiiys akTUBHBIX IIEHTPOB cepedpa U OKCUIA Iepus IPUBOJUTH K POCTY aKTUBHOCTH B
OKHUCJIUTEIHHO-BOCCTAHOBUTENBHBIX KATATUTHYECKUX MPOIIECCaX.

Paboma svinonnena npu noooepocke npoekma PH® «18-73-10109».
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Ni—conepaxamue okenanl La;Os3u Mn2O3 kak npexkypcopsl KaTaJu3aToOpoB

yFJIeKI/ICJIOTHOﬁ KOHBEPCHHU ME€TaHa

K. H. JIucoas, A. I1. Tropuna, H. B. Jlopodeesa*, O. B. Bogsnkuna
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VrnekucinotHass koHBepcust Mertana, Dry Reforming of Methane, (DRM) mnpusnekaer
MPHUCTAILHOE BHUMAHHE MCCIIEIOBATeNe KaK MEePCIIEKTUBHBIN MpoIece mepepadoTku Onorasa B CHHTE3
ra3. Kpome Toro, cootnomienue npoaykroB DRM 6mm3koe k 1 TEXHONOTHYECKH BBITOJHO JIsI psina
XAMUYECKHAX TPOLECCOB, HAMPUMEp, IS TOJYyYSHHS >KUIKUX YIIIEBOJOPOJOB, THAPOKCHIMPOBAHUS
oJIepUHOB, TONy4YeHUs: auMeTuiaoBoro »dupa u nap. Karammzaropamu mporecca DRM  sBrsrorcs
nepexonubie Metauibl VI rpynmbl, HaHeceHHBIE Ha pa3IMYHbIE HOCHUTENH, Cpelu KOTOPBIX 0coloe
BHUMAaHHE yJeIseTcss HUKE0. VI3BeCTHO, YTO KOJIMYECTBO MPOIYKTOB YIIICOTIOKEHUS, 00pa3yIOIIIXCs B
mporecce OKHCICHHS METaHa, a, CIeJ0BaTeNIbHO, W CTAOMIIBHOCTh KaTalli3aTopa, 3aBHCUT OT pa3mepa
qacTHll HUKens. B cBs3u ¢ atum Hocutenu s Ni-comepxaniux karanuzatopoB DRM  momkHb
oOecrieunBaTh BBICOKYIO JIUCIIEPCHOCTh YACTHIl AKTHBHOTO KOMITOHEHTa W MPENSATCTBOBATh WX
arJoMeparum.

[enbto HacTosimed pabOThl SABJISETCS UCCIEOBaHUE (POPMHUPOBAHHUS NMPEKYPCOPOB HUKENIEBBIX
Katanm3aropoB Ha HocuTelsix LaxOsz u La,O3—Mn203, BiustHUS cr1ocOO0OB MPUTOTOBIICHHUSI HOCUTEINCH Ha
CTPYKTYpPY, (a30BbIii COCTaB, a TaKke Ha XapakKTep BOCCTAHOBJICHHs HaHeceHHbIX Ni-coaepikanmx
gactut 10 Ni°.

HutpatHbiM MeTog0oM u MeTofoM [leunHu ObUIM CHHTE3MpOBaHBI 2 Cepur 00pa3LoB OKCUIOB
La203 u La,03-Mn203 ¢ mosbHBIM cooTHOMmEeHHeM La/Mn = 1, Ha koTopsie 6611 Hanecen Ni (10 macc.%)
W3 pacTBOpa HHTpara HUKeNIsd. Bce momydeHHble 00pas3iel mnpokanuBaau npu 700 °C 4 4.
CunresupoBannbie Hocutenu U Ni-coaeprkaline OKCHAHBIC MPEANICCTBEHHUKN ObLTH 0XapaKTePU30BaHBI
KOMIUIEKCOM (U3UKO-XUMHYECKUX MeTosoB: P®DnA, tepmorpaBumetpusi, PDA, I19M, TIIB-Hy,
TEKCTYpHbIE XapaKTEPUCTUKHU OMPeesIeHbl METOI0M HU3KOTEMIIEpaTypHOU acopOLuu a30Ta.

B cocraBe o0pasios LazO3, mpuUroToBIeHHBIX KaK MUTPATHBIM METOAOM, Tak U MeToJioM [leunnu,
MIOMUMO OCHOBHOH (pa3bl okcuaa Lax0O3, ycTaHOBIEHO 3HAYMTENbHOE KOJMYECTBO THIPOKCUIA JIaHTaHA,
KOTOPBI MpHU B3aUMOJECUCTBUU C PACTBOPOM COJIM HHUKENSI M MPOKAJIKU MPUBOAMUT K MOSBICHUIO (hazbl
Hukenara jgantana LaNiOs ¢ pasmepom dactuil okosio 9 U 7 HM, COOTBETCTBEHHO. BoccraHOBieHUE
uukens u3 crpykrypsl LaNiO3z mpoucxoaut B nBa stamna B auanazone 250 — 700 °C, 4To COOTBETCTBYET
nepexony Ni** — Ni?* -Ni° u npuBoaur x momHomy pasnoxennto LaNiOs mo La;Os u gactur Ni°.
TemnepaTtypa Hayalla BOCCTAHOBJICHUS MOHOB HHKeIs A7l 00pasiia, MOJyYeHHOTO IIUTPATHBIM METOAOM,
HUXKE, 4eM A7 00pasiia, MoJIydeHHOro MeToJoM llednHu, 4To MOXKeT ObITh CBSI3aHO CO cTaOHIIM3aluen
0oJiee MENTKHUX YacTHI] HUKelaTa JlanTaHa $a30il okcuaa TaHTaHa.

Hisa cuctem LaxO3—Mn203, cuHTe3upoOBaHHBIX 00OMMH METOJAaMH, YCTaHOBIIEHO OOpa3oBaHHE
€IMHCTBEHHOM (a3pl — MaHTaHWUTA JIaHTaHa cO CTPYKTypoil mepoBckuta LaMnOs+s (& > 0). [IponuTka
MaHTaHMTOB JIAHTAHA PACTBOPOM HHUTpPATAa HUKels INPUBOAMT K uacTHuHOMy BHenpenuro NiZ* B
KPUCTAILTMUECKYIO PEIIETKY HOCUTeNeH, apyras yacth katnoHoB NiZ* pacmpesieniena 1o HOBEpXHOCTH B
Buze daszer NiO ¢ pasmepom OKP ~13 um. [y mpekypcopoB KaTain3aTOpOB Ha OCHOBE MaHTaHHUTOB
JaHTaHa HAOMIOMAIOTCA CIOXKHBbIE MTPO(UIN TOTJIOMIEHUS BOJOPOJA, YTO SBISETCS CIEACTBHEM
MHOT0()a3HOTO COCTaBa: MOMHMO BOCCTAaHOBJICHHUS YACTHI] HUKETST HAaOJII0IaeTCsl BOCCTAHOBIICHHUE HOHOB
maprauna Mn** — Mn3* B nuanasone 250 — 550 °C.

N3otepmuueckas obpadotka mpu 700 °C Ni-comepkanux OKCHIa ¥ MAaHTAaHWTA JJAHTaHA B TOKE
Ho/Ar mpuBogut kK (GOpMHUPOBAHHIO YACTUI[ METAUTHYECKOTO HHKENs C pasmepamu 15 u 13 HM,
COOTBETCTBEHHO.

Paboma bvira noddepoicana epanmom Poccutickozo nayunoz2o ¢onoa (npoexm 19-73-30026).
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Kuneruka BoccranoByieHus Bogopoaom CuO, NiO u CuO-NiO oxcumon —

MOJEJbHBIX KATAJIHU3ATOPOB 00/1ar0pasKuBaHNA 0MOMACCHI

A. B. ®enopos*, P. I'. Kykymkun
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B macrosieii pabote Oblia McClieoBaHa KMHETHKA BOCCTaHOBIeHUs MozaeiabHbIX CUO, NIiO u
CuO-NiO oxcumoB — Karanau3aTopoB OOIaropaKMBaHUS OMOMACCHI, MPOIECCOB JICOKCHTEHAIMH, Ha
OCHOBaHHH JIAHHBIX TEMIIEPaTypHO-TIPOrPaMMHUPYEMOro BoccTaHoBIeHUs BogopoaoM (TIIB-Hy).

Karanu3aTopbl OBLTM MPHUTOTOBICHBI METOJOM CIUIABJICHUS W TIPOKAIKU COJICH HHUTPATOB IPH
temmeparype no 600 °C. Beumm npuroroBieHsl uHIUBHIyanbHble okcuasl CUO u NIO, a Tarke
komno3uTHbI o0paszerr CUO-NIO ¢ comepsxkanuem meau 20 % Mo, Karanuszatopsl ObUTH HCCIIETOBAHbBI
metogom PDA in Situ u MeTo oM TeMmepaTypHO-TIIPOrpaMMUPYEMOTO BOCCTaHOBIICHHS BojopoaoM (10
% H2 B Ar). CkopocTh HarpeBa BapbupoBaiiu B auana3zone 3 — 12 °C/Mus.

Hccnenosanne PDA in situ mokaszamo, uro B oOpasie NiO BOCCTaHOBICHHE OKCHIA HUKEIS
HauMHaeT mpoTekats npu Temreparype ~ 350 — 400 °C u moNHOCTHIO 3aKaHUMBAETCS TOJIBKO mpH ~ 500
°C mpu ckopoctn HarpeBa 12 ©°/mMuH. BBeneHne Meau B OKCHJI HUKENS CYINIECTBEHHO CHUXKAET
TEeMIIepaTypbl Hadajga U OKOHYAHMS IpOIecca BOCCTAHOBIEHUS, KOTOpbIe cocTaBisitoT ~ 250 u 400 °C
COOTBETCTBEHHO, MPH aHAJOTHMYHOH CKOpPOCTH HarpeBa. Tarke, 1n00aBKa MW YBEIWYUBACT
mucniepcHocTh okcuaa Hukens B CuO-NiO o6pasue. Kpome storo Habmiomaercs (opmupoBaHue
tBepaoro pacteopa Cu?* B NiO. IIpu sToM okcny Memu B Cu-cozepkameM obpasiie HaxOJuTcs B JABYX
COCTOSIHMSIX: B BUJIE KPUCTAJLIMYECKOTO OKCHJIa MEIM U B BUJIE TBEPAOTO pacTBOpa Cu?" B NiO.

Cornacto gamaeiM  TIIB-H2 B ciayuae wnguBuayansHbix okcumoB NiO, CuO kpuBble
BOCCTaHOBJICHUS MPECTABIAIOT cO00 onuHapHble TUKU. [IpuueM Temneparypa Hauajga BOCCTAaHOBJICHUS
okcuaa meau Hmke, yeM y NiO. ITpodwuns TIIB-H, mast o6pasma CuO-NiO cyiiecTBEHHO OTIHYACTCSA OT
npoduneit naauBUAyaIbHBIX okcHaoB CuO u NiO. Ilpu Beicokux cKopocTsx HarpeBa 6 — 12 °C/mun B
HavyaJIbHOM TeMIIEpaTypHOU 00IaCTH HAOIOAAETCsI OCTPBIN MUK, KOTOPHBIMA, TI0 BCEH BUIUMOCTH, CBS3aH C
BOCCTaHOBJICHMEM BBICOKOMCIIEPCHOTO OKCHIAa MeOH. JTO MOATBep)KIaeTcs AaHHbIMH PDA in situ,
COTJIACHO KOTOPBIM peQIeKChl, COOTBETCTBYIOUINE OKCHIY MEIH, UCUe3aloT Mnpu BocctaHoBieHuu CuO-
NiO o6pasna B aumanmazone temmeparyp 250 — 300 °C. JlagpHeWmuii mpoIrecc BOCCTaHOBJICHHUS
cmemanHoro okcuaa CuO-NiO, BeposTHO, COMPOBOXKAACTCA HAIMYMEM 2- HWIHW 3-X IIUPOKHX
MEePEeKPHIBAIOIIUXCS MUKOB MOTJIONIEHUS BOJIOPOAA.

Kaxymuecss sHepruu akTUBAllMM, paccuMTaHHbIe C MoMolubio Meroda Kuccunmkepa, mmis
nporeccoB BoccTaHoBieHuss CuO m NiO cocraBistor 45 u 69 KI[)K-MOHL'l COOTBETCTBEHHO, YTO
cornacyercs ¢ TepmoauHamukoit (AG% CuO = -127 x/lx-mons?, AG% NiO = -216 x/x-mons™).
3naueHue Ea B mpoiiecce BocCTaHOBJIEHHs OKCHIa Meau, Bxoxsiiero B coctaB CuO-NiO Beimie, yem y
yycToro okcuaa (57 > 45 kJx-Moabt). DTo, MOKET ObITH CBA3aHO C TEM, YTO OKCHJ MeIu B 0o0pasle
CMeIIaHHOT0 OKCHia ob6pasyer TBepablii pacTsop Ni** B CuO. Kpome 3T0ro0, HabmoaeTes CyecTBEeHHOe
yBEIMYCHUE 3HAUCHHUS MTPEIIKCIOHEHIIHAILHOTO MHOXKHUTENS INA ¢ 6.5 1o 11.4, uto 00OycioBieHO Oostee
JMCIIEPCHBIM COCTOSIHUEM YacTHI] OKCHAA MeOu B 00paslie CMEIIaHHBIX OKCHUIOB. DaKTUYECKH, YEM
BBIIIE TUCTIEPCHOCTh, TEM BBIIIE BEIMUYMHA TIOBEPXHOCTH YaCTHUI] Okcuja Meau. Kpome Toro, u3BecTHO,
YTO C YBEJIMYEHHEM JUCIEPCHOCTH MOBEPXHOCTh YACTHUIl OKCHJIA CTAHOBHUTCS Oosee nedeKTHOH, 4To
NPUBOJNT K YBEJTMUEHUIO UX PEAKIIMOHHOM crocoOHOCTH. bonee nucnepcHoe cOCTOSHME OKCHA ME,
10 BCeil BUANMOCTH, ONpeielisieT cuHepreTudeckuii agdext Boccranosienus cmecu CuO-NiO.

Hccnedosanue svinonneno npu gunancogoii noodepoicke PODPHU 6 pamkax nayunoeo npoexma Ne 17-53-10005.
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Bausinue temnepatrypbl 00padoTKH CHOYHMTA HA AKTHBHOCTh PYTEHUEBBIX

KaTajau3aTopoB CHHTE3a aMMHUaKa

B. A. Bopucos!?, I1. A. ®enorosa®*, K. H. Hocr?, B. JI. Temepes?, 0. B.Cyposukunt, JI. A.
sa®

1l[eHmp Hoewix xumuyeckux mexnoao2ui UK CO PAH, Omck, Poccus
20mexuii 2ocyoapcmeennblil mexuuyeckuil ynusepcumem, Omck, Poccus

*p-fedotova96@mail.ru

CuHTe3 aMMuaka SBISETCS OJHMM U3 KIIOUEBBIX IIPOIECCOB B COBPEMEHHOW MHUPOBOU
MIPOMBIIIJIEHHOCTH. B 1aHHOM NPOM3BOJACTBE HCIHOJIB3YIOT KaTallM3aToOpbl Ha JKejle3e H3-3a HU3KOU
CTOMMOCTH H JOCTYITHOCTH, HO MIPOIIECcC UAET MpH BBICOKOH Temmnepatype u aaiuernn (500 °C u 30 MIa,
COOTBETCTBEHHO). lcrosnb30BaHME HAHECEHHOTO pPYTEHUS BMECTO JKejie3a IO03BOJIAET 3HAYUTENbHO
cHu3uTh Temneparypy (10 350 °C) u naBnenue (o 8 MIla). B nannoit paboTe Obla MOATOTOBICHA CEPUs
karanu3aTopoB Cs-Ru u Ba-Ru na CubyHuTax ¢ pa3nuuHOi CTPYKTYpOH MOP U CTENEHBIO rpapUTH3ALNH
JUIsl cMuHTe3a amMmuaka B Msarkux ycnoBusix (300400 °C u 0,6 MIla). Llensio uccienoBanus siBISETCA
BIusHUSA TepMoMmoupukanun CuOyHUTa Ha CTPYKTYpPHbIE OCOOCHHOCTHM HOCHUTENs, XapakTep
B3aMMO/JICHCTBUS MICIIOYHBIX M MIEJIOYHO3EMEIbHBIX METAIOB C PYTCHHEM, a TAaKKe aKTHBHOCTh H
TEPMHUYECKYIO CTAOMITLHOCTh HaHECEHHBIX Ha CHOYHUT PYTCHHEBBIX KaTaJIN3aTOPOB.

B kauectBe HocuTens ObUT HCHOJB30BaH TIpadUTONONOOHBIN YIIEpOAHBIH ME30MOPUCTHIN
Marepuan CHOYHHT, ¢ yAenbHOH ToBepXHOCThI0 303 M2/r 1 pa3sMepoM rpanya B auanasone 0,4-0,8 M.

AHanu3 CHeKTpoB KOMOWHAITMOHHOTO PACCESTHUS HOCHUTENEW TOoKa3aJll HaJIN4he WHTECHCHBHOU
nuEuK npu 1597 cm? , KoTOpas COOTBETCTBYeT NOJHOCHMMETPHUYHBIM IIPOJONBHBIM BaJeHTHLIM
xonebanuam cpsseit C=C (G-nonoca). B crmextpe Taroke peructpupyercs munus npu 1330 cm™ (D-
nosnoca) u nonockl 2654 cm (2D-monoca), 2924 cm™. Pasmep uactun pyreHns no gaHabM OKP MoxHO
YCTaHOBUTH TOJBKO 11 oOpas3na Ru Sib 1400 Hz — o cocraBmsier ~6,3 HM. JJ1s ocTambHBIX 00pa3IioB
paccuuTaTh pasMep pPYTEHHs He ynaeTcs, T.K. COCIMHEHHUs Ie3uss U Oapus 3HAUUTEIbHO OoJee
koHTpacTHbie. CornacHo pesynbraram [I19M u DJIC Bo Bcex 00pasiiax Karaau3aTopoB YaCTHIIBI PYTCHUS
¢ pa3mepamu oT 1,5 10 12 HM paBHOMEPHO pacHpenesieHbl 10 HOCUTEITIO.

VYaenbHas aKTUBHOCTH LIE3UH coAeprKanIuX 00pa3iioB HaX0AUTCs B mpeaenax 5 — 7 mmosib NHa/(T
kart.*gac). Jlyig karaau3aropoB, MOAU(PUIIMPOBAHHBIX OapreM yaelbHass aKTUBHOCTh coctaBmia 4,8 — 6,5
Mmoiab NH3/(r kat.*udac). Hanbosiee akTMBHBIM KaTaJIM3aTOpPOM B Iepecdere Ha T RU u3 Bcex obOpasiios
spisercs  0,38Ru-13,6Cs/Sib2200 ¢ mnokazarenrem 1,71 wmoms  NHs/(r  Ru.*uac). s
HEeMOAU(PUIIMPOBAHHOTO 00paslia ¢ HaMMEHbILIEH TeMIIepaTypoil peaBapuUTeIbHON 00pabOTKNU HOCUTENS
(4%Ru/Cubynut-1400) Habnroaam0Cch MaKCUMaIbHOE KOJIMYECTBO NOTEPh yraepona (5,5 mac.%), Ho npu
no0aBJIeHUH MPOMOTOpa, METaHHpOBaHUE cokpartmwiock Ha 15%. [lpu ucnonpzoBanuM MoAuQHUKATOpa
Oapusi I BCeX KaTaau3aTopoB HabiofaeTcs HaubOolblllee CHIKEHUE KOJHYECTBA MOTEPh yIiiepoja
OTHOCHUTENIbHO HeMouuiupoBanHbix 006pasuoB ot 20 — 30% (s Cubynut-1600 u 1800) mo 60 — 70%
(mns Cubynut-1400, 2000 u 2200). CoeaunHenus Oapus pacrojararoTcs MPEUMYIIECTBEHHO BOIW3H
YacTHUIl PYTEHHsI, OTPaHUYNBAsi KOJIMYECTBO aKTUBUPOBAHHOTO BOJIOPO/A.

B pesynbTare mpenBaputenbHOU rpaduTH3ANMU yaedbHas IJIOMAAb MOBEPXHOCTH CHUKAETCS B
10 pa3, HO BO3pacTaeT TepMHYeCKas CTaOWIBHOCTh, O Ye€M CBUICTENLCTBYIOT pe3ynbTaTel TI'A B
okucnutenbHol atmocdepe. Ilo nmanasiM MK u OIIP MOXHO NpeANoNoXuTh, 4TO B pe3yJbTaTe
tepmomoaudukanun  CuOyHHUTa MPOUCXOAUT B3aUMOJEHcTBHE a3zoTa ¢ HocuTeneM. C  pocTom
TEeMIIepaTypbl MpeIBapUTEeNbHON 00pabOTKM BO3pacTaeT aKTHMBHOCTh JUIsI BCEX O0OpasllioB BHE
3aBUCHMOCTH OT HCHOJB3yeMOro MoaudukaTopa KaTanu3atopoB. Tak ke ¢ pOCTOM TeMIepaTryp
BBICOKOTEMITEpaTypHOil 00paboTku CuOyHHTa YBEIMUYUBACTCS TEPMHUUYECKAsi CTAOMIBLHOCTD KaTalnu3aTropa
B BOCCTaHOBUTEJBHOM aTMOchepe.

Paboma evinonanena npu gpunancogoii noooepocke PH®, npoexm Ne 18-73-00255.
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DopMHUpPOBaHHE NPOMEKYTOYHBIX (pa3 Npu KpUcTAIIU3ALUN aJTIoMo(pocpara

AlIPO4-11
M. P. Atmuymmua®*, 3. P. Xaiipynnmuna?, P. 3. Kysarosal, b. 1. Kyrenos!

Y Unemumym nepmexumuu u xamanuza PAH, Ypa, Poccus
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Ammomodocharnoe monekyisapHoe cuto AIPO4-11 Grmarogaps HATUYHIO OJHOMEPHON KaHAIbHOMN
CTpyKTypsl ¢ pasmepoMm 1op 0.40x0.65 HM © BO3MOXHOCTHIO H30MOP(GHOTO BHEIPECHHS B
KPUCTAUNTMYECKYIO pPEHIETKY aTOMOB METaNIOB TIEPEMEHHOW BAJIEHTHOCTH TPEACTABIsIET CO00i
3HAYUTENBbHBIA WHTEpEC B KAueCTBE MATPUI] JUISI CO3JaHUS OJIHOIICHTPOBBIX KaTaJIH3aTOPOB
xuakodasnoro oxucnenus [1]. OpgHako BOMPOCH, CBSI3aHHBIE C M3YYEHHEM €ro MeXaHHu3Ma
KpHUCTaJNTU3aI[IH, BCE €IIe OCTAIOTCS HE JI0 KOHIA N3y4eHHBIMH. [I0MCK OTBETOB Ha yKa3aHHBIE BOTIPOCHI
MO3BOJISIET pa3zpabaThiBaTh CIIOCOOBI CHHTE3a MOJICKYJSIPHBIX CHUT C 33aJaHHBIMH CBOWCTBAMH, YTO
SIBJIIETCS BAYKHOW M aKTyalbHOM 3a/1a4eil B 00JaCTH LIEOJIMTHOTO KaTalln3a.

B nmanHO# paboTe mpencTaBiieHBI pe3yibTAaThl MO HM3YYEHUIO KPUCTAJUIM3AWHU aimoModocdaTa
AlIPO;-11, rae B kKauecTBe HCTOYHHKA ATFOMHUHUS UCIIOJIB30BAJICS €r0 THAPATHPOBaHHKIH okcua Sasol SB.

Ammomodochar AlPOs-11 cuHTE3MpOBaIH THAPOTEPMATBHBIM METOIOM 110 METOJIUKE, OTIMCAHHOMN
B [2], w3 rems cocraBa 1.0 AlLO3*1.0 P,05*0.3 SiO;*1.0 DPA*50 H>O mpm 200 °C ¢
MIPOJIOJKUTENIBHOCTD KpUCTAUIM3aunuy oT 1 10 48 4.

[TomydeHHBIE MaTepUaNbl OXapaKTEPH30BaHBl C IOMOIIBI0 PEHTTeHO(}a30BOro aHaM3a |
CKaHMPYIOIIEH AIEKTPOHHONW MUKPOCKOIINU, HU3KOTEMIIEPATYPHOU acopOIum-aecopOIuu a3oTa.

ITokazano, uto ¢opmupoBanne AIPO4-11 mpoxoaut uepe3 00pa3oBaHHE MPOMEKYTOYHOTO
Kpuctaumaeckoro amoModocdara, depes 1 94 ¢ MOMEHTa KpUCTaJUIM3AIlMH, KOTOPBIH OBICTPO
nepekuctamummzyercs B AlIPOs-11. TlomyueHnas mnpomexyTrodnas ¢asa XapaKTepH3yeTCs YACTbHOR
OBEPXHOCTh Sget = 70 M%/T 11 06BbeMoM op V = 0.22 cM®/r. YCTaHOBIIEHO, UTO TIONYYEHHBIH MaTepua
COCTOUT U3 TOHKUX IIACTHH, KOTOpbIe (GopMUPYIOT cheprudeckue arperatsl pazMepoM okoJio 10 MKM.

Paboma svinoanena npu noodepacku Poccuiickoeo nayunoeo gonda ([lpoexm Ne 18-73-00007).

CHucoK JTuTepaTypsbl

1. Pastore H.O., Coluccia S., Marchese L., Annu. Rev. Mater. Res., 35, 2005, 351 — 95.

2. M. Lok, Celeste A. Messina, Robert L. Patton, Richard T. Gajek, Thomas R. Cannan, Edith M. Flanigen
U. S. Patent, 4440871. 1984.
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IIpoMoTHpOBaHME KATAJIU3ATOPOB JIA NOJY4YeHHS BOAOPOJAa B peaKU U

aBTOTEPMUYECKOro pugOpMHUHIa 3TAHOJIA

A. C. lllnsxtunal*, E. B. Maryc!?, O. B. Cyxosa?, M. A. Kepsxenres?
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*alexandra_issakova@mail.ru

Bonmoponnass sHepretuka CTpEMUTENBHO pa3BUBaeTCs 1o Bcemy Mupy. OHa uMeeT psn
MIPEUMYILECTB: BOJOPOJ — LIMPOKO PACHpPOCTPAHEHHBIH 3JIEMEHT, 00JiaaroliMii BBICOKOM TEIIOTOM
CrOpaHusl; MPOJIYKTOM CTOpaHUsi BOJOpOJA SIBJISETCS BOJA, YTO TO3BOJHUT CHU3UTH POCT 3arpsi3HEHUS
OKpYIKAroIlel Cpejibl; BBICOKAst SHEPrOEMKOCTh TexHOorHH [1].

OnmHuM ©3 CHOCOOOB TOJIyYEHMsI BOJAOPOJA SIBISIETCS aBTOTEPMHUYECKUU PHUGOPMHUHT 3TaHOIA
(ATP CyHsOH), otnuuarormmiics BO3MOXKHOCTBIO perymupoBanus cootHomeruss Hy/CO, Bwicokoi
CKOPOCTBIO CTapTa Tpolecca M OBICTPHIM OTKIMKOM Ha HW3MEHEHHE YCIIOBHM peaklnH, a TaKkKe
MPOCTOTOM PEeaKTOpa M MOHIKEHHBIM pacxoJoM TorummBa [2, 3]. TUnu4HbIMU KaTamu3aTopaMu peaxkiuu
ATP sBisroress Pt, Rh, Pd m Ni, HaneceHHbIe Ha OKCHAHBIC HOCHTENH. J[JIT MOCTHIKEHHS BBICOKOU
AKTUBHOCTH M YCTOMYMUBOCTHIO K 3ayTJIEPOKUBAHUIO [4] mpeiaraeTcs MpoMOTHPOBAHHUE KaTaIH3aTOPOB.

Henbto gaHnHON paOOTHI SABISETCS HCCIEAOBAHME BIUSHUS MPOMOTOpa HAa (PU3UKO-XHMHUYECKUE
cBorictBa Ni/Cepglag2018-KaTan3aTopoB, a Takke pa3pabOTKa BBICOKOAKTHUBHBIX, YCTOHYMBBIX K
3ayTJepOKUBAHUIO KaTalU3aTOPOB JUIsl MOTY4YEHUs BOJAOPO/IA.

CunTtesupoana cepust Ni/Cepglao 201 s-karanuzaTopos, mpomotrpoBanubix Me (Me = Pt, Pd, Rh
wmu Re, 0.1 — 0.4 macc.%). KommiaekcoM MeETOIOB HcciaeAoBaHbl (U3UKO-XMMHUYECKHE CBOWCTBA
MOJTyYCHHBIX MaTEPHAIOB, MPOBeAeHBI UcTibiTaHus B peakiuu ATP CoHsOH.

Jigs  OMMeTaJUIMYeCKHUX  KaTaJu3aTopoB  MOKa3aHO, 4YTO  MPOMOTOpP  HAaXOIUTCS B
BBICOKOJIUCIIEPCHOM COCTOSIHUM W €ro BBEICHHME B COCTAaB KaTalu3aTopa HE OKa3bIBaeT BIIMSHUE Ha
TEKCTYpHBIE U CTPYKTypPHBIE CBOICTBA MaTephanoB, (popMbI CTAOMIM3aNMK KaTHoHOB Ni?* B oKcHaHOM
Matpuile. BpigBieHO, UTO TUII U cOJepXaHHEe MPOMOTHUpPYIOLIEH 100aBKH, a Takke CHocoO BBEICHUSA
MPEIIIECTBEHHUKOB METAJJIOB B MAaTPUIly HOCUTENs (IOCleoBaTeIbHAs MM COBMECTHAs MPOMUTKA IO
BIIATOEMKOCTH)  ONpENENIAIOT  OKUCIHTENLHO-BOCCTAHOBUTENbHbIE  CBOiicTBa  katmoHoB  Ni”,
BoccranaBinuBaeMOCTh KaTaqu3aTOpOB YAyUlIaeTCsl MPH YBEJIWYEHHH COJIEP)KaHUS MPOMOTHUPYIOIICH
no0aBku, B psay npomotopoB Re < Rh < Pd < Pt u npu ncnosib30BaHnN METOJa COBMECTHOM MPOIMUTKH.

Ycranosneno, uro Beixon Bogopoaa B ATP CoHsOH B mpucyrcrBum Ni-Me/Cepglag 2018
KaTaJn3aTOpOB YBEIMYHBAETCS B cienyomeM psaay npomotopoB Pt < Rh < Pd < Re, uro, no-sugumomy,
oOycnoBieHo oOpa3oBanueM Ni-Me cruiaBa, ONpPEENAIONIEr0 TEPMOCTAOMIBHOCTh M OKHCIUTEIbHO-
BOCCTAHOBMTEJIbHbIE CBOWMCTBAa AKTUBHOI'O KOMIIOHEHTa. YiyumeHue nokaszareneir ATP C;HsOH
HaOMOaeTcsl MPU YBEIWYCHHHM COJEP)KaHUsS MPOMOTOpPA U HCIOJB30BAaHUUM METOJAa COBMECTHOM
nponutku. Kouepcust CoHsOH mpu 600 °C mis Bcex obpasuoB cocraBuia 100 %. Onpenenen
ONTUMAJTBLHBIA TIPOMOTOP — RE, B MPUCYTCTBUH KOTOPOTO BO3PACTAET TEPMOCTAOMIBHOCTh MaTepuaia, a
TaKoke HabOro1aeTcss HanOOoIBIIHKA BBIX01 Bostopoaa: 60 %.

Paboma svinoanena 6 pamxax 2ocydapemsennozo saoanusi UK CO PAH (npoexm AAAA-A17-117041710090-3).
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