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Kasakcmar Pecniybrniukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyzae KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOacmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3eecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6bir
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uHOeKcuposaHuUu Haxodumcs 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0nsi danbHeliweeo npuHImMusi xypHana e the Science Citation Index Expanded, the Social
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HAH PK e Emerging Sources Citation Index GemMoHcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY o XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.
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TESTING OF MO-CONTAINING CATALYSTS APPLIED
TO AL-, AL/ZR-PILLARED CLAYS DURING THE OXIDATIVE
DEHYDROGENATION OF ETHANE TO ETHYLENE

Abstract. The development of an alternative method for the oxidative dehydrogenation of ethane to
ethylene is an important task in the presence of a suitable catalyst. Mo-containing catalyst systems applied
to Al-, Al/Zr-columnar clays were prepared. The textural characteristics of the synthesized Al-,
Al/Zr-columnar clays differ from the textural properties of natural clay with an increase in their specific
surface from ~54 m?%/g to ~215 m*/g. The LaNbMo and VMoTeNb catalyst systems applied to 1-, Al/Zr-
columnar clays showed higher activity and selectivity for oxidative dehydrogenation of ethane (ODH). A
detailed characterization was achieved using XRD, adsorption of N,, SEM, BET to study the texture
properties of the synthesized catalysts. The highest activity and ethylene selectivity were shown by 10%
VMoTeNb/PILCs and 20% VMoTeNb/PILCs catalysts. The lowest ethylene selectivity was exhibited by
10% LaNbMo/PILCs and 20% LaNbMo/PILCs catalysts. The results obtained indicate that the application
of LaNbMo and VMoTeNb polyoxide active phases to Al-, Zr-columnar clays can improve the physical
and mechanical properties of these types of catalysts due to changes in both the nature of the crystalline
phase and the catalytic properties in oxidation reactions.

Keywords: oxidative dehydrogenation; ethane ethylene; mechanism ethylene production.

1. Introduction

In recent years natural gas reserves and their rational use have been of great interest. Partly, natural
gas can be attributed to renewable natural resources, since methane emission begins immediately with
rotting biomass of animal and vegetable origin, and they renew faster than oil.

Currently, natural gas is widely used in the power industry and much less in the chemical industry due
to some inertness of the gas. That is, many chemical reactions that have an industrial sense require too
high costs to be economically viable [1, 2]. For example, the process of dehydration of light alkanes also
presents a significant problem associated with their low reactivity, high energy consumption, and low
selectivity [3-5].

One of the ways to intensify the dehydrogenation of alkanes is their oxidative dehydrogenation
(ODE). In the case of oxidative dehydrogenation of ethane (ODE), these reactions are as follows:

C,Hg + 1/20, - C,H, + H,0 AH,qg = —105 kJ/mol,
C,Hg + 7/20, - 2C0, + 3H,0 AH,9 = —1428 k] /mol,

C,H, + 30, - 2C0, + 3H,0 AH,0g = —1323 kJ/mol.




News of the Academy of sciences of the Republic of Kazakhstan

Despite the widespread use of steam cracking, fluid catalytic cracking, and catalytic dehydrogenation
in the synthesis of olefins, intensive research is underway to develop oxidative dehydrogenation (ODH)
catalysts for alkanes. This approach can significantly reduce the temperature of this process, which leads
to higher selectivity and less coking of the catalysts [1, 3]. A number of catalysts have been proposed to
improve ethane conversion and ethylene selectivity [6-10].

Ethane ODE is performed on a solid catalyst in which ethane reacts with an oxidizing agent, usually
oxygen. When comparing the ODH of ethane with existing commercial processes, a number of advantages
are noted: there is no thermodynamic limitation (AGR, 298K°=-128 kJ/mol); the reaction is exothermic
(AHR, 298K°=-106 kJ/mol), which eliminates the need for energy; a limited number of reaction products
(COx and ethylene) is observed; catalyst deactivation with coke does not occur due to the presence of
oxygen in the reaction medium [8]. Therefore, the development of an alternative method for the oxidative
dehydrogenation of ethane to ethylene in the presence of a suitable catalyst has become an urgent task.

Based on this, the goal of this study is to develop new catalytic systems applied to columnar clays in
order to obtain an environmentally friendly and economically viable catalyst, designed to increase ethane
conversion and ethylene selectivity.

2. Experimental part

2.1 Catalytic synthesis

Research objects are polyoxide catalyst systems deposited on columnar clays capable of catalyzing
the process of oxidative dehydrogenation of ethane to ethylene.

2.1.1 Mechanical activation of natural clays

To activate natural kaolinite clays, the AGO-2 high-voltage planetary mill was used. The grinding
was carried out with steel balls with a diameter of 8 mm and a total weight of 200 g in 150 ml water-
cooled steel drums. The ratio of balls’ mass to the mass of mixture (M) was 20:30. The rotational speed of
the drums was 1200 rpm (40g). To ensure a low level of powder contamination in the steel grinding
medium, the natural lining of the working surface of drums and balls, obtained by preliminary activation
of a similar mixture, leading to the coating of the surface of the balls and the inner surface of the drums
with the processed composition, was used [11].

2.1.2 Synthesis of columnar clays

Pre-cleaned and ground natural clays with particle diameters up to 0.25 mm were incubated for
24 hours at room temperature for complete hydration., Aluminum and zirconium hydroxocomplexes were
used as intercalating solutions (hydrolysis of aqueous solutions of aluminum chloride (0.2 M) and
zirconium chloride (0.2 M) in aqueous NaOH solution (0.5 M)). Pillarization was carried out by slowly
adding intercalating agent to clay samples, followed by washing of chlorine ions. The obtained Al-,
Zr-columnar clays were dried for one day at room temperature, then they were calcined at 500 °C for
5 hours.

2.1.3 Preparation of catalysts

Mixed oxides LaNbMo and MoVTeNb with nominal atomic ratios La:Nb:Mo=1:0.8:0.2 and
V:Mo:Te:Nb=0.3:1:0.23:0.12 were prepared. The synthesis of the catalysts included the following stages:
1) an aqueous solution containing ammonium paramolybdate (Merck, 99%), telluric acid (Sigma-Aldrich,
98%) and ammonium metavanadate (Sigma-Aldrich, 99.5%), was prepared with constant stirring at 80 °C
FROM; separately 2) an aqueous solution of niobium oxalate (ABCR Laboratories, 99%) was also
prepared at 80 °C. 3) then, a solution of niobium oxalate was added to a mixture containing ammonium
paramolybdate, telluric acid and ammonium metavanadate with vigorous continuous stirring. The
resulting mixture turned into a suspension, which was cooled to room temperature. Using the
impregnation method, the prepared polyoxide system was applied onto the surface of Al-, Al/Zr-columnar
clays by the volume of moisture capacity. Then, the catalyst samples were dried at 50 °C for gradual
evaporation of water. The catalysts were first thermally treated at 310 °C for 1 h, then they were calcined
at 700 °C for 3 h in a stream of nitrogen.

2.2 Characterization of catalysts

2.2.1 Study of physico-chemical properties of the catalysts

The texture characteristics of columnar clays were studied using nitrogen adsorption and desorption
isotherms using the BET method (Brauner-Emmett-Teller) on a SORBTOMETR-M device (Russia). The
38
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change in the phase composition of the catalysts was monitored using x-ray phase analysis on a general-
purpose diffractometer DRON-4-0.7 with CuKa radiation (Russia).

2.2.2 Statistical processing of data

Statistical analysis was performed with a help of SPSS Statistical Program (version 16, Chicago,
Illinois, USA) using semi-logarithmic regression analysis Graphpad PRISM Software (San Diego,
California, USA).

2.3 Catalytic test

2.3.1 Reactor plant with on-line chromatographic analysis

Catalytic experiments were carried out in an automated laboratory flow reactor with on-line
chromatographic analysis of the components of the reaction mixture. A quartz tube reactor with an internal
diameter of 10 mm and 200 mm in length was equipped with two thermocouples, one of which showed
the temperature of the wall of the reactor, and the other measured the temperature of the catalyst layer. All
runs were performed by feeding a mixture, consisting of ethane (C,), oxygen (O,) and nitrogen (N>) as a
diluent in the ratio C;Hs:02:N, = 10:10:80, into the reactor. The purity of ethane, oxygen, and nitrogen
used in this work was 99.7 vol. %, 99.996 vol. %, and 99.999 vol. %, respectively. The gas flow rate was
quantified using independent mass flow temperature controllers.

2.3.2 Reaction conditions

For a typical experiment, 0.60 g of a heat-treated catalyst with an average particle size of 150 um was
charged to the reactor. Before carrying out the reaction, the composition of the gas mixture was checked
using GC, and was preheated to 140 °C. A blank experiment, conducted at 480 °C, confirmed the absence
of transformations of both ethane and oxygen in the absence of a catalyst.

The reaction was carried out for 6 hours. In all experiments, the carbon balance was in the range of
100% =+ 2.0%. For systematical study of the effect of temperature and contact time on the catalytic
behavior of LaNbMo and VMoTeNb catalysts, the first series of experiments were carried out in
accordance with the factorial design of the experiment. The partial pressures of ethane, oxygen, and
nitrogen at the inlet were fixed at 7.0, 5.5, and 65.5 kPa, respectively.

3. Results and discussion

3.1 Texture characteristics of columnar clays

The specific surface of Al-, Al/Zr-columnar clays was determined using indicators of nitrogen
adsorption and desorption isotherms by the BET method on a SORBTOMETR-M device (Russia) (table 1).

Table 1 - Textural characteristics of Al-, Al/Zr-columnar clays

Ne Compound SBET, Vpore ads, Vpore des, Vmicropore,C Average Dpore Dpore
m?/g cm®/g cm®/g m®/g pore ads, A des, A
diameter, A
1 | glina MM 53.7097 0.115297 0.119158 0.002722 95.0805 139.1295 | 117.4108
2 | AI-PILCs 173.1012 | 0.048405 0.061924 0.049691 26.6481 111.0876 | 51.2044
3 | AVZr-PILCs 216.3813 0.046253 0.061939 0.063175 24.3099 105.5924 | 48.1946

Note: V pore ads/des — by method BJH;
Average pore diameter: 4V/A BY BET;
BJH adsorption/desorption average pore diameter: 4V/A.

The textural properties of the synthesized Al-, Al/Zr-columnar clays are shown in table 1. The
specific surface of natural clay treated with intercalating agents increased from ~54 m*/g to ~215 m?/g.

It can be seen from Figure 1 that the specific surface (SBET, m*/g) of natural clay grows when it is
pillared with intercalating agents of aluminum and zirconium. The average pore diameter of Al-, Al/Zr-
columnar clays gradually decreases compared to natural clay. In this case, the average micropore volume
(Vmicropore, cm?/g) in all the studied samples remains unchanged.
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Figure 1 - Comparison of the texture properties of natural clay with Al-, Al / Zr-columnar clays

3.2. Catalytic testing

Catalytic properties of the polyoxide LaNbMo and VMoTeND catalysts applied to Al-, Zr-columnar
clays in the oxidative dehydrogenation reaction of ethane (ODE) were studied. The synthesized samples
were tested in a flow reactor with on-line chromatographic analysis of the reaction mixture components.
The test results are shown in table 2 and in figure 2.

Table 2 - Catalytic properties of polyoxide catalysts LaNbMo and VMoTeNb applied
to columnar clays in the oxidative dehydrogenation of ethane

Ne Sample Tp., °C t,c X, % Selectivity,%

C2Ha COx
1 10% LaNbMo/PILCs 400 5,52 10,2 36,1 63,9
430 5,52 14,6 353 64,7
460 5,52 21,0 353 64,7
2 | 20% LaNbMo/PILCs 400 3,36 0,8 34,1 65,9
430 336 1,5 38,0 62,0

460 3,36 2,6 44,7 55,3

3 | 10% VMoTeNb/PILCs 420 5,52 49,3 91,9 3,1
441 5,52 65,3 87,7 12,3
461 5,52 79,6 81,3 18,7

4 | 20%VMoTeNb/PILCs 417 5,52 47,4 90,9 9,1
440 5,52 62,9 87,6 12,4
460 5,52 80,6 78,8 21,2

Note: PILCs — Al/Zr-pillared clays

For the initial reaction mixture (vol. %) the components (table 2, figure 2) were taken in the following
ratios CoHs:02:N> = 10:10:80.

— YY) ——
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Figure 2 - Oxidative dehydrogenation of ethane to ethylene with LaNbMo and VMoTeNbD polyoxide catalysts

The results of catalytic tests of the polyoxide LaNbMo and VMoTeNbD catalysts (Figure 2) applied to
Al-, Al/Zr-columnar clays showed that catalysts with the chemical composition of VMoTeNb have high
selectivity during the oxidative dehydrogenation of ethane to ethylene, despite the active mass in them.

Mixed metal oxides MoVTeNbO have low surface area, which limits their potential industrial use.
The inclusion of metal oxides on the substrate improves the mechanical properties of the catalysts and, as
a rule, modifies their catalytic behavior, which can adversely affect the catalytic activity [10, 12].

It is known [10, 13] that Mo-containing catalysts applied to natural supports (alumina, modified clays,
zeolites) have a higher reactivity than alumina.

Conclusions. The results obtained indicate that the deposition of LaNbMo and VMoTeNDb polyoxide
active phases on Al-, Zr-columnar clays can improve the physical and mechanical properties of these types

of catalysts by changing the nature of the crystalline phase, as well as catalytic properties in oxidation
reactions
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Al-, Al/Zr-BAT AHAJIBIK CA3BAJIIIBIFBIHA OTBIPFBI3BIJIFAH Mo-K¥PAM/IbI
KATAJIM3ATOPJIAPABI OTAHABI STUJIEHT'E TOTBIKTBIPA JEI'M/UVIEY YJIEPICIHIAE CBIHAY

Annoranusi. Onedunaep cuHTe3iHAe Oy, CYHBIK KaTaJUTHUKAJIBIK KPEKHHITIH JKOHE KaTalWTHKAJIBIK
JETHAPOreHU3ALUMSIHBIH KeHIHEH KOJIAHBUIybIHA KapaMacTaH, alKaHAapAbl TOThIKThIpa neruapiey (ODH)
KaTaln3aTopiapblH Kypy OOMBIHIIA KapKBIHIBI 3epTTEYNIEp JKYprisimyme. DTaHIBI TOTHIKTEIpa merunpiey (OT/)
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KaTThI KaTaJIM3aToOpAa OPbIHIANIA/IbI, OH/IA ITAH TOTHIKTHIPFBIIIIEH, SIFHU OTTErIMEH dpeKeTTece li. DTaH bl ITUIICHTe
JIeiiH TOTBIFY apKbUIbl IETUIPICHIIPYl JKy3ere achlpy YILIIH KOFapbl CEJIEKTHUBTI KaTalu3aTop AailblHaay O0acThl
MIHJIET OOJIBII CaHasIa bl

Ocputaiiiia kocmanap Kypambel: La:Nb:Mo = 1:0.8:0.2 xone V: Mo:Te:Nb = 0.3:1: 0.23:0,12 Gonateia Al-,
Al/Zr-6aranansl cazbanmibikTapra OThIpFeIbUFAaH LaNbMo xone MoVTeNb karanu3artopsl TailbIHAANIBL.
Barananel ca3neiH KypeUIbIMABIK curatTaMackl BET omiciH KoimaHa OTBIPEII, a30T aJCOPONHUSACHI )KIHE TecopOIus
M30TepMaIapbIHBIH KOpCeTKilm Herisinae 3eprrenni. Cuntesnenin aneiaral Al-, Al/Zr-O0araHanbIK ca30aIIbIKTHIH
KYPBUIBIMBIK, CHIIATTAMACH! TAOUFH Ca30aIIIbIK KYPhUIBLIMBIHAH YCTiHI1 KAOBITBIHBIH ~54 M2/T-neH 15215 M%/r neitin
oCyi apKbUTBI epeKIIeIIeHEe 1.

ABToMarTaHJpIpblIFaH online xXxpoMaTorpadusUIBIK aHANW3 OPHATHUIFAH 3€PTXAHAIBIK AaFbIHIbl PEaKTOpAa
KaTaIUTHKAIBIK TOXipuOe xyprizy OapeicbiHma Al-, Al/Zr-6araHanmslK caz0ammiblK OeTiHe OTHIpFBI3bUTFaH LaNbMo
xoHe VMoTeNb karamuTukanbiK Ky#enepi 3TaHHbIH TOTBHIKThIpa aeruapnenyine (IT/]) kaTbicThl eTe >KOFapbl
OEJICEHAUTIK TIEH CEeNEKTUBTUIIK TAHBITTHI.

CHHTE3IeIreH KaTaln3aTopiiapablH KypbeUlbIMABIK Kacuerrepi XRD, N», SEM, BET ancopOius omicrepi
Herizinge cunarrainabl. EH skorapbl OenceHainik meH stuieH cenekTuBTUIriH 10% VMoTeNb/PILCs xone 20%
VMoTeNb/PILCs kaTtanu3aTopiapbl KepcerTi. DTWIeHHIH eH TeMmeH cenektuBTinirin LaNbMo/PILC 10% sxone
LaNbMo/PILCs 20% kartanu3zatopiapbl KOPCETTI.

Al-, Al/Zr-6aranansl casbammblkrapra OTHIpFbIBbUIFaH LaNbMo sxeHe VMoTeNb karamusatopiiapbIHBIH
KaTAIUTHKAIBIK ChIHAK HOTHXKECIH capamnTayla XUMUSUTBIK KypaMbl VMoTeNb kaTaim3aTOpbIHBIH STHICHTE TOTBIFY
apKBUTBI IETHAPIICHY YAEPICiHIe KYpaMbIHIAFEI OeJICeH I MaccaIapAblH MeIIepiHe KapaMacTaH KOFaphl CEIEKTUBTI
€KEH/IriH KOPCeTTi.

Apanac metamn okcunrepi MoVTeNb a3 kexemai yeTiHri OeTke ue, Oy olapIsIH OHEPKICINTIK KOIAaHBLTYBIH
mekreigi. Meraun okcuaTepiH cyOCTpaTka KOCY KaTalM3aTOPIbIH MEXaHUKAJIbIK KAaCHETIH jKaKcapTalbl JKOHE,
o/leTTe, KATATUTUKAIIBIK OEJICEHILTIKKE Tepic acep €Tyl MyMKIH KaTaluTHKAJIbIK 9PEKETTi 03repTei.

Anpiaran HoTmkenep Al-, Zr-OaraHajbl ca30ajlIbIKTapra OTBIPFBI3BUIFAH IMOJMOKCHATIK OesceHmi (asaisl
LaNbMo xone VMoTeNb karanuzaTopiapblHbIH TOTBIFY PEaKLMSCHIHIAFbl KpUCTALI (aza MEH KaTaluTHKAaJbIK
KacHEeTTEPIHIH JKaKCcapaThIH/AbIFbIH KOPCETTI.

Tyiiin ce3mep: TOTHIKTHIpa JETHIpICY, ITaH, STUIICH, MEXaHU3M, ITUIIEH OHJIpICI.
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HUCIBITAHUE MO-COAEPKAIIUX KATAJIM3ATOPOB,
HAHECEHHBIX HA Al-, Al/Zr-CTOJIBYATBIE I'VIMHBI, B TIPOOECCE OKUCJIMTEJIBHOI'O
JETNJAPUPOBAHUSA 3TAHA B OTUJIEH

AnHoTanus. HecMoTpst Ha IIUPOKOE MCIIOTB30BAHKE MMAPOBOTO KPEKHUHTA, (PIFOMI-KaTATUTHYECKOTO KPEKUHTa
M KaTaIUTUYECKOTO JCTHIPUPOBAHUE IPU CUHTE3E OJIe(UHOB, BEIYTCS WHTCHCHUBHBIC IMOWCKHA IO pPa3paboTKe
KaTaJlM3aToOpoB OKucIuTenbHoro neruapupoBanusi (ODH) ankxanoB. OJID sraHa BBIIOJNHSETCS HA TBEPAOM
KaTalm3aTtope, B KOTOPOM 3TaH PeardupyeT C OKHUCIHTENEM, OOBIYHO KHCIOpOJOM. Pa3paboTka albTepHATHBHOTO
croco0a OKUCITUTENHHOTO NETHAPHUPOBAHWS STaHA B OTHJICH SBIICTCS AaKTyalbHOM 3amadedl B MPHCYTCTBUH
MOIXOAAIIETO KaTaIn3aTopa.

Takum o00pa3omM, ObBUIM NPUTOTOBJCHBI KaTajaM3aTopbl — cMemranHele okcuasl LaNbMo um MoVTeNb ¢
HOMHHAJIBHBEIMHA aTOMHBIMHA OTHOmeHussMH La:Nb:Mo=1:0,8:0,2 u V:Mo:Te:Nb=0,3:1:0,23:0,12, HaHeceHHBIE Ha
Al-, Al/Zr-cronbuarbie TuHBI. BbUTM HM3yuYeHbI TEKCTYpPHBIC XapaKTEPHUCTHKH CTOJIOUATHIX TIIMH MO TOKa3aTeisiM
n3otepM aacopOuuu u necopbumu azora no Meroay bOT. Pesynbrarhl aHHOTO HCCIENOBaHHS IOKa3alH, YTO
TEKCTypHbIE CBOWCTBA CHHTE3MPOBaHHBIX Al-, Al/Zr-cron04areiXx TJIMH OTJIMYAIOTCS OT TEKCTYPHBIX CBOMCTB
IPUPOHON TJIMHBI C YBEJIMIEHHEM UX YJIENBHON MOBEPXHOCTH OT ~54 M%/T 10 ~215 M?/T.

I[Ipy mpoBeACHWU KATATUTUYECKHX SKCIICPUMEHOB HA AaBTOMATH3WPOBAHHOM JIA0OPATOPHOM MPOTOYHOM
peakTope ¢ on-linexpomarorpaduueckium aHanm3oM Kataautuyeckue cucteMbl LaNbMo u VMoTeNb, HaHeceHHBIE
Ha Al-, Al/Zr-cron0uaTele TIWHBI TPOSBISUIA 0OJIee BHICOKYK) aKTHBHOCTh W CEJICKTHBHOCTh B OTHOIICHUH
OKHUCITUTENBHOTO nerunpupoBanus dTana (ODH).

JeranpHas XapakTepHUCTHKa OBUIa JOCTHUTHYTa C Hcmoib3oBanneM XRD, agcopbommm N,, SEM, BOT musa
M3yYeHUS TEKCTYPHBIX CBOHCTB CHHTE3MPOBAaHHBIX KaTaIN3aTOPOB. HanOoNbIIyI0 aKTHBHOCTD M CEIEKTUBHOCTH I10
stuneny nokasanu 10% VMoTeNb /PILCs u 20% VMoTeNb /PILCs katanu3atopsl. HanMenbIel ceneKTHBHOCTBIO
o atuiieHy obnagamu 10% LaNbMo/PILCs u 20% LaNbMo/PILCs katanu3atopbl.

— 4y ——
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PesynbTarhl KatanuTHyeckux ucnbiTaHui nonunokcuaHbixLaNbMo u VMoTeNb karann3atopoB, HaHECEHHBIX
Ha Al-, Al/Zr-cronGuareie rIMHBI, MOKa3ald, YTO MPU OKUCIMTEILHOM JETHIAPUPOBAHUH ITaHA B ATUIIEH BBICOKYIO
CENISKTMBHOCTh HMMEIOT KaTaJHM3aTopbl ¢ XUMHuYeckuM coctaBoM VMoTeNb, HecMOTpst Ha cojepaHHe B HHUX
AKTHBHOU MacCBhl.

CwMmemannble okcuabl MetauioB MoVTeNb uMeroT HU3KyH0 IUIOIIaAb MMOBEPXHOCTH, YTO OTPaHHYMBACT HX
HNOTEHIMAJIbHOE IPOMBIIUIEHHOE IPUMEHEHHE. BKIIOYeHHEe OKCUAOB METAIJIOB HAa MOAJOXKKY YIydIlaeT
MEXaHW4YEeCKHE CBOMCTBA KaTaJlM3aTOPOB M, KaK IPaBWIO, MOAWGHIMPYET MX KaTaJUTHYECKOE IOBEAEHHE, UYTO
MOXET OKa3bIBaTh HEOJIArONPHUATHOE BIMSHIE Ha KaTAIUTHUECKYIO AaKTUBHOCTb.

[Tomy4eHHbIe pe3yabTaThl MCCIECAOBAHUS CBHICTEIBCTBYIOT O TOM, YTO HaHeceHHe Ha Al-, Zr-cronmbuarsie
TJIMHBI TIOJHOKCUAHBIX akTUBHBIX (pa3 LaNbMo m VMoTeNb Moxer ymydmmuTs (pu3ndeckre M MeXaHHIeCKue
CBOHCTBA KaTaJIM3aTOPOB 3TUX THUIIOB 3a CUET M3MEHEHHS KaK ITPHUPO/IBI KPHUCTAIUINIECKOTO (ha3bl U KaTaIUTHIECKNE
CBOICTBA B PEAKLIUSIX OKUCIICHUS.

KaroueBble €10Ba: OKUCIUTENBHOE IETUAPUPOBAHNE; 3TAH; ITHICH; MEXaHU3M; IIPOM3BOACTBA ITUIICHA.
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