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HYDROGENATION OF AROMATIC HYDROCARBONS
ON MODIFIED METAL CATALYSTS SUPPORTED
ON CARBON CARRIER

Abstract. The catalyst of the selection hydrogenation of benzene in engine fuels is developed. Methods of
drawing low-percentage rhodium catalysts on the basis of natural and synthetic carriers are developed for
hydrogenation of benzene in main products. It is established the optimum modes of carrying out hydrogenation of
benzene on rhodium catalysts applied on zeolite and clay with the given structural characteristics. It is defined that
1 % the rhodium catalysts supported on zeolite increases selectivity on cyclohexane. Results showed that carrying
out reaction of hydrogenation of benzene on the developed rhodium catalyst allows to receive pollution-free motor
fuel with the low maintenance of aromatics.
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Introduction. The rapid growth of road transport in the developed countries where car density has
reached 10-20 km2 resulted in severe contamination of the environment and especially emissions of
harmful air basin exhaust gases [1]. A huge amount of pollutants produced during the combustion of
motor gasoline, results in the fact that environmentally requirements are deduced in first place among all
the requirements for gasoline. Ecological Problems of associated with environmental pollution at the
expense exhaust emissions requires improving the quality of motor fuels. Aromatic hydrocarbons are
subjected to catalytic hydrogenation to transfer them to naphthene for reduce the amount of them. The
study of the process of catalytic hydrogenation of aromatic hydrocarbons and suitable catalysts
improvement are an important task. The structure of aromatic hydrocarbons has a significant effect on
carbon formation in combustion chambers and valves on engines, which impairs their performance
indicators such as power, economic and environmental characteristics. Under the influence of high
temperatures, aromatic hydrocarbons undergo oxidative conversion and are the main source of fouling [2].
Among the aromatic hydrocarbons the most low-boiling aromatic compound is benzene. Benzene
damages many organs and vital systems, but, in general considering he is a poison blood [3]. Petrol
fraction has to have several properties for using them as a component of engine fuel. So, for example,
there is the extreme content of aromatic hydrocarbons and sulfur compounds above which the fraction
cannot be used. This extreme content is caused by the fact that the considered fraction in termination
products contains in particular quantity, and the compounding will not allow to receive the marketable
products answering on aromatic and sulfur content are gray to requirements of standards [4].

Mainly, various hydrogenation processes are applied to decrease in content of sulfur and aromatic
compounds in petrol fractions. Hydrotreating, hydroupgrading, hydro-dearomatization are considered to
them. The specified processes are carried out with use of sulfidic Ni-W and Co-Mo. Processes are carried
out in flowing system at temperatures 350-450 °C at feed rate of raw materials 1-3 of the 1/hour and
pressure of hydrogen, as a rule, to 50 atm. (sometimes even to 70-100 atm.) Reactions of catalytic
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hydrogenation of benzene and dehydrogenation of cyclohexane can go only on the transitional metals
having face-centered cubic structure or hexagonal structure and besides atomic radiuses of strictly
particular sizes [5-6]. Palladium, platinum, iridium, rhodium, osmium are active catalysts of
hydrogenation of benzene and a dehydrogenation to cyclohexane and meets the above requirements [7].
At the beginning of our century, Sabatye and Sanderan found that benzene is easily hydrogenated into
cyclohexane in the presence of nickel catalysts. Hydrogenation carried out at T= 120-250 °C and
P=2-6 MPas and rate of volume flow on benzene 0.5-2 p-L Conversion level reaches 95 %. On platinum
catalysts hydrogenation of benzene proceeds under the same conditions, as on nickel, and the almost
complete conversion at selectivity is reached, by the close to 100 % [8-9]. The advantages of platinum
catalysts are necessary to carry them a little smaller sensitivity to sulfur compounds and a possibility of
reactivation ofthe catalyst, than at nickel. The disadvantages are sensitivity to presence of moisture at raw
materials that causes the necessity carefully to drain benzene [10].

Selective hydrogenation of benzene to cyclohexane (SHBC) has attracted many attentions during the
past decades [i1:-12], due to its simplicity, high yields and costs compared with other cyclohexane
production methods. Hydrogenation of benzene in cyclohexane is the main method of receiving
cyclohexane. Cyclohexane is used for production of caprolactam in the industry of synfils, for receiving
hexane diacid and cyclohexanol. Clear benzene, free of sulfur compounds, hydrogenate in a liquid phase
over the nickel or platinum catalyst at 4 MPas, 200 °C and rate of volume flow of supply of raw materials
1-3p-1 The benzene containing sulfur and nitrogen compounds is hydrogenated over the nickel tungsten
sulphide catalyst at 24 MPs, 300 °C and rate of volume flow 0.5 p-1 At hydrogenation of benzene in
cyclohexane light-end and other by-products are practically not formed [13-14]. Nickel catalysts on
carriers are most often used: alumina, chromium oxide, etc. The nickel-chrome catalyst, as well as other
nickel contacts, easily gets poisoned with sulfur compounds. Poisoning is bound to strong, irreversible
adsorption of the last, i.e. to blocking of the fissile surface, and at elevated temperatures and to formation
of chemical combinations [15].

Catalysis using nanoscale materials has been one of the most active research areas in recent years
because of its relevance to chemical and energy related applications. Recently, several excellent review
articles have shown that nanocatalysts with high dispersion and narrow size distributions stabilized by
appropriate supports or capping materials can work under milder conditions with higher activity and
selectivity as compared to conventional heterogeneous catalysts [16-17]. It is known that transition metal
nanoparticles are effective catalysts, and the catalytic activity depends on their shape, size, and surface
structure of the solid supports [18-20]. Modifying of natural zeolites becomes particularly important in
connection with a possibility of creation of catalysts on their basis for process of thermocatalytic
transfomation of low-quality hydrocarbon raw materials in alicyclic rings. It is established that the greatest
positive effect gives modifying of zeolites platinum, palladium and rhodium.

In the real work optimum conditions of a dearomatization on the basis of benzene hydrogenation
reaction, for receiving cyclohexane are picked up. Rhodium catalysts operate in more weak conditions and
have more selectivity than the traditional systems based on other metals. Kazakhstan possesses huge
reserves of natural zeolite and clay which can be used as catalysts of hydrogenation of aromatic
hydrocarbons for receiving an ecological straight product - cyclohexane. The aims of the work were
synthesis of new rhodium nanosized catalysts on the carbon carrier with the increased efficiency and
having high selectivity at hydrogenation of aromatic hydrocarbons for receiving pollution-free engine fuel.

Experimental. Red clay, Tonkeris clay, zeolite are used, as a basis for body height and formation of
nanocarbon composites. The choice of Tonkeris clay is caused by the fact that as a part of this clay oxides
FesO4, TiO2, MgO, Cr.0s which have to promote education in the course of a carbonization of fibrous
carbon and nanostructures were found. This catalytic carbon causes increase in a specific surface area and
porosity that leads to formation of a transport time of system [21].

Rhodium catalysts on the basis of zeolite are prepared by an impregnation method with the
subsequent calcination. The impregnated zeolite is exposed to process of a carbonization during
3-5 clocks. The received catalyst containing 0.5-2 % of rhodium is used for hydrogenation.

Carbon materials were prepared by a carbonization and activation at a temperature 400 °C for the
carrier. Argon current is passed for increase in a specific surface area to exemplars during a carbonization.
Carbonization was carried out at temperatures of 650-750 °C at an interval of 25°C. Propane is used as a
source of carbon.
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The research of activity of the synthesized catalysts was conducted in laboratory flowing installation
of high pressure in the range of temperatures of 50-300 °C, pressure of 0.1-3.0 MPs, rate of volume flow
1.0-4.0 hour-1 Feed rate of hydrogen made 30-60 ml/min.

Hydrocarbon part was analyzed on a chromatograph «Chromatec Cristall 5000». The detector is
flame and ionization. Gas carrier is nitrogen, temperature from 90"C to 180"*-, a stainless steel column
(long 3m, diameter 3mm).

Electronic and microscopic studying of exemplars was carried out on the JEM-100CX device at the
accelerating voltage of 100 kV. The device allows study objects at high-res (3.0E).

Results and discussion. The rhodium and cobalt carbon catalysts supported on various carriers were
prepared and tested. Also low-percentage rhodium carbon catalysts on the carbonized apricot stones were
synthesized. Different concentration of rhodium supported on a series of carriers: Al203, zeolite, clay.
Cobalt contained carbon catalysts were prepared for comparison of catalytic activities.

At researches of clay breeds from various regions of Kazakhstan for production of catalysts, us it is
established what the kaolinit of clays is inexpedient to use additives for carriers of carbon catalysts.
Carbonization of clays in the range of temperatures 700-750 °C well develops a specific surface area.
Chemical composition of clays is presented in table 1.

Studying chemical composition of clays and a research of process of a carbonization it is possible to
tell all clays can be used as carriers of rhodium carbon catalysts. As a part of clays as appears from table 8,
there are ion-exchange cations: Na+ K+, Ca2+ Mg2+which decrease almost twice at processing. Also the
increased content of iron in TC is observed.

Table 1- Chemical composition of clays

Clay Mass %

Si0O2 Al203 Fe304 TiO2 Na20 K20 CaO MgO & 203 HD others
TC 52.4 15.6 8.2 17 13 3.22 1.2 4.4 0.08 83 3.6
RC 65.3 21.7 0.8 17 0.21 0.83 0.7 0.3 - 49 5.8
WC 56.8 15.6 8.9 0.9 0.7 29 05 32 0.1 75 29

Physical and chemical characteristics of the synthesized catalysts are shown in table 2. Rhodium
salts apllied on zeolites for creation of bifunctional catalysts of hydrogenation. The metal centers allow to
maintain low equilibrium concentration of olefins in a reaction mixture and prevent coking up of a surface
ofthe catalyst.

Table 2 - Main physical and chemical characteristics
of the synthesized rhodium carbon catalysts on different carriers

Indicatores Zeolite Zeolite Clay Zeolite+Clay AhO3
Content of Rh, mass, % - 05 05 05 05
Content of C. mass. % - 50 150 120 9.0
Surface area. m2g 112.0 120 106.0 156.0 96.0
Carbonization. Hour 10 30 10 30 20

Results of hydrogenation of benzene on cobalt and rhodium catalysts at a temperature of 450 °C and
25 atm are shown in table 3. The composition of hydrogenates of benzene depends not only on a catalytic
activity and also from conditions of supply of hydrogen and benzene. Follows from the received
experimental results that with increase in supply of benzene in an original stock. a cyclohexane exit
gradually decreases because of shortage of hydrogen. On cobalt catalysts conversion of benzene contains
51 % at temperature of 430 °C.

Table 3- Conversion of benzene on different catalysts (CAS)

Ta Conversion of benzene %
05 %Rh 5% Co 7% Co

350 47 24 27
380 49 29 32
400 59 3 35
430 64 41 42
450 65 42 45
480 65 45 48
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From all tested exemplars, the rhodium catalyst on zeolite differed in the highest activity. It is
considered that for efficient operation of bifunctional catalysts the metal centers have to be as it is possible
closer to the acid centers therefore most often the metal component is applied immediately on the surface
of zeolite.

Further synthesized rhodium catalysts applied on clay. Their catalytic activity in benzene
hydrogenation reaction was checked. It is by practical consideration defined that at a research of activity
of 0.5-2 % of the rhodium put catalyst formation of methylcyclopentane, methylcyclopentane,
cyclohexane is observed.

Figure 1 shows the graphical dependence of benzene conversion on temperature. It can be seen from
the figure that among all the modified catalysts, the catalyst based on clay containing 0.5 % rhodium
exhibits the least catalytic activity.

Figure 1- Dependence of benzene conversion on temperature on different catalyst

Figure 2 - Dependence of the yield of cyclohexane on various catalysts

Dependence of yield of cyclohexane on amount rhodium in catalysts are shown in Figure 2. The
catalytic activity increases in the benzene hydrogenation reactions, when the zeolite is modified with 1 %
rhodium. According to data figure 2, Rh 1% catalyst supported on zeolite is the most active catalysts. As
noted above, the zeolite modified with 0.5 rhodium allows one to obtain dimethylbutane (2,2-DMB),
methylcyclopentane and cyclohexane in the mixture of isomers. A comparative physicochemical analysis
of the carbonized modified rhodium zeolite showed that catalytic hydrogenation of benzene catalyzed in
the reactions for obtaining valuable by-products.
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The obtained results showed that in the study ofthe catalytic activity of rhodium catalysts, active and
selective catalyst was 1% rhodium supported on zeolite, the maximum amount of the desired products was
observed in the reaction mixture.

Catalysts with a different ratio of components of the fissile phase were prepared and investigated in
the course of benzene hydrogenation. The catalyst synthesized rhodium 0.5 % worked within 20 hours in
an interval of temperatures 400-420 °C under pressure hydrogen of 18 atm. before activity loss.

Catalysts with a different ratio of components of the fissile phase were prepared and investigated in
the course of benzene hydrogenation. The catalyst synthesized rhodium 0.5 % worked within 20 clocks in
an interval of temperatures 400-420 °C under pressure hydrogen of 18 atm. before activity loss. The
deactivated catalyst was investigated by physical and chemical methods of the analysis. Comparisons of
specific surface areas and activity of prepared, the deactivated and regenirated exemplars shows, that at
thermal regenerations in the atmosphere of hydrogen catalytic activity is restored (table 4).

After regeneration in argon current at temperatures of 650 °C on rhodium catalysts activity for 50 %
allowed to restore catalytic carbon. And regeneration of rhodium catalysts in the atmosphere of hydrogen
restored catalytic activity for 80 %.

Table 4 - Characteristics of synthesized Rh catalysts

Catalysts Surface area. m2g
0.5 % Rh on carbon 535
0.5 % Rh on deactivated carbon 180
0.5 % Rh on deactivated carbon (in argon flow) 322
0.5 % Rh on regenerated carbon (in hydrogen flow) 480
a b
a) - 19%of Rh/zeolite b) - 0.5% of Rh/zeolite

Figure 3- SEM pictures of catalysts

The synthesized rhodium catalysts were investigated by method by an electronic and microscopic
method. It is shown in Figure 3, that exemplars of the rhodium catalyst put zeolite are in an amorphous
crystalline state, and amorphous is understood as an amorphous state, i.e. in this state there can be also
crystal ultra-dispersible particles with sizes less than 500 nanometers. Rhodium the applied zeolite with
clay raises dispersion of a surface. Apparently from the figure 3 (b), rhodium catalysts nanoparticles of 50
nanometers in size, and were formed less.

Conclusion. The catalyst of the selection hydrogenation of benzene in engine fuels is developed.
Methods of drawing low-percentage rhodium catalysts on the basis of natural and synthetic carriers are
developed for hydrogenation ofbenzene in main products.

It is established the optimum modes of carrying out hydrogenation of benzene on rhodium catalysts
applied on zeolite and clay with the given structural characteristics. It is defined that 1% the rhodium
catalysts supported on zeolite increases selectivity on cyclohexane.
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Influence of the rhodium catalyst on effectiveness in reactions of hydrogenation of benzene in
cyclohexane and main products is defined. Conversion of 1 % the rhodium catalyst makes 75-80 %, with
ultimate yield of isomers of 65 % (methyl cyclohexane, methylcyclopentane).

Results showed that carrying out reaction of hydrogenation of benzene on the developed rhodium
catalyst allows to receive pollution-free motor fuel with the low maintenance of aromatics.

As a result it is possible to improve significantly ecological characteristics of engine fuel for
achievement of parameters, conditioned Euros-4.

A.H. ArtyFan), C.K. TawpbepreHosa2 E. Twey6epa™?,
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APOMATTbI KOM1PCYTEKT1 KOM1PTEK TACBIMANAOATbILLUTATbI
MOANDONLUNPNEHTEH METANNT KATANTN3ATOPbIHOA TUAPAEY

AHHOTauma. COHrbl XblIAapbl Ken en MOTOP OTbIHbIL, canacbiHa KaTbICTbl KaTaH Tanan Kotoga. Motop
OTbIHbIHA KOWbIIraH TananTap aBTOMOOUbAI GEH3MH KypamblHAarbl KylpT Mefwepi, GynaHrbiWTbirbl MeH
GeH3MHHIH KeMIpTEeKTi Kocnacbl: apoMaTTbl X3He OneMHAi KeMipcyTekTep MenwlepiH asaiiTyra Herisgenegi.
KeMipKBbILLKbIN rasbl, KyWPT AMOKCWAI, KYVR CbiHfbl 3UAHAbI 3aTTap ONapablH XaHybl 6apbICbiHAa KO3ranTKbILLKA
Ken Menwepge TYceni. CoOHbIMEH KaTap, KenTereH apoMaTTbl KeMipCyTeKTep aca y/ibl 3aT 60/bIN caHanagpl.

OcblraH 6alinaHbICTbl MOTOP OTbIHbI KypamblHAArbl apoMaTTbl KEMIPCYTEKTIH, acipece, 6eH30/14bIH MenLepiH
asaiiTy macesiec e3ekTi 6onbin ecenTenedi. beH30M X3He OHbIH LWasa XaHy €eHiMi 6eH30MMPeH-KaHLeporeHsi 3ar,
aflam X3He XaHyap emipiHe Kayin Tygblpagbl. ApOMaTTbl KEMIPCYTEKTI KaTaMTUKaIbIK TMAPNEYAi 3epTTey XKIHe
Kasipri TaHZa HapbIKTarbl Katanm3atopnapblH canacbiH apTTbipy Aa Maubl3fbl. BeH30M4bl KaTanUTUKabIK rugpney
peaKLMACHI TEK KaHa aTOM/bIK paguychl HakThl 6ip enwemaepre ve, TYMipLiktenreH Ky6nK Hemece rekcaroHanbl
KypblnbiMra ne aybicnasibl MeTangapia Xypear Mannagwii, nnatvHa, MpUaWiA, poawiA, OCMWIA 6eH30nAblI TUApney
YepiciHiH aKTMBT KaTa/n3aTopbl XX3He XXOorapblars! aTajiraH Tanantapra TONbIKTai caii Kenegj.

LimknorekcaHgbl 6eH3014bl T1Apney peakumschl apKbiibl anyra HerisgenreH feapomartay YPLICIHIH Trimgai
LIapTTapbl OCbl XXYMbICTa TaHganbiHAbl. 03re MeTangapra HerisgenreH ascTYpni xYlVlenepaeH repi, poawid
KaTanm3aTopiapbl XOrapbl CEeNeKTWMBTI XK3He >Kelyl >karjaiifa Kbl3MeT aTkapagbl. OKOMOrMANbIK Tasa el
LUMK/IOreKcaHabl asyra apHairaH apomartTbl  KemipcyTektepai rugpney  YPici  Katanus3aTopsiapblHbIH
TacbiManarbilbl PeTiHAe KonAaHblna anaTbiH ca3 6eH LeonnTTL YAKeH Kopbl KaszakcTaHaa 6ap. SKonormanbIk Tasa
MOTOP >aHapMaiiblH any YLUiH apoMaTTbl KeMIpPCYTEKTEPAI ruapneyre apHairaH >orapbl CENEeKTUBT KEMIPTEKTI
TacbiManfarbiluTa eHimi >orapbl OTaHAblK POAWIANI KaTanu3aTopabl anyfblH Xaua 34ICTepi XXYMbICTbIH MakcaTbl
60/1bIN caHanagpl.

Kap6oHpgay Y/epici Ke3iHAe TanlublKTanraH KemipTeri MeH HaHOKYpPbITbIMHbIH Naiiga 6onysiHa ceben 60MaTbiH
Fe304, TiOz2, MgO Cr203, okcugrepi 6onraHablkTaH TeHKep FAnHackl TaHgangsl. LleonmT Henswgen poguii
KaTanusaTopsiapbiH OTbIPrbI3y 3AICI apkbiibl anagbl. CUHTE3feNnreH KartanusaTopnapAblH 6eficeHfwn orapbl
KbICbIMAarbl 3epTxaHanblk KoHAblprbiga, 50-300° C temnepatypa x3sHe 0,1-3,0 Mlla KbicbiM AMana3oHbiHAA
3epTTengi, Kenemzik arbiM Xbingamapsirsl 1,0-4,0 car-1

MoTop OTblH KypamblHAarbl 6GeH30M4i CenekTWBTI ruapneyre Ko/jaHblNaTblH KaTanusatop faiblHAangbl.
BeH3ongbl MakcaTTbl ewimre ruapney YLWiH Tabury X3He CUHTETUKa/IbIK TacbiMangarbilutap HerisiHge TemeHri
MefnLepgeri poauii OTbIprbidy 3gici KongaHbingsl. KypblibiMAbIK cvnatTamanapbl 6enrini LeonuT neH ravHara
OTbIPrbI3bIIraH PoAauiA  KaTanusaTopiapbiHAaa 6eH30M4bl rUApneydiH TMiMAI pexxumi  aHblKTangbl. LleonnTke
OTbIprbi3bliraH 1% poauii KaTanm3aTopbl LMK/IOreKkcaH 6OMblHLWA CeNeKTUBTLLKA apTTblpaTbiHbl aHbIKTAbI.
BeH30nabl LMKOrekcaHra fellH ruapney peakumacbiHbiH 3(eKTUBTINIMIHE POAUI KaTaM3aTopnapblHbiH 3cepi
aHblkTangbl. 1% poguii  KaTanmsaTop  KaTtbiCbiHAa,  Y/[epic  HaTwkeciHae 65%  (METWILMKNOTEKCaH,
METWULMKIONEHTaH) N30Mep/Iep LWbIrbIMbl 60/raH Xaraainga koHsepcus 75-80% kepceTn.

Hatwxenepre calikec, acanblHraH POAWIA KaTanu3aTopblHAa OeH30n4bl rMAapneyai Xypnsy KypamblHAa
apomatTbl KeMipCyTeKTiH Mesllepi TeMeH 3KOMOMUANbIK Ta3a MOTOP OTblHbIH anyra MYMKiHAIK GepeTiHAiriH
KepceTTi. HaTmxeaHe Eypo-4 cTaHfapTTapblHa Cali nmapameTpriepre eTeTwl fapexefe MOTOP OTbiHAAPbIHbIH
3KOMOrUsA/bIK cunaTTamanapblH apTTbipyra 6onagpi.

TYViiH ce3fep: ruapney, apoMaTTbl KeMipcyTeKTep, 6eH30/1, KaTanusaTopnap, ca3, LeonuT
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rMaoPMPOBAHVE APOMATUNYECKUX ¥YTJIEBOOOPOAOB
HA MOANDPNLUMPOBAHHbBIX METANJT-KATANTN3ATOPAX
HA YT NEPOOHOM HOCUTENE

AHHoTauusa. B nocnegHue rogpl Bce 6onee yxxecTouvatoTCs TpeboBaHMA K KaueCcTBY MOTOPHOrO TOM/MBA BO
BCceX cTpaHax. CTporvie ycroBms Ha aBTOMOGU/bHBIA GEH3MH OrpaHM4MBAlOT COfepXKaHue Cepbl, UCMNapseMocTb U
YINeBOAOPOAHbIV COCTaB GeH3MHA: apoOMaTUYeCKuX U 0NeqMHOBLIX YIIEBOAOPOLOB. BpeaHble BELLECTBa, TakMe Kak
OKWCb Yrfiepofa, ABYOKUCH Cepbl, Caxka NnonajaroT B ABuUrateny B 60/bLIMX KOMNMYeCTBaxX Mpu ux cropaHum. Kpome
TOro, MHOTMe apoMaTMYeCKmne YreBoA0POAbI TaKXKE ABNAKOTCSH BbICOKOTOKCUYHbBIMM BELLIECTBAMM.

B cBA3K C 3TUM, YMeHbLUEHNE KONMYeCTBa apoMaTUUeCKUX YrieBoLopoaoB, 0COOeHHO 6eH30Ma, B MOTOPHbIX
TOMMMBAxX ABNSETCA aKTyanbHOW U HEOTNOXHON 3afayeli. BeH301 1 NPOLYKT HEMOAHOrO OKUCAeHUst GeH30NMPEH -
KaHLEepOreHHOe BELUECTBO, HaKan/jMBalOLLeecs B OKpYXKatloleld Ccpefe, OKasblBaeT HEeraTMBHOE BAMSHME Ha
6€e30MacHOCTb XXU3HU JHOfEA U XMBOTHbIX. BaXkHON 3afaveli ABNsSeTCA M3y4eHWe MpoLecca KaTaIMTUYECKOro
rMOPUPOBAHMA  apOMaTUYeCKUX Yr/eBOAOPOAOB W Y/yYLIeHNe COOTBETCTBYIOLIMX KaTann3aTtopoB. Peakuuu
KaTaIMTUYeCKOro rugpupoBaHus 6GeH3o/a MOryT MpOTeKaTb TOMbKO Ha MEePexXOfHbIX MeTaifiax, WMEeoLUX
rPaHeLeHTPUPOBAHHYHO KYOUUECKYHO WM FeKCcaroHa/lbHY CTPYKTYPY W, KPOME TOro, aTOMHble paguycbl CTPOro
onpefeneHHbIX pasmepos. Mannaguid, nnatuHa, VPWAWA, POAWIA, OCMUIA SIBISKOTCSA aKTUBHLIMK KaTasM3atopamu
rMaprpoBaHnsa 6eH30/a LMKIOreKcaHa U 0TBEYat0T BblleyKa3aHHbIM TPEBOBaHNAM.

B paHHOIN paboTe nogo6paHbl ONTMMasbHbIE YCNOBUS AeapoMaTv3auuy Ha OCHOBE Peakuuv rapupoBaHUs
6eH3o/a 419 NonyyeHns LMKIOrekcaHa. PoAmeBble KaTanm3aTopbl paboTaroT B 60/1ee MATKUX YCIOBMAX U 061atatoT
6onblueli CeneKTUBHOCTbIO, YeM TPaAMLMOHHbIE CUCTEMbI, OCHOBAaHHbIE Ha ApYyrux MeTannax. KasaxctaH obnagaet
OrPOMHBIMM 3aracamMu NPUPOAHOro LieonnTa U IMUHbI, KOTOPble MOTFYT ObiTb UCMOMb30BaHbl B KAYECTBE HOCUTENS
KaTan13aTopoB rMApMPOBaHNA apoMaTUYECKMX YTr1eBO4OPOL0B A4S MOMYYEHNS IKOIOMMYECKOTO YACTOrO NPOAYyKTa
- LMK/OTeKcaHa. b0 paboTbl ABMAIOTCA HOBbIE METO/bI MOYYEHNS POANEBBLIX HAHOPA3MEPHbIX KaTann3aTopos C
MOBbILLEHHOM MPOAYKTUBHOCTBIO Ha YI/IEPOAHOM HOcWTene, 001afatoliemM BbICOKOM CEeNeKTUBHOCTLIO MpU
rMApUPOBaHMK apOMATUYECKUX YTNIEBOAOPOLOB AJ1F MOMYYEHNS 3KOMOMMYECKN YNCTOr0 MOTOPHOTO TOM/IMBA.

BbI60p TOHKEPCKOI FUHbI BbI3BaH TEM, YTO B COCTaBe onpegeneHbl okenabl Fe304, TiO2, MgO Cr203, KoTopble
Cnoco6CTBOBYHOT 06Pa30BaHMIO BOMIOKHUCTOMO Yrnepoja v HaHOCTPYKTYP B mpouecce Kap6oHusaumn. Poayesble
KaTanm3aTopbl Ha OCHOBE LieonuTa NosyyatoT METOLOM MPOMUTKM C NOCNedyoLWMM NpoKanvBaHueM. VccnenosaHme
aKTMBHOCTU CMHTE3MPYEMbIX KaTanu3aTOpPoB MPOBOAWIOCH B /IaBOPATOPHON YCTaHOBKE BbICOKOrO [aBfeHWs B
AmanasoHe TemnepaTyp 50-300° C, gasneHus 0,1-3,0 MMa, ckopocTy 06beMHoro notoka 1,0-4,0 yac-1

Pa3paboTaH KaTasM3aTop CeNeKTUBHOMO rMapupoBaHns 6eH30na B MOTOPHbIX TOMIMBax. Pa3paboTaHbl Crocobbl
HaHECEHMS HWU3KOMPOLLEHTHLIX POAMEBBLIX KaTan3aTOpoB Ha OCHOBE MPUPOAHbIX U CUHTETUYECKMUX HOCUTENeR ans
rMaprpoBaHua 6eH30M1a B LeneBble MPOAYKTbl. YCTaHOB/EHbI ONTUMaNbHbIE PEXVMbI MPOBEAEHNUS TMAPUPOBaHMUA
6eH30Ma Ha pOAMEBbLIX KaTaiM3aTopax, HAHECEHHbIX Ha LUEOAMT W [AWHY C 33[aHHbIMU  CTPYKTYPHbIMM
Xapaktepuctrkamu. OnpefeneHo, 4to 1% poAWeBbIX KaTann3aTopoB, HaHECEHHbIX Ha LEONWUT, YBe/NYMBAET
CeNeKTUBHOCTb MO LMK/IoreKcaHy. BamsHve poAmeBoro kKartanmsaropa Ha 3(qeKTMBHOCTb peakuuy ruapupoBaHus
6eH30/1a B LMK/IOTEKCaH M B OCHOBHbIE MPOAYKTHI Bblin onpefeneHbl. Kousepcusa 1% poaveBoro Kartanmsatopa
cocTaBnsieT 75-80% npu KOHEYHOM BbIXOe N30MepPoB 65% (METUALMKIOreKCaH, METULMKIONEHTaH).

Pe3ynbTaTbl MOKas3anu, 4TO MPOBEAEHME peakuuu ruapupoBaHMs 6eH30na Ha pa3paboTaHHOM pPOAMEBOM
KatanmsaTope MO3BOMISET MOMyYaTb IKOJIOTMYECKM YMCTOE MOTOPHOE TOMAMBO C  HU3KMM  COLEpPXKaHWEM
apomMaTnyeckmxX YrnesofopofoB. B pesy/nbTaTe MOXHO 3HAYMTENIBHO Y/YYLLNTL 3KO/IOrMYECKME XapaKTepUCTUKU
MOTOPHOrO TON/MBA A1 LOCTUMXKEHWA NapaMeTpOoB, COOTBETCTBYIOLMX cTaHapTam Espo-4.

Kntouesble cnoBa: ruapupoBaHmne, apoMaTUyecKune yriesogoposapl, 6eH30/, KaTtanmsaTopbl, [MHa, LEonuT.
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