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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
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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.

Keywords: hydrogenation, aromatic hydrocarbons, benzene, catalysts, clay, zeolite.

Introduction. The rapid growth of road transport in the developed countries where car density has
reached 10-20 km’ 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'. 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 of the 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 [11-12], 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™". 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'. 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
Fe304, TiO2, MgO, Cr,03 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 thodium 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™. 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°C, 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: AlLOs, 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*, Ca**, Mg*" which decrease almost twice at processing. Also the
increased content of iron in TC is observed.

Table 1 — Chemical composition of clays

Clay Mass %

SIOZ A1203 FC304 T102 NaZO Kzo CaO MgO Cr203 Hzo others
TC 52.4 15.6 8.2 1.7 1.3 3.22 1.2 4.4 0.08 8.3 3.6
RC 65.3 21.7 0.8 1.7 0.21 0.83 0.7 0.3 - 4.9 5.8
WC 56.8 15.6 8.9 0.9 0.7 2.9 0.5 32 0.1 7.5 2.9

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
of the catalyst.

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

Indicatores Zeolite Zeolite Clay Zeolite+Clay AlOs
Content of Rh, mass, % - 0.5 0.5 0.5 0.5
Content of C. mass. % - 5.0 15.0 12.0 9.0
Surface area. m%/g 112.0 122.0 106.0 156.0 96.0
Carbonization. Hour 1.0 3.0 1.0 3.0 2.0

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)

T.5C Conversion of benzene %
0.5 % Rh 5% Co 7 % Co

350 47 24 27
380 49 29 32
400 59 33 35
430 64 41 42
450 65 42 45
480 65 45 48




ISSN 2224-5286 Series chemistry and technology. 3. 2020

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.
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Figure 1 — Dependence of benzene conversion on temperature on different catalyst
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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.




News of the Academy of sciences of the Republic of Kazakhstan

The obtained results showed that in the study of the catalytic activity of thodium 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. m*/g
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) — 1% 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.c. 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 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.

— g4 ——
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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.
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APOMATTBI KOMIPCYTEKTI KOMIPTEK TACBIMAJIJIAFBILITAFBI
MOINPULNHAPJIEHI'EH METAJIJI KATAJIM3ATOPBIHJIA TUAPJIEY

AnnoTauusa. COHFBl XKbUIJAphl KOI €1 MOTOpP OTBIHBIH camachblHa KaThICThI KaTaH Tajam Kokwoja. Mortop
OTBIHBIHA KOWBLIFaH TalanTap aBTOMOOWIIBAI OCH3MH KypaMbIHIAFbl KYKIPT MeJuepi, OyJIaHFBIIUTBHIFEI MEH
OCH3MHHIH KOMIPTEKTI KOCHAChl: apoMaTThl XoHE OJeHHAI KOMIpCYTeKTep MeIIIEepiH a3alTyFa Herizueneni.
KeMipKBIIIKBLUT Ta3bl, KYKIPT THOKCHI, KYHE CHIHABI 3USHABI 3aTTap OJapblH JKaHybl OapbICHIHIA KO3FAJITKBIIIKA
ken Memmiepae Tyceni. COHBIMEH KaTap, KONTETeH apoMaTThl KOMIpCYTEKTEep aca yIIbl 3aT OOJIBIN CaHaJIa bl

OcpiraH 0aiiIaHBICTEI MOTOP OTHIHBI KYPaMBIHIAFBl apOMATTHl KOMIPCYTEKTiH, acipece, OCH30JIIbIH MOJIIEPiH
azafTy Mocelneci e3eKTi 0ombIn ecenreneai. beH30s koHe OHBIH IIaNa aHy ©HIMi OCH30IHMpEH-KAHIEPOTeH i 3aT,
ajiaM JKOHE JKaHyap eMipiHe Kayill TyIbIpajbl. ApOMaTThl KOMIPCYTEKTI KaTalIWTHKAIBIK THAPIIEYl 3epTTey JKOHE
Ka3ipri TaHOa HapBIKTaFbl KaTaIM3aTOPJIAPIbIH CallachlH apTTHIPY Ja MAaHbBI3Abl. beH3071bI KaTATUTHKAJIBIK THAPIEY
peakLusIChl TEK KaHa aTOMJBIK paJnyChl HAKTHI OIp eJemaepre ue, TyHipiikTeareH KyOTik HeMece reKcaroHasibl
KYpBUIBIMFa M€ ayblcrainbl Metanaapna xypeai. [lamraauii, nnarnHa, upuauid, poanii, ocMui OEH30JABI TUAPIIEY
YZEPICiHIH aKTHBTI KaTaJIM3aTOPHI )KOHE JKOFAPBIIaFbl ATAJIFAH TaJalTapra TOJIBIKTAaN cail Keei.

L{ukiorekcanapl OEH30J/1bI THAPIEY PEAKLMIChl apKbUIbl allyFa HETI3[eNreH JeapoMarTay YpAICIHIH THIMII
mIapTTapsl OChl JKYMbBICTA TaHJAJBIHIBL ©O3re MeTalapFa HETI3AeNreH JICTYpIl JKyHelepieH repi, poauid
KaTallM3aTopiiapbl JKOFapbl CEJIEKTHBTI JXOHE KEHUI >Karhaiijia KbI3MET aTrKapaabl. OKOJOTHSUIBIK Ta3a ©HIM
LUKJIOTEKCaH/Abl ~ ajyFa apHaJFaH apoMarThl KeMIpCYTEeKTepAli THIpJiey YpZIici  KaTalu3aTopJIapbIHBIH
TacCBIMANJAFBIIIBI PETIHAE KONJAaHBUIA aaThIH ca3 OCH IEONMHTTIH YIKeH Kopbl Kazakcranma 6ap. DKOJIOTHAIBIK Ta3a
MOTOp KaHApMaHBIH ally YIIiH apoMaTThl KeMipCyTeKTepli TUApIEyTe apHaIFaH JKOFaphl CEJCKTHBTI KOMIPTEKTi
TaCBIMANJAFBIIITA OHIMI KOFaphl OTaHIBIK PO KaTadH3aTOPIBl aTyIbIH JKaHA QMICTEPi >KYMBICTHIH MaKCaThI
6OJIBIT caHaAJIAdbI.

KapOonpay yzepici ke3iH/ie TalllbIKTallFaH KOMIpTeri MeH HaHOKYPBUIBIMHBIH Taiiia 0osybiHa ceben 00aaThiH
Fe;04, TiO2, MgO Cry0s, okcuarepi OosraHasikTaH TeHkep TiMHACHl TaHmannel. Lleomut Herisimmeri poaui
KaTaJM3aToOPJIapblH OTBIPFBI3Y OicCi apKbUIbl anaasl. CHHTE3ICITeH KaTalu3aToOpJIapAblH OCICeHAUIINT >KOFaphl
KBICBIMJIaFbl 3epTXaHalbIK KOHABIPFBAA, 50-300° C Temnepartypa skone 0,1-3,0 MIla kbIchbIM Auamna3oHbIHIA
3epTTEeNli, KOJIEMIIK aFbIM KbUTIaMIbFs! 1,0-4,0 carl.

MoTop OTBIH KypaMmblHIAFbl OEH30JJII CEJEKTHBTI THApJEYyre KOJIJaHBIIATHIH KaTallM3aTop JaibIHIAJIbI.
BeH3omnnpl MakcaTThl OHIMIe THApIIEY VIIIH TaOWFH >KOHE CHHTETHKANBIK TaChIMAJIArbIIITap HEri3iHAE TOMEHTI
MOJIIIepIeri pOAui OTHIPFBIZY OficI KOJMAHBUINBL. KYPBUIBIMIBIK CHITaTTamajapbl OENTiNi IEONUT TeH TIMHAFa
OTHIPFBI3BUIFAH POIMH KaTadu3aTopiaphiHAa OEH30NMABl THAPJCYHIH THIMII peXuMi aHBIKTanAbl. lleommTie
OTBIPFBI3bUTFAH 1% poamii KaTaau3aTopbl LUKIOTEKCaH OOMBIHINA CENEKTUBTLIIKTI apTTHIPATHIHBI AHBIKTAJJIBL.
beH30s11bl LUKIIOTEKCAaHFa AEHIH THApIeY peakUuuschiHbIH 3()(EKTUBTININIHE POANI KaTalnn3aTopiIapbIHbIH dcepi
aHbIKTANOBl. 1% pommii KaTaim3aTop  KaThICBIHAA, YIepic HoTwkeciHme 65%  (METHIIMKIOTEKCaH,
METUIILUKIIOTIEHTaH ) H30MepJIep IIbIFbIMBI OOJIFaH jkaraaiiaa kousepcus 75-80% kepcerTi.

Hotmxenepre colikec, KacalblHFAaH POAUIN KaTaJu3aTOPbIHAA OCH30JIIbI THAPJCYII JKYpPri3y KypambIHIa
apoMaTTbl KOMIPCYTEKTIH MeJIepi TOMEH HKOJIOTHSUIBIK Ta3a MOTOP OTBIHBIH allyFa MYMKIHIIK OepeTiHIiriH
kepcerti. Hormwkecinae Eypo-4 cranmaprrapsiHa cail mapameTpiiepre »eTeTiH JopeKelle MOTOP OTBIHAAPhIHBIH
9KOJIOTHSUIBIK CHITaTTaMajlapblH apTThIpyFa O0Jaibl.

Tyiiin ce3nep: ruapiiey, apoMaTThl KOMIpCyTeKTep, OEH3011, KaTaJlM3aTopJiap, cas, EOJIUT
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IT'naAPUPOBAHUE APOMATUYECKHUX YIJIEBOJOPOJOB
HA MOAN®UIINPOBAHHBIX METAJIJI-KATAJIM3ATOPAX
HA YIVIEPOJHOM HOCHUTEJIE

AnHoTauus. B nocnemHue romsr Bce 6osee y:KecTo4aroTcsl TpeOOBaHUSA K Ka4eCTBY MOTOPHOTO TOIUIMBA BO
Bcex crpaHax. CTporue yciaoBUS Ha aBTOMOOMJIBHBIA OCH3MH OTPaHHMYUBAIOT COJCp)KaHUE CEephI, NCHApSEMOCTh U
YIJICBOJIOPOIHBIN COCTaB OCH3MHA: apOMATUYECKUX U OJIChMHOBBIX YIJIEBOAOPOIOB. BpenHbie BeliecTBa, TakKHe Kak
OKHUCh yIJIepOJa, IBYOKHCh CEPhI, Caka MOMAJa0T B IBUTATS)IM B OOJBIINX KOJIMYSCTBAX MPU MX cropanuu. Kpome
TOI'0, MHOTHC apOMATHYCCKUEC YTJTICBOAOPOAbl TAKKE ABJIAIOTCA BBICOKOTOKCUYHBIMHA BEHICCTBAMMU.

B cBs3u ¢ 3TUM, YMCHBIICHAE KOJIMYECTBA apOMATHYCCKUX YTICBOAOPOAOB, OCOOCHHO OEH30JIa, B MOTOPHBIX
TOIUTUBAX SIBJISICTCS aKTYyaJIbHOW M HEOTJIOXKHOM 3amadeil. BeH30)1 U MPOIYKT HEMOIHOTO OKUCICHHUS OCH30MUpPEH —
KaHIIEPOTEHHOE BEIECTBO, HAKAIUIMBAIOIIEECS B OKPYXAMOMIEH cpene, OKa3bIBaeT HEraTWBHOE BIHMSHUAE Ha
0e30MacHOCTh JKM3HU JIONEH W KUBOTHBIX. BaKHOW 3amaueil sBIsIETCS W3ydYEHHE IpOLecca KaTaJUTHIECKOTO
TUAPUPOBAHUS aPOMATHUYECKUX YTIIEBOJOPONOB W YIYUIICHHE COOTBETCTBYIOIIMX KaTalU3aTopoB. Peakunu
KaTaJIMTUYECKOTO THAPUPOBaHMSI OEH30J1a MOTYT IPOTEKaTh TOJBKO Ha MEPEeXOJHbIX MeTajlulaX, HMEIOIIUX
TPaHEIEHTPUPOBAHHYIO KYyOHMUYECKYI0 MIIM TeKCaroHaJbHYIO0 CTPYKTYpYy M, KpOME TOTO, aTOMHBIE PAIIyChl CTPOTO
OIpe/ieNIeHHbIX pa3MepoB. llammanuii, miatuHa, UPUAHUM, POIMNA, OCMHI ABJISIIOTCA AKTMBHBIMHU KaTalu3aTopamu
TUApUPOBAHUA 66H30ﬂa HUKJIOIr€KCaHa U OTBEYAIOT BbIIICYKA3aHHBIM TpeGOBaHI/lﬂM.

B nanHoit pabore monoOpaHbl ONTHUMabHBIE YCIIOBHS JieapOMaTH3allid Ha OCHOBE PEaKLUU THIPUPOBAHUS
OcH30s1a TS TOJTyYeHHsI IIUKJIOTeKcana. PoiueBbie KaTalu3aTopbl padoTaroT B 00Jiee MITKUX YCIOBUSX U 001a1at0T
0OJIBIIEH CENeKTUBHOCTRIO, YeM TPAUIIMOHHBIC CHCTEMBI, OCHOBAHHBIC Ha Npyrux Mertayuiax. Kasaxcran obmamaeT
OTPOMHBIMH 3arIacaM¥ IPUPOTHOTO I[EOJIUTA U TIHHBI, KOTOPBIE MOTYT OBITh UCIIOJIE30BaHBI B KAY€CTBE HOCHTEIS
KaTaJIn3aTOPOB TUAPUPOBAHUS apOMATHUECKUX YTICBOJOPOAOB JUIS TOIYYCHUS YKOJIOTHUECKOTO YUCTOTO MPOAYKTa
— nuKiIorekcana. 1{enpro paboThI SBIIOTCS HOBBIE METOJIBI MTOMYUYCHHST POAMEBBIX HAHOPAa3MEPHBIX KaTaln3aToOpPOB C
MOBBIIIEHHONH TIPOAYKTUBHOCTBIO Ha YIIIEPOAHOM HOCHTeNe, OONagarolieM BBICOKOH CEIEKTUBHOCTBIO IIPH
THUIPUPOBAHUU APOMATHUECKUX YTIIEBOIOPOIOB IS OTYYCHHUS SKOJIOTUIECKH YHCTOTO MOTOPHOTO TOILTHBA.

Br160op TOHKEpCKO# TIMHBI BEI3BAaH TE€M, UTO B cocTaBe onpeneneHsl okcuIsl Fe;0y4, Ti02, MgO Cr,0s, koTOphIe
CHOCOOCTBOBYIOT 00pa30BaHMIO BOJIOKHHCTOTO yIJIepoJia MU HaHOCTPYKTYP B Ipoliecce kapOoHuzauuu. Ponuesbie
KaTaln3aTophl HA OCHOBE LIEOJINTA MOIYYar0T METOOM MIPOIHUTKH € MOCIEIYIONINM MpoKaanBaHueM. MccnenoBanue
AKTUBHOCTH CHHTE3MPYEMBIX KaTaJH3aTOPOB MPOBOJIMIOCH B JIAOOPATOPHON YCTAHOBKE BBICOKOTO JaBJICHHS B
auanasone temneparyp 50-300° C, napnenus 0,1-3,0 MIla, ckopoctn 06beMHoro noroka 1,0-4,0 uac!.

Pa3paboTaH kaTamu3aTop CEIEKTUBHOTO THAPUPOBAHUS OCH301a B MOTOPHBIX TOILIHBAX. Pa3paboTaHbl ciocoOBI
HAHECEHUS HU3KOIPOIICHTHBIX POJUEBBIX KAaTAIM3aTOPOB HA OCHOBE NPUPOJHBIX M CHHTCTUYCCKUX HOCHTEICH s
TUIPUPOBaHUS OCH30J1a B IIETICBBIC MPOAYKTHL Y CTAHOBJICHBI ONTHMAJIBHEIC PEKUMBI MIPOBEACHUS THIPHUPOBAHUS
OeH307a Ha pONMEBBIX KATalNM3aTOpaX, HAHECEHHBIX HAa IEONUT W TIUHY C 3aJaHHBIMH CTPYKTYPHBIMH
xapakrepuctikamu. OmnpezneneHo, uto 1% pOIMEBBIX KaTadM3aTOPOB, HAHECEHHBIX HA IIEOJIUT, YBEINIUBACT
CEJICKTUBHOCTH TI0 IUKJIOTeKcaHy. BiusHne poameBoro katanm3aTopa Ha 3QQEKTHBHOCTD PEaKIMU THAPUPOBAHUIL
OeH301a B MUKIOTEKCaH M B OCHOBHBIE MPOAYKTHI OblIH ompexneneHbl. Koneepcust 1% ponmmeBoro karammsaTopa
cocraBisieT 75-80% mpu KOHEYHOM BBIXO/I€ H30MEPOB 65% (METHIIMKIOTEKCaH, METHIIUKIIONIEHTAH).

PesynpraTel TOKa3ajgw, 4TO TNPOBEACHHWE PpEakIMH THIPUPOBaHUS OeH307a Ha pa3pabOTaHHOM PpOIHUEBOM
KaTaJn3aTope IMO3BOJSET MOJAYy4YaTh 3KOJOTMYECKH YHCTOE MOTOPHOE TOIUIMBO C HH3KHM COJCPKAHUEM
apoOMaTHYECKHUX YTIIEBOIOPOJOB. B pe3ynbraTe MOXKHO 3HAYUTEIBHO YIYYIIUTh JKOJOTHUCCKUE XAPaKTEPUCTHKH
MOTOPHOT'O TOIIJIUBA JIA JOCTUKCHUA MMapaMETPOB, COOTBETCTBYIOINX CTaHAapTaM EBpO-4.

KiroueBbie cJioBa: rTUAPUPOBAHUE, APOMATHUYCCKIE YTIIEBOIOPOIBI, OCH30II, KaTaH3aTOPkI, TIUHA, IICOJIUT.
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