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HESTEXUMUA

The aim of the work was to study the process of hydrodearomatization and alkylation
of gasoline fractions under increased hydrogen pressure. It has been used Rh-Pt (9:1)/Al,0,
catalyst in the work. It has been studied the hydrogenation of three gasoline fractions of
«Atyrau Oil Refinery» LLP and Pavlodar Petrochemical Plant LLP. Technological parameters
of the process of hydrodearomatization for the production of environmentally friendly fuels,
containing no benzene and low in aromatic hydrocarbons have been worked out (pressure,
temperature). Data on group composition of organic substances in gasolines demonstrate
that after catalytic hydrogenation benzene in final samples of two fractions is absent. For
hydrogenizate, the aromatic content decreased from 11.12 weight % to 2.20 weight %. For
stable catalysate, the amount of aromatics decreased from 51.5 weight % to 10.96 weight %.
Catalytic systems based on zeolites ZSM5 and Y modified with Mg, La, and Ce were tested
during the alkylation of 2 gasoline fractions of Atyrau Oil Refinery LLP. It was established
that benzene fractions was removed by 30-37% from gasoline and the content of aromatic
hydrocarbons, toluene and cumene decreased by 6-10%.The catalysts were studied by BET,
porometry and EM methods, which established a uniform formation of nanoscale particles on
the catalyst surface.

KEY WORDS: catalysts, hydrogenation, hydrodearomatization, alkylation, aromatic
hydrocarbons, benzene, gasoline.

KATAJIMTUYECKME TEXHOJIOITM NOBBLILWEHUA KAYECTBA
MOTOPHbIX TOMNJIUB

A.T. MACEHOBA!, [OKTOp XMMUYECKMX HayK, 3aB. fabopaTtopren kKaTanuTuyeckoro CMHTe3a uMm.
&.BuxaHoBa

M.K. KAINNbIKBEPOUEB?, fokTopaHT, MraaLmnii Hay4YHbIn COTPYAHMK

O.l. KACEHOBAY, kaHanaaT XMMUYECKMX HayK, CTapLUMI HayYHbIA COTPYAHUK

X.MAKAHOB?, maructpaHT

*AO «MHcTuTYT TONNMBA, KaTtanusa n anektpoxummmn M. [1.B. Cokonbckoroy,
Pecnybnvka KasaxctaH, r. Anmatel, KyHaeBa, 142

2ATblpayCKunii yHUBEpPCUTET HePTUN U rasa,
Pecnybnvka KasaxcTaH, r. ATeipay, np. A3aTTbik, 1

Llenbto pabombi 5187159710Ch U3y4eHUe rpoyeccos 2udpodeapoMamu3ayuu u ankuiuposa-
Hus 6eH3uHO8bIX hpakyull. B pabome ucnonssosarcs Rh-Pt(9:1)/Al,0, kamanusamop. U3y4eHo
2udpuposaHue u ankunupogaHue mpex 6eH3uHosbix ¢ghpakyuli TOO «Ambipayckul Heghmene-
pepabambisarowuli 3a800» u TOO «[lasnodapckull Heghbmexumudeckutl 3agod». OmpabomaHsi
mexHosioau4ecKue napamempsbi rnpoyecca eudpodeapomamusayuu U ankumuposaHusi Ois rnpo-
u3800cmea 3K0o2U4eCKU YUCmbIX Mornnue, He cooepxawjux 6eH3051 U ¢ HU3KUM coO0epxaHuUem
apomamuyeckux yarnegodopodos (GasneHue, memrnepamypa). [aHHble o epyrnnogomMy cocmasy
opzaHu4YecKkux sewecms 8 6eH3uHax ceudemernbcmaym O MOoM, Ymo Moc/ie Kamanumu4yecKko20
2udpuposaHusi 6eH3011 8 KOHeYHbIX pobax d8yx ¢hpakyul omcymemayem. [ns audpozeHuzama
codepxxaHuUe apoMamu4eckux yenesodopodos cHu3usnochb ¢ 11,12 mac.% 0o 2,20 mac.%. [ns
cmabunbHOo20 Kamaru3ama Kofiu4ecmeo apoMamu4yeckux yerneeodopodos yMeHbuunock ¢ 51,5
mac.% 0o 10,96 mac.%. Kamanumu4eckue cucmemb! Ha OcHose yeonumos ZSM5 u Y, moducbu-
yuposaHHbIx Mg, La u Ce ucribimaHbi 8 npoyecce ankunuposaHusi 2 6eH3uHosbIx hpakyul AHI3.
YemaroerneHo, ymo 6eH30m u3 6eH3uHo8bIX hpakyuli bbin yoaneH Ha 30—37%, a codepxaHue
apomamuyeckux yaneeodopodos, moryosa u Kymona cHu3unocb Ha 6—10%. Kamanusamopsbi
uccriedosaHbl Memolamu B3T, nopomempuu u OM, Komopsie ycmaHosuu pasHoMepHoe obpa-
308aHUe Ha MM0BEPXHOCMU KamaJsiu3amopo8 HaHOpPa3MepHbIX Hacmudy,
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KITIOYEBBIE CJIOBA: kamasnu3amopsbl, 2udpupogaHue, sudpodeapomamusayusi, ankumu-
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MOTOP OTbIHAAPbIHbIH CAIMNACbIH APTTbIPYFA APHAJIFAH
KATAJINTUKAJIbIK TEXHOJIOTUAJIAP

A.T. MACEHOBA!, xumuns fbinbiMaapbiHbiH AOKTOpbl, ®. BukaHoB aTbiHAaFbl KaTanuTuKanbIK
CMHTE3 3epTXaHacblHbIH MEHrepyLuici.

M.K. KAJIIbIKBEPOUEB?, KETY [OKTOpaHThI, Killi FbINbIMU KbI3METKEP

O.LU.KACEHOBA!, xvMusa fbinbiMOapbIHbIH KAHAWAATLI, afa fblfbIMU KbI3METKEP

X.MAKAHOB?, maructpaHT

t«[.B. CokonbckuaTbliHAarbbKaHapmaK, KaTanua XoHe 3MeKTPOXMMUSA UHCTUTYThI»
AK, KasakctaH Pecnybnvkacskl, Anmatbl kanackl, KoHaes keweci 142

2ATblpay MyHaW XaHe ra3 yHMBepcuTeTi,
KasakctaH Pecnybnukachl, ATbipay kanacbl, A3aTTbiK AaHfFbbl 1

XKymbicmbiH Makcambl — 6eH3UH GhpakuyusinapbiH cymeKkmeHJOipy XoHe ankundey rnpoueciHoe
cymeaiHiH xorapbl KbiCbiMbIHOa 3epmmey. Kymbic bapbicbiHOa Rh-Pt(9:1)/Al,O, kamarnusamopesi
KondaHbinodbl. XKLLUC «Ambipay myHal eHOey 3aybimbiHbIH» xoHe «[lagrnodap myHalxumus 3aybl-
mbiHbIH» XKLLUIC 6eH3UH hpakyusinapbiH cymekmeHOipy npoueci 3epmmeniHoi. KypambiHOa 6eH3011
JKOK XXoHe memeH Merwepdeai xow uicmi kemipcymekmepi 6ap 3K0r102usibIK ma3sa xaHapmalnap
6HOipy ywiH eudpodeapomamu3sayusi NPOUECIHIH MexHoMnoausinbIK napamemprnepi xacanbiHObI
(KbicbiM, memnepamypa). KaHapmatidarbl opeaHUKarbIK KOCblrbicmapObiH MOMMbIK KypambiHbIH
Kepcemkiwmepi 6olibIHWa Kamanumukarbik CymekmeHaipy npoyeciHeH CoH 6eH30s1 KOMIOHEeHM|
€Ki BeH3UH bpakyusnapbiHbIH KypamMbiHaH moriblFbIMeH XoUbindbl. [UdpozeHuU3am hpakyusichl
bolbiHwWa xow uicmi kemipcymekmep menwepi 11,12 mac. %-0aH 2,20 mac. %-ra 0eliiH memeHOeoi.
Typakmbl kamanu3dam ¢pakyusicel bolbiHwa xow uicmi kemipcymekmep menwepi 51,5 mac.
%-0aH 10,96 mac. %-ra deliiH memeHOedi. Mg, La xxeHe Ce-meH modugpukayusinaHFaH ZSM5 xoHe
Y yeonummepiHe HezizderneeH kamanumukanbik xyuenep XKLIC «Ambipay myHal eHOey 3aybi-
MbIHbIHY» 2 6eH3UH (hpaKkyuscbiH ankundey kesiHoe cbiHandbl. beH3uH pakyusinapbiHaH 6eH3011
30-37% -ra deliiH memeHOedi, an xow uicmi KemMipcymekmep, mosyorn xoeHe Kymon 6—-10%-ra
OeliiH memeHOezeH| aHbIKmandbl. Kamanuszamopnap 63T adici, mopomempusi xxoHe 371eKMpPOHObIK
MUKpOCKonma 3epmmertiHoi.

HETI3r' CO3QEP: kamarnusamopap, cymekmeHdipy, e2udpodeapomMamu3sayusi, ankuroey,
Xxow uicmi kKemipcymekmep, 6eH3051, 6EH3UH.

laws on the protection of the biosphere are tightening requirements for the quality
of fuelsand oils. Continuously deteriorating environmental conditions inthe world
dictate the need of exploitation of environmentally friendly and high-quality fuel [1]. The
quality of fuels largely depends on the hydrocarbon composition. Aromatic hydrocarbons
in fuels are represented by monoaromatic compounds: benzene, toluene, xylene isomers
and polyaromatic ones—naphthalene, tetraline and other condensed aromatic compounds.
Thesources of benzene inautomotive gasolineatthe modernrefineryarethefollowing
components: catalytic reforming gasoline — 78.2%; catalytic cracking gasoline residue
— 10.2%; light hydrocracking gasoline — 10.9%; coking gasoline — 0.7%. At reforming
plants 58% aromatics are formed and the benzene content can exceed 3%.

echnical progress in various fields of engineering, operating machinery and the
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However, these compounds are the most toxic of all hydrocarbon groups; they form
toxic substances at combustion. Particularly dangerous is benzene, which forms ben-
zopyrene during combustion, which, according to its degree of toxicity, belongs to the
first hazard class with a maximum permissible concentration of 0.000001 mg/m?and it
is a strong carcinogen. When 1 liter of gasoline is burned, benzpyrene is formed up to
81 ug in the exhaust gases, and up to 170 ug in case of liter of diesel fuel. According to
gasoline standards EURO-6 the content of benzene must be less than 0.1%, and aromatic
hydrocarbons is 11%.

Benzene reduction in reforming products is possible by the following methods [2—4]:

— hydrogenation of benzene with the formation of cyclohexane, leading to some
decrease in the octane number of the component;

— extraction of pure benzene, cost-effective only with its further effective use;

— alkylation with low molecular weight olefins, which allows not only to solve the
problem of benzene removal, but also to increase the yield of the target high-octane
component;

— hydroisomerization of benzenetocyclohexane followed by isomerization to methyl-
cyclopentane witha slight increase in the octane number and yield of the target component;

— transalkylation of benzene and aromatic hydrocarbons C9 +, leading to a decrease
in the yield of the target product;

— fractionation of the reformate to obtain a set of fractions, then mixed in various
proportions to achieve the desired result,

—reforming + hydroisomerization of benzene — hydrogenation of benzene to cyclo-
hexane followed by isomerization to methylcyclopentane (RIG1Z).

The authors of RIGIZ [1] explain the benefits of hydroisomerization of cyclohexane
to methylcyclopentane with a higher octane number of the latter 92, while cyclohexane
has 88 units.

The most effective methods for improving the operational properties of fuels, in our
opinion, aretheir hydrodearomatizationandalkylationinthe presence of effective catalysts.
Catalytic hydrogenation and alkylation of aromatic hydrocarbons allows to change the
chemical structure of hydrocarbons in the right direction and to improve the operational
characteristics of motor fuels [5-9].

In industry, for the hydrogenation processes, both catalysts based on metals of group
VIII and sulfide are used, but in the latter, the hydrogenation of benzene and aromatic
hydrocarbons is carried out under more severe conditions. For industrial alkylation pro-
cesses, catalysts based on different zeolites are used.

The aim of this work is to study the catalytic hydrodearomatization and alkylation
of three gasoline fractions of Atyrau Oil Refinery LLP and Pavlodar Petrochemical Plant
LLP in order to reduce the content of benzene and aromatic hydrocarbons on supported
catalysts based on group VIII metals and alkylation on zeolite-containing catalysts.

The tests of the catalysts in the process of hydrodearomatization and alkylation were
carried out on an autoclave of Amar Equipment Ltd and Finetech 4000, intended for
hydrogenation processes with heating and under hydrogen pressure above atmospheric.
Analysis of the reaction products was carried out on a Crystallux-4000M chromatograph:
ZebronZB-1 columnfilled with dimethylsiloxane, columnlength 30 mm, column diameter
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0.53 mm. The hydrodearomatization products of gasoline fractions were also studied by
IR spectroscopy.

The process of hydrodearomatization of two gasoline fractions was stud- ied:
Stable catalysate AOR (Atyrau Oil Refinery LLP)and Stable catalysate PPP
(Pavlodar Petrochemical Plant LLP) on the prepared Rh-Pt/Al,O, catalysts. The content
of benzene and aromatic hydrocarbons in different gasoline fractions is given in table1.
The aromatics content is high, because these fractions after reforming.

Tablel-Contentofbenzeneandaromatichydrocarbons
inthegasolinefractionsof ARLLPand POCRLLP

Name of fraction Content of benzene, mass%  Content of aromatics, mass%
Stable catalysate AOR S28 55.04
Stable catalysate PPP 1.0 58.68

The catalyst used was Rh-Pt(9:1)/Al,O,, which was most effective in the hydroge-
nation of individual benzene and toluene [10]. The effect of temperature and pressure of
hydrogen on the process of hydrogenation of benzene and aromatic hydrocarbons for two
gasoline fractions was studied.

The effect of the content of the active catalytic phase on the composition of the
components of 2 gasoline fractions was studied during hydrodearomatization on 0.2%
Rh-Pt/ALO,, 0.5% Rh-Pt/Al,O, and 1.0% Pt-Rh/Al,O, catalysts at 50°C and 0.4 MPa
(Fig. 1). With an increase in the content of the active phase, the conversion of aromatic
hydrocarbons increases, their content decreases from 55.04 to 34.7% for the catalyst 0.2%
Rh-Pt/ALO,, up to 28.60% for the catalyst 0.5% Rh-Pt/Al,O, and up to 26.11% for the
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a — Stable catalysate of AOR, b — Stable catalysate of PPP
Figure 1-Hydrogenation ofgasolinefractions on catalysts 0.2%,0.5%
and 1.0% Rh/Al,O at 50°C and 0.4 MPa
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catalyst 1.0% Pt-Rh/ALO,. On all three catalysts, benzene is completely removed from
the two fractions.

It has been studied the influence of technological parameters of the process of hydro-
dearomatization of gasoline fractions (pressure 1-5 MPa, temperature 50-200°C) on the
content of benzeneand aromatic hydrocarbons. Attemperatures of 50-200°C and hydrogen
pressures of 2-5 MPa, benzene is completely removed from 3 fractions, and the amount of
aromatic hydrocarbons is reduced to 1.5-2 times (table 2). During gasoline hydrogenation
of Stable catalysate AOR, the content of aromatic hydrocarbons at 50-200°C decreased
from 55.04% to 20.21%, and with increasing pressure from 1.0 to 5.0 MPa it decreased
from 55.04 to 22.91%. At gasoline hydrogenation of Stable catalysate PPP in the tem-
perature range of 25-200°C the aromatics content reduced from 58.68% to 24.89%, and
when the pressure changed from 1.0 to 5.0 MPa, it decreased from 58.68% to 26.55%.

Table2—Hydrodearomatization offractions of Stablecatalysate AORand Stable
catalysate PPP on 0.5% Pt-Rh/y-AlO,

Conditions - Benzene, % ma_s. - Aromatics, % ma_s.
Initial, % | After experiment, % @ Initial, % @ After experiment, %

Stable catalysate AOR
1,0 0,11 41,11
P, 2,0 0,04 37,62
MPa 3,0 3,23 0,01 55,04 34,55
at 50°C 4,0 - 28,56
5,0 = 22,91
25 - 35,69
T oC 50 - 28,56
at 4 MPa 100 3,23 - 55,04 25,87
150 - 23,54
200 - 20,21

Stable catalysate PPP
1,0 0,62 50,77
P, 2,0 0,05 47,21
MPa 3,0 1,0 0,01 58,68 32,95
at 50°C 4,0 - 29,98
5,0 - 26,55
25 - 35,83
T,°C 50 - 29,98
at 4 MPa 100 1,0 - 58,68 28,34
150 - 25,98
200 - 24,89

In addition to chromatographic analysis, we analyzed the change in the composition
of the catalysate before and after hydrodearomatization by IR spectroscopy. Table 3 shows
the absorption bands in the IR spectrum of two gasoline fractions. Absorption bands re-
lated to the C = C bonds of the benzene ring (3014-3017 cm™and 1378, 1342 cm?) are
absent after the reaction, which once again proves the complete removal of benzene and
a significant reduction in aromatics.
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Table 3 — IR spectra of gasoline fractions PPP and AOR (cm™)

Gasoline PPP Gasoline AOR Attributions

initial after experiment initial after experiment

3088 Valent fluctuations
3017 3020 3014 3030 CH at doub_le bond of

benzene ring =CH-
0,5 0,5 0,2
1609 1613 1606 1606
0,15 0,3 0,3 0,1 Valent fluctuations of
1506 1505 1455 1516 1497 1506 1458 bond —C=C- benzene
1455 1378 1304 1465 1378 1345 ring.
1378 1342 1378 1342 -

In figure 2 there are shown data on the group composition of organic substances in
two gasolines of the initial fractions and after hydrogenation on Rh-Pt (90:10)/Al,0, at
3 MPa and 50°C. For the Stable catalysate AOR, the benzene content in the initial state
was 3.23 wt.%, after the reaction, benzene is absent, i.e. 100% benzene conversion. The
amount of aromatics decreased from 55.04 wt.% to 22.19 wt.%. It should be noted that
the number of olefins decreased almost 2 times from 0.23% to 0.11 wt.%, which is very
favorable for gasolines, since the presence of olefins leads to instability (in the chemical
expression, the oligomerization and polymerization reaction proceeds). The amount of
paraffins slightly increased from 12.22 wt.% to 12.99 wt.%. And the content of isoparaf-
fins increased from 27.16 wt.% to 36.81 wt.%. Apparently, the isomerization of paraffins
to isoparaffins occurred. The content of naphthenes increased sharply from 2.12 wt.% to
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a — Stable catalysate of AOR, b — Stable catalysate of PPP
Figure 2 — Group composition of gasoline fractions on Pt-Rh/AlL,O,
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27.15 wt.%. The picture is similar for the Stable catalysate PPP: benzene is absent, aro-
matics decreased from58.68 t029.55%, olefins from 10.2 t00.51%, isoparaffins increased
from 17.05 to 28.2%. It should be noted that an increase in the content of paraffins of the
isostructure indicates not only the hydrogenation reaction, but also hydroisomerization.

Data on the octane number and the density of the initial gasoline fractions before
and after the catalytic treatment are given in table 4 (LLP “Independent Center for the
Examination of Petroleum Products ORGANIC”). According to the research method, the
octane number after treatment of the Stable catalysate AOR has not changed and is equal
to 94 units.And the octane number according to the motor method increased from 82.6
to 82.7, i.e. in this case also, the octane humber has not changed. For Stable catalysate
of PPP, the octane number decreased from 90 to 89.9. This indicates that the processing
of gasolines practically does not affect the octane number. The density slightly increased
after treatment, which is understandable from the point of view of changing the hydro-
carbon composition to a heavier region — naphthenes have a higher density comparedto
aromatic hydrocarbons.

Table4—Characteristics ofgasolinefractions of Stable catalysate of AORand Stable
catalysate of PPP before and after catalytic treatment

Gasoline | Octane number RM = Octane number MM | Density, g/cm3
Stable catalysate AOR
Initial ‘ 94,0 82,6 | 0,771
After experiment ‘ 94,0 82,7 | 0,780
Stable catalysate PPP
Initial 90,0 Not measured | 0,793
After experiment ‘ 89,9 Not measured | 0,798

In transmission electron microscopy image (Fig. 3), the Rh-Pt(9:1)/AlL,O,catalyst is
represented by fine particles with a size of 2-2.5nm and a small number of denser and
larger particles of 5 nm, the microdiffraction patterns of which are represented by diffuse
rings corresponding to metals. Metal particles are distributed on the surface of alumina
and are mixed bimetallic agglomerates Rh-Pt together with Rh particles. The high activity
of the catalyst is possibly due to the formation of alloys of these metals.

W '

Figure 3 — EM image of 2% Rh-Pt (9: 1) / AI203 (magnification 160,000)
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Alkylation is one of the most important petrochemical processes of hydrocarbon
processing, allowing to produce high-octane components of gasoline, intermediate prod-
ucts for synthesis of many important chemical products, in particular monomers for
production of polymers and plastics. In Western countries, the specific weight of the
alkylation process in the entire oil refining industry is 16-20%, in Russia — 0.1%,
in Kazakhstan there is no such process at all, even scientific research in this area
has not been carried out.It has been selected the catalytic systems based on zeolites
ZSMb5 and Y modified with Mg, La, and Ce for alkylation of benzene [11]. The catalysts
were tested in the alkylation process of 2 gas oline fractions of refinery. It was found that
benzene from gasoline fractions was removed to 30-37%, and the content of aromatic,

toluene and cumene decreased to 6-10%.

On the most active catalysts modified with magnesium and lanthanum, alkylation
of two gasoline fractions of Atyrau Oil Refinery LLP was carried out — Hydrogenated
gasoline and Stable catalysate. The data on the content of benzene, toluene, and cumene
in the gasolines of the initial fractions and after alkylation with 5% Mg-HY (80) are

shown in the table 5.

Table5-Composition ofthe gasolinefraction of theinitial and after treatment with 5%
Mg-HY (80) catalyst at 200°C

Content of defined indicator, mass.%
Name of sample -
Aromatics Benzene Toluene Cumene
Hydrogenated gasoline (initial) 13,70 2,22 5,66 3,44
After treatment 12,26 1,41 0,12 0,2
Stable catalysate (initial) 51,50 453 9,89 5,67
After treatment 48,96 3,15 0,78 0,48

In the initial hydrogenated gasoline there was 2.22% benzene, after catalytic treat-
ment 1.41% benzene was found in the catalyzate — i.e. its conversion was 37.5%.The
aromatic content of the initial gasoline was 13.70% and then became 12.26%.The amount
of aromatics decreased to 10.6%. In the stable catalysate there was 4.53% benzene, and
it became 3.15%, the conversion of benzene was 30.5%. The amount of aromatics was
51.5%, and after processing 48.59% — it decreased to 5.6%.

Thus, studies have been carried out onthe alkylation of benzene as a model compound
and contained in the gasoline fractions of Atyrau Oil Refinery LLP on zeolites HZSM-5,
HY and B modified with magnesium and lanthanum. It is shown that as a result of the
reaction, benzene was removed from gasolines to 30-37%, and the content of aromatics,

toluene and cumene decreased to 6-10%

Comparing two methods of reducing the content of aromatic hydrocarbons infuels,
we can conclude that hydrogenation is much more efficient:
— removes benzene up to 100%, while during alkylation, the benzene content de-

creases only to 30-37%j;
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— reduces the aromatic content to 41-48%, and alkylation reduces only up to 6-10%;

— conducts the process at low temperatures, i.e. this technology is energy saving.

The advantage of this work is the fact that, inaddition to the hydrogenation of benzene
and olefins, the process of hydroisomerization of normal alkanes and isostructural alkanes
with increased octane numbers proceeds on the catalyst. Catalysts have a dual function:
redox catalysis (hydrogenation) and acid-base catalysis (isomerization), which proceeds
on a part of the surface represented by a zeolite with pronounced acid centers and alumina.

CONCLUSIONS

1. On highly effective catalysts Pt-Rh/y-Al,O, for the hydrogenation of gasolines,
allowing to remove completely benzene and as well as reduce the content of aromatic
compounds till 2—4 times. The catalyst was tested in the hydrogenation of 2 gasoline
fractions — Stable catalysate Atyrau Oil Refinery LLP and Stable catalysate Pavlodar
Petrochemical Plant LLP. By the method of studying the influence of temperature and
pressure of hydrogen for two gasoline fractions, optimal parameters (temperature 50°C
and pressure 3 MPa) were selected for the production of environmentally friendly fuels
that do not contain benzene and with a low content of aromatic hydrocarbons.

2. During the hydrodearomatization of gasoline fractions, the Stable catalysate of
Atyrau Oil Refinery LLP and the Stable Catalysis of Pavlodar Petrochemical Plant LLP,
it is found that bimetallic Pt-Rh catalysts on y-Al,O, showed the best activity. The con-
version of benzene is 100%, i.e. benzene is completely removed from gasoline fractions.

3. The group composition after catalytic treatment showed that the content of aromatic
hydrocarbons is reduced almost 2 times. In addition, the content of paraffins decreases, and
iso-paraffins increases, which indicates that the synthesized catalysts, inaddition to hydro-
genation, carry out the process of hydroisomerization of normal paraffins into branched
iso-paraffins. The octane number of gasoline fractions has not changed significantly.

4. On zeolite catalysts modified with magnesium and lanthanum, alkylation of two
gasoline fractions of Atyrau Oil Refinery LLP — hydrogenated gasoline and Stable catal-
ysate were carried out. It is shown that as a result of the reaction, benzene was removed
from gasolines to 30-37%, and the content of aromatics, toluene and cumene decreased
to 6-10%.
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