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HYDROGENATION OF AROMATIC HYDROCARBONS IN GASOLINE
FRACTIONS OVER SUPPORTED CATALYSTS UNDER PRESSURE

Abstract. The aim of the work was to study the process of hydrodearomatization of gasoline fractions under
increased hydrogen pressure. It has been used Rh-Pt (9:1)/Al,0;5 catalyst in the work. It has been studied the
hydrogenation of two gasoline fractions of "Atyrau Oil Refinery" LLP (Hydrogenizate KU GBD and Stable
Catalysate LG). 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 %. The catalyst was studied by BET, porometry and EM methods, which established a
uniform formation of nanoscale particles on the catalyst surface.

Key words: catalysts, hydrogenation, hydrodearomatization, aromatic hydrocarbons, benzene, gasoline.

Introduction

Technical progress in various fields of machine building, machine operation and laws for the
protection of the biosphere tighten the requirements for the quality of fuels and oils. Continuously
deteriorating environmental conditions in the world dictate the need to operate clean and quality fuel. The
quality of fuels depends largely on the hydrocarbon composition. Aromatic hydrocarbons in fuels are
represented by monoaromatic compounds: benzene, toluene, xylene isomers, and polyaromatic
compounds - naphthalene, tetralin and other condensed aromatic compounds.

The product of incomplete combustion of benzene is benzpyrene - a strong carcinogen. When burning
1 liter of gasoline in the exhaust gas, benzpyrene is formed up to 81 pg and in case of 1 liter of diesel fuel
- up to 170 pg. By the standards of gasoline EURO-6, it is provided the benzene content is less than 0.1%
and amounts of aromatic hydrocarbons up to 11%.

When moving to new standards, the problem arises of removing benzene from gasoline, which can
not be separated by conventional physical methods. One of the methods for improving the operational
properties of fuels is their hydrodearomatization, which consists in the hydrogenation of benzene and
polycyclic aromatic hydrocarbons contained in gasoline fractions in the presence of effective catalysts.

Catalytic hydrogenation of aromatic hydrocarbons allows changing the chemical structure of
hydrocarbons in the desired direction and improving the performance of motor fuels [1-8]. Development
and introduction of technology of hydrodearomatization of fuel fractions of oils and fuels will improve the
operational properties of domestic gasolines and the ecological situation in the Republic.

In the process of exploitation of fuels and low quality oils, except harmful emissions into the
atmosphere, there is also rapid wear of the equipment due to the deposition of carbon from polycyclic
aromatic hydrocarbons and the service life of the equipment reduces approximately to 30%. Reducing the
amount of aromatic hydrocarbons in car fuels will extend the service life of the machines.
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Leading countries are engaged in the problem of hydrodearomatization of refined products. These
countries are: Russian Federation, USA, Great Britain, France, Germany, Poland, Japan, China [9-15]. In
the oil refining industry, hydrogenation processes are carried out under harsh conditions (high temperature
and hydrogen pressure) on metal oxide catalysts, where Co, Mo, Ni, Cu, W and other transition metals are
used as the metal. Catalytic systems based on platinum group metals, especially Pt, Pd, Rh and Ru are the
most effective and selective catalysts for hydro - dehydrogenation reactions [11-20].

In the industry use both catalysts on the basis of metals of group VIII and sulphidic, however on the
last one the hydrogenation of benzene and aromatic hydrocarbons is carried out in more stringent
conditions.

Recently Pt-Pd catalysts have been intensively used for the hydrotreating of petroleum products,
especially for the reduction of benzene in gasolines and aromatics in diesel fuels, so they are closely
watched by researchers. The addition of Pd to Pt/Al,O; leads to an increase not only the activity, but also
the stability in the hydrogenation of benzene. By varying the nature of the carrier, modifying the catalysts
reach a uniform distribution of the metals on carriers, optimum acidity and stability against sulfur-
containing compounds.

Taking into account the toughened measures currently applied to motor fuels, the transition to
European quality standards for fuels, as well as the modernization of Kazakhstan's oil refineries, carrying
out research in this area is relevant and timely.

The purpose of this work is to study the catalytic hydrodearomatization of two gasoline fractions of
"Atyrau Oil Refinery" LLP to reduce the content of benzene and aromatic hydrocarbons by hydrogenating
them on supported catalysts based on Group VIII metals.

Experimental

In this work it has been used a catalyst based on the metals of the platinum group Pt and Rh. At
preparation of catalysts were used RhCl;-3H,0, H,PtCls-6H,0 of "chemically pure" mark. Solutions of
these compounds were applied by the adsorption method on the prepared carrier Al,O;. A mixture of
aqueous solutions of two metals was applied at preparation of bimetallic catalysts. The catalyst samples
were filtered off and dried at 100-110°C to constant weight. The reduction of supported catalysts was
carried out in a quartz tube with electrical heating in a hydrogen stream at 200°C for 4 hours, then the
catalysts were cooled in a hydrogen stream until room temperature.

The experiment was carried out on a kinetic installation - the autoclave of "Amar Equipment" in the
isobaric-isothermal regime. Analysis of the initial compounds and reaction products was carried out on the
Crystallux 4000M chromatograph: column Zebron ZB-1 filled with dimethylsiloxane, column length is 30
mm, column diameter is 0.53 mm.

The catalysts were studied by physicochemical methods of analysis: measurement of the catalyst
surface (BET), electron microscopy (EM). The surface of the catalysts was examined by the BET method
on nitrogen adsorption by "Accusorb" instrument. Electron microscopy of samples was studied by means
of electron microscope EM-125K by replica with extraction using microdiffraction (160,000
magnification).

Results and discussion

It has been studied the hydrogenation of benzene and aromatic hydrocarbons contained in two
gasoline fractions of "Atyrau Oil Refinery" LLP - Hydrogenizate KU GBD and Stable Catalysate LG. The
content of benzene in them is 2.54% and 5.17%, and aromatics are 11.12% and 51.5%, respectively.

As the catalyst used Rh-Pt(9:1)/Al,03, which showed the greatest efficiency in the hydrogenation of
individual benzene and toluene [2]. The effect of temperature and hydrogen pressure was studied on the
process of hydrogenation of benzene and aromatics for two gasoline fractions.

Data on hydrogenation of sample of gasoline Nel, the hydrogenizate KU GBD in the temperature
range of 25-200°C are presented in table 1. At 25°C after the experiment, the catalysate contains 0.05%
benzene, at higher temperatures benzene is absent, i.e. its conversion reached to 100%. The content of
aromatic hydrocarbons decreased from 11.12% to 2.30-3.05%.
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According to the results of table 1, it can be concluded that, on the effective catalyst Rh-Pt
(9:1)/Al,05, benzene can be hydrogenated at low temperatures, which is important for the industrial
conduct of such a process, since the industry uses temperatures 150-400°C.

Table 1 - Hydrogenation of the fraction of Hydrogenizate KU GBD at various temperatures and 3 MPa

Temperature The content of benzene,% Aromatic content,%
Initial After experiment Initial After experiment
25 0,03 3,05
50 - 2,30
100 2,54 - 11,12 2,63
150 - 2,20
200 - 2,53

When the hydrogen pressure is changed from 2.5 to 4.0 MPa, the time of the catalytic treatment of the
Hydrogenizate KU GBD decreases from 65.0 to 32 minutes (picture 1). The presence of benzene in this
case after the experiment in the amount of 0.06% was observed at 2.5 MPa, with other hydrogen pressure
values there are no traces of benzene. The content of aromatic compounds after hydrogenation of gasoline
on this catalyst varies between 1.23 - 4.65%.

("}
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Figure 1 - Hydrogenation of gasoline (Hydrogenizate KU GBD) at different hydrogen pressures
on Rh-Pt (9:1)/Al,O5 catalyst at 50°C. a - 1 - 2.0 MPa; 2-2.5 MPa; 3 - 3.0 MPa; 4 -3.5 MPa; 5 - 4.0 MPa

At hydrogenation of the second sample of gasoline (Stable catalysate LG) in the range of hydrogen
pressures from 0.5 to 4.0 MPa, the reaction order of the hydrogenation of gasoline on Rh-Pt(9:1)/Al,04
catalyst is on hydrogen, calculated from the bilogarithmic dependence of the rate from the pressure is
equal to 1 (Figure 2, a). Benzene with initial content of 5.17% was completely hydrogenated and removed
from this gasoline fraction, the aromatic content decreased from 51% to 10-14%.

An increase in temperature from 25 to 150°C increases the rate of hydrogenation of the second
sample of gasoline (Figure 2,b) and the apparent activation energy is 40.8 KJ/mol. Benzene with initial
content of 5.17% was completely removed from this gasoline fraction, and the aromatic content decreased
from 51% to 10-15%. It should be noted for Stable catalysate LG, as well as for Hydrogenizate KU GBD,
that is already at 50°C benzene is fully hydrogenated.

Studies of the influence of temperature and hydrogen pressure made it possible to select the optimal
parameters for the production of environmentally friendly fuels without benzene and with a low content of
aromatic hydrocarbons - temperature 50°C and pressure 3 MPa.

Data on group composition of organic substances in two gasolines of initial fractions and after
hydrogenation on Rh-Pt(9:1)/Al,0; catalyst are presented in table 2, P =3 MPa, T = 50°C.
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Figure 2 - Hydrogenation of Stable catalysate LG on Rh-Pt (9:1)/A1,0; at 4.0 MPa. a - bilogarithmic dependence
of rate from pressure; b - dependence of the logarithm of rate from reciprocal temperature

In the initial Hydrogenizate KU GBD benzene was 2.22 wt.% (2.54 vol.%), after hydrogenation
benzene was not detected in the samples - i.e. it was completely hydrogenated, the amount of toluene was
decreased from 2.81 wt.% (3.25 vol%) to 0.54 wt.% (0.64 vol%). The aromatic content in the initial
gasoline was 13.70 wt.% (11.12% by volume), after hydrogenation it became 2.26 wt.% (2.07% by
volume).

It should be noted that the amount of olefins decreased almost 2 times from 0.47 wt.% (0.50% by
volume) to 0.28 wt.% (0.28% by volume), which is very favorable for gasoline, since the presence of
olefins leads to instability (in chemical terms, polymerization and oligomerization reactions proceeds).

In addition, the content of isoparaffins increased from 35.79 wt.% (28.94% by volume) to 44.26 wt.%
(45.04% by volume), which is favorable for the octane number. It is possible that the hydroisomerization
reaction proceeds on this catalyst.

For the Stable catalysate LG, the benzene content in the initial state was 4.53 wt.% (5.17% by
volume), after the reaction the benzene content was 0.15 wt. % (0.19% by volume), i.e. conversion of
benzene equal to 97%. The content of toluene after hydrogenation decreased from 19.65 wt.% (22.63% by
volume) to 12.99 wt.% (15.01% by volume). The amount of aromatics decreased from 51.5 wt. %
(49.19% by volume) to 10.96 wt. % (11.32% by volume).

Table 2 - Group composition of gasoline fractions of initial
and after hydrogenation on Rh-Pt (9:1)/Al,0; catalyst at 3 MPa, 50°C

Sample Name Unit of The content of the defined indicator
measure Paraffins | Isoparaffins | Olefins | Naphthenes | Aromatics | Benzene | Toluene

Hydrogeni-zate | % weight 30,44 35,79 0,47 30,03 13,70 2,22 2,81
KU GBBD initial)

% volume 31,97 28,94 0,50 27,46 11,12 2,54 325
Rh-Pt (90:10)/ % weight 29,47 44,26 0,28 23,77 2,26 - 0,54
AlLO;

% volume 30,46 45,04 0,28 22,19 2,07 - 0,64
Stable catalysate | % weight 16,17 29,57 0,78 1,95 51,5 4,53 19,65
(initial) % volume 19,14 33,66 0,84 1,90 49,19 5,17 22,63
Rh-Pt (90:10)/ % weight 14,71 51,75 0,74 12,08 11,96 0,15 12,99
ALO; % volume 16,12 54,51 0,75 11,78 10,32 0,19 | 1501

The amount of paraffins also decreased from 16.17 wt.% (19.14% by volume) to 14.71wt. % (16.12%
by volume). And the content of isoparaffins increased from 29.57 wt.% (33.66% by volume) to 51.75
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wt.% (54.51% by volume). Apparently there has been a reaction of isomerization of paraffins into
isoparaffins. The amount of olefins practically did not change. The content of naphthenes increased
sharply from 1.95 wt. % (1.90% by volume) to 12.08 wt. % (11.78% by volume).

Gasoline fraction Stable catalysate LG treated in the process of hydrodearomatization was studied for
octane number in LLP "Independent Expertise Center for Oil Products ORGANIC". The data on the
analysis are given in Table 3. The octane number by the research method (RM) after treatment of Stable
catalysate was unchanged and equal to 94 units. And the octane number by the motor method (MM)
increased from 82.6 to 82.7. This indicates that the catalytic treatment of gasoline does not decrease the
octane number.

Table 3 - Octane number of gasoline fraction of Stable catalysate LG before and after catalytic treatment

Gasoline sample Octane number RM Octane number MM
Initial (sample 1) 94 82,6
After experiment (sample 2) 94 82,7

The characteristics of the catalyst determined by method BET and porometry showed a well
developed surface - the surface area of the Rh-Pt(9:1)/ALO; catalyst - 138 m?*/g, the pore diameter - 4-14
A, the catalyst pore volume - 313.28 ml/g.

The surface of catalysts was studied by scanning electron microscopy. In pictures of different increase
of the Rh-Pt (9:1)/Al,0; catalyst (fig. 3) is shown the uniform surface of the carrier, on which
agglomerates of active metals are viewed.

x: Ve -
e - LT :
SEI  20kV WD11mm SS40 x100 100pm = SEI  20kV WD11mm S x1,000 10pm  —

Sample 0697 09 Oct 2013 Sample 0698 09 Oct 2013

SEI 10kV WD11mm S510 x19,000 1pm

Sample
3
Figure 3 - EM images of Rh-Pt (9:1)/A1,0;
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Figure 4 - EM image of 2% Rh-Pt (9:1)/AL,O; (increase 160,000)

In the transmission electron microscopy photo, Rh-Pt(9:1)/Al,0; catalyst is represented by finely
dispersed particles of 2-2,5 nm in size and a small number of denser and larger particles of 50 nm,
microdiffraction pictures of which are represented by diffuse rings corresponding to metals (Fig. 4). Metal
particles are distributed on the surface of oxide of aluminum and represent the mixed bimetallic Rh-Pt
agglomerates together with Rh particles. The high activity of the catalyst is perhaps caused by formation
of alloys of these metals.

Conclusions

Thus, a highly efficient catalyst for the hydrogenation of gasolines has been synthesized, which
makes it possible to completely remove benzene, and also 2-4 times to reduce the content of aromatic
compounds. The catalyst is tested in the process of hydrogenation of gasolines of two fractions of LLP
"Atyrau Oil Refinery": Hydrogenizate KU GBD and Stable catalysate LG. By method of studying the
effect of temperature and hydrogen pressure for two gasoline fractions were chosen the optimal
parameters (temperature 50°C and pressure 3 MPa) for the production of environmentally friendly fuels,
which do not contain benzene and with low aromatic hydrocarbons content.

Data on the group composition of organic substances in gasolines indicate that for hydrogenizate, the
aromatic content decreased from 13.70 wt.% to 2.26 wt.%. For stable catalysate, the amount of aromatics
decreased from 51.5 wt.% to 10.96 wt.%. The amount of olefins decreased almost 2 times, and the content
of isoparaffins increased from 35.79 wt.% to 44.26 wt.%, which is favorable for the octane number.
Furthermore, the content of isoparaffins also increased from 29.57 wt.% to 51.75 wt.%.

By BET method, porometry and EM was established a uniform formation of metal particles in zero
degree of valence on the surface of catalysts, the composition and nano-sized particles of metals of group
VIII were determined.
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AK «J1.B. Coxonbckuii aThIHIAFbI )KaHAPMaid, KaTajau3 5KoHEe AJIEKTPOXUMUS HHCTUTYThD», AnMaTel, KazakcTan

BEH3UH ®PAKIUAJIAPBIHJAFBI XOII UICTI KOMIPCYTEKTEP/I ’)KOFAPBI KbICBIM/IA
OTBIPFBI3bUIFbIH KATAJIM3ATOPJIAPABI KOJIJIAHY APKbLJIBI CYTEKTEHAIPY

AnHorauusi. JKyMBICTBIH MakcaThl - OCH3WH (paKIMsUIApBIH CYTEKTEHIIPY MPOIECIH CYTETiHIH >XOFaphl
KbIchIMbIHAA 3epTTey. JKymbic Oapbichinga Rh-Pt(9:1)/Al,05 karanuzatopsl kongansuiasl. JKIIC «ATeipay myHai
OHJICY 3aybITBIHBIHY» €Ki OeH3MH (ppakumsuiapbl cyTekreHaipy npoueci OoitbiHma 3eprreninai (Iuaporennszatr KY
I'BJ] xone Typakrsl karanuzar JII'). KypaMbinaa GeH30I1 jKOK KOHE TOMEH MOJIIIEPET] XOIl HiCTI KOMipCyTeKTepi
0ap OKOJNOTHSUIBIK Ta3a JKaHapMaillap eHAIpy VIINIH THIPOJACapoOMaTH3alus MPOIECIHIH TEXHOJOTHSIIBIK
napamerpiepi JkacaiblHABI (KbICHIM, Temieparypa). JKaHapmaiinarbl OpraHMKajblK KOCBUIBICTAPIBIH TOITHIK
KYPaMbIHBIH KOpCETKilITepi OOMBIHINA KaTaIMTHKAJIBIK CYTEKTEHIIpY IMpOLECiHEH COH OEH30J1 KOMIIOHEHTI eKi
OeH3MH (paKIMIAPBIHBIH KYPaMBbIHAH TOJBIFBIMEH JKOWBULIBL. ['maporenusar ¢pakumscel OOMbIHIIA XOWI HicTi
kemipcyrektep Mmemmepi 11,12 mac.%-man 2,20 mac.%-ra neilin Ttemengeni. TypakTbl Karanu3aT (QpakMsICHI
OolipIHIIa X0 HicTi KemipcyTekrep Memuepi 51,5 mac. %-nan 10,96 mac. %-ra neitin remenaeni. Karanuzaropnap
BOT opmici, mopoMeTpust xoHE dIMEKTPOHIBIK MUKPOCKOTITA 3€PTTEIIH/I].

Tyiin ce3iep: KarammzaTtopiap, CyTeKTEHAIPY, THAPOACAPOMATH3ANS, XOII HICTi KeMipcyTeKTep, OSH30I,
OcH3UH.
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AO «MHCTHTYT TOIUIMBA, KaTanm3a u snekTpoxumun uM.J[.B.Coxonbckoro», Anmatsl, Kazaxcran

IT'NAPUPOBAHUE APOMATHYECKHUX YTJIEBOJOPOJAOB B BEH3MHOBBIX ®PAKLIUAX
HA HAHECEHHBIX KATAJIN3ATOPAX IO/l JABJIEHUEM

Annotanus. Llensio paboTs! SBIAIOCH M3yUEHHE IpoLiecca THAPOeapoMaTH3alul OCH3MHOBBIX (pakiui Ipu
MOBBIIIICHHOM  JIaBJICHWU Bojopoaa. B pabGore wucmomb3oBancs Rh-Pt(9:1)/Al,0; xartamuzatop. HM3yueno
ruapupoBaHne MBYX OeH3WHOBHIX (pakiuit TOO «ATeipayckuii HedTenepepabaTeiBatommii 3aBon» (I'uaporennsar
KY T'BJl u Crabunpneni katamuzaT JII') OTpabGoTaHBl TEXHONOTHYECKHE ITapaMeTphl Ipoliecca THUApoIeapoMa-
THU3AIUH TS [IPOW3BOJICTBA IKOJIOTMYECKH YHCTHIX TOIUIMB, HE COIEpiKailpue OEH30J M ¢ HHU3KUM COICpPKAHHEM
apoOMaTHYECKUX YTICBOAOPOAOB (HaBlIeHHWE, TeMmmeparypa). JlaHHBIE IO TPYIIIOBOMY COCTaBY OpPTaHUYECKHX
BEIleCTB B OSH3MHAX CBUAETEILCTBYIOT O TOM, YTO IOCJIE KATAIUTHYECKOTO T'MAPHPOBAHMsS OEH30JI B KOHEUYHBIX
npobax AByxX (paxuuii oTcyTcTBYeT. J)is ruporenu3ara cojiepxkaniue apoMaTiku cHuminock ¢ 11,12 mac.% no 2,20
Mac.%. JIyis cTaOMIBHOTO KaTajgu3ara KOJIMYECTBO apOMATHKH yMeHbInmwioch ¢ 51,5 mac.% no 10,96 mac.%.
Karanuzarop uccienoan merogamu bIT, mopomerpun 1 DM, KOTOpPhIE YCTAaHOBUJIMO PaBHOMEPHOE 0Opa3oBaHUE
Ha MTOBEPXHOCTH KaTaJIM3aTOPOB HAHOPA3MEPHBIX YACTHII.

Ki1ioueBble cj10Ba: KaTaau3aTopbl, THAPHPOBAHUE, THAPOAEAPOMATH3AIMS, apOMAaTHYECKHUE YTIIEBOJOPOJIBI,
0OeH30J1, OEH3UH.

Information about authors:

Massenova Alma Tulegenovna - Doctor of Chemical Sciences, associate professor, head of the laboratory of Catalytic
Synthesis after F. Bizhanov of JSC "Institute of Fuel, Catalysis and Electrochemistry after D.V. Sokolsky", 8 777 268 1552,
almasenova@mail.ru; https://orcid.org/0000-0003-2251-0549;

Kalykberdiyev Maksat Kuatovich - Doctoral student of KBTU, Junior Researcher of laboratory of Catalytic Synthesis after
F. Bizhanov of JSC "Institute of Fuel, Catalysis and Electrochemistry after D.V. Sokolsky", 8707 135 8090,
mkalykberdiev@mail.ru; https://orcid.org/0000-0002-4309-441X;

Sass Alexander Sergeevich - Candidate of Chemical Sciences, Senior Researcher of laboratory of Catalytic Synthesis after
F. Bizhanov of JSC "Institute of Fuel, Catalysis and Electrochemistry after D.V. Sokolsky", 8 707 390 6177, aleksandr-
sass@mail.ru; https://orcid.org/0000-0003-4049-6314;

Kenzin Nail Rashidovich - Researcher of laboratory of Catalytic Synthesis after F. Bizhanov of JSC "Institute of Fuel,
Catalysis and Electrochemistry after D.V. Sokolsky", 8 708 276 4697, nailkenz@gmail.com; https://orcid.org/0000-0001-8323-
4619;

Kanatbayev Yerlan Temirbekovich - Leading engineer of laboratory of Catalytic Synthesis after F. Bizhanov of JSC
"Institute of Fuel, Catalysis and Electrochemistry after D.V. Sokolsky", 8701708 7788, 7087780@mail.ru;
https://orcid.org/0000-0001-7810-5046;

Tsygankov Viktor Petrovich - Leading engineer of laboratory of Catalytic Synthesis after F. Bizhanov of JSC "Institute of
Fuel, Catalysis and Electrochemistry after D.V. Sokolsky", 8 707 224 6526, cygan-bmk@mail.ru , https://orcid.org/0000-0001-
6421-1382.

— 153 ——



Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

MA3MYHBI
Kaumypeesa I'.O., Defrancesco E., Anubexog P.C., Ypazbaesa K.A., E¢pumosa U.E. KazakcTaHHBIH IOCTYPIIi a3bIK-TYIIIK
OHIMJIEP/II COMKECTEHAIPY HKAHA TEHICHITHISIITAPEL ......veuvveremtererteuerteneatentesteseseasentesensesessentesessenesseasesessenessenteuesseseaseneesensesensenens 6
Tykmun B.T., Teyizbaesa A.C., Hypzanues H.H., Illanosanosa JI.b., Ackesuy B.1. Momudumupnenren Ni(Co)-Mo- AL,O;
KaTaJIu3aTopJiapbiHIa Typa aiiiasiFral OeH3HH (QPAKLIHSACHH THAPOH30MEPIICY HKIHE THUIPOOHICY -.c.vevvrervererremeerereeresrerenrensereanens 13

Axmemanumosa A.M., Hsacenrxo C.A., Mapuenko A.b., Humypamosa M.IO., [lonesuax 3., Jlloosuuyk A., Jlocesa HU.B.
Kaparaunp! enipingeri THYMUS EREMITA KLOK. wane THYMUS RASITATUS KLOK. eciMaikTepiHiH XUMUSUIBIK

KYPAMBIH BEPTTEY ...uveuvenrerereesteuteutentententestestestessessesseeseeseensensensenseasesseaseestestessensensensensensessesseeseeseestensentensensestaseestestensensensensensensense 20
Dasvinos C. /., Hypxenos O.A., Kypunos M.JK., Opinosa A.E., Tykxmapos A.P., Hcaesa A.K., Lllauxoea b.K.

Ceo pymmepenre ruapa3zoHIapIbIH NAIaANH KOMIUIECTEPIMEH KATATU3ACHETIH HUKIOKOCBIUTYBI ....c.vuvuturereaesesreeaceesseensensensensensenee 26
Onumax E.B., Jlesoanckuii A.D., ['onyoes B.I'., Kopeanbaes b.H., Capcenbexynvt /]. ¥ cakray GapbICBIHAAFBI MEHIIIKTI

SHEPTHS MIBIFBIHIAPBIH TOMEHICTYJIH KEIETIEKTL OAFBITTAPD «....c.vcueeteneerinrereerentestnseseesentesensesessentesessesestentesesesessentesesaenesnesessenses 32
Kancomem M.IK., Toxcibaesa C.M., Ypaxaes @.X., Ypanbexos b.M., bBypximbaes M.M., Bauunoeéa H.B. HaHOKYKipTTi

AITY YKOHE TYPAKTAHIIBIPY ..veuvveueereeeueeserseansesseeaseesseesseeseeseansesnseansesssesseesssenseessesseensesnsesssesssesseesssesseensessesssesssesssesssesneessesnseensens 41
baiicanos C.0., Tonokonnuxosa B.B., Hapuxbaesa I'.U., Kopcyxosa U.A., )Kyukoe B.1. Kyii nuarpaMMachiHa Taanay

JKacay Heri3iHje MapraHewUTi )KoHe XpOMAbI (eppOKOPHITIIAIAP/ b OATKBITYFa TEPMOIMHAMUKAIIBIK OAFANIAY ... c.vevereeneeveneenenes 47
Kynexeee JK.O., Hypmaesa I' K., Mycmagun E.C., Atinabaes A.A., Mycmagun T.E., bopceinbaes A.C., Kapukecos . A.

TeHi3re TerireH MyHalabl )KOIOAA XepAepIep i MaiAaTaHy IbIH MYMEKIHIIKTEPL «..eouverteieriertenienierierienieeitestentenseseeseesaesseeneeneeneas 58
Tyxmun b.T., Hypeanues H.H., Tenuszbaesa A.C., llanosanosa JI.b., Komawxo JI.B. BeH3uHHIH opTYpii (pakuusuiapbiH

MOTU(PHUIIUPIICHTEH aTFOMOKOOATBTMONOICH KAaTaTH3aTOPATAPBIHIA THAPOIKAKCAPTY -veeveevereereeneeeensersessessesseseseesensessessessessens 67
Kanowibexosa A.JK., Amaneasuesa A.T., Xaimenoea 3.5., Ymbemosa A.K. Haplophyllum A. Juss me0iHeH GHOIOTHSIIBIK

OCJICCH/II 3aTTAP/IBIH KEIICH I OOIHY TEXHOMOTHACHIH JIAMBITY ....cuvevverrerresersersersersessessessesssessensensessessessessesseessessessessessensessessassanss 74
Onumax E.B., Jlesoanckuii A.D., Boanenxo A.A., Kymaoynnaes J]. K. ®noTanusuibIK MPoLECCTEP I KYPrizy SHiCTepi ......... 82
Yupryn J]. 1., Jlesoanckuii A. 3., BoanenrxoA.A., Capcenbexynvt /. COKKbIIBI-OpTaJaH TEIKILI qUipMeHIepaeT]

GOIIIICKTEPIIH TUHAMUKACHIH BEPTTEY ...euvevevereererseseaseseaseseseaseneesensesessentasensenesseneeseseaseaseseasensesensentasensesensenessensesensenessensesessenessenes 92

baiimyxawesa I'. K., Karayosa A.C., Kycnanosa B.K., Hacupos P.H. YmdennnhochuHHIH aHUOH-PaIUKaIIbI
baewosa A.K., Monaiiean C., Baewios A.b. CyTeKTik 3HepreTUKaHbIH Ka3ipri 3aMaHIaFbl KaFalbl )KOHE CYTEKTi amy
QITICTEPI vttt ettt ettt ettt ettt ettt sa ettt st et et st bt s e bt b et eh et s e b et eh et h e e e e et ekt ea e e et h et h e et b e e bt et s bbb st ettt eh e a ettt 107
Baxapuna H.A., [Jonenxanynor O., XKymaoyanaes /. 4., Axypnexosa A.K., Jocymabaesa JI.C. Al, AlZr xone Ti-meH
nuutapupiienred Na- sxone Ca-hopMalibl MOHTMOPHIUTIOHUTKE eHri3iired Pt- skone Pd-kaTannzatoprnapsiHaars! Tikenen
aiiianFad OCH3UHHIH JKCHUT PPAKIIUSACHIHBIH H30MEPHBALIMACHL. ......vevverrerrerrersersersessesseeseeseensesensensessessensessessessenes
Hoacipos P.H. DIIP crieKTpOCKONHMsI KOMETiMeH Kacliii MaHbIHAAFbl MyHaillapiarsl BaHaAWIIl aHBIKTAY

baiiscymanosa T.C., Tyneamaposa C.A., Xanthopoulou G., )Kexcenbaesa 3.T., Kaymenosa I'.H., Epxubaesa M.K.,

Kymabex M., Kacvimxan K. MeTaHHBIH oJleUHIACPTE ACHIH KATATUTUKAIBIK KOHBEPCHSCHL. ... ...veuvenrereereenreereeseeneeneeneensensensennes 132
Kanumyxawesa A.[., Kanumanosa [.IK., Umanxyrosa 3.4. ®opmaTuBTi 6aranay-xuMus cabakTapbH/a OKBITY
HPOLECIHIH QXKBIPAMAC OOITITI......euteuietenieitrtiatetert et etestete st et tet et et ses et et ettt ebe st ea s ettt esesaes bt st eb e et et eb e e st et et ebe s esteseneeaeseneaseseetentenens 139

Macenosa A.T., Kanvik6epouee M.K., Cacc A.C., Kensun H.P., Kanaméaes E.T., [[vicanxosé B.I1. ben3un ¢pakuusiia-
PBIHIAFBI XOIII HiCTI KOMIPCYTEKTEP/Ii KOFAPhI KbICHIM/IA OTHIPFBI3BUIFBIH KaTATH3ATOPIIAP bl KOJIIAHY apKbUIbI
CYTERTCHIIIPY - - veneetereeneeseneeseseeneaseneaseaseseaseneesenseneaseneeseaseseaseneasenees e sene et e ees e seneeheneeseaseseesenseseeses e seneesenseseesenteb e e eneesentebenseseateneeneneenin 146

—— 154 ——



ISSN 2224-5286 Cepus xumuu u mexnonoeuu. Ne 5. 2018

COJEPKAHUE
Kaumypeesa I'.O., Defrancesco E., Anubexog P.C., Ypazbaesa K.A., E¢pumosa U.E. HoBble TeHIECHINHN B WACHTH()UKAIIN
TPAaJULUOHHON MUIMIEBOA IPOLYKIUHI KAZAXCTAHA .....oouviiiiiiiiiiiiiiiiiiicciiectetee sttt s s s 6
Tykmun B.T., Tenuzoaesa A.C., Hypeaaues H.H., Illanosanoea JI.5., Ackesuy B.J. UccnenoBanye THIPOOIUCTKY H
THAPOM30MEpU3ALNY NPSIMOTOHHOM OeH3MHOBOM (pakiun Ha MoaudunupoBanHbix Ni(Co)-Mo- Al,Os- kaTanuzaTopax ........ 13

Axmemanumosa A.M., Hsacenxo C.A., Mapuenxo A.B., Huimypamosa M.IO., [lonesuax 3., Jlloosuuyk A., Jloceea U.B.
Hccnenosanue xumuueckoro cocraBa 7THYMUS EREMITA KLOK. u THYMUS RASITATUS KLOK. Kaparanauackoro

PETHIOHA ..ottt sttt ettt eh ettt et bt eb e bt e bt e st eatea s et et e se e bt s bt ebeeheeb e e st eaeemtem e e aa e bt eb e eb e bt es e a e ea et et e e b e b e bt eh e e bt eb e et et et e bt ebeebeebeenean 20
Dasvinos C /1., Hypkernos O.A., Kypunos M.JK., Apunosa A.E., Tykmapose A.P., Hcaesa A.JK., Lllauxosa b.K.

Karammsupyemoe koMIiekcaMu Mayuia JUAAKIONPHCOSIUHEHAE THAPA3OHOB K QYIIIEPEHY Cpp -venvervirreerearieieienienienieniesiesieneeeens 26
Onumax E.B., Jlesoanckuii A.D., I'onyoes B.I"., Kopeanbaes B.H., Capcenbexynut /. IlepcieKTUBHBIC HAIIPABICHHS

CHIDKEHHUS YACIBHBIX SHEPTO3ATPAT HPH U3MEITBUEHH ........ootemeevenreniatenteritentesentestnsesessensesensesessentesensenestentesesesessentesesaenessesessennes 32
Kancamem MIK., Taxcubaesa C.M., Ypaxaes @.X., Vpanberxos b.M., Bypkumbaes M.M., bauunosa H.B. Tlonyuenne

T CTAOMITHBAIIMIST HAHOCEPDBI ... vnvseteneteneneseneneasenenssenenerenenenenessessesssessessessessessessessessessessassasssessessessessessessessessessesseeseess &1
baiicanos C.0O., Tonokonnuxoea B.B., Hapuxbaesa I 1., Kopcykosa U.A., ’Kyuxoe B./. TepmoauHamuyeckas OLEHKa

BBIIJIABKM MapraHeBbIX U XPOMUCTBIX (PEPPOCILIABOB HA OCHOBE AHAIN3A X AUATPAMM COCTOSHHUM. c...vnvevevenenrereveneeerenranrenene 47
Kynexees JK.A., Hypmaesa I' K., Mycmagun E.C., Auvinabaes A.A., Mycmagun T.E., Bopceinbaes A.C., Kapuxecog I'.A.

B03MOXHOCTH HCHONB30BAHUS XEPACPOB MPH JINKBUAANU PA3ITHBOB HEMTH HA MOPE .....cnvevinrnevenreriieieeuiateneseeeeeueeeseseennnaennene 58
Tykmun B.T., Hypeanues H.H., Tenuszoaesa A.C., Illanosanosa JI.5., Komawxo JI.B. TunpoobiaropaxuBaHue

Pa3IHYHBIX OEH3MHOBBIX (pakiuii HAMOAN(HUIPOBAHHBIX aTIOMOKOOATIBTMOIUOIEHOBBIX KATATU3ATOPAX ..vevveverenererveneanens 67
Kanowiberxosa A.K., Amaneazueeéa A.T., Xaimenosa 3.b., Ymbemosa A.K. PazpaboTka TEXHOJIOTUH KOMILJICKCHOTO

BBIJICNICHHS OMOJIOTMYECKUX aKTHBHBIX BEIICCTB U3 pacTeHuit poaa Haplophyllum A. JUSS ....c.covevverierieriinieeceeieieeeeeeee 74

Onumax E.B., Jlesoanckuii A.3., Boanenko A.A., )Kymaoynnaes /[. K. Metonpl npoBeneHNs (IIOTALIMOHHBIX TPOLIECCOB ..... 82
Yupxyn [. U., Jlesoanckuii A. 3., Bonnenxo A.A., Capcenbexynvi /]. ccnenoBanue AMHAMUAKY YacTHUI] B yIapHO-

LEHTPOOCHKHBIX MEITBHIIIAX ... vettnetenenttentntteneteitastesensestestestesseestestestensensensenseeseeseeseestententensebe b enbenbesheebeesteseentensensenbenaeasens 92
baiimyxawesa I' K., Kanayosa A.C., Kycnanosa b.K., Hacupog P.H. AHHNOH-paguKal TPpUPEHWI-QOCHUHA.........cvevne... 102
baewosa A.K., Monatiean C., Baewos A.5. CoBpeMEHHOE COCTOSTHHE BOJIOPOIHOM YHEPTeTHKU U COCOOBI ITOJIyYeHHS

BOJIOPOIA. .. enetenteateetete et eteeutestesseasessessesaesaeeseeu e euteat e st e st e s e b e b e b e bt e bt e bt e bt e ae e as st e a e sa b b e eh b bt e Rt e s oot s e R e et e b e b shesheebesueeut et e et ennens 107

3akapuna H.A., [{onenxanynot O,, Kymaoyanaes J].A., Axypnexosa A.K., [ocymabaesa JI.C. VI3omepusanus JIerkoi
(pakimu nmpssMoronHoro 6exsuHa Ha Pt- u Pd-karanm3aropax,HaHeceHHBIX Ha muutapupoBanHbliiAl, AlZr u Ti

MOHTMOPUIITOHUT B Na= FL CA-(IOPMAX.....cteteuiitinieteitetietetettetet et ettt teseebes e st eteseebe e e s e etes e be e et e s ene et emeesensent et eneeseaaeseabe e eseaseneaseneaean 117
Hacupoe P.H. Onpeznesnenue BaHaIusl B HEPTAX NPUKACIUHCKOTO peruoHa MeToaoM DIIP-clieKTpoCKOnu . .........c...e....... 125
baiisrcymanosa T.C., Tyneamaposa C.A., Xanthopoulou G., ’Kexcenbaesa 3.T., Kaymenosa I'.H., Epxubaesa M K.,

Kymabex M., Kacoimxan K. KaTanuTiHaecKast KOHBEPCUS METAHA B OJIEMIHDL.......c..ccueeutemeeruenuensenresteeseeeessesensensessessessessessesseeneens 132
Kanumyxawesa A./[]., Karnumanosa [].JK., Hmanxynosa 3.A. @opMaTuBHOE OLICHUBAHKE - HEOThEMIIEMasl 9acTh IpoIecca

OOYUCHUS HA YPOKAX XHMHEH. .....c.veeveereereensensensenseeseeseestensensensensensessessessessesseessensensensensensensesseeseententensensessensensessessessesneessensensensessensens 139
Macenosa A.T., Kanvikbepoues M.K., Cacc A.C., Kenzun H.P., Kanaméaes E.T., [{vicanxog B.I1. T'unpupoanue

apOMAaTHYECKHX YIJICBOJOPOIOB B OCH3MHOBBIX (PAKIUIX HA HAHECCHHBIX KATAIH3aTOPaX MO/ AABICHUCM. ......c.eeveererereerenenss 146

— 155=——



Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

CONTENTS

Kantureeva G.O., Defrancesco E., Alibekov R.S., Urazbayeva K.A., Efimova I.E. New trends in the identification

of the traditionalfood productsof KazakhStan ..............coccriiiiiiiiiiiiiic sttt ettt 6
Tuktin B.T., Tenizbaeva A.S., Nurgaliyev N.N., Shapovalova L.B., Yaskevich V.1. Study of hydro purification
and hydroizomerization straight-run gasoline fraction over modified Ni(Co)-Mo- Al,O3- catalysts .........ccccovverrerecreneecnienenn 13

Akhmetalimova A.M., Ivasenko S.A., Marchenko A.B., Ishmuratova M.Yu., Poleszak E., Ludwiczuk A., Loseva I.V. The
study of the chemical composition of THYMUS EREMITA KLOK. and THYMUS RASITATUS KLOK. from the Karaganda

TEEIOTL ..vntenteettete et ettt et e e st e be st e ste e bt ebtesten e et e b e eb e e bt e bt eb e eb e eatem s emteee e beeheeh e bt eh e en e en e et et e eh e b e bt e bt e a e eh s e n b en b e et et et e eheebeeb e ent e st et enbebenbebenaes 20
Fazylov S.D., Nurkenov O.A., Zhurinov M.Zh., Arinova A.E., Tuktarov A.R., Issayeva A.Zh., Shaihova B.K. Catalyzed

by palladium complexes the cycloaddition of hydrazones to fullerenecgy (in English).........ccceeveieieiiniinininieieieieeee e 26
Apimakh Ye.V., Leudanski A.E., Golubev V.G., Korganbayev B.N., Sarsenbekuly D. Promising directions of reducing

specific energy costs in grinding (in ENGLISN)........ccoviiiiiiiiiieiceeee ettt ettt sttt sb et eaeenas 32
Kapsamet M.Zh., Tazhibayeva S.M., Urakaev F.Kh., Uralbekov B.M., Burkitbayev M.M., Bachilova N.V. Obtaining

and stabilization Of NANOSULTUL .......c.ccoiriiiiiiinieiciirec ettt ettt ettt et b et a ettt be e nnne 41
Baisanov S.0., Tolokonnikova V.V., Narikbayeva G.1., Korsukova I.Ya, Zhuchkov V.I. Thermodynamic assessment

of smelting of manganese and chromium ferroalloys based on the analysis of their state diagrams ...........coccocevcererereciesienenenne 47
Kulekeyev Zh.A, Nurtayeva G.K., Mustafin E.S., Ainabayev A.A., Mustafin T.E., Borsynbayev A.S., Zharikessov G.A.

Using herders for 0il Spill TESPONSE 1N thE SCA ....cververtiriieiieiieieieee sttt ettt ettt ettt et et e st e sbesaeeseeneeseestebessessensesseeneenean 58
Tuktin B.T., Nurgaliev N.N., Tenizbaeva A.S., Shapovalova L.B., Komashko L.V. Hydrotreating of various petrol

fractions over modified alumocobaltmolydbdenic CatalySts ............ccoiiririiriiieierieeeteeete ettt e s e s sae e seesseeseeneas 67
Kaldybekova A.Zh., Amangazyeva A.T., Halmenova Z.B., Umbetova A.K. Development of technology for the complex

isolation of biological active substances from plants of the genus Haplophyllum A. Juss . RS /)
Apimakh Ye.V., Leudanski A.E., Volnenko A.A., Zhumadullaev D.K. Methods of carrymg out ﬂotatlon processes ............... 82
Chyrkun D.1, Levdanskiy A.E., Volnenko A.A., Sarsenbekuly D. Study of the particle dynamics in impact-centrifugal mills

(I ENZLISI) ettt bbbt bt bt e he e bt e st e st e h et e e he bt bt bt e aeea b et e b e b e b e bt ekt e bt eh b e st e st et e benbenaenbeebeeneas 92
Baymukasheva G.K., Kalauova A.S., Kuspanova B., Nasirov R.N. Triphenylphosphine anion radical...........cccoccceeceneenene. 102
Bayeshova A.K., Molaigan S., Bayeshov A.B. Hydrogen energetics current state and hydrogen production methods......... 107

Zakarina N.A., Dolelkhanuly O., Jumadullaev D.A., Akurpekova A.K., Djumabaeva L.S. Isomerization of light fraction
of straight-run gasoline on Pt-and Pd-catalysts supported on pillared by Al, AlZr and Ti montmorillonite in Na-and Ca-forms..117

Nasirov R.N. Determination of vanadium in the precaspian region’s oil by the EPR-spectroscopy method......................... 125
Baizhumanova T.S., Tungatarova S.A., Xanthopoulou G., Zheksenbaeva Z.T., Kaumenova G.N., Erkibaeva M.K.,

Zhumabek M., Kassymkan K. Catalytic conversion of methane into 0lefins...........ocvevieiiiiiiiiiniiiniiieeeeeeeeee e 132
Kalimukasheva A.D., Kalimanova D.Z., Imankulova Z.A. Formattive evaluation is an uninterruptable part of the

training process 0N 1ESSONS OF CHEIMISIIY ... ..c.cciiiiieieteie ettt ettt ettt et e e et e e teste e st et e bebe b e bt eneeseeneensansensensassensenes 139
Massenova A.T., Kalykberdiyev M.K., Sass A.S.,.Kenzin N.R, Kanatbayev E.T., Tsygankov V.P. Hydrogenation of

aromatic hydrocarbons in gasoline fractions over supported catalysts UNder PreSSULE.........ceeiririeierieirerierierienieseseseeneeeeens 146

—— 156 ——



ISSN 2224-5286 Cepus xumuu u mexnonoeuu. Ne 5. 2018

Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the described work has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis or as an electronic preprint,
see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication elsewhere,
that its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. In particular, translations into English of papers already published in another language are not
accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE),
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct
(http://publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked
by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen
in such a way that there is no conflict of interests with respect to the research, the authors and/or the
research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of
Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.

— 157T——



Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

[TpaBuna opopmiIeHHs CTaTbU AJIS Ty OJTUKAILIIH
B JKypHaJji€ CMOTPETh Ha CailTe:

www:nauka-nanrk.kz

http://www.chemistry-technology.kz/index.php/ru/

ISSN 2518-1491 (Online), ISSN 2224-5286 (Print)

Penaxroper: M. C. Axmemosa, T. A. Anenoues, Aneros /1.C.
Bepcrka Ha kommbroTepe A.M. Kynveunbaesoii

IToxmucano B meyats 11.10.2018.
dopmat 60x881/8. bymara odcernas. [leuats — puszorpad.
9,8 m.a1. Tupax 300. 3aka3 5.

Hayuonanvnas akademus nayk PK
050010, Armamur, ya. Lllesyenxo, 28, m. 272-13-18, 272-13-19



