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CATALYTIC TECHNOLOGY FOR REDUCING THE CONTENT
OF AROMATIC HYDROCARBONS IN MOTOR FUELS

Abstract. The aim of the work was to study the process of hydrodearomatization of diesel fractions for the
production of environmentally friendly fuels with a low content of aromatic hydrocarbons. The hydrogenation of two
diesel fractions 180-350°C and 230-360°C of PKOP LLP (PetroKazakhstanOilProducts, Shymkent) has been
studied. Rh-Pt/Al,O5 catalysts were used in the work. The influence of the technological parameters of the process of
hydrodearomatization (hydrogen pressure 2-6 MPa, temperature 100-220°C) on the reaction rate, conversion and
aromatic hydrocarbon content at the “aniline point” was investigated. To increase stability and resistance to
poisoning with sulfur-containing compounds of petroleum fractions, the carrier was modified with chromium oxide
and synthetic zeolite ZSM-5, which led to an increase in the reaction rate and conversion of aromatic hydrocarbons.
Optimal conditions have been selected (temperatures 200-220°C, hydrogen pressure 4-6 MPa, solvent - ethanol,
propanol, isopropanol) for hydrogenation of diesel fractions 180-350°C and 230-360°C on Pt-Rh-catalysts supported
on alumina and mixed carriers. The content of aromatic hydrocarbons was reduced by 10-20%. Some operational
properties of diesel fuel (kinematic viscosity at 20°C, pour point and cloud point and density at 20°C) of the initial
diesel fractions and after catalytic treatment were determined, the effect of temperature and pressure on the change in
these characteristics was investigated.

Keywords: catalyst, hydrogenation, hydrodearomatization, aromatic hydrocarbons, diesel fraction.

Introduction

The constantly deteriorating of environmental situation in the world dictates the need for use of clean
and quality fuel. Harmful compounds (carcinogens, in particular benzpyrene) are formed upon incomplete
combustion of benzene and aromatic hydrocarbons. Aromatic hydrocarbons promote coking in the engine
combustion system, which increases the NO, content in exhaust gases. For diesel fuels, the high content of
polycyclic aromatic hydrocarbons reduces their cetane index; a lot of soot (black smoke) is contained in
exhausts at combustion. The limiting value of aromatic hydrocarbons content according to the new
EURO-5.6 specifications is less than 30%, benzene is less than 0.1%. One of the methods for improving
the composition of fuels is their hydrodearomatization; olefins also hydrogenate at the same time, which
reduce the stability of fuel as a result of their polymerization [1-6].

Development and introduction of the technology of hydrodearomatization of fuels and fuel fractions
are relevant for the Republic, taking into account the high content of benzene (up to 5-7%) and aromatic
hydrocarbons (up to 40-50%) in gasolines and diesel fuels, as the environmental situation in some regions
raises concerns. The technological line for the proposed project is simple and the process can be carried
out on the lines of oil hydrotreating at any refinery in Kazakhstan. The process technology is one-step and
low-waste. Hydrodearomatization of fuels will help improve the performance properties of domestic
gasolines, diesel fuels and will allow in a short time to cover the need for fuels with improved
performance characteristics.

Many countries: Russia, United States, Great Britain, France, Germany, Japan, China, Poland, etc. are
engaged in the problem of hydrodearomatizing of fuels [7-19]. Major trends in this field consist in
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reducing the cost of catalyst (reduction of the noble metal content, selection of carriers and modifiers),
increase stability and resistance to sulfur-containing compounds. In industry catalysts based on noble
metals and sulfides are used, but in the latter, the process is carried out under more stringent conditions.

Recently Pt-Pd-catalysts have been intensively used for hydrotreatment of petroleum products,
especially for reducing the content of benzene in gasolines and aromatics in diesel fuels, therefore, close
attention of researchers has been riveted on them. The addition of Pd to Pt/Al,O; leads to an increase in
not only the activity, but also the stability in the hydrogenation of benzene. By varying the nature of the
carrier and modifier the Pd catalysts with the addition of a second metal such as Cu, Ru or Pt a uniform
distribution of metals in the pores, optimal acidity and stability against sulfur-containing compounds were
achieved. Thus, in the literature of recent years on catalysis there has been considerable interest to the
process of hydrogenation of aromatics, which is largely due to the practical use in the production of
environmentally friendly fuels.

At present, Kazakhstan's refineries produce rather low-quality motor fuels, which are far from
international standards. In addition to harmful emissions into the atmosphere, rapid deterioration of the
details of equipment occurs due to the deposition of carbon during the combustion of such fuels. The
service life of equipment is reduced by 30%.

In previous works [15-20] we investigated the catalytic hydrogenation of aromatic hydrocarbons and
developed catalysts and technological regimes for the process of hydrodearomatization (removal of
benzene and reduction of polyaromatic hydrocarbons) of gasoline fractions of ANPZ LLP (Atyrau Oil
Refinery). Advantages of the these catalysts are a high conversion of benzene 99.5%, reduction of
aromatic hydrocarbons content to 25%, high stability to poisoning with sulfur-containing compounds.The
purpose of this work is the catalytic hydrogenation of polyaromatic hydrocarbons in diesel fractions of
PKOP LLP (PetroKazakhstanOilProducts, Shymkent).

Experimental part

Bimetallic modified catalysts based on Group 8 metals (Pt and Rh) on aluminum oxide were prepared
for hydrodearomatization of diesel fractions of PKOP LLP (Shymkent) - 180-350°C and 230-360°C with
aromatics content of 30 and 39%, respectively.

At preparation of catalysts RhCl;-3H,O, H,PtCls-6H,O of "chemically pure" mark were used.
Solutions of these compounds were applied by the adsorption method on the prepared carrier ALL,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 Ltd" in
the isobaric-isothermal regime.

The “aniline point” method was used to determine the total content of aromatic hydrocarbons.

Results and discussion

Hydrodearomatization of diesel fractions of 180-350°C and 230-360°C was carried out on the
prepared catalysts and the technological parameters (temperature and hydrogen pressure) were tested. The
effect of temperature in the range of 100-200°C on the rate, duration of hydrogenation, and the content of
aromatic hydrocarbons was studied.

Table 1 shows the data on the hydrogenation of the diesel fraction of oil 180-350°C. With increasing
of temperature, the rate increases from 8.2 to 12.3 ml/min, the duration of the process decreases from 180
to 130 minutes. The aniline point increases from approximately <44 to <54. This indicates a decrease in
the content of aromatic hydrocarbons by approximately 18% (the initial content of aromatic hydrocarbons
is approximately 30%).

The effect of hydrogen pressure was studied in the range of 2.0-4.0 MPa. The change in reaction rate
and duration at these pressure values is similar to the effect of temperature: the reaction rate increases
from 8.2 to 10.1 ml/min, and the duration of the process decreases from 180 to 150 minutes (Table 1). The
content of aromatic hydrocarbons is reduced by 15% as measured by the aniline point, which increases
from <44 to <53.
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Table 1 - Hydrogenation of the diesel oil fraction: 180-350°C on Pt-Rh/Al,O; catalyst

Conditions Rate, ml/min Duration, min Aniline point
before after
100°C 8.2 180 <44 <51
120°C 9.0 169 <44 <52
140°C 9.8 156 <44 <53
160°C 10.2 149 <44 <54
180°C 11.0 139 <44 <54
200°C 12.3 130 <44 <55
2 MPa 8.2 180 <44 <51
3 MPa 9.1 165 <44 <52
4 MPa 10.1 150 <44 <53
ethanol 8.6 170 <44 <54
propanol 7.8 195 <44 <51
isopropanol 8.2 180 <44 <51

Ethanol, propanol, and isopropanol were used as solvents. According to the reaction rate and duration
of the process, ethanol is the best solvent. These solvents by reaction rate are arranged in a row: ethanol >
isopropanol > propanol.

And accordingly the speed values in this row are reduced from 8.6 to 7.8 ml/min, and the duration of
the process is antibate increased from 170 to 195 minutes (Table 1). For all values of temperature,
hydrogen pressure and solvent type, the rate of hydrogenation of the diesel fraction 180-350°C is greater
than the fraction 230-360°C.

Pt-Rh/AL,O5 catalyst showed low activity for diesel fractions, which is associated with poisoning with
sulfur-containing compounds (0.02%) contained in the fuel. Therefore, to increase its activity, the catalyst
was modified in two ways: by introducing chromium oxide and zeolite ZSM-5. Chromium oxide increases
resistance to poisoning by sulfur, and zeolite affects the formation of active surface phases, providing a
sufficiently high concentration of strong proton donor and electron acceptor centers, thereby increasing the
catalytic activity.

When hydrogenating diesel fuel with an aromatic content of 30-39% on catalysts modified by
chromium oxide and zeolite, the reaction rate is higher than on an unmodified catalyst, the duration of the
process is reduced. Conversion increases and is 10-13% (table 2).The content of aromatic hydrocarbons
was determined by measuring aniline point. On modified catalysts, the aniline point after the reaction is
<55, which indicates a decrease in the aromatic content. By all indications, a catalyst modified with zeolite
is more active than unmodified and modified chromium oxide.

Table 2 - Hydrogenation of two diesel fractions on various catalysts

Catalyst Type of fraction Content of Rate, Conver- Duration, Aniline point

aromatics,% ml/min sion, % min before after

Pt-Rh/ Diesel fraction 30 0.01 9 > 360 <44 <54
Al,O4 180-350°C

Diesel fraction 39 0.01 8 > 480 <42 <53
230-360°C

Pt-Rh/ Diesel fraction 30 0.05 10 280 <44 <55
AlL,O5+ 180-350°C

Cr,04 Diesel fraction 39 0.06 10 270 <42 <55
230-360°C

Pt-Rh/ Diesel fraction 30 0.07 13 210 <44 <56
AlL,O5+ 180-350°C

ZSM-5 Diesel fraction 39 0.08 12 200 <42 <56
230-360°C

For the same process the parameters of the regime (temperature and hydrogen pressure) were tested
for some performance properties of diesel fuel, such as viscosity at 20°C, pour point and cloud point, and
density at 20°C (Table 3). Table 3 shows the sample data for the Pt-Rh/Al,O; catalyst.
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In Table 3 the data of the initial diesel fuel before and after the catalytic treatment with the change of
hydrogen pressure from 2 to 6 MPa and temperature from 180-220°C are presented. The characteristics
presented are important operational parameters and are measured under laboratory conditions. The
kinematic viscosity of the resulting product decreases from 3.15 to 2.86 mm?/s compared to the original
fuel. Density is also reduced from 0.833 to 0.823 g/cm’. The cloud point decreases from -19 to -27°C, and
the pour point from -22 to -29°C.

Table 3 - Effect of hydrogen pressure and temperature on the properties of diesel fuel

Conditions Densityat 20°C, cloud point, °C pour point,”C Kinematic viscosity at
g/em’ 20°C,mm?%/s
Before treatment 0.833 -19 -22 3.15
2 MPa 0.830 -21 -25 3.00
4 MPa 0.829 -24 -27 2.98
6 MPa 0.823 -25 -28 2,86
180°C 0.830 21 -25 3.00
200°C 0.828 -25 -27 2.72
220°C 0.825 -27 -29 2.70

Table 4 shows some of the performance properties (physico-chemical indicators) of diesel fuel in the
process of hydrogenation on three catalysts: Pt-Rh/Al,03, Pt-Rh/Al,05+Cr,O; u Pt-Rh/Al,0;+ZSM-5.

Table 4 — Physico-chemical indicators of diesel fuel in the process of hydrogenation

Conditions Densityat 20°C, | cloud point, °C pour point,”C Kinematic Aniline
g/em’ viscosity at point
20°C,mm’/s
Before treatment 0.833 -19 -22 3.15 <44
Pt-Rh/ AL,O5 0.830 -21 -25 3.00 <54
Pt-Rh/ALO3;+Cr,05 0.829 -24 -27 2.98 <55
Pt-Rh/ALO;3;+ZSM-5 0.823 -25 -28 2.86 <56

After treatment on developed catalysts, the fuel density decreases from 0.833 to 0.823. The cloud
point and pour point are reduced, respectively, from -19 to -25 and from -22 to -28°C. Viscosity also
decreases from 3.15 to 2.86 mm”/s. The content of aromatic hydrocarbons, measured by the aniline point
method, decreases from <44 to <56. The best results were shown by the Pt-Rh/Al,0; + ZSM-5 catalyst,
which had the lowest cloud point -28°C, pour point -28°C, viscosity 2.86 mm?/s, as well as the content of
aromatic hydrocarbons - aniline point <56.

Thus, the advantage of the prepared catalysts is in reduction the concentration of polycyclic aromatic
hydrocarbons (PAHs) by 10-20% in diesel oil fractions. Diesel fuels obtained after hydrodearomatization
have a lower cloud point and pour temperature, as well as kinematic viscosity. The catalysts have a high
stability to poisoning with sulfur-containing compounds, which is especially important for diesel fuels in
Kazakhstan.

The technology of hydrodearomatization of diesel fuels is applicable to the production of
environmentally friendly fuels with a low content of aromatic hydrocarbons, has low energy consumption
and high environmental friendliness. Reducing the amount of aromatic hydrocarbons in automotive fuels
will reduce the amount of gaseous emissions and extend the service life of cars by 1/3, which will also
bring an economic effect.

Conclusions

The process of hydrodearomatization of two diesel fractions of PKOP LLP
(PetroKazakhstanOilProducts, Shymkent) of 180-350°C and 230-360°C on the prepared Rh-Pt/Al,O4
catalysts was investigated. The influence of the technological parameters of the process of
hydrodearomatization (hydrogen pressure 2-6 MPa, temperature 100-220°C) on the reaction rate,
conversion and aromatic hydrocarbon content at the “aniline point” was investigated.
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To increase stability and resistance to poisoning with sulfur-containing compounds of petroleum
fractions, the carrier was modified with chromium oxide and synthetic zeolite ZSM-5, which led to an
increase in the reaction rate and conversion of aromatic hydrocarbons.

Optimum conditions have been selected (temperatures 200-220°C, hydrogen pressure 4-6 MPa,
solvent - ethanol, propanol, isopropanol) for hydrogenation of diesel fractions: 180-350°C and 230-360°C
on Pt-Rh-catalysts supported on alumina and mixed carriers. Some operational properties of diesel fuel
(kinematic viscosity at 20°C, pour point and cloud point and density at 20°C) of the initial diesel fractions
and after catalytic treatment were determined, the effect of temperature and pressure on the change in
these characteristics was investigated.

In the presence of developed catalysts, the fuel density decreases from 0.833 to 0.823, cloud point and
pour point decrease, respectively, from -19 to -25 and from -22 to -28°C, viscosity also decreases from
3.15 to 2.86 mm?/s. The content of aromatic hydrocarbons is reduced by 10-20%. The best results were
shown by the Pt-Rh/Al,O5+ZSM-5 catalyst, which had the lowest cloud point of -28°C, solidification of -
28°C, viscosity 2.86 mm?/s, as well as the content of aromatic hydrocarbons - aniline point <56.
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MOTOP )KAHAPMAI@IAPBIHI[A APOMATTBI KOMIPCYTEKTEPAIH
KYPAMBIH A3BAUTYAbIH KATAJIN3AIK TEXHOJIOT'UACHI

AnHotanus. JKyMBICTBIH MaKcaTbhl apoMarThl  KOMIPCYTEKTEpIiH a3 MeJmepi Oap 3KOJOTHSIBIK Ta3a
JKaHApMakIpl ~ OHJIpyre apHanraH IH3eib (QpaknusulapblH T'MIPOJeaoMaTH3aLMsuIay HPOLECIH 3epTTey OOoJIbII
tabpagsl.  «I[IKOID» JKIIC-niH (PetroKazakhstanOil Products, IlIsiMKeHT) eki au3enblIik (HpaKIUSCHIHBIH
rugporernzanmscel  180-350°C  sxone  230-360°C-ta  3eprresren. JKymbicta Rh-Pt/Al,O;  karamusaropsl
KOJIIaHBUIIBL. Peakius KbU1iaMIbIFbIHA, THAPEACPOMATH3ALMS IPOLECIHIH TEXHOJIOTHSIIBIK HapaMeTpiepi (KbIChIM
2-6 MIla, Ttemmeparypa 100-220°C), «aHWINH HYKTECiHIE» KOHBEPCHS >KOHE apOMATTBl  KOMIpCYTEKTepIiH
KYpaMBIHBIH ocepi 3epTrenai. MyHall (QpakIusutapblHBIH KypaMbIHIA KYKIPTI 0ap KOCBIHIBUIAPMEH YIIaHYBI
TYPaKTBUIBIFBl MEH JKalIllbl TYPAaKTBUIBIFBIH AapTTBIPY YIIIH TachIMaJArbllll XpOM OKCHIIMEH xoHe ZSM-5
CHHTETHKAJIBIK I[COJUTIMEH MOAM(DUKAMSUIAHABI, Oy apOMaTThl KOMIPCYTEKTEpIiH PEaKIUsChl MeH
KOHBEPCHSCHIHBIH JKbUIIAMABIFBIH apTThIPyFa OKenJl. AJIOMHHHUH OKCHIIHE JXOHE apajac TachIMallJarbllITapFa
oTeIprbI3bUTFaH  Pt-Rh-katanmusatopnapeiga nusenbai  Gpakinusuiapabl THAPHUPICY VIINIH OHTAMIIBI Karaaniap
(remneparypacer 200-220°C, cyreri KbicbiMbl 4-6 MIla, epiTKiui - 3TaHOJ, MPONAHOJ, M30MPONAHON) IpiKTEeIi.
ApomatTel kemipcytekrepaiH Kypambl 10-20% temenpeiiai. J{n3enb OTHIHBIHBIH KeHOIp maiaiaHy KacueTTepi
anbikTanabl (20°C KesiHmeri KMHEMATHUKAJBIK TYTKBIPJIBIFBL, KAaTy JKOHE TYHIBIPY Temmeparypachl xone 20°C
KE31H/IETl THIFBI3/IBIFEI) JKOHE KaTIN3IIK OHICY/IeH KeiiH, TemIrepaTypa MEH KbICHIMHBIH OChI CHITATTaMajapJIblH
e3repyiHe acepi 3epTTe/I.

Tyiiin ce3aep: KaTaIu3aTop, rTUAPIIEY, THAPOISAPOMATH3AINS, APOMATTEl KOMIPCYTEKTep, AU3elbi (paKims.
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KATAJIMTHYECKAS TEXHOJIOI'USI CHUKEHUSA COAEP KAHUSA
APOMATHYECKHUX YTJIEBOJOPOAOB B MOTOPHBIX TOIIVINBAX

Annotanus. L{enpio paboThI SBISUIOCH M3YYEHHE IpoLiecca THAPOACAPOMATH3ALNH IU3EIbHBIX (ppakumii s
MIPOM3BOJICTBA IKOJOTUYECKH YHMCTBHIX TOIUIMBC HU3KUM COJIEp)KaHHEM apOMaTH4eCKUX YIJIeBOAOPOJOB. M3yueHo
ruapupoBanne nByx aumsenbHbIX ¢pakuuit TOO ITIKOIT («IlerpoKazaxcranOiinllpomakrey, r. IIsiMkenT) 180-
350°C m 230-360°C. B pa6ore wucnonp3oBaics Rh-Pt/Al,O; kartammsarop. McenemoBanocs — BIUSHHE
TEXHOJIOTHYECKHX MMapaMeTpoB TIpoIiecca THapoaeapoMaTH3aiuu (nasienne 2-6 Mlla, Temmeparypa 100-220°C) na
CKOPOCTb PEaKINU, KOHBEPCHIO U COJCpP)KaHHE apOMATHYECKHX YIJIEBOJOPOAOB MO «AHWIMHOBOW Toukey. Jliis
HOBBIIICHHUS CTAOMIBHOCTH U YCTOWYNBOCTH K OTPABIICHUIO CEPYCOAEPKAIUMHU COSTMHEHUAMH HE(DTSIHBIX (paKuuii
HOCHUTENb MOAN(MHUINPOBAIN OKCHAOM XpOMa U CHHTETHUYECKHM LEOIUTOM ZSM-5, 4TO MPHUBEIO K MOBBIMICHUIO
CKOPOCTU PEaKIi U KOHBEPCHHU apoOMATHYCCKHUX YIJICBOJAOPOA0B. OCyIIECTBICH MOA00p ONTHMAIbHBIX YCIOBUH
(remneparypst 200-220°C, naBnenue Bojpopoaa 4-6 MIla, pacTBOpUTENb - 3TAHOJ, POMNAHOJ, M30MPONAHOI) st
rupupoBanus ausensHbix ¢pakiuii: 180-350°C u 230-360°C Ha xaranmzaropax Pt-Rh, HaHECEHHBIX HA OKCHI
AMIOMHMHUS U cMenlaHHele Hocutenu. ConepxaHue apoMaTHUYECKUX YIIEBOAOpPOoAoB cHmxkaercs Ha 10-20%.
OrpeesieHbl HEKOTOPBIE IKCILTYaTAlOHHbIE CBONUCTBA ANU3EIbHOTO TOIUIMBA (KHHEMATHdecKas Bsi3kocTh mpu 20°C,
TEMIIEpaTypbl 3aCThIBAHUS W MOMYyTHEHUs] W MWIOTHOCT mpu 20°C) HCXOOHBIX AW3EIBHBIX (pakuuil M IOCie
KaTaJIMTHIECKON 00pabOTKH, MCCIEAOBAHO BIMSHUE TEMIEPATYPHI U IABICHHUS HA U3MECHEHNE 3THX XapaKTEPHUCTHK.

KiroueBble c10Ba: KaTalu3aTop, T'MIAPHUPOBaHME, THAPOJEapoMaTH3alys, apOMaTHYECKHE YTIIEBOIOPOJIBL,
Ju3enbHas GpaKIus.
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