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NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

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
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOacmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3eecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6bir
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uHOeKcuposaHuUu Haxodumcs 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0nsi danbHeliweeo npuHImMusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kadyecmeo u
enybuHy koHmeHma 0ns uccriedosameried, asmopos, usdamerel u yupexdeHul. BknoyeHue Msgecmus
HAH PK e Emerging Sources Citation Index GemMoHcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY o XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.



bac pegakTopsl

X.F.1., mpod., KP ¥FA akagemuri
M.K. KypbIHOB

Pemakmnug aixkachl

ArabexoB B.E. pod., akamemuk (bemopyc)
Baemor A.B. nipod., akagemuk (Kazakcran)
BypkiTt6aeB M.M. npoc., akagemuk (Kasakcran)
Boaxkos C.B. mpod., akanemuk (YkpanHa)
Bopoteinues M.A. ipod., akamemuk (Peceit)
I'azanueB A.M. npod., akagemuk (Kazakcran)
Jxycundexon Y. K. mpod., kopp.-mymieci (Kazakcran)
KapmaramberoBa A.K. npod. (Kazakcran), 6ac pea. opsiHOacapbl
Kopoodexona LK. npod., akagemuk (KpiprpicTan)
Hrkyaosa HI.C. npod. (Kazakcran)

ManTamsia A.A. ipod., akageMuk (ApMeHHS)
Ipanues K./ npod., akagemuk (Kazakcran)
Paxumos K./I. npod., akagemuk (Kazakcran)
Pynuk B. mpod., akanemuk (MonmoBa)

Ctpeasuos E. mpod. (bemopyc)

TeantaeB B.B. npod., akagemuk (Kazakcran)
Tonpepam U. mpod., akanemuk (Momgoa)

Tyaeyo b.!. ipod., akamemuk (Kazakcran)
®a3puioB C./. mpod., akagemuk (Kazakcran)
®ap3aaues B. npod., akagemuk (O3ipbaiikaH)
Xagukos JI.X. pod., akagemuk (ToxikcTaH)

I aiixyraunos E.M. nipod., akagemuk (Kazakcran)

«KP ¥T'A Xa0apuapbl. XuMHs 5K9HE TEXHOJOTHS CEPUACHD).

ISSN 2518-1491 (Online),

ISSN 2224-5286 (Print)

Memnmrikrenymni: «Kasakcran PecnyOmukacslHBIH #YATTHIK FBUIBIM aKaJeMHUACHD PecyOnmMKanmblK KOFaMIIBIK
GipmecTiri (AnMartsl K.).

Kazakcran PecryOnukacsiHBIH AKapar >KoHE KOFaMABIK JaMy MHHHCTPIIriHiH Akmapatr xomuteTiaae 29.07.2020 x.
oepinren Ne KZ66VPY 00025419 mep3imuik 0acbUIbIM TipKeyiHe KOWBLTY Typajibl KyalliK.

TaKbIPBIITHIK OAFBITHL: XUMUA HCIHE HCAHA MANEPUATOAD MEXHONOSUACHL CANACLIHOARb] 6ACHIM bLILIMU 3epmmeynepoi
Jrcapuanay.

Mep3iMIiTiri: )KBUIBIHA 6 PET.
Tupaxsr: 300 nana.

Penakuusueig Mekermxkaiibl: 050010, AnMartsl K., IlleBuenko keiir., 28; 219, 220 6eir.; Ten.: 272-13-19; 272-13-18,
http://chemistry-technology.kz/index.php/en/arhiv

© Kazakcran PecryOnukachHbIH ¥ ATTHIK FRUIBIM akaneMrsicbl, 2020

Penakuusueig Mekerxkaiibl: 050100, AnMmatel k., Konaes k-ci, 142, «JI. B. CokoibCkuii aThIHAAFbl OTBIH, KaTalu3
KOHe AEKTpoxuMusi UHCTUTYTh AK, ka0. 310, ten. 291-62-80, dakc 291-57-22, e-mail:orgcat@nursat.kz

Tunorpagususiy Mexerkaiibl: «NurNaz GRACE», Anmarsi K., PeickysioB kemt., 103.




I'maBHBIH penakToOp

I.X.H., mpod., akanemuk HAH PK
M.K. KypuHos

PenmaknmuoHHAasa KOJNJIETHS:

ArabexoB B.E. ipod., akamemuk (bemapych)
BaemoB A.B. npog., akagemuk (Kazaxcran)
Bypkur6aes M.M. npod., akagemuk (Kazaxcran)
Boaxkos C.B. mpod., akanemuk (YkpanHa)
Bopoteinues M.A. ipod., akamemuk (Poccus)
I'azanueB A.M. npod., akanemuk (Kazaxcran)
dxycundexon Y. K. mpod., wr.-kopp. (Kazaxcran)
KapmaramberoBa A.K. npod. (Kazaxcran), 3am. 1. pe.
Kopoo6exona LK. npod., akanemuk (Keipreizcran)
Hrkynosa HI.C. npod. (Kazaxcran)

ManTamsia A.A. ipod., akageMuK (ApMeHHS)
IpaaueB K./ npod., akagemuk (Kazaxcran)
Paxumos K.J/I. npod., akanemuk (Kazaxcran)
Pynuxk B. mpod., akanemuk (MomnmoBa)

Ctpeasuos E. mpod. (bemapycs)

TeabTaes b.b. npod., akagemuk (Kazaxcran)
Tonpepam U. mpod., akanemuk (Mongosa)
Tyaeyos b.]. pod., akamemuk (Kazaxcran)
®azbunoB C.J0. npod., akanemuk (Kazaxcran)
®ap3aaues B. npod., akagemuk (AsepOaiimxan)
Xaguxos JI.X. mpod., akagemuk (TamKxukucTan)
HlaiixyraunoB E.M. npod., akagemuk (Kazaxcran)

«H3BecTuss HAH PK. Cepusi XuMHH M TeXHOJIOTHII».

ISSN 2518-1491 (Online),

ISSN 2224-5286 (Print)

CobctBennnk: PecrmyOnmukanckoe oOmectBeHHoe oOwvenuHeHne «HammonanpHas axamemus Hayk PecryOmwmkum
Kazaxcran» (r. Anmarsl).

CBHUIETENBCTBO O IIOCTAaHOBKE Ha Y4YeT IIEPUOAMYECKOrO IedaTHoro m3naHus B Kommurere uHbOpManuu
MunucrepctBa uHbOpManuu u obOmecTBeHHoro pasButust PecriyOnmku Kazaxcran Ne KZ66VPY00025419,
BbItaHHOE 29.07.2020 T.

Temarnueckas HaIPaBJICHHOCTb: ny6ﬂu}<auuﬂ NPpUOPUMENHBIX HAYYHbIX uccnedo8anull 6 0O1ACMU XUMUU U MEXHOLO2ULL
HOBbIX Mamepuaios.

[MepromnaHOCTE: 6 pa3 B TOJ.
Tupax: 300 SK3eMIUTSIPOB.

Anpec pegakauu: 050010, r. Anmarsr, yi. llleBuenko, 28; kom. 219, 220; Tem. 272-13-19; 272-13-18,
http://chemistry-technology.kz/index.php/en/arhiv

© HanmonanpHas akagemus Hayk PecrryOimku Kaszaxcran, 2020

Anpec pepakmuu: 050100, r. Anmartsl, yn. Kynaesa, 142, AO «MHcTUTyT TOIUIMBA, KaTanus3a M 3IEKTPOXUMHU
um. JI.B. Coxonbckoroy», kab. 310, ten. 291-62-80, dakc 291-57-22, e-mail:orgcat@nursat.kz

Anpec tumorpadun: «NurNaz GRACE», r. Anmartsl, yi. Peickynosa, 103.

— 4 —



Editor in chief

doctor of chemistry, professor, academician of NAS RK
M.Zh. Zhurinov

Editorial board:

Agabekov V.Ye. prof., academician (Belarus)
Bayeshov A.B. prof., academician (Kazakhstan)
Burkitbayev M.M. prof., academician (Kazakhstan)
Volkov S.V. prof., academician (Ukraine)
Vorotyntsev M.A. prof., academician (Russia)
Gazaliyev A.M. prof., academician (Kazakhstan)
Dzhusipbekov U.Zh. prof., corr. member (Kazakhstan)
Zharmagambetova A.K. prof. (Kazakhstan), deputy editor in chief
Zhorobekova Sh.Zh. prof., academician (Kyrgyzstan)
Itkulova Sh.S. prof. (Kazakhstan)

Mantashyan A.A. prof., academician (Armenia)
Praliyev K.D. prof., academician (Kazakhstan)
Rakhimov K.D. prof., academician (Kazakhstan)
Rudik V. prof., academician (Moldova)

Streltsov Ye. prof. (Belarus)

Teltaev B.B. prof., akademik (Kazahstan)

Toderash 1. prof., academician (Moldova)

Tuleuov B.I. prof., akademik (Kazahstan)

Fazylov S.D. prof., akademik (Kazahstan)

Farzaliyev V. prof., academician (Azerbaijan)
Khalikov D.Kh. prof., academician (Tadjikistan)
Shaihutdinov E.M. prof., akademik (Kazahstan)

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of chemistry and technology.
ISSN 2518-1491 (Online),

ISSN 2224-5286 (Print)

Owner: RPA "National Academy of Sciences of the Republic of Kazakhstan" (Almaty).

The certificate of registration of a periodical printed publication in the Committee of information of the Ministry of
Information and Social Development of the Republic of Kazakhstan No. KZ66VPY 00025419, issued 29.07.2020.

Thematic scope: publication of priority research in the field of chemistry and technology of new materials

Periodicity: 6 times a year.
Circulation: 300 copies.

Editorial address: 28, Shevchenko str., of. 219, 220, Almaty, 050010, tel. 272-13-19; 272-13-18,
http://chemistry-technology.kz/index.php/en/arhiv

© National Academy of Sciences of the Republic of Kazakhstan, 2020

Editorial address: JSC «D.V. Sokolsky institute of fuel, catalysis and electrochemistry», 142, Kunayev str., of. 310,
Almaty, 050100, tel. 291-62-80, fax 291-57-22, e-mail: orgcat@nursat.kz

Address of printing house: «NurNaz GRACE», 103, Ryskulov str, Almaty.




ISSN 2224-5286 Series chemistry and technology. 5. 2020

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES CHEMISTRY AND TECHNOLOGY
ISSN 2224-5286 https://doi.org/10.32014/2020.2518-1491.86
Volume 5, Number 443 (2020), 99 — 107

UDC 541.128.665

B.T. Tuktin, L.B. Shapovalova, A.A. Tenizbayeva,
A.Z. Abilmagzhanov, R.I. Egizbaeva

JSC "Institute of Fuel, Catalysis and Electrochemistry named after D.V. Sokolsky", Almaty, Kazakhstan.
E-mail: tuktin_balga@mail.ru, n-nikk@bk.ru, aliya.85@mail.ru,
a.abilmagzhanov@ifce.kz, e raikul@mail.ru

HYDROTREATING AND HYDROISOMERIZATION
OF OIL FRACTIONS ON MODIFIED ALUMINUM-COBALT-
MOLYBDENUM CATALYSTS

Abstract. In this work we are given results and research of hydro refining of gasoline and diesel oil fractions on
alumina catalysts CoO-Mo00O3-La;03-P,05-ZSM-AL,03,  CoO-M003-Ce,03-P,05-ZSM-HY-ALL,O3, CoO-MoOs-
Lay03-P,0s- AAC-ZSM -Al,Os. The catalysts were prepared by impregnating a mixture of aluminum hydroxide and
zeolites ZSM-5, HY with aqueous solutions of salts Co, Mo, La and phosphoric acid. Large-scale laboratory tests of
the synthesized catalysts were carried out in the process of hydro processing of various types of gasoline and diesel
fractions.

At hydro treating of straight-run gasoline over CoO-MoOs-La;03-P,05-ZSM-AL,O3 shows that in the
temperature range 320 - 350°C the maximum amount of isoalkanes is formed 33.4-40.4%. The octane number of
refined gasoline increases in comparison with the initial one from 78.9 to 89.3 (RON)and from 60.9 to
73.4 (MON). The sulfur content of catalysate with increasing temperature up to 400°C decreased to 0.0012 %.

At hydro processing of catalytic cracking gasoline on CoO-Mo003-La,03-P,0s-ZSM-AL,O3 the octane number
of refined gasoline is slightly reduced. The sulfur content of catalysate with increasing temperature up to 400°C
decreased from initial with from 0.0134 to 0 0014 %.

It was found that the lowest pour point and cloud point of hydro-refined diesel fuel is observed on the catalyst
Co0-Mo003-La,03-P,05-ZSM-A1,0s. After hydro treating on this catalyst the pour point and cloud point are equal to
minus 52.7°C and minus 40.8°C accordingly. This same catalyst has the highest hydro desulfurization activity: the
sulfur content decreases from 0.5600% to 0.104%.

Thus, the developed modified zeolite-containing catalysts CoO-Mo0O3-La,03-P,05-ZSM-AL,O3;, CoO-MoOs-
Ce,03-P,05-ZSM-HY-AL,O3, CoO-Mo003-La,03-P,05-AAC-ZSM-AL O3, exhibiting high activity at hydro treating
of gasoline and diesel fractions and is able in one stage deep hydro treating, hydro isomerization and hydrocracking
which allows to obtain low-sulfur, high-octane gasoline and low-sulfur and low solidifying diesel fuel which is
important for operation of vehicles in winter conditions.

Key words: straight-run gasoline, diesel fraction of oil, zeolite, catalyst, hydro treating.

Introduction. Recently, due to the necessity of deep processing heavy sour crude oil significantly
increased requirements for the process of hydrotreating petroleum oil fractions. The efficiency of
hydrotreating processes is mainly determined by the properties of the catalysts used. To carry out deep
hydrotreating of petroleum fractions, it is necessary to use new efficient catalysts and
technologies. According to international standards, a significant limitation of the content of sulfur,
benzene, aromatic and olefinic hydrocarbons in motor fuels is required. At present, environmental
requirements for the quality of motor fuels are being tightened, which requires their deep hydrotreating
and refining. In many countries, catalysts are being searched to increase the depth of removal of sulfur-
containing compounds and the technology for the production of motor fuels is being improved. Existing
catalysts for the hydroprocessing of petroleum fractions in Kazakhstan and the CIS countries do not
always meet the increased requirements for the quality of motor fuels. To improve the quality of motor
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fuels, to reduce the cost of their production, an urgent and priority task is the creation of highly effective
polyfunctional catalysts for processing petroleum fractions. In this case great importance is the
development of catalysts for hydrotreatment of a certain type of oil [1-20].

This paper presents results and research hydrorefining gasoline and diesel oil fractions on new
aluminum-cobolt-molybdenum catalysts, modified with additives of zeolite ZSM-5 and HY, lanthanum
and phosphorus.

Experimental part. Enlarged batches of catalysts CoO-Mo00Os-La,03-P,05-ZSM-AL,03, CoO-MoOs-
Cey03-P,05-ZSM-HY-ALO3;, Co0O-M00s3-Lay03-P,0s-AAC-ZSM-AL,O3 were prepared. The catalysts
were prepared by impregnating a mixture of aluminum hydroxide and zeolites ZSM-5, HY, with aqueous
solutions of cobalt, molybdenum, lanthanum, and phosphoric acid salts. Then granulation and shaping
were carried out. Thereafter, the catalysts pellets were dried at 150°C and calcined at 550°C. Enlarged
laboratory tests of the synthesized catalysts were carried out in the process of hydroprocessing of various
types of gasoline and diesel fractions. Tests performed in high-pressure flow installation with a stationary
catalyst layer at 320-400°C, pressure 2.5 - 4.0 MPa and the space velocity 1.0 - 3.0 h ",

The hydrocarbon composition of the reaction products was analyzed on chromatographs «Chromatek-
Crystaly. The analysis of the sulfur content was carried out in «Oilsert International» LLP (Almaty) and
the laboratory of physicochemical methods of ITKE. The determination of the pour point and cloud point
was carried out on a «LAZ M2y device.

The physicochemical characteristics of the synthesized catalysts were investigated by electron
microscopy «EM-125K» transmission electron microscope using microdiffraction [21]. To determine the
number of acid sites, the method of temperature-programmed desorption of ammonia was used [22].

Results and its discussion. During the hydroprocessing of straight-run gasoline on the catalyst CoO-
Mo0Os3-La,03-P,0s-ZSM-ALO; in the temperature range 320-350°C (table 1) the maximum amount of
isoalkanes is formed 33.4-40.4%. At higher temperatures the yield of isoalkanes is reduced to 32.2% at
400°C. The content of aromatic hydrocarbons in the catalyzate under these conditions increases from 14.9
to 20.1 %. The octane number of refined gasoline increases in comparison with the initial one from 78.9 to
89.3 (RON) and from 60.9 to 73.4 (MON). The sulfur content of catalysate with increasing temperature up
to 400°C decreased to 0.0012 %.

Table 1 - Influence of temperature on the hydroprocessing of straight-run gasoline
on the catalyst CoO-Mo0O3-La203-P205-ZSM-Al20sat V=2 h !, P = 4.0 MPa

T,°C
Products , %

Initial 320 350 380 400
Paraffins C5-C 27.3 14.5 7.1 43 14.7
Iso-alkanes 36.8 39.3 40.4 334 322
Olefins 4.8 6.8 7.0 7.4 4.0
Aromatic hydrocarbons 9.2 14.9 17.8 23.1 20.1
Naphthenic hydrocarbons 21.9 24.5 27.7 31.8 23.0
Yield of the liquid phase 77.0 49.0 44.5 55.0
Octane number (RON) 78.9 81.4 84.9 88.3 89.3
Octane number (MON) 60.9 66.3 69.4 69.2 73.4
Weight fraction of sulfur, % 0.0092 0.0072 0.0062 0.0056 0.0012

The influence of pressure on the process of hydro-processing of straight-run gasoline on the
catalyst CoO-Mo00O;3-La,03-P,05-ZSM-Al,O; was studied. It can be seen that the yield of the liquid phase
with an increase in pressure from 2.5 to 4.0 MPa decreases from 95.0 to 55.0% (table 2). The content of
isoalkanes changes little with increasing pressure and ranges from 30.8 to 36.2%. The amount of aromatic
hydrocarbons increases from 14.3 to 20.1%, the yield of olefins slightly increases in comparison with the
original from 4.8 to 6.3%. The octane number of refined gasoline increases in comparison with the initial
one from 78.9 to 89.3 (RON) and from 60.9 to 73.4 (MON). With increasing pressure the sulfur
content decreased in comparison with the initial from 0.0092 to 0.0012 %.

— 100 =——
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Table 2 - Effect of pressure on the process of hydrorefining
of straight-run gasoline over a catalyst CoO-M00O3-La203-P205-ZSM-ALO3 at 400°C and 2 h !

Products , % P, MPa

Initial 2,5 3.0 3,5 4.0
Paraffins Cs-C ¢ 27.3 22.1 20.1 20.8 16.7
Iso-alkanes 36.8 34.4 36.1 30.8 36.2
Olefins 4.8 6.2 4.6 6.3 4.0
Aromatic hydrocarbons 9.2 14.3 13.2 15.9 20.1
Naphthenic hydrocarbons 21.9 20.8 25.9 26.1 23.0
Yield of the liquid phase 95.0 91.7 88.0 55.0
Octane number (RON) 78.9 81.4 81.4 82.7 89.3
Octane number (MON) 60.9 64.5 63.2 63.5 73.4
Weight fraction of sulfur, % 0.0092 0.0025 0.0020 0.0013 0.0012

The hydroprocessing of catalytic cracking gasoline on the catalyst CoO-MoOs-La,03-P,05-ZSM-
Al>,O3 has beeninvestigated. Yield of the liquid phase as the temperature increases from 320 to 400 °C
decreases from 95.0 to 90.0%. In the temperature range 320 - 400 °C maximal content of isoalkanes
observed at 320 °C and is equal to 44.5 %. The amount of isoalkanes in the range of 350 - 400 °C ranges
from 37.2 to 42.7%. The amount of aromatic hydrocarbons is increased from 28.7 to 37.4% with
increasing process temperature to 400 °C. Yield olefins falls significantly compared to initial (31.2%),
decreasing from 13.3 to 3.9% with increasing temperature from 320 to 400 °C. The amount of naphthenic
hydrocarbons in the resulting catalysis ranges from 6.9-8.3%. The octane number of refined gasoline
changes in comparison with the original from 88.7 to 85.8 (RON) and from 80.1 to 79.5 (MON). The
sulfur content with increasing temperature up to 400 °C decreased from initial from 0.0134 to 0 0014 %.

The effect of pressure on the process of hydroprocessing of catalytic cracking gasoline on the
catalyst CoO-Mo0O;3-La;03-P,05-ZSM-AL,O; was studied (table 3). When the pressure is varied from 2.5
to 4.0 MPa, the amount of isoalkanes in the resulting product is 38.9-41.3%. The concentration of
naphthenic hydrocarbons decreases with increasing pressure in the range of 2.5-4.0 MPa from 10.3% to
8.0%. The amount of aromatic hydrocarbons is 35.8-37.4%. The yield of the liquid phase ranges from
90.0-97.0%. The octane number of gasoline refined at 4.0 MPa is 85.8 (RON) and 79.5 (MON). The sulfur
content in the final product is reduced from 0.0134% (initial gasoline) to 0.0014% at 4.0MPa.

Table 3 - Influence of pressure on the process of hydroprocessing of catalytic cracking gasoline
on the catalyst CoO-Mo003-Lax03-P205-ZSM-AL:0;

Products , % P, MPa

Initial 2,5 3.0 3,5 4.0
Paraffins Cs-C ¢ 6.3 8.9 9.3 10.1 9,4
Iso-alkanes 25,4 40.9 38.9 39.5 41.3
Olefins 31.2 4.0 4.2 4.9 3.9
Aromatic hydrocarbons 30.1 35.8 37.1 36.6 37.4
Naphthenic hydrocarbons 7.0 10.3 10,4 9.0 8.0
Yield of the liquid phase 97.0 95.5 93.0 90.0
Octane number (RON) 88.7 85.6 86.0 84.8 85.8
Octane number (MON) 80.1 78.9 79.7 78.9 79.5
Weight fraction of sulfur, % 0.0134 0.0019 0.0018 0.0015 0.0014

In hydroprocessing of catalytic cracking gasoline using catalyst CoO-MoQOs-La,03-P,0s-ZSM-
AlLO; when changing the feed space velocity of from 1.0 to 3.0 h ' the content of isoalkanes changes
little - 41.3 - 41.5%, the concentration of aromatic hydrocarbons is 36.1 - 38.2%, the yield of naphthenic
hydrocarbons ranges from 7.2 to 8.9%. The yield of olefinic hydrocarbons is significantly reduced
compared to the original (31.2%) and at a feed space velocity of 3.0 h™'is 3.0%. The octane number of the
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resulting gasoline is 85.0-85.8 (RON) and 79.0 -79.5 (MON). Gasoline with the lowest sulfur content —
0.0006% was obtained at a feed rate of 1.0 h™'.

In testing the catalyst CoO-Mo0O;3-La;03-P,05-ZSM-ALO; in the process of hydrorefining of diesel
oil found that with increasing temperature from 320 to 400 °C pour point and cloud point of the diesel
fraction is reduced by 36.7 and 37.1°C, respectively. The yield of diesel fuel is 92.0-100%. The sulfur
content after the hydrorefining of diesel fraction at 380- 400°C decreases from 0.560 to 0.104% (table 4).

Table 4 - Influence of temperature on the hydroprocessing of the diesel fraction
on the catalyst CoO-MoQ3-La203-P205-ZSM-ALOs at V=2 h "}, P = 4.0 MPa

Process temperature, ©C Cloud point, °C Pour point, °C Weight fraction of sulfur,% Yield, %
Initial diesel fraction -11.3 -18.3 0.560 -
320 -42.8 -47.5 0.448 100
350 -48.4 -49.0 0.323 96.0
380 -44.7 -50.0 0.296 94.0
400 -40.8 -52.7 0.104 92.0

At P=4.0 MPa, V = 2.0 h ' the hydroprocessing of straight-run gasoline fraction on the catalyst CoO-
Mo03-Ce;03-P,05-ZSM-HY-Al, O3 was investigated (table 5). Yield of the liquid phase as the temperature
increases from 320 to 400 °C decreases from 77.0 to 60.0%. In the temperature range 320-400 °C maximal
content isoalkanes observed at 320°C and is equal to 41.3 % . At higher temperatures, their number is
36.9-41.3%. The content of aromatic hydrocarbons increases from 12.9 to 19.7% with an increase in the
process temperature up to 400 °C. The amount of olefins and naphthenic hydrocarbons ranges from 5.6 to
6.3% and 20.1-25.3%, respectively. The octane number of refined gasoline increases in comparison with
the initial one from 79.2 to 87.3 (RON) and from 61.1 to 72.7 (MON). The sulfur content with increasing
temperature up to 400°C decreased from initial with from 0.0080 to 0.0016 %.

Table 5 - Influence of temperature on the hydroprocessing
of straight-run gasoline catalyst CoO-Mo0Q3-Ce203-P205-ZSM-HY-Al203at V=2 h-'and P = 4.0 MPa

Products , % T,°C

Initial gasoline 320 350 380 400
Paraffins Cs-C ¢ 27.5 17.0 12.7 12.8 14.2
Iso-alkanes 39.8 41.3 40.0 36.9 39.8
Olefins 5.8 5,6 6.3 5,6 6.2
Aromatic hydrocarbons 8.7 12.9 15.7 22.8 19.7
Naphthenic hydrocarbons 18.2 23,2 25.3 21.9 20.1
Yield of the liquid phase 77.0 67.0 65.0 60.0
Octane number (RON) 79.2 84.0 86.4 85,2 87.3
Octane number (MON) 61.1 68.7 71.0 70.8 72.7
Weight fraction of sulfur, % 0.0080 0.0036 0.0027 0.0023 0.0016

In hydroprocessing gasoline of catalytic cracking on CoO-Mo00O3-Ce,03-P,0s-ZSM-HY-ALO3 with
increasing temperature up to 320-350°C content of isoalkanes increases from 25.4 to 47.5%
(table 6) . With a further increase in temperature, there is a decrease in the amount of formed isoalkanes to
40.3% (400 °C). Under these conditions, the amount of aromatic hydrocarbons in the produced gasoline
increases from 25.5 to 35.0 %. The content of naphthenic hydrocarbons in the catalysis is low and ranges
from 6.1 to 8.3 %. The concentration of olefins in the catalyzate decreases from 31.2 % to 8.0 %. Yield of
the liquid phase with increasing temperature in the range 320-400 °C varies between 95.0-100%. The
octane number of ennobled at 400 °C catalytic cracking gasoline is 86.1 (RON) and 79.6 (MON). The
sulfur content in the final product is reduced from 0.0134% (original gasoline) to 0.0029%.
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Table 6 - Influence of temperature on the hydroprocessing of catalytic cracking gasoline
on the catalyst CoO-Mo00O3-Ce203-P205-ZSM-HY-ALO3 at V=2 h !, P = 4.0 MPa

Products , % T,°C

Initial gasoline 320 350 380 400
Paraffins Cs-C ¢ 6.3 8.8 9.2 10.6 8.1
Iso-alkanes 25,4 47.5 47.3 43.0 40.3
Olefins 31.2 12.1 7.6 5,0 8.0
Aromatic hydrocarbons 30.1 25.5 29.4 32.6 35.0
Naphthenic hydrocarbons 7.0 6.1 6.6 8.1 8.3
Yield of the liquid phase 100 97.5 95.5 95
Octane number (RON) 88.7 86.2 85,2 85,4 86.1
Octane number (MON) 80.1 81.0 79.0 78.0 79.6
Weight fraction of sulfur, % 0.0134 0.0048 0.0047 0.0035 0.0029

The hydroprocessing of straight-run gasoline on the catalyst CoO-MoOs-La,03-P20s-AAC-ZSM-
ALOs has been investigated. When hydroprocessing the gasoline fraction in the temperature range of 320-
400 °C, the content of isoalkanes ranges from 30.9-37.1 %. Under these conditions, the amount of
aromatic hydrocarbons decreases from 33.2 to 8.7 %. The yield of naphthenic hydrocarbons is growing
from 13.6 to 26.9 %. Yield of the liquid phase as the temperature increases from 320 to 400 °C decreases
from 91.3 to 70.2%. The octane number of gasoline after hydroprocessing increases from 83.7 (IM) and
58.9 (MM) in the initial to 79.1 (RON) and 78.9 (MON) at 400 °C. The sulfur content of catalysate with
increasing temperature decreases from 0.0088 to 0.0001 % with 400 °C.

In testing the catalyst CoO-MoQOs3-La,03-P,0s-AAC-ZSM-ALQO; in the hydrorefining of straight-run
diesel fractions shown that the process temperature is raised from 320 to 400 °C pour point decreases from
minus 28.5 to minus 40.0 °C. The cloud point under these conditions varies from minus 28.2 °C to 39.7 °C.
The yield of hydrorefined diesel fuel is 80.0-87.5%. Sulfur content with increasing temperature up to
400 °C decreases from 0.6400 to 0.0671% (table 7).

Table 7 - Hydroprocessing of straight-run diesel oil fraction
on the catalyst CoO-Mo003-La203-P20s-AAC-ZSM-Al203 at V=2h !, P =4.0 MPa

Temperature, °C Cloud point, °C Pour point, °C Yield, % Weight fraction of sulfur, %
Initial -16.1 -16.4 - 0.6400
320 -28.2 -28.5 80.0 0.0659
350 -32.4 -32.7 83.5 0.0553
380 -33.1 -334 87.5 0.0888
400 -39.7 -40.0 80.0 0.0671

Comparison of the results obtained in the study of the hydroprocessing of straight-run gasoline shows
that the catalysts CoO-Mo00;3-Ce>03-P,05-ZSM-HY-Al, 03, CoO-M003-La;03-P,05-ZSM-Al,03 and CoO-
Mo0s-La;03-P20s-AAC-ZSM-ALO; have high hydrodesulfurizing activity. Under optimum conditions
(P=4,0MPa, V = 2h™' and 400°C) the hydrodesulfurization degree of CoO-Mo00;-La;0;-P,0s-AAC-ZSM-
Al,O3 is 98.86%, on CoO-Mo003-Ce,03-P,05-ZSM-HY-AL,O3; - 80.0% and on CoO-MoOs3-La;03-P,0s-
ZSM-AL0; - 86.9% (residual sulfur content is 0.0001%, 0.0016 and 0.0012% respectively).

In the hydroprocessing of straight-run gasoline on catalysts CoO-MoOs-LayO3-P,0s5-ZSM-AL O3,
CoO-MoO3-Ce203-P205-ZSM-HY-A1203 and COO-MOO3-L3203-P205-AAC-ZSM-A1203 there is an
increase in the octane number compared to the original from 78.9 to 89.3, from 79.2 to 87.3 and from 79.1
to 88.4, respectively. This is mainly due to an increase in the content of isoalkanes and aromatic
hydrocarbons in hydro-refined gasoline.

In gasoline hydroprocessing catalytic cracking was shown that under optimal conditions
(p = 4,0MPa, V = 2h "and 400 °C) the degree of hydrodesulfurization catalyst CoO-MoQ;-La;O3-P,0s-
ZSM-Al1,03 1s 89.5%, on CoO-Mo003-Ce,03-P205-ZSM-HY-ALL,O; - 78.4%, the residual sulfur content is
0.0014 and 0.0029% respectively. The initial sulfur content in catalytic cracked gasoline is 0.0134%.

It has been established that among the developed catalysts the lowest pour point and cloud point of
hydro-refined diesel fuel is observed on the -catalyst CoO-MoOs;-LayO3-P,0s-ZSM-ALOs. After
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hydroprocessing at this catalyst pour point and cloud point are minus 52.7 °C and minus 40.8°C
respectively. The same catalyst has the highest hydrodesulfurization activity: the sulfur content decreases
from 0.5600% to 0.104% (the degree of hydrodesulfurization is 81.4%).

It should be noted that with the weighting of the fractional composition of the processed raw
materials, the proportion of hard to remove sulfur compounds increases. As a result, the higher activity of
catalysts in the hydrodesulfurization of the gasoline fraction in comparison with the diesel fraction is due
to the predominance of mercaptans, disulfides of the gasoline fraction of oil, while in the diesel fraction
sulfur is mainly found in the form of sulfides, thiophenes and benzothiophenes [6, 9, 23]

The activity of catalysts is related to the surface structure, composition and state of active sites. The
physicochemical characteristics of the catalysts have been studied using various methods (EM, BET). The
BET method has shown that the developed catalysts are characterized by pores with d = 1.5-2.5 nm.

Using temperature-programmed ammonia desorption, the acid-base characteristics of the catalysts
were determined. On the surface of the catalyst CoO-MoOs-Ce,03-P,0s-ZSM-HY-AL,O3 the acid sites
with T ges= 250 °C prevail, their number is 8.57 - 10 *; mol/g catalyst. The temperature of desorption of
ammonia from the surface of the catalyst CoO-Mo00Os-La,03-P,0s5-ZSM-AL,0s shifts to the region of lower
temperatures up to 230 °C, its amount is 8.05 - 10 “mol/g catalyst. Number more weakly acid sites at
desorbed 150 °C on the catalysts CoO-M003-Ce203-P205-ZSM-HY-AL03; and CoO-Mo003-La,03-P,0s-
ZSM-Al,O; is small and amounts to 1.88 and 2.33 - 10 *mol/g of catalyst, respectively. The total amount
of ammonia desorbed from the surface of the catalysts CoO-MoQOs3-Ce;03-P,0s-ZSM-HY-Al,O3 and
C00-Mo003-La,03-P,05-ZSM-AlLO5 practically the same: 10.45 and 10.38 - 10 * mol/g of catalyst.

Electron microscopic studies of the dispersion, structure and state of active centers allowed to
establish that on the surface of the catalyst CoO-Mo00Os3-Ce;03-P,05-ZSM-HY-ALOs there are clusters
with d= 4.0-5.0 nm composed of smaller particles, identifying x as the Ce 2O 3. There are structures
with d < 10.0 nm, which include CesO11, CoMoP, Ce(M004), CoAlO4, CesM012049, AlsCo,Ces, CoSi,
CexMo03012 u Ces(P207)3. In addition, single dense particles were found, consisting of Co(H,PO3),-6H-0,
AIP and MoPO4 with d < 10.0 nm.

The catalyst CoO-Mo00Os-La;03-P,0s5-ZSM-A1,0s is characterized by extensive accumulations of
small particles with d = 3.0-5.0 nm, corresponding to a mixture of phases MoOPOQO,, La,03;, MoOs, and
La,MoQs. Also, small accumulations of highly dispersed particles with a size of = 8.0-10.0 nm were
found, which can be attributed to Las(P,O7);. There are small transparent aggregates with d < 20.0 nm
related to LaAIOs in a y- La * mixture. The appearance of y- La ° can be associated with redox processes
occurring between the components of the active phase.

It should be noted that the detected structures AlMos, CoSi, LaAlO; and MoSi; indicate the
incorporation of metals-components of the active phase into the structure of the zeolite with the formation
of new centers that can function as Lewis acid centers [24].

The studied catalysts are characterized by the presence of both metal and acid-base centers. The acid
sites can include metals in various oxidation states, fixed both inside the zeolite cavities and on their outer
side [24 - 26]. Electron microscopy studies made it possible to establish that on the surface of the studied
catalysts there are several types of surface structures that differ significantly both in size and in the
chemical state of the components. The catalysts are highly dispersed, the metal components of the active
phase are predominantly in an oxidized state, forming associate clusters on the surface, the dispersion,
structure and state of which is determined by the nature of the catalyst components.

Thus, modified zeolite-containing catalysts CoO-Mo0Q;3-La,03-P>05-ZSM-AL,03, CoO-Mo00;3-Ce,03-
PzOs-ZSM-HY-Ale3, Co0-Mo003-La;03-P,0s5-AAC-ZSM-AL O3 exhibiting hlgh activity in the
hydrorefining of gasoline and diesel fractions, capable of one-stage deep hydrotreating,
hydroisomerization and hydrocracking [23, 27] , which makes it possible to obtain low-sulfur, high-octane
gasoline and low-sulfur and low-solidifying diesel fuel, which is important for the operation of vehicles in
winter conditions .

Source of research funding: The work was carried out according to the scientific and technical
program: No. BR 05236739 "Creation of the foundations for the production of oil and gas processing
products based on domestic technologies".

— 104 =—=



ISSN 2224-5286 Series chemistry and technology. 5. 2020

B.T. Tykrun, JI.b. lllanoBajoBa, A.A. TennzoaeBa,
A.3. Aounbmar:kanos, P.U. Eruzoaesa

«J1.B. Coxonbckuii aTeiHAarb! XKanapmaii, KaTanus
JKOHE aeKTpoxuMust UHCTUTYThDY AK, Anmatsl, Kazakcran

MOJUOUNUPJEHTI'EH ATIOMOKOBAJIBTMOJIMBAEHI KATAJIU3ATOPJIAPIA
MYHAW ®PAKIUSJIAPBIH THJIPOTA3AJIAY KOHE T'MJIPOU3OMEPJIEY

AHHoTanus. XXymbicTa MyHalablH OCH3UH >KoHE AU3eNb (pakKUMsIapblH AIIOMOKCHATI karanuszatopiapiaa CoO-
Mo03-La;03-P205-ZSM-AL:03, Co0-Mo00;3-Ce203-P205-ZSM-HY-AL:03, Co0-Mo00s3-La203-P205-AAC-ZSM-ALOs.
THIPOSHJCY I 3ePTTEY HOTHXKENEPL KeJNTIpLIreH.

Karanuzatopnap amoMUHAN THIPOKCHII MeH ZSM-5 HEeonnuT KOCIachiH, KOOaIbT, MOMUO/ICH, JITAaHTaH koHEe (Gocdop
KBIIIKBUIB Ty31apeiHbIH HY cy epitinainepiMen cinfipin paiibiaaanpl. TyHipiiikTey MeH KajblITaylaH KeWiH KaTaju3a-
topnapasl 150°C-ta kenripimn, 550°C-Ta KbI3ABIPIbI.

Oprypii OEH3MH JKOHE Ju3enb (QpakuysulapAbl THIPOSHIEY IPOLECIHAE CHHTE3/CIIeH KaTalu3aTopiiapAblH
IpiIeHITIpIIreH 3epTXaHANBIK ChIHAKTap Kypriziai. CeiHakrap 320-400 C temneparypana, 2,5-4,0 MIla kpicbiMaa xoHE
mvKizaT GepyaiH KenmeMm Kbeuigamabirbl 1,0-3,0 car’! kesiHje Karanu3aTOpAbIH CTALMOHApIBIK KadaThl 0ap >OFaphl
KBICBIM/IBI aF BIH/IBI KOH/ABIPFBIAA JKY3€Te aChIPBUIIBL.

Peaxuus eHiMaepiHiH KeMipcyTeri KypaMbl «XpoMaTsk-Kpucramny xpomarorpadeinaa tanganasl. KykipT KypaMblH
«Oilsert International» JKIIIC-na (Anmartsl K.) Tanaay xyprizingi. Kary sxoHe jnaiiiany TemmneparypachiH anbikTay Jlaz M2
acra0bIH/1a )KY3€re achIpbUIIbL.

C00-Mo003-La203-P205-ZSM-Al,O3 KaTanusaTopblHAa Typa aiijanran OGeH3MHAI ruapoeHaey kesimge 320-350°C
TeMIlepaTypa apajbIFblHa H30aNKanap/bH ken cansl 33,4-40,4% maiina GonaThlHbIH KepceTeni. JKorapsl TeMneparypaza
n3oankanap weirbHEL 400C kxe3inne 32,2%-ra neiiin ToMenaenai. Karamusarrarsl apoMaTThl KOMIpCyTeK Kypambl 14,9-nan
20,1%-ra neliin aprtansl, HaQTeHIIK KeMipcyTeKTepAiH WbFybl 24,5-23,0% wmierinne aybITKUAbl. BeH3MHHIH OKTaH caHbI
Oacramnkpl KepceTKilimeH canbicThipranga 78,9-man 89,3-ke (3.9) xone 60,9-nan 73,4-ke (M.O.) xeliiH aprajbl.
Temneparypanst 400C-Kka qeiin apTThIpFaHga KaTaau3aTTarsl KykipT memmepi 0,0012%-ra neitin Temenzaeni.

Co0-M003-La03-P205-ZSM-AL2O3 kaTanu3aTopblHIa KaTATUTHKAIBIK KPEKWHT OCH3WHIH THAPOSHICY KE3iHC
KaKcapTbUIFaH OCH3UHHIH OKTaHJBIK CaHbl IaMansl TeMmennehni. TemmepatypanbiH 400°C-ka nmeiliH ecyi apKbuLIbl
KaTaJHM3aTTaFbl KYKIPTTiH KypaMel OacTtamkel kepcertkimmeH cansictbipranga 0,0134-ten 0, 0014%-ra neifin ToMeHAexi.
Co0O-Mo003-La203-P205-ZSM-ALO3  kaTanu3aTopblHa KAaTAIWTHKAIBIK KPEKUHI OCH3WHIH THAPOOHICY Ke3iHje
IMKI3aTThl KoJaeMIK Oepy kbuinamabiesl 1,0-men 3,0 car'-Fa JeifiH o3reprenjie KaTalu3aTTarbl H30aIKadap Kypambl
mamais! esrepeni: 41,3-41,5% , apoMaTThl KeMipcyTek KOHLEHTpanuacs! 36,1-38,2% Kypaiinel, HaQTeH1 KeMipCyTeKkTep
MIBIFBIMBI 7,2-1eH 8,9% Kypaiiael. OneduHal KoMipCcyTeKTepIiH IWBIFBIMBI OacTanksl (31,2%) xaoHe muKizaT kejeM Oepy
KbuigamMaeirsl 3,0 car! Ten Gomranga 3,0%-mel kepcerti. Kypambinga 0,0006% KykipTi eH a3 OeH3uH KejeM Oepy
skpULTaMabls! 1,0 car’! TeH O0FaHIa abIHFAH.

TI'mpposkakcapTburFad IM3eb OTHIHBIHBIH KATy JKSHE JIalnanyAblH eH TeMeH TeMieparypackl CoO-MoO;-La203-P20Os-
ZSM-ALO; xaranuzatopbiHia Oaiikanaisl. I'mapoeHzeylneH KeliH ocbl KaTalnu3aTopla KaTy >XoHE JailnaHy Temmepa-
Typacel THiciHie MuHyc 52,7 °C xone munyc 40,8 °C-ka TeH. Byn karanuszatop eH KOrapbl TMIPOKYKIPTCI3CHAIPY
aKTUBTLIINH KepcerTi: KykipT memnumepi 0,5600%-nan 0,104%-ra neiiin temenaeiini. Jaiibinganran MOIU(DUIUPIECHIEH
neonutti Karanuzaropaap CoO-MoOs-Lax03-P20s-ZSM-ALOs3;, CoO-Mo0;-Ce203-P20s-ZSM-HY-ALO3;, CoO-MoO:-
La205-P205-AAC-ZSM-ALO3 O6eH3uH MeH au3enb (pakuusuiapblH THAPO-OHJEY Ke3iHze KOraprbl OeiceHai Ooibim
KeJesi, Oip caThlia TEpPeH TUIpoTa3alayFa, FHIPOM30MepU3alusiiayFa )KOHEe THAPOKPEKUHTKE KalineTTi, Oyl KbICTa KOJIK
KYpaJIapbIHBIH KYMBICHIHA MaHBI3IbI OOJIBIN CAHANATBIH TOMEH KYKIPT, )KOFapbl OKTAHIbl OCH3WH MEH a3 KYKIPTTi jKoHe
TOMEH TeMIlepaTypajia KaTaThlH JU3eb OTBIHBIH alyFa MYMKIH/IK Oepei.

Mynnaii  3eprreyiaep CoO-MoO3-Cer03-P20s-ZSM-HY-ALO; sxore Co0O-Mo0s3-Lax03-P20s-AAC-ZSM-ALO3
KaTaJlIn3aTOpJapbIHA KYPri3iii.

Tyiiin ce3iep: Typa aiiganran OCH3MH, MYHAHIBIH AU3ENb (PAKIHUACHI, IICOJHT, KATAIM3aTOP, TUAPOTA3aIaY.

B.T. Tykrun, JL.b. lllanoBanoBa, A.A. TennzoaeBa, A.3. Abuabmar:kanoB, P.. Ernz6aeBa
AO "HHcTuTyT TOINKBA, KaTanu3a U 3nekrpoxuMun uM. J1.B. Cokonbckoro", Anmatsl, Kasaxcran

T'UJIPOOYHUCTKA U TUAPOU3OMEPU3ALIVA HE®TSAHBIX ®PAKIIUIA
HA MOJU®UIIUPOBAHHBIX ATIOMOKOBAJIbTMOJINBAEHOBBIX KATAJIM3ATOPAX

AHHoTanus. B nanHoil paboTe mpuBeNEHBI PE3yJbTAaThl UCCIENAOBAHUS HAPONEPePadOTKY OCH3UHOBBIX U IU3EIIb-
HBIX (pakiuii HepTH Ha aTOMOOKCHIHBIX Katanu3aropax CoO-MoO;-La;03-P20s-ZSM-AL0s, CoO-Mo0;3-Ce203-P20s-
ZSM-HY-AL203, CoO-M003-La203-P20s- AAC-ZSM-ALOs.

KaranuzaTtopsl TOTOBHIM TPOMUTKOM CMECH THIPOOKCHAA amoMuHUsA u TeonutoB ZSM-5, HY BoaHbBIMEH
pacTBOpamMu coiyiell kobOanbTa, MoiauOneHa, naHTaHa U (ocdopHOi KucaoTel. Ilocne rpaHymupoBanus U (HOpMOBAHUS
karanu3aTops! cymrm npu 150°C u npokamuBamu npu 550°C.
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Bein mpoBenieHs! YKpYIHEHHBIE 1a00paTOPHbIE NCTIBITAaHNS! CHHTE3WPOBAHHBIX KaTaln3aToOpoB B MIPOLECCe THAPOIe-
pepaboTKK pa3In4HbIX BUIOB OCH3MHOBBIX W JM3EJIBHBIX (pakuuii. VIcHbITaHUS OCYHIECTBISIIM B MIPOTOYHONW yCTaHOBKE
BBICOKOTO JIaBIICHUSI CO CTAllMOHAPHBIM CJIOEM KaTanmm3aropa mpu temmeparypax 320-400°C, maBnenun 2,5-4,0 Mlla u
00BEMHOI CKOPOCTH moauu chipbs 1,0-3,0 u™!,

VTIIeBOZOPOIHEIA COCTaB MPOAYKTOB PEaKIMU aHAIM3HPOBAIHM Ha Xpomarorpadax «XpomaTtdk-Kpucramm. Anamus
conepxanus cepsl nposoauiicsi B TOO «Oilsert International» (r. Anmatsr). OnpezneneHrue TeMrepaTypbl 3aCTbIBaHUS U
MMOMYTHEHHUSI POBOIIIINCE Ha mpubdope JIA3Z M2.

IIpu runponepepaborke npsiMoroHHoro OenszuHa Ha katanuzatope CoO-MoOs-Lax0s3-P.0s-ZSM-ALOs nokasaHo,
yTo B MHTepBajne temneparyp 320 - 350°C obpasyercs MakCUMaiabHOE KOJIM4YECTBO M30aikaHOB 33,4-40,4%. IIpu Gonee
BBICOKMX TEMIIepaTypax BBIXOJ M30alKaHOB cHipkaercs 10 32,2% npu 400°C. CoxpepkaHue apoOMaTHYECKHX YTIIIEBOJO-
pomoB B Katanmm3zaTe Bo3pactaer oT 14,9 mo 20,1%, BbIXoq Ha(TEHOBHIX YITIEBOAOPOAOB KOJEONETCS B Ipeaenax
24,5-23,0%. OxTaHOBOE YHUCIO O0O0JAaropoKeHHOro OEH3MHA TOBBINIACTCS IO CPABHEHHIO C HMCXOAHBIM OT 78,9 1o
89,3 (MU.M.) u ot 60,9 no 73,4 (M.M.). Cozmepkanue cepsl B KaTanu3ate ¢ poctoM Temmeparypsl 10 400°C cHH3MIIOCH 10
0,0012%.

TIpu ruaponepepaboTKe OEH3MHA KATATUTHYECKOr0 KpekuHra Ha karanusatope CoO -Mo003-La;03-P205-ZSM-A1:0;
OKTAQHOBOE YHCIO O0JAropoKEHHOro O€H3MHA HE3HAYMTENbHO cHIDKaeTca. CopepxaHue cepbl B KaTalu3aTe C POCTOM
Temneparypst 10 400°C cHU3MIOCH IO cpaBHEHUIO ¢ UcxoaHbIM ¢ 0,0134 no 0, 0014%.

Ipu u3MeHeHHU 0OBEMHOM CKOpPOCTH ToAauu chipbd ot 1,0 10 3,0 u™! comepkanye U30aIKaHOB B KAaTaIM3aTe Majlo
mensiercs: — 41,3-41,5%, KOHUEHTpalus apoMaTHUYECKUX YIIIeBOJOpoAoB coctasiser 36,1-38,2%, Bbixon HadTeHOBBIX
YIJIEBOJOPOJOB Kojebnercs B mpeaenax ot 7,2 1o 8,9%. Bexox oneduHOBBIX yIiIeBOLOPOAOB 3HAUNTEIHHO CHIIKACTCS 110
CpaBHEHHIO ¢ UCXOAHBIM (31,2%) 1 npu 00BEMHON CKOPOCTH TOA4H ChIpbsi, paBHO# 3,0 u!, cocranser 3,0%. bensun c
HauboJIee HU3KUM coaepxkanueM cepbl —0,0006% TONydYeH PH CKOPOCTH TTOAA4H ChIphs, paBHOM 1,0 ul,

IIpu wucneitanun kartanuzaropa CoO-MoOs-Lax03-P20s5-ZSM-ALOs B mponecce ruapornepepaboTKi JU3eIbHON
¢paknuy HedTH yCTAaHOBIEHO, YTO HamOoJiee HU3Kas TEMIIEpaTypa 3acTHIBAHUS M IIOMYTHEHHS T'HIPOOOIarOposKeHHOTO
JM3eIbHOrO TOIIMBA Habmonaercs Ha karanuzarope CoO-MoOs-La03-P20s-ZSM-ALOs. Iocne runponepepaboTku Ha
9TOM KaTaJu3aTope TeMIIepaTypa 3aCThIBAaHHUS U MOMyTHEHHs paBHBI MuHyc 52,7°C u munyc 40,8°C cooTBETCTBEHHO. DTOT
K€ KaTalu3aTtop objanaer Hamboyiee BBICOKOW IHMIpooOecceprBalolieil akTHBHOCTBIO: CO/IEp)KaHUE Cepbl MOHIKAETCs C
0,5600% mo 0,104%

Takum o0pazoM, pazpaboTanbl MoAUGULMPOBAHHBIE LieoaUTCoAepxkamue KatanuzaTopbl CoO-MoOs-La;03-P20s-
ZSM-A1:03, CoO-M003-Ce203-P20s5-ZSM-HY-ALO3, CoO-Mo00;3-La203-P20s-AAC-ZSM-ALO3, mposBIISIFOLHE BBICO-
Kyl aKTUBHOCTb IpPU THUAPONEpepeOOTKE OCH3MHOBBIX M IHM3EIbHBIX (PaKIUii, CIIOCOOHBIC B OJHY CTaIHIO MPOBOAMTH
TIyOOKYIO THAPOOUHCTKY, THAPOU3OMEPH3ALHIO U THIPOKPEKHHT,Y TO ITO3BOJISIET MOJyYaTh MAIIOCEPHHUCTHIH, BEICOKOOKTA-
HOBBII OEH3UMH M MaJOCEPHUCTOE HU3KO3ACTHIBAIONIEE AM3ENBbHOE TOIUIMBO, YTO BAXKHO ISl PabOThl aBTOTPAHCIOpPTa B
3UMHHUX YCJIOBUSIX.

AHarnoruuHble HccienoBaHus OblIM mpoBedeHsl Ha KaTanuzaTopaXx CoO-MoO;-Cex03-P20s-ZSM-HY-ALOs u
Co0-M003-La;03-P20s5- AAC-ZSM -Al>Os.

KuroueBble c10Ba: MpsIMOTOHHBIN O€H3WH, IU3eibHas Qpakuus HeTH, HEOIHT, KAaTaIu3aTop, THAPOOUYHCTKA.
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