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2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences 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 geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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SELECTION OF A BINDER
FOR A ZEOLITE-CONTAINING CRACKING CATALYST
ON AL- PILLARED TAGAN MONTMORILLONITE

Abstract. It was shown that the strength of Al(2.5) NaHMM + HLaY + NaMM catalysts increases significantly
with the introduction of NaMM. The optimal amount of NaMM additive is 10 mass%. With an increase in the
calcination temperature of this catalyst, an increase in strength is observed, which reaches a maximum value
(223.4 N/sm?) at 600°C. A further increase in the amount of introduced NaMM to 15 and 20 wt.% reduces the
strength of the catalysts at all studied calcination temperatures. On Al (2.5) NaHMM + HLaY + NaMM catalyst, a
large amount (42.5%) of gaseous hydrocarbons is formed at 500° C, which decreases with an increase in cracking
temperature to 550° C. The gasoline yield at 500°C is 42.0%, light gas oil 5.5%. With an increase in cracking
temperature, the yield of gasoline decreases to 39.5%, and light gas oil increases to 15.8%. Under these conditions, a
decrease in the yield of gaseous hydrocarbons to 28.8% is observed.

Comparison of the results of VG cracking on catalysts with and without NaMM binder showed that the
introduction of NaMM does not significantly affect the yield of gasoline.

Key words: catalytic cracking, montmorillonite, strength, gasoline, zeolite, vacuum gas oil (VG).

Introduction. The matrixes of modern zeolite-containing cracking catalysts are multicomponent
systems that should provide a number of requirements for the catalysts during their operation: high
activity, optimal porous structure and specific surface area, thermal stability, abrasion resistance [1,2]. The
high heat capacity of montmorillonite (MM) promotes heat removal from the zeolite component at the
regeneration stage, which leads to increased thermal stability of the catalyst [3]. Obviously, the strength
characteristics of the catalysts are determined by their composition and texture properties - porosity,
specific surface area, size of primary particles. However, in the literature there are very few works devoted
to the study of the relationship of strength with the physicochemical properties of catalytic systems.

The purpose of the work is to develop new effective additives to increase the mechanical strength of
cracking catalysts based on natural clays and zeolites for processing vacuum gas oils in the fuel direction
and to identify the relationship of strength with the characteristics of the developed cracking catalysts.

Experimental part. As a raw material for cracking, VG from LLP Pavlodar Oil Chemistry Refinery,
trade mark B, type 2 was used with a density of 907.7 kg/m’, with a boiling end of 510°C, kinematic
viscosity at 50°C equal to 27.05 mm?/s, sulfur content of 1.5 mass%, pour point 30°C and coking ability of
0.14 wt.%. Montmorillonite activated with a H,SO4 solution and pillared Al, as well as the synthesis of
zeolite Y modified with lanthanum, were carried out by known methods.

The elemental composition of the catalysts was determined by X-ray fluorescence spectroscopy
(INCA - Energy 450 at SEM JSM6610LV, JOEL, Japan). The textural characteristics of the catalysts were
determined from isotherms of low-temperature adsorption and desorption of nitrogen on an Accusorb
instrument (BET method). The crush strength of the catalyst granules was determined by the compression
method (“Prochnomer of catalysts” PK-21-015). The acidity of the catalysts was determined by the
thermal desorption of ammonia. The catalytic activity of the samples was determined on a laboratory
flow-through installation, corresponding to the standard, with a fixed catalyst layer with a volume of 40 ml
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in the temperature range 480-550°C. When the catalyzate was distilled, a fraction of gasoline T, . -
205°C and light gas oil fraction 205-350°C were taken. Cracking products were analyzed by GLC with a
flame ionization detector and a capillary column 100 m long; temperature 250°C; carrier gas - helium
(Chromos GC-1000).

Results and discussion. It was shown earlier that the use of montmorillonite in the Na-form as a
matrix and a binder of zeolite-containing catalysts leads to an increase in their crushing strength. In this
regard, in order to increase the strength of cracking catalysts, various amounts of the initial MM in the Na
form were introduced into the zeolite-containing catalysts based on pillared MM as an additive. From
figure, where the effect of NaMM additives on the strength of Al (2.5) NaHMM + HLaY is clearly shown,
it is seen that the introduction of 10% NaMM increases the strength of the catalyst by 1.9-2.3 times at
Teate = 550-650°C compared to the strength of the catalyst without NaMM.
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Effect of calcination temperature on the strength of Al (2.5) NaHMM + HLaY catalysts with the addition of 10% NaMM

For the cracking tests, catalysts calcined at the optimum temperature and sufficiently strong were
taken. So, Al (2.5) NaHMM + HLaY + 10% NaMM catalyst was calcined at 600° C, while the strength of
the catalyst increased to 223.4 N/sm® and VG was cracked at temperatures of 500 and 550° °© C with
determination of material balance and chromatographic analysis of the resulting gasoline fractions. The
gasoline yield at 500° C is 42.0%, light gas oil 5.5%. With an increase in cracking temperature, the yield
of gasoline decreases to 39.5%, and light gas oil increases to 15.8%. Under these conditions, a decrease in
the yield of gaseous hydrocarbons to 28.8% is observed.

Material balance of VG cracking on Al (2,5) NaHMM + HLaY + 10% NaMM catalyst at various cracking temperatures

VG raw materials The yield of products, wt.%
Cracking temperature 500°C 550°C
Gas 42,5 28,8
Gasoline (b.b.-205°C) 42,0 39,5
Light gas oil (205-350°C) 5,5 15,8
Heavy gas oil (> 350°C) 58 8,6
Coke 2,9 4.5
Losses 1,3 2,8
Product Amount 100 100
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H. A. 3akapuna, A. K. AkypnexoBa, H. A. KopnayxoBa, O. [loieaxanyJisl

«/1. B. Cokonbckuii aTeIHIAFHI JKaHAPMAai, KaTaln3
JKOHE dNeKTpoxumust HHCTUTYTEDy AK, Anmarsl, Kazakcran

AJIIOMUHUMMEH NUJLJTAJIMPJIEHTEH TAFAH MOHTMOPUJLJIOHUTI
HET'IBIHAE KPEKUHI' TIH HEOJIUTKY¥PAM/IbI KATAJIN3ATOPJIAPBIHA
BAMJIAHBICTBIPFBIII TAHJAY

Annoranus. Maxkamaga Al(2,5) NaHMM + HLaY + NaMM karamuszatopnapbsiHblH Oepiktiri NaMM
eHri3reHzie enayip aprarTbiHbl KepceTiireH. NaMM kocnacklHbH OHTaiuiel Memmepi 10 macca% kypaiiapl. Ocsl
KaTaJIU3aTOPAbIH KBI3IBIPY TEMIICPATyPAChIHBIH KOFapbUIaybl HEri3iHae Oepik 0osia Tycemi, 0J1 MaKCHMAaIbl MOHIE
(223,4 H/em?) 600°C sxereni. Enrizinren NaMM memrepinin oman opi aprysl 15 xone 20 canm.% 3epTTeireH
KOFaphl TEMIepaTypagarbl KaTalnu3aTopiapablH OepikTirin kemitemi. Al (2.5) NaHMM + HLaY + NaMM
karaymusaropeiaaa 500° C Temmeparypasa ras Topisi kemipcyTektep kem Menmepae (42,5%) Tysineli, o1 KpeKHHT
temmepatypachinbie 550° C neifin xorapbinays Herisinge Tomenzeiini. 500°C TemmnepaTypana GeH3UHHIH MIBIFHIMbI
42,0%, xenin raz 5,5% xypaiapl. KpeknHr temmeparypachlHbIH KOFapbulaybl apKbUIbl OCH3WH HIBIFBIMBI 39,5%
JIeiiH TOMEHJIeH/I1, al )KeHi1 ra3oiib 15,8%-ra neitin aprajsl. byn xkarnaiiga raz Topizai KOMIpCYTEKTED LIBIFBIMBI
28,8% neiiiH TOMEHIEUTIHI OalKaIbI.

Karanmuzaropnapaarel BI' kpekunar HoT)RenepiH NaMM 0aiiaHbICTRIPFBIIITNECH JKOHE OHCBI3 CABICTHIPFaHA
NaMM enri3y O€H3UHHIH TyCyiHEe alTapIbIKTail dcep eTIEHTiHIH KOPCETTi.

Tyiiin ce3mep: KaTaTWTHUKAIBIK KPEKWHT, MOHTMOPWIIOHUT, OCPIKTUIIK, )KaHAp Mai, IIEOJUT, BaKyyMJbI
razoitns (BI).

H. A. 3akapuna, A. K. AxypnexoBa, H. A. Kopuayxosa, O. /lanesxanyJisi

AO MHCTUTYT TOIUIMBA, KaTallu3a U JIEKTPOXUMUK
uM. J1. B. Cokonbckoro, Anmarsl, Kazaxcran

MOJIBOP CBSI3YIOLIETO 11 HEOJTUTCOJIEPKAIIETO
KATAJM3ATOPA KPEKHHT A HA Al- MTAJJIAPUPOBAHHOM
TATAHCKOM MOHTMOPHWJIVIOHUTE

Annoranusi. [lokazano, uro mnpounocth Al(2.5)NaHMM-+HLaY+NaMM-karanu3aropoB CyIIeCTBEHHO
noBeimaercs ¢ BBeneHneM NaMM. OnrtumansHoe KonmuectBo jaob6aBkn NaMM cocrasmser 10 wmac.%. C
MOBBILICHUEM TEMIIEPATYpbl MPOKAJIKK 3TOr0 Karalu3aropa HaONIOAaeTcs pOCT HMPOYHOCTH, KOTOpas JOCTHraeT
MaKCHMaJIbHOTo 3HaueHns (223,4 H/cm?) npu 600°C. [anbHeiimmii poct komudecTa BBoguMoro NaMM go 15 n
20 Bec.% CHWXKaeT MPOYHOCTh KAaTaJM3aTOPOB TIPHM BCEX H3YYCHHBIX TeMIeEpaTypax Ipokankd. Ha
Al(2.5)NaHMM+HLaY+NaMM karanusarope oOpasyercst Ooipmioe komnuecTBo (42,5%) ra3o00pasHbIX
yriaeBooponos mpu 500°C, KOTOpoe yMEHBIIAETCS ¢ POCTOM Temreparypbl Kpekuura 10 550°C. Bbixox Gensuua
npu 500°C cocraBiuser 42,0%, nerkoro rasoitms 5,5%. C pOCTOM TeMIepaTypsl KPEKHHIa BBIXOJ OCH3HMHA
cHmkaercs 10 39,5%, nerkoro raszoiuis pacrer mo 15,8%. B aTux ycnoBusix HabIromaeTcsi yMEHbIICHHE BBIXOJA
ra3000pa3HBIX YTICBOAOPOAOB 10 28,8%.

CpaBHeHue pe3yibraToB kKpeknara BIT Ha karammsatopax co cBssyrommM NaMM u 6e3 Hero, Iokasaj, 4To
BBeieHre NaMM He OKa3bIBaeT CYIIECTBEHHOI'O BIMSHUS Ha BBIXOZ OCH3MHA.
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KaroueBble ciioBa: KaTaJUTHYECKHH KPEKWHI, MOHTMOPHJUIOHHT, IIPOYHOCTh, OCH3MH, LICOJIUT, BAKYyMHBIH
razoius (BI).
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