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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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STRENGTH AND CRACKING PROPERTIES
OF HLaY-CONTAINING COMPOSITE CATALYST
ON AI-PILLARED MONTMORILLONITE IN CaNa-FORM

Absract. It was shown that additives of montmorillonite in the Na form contribute to a significant increase in
the crushing strength of cracking catalyst granules while preserving their activity in gasoline yield. Comparison of
the results of vacuum gasoil cracking on catalysts of the same composition, but with and without NaMM binder,
showed that the introduction of NaMM increases the strength of the CaNaHMM-based catalyst and does not
significantly affect the gasoline yield.

Catalysts based on MM in CaNa and Na-forms showed similar activity in the release of gasoline from vacuum
gasoil, regardless of the composition of the exchange cations. It was found that due to the stages of activation and
pillaring, Na is completely removed from the finished catalyst. Pillarization and introduction of zeolite provide an
increase in specific surface area and total pore volume. Catalysts have a high number of acid sites. The maximum
yield of gasoline equal to 44.8% and light gas oil 14.6% was obtained with Al (2.5) CaNaHMM+HLaY-+NaMM with
the addition of a binder and crushing strength of 60-70 N / sm”.

Key words: catalytic cracking, binder, montmorillonite, strength, gasoline, zeolite, vacuum gas oil.

Introduction. One of the promising directions for optimizing the composition of cracking catalysts is
the use of layered aluminosilicates and their modified forms as a component of the matrix of cracking
catalysts [1,2]. In cracking catalysts developed in Russia, Tagan montmorillonite (natural bentonite) is
used as a matrix component, which has binding properties, increasing strength and increasing the bulk
density of the catalyst. New highly efficient zeolite-containing vacuum gasoil (VG) cracking catalysts
with the production of gasoline were developed using columnar aluminum montmorillonites, which are
characterized by an increase in the number of mesopores and an increase in thermal stability. However,
the strength of such catalysts does not always meet the requirements of their operation in apparatuses with
a moving and fluidized bed in the processes of cracking of crude oil.

The purpose of the work is the synthesis of HLaY zeolite-containing catalysts deposited on aluminum
pillared montmorillonite in CaNa- form and to reveal the effect of a binder on the activity of catalysts in
the cracking of vacuum gasoil and its acid properties.

Experimental part. To prepare cracking catalysts, montmorillonite in CaNa form was used from the
Zapadnyi quarry, 12 horizons, containing the following alkaline cations: Na™> 35 mg / equiv,
Ca ™ >28 mg / equiv, Mg ™ = 24 mg / equiv, K + ~ 4,0 mg/equiv. 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,SO, 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

— 192 ——




ISSN 2224-5278 Series of Geology and Technical Sciences. 3. 2020

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
in the temperature range 480-550°C. When the catalysate was distilled, a fraction of gasoline T, 1, - 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. The influence of the exchange form of MM on the activity of the cracking
catalyst while maintaining its composition and method of preparation was studied using MM in a
CaNa form (a new batch of MM from horizon 12). From table 1 it is seen that the gasoline yield on this
catalyst ranges from 44.8-43.6% at cracking temperatures of 480 and 500°C, which almost completely
coincides with the gasoline yields on catalysts of the same composition (42.0-39.5%), but based on
NaHMM when cracking two different lots of VG, varying in composition.

Table 1 — Material balance of VG cracking on Al (2,5) CaNaHMM + HLaY + NaMM catalyst at various temperatures.
The strength of this catalyst is 60-70N/sm’

VG raw materials The yield of products, mass..%
Cracking temperature 480°C 500°C
Gas 28,3 28,9
Gasoline (s.b.-205°C) 44,8 43,6
Light gas oil (205-350°C) 14,6 13,5
Heavy gas oil (> 350°C) 7.3 8,4
Coke 2,9 3,3
Losses 2,1 23
Product Amount 100 100

Based on the results obtained, it can be concluded that two samples of catalysts of the same
composition, but using Al-pillared MM in two different exchange forms, showed similar activity in
gasoline yield. In connection with the foregoing, it was of interest to compare the elemental composition,
textural and acid properties of the studied catalysts using activated and pillared Tagan MM in various
exchange forms in the composition of the finished catalyst. The results of elemental analysis showed, that
thanks to the stages of activation and pillaration, Na is completely removed from the initial MM regardless
of the exchange form. With the introduction of HLaY, the elemental composition and porous structure of
two MM-based catalysts in different exchange forms is practically the same.

A comparison of the acidic properties of optimal catalysts based on montmorillonites of various
horizons is given in table 2, from which it can be seen that the total content of acid centers (a.c.), and also
in particular the relative and absolute amount of strong a.c. of the NaHMM-based catalyst is 1.7 times
superior to the catalyst supported on activated MM in CaNa form.

Table 2 — Acidic properties of optimal cracking catalysts

Acid centers
Content
Sample ac. Weak Medium Strong Total acidit
<200°C 200-300°C >300°C otal acidity
% 43,52 36,48 20 100
Al(2,5)CaNaHMM-+HLaY
Mkmol NH,/r 161,64 135,50 74,28 371,43
% 36,3 30,1 33,6 100
Al(2,5)NaHMM+HLaY
Mkmol NH;/r 139,6 115,4 129,2 384,5
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From the results obtained, it is seen that the introduction of NaMM as a binder into the zeolite-
containing cracking catalyst significantly increases the crush strength of the granules while maintaining
the activity of the catalyst in terms of the yield of gasoline during VG cracking. It was shown that zeolite-
containing catalysts based on MM pillared with aluminum in the Na and CaNa forms are characterized by
a close elemental composition, texture and acid properties, which leads to their close activity in VG
cracking with the formation of gasoline. The maximum yield of gasoline equal to 44.8% and light gas oil
14.6% was obtained on Al(2,5)CaNaHMM +HLaY+ NaMM with the addition of a binder and crushing
strength is 60-70 N/ sm’.

Acknowledgements. This work was supported by the Science Committee of the Ministry of
Education and Science of the Republic of Kazakhstan (PTF BR05236739 and Grant AR 05132133, 2018-
2020).

A. K. AxypnexkoBa, H. A. 3akapuna, O. laaeaxanyisl, J. A. Kymanynnaes

«/J1. B. CokonbCKkuit aTbIHAAFbI XKaHapMai, KaTaan3
XKoHE HEKTpoxuMus HHCTUTYTED AK, Anmarer, Kazakcran

CaNa- AYBICITAJIBI ®OPMACBIHJIAFBI AJIIOMAHUMMEH NUJLJTAJIMPJIEHTEH
HLaY-K¥PAM/JIbI KOMIIO3UTTI KATAJIM3ATOPAbIH
KPEKHUHI'TIK )KOHE BEPIKTIK KACUETTEPI

AnHoTanusi. Na (opMacelHAarel MOHTMOPHIZIOHHT KOCMA PETIHIAC KPEKMHI KaTalM3aTop TYHIPHIIKTEpPiHIH
CBIHY KYIIiH apTTHIpyFa eJoyip BIKIaJ eTEeTiHi, COHBIMEH KaTap, OJIapAblH OCH3WH MIBIFBIMBIHIAFEI OCIICEHIUTITIH
apTTHIPATHIHBI KepceTiired. Bl KpeKWHTIHIH HOTIKeNepi Oipaei KypamMaarbl KaTalu3aTopiapAbl CalBICTHIpFaHIA
NaMM GaiinaHbICTBIPFEINICH3 koHe NaMM eHrisy Karanu3aTropiiapblH OEpiKTiri apTThIPATHIHABIFBIH JKOHE
OCH3WHHIH IIBIFEIMBIHA aUTAPIIBIKTAN 9CEp ETIEHTIHIH KOPCETTI.

CaNa >xone Na-¢popmanapaarst MM Heri3iHzeri katanu3aropiiap KaTHOHIAPABIH KypaMblHa KapaMacTaH,
KOFapbl TeMIIepaTypaJibl Ta3apAaH OSH3MH LIbIFapya yKcac OelceHIuK kepceTTi. bencenaipy xoHe nuuianupiey
Ke3eHepiHe OaiaHpIcThl Na aifblH KaTann3aTopJaH TOJBIFBIMEH MIBIFapbUIaTHIHABIFBI aHBIKTAIABL. [Tmntannpiey
JKOHE IICONIUTTI eHridy OeTki KaOaTTBIH JKalImbl KOJNEMIiH JKOHE KEyeKTEpIHiH Kallbl KeJEeMiH apTTHIPYIBI
KamTaMachl3 eTeli. Y CHIHBUIFaH KaTalnu3aTopiap KbIIIKbUIABIH OPTAJIBIK CAHBIHBIH KONTIriMEH epeKIIeIeHe i
Al(2,5)CaNaHMM-+NaMM-kaTaau3aTopblHa GaiIaHbICTRIPFBINTE KOCKAHAa OepikTiri 60-70H/cM’, GeH3HHHIH eH
JKOFaphI MILIFBIMBI 44,8% oHE JKEHIT Ia30iIb MIBIFBIMBI 14,6% Kypassl.

Tyiiin ce3nep: KaTaTUTHKAIBIK KPEKHUHT, OalTaHbICTBIPFBILI, MOHTMOPHIIOHUT, OCPIKTIK, KaHap Mai, [Ie0JIUT,
BaKyyM/bl T'a30JIb.

A. K. AkypnexoBa, H. A.3akapuna, ©. [laaeaxanyasl, J. A. Kymanynnaes

AO MHCTHTYT TOINBA, KaTalu3a U AEKTPOXUMHIH
mM. JI. B.Cokonbckoro, Anmvarel, Kazaxcran

IPOYHOCTHBIE U KPEKUPYIOIIUE CBOMCTBA
HLaY-COAEPKAIIEI'O KOMIIO3UTHOI'O KATAJIM3ATOPA
HA Al- TMJINIAPUPOBAHHOM MOHTMOPUJIVIOHUTE B CaNa-®@OPME

Annoranus. [Tokazano, 4ro 106aBKM MOHTMOPWIIOHUTA B Na-hopMe CITOCOOCTBYIOT CYIIECTBEHHOMY POCTY
MPOYHOCTH TPAHYI KaTaU3aTOPOB KPEKHHTa Ha pa3faBIUBaHHUE IPU OJHOBPEMEHHOM COXPAHEHUH WX aKTUBHOCTH
mo BeIxony OensumHa. CpaBHEHHME pe3yibTaToB KpekmHra BIT Ha karamm3aropaXx OJMHAKOBOTO COCTaBa, HO CO
cesytomM NaMM u 6e3 Hero, mokasano, 4yTo BBejcHrne NaMM MOBBIIACT MPOYHOCTh KAaTaIM3aTopa Ha OCHOBE
CaNaHMM wu He oka3bIBaeT CyIECTBEHHOTO BIUSHUS Ha BHIXO]] OCH3MHA.
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Karammzaropsr Ha ocHoBe MM B CaNa u Na —popmax IposiBIITH OJH3KYI0 aKTHBHOCTB IO BBRIXOAY OCH3MHA 13
BI" He3aBuCcHMO OT cocTaBa OOMEHHBIX KaTHOHOB. HaiiieHo, 4To Oarogapsi CTaiusM aKTUBAIMU U THJUIAPUPOBAHUS
Na MOJHOCTBIO yIaNSIeTCsl U3 TOTOBOTO Karanuzaropa. [luimapupoBanue ¥ BBEICHHE ICOIUTA 00ECIICUNBAIOT POCT
YACTbHON TMOBEPXHOCTH W 00mero obobema mop. Karamu3aTopbl OTIMYAKOTCS BBICOKUM — KOJHYECTBOM
KHCJIOTHBIX IICHTPOB. MakcHMabHBIN BbIX0H OcH3MHA, paBHBIN 44,8% u snerkoro raszois 14,6% momydeH Ha
Al(2,5) CaNaHMM+HLaY+NaMM c n06aBKoii cBSI3YIOIIETO U MPOYHOCTHIO HA pazaaBiuBanue 60-70 H/em?.

KaroueBble ¢10Ba: KaTaIUTHYSCKUA KPEKHUHT, CBA3YIOIIAs, MOHTMOPHIUIOHHUT, MPOYHOCTH, OCH3WH, IEOJIHT,
BaKyyMHBII Ta30MIb.
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