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EFFECT OF THE TERMAL TREATMENT TEMPERATURE
ON THE DURABILITY AND THE CRACKING ACTIVITY OF THE
CATALYSTS ON THE BASE OF MODIFIED MONTMORILLONITE

Abstract. Increase of the durability of granules of Al (2.5) NaHMM +HLaY -catalyst at crush with temperature
increase of calcination of catalysts from 500 to 650°C is found. It is noticed that the introduction of zeolite Y in the
replaced rare-earth form leads to growth of durability of the granulated catalyst.

It is shown that preliminary calcination at 550,600°C of the zeolitecontained catalysts supported on the activated
Al-pillared montmorillonite in Na-and CaNa — forms, leads to significant reduction of yields of gasoline on these
catalysts that demonstrates that heat treatment of the catalyst increases durability, but does not provide necessary
activity of the catalyst in the fuel direction.

Keywords: catalytic cracking, termal treatment, pillared montmorillonite, gasoline, light gasoil, vacuum gasoil.

Introduction. One of the most important operational characteristics of heterogeneous catalysts is
their mechanical strength with respect to compression, bump and abrasion, depending on the technology
of the catalytic process [1,2]. With the continuous movement of the catalyst in the form of a fluidized bed
in catalytic cracking units, the catalyst particles are hit against the equipment walls and against each other
with the formation of crumb catalyst and dust, which requires constant replenishment and significantly
increases the cost for the production of cracking products. For catalytic processes, an important role is
played by the selection of the matrix or carrier, which provides the necessary porous structure, specific
surface area, heat resistance, and mechanical strength of the catalyst. It is known that the strength
characteristics of catalysts are determined by their composition and textural properties - porosity, specific
surface, size of primary particles, etc. However, there are very few works in the literature devoted to the
study of the relationship between strength and physicochemical properties of catalytic systems [3]. In
connection with the above, the development of new effective ways to increase the mechanical strength of
catalysts for oil refining based on natural clays and zeolites seems to be an actual task for modern oil
refining.

In this work, Tagansky montmorillonite was used as a matrix of catalysts, on the basis of which new
highly efficient cracking catalysts were synthesized by pillaring of clays [4,5]. However, the strength of
catalysts based on matrices with pillared montmorillonite does not always corresponded to the
requirements of their operation. To increase the strength and durability of the catalysts, pretreatment of
natural montmorillonite was varied by adjusting the calcination temperature, which is accompanied by an
increase in the bulk density and strength of the catalysts.

The purpose of the work is to determine the crush strength and the activity of catalysts based on Al-
pillared montmorillonite and zeolite Y in the cracking of vacuum gas oil, depending on the temperature of
the preliminary calcination of the catalyst.
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Experimental part

In the synthesis of pillared clays, an aluminum hydroxocomplex of the proposed composition [Al130.
(OH) 24 (H20) 12] ™, abbreviated (Alis” *) with a four-coordinated aluminum atom, was used as a fixing
agent. The method of obtaining oligomeric (Alis” *) consists in hydrolysis of an aqueous AICI; solution
with an aqueous solution of NaOH with a ratio of OH- / AI** = 2.5 and a final pH = 4.1 under conditions
of vigorous stirring. The procedure for the synthesis of aluminum montmorillonite (AINaHMM) is
described in[6]. The catalyst was additionally modified with zeolite Y in the substituted La-form (15%).

Elemental analysis of the catalyst samples was carried out by the method of energy dispersive - X-ray
fluorescence spectroscopy on the energy dispersive microanalysis system INCA - Energy 450, installed on
a JSM6610LV scanning electron microscope, JOEL, Japan.

The crush strength of the investigated catalysts was determined from the results of three
measurements on the device “Prochnomer katalizatorov” PK-21-015, JSC BSKB «Neftekhimavtomatika
(Russian).

The catalytic activity of the samples was determined in a laboratory flow-type installation,
corresponding to the standard, with a fixed catalyst bed in an amount of 30 ml. The catalytic activity was
determined in the temperature range 480-550°C with a bulk feed rate of 1 hour™. Vacuum gas oil (VG) of
the Pavlodar Petrochemical Plant (PPCP) with the end of boiling point of 510°C was used as a raw
material for cracking. During the distillation of catalyzate, the gasoline fractions Ty-205°C and light gas
oil 205-350°C were collected. The analysis of the hydrocarbon composition of gasoline cracking was
performed on a chromatograph “Chromos-1000" with a flame ionization detector and a capillary column
100 m long; temperature is 250°C; helium is carrier gas.

Results and discussions

At present, montmorillonite is successfully used in the matrix of Russian industrial cracking catalysts
[7,8]. In addition to participation, along with other components of the matrix (aluminosilicate, aluminum
oxide) in the formation of the porous structure of the catalyst and the primary cracking of large
hydrocarbon molecules, montmorillonite provides the mechanical strength of the catalyst, which is
determined by the pretreatment method of montmorillonite, its porous structure and composition. It is
known that the pillaring of clays with metal oxides with the formation of columnar structures leads to the
formation of new porous materials with a high specific surface, a large volume of micro- and mesopores,
and an increased thermal stability [9]. Matrix-based catalysts with Al-pillared montmorillonite were
chosen as objects for developing ways to increase crushing strength due to the fact that they had the
highest activity on gasoline output, but were distinguished by low strength. To increase the strength and
durability of the catalysts, pretreatment of natural montmorillonite was varied by adjusting the temperature
of calcination in air and introducing various additives before the intercalation stage. To select the optimum
temperature for calcining catalysts, two batches of Al (2.5) NaHMM + HLaY and Al (2.5) CaNaHMM +
HLaY catalysts were prepared. A preliminary analysis of the samples was carried out (Table 1), from
which it is clear that NaMM activation with sulfuric acid helps remove Na * ions from the initial
montmorillonite and reduces the sodium content from 1.4% in the original NaMM to 0.2% in activated
NaHMM and remove it completely after aluminum pillaring. The elemental compositions of the initial
NaMM and CaNaMM are close to each other. The difference was found only in some excess of iron in
NaMM compared to CaNaMM. The introduction of HLaY into the catalyst leads to an increase in the
sodium content to 0.5%, and the amount of La is 2.0%. The composition of the catalyst varies little after
testing in cracking.

Table 1 - The elemental composition of composite catalysts based on Al-pillared montmorillonite
before and after the cracking of vacuum gas oil on it

Sample C 0 Na Mg | Al Si Cl Ca Fe La
NaMM 7.78 | 516 | 1.4 2.1 113 | 247 | 03 0.56 | 0.39 -
NaHMM 8.09 | 525 | 0.2 2.0 114 | 250 | - 0.38 | 0.37
Al(2.5)NaHMM 112 | 546 | - 1.2 119 | 208 | - - 0.25 -
Al(2.5)NaHMM+HLaY 105 | 53.7 | 05 0.8 108 | 215 | - - 0.21 2.03
Al(2.5)NaHMM+HLaY after the experience 104 | 52.4 | 0.4 0.9 113 | 227 | - - 0.20 1.75
CaNaMM 78 | 520 | 0.9 1.9 12.0 | 246 | - 0.61 | 0.25 -
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The crush strength of the studied catalysts, as can be seen from the results of Table 2, depends on the
composition and temperature of the preliminary calcination.lt is noticed that the introduction of zeolite Y
in the replaced rare-earth form leads to growth of durability of the granulated catalyst.With an increase in
the temperature of calcination of Al (2.5) NaHMM + HLaY- catalyst from 500 to 650°C, its strength
increases sharply and at 600°C reaches its maximum value and then decreases. On the spent catalyst, the
strength at all calcination temperatures is slightly lower than the strength of the initial, and the maximum
strength equal to 104.6 N / cm? was found at a calcination temperature of 550°C.

Table 2 - Strength characteristics of Al (2.5) NaHMM + HLaY - catalysts depending
on the temperature of calcination by compression method

Sample Calcination temperature, °C Strength, N / cm?
Al(2.5)NaHMM 500 50.1
Al(2.5)NaHMM+HLaY 500 80.1
550 100.3
600 107.2
650 94.3
Al(2.5)NaHMM+HLaY 500 80.1
(after experience) 550 104.6
600 70.3
650 77.4

Earlier, we showed that Al (2.5) NaHMM + HLaY showed high activity on the yield of gasoline
during the cracking of VG PPCP. This vacuum distillate has the end of boiling point (EBP) of 534°C.
Fractional composition: initial boiling point(IBP) - 282°C; 5% -342; 10% -360; 50% -423; 90% -494; 95%
-516°C. Mass fraction of sulfur is 0.103%, density at 20°C-885.6 kg / m?.

The conversion of VG at its cracking increases with increasing temperature, while the yield of
gasoline drops from 51.2% at 480°C to 33.6% at 550°C, and the yield of light gas oil grows in these
conditions by 2.7% (Table 3). The maximum yield of gasoline obtained on this catalyst at 480°C. The
conversion of SH and the total yield of light products under these conditions are also maximum and
amount to 93.0 and 69.4%, respectively [10]. The amount of gaseous reaction products increases with
increasing cracking temperature from 17.8% at 48 ° C to 26.8% at 550° C. The amount of coke deposited
on the catalyst during the cracking process also increases with increasing process temperature.

Table 3 - Material balance of VG cracking on Al (2.5) NaHMM + HLaY - catalyst at different temperatures

Raw material VG

Experience temperature, °C 480 | 500 | 550
Yield of products,%

Gas 17.8 20.0 26.8
Gasoline (IBP-205°C) 51.2 43.5 33.6
Coke 5.8 6.4 7.7
Light gas oil (205 - 350°C) 18.2 18.0 20.9
Heavy gas oil (>350°C) 4.2 9.1 8.2
Losses 2.8 3.0 2.8
Conversion 93.0 87.9 89.0
The total content of light products 69.4 61.5 545

The main disadvantage of this catalyst is its very low strength, which increases during calcination at
high temperatures (Table 2). To determine the effect of calcination temperature on the activity of these
catalysts in cracking, a batch of VG PPCP grade A, type 2 was used. The EBP of VG was 510°C, the
density at 20°C 907.7 kg / m?, kinematic viscosity at 50 © C is 22.691 mm? / s, sulfur content is 1.43%,the
temperature of hardeningis 27°C, coking ability 0.21wt.%.
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Table 4 - The main technical parameters of VG PPCP, obtained in 2018

Sample Test method Norm Actual values
1 Fractional composition: TURB-3002206696.004-2001
a) up to 350°C is distilled,% not 18
more than
b) 90% distilled at 0C, not 535
higher
2 Density at 20°C, kg / m3 GOST 3900 870+952 907.7
3 Kinematic viscosity at 50° C, GOST 33 5+25 22.691
mm? /s
4 Mass fraction of sulfur,% mass. | ST RK I1SO 8754 no more 2 1.7-1.43
5 Flash point in closed crucible, | GOST 6356 not less 61 145
°C
6 Pour point, °C GOST 20287 not less 10 27
(method A)
7 Coking ability, % mass. GOST 19932 no more 3 0.21
8 Fe amount,% mass. X-ray fluorescence analysis 0.05
9 Ni amount, % mass. X-ray fluorescence analysis 0.01

The catalyst calcined at temperatures of 500, 550 and 600°C was tested in the cracking of VG at
different temperatures (Table 5). Analysis of the data presented in Table 4 shows that with an increase in
the temperature of the experiment from 480 to 550°C and calcining to 600°C, the catalyst activity in the
fuel direction decreases significantly. Thus, the yield of gasoline decreases from 40.5% to 27.1% with an
increase in the temperature of the experiment from 480 to 500°C and calcining from 500 to 550°C. A
decrease in the yield of gasoline and an increased (growth of ~ 2 times) the formation of gases is probably
due to a change in the porous structure, acidity, and elemental composition of the catalyst with increasing
temperature of calcination. This is confirmed by a further decrease in the yield of gasoline with an
increase of the calcinationtemperature to 600° C (Table 5). Under these conditions, the yield of gasoline
decreases to 21.4%, while the yield of light gas oil increases to 23.1% and gaseous products to 48. 3%.

Table 5 - Material balance of VG cracking on Al (2.5) NaHMM + HLaY -catalyst at different temperatures
of the experiment and calcining (up to Tcaie. = 600°, regeneration at 550°C)

Raw material VG
Experience temperature, °C 480 500 500 550
Calcinat on temperature, °C 500 550 600 600
Yield of products,%
Gas 28.6 41.6 48.3 43.6
Gasoline (IBP-205°C) 405 27.1 214 211
Light gas oil (205 - 350°C) 20.8 11.2 23.1 25.0
Heavy gasoil (> 350°C) 4.4 12.1 3.8 5.6
Coke 3.7 39 22 2.7
Losses 2.0 41 1.2 2.0
Amount of products 100 100 100 100

The next series of experiments was carried out using montmorillonite in CaNa-form from the
quarry«Zapadny» of 12 horizons containing the following alkaline cations: Na*™> 35 mg / eq, Ca** >28 mg
/ eq, Mg™ = 24 mg / eq, K" ~ 4.0 mg / eq. (Table 6). After activating with acid and pillaring
ofmontmorillonite by aluminum the composition and textural characteristics approach to the previously
used MM in the Ca- and Na-forms. The raw material was VG PPCP grade B type 2 with a density of
907.7 kg / m3, kinematic viscosity at 50°C equal to 27.05 mm?/s, the sulfur content is 1.5 wt.%,the
temperature of hardeningis 30°C and coking ability is 0.14 wt.%.
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Table 6- Material balance of VG cracking on Al (2.5) CaNaHMM + HLaY -catalyst at temperatures
of 480, 500, 550°C, calcining at 500, 550, 600°C and the ratio of catalyst : raw = 1:1

Raw material VG

Experience temperature, °C 480 500 500 500 550 *550
Calcination temperature, °C 600 500 550 600 600 *600
Yield of products, %

Gas 36.4 5.8 28.9 29.2 42.2 326
Gasoline (1BP-205°C) 39.2 58.5 46.8 46.4 30.0 36.2
Light gas oil (205 - 350°C) 16.8 29.1 16.2 17.2 19.2 14.8
Heavy gas oil (>350°C) 3.2 2.0 35 2.9 3.8 4.7
Coke 2.4 25 2.4 1.8 25 8.2
Losses 2.0 21 2.2 25 2.3 3.2
Amountofproducts 100 100 100 100 100 100

* ratio of catalyst: raw = 2: 1.

A freshly prepared catalyst, calcined at 500° C, cracks VG at 500°C to produce 58.5% of gasoline, the
amount of which decreases with an increase in the preliminary calcination temperature to 550°C and
600°C to 46.8% and 46.4%, respectively (Table 6). Heat treatment of the catalyst at 600° C reduces the
yield of cracking gasoline regardless of the process temperature itself. The yield of gasoline increases with
increasing ratio of catalyst: VG from 1: 1 to 2: 1.

The results indicate that heat treatment of the catalyst increases the strength, but does not provide the
necessary catalyst activity in the fuel direction. A decrease in the activity of a catalyst calcined at a high
temperature is possible, due to the influence of the temperature of the calcination on the textural and acidic
characteristics of the catalyst,hasinfluence on the cracking direction.

The group composition of gasoline formed during the cracking of VG on Al (2.5) NaHMM + HLaY
depending on the temperature of calcination is presented in Table 6, from which it can be seen that with
increasing temperature of calcination an increase in the number of isoparaffins is observed while the
relative content of olefins and aromatic hydrocarbons in gasoline is reduced by 18-20%. The octane
number (O.N.) of gasoline cracking by motor method (m.m) decreases with increasing temperature of
preliminary calcination of catalysts from 550 to 650°C by 5 units.

Table 7- Group composition of gasoline cracking VG on Al (2.5) NaHMM + HLaY
at different temperatures of the calcining of the catalyst

Catalyst Calcinati-on Hydrocarbon composition

temp-re, °C Paraffin-naphthenic Isoparaffins,mas | Olefins,m | Aromaticsmas | O.N.
hydrocarbons,mass.% 5.% ass.% S.% (m.m)
Al(2.5) 550 13.2 16.86 39.88 19.14 65.0

NaHMM+
HLaY 600 10.87 28.38 24.24 21.49 63.0
650 9.02 27.58 31.63 15.61 60.0

Conclusion

An increase in the crushstrength of granules Al (2.5) NaHMM + HLaY -catalyst was found with an
increase in the temperature of calcination of the catalysts from 500 to 650°C. It is noticed that the
introduction of zeolite Y in the substituted rare-earth La-form also leads to an increase in the strength of
the granular catalyst.

It was shown that preliminary calcination of zeolite-containing catalysts deposited on pillared Al
activated montmorillonite in Na- and CaNa-forms at 550, 600°C leads to a significant decrease in gasoline
yield on these catalysts, which indicates that thermal treatment of the catalyst increases the strength, but
does not provide the necessary catalyst activity in the fuel direction.

— 3 ——
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TYPJEHAIPIJI'EH MOHTMOPWIVIOHUT HEI'T3IHJAEI'TI KATAJIM3ATOPJIAP BEPIKTII'T MEH
KPEKUHTTEY BEJICEHALIITTHE TEPMUSJIBIK OHJAEY TEMIIEPATYPACBIHBIH OCEPI

Annoramusi. TepMusibK orjgey Temmeparypacki 500-men 650°C neifin xorapsuiatkanga Al(2.5)NaHMM+HLaY -
KaTaJIM3aTOPbl TYHIPUIIKTEPIHIH YTITIIyre Kapchl OEpiKTLTIrT apTaThiHBI TaObUIIbL. TYHIPIIIKTEITeH KaTalu3aTopFa
apajacThIpbUIFaH cupek xep La-opmackiHa Y 1EONHTIH €HTi3y OCpIKTUIIKTIH 6cyiHe oKeseTiHl OGaiKaIbl.

Na- »xone CaNa-popmainsl Al-MeH MHLIApUPIICHII OEJICEHIIPIITeH MOHTMOPHJUTIOHUTKE EHTI31JITeH EOTUTKYPaM/IbI
karamuzatopnapasl 550,600°C kesinze anfblH ana TEPMHUANBIK OHAEY OChl KaTauu3aTopiapia OEH3UH IIBIFLIMBIHBIH
TOMEHJICYiHe aJIblll KeJeadi, OyJl KaTaau3aTopibl TEPMUSUIBIK ©HJey OepiKTUIIKTI apTThIPFAHBIMEH OTHIH OarbITHIHZA
KaTaJIM3aTOP IbIH KAKETTI OCJICEHIUTIK TaHbITA ATMAWTBIHBIH KOPCETEI.

Tyiiin ce3mep: KaTamusmik KPeKHHT, TEPMHSUIBIK OHJCY, NUUIAPHPICHICH MOHTMOPHJUIOHUT, jKaHapMai, >KeHiN
ra30iTb, BAKYYMJIBIK Ta30MITb.
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BJIMSTHUE TEMIIEPATYPBI ITIPOKAJIKA HA TPOYHOCTDb U KPEKUPYIOIIYIO AKTUBHOCTD
KATAJIM3ATOPOB HA OCHOBE MOJIU®UITUPOBAHHOI'O MOHTMOPWIJIOHUTA

AnHotanus. Haiineno ysennuenue npounoctu rpanyn Al(2.5)NaHMM-+HLaY - katanuzatopa Ha pa3[aBiuBaHUE C
HOBBIIIEHHEM TEMIEpaTypbl IMpPOKaIKH KaTanusatopoB ¢ 500 go 650°C. 3ameueno, urto BBenenue ueonuta Y B
3aMelIeHHOI peaxo3eMenbHol La- popme Taxoke NPUBOAUT K POCTY IPOYHOCTU IPaHyINPOBAHHOTO KaTallN3aTopa.

TMokazaHo, 4To MpeaBapHTeNbHas nmpokaika mmpu 550, 600 °C meonuTcoaepKamyx KaTalu3aTopoB, HAHECEHHBIX HA
NMUIapupoBaHHbll Al axTuBHpoBaHHBIH MOHTMOPWIIOHMT B Na- u CaNa —dopmax, IPUBOIUT K CYIIECTBEHHOMY
YMEHBLICHUIO BBIXOJOB OCH3MHa Ha JTHX KaTalu3aTopax, YTO CBHIETENLCTBYET O TOM, YTO TepMHUYecKas oOpaboTka
KaTaJaM3aTopa IOBBIIIAET IPOYHOCTh, HO HE 00ecHeYuBaeT HEOOXOAMMOI aKTUBHOCTU KaTaau3aTopa IO TOIUIUBHOMY
HaIpaBJICHUIO.

KiioueBble ci10Ba: KaTanWTHYECKUH KPEKHWHT, TepMHUecKass 00paboTKa, MWLIAPUPOBAHHBIH MOHTMOPHJUIOHMT,
OCH3MH, JIETKUU Ta301JIb, BAKYYMHBIN Ta30MIIb.
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