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Dpdhexmuenvim kamanuzamopom nuponu3a y2neso00poonHozo Colpbs 6 onedurncooepica-
WUl 243 NPU CPAGHUMEILHO HEGBICOKUX MEMNEPAMYPax AGAACHCA Dapuiicooepicauiuii Kamaiu-
3amop. B pabome uccnedosanu npumenenue HOGbIX KAMAIUIAMOPOE NUPOIUIA NPAMOZOHHO20
ben3una, pagpunama nnamgpopmunza, 6eH3UHOE6 MEPMUYECKO20 KPEKUH2A HA OCHOGE XA0pUOa Oa-
pusa. Hccnedosarnvt npounocmusle ceolicmea madaemuposanHplX Kamaiu3amopos ¢ 000agKamu
epapuma, ousmanonamuoa CKK (cummemuueckue dcuphnvie Kuciomesl), ¢henongypanosoii
cmonwl u enunsl. Ilpu hopmosanuu kamanuzamopoe cpasHumenbHo 1e2Ko 0CyuieCmenaemcs 66e-
Oenue 000a8ok, moouuyupyrowux akmuenocms. Ilonyuenvl pesynomameol IKCnHEPpUMEHMAb-
HbIX OAHHBIX HA KAMAAU3Amope Xjaopuoe 6apus ¢ OAHHLIMU MOOUDUUUPYIOWUMU 000a6KAMU.
Omu oannvle ceuOemMenbCMEYION 0 MOM, YMO NPOU3EOOCME0 KAMAAUZAMOPOE HA OCHOBE XJ10-
puoa 6apus IKOHOMUUECKU UeNeco0OPA3H0, MAK KAK OCHOGAHO HA UCHOAb306AHUU HEOOPOZUX U
O00CHYRHBIX XUMUUECKUX PEAZEHNI06, 4 IMO 6 CEOI0 04ePedb CROCOOCMEYem NOBbIUIEH IO IPPeK-
MUGHOCMU UCNONB306AHUA NPUPOOHO20 HEBO300HOBIAEMOZ0 CHIPbA U IHEP20COEPENCEHUIO 6 NPO-
yeccax e2o nepepadomxu. /[nsa Kamanuzamopos, popmosaHHbIX ¢ 000ag1eHUEM MEMmPaAxXaopaiio-
MUHAMA HAMPUS, XAPAKMEPHO NOAGNEHUE KAMAIUMUYUECKOU AKMUGHOCMU 8 npoyeccax Kpe-
Kunza u uzomepusayuu. Ilposedenvt ucnvimanus na onpeoenenue OJUmeIbHOCMu CPOKa ciyHcovl
Kamanuzamopog ¢ paznuunvimu moouukayuamu. Ilonyuenvt pesynomamor: ¢ mevenue 700 u
padomut npu memnepamype 500 °C kamanuzamop, cihopmosannwtii ¢ 3,0% mac. zpagpuma, coxpa-
HAem AKMUGHOCMb NO 2a3000PA306AHUIO U 6bIX00Y HUZUWUX 0]1eYUHOE HPU OAHHBIX PEINCUMAX
paoomut. IIpu 3mom 6b1x00 KOKca Ha RPOnyuieHHOoe Colpbe 0715 6cex MOOUPUKAUUT Kamaau3amo-
poé ne npesviuaem 2,5% mac. 3a 30 u padomor npu memnepamype 700 °C. Ilpumeuamenvho, umo
kamanuzamop, cooepxacawjuit NaAlCl, xapaxmepusyemcs omnocumenvno HeblCOKUM KOKCO00-
paszoeanuem.
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A barium-containing catalyst is the new effective catalyst for the pyrolysis of hydrocarbons
into olefin-containing gas at relatively low temperatures. This article discusses options for the de-
velopment of new straight-run gasoline pyrolysis catalysts, platformer raffinates and barium chlo-
ride-based thermal cracking gasolines. The strength properties of tableted catalysts with the addi-
tion of graphite, FAS (fatty acid synthesis) diethanolamide, phenol-furan resin and clay were stud-
ied. When forming the catalysts, the introduction of activity modifying additives is relatively easy.
The results of experimental data on a barium chloride catalyst with these modifying additives were
obtained. These data indicate that the production of barium chloride-based catalysts is economi-
cally feasible, since it is based on the use of inexpensive and affordable chemical reagents, and this
in turn helps to increase the efficiency of using natural non-renewable raw materials and energy
saving in the processes of its processing. The catalysts formed with the addition of sodium tetra-
chloroaluminate are characterized by catalytic activity in cracking and isomerization processes.
Tests were carried out to determine the duration of the catalyst lifetime with various modifications,
and the following results were obtained: during 700 h of operation at a temperature of 500 °C, the
catalyst formed with 3.0% wt. graphite, retains activity on gas formation and the yield of lower
olefins. In this case, the coke yield on the skipped feedstock for all catalyst modifications does not
exceed 2.5% wt. for 30 h of operation at a temperature of 700 °C. It is noteworthy that the catalyst
containing NaAICl, is characterized by a relatively low coke formation.

Key words: pyrolysis catalysts, electrophilic additives, catalytic activity, gasoline fraction, sodium
tetrachloroaluminate

mally cracked gasoline, straight-run gasoline, plat-
forming raffinate also replenish the market of second-
ary hydrocarbon raw materials, the use of which can
and should more effectively serve as a powerful addi-

INTRODUCTION

Catalytic pyrolysis seems to be an important
direction in the group of secondary oil refining pro-

cesses for solving of the task of yield increasing of use-
ful hydrocarbon products. Such processes make it pos-
sible to expand the range of hydrocarbon feedstock in-
volved to obtain gaseous hydrocarbons, represented
mainly by ethane-ethylene, propane-propylene frac-
tions, which are valuable raw materials for petrochem-
ical industries and the production of consumer goods,
especially plastics. Liquid products formed in the main
thermal cracking processes, in particular, such as ther-
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tional source of raw materials. Until now, attempts to
use some types of such low-quality secondary raw ma-
terials [1-5], in particular, and cracked gasolines, have
not opened up the possibility of their inclusion in the
traditional processing scheme. In this regard, it seems
promising to involve them in the stage of catalytic pro-
cessing to obtain gaseous products. With creation of
effective catalytic forms for pyrolysis processes, it
would be possible to solve the problem of processing
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secondary fractions into useful hydrocarbon products.
This determines the need to find active forms of new
catalytic systems and establish experimental condi-
tions for their high efficiency. In accordance with the
task set, the ongoing research should be aimed at iden-
tifying the patterns of changes in the activity of the cat-
alyst under conditions of variation of both the experi-
mental parameters and the composition of the pro-
cessed secondary raw materials.

Development of a technologically acceptable
catalyst modification is a condition for industrial im-
plementation of gasoline catalytic pyrolisis in eth-
ylene/propylene in the presence of BaCl, [1-3]. The
use of a finely divided powder catalyst leads to a num-
ber of undesirable processes, such as an increase in hy-
drodynamic resistance in a catalyst fixed-bed reactor,
which subsequent coking makes a fixed bed impassa-
ble or powder particles with gasoline processed are en-
trained in a catalyst fluid-bed reactor. Therefore, bar-
ium chloride as a crystal powder cannot be used in an
industrial process.

Availability of BaCl,, an active component,
enables to consider simpler and effective ways for ob-
taining industrial modifications of catalysts. Granules
(tablets) obtained by moulding are an optimal form to
fixed-bed reactors. Thus, the purpose of this paper is to
develop ways for obtaining industrial modifications of
barium-containing catalysts using the introduction of
additives, i.e. from textural components, which relieve
forming, up to components, which are able to perform
co-catalytic functions.

EXPERIMENTAL

Barium chloride salt (GOST 4108-72-Barium
chloride 2-aqueous) was used as a basic form of pyrol-
ysis catalyst. By drying the salt for 20 h at a tempera-
ture of 171-175 °C, the bound water was evaporated
from the crystalline hydrate, then the salt was subjected
to heating at a temperature of 350 °C in a muffle fur-
nace. To prepare catalyst samples, anhydrous barium
chloride was mixed with various additives: diethanola-
mides of the FFA fraction (TU 38-107-250-83), phe-
nolfuran resin (FF-65C), clay of the montmorillonite
group (Kuganak deposit), graphite powder (OSCH 8- 4,
GOST 23463-79). NaCl (GOST 4233-77) and AICl;
(GOST 4452-66) were sintered at 154 = 1 °C in a stoi-
chiometric ratio to obtain the double salt NaCIl-AlCls.
The double salt in the form of a melt was applied onto
a powdered barium chloride (BaCly) preliminarily
heated at 350 °C.

The catalytic charge was used to form tablets
5%3 mm in size on a RTM-41 M2V tablet machine.
Tableting was carried out by pressing at a temperature
of 25 °C, then the carriers were impregnated.
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Experimental technique. The oil feedstock was
fed from the measured raw material tank with preheat-
ing, using a peristaltic pump of the RR-2-1B type to
the preheating furnace, from where it entered the upper
part of the reactor with a stationary catalyst bed. The
reaction zone was heated using a PTF 12/50/250 labor-
atory tube furnace. Temperature control was carried
out using thermocouples in the temperature range from
500 to 750 °C. The degradation products condensed in
the condensing system, and the liquid product entered
the receiver for liquids. Gaseous products, having
passed through the trap, enter the drum counter with a
liquid seal. The composition of the products was deter-
mined on a Shimadzu GCMS-QP2020 chromato-mass
spectrometer with Rxi-5 ms capillary column.

The low-temperature nitrogen adsorption-de-
sorption method (77 K) was used to determine the
characteristics of the porous structure of the catalyst on
an ASAP-2020 Micromeritics sorbtometer. Prior to
analysis, the samples were subjected to evacuation for
6 h at a temperature of 350 °C. The specific surface
area was calculated using the BET method at a relative
partial pressure P/PO = 0.2. The total (total) pore vol-
ume was determined by the BJH (Barrett-Joyner-Halend)
method at a relative partial pressure P/P0 = 0.95.

A granular catalyst was obtained in the shape
of cylindrical tablets 56 mm in size by forming on a
high capacity-tableting machine.

The conditions for base catalysts, which con-
form to the technological requirements, were defined
based on experimental data researches on granule
forming of various sizes.

The study of BaCl, finely-divided powder
showed that the best tablet strength properties are ob-
served for 0.25-0.50 mm fraction (Table 1). Granule
mechanical stability is also increased more when per-
forming prior thermal processing of a mixture with
post-calcination of granules. Powder fraction prelimi-
nary thermal processing at 175-300 °C, i.e. it is above
the temperature of crystal water evaporation from
BaCl, crystalline hydrates, increases the strength of
ready granules by 5 times.

Variability in characteristics of a particle con-
tact for BaCl, in a powder form when forming cata-
lysts, for instance, adhesive strength between particles,
has a great impact on structural and mechanical prop-
erties of granules.

Adhesion reliability can be regulated by sur-
face energy attenuation in friction zones as a result of
formation of SAA (surface active agent) adsorbed beds
introduced into a catalyst system [4-7]. The use of lu-
bricated agents, which lower concentration of subsur-
face stresses in areas of pressed mixture particles con-
tact, ensures strengthening of ready granules. A rein-
forcing effect of specific additives, for example, when
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using polymer resins, is explained by formation of a
space skeleton in the shape of a chemically cross-
linked network [8-10].

It is of importance to note that finely divided
mixture moisturization (up to 5% water) helps to in-
crease the efficiency of mechanical performance for a
ready catalyst, but at the same time strength spread is
observed in various modifications. The introduction of
a SAA (surface active agent), such as FAS (fatty acid
synthesis) diethanolamide of Cio-Ci3 fraction in the
amount of 0.25-3.0% wt. has no effect on strength.
Highly dispersed graphite may serve as an effective
shaping additive in the amount of no more than 5.0%
wt. (to a mixture). A narrow spread in strength values
of 8-16 kg/tablet is observed by the content of graphite
3.0% wt. (to a mixture). When optimizing characteris-
tics, such as composition, a dispersion component

S.R. Sakhibgareev et al.

value, conditions for raw material preparation, the best
performance by granule fracture strength is achieved
axially and radially by 55 and 35 kg/tablet, respectively
and it is considered to be in compliance with the use of
such catalysts in production.

Considering reduced strength of granules radi-
ally, leading to catalyst damage when in loading-un-
loading thermally reactive components should be ap-
plied as auxiliary additives, ensuring catalyst modifi-
cations isotropic in strength.

The effect of phenol-furan resin as an auxiliary
additive was studied. Tablets of a catalyst were ob-
tained containing phenol-furan resin 0.5-5.0% wt. and
calcined at 300-400 °C within 30-60 min, which
strength reaches 50-60 kg/tablet both axially and radi-
ally (Table 1).

Table 1

Strength properties of BaClz>-Based tablet catalysts
Taoauya 1. IIpoyHOCTHBIE CBOMCTBA Ta0JeTHPOBAHHBIX KATAJIM3aTOPOB HAa ocHoBe BaCl:

Catalyst weight Conditions of thermal processing | Crushing strength, kg/tablet
BaCl, powder fraction, mm | Additive, % wt. T, °C t,h Axially Radially
0.16-1.00 unfractioned — — — 0.7-1.6 0.6-0.9
0.5-1.00 - - - 0.4-0.8 0.2-0.5
0.16-0.25 - - - 8.0-1.6 0.2-0.6
0.25-0.50 - - - 1.4-2.0 0.8-1.3
0.25-0.50 - 175 10 8.0-12.0 2.0-9.0
0.25-0.50 - 175 20 10.0-15.0 4.0-9.0
0.25-0.50 - 175 25 10.0-16.0 4.0-9.0
0.25-0.50 - 300 10 10.0-16.0 9.0-14.0
0.25-0.50 - 400 10 10.0-16.0 9.0-12.0
0.25-0.50 - 500 10 10.0-16.0 9.0-12.0
Graphite
0.16-1.00 3.00 - - 19.0-23.0 16.0-21.0
0.16-0.25 0.25 - - 21.0-24.0 7.0-13.0
0.16-0.25 1.00 - - 34.0-48.0 20.0-27.0
0.16-0.25 3.00 - - 45.0-65.0 32.0-37.0
0.16-0.25 5.00 - - 39.0-50.0 31.0-38.0
0.25-0.50 3.00 - - 38.0-43.0 30.0-37.0
FAS (fatty acid synthesis) diethanolamide
0.25-0.50 0.25 - - 10.0-16.0 0.5-3.0
0.25-0.50 0.50 - - 4.0-6.0 1.0-3.0
0.25-0.50 3.00 - - 2.0-3.0 1.0-4.0
Phenol-furan resin
0.25-0.50 0.5 - - 1.0-1.3 0.5-1.3
0.25-0.50 0.25 - - 0.6-0.9 0.6-0.8
0.25-0.50 5.0 - - 1.0-1.2 0.5-1.2
0.25-0.50 0.5 300 0.5 6.0-9.0 5.0-9.0
0.25-0.50 2.5 300 0.5 10.0-15.0 4.0-12.0
0.25-0.50 5.0 300 0.5 20.0-24.0 18.0-24.0
0.25-0.50 5.0 400 0.5 50.0-64.0 47.0-60.0
0.25-0.50 5.0 500 0.5 55.0-61.0 55.0-60.0
0.25-0.50 5.0 600 0.5 56.0-66.0 51.0-65.0
Clay
0.25-0.50 | 5.0 | — — 59.0 38.0
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RESULTS AND DISCUSSION

In addition to affecting the strength properties,
calcination and introduction of thermally reactive com-
ponents into a catalytic mixture allows changing gran-
ule structural characteristics, such as a specific surface
area and pores volume. Calcination of original BaCl,
with subsequent calcination of ready granules leads to
the growth in the specific surface area (Fig. 1). Adding
water, graphite and FAS (fatty acid synthesis) diethan-
olamide significantly reduces the specific surface area
as compared with the original catalyst.
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Fig. 1. Specific surface area (m) Sy; (M?g™1), pores specific volume
(3) Vyx (cm3g?) of barium-containing catalyst 1-12. 1 — original cata-
lyst; 2 — tablets calcined at 175 °C; 3 — with preliminary calcina-
tion of the mixture at 175 °C; 4 — tablets calcined at 300 °C; 5 — with
preliminary calcination of the mixture at 300 °C; additive compo-
nent (wt. %): 6 — 1 of graphite, 7 — 3 of graphite, 8 — 5 of graphite,
9 — 1 of diethanolamide, 10 — 5 of water, 11 — 0.25 of graphite + 1
of water, 12 — 5 of phenol-furan resin
Puc. 1. YensHas HOBEpXHOCTS (M) Syx (M>TY), yenbHbIiH 00beM op
(3) Vyx (eM3 1Y) Gapuiiconepskanmx katamusaropos 1-12. 1 — ucxon-
HBII KaTaiam3arop; 2 — TabneTku, npokaneHHbie mpu 175 °C; 3 — ¢
NpeBAPUTENBHBIM IPOKATNBaHUEM MHXTHI IpH 175 °C; 4 — Tab-
JeTky, npokaneHusie npu 300 °C; 5 — ¢ mpeaBapUTeNIbHBIM IIPO-
kayBanueM muxTel ipu 300 °C; mobaska (% mac.): 6 — 1 rpadura,
7 —3 rpadura, 8 — 5 rpaduTa, 9 — 1 mudTaHONAMHAA, 10 — 5 BOEL,
11 - 0,25 rpadwura + 1 Bogpl, 12 — 5 penondypanoBoit cMOITBI

During the application of various additives to
the surface of barium chloride, layers are formed that
prevent the penetration of raw material particles to the
active center of the catalyst. As a result, the specific
surface area and pore volume of the catalyst support
are reduced.

The ambiguous effect of these factors on the
surface-pore structure of granules is monitored. As a
rule, thermal processing of an original material and
formed catalyst increases the pores volume, but when
used with various additives, the effect is of more com-
plex nature, and the reaction of the agents introduced
already significantly depends on the nature and con-
centration of additives. Thus, diethanolamide introduc-
tion (1.0% wt.) significantly increases the pores vol-
ume, water introduction up to 5.0% wt., does not effect
this value, on the contrary. A slight increase in the
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pores volume is observed when adding graphite in the
amount of 1.0% wt., as compared with the granules
formed without calcination and in no additives. A sub-
sequent increase in the content of graphite leads to a
decrease in the porosity of granules.

The study on catalysts containing clay of a
montmorillonite group, Kuganak deposit (Republic of
Bashkortostan) as a binder, based on aluminosilicates
of xAl,03xySiO.xnH>0 structure, was conducted. Sat-
isfactory strength and ease through the tableting pro-
cess can be achieved by introducing up to 5.0% wt. to
a clay mixture (Table 1). With a high clay content in
the catalyst (30.0 or 50.0% wt.), extrusion forming of
a pre-wetted catalyst up to 25% wt. should be car-
ried out. Catalysts with crushing strength of 178-
240 kg/granules axially and 140-205 radially are pro-
duced by thermal processing at 350-400 °C. Catalysts
forming with clay addition (up to clay 30.0% wt.) im-
proves structural characteristics (Fig. 2a, b).
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Fig. 2a. Dependence of specific surface area (m) Sy, (M?-g™) on
pores specific volume (o) Vyx (cm3g?) of barium-containing cat-
alysts: 1 - catalyst without additives; clay addition as a binder
(Wt.%): 2—1.0; 3—5.0; 4—10.0; 5-20.0; 6 — 30.0; 7 — 45.0
Fig. 2b. Dependence of mechanical performance (m) P on specific
pore volume (0) Vyx (cm3g™) of barium-containing catalysts: 1 - cat-
alyst without additives; clay addition as a binder (wt.%): 2 — 1.0;
3-5.0;4-10.0; 5-20.0; 6 — 30.0; 7 — 45.0
Puc. 2a. 3aBHCHMOCTP yJeNbHOH IUTOIIAAN TIOBEPXHOCTH (M) Syx
(M?1Y) ot yzensHOro 06bema nop () Vyx (em311) 6apuiiconep-
JKAIIMX KaTtanu3aropoBs: | — karamusarop 6e3 106aBku; qo6aBKa
[JIMHBI B KayecTBe cBssyromero (% mac.): 2 —1,0; 3—5,0; 4 — 10,0;
5-20,0;6-30,0; 7-45,0
Puc. 2b. 3aBUCHMOCTh MEXaHMYECKON MPOYHOCTH (W) P 0T yens-
HOTo 06BeMa 1op (1) Vyx (eM31) Gapuiicoaep Kalix KaTanu3aTopoB:
1 — katanmm3arop 6e3 obaBK; J0OABKA TITMHBI B KAYECTBE CBS3YIO-
mero (% mac.): 2—1,0; 3-5,0; 4-10,0; 5-20,0; 6 — 30,0; 7—45,0
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The extrusion method allows granules to be
formed into uninterrupted regular macroscopic lattice
or honey-combed structures from a catalyst plastic
mass. Such structural modification, as a rule, optimizes
the reactor gas-dynamic operating mode. Pressuriza-
tion in a reactor for more than 0.1 MPa leads to a de-
crease in the yield of desired products and growth of
methane yield [11, 12]. The form and size of a catalyst
are influencing parameters of the pressure and its dif-
ferences in a reaction area during the movement of a
reaction gas mixture through a catalyst bed. In the cat-
alyst bed, a large pressure drop is accompanied by the
process using tableted granules in the form of cylindri-
cal solid particles, where the drop is 1.5-1.7 times
greater than in the bed layer in the form of Raschig
rings in average. The ethylene yield in average of 0.5-
0.1% higher is observed at 790-795 °C in the catalyst
bed based on potassium vanadate modified with boron
compounds produced in the form of Raschig rings than

S.R. Sakhibgareev et al.

when using a cylindrical catalyst. A regular honey-
combed or lattice structure creates the most optimal
gas-dynamic mode undoubtedly [13-15].

By introducing BaCl; into the original plastic
clay mass, catalyst blocks with low strength and me-
chanical instability to high temperatures were ob-
tained. An impregnation with an aqueous solution of
barium chloride of a formed aluminum ceramic block
may increase BaCl, content up to 45%. But it is worth
noting that such blocks are destroyed when calcined at
800 °C. It is possible to prevent this process without
changing the surface pore parameters of the aluminum
ceramic matrix by reducing the content of barium chlo-
ride up to 18.0% wt.

For a catalyst containing NaAICls 10% wt., the
temperature range from 650 to 750 °C was determined
experimentally, at which a change in the nature of the
process is observed.

Table 2

The yield of gaseous™ gasoline pyrolysis products on various forms of barium-containing catalysts

Tabnuya 2. Beixoa ra3oo0pa3HpIX* NPOAYKTOB NMPOJIK3a OEH3UHOB HA Pa3jM4YHbIX GopMax Oapuiiconep:kammx
KaTaJu3aTOPOB

Yield of products, % wt. on passed feedstock

T, oC V,** h-l

CHs+Hy| CoHs | CsHs | CsHs | YCuHs | SCaHio | Cs Total

Straight-run gasoline/ tableted catalyst with clay 30% wt.
650 0.5 9.1 28.2 10.0 14.9 2.0 6.5 0.8 715
700 0.5 12.6 29.1 7.3 15.1 1.1 9.1 0.7 75.0
725 0.5 17.6 32.9 7.2 13.8 0.9 7.0 0.1 79.5
750 0.5 25.2 34.9 7.1 12.0 0.8 5.5 0.1 85.6
Straight-run gasoline/ tableted catalyst with NaAICl, 10% wt.
650 0.5 6.8 12.5 6.4 17.5 0.9 13.7 - 57.8
650 1.0 6.9 10.9 6.9 18.2 0.2 14.4 - 57.5
700 0.5 12.4 28.4 28.0 7.0 18.3 1.0 14.8 81.5
700 1.0 115 214 8.1 23.4 0.9 14.9 - 80.2
725 0.5 19.8 32.9 7.0 18.9 0.8 3.0 - 82.4
725 1.0 17.0 30.0 9.1 18.3 1.2 3.5 - 81.1
750 0.5 25.7 38.9 6.2 12.2 0.6 0.4 - 84.0
750 1.0 20.0 33.1 8.0 17.2 0.7 4.8 - 83.8
Straight-run gasoline/ honey-combed catalyst with BaCl, 18% wit.

650 0.5 3.59 3.9 2.7 26.1 0.1 8.3 4.61 49.3
700 0.5 17.5 22.0 3.9 25.9 0.8 12.5 4.2 84.8
725 0.5 22.4 28.9 4.4 19.0 0.4 12.7 0.1 87.9
725 1.0 19.9 27.1 1.0 22.9 0.3 16.4 0.2 87.8
725 2.0 13.7 23.4 4.0 24.8 0.2 19.3 0.3 85.7
725 2.5 13.6 23.2 4.0 24.9 0.1 19.1 0.3 85.2
750 0.5 26.3 31.0 0.4 12.6 0.1 10.1 0.1 80.6

Note: *Cs hydrocarbons condense in the refrigerator along with liquid products; **V — bulk feed rate

[Ipumeuanue: *yraeBogopoasl Cs KOHISHCHPYIOTCS B XOJIOJMIBHUKE BMECTE C XKHIKHMHU MpoaykTamu; **V — MaccoBas CKo-

POCTh IoAa4Yun

Straight-run gasoline pyrolysis at 650-700 °C
gives a lower yield of ethylene as compared with the
yields of propylene and butylenes (Table 2), while the
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content of butylenes in a pyrolysis gas mixture is sig-
nificantly higher than in a thermal process. The com-
position of the gaseous products of the process is con-
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sistent with the literature data on the cracking of hy-
drocarbons with the predominant formation of C, ole-
fins using NaAICl.. However, the composition of prod-
ucts changes at a temperature of 725 °C and above, an
increase in ethylene content occurs, and the content of
butylene is reduced. The yield of ethylene reaches 38%
and higher, with a gas formation rate of 80% on the
introduced raw materials. In general, the composition
of the products becomes typical for a high-temperature
radical process [15].

According to the data [6, 16], low-temperature
catalytic decomposition of hydrocarbons requires the
introduction of water or other hydrogen donors into the
system to activate electrophilic catalysts based on com-
plex metal chlorides. The role of water in the activation
of MAICl, is based on its ability to dissociative adsorp-
tion on the surface of the catalyst. Thus, catalytically
active metal chlorides under these conditions exhibit
the properties of Brensted acids.

RyoesseQ

.. 5
a

Statistical treatment of the results of analysis
of the catalytic cracking straight run gasoline per-
formed using «STATISTICA» program. The diagrams
show the desirability responses of ethylene and propyl-
ene versus temperature and feed rate.

It can be seen from the figures that increase in
temperature, the formation of ethylene, propylene is
observed at a low feed rate, and with an increase in the
feed rate of straight-run gasoline, the temperature de-
creases.

As a rule, the yield of ethylene varies depend-
ing on the degree of dilution of the feedstock with su-
perheated water vapor (Table 3). A significant increase
in the gas formation and the yield of ethylene is ob-
served when steam is supplied up to 75% wt. from the
feedstock. In addition, carbon oxide is identified in the
composition of gases [17-19].

Liquid pyrolysis products contain aromatic hy-
drocarbons (Table 4).

RoeissQ

Fig. 3. The response of the "desirability"” of the formation of a) C2Ha, 6) CsHe from straight-run gasoline using a catalytic system of barium
chloride tableted with 10% wt. NaAICl4
Puc. 3. Peaknus "xenarensHocTu" oopazoBanus a) C2Ha, 6) C3He 13 mpssMOroHHOro GeH3MHA C HCIOIb30BaHHEM KaTATUTHYCCKOI CH-
creMsl xiopuaa Gapus, Tabneruposanuaoro ¢ 10% macc. NaAlCls

Table 3

The yield and composition of gaseous products of straight-run gasoline pyrolysis on granular catalysts upon
dilution of the feedstock with water vapor (temperature 725 °C, bulk feed rate 0.5 h')
Tabnuya 3. BbIX0A M COCTAB ra3000pa3HbIX NPOAYKTOB MUPOJIU3a NPSIMOTOHHOr0 OeH3MHA Ha IPaHYJIHPOBAHHBIX
KaTaJu3aTopax npu pa3éaBjieHUH ChIPbs BOASIHBIM apoM (Temmnepatypa 725 °C, 00beMHasi CKOPOCTH MOAAYH
cbipbs 0,5 9

Dilution, % wt. on Yield of gas % wt. on the passed feedstock
the feedstock | CHy+Hy | CoHs | CoHg | CsHs | CsHs | CaHs | C4Hyo | Carbon oxides| Total
Catalyst with graphite 3% wt.

19.1 31,6 7.9 10.9 0.7 5.5 0.2 - 75.9

50 20.8 32,5 4.6 12.9 1.0 6.5 0.1 1.2 79.6

100 25.0 31,9 4.0 12.0 0.6 4.0 0.8 1.9 80.2

Catalyst with clay 3% wt.

17.6 32.9 7.2 13.8 0.9 7.0 0.1 - 79.5

50 18.1 34.8 9.1 16.8 1.0 7.0 0.3 14 88.5

100 20.0 34.0 8.0 16.1 0.4 5.1 0.1 2.0 85.7
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Table 4

The composition of the light fraction of straight-run gasoline pyrolysis resin in the presence of barium-containing
catalysts (bulk feed rate 0.5 h')
Tabnuya 4. CoctaB JErkoii ppakuuu cMoJIbl MHPOJIN3a MPSIMOTOHHOT0 0eH3MHA B MPUCYTCTBUH
Gapuiicogep/KAIINX KATAIN3ATOPOB (06 beMHAast CKOPOCTh MOAA4YH chipbs 0,5 a?)

. Catalyst | | Catalyst |1 | Catalyst 111
Pyrolysis conden- — Ivsi =
sate component Composition, % wt. at pyrolysis temperature, °C
650 | 700 | 725 | 750 | 650 | 700 | 725 | 750 | 650 | 700 | 725 | 750
Paraffin-naphthene) yo o | 416 | 412 | 30.9 | 447 | 417 | 414 | 304 | 244 | 439 | 43.7 | 490
olefinic part
Benzene 159 | 16.1 | 16.9 | 12.0 | 12.7 | 136 | 169 | 156 | 12.1 | 109 | 9.3 | 9.9
Toluene 109 | 10.7 | 100 | 93 | 12.0 | 109 | 103 | 9.9 | 16.0 | 16.3 | 152 | 15.7
Ethylbenzene | 2.1 | 20 | 1.1 | 09 | 43 | 3.7 | 34 | 31 | 34 | 7.3 | 70 | 48
Xylenes 89 | 70 | 43 | 40 | 70 | 64 | 52 | 40 | 71 | 72 | 84 | 3.0
Cumene 38 | 35 | 33 | 29 | 75 | 35 | 1.9 | 08 | 1.2 | 09 | 04 | 06
Styrene 45 | 75 | 88 | 152 | 28 | 52 | 124 | 153 | 65 | 7.6 | 11.0 | 14.9
Indin 20 | 37 | 82 | 100 | 27 | 66 | 70 | 7.3 | 43 | 39 | 43 | 9.9
Unidentified com-| g, | 79 | 62 | 58 | 65 | 84 | 1.5 | 46 | 50 | 20 | 07 | 22
ponents

Note: Catalyst 1 — formed, graphite 3.0% wt.; Catalyst 2 — formed, clay 30.0% wt.; Catalyst 3 — formed, NaAICl4 10.0% wt
IIpumeuanne: Karamzatop 1 — chopmuposan ¢ 3,0% macc. rpadura; Karammsartop 2 — chopmuposan ¢ 30,0% macc. rmunsr; Kara-

sm3atop 3 — chopmuposas ¢ 10,0% macc. NaAlICls

The study of the structure of both pure BaCl;
and its modifications obtained by applying various ad-
ditives showed that under the studied temperature con-
ditions from 500 to 750 °C, the solid structure of the
BaCl, catalyst undergoes some physical and chemical
changes. In particular, the macro- and microstructures
of the catalyst undergo certain physical changes. With
prolonged exposure to temperature under operating
conditions, recrystallization occurs, leading to a reduc-
tion in the specific surface of the catalyst or a decrease
in the number of active catalytic centers per unit of its
surface. However, when adding additives to the surface
of the BaCl, catalyst base, such as graphite, FFA dieth-
anolamide (synthetic fatty acids), phenolfuran resin,
and clay, which do not have their own catalytic activity
or have relatively little activity, it has been shown that
the recrystallization rate of the active component of the
catalyst decreases. The low proportion of compaction
and coking processes on the surface of both pure and
modified catalyst determines its activity during the
long studied exposure period up to 700 h.

Interestingly, that the introduced raw materials
for all structural modifications of the catalyst account
for 2.5% wt. and less than the coke yield for 30 h of
operation at a temperature of 700 °C. It is also note-
worthy that processes using a NaAICls-based catalyst
are characterized by relatively low coking.

The study of the spent catalyst, in particular,
the surface on the sections of tablets, showed that the
distribution of coke deposits mainly occurs only in a

ChemChemTech. 2022. V. 65.N 9

thin surface layer. The pores structure and specific sur-
face area of the granules were almost unchanged. As a
result, in particular, the specific surface of the original
and coked catalyst at 500 °C are 3.62 and 3.43 m?/g,
and the pores volume is 0.22 and 0.28 cm®/g, respec-
tively. In this regard, a certain decrease in the rate of
coke deposition on the catalyst can be explained by
partial desorption of intermediate compaction products
— coke precursors into the gas phase [20]. This leads to
a certain increase in the yield of heavy resins when re-
ducing the yield of coke and it does not affect the yield
of the desired gaseous pyrolysis products.

CONCLUSION

Catalysts based on barium chloride are prom-
ising in terms of obtaining light olefins during pyroly-
sis of gasoline fractions, and they also fully meet the
level of requirements for thermal pyrolysis catalysts.
The results obtained during the experiments indicate
that the production of barium catalysts is economically
feasible, since it is based on the use of inexpensive and
affordable chemical reagents, and this in turn contrib-
utes to increasing the efficiency of using natural non-
renewable raw materials and energy saving in its pro-
cessing processes.

The authors declare the absence a conflict of
interest warranting disclosure in this article.
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