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(34) Hasanme wu3o0perenuss : KATAJIMIATOP W ClIOCOb  APOMATHSALIMN C3-C4 1'A30B, JIEI'KHNX
YIJEBOJOPO/HBIX ®PAKIIVNN U AJIMOATHYUECKHUX CIIMPTOB, A TAKJKE X CMECEHA

(57) Abstract: The mvention relates to hydrocarbon feedstock processing technology, in particular, to catalysts and tech-
nology for aromatization of C;-C; hydrocarbon gases, light low-octane hydrocarbon fractions and oxygen-containing
compounds (C,-C; aliphatic alcohols), as well as mixtures thereof resulting in producing an aromatic hydrocarbon con-
centrate (AHCC). The catalyst comprises a mechanical mixture of 2 zeolites, one of which i1s characterized by the
silica/alumina ratio S10,/A1,0:=20, pre-treated with an aqueous alkali solution and modified with oxides of rare-earth
clements used 1n the amount from 0.5 to 2.0 wt% based on the weight of the first zeolite. The second zeolite 1s charac-
terized by the silica/alumina ratio S10./ALOs=82, comprises sodium oxide residual amounts of 0.04 wt% based on the
weight of the second zeolite, and 1s modified with magnesium oxide i the amount from 0.5 to 5.0 wt% based on the
weight of the second zeolite. Furthermore, the zeolites are used 1 the weight ratio from 1.7:1 to 2.8:1, wherein a binder
comprises at least silicon oxide and 1s used 1n the amount from 20 to 25 wt% based on the weight of the catalyst. The
process 1s carried out using the proposed catalyst in an 1sothermal reactor without recirculation of gases from a separa -
tion stage, by contacting a fixed catalyst bed with a gaseous feedstock, which was evaporated and heated 1n a preheater.
The technical result consists 1 achieving a higher aromatic hydrocarbon yield while ensuring almost complete conver-
sion of the HC feedstock and oxygenates, an increased selectivity with respect to forming xylols as part of an AHCC,
while simultaneously simplifying the technological setup of the process by virtue of using a reduced (inter alia, atmo-
spheric) pressure.

(57) Pedepar: HM300peTeHHEC OTHOCHUTCSA K TEXHOJIOTHMH MNEPEPAOOTKH YIIIEBOAOPOIHOIO ChIPhs, B YACTHOCTH K
KaTaJlu3aropaM ¢ TEXHOJOTHH  apoMaTHU3allud  YIJIEBOJOPOAHBIX Ta3oB (3-C4, JETKUX  HU3KOOKTAHOBBIX

YIJIIEBOJAOPOAHBIX (DPAKIUH U KUCTOPOACOACPKAIINX COSTUHCHUHN (ATUPaTUUYECCKUX
[npodondcenue na cneoyrouen cmpanuuel
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Ony0,1MK0BaHA:

—  C OMUEMOM O MENCOYHAPOOHOM noucke (cmamosi 21.3)

cuupTtoB C;-Cs), a TakKe HMX CMECEH C IOIYYCHHEM KOHIICHTpaTa apoMaTHUeCKHX yrieBoaoposoB (KAY).
Kartanu3arop COACPKUT MEXAHHUUYCCKYIO CMECh 2-X ICOJIMTOB, IEPBBIM U3 KOTOPHIX OXapaKTECPU30BAH CHUIIMKATHHIM
moayieM S10,/Al,0:=20, npeaBapurelibHO 00padOTaH BOJHBIM PACTBOPOM INEIOYH U MOAU(MDHUIMPOBAH OKCHIAMHU
PEAKO3EMEIBHBIX JJIEMEHTOB B KomuecTtBe oT 0,5 10 2,0 Mac. % 0T Macchl IIEPBOrO IICOJIUTA, a4 BTOPOU
OXapaKTEPU30BAH CUINKATHBIM MOAYJIeM S10,/Al,0:=82, COAECPKUT OCTATOUHLIC KOJIHUUeCcTBa OKcuja Harpusd 0,04
Mac. % OT MacChl BTOPOIr'O LEJIOUTa, MOAU(DPUIIUPOBAH OKCUAOM Maruug B kojaudecTse oT 0,5 10 5,0 Mac. % OT MacChl
BTOPOI'0 IICOJINTA, IIPUYEM IICOJIUTHI HCIOJIL30BaHBI B MacCOBOM cooTHolneHuu oT 1,7/1 mo 2,8/1, a cBa3yroliee
COJICPKUT, IO MEHBIICH MEPE, OKCUI KPEMHHSI U HCIOJIB30BaHO B KoaudecrBe OT 20 g0 25 Mac. % OT Macchl
KaTaliu3aropa. IIponecc npoBOAIT ¢ UCHOJIB30BAHUEM Pa3pa0OTAHHOIO KaTalln3aTopa B U30TEPMUUECCKOM PEAKTOPE
0€3 HUCIIOJIL30BAHUS PENUPKYJLIUN T'a30B CCHapalluy IIyTeM KOHTAKTUPOBAHUS CTAIIMOHAPHOI'O CIIOM KaTalIM3aTopa ¢
MCIIAPCHHBIM M HaIPETHIM B IIPEAHAIPEBATEIIC Ia3000pa3HbIM ChIPheM. TE€XHHUUYECCKUH PE3YJIbTaT - JOCTIKCHHUE 00JICe
BBICOKOTO BEIXOJa ApY IIpH IPAKTUUYCCKH IIOJJHOM KOHBEPCHH V/B CBHIPbI M OKCHICHATOB, IIOBBLIILICHHOM
CCJICKTUBHOCTH B OTHOIICHUM OOpa30BaHUd KCWIOIOB B cocraBe KAY, INpu OJHOBPEMECHHOM VIIPOIICHUU
TEXHOJIOTHYECKOTO O(POPMIICHHUS IIPOLIECCa 3a CUET UCIIOJIb30BaHUS IIOHUKEHHOIO (B T.4., aTMOC(EPHOTO) JAaBJICHUA.
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CATALYST AND METHOD FOR AROMATIZATION OF C;-C, GASES, LIGHT
HYDROCARBON FRACTIONS AND ALIPHATIC ALCOHOLS, AS WELL AS
MIXTURES THEREOF

The invention relates to technology for processing hydrocarbon feedstock, in particular, to
catalysts and technology for aromatization of Cs-C4 hydrocarbon gases, light low-octane
hydrocarbon fractions (in particular, of Natural Gas Liquids (NGL), gas condensates and
straight-run gasolines, and also of light naphtha of the Fischer-Tropsch et al. process) and
oxygen-containing compounds (C4-Cj; aliphatic alcohols), as well as mixtures thereof, so as

to produce an aromatic concentrate (AC).

The invention can be used in the oil-refining and hydrocarbon processing industry for
blending straight-run gasolines using an obtained high-octane AC, and also for obtaining
Individual aromatic hydrocarbons (benzene, toluene, xylenes), which are isolated during
fractionation of the AC and are widely popular solvents and reagents for obtaining more

complex organic substances, for example, cumene.

In traditional methods for aromatization, the feedstock is the carrier of the heat energy
necessary for carrying out an aromatic hydrocarbon formation reaction. In order to achieve a
high degree of conversion of the feedstock, it is necessary to significantly overheat said
feedstock in relation to the reaction temperature, which leads to rapid coking of the catalyst
and tubes of the heat exchangers. In the present invention, thé problem of the energy supply
for an endothermic reaction of aromatization of paraffinic hydrocarbons (H/C) is solved by

directly introducing into the reaction zone oxygenates (C4-Cs aliphatic alcohols), which, upon

dehydration, release the heat energy necessary to provide for a high degree of conversion of

the H/C feedstock into aromatic hydrocarbons (ArH).

Attempts to implement a process of aromatization of light paraffin hydrocarbons were
undertaken in the beginning of the 1990s. The most well-known and developed is the
“Cyclar” process, a joint development of British Petroleum and Universal Qil Products. The
process uses an installation with a fluidized catalyst bed, a development of the Universal Qil
Products Company,.with regeneration of the coked catalyst outside of the reactor and
recirculation of unconverted products. For hydrogen separation in this process, the use of a
cryogenic section is proposed. Liquefied petroleum gases, which are mainly propane and

butane, are used as the feedstock. The aromatic hydrocarbon yield based on the converted
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feedstock is 55-63% by weight, depending on the composition of the feedstock. This process
was brought to an éxperimental-industrial level and was then placed on hold due to the

economic inexpediency of the industrial implementation thereof.

RF patent no. 2377230 describes a method for aromatization of light alkanes containing
between one and four carbon atoms, which involves contacting a gas feedstock with a
P/ZSM-5 catalyst containing platinum deposited on an MFI zeolite, the lattice of which
consists of aluminum, silicon and oxygen. The use of this catalyst in the process of
aromatization of ‘alka‘nes suppresses methane formation and increases selectivity based on
a benzene-toluene-xylene fraction. The high ethane content relative to the amount of

methane in the light gas fraction makes it possible to use dff—gas as feedstock for a cracker.

The process of aromatization of light paraffin Cs-C;hydrocarbons is also, as in the case of a
propane-butane fraction, based on the following reactions: cracking, oligomerization,
disproportionation, dehydrocyclization, and dealkylation. As a result of the cracking reaction,
C,-C,4 olefins are formed, which enter into the oligomerization reaction so as to form olefin

Ce-C12 hydrocarbons, which thereafter in the course of the dehydrocyclization reaction form

aromatic hydrocarbons.

In RF patent no. 2163623, low-octane straight-run gasoline fractions are subjected to
reforming in the presence 'of monoatomic alcohols or diols, taken in a quantity of 0.2-5.0
wt.%. The catalyst of the process is a mechanical mixture of two catalysts: a zeolite-
containing catalyst and an aluminum-cobalt (nickel)-molybdenum oxide catalyst. The
process Is carried out at a temperature of 460-510°C and at a liquid space velocity of

feedstock supply of 0.3-0.9 h”'. An advantage of said method is the possibility of
substantially (by 10-15 points) increasing the gasoline octane numbers: however. a
disadvantage of said method is the high temperature of the process, low capacity due to the
low liquid space velocity of feedstock supply, and high sensitivity of the oxide catalyst to

sulfur-containing impurities.

RF patent no. 2337127 describes a method for catalytic reforming of gasoline fractions in the
presence of a hydrogen-containing gas in a system formed of muitiple successively
connected reactors with platinum-containing catalysts under elevated pressure and
temperature, which is carried out in three stages. At the first stage, aromatization of
cycloalkanes and alkanes is carried out by contacting hydrocarbon components with an

aluminum-platinum-rhenium catalyst at a mass velocity of feedstock supply based on the
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catalyst mass of 4-8 h™' and at a temperature of 460-480°C: at the second stage,
hydroisomerization of arenes, cycloalkanes and alkanes is carried out on a zircon-sulfate
catalyst containing platinum, at a mass velocity of feedstock supply based on the catalyst
mass of no less than 8 hours™ and at a temperature of 150-200°C; and at the third stage,
aromatization of the cycloalkanes is again carried out on an aluminum-platinum-rhenium
catalyst at a maés velocity of feedstock supply based on the catalyst mass of no less than 8
hours™ and at a temperature of 360-400°C: furthermore, the pressure at the inlet of the
system of reforming reactors is 1.5 MPa, and the hydrogeh-containing gas enters the inlet of
the reactor system in an amount corresponding to the molar ratio of hydrogen/feedstock of at
least 8. The disadvantages of said method are the use of expensive catalysts containing
precious metals, and also the complexity of the process flow scheme, since the use of

multiple successively connected reactors operating under an elevated pressure is proposed.

RF patent no. 2307117 describes a method for producing a catalyst for aromatization and a
method for aromatization of alkanes having between two and six carbon atoms in a
molecule. A method for aromatization of hydrocarbons is described, which involves: (a)
contacting an alkane, containing between 2 and 6 carbon atoms in a molecule, with at least
one catalyst containing an aluminum-silicon-germanium zeolite, on which platinum is
deposited; and (b) separating the aromatization product. A method for synthesizing an
aluminum-silicon;germanium-platinum zeolite catalyst is described, which involves the
following stages: (1): a zeolite is obtained, which contains aluminum, silicon and germanium:
(2) platinum is deposited on a microporous aluminum-siliCon-germanium zeolite; and (3) the
zeolite Is calcined. A method for pre-treating a catalyst for aromatization of hydrocarbons is
also described, which involves the following stages: (1) platinum is deposited on an

aluminume-silicon-germanium zeolite; (2) the catalyst is additionally treated using hydrogen

and then using a sulfur compound; and (3) the catalyst is treated with hydrogen a second
time. The technical effect is increased stability of the catalyst. However, a considerable
disadvantage of this and other traditional methods of aromatization (reforming) is the low

ArH yield and the use of precious metals in the composition of the catalyst.

RF patent no. 2372988 describes a catalyst for converting C,-C4, aliphatic hydrocarbons
and/or C4-Cy; aliphatic oxygen-containing compounds into high-octane gasoline or aromatic
hydrocarbons, said catalyst comprising a pentasil zeolite, an aromatization promoter i.e.
zinc, and a binding agent. Said zeolite is characterized by a value of the SiO2/Al,05; molar
ratio in the range of 20-80 with a residual sodium ion content of less than 0.1%: the

aromatization promoter is introduced using any of the known methods, with the following
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ratio of components: zeolite - 30.0-90.0 wt.%; zinc - 0.5-8.0 wt.%; binding agent - the
remainder; furthermore, the catalyst is additionally treated using an ammonium filuoride

solution after the‘introduction of zinc thereto.

The technical effect is the creation of a highly-active and stable catalyst, providing for
processing of a wide range of hydrocarbon-containing feedstock. A disadvantage of said
catalyst is the rapid decline in the activity thereof and, as a result, the need for frequent

oxidative regenerations of the catalyst.

The prior art of fhe developed method is RF patent no. 2440189, which describes a similar
catalyst for producing high-octane gasolines with a low content of benzene and durene, in
which an augmentation of the octane ratings of the finished gasoline is achieved in the
course of the aromatization of the paraffin H/C in the initial feedstock, so as to produce a
high-octane fraction of aromatic H/C (FAH). A mechanical mixture is used as the catalyst,
which comprises a pentasil zeolite with a SiO,/Al,O; molar ratio =18-25, which does not
contain modifiers and is pre-treated using an aqueous alkali solution, and a pentasil zeolite
with a SiOz/A|203 molar ratio=70-90, which is modified by magnesium oxide in a quantity of
0.5-3.0 wt.%, taken in a ratio of between 1/1 and 1/10, and also a binding agent in a quantity
of between 20 and 25 wt.% of the mass of the catalyst. A method is also described for
producing high-octane gasolines with a high (up to 50 wt.%) aromatics content. The catalyst
Is heated in an isothermal reactor with heat pipes to a temperature of 280-320°C, while the
process of contacting the feedstock with the catalyst heated in the isothermal reactor with
heat pipes is carried out under a pressure of 0.1-1 MPa when supplying feedstock to the
reactor with a space velocity of 1-5 h™ (in terms of liquid) and when supplying an inert gas at
a gaseous space velocity of 1000-10,000 h+ after evaporation of the feedstock in the pre-
heater. A considerable disadvantage of the proposed method is the fact that in order to
subsequently produce individual ArH (benzene, toluene, xylenes) from gasoline with an ArH
content no higher than 50.2%, rather complex extraction fractionation is required, since there

are aliphatic H/C present in the composition of the FAH.

The prior art closest to the developed invention is RF patent no. 2277524, which
characterizes a method for producing aromatic hydrocarbons from hydrocarbon feedstock
containing aliphatic hydrocarbons. When carrying out the method, a catalyst is used which is
manufactured according to RF patent no. 2165293, and which has the following composition
In wt.%: a pentasil zeolite (SiO,/Al,03;=60, sodium oxide content of less than 0.1 wt.%) - 62;

zinc oxide - 1.8; cerium oxide - 0.3; lanthanum oxide - 1.5; magnesium oxide - 0.2; aluminum
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oxide - 34.2. The method for aromatization includes the conversion of feedstock (a propane-
butane fraction, containing 0.8 wt.% ethane, 14.0 wt.% .prOpane, 1.5 wt.% isobutane and
80.6 wt.% n-butane and 3.1 wt.% pentane) when contacting same with a catalyst separated
Into two zones which differ in the conditions of conversion of aliphatic hydrocarbons into

aromatic hydrocarbons, and in order to separate Cs, hydrocarbons (AC), which contain

aromatic hydrocarbons, from the obtained products, the feedstock is directed into a low-

temperature zone for conversion of the more active aliphatic hydrocarbons; a stream of Cs,

hydrocarbons is separated from the obtained product, and the remaining hydrocarbons of
the product of the low-temperature zone are directed into a high-temperature zone for
conversion of the less active aliphatic hydrocarbons. The AC yield in one pass of the
feedstock does not exceed 38.4%, wherein the xylene content in the AC is 21.8%.
Conversely, when using recirculation of separation gases (in stream 13) with a yield of
92.6% on the feedstock, AC is produced with a total aromatics content of 94.1% (benzene
14.1%, toluene 4~5.3%, xylenes 23.0%, C,.10.7%).

The disadvantage of the proposed method is the very high‘ temperature to which feedstock is
heated in heat exchangers and furnaces (up to 575°C), which leads to coking of heat
exchangers, and also the high temperature of the process itself (520-550°C). The complex
Implementation of the process should also be noted, since in two reaction zones (reactors)
an elevated pressure Is used (0.8-2.0 MPa), as well as recirculation of separation gases.

Furthermore, without- the use of recirculation of gases, for feedstock containing 85 wt.% C,,

hydrocarbons a low ArH yield is observed.

The technical problem solved by means of the present invention involves the creation of a

highly effective catalyst for aromatization of H/C feedstock and aliphatic alcohols, which
provides for an increased yield of ArH in the resulting AC, as well as the development of a

simpler and less energy-intensive method for aromatization of Cs-C, gases and light low-
octane hydrocarbon -fractions in mixtures with C4-C; aliphatic alcohols, which differs in the

increased content of highly sought after xylenes.

The technical result obtained when implementing the proposed invention involves the
achievement of a higher yield of ArH, with almost Complete conversion of H/C feedstock and
oxygenates, increased selectivity with regard to the formation of xylenes in the composition
of the AC, and with a simultaneous simplification of the technological implementation of the

pProcess as a resﬁlt of the use of reduced (including atmospheric) pressure.
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Furthermore, by using an additional quantity of aliphatic alcohols in the composition of the
H/C feedstock and also higher volumetric gas feedstock space velocities, high ArH

productivity values are achieved.

In order to achieve said technical result, a catalyst is proposed which contains a mechanical
mixture of 2 pentasil zeolites with different SiO,/Al,O; molar ratios : (1) a zeolite with
S102/Al, O3 molar ratio =20, which is pre-treated using an aqueous alkali solution, and which
Is modified by oxides of rare earth elements (REE) - 0.5-2.0 wt.% of the mass of the first
zeolite; and (2) a zeolite with SiOQ/Ai203=82, which is modified by magnesium oxide - 0.5-5.0
wt.% of the mass of the second zeolite, which are taken in a mass ratio of between 1.7/1 and
2.8/1; with the remainder being a binding agent (preferably, silicon oxide, potentially with the
addition of aluminum oxide in a quantity of up to 25 wt.% ‘of the mass of the binding agent),

In a quantity of between 20 and 25 wt.% of the mass of the catalyst.

The pre-treatment using an alkali and the modification of zeolites using REE and magnesium
oxides were carried out at room temperature while impregnating the zeolites (by incipient

wetness) with aqueous solutions of an alkali (NaOH), REE or magnesium nitrates.

A distinguishing feature of the catalyst is that, in the proposed catalyst, the composition of a
mechanical mixture of 2 pentasil zeolites is dominated by a low-modulus zeolite with
SIO,/ALO3=20 having an increased acidity, which, at elevated temperatures in the process,
-enables a more complete aromatization of the H/C portion of the feedstock so as to form AC,
and also that the combined silica-alumina catalyst simultaneously has activity in
aromatization reactions and in alkylation reactions of benzene with C,-C,4 olefins formed (in
situ) In the process of converting oxygenates, which leads to the production of AC with an

Increased content of xylenes.

The preferred use of silicon oxide as a binding agent for the catalyst, said silicon oxide not
having acidic properties, in comparison with the binding agent used in the prior art invention,
namely aluminum oxide, distinguishes the catalyst significantly by its reduced activity in
cracking reactions, and leads to a greater ArH selectivity. Furthermore, the catalyst has
greater mechanical strength during operation in areas of high temperatures in the presence

of reaction water.

To achieve said technical result, it is proposed to use the method for aromatization of C5-Cy

gases, low-octane hydrocarbon fractions and aliphatic alcohols, as well as mixtures thereof,
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which i1s proposed in the invention, according to which the catalyst, having the composition
stated above, is heated in an isothermal reactor (see the prior art closest to the claimed
invention) to a temperature of 400-500°C, and the process for contacting the gaseous
feedstock, which is evaporated In a pre-heater and heated to a temperature of 150-250°C,
with a catalyst is carried out under both atmospheric and elevated pressures (up to 18 atm)

at a space velocity of 300-1500 h™' (for gas).

The use of mixtures of aliphatic alcohols and hydrocarbon feedstock facilitates the execution
of the aromatization process under milder conditions because the heat energy released
during the on-going exothermic conversion reactions accompanying the aromatization
process, said conversion being the conversion of dimethyl ether (DME) (intermediate
product formed during the dehydration of alcohols) to olefins, the oligomerization of olefins
and alkylation of the lowest aromatics by oxygenates and olefins formed from the
oxygenates, goes to feed the endothermic reaction of the aromatization of hydrocarbons.
Consequently, and also as a result of the presence of water in the reaction mixture, said
water being formed during the dehydration of the alcohols, a significant reduction in the
methane- and coke-formation takes place, which leads to an increase in the period of stable

operation of the catalyst.

Furthermore, the conversion of the feedstock in one pass and the lack of recirculation of
separation gases in the proposed method substantially reduces the cost associated with

carrying out the process.

A distinguishing feature of the proposed aromatization method is also a broader spectrum of

H/C feedstock which can be in the form of a mixture of paraffin and olefin Cs-C4 gases, NGL,

various gasolines (boiling point of up to 200°C) and oxygenates, as well as mixtures of H/C
with oxygenates (C;-Cj; aliphatic alcohols) with an oxygenate content of between 10 and 50

vol.%.

The proposed method can be used in areas where there are gas condensate fields,
associated petroleum gas, as well as sources of low-octane gasolines and aicohol
production waste. The AC produced by the proposed method can be used to obtain
individual ArH (including the sought-after xylenes) with the further use of same in chemical

synthesis processes.

The invention is illustrated by the following examples:
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Example 1. A catalyst containing a mechanical mixture of 2 zeolites - 75 wt.% in the
composition of the catalyst: (1) a zeolite with a SiO,/Al,O; molar ratio =20, pre-treated with
an aqueous alkali solution (Na,O content - 0.5 wt.% based on this zeolite) and modified with
lanthanum oxide - 2.0 wt.%, and (2) a zeolite with SiO,/Al,O; molar ratio =82 with a residual
quantity of sodium oxide of 0.04 wt.%, modified by magnesium oxide - 0.5 wt.%, which are

taken in the ratio 2.8/1; with the remainder being a binding agent - 25 wt.% silicon oxide.

Example 2. A catalyst containing a mechanical mixture of 2 zeolites - 80 wt.% in the
composition of the catalyst: (1) a zeolite with a SiO,/Al,O; molar ratio =20, pre-treated with
an aqueous alkali solution (Na,O content - 0.5 wt.% based on this zeolite) and modified with
cerium oxide - 0.5 wt.%, and (2) a zeolite with a SiO,/Al,O; molar ratio =82 with a residual
quantity of sodium oxide of 0.04 wt.%, modified by magnesium oxide — 5.0 wt.%, which are
taken in the ratio 1.7/1; with the remainder being a binding agent - 20 wt.% (a mixture of

aluminum oxide and silicon oxide taken in the mass ratio 1/4).

Examples 3-9. The process was carried out in an isothermal flow reactor with electric
heating at a pressure in the range of 1-18 atm while contacting 100 cm® of the catalyst,
which is prepared according to examples 1 and 2 (the catalyst bed height being 25 cm) and
heated to temperatures of 400-500°C, with the feedstock gas, said feedstock gas being pre-
heated in a pre-heater to 150-250°C and in the form of Cs-C4 H/C gases, various low-octane
hydrocarbon fractions (NGL) or gasolines and oxygenates (methanol, ethanol, isopropanol),

as well as mixtures of H/C with alcohols, at a gas feedstock space velocity of 300-1500 h™".

The AC obtained during the reaction was accumulated over a period of 24 hours, and then
the composition thereof was chromatographically determined according to ASTM 6729. In

examples 6 and 10 (the comparison), continuous experiments were carried out for 300

hours.

The hydrocarbon composition of the feedstock is listed in table 1.

Example 10 (comparative example). The process was carried out according to example 3,
~with the exceptiOn of the fact that the process was carried out at a temperature of 520°C and
at a pressure of 8 atm (as in the prior art invention), and a propane-butane fraction without

oxygenate additives (methanol) was used as the feedstock.
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Table 1 Feedstock composition, wt.%

T —
Composition, Natural Gas | Propane-butane | Mixture of propane-propylene fraction |
wt.% Liquids fraction (PBF) (PPF) + butane-butylene fraction (BBF)

(NGL) (50/50 vol.)
| y —
| methane 0.1 -
} — —~— v | s — —

ethane 3.4 0.3

propane 260.2 38.6 3.4

— — S an e

propylene - 28.5

isobutane 12.2 20.7 296

n-butane 25.0 35.9 0.0 |
—_— — — —
butylenes - | 31.7

isopentanes 10.3

| cyclopentane | 0.8

n-pentane 10.5 4.1

n-hexane 3.0 0.4 |

|-—- e — — . + : ——
Ischexanes 3.8

- — —

cyclohexanes 0.9

— I L

heptanes 2.9

octanes 0.9

TOTAL 100 100 100

Table 2 contains specific data regarding the conversion of different types of gas and liquid
low-octane hydrocarbon feedstock and aliphatic alcohols, as well as mixtures thereof,

depending on the conditions of the aromatization process.

Table 2. Material balances of aromatization.

Example No. 3 4 5 6 7 9 | 10
| | (comp)

Catalyst according to example No. 1 2 1 1 1 2 2

Temperature, °C 500 | 490 400 500 | 480 | 450 520

Pressure, atm 18 8 4 6 1 6 3 |
- I — e L e e I N | l
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l-gpace velocity of gas supply, h™ 300 { 1000 500 300

Feedstock composition, vol. %

n-butane 100

L — : — ! L —
NGL . 100
methanol 100 30
Propane-butane fraction (PBF) 70

Propane-propylene fraction (PPF) +

butane-butylene fraction (BBF)
(50/50 vol.)
"'"'-""'-"_L—T"""
Isopropanol
TOTAL.: | 100 | 100 100 100
Conversion of oxygenates, % - - 100 100

AC yield per pass of feedstock (for | 34.6 | 46.4 | 50.5* |38.1*|52.2*
the H/C portion of the feedstock™),
wt.%.

Gas composition, wt.%

CH, | o 173 6.8 |17.1 143 |10.0 | 6.8 |43.7
C,Hs - 7 182|259 | 5.0 . 106 |17.3 [20.8 | 246
_CZH4 01 103 |115 58 |59 |33 |trace
(CHs 35.7 | 37.1 | 26.4 i32.2 318 | 32 :25.0_
CsHs 0.2 |05 |12.0 51 |63 |45 |02 |
__ijC4H10 | 120 [105 | | ‘
.n-C4H10 | 23.7 | 15.0

| CiHe 02 |08 22 |25

H, 126 [31 [17 20 |26 |10 |34
.COX ) - - os 02 |01 |- - |
- ] | -

Total, wt.% 100 | 100 | 100 100 | 100 |100 | 100 |

_ﬂ——-—_-——- g 4

Example No. 3 4 5 6 7 9 10
| (comp)

10
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—

Composition of AC, wt.%, including:

aliphatic substances 0.9 [19.2 | 0.8 04 |12 |82 |09

_ — ., | I
| benzene 114.9 [ 12.0 | 7.5 82 |78 |6.1 [21.0
_z;oluene | i 30.1 { 30.8 | 36.4 | 27.8 | 24.8 . ——I
T_):ylene;s_;-ﬂethy/b"e;n_z:ene 31.9 | 22.8 | 446 41.6 | 38.1
| alkyl“aromatic; Co+ L 22.2 | 15.2 | 10.7 |
Total ArH in the AC.composition: 99.1 | 80.5__559.2 99.1
Time for 20% reduction in the ArH | 185 N
yield, h _J

*- since oxygenates (oxygen-containing alcohols) are used in the feedstock composition, the
AC yield is calculated for the H/C portion of the feedstock (as, for example, in the methanol

molecule - CH30H, the hydrocarbon portion is CH,, i.e. it makes up 43.8 wt.%).

The technical result obtained by carrying out the proposed invention involves achieving an
Increased yield of AC (in one pass of feedstock without recirculating the separation gases)
and increased selectivity for xylenes. Thus, comparing thé indicators of the propane-bufane
fraction aromatization reaction according to the proposed method (example number 6) with
the addition of an oxygenate (methanol) to the H/C feedstock with the prior art (comparative
example number 10, without oxygenate additives), it is evident that with the catalyst
proposed in the claimed invention, at a lower temperature (500 instead of 520°C) and
pressure (6 instead of 8 atm) a higher yield of AC is obtained in one pass of the feedstock
(38.1% versus 29.2%). Furthermore, the ArH composition according to the proposed method
Is dominated by widely sought-after xylenes (the concentration of the Cg aromatic fraction in
the composition of the AC is up to 41.6%), while, in example 10, the concentration thereof

does not exceed 22.7%.

A similar picture is also observed during aromatization of NGL. From the comparison of
examples no. 7 and 4, 1t is obvious that the addition of 25 vol.% methanol to the H/C
feedstock leads to an increase in the AC yield of 5.8%, wherein the concentration of the Cg
fraction, containing xylenes, in the AC composition increases from 22.8 to 38.1%;
furthermore, atmospheric pressure is used, and the temperature of the process in example
number 7 (with the addition of the oxygenate) is 10°C lower. It should be noted that during

11
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joint treatment of an olefin-containing mixed fraction (PPF.+ BBF) and isopropanol (example

number 9), the AC yield reaches 78.2% even at the relatively low temperature of 450°C.

A significant result of the proposed invention is that mixing the gaseous H/C feedstock with
oxygenates eliminates the need to pre-heat same to a temperature of approximately 550-
575°C, as is done in the prior art invention during the aromatization of the propane-butane
fraction, because dufing the conversion of the oxygenates, additional heat is given off which
IS required for carrying out the aromatization reaction. The streams of feedstock at the inlet
to the reactor should be heated only to 150-250°C, and this can be provided for by
recovering the heat from the hot gas stream of the product at the outlet from the reactor,

which makes it possible to avoid using multiple-section furnaces (combustion heaters).

The proposed method eliminates the need to convert individual Cs. and Cs, H/C in separate
successive zones with a different temperature mode, as well as the need to recirculate
gases. This leads to a significant reduction in energy consumption while simultaneously

simplifying the technological implementation of the process.

Furthermore, in the proposed method for the aromatization of C;-C4 gases, low-octane H/C
fractions and aliphatic alcohols as well as mixtures thereof, the period of stable operation of
the catalyst is significantly extended because reaction water is formed during the conversion
of the oxygenates, and the process takes place under milder conditions (in terms of
temperature and pressure). This is affirmed by the time for a 20% reduction in the yield of
ArH, which i1s presented in table 2, and which according to the proposed method increases

by at least 1.5 times.

12
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CLAIMS

1. A catalyst for the aromatization of C3-C, gases, light hydrocarbon fractions and aliphatic
alcohols, as well as mixtures thereof, which contains pentasil zeolites and is characterized in
that it contains a mechanical mixture of 2 zeolites, the first of which is characterized by the
SiO,/Al,O3 molar ratio = 20, pre-treated using an aqueous alkali solution and modified by
oxides of rare earth elements in a quantity of between 0.5 and 2.0 wt.% of the mass of the
first zeolite; and the second is characterized by the SiOZ/AIZOg, molar ratio =82, contains
residual quantities of sodium oxide of 0.04 wt.% of the mass of the second zeolite, and is
modified by magnesium oxide in a quantity of between 0.5 and 5.0 wt.% of the mass of the
second zeolite; wherein the zeolites are used in a mass ratio of between 1.7/1 and 2.8/1,
and a binding agent contains at least silicon oxide and is used in a quantity of between 20

and 25 wt.% of the mass of the catalyst.

2. The catalyst according to claim 1, characterized in that the binding agent additionally
contains aluminum oxide in a quantity not exceeding 25 wt.% of the mass of the binding

agent.

3. A method for the aromatization of C;-C4 gases, low-octane hydrocarbon fractions and
aliphatic alcohols, as well as mixtures thereof, comprising a stage of contacting a heated
gaseous feedstock with a zeolite-containing catalyst under an elevated pressure and
temperature, said method being characterized in that the catalyst according to claim 1 is
used, and the process is carried out in an isothermal reactor at a catalyst temperature of
400-500°C in a range of pressures of between 1.0 and 18 atm, without the use of
recirculation of Separation gases, by contacting the fixed-bed catalyst with the gaseous
feedstock which is evaporated and heated in a pre-heater to a temperature of 150-250°C at

a gas space velocity of supply thereof of 300-1500 h™".

4. The method according to claim 3, characterized in that the feedstock used is a mixture of
paraffinic and olefinic C3-C,4 gases, a Natural Gas Liquids, various gasolines with a boiling
point of up to 200°C and oxygenates, as well as mixtures of hydrocarbons with oxygehates,
for which purpose C4-C; aliphatic alcohols are used, with an oxygenate content of between
10 and 50 vol.%.

13
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