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HYDROCARBON CONVERSI ON PROCESS This invention relates to a process for
converting a hydrocarbon or a m xture of hydrocarbons to aronmatic conpounds
and ol efins. MOP45e8k| | known to those skilled in the art tRST/USYSAAHO| c
hydrocarbons 5 -~and olefins are each a class of very inportant industrial. -.
chem cals which find a variety of uses ifd-petrochem cal industry. It is

al so well known to those skilled in the art that caial éically cracki ng
gasol i ne-range hydrocar bor# MRBON CONVE] sweR2as, for exanple,
propyl ene; and aromati CTRY giveifhReBRs §>U§t9r_o€§ss f6ron PfrAPh BydrBERER G 2 _

tol uene, and xylenes (hereinafter collectively referred to as BTX) 10 in
the presence &iixuee of Bydrosarhpiscth aromatiaicampoynddpad elefithe product of this
catal ytic cracking proc ' il oTot:? | udi ng
unconverted C, + al kanesﬁ?fg%ﬁ%”%&@?&%& glgﬁ?reg{tm%g? et E%ﬁé&%ﬁ@s
propane; | éweendplefineare sachta classaif vylyampomand insiusspigll chamjcalsevhidh findant i ¢

hydr ocar bons; _an rk+ opat. ¢ .c oupds _which,contain 9 ot re

car bons per né’?‘g%{ﬁ%%ﬁ”&{“%“a ma%g@yRe ésh?lsoe}” F@tkf‘%w?g’@%evs l{quﬁsol i ne

t o nore val ualtecarpthiar eatdigtivaityatragkimpOgcdlnehrange Hyliicarbomseprbdweesevepn | nprovi ng
the conversion,af gasolipne to olefins and,aromatic.h ocar hons _(gasol i ne
aromati zat i on)"I"g"§}s géfgzﬁs T gxagp, IPT“r%lSéP‘H apﬂéromaggéﬁ%rggagéongémq‘ Beiat al yst s.
For exanpl e, axg@aii¢,ibenzeRE.QbRER] adEBldnee (HeRaBieh afllchBRR, #52ditd aé BEX)

so-cal |l ed clar Process to convert a hydrocarbon to BTX 20 O efins and

aromati c HYdr dtibepassence of cafalysis ahich comiaiaa wekts. fibe prodyaLes thig colabitisus

organic conpouﬁéﬁngeftcaelcwawa nfdRWEEESE hyBFb%arBBx%diH%&iHQ uMéo%{féhleC,Q! efins to
aromat i ¢ conpounds gr oduced by the gasoli'ne aromati zation process is

general |y not alkanasi lgivenalkanse suqb s anethase.rethaneined ofapees: lowsralksperevich of a
process for comyfhd biipropylene; C,-C, aromatic hydrocarbons; and C,+ aromatic compounds

which contain 9 or more carbons per molecule.

15 Recent efforts to convert gasoline to more valuable petrochemical
products have therefore focused on improving the conversion of gasoline to olefins -
and aromatic hydrocarbons (gasoline aromatization) by catalytic cracking in the
presence of zeolite catalysts. For example, a gallium-promoted zeolite ZSM-5 has
been used in the so-called Cyclar Process to convert a hydrocarbon to BTX.

20  Olefins and aromatic hydrocarbons can be useful feedstocks for producing various
organic compounds and polymers. However, the production yield of olefins to
aromatic compounds produced by the gasoline aromatization process is generally not
as high as one would desire. Therefore, development of a process for converting
hydrocarbons to the more valuable olefins and BTX would be a significant

25  contribution to the art and to the economy.

The present invention provides a process for converting a
hydrocarbon to economically more valuable products. The invention also provides a
process for upgrading gasoline to aromatic hydrocarbons and olefins. The invention
further provides a multi-step process for producing aromatic hydrocarbons and

30 olefins from a hydrocarbon-containing feed. An advantage of the invention is that
most less-desired by-products are recycled to the feed stream thereby improving the

yield of the desired olefins and aromatic hydrocarbons.
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hydrocarbons from the middle fraction; and (4) separating hydrocarbons containing

5 or more carbons per molecule (hereinafter referred to as C,+ hydrocarbons) from
the lights fraction.
According to a second embodiment of the invention, a process which
15  can be used to convert a hydrocarbon comprising at least one non-aromatic
hydrocarbon to aromatic hydrocarbons and olefins is provided. The process can
comprise the steps of (1) contacting a hydrocarbon feed stream with a catalyst under
a sufficient condition to effect the conversion of the hydrocarbon to a product -
streamn comprising aromatic hydrocarbons and olefins wherein the hydrocarbon feed
20  stream comprises at least one non-aromatic hydrocarbon; (2) separating the product
stream into a lights fraction comprising primarily hydrocarbons less than 6 carbon
atoms per molecule, a middle fraction comprising C,-C, aromatic hydrocarbons, and
a Cy+ fraction comprising aromatic compounds; (3) separating the C,-C, aromatic
hydrocarbons from the middle fraction thereby producing a non-aromatic
25 hydrocarbons fraction; (4) introducing the non-aromatic hydrocarbons fraction into a
thermal cracking reactor and converting therein the non-aromatic hydrocarbons into
lower mdlecular weight hydrocarbons; (5) combining the lower molecular weight
hydrocarbons with the lights fraction in step (2) to produce a combined stream;
(6) separating the combined stream into a light olefins stream comprising ethylene
30  and propylene, a first side stream comprising butanes, and a second side stream
comprising C,+ hydrocarbons.

According to a third embodiment of the invention, & process which



hydr ocarbons fromthe mddle fraction; and (4) separating hydrocarbons
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lights fraction comprising primarily hydrocarbons less than 6 carbon atoms per
molecule, a middle fraction comprising C¢-C, aromatic hydrocarbons. and a Cg+
fraction comprising aromatic compounds; (4) separating the second product siream
15  into a lights fraction comprising primarily hydrocarbons less than 6 carbon atoms
per molecule, a middle fraction comprising C,-C, aromatic hydrocarbons. and a Cy+
fraction comprising aromatic compounds; (5) combining the middle fraction
obtained in step (3) with the middle fraction obtained in step (4) to produce a
combined middle fraction; (6) separating the C,-C, aromatic hydrocarbons from the
20  combined middle fraction thereby producing a non-aromatic hydrocarbons fraction;
(7) introducing the non-aromatic hydrocarbons fraction into a thermal cracking
reactor and converting therein the non-aromatic hydrocarbons into lower molecular
weight hydrocarbons; (8) combining the lower molecular weight hydrocarbons with
the lights fraction in steps (3) and (4) to produce a combined stream; (9) separating
25  the combined stream into a light olefins stream comprising ethylene and propylene,
a first side stream comprising primarily ethane and propane, a second side stream
comprising butanes, and a bottoms stream comprising Cs+ hydrocarbons.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 illustrates a preferred combination process (comprising
30  aromatization, aromatics extraction, and separations by fractional distillation) in
accordance with the first embodiment of this invention.

FIG. 2 illustrates a preferred combination process (comprising
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and can be substituted or unsubstituted.

Any suitable hydrocarbon feedstock which comprises 2 hydrocarbon

15  described above such as, for example, paraffins (alkanes) and/or olefins (alkenes)
and/or naphthenes (cycloalkanes) can be used as the hydrocarbon feed in the
invention. The presently preferred hydrocarbon feed is gasoline from a catalytic-oil
cracker, or naphtha. These feedstocks can also contain aromatic hydrocarbons." :
Generally, the content of paraffins exceeds the combined content of olefins,

20  naphthenes and aromatics, if present. Examples of suitable. commercially available
hydrocarbon feeds include. but are not limited to, gasolines from catalytic oil
cracking (e.g., FCC) processes, pyrolysis gasolines from thermal hydrocarbon (e.g.,
ethane) cracking processes, reformates or combinations of two or more thereof. The
preferred hydrocarbon feed is also a hydrocarbon feed suitable for use as at least a

25  gasoline blend stock, generally having a boiling range at atmospheric conditions of
about 30 to about 210°C. Specific examples of suitable feed materials are gasolines
having the compositions listed hereinbelow in Table I (Example I).

According to the first embodiment of this invention, a process for
upgrading a hydrocarbon feed can comprise, consist essentially of, or consist of the

30  steps of:

(1) introducing a hydrocarbon feed stream comprising at least one

non-aromatic hydrocarbon into an aromatization reactor, and contacting the feed



reactor and converting therein the non-aromatic hydrocarbons into | ower
nol ecul ar wei ght hydrocarbons; (8) conbining the | ower nol ecul ar wei ght
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PCT(US9S/ 11110 4- arommti zation, aromatics extraction, thermal cracking,

and separ afi oAls3 BYRCEntEation daver thanghe cangentighign pinthe sewrargmAtehydreqarhons in hi r d

enbodi nent of ﬁkhly%rdc&%@ﬁ'&‘éeﬁ@treﬁ'e 3illustrates a preferred conbination
process (conprisi'ng aromatl zatl dn, reform ng, aromatics extraction, thernmal
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FNVENT! O Acosetr Rg R saeper 8pubaliy of MEShs B sl 68 eret bt 0T rer

to chemnical cdisplatiodsmitaandigparkuing the naabtar effluétit[intwo (3) 4 lighthirgtioRk i s a

hydrocar b Xb r @t()jri:x}?r%ling primarily alkanes and alkenes containing 5 carbon atoms or less than 5
carbon atoms per molecule, (b) a middle fraction comprising primarily aromatic
hydrocarbons containing 6 to 8 carbon atoms per molecule, and (c) a heavies (Cy+)
fraction comprising hydrocarbons containing more than 8 carbon atoms per
molecule;

15 (3) introducing the middle fraction (b) into an aromatic extraction
unit and separating the middle fraction into a non-aromatics fraction and an
aromatics fraction consisting essentially of benzene, toluene, ethylbenzene and
xylenes (benzene, toluene, and xylenes are hereinafter referred to as BTX); and

(4) introducing the lights fraction (a) into at least one second

20  separator, preferably a series of several fractional distillation units, and separating
the lights fraction into an overhead stream comprising primarily ethylene and
propylene, a first side stream comprising primarily ethane and propane, and a
second side stream comprising primarily butanes.

If a Cs+ siream comprising hydrocarbons containing 5 or more than $

25  carbon atoms per molecule is obtained in step (4), it is preferred to combine this
Cst+ stream with the hydrocarbon feed stream used in step (1) and to introduce the
thus-obtained combined stream into the aromatization reactor in step (1).

By use of the term "consisting essentially of" it is intended that a
process does not include any further steps which would have an adverse affect on

30  the desired object of the invention, or that a composition or product does not
include any further component which would adversely affect the desired properties

imparted to the composition or product by the components recited after this



whi ch preferably can contain 1 to about 30. preferably 1 to about 25, and
most 10 - preferably 4 to 16 carbon atoms per nolecule; z is a number that
fills the necessary valency of R err] and the hydrocarbyl radicals can be
al kyl. radi cal WOI0&Y| radical, aryl radical, alkyl aryl raBfTUPs1LHg,

al kyl radical, or conbinations of two or nore thereof and can be "
substituted or unsubstituted. Any suitabbfe hydrocarbon feedstock which
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Tabl e | anﬁ?’&aﬁ%fl tﬁB(?t §i'mGPY- ?}?fégfaibfys %&?ﬂ‘b‘a CRRRReBY ‘%ﬁﬁ e ¥i‘°\5ent ion, a
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least about 5:1, more preferably about 8:1 to about 200:1. and most preferably about

15  12:1 to about 60:1. Examples of preferred zeolites include, but are not limited to,
ZSM-5, ZSM-8, ZSM-11, ZSM-12, ZSM-35, ZSM-38, and combinations of two or
more thereof. Some of these zeolites are also known as "MFI or "Pentasil" zeolites.
It is within the scope of this invention to use zeolites which have been steam-treated
and/or acid-treated and/or contain a promoter selected from the group consisting of

20  boron, phosphorus, sulfur, gallium, indium, zinc, chromium, silicon, germanium, tin,
lead, lanthanides (including lanthanum). other promoters. or combinations of two or
more thereof. Preferably the promoter is impregnated on the zeolite.

The catalyst generally also can contain an inorganic binder which is
sometimes called matrix material. Any binders known to one skilled in the art can

25 be used. Presently, it is preferred that a binder be selected from the group
consisting of alumina, silica, alumina-silica, aluminum phosphate, clays such as
bentonite, and combinations of two or more thereof. Optionally, other metal oxides,
such as magnesia, ceria, thoria, titania, zirconia, hafnia, zinc oxide, and
combinations of two or more thereof, which enhance the thermal stability and/or

30  activity of the catalyst, can also be present in the catalyst. Preferably,
hydrogenation promoters such as Ni, Pt, Pd, other Group VIII noble metals, Ag,
Mo, W, or combinations of two or more thereof should essentially or substantially
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commercially available.

The hydrocarbon feed stream. or hydrocarbon-containing feed which
preferably is combined with a recycle stream (C¢+ stream) from a separator used in
step (4) as described above, generally can be and preferably is in the vaporized state

15  when it is introduced into an aromatization reactor. The feed is then contacted in
any suitable manner with the solid zeolite-containing catalyst contained in the
aromatization reactor. Any suitable reactors, as disclosed above, known to one
skilled in the art can be used. Step (1) can be carried out as a batch process step, as
a semi-continuous process step, or preferably, as a continuous process step. In the

20 latter operation, a solid catalyst bed or a moving catalyst bed or a fluidized catalyst
bed can be employed. Any of these operational modes have advantages and
disadvantages, and those skilled in the art will be able to select the one most
suitable for a particular process, feed or catalyst. No significant amount of
hydrogen gas is required to be introduced with the feed into the reactor’ zones of

25 step (1). Thatis, no H, gas at all or only insignificant trace amounts of H, (e.g.,
less than about 1 ppm H,), which do not significantly affect the aromatization
process, are to be introduced into the aromatization reactor from an external source.

First process step (1) of the invention is generally carried out at a
reaction temperature of 200 to about 1000°C, preferably about 300 to about 800°C,

30  and most preferably 400 to 700°C; under a reaction pressure of about 0 to about
1500 psig, preferably about 0 to about 1000 psig, and most preferably 0 to 500
psig; and a weight hourly space velocity ("WHSV") of the hydrocarbon feed of
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10 which are introduced into the separators, the temperature and flow rates of these
streams, the desired compositions of the separated fractions produced in these
separators, and the like. The preferred method for these separation steps is
conventional fractional distillation. It is within the capabilities of persons
possessing ordinary skills in this technology to select for each separation step the

15  specific dimensions (width, height) of distillation columns. the type of trays or
packing materials in these columns, the operating pressure within these columns, the
temperature profiles with the columns, the number of plates or stages in these i
columns, the overhead reflux ratios, the reboiler reflux ratios. and the like,
Numerous textbooks and handbooks on distillation technology are available, such as

20 Kirk-Othmer Encyclopedia of Chemical Technology, Volume 7, Third Edition,
1979, pages 849-891, published by John Wiley and Sons. and "Elements of
Fractional Distillation" by Clark Shove Robinson and Edwin Richard Gilliland,
Fourth Edition, 1950, McGraw-Hill Book Company, Inc. disclosure of which are
herein incorporated by reference.

25 - The term "fractional distillation unit”, as used herein, encompasses a
distillation column, or a plurality of distillation columns, heat-exchangers and
compressors, all designed to accomplish desired separations. Examples of such
"fractional distillation units" include the so-called commercial "gas plants" or
separation trains used for separating the light end products produced in commercial

30 thermal alkane crackers, e.g., ethane stream crackers. The specific operating
equipment and conditions for these "fractional distillation units" are weil known to

those skilled in the art and are omitted herein for the interest of brevity.



Any catal yst, preferably containing a zeolite, which is effective in the
conversion of a non-aromatic hydrocarbon to an aromati ¢ hydrocarbon and an

ol efin such a&,?aglggoggxanpl e, ethylene and propyl ene. can b&g@w{vlﬁé in the
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15  The solutions of extracted aromatics in these solvents which exit each aromatics
extraction unit can be separated into substantially pure BTX, or C¢-C,; aromatic
hydrocarbons, and solvents (which is generally recycled to the extraction unit) in
any suitable manner, such as by heating in a stripper in which the aromatic
hydrocarbons are evaporated and subsequently condensed. Persons of ordinary

20  skills in the art of aromatics extraction technology can choose, without undue
experimentation, the most suitable solvent, equipment and operating parameters for
extraction step (3).

According to the second embodiment of this invention, a process for
upgrading hydrocarbon feeds comprises the steps of:

25 (1) introducing a hydrocarbon feed stream comprising at least one
non-aromatic hydrocarbon into an aromatization reactor, and contacting said feed
stream with a catalyst, preferably a zeolite-containing catalyst, under effective
reaction conditions to produce a reactor effluent, or product stream, comprising
aromatic hydrocarbons and non-aromatic hydrocarbons (primarily alkanes and

30  alkenes), wherein the definition and scope of hydrocarbon are the same as disclosed
above and the non-aromatic hydrocarbons are present in the reactor effluent at a

concentration lower than the concentration of the non-aromatic hydrocarbons in the



hydr ogenati on pronoters such as Ni, Pt, Pd. other Goup VIII noble netals,
Ag, Mb, W or conbinations of two or nore thereof should essentially or’
substantial ly WO 99/ 05081
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15 when it 12 RYOULEEd into an aromatization reactor. The feed is then

contacted in any suit ald)eintadueing thé infddiehfeacsion (1) ime ah afornatioRkipdcHomg cat al yst
contained,jn the gromatjzation seactor. Any suitable reactqrs, as disclosed
above, kggim I{ne)t @aéeparatmgache ml d{e raction into a Xo -aromatics fraction and an

aromatics fraction consisting essentially of BTX;

(4) introducing the non-aromatics fraction obtained in step (3) into a
thermal cracking reactor (preferably a steam cracker) and converting the
hydrocarbons contained in the non-aromatics fraction to a second product stream

15 which comprises lower molecular weight hydrocarbons wherein the term "lower
molecular weight hydrocarbons" refers to a hydrocarbon mixture comprising
primarily alkanes and alkenes containing 2 to 4 carbon atoms per molecule;

(5) combining the second product stream from the thermal cracking
reactor in step (4) with the lights fraction (a) obtained in step (2) to produce a

20 combined stream; and

(6) introducing the combined stream obtained in step (S) into at least
one second separator (preferably a seties of several fractional distillation units), and
separating the combined stream into an overhead stream comprising primarily
ethylene and propylene, a first side stream comprising primarily ethane and propane,

25  a-second side stream comprising primarily butanes, and a bottoms stream
comprising hydrocarbons containing 5 or more than 5 carbon atoms per molecule,

In a preferred mode of this second embodiment of the invention, the
first side stream obtained in step (6) is combined with the non-aromatic fraction
obtained in step (3) and, optionally, also with a fresh alkane feed from an outside

30  source to product a second combined stream which is introduced into the thermal
cracking reactor used in step (4).

In another preferred mode of this second embodiment of the



skilled in the art can be used. Step (1) can be carried out as a batch
process step, as a sem -continuous process step, or preferably, as a
continuous process step. In the 20 l|atter operation, a solid catal yst bed
or a.moving cXAM*PEBlped or a fluidized catal yst bed can bePEHPIBHHE Any
of these operational nodes have advantages and di sadvant ages, and those
skilled in the art will be able to selectlthe one npst suitable for a
particul ar proces ficant ampunt of hydrogen gas
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di vi ded by t heeg(BHroF tf se@idadmbolinkanbPihe @flention can be carried out the same, or
substantially the same, as the aromatics extraction (step (3)) of the first embodiment
of the invention.
The thermal cracking step (4) of the second embodiment can be
15 carried out in any suitable reactor at any suitable operating conditions. Thermal
cracking (also referred to as pyrolysis) reactors and processes are well known and
are widely used in commercial plants for producing ethylene and propylene from
C,-C, saturated hydrocarbons, such as ethane, propane. butanes. and the like. These
reactors and processes are also described in the general technical literature, such as
20  Kirk-Othmer Encyclopedia of Chemical Technology. Volume 17. Third Edition,
1982, John Wiley and Sons, pages 217-219, and in the patent literaturc. such as
U.S. Patent 5,284,994, column 3, disclosure of which are incorporated herein by
reference.
Preferably, the hydrocarbon stream to be thermally cracked is
25  admixed with steam before it is injected into the thermal cracker, generally at a
steam to hydrocarbon mole ratio of about 0.1:1 to about 3:1, preferably about 0.2:1
to about 1.6:1. Generally, the reaction temperature in the thermal cracker is in the
range of about 1350°C to about 1800°C, the residence time of the
hydrocarbon/steam stream in the reactor is about 0.1 to about 1.5 seconds, and the
30  pressure in the reactor is about 2 to about 40 psig. The thermally cracked olefin-
rich product generally flows through filters (to remove coke particles from the

gaseous product stream) and through condensing means (for removing high boiling



5 wthin the reaction zone of the reactor to which the hydrocarbon feed
is charged. Separation steps (2) and (4) of the first enbodiment-of this
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oper ating con¥PPYeH8& known to one skilled in the art. The BpEESBiH10
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lower than the concentration of the non-aromatic hydrocarbons in the first

15  hydrocarbon feed stream;

(2) introducing a second hydrocarbon feed stream comprising at least
one non-aromatic hydrocarbon, preferably a hydrotreated naphtha, into a reforming
reactor, and contacting the second hydrocarbon feed with a Group VIII (Periodic
Table of Elements; CRC Handbook of Chemistry and Physics, 67th edition, CRC

20 Press, Inc., Boca Raton, Florida) metal, or 2 Group VIII metal-containing. catalyst
under an effective dehydrogenation/dehydrocyclization reaction condition to produce
a second product stream (reactor effluent) comprising aromatic hydrocarbons and
non-aromatic hydrocarbons (primarily alkanes, alkenes, cycloalkanes and
cycloalkenes), wherein the definition and scope of hydrocarbon are the same as

25  disclosed above; and unsaturated and cyclic non-aromatic hydrocarbons are present
in the second reactor effluent at a concentration higher than the concentration of the
unsaturated and cyclic non-aromatic hydrocarbons in the second hydrocarbon feed
stream;

A hydrotreated naphtha is a fraction from a crude oil distillation

30 which has subsequently been catalytically hydrotreated, primarily for desulfurization.

(3) introducing the first reactor effluent obtained in step (1) into at

least one first separator (preferably a series of several fractional distillation units)



separation trains used for separating the Iight end products produced in
commercial 30 thernmal al kane crackers, e.g., ethane stream crackers. The
speci fic operating equi pnrent and conditions for these "fractional
distillation WA%9%083re well known to those skilled in the Br¥USSBHIH e
omtted.herein for the interest of brevity. WO 99/ 05081

PCT/ US98/ 11110 -9 Aronmatics extraction-sit3ep (3) of the invention can be
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presently erred solvent is sulfolane. 15 The sol utions of extracted
aromati cs !Pn fruidde SEFuiomomprpng Ry agmeanc ydieearbons containing 6-8 carbon

atoms per molecule, and (iii) a heavies (C,+) fraction comprising primarily
hydrocarbons containing more than 8 carbon atoms:

(5) combining the middle fraction (a) obtained in step (3) with said
middle fraction (ii) obtained in step (4) to product a combined middle fraction;

15 (6) introducing the combined middle fraction obtained in step (5)
into an aromatics extraction unit and separating the combined stream into a
non-aromatics fraction and an aromatics fraction consisting essentially of BTX;

(7) introducing the non-aromatics fraction obtained in step (6) into a
thermal cracking reactor (preferably a steam cracker) and converting hydrocarbons

20  contained in the non-aromatics fraction into lower molecular weight hydrocarbons
which, as disclosed hercinabove in the first embodiment of the invention, comprises
primarily alkanes and alkenes containing 2 to 4 carbon atoms per molecule;

(8) combining the reactor effluent from the thermal cracking reactor
in step (7) with said lights fraction (a) obtained in step (3); and

25 (9) introducing the combined stream obtained in step (8) into at least
one third separator (preferably a series of several fractional distillation units), and
separating the combined stream into an overhead stream comprising primarily
ethylene and propylene, a first side stream comprising primarily ethane and propane,
a second side stream comprising primarily butanes and butenes, and a bottoms

30  stream comprising hydrocarbons containing 5 or more than 5 carbon atoms per
molecule (C,+ hydrocarbons).

In a preferred mode of this third embodiment of the invention, the



extraction unit can be separated into substantially pure BTX, or
Cerr]-Cerr] aromati c hydrocarbons, and solvents (which is generally
recycled to the extraction unit) in any suitable manner, such as by heating
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PCTI US9811111¢n10 - hydrocarbon feed stream (2) introducing the reactor
et uent Il(r)]t o at |east Igr;t?ll Lxllc{t}?t}r p?e%eprgt[i%tlc%re of the third embodiment of this

invention, the bottoms stream obtained in step (9) is combined with the first

hydrocarbon feed stream used in step (1) to produce a fourth combined stream

. which is introduced into the aromatization reactor used in step (1).
In a further preferred mode of the third embodiment of this invention,
15  the heavies fraction (c) obtained in step (3) is combined with the heavies fraction

(iif) obtained in step (4) so as to obtain a combined Cy+ hydrocarbon product

stream.

The process step (1) in the third embodiment of the invention can be
carried out the same, or substantially the same, as the process step (1) of the first

20 embodiment of the invention.

The separation steps (3), (4), and (9) of the third embodiment of the
invention can be carried out the same, or substantially the same, as the separation
steps (2) and (4) of the first embodiment of the invention.

Similarly, the aromatics extraction step (6) of the third embodiment

25  of the invention can also be carried out the same, or substantially the same, as the
aromatics extraction step (3) of the first embodiment of the invention.

The thermal cracking step (7) of third embodiment of the invention
can be carried out the same, or substantially the same, as the thermal cracking step
(4) of the second embodiment of the invention.

30 Reforming process step (2) in the third embodiment of this invention
can be carried out with any suitable feed, in any suitable reactor, with any effective

catalyst and at any effective reaction conditions. Since reforming is a process well
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a-second si defeedstRRM8 £ Bydbir&tsathaphthal8lel, InkpHikd WRIEIS hasttdn doMhddoOwEh St ream

conprising hydrocarbons containing 5 or nore than 5 carhbon atons per
mol ecul e, hydrogen gas at an elevated temperature at about 300 to about 550°C in the

presence of a hydrotreating catalyst which generally contains Ni, Co. Mo. W, or
combinations of two or more thereof which can also be supported on alumina,

15  silica-alumina, titania-alumina, and the like. The preferred feedstocks for step (2)
generally contain primarily alkanes (paraffins) containing 4-16 carbon atoms per
molecule.

Reforming of naphthas and similar alkane-rich feedstocks comprises a
combination of reactions, primarily hydrocracking. dehydrogenation and

20  dehydrocyclization of alkanes (paraffins), dehydrogenation of cycloalkane
intermediates to aromatic hydrocarbons, and isomerization of alkanes and of cyclic
intermediates. Hydrogen gas is generally added to the reformer or reforming reactor
which contains an effective reforming catalyst comprising a Group VIII metal
(preferably Ni, Ru, Rh, Pd, Os, Ir, Pt), more preferably commercially available

25  platinum on alumina, and platinum/rhenium on alumina materials. These
alumina-supported catalysts frequently contain a halide such as chloride as an
additional component. Other effective reforming catalysts are those comprising a
Group VIII metal (preferably Pt) on a zeolite, such as zeolite X, zeolite Y, zeolite
beta, zeolite ZSM-5, or combinations of two or more thereof, These zeolites are

30  described in U.S. patents 4,975,178 and 4,927,525, disclosures of which are
incorporated herein by reference. Generally, the Group VIII metal content in these

reforming catalysts generally can be about 0.01 to about 10 weight %, preferably



In a preferred node of this second enbodi mrent of the invention, the first
side streamobtained in step (6) is conbined with the non-aromatic fraction
obtained in step (3) and, optionally, also with a fresh al kane feed from an
outside 30 WOMMEBIto product a second conbined stream whFEHUPEMR [ oduced
into the thermal cracking reactor used in step (4). In another preferred
nmode of this-second enbodi nent of the - 164D 99/05081

PCTI US9S/ I I nQ i nvention, the 'bqtto stream obt ai ned in, ﬁte g ) is
conbi ned wi t Bb3UR&- Iip APBR 2 Weighti“ae e H’&rﬁa%éﬁ A HCARBF R )'a%él ‘gf"oduct a
third conmbined stream pfisiind SnlveldaRRd Gafuidal eyl fecBvOBBHdItbas kfwn eactor in
step (1). The process step (1) of the second enbodi ment. of the invention

can 5 be c# enecskillsdtin theearts ghwpicabrefarnling eoaditigny SAntoeEPE s reaghion; hat

di scl osed ab f b A gRY003b abdig shtveeni on.
Separ ati ng s?%&s?;a?gf%g%%u} %%0 %fab%ﬂgsge%%m?dbgﬁent ofa the I nvention can
be carried oumosbyrefetablys4ifep 560°Cs abreactiomi patssyre toff abasih A8 to akout BRD pUgar at i on
steps (2) and (4) _ disclased ab ' i ' ty pf i.nventi-on.
10 N L R s G S AT et I
extraction, ofefatlsipab@y 1dftotaheutsel; andl aevdight bowthit spede veherity (VFHEVENofcan be

carried out the , L or tanti al he s S RIRL
extraction (§F‘§15%?5r3r')%)ab8‘ft @ﬁ@@?"r‘%’tp’gjﬁ{vﬁg %Bﬁt?f%fo ?%r?g %%}’Z‘ﬁu oh.agd?'he t her mal
cracki ng st epndstiprefefably®s ses.onegwdwedi nent can be

10 The following examples are presented tw further illustrate this

invention and should not be construed as unduly limiting the scope of this
invention. '
EXAMPLE 1
This example illustrates a preferred embodiment of the combination
15  process of this invention depicted in FIG. 1.
The preferred feed stream 11 is a gasoline fraction from a FCC

cracker. Compositions of typical gasoline feeds are presented in Table I.
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ra-a-ardaan
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L IIC ||yul \PAVACIEN VA

Lr acke@ompor2Bt  adfi xed BepadRagigeam bdf orMarfaw Rangenj ect ed into
i@_er, generat iy gt a SIea§1to nydrqcarbon gole Tatj o of
) t"3: 1, preferably abodt 0.2:1 tlo about 1.6:1. [Generally,
gture in thefthernal gracker iq in thegrange of about
abhout 1Rnnr nrr'IF fh_n I"DCI r‘lnnr\n "‘l A Sf thc _h_ydlv-cc rbon/ steam
Eﬁamﬂﬂnmmxzabout d 1 to ab®ut 1.5 sgconds, @nd the |30
actor—Tsabouty 2—toabygut— 40 psijg. 1he Lhernmal iy cracked
tf generally fll ows thrdugh filtdrs (to I'enove cloke
seous prodyct streag) and thrjough cogdensi ngl neans
llng (hﬁleagl ling VWD 99/ anRl‘ilp
C;Aaﬂmwsnaterlals from t heOgaseous product &trean).| Persons
IIIG‘&I eIlzsr\lllb LI 0 0
C,- Non-Aromatics' 20-50 30-35
C4-C, Non-Aromatics 10-50 20-30
Benzene 0-10 1-4
Toluene 0-20 4-8
Ethylbenzene 0-10 1-4
Xylenes 0-30 5-12
Cy+ Hydrocarbons® 0-50 20-30

cycloalkanes.

"Non-aromatic C,, C; and C, hydrocarbons. primarily alkanes, alkenes and

?Complex mixture of alkanes, alkenes. cycloalkanes, cycloalkenes and
aromatics containing 9 or more than 9 carbon atoms per molecule.

Feed stream 11 is introduced into a gasoline conversion reactor 10

(also referred to as gasoline conversion unit, GCU). Reactor 10 is a catalytic

cracking reactor in which the gasoline feed is contacted with a zeolite-containing

catalyst (preferably a catalyst containing a ZSM-5 or a similar zeolite) under an

effective conversion condition. Reactor 10 can be a fluidized reactor, preferably a

fixed bed reactor. The entire reactor effluent stream 13 is introduced into first

fractional distillation unit 20 in which the reactor effluent 13 is separated into a

lights fraction 21 comprising primarily hydrogen gas,

C]'Cs paraﬁ‘lns aIld CZ-CS )

olefins; a middle fraction 22 comprising primarily BTX, some ethylbenzene and

some C,-C, paraffins; and a heavies fraction 23 comprising primarily Cy+



the art of thermal cracking can chose the nost suitabl e equipnent and
optimal operating conditions for step (4). According to the third

enbodi ment of this invention, a process for 5 upgr adi ng hgdrocarbon f eeds
conprises th&v@%458810f: (1) introducing a first hydrocar boRCVERI LR eam
conprising at |east one non-aromatic hydrocarbon into an aromati zation
reactor, and contacting said first feedl&treamwith a catalyst. preferably

a zeoli te-conh'i}lair ning catal yst, under effective reaction conditions to
produce a fi rYErqSABERTRAVIE S Qe SHEPDHAORE PPLBAESY%0  conpri sing aromatic

hydrocarbons and non- arpiifiddfe Mo 92 iPRRSAeON nd) & ABmRMidsRirhdiivn @hitanes and
al kenes. wherein the definition and scope of hydrocarbon are the sane as

di scl osed abd\feinjwhighhbe middle frachonds pasacted fwithha Suitable SeIVeIn suehcpst he -
‘ . . . t
non-aromatic éa}fgr&gfe{xg%&hﬁ.@%ggee&%gtm ke_&aahﬁ?riat %?Jol bEABlRES @Mehﬁmi at a

concentration an t'he ncentration 0 e non-aronatic hydrocarbons
in the first coSnter-¢nyrnbepsrdtion td exrictsareraatie) hydrartbensy chgdpmrgdaextras ahd

hydr ocar bon f rigi I -ar i ¢ _hydrocar bon,
preferably a SE%S?%% ;ngé;‘%)g&napaﬁ?ﬁgi?en?% oagga}relel?"g@‘#ﬁlgmgesac %sf ,?orand contacting
t he second hyetamplar inonhdated dirippérh Ehe @xtyantioVlylelds(aRebstadirlly fath[BI>0f El enent s;
CRC Handbook of m styy .and sics. Brth.edition .CRC. ress, Inc.,
Boca Rat on, qu?)‘? i eaWe#al ﬁ‘eorP‘%&Xtésgffﬁ’% F’fm%{hﬁlqt&%:ﬂ? %Prrﬁllgg% ¢ mjg% EAl yst

under an ef f geinarity pahfficls ograinihg 6né deaypds anys|pez mblecule.r Factiglas fraatvdi tion to

pr oduce second . product. strea }%r eact or_effl uen C risin roatic
hydr ocar EWns én‘d "Er’iﬁ‘?y%ﬁidﬁ‘&tslz‘@na] ?tt?(?%}.rcgﬁ%t"(rb?’f’h%% P lKéné%, pel%ﬁtkenes,
cycl oal kanes @dfiraacdbed HAREG)st eMb&TiRE of iR iHehtion. t TRNigRdfragiones of
hydr ocarbon are the, sane as 25 di scl osed .above; _and unsaturated and

cyclic non- arsSPARPE i, af Byeahend faction 3 soEpesipg primarily ethylene. propylene and

some hydrogen; a light paraffin sidedraw stream 55 comprising primarily ethane and

propane; being combined with the raffinate stream 31; a C, hydrocarbon stream 54
15  comprising primarily butanes; and a bottoms stream 51 comprising primarily Cs+
paraffins which can be recycled and combined with feed stream 11, if desired.
Frequently, bottoms stream 51 contains negligible amounts of Cy+ paraffins, and
thus no recycling is required.
A material balance for the preferred combination process described in
20  this example and depicted in FIG. 1 in a commercial-size plant operation is given in

Table II. All numbers in Table II are flow rates (expressed in pounds per hour).



in the second reactor effluent at a concentration higher than the
concentration of the unsaturated and cyclic non-aromatic hydrocarbons in

t he second hydrocarbon feed stream A hydrotreated naphtha is a fraction
froma crude ®iO99@508ti || ation 30 which has subsequent|y bBEHUS98A1110
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(5) conmbining the mddle fraction (a) obtained in step (3) with said mddle

fraction (ii) obtained in step (4) to product a conbined m-ddle fraction;

15 (6) introducing the conbined mddle fraction obtained in

step (5) intoVE9¥atics extraction unit and separating e EBHb Hed

streaminto a non-aromatics fraction and an aromatics fraction consisting

essentially of BTX ﬁ?E i ntroduci ng the2fon-aromatics fraction obtained in
r

step (6) intof@ & RN DD I CRL B0 Vo 8 St 8818 [ch kel )l and
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-14- first side streamobtained in step (9)
non--aromatics fraction obtained in step (3) and,
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carried odt the sane,

the first side stream o#ai ned in step (9) is conbined with

btained in step (3) and pentanes (froman
third conbined streamwhich is introduced into
used in step (7). 10 In stil
t he

tep (9) is conbined with the first hydrocarbon
to produce a fourth conbined stream which is
ation reactor used in step (1). In a further
enbodi nent of this invention, 15 the heavies
p (3) is conbined with the heavies fraction
S0 as to obtain a conmbined (Jerr]+ hydrocarbon
step (1) in the third enbodi ment of the
or substantially the sane, as the
st 20 enbodi nent of the invention. The
and (9) of the third enbodi ment of the invention
, or substantially the sanme, as the separation

5



Simlarly, the aromatics extraction step (6) of the third enbodi nent 25.
of the invention can also be carried out the sane, or substantially the

same, as the aromatics extraction step (3) of the first enmjpd f the
i nvention. Th&ARE®WA cracking step (7) of third enbodi nent Wéﬁ

I nvention can be carried out the sane, or substantially the sane, as the
thermal cracKing step (4) of thé second enbodi nent of the invention. 30

Ref orm ng process step (2) in the third 2wodi nent of this invention can be

carried out wth any suitable feed, in ané sui tabl e reactor, with any
effective catal yst and at any effect li on conditions. Since

reformng is a process LL lé’ﬁu&% Qg rred embodiment of the combination
PcTf US98111110 - 15 - kir:%m‘a{ng one skei I %ﬂei nthe art and is a commercially

practiced ref ipnicesy depistedtin §15.(Zeneral | y desi gned to enhance the octane
rating of a hydrocarbon ' | | gkn the
Ghdfihe P SHAANT, BRANRROHA aYct B B ke |

art of reform ng can choose catal ysts an e operating
condi t i ons Swhifehcontpesitien) issuinbindd fith réedyele strepar §1i copaising €t bydsocarbops,obt ai n

S omitted herBRerBH LRGP TRt cogoTr Ei ey 7 R i aper i Sy [
ref orming progestorJ0ep désdlibddsin Exaaplet i whithalie dasoline depdantdmacetisxittr f er r ed
180 T o about - FOBIGFTHENRE SSRRBSEREFRD BEHEIS POTRNTRE M 016 SR8 goner al Ty
: general ly
obt ai ned by atRRRONSIdkCeftlictitel donMriioN cilitions!dTho ehtire Atactonefflugnt efrednt ed
10 13 is introduced into a first fractional distillation unit 20 in which the reactor
effluent 13 is separated into a lights fraction 21 comprising primarily hydrogen gas,
C,-C; paraffins and C,-C; olefins; a middle fraction 22 comprising primarily BTX,
some ethylbenzene and some C,-C, paraffins: and a heavies fraction 23 comptising
primarily Cy+ aromatics, Cy+ paraffins and Cy+ olefins.
15 The middle fraction 22 is introduced into an aromatics extraction unit
30 in which the middle fraction is contacted with a suitable solvent for aromatics
such as, for example, sulfolane, N-methyl-2-pyrrolidone or tetracthylene glycol, or
mixtures thereof in a counter-current opetation. The formed extract is separated
into aromatics and solvent by any well known means such as. for example, in a
20  heated stripper to vield a substantially pure BTX product stream 33. The raffinate
stream 31 exiting the extraction unit 30 comprises primarily paraffins containing 6
10 8 carbon atoms per molecule. This Ci-C, hydrocarbon stream 31 is combined
with a light paraffin stream 52 obtained from a second separator as described
hereinbelow to form combined stream 32 which is introduced into a thermal
25  cracking reactor 40. Optionally, streams 31 and 52 can also be combined with a
fresh alkane feed, which is not depicted in FIG. 2, from an outside source (e.g.,
ethane, propane or paraffin-containing NGL) to form the combined stream 32 which
is introduced into a thermal cracking reactor 40. The thermally cracked product 41
exiting reactor 40 is combined with the lights fraction 21 exiting fractional
30 distillation unit 20 to form combined stream 42. This stream 42 is introduced into a

second fractional distillation unit 50 as described in Example I and separated into an



feedstock is a hydrotreated naphtha, i.e., naphtha which has been contacted
with hydrogen gas at an el evated tenperature at about 300 to about
550[err]Cin ence of a hydrotreating catal yst whic | |
contains N, %@3’@%’3% or conbi nations of two or nore the:}é%ﬁﬁd can

al so be supported on alumna, 15 silica-alum na, titania-alumna, and the
i ke. The preferred feedstocks for step (2) generally contain primarily

al kanes (paraffins) containing 4-16 card®¥n atons per nol ecul e. Reform ng of
naphthas and sinjlar, al kane-rich feedstocks conprises a conbination of
reactions, pr Pﬁ%ﬁ?ﬁﬁ%w St someising prigerostdensapiopylengrand sgme hydrogen;
dehydrocycl i zgtjj lskieles 1 : 5 tJ y.cloal kane

i nt er medi at esatl_igﬂggdg{{g?isg hydrsggzgé %ngﬁﬁrés}]néd;?g%ag@??@é}tﬁldgg%é a‘é’l?glriles and of
cyclic i nt er nbeipg cembingd, with therraffinste istreage Ak desciyed abiohed at@ hyticarbémor mer  or

reform ng reag i ' . ef. jve refqrmn atalyst conprising
a Goup ViII rgrleh?cg?w?g%g’f g?a !ﬁ%}ﬁﬁg@l@my&ﬁ&%m a,c’ooﬁlfl?gﬁ;%a%n %r%r e preferably
commer ci al Py evmprising win@Gilp Catt paraffmoandabeiny racycled radd pbabinediwith ifedi um on

al um na mater| . .dThe | umi na- supported catal ysts frequently contain a
hal i de such aéﬁi@% %)lr P ecgﬁg’e‘;%%oé’&di tional conponent. O her effective

reform ng catal ysts ar e irlaesial eaduips fos ititgprafefred tinbithdtibn PRdcads degrdé€iabl y Pt)
on a zeolite, ,such affrZﬁg‘IFi,te X, érg,’?%l,i te Y, zeqlite beta, zeqlite ZSM5, or
conbi nati ons B PREPE 20 Serced it BIG 2 ippeommeadplisize plant epergion igigiven ihed i n
U.S. patents #ald BI.1AJ dinthesd, iR AGbIe 21 ardl W kASUeSteREd WceldsAped hbﬁ}%or por at ed
herein by reference. Generally, the Goup VIII netal content in these
reform ng catal ysts generally can be about 0.01 to about 10 wei ght %
preferably



WO 99/ 05081 PCT/ US98ML1110
- 16 - about 0.1 to about 5 weight % Reform ng catalysts are commercially
avai l abl e. Reform ng can be carried.out under any effecti vgﬁ@g§g) tions
known to one Y¥RPPE¥ in the art. Typical reforming conditi M8 npri se
a reaction tenperature of about 300 to about 750[err]C, preferably about

400 to about 600C and 5 nost pref er abFy¥4450 to 550[err]C. _a reaction
pressure of apoUt 58 [tso| ajasf AW i} o3 WPLdL Faf ] ST Add
to hydrocarbop fleefl gf abqut|0.j1:[L tjo pbqik | F5: 1, prdferally
about 6:1; angl 4 wei dht|hquriy [sphcg VvEl & L[ ("MHEV']) of [ab
about 20 | b/1p/ HoBf, |prefgraply apodt .5 tp b&ut 19 | b/ ljb/
preferably 0.8 tlo28.4 | b/I|b/ hoyr. | 14 THe tol|l ow
are presentedjtd®urtlhef ill | bstirage|thl s|inventifon|and $hqul d o
construed as jundul ydjiar &ijrg| Ehes peqpe] off 4 hos o (v atlione |[EXONMRLE] I, Thi s
exanple illusfrates g pfeflerfed epbqgdi pent pf [the gorfbi pati op 153 | #dlr ocess
of this inventidMigedicted ih FIG 1. [The preferjrefl fleef gtrpamRALKijs a
gasoline fracfidnEfrdm p Fcd crlacker. Ooﬂrpokitions off typijcal gasplifne
feeds are pregerft®f iln [agl e 1. WO P9/105081
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cracking reactor in which the gasoline feed is contacted with a
zeolite-containing catalyst (preferably a catalyst containing a ZSM5 or a
simlar zeoli éﬁ)”’o er an 5 ef fective conversion condition. Reactor 10
can be a fluidized reactor, preferably a fixed bed react oPCTHSBLY; | o
reactor effluent stream 13 is introduced into first fractional distillation
unit 20 in F-_,-e__s:_ or .effluent 2% is separated into a |ights
fraction 21 ari |y hydrogen gas, (ferr]-Clerr] paraffins and
Cerr]-Cerr efins; a ddle fraction 22 conprising primarily BTX, sone
et hyl benzeneffand 10 somgl (Jerr]-Clerr] paraffins; and a heavies fraction
23 conprisiny pgimarily Cljerr] + WO 99/ 05081
PCTJUS9S/ 11140 { 18 - hydrflocar bons having 9 or nore carbon atons per
mol ecul e. Thi middlie fractfion 22 is introduced into an aromatics extraction
unit 30 in ich the mddlje fraction is contacted with a suitable sol vent

bl ape or N-netfjhyl - 2-pyrrolidone or tetraethyl ene glycol or

such as sulf;
m xtures thefeof in a5 counter-current operation to extract aromatic

hydr ocar bonsjf The fornmed gxtract is separated into aromatics and sol vent by
any well kno eans such[as, for exanple, in a heated stripper. The
extraction yjel s a substgntially pure BTX product stream 33. The raffinate
stream 31 exjtipg the extlaction unit 30 conprises primarily paraffins
containing 6)tof8 carbon dt ons per nol ecul e. The lights fraction 10 21 is
i ntroduced ijpto| second frgctional distillation unit 50, preferably a "gas

pl ant” as defi npd above i | the first enbodi ment of the invention. The
lights fractjon|is

TABLE IIT (Continued)

aliphatic and cycloaliphatic hydrocarbons

?C,-C; aliphatic and cycloaliphatic hydrocarbons
ainly tri- and tetramethylbenzenes

'C,-C, hydrocarbons
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separated into an overhead fraction 53 conprising primarily ethyl ene.
propyl ene and sone hydrogen; a |light paraffin sidedraw stream 55 conpri si ng
primarily ethane and propane; being conbined with the raffinate stream 3 1;
a Cerr] hydwscane#sh stream 54 15 conprising primarily DREEWSSA1IAND a
bottons stream 51 conprising primarily Clerr]+ paraffins which can be
recycl ed and conbined with feed stream2l7l, if desired. Frequently, bottons
stream 51 contains negligiblée amounts of Clerr]+ paraffins, and thus no
recycling is required. A material URXAMBREMHr the preferred corbi nat i on
process descri bed In 2fis LrB1cGHARI:S a PdterHARinHoBthehflof thPcorhbinBidh
commerci al -si ze plant operatfon 1Is grv T ers I n Tabl e
Il are flow peocess depisted 8B 3i n pounds per hour). WO 99105081 .
it ng TN o (%a?glfr]e feed S%arR 11 0528 ably from a FCC cracker (see Table I

5  for compositions), is combined with recycle stream 51 comprising Cs+

hydrocarbons, described hereinbelow. The combined stream 12 is introduced into
aromatization reactor 10 as described in Example [ in which the gasoline feed is
contacted with a zeolite-containing catalyst {(preferably a catalyst containing a
ZSM-5 or a similar zeolite) under effective conversion conditions. The entire

10  reactor effluent stream 13 is introduced into a first fractional distillation unit 20 in
which the reactor effluent 13 is separated into a lights fraction 21 comprising
primarily hydrogen gas, C,-C, paraffins and C,-C, olefins: a middle fraction 22
comprising primarily BTX, some ethylbenzene and some C,-C, paraffins: and a
heavies fraction 23 comprising primarily Cg+ aromatics, Cy+ paraffins and Cy+

15 olefins,

Naphtha feed stream 61 which can have previously been hydrotreated
is introduced, generally together with hydrogen gas as cofeed. into reformer 60 in
which the naphtha feed is contacted with an effective reforming catalyst under
effective reforming, i.e., dehydrogenation/ dehydrocyclization. conditions. Reformer

20 product stream 62 is introduced into a second fractional distillation unit 80 in which
stream 62 is separated into a middle fraction 82 comprising primarily BTX
aromatics, some ethylbenzene and some C,-C, paraffins: a heavies fraction 85
comprising primarily C,+ olefins), and a lights fraction 81 comprising primarily
C,-C, paraffins and C,-C, olefins (generally used as a NGL feed or as a feedstock

25  for thermal crackers). Heavies fraction 85 is combined with heavies fraction 23 to
form stream 25 which comprises primarily hydrocarbons containing 9 or more
carbon atoms per molecule.

Middle fraction 22 and middle fraction 82 are combined to form a
combined stream 24 that is introduced into an aromatics extraction unit 30 in which

30  the combined stream is contacted with a suitable solvent for aromatics such as, for
example, sulfolane, N-methyl-2-pyrrolidone, tetracthylene glycol, and the like or

mixtures thereof in a counter-current operation. The formed extract is separated



WD 99/ 05081

PCTIUS9S/IiliD -21 - [err] WD 99105081

PCTf US98/ 11111 - 22 - EXAMPLE Il This exanple illustrates referred
enbodi ment ofWQ $¥@58dnbi nati on process depicted in FIG 2. Eﬁg’b'ﬁ?sﬂé“f’eed
stream.l1l, preferably froma FCC cracker (see Table 1 5 for conposition),
I s conbi ned with recycle stream 51 conp28 sing (ferr]+ hydrocarbons, as
descri bed herei nbel ow. The conbined stream 12 is introduced . into

aronmat i zat i orinPasRmatics sl siveaR: Myped! knownumsass gich S nfORRTEMPIE:HR 2gasol i ne

feed is cont %&t@&jstwgéé? t@yzeﬁpa s&bemgtﬁm%wm‘ﬁ?ada&:ys&kmﬁeﬁefmma@ cat al yst

containing a ZSM a Simlar zeolite) under effective conversion
condi tions. TSiream 3 jexiting dwcraction fuhiy dfcomprisss mimarily ppffins qontainieRi68d into a

first frac“%ﬁ%nq{oﬁi] del_?’to]egmeumt 20 in which the reactor effluent 13 is
Separated into a | ctron 21 conprising primarily hydrogen gas,

Clerr]-Cérr] paraf f i nﬁna@d@ﬂmgdm@a&b[nme]méll aéf ¢amsbined wiitll gl llightf pazaffin on 22
and & heavi CSPRAGE TSI & PR oh G Eh T ePaE o s bl BGR T
paraffins and’1Gre ah busidesource tolfbrm a _combmed stream JZT\IQlacll[nsddtred\fceénto an 22 is
| ntroduced | nt%\ a crgcrk?nrga}ezlac?cﬁ' 4%Xt6§§)¥ulxlf)?st¥egn}s 31 and 52 can also be combined
with another fresh alkane feed from another outside source (e.g., ethane. propane, or
10 paraffin-containing NGL such as siream 81) to form the combined stream 32 which
is introduced into a thermal cracking reactor 40. The thermally cracked product 41
exiting reactor 40 is combined with the lights fraction 21 described above (exiting
fractional distillation unit 20) to form a combined stream 42. This stream 42 is
introduced into a second fractional distillation unit 50 and separated into an
15 overhead fraction 53 comprising primarily ethylene. propylene and some hydrogen;
a light paraffin sidedraw stream 52. comprising primarily ethane and propane, which’
is combined with the raffinate stream 31, as described hereinabove; a C,
hydrocarbon sidedraw stream 54 comprising primarily butanes; and a bottoms
stream 51 comprising primarily Cs+ paraffins and being recycled and combined with
20 . feed stream 11 as described above.
A material balance for the preferred combination process described in
this example and depicted in FIG. 3 in a commercial-size plant operation is given in

Table IV. All numbers in Table IV are flow rates (expressed in pounds per hour).



30 in which the mddle fraction is contacted wth a suitable solvent for
aromati cs such as, for exanple, sulfolane, N nethyl-2-pyrrolidone or
tetraet hylene glycol, or mxtures thereof in a counter-current operation.
The formed exWPAReP508Bs separated into aromatics and sol vent BGI/GS99/11926 |
known nmeans such as, for exanple, in a 20 heated stripper to yield a
substantially pure BTX product stream 329 -The raffinate stream 31 exiting

t he extractio'ﬁl s’ ool iﬁ’rF&rﬂF?%ﬁ
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carbon atons per| mplecul|e. N~ pAN3
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referred

and a bottons stream 51 5

bal ance for the

conprising primarily Clerr]+ paraffins and being recycled and conbined with
A materi al

si dedraw stream 54 conprising primarily butanes;
feed stream 11 as descri bed above.
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WD 99105081

PCanmJS9pannl1l10 - 27 - EXAMPLE Il1 This exanple illustrates a preferred
enbodi ment of the combination process depicted in FIG 3. Gasoline feed
stream 11, pr¥OMPAHBY from a FCC cracker (see Table | 5 for PEGHPRISRIPONS),

I's conmbined with recycle stream 51 conprising CJerr]+ hydrocarbons,
descri bed herei nbel ow. The conbined st r-e:dm 12 is introduced into

aronatization=1=e=as==d% ~Becbtoay ' M=&b=uta= ali ne
feed is contagt ed-M? h®d 2e61|i% LN} Ri p? ePerabFy| @@ al yst
containing a ¥ or|aisim ljar} zgol ifvel cgnver sii on 3
conditions. T ttire 10 | reaftc i B ifnt oduceé nto a
first fractio [ I uhi t egctpr jeffluengy 1B is
separated int -0 — ; HAgh-pr-rar-Hyl hyvde pgdn _gas
Cerr]-derr] F 7] L peiigfe P QP OR P2
conprising pr «£f hy erf] 4 erri fg-
paraffins: an tipn ipartily Qefr]i+ |
aromatics, (g and ( ins.| Napht hp fleed s ream
61 whi ch can been t otHedt—garet-aH v
together with toT ¢ I hSi LR @5 pht ha
feed i s cont aj ecf i unhder pf fleg§ &
reforming, i.f i on/ i i on. [condi|tipng.”” R [or mer
20 product § rodu¢ed actj onal { difst{ ! Ijpti on
unit 80 in wh -l o olololslole
oy -
) N
< )
g -
(o}
& at L2} Q (= o‘\o o sz o \'3 orsigisieiciel s
sleigl=ia) I8 I8IZ] 88|88 S|=| e
=110 el A ik il $2|d%| FIR| =
=8 B e
St E
!l i
2
= =
3 o S
Qs h
|8 -
7]
Ololocjlojc|lojwl—~|lon|lOo|lo|ololclo|lcilolo|olm
<t RO - ot
v Y Bl e o}
Wiwn|o hg
g \O l\q
&
75
Slwnjo|mmjojmn|clolojo|loclo|olololololoclola
AN IS IS =
E|7|R & 3 x
Q - - -
=
75}
ot .?n
] 8 o 8l
= g § 5§
Q ] @ N Q g} g8
AP EEE R P EHE R R R E
S = N s51elel2 vlagl=|l=]=l= —
gl > & = Slalc] &1 8| 3 P ol
El |3 2| B 8] 5128|&8| 2| 5| 5| | 2| B2 |%| 5|+ &
OlZ| 2 |@|@|&|a| 2] &|a{S|Z|a|=|m| Al B] 8| Z2|T|=
—— |

S
10
15
20



stream 62 is separated into a mddle fraction 82 conprising primarily BTX
aromati cs, sone ethyl benzene and sone C6-C, paraffins: a heavies fraction
85 conprising primarily Clerr]+ olefins), and a lights fraction 81
conpri si ng pwosaesesy Clerr]-C4 paraffins and C2-C4 ol ef i nsPCYEREIRI y used
as a NG feed or as a feedstock 25 for thermal crackers). Heavies
fraction 85 is conbined with heavies frBction 23 to form stream 25 which
conprises pri bons containing 9 or nmore carbon atoms per

nol ecule. M@dl g fraction 24 and mddle fraction 82 are conbined to forma
conbi ned strgam|24 that is ifntroduced into an aromatics extraction unit 30
t He conbi ned reamis contacted with a suitable solvent for
aromati cs sudgh gs, for exangdl e, sul folane, N nethyl-2-pyrrolidone,

gllycol, and the Iike or m xtures thereof in a counter-current
i s separated WO 99/ 05081

romati cs and sol vent by any well known neans

PCT/ Us98111140 -| 28 - into

such as. for jexgnple, in a Heated stripper to yield a substantially pure
BTX product 4trgam 33. The rfjaffinate stream 31 exiting the extraction unit
30 conprises fprijmarily parafffi ns containing 6-8 carbon atons per nol ecul e.
5 This Clegr]-IClerr] hydrocarbon stream 31 is conbined with a
| i ght paraffifn strean152°fr a second separator described herei nbel ow and
with a pentane strean1713fr an outside source to forma conbi ned stream
32 which is ijntrloduced |Eto
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t hermal cracking reactor 40. Opf) ans 31 and 52 can al so be
conbi ned with another fresh al k mm%mﬂa T! t her outside source (e.g.,
et hane, propapg., ’%PF%O par af f i h- con i such as stream 81) to form
the conbined £trée 2 which is introduced into a thernal cPEEKREBgINeact or
40. The'thermally cracked product 41 exiting reactor 40 is conbined with
the lights fraction 21 descri bed above ‘(%&Tti ng fractional distillation
unit 20) to forma conbined stream 42 ; Thj tream42 is introduced into a
second fractional distillation unit ?ﬁlﬁ?‘ﬁiﬂ&;par ated into an 15 over head
fracti on 53 cdnpri si ng Hhydracarbon @hirysiemehichropptiese and sone hydrogen; a

| ight paraffin sidedra tream 52.. conpri si.n rimar.ily ethane and propane,
which is conbined wit hvxlliec‘)?%? r?eﬁygmg%bg’émegf, eaé’é“ﬂ‘é?i%ﬂ“?@?ei_nabove, a
C4 hydr ocar bosufficiemtchonditisns: te 2ffe&4he UiRErsivh B siid hdrotdrborDdtAR8&uct and a
bot t ons stéeam 51 conprisi nqu?,ri ri Ig/ C[errlﬁJé paraffins and being recycl ed
and conbi ndd LM SFPrising appmatic bxdrogarbons apd glefint whersiowpid hydroeatben fend

bal ance for t ifeafi @hgiik@tht (AN HohARHIRRIL FOSDHESET | bed in this exanple and
depicted in FIG 3 in a% commerci al -si ze plant operation is given in Table
I

IV. Al nunbers in Tabl(® [s¢pazatiae £3id pradustesirem ingp adights frastipn anaiidleer hour) .

wo 99/ 05031 fraction com risinﬁ C¢-C, aromatic hydrocarbons and non-aromatic hydrocarbons,

PCVI US9S/ 11110 -29 - [err i
and a Cy+ fraction comprising aromatic compounds; and

10 (3) separating said C,-C, aromatic hydrocarbons from said

non-aromatic hydrocarbons thereby producing a non-aromatic hydrocarbons fraction.

2. A process according to claim I, wherein said hydrocarbon feed is
gasoline,
3. A process according to claim 1, wherein said lights fraction

15 comprises primarily hydrocarbons having less than 6 carbon atoms per molecule,

4. A process according to claim 1, which comprises separating C,+
hydrocarbons from said lights fraction.

5. A process according to claim 4, which further comprises combining
said separated C,+ hydrocarbons with said hydrocarbon feed.

20 6. A process according to any one of the preceding claims. which
comprises introducing said non-aromatic hydrocarbons fraction into a thermal
cracking reactor; and converting said non-aromatic hydrocarbons into lower
molecular weight hydrocarbons.

7. A process according to claim 6, which further comprises:

25 . combining said lower molecular weight hydrocarbons with said lights
fraction in step (2) to form a combined stream; and separating ethylene and
propylene from said combined stream.,

8. A process according to claim 6, which further comprises:
combining said lower molecular weight hydrocarbons with said lights

30  fraction in step (2) to produce a combined stream; and separating said combined

stream into a light olefins stream comprising ethylene and propylene, a first side

stream comprising butanes, and a second side stream comprising C+ hydrocarbons.



WO 99105081 :
PCTI US981 11110 -30 - [err] lMEM&E{MﬂM]
PCT/ US98/ 1111Q - 31 - [err] <Cr %

PCT/ us9st i 1118'2%25081 [ or 1 WO 99/ 05081 PCT/PPELUSHS/ 11 O
- 33 - CLAl M5 1. A hydrocar bon Egnversi on whi ch conpri ses:
9. A process according to claim 8, wherein step (1) further comprises:

introducing a first hydrocarbon feed into an aromatization reactor and
contacting said first hydrocarbon feed stream with a catalyst under a sufficient .
condition to effect the conversion of said hydrocarbon to a first product stream

5  comprising aromatic hydrocarbons and olefins wherein said first hydrocarbon feed

stream comprises at least one non-aromatic hydrocarbon; and

introducing a second hydrocarbon feed stream into a reforming
reactor and contacting said second hydrocarbon feed with a Group VIII metal or a
Group VIII metal-containing catalyst under a condition sufficient to produce a

10  second product stream comprising aromatic hydrocarbons and olefins; wherein step

(2) further comprises:

separating said first product stream into a lights fraction comprising
primarily hydrocarbons less than 6 carbon atoms per molecule, a middle fraction
comprising C,-C, aromatic hydrocarbons, and a Cy+ fraction comprising aromatic

15  compounds; and

separating said second product stream into a lights fraction
comprising primarily hydrocarbons less than 6 carbon atoms per molecule, a middle
fraction comprising C,-C, aromatic hydrocarbons, and a C;+ fraction comprising
aromatic compounds; and wherein step (3) further comprises:

20 combining said middle fraction obtained from said first product
stream with said middle fraction obtained from said second product stream to
produce a combined middle fraction;

separating said C,-C, aromatic hydrocarbons from said combined

middle fraction thereby producing a non-aromatic hydrocarbons fraction; and

25 . combining said lower molecular weight hydrocarbons with said lights
fractions.
10. A process according to claim 9, wherein said first hydrocarbon feed
is gasoline,
11. A process according to claim 9, wherein said second hydrocarbon

30 feed comprises naphtha.
12, A hydrocarbon conversion which comprises:

(1) introducing a hydrocarbon feed stream comprising at least one



(1) contacting a hydrocarbon th a catal yst under sufficient
conditions to effect the conv n B lhl’mdrocar bon to a product 5

stream conprising aronmatic hy efins wherein said

hydr ocar bon W@R3088F eam conpri ses at | east one non-aronmat i ECHY8IEEHAbonN;
(2) separating said product streaminto a lights fraction, a mddle
fraction conprising Clerr]-Clerr] aromadd c hydr ocar bons and non-aronmatic

hydr ocar bons, and a + fraction conprising aro ; and 10
(3) separati Mg m“%%‘i’f"}mﬁ“éf‘ 0120 4 ““’hﬁ?ﬁ‘g%rcg?&gﬂ tacf‘ ?82&3
non- ar omat i C shakl mral&eaae-t&%ﬁm cﬁt&l@&uﬁid&gef&cﬁwadmnmnbn&iboc ar bons

fraction. 2. process according to CE&( 1% e| n said
hydr ocar bon PEsyeq %ﬁg%gwfphéf uent comprising aro;seam gcarbons an P?fbafPHiaEf aimi,

wherein saidy &mmy action 15 conprises prinaril y hydr ocar bons havi ng

N

| ess than 6 carbon atons per nolecule. 4. process_according to
claim1, @hl ch conpri s@} ineqseing iseig ficgtagactor eﬁ}#ﬁf‘b’é‘&’rﬁd?@t pRofiistai d 1ights
fraction. FratftinCdy er

conpr i s6s cofgfeEI g séhaPE S53 rAGGPEANRR LG §) SNENE frallinfCbniddiog

hydr ocar bon fpamanlmkaneﬁand alkenes containipg lpsehen §cadon aipgnstrst Mcﬁhe(b)f t he
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hydr ocar bons “f ion'1n react or onvertlng sai d
non- ar onat i ¢ clwpdn atomslpenmo]ecule) ahdofea G;tlfmctimacrompensggthydl;pdarbm bons. 7.

A process_,accordin | ai m whi ch fur corrpri ses: 25

conbi ni naosal g %}58 %t%p% bons with said |ights

fraction in step (2) t@) fiﬁutcmuamg@ﬂblmﬁeaeﬁatmamw amal as epatadts egraetiidny| ene and
unit and separating said middle fraction into a non-aromatic hydrocarbons fraction
and an aromatics fraction consisting essentially of BTX;
(4) introducing said non-aromatic hydrocarbons fraction obtained in
15 step (3) into a thermal cracking reactor and converting said hydrocarbons contained
in said non-aromatic hydrocarbons fraction to a second reactor effluent which
‘comprises lower molecular weight hydrocarbons;
(5) combining said second reactor effluent from said thermal
cracking reactor in step (4) with the lights fraction (a) obtained in step (2) to
20 produce a first combined stream; and
(6) introducing said first combined stream obtained in step (5) into
at least one second separator and separating said first combined stream into an
overhead stream comprising primarily ethylene and propylene, a first side stream
comprising primarily ethane and propane, a second side stream comprising primarily
25 butanes, and a bottoms stream comprising hydrocarbons containing S or more than 5

carbon atoms per molecule,

13. A process according to claim 12, wherein said first hydrocarbon feed
is gasoline.
14. A process according to claim 12, wherein said first side stream

30  obtained in step (6) is combined with said non-aromatic fraction obtained in step (3)
to produce a second combined stream, and said first combined stream is introduced

into said thermal cracking reactor used in step (4).



propyl ene from said conbi ned stream 8. _ A process according to
claim6, which further conpri sesnm“mmln H‘I EMHLI ower nol ecul ar wei ght
hydrocarbons w th said |ights 3011 ; W p (2) to produce a
conbined streah? ¥ separating said* conbined streaminto aPFPYBEAMIRT | ns

stream conpri sing ethylene and propylene, a first side stream conprising
but anes, and a second side stream corrpri‘éisng C err]+ hydrocarbons. WO

99105081 PCT/ US98/ 0, -2 9. [ QCEesS
according to c}saii m 8, V\/FéePrglI éﬁs g‘fcgfod}%gllﬁ% ?Wﬁ %E?Vh%?)lprﬁralflssg%o:ndicﬁlf‘r’g ucing a
first hydrocarareamffashericomprises adtesimalikameafeedon react or and contacting said

first hydrocarpon feed streamw th.a catal yst_.under sufficient condition
to effect the E nver si o B‘P°§§F?f°%t8@§¥t9\8/?1°ff ‘g’sfl?'ﬁét wb}cbﬁ Tstream 5

fconrgri sing ar omtﬂriaesfudtbﬁzﬁlﬁizﬁmsomm s&haeﬁmsmhemﬂgearsai fhed istramd\kkydihpcar bon
eed stream conpri.ses at, | east ,one,  hop-aronati.c rocar hon; an

i nt roduci ngg a n&cbié" W&P‘E?@aﬁ?‘ﬁgﬁq’g‘@ﬁ‘pgf i’?ﬁ%};ﬂnﬁéﬁ“ Bﬁ‘ﬁ%rf@”ﬁbg‘&et or and
contacting sai sreaRGRIARXIMBEALBO FeabBLR stépt (.2 Group VI netal or a Goup
VI1I netal -containing catal gst under a_condition sufficient to produce a 10

second productl&tream c acarbgn SeRyeEsianaPresess whigh pUPRIisshthe §1eBs P wher ei n
ist ep (2) further conpri$psineeRMAE GRY hydb&rfohedd dareaﬂles&pﬁéi%gemasm 0 a
ights fraction conprising primarily hydrocarbons |ess than carbon atons
per nol ecul e, @perRoFdramaticdyeioparbon into an aromatization reactor, and contacting said
10  first feed stream with a zeolite-containing catalyst under effective reaction
conditions to produce a first product stream comprising aromatic hydrocarbons and
non-aromatic hydrocarbons;
(2) introducing a second hydrocarbon feed stream comprising at least
one non-aromatic hydrocarbon into a reforming reactor and contacting said second
15 hydrocarbon feed with a Group VIHI metal or a Group VIII metal-containing,
catalyst under an effective condition to produce a second product stream comprising
aromatic hydrocarbons and non-aromatic hydrocarbons; o
(3) introducing said first product stream into at least one first : .
separator and separating said first product stream into (a) a lights fraction ?
20  comprising primarily alkanes and alkenes containing less than 6 carbon atoms per
molecule, (b) a middle fraction comprising primarily aromatic hydrocarbons
containing 6-8 carbon atoms per molecule, and (¢) a C,+ fraction comprising
hydrocarbons containing more than 8 carbon atoms per molecule;
(4) introducing said second product stream into at least one second
25 -separator and separating said second product stream into (i) a lights fraction
comprising primarily alkanes and alkenes containing less than 6 carbon atoms per
molecule, (ii) a middle fraction comprising primarily aromatic hydrocarbons
containing 6-8 carbon atoms per molecule, and (jii) a Cy+ fraction comprising
primarily hydrocarbons containing more than 8 carbon atoms;
30 (5) combining said middle fraction (a) obtained in step (3) with said
middle fraction (ij) obtained in step (4) to product a combined middle fraction;

(6) introducing said combined middle fraction into an aromatics



conpri sing C[err]-C[err] aromatl nd a C[err]+ fraction
conprising aromatic 15 corrpoun 'ﬂmﬂ:mﬁmﬁ ‘u;g sai d second product
streaminto a | |9hts fraction conprising prl y hydrocarbons | ess than 6
carbon atons W@P¥MBlecule, a niddie fraction conprising  eFFUREAHAY
aromat i€ hydrocarbons, and a (Jerr]+ fraction conprising aromatic
conpounds; and wherein step (3) further 3,70‘rrpri ses: 20

conbi ni ng sai obt ai ne uct streamwth
sai d niddle ffﬁﬂcf%%“%{) %B%Q? oM Al ¢ ms?gggl%? n?%%l?éxﬁtarsoﬁaggm to produce a
conbi ned m ddhgpdrbé¢aiein mcncﬁxemaraataromusmw&o@wns]fsaqlm cdnsiatimgesséntially

hydr ocar bons f aid conbined mddle fraction thereby producing a
non-aromati c ﬁ{/gﬁ%zar bons fraction; and 25 . conbi ni ng said

| ower mol ecul ar wei ght (hydﬁ@fdaexbgeﬁd%ﬁ-hm&mdhydrgmmmﬁufacﬁomma10

A process gccordl ng to, claim9, whgrel n said fel%ﬂ&?t @Wr bon, feed is
gasol i ne. al cracking ypactos aad produging ;Eraptgr T S5 0% second
hydr ocar bon Sgwlec{lﬁleq,em&&%oﬁgapht ha. 12. A hydrocar bon

conversi on whi ch conprises: mg) i ntroduci ng a hydr ocar bon feed stream
conprising at |east ond8) co ingg/ gRiogactor effluent with said lights fraction (a)

PCT/ JS9811111043Red in step (3) to produce a first combined stream; and

(9) introducing said first combined stream into at least one third

10  separator and separating said first combined stream into an overhead stream
comprising primarily ethylene and propylene, a first side stream comprising
primarily ethane and propane, a second side stream comprising primarily butanes
and butenes, and a bottoms stream comprising hydrocarbons containing 5 or more
than 5 carbon atoms per molecule (C;+ hydrocarbons).

15 18 A process according to claim 17, wherein said first hydrocarbon is
gasoline and said second hydrocarbon feed comprises naphtha.

19. A process according to claim 18, wherein said second hydrocarbon
feed comprises hydrotreated naphtha.
20. : A process according to claim 17, wherein said first separator, said

20 second separator, and said third separator each comprises a plurality of fractional
distillation units.

21. A process according to any one of claims 17-20, further comprising
combining said first side stream obtained in step (9) with said non-aromatic
hydrocarbons fraction obtained in step (6) to produce a second combined stream and

25  introducing said second combined stream into said thermal cracking reactor used in
step (7).

22, A process according to claim 21, wherein said second combined
stream further comprising a fresh alkane feed.
23, A process according to claim 22, wherein said alkane is pentane.

30 24, A process according to any one of claims 17-20, which further
comprises combining said bottoms stream with said hydrocarbon feed stream used in

step (1) to produce a third combined stream and introducing said third combined



non- aromati c hydrocarbon into an ion reactor, and contacting said
feed streamwith a zeolite-conta Ellﬁmﬁ UKE:” der effecti-ve reaction
conditions to produce a first re nprising aromatic

hydr ocar bons ¥RPYR¥BL ar omati ¢ hydrocar bons PCT/USp8/11110
introducing said first reactor effluent nto at least one first separator
and separating said reactor effluent |nt3 (a) alights fraction conprising
primarily al k I i than 6 carbon atons per

nol ecul e, (b) %ggﬁng‘ggﬂ%#(grg %t?l&gtgﬂt& 19%"89(?“ marily aromatic hydrocarbon
containing 6 t25.8 carboA pmaaassmcpua-dmgmdsen)ub& afivdaifs ) 720 Cyvhich Further acti on
conpri sing hydrocar bons, .10 n e th bo

ol Bout e (3] SPRPRAdEPRG e ta dHCHoH PURPRLT T C) Rt YR Caf BfgioPes

extracti on unigii)@beiree Me ke (4) o pridtced dﬁhlﬁnéd@,e{hyﬂfbcax’bbmpmdmmmﬁatl c
hydrocarbons fraction and an aromatics fraction consisting essentially of
BTX; (4) introducing said non-aronmatic hydrocarbons fraction obtained in 15
step (3) into a thermal cracking reactor and converting said hydrocarbons
contained in said non-aromati c hydrocarbons fraction to a second reactor
ef fl uent which conprises | ower nol ecul ar wei ght hydrocarbons; (5) conbining
sai d second reactor effluent fromsaid thernmal cracking reactor in step (4)
with the lights fraction (a) obtained in step (2) to 20 produce a first
conbi ned stream and (6) introducing said first conbined stream obtained in
step (5) into at |east one second separator and separating said first

conbi ned streaminto an overhead stream conprising primarily ethyl ene and
propyl ene, a first side streamconprising primarily ethane and propane, a
second side streamconprising primarily



25 but anes, and a bottons stream conprising hydrocarbons containing 5 or
nore than 5 carbon atons per nolecule. 13. A process according to
claim 12, wherein said first hydrocarbon feed is gasoline. A
process accorﬁ'f’r?@’ 198! cl ai m 12, wherein said first side st re%ﬂ’%??s’lué%t ai ned
in step-(6) is conbined wth sai d non-aromatic fraction obtained in step
(3) to produce a second conbined streany 3and said first conbined streamis
introduced into said thermal cracking reactor used in step (4). WO

99/ 05081 PCT/ US98/ 11110 - 36 - 15.
A process accordi ng ho [ erein said second conbi ned stream

i eed. 16. A process according to

streamwi th said hydrocaf bon feed}streamused in 5 step (1) to produce a
third conbined stream and introduging said thingd conbined streaminto the
aronat i zati on react or . Y. hydrocarbon conversion
process whic st eps of}: T ydr ocar bon
feed stream conp\i si at ast _one Uhon-aromati ¢ hydrocarbon into an
aromati zation redctor, anf contacting said 10 first feed streamwth a
zeol i t e- cont ai nifdg cataly:t under effective reaction conditions to produce
a first product “stream copprising aromatic hydrocarbons and
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non-aromati ¢ hydrocarbons; (2) introducing a second hydrocarbon feed st+eam
conprising at |east one non-aromatic hydrocarbon into a reformng reactor
and contacting said second 15 hydrocarbon feed W th a Guy4psiihiemetal or
a G oup VIIIwaewsdsicont ai ni ng, catal yst under an effective condition to
produce a second product stream conprising aronatic hydrocarbons and
non-aromati ¢ hydrocarbons; (3) intro@yc3ng said first product streaminto
at | east one first separator and separating said first product streaminto
(a) a lights fraction 20 conprising primarily al kanes and al kenes
containing less than 6 carbon atons per nolecule, (b) a mddle fraction
conprising primarily aronptic hydrocarbons containing 6-8 carbon atons per
nol ecul e, and (c)Ma + fraction conprisiqg hydr ocar bons cont ai ni ng
nmore than 8 carbdf} at er nolecule; (4) intyoducing said second product
ﬁsparator\ggq separating said second

t

product streaminf{o (if)] a | @hts fradtjocr—ecorpr+mg—prrmar®™y al kanes and
al kenes con t had%6 car bonf/at ons per nolecule, (ii] a mddle
fraction conpri $Nng primprtTy gronmati c hydrocarbons containing 6-8 carbon
atonms per nol ec i) E Clerr]+ fraction conprising pginmarily
hydr ocar bons con re tpaneg carbon atons; 30 (5)
conbi ning § e fraction )} obtained in step (3) with gaid mddle
fraction (i) obtained in stepl{d) to product a conbined m ddlle fraction;
(6) introdrcing said conmbined fiddl e fraction into an aromatids
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WO 99105081 PCTI US9{ bo oo 3¢z
1110 - 37 - extraction unit and separating said conbined streaminto a
non-aromati ¢ hydrocarbons fraction and an aromati c hydrocarbons fraction
consi sting es¥YPO8ty of BTX; (7) introducing sai d non-ar oRgl/V¥¥11110

hydr ocarbons fraction into a 5 t hermal cracking reactor and producing a.
reactor effluent which conprises |ower3pg ecul ar wei ght hydrocarbons; (8)
conbining said reactor efflueng with said lights fraction (a) obtained in
step (3) to produce a first confbined stream and (9) introducing said first
conbi ned streaminto at |east ¢ne third 10 separator and separating said
first conbi ned stream i,gto <N Qver head stream conprising primarily ethyl ene
and propyl ene, a first \pi dédsksdeam conprising primag |y ethane and propane,
a second side stream conprisind primarily butanes a#fd butenes, and a
bottons stream conpri si bons conf¥i ni ng 5\9{ nore than 5 carbon
atons per nol ecul %’ns). 15 ; A procesaccordi ng
to claim17, wherein gaid f is gasoline and said .s-icond
hydr ocar bon feed conp#) ses napht ha.§ 19. A process according to
claim 18, wherein sai econdyhydrogarbgn feed conprises hydrotreated

pbcar

napht ha. 20. accol to claim17, wherein said{first
separator, said j20 second separatpr, and said third separator ea¢h
conprises a plurfality of fractionalf#3tillation units. 21. A
process accesdirg 9 any one of‘__cl a{q‘rrs 17-20, further conprising
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conbining said first side streamobtained in step (9) wt L
non-aromati,c hydrocagbons fraction obtained in step (6) t'g %?oé"las '%ond
conbi ned stream and 25 introduci ng sal d second combi ned st r (bR
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(57) Abstract

A hydrocarbon conversion process comprises: 1) contacting a hydrocarbon feed such as, for example, gasoline in reactor {10), with
a catalyst under sufficient conditions to effect the conversion of the hydrocarbon to a product stream comprising aromatic hydrocarbons
and olefins; 2) separafing the product stream in unit (20) into a light fraction comprising primarily hydrocarbons less than & carbon atoms
per molecule. 4 middle fraction comprising C6-C8 aromatic hydrocarbons and non-aromatic hydrocarbons, and g C9+ fraction comprising
aromatic compounds in unit (30); 3) separating the C6-C8 aromatic hydrocarbons from the middle fraction; and 4) separating hydrocarbons
contaihing 5 or more carbons per molecule (C5+ hydrocarbons) from the light fraction in unit (50).




