- 1 - PROCESS FOR PRODUCI NG PARA- XYLENE Field of the Invention [0001] This
invention relates to a process for producing para-xylene. Background of the
| nvent i onwo[20002F&bhyl| benzene (EB), para-xylene (PX), orCharsiybens2g4 OX) and
nmet a- xyl ene (MX) are often present together in Cg aromatic product streans
fromchem cal plants and oil refineries. O these Cg conpounds, although EB
is an inportant raw material for the production of styrene, for a variety
of reasons nost EB feedstocks used in styrene production are produced by

al kyl ati on of benzene w th ethyl ene, rgiher than by recovery froma Cg
aromatics stream O the three xylene isoners, PX has the | argest
commercial- market and is used primarily for manufacturing terephthalic acid
and terephthal ate esters for use in the roductl on of varl ous pol yners such
as pol y(ethyl ene ter epfRAGESSFORBK R
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pol y(butene terephthal ate). V\hl le OX and MX are useful as solvents and raw
mat eri als for maki ng products such as phthalic anhydride and isophthalic
aci d, mar keFiekbohthe ¥nventidm and MX and t heir downstream derivatives is nuch

stal ferthaogRt { or 1R L0803 GENGLR b8/ SRR, Lar, P o5, compar od

with its other 1soners rets S|gn Et in
maxi m zi ng PX production fromany given source of C8 aromatic material s.

However, thegre are h By Or %echnlcal chal  enges in achieving this goal of

nexi m zi ng MM four Cs aromatic conpounds, particularly

the three xmoonp i somBthylbéizne S(EB)), d@ﬁ-&§ﬁﬂé (FK); ongienkylehe Qo diatat ed by
i on of the aromatic streamin a particular
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processing steps are used to i ncrease the amount of PX and/or to inprove

the PX recolfpsriagt 13V maienal fapthsmapduction of styrence fentd variesy ef wpasensaupst t o
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and identical nolecular weight 41 A varirety o t ho
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and a xyl enmansfan’enmgateiephthahe;amdl andveiephthakee I@é(ersmot asd 1mﬂ1etﬁmdxm<mdepl et ed
streamis repurned bac tovvard UI| [ conce t] ically by

contact wit t Vaf%uécaf’lé?negf e@‘é alﬂ?bfl% t #g%vé‘?r %théa@gm?é’ﬁ%g%ﬂpy lity of
t hese net hotsepleiptady and ;Sdiﬂbﬁfd‘nbﬁe&ﬁﬁﬂflalat‘dﬁtw(hﬂé@Xla‘t‘lﬁﬂﬂS@a@ﬂﬁheﬁQMSdl ty of

t he separatign step which, as scussed above, conpl i.cated by the
cheni cal EP%W% agglra‘é'l ’H‘F‘ieﬁfﬂst{? ’P%PB?‘*“FE?r%’r??‘ assphithgfifpprhiydride and
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derivatives is much smaller than that for PX.

[0003] Given the higher demand for PX as compared with its other
isomers, there is significant commercial interes"c in maximizing PX production
from any given source of Cg aromatic materials. However, there are two major
technical challenges in achieving this goal of maximizing PX yield. Firstly, the
four Cg aromatic compounds, particularly the three xylene isomers, are usually
present in concentrations dictated by the thermodynamics of production of the Cg
aromatic stream in a particular plant or refinery. As a result, the PX production is
limited, at most, to the amount originally present in the Cg aromatic stream unless
additional processing steps are used to increase the amount of PX and/or to
improve the PX recovery efficiency. Secondly, the Cg aromatics are difficult to
separate due to their similar chemical structures and physical properties and

identical molecular weights.
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A variety of methods are known to increase the concentration of
PX in a Cg aromatics stream. These methods normally involve recycling the
stream between a separation step, in which at least part of the PX is recovered to
produce a PX-depleted stream, and a xylene isomerization step, in which the PX
content of the PX-depleted stream is returned back towards equilibrium
concentration, typically by contact with a molecular sieve catalyst. However, the
commercial utility of these methods depends on the efficiency, cost effectiveness
and rapidity of the separation step which, as discussed above, is complicated by
the chemical and physical similarity of the different Cg isomers.
[0005]

different components in chemical mixture.

Fractional distillation is a commonly used method for separating
However, it is difficult to use
conventional fractional distillation technologies to separate EB and the different
xylene isomers because the boiling points of the four Cg aromatics fall within a
very narrow 8°C range, namely from about 136°C to about 144°C (see Table 1
below). In particular, the boiling points of PX and EB are about 2°C apart,
whereas the boiling points of PX and MX are only about 1°C apart. As a result,
large equipment, significant energy consumption, and/or substantial recycles
would be required for fractional distillation to provide effective Cg aromatic
separation.

Table I

EB -95
PX 3
MX 139 48
OX 144 25

[0006]

components of a mixture and takes advantage of the differences between the

Fractional crystallization is an alternative method of separating

freezing points and solubilities of the components at different temperatures. Due
to its relatively higher freezing point, PX can be separated as a solid from a Cg
aromatic stream by fractional crystallization while the other components are

recovered in a PX-depleted filtrate. High PX purity, a key property needed for



MX 139 -48 OX 144 -25 [0006] Fractional crystallization is an alternative
nmet hod of separating conponents of a m xture and takes advantage of the

di f f erencwe 2betme|m t he freezing points and sol ubiliti epcofustéve/ocssoponent s
at different tenperatures. Due to its relatively higher freezing point, PX
can be separated as a solid froma C8 aromatic stream by fractiona
crystallization while the other conponents are recovered in a PX-depleted
filtrate. H gh PX purity, a key property needed for - 3 - satisfactory
conversion of PX to terephthalic acid apd terephthal ate esters, can be
obtained by this type of fractional cryStallization. U S. Patent No.
4,120,911 provides a description of this nethod. Comercially avail abl e

fractional crystallization processes and apparatus include the
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Nos. 3,706,812, 3,6 732,325 and 4, 886, 929) Two connercially available
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ELUXYLTM pr gg&ifon@beryB@iilyaRbReLee6verise ol ecul ar sieves to adsorb PX In
such nol ecul ar-si eve based adsorption processes, a higher amount of PX
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feedstream to form a PX-depleted effluent. The adsorbed PX can then be
desorbed by various ways such as heating, lowering the PX partial pressure or
stripping. (See generally US Patent Nos. 3,706,812, 3,732,325 and 4,886,929)
Two commercially available processes used in many chemical plants or refineries
are PAREX™ and ELUXYL™ processes. Both processes use molecular sieves to
adsorb PX. In such molecular-sieve based adsorption processes, a higher amount
of PX, typically over 90%, compared with that from a fractional crystallization
process, tyi»ically below 65%, may be recovered from the PX present in a
particular feed.
[0008] For many of these PX separation processes, the higher the original
PX concentration in the feed stream, the easier, more efficient and more
economical it becomes to perform the PX separation. Therefore, there are strong
economic and technical incentives to increase the PX concentration in a
hydrocarbon feed stream comprising the Cg aromatic compounds prior to sending
the feed stream to a PX recovery unit.
[0009] There is, therefore a need for an improved process for increasing
the PX concentration in Cg aromatic streams prior to sending the streams to the
PX recovery units. This higher PX concentration would also allow better
utilization and/or de-bottlenecking of existing PX separation equipment, such as a
PAREX™ unit, an ELUXYL™ unit or a fractional crystallizer.



[ 0008] For many of these PX separation processes, the higher the original PX
concentration in the feed stream the easier, nore efficient and nore
econoni calvoizboieecmwes to performthe PX separation. Thewrefrarsego7iobssee ar e
strong econom ¢ and technical incentives to increase the PX concentration

i n a hydrocarbon feed stream conprising the Cs aromati c conpounds prior to
sending the feed streamto a PX recovery unit. [0009] There is, therefore a
need for an inproved process for increasing the PX concentration in C8
aromatic streans prior to sending the streans to the PX recovery units.
Thi s hi gher PX concentration would al so”"allow better utilization and/or
de-bottl enecki ng of existing PX separation equi pnent, such as a PAREXTM
unit, an ELUXYLTM unit or a fractional crystallizer. - 4 - Sunmary of the
| nvention Sonhtdryefdhelmeantinn, t he present application describes a process

for produci PX-ri roguc he _process.c rising: a) separating a
f eedst ock c@ﬂtl ni ng i’gcﬁlfdg%’gtgr’b%ﬁsp (S)enpr%p(ﬁ}lggggz;n (f!s%s lgocﬁsoéar}rﬁ‘éﬁg %Feh
stream ( bprodegag atiXgichiprédmstthapfacestcopprisimgny of t he C8 hydrocarbons |
rich streamto pjQduce a Hirst P?]yich §;rean¢a d.a f%rst PX-gQEIe d
stream (c) isobri zPAGTaHng LEeHstgck soptpining, s hydroparbops PI0aNee8 &4 st r eam
to produce a firhydrosabeid Aedstsdangam havi ng a hi gher PX concentration than
the first PX-depleted stream d eparatin second pqrtion of the Cs
hydr ocar bons ri cﬁ’e)st r é%pﬂrfg}}‘tglq},léag%a%éggprtgorb%@tgpg}q(igarqca@mp Figh sfredfPrer i zed
streamto prQduc:ﬁ)ﬁoﬁﬁ@@&lﬁ@léx-ﬁeﬁsﬁéarneaﬂaﬁt@ﬂs@}&agﬂ%d%@%pl eted stream
(e) isonerizing at least a portion of the second PX-depleted streamto

produce a second(9sondSIMeEHIng pblgashanosdon ofithe drstPRXcdamliated saeam ot han
the second PX- deplRiued aSfirseABnerized stream having a higher PX concentration than

the first PX-depleted stream;

(d) separating a second portion of the Cg hydrocarbons rich stream
and/or at least a portion of the first isomerized stream to produce a second
PX-rich stream and a second PX-depleted stream;
(e) isomerizing at least a portion of the second PX-depleted stream to
produce a second isomerized stream having a higher PX concentration
than the second PX-depleted stream; .
® recovering at least a portion of at least one of the first and second
PX-rich streams as PX-rich product; and
(2 supplying at least a portion of at least one of the first isomerized
stream, the second isomerized stream, the first PX-rich stream, and the
second PX-rich stream to the separating (a).
[0011] Conveniently, the feedstock contains at least Cg+ hydrocarbons and
the separating (a) produces the Cz hydrocarbons rich stream and a Co+
. hydrocarbons rich stream.
[0012] In another aspect, the present application describes a process for
producing a PX-rich stream, the process comprising:
(a) separating a feedstock containing Cg hydrocarbons to produce a Cg
hydrocarbons rich stream; '
®) separating at least a portion of the Cg hydrocarbons rich stream to
produce the PX-rich stream and a first stream;
©) isomerizing at least a portion of the first stream to produce a

second stream having a higher PX concentration than the first stream;



recovering at |least a portion of at |east one of the first and second
PX-rich streans as PX-rich product; and (g)supplying at |east a portion of
at | east woeoofi2tdye first isonerized stream the secondpicsasesirness2st ream
the first PX-rich stream and the second PX-rich streamto the separating
(a). [0011] Conveniently, the feedstock contains at |east C8-1- hydrocarbons
and the separating (a) produces the Cs hydrocarbons rich streamand a Cg+
hydrocarbons rich stream [0012]1n another aspect, the present application
descri bes a process for producing a PX_-Céi ch stream the process conprising:
(a) separating a feedstock containing “hydrocarbons to produce a C8

hydr ocarbons rich stream (b) separating at |east a portion of the C8
hydr ocarbons rich streamto produce the PX-rich streamand a first stream
(c) isonerizing &) | eseparadingati¢asha pbrtidmeofithe s¢costistraamtito pprdigaedhixdsecond

stream having a fi r. BX c t | on,th fir rea - - (d)
separati ng a'? I egz}g a aﬁlgr £ o(gr}ﬁﬁ? {t%e}négtggngnrs‘{ :Lgrgﬁqmt Z‘ta‘f)l?%dgcg}gge’f hli%gd
stream and a f oucdrvestrateanthah e debbndl sts¢ane and bsevfonghateaghaving lower
concentration th?%ht he ect:.ond] st ream a dtrt he fourth stream having a | ower
PX concentration' tHAACTHEHERE SEFERN STy i sonerizing at least a

portion of the f@yrthisshietiaifota lgusodpoftich ¢f the Fodtl arsamhavprogude hfigher PX
concentration than th f_ourglh st m and (1)providing at |east a portion
of the third strLsamhaying a fghleé S(?co&xcentranon an the fo stream; and

@ providing at least a portion of the third stream and/or at least a

portion of the fifth stream to the separating step (a).

[0013] Additionally, the process.may comprise recycling a portion of the
fifth stream and/or a portion of the third stream to (d). Further, the process may
comprise recycling a portion of the fourth stream to (c).

[0014] In one embodiment, the process further comprises fractionating
said second stream to produce a first portion rich in C;- hydrocarbons and a
second portion rich in Cg+ hydrocarbons, said second portion being supplied to
said separating (d). '

[0015] Conveniently, the separating (b) comprises at least one of selective
adsorption, selective crystallization, selective extraction, and selective membrane
separation, and the separating (d) comprises at least one of selective adsorption,
selective crystallization, selective extraction, and selective membrane separation.
[0016] In yet another aspect, the present application describes a process
for producing a PX-rich stream, the process comprising:

(a) separating a feedstock containing Cg hydrocarbons to produce a Cg
hydrocarbons rich stream;

(b) separating at least a portion of the Cg hydrocarbons rich stream to
produce a first stream and a second stream, the first stream having a higher PX
concentration than the Cg hydrocarbons rich stream and the second stream having
a lower PX concentration than the Cg hydrocarbons rich stream;

(©) isomerizing at least a portion of the second stream to produce a
third stream having a higher PX concentration than the second stream;

(d) separating at least a portion of the first stream and/or at least a

portion of the third stream to produce the PX-rich stream and a fourth stream;



portion of the fifth streamto the separating step (a). [00131Additionally,
the process may conprise recycling a portion of the fifth stream and/or a
porti on olotbe/t2hiswd streamto (d). Further, the proces®CrAB2MONPSSLS e
recycling a portion of the fourth streamto (c). 100141l n one enbodi nent,
the process further conprises fractionating said second streamto produce a
first portion rich in C7- hydrocarbons and a second portion rich in C8+
hydr ocar bons, said second portion being supplied to said separating (d).
100151Conveni ently, the separating (b)_gonprises at |east one of selective
adsorption, selective crystallization, Selective extraction, and sel ective
menbr ane separation, and the separating (d) conprises at |east one of

sel ective adsorption, selective crystallization, selective extraction, and
sel ective menbraffd sejpwmarizing at[lm;{eportwrwﬁthaﬁ@trﬁmtreagp@cmpdmea fifthsent
appl | cati onylasfkdVifss higheP PRt AlirdbloR Ui BY BullGdll Ay eam the process
conpri si ng: (aﬁ1 separating a feedstock contal nirg hydr ocar bons to
produce a C8 hydfcar providingahleastrapertion of the fifth strempaw titei segarating sept  a
portion of g&g}e C8 hydrocarbons rich streamto produce a first streamand a
second stream the first stream having a hi gher PX concentration than the
C8 hydrocar[96ag] ri ch tdditionatindht peocees gt dhpeBeréBNliAg abldastvpordidn

concentration.than the Cs hydroc ng rich stream . (c) 1Lsonerizing
at least a ?)tg i58ﬁ°rbc_i15??f’én §‘i5ffﬁﬁ&?‘§§’ﬁf’tt © Protfst oy ‘EQWI?ereerF?é"é‘rﬁg_kPévi ng a
hi gher PX cleagtenpémionst the st §ifeaGadIor &i AN portion of theth&&RatahiBg at

| east a porti o&gof the first streamand/or at least a portion of the-third

streamto p?t‘a‘&l e the PX-rich streamand a fourth stream - 6 - (e)
I somer i zi ng[opls] east @n et éxﬁBocﬁfnehﬂ_ethE%Eékss%ﬁﬁ@fncbﬁlﬁﬁﬁé@%&i&naftiggt h

stream havi ng_a hi gher PX caoncentration than the fourth stream an

said fifth stream to produce a first portion rich in C4- hydrocarbons and a second
portion rich in Cg+ hydrocarbons, said second portion being supplied to said
separating (a).
[0019] In another embodiment, at least a portion of the third stream is
provided to the separating (a).
[0020] In this process, the PX-rich stream typically comprises at least 50
wt.% PX, generally at least 90 wt.% PX.
[0021] In a further aspect, the present application describes a process for
producing a PX-rich product, the process comprising:

(@) separating a feedstock cbntajning Csg hydrocarbons to produce a Cg
hydrocarbons rich stream;

(b) separating a first portion of the' Cs hydrocarbons rich stream to
produce a first PX-rich stream and a first stream;

©) isomerizing at least a portion of the first stream to produce a
second stream having a higher PX concentration than the first stream;

(d) separating a second portion of the Cg hydrocarbons rich stream to
produce a second PX-rich stream and a third stream;

(e) isomerizing at least a portion of the third stream to produce a fourth
stream having a higher PX concentration than the third stream;

- recovering at least a portion of at least one of the first and second

PX-rich streams as PX-rich product; and

(2) providing at least a portion of the second stream and at least a

portion of the fourth stream to the separating (a).



(f)providing at least a portion of the fifth streamto the separating step
(a). [0017]Additionally, the process may conprise recycling at least a
portion oWotber/memend streamto step (e). Further, the prcoassezaesszeonprise
recycling at least a portion of the first streamand/or at |east a portion
of the third streamto step (b). [0018]1n one enbodi nent, the process
further conprises fractionating said fifth streamto produce a first
portion rich in C7- hydrocarbons and a second portion rich in C8+
hydr ocar bons, said second portion being7§upplied to said separating (a).
[0019] I n anot her enbodi ment, at |east a portion of the third streamis
provided to the separating (a). [0020]In this process, the PX-rich stream
typically conprises at |east 50 wt.% PX, generally at least 90 wt. % PX
[0021] I n a N@B?her as posvenienly, spiskisameripigi ©his eifeeted @t |1¢ﬁét?a;lpﬂmaasst for
roduci Nng aipRXiqkid oduct, the process conprising: a) separating
g feedstgckmggﬁPgﬁEFﬁ% C8 hydrocarbons to produce a C8 hydrocarbons rich
st ream [0023] b) separ ené negmbodimest, oy tseparatihgt o) COniprdeocsidative ri ch

streamto pﬁc&g%ﬁ)naanfditﬁé Eepg 'tfnig(\(g) §<§x£8r"’1‘£9s %ag:tigngllcg?‘sttalﬁ%:{tleo%m

Brief Description of the Drawings

[0024] Figure 1 is a schematic diagram of a conventional xylene
separation and isomerization loop.

[0025] Figure 2 is a schematic diagram of a process for producing para-
xylene in accordance with a first embodiment of this disclosure.

[0026] Figure 3 is a schematic diagram of a process for producing para-
xylene in accordance with a second embodiment of this disclosure. ’
[0027] Figure 4 is a schematic diagram of a further conventional xylene
separation and isomerization loop.

[0028] Figure 5 is a schematic diagram of a process for producing para-

xylene in accordance with a third embodiment of this disclosure.

Detailed Description of the Invention
[0029] All patents, patent applications, . test procedures, priority

documents, articles, publications, manuals, and other documents cited herein are
fully incorporated by reference to the extent such disclosure is not inconsistent
with the present application and for all jurisdictions in which such incorporation is
permitted.

[0030] When numerical lower limits and numerical upper limits are listed
herein, ranges from any lower limit to any upper limit are contemplated.

[0031] One having ordinary skill in the art understands .that the
embodiments discussed in this application do not represent all the possible
apparatus or process variations embodied by the present disclosure. In addition,
many pieces of equipment and apparatus and certain processing steps may be
needed for industrial, commercial or even experimental purposes. Examples of
such equipments and apparatus and processing steps are, but not limited to,

distillation columns, fractionation columns, heat exchanges, pumps, valves,



(c) isonerizing at least a portion of the first streamto produce a second
stream havi ng a hi gher PX concentration than the fast stream (d)
separ at i ngoaoseeaad portion of the C8 hydrocarbons ri chpstrusasmrinessps oduce a
second PX-rich streamand a third stream (9)isonerizing at |east a portion
of the third streamto produce a fourth stream having a hi gher PX
concentration than the third stream (1)recovering at |east a portion of at
| east one of the first and second PX-rich streams as PX-rich product; and

(g)providing at |east a portion of the gecond stream and at | east a portion
of the fourth streamto the separating"gé). - 7 - [0022] Conveniently, said
I sonerizing (e) is affected at least partially in the |iquid phase.

[0023] I n one enbodi ment, the separating (b) conprises selective adsorption
and the sepBicaIUr @apgsys, doRprRRse shugest liguid-vanoysepitatorstfeedh and product

driers and/or treaters, clay treaters, feed and/or product storage facilities, and
processes and steps for process control. While such equipment, apparatus and
steps that are not needed for understanding the essence of the present application
are not shown in the drawings, some of them may be mentioned from time to time
to illustrate various aspects of the disclosure. It is also noted that some of the
equipment may be placed at different places in the process depending on the
conditions of the processes.

[0032] As used herein, the term “Cg+ hydrocarbons™ means hydrocarbons
having eight or more carbon atoms per molecule. A Cg+ hydrocarbons feed and/or
product is a hydrocarbon feed and/or product having more than 10 wt.%, such as
more than 20 wt.%, for example more than 40 wt.%, such as more than 50 wt.%,
and in some cases more than 80 wt.%, Cg+ hydrocarbons in the feed and/or
product. The term “Cy+ hydrocarbons” as used herein means hydrocarbons having
nine or more carbon atoms per molecule. A Cy+ hydrocarbons feed and/or product
is a hydrocarbon feed and/or product having more than 10 wt.%, such as more
than 20 wt.%, for example more than 40 wt.%, such as more than 50 wt.%, and in
some cases more than 80 wt.%, Co+ hydrocarbons in the feed and/or product. The
term “Cz- hydrocarbons™ as used herein means hydrocarbons having seven or less
carbon atoms per molecule. A C;- hydrocarbons feed and/or product is a
hydrocarbon feed and/or product having more than 10 wt.%, such as more than 20
wt.%, for example more than 40 wt.%, such as more than 50 wt.%, and in some
cases more than 80 wt.%, C;- hydrocarbons in the feed and/or product. The term
“Cg hydrocarbons” as used herein means hydrocarbons having eight carbon atoms
per molecule, including PX. A Cg hydrocarbons feed and/or product, with the
exception of a PX-rich or PX-depleted stream and/or product, is a hydrocarbon
feed and/or product having more than 10 wt.%, such as more than 20 wt.%, for
example more than 40 wt.%, such as more than 50 wt.%, and in some caseé more
than 80 wt.%, Cg hydrocarbons in the feed and/or product. The term “Cg aromatic
hydrocarbons™ as used herein means aromatic hydrocarbons having eight carbon
atoms per molecule, i.e., xylene(s) and/or EB. A Cg aromatic hydrocarbons feed

and/or product, with the exception of a PX-rich or PX-depleted stream and/or



Brief Description of the Drawings [0024]Figure 1 is a schematic diagram of
a conventional xylene separation and isonerization |oop. [0025]Figure 2 is
a schematwo 2do7agr@m of a process for produci ng para- xylpemasstov7@csses dance
with a first enbodi ment of this disclosure. [0026]Figure 3 is a schematic
di agram of a process for producing para- xylene in accordance with a second
enbodi nent of this disclosure. [0027] Figure 4 is a schematic di agram of a
further conventional xylene separation and isonerization |oop. [0028]Figure
5 is a schematic diagramof a process fgr producing para- xylene in
accordance with a third enbodi mrent of this disclosure. Detailed Description
of the Invention [0029]All patents, patent applications, . test
procedures, priority docunents, articles, publications, manuals, and other
docurent s cproddcthisrehydraearbéuifted andéwmpoduct ddving mefkdhant@ witdotduehext ent
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and in some cases more than 80 wt.%, Cs aromatic hydrocarbons in the feed
and/or product.

[0033] The term “PX-depleted” means that PX concentration in an exiting
stream of a particular unit is lowered as compared to the concentration in a feed
stream to the same unit. It does not mean that all of PX has to be depleted or
removed from the xylenes-containing feed stream(s) to the unit. The term “PX-
rich” means that PX concentration in an exiting stream of a particular unit is

increased as compared to the concentration in a feed stream to the same unit. It

does not mean that the PX concentration has to be 100%.

Feedstock

[0034] The feedstock employed in the present process may be any Cg+
hydro.carbon feedstock containing Cg aromatic hydrocarbons, such as a reformate
stream, a hydrocracking product stream, a xylene or EB reaction product stream,
an aromatic alkylation product stream, an aromatic disproportionation stream, an
aromatic transalkylation stream, and/or a Cyclar™ process stream. The feedstock
may further comprise recycle stream(s) from the isomerization step(s) and/or
various separating steps. The Cg+ hydrocarbon feedstock comprises PX, together
with MX, OX, and/or EB. In addition to xylenes and EB, the Cg+ hydrocarbon
feedstock may also contain certain amounts of other aromatic or even non-
aromatic compounds. Examples of such aromatic compounds are benzene, toluene
and Co+ aromatics such as mesitylene, pseudo-cumene and others. These types of
feedstream(s) are described in “Handbook of Petroleum Refining Processes”, Eds.
Robert A. Meyers, McGraw-Hill Book Company, Second Edition, all relevant
parts of which are hereby incorporated by reference.

Process Description
[0035] The process of the present application comprises an initial

separating step that serves to remove the Cot+ hydrocarbons from the Cg+

hydrocarbon feedstock. Because of the differences in molecular weights, boiling



[ 0030] Waien nunerical lower limts and nunerical upper limts are listed
herein, ranges fromany lower |imt to any upper limt are contenpl ated.

[ 0031] Onewbavemgr@wdi nary skill in the art understands thatustive/oessbodi ment s
di scussed in this application do not represent all the possible apparatus
or process variations enbodied by the present disclosure. In addition, nmany
pi eces of equi pnent and apparatus and certain processing steps may be
needed for industrial, comercial or even experinental purposes. Exanples
of such equi pnments and appar atus and prepessing steps are, but not limted
to, distillation colums, fractionation columms, heat exchanges, punps,

val ves, - 8 - pressure gauges, tenperature gauges, |iquid-vapor
separators, feed and product driers and/or treaters, clay treaters, feed
and/ or pr odeRintss aBd a@fgelf agiysical emd ghemjpabcrropertiean dhestegs Hydrocprimmess
control . ' [ re. needed for
under st anmdﬁﬁ%ggsﬁgﬁggggpk?ﬁg‘pﬁ%&#gn gggfﬁ %gt??é%ng%%?ﬁg%l{}gﬁg%t |gn t he
drawi ngs, sxylenesfandiighn Gepetadlynthetrdfores thef fistsdpanmingostep ireludes iftaktisnalat e

various aspgcts..of the disclosure, .t i so noted that sone of the

equi pnent rr%i;g/{l%aenoﬁf T8 Oié?rfﬁeg?réH?n B}eill"(aedé’ ?"rf?‘t%é’%‘?%&%téondéﬁm‘i‘ on the
(r:] ogdi ti OBS ofreddiive psrepmgsiSﬁ,S abl[n@ﬂﬁ?dlﬁsh sd;ﬁﬁﬂioﬂ? leRtrActidrl) Gort &iyNcofabination
ydrocar bong" neans roocar bo avi ng ei ght or nore carpon, atQnms per

mol ecul e.  APEERLKGAR g%%rhfoﬁ%‘adf s&, SERARUNE SRFERQS; %readwag%ﬂ;a} EBW’ged

and/ or pr odQEémivaVEnginess EHAREDOLE, Bds. H.HSPEkRy, 35. WtGReh RAd J 2 Mhlofey,f or
exanpl e nore, t han }fwty such as nore than 50 wt.% and in sone cases
more than gAY O?W@PH’(P&HS&%&I Rditige, 12%y aﬁﬁdl‘iﬁpdb?%%?‘?“@ﬁ‘@nt erm
" C9+ hydr OCREGRIAS " PRo%edse®d BRI, CROLIE S ML CRIRAR-IHAY HAdK NEBRpRAy, TOT €
carbon atons per nol ecul e. A C9+ hydrocarbons feed and/ or productp I's a

hydr ocar bonS¢c8d Editign all selsuanttparts of wéighore beredi ingprpprated byueferencenor e t han
20 wt. % fofgo8spP! € Mot faVaf CotMinegdCciy af B Gtend in
sonme cases l;mr eft han 80 cwt.% . fomr ocar b ﬁg&l nt ’ettgggbcfg%ﬁm%r&%ssoduct.
The term " Comprags ¢¢ dgasbane separatingstee te irecovena PXHyidhqradind stedmviiory seven
or |less car e C¢- hydrocar.baon e and/ or .pr.oduct
is a hydrocgl(rgtr)'rggl151 eeﬁa@dﬁgéﬁgl?% Hgénhgl\l/iorrl‘é ennﬁofrgoec{l?ﬁgtrs’i t&ﬁ%’.n&q %rag “tas nore
t han 20 wt . $tyeafio comprasgsl & haste50 hartedPXyWpréfierablic bt deast60 ewt. YaRX50noke. % and

in sonme cases.nore than o, Y+C7- hydrocarbons in the, and/ or
product . Th%refeggwy "aégea}‘?f/ggo‘gg(‘b%%s 'ev%&};EFg%rﬁ e?tg‘lgﬁsl‘:}g)aﬁ'é'&ggaéﬁlgr%’&ﬁs
Pavid ng 3; ghbre€atblgnt Ragy0 WeYs PH| &adin®st profdratily agleRd 95wk P dbaeabhons
eed and/ or

product, ~w t exception of a_PX-rich_ or PX-depleted stream
and/ or pr odtfEttora ?ebghﬁ?ggﬁcgﬁﬂéfﬁ’ Prodyctsterm: THe SeaRRzatingstep do FsoEe then 10
W . % such BX-#eH grotificRird®nVié pefofndd iePRIrecovefEulil8bnflsing alfeastém as
nore than 50 wt.% _ and in _sone cases, nore than 80 w % hydr ocar bons in

the feed andl/GysBrisaiRn unthean cadsprption Hpibndiche ahyal rRABEESH sunigsory sad
her ei n meangL esoy@iM thé%r REREPOREpRAN SN Gnftl 3N inen@han fsg%agmorp%it"%ew' e,

i.e., xylene(s) and/or EB. A C8 aromatic hydrocarbons 1"and/or” product,
with the ex@dpction usit. dpillatiemunit, aixagiioppien ynist ercamm combingtion thereof.

Cuch a5 mor SoTAneg Sk aeper B ha® (AL ool 30 G Rl

such as nore than i for exa re than
50 wt.% andh¢micgbhngigeerssHardbookRardss & .Mt Petry, @3 VarGrean iand ByQirMalanbygns i n

the feed a I er . PX; I , ans t PX
concentr at ?lgfﬁcqr%‘gé}%ﬁe%;{’?l? Egg%t%‘?%;%xg'f égﬁlﬁg’r % ?%Iagl%l e‘glr?in RS ?%ﬁeg‘ff"é d8s
conpar ed t oRefieing oPimeedsesi, i Bds. i Robert efed Mdyeeg nMcGraweiidlaBaoknComphiiy,does

not nmean that al.l.of PX.h tq be depleted or renoved f t he
xyl enes- con "?e{:lorlllldrllagd(lD tf%néallgglggirﬁ(pgftspﬁ%h% ﬁﬁ?‘?r.eli’il‘ﬁléc%?r e%&r$lﬁﬁen%eans t hat
PX concent rfi038h i n afusheér sepgrasingessepsoémplopéed in €hdl presetti proteds seeeaased as

conpared to_the congentratipn in feed str to e same unit. |t does
not nean t h%gpa{aﬁeeaggé M{e‘éq{g?%tf?e(ﬁtr% 1pfg zbg%?@ek%e%t}]uem stream and a PX-

depleted stream. These separating steps are performed in separating units

comprising at least one of a crystallization unit, an adsorption unit such as a
PAREX™ uynit or an ELUXYL™ unit, a reactive separation unit, a membrane

separation unit, an extraction unit, a distillation unit, a fractionation umit, or any



Feedst ock 10034] The feedstock enployed in the present process may be any
Cs+ hydrocarbon feedstock containing C8 aromati ¢ hydrocarbons, such as a

r ef or mat ewet2o@nyo4a hydr ocr acki ng product stream a xyl egg/usroozBosseact i on
product stream an aromatic al kyl ati on product stream an aromatic

di sproportionation stream an aronatic transal kyl ati on stream and/or a
Cyclarn4 process stream The feedstock may further conprise recycle
strean(s) fromthe isonerization step(s) and/or various separating steps.
The C8+ hydrocarbon feedstock conprises .PX, together with MX, OX, and/or
LB. In addition to xylenes and EB, the 1és+ hydr ocar bon feedstock may al so
contain certain anounts of other aromatic or even non-aromati c conpounds.
Exanpl es of such aromatic _conpounds are benzene, toluene and CO9+ aromatics
such as nesfembisation fhengeh- Thasenypah @foteparation Thriys) wpdectheisf dfsigndsareeant( s)
are describ a3 Han febr % : bert A
Meyer s, I\/t:Gr8 gsv‘\:/-hﬁf? %B%E&&%gﬁg%ai %ig?%&%@gﬁ%&lﬁ[ %}dcﬂ)’%?ﬁdﬁ?&? (Saf?z[\}al?] pé)r.,ﬁg. of
whi ch ar e h€rednyandEor pdalanayy MoGraetHilk Boek (Rmapaeys SRtls Editjzin, d684,[44d35] The

process of Lfie_prese | i cati.on rises.an Lnitial separati step
Phat -ser ves T dspRu m Rt RefBhe PRRESRES 25 Robist & MAG dePhon

f eedst ock. Balt aBssk @onhpery(iSkE@ide Bditbon, ralmpdlevant apariseb Mitich hed ey - 10 -
poi nts and ot her %)hé@i cal and chem cal properties, the C9+ hydrocarbons
conpounds, HIGFRATELSY BGFESFommt i ¢, can be separat ed relatively easily
fromthe xy|oo3ss and Efe {3006 Jflihe F}éﬂéﬁteiﬁl@atiérhﬁlsfx Icbfipris€PaY Rhdt MoSt €p
includes fractionpal distillation, although other separafion nmethods, such
as crystal | ISPRTBRICBFPEpR SAch ofrwhichi ¢ dead stpami enmprising i arpmatic
separat i on, c&mbbads i sonfkizedo GRARLNA isOMelilg Rt P’I‘ﬂ:‘?@ed)&reﬁag@ These
separation methods are described in "Perry's Chem cal Engineers’ ndbook",
Eds. R H Pegshyisomeyizatipre sisp peenprises P imeyconnerationt-pdlowBito kquitibpamy |

Si xth Editi @fhceh Q)q%q ) . i e EdS.
Robert A. pre‘:res?%w%r@?é;%vﬁﬁﬁl og'Eteg%cr)rlg‘ge%@% escr%éiglfagd F?’iggﬁ, %ﬁﬁ’%’?i%ﬁvam
parts of whisomenzatidieeensiitionsc diagh catabided ysomadrizating step sp068 &} indfease theenoval
of the CO9+ C t esent, proces nprises at | east on

separ ati ng g e%) Cgﬁgge@%fvteor Qe:m -eﬂl%lhbrg]rn(l) V(?f‘ g?‘?é%ﬁﬂ‘?rf% °P l‘?gel)r & |"1F58nt Ca
hydr ocar bonsawve ¢aontant pare oeal) of iBR: pteserithia tRX{feddcdireamordbuissnzeie aainiginpr i ses
at |east 50 . % PX, preferably at |east 60 w. % PX, re preferably at
least 70 wt METeGrDRYe L Fr dpdParrtpns, hrdng (s than & sabou jer oLl
preferably altehesivtlydtheviboder4tioantepmay aRoakaread| iYoraériz o941l ¥ Efp PX,
based on the total V\&%ht of the PX-rich product stream The separating
step to repB_(FéFnttlﬂéh ed sEeam i uyienes) ¢ eamis performed in a PX recovery
unit conpri gpomjat | eaHerORR Raky ¥ataBsts GREIRPinkRbls oBELtAYSO MR IAR Peni t
such as a PAREXTM unit or_ an ELUXYLTM unit, a reactive separation unit, a
menbr ane sep#icin b dspmerizaionsiep de effert thaidesired rpatiant | Bhere aregaverally
fractionati ago ¥hds: ofOkyl&hY is6RRBEARH SNalyRS! &9he ?E@eﬁisg%gﬁﬁatgn SfpgLation

m | ks) and their designs are described in "Perry”s Chem cal Engi neérs’
Handbook", ERsmore pr lgssegyilibmte\thegrons diffgrantiCoaravdtisreompavinds, dncldding Book

Company, Si ggh fdidd o %]?@i l ng: ¥ |.e efl ning..
Processes", Eds. Ro ertfch. 40gllg‘réctﬁd&%%ﬁo%ﬁ%&?c&o%%y?ﬁ%ég%ﬁ "
Edi ti on, al tonditiensantThis allewsf makinoim afoemitéorelof BXiclhomoCatazombtics &f ar ence.

[ 0037] Furtﬂgﬁ- a in enployed.in th resen r S rve to
separate a ﬁé@?oi%?boﬁ]i?%ﬁeﬁgfrgegn@ %‘(sr?t Y @??arlfsé% lé’f:#ufjgemflgég?ﬁdand a
PXdepl et ed Skctafmimg heslcOstefiaingt MY cablysts wee ip eid espative praepaisatiiheg units

conprising at |east one of. a crystalljzation uni an adsorptian.unit such
ne B PAREXTRITSR e S ferB ik i cptaDR! Paefess BB P RToi sifion o

nmenbr ane sepgleat isdmetization, Penerslly & tHeQrestict of Bydbogkh. A8diseissedichslicd

fracti onatiﬂ{lj uni t,o%tor aBy c_?nbi nat i t hereof; These types of separation
uni t (s) and BhdPPe s cyAYsh Rl EaReYS &B i and: preduge sbenzens @nd eibgpeisr s
Handbook", Egﬂ%od&thi. TRERMh¥y bda Wsifabedisgiitioh & ENBAQRANiIng MaGup¥tidd dnla BoOk
Conpany, Si cyit Editjon, 1984, and "Handbook of Petrol eum Refining
Processes", demandscghxanious progycts @s wallors @ther |eduipseant sesahin a Serwpr

Edi tion, al blabg! eERRMpRAT nenAb MWD HAEE TR uld IR ALSH @qﬂ?ﬁ@rence-
[ 0038] The process of Fhe present application also conprises at |east” two
i sonerization steps, in each of which a feed stream conprising Cs aromatic
conpounds is isonerized to produce an isonerization effluent. The feed
streamto each isornerization step conprises PX in a concentration bel ow
its equilibriumconcentration relative to other inter-convertible C8
aromati ¢ conpounds under the isonerization conditions. Each catal yzed

i sonerization step serves to increase the PX concentration to near its

-, = . o o - o v oy Ly o




100391There are many catal ysts or conbinations of catal ysts that can be
used in each isonerization step to effect the desired reaction. There are
gener al | ywowootepes of xylene isonerization catal ysts. @ag/usy@e/008s29

i sonerization catalyst can nore or less equilibrate the four different C8
aromati ¢ conmpounds, including EB, to the concentrations dictated by

t her nrodynam cs under the reaction conditions. This allows maxi num formation
of PX fromC8 aromatics in a particular feed. Exanples of these type

catal ysts include |IFP/ Engel hard Cbtaftg?ngTNIand Cctafining Il Tmcatal ysts
used in the respective processes. The her type of xylene isonerization
catal yst can effect ES conversion in addition to xylene isonerization,
generally in the presence of hydrogen. As discussed earlier, this type of

catal yst wi$afalygspMotrh Bigh Actviie elsﬁ@ﬁﬁéﬁ@mwﬁtabtstﬁar(%épb’? prstE®B. This

may be a degUMg[[{quLm&hgwgg_ of EB, depending on supplies and demands of
various products-as well as”other equi pnment present in a particular plant.

ExanFI es i nl904ele Mobi A miugherTefrpeitaieuisomlesizaton zeactars nfdyH¢ Tisgd for the -
' | uoP
fg&)@ﬁnsl - 8é F! ﬁﬁufé(:t S%Q(S%zﬂ? 1‘39 {#gée%ta%%]% c?artfg cén}i‘ego%fm L?“i?‘?’ eactors

may be use4,B99, 01henqb4,é§6;996d| scl osure Some non-limting exanples are
descri bed iRjg%fg/Paten:Fg’{)Nﬁtée 4, 89 and 4, 36 996. .100411For the present
r

di scl osure | ene ﬁ’rfi oéﬁff‘e F‘d‘rY e ISpReEZFtIgnIgaginn TAY B | qui d

phase, a vamﬁec( @as Jin &hEQﬁd phaSélPL vapdn (ga§ﬁlph£1§%a%esuﬁéf chiticATPhAIaL ¢ bpa
t her eof . el ecti i sonerizati on reacti on conditions and the
oﬂ@%‘

specific c PERQIh eocfhén%% ietioa qfgsemerization sacting camskiionsand Wet er i ne
the physi C e8! uositih &f ﬁﬁ%bxﬁaﬁ@?&dssttfeﬁﬁmyélﬂ tlgb?néﬂéleﬁ iR Zat | on

reactor. [0042] Ref err| ng to Figure 1, in the conventl onal para-xyl ene
separat i on E@Wdlqakﬁfﬁ@rqff ¢ Pomdtisdpedsitsam indhe xglene ivpmerization Ga¢toar onat i c

hydrocar bongoisgy di reCk%@erthul)'F‘iEurl fqnathé%gﬂ?@r%s&gl £|IIa-Xﬁerﬁ:\,\%lrnocar Eons in

typically a distillation colrum A maj or rralc
the feed i sanselsamgrigatiasy lqopeshgming aneaﬁﬁompnhmgaﬁnF wicgnaic| hytbocfa@bonnfmﬂ e a

majority of dxf&?’ecf%? rlﬂl%qrt%%gla&tlgg Gt 8 '\Mat }glgglﬁy a dﬁh affon c St gloé? f e:m

bottom stream urther cessing. "The FOCarD
wi t hdr awn vinajoritnef 11 argnmtlp[iiydﬁntatb@na ilPXhe Eedvisrsyparaietd H;Bthahﬁﬁ'es anfortion

of PXin th reamd.s_reno aline. T epl et ed fl.uent from
the PX reco@egya i Y121 ling W ‘a‘:‘%\%ﬁfn% oif 0f<ﬂ9§* E%drﬁﬁ%k’f”és é’hgtﬁﬂ ?ce@ o an

i soneri zat i withdiaiwn Sh aThme 4goa® Il batidrANstttahd t810 ﬂlﬁhefiopf&E§serg@1 TIRACKON Or a
vessel | oaded \NIE ?’tya onerj zatiaqn catal ys{ i acidic zeolite) and -
oper at ed un¥gmatihydqcartons siFam yyithdrav vig ing 1Q Istupplied ine PiorecaYiR¥rt t he
PX depl et eduist 18aRhératH Saﬂldns BIPIX £EtheS btr&AMiH 3Bl v 8RER0Pfhe PX
concent ratl%p than t he PX concentration of the PX depleted stream The

i soneri zed SaPtedefilucnt fqm thenP X resavere unis didds iwithdrawn iyig e lize 28rendriscycl ed
to the sepaqpblied t&MHnt 1s@nfé!r1§at|161f‘%n§530 [%4%5@;35{1&? 503(;: L OUbEnAl I)Wg' ch

descri bes one enbodi nent of the present process stoc conpri si ng Cg+
aromati ¢ hyGPEeRPDAressel lended cvighia ispmearization eatalysh (c.i.+ seidisegsatit)iand uni t

105. The 11 kats@RaRt [<RabiD! o AzA% BShdtibind BidichAPAB! Cont %n%ﬁggéﬁ“ ng C8

aromati ¢ hydrocarbons from a feedst conpri sing ar omat rocar bons
and typi cal qlqph?tgd atrmtlliltIOIaaltls@tnenzﬂmanwhmpg)allnghemfl’)ceomemmnorcthan

hydr ocar bong,i pxt Q&Jeﬁﬁgt%rp %lf {h% B&P %ﬁgt%g 8¥e ; he THE ! 1tson]iggze n%Itream is
withdrawn from the isomerization unit 30 and recycled to the separation unit 5 via
line 35.

[0043] Referring to Figure 2 which describes one embodiment of the
present process, a feedstock comprising Cg+ aromatic hydrocarbons is directed via
line 101 to a first separation unit 105. The first separation unit 105 may be any
unit capable of separating Cg aromatic hydrocarbons from a feedstock comprising
Cg+ aromatic hydrocarbons and typically is a distillation column. A majority of Cg

aromatic hydrocarbons in the feedstock is separated by the unit 105 and



- 13 - withdrawn via a line 110, while a majority of C9+ hydrocarbons in
the feed is wwthdrawn via a line 140 as a bottom stream for further

processi ngo 2867/12e@st a portion of the C8 aromati c hydr oearhspoesioossam
withdrawn via line 110 is supplied to a PX recovery unit 115 where a
portion of PXin the feed is withdrawn as a PXrich streamvia a |ine 120
and a first stream (PX depleted stream is withdrawn via a |ine 125.

[ 0044] At | east a portion of the first streamw thdrawn fromthe PX recovery
unit 115 via line 125 is supplied to a fjrst isonerization unit 130. The
first isomerization unit 130 is normally a reactor |oaded with an

i sonmerization catalyst (e.g., acidic zeolite) and is operated under

sui tabl e i sonerization conditions sufficient to convert the first stream

i nto a secowtthdravaawishalinagl 19, whilsea nRjoritynafe@i+ dydmeatbioas ib ke Fed is
concentrati . f1h r h econd. St.r is Wit hdr romthe
first i sone%?g{al%%an% tlﬁ%ﬁba%%mﬁoﬁoglag e %8? ﬁ@%ﬂ%écreesg 5 éﬂ%ﬁéfli ed via
| i ne 136 t opartiseadribe €¢ pamattictryduodarbdBstreanhedthdiaven siadnredl 19tis eapplizdppl | ed

is separategd i a third. e havin i gher PX concentratio han t he
second str eg(t)rra]l ﬁ%((r)\rﬁc%v%ﬁﬁtﬁi%t‘”?‘g}ﬁ? Pﬂ%\?ﬁﬁg‘% ﬂ’o&fé‘fe Sé’gﬁ},‘gﬁ‘f’? at Pg’#'t han
the second fith ea¢am vR0ABhel 120 fuadid Filfst Streaa TP KSdepldtddisteann )i emildbavis egond

separation u it,-}é§7 via line 138 and at |east a portion thereof is supplied
to a second®™8®néri zati on unit 139. The second isomerization unit 139 is

nornmal |y a [epaajor or M wassel pdrisaest Wet RrasdeapRiildwe eGat dkysk (e. 9.,
acidic zeolite) and ,o?erat ed under suitable isonerization conditions
sufficient TeSOXeRVRE Lihais ling 485 d¢ penpliedrip e Hrstiisqmerigation mitaldGadhs hi gher

PX_concent s Qo Bfhulol St 906 S A'kefliol NoackBUIHH 3! £6AMiza 171N

streamis withdrawn fromthe second Isonerization unit via ITne 142 and
i s combi nedcatplypt t(B&-t BFidis Feelbign anvhiishopegatedt idexwsuitabden isomexzationd
separation | fie: 137 Vdea: L] g’ﬁ;" S p i.0 the fifth stream
and/ or at | gk_gﬁs&tltléﬁp(s)er@?]gh{ (E)kf ‘Phe r’f ﬁlgel‘ g‘?%ts&reeg% g‘:t%a] gﬁcﬁ[‘flymfe &g {“3'"?%3 first
separ at i on bigher RESoncenttation th86the F00 dGjdentrationndf fhie fatt shreafnd The sbavnd)  of

t he process i QUL a.part.io f the fifth streamin line 142 and/or a

portion of ftﬁéeanfﬁlg %ﬁlg Far“énagglmnhfe’l ﬁg? i%’flem{lﬁlé upgtc{;& %‘bd ?'b{etaﬁea PEteRd

separ ati on twrrdof i8FupHedtvieline 1 B€ tpacesrl sepyratdonmnitsis7, whik the séeonadl | ng at
|ine 138 to,the t isongrization

| east a portion of the.fourt tream.i LSS

un© 130 [ SR Pipriefif SRt ies Aakid siediotn e AAIEGT PRy GRS of
Figure 2, tthanskesstdng stremn) abdidbuateaahivigg hil6wér PXQBBEnkAtibRthawni t 130
via line 136 is fed to a fractionator before being supplied to the second

separ ati on HRiSECANTSIRR  acti onat or di vides the second streaminto a

first porti goasch in1GE foliter Sreand N eithMaiviD fos Wid Qétroﬂme\fxﬁ%raﬁ%ﬁ' fdnlter
processing, and a second portion rich in Cg-Ihydrocarbons, ichis
suppl i ed tol3hevidelivpdlifesadatt depstimg tportign thereof is supplied to a second

isomerization unit 139. The second isomerization unit 139 is normally a reactor or
a vessel loaded with an isomerization catalyst (e.g., acidic zeolite) and operated
under suitable isomerization conditions sufficient to convert the fourth stream into
a fifth stream having a higher PX concentration than the PX concentration of the
fourth stream. The fifth stream is withdrawn from the second isomerization unit
139 via line 142 and is combined with the third stream, which is withdrawn from
the secoﬁd separation unit 137 via line 141. At least a portion of the fifth stream
and/or at least a portion of the third stream are jointly fed to the first separation
unit 105 via line 135.

[0046] In a modification (not shown) of the process of Figure 2, a portion
of the fifth stream in line 142 and/or a portion of the third stream in line 141 may

be recycled to the second separation unit 137. Further, the process may comprise



100481Referring to Figure 3, which describes another enbodi mrent of the
present process, a feedstock conprising C8+ aromati c hydrocarbons is

di rect ed wo20d7mne4801 to a first separation mlt 205. TireTfuseatr/oesspar ati on
unit 205 nmay be any unit capable of separating C8 aronmatic hydrocarbons
froma feedstock conprising C8 and C9+ aronati c hydrocarbons, again
normally a distillation colum. A majority of Cs aromatic hydrocarbons in
the feedstock is separated by the unit 205 and withdrawmn via a |ine 206,
while a majority of C9+ hydrocarbons i_n14t_he feed is withdrawn via a line
240 as a bottom stream for further processing. At |least a portion of the C8
aromati ¢ hydrocarbon streamw thdrawn via line 206 is supplied to a second
separation unit 207, which nay be any unit capable of separating or

enri chi ng Pxcyeling atfleastsnopartioonpf ithe niguah sireammt inc ling di 3% apbthes first

[ 0049] The s I unit 207 separates a portion of the C8 aromatic
hydr ocar bonggg{éggﬁ?@mﬂﬁé?g&m aline 206 into a first stream having a

hi gher PX cfWd@htr ati dn a hathet heoddcatioani@bt shdwith OF thebsrocass refigard,a
second stregm having a |lower PX.conceniration.than the aronmatjc.

hydr ocar bo ng‘fﬁgg%‘* S"%?én é"@%@ﬁ%f‘?g‘a eiqlbtsws?‘ﬂa?ﬁ?ﬂ?“f hT ﬁ&af ]i“?esﬁé:‘s
separation fud to a2fHdctionatdribeéord B8ingnaipplied RAtht sacdid depratibh@hRAR7I Theuppl i ed
to a first %,Isoneriza%iéign li_\%:t 209. The fi rgt i soperi zation unit 209 is
normal |y a PBEQUEor Bydesthriserrnd SteamiBiq 3 Hist aRrtion tgh @ Cr dydrocatbopg; ¢

zeol ite) anthipeisdWethds e fos RirklR| frob&ema! aAdtd QBcdn@ngbriibRNscts il fd ¢ ent to
convert second streaminto a third stream having_hi gher PX concentration
than the PXDYXUREURPRaMIHEh ibrsuppliedkiodhn second separationunihi3y stream i s

w t hdrawn frgoagf he fi rsdfeirsi8BIFj i i L i i
conbi ned wi !h tLe first st rgamplé/nﬁjiégf)\Qf}gmwhﬁﬁgr%g%nm?tbgﬁ%ﬁ%&g%gg%Fhe
separ at i on By¢sentawgeasp.a fepduock gomprising Cs+ pyosaicAtydrecashons ipdiredtedhviaf t he

third stream,angl Qb Phirsk 883 raforP kit Z?g %ﬁe P& o 51’3?01% %ﬁ%&%ﬁ#b&'z{ﬁv y fed

via line 210 to a PX recovery unit re a portron o he“j oi nt
streamis rupibgaphblé af bipamtidR(CamomaiXhydmicabions fivnaa dealsfook compsisingam ( PX

depl eted st e i it hdr.a I a |ine 225. At. .least .a portion of the
fourth st r'egﬁ]a%%d sﬁgg%ﬁoemél tl\?}l\qué?%égﬁfu 48gm, ngrmally, 3 ?b‘@?ﬁ%ﬁoﬁﬁ“ﬁmﬁt 230.
The second imjorityiof @giapomatid hy®R3€arbsnsiarthafdedstack @akparatddmeded unittdnsan

i sonerization, ¢ | yst (e.g., idi.c zeolite) and operated under_sujtable
i someri zat i 84 %at&i‘gf%(\"bﬁ’é as]g‘?ef ?@féﬂ’t‘letaom@mf’f ﬁéygmmhﬁm%m 8’5#?#’% a
fifth streamithdswig vid glite 20 69 80RSMHoaRbiredn A RRS FRYcHOMEE AL Nadst an of
the fourth stream_The fifth streamjs w thdrawn fromthe second

i someri zat | BAFAIRi A 1H36s aFemaic hudiesarborpgreamy WithHEabY 14 lesd(iogs supplicd t he
first separaf h@Bcohdl depafiiol vid 2078 whiéh maQARlddy i ERSbld SPgé&Fatﬁ{eg% shown)
of the process of Fli(gfgre 3, a portion_of the second streamin line 208 may
be suppl i edeRching PXSom e lsedsiock qomprising Coammatis hydmcerboms. a portion of
the first sgiggg@amin |i i i hiL& RSt i |ine
212 may be Eecy!:r] ed tﬁhgé%ggor%g%ggg%% (_)Zr?ﬁu%ﬁflptakgg%T‘11 %lglgglsfzﬂga C?Burt her
modi fi cat i offopasic kyssogarber streman prithslsaun gf ling 306 éntg a fitst|strasmn, hayiog @i on of

the third SB{%‘B@FPB@«%A&E%%% BN (€ §URBILEE h&&wtc\%%ohio#% SSREL 3bdd uni t

205. [00531I'nm yet a further nodification (not”sho e process of
Fi gure 3, t sieeai,f havisgredowes PAUcancentration t then sthe ofi¢gl areroatie ihydtdcarbonni t 230

via line 235 is,f i r Qre beging supplied the.first
separ ati on %ﬁ%a?nz—@g” . stegﬂxgd %t%%ﬁ isgﬂg%agr? wgiq%ﬁ%gl%e ﬁﬁ%g"f‘l?afﬁﬁo%'fl}lg%@{ ¢ elB’ea first
portion ricRO§ andCat leastdr paxtivh tiescofiikisopplicdl toiat firdt ometiaatidd wdif 269. The
processing, and_a second portjon rich in C8+ hydrocarbons, which is

suppl i ed t olFTieSTRELR: Oge‘B‘H{ gb?dﬁ nﬂfﬂl?ﬁﬁﬁfea‘itﬁ%g‘iﬁdcﬁgfw]?iaﬁg‘SﬂIBﬁFf%‘c’Pi gure
4, a furthecathdysie. xyhdidie Fedlit)ahd operated under suitable isomerization conditions

sufficient to convert second stream into a third stream having higher PX

concentration than the PX concentration of the second stream. The third stream is
withdrawn from the first isomerization unit 209 via line 212 and is combined with

the first stream, which is withdrawn from the second separation unit 207 via line
211.



process is shown that integrates selective adsorption and a fractional
crystallization unit in a single para-xylene separation and isonerization

| oop. | n wenhexrk@w, the process conprises a conprises &cfriusaso7segsas at i ng
unit 301, which may be one or nore distillation colums and which receives
a Cg+ aromatic hydrocarbon feed streamfromline 302 and separates the feed
into an overhead vapor streamand a bottomliquid stream The bottom i quid
streamis conposed mainly of C9+ aronmatic hydrocarbons and sone
ortho-xylene (OX) and is - 16 - renov fromthe first separating unit 301
through |ine 303 for further processiﬁg.'The overhead streamis conposed
mai nly of Cs aromatic hydrocarbons (typically about 50% neta xyl ene (MX),
about 20% PX, about 15% OX and about 15% EB) and is renoved fromthe first
separ at i ng [0A5@] 301 t At deagha borien3g4he third siregenand/orr atioast a ovtionyof the055] PX

recovery i SS: I Ny El 4. ffect .actional
crystalli za%%sgﬁre%%?%%§§§§§?ga§)1£lé$%gw g‘)eaggif)er%g{l?rgr}& Stnl > %ﬁg@.laﬁ%ctsrhggrt of
the Cs ar ondftBX imgigtrjopastream ierowvacdfvioiing B20 s n FIX-siehatradmngdanfotrtB01
e O B b P PR B 20,
a PX- depl etfodrthasticait & SippHadnvis link (28" RV sktahd isBmedizdtion Ggit30RTAdEr  Of
the Cg aronatic, hydrocarbon _renB\(ed frgqmthe first_ separating unit 301

t hrough | i mEcRAhISPRCEZAITHERL (PP s pAEnB Y Eqgeiardgadeds With 2pdsapstizafieRr om t he

fractional da&amtqle.lgi.,zaeidi@ Redlitt} amtDEpridd iddeOduilabReisthéritAidnh@onatidst i ve
adsorption unit, 309, where a second PX-rich product streamis _recovered

through | i nddBgigntaty canyest ithe ford despey Bdo st Atimsireanyi havdnghigher PXi ne
314. The f WdnRektrdntGRh %eeﬁxs&)gl%@tmdtﬁmfcﬁthYoﬁﬂﬂ? Stratd. The AAKYLRRS is

i sonerization unit 315 where the further streamis converted into an

i soneri zed withérawnHawm dbe picghd isomerizatior npit 280 ond @hleast hpertion thereoffigr t her
stream Thegj i ! - he xyl ene isonerization unit
315 hy Iin%dg?ggg%dd&?gir?ge%ﬁiﬁghﬁerlﬁggg%?aolﬁﬁe?ée@c%cI e to the splitter 3W

[ 0056] Ref eri0i0Ad]l t o Fi furenddificatiomdindt statwmrofohe pheeknofRignechropatipn of
Figure 4 is I i.ch.the ent .process.i s used tq increase the PX
producti vi t?égg%ﬁ%&péﬁgﬁﬂ glr?gpisogps)lgra tq%osr’ilpgﬁ?]d it 6}?en§?"’|°?§tsleg?fa l%%r‘mei ke
reference n28ter ki additien tehpotioaref the Eilsttstretulnl indlinea2 © hndder & porrtviesf thei n

Figures 4 and 5. In.parti.cyl ar the process of anpl e .5 enpl.ays a second
xyl ene i soﬁ'&fﬁdfyf%dig)%@qgwyvm r(?ﬁ?'lggffs@a SeeP sgg?rapﬂxéugiggém et ed
raffinate sppos2m W t htl aWirthéraiddificatidraGlot A CEMRE PrddedabT PigutdB 1at308 Vi a
line 311. Thus a problemw th_the known process shown in Figure 4 is the

| ow PX conclsattr atmostion wfithe tirdsetsgam Ja line P42 yaee be serplednia & feduces

t he productdephtayioffunitP@ssel ective adsorption unit 309 since, in each pass,
the unit 309 can only_recover the PX being fed through line 312. The

pur pose of IM&3} r eat nntel & fomteer yaedifigation @et shawnkef thetprepesawiftFigas is to

- 17 - bring hhaARSHEIRCHRhAAWO okt B oRE48RLELEHN WAl 1 90A)i8 13k83m from
10-12% up to the egw é.l briumlevel of 20-24% |[0057]1In the process shown in
1

Figure 5, thkdeétgn onatprbefofa bging Bepplied to the first separation unit 207. The
fractionator divides the fifth stream into a first portion rich in C;- hydrocarbons,

which is withdrawn for further processing, and a second portion rich in Cg+
hydrocarbons, which is supplied to the second separation unit 207.

[0054] Referring now to Figure 4, a further known xylene production
process is shown that integrates selective adsorption and a fractional
crystallization unit in a single para-xylene separation and isomerization loop. In
particular, the process comprises a comprises a first separating unit 301, which
may be one or more distillation columns and which receives a Czt+ aromatic .
hydrocarbon feed stream from line 302 and separates the feed into an overhead
vapor stream and a bottom liquid stream. The bottom liquid stream is composed

mainly of Co+ aromatic hydrocarbons and some ortho-xylene (OX) and is



second xyl ene isonerization unit 317, which has a higher PX concentration
than the PX-depleted raffinate stream is w thdrawn through |Iine 318 and
fed to thwofwemk7eeparating unit 301. In this way, the eocenmbéozodsseont ent
of the feed to the selective adsorption unit 309 can be increased. It is,
however, to be appreciated that part or all of the effluent streamfrom
second xyl ene isonerization unit 317 could be supplied directly to the

sel ective adsorption unit 309, if necessary after fractionation to renove
C9+ hydrocarbon inpurities and/ or C7- rocarbon inpurities generated in
the second xyl ene isonerization unit 317.” [0058] 1 n one practical enbodi nent
of the process shown in Figure 5, the second xylene isonerization unit 316
enpl oys |iquid phase isomerization technol ogy since this has the advantages
of (1) si npramavied frora theBrst separsing wmt 3Wethronghrlines3 Boiermberthey psogessing, hi gh
t enper at ur ey ' | : [ L 5.9 ' | oes not
requi ro. hydraganeeAdbiralh LEGRRGRH diinly (I FoBS YRR RIS, O
| evel s of uaksyiSP%ometasxylena @4X), abost 20%tRYE, abone 1 5bdeXand abeact $% EB)

condi ti ons. 59] Be e the.liquid.isoneri i on.,py.od contai ng nostly
caui |1 br 1 oS PasBev e IRy SR ok Apetpura TR A bl Tint P a0 ool Bor o sema
t he ef fl uenPXseee@any.f rom the second xyl ene isonerization unit 317f ?' rec: Ihy
to the firs arati unit 301 at the proper, tray position to affect e
separ ati on L‘}O%%g and r??&?%dﬂa@? P@?&?quh@_g‘”‘[‘ﬂdrféé‘]“?%fsf et BygbeP Rul ati on
exanpl es vefiactieial eFy3RMliR%sa dnRB0BhAd faQeleeil @ SdRsHELAiPT60. TiRs d;calil@of_

i somerizatiQon unit(s) isomerizes PX, MX, and OX to their thernodynam c
equi | i bri untbe by axmaticqhydroearbemramovedrizemtthe firgrseparaipg amits3Qletosoughi ng EB)

is 25% - fifle 304G3 féd”'S% 130306 118 hd AlctiHal Coht AN Bh i3 ds, Fher@ 2 HREZENE;
t ol uene, xylenes, or_ other hydrocarbons; QFP the PX recovery unit recovers
100% of PX P#-¥i¢hs prasugt stgggen is recovered through line 310 and a PX-depleted raffinate

stream is withdrawn via line 311. The remainder of the Cg aromatic hydrocarbon

removed from the first separating unit 301 through line 304 is combined with the
PX-depleted raffinate stream from the fractional crystallization unit 308 and fed
by line 312 to the selective adsorption unit 309, where a second PX-rich product
stream is recovered through line 313 and a further PX-depleted stream is
withdrawn via line 314. The further PX-depleted stream is fed by line 314 to a
xylene isomerization unit 315 where the further stream is converted into an
isomerized stream having higher PX concentration than that of the further stream.
The isomerized stream is removed from the xylene isomerization unit 315 by line
316 and is fed to line 302 for recycle to the splitter 301.

[0056] Referring to Figure 5, a modification of the known technology of
Figure 4 is shown in which the present process is used to increase the PX
productivity of the para-xylene separation and isomerization loop. Like reference
numerals are therefore used to illustrate like components in Figures 4 and 5. In
particular the process of Example 5 employs a second xylene isomerization unit
317 which is used to treat the PX-depleted raffinate stream withdrawn from the
fractional crystallization unit 308 via line 311. Thus a problem with the known
process shown in Figure 4 is the low PX concentration in the crystallizer raffinate
stream, which reduces the productivity of the selective adsorption unit 309 since,
in each pass, the unit 309 can only recover the PX being fed through line 312.

The purpose of the treatment in the second xylene isomerization unit 316 is to



(e) the first separation unit is a distillation colum which recovers all
xyl enes in the conbined feed. [0061]It is understood to a person skilled in
the art twetwdhe7éssoneri zation unit(s) may isonerize PXpciXs2en@dosdXoto | ess
t han 100% t her rodynam ¢ equi li brium concentration in real nmanufacturing
plants. It is also understood to a person skilled in the art that the PX
equi librium concentration in xylenes (excluding EB) is usually |less than
25% It is again understood to a person skilled in the art that the

i somerization unit(s) may convert |ess an 100% EB to ot her hydrocarbons.
It is further understood to a person s'k]il‘led in the art that the PX
recover)) unit nmay recover |ess than 100% of PXin its feed in real

manuf acturing plants. However, for the purpose of sinmplicity, 100% xyl ene
equi | i bri unpringthe iR cengengatipn in the Fdd«lenteted caffimate, stmanh 269 10X1 2% wipl tobr i um
concentrati 'b?xﬁﬁrp Ldhd he, fol | owm ng Exanpl es. Conparative Exanple 1
[ 0062] As shgl\'%/r?aiﬁﬁlt e g?rgrlp(lljfl‘?q ggymschemati c diagram of a conventi onal
process forl[086@Huci ngI@xhe rpré¢agsirsbown ionkBigurd 6, tie xfflventstream afré8+thar omat i ¢
feedst ock (yi i ) .S..conbin it h,a . recycle.st m(via lLine 35)

havi ng 3 un%/eltcgm!cl)%( 9%111 é?\deréelg%”%fls llyfy‘lei}tw dich Ea%’ﬁiugbhgbz’?gf?rg nﬁ?\ti‘?n §’a“
(distillatithe R¥idepieled fdffinam] sirehiny i ivith8rawty eiroGgh iae S 18r shdSeidafoathed from
t he conbi ne eed by the. djstiJlation colum d withdrawn via Iine 40 as
- bot tom ot Pk asrsrane, Aai o, Bl Py Se e P Reahast GLat frshia e
distillati oseletiveadsSrption tuitn309 bty BARjrRkdabyd.Ofit ISBheWEVER! ioChsliBsialeAoNs :
(xylenes and EB) in the feed and has four units of total xylenes, of which
25% (1 uni t %2t BatpRr aﬁ#@f WeetHuen streas From segpndraylanem ispmerizatien woit 31d
suppl i ed t ocdud@ bBXSupBEEY Bir¥cth bAvd | it used
inthis exapple is gﬁPAREXTI\t/I'rynutnoit tth%ah’gxl?gﬁﬁén?‘tﬁ%%ﬁnh{e[}ﬁg)%eén{fﬁﬁggﬁv r eard
streamis rEABIADELQN o remeovey Gag hydexcarbem immusities eadiargCar ¥drssarbent r at i on
of about 99 : %: 3l .- wei f the PXrich
stream A P&Tq()j&e&}cg%g eﬁgcré)égﬁh%)g&\?ﬁ ﬁ%?%%@’%@%%%%ﬂ?%ﬂs via line 25 and
- 19 - fed H938he i sodeong gricicalembodi@ent of thhipsomxssipdven it Rizurs 60t zat i on
unit isoner} : verts EB..to. mainly .benzene. and

ot her hydr o%:%?‘g% %@?% e@%ﬂggﬁ%%g&? e gﬂ;ﬁt %ggmgwg\flolyrslg h%l(‘)iu & lhﬁs u HF?@G%?a?S‘??I enes
and a PX cotecknalogy simne thisdng thoadiansageent §)) sifapiibioyitn® Tow sifce,sunbikehdr awn

fromthe is tion unit 30 and.recycled back to.th eparatign uynit 5
via line 35&’%%%051 rﬁon’[%é’%fg %@o\ﬁﬂ%ﬁﬁf‘ﬁésoﬂ‘?ﬂﬁapﬂlgﬁiﬁ Sifst ﬁﬂul i agram
of one en?oplimﬁﬂol?ﬁrizhﬁbﬁrrgdé§gd>tﬁﬁd}lﬁﬁ: Kﬁr@genfn)ecydlé\;&aﬂd D) 184 x¥he NGRS (i<nf a Cg+
aromatic feedsto jS.C i ped, wi I cle stream having 2 units o

xyl enes andﬁﬁé’t)a&”reeﬁ '%%WaquFﬁeOfllu‘tdgmfﬁggF}dlesrtea%tlﬂ?éraétth% QR podgyate
(distill atiactis ¢onditionshe maj ority of C9+ hydrocarbons are separated from
t he conbi nﬁl%fged by the distillation colum 105 and w thdrawn via |ine 140
as a bot t ol kam f oBertiisehehe pliguick sisprerizatiorovaodeld eantainsn stostlbie
distil | at omagbiii xfnes QRHALRIYIL of WOR ddntpdingClis ¥ ASRINE §¥dliPlar Dons

y 0

(xylenes and_EB) in the feed an as 3 units of tota enes, i ch
about 33. 3 ¢flyent srgamriiemaihe speand xylenedaomerizgtiondmatnhl /dizedtiyrte thd Girstnd

supplied t : ' el ' i PAREXTM
unit. One Ssnelb tgﬁi 815 étl{r[llgc%g(leiﬁ%thtléwégg%er e%g(}ll tg%}‘r{e&;%tf%%%rmgﬁ%{%%%\ﬂ%f ?r?é‘glzo as
a PX-rich s€Ptaempavidsy a PX concentration of about 99.6 to 99.9 w . % based
on the total weight of the PX-rich stream A PX depleted streamis

wi t hdrawn fromunit 115 via line 125 and fed to the first isonerization
unit 130. |¥xamplesexanple, the first isonmerization unit isonerizes MX and
OX to PX nvert mai n enzene and ot her _hydr.ocarbons, The

i someri zeda@tqﬁglgm f roﬁ"]hgﬁghgwnsg[ SI%‘B i AP WS PWK&S‘W@ ABHE 2 unit
of xyl enes fatldwingaésampeiens:r ati on (anong total xylenes) of about 25 w.%is
w t hdrawn from t{}a; i sggaeti zatjon unit 130. g3064 The isonerized stream from
the first isonmeri¥ati diprernzaion émétﬁéplls?‘@ #sal¥y X :nd; 9% He thelsond
separation unit 137 afgtrseEfMahREqhilbeumk;Stream having a hi gher PX
concentration than the isomerized streamfromthe first isonerization unit
130 and a streamPavi Hf SIHHRERMPRX: sercentration on yhenest (secludinge EB2dd st r eam
fromthe first isornepkgation unit 130. The stream having a | ower PX
concentration than the isonmerized streamfromthe first isonerization




- 20 - unit 130 is wthdrawmm fromthe second separation unit 137 via |line
138 and supplied to the second isonerization unit 139. The product stream
from t he wecosmh2r@oneri zati on unit 139 is wthdrawn vi apcirns2d420ssog
conbined with the stream having a hi gher PX concentration than the
isomerized streamfromthe first isonerization unit 130 to forma conbi ned
product withdrawn via |ine 135. The second isonerization unit 139 and the
second separation unit 137 are operated so that the conbined product (in

| ine 135) has a PX concentration of ab 37% anong total xylenes. The
conbi ned product is recycled back to the separation unit 105 via |line 135.
1006511t wll be seen that the ratio of the recycle stream (conbi ned

product via line 135) to the feed stream(via line 101) in Exanple 1 is
2:1, down from tK® 3: the degme¢rizatign wil(s) ConyratsaellVEBEiQhsheent, tolveod,
debott| enecks the exi st I mple 2 [0066] As show in the
sinplified schematic %gégg%)n%g?&gr?gg%%%%%?%ent of this disclosure (Fig. 3),
one unit of xylefds i thaPXgecareoyratit cecheadd00%koff B iwvitafdednand®01 i s
conbined with a recycl tream havi ng.. 2 unj.t f xylenes.fed via line 235
and is directed {%} théﬁ ﬁfssttsegagﬁté?’éf‘ﬁ%ﬁs ﬁﬁlsttﬁlfg‘gn(%}%’f’? PRI B550%FP @Hn) . The
majority of Cg+ hydrocaidnesnin ihe cohbidedefdedir € separated in the distillation
col um 205 ithdrawn via Line 240 as a .hottom stream for further
processi ng. ﬁqﬂ%wover heblt W?&?ﬂ‘ﬁ"oﬁwﬁrﬁ%“ gf‘ﬂ?é I Hici Bhieb Msfomerealions ¢ he
maj ority of uis(spraptisdindiisdr PRI Sard} e nssledd dhdeB) 00% embbagsaanrd has 3
units of total. T%I enes. The overhead streamis w thdrawn fromthe
distillati ofiTUEPUIR SPrgentationdngealmanufasinring plants. Heissals@ paderatead 40 iaon uni t

207 here hgegher ik 51 @8 Mk SHIERAL AL deduiridn SESRRAEAMA 19 Rubhdher PX
concentrati %g(ét han the overhead streamin line 211 and a stream™having a

lower PX coffhtding EBhistusaally frss thasrdsdadtds pesimundersiond toegersphekilieder PX
concentr al | @St il ik 1stRriZ8or SndPRlayStbnlr IO dhid 1bodSRERE!GRL On

unit 209 and is isonerized to produce an uent stream s conbi ned
with the hi BydecaRorsnldstfughéowdersteediid a peison skilled ifhihefart that the PX

i soneri zati [N on gpa i.on it.207 are operated so
that the -gé%oy&ko‘ﬁ%ﬁorﬁ%gp%ro % ulceg gﬁ}aﬂqﬂﬁéoég ) gls%ggé Bireal enptactiiring, of
about 33. 3%hatedloveventiat theypampese of SplicTlye 10@Mhiviast eqblikim] noddne 210

is suppliedgho.the PX reco unit 215 j in thi.s exanple is a PAREXTM
unit. One ulr?lht R TAR S i F;Sg%i)é%xéecé’\yg?yhéﬁ‘& 23[% EE%FQQEIBEH@VWC‘V’P%MN%@*’ZZO as
a PX-rich sassemey imtiecfollbasngERMnplesnicent rati on of about 99.6 to 99.9 w. %
PX based on the total weight of the PXrich stream A PX depleted streamis
w thdrawn fromthe PX recovery unit.215 via a line 225 and enters the
second i sor Qenpathtioe ExAhipl€30. I n this exanple, the second isonerization
unit isoner't:@l%g MX and OX to PX; and converts EB to mainly benzene and

ot her hydro bns. THY Fhoswein Heysianlifiseh schematio diagean i ¢ semvantipnali on
unit 230 haﬁro%bs%uforén‘gﬂﬂhﬁinngXMh@‘l@ﬁrea}ldo& GKit CHNEARAdsA RTe (2ROt 2l

xyl enes) of about 25 wt.%and is recycled back to the separation unit 205
via line 13fedstoelsgyiadinenl) is ¢ambingd withen resysie steeam fvindinsf 33)hkeavieg Bl e

stream (Vi ayhitd\6f xylenes and is directed to the separation unit 5 (distillation column). The

majority of Co+ hydrocarbons are separated from the combined feed by the
distillation column 5 and withdrawn via line 40 as a bottom stream for further
processing. The overhead stream from the distillation column 5 contains the
majority of Cg aromatic hydrocarbons (xylenes and EB) in the feed and has four
units of total xylenes, of which 25% (1 unit) is PX. The overhead stream is
withdrawn via line 10 and supplied to the PX recovery unit 15 via line 10. The PX
recovery unit used in this example is a PAREX™ unit. One unit of the PX in the
overhead stream is removed via line 20 as a PX-rich stream having a PX
concentration of about 99.6 to 99.9 wt.% PX based on the total weight of the PX-
rich stream. A PX depleted stream is withdrawn recovery unit 15 via line 25 and



235) to the feed stream (via line 201) in Exanple 1 is 2:1, down fromthe
3:1 recycle ratio in Conparative Exanple 1, which debottl enecks the

exi sti ng woplheeei2t@oep. [ 0069] The arrangenents in Exanpl epcir/impeh7ossesluce t he
recycle/feed ratio to 2. Assuming an original capacity of 4 units of

xyl enes in the xylene | oop and assumng this capatity is fully utilized, a
1.33 unit of feed and a 2.66 unit recycle satisfy the recycle-to-feed ratio

of 2 and conpletely fill up the original capacity of 4 units of feed to the
PX recovery unit. Atotal 1.33 units of,sPXis recovered fromthe PX
recovery unit conpared to the one (1) ‘unit of feed in the conventional |'X

plant as shown in the Conparative Exanple, thereby denpnstrating a 33%
i ncrease in_PX production capacity w&h 33 from 1.0). Conparative Exanple 2
[0070] I n t hisddp the spmerization writ R0,duhis csemple. Hiedepmenizatiogwnit isomenizess

assurmed t hagrd a2d ek S P, aﬁﬁ'ﬁ%ﬂe&cg EBato%%lnﬁ; & néﬁﬁa@@s&%ie ﬂgéfrfofc%%f,xéa line

302 are conbined with a recycle stream units enes fed
via |ine 316he @sognameé streaml hawhe nboutfuuits of kikenes asd as]é}ﬁauoatémgitmnl t 301

of 5.5 unit (2] ad s are sent. to the

sel ective a@np vx{:aioagq %n?s)S%abz’H%%% %3 g’ﬁtﬂg fr 1§0é1mnz[ai}0{1 frat
fracti onal 30 ysd ﬁcyclzdbaolntmmetse@a@&xoﬂ wnit § vix 13&635.The fracti onal
crystallization unit 308 separates 0.4 units of high purity PX (> 99.5%
fromthe condensed liquid in the line 306 leaving 2.7 units of PX-depleted
raf finate, BRa@plepnt ains 10 12% PX and nostly ot her xylene isomers.

[0071] The 2, 7 Its of t PXdepIeted raffinate fromfractional
crystalli za&qoégfluni t 36ss Bdhe isHaRl s schematic dingram of ope smbedinenys

condensed | bfittigl digcRiButd EFigONIEHEL inB OF 4yerttis iR @ Qtﬁbmfaﬁeq‘eégstocbkllsum ts
to the selective adsorption unit 309. Because the BX- | eted raffmate has

only 10- 12068bingd avitly & fagyele sppam hayimedapitstaf xylangs amd/@ Chtﬁfrtﬁdp{lil &ine dini t
309, t T
ypi cald xn@%s@ segs:ﬁes&@qnﬁ{ 3O & naggg&lum} Hxﬁj uces (9/98% it

adsorption unit 309 inthis Exanple I's a
of high pur hYCSXOWbQD%eF)waraWd fzmmthmmmd &eﬁtbytthmdlsmlatdsmdm 104f f i nat e

stream The,f %ﬂﬂr&% \\%\Epﬂlﬁet Ei%re?sf% - srtre mf(])r fit Irgges%l%gzltigxgxyl ene

i sonerization unit generate unl s of "Xy “eresty % PX
concent r at i ovegrhedu streams of dlyec |désdilladiok ¢cxhuhhel(§plcbhﬁaﬁrs 8R1 maritypobe G}

[0072] I n the sinul f the roces awn.i n. Fi the total xylenes
feed to t he Pasf @ydﬁ ?%ﬁ???g(’f}’ﬁ Sﬁ’fistBSrdPn@ e fge ‘%g“gdﬁl'ﬂsté s st posed
of 1.4 uni tﬁyl@ﬁes)()bk‘@ﬂﬁsh Bolt!B3.584 atd PREt The be@HsdD ket Withdlawievia02 and
4.1 units ﬂ é Sr;'ng Eﬂ‘f recycle streamfed via |ine 316. The qverhead
stream fron®he! tsupglied 4¢ ithgy Pefnracosery upitil ho.cwhish B dissexample s aof

xyl enes. ASPARENT® i€ ©refurfiasMAg 8K ManESHRER stread: ik re&ab%éd ¢k 1idee2ever head
streamare sent to the fractional crystallization unit where 0.4 units

of high purt§ PExrieh shepmdpavines PEsapserimtionpfi abgup9y. Gdﬁ|9[939 wt.%pkagdpl et ed
raffinate. sQWRY edtal Waidnt FMhE P&-n‘éﬁ%ﬂ%ﬁeﬁk piedediabh ishe fss\;'jtﬁ&am the

l'iquid phase isonerization reactor 317, which increases t
concent r at | BAMoRNi He 5r vinflinmi 25 mad fbd e the fustisoMesizatéon nrk302 17 thisi t s of

| soreri zed gaffhiDahe MEiLRENERT dift iBfefild %g‘gg sThe
over head strear‘!ﬁg In Tine 3?{3131 tlﬁeg)g'f ore Ease ato aﬁ&g@g@ﬁ ?%& units +
2.7 units), EBftowhaigly berizenaiand other hydpyshaitenisy iThel isorae3ddd streatrhroPAREX uni t
309, but in t feed t e PAR un|t is
20-24 vt o6 it 10nFARRuGR Gnlch b RAGHR BB P PnBlor e R 4 BXDRetiBnp " ch
ef f ecti vel y(aamdngnstad xgEited) diabopt B8l wato\is withdrasviefsm ﬂ]hdmlﬁer&aﬁbnhmltt o010
uni ts of PX130AS

[0064] The isomerized stream from the first isomerization unit 130 is

supplied via line 136 to the second separation unit 137 and separated into a stream

having a higher PX concentration than the isomerized stream from the first

isomerization unit 130 and a stream having a lower PX concentration than the

isomerized stream from the first isomerization unit 130. The stream having a

lower PX concentration than the isomerized stream from the first isomerization



-23 - aresult, the PAREX raffinate streamin line 314 is reduced from4.3
units to 4.1 units saving energy as the anmount of recycle is reduced. The
fresh feewohas/izneweased from 1.2 units to 1.4 units topoeais2ei@ossea
capacity. However, the total quantity of nolecules going into the first
separating unit 301 (5.5 units), the crystallizer (3.1 units), and the
PAREX unit (5.1 units) all remain unchanged. Thus, the proposed technol ogy
debott| enecks the whole |l oop with a m ni rum anount of new equi pnent.
[0073] Whi | e the present invention has en described and illustrated by
reference to particul ar enbodi nents, tHose of ordinary skill in the art

w | appreciate that the invention lends itself to variations not
necessarily illustrated herein. For this reason, then, reference should be
made sol el yutib 18@ds aywiibdrawa Gomi the seﬁonémepmgnoimﬁéﬁ%rmrhrmglssnéandr ue
scope of t i S . pro ing a
PX- Iroi ch pr gﬁ" 15)? fé&ﬁﬂ{he SE%‘?@SIE&QS%%J“O%%H %WB%@P g él?lrcleglﬁla {)& g OCE‘ﬁ

cont ai ni ng @rnhgxmtmaumoﬂ§9um“pﬁxddamevm Ege hy2iraad avobdoised with the seaam (b)

separating Ieas fi ort bons.ric reamto
produce a fiﬁ%rv 18 Bx: }%%Sﬁ I?? é’g‘ﬁ?’g 108 %"ﬁ% %‘f«? e, fram t}“(e %
i sonmeri zi ngisametigaiin @nip @80 it® Hordh atdmmlflne’dsproaiictdﬁﬁh@ﬂaﬂﬂl ﬁlhl’lﬁx%mSSQ Theoduce a

second isomerization unit 139 and the second separation unit 137 are operated so

that the combined product (in line 135) has a PX concentration of about 37%
among total xylenes. The combined product is recycled back to the separation unit
105 via line 135.

[0065] It will be seen that the ratio of the recycle stream (combined
product via line 135) to the feed stream (via line 101) in Example 1 is 2:1, down
from the 3:1 recycle ratio in Comparative Example 1, which debottlenecks the

existing xylene loop.

Example 2

[0066] As show in the simplified schematic diagram of one embodiment
of this disclosure (Fig. 3), one unit of xylenes in a Cg+ aromatic feedstock fed via
line 201 is combined with a recycle stream having 2 units of xylenes fed via line
235 and is directed to the first separation unit 205 (distillation column). The
majority of Co+ hydrocarbons in the feed are separated in the distillation column
205 and withdrawn via line 240 as a bottom stream for further processing. The
overhead stream from the distillation column contains the majority of Cg aromatic
hydrocarbons (xylenes and EB) in the feed and has 3 units of total xylenes. The .
overhead streamn is withdrawn from the distillation colﬁmn via line 206 and
supplied to the second separation unit 207 here the overhead stream is separated
into a stream having a higher PX concentration than the overhead stream in line
211 and a stream having a lower PX concentration than the overhead stream in
line 208. The lower PX concentration stream in line 208 is supplied to the first
isomerization unit 209 and is isomerized to produce an effluent stream which is
combined with the higher PX concentration stream in line 211. The first

isomerization unit 209 and the second separation unit 207 are operated so that the



first isomerized stream having a higher PX concentration than the first
PX-depl eted stream (d) separating a second portion of the Cg hydrocarbons
ri ch stresonaswi2adgesl east a portion of the first isoneri red/sheeansste
produce a second PX-rich stream and a second PX-depleted stream (e)
I somerizing at least a portion of the second PX-depleted streamto produce
a second isonerized stream having a higher PX concentration than the second
PX-depl eted stream (Orecovering at |least a portion of the first and second
PX-rich streans as PX- rich product; a (g)supplying at |east a portion of
the second isonerized streamto the sepdarating (a). 2The process recited in
claim1, wherein the feedstock contains at |east Cg+ hydrocarbons and the
separating (a) produces the Cg hydrocarbons rich streamand a Co+
hydr ocar boneombiapd pradugh(indinge 16h diee esPX eoncentration of abont133.¥ehasedopach
PX-rich str{%@m& fises at least 50 wt.% PX. 4The process recited in claim
1, wherein each -Tich stream conprises at |east 90

[0067] The combined product in line 210 is supplied to the PX recovery

unit 215, which in this example is a PAREX™ unit. One unit of the PX in the
overhead stream is removed via line 220 as a PX-rich stream, which has a PX
concentration of about 99.6 to 99.9 wt.% PX based on the total weight of the PX-
rich stream. A PX depleted stream is withdrawn from the PX recovery unit 215 via
a line 225 and enters the second isomerization unit 230. In this example, the
second isomerization unit isomerizes MX and OX to PX; and converts EB to
mainly benzene and other hydrocarbons. The isomerized stream from the second
isomerization unit 230 has about 2 unit of xylenes and a PX concentration (among
. total xylenes) of about 25 wt.% and is recycled back to the separation unit 205 via
line 135.
[0068] Again it will be seen that the ratio of the recycle stream (via line
235) to the feed stream (via line 201) in Example 1 is 2:1, down from the 3:1
recycle ratio in Comparative Example 1, which debottlenecks the existing xylene
loop.
[0069] The arrangements in Examples 1 and 2 reduce the recycle/feed
ratio to 2. Assuming an original capacity of 4 units of xylenes in the xylene loop
and assuming this capacity is fully utilized, a 1.33 unit of feed and a 2.66 unit
recycle satisfy the recycle-to-feed ratio of 2 and completely fill up the original
capacity of 4 units of feed to the PX recovery unit. A total 1.33 units of PX is
recovered from the PX recovery unit compared to the one (1) unit of feed in the
conventional PX plant as shown in the Comparative Example, thereby

demonstrating a 33% increase in PX production capacity (1.33 from 1.0).

Comparative Example 2 ,
[0070] In the simulation of the known process shown in Figure 4, it is

assumed that 1.2 units of xylenes in a Cg+ aromatic feedstock fed via line 302 are
combined with a recycle stream fed having 4.3 units of xylenes fed via line 316 to
give a total xylenes feed to the first separating unit 301 of 5.5 units of which 2.4

units of the overhead stream are sent to the selective adsorption unit 309 and 3.1



w.%PX - 25 - 5The process recited in claim1, wherein said separating
(a) conprises distillation of said feedstock. 6The process recited in claim
1, wher eiwoadwh2s@parating (b) conprises at |east one oPcsaiseatiovss29 _
adsorption, selective crystallization, selective extraction, and selective
nmenbrane separation. 7The process recited in claim1l, wherein said _
separating (d) conprises at |east one of selective adsorption, selective
crystallization, selective extraction, and selective nenbrane separation.
8The process recited in claiml, whereijy said isonerizing (c) is carried
out in an isonerization unit containi n'gi}a' cat al yst operated under

I someri zation conditions sufficient to isonerize MX and/or OX to PX and/or
to convert EB to benzene and/or xylenes. 9The process recited in claim1,
wher ei n sai @ifssBasentAp the fragtional enystallization unitr308rvia Hioed06z The dractiondl

soner | zo N SRRRRHGh RRSOE SEaRE Vg WRATRE N By B0 shE ftm e ™ 1
xyl enes. 10gondenssddiqifidin predinec3OtgleaviBg-2.7 ahitsdf PR depbaepraffhdie, whighst eps
of :

contains 10-12% PX and mostly other xylene isomers.

[0071] The 2.7 units of the PX-depleted raffinate from fractional
crystallization unit 308 are combined with the remaining 2.4 units of condensed
liquid from the condenser 305 to give a total feed of 5.1 units to the selective
adsorption unit 309. Because the PX-depleted raffinate has only 10-12% PX, the
mixture, which is sent to selective adsorption unit 309, typically has a PX
concentration of about 15-18%. The selective adsorption unit 309 in this Example
is a PAREX unit and produces 0.8 units of high purity PX (>99.5%) and 4.3 units
of a further PX-depleted raffinate stream. The further PX-depleted raffinate
stream is supplied to the xylene isomerization unit 315 which generates 4.3 units

of xylenes at 24-25% PX concentration, which is recycled back to the splitter 301.

Example 3

[0072] In the simulation of the process shown in Figure 5, the total
xylenes feed to the first separating unit 301 remains at 5.5 units but is composed
of 1.4 units of xylenes in the Cg+ aromatic feedstock fed via line 302 and 4.1 units
of xylenes in the recycle stream fed via line 316. The overhead stream from the
first separating unit 301 again comprises 5.5 units of xylenes. As in the case of
Comparative Example 2, 3.1 units of the overhead stream are sent to the fractional
crystallization unit 308, where 0.4 units of high purity PX (> 99.5%) are recovered
leaving 2.7 units of PX-depleted raffinate. However, in Example 3, the PX-
depleted raffinate is fed to the liquid phase isomerization reactor 317, which
increases the PX concentration of the raffinate to about 23 wit%. The resultant 2.7
units of isomerized raffinate are recycled to the first separating unit 301. The
overhead stream in line 304 therefore has a total of 8.2 units (5.5 units + 2.7
units), of which 5.1 units are supplied via line 312 to the PAREX unit 309, but in
this case the PX concentration of the feed to the PAREX unit is 20-24 wt % (as
compared with the 15-18 wt% of Comparative Example 2), which effectively
allows a 25% PAREX productivity increase from 0.8 units to 1.0 units of PX. As



(a) separating a feedstock containing Cs hydrocarbons to produce a C8

hydr ocarbons rich stream (b) separating at |east a portion of said C8

hydr ocar bwo067h4st ream t o produce said PX-rich streampamaisaodzionssto st r eam
(c) isonerizing at least a portion of said first streamto produce a second
stream having a higher PX concentration than said first stream (d)
separating at |east a portion of said second streamto produce a third

streamand a fourth stream said third stream having a higher PX - 26 -
concentration than said second streamand said fourth stream having a | ower
PX concentration than said second stredm (e)isonmerizing at | east a portion

of said fourth streamin another isonerizing step separated fromsaid
i sonerization step (c) to produce a fifth stream having a higher PX
concent r at i ®fesuamhesBAREXaffinets stresamin dind 3p# dy iretiusgd ftom d@senits toot.ti on of

said third st:realp: I t] sai d.fifth-str Q,sai. d
separating lZrltiﬁesp é'?éjg&%ﬁeﬁgﬁ}gc%gg&#te%f&gg&ienﬂc g?én@ldlo ﬁén%asg] uﬁef3 s
conpri si ng mempedtd figmalt.2 eds to h.4poritsitomezt tieanedv Eagfacity.s Hoeavea it wialat

clai m 10, SRR R PORBHIEY i 8 e Rl St i b Py (P8l
fourth streetystallizet €p.1(Wits), and the PAREX unit (5.1 units) all remain unchanged.
Thus, the proposed technology debottlenecks the whole loop with a minimum
amount of new equipment.
[0073] While the present invention has been described and illustrated by
reference to particular embodiments, those of ordinary skill in the art will
appreciate that the invention lends itself to variations not necessarily illustrated
herein. For this reason, then, reference should be made solely to the appended

claims for purposes of determining the true scope of the present invention.



13The process recited in claim 10, and further conprising
fractionating,said second streamto produce a first portion rich in
C7- hydrocarbons and a second portion rich in Cg+ hydrocarbons, said
second portion being supplied to said separating (d). 14The process
recited in claim10, wherein said PX-rich stream conprises at | east
50 wt. % PX. 15The process recited in-@taim 10, wherein said PX-rich
stream conprises at |least 90 w.% PX. 16The process recited in claim
10, wherein said separating (a) conprises distillation of said

f eedst ockCL !Egé
separat i

17The process recited in claim 10, wherein said

onprises at |east one of selective adsorption,

sel ective crystallization, selective extraction, and sel ective
menbr ane separati on. 18Th§ process.recited in claim 10, wherein said
it

separating (d)" eBspisifeae

CUIEAERTIRPRAUCE PGS ECMEIS i on,

sel ective cryshpl | isgadhif, aSRLESSIKY BoRthinaCtl AYdrRABERE S Prb¥Re a Cq
menbr ane separ at1on.

(b)

©

d

(©

®

(@

hydrocarbons rich stream;

separating at least a first portion of the Cg hydrocarbons rich stream to
produce a first PX-rich stream and a first PX-depleted stream;

isomerizing at least a portion of the first PX-depleted stream to produce a
first isomerized stream having a higher PX concentration than the first
PX-depleted stream;

separating a second portion of the Cg hydrocarbons rich stream and at least
a portion of the first isomerized stream to produce a second PX-rich
stream and a second PX-depleted stream;

isomerizing at least a portion of the second PX-depleted stream to produce
a second isomerized stream having a higher PX concentration than the
second PX-depleted stream;

recovering at least a portion of the first and second PX-rich streams as PX-
rich product; and

supplying at least a portion of the second isomerized stream to the

separating (a).

2 The process recited in claim 1, wherein the feedstock contains at least Cg+

hydrocarbons and the separating (a) produces the Cg hydrocarbons rich stream

and a C¢+ hydrocarbons rich stream.

3 The process recited in claim 1, wherein each PX-rich stream comprises at least 50
wt.% PX.
4 The process recited in claim 1, wherein each PX-rich stream comprises at least 90

wt.% PX.



19The process recited in claim 10, wherein said isonerizing (c) is
carried out in an isonerization unit containing a catal yst operated
under isonerization conditions sufficient to isomerize MX and/or OX
to PX and/or to convert EB to benzene and/or xyl enes. 20The process
recited in claim10, wherein said isonerizing (e) is carried out in
an isonerization unit containing a ca2alyst operated under

i sonerization conditions sufficient to i sonerize MX and/or OX to PX
and/or to convert EB to benzene and/or xylenes. 21A process for

produci ngs a PXryd 6hee3t FRAR irCQRR] | ShRideihNGidS ;Bgfog b fgh @
f eedst ock cont a}|{e I n% Cg yd} ocar bons tglhgrgléldéﬁggﬁg 2) (ﬁ%?%%g?%%?%@&l
rich stream (dsaiddgrastath.ng at | east a portion of said Cg

hydr ocarbons rich streamto produce a first stream and a second

stream said first stream having a higher PX concentration than said

Cg hydr oc@r borEherirédesstecR@mnaildimSBivehesdt 0416 sSiak RRAM(FPAGnkFiss AQWRE ofdX
concentration than said Cg hydrocarbons rich stream (c) isonerizing

at least a porafisplscthre adsgrptiors selpdive crstabiaabon selgeibe extradiiopgenskseleaiive

havi ng a hi gh%e@gaﬁ@& ghfisat i on than said second stream (d)
separating at least a %OI’tI on of said first streamand at |east a

portion of said third streamto produce said PX-rich streamand a

fourth styeam. ., - 28 - j Soneri zi at l.east a. rtion of said
fourth otT cam Ty nsfdkst ek BTER! € Rbedh il Sitering ) dopees A%t one
concentrat i on dfkalectb@iadsdrptiv, Beledtive @fistalliation, sple@iviebx igetidh, diasiccve

portion of said fifth streamto said separating step (a).
membrane separation.

8 The process recited in claim 1, wherein said isomerizing (c) is carried out in an
isomerization unit containing a catalyst operated under isomerization conditions
sufficient to isomerize MX and/or OX to PX and/or to convert EB to benzene

and/or xylenes.

9 The process recited in claim 1, wherein said isomerizing (e) is carried out in an
isomerization unit containing a catalyst operated under isomerization conditions
sufficient to isomerize MX and/or OX to PX and/or to convert EB to benzene

and/or xylenes.

10 A process for producing a PX-rich stream, comprising the steps of:

(a) separating a feedstock containing Cg hydrocarbons to produce a Cg
hydrocarbons rich stream;

(b) separating at least a portion of said Cg hydrocarbons rich stream to
produce said PX-rich stream and a first stream;

(c) isomerizing at least a portion of said first stream to produce a second
stream having a higher PX concentration than said first stream;

(d) separating at least a portion of said second stream to produce a third

stream and a fourth stream, said third stream having a higher PX



22The process recited in claim?2l, and further conprising recycling
at least a portion of said second streamto step (e). 23The process
recited in claim?2l, and further conprising recycling at |east a
portion of said first streamand/or at |east a portion of said third
streamto step (b). 24The process recited in claim2l, and further
conprising recycling at least a portiéf-of the third streamto step
(a). 25The process recited in claim?2l, and further conprising
fractionating said fifth streamto produce a first portion rich in
C7- hydrocarbons angyGnfaealthal Yald Mlofd SRednl i 80Y86.95 3BAN Saving! £
second portion being supplied to sald separating ?a). e process
recited in clai m2lowati®X eoneestadtion Bdénrsaclsesindesamamonpr i ses at | east
50 wt. % PX. ZQng process &gqit@d in clginégl wherei.n sajd.PX-rich
stream conpri atSIATEER) 'GAEt dPROD 955 SHSEM AR APQLAY PHOEI 8
21, wherein said seppRbira@d (fdm eSIREInSERBatlirséep (Sth Phodvite S difth stream

f eedst ock. . . . .
having a higher PX concentration than said fourth stream; and

(f) providing at least a portion of said third stream and at least a portion of

said fifth stream to said separating step (a).

11 The process recited in claim 10, and further comprising recycling at least a

portion of said fifth stream and/or at least a portion of said third stream to step (d).

12 The process recited in claim 10, and further comprising recycling at least a

portion of said fourth stream to step (c).

13 The process recited in claim 10, and further comprising fractionating said second
stream to produce a first portion rich in C;- hydrocarbons and a second portion

rich in Cgt+ hydrocarbons, said second portion being supplied to said separating

(d).

14 The process recited in claim 10, wherein said PX-rich stream comprises at least
50 wt.% PX.

15 The process recited in claim 10, wherein said PX-rich stream comprises at least
90 wt.% PX.

16 The process recited in claim 10, wherein said separating (a) comprises distillation

of said feedstock.



29The process recited in claim?2l, wherein said separating (b)
conprises at |east one-of selective adsorption, selective
crystallization, selective extraction, and sel ective nenbrane
separation. - 29 - 30The process recited in claim?2l, wherein said
separating (d) conprises at |east one of selective adsorption,

sel ective crystallization, selective-@Xtraction, and selective

menbr ane separation. 31The process recited in claim?21l, wherein said
isonerizing (c) is carried out in an isonerization unit containing a

catal yst pper afl%%rb%@@fecftéﬂﬁ%[ah‘é@b' Qﬂergﬂr&gfdts'g%?&lr%ﬁ); Shsiites quﬁfst one

i somerize MX and/'or OX to to convert e an

xyl enes. 32Thefpelecessidsepiitndelpcive lcaistallzatiomtseleetive essradlonsmwmelezﬁiwg
(e) is carried o | sonerization unit containing a catalyst
oper at ed under™ ?u%ﬁ%?$?§?lg% conditions sufficient to isonerize MX
and/or OX to PX and to convert EB to benzene and/or xylenes. 33A
process for producing a PX-rich product, the process conpri sing
separatind a fE@diéwewlalc}iiﬂlﬁg}oc:ghwars@ééﬁ%#@a(é ﬁrlmaﬁ@%atdea@eone

hydrocarbons rdg %Qe&Ne%EBT%P A1adtha gry%%aﬁlifaﬁ&n Q&%&tiv%réxﬂ‘gctfog %e?ctwe

hydr ocarbons rich streamto produce Irst PX-rich streania

first stream meobrend wpagtien. | east a portion of the first streamto
produce a second stream having a hi gher PX concentration than the
first stream

19 The process recited in claim 10, wherein said isomerizing (c) is carried out in an
isomerization unit containing a catalyst operated under isomerization conditions
sufficient to isomerize MX and/or OX to PX and/or to convert EB to benzene

and/or xylenes.

20 The process recited in claim 10, wherein said isomerizing (e) is carried out in an
isomerization unit containing a catalyst operated under isomerization conditions
sufficient to isomerize MX and/or OX to PX and/or to convert EB to benzene

and/or xylenes.

21 A process for producing a PX-rich stream, comprising the steps of:

(a) separating a feedstock containing Cs hydrocarbons to produce a Cg
hydrocarbons rich stream;

(b) separating at least a portion of said Cg hydrocarbons rich stream to
produce a first stream and a second stream, said first stream having a
higher PX concentration than said Cg hydrocarbons rich stream and said
second stream having a lower PX concentration than said Cg hydrocarbons
rich stream;

(c) isomerizing at least a portion of said second stream to produce a third
stream having a higher PX concentration than said second stream;

(d)  separating at least a portion of said first stream and at least a portion of

said third stream to produce said PX-rich stream and a fourth stream;



separating a second portion of the C8 hydrocarbons rich streamto
produce a second PX-rich streamand a third strean isonerizing at

| east a portion of the third streamto produce a fourth stream havi ng
a higher PX concentration than the third stream recovering at | east
a portion of the first and second PX-rich streans as PXrich product;
and providing at least a portion of tB&-second streamand at |east a
portion of the fourth streamto the separating (a). - 30 - 34The
process recited in claim33, wherein said isonerizing (c) is carried

out in an iso (4 ST eYa a1 t.al Q. tﬂgg r at der
i sonerizati onrrg%nd?%c%ngér% H%Iu%tf 1F:ggi?eaﬁlltj&ltnggicgfos'(r“%g&r ?dzu)ét‘[Il aﬁd%oﬁgggé}:t g ng?
and/or to convert BEBe4iohengehghanki oonceyirgiveshandakhiuph sitezss anéci t ed

in claim32, erein said jsonerizin e) i arried.put in an

| Someri omscon B ¢ Hondng al RETE bebicRReSid siR hRh s reBra e @i on
conditions sufficient to isomerize MX and/or OX to PX and/or to
convert EB to benzene and/or xylenes. 36The process recited in claim
33, wheredn sail¥ Possesesiedgin epim 21eppd dudler gomnsisipg Teayaling| 4tyleash a

the liquid ph%?tion:gfﬂ%ﬁ s@éd?ﬁﬁ%%alﬁﬁ%t%g@.i n claim33, wherein said

separating (b) conprises selective a ption

23 The process recited in claim 21, and further comprising recycling at least a

portion of said first stream and/or at least a portion of said third stream to step (b).

24 The process recited in claim 21, and further comprising recycling at least a

portion of the third stream to step (a).

25 The process recited in claim 21, and further comprising fractionating said fifth
stream to produce a first portion rich in C7- hydrocarbons and a second portion

rich in Cg+ hydrocarbons, said second portion being supplied to said separating

(a).

26 The process recited in claim 21, wherein said PX-rich stream comprises at least

50 wt.% PX.

27 The process recited in claim 21, wherein said PX-rich stream comprises at least

90 wt.% PX.

28 The process recited in claim 21, wherein said separating (a) comprises distillation

of said feedstock.

29 The process recited in claim 21, wherein said separating (b) comprises at least one
of selective adsorption, selective crystallization, selective extraction, and selective

membrane separation.



38The proceéé recited in claim33, wherein said separating (d)

conprises fractional crystallization.

30
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The process recited in claim 21, wherein said separating (d) comprises at least one
of selective adsorption, selective crystallization, selective extraction, and selective

membrane separation.

The process recited in claim 21, wherein said isomerizing (¢) is carried out in an
isomerization unit containing a catalyst operated under isomerization conditions
sufficient to isomerize MX and/or OX to PX and to convert EB to benzene and/or

xylenes.

The process recited in claim 21, wherein said isomerizing (e) is carried out in an
isomerization unit containing a catalyst operated under isomerization conditions
sufficient to isomerize MX and/or OX to PX and to convert EB to benzene and/or

xylenes.

A process for producing a PX-rich product, the process comprising:

(a) separating a feedstock containing Cg hydrocarbons to produce a Cg
hydrocarbons rich stream;

(b)  separating a first portion of the Cg hydrocarbons rich stream to produce a
first PX-rich stream and a first stream;

(©) isomerizing at least a portion of the first stream to produce a second
stream having a higher PX concentration than the first stream;

(d) separating a second portion of the Cg hydrocarbons rich stream to produce
a second PX-rich stream and a third stream;

(e) isomerizing at least a portion of the third stream to produce a fourth
stream having a higher PX concentration than the third stream;

6] recovering at least a portion of the first and second PX-rich streams as PX-
rich product; and

(g)  providing at least a portion of the second stream and at least a portion of

the fourth stream to the separating (a).
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The process recited in claim 33, wherein said isomerizing (c) is carried out in an
isomerization unit containing a catalyst operated under isomerization conditions
sufficient to isomerize MX and/or OX to PX and/or to convert EB to benzene

and/or xylenes.

The process recited in claim 32, wherein said isomerizing (e) is carried out in an
isomerization unit containing a catalyst operated under isomerization conditions
sufficient to isomerize MX and/or OX to PX and/or to convert EB to benzene

and/or xylenes.

The process recited in claim 33, wherein said isomerizing (e) is effected at least

partially in the liquid phase.

The process recited in claim 33, wherein said separating (b) comprises selective

adsorption.

The process recited in claim 33, wherein said separating (d) comprises fractional

crystallization.



