PROCESS FOR PRODUCI NG PARA- XYLENE Fi el d of the

I nvention [0001] This invention relates to a process
woaoo7prodeci ng par a- xyl ene. Background of the PaY&ISRG00/008829

[ 0002] Ethyl benzene (EB), para-xylene (PX),

ort ho-xyl ene (OX) and neta-xylene (MX) are often

present together in C aromatic product streanms from

chem cal plants and oil refineries. O these C .

conpounds, although EB is an_jnportant raw materi al

for the production of styrene, for a variety of

reasons nost EB feedstocks used in styrene production

are produce ati on of benzene with ethyl ene,
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[0003] Given the higher demand for PX as compared with its other

isomers, there is significant commercial interest 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.



i dentical nol ecul ar weights.[0004] A variety of

met hods are known to increase the concentration of PX
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i nvol ve recycling the stream between a separation

step, in which at least part of the PXis recovered to

produce a PX-depleted stream and a xyl ene

i sonerization step, in which the PX content of the

PX-depl eted streamis returnegl back towards

equi libriumconcentration, typically by contact with a

nol ecul ar sieve catal yst. However, the commercia
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large equipment, significant energy consumption, and/or substantial recycles

would be required for fractional distillation to provide effective Cg aromatic

separation.

Table I

[0006] Fractional crystallization is an alternative method of separating
components of a mixture and takes advantage of the differences between the
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 streé.m by fractional crystallization while the other components are

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



aromatic stream by fractional crystallization while
the ot her conponents are recovered in a PX-depleted
woizbdrriate9 H gh PX purity, a key property neededT/us2007/008829
forsatisfactory conversion of PX to terephthalic acid
and 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.
Commercially available fractignal crystallization
processes and apparatus include the crystallization
i sofining process, the continuous countercurrent
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[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.



the PX concentration in C aromatic streans prior to
sending the streans to the PX recovery units. This
woigitar7#X concentrati on woul d al so al | ow bet t 8CT/US2007/008829
utilization and/ or de-bottlenecking of existing PX
separation equi pnment, such as a PAREX(tm unit, an
ELUXYL(tm wunit or a fractional crystallizer.-
ASummarv of the Invention [0010] In one aspect, the
present application describes,a process for producing
a PX-rich product, the proces$S conprising: (a)
separating a feedstock containing C hydrocarbons to
produce a Cg hydrocarbons rich stream (b) separating
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| east a portion of at |east one of the first an

secondthexirst R¥-dspletashsireas; PX- ri ch product; and (g)
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and a ;C):ro%chdeg %Cgercggg Sisgrilgtlgze%t srtreg:rrpl having a higher PX concentration
than the second PX-depleted stream; .
63) 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; '
(b) separating at least a portion of the Cg hydrocarbons rich stream to
produce the PX-rich stream and a first stream;
(c) isomerizing at least a portion of the first stream to produce a

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



[0012] In another aspect, the present application

descri bes a process for producing a PX-rich stream
woOher7aroaess conprising: (a) separating a feedBCoais2007/008829

cont ai ning Cg hydrocarbons to produce a Cg

hydrocarbons rich stream (b) separating at |east a

portion of the Cg hydrocarbons rich streamto produce

the PX-rich streamand a first stream (c) isonerizing

at least a portion of the fi_r§§ streamto produce a

second stream having a hi gher” PX concentration than

the first stream (d) separating at |east a portion of

the second streamto produce a third stream and a
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tRpaftion Rl Hergeparating (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;



(a) separating a feedstock containing C hydrocarbons
to produce a C hydrocarbons rich streanm (b)
weepmEriati4mng at | east a portion of the C8 hydroearsm®?7/008829
rich streamto produce a first streamand a second
stream the first stream having a hi gher PX
concentration than the C hydrocarbons rich stream and
the second stream having a | ower PX concentration than
the C8 hydrocarbons rich stream (c) isomerizing at
| east a portion of the second streamto produce a
third stream having a higher PX concentration than the

second itream (d) separating at | east a portion of
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(b). [0018] In one enbodiment, the process
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[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).



hydrocarbons rich stream (b) separating a first

portion of the C hydrocarbons rich streamto produce a
woioE2RM9ri ch streamand a first streany (c) PCT/US2007/008829

isomerizing at least a portion of the first streamto

produce a second stream having a hi gher PX

concentration than the first stream (d) separating a

second portion of the Cs hydrocarbons rich streamto

produce a second PX-rich streamand a third stream

(e) isonerizing at least a portion of the third stream

to produce a fourth stream having a hi gher PX

concentratign than the third stream _(;%f recovering at
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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,
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The term " C9+ hydrocar
h&rgi 7&&&@%&% cHrbEA feraRy m?@nﬁhn%ms@rb%% kaving pRyiFn or less
Sir:aggﬁ% ?&6m§0b&0 wdecufe. AT Ay diyeddabts §2adaRMEf 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.%, C; hydrocarbons in the feed and/or product. The tenh “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



is a hydrocarbon feed and/or product having nore than
10 wt. % such as nore than 20 wt.% for exanple nore
woOhent/1404t . % such as nore than 50 wt. % and PATASRM®7/008829

cases nore than 80 wt.% C9+ hydrocarbons in the feed
and/ or product. The term "C7- hydrocarbons” as used
herei n neans hydrocarbons havi ng seven or | ess carbon
atons per nol ecule. A C - hydrocarbons feed and/or
product is a hydrocarbon fee_dggnd/or product havi ng
nore than 10 wt.% such as nore than 20 wt. % for
exanple nore than 40 w.% such as nore than 50 w. %
and in sone cases nore than 80 wt.% C7- hydrocarbons
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nSFOGH dTomt the Xyleppssfrniaipingiged STeanGAtethy Bkt The term “PX-
hyerosRaRY At fIE doRBEHtRkioR AL bxititl t irehlf o£UCHREEAR unit is
of a PX-rich or PX-depleted stream and/orproduct, is a.
hipareatest porempagd 4o theosonserimiion inaa faed siispm torthe same unit. It

% . % ¢+f npl e nore than
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wt.% such as nore in sone cases
nore than 80 wt.% C aromatic hydrocarbons in the feed

/R roduct. [0033] The term "PX-depl eted" neans
Chadiad

oncentration in an exiting streamof a
pi08#4kul ar Thetfeedstédanplbyed it ahg present procks may be any Cg+
reamto th uni

oncentyation.in a feed s sa Lt
DB SCh, stpiis Bonfiing CpRPas by Faciirss s #y4 reformate
r ereaugad Hydoooradldny prelies stecuni,al Kylefe beBB fhtwaip®HuétOstream,
the unit. '[%ﬁ term'@(rich" nmeans t hat_ . PX ) .
cUhEOMAE A SH2 R RFPURT SR ARy EamelF dispropartiepatign stream, an
UdtbinatiS tfaRSd1RPAaH6n 8GehR MW Rth Coclhh™ ODEBMkahl Phe fdkdstock
a fe%lle treamto the sane unit. It does not mean that

tRay B CRMPFISE ity clmastream(sy fiqmpothe Asemstigation 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 Co+ hydrocarbons from the Cg+

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



[0034] The feedstock enployed in the present process

may be any Cg+ hydrocarbon feedstock containing C
wanomakie hydr ocar bons, such as a refornmate stPeamsS2@7/008829

hydr ocr acki ng product stream a xylene or EB reaction

product stream an aromatic al kyl ati on product stream

an aromati c di sproportionation stream an aronatic

transal kyl ation stream and/or a Cyclar(tm process

stream The feedstock may furbher conprise recycle

strean(s) fromthe |soner|zat|on step(s) and/or

vari ous separatlng steps. The Cs+ hydrocarbon

feedstock conprises PX, together with MX, OX, and/or
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Because of the differences in_nolecul ar wei ghts,
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f OIRPHESSE akﬁ,qaéh@%e BT EBE Leinée sicoyer a R-vich rpeoduch etream from
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di stl atl on, separati on rre hods
asire@nymmphsesaatl Izast émswtr%tl?xn predenabhe i leasts éoam%l P, more

a ran at extracti.on 0]
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| FCOpAr™ @eitbY FREEVERESarati D30, Af ERMUEID Y&larfiort BRit, an

i 00 boney e Br esent, briocess
ionation unit, or any combination thereof.
These types of separation unit(s) and their designs are described in “Perry’s
Chemical Engineers’ Handbook”, Eds. R.H. Perry, D.W. Green and J.O. Maloney,
McGraw-Hill Book Company, Sixth Edition, 1984, and “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.

[0037] Further separating steps emplo'yed in the present process serve to
separate a Cg hydrocarbon feedstream into a PX-rich effluent 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



conprises at | east one separating step to recover a
PX-rich product streamfromthe resultant C

woydiracaspon stream | n one enbodi nent, the PXPCTais2007/008829
product stream conprises at | east 50 wt. % PX,
preferably at |east 60 wt.% PX, nore preferably at
| east 70 wt. % PX, even preferably at |east 80 wt. % PX
still even preferably at [east 90 wt. % PX, and nost
preferably at |east 95 wt.% RX,_based on the total
wei ght of the PX-rich product stream The separating
step to recover the PX-rich product streamis
performed in a PX recovery unit caonprising at | east
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Per r%rn Gﬁieen and J. Mal oney, McGraw Hi || Book
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I 8 ERRS &f 1IGRBkohBAzRCEAAYRE. IDfe BRSESomerization catalyst

application al so _conprises at I east twWoO isonerization

stEpEOrG Ar {ese KawHibigs the four differentr Canromtisrdosineynds, including
aERTB{| Ghe concentrations dictated by thermodynamics under the reaction

conditions. This allows maximum formation of PX from Cg aromatics in a
particular feed. Examples of these type catalysts include IFP/Engelhard
Octafining™ and Octafining II™ catalysts used in the respective processes. The
other type of xylene isomerization catalyst can effect EB conversion in addition to
xylene isomerization, generally in the presence of hydrogen. As discussed earlier,
this type of catalyst will remove EB and produce benzene and ethane as
byproducts. This may be a desirable disposition of EB, depending on supplies and
demands of various products as well as other equipment present in a particular

plant. Examples include Mobil High Temperature Isomerization (MHTIT™)



conmpounds is isonerized to produce an isonerization

effluent. The feed streamto each isonerization step
woaorizaas PX in a concentration bel ow its equPCThISR0OM008829

concentration relative to other inter-convertible C

aromati ¢ conmpounds under the isonerization conditions.

Each catal yzed i soneri zati on step serves to increase

the PX concentration to near its equilibriumlevel.

The isomerization step may al;go serve to convert part

or all of EB present |n t he ﬁeed streamto benzene and

i ght hydrocarbons (i.e., hydrocarbons having | ess

than 6 carqgﬂ per mplecule). Alternatively, the
i @ity 2 M I%lgépAﬁ*a\jlt&aHé@n%zaﬁ@m Gatalyisthe MéABéi‘atartslr Uop

qgtm@AREBIpnﬁﬁgﬁﬂ f the feed streamto xyl ene(s).
[0039] There are nan catal ysts or conbi nati ons of

dﬁ%@ sts tHarumber elesuitsble isnmerightions pmetary atayobe ssagpfor the
efeht afsElePfex E%%nrlﬁxqﬁﬁmgoe?cfubnyfe%r %fe‘&‘g%%& 3U$ )f’atent No.

types o ene I SOMer| cat al
cﬁ89%@hbamtﬁﬂ36ﬁ96atalyst can nore or Iess eqU|I|brate

t@64£fur gf ent C @ iC CcO ounds n Judin
e concent tIfIS??? oé‘t‘r@da DS ‘r‘r’incr§a‘8W6‘erPay be
tdagri¢c aat i@ ﬁ@ﬁdlﬁha@eﬂSa vapors(gak) 9M@senaxsu@%frbhﬁ& Ha8é or a

of PX from,C aro in aparticul ar feed. Exanmp
STOMHBEIPN, PEEO ot L1 SIS HOR I e PR3 GERFiBRgEondiions and the

Qp%&'&'lcmoﬁﬁ'{dsmon%ﬂl*th@‘a}&ﬁhﬁu RedHtdeih E@ﬁéh%ﬁ&z%!@ @tekRine the

t respectlve processes. The other type of xylene
ﬁm Satei ec%fpg}*\}lgtfeida%ﬁreémf iathe kplepe isparesization Feactor.

3{@0&2]‘ on t ORéférﬁﬁg th 39 E' 1Z3hiRe ’coﬂ@&ﬁfoﬁl{zf }faxlarkytlé}l%ysegaratlon

presence of hydrogen. di'scussed earlier, this
o%ndclét’lafv‘?é%ﬂ% lqoprSélﬁWe apped gomprising ceshatematic ladgocarbons is

edx;&ﬂﬁ W& 1iRY ﬁrte %Bk%b%gué—% g\ﬁlt %B%h% i8 Ft??pqéahf}faép g%gléertr%or{l dcsolumn. A

di S_pOSI t1on of INng on sup I es "an
onaipsity ol €sproaatc ixyémcwéulohs dis thot feed iegeparated tbypthe amuitt 5 and

ti.cul ar nt Ie [ d big H gh .
T\&ﬁ%‘%@%ﬁ% Zi 8ﬁ£)ﬂr(ri‘za ile Fy( £ %9(% aﬁ%"\{@gﬁr ?nsl\/g’ofl'fe feed is
HviihdrAeni viat § lisoHdOr v at bmtbmasttalaystfsr (ﬁMtHHr( propessiipd The Cg
UOP_| ﬁ Ré)t % -100 cat 004& nupb(gr o%

Nilge: ?ng‘ SHEPPS SEFh HOMEVEE Liahp Hbis udaliefo § R recovery
plixﬁﬁeﬁtwlﬁbrst‘d PEHIoR. oSPIXE il €t btrdlint 1§ GBS AW VRS1iAE ©0. The PX
q%%&%upgg} S Patent No. 4,899,011 and 4, 236, 996.

[ Bkt ptfuephBopy Bedik reRaEnouRi &> ia wawdeﬁ@ via a line 25 and is
| SPPBEd @ tanORoMRASAIGI uAR Y3 EThe isomerization unit 30 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 PX
depleted‘stream into an isomerized stream having a higher PX concentration than
the PX concentration of the PX depleted stream. The isomerized stream 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



carried out in a liquid phase, a vapor (gas) phase, a
super critical phase, or a conbination thereof. The
weeb@akiam of i sonerization reaction conditi onBCamg2M0M008829
speci fic conposition of the aromatic feed stream bei ng
i sonerized determ ne the physical state of the
aromatic feed streamin the xylene isonerization
reactor. [0042] Referring to Figure 1, in the
conventional para-xylene sep 5at|on and i sonerization
| oop shown, a feed conpr|3|n Cs+ aromatic
hydrocarbons is directed via line 1 to a separation
unit 5, which is typically a distillation colum. A
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Sk isGffable 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



to a PX recovery unit 115 where a portion of PX in the

feed is withdrawn as a PXrich streamvia a line 120
wanaraz2fis st stream (PX depleted streanm is w POdmae7/008829

via a line 125. [0044] At |east a portion of the first

streamw thdrawn fromthe PX recovery unit 115 via

line 125 is supplied to a first isomerization unit

130. The first isonerization unit 130 is nornally a

reactor | oaded with an isonerj,zati on catalyst (e.g.,

acidic zeolite) and is operated under suitable

i sonerization conditions sufficient to convert the

first_streaminto a second stream having a hi gher PX
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aromatic hydrocarbon stream withdrawn a line 206 into a first stream, having a

higher PX concentration than the Cg aromatic hydrocarbon stream and a second
stream, having a lower PX concentration than the Cs aromatic hydrocarbon
stream. The second stream is withdrawn from the first separation unit 207 via line
208 and at least a portion thereof is supplied to a first isomerization unit 209. The
first isomerization unit 209 is normally a reactor loaded with an isomerization
catalyst (e.g., acidic zeolite) and 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.



i somerization unit 130. [0047] In a further
nodi fi cati on (not shown) of the process of Figure 2,
woOher7sievand stream wi t hdrawn fromthe first PCT/US2007/008829
i somerization unit 130 via line 136 is fed to a
fracti onator before being supplied to the second
separation unit 137. The fractonator divides the
second streaminto a first portion richin C -
hydrocarbons, which is w thdrawn for further
processi ng, and a second porg on rich in Cs+
hydrocarbons which is supplied to the second
garatlon unit 137. [004m%bReferr|ng to Flgure 3, .
VAP descrAb&egsfammmeS ﬂnmdmﬁneamfartdm,rqé easbaportion of the
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ifhdrawarfom the secapd inomesratianuniaBf gnd et leastiaportign thereof is
f ghéd{oenﬁé%&%ﬁ £908 Lisik D5 a3 ¢ hydrocar bons.

9] The second separation unit 2 7 separates a
p[@flﬁl n of Iha n®dificatian (a;Ohglmvoﬁaafmpmcre@mﬁ Figtitedd,canportion
Sh hj
A ReCR kel By ok FoR T B oo e hH0E seghamtion unit
2. alnssklitich, st pation dfake ﬁgst atreawmdn lﬁié Zldnarelidrr @ porion of the
The .secon

t.ha he C aro droc strea

Lo sl o R BT e e P B b R st R B 2027

V[I005|2] ng 20th affigrtiedr rh@difitatfonp@bt slmM)ftﬂlétﬁginrd_lg‘ﬁss ?f Figure 3, at
u ied to a rs |soner|zatlon nit first

gtitet s, Of uth bfgstrean dp linel ¢ 12 ek deopugnlisely the first

Webhrafibn ufR2PB5] zation catal yst (e.g., acidic zeolite)

and _oper at ed under. suitable isoneri zatl on condi tions

SOPFILi ent  InpyYeighfither pedifieation @ahshown) of theipracess of Figure
S3, B MR AYIRM Witddam¥orh IRE %ﬁéﬁé&ﬁbﬁ?ﬁﬁﬂnmﬁ 38 via line 235

concentratlon of the second stream_ The third stream

i1§ fed to a fractionator before being supplied 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



wi thdrawn fromthe first isonerization unit 209 via
line 212 and is conbined with the first stream which
woo00midp awn from t he second separation unit BOT/US2@7/008829
line 211.[0050] At least a portion of the third stream
and/or at least a portion of the first streamare
jointly fed via line 210 to a PX recovery unit 215
where a portion of PXin the joint streamis renoved
via line 220 as a PX-rich str n1and a fourth stream
(PX depleted stream is mnthdhamn via a line 225. At

| east a portion of the fourth streamis supplied via
line 225 to a second isonerization unit 230, The

seEnYed it the Srst separaimeundt3t 1 thrawgh hine| 3p3for Bnthes processing.
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process of Figure 3, at |east portion
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swpmdﬂatwmmaulﬁnet 3PN7Thd if&rtlﬁefralchknpRt@Y stebawd fbeﬁedtlf}ehne 314 to a
fifth streaminto a first portion rich in -

hYYPRE dFYBHLzatigh; Bt 1345 WhEr titn F ffepmgis converted into an

pisofirigtd gtreah tﬁaﬁn% ®gghed POEdriceRtratidilthkf thel bf the further stream.
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that integrates sel ective adsorption and a fracti onal
[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



crystallization unit in a single para-xyl ene
separation and isonerization |loop. In particular, the
WOROIAI4gONPri ses a conprises a first separat PAGUSHI0T/008829
301, which may be one or nore distillation colums and
whi ch receives a Cs+ aromati c hydrocarbon feed stream
fromline 302 and separates the feed into an overhead
vapor streamand a bottomliquid stream The bottom
liquid streamis conposed mai.nly of C9+ aromatic
hydr ocar bons and sone ortho-Q I'ene (OX) and i srenoved
fromthe first separating unit 301 through Iine 303
for further processing. The overhead streamis

cRrifgolbe P *hapreptratiortingthe Re-flepleted reffiantscitrsatnt fygrin d&H13% up to

R0 WYl R840k MX) , about 20% PX, about 15% OX
and about 15% EB) and is renoved fromthe first

si@Barkt i ng Imithe Joacesh sboryh ihiFigus0d, thedeffhienentredmrfrom the
.P %c&&f ngﬁﬁ 'is&r&&?z?lioﬁégﬁ%@v g«{l%chlaﬂ?st ebg% e 9?(5 gorﬁ:ggt%}ion than

in Figu IS affec by b ractd ona
cthy dt2&idepletad affivate tstr8@8, anditadssretiirbugh s Gptdndnfed to the

' 09... Thus. t of .the C aromati ydr ocar ho
b s B8, 181 oo 4FF RN R R 50 o i feed o the
| sebeeti30 adbarption vbjt 30MNEnIRNGirkceeabbtR (8 ChdWARK, to be appreciated
CtF%Sta”itzaﬁti un&']t 308, where a first PX-rich .
SPatRRt oz Al et e eHtued aken TR seeAnd ¥Hlenesisgmengation unit 317
Ro¢ulie bk euuppli¢RfirbdtiyeroStht @altiive M\dstogﬁ[cﬁw\ﬁhﬁ/ 889) ifRcedtdry after
The remai nder of the C aromatic hydrocarbon renoved

FFRHOPAROR | tPsferadisa Cati hyfiragarors dmprities ghd/or nE7-3bydiogarbon
CiedpRirRE Bhdrieling theXsedR] L1668k fs@%n%g;%tﬁaéﬂuﬁ{s?ﬁ fromthe
'] and Ted by

fractional crystallization unit l'ine
3APISBhL t he ebme prasticalcerehqsiimont efitht ps@Sss slivevreimFigure 5, the

- ric e i \Y} u N
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vieehnolegy ginde thik da$ the idvan@ygedep(Btduipititeand icestf sidedyyunlike

[ , i somerization.unit. 315 re the .. .
rhOot? bokitndh, ik Piied, RANERPEIAY (4Bhdrizansy I RbFloRiEs, liauid
hehaise (somegizatioPHoesomst eeduirt hiydRogenaRcidigtandf(2) ey xylene loss (<
furs Reyr strea The js rized. streamis renmpved from
tH004) gl 8 T o5l el Frirbas g epstint 51 gh mpep noderate
fredetion dond@ticd®2 for recycle to the splitter 301 .

[ Referring to, Figqure 5, a nodjfication of the

k&ggﬁ t echngleSﬂggéofﬂ‘ﬁ pid AISPECHAHIR i PIOgHEtc heangains - mostly
RERIBHUR XIS ahd 16WwABvelP of U048 Jullls, Rikis possible to send the
productivity_ of the para-xylene separation and

i Hg}tisirgﬂnoﬁomdgﬁ seqandxyleneds@perization unit 317 directly to the first
separating unit 301 at the proper tray position to affect the separation of C8 and

C9+ compounds.

Examples
[0060] The following simulation examples were performed based on the
following assumptions:
(a) the isomerization unit(s) isomerizes PX, MX, and OX to their
thermodynamic equilibrium;
(b the equilibrium PX concentration in xylenes (excluding EB) is
25%;



nunerals are therefore used to illustrate |ike

conponents in Figures 4 and 5. In particular the
wonorasx4ef Exanple 5 enpl oys a second xyl ene PCT/US2007/008829

i somerization unit 317 which is used to treat the

PX-depl eted raffinate streamw t hdrawn fromthe

fractional crystallization unit 308 via line 311. Thus

a problemw th the known process shown in Figure 4 is

the | ow PX concentration in t crystallizer raffinate

stream which reduces the productivity of the

sel ective adsorption unit 309 since, in each pass, the

unit 309 can only recover the PX being fed through

line 392, THE pinmdization wiis) cemverisnallj BBt twe bsazanad toluene,

xyl ene iso ' [ [ l.§..t obring the PX
TR B ot

concentratioh in't raf inate stream from
10- 12%d)p t the S reenyety it ravpiew d DOUF of FK i fde@Da

In the,Rproc wo i Fi gur e he eff] uent,stream
from 1 2o R aR) Wkl Lt i°s YsnlidBiof ebMIEDWiier £R0Vers an
has a hi ghexylRXecdnberbmbiredfeéchan t he PX- depl et ed

r kpate stream, | i t hdrawn t.hrough.line, 3 and . |
f Sf‘sltlg t he it s nders oé’\rgatf’i%erﬁ?ﬂ siiljesd g %ﬁ@}aﬁﬁmflﬁ%zatm
outit(8) ImdXiwandrizet PH{ NIXE dndedX qotidss $eineeD0%E thermodynamic
adsoiégti on unit 309 .can be iugcr eased, It _.is, however,

t B9 rCQEFeJ’("é'HOPHHtre?}aIan gctgx.ppg B.}anfsn dt gfeflmjgﬁ@erstood to a
Spereon skilld $1€ 0RO Oark YtheN @hd FOESuIBR SUHcbntBakiont 3! Hlenes
b@slupflglrﬁg direct I¥ to the selective adsorption unit "

3 cludingfel bisunglln fese than23t4.i Brinegan updersiond fe a person skilled
hindihe Gt BRAP the Rk AforP RS m&y col¥et P48 100% EB to other
inpurities generated in the secong xyl ene

i Byshreearbens. ol igdithgundefsyoBBlo # persan shilledt incthe art that the PX
e |37 F-FLQur 1 h .
SR ol Ly FISB RECRR 0B Bx I Bed i fedfppogutacturing
phlasts. Hooveres, fat thenpurposmof sigplityc B00% i xg/ldresequibrium, 100%

CEABSAR A 1 FREL B S5 9% e85 Sk bion

| sssmmed athedbllowiripiBxagples, | i qui d phase isonerization
does not require hydrogen recycle; and (2) |ow xyl ene
loss (< 1.0% due to the low | evels of undesirable

sCdmpaeativé BRample 1 he nore noderate reaction

condiiions. [0Q59] Because the liquid. isomerization .
ptb@ggf:t cont™i ‘%!é’“%bg” @ﬁ\?ﬁl?‘ieﬂ rsicb?ﬂ_“%% ditgsamy pf 4 gopventional
| proetss folr Pr8dudiOsPOU el Figire 1,SomOafit UfexibheseRda d}8 aromatic

e&fl uent streamfromthe second xylene i'sonmerization
u Fflstgcrilq (@a rlg)@t})ylstqprqmeq witht a recycle stream (via line 35) having 3

units of 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



separating unit 301 at the proper tray position to

af fect the separation of C8 and C9+ conpounds.
wéxerahkese [ 0060] The foll owi ng simul ati on exanpCEISMHBIB08829

performed based on the foll ow ng assunptions: (a) the

I somerization unit(s) isonerizes PX, M, and OX to

their thernmodynam c equilibrium (b) the equilibrium

PX concentration in xylenes (excluding EB) is 25% (c)

the isonerization unit(s) caonyerts all EB to benzene,

t ol uene, xylenes, or other hydrocarbons; (d) the PX

recovery unit recovers 100% of PX in its feed; and (e)

v\ge first separation unit is a distillation col um
f dp thesispperigatin unit 3G Ju dhis gxamplectisiisoraerizagen unit isomerizes

[m@a&d Ox & pK3 %H%ﬁ@éhstl@B% REiS9 berkbnd S bt‘ﬂext HWE&WS

that the | somefization unit(s) nmay isonerize
ahlee GrRmesizpé syreamarvignsbaut & pity of wylenesand ati?X \woncentration

C I 3

(AR 5B plankS Jrou T I it b BERBOR b fscrferBadn it
edfuand fecyelmi bacictorthe aépamtxdnrumys eiadime(35¢cl uding EB) is
usual ly less than 25% It is again understood to a

person skilled in the art that the isonerization

URkaraple ey convert | ess than 100% EB to ot her

hydr.ocar bons,. is further stopd .to a p

OOERES 7 Aechgmi e SPRRIASR SCBDOe glagrime Ofgpe embodiment
r eC i€ didchssard (18, 25 080e0finiPXf1 ¥y1ddes 159‘?@84%%6@1@{1c feedstock is
manuf.acturing plants. However, for the purpose of

SFITRPiER Pjth ZAsEYS s sireae NEYEER wsmffcylme%rms directed via line 1
CRNVIRY FireN sed R8I 4nite G 0¥ e(cﬂstllﬁﬂgn 2&%1%) eqyL | hQ‘folle'igW of Cot+

concentration are assuned In | ow ng

Carfsasaberscareseppsried fr%@@zaonmnm by the @etlllgr?on column 105

PP I 0 005, AR 0 SCEERR e

am@r adr streeton coff eledslisaﬂhu@wmlmnmelols) comamnthennﬂjomty hof Cg
ar%gl%ylglﬁayds & egcgﬁs( t’xy‘filenlels na%dSEfS) 1nvthg Qfeed and has 3 units of total
xylenes, of which about 33.3 % are PX. The overhead stream is withdrawn via
line 110 and supplied to the PX recovery unit 115, which in this example is a
PAREX™ unit. One unit of the PX in the overhead stream is removed via line 120
as a PX-rich stream having a PX concentration of about 99.6 to 99.9 wt.% based
on the total weight of the PX-rich stream. A PX depleted stream is withdrawn
from unit 115 via line 125 and fed to the first isomerization unit 130. In this
example, the first isomerization unit isomerizes MX and OX to PX; and converts
EB to mainly benzene and other hydrocarbons. The isomerized stream from the
first isomerization unit 130 having about 2 unit of xylenes and a PX concentration

" (among total xylenes) of about 25 wt.% is withdrawn from the isomerization unit
130.
[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



units of xylenes and is directed to the separation
unit 5 (distillation colum). The majority of C9+
woydiracapons are separated fromthe conbi ned Peeaskon7/008829
the distillation colum 5 and withdrawn via line 40 as
a bottomstreamfor further processing. The overhead
streamfromthe distillation colum 5 contains the
majority of C aromatic hydrocarbons (xyl enes and EB)
in the feed and has four un[?@_of total xylenes, of
which 25% ( 1 unit) is PX Theé overhead streamis
withdrawn via l[ine 10 and supplied to the PX recovery
unit 15 via line 10. The PX recovery unit used in this

SEiThP@ ip svishdrammdrom) thenpecondrrepamtion oinit ha7 PXa ilinet k38 and
l: | -

SPRUEP(: b HeaR Lo ST it 0! Te GiodIP: iRl fbfidye gooond

visomeizatioaswndt d30 tihwvithdrawn wiai ket 142 andé eoPbinedhwith the stream
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AR iehty P3P atiof ah fd! SABLANDY RS hfm, the first
3Bomerizativnsurak &3 te forhha dosrbimad mﬁhwlwiﬂl‘idlm\émsﬁﬁﬂfdenma. The
MX and. OX t.o PX: an on ts EB,to mainly . ene an
B et Ral e 136 G it Seebbd G pt il AL 3 7 6P opdted so
3thentheScarhbinyll §6Gucd (th #nBX 369 Mas Rt PR édeehaigof ab&lt 37%
x%%enes) of ~about 25 w..%is wthdrawn fromthe

| EBPRe sl pvlmesnthe epmbined pradyed is geqyslad hagk iy the separation unit
SEPAFialinensynit 5 via line 35. Exanple 1 [0063] As

shown in the sinplified schematic di agram of one )
0863 ment Hr Wil ke geancthyd fhe ratip of the regyeleysfrganyf(combined

XHoBARS/ih Nind @gp@ﬂer@&a G B8 GRR AE 103) %9@51%;%?9: 1id $:12down
recycle streamhaving 2 units of xylenés and is
direacthe B:¥irgeydle gatio i Gomparativet Exampleat.i which rebottBBecks the
(di: std ' olum). The majority of Cg+
h%é%g{g]aiﬁ%dﬁgggﬁe separated fromthe conbined feed by
the distillation colum 105 and withdrawn via |ine 140
ag 2. bpt om stream for further processing. The

stream of the distillation colum 105

ci®66] ns t haAsnshjoor i theodimplified Relidntatitydiag@al bDBsSe embodiment
(xyl enes .and Ln the fe nd has uni ts.of. total .
S t@fefﬁfclﬁ?rﬁénf“ﬂ t?&ﬁt“nsts’.%%‘mfls? e .8*%@?6%???8%{8& fed via
Skniee20M {sScomBifed aith a/fe\'%ﬁ!:llerg&eﬁf}la@n% 3 AR bedylefied RA via line
P ec$ver unit 115, ich in this exanple is a
iy dingeted ontheufirt ssparafen pirit 703 Keishllaiore galumn). The
SinbfRily bS Oy MURStatichs ih e #28 RS sépabafed lif theSdisERMon column
havi ng.a _PX concentration of about 99.6 to 99.9 w.%
gad 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 stream is withdrawn from the distillation column 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



on the total weight of the PX-rich stream A PX

depleted streamis wthdrawn fromunit 115 via line
wa2e07anth4bed to the first isonerization unit 1BOT/USE007/008829

this exanple, the first isomerization unit isomerizes

MX and OX to PX; and converts EB to mainly benzene and

ot her hydrocarbons. The isonerized streamfromthe

first isomerization unit 130 having about 2 unit of

xyl enes and a PX concentrati (anong total xylenes)

of about 25 wt.%is withdrawffromthe isonerization

unit 130. [0064] The isonerized streamfromthe first

i sonerization unit 130 is supplied via line 136 to the

seuphided prashugt (ip dingr3 10) hay adiv congratration| of Abents33s3%dmsed on

h@vdl R91eded)i gher PX concentration than the isonerized

streamfromthe first isonerization unit 130 and a
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atlé)n unit, 139 is withdrawn via |line 142 and

fenieRe the secomdnisomerzation; e 23Pxn this example, the

cms&muﬁé&atlbﬂ At l}.@nie%%s‘i IVI% &hdSORE fINpiY; Odet BSaverts EB to
first isomerization unit 130 to forma conbi ned

: bengienn @pd wtheyihydracaebong 5 Theigorserizgd gtream from the second
| RORBfiL A/ lﬂﬁt } haskBRufd %ﬁjtl?)? oy (f glr,lc 2 c?ﬂreHP)' t(zeunong

137 areoerat so that t eco I'ne
1zl Xbrlﬁles) FHabouhent.Larndis mtyé@bbaclﬁﬁ%@magattmtmm 205 via

XyiEPes. The combined product is recycled back to the
separatlon unit 105 via line 135. [0065] It will be
si99a8} hat t Aagaimaitiwillobe séun thet thel mtie tdfehm(@olmétraaﬂl (via line

t ine 135) to eed str lin
v 6 ot B RS i 2005 PR 2 Agrpfgm the 31
r @tyde irticChinpamphiaviee Bsample 1 lwhidhi ddbotRBedis the %ﬁiﬁﬁng xylene
the existing xylene | oop. Exanple 2 [0066] As show in

t ¥8Psinpl i fi ed schematic di agram of one enbodi ment of

t [0069i sl OgHE Carfdnic@ments, inORRaMplet 10hnd Y fRBe Ithe Fedycle/feed

aromatic feedstock fed via
ratio to 2. Assuming an orlgmal 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



line 201 is conbined with a recycle stream having 2

units of xylenes fed via line 235 and is directed to
woheo7fiered separation unit 205 (distillation ceCums)7/008829

The majority of C9 hydrocarbons in the feed are

separated in the distillation colum 205 and w t hdrawn

via |line 240 as a bottom stream for further

processi ng. The overhead streamfromthe distillation

colum contains the najorltyjy C aromatic

hydr ocar bons (xyl enes and EB)™in the feed and has 3

units of total xylenes. The overhead streamis

w thdrawmn fromthe distillation colum via |ine 206

aHHISAGH s‘mtéa thefraetiongh elzyﬁtall'yéﬁan anit398wia 1in9306.h&he fractional

th\H%EP LT YN
RS ot H08 Wphaics TR Br bbb SBT3 Hom the
| ¢ondensed lgqm{d m ﬁmrlmﬁ(}ﬁalﬁawgg a 7 omity ommplmm rafifinane, which
t .208. The | ower PX
cﬁc@%&%?%? gggpgfag gz%&wdil%ex y%‘ﬁ% lT%smsu‘ppl ied to the

fi0031] i sonefdhgaliomnitsi tof 262 AX-depletedoneffinard fiein fractional

effl 4Nt . St amV\/n carrbl w.th the
p&g%g‘?%ﬁ@g“ uHcent 48 W erde‘gﬁﬁ qhe FYREE .'Q'Fﬁ’étsqurcgpdensed
|2 13(17111& rframtthe moﬂgd:ﬂ:seﬁ@gS a0 Givde el gesdl separ ﬂini(tspfb tH_éi §electxve
are o so t e product (in

by e BELDE oREGse Bio RGPl 55 pallp-birh PX, the
tmmhrexmﬁansls $2066] selbrtive OxRARBNPLAR ustts: Itslﬁichmﬁ &%Oa PX
IS suppljed t the PX recovery unit 215,

99&%‘&23 tiog %f RREEL AYe- ubherseleoise afsorptign wné3@8<m tﬁuq Ereample
O QI FIEREXSIH EAA prddLEEY 8 Anit B hich ‘émﬁz@fpﬁg% %é@’ Agﬁfh 3 units

stream which has a PX concentratl
9 fhrthog BX- éaslé@domfﬁh%ets@team welibghfurtier tR?éd@p@etedhraﬂinate

St QRN Rl ¥ RcTe

recoversygﬁgﬁ cggooth v’sgerge @ Wan gﬁ%mghwht%enm %S‘?fa units
i efonderics at R&250mPXK meenttarmOnhwhlchxarqcbrelpd bhek gethosglitter 301.
i sonmerization unit isonerizes MX and OX to PX; and

converts EB to mainly benzene and other hydrocarbons.
Heamplr®ri zed stream from t he second isonerization

u 30 ha out 2. unit | enes and a
Rl CD T Bl B et A Brese Shown nt FimsreySs ofhe total
axyden??’ﬂ;e@ y& Hedfike ﬁé‘pa&ﬁuighﬁnlﬁlsﬁ@fgf@ﬁdlﬁ@ ati«lﬂ Stur%tﬁ Duy'i ifcomposed
e W e seen a e ratl o
it 4 ks b Byl encs g Rt peothaticeloadiby o 50 Mpbline.d0p and 4.1 units
sdfrzeﬁme(s\dh&hé kd¥cROskeal fcBAAMNE 316! STI dverfAWstdfeh@Mrom the

the 3:1 | . . .
irst 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



recycle ratio in Conparative Exanple 1, which
debottl enecks the existing xylene | oop. [0069] The
weano@ngeent s in Exanples 1 and 2 reduce the PCT/US2007/008829
recycle/feed ratio to 2. Assuming an original capacity
of 4 units of xylenes in the xylene | oop and assum ng
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 conpletely fIH up the origina
capacity of 4 units of feed t g the PX recovery unit. A
total 1.33 units of PXis recovered fromthe PX
recover%@unlt conpared to the one sl) unit of feed in

thEesebntheRARIEX rafhoaln streanadn Hine w4 iin radueediiopn fdt inits to 4.1
Y. t as

Eéﬁggﬂ%:at%llrbg; ngc{argg Caisdf?l 2&?&%’% #infé n?ﬁ.lggf/ tje%lg ngar g%lé Trdsh feed has

Brarepasl o007 Ohits 'm t Hemstlsmzllrrmet the mefwv ¢dpecityonnwever the total

P n. Figure ass ned t.h

RRRRERD pF IOcils BofY fod eab ite? s PR P P03 i), the

I¢ryaaBﬂ2r 6323 m-msj;l n&ﬂFthPARE)T en;tcdsel ghitgaall frﬁﬂaﬁaﬁﬂn{lﬂnged

4.3 U ts of x es, fe [ 6 ot a

XW‘?nE PERPSY “‘E OHngs‘ée\"g? Py f‘r& Wt %’@2 With g ginimum

umnbmﬁ@fnwhmmh entuni ts of the overhead stream are

5 to t he gs ive adsorption unit 309 and 3. 1un

al @ 3knt ov\;}H g\eaQrF?eé‘ﬁé‘P"eé‘F‘%théP Itﬁei%fiﬁﬁlilbﬁﬁlat‘lds@{&sua"ed by

VieBerbhdee to3 QRarticlilg EAdelingdid, Ho¥sStaH bidk 0£k1H nin tlféogrt will

separ at es 4 units, of high purlty PX (>

t BRPreciFa dhatdidie | IpyRntion; lends #self fie vaugionsnat ngeczssmlymlhlgtrated
f t C % P

s, B S et r Ggf AT b iy S B Aendea

t plainmon pptpesesco frdetqrimining the tym $qope toff theapresent invention.

crystallization unit 308 are conbined with the

remaining 2.4 units of condensed liquid fromthe

condenser 305 to give a total feed of 5.1 units to the

sel ective adsorption unit 309. Because the PX-depleted

raffinate has only 10-12% PX, the m xture, which is

sent to selective adsorption unit 309, typically has a

PX concentration of about 15-18% The selective

adsorption unit 309 in this Exanple 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 streamis supplied

to the xylene isonerization unit 315 which generates

4.3 units



of xylenes at 24-25% PX concentration, which is
recycled back to the splitter 301. Exanple 3 [0072] In
woOher7sicrgb at i on of the process shown in Fi gur eP&T/UShE®7/008829
total xylenes feed to the first separating unit 301
remains at 5.5 units but is conposed of 1.4 units of
xylenes in the Cs+ aromatic feedstock fed via |ine 302
and 4.1 units of xylenes in the recycle streamfed via
line 316. The overhead streamfromthe first
separating unit 301 again conprises 5.5 units of
xyl enes. As in the case of Conparative Exanple 2, 3.1
units of the overhead streamare sent to the
f&RAMMS$al 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 Exanple 3,
the Pxddppessedorppduding 8 Pisrithgraduyct, fte priogessoptpaising:

concentPat | Gip s Efeedftbol WA 1Ch RIaGRbf: [iroduce a Cy

resul t ant Zh?dmnanbsnmﬁchsmmm,l zed raffinate are

recycl to the f

over held st FEEIRHIE zfttl??ggg‘ﬁ& tb ﬁ?gixygro[ca{b(ﬂns gich stream
8.2 units (%o prodoté & first PXridh Istrsam afifl a\BIbtOK Gle letHall stu?eam
are supplied via. line 312 to the PAREX unit_30

in thi ©casdSEizme o frash e Dortion, ofsthe fiasts %gdied’!f't?qﬂ gtream to

PAREX unit ipgodie 3.4'1r§¥t1s8ﬁnéﬁ:§edcﬁféﬁﬁ‘{ l@diflﬂ%iﬂlg‘h@lePﬁigb'oﬁgentratwn
wt % of Conparative Exam , which effectively

aI | ows a 25%@ARE$EI§SIP8%‘GERIF\‘?FHS§‘CWHU ease fromO.8

units ) 1. Qepiithtin Qfsegéld ?éﬂl&tﬁ%p ke Cg cﬁé@.@éms rlch stream
raffi nate streamin |ine 4 1s reduced from4.3 unit

to 4.1 unit énd/gyphigastmepariion of theefistringmeriged stweans rt@prcsluce a
reduced. Th r r

o 1 a umi t kO R ORE ol SRR Xk et

total (Rant isomerizinphtdeadtaspagtibngf it secohé PX- dspsleted stream to
separating uni 5.5 units the cr stalllzer

units), and” f%&ucﬁ’Aﬁ Semd; lf‘gn%lﬂ%ﬁql {S85° {ugher PX
unchanged. Tthhsntratien ﬂfaﬁpﬂé%ﬂ:oh&@h@dépl@:éddﬁémﬁﬂ enecks
the whole loop wi.th a m ni num anount of new_ equj pmen
[0073] &b\m | ée‘t%ﬁsmﬂﬁ atleast 3 ROION; Qfﬁth%aé" peeRE Eh?s S Bléfii second
and i | I ustr bedcR¥iré LR eichGrodidy aid ar

enbodi nent s, those of ordinary skill in the art wll

appr ec{&t e SHRRLYINg At 1gRs6 3t PUHOD O @4 lgas eng of ghe first isomerized

variations gRtaeme %é&fdd' Morhbrizeait srn%hﬁld tHehRt PX-E&H stream, and
this reason, then, reference should bé made solely to
t he appendeéhe second PX-rich stream to the separatmg (a).

2 A process for producing a PX-rich stream, comprising the steps of:
(@ separating a feedstock containing Cg hydrocarbons to produce a Cg
hydrocarbons rich stream;

® separating at least a portion of said Cg hycirocarbons rich stream to
produce said PX-rich stream and a first stream;

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

Stream;

@ separating at least a portion of said second stream to produce a

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



clainms for purposes of determ ning the true scope of

the present invention. CLAIMS A process for producing a
weXea7iieto4pr oduct, the process conprising: (a) PCT/US2007/008829

separating a feedstock containing C hydrocarbons to

produce a Cg hydrocarbons rich stream (b) separating

at least a first portion of the C hydrocarbons rich

streamto produce a first PX-rich streamand a first

PX-depl eted stream (c) isoqgri_zi ng at |l east a portion

of the first PX-depleted stréamto produce a first

i sonerized stream having a hi gher PX concentration

than the first PX-depleted stream (d) separat i'n% a

second por t P¥ncasicentiatian tharrsgichpisond siream andr gaghiourth stream

and/or at | §a3ho 3 1696 PR oRerildfio b sal PQIBAA &hm;

streamto produ%e a second PXerich stream and a second

PX- deplegt edisomesizing @k )east anpottivhnof azid| faasth strgapr tih gmother

of the seco lLete t f 0 '

I someri zed %tg Pgérrzn avi ﬁ’gg?%ﬁarteg‘ﬁﬁ"“gﬁ é%ﬂg%ﬁ?&zft%ﬁ%nagp () to

t han t he seponidc®@X-fifttpke¢ant hatinganhighén PXeoaventtatignahan said

| east a por%{igﬁﬂtc%{ at Igast one of the first and

second PX-r 888" s PX-rich product; and (g)

suppl yimg aprdveding =8 1043k tal Sitioh oftsald@fiid r@nOEndAE at least a

first isonerized strea the second isonerized stream

the first PROFIOPLSE SUEGRER {he2id BPsrAing)Rish @

streamto the separating (a). A process for producing
a PX-rich strea c_onEri sing the steps of: §.a) ]
s¥par ath grosesseeldeine R, exshfuathsr pemprisipg regysking atleast a portion

produc ; ' : ) j
B e B e A S B niRe R dep o

to produce said PX-rich streamand a first stream (c)

| SONEr 7l Bﬂm@gs 3 h 2P gfairli gn aﬁ)c{ ﬂﬁ%g F&Jgg)ﬁgmg Eéc%ﬁhé t least

produce a second stream having a
concena peatticorofishrinfoseth dtream 4o seprieam

5 The process of any one of claims 2 to 4, and further comprising
fractionating said second stream to produce a first portion rich in Cj-
hydrocarbons and a second portion rich in Cg+ hydrocarbons, said second

portion being supplied to said separating (d).

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

(@) 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 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
Csg 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 |east a portion of said second

streamto produce a third streamand a fourth stream
wealw/ie4p d stream havi ng a hi gher PX concent r aPCoOUSk(wa008829

sai d second stream and said fourth stream having a

| oner PX concentration than said second stream (e)

isonerizing at least a portion of said fourth stream

i n another isonerizing step separated fromsaid

i sonerization step (c) to pr_%uce a fifth stream

havi ng a hi gher PX concentration than said fourth

stream and (f) providing at |east a portion of said

third streamand/or at |east a portion of said fifth

streanf®o ssgprgradisgaatdeasicp powion(ef) said Hustpttreens endfpr at least a

claim 2, anfokidhldatic GIRL LABY T BEMhE B0 Bx kiR dren and 2

portion of sal fifth Streaman rat least a portion

of said t hi faurdtstegsam;t o step (d). The process of claim

2 i . furt i sing. | i t
Feast & por oniRginalds B85 £ BPRIO oL il 345 sfef)to mepguce
process of &fih greannthacingl athighdroPH, carenttationhefan said fourth

conprising fract.i ogati ng sai d second streamto produce
a first portT&W“A®nh in C7- hydrocarbons and a second

porti off) ri cprovidifig ht Needt @GRS ST ssidi fekils Sl 16 4l RParating
bei ng supplied to said separating (d). A process for
produci ng aSBR®% ch stream conprising the steps of:

(a) separating a feedstock containing Cs hydrocarbons

to produce a Cg hydrocarbons rich stream (b)

skpar at Mgrogess fidainy 6 pand fugthen compiiginggedypling etlebsrasportion

rich SMW&?n@E@QHﬁ% gtﬁpﬁ%st stream and a second

stream said first strea ving ‘a hi gher PX
concentration than said C hydrocarbons rich stream and

ids r .having a Lower.PX concent.rati on,.
Than < CraPReR AT bl ey o althef PR bR D ipgy et ot
at | easpodioparfisaidrfief steandasboondest 4 particnofisaiiihid seream to

third SLI ﬁ%m havi ng a hi gher PX concentration than

said s€ "stream (d) separating at |east a portion

of said first stream and/or at | east a

9 The process of any one of claims 6 to 8, and further comprising recycling

at least a portion of the third stream to step (a).

10 The process of any one of claims 6 to 9, and further comprising
fractionating said fifth stream to produce a first portion rich in Cj-
hydrocarbons and a second portion rich in Cg+ hydrocarbons, said second

portion being supplied to said separating (a).

11 A process for producing a PX-rich product, the process comprising:
(2 separating a feedstock containing Cg hydrocarbons to produce a Cy
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 portic;n of the first stream to produce a
second stream having a higher PX concentration than the first

stream;



portion of said third streamto produce said PX-rich
streamand a fourth stream (e) isonerizing at |east a
weoand7iier4of said fourth streamto produce a fi PCIVUS2007/008829
stream having a hi gher PX concentration than said
fourth stream and (f) providing at | east a portion of
said fifth streamto said separating step (a). The
process of claim®6, and further conprising recycling
at | east a portion of said sesond streamto step (e).
The process of claim6 or claim7, and further
conprising recycling at least a portion of said first
stream and/or at_|east a portion of said third stream

to stef)(b) SePprtingrbescend porign obtie ©f hydrapsrboes tich stream to
and further neeRpe h%éé&d@@-géh'sfr}ﬁmﬁtanhﬁﬁﬁd aggLion of

the third sfreamgo step ( ~The process of "afny one

of cl al®s 6isomedizingwd l4ast 2 hertionmfjthg thindgtiermad ipoodhick agfourth
said fifth 0 _Dh first portion rich jn
& nydr oca Seit atifle BB R ecrcbRiaRR iy P i shm:
hydr océ) bonsecosering steleasich patibh @f abddasgosepPihecttst d second

sai d separ at,| . A pracess for producing a PX-rich

pr oduct , thgkgﬂg%lﬁ%&@n@o%ﬁ@’icﬁé’?o{‘ﬁ’?’ aé’gpar ating a

1;] egdst(g)lé cpfdv@dliﬁ'gmy 1€asg ahpﬁh)tmaﬁbﬂi&sdcan@rsf&éa&ﬁearﬂ &t least a
rocarbons rjch strea separating a first

p)c;rti on of Pﬂ’é‘l%@%%%ﬁ&&ﬁ@tﬂ%%ﬁa%%@o pr oduce

a first PX-rich streamand a first stream (c)

ifzgrrerjgﬁi ng at | %ast a portion of the first streamto
produc ™% PEREEH @L A RIRT 4648 flpim, ivhgreip th feedstock contains at

concenfehstt IQA tiARodaors! T8l $hd eﬁé?a(aq‘i)ngs RPr blGs2 the Cs

second portion of the Cs hydrocarbons rich streamto

pr oduckydsoearbersorighetys g Carhzdrgcarbong rich streazmm

(e) isonerizing at |least a portion of the third stream

to produce a fourth

13 The process of any preceding claim, wherein the or each PX-rich stream

comprises at least 50 wt.% PX, preferably at least 90 wt.% PX.

14 The process of any preceding claim, wherein said separating (a) comprises

distillation of said feedstock.

15 The process of any preceding claim, wherein said separating (b) comprises
at least one of selective adsorption, selective crystallization, selective

extraction, and selective membrane separation.

16 The process of any preceding claim, wherein said separating (d) comprises
at least one of selective adsorption, selective crystallization, selective

extraction, and selective membrane separation.

17 The process of any preceding claim, 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.



stream havi ng a hi gher PX concentration than the third

stream (f) recovering at |east a portion of at |east
wone7aR7dse first and second PX-rich streans aBCPXSRi0Ck08829

product; and (g) providing at |east a portion of the

second stream and at |east a portion of the fourth

streamto the separating (a). The process of any

preceding claim wherein the feedstock contains at

| east Cg+ hydrocarbons and tgg]separating (a) produces

the C hydrocarbons rich strédfhand a C9 hydrocar bons

rich stream The process of any preceding claim

wherein the or each PX-rich streamconprises at |east

568 wt . Theptocenseff anyiprscedinglcdainy, whorain said psomerizéng (e) is carried

process..ot_a [

separa |tn§gn (%i/ i?:é%%ﬁl%st{ebgl ISt %P%ﬁ%% %f éég%l?%t operated under

f eedstisaleriZdtmnp camtisenso fufficienp e dectherzec VX ngndidreOX to PX

said separatin %%E conprises | east one of

sel ect TR SR YTT BR 10dEreE e 5 Y SP5H 1| zati on,

sel ective extraction, and sel ective nenbrane

separatjon. The process of any precedi ng cl aim .
r ei Fb% Rracess pat AN Brcadingofgms dherein) gt deast joneyof said

sel ectjs¥ReAIHR (R} hitsaid SRedriNE: () NS tAtdted at Iedét partially in the

sel ective extraction, and selective nenbrane

separ aiq9¥A Phasee process of any preceding claim

wherein said isonmerizing (c) is carried out in an

i sonerization unit containing a catal yst operated

under isonerization conditions sufficient to isonerize

MX and/or OX to PX and/or to convert EB to benzene

and/ or xyl enes. The process of any preceding claim

wherein said isonmerizing (e) is carried out in an

i sonerization unit containing a catal yst operated

under isonerization conditions sufficient to isonerize

MX and/or OX to PX and/or to convert EB to benzene

and/ or xylenes. The process of any preceding claim

wherein at | east one of said isonerizing (c) and said

isonerizing (e) is effected at |east partially in the

l'iquid phase.



