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aromatics conplex which is a conbination of process
units that can be used to convert naphtha into basic 5
petrochem cal internedi ates of benzene, toluene, and
xyl ene. Bas@dTBOGRATHEEIEROCESHE BORZRDMAIHCHPRODAIGTION”
process that handl es unextracted tol uene and heavi er
aromatics and an ol efin saturation process, the

i nproved flow schEKERODNESOF {I#IBSINVENEHQN pnent and
processi ng steps, such as a refornmate splitter colum
and a heavy aromatics colum, resulting in

si P01 cadhiséevenien wlakse ted prosesefnsan provuiticd IpgnDexrvehichlig a
xyl ene. [0002] Mbst new aromati cs conpl exes are
desémgiadionef prxesyiuzies thifeay betisdd of conbahuaphtha did basic

par a- Xyl ene. Benzene is a versatile petrochem ca
bupétdichgmibhlanternesigtksiofhbenzeney totliché, ané rylejpr. Bdsedtos almaesad
on its derivation including ethyl benzene, cunene, and
cy cdtahexdanasallBadtion pydceds ghait Barelles anéirat 89 coldeas bndheialidi ng
bl ock, which is used al nost 15 exclusively for the

pr eduatiémdah oRh ¥astan probss, She ibsdvas flo@schenid rMoves items
formed via terephthalic acid or dinethyl

t ebeRtfMNAAR] frodesyiNERtpd, A6h asACe R hid Gplitter Sdluh @RS héaSy
conpl ex may be configured in many different ways

dep@ Bt ofind, R&uMias id $ehifiddhOdYRdsic bBYRd RRkinSroducing para-
feedst ocks, and investnent capital available. A Mﬁée
ragggmgf options permts flexibility in varying the
product sl ate bal ance of benzene and para 20 xylene to
meﬁfOOQP Wk JCRAH %ﬁﬁ@&%bﬂﬁgleﬁ%cﬁ% &e%ﬁ@& & ix@rggg’];he'%ﬁeld of
prior art aromatics conpléex flow s eme has been

di e r i t. . .0l .
e PRt Bl Deggtheinifyd QRIS Bl GE bR ok wsed i

H Imlahy M@ege% 1§1I4381150§89b%§6&%548%§r%\939%4191{15 112dC1)n6g ethylbenzene, cumene, and

cyclohexane. Para-xylene is also an important building block, which is used almost

exclusively for the production of polyester fibers, resins, and films formed via
terephthalic acid or dimethy! terephthalate intermediates. Accordingly, an aromatics
complex may be configured in many different ways depending on the desired
products, available feedstocks, and investment capital available. A wide range of
options permits flexibility in varying the product slate balance of benzene and para-
xylene to meet downstream processing requirements.

[0003] A prior art aromatics complex flow scheme has been disclosed by Meyers
in the Handbook of Petroleum Refining Processes, 2d. Edition in 1997 by McGraw-

Hill.



[ 0004] US-A-3,996,305 to Berger discloses a
fractionation schene primarily directed to
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order to produce benzene and xyl ene. The
transal kyl ation process is also conbined with an
aromati cs extraction process. The fractionation

S mb% i Fﬂfé-)ﬁ%‘?@@,o% kB rBer@Rc168s Afkdchiofiation Scistoe @einBrily
ehtering and Wth three streams exiting the colum for

i nt egr Bh 6 ok Hdt S all idd$n érddr 13 $ilodaded
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transal kyl ati ' : : i
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i somerization zo oper a ' ] i
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feedstock and effluent fractionation zones. [0006]
uderefits- 642, 406 to Schni dt discl oses a hi gh severity

process f I duct.i .

P P A PR e L o
i soneriza :

G oy i PSR Ea OGS A et a9,

xyl enes, which allows para-xylene to be separ
abrsmsgkylateon pswéﬁlaﬁlis‘e)ar%fer% Wiamainchst it %PW‘??}GI?%S:‘%Q”Q%“

i soner - depl eted stream bei ng passed back to the. . .

t rns ey kderied somesielion[Z0WOTETANS. 48 A ORTHOBSROP FFOcIVIng mixed
Boitiaux et al. discloses a process for the selective
detyetienfromahé wamsakylatiwfzons fepdstesk apdeitugridiareRaeR H°°Y n

t he presence of a nickel 20 catalyst and is

chmoasit er Uses4iG2#bato Sehinolt disgose e highesewrity pgcess for xylene
catalyst, a sulfur-containing organic conpound is

i NGRRRALA R ehplbes 4 imsalylafopsonotpssigeltaspousiereFiorrt e
prior to use. [0008] US-A-5,658,453 to Russ et al.

di 86hesABoAForcRvag whedtal efidysiHigh auditobekens is produced along
saturatlpnﬁgzocess. ;he ol efin saturation reaction

US G%th 4 nftkth RQEs, PARE QIO fara-Ry1WO t20O absorptive
PCT/ US2003/ 041206 g e 2y OBEIT sheow

separation from the mixture with the isomer-depleted stream being passed back to the

transalkylation zone.

[0007] US-A-5,417,844 to Boitiaux et al. discloses a process for the selective
dehydrogenation of olefins in steam cracking petrol in the presence of a nickel
catalyst and is characterized in that prior to the use of the catalyst, a sulfur-containing
organic compound is incorporated into the catalyst outside of the reactor prior to use.
[0008] US-A-5,658,453 to Russ et al. discloses an integrated reforming and olefin

saturation process. The olefin saturation reaction uses a mixed vapor phase with



addi tion of hydrogen gas to a reformate liquid in
contact with a refractory inorganic oxide containing
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nmetal nodifier. [0009] US-A-5,763,720 to Buchanan et
al . discloses a transal kyl ati on process for producing
benzene and xyl enes by contacting a C9+ al kyl aromati cs
Wigki0i1iB B8R gan @idth @kefbatieliidimeontactorthed sptctory inorganic
conprising a zeolite such as ZSM 12 and a

hy Qi RISRANIRDrETeRbE aPhliabm el maalphabbienally Stiefalmodifier.

streamis used to treat the catalyst. [0010]

USodhio}: 845226 7607300h Bakian@t etal. disdlosélaaf@saliylqpion passss for
for producing xylene froma feedstock containing C9

! . . infhc avikd Witlebenzene
2l S BB TBIcfS athd Ay lorb 6y Bfho s CFAUIRDimaltied ited

s preferably nordenite and with a

%@}mfog%%f bgﬁﬁ%ﬁ%@& AR RLithke SNVMIIVOR htiE

arormati cs conplex flow schene with

an enabl ed tran L 0 BSor s@64H [s8Red to treat the
sgﬁﬁrﬁ?giPP8ﬁﬁ8§%%5¥%§%é§@ﬂ$ agﬁon(ggtaly;t %hPoSgh
the introduction of a nmetal function. Enabling a

tr%ﬁ@?Fkylation process to handle both Cl0 15

7oLl noCh e L LhehR R Reb S bl S R BBl blfs gone
P kPR Eo FhSG-aBAES byl § M vina ot
C o PRty BOEBHE GHLL STREVGY | B VEriad of a

benzene colum. By only extracting benzene, sinple

extractive distillatjon j ' nor e

expensi ve 20 conbi§ﬁ%ﬁh4%§f#éﬁﬁaaﬁgﬁgﬁyﬁgction met hod

is only required for heavier contamnants. By using
both C9 and C10 al kyl aropmtics in.an _en :

DO HRSED by PO n Bt e QiR e e fhnsaliglaton
heavy aromatics colum, A fuyrther enhancenent .t .

f | pacess eamires stabilizationodia t%@ﬁyﬁﬂ}%ﬁ@tﬁ%ﬁg‘oﬁ Erﬁe ﬁl’gﬁo?igﬁm of

of clay treaters in favor of selective

2004705 G EorPETAR Ky @dransleyhign process to handie?i)omlo

alkylaromatics and unextracted toluene permits the following flow scheme
improvements to be realized. By using toluene without first passing it to an extraction
unit, the flow scheme omits a reformate-splitter column. The concomitantly smaller
capacity extraction unit is moved to the overhead of a benzene column. By only
extracting benzene, simple extractive distillation is used, since a more expensive
combined liquid-liquid extraction method is only required for heavier contaminants.
By using both Cg and C( alkylaromatics in an enabled transalkylation unit, the flow
scheme further omits a heavy aromatics column. A further enhancement to the flow

scheme is accomplished through the elimination of clay treaters in favor of selective



olefin saturation at the exits of a reform ng process
unit or of an alkylaromatic isonerization process

W@ eot/054o@012] Anot her enbodi ment of the presenPCT/US2003/041206
i nvention conprises an apparatus that is based on the
process steps, which efficiently converts naphtha into
par a- Xyl ene. 5 BRI EF DESCRI PTI ON OF THE DRAW NG [ 0013]
Thelefh gath@tiShawse &its af Offdrnds peari it d lobdw akylewmaid
the present invention, which includes olefin

Satdfatit 80n 8Rdesd uiRt al stabilized transal kyl ation
cat al yst. TAI LED DESCRI PTI ON OF THE | NVENTI ON 10

[ Ofedh] FeaGiotter &fifodeReiR beke PRYend &1vBRAlcoApriktd tan @pifratus that
al so be pygas, inported mixed xylene, or inported

to Efutﬁgé?i onVAPPBAs EEfk, (+Rich BEfRIAIREbEErtCRPRINGMib ParhixiRhe.
hydrotreated to renpbve sul fur and nitrogen conpounds
to less than 0.5 wt-ppm before passing the treated

s haphtha on to apRrefPHRESORIMION CBTHNIAWANG
hydrotreati ng occurs by contacting naphtha in a |line
10 with a naphtha hydrotreating catal yst under napht ha

15 é«'ﬁM@I ot reR i A GeREhE omStidstompleRiflowlsthenlhef thapbiehn
hydrotreating catalyst is typically conposed of a

fI 6 Sfen GHRARGRCIRes 6REAbInuaNdrtRdamdt GlallizexiralRalkAhisig
with a second conponent of nol ybdenum oxi de or

tquab?p oxi de, and a third conponent inorganic oxide
support, which is typically a high purity al um na.
Generally good results are achieved when the cobalt

oxi de or ni ckejprfi A6 DERTRIPEION OF THE NVENTIIge of 1
to 5 20 wt-% and t he nol ybdenum oxi de conponent is in

the range of 6 to 25 wt-% The alum na (or alum num
10 OX! [ﬁ@)ﬁl] I s 12el td Be PALABCRaT BEnHRIBI EdrnQilsole pyBs, imported
a

nap hydrotreating catalyst to sumall conponents

UP i@ Blenth o inpbe DML A 1o dn WEmdAAKARARAS first
P _ _Oii_@ catalyst "for use in the present
It g\aﬁ?a%o:;]rgg‘é{ed B rgfnggé ﬁﬁﬁpadd%i&&éfe‘één&%ﬁdgt%%ss g 0.5 wt-ppm before
passing the treated naphtha on to a reforming unit 13. Naphtha hydrotreating occurs
by contacting naphtha in a line 10 with a naphtha hydrotreating catalyst under naphtha
15  hydrotreating conditions in a unit 11. The naphtha hydrotreating catalyst is typically
composed of a first component of cobalt oxide or nickel oxide, along with a second
component of molybdenum oxide or tungsten oxide, and a third component inorganic
oxide support, which is typically a high purity alumina. Generally good results are
achieved when the cobalt oxide or nickel oxide component is in the range of 1 to 5
20 wt-% and the molybdenum oxide component is in the range of 6 to 25 wt-%. The

alumina (or aluminum oxide) is set to balance the composition of the naphtha

hydrotreating catalyst to sum all components up to 100 wt-%. One hydrotreating



of which are incorporated herein by reference. Typica
hydrotreating conditions include a liquid hourly space
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hydrogen to hydrocarbon (or naphtha feedstock) from 50
to 135 NnB/n8, and a 5 pressure from1l0 to 35 kg/cn®.
[0015] In the reformng unit 13, paraffins and

Naghiiie "e Sis@n8h€ HYadat ineshtibOis dvcldd indsS-ATH723,716, théeachings
only unit in the conplex that actually creates

ar QNEiLie ark iM@shoratdd 1Rk Biefefdidtict STyipital l@irétRamgoonditions
separate t he various aromatic Cor‘r'ponent s into

| ndiciady huiBhogh ARThCEP MBI Y6 11 OUS SRNRTHRY Faio of
spglcyles ?h‘tﬂ |{é}tp1%épracval Se produ)cts 10 The reform ng

u nh}dx n 1% hiRbE l%&ﬁ GERbERE el Rodky BoRlSONE Y5 Rindhn3, and a

sever| equi val ent t produci ng 100 to 106 Resear ch

JmBasoline reformate, in order to
Qress‘ﬁrewgﬁgbﬁéo fion of aromatics. This hi gh

ﬁﬂ%g#]g ?1? @e reflormm {nﬁp 13, ﬁ%&%ﬁﬂg &é&? thgfu{sta%olnyméhlto

|rrpur| resTr raction of

f t tes g h
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d. t fr
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condl tions. The reform ng cat aI | g ducts.
CoMSBURIR! BIodet pLOTSBARUEO gﬁpﬁﬁ?ﬁla‘?é@i%m 7o

second conponent  nodjfier tal @ 1t1 tt
corfpe FrEMIHIBH kS 8y fe! n%t?df‘{‘ at ‘m § F%Ve’il%?"élé‘ia fee to
high purity alumna. Generally good results ar
. pfcsweirs 1o 10R&egiacehi G QBT B Nok Sipoline iRy in order
range of 0.01 to 2.0 wt-% and the nodifier netal
conpmasintize the predudiien of apgaticst Tlos kigh seyertiApetpiionpigo
alum na is set to bal ance the conposition of the
napktigaishes drietliyedinongropatia ysiritedingbeCal Fragtiowsb Fréerrg e,
up to 100 wt-% The platinumgroup netal is selected
f r amdl plirainates the nped foaekituntionrdf dte Cgrndry Hemptidy osmi um
and iridium The preferred platinumgroup netal
COMPaIseNt TnShepkfuiiniignmit Thehytetredted SapiiDa 20014 HBGP45contacted
PCT/ US2003/ 041206

with a reforming catalyst under reforming conditions. The reforming catalyst is

typically composed of a first component platinum-group metal, a second component
modifier metal, and a third component inorganic-oxide support, which is typically
high purity alumina. Generally good results are achieved when the platinum-group
metal is in the range of 0.01 to 2.0 wt-% and the modifier metal component is in the
range of 0.01 to 5 wt-%. The alumina is set to balance the composition of the naphtha
hydrotreating catalyst to sum all components up to 100 wt-%. The platinum-group
metal is selected from platinum, palladium, rhodium, ruthenium, osmium, and

iridium. The preferred platinum-group metal component is platinum. The metal



nodi fiers may include rhenium tin, germanium | ead,

cobalt, nickel, indium gallium zinc, uranium
waely®pos®isum thallium and m xtures thereof. OPEI/US2003/041206

reform ng catalyst for wuse in the present invention

Is disclosed in US- A-5, 665,223, the teachings of which

are incorporated herein by reference. Typica

r epﬁﬁﬂ‘ie%n&ﬁﬁah&é BBSurh NV, Eéiﬁmﬁiukﬂ, Q4. boBalh @iekblyingRas gallium,
velocity from1.0 to 5.0 hr-1, a ratio of hydrogen to

hvd. . . | .
o%’ g’rﬁ‘%ﬁ%’ﬁ%@b‘%ﬁ%ﬁ‘ﬁ’ hQidA, ARIER S YOO e RRKingRh@Iyst for

entering the reformng zone, and
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ng unit xits inaline 14. [0
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0] zer zone
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in. a ebut ani.z

l'igh i 21. .Th
a1 So1Eisbes Peostf pdors A BRAAR LAREpEERE e g rone

whi ch nmay be_ pl aced t or downstream fromthe.

OB ARTESBFC EGRarmio 30 KERB? doVarEen Srogstin Atss orhiog dfic 13

units in _the aromatics conplex may al so be sent to the

delstitsifiadBe 1dol unm 20 15 for stripping. These ot her

units include the transal kyl ati on zone, mhicg sends a

t r 390341 ky | Beirefarmaaty propst Iepdhe e ERymite WLnhdiiha 4ng fﬂé sgp; to a

and the isonerization zone, which sends a :
10 de lebutamizez @pnecipe Whish éypice e eomprisesa fgbpianizgr colppm,2Qyhat strips

these units are described in greater detail bel ow.

[ 0@fBhe Fite cod bydrecagwnebatanesrngd dightendn plige b A&p debugpmizer zone

the well-known clay treating 20 neans or other neans

t 0 SBreBtalsorsimprisd at ddagtfang oleéinsamiatiomzane 16y wfieh mpy be plaged

olefin saturation zone 16 conprises an olefin

s atugktadaiosr doavsttepsitfrompthe debutgnizen delnmo L8 Mpreowsatsirearny fsem

conditions. Catalytic olefin saturation is also a flow

s ¢ hygige usitaia I8y arorhdtica compleadnyy hlso pe oewshd debuigaider cohenn 20

ol efins are converted to useful products. For exanpl e,

158  f5BstApthd. MheRikeuGBINIdeale framshikylzgomezofe,fwiidhesends a
olefinis cyclic), a C7 to toluene, and a -6
transalkylation stripper-overhead stream in a line 17, and the isomerization zone,
which sends a deheptanizer overhead stream in a line 18. Both of these units are
described in greater detail below.
[0018] The olefin saturation zone 16 may consist of the well-known clay treating
20  means or other means to treat residual olefin contaminants. Preferably, the olefin
saturation zone 16 comprises an olefin saturation catalyst operating under olefin
saturation conditions. Catalytic olefin saturation is also a flow scheme enabler. If a

catalytic process is used, the olefins are converted to useful products. For example, a

Cg olefin can be converted to benzene (if the olefin is cyclic), a C to toluene, and a



WO 2004/ 056945 PCT/ US2003/ 041206 C8 to xylene. If
clay is used, then the olefin wll be polynerized,

wo@Rdoensd9as C11+, which is not very useful for aPCT/US2003/041206
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aromati cs conplex. Thus, the catalytic olefin
saturation helps inprove the econonics of the flow
schene. Suitable olefin saturation catalysts in the

P ngiSL% R 1ehOEALY RAsOMER R off@AN bBbolneKAld, eftenao Cy1+,
nam group 5 conponent preferably supported on an

| r{’ﬂ{ % Gt £ FR AR hlomaWbl oplex. TRl fhakhtylytiablefim na.
n

e case ere the el emental nickel is present on a

behaBby seaReslitabld oBfin saturation
m)unat’thl %@ﬂr%e%e%&%m}?%? t he totsale cat élayst V\glsghi
t.al

B o

o SR DRI R B, s iy
SRS S AL LR il B Ly i
R Y U e o
FECIEHRREC S W —

and sent to a benzene 15 tol uene%é) % %{E natl O ons
z ovfevisah e ancarmoraied herpin Byeterepos Lypioaby

general ly conprises at | east one col um s I
coimphuids e tempetséne &nw 2001 A G Pregsere &romp W@ﬁgg léa

31. However, the benzene colum 25 may be eli m

i nstofchioometrisfratio afrhadrogttikiplokafing fromt i | m%lf Qlgfinfgate %ﬂmée 18
stabilizer section sufficient to produce a suitable
besimanenatlihed® The BT fractionati on zone 54 produces

a benzene 20 enriched streamin a line 26, a

t 0[00EOE- eMhb détadhnizbd edoniate camiprisieg 3Rmatierdn 4 line 22 is combined
xyl ene-plus- enriched streamin a |ine 33. Typically,

t heyidaan@anscyeioh ehigpersiottemsstiaan in pding 84 pgl sepito@berrgne-
fromthe overhead of the benzene colum 25, with the

botdi@me OB T} R tioREiBE 8RR Saoliiumine?Zs. Thé BY fsetivnatérezoae b# ne
30 to feed the t ol uene colum 31. The

t ol.HenaraRfipG e d: Bist 6@AdEn, ah@ually sonriecigtizdnecniumn 25

th& over heag of the toluene
and a toluene column 31. However, the benzene column 25 may be eliminated in
favor of a transalkylation stripper column, with a stabilizer section sufficient to
produce a suitable benzene stream. The BT fractionation zone 54 produces a benzene-
enriched stream in a line 26, a toluene-enriched stream in a line 32, and a xylene-plus-
enriched stream in a line 33. Typically, the benzene-enriched stream in line 26 is
produced from the overhead of the benzene column 25, with the bottom of the

benzene column 25 being sent via a line 30 to feed the toluene column 3 1. The

toluene-enriched stream in line 32 is produced from the overhead of the toluene



-7 WD 2004/ 056945 PCT/ US2003/ 041206 colum 31 and
sent to a transal kylation unit 36, with the bottom of

W b@4psdoeene col uimm 31 produci ng the PCT/US2003/041206
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xyl ene-pl us-enriched streamin |line 33. The
xyl ene-pl us-enriched streamin line 33 fromthe
bott om of the toluene colum 31 is sent to a xylene

r %ﬁﬁ\éﬁfﬁ aﬁg it Qﬂa BRisAkylhiiR @i GERR it e ©ONGRA 6kthd estoani beldmn
bellow 5 The benzene-enriched streamin |ine 26
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produces rity benzene product streamin a
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I ona zene by recycling to t he

r ﬁg{fgﬁ] g n g?h%%?e%g S}]f}écrllxgd &?e% o 1 lﬁé( bé AGLIYE atgéﬁltabdl\}e%dtﬂ’lﬁtlon

racti on or conbi ned

I| uid-11i |d extr i 0 tractlv
pr%&% ¢d 8@ é’%‘?ﬂuff? a%i’?théﬁm@'c onem: md%Ct(rjslctJr\g}éedrlreﬁnﬁﬁm and]rejecm

Ext t distill at
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and having nearly the sa
i gespling) ped g eedogk Aram ey 66‘8 ﬂw{%gv‘%fedslﬁé iditional benzene

by conventional fractional dlstlllatlon
oy oy e reforrans i LaTors ehpieesve i latdunsiasof

a main distillation colum above the eg} g @ I%t

t hiquig-tineid axtstior orroaibieA G Hagid FERGP ei“%{f’ﬁ ISR
separated. The solvent affects the volatility of the

hy plicogsagshesuite ranacerionyc Mpip¥mEe8hponent boiling at a

hi gher tenperature differently than the

hy fhoatir b&neaoin distillatign fs ateehnique gy GPRIFALING éﬂq‘tiuﬁé ofgomponents
| ower tenperature sufficiently to facilitate th

sep@iad hdafly efualolitizy warliaging nhardir the santsdreilEsriosit: r# j§ifficult
fluid conponents by distillation and such sol vent

eXid spivaiehihd ddgnpoadritsostBudrmixtirerhy cSoventibiad fraesjopelrfiisgillation. In
|nclude t et rahydr ot hi ophene 1, 1- di oxi de (or

su Iefct?dcﬁv@ahstﬂﬁﬂt@ﬁ hybEeg iginyediced tntd etabhipl dstidlatignaobimn ahove

tetraethylene glycol. The raffinate streamin |ine 28

CORRY dnftly BEInDONAE RIS dafbof QBRAkRGFekintxsure tet Ineatl wparated
The solvent affects the volatility of the hydrocarbon-containing fluid component
boiling at a higher temperature differently than the hydrocarbon-containing fluid
component boiling at a lower temperature sufficiently to facilitate the separation of
the various hydrocarbon-containing fluid components by distillation and such solvent
exits with the bottoms fraction. Suitable solvents include tetrahydrothiophene 1,1-
dioxide (or sulfolane), diethylene glycol, triethylene glycol, or tetraethylene glycol.

The raffinate stream in line 28 comprising nonaromatic compounds exits overhead of

the main distillation column, while the bottoms fraction containing solvent and



the main distillation columm, while the bottons
fraction containing solvent and -8 WO 2004/ 056945
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raffinate will be sent to a wash colum in order to be
contacted with water and thus renove any residua
di ssol ved sol vent. The bottons streamfromthe min

di q%hée'nla V\llltqs%log&p AR e SafBRAL Wil bSscaPlo\uSitsh ESGMAYMEH Yrder to be
ere benzene is recovered overhead and the
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& i n ation col'umm. The recovery of high
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Ion typlca exceeds 99 wt-%
0022 The tol
W&F%’? 1%1|%<é%v§ree %&ﬁgp%aﬁ oh re%g&'éllgtﬁm&@rég'eff% ?hrg Ibgﬁfom andC9

d b
Zﬂwss%ﬁ»a% 0 R P R AR o
36 f duct f additional 10 x d
e Bie 25 Fiiensprariediagh S ERE oS8 ke feed i s
tacted with a t | kyl t
g L R R R R %%‘*?'Eh g in

a metal stabilized transalkylatlon ataH gb d
c at Hhe/4&k richomboi a§é§1&ali‘é]6¥qlﬁaé‘°%ﬁfﬁﬁ‘ﬁfﬁ%ﬁ¥ axygn cihg’im an
conponent, and an inorgani c oxi de conponent

7 ecarged Visominsradrie thettapsableylatin it 86 for groductinmpf éléffe ional
zeolite, which include the structures of M NE
MT¥Yleries ahifenaens. BEkR (rangpidadriniisdi Bn f6A 15509 aFEe with a
Nonencl ature), a beta zeolite, or a nordenit

Pr efuesntiiglayion ¢atilyst muled smisaliylaten ¢anditions Eh%qeéﬁrred catalyst is a
conmponent typically is a noble netal or base netal.
Thenetd bhbilinttahsailylaiop catlystuSuchcatalystromatisds ¢ zgelite E¢rppnent,
from platinum palladium rhodium ruthenium osm um
and nidfd1 dbdpanertn) endoadsorpaii@dxidescongeheattde zEeldpeemponent
group consisting of rhenium tin, germanium |ead,

cob@idally ¥ &tk&l a ped@sil Adlitewhigh hﬂclualmthemunciuresl pEMIFL IEMEL MTW,
dyspr05|un1 thallium and m xtures thereof. The base

mehgfT me@m OsshnstibRloneseNohastture), abeta grolin, ha
a noble netal. Preferably the nmetal conponent

COmRYd BrOERbY N is Rldkdealté feoliRl The @B@LUdIOhent typerally is a

t ransal kyl at i on
noble metal or base metal. The noble metal is a platinum-group metal is selected from
platinum, palladium, rhodium, ruthenium, osmium, and iridium. The base metal is
selected from the group consisting of rhenium, tin, germanium, lead, cobalt, nickel,
indium, gallium, zinc, uranium, dysprosium, thallium, and mixtures thereof. The base
metal may be combined with anothér base metal, or with a noble metal. Preferably the
metal component comprises thenium. Suitable metal amounts in the transalkylation

catalyst range from 0.01 to 10 wt-%, with the range from 0.1 to 3 wt-% being

preferred, and the range from 0.1 to 1 wt-% being highly preferred. Suitable zeolite



catalyst range from0.01 to 10 wt-% w th the range
from0.1 to 3 wt-%being preferred, and the range

WO e@a0holsto 1 w-% being highly preferred. SuPCHDF®03/041206
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zeolite -9 WD 2004/ 056945 PCT/ US2003/ 041206 anounts
in the catal yst range froml to 99 w-% preferably
between 10 to 90 w - and nmore preferably between 25

t oauZéun\@t in e c-gﬁgl %‘}L%eqﬁ(gré ?fto 69 -gAbRY My bstweANDASs ©d wt-%,

|norgan|c 0 preferably alum na. One

tra al k [ r ti d
%S ore re era 3{' %ose Stto 7%%@ Aslgx é)gl%nézegbg tﬁ%tcﬁt;a?}@ is compose

h h e in
tr : S [ n f”ﬁ 6‘%@ ar {a%g} ag‘%gl% ﬁ%@éﬁ%ﬂsaﬁ%«ﬁl‘oﬂ cg’&ﬁyst for us

T M e o

oper at ed nDder%teI el evated pressures broadly

raHﬁPﬁ@mﬁﬁéﬁﬁfﬂpﬂﬁ %KY/ cne. The transal kyl ati on
reaction can_he eff ve i de ran
veﬂ@@ﬁlleéb“ﬁPWHef@ gﬂﬁﬁ E@b%??% hy%ﬁ? g
a higher ratio of para-x Iene at t he expense o
Cofsvestnof EmaN hew @Tgi)g@eawﬁw 2105 GoReisaey, i s
in the range of fromO0.1 to 20 hr 1. Eﬁ[ dﬂ%PCk 'S
pr afoderatslyeleviated oressoyesdreadly Iianglﬁeflﬂ?laddP R KEER o

the presence of hydrogen supplied via a_line . )
t r amssalkilatian wdction canbe ¢ffagted@verfatide rangeAf A Ve 3%%181
of hydrogen is optional. If present, free hydrogen |s
as hipheadpect welachies effectibg pdighst Btk O%H%M%@V@It é?@ expense of
hydrocarbons in an anount of 0.1 noles per nole of

al leyhwarstoml iqos] hoprly epat® vetodigepenllyp inethe fange of from 0.1 t0 20
al kyl aromatic. This ratio 'of hydrogen to

al il ariereddseck B pedfambly efiasatlgthtdddn ds vapetmbgssrand in the presence
hydrocarbon ratio. [0024] The effluent fromthe

t r e AdknatpoRd 2RNein3685] B tamatkyhedan the digsidlpkydcatheothe
unlt stripper columm 52 to renove |ight ends, then

S €Nfrest el By didoch hiP&tioRA1ALE ipfiRert AR hy@dgavis hh;bﬂangﬁl whitheéhe
lines 24 and f% There the benzene product is

r e“f@ééﬁ{oagandar%irctea By dWtLHGS iRdrtarhsuacsi NALRE pattholanf

sent to the xylene recovery section 55 via the xyl ene
alkylaromatics up to 10 moles per mole of alkylaromatic. This ratio of hydrogen to
alkylaromatic is also referred to as hydrogen to hydrocarbon ratio.
[0024]  The effluent from the transalkylation zone 36 is sent to a transalkylation
unit stripper column 52 to remove light ends, then sent to the BT fractionation zone
54 through the lines 24 and 23. There the benzene product is recovered, and the
xylenes are fractionated out and sent to the xylene recovery section 55 via the xylene
plus enriched stream in line 33. The overhead material from the transalkylation

stripper column 52 is normally recycled back via the line 17 to the reforming unit

debutanizer for recovery of residual benzene. Alternatively, a stabilizer section or
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plus enriched streamin Iine 33. The overhead materia
fromthe transal kyl ation stripper colum 52 is
woeronmbdoys recycl ed back via the line 17 to thePCT/US2003/041206
reform ng unit debutanizer for recovery of residua
benzene. Alternatively, a stabilizer section or -10 WO
2004/ 056945 PCT/ US2003/ 041206 colum is placed on or

af { it RG1E RS Heyd @b befbaliPiationSinfid sager Edhrtiis2.5his
This transal kyl ati on stabilizer section can produce a

b e@ﬁ@{l?ﬁl%ﬂ SEBRH el ERBaR ?deﬁ&l £ochMne-cBrdtea Slréavesuitable for

distillTation, and elimnate the need for a separate

be 1%§Sfeﬁi%tiﬂ£ﬁbni, hd dhenifdle b 'ix@éatfbpz[‘@bﬁlﬁfé beffehé 6MlumDitcCihe BT
a stabilizer or stripper colum fromthe
transal kyl ati.on j i.S 1 - . .
o
se ate benzene col 2. 1.S i %A .

s R POPER PR SgEl L e s e
accept treated product .fro h iy : '
G R e
dehept ani zer col um.t hat ul.d. nor mal | e r
e e
[ 0025] As noted above, the xylene-plus-enric S
| nalky hesm3ae R EeY PRSP TR B U R e
is sent to the xylene recovery section 55 of the
ar barkitp B refgrming kit depugnizeqol gt & the aronati cs

conpl ex conprises at |east one xylene cqlym nd
10 ge 28] | y Asinbted pbevende xylarg-pldEcHICBFhIEER I’PJH?% 3?@@%
separation of at |east one xylene isoner, which ifs
t y pbiteah b/the kduepe celumy Bé ireseptto dhgctyleons YR septon S5 of the
aromatics conplex. Preferably such a para-xyl ene
S e pamatit oronmpbixe THS sécsion phthe promaties CO@@%"&H@PH% afledsh OB
i sonmerization unit 51 for isonerization of the _
r enplend Crumm Bk yha poresly ovilt furphetinclsddmpriecess ugihfor separation of
equi libriumor near equilibriummxture containin
pan Xy beelenshionter,catictbie typiaily the gamrxylemd penglaftrirdnp e
further recovery in a | oop-w se fashion. Accordingly,
15 t h@ronydiied 144 PRIMThLY eth Stpamanyldna séharaeioB 3onewd3i i ppergted in
may be blended with a recycle streamin a line 38 to
f orc@hAndioh §A@Mah AsomhetikAt®n 3t 51 Sor isomerization of the remaining

alkylaromatic compounds back to an equilibrium or near equilibrium mixture
containing para-xylene, which can be recycled around again for further recovery in a
loop-wise fashion. Accordingly, the xylene-plus-enriched stream in line 33, which
20  may be blended with a recycle stream in a line 38 to form a stream in a line 37, is
charged to a xylene column 39. The xylene column 39 is designed to rerun a feed
stream in a line 40 to the para-xylene separation zone 43 down to very low levels of
Cy alkylaromatics (Ag) concentration. Ag compounds may build up in a desorbent

circulation loop within the para-xylene separation zone 43, so it is more efficient to
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charged to a xylene colum 39. The xylene colum 39 is
designed to rerun a feed streamin a line 40 to the
w@arasephene separation zone 43 down to very |POI/US2063/641206

of €9 al kylaromatics (Ag) concentration. Ag conpounds

may build up in a desorbent circulation |oop within

t he para-xyl ene separation zone 43, so it is nore

ef frd&dv@Mhis hdteriallubstrddf R4 IEE6 8mRCY! THe2B8 thed 2 fiream in

renmove this material upstreamin the xylene colum 39.

ThenOuR1408R%h he /e doBRM 39%s chdiged diRRetlyHd the gutd-kiiene

xyl ene colum 39 is charged directly to the

pPargsX¥.g96ne 4Parati on zone 43. [0026] Material from
ower part of the xylene colum 39 is wthdrawn as

t he
Iai A@)Z}S r e%t%lejleﬁ ol R%@Pﬁar%h@iﬁéﬂe%f)ﬁﬁﬁtj%§ with@alh8s a

is then sent to the transal kyl ation

Z0 Qgea:%r?ri&% eé’géa?@éhlaﬁ{y‘f}}a?%mﬁfég jvitaitl%nl e 44 }’J&lﬁi@ﬁ Bt ent to the

benzene. I ne 41 taken as a si decut

th j o
o SRR ST o Sy By 2y oW

w

rea ena
stabj.lized transal kyl ati on catal yst ; .
cortbife Fofiry & RergeoRbinth FE Pttt GREREI RS g heavy
such as, nethyl_ .indan 1 r_napht hal ene out of
St oS ST OR el Ftsd DR gtep e gt bl cayst. A
stabilized transalkyl at ipiiln at al yst can han%l e telﬁgerpndan
AnyFepaEde PHIHE deing & TigRRoBt TR 19 0P BPe AFEd SO BT Y !
bottom of the xyl ene colum 39 vi line 42. ﬁﬁﬂer
10 e rifs @pphsiene ui §f the stieamdshpjlongrs nwﬁeq? Becﬁ%eé‘iltf‘emetg\n 1zed
bottoms streamto the transal kylation unit instead of q
t herapbadiesdaiion setplysirpan handleybom) Any rearaigng (] ymaferial is rejecte
ortho-xylene is to be produced in the conplex, the =
xy | feme theboltormof fhe xplens epieran 8% vigaliae 42-Jiiotter prabqgiment is to just
meta and ortho-xylene and drop a targeted anount of
or tsenk ik erheletxylent eolbon bottans sThem xg/the franseBiylagian Buit msigad of
is then sent to an ortho-xylene colum (not shown)
whehesitidoghstgeaini ty ort ho- xyl ene product is recovered
overhead. Material fromthe |ower part of the
1501 t[j0027Yy| enBergalvalynifiosthoviky it iavabegsoduced in the complex, the xylene
column is designed to make a split between meta and ortho-xylene and drop a targeted
amount of orthoxylene to the bottoms. The xylene column bottoms is then sent to an
ortho-xylene column (not shown) where high purity ortho-xylene product is recovered
overhead. Material from the lower part of the ortho-xylene column is withdrawn as a
20  stream rich in Cg and Cq¢ alkylaromatics then sent to the transalkylation unit. Any
remaining C1 1% material is rejected from the bottom of the ortho-xylene column.
[0028] The para-xylene separation zone 43 may be based on a fractional

crystallization process or an adsorptive separation process, both of which are well

known in the art, and preferably is based on the adsorptive separation process. Such
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20 streamrich in C9 and Cl10 al kyl aromatics then sent
to the transal kylation unit. Any renmaining Cll+

woredoens@is is rejected fromthe bottom of the PCT/US2003/041206
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ort ho-xyl ene colum. [0028] The para-xyl ene

separation zone 43 may be based on a fractional
crystallization process or an adsorptive separation

pr adespivelepaiatioh cudiecbveaver 92 t-% o wraixylehéiin Alite, 44anbigh
preferably is based on the adsorptive separation

Pr QE®SEry pOtislds. Ak rd¥Aud D tke A5 Wb BITD/ thiS2P31 Gkt extracted
adsorptive separation can recover over 99 w-% pure

pargdonsyti@inBe pdra-Rylehd) Gradfbnaed Bigh a fibBREAY €6IMmAGFithEA®S unit, and
Any residual toluene in the feed to the separation

Uni thed chiiBdIly 3Edy8Rd 1¥he ﬂgns\ﬂlkgﬁtlérhﬁuw@e%&’dlﬁﬁﬁ 52. Thus, the
fractionated out in a finishing colum within the

uni rEfom?l@ @nionI HEPar2RY 1 t?ek)hr)éu&nefo\ﬂ@ hed difod @ﬁuely de{)leted of para-

transa ation unit s |pper col um 52

r af{ iéﬁ@tts aﬁéve{ﬂshg\g RHL flevaeyo Sﬁﬁ%@ﬁlbt@'ﬂs &Qma éfﬁné % to the

St ‘entire par a- xy ene, level

u S u ?k lz}farggt%cs ?st%%ehgﬂ{éﬁ 11}1%1 % el WaafiRhdl Qﬁt :§rlén§ 1§[%B&uc¥él By

arona ICS 1SO tro

r eerg%ﬂgag) fﬁg ad d ﬁ%numpalgl%ar-x LifiRGurh ﬁls%ﬁg&cﬁqg%e isomers. Any

Bh eqU| m or near eqU|
di stribution

Chehe %ﬁ% Péég%(?eg? SSATERT il el RE inn? ”ﬁed @
10 |
AR

i sonerization catalyst used. [0029] In the
al KTisomshAtcs cralyielf¢ation unit 51, the raffinate
streamin line 45 is contacted wth anlsorrerlzath ,
cati@03Mt ulndks alkdarmiiigemevaBehit ] loH raffifge steam in line 45 is
i sonerization catal yst is typically conposed of a
ol eoptabiad with@y ésomsHpsies etalydt e djomes Zeiomserdifiens. Bitd
an i norganic oxi de conponent. Selection of the
no| ieowrantiai @pdyst sdymotzsempdsedeke woleee] siaye epmponsnt, a metal
cat al yst performance between et hyl benzene
i s oroRrporatt,i and am chrg@nivydxive cpwpencde S¢lkgtoatof de ml@wiﬁd Biqye
on overall demand for benzene. Consequently, the
ol @eipoasnt sil@vsecomayl dyer e tdidyst perf@olainde between ethylbenzene
alum nosilicate or

isomerization and ethylbenzene dealkylation depending on overall demand for

benzene. Consequently, the molecular sieve may be either a zeolitic aluminosilicate or
a non-zeolitic molecular sieve. The zeolitic aluminosilicate (or zeolite) component
typically is either a pentasil zeolite, which include the structures of MFI, MEL, MTW,
MTT and FER (IUPAC Commission on Zeolite Nomenclature), a beta zeolite, or a
mordenite. The non-zeolitic molecular sieve is typically one or more of the AEL
framework types, especially SAPO-11, or one or more of the ATO framework types,

especially MAPSO-31, according to the “Atlas of Zeolite Structure Types”
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a non-zeolitic nolecular sieve. The zeolitic
alum nosilicate (or zeolite) conponent 20 typically is

W@ paohes69a5 pent asil zeolite, which include the PCT/US2003/041206
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structures of MFI, MEL, MTW MT and FER (I TJPAC
Commi ssion on Zeolite Nonmenclature), a beta zeolite,
or a nordenite. The non-zeolitic nolecular sieve is

t Y RiB& A twdortBIHRimakDB estddf Makis, 3AEdd. 19920/ TENAGdtallcR@Enent
espem ally SAPO- 11, or one or nore of the ATO

VA b YiBBIE met ‘F&ﬁﬁ[ﬁiﬁ@ﬁt' 3hd MNP SRRk, an@pHEOHA b el
%At ly‘;lg of Zglolalte Structu?%?Types &T 3 W

20%6&5&%&1)8&54 LSR0034 Ak Qbble fnBidf &:ah PREL Br e hs2eRBtal. The
Boston, Mass., 3rd ed. 1992). The netal conponent

ty pﬁo%f’é rhé‘cal' i$ 2 glaﬁﬁ’t% ?gdﬁﬁ tidkal KAERABE Bbm AR uFRYall Bkl AR dium,

an opt 1 onal se ne nodi fi er conmponent 1h addition

n o bl.flth%lliﬂ?léijﬁnlqﬁlt %dl 19151u1nr.] TRA BEmRfal Q?G&Q&)ﬁg?‘le s %Bup &lﬂﬁstmg

atlnumgroup netal 1s s dfrom

pl a (f rﬂenna l%ahjf{ﬂnr fe c? %o&ﬁ@ 1§kerl Lﬂac!ﬂﬁ %%ﬂ%%rg S'znﬁcl'l ﬁ@am‘aﬁld

iri ecte

ﬁ,og Iégrtolsqq d hﬂﬁhu% gﬁ Ifnd(n};ﬁres Ztré{%c%e'f m%n seurr;llata{ e;l}gbe combomed 'with
thalli and xt her

conHENbF flah ot hanobd aﬁéﬂ&f*ﬁe &?ﬁwﬁe Ao ny (he®

nmetal . Sui.tabl t ot al

| S ohens AR Y Bngs fromé)fbd S8 v dones {fpm gyl to3 we-%
with the ranefromO ?ﬁ -% 10 prefe

sui prafsred- Sugnble éeoéefmmugts T e ﬁ%talwtr%ngyéfon} Lf?g%’ ¥ Briprgferably
to 99 w-% preferably between 10 to

nor ketyseearlorte Bﬁ) Vtﬂ@@%@ﬁf%efF@bIY@eWeﬁwg5 11%5 %ta%%a’ﬁlef‘ebaéﬁ‘ﬂce of
the catalyst is conposed of inorganic oxide binder,

t y pihe adthlystas enmipeacd ahieorganicomidei binder dYpieadly alupepa. Qe use

in the present invention is disclosed in

US- idemicr&@8010d:2qlyst fdraise indladrprengst infeniibi tshlisglosed in US-A-4,899,012,
i ncorporated herein by reference. 15 [0030] Typi cal

i sothe tdaztatgsard whidhdird inosrgoraied herdia by réferepex.at ure in the
range from 0 to 600C and a pressure from atnospheric

t 0 B03Kg/ cTipical isemetigptiod chralitidny inchude n caapelasmre Sipthe eange from
velocity of the feedstock relative to the vol unme of

cat @ ty $H0ICSarkiragfessure from atmospheric to 50 kg/cm3. The liquid hourly

hydrocarbon space velocity of the feedstock relative to the volume of catalyst is from
0.1 to 30 hr-1. The hydrocarbon contacts the catalyst in admixture with a gaseous
hydrogen-containing stream in a line 46 at a hydrogen-to-hydrocarbon mole ratio of
from 0.5:1 to 15:1 or more, and preferably a ratio of from 0.5 to 10. If liquid phase
conditions are used for isomerization, then no hydrogen is added to the unit.

[0031]  The effluent from the isomerization unit 51 is sent via a line 47 to a
deheptanizer column 48. A bottoms stream in a line 49 from the deheptanizer 48 is

treated to remove olefins, if necessary, in an olefin saturation unit 50 with the olefin
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0.1 to 30 hr-1. The hydrocarbon contacts the catal yst

in adm xture with a gaseous hydrogen-containing
wa@eeamith a |line 46 at a hydrogen-to- hydr ocar PORUSDE041206

ratio of 20 fromO0.5:1 to 15:1 or nore, and preferably

aratioof from0.5 to 10. If liquid phase conditions

are used for isonerization, then no hydrogen is added

t 0 shhventidfintethods BQ3ded Bbeveehh hidahitive iP@@pubi@e olefin saturation unit
i sonerization unit 51 is sent via aline 47 to a

dehepir@ping BoneRkAHIR ufiBs1 MdaRt HRMBhdBAMdlinA4s 0 18mdR
fromthe deheptanizer 48 is treated to renove

ol gtdifsi hidrofaC e Nalyst Dsedlin Bk fohlris Ao gt 5Ok tHoi t 50
with the olefin -14 V\DYZOO4/ 056945 PCT/ US2003/ 041206

sat ' Clil . . [ [
e o e

is hzat 4 it . . e i z

o, ST 2oL AL S Dy B2 LT
in the. i ri.zation uni . .he I

edPGIATRE o G il o3l e s, B e B PR 5

he dehﬁﬁtanizer botto

SRENEDY setiqn of the complex

required at all.. 0032] .
G rbeies A hatipgly bpeled wlilF RSP
recycled back to the xyl ene colu 39 via the Line 38.
| 6 Ge a5 e eforiarles e ek R Y B E e RRAGTRY St
recycled within the xylenes recovery section of the
cortplla. ThFIeudagm Sifi e hapkaizaF B ARTIaLl TeryhigH baFkads the line 18
par a- xyl ene, benzene, or optionally ortho- xylene. The
10y &P s tormig o delydmizst tonresarery of feifval bpRreRse é\jtewnéavely’ the
back via the line 18 10 to the reform ng unit
debryeshsrd Bauid isreqyeled begkyo g tiapsllgilagion Bi@% stgiger column 52.
Alternatively, the overhead liquid is recycled back
t o 08331t r adsaidipglnttheoromptias cemplep péihe pesisenipnveption displays
[ 0033] Accordingly, the aromatics conplex of the _
pr esceeitent enpeormicdrndits Fhesy smproxgedtemsulido onerpmatics complex with
benefits. These inprovenents result in an aromatics
conqalimgs un inkide baterynifaitorurvenitd endat ingrgvelnent dnsthe rgture on
costs and an i nprovenent on the return on 15
151 Nvigsdseedit ir guck webmplexconpl ex. - 15

-15 -



WD 2004/ 056945 PCT/ US2003/ 041206 WHAT IS CLAIMED | S:
1. A process for produci ng benzene and para-xyl ene

WO e@a0ss9ent al ytic reformate stream conpri si ngP@TES2003/041206

10

15

20

steps of: (a) optionally providing the reformate
streamto a first olefin saturation zone, 5 wherein
said streamis contacted with an olefin saturation
catyvaiasts ondeyepakefin saturation conditions to
produce a reformate streamtreated for olefins; (b)
conbining the reformate streamw th at | east a portion
of a trangadrkydsator produdiigishnednesind paaxylend Hommaaalklyénded
stream 10 (c) separating the bl ended stream of step

( blefbrate dA8MEBBphEDIdBAGepsoFact i onation zone to
produce a benzene-enriched stream a toluene- enriched

st r eam(»)aRghichally bRVRIHR! thSrefitihe REhnS to LT ol4fih) sap@eaidn agne,
t he benZzene-enriched streamto an

extractiv gv'hgfegrf datd ALLAM AARGel YithRh QG Qatdratied Edtlpdt @nder
stream and a benzene product which is recovered as a
15 produc tole?itnrsg‘tgmtigﬁ OSRaRRh ol QRLS 8 reférfate@dhth Aeited fdne
tol uene-enriched streamwth a streamfrom a xyl ene
col umm ricﬂﬁjn C9 and C10 al kyl aromatics; (f) passing

e

the conbined &treans of step (e) to a transal kyl ati on

, in .sajd st . 04 i
ot ai - SPo PR b EReRfR e S ARAFD B Ob B Sysiotadon
transal kyl at

on.conditions.t roduce the
t r ansal kyPRIUGHUSHB RICH™ ai’%‘“’?@%rﬁ“&?’“m ep (b); (g)
separating the xyl ene-pl us-enr.iched.streamo c
in a xyfe ﬁEPar?tPlﬁﬁlfqetg‘ﬁ’élE‘i& Pt &ep ZbcaﬁPgéﬁr%:zgneé{rﬁﬂ%ée:Phéaé
xylene streamand the stream froma xylene colum .
fch i n Cdmafienagsrrol i PR materen et ey « L

enriched stream, and a xylene-plus-enriched stream;

(d) passing the benzene-enriched stream to an extractive-distillation zone to
produce a raffinate stream and a benzene product which is recovered as a
product stream from said process;

(¢) combining the toluene-enriched stream with a stream from a xylene
column rich in Cg and Cy( alkylaromatics;

(f) passing the combined streams of step (e) to a transalkylation zone, wherein
said streams are contacted with a metal-stabilized transalkylation catalyst
under transalkylation conditions to produce the transalkylation product
stream of step (b);

(g) separating the xylene-plus-enriched stream of step (c) in a xylene
fractionation zone to produce an overhead xylene stream and the stream

from a xylene column rich in Cg and Cy( alkylaromatics of step (e); and
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-16 WO 2004/ 056945 PCT/ US2003/ 041206 (h) passing the
overhead xylene streamto a para-xyl ene separation

waQ eme/05eseer ei N par a- Xyl ene i s concentrated i nt BCHUS2003/041206
par a- xyl ene enriched product streamwhich is
recovered as a product stream of said process. 2. The
process of claim1 wherein the reformate streamis
producel) haRgdhe dvethaphtybaefseeds toactardyylenprsopirationgose,
napht ha feedstock streamto a hydrotreating zone, that
contacts tfigreid ReAsfieRKs ¥dnkéntatdd o @l atylong eaddhad potuct
under hydrotreating conditions to produce a

hydr ot r eat,gghnD@ARA RaedhvE@RR a pldBudd Yikabt sreaiieebcaapht ha
streamis passed to a reformng zone and cont act ed

Wi th ar etk Bidacks 6ALIRkY B ivhétBRehe bfbringik @h B produced from a
conditions to produce a catalytic reformate stream

whi j . aromatic conponents and |ight-end
&ﬁm&qgéﬁ toe £ By: _conp ght -en
5hy fiocar bons:  the catalytic reformate streamis

conbi n 3390‘){\&15??1@3&%‘%?%%%%& QbR a hydrotreating zone, that contacts the

stripper-ove stream and the Tonbi ned

Zone- 1 ReogF SRR BRAG R HAN VA FRloHRRE LORTL P

zone t produce on~ product

streamwhjch |s.re ed fromthe 1 -

R R e S R L

transal kyl ation_stri pper-hottons.strea r.ovj

| eagtisd b ramingb i b A P AP P bRer

product streamin the bl ended sirea t he . .
10transaFW?P&PBSﬂWh%¥%8h@P£§FF@% yP%“@%HﬁEﬁW@%HyWHQCom@nﬁm

transal kyl ation stripper fractionation zone #o

pr oduc er¢TREICcPERRuEN PG ighreng hudraeabpns: e Gpalyaf reformgte

stream and the 20 transal kyl ati on stripper-bottons

st r eamstetie isgpmbined pith §-tepralotaion stipaeAvedicadbaii sfesgm and

Wi th a deheptani zer bottonms stream and the conbi ned

st eans the eomtgeqslatreanesare Fepaiated;iy p dehuiamizarracsinpatios fonohat

whi ch additionally produces a bottons streamrich in

Cll al kybducesvalightsndimidedeaibon pendpststiednt wirich iereponrddsen the

15 process and a debutanized aromatic stream as the reformate stream; a
transalkylation stripper-bottoms stream provides the at least a portion of the
transalkylation zone product stream in the blended stream; the transalkylation
product stream is separated in a transalkylation stripper fractionation zone to
produce the transalkylation overhead-stripper-liquid stream and the

20 transalkylation stripper-bottoms stream; the xylene-plus-enriched stream is
combined with a deheptanizer bottoms stream and the combined steams are
separated in the xylene fractionation zone which additionally produces a

bottoms stream rich in Cy ] alkylaromatics which is removed from the process;
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over head- xyl ene-splitter streamis passed to the
w@a0adsephene separation zone which additi onal PgT/US2003/041206

produces a paraxyl ene separate zone effluent stream

conpri sing nmetaxyl ene; the paraxyl ene separate zone

effluent streamis passed to a xylene isonerization

zone ande ovenliead-xgidnansiliteastirenm anpassezlad the paratydng s¢pafation zone

under isonerization conditions to produce an

i somer i whith additrnelliusbducthe parh:gtene séppadic Time pffivduictreas

separated in a deheptani zer fractionation zone

conpr i sidagpriding nRasyletd) thedRRBPlanicpahiccohdffluansiream is passed

optionally at |east one olefin saturation zone; and

t he dehgpt:gRing BbmEfiAGbh 2518 tah@ BordRRA AU SRSerizitton catalyst
dehept ani zer bottons stream 10 3. The process of

scl ai m 2ywhekshdtihiié GamaphaB ipfihcZANsonahddngieducy the
produces an over head |iquid streamand the catalytic

refor ”%&n&izﬁl?&f‘ﬁr@élﬂgt fsprare{t&?iﬁ%@eﬁéﬁtﬁﬁzjepﬁactionation zone

stripper-overhead-liquid stream are conbined with the

over hea@ﬂfﬁﬁ%% ]F§Sté F’Ige?dﬁ%&glt ! &@&u%ﬁ%ﬁﬁ&ﬁ{&nélﬁf at 1éhst oS lefin

process 0 hr oug wherein the ol efin
sat urat éa?ur%atilo% S %J’lcy &b d}gl%%ﬂ ref?acﬂoﬂtig%f %ne%o ces the

pl at i numgroup caonponent, and an i nor gani c "oxI de
conmpone t1 atnd V\/g)etr enilsnstrtehncfel ol efin saturation conditions
conpri s&EPEPPRAREPLIT E# Fom 20 to 200C, a pressure

from5 to 70 [cm2 apd .a stoichi ri.c.rati o af...

Ohydr og e#T to T}é‘? BI°FH8 O’Fa%}m i‘.ﬂ%’rfa o) ﬂge@%e%?mzleﬁ &’y ragglélg nally
of any of clains 1 through 3 wherejn the
met PUSERBR PYSS @aad]lfzdw{ SF&%&&P%%&?@%HC &eg?fma%ffeam and the |
conprises a zeolite conponent, a netal copponent, and . .
g o R BB DA C e PPt P ot st liquid
conponent is preferably selected fromthe group
consieamifyagn e dfieatenideim pal | adi um rhodi um rut heni um

osmium and iridium rhenium tin, ger_mani ueng | ead,
cobal t, “aiTbketocesh atHnyef clgind § drqueh pyhereiy theplefyy saturation

15 catalyst comprises a nickel or a platinum-group component, and an inorganic oxide

component and wherein the olefin saturation conditions comprise a temperature from
20° to 200°C, a pressure from 5 to 70 kg/cm2 and a stoichiometric ratio of hydrogen
to olefins from 1:1 to 5:1.
5. The process of any of claims 1 through 3 wherein the metal-stabilized
20 transalkylation catalyst comprises a zeolite component, a metal component, and an
inorganic oxide component anél wherein the metal component is preferably selected from
the group consisting of platinum, palladium, thodium, ruthenium, osmium, and iridium,

rhenium, tin, germanium, lead, cobalt, nickel, indium, gallium, zinc, uranium,
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thallium and m xtures thereof and the sel ected netal
w@e@dpse@aenponent is preferably rhenium 6. ThRCPUSEF641206

of claimb5 wherein the zeolite conmponent is sel ected

fromthe group consisting of a pentasil zeolite, a

beta zeolite, a nordenite zeolite, or mxtures 5

t hedyeprbsian dhalie, @hdmixt@egBatoftaad de sElememetilgroup component is

preferably nordenite and nore preferably the inorganic

oxiﬁ@feﬁglwmaﬂﬁ_ is alumna. 7. The process of any of

clains 1 through 3 wherein the transal kyl ati on

condi t i @NSTheGRBRES FR1aAm ISR R tHd ZEolftd SiMpdehttiPseRARE fromh the
pressure from1l to 60 kg/cn2, and a |liquid hourly

S pa;g}@uﬁ’ %nﬁgtﬁﬂgyof HemG 2ofi@, Qe eolith; a I%Qrdgmte-rzté@htﬁ I BGKR@res

cl ai ns or 3 V\herel n the hydrotreating catal yst

5 C 0 éﬂeéteﬁld vﬁeféﬁﬁﬂ@ Ek%pfe c%}n);)&gé?@is &3 B§ et K&d more

a conponent enu oxi dé or tungsten

Xi
0 X ;ﬁgfera%pqhgmﬁ%mg gt c&];'l% 39 Qlﬂfn‘fnao xi de support and

otreating conditions corrprl Se a

l'iquid h70uJ1:ha rocely o%zfnéo cl OCI ttl)fo hf?x% 619 tﬁecﬁa%s %%thﬁ’cggcgtlons

ratlo of 'h ogen tha Feedst ock from
. 10 to
Oﬁ}ﬁalé%%gemgﬁ%f%ﬁﬁ@ B340 et e 8Ty ana
di t I | t
oL 1 ‘*tb%‘OE?”LyériSZﬁetXe oeity

hydrocarbon from s of _h r le .
100f naph8halbeRigeess ?Jfrcﬁ—?é’?t?l Q;?Wgﬁﬁelgl the %/Xfﬁ%t%atl 9%3}%?C?Bpnses

10. The process of clains or. 3 wherein

de buEaimnope of pehelt PEReT Bk B ae‘awawe%%f ra?lylrdé%agw o8 °r

stabilizer colum and at | east one olefin saturation

z on@ngi oxjrleefneraompordié obinaEpC SEfuFRPPH AN Bhrgein the

conprises a nickel and alum na catalyst. 11. The |

pr obysksereatingoaditiensxomprige wheriéhenrlyseadeyelosity Fam; 1dhto 5.0 hr™?,

catal yst conpri ses
a ratio of hydrogen to naphtha feedstock from 50 to 135 Nm3/m3, and a pressure from

15 10 to 35 kg/cm2.

9. The process of claims 2 or 3 wherein the reforming conditions comprise a
liquid hourly space velocity from 1.0 to 5.0 hr-1, a ratio of hydrogen to hydrocarbon
from 1 to 10 moles of hydrogen per mole of naphtha, and a pressure from 2.5 to 35
kg/cm?.

20 10. The process of claims 2 or 3 wherein the debutanizer fractionation zone
comprises at least one stabilizer column and at least one olefin saturation zone and
preferably the olefin saturation zone comprises a nickel and alumina catalyst.

11. The process of claims 2 or 3 wherein the isomerization catalyst comprises

a molecular sieve component, a metal component, and an inorganic oxide component
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i norgani ¢ oxi de conponent -19 WO 2004/ 056945
wERONANS2@03/ 041206 and wherein the isoneri zat PONUS2003/041206

conditions conprises a tenperature in the range from

0 to 600C, a pressure from atnospheric to 50 kg/cnB,

and a liquid hourly hydrocarbon space velocity from

0. Bhnd eh&Binhhe itomer2Ation conditions comprises a temperature in the range from

0° to 600°C, a pressure from atmospheric to 50 kg/cm3, and a liquid hourly

hydrocarbon space velocity from 0.1 to 30 hrl.
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