WD 2004/ 056945 PCT/ US2003/ 041206 "I NTEGRATED PROCESS FOR AROVATI CS
PRCDUCTI ON' BACKGROUND OF THE | NVENTI ON [0001] This invention relates to a
process for an aronmatics conplex which is a conbination of process units
t hat can bewoedros@4convert naphtha into basic 5 petroclhemesabesionizes medi at es
of benzene, toluene, and xylene. Based on a netal catalyzed transal kyl ation
process that handl es unextracted toluene and heavier aromatics and an
ol efin saturation process, the inproved flow schene renoves itens of
equi pment and processi PNEEGRSTER HBACEHSS HORARDYVATECSPRODUETIONST uimm and a
heavy aromatics colum, resulting in significant econom c benefits when
produci ng para- 10 xylene. [0002] Mst new aronmati cs conpl exes are desi gned
to naximze the yield of beR REHEND OF THE MNSANTIONnzene is a versatile
petrochem cal building block used in nany different products based on its
derivation i nCI(ﬁﬂi g et hyl benzene, cunene, .and cycl ohexane, Para-xylene is
al so an i npor t MPhyi (Thisiyepiogarlatesin A orpeess for 8 grogiafes Somplex Bpichiss vel y f or
t he production of_ pol %?rt%rfe)r fihers sins, and filps forned via

[

r ;
terepht hal i ¢ a&fBPIBRIO FRFt “ﬁ‘@f@bﬁ‘ﬁ%?‘?ﬁié‘) TPVt pBRRatRbasifc cor di ngl y, an

aromatics conplex may be configured in ny different s dependi ng on the
desired pr%duBFtEQChWﬁ?lllﬁWQ’f‘@g?éFWR%,t°'ﬁﬂ @ﬁ%ﬂ%‘{en@??f’g\a@g F’Ff&‘o avai | able. A

wi de range of optiaqns rmts flexibili in varying the product slate

bal ance of benf@%@m&r‘iﬁn%ygn%l’r?W%ﬁq@ h?@%é‘@?“@%%?@"%@%?ﬁdﬁfeﬁ’é%ssi ng

requi renents. [0003] A priof art aromatics conpl fl Qw schene has been
r\/é{? Els : n%ﬁﬁﬁo‘ﬁé‘f

di scl osed by palics ang ap Rletin SATNRHOR Progpss pag impr BF FPProi®Sses, 2d.

Edition in 1997 by MG a Bil]. 1 .
of equipment and processing steps, such as 2 reformate splitter column and a heavy

aromatics column, resulting in significant economic benefits when producing para-
10 xylene.
[0002] Most new aromatics complexes are designed to maximize the yield of
benzene and para-xylene. Benzene is a versatile petrochemical building block used in
many different products based on its derivation including ethylbenzene, cumene, and
cyclohexane. Para-xylene is also an important building block, which is used almost
15  exclusively for the production of polyester fibers, resins, and films formed via
terephthalic acid or dimethyl 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-
20  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.



WD 20041056945 PCTI US2003/ 041206 [0004] US-A-3,996, 305 to Berger discloses
a fractionation schene primarily directed to transal kyl ation of toluene and
C9 al kyl aromatics in order to produce benzene and xyl ene. The

transal kyl at Winh2op4/es628s | s al so conbined with an aronati C?CT/%?@B?E&EOE”
process. The fractionation schene includes a single colum w WO

streans entering and with three streans exiting the colum for integrated
econonm ¢ benefits. [0005] US-A-4,341,914 to Berger discloses a

transal kyl at i onfopg4CesigsW-3,596, 56 Y¢ B & ger@fsciodd a Halih M ABlefe SriAniQr der to
increase yield of xylenes fromthe process. The transal kyl'ation process is

al so pref erabl ygileBie8 & nSdicpitiol oftoRBAAmY X 8MGlaRRALAH bRRr tbProagie and a
xyI ene | sonerlzatli on zone oper ated as a conti nuous | oop recerving m xed

xyl enes from t hguphdnd Bk JieteatictAnZOGREEREREOS kisehndidiWanh fonRfilsd onation
zones. [0006] US-A-4,642,406 to Schm dt discl oses a high severity process

for Xxylene proggitionprdcBal TIRIRL@MSH® sthaRIANME ALh0 cARBE with Ao
simul taneously perforns as an isonerization zone over a nonnetal catalyst.

Hi gh qual ity beggeffertstinghREWAE thrdls@ehs bRitiMg b caluith Xdr¥lEertbd ¥haRes, Wwhich
al l ows para-xylene to be separated by absorptive separation fromthe

m xture wth thggkgener - depl eted stream bei ng passed back to the

transal kyl ati on zone. [0007] US-A-5,417,844 to Boitiaux at al. discloses a

process for thepge] ectmy-g.4,mfmd&mg@msaeseeﬁ bRy Ao fRoctbERHM BERRKI NG
petrol in the presence of a nickel 20 catalyst and is characteriZed in that

prior to the usg @f alilyBr&aiids ¥Dkder B ifddabdlyield OFkyAdRL H6m 4R RGRECTIROMPouNd i s
i ncorporated into the catal yst outside of the reactor prior to use. [0008]

US- A-5, 658, 453 {fsdfeistionprdrbss itHIRGra988y fikottlaQ@ Al feh-FyidR kiPaRdond ol efin
saturation process. The olefin saturation reaction uses a m xed vapor phase

wWth -2 10  zone and a Xylene isomerization zone operated as a continuous loop receiving mixed

Xylenes from the transalkylation zone feedstock and effluent fractionation zones.
[0006] US-A-4,642,406 to Schmidt discloses a high severity process for xylene
production that employs a transalkylation zone that simultaneously performs as an
isomerization zone over a nonmetal catalyst. High quality benzene is produced along
15  with a mixfure of xylenes, which allows para-xylene to be separated by absorptive
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
20  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



WO 2004/ 056945 PCTI US2003/ 041206 addition of hydrogen gas to a reformate
liquid in contact with a refractory inorganic oxide containing preferably a
pl ati num group netal and optionally a netal nodifier. [0009] US-A-5,763,720
t o Buchanan wb 2ad4/0s5€h4scl oses a transal kyl ati on process f '

benzene and xyl enes by contacting a C9+ al kyl aromati cs mﬁ%ﬁ”@%ﬁgﬂﬁ%ﬁg and/ or
tol uene over a catalyst conprising a zeolite such as ZSM 12 and a

hydr ogenati on noble netal such as platinum Sulfur or streamis used to

treat the cat adddfibn of BRI kiStde Ridhdte BHEA inxoh@&ivalhd: Blaciry indigafik 0Ses a
process for producing xylene froma.feedstock containing C9 al kylaromatics

with the aid ofoxadeGahtainigtprafbcitily aplatii-fréup thétaltapad bptichally ShekaddiiarDr deni t e
and with a nmetal that is preferably rhenium SUMVARY OF THE | NVENTI ON [ 0011]

An aronatics coppiex fiw-5md3eme wBichaan el AnkREEs baReiylabfrb@ss foPr 0Cess
requires stabilization of a transal kyl ation catal yst through the

i ntroduction ofproduciiigbatzehd i@ ixylefies biraclinga Gyt ﬂ?]&@hkﬂds&ﬁﬂh%@nzﬁﬁ@cess to
handl e both Cl0 15 al kyl aromati cs and unextracted tol uene permts the

fol | owi ng flsow sahemRiend oRF QUALIRN bGPiRinD @ z62idd Judiesh ZIR¥-1984dw t ol uene wi t hout
first passing it to an extraction wunit, the flow schene omts a

ref or mat e- spl i thy@fogemtioitiobleliiealGadhca Fiatimumt. ISyIfeoR kirim is GRAACHdaythext racti on
unit is noved to the overhead of a benzene columm. By only extracting
benzene, sinpl ecatigist.active distillation is used, since a nore expensive 20
conbined liquid-liquid extraction nethod is only required for heavier

contam nants. [By109si ngs-Bos, fu7036 arvehickaCt Al fydl@ELMBbESS ok rodibigiglkhed

transal kylation unit, the flow schenme further omts a heavy aromatics

col um. A furt higdm g RRaNERTBRAIning C ARyfatddticsSERERRaill 5f A60Pits b edlithr ough
the elimnation of clay treaters in favor of selective -3

10 thatis preferably mordenite and with a metal that is preferably rhenium.
SUMMARY OF THE INVENTION

[0011]  An aromatics complex flow scheme with an enabled transalkylation
process requires stabilization of a transalkylation catalyst through the introduction of
a metal function. Enabling a transalkylation process to handle both C1g

15 alkylaromatics and unextracted foluene permits the following flow scheme
improvemenis 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

20  combined liquid-liquid extraction method is only required for heavier contaminants.
By using both Cg and Cj alkylaromatics in an enabled transalkylation unit, the flow
scheme furiher omits a heavy aromatics column. A further enhancement to the flow

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



WD 2004/ 056945 PCTI US2003/ 041206 ol efin saturation at the exits of a
reform ng process unit or of an al kylaromatic isonerization process unit.
[ 0012] Anot her enbodi ment of the present invention conprises an apparatus
that is baseslzeomoishes process steps, which efficiently cepygikbmszhaRftha into
par a- xyl ene. 5 BRI EF DESCRI PTI ON OF THE DRAW NG [ 0013] The Fi gure shows an
aromati cs conplex flow schene of the present invention, which includes
olefin saturation and a netal stabilized transal kylation catalyst. DETAILED
DESCRI PTI ON OF dlkfin dabivatiE laCiNe d£ts[0D9ddrming @ebcts uhip 6r sfafARikgMroiRYc be napht ha,
but can al so be pygas, inported m xed xylene, or inported toluene. Naphtha
fed to an aronaistm&izadeyrecess witf | rst  hydrotreated to renove sul fur and
nitrogen conpounds to |less than 0.5 wt-ppm before passing the treated
napht ha on to a[00&f]or nAnghereinbodiBent Mighé plegentiyiebntion emiprides MMQPpArSus tiut
contacting naphtha in a line 10 with a naphtha hydrotreati ng catal yst under
napht ha 15 hydr isbaedbh g peadistepn which ffi@iently donlskts nftehataphbdaayleyedr ot r eat i ng
catalyst is typically conposed of a first conponent of cobalt oxide or
ni ckel oxide, along with a second conponent of nolybdenum oxi de or tungsten
oxi de, and & third conponentBRIEBPHAERE TIQN OFITEHPRAMINGhi ch is typically a
hi gh purity alum na. Generally good results are achieved when the cobalt
oxi de or nickel oxide conmponent is in the range of 1 to 5 20 wt-% and the
nol ybdenum oxi d@0&8rmpoRisdtizyre shoys amerompatics eorpglexsflavpschemept thg prgsgat  al uni na (or
al um num oxide) is set to balance the conposition of the naphtha
hydr ot reati ng civetigatwhich iselpdes plefie ¢trsyion arda mptak siabilged (nsalkylaiva
hydr ot reati ng -4t\{\0t.2004/ 056945 PCT/ US2003/ 041206

catalyst.

DETAILED DESCRIPTION OF THE INVENTION

10 [0014]  Feed to the complex may be naphtha, but can also be pygas, imported
mixed xylene, or imported toluene. Naphtha fed to an aromatics complex is first
hydrotreated to remove sulfur and nitrogen compounds to Iess than 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



catalyst for use in the present invention is disclosed in US-A-5,723, 710,
the teachings of which are incorporated herein by reference. Typi cal
hydrotreati ng conditions include a liquid hourly space velocity (LHSV) from

1.0 to 5.0 hwwdaeosodsedsi 0 of hydrogen to hydrocarbon (or ”?E%ﬁ %gﬁg?}t ock)
from50 to 135 NnB/nB, and a 5 pressure from10 to 35 kg/c .ﬁ? In the

reformng unit 13, paraffins and naphthenes are converted to aromatics.
This is the only unit in the conplex that actually creates aromatic rings.

The ot her units dafiysh®r GRHRILE pres@PAbatitn fsRRNMMIIPUS- A5 9FRF 10Cme QARRRRNL S i nto
i ndi vi dual products and convert various aromatic species into higher-val ue

products. 10 Theyfr@fichrard ingorpthtbd Hedeih By téfertabd. T Saﬂhgd}ﬁgeaﬁﬂ%édﬁﬁiﬁaﬁs very high
severity, equivalent to producing 100 to 106 Research COctane Nunmber (RONC)

gasol i ne ref or meh@udel aVi@idiRirly kfdcdWeXdelly @SSV &rol 100800 9FL, @fatRlemat i cs. Thi s
hi gh severity operation also extinguishes virtually all non-aromatic

inpurities in thi?{d%gén foma@ilob@BorQbr daglhtnd fBdsRck) fandsebi185 Na3as, tdtea need for

extraction of the and C9 aromatics. 15 [0016] In the reform ng unit 13,

hydr ot r eat ed snapf#sae foamoao Bs Rgenl? 1S contacted with a reform ng catal yst
under reformng conditions. The reform ng catalyst is typically conposed of

a first conponenboss at imwigeoating iRt Bl pardfis a0 AshHERANCRACHaver®Be fi er netal,
and a third conponent i norganic-oxide support, which is typically high

purity alum na. £eReka|Ths 9ednly amikin!e AipleA et f¥adly WReBs {BRat izt nuM gr oup
20 netal is in the range of 0.01 to 2.0 wt-% and the nodifier netal

conponent is in THaethef @G BF cOnpldx deforfte We vifioud RRmalidEonAndnts BBt t 0 bal ance
t he conposition of the naphtha hydrotreating catalyst to sumall conponents

up to 100 W -% ildieididl pEddRstEhGr BNt vBEuS hroliBtiS§leS16d i Hi SRRV hhedrbdhbid)

pal I adi um rhodium ruthenium osmum and iridium The preferred

plati num grodp NEdeafo@ERPRRETY is usaly} dbiahdd ruhReveiPhigh severity, equivalent to
producing 100 to 106 Research Octane Number (RONC) gasoline reformate, in order
to maximize the production of aromatics. This high severity operation also
extinguishes virtually all non-aromatic impurities in the Cg fraction of reformate,
and eliminates the need for extraction of the Cg and Cg aromatics.

15  [0016]  In the reforming unit 13, hydrotreated naphtha from a line 12 is contacted
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

20  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 wi-%. 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 platinumn. The metal



WO 2004/ 056945 PCTI US2003/ 041206 nodifiers may include rhenium tin,
germani um | ead, cobalt, nickel, indium gallium zinc, uranium
dysprosium thallium and mxtures thereof. One refornming catalyst for use
in the presevd 2omymndsi on is disclosed in US-A-5, 665, 223, PE@RE&ﬁ%&QhEgS of
whi ch are incorporated herein by reference. Typical reformng conditions
include a liquid 5 hourly space velocity from1l.0 to 5.0 hrl, a ratio of
hydrogen to hydrocarbon from1l to 10 noles of hydrogen per mol e of

hydr ocar bon feeﬂo&ﬂ&r@ﬁa?ﬂwid&@rﬂeﬁﬁﬂrﬁﬂ BEmARDS, 1ea@e@baﬁ REGE Sk, fgﬁlﬁﬂhz 5 to 35
kg/ cn2. Hydrogen produced in the reformng unit exits in aline .

[0017] The ref opp@ifnibOd ygg osﬁfaomtaﬁ, z{nﬁfrrﬁit{ﬁ'e@&eiéaf bnééfar&;@chﬂaﬁaf@ 'S sent
to a to debutanizer zone whi ch typically conprises a debutani zer col um

20 that strips y@fif b pRsduk Hlb&nti%ﬁ‘ﬁ Y RERGRURONS, 663H32ME Toa st @hikgr) in a
line 21. The debutani zer zone 3 may al so conprise at |east one olefin

sat ur at ! oN Z0oNeyd GhcoMbiatel hERM b??ef&%&%%pxcﬁﬂ@fo%ﬁ?b&fdﬂ%ﬂ%ﬁﬁ&@@ﬁ%ﬁd omt he
debut ani zer col um 2 Mor eover, streans from other units in the aromatics

conpl ex may sal sgoul sﬁa%@belsatytftaﬁ; p@talstmmlz@fausfak%gagtéh@déoearba;ﬁan?pl ng.

These other units include the transalkylation zone, which sends a

transal kyl at i ongSomdMRQE hpi65nadndid 6QFMRotNbG thédWtelifg @ Melorldif; JoagQMer i zat i on
zone, which sends a deheptani zer overhead streamin a |ine 18, Both of

these units areyddqe&tid &emis 5 RYSE Zdﬁhﬁ)‘gén $6IRYA inl iRk RBkmihB GniPd £ 1 N

saturation zone 16 may consi st of e well -known clay treating 20 nmeans or
ot her means to {%@alasigsiqdual ol efin contam nants. Preferably, the olefin
saturation zone 16 conprises an olefin saturation catal yst operating under

ol efin saturatjpgqy Conf]ﬁetﬂef?:ﬂﬁate frodil iéh Ehe@éf&fnhgg n’ﬁﬁiﬂﬁﬁh'ﬁﬁé‘lﬂ fstdHe a flow
schenme enabler. If a catalytic process is use the olefins are converted

to useful pﬁde&%ﬁmmEQEnﬂﬁﬁﬁﬂhﬁhq@wdﬁﬁmﬁbﬁ&kﬁd&ﬁﬁm@%r&ﬂﬁ%ﬁﬂhﬁﬁs&@sbenzene
(if the olefinis cyclic), a C7 to toluene, and

off the light end hydrocarbons (butanes and lighter) in a line 21. The debutanizer zone
53 may also comprise at least one olefin saturation zone 16, which may be placed |
upstream or downstream from the debutanizer column 20. Moreover, stteams from
other units in the aromatics complex may also be sent to the debutanizer column 20
15 for stripping. These other units include the transalkylation zone, which sends a
transalkylation stripper-overhead stream in a liné 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
safuration 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 Cy to toluene, and a

-6-



-6 WD 2004/ 056945 PCTI US2003/041206 Cg to xylene. If clay is used, then the
olefin will be polynerized, often to Cl1+, which is not very useful for an
aromatics conplex. Thus, the catalytic olefin saturation helps inprove the
econom cs of woDlzeosfolsems schene. Suitabl e ol efin saturation P&%ﬁb@&ﬁo& n the
present invention contain elenental nickel or a plati numgroup 5 conponent
preferably supported on an inorgani c oxide support, which is typically
alumna. In the case where the el enental nickel is present on a support, the

nickel is prefegablyknd QRN uded, thdh BB wltR BbImb@zed bith we pfy, t he total
catal yst weight. One catalyst for use in the présent 1nvention is disclosed

in US-A-5, 658, 4pidich {506t JePAGBIuN@S an REmiMdl Sdnéxe ThiACRE BRI EHeter €i N by
reference. Typical olefin saturation conditions 10 include a tenperature

from20 to ZOOGam@haa?ymrévem@eEoﬂo@ﬁcmf e /hewBciRA. ShitaBb SleRiAIRIdkI C ratio
of hydrogen to olefins from1:1 to 5:1.0efin treated reformate is shown in

a line 19. [001Q}alyERen deptbsaintatlion SoATBbScARRKNS: Dol AIBLLES in a |ine
22 is conmbined wth a transal kylation stripper-bottons streamin a line 24

and sent tosa bepgonet pdickdlysenfteddn af ihdgidiOnddd sOppotORBichA gficany | ine 23.
The BT fractionation zone 5 generally conprises at |east one colum, and

usual 'y conpri sggmalif teRRR wiRleUhe blekientapiitkeRistphisbiR BE a GPpbiNihedhickeli@WEVEr , the
benzene colum 25 nay be elimnated in favor of a transal kylation stripper

colum, with a [fféﬁabi_yip;@amwﬁimﬁbfn{i fl40R1-9 BF thP ol bRy weighi BR € benzene
stream The BT fractionation zone 54 produces a benzene 20 enriched stream

in aline 26, acatastRNEscOR b Gl fbérioMsidkcRsdd N GSI5,68814532h% YIabHiRzsP! US-
enriched streamin a line 33. Typically, the benzene-enriched streamin |ine

26 is producedsfwiidn ddRcRYREBERELIQby feltferb8 NZEIBA offih Yikadsh coldiifibhst he bot tom
of the benzene colum 25 being sent via a line 30 to feed the tol uene
col um 31. ibhe include a temperature from 20° to 200°C, a pressure from 5 to 70 kg/cm? and a
stoichiometric ratio of hydrogen to olefins from 1:1 to 5:1. Olefin treated reformate is
shown in a line 19.
[0019]  The debutanized reformate comprising aromatics in a line 22 is combined
with a transalkylation stripper-bottoms stream in a line 24 and sent to a benzene-
15 toluene (BT) fractionation zone 54 via a line 23. The BT fractionation zone 54
generally comprises at least one column, and usually comprises a benzene column 25
and a toluene column 31. However, the benzene column 235 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-
20  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 235, with the bottom of the

benzene column 25 being sent via a line 30 to feed the toluene column 31. The

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

-7-



tol uene-enriched streamin line 32 is produced fromthe overhead of the

tol uene -7 WD 2004/ 056945 PCTI US2003/ 041206 colum 31 and sent to a

transal kylation unit 36, with the bottom of the toluene colum 31 producing
the xyl ene- pl Wo-20ewasedaed streamin |ine 33. The xyl ene- pl UuseEPElGiE hoe St T €am
inline 33 fromthe bottom of the toluene colum 31 is sent to a xylene
recovery section 55 of the aronmatics conpl ex descri bed below. 5 [0020] The
benzene-enriched streamin line 26 is sent to an extractive distillation

zone 27 which proMueest ddhé b Denbiy1da6n 2R, RiR e Gbudh bEASTdRnéedtie 29 and
rejects a by-product raffinate streamin a line 28. The raffinate stream

nmay be bl ended i’ﬂ'g_ﬁoqiﬁﬁ@%ei Roe-YaenREed B84S 1AGK 38 Omeaplefd-Pui-8BRLA ant, or
converted into additional benzene by recycling to the reformng unit 13.

The use of extr agiehi & BhieSBiftontthé Betto T RAEluSE cdiBmh B W sHntld Skj16heext raction or
conbined liquid-liquid extraction/extractive distillation processes results

in an economi ¢ i gRsvereERbh 55 HOBR bmEs aablbV&saibsd bl i on I's a techni que
for separating m xtures of conponents having nearly equal volatility and

havi ng nearly theomame tRivkhAage-GRichid sibdm inind b6 fsiseitkd an dk@actioP ak@lod he
conponents of such m xtures by conventional fractional distillation. In 15

extractive di stidon@b7 ®fich prodtey £Hikh bty Binzad Ppedctishdatn A allRk N9 fdShiebd at i on
colum above the entry point of the hydrocarbon-containing fluid mxture

that is to be sep@rab@f raffild@ shk@nyRARUna b ahb sarfilie: shedibiay bé Wemfed tE
hydr ocar bon-contai ning fluid conponent boiling at a higher tenperature

di fferently thangabéieised AFeIROHK FBOM cRiylind Blakt] &H Onvet R RIBicRA bbdH at a
| ower tenperature sufficiently to facilitate the separation of 20 the

various hydrocargya8cyeRi @it romhihlindt BOTRORE Bf skuBtive itilidibaidseiy gnd such
solvent exits with the bottons fraction. Suitable solvents include

tetrahydr ot hiOODHﬁ;I%&quuid exith@¥h dEconibined Uilikieigne kxiradii@ydhRRe dehiveeh ,
triethylene glycol, or tetraethylene glycol.

processes results in an economic improvement.
[0021]  Extractive distillation is a technique for separating mixtures of components
having nearly equal volatility and having nearly the same boiling point. It is difficolt
to separate the components of such mixtures by conventional fractional distillation. In
15 extractive distillation, a solvent is introduced into a main distillation column above
the entry point of the hydrocarbon-containing fluid mixture that is to be separated.
The solvent affects the volatility of the hydrocarbon-containing fluid component
boiling af a higher temperature differently than the hydrocarbon-containing fluid
component boiling at a lower temperature sufficiently to facilitate the separation of
20  the various hydrocarbon-containing fluid components by distillation and such solvent
exits with the bottoms fraction. Suitable solvents inclnde tetrahydrothiophene 1,1-
dioxide (or sulfolané), 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 raffinate streamin |line 28 conprising nonaronmatic conpounds exits
overhead of the main distillation colum, while the bottons fraction
cont ai ni ng solvent and -8 WD 20041056945 PCT1US2003/ 041206 benzene exits
bel ow. O t erwOhe4nadohis nate will be sent to a wash col um dai@haiBlhafes D€
contacted with water and thus renove any residual dissolved solvent. The
bottons streamfromthe main distillation colum is sent to a sol vent
recovery columm, where benzene is recovered overhead and the solvent is

recovered fromddigenbetils®lodNdrién e EaERAL Ke {ct foRAGyaBRE IR Sildiddr &fdecon col um.
The recovery of high purity benzene in the line 29 from

extractive- di stdohlagkd @ith Wit £ndlthud r X8 8alSrefl@uarliss¥ived vl ThEBottoms
tol uene-enriched streamin line 32 is usually blended with a streamin a

line 41 rich i neelindiah thd hhid ANl BREhE & siit @i oBEnitYcoRery kbiaag, WM 39 and
charged via a line 34 to the transal kylation unit 36 for production of

addi tional 10 Xpeh2def BdtileBENZEREA anldMhd DR eiithdiasAblel ki tRybdibntand6, the feed
is contacted with a transal kylation catal yst under transal kyl ati on

condi ti ons. sThepaRde@ b&ikit6 the edirAdistBhtidnToRmnBhedbeovérd ot hikE pétith baRs@liky! ation
catal yst. Such catal yst conprises a zeolite conponent, a netal conponent,

and an i norgani e Bxd HerdeRR@needstlliiRn 2Rl &ceaspoRend. typically is either
a pentasil zeolite, which include the structures of W, MEL, MIW 15 MIT and

FER (1UPAC Commiggzs1on TR tdleskich@hbloiRAg lidlin B)is usdalbilehdd€Rlth § Greallind
nordenite. Preferably it is nordenite zeolite. The netal conponent typically

i's a noble metglineQn RASECRIIA () alkyRrddBbEproRicdd byl aStyfenp bl 9oh@r oup net al
is selected from platinum pallTadium rhodium ruthenium osmum and

iridium The baggrgBEigh us34 SMEEhakylemMudinss B RURICEONS :akitio of rheni um
tin, germanium |ead, cobalt, nickel, 20 indium gallium zinc, uranium

dysprosi um it hatydnedAnddeskerd. X #é BsnshikAk@ATunit 36| ehd¥osis colictld withabe conbi ned
wi th anot her base netal, or with a noble netal. Preferably the
iransalkylation catalyst under transalkylation conditions. The preferred catalystis a
meta) stabilized transalkylation catalyst. Such catalyst comprises a zeolite component,
a metal component, and an inorganic oxide component. The zeolite component
typically is either a pentasil zeolite, which include the structures of MFI, MEL, MTW,
15  MTT and FER (IUPAC Commission on Zeolite Nomenclature), a beta zeolite, or a
mordenite, Preferably it is mordenite zeolite. The metal component typically is a
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,
20 indium, gallium, zinc, uranium, dysprosium, thallium, and mixtures thereof. The base
metal may be combined with anothe'r base metal, or with a noble metal. Preferably the
metal component comprises rhenium. Suitable metal amounts in the transalkylation

catalyst range from 0.01 to 10 wi-%, 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



met al conponent conprises rhenium Suitable netal anounts in the

transal kylation catalyst range fromO0.01 to 10 wt-% wth the range from
0.1 to 3 Wm-%being preferred, and the range from0.1 to 1 wt-% being

hi ghl 'y pref em@ehos/Bsodsabl e zeolite -9 WO 2004/ 056945 PCT/g@QQ@gﬁQﬁ&%%G
anounts in the catalyst range from1 to 99 w-% preferably between 10 to 90
w-% and nore preferably between 25 to 75 w-% The bal ance of the

catal yst is conposed of inorganic oxide binder, preferably alum na. One

transal kyl ati on j € I j i .36l osed in
US- A- 5, 847, 256, £l ot %%%Sw%fﬁgﬁ%?\%%@{%nggﬂ? %?g@g%{l%de@glﬂr‘;& ?ii

reference [ 00231 ,@angl ﬁr&f?ﬂ?ly%megy 208 va(t)-gr? T‘Li_%lz}di'@[%r@éaﬁfgh@&ait%t ﬁ%ﬂxﬁg&@& mal 1y

include a tenperature o rom200 to 5 al kylation zone is

operat ed_at ”D%rilﬁa}%hié o148 bah& I PERBE AifiTind DRAH i a kAR RGkaly kG ke 10 60

kgl cn2. The transal’kylation reaction’can be effected over a w de range of

space vel oci ti esye %éeﬁt ih%nﬁ@nﬂig@#scl&@é?r?US’—%'—Q@Ai’IEZiES,Sth@%;d%HgL BwcAugher ratio

of para-xyl ene at e expense 0 conversion. Liquid hourly space velocity

general ly issin cﬁ’eﬁ&ﬂ%e@l{b LRM0.1 to 20 hr-1. The feedstock is
preferably tranga?ﬁ%late rin]{he vapor phase and in the presence of

hydrogen Suppli qgg)a 2dubiBSns3pidybd R \RAMIMARLE thrk RotdiBy kicitbd phase, then

the presence of hydrogen 1s opti . It present, free hydrogen:

assoct at ed i th e LRI b ST ARAELATANGY ARREAPAR G, an amount of

0.1 noles per no aromatics up to es pe

al kyl aromatic. Thig kaf Lidaaf Q%Q&QQQQ%Q?M¥@%%§ fﬁﬁ%ﬁkgémpﬁnglso referred to

as hydrogen to hydrocarbon ratio. [00 uent “fromthe

L1 ansal kyl at i on Q0fcAoh Radilal B dtokEPRRAL e Uis0Dr ool eicBlied AT cOl U

52 to renove |ight then sent to the BT fractionation zone 20 54
through the i nageRfsatithefriitied Gfkhing Dighe RASREpRI-RHfelat S ok RAQET €d, and the

conversion. Liquid hourly space velocity generally is in the range of from 0.1 to 20
hr-1, The feedstock is preferably transalkylated in the vapor phase and in the presence
of hydrogen supplied via a line 35, If transalkylated in the liquid phase, then the
presence of hydrogen is optional. If present, free hydrogen is associated with the

15  feedstock and recycled hydrocarbons in an amount of 0.1 moles per mole of
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

20 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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xyl enes are fractionated out and sent to the xylene recovery section 55 via
the xylene plus enriched streamin line 33. The overhead material fromthe
transal kylation stripper columm 52 is normally recycled back via the |ine
17 to the r evorowngeamit debutani zer for recovery of resicgRaboSNZGRNE-
Alternatively, a stabilizer section or -10 i WD 2004/ 056945

PCTI US2003/ 041206 colum is placed on or after the transal kylation unit
stripper colum 52. This transal kylation stabilizer section can produce a

benzene- enri chegnsinie fatcd b opditer ie Aansal¥lafi @Ginit é@ipPéreblubdnai PRis and el inm nate
the need for a separate benzene colum In the BT fractionation section.

Such a stabili zgmsaMeylioh ktBFBSer S@lioHdin hf RMRetahRnichefriRhdddudirh RtabBifdr 5 1S thus
enconpassed in the definition of the BT fractionation zone 54 when the

separ at e benzengsdive Bitillatioflahdéliaihad he R férarBsedtkYndére@bluthiit ths BT pper
colum 52 can also accept treated product fromthe olefin saturation zone

or overhead fr omactibftiodeliydnd S @R sta6iliz&QRRTippeAtdlRin Ah @Rl mRidglatieRtnm t hat
woul d normal |y be recycled back to the reform ng unit debutanizer colum

20. 10 [0023] As tetRempdresdan thelIefiniidrefT Gl TUSac@itati6Rhe S Wiaien | ine 33
fromthe bottomof the toluene colum 31 is sent to the xylene recovery

section 55 of tdagaratdbéiBlelcoBu@QFHnEXated] MheSras Siylafbn Gdit Shighenédhiid $Ts conpl ex
conprises at |east one xylene colum 39, and generally wll further include

a process unit daaalsseRatdetoNproduct fbm kiRd%fin iteration RACod SeMeid frodtheh i s
typically the para-xylene product fromthe 15 aromatics conpl ex. Preferably

such a par a- Xyl gBgar&eaRifreapation Behep@niké capf ahtlodidnor@ny béyetycd W th an
i sonerization unit 51 for isonerization of the remaining alkylaromatic

conpounds back Kagk A&the@Ebrhink ithit G3tAtanRE@a6108MQ0) | bri um m xture containi ng
par a- xyl ene, which can be recycled around again for further recovery in a
10 [0025] As noted above, the xylene-plus-enriched stream in line 33 from the
bottom of the toluene column 31 is sent to the xylene recovery section 55 of the
aromatics complex. This section of the aromatics complex comprises at least one
xylene column 39, and generally will further tnclude a process unit for separation of
at least one xylene isomer, which is typically the para-xylene product from the
15 aromatics complex, Preferably such a para-xylene separation zone 43 is operated in
conjunction with an isomerization unit 51 for 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 xylens 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

Cg 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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| oop-wi se fashion. Accordingly, the xylene-plus-enriched streamin |ine 33,
which 20 may be blended with a recycle streamin a line 38 to forma stream
inaline 37, is charged to a xylene colum 39. The xylene colum 39 is
desi gned t oweerdiosa9dseed streamin a line 40 to the paracxyksogoaagar ati on
zone 43 down to very low levels of C9 alkylaromatics (A9) concentration. A9
conpounds may build up in a desorbent circulation |oop within the

par a- xyl ene separation zone 43, so it is nore efficient to -11 WO

2004/ 056945 PCTfechiS2003/iMdRDpstreaaninie: tyfens colliuedd. dhe oyesicad fat btreainie Xyl ene
colum 39. The overhead feed streamin the Iine 40 fromthe xyl ene colum
39 is charged dihe&int 40/frdém thelxglepaecdumn/Idin ehasped diraxtly onthe pare-xfdne [ 0026]

Material fromthe |ower part of the xylene colum 39 is withdrawn as a 5
streamrich in f£amatieh 2646431 kyl aromatics via the line 41, which is then sent
to the transalkylation zone 36 for production of additional xylenes and
benzene. The st[0826h |Matetizidrodilthe bkenpansof thesyldmcasiunst 3%iamithdrathas axyl ene
colum (which elimnates a heavy aromatics colum) is really enabled by the
nmet al st abi |3 zeslretunaieh &l Ry dsitCgnikyhraayist via e liseplawaick icthérent tdteng a
rigorous split to keep coke precursors such as nethyl indan 10 or

napht hal ene out trofsalkyisicatzoeeda fosproductiond edditmeldaienlxemd bsezehd) Thergteah
stabilized transalkylation catalyst can handle them Any renai ning Cl1+
material is rejmadined] takemawatsiviecty strdaononalie tyfede xoliman éwidc elimindS abeavya | 1 ne 42.
Anot her enbodinment is to just send the whol e xyl ene colum bottons stream
to the transal kyabmatios nolumn} is kaally emtlled by the etabsighdiiaad tradsakigiationldataly@0A7 ]
Alternatively, if ortho-xylene is to be produced in the conplex, the xylene
colum i s desi gseparatecolumk doiag 8 pigorbudmplivie keepretegpramdonrstdimsxysiyhimdand drop a
targeted anmount of orthoxylene to the bottons. The xyl ene col um bottons is
t hen sent t ® anor naphthalene out of the stream is no longer needed because the metal stabilized

transalkylation catalyst can handle them. Any remaining C1t material is rejected
from the bottom of the xylene column 39 via a line 42. Another embodiment is to just
send the whole xylene column bottoms stream to the transalkylation unit instead of
the sidecnt stream,

15 [0027]  Alternatively, if ortho-xylene is to be produced in the complex, the xylene
column is designed to make a split between meta and ortho-xylene and dtop 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. Maierial from the lower part of the ortho-xylene column is withdrawn as a

20  stream rich in Cgy and Cyg 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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ort ho- xyl ene colum (not shown) where high purity ortho-xylene product is
recovered overhead. Material fromthe | ower part of the ortho-xylene colum
is withdrawn as a 20 streamrich in C9 and Cl10 al kyl aromatics then sent to

t he transal Wolsbdm@emamnit. Any remaining C 1+ material pSr/i€oeHdaedsf rom t he
bottom of the ortho-xylene colum. [0028] The para-xyl ene separati on 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
i s based on t headadptvepepargionepamrcaivensveptdowte? pure Pamixyled2in d lind@4 2064 056945
PCTI US2003/ 041206 adsorptive separation can recover over 99 w-% pure

par a- xyl ene i n mcéverypedpasatAnyiregidualrteloenedn the fred tqrhs s:pachtign unitds ekiratted ol uene in
the feed to the separation unit is extracted along with the para-xyl ene,
fracti onat ed outlongwith the parshylagg, fradtiomatedwiut niarfinishing wolutn vashih the ddtnamdpt | onal | y
recycled to the transal kylation unit stripper colum 52. Thus, the 5

raf fi nat e from thheop@nalyxgdyeké tstbpaanatikydation oniestdiper solahmBz Thenther el y

depl eted of para- xylene, to a level usually of less than 1 w-% The
raffinate i s sentfinatedrom the paa-4pletesepdnaion adreyiB sy dmedt eatiely slopteted afakfaon uni t

51, where additional para-xylene is produced by reestablishing an

equi | i brium or xdene;tequével bnallymf tissthan but-feoTheohffingth drsenti vioarirests tohy

et hyl benzene in the para-xylene separation unit raffinate is either
converted to 1Oalkdatotmatin ddomeyitatinmesnitTl, vhae elditedaltperabgytune isprdalpcaldal kyl at i on,
dependi ng upon the type of isonerization catalyst used. [0029] In the

al kyl aromat i ¢ | sestablishing dancaquilibiitm bdneat-¢nuilibefirh disaitbetiet sfeglend moherndngt5 i s
contacted with an isonerization catalyst under isonerization conditions. The
i sonmeri zati on ceth@bgngéneiisiht ppiacglehs/sepoajpo seitraffinag isreithecednastediteve conponent
a metal 15 conponent, and an inorgani c oxide conponent. Selection of the

nol ecul ar siteveadditional xylenes or converted to benzene by dealkylation, depending upon the type

of isomerization catalyst used.
[0029] In the alkylaromatic isomerization unit 51, the raffinate stream in line 45 is
contacted with an isomerization catalyst under isomerization conditions. The
isomerization catalyst is typically composed of a molecular sieve component, a metal

15  component, and an inorganic oxide component. Selection of the molec;ular sieve
component allows control over the catalyst performance between ethylbenzene
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

20  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 typicaily one or more of the AEL
framework types, especially SAPO-11, or one or more of the ATO framewaork types,

especially MAPSO-31, according to the “Atlas of Zeolite Structure Types™
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conponent allows control over the catal yst performance between et hyl benzene
i sonmerization and et hyl benzene deal kyl ati on dependi ng on overall demand for
benzene. Consequently, the nolecul ar sieve may be either a zeolitic

al um nosi | i wetzeosmsse4@ non-zeolitic nol ecul ar sieve. The E@Qdhds041206

alum nosilicate (or zeolite) conmponent 20 typically is either a pentasi
zeolite, which include the structures of M\, MEL, MITW MIT and FER (1 UPAC
Comm ssion on Zeolite Nomenclature), a beta zeolite, or a nordenite. The

non-zeol i ti c no{mewivaithdHeemah BdspiMak.| 3td ea99m). TR EeticodpeieAEL T r amewor k
types, especially SAPO-1 1, or one or nore of the ATO framework types,

especi al | y MAPS@pially, is aacile thefaDcdnfpohdd€ andxhhyeigclade afeplibdabbdsé me@t ur e Types”
-13 WO 2004/ 056945 PCTI US2003/ 041206 (Butterworth-Hei nenan, Boston, Mass.,

3rd ed. 1992). mbaéifismdofiposcabid@adibn tolthemioblaeyal bisin plabobi e fodleahetslOTHRONENT |
and may include an optional base netal nodifier conponent in addition to

t he nobl e met al néble inetalis apktinim-tioep mebl iesddeiead FromPleinuMQpdladiom] @bdins, a
pl ati numgroup nmetal is selected fromplatinum palladium rhodium 5

rutheni um osmni tuhenifr odnfib andiriditng. Tha dese fietadls seisciediraf tiRdrdup@Basisitg gr oup
consisting of rhenium tin, germanium |ead, cobalt, nickel, indium

gal lium zinc, of@eiie)tin, stEpiiog] 1648, cdbhi nickelndiamdgMing, Ui surkdigfieof . The
base netal may be conbined with another base nmetal, or with a noble netal.

Suitabl e total &Rb@kinaBENLE, ind thikiGres SRR Thelakd @BaCaibekdinbimedgRh f rom 0. 01
to 10 wt-% wth the range fromO0.1 to 3 w-% 10 preferred. Suitable zeolite

amounts in the owitRlyst meangewith @nvble healOSitable ttal pietdl efadltyin tzet ween 10 to
90 wt-% and nore preferably between 25 to 75 w-% The bal ance of the

catal yst is conpometkatibn dandysg@angefradx0.0etol DA, withyky raade fonatd. U 63 Ia-%0One
i sonerization catalyst for use in the present invention is disclosed in
US- A- 4, 899, @12, prefeited.tSanate fglite @noinlid ia heat@lybtiane Bomat ©ORQITE ipfefdybly

ref erence.
between 10 to 90 wt-%, and more preferably between 25 to 75 wt-%. The balance of
the catalyst is composed of inorganic oxide binder, typically alumina. One
isomerization catalyst for use in the present invention is disclosed in US-A-4,899,012,
the teachings of which are incorporated herein by reference.

15 {0030] Typical isomerization conditions include a temperature in the range from
0° to 600°C and a pressure from atmospheric to 50 kg/cm3. The liquid hously
hydrocarbon space velocity of the feedstock relative to the volume of catalyst is from
0.1 to 30 hr-l. 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

20  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 efflnent 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

-14-



15 [0030] Typical isomerization conditions include a tenperature in the
range from 0O to 600C and a pressure from atnospheric to 50 kg/cnB. The
liquid hourly hydrocarbon space velocity of the feedstock relative to the
vol une of cwbabyakesys from 0.1 to 30 hr-I. The hydrocariganugeniiasihs t he
catalyst in adm xture with a gaseous hydrogen-containing streamin a line
46 at a hydrogen-to-hydrocarbon nole ratio of 20 fromO0.5:1 to 15:1 or nore,
and preferably a ratio of fromO0.5 to 10. If liquid phase conditions are
used for i sonerisaaitionMetiddedesiibed Ybvagaltematnddea pubthé BiefinBitdration@931] The
effluent fromthe isonmerization unit 51 is sent via a line 47 to a
dehept ani zer cobitr 48 isoheRehiboEt Hiane as thedeBegtiniRr dBuhi Miotdigovdehept ani zer
48 is treated to renove olefins, if necessary, in an olefin saturation unit
50 with the ol efekiflual hdry}fen? GAKY dbGSAReElaTielia2O0id4 12081 iss@t ur at i on net hods
descri bed above. An alternative is to put the olefin saturation unit 50
after the i sonmesthpbdnzane ddalicflathoh type dhdisefinhauaabemkpnd BefeqGigdduesl.48 to renove
resi dual hydrogen. If the catalyst used in the isomerization unit 51 is the
et hyl benzene dembsa)l at T dehstiized BbBmOstRfith in BRi49 &ter OlBfiNRYAGTE, iD@ed equi red
at all. 5 [0032] The deheptani zer bottons streamin line 49, after olefin
treatnent, is tRepledtacyolirtkyRacbolimn 3haa thy lienss. Gothistvmy 8] Héagt he |ine 38.
In this way, all the Cg aronmatics are continually recycled wthin the
Xyl enes recover pomeddsiaftoffinbtiicreS@RR ketkin thlyldned l8@wedkdtioh BEhAESH CS
conpl ex as para-xyl ene, benzene, or optionally ortho- xylene. The overhead
from the dehept @il #RY exibthd eiofilalids Yompley &l prR-Ay&ak DéhRnd, BeoftionAlybdhd0 to the
reform ng unit debutani zer for recovery of residual benzene. Alternatively,
the overhead |ieHedTheSovemeaddtaRoithl dshkspthiBzek Renotmh AN Sedykiyd Bick @1 thlide 18t r i pper
colum 52. [0033] Accordingly, the aromatics conplex of the present
i nvention digspl @y refovaiie e lebaaoBaTorGedoese bf tesidual Basenel ARsoARERthS resul t
in an aronmatics conplex with

overhead ligunid is recycled back to the transalkylation unit stripper column 52.

[0033]  Accordingly, the aromatics complex of the present invention displays
excellent economic benefifs. These improvements result in an aromatics complex with
savings on inside battery limits curve costs and an improvement on the return on

15  investment in such a complex.
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savings on inside battery limts curve costs and an inprovenent on the
return on 15 investnent in such a conplex. -15 WO 2004/ 056945

PCT/ US2003/ 041206 WHAT IS CLAIMED I'S: 1. A process for produci ng benzene
and par a- xylvemeooinsiasa catalytic reformate stream conpripgirR@)do28418§€PS of :
(a) optionally providing the reformate streamto a first olefin saturation
zone, 5 wherein said streamis contacted with an olefin saturation catal yst
under olefin saturation conditions to produce a reformate streamtreated
for olefins; (WHADEIIAMNMEDI®E reformate streamwith at | east a portion of
a transal kyl ation product streamto forma bl ended stream 10 (c)
separating the blended streamof step (b) in a benzene-tol uene
fractionation zone tlo Ampodesdoraprdiderizeiezan nndheddénedmm a atdiygicuene- enri ched
stream and a xyl ene-plus-enriched stream (d) passing the benzene-enriched
streamto an extefaumhieseeadi stripkibiag theostepsarfie t o  produce a raffinate stream and
a benzene product which is recovered as a 15 product stream from said
process; (e) conbi n{ahgogtiosaltyravéie: theweforhad ststamaa mfivik dlafidsasiraitianode;, om a
xylene colum rich in C9 and C10 al kyl aronatics; (f) passing the conbi ned
streans of step (e) towhertinsaidsitelmlistoniacied witiean olbfer siumtios aatalys imdeans ar e
contacted with a netal -stabilized transal kyl ati on catal yst 20 under

transal kyl ati on condi t élefivssatupation oclditiont therddnansafokydiastrean tentedifoet st r eam of
step (b);

olefins;
(b) combining the reformate stream with at least a portion of a transalkylation
product stream to form a blended stream;

10 (c) separating the blended stream of step (b) in a benzene-toluene
fractionation zone fo produce a benzene-enriched stream, a toluene-
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

15 product stream from said process;

(e) combining the toluene-enriched stream with a stream from a xylene
column rich in Cg and Cq g alkylaromatics;

(f) passing the combined streams of step (e) to a transalkylation zone, wherein
said streams are contacted with a metal-stabilized transalkylation catalyst

20 under transalkylation conditions to produce the transalkylation product
stream of step (b);

® sepérating 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 Cjqalkylaromatics of step (e); and
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(g) separating the xylene-plus-enriched streamof step (c) in a xylene
fractionation zone to produce an overhead xyl ene stream and the stream from
a xylene colum rich in C9 and Cl10 al kyl aromatics of step (e); and -16 WO
20041056945 mOMouEZe9B/ 041206 (h) passing the overhead xpteggiidsam to a
par a- xyl ene separation zone, wherein para-xylene is concentrated into a

par a- xyl ene enriched product streamwhich is recovered as a product stream
of said process. 2. The process of claim1l wherein the refornmats streamis
produced froma 5 néphiakdngfibecsthonixyibpe stpamus dparg-xplemasapiriionfzesg]st ock
streamto a hydrotreating zone, that contacts the feedstock with a
hydrotreating catal yst wirkddx pdursiyleterieancangatedinddi 4 paciagyldne engivhed! produca

hydr ot reat ed napht ha stream the hydrotreated naphtha streamis passed to a
reform ng zone and contsircdreghish ishewmvered oraprodycicatah yihidynabess. 10 r ef or m ng
conditions to produce a catalytic reformate stream which conprises aromatic
conponent s and | i ght2.erthelpypaenochclbionsyhdrdie the adfadmatel soeane fsredated fraii s eam 1 S
conmbined with a transal kyl ation stripper-overhead-liquid streamand the
conbi ned st r sansaghtba feegstchbed i N a debut ani zer fractionation zone that
produces a |light-end hydrocarbon product streamwhich is renoved fromthe 15
process and a debut gprovdidg angphtih feedstckateannie athydrotreftiog nadke cthatcomadty tha

transal kyl ati on stri pper-bottons stream provides the at |east a portion of
the transal kyl at i onfegdstvek pitivel trpdrotshtirgamatatyst unlier higdirotchtidg sdndeimng tot he

transal kYl ati on product streamis separated in a transal kyl ation stripper
fractionation zone tmodyse obydrarchted niphthn sadaky Hathydtraedmaptaith seearh ppper - 1 1 qui d
stream and the 20 transal kyl ation stripper-bottons stream the

xyl ene- pl us- enr i chedpasted @aamefosming zone and contacted with a reforming catalyst under

10 reforming conditions to produce a catalytic reformate stream which comprises
aromatic components and light-end hydrocarbons; the catalytic reformate
stream is cqrpbined with a transalkylation stripper-overhead-liquid stream and
the combined streams are separated in a debutanizer fractionation zone that
produces a light-end hydrocarbon product stream which is removed from 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 transatkylation stripper fractionation zone to
produce the transalkylation overhead-siripper-liquid stream and the

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

bottoms stream rich in Cy1 alkylaromatics which is removed from the process;
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conbined with a deheptani zer bottons stream and the conbi ned steans are
separated in the xylene fractionation zone which additionally produces a it
bottons streamrich in Cl1 al kyl aromatics which is renoved fromthe process;
-17- 0 VO 20@4006669%5 PCTI US2003/ 041206 the over head- xypergsmpiddidogr Stream
is passed to the para-xylene separation zone which additionally produces a
par axyl ene separate zone effluent stream conprising netaxyl ene; the
par axyl ene separate zone effluent streamis passed to a xylene
i sonmerizati on zone twrdvebetlagkadsphiftetstream is paswet to Zatpacrxybat adppstiobzonader
i sonerization conditions to produce an isonerization product; the
i sonmeri zati on pr oduwhichgddémaliepredicesr mralpkepieparite eonefeffirentisopmt i on zone
conprising at | east one deheptani zer colum and optionally at |east one
ol efin saturation zonmisingmebtaxplene thopiasariéneeepafatcarns effla¢nt sreamdmpasgdoduces
the deheptanizer bottons stream 10 3. The process of claim2 wherein the
dehept ani zer zone atidi ylenn Eomyrizafieroadoe esl cantagedewitthadsbndrigatiod catalygam and t he
catalytic reformate streamand the transal kylation stripper-overhead-1iquid
stream are conbi nedumdet omérizatbnenchdtiehs ité grodwie asisemairntiongredubie thdehept ani zer .
4. The process of any of clains 1 through 3wherein the olefin saturation 15
catal yst conprises &omenidatién modugt ip bepeiated e gdebepiaisnrattienttionamgt an i nor gani c
oxi de conponent and wherein the olefin saturation conditions conprise a
tenperature from 2Commisp@eJeashoygrdebsptanizef cobmnSind optithalkyopt daaft oae diefin
stoichionetric ratio of hydrogen to olefins from1l:1 to 5:1.

saturation zone; and the deheptanizer fractionation zone produces the

deheptanizer bottoms streain.

10 3. The process of claim 2 wherein the deheptanizer zone additionally
produces an over head liquid stream and the catalytic reformate stream and the
transalkylation stripper-overhead-liquid stream are combined with the overhead-liquid
stream from the debeptanizer.

4. The process of any of claims 1 through 3wherein the olefin 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/em? 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 ftransalkylation catalyst comprises a zeolite component, a metal component, and an
inorganic oxide component a:n::l 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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5. The process of any of clainms 1 through 3 wherein the netal-stabilized 20
transal kyl ation catal yst conprises a zeolite conponent, a netal conponent,
and an inorganic oxide conponent and wherein the netal conponent is
preferably welzeefmwessrom the group consisting of plati nedggsedzioathsm

rhodi um ruthenium osmum and iridium rhenium tin, germanium |ead,
cobalt, nickel, indium gallium zinc, uranium -18 WO 2004/ 056945

PCT/ US2003/ 041206 dysprosium thallium and m xtures thereof and the

sel ected netal dyspropivinothgiibung mbd mixturgaieieef adlhe selbedirumal gionp depopsmess of
claim5 wherein the zeolite conponent is selected fromthe group consisting
of a pentasil zpsferablythanidneta zeolite, a nordenite zeolite, or mxtures 5

t hereof and wherein the zeolite conponent is preferably nordenite and nore
preferably the inorganTle modesteof claimpd mbatinitie zadliteongponsht isshlecipd fram stz of any
of claims 1 through 3 wherein the transal kyl ation conditions conprise a

t enper at ur e f r oproRPEonsistintgAD Cpersasil zeslt) b beth replite ]l mnordGlickegdloeydr minngten |1 qui d
hourly space velocity fromO0.1 to 20 hr-1. 10 8. The process of clains 2 or
3 wherein the hthdreot and athemip thatcality sompompni s [geferablg noodepiveeritme@é cobal t oxi de
or nickel oxide, a conponent of nolybdenum oxide or tungsten oxide, and a
conponent of i npefablychonbgenis opdosampamsit skleméian t he hydrotreating
conditions conprise a liquid hourly space velocity from1l.0 to 5.0 hrl, a
rati o of hydrogen td. nephbdaa of seyed diinclinbughhwhdeih the babsaMyBuioBcongdiidna pressur e
from 15 10 to 35 kg/cn2. 9. The process of clains 2 or 3 wherein the
reform ng condi tingmise T Empemnme foom 200Gt FHOPGUpkesssphee 1teb®ki/ty?,hndm 1.0 to
5.0 hr-1, a ratio of hydrogen to hydrocarbon froml to 10 noles of hydrogen
per mote of napliqutidhonsndpaae prlesty fiom 0.1 oie0drd. t 0 35

10 8. The process of claims 2 or 3 wherein the hydrotreating catalyst comprises
a component of cobalt oxide or nickel oxide, 2 component of molybdenum oxide or
tungsten oxide, and a component of inorganic oxide support and wherein the
hydrotreating conditions comprise a liquid hourly space velocity from 1.0 to 5.0 hr-1,
a ratio of hydrogen to naphtha feedstock from 50 to 135 Nm3/m3, and a pressure from

15 10 to 35 kgfem?2.

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 hydrocarboh
from 1 to 10 moles of hydrogen per mole of naphtha, and a pressure from 2.5 to 335
kg/cmz.

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, a2 metal component, and an inorganic oxide component
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kg/cnm2. 20 10. The process of clains 2 or 3 wherein the debutanizer
fractionation zone conprises at |east one stabilizer colum and at | east
one ol efin saturation zone and preferably the olefin saturation zone

conpri ses awo mkehseeysd al umi na catalyst. 11. The processpeinSioasie OF 3
wherein the isonerization catalyst conprises a nolecular sieve conponent, a
nmet al conponent, and an inorgani c oxi de conponent -19 WD 2004/ 056945

PCT/ US2003/ 041206 and wherein the isonerization conditions conprises a
tenperature in tikbwieagthe isommizabon conbilioR, compiiees &mperamr@imtmmmp‘fw ic to 50
kgl cn8, and a liquid hourly hydrocarbon space veIOC|ty fromO0.1 to 30 hr-1I.

- 20 0° to 600°C, a pressure from atmospheric to 50 kg/em3, and a liquid hourly

hydrocarbon space velocity from 0.1 to 30 hr-l.
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