WD 2007/ 137017 PCTI US2007/ 068838 | NTEGRATED PROCESS FOR AROVATI CS
PRODUCTI ON BACKGROUND OF THE | NVENTI ON [ 0001] This invention rel ates

to an aronmgid 76001 ex flow schene, which is a conbi ngtt/00@H068838
process units that can be used to convert naphtha into basic

petrochem cal 5 internmedi ates of benzene, toluene, and xyl ene. Based
on a netal catalyzed transal kyl ati on process that handl es unextracted

t ol uene and heavi e J efd i ess, the
i mproved flom/scheEg?é@ﬂgbg@ﬁﬁﬁgﬂgg%FSEéﬂygwgﬂﬁH%Egkgﬁgggggfng st eps,
such as a deheptani zer colum, resulting in significant econom c

benefits when producing para- xylene. Furthernore, the inproved flow

schene i nproves the effi Ciﬁﬂﬁkpﬁ% apﬁ@ﬁgﬁ?@lo unit through

the addition of a streamric hydr ocar bons.
[ 00021 Mbst new aromatics conpl exes are designed to maxim ze the

yi el d of ene., and ra-xyl ene. i r &1
petroc henl?@ Qﬁ buinnainhvg‘n'}:“)ﬁ)l Yoc ayeag% ?ﬁga%:%@glgp%?g? é’ﬁsf E&Ibér’ (L)'VEu lf(l:ltl%a based
on its desdnvidhdtion of probesdiunigs thitheyh bened meconcenreapdthadmd basic paitvekamieal

Para- xylene is alsq an i rtant, buil ding .bl ock, whjch is u .
Bl oSt exCITEFIERy S hsArab R e Regt Py ue e i atom
and fil mepdoadsiRet Mindleh @hephébdldhtend shdheatietirombtitgland ke bR A bdradade
i nternediates. Accordingly, an aromatics canplex nmay be configured in

many di frreFeshtthedmpsoved ploMtehgnoiRmONe itasiof edripped 3d Brocessing sERY such
f eedst ocksg, j t | {nat onf¥edhd @B dini | K o -
opti ons l;)%ram@étﬂgpt?‘%ﬁ?gﬁﬁ ryes‘?ﬁﬁ)%/%]r%i/l ng ttlhe po?%fjﬁ%%@ﬁgﬁgtegqﬂ%g] aﬁé’%r ao_f
benzene andensafartkgimeree thedmpmeed Bovineiemeanpvecias sifisigneeefihe samprizgtion

20 [QQ031 [ Ity sar ' n

di scﬂgsedl@y&f\%%@% a%lﬁl%f’ﬁgﬂ %ﬁ;en Crgcgﬁﬁg%(mye@rl\%ﬁg%% g I ?ﬁbglgsefPr ocesses,
2d. Editij@602n 19MEt dew dvbiGatiosrcbinplexed DO@4igntibto3n 89678 @l tield BEbgpeene
di scl oses fractionation schene. .priparil j r.ect 0 . .

r ansal kT et i el o sl b e o hasd immany ciffrent
benzene aniddud BRE onlitederivhtsiadikdth@éth @Bereng esficriesaral @olohenuhe. Nkda-
with an arqmatics extractiqn, process. The 25 fractionati ?n schene
i ncl udes Wieeigilee epmperanuidnggloskdurmsis gdaliney © "HBS‘WXW" ree

stregys exbhhdhdn bhﬁolyég{ég PBerk Qb sihd) hROH Rl SEmRAAROETcphinamefdd &-di]ﬂlﬁﬁ@ﬁ]

US 4,341,914 to Berger discloses a transal kyl ation process wt

recycl e derephibalatglintprrandintest iAcsordinglys aepromati¢siromplexangy be|cgniggursd ingpany
fromthe cHfigr%ﬁﬁiaysEQSentdfn%%%é%gsﬁEd ABducts, 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.
20 [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 3,996,305 to Berger discloses a fractionation scheme primarily directed to
transalkylation of toluene and C, alkylaromatics in order to produce benzene and xylene. The
transalkylation process is also combined with an aromatics extraction process. The
25  fractionation scheme includes a single column with two streams entering and with three
streams exiting the column for integrated economic benefits.
[0005] US 4,341,914 to Berger discloses a transalkylation process with recycle of C,
alkylaromatics in order to increase yield of xylenes from the process. The transalkylation

process is also preferably integrated with a para-xylene separation zone and a xylene
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process is also preferably integrated with a para-xyl ene separation
zone and a xylene -1 WO 2007/137017 PCT/ US2007/ 068838 i sonerization

zone oper awashoagiae@ont i nuous | oop recei ving m xed xyl em@sud200@msdshe
transal kyl ati on zone feedstock and effluent fractionation zones.

[ 00061 US 4,642,406 to Schm dt di scloses a high severity process for
xyl ene production that enploys a transal kyl ati on zone that

catal yat PRI JPRRRS Bt TR Bt oL ohg o T Al BFG. o
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Boi ti aux @kt ddlploydiatiah Q88 %aRn RHRCESSif@lankBRlySREBE{Y 2 Qn isomerization zone
dehydr ogenation ‘of olefi'ns in steam cracking petrol in the presence
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use of the;: } I : I i liSture with th

meor por AU F TSty YE sHARA R BRI Lo iIRALRC sl with the
[ 00081 USs&m&eRpktsd streanRbisisg passal hackliosthe pamglkahatipmzangr at ed ref or mi ng

and ol efi t ur at.i.o cess. The, ql efin saturatieon cfion uses a
m xed vadﬁpaﬂhasgg\ﬁﬁagﬁ’gg%ﬁqﬁ?lﬁ?ﬁuxoﬁ‘t a]f‘l?/l&ra%e i p%}gcgsssaf%%t%easgrig 1%% mat e

i qui d i ndeh9ivogeiativ sivlefinsed 5o omykingpa@ain the prebahes ofmntialeh barglyst and is
preferably a 15 plati num grou al and optjonally. a netal .
D e D X St T o 5P T30 B0t sEB! ompound
t r ansal kyhadbQiel 106 83 athRkt HHIUF RS2l ERA® @8d XYl enes by
contactin Co+ al k%ISaromatl cs with benzene and/or toluene over a

catal yst [B8HBri sUAG.6X8A50H Rissstalrlislosssn it eied TRIOR) e SR SRR SAuration

nobl e net - ot . o
oL e AR O B T Bl A4 R R T ARPEIA Rl Bt

process fgas toa rderoiatediouid iementhetoritha refracsery tieas kanioemids ¢pniwgping preferably a
al kyl aromgtics w th_t 'ch.f o I «Wth a zeolite that is
pr ef elgabl %at%%ﬁrﬁ}l? reneglg%f%vﬁ Uﬁn%g[naerﬁéa@ ‘%(%g?gy: s preferably rhenium
[0011] US060940, 788,78 520 asBschamnat alndistloss e trapdatiyldtion woseds doreprodhicilg,
as conpared to traditional.conplex, remves.itens of i,hrent d
P ocess; e gad IEH® by oAPdE At SYBETERIC re b Petery e sty
ar omat i CScagdyseBonpristidlebollieSui AFBM-12 BxEnhyRogepatvn mhok méalancnat i cs
conpl ex flow schene arranged and

platinum. Sulfur or stream 1s used to treat the catalyst.

20  [0010] US 5,847,256 to Ichioka et al. discloses a process for producing xylene from a
feedstock containing C, alkylaromatics with the aid of a catalyst with a zeolite that is
preferably mordenite and with a metal that is preferably rhenium.

[0611] US 6,740,788 discloses an aromatics complex flow scheme which, as compared to
a traditional complex, removes items of equipment and processing steps such as a reformate

25 splitter column and a heavy aromatics column.

[0012])  The present invention provides an aromatics complex flow scheme arranged and
operated so that a traditional deheptanizer column in the xylenes recovery section may be
eliminated. With this invention, capital costs are reduced, operating costs are reduced, and

the yield of Cg aromatics is improved. Furthermore, the efficiency of the isomerization unit

30 is increased through the addition of a stream rich in Cs and Cg aliphatic hydrocarbons.



operated so that a traditional deheptanizer colum in the Xyl enes
recovery section may be elimnated. Wth this invention, capital
costs are MIUSEWP70perati ng costs are reduced, and thRCEHD0I/06$83E
aromatics is inproved. Furthernore, the efficiency of the

i sonerization unit 30 is increased through the addition of a stream
rich in C7 and C8 aliphatic hydrocarbons. -2 W 2007/137017

PCT/ US2007/ 068838 SUMVARY QEnTiviA RSNYENHEINFIO0M3IN An ar omat i cs

conpl ex flow schenme having a refornmate splitter fractionation zone
operated so that toluene and lighter materials are renoved in an

overhead i) | AnSkBsdiefédndidomiow é’cﬁ&n@ﬁavﬁﬁ# a3Eemhdi dplitér fYGIRERT 2ans

and gasses, and which allows for the recycle of an entire 5

i soner i zaepesricdmithat étyepe anst Lightsr materiple pig iRt ved Spn averdrad whigh i srbatpiily
zone wi t hpug o834 ﬂ%}ltér?)g%m?afrr]ﬁd&g %gc%%ags%%@ wRicH GNGR! BHng BleyGObtiMntire

Introducing a streamtr al'iphatic hydrocarbons to the
i sonmesi zaisboerizatirt wal difhwst to ithe refoithate splidpdragtienation zone Mthelt assing thend  at

a lower t ature. .Sonme of .the aliphatic. hydrocar .
convert ed® @g@;ﬁ ?hé’ H%x%?’ deheEpianiay el rﬁ’gg g‘%cﬁi&nassueﬁ é’ 8]aﬁloc’b r?%p if ggélﬁ)ﬁaehrce by

i ncr easi nigydrdtarbonenahd isoheizatiobfunit Akova theasitsio ofifata kniophefficiently and at a lower
hydr ocarbons do 10 not huil.d up,ip the xylenes recavery..zone,sinc
Chey are aRERE Nemeing oo paprtion U Coeatdth DEGie ARG AR e ifbons
Anot her  esr0glbARRE tefeb) MereRiRSMAbvdrIMEAE bPMe BRBRE] SEAipARiHIAREADIS do
that is based on the process steps, which efficiently converts

naphtifia i metGuikhrminty Biraes PoOEwEoThEnTE A EROVR i Hearimal Pater
conpl ex 40 oﬁaﬁﬁ? DBneOfarofier &6 tbfﬁf@ﬁkéeﬁﬂn\renﬁ@ﬁ EdinpR& dhdBBaratus that is
operating the reformate splitter fractionation zone to generate an
over head bak&d ot the procese stees, whisly effiglendsnernagrts raplgha igio panpysment s and a

bottons s m cont ai ni.n e i

Poeh i AT IR Flelieio s S RaaMsRBRE Y, SRIROIA frepdh HEER
di stil | atwhiceh frichries ygerativgalierafoemstplsplittee frafticretioromat tcogenzmten@vehbasiad
is recycled to the. isonerization unit. The,aromatics conpl.ex of, the
or esant i TFERCBH TiRSE Ritet e {5 coPorigRi 44 ARFIEHS SESFT Apatihe Kylencd
DETAI LED £6S(ehdiETd Gntsl HE st-MYERGH 100¢, 200 CHilipharedh irbenscepupttedoynay
be napht ha, bt_Jtl gé’?ﬁé sés bespygas 1i _7orteg lrIr)lerd yat)?clﬁ%ne . or i

i mpor t ed el distifatonom the sFformalespy %ﬁ?ﬁ?ﬁ%%aﬂe*aﬁ%e&e' gactip pegycled to the

hydr ot r eafglefifiiof RV EreSHbhitlcs BRHpIRk bf M8 BRs&R TRRHIS ok Ondt@itudeian
0.5 wt-ppm before passing the trea]toed
deheptanizer column.

20 DETAILED DESCRIPTION OF THE INVENTION

[0015] 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 less than 0.5 wt-ppm before passing the treated
naphtha on to a reforming umit 13. Naphtha hydrotreating occurs by contacting naphtha in a

25 line 10 with a naphtha hydrotreating catalyst under naphtha 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

30 component is in the range of 1 to 5 wt-% and the molybdenum oxide component is in the

-3-



naphtha on to a'reformng unit 13. Naphtha hydrotreati ng occurs by
contacting naphtha in a 25 line 10 wth a naphtha hydrotreating

cat al yst umdefoonaphtyha hydrotreating conditions in a urgdrustdoroddiss
napht ha hydrotreating catalyst is typically conposed of a first

conmponent of cobalt oxide or nickel oxide, along with a second
conponent of nol ybdenum oxi de or tungsten oxi de and a third

conponent i nor gani %l de suppor i.ch is. t h
al uni na. "GBFE P%gé”gb}ﬁt fléeseﬂ‘ﬁ‘ﬁgaag(?r@ %HP@\%’&IE %f h%m&%%‘ e%[om(%om OI}IOf
ni fkglj 0%hé ﬁaﬁ?a@@ﬁﬁ%ﬁmg chfilylstrotstia a[l&ﬂ@a@ox&htsglptt? 180 \gt—“/oﬂ)(a’(tdlyﬂi‘mﬂeatmg
nmol ybdenum oxi de conponent is in the 7[137017 . i
PCTI US200°AR368 8385 Indhrgaressnt igvergon s %GIQ%‘WF?HES gﬁ #?Wa]}ted?acaﬁnﬁmfﬁ‘(hﬁh
oxi de) Sy ﬁico?@ra%l RAGELY Q?er&fégp?ﬁs&dl ﬁ?dr@freatﬁ@@or@@tﬂﬂ% MRlude a li 1d
hydrotreating catalyst to sum al lﬂt gg ints up to 100 wm-%

q

hydr o r eahqunlg spasgvelogist (LEHV) dom exsliafie of hidegeen %hﬁdéoféT@é (Fsed
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ref erence. yp ca reatl ng conditio I nc 5 hourly
space vel[08idly ( ld-ﬂﬁé/)efdrrrmm uinit0l 3t par&ffigs hd iaphtheneataieaconfertey dr agmatidso

hydr ocar hgn apht h feed o1 nd
o) esour e fRs ooy CRIroBaerorRY vRae SRk e nng ofig bofls i
par af f i nghabsmplapkiph@rabe adrdus aoxaArné aonfonets ﬁjmildﬁfii:lual prhihsots mdhevert

only unit in the conplex that actually cre romatic The
ot herlounl‘ta§1°P?1ar°’E‘ﬂ‘é°n§’6ﬁﬁq‘€ ip Nighsaalbe PRALSK, PR e aPE Rt 13 S BHBnent s

into i ndigdsgiyed to%ﬁg%iyﬂngmstv&%@mvaiéﬁt % PRSIz A0O FRLICRSHLEH OGarent 0
hi gher-val ué products. Thé reformng unit 13 is usually designed_to

run at véﬂ\;mbﬁrgﬁoméaaobye reéuriainegnder tomprigdRFhhErodertiop of arggatis. This
Resear ch i @gﬁ &rity N 9?9@5;1)( gi@s;'ga a3ebd-08 § ?@5 QRS in'tl QFARLtb L0

maxi mi ze 't eprout|ono fat | cs. high severity operation
yi el ds veefprinates mﬁrﬂlwm&h@eﬁﬁﬁumﬂm@gn phthe kg aBBG, frematidson of

r ef or, pat d el nates f e { .t g

ar omit: c900 R ol MR IR RO R etk b e 125 BB
from a | iraforthihgicatatyeniraiet e fbrimiriglroaditiomet d‘mmrefgrnnag edtalgdt isuypheally composed
reform ng conditions. The reformn catal IS i ly ¢ sed

of o T kOB P AR RGP S e et Bof i rBhAR & fika
modi fi er dasaip@hent aMoelaict dlideCbupSRTPARGNS typleal Phigh 9u@vylati@nﬁa4p@@fefally\gﬁb&h
is typica hi gh pur i ty al um na. Cenerally .good

achl eved f ﬁﬂ’i‘ﬁ aperpshisy ok whrdrgp ainymreiogp metpl foin fl}?ermrgaﬁgﬁ 030 BIGE% 8. o
wt - %0,and RO 0B PRPiaf é&x{poﬁﬁhaé inGRRREID. 0150 SRR e ThenaRimfis &L to 5
-% The alumna is set

balance the composition of the naphtha hydrotreating catalyst to sum all components up to
100 wit-%. The platinum-group metal is selected from platinum, palladium, rhodium,
ruthenium, osmium, and iridium. The preferred platinum-group metal component is
platinum. The metal modifiers may include rhenium, tin, germanium, lead, cobalt, nickel,

25 indium, gallium, zinc, uranium, dysprosium, thallium, and mixtures thereof. One reforming
catalyst for use in the present invention is disclosed in US 5,665,223, the teachings of which
are incorporated herein by reference. Typical reforming conditions include a liquid hourly
space velocity from 1.0 to 5.0 hr-l, aratio of hydrogen to hydrocarbon from 1 to 10 moles of
hydrogen per mole of hydrocarbon feed entering the reforming zone, and a pressure from 2.5

30 to35 kg/cmz. Hydrogen produced in the reforming unit 13 exits in a line 14. A debutanizer
is part of the reforming unit and the debutanizer is operated to separate and remove gases and

Cq4 and lighter hydrocarbons. Therefore the reformate will be substantially free of gases and
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bal ance the conposition of 'the naphtha hydrotreating catalyst t6 sum
all conponents up to 100 wt % The plati numgroup netal is selected
from pl at i AE2003ASOEDI um rhodi um  ruthenium osm um BETUBDHICEEE
The preferred plati numgroup netal conponent is platinum The netal
nodi fiers may include rhenium tin, germanium |ead, cobalt, nickel,
25 indium gallium zinc, uranium dysprosium thallium and m xtures

t her eof %ﬁaﬁ@%@ftéﬁh@&ocﬁ%rﬂ! YhE ie@rﬂ“‘s&b@?ﬂnﬁaﬂitytfﬁ%f’ BRS8Nk eréil VM@ thel S
di sclosed in US 5,665,223, the teachings of which are incorporated
her ei n bystreshessensieininpynei Sedtertegnoy Iﬁi‘&ﬁtjg ebgasetdndris and biiferydracpgensgend

hourly s ' Doyt 1,8 ' rogen to
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f eed ent ef001§] t hasnraptionatichg tzatas(potshdwa) prebsused td rapregidsal efino 35

kg/ cnR. drogen produced jn th ef ar.mi ng, uni.t 13. exi in l.i ne

19, AdebtRHToERE. PabCaR G HePRer DR TOHS AT e 0 SbRr N ser

i s oper at gfindved SQPRABAR i1BMd afceimivecaases and C4 and |ighter

hydr ocarbons. Therefqore the reformate will be substaptjall r ee. of
R ifplpintal

gases andl0U3] wOTBeFRMSRPCFABETE BEZH?Y GEBEEtEH iyl &?%P antially

hydr ocar bgasef Hi& ah@ U}‘_aﬁ@li%lagér@x%fo%hwnsfih @8ine b$s dRDMedRaMBIniHybedRikne

the stream as containing no greater than 5 nmass-% of gases and C4
and | i ght éeallagationead somerizatign upit efflapribn ¢ line 1 fandaertto e pefprmategplifiens of
gases, and.CA. | - r.gga LM ne Gl B¥nerall
Preatl (Rori DR Vo PR 287 TR oo Spy A B g S Bncrally
cont ami naodsprisenattlémst aledactioredive columh e Thosfaminate spitiqydtaptimsyatiorebne 64t en

to C, 1+, ich i r enpy. downstreamin the.aromatics coml.e
G010 ThetRuEs pridlpere EER e el RARR0 SRR bRt O T bt oMl er

: S subst aﬂjrdrraTébahbbns fﬂcﬁﬂ;}r@ngg @%ﬁtﬁcll gg}deﬁéﬁpmgk Hytlghardonsiydiiae Al bohsxyjlenes:
ine 9 is conbined Wt n et .benzene eal kyl atio nd . . \
i somer i zaPIiuéﬁm&‘ﬁ'ieg fféﬁ‘t’fqndgﬂ‘fh Soptains xy[racs, feayiny % @%a(?Wa@figF%etrélllphatlc
splitiser @Hhrbéaddnk AetinOrD. Z0REyRAe-Yiud-caritteStrekth inTihe 20 &fod thBbétiom of the
splitter fractionation zone 54 generall conprises at | east on%sg1

fract i onatafematoplifier fravhenation seeeX'ds s9of %/qﬂt}aﬂenp POV B AEiPB RS KR!
Benzene, Bl Ho e e one i ncl uding o, 7. and 1ighter
al i phat i c[0928F oc ditsdi ssontaindng tohien@anddiptiten hydrpeanon is pintite-aanpin distillation
al | phat i o EeRi R pERE AR R AR LR AP S ARG A
stream i nstkdaneindBtidmosteae b ajdcam hyf—prbihlﬂ:t raffinate stream in a line 28; and produces a
C;-Cg aliphatic stream in line 61. The raffinate stream comprising contaminates that are
lighter than or co-boiling with benzene may be blended into gasoline, used as feedstock for
an ethylene plant, or converted into additional benzene by recycling to the reforming unit 13.
The use of extractive distillation instead of liquid-liquid extraction or combined liquid-liquid
25  extraction/extractive distillation processes may result in an economic improvement.
However, liquid-liquid extraction is a suitable alternative.
[0021] Extractive distillation is a technique for separating mixtures of components having
nearly equal volatility and having nearly the same boiling point. It is difficult to separate the
components of such mixtures by conventional fractional distillation. In extractive distillation,
30  asolvent 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 at a higher temperature
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reformate splitter fractionation zone 54 is sent to a xyl ene recovery
section 55 (described below of the aromatics conplex. [00201 Line

21 cont ai niwg2dbolene and |ighter hydrocarbon is sent t@@ud¥i7isssss
distillation colum 27 of an aromatic extraction zone whi ch produces

a benzene and tol uene product 20 streamin bottons stream 29; rejects
a by-product raffinate streamin a |ine 28; and produces a C7-C8

al i phatic in.,line 61, The raff LE ki
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mai n di st[nOl)BZa}t i ol am(rlluamate emkhotlmemt;&dmtm@ws distiflgtion@ancoay amhamgﬂﬂ or

2 weieh corDImTOLHOE "GHAMRY FRBr e 450D o e P el aes el

such as wWaddtionarebtiliits doRMOME [reihls ehtptitit, il Getlendfomsiod sxemttiveThe
side-cut C7-.C8 aliphatic, hydr glnlgr bon stre I ne Bassed

through adistilgtipR sRiEmE goplhfonainiag AP 2oRES v f%amoawc{%smﬂé%@e
resi dgal gipna Machca®oNeMbt webb @moved in a side-cut stream in the embodiment described

in the previous paragraph. A solvent removal unit (not shown) may be used to separate and
recycle any solvent in the overhead stream. Then a fractional distillation column (not shown)
would be used to separate at least some of the C5-Cg aliphatic hydrocarbons from other non-
aromatic hydrocarbons and the separated C;-Cs aliphatic hydrocarbons would be conducted
25 to anisomerization zone as discussed below,
[6023] The bottoms stream 29 from the main distillation column 27 is sent to a solvent
recovery column 64, where benzene and toluene is recovered in overhead line 65 and the
solvent is recovered in bottoms 68 which is passed back to the main distillation column 27,
The recovery of high purity benzene and toluene in the overhead line 65 from extractive-
30  distillation and solvent recovery typically exceeds 99 wt-%. Water may be removed from the
high purity benzene in overhead line 65 using a benzene dryer column 56 to produce a dry

benzene product stream 57. Water is removed from benzene dryer column 56 in line 67.
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substantially solvent free streamin line 63 is'introduced to an

i somerization unit 51, discussed in detail below The substantially
sol vent fr &0 g07/@¥M7cont ai ns no nore than 10 ppm sol vePET/End07/068838
preferably no nore than I ppm solvent. |In one enbodi ment of the
invention the trace solvent renoval zone 62 is a wash colum and in
anot her enbodi nent of the 15 invention the trace solvent renoval zone

62 is a waj EneV@?qgo GBI frdrP0g2dne i} b@rﬁeﬁé %@%I&ﬁ@j% B0dne id ﬁﬁloved

extractive |st| atron zone may contain more col urms Wit
mai n ext riaditesd. diokend indine 66 icietyshad tagamﬁé%hilb!echlhmes gqmbzmdew@rlmeé

nore fragtion j St i on | odi nent, the

over head ﬁ)lr 5W%ﬁéo é{f’ts?lgﬁla&?/n umt?%slst? w&aﬂdgﬁhgo llfﬁngg)woul d cont ain the
non- ar oneggoe4ihy d Tae anlizna SVarlmHlfﬂ)irrn@htehmcmZmﬁB i2fhseeditphratsklkylation unit 36
hydr ocar b a re rermv n a side-cut str i,n the enbodi ment
descr Pbed‘“ﬁ‘ﬁe?hg }ﬁ Raing Ot %Flé?)ﬁam%ﬁgﬁﬁl%ﬂ?t 3reéa %J&Fenﬁrﬁ‘ f e bt
shown) nMaysuBRy sEEinddOwHEP AN C, bRLYG |abyiidmafk edlind 41 grbduced by a
over head st ream Then a fractl onal di sti {% ation col_um (not sEown)

woul d be hepsy aomatiepealere3 apd chagged viaghiinectt tp fie tapsatlylatjon JpK£p do
hydr ocar b%&aucft{oﬂ%Qamnafgnenegm&eh)@%o%&ﬂ%d anded R (SeaR"Atgd

C7-C8 aliphati ¢ hydrocarbons woul d be condicted 25 to an
i somer i zat% Gombenzenadrydi edwas 86 misk bowembioaDaith kb hoktierastyelyt pashof oes

from rhﬁhe S8l S Bl 8l Lo & Poc%mé,r%gtrddﬁce%elﬂ{o &aﬂsagkﬁﬁiom%ﬁ LEEANALY

col umm 64;" Where benzene™ an ne 1s recovered-in over I ne 65
and the Isshyesmbingl. recovered in bottons 68 which is passed back to

the main |II tlon olum 27 The r.eco ene
and tol ue[;'jl'éPi ] HFREIP WS, Bs ?ﬁddf‘}f%i{ Feécvflh\/aetr alg?’ gft‘(fqy qaga‘[%{sg
and sol vepidef @@nﬁw@wu@xywnamohy EheaREBEDQtM st Ya Méblasabitined bensaikyaued
fromthe high ur| t?/amenzene in oyverhead |ine 65 using a bgnzene

dryer col ¢##HY%6 ‘E‘@‘ GIFAELICRNRIISEY §2CoB S PORBRNGHE GITR!R! comPRIGR. B7d amoEeAnic g
renovied from 55?:%%3 B, Eﬁﬁ’ %011?@40%@6}15&@ t)lpﬁbali% 'iheelt@Zr a pta¥D- <M Avh&hGdcude

PCT/ US2007/ 0688 Tol uene is al'so s€epara rom benzene i n benzene
dryer coltbﬁﬁﬁ%ureﬂ'h@dfbll\@né\ﬂ"‘éﬂ M%MER HUPAEGCWIWGPQE%OI% li ne

66 is reCNSJn 14 ee a%@%a%egl%'tgaotr'a%r{i'&%%. tof%{l)tl}’l ﬁ ﬁ'i?éj?e\’ﬂxfeh Thé Rtaf

for recycle go ra%sal r’'on "uni |t|on xyl enes.
[ 00241 Th@)mlmhlaa&rtnaxcnﬂsnhea@blé metal ¢rdlasemetal oThs:mbi m@alpa:ssletinmgroup
transal kyl Lntr

f
transal k)f‘Pﬁ'taI Dﬁelg‘%ﬁ 9y, plaf[’]ﬁ%mt %a}lfﬁglﬁgl fh°§e| ﬁre tgem' 1ok O G 88l N Re

20  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 another base metal, or with a nobie metal. Preferably the metal
component comprises rhenium. Suitable metal amounts in the transalkylation catalyst range
from 0.01 to 10 wit-%, with the range from 0.1 to 3 wt-% being preferred, and the range from

25 0.1 to 1 wt-% being highly preferred. Suitable zeolite amounts in the catalyst range from 1 to
99 wt-%, preferably between 10 to 90 wt-%, and more preferably between 25 to 75 wt-%.
The balance of the catalyst is composed of inorganic oxide binder, preferably alumina. One
transalkylation catalyst for use in the present invention is disclosed in US 5,847,256, which is
hereby incorporated by reference

30 [0026] Conditions employed in the transalkylation unit normally include a temperature of
from 200° to 540°C. The transalkylation zone is operated at moderately elevated pressures

broadly ranging from 1 to 60 kg/cm2. The transalkylation reaction can be effected over a
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usual Iy combined with a streamrich in C3 and Coo al kyl aromatics in a
line 41 produced by a heavy aromatics colum 3 and charged via a

line 34 tovwdeotiamesgal kyl ation unit 36 for producti on gdragditossnal
xyl enes and benzene. Al so, as discussed earlier, the toluene in line
66 from benzene dryer colum 56 may be conbined with |ine 6.

Al ternatively, each of lines 10 6, 66, and |line 41 can be

i ndependent i ntr.oduced i.nto transal kyl atjon. uni.t .36 without first
bei ng conBiFrdanes 66{%?" ?01{1] Saﬁggﬁggﬁ:rgpgcgﬁel?ﬂnfzs fgil‘&cn?%%%uxigé%r datlaosofl pafa-
Con;aCt edxykﬁeﬂat ﬂletdk]?ﬂﬁabféi}dnaérkiﬁm Idatidhyaty sphkftd,erocigj? Qﬂ&ﬁiélb’z)iﬂ iattheomange of
conditiong. The preferred catalyst is nmet stabi|ize .
t r ansal kyfam Ghto 204y gl ¥/ag feedstpei ?flﬁTa;?g’ttra(’i‘ . ?’fgtggl tg‘%‘ PO plage and in the
conponent »regeiBh@lydeReR QnBNtd vial UndBs.| IMAhERA Ky fateliSn @148 GHRAROMBA the

P

The zeolite conponent” typically is either a pentasil_ zeolite, which
i ncl ude Ppiegense pllivdinges isotingal., LpmEsentiMras/hylogemis@sopRted ifhals feedstock

Cormi ssi Li S Ao e
mm SSi O&@ﬁcﬁﬁeﬁ%&%owﬁ@ﬂﬁﬂ% ?\'ﬁ%‘%rﬁ%ﬁ_?]g nﬁgétsgjlelzﬁgfe'orfglkgﬁf néht EPﬁ;%lﬁ'ot e

Preferably 1t enite zeolite. conmponéent typi cal is
a nobl e netolds permilastalkghmmatiThEhinoiib ef hptragenite alikylptoatatin isalgprrofgpred to
metal is selected fromplatinum palladium rhodium ruthenium

osm um a?ﬁsgl—‘yﬁfcfgﬁrllhonky%ﬁ?grb%rQiéJSe netal is selected fromthe group
consi sti npoaf] r h@hé effuedtiffom Ge eramsalkyhion ewo36 Bedalkd the tmnakglagion sidppun

gallium zinc, uraniu dyspr.osj thal lium and m xtures theregof.

The bdse fzrﬂ%toafﬁwﬂ%@ {BERER figel! (u PrrpAen sEPRerEpIangp g tg

nobl e et gpG ki 84s8¢sald Mrohed WBTiAL 2 we AIRORE Ine GORIBAE, 8RBhdabiRNhidcarbons

Sui tabl e netal anounts in the transal kyl ati on cat al éSt ‘ranglgi from
et r'efe

0.01 to 1eing copslugied fiom fransafiyipgion sigipe frctiepaiongangohén Heg b Fied,
and the rangg.dd @M A d% florh Benkeid %r%/ergﬁ%u?& 38 9 e 8%1@6&65‘:{?%@3 inebidcaP o

zeolite anounts in the catalyst rahg romilto -% preferably

bet ween 1@lepe oglumn oA ltarndtivady, shepitieins mby Ye intodresd toBlucae Frume 39,
The | ang f atal yst. 1.8, C j. o j i: j .
e e GRg. ST RSB Sl AL OB AR P
present imvedtdedintd snichiof cheqsedsd ihisldBoae&HpRT6: thakiramsits be individmp!ly

i ncor porated. by reference 026 ndj ti ons enpl oyed in the
t ransal ky’l“é‘f’ij‘b%dﬂﬁ?f ¢ f‘?}ﬁﬁ%}kgﬂwgﬂgﬁae%enper ature of from 200 to
540C. Thejgpegns alrky kdticaBcentetifondBar tHeatomiticosiaplat edrypriskeatdéaeone

pressures broadly ranging from 1l to 60 kg/cnR2. The transal kyl ation
reacti on CEPAFEUEHT ¥ pRHEDGBHY &fﬂ-} s D009 ABPERY UBEHK SRREITH GLRAeRs!

20  one xylene isomer, which is typically the para-xylene product from the 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 for
further recovery in a loop-wise fashion, Accordingly, the xylene-plus-enriched stream in line

25 22 from the reformate splitter fractionation zone 54 is charged to xylene column 39. The
xylene column 39 is designed to conduct an overhead feed stream in line 40 to the para-
xylene separation zone 43 the overhead feed stream having very low levels of C,
alkylaromatics (A ) concentration. A compounds may build up in a desorbent circulation
loop within the para-xylene separation zone 43, so it is more efficient to remove this material

30 upstream in xylene column 39. The overhead feed stream in line 40 from the xylene column

39 is charged directly to the para-xylene separation zone 43.



wi de range of ‘'space velocities, wth higher space velocities
effecting a higher ratio of para- xylene at the expense of

conver si onwarguidottour | y space velocity general ly is iPCTb&06720a8838 Of
fromO0.1 to 20 hr-1. The feedstock is preferably transal kylated in

t he vapor phase and in the presence of hydrogen supplied via aline
35. If transalkylated in the Iiquid phase, then the 5 presence of

hydr ogen } pti . e r IS : i 1
the foodst A L ARTriaL sbw A RTE, mrtdrF A AR D ERAREN Fh 0k Bikihe
per nol e afeanl Whitteisoivhts beh Gp+troatdrihls andlin €, pet C yelkelagimatick yiadhelingt38e .

This ratiq of . hydrogen to al kyl.aro ic, s also referced.to .
hydr ogen fli')e ‘H‘V‘&T&B 8§€b$ H‘E\?eé’taksc??{‘d %5%@ £f1 o'FH%’? %rpmaﬁ%srﬂi lipy éﬁfstlﬂtg)dugéd into
transal kyhabi eRnidfitd cokfind $ wheRtnboerhfid strean siah kyctfanidcﬂ]o allcyliappearics tine

fractionation zone 52 through |ine 17. In transa ati1o tripper .
fract Ponat} Brcnatied Somahetoppareamdicde Sag rﬁ?"@“ﬁ%#o&ﬁo‘(ﬁr%aﬁ Pﬁ??fgn% ith

the benzene,,d®! Y&PLroRMEsRERYS BF tANGANIGLALROAS: 618! REdREBA BERichaOM
transal kylati ont®stii pper fractionation zone 52 inline 1. Line | is

combi ned wiletes kipcheeng®ief r om benzene dryer colum 56, and the

conbi nat i S J iy : ; i

Croans Uil | MHERSHES it Bt il 13080 BRI if o SobBIATiL Pkl cdiifn
gener al , isnlesgirddd make s spliz betwstn mawsaral e@thoeiviage ewhiion @ dargetedbamaeunt of
bei ng = introduced i nt nits.of the process it i I ) for
Do 2, oaiRCHTEE o MeboltBins TH xIRE sBifETRReRS aleind! S FEE GBI
bei ng congilies (nok B} whbe high @ity 6Eiwexeee Ratki ioecbBerad oveltead. Material
aromati cs_conplex conpri ses at | east qne. | ene col um .39, an

gener al | yfrogthe }?QEtPf“rfgIr%h‘? rEorRdens © é%‘é'“hﬁ%’fmf’%? SIEARAICRR Gy a’i’)#jcat

| east 20,1080l lie diICS OMBiteriding iy faSsell YPh&RY bivoniakies @Ak Xy @RRissed
product fromthe ar omat'f cs conpl ex. Preferably such a para-xyl ene

separati o#Po¥Bne 43 is operated in conjunction with an isonerization

uni t 31 f@bsgsorr%%@a& n@dephidford %_E]Bic@in_&g BR bk AR liSnal HFRAUBL RN
back to a qui I't'br1unt or near equi I'i briam m xture containing
par a- xy| eprecesphi @hadsemiivresepaeljol mdcehs bothfafihidrare weldlregwn jntheart, and

I - Wi f Pon. A ' .t - - [ '

| ne 25 o2 RRaN P e o Ao P oGRS AL RN Bl Rk

char ged t@cowet Biphlyqmkaipana-3@eneline ling i enlggle clcuvany B& pass. deyi rgndul toduene
duct f eed .st in |Li 40 . th - . .

cepar at | O DOfRES 3s Faaion HAH KErer e et PGBy TR ISP ings

CO  aloky| aHigwRE bdiemh A9)ane A eptisally dtyclAd (COFpatkAkSlatey utitibé dialipe 5R a

desor bent_ circul ation Ioog wi thin the para-xyl ene separat.i on zone
a

reul he p . 0
43, so it Hpgngdinighipg £oluma a8 allews ©OreRiEnizaia apglsxibhity in operating the Xylene

column 39 since any toluene in the overhead from the xylene column would be removed from
the para-xylene product in the finishing column 58 and recycled to the transalkylation unit
36. Very high purity para-xylene product, as high as greater than 99 wt-% pure para-xylene,
25  isremoved from the process in line 60.
[0032] The raffinate 45 from the para-xylene separation zone 43 is almost entirely
depleted of para-xylene, to a level usually of less than 1 wt-%. Hydrogen and the raffinate 45
is sent to the alkylaromatic isomerization unit 51, where additional para-xylene is produced
by reestablishing an equilibrium or near-equilibrium distribution of xylene isomers. Any
30 ethyl benzene in the para-xylene separation unit raffinate 45 is either converted to additional
xylenes, transalkylated to a Cg aromatic, or converted to benzene by deatkylation, depending

upon the type of isomerization catalyst used. As discussed above, a stream of C;-Cy aliphatic
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30 upstreamin xylene colum 39. The overhead feed streamin |ine 40
fromthe xylene colum 39 is charged directly to the para-xyl ene
separ at i onw®nA7/43e17- 8 WO 2007/ 137017 PCT/ US2007/ 0688388 osssss
Material fromthe |ower part of the xylene colum 39 is wthdrawn as
a bottoms streamwhich is rich in both Cl1+ materials and in C9 and
Cl10 al kylaromatics via the line 38. The m xture of Cl1l+ materials

and C9 and C10 al kyl aro ics inline 38 is rod ced heavy

ot | Y HINS G BB R E B ST e L Ehs o)y
ar omat i Csphydrf@rtné dreiifenRARta e Eé@@sammﬂ@rr&naédee@nwemhhe ﬁre@hﬂ:d'of
materials 42, The overhead streamrich in, CO and C10 al kyl . mati cs

sent to t#e GrGrdnhaty hadrebors ireths seepien mixgasaigvsrobihe a%fafﬁfsr any
xyl enes anfyiRRZADR ﬁ&@%@ gﬁkﬁ %mﬁh&@l Yohe CE- c%rmnm&a&wo%s R

produced in”the conp xyl ene collum is designed to nake a
split Sbetwlke’nfonétealmtambb wcmﬁl&ypme@ﬁ@ 1@|W@‘ﬁ€rapet1‘%t¥'@et ed anount of 10
ort ho- xyl to ¢

to an ort@g$3 Ie%@ﬁeg&%ﬁpﬁ i %eﬁﬂn ?%ﬂﬁnere Bﬂﬁ%ﬁ{ﬁ ?)&garc:tﬁgﬁxif/ ene
pr oduct hswmammmemeﬂﬂgﬂan&maﬂnwhhﬁsnmamhn@moﬁ%¢hembmﬁhomtﬂﬂyﬁhﬁ@pwaﬂy
ort ho-xyl ene ¢ awn as a s

ol o ieaos e o Scalls 25 bRy R IR, 4l AT BB,

col urr233 c&ﬁnpgmsxg;ussgdlonaﬁﬁ}eenoﬁcﬁﬂa{r@iléaaaori{ﬂmemanawwdmeox&enﬁrcaﬁaly@m
zone nmay D€ based on a ractiona ation cess, or an
adsor'fti v@er@éﬁ%tbpwerb?%@é%enwrﬁﬁgﬁﬂéh@w e ek P depeene

art, and ,pseiarablaid is veased @&s&&lﬁnﬁﬁ%rﬁélb&@ax%ﬁ%ﬁﬁ& bOBitlRk A6ESSc
Such adsor ptive separation can recover pure para-xylene in a

line 44 aaluminghlieae onangn- @ekltrcprag@cula:rﬁwﬁe%‘g@wllt@ snpenpsilicaty (arpecl@ed
to th
0 the sepal ﬁhﬁ@%ﬁé&u& éd a?.@ﬁ% éﬁ%ﬁ%(ﬁ*{@ %léé\ﬂémun fle ﬁﬂ{] Rirdddr e, MEL,

fracti onated o I'Ng CO a optionally
recycl ed MaIwWhHdTT mad EERKI}JB;&GI Enmmgsion3B Zﬁphtequnten@QtHrE)Habqtmqohte or a

finishing colum 58 al o for,_optim za and flex |t '

oper 201 ngp RS e e i oie Rt L AP Bl b e B ltater oo
fromthe typtcapedalusnPodul c dne of mnmté’ﬂﬂaﬁ‘A”D@frahi&@oﬁﬁypesxgdpenﬂlyﬁvIﬁHﬂ@t
in the finishing colunp 58 and recycled.to L tra a Iatl unit
56, Very i artoping Byt es Dot e e OB hibaten Bah oo
W - % pur evRY. Br&¥d. @0e3). TROmlefal EQRFIMESRE tiﬁléunytm@ncwl@@leﬁscdnﬁpohmeanaenay

include an optional base metal modifier component in addition to the noble metal or in place

20 of the noble 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
another base metal, or with a noble metal. Suitable total metal amounts in the isomerization

25 catalyst range from 0.01 to 10 wt-%, with the range from 0.1 to 3 wt-% preferred. Suitable
zeolite amounts in the catalyst range from 1 to 99 wt-%, preferably 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 4,899,012, the teachings of which are incorporated herein by

30 reference.

[0034]  Typical isomerization conditions include a temperature in the range from 0° to

600°C and a pressure from atmospheric to 50 kg/em2. The liquid hourly hydrocarbon space
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100321 The raffinate 45 from-the para-xyl ene separation zone 43 is

al nost entirely depleted of para-xylene, to a level usually of less
than 1 w - %o fWydizogen and the raffinate 45 is sent to dgdifus2007/068838

al kyl aromatic isonerization unit 51, where additional para-xylene is
produced by reestablishing an equilibriumor near-equilibrium

di stribution of xylene isonmers. Any 30 ethyl benzene in the

par a- xyl ene separat.ian unit raffjnate 45.is.either v ed 1.0

addi ti ona go‘%’/’loghﬁ cedFPEnE n@{oatb%ﬁminge 8f el bg%c{n? @Ci Q%r% }(]:Io n'v{é]}et ed to
benzene byyddealbsy baithdtithe dapesndh Admixtipowith b gadeypchydfoges-ormaining bireum in
catal yst used., As_ discussed aboye, a stre of C7- aliphatic, -9 WO
2007/ 13702 bt eéz@reméyé@ca%%%kéﬁ%@% _ng 58 5 B et i nto

| SOMeri ZgldRMbWMY fatie 4f froth 0580 T4, RNGuiEBhAk BRRkdS ard14ed £F HokRARIIBA Shen
intermediates i'n the conversion of ethyl benzene to xylenes, the
presefce mf hydregen Gaddgl talthgwrat i ¢ hydrocarbons in the reaction nixture
all ows f e conyv i f e ML EPEEQuR3PPEN
nor e rapi I0§/£ Thg&cﬁlﬁf}sﬂ?S}P?ﬁhﬁgé{%w%gér{%ggfg%%%ﬁ%% ﬁtera%S Igf l ow for
the unit stdemseissawoissling 18to dperhtiode aplitwr frevionaticermoes &t uTkere § 6038

In the alkyl ar tic.isonerization unit. 51, the.raffjn I

cont act o tp R FesREREs M Bal s tomerbBu b CRL IR Eppbte
condi t i ongplittdtencticiiieh ke ihe Bnirakflugnttofitse ikotpdrizati dnuniompiesesked fo the
nol ecul ar si eve conpaonent, .a netal .conponent,  and. an inorgani ¢ oxi de
CompdentreloSBPESP ISR Lot ionHEe A5he o 470K MRS SBRBOH PP ‘103&%@17(@%%%
over the gafRl ¥sts. ife POLliRisTRALRaBEIMBA Rvadl diHvE BBHEBR oV HIOTEN he alicads
and et hyl benzene deal kyl ati on depending on overall demand for

benzene. BeRueheadialy dehapianizst edymmare dnsispd Pased Behercfomptespids) i ti ¢

al um nos!éfé&i@ﬁﬁi(}?rzo@e ﬂoe{ﬂ'd%g%kdtéd ﬁorﬁﬁle%@}gn@gt_h%'eeve- _The zeolitic

alum nosilicate (or zeolit conponent typically is either a

pent asi | [083]i t eAcsondinglyi the konetiesromplexiof therpsesenifintgntion figplays aygalentvr T
and FER (] UPAC i, SSH.ON, - |i C . e) - i-pe,

or 215 SPACNEOR hine hon DabERen SR HE AR Ebom PR AN RS
or nore afapitdleoAfhndf sparmng cdsts, tydresinipespmentaln the SARPOed investmentom euchra
nore of the ATO framework types, especially MAPSO 3 1, according to
the "Atl &8 *7e0lite Structure Types" (Butterworth-Hei neman, Boston,
Mass., 3rd ed. 1992). The netal conponent typically is a noble netal
conponent, and may include an optional base netal nodifier conponent
in addition to the noble netal or in place 20 of the noble netal. The
noble metal is a platinumgroup netal is selected fromplatinum
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pal I adi um rhodium ruthenium osmum and iridium The base netal is
selected fromthe group consisting of rhenium tin, germanium | ead,
cobalt, nickel, indium gallium zinc, uranium dysprosium

thallium and m xtures thereof. The base netal may be conbined with
anot her base netal, or with a noble netal. Suitable total netal
anounts in the isonmerization 25 catalyst range fromO0.01 to 10 w -
with the rgnggséromo0.1 to 3 wt-%preferred. Suitable zeolite
anounts in the catalyst range from1l to 99 w-% preferably between

10 to 90 wt-% g, aﬂ%xé&&sefopfs&fn@ﬁﬁﬁé )(yl@x?efs\é’@ﬁi}us’iﬁ to 75 wt-% The
bal ance of the catal yst i s conposed i norgani ¢ oxi de bi nder,

| vention | i G od haﬂ%%'féfé%bﬂﬁi%ﬁmi%@%mfz Rl ore
condi t ?Lﬁée?nEFLS'e”a*’%ﬁa%@Féef ve er}@ﬁgfm%%mféae R 8 Sdoberaite &

pressure from at m)sgherlc to 50 kg/ The liquid, hqurly hydr carbon
space -10 WD 2007/ PSTURTAPET! %ﬁ‘f B8 8% GRPRIISITE,PeBRCE AR foluene, 2
feedstock relative to the volune of catalyst is fromO0.1 to 30 hr-1

The hydrocarbon cosidgeit aliphagic dxdraparlensisHcaip APRPisRS Gi-Chaliphgiseous
hydr ogen-containing streamin a |line 46 at a hydrogen-to-hydrocarbon
nol e ratio of from Oy&odarbensisdiangverhgadealiphatc hysredadroabbtycam ¢oatprigingf
from0.5 to 10. If liquid phase conditions are used for

i somerization, thenCs&;ntiphyidhgdenarbensadded to the unit. [0035] The
effluent fromthe isonerization unit 51 containing at |l east a m xture
of xylenes is(Bent u¢itihgahd sideul dighatid helrs @onEei@ns@ndristig C,-Cg
fractionation zone 54. There is no need for a traditional

dehept ani zer col umMm eae BRdHERL IR AT BET &R & QibstaRiidl RN B SdRiimat e
splitter fractionation zone, the entire effluent of the isonerization

unit may be passed E&&H@h}&oéﬁﬁ&{s@ﬁEﬁn SRthpd dﬁl&’g cl C?Eﬁﬂh%@fﬁ/&&&%@' 54

t hereby saving substantial " capital costs a ong orh ut i

costs. The Cr- K&)” us 1&%9%@%%%%%@%%1%%%}6%%& ﬁ@é‘Xﬁ &? SihHa80R Va??carl:a)%m

t he xyl enes an over ani zer um1 are” ih

passed to the ref or mat e s itter ation.zon 4 and ar at ed
from the xylenes th&pg@m 1 E}n%?c@sr%wh %ydmféfbg%?ve(%@ BBhAPEY of
the present invention excel l ent . 15 economﬁ benefits. These
i nprovenents result e‘ﬂ‘H ?‘ Jieeam ORI isiRe RinOR-cquipriga npigture of

xylenes into an isomerization zone to contact an isomerization catalyst at
isomerization conditions and generate an isomerization zone effluent
comprising para-xylene.
2. The process of claim 1 wherein the isomerization catalyst comprises a
molecular sieve component, a metal component, and an inorganic oxide component.
3. The process of claim 1 wherein the isomerization conditions comprises a

temperature in the range from about 0° to about 600°C., a pressure from atmospheric to
about 50 kg/cm2, and a liquid hourly hydrocarbon space velocity from about 0.1 to about
30 hr-l.
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capital costs and operating costs, and an inprovenent on the return
on investnment in such a conplex. -11 CLAIMS: 1. A process for

i sonmerizing xylenes conprising: (a) introducing a feed stream

conpri sing benzene, toluene, and C5-Cs aliphatic hydrocarbons into
an extractive distillation zone and separating a bottons aromatic
hydr ocar bons stream conpri sing benzene and toluene, a sidecut

al i phatic hydroc . t LSl b J: i .
hydr ocar bons, gngﬁgﬁ{%\ﬁ%r %ﬁgfélngﬁ%&aht%% %gﬁlgl Fr’lgg(frq %)éélprgs]ﬁ%et fr;(gg)nrﬁl S aromatie
conpri si C5-C7 aliphatic hydrocarbons; (b) treating the sidecut
o 1 bhat i COAsREG: SoRET ShBaRERERE RE it CoF ipfln Yk o
hydr ocar bons to generate a substantia*l sohéggt free sidecut

al i phat | CORREIF SRR BEREM IR AFFELAEHE €l B¥IEad 3 Bhat | o

hydr ocar bons; (cé_introducin the substantially solvent free sidecut
al i phati ¢ hydriecdhpongcess of é’gﬁfﬁncén@?ﬂléﬁ RIS PasinghHei ©luene-enriched
hydr ocar bons, hydrogen, and a non- equilibrium xyl ene stream

conpri si rigream ionireepalklylabef umit.mi xt ure of xyl enes into an

i sonerization zone to contact an isonerization catalyst at

i someri zat i on écofilt procass obelangke fethat @ngmisingoner i zati on zone effl uent
conpri sing para-xylene. 2. The process of claiml wherein the

i somerization catdylpstiding apapiaRsstieam™o bk dgdloatatiigete, CORTONEB haptaha
nmet al component, and an inorgani c oxi de conponent. 3. The process of

claim1 wherein {hamiisesmRadtRyHIONh BB kihS BftalGRTREEIRArodchiiper at ur e
in the range fromabout 0 to about 600C., a pressure from atnospheric

to about 50 ko/ &R0 BokicsUindaldaekbynyifaeaaihon space velocity
fromabout 0.1 to about 30 hr-1 -12 4. e process of claim1l

‘;gr ther conpri si ﬁg pg%?ﬁgj[ tﬂ? h%cﬂgtrt%?édt &Eﬁthﬁ‘é@%{ {o?a reMFn%%ﬁ% QRRredt Lafg™

nmpri si ng benze an oluene to a fractionation colum to
hydrotreated naphtha is contacted with a reforming catalyst under reforming
conditions to produce a reformate stream comprising aromatic components
and wherein gases and C4 and lighter hydrocarbons are removed in the
reforming zone resulting in the reformate stream substantially free of gases
and C, and lighter hydrocarbons; and
(f) introducing the reformate stream and the isomerization zone effluent,
independently or in a combined stream, to a reformate splitter fractionation
zone to produce the feed stream containing benzene, toluene, and Cs-Cg
aliphatic hydrocarbons and a xylene and heavier hydrocarbon enriched stream.

7. The process of claim 6 wherein the hydrotreating catalyst comprises a

component of cobalt oxide or nickel oxide, a component of molybdenum oxide or

tungsten oxide, and a component of inorganic oxide support.

-13-




separate a benzene-enriched stream and a tol uene-enriched stream 5.
The process of claim4 further conprising passing the

tol uene-enriched streamto a transalkylation unit. 6. The process of
claim1 further conprising: (d) providing a naphtha streamto a
hydrotreati ng zone, wherein the naphtha streamis contacted with a
hydrotreati ng catal yst under hydrotreating conditions to produce a

hydrotreated naphtiarsdes£aHlait® wR@SHitROhdiG AN &iﬂdﬁﬁﬁq@@oﬁ?@s@tahﬁluid
streamto a reform ng zone, wherein said hydrotreated naphtha is

o oduce a " Rrmst £ 6t DA EEHD LT Al S & B NERES s

wherein gases and C4 and |ighter hydrocarbons are renoved in the

r ef or mi ng feedstecl Heul abputcOitn abdve 132 Norvme endtarpeesaurs ditost ahottt H} oyabbutsd
of gases and C4 and |ighter hydrocarbons; and (f) introducing the
reformateygipfam and the isomerization zone effluent, independently
or in a conbined stream to a reformate splitter fractionation zone

to produce thef tal i - C8

Al phati o hydrscarBonesa SR PR A e B0 B e
stream 7. The cess of claim6 wherein the h otreati at al yst
conprt ses G PORL BTN Giowg b £ PR AT AR S FHnen:
of nol ybdenum oxide or. tu qften oxi de, and a conponent of inorganic
oxi de suppBPPONENY HOMANEHXIGGSYRRAL of c| ai m 6 wherein the
hydrotreating conditions conprise a liquid hourly space velocity
from about 1. 00t olhstseressofgigim 6pwhereindhg igming condigiens ¢xmmsisp Aiigad
feedstock from about 50 to about 135 NnB/nB, and a pressure from

about 10 toudpquite BGocilggtantboud 1.0kbabqan doassl, afratk] @by gaher ei n t he
reform ng catal yst conprises a first conponent platinum group netal

a second GOMREABHM frEMAbbutartoABé@!10 ndek & hiyloueh p&ARNOPBLMphtha, and a
i nor gani c- oxi de support. 10. The process of claim6 wherein the

reformng condi bhaNBoSYPL S2ufsd L IULE
11. The process of claim 6 further comprising:
(g) separating the xylene and heavier hydrocarbon enriched stream in a xylene
fractionation zone to produce an overhead xylene stream and a stream rich in

G, and C allcylaromatic hydrocarbons and C;;+ components;

(h) passing the stream rich in C;and C,  alkylaromatic hydrocarbons and Cy+
components to a heavy aromatics column to separate a stream rich in C, and
C,, alkylaromatic hydrocarbons from a stream rich in Cq;+ components;

(1) passing the bottoms aromatic hydrocarbons stream comprising benzene and
toluene of Claim 1(a) to a fractionation column to separate a benzene-enriched
stream and a toluene-enriched stream,;

() passing the toluene-enriched stream and the stream rich in Cj and C

.14-



hourly space velocity fromabout 1.0 to about 5.0 hr 1, a ratio of
hydrogen to hydrocarbon from about 1 to about 10 nol es of hydrogen
per nole of naphtha, and a pressure fromabout 2.5 to about 35
kg/cn2. 11. The process of claim6 farther conprising: (g) separating
t he xyl ene and heavi er hydrocarbon enriched streamin a xyl ene
fractionation zone to produce an overhead xylene stream and a stream

rich in C9 and GRoaRhint ﬁg@ﬁ@éb&smﬁ@&ﬁﬁ@ﬁ)ﬁ%nmeo@ 5 AGRARORER R

(h) passing the streamric o al kyl aromati ¢ hydrocarbons

and G ,+ CP”P%%{@@P@&%&FIEE\A s%fe%ﬁ{akt%ﬁ] wgﬁla% fé?ab?l?iéﬁr ate a

streamrich in I’OITB.tIC Focarbons froma stream
rich in Crl+ conponent 1t ons

nydr ocar bons s r amireiet nitaang SabMnatob PRERERT biefureh 1) 1o
a fractionation col umm Lo separate a b‘ﬁnzene enriched streamand a
t ol uene-enri chedt‘%”ts?gn]ﬁ{mr(i’lf WASLTARY *Phe t ol uene-enriched stream and
the streamrich in C and Cl10 -14 al kyl aromati c hydr ocar bons, or the
conbi nati on t K} 8BFingile evethead SUFASAIRENAR 2 PN MR EPRITAHIOB 4PRP ®t r eans
are contacted with a netal-stabilized transalkylation catalyst under
transal kyl at i on ewagittaieomd remoyy plueaylane enrighgbprieguchsirenm gdagnerate
stream and (k) passing the overhead xylene streamto a para-xyl ene
separati on zone thenogeqobmimatkelemndreammbvkina 1frar a- xyl ene enri ched
product stream and generate the non-equilibrium xyl ene stream of

claim1(c). 122. Theppéneceddaiaf | ICkadram e mber@htilitdderanedialatihabialyisz ed
transal kyl ation catal yst conprises a zeolite conponent, a netal

conponentconphiesi zeb MR cHMPbiken® i ikea) COMPORSRNtand ad Shorddl B RXERCREDoMnt.
claim1l wherein the netal conponent is sel ected fromthe gr oup

consi sting of ialakd }%}H&%ss paLibiaf 1%eré1ﬁ?l@la‘ 1Bk Jd&ﬂ&ﬁ&lt‘fé@elé&?eﬁ‘f% th@nd

iridium rhenium germani um | ead, cobalt, nickel, indium
gal 1.0 EFcondS P BT L AL R MR o
fromthe rhenium, tin, germanium, lead, cobalt, nickel, indium, gallium, zinc, uranium,
dysprosium, thallium, and mixtures thereof.

14, The process of claim 11 wherein the zeolite component is selected from the
group consisting of a pentasil zeolite, a beta zeolite, a mordenite zeolite, or mixtures
thereof.

15. The process of claim 11 wherein the transalkylation conditions comprise a

temperature from about 200° to about 540°C, a pressure from about 1 to about 60

kg/cm?, and a liquid hourly space velocity from about 0.1 to about 20 hr-1.16. A
process for producing benzene and para-xylene from a naphtha feedstock comprising the
steps of:

(a) providing a naphtha feed feedstock stream to a hydrotreating zone, wherein

the feedstock is contacted with a hydrotreating catalyst under hydrotreating

-15-




group consisting of a pentasil zeolite, a beta zeolite, a nordenite
zeolite, or mxtures thereof. 15. The process of claim 11l wherein
the transal kyl ati on conditions conprise a tenperature from about 200
to about 540C, a pressure fromabout 1 to about 60 kg/cnR, and a
liquid hourly space velocity fromabout 0.1 to about 20 hrl.16. A
process for produci ng benzene and para-xylene froma napht ha

f eedst ock conpri sing..t S| f (a rovidi ng _a. naphtha feed

f eedst ock stream %%%glq%t r%%glgcgta‘ﬁlﬁgm(zng%tee&n\a}%ﬁé?aeslu%amt he feedstock is
contacted with hydrotreating catalyst under hydrotreatin - 15,
conditions to 9’308%/?5@%11%)@%%’?@39@}% PHeRLe §t"¥fg’é{?ﬁlg E83S BREEEi4 he
hydr ot reat ed naphtha streamto a reform ng zone, wherein said )
hydr ot r eat ed naphi¥facieteddrphibe sromfactsd avitherrgorming catatyal yader taferaring
reformng conditions to produce a reformate stream conprising
aromati ¢ conponent@nditzmd typredesiers rglpsasate siehnOdorapresing aypmetic components
hydr ocarbons are renoved in the reformng zone resulting in the

ref onmat e st ream bel wiersinlgsteannd &k hyd fighte hyflrocghemsiraredio®éd andle

| i ghter hydrocarbons; (c) separating the refornate stream and an

i sonerization protifi@inisd @ msubingdn theqaingad ssdahehding hidkettdallyi freedf
reformate splitter fractionation zone to produce a toluene and

| i ghter hydrocar begeed ched IshiceBfdradighaasXyl ene and heavi er
hydr ocar bon enriched stream (’d) passi ng the toluene and |ighter

hydrocar bon_ )i chigshafiiy @R b oAl RShT AAh @l Sl 8l PiARNS: 4 O

produce a raffi'nate strean1 a streanlconta|n|ng a Ip ati c
hydr ocar bons, andc&mﬂﬁ%&%g?QEQegfﬁ%%ﬁ)rﬁ%'sﬁﬂé't?eq ﬁ%Eﬁ&%Hb? £&% o groduce
separ ati ng t he benzeéene an ol uene enri cne reamin a ractionati on

I t d b - i,ch t d fi .
S0l Uone- enr ehed- SiPudf Ags e b ERERgR RS PGt aid ARlens i b
streamto a trans Icg | ati on .zone to contact a netal -stabilized

Bydiyopaion Ege

transal kyl ation ¢ Sf5H¥al kyl ati on conditions and

produce a transal kyl ati on product stream ) )
passing the toluene and lighter hydrocarbon enriched stream to an extractive-

distillation zone to produce a raffinate stream, a stream containing C; to Cg
aliphatic hydrocarbons, and a benzene and toluene enriched stream;

(e) separating the benzene and toluene enriched stream in a fractionation column
to produce a benzene-enriched stream and a first toluene-enriched stream and
recycling the first toluene-enriched stream to a transalkylation zone to
contact a metal-stabilized transalkylation catalyst under transalkylation
conditions and produce a transalkylation product stream;

(f) separating the transalkylation product stream into a second toluene-enriched
stream and a first xylene-enriched stream;

(g) separating the first xylene-enriched stream and the xylene and heavier

hydrocarbon enriched stream of step (¢) in a xylene fractionation zone to
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(f) separating the transal kyl ati on product streaminto a second

t ol uene-enriched streamand a first xylene-enriched stream (Q)
separating the first xylene-enriched stream and the xyl ene and
heavi er hydrocarbon enriched streamof step (c) in a xylene
fractionation zone to -16 produce a second xyl ene-enriched stream
and a streamrich in C and C1O al kylaromatic hydrocarbons and Cl1+

conponents; (h) separatin he strea i.ch in.,C9 and (G O

al kyl aromati c hyd?@%ﬁ?B8ﬁ%ngﬁ§h%iewmﬁ%%ﬁﬁﬁﬁﬁwgfSPﬁ?Bngkgi?e§W#%bch in
C9 and C o al kyl aromati c hydrocarbons and a streamrich in Cu+
conponents; (i) pdgdiragatihaydseetheds asl Geheompericotsed stream and t he
streamrich in C and C10 al kylaromatic hydrocarbons, or the

conbi nati on t ey egfarating thehgirdamaidiaih G laad CoralkytoneatiQydpaationgartd@,+
second xyl ene-enriched streamfromthe xylene fractionation zone to

a para-xyl ene sepanabhom rﬁg» stre %ﬁiiﬁ‘cpéﬁcﬁcXX%?&?olﬁaﬁic@&gfogﬂﬁgBﬁstﬁg

into a para-xylene“enric product stfeam @nd-a par a-

separation zone effluent stream and (k) passing hydrogen, the

par a- xyl ene separ®¥iceh iEBHeCaf CPBEMEIE: r eam and the  stream
containing C7 to C8 aliphatic hydrocarbons, to a xylene isonerization
zone wher ei n $ai pessing &wrie¢and dolnengcinaidhed tisammgnd Swrsredn sich snCe andCyst
under isonerization conditions to produce the isonerization product

stream of step {igylarokhtic AyBHOEESS, drahe QrAlnGion ghdeiTzeniee @dtdalkylation
par a- xyl ene from a naphtha feedstock conprising the steps of: (a)
providing a naphifia. feed feedstock streamto a hydrotreating zone,
wherein the feedstock is contacted with a hydrotreating catal yst

under hydr ot r@:ts #gr%gm% g@@g‘;@?&p&n&@m@&%@yﬁ Bydr ot li&getfga%}igfagpgn Q%e

stream (b) p otreated naphtha strea

zone, -17 : . . :
to a para-xylene separation zone, wherein para-xylene is concentrated into a

para-xylene enriched product stream and a para-xylene separation zone
effluent stream; and
(k) passing hydrogen, the para-xylene separation zone effluent stream, and the
stream containing C7 to Cg aliphatic hydrocarbons, to a xylene isomerization
zone wherein said stream is contacted with an isomerization catalyst under
isomerization conditions to produce the isomerization product stream of step
(c).
17. A process for producing benzene and para-xylene from a naphtha feedstock
comprising the steps of:
(a) providing a naphtha feed feedstock stream to a hydrotreating zone, wherein
the feedstock is contacted with a hydrotreating catalyst under hydrotreating
conditions to produce a hydrotreated naphtha stream;

(b) passing the hydrotreated naphtha stream to a reforming zone,
-17-



wherein said hydrotreated naphtha is contacted with a reform ng
catal yst under reform ng conditions to produce a reformate stream
conprising aromatic conponents and wherein gases and C4 and |ighter
hydr ocarbons are renoved in the reform ng zone resulting in the
reformate stream being substantially free of gases and C4 and

| i ghter hydrocarbons; (c) separating the reformate stream and an

| soneri zation pr OgVI 1Ieins§ari§ %g ofeated ngpqm%é ri]se(cj:lo RLER \nx?itglhff E‘&gltminl gzag'ciﬂyst
ref ormat e splltter racti onatli on zon O produce a toluene a

| i ghter hydrocarbon, enriched stQFan1and a xyl ene and heavi er -
hydr ocar bon enri cH&f* Srtefomg oy Itb%sfoné’“f‘ﬁ%e t% I"EEHRAE i eping AR Eprisng
hydr ocarbon enriched streamto an _extractive- distillation zone to
produce a stream ROHRHS APTARPIESSPEd exierer gases 3nd Caapdrlishisr Budecarbeng age
benzene and toluene enriched stream (e) treating the stream .
contai ning C5 to @eoakd phdhe gefepdingcemmisorgsultiog geribe aeformate stream being
substantially solvent-free streamcontaining C5 to Cs aliphatic

hydr ocar bons; (fjubsep@albtireeg{ghes sub€} amt lightdryydobarbods; f ree stream
containing C5 to C8 aliphatic hydrocarbons into a C5-C7 aliphatic

hydr ocar bon st (cgasspantngthctefoinat bipdaat ind anhiyhieatdoiodict €diinm, 693
separating the benzene and tol uene enriched streamin a fractionation

colum to produeemBinkBERREHERHT, @1h§€bf&h{a@69§rﬂiﬁ&¢r@ti5ﬁdt§>h zone to produce
tol uene-enriched streamand recycling the first toluene-enriched
vier

streamto a tr an%%1'6&%&%@9@&&%0&%@&@ FreR LAY a%ﬁ@&é Addﬁﬁq

transal kyl ati on catal yst under transal kylation conditlfons a

produce a transalhlg,gléggr%&p?ﬂ{cgg&uﬁ;eaﬁ{ream (h) separating the
oduct s

transal kyl ati on p reaminto’a second toluene-enriched -18

t d fi t | = i t i ti the fi t
HESIRIENTTE S AT R T e

i ched st f st i I f ti ti t
onriched St eam of Ak 69 SN ga LA FaRE K0y L

Q al kylaromatic hydrocarbons and Cl1+ conponents;
hydrocarbons, and a benzene and toluene enriched stream;

(e) treating the stream containing Cs to Cs aliphatic hydrocarbons to generate a
substantially solvent-free stream containing Cs to Cg aliphatic hydrocarbons;

(f) separating the substantially solvent-free stream containing Cs to Cg aliphatic
hydrocarbons into a Cs-Cy aliphatic hydrocarbon stream and a Cy-Cg aliphatic
hydrocarbon stream;

(g) separating the benzene and toluene enriched stream in a fractionation column
to produce a benzene-enriched stream and a first toluene-enriched stream and
recycling the first toluene-enriched stream to a transalkylation zone to
contact a metal-stabilized transalkylation catalyst under transalkylation
conditions and produce a transalkylation product stream;

(h) separating the transalkylation product stream into a second toluene-enriched

-18-



(j) separating the streamrich in C9 and C O al kyl aronmatic

hydr ocar bons and Cl1+ conponents into a streamrich in C and Cl10

al kyl aromati c hydrocarbons and a streamrich in C ,+ conponents; (k)
passi ng the second tol uene-enriched streamand the streamrich in C9
and C10 al kyl aromati c hydrocarbons, or the conbination thereof, to
the transal kyl ation zone; (1) passing the second xyl ene-enriched

stream fromthe ﬁxlene r%“ﬁxgnatlon to a para-xylene

411 an enr1chec? ﬁre
separ ation Zone, erelrn para=xylene Is cgﬂl(tent rated into a

par a- xyl ene entr.i ched t strean1a ara- | e e se rati on zone
ef fluent streahy SEpfat qﬁth)ﬁ%i‘ﬂS“%%’F ijﬂeﬁre P38 ﬁf’r Wla% ca¥ibar at i on
zone effluent stream and the C7- C8 aliphatic hydrocarbon streamto
a xyl ene i sonmeri ZEET957rbew ArichRd plEsam efziep (Ckinaayifoe dragtinpplen E@CR t h an
i sonerization catal yst under isonerization conditions to produce the
i someri zation pradedice g secadikpienss enshedjtreangind Bsgepn ock §5CofndcC gi m 17
wherein the treating the streamcontaining C5 to C8 aliphatic

hydr ocar bons to g@g@ﬁ@hguﬂnmﬁnﬁﬂ@agh@j¢%+§9%,&ﬁﬁmfree st ream
containing C5 to al i phatic hydrocarbons 1s acconpllshed by wat er

washing. -19 (j) separating the stream rich in C; and C,  alkylaromatic hydrocarbons and Cy+
components into a stream rich in C; and C, alkylaromatic hydrocarbons and a

stream rich in Cj;+ components;

(k) passing the second toluene-enriched stream and the stream rich in C; and C

alkylaromatic hydrocarbons, or the combination thereof, to the transalkylation
zone;

(1) passing the second xylene-enriched stream from the xylene fractionation zone
to a para-xylene separation zone, wherein para-xylene is concentrated into a
para-xylene enriched product stream and a para-xylene separation zone
effluent stream; and

(m) passing hydrogen, the para-xylene separation zone effluent stream, and the C5-
Cg aliphatic hydrocarbon stream to a xylene isomerization zone wherein said
stream is contacted with an isomerization catalyst under isomerization
conditions to produce the isomerization product stream of step (c).

18. The process of claim 17 wherein the treating the stream containing Cs to Cg
aliphatic hydrocarbons to generate a substantially solvent-free stream containing Cs to Cg

aliphatic hydrocarbons is accomplished by water washing,.
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