ENERGY- EFFI Cl ENT PROCESS FOR PARA- XYLENE PRODUCTI ON BACKGROUND OF
THE | NVENTI ON [ 00011 This invention relates to catal ytic hydrocarbon
conversion, and nore specifically to aromatics isonerization. 5

[ 0002] The xylene isomers are inportant internediates which find w de
and varied application in chem cal syntheses. Para-xylene is a

feedstock for t { i i t 1 of
synt hetic text i%ﬁ??\b’ﬁmg%%q?gg@r&%?%—%@ﬁ%ﬁ???@sﬁ%@?ﬁﬂgw

manuf acture of plasticizers, azo dyes, wood preservers, etc.
O tho-xylene is feedstock for phthalic anhydride production. 10

[ 00031 The proportions of %Xbﬁ&ﬁ(d)?ﬂ‘ﬂ?g?'ﬁfﬁﬁh@?ﬁﬁéﬁm catal ytic
y do not matc

reform ng or other sources genera h demand proportions
as chem cal internediates, and further conprise ethyl benzene which

is difficult to separate or. to conver.t ara- xylene in particular.. i
2" o (0N ¢ SR PR THA T CHEHp Py oGP SR e il g Specisioally
amount s {0, 9RLY-A05RaPatigh. @ typical C$ aromatics stream Adj ustment
of isomer ratio to denmand can be effected by 15 conbining

xyl ede- i M2l r eblewgilone isucds as imgeva intemddiatespahiak Xpt ende arelcevedy
with isonerizatjon to vield an addit.ional uantjty of the.desired, .
i soner. F Wéww;qhew_w@ﬁw%- ﬁr%}@%wﬂf?ﬁaﬁm f?% Piophibals s tich is
xyl ene i gQueh %%hﬁﬂadt&elo?g&thé}icttgﬁilg?i%b{s%ﬂd Mk&”%%t%;%ﬁe fQusBd jn the.

m xt ure approachi ng equil'i bt um concentrations. | 4] "One problemin
such a prmaefastuloaiplativizeissazoglyes veoodyirestevers etev éyhcaxylenels 28dstock for
aromatics, | soneri éaitl; on . is, the presence of C9 and heavier aronatics
(" Co+ ar Bhhplicahydrige pRductioBed streamto the process conbination.

Gengpal | pr éftk?ri id Staidb® HBH Gyt retdii t
i soerrlgri z ﬁtolto?)ﬁ orﬂggégﬁ"é’? 'lg%sfl p oé?ggésogllser%o ﬁlnaccept agﬂsg ore ungiegs?rroa%eire
f rom t hesowtan@pacly dohofnack dsmpe! fropominaeaschenddad intatdedthsa ehfurther
life. Usually the feed stream i% fractionated to renpve C9+

ar omat i cSOBRASrh e Ehich indifficuitdp seragate phinronyst chyanylepe inpapc sy
since th i LEBLLE (o ; i S
as achi e\gx/S I aﬁlgajtof]ghe%%%zir at i %(ﬁnétgg‘? %%ﬁﬁ%ﬂ%%ﬁé@ega%ﬂ&gg %}éﬁgﬂﬁg ?gﬁ@ZgWSA
Co+s. Avof dapixal Of-atdneatice stdani. ngdjextpens o isomenetigyo dentaridroae bt rEfatted by
costs woul d be an_ advant age. [OOO‘E‘%]E@Vari ous cga)t al yst:f and pr ocesﬁes
hav €'5h e e FOTH BN EoH A CrisP BRIV ey Fshiens o A PPBRY eRsdeqay ey e Wit

ssual ) SR e Do O BEASEa BT
i soner i zeon-equikphiwnesixtuaadf the xylene isomers which is lean in the desired xylene isomer to a
mixture approaching equilibrium concentrations.
[0004] One problem in such a process loop comprising para-xylene recovery and C,-

20  aromatics isomerization is the presence of C, and heavier aromatics (“Cy* aromatics”) in the
feed stream to the process combination. Generally the presence of substantial C+ aromatics
in the isomerization or separation processes is unacceptable or undesirable from the
standpoint of process performance or catalyst/adsorbent life. Usually the feed stream is
fractionated to remove Cg+ aromatics before being sent to the process loop, an expensive step

25  since the entire Cy-aromatics portion must be lifted overhead as well as achieving the
separation between the heaviest Cs and lightest C+s. Avoidance of the resulting expensive
energy and investment costs would be an advantage.

[0005] Various catalysts and processes have been developed to effect xylene

isomerization, and these usually are differentiated by the manner of processing ethylbenzene
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separation fromthe xylenes by superfractionation or adsorption is
very expensive. |Isonerization of a m xture of xylenes and

et hyl benzene foll owed by recovery of para-xylene and recycle of the
resulting C8-aromatic raffinate thus tends to result in a buildup of
the 5 ethyl benzene concentration in the recycle. A widely used
approach_j.s .  f tnci

a1 o 1 s8har BN ¥ xRk h, JENABAE 15l AGFIRIL ¥ BRARE R
al t er nat stRratipaITARE theixs1dnes b agerfrattiofitiyl ddadsemeort i vESrdXpansivg. ene

m xture via conversion to and reconversion from napht henes in the
pr esence lsgmeazaim of aguixiure af aylgags api efyibenzene followed by recovery of para-xylene
hydr ogenaf i on- dehydr.ogenat i on_f 1L.QR. I i .

nopr oachaud RHAERY BESAGNRY Crobiat, iy SR 15RT L AR BTy Bl ET e

di sclsosedihgibehnfie tbtcehasiofinané fRydenAuiiMel@fuséDappsodtl iORalcalkylator e
mol ecul ar-si eve catal ysts for xylene isonerization. For exanple, US
3, 856, 87 2thylbenzent soformt psinsinadly bonaene whils isemeratngaryl angeitost PRAF-Bew Harem

conversion. wth,a catalyst ¢ rising.zZS -12, - olite. LS
3545, 758 ¥ Uh e F@pALE SprrhOTI L BelPing A hiprdeg Rrgi £fvigfombdifie vid
ar omat i Cgorveldior ®f HHFBIRYEkI08 T Ok Maphithhes nathl bitgenck bl 6 kblaMadid edtally& with a
separate benzene, toluene and C9+ arommtics, separation of a desired

i soner f hpdrog¢netios-delysiegenaioraigctions oyasng coabipgiiopfoltlnse ApRipedgs porke

| ean in ghe de i&gg isoner. US 4,899,011 (Chu et al.) teaches

i son¥ri 2 FURgAT aromatics using two zeolites, each of which is
associ at A th Boc&bésige By QS86RH daAngRIedast ddarter-&hturd 3Pso using one or
(Abichanggwp!et al.) discloses a proqe55|ng?£0(tthene iﬁﬂmhich égC8+
feed i s sy motasdlar-eicee pathlyetn farylang msomresizatior. didr guemipleyUS 3,856,872

fractionation t C9+, wi.th. th head d.i |
compr 1 o RgeRoh L ERR AT s e o S e R ERR T R e
i Somer i zagmBRsink FRM-BE 1D SGHBI at&lits. etsrem 798qBbhstchand § aRtlosdsurse

4
colum. US ,2%%,086 (Sharma et al.) teaches the use of two zeolitic
cat alfy st grdcessingwf answereaticsaichaafoohaty streatn by dydocsegkispasaciingation to separate

et hyl benzene rein t content 25 of. plati,num,group .netal An_the.
cecond. cEHepR e oA sofniioR kR e I Renr R AT g Gudpoitios and
US 6, 448 ;daritMaansr-h¥ hytBe@borlleah i IHCd QFE$isBmBF. OGS AV iI(ORE £01.)
conprising recovery and isonerization of a first fraction of _

enr i ched teachsslismnereation ofic garomaties usiegiovoereplitesfeapla phiwhkichanesspgiated with a

adsorption fromthe second, f t r t hyl benzene .enri chnent., and
Somer i 2 SRTROrOSRRTHATE" o SAUQOPDGRDI T PRI et pArGO R R R g
adsofppt | QfheRfeSR wHikh HCHO BB subfcldds Qﬁxgﬁién%ne%bm)eréiﬁﬁfd]ﬁﬁ/eﬂ biglr 0CESS
for isonerizing a feed containing ethyl benzene and a m xture of

xyl ene i Sentoration iqugnfove $o+awmidh Swconthesdpricyssed in mlopheompusiense of

hydrogen.to - . o . .
y 9eN e ene goluene column, para-xylene recovery, and isomerization with the isomerate returned

to the benzene/toluene column. US 6,222,086 (Sharma et al.) teaches the use of two zeolitic

catalysts for the isomerization of a mixture of xylenes and ethylbenzene wherein the content
25 of platinum-group metal in the second catalyst is no more than 30% of that in the first

catalyst. US 6,448,459 (Magne-Drisch et al.) discloses a process combination comprising

recovery and isomerization of a first fraction of enriched ethylbenzene concentrate, recovery

of para-xylene by adsorption from the second fraction from ethylbenzene enrichment, and

isomerization of raffinate and desorbent from the para-xylene adsorption step. US 6,660,896
30  (Buchanan et al.) teaches a process for isomerizing a feed containing ethylbenzene and a

mixture of xylene isomers using first and second catalysts in the presence of hydrogen to
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produce a product having hi gher-than equilibrium para-xyl ene.

Al t hough these references teach individual elenents of the present

i nvention, none of the art suggests conbination of the elenents to
obtain the critical features of the process of the present invention.
[ 0007] None of the art suggests the present efficient process and

cat al yst i | D1 al nj i fr + k
navi ny PSSR RbIAR nhe b8 AR BN SlEng R Db iy, SR

| NVENTI Q¥adi0id08]1dvAl gleinests paétheqiéseat in0éntiohengiieaf el art suggedtd @inbigation of
provi de a novel process usin conbi nation of catal ysts and systens

P : ng a L
t ai | or edthe glesisats tpjobtaiethercrigpd featnres gbihe Procgss Wrihepreesnt inyeniR i ¢
hydrocar fﬁ%ﬂ L0 Rk hel sru‘?ggg L L Phdlen Pnd 'E&%@%d%’&%g%? g&?ﬁtgiﬁat‘{%& fr
| ow cycltC | 0SSES and T BEyE e F A8 When processi ng a feed stream
havi Bg aolstbiRflzdiatdxglene GRELNTE-AFdeaftod havista aibeliBtiil @ontchQ A} afhrhtics.
invention is based on the discovery that a process conprising a
conbi nation of a vapor-phase zone for converting C9+ aromatics
fol l owed by fractionation t SUMMERY PFGHE INNENTEN, ends to provide
an internedi ate streamfor a system conprising para-xylene 15
recovery and a zone for the isonerization of para-depleted xyl enes
yi el ds pH0asSKy| enprimdipdl objeetiufitbel presant gyventisi &.to pOBAQ a Wovsl padess using a
enbodi mrent of the jnvention is a process for.the ro%luction.a d
F ecover yCOrEngAR ofeataliEis A gHEEER [HIGFCRyP shRITISAUIOnS 1ot drpmietizaton of Cy

stream Cma{iéh?&o%ﬁaﬂgaﬁ%ﬁm fopr é@ry%iﬁ'{)gpéb%ir@&‘ﬁiylﬁxﬂa%%&is Retklo® cyclic
w.-%or nore of C9 an eavl er hydrocarbons including 0.5 20 w.-%
or more bksesehdydegtlhydib svhze pesesstogpfeed stingpmt haviseg sidntantid] cohegperaén of
cont actiag the feed streamin the presence of hydrogen with a
heavy- ar bl PB@leonver si on catal yst to obtain a de- ethyl ated

ar ormat i Cyghh PR 06 onliOBRed SAMENkcRErRIH EQRB BN PEaH bR

t han t he ontent In stream fra I ng the de-ethyl ated
ar onat i col vaparrphase zepatfoatceneertingyfj+ arpmeteschvllowmpby Sactpn@iomwdemove light

| i ghter hydrocarbons and,a heavy product conprising C9, and 25 heavi er
hydr ocar Hisheary ghsgo vag%%mme‘glﬁﬁeégﬁ@egw%ygﬁe PTG LB e

subjsgct i ng, Lﬁ@é!:oneafopmetié&fier&tm&b&fcga&]&_eé &%&Enétﬁééé%ar &gr&ge Wiy

{ 3l
an isonerized stream to an | soner-recover protess to recovér at
| east onedheeglenpegyicostsxyl ene i somer and yield a C8-aromatic raffinate
stream con'[i)ri sing, non-recovered C8-aromatjc isoners; and_ contactin

at | east [P t i‘bhrogd empReimsat af GRteRloRISE HateEs &rRaRfodR e gRd recovery
I somer i zagd an, Gatahyst drﬁ'Y ehSROREAFRIN Q%eﬁ%ﬂ‘gar{l(&oﬁgﬁsﬁ@aﬂ%ﬁr& fic
i sonerized streamc rirsing a concentration of at ast ~one xyl ene
i sonmer t h@lrod¢asbons and containing 1.0 wt.-% or more of Cg and heavier hydrocarbons including 0.5
20 wt.-% or more of methylethylbenzenes, comprising the sequential steps of contacting the feed
stream in the presence of hydrogen with a heavy-aromatics-conversion catalyst to obtain a de-
ethylated aromatic stream having a lower content of ethylaromatic hydrocarbons than the
content in the feed stream, fractionating the de-ethylated aromatic stream to separate a light
product comprising C7 and lighter hydrocarbons and a heavy product comprising Cy and
25  heavier hydrocarbons from a intermediate stream comprising Cg aromatics, subjecting at least
a portion of the intermediate stream, along with an isomerized stream, to an isomer-recovery
process to recover at least one high-purity xylene isomer and yield a Cg-aromatic raffinate

stream comprising non-recovered Cg-aromatic isomers; and contacting at least a portion of

the Cg-aromatic raffinate stream with an isomerization catalyst in an isomerization zone to
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hi gher than the concentration in the Cg-aromatic raffinate stream
[0011] A nore specific enbodi nent of the invention is a process for
the production and recovery of one or nore high-purity xyl ene
isoners froma feed stream conprising 5 al kyl aromati c hydrocar bons
and containing 1.0 w.-%or nore of C9 and heavier hydrocarbons

i ncl udi , =Y. L i
sequent | By SO0 R TR S A PR ced IR Bl I et i

hydr ogenhightithan ieasycatan® indhe Crartedtiirafiineatsakeyat to obtain a
de-ethyl ated aromati c stream having a | ower content of )
net hyl et BA1BEnz ehawre presificranbodimeniof the inpmtipa dye Biocesgdpr the production and

fracti t de- . at ed. ' . g |ight
or oduct | Behry SF fa ErRbiR A it o GG Bish S SIRd freaREME | D
conpisi si Aigyleforadtt Hideacaond el @dediniaps.of ¥ ar mbtesi®HndiiRatr eam

conprising C8 aromatics, subjecting at |east a portion of the )

i nt er medhydrecatbonsangluding Ad wil-h or maArg efonethylptiylbspzeagsmcompriging the sequential
i soner-recove rocess recover, at i.gh: '

| comer anaby el EERS AR IRER Tl BOE RR B Ih- HAE

non- r ec o¥&vRekideBc A QRS bistaihS deSQNAERE afthticahkad hatigg alloweadhtedt of
portion of the C8-aromatic raffinate streamwi th an isonerization

cat al yst nmethylgihylbenrengsthan tha consprt inthe Sethetraapn fieefirnetng thei dsrpghylated he

presence_of .mnimal hydrogen .to obtain the isomertzed [

Corm s g Esedhes SERER S Ret Brrliliotunrttod G ERUAES RRHLoERTpns pa-

hi gher t hafytpedueopsRtisind COmhd Meal-Rehfdodbamtftdin b adtbini@ife Sttdagam
[0012] A yet nore specific enbodinent is a process for the production
and recovemprivng Cperosréice subjsetingrat dgesiprpartion efthe ietemasside streapp ogg with

catal ytic_refar.na copprising the sequential ste f . .
fract] onde 1GUTRR Stsedy i SolPeretddy PREBmSrsro R Bl sttty e
a heavy- isogfep bitpieldf £EHarsinz6a RfEaME irdinh BorkpisiMg noedebvdred €;-afonfadicand
heavi er hydrocarbons including 0.5 w.-%or nore of

net Wl et ippitises 2etheentactingpt leastmgportien ofdhe Entranatisrafnasfstesnvat pihg

the feed stream.in,.the.presence of hvdraogen with a . .

neavy- ar SR EassRULAE P REPER B A TSN adiiony i ggresence of
aronat i ¢ nSAHRRAVNBYING dBtdi@WRlisaiiRNktrédm edhytiah®IadentindhaFar Ressne
than the content In the feed stream fractionating the de-ethyl ated

ar omat i cxglepemoentheeisdigherthan thagencenragign in thednpremitigrafmagmgiream.

o e BUETE o RSB AR B Ao SERILR BRI b B ap PR BY o
subjgct i Bie bhBord Higpuri§h:91emBiRnThS SoM atéataaﬁi@%mbiepgoﬁgﬁgﬁ@g:mb Q&quRAGal
a

fractionation step to separate benzene, 30 tol uene an
t ol uene- bigps oivfracionating thegaialytisopfoanatede petaingf ight sefermao andie heavy- t he

gg?;’?’ on pge?fg UCte fegag%%:'azlil ?ﬁntglgﬁn% C.iO \r}r?.?‘%i of rmor}g g{" 85 PR gdrggar{aoen%si%mlgding
0.5 wt.-% or more of methylethylbenzenes, comprising the sequential steps of contacting the
feed stream in the presence of hydrogen with a heavy-aromatics-conversion catalyst to obtain

25 a de-ethylated aromatic stream having a lower content of ethylaromatic hydrocarbons than the

content in the feed stream, fractionating the de-ethylated aromatic stream to separate a light
product comprising C; and lighter hydrocarbons and a heavy product comprising Ce and
heavier hydrocarbons from a intermediate stream comprising Cs aromatics, subjecting the
light reformate stream to an aromatics-extraction and fractionation step to separate benzene,

30  toluene and a toluene-bottoms stream from a non-aromatic raffinate, contacting the heavy

product comprising Cy and heavier hydrocarbons and at least a portion of the toluene in a
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transal kyl ati on zone with a transal kyl ati on catal yst at

transal kyl ation conditions to obtain a transal kyl ati on product,
fractionating the transal kyl ation product to separate a C7 and
lighter stream an internediate stream conprising C38 aronmatics and a
C9 and heavier stream subjecting at |east a portion of the

i ntermedi at e, str.eam al ong, w t n. 1.S ] t : -

| somer - r BEbok RS Buns Ry el Bl R PR A T A Rt RRin e e

i somer  agpshsylk§latloR pfuctd frdéttinaGng Bk fdanallle/&lohgRod @0 fdehaiattth Cy and lighter
non-recovered C8-aromatic isoners, and contacting at east a portion
of the CBreamopamintermediate yippa compsiging s diomptigssafarGozadihenviefligiPst in
an isonerization zone in li.quid phase at isonerization conditi i
the substierns 2eEEH e tr of kRt s Wt i b §h af Refhd (¥R
CONPEi Si Afis@mEREEVHrY Bidces t8tecBler @ Bkt RAIMYP @RS xJ@nk ROARE atddEldiaSCs-
hi gher than the concentration in the C8-aromatic raffinate stream

[0013] Tiewetiasaifindte staeanpednaprising eurrecayiedhbadimatia dsomars, and eeprsing at
evident fromthe fallow n et al.l ed descri.ption of .the inwvent.iaon.
SR eF Desearn e B eptelRe g PR o R ey LA 8n

08_' ar oNedsh &, erifHieR 258 ﬁlQ_icﬂl‘?cPﬂEaQb Bﬁsérﬁeﬁﬁiﬁoﬁ ReNItiGdstin tﬂésubﬁ’c@ﬂtﬁil abdeglbd 6f
2 illustrates C38-aromatics processing according to an enbodi nent of

the i nvienirogsn. to pb@insthe Romerigedstidainenmprising acqpeentiationtof pideast epe wylesm
ti | ft t,. [0017] Fi i || ystrat

et nenFoe Bric bt fen M anr Sbign s 8% Gracutiistrefiite SRhEELc° °

inventiofy170 DiEhAld &Ry PFthd? Ubiddis@nd BilboiNERTW N dcBRE &) idERErom the

non-equilibrium al kylaromatic feed streamto aronatics isonerization
conpr i seblloworpeddta ked| desaipkiph af teanvantibgdr ocar bons of t he general
formula C6H(6-n)Rn, where nis an integer from1l to 5 and Ris CH3,

Co obtain at | east one mEraesert QPR PhsfORES rer i n an 25
i sonerized product. The feed stream conprises one or nore

et hyl aromati c h(ygdr ocarbons containing at | east Oc{ir? etggiﬁn rogr?,
i.e., atl00ddkt SiRrRlHusiiptes SaaroTBRErs PFOEHANSIE)TNRDive own art.

hydr,@car is R le fo L8 i = t of th
genérgallt/b(ﬁlrfﬁlcl ude; 8#%‘3??%53 afguéi)dvg\n i%tsjt %o ?f rlnﬁ?flé’ng t he fent ot the
i nvent i omyegtidayl benzene, neta-xyl ene, ortho-xylene, para-xylene, -5
et hyl -t ol uenes, trinethyl benzenes, diethyl-benzenes,

tri et hyl BOAgkenedigyse & piisvales amesinentarigh Bfﬁwpﬁéﬂ%ge‘ﬁ’é@,lex of the known art.
et hyl pr opygh BENZ§RGRe 4HiilRARE RUREAZENESA o AR BIstil &RnfIBes K0S on e

present invention.

20 DETAILED DESCRIPTION OF THE INVENTION

[0018] The non-equilibrium alkylaromatic feed stream to aromatics isomerization
comprises isomerizable alkylaromatic hydrocarbons of the general formula C.H(g-n)Ry,
where n is an integer from 1 to 5 and R is CH,, C,H,, C,H., or C M, in any combination
suitable for isomerization to obtain at least one more valuable alkylaromatic isomer in an
25  isomerized product. The feed stream comprises one or more ethylaromatic hydrocarbons
containing at least one ethyl group, i.e., at least one R of at least one of the alkylaromatic

hydrocarbons is C,H,. Suitable components of the feed stream generally include, for example

but without so limiting the invention, ethylbenzene, meta-xylene, ortho-xylene, para-xylene,
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present invention is characterized by a feed stream having a
substantial content, 1.0 wt-%or nore, and preferably at least 5 w
% of C9 and heavi er hydrocarbons. The invention is 5 denonstrated by
performance with a feed streamcontaining 0.5 w-% or nore and
preferably at least 2 wt -% of nethyl et hyl benzenes. [0019] A

non-equi |y brium Cg._ar ¢ feed. K 0 14S lL.e

ot i berd e e Al b e e dis SR Bl S Bt By A s,

appr oxi nat@yhas g @bkenks tdhBfopdibdnzeass, dédpharyiithediRs, Ca heRturdsthéB6f. The
approximate range of 0 to 35 w-% a neta-xylene content in the 10

appr oxi niresent mygetio is 2heragiegmdiry a Dedsieram kraing apbatantid santent 1047t peor
approxi mate range.of. .0 . .to, 30 - 9% ~ By .thon- ilifriunk, s nt.
Chat Cat FoksEROREEEb Ry o i thsy e TR le e thoc o Tond By PRRRs

t hat 5di fd@fisnsGea baphifdladncs HaMalbal Sftdinl dobfaiAg 0 SREENtdr didre Bnd@preferably
i sonerization conditions. I 0020] The al kyl aromatic feed stream may

be deri vasdedst dmt-dhyf methylefigdbaseenesf origi nal 15 sources, e.g.,

trol fini t her mal tal yti ki na. of _hyd
okl g ob0i8os A" Hin-Huh i Hafi Risoet srSRCBhRia Qe FRL AR Reprone
Stream UfdnktBI9Qyill haldigh ah?@&fﬁene Eoanth 0 ab?rofxﬁﬁaté raiéﬂge APPHOBO AL, an

fractions fromvarious petroleumrefinery streanms, e.g., as )
i ndi vi duatthoexylponentat orthe spprexinztarabeé b1 itp Fawt o, Ameia-xplese ebtent fethe

by the sel ective fractiaonati and distillation of catalyt.ical

of adRod TIPTURBATAEETRIG000 Op BONE 2058 e NS ReRIepC BE il rafee of O
hydr ocar ossy 066 ByelonRGuiDREEME Aetththdthe1R5URE TS -@bmAdY Sombd1Y Bist:@iin
al lows the isonerization of al kylaromatic-containi'ng streans such as
cat al yt i zconvefitoativatteat\diffdrs eubstentiplbuifromuthe equikbriuna commeniraiinnet isomerizaiipn
to produce sPecified xyl ene isoners and particularly to produce

par a- xy| $WIIHORS.C 8 aromatics feed to the present process may contain

nonar omefgipSoiny dFPeaNEeRsmatic fed sPARERSBE e R 8hf b'\Svarldly 8briginal
anount up to] 30 25 w'-% E’rcef grgbl y thg isgrreri zabl ejt’ hyd}roceg bonr}sgml

condbst mes@nid.@l pstrodéunarafimitg, dermhloweattytictcoackimganfhediogarbopy; oclung of

f d . P i f. ti
o pr oduRbisa PRIRENE bl Lredeiehl TR S 0ged P
proceed RgesNANS fduhdfh SpiBpriate QiR EdnS | &RRptrSleMBLIbARSy SBeaitde. o, as

I
heavier aromatics, which is processed along with a recﬁ}re stream 11
i n fractindhvadwl cafptentsemay eer@én BollingdarigediasicBonsaybiaintd fysthe selsttivieam

12, T SO0, Ao S RESTSLLSS, Sod Tove A cduat s el oot on

frogyt herf £ROmesdrtaiohMtif hkhiRPGHs!RBd not be concentrated; the process of this
invention allows the isomerization of alkylaromatic-containing streams such as catalytic
reformate with or without subsequent aromatics extraction to produce specified xylene
isomers and particularly to produce para-xylene. A C,-aromatics feed to the present process
may contain nonaromatic hydrocarbons, i.e., naphthenes and paraffins, in an amount up to 30

25  wit-%. Preferably the isomerizable hydrocarbons consist essentially of aromatics, however, to

ensure pure products from downstream recovery processes.
[0021] Processing of C, aromatics to produce para-xylene according to the known art
usually would proceed as shown in Figure 1. The feed stream 1 comprises C, and heavier
aromatics, which is processed along with a recycle stream 11 in fractionator 10 to remove C,

30 and heavier aromatics in stream 12. The C9 and heavier aromatics could have an adverse




[ 0022] The fractionator thus yields a C$ aromatics stream 13 which
passes to separation step 20. This streamusually is processed to
sel ectively recover the para-xylene isonmer by one 5 or both of

sel ective adsorption or crystallization. The pure para-xylene is
recovered as a product in stream 21, with the bal ance of C8 aromatics
passing L& %R'&E&h&géfhp{% Watibn $9p 20 GRA is8&%h£éﬁoh%otig{?otl}ﬁﬁ%élf?ﬁorﬁfthe feed
hydrogen 1'n stream 31, Re 8omeri zati on unit establishes a near-

equi | i br jttmmble} Ang@nadorxyl ene i somers in stream 32 using one or nore
of a varietﬁ}of catalysts which also may convert ethyl benzene as

di scusself0dal | i drhe fastionateribps yighds 8¢ promess spaaad3d whach ppsses to separation

det ol . . | . ina
Co yi or droeycrat Thed il pEIRLER 0B RO G e ER RuidheP by one
i |1 ust r abEisotR6f sldxitte a8diptih drivgystalivfibh OMhe plepatchaer ik kdcuséredbes

the wuse of the features of two different isonmerization techniques to
subst ant PrRApst ip sEepse 21 Heith (asbglaacap!l ¢ gagmplcs nasyingtogperperézation unit 30.

or"he | SPh I HEAGRE AAR SR Sl ST Rt BB PRl
[ 0024] | aqditibrsure BHlatidBmiylend idoads Bitsheam 32 wgvhe ot ARrdSf andicheatdailysts

aromatics is processed along with a purge stream 101 in a
heavy- ar Bhighiabso-reansoay et sfhyhspeene @o distussed epshigry -Thedspmrarizstioopredvd paspes

Zzoneg .conf ain .heavy-ar i £S-conves si qn. l.yst . whi,eh |
to|gPant&b‘ﬁéugﬁﬁgigﬁP?h?tc%ﬁ%éﬁﬁ&%S?%ﬁngﬁg@%¥g?%%%?f%é?F%Y%HEBF%%ﬁ
whi | e cogwvent 1 e R4Rtiehiiyt benzene and net hyl et hyl benzenes. The feed
stream contacts the catalyst in the presence of hydrogen squIied in

stream 109231 sdJiigubRdllvbeics aacobatinest ebihedrention. c Didseliearpsiiustrates the

conprisin e rature r i from 200, t.0 .60 I . r,ef bl
P e 1 i the TRt B R God PR b i o RlsERfifiry RFCSRED (¥
kPa to SviiRmedsaytlcen t}@rﬁé@egfebuconiifa@ﬂymciﬁgahé Qibstaid sizEhad energy

heavy-aromati cs-conversi on zone contains a sufficient volume 25 o
cat dPbyst reqeirgnentiod ghedargedqractionaden whick paneratesdl Jegm o wrarhaticéspect t o

the inte | at t.r ea f r .5 ta 50 hr-1,-an referably 0.5
to 20" hi 1902k p T ERE nenb s bRy Pt Oy i R EhAPaten o
hydr ogenp@fceed¥Idhe 98MR/a HYEY HEambEN ifRlRavRkib/aBls-nFerkidn0:0881080. The
other inert diluents such as nitrogen, argon and |ight hydrocarbons

may be ph@ag'yfwormtiqqg:ov\pqrgion Fenec m@nimg@hﬁavyﬁgomatics-conversion catalyst which is

heavy- ar pmat i ,cs- conver.sion zone. may. conpri.se.a,si reactor. or two
or 35 mofleu L P UEL PE Y o ABTARS 1S PRl R Blieg,
ensuype t BalibeRRne 8fd iRthyldiSIPREEZR! TAB fdcdtResA chhitacts ShoMtdlsair@d pAsence
the entrance to each reactor. The reactants nay be -7 contacted with

t he cat ab¥kydréged sippligdviasdeam dohaisartable hegvyrasainalicst Jonwersieaspaditiornd

the comprising a temperature ranging from 200° to 600°C or more, preferably in the range of
from 300° to 500°C. The pressure generally is from 100 kPa to 5 MPa absolute, preferably
from 500 kPa to 3 MPa. The heavy-aromatics-conversion zone contains a sufficient volume

25 of catalyst to provide a liquid hourly space velocity with respect to the intermediate stream of
from 0.5 to 50 hr'l, and preferably 0.5 to 20 hr'l. The feed stream optimally is reacted in
admixture with hydrogen at a hydrogen/ hydrocarbon mole ratio of 0.5:1 to 25:1; other inert
diluents such as nitrogen, argon and light hydrocarbons may be present along with the
hydrogen. The heavy-aromatics-conversion zone may comprise a single reactor or two or

30  more separate reactors with suitable means therebetween to ensure that the desired

isomerization temperature is maintained at the entrance to each reactor. The reactants may be
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reactants may be in liquid phase, a m xed |iquid-vapor phase, or a
vapor phase when contacted with the catalyst to obtain an isonerized
product. [0025] A heavy-aromatics-conversion catal yst usually
conprises a zeolitic conponent, a 5 nmetal conponent and an inorganic
oxi de. Zeolites favored as conponents of the heavy-

tiCcS-.Gf Si . . TO.: 1
FAL, e g B EAN TN iRl AR P B o i B
UZM 8 angbadtéis mag®e i Hiiig phasel beni¥éd laquidvapke phhdegot vapot phae Tohpas.
Preferred zeolites include one or both of M-l and MOR The netal
c onponen¢onasts wise e gaalist torahitan gr isoperigek Brodne nobl e netals in 10 a
proporti LN the, ¢ . of . =% T !
e ol s nbBY oot nEPu PRt G st oty P EegR® BhnoffRl o

Co, Bi, Mm8tal &dnpodent ddd ddinorkhnic dRMe! MRolites fivbivd ks g6 pEndies dlthe haavi-h
rheni um bei ng favored. An_inorganic-oxide binder referab

alh umi na, ar@mfses—@célyeltsmhqmmh&@ gk opper @@ffa?fy‘%T?a E(EBF EVE Félﬁ}: EERa M-
axt  adar 2 MELTHBL OB ML AT BIER OB BREPRO0ZEEh o 20,

zone pasgRsrdasy Bithe A&y dolteBtndairOTyeRI Pesfetfizdolites it@udeld@toaBbihalf
separation overhead of toluene and |ighter conponents in stream 105 .

from C8 Mid andMORr The metal cegporpne caapriged oheenmere of tihase aad neple metadgin

106 ,pass__to fracti.onator .2 t epar-at r i i.n r 201
frombos: aREPRuET R PalR pERoD SERAERT 36, eBEbt B Brdh il g
200 are sdirsddamdrh @hd prosiBdilstking BARe! 1€ GROPH 8¢ MAin) Ga2ln, 40| DTS, dnd the
the Figure 1 control schene, as the present purge stream 101 is

subst ant platihym-gsorml thetalss With rhenéauntpeing davbrede oy nerganiceiivia hinderd prefraably
circulatjon.of material .throu t he firsj}- . .
somer | 2HETAT PORRIeS i e SO Eebish o Rritrsd et s e prer it an
cont rol . alfddhddiveSuitadld sHapk BéihY an eP@dt@nt Wi th respect to the
fractionator 200, as this fractionator generally represents an

i npdbt ant00B6k t i avitlednt fiem dhapicrataramdtiemenygrsnsaose pisselastitiegngléies

| Somer . CROUS TS Rea SuLr el e by TR B Wl Sgmppngnes n
C8- ar omaftidan RBMRSm (S GAY BEWiertiibrhatR0 ThERE aRE BERSS 2RALRY @6l sthddm 106 pass

recover a particul ar %i soner pr oduct from he i soneri zed product is

not dee acbohaion2(0 tosaparate G, eomaties amstréam 2t from C and heawjerardmaatiqsye
recovery_, Sc nown in e art..maybe use C8..aremat.i cs_usual.l

o pr oc HRBPP HEAMRee0 sl DB P i ity RER L DRt

al t hauUghc QAR id 15O FRiuPe MBYNtRE SEIRGRY 8F 8¢ préishigATetrehi 10ad8litbs@Atially

Par a- xyl ene usually 1s recovered by either or a conbination of
adsor pt i gmalkenthan-tBe Figure 1 recycle stream 11 and the circulation of material through the first-

isomerization/fractionation loop is substantially less than in the control. This is particularly
important with respect to the fractionator 200, as this fractionator generally represents an
important portion of the capital and energy costs of such complexes for the production and
25  recovery of individual C -aromatic isomers.
[0027] Overhead 201 joins a recycle stream 401 as feed to C -aromatic-isomer recovery
unit 300. The process employed to recover a particular isomer product from the isomerized
product is not deemed to be critical to the instant invention, and any effective recovery
scheme known in the art may be used. C, aromatics usually are processed to selectively
30  recover the para-xylene isomer, although other isomers may be recovered instead or in

addition. Para-xylene usually is recovered by either or a combination of adsorption and
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crystallization. Selective adsorption is preferred using crystalline
alum nosilicates according to US 3,201, 491. Inprovenents and
alternatives within the preferred adsorption recovery process are
described in, for exanple, US 3,626,020; US 3,696,107; US 4, 039, 599;
US 4,184,943; US 4,381,419 and US 4, 402,832, incorporated herein by

; _ : . v S
St oam S0T ARl eleol U p BB bt TR PR Bl SHOHEL Ebofitng
passi ng ®sUS 8120240 B0 knproviRente indz dtdromivenivith#iOfe pfeb@Rd]adkbrptiodRovery
conprises isonerization targeted %Eecificayué%éo the isonerization of
xyl enes Piecesnard ¢eagrdheddh ooexmme e 3020.080: Ui #P4 OISR PHi mal

[ t o4l dah d [ . '
502 5 non b B o O A S e R AR e R,

i somer i zghé Asired Calayshaticris@herdsidcatdred saegeanr I omihiGairbmtic raffinate
conditions. _Suchconditions conprise tenEerature,rangin% from 100 to
500C, anePmpresfing whlesirgd isomers @assing apotream PRS tpisemsyizaionginfi 4 500 kPa

to 5 MPa | ut.e.. iSO j I.on. unj i S ANAR

vol ure of 028t al ydtt {0 s BOFELUGRHiBIoH b b Qishauy SR ofglan of
respect kflefidign tHecroelistick @@ Bnedr-dquiBrnbmix@ul Qvith minimanébnpéreioanalipter and
0.5 to 20 hr-1. Hydrogen nay be present in 15 an anount up to 15

nol es/ nohesvist praseats. Fhe Coraztimstia reamsdre: Pomequhbriun srxiureef Qoaromatic
the , presence of mnimal hydrogen, . .i..e. . ft. nt. . of hydr "

or o8t NGB, S o SR e B il KR PR R S5 o

| somer i zghdHdbntifio R EshpikeQbipémtutdRnsip Hoan | 0@ to S00RERE6E pafferblylsTRAEPO0°
and in the Iiguid phase with no free h§&¥o en being added to the feed

stream 1ofG0REs The erassuraipyiiein $86 ket h pluter Jriegsdnattizptioe ek eqngains

is substantially | h . es/mol e of fead. f
| ass t hanodrgniosT SRR ob By e Piaaud Bt BRi-fi e Lty RS o e

anal yt i Caled BRERS of FHA 0.5 %Y hizBlah@ Prefeasty TRy tocxmRT i SydtogénghEbe present in
reactor or two or nore separate reactors with suitable means
t her'ébet leamoun ugrie i eal¢samolelnd fepds iPrefrablyche somerizgion is exped gelundhq s

mai ntai ned at the.entrance to.eagh reac . +The react.an e
ont act o esdlioe Bt EEM LR | St ARt g o e RiaRy I, B 02

radi al - f RwsiAsbbPfved 28 dr® Pr@dratipeth sofREizZain 9 Daréial alyigtthd abetatidly
conprises a zeolitic alumnosilicate selected fromthose which have

a Si : Al2alsgn¢epfdyéengen andhigrthg Bauig phpservaith yo Gee hydpganthamnoalded fthg feed

pore dianeter gf 5 to 8 anqgstr A) .. Specific exanpl e f .

Dol t es i B icn® iy BRER L PMBzodoh P B SRR B bR
types of 028ehdiéPRoledrFadd freqhedtil Yess AN W @ OnmMebmidlf) @nd podsitle nbtSdetectable by
gallium M-I, with galliumas a conponent of the crystal 30 structure.

A pr ef er nagl @elyical meansa T8e carerizaiien 208e MepYCONIPESS 2 sHgle rsator ifgo or more
preferab t han .100;

| ow, Wit %%g#?%?epﬁpﬁ W %ultl'agteiqlgeaal ﬂlncjre & wge%% %r?sturec faf t?lreﬁdteﬁpe%liyonilesriz\ﬁﬁéy
temperature is maintained at the entrance to each reactor. The reactants may be contacted
with the catalyst bed in upward-, downward-, or radial-flow fashion.

25 [0029] The isomerization catalyst favorably comprises a zeolitic aluminosilicate selected
from those which have a Si:Al, ratio greater than 10, preferably greater than 20, and a pore
diameter of 5 to 8 angstroms (A). Specific examples of suitable zeolites are the MFI, MEL,
EUO, FER, MFS, MTT, MTW, TON, MOR and FAU types of zeolites. A particularly
favored MFI-type zeolite is gallium-MFI, with gallium as a component of the crystal

30 structure. A preferred Ga-MFI has a Si/Ga, mole ratio of less than 500, and preferably less

than 100; the aluminum content concomitantly is very low, with an Si/Al, mole ratio of
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-9 greater than 500 and preferably greater than 1000. The proportion
of zeolite in the catalyst generally is in the range of from1l to 99
w.-% and preferably from25 to 75 w.-% The isonerization

catal yst may contain fromO0.01 to 2.0 w.-%of a platinumgroup
netal, favorably platinum but preferably has the substanti al

absence catd ﬂ'&{l gb(‘) 5&% ﬁrr%@fo"fg gr[eﬁfgs‘p glgrx h 6@69"?1?& @zﬁgéﬂggﬁ g? %é;l?;% 3&1 the catalyst

pref erabfy al um na;, ¢ rnse ance o

pref er r egeneadligliy bt the Feauge of frof ISITENe:.-Aiahl padferablyefonalh we7S wt.t’abTae
shape belng an extrudate. [0030] The isonerized product fromthe
i soner i zZiaewenzaiioncaialyssppy eontan dros POAke 0 Wh-&e9ld platipyn-group metal,

| somer -r a%8‘é§fa%’p>;§{ﬂluﬁn 30PoRRgfy BTG S B BCar LI BB Hantid Bomb AtC Ian

is sent (0] argnmati cs- conversion zone conver enove

smal b Comeaihicad:i@dTsingdr, ﬁttereﬁmﬁ Aenita, tOmafitkslthegbdl @fce @ thehaavwyser A
conponents produced in the isonerization unit in order to prevent the
bui | dup pefearied setabishibeneistasphares vith ampliernatiyeousayle thapepegaasxspdatpe

i nventiop.Ls, useful.ly a ied in.the context .of an. '

conp! ex. gL diisofn@PBa bbbt e S h gt o 1 PRl ey rocvete
recover g@asdhadcadRFREAIEI0PIMALAlct pOFe BREh her. Thaldatd ieeedied heheum
gases, ol efin-plant byproducts and other 15 hydrocarbon feedstocks.

Such a canplatiss-eanyeisiel 20de 100 prwyert ppdriamiayg seral copcesfretiens offedwibenzenc

treating atal yti.c reformn [ _other..aromatizati.on xtr i on_f
reoder yerst it hebfer Yot Berdi RN B Rhf i e FA b o Hhay B e
transal kyhiffup @ thds® OdBporfentmmesarpfopuch conpl exes without and with
the present invention are illustrated in ;&gures 3 and 4

respecti 08Byl Fildemeo®ss ¢f the invantéen ia upefblly apmited piothci contest ofzan aromatics
conventional. 20 .ar.0 ics complex of the known art. This ex le is. ..
baseq upSHIAG HRELBLLR§ BReRaa 8T peressey Sriedit and by R R e
r ef or mi ngrogfictd aBHE NphinACliyidieg pbysleas apRaNSlefif plaiEbypaddiicts and other
(benzene-t ol uene-xylenes) range. The catalytic reformate 1 is

f r adbi onbydedcarprsfsbdstacks. Buchoa casmplex may indlefler witbewrliveitiag denipyengiongfeed

benzene and. tol uene as stream 6 and a.heavy reformate co i sing C8
ronat 1 cEoiing THREEs Sl S R MY abE R TRt o lBLRt pfimifles
ar omat i Chy#ed RN IARh! @Bpop&HioRrAidnAundRP dhidaBcy ARt | CS I n stream 51
froma non-aromatic raffinate in stream 52. The aromatics streamis

fracti onfi082] i n Estagpbes5d sadivcobiplexss sathantand wighthepeesent igvensigmasillusiraied
t ol i n_st f baot.t St 57...10033]. Th .
heavy- r ePUF REES 8T SATPI BT HOPTEms e LA S ALOT FRL T B SO SB P!

uni t5060 £8maBiePeIaI8x @th@%{ﬁ@%ﬁ @S Thi &xb@pleG8 badkd upsAMesrodsho6as BAMStic

62. The C8 aromati'cs are 30 subjected to an isoner-recovery process
70 to revdusrataderived dtonothe réfoghingwf nehtla/inehidinigdydeacarbons in the “BTX”

(benzene-toluene-xylenes) range. The catalytic reformate 1 is fractionated in splitter 5 to
obtain a light reformate comprising benzene and toluene as stream 6 and a heavy reformate
comprising Cg aromatics and in stream 7. The light reformate is processed in an aromatics-
25 extraction step 50 to separate aromatics in stream 51 from a non-aromatic raffinate in stream
52. The aromatics stream is fractionated in steps 53 and 55 to separate benzene in stream 54
and toluene in stream 56 from a bottoms stream 57.
10033] The heavy-reformate stream 7 and bottoms stream 57 are fractionated in unit 60 to
separate Cg aromatics 61 from Cy and heavier hydrocarbons 62. The Cgaromatics are
30 subjected to an isomer-recovery process 70 to recover at least one high-purity xylene isomer

71 and yield a Cg-aromatic raffinate stream 72 comprising non-recovered Cg-aromatic
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71 and yield a Cg-aromatic raffinate stream 72 conpri sing
non-recovered C3-aromatic -10 isoners. The Cs-aromatic raffinate
streamis processed in an isonerization zone 80 in the presence of
hydr ogen supplied in stream 81 foll owed by fractionation 82 to
separate C7 and lighter in stream 83 fromisonerized product 84

i someriz r

71 that PETEEGHAP GRanop e AR aRaa: bRlokaR Blar MG A APEFn b
raf f i nat gresdnceamhydfogen Spptied fedrepmaiutiowsd by adtlonnndesd tosepiiateal Dagl
with streanms 7 and 57, to separate C9 and heavi er hydrocarbons 62

f r om t heligierdn straam 83 fom igameHzask Rrodugh 84 isomeriged yEsay CHMRTISTE A | ¢

should b t

s pr oSl Fieh B i PerBitdd i B RS HE I B HPA RERKEE e
heaviser kyehage Be[fﬁ@its sehnal ThoORbmenadd prodict akdctiahdtyd fr 6l eagevithrsttems 7
fractionator 63 to S%Earate C9 aromatics 64 from C10 and heavi er

hydr ocar #t$h/, §5sepstataanind Bavigntiydpcasaongad fnme thedseitomatiesdy whielhare sent
t ol uene jn SiJ.ea0s, 0, 9

pr esenceE ochcWeEVr ogeﬂsslfrﬁl1 &t uﬁéég?nh@fg%hé or(l’t gllﬁyljg C;eanrsa rtslt% ﬁ%%sn‘%{}g 0 Blé’t

92 haV|ng@a@$a1m@@g@qg@n@@ﬂ@gﬁnmgaggn of C8 aromatics. The
transal kyl ati on product is processed in fractionators 53, 55 and 60

al ong wi [093¢he ifatand hepderdudrecdrtons f? @@tcmtlytlalbf arergiatpEocesssd in 5

separate nzene ol uen nd C8 .a i r

0038 FPESRY F7 hE PRt C e G P o i e B M Gosb 0 Ry

i nvent i op Whd/6r d4ete pERBR el a6t VR t@ﬁ&e@@kt@éﬁiﬂs\%an@f%t fen @ARPK4LOR zone
Figure 3. The first portlon of  each conpl ex uses i denti cal concepts.

Cat al yt i 80 methe prasensepf uhsdmg@tm stivanéd tp abigpl 4 wanselkglation prdactP2chavingran

reformate conprisin o e _and toI Leam

r ef or mat lél%eg r§o8F . geé%’ FRficE s nt&anis?‘nkglfl aPnog a‘f‘?d]%%fz?sgﬁci%

r ef or mat fadtfonRloPLSS 36 Und BO albn: grvﬂfmﬂlb afomeXics Aebi@ed SbetatadA e@rmate, to
separate aromatics in stream 501 froma non-aronmatic raffinate in

st r dam 5eEparapnbenzens, tawng apf 6o arundtiss Togplagasicr hzgdrm:@hor;ﬁur ity

P s S R S e e T

us 3, 36§~an§e6f@edsmk e@la%jaetchc@s oTiheaimplsx bf Fighie an@:ehﬂstrpo'iﬁ@mf éiBh adsxelplex
55 to separate benzene i1n 25 stream 54 and toluene in stream 56 from

a bott ongses u&eg&mi@@ncqp@gﬁtaly&mreﬁgma;e ¥ gf&ﬁcﬁgmaéed;mmphttgr&to obtain a light
TR R IS L R e R
et yl et %hﬁﬁ@i—ﬁﬂﬁﬁ sBB&n 75 ThBight teRsiiiaf is bRREssY IifaMrbMatifiextraction step
heavy-aronmati cs-conversi on zone 600. The characteristics, conditions
and cat abf9dto separatehirgmatongen sireana§0 ldfemry vachremaierafinate in stream 502. Any

suitable process for separating high-purity aromatics from non-aromatics may be employed,

an example being the liquid-liquid extraction process using sulfolane described in, e.g., US
3,361,664. The aromatics stream is fractionated in steps 53 and 55 to separate benzene in

25 stream 54 and toluene in stream 56 from a bottoms stream 57.
[6036] The heavy reformate comprises alkylaromatic hydrocarbons and contains 1.0 wt.-
% or more of Cy and heavier hydrocarbons including 0.5 wt.-% or more of
methylethylbenzenes and is the principal feed stream to the heavy-aromatics-conversion zone
600. The characteristics, conditions and catalyst for this zone are as described above in

30 connection with Figure 2. The heavy aromatics are converted in the presence of hydrogen

601 to obtain a de-ethylated stream 602 having a lower content of ethylaromatic hydrocarbons
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30 connection with Figure 2. The heavy aromatics are converted in the
presence of hydrogen 601 to obtain a de-ethylated stream 602 having a
| ower content of ethylaromatic hydrocarbons -11 than the content in
the feed stream The de-ethylated aromatic streamis fractionated in
unit 610 to separate a |light product conprising C7 and |ighter
nydr ocar BaRthd Pakht SAE b SRR Ple 4BRENDEA ot (siftalr A Babddnardfl ubf
fractionator 620 to separate an internmediate stream 621 conpri sing
Cg aronmatl®® sepantea lighapsodpetadugiisitgrrand ilighteCBydnchrbaanih etream 611 from Cy
hydrocarbons in 5 stream 622, [0037] Overhead 621 joins a recycle

i

st r eam 8trd Reavicp aysticgmc gy aifbin fractigppier 650de serarafe ahy pitermedipte stigam 621

process t ; i r..| r .
comer | 2P tct roERaeY Bin 1RV b col iR BalfEhid HhakloAfbhi
i nvenst i ogtreagnéP2any effective recovery schenme known in the art may be
used. C8 aromatics usually are processed to 10 sel ectively recover

the par all@§Tkne Qucohad ,62é?1{<t%@.gq<fy@? FEpan 8@y Bedrin Cperomatigymeg recovery
| nstead \.of 700! ﬁ%géngegE' empitiyed %((yrleg&?eég?gﬁg};?éf izsgﬁegﬁg\ég&%ltyonﬂhteher

or a conol nati on sor ron an el ective

adsor pt i Bomefizddl mbéudt &thAslesleatiol Heagliticairto tieinstantiasdoiod) 4d daRieffedtive
Figure 2. C8-aromatic raffinate conprising undesired isonmers passes
as st r eaffcq0y sheniedgapiniip tha shmay be ugdo O, pomaivs gpuallyiare pogessed to
conpri ses. L soner | [a]a) r d Clqfil I i i i

oyt SRes. TATRED FREOk 8RBT, AR iR et RobR SRRt ele

conver si enintadditioghPara-aNche RBAWI i6 Feddk &8 BY sitheHve a Cdmdimatah bEadbiptiaiand
702, a non-equilibriummxture of C3-aromatic _isonmers, contacts an,

i somer i z&yplaWizetian | Sedectiye adserntioy) i prefesrasas Agpqribed e eorerspondpg nit in
unit vyisgl nky.a soal | un ._pon f

the pr oot Chatalt el B Bhe B Rt S T 8

i n streatyodRdzatdnam@ldoor purge portion of the product is sent as
stream 802 to heavy-aronmati cs-conversion zone 600 to convert and

rendve sHEBBl cdiibdld eomimises spmetirgfiopdarseled spavifiqally i de isomeprizatien e
conponent roduc { e _iLsonenikzation unit..in.aqr t r Yol
he.bu | gt Easessell®a kBN ERrL ARt ol By B iop) ot b ana

| Somer i ZAgavidd pkSiuRR! fTOE T8 hrorhatidRreRincRRNE 8o bquiliBiiia mikieE 60€ Parodatc
25 especially in the subgtant]al absence of hydrogen. |sonerization
condi t i oifemarsd carids ysisemaratiogsaigbstatissbeble Bpmersationggpditiong; nThis g

L9039 TS0y DA 52O RnR SO EBRLAY G
f r ompCl Qipewiyhe aid issmedeSeay Bianm $3dm 801. A smaller purge portion of the product is
sent as stream 802 to heavy-aromatics-conversion zone 600 to convert and remove small
concentrations of ethylbenzene and lighter and heavier components produced in the
isomerization unit in order to prevent the buildup of these components in stream 801.
Preferably the isomerization is performed in the presence of minimal hydrogen, and
25  especially in the substantial absence of hydrogen. Isomerization conditions and catalysts are
as described for the Figure 2 unit 500.
[0039] The Cs and heavier hydrocarbons 622 are optionally or partially processed in
fractionator 630 to separate Co aromatics 631 from C,y and heavier hydrocarbons 632.
Streams 622 and/or 631 are processed, along with toluene in streams 521 and 611,ina
30  transalkylation zone 900 in the presence of hydrogen in stream 901 to obtain a transalkylation

product 902 having an increased concentration of Cg aromatics. The transalkylation product
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Streans 622 and/or 631 are processed, along with toluene in streans
521 and 611, in a 30 transal kylation zone 900 in the presence of
hydrogen in stream 901 to obtain a transal kyl ati on product 902

havi ng an i ncreased concentration of C8 aromatics. The

transal kyl ati on product -12 is processed in fractionators 510 and

520 and & E’@éégs%d Yy h’tact%%gtfo@ﬂ Osﬂ{a%%@léﬁﬂ tthrt)ié LA PERS A ubsedLant Qra\éfiéﬁ&tion,
t he aromati cs recovere romcatalytic refornate, to sepdrate

benzene, albtd witheh@ardmal; racorBddi fean taelytibesuinedie, iy depacas bansne, A0 @]and
The transal kyl ati on feed may contact a transal kyl ation catal yst in
upwar d- , CoargBgHeirem hegyier ydreparttongw f ashi on, and the reactants nay

be in |igui& ph i i QUi - : \
Favored (08) oRhEsaiiatBald Wy ARk ARSI AARRT, PRI S rar
and an i qengedats of¥die-floSufabléibh,eind €103 deb@snth Rl beeén BOEd Phadepmex edfli gk,
BEA, EUO, FAU, PER, MOM 22, NEL, MFI, MOR, MIT, MIW NU 87 OFF,
Orega, Uzpesphasezvvgpenithason faesest eiitalypt comprites pupplite spmpancst, azaeipl t e
Structure T X i | . d z Ptlc S I@VEe
conponertoTioneR ol RIS LEHE Bial Sl PR TERL IR TREEE AR BEAC

gener al | gUDs FAW, FER, Mg MEL IFIL MORIRIT, M P4V, avidl 8p OFRe Oadgy, TZ0m3,
25 to 75 w.-% The netal conponent conprises one or nore of the

base andUbbBangdOaY.gceardiag e BisdHPAEnAllas ofZeslik¥tanofe Typest p pastigulpnly

condbst  fctes AR orttulPi Bl ety RExgle e KR plob BNt AR oG

pl ati nuNE 4104 geﬂ&all’ﬁﬁsaﬁ the rthd LRGN YHDP i Y, hdvgreRehbly Rem 25 to 75 wt.-%.
i norgani c-oxi de binder, preferably alumna, conprises the bal ance of

t he cat alsmetahcqppdnspt empriseaPseser Bergpe thedbagnandamablemetsls igjapropgstion in

al ter nat yve, L gl &, ARG 10510, anshherg L O0AIN, Ly BhoULE. g Rl

that this°¢d on “avoi | arge recycrlre

t hrough glagp eorisiinp o fie'Sh, K B ECS, Mil B Ga0RAL10) By, 80, @fiidh8glatifimggodhe
direct recycle through 20 units 700 and 800 of Figure 4 reduces the
dut yi5of el Withaberembepgdaredollingragpicraxdgronadagpigfsabiy alupomy 2]
The foregoi ng description,an ol | pw anpl are. pr

e o SRReSBRTRN B oL B SR B LT gl

shoul d ngterfgive Qitdbl&IgMApE Beihk Aishhdrbe scope of the invention as set
forth in the clains. There are many possi bl e other variations, as

those 2K041] or di sherld bekiated that thiseombinajion pveide Bigherge reoxrle i s arpmatics
oD AR LB AR o0 B BB 8RR v
20 units 700 and 800 of Figure 4 reduces the duty of fractionators 610 and 620 by a
corresponding amount.
[0042] The foregoing description and following examples are presented only to illustrate
certain specific embodiments of the invention, and should not be construed to limit the scope
of the invention as set forth in the claims. There are many possible other variations, as those

25  of ordinary skill in the art will recognize, within the spirit of the invention.

EXAMPLE 1

[0043] A conversion test was conducted on a feedstock containing 80 wt.-% Cs aromatics
and 20 wt.-% Cy aromatics including 8.5 wt.-% methylethylbenzenes, using a catalyst

comprising platinum on aluminum-phosphate-bound MFI at a temperature of 400°C, pressure
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and 20 wt.-% C9 aromatics including 8.5 wt.-% net hyl et hyl benzenes,
using a catalyst conprising platinumon alum num phosphat e-bound M-I
at a tenperature of 400C, pressure -13 of 1.3 MPa and

hydr ogen/ hydrocarbon ratio of 4. The conversion of

met hyl et hyl benzenes was 70% and propyl benzenes were not detected in
the prod MPAMR er.gi40

f eedst ocﬁf:%%rrprl SI %dgog’% {\?vtﬁ)l%%}g 08&31%1%8?3 ngkgr%%ﬁtﬁlé%gﬁ:ﬁg% %gﬁ%%ﬁ%%le%
w . % net fvgd 20%ydndenagyieazenssiwaye aotakteaatedsh tlemompdudssi ng rheni um on  an
al um na- bound nordenite base. Operating conditions conprised an
average tenperature of 372C, pres§%$8P§{]§27 MPa and nol ar

hydr ogen/ hydr ocarbon rati o of 3.8. LEZ conversion of C9 and Cl O
aromatics was 70.5 wt.-% and conversi on of nethylethyl benzenes was
81.3 wt.-% propyl benzenes in the product anounted to |ess than 0.01

w . - %  1[00#danvPIASgonvepiuBlestArRsaagilunéest omyfesdsiesk eomprisiierdteut.da s st Cio

t he production of, para-xyl ene fr.o avy refornat 0 ri .

or ocdss. Somtes RHHRES Y wEs i R e dBRSae b3 R R R ER B M Renippg o
i nvent i ogy AekObddir@orfbdityRséd . OfdeHkacIndiths thapsidddy: M@Bgé tenperature
production of 1,600,000 netric tons/annum of para-xyl ene.

Conpar at PRA725¢i prejsped ofif. EMPs and mAauwdrmpsnbydrosirbpmratigral 31% Qrwiall
conparative energy.requirenent.s were. Figure .3 Figure ef or At e
Fooh 20s PR Br B 1 SO VBLFD,S it S 2oy AHpE ofms Ry{sifencs
Par a- xy| ¢ages Lo, -4E BhpyRhzdnd@in 166 PrduBt dnfdintddMb 248 14 0.63 wELK] C
power, MV 20.6 16. 9 Zg Capital costs also were considered, with
estimated savings of 7% in overall capital or over 30%in the

fradfi onation section associ ated wiERAME-Ednversion units. -14
CLAIMS: 1. A process for the production and recovery of one or nore
hi gh-purity xylene isonmers froma feed stream conpri sing

al kyl ar oft@#S hyAdr emgndedng sy wae ndraied buigfot tHe prdduction of para-xylene from

heavy reformate, comparing a process of the known art according to Figure 3 and a process of
the invention according to Figure 4. The basis of the study was the production of 1,600,000
metric tons/annum of para-xylene. Comparative principal yields in thousands of tons/annum

15  and comparative energy requirements were:

Figure 3 Figure 4

Reformate feed 2633 3047
Benzene 429 435
Paraffinic raffinate 412 408

20 Para-xylene 1600 1600
o o o s o ok ol o oo sk s ok ok ek
Net fuel consumption, MW 248 82
Electric power, MW 20.6 16.9

25 Capital costs also were considered, with estimated savings of 7% in overall capital or over

30% in the fractionation section associated with the conversion units.
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or nore of C9 and heavi er hydrocarbons including 0.5 wt.-% or nore of
met hyl et hyl benzenes, 5 conprising the sequential steps of: (a)
contacting the feed streamin the presence of hydrogen with a
heavy-aromati cs- conversion catalyst in a heavy-aronmatics-conversion
zone at heavy-aromati cs- conversion conditions to obtain a
de-ethylﬁtﬁgw gromatic streamhaving a | ower content of

nmet hyl et enzenes than the content in the feed stream 10 (b)
fractionatlng de- et onatlc stre a

br oduct comphi & MG Tarihe PRGRBP APt shid ot Sr B hEk Ry b

conpri si Rem&S frnela rhfavkah cBingrifeaaRgRSorhitQ RydrdAHRNERE @drﬁalﬁﬁngqamvt %
conprising C8 aromatics; (c) subjecting at |east a portion of the

i nt er meddranerest Coany hedvorrdiydiochrbans ing i Gepwt.-%tor ezove of methilethylbenzenes,
i sonegr - recoverliﬁtgr ocess reCfver at | east one high-purity xyl ene

tIO
15 i Sonef "l Pﬁeoéle’&a ai8idti c raffinate stream conprising

non-r ecover egyyConmsBrthk Ceeld SRERA i th3RFsseh@ofH t?ﬂﬁo@@ﬂi Wil adfeatR@ASinatics-
portion of the C8-aromatic raffinate Streamw i sonerization

catal yst in an icowrmsipz aathlyst iz eeaatarpmoties¢anatison zoondi heapyrarongmtics-

obtain the isonerized streamc isin entr of, at

one xyl ene 201 SOETSIPR 0RO AR ¢ S b Rae grais Sera el ipeaaner
C8-aromatic raf fcbﬂ@ﬁteoﬁﬁétﬁﬁeﬂlylbanzeﬁsﬁh% Beedateaf inGhatddd br&Rpr i si ng
processing the entire C8-aromatic raffinate streamin the

i sorteri zat i okb)z dretioBiting e ersbgsted afonGitiistredm wh espaiate 2 Hight product
heavy- aronmati cs-conver si it conpr se a tenperature.of fro
100 1o 6006 | o SPRRUShE Gind RERteh b Rees o RBaRyHoqic: Spriits 6o o
hourly space vehggdityhyRfochfsRms Gom 4 ﬁte?@leﬁ'l%te]streém cEﬁ@nQﬁ@@%%?orﬁﬁhcg aim

| wherein the heavy-aromatics-conversion catalyst conprises from
0.01 to 2 w (& ehbjactingedasionportien af the antponreiate sti@nt, @lcg@wvthar%;@ﬁemed

| east one nol ecul ar sieve, and an |noQg ﬁﬁc OX|qg é¥g erein
the i someri zati SHCER Q) SIOMLIHEY PYELOTFHIA TEEP YR 2 53%3\19“6 UL Fyiene;
one qgeolitic al lﬂwn'ﬂé?%hél5&&1@C@%nﬁﬁc'r@%ﬁ@%ﬁ@aﬁébﬁﬁnﬁﬁgQbﬂ@&bvé&@&i cRas
the substantial absence of a platinumgroup netal

process of d ai mrdmathes@nerssandp (d) conprises contacting at |east a
ic raffina ream wi an i sonerization

Catal yot i n & CORREMERATEH: BHEN AF DT e UM VBRE | n t he
presence of m NijgRherDUESPERAyst in an isomerization zone at isomerization conditions to
obtain the isomerized stream comprising a concentration of at least one xylene
20 isomer that is higher than the concentration in the Cg-aromatic raffinate stream.
2. The process of Claim 1 comprising processing the entire Cg-aromatic raffinate
stream in the isomerization zone.
3. The process of Claim 1 wherein the heavy-aromatics-conversion conditions
comprise a temperature of from 100° to 600°C, a pressure of from 100 kPato S MPaand a
25  liquid hourly space velocity of from 0.5 to 50 hrl,
4. The process of Claim 1 wherein the heavy-aromatics-conversion catalyst
comprises from 0.01 to 2 wt.-% of at least one metal component, 10 to 90 wt.-% of at least
one molecular sieve, and an inorganic-oxide binder and wherein the isomerization catalyst

comprises from 10 to 99 wt.-% of at least one zeolitic aluminosilicate and an inorganic-oxide

30  binder and has the substantial absence of a platinum-group metal.
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6. The process of Claiml wherein step (d) conprises contacting at
| east a portion of 5 the Cg-aromatic raffinate streamw th an
i sonerization catalyst in an isonerization zone in |iquid phase at
i sonerization conditions in the substantial absence of hydrogen. 7.
The process of Claim1 wherein the feed streamis generated by:

fractionatingsa ﬂ?etlﬁ‘!)%’etsé 6f ERIRN 'Wﬁe?elh‘ét g?%)géog?@ské &ﬂx‘tac&ﬁ% 9f 3R & pRAn of

t he heavy- refornmate feed stream conp | ar oma
hydr ocar HerS-anshatio rifAnate stgeain ®1t1i@n\rﬁome%zaniozrmﬂyaaﬁn £Oisaunchitutiauv izene at

hydrocarbons including 0.5 w.-%or nore of nethylethyl benzenes. 8.
The proc&gglesﬁatﬁnaﬁowgwpmthapmé%rOif 8)iRigal BYBPEEt i ng the | ght

reformate st r%@ﬁe}r@&s?&f’@ﬁhh‘ﬁvﬁ&%%?%g Ig&’i‘%ogx%@sf% @&ﬁée@iﬁ l%Qst agﬁoﬂfbn of

to separate benzen uene and ons strea I'OI’T'I non

15 amomatiecCgabiatiataffinate niaei with at ﬁmmlamyorpramiym in @olRPMmEsiaAtign @naind
heavi er hydr.ocarbons and at | east &Ol’tl on of the toluene in a

t r ansal kyHB€iPGAseAS iRomGrization qqnéﬁ@awy &eTsAngial ahsgage o3 frydrogen.
transal kyl ati gn ?R?Efotcbs%r?ﬁ Og%]vﬁéﬂ%mgthg@@eﬁ%%éﬂﬂ dgfuRiguct s and

fractionating the transalk Ct to separate a

| i ghter stream @a’ttloﬂﬁlﬂgrﬁ@taiﬁw Iafcﬁmaterteama&ﬂﬂhght@efoﬁﬂﬁte faﬁ(ﬁﬂleéfeavy—
stream 9. The process of Claim8 further conprising fractionating
the C9 and heavigforgpiedas stiegmarniving alolapmate hrdioerbons spd sontaining 1.0

e onal Teed ol fegbiomss i e ERREIRRS R AR 90 ey
portion of the Gﬁdﬂymﬁ@ﬂkﬁZmﬁﬁ raffinate streamin the
heavy- aromati cs-conversion _zone. -16
8.  The process of Claim 7 further comprising:
subjecting the light reformate stream to an aromatics-extraction and fractionation
step to separate benzene, toluene and a toluene-bottoms stream from a non-
15 aromatic raffinate;
contacting the heavy product comprising Cy and heavier hydrocarbons and at least
a portion of the toluene in a transalkylation zone with a transalkylation catalyst at
transalkylation conditions to obtain a transalkylation product; and
fractionating the transalkylation product to separate a C; and lighter stream, an
20 intermediate stream and a Cq and heavier stream,;
9. The process of Claim 8 further comprising fractionating the Cy and heavier stream
to obtain a Cg-aromatics stream as additional feed to the transalkylation zone and a Cjq and
heavier stream.

10. The process of Claim 8 further comprising processing a portion of the Cg-aromatic

25  raffinate stream in the heavy-aromatics-conversion zone.

-16 -



