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ENERGY- EFFI Cl ENT PROCESS FOR PARA- XYLENE PRODUCTI ON BACKGROUND OF
+THE | NVENTI ON [0001] This invention relates to catal ytic hydrocarbon
~conversion, and nore specifically to aromatics isonerization. 5
[0002] The xylene isoners are inportant internedi ates which find w de
and varied application in chem cal syntheses. Para-xylene is a

Syntheti o t axt | RO BRpa VS 2RO PORKRRALRYL BREBROTRIGHON

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

[ 0003] The proportions of % | ' catal ytic
reform ng or other source)s%( g@%@ﬂﬁ@Fﬁﬁmm@&nd proportions
as chem cal internediates, and further conprise ethyl benzene which

is difficult to separate_or to convert. Para-xylene in paréicul ar ,ﬁ's
a maj or cl¥Rikal Thiy evertinnaelotesite Ratalype BYJrogratR A vaEsRlh gd pigre specifically

anounts t . 20- 259 a typical C8 aromatics stream . Adjustnent
of isomr%rag |%n€538%§t#%zﬁa§5%'an be effected by 15 conbi ni ng

Xyl eng- i sp@ep] r eCcrhéadyYencSstihera or ripitiinerrhatiatpawaick indneide andvaied,
with isonerjzation to yield an additional quantity of the desired

i somer. | appksriionain hemicshoariieses Paranylennin g Kedserkiipxtcsnbthsfic ppid which is
W xture apBRd RGN St el M Bl RE S ARTereds retin the

such a preeesfEactnfOFr Flastielzets, B vk awind weservers,eier Qriametylee RFeedstock for
aromati cs jisonerization is the presence of C9 and heavier aromatics
(" C9+ ar opitthplicsamhyfride predugti®ld streamto the process conbi nati on.

Ge ner1%! | y[(k)lﬁg] pr eﬁn%g);fls% iofd el i@clm&‘g ShRLRAM T ga}talgz{}c I’égﬁ%neﬂsl% ?1;31 % %r

| soneri zat1 on or Se I'on processes IS unacceptabl e”or

fromthe s@ireRdpatmlly ab npt mewhdepand propartivas as clemiiadlyistetmetiated end further
life. Usually the feed stream.is. _fractionated to renove C9+

aromat i cscoEPRYeetBdbageaewhichds dilcyl igespEalesB P cofyely SarsTXjencdp aprtisylar
since t e1s%%g[?? chetniRhl gcﬁ%ﬁ%m &Bl% é]f?g@_@% dddh b&;ﬁ%&lﬁ?ﬁ%?@lﬁ-ﬁ Yo

as achi eving tthe Separation between*t est S
- C9+s.  AvobflanpicadC alvendtizs sirédnng Adjgsanait véisoseerajip taddmeand est besffected by
costs woul d be. an advantage. [0005] Various cat al%%}s and process

have §eencREbiBing slencosenFrieeo ey eHeh a3 alsRrpipD ot R5Fa-* WRP Ty, it

ssual ) o400 f bl deansirs uscensedt R dsRgeoRes

i soner i zedof-equilibsmasnixand of the xylerie 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 Cg-

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 C_+ aromatics before being sent to the process loop, an expensive step

25  since the entire C;-aromatics portion must be lifted overhead as well as achieving the
separation between the heaviest C.s 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. |sonerization of a mixture 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 jgodifted %ﬂ!hl%}rié 2}18ne RbM¥ID %ﬁﬂ&z&&bfs%%é%ﬂ& %hi%?i%d’& tnol%%’?&ﬁé‘,eand

whil e isonerizing xylenes to a near-equilibrium mxture.
al t er nat i sepamfipn d@ohthe xylenes Basipettaetiondtiohve adsmgtidnds fverymxzaensjteene

m xture vja con.ver%i on. to apd .recon ersion fr g]@gﬂ henes i n_the

presence pPIMETIZALion L Mg tuEe p q;);}gqes\,%‘n gthylbenzene tol y recovery of para-xylene

hydr ogena}| 0z Q. y ' i .
B R R e U R e
di scl 6sedethyibenygne henceaisitioyliatherccpdat Arwidely uvsed approsghants dealkylaby e
nol ecul ar - si eve catal ysts, for xylene isqonerizatijon. For exanple, US
3, 856, s7zetﬁv( Pg i nilé’é’éﬁ]é’él1¥§?%71‘~?@e|"v FEOPEREINS K YRGS 1 HFapEnyiligum
conver si op;: M t.h IS = = '
5045, 756 T 42 RIS eoplSAPIG 1L Eliibendihe Pomed <BRL hibfture
ar omat i cseanvelsicnetbandeatoonedrsiea oy niphthienes actke pogserfoe ad tisolbdicid nathlyst with a
separate _, benzene, toluene and C9+ aromatics, .separatjon of a _desired
i somer  f r ByAregraaten-dehyidErgeratiopfynction Rame cRmbiRaton Ctafﬂéﬂswawae%e%%be
| ean 4pn tﬁ)%n@%?#hre%t i somer. US 4,899,011 (Chu et al.) teaches,
iaiﬁrreri zation o "aromatics using two zeolites, each of which is

oci at e[0006} h Proadsseabgviryeimatisiedetd daring tiel pastdfiafieSdehtd#? Or so using one or
(Abi chandani et_al_.) disclaoses _a processing 20 schene in whi c§1 a8 C8+
feed i s stfRpleglahsisYSCALHRHS B ayiensIsomGriEAtion| o reample, US 3,856,872
fracti onagirQL; FroniM I ;rﬁ\&%? r ed
conpri si ng\dg&sﬁ‘g’nﬁﬁﬁ%ﬁ%ﬁgﬁ%ﬁ&#ﬁ%ﬂg\a@{ - Xy %dr%ecgrﬁg%gl\ggrv{}@ Egtr:]alg]ﬁw
| somer i zatomyprisimg ASMRE, -1 3.0rel htzeolitet USI3e2H8,758 (Boradot ez dischvksessthe
colum. US 6,222,086 (Sharnma, et %}m) teachﬁs the usge of . two zeolitic
cat al'yst sPHOgrssgeotiag sFRImtieaTicgAeiormate firgang by hydrogiacking fragiignation to separate
et hyl benz | ) . | r; | :
cecond cararsip SR A, A ERortpala i BF ARk ThA Ihe O drdfiatios and
US 6, 448, #bdefibdtpmerfhe leehowibais 1gandn shed dxsirsd smopencES ¢, 398yl {€hu enal.)

conprisin recovery and jsonerization of a first fraction of | i
enri ched ERFFSBROmaieienpidentiPmeacs vy geoliss, i@a@a? W@C@d%aﬁycrated with a

adsorptio ﬁﬁ-ﬂ} r i : sqr}ﬁg . gnd
i someri za%tlr%r{ AE?P | ng?gtafén[gggéﬁ?f?@ﬁ&%%@ﬁﬁ'i%a@%% erne Bssing
adsorzpt i oschstrepn wiiichts 650{c88 6 SB]jdcRidab attaibeaterel cohvdrsion ielboweddyocess
for isonerizing a feed containjng ethyl benzene m Xt ure of

] nd
ﬁ»y'i\ene i sEastianatian tpyremove Cobntita Befivgthes a¥%9§§5§3 ninha fq?e COPIPEIENEE of

ydrogen {4 endtoluene 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 higher-than equilibrium para-xyl ene.
-Al t hough these references teach individual elenents of the present
invention, 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 ' ' : tal 0L NG € f.r o}

havi ny o S000F Ak dR: hiling eRd A LARBRAR B Rge] HTtGueR hpgfatites
| NVENTI ONedcBGRMEYidAallém&itPad the et invertion, mnedE e drinsugpéstotomigndtidn of
provi de a novel process usin conbi nati on of catal ysts and systens

: 19 a S C
tai | or ed theclspeniste ebtaiadbe ronenl fepturpseiihe progessor thf presenpygpliqe
hydr ocar to taip.imroved. viel f I.L i L
"ow oye 100G °1 8808 bE e TR G EifhE pitPurcofiieh BNl st A RS or
st reagn haybiEind peraR§lead bl a CONREAdOK Ravihglf substafiBat cafiteARSH G- ardrR4X9]
This invention is based on the discovery that a process conprising a
conbi nation of a vapor-phase zone for convertig& CO9+ aronatics
fol l owed by fractionation t oSYMMARY OFRHE BNYENEQY ends to provi de
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 pd0a8ly| eAeprivicijal objeciudabl presend invensdrsis t§ Oiviile atndvebpdcess using a
enbodi nent of the invention.is a pracess for,the produyction and
recovery °°8¥%_”B"_rtn’8n(9|f c Qféts i) %W?Fﬁoﬁlt‘éﬁ%eqi“orﬁ%‘g’é’n? %ﬁ?cﬁn%ﬁon of Cy-
St eam Cofinb Riraladidh0 TRl impY A AADONRes RO B UbR Gridh 8w cyclic
w.-%or nore of" CO and heavi er hydrocarbons including 0.5 20 w.-%
or miee dbssewbinteeydiy tdtewhempmcessong feed sigeanhiavimguisibsiaatialsoepmtiefion of
contacting the feed D streamin the presence of hydrogen with a
heavy- ar ot @82 nver si on catal yst to obtain a de- ethyl at ed
aromat i ¢ phE@aM AR iRGerioh Wlse® BRHRIHis@fveS ! aAir088E bombHdhOF BshBis:
t han t he [?ongtaenth?ir? tﬂee foeed ssfream fI?acfﬁ)nataﬁﬁg t he d@ret%yl at ed .on
aromat i ¢ cfarvepor-plass epar @t eomveltinghC,+ gomdiict followpd by fagfic@Atiomt remove light
| i ghter hydrocarbons and.a heayv .oduct ¢ rising C9 and 25 heavier
hy dr ocar AHESF PR 19 Ao idfhth AEmER FIE SFERB Dyt P O 3T Ione
subj g6t i NQeRlery SREE zorR BOME iR Pizatififof frLHEREAk ety BAMY pah XYndhifh
an isonerized 'stream to an Isoner-recovery process to recover at
| east onerethaqpd-epengiyteystxyl ene i somer and yield a Cs-aromatic raffinate

stream conpri.sin on-recoyer ed -aronmptic isomers; and gontacti.n

2t Toast WBHY: 1 anDgRd cufateasnhs Cha CreTHaR A Rbwos Nr AnrraR bHogran rebovery
| SOMer i 28l £ of ARb X%—#ﬂuﬁ@?ylb&@i@gﬁlbﬁeﬁdrﬁﬁ FEANGreh compriSiAb Al 1drBBatic

i soneri zed stream co Isi'ng a concentration of at |east one xyl ene

i somer t hisgtdrocarbons and containing 1.0 wt.-% or more of Cy 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—éﬂ:tylated aromatic siream to separate a light
product comprising C; and lighter hydrocarbons and a heavy product comprising Co and

25  heavier hydrocarbons from a intermediate stream comprising Cs 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 Cs-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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_higher than the concentration in the C8-aronatic raffinate stream

;1 0011] A nore specific enbodinent of the invention is a process for

the production and recovery of one or nore high-purity xyl ene

i somers froma feed stream conprising 5 al kyl aromati ¢ hydrocar bons

and containing 1.0 wt. % or nore of C9 and heavi er hydrocarbons

i ncl udi nggain tHE isotfeRled BeBmUbniFRisg! LK HRREE BE S 1430 BRE kAbdisé g that is

sequential steps of contacting the feed streamin the presence of

hydr ogen highdr tharhthe egn@niatixin inghe Convomnaticoaifimatesitigsin. t o0 obtai n a
a_l.ower content of

de-ethyl a aromati c stream havin )
met hyl et hipﬁggnz eﬁ%g'qu-]%c&lﬁ@ diracit of fheipyention is & progessfor the production and

fracti onat,j &&lfjtf = Yo | RERAL : I ght

pr oduct gltgrhrpr | s?ﬁ%&%{%ﬁé lh?%hglﬂt e$ X%%gg%%gggﬁéﬁg%égs hea\?;i/ﬁ pglrsgléjuct
conpr 6si ngkaroartictgédrocabohy sidomatdiming 1f0-win% ot ntoes ofsdy atdcheatieram
L L
I somer-re 0 r Wo[alh '

| comer andiih gl G (A AT pY pre@ASt oP ROl MY hdaly MHGrhils
non- r ecovesn®ersiodr cataysitd ebtdin al deestRylated atdnatiotreathibagingta lbwearsdongent of

portion of the C8-aromatic raffinate stfeamw th an isomerjzation
cat al yst Msthylethsdbsnasnes handhe sopentdn ﬂiesl‘éﬁfgﬁez"é’o' tHensHag ﬁﬁ%ﬂtﬁﬂatﬁﬂe

pr esepce : :

i Sbpal b LRSI R RS ot OB Kot ARy an
r@er t hgavy peoduoneanirisitg Onaridheahier Bdracaabmisi from afifiteraddéats btreaam
[0012] A yet nore specific enbodinent is a ,progg}s?s for the production
and r ecoveMypIEEng Goagmatics, spyypemeg aj heast 2 perjion of tedntempeisie steagp, alpng with

catal ytic |.Sil g | s o
Fraot] onaf] BeCFE Rl dfibifeltEo MR recV i 13kt ono hish purity sylenc
“a heavy- isefer sl deldasCs-abmatdorafiinitaistreang cdmprisihg aéh-oecomereé Celardd®atiend
heavi er hydrocar bons includjn 0.5 wt, -%or nore )

met hyPet hiFPBERs é@fggqnt%ﬁg et @aﬁg RoFaonseifhe e REMa Bt SRR 78

the feed; | - 0f - ] : TSN

heavy- ar oo esh el B SEE0R R Ao tOAD RaTbriGl At condiions ip thp rosence of
aronmat i ¢ sixeabhidugengoabtabwehe iscndrent stréare chypdsiogaiconceniratiacafi db dmast one
than the content in the feed stream fract i_oggti ng the d -etggltlrated

aromati c SYIFRASPTST Walis 2ty goncEiEigR R His o drematc eam.
| i ght h b, . i ai :
ey DHISE 2038 A BedREXKLBRAICL SOURLL 1R, GR4Rbn SARSEryof

subj eot i ngnd dramodeitgg-puréthycryieat ésomiare fomt catalytde @iltinats cexprising thersequedtial
fractionation step_to,seﬁgr ate benzene, 30 toluene and a

tohyiene- Pﬁtﬁ%ﬁ% ff§‘ﬁtic§l_&ﬁi1$ ﬁﬂﬁlmﬁf’@ﬁ’?ﬁfﬁﬁ é?b‘iafl? 3 ¥i§1§tféfonéﬁtﬁta&€taihﬁ©">i"he |

oor t ?/0 N pO%(}ftﬁﬁéateg fé‘ﬁéﬁ gﬂﬁ%dn? gorg%.n_ﬁ'%dl K, GRYISr e N4 he Héav?é?%y@foc&%@ﬁg influding
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  ade-ethylated aromatic stream having a lower content of ethylaromatic hydrocarbons than the

content 111 the feed stream, fractionating the de-ethylated aromatic stream to separate a light
product comprising C; and lighter hydrocarbons and a heavy product comprising Co 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 Co and heavier hydrocarbons and at least a portion of the tolueneina
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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 kylation product,
fractionating the transal kyl ati on 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 nter mditl%ﬁ&]l?s{}gtgo%@on@ W@ga 1¥\4nts£‘i r&tii‘n? ezﬁglér!ssttza? ﬂ'&ﬁ&ﬂ&?ﬁﬁontcgngiti@ﬂs iio obtain a

i sonmer-r écove rocess O recover a one nhr'gh-purity xylene
i somer  am@nylieflation (28dudhriurabhatingahd tramsatkyhitior ROJuONIseparag a C; and lighter

non-recovered C8-aromatic isoners, and cont aptiégg at least a portion
of the CstreamarAmtiptermediptesieam sompEsiNE s frumatics gpea C2 404 BRavadtSHPY8t i n
an isoneri.zation e | I GHI I jZadd on. Ltq i
the substdter e BieshEutrton bEis SRR Bt Wieahin Bisba i
conprg si kg isbneRFeaverirb€is &f redbver atlkhst@ne highlwitiey flensomer irfafielda Cs-
hi gher than the concentration in the C8-aromatic raffinate stream,
[0013] Theeneatipsraffisiate sigsamtdeaiPrisisigawnseegredfrouPmene owers, apbeigsting at

1 S LBl A1 i

C8- ar omatiidigerRhRGLSSiH ligaaheig i§omdriratikm owmditedds.in e qubdf]al Ebgtisceof

BN

2 illustrates Cg-aromati cs processing according to an enbodi nent of

the i nvéwdiogen iq ogaietheisguedzey sepmsomprisings qoapentistinm opafirleasbancrylens

aro ics_co X of, 1t Kk rf,.. i j | tes a

pert Thenas et Sendifat B8 SPrdbuion P bkl ispblalield | A
—r

i nventi oo DETHédeBEDWHICBIHRT bbjdctoand enbbiuteiis N Hedbth8 levillogt from the

non-equi librium al kyl aromatic feed streamto aromatics isonerization
conpr i sedollewingidetedled desshirijomeaiiventig@ir ocar bons of the general
formula C6H(6-n)Rn, where n is an integer from1l to 5 and Ris CH3,

C2H5, C3H7, or C4AH9, in amh1f sgﬂpq«? NOOIE Egsoneri zation
to obtain at |east one nore vgﬁ% e a ?yl ar ona ?I((:}clsoner in an 25

i sonerized product. The feed stream conprises one or nore

ethylaro | ¢ hydroca ns _containing at | east one ethyl.grou

e o b, "Rt bR Rere SRt PRt e iedndly kb B

hydr ecar i's % j GRIRARS dﬁf‘gjt rReHodi fth
gene?gllyt/{@?irsnscll ude. fo%ﬁieﬂfgérr%%gs but w?ﬁ%ﬁﬁ%@?{muﬁ& ho o ment ot the
i nvent i orinvation! benzene, neta-xyl ene, ortho-xyl ene, para-xylene, -5

et hyl -t ol s, trine | benzenes, diethyl-benzenes, '

Cr1 ot hy ! HORTIn . Fayrehy fisHARS o8 iaehR P By RO S Fomplex of the known art.
et hyl pr ogghPANZ e Resire 8 1hABRESRHERRRAENRRon 8h HbhbiéCOnifIS BREd o BR

present invention.

20 DETAILED DESCRIPTION OF THE INVENTION

[0018] The non—eqﬁilibrium alkylaromatic feed stream to aromatics isomerization
comprises isomerizable alkylaromatic hydrocarbons of the general formula C.H(g.n)Rp,
where n is an integer from 1 to 5 and R is CH,, CH,, C,H,, or C H,, 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
ssubstantial content, 1.0 wt-%or nore, and preferably at |least 5

w-% of C9 and heavi er hydrocarbons. The invention is 5 denonstrated
by perfornmance with a feed streamcontaining 0.5 w-% or nore and
preferably at |east 2 wt-% of nethylethyl benzenes. [00191 A

non- equi | shx ' dg; B =

et hyl benze e%&gée%’rtgﬁ%gw\}\% ﬁz&ﬁ&;vgég get hy%ﬁ%%%%ﬁ%@?ﬁﬂgﬁgne&

appr oxi mahehylargelbefizehet, @itblpropylbenzanes, diitopoopyiieanees,cmtl emixtures théreof. The

approximate range of 0 to 35 wt-% ta-xyl ene content in the 10

appr oxi miFEeRERYETOR i ehatr%ct@#eﬂnbmfgﬁgse%ﬂwﬁw %ﬁéta_etsﬂtceﬁ&eﬂﬁf 1 O or
approxi n%&‘erﬁﬂﬁﬁ‘ei%gabgl atltedst 5 Yt Y Yond BlaviBORyar QA dnl! TS nvesti BNt
that at I'east ore romati c I somer 4s present’ in a concentration

t hat sli f fder®nsivdisd By pérfirmanés with alfeededrentn dontaining Ordcetroraxtmara aad preferably
I somerization - conditions., [00201 The allcylaromatic feed stream may

be deri vedleighwhigolonelylepikangensd. ori ginal 15 sources, e.g.,
t | i ni t . td :
Coki ng ol 0Bl Khort A i, SRR FAR BB nd KR AP PRty enzene

st r eam utdehéraBd will hiveearstRgiBeizent Boreertiim thei appfoximate irmgepin ap 50 &ttés, an
fractions fromvarious petroleumrefinery streans, e.g., as )
i ndi vi dudrthectinserntenbin the apprpximaie BELe PHY T gk 74 RABEtR-SHiene GRRFR dpy the

by t l?(? S& Ip'ﬁlcogrijﬁﬂgte r%;[%%&gizﬁ Q@bg%-“/% Qgg QEFaltai—)wlé{ei c%ﬂteﬁgingtﬁ% r@%@r%ﬁlfngalté Pange of 0

cracked or reétorimnme rocar bons. e 1'soneri za

@r ocar e wiekd Bydthnoheqaiibeiani’rigireant thitat pastame odrombtisisomay siprésent in
all ows the isomerization of al kylaromatic-containing streans such as .
cat al yt i @ congemyatian chayidiffers pubstantially remihe sguilbriyp SRagniationatispmgriation
to prOd“Cc%nﬁRlﬁﬁgi ed xylene isoners and particularly to produce

par a- xyl ene. aromatics feed to the present process nmay contain

nonar omatp0o2d]y dr ahaelehiiBomiticieed BRgHn hrp®s daridedsmafahi bfa vatetaof original
anount up to 30 25 w-% Preferably the isonerizabl e _hydrocarbons,

consit8t eHYEEE:ic-1 Betrgleut rfiming therpalpncetalyticerachng pldiygincarbers goking of
f : Ur e’ .
rom downaft g)fgé%cﬁ%%a}’ cé}{v%?ds‘?&%? %reﬂe%@%ﬂéxe RlAGHE85h %h&ﬁ %ﬁ%g&‘t | CS

to produce p ene according to the-known art usua

proceed aavahionis foundiguppropriatd iacti@sdrah vadons beaohpm-efinergStrants, e.g., as

heavi er aromatics, which is prqocessed along wwth a r e(igcl e sfream 11
F

in fract i BRG] WUNReIAERS R catriBhoRRg T astions ehiaine¢ BY the sslerdvim
12 o SRR A Smstieb s Saghiect o
f romzp he Tleeidomeizabbnarbalic Bedrocarbbnsateed not be concentrated; the process of this
(—) invention allows the isomerization of alkylaromatic-containing streams such as catalytic
e 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.¢., naphthenes and paraffins, in an amount up to 30
25  wt-%. Preferably the isomerizable hydrocﬁbons 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 Cs-aromatics stream 13 which
.passes to separation step 20. This streamusually is processed to
sel ectively recover the para-xylene isoner 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
passi ng tQcl ' | |t 3 | AV r

hydr ogen e?%béﬁ%%wnﬁﬁ%%ﬁ? ﬁlgﬁ%ltg%l rrsg?pl 2za |d01%8%%1+%/at18§t326 ?@ﬁ%@%ﬁ%@% the feed
equi | i brisgweabalyaedotdtiony| ene i soners in stream 32 using one or nore
of a variety of catalysts which also may convert et%lllbenzene as

di scussed08%]| i efhe fretiangtorhussaglion Coresunatics siepd3 Firighgasses to separation
det ol ueni zer u 40 whi_ch. remves, C7 i Lal.s. ]

to yield b ?02 Cf)féhlgsn}?%agln? {6 FPae eldot%asf3 %‘P‘gvleb' %@&Jrfl%%—k% g%irsemgllby one
i1l usgr at&%ommma&mb?%ntohelysﬁmmaﬁbmnfrhér Pis paheiEneiis tadtdrad &sa

the use of the features of two different isonerization techniques to
subst ant imapduet resitpem 2 1havithiibe batanestollg@yematiespassies {Srigeraerization unit 30,

conconi t gnt.l edugi ng the bst anti al, si nd _ener.ay. . .

Fequi r et iopply b Bt TR ibuahinifl. BR0sFEfiten bR srpttishes s near
aromat i CSoquilfdPiaf] bdlihde b Sy RA® RYMERYTh strearh 82 Ghshls 0B Bt oS Vi engofGtalysts
and heavier aronmatics is tgr ocessed along with a purge stream 101 in

a heavy- avlighgise maycevess eioyibergrae a9discussed earlier. The isomerization product passes

heavy- aragnat | ¢S-conversi on z cont ai-ns_a,.heavy-ar. €S- GOV, hon
catalfer GRreRER Yol AR R S RRR R H o GRE R
~aromat i cSshiehmtineoffRedondiéd ®. converting 20 et hyl benzene and

nmet hyl et hyl benzenes. The feed stream contacts the catalyst in the

presence [0823]hydFigren?2 diysprics an embedimeatrfithe imentgon.t Bl echeme illustrates the

heavy- aromat I.cS-.caonver st on ndi.tions. _conmprd sing.a_ tenpe I

angi ng. FRBRE S50 BB 0h BT R RRaf ARG o s SBRAT) Hofice e
300 to 50f1&me dhRechile Hbthe HratRBE bahdoitaily &ﬁﬁbﬁg%&msﬁaﬁﬁﬂ sieand energy
absol ute, preferably from 500 kPa to 3 MPa. The

heavy5 ar owaviresent of therlarige fragdenatarovhieh separptes Ffrun dparamaticie 25 of

cat al yst rovide.a ljguid hourly space vel ocity w.t.h r. t.LO

Che i nt erlBaat o A FSmbintat § iy e RR Crp Rip e & Al R B AR Ry b s

to 20 hr-grocchbdl {16@cwah gameichel01)in ahehBagba@titdlcon¥ei¥ion 0ne 104.t MThe
hydrogen at a hydrogen/ hydrocarbon nole ratio of 0.5:1 to 25:1; = .

ot her i ndigavy-gidmasics-soBVAI$ioRBONT Qontiesd hegviyeroragiiesicoarrsipgy gxtalystrwopl is
may be present alaong. w.th the . hydr n. The . . .

henvy- af ofirt of e Ret e bt e Tt i B fer L PSSP ¢ wo

or 3@gnor gh§iBaBlent Snd SBGyRASINNzENEUTha el sifean Sohtaets eedar@ i it Me presence
ensure that the desired isonerization tenperature is nmaintained at

the ent r agfdwdrageasepplicdde stram Thkatrswifeblaheayynagmplics-copversiongendidon t h
the catal y5toResh 4 RntRNRLE ran IR Hb0e 1&0d-el: Bhork! kel ARnthe B of

t he
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 br}, 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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_ r'eac‘t ants may be in liquid phase, a m xed |liquid-vapor phase, or a
~vapor phase when contacted with the catalyst to obtain an isonerized
‘product. [0025] A heavy-aromati cs-conversion catal yst usually
conprises a zeolitic conponent, a 5 nmetal conponent and an inorganic
oxi de. Zeolites favored as conponents of the heavy-

ar omat i CoR@RYe QR EALIBIOLRH ih BEwWHAE, RN wARI-TBY RdRI-16FPastEN and e,
FAU, PER, MM 22, IMEL, I, . MIT, MW NU-87 OFF, Orega, UZM 5,
UZM 8 andedb@Nis may boindiquid plaastemixdddiuigd-vaeo phase, Gta vaporplasy yhes .
Preferred zeolites jnclude one or both aof , MFL and MOR The net al
corrponentcoE‘@ﬁtﬁﬁiiwé’sti‘%ﬁaéhﬁéﬁ‘“ﬂﬂﬁ@lrb?m@ﬁ@eﬁéeéiem ﬂ‘ii’%nobl e metals in 10 a
propor ti qeds] thg HeatRhbadatiof-cbdich Staly@ ubEhiW contfisdd Pz dNEc ShmPBHit,
net al s ng%eﬂu s§| ect eé%ﬁaomtc e grloup cgﬁgi st%cgm(@ste,ZSn, CGel?lﬁ%E), 2
Co, N, ImetalGampdnentldnd By inofganiaoxide.hgeoljtafavonerhag componentsaifhe hdair

e P A S
shape is 3 15@116, mxaﬂ%%wgﬁﬁﬁm w-ﬁmﬁuoﬁh,mmﬁmﬁm.@gn@ﬁom

extrudat e. romthe heav romati cs-conver si on
zone passesordimgsd theamtlds®T Zeolite Stuetuod Tigresz Brefdfet] Zeolites hechsdetrseanbothlof

separati qQn_over d of tolyene and |ighter conponents in stre 105, .,
From o8 QBT SEMOR. Theonie] EmpotBt custBises RSB e dntitase 31d Rotle et in
106 SS . | rat.g ' j 1
T A

ar e salested fitonatheyerampaddneistib g afiR e, n, Gey Ple g Nlj Ing G307, AV, Py 1, and the

the Figure 1 control schene, .as.the present. purge stream,101.i s

subst ant [T EGRP FastalE Bt FieBIE BEiPg favorede it Bosicamida ber pisfereoly
circul atipimph DRiGIdk&thet BRathlysBLA preferred catalyst shape is a sphere, with

| soneri zat on}lf raﬁsg%eibgl;]aglegggﬁﬁ sasa{gst a {ei ?irﬁ ycal e)éss St%?aeﬁs??]p teﬁeéWl o
cont rol . allermtive syatebie shapabdiyg an oyptordagnt with respect to the

fractionator 200 s this fractionator, generally represents an

i mpoi'? antlﬁﬁ%ﬁlt " oBfibent ﬁemctgﬁﬁ?aaw-aaﬂ@a%%qweréwgt@nﬁga%%% Lorpli e

¢ th . i I . _
or the Qf[egcgggﬁi%'}g? ea%@%ﬁf%ﬂ!ﬂe}ﬂm%ﬁoﬁ ngllrﬂéa‘a‘{ﬁ'tolggn@f{n‘a@grh{e‘f componentis in

i somers. Jjoins a recycle stream 401 as feed to
C$ar omat i strebmdidsrirone Cgued eavieriatorlgiits. The (rod beaviamapdmgten it streapt tiepass

a particul gar i sonmer_product fromthe isoneriz rgduct. .i s .not ..
deomed t dogEelmRTRL ? S°RAFC (o STARAUCH SO G *"grﬁyd@f?‘es&%r%aﬂcs m
FECOVErY sietiieiP. Iﬁ?#‘ﬁenétarstlgﬁ Ba%ﬁtzoﬂ‘a}’e BB stds®dty sl iAAMd Grelistiidgy

are processed to selectivel recover the para-xyl ene I soner,
al t habigh @irens ingheBiparavhyorttm] sehemes aethe iprestetgoirge stieam Hdds substantially

P - xyl 1y i db i th nbj nat i f
oL ) SRR e R 1 P A e

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. |nprovenents 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

ref erenc . @t 8 i L . A i i . .
Gt oam 30Tl ok Spy SHeL AESLRY < eRRRT TG ohRONRL oSk BORUAL Alteiing
passi ng as Ust 3, 2611810 Anipeoventemey dndailtetiativies witkdidGhe pref2@} alkurptictiBcovery
conprises isonerizatjon targeted specifically to the isonerization of
Xyl bnes ipRoeeRba deerbeg i, for axamele, LEGUPG 070 B8 HER0APE US (A365%:mal

conversi i 9 SA,P?%';I% 4334 410GRY! rﬂé(ﬁ%?éofﬁ%rfclogp%?%e ] er%fnqgﬁr%fe?en% freRtd.

302, a non-eygui runi-m Xtdre o soners, contacts an
| Somes i ZatheQiesiedl @)-yiBinakid isdines if feddePedsAmaaini 300/ With Taiaraatic raffinate

conditions. Such ctonditions conprise tenperature ranging from 100 to
500C, anwopm@s@gmﬁwdm@pass@g@e@@m%@ frisemeRization upt GRP500 kPa

to 5 MPa lute. . T I.SO i ' .uni. t i S I .Cl .

vol ume. ofl00R, 1y Bt 408 sbBSE i AEANR eGP RuRan Sicitlh oo fletPAon of
respect t}@léﬂ%@in the @skdstotieam fdarfef@ilibAud thixtee vith-thinidaltCopy&kien aplighter and
0.5 to 20 hr 1. Hydrogen naybe present in 15 an anpunt up to 15

nol es/ nolheavier preducts. Pl ks Ep-atompaticisiresm dA2y 3 pop-eiwlibrivme mixtugepifyrarppmatic

t he resence of mninmal _hydrogen,. i , fo s . "

or esiht *EoH s SopfReh 4 oo BEF fuplverdp o bR TR S BB Ehgitons.

| sonMer i zaduchohditio édnﬁﬁis_@tﬂémlbdﬂaﬁ]f&'aﬁ%hg i 160° to 3bswn)eaad piefiysly doan200°
and in the liquid phase with no free drogen being added to the feed

st reag1 ita 49ﬁT| “éllocéme,ssuafhgﬁ fepime 300 kB%itl N ggbaolpteo nhbgisasnerizatipnegyt grytains
' el 0, 05. A .
ey Ak s

anal yt i cafecdrgtidif of Then 0SOIES0 1D, ad pREASHINBYS ©@UTS eHpdrsgeaghsy be present in
reactor or two or nore sSeparate reactors wth suitable neans .
t her 8bet vimeamaust Bp su t emokrstmelpef tedi Peaferablyrfae ispmeriawionis carapdhevtdn the

I s mai nt ai hed i : be
cont act e eeRE e RS BRI Shnat B R BaTBY 0P
fashi on. 1361eb@d2Obf fEbe } efet sy, dhe Bainatiysionfinvatied byt inalpsubstastia
zeolitic alumnosilicate selected fromthose which have a Si; Al

2
rati o gredsencel ydrogen gdindhaliqyid ghessrveith noyfge bylrogendbeingprsided to the feed

eol  t o5 ‘Seats e PR bt e yBfEely i ARGk SR Dy ese
t ypeso of @.e®kiclesmoll of fc] Seduhily lest haanetl Midles/inude; and @bisitdy het detectable by

galliumMI, wth galliumas_a conponent of the crystal 30 structure.
A pref er reésgalamaiyticaliaeans. She Eamenshiion zone gayrcomysist ¢ §ingleygestorydwo or more

P 2 Heph e padiiR Bt Eiabid 5 BhY MRS BhoufORAP ' RAMsdriorklitn
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, MFES, 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 8i/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 from1 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

prefer ab%ea@?rﬁéﬂ%dd nd %@ﬁg‘g@ﬂ %rﬁéerbéﬁlggce g@eﬁ%rgﬁ é(’:rgts %IBf %%e in the catalyst
pr ef er r ecienarulty 3t tishapge mfsfr@nslrib@Be;vt -9, tahd prefa—hlblglfrm P,S’ED %iuwt &6 &he
shape being an extrudate. [00301 The isoperize roduct fromthe

i somer i zatqTRRIZaHPR catalystinast confaip from QA U9 Wie «y@é) geplafigpm-group metal,

| somer-r 3 I [ An
o sont | o ey p e B KR ALCHR GELRURER BRHRARE S CUID e i o
snal |5 corgagidiatoxiifedinder irbigtdbbnalamenal Sorapdses itigdbatanca od ﬂimwl}st
conponent s roduced in the isomerization unit in order to. prevent the
bui | dup drefered eatalyshsbaras @ spheres widh an alternativgsyitably shapsbsingsa cxirudate

i nventio use

corpl ex, W’é i uRRE Bahd 4chS afedeb Eatiatln e FEBTPILS Sroam 491 rocyele
recover desdohfflrédoneBiunit 300r@d uGintaller pige atpézmmoz | T lafterdd s@r e Beaaym
gases, ol efin-plant byproducts and other 15 hydrgcarbon feedstocks.

Such a cogReicsrepveRiongaes 14) torregyert mﬁtmetsw@l.cﬁmfmwS of sthylbenzene
?reé’}&%r”i’ opf B B AR Bty Rbiceah RSO BL 0 BN B Bl the

nsal kwuﬂﬁupafﬂ{egmaﬂpoﬁ&ﬂﬂgmhgﬁeﬂ 4@ch conpl exes without and with
the present invention are illustrated in Figures 3 and 4

respect i UBP3A] Fi dhe erogess af e ingentionds paginilnapnlicg dn the@ﬁn@f(t of an aromatics
convent | 0%%1%&0 w&&%ﬁz%ia%&%’%ﬁ ?19{3%1]3&35%0:}9@ a%fg{e%m? adr’l,BJr Atr matic

based upoh rocessing o r|ve

reform n@r@&udﬂﬁﬁ@ﬂnhﬁphﬂhﬁ) lufliefigd patetslega hes Solefin-pla@t byprdducts and other
(benzene-tol uene-xyl enes) range. The catalytic reformate 1 is

f r act® ondvdepcarbosfeedstasks.55uch a emRiphmay incgiie, Pitheptising shajnyentioy, feed
e o ke HERRASERLERAD r R BN, SERAIII roch AN bF 2oliEE

aromati cs an ream OI’I’f’B. e1ls process

aromat | cslyaﬁ)d%mkymtmqﬂs;&bmn&hﬁoﬁ adepatahaliglaivat i cs in stream 51
froma non-aromatic raffinate in stream 52. The aromatics streamis

fracti ond0832li n Exewsles of syl coEDleKes ¥pdont @dyeith hepressuiinyentipnsue Ulysigated
t ol t
s ot B TREEP bR SRR 008 S bR ek AP TR B compenipa

unit 260 tQomaeoRiRe S tAe kiGkh 68. Ghisfexamp(ds daskdhpan ey proysisiag af hemalytic
62. The C8 aromatics are 30 subjected to an isoner-recqvery process

70" f o redsiemate derivgd fropnae pefghmingof ngphihy weldingddrocarbons 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.
[0033] 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 Cg aromatics 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 Cs-aromatic
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71 and yield a C8-aromatic raffinate stream 72 conpri sing
non-recovered C8-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 stream83 fromi f:i‘fomsrl zed ﬁr oduct e808ﬁthe

i somer i zedsﬁhereaﬁheo@uwommorrgff&la@éﬁé@htslpéﬂqe-‘('ﬁ BRI ORI Sonmer i n
71 that is hi her t {}%@gi fMowd by Racti8ndrion 18D aRdeparate C7 and
raf finate %rf’?e hﬁl;?m%e E‘%@ﬁ?‘?@ﬁ pr oduct s f)':gctl onated.i.n 60, al ong
With streafghte in ardmSB, frnoisomprned peody Srigpmesiac SFaRFINBEITbns 62
fromthe Cs aromati 61 whi.ch at t. 16 NESYicahbrhion/if thel Cs-
shoul d be W@Wa{‘%‘?ﬁp%@’]@‘ﬁtlf%ﬂ “2%‘ tg ish frPeégm to the recovery unit
is pr q,ces %%Qlaﬁ@fa@ﬁ&g& dreant Tﬂmﬁbmﬁmeﬂiﬁroaml isgfPactipe@ian 6§ pdonggvi ireams 7
heavi er rocarbons 62 ar nal or [ PR £566Hich BreLbht
fracti onat @md %thGP@@tﬁ%ﬁ?‘g "@gleé %ﬁ‘%f?%@g @0§?r§%}?ﬁé§a aQ heavi er

hydr ocar bogs, e@cﬁreﬂé}n t%mft sh@cﬁd abdéied thedkhaetirpreopissean ttath@ megOVErY Hnit is
tol uene in streams 56 and , in atransalkylation zone 90 in the

presence oﬁ)rd@ysdcb@mghﬁa@toﬂ@famﬁgfﬂgézobt ain a transal kyl ati on product
92 havi ng ncr O 468 oicBAMmL ¢ jallaprocessed in

t ransal kyl 1@3311 g&egnflg&gggfé%dgidgﬁe?n f ra?:l'?l oﬂ‘g 5??53 556$n§!h_ S
al ong wpt hﬁab@onafoeﬁatd separate&amdca‘ﬁﬁﬁﬁ%Qu@HQPF%"‘?‘@V‘B'PWﬁ?C@S 0> B!
separate benzene, 1ol uene SRVI3E M AWHEQIeadtidaasne
[ 00351 Fi g§Land/of ¢4 ﬁ%?ﬁ”ﬁ?séegdndlﬁn%Wghac{ﬁeég Fn(S:Sg)(feguﬁg?;)((hbas ed on t heleﬁi esent
i nvention Vyotlﬂtﬂe'b?ese&@ﬁﬁhicﬂ@giﬁﬁmﬁfeamﬂd tmblptaotaﬁl\ae@ll@’iatlphéroéﬁﬁﬁp gvigg an
Figure 3. The first portion each c t. ngepts.
Catal ytic rlmrmsﬁﬁh%‘@cqltflagoﬁ? efgﬂtaif%‘ﬁ‘(c@d%mr@fﬁlkﬁ %ﬁ pqu{ tg il g?sﬁéaa ht

reformate CONRblRdSs, l%@ aﬁ&@@alaﬂgiw&mhuamaﬁss mdveammm'amlﬁwhefamte, 0
ref ormate conpri sing aromatics _and in str e |ight

egm 7. Th
ref or mae | spgrate bewserd tqlwnaﬁndaﬁo?fﬁm?%ﬁ@%’cl?e&@?‘i Wﬁmﬁ%’ﬁm 500 to

separate ar i cSpdn st Ry BLLRABA ke prabitiimahton with the
stream 502. ﬁﬁ% fﬂﬁ?‘ﬁ%ﬂg‘%@ﬁ%ggg%%‘%@or S?g%gr gtl ng hi p& pur,i

aromat i cs f gaie fe@sod ﬂﬂ&ibjecﬁvm‘ijﬂbeomnbk of/Eigure 3g " h@%‘éﬁﬁﬁ ré‘o‘béﬁ SRgh fqmplex

liquid-liquid extraction SS. usin dYin &1i6ht,
US 3,361, 66%S lwabWFF&ESioé%?@?}cerS ‘"ma‘e?r acﬁlgﬂégetdgg%ﬁ!egfgps 510 &

and520 t0 SERARAkLoRBAGRNBenzihe A6 talicne anstidsh 6amd aheivyaeformaic aIMRSEING 5SS

froma bottons streanb22: 0036 The heav ref or mat tion st
al kyl arzinat aremaiieiaod i HEA aﬁ@@&gﬁraﬁoﬁgﬂi @rwsse&moaglra%nlggragg g’?édc g

heavi er hydg@d: o) s%gapeﬁe 5@&1'&1!?&' iR rnPs M from ¥aéH-arbMbtis @ffinate i 1n stream 502. Any
nz

met hyl et hyl s and I's the principal feed streamto, mplove
heavy- ar onakiitbleporessfoi ssparaibrghigtep@ity W&laﬁ?ﬁaff%’f‘%‘r?rg‘?‘?t@ maé’ samployek

and catal ystm ];)?armp ehlgemg B0 Rth-Figfid cIEREbH PRLesd RANEsilBlane described in, e.g., US

3,361,664. The aromatics stream is fractionated in steps 510 and520 to separate benzene in

o6  stream 511 and toluene in stream521 from a bottoms stream522.
[0036]  The heavy reformate comprises alkylaromatic hydrocarbons and contains 1.0 wt.-
% or more of Co 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-ethyl ated stream 602 having a

-l 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

hydr ocar hpnsmk BosbAgAMOELd 5EQM. Chhe ANENIBRMIBEm itk SehBaiibditonafAGn biflit
fractionator 620 to separate an internedi ate stream 621 conpri sing

C8 ar onmt616go fepamtaa highiviyrodua domprisiogpl iasd fight€Ohainecartees i stream 611 from Cg

D oSSR 855 AR SRl bt o
Poces?, SRIEG L RERAus i et A AL o

i someri ze I S not deene e 1 nstan
i nvent i orsfrean@22ny effective recovery schenme known in the art may be

used. C8 aromatics usually are processed to 10, sel ectively recover

the par a3 4ne F%éfsﬂléﬁcfl 6 Pﬁ%?g‘%c Wc%Me@Pﬁv PEEBGLIOBT recovery
i nst ead j Lt s XY : ' | frher

or & contyiD AR EkGR: b Fed ¥ 1Rk SN RoEE ARG oo ki
adsor pt i dsorh&ized pteluced nasdetesdrtb bedrifical tb e ingantdsyemtidh repduany effective
Figure 2. C8- aroga i ¢ raffinate conprisiing undesjred | soners passes

tl

as st rearfPRYEDShemns SRRWR HhteaH R e wigd. Tyarqueniiss psugy areeygecssed to
conpkh se : i ; i
@eﬁ%g ReleBRIRY L8t 2t bEAGIAC LORRE dUbon ekl ishiltee ol et e Infbed

ver si @t ih additigit Para-xytene hewnllyds reooedead b cithdrer €8ombiation of aisoxpéion and
702, a non-equiljbriummxture of C$ aromatic |s rs, contacts an .
i soner i z fEYSAEaHORH %{che PROIN S Prstieet s Sewaibed Gidhd sosFrsponipgintt in
unit vyiegk nley ' o - 8 ggﬁ%
t he pr oda*clgag 2?1 e?ﬁ(r)lzl?:?‘%:*ae %E%P%%tggnﬁﬂfpﬁgﬁﬁso ?S:ers gggt\r/%?fﬁ%ﬁot
I n strearis@fidrizafios omit B60. purge portion of the product is sent as

stream 802 t o heavy-aronmati cs-conversion zong 600_tQ convert and,.
remod® srfP38] cohEFR00compriseTisorerRAtion fargsted aprsificali e the dspmargatonset
conponent | L SRNELIAHAL LR e twil f

t he buil Jélpl)a%? %ggeeédgtg%r%gonaé%%g%ﬁ%ﬂ%? r eam%{gf%m Er el ergg c{n&et{g{?gl\fswghter and
| soner i zdieaoier prodpets.f DTherSg-aromdtivestipara JOAcenod-eqailibriwh niytit©gRO, -aranmitic

25 especially in the substantial absence of hydrogen, Iso%%ri za,i,i,on )
condi t i ori€OTRFS QORtagis A 1somerizatign cafalyst 3t suitable jsomsazation sopdibions, This pit
[0039] T \J > g , i ‘

barti ol |y a0ty ARMRnlERAEE, BARRIRAE oAl SuAlPb! e Bioditian bereoveled
frome€l0 diredtliheathicésonirdeasarinniisinGd2am 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 Cy and heavier hydrocarbons 622 are optionally or partially processed in
fractionator 630 to separate Cy aromatics 631 from Cyp and heavier hydrocarbons 632.
Streams 622 and/or 631 are processed, along with toluene in streams 521 and 611,ina

30  transalkylation ZOI}G 900 in the presence of hydrogen in stream 901 to obtain a transalkylation

product 902 having an increased concentration of C; 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 kyl ation zone 900 in the presence of
-hydrogen in stream 901 to obtain a transal kylation 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 throu h 00.an n

0 e R B A AP S A LA RO 0 i Bhg b tion,
benzene, an(ﬂE YANEhaAbmAEBs AdcB@Ed ﬁ@nf ERdlyierR¥dBiatd) Wjie@ﬁl&fehﬁﬁzene[ 08¢ and
The transal Kyl ati on feed may contact a transal kyl ation catalyst in

upwar d- , (5 acovatieafipm hesvier Apdrakarbpesy f ashi on, and the reactants may

be in | h

AT N R SN i g R AR e
B, L BB B By e LA
Onega, UZbpd, phawm SapanghaeNA favorsddetalyst comprises URealitAEomBoReNt, Zaptislt o
Struct T ticul | |
conponenCoTEOR: AR orers it onieBlt dspiiss greids o O e pPATE) B
gener al | i, F&UtﬁEer@M 29f MHLOW{ MORIVWT, MIWaRd-87 ofFer oklega, fwzms

25 to 75 wm.-% -~ he netal rrponent conprises one or nore of the

base and Uit eamET@Ns a¢erhng)t0dhe NPA@ Aﬂﬁ&df@eehweﬂty@ﬁﬂ@) Typesoap@tioulaly
10 Wt . - %_ The, on met al s

c Ons?%t | rfav%ed i) 1txgﬁuoq0 larsipve éBmp Etlﬁs.'r%lo {“lge&)ngot@&}% %Bf 1(5e Jtnhthe
pl ati numgraupo enle?angq& # e raMgb BN WOPEE, n,@ atlﬂ\@siéieﬁmﬁﬂ@m 25 to 75 wt.-%.
er

i nor gani c-oXi dé bin preferably alum na, conprises the bal ance of
the cat alBstmeta q@nqa‘oeemte:dmpas@ grstorgmaper the base andinobiRmetalsin @iprepertion in

alternatiye ita n here. [0041] .1t _shou

that thi db& ﬁé&iﬂ(?ﬁl Q@Eﬁ?jg‘?%g%r Jﬁ%é’n%’& Sg Sc%a%go?%dﬁt%‘gﬁ&gtﬂ%

t hrough the,LQIRAREBERESH, GRUPE, o, Niak G@,nzﬁqna:) o1 2 tﬁ@plaﬁhﬁtﬁfgréﬂ}ﬁ
direct recycle through 20 units 760 and 800 of ure reduces the

dut y1®f fmetels) wﬂht@wﬁb@ngﬁ@o@@b B;elaorg@mp@ptﬁidn

Theforeg0|n i 0 nd f.ol | owm n a e

o 111 ustPmitiser G PR eaEy e b Rares R ybE a%’%n %&%%%
shoul d noficRfatico BstdblethapObdihgh kplidde scope of the invention as set
forth in the clainms. There are nany possi ble other variations, as

those 250841jor d ﬁMpyldéiclﬂotedl thattthis cambinatioh aveidstheilerge reayelgion Cg promatics

conuctedEh SBHERORE B EG ) A omale AYFER T Bhef e b g

20  units 700 and 800 of Figure 4 reduces the duty of fractionators 610 and 620 by a

corresponding amount.

[0b42] 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.-% Cg 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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cand 20 wt.-% C9 aromatics including 8.5 wt.-9% nethyl 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

nmet hyl et hyl benzenes was 70% and propyl benzenes were not detected in
t he produgt].3 FRAMRE By@roE@0lyikodrbsives SF 9N The sbnwiskior ofiutiyRehylbengenes
feedst ock conprising 66 wt.-%C9 and C10 5 aromatics including 17.3
W . - % metwasl Bhvng eronyheszengs wetr 2ot dategied 4 thedwpducsi ng rheni um on  an
al um na- bound nordenite base. Operating conditions conprised an
average tenperature of 372C, pr essg %9 Ma and nol ar

hydr ogen/ hydr ocarbon rati o of 3.8. erall~ ‘conversion of C9 and C10
aromatics was 70.5 wt.-% and conversi on of nethyl ethyl benzenes C~ was

81.3 wm.-9 ropyl benzenes in the product unted to.less th 0.0
wt o IBbA e st A st i IR SPTSAG et Gh Co R Cio
the pgod i l\giney, f Qd i ;

5 Bﬁ?&l%lﬁtibﬂﬁdﬁﬁh 14807 Heﬁigﬁeﬂ%q@é%e&%, ﬁ)srl.g%%@gca%'?g}ggx{ Srﬁﬁl henium on

process known art according to Figure 3 0 t he
i nvent i oranzatwnindibognd mokdepitedaszk. (tezatbrsiondibfons bemptisedyanvexsragh temperature
production, of ,600,0%3 ri c.tons/annum of A para-xyl ene.
Conpar at i ? I a

;c{}é%&l REFSSEe ?ma-md m&%&aﬁ@gﬁwﬁﬁ% A FA OF 3. Pigeral
conpar at | \avE8eh Bf C, 884 ) B A NG AL70. 5 58 WEind c?h@éféi@ﬁ ﬁanEJgPe’t}gﬁ&zenes
feed 2933 3047 Benzene 429 435 Paraffinic raffinate 412 408 20
Para- xy| enss 81606t 1% Opropylbénizenss inthe profiudtanfouniddt to fless thandh@luwpitlicon, MV

82 Electric power, MN20.6 16.9 25 Capital costs also were
considered, with estinmated savings Wé& veral |l capital or over

30% it the fractionation section as ith the conversion

units. -14 CLAIMS: 1. A process for the production and recovery of

one or nore high-purity xyl ene ) ]
[0045] An engineering study was carried out for the production 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 2933 3047
S Benzene 429 435
o/ Paraffinic raffinate 412 408
20  Para-xylene 1600 1600
ok o 2k ok o o ok ok o e sl sk sk ke sk sk R ke ke sk ok
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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i'soners froma feed stream conprising al kyl aromati ¢ hydrocarbons and
-containing 1.0 w.-% or nore of C9 and heavi er hydrocarbons
-including 0.5 w.-%or nore of nethyl ethyl benzenes, 5 conprising the
sequential steps of. (a) contacting the feed streamin the presence
of hydrogen with a heavy-aromatics- conversion catalyst in a

heavy- ar m-conver sion zone at heavy-aromatics- conversion
conditions to. obtain a de-ethylated aromatic stream having a | ower

f hyl,et hy ' .
T By e actt dnaf AR a4 apAbA R Se 50y onp Prindfs HEE B FAM:
l'ight prqgh#drs iBRIPIded shantéoBPlsihg St RForsHYB/ARIcRMARSSs aMbicantAsiA¥T .0 wt.-%

product conprising C9 and heavier hydrocarbons froma internedi ate
st r eam coarprare PHigs @31 beayirahydrocarbens isolvflimgtl nyt. 6 or awse oampbiylettotbesrenes,

the internediate treagl agl ong%ﬁ//\nth an isonerized stream to an
i some? - r SEBPES PSP tedRent er at |least one high-purity xylene

15 isoner and a&%xﬁa&m@%@fe@ﬂ@ﬁ‘é&‘ﬁl {redhb | gfb%&&eiifﬂa?&@g&?mh'aﬂieﬂﬁr -aromatics-

non-recover ed aromatic i soners, contacti ng at | east a
portion of the CBermversiut ¢agalywfi ahaa\er-@omemsrmnwrsm zohe ey y-aroneics-

catalyst in an isonerizati zone is t.i on itigns.to
obtai n the i sonefY &<t ?Oéjaﬁ}o(’:lﬁﬁ%?ﬂ?t & %gr"ﬂ'%? oﬁ%‘ i’ﬁf ingeJayer
one xylene 20 i Seéménttdmetﬁﬁethylga&ren&MQn {HRRoARAERIThE Blell QRedr; t he
C8-aronmatic raffinate stream . The process of Claim1l corrpr|3| ng

procédsi ng t hé)efattianaisg &xecdcaﬁthjdatﬁéfatmwéncétrem t@ sepatate 2 Hght product ,,)

t d 1 .
hoavy. o onmt 1 co. Canpalag of AR RERES wikocaBing e A RERSuftpE pomerisipe £ a7
1001 to 600C, a Héﬁ&q{yﬁrd&ﬁrbt)ﬁ@ﬁ‘bé%&?ﬁe&ﬁte@tﬂ% ABfrigingdH drdrflaticd;

hourly space velocity 6f from0.5 to 50 hr-1. 4. The process of d ai m
1 wherein the(d)eau’qaecam@rmiqastsarmhv@oéuhgmtem@uqtgstrea@bmﬂgwﬂa 41y isperized
0.01 to 2 w.-%of at least o

0% Of
Ponst Cone ol o Srehgh 8 Fontii et b peS L AR ver 2t oBPrith:putikP e

the kgoneri zati ofyofil ahd §leld £ONRfonSRR rﬁmaaels&eaxﬁ c8fh pwgmg%ﬁfre@weﬂee@
one zeolitic alumnosilicate and an inorgani c-oxi de 30 bi nder and has

the substanti al ahgm’m;esclmera asdat i num group netal. -15 5. The
Dr00ESS O O Pl SR o PR LERPFEREH Bl B,
catalyst in an | sQmRIizaRé SalgRieaisomerization zone at isomerization cond:ltlons 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 Cs-aromatfic 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 kPa to 5 MPa and a

25 liquid hourly space velocity of from 0.5 to 50 ™.

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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_isonerization conditions in the presence of mninmal hydrogen. 6. The
~process of Claim1 wherein step (d) conprises contacting at |east a
‘portion of 5 the C8-aromatic raffinate streamw th an isonerization
catalyst in an isonerization zone in |iquid phase at isomerization
conditions in the substantial absence of hydrogen. 7. The process of

Cai m1 whereisn Theploead of018AM hhekeRERIE doRpiises doaGkii®NAl1b438a Portion of
catalytic reformate to obtain a |light reformate and t he heavy-

r ef onnat éh¢ €edromaticanifiveiesirearh vgthadrkipomenzation catalyt womribonerization zone at
containing 1.0 10 wt...-% or .nore of and heavi er hydrocar bons

i ncl udi ndﬂﬁ?@%ﬂf‘?@%@ftw&‘b&m%f%gw% &8s, " 8. The process

of daim7 furd hehe fREREIFICMIM BWRkRA #t89(d) *&Smbﬁg&tcohﬁﬁfﬁ'ig@ttlt@asﬁﬁwﬁﬁh of

to an aromatics-extraction and fractionation step to separate _
benzeme, thoCuermmaicdafinatelstrears vt aisemstizatiamchtalyst i andsom&izatiomeeriedn

raffinate; cpntacti.ng the .heavy..product c ri.si C9 d, heavi er
hydr ocar HIGHE BRGS S isptasriqation crpidifionsn he sbelaptfl siacs f Bydrogen.
transal kyl ati on zgpe¥etdofCialaN SR didih d RBd SRt iéséenél‘ratedb :

transal kyl ation conditions to obtain a transal kyl at1h on product; and
fractionating th&atticatieg & gatalytio nefproate td ottainsdght atfernzatCandithe heavy-

| ighter stream a 20 pnternedi ate.stre and a and heavier .,
Stream 5. The propusle R0 Reith e e PRER AR O IIHE Frhect AT Hgine 1.0
the (9 and heavi g St eR of @?%ﬁéﬁ@h%o\%lﬁaﬁéihﬁﬁldﬁfgr@9%ﬁ% or more of

Zﬁﬁitional feed to the transalkylation zone and a Cl0 and heavier
eam 10. The pretgdatlylodnzéhesi m 8 further conprising processing a

portion of th -aromatic. 25 raffinate streamin the
Doty ar omat | s ABRPREr g 7 Huflt Comphsing

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 Co and heavier stream;
9. The process of Claim 8 further comprising fractionating the Cy and heavier stream
O to obtain a Cy-aromatics stream as additional feed to the transalkylation zone and a Cg and
heavier stream.

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

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