METHOD OF CONVERTI NG C9 AROVATI CSCOVPRI SI NG M XTURES
TO XYLENE | SOVERS BACKGROUND OF THE | NVENTI ON Fi el d of
wo b@slopssent i on [ 0001] The invention generally pel/asB®4/038075
to a method of catalytically converting aronmatic
hydr ocar bons and, nore specifically, to a nethod of
di sproportionating and transal kyl ati ng benzene,
tol uene, and C9 arorratl cs to xylene isoners. Brief

T iGN S

oi |l refiner
catal ytic reform ng processes. These reforned

hydr ocar bon m xt ur Aéxﬁg&gﬁbbﬁﬁmmpﬁm aromati cs
and paraffins, ch are C7-9
ar#?ém%#ﬁﬁlnvmﬁéﬁ ar omatics can be fractionated into

their major groups, i.e., G5, C7, C8, C9, Cl0, and Cl1

ar onat 16601 Pfremhtudnrgeﬁé}aly@atag Ehéthed éfroaetytlwly &n@erting
non-ar.0

e out
(varore/avcmsérmﬂns S e enRatedy-§ne e ol G B Fg Ahe
t Heng€dkyfatingbengene, Phend @hd Geeromitiashie Xylénedsomesh i s
conpri sed of C8 aromatics. Myst commonly present anong

t NgidFBeddrpiiBh bEReldled TRERNIIRENZENe ("EB"), and xyl ene
i soners, including neta-xylene ("nX"), ortho-xylene

("oX"), [060291 mwmaobysh eindurés' daXtajning T gedningits art lolernxpyrbdrio of oil
| SOHRY DS RE RN PR i & Ualefit L&&w ?Jcegﬁr Fdnﬁe%e

Mefnrnpndéyérnparmmngtthséymllmmqsesameﬁw|aﬂe Hﬁzrefﬁes mgst of the
p ré?@n%’tfcs birbvr@chcé?é‘ ee drbrabticONTrRke all%ﬁiéhcs]&n bk fietiofatédittattheir major

% bas on the t
ar%ﬂ’é’ﬁ '@s% 'v§7 He: ?ﬁe&?jgp‘g{\ﬁﬁg °Fé‘°’*‘g“ Presen{ ?‘E’? (from3yigs fraction are
vvtno%ardumtloﬁg whichcerhprise abdut XQ/ngla,t peg:gn@(wg%) tPrabouyt|3p mb % based on

Xyﬂh@{eﬁal weightof ff’lebé Rh&h. 'yh%Eé &§@hit BEctibl %Q‘Joﬂg@sfed of cf d¥6matics.
aromat 1 cs, ar e enera

ecmqaf PRI me%egh%mmt eoﬁfc’faﬂ%a? %yq’f"%eei%’.%ﬁ iRy xylene
Thsperg Snclugiag neergiene (“tixs), drénoryltee(i0X), Bndpad-xpene (pXE). Together,

Ofth%(TaJIe%g?so %E%Ih {qgﬁz%lﬁé age%o?ecmeyrélfeﬁe@ﬁnr;?b QH %Qd ﬁé?&n as

[ d@@g}am‘ﬂl@ ‘pheigaiy wlcegrpresgpmp@g g)e Geraromatigs ty{bp%zeng is’present in
r &J &ﬁseriﬂﬁtudhrdv eSS mwn%acb AHuChH &%\ mased onctie {otal @eight of the Cq

c ga]r}%rﬁ% FF \)Agfﬁ)peebnfdg?e gaa; ’tu8 t@gbq'ag{g(g(}@ %)\gelng I% dn‘ﬂ{ re of ¥ylenﬁ isomers.
privedyse kyreusdmers,ifries e somprise e r@m%ndep afrfm £ ngatlcs and are
NaRALBR1FEsenfdldnld lurg'g\iblgﬂf lﬁf’@&flaﬁ&st 1: Ehﬁﬁﬁm POETREY, as used

Rl kot e B Epns e

RIS P et T S e
FIGWGmtIGhMeIQMr&ﬂQ‘«)MhDDMI &X:eXdXheal th concerns, the
presence of certain aromatics (especially benzene) in
gasol i reodshsTHeaearyeidaitrpfprmaie) o @ aatalifis reforming ppergs contains Ces

'\bé?%giﬁg fes beﬁz@ﬁe GOk dnd @] brdpiésS which &-E)éoﬂ‘e%ﬁve\%&eferred to as
ted i strea r\%{fldt 0 erat%ggs for nelx Rthenes. and

ot B Bvpedie QLE bt b Soepelothens: stRgndpinenes,

S eparatL drohraties. tThe BBX Xreaend it the ref@maiet(espgmﬁﬂyxwﬂre giiylbenzene,

t OAnH‘?(Q@rﬁeg%% @wﬁfﬂ%bﬁﬁga@@megoﬁjlﬁﬁgdHQ\ﬁev@Fj did io\(e‘ﬁ\%roﬁ"lﬁlental and

octane ratin a Ine, for exa
[ OBal) copeerpe e P&?ﬁ?nmféﬂ&“ ?f@@ﬁté’é (epppsjally hpazen |'féﬂ9e$?““e has been

are nore highly val ued than



tol uene due to their useful ness in making other

products. For exanple, benzene can be used to nake
wabgosensp cunene, and cycl ohexane. Benzene al SBCT/#52004/038075

useful in the manufacture of rubbers, lubricants,

dyes, detergents, S est S

ks beEoRy peh, bReBRe B Ty e B TRTR el fRgrtes

ﬁhywmtream,hmm;mtm|bnsemhgdeheot2@rwepacs§lea N@mﬂtlv@h bemasde can be
Ipar%feﬂ¥ oﬁlq rﬁﬁﬁ% F‘égﬁltmd'ml%?'é%‘ tol bHE aﬁ(@CPé’rBI‘nB%S can be used as

enzere that |s created as a result
@I@lf't"?satﬁ§9‘?SF<VPQPP@?1VE‘£WJI?‘C@PSQHP% o 558PRI$-onat i on cannot be

ﬁ;ﬁ,d nf 04 i%g%eqr@rxglgg%t (la%%pell;fb pa{asﬁepefage ot eefulﬂ y \@lueg than

omkee duae@thair gefynadsy esmhakingfdttive podugtei Fer sxanznied berreheisan be used
Oﬁééﬂg st S%gmlar?e Hﬁ@;ﬂlohé{éngﬁ%&&wméﬁéhéé?ul%‘m! fHah&oture of

hal at e- based
mblgss, ﬂt{?ruza@f%dyepaq*eéﬁrgsnts@ Aaigs. §”%\p?539\fj?lsat'°é‘?‘?"§|t qieArematics
éf%kbéﬁgeﬁe%ﬁ&myhﬁbéeﬁﬂ dGhakinganekne sihen sychwdttiyiblenzsne istssredction

o FTE EbReh e et RePR bR SR Aghhhe ot

treatedpémt dveb it of JransalikylatoneanHApr @mﬁ@@ﬁ@nafwetcanw eneed fofglyrene
&6&&%%%&@%@{9@3 yseef M'mékﬁﬁé’né@ﬁtﬁéli‘c%bla wHieRBeER ufséfﬁl to make
se chem ¢ naéer | al ? therehj ngl
e I
artnlyéride altgchniaeleis fusefah tp anake pd'yﬂmwsp@ plsijcizers. Platanyishe isrperaw
J%t@% Lsefdh %lf@{@féﬁ?h&ﬁ aQQQéﬁirb%terscalhﬁﬁ Q@Isb@ & m%%olymers

Rish 45 B0 KpHaECioeBILRE), pUY BEM R e R aBEh 267 bogRapuse
feﬂipkﬂﬁél@te} VR ibenzune, r@a-&yl@maéndaxmoayldnd aransaillkyw mbierials,

é&f%ag@ E)r %Qsde &%mlc%@ %Bé‘ h\%'tepiglf ﬁ{aegme}eﬁﬁm et a@bt%Esz the*demand

¢esses are Ccri be
for paverylene and SpdnaprEt 'Hac{?ffroﬂ,‘rféﬁﬁ ’é‘)éﬂ”eTechnol ogy " Ath

Sons, IRBR) ol of Yougher vAhs aipeed] ddiresndy CyfipERiep nd products
madotherefrah,etbdastes |havdjgeep déeiopat®. de@l@ﬂﬂé}oh&ngm enzerlel v,
|9p1r8b%ﬂ%n% ?d?JeﬂQ QJ l;dn%]%tdna &, %r EQF ) arl PtresSRYiAd Wlefe and

uene are converted to
Gneoniees é'Pmk‘SHSé?u G- aethme THP&TSPose AipcsBeTaly feperbed n Kir
aSEPIHéEQ‘EEnE)QQQ@dla 6% tresmich seehogeyyl 4B B, so;spwmn:vmns, pp. 831-863

LIRSS ot vk, BeBE B TnBaLr b uichls fRipagl niofty
tefesgricer hydr ocar bon conponents (i.e., C10+ heaV|es)

such as: Cl0+ Heavies CO Aromatic T ne [ 0008 .
ol eB0RT SPESHERY| GBPRA PRSP PREn | SHED Bt AV Ao herei
o rhdksUE Riiedd dreanavenel & wb ol dixgerstand ofie molei af henzene, such as:
aromatic) to produce two noles of xylene, such as:

Tol uene Cg Aromati ¢, Xyl ene [OOQQ] O her

transal kyl ati on regctions invol |ng C9 aromatics (or

hi gher aromatics) J ncl ude the -actlon with benzene to
produce tol uene Rxxy! eng, :

Benzene Tol uene

associ at ed

Toluene Xylene Benzene

[0007] Other disproportionation reactions include a catalytic process wherein two
moles of a Cy aromatic are converted to one mole of toluene and heavier hydrocarbon

components (i.e., Cyo+ heavies), such as:



with the CO aromatic and xyl ene nol ecul es are shown
generically as such groups can be found bound to any
wa@yasloadshe ring-formng carbon atons to form t P€T/US2004/038075
various isoneric configurations of the nolecule.
M xt ures of xylﬁne I Somers can}$e further separated
into their con§t®tuent isonersy'i*n downstream
processes. Oncg separated, thel isonmers can be further
processed ( soneri zed e recycled to obtain a
subst anti abl b pagamcy| d or+ eKagpHeavie8011] In
[ : Qr egopng reactions, a
m xture conpriSThgHgY aromati can be converted to
xyl enes and/or benzene. M xtures of xyl enes and
benzene can b® Asepar at ed fr omveme anot her by
fractional distillation, for exanple. Heretofore,
hovve\{ewos] i TolueAs trarshikyiation ikan@attioh betwetreonegad¢ didoiseresand one
rie S
Wiatier T it Hof Ry AR EL p Rk ARl PRSI BES o
aromati cs. [OO%%] U S. Patent Nos. 5,907,074,

5,866, 741; 5, 86613742; arg}s 5, 804, 059, 3assigned to
the Phillips Pdtrol eum Qonmpany ("Phillipgd" general ly
di scl ose di spropUtio 71" on

ni ng Co+

. _cop ; £ patents

state that thessfigin o o) Ui ot

critical, each expresses a strong preference for fluid

f eeds deri vedrofue®em t heCysavaties fracti onXdgnea product
obt ai ned by a hydrocarbon (particularly gasoline)

ar ong000sht Qtber trapsatitylation reagtionhinvahinacGd argmatiss (o4 highes @ramatics)

.thd% tild Hféécgloﬁ fldboréfe t6 bﬁ)@b&é}gluéneF éﬁ@x}lew kiioh dsOW- val ue,
I'iquid feeds conprising large (or |ong) hydrocarbons

are vaporl%gg in the FCC unit and, in the presence of

a suitabl e catal yst, are cracked i N1 i ght eCHs

constltute th&bklui- eeds preferred accord fp the
teachi ngs of these patents. The very origin of the

pr ef er r edcdArematic f eddszenssuggest s t fabenehe f e&dene

conprise sul fur-conprising conpounds, paraffins,

ol ef i[0810] nAspdbwwe ingiss forrgding teiagiiope) themethy) mad piby groups associated

\Xnthﬂﬁé Qfgaér&ﬂgﬁc'a‘ﬁﬁ x)lene[rQQéc%]eséFé:&f)Qh Béheh@all? Besuch Z;f’oups can be
Pa ent are genera ntlah absent from

b UG Y BRI o AEIA S EEAGORHa I el Somane
@hfifurdtibeadsithet malesil IMiktaks ofixylehe BEﬁ)(ere canubesfudizer sepsraled into their
cioﬁﬁ%}en lﬁorqur% nrh%wﬂgt}e%rp\foc%s:egr 6“9(‘! §e' %@E' A8 is8eks can be further

react ry reactions
teasssectie . (Sraper) qs'ééwcl%t%q%%rm sl para-xylene, for
S¥mprgen-containing fluid and a catal yst conprising a
nmet al oxi de-pronoted, Y-type zeolite having
i ncorppotat iathdotyeneaiimviamofaiod foregbing reactions, @rrm(duree:ompnsmg
(9 X1 81658 f:anstté JoHverte? id iy%ﬂ& arlAP BBYRA! SwixtRE 8fhylenes and benzene

zl rconium ger

¢aa%p@mar¢ta¢ﬂr¢maraﬁﬁn°8@ ﬂfﬁw%wbd'ztﬂiﬁtﬁnﬁa&%Xawg'eoﬁeiew&o%r
We@ert ihedsat Deen _Rhﬁ/vrﬂﬂ‘dw theé tepctions tdn ey catrieli pet it @ maemdsatich that a

@{ff ¥ng%¥%§ nﬁ%ta@g&ls Iﬁl(%lgg gs&ee%g‘.ﬁhﬁ&mgé %F&Jdauké‘ at
T @i gggasteatm% oo 94 sehARIEsBG % Gnl 50E 659 cach

742, ar e _gener al y subst ant tial
astisherttothegPhiis e ohlars COMBATY PP hedeRsrAl:gig ose disproportihation

therefore, no significant transal kyl ati on of BTX
3



occurs as a side reaction to the primary

di sproportionation and transal kyl ati on reactions.
whlowsweszpo BTX can be present where al kyl ati on pET/SE82004/038075

chem cals by the CO+ aromatics is secondarlly desired.

Accordin ent

<0 Foraly i dsr 1 eBRL e RS pRLRRe Eynanatos are

domdrted) BIB OO Nthaighi thepefpleietd statecthat tioeaerigingaf thedlyigedds ismept eritical,

egali &R %&fb'n![; E:%fézéh\éb Re ﬂuxH‘ fe@ap@ér@&@f#o,ﬁ 'ﬂférh%bﬂeﬁlféctlon ofa

ctrvity % denum | ant hanum, and
Rﬁ@éuefé@tamé b @fhydroggitqyy aqwaf'b 9%%9@97&@%%%&@ feaftl?a which
tﬁf daﬂ?ii"s Yardbd o @CHMAB LA alyte 2RCkioNSFOTT Uifit. ILowivalee Jieis éede

dr oge
BORTYLHG (5 el NogRR0 oot el Alh BP0 By iy g resence o
& duidnleé catalyshereatrackad m‘tqj@htep@@lgmm&f@p@ ﬁﬂf@rm'r@wqgatﬁ dhet can be
bﬁéﬁ@e@ﬁxlo@dhlér-@éﬁ%d%@ﬁ@@éﬂd H@ﬁ&dtérférg%s&ﬁé UByprdtiubtd 8f the FCC unit

B ot PO PRESP DB ol Putp et
acedtihg @.thd B8dirgs Bhibesst pateats. Tue pag erigimdishe grefeged fid feeds,
s‘ugﬁe%ﬂ:' tﬁﬁ&?qgea%%gm{)ﬁge shﬁﬁ B@@(;%%gc%p&ﬁidg Mafafing, didins,

ven this purpose, 't he
nealtbenes, amd@e!y@@&c %O@Ef&éi(w'taf%?ﬁﬁ? hation of fluid

f eeds, cat al ct i condi ti UI .t
lgg @I alosentt Prom the

obt ai IRO%NCC ﬁ@g & e'?:}b e IR S SUbS iy 288
foara pheférmd theein Iamdartmaraimry r@lsmglfleerBTl%setwameﬁBW AtFUrS as a S!de

rlegcﬁén Mﬁ@&ﬁnd\ﬁ&&%ﬂﬂ&é’uoﬁ RRd ﬁé'ff‘slaﬂ@étﬂlﬂ r&ctidrize Tﬁ& BtharBTX

respect to eac
rmcégresffi@écr@red therainecchin {hﬁ@rqSchﬁed)f f Eé%%geaeffrﬁ?ﬁ@ﬂ{'ﬂf’ pQd @
déﬁWéﬁfohﬁan&hg?a metabbxiderpromdéted, Yehypedzblite hindngiatosioyated theretn an
e}rcr:F\:/;Ag moﬁlfllair (o ena E)f éu'lfﬁEsﬂlcN#tpﬂl)ﬂﬁ\U urgret?)glﬁ n@é{t%sﬁmmd'? Btanium,

on activi oxI des and
Airp@yiusf, @p@nanﬂm; ingliyny, [gpthasing Gpgurp rpad g@plpl(ﬁtlpg}s Qfftwe p{énore thereof).

ﬂ\@%@h\b’@ bnodifréHHelpe ld@i’rﬁbat th@@eaah\af:mgﬁe‘fecuar ;ﬂfl&foglﬁ§ effeat)chat sulfur-
aronHtICS resent eactivate

‘{) eridag ng‘ndsg'ﬁ‘ée %t n‘emt%loo A @%??Jrgg?}gbed 3%8 th¥r abl e 1ight

gas. n@% 6dc c!)rreimﬁ (PJ‘ttné ‘”’ﬁﬁ 442 5%90%6 B@X Q@?Hér@ %‘;’bé\t&ntlally

Pat e I'i'catTon Publication . @(
qbpzemgor@ttheafreeqs Rﬂ?fgr&dd%@" ang. therrfarpian %&'ﬁ'fﬁﬂ‘ frarsalyatinn of BTX
deolraby b bﬁanayStlth@verphmalg dhempaﬂmaﬁmﬂar@gfansmmmtm eactioos.

‘% ol Y e n %ujgsrgﬂgm recgﬁky ged SQHP&e(‘rﬁcaﬁqg%eeém Q\lomancs is

carri e esence of
sw@nd@@}wé desurnd aAerardingde thg 79h @g@nf F‘P%Qﬂ”l!?éﬁafldéseqrﬁﬁry reactions

J&WH u'ﬂﬁiue %résé@é%ab KEdr@éehQBntﬁlalhghM& hnd:@eaaélyss boraprising @ dkiattgpe

@oh e ED \ﬁétlm%oorr% cir Srﬁ@%%‘:%&w %rlp’%otsé? %k?)d uéa:?]\ ha]pum and
addes tgreef)t Aomedisto thef e2cbatent, awecmma@tané amogéepré ta@ptipas ocour in
b BRESHRObE %%?ngﬁ?@oﬁtﬁﬁﬁé flid ar@rhdcaiéﬁ/sﬂ&ﬁnﬁnblﬁg g btaitype dedite

aronmati cs

HY BBy E 5 caé?)d% e!f%efﬁl“@z @F ﬁ%ﬁ 8§t8&tmh‘8 RAPfy gnd
skoridagy readtioenecirin hapmsenck ehahydkmeg-cettaining flgdignsestatadiysiy
o%gnsu@g% 6l é/xm%oﬂ?gr%t%% ﬁrg)meﬁ%%;\gg e?efohllae nzene and C9+

o para- xy such a suggestion

d' Sadﬁéa{g afiRQised Jr&ﬂla‘ hﬁd%ﬂynﬁ@lhb'té%icﬁin@s&ﬁ%bém tHeg&8§dig patents
a_transal k act or

ainiggth POMEIRSON B abl et JToaHiPOss e 5piosed sReclsy
sopdiatidroarfitio forely icatalyets tdne reacianmondifions plithle o giyaie BSX. These
;part(g\(?su&o rg)t hE)WEQ& %CEE@SH@JCK%B@H ik %Hg@hﬂé’\fbﬁﬂp%ent (much

roduction of toluene and
léfwleb% h’z@ﬁréglfo[twws'?ﬁ ‘%thqjﬁ'i!eé X AppPeNEats; Yiith espect to each of
Rk, ine dtdsemtelp sulfdP HOLiBASAS détrithefitiyecoaterialthe)metal or metal oxide
di scl oses a method of selectively disproportionating
tol uene to obtain benzene and a xyl ene
4




isoners streamrich in para-xyl ene, and

transal kyl ating a m xture of toluene and C9+ aronatics
WO 2008l0030N benzene and xyl ene isoners. Accor di POT/US2053/@38075

et al., the dlfferent reactions are carried out in the

f ) h .
R ST 1G° P I i P S{des Revep Busiieves fypgpcton
ity thae needl editidsvand dtharpiopthe siltn poisan treredtivty wbthel eatalys,
Flvgll}{al'r%ﬁ {he %%?n‘ri‘s égrgl‘F ihd, %né chlyatr(;?ﬁatlt:g B\*@sc’éi‘ult h%@#eé@fé}xdly deactivate

to obtain para-xyl éne
ﬂﬂﬁQﬁﬁﬂ'ﬁh@”@ﬁ@d&Qﬁ‘&ﬂteﬂﬁ @H@‘@%‘%H@t Qas The met hod di scl osed

Xi t al ts that I f
o dBH BB RO TE el A S S CEB APRFEIB fckton No.
Jdoomerear74 Ap(Koay esaly dieddsed o wansalkpatidnmhatieodt di eatalptizalht copferting
beXze%? Snéi &d :%Jrﬁat& RIS awi enbrron!gtlésr ARG #%tb%h@@t al., the

concurrent mnimzl ng roducti on

r@éthqgieqhgléﬁ be gﬁ(jedeqqﬁw t%wgngge of[f‘g@mg?n ipja gas—p%pfi @H@se fixed-bed

r@ib%r:hﬁ\ﬂrﬁd @!’r‘ar@blm/lbﬁbﬂtcbt@@stwﬁmpriyﬂ'@ﬂ 24 GAG mblydddnushiTkavated
et a

raisha o Kot ooy el B At SRR o SR P dusSient uee
aaradest in e slownsdrebmrseledtive ﬂ@pmmmﬁ@orlaﬁ@twfﬁﬁ@wth% ebtpipgd

AlSorRRicIRR bl REads el in\‘aecﬁ)wnajc%nﬂﬁné?&atféﬁ RERIE B\Bsefective
reactant in the transal ay at | q{ t i on E k aﬁgyconvert
APTORFIPNI PLAE IeliRaS Brpeir i Kong e el I g Liels

4 minetd dbenzehe baheg aomaiste parehxgesd. diawgverssich aguggestion
cﬁﬁ%g\ga%ﬁaigéaﬁ d/t gq{fgg maipIe kéha@ﬁ‘on%sgéﬁr(é gne traﬁ&&ﬁ(yl%{fdﬂ rb&Sborl hd a

sire et benzene In
disprapastipratice retjla@manﬁémw@nf&'s d°‘%@t5‘Pb‘6%‘t§'rh°th‘P1 %‘awrﬁ&amwnf of
$lehé I%@rﬂerwlpkdduéétkﬁmpme ganstikgiation reactions whies dohemitahty minimizing the

I{}%&gtyo%:g °?uﬁe¥- bﬁ%ﬁ@%%zén% not unintentionally cracked

I'S sought to be renoved from

gasol e fu. @Clﬁété}ﬂ%ppl-g%n(ﬁuﬁ&laﬁlﬁﬂ% bEEII1B03D /Al (Rie et al.)

carrled out In resen
g SoPB0% Blelerbe PRI RIS LRt 8 Bl belrene pag ajoene
isonterpsieberrih linysu-kylahedandGansaliglaling a2 pature otguerie ané €. aromatics

tg g&éﬁ %Snféﬂ? Iagé) )éyle%'é UTRekC @rcﬂn BW@étta? d(hé Sﬁff&eﬂrr%ﬁ&{s are

I 'SI ng rom:t pr oduct
@frleel QHgin B@mz@ﬁecq c& hv@?aw éuseaﬁraterre%f;t%f é%f Ha%tﬂ'“'{'@ atsw@b'e
doedt (1.8) & Zﬁﬁtiﬁia]?blyst 1} e BeledinsldiSiBorak tnatioh @ad ar®rdenite, MCM-22

SRR L AT SAERASShR R BIBG l BRfogERE e
fromd the peodeesdsylehe isemerenEhe roeticwlidisgloserhip X6Q e{( gl sggests tha" large

\R)ﬁﬁ"r%t%f‘be'ﬂzénetéhld%@ryibbnie?%%tdéélfébﬁ/%ddﬁwﬂ ekt @B, however, do not
aro Ics (inclu e enzene

ey b o gopitdes e B0edt SValERY Boes PO g kaRpygton
neydtiem evhils corenrserly odurieitg fha ptadection aftwakdoglaad ratbmlbenzene
reaction, while also mnimzing the producti

t ol ue[ﬁ@18] b'dHz Bafenrt Apglﬁ:gtl(@ Publicafidhig- 28 1/00{1@@:@90}1 (Ishlkawa etal)
SENBERS Jn)étthoa Bﬁdlﬂﬁéﬂél‘tloﬁé’thg dg%fﬁorﬁkﬁts mftéluweem krynsatkgiating

r sugges one
Gy hErRa P Ca bt ol B Selle gthasg e
weohbdnzere Sareadwit nrdhatrdiryalk!laﬂou e&@@tlcm\r‘ﬁ@lgflﬁéﬁ@@r?éemp’t by Ishikawa
QQW ﬁaﬂ{'&as’o%ﬁ@s\lo{ apiey @lv%ﬁ klfé%@eﬁed‘l%%h@ sdg%eﬁlon to

| ene i sorrer? Sit?eC' Cy
iidgaselive RHRENZENS: 9’6%%"”8@)%”}&?"} \ﬁ d thy enzene ln e 'aromatics
B hRliteCaseiPEYkids) Mgrebm dhmsld]lhd arhsat will ta&¢ prepaigions to ensure that

%B%b%ﬁ ﬁ'\yﬁ)gﬁgeﬁg ls& Lﬂ{mt&\%gﬁlag% Erjaagd ttchgbbfn%?r% —thﬁ:ﬂ is sought to

rodu risin ene | SONners,
lwpmpmd. fipg @asolineérgpﬂoas pietdissles re@qﬁ'en%@m é@f@eq b jpeipgpresence

fhQirbddheant RLSHEBEH 2bAiteIPdYSdte SWIthHRPGRoURE sl \ad bregerakty
the feed the xylene isoners-|ean internediate product
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stream [0021] In one enbodi nent, the method of making

xyl ene isoners includes contacting a feed conpri sing
w@008005382 i cs and | ess than about 30 wt . % benzP@BUS2004/038075

based on the total melght of the feed, with a

SR ST OB M PRSP i o
stcemwmpsttiy sgmprisingfBded Fram ﬁ\e@rTamctéﬁfP%rhee%ﬁ’?ﬁ 1S r§nAypd and
%‘%&I@d"lfack &OHE 4. U@Pﬁg%]y, ﬂol’&eﬁél&{dftfgrar&ﬁéllﬁﬁarﬁbﬁbme@frﬂﬁ&ﬁwd

convert ngﬁf k ”Bo S ?redo I{IJ-. rge molar
opFSaelGH AR P EB T eI e RaC oD & et SRy hhuEro
eRépat aiehrege te,. emthtivd (.8, Beteand: iy BR0UhYebtaingaldens ands

Cé%i;(})trqaagcse(mglgd |¥¢ &hg%&zgﬁé& g Eﬁlké\/@at 4. Q'fowé\yer E‘dl‘)eno{ é%ﬁ@sg Pow 9)

duct strea | east
aginize theyapant efxylang PPIE SIS Wﬁﬁ?“sa{km'é“%?%a“ Bile aso
nARRE tHeBoducleh R IdRIERE, ibehzeBBsRNG Sioepriatiedd to a product
st ream cont ai ni ng xerne i sonmers includes contacting
t he fieoad] \@ehbratly, tatpaibly:st doas defrsutticentiy téash sr siggeshtsl aetod

r#eel dﬁkﬁl rﬁf?\}a Aok & iRyl f()héﬁél rd RRIE Fixtdr@that contains C aromatics

benzene 1 n 't uct stream of at | east
aa@@atlonf"»t lupne prybelizenen anot her enbodi ment, the nethod
of converting a C9 aromati cs-conpri sing feed to a
product stream containing xylene isoners includes

contacting the feecS8UMMARYORTHEINMENTIONer conditions

suitable to yield a weight ratio of xylene isoners to
C10 4eaeahtlissosedheréie isproethed of siakiag wylerfe isamerse Jdere gprsifically,

it th&hdd l[l&&h%@kor{tébtlﬁg uel a@ﬁﬂiné&ﬁfon@ﬂ&ﬁgﬂfem% a édf@ysiﬂ&rﬁdwd

conve csco
ca@%t@ggﬁwtgplpggﬁpry&ﬁlpg qeqe.aeéi t9(§n QE?) ti%cﬁgrroguc?ﬁtr am (*?lompnsmg
xglend lé@f"krﬁlgieh’"&tmb%kéawapbman Qﬁ,‘h@kwg'[e IWfrmﬂjg “rﬁqrmﬁ@ate

&i‘u&%ﬂhﬁw eatgﬁ Yt% g{:elﬂ% b heteel %her@lﬁhé’ls%e&ﬁéam«ﬂh‘k@&@ pRI¥Ect

ene 1 n the product stream of
Sﬂeﬁﬁt about 1 5to 1. [0026] I n a still further
cony.

ar o.—,—&?q“%gd%pﬁ?ﬁe@q k hog hod Q I\:no m%{ﬁer}g’?somers includes
contatting aifery ceybrare %samreartss anwes@d@@ abowr Rt Ynieneere: based on

i ltogh\ﬁelgl‘m)%é{ fed UM noh RO, %R:i% -sord el ﬁ‘nﬁr ndtedIwith @ Group

ati1o benzene to et h r.oduct

A i 0. W7 EoRS ORI SIOF SSRGS PR P ELoRe Fieh
combaghgmiehe isbiersmet hod of converting a C9

aromati cs-conprising feed to a product stream

cont 4Peg2hdn rydtizan embedimentsa maibpdiefcanveding 8 Geieryatiprecampsigng
f}é\éc; # ﬁ%rdﬁﬁ&t%kréﬁ‘rﬁ coHsHRRg )@Qﬂ{ﬂg isbineRSndidies abita?tniglhyfeeh diitea

CcS n the

R tngia stebld P WRt evret B Pl Sgas B plnegpe
theopraduct G268 of btleast abdut @tofur t her enbodi ment, the net hod

of converting a C9 aromati csconpri si ng feed to a
pr od 89234 tIn e&nﬁhemm%dmeﬁg theymeihrd qf §@fYRNtiagd A fre prgepatics-comprising

fS&ﬂE)% | Ghddét strbdin f:&ﬁ?éinlﬁ\g )Mbn@ isoftier! chdeeSl &ﬁiﬁctuﬁglﬁélfdgd oftls a

i table enzene
qa%'%swé‘dﬁ @ad'%(%‘StSH @ le é‘ @ ﬁtwe'qtlw" aﬁg of g O(F:\ %,,%LJ? )r{Jeam of
raéthyletagienzadne i thg ptodudt stréapofsl leﬁ@i@bwtdrﬁfal‘ features of

the invention may becone apparent to those skilled in
the aP824) rlpancihererbediment. haEeigr PLRANYRIINGE Ga araupetics-comprising

650 ol g dubisiredra kSilaihiRg B ideTetsfcllet Borttdtting the feed with a
catalyst under conditions suitable to yield a weight ratio of xylene isomers to C+o aromatics in
the product stream of at least about 3 to 1.



drawi ng, the exanples, and the appended clains. BRI EF

DESCRI PTI ON OF THE DRAW NGS [0030] For a nore conplete
wan@snsizandi ng of the invention, reference shopdTUB®04/038075

made to the foI | owi ng detailed description and

acco in

sche@@}% Ing er gpﬁhgrge?nqo %ﬂ?th@ mJtIQcﬁi :}’lzon'\:/brgh'é §C9 ?rloﬁaﬁ‘cs

corpriding fa@tbfd atp@ad@atrsfryar@ Gentainjeg éMl%l@I'Q@g@CP ln@m@ e@taqﬂowz]feed

vitth QW ily3t dn%eracoﬁ&ihﬁ%bltaﬁleg@ﬁaﬁ alvkeight fatis!stthiraéthyigenkzE® to

DA TReE= e 1) oAk T o L BP PP SR, °[ 0033

Fi gur i S

- Qo ] SaFOAREBL Y AERSh bl b G e
campnend feed togipnguet sifpdny ermm Xgne dspmersdociyiss geniqatiag the feed
vﬁtﬁta@abéﬁét ur{dg%ﬂaltldﬁb |shlf%lble|'!@ylglb SV RPERLEBLYRAZENE S0 ethylbenzene in

susc ? n‘g ts in various fornms, there are
the pr F%ffeé‘ﬂ‘ 9 gt lpgrLe ot?ﬂ” %fgs (and will hereafter be

descr n

t he Jg%%? ﬁ%flﬁjﬁlf énﬁgﬁﬁ%ﬁﬁ ghggﬁétsﬁ dg)fsf ﬁérﬂfgrtlh&é( e Eﬂo%gtcf:svﬂor‘nlansmg
férsl tp Ialpc@wfétfﬁaf@comng ylens isomgrsdnritsigs ?Qﬁ“qci"l‘fﬁ the feigd with a

c'aﬁW@ﬂInHQ&oh@ttan SuitBRGo Yibla aNERMEIB RS aelseticd BrasknBithe feed to
|IIustrat 1F’TI(]\I(]:THE

thwtm B@é‘gﬁ?“ﬁ?@ 'FA\}%??? ?%°H§§EI érally relates to a
et N6 m@ﬁ' Yl bRBSyh SR TR Ocﬁth@; @Hﬁg%ﬁﬁ%?dn?énw

sul t e" as emca ction of
cprIpEsing,feechie a pms#uet sipare Fontaizing yleng I*?é’"ﬁ’@t' ef fentardegthe feed
vt @toa&tysngmar doRdifidne Bitable3o FiBlBRMWeSIhDGiG efeﬁbtWIettHiyltﬁnzenﬁ in the

C { un er, con ns | converti ng t he
f?‘% L%gprgﬁenl 'Httherpr{e%m{ s[tr%am o |<%%P$t{ r éé;%ﬁc onpri si ng

xyl e 280292 ot rtl§n %@Rl?ers%? ing %v@ﬁtloh %@a?ttbeébrr@éptpél‘éﬂt 19 thob&&xilled in

xyl e omers romthe internmediate product strea
tw frae 9 Egviomep! the f?lﬁwmsé@ta"ecdrﬁésw iy fakprysig pppincligryyith the
draviiey, FRdtixamhpleq andlihe apsintederzimél t er nati vel y, the met hod
of maki ng xyl ene isoners includes contacting a feed
conprising C9 aromatics and | ess than about 30 wt.%
benzene, based mie BesbRIFHONBFIME sHAWGY eed, with a
non-sul fided, |arge-pore zeolite | npregnafed W|th a

G ougoodoP FQSEE ﬁ{or@é&r@%te HHAER tanGiRG B the AMSHLISH rdrérbhee shelild be

r&a?#%é%{@% 'foé‘l%w«eg R R A T
acc O[} fho ré JIq‘s a@%h %18 ngr?é;r‘gly IIB%IIP#F@] e aHﬁ%’QQ@fﬁat can be used

i ncl e u taf ne rom crude ot |
t@@ﬁfwmuh@eﬁfs@@%é‘l%md@ener aI ly, crude oil is desalted
and ther ter_di st d i nt

closal DT3RS T n2 Germabemdts oty JE5ralns me PRG0N Bra ey
staté cathsersinabf Guandriaticause ccratrdenytsteatelysicandvat i on i n
downstream processes. The product obtained fromthe
desallPe3dy @9%3 issseeatia ppieraliv diestirdag tha Prasessiiewiot a sieady
YACEANRGiof bi & | aAdrhaliBs udRN@oljdiendirh-afjrbghated ohr@dnie chtalysa

at mospheric distillation are crude or vi rgi n napht ha,
gasol[oosa] ere(m@dm:loséd ghbthod isalisceptibje afiembediments i, vadaus forms,

ﬂ?ér!e gr];e |I'l #E fg?ﬁe %v?\ anoa\ﬂim hg}gé’ﬁéy Qgéstc lhé:gnﬁgdgﬁé?lts of

VI a vacuum | stl

thaainyenon, phib e unmetﬁnchwéh%aw drsloswr s ‘&‘§“¢eidﬁ‘i’ gm@wtratwe and is
Rt REHEd S0 Bfhit d hvB&tioh td thé 8Fecific embodiments described and illustrated

herein.




processed in downstream unit operations capabl e of

changi ng the nol ecul ar structure of the hydrocarbon
wonlsoedzes either by breaking theminto snal | ePCT/US2004/038075

nol ecul es, conmbining themto forma |larger nore

hi gt y- val ued o GG fes ptBBR TR liATHORT 0 " ©

hi ghl y-val ued or virgin

ng 2 g&\;\ﬁ ﬁh% qutl %lh elg%§ td irln@ttnbcp& n%kﬁn xﬂ@ﬁb @&ners which

%‘e ydrotreat| uni t
anmeapnc@bwéabﬂesasa migg! feepls k@rfhemsoduatwa of @éﬁ%ﬁé@e More

de&?ﬁb%ll;I iR SmethbENndfies britdtting A1C] SroQetts-compaaTy, fedtaliindasitalyst

t h
SmrerTismeuspm g ke bR riclibgfRdpash et ©
dospasing e tsogass, separating até;@b’m roridnaf fhe x[ylp@q;nsgﬁers from the
lhthlaH ﬁédlﬁfasé%ﬁinr %Qcyﬁlﬁn%'?o ﬂ@%ed@f@xﬁné %@mﬁrs lean mtermedlate

contal nin rogen sul The
Hﬁ%‘ﬁb%fs?fﬁoﬁgefaﬁf@e'g dhg mF*B°%°fd'Eﬂmgf‘Y'€%ﬁfP%?r? '“B'H%?S%PP‘GW"Q a
& CorrFERTES drpmbiis @ad iees thar Sese3thyidk bermrebe hasddendhs total

Vﬁel%@ 5fqga\leeg %r)nh arHoR_sl](YédeO&@'é %8{&%?3&&( |ng‘9eé?\g{eh @ith € @?&Jp' Vi metal

qyisacyrap %ﬂnélmnsémfﬁbi?g‘o%ﬁoamﬁgé@e feeq tgicgupqugt § rﬁa'P [gemprising xylene
ifgdré.ng range of C6-10 aromatics), can serve as a feed

sui tabl e for conversion in accordance with the

di scl[oeasl $uitakiaféedefonaseiodscorda0@3vith th¢ diedlosad inveritiye mathods

lném{e(?ﬁc{sgﬁhl E\%%h}'m)ltatmeg miAKR off I'Jflﬁﬁg pr%'cé@sle@rGér%réllV %an@ il is

uni t n converts t f eed |
deyelied @ad tereafterlistivag e &?rlog%@%'r'n%ntbrﬂwleﬁ S(%P anera"y
rﬁﬂﬁ%mﬁétalﬁéﬁﬂ duspdrided sdlidgnhaigliitl causercatalyef deadivatibhén davgltream

R %égecsﬁb‘g on %dl? t gbt‘élﬂgd’]ftroﬁﬁ H1te gggaltfﬁlg ts)gek%[uag%buénﬂy E%Vg%[e§

car ons I'n roca
@mg@hsm@rya@ymdtst@@ooeAl@ong the Brrlioncapfainedyia qttﬁ@sppmg: distillation
38 LRBaBr vnrbﬁ népl{tﬁ’é @ésfmﬁé? k&rbéﬁnel I@ﬁﬂ fusl o8, disatl ong)lg¥s oils, lube

?t'g?‘f'ﬁi iaeis\ ad% gotéﬁgsg\xwgf %{Pe aed urthFﬁ gls{ Ilag g% vacf‘uugadlstlha(?lon

raethadsaiMang bl thederfi@etion canubef sgid asridisbedadrpdusts opcan berfettheres
&é'(lfe@éefd' i 50\@?%@9 L %ﬁ%&ﬁs“c@pabﬁ‘éﬁhadgﬁhg@heﬁ\ﬂlaéﬁﬂﬁ# gfr’dcture of the

parartins and K nHtHCS %&? rgnq X ﬁ ¢
de@a%wolgftﬂ%sa%\ﬂ"%r&m%a naerdta sy CU%ﬁJ&?r“%\"' g them to
formo8 lseder Blorecraghlyewaiues enoleeulasor eeshagih thern rddinerefhighly-valued

r%glg%u?%s %8%@ EO&;{E&%R} M\Apththatom% ol ﬁSJgMﬂhé%ﬁ Bep ¥&h be

€ conposition O crude oil can varg
RASERHl wnthduﬁrtog@ eyehahyPtieptg unitvhidhfopers pisfrsde ggrafiing, and

rfeﬁ@%‘s lrﬁyurﬁla@étfbh e bulfug @ltrbgera 6:0/Q616] halves Wietdnoztdnes, and metal

e e e G et S T
togatadaas pas opsitpstantfally e of énpusitias, @ Y%fOQ?éﬁ@h 67 @"Qﬁi@ﬁmﬁ he

6&%@%&%5&% ﬁr flodlafid SrHRBhiA.EThellightt Y@ Earbidtistaredfeat tatal ddRBstream
act.ant s/ nat e

Ot ent

e A A e e e i e S L
ydagabbnsdfavinb bettenighsobinseragerten $e.0.] @0Befcs)F e gated gas, generally
ntiid a‘?&n&%gﬂ{fh&' Aynﬁ tl(e%%n@ ﬁ-{r}ﬁé 8 GoY), ArBRbtedp Sar(Srve as a feed

aronmat’i cs term"aromatjc" defines

auitale foF Cfgwer@pn T acGprdacn ilh d@&@ﬁ?ddnwwfedﬁ%i'm ns

t
wni c ntoRd ey Auor pabeph ¥l Hh N BEN G B one sent o
BOO dsit arfae;engaeta drahfeby to liyMdylresarisonShademnprotgBhing nreperties (ie.,
ﬁ%@lﬁnbﬂ%rhﬁl’e to SLm‘ur c%‘%lefnﬂsst'rlﬂe Etjjnt hyd1=9c%790ns Qr% thehednt to a reformer

aromat| cs'
forren\eHdiosg ﬁydra%waﬁ into YErPEHaPNS 'ﬁ&'{)Q hﬁfeﬁﬂé?erf@m%wes teg.
alomatics). REx@ing fralrbigimer ivea i€ornatertht indudes abtuohly atonstids (typically in
tri met hyl benzene (psuedocunene),
1,2,3-trinethyl benzene (hemnellitene), 1,3, 5-
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trimet hyl benzene (nesityl ene),

nmet a- met hyl et hyl benzene, ortho-net hyl et hyl benzene,
w@asoaneishyl et hyl benzene, iso-propyl benzene, aneBCT/US2004/038075

n- propyl benzene. [0040] Along with the CO aromati cs,

th g? b@?{%ﬁqtg bE ﬁlaL aY‘q;s) \Akl]ta lpggﬁmguﬁ%rrgﬁrdﬁgﬁé F%Lbst?ntial e/ free of
wﬁmﬂgleﬂn@obut@)@m @eraﬁlmnﬂ@eldargmdem B @RS easLeH slep,

A &fhsQhd Ba e%rf]ét% arHEmeleaftd NISld a@rd‘dﬁ&@trééﬁ@&omeﬁnmg C, aromatics.
substantia %rgfree of para

Ti era
Siharrabe redn A s e biongesht Brecpiierer A he
disuibsed imfentiegs methddsior e preferably | ess than about 1
wt . % of each of paraffins and ol efins, based on the
t ot al [00a8] gTite cofpediipnfoberdde ¢ipan Mary RigRiicanthhdepPed uep ifs Bource.

I@@re?\}ép?rééﬂegu@bk)‘orfuééﬁ dRborgancé Wth lﬁ@ m%n’uv@ h\%ﬂ%ﬂé @bclosed herein
ur an

O HPRO TR B BPOSR 1 SR RalUPP LSS o0 ORpale e of e, can
aify depbifiding ypoe theredetantstroatigiadssseppliee fsthedeamit apayationd. @fterfines,
tﬁé'%) ]ggﬂ{ of tﬁ@é ?eag{aﬁtgﬁ{awllabé \/Jllrecﬁéatﬂﬁ@%oﬁp&&{o gf tﬂ\e Wed &tame%— asa

even nore prefera Pess than about
RApAUt of ther it oPiaoBE on the total wei ght of the feed.

[s Sggtllhﬂﬁ aT{']e)}isf%:CJOS lgﬁqgg%ﬂrrlglﬁ%%gg g?ﬂvgr%{) H‘?'Bf’?fgk?f’ ea’romeqlcs. As used

rerdiy, lthegamelapmmatic diefires leneie genup Af wsdtutdtest eyl hydrocarbons

&Hgﬂr@%é @} th¥re nﬁ%tyﬁfhed(w 5 SerleSRRET I%s%rs‘%f &l g contalmng
nmpri ses | ess than

% X ne | ‘
tH‘i?F 80‘&’99'?%‘!5%( PSP geagaly, H'g”r‘ﬂv"ﬂﬁ\giéi’f’dgfs %nnga% nag Ps92 (13 "
B, S19d7)0 As ube Heodig lthevteingit amfnatudrsémbaxech mMUf&E*Bal indhades arsy

?'%MJR& c%ﬁkh&lngxawﬁ@ﬁn@éqg/ﬁow e P%fgrfagfl Eh*?é &, &?fﬂ?ﬁ grEfiude 1,2,4-

uene nor e
trigstyyibgnasnefpeigdoymepel/d ?éttrm%v'besmdh%wmﬁwén?)o} 3!5
mmaatgmer@énet (h%s“fy&@d), métafregnldthiieniche sathe hasttyletylbgniene eara-

FHRYBRIEES BLELeIablInCRLlaSRdsss than about S

and or & erably | ess than

ab out [0(3‘:)’102't ﬁoﬁﬁ@%@@ nﬁ@rﬂ?x,cs hRsRey 9&05"9 Q\nlltn‘?éllfye n‘ﬁﬁl'eg)hg other

S substantia
W@WE@H%“Sp‘F‘é‘FVe‘?f Ahicl) 2Ry AresERt in e W&Wab%%rtexsmwf tog feed
sheud Bél eubsﬁaﬁﬁbllm}éeofmémﬁms ahd ylefines A féddaimt &lxabidtarBialiyt freé¥bof

;f%n d olgﬁ}%ﬁgefgﬂ Ecﬁnﬁrghsailassvmér%btowq \?/tt P gf éa%ﬁ gf pelr%ﬁ}%galnd

cer aln e owever can I nc
olgfigniant ewre Prefetsbibiiess SN gheit § Wt B Rackrof P@Pﬁféﬁ@‘daﬁ'ﬁf ns, based on

th@wwaghtlaome eeeaMPlitherrhdte GRE kadé/ﬁhoeﬂ’lb@@hmﬁsuy fleBof furede.g.,
ot

SRS B 2B el A GBSO Rt
fubsehtiahcascts sullewsiotchlisombisas 169 than abaut bWl Sreuiiurrrere preferably
IQ:{sgﬂ;mﬁa%QL% 4' \gt?g sélma%n@%ﬁmgg ﬁerayytlﬁsﬁléﬁri:\?bog\rﬁﬂ n"f)f/f 8ulfur,
l%ls %al IWE'QEW%E‘&E egbout 20 wt.%tol uene, based on

the toq%‘ﬁlll] In var?)HE pr err%lc? Smggo%"geqts d\rgflae%r % ¥ubs aﬂ’ueﬁl? gg@b&ylgfe

enbo can 1 nc
iSNEr® rﬁ@uenbﬁubeoxsnpmdfobb%nzewwgfﬁ@d ﬂaﬁt ig ﬁ@swé@ly free of xylene

.Edneér%@mba BRpas Tness thlaﬁ ascﬁfg ]wt %QJyFéﬁ'@%orh&‘% Sanugme g’@f@kﬂbl
3 i S5 SRR o 6 b T, £ b
dubstantialyOBse3 tofbiend brefeterbtyfwmprlsea lesa thao albout Ariab B4 tnfeertes and more
#ﬁﬁra@gﬁ% g ab&ut 8 W&ttagédeabésxd b fﬁ@ 1R mf;;lgﬂ f%ofe@ot u@éed that

owever nee be Su bst ant 1 al y ree
iesdhstantiabiiies ethyibanaene PsgTerpbly pormRrises IB¥re a0 op WA 05
Mwldenzermej éiﬂ&nd@@ﬂé%%ﬁt B3 \hanGbOURS WA ethyligenbariy basad bothe total

v&el q}cgrgié t@ n%g? g% %%8 ?I‘Exy\hs sﬁt{han Qliy#rgg of%%%e%g%e?eraaﬁlcv,oqngr@gsr less than
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C10+ aromatics include, but are not |limted to, Cl10
aromatics ("Al0"). such as butyl benzene, (i ncluding

WO s@bv3shbenzene and tertiarybutyl benzene), PCT/US2004/038075
dlethylbenzene nmet hyl propyl benzene,

di net hyl et hyl benzene, tet o

Ptk Borzbnr AL EOE TSR oSt o BES GG Sifigens. Based on the
tetbhwdigitt ofté leedizene, for exanple. Exanpl es of Cl10+
aromati cs al so can include naphthal ene, and

met hyl08Agb Hi estaimembodintastsd haweyer, the feadisan Adesigicapteamounts of

dPnfa oﬁ%&ﬁ oftbI0ER dnd DedchE. CE ka9, nﬂpéér@mrdbemehtb ahe @b@ bdn

% C10 d f
BP0 Ao RTO PO Lo BRI RGN R PP
Hoivetdrgthé tmed incluf&4dds the abseics0hveYeioliend e]orqaprﬁﬁeram less than about
vﬁ@a{ollu%ﬁe VEAfISre ré@rﬁtg Y'%Es ﬁgﬁ‘élﬁiupﬁm o/9foﬁféﬁ«‘g"aﬂapr{ogfypreferably

ene 1'soners an enzene. | n contrast
ety BN REOHE o bERee e B R G B fgori S i ceran
dhidbiienisNBe FRY @an in€lideng-to abaud 3P at. B-beyieandmseddrahetotal weight of

t{:g?ht%]eg B rgféya%lysﬁo elillgé h%l?t%ed%él\}éeg egsethgé t?o'ijpé’d \ﬁ(e’ﬁ Bﬁ}gne and more

a mxture con al ns

preferghly, lessrtoasraboeit 20yt fiehenaene, baeed an B thHéve@BhﬁuffFPefeed

wei ght of the xylene isoners and an | bepzene.
Vor o 094 B, RGeS EmSERE, B et P R RPArElY s
¢1t‘,1@rnora£mut Trmrfeedmambr peafdm.m be subkightiaiin e C1f. @d4E}icsAS
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[0081] For catalyst “B”, the conversion is nearly identical at WHSV 1 and 2,
indicating that the catalyst is near equilibrium conversion. The data show that an increase in
the WHSYV results in lower conversion of toluene (from 57% to 56% to 33% for WHSVs of 1,
2, and 5, respectively) when using catalyst “B”. This trend is also shown by the data when
using catalyst “A” (from 41% to 35% for WSHVs of 1 and 2, respectively). Based on the
profiles of the products produced using each catalyst, it is readily seen that the addition of 2
wi% molybdenum oxide generally did not significantly affect the production of one particular
constituent (selectivity) over another. At WHSV of 5, the benzene and xylene selectivity
obtained using catalyst “B” are 40.8 and 49.8 respectively, and very similar to that obtained
when using catalyst “A.” The addition of 2% molybdenum oxide resulted in an increased
catalyst activity by about 2.5 times compared to catalyst “A.” The yield of by-product light gas
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reaction conditions were 400 O0C (,734 OF) 00 ps;
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Tatalyst Awere 1.0 and 1.5, while the WHSV for the
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éaté'_l’ysg-“-AQ’ épe%ifigallg the liquid product obtained when using catalyst “A” has a weight
ratio of Cy aromatics present in the feed to that present in the product of about 1.51 (ie.,
97.71/64.76) at WHSV of 1.0, and 1.35 (i.e., 97.71/72.06) at WHSV of 1.5. in contrast, the
liquid product obtained when passing an identical feed under identical reaction conditions, but
using catalyst “B,” has a weight ratio of Cq aromatics present in the feed to that present in the
product of about 4.89 (i.e., 97.71/19.98) at WHSV of 1.0, and 4.5 (i.e., 97.71/21.69) at WHSV
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to Cl0+ heavy aronmatics. As Cl0+ heavy aromatics

28



are all nethyl substituted, they will continue to

react with benzene and tol uene to produce xyl enes.
wab@seosoe no nmethyl groups | ost as by-product PeTYUSI008038075
process flow 90. The sel ectivity of benzyl groups in

1558 D30 TS PN e BRSO e v

feafdcnmtp'rquctaﬁessmwnmgTabwgiabﬂOW1OO | bs of C9 feed t hen
there woul d be 1.49 |bnoles of methyl groups in the
feed and 0.822 | bnol es of B#M29l groups in the feed.
The next—step TS U cal cur at € [VEHA{&~AY Q;ﬁM?gTWllty
of nethyl or benzyI gregwwlt% tEatl e, POtk

xyl ene -se#e+s- E:Eg‘” ca bl.l cul OTTS Z%EC cqrr SbJUL in

t he manner desc aboye Exagplbe 3-A. xyl ene
potential of th b up< %745 b 52

52
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0. 814 | brol eé}f’y' on E,g regél g g)r5%
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xyI
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sigtatéavaly, foraatalyptiA, ﬂhqaneetglaapfetduwetawd ﬁ@wmwﬁ%wds & CB aromatic
p(r%?&éé%@ant%eo@sf Iy Iﬁ@?ﬁﬂ'@fhglbéﬂzeﬁél—%ﬁmew% g eeﬁg = 100 X

AR 98 Tabon Do uaes. PRSP EREMS 68 Y B0 Ruuene
e paidatecaddliosl wheres fhe fuatiyetitheixylénes dense e@ﬁ: cifegu@g;feecnqtpck in

tﬁ@@%ﬁ&éﬂ&h oftplapa % @ksyp%Br Y\@Sthé)%%ﬁ%g ploBliRdFo¥Pthé\liene are of a

staln | ow reactor a
RicBAeveas q\Aﬁ"'tWFOMPB'\'ﬁF’ H@thﬁw?rt?a 8ip P‘E?P by J@eRs HPEma?fg‘zﬂ%mb
Holterhe @BGraHidlicPproguceabon tan idedticHagd Lmnga:latatyet “Bhare

d t
e}%\qlar}rt%ﬁ,elégs o)If gﬁexg’}gcg&sekﬁ ahd %Hé{ggpgcar E%?llb%ﬁzg% AT} éb%ﬁﬁ 1R %.62
1. 86 =d 00 %55/ é55r*e7a?ﬁ t 3ﬁ187c'bﬁaw oS, iRspIERGID aé'@orgblgh gieality

KyieRe pldtiot befP sieti @s b aRemital feedstddRan) the produciodbiPérakylehel.
Knal yses of the liquid feed and product are shown in
Tabl €[0%03] betustvermbad) krerebare many other unexpected and surprising results

obtained when using catalyst “B.” For example, surprisingly and unexpectedly high
conversion of the C, aromatics to xylene isomers is obtainable with catalyst “B” when
compared to catalyst A Specifically, the liquid product obtained when using catalyst “A” has
a weight ratio of Cy aromatics present in the feed to that present in the product of about 1.64
(i.e., 60.82/37.17). In contrast, the liquid product obtained when passing an identical feed
under identical reaction conditions, but using catalyst “B,” has a weight ratio of Cy aromatics
present in the feed to that present in the product of about 4.98 (i.e., 60.82/12.22). This
unexpected and surprisingly high conversion is beneficial in that there are lower amounts of
unreacted C, aromatics that need to be recycled back to the reactor for conversion. Though
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[0102] The reaction conditions for this exanple are
identical to the conditions used in Exanple 3. Thus,

wo oosm9szeadi | y apparent that a m xed tol uene/ GBCT/US2004/038075
aromatl cs feed reacts under the sane processing

%%it'%\l}\,f?{ rﬂolg)% M%E%g%?eg% nEr%agepgee @%g&ﬁlw g?t‘(i}fg{?\é\cg g% ctaf%Iyst, itis
matpaetae and;sumnlshg thaéthe addifionieé theerahbrieint resulisén prcbedigs
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xplensligeeratitd drematics sydbentesqt (ths1cpitd 2y of the xyl enes
for use as a chem cal feedstock in the production of
par a-[8105k n Simiaripdior datd ind able tSisbow gurptpinglysnd goexpgctedyhigh

rdid 3 BIaGnRetiRibeRzdid Gith baust @l WHeh COmEREPRIBRIyECA "

| d db |
%m@%ﬁv« eyl eri RamEe LR GHGSER P Bra YU R4
rhetigtbtiidbiengene ateabnt 4t the Bled &y thatpdesanttim tpe pusiugt of about 1.71 (i.e.,
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AR B hbda (vbight rat.oﬁﬁ xﬁa{&%nﬂe@ to etfiyibefuehe BSbouttsBe.e., 31.9/0.55).
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df heremymeazehe;v\lsoweym givers the Buhstantial e@bsedcddf edinibenzane i thélinuid

ol él‘gd&?oﬂt r%‘ﬂ u@iﬂﬁ |63t5| stk @ear{dqﬁé”é&&dfn@ﬁl substantlal absence of

conver sl on i on of nol denum

elinfhepreg inthe pnerp@agr@ el w@ww&s Agng prpoagping fsgequired
16 &l Blefisittioniok eth@banaenepect ed and surprising that the

addi tion of the nolybdenumresults in such a high
convdpsi7pn Tk ptddect@dtained wilh catglyst B aiso daea pypiiaitaly. and
Jnggq&;&ﬂregwgh Q@Be}ﬂ roﬁ%yle?llérs%ﬂe%' 158l oyar@m.cym%zs.msgrtssmouh@msdmct

|sota|na€‘.|€? th cata é tlt
dtredasip sHtErtth Sasdicpby the ioud i e W“ﬂ’ﬁ g catalyst "A”
Hds@lﬂeﬁbhpuramdbrs@le@é)kahmmb Q eromagdsiog aloat 28§ Gk., 1293/K88). dn

ht ratio of I
B o Bl By YR wh OSSP BRIl romoton
gondjtiang, It seieeatabist " ed avsight rs%ss@‘uxvignedﬁpm%!éfﬂ% alometics @f
éb@gltego fodedtai @l sgyeaction conditions, but using
catalyst "B," has a weight ratio of xylene isonmers to
C9 aromatics of about 2.61 (i.e., 3 1.9/12.22). [0105]
Simlarly, the data in Table 5 show surprisingly and
unexpect edly high 30



conversion of the nethyl ethyl benzene with catal yst "B"
when conpared to catalyst "A " Specifically, the

wo 2@diogs3py oduct obt ai ned when using catal yst "BCT/DH&8®0&038075
wei ght ratio of nethyl ethyl benzene present |n the feed
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aronq;_txla&% conparison to the product obtained using
catalyst ""A." Specifically, the Iiquid product

obt aggﬂd] mg HEhHE illGiafs Yisd perférméﬂ@éca%aﬁ‘tﬁtleg Iats lafg8lpofe, Of
|
lyrgar-gjeonnind cestfercaBhelT mestiedly B sronda Mattes s

Mwmapmpatglltlamoﬁ adreriyhidemim-inepeepnated, emordej*e;gpatglai;t (Catalyst “B” of
EXSI:F\EIE '19% M%%Mn@ﬂﬁ)reghétﬁd %%ta'}golﬁ@(tc%ta}%f C gﬁ Exa%% 19 and a
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chmpiisir@yrabolittte wivs @ kadmatit (Aa) yetbcavbdds and bbbyt 88 widB'tolleas taxylene
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belowe., 11.29/0.93). [0109] The product obtained with
cat al yst "B" has a surprisingly and unexpectedly
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hi gh amount of benzene to ethyl benzene in conparison
to the product obtained using catalyst "A"
wep@siopizeal |y, the liquid product obtai ned whepPCTEE1094/038075
catal yst "A" has a weight ratio of benzene to
et hyl benzene of about 1. 141.%' ef» 3.43/3). In
contrast, the liquid producti obtained when passing an

but using catalBet "[B," “Bds a wei &t ratio ‘B benzen&bP”

rdentical feed unde;l | Getatystal rGdalyston cOaivst ons, Catalyst
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,y eﬁgb%eonly ‘ut 7.6%xith cataglgyst "A')29 26
Furt &Pe a cupsory conpagi son of #e produgl 5.8
strea thafyqUsi ng caggl yst "Bz (a) neaghy all 127
t he net hyI bepy 'ne has pgen converted; (b)gbhe 57

d xyl engg have inpg eased; §g) the g5
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benze
rcqiybpﬂrwew&snaﬁe# ogggnite GARbst t%aféﬂyé" &.")v%th?rﬁw%a%r g grolybdenum-
ivprebsttedicoRen@absstsi“C” srisDT) edo petirhiesimblybe! mewyerted a

bbb RS kP ad st

rhalybgenypeimpregmeled erditeg @isp mdéwwc%émhigb éatioa phyipae isomers to
eﬁﬂ%h{éng alyleke isbbS t&BaaBMatids|(é.4l Slﬁ']étﬁylétﬁylbérﬁem ndylensraoraes to

chggrg[kf)\lﬁgf{st tl(l%gfthglpggpna% egl?ylpeé&g)ﬁg? % zen o &Ryllgje%gér{e in the

pradugod éeLconvengiore gmbd bidh cdyweraion et af@ﬂqt'@a@@d pethylsiylbegrene.
Exampl e 1), and a nol ybdenum i npregnated, USY zeolite
(Cat P81 "The frpodinggdpssrivtian is gyertighvearpesy of ‘é’é’ﬂrsmndmg °“'y' and

mmﬁédéédwnsrglé&w? s?@tlna\bé)/mrfat%rswoa AFRs o é&hohiﬁuéll;maﬂtbmmse scope
% tol.uepe to X our
‘ggﬁa\?"zﬁf‘@“rrﬂﬁﬁ?e\ﬁgpge‘ﬁtg? P‘S?e hadln%in Fﬂ‘%&d&( ﬂﬂe t{:gl'a feeds. In

each run, the catalyst was packed into a %inch

tubul ar, stainless steel, plug-flow reactor and
treated with flow ng hydrogen for two hours at about
400 OC (752 OF) (unless specified otherwise in the
data presented bel ow) and 200 psig (about 1.4 MPa)
prior to the introduction of the Iiquid feed. The feed
streamwas a m xture of hydrogen and hydrocarbon in a
4:1 nolar ratio, and the reaction conditions were set
at 400 OC (752 OF) (unless specified otherw se), 200
psig (about 1.4 MPa), and a WHSV of 1.0. Analyses of
the liquid feed and product are shown in Table 6,

bel ow. Table 6 [01 12] The data set forth in the
foregoing table show that, in addition to the

nol ybdenum i npregnat ed nordenite catal yst (Catal yst
"B"), other |arge-pore nolybdenum npregnated zeolites
(Catalysts "C'" and "D') also performdesirably well in
converting a CO aromatics-conprising feed to xyl ene

i soners. Indeed, these other |arge-pore
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nol ybdenum i npregnat ed zeolites al so produce

unexpectedly high ratios of xylene isonmers to
wetdnglobmsnzene, xylene isomers to CO aromati cs PET/YS2004/038075

met hyl et hyl benzene), xylene isonmers to Cl0O aromati cs,

trimet hyl benzene to nethyl et hyl benzene, benzene to

et hyl benzene, in the product of the conversion, and a

Whajtts Clatoedisi on of C9 aromatics and
th thyl b . .01 13]. The f api d i pti
s grben TAPSEPRAr S P s sy B SRR BTG RRELE o

unnecessary |imtations shoul d be understood
t her ef rom{aps nediabiingzs Coatematics-hdmprising feasiopit aofateyieunder

I nve ] : f i
ki 11T AU (ReRITls LGSR aea i oS e
maki MPMRPPRGIaNe SREYE: t he et hod conprising: (a)
contacting a C9 aromatics-conprising feed with a
cat al yst upder wspadiitg @ easisupdripinloétht oylecoiasresrs frog thehe

f eed iﬁtgrn"f}a%iaitér]ﬂisr%ﬁ&eghearﬂf oduct stream conpri sing

xyl ene”I sone separating at |east a portion of
the xylene isoners fromthe internediate product .
stream an@) ( c'pexelingie thefged o stendalthicoryiene isgmers-Ipan) intppediate

xy| engodisOsiRES-cb@Madirndtey @pdi at e product stream
obtained in step (b). 2. The nethod of claim1,

wherejn t f j [

comers, - sdieitodsh eBHPF Bl e Kol ety {8 qons
ipfmets, sHiFdr parafifner adivlefing f eed conpri ses | ess than about

50 wt. % tol uene, based on the total weight of the
feed.3.4. TJlnﬁ rﬁ@ﬁdﬁﬁﬂ cl@ﬁbn 1, wdiergintthe f&bgﬁ@hpﬁﬁsbh egé mﬁ'rgabout 50 Wt.%
conprise ss than t W . % benzene, based on
t?ng'Pet E?Ssﬁ oﬁg]eé s “('ﬁgq?ﬂfgﬁl? feeg%. 5.. The nethod of claim

1, wherein the catal yst conprises a non-sulfided,

| ar gebor e Thednetiasl of aisinehdietin g terd gormprisap less Bameroyt 30 wt.%
BoREEIR; bed INBe MREINRGNOH tiid fédn 5, Wherein the zeolite

is selected fromthe group consisting of nordenite, = -
bet a-zeol i 1 e, d Y-zeolite. .anpd e r ]

Cher cbf - 71 PR RBE bt R 08 ot SRl o Qo S, rge-
pong zaoite diheregnapadodi etGrovy WBmald 9Pre.ses xyl ene i soners

and et hyl benzene present in a weight ratio of xylene
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nmet ho maki ng . X e_i SPNEer.s, e et hod .co 1 Sihg
PORERE ] RO ol € S e A SRecT mSre R greot
than about 30 wt.% benzene, based on the total weight
of thd f eethe rogthdd of clatvhi,sdefeirdtbelintdrmedjate praduct sisedn ganprises
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