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xyl ene i sonmers and, nore specificall t o net hods of
converting anNEerf@DSc@Fd‘dﬁrkﬂNﬁ X‘éLEg‘tEdlStQMﬁﬁ%ne

isoners with the aid of a non-sulfided catal yst

conprising a support [ rrprenat ed with a hydrogenation
conponent, wher ei BACKEROUNLOF THE DISE ACI OPOr OUS

bi nder and a sieve cont ai ni ng nmedi um and/ or |arge
PEieRSof tFY bieélosdecri pti on of Rel ated Technol ogy [0002]

Hydr ocarbon m xtures containing C8 aromatics are often
productosot]f T tiselesliengenyrapy etatsste snathods otinakjng kydnensmers and,

l ht??e s?pgca;% yyd‘tﬁ’oaﬁ"l"élthééé & croﬁ\];eﬂrn aﬂ%rcﬁﬁﬁﬁ lsmg Toed %éylirie isomers
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V\Eﬁn‘iﬂbné{tewg&elﬂ tRé QRolCificludEl &5 adiopstls Bifide? 2hdb& sieve containing

frat on dinto their major groups, i.e., C6, C7,
Ef@an%igarge BH&C 1 aromatics. The C8 aromatics

fractlon general ly includes about 10 wei ght percent

(RriefBescuptignad ReBedechpology ar omat i cs, based on the

total weight of the C38 fraction. The bal ance o

hi s
fract i BI90%In Eydaeebangmiiustea £NENNG s P URIFD AT © FegiBRyct of o
aféﬁﬁ\@ytﬁﬂ@e%s anmmtg Gmt aoe lietduy td) emiabtie r¢fomiig pammdsses. These

x%&{rﬁgd lh?é?%Fb?m W et WIIJ@&M bgﬂ %ro&na‘f@g %nd pl_araffmsh most of the
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T%El ?%e r?‘zéut e sgh%gréé?m”gwta}:ﬁ@ 3?0 %%ﬁ{oﬂ%ﬁﬁ&ﬁaﬁ% based op_the tota

ene | concentra
thel%'ttoé thelse uactw Wee bglansg s&iis FAction dnclugesabs aﬂfém@tﬁﬁ MPS’f commonly

tl g@sﬁ alaﬂbﬂjgtﬁé C§3§romm_lds Bré él@yllﬁﬂ]zélﬁ(( EB()&ang xylertepsdrﬁbrﬁ Mlﬂxﬂmg meta-
2 79, I N a S
TSR ekhr 8 et gl Pk PARR e Sshe [fffers ane
Cethglbenzantd @'s colwntu/ea'rrefege%@r il the/ap ped emem@ts Qnaromatlcs Typically,
_?_ﬂHérl br@géntjgﬂn @btc, %ﬂﬁrtaﬁc@feth@@%nérs%réseﬁt?x gr@éné%ﬁ)ratlon of about
us S rein e rate m X
of & ¥y P Rt ER e S Eo it gt fap belence
i Gogveupstoi abotthi®O wei%) Heing st inbxtuod ofatyloe istmersl TheXhneXxga)e isomers
[gpggﬂy JdRoriBd QAU arREr Bﬁth@r%E%a%s ané atalgktdraly present at an

BOGEIG R EAE S e NG D

C tdgLigtiortiew eiyture aff ewleed isboea’ ref&@I X0 )a mildyer mnmua_onrrs; e igdneers in the
p&z@iﬁﬁtﬁ%&%dﬂﬂﬁzh Mﬁﬁ%gk) light gas, paraffins,
napht

enes, and heavy aromati cs. The BTX present

int hefdoﬁﬁjoﬁﬂ@bl%dﬂ&?(&%ﬂoﬁﬁdté’) d @l daeBe redrimngReseenomprises Co.iz
and asal.i ne [

0 be usef ul
Bl (PG Bty PhTeAraL: SRU-HBaT 1) S6A0er hel igea o=
rrt@B<T|>¢ﬁJ nByperduits of e @rdceseeincliidsr hysleagemi lightagas near #itiss, naphthenes, and
( RSRS ©,2AbMaRENZREBIrXi fesent in the reformate (especially toluene, ethylbenzene,

and xylene) are known to be useful gasoline additives. However, due to environmental and

health concerns, the maximum permissible level for certain aromatics (especially benzene) in
gasoline has been greatly reduced. Nonetheless, the constituent parts of BTX can be
separated in downstream unit operations for use in other capacities. Alternatively, benzene
can be separated from the BTX and the resulting mixture of toluene and Cg aromatics can be

used as additives to boost the octane rating of gasoline, for example.



gasol i ne has been greatly reduced. Nonethel ess, the
constituent parts of BTX can be separated in

wa@lownseeam unit operations for use in other PCT/US2006/031959

10

15

20

25

capacities. Alternatively, benzene can be separated
fromthe BTX and the resulting nixture of toluene and

%t ZLQ@Q] er(l:z%Pe Qnd %fe%gs ?e%;g%?aﬂye éérg %ﬁene?)g%go%]s% Elﬂ‘rﬁarketable than
ah@ewdlaieﬁwe(re@?f@!msam rya@wrcah@wroéwés @aﬁxwlehbwene Can be used

”{%rﬂﬂ%as@yrgnet B@fﬂerfeolar%ﬁ&@loﬁiéi@né OB&r’ﬂ:@hé alb$ %fUéletﬂEiﬁShé fmanufacture of
maki ng her products. qﬁge B can ’
%’Bﬁerf ohJ Pr’éqﬁétssfj%se rq%terggﬁtﬁ'eﬂré‘gs oY eSPHF 8"9 @sen Fapigmatics,

adtsyibénzents gdnetally is ddefil mamalfnw:stueaae oherr slmb@lths'lbenzene is a reaction

| Mgﬁdc? ?ﬂ;tﬁy@g%ﬁé berEhe rl@c@ﬁ&/& ge G Y Yrity %E’Ieﬂ? Shd chﬂl?e%zene that is

mat 1 cs, W?g nzene general ly
u@rewt inj the FmRIoAGticstiAEtion Sane pragtisaly t@ttﬁw foeAiyehe PFOQUQHO" Meta-
I gadvkl i9Nusefup &th: lorhal@fg E&Eﬂwﬂa&@ acianghibie nzemne. uskiner enakirdu epema!ty
| roplens, the e nzen I
Rl SR GRS A SR s
uakich fissif is tlw b fias Mpkind wbthplgie-bangst ﬂWP'éﬁﬁ% P a'@f)ﬁ'@'felj'}s afrgw materlal

N@dekUD Ebr h%gig@té?@hth@h@é‘cidg anéﬂ@ét@r@ Wrﬁ&féréa udr?ta ;d#&%fddb pbl@hers, such as
| |
sy Erter el GplfeThEhe kit il v i gnatae)

Whinith efhylberizend, snaisefian, &gt ortrekd/inge piet Usalubtae- lbatg@iils demands for
pi!h@scet b A& ssandpnﬂét@né@’ ln%ﬁ‘@ tHe?ef@mrﬁééV nBBds V\grbél' asl'tﬁ@fdle'rlnarﬁdeor para-

mak Ing tere I C aCI ds an esters, are used

f oHengaRd "‘E)Fé?rﬂ?l’?é?@e ORPRARY A1 v ( but ene

t h | at

pglr ;Br Ldé?/% :?1“: i Vé B@t‘w%%ﬁﬁ#ﬂgﬁ?se plé@edebwbte%]% ? (? )aron?art}xgs and products

nsede Xjarefnm, praekserst havex Ppen ée\éﬁ*@e@;stéf@ﬁalkvlatﬁ/ tolishe to benzene,
& Béfﬁﬂloﬁatedmﬂgaofwnzérﬂée&ﬁi T ernzadsS anbdrameiiRdtél tsluene and

n’gsr, g)r&mag aﬁ?rjnar?'ﬁ%'cﬁ‘at 8?? [?rr cee%t%?fgeﬁ’? Igg?ﬁrg %@nb%ﬂo in Kirk Othmers .
[ EDOBIopkdia\of @venicalt Frshidliqgid r4 "vid. u@@pk@hmfe\eﬂo‘w Ren ﬁéh§63 (John
GRilef QBBAL, Ksw Yaikd1998 P HaGliseioRE 8 MBS hEREBrated RGES BP Feference.
have been devel oped to deal kyl ate tol uene to benzene,

di spr opooé]i Spedifzallyplowenedit@odoeivnsatioa (ADH") 6B ctaytiaprocsss wherein
a{}v% rﬁr{l&noﬁ‘%ll%g %Fe coh\%lrtgc? Q)eongpr%le%?-'_ Oﬁgﬁgh&rﬁolg O t%ﬁéene, such as:
aromati cs processes are ge era described I'n

Kirk hner's Encxﬁqopedla of m cal Technol ogy, "

4th Ed., Suppl ementj Vol une, pp. |831-863 (John Wley &

Sons, New York, 1998), the disc gur e of which is

|ncorporated her— refgref 0006 gi fically,
t ol uene di spropd gtion ("]} is"a ytic

process wherein t\o g8l es of t A

one nol e of xyl ene and one nol e ofcﬁénzene such as:

Tol uene Xyl ene Bepgene [0007] Q@P%r met Ryle

di sproportionation reactions include a catal ytic

pr oces BPoAHe Qfien methy! diaprapartiofatign @actipnsiraltideca %ﬁf@yﬂc process wherein

CQRVIREIES 6 4 €, %@xaﬂioér@ cBiveted 1ediR rdsl oNBR¥ALANd heavier hydrocarbon

Cgdrocarb? oneg)El g e., Cl0+ heavies), such as:+
vitEs ey $4%8 2§0] uene [0008] Tol uene

transalkylatlon is a reaction between one nol e of

t ol uene and one



nole of a CO aromatic (or higher aromatic) to produce
two nol es of xylene, such as: Toluene Cg Aromatic

wWOgi0en0z74pD009] O her transal kyl ati on reacti onsPCT/US2006/031959
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i nvol ving C9 aromatics (or higher aromatics) include

the reaction with benzene to p¥oduce tol uene and

xyl ene, such as: Aromati c Be fene Tol uene Xyl ene

[0010] As shown Frnthe foregoi ng ?eactions, the nethyl

and et hyl groups/associated witlhh the C9 aromatics and

xyl ene nol ecul €5 “&xe shown gerérrsgal ly as such groups

can be found2l e £ M@l Haavieg

carbon atons t&Q f\ggm the varilg someric

configurations O . xtures of xylene

i sonmers can be further separated into their

constituent i scp®osaticn domnstwmmmmprocesses Once

separ a furt r ocess

soner 1908 T80eh BRGR RN s SesrticbdneRh Gt i o luche and one
s 9t ai At atcmatl@(spr @gfma@wh@ ftmprocﬂu@e tiexmaolps &f xylpd $ddh asn
theory and in VIeM/Of t he foregO|ng reactions, a

m xture of C9 arBhmtics cGHsbe converted tYd mylene

i somers and/or bg¢nzene. Xyl ene isomers can be

separ at ed fromAiehgene by gactional di
et4of|p oerSfﬁ£==hay
di spropertionation

exanpl e. [0013]

skill in the 4

transal kyl ati on~¥€act i onSSwqohg, perforn1t € ehpve
reactions with the aid of a catalyst dependi ng upon
whi ch aromati cTeleese ul ti afemgticsought . FoXvieneanpl e,

U S P ﬂt d}m'trar%aﬁgzmoq éact|§n§ﬁ§ch\7 A€o éorﬁ (?l’zhl &P Gromatics)

9, assl tro
'“éa‘#p aef'qawf' Ib?’b@gﬁ to pERees Qlupye wdg&yﬁga%éuch as:
dlsproportlogﬁtlon and transal kyl ati on reacti ons
wherein cert@ih fluid feeds contai ni fdsCo+ ar drfdti cs
are converted to BTX Though these pgtents state that

tion, for
dlnary

hydr ocar bon pé@Mﬁzul y gasoline) ; 9H
reaction, which typically is carried out in a f|UId
catal ytic €$'%v’é'kﬁ‘t'ﬁg (BeFE® ) unit. Ldweusral ue, Kilensi d

f eeds ROYR' hs %ﬁkgvn |§Yk@@0rég§lﬁngl r@élﬁl))nshmrn%}ﬂﬁ Qm]éthﬁgr%ups associated

orized in uni presence
st ﬁt ém% a&%ﬂ%‘ﬁ,@fid XYIgNg nqlecties @rg Fioyn gepgiicaly asoiusl graygs can be
clapreb beurdf tof emmavejjalpe oidg-idsing hatboo astorbe thlfender vaibas isomeric

héd&h&fré‘c@hé‘@ﬁhéjﬂn@é&he fl\5‘l'i§t|.|re§l Gfix %oﬁ’lglts%gﬁ bd ﬂﬁ‘tﬁ!&r sggarated into their

¥ products of uni t | ower va
| FHBiPR @8’@7?@5',” fﬂ?"ﬁlﬁf?% pmmﬁse%a Qﬁﬁ?s‘{ep?'aieés"h? fremprs g be further
f redssar @@ ris@kriasd; &Ep‘hrﬂgd tadd trbsycle@)aie Nibegs a @libdidMisIs pure para-

gﬁ&gg%&wm;qlevery origin of the preferred fluid feeds
ggests that the feeds conprise sulfur-conprising

Con'pouﬂﬂdﬂ] Pnatﬁégr;‘; btBin \ﬂd\nﬁf)ﬁ the for trQ&fﬂ@r‘% a@ure of Co aromatics

% yclic 20 tics ("polyaromatics").
an e"converted to Xylene isomers ‘and/or benzene. Xylefie isomers can be separated from

benzene by fractional distillation, for example.

[0012] Heretofore, persons having ordinary skill in the art of disproportionation and
transalkylation reactions would perform the above reactions with the aid of a catalyst
depending upon which aromatic was ultimately sought. For example, U.S. Patent Nos.
5,907,074; 5,866,741; 5,866,742; and, 5,804,059, each assigned to the Phillips Petroleum



[0013] According to the '074 patent, BTX are generally
substantially absent fromthe feeds preferred therein
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occurs as a side reaction to the primary
di sproportionation and transal%yl ati on reactions. The

p&l Hggnge( [—el'?lﬁp;s )hg%n(grg ﬁfsags% Ei|g;§<:)];gedn?c1n(a)t?ocu5n ﬂaﬁs%ﬁ%/laifon reactions

pres rogen-cont a and
cohgiein gevign duiddeasts C@Rﬁatﬂé\g pﬁsommefd:s ave egyertedelel e Though these

hééﬁérﬂg st Qfap(i’r\'eab@@n toh @Heefilld 3828 as inv EMCBTD@Ia(fH SXpresses a strong
sul fur SI| con, ﬁg? hor.us

et i R o B, e SRV G SR i BRQLc! SBtained by o
i hydiracatboh frartivaladnpasolirs) @arpmagizetiore ceattion atvhicniypiodlly tisveardad out in a
nﬁﬂ@ gétgﬁ{c,eeﬂza);kmg-rb@?@‘?)t drtl € Yo TRgllef i hidia b@édgscomnéim (or long)

tivatin pol sonl ng
sDqu‘lﬁaEPS%?rieé’?H‘ﬁ'z% iotBe ﬁgg Yai Fad, dmthﬁar%ﬁenwﬂ&eswfab'e catalyst, are
| Backed ma& eghtéraﬁcaéqa&‘e &ape[b(bodf%m%h@qj%ddbt@ @hat @ari beblédded,into higher-

74a%ued sel Hglt z?]n%aﬁ @Péﬁa Txolﬁg e g@?rﬁgdc% J)fythg' ‘r—‘E‘Et Lﬁiﬂtuﬁcﬁjdle% lower-

sent r om erre erei
thfémeé*f bauid hegyies ifigpion; ngﬁ"@ constithiea Ithey fluid feéﬁﬁ éwefeswaccordmg to the

S%btr@sa&ttr@sé; |ptdl@ntrseal¢lbl\ltéﬂl dr@mtdmehaoﬁsﬁefé&éd/ fluid feeds, suggests that the
orrti o n an I an react .
SRRy B B kT P bR PR e B e, g o

c hromatics| (PolggromhiéesW0+ aromatics is secondarl I y desi r ed.
According to the 741 patent, these primary

secondH0¥3]r Ascdinghie “ﬁﬁ: Q(# Patent. B a5 %%‘éﬁ&és@ﬁtaﬁt'a”y absent from the
hiedgOgreferred theimarny theteforel nadnBicaatralsgikilaton g BIrS iob@irsaas a side
b?etaetloky{%ethéeﬁoﬁérf (?%Y%)%glohﬁplwé?\gr@én@g )}IQ%E%’IGQCH% The primary

actirvit denu

obeaetiogs m@ané@# Jhereie @6pU i imdha Brepenee PA 2 Pekeast COfttﬂ@ng fluid and a
p&étﬁlﬁi{)éomﬂlﬁislr@e& aRetAbYidé- mmbteen&typs GAdblité RavidtCingurBS&aC therein an
C(a‘)% %odlpegznebgﬁ%%geF oPlsﬂf%r hg pﬁ&ghcﬁ’usc%h%h,y%g ne?iura tin, titanium,
t neaomum @emmuan lracatrrm Iwanm@mﬁ'dmn@dt@mbheﬂon@s@wg at wpe thereof).

t g &ftllnfm'ﬁé/dxfféﬁ qel§§ fboc[bﬂﬂ;éb/thé @@&El\béﬂﬁ@ efREE Wk pbiforkrdesffect) that sulfur-
presence o

fl d |
o Per ﬁa“%?“ﬂ%¥ e B P R BB R o vpe
zeol i t 8&&*&@1@ tl% 2116‘ ‘%’4? ULB %8 péf'tgrqg ré'ﬁk' e[?ggéntéﬁally substantially

t eachi for erI n‘g at ent
cefrﬁ?efrffonc@m feqds rPé‘%fPrE%d thereinpRd. togrgiers: b P@n'&fﬂbfe@éa'k%'@n of BTX
patRfit & disslel r@acion 16 PR pifirhaly @Bpidpstadnatdh add frénskidylation reactions.

f E?\gg\ler %%;;aéa%sr}e pregé?'ﬁj %?@Cayg@poncgrﬁg}kﬁ 'cl?é}r‘?icaq’éjw ﬁgl(%, gr‘amatlcs is

ain hese pat en disclo
té%?@ﬁﬂﬂﬂbvﬁeﬁ'fﬁdobﬁ‘ﬁpﬁi"@rfy thy ﬁt}ﬂ éafw%hewm?éh?nct ?ﬁ?@'i‘ﬂaéé‘,@?ac’"o”s

XYéRn@ the @ﬁéﬁér&)\s dra Hyh@géﬂ (I,‘Unfélnlr@tﬂuwl’brﬂfa thgyDLhiaprisRE% beta-type
ﬁ%@%ﬂ‘@é‘“% fncgrpp@tedetﬁ&e‘{\ w%? ggp%( ée %.e{npllygr)rcgeﬂ%m llag\/thanum, and
c oxidasripereath eAagending to thenét%ateokutmrimw #nsl seaenalpiygeactiensgpecur in
nﬁﬂteadres%Hééc bdg hWé‘dentdonﬁmmb’BﬁJ@' and W Eétgﬁ%ﬁ cbﬂyr%lr@ éﬁd@tb -type zeolite

| ower tion ac
¢ R BB E PGy PeBbIB S op Y JobFyRane primery and
cadscahgesyt reaEtmnB lecurtin éhe pleserok ef ianiyydragam-edritaimisg flddhdnd a catalyst

pQAM&&HE@Heﬁ‘aﬁFoM@&‘S%mH Méi&id- 864 LaRi dl y deactivate

the catalyst, and are convertegsto undesi rabl e Iight

gaS [ 15| ThesteRBbLPEe tnderyihg tﬁ&é&ﬁﬁb@&oélég? sﬂ;géf,orekjo iy patents

. 2003
CRofon(ePEbe pRinelEy 5 Bk S O ol ieost. 6 PO G<lgpe @ spect
c aqrathinatipre of fluid feedsy eptalysig) and reaction conditions suitable to obtain BTX. These
patents do not, however, disclose or teach how to obtain any single BTX component (much



benzene and C9+ aromatics to toluene and C8 aronmmti cs.
According to Kong et al., the nethod should be carried

woei7ioer4she presence of hydrogen in a gas-sol i BCPOS®e6/031959
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fi xed-bed reactor having a transal kyl ati on catal yst

conpri si ng H-zeol ite and nol yftenum The st at ed

p e heh x e
RSB PR B lon TR S Pl frppot o ono

a ofl thesss ttheeprasesied efcsuilfurein dmesﬂwcb@@qis fediragritalin cprvgEs dre metaldor metal

t Q)XIH§ &n e cahRihed il %DIF?G@B\HF%QY pf\/@fé“%hlfl@e% ﬁavtaeﬁq'nuch lower
a downstream. soneri zati on

dN‘ﬂfP%‘é?‘ﬂ 5RAY {158 TR OB BT DR %?Lﬁfu&@ﬁ'sgﬁ% her@&tﬁvgfy of the
etcatalyst. SRigtg@sorehthe dlefinsl| garafivisebnd mrnyammatlcsapmetﬁ irr the déed rapidly
b%g c%USe %QQ:a gl?st eﬁ\rd @Ed ggﬁeh (?o lﬂ%@ﬁraﬁl\élh@g %a However,

suc a sug vantageously requdi res nultlple

reacti %bﬂé]eslﬁ @cl)rftraét% %e’ ford &ﬁ%aﬁ‘a“{éﬂté()d Qtpaht pE@RhRh.PuBMGtion No.
ortionation._r eaC

P P0IBT A AARERD Hell) HESePet RUrRREOD et ahista SR convering
proemmecbnﬂ rQnarbinetick rtans!aérieydaralt Comomaieet i Amaordinbithb &kong et al.,, the

e?‘%ﬁfb@ dhank by c?f"{)g('i %Flb@% Erggen% Qld ngQﬁ‘ |n°£ QEQL&‘!@ NBadNAxed-bed

Pu?ﬂcfoé gg‘ﬁgae K@]salﬁﬁ@t@p@g@@gt@ml&nq_ng( zgoh@( argﬂ m?lybdenum The stated
dipspbssieming Kebd &tetl’s dletinaliciotmaxialize mlbdsiptionmd tolueas &t subgequent use

t%' UeRS ‘r9 aOA%Evﬁ%@ﬁRe@ée% @i@&o@qﬁiéx%t%ﬂereé&&nﬁﬁds toSL; LB obtained

transa atin a m xt
t 618 @@I“T@“%ﬁn@’ ctagso AEfeect & Pdﬂowmtr&?m 'W@ﬁ@”a‘i‘?a‘;tﬁryl B eselective
| SRPRPSroAGS NS tHatBluér tXb&rallledd, Kond étal. Suddestittto ultimately convert

Ir %aCté(l uge? 3 { g}r ezeﬁe‘?l ra% gr%t a IC% ; hpearé) %ﬁe%%ncﬁo&é ergfcRgae guggestion

eact or s con al ni % a Sul
caﬂtsaﬂ\gagtagﬁqusle requaeszw@e ¢eachiory vass¢lp fe.g-he treesaliyyiatignereactor, and a

d 'd%BFoQ&Q?ﬁah&ﬂ@Eét@r‘)] afd) %@orﬁﬁﬁyd 86Ustrdt telEFVha tohaximize the amount of
eol i1t

PR BT et Hed1oF 4 R Ut 52 2 P G Gy mimimiaing he
prpomiuci@d okiplueneeandsthwibeszend’he net hod di scl osed by Xi e
et al. gﬁests t hat | arge vol unes of benzen

et hyl bé‘PPZ' &)-ar E2igals iAPalisPPp PERliGRtoR . N 80@(01313549 Al (Xie et al)
hawewsds, a @6theDbf ssmg@e@td;dampbmmawiombmtotdmeanam)uaﬁe afd a xylene

XYSO%?}?S str%gnﬁcq in B£r% gI%ﬁe at@ P‘gﬂsglkﬁatmi g%ﬁu%% t%ﬁ.x%l‘?&and Cg+ aromatlcs

reac concurren he "produc
ofto Betpip dwazean @n@ﬂ‘i?ﬂ%@m‘é’ﬁe ACfQD@EGB]O Xig St alpdbe ﬁ'ffere“t reac’“ons are

ARBrit€ ;&Dﬂd PNhEWRdsbiaat bfowydfigen 2085396%@31 ABdibrsPeakh (dostainkg Ve suitable
a () 1,.S n n

e A0SR RalTE PERaty ShERbRI R R R Mortiie, mo-22

apohﬁﬁiﬁfélfea‘ﬂfdhfb'é@@élh)éattoo) tRAwWnsrRaMaNTECeSSNGIs G‘ﬁ%ﬁ fo@stajngrara-xylene

U%%maﬁe gRakde &ge@éii@lbméry e&he m&ob‘%l%clﬂffed*lﬁ}'%oe @ﬁala§Jg@ests that large
acltl on, s

ctant_in the tran
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is renoved and recycled back to the feed. Utinmately,
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g‘ﬁz en@ﬁggh@%\%ﬂg&tg d‘g S?Jt Junit em,]onal?yl crac% c? @ klyen%etnlen—g Wpich is sought to

(0)
nol ar exce
bea reemeed orc@asdinoirtionss The dt§C'OS€ldé@3N@@‘l$ e dartey @Jornive presence

L g F?)Pﬁcﬂeﬂ %Qlaulgﬁﬁ p@r’édzegﬁe %&B@{aiéa%l{rﬂ Q@r&@'\ﬂg metal and preferably

et h €nz eneaz
UsS: et PRARTSLABe Do, Ao Glo ey =cale Creristto @ product
pswéiauc edstyncoripeisitg 8ms.alFkyrh diid BTX pevdodt isteam, Wenkened$ s@noved and

gengoz bagk k" bLRe Q%egfi giﬁ#ﬁ{élﬁftoh'ie%aua%ﬁec %@HC%‘Q%% oagiﬁed from the

ar ona ore at1on
n@P”ZGF%’§$+@§@13é¢ﬁjfe§@) be tr@@s&wa%\g rgar@@reﬁcafr@da)uw%éﬁarge molar

haydesg o@rb@hibﬁé Yo S, blomiaficst (18., detweB®VB: 1 @ MBX) f6 DBtaih®@luene and

produ ct 0 rom
ar® ﬁ’ﬁ’m %Lﬁﬂ'{‘gsﬁwg)e?zggge %HII(?V@ Fﬁa % rﬂo Ie\ﬁaé (H'] not suggest how to
prreginizei tb@ ampurt & xyienk dsonBTEXprodiepd itethe dransatsyationdpastipns syhile also

aRGhiRERAY iReDrodYBHRQY Bluend, BEnARRdsOENEE | aldR@ficsnot  di scl ose
and does not teach or suggest to the skilled artisan a

hi ghl y [oab] Viee GaréguingSlubieiidna b @ot disceeed to B teach or suggest to a

2%{3’% S%/ﬁ\%%%ﬂ{ariéi{lﬂn (h%eaqt rLoR/ té}‘{ gmezF tl’?‘eo&%u%hon-w Rylene isomers from

scl or eg
p @b efomaticsoeaprigngised m&nler pingeiriagthe tﬂmldéc’“@@ ﬁfvtg? pthey BTX components,
S pe-bilohGtidse i Heavids. Sl‘ﬂ@@d)\felf Qheepﬁt?\;]@f @8t @bt distives encdada@s not teach or
coppetin si der at.ions

ST 90 FeT AR A TAPATE B, g romates-
spernprfsm end t@rm@u@tlsommnngh@%%vst:Giﬁgio@ﬁéir it P@ﬁsOfaihé foregomg
t B@bl@ﬁ%hé %dspéﬁéliy\ébkh’ted (&Jbﬁ@&t) a %ﬁ@fée& td ¥ spe%mg end product There
di f fusi onal 4‘?{ gt Ejesul t %l J t%)g I %% "
afitf @@P%&?TW'{‘% COW' aé'ﬂ“i/“’ & TS %IC;"? Y SIS 'Y BT @
t epetificifeadze acpeniferest-prododt. Aireng thesh cqmnwders@lne etei the tigsired activity,

??\'a Q@epecﬁv@y %E AifsiBnPHiRRBEs ﬁ%ﬁ!ltnﬁ’d?rg th@ee{cﬁ\fi’t&/ Bnd selectivity. A

ecules to mnlmztatlon of ot her téFg ﬁ%tt

GO EAe ot SEUPB. 16 GBI FEVPREN g Gy e o, iectiy is
c desieblsi tonobtdin @. protiet derghinioy certais epéacalee tw tithe siningigation of other

nﬁlo?e%&laf an'gnt?t ﬁfgqﬁeﬁ%ﬁ;ﬂgé’ Qmﬁrgﬁg Q}Qae%oﬁuc"? e &ESon (ie. to

rough t he ‘cat
c BREY S B7PaETY WHep FRc) TRI Byhie anced ighdee Pﬁ‘eé?kﬂc fngleciyes that wil
varfusd yhraigh rieasataigst). Fohe esarysioa, ofesriichidas bypodudiscingesired for a

CoR b Bk LI B MBS 6 [ i o o

dé@‘i’ﬁsé@a‘y eest ety pr@;gcon[/qy@Q@]jeq\rﬁq PSSt Pigrpiher figsepysired) molecules.
Publ WO 04/ 05

C gt a: ;I%Oggﬂ drht@rg?tanalr{é%?)%é%ﬁ%ﬂ?cgﬂ&Oyé)ﬁ&%gﬁzggﬁeéal \ 6!|scloses a catalytic
e thryels@noé etbylenecand hdessihe edethyjbeprend aod wndesited vy aeodhiasy such as low
g%)?e%llgta\&exm b%ﬂct@{ecbd lé%y%néﬁ b:Qhenyl%tML@ B&d Fol@trﬂrhﬁéﬂ%nes When

anes, and enzenes

pol yet hy
( &h %Plgqﬁéﬁndah'ww Al sERyes) e ée"i*oé(ﬁ%% af%%f pRpapqechey exist as
C efipletid dsoubb ynce kighdr algyledbhybgrp widupe fignd rdactieesand form the

al r ), ar r

t Hggéﬁﬁ%gs)ﬁ)r&gagy p'):rc%g)ﬁ T e, frEO?}'thglléhy o@fi’scé‘\ HE m"fl{ﬂﬁ f\/\fﬁl rr@react with
grhgprerians ohise REHzes © ywilol bipheayl reébams %dtpﬁ'Y‘é‘ff‘H éﬂnzenes She yield of
p‘ﬂ{e%é QRGespéd s;}rp&)db@@ iéeétﬁ:oﬂdﬁlg)td) e 4731 fabRaNdn, RindRRSwitinglspecially-

p%esy gneg ataR/sthaGt mc des a suypo% formef:l from a large pore zeolite and an inorganic
binder. The support is formed with the aid of a pore former to include mesopores and



t hese undesired byproducts is, according to the '475
publication, mnimzed with a speciallydesi gned

w@2a0al0y&=s5 t hat i ncl udes a support formed from BCT/HSZPE6/031959

10

15

20

25

30

35

pore zeolite and an inorganic binder. The support is
formed with the aid of a pore-ormer to include
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are especially suitable as a chemical feedstock for the production of para-xylene. Our co-

pending, commonly-assigned application Serial No. 10/794,932 filed March 4, 2004, the
disclosure of which is incorporated herein by reference, describes the great benefits in the
conversion of an aromatics-comprising feed to xylene isomers with the use of a non-sulfided
catalyst containing a hydrogenation component. It has now been discovered that the full

benefits of that conversion may not be practically realizable on a commercial production scale
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par a- xyl ene. Qur copendi ng, conmmonl y-assi gned
application Serial No. 10/794,%32 filed March 4, 2004,

t IB? aggesgflo%ﬁj Bt‘?al ﬁr; a\fmﬁs %c&ﬁ\ter HA%s ?é ? des? |a;ﬁ¥]W/herthe catalyst is in

erence, t ene

c&wému @‘narbfexweémﬂl@fp?@g'ecoﬁ?fr P feasdprog Kipraghated with a
P¥Bdehatitintcbm @%nﬂ&ﬁ:h%& 2B VI8 Wetd) Gﬂ@e %ér@ln}tﬁé supBort is made up

E% Bt 28 B e TRESPTR hoThekB RO R 1o dsivre U Bhhep convertng
nﬁapdﬂ otntdmEnpEaaroinatink,| benrepa) oipeanis, er mixtugescberaddte 2 afoduct containing
p&ﬂglrécltsbrﬁé}s Stﬁﬁl ﬁ@%é’%%@m% i hd Ushonads \lw'trm Fh@téx%%d form of the
encount er ed y whe

scal e, especl al
Cé@tﬁlb’ifs"t‘rellg’d?rﬁ"t'f'zﬁg qrol?qh Lgl]hzegnategyt r [!I'aléds a dxffusnonal limitation and is
p ehdesirdtpaidehk @ignificint eXamesloba c@nmerpipigrdductigprsega edaeitbn vessel will

%HLICQSSQMg b 9(\%@@%& Bﬂa %g Blgaénlgtrﬁ’é{:%bo%g \ﬁhoge %?R/e\élté may not be

buiiaed (oawd ba underyliizedr e si eve, has been found to be so
active h_res onvertln f eeds cont ai.ni 9 .
ar omat i[%’&al JaRA é'°”‘1t' gmt?é'ﬂ'éca"o‘?e Hosescacey doreraing e geag rate into
pthedisattioo ol rfiongately |[tien eoriversive rste); tHuaveves] tiisi Wiliclaaly reduce the
pgrohh&ma, &fthet rh@ch@d:tAlhéﬁ] meﬁﬁﬁ\evmrﬁt gﬂ b Be e&rée@&@y g'%(n@mlng the

e cat al are under-utilized or not ut
afged ratg; but; lgcr%?salpft\qej 236195 Volymeepd fheodmedih of gatalyst packed into that
undesé (tahlakh ecansesia rgie); howsant, thsolilikelsy nﬁ:feaae capital costs.
commerci al production-scale reaction vessel wll
unneced¥adli [Quitpenaxpentgailerre byveadissatestdyibat e diidsiongl limitation can be

NMR&dred284 %§)Jtn%@5e\eca@&§slt YRipsdr @t U&ﬂanrﬁ@ha?f@pdﬁeé |W?d$q rh&oporous
usit. o

d
sty e o by mk&ﬂ@?é@&éﬁh%@%ﬁ%@ﬂ@ Bt 7 HE asagpores to active
r aites in e sievdpreviamtytunder-uiiized €r nottutlized atll).t Tie wesener ofinggropores
rat gk atsz%)@!{:"\éﬁéotlvetl);1 ﬁn%re‘é%es thE'rgtgl & datflhe %oNé?snon to better match the

rOdUCtIVIt (0] t er nat’i vel
| f‘??idf’%ﬁfﬁ BRe cf’éﬁhebéeeﬁo‘?ﬂde‘éoé‘é%*eSypfﬂ%chf”&‘l’”ﬂ%’g “Eaﬁg”f cHyys, we have
r dibegveredtthat,neirie asi exruddueiome at the metaHirapregrated dakedysasapportt lacking
OFnaQI%éd?HaQ’ ccén 09% %q aHPnlia%cg foﬂa \h%'féﬁé‘%? )f 'ﬂ'leeextruded form of

conversion rate however, |ncrease
cgﬁl faiplyst d@ﬂ*@'“mpo@%jmjﬁ P%‘folfﬂ%%'ﬂﬁeéf’@’&fsw LG eefficiently on a
dtcaoasreiaiggodubiion schie bekieldfonsi gvealredctorvdiahe. OPUrth@rndd€ reactor volume
aqgédeﬁgtege l?rycréégecj §| 9 &hccﬁt Iﬁél‘ga%gd (fééHO pa%st }o ta!‘}ﬂeve sych efficient
cont al'ns nacrop W roporous cataly Phe

f BEYCEI9RS-be |ntroduced into the reactor and dlffuse

via th cr ores to ctlve sites in the sie

or evi olROPY WtERG. 2 RIS e IoEIna BECRROTeS] B runiprryijup because the
Thelepulesie itefeed, remyde.opdmesiustrard typicalgtsaaly stough tedifusedhrgugh the
| B&rEE8PL Sathi\E 1dcRLS m%f:roﬁcﬁ‘é@l d&n‘s&qu%ﬁ’t@vg D hdh PGl Bﬁ'{/ skill in the

mat ch the resjidence tinme geconver

p?'é&’ﬂt“f’ ”\Rﬁ T%?'Hert%‘léz"fge%ﬁ*@}’s‘ C‘T’H%J%'“g Wécrﬁa‘%s o @68%?’6&0”"”5'0”
t Mateovesh iabsentithee gteserde doff the Mydrbgdnagormesdraponenp ey Fetd el catalytic
C@érﬁe%ﬁh v\?&ﬂx%oﬁgtt eJc@&J(?I{egg@%{ Q/R%ﬁ Q% (l;é’aer(} né%”é’s Erhm@ﬂ the catalyst.

aromat1 cs-contal ni ene
oGonsaantY. Gl de 9ike Bitgs Anytae vl avromdmg sraesshisobiete feed (e,

PRlefeOkdtBd hd1@r EN) R uBIRed a“tes;mﬁmsem h&leeithnl Msddlerad that the great
' uct,i ven re

Sgenlja rl[té %% %hlig{:ﬂ\ﬁ 8? n%rbéfo nctngy@gaﬁelys\? geﬂbr?ebeﬁtgr %xdﬁreﬁre rgctlcal?y realized on
i AcProasied sgele if theemdibdeddérmi o hesalolyel (Suppatt)iratudss macropores.
achi eve such efficient



conversions. [0031] Utilizing a catal yst containing
macropores is counterintuitive because the nol ecul es

w0 poovke748ed, recycle, and product are typical PI/ERENNG/031959

10

15

20

25

30

35

enough to diffuse through the pores of a catal yst
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( sommxting 9f @ mediund pere iRy, epmgeemré 8082 pndimixtiess dirardp dTherselection of
Weeséé/@tlsaﬁelse@ &h ﬁ\é’ coriyosRiBR of tﬁ@ FEDeEi S FG2kaliBle qg’bé‘k&@ dield<Rould be

various feeds can incl Cgﬁgrona I CS ol uene,
béﬁ%ﬂ?éfee%@”Fﬁ'W%?%oTﬂ@? é’ﬁ'iereag UPEREEE PIBYFRS: o jpore sieves, or
t hegared af dsics Widvedian fher usedafop| seomdtios-u@meising feeds containing only

d'n%?erc@es,t,&\a Pmtg qhaw' ée&%aﬁgﬁ érBﬂﬁtﬁ:@'cM#r%&nch%ds ggovseangauy fres

been escrl ove ner a
heéf éﬁoiﬁ’c‘ﬂ'?ﬁcl‘ﬁ)’d@ %am atel wgortwtqréw Gi eAMAticEar digHgh the disclosed
UmhtHod€ QnifiatelyOstk 36/ obtaia| »§leh® isomBisS littis tdaailf @ridrstonll Ghak competing

prn?a%h‘ Cnts vs}"llrb%ciulcg Bgo%jo%g‘t a)r(cynlwa%?se ﬁ '@S%%Frﬁa%?s %Qg%ﬁq ggr?e isomers such as

ude
h;bamzsg@nmaii@vpnd@ ﬁ'??ofl*?é\fﬁ xylERe isogfSor theps BYpipdieets gray have beneficial

MREILE HOWEUS, thé @ﬁlﬁnnt%ndxeae BypRIRICIS @F&&éaﬂ isfrhigifiZel.e O@ﬁéé'd@ently in
con IStI re, sl ev

artdan ﬂnggdérgeqt% F% Or%roc;n %raﬁ é)?zléﬁ%/re oelgfcur?ta]e/%gng @ ergd.an lntet‘medlate
baseusoit ddvecantansonptodent agfmatibe fTeednetieds, tbaralinsl elso can include

I as&eatng réﬁe%t 8880 mMi, Q,rlel% |§éﬁx%% o tht feAHeEROAreiLBS a xylene-

I
STETES e et e el feePan RSE BRUbe uoed for
aromat i &13410 %‘Hédl{ heraégs %93%%? 6%?%02&&“%{ it rﬂey dlggPASg& l]‘rle%ds include

snalle|[|n3|ze “omat o
atsatiipstelynRininedifig qelecdl refingtrieaeseas| Sepgrally. gude oil is desalted
mMahé enbr&ften awiilRg idto S/laﬂ&lsaﬂ)u@bnén&. OITh@riesdithty stdpagerSfhlly removes
af 0 t I C uAI éndg(ljj gs%llésh%waql oﬁl o%ae Qe nga%?)%?iﬁe?!:t&ét%ﬁt l‘?ll Yownstream
seé? O Ob% P |'ene I% IS reaally

UIREEESSED 0d Thehanro hrp)étalnﬁ@ frC@adheP dtesaliiia Istepr etparapiently undergoes

b)épﬁdagw.b oamﬂawdfsaua(@ gAmor@rtﬁ’éTﬁédtlﬁr% SRl vidhaiospyérEstillation
oner suc nze the d
 SRCRuTY B CrerR Byt Ui Sislifben Ser o g i States, and
v abawy, bohmw@nch often asgrbuther diftillechds evagyppr deliljettos methods. Many of
prtl%fs@ fr@& 'ob(s bah HE é’b!d@szfﬁnghed:&ﬁm%h Y)e fdrfﬂeﬁ&&ée@ée‘a in downstream
c GG PREFBGS ARPaDlerf G HRICeie TR E, Sl 8 B MsAPEeRgnolecules
_bya}ﬂ’ren tdy bleakingtherhiinds smalbemntedutss deamtintey tedro tocfprrad Ragecaare highly-
' lehér{fjlﬁol oft e'stQ) r@tthérﬁeﬂﬁ)t m&emﬂhé/ L2 e&’%oﬁeaﬁesxyﬂoﬁgﬁample crude

|soners §r0n1 e I nternedl ate uce
x Pl Wre @@ﬁ@ﬁ@bta@&ﬁ from s %ﬂﬂ?@péte&rﬁfnrb@dwep At thidrogeanfarough a

t aydrbteeafi®echit, which converts any residual olefins to paraffins, and removes impurities
such as sulfur, nitrogen, oxygen, halides, heteroatoms, and metal impurities that can

deactivate downstream catalysts. Exiting the hydrotreating unit is a treated naphtha lean or



[0034] Suitable feeds for use in accordance with the
di scl osed nethods i nclude those ultimately obtained

wo e@mozie®le oi |l refining processes. Cenerally, PCT/US®06/031959
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oil is desalted and thereafter distilled into various
conmponents. The desaltl ng step! gener ally renoves

R o RSHOh oD a0 e SBYSFere g foekden surce
obticaamrachid.r Gim lidhehdiealbeisrge sene (o @mkﬁcsrmqlgempl (g “reformer”) to convert
uﬁ‘\@% I%Q?o%al%t)ﬁ@é@ q{ohgrorgétlcg)q&H Wharddastonb IhQJlﬁgoébtter'AgE&ﬂe properties

fractions obtained via atnpspheric distil J
afeeg aeraicyr e ,tr@iatﬁd H@&W@fﬁnerﬁ@rwggﬁgas RIS typncally in the boiling
dizgié bl @£8omafis), @bh Seranss 4 febe sultalsie ifdrlcabvessionam eechelange with the
b%%loﬁ”? r}vg\%vg ?}?Egn are further distilled via vacuum
a

ods. Many of these fractions can be

sol d apghsy nIAﬁaﬁghveﬁjoquwdﬁoc%k.ﬁ@mmi@ecaﬁ Ute.kélear Rl %ﬁﬁ»ﬁﬁﬁ’g middle

i n, downstream unjt "operations

ngi n
P UEEP 2t prroplre BehEohpar B By GiTersiog fedih ook gasoline
e plopertiesbfj.e b naitia) gnd Meentd mt suifsmel diefins.nThe dgHt @gdrocarbons are then
¢ 9{@ ltcp{a p&o%? cﬁw&? E%@R&dﬁcgﬁgnm{o%ggﬁgg}h n‘é%Vuﬁ&' better gasoline
or apin em i nto nor yva
mBloaetirse(E.9- F&maéﬁ%n'pl e, crude or virgin napht ha

obt ai n t|IIat|o e Lt

hydr oggﬂg'%]h%glu rt‘? GPt @afF tﬁﬂia? %%St@ﬁ“ ﬁ’éﬁ eV\% glmfur and
anlgfinsegid durdldes hetforﬂlsaroroatpattm‘idaimw thehellinggemuget Cs.1o aromatics) but
Ihggéj E)éxtafﬁﬁ§ and! E&yé@m&kﬂsf thus, B d EL%Q@({T‘JentOs?W;Q %Qr’aﬁlhﬁkhcﬁﬁ‘&yaromatlcs

t er oat ons, . and inpuritie hat can_, deact
dBrETP e o sl @/g%t Stg%mowamm? * P P ﬁ@quﬁgts?feam can
i serge 44 efebe suitablp lidrkanves@n incacserisicamith tieldisclbseddnventive methods.
impurities, a hydrogen-rich gas, and streans
cont ai FIORE Hyelresgensiinnl ofi eedenpili cammysii sonifcaelly| depreding upon its
h)é&l]’rééc aAnener, #cls S@Rble @ ude ih%f:&frdﬁnﬁ@wg{ B infvéntive methods disclosed
rocar on

ng?{g'}‘ oe}[r%ttX‘%cggy ?tﬁ? BeCﬁ§Sd Prgglé?sb%fn% v%ne\yl (n ugt o ereitlons and, of
propes; caresary @e@endlngmgpmmp ¢@ctant$h@tqqa§aqug@eﬁ é(pﬁpmumt operations.

g @ﬂ‘%éﬂe%y the Qﬂrﬁlﬁ | 5% BSosd rr%is%térﬁahé PAiF Alclaye ihB cbhﬁosutlon of the feed
boilin serve

EPPE & FGFodE R PP RIS AP CEAEE W AOpiig e Doof fero are
dgsetaig édo iypee ot feeds, mbichdis invdnDB8Gipthadld eamenierieloyxylepe isomers:

hMEé’%ﬁtﬁ#ﬁlnagc ué}b%at%@naﬁdalﬁgsea cgrﬁﬁﬁ!iné: chéﬂfén%' My WdbR that are
distill|ates an %as oil and conver t O

| Fﬁt}%{af‘?’ﬁ}'éﬂﬂﬁ%ﬁ j '[siwwlgn%%'ﬁs Besoh Sﬁés'ﬁf‘&ﬂéma
t { {
The 1 5@?9} Al at)se("j_1 B relnI E tgrm( ﬂrgllr?atlt?u{tefﬂtfés Xl agofr gtdng%f unsaturated

r ocar Bons are en
ch@mvdrpwms repaiebnar Wen® Mete gings dyRiteslr %bh%nza%ﬁu $§e generaﬂy
beﬁéw@erysgéﬁrﬂiehsfb@i Qﬁ&ﬁl@é]tm@tiﬁne(rye gt p. QZQT@T E@§)1997[) 0084nerally a C,
or mer

RIS roreR S RBTEe SerfeliRe BRIRLT SPRG At Futemere @ O
netomaid 1efers et eesafic ppnrand faving at heasboickibay alcaagdhas, as used

CRarkinOn 8 tABE] &%at‘&"t méns q n%ré‘thfa{ iRSudR @ny aromatic compound having
pol yaromati cs. in.a &u seguent ste {

p
afli® p6FHet oﬁtﬁ'f‘? cs gfeéer?bé‘ho Ed S GrANatfy | g‘tﬂeogu?g rimethylbenzene
s(;rseansnmmsrteal ni ng,3d8methyieatdnes. (Sanmeautqnebducm3 Btrimetoylbenzene

géﬁ/e ' gt@%t@ﬁé‘th&@@*z@ Cg Or CQINE rn%hgl@th&/lgenzene para-

Cor t he osed i nvent | ve
[ mﬁvﬂetwﬁ@nzgm e iPEaPYReTBENes r e NBTAPYIREFeRr yAS Used herein, “Co.
S a@HiatidsC Aabihsya MBRRENERNEEIUdPOMyiakSinatic compound having at least nine carbon

atoms, such as, for example a Cy, aromatic. Similarly, “Cyp+ aromatics” means a mixture that

includes any aromatic compound having at least ten carbon atoms.



source. Moreover, feeds suitable for use in accordance
with the inventive nethods disclosed herein are

WO yirozi4y obt ai ned as products of a variety OPCT/US2006/031959
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upstream unit operations and, of course, can vary
dependi ng upon the react ant s/‘ﬂ%terl al s suppl [ ed to

trggitGa:ﬁ({bg} rr%tﬁ)e R ho{éédﬁ g@oﬁfg%g ege{r%rﬁglg%n%% e%d P}lcallfy QR include
{ emprec ot Bydresariass anPoRfuEhichofret bRy prasentopdraae iaegnts.  For

AsxSRSE eééd Ipreef&aw il 9}bafahuén¢ ¥, of ﬁ‘lbﬁ"«él%rr@{l(% SRR QE ol ¥xample,
en gve me

AP SRt Sarph RIS B e B YD N 1o 6Bl comprises
allessdftancaboaingl wi. tbosan-aramatias, rand gndve neeferablg mabé ditant aloued evt.% non-
t té aﬂfse ba S(;namte't@tgll Meléf{t tI’@c @Jt F\'sﬁﬁabfbngg% arﬁspreferably

n size ‘aromat’|i cS
u§%Ft%‘B?”é|ffﬁe O?rw@ - UPFHiCS, é?etﬁ'ﬁﬁ?ﬂt%"'”gj BPN-Frewatics ca) Be F’@F‘i‘ﬁﬁﬁd by the
ofdisteSatnmutiRle 8s €antdnsatétyifl RGREMpESTepORiddediviy One or
nmor e rings, typified by benzene. See generally,

"Hawl ey0md40iCThe deesiesho@h doei smbstariliatiyt fremafr sulflr &tg. peler®éhtal sulfur and
( %&hp.c@f#a.mnglﬁs%@cam@%g{oarhdnmyajosaba{sf rrﬁtfb&d el Qrsﬁbstté?utnglﬂl free of

aromati ¢ conmpound havin a% urt her nor

a Seif “#Préfe&?ﬁlt‘i"l’f‘lﬁ’??ﬁéﬁsé “Pg ARt A WG dreRUTY 'E‘B'??p?é‘ﬁ?fab'hﬁﬁ ‘ﬁ@” about 0.1
atwt.peastr, ancbarebmmmbMablyﬂbmmamabom o1 me@esulfur, bhsed on the total
twe[% { Fhedigmatics” nmeans a mixture that includes any
aromati c conpound havi ng ni ne carbon atons.

Pref er adolayy 14 D&i0GS pﬂa‘?é?ﬁé@ténﬂ)%dlhﬁﬁtls U@E feed is substantially free of xylene

lséi"nérs: et Pﬁj"y glﬂzzfg%gan%ﬁ eﬁ?%grﬁ:eiungg#g)that is substantially free of xylene
1 ,is®mBrst mefmeblhy.brbmsgeﬂ%s Qhaesabpnytlagw‘e% xylene isomers, and more preferably

mi‘ésétr{&ﬁtabydt thh)’/i Qﬁéﬁé%ﬁwerso badaa oﬁ%ﬁ%laﬁmyrht%?mé 8B, A feed that is

r amet hyl et e€nzene, | SO ¥ benzene,
Sb%'ﬂﬁ%'ﬁérﬁ%@ @'“e?%Prﬁ@?B'VWQP‘ET'SﬁS es&é'?”aaPB‘r‘Fa‘i ‘f’tc/g tolygagynd more
a prafecghly lesst that akiontc3 wti Solaemy, lssedrat the tatalmeinhhof tiefeed gA feed that
atg kﬁﬁ%tnéﬁ rltPeeC&f Qﬂmbéﬁz&@ pre?eh‘édb %§mpr§s(=}£ lé‘géa{m]m eabéutcé%% of

aronat | C.
t KEYIDeR7Eng é@% mﬁf?yprﬁfﬁ'@ﬁ*dt‘?sé ”?f’t’irﬁ%‘t’}rﬁj""th/a\? hl?’ﬂ@e%?”ff @3%‘1" °” the total
t ewmighiadf hereadt ons. [ 0039] Al ong with feeds conprising C9
aromatics, the feed typically will include nunerous

ot her [Bpd2lo baetherrembordimepts.ofowgkrrcthe fged canlingluge eigrifipant amounts of

t LA 6r @Jflp'émoﬁjenézgﬁd se'.ﬁam erortdx8mpie el d@ﬁaﬁ RHABAMertS, the feed can
non- aromat1,cs

subst ant i al
o TATF 00 6 238 FDTE "B RRAP L o ALY B8] WA of 8o, proferay
S lbb»setvantthedbéwnmcee les$ thao mbeut &0rmt. %dslumeefnereabfkfyrably less than about

CQHRL. %St@grerleeév%ntnnﬁ@préﬁ%ty lés%ano/é’beﬁ)c%aﬁt G/gfﬁtuleﬁ?é an@Rdst preferably
nor e t han ab onar o

DB 3000 80 i b, BReC o lhio Wt e Bl Sy, in ceran
s embadihentd, ¢edsedarae inplueé ey @lzbyut S0 s tebenzanle] haséd eethefotal weight of

”%f@édorﬁ?éf%%Y hfo\%@\%? tﬁ&f@écﬁﬁw&h&é@ I%S e g&ﬁtabﬁfé%cb%ﬂz&% and more

processed di scl osed as denonstr at N

t ﬁ@feégpéxﬁfﬁ% ap @WHF%%‘@ %E‘F"&W‘e PW@G’]‘ “ 'ﬁ\t@ta'f"é%@‘t eHesfeed-be
bst Il f | t
2ﬁ ds Sﬁﬁoa?}_ gﬁlhE gﬁ%r %gveﬁlu ur%ﬂ%%%gs e(ra? ganaLe Sllﬂastan{lally free of

n&n- Brpmdticsar Hoeed, Aofvewd, hérat notsbes wbbﬁtamallyairéw of ICee aromatics.
OfGeﬁ&Elfyub PEBSHRDEN, SR TiRRS Heﬁ%eé tﬂ@ﬂ%gagﬁa%r thot hyfrocarbon

nore preferably | ess than about O.
smnﬁwa* Pips Aish: foobe apIegel 5‘61’%/fquég"smf"ﬁa“r"f“bc?ﬁ%uﬁxﬁ“@is of such
WC,Yasokbfiasrincilzies buat e ndthinited t@ | C.o aromatics (“Aqg”), such as butylbenzene,

(including isobutylbenzene and tertiarybutylbenzene), diethylbenzene, methylpropylbenzene,
dimethylethylbenzene, tetramethylbenzene, and C,4, aromatics, such as



wei ght of the feed. [0041] In various preferred
enbodi nents, the feed is substantially free of xylene

w0 s@nmeeRE3s t ol uene, et hyl benzene, and/ or benzeneCT/BSite€B1959
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that is substantially free of xylene isoners
preferably conprises |ess thafdabout 3 wt.% xyl ene_

nd nore refera han ab
Pty BReelS. Gea e Brbesod SRR, Bl S Gaypromates
Aalbeedn incltle ngphthateoe candi nagthynaphtbalerst. A déadethat is substantla"y free of
Pef sloaRlio Bn%fgpefbiysgcﬁnﬂrﬁﬁ letsQ&%ﬁ‘arﬁ‘QQdﬂt ﬁmﬂ\% %o]ﬁ %Mﬁﬂ:@; and more

nore prerera 3)/ ess than

o ot e P el elad] Yl G ) fhaf%%wagé*wgﬁe feed.

subst a e, of et benzene efera

conpr i E@g?i é%su HerS'Bou {g’ 78 ;! aehyT enza(‘anné'xtUIre §ontaining
mopredompinerdtiynilbhey isbreers anhalhyledraene. Qnmnt%btwemmzlemﬁeisomers as
bﬁ%ﬁiq]e% tiiGnd Qkﬂlura\@dnmng%eté h&trbegrk a[rél%éﬂe |V\FheFHirhﬁE mixture

O E I Bmpoh Sty SoPEHcLas e Fufhe bS8 an e

ewaigpl [reanheto@isdnasne t@ﬂmm tMermbmbmedw@elblaexﬂtfeaqylenm cbwde and any

u?ths/ﬁ &Prqéjyvlgrg lpygiera@); Ie suéﬂaaﬁﬁlgtu%rboﬁtgﬁs Ie9§ l"ﬁén .ugme weight

erab omever feed i ncludes
| eergent KEMIPAFEIR- 50 wk . %tol uene, rmre preferably Iess

t han a 40 wt otoI even r.ef erabl

t han ag(f?g%] éos%f’" WSI%S?%T thah & ‘lge?Jf en% 'sorgers by the
t maentiz® oetho@ B one 14 canlainsmeolecblas G- ddumﬁzésm@ilﬁamama@m aromatics
OEIS&LEQB(I Q&ge Q. r@r&rﬁéﬂcé( con'\ﬂ?isiﬁs rfée%é @u@s‘m@gﬂy%@to‘i mdé&@les having a
feed can i ncl %_% to abo ©

L FES eOIo ST 1o O Bt PrErLY 4R G50 HOhedEs T Eligne and
f ¢me, ¢contdiruaidsast essut 9D avh. Yavliabe, I0efevbblYmbaih 26 e % ’@m&ne and more

nglre?er&ﬁ}?&%{]?&l wt.% Itcﬁfeﬁetﬂ?a%h @}pﬂé‘ttothv \gﬁt dﬁ’tlpeef@gde nﬁTlS feed generally
on the tal welght 0043] Stil

f r eoRugrible fp i%erfied%%“eé?rﬁ'éd?'heéﬁtdésm‘tpﬁ%“’?eé'@d W&%ﬁats@'c Sieves having
suefateanidred liyanf tree catblylEl Geves owedssag. toThanvéreeideds containing the

h%""an atlcg% QJSQQJ tf%@e %?gérgpt b%ed%hgtrseﬁj’gg%nt%})oﬁeef f)f Cg aromatics

i H@F%@%V %wzf@%égssﬁw RGUIEHE-% o ﬁremé‘ﬂq%yra?re CER5RRY less than about 3
f Wﬂ%t(lg@?@hatlﬁ b motathighly, préféralﬁli'ﬂ Rs&ifah apat ewt.BaY arofmatics, based on

o¥heqqraleweq P tﬂg geegxt&mF :fe%ﬁ a%a ﬁ&ﬁyﬁ?é%sta%aﬁﬁée &%10+ aromatics. A

no
( ferd @ref is wgtﬁntgllgfrmfﬂ1b@fpzl‘@ﬂ@s prefleﬁ)@w@gmﬁr@es less than about 5 wt.%
i @Q)bﬂxtokﬂah&nﬁﬁi?@ p\%féﬂaﬂi)efeﬁé @fa}vi bi%w DANZLBE) aromatics, and more highly

e benz |
PRI BT P DRIIEh B Gt PLATEOI PR 231 ciahypgs f e fesc. The
apeaeitce ©f Co graohticg snd pme@ﬂqylla%wthbéﬂz@mld llmﬁdhe ability to use smaller

eb&lélctﬁtra%cyg RS %@éb@se fh@£e rﬁ?ﬂ@éﬂﬂs@wll kot BEBbIE B &i‘ss fpi&libh the sieve and
ics also

R PRIE S0 R gama M RARA 0 FREHEEe e pr gien useless.
oTo@kQuendy,otveddvartagepehe niibé pmeltempores eatalytiesseved dng.abedium pore

sn\é@es%tlgfgé'd SABE kG tanti A FedBRsR IR FBREYed €SS than
about "3 wt. % C10+ aromati Cs, based on the total weight

of t hedoasp AS[V@Q% Cﬁﬁcgrﬂﬁ@gi c:ﬁlﬁérl%ln@ fédaea te@ﬂ [ﬁat @ubstantlally free of
xtur.e. can | r
57 Bl e arier By WSS SRbled il RRET Wb rpmrcus

" mipbieydracerbens: many efavhish @tk dnerrstsent intiragesameunts xFerexample, the feed

fgﬁﬂuﬂi B QBsBRRY srePdiiBRaroniieh Rk 8s ¥ KB Se, PRI olefins. A
e

feed that IS su%stantlally free of non-aromatics preferably comprises less than about 5 wt.%
non-aromatics, and more preferably less than about 1 wt.% non-aromatics, based on the total

weight of the feed. Although suitable feeds are preferably substantially free of non-aromatics,



IS substantially free of ethyl benzene. Preferably,
such a mxture contains |less than three wei ght percent

werhyhbaszene based on the conbined wei ght of PEEUS2006/031959
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xyl ene i soners and any ethylbenzene More preferably,
however, such a mixture contai'hs | ess than about one

ereg f;?{g?e:rﬁ nggiﬂotnb &5 n@(ﬂ%g g AL &??cegseg%glhe%lsc% c{:] methgag taﬁ %em onstrated

conver
i v thet expeplestrapatef pelowe Tikrafeed mﬁtpdpi s ﬁctblst@otmlheéree ef gpulfur (e.g.,

t ‘éle%ﬂ@) Lﬁfﬂ%ﬂd%%lfﬁﬁlﬁﬁbhﬂ& h@d’caﬂfoﬁ%ﬁdi Aén- ﬁijr&fé?l%&%‘? A feed that is
St a

u
F B aspotyen olH B AT PR PLP U dtri ooy TR Yl B preferably
t &t tHa9 abant@raii.% sulfuSend redr moretpnaferbiaip tbsstHah abeut 10i0d twt.% sulfur,
Fée%loﬂ‘?ﬁbetot% e'%{gPHﬁe Sgont ain at | east about 90 wt. %

uene, prefe out 95 wt. % tol uene, and nore

pr ef ﬁtr @@ﬂ}ja@%ﬁou%rémne%mouﬁréﬁts %Sf@éh RNsub&isntibBt f?ée of xylene
0

he feed. This feed o verti
| BofBie AV bUTAS S P BT Gorurot BT AP ORY, T8 P VERS fsomers
cat%rydly cormrsemlssef@sm agpusralt.Yoetylepe isemetsham mbre preferably less than
C%B&légi w;%s %géﬁ%sls GESEREY ohoths Q&gﬁwe.gﬁte@fd@e eTelory alAn \‘Jég that is

tics I scussed ove Gener a
t ﬁattstanga'@unsg eihbenzens Preferehly 6?"‘@@9% leghien alkou %f’ ¥ é’r"é Sihy'benzene
C @R ot prefeedly lédsathancdboutt3 bt.tetyibegzeae dvméd ars the naaleveight of the

PRl %Qﬁméﬁ SpblAdy @#?%f ottyiBbnzdhdBoRfBRRb e R ihan about 5

a%.%eﬁfh nZWS@w raere Prateratht 'ags then ghet vt torpihvibeazggne. fgsed on the
f adl walghtorsltgeddl be substantially free of Cl0+

aromatics. A feed that is substantially free of Cl0+

ar onmat i[@E8prie tetairbémbodiorepisi aftes thedgs! is batalytiwbiyutongerigt td/e product

CJ:Qh*falﬁlﬁ& NRbh L %omg@r & IQJS?EeproﬁBh or ltr%sy?yletng %n?épé)iétse?ar%d %om the
O+ aronati cs, nor e % g%igre eragg/ €ess

aBEﬂS‘t‘Ctl VW(G“@@R?I@@ %‘Fdﬁ%ﬁeﬂ@g‘ 9PERAE iDl5aR MeViERt PG FgRifve to the

Obrddhe jdse edor td ke sep@sincad,aher@@reqisoeitred & lsneln €3 8-kylene-isomers

are%ﬁ'%ddﬁg‘t 'P%sttJé ar% ?\dthmyllaﬁje |g6rﬂérg leran Z)ro%ﬁét cbrli Ye feeyc}lje%eto the feed.

ore ca tic sieves becaus ese nol ecul es
vor%ei'y tethegs eéntioém\@%sthq ReBad ren tredeseibgd an e ijivhich the feed is
ev,@tauym:ah;} Yorfe§H the sedet cangieing nglehd asoartlilyd xflene isomers are
'Tg %tgé frl)rgsiﬁ B O%B(}‘ll an%rth%ﬁ%u&sig ltf%?esaﬁer%ﬁifegutg QIII(J YeVedt %n these

ageous Ic sie
(@m@odlmpﬁgh tll]pn rgqyplgd §rc@y@garefelphlé qogt@@ssqq@u“@[ oy trace) amounts of
su&aéﬁearsbma.lsl shdf @i pre@santipgRacts® ezl lbeszent, 00Ee, and Co.

Eh the C9 aromatics conprising feed, a feed that
. arom St
i S su antially free of C9 aromatics for use in

accor d?(ﬂﬁg] W Ehjrﬁqafen%&%&%? the MRhRE $ndineR tﬁé‘bxloﬁud%&rltams xylene

i ncl ude nuner ous ot her hydrocarhons,
ofROFef5aIE EffIpR7eRs e TIIAGD! P aéJPéﬁ‘;ﬂ){’@”t Ghe i eighly =t less
s hbadt dO be1, zud siosedréfadably af leseataiut 2Hto-1a rSeated arrofheswah thesmethod of

é V@Klﬂ?ﬁa(?gl ar&?gt@é Eénﬂﬁtsxﬂ@l %e@ltc?fald?c?ﬁuctpbofn t{ﬁ@he lsBmers includes

st an aromat'l cs pr e
cs?m?qtla@§1e|f%asﬂgmﬁ1r?aw'f%wah§t Wde%‘ﬁ'éﬁo'ﬁr%'ﬁ%ﬁ'q feéﬂe'daqme'ght ratio of
W?I@wa&é@f]@é &béthylﬂ)éhi@etm&ﬁ pammuﬁ strbamﬁof% B8 aBdSLﬁ)B’B& H CSreferably at

Stgtg%%[}t M‘e g) déo emoFr)ef Br% Fag& attleas a ougg ﬂ f %gae hlgp weight ratio

nesvieraar'mr$ @setm%@déene o’rihaprnﬁm sfrﬂﬁzm Ialbemﬁéﬂﬁ!c's deyenstréssn processing

pms@sgaedpr@aoct l‘ketod?é gﬂaé’t%ﬁ‘éied"ﬁit@ Qe Smasr &shmmg akedntb Naromatics
e

gg%’g%ﬁ éﬁ E}”B%ec tfongu yq'ﬁaw u@e?%gocgssmg og C?s aromatics fraction

would necessanly involve energy-consuming processing of the ethylbenzene to convert it to

benzene (de-ethylation processes). These de-ethylation processes can cause yield losses of



el emental sul fur and sul fur-containing hydrocarbons
and non-hyrdocarbons). A feed that is substantially

wo e@e/ogf43z5ul fur preferably conprises | ess thanPeEbust00d031959
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wt. % sul fur, nore preferably |less than about 0.1 wm.%
sulfur and even nore preferaldby | ess than about O 01

%sulfur based on the total i ght of the fee
[ @tm']en? (FOGFS: ol QWP OlPY b6 %lﬁﬁar&iah%f'@gce of W@VP%@&”? dn the liquid
su&mﬁmntprcaihbty dntie eheofaceopdigne wmals,ab@}balldﬁeétﬁﬁm,zene in the

I%Fnapcesnﬁaecﬂ& do‘mg_uglggab% %ﬁérg' §or§ﬁmﬁ& %Poc%é%i ycaF rt%eus%% to rid the

ene |1 soners

Mra%)wf ethvébw@mﬁer Additigrgllynibe @uqﬁt@fl@ raipnge pfe@téyiltqaaeﬂe means that
a@Mstr&a%ro%é@)éé BERY tb SEHVBM §yler*éa§(ﬂ§éré3t'6 pbfé@(yfeﬁ’é' ﬁoumﬁiol!ﬂlffer yield

o AR s A AF et b Resreea p bttty about 5
W . % ogoomf]héjlcpfcﬂléle o) SLﬂ)thnt{HD) agseﬁgeegie%tﬁ)tﬂgéﬁzén%s@ ﬁél@i@sﬂarly desired.

about 'benzene ase t ot
ofAs tPrRyiopigls goted, th@@ﬂ GEHY&)?“ZF‘?@G §@/bke H¥ndiasia Sﬁwf'F@@’ 'abfo make styrene,

elstignl éﬂ%ﬁb@ﬁi&e Fﬂ’ﬁ@f IR .ablhsghrycwmeldsm Ims @ammm emtmertzeﬁe that results
re er 0

\Mfrw d%p é’%ﬂ'%)) i nd etransaalg%gn%ﬁengﬁrg %1 tfcg %Hecessanly

f oesdent[i0 G4 Bixture ce@trarnag rothemsouatient §ep%ﬁttné retmwmnm@ed’rqns such a

C afialry tid 9@} HM‘!CQI@ BN@V&r?@xﬂeﬁsn@b pC&QH&Ien@P b 2 brBdic Yet#aBoint this

 efpEae poru thusta sren ity S SR, duPBRLEE Ppgyibenzene
r ewulil rviithey oy oshdces hyabdiae additivey(cersa ootammeiogstercthareiny or likely be

t Quﬁj&?edp'id)%ter Jdﬁéﬁﬁopmlén%ﬁoﬁ ® LR/ SeRagAL 1eQ;n 8Rshe) and benzene.

therefore, 1s referred t

n as

| DStori e BGeD R DT BC AR A s REAGe T the laui
| esrotiqhrppetinct anday alvenatiextfiecticndvautl dblietefsegthrocdssigr di ngl vy,

in these enbodi ments, the nmethod can be described as

one i n[QQ§ILk Hn erpther eatiodigent of ik yrveriie Methedriieprodist eentains xylene

Prs3adtto GREAYIE lbﬁ&e?% n’a 8 Wé@ﬁtsratld breat eydtepeuti1se ﬁElbr‘éferably at
are s m e u (0]

S Rr RIS, PP TSl NP Ly g o
t hvethod of cineelting @ eltorrph@foemarhﬂlrw feeshto @i inedustraahtrin{ng ixylene isomers
0"Hché|dé§ c%ﬁ%%:tlxr@ﬁw{@teéw{tﬁ a QthRe %tég%? 0RdeP caRfora kIS vield a weight
pr edo n unr eac enz 0
S e o S T AR S TR
i pvefandtilyat least blook} 5ttth & qod onhne pretecatlyadt fessiaploelrd to Jorfde dack of (or
ang, %&W\ksb&?%@fﬂﬁetﬂfllﬁéﬁgﬁe ih %@prﬁ@]cgﬂtadbﬁﬁdf@o&fm #at tHRASAre lower

about | east ab

mefn@urﬁ% et %’Fﬁb'f‘g’a%t’? PEaefuck, Gafropgtedia noad i St Bptep to te
Wéded fdrleenverstdmoitiug orsserving ehérpgaral r&ficing capital costs.

aromati cs-conprising feed to a product contai ning

xyl ene [Q0§8hdr yef Wh@d exbedimen of itheginyandver mefiody they preduct contains

Sl)lylérﬂabikcﬁn&ﬁicﬁt% SkonéNeleih aGaiht Faiti® Bﬁatﬂéﬁst ahues 11 ){)ﬁ'eﬁérﬁblfﬂ at least
OnerS enze e in

prBatec® ol ars PR S ndt D48 o ST el ar g edpetnod o

| savertinh euds ai@natios-¢ompainidg Ifﬁﬂi do prmcﬁcb!pfackﬂngalna]g x]yleagtsomers includes

aREMEctiRe the Peck wﬂﬁlécght?olé‘b&ﬂys‘f\@hdlpEon@fi’igrﬁs‘%uﬁéﬂkﬁt@?ldmﬁfﬁ ratio of
to et hyl benzene in the product stream Ia%out%

o SHRRS: PYBFHT 57 GeodQpaiigs in' the product of at least

about 5 to 1, and more preferably at least about 10 to 1. Such high ratios are evidence that

1, pre?erably at least

the dominant reaction involving the Cgy aromatics is a disproportionation reaction yielding
xylene isomers and not a reaction yielding C, aromatics, toluene, and benzene. The lack of
or low amounts of C,o aromatics in the product is advantageous in that there are lower
amounts of such unreacted or produced C4, aromatics that need to be recycled back to the



where the product is to be fractionated into its major
constituents, i.e., into aromatics containing 6, 7, 8,

w@nw702733% bons. Typically, further processing PET/EHSI086/031959
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aromatics fraction would necessarily involve
energy consuni ng processing ofl®the et hyl benzene to

C eed I %/eréug)n l?n Qz%ﬂger\gl%ger%rg@yen%tre%mp g%ﬁ@x?éo%?s) ToT g %Qtent that

-et YOCGSSGS 0SSes oft
x;ﬂmafemat@@newes prea@ntewerthegupmévptt Irﬁelcfs ube eEMAties %tbsewéemmantly

Oftet'%%ymgﬁkéﬁ‘@ hich chiBe Péc%l@odaﬁd%@&hb%nﬁ&nage% eon@é}glon to xylene
the acco subst anti al nce, of (etm(l berHe n
thsé)ﬁ@gs alpg slp/,r §‘8t @ﬁron&a g E\glu e ch et yd|methy enzene
eraed/gydnetbylsmxmg bpth ot edh&h rage cere blﬁlcwtse:dccm@ert todxyidme isomers and,
f rtr?e?éfbr%”le&fnké%!%%‘?&ﬁ)é e. Additionally, the

subst ant i al sence” of et hyl benzene neans t hat
downst B3] N AC RKR&SerHiSRIndn® of:wmnt.wlnemw SWFFoauétocontams

| ene t ffer
eﬁ%beaéensﬁwﬁthﬁ?f Pegifcdt 6 bl et B0 i Bballf p 10 Tbrereray
[ @05@@t ahort 8 dove mord frefesily st leadtrbdut Abhanerd efen more preferably at least
etpyl bﬁﬂ&?r’fe Sét£35M%P|M| YhedRRinb& anlu%%s %ﬁ\)@rﬁ?lﬁsé ¥, aromatics-

not e enzeneé can be
e fﬁﬁ@%{cﬁ/?@}?@m%ﬁme&om%aﬂ%ﬁ Sonfads fhe fep with 2
a shitlel yatyst ivhdee chohditiams sTitablep &r Yield L4 aveigett kayib o inestigylbenzene to

t Iﬁﬁe&@eﬂ@ﬁeﬁ&né rnqgée it preﬂrl 'stoeﬂ)%t' 1@9#831 Cgreferab nyaat least about 5 to 1,

zene, ene, ar o
nére,%egrefqrw qsuleeﬁe,tea#@ut. 19 tg 1 n“f‘BE’:JEEYP'e mosrefeTRPl Gt @@ﬁé\boutlw to 1. To
aroeiasﬁnt 4 Qyfiene JOPRF Abrh MGn@ihyyech s zesieyld eyl Yeup rausiib tenicved from
etrr%ef%gg%nz r\‘e: t @&%I Vel Mn etétﬁﬁrggtl Vﬁ %W’ns eﬁ“%ﬁéney’leomer from

from a fa%*?)o' nt I's et enzene canno
b@\%@ﬁ\wbﬁn@h% O WP sfitige afmegftyj/gr@wéfor the eﬁ“rybéfplﬂbé” the benzene

t higg.esinl ppaiensn watrcdi @lobhﬁbutbeohb%@lﬁbnﬁﬁhlgw @ﬂ@éﬂfltr{hﬁathylbenzene
oct ane goost er re'tﬂ%b or I | ke

2 BB Bl 2 PG aEREN D e Bl et Pt Gngravie o
gasnveesiqy. fo exthneymemdthwemszewéwlemy@emzeheganﬁo cvrh;equenﬂy. is more

| RMRALHIOR redjo¥eVeEr, the substantial absence of
et hyl benzene in the liquid reaction product and C8

ar onat i[0054f riaetstib furtveridntbodimenbfehs ihobntipe oeg®E] thg product contains
[ %Qﬁgelfle &netm%hgﬁe meéTRQ gﬁtmtof %f Ie&s@ %bdu@% %N ' pY&ergﬁ9 Qﬂgast about 5

t
rréQ Hy|ae<ﬂ %%E%Eeéaw eivest ABRUa Gt @htSf?tafi iagother Wey, |t grethod of
akemterthg ta0CJaronties- &fnﬂiﬁblyg #dedlt€ agtrodabiotthtamirigOkylete isdmérs includes
Br%ekglﬁg(h% ? lv%th Alea @E‘t%d%bc%h‘éitio%%@&f%b% to yhid bSRBiANREN S benzene

M b Fg@qvgt ¥ ot lpaptoabauty e duereferaiht alileAshghout 5 to 1, and

X)ﬁhcﬁ@q)réf&awras? |éa%clau5lgsm:wt1act3ueng mdmera%.gfdarwbbhef@ax given that
ons .sul,ta

Wg,hdﬁf%nzreg? %)%‘ ty@&,ﬁ%ﬁlgeq é%rﬁgréswg)oomgﬁ%&gp ea\nﬁ atr)\sa}{k ion Seactions
i involvieg fr@thireticsofavat lowes agueadsod tchamipa) fq_edspplefgyﬁlameydlﬁlpultles in

I eaeetratme %Hh lb&zgﬁé f;lom @mtda@eeom ef somblics, AL nbte@siovakOHblecule of
T S PGS (PR o6 RErBIIARRL 1 SoReHplelgaomne yene. Thus

t st higheate drbenicoweelativavol ethylbefizesel rhthe preduct eah pove useful when

P18 rqskﬂeﬂgg %t @reﬂg'%tah ‘E)ﬁrtlBMf tﬁbeﬁgdl}cpcéﬁeoerr@é)éféh qglngéﬁé% e yield of

r“conversion, thus, conserving energy and
ré&@‘&%'ﬁﬁ“‘?{%pual costs [ 0052] In yet anot her

enbodi f t h nt ive mnet P duct :

cont ai i@%&b 'enaé’o d‘fn(‘?ntcng e o'%“ s egho * WBF gRed contains

r & ia@npticsiredentds gn arbmutt (v@ighbraliq) rejetivk dr thb lemoant pregery n the product
of at least about 1.5 to 1, preferably at least about 2 to 1, and more preferably at least about 4



about 5 to 1, and nore preferably at |east about 10 to
1. Stated another way, the nethod of converting a C9

W@r@mmei48s- conpri sing feed to a product cont ai PCTYS2006/031959
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xyl'ene isoners includes contacting the feed with a
suitable catalyst under condiffons suitable to yield a

ht,ratio,of X [ rst 0~ar.o
\Sg o%u% ate csjf a {her gggttﬁ% kr)n(gz r}ogf thanRlnB]é e{r%rg%g?s gc?n r@mé I?ged fo a
afyoditct Sottginihg xytede nenmeerp riesfudesiisbytacting | theideedaduta s@falyyy under
Teonalerty doitsHe tB%'/FeldoaS\N@érﬁ rfi¥ 'oﬂ@ﬁé%@métﬁ@bre%@ﬁ indRdieB@ R that present in

P prosBcf Pt DN 1.8t PRSP P R eyl 2R PR gegeferably o

alegkt mbdutal tbetacucbr hidhedodvergjorChMeasfimbinitics thet@bnedovesr amounts of
aurh‘?eﬁ Qizéne?mm% ES tl’1aqcr§et9fto Q5 rle eQrB%Ulp'ioS th@ffe&ilﬁ)r conversion, thus,

ar orm i's a ant ageous i n ere
aFAESErHE NGO Ué'f‘géflﬂ’éﬂceﬁ?eact ed or produced ClO

aromatj cs _that nee e cy d bac f
conver 089 In pgjsano 5&’9?"5‘8”" ﬁJ %ﬁy’"‘éﬁ‘? ®r @8&?85? ‘5 § Gob contains
capthyiethylbests: prasent 1h @n expentt(weipia ratic) (laéiveoirdite @souat mresent in the

pﬁr@%ﬁpgf étrb %%o&rﬂgqc{)r&fe%%t g!agt &b V\ﬁ@% I1 Ca%darﬁ@re preferably at least

m nant trane nzene, can
r %twu 48 Tariteied &ihoF wasaﬁi@rraﬁw ¥ GORGHIDS R S BW"PBCWF‘QH%”Q feed
| aaTProguct Aditaining ggients Isymert Niecludies @or@acingtheciseddwit atcatalyst under

[ t i . ,

d&g‘%jﬁgrfsben%% go 3'1?%& h“l’-%{hh \d’%&g %E E\%{ﬁgleﬁg{gén(}éne ?resenf in the feed to that
cRsRsAsE in the Propuelit af isasheabsutzhie, 1 tmg?rélplb@te'eaqt@ggunﬁ %eﬁ ypnd more
t ;ﬂei@%bfy%iyé‘alseébou[ POR31. buchha hightrier is @nibade mesn thedfivenih® method
tp‘?/e p Ve, Ve%nr\rlgtzgcn)g Lhr()ero Ci%t?ﬂq‘ggﬁ eggr?]e?*g%gwyllbﬁnzenwreﬁggt among the
r &g argm@ffcsam theciged. mgem ﬂp Bigh oatlses shevethat ﬁ\elryaca?nSI g gfective to

agMVdrt Bbdu®58%, }ﬂ‘%l%blprQQ%eér?JJllnMst%eféraﬁﬁ%%Bﬂthb niléﬂwyte‘thyﬂaenzene to

even re fer
SJE5 &35 e DR Porkree R rm 6Tl EomlBe e g tp rocotons
G rot gieitmaintstpenzinag feed to a product cont a| n| ng
xyl'ene isoners includes contacting the feed wi
sui t abl085Bat’Be Yis¢loseA desthodd REf §nGIREY &Hﬁ“’taﬁ-fﬁl"éthleosok‘?l ‘H?‘M”%F'gur e,
Wehabih anh @inbodi@ént} dehelyhigsigeneen® irfcideed lrydtaet12yHnb anig@a eroducts

i %nep%g?or R4 Q@wtllc%ttypgr; Iﬁg f d%ﬁl%&lorﬁg {:tio%atg)ntté?me%c?llﬂﬁr?fI\%rggﬂ)éﬁifically a

east a era east
1i9ed & 3 feesirlie dfeand r?o'FVém@P@F%FFﬁFﬂ”Q At i ©4a1 Ingntitre POmpiged and

1heaTeQi iakt ﬁrnlac@wy Iree Bedté?cpll‘ﬂi&t’uref sQiaséddi inB iy lcb@fizenenae the feed
9Foup mist ved fro e
t?elt%%kc%!&erggn the l;?gﬁsence of rogen to )ﬁel prl:% anb'{he product exits the

ene ectule. contras
xigpeipre12 guonsh o produciriineniad @mmyltb@’ﬁeﬁ@ﬁ g0olesiie anst exchanger 24. A

SedoRdal prebiget @xxﬁﬂﬁé‘"’)’éat &cﬁé!@;eif N vih EQraﬁérJ&M'hnegﬁ@émi $28sdsh&o a vessel

bg{' ZenlalERr Igg%sﬂcf E%rﬁr? ﬁe?ﬁr%tﬁéj %ré?qn%\lg e&péher ! &s necetssary (e.g., when
ttransalkmtlnbém@ntanmm lasometitsy.| fhesh 2@ dregenr @lso can be passed directly

afamnt ARRHS2 ViR 4 &%t link rmﬂetéaéb@%%sne hyoﬁodéﬁré‘re NAEANBRH Bom the
to conversion to | ene IS%gFrS

MERSRS) 12 étWIPBQHE%‘WS CoReISsEg g@tf‘éﬁ%nyt ShPUn) R decyfe 4 s Tne
t 80 toaioyInjdengefi-0Qbetising Raminsitd d¢ds liheind, vle bEbadinentapbe purged via
t Q?uﬂg%‘ﬁﬁ@ bhv %hg‘ﬂg&'& re mﬁdrg\xnp ﬁ%tthé: Q&Eé'ﬁ%labﬁ ﬂgﬁ‘s'agrt 'iir"?e 34 and

enzene I n ratio of | east
1pas§@cé|n§)r tggﬂlgungﬁ sqpérgglr 1éb(\M{h|r5thfe @eg_aratarnw ﬁ@ﬂsgtuents comprlsmg the
pprofier allsyparbtel east about 10 to 1. Stated another way,
t he met hod of

[0058] When the embodiment 10 is used for transalkylating feeds (in feed line 16)

containing predominantly Cy aromatics (and also containing some benzene and toluene), the



converting a CO aromatics-conprising feed to a product
contai ning xylene isoners includes contacting the feed

wowaon/ozr4aat al yst under conditions suitabl e to BCEUS2086/031959
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wei ght ratio of benzene to eth | benzene in the product
of at | east about 2 to 1, pref&rably at |east about 5

hrlnajﬁr P%{}s?tggn %“gorpu%nsmg fthae F%FL% ml f?\"élsste%ﬁ%}gwi?‘%v% Een>z<%ene yt%lﬂars and
t foliety pEheodylent isetierd gxit they sema@mr A e rrset “Oﬁ 3@:n@ne or more recycle

Ifr%g %ﬁlak?' h@Fn'a?fFaﬁsS&Pl‘idc@rﬂ/%rtéwgCHrUrhétﬁs &% BE Qﬂ@%‘ i§oPn g product

| ower val ue as a ive
dityiGeby Fantaning tﬁ*uef@ga{?%??aw@y &adk o EHE T RS Py pmbining
Ofhesy pretudiBwitr besht feasin tb&sfead)inm1@lbbm® 36A, resldeend 40 fmag remain

Cgrruseé) %Erln ?ra%ﬁélgﬁ@ ﬁﬁinmﬁ ptr%_cﬁmhllﬁly !3 a’%}r&qﬁﬁcg ﬁowever these

ecul e ene
olinep say emise &t f&?YC{?é)fPHTQ%PWI”WQP&“QWEtS inthe pred a%j{masst?%

prove usef ul mhen consj de xyl ene

Dor t 1 oROSEH WA 1 SRR eOnA) (elPRLy AeR@PR TGy fogdy(n feed e
t 18 ophteinthgafredoyrirenty folems tie. mpjo0&Bbtitlentsagrairhieing the product in the
Cé&%gtcgeﬁt wiltTbet %@né RGEBLs] %ﬁxeﬁ@téﬁg%eniéﬂg f'ﬁ]@@(yféﬁé"is%ln@?s exit the

aromati cs sent 1 n an

PR A48 ARies e APA ot sl "“Pﬁ'ﬁ{\ e ’%f S tf%)ﬁp%'tm'“e”e back
| atsé redamntl 2, foSexample, bypcafodiirglthiy t@énel vatustesh berdtin et feed line 16.

Ber%%ge F\r\%g% Pé'rrgo(/gd’ %%&%‘ofchs% ty !?\Q QUA. (‘H\Qs ‘:16 3§ta€f]\E o may remain

vertin
avrsisad waen Wﬁ@nﬁgg fe@éﬁcqn@ma'gmf%a%@m&dﬂt'%enhwjver these lines

X YArEiausk 8 ITBEGIeion plrslestan @bistbnta i thdgrodueess mickdsag.
catal yst under conditions suitable to yield a wei ght
rati o [06q9 Tavonetdriog the eswndiment therd eefbedo(16hand a hydrogen-

pgmi@ﬁ 'd)éist(l?g) @E@%&*ﬁﬁg (oA @50&@@5551 @Qﬁé“lsoﬂnegb br@ddot 36 or 38A).

refera east about , referab
aﬁeqa@g@{lﬂe&g@ﬁﬂkw&tlwnﬂ d‘safﬁefﬁﬂ%ai‘ﬂ“g‘%?ffefm‘?\‘)é}ﬁ? BWC'FS§ requnr a certain
beuratdr of ﬁhlethylrgrddpato teh@esentrelativedostite rambendfdentene groups, there may

;Jgé tcﬁﬁé % % P%Q%’S%éocﬁen%?@tan@ﬁ%@né Qut BEink SRSl Fkeack

or conversi on conservi ng energy

an d regiserNGubaRict the asbissed h2BRE kankihe/Rkio@ @iddaiments thereof) is
feed contains

B PEh oL, e Bk 8 T A bR A By comvo
r e¢eabsanetotcarry bud thermpriimid. [Suesprotessing ewwrrpﬂbdcrmesmut igtnot limited to,

%ﬁ&prfg{éob%mg ﬁ@np@ vQV&f @ﬁlﬂ@ﬂ)éfatﬁ)hs|e€§i§ﬁ18rﬂb(@@t rBadi® vbssels with
nor e er ab SSt ed
aﬁ;&ﬁr%&ate\,\ﬁlﬁts a(nﬂ é)u H’ﬁat Wh@gﬁ@,e?e(pﬁrﬁgonaur& eic.), associated process
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can be used to recycle or purge certain constituents
in the product as necessary. [0060] Thus, entering the
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gas (18), and exiting the process is a xylene isoners
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transport out of the pores may be very slow, and they
may convert to smaller (yet undesirable) nol ecul es
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the catal yst nust contain pores of a sufficient size
to acconmodate not only the mBlecules within the feed,
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EMI, FAU (e.g., zeolite X, zeolite Y (USY)), MAZ,
mazzite, nordenite (MOR), zeolite L, LTL (1UPAC

w@eoorosEBsHn of Zeolite Nomencl ature). PreferrebCT/US2006/031959
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| ar ge- pore zeolites include beta (BEA), Y (USY), and
nmordenite (MOR) zeolites, gen&al descripti ons of each
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preferably is in a range of about 0.1 wt. % to about 20 wt.%, more preferably about 0.5 wt.%
to about 10 wt.%, and even more preferably about 1 wt.% to 5 wt.%, based on the total weight



having radii nmeasuring greater than about twenty
angstrons (two nn) and | ess than about 500 angstrons

W@ 2@7m235 Macropore generally refers to the voP@mESwWH6/031959
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the pores having radii msasuri ng greater than about 500
angstrorrs (50 nm. See e.g., "M Auerbach, "Handbook

&@@?l Itﬁlﬁ%sul\/‘eggéﬁ and, T hn%k‘e?n%%org%%lgén t%rsfééably the support is

nnmremenneneé \}mthndmrrs)murmcheni@ﬂolmd@fear écepsdingly, nihe ecktalyst preferably
#ﬂhé@%bou@lwb)ﬁ‘t@tég&ﬁhﬁﬁ Q8% moBNdenuBi bi %Iy@éiéﬁmnn@gfde more

tu
© RESIGET sho't i (O RoGh S SLY T PSR HEgR R pidpe. Snd Sven more
agrehnabA0BUT W% mrnwboénueaayncaglbﬂmunmme odses on treltbtel weight of the
phgtglys aléf réct:o%%rah% S5 |Jﬁé{tal§to?§mar]%i Jeg déeﬁk%rdeﬁggncﬁé{'%t%gtﬁ the second,

eas| ng pore
vdﬂlrdrm’ld feusth et rorxbe%ltq the ﬁ@tr@etalewmshw Bovin qvfaes%ﬁfr%eut 1:100 to
alydti R@s .1 ncl ude ~-alum na, /7-al um na,
pseudobohem te, and m xtures thereof. Generally, the
sSuppor [o0z4n Annaletidas syitable fadioesrpoblingv. rBétai andiestgl okids étb catalyst
0 t al ti ﬁ

ngfplag sh& for @)&%b %%réd'ﬁgncgh%? QQJOBD i0 Q:g:n FBE %E@d' t@%éke thde catalyst.

i ncC es a bi nder

oot R¥aNAls: dre FrAPGHtcaBfber H‘”@P%rﬁ%ﬁbrnﬁ'x'“gr t'i'é? flersy gRd pigdergby stiring,
ohleh#igy, khedRgl & ekiniddi MFdereraply, ahemiiny yoiuss advetiatmdephkrid pressure,
a gtuct:a[nocbzgg]at %ﬂ gs Car g\gRﬁQ’t J;b%(/@?}é%/ g ?19 %E‘no]sgh%lc 9es§tli)rQUtThe obtamed
t mxture then san bielddechis aere':tt |a¢@n3qr@tér§ "h r@mewftfrﬁ@s@o@f%aﬁ "o about
a@b@l a, rbréf&@blﬁ kB 25ROt abea 1Vbens&anefm@e hyslérage 2ate adh 150 °C for

%“gggnrﬁ“f @C hoy g’}bd’]ﬁe%% ptfﬁ%{gbq a l%olc%rgrgeoﬁl%\{?% agocult gg%ﬁurg and more
Cat@éﬂ@@ onetHogr hy?@rf@g@n d#fteothe @@n@mvewdeagg syff@nept.ly mixed and dried
C‘étHVf@Jn{ IR gaxfn!ib%tef Q&‘deiaﬁ{p% athBrsakdRt o Jﬁ@,ﬁﬁnglldgh e *dir@en air at a

B N S NI
hyadd ogenprafacbly rabeutd56 PE N abhva 65y Tee gidimbien cambet ¢aeried out for

Q&ft “?rthrQo QJO%V ouf Qn&%%'p%rglﬁm&ﬁz&ﬁ&'@/@%b&ﬂ 15 R&urs, to yield
cat tic aC| S|teS in the sieve. The nol ecul ar
hﬁ‘&?'&'@%%sﬁpgo"bel i eved to sat ur at e the ol efins so that
E:gtealt)lyﬁoéﬁs Tﬁg ase%‘i t@%gltoéw can %Z&Orér‘tg%ﬁt? tkgéregared support or, it
prc@rum:mgorpc{rmdm]o . aipverbiIskey MIXKFROUSRY 8 e ShiRAert. Where the binder

CW&B with aanéfatéﬂ)hwp&ﬁndnﬁtcaﬁ b@éutﬁ@que?ﬂwecdmér@d to a metal oxide by
e era

SﬂBg @P%X\@é Frgpeergu%g aer\ﬂ' rt %Ss ud?eé: cE)ove \)I\ﬁ l?lgtapér metal oxide
mpteddrably ianeleateshitirmtae iCoeun IR mE@@ﬁ sucm@mgrqwr% mepivydenum, tungsten,

n%ﬁ@'céﬂ@nﬁéﬁgﬁs(%rfal'@ld\ﬂs %e%o@ ﬁﬁ@ﬁ\%fal' S&npoﬁ’ﬁ@f)ﬁf @@Hi‘éscﬁae@hkpa solvent
VIB netals inc

OF BRI BERE SR PR TRANT RO Sre T TR hound s an
Gaquipud/IsButivet alheozanttetiny edrebalshryied sutsa| anyt tetipéraiore anvepressure.
9 rP?%@ralS:l? NRlveder Nfe bntaThyY Qggfr]é" Q@ QX einuré I Q%ﬁb@ of about 15 °C to

oXi tungst'en oxi des 1d conbi nat | ons  of n¥ vp
0o A0 G é}oéfb‘fr eW?@Wéibﬂ”ttzﬁecé&?Q?éﬁ 109nCsngh Ryey Mofgygeterably about
mab at i€ aubsd anyTrevaniaatigeraxiblabiso Dcatsaatetméspheric pressure, for a

e)fe%gmto?tlmé gl{ﬁ]ic Gt t%%ﬁg.:r rg?thgme)épggd%% 8§énqﬁco§;§op§ed into t%e support.

denum can

orGeperabhi Hft lp@gﬁl@; obﬁmgpﬁyat{o\wm @pnqtﬁ)ﬁoeabpwe%laﬂurs [ag@'plfferably about 1

Exanmd bt sebirkabl e Group VIB netal conpounds
i nclude, but are not
[0076] As described in more detail below, the catalyst (and support) can be

prepared to include macropores by, for example, utilizing a pore former when preparing the



l[imted to, chromum, nolybdenum, and/or
t ungst en- cont ai ni ng conpounds. Suitable

W@ hoooi2148% cont ai ni ng conpounds i ncl ude, but arBCTU$2006/031959
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limted to, chromun(ll) acetate, chromun(ll)
chl ori de, chromun(ll) fluorr?fe‘, chromun(Il11)

c F}éal?ﬂ% E n‘?l ﬁ%iqéo%gautnﬁzq 2, e der gfa—( L(Ht% rsca)sﬁln% I’F_l}l_%?rlb?csres Ha a. mdacroporous

c hingar), Wekidsing ftha oRtAIeS to SRR enPrRsSRse AT IsBpRTICe of steam).’ A pore

CRyrAga IQH(HaHrllal c@béﬂi@éf%ss@fﬁ@ inCthé RFhatiBh 6f pblek)in the catalyst support such
perchl orate I.tabl e tw&gt en- cont

el thece Phit el BEM PR dHSrobo FURER(!  BapQONTal was used in
t prepgatng Iﬁ(e\é).lpﬂmﬂo mihd eethodngrsitreai¢rialé)necdssay tadkmsure suitable pore size are

aﬁ%@%ﬂ ggo\edrr{n) Rﬁ{%ks‘%é qﬁrmg dﬂ(ﬂlgeﬁ)tr 901 .H Wf%%)ﬁrlmg catalysts. Examples

enun}contal
cefrrﬁ@fen@wcﬁ @rq wlisclgpesk &y Paye rﬁét% Ua%qcPaéeaE ﬁp%'sﬂﬁaﬁ%cat'on No.
I mdmd)gzodawm an@me@(tsuw dTiwhietl istitcorp@ratairtietsin igi miefepbel ab>@mples of
a ;.l : taﬁlle uLRrﬁr hﬁ lllé@o%ag% are) rot "f\m{'@d‘ tM @cngpl %%q%t ﬁ;rfactants cationic

bS@(aﬁ@élSyWOd}QQQCbW aiee)vmﬁxesq @ﬁ@) MKstiRstheres] )Su'tq?iﬂ "Vb’ﬂé’ﬁ’ﬁﬁ? citric acid,
f lad®y b&e, oxBTé' é’cﬁtﬂ %‘ﬂééﬁb e aiéﬂér{bozmd anﬂﬂﬂanfde fMéfBof. Suitable anionic

CHHaReRl. i B Aot SRS B S ot st

¢ hinmohide carbohq;@delhiwﬁﬁcpsv)smgmecprarb@éylatm Eisde ALARpRae esters, silicone
c Quh%fe's dghg nﬁﬂ&b%@@r%?éb‘ﬂ( y&lkblfe'cb!@fnlc@@ﬁfad?ﬁ?ﬁsy Mﬁﬁ%ﬂ’ééﬂe)amldes silicone

orl

O S8 Sl e ek SCo DB GuRdR G e e R ametpyiammoniur
t hidoriatej eiat mddurest tieeobf Polpdaytidddrsmuiabte foe ugs ag pow, folers include

a@é’r?@cly rrgerml SQIUJBE%%SELQ&% Qéllukéf\;Da&artatM&h}IJ%ﬁJl&@f polyethylene glycol,

[
s 206 s Beitps Waseh RS e Epere fomers cluce
reim&tdrysfalheaS\QxV\mbhtaWWathpamﬁnyM&,npmyeﬁalené)wax and mixtures thereof.

' Bpe%rgé? ! %eeé%ré ﬁkrﬁ%r @ﬁw é@& @fﬂ?{p@%%dérj tgﬁﬁﬁ?rde [awg]dniform distribution of

es of oun
[ H’@Ipeffe‘omt?m‘””ﬂ? e ﬁtﬁ‘t’efl 3N thgeforfegto SPHERR U\WE%‘?% t1’ﬂdﬁr

gg;%; fqgg%ﬁﬂ Eiag'gtcﬁé@f%hfa%ed( %@g% ?f( PI%/&QS%-; average radius of

Re26E€OHED gboaingDOcadsireres (SOnwM )t h'émsebeatm@@nmaegbeomerformed in the
subdeAd Br SEQNRr W hk Hﬂ@sreﬁée W%h'l@%lsblqiﬁ@wrp% st@8fing, steam

Frgﬁtl!ng' Lﬂg}s@gwtt%ﬁne{% k%ts?mlag ﬁﬂbbe ;B(rgn mﬁ%éag aafalternatlve to the use of the
n pm‘e @drmeootaaianiatdjtianet iép wemaquredsmien vhsideadibused aFenaraly, steam

! krgétﬁwﬁda Eeﬁaly 'cslll(%le? F‘aﬁlqurg%e thd ‘élf@égebﬁ&@d%ﬁretep'mﬁthmt appreciably

ni cke dr oxi
DAPIERS RO VB R (h geTHt 8° eﬁa%%w{s%% e ad, Berroagee win the
N@isclbdedintetitbds. OSu@aétéadtrm@M are igehgerally &hdvachypersond having, ordinary

p ll‘ ﬁ%e“éﬂ cﬁ?n%&ﬂé ?:atal rﬂaa%ré ?Qe%@i&% Q&(!ndﬁ) %ﬁ@@b%sPatent No.

I hum contal n ounas |nc
aﬁé’; 5,@@8 | theydisglepure of (\ygpbrl%mcal-pprﬁ ed hergiy b( p:gerence Preferably, the
F’tﬁhl@stXHZr@)ated hexae rﬂr&l’eﬁcﬂi af st@ara(dt\éuﬁaréhtdenem@t teftipaRature, steam

( PSL ol.lre (aN/}[)nS IpSIijﬁdr dto inc ({ﬁ% telagela mrg faglgl)er ofp a seh bgauggtalyst in the
t ekaescalvfany mpre;ﬁxa@tq rﬁquw:(lq)q |91 p@mvglpmg ePreﬁqr@ly the steam is employed at a

t hRBSUr& begHoE30PFR (e PYWBH lo\éboﬁlh’iﬂrldPﬁQzS Sd.g's;mﬂw fme durlng which the

C i g o A s S HLECT I R oot 5P PGP disferably

hyicuat3® hRtied3)abalit2iio2®ucy. Fhé¢ NidBatdClt@yperdtat raimiinign the steam
pltr?éth@ﬁ’tnglde)formeﬁ rléltaSout (ﬁakb'l(f—'@(ﬁfj“'FﬂB BSout bR gf['\’l‘fﬂo( 5’ Jpreferably

( ng‘brt Iﬁo °C {1 4PP 3 It%?}ioi” gﬁeﬁ)ﬁ B‘ﬁ%g% VR &Spﬁq'fgéqow

cis- or transbls(

(o of values for



triethyl phosphine) platinum (I11) chloride, cis- or
trans-bis(triethyl phosphine) platinum(1l) oxalate,

wee®7/02363 r i phenyl phosphi ne) platinum (1'1) chlPCT/tig2006/031959
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bi s(tri phenyl phosphi ne) pl ati nun( V) oxi de,

(2 2'-6',2" terpyr| di ne) pl at3um (1 T) chloride

t}‘u egﬁrt al e a bl Isa]e§ glltd%c%{? rﬁ? %j r%]r%tloﬁ]gm \gfll%Fva&E'aq%crease in
pﬂwaavm\wﬂdore)dlM@MI@%?W@CIaP@@h%@edyﬁqr%%!%'ﬁéW@P'e Steam
Phkrh & Bl 6 br) beClthifaitél BnpRdve Oyl ity atPlidnnEER & ce | @eat stability
nitrate, and tetraehl orodi am ne platinum (1V). O her
C?f@LFBta\}’FtH netal s conpounds that can be used i ncl ude

cobal t dium ., ir] d Qi 0

conp ou[{qg'éi{] F?j-g?\fﬂlu% glsglh%{gh? a%? m%&&#“? \}dmn% th @étaﬂ/éw can be
camgroined tby( echniquesrstnawn G theseahaving @@)nam @glbm thenari toé catalyst
CRbarMph. MRk yqntR%loﬁ %r%éxﬁﬁbﬂn(e d, Q\ShW pideamb), Waickis diwidely-known

transal kyl ati on arti o

ptiegg&xg é%me%ete&pedpq{a P@é/ dlfatﬂ%u%g%ffﬂq{'ouwn e}qglg is one suEfabIe Hachmque
hyetoairgra thiecodmup ostetitsapple$ érgabdbpui 825 arapstaplput 66 grams) are
aﬁ—&%vagj gedwénd t?(%ﬁ @Q%ﬁ bg% M@rcm/l%/ bmgr VdESY B ARdrdwetting fluid for

even
pm@qt@prgﬁq; Spafga@sa Pf nlter@ft |p<6e§§|wpr@sdsurﬁ é%rggplrsﬂ?q fﬁré;etﬂlﬁ mereury into
wehgist ahd tshelle atopdsy stin tHébparbsestam(d.¢, Bh@uantashremeeltbremaster 60
ﬁirﬁém&QrdmaIWf&hLﬁ&f‘g%gugmgcgw&Ettrun'\ez\té Eﬂpécﬁﬂ{oﬁ gifé%Et? C‘:londa) the

ammoni um CcCcor
celumeyeftmespuat @ataaﬁpymmé g apwiitored &5 \Rﬁ Pf?ﬁ“ée SHytRased. This
1%|Mﬁe %rﬁm&d{ﬁ@ ebAras Sdciarsa with dejotsriianéteiethatri@determined by assuming a

n%i‘cylﬁd gﬁ Xrlcgppore O/%é 916%2 %reﬁs ?%rea/% FDJI XIEQ (?%g]opf)ore sizes

dVetian
mar%ermplyrbdeﬂwmlmsatrwmﬁsbre@ﬁetﬁﬁmb%@lc%%@ﬂh e Wanbburn equation:
total weight of the catal conbi nati on of
metal s or metal oxides |s':>6usé1!ﬂcosc(%é mol ar ratio of the
second, third, and fourth netal oxides to the first
nebak POx irdeapglieduirebsive, D is the diamgier, ofis Hisoytface: targdntap mercury (480
aﬁ\ﬁ’\% o QnttnetdrPhéH is t‘ﬁ@}forﬂ?& Qgg{jébé\yéérﬁﬁér&@ 4d the pore wall (average

I el ?rﬁg?hjtqq a%re%%ﬂ?y é}}%;rﬂgqgtgoorq H;é{lrgg e ?a@rsfa Is a%out 0.02 cubic
adesmmpn‘ersqm gaanctig) toseglit 0.6 cn/akreonerpeeferablabw 0.09-g¢/g to about 0.35

eé@%h@e I horS HBRML HAR 0BG cRERM 3 BYgm Xi ng the

ST evé and bi nder y'stirring, blending, kneading, or

extrus d@‘?‘Q] RArraé %bﬂbﬁx)éd éﬂaee%ﬂibﬁkjeﬂ@e@(iﬁdbé&eblI’Hf@bontemplated herein,

ressure r S
)fn‘g ht% prg%egg & A5 dprgfg r 6[& ?xe er Irg(% rée%S gﬁer !éé _ﬁqd a hydrogen-
obctrmlrnresdgem are presset hi@wnw,%ﬁy B@Olml’\l %@Iaqkﬁd Beg ofggatalyst under conditions
t ePARefaakdlr Sreédi‘xret hﬁ‘/dfo@é}g QIO\Qf rafe,r Oéﬁaé’@%bm@o & Rt akgUbomewhat

200 0 bl

e L Fehacnl Be iRy o it g: Sl doge noves
abalinbrySill Hio thesart. pyWbére rtizbfepctimh® gan béexieoled te teaqairoon prg@lce heat,
hﬁwd%ed ?é%gtog%g dﬁ’fs@ Rk tlﬁ)@? ezﬁBPiLbraclﬁeQ wifl ah:@!éfy& thr&tha/Uhlch the

ook ardaants et s Pk b S0 St S co

opé iuedtatol prodén obeaisgmdte hewtd Tioluend dispopatidnetipercattione gemerally are

g?B g’%‘% %u%‘?é}té&%%%a%%c{;o% g’%?a'@g’re Qrgﬁﬁ)ﬁ{x@@lg%@% fixed-bed

nor e era
OEaplorsaiiEing 50 thes athBeat ém%ﬁf?fam?ﬂ@hcw %S@y%w?qﬁéw%?' andfor
f gptinakRoHS tetpB@tiFe éfheabaibns30 hours, and nore
preferably about 2 hours to about 15 hours, to yield
[0080] The crush-strength (or durability) of the catalyst is important in fixed bed

operations because of the pressure drop resulting from passage of the feed and hydrogen-



a cal cined support. [0075] The nmetal or netal oxide
can be incorporated into the prepared support or, it

w@2anw7gr4shicor porated into the sievel/ bi nder m xXPCF/ES28€0531959
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to formthe support. Wiere the binder is conbined with
a netal conpound, it can be stfosequently converted to

2 G S A SR 0 b Sl LETBELBEHAE ettt aiso car
Ob@ IdlBOI}tHTIEhéIK%bﬂ)%d Qp@rang@QQEélge ﬁfrtmﬁ Qﬂ@et r@ @Uspon\ﬂrgsure drOp through

”ﬁ% @!a@ bt{t%ﬁé% %n%taly@blbé&'ﬂgudiﬁh chMbd B&%Hﬁﬂhetcﬁﬁg&taﬂﬂ fee@REmponents.
I natl ons an

t f h
it %éar%q@@tawté’@fticﬁs el S}Q\r}&%‘)ﬁ‘fa@ﬁgb@eﬁ“ﬁgjmé@eﬁng%{g{e%so‘hmughwt
wiht entidi@ies bithe bed céir mfvemtadmloysly kavevdacreabducpressti@l drop.  Catalyst in
CfRQPo‘?Mg? Oﬁr&%regrbr @QH@QHS r§f‘3 aHl ag&rt 0&@%0‘%%‘5?9&4 'fbgabggtrb ‘pﬁch (2.5

ress
PMeY &y gipmgter, WBW@Q/ é’l‘om"@%@'t%ﬁﬁ%%qt ﬁ’@ weee Griglygtang feed components

tﬁma%a&?@ Sxdglélslﬁa ;gastg% dvdp tAlBOgH a dﬁal%]t-)b@ iabre prefekEHly, @8, catalyst
rerera abou { \Y}

n%e}rtécles hé'f’%?%ﬁ}' a%%%ar{clezazeo§ %i)guta@é}u?crbg nﬁm %ﬁ%oﬁt f1b-inch 2.1
com) diemetey Pildbeerlotstioalairess, adCHrshaned eatatyséstogmion in the art should

p &@Wrsﬁﬁabnyﬁ t@rrﬂseéf%é'klrﬁ’iﬁmé camyst Wifdiehbe Bhd bRneivigUs Righ level of
corporated into the

sﬁ%‘[?ﬁ?tie?weééﬁgﬁagﬁ e&;\g%{eﬂ?%d ‘1°%§8&eﬂtsof time is about 1

m 23: 2 p%}@ﬁgﬂ}wp@ﬁ %8\%’( i&?%ﬁg&gﬁlt@b&%ﬂ&d% catalyst activity

deittampy b@ﬂuswe tméoreb?ﬂ%ﬁ ude a%k Sepgiyr tyece@ceh ghrength, abrasion
pfeelﬁtaﬁ&daﬁdb\ﬂe%b pelgicleBRzE OPa itk ddyisityfdd theexs@lypl pReferably is about 0.3
Ut%II ljtloélu&g 8?5tc§c9c q\{lécﬁgﬂgal stygﬂ&ﬁ sﬁ’%ﬁm éht;%s{ lﬂﬁ}c toﬁéshytgherﬁnt useina
nuv,ernopr@ﬁ@g withogt uncéesmier Gpamestrsionion ey, dagiade x paidiiary, abrasion
t ReisteRdeadnosi Beohlblﬁ? @hougho tpb%l@lh@&@fé@@t Qéfrtlcﬂ’&ste Na@stedd particle to

agaaa g <fo|r]\§ {0 # \tvﬂ 8% %)'n{r’?g& beévheeg ]palg%?s andlC re % ﬁ” z%naetlnt'ernal? particularly
sippparded bet prohegses. h Brefamibo prusit sirngihres thmfpaéahah@nnmosmon is such
| ﬁétgaeﬁartfé%rﬁ@mtzﬁm hwf'n ﬂﬂer’@;@fe@ﬁdﬁ%mﬁ{h (M\/@ff’nnﬁ*ﬁregam&er will withstand at

Dol b b SRR IR Pt 0 S5 S50 Jo 8T QUL Peepging on the
k pevtivalabyropess sobesudedy iThgstapel ofrilze yertiigs) howenert ¢en varytwidsfy, as noted

PEERRIGLBIFAALIRES refii@iBlies of pore formers are

di sc Doyle et al. U S. patent application '
publ | C@b&Z}nDHﬁbndﬁw@Qﬁ/ RO 82 6f Apetatioh Md BHBE b Gaineters, the

Eﬁt?%ésf) C%sptg %gtggst a eraTe Ixtg a%(/b)ﬁfof Ll e&%g d ééaﬂpé %ﬁ?so{o slowly

or e f of ner
adiméish chlm torthe: fasmedancefaeke deresitioropi feed Lnorsara?t @mt@ surfaces of the

p@étélﬁﬁcﬂ?@éétéi?ﬁ méﬂ)@é&ﬁamté\iﬁ% éﬂo}(}obﬁcﬁﬁ:aw‘t@éeﬁr@fated% iits @RiaFlevel of
ncl.u c.ac

R R e v GO PR

Sihe bgdsl catadysi roay gmpiy bk seplagert withinewlcatdéysis odi um

al kyl benzenesul fonat es, al kyl ethoxy sulfates,

sul f at 198831 afadin it &1 d1ecaded ceirlvet 1 eeigpplacsd W'@dﬁé/ Catalys, the
Caddaxialyst sy reﬁ;UlPé Eé@ér&arﬁlh@%@hadi&nmsésebr&e eSérl inaopears, as often as

zﬂrl}c]featg%erg I)(?angr %‘P gee LHsioR és oef{en as onc ué\}eﬂpéf m%ﬁ't% oﬂé ﬁ%ed herein, the

I'nc sSilicone a I cone _
qlae erarnetation mes e recewneot ah!@a?t el noﬁ@nquéheemﬂaquiﬂr sieve initial

aRHRE Dy cbﬁhus‘ﬂﬂg by cfmé BaroiTon rﬂlﬁé«%‘teﬁﬁk @ &@genadﬂ@n oxygen contalnmg
pgqseu'ﬁ%ﬁﬂ%?tgrrqeﬁdﬁmgg v¥ ﬂS:n ca?a@atrregenera |lcj)n tmaekﬂwogs tha can ge used in the
process of the present invention. Some of these regeneration methods involve chemical

methods for increasing the activity of deactivated molecular sieves. Other regeneration



car boxyl net hyl cel |l ul ose, cellul ose, cellul ose
acetate, nethylceilul ose, polyethylene glycol, starch

wowedonor74powder, and m xtures thereof. Waxes sSuPCHDE®06/031959
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for use as pore forners include mcrocrystalline wax,
mont an wax, paraffin wax, pot¥ethylene wax, and

B e LM o BeBRA e S o o
ofhet tuoite poithearf oxyyen-cavitditing) géshetrdamdedh as)dipr exeepis, ar eyclic flow of
t 9eﬁ;§ﬂé%’t[? e%@&f &HQ%RMMQJ E]fé@l%tlon[ Q0 et s %@ﬁtéb%@ta quantity of

taln pores aV|ng an aver age radi us

opxx@preatae#os%laﬁp a%@@m%@f%@%ﬁaﬁbst(@@ nm. This
heatin can er f orne he ab ce of
or iln ?Or‘?g Sb °rs¥38aﬁqtﬂ9\lfﬁqsf Sed Mg '%D \?n‘%ﬁmﬁ’%%ﬁ suited for

S tegianaratiyn bs tr&amdaﬁcmatr iboging of catdlysh dedctiwdingremtana@toea depegits (also
CRlbwREsREk I)Wtﬁ%%/ggg ﬁﬁéb d%!yé&rcﬁﬁttaln}ﬁ gta mﬁl’ﬂ%u&?@xe HetoBEby which a

pore former or ore

F Gt Mloba 40BBRIg o P FORTERTAILAIy Can (8 Frolpi@al i Performed at
Cabrtitighd ofClampélanid, pRdsyure, I’E’hﬂeﬁxs @padecveinety, dgeexpope, which are least
?Iéhaepeat"?rdar\bmagt;lhotjt hgpg{aggt' l'{%?l ?glraﬁa Si e AR &ef\é%bféqg p(eﬁorm the

or use In
wragenaraiion di adi%sewam H@d%’ucesaf@?ﬁ%td@a'mﬂmeéatﬂwe?ﬂS§ o4 agfixed bed

g?éa@foaéﬁsbéwm%%prlﬁ&‘nt@&é SOMS chaVdf a@omrndwsaréyens}an&d prbdess. A spare

dlrega&iiobg%\dbq Wovn?%lgtog&léﬁg%%es%g%ss 0\%1 &QHXMSYB%“% fgnflguratlon
t rer ekawipleois @rraultifeaglor ednfigusation aitizipe rﬂm edictatsy af Fnygjven time, one of

I fleSE&RTEmalhened @Bér)érahbﬁ‘ RiofPbrRl ofSiine rslath & B8 piodedshahat off-line
presence of

i ci ent el evate ratur
DT st o opine. wp; atefsincreud e BEER" Wik minmum
avstuagecgioeeundica nsbheoverd peocedsaped catal yst in the
absence of any appreciable reduction in pore vol une.
Pr ef er H98§1, At Ett@%ﬁmr@m“efﬁgﬁm'en £enditiqes @ad gpedhogf are generally
a‘Rﬁ’dﬁn B8P peRang 4’|a\4ind3$>|r@)ar)t ckimhoute 2/4 ckiRgst( RDer@satig) . preferably is

lyst o
TSSO G BRIl PRSPl
amboybd i F0SF ddtiopt HIFSG. a30essirA tANgS of *posinzeir PAURES kRS §Augre inch gauge
T'(&&'(@tvcﬁt Qérot ﬁ{é@&lb@ée@be(mia Vi aibut heo S;is@a(abbmemonmma) and a

0
RACACR NN TG MSVER KON T,
abbelbxy8ercaBtent df tBOEOT)ationlds trpice edrf hecinereansil daringdiscourse of a

oEat¥I9§N%%n£r9f Jnrtﬁ"%d&gﬁ@g@d% R Eéd%ﬁetﬂérﬁpéﬂéﬁres to regenerate the

i HRRY S HtPagE TR AU SRS PR g o P ags pondiions. The
amﬂf@l@d &bﬂabsto‘agm@@tnom ceoitiensviotiudeea tegpsigiure kringing Speaabout 600 °F
?ogﬂtn@l%t cft 099009?“?1 géeF%bJu{ gRIPCH 0y bn@@i&é’ ?antgfﬂ@ from about zero psig

CtIVIt‘X tion resistance, and heat g 9y

o PR CATHINE (© Sy B P PR R M AP BLE g 9o conten
Matbepiar. emule lpeitentad alwat & ydé percan Tie degeravntamihghbggeneration gas
t Eg@?%l&l lﬂ%ﬁld%@ Qw%e*ﬂyanh h:gfbgn @&Nt?\l}égonﬁgrg&dagréﬁcﬁ 5& lcarbbrnmblliﬁlde and

ar at ry rntrusjon
p@arggq ﬁe@gqiey t(( \ghl@h OXyAEIT (] tt‘ﬁ@gﬂ obw hasv\;rﬂee [qdsled. fHowever, it is possible

V\ﬂtf@e{h)é-okyg@maﬁ B€ MBbdlided ih® tﬁ@&@bﬂe&atbh Gaay Bur€ bd@en, or as a mixture
(%(rl){lgegﬂ lute %B ﬁg‘{b QG n?%?cémq ng’rﬁ b?’efé?nl:ﬁ %E' %)?d% %ontammg gas is

'( @Irg about 0. 25 grarrB to about O. 5 grarrB) are f| rst
evacuat ed, and then surroundegg b%Fa mer cur
¢

Mer cur 04881 Lopgiienistifabledorr i
weight hourly space velocity (WHSV) of the fluid feed stream in the range of about 0.1 to

about 30, preferably about 0.5 to about 20, and most preferably about 1 to about 10 unit mass

at h,
he process of¥he invention can include a



nost porous materials of interest, so increasing
pressure is required to force the nercury into snaller

wW@peh792mB3 er pores. In the porosinmeter (e.g., BCT/US2006/031959
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Quant achrone Poremaster 60 porosineter manuf actured by
Quant achrone I nstrunents of B%%/nton Beach, Fl or| da),

t hfefeetgper n%a{sg%? CLh sttplaﬁBOLgo%e'h%rggénr}:%LPal mg S (§g r’?olecular

sure 1Is increased ume

pydeagey) is prasperin asrgfd%ﬁ rgliceiglafiye 1 hydiseRreongimhstiesd eftpkput 0.1:1 to
| Sbalei el FHereebIPaboasEstMdsboat &1, edimare, prafatbiblpaioutal tomoet 6:1.
geonetry. As the pressure is increased, a w de range

of por p)osnz eenarally, the pesplrecadbe Rar rasg;emftabgut 0.17 MPa (about 25 psi)

MRAS(E I\{g% @%A%’O&CEJQC gie@ag\)ﬂ é(MoWo 54{1 QPWQF@ pSC? to about 4.1

eq uatlon

pMé’g $ahost 60D Ppiy aﬁﬁ B0 F?iﬁfé'ta ly abgpt P@Q M’?@ (%tlﬁ’ri? 1&’8@3'0 @r?é’P%)tr? 76 MPa
OfabBRI4OY pif). (%Qerdbﬂﬂﬁ@rel%&fab[é&bﬁdaﬂ‘ﬁh@bot trenmloogss & tidigvention is in a

cont a rcu
( apds gft o{l}%pﬁ @ gaggﬁt%gﬁgl‘-é)to atf_f,XJt 6?[:%/ upf{ﬁ l:-fgllnkre F§>referably about
v 30QiPe(abbutt 478 *Cateadbpstt 6905 Calabaut 1@“0‘? CaTei Yo 819rg piefesably about
p%o @5(@5@&6@2’@ otéBo@tbj@@t’C %béut@@é g). nore preferably

about 0.05 cc/g to about 35 cc/g, and even nore

pref er ploBg] sbicientGorbsiCs Pelic@edab baimidrtantdromghe $tAGIPSHt of attaining
V\hIHJ‘l eeﬁ%?shte éﬁ gaantgqg éé@?&g&gctﬂ@%tgg O\ﬁlﬁlésﬁlsaﬁb'?&lable macropore

erei rocesses ar
prarae uséwehevscﬁﬁomexeaeséea fcmr@ereegﬁs tq the sites éad gty gnaintenance. If

hwé %'@ﬁ‘l@ @B HRjhD BovsvEr, BeEmhssied stkangtvaiddiuk densigugiheacatalyst
pp%nsg er K q‘nwsd Catthl% %glarlilcred%oulg Ooledétgahg&] %o E,%”H;e{hé‘{ b %’atalyst best

ace vel oc
thervewfanryersiedrewh%ﬁe dependi ng on the choi ce of feed
reactor capacity, and other factors known to those
having ordinary skill in teEgamPLESWiere the reactions
can be expected to require or produce heat, fixed bed
r eact o[a®sejamhe eoipwing exampletsigod presantreisto damiitatepa bétted underdtanding of

atq%%s%|o¥§c} m%ﬁﬁg&u%eﬁl@ x{&egéﬁﬁadrf&atﬂé %Urﬁﬁseaé?qlugtféﬁgﬁj 6hI¥ and are not

ass ubes
¢ IntARgPLio Ve AOBART e Clpdeed o 0w BeBrPlP.JEPgatTe volume and
he&t . siZEOUig@bgtiod i (9pE0petetrhioantweae detaahedibg rdegen aleborption, and

| east, o .
e%gj})é(%g vgggg b MEI’]A( lnte[i %gtsiﬁe % ?Eﬁe?xﬁtdn l?s?\tg ﬁt%Bcug porosimeter.
¢ Esrente & muftreqtqsthw@ongeré!ﬁn phapisatingave MUe fare e Pivdest gontaining
CB8énzBee Hﬁcﬁfqﬂdneh&nﬂﬁé ived acanrtystoduppartfattingOphdroporad. tHve the sake of
E?ﬁ:@ earr%% :,Jre ﬁ(ag flz]let 9 %hralsﬂ%cé)ml.lgf%t {hg Q\E,ers-igﬂ c%f aﬂ sim lar feed to a product

of t
|mpit'ﬁimi@mbenzwefﬁ'rvée@l'eb‘eéo'@pféﬁﬁé%lacﬁ@?%b%’a%bcoﬁ iningmacropores. The
p(:&ﬁ&#l&&h R 1hes tHet étgyst rsﬁﬁﬁoﬁa&ﬁ]@ﬁwgoﬁ\a&rb@)rése%ul&nﬂ improved

béﬂng%ﬁgccgeit%@mgklﬁggogﬁié%l'éer qelue ecocpaersx Satng q]l%(f'\%rt' %elgdcﬁ(n é’ for xylene
i ipoetsanExample PXibdiriges thepeangersion of béf@%ﬂﬂlﬁad@f tOthfeq pith a catalyst

efdred m@%pcﬁ’@ l\/Murﬁé‘ aft 6:5SpHsEesHih® habBp&E GhuhbenB ek dubility of each
al so on catal yst-1oading and contact between the

cﬁ?ﬁlyifst and feed conponents. Use of |arger catalyst

part! ¢ Sof %r%mp. 14 9 13T i@ LK oPL oAl HIBkd S mpregnated

partlc es renal n
amaarppqg@o@pgalxstq te@nytent @@@f] @g@,@@ln@ ﬁo@@ggrt@n;ﬁngpand some light non-

C@Fo?{a}{c%tbl ERark i ﬁ@raﬁﬁl Qf% iBRRSE aBe lellt?)ﬁfrnmﬁélum oxide-impregnated
(%%gr%ggfoug ceﬂgyslfls to convert l?ee%s (contamlngrg 9+ aromaP csu Examplesn'sz and 15
ilustrate the ability of molybdenum oxide-impregnated macroporous catalysts to convert

feeds predominantly containing C, aromatics. Example 16 illustrates the ability of a



mm) in diameter, should pronote suitabl e contact
bet ween cat al yst and feed conponents whil e avoi di ng

WE@2@ensi49e pressure drop through a catal yst bePCT/iVB2086/031959
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preferably, the catal yst particles have an average
particle size of about 1/32-i%ch (0.8 nm) to about

géqélétédleﬂgrﬂ P %@lm;g%ggaan&%%oﬁpmu Eétglg o c&lvgl)( grf!eeeoact,ontaming toluene
strauCdapeaficr nEsoiptealy] Husirates drenabiliy ofng)mqupgqarﬁgl OX|de-|mpregnated
Cﬁ%@rhé(o?‘&bseéaidlﬁl BNGYHveRt e @éménhnﬁtgtoﬁleﬁlé ey tﬁ\éﬁiméﬁﬁs Collectively,

contact between cat al thn q 5 tﬁ%f{g constitue s feed

[ DLt SRy S P ABP PSSP RS S GCHOT G [oEghs fous

V\Md‘lcarne’éwelétalmﬁst aay mpyesitict adthout istgyifitant pwagssmﬁdiflg@tl%% and without
rfor density, nmechanical strength, ‘

aﬁﬁas?eg%@rﬁéﬁpsp“? ﬁﬁ%c%lk average particle size. The

bul k density of the catalyst preferably is about 0.3

gFatglysbPrgpagtion. 5 g/cc Mechani cal strength shoul d be

at Ieast hi gh enou e t use L ven 0

M t houlOaHd Boray & ChBsRerTEsD ot Psprel Sl iR 8 Bescrbed

Shetow.ar Fyr, c@bpaalvarpwp@s¢sst<atab/etssﬁ6u$r@ B mr@qmeénmhﬁs having

t RSIgﬁf idEhi ?r%a%tsccﬁtrﬁalc%%re Rtk ClifFeds AndbhESdaftilEtsRAhtained 8upports

article contact wel | as cont act bet ween
pB?"ﬁ']gtﬂ‘Qé‘@C%amP\é‘ﬁ%?f MAOPYREN A er nal s, particularly in

expan df"gf’gs g@%{g ses repargél %ﬁtﬁw %%rd%r“tgszgolﬁé fcgﬂgxg&aﬂy—avauable

t he ca BIFPT's" S
17r@m5ng¢1ha(r® CQrpma}lon fl\selnemgwwe@ﬁyj)) hAVEE-gnngiil (a@o 8f ‘Hlﬁ andya sodium

dipaly RN &8 lof W’sd Aart\éﬁpéﬂﬁlﬂ@n@prﬁf ﬁh@@ﬁépo&mbbrebb}’é@ By PIXUhE dse blite with
pressure.

a
P RSB B PP P be 16 B b R S B E N Winarica
paslkeisc(8e%, sitaikd¥e bindegannd tey qmcci\eﬂ Yy, Aragthetlse golgippvaf, ammonium
d ﬁ MIMa@nNé%rt%erﬁ§eJ RiNdeRBRbsated H0BE bxtRIaRe 6l bing adfordenite
e

severit eration an
A e O o ——
ages theh kcsiciaed atwibbyt 5007C fohebale sie lemir toezboti thies hpwpd3dhe macropore
Sb&%é{ tgﬂala'c'gr Qllla?‘\habggt%d R trhiecat BB PR QlterfPKE by nF]ercury adsorption

ol sons on the surfaces of t

céﬁcmlwﬁto%‘éo@aﬁ%ﬂ yst may be mal ntained at or

perlod Y. ner.at ed i ni e

activi Qﬁ’%ﬁy Cﬁ%ﬁ)%% '&g é?{%‘# I I y k‘?’]%ram béérgée r\é?nsl-(i’hwordemée zeolite
o(@wmqrallshvaﬂlabla rrotrhBngglherd @prperatinm ingéng, an tHal E?(fj%d’f 41.6 and a
C@ (ﬁhny %Itla)n@\bél &f ‘F’B@lp\ér’t@Serrnﬂﬂ&rﬁ@@ﬁl) V\ﬂfﬁef"sd’p@Wt @ad pleysibd by mixing the

d ca a
 pizcul 97 BHmReTEEE ITTEY S SERG At Ir ey jeepSiaiEs asced to the
I slquy,ragd tregesdtingtmidure ags thee guieuded }o fagn @lﬁ@é“é%r@ﬁly cxhw@rlcal pellets

YEANB6-itR Rob&Pels Wes@\)/eﬁo‘% Y)ﬁf‘]@ér) C{WlthorgsdéﬁtC@SCﬁﬁlyst ‘E,” the
as often as once eve

t é?smtmq BYEWE rEs; B © ’ﬁéa %(Qt %Em r%@d?f@r Vv%cg'cﬂtpe['ee%lz{ooé siéve/30%
pointiérpn Table t1hieelow lireicales the Sixiended ipaliets fat eagl catalysty Thyextrudate was
C%P%%Hn@&* aﬂm!h &%keefo%&fr%bée%t {@8s B&%m%@geélby%te ﬂ%rﬁ@! treatment. An

O o b e s S il g on e
usgflidetd tb Bﬁe BMiGS%e odtalysh Ravirgezse mblybcmnemtdlsﬂmuted;emIydhroughout
]E g’ ?rﬂprrg a e%rc% a{lyﬁp was {hgrq %?Imh@c*’ 9 déébggflgtg)gc @ll Eﬁ% ﬁour to about
sﬁféﬁ%bour& hﬂle m@g@m’@r aﬂqﬁaﬁwﬁféﬁﬂ%éﬁ“ rabPeit 0 1y fﬁ%f“ﬁ%ﬁﬁat@f’s‘ts was

I QERASHET by BhefcOkLaddeptdnl tyehhRess 8t WEidBte®Yh Tée 1, below, for each

conbust i on of
catalyst.



the coke wth an oxygen-containing gas stream such as,
for exanple, a cyclic flow of regeneration gases or

W@ b@®702m185 nuous circul ation of an inert gas cOPCHUS200g031959
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a quantity of oxygen in a closed | oop arrangenent
through the catalyst bed. [OO%QL] The catal yst for use
In thepﬂ{uﬁ cl 0%5& et \Dé’sd ar@@r\ﬁl I ||Q'[§ L%th%&%éoeglaflﬁﬁdemte zeolite

regene t he OXI I on or cat al
d sammiesciatly-apileg ﬁ@ma@@@m@rdo%@@attog (éfhs @ewmwﬁs &8 xchanged to

Aﬁléﬁale ¥ Ht}n&défﬁl@&e&[e iﬂﬂm@éﬁ%ﬁlr ;@@cnbmem ad agaﬁhum (Na) level of 260

h h th h ta
LGRS ottt 8foho Ty o
| smqmemf formmedslaty. cA pdietforowng redigentwae adred rtcethemhe@smdethe resultmg
ﬁug(tug@%ﬁsc' Q%%eex\{rﬁbé?)ciot %m HAB- lrﬁ:ﬁ QHQﬂ)ee elfé@ (@b%asrl&eb@‘?ﬁsﬁmder An

er nal ﬁk‘j amagi ng to the catal yst n ener at ed
| faYegusaolgomelenunoRimEheplamebP9als et *ﬁ@n we«g i mRepprteg on the
t baRbMe FEGRES noflehiGtkagtyspiieving 236 MOMhsﬁehummstnnutbdnevetnarSharoughout

? {]]'ré arg%ér%é)ed bo(? e ﬁr?&grqﬁans%%ﬁt%@ i o Fgéfélwtwa§ 'dét@wlhégabryemercury

I NUOUS T egenerati on’ process
r edsotpgen t@dmlqyes f@rt@\ﬂ Yeg/9t 0 i ni i ze t he process

down-tine in i -reactor confi F

exanpl ©093In Cétaﬁ‘ﬁﬁ t | "Yaéaerte‘ﬁ?rrecl:d‘ﬁ ﬁﬂfﬂﬁﬂnkﬁs'ﬁ?di &l‘aimﬁ%en'te zeolite
f (mmm&mﬂy-evaﬂablalfroanﬁjn%lhvmnCctrpmrenonb)n§ hefzetliee wee dut @4changed to
nﬁ%w@ee al B rﬂor&%ﬁg ri%l?et ngréﬂ%‘?mﬂ%ﬁo of 451 !ar{bea E&Juﬁt NES 1dv8! of 260

€ process I Nne reactor can b %
oRertsi ReE AN @PEhotTAR PURPST B RETRASF Y- TR 3 A A umina
dbigdied tdd e &/ sluritye I'The Blu® Wab theh leatraded i@ Fdrm @16 dmepdrilobe pellets (80%

[ ng%%lov%g!?&gg Bk %ﬁn&e{e m%gﬁqggﬁéoatane whece(ﬂgi brirfH3Sreagent was

genera er sons avl
ofefiomapspdduithe thieﬁnad Heat'aﬁref A@étﬂ&?%tsowwe?i @Fﬁiqnwﬁ'q"eptamolybdate
pved eealizedivithama ofplegisittitbnathe eptididel to Yie iantoruehita gatalyst having

ag%p y%é%%b@%]&gedo ve@%%%&:&?o%@ %rré%go%:de vr%%Z]e eq@a%etr than about 50
aboier catelys “p wan detepared Sy graaryi aﬁéwpwd@@m@b%ﬁ t@?e P-ABerle:

zero nega-Pascals (MPa)) to about 300 psig (about two
MPa), and a regeneration gas oxygen content of from
about 0.1 nole percent to alout 25 nole percent. The
oxygen content of the regenera |on gas typlcally can

be increasedug tre I
regeneration pr%fgh'gture bggg a%hr?ﬁga?g\ 3?@:?1%%1&,5[1“ et

t enper at ur esTtU R{EYETTET dl1(ﬂ2b& naarar ySt 0@y gui ckly as
possi bl e whil e avoi di ng cat aI st damagi ng gr ocess
condi tions. The &eferred”&%t &lpet regeRéfation

~condi tions incluge a tenperatyhdrr angi ng.265 om about

600 F (about 315 _0C) to Ut 1150 OF ( t 620 00,
a pressure rangi ﬁg from gZ%U?'Q Fo psig ?g%out zero
MPa) to about 150 psig (ab@utyliode MPa), 028@ a
regeneration gascoxygen c‘%tgn L aboubzfpzl nol e
percent to about 10 nol e percen

oxygen- cont ai ni n§ r egenerlét’ @Wn@ﬁis genepéiﬂ y includes
ni trogen and car gon corrbu$,t1430,rp,|d%oductsogg(§;h as carbon
nonoxi de and carbon dioxide, to |ch oxygen in the
formof air has Been added!®Hsigd6er G@ possi bl e
that the oxygen qan be i ntnedundspé |nto tons

regener at i 0N—gas—as—pH-8—oXYGe A —Of—3S—a—Hi-Ht-tH-e



of oxygen diluted wi th another gaseous conponent.
Preferably the oxygen-containing gas is air. [0086]
w@oovdiozi4ahs suitable for carrying out the procECGEUS$006/031959
the invention can include a weight hourly space
velocity (WHSV) of the fluid-Bked streamin the range
out 30, preferably about 0.5 to

EB%B’ P14 ExB?fH"%ﬁgkhhﬁﬁ'Fef erably about 1 to about 10 un| t
L“;éfg;gofoﬁgd ,raerponmgncn%fs %acﬁ’ cat%l%t%qagééﬁapﬁélh h\éab{géed H? an gutomated
pp@éi@musﬁlw a’lxﬁ‘ﬂrb@d plfoapia@t rlelea@h we, tep dnaralr ofcthe Isoiect |catalyst were

&ké&mhmeaet@p Whic- généaltqua@ta%e rlé%né,annm&fa%%@héf The catalysts

o g vl A Bt BB RTELSE ARLYGRBOU G o (108

bEiPeprar toaheg @troductidmmita (ﬁhuitheWaTl@eafeethonEEtepS)f 3 nixdure of hydrogen
N%owdggca%ohﬂ;% Iﬁbeso Urt1 l:l'lg%p re‘?ﬁ' ) gnl%egtg{e@tm%n@g%%%re% eﬂéu"e reactor

afdiieRsewvesp éﬁfe&t@bwp%%mof@b% RPE ¢ %datani@oor@w)e of @bout 200
ab@gﬂﬁ 28 nardyPa Thabodight HWrPShace Vdity QUPESVRtWHsC either 4.0 or 6.0

10 Sg:i r?dlrg%{o I?(@Pr f}é%&]gl?\ﬁg%tg gleag)ou Outg?%;ggzp FI;WEOU{ gg/ﬁnt I ?QSO g’hr,
@@P@@’eﬂ)ﬁﬁﬁ) W'Ciﬂq berginy Uniepy satgd ethenmvisis heredh d1gtcaRdBisO@re used at
( adetaht c%zﬁtl&g)fort&mﬂmm ofafte RGivé @B@Lﬂrloﬂ-ﬂa]&taﬂﬁg prédidt samples to

ably about .3
B Ste BTGB SaS08 R outs K PEGR pCRs st bgbBgpagion. te
i gctilgity df egtalpst {6 (b@cnlhﬁp@bo\@hwa#tamaﬁl‘i@ st andpoi nt of
attai ning high exposure of reactants to catalytically
15 apkdnvile $i tes, while an appreci able nmacropore volune is
believed to be necessary to ensure access to the sites
and acjoo97it yhxmah;saameteatesl the perf@mendeucapabilitics @d ahdagdiyst lacking

ﬁ‘é@'}f&fre v&lmﬁe ('@n a8 g??{o (ﬁ)fmememoﬁgr%d ld{ltg%ng%?g tryduglf comprising

e catal yst
sWJﬂH‘P (POBWTSatSeRPREI UV SeidECtechwith deniical deesp gid V%t%/tof 4.0 and at
S&rWeisVvi bfs GIOnt enﬂecbepugtmamewa%mhﬁs bfoaﬁﬂa;ge}ihend toluene (4:1

20 b@t t %r oK ers d%“;%ég?cp hg g%pt ohg ’gcg %Cvlv%rﬁo se a?shse)‘} out above.

afralyspeaidht Bayid fspd {Reed Pk plone Rﬁqduptﬁl(*i@t Whte) eb’falowl ip eagfirun are
asrwAM TdorRtepsled. to limt the scope of the clained

nmet hods. In all exanples, mcropore volune and pore
size distribution (wherTabetZrGatalgd'XWer e det er mi ned by
[ orption., and macropor
deternined by nercury penefeedtWitin] usi nedtaWtver cury

por osi net er: of a
nitration-grade toluene feed to a product cont’al ni ng
benzene and xyl éoe-aigatier s Wi th0&| cat alegst supfort

| acki ng macr opor es. ot he sakg pf aris

Exanpl es 2 t hrough %f %]ustrate the ggﬁ@ersi%ﬁﬂof a
simlar feed to a predenst con®%sdn| ng 6B&Mzeneb&iaid

xyl ene isoners Wehflnéhz&dt al ystoguppor b 1gont aigyag
macropores. The co gri son shows fhat the catalyst
support cont ai ni ng #ig¥¥%por es T ¥spl t s4°R i nprdfied
conver si on det er m nakjyieneby hi gher| t ol yape cors@r si on
and hi gher selectiw&&%mﬁpr quﬁﬂF '

4.16 3.49

Propylbenzene 0.00 0.00 0.00
Methylethylbenzene 0.00 0.27 0.22
Trimethylbenzene 0.00 2.33 1.66

Ao+ 0.00 0.26 0.18




i soners. Exanple 9 illustrates the conversion of
nitration-grade toluene with a catal yst | acking

wor@ropase vol ume and one possessi ng nmacr opor ePVDUSB6/031959
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and the stability of each catal yst. [0090] Exanples 10
and 11 illustrate the ability3f a mol ybdenum
oxi de-i npregnat ed nmacroporous catal ysts to convert a

feed c %)Q]' '%Q%XJ\B réﬁrlﬁ'tolg’ﬁ% ?%terrﬁﬂéb W%ldin!t; QR difference in the

nonar o | ustrate
aBnpurt pf Wewwwé%mdoespw Wﬁ? é‘ﬁ*f?&? SEPSPRL Y @56%88u§°r example,
Caém'\’d )h%t &td @btﬁlﬁéﬁlﬁ‘bn’h tﬁ@ﬁﬂﬁwlﬂﬁbétalysnl Ny afD4 VBHOYIRL i40%5 .the toluene

es 14 an tr a it
nﬁﬁ’@%&'@ﬁt‘,’l"ﬁ? 89(?‘@%91? égﬁgt@é‘;,(mdgf% gdr%us)égg%) in C?ntra?t using the
c date ebteinaéars therren wﬁﬁ' P@ﬁlfﬂt yX o d el Hfi‘ﬁ §f @O thg tghiﬁ[\q ganversion was
EXiIPS €6 48, bl b USbH A{geBatius.capl bo gy, of amol ybdenum
oxI de-1 npr egnat ed nmacroporous catalyst to convert a

feed cobey mhe @elé@blw%%n@@dm@@arafommtehns thebpradqet & defermined by
strate

Iolgllwglgg ﬂ?ﬁ% %% ﬁp ﬁ%act))r%s |tu{e}4t I:B/ thg c e%gﬁ%{ﬂ H)mene Thus fotr example, using

macr o rous cat
f thediateoritaiiadi freg he runewit @myst% ap¢ 8 $Vc%f 4. 0 ‘he benzene selectivity

g@éi ;é‘lS‘Ju't !@h%a(l et, hﬁﬁ'ﬁ SRR £B d@?’g)l)lSdgtrﬂ a{ee)wtehéﬂésohhfs selectivity was
[ v,
c 8pPY §§§ 2| (be.,a 8(235“}3 g {g‘@hal c\%\t{aﬁ OU#ﬁQ'%{hS dg% o%pa‘#r}ed from the

prucethssatatys ‘K erat ) M@Vanﬁd Owthte theurene h@eqﬁ@tyerﬁuabyutéﬂ 5% (i.e., 40.5
r eHb@Q' noethe é&?faﬁ&i Wty le@isé\%é/éfselé’étﬁuwa%tdbaﬂ 4BQ09EE., A8.1 = 100

f diff d
WU TR NI SO R RS

C aBed yratess %, Xspaatiglely. H' cont ai ned supports havi ng
i nsignificant amounts of macr o7pore vol unme, whereas
ot her E408) & WSHbeft4: Neate Suipor tbgnwawwf%%ﬁwi‘%@ﬁmers (0.87

aWé?éﬁ‘ttrétld?Es ﬂﬁ%éﬁﬁ@i‘o@udt@' Iﬁéﬁathy[b@%]a pfeaérinythé proalict WARHSV of 4.0

%ﬁ;?afgg%? % f (2 IOP tg? L erp%\e ba% on the E)(t)al welight af the C; aromatics.
( ASWISHN , of Néwhere nss@y@/é beimmerﬁjlddﬁ 2% Xymlﬂe isaltnier@ (@84 we'ght(sa’fw) as the

aﬂguoa pl%@ﬁ’étéj MrkN\ethyibeBYSle PPéseA3H tlféaérb@cpﬁrwmt‘:\lr/] bi 0 clom{)rlses about
e . zeollite

re b n
WA viaf S oo FRIBroep 6 R v EPP S e ry
was then extruded to form1/1 2-inch cylindrical
pEkareple 2( 80% si eve/ 20% bi nder) and then cal ci ned An
aqueous sol ution of ammoni um hept anol ybdat e was
mi xed WO Jhig sxaprie Yrsifales tmparienadce F%P&%'{'tESPBa ﬁ?@'éﬁéoma'”'”g
Mea6Rporbs aiilyal YStto hamn@nt%%om@byéaabmmnoda piodudy wbeprising xylene
Y8k g“g%’r&%*}&’n%tw%%g ﬂﬂﬁetaﬁ? I Y a%%iéiﬁ& 4.0 and at

carerne or about one hour
t Br B&ISYoef $.0. ThEhQ‘ré?f\doB‘bﬁe@ VG uAEMHiiEa B MYERERT ZRYpluene (41
SQydieaeh@biugnat mbixiStatio)Xandvéiie fREEF Bbrii@idndyeREh6de §s set out above.

adsaqr pt i tech S 0,01 0

Cg‘fé}' gtognme Aqw? Eefegzlgeﬁd \& ‘9 \?\gnd pro§uc?s <ng V\,[t (S %gllalned in each run are
Hsimpyde makie3.zeblvi t e (commer ci al I y- ava| I abI e from

Engel hard Corporation) having an Si/Al ratio of 41.6

and a sodium (Na) level of 130 parts per mllion
(ppm . The support was prepared by m xing the



zeolite with an alum na binder to forma slurry. A
pore form ng reagent was added to the slurry, and the

WO e®@alori4ay m xture was then extruded to form ePCTE82006/031959
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1/12-inch cylindrical pellets or 1/1 6-inch trilobe
pel | ets (80% si eve/ 20% bi nder§3- (Wth respect to
Catal yst "E," the resul g,ywas then extruded
to form 1/ 12-inch cyli nf(?:olmg"’alrea)glﬁtef\s (70% si evel/ 30%
bi nder) ot
pel lets for each catal yst *The 'extrudat e was the
cal cined, and th&Hpgre for#bng reagerft vvaseoiecorrposed

by the -t-he-%-l—t—v—ea-t—n%n—t—@wrem&g— i
amoni um hePPEABMHSat e WPt hen HPRdd wi PRSand 07

i mpregnat ed on Beheenext rudatoe to gswe [a nopdeni te15.76

cat al yst havi ng &L(S rérol yb%@ggm di %%rg ut ed ﬁyenl Y 61.90

t hr oughout . The |rrpregnate cata was ? en cal ci ned
at about S50CEt@behzmeabout 0&he houﬁ?-ﬂc abofP5t hr ee0-17
hours. The ACT ORME vol ugpo0r eat grgtithan ghgsut 504 BM
for these catalysts was determ ned by mercury

adsor pti on t ecAiN¥rR€s and%% repdritdd in $4bie 1,993
bel ow, for each)xﬁgnal yst. p®94] Catoaliyst bbb was 4.34

prepared w | ab- synth |zed rdenj zeol |
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P S Sod L Bgeh 0D MY oRR Y@ 458k R e 16.5%
amnlxwmelrm@tsatmigy\bmmms eesndjdrerpdutix.eBassil oh therpiitained data shown
cat fogé;%t T Qﬂlehg%orﬁ)éfsfngaatt Gy &Iy 9>'f\ﬁeb andTelod@a t4@0% and 38.0%

t havin % nol ybdenum di stri ute
t FEPRATE L In C‘Pﬂtéashﬁlerté)'tl%?eecc’{?b‘?rﬂ% Y aeipier e@ﬁ ahwﬁé&ﬂf 4dpand 6.0
natlitiog cartyal Y& twasH9.0na sand ed1ea%ni magebclvelynmesicilarly, the xylene isomers

?e‘c,f&ruaé/l Wit c%%ﬁ@ﬁ"/.\q Ht%SIti\(? oxb?O anp é 0 an‘e(s 9s. E/OQ,%@lg Eggtr@éﬂé%ﬁvely In

hesi ze
@zﬂtra%tethe é‘ﬂﬁﬁ*?e’ﬁ?ﬂ‘eé? F%}Q%‘(}%{l"f'tﬁkﬁﬁfé'y?tr 5n"f‘tI¥\’1§f'é\( Bl e 6.0 was 46.25%
Caidpas. eb] reBectivilye The dbhdeRe BalSctivignwitxabtye g at WSHI @ Udeand 6.0

| an%sH- {Tg)&odg{&l Lh%“?%p%t@?ly a% C‘g%&a%p tl'éI gﬂene%&leﬁvﬁg wui')h a:la]yst X" at

a ‘sodi
(BISIV. of Fh@ as@éﬁms 4R35 N P rweﬁw%v ngt PRB sparsl Yalqgities, the
Wedrileraian at WiteRe) tHal Saetvity r f()@é’rﬁhs’bn&ks,l Bfi/the ?&&tﬁdy%ﬁ Benzene were

(B R BStieialide) N, o Raqdihs’ il ! o6 roversive

cachttmbn@rd reggtieh klm@cwﬂreeretab\rerﬁongtyméa@@mt ‘R8s 1@&&@#98%61‘ catalyst
bag it AGort 1BGE WRkrobdregtt ment . An aqueous sol ution of
anmoni um hept anol ybdate was then nixed with and
E‘?re te’;’ted on the extrudate to give a nordenite
‘3 havi ng 2% nol ybdenum di stri buted evenly

thr ougfihy THRCeRGE RN GoY U BErSHh 6k bR, BPHEG Ocaralt

nm for“cataly mer cur

aBEFHYRg o"ﬁaqr@em Gaieystt B-bée Fonves eﬁfﬁ@n arags éIUfne to a product

comprising xylene isomers. Separate runs were conducted with nearly-identical feeds at a
WHSV of 4.0 and at a WHSV of 6.0. The feed stream was a mixture of hydrogen and toluene

(4:1 hydrogen:toluene molar ratio), and the reactor conditions were those as set out above.



Catal yst Size & Shape Hg Macropore Vol .

(cc/g) X 1/12" cylinder 0.018 A 1/16"

(>50 nm
Tril obe 0.132 B

wa2m2/027ys i nder 0.255 C 1/12" cylinder 0.288 [Crpd¥/1i22006/031959
cylinder 0.280 E 1/12" cylinder 0.212 F 1/12" cylinder
0.281 G 1/16" Trilobe 0.280 +P4716" Trilobe 0.01 )

b0 B L UL P A RO v

1

[«

15

20

estmwva éit Babld 49 belpw.aut onmat ed cont i nuous-

pilot plant. In each run, ten
catal yst were packedit?#ﬂﬁﬁw
nas a ol ! ,

pipe having an-inlet and-outlet
were pre-treated with fldfeflg Rrafege

flow fixed-bed

rams of the subject
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n fJ?eFmolﬁ€@$§

at 750 OF (#00 ORfis@d 2004951 0 ( L. 39
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VPa)gprior to
The feed

consi st ed oNomamingicar e of 08§dr oged- 77 d

ina 4:1 nmol ar gatdne. Unl g9s st atygdzd
the reactor conditions were_set at a

about 750 OF (408Y9€) and®&"pres<drd
( 1 .38 MPa)ethyldeazenei ght bearly spacg
was either 4.0 oy ,6.0 (coprespond

flow rates of aBot®40 grgﬁg per ﬁggr
g/ hr, respecti wekyeneas i néidgat ed INEbg

ot herwi se hereigy, fhe catglysts warge
conditions for a mninumof three to

t o obt ai ni nyoprsEzRee sanpPE8 to eAdr

hydP&€ar bon1das
t her gigge hergisp,
t emper at ur e
of BBht 20608 o
vel ooBty (\VBISY)
to | idfe
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in. O Ress sP&bed

usedy@ah consjagt
five days prior
e st8fPe

perflor g&m&wetmmnag fihra.tooor der olprfet i cgobor ano.21
equi libriymreaction, the tivit ft catal yst "X
(descri be ”Eﬁ@@ﬁTZ%ﬁs tak8§8as 1. 48EXanp@881 [ 0087
This exanple illusts.ates olee perfor@gnce Oa&pabil i 0i2es
of a catatyst—aclkt-Rg—racropore—voue—{ecatatyst— ¢y

t ' I QN Lal ,
0 ¢o ngﬂﬁ p}i& 2\; W@F\/‘ & rho(%%l'%ge.els é%pé;/?e g%\ézgr?eu %%00 i\ééﬁ)é %{Iene isomers (0.88

conpri si ene is _ .
cosidhiaeiial agithichmpigepredustsl AtedaEY &f 68, Vs 39-6%. pnaeig and 21.4%
ﬁxy)@Hg\iéoﬂ‘fer@(g@Z wF@ﬂt RS ds SlemefdNpr&scta. Fias)éﬂ 6h heQdbtained data shown
) e n oluene (4:1 en: tolu o o
e T o8 SEebind SISO 4 phF BR, 08 Beon, ena 02
otsspeaticelie. In Anaitapt d1 tofienetronyereierischf faesdrilal Red @t ViaHVogf 4.0 and 6.0
affiziRg RetafLS ¢ Rk - 30\086, %hd ARL684, NBEhekieRACK Bd#N B velocities, the
conversion of toluene with catalyst “B” was higher than that obtained with catalyst “X,” which
lacks macropores. Based on first order, reversible equilibrium reaction kinetics, the relative

activity of catalyst “B” is 1.43 times that of catalyst “X,” which lacks macropores.

[0105] At both space velocities, the conversion of toluene with catalyst “B” was
higher than that obtained with catalyst “X,” which lacks macropores. Based on first order,
reversible equilibrium reaction kinetics, the relative activity of catalyst “B” is 1.43 times that of

catalyst “X,” which lacks macropores.

[0106] The xylene isomers selectivity with catalyst “B” at WSHV of 4.0 and 6.0 was
46.0%, and 47.7%, respectively. As shown in Example 1, above, the xylene isomers
selectivity with catalyst “X” at WSHV of 4.0 and 6.0 was 46.2%, and 48.1%, respectively.

[0107] This example demonstrates that a catalyst containing macropores has
comparable selectivity, at higher conversions. Thus, the catalyst containing macropores
provides significantly better activity without compromising selectivity for xylene isomers (and

benzene). The benzene selectivity with catalyst “B” at WSHV of 4.0 and 6.0 was 42.1%, and
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shown in Table 2, below Table 2. Catalyst "X' Feed

W% Pdt. W% WHSV 4.0 6.0 Non-aronatics 0.08 2.28 1.50
w®enwzerE3D. 00 15. 73 12.81 Tol uene 99. 83 60. 91 BGI/ES2006/031959

Et hyl benzene 0.05 0.18 0.13 p-Xylene 0.02 4.38 3.71

meIene 0.03 9.49 8.00 o-Xyt&he 0.00 4.16 3.49

opyl benzene 00, 0. 0. 00 l\/b et
OB B RRt rB0e ReTeheBNE RAT 505 B o 40 anc
06.2 626 40.8{:0881810.5Vh eespestively.si on of tol uene is
determined by dividing the difference in the anmount of
tpk g4in the feed and product by the toluene present
in the feed. For exanple, using the data obtained from

t he I U108t hhie akarhpis tiustPites atdperfolikdnbe edpalilitids of Bl another catalyst
%‘e”e %@%\r/c%&%s ongt\é\ﬁé) aé?ol{o c% \{egt g{traﬁ“on Sqré?’o% Qchuené tg % product

I n” contras

omnaqnalegl xflemanisohersy Hepatpte unsaweie y@tductxd wiiin dealyvdes\w%feeds at a

6\/\@!3\/”? 2 ot 'é?é‘ﬂll—%@rb‘( & 'OS *I'Qé‘fe@@&re%m#ﬂs a?rnlgetureQ)fG dr@ben and toluene
:100@ %%% g%%tg 0] e t out ab

S oRerset 3l Wrﬁ%{'P i ol SPTdigan Preterinqians set out above.

pAdyses of the tqtic feril (iésed DYt %) enddiredyictst{Bdty Ve Pal oufalneche each run are

c%%lﬂygbq@g pBYwt e conversion of toluene. Thus, for

exanpl e, using the data obtained fromthe run W|th

catal yst "X' and a WHSVr4de . (ﬁhta|§,§te‘cbenzene

selectivity was about 40.3% (i.e., 40.3 = 100 x (15. 73

39.0)), and the xylene | spssdr s Belect|i vi tfeedas Rrooudt

46. 2% (i

e ——462=100—%~18—3—39—0OH
usi ng the data oBtBVned fr&fM the run

vvi th 8'§t al yst " X"

and a VWSV gbn.gmg,aﬂshe bemzane selggt
40.5% (i .e., —100x(281 .
xyl ene i soners %eé’tzeél?t i vit s abé%g)
= 100 x 15.2 3IXol6gne. Addigtd8onal |5¢,00t
C9 arorratlcs he }l?\g%l]\é of 4. 3 and 6.
respectlvely % of 4
benzene and 18. 03y« ene i0Ber s (56)78
as the nmmj or prnQQ*,ges The @t hyl bgmzs
product at WHSV o O conpr.i ses ahoy

0%4‘/"aS 703

I VI tymwas abaizs
6)), t he

48, 1&%? 1648 1
he §@l7§ct | VIQO)SOOf
% and 6.46%
there is 15. 7%

7 weiOght rat i*oP
ne present i 7she
t 0.99 w. % of

20

the C8 aromati c&V'¥%sed olf-Phe t oS [wei gIQtOOof t hé-%s
aromati CS. Propylbenzene 0.00 0.01 0.00 0.01

0.00 0.33- 0.00 0.27
0.00 3.01 0.00 2.25
0.04 0.24 0.01 0.18

Methylethylbenzene
Trimethylbenzene
Ao+

[0109] At WSHV of 4.0, there is 19.5% benzene and 21.0% xylene isomers (0.93
weight ratio) as the major products. At WSHV of 6.0, there is 16.8% benzene and 18.5%
xylene isomers (0.91 weight ratio) as the major products. Based on the obtained data shown
in Table 5, the toluene conversions at WSHV of 4.0 and 6.0 was 46.5%, and 39.2%
In contrast, the toluene conversions of a similar feed at WSHV of 4.0 and 6.0

15

respectively.
utilizing catalyst “X” was 39.0%, and 31.6%, respectively. At both space velocities, the
conversion of toluene was higher than that obtained with catalyst “X,” which lacks
macropores. Based on first order, reversible equilibrium reaction kinetics, the relative activity

of catalyst “C” is 1.42 times that of catalyst “X,” which lacks macropores.

[0110] The xylene isomers selectivity with catalyst “C” at WSHV of 4.0 and 6.0 was

45.7%, and 47.2%, respectively. As shown in Example 1, above, the xylene isomers



At WSHV of 6.0, there is 12.8% benzene and 15. 2%
xyl ene isoners (0.84 weight ratio) as the major
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WHSV of 6.0 conprises about 0.85 wt.% of the C8

aromatics, based on the total 3fei ght of the C3

a ;. CS. £ [ o LLLusStrates,.

© RSB DR K ) P A PRI B Bifhgyen. e
mhenzspo selsstivitaivill paelystAC" at JVeldvivert0 and At van4g6%dend 42.7%,
t eds8d9ely.0 IPcoRir U URS bERERS b&tbdNtyXMih@BRIYSEXTRE BLSHV of 4.0 and 6.0

Separ ru re conducted wt early-identical o
r 8884035, Bl sPonr o el d Moo e 1oy Gatplye ontaining
s ee@peres Basscompaiable eelottivity af ligien cenversioos. UEBMB, {h4 catalyst containing
KPS bR o el ol Sy Aol b RAGHA scicctyiy for xyene
t IFeMeISdeidPereBe) (Feed. W.% and products (Pdt. W.%
obtained in each run are shown in Table 3, bel ow Table
3Ex&aplalsyst " A" Feed Product Feed Product WHSV 4.0 6.0
Non-aromatics 0.08 0.66 0.08 0.57 Benzene 0.00 18. 32

0. 00 10176 Tbk wuarep!® Yugmtes5he per®pnBite 6dpadilities of yet another catalyst

Eﬁé}ﬂéiﬁﬁg; ZRRFopBred cRaigdt & 030 LohverP n¥i¥lilFadd Qfuerel® a product

0.02 4,57 mXylene 0.03 11.25 0.03 9.9 - Xyl ene 0. 00 ,
2SS B GV NOrB S D B SO0 o 150 % SRSV or 6. The
MeeH strednin whb e midure 00 hyiBoden 28d @lu@be (4:RBydrogen:toluene molar ratio), and
T TBAMMY cBRMBRNGerd #0e 25 96 ol BBve? - Iy r theQfuf 120 (7 %
0.01 0. 25# omg;erAt_ VBEN of 4.0 there is fs@%'g% (Feed. Wt.%)
B RIAGCHIFE! 4 ﬁ@?tﬁ‘?iﬂ‘éﬁéhq r%ﬁr@rsém’('b'.” 88108 RFW- r at i 0)

as the nmmjor products. At f 6.0, there is 15.8%
benzene and 18. 8% xyl eneaql%gn%téyitop84 wei ght rati o)

as the major pr - g 'o dat a

shown in Table 3, the toluene conversions ai. WSHV of

4.0 and 6.0 was 44.0% aweisg8. 0% respectively. In

contrast, the tﬁﬂﬁWaﬁe—%&a—&%l—ar feed at
WSHV of 4.0 and 6.0 P Rg cat A%Wst "x'as 39. 0%

and 31.6% respectivel \Ben8ingi | ar | 9,00t he Xpl5éne i soners
selectivity with catal ygf oA at g of 4., and 6.0

was 48.5% and 49.6% reslf)eegtivel g\%glvn cg%'tzrgast, t he

xyl ene isoners sel eddAereEngi t h cAdl yst 9X9 at WBHV

of 4.0 and 6.0 was 46. 2%ylene 0.01 4.42
m-Xylene 0.02 9.56

o-Xylene 0.13 4.18

Propylbenzene 0.00 0.01

Methylethylbenzene 0.00 0.34

Trimethylbenzene 0.00 212

Aggr 0.05 0.19

[0112] At WSHV of 6.0, there is 15.5% benzene and 18.2% xylene isomers (0.85
weight ratio) as the major products. Based on the obtained data shown in Table 6, the
toluene conversion at WSHV of 6.0 was 37.5%. In contrast, the toluene conversions of a
similar feed at WSHV of 6.0 utilizing catalyst “X” was 31.6%. The conversion of toluene was
higher than that obtained with catalyst “X,” which lacks macropores. Based on first order,
reversible equilibrium reaction kinetics, the relative activity of catalyst “D” is 1.38 times that of
catalyst “X,” which lacks macropores.



and 48. 1% respectively. The benzene selectivity with
catal yst "A" at WBHV of 4.0 and 6.0 was 4 1.6% and 4
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selectivity with catalyst "X' at WSHV of 4.0 and 6.0
was 40.3% and 40. 5% respectﬁVer At both space

vel oci trh £ fh'% n&‘é.‘?&”%&%@’s %Elec% é; Rl c%'il:?yst e \?/%Lﬁco? bYWkl 48.4%.
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wapmhndtratek Shateec cadgyst esntalﬁnam:dc@p&eﬁ @é@&}mﬁﬁ'ﬂbﬁe sotativilye at higher
' |c1>rW%Fsr MEes hE§1 %9085&51;%? ESHS GG ﬁ@%bdréﬁ[ @r@ﬁdé&fs.g?]ﬁ%ﬁﬁ lbetter activity

catal yst containin nacro ores

c&ﬁ@%%PO%W?WEPEéﬂe%WQH@”W P%@ﬂEaF6mﬂbﬂF66ﬂct

conpri sing xylene isoners. Separate runs were

cEmaluplessd Wi th nearly-identical feeds at a WHSV of 4.0

and at a WHSV of 6.0. The feed streamwas a m xture of

hydr ogdf1dhd'hiscixemple iliuatratesniel perfremance shpabilitesnadlvair another catalyst

I @brt&hing aﬂé’cngd%ﬁ‘esr %@@P@t" “Eongi &dn@&@ nMREiGh-JriRs Goldpe Skt a product

t ab the | idf
o FBERTG Syl SO Sogng b AR THEHD e foedak Skt ol 0. The
Tésd strdam b ewnixtliablf bydfogeBand ltohgine (81 hieawnRiwwde ctolar ratio), and
F%@ef&&@&%ﬂoﬁ&e%&e gs getmgpatﬁ(lc,p "R#id%és & 'ti%qaa‘ld ?e%dgF&g Wt.%)

| uene

99@@(@& 5"6’* E{fr(g)|08@w2%ﬁ’éh®w0@retfhwn mT@é'ec'S belPWy- Xy | ene

0.01 5.17 0.01 4.54 m 25 0.02 9. 96
o- Xyl ene 0. 00 4 97 0. oé%fﬁ%g ga ﬁy\l;kénzene 0.00 0.00

0.00 0.00 thhyl—ethyﬁ-imm-e—e—efw 21
Tri met hyl benzene_0.00 3.16 0.00 2 2 Al 00 0. 29

0.02 0.20 [0104] At WSHWWfsV4. 0, theere is 16.5%

benzene and 18. ¥%rxFhgge—za%ﬁE%e—Q%%GG—ﬂe+?%+ ratio)
as the major product8 RMBHV of %60, thdP8 is 19. 6%
benzene and 21. 4% xyl ergenzgener s (0P092 wdisghAt rati o)

as the major products. Based on tqeggobt aiged data
shown in Table 4, the to@uene converS|onSO%z WBHV of

4.0 and 6.0 was 46. 59%Yikgrgensg, 204 0.03

p-Xylene 0.01 3.83

m-Xylene 0.03 8.24

o-Xylene 0.00 3.60
Propylbenzene 0.00 0.01
Methylethylbenzene 0.00 0.28
Trimethylbenzene 0.00 1.55
Agos 0.00 0.12

[0115] The conversion of toluene was higher than that obtained with catalyst “X,”
which lacks macropores. Based on first order, reversible equilibrium reaction kinetics, the
relative activity of catalyst “E” is 1.15 times that of catalyst “X,” which lacks macropores.
Catalyst “E” exhibits improved activity relative to catalyst “X” even though catalyst “E”
contains only 70% H-mordenite compared to catalyst “X,” which has 80% H-mordenite. At
WSHV of 6.0, there is 13.7% benzene and 15.7% xylene isomers (0.87 weight ratio) as the

major products. Based on the obtained data shown in Table 7, the toluene conversion at



respectively. In contrast, the toluene conversions of

a simlar feed at WoHV of 4.0 and 6.0 utilizing
w@ad0abymss " X' was 39.0% and 31.6% respecti vePgT/U$E006/031959

bot h space velocities, the conversion of toluene with

cat alyst "B" was hi gher t han-8hat obt ai ned W|th

s c a Gl OPOI S, Based on.
a%li\y 6&8?%?%11’; (E]qcﬁp §rﬂ?ﬁtrrltrur VSRR @tsI'E'éar eteagt WSHV of
rélOattllwrm cattﬁtmsiv“P(Waeoﬂ G‘Yat alyst "B" is 1.43 tines that
of cat al "X," which | acks macropores. [0105

both s é] VIBP Sees isamers prlecviith srighsioE” eVl é’th"‘f@S 42.8%.
cat ain}fsét thBxylehaSsofrieg @lectiitd With batdlysd bt ait MESHWWED was 48.1%,. The

5 oBhieNe %%Mh Bl B TR R i, PR A dobie] framole 1,
r ebaei he baozene selgctivfy witht catajyst "X Bt WiSsiVief £ was5% hdhis example
otjerﬁats@flaaéatth X, catéM@t sthtéa%ﬁatmwr&oeése&mda%%g&el&hﬁty at higher

ene. isoners sele Vi cat al " B
LRG0 TR M6t SR TS s ey Paler sty
S vishut comproraisipd eelel:txvu@lﬁnvﬁenetIMe@/(aem berizSHYEr S
selectivity with catalyst "X' at WSHV of 4.0 and 6.0
10 “gRafiBle2% and 48.1% respectively. [0107] This
exanpl e denonstrates that a catal yst contai ning
macr opgras ras e&@ﬁm@ﬂlaﬁtaﬁssﬁlﬁ @sHoirvAncy capibilitidsHI§6t another catalyst
¢ 8&1\{55 il%ng'rgf)ore%sr ceftalyfs{{]q: "b% %(%nvé(l‘? mtract%rrt]«tg?aldg Itorlll%qg?ci a prgguc?compnsmg

OVI er ac
cb!ﬂ?ﬂed?ﬁr@ﬂfﬁ gO@%tL@cytawpmcydctﬁ@ witl {rleders! ¢t§dt’tbl£¥ of 8Ad The feed stream

baag anﬁ)(turer'ﬂ %y&@é&t%@ t&@éneqfl H \Hylggei:tbiberfedhaby @tio), Hhd B reactor

15 BBy Va0 o seDnl P, ATRIves BlDe e lhrEere Mgp) and produc
WRdh Viétebb dbiedrted ndhe aun SABHYWo T b8 Sabelovs. 0 was 40. 3%
and 40.5% respectively. Exa 0108] This exanple
illustrates the perfornﬁ%%sngﬁﬁw?fl fies of still
anot her cat al yst—cont aini Ag—NRCropores yst "C "
to convert nitration-grade tol uerfé®fio aPrBF'Ffau
conpri sing xyl ene T SoMergwyHswepar at gof uns Wwer e
conducted with nearly-identical feeds at a \WHSV of 4.0
and at a WHSV of 6.Won-aR@atised st POEm was 1d5ni xt ure of

hydrogen and tol uene (4ehzda¥dr ogep;obol ueng.zgol ar

rati o), and the reactor_conditio ret e as set
out above. Anal yses of tﬁ‘éenf’i qui 393f7§§d (@Eg

and products (Pdt. \EhWensdotai nedoiof eachoran are
shown in Table 5, bel ow l e 5. tal yst 55C" Feed
Product Feed Product V\\lg&\y?%go 6. Ooliglgn aro%atl cs 0.21
1.77 0.16 1.25 Benzenem@¥@e19. 5009200 16978 Tol uene
99. 68 54.00 99.77 60. 6Q. iyl benzgnge 0. 03409224 0.03
0.17

Propylbenzene 0.00 0.01
"Methylethylbenzene 0.00 0.34
Trimethylbenzene 0.00 2.13
Ao 0.00 0.16

[0118] At WSHYV of 6.0, there is 16.4% benzene and 17.9% xylene isomers (0.92

20  weight ratio) as the major products. Based on the obtained data shown in Table 8, the
toluene conversion at WSHV of 6.0 was 38.1%. In contrast, the toluene conversions of a
similar feed at WSHV of 6.0 utilizing catalyst “X” was 31.6%. The conversion of toluene was

higher than that obtained with catalyst “X,” which lacks macropores. Based on first order,



p- Xyl ene 0.01 5.07 0.01 4.50 m Xyl ene 0.02 11.04 0.02
9.75 o0-Xylene 0.00 4.84 0.00 4.26 Propyl benzene 0. 00

wW@201/027480 0. 01 Met hyl et hyl benzene 0. 00 0. 33 OPODUS2084031959
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15

20

Tri met hyl benzene 0.00 3.01 0.00 2.25 A-1 o+ 0.04 0.24
0.01 0.18 [0109] At WBHV of 43®; there is 19.5%
. 09 ' . ' ti
S ELE DS APl o KR o 0 FRTA b g vt
beaialgsh &, awtdch1&:k5 #expbene | soners (0. 91 wei ght rati o)
as the major products. Based on the obtained data
shown 0419t aEh%Xy&inet'qufé)‘ﬁwétydwﬁhweﬂemstd‘ﬁ’_’sata/tlsw\slef\ﬁ-@was 47.0%.
AnQonttdt, thelkyl6RS isbRreelcdiifly Rith AL BReE WA of 6.0l Whs 48.1%,. The

contrast, fhe toluene conversions of a simlar feed a
TR s ok i s550g £ AL TRGY B YA 4. [iorsaong benzene
asalecBiity 65t catalgs EXCtat WSHW. of Ato iestdh.5%pace vel ocities, the
conversion of toluene was higher than that obtained
Wetdingi@gal yst "X, " which | acks macropores. Based on

first order, reversible equilibriumreaction kinetics,

t he r ejoatd)VveniaGikbmple YigtrateatRl ¥storménce | &pdbilids of BB&her catalyst

that .of catalyst ""X " whjch | acks nacropores. [0110

TR iRkt S @t oT) J7 19 AVGRTRTgE Cenogp  produc
VEH\priging Ayl€nedsaindds.0 Sapasatd Burigoyera nehdadte@ 9gth nearly-identical feeds at a
I @FROGE 1 ¥@hY at AVHSIINE.0] MdadRIBmvas@RM¥Ere df BRIrdgkh 8REtoluene

i sonerssel ectivity with catalyst "X' at WSHV of 4.0

i BB e ol I 267 §Sydacios BB Ry s s set out above,
bamehsaeofsthed Bpid feed (Feadl.tWt.% paral pyeducts @Pdtatvt. Whbhaiogd i4.e@ch run are
agbwh irPrafRS, #dof% and 42.7% respectively. In

contrast, the benzene selectivity with catalyst "X' at
WBHV of 4.0 and 6.0 wasTah{: $B%atapst «40. 5%

respectively. This exanpl e denpbnstrates that a

cat al yst contai ni ng nmacr ofeties Fradudtqnparkeie Product

sel ect |-ty —thus—ihe—cat-alyst
cont ai ni ng macr o S pr ovies si gni fli cant ?'9 better

activity W Ndoatbm&@spr om siosg sel eghifvi Tyober Xyl eéng
i soners (and benzene). Ex le 5 11] IS ex e
i|lustrates th%eBZe or man@ggcapa&gfaﬁti es Edbyet 7685
anot her cat al ysTolgamrat ai ni9g4macr 6po6bds, ©awval yst 5907 "

to convert @twbghiqu-gradgo ol uengJ 44 a ppgguct 4,5
conprising xyl'ene 1 sonmers. One run wgs conducted W th

the feed at a WSE8f 6.000the febd74treahlhas a 469
m xt ure of hyd,ﬁqﬁtmeand t glopene (1423 |hydr ggen: t olipene
n

nmol ar ratio), and the reactor conditijons were those_ as
set out above. °ZWf§ses of'fhe 1i G3Pd feel'fFeed. 448
W.9% and pragebzepPdt . VW.009 obt aiomgd i nobbe runo.afre

shown i, 3Rk i8n-dRg! OW. J@R! e 6. ¢gtal ysh D' (38
Trimethylbenzene 0.00 3.14 0.00 2.35
Ao+ 0.05 0.32 0.06 0.23

[0121] At WSHYV of 4.0, there is 20.0% benzene and 21.4% xylene isomers (0.93
weight ratio) as the major products. At WSHV of 6.0, there is 17.0% benzene and 19.3%
xylene isomers (0.88 weight ratio) as the major products. Based on the obtained data shown
in Table 9, the toluene conversions at WSHYV of 4.0 and 6.0 was 47%, and 40% respectively.
In contrast, the toluene conversions of a similar feed at WSHYV of 4.0 and 6.0 utilizing catalyst
“X” was 39.0%, and 31.6%, respectively. At both space velocities, the conversion of toluene

was higher than that of catalyst “X,” which lacks macropores. Based on first order, reversible
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Feed Product WHSV 6.0 Non-aromatics 0.07 1. 19 Benzene

0. 00 15.51 Tol uene 99.68 62.29 Ethyl benzene 0.03 0.1 9

w@20dylozmas 0. 01 4. 42 m Xyl ene 0.02 9.56 o0- Xyl eneCOU$2086/031959
4.1 8 Propyl benzene 0.00 0.01 thhylethylbenzene 0. 00

0. 34 Tri et hyl benzene 0. 00 2492 A10+ 0.05 0.1 9 [01
g!%um‘%un)fl @S oéént{ecﬁfkmgggg gwtenagtﬁle a§t1v¥t? oécé’c;l)ﬁpzcﬁ N€ 1 %9 %m%g 'thzc\( of catalyst
p%’d’ﬂ‘!‘ﬂhé%k%}g@@lp%‘?ﬁ t he obt a| ned data shovvn |n Tabl e 6,

the tol uene conver si on at 5% 1In

cont r al9fi22l; e ’fyfﬂnﬁésﬁg‘e@osﬁ{?&“@f Bﬁg agqusé %uatth\f%*rV ¢ defkrgyB.0 was
BB, oér_1c6483%t rdspadtingy.c atsabhysih it XExamate B 4dhdbép th&hglene isomers
¢ l%ﬁ&ii'mﬂﬁc&%lyéﬁ%”%@ﬁ%%4%l EH@% v&agggﬁﬂbgﬁd %b{"/a Qsi)gctxvely The
w th catalys

nmacro
f benaeneppekesiivity ruthepalalist G2 gLINSHYr Pl r@acﬁi P orpskd sk el 42.4%,

tr'ﬁ@pefcﬁ\}eﬂ/t | N@slﬂﬁfhl Wllitxﬁm@fa 16 @b@Jeyﬁwb beR¥enk SefbctBAy WithRStalyst “X” at
THEHY Y 453 88 op L0t 801 TP by et B pa e prognstates

Ismalwt osntelnms:rla¢8>pd% has caranatabiestelectiity. atyighaecingersiens Thus,

sk %Qtﬁl&é’t'c%&‘tal%é hwa%ﬁ@!eé/ Srbvides sigRffica etf afivily W@Dut compromising
48. 1% hg benzene ; eCtgﬁ]\ilty with catalyst "D' at
V@*T\?“Yﬁtﬁ’f%x CRAOMPLS (29 jown in Exanple 1, above,

t he be@%%e %P% ﬁﬁ%glx%t éﬁm\%aﬁ' Qeéqa;, @t%ﬁ?ﬁ‘ Proéar{l%t ?n\é\zﬁgl%wg activities of

enons
c%ﬁt%ir%ﬁsfx” @h{ Al thicgh e r opoeted abpys. dbeairiysiib>e and “A” through “G”
S@Inefret Vadoy H- rabrdaingh BkceBO AL e PRtS“E” TdoHined NiIyC 268! M-siordenite
Contlﬁxs{éndl gﬁ %st eﬁo&vﬁ%&rnt%rs?\sll% %?osvlsdél en {oveg QN#)yreB? velt tcg ?:]aetalyst X,
i somers (and benzene). Exanﬂbgeﬁ, [0114] Th| S exanpl e
illustrates the perfor mance capab| li t| es of yet
anot her—cal@l ¥ Je  HG R >Fe VOE
to convert nitration- gr ade toI Lmﬁ.t;.o a(wmbum) (ccla)

conpri sTNg Xyl ene |ap|r2e&yﬁndewe T Was condygqed W th
the feed at a WHSV of The feed stream was a

mi xture of fiydrogen gﬁﬁ'TNS’P%ene % 1 hydr ogén'3fol uene
nol ar ratiop, and the2regedeor condi ti ons wemoesshose as

set out abo(\_.ge Anal %ﬁgscyﬂ}:deﬁ‘he |,i.gé,li d feed Q)[:Z%gd.

W. %
D 1/12" cylinder 1.38 0.280
E 1/12” cylinder 1.15 0.212
F 1/12” cylinder 1.38 0.281
G 1/16” Trilobe 1.48 0.280

[0124] For the larger, 1/12-inch cylindrical extrudates greater than about 0.2 cc/g is
required to give the highest activity. For example, there is a benefit to the activity (1.15 times
higher) by increasing the macropore volume to 0.212 cc/g (catalyst “E”) compared to catalyst
“X.”  However, for catalysts with macropore volume greater than 0.25 cc/g, the activity
increases to a maximum of near 1.4 (catalysts “B”, “C”, “D,” and “F”). For smaller size
extrudates lower amounts of macropore volume can give acceptable activity. For example, if
the extrudate size is reduced to 1/16 inch and the shape is chosen to give an even smaller
effective size (catalyst “A”), a catalyst with a maximum activity near 1.4 is achieved with a
macropore volume of 0.13 cc/g. The amount of macropore volume, therefore, depends on
the size of the extrudate and values from about 0.1 to 0.3 cc/g are most preferred. Macropore

volumes above about 0.02 cc/g, however, lead to catalysts with higher relative activity.



and product (Pdt. W.% obtained in the run are shown
in Table 7, below. Table 7. Catalyst "E' Feed Product

WHBY087485 Non- aromati cs 0.25 0. 85 Benzene 0. 00PABUSH06/031959

10

Tol uene 99. 68 67.69 Ethyl benzene 0.03 0.14 p- Xyl ene

0.01 3.83 m Xyl ene 0.03 8.24 %l Xyl ene 0.00 3.60

Propyl benzene 0.00 0. 01 Met hyl et hyl benzene 0. 00 0. 28
TExamgilé9| benzene 0.00 1.55 Aio 0.00 0.12 [0115] The
conversion of toluene was hi gher than that obtained

wi t h cidadlyShis 'exampleRpraperesabR PefferenprorarsbilitBaséa telyst lacking
f inb&bpdpssd@btalysteMOVaishb @ @EHWist Edidiniig hﬁéﬁﬁdr@ggtblpﬁt“i”}:@ convert
t he tjrel at | v(g acttl Vi t%d% cat al §St| "E 1S 1.%9 t| mes "

t HERUoBerada i aSEL o A FURPTPRE RYC A BPORSr e¥Paiel: 'S Yfih each
" ¢etalsk Werb icorsductag witly ebripdenticat fgedselt atVHBY df 6.0c dAbalepd stream was a
"X h_cat t (4 £ j 0 9

([P R pAOR o (s (o ROl (U8 apgfne resctor
RGN eBveTe, NoRe AREH OBt B, ATREFES Plsthe oy EBRte WL%) and
apreldults. (Peh 3t loe dtaineo mith @aélcalysiven ghisetailé ddysaandtdmalyses of the

. ‘ bl ai 2 .
TEish S e IR AR SR T} RaBh N oo
32.1% In contrast, theabiehietfagoMyer sions of a
simlar feed at WSHV of 6.0 utilizing catal yst "X' was
3 1.6% [OTIG] The XyTene 1| SORB&d SPréiuct VI Pyoddet N
catal yst "E'" at WBHV of 6.0 was 42.8% In corEr St ,
the xylene isomers selectivity with cB®alyst U8¢< gt
WEHV of 6.0 was NB8B-aldfaaticss e bemgene sel get1 vi gy th
catal yst "E' at WBHY of 6.0 42. 70/% sho in
Exanpl e 1, above, t %‘ZB'%ehzen\(le\B@%q ectiv1'?%‘§ wi t i20

catal yst "X' at WSHVowknd. 0 was8AU0. 5%40.6hi s €8l e
denonstrat es yst aini cro es has
conpar abl e Seﬁ%tﬂ@%?n\%?r%;(?zégt hi ;(E%{r con\rfg}is?ons. "Thus,

t he catal yst cont ai pr¥igneracr ofb®les pr i3¥tes  2.91
significantly bettepxgetd vity ot hout £promesiing
selectivity for xylene isonmers (and benzene). Exanple
7 [0117] This exanp? &V ustr &% t he D& f or merde

capabi l i ties of Pyplibeizedcer cai.@ yst 0.00 0.00
Methylethylbenzene 0.00 0.26 0.23

Trimethylbenzene 0.00 1.1 0.78

Ao+ 0.00 1.17 0.13

Benzene/Xylenes 0.84 0.84

Toluene conversion 29.19 24.04

EB selectivity in Cg fraction 0.84 0.75

Selectivity to Cg aromatics 5.29 4.73




cont ai ni ng nmacropores, catalyst "F," to convert
nitration-grade toluene to a product conprising xylene

WO s@me2A35 One run was conducted with the feed BET/HSAHENS1959

10

of 6.0. The feed streamwas a m xture of hydrogen and
tol uene (4:1 hydrogen:tol uené* ol ar rati 0), and the
reactor conditions were those as set out above.

Anal yses of the liquid feed (Feed. W.% and product
(Pdt. W.9% obtained i nTabee!% @atalysé “6hown in Tabl e 8,
bel ow. Table 8 Catalyst “"E' Feed Product WHSV. 6 0
Non- aromati cs 0.07 1.15 BEPefenePredost 16P36luth| uBieduct
99.70 6 1.76 Ethyl benzene 0.03 0. P- XylgHe 0. 04336
m Xyl ene—Q. 02 9. .42 o-Xylene Q 1 & 12 _Propyl benzene

0.00 0.01 ' Neee¥sradehyi ber®ne 0. G070, 34 0.70 0.70

Trimet hyl benzengee@d 2. 1 g02A10+ B340 0. 11l 01 18]40At
WBHV of 6.0, t\f;g;o i s 16. 4% benzene and 17. 9% xyl ene
[

i somers (0. 92 Rt rati ¥ %as t R¥-5fj or PrYduct L5190
Based on Ethgbepbérai (BBY dat a0.®thown igmgoTabl e g8,7 t he 0.17
t ol uene conver sj t WS f 6.0 s 38.1%. In
contrast, the t%'%g%%e co:'\\/éédr%si ons 5!)@ a sim 1ar feéstfsat
WBHV of 6.0 utim-Xygemy cat &0Ast " X1.3kas 3 W.288% Thd.18

conversion of tgkugne was dyggher than that, 4bt ai nggg
wWth catal yst " X,SIq whi ch | acks macr opores. 'géased on

first orderPravkeeen e eqtid% bri uHeact i PIki net 098,
t he rel amemgetd@béneriey Of @amal yst o'd7" is bA8 tingss

that of cat.al X" whi | acks cropores. [0119
The xyl eng‘min %?’ré?r?e'},eel ectiv 1ty wi P cat al )?’é)ﬁ "F" 3(913
WBHV of 6.0 was 47A0% | n 0dont r asto,23t he xyYl22ne i somers
sel ect i-wt ' - .

48. 1% . The benzene selectivity with catalyst "F' at
WBHV of 6.0 was 43e0%neMpenssnt r ast0,86t he b&®Rene 0.92
selectivity w thygatalySlksion at MBFV of §.48 was
40.5% Exanple 8 [,01_20 Tsf s exanple illustrates e
per f or mance EEERASHVIY N E@drapfonanot h&¥0cat al P! 0.78

Selectivity to Cg aromatics 7.90 7.74 7.57

[0126] Based on the foregoing data, the catalyst containing no macropore volume,
catalyst “H,” had low toluene conversion (24% on day 1 and 29% on day 2) when compared
to the toluene conversion achieved with catalyst “I" (consistently about 44% on each day)
which contains macropore volume. Additionally, it was observed that the catalyst “I” provided
stable performance (i.e., no loss of activity), while catalyst “H” did not provide equally stable
performance, losing 5% toluene conversion in 1-2 days. Thus, the foregoing example
demonstrates that a catalyst containing macropore volume is more stable than a catalyst
lacking macropore volume.



WO s@meeE35 Separate runs were conducted with
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cont ai ni ng nmacropores, catalyst "G " to convert
nitration-grade toluene to a product conprising xylene
PCT/US2006/031959
nearly-identical feeds at a WHSV of 4.0 and at a WHSV

of 6.0. The feed stream was a4di xture of hydrogen and
toluene (4:1 hydrogen :toluene nolar ratio), and the

r €aarhple 1¢ondi ti ons were those as set out above.

Anal yses of the liquid feed (Feed. W.% and products

(Pdt. 1M27H Tobtexarmpd temaatdies dhe abilfy séfoeatalysh “Talth endroporous
b@étvy‘ét) t-gatmwferlga &AL @n}éﬁﬁng"t@uer‘:ee%gnféﬁgd%t sdzn?eeg;h{: h&4t6hatics to
Non-aromati cs O. Benzene

Xwezww oT'aree Peartygderyed) é“ﬁés ygree%f*s@eééw@e gAalRy, gthe three
Etung | therzaioe céhdtiBndwad idinfsdl éc@ that Keltengertu@ bf e Ishctor and the

RN Dol o 109 90 30 Dk o
ML) and el comvereionears pesentedds Tablo (B, helgs.

Tri met hyl benzene 0.00 3. 14 0. 35 A-] o+ 0.05 0.32
0.06 0.23 [0121] At V\sﬁeb!af13486fa'ytshe9e is 20.0%

as the major produé‘%‘%l At 6@@ ofi"(?d thESte is i1‘*?*"'0% Pdt.

bemzane and 19. 3% xyglsene 1 songrs (9,088 wel ghl{ ratgo)
as—the maior products.—Based-ph-t-he-—obtalnedldata
shNSWAMRticBabl e 9, ©OHE t ol UM conv@'si ons®8f | weHY-08¢ 3.84
4pananel 6.0 was 47%s59and 40% [ espactii vel yo.72 n 7.64 19.86
trast, the tol con on a si ar f
V\gnﬂ\L}eof 4 0 and 6%rb§t| [i )2{5%83 catslg%st 5‘(‘5“4‘45 Sag%g 55.09
afrthyBenz60¢ respectihddly. AR8Hpth 2Pdce veld.b% t i e4,00t he 0.52
C%%%ﬁ@i on of tolugne was higher bhan that ;91 cayahbyst 439
whi ch | acks rracropores Based on first order,
r BUSYLRD| eequi | i br i@ reatd Tdh ki 8&i cs, 1162 rel d2Pve 935
a@)th}éhéy of cafNﬁl y$)t4|2" Gl'( | £46l| 48 biazes[to hgib2 th 0.41 4.08
cata "X iC acks *opo 1 The
x%foé’ﬁléeng'bewers sel gcotol vity"™ ;%él yst @é} at $8fv 001
oMethyBthgihehz6nd was 04B. 5% @9l 48 BY) respets|vel P.00As  0.59
nple 1,, Above, 2] e | Soggs b
sgﬁ %nt%l%gwth catogl yst ‘?‘%} \9@6 HV of 4% ando'g.oo 214
WA 46 2% and 48. PR respetd vel900The b@pF gne 0.00 0.22
setectivity Wt catatryst—Gat—_WeHvof—20anmd—6- 00—
was 42.5% and 42. 4%
Reactor pressure (psig) 200 200 200
Reactor temperature (°F) 750 720 750
Benzene/Xylenes 0.96 1.1 1.00
Toluene conversion 40.43 43.04 33.50
EB selectivity in Cg fraction 3.98 3.00 2.84
Selectivity to Cg aromatics 10.73 11.88 8.84

[0128] Where the WHSV was 0.5, the net benzene obtained in the product of the

conversion was 14.12, whereas the net xylene isomers obtained in the product of the

conversion was 14.68.

Accordingly, the ratio of net benzene to net xylene isomers

(Benzene/Xylenes) obtained by converting this toluene feed is 0.96 (i.e., 0.96 = (14.12 =

14.68)).

This ratio is reported in the foregoing table as Benzene/Xylenes. The data in the

foregoing table also show that, when the temperature and pressure remain constant (750 °F

and 200 psig) and the WHSV is increased (from 0.5 to 3.0), toluene conversion, ethylbenzene

selectivity in the Cg fraction, and selectivity to Cg aromatics decrease.

The decrease in



respectively. As shown in Exanple 1, above, the
benzene selectivity with catalyst "X' at WSHV of 4.0

w@anw7021333was 40. 3% and 40.5% respectively. TPCHUS2006/031959
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exanpl e denonstrates that a cgt al yst cont ai ni ng
macropores has conparabl e serl tivity, at hi gher

CUMERL %n‘\)/gglbn ZE V\ﬁ-iS\; P%c gge%l i §|1i e &E?Fé@b\ﬁaﬁ H@r{aﬂ?«?% fidre feed is

provi dés si etter activ
c@%ﬁ@mes @ﬁ@ta%ﬂ <ona Q'Vﬁt”yf'”feo Fosa,deateads o nisee ethe catalyst resulting
bﬁ—’l“b@@%})nveEsQ)L23]Geﬁa’@|Iﬁ t&l@er}eb&in‘s')&vsnoﬁ unmaepeh@SugoRthe temperature,
cat al nd.rel ative. activitie
cBetS o NS a8V b B T o Bl s e oo
cetteal ysts "X' and "A" through ' G cont ai ned 80%

H nordeni te, except that catal yst "E' contained only
70% H- [RYe Ahis exareniawrishdamanslias, thasibiesscatrbisbis/capable of converting

C et tprodacing roMétdingreasain OyRAe as“é)tﬁew tayid re@b@tng V£ nétOdecrease in
Ze

B Rkt Wrigger MRS 1 Pl o Mg AR T Bl nat e
c§thiingfeyp on @ ethPiidizene islremevedThy thebeatalysB8nd tlmzsaalrated by the
1{1)szogeﬁé‘t‘oh B%ﬁon@nt@ tHe- c%é\%s%{ Qd%nur%i'rl !th:@faly@t) &%oith &Rshe, which

ois 395 “qacliey Fhe et s Pagotsnaist cerpypatvaq fighdeaye ggroacive
OetBB@rdup Ir2éd pfednct tbeurie awtter oultl/ubd&iralmc feact yith mdiesicahle component
extrdidaiurs greater than about 0.2 cc/g is required to
gl ve the highest activity. For exanple, there is a

benef i [0_1301 trl]tﬁbaﬂﬁtd pérsoh ﬁ@l@oﬁlhé@%kiﬂllﬂmﬁén R6uld not attempt (or
P B BB AL oy 3Lt s o
cieeed \y@ﬂ%bwgw felitm e tethe ohtalie- @pe@ﬁcelw pdveatorpaties will react when
C@)(szedt 0 @Bbdnviblay chtB sft@ﬁaﬁﬁ@ &u&sﬂ@f'\ﬂﬂﬂ#@bt@l d@é‘(ﬁﬁ(/até ﬂ‘ﬂe catalyst
C
S falele F%@%‘Y‘tya%ﬁrﬁa?'yz%? nteed ol 006 G B Pfyon feece

albooph axbensixet uniti bperativos te)eaingult ghe inbnerpgaticdt fradathe feed before

Shitefhplisy o @eRheli@edl/ 16 i nch and the shape is chosen
to give an even snaller effective size (catalyst "A"),

a cat ajoyst] Thd horagdwlewﬂm@cdmmbéterse&ét et dlls‘&losed macroporous
a&ﬁél)ﬁygﬁ Q’g‘ utst f% cWe Vaofggoec % ltjng at ast abou 3%//ognon aronﬁjﬁlcs without

por e epends” on
s$t12fer'rt9ffr%@e éssﬁqdwaa@g%s raﬁ\@le@hwm@nv%m%mlrsm Morgeye i3 ability

ce/ @n%rﬁsdéﬁ%ed@r&fvﬁfe&etﬁ’e nbEREEIGPO R ir¥® INNBHABRAVIE RPEHEL of the
SLs. wit h hi gher

0691 rsmn g\lhlcF ln\"nl\eytgra’ i L gad, Lo % tal S.

rél Gfl VRV y. E)?Eﬁ%e]néo@ri 61 S?HP% exanpl e

Co”p_arﬁ%ﬁ] hﬁ he§ Efsg HEEN Gigcogégémét lthteI t?e%zé?\fe rﬁocﬁ@éoaby ﬂe conversion
Iwi?h !chri]sgmolybdenum-impregnated macroporous catalyst has a purity acceptable to the
refining industry (i.e., less than 0.1% of the benzene is actually saturated). This is an
unexpected benefit. Although such purity might be obtainable using a non-metal impregnated
catalyst, the toluene feed must not contain non-aromatics. If non-aromatics are present, then
the skilled artisan would impregnate the catalyst with platinum or nickel. In so doing, the
benzene in the product of the conversion would be unacceptable to the refining industry,

which requires at least 99.9% benzene purity.



macropores (catalyst "H') versus a catal yst containing
macr opores (catalyst T ) to convert nitration-grade

W@ 20008233 0 a product conprising xyl ene i somerBCT/US2006/031959
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Separate runs with each catalyst were conducted with
nearly-identical feeds at a V of 6.0. The feed
streamwas a m xture of hydrogen and toluene (4:1
h{¥aopjendt ol uene nol ar ratio), and the reactor
conditions were those as set out above. Anal éses of

the |i HUBY fleisdepreleqdemnstptess e gl RSt tasbit ™ V@ .rogeroporous

obstai e’ wnldit ededt @atamingSiblueie, GeMEAE, Udndvsdnidalyit n@Pglomatics to

a ses of the copversi. r r nted.in Tabl o
e T T R R
Tthislcenveision@ae presested'irHrableglddbepwoduct Product Day 1 Day

2 Non-aromatics 0.09 1.48 1.21 Benzene 0.00 11.92 9.90

Tol uene 99.83 70. 69 75.T8RedtnCpbEYERe (EB) 0.04 0. 12

0. 09 p_Xy| ene 0.01 .3 .50 2.91 mXvlene. 0-02.7 50 6.21

7

o- Xyl ene 0.00 3.25 2.71 Propyl ben%fe 0. 0%dt0. 00 0. 00
Met hyl et hyl benz éRpgidy: . ol et nyT benzene
0.00 1.11 0.78 A0+ 0 00 1 17 0 1 3 Renzene/ Xyl enes
0. 84 0.84 Tol uendogaiRyaliesi on 29. 139624, 04488
selectivity in CBefizersgtion 0.84 Os4p Sel ggga vity to
Cs5 aromatics 5. éQ 4. 73Tabl e 12. %at alyst "1" Feed
Product Product PPBUGct Day 1 Day 2?Day ¥-32

Non- aromati cs 0. @&yberégdnd. 70 0. 70 2BOnzenen.®. 02 18. 55

19.20 19. 40 Tol uere 99. 79 55.50 55.Q1 55.
Et hyl benzene (EB %l 0100 17 8%7 p->5'§?5ene 0. 02
5.24 5.21 5.16 m-Xylene 5.52 11.18

o-Xylene 0.55 4.95
Propylbenzene 0.00 0.01
Methylethylbenzene 0.00 0.66
Trimethylbenzene 0.01 3.14
Aqos 0.02 0.33
Reactor pressure (psig) 200

Reactor temperature (°F) 780
Benzene/Xylenes 1.10

Toluene conversion 36.73

EB selectivity in C; fraction 2.79
Selectivity o Cg aromatics 11.21

[0134] Examples 2 through 8, above, demonstrated that a macroporous catalyst
impregnated with molybdenum can be used to convert nitration grade toluene, while Example
10 and this example demonstrate the ability of such a catalyst to convert a toluene feed
containing previously-undesired non-aromatics. The processing flexibility afforded by the
catalyst and this method is a great benefit to the engineer because it obviates the need for
complicated process modifications that are dependent upon the precise composition of the

toluene feed, and produces xylene isomers as well as useable benzene.



m Xyl ene 0.04 11.35 11.29 11.18 o-Xylene 0.00 4.95

4.93 4.88 Propyl benzene 0.00 0.01 0.01 0.00
worwhptashyl benzene 0.01 0.27 0.24 0.23 PCT/US2006/031959

Tri met hyl benzene 0.01 3.01 3.02 2.96 A-i o+ 0.00 0.23

0.22 0.21 Benzene/ Xyl enes 0.86%0.90 0.92 Tol uene

conversion 44.37 44.86 44.76 EB selectivity in C8

f Exemptert20. 90 0.81 0.78 Selectivity to Cs) aromatics

7.90 7.74 7.57 [0126] Based on the foregoing data, the

cat al yd9138bnkhisi gkaipis demarstraigs ribe \abilitynef, cajalysal “@&t(a "rrcroporous
h&atag&y\&ot RhULNEFE BOHRIIfAIOTL., ErdhKIRNo ddhelsATRrs, 2HUNO8Y of the liquid

d ,conpared to t ene conver si on )
o hedtestl Ttodl e e P WE LTS i ooyt arpogries in Table
5 edbibettay) whi ch contains nacropore vol une.
Additionally, it was observed that the catalyst
provi ded stabl e perfor et iCatalystfi@” | oss of
activity), while—catalyst "H' did not provide equally
stabl e performance, |o0sing 5%tol Geate conPdksion in
1-2 days. Thus, THRsyOregor g exanpiE denonst r at es
that a catal yst containing macropore volune s nore
stabl e than a catNehypsamdtiecki ng madk&por e 20.59
vol unme. Exanpl e 1@:hLake7] This exarmple denppstrates the
ability of catalyst "C' (a macroporous catalyst) to
convert a feed cdflU&M%hi ng tol uene,O¥enzed®!? and sone
I'i ght non- ar omat iekgibefzexy!| ene i soregos. Thses nearly
i dentical feeds converted by the cat st. In the
three runs, the \rle’g)éyietnﬁon conditio s(ﬂvvere ?’é%nti cal
except that the teXgerature of thé.02eact ¢0.9and t he
VWHSV were differer al yses of t l'iqujgfeed
(Feed. W.%, ob?gigwnegﬁnpr oduct (Pdf. W. O/gQS and t he
conversion are pre¥whena"s n Tabl e '3, bel ¥ Table 13.
Catal yst "C' Feequt@lethybeednddt . feed PdygeMHSV 0.5
2.0 3.0 Non-ar orrg.t,i s % 05 3.58 3.61 6.04 3.05 3.84
Benzene 7.59 21.71M8MYeEnsenero 7 6829 86 F6! uene 82.89
49.38 79.76 45.43,82.85 55. 09 EtleplAsenzemntsdl. 00 0. 84

2.07 0.68 1.00 G52—p—>yHHere—4—F+4—90—2-88-5.32 1.77
4. 30

Reactor pressure (psig) 200
Reactor temperature (°F) 680
Benzene/Xylenes 0.22

Toluene Yield 15.94

EB selectivity in Cg fraction 22.40
Cy+ aromatics conversion 67.20

[0136] This example demonstrates that the method can convert a feed containing
Cq+ aromatics. Heretofore, a person skilled in the art would not attempt (or expect) to convert
10 the feed with a conventional catalyst because the C;q. aromatics would rapidly deactivate the
catalyst. Thus, the skilled artisan would fractionate the feed to remove Cq. aromatics before
attempting the conversion with the conventional catalyst. This example, however,
demonstrates that the macroporous catalyst impregnated with a hydrogenation component
can be used to convert a feed containing Ce. aromatics, thereby advantageously obviating a
15 fractionation step.



m Xyl ene 3.29 10.78 5.26 11.68 3.28 9.35 0-Xylene 0.42
4.48 0.52 5.02 0.41 4.08 Propyl benzene 0.00 0.02 0.00

wW@201/027480 0. 01 Met hyl et hyl benzene 0. 00 0. 96 OPODUS2006/031959
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0.00 0.59 Trinethyl benzene 0.00 2.94 0.00 3.80 0.00
2.14 A10+ 0.00 0.42 0.00 0.5643.-00 0.22 Reactor

pr essur 200 200 Reactor .te ature (OF

750 720[8’7{38 Jﬁggn'éé e/*%/lq’é*ﬁaéls?e g“@émi“aﬁ* ng {59%???8 8 e product of
cohvawesion 46c43. 430083 1FoudEB! s @bevet i Asi tiojed #bo@8 such a product
frghi @ Bid88o Juter ZoRirsiRl HRt 'aVb5rMeﬁtBn§;9ca@Jd}§fTﬁhé 4§ the catalyst

0,73 11.88 0128] Wh t VHSV

n&eaéa%‘f@nﬁfestb?f h%é—‘dm }?nﬁqgsrgmwgw B&rcav%es%rfi?éftyaw is not a
wasotletn Mith thheratst tiiselosealt hergiheaed ivdcamde suchtG. methdties can be
t h:%m%?t@&j '59 t(g eocf,atetlﬂg f&e%@‘égﬁt?hlﬂﬁ C\Qﬁ%rol%%tlgsSCan'%cecr%Eﬂ‘egQNX‘u fresh feed

( B@ﬁh%ﬁ@/%ﬁ%ﬁé@)‘ra@ma&m%@ regycle émrvmove $¥gh €hvi grometiasene

feed is 0.96 (i.e., 0.96 = (14.12 14.68)). This ratio

| Examplrtsed in the foregoing table as Benzene/ Xyl enes.

The data in the foregoing table also show that, when

t he t erp86ht Thise exanblep derpensirates ehaiabilityoofs tatalyst (“BB QaOmacroporous
ar&@ta@&? tdP&InGart ARd CHRAMARY, aﬁonﬁ%‘&é %%ﬁ/%qe (Qalay Q;NE rFegrly identical

%e) ol uene, conversi on, enzene selectivit
fieedgarers svsTisA by Hcpaisbipts dp fvg ryng. b R SicRoNGliont were identica

d@mwaﬂnet thé'ltﬁenpléeamre aftbe rercot wes ehamgaiareactonnaAndlRé df she liquid
' '?&Jd?ﬁée%th§ %ta%@?%h@(g o@SWP‘J/:'))?‘ GndPRE %vagrs%ﬁ a‘%o;grgsgn?e%d in Table
IS _passed r a catal ys over given tinme, nore

d ﬁdﬁﬁ@’are pl aced on the catalyst resulting in | ess
conversion. Cenerally, toluene conversion wll depend

upon the tenperature, pressure, and WHSV, the WHSV

bei ng a conbi nati on of the anobunt of catal yst and the

feed rate. [0129] This exanple al so denponstrates the

subj ect catalyst is capable of converting the feed,
produci ng a net increase in xylene isonmers, and

ensuring a net decrease in ethylbenzene. Wile not

W shing to be bound to any particular theory, it is
believed that the ethyl group on the ethyl benzene is
renoved by the catal yst and then saturated by the

hydr ogenati on conponent of the catal yst (nolybdenumin

this catalyst) to formethane, which is non-reactive.

The absence of the hydrogenati on conmponent woul d

likely | eave a reactive ethyl group in the product

m xture, which could undesirably react wwth a

desirabl e conponent in the m xture.
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m Xyl ene 5.52 11.18 o- Xyl ene 0.55 4.95 Propyl benzene
0. 00 0.01 Methyl et hyl benzene 0.00 0. 66

wareiomeeiags benzene 0.01 3.14 A10+ 0. 02 0. 33 RearCDUS2006/031959
pressure (psig) 200 Reactor tenperature (OF) 780
Benzene/ Xyl enes 1.10 Tol uene-tdnversi on 36.73 EB
selectivity in C8 fraction 2.79 Selectivity to C, 3
aBxammileds 11. 21 [0134] Exanples 2 through 8, above,
denonstrated that a macroporous catal yst inpregnated

imtl

wi t h nisngeiddhisneeaniehdempsaliptes theo AIKY tof ngatalst ioh (@ rarseoporous
t talEReIo WAL e a @RIy N drdnttitiss RaIRREHRABNG! kRjfitics) to

the ability of such. a catal t,0 vert t ql o
SR Y B RUTIGGR Pt e WEED B vt BB wese), anc
5 Tthe cpivecstmsaragre$dnidiiroTdblet 7, bdlévor ded by t he cat al yst
and this nethod is a great benefit to the engi neer
because it obvi ates t hdabledd fatalysbiBl i cat ed process
nodi fications that_are dependent upon the precise
conposition of the toluene feed, &% prodtées xyl ene
i soners as wel | 2] [ 0135]
This exanple dermpnstirates the ability of catalyst "C'
(a macr oporous cabakpsilicst o conveft20a f edd2tont ai ni ng
Co+ aromatics topggylphne isonmers. Anal ysesypf the
liquid feed (Feed. W. %, obtained product (Pdt.
W.%, and the cAAY¥esi on are pre@éﬁt ed #hO%Tabl e 15,
bel ow. Tabl e 15. eGabalzesd "C' Feed.oBdt. WSV 1.0
q9 4. 4§>4Tol uene

Non-aromati cs O. 8_39{%0. 59 Benzene %.0

0.24 16.17 Et hyl B&W%8%e 0. 00 5. 95 xyl en&*d. 01 4. 98

m Xyl ene 0. 02 10nBXylene 0.02 18.48

o-Xylene 0.10 8.11

Propylbenzene 6.67 0.00

Methylethylbenzene 49.66 1.46

Trimethylbenzene 42.28 19.05

Aqos 0.88 3.83

Reactor pressure (psig) 200

Reactor temperature (°F) 750

Benzene/Xylenes 0.13

Toluene Yield 22.99

EB selectivity in Cg fraction 1.75

Cq+ aromatics conversion 75.54




o- Xyl ene 0.50 4. 65 Propyl benzene 0.17 0.00
Met hyl et hyl benzene 17.16 10. 64 Tri net hyl benzene 18. 24

W@2003/0Raaxt or pressure (psig) 200 Reactor tenpRCHUSZ086/031959

10

15

(OF) 680 Benzene/ Xyl enes 0.22 Tol uene! Yield 15.94 EB
selectivity in C8 fraction 22:%0 Cg+ aronatics
conversion 67.20 [0136] This exanpl e denonstrates that
t g, i can convert a feed containing Cg+
aronatics. Heretofore, a person skilled in the art

woul d ngjseft ‘Fm&arﬁﬂé RFBRGales fe Cébr]\éﬁy c&tglgstf %ed(a\’\fntaaoporous

a conventi onal catal yst because t

woielysh dpicanvertc et Goaipiaing He: @8?’81'%?5(9?" WG@?'“QW% X aromatics) to
skileheloraersi Samesmyudetitiéal Redd waratenveiiel fyedcatdyst. Glﬁml‘é%lx runs, the
C conversi on

Checag] QIREOEC I B ALbAT 19 S RER LR OioPhbd changea in
dEapheIT dinelysesheitthe Irﬂ@ldrfa%# Gpen Wik abtaihgds produsp (Ralty Yéit %) and the
Wichhvefsidmys @fg@é?@édl iPMaiOHeasMt can be used to convert

a feed containing C9+ aromatics, thereby
advant dosiolsWierelivd proturgd a(yrbneitsbmerasamn Qﬁdéﬁ@cﬁ@ovﬁrﬁﬂ:éh?ﬂ conversion

Tlabéraflo%s tﬂ%ﬁ&&?ar?ﬁﬁe%gg‘ %thgﬂognzeﬂg ?)péggr{t?n @rce a g a%& fraction must

present
E?érﬁﬁ’mé%'tei tPHiepeRiR y12 dgplisxjation Aée-ﬁtbvle@nhlsm@ss sGedh de-ethylation
pragued passingdthe Gtactivhdefet @nbthiért Eedlyse Q@V@ﬁcﬁlb Qﬂe \é&h&lhgr@up from the

a t he ca deactiv
PP UBRAERE S B Blighorrlf Bl BT PGl BREen et e c
d eestaticratracyen. iugimetsly rasqjimsm wetdvgsses efheleomisaihgrst Based on the data
g b&I6WO SR ehfgﬂbgrhz@?e %@QCWWS% %goi}or%%tf%&ﬁlﬂats' Shicv@le by the

con e nt ai ni ng

o g AR E F5e S B By beiiene 1 St e titadicot He oxpense
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Propyl benzene 6. 67 0.00 Mt hyl et hyl benzene 49. 66 1. 46
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Tol uene conversi on, however, does not significantly
change in response to tenperature changes when the
pressure and WHSV remai n constant. [0148] The
foregoing description is given for clearness of
under st andi ng only, and no unnecessary limtations
shoul d be understood therefrom as nodifications
within the scope of the invention may be apparent to

t hose having ordinary skill in the art.Wat is C ained
is: 1. A nethod of making xylene isoners, the nethod
conprising contacting a feed conprising C9 aronmatics
with a non-sul fided catal yst under conditions suitable
for converting the feed to a product conprising xylene
i soners, the catal yst conprising a support inpregnated
wi th a hydrogenation conponent, the support conprising
a macroporous binder and a | arge pore sieve. 2. The
met hod of claimError! Reference source not found.,
wherein the sieve is selected fromthe group

consi sting of |large pore zeolites, |arge pore

al um nophosphat es, | arge pore silicoal um nophosphat es,
and m xtures thereof 3. The nmethod of claimError!

Ref erence source not found., wherein the |arge pore
zeolite is selected fromthe group consisting of
nordenite, beta-zeolite, Y-zeolite, and m xtures
thereof. 4. A nmethod of maki ng xylene isoners, the

nmet hod conprising contacting a feed conprising C6-C8
aromatics and substantially free of C9+ aromatics with
a non-sul fided



catal yst under conditions suitable for converting the
feed to a product conprising xylene isoners, the
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hydr ogenati on conponent, the support conprising a

macr opor ous bi nder and a sievéSsel ected fromthe group
consi sting of a medium pore sieve, a |arge pore sieve,
aWthatrisxtlaimed is:her eof . 5. The nethod of claimError!

Ref erence source not found., wherein the nedi um pore
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pore silicoal,um no ates, m xt her eof .. 6.
R ARon 6 ot (o7 BPTHEr BT bRt eie s He el Agerorsing & support
f oopregnatedindth eihpdrodesativa dbmponeot; the zeglorticemprssirged reatra@drous binder
cConsi sting of alum nophosphat e-el even
(EEE%EHEHQ 5%{\)’gh UnlverS|ty one (EUO, ferrlerlte
(FER), Mbbil -el even % Mobi | -fifty seven
Mobi | - Bi ve Nﬁ:ﬂyfhowwlarm mh?sfeﬁeﬂ%%uzcw%fouwewg"@@ﬁ'ieysleve is

s estedted iNnBhe gtobe tansitrey df TEEdN) poretealites, Xyl e ﬁlht&h&ﬂ?sph_é’aes
Thee R R o haRE 0 mifiRLeRERee Source not foun

Ehor source no wherein the
catalyst has a macropore vol ume of about 0.02 cubic
cent i mét er s TpeMelfphehclere FEor Refergpesrourye gotdeyng. whereinife large
npbraaeolitd is edledtdtErob the groufredneis gae m‘bﬁjéﬁltbeb@@&ecfhféulﬂde&)lfe and
Ehgghesﬁgjggence source not found., wherein the
ogenatlon conmponent is a netal or oxide thereof,
and the netal is selected fromthe group consisting of
Group ¥ B nétthed ofgnalife Xiensispmersl e metgd pomarsing contacting a
Meded kSmpraig O5-CgBioRatidseng sien sl e ofieabRbiR Witk non-sulfided

, c| %Elggéﬁhde\ph%rdﬁlaps sh?%lé%xﬁgo% %‘Pr%tt'ae %rg) nCﬁJnEC rl?'”Q xylene

enum oOxXIl
R@P@Prénﬂa@ cigypt e@mpiising f euirpgrt lrmresmateg rWIth Réw@p@ﬁm@@ormmp@@nt the

n@dippf)l@ U&ﬁlpnsmkj\laﬂ’fa@ioﬁorblbbemlﬁﬁéﬁéml&ﬂé%e*ébteéjﬁém e P&ipR6kdfing of a
consi stin al um num
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silicates, titanias, zirconias, and m xtures thereof.
11. Thé- net Regimethocdf glaims Emort Referemmersorienoet feinds wherpipthe medium

f 9&@ dievé®® saécrt&rf*ronﬁﬂé g.roapsl @@s@w& aueaa@fn Jowemes fﬁéa.h.lﬂ%re
epar I N r on O
QR PR Redhisp Bt Stoc=Btiop BBt g Bl Traldei

portlon of the xylene isomers-|ean product.
6. The method of claim Error! Reference source not found., wherein the medium

pore zeolite is selected from the group consisting of aluminophosphate-eleven (AEL),
Edinburgh University-one (EUO), ferrierite (FER), Mobil-eleven (MEL.), Mobil-fifty seven
(MFS8), Mobil-Five (MFI), Mobil-twenty three (MTT), new-eighty seven (NES), theta-one
(TON), and mixtures thereof.

7. The method of claims Error! Reference source not found. or Error! Reference
source not found., wherein the catalyst has a macropore volume of about 0.02 cubic

centimeters per gram (cc/g) to about 0.5 cc/g.

8. The method of claims Error! Reference source not found. or Error! Reference
source not found., wherein the hydrogenation component is a metal or oxide thereof, and the
metal is selected from the group consisting of Group VIB metals, Group VIIB metals, Group

VIl metals, and combinations thereof.
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9, The method of claim 8, wherein the hydrogenation component is
molybdenum oxide.
10. The method of claims Error! Reference source not found. or Error! Reference

source not found., wherein the macroporous binder is selected from the group consisting of
5 aluminas, aluminum phosphates, clays, silica-aluminas, silicas, silicates, titanias, zirconias,

and mixtures thereof.

11. The method of claims Error! Reference source not found. or Error! Reference
source not found., further comprising separating at least a portion of the xylene isomers from

the product, and recycling to the feed a portion of the xylene isomers-lean product.



