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AROVATI C | SOVERI ZATI ON CATALYST AND A PROCESS OF USE

THERECF FI ELD OF THE | NVENTI ON [ 0001] The field of
WOH%076dent i on generally relates to a cat al y$CTEH2004/084106

CS aromatic isonerization process or zone. BACKGROUND

OF THE | NVENTI ON [ 0002] The xyl enes, such as

par a- xyl ene, neta-xyl ene and ortho-xyl ene, can be

i mportant internmediates that find wi de and vari ed
appl i cat i o AROMASR EXPMERREATKRY . CAEAdNAT AND

par axyl ene upon oxi j Lel alic acid

that is used in Vﬁéqﬁétg$§¥?6r®§%f yn %tic textile

fibe;s and resins. Mta-xylene can be used in the

manuf acture of plasticiz nd wood

preservers. GEnerafﬁ%i)6ﬁ{ﬁgﬂ§§§¥%éﬁﬁ9 feedst ock for

pht hal i c anhydri de production. [0003] Xylene isoners
[000Abm Bt fa¢lg of this vertirnggneiallpreeies Yol gadEst §aidr rIopads

mat ch denandﬁproportions as chem ca
d

. _not
ISOMERZRYRRICET 88" “HIfd furt her conprise et hyl benzene,

which can be difficult to separate or to convert.
Typically, para-xylene is a major chem ca

i nt er medi at e WBACKGRQYNPaQF GHFaRMYENGHONount s to

y 20 - 25%of , a typical C8 aro [ e :
10088 ! FRori . Sk R bBr-S ey e F6 3B afy S R, can be importan
inte@hd@aL OHa ¥ LOMRIRE REriddpplitatichaARheth REOM AT sesS W@y, para-

adsorption for para-xylene recovery, with

xylehs op@r pxidaticoryields (erephthabin agiddhatiiowsgd iy thermanujacgire phgynthetic

esjred |soner ically, isomerizatio .
xRS TS MU BT Bk oo
dyed, 680 wbBd bRBed8RI (RHeriMy Q1oL EMTRIs § RoeBstBtk od pRthalic anhydride

approaching equilibriumconcentrations. It is also

prodhesom.abl e to convert ethyl benzene to one or nore
e I Mor eov

R R R e T L
demi3h@ gfbﬁggid‘nﬁ QILIRMGBal RECARSERSs, ah@RRthkr M@hprNe it Mealkst®t ®hich can
and processes have been devel oped to effect xylene
be difficult to separate or to convert. Typically, para-xylene is a major chemical intermediate
with significant demand, but amounts to only 20 - 25% of a typical C8 aromatic stream.
Adjustment of an isomer ratio to demand can be effected by combining xylene-isomer
recovery, such as adsorption for para-xylene recovery, with isomerization to yield an
additional quantity of the desired isomer. Typically, isomerization converts a non-
equilibrium mixture of the xylene isomers that is lean in the desired xylene isomer to a
mixture approaching equilibrium concentrations. It is also desirable to convert ethylbenzene
to one or more xylenes while minimizing xylene loss. Moreover, other desired aromatic
products, such as benzene, can be produced from such processes.
[0004] Various catalysts and processes have been developed to effect xylene
isomerization. In selecting appropriate technology, it is desirable to run the isomerization
process as close to equilibrium as practical in order to maximize the yield of the desired
isomer as well as produce other desired aromatic products, such as benzene. However,

greater isomerization activity can be associated with a greater production of undesired side

products. Generally, it is desirable to have a catalyst with sufficient activity to isomerize
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i sonerization. In selecting appropriate technology, it
is desirable to run the isonerization process as close

WO 280%40%24i bri um as practical in order to nmaxi RCTA2HE/084106
yield of the desired isoner as well as produce other
desired aromati c products, such as benzene. However,
greater isonerization activity can be associated with
a greater production of undesired side products.

xylei@sryer @itipyoduice undesifed pidabroguets trayen lpweathglnpsity of deired products,

suff|C| nt a IVIt sone | enes
suchF GERICE TR ARL PP S BB SRt G Nk g g actviy
seled%%y%d%bﬂﬁ;?wo%m R RgeGeigl. such as para-xyl ene and
benzene. Thus, a catal yst having a favorabl e bal ance

of activity, select|V|ty, and stability would be
beneficial. BRI EF SUMVARY OF THE | NVENTI ON [ 0005] One
exenpl ary enbpRIEESUMBARE @R THE- BYCEMTERN xyl ene

i somerization catalyst. The ion-exchanged xyl ene

[0005}3 ”Qﬁﬁezt@(‘éh@&rf alnBbdistencan el ibglex chhnged8%eneliYomerization
wel ght east one of M, MEL, E FER, MNFS,

catalpTT Thww-emngewmlenam@nmwatMatalﬁst can inchgey by

\r/]vgl ght, 29 ?Jﬁaﬁy bi n er %éﬁ? ?gﬁﬁﬂﬁdﬁgnﬁgg EEEEWS P, MTW,

TOI\pr@ﬁ Q{Hﬁ}qu\é@l@ht of the catalyst. CGenerally, the
Catal yst has a quotient of (CO area)/(weight % of the

nobl el #8%| hy oEight ofipberdehbayig wlum@%]}hmmtﬁeﬂmd

exenpl ary e nment .ca n- ex ene
s o e B By L eiell: SO RERL B BT O of the
0 [ I
catal'y% rtﬁﬁl}lhlzdﬁ? tgﬁ c%éfy@tzﬁéxg tal gt;nerii g? {@@ %%agg;el\%g?%{qﬁtf Ehéor%obgznmetal) of
nonﬁhmﬁmn@mmphosphate bi nder; and 150 - 350 ppm by
| atj num based on he wei

[00&%{ a|1§71§%ther AapLary anct exa:taﬁag 9 ap1 %&hha%ﬁ?gtxlygeﬁlf wo]merlzatmn
cata gfgo'ﬂ]%‘?@r) LAMGH Sty (f/@n‘éflsdi’xlle@izhmatﬂilst Rgn RNRet han 0. 10.

A turther éxenplary enbodi nent can be a process
f o20 F@Oﬁéerbymet@ta)fmm}éﬁludohm'l um feed m xture of one
orn qr)rg(r:?g% ly%vne?g t, ol} an aﬁ 1|n1k1)r%np %gp ateTlgllgdgr nd s can
150 — 350 ppm, by weight, of platinum based on the weight of the catalyst. Generally,
the catalyst has a quotient of (CO area)/(weight % of platinum) of no more than 0.10.
[0007] A further exemplary embodiment can be a process for isomerizing a non-
equilibrium feed mixture of one or more xylenes and ethylbenzene. The process can include:
contacting the feed mixture with an ion-exchanged xylene isomerization catalyst to
obtain an isomerized product having a higher proportion of para-xylene than in the feed
mixture. Moreover, the ion-exchanged xylene isomerization catalyst can further include:
1 — 99%, by weight, of at least one of MFI, MEL, EUO, FER, MFS, MTT,
MTW, TON, MOR, and FAU zeolite;
1 — 99%, by weight, of a binder having an aluminum phosphate; and
no more than 350 ppm, by weight, of platinum based on the weight of the

catalyst. The catalyst can have a quotient of (CO area)/(weight % of platinum) of no more

than 0.10.
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contacting the feed m xture with an ion-exchanged

xyl ene i sonerization catalyst to obtain an isonerized
WORdMlIe24havi ng a hi gher proportion of para- xPCEAS20§484106

in the feed m xture. Mreover, the ion-exchanged

xyl ene isonerization catalyst can further include: 1 -

99% by weight, of at |east one of MFI, MEL, EUQO, FER

MFS, MIT, MW TON, MOR, and FAU zeollte 1 - 99% by
[0008] rﬁhereszreathmcn@éﬁt ¢raviragdan fwomhl%miﬂmpﬂ%% BEfEtE: qeé%mty, and

o PR RO P B IES 0,80 s

isomfdH QLEIEAY pafd-x (16K AHBR)al R @B indaiRf yidll @f uidre®§id@ Products.
nor e than 0.10.[0008] Therefore, the catalyst can

Thesprbovéfite can feavlomethe prdsiattéercel wfighestivviiy of otha|desiradrpgucts, such

and st bilit rticul ar the, c
os DGRtk beisfi shoY orshdEn ERBUSRE afifon qrnghyepera
mod} f?e?@%ﬁeh;?s%ﬁhr&%&ﬁb@n?&ﬂb@%mm' le al so decreasi ng the

yi el'd of undesired side products. These benefits can

gesult in the production of a higher purity of other

esired products, such Mor eover, such

benefits can be obtainegﬁﬂﬁﬁﬂg@ﬁ$§he addi ti on of noble
':a | ATRA e S thSERN “Bhel ichn rdflaBial %é%rlnélﬁdh)i@ @ﬁé\ bitnore
I NITI'ONS [ 00091 s used herein, the term"zone" can

equxpmémntdms amxi/m 1oea of moteusdibrgnen eE@npmmteteeqmap mﬂdeu ane g more
and/ or one or re sub-zones

reac P B BB ERERBTS carirEdor opesy RERE §8Mpressors. and

contPEREE r&ddlﬁ@xﬁlﬂg,aéépéq%iprﬁéiﬁ Nemg&ich as RirPRSor RPWERSE, can further include
conpressors, and controllers. Additionally, an

one?qmbﬁnnmpsbﬁmfﬁumunh as a reactor or vessel, can

t her i ude one or one b- . .[001

(00 kg] L EhuldlFs ne. 2L mre. £0nes Of, S 2005t 0% hocubon
molécﬂfés uﬂ\ﬁﬂ s ﬁall %}R%am’ gfaﬁ&%b&nc}‘irﬁl: SIkHh&S alk & NalR&ienes, and

stral branched, or cyclic al kanes, al kenes,
alkyﬁd:skaniﬂ gnemallpodiendubyaecss, awll appiseartad.| ly}’dmgﬁ?Br or 1mpur1t1es such as

T T T N T ——
Morb&&alr Y n A 8EREdEmBIREuIBO R G b AR L GialM 4 10€2] BINS: Cn where “n”
represents the number of carbon atoms in the hydrocarbon molecule.

[0011] As used herein, the term “aromatic” can mean a group containing one or more
rings of unsaturated cyclic carbon radicals where one or more of the carbon radicals can be
replaced by one or more non-carbon radicals. An exemplary aromatic compound is benzene
having a C6 ring containing three double bonds. Other exemplary aromatic compounds can
include para-xylene, ortho-xylene, meta-xylene and ethylbenzene. Moreover, characterizing a
stream or zone as “aromatic”’ can mean one or more different aromatic compounds.

[0012] As used herein, the term “support” generally means a molecular sieve that has
been combined with a binder before the addition of one or more additional catalytically active
components, such as a noble metal, or a subsequent process such as reducing or sulfiding.
[0013] As used herein, the term “catalyst precursor” generally means a support having the
addition of one or more additional catalytically active components, such as a noble metal, but

not subjected to subsequent processes, such as reducing or sulfiding, to complete the
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Mor eover, the hydrocarbon nol ecul es may be abbrevi at ed
a, C, C3. . . Cn where "n" represents the nunber of
WOEINHA024t ons i n the hydrocarbon nol ecul e. [ OBETAS2908/084106

used herein, the term"aronmatic" can nmean a group
contai ning one or nore rings of unsaturated cyclic
carbon radicals where one or nore of the carbon
radi cal s can be replaced by one or nore non-carbon
mannfadiucadighe prialgste rsiveavyr. it ee inslaBenpd Y YHPIEERPERRY have
ltgxee doubl e bonds. O her
§Y%dn incl ude par a- xyl ene,

havi ng a. C6 ri ng contai ni.n
catalge et Apd fiehec s i DL
[00 P4} NOAXYd8MEreilTRhcBeX ) HRiMe x@Rchgel byth e zenaallMoeao\erasalyst

characterizing a streamor zone as "aronmmti c" can nean

subjenal oranron-exdiahgeprontss aftonmetabinpgvlings. [ 0012] As
used herein, the term"support" generally neans a
nol ecul ar sieve that has been conbined with a binder

bef or e t he padd 1 EpN DHSCROPTAYN NOF ETAHAINVENEION
catalytically active conponents, such as a noble

[001B] al A comlyat disdswedlnerein hrscuifidens aethviyso isomasiza g nep-equilibrium

| fidipng. [0013 [ . " .
et e GRS B oSl RS excosive
amoBdiok LR REd QRS pRIIUAB! Rs G, hipaRtabs @alzalgydutk alchidlyst can produce

active conponenPs, such as a noble netal, but not

relatbuehy mat ededns ofytvedtse mchps beesesin additinn i the ddsieddnyylee isomer.
fidi t I . !
PTG XN s e T
SO0 8 RS A 5t s v
phosphar-béndehaAgedaopleall ysndlegdmereat lcyn inshws those Aaving §t: Al ratios

erealeiOgH ek B, O R LD DR SCRI P NG AT RO - FER.
MrS, 33+P] vAve atONY ROl had FRseohR! _@} Perli@sl 2ufifeisabiens MFI, MEL,

activity to 1sonmerize a non-equilibriumfeed m xture
MTW orOP@N s prebureedxardemed F gecdita esitr s SWH e pidicilgengrolite C, TS-1,

TSZ PR b ARETS PORE DRI By St SORC Iy papgF daicSfinore. tio or
mor% r@%@ﬂe%ﬁ&v&%liﬁ:’é g%&'g@@&hﬁ%%ﬁidﬁ% re streams of

ucts, suc enzene, in addition to the desired
[001 7] enGericsaliethe 4006} conlsiatdivitbta biidee Farsedvandane fermagian of one

o B T R R PR SR o 190
by wiRi ORtefekabtd & Nob, B wRIBAL ARAY Sl HBlyN8M 90%, by weight, and
optimally 20 ~ 90%, by weight, or even 20 - 50%, by weight.

[0018] Generally, the binder includes an amorphous phosphorous-containing alumina
(herein referred to as aluminum phosphate). Typically, the atomic ratios of aluminum to
phosphorus in the aluminum phosphate binder/matrix generally range from 1:10 - 100:1, and
desirably from 1:5 - 20:1. The aluminum phosphate can have a surface area of up to 450
m’/gram, and preferably the surface area is up to 250 m?/ g. The proportion of binder in the
catalyst may range from 1 — 99%, by weight, and preferably 10 — 90%, by weight.

[0019] The catalyst may contain one or more other components. These components can
be in amount of less than 40%, by weight, and preferably less than 15%, by weight, based on

the catalyst weight. These components can include: (1) a refractory inorganic oxide such as
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phosphat e bi nder. An exanple of a nol ecul ar sieve can

i ncl ude those having SKAl ratios greater than 10:1,
WOZHW/ P24 greater than 35:1 or 40:1, such as P&A/UH2908/084106

MEL, EUO, FER, MFS, MIT, MITW TON, MOR and FAU

zeolite. A pentasil zeolite such as MFI, MEL, MIW or

TON is preferred, and an MFI zeolite, such as ZSM 5,

silicalite, Borolite C, TSI, TSZ, ZSM 12, SSZ-25

an alpSHAB 2 tiggnid, FGifcoRBya GEoBEpa Eingl qxg’,depp E1agpesey a thoria, a boria, a

.. Furthernore, two or re of a ' -
ST R AR TR SHRP I GrARE8 F2 orino
phospRGRLARENINA (D) /chbmdeh pbRklaaRdyY & Ba@llie; {Hrasilidaein sitica @alea silicon

or nore catalyst particles. The proportion of zeolite,
carbide, 4 hyatlesicalyrepared or eatefelly pemyring clggo%lhcﬁgl;e,\ggp@rmll,y acid treated,

f bly 2 - 90% by.weigh f .-
as e St e e GV o R B A b i gr o
kies@¥&Y; &44) a 20HbinadoNel @herialk ¢oHBdncaNASRI0f Yhesé Boups.nder

I hcl udes an anor phous phosphorous-contai ni ng al um na
[0020Fr diuttheshi@rr bd catolyslsnay emitainmhplegsip primpynentryfbe daloggn

B N R T L

bein% pidlerted! Qenbral §NGhe BERLERBIHpdreQis %)'re'@,ent iRQ:cohbinkd&tate with the
'um num phosphat e can have a surface area of up to

inordic-oxitlg sgrportaidie ppadeal blogen ¢ranpanenizie predereblyiveelgispessed

s e
basi® Ol lpa\f%é@ﬁ' Bhpond RS Ibe Ih@rfcth@l Yi$ the M yeOMIn@bdRit® RarBi suitable

nore ot her conponent$. These conponents can be in
manaemeiriter dfirihgets prépamtiv0 % theyinowghgihtoxiderrdppere piehedpriey while or after

| ess than 15% by wei ght, ed on the catal yst .
R caHRET s BReRpt b e edes Sy el soniags n
addéd%ﬁ%@ﬂ lofhePHlaf§h Yddc ARANYIA! SHftbNGital Pt Lhinpbets. @

zirconia, a chroma, a zinc oxide, a nagnesia, a
lOOEﬂbL i Bhe @atddpit ican inaludi hinobhleanaiali sch aa rghéniem, hedvesipalladium,

a chrom a-alum.na, an _alum na-boria, a .
oSy B FEbRRLBr PE IR pRorURl Rk inglatipyy The noble metal
may%‘i[s?wnﬁin e PARIGALA 0 cofposite A8 ¥ ¢binBouddBuch a$hi bfide, O sulfide, a

silrca gel, a silicon carbide, a synthetically
haliget, epar edysolfidaadsumadidnyenod onetali ngascl @yntonatin| wigaewe, or more other

tionally a I an a

e Py Bt B RESEE 35 S0, XAl 81 ALAZBH, AL Besiany
o AP g S B B0 2 R i o1 i
metal, such as platinum, (calculated on an atomic basis) is typically no more than 350,
preferably 150 =350, and optimally 300 - 350, weight-ppm based upon the weight of the
catalyst.

[0022] The catalyst may also include an [IUPAC Group 14 element. Preferably, the
IUPAD Group 14 element is tin. Often, the amount of tin (calculated as atomic tin) is in an
atomic ratio to platinum in the catalyst of between 1.2:1 - 30:1, preferably 1.5:1 - 25:1, and in
some instances from 1.5:1 - 5:1.

[0023] The catalyst may also contain one or more metal components or moditiers. Such

metal modifiers may include rhenium, germanium, lead, cobalt, nickel, indium, gallium, zinc,

uranium, dysprosium, thallium, molybdenum or a mixture thereof. Typically, a catalytically
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[0020] Furthernore, the catal yst may contain a hal ogen

conponent. The hal ogen conponent may be fl uori ne,
WORHIHIP®4, bromine or iodine or a mxture theP&dfUS28{0B4106

chlorine being preferred. Generally, the hal ogen

conmponent is present in a combined state with the

i nor gani c- oxi de support. The optional hal ogen

conponent is preferably well dispersed throughout the
effectiat ainpeat, ofonar meye inpel medifgromay hgmeomprajgd gk the catalyst by any

cal cul at ntal basis
mea ey D e By oraean ¢ nornaeL IR pOEh.
[0022]POFielGtali it &dWexhibit Gl niGB PRIpertRk! Dae pﬁhp’ettfyl @ai bea quotient of
preparation of the inorganic-oxi de support or before,

carbevhinogoxide adsogrtioptwigr infratesl| spegteal d@iﬁ@mﬁ’éﬁt‘@lgﬁ @ercent of a noble
i nco t he

e SRR A BT AT Rty e moie

metaly. t(@en@;ah@r thé @@bﬁéﬂs &R RS &teg&ﬁ@@ﬂﬂsoﬂﬁhﬁc@@%@ M&ﬁllhgram of
can include a noble netal, such as ruthenium odi um

catalpir&]tl ITQ{plbctu theswaialyst exhibhit mnotlantopfmoammmn (Pi%fp@fa@bxy 0.05-

the no | ati num n rretal i st

0.10, o etero oy 0.5 - G5 PRREE Sk RERiEEL ol

emb@cﬁlréﬁtso% H\g&lengcélbﬂef() 6. oaohathe ‘i‘)?oce@ﬁrefiﬂr BX3aHhE tHéejuodsnt can
an el ene metal ; or as a conbination with one or

inclutie regindingersainplyr ietli @ﬁmquwdetrhed pressing dre. poprder e bt jpillimeter
all the n?ble nmet al ((LS a red ced

(mmggnei TN R i OBOMERE PELciaas et ted y fopdne
hydrggérﬁl%yb@ﬁ) 318y %emf@ﬂ?erﬁﬁ&%ﬂat E%t i480° of, i Rh& ey dkorbed water.

as p at1 num ca cul ated on an atomc baSIS) 1S
Aftehyznds:,ahd sanmpie oo ke doold 8 5Gym panefesatatsl undgisressgBRNdgrfgectrum

[y 300
recopRa YAl Ay OB ST R Aol Ryt pehie i an 307 €
for I?Qn n]U@Agn gxﬁibﬂlrfkdsoﬁi SR the tx%ﬁ@ H@J@ﬁltl}ﬂn Nififet MEAR 500Up
ement 1s tin. Oten, the amount of tin
spec(roplatoihateebly ABeratodNicolet oihMadsom, WhnTlx onhan mangxadg gpectrum can
min the atal yst of betwe

pl at
be reﬁpgielg Eﬁg{ Igpr&mg oi eXCes: gilS phasg cathon gwopﬁlgt ﬁﬁté:é\gar% c%g pretreated
spec{lmgl éan'be%uﬂtrz}cjt&qgtﬁll G RL ﬁbﬂcﬁ&dé@!otﬁhﬁ ‘i’orcd%&{ ﬁial'ys@n Generally,

conponents or nodifiérs. Such netal
the dzmﬁjnfm@tcmdm;eak podmdeandwzarna axmcogmamdrthjm akanple set.
[oogglbal 6ne Qxle(r:nk ?ary plrorg:ggzsum pr%parlng tlilne cataf}%t can include providing a support.
Afterwards, the support can be steamed to tailor its acid activity. That being done, a noble
metal can be added to the support to form a catalyst precursor. The support can be
impregnated with a water-soluble, decomposable compound of the noble metal. Next, the
support can be calcined with the added noble metal. Afterwards, the calcined molecular
support may be ion-exchanged with a solution. Generally, the solution includes at least one
hydrogen-forming cation, which can include NH,". The solution can be formed by combining
a source of hydrogen-forming cations, such as ammonium nitrate, ammonium sulfate, and
ammonium chloride, with water. Afterwards, the ion-exchanged support may be washed
and/or calcined. Generally, the ion-exchange is done after impregnation with the noble metal.

[0026] Specifically, a support can be formed from a zeolite and a binder. In one

exemplary embodiment, the support may be in a shape of a sphere that can be continuously
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urani um dysprosium thallium nolybdenumor a m xture

thereof. Typically, a catalyticallyeffective anmount of
WORHY/HP024pre netal nodifiers may be incor por af€d/[S390§/084106

the catalyst by any nmeans known in the art to effect a

honbgeneous or stratified distribution. [0024] The

catal yst can exhibit one or nore properties. One

property can be a quotient of carbon nonoxide i
manafdstorgst hyonwell khownorlarerimehodt Generaby.cuenagnion®f ghingpg-bound

.cent .nobl 0. plati or i . .
AR BTE S b O R o
bath TEifained FeO8YAdd ¥mpeheurtD Bt @@lésofdRflinde@dems AN may be used in this

i ntegrated absorbance area per nilligramof catalyst.
proc¥yspndadd examethylnaltgtstamandh iubiat sndamigiares Bwteodf no nor e

oobBR i S PG Bt
com’_lagﬁtg R Alure HRS Gy ARRE Ssphre§lUPhd §ihkreS dhyR (RerDRithdr@wn 1m the oil

procedure for measuring the quotieéent can include
bathgni ngfiiclyausjaoted & $petidicaghigrieapoenien ahadpnaganenja splation to
powder into 13 mllinmeter. di anet er . )
fort gy BTG AP EE iR aTP R D dropainedpg e disclosed
in Ugggézﬁogﬂh%%% bhmbda 7y s&fw%gghéc&[or& tROUIpPoR cadbe in the form of

temperature, e.g., , to renove
othepblypbs audied anatxendatdbt e compaste strhetusanapdieclosed ipdlS 2007/0060779

cooled to roomtenperat ) . d
AL GFehamiPPa gt ek ol ) APUSRAT Br AL SR pon
[oorﬂnﬁﬂ"xd}é’ﬁerﬁ@ﬁé Hf%&%h?&h £a0bREeBES {RANRY t@taidPit acid 8¢tiviS. The

I hutes on ne sol'd under the trade designation
steaxN]Er%QNEg)_t bdveffirvee d5 An g pregd, soghhotstrmetieg thieyindee ardjomieobledtetore
0 ison, W. The carbo noxi.de. spectrum.,can be .
forn B BHRREE & VBB G HEPOT PerBiReu e HEp4URE I Yjppor with a
noblggxgk{??rﬁ'. %ugﬁ gt@ﬁr}’l\ﬁ% Seorded Egi&r ®ah&ApSRES the MHER M onto the

acte romthe carbon noxi de spectrum for data
suppnal Stsdnsing Cembriatsl oan indiedecawbonconsawtide opéak 0pds by volame,

g e
SO et R AP b
tem;&cé;%th%qg aPle '630‘”@., i @F"% B3hH¢ . Ahd EVNRT USist 173 CSURRBHE instances,

e steaned to tailor 1ts acid activity. That being

a terfigditurco 8ol -850 Cafor aaRadenatdedah de uhibzeglpport to
forma catak%;t precursor. The support can

(0021 ety vHG RS Y1 (I G SR By e washed with one
orn RN O O ok i, ey uemgG gy
alter@adivd, drRcamdyse aial de washed with a solution of 5 - 30%, by weight, ammonium
nitrate. When acid washing is employed, a mineral acid, such as HCI or HNOj3 is preferred.
Sufficient acid can be added to maintain a pH of more than 1 - 6, preferably 1.5 - 4.
Generally, the catalyst is maintained in a bed over which the solution and/or water is
circulated for a period of from 0.5 - 48 hours, preferably 1 - 24 hours. The washing may be
done at any stage of the preparation, and furthermore, two or more stages of washing may be
employed.

[0030] If the molecular sieve is in a metal salt form, the support can be ion-exchanged
with a salt solution containing at least one hydrogen-forming cation such as NH," or a

quaternary ammonium to provide the desired acidity. The hydrogen-forming cation replaces
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support may be ion-exchanged with a sol ution.
Cenerally, the solution includes at |east one
WORIMYEH®A- f or mi ng cation, which can include NRCT/USEH8/084106
sol ution can be fornmed by conbining a source of
hydr ogen-form ng cations, such as ammoniumnitrate,
amoni um sul fate, and amoni um chl oride, with water.
~ Afterwards, the ion-exchanged support nmay be washed
principalyorlkal aingtah edionsimpioyideyatter galcinghom thhhysgesndogp pbthe
oG5 B PR 0o B B Sl QA e
amnfeurd nRiaRd @nfbrdi g seXeenhaiy apfedinenloridé.ne support
may be in a shape of a sphere that can be
[008adht | Theouloymraalimay be inserigyated wrip IthdepRprt 81 anydiugpble manner that

.met hod. nerally, . preparation.of .al unna-b
aChlg‘.ﬁﬂ% Gue eﬁ%@@%@éﬁ@xgg b‘f) ﬁl& naolFﬁu)](a%r l]p’}eé’eonbrm aeégagngsrt precursor. The
nobR IS8 maA) BGheorpHdicdVetdrd QR BE afidttifcdPor@iibn 8ah8 optional TUPAC
mai nt al ned at el evated tenperatures. anpl es of

Grogel 4 tlegeag dhresmethad ofprgpiragube datplysttiny @ vesrtbe pglszation of a water-

solobRetgmpor g HaR GEP PG ay enestESh o SREAEL el B
com?nl;)sité.n AlLYALER, i SERRLALURPohRAI. P BE BddRM o€ BRUBAE 6f dogositing the

I xture into hydrogel spheres. e spheres nmay be then
moladutdndiesramohparant frel winderbat ¢omapiex ofpladrin yhas olsy de cawlaysd

e GBS B S RO Sl e B FE Ry B BROA S, i
tric Meiagfaﬁglinﬁttétﬁﬁhlo & APdrafey piaiihur ARDRIBEhrBGHyD @Bl odikie,
isclosed in US 2,620; 314 and US 2007/ 0060779 Al .

tetraﬁﬂﬂmdpﬁrtimunn;hldrhb, dinppoliamioaplatvein. rantdfos sedpmm teframrpgdatinate (I1).
shapes, _such as an extrudate qr a conposite )
Gengag s (b B5EeH Fo IS hovp P EG AR 5° PRER o b Fore than
o f i . ; ) .
0 e fBRY1OIB0I-OK Ao S wliEIR darNght @kal 1§ B00 LS. ppm, b
35 Fggbg§ugg%éfgfly,yﬂhe supd%%?bﬁé g%bjecpgg fbgsteaningmnl y

weig}?:,f Haatd gxt thetveeiglt iodl theataialyst.y. The steam ng nay be
effected at a st , such as stean ng .t he, bi nd )
100520, chondiad Dl B Semep e tiar et hSng SRE ip aw

. : : ! ' .
o SHER B8 16 61 S Gch BORIUEHATE, M RUGPRULr mvi
metaln©oepodthdd oftprefreingold etatpdt ahvodvets sha itdizatipmpof a water-soluble,

s SR b bR S AR
B! SRS iy R0 MBO s g BOSE o s
comPoner@ftd Binder. at | east 775 C. In sone instances,

[0033] The tin compound and composition of the impregnating solution can have an
effect on the desired association of tin with platinum group metal. Exemplary tin compounds
can include halogens, hydroxides, oxides, nitrates, sulfates, sulfites, carbonates, phosphates,
phosphites, halogen-containing oxyanion salts, hydrocarbyl compounds and complexes, and
carboxylate compounds and complexes, e.g., with amines and quaternary ammonium
compounds. The halogen-containing oxyanion salts may include chlorates, perchlorates, and
bromates. An exemplary compound may include tin dichloride, tin tetrachloride, tin oxide,

tin dioxide, chlorostannous acid, tetrabutyl tin, tetraethyl tin, ammonium hexachlorostannate,

or tetraethylammonium trichlorostannate.
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a tenperature of 800 -850 C. for at |east one hour can
be utilized. [0029] Alternatively or in addition to

WOHY/Ee®4ni ng, the support may be washed wi t h PEREIS3P08/084106
nore solutions of ammoniumnnitrate, a mneral acid, or
water. Considering the first alternative, the catal yst
may be washed with a solution of 5 - 30% by weight,

ammoni um nitrate. Wien acid washing is enpl oyed, a
[0034he rAsfterandodporaiinghtha goblemasal apfogtivraly IEPSG é{ﬂup 14 element, the

catal?ﬁgﬁéc%irs%? téna? E):pg?liq?lgbq%)%n%g glg&/ O%l gal&n'?i{;]%tr %Hi'nﬁis?)ﬂgg fat zm%'hﬁ)erature of

fronCRI0A! 3B A. forBichibaloned 24 kr tmddeHo@y afid, Weilly, tdieining is at a
solution and/or water is circulated for a period of

tempferaswe @f 300 - A HOUN SN apraghespiibieyfon a peryoy ﬁ&jfs 10 frppgs until the

shin be done at vy st.age . of t.he atd on,
e e S0P A B PR B QPR s e
optiGHEPhAYES: conBfdAB: rhiy Befljumeldtihaidsig@URIdgen bih&o gt @ntaining
salt form the support can be ion-exchanged with a
compaind is theutit @mospirerai ni ng at | east one hydrogen-form ng

[ such as, NH + or a gquaternary amoni,um.to_ .

looégi)y i({%@“t tﬁg c%}gléfﬁtrp.ggcu.,crﬁﬂr &% 5@ S\%eec?%tarx%rbg% _hfl%%m I;}Néth at least one
hydrsgéd—&?m{r%ma%@ sP% idGHRR! Goneddikalte-sbRkivh ikhided aslehs one

provi de, after cal cination, the hydrogen form of the
hydropdrefouarg ciien.eviiomponiantude St abhesdeigouwnds pEred fyecombining

solute jn a water solvent, include.a ni. um ni trat
 SORRTBHOArPANE ANE or AR PSR A g ulfyg and
amn{BRRIrE cﬂi%l’i@+, WY wh@r. | TIOR8l £2irRMHhR indh@leSid RS dnelwhsh stage, at

any suitable manner that achieves the preferenti al
leastdepasist stage,iand bhleastohe caltiamgsitapee Typichldy. theawatar wiljzsd in the

precursor. The noble nmetal nay be incorporated before,
waslyand Hgsestagss PEeIONES T at i on” of the optional | UPAC

[0056fU H)Qs?’raﬁh'?{ﬁ% Ron-c XManSRE badineludB HRPMabNGagde Geatally Shach stage
Involves the utilization of a watersol ubl e,

inclulies ovapiaag bleecacdysp turrgenahllpl atliOhenrst prefarghle ¢ret kourhand optimally
cal ci ned _si eve/ bi nder,. co

S A SLEh St €OTROEL L A AT YEI Y o dtogen

- ntsb g .21 451 SY&GBRPRNENt2 ARd oplimaiey 1:1.
e R e o o e e
MorebNeoreaph sthgmirtdizas b datica brpovei gty of kehiabysppratirsaatte water of generally

OB Pl S 4 SRt GbBUR Yot cn

havedé. ]gﬁlo?'ii—dég ' Generally, the solution formed in the wash stage after combining the

catalyst precursor and the hydrogen-forming cation solution has a pH of 3 — 6. During each
washing stage, the catalyst precursor may be placed in the wash solution and the solution is
sufficiently agitated by, e.g., an impeller. The parameters utilized in each wash stage can be
the same or different. Generally, the catalyst precursor is dried for at least 1 hour, preferably
at least 12 hours after the first wash stage.

[0037] Afterwards, the ion-exchanged catalyst precursor may be rinsed and/or calcined.
Usually, the catalyst precursor is rinsed with a ratio, by weight, of the catalyst precursor to
water of 1:1 — 1:8, preferably 1:2 — 1:6, and optimally 1:4. The rinsing is conducted at a

temperature of generally at least 50° C., preferably at least 70° C., and optimally at least
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tetraam nepl ati num chl ori de, dinitrodi am nopl ati num

and/or sodiumtetranitroplatinate (I1). Generally, the
WOr00/¥hed cat al yst has a noble netal, such as PETA2¢§p4106

content of no nore than 350 ppm by weight, preferably

150 - 350 ppm by weight, and optimally 300 - 350 ppm

by wei ght, based on the weight of the catalyst. 10032]

The 1 UPAC Group 14 el enent nmay be incorporated into
85°G.hfer s pppest of ganerably nguaraHias igvie Predfrablyglp e than 1.5 hours, and

.incorporated hefore, during or after incorporation of
optipfiB ERPE fl BRI h

é nethod of preparing the catalyst

[0088Y 0! $iBSedulft i tal daictkibRRa0be eondated isalckdyeore stages. Preferably,
deconposabl e conpound of tin to inpregnate the

the abifiitiads @indveitd imiaer stagsip B¢ fiest SAEe erhgtdt ¢ deperaiugg generally

o TINS5 T - SPIRI31 M o

thanCORAUBEL &Ry QAP ik ] H1d dplinfall§ 2ihBRIe IMRistAGdSalgdichobe at a
can have an éffect on the desired association of tin
tempeirathrepif generaliy oy mope: ten 200° Expiekiraly 409 n 8B npodndePE@aly 500 -

53048&10 gg ggr,rl]g o eqnf%g‘?r}xg‘gg E%‘?fgts pé" gf’%é% P36 iO‘lFS";ltdr?(? optimally 4 hours.

osSphates,

Typﬁt&lgﬁ@m feBPerallRt RAGMPEP bR thE Figkt QY@ 0B s&hll Stage with an air purge
ydrocar byl conmpounds and conpl exes, and carboxyl ate

occuron fubdeh sagds.conpl exes, e.g., with am nes and

ternary ammoni um.conpounds. . The. hal ogen-caqnt ai ni Ng. .. .
[00d] s ey Sy W e iz sk B gl uitorium
amogf?tdchf% IBLSEE xyllle @%&E@Hkl@éﬂzeﬁ@.@@b@iﬂlﬂ%s& BeEC cbimpounds are in

Ichloride, tin tetrachloride, tin oxide, tin dioxide,

a noateqoil bsitmnminse aid. it least argiiht ybmitipisomet isawedsyt inta gpneentration

, ' h | : ' .
hat AP S A e osRab AR eherbEB RPPREPR AL Hhgigns
Thuggtr%ln- div?Rid &ld donlpdsion GhoeBisthghaé BARHE mofeNglene isomers are

al yst precursor nmay optionally be dried and/or
in lesathah beailibiumipnepdrsorofvitk nesaect 40 therplear aylgne isemef polypmeE. The
- 320 C, for . eriod of 2 - 24 or re hours an .
xylepg ipalepsythar sipiibHY Pr@ogtonatni%ﬁfp@wa%fgﬁ%i)% - H5h- -“m@ Bghesisomers.
r 1 ?%Ri eto-1\@Ene’ i hOGhed (1At for metx “Sisually, the
Awth%??ﬁm?”% ﬁ%?g Iiclggﬁgofﬁégﬁgresent a?%)conve??g% st
feedstdaks aill canthin aaXienaxGdecrilty e niiktugewill kaye angghylbenzene
opti onal hg}ogen component

con R R T35 B CSTRANEDY 2N, 9, B8 USKE0h P, e yien
content of 20 - 95%, by weight, and a para-xylene content of 0 - 30%, by weight. Usually the
non-equilibrium mixture is prepared by removal of para-, ortho-, and/or meta-xylene from a
fresh C8 aromatic mixture obtained from an aromatic production process. The feed stocks
may contain other components, including, but not limited to naphthenes and acyclic paraffins,
as well as higher and lower molecular weight aromatics.

[0040] The alkylaromatic hydrocarbons may be obtained in appropriate fractions from
various refinery petroleum streams, e.g., as individual components or as certain boiling-range
fractions obtained by the selective fractionation and distillation of catalytically cracked or

reformed hydrocarbons. Concentration of the isomerizable aromatic hydrocarbons is

optional. The catalyst can isomerize the alkylaromatic-containing streams such as a catalytic
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conmpound in the air atnosphere. 10035} Next, the
catal yst precursor can be subjected to ion-exchangin
WOR078924| east one hydrogen-forming cati on i nP&T/US2008/084106
solution. Cenerally, the solution includes at | east
one hydrogen-form ng cation, which can include NH4 +.
The solution can be forned by conbining a source of
hydrogen-form ng cations, such as amoni umnitrate,
reforamtowithior withpeitsebseqrent ararottics wxigation iteiBrodiFe tpegidied < ylene
. __The i,0n-exchangi ng can include at | east one wash
mom@?&@gf&ﬁFuﬁégégpgﬁﬁc?P%ggy%F%ge, and at | east one
[0048] CiTHeNBeRIRRBE N H Presadlct ¥f hfdiGganatfrbeldontac@advithntht kexalyst
wash and rinse stages is deionized water. [0036J
descilesd atatyky Cottaetingonaehe tiéertddneingathe crielysidestemon adsgd-bed system,
st ages. Ceneral l ach stage jncludes hi n h
o GG BY * ST AT BT BBy b retype
oper A, SGerRPIyOR ik 8Mbé Y sy3teltPld pPefelableadtlh Fixed-be @ Aalens BYRed
utilizes a'ratio, by weight, of catalyst precursor to
mixthyedis ponattd byrbuigibbediciatng sehi todke dfsirg@rraciagrl ypmperpture, such as by

4:1, b 2:1 - 1. [ N o
et B B i s P B P . o sone
cont&ial S LatRYEC the NonteBiz¥arEFon imGaR&Blok Ynoké depurale lstors with
preferably"1:3 - 1:8, and optimally 1:5.7. After

suitahtyl mednis olzretichecanas lenswe that te desinednisvmerizapph efmpratuig is
CGener al

mairkyaeq #i th%éqt%gls% t:g? %AE Ig{))xyep]; / 3?%3 z}n?%\hgﬁ P%gg’nqac%ett@ With ?ﬁet ceal%alyst bed

in uf¥HE0Q6RRLAIIT R KALAAR LRl [ on has a pH of S - 6.
ring each washing stage, the catalyst precursor may

[0042] pl Bypéchilyntht hentuasig is odnduied uaded isdreerization camitians including an
. sufficiently agitated , 9,, an inpeller. o
isomeaZaiAsk [EMTIIFT A o @9@3&%@5&154%@50&& The

| J h OrTH i7ati
sl A S0 | o ST o
condigalt nahtlede thh@rdsencstof\hadtvget wigh.a Hyo8@7) todiwdepsadraismole ratio of

0.5 bR 8.0 ety CepHalE S LT BBk O SR dealeulated
O
zonc0Proyilié maklgnt Rowtly sphee valosiyrVHSVE with weped tathediquid feed stream
(those components that are normally liquid at standard temperature and pressure) of 0.1 — 100
hr!, preferably 0.5 =50 hr™', and optimally 2 — 25 hr'.

[0043] The isomerization can be conducted in a liquid, a vapor or at least partially
vaporous phase. For convenience in hydrogen distribution, the isomerization is preferably
conducted in at least partially in the vapor phase. When conducted at least partially in the
vaporous phase, the partial pressure of C8 aromatics in the reaction zone is preferably such
that at least 50%, by weight, of the C8 aromatics would be expected to be in the vapor phase.
Often the isomerization is conducted with essentially all the C8 aromatics being in the vapor
phase.

[0044] Usually the isomerization conditions are sufficient that at least 10%, by weight,
preferably 20 — 90%, by weight, of the ethylbenzene in the feed stream is converted.

Generally the isomerization conditions do not result in a xylene equilibrium being reached.
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tenperature of generally at least 50 C, preferably at

least 70 C, and optinmally at |east85C, for a period
WOR0%¥ALHal |y no nore than 3 hours, preferabl PCAGSAHI8E84106

than 1.5 hours, and optimally no nore than 0.5 hours.

[ 0038J Subsequently, a calcination can be conducted in

one or nore stages. Preferably, the calcination is

conducted in two stages. The first stage can be at a
Often,etirp e1cd¢t tatie of eplened inghaproduetstreg isGit least % Hi5h gr 996, by mole,

d
of eqdhigh i S spaitordl e i Sl g RIS process i
to gfnlgl‘ﬂ'tec‘parllwleﬁ@%oé‘dfr&h%a ngén@ Qh@feed str@MPEAALJAELn ks than 5%, by

general y"no nore than , preferably 400 - 600 C
weight,grach- mydtmemsddl the BOMerizBRA pEhduco ransinplade o garsfx yignerip kglenes mole

than 8 hours., pref i 6 hours, and optinmally 4
ratlolﬂflPr%OIT)(/)}:% Talplr‘iferagké‘tb%’ﬁpz%??é ure is ranmped fromthe

[OOIIEEStA 89&L0 JcB@er?%&%@: 18iRGEn W it ARy Bk LisdOGEcover an
urring for Both tages. [0039] The cat al yst may be

isometizbd pedudtdrdns drefilzent af fhedebnsiroekon nwleudiyngaldy, the isomerization

non- eqU| ['ibriuma nt of at | east on | ene
prodichiy FEHEBHE ' ety B RN AR R T EorBBLGREsapigiene and
toluddd anﬂ%@v? ggérblhgﬁé BoRi% L ¥ isotherfprodd. HBRASIbyPR{IUER include
aronatic I's present In a concentrati’on that
diméth§lt@ybesidns hadtriméthylbénzene.t mesoeguindtarmes, wartain product species such
concentration at isonerization conditjons, Thus

as OfrxEHS P %memﬂ%@xl%@e%wg? HSCOHF R ORNDS OMRHPE! RyRduct by
sele&[veqparcﬁoﬁ(éf ofing ?%Etsfr@rﬁqsd r78§6n 61e8 al%%ltltlé Biuallifts processed

proportion Wlt espect to the other xylene isoner’ or
to sdl&mivellySecolbethe pheneléme ibesa, oftamakylby biystalluation. Selective
proportion nmay be any of the

adsREgion §TeIREEd WAt B TRHRAIC R OO T (8 PP dea -9 201491
Othé:tt 9@(&'@50& F:@ ﬂ chas%raré@és@rllﬁéd fRN%s 4 484, 9“ Yandthe4 reed32.

ain nmeta-xyl ene.” Generall y the m xture
OOWBM ﬁl@a/@tzﬂyst Gtsby)khiélﬂbzanena}dfmeg&neaﬁedl As ﬁﬂ%atru)}e a regeneration
an ortho-x é ene content of O - 35%

procg ot At RESC Bl St 1 Ia10 01 iEigh (BYPeREGH Y esG can Feinove

carnggc%O\)&’x.ln?ﬁgﬁ content of 0 - 30% by weight. Usually the
non--equi riumm xture i s prepared by renoval of

[008F] a- Theoglémental mabABlof et atatyst eorapdients can be dsterrGidied by
aromati c m xture obtained from an arorratl c @)rodgﬁél on

Indugtieli Soupte &laemad G )sudadustiyely Simalcd Fishmara
Spec':trno%lt u%'l (E@P Alﬁg) aﬂglgrsé ! ﬁbﬂﬁ‘é&aﬂ? sBﬁﬁQBHﬁBﬁélt@ @gc}f%@’tﬁé h&ble metal,

par a 1ns,
can be measured by digesting a one gram sample of catalyst or zeolite in a solution of

hydrogen chloride, hydrogen fluoride, and hydrogen nitrate until the sample is completely
digested. First, after placing the catalyst or zeolite in a solution of hydrogen chloride,
hydrogen fluoride, and hydrogen nitrate, the solution temperature can be ramped for 15
minutes from room temperature to 150°C. in a microwave, and afterwards, held for 10
minutes with sufficient pressure to prevent vaporization of the solution. That being done, the
mixture can be cooled to room temperature. The metal composition can be analyzed by an
ICP-AES instrument sold under the trade designation 3000 DV instrument by PerkinElmer of

Waltham, Massachusetts.
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as well as higher and | ower nol ecul ar wei ght

aromati cs. [0040] The al kyl aromati ¢ hydrocar bons nay
WOR809He®H*ned i n appropriate fractions from vaPCd(J52008/084106

refinery petrol eum streans, e.g., as individua

conponents or as certain boiling-range fractions

obt ai ned by the selective fractionation and

distillation of catalytically cracked or refornmed L
[0048H ddwrdtion som@omresn el dsgrzeolitetasa bindspwhpeegieelemay contain silica,

aromatic .h rbo I S, optional. The catal yst can
Cm’W@@Wﬁ?“@éwﬁﬂép§$ﬁ€®£§%52§1c-containing streans such as
[0029F At Bleyhfdc8iboh TR MndMskbeifbd With pestesebRERAHE e catalyst disclosed

aromatics extraction to produce specified xylene i
hereinsmanmbnse amipqrantsincaabaed Yy b gapelocmewpah soidyiyehgilent Technologies,

v ORI, LSl RO GERRS o A, 9Er Eh o
bea _Q%Qgc@gi&ﬂd} QY R e &bf Bddatort Riefigk Cogp. caBaliyfshteSYAL BBViding a
| |

xed-bed system a noving-bed system a
polafityuiepirageh biedomyst ermpamds.abudbbudhaiceprimagndy etnapslyde xylenes,
in a batch-type ogperatjon. ner al | fixed-bed i )
Suchg gRET YIS FEREr A Ice e FRgH BR LY TR gy ey
é]lﬁé LéheP ! £SRbEMIiRGIR Mich e RBRI-B NGdiFRARchSerdeh € cthyl-2,4-
2,3 es?ﬁg%“?§§@¥?§ﬁ tggﬁerature, guchﬁgs by{heg? exchange Y
dimath i beraaed, Herth @i, @ dimethylbewess ang | -etnd-3théimegadlaadenan aed

an isonerization zone containi the catalyst. The
benzese AR Exemplary IE%(H@S Hw tganegsige g?es%rroglagg rgg%g?réents 15 UOP-744-06.

) icd ' LITREERRLNBRTY § 06RPSUpAaffin, can be
e RS B Ao, st
determinad By heitingpoinneeparitioanizea t@umacwhizbnan berplgained foand gilent

may be contacted w th the catal yst bed in upward-, :
Teclw@@/m@ér He, ofdfrale Adfpat-o | Pé‘éﬂ?ﬁ%ﬁ{ne‘f%ﬁ% mﬁ@ﬁ i agepydance with
Utuigﬁ}ggntacting i s conducted under isonerization

conditions including an isonerization tenperature
[00506her all e W00 meth&B, Gichas UGR-861-p8.af@P 41903991881 UORGHH4-06

C. The pressure generally is from 10 kPa - 10 .
discyied BArai SAmTNPRCt ey asS PN PgHER o i Mafbor Drive, West

i OpsC i nclude the presence of hydrogen with a

Conﬂggggg%hp§béﬁ§ﬂrocarbon mole ratio of 0.5:1 - 10:1,

preferably 1:1 or 2:1 - 5:1. Cenerally, a sufficient

mass of catal yst (cal cul ated based upon the content of

nol ecul ar sieve in the catalyst) is contained in an

i sonerization zone to provide a weight hourly space

velocity (WHSV) with respect to the liquid feed stream

13



10

15

20

25

30

(those conponents that are normally liquid at standard
tenperature and pressure) of 0.1 - 100 hr 1,

WORpeY Pl y 0.5 -50 hr 1, and optinmally 2 - 2BCHUS2008/084106
[0043] The isonerization can be conducted in a liquid,
a vapor or at |east partially vaporous phase. For
conveni ence i n hydrogen distribution, the
i sonerization is preferably conducted in at | east

partially in thepvaporr Ritase- eMBeDsandust ed at | east
partlally in the vaporous phase, the partial pressure

[OO@EE 08¥ t I S zeélgtgpfoﬂé g}re 12@88&9@#?8%% lfh?sl't]ﬁ{egég E\?tg.l;rt%f tcatglgst

Theé@ﬂbﬁraﬁ@n%ﬁoﬂﬁnér@s bethe Iih\IehﬁorV apent phateo 16kt e clahes of this
i sonerization is conducted with essentially all the C8
mveam@n@tth@ sarbemln@deitmktqﬁ ¢hape prrmplpa s Ehese oouaple g g fried Ane

engnﬁfg}ng 69120{7\%}1% a%%% yal, ? gs?tlaﬁrg%:&%g!fl%g/;ﬁ@tsﬂlngt gpﬁ?éeeL as t

et hyl benzene in the feed streamis converted.
General ly the isomerization conditions do not result
Exmmpkd,xylene equi | i brium being reached. Often, the nole

[OO%% o %@u}al{ﬁ/ X es hlﬂt} ! hege\/ﬂgl?spﬁ %reﬁ)ﬂ &Fﬁsdusngsta&alé/ according to

Exaﬁgfédl' s oRspaf Nch% 143 AR iAZfidsi Qﬂutldﬁh@ pephfe@ by adding phosphoric
oneri zation process is to gener ate par a- Xyl ene,

acideo gn aqfecomatetian ofjlesmacthylnettlcanniag (REMH) imen awaunite vield a

ss than 5%. Db h
phosofgive caars et At Bl B PR AP Eeh A seropd solution s
prep’éi@dq}‘fedﬁd |aesoﬂﬁﬁﬂ forf MB1-8Pe Leolitd having an BU/ALSHAHLY3AL to enough
0.2 [ 0045] Any effective recovery schene

aluninnmwi mmpmb@bﬁd@em rhesallis ethmipunds bydockinric sgfelpiviadda zeolite

con B R B bl S i S PR AL RRERG pommineed

to aJh?eJe%%Yﬁ)gleh&hE a@ﬂ’m@lﬁx@q}ﬂ @IMTS;H‘R)Q BfudhKkanes sol and zeolite. This
napht henes, benzene and tol uene, and heav roduct s

admixourehis dispersedGs dropete nntpmodcblath m@awrwdyap Pg‘@c droplets remain

o oS STBA SUARSR50 31 ATBLENGHRIAEH S 0 AR, e

sphe?ést g rf?fﬁ{d»v%a ?ro‘?r{ hdiofEfabty, velkd? Y REAZ QR QIrie8Yand @ alcBfed A€ h Ednperature
rom the isonerized product by selective

of 550°at t Trenatdid. spii¢res thendrectubjectorhté sioamsinigzan iigmpasttuet 660°C. in
o SRS PSP ERRREC 0, 1 o vy, recover

[00§§ll ecﬁﬁb‘é@quently, the spheres are subjected to ion-exchanging with at least one
hydrogen-forming cation in a solution before metal impregnation. Particularly, the spheres
are subjected to two wash stages. Each stage provides the spheres with a ratio, by weight, to
deionized water and ammonium nitrate of, respectively, 1:5.7 and 1:1.

[0054] Generally, the first stage begins by dividing the deionized water into two portions.
The first portion of the deionized water is added to the catalyst in a weight ratio of 2.85:1 and
left to cool for 5 — 7 minutes. Afterwards, the second portion of the deionized water is added
to the ammonium nitrate in a weight ratio of 2.85:1 and is heated to 65°C. for 5 — 7 minutes.
Next, the second portion is added to the first portion and the combined solution is heated to a

temperature of 87°C. — 94°C., preferably 88°C. for 5 hours, and is sufficiently agitated, such

14



10

15

20

25

30

adsorption is preferred using crystalline

al um nosilicates according to US Pat. No. 3,201, 491.
WOy 6®dsor pti on recovery process are descri BEd/ 008484106

4,184,943, and US 4,402,832. [0046] The catal yst

di scl osed herein may be regenerated. As an exanple, a

regeneration process, such as disclosed in US

6, 143,941, using high tenperature oxidation can reno

as withnb onpalsbassthprter Thd washoohTion e bkt P 4arhirauls. the

. of the.catalyst conponents can be determ ned by
Sphefersf&ﬂec%i’?ﬁ'y%gﬁbﬁs‘ed Plasma (I CP) or Inductively

[0058} P! £k rRhasiFRreblafNirfedEMeSEEA sBIRE 6! ERBGaRY of tHERATSpheres.
anal ysis. Particularly, sonme conponents, such as_ the .
The mabhé stapt bdginsdandibidingehs deiedizpd Waleg #8e W partigne Bheafisst portion

S |l e of catal o, zeolite in .a Ut qf
or e gPbeT bk ED lafSBU B Rt bE o s o coo
5 - NinkdiAdse Afrvheds NBe SQBRE Boltn©P IR Ridlizddl gesit edded to the
First, after placing the catalyst or zeolite in a

amnﬁmglm hivrateoifh ahyelgligeno ohl.8filded ihkestedge ©51C Lor P o, maweps. Next,
ydrogen nitrate, th | uti t . . b

the seigra P> 2855 b bry Poioboghs FanparatURUSTS nigde o
tem%%tﬁre'@f%ﬁ@@y@&@'}gef@fabﬁf gRtdfor shRhuek, bR is LOffEidhdiy@Sitated, such

sufficient pressuré to prevent vaporization o
as withen $mpeiter an60 inat Thewag wbrion ke ph oftdid e 3dam fierwards, the

cooled.tp rogmtenperature. The netal conposition can
ﬂﬂwﬁﬁfﬁﬁgyvg%dlggbwﬁ'ICP-AES i nstrument sol d under the

des fgsi | ' ! inBfRk Mehe @Eioni
10056F T PARGRIHIRAr R helPULE BiFTRE b b Kinbimg T he Gbionized

rinsswathr @sspherzeokigheratip in4 Bi Indesinablyr de daiohizadyatan i divided into two
silica, can be sured by UOP Method. 961; 98. .[,0049]

equat ﬁémh yH’Fo%é? %hg?e ch%‘ﬁg ‘féé%de iday eé%ht\ﬂftfchoé?l’ gi e‘%lgtbl?SpeCt to the

spheg%%gﬁkwint%n%ﬁé‘.l Y8E e 28 Sl es ﬁ{erﬁ@@ﬁrﬂlﬁ\éﬁgmized water.

nents measured by ‘a gas chromat ograph so y
NexAghd enéndlgchofaleagiizd, wdterds addedPalie fxist part @A, thabhegpas Next,

chr omat agr aph nﬁéﬁgave two co unn% Theﬁgirst col u .
SuffiEAL B ODEPT DL Y. v EHMERNICTR OBBRH: 108 bRty s
heat&®PloR8°8f 130! RPN U Bhe S of MeQisd WAt & POLAI 1.t Xfterwards, spheres are

Separation of aromatic conpounds. Such aromatic
drie¢ torBourtisowan i ncl ude xyl enes, such as para-xyl ene,

net a- xyl ene, and ortho-xyl ene; di etl .
[0087L N ”Iél{at beiag Hyp@, the spheres %an Qe calg}le .t&}/l!nggt%/nl gbe%grzaﬁg} Tikes place in
two stages. The first stage calcines the spheres at 121°C. for 2 hours. Afterwards, the
temperature can be ramped upward to initiate the second stage. Generally, the second stage
calcines the spheres at 524°C for 4 hours. The ion-exchanging process including the
washing, rinsing, and calcining may be referred hereinafter as the “ion-exchange process”.
[0058] The calcined spheres are then metal-impregnated using a solution of tetraamine
platinum chloride to yield a catalyst precursor with 400 weight-ppm platinum based on the
weight of the catalyst. Upon completion of the impregnation, the spheres are dried and
calcined in two stages as described above.

[0059] Next, the ion-exchange process is conducted again. Thus, the ion-exchange

process is conducted twice, namely once before the metal impregnation and once after the

metal impregnation, to obtain an exemplary ion-exchanged catalyst.
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2, 3-di et hyl benzene, |-ethyl-2,5-di nmet hyl benzene,
| -ethyl -3, 4-di net hyl benzene, |-ethyl-2,4-
WO M benzene, | -et hyl -2, 6-di nmet hyl benzene PCE$2008/084106
| - et hyl -3, 5-di net hyl benzene; and benzene. An exenplary
nmet hod used to nmeasure these aromatic conponents is
UOP- 744-06. The non-aromati ¢ conponents, such as
cycl oparaffns, particularly a C6 cycloparaffin, can be
determnined by boiling point separation via a colum,
E wa h can be obtained from Agil ent Technol ogi es, Inc.
XaigpPipal o Alto, CA. Such a neasurenment can be nade in
or S YR s MFLdhe ared similarl
00 e g 0 0. g prepered smiarty
as EX¥0Rp|7 44ex26ptdhs cunssebiartge pedaass is anlymondistied afeed thehiphergh are metal

. ASTM | nt, ' [, 100 [ . .
impreBRRHHbBEkeH PATLSAINOL DRTIEAR R AR KIS TPHbelg o
exchllﬁge uér?%égtg"g L{E}%éi@%@%l?%n@é Sitdr N d@drdoRarfan t her

ubj ect catalyst. These illustrations
of enbodi ments of the invention are not neant to limt
the clains of this invention to the particular details
Exagplethese exanpl es. These exanpl es are based on

[oog)@ i n&ﬁmi%%hﬁiﬂa&t—ﬂdﬁﬁﬁ mdsgﬁ&%!g‘@{le fe%l@uﬁﬁantiallg]according to

erience with 'simlar processes. anple 1 [005
Exapﬁblgnﬂ sfUmsphaisiihat, &4 H9din dA Kt selakien esprepasedbyepdidiegiphosphoric acid
substantial ly accordj to Exa of U S. Pat..
to arpaqpggusgseiution of ihﬁﬁmﬁwg@qtﬁf?a@%@ﬂb B A A ?Onﬂem
phof IR IR A A RRUERR ROl (e A sseond slution i
preppifé?sb@igddimg acodinenformf MFheypkizaolgh baviogambi/ 41, redaiaf 39: to enough
11% by weight. A second so|ution.i repar.ed . : .
alumjaplgPrapaediPithee g Matpllie 915’@“2%‘& ip gé‘ﬂﬂagf’ﬂ% avaﬁ’ytgm%* g zeolite
conh R, AT AR GOl somminged
to adic@led IRnZRehddue adaidtertof HMT hghokplnirshebingad silyaid zgqlitgl This

admiguia s hoBEngBn<n Al FRRTTREIGRIRA” (naBpHAMS Femain
o o TR0 sl St ok ponsag e
sphedlésafed aingovie@ Minfithe oil bath, water washed, air dried, and calcined at a temperature
of 550°C. The calcined spheres then are subjected to steaming at a temperature of 660°C. in
an atmosphere of 100% steam in air for 1 hour.

[0062] Next, the ion-exchange process referenced-above is conducted. Afterwards, the
spheres are impregnated with an aqueous solution of tin(IDchloride:
ethylenediaminetetraacetic acid:ammonium hydroxide:tetra-amine platinum chloride to
incorporate platinum and tin on the spheres, dried and calcined in air with 3% steam at
538°C., as disclosed in Example 1 of US 2007/0060779 Al. Thus, the spheres have 250
weight-ppm platinum and 2000 weight-ppm tin based on the weight of the catalyst. Sucha

pre-metal-impregnated ion-exchanged catalyst is made according to US 6,143,941 and

US 2007/0060779 Al.
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in the oil bath until they set and form hydroge
spheres having a dianeter of 1.6 mm The spheres are
WO 807684 rom t he oi |l bath, water washed, air PEI/UE3008/084106
and calcined at a tenperature of 5500C. The cal ci ned
spheres then are subjected to steanming at a
tenperature of 6600C. in an atnosphere of 100% steam
inair for 1 hour. [0053] Subsequently, the spheres,
[0068E shbreetddthe andtdrimpreghalad splitpres arh again penadtedgdhe ion-

hydr ogen-f or m cation in a solution befor t al
exchiohigt BERGT QAU Bl PHESH Ay PIeE RS ol sdinge Py disfogg and afier
f Ros a8 8satingacihastipge provi des the spheres
ﬂwl&??hmgw%%%i%, by?a%?bht, to dei oni zed water and
amoniumnitrate of, respectively, 1:5.7 and 1:1.
[ 0054] GCenerally, the first stage begins by dividing
Examgle Yei oni zed water into two portions. The fhst
yti t Ren el NN BRANVRIEE x dnsHl @ d8deftQhd 1A-exchange process is
loogg?af§g?gﬁﬁ % meiéht ratPo of é?ﬁ%; 1 aﬂ%‘left to'cgoP
conduated®nly dhoribaftretie spherey avamatsgl impegsetcd;r(mepomdﬁ afcigfd. The
cotaly s SR GHE Y AP ELLEH (RGP JRT BT BELTyst i heated
to 4(?@@ Eor'24_7homsrlHtaﬁ%nvi'r\@f§ﬁent LR ERE PRIOIPMERBehD RFASEPa and 0.3
o the first portion and the conbined solutionis
moldpatead okggen. tAdpenals Lthe sehm8y @ntinuédi hilp theftempériainr@BCamped up
for 5 hours, and is sufficientl itated, suchas, K w.t
(0 431G, Apbhbal el SOPREIS o1d CMIRSF 2S5 6 A ieRt B 2.0 mole
3 S ox iR APASIES @iyl @fjeBted td the |
Im“%%ﬁpggéfé%gé%ﬁgpgg#ﬂ?%gagpﬁgfes are dr*%&i tkeesecoﬁéon
exclgihgg@procsssconduct ed on the dried spheres. The second

stage begins by dividing the deionized water into two
portions. The first portion of the deionized water is

catalyst in a weight ratio of 2.85: 1 and
Conﬁ%ﬂ?ﬂ%%Q%%@ﬁlfor 5 - 7 mnutes. Afterwards, the second
[00B88] t | AN abimihine-phekgnicziedindNEF catdyaddgedpdred ahie Example 1, except
amoniumnitrate in a weight r ttio f 2.85:1 and i.s d
the inazKelipnge PESESS if gendgetedpn ng .OreNg‘ﬁtsP s Bl gmpregnated,
B d | ' € Gh- ' {d aou& nefl
drief! %i\c'lij {:a}q&n&ﬁ S a&gg&a %{Lgxa{x%er n%gcégg’ i drfcontidte DR s

SO oni1's rature of 87C

isonrehesndiyyd &Cnadodccbrdiuod ]S and3pdlsufficiently
agitated, such as with an inpeller at 60 rpm The wash
solution has a pHof 2.3 - 3.4. Afterwards, the

Cbn%%%m&?ﬁx%ﬁﬁegr'ed 8 - 12 hours.
[0066] A catalyst is prepared in accordance to Comparison Example 1, and is

subsequently subjected to rinsing and calcining in accordance with the ion-exchange process,

but not washing.

Comparison Example 3
[0067] A catalyst is prepared in accordance to Comparison Example 1, and is
subsequently subjected to calcining in accordance with the ion-exchange process, but not

washing and rinsing.
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[0056] After the spheres are washed, the spheres are

subjected to rinsing. The deionized rinse water to
WO280Y6®4\wei ght ratio is 4.2: 1. Desirably, tRET/US2008/084106

dei oni zed water is divided into two equal parts. The

first part of deionized water in a weight ratio of

2.1:1 wth respect to the spheres is placed in a

contai ner. The spheres are added to the first part of
Com@eﬂﬂmﬂb@dqma#er Next, the second part of deionized

0088 £ n L B sl B By S gy e
stearhﬂ%% Bt%fn @ﬁloﬁ@\efm 10-(5%est5ﬁ§ ‘P(Lrt 1 itGhr Ehe& theérc@tal ysit &tﬁﬁélﬁdéldl(l)wel ght-
hours. The pH of the rinse water is 2.6

ppmélatinuaf tmmmly shherasstar sibgicteddo fmshigg. rinsmngrdreglcining
aCCOégg f70ntgg!- P%%exggﬂ@%&gﬁ?%gi gtﬁ(geg)t Bgtge\r%aes E%é]\bobrgit gge ZFHIHIPI diéln] nitrate.

first stage cal cines the spheres at 121C. for 2 hours.

Afterwards, the tenperature can be ranped upward to
ComiparitandfxeanifileSsecond st age. Gbnerally the second stage

th h t 5 40C f
10088}, i Ehialich 0 3 HHBE a3 8RB IHG M VRS G PHEIFgRY e
steax?xﬂ% i QJ &m@%moﬂ%o%&&ﬁﬁ et hes8lafd et t tdRains 400 weight-

ang process The cal ci ned spheres
ppmephanmhe rsme@entlymh@gmdwds uﬁxmgedaaréy)tqnaulcomng,fand not washing and
tetraam ne platinumchloride to yield a catal yst
rinsigg JRGTBY ORRE IRNABENAREF GHRHpm pl at i num based on t he
wei ght of the catal yst. Upon conpletion of the
i mpregnation, the spheres are dried and calcined in
Connmnuﬁfﬁgﬁmﬂaé descri bed above. [0059] Next, the

oob B, SRR B8RS B S g 4t e
the J?eﬁafnﬁﬁ%ls ifGn %ﬁ@éghém §00B QM 1%?@ HANE eARELREdst bR Sﬁﬁéréﬁ are

nation obtai n an exenpl ary ion-exchanged
subjeatdloytht idnxanipdree Prgd@6 QflexAnsphars escahangeidi- -impregnated using a

al um num phosphat e- bound MF] cat al
solugpmpi tg}rp:ymgg p 1§H‘i§‘| céllqp edQ é/@’yf a ?ﬁ@%’?td}’ie%&%ﬁ &P tgx 495(6 weight-ppm
$&Re #h @h, th
platlBLr?\%%§§i n%nstc}j\g QJ&Y%hQ gf’ g&ijys dn E&Eﬂg@(ﬂg ffle § oﬁrggit?% B, the
sph&ﬁﬂ@&dhﬂﬁmﬁgnmﬁmmhntWhu&gmﬂﬁ&kmﬂﬁ&dehange process is
conducted only once after metal inpregnation.
Comparison Example 7

[0071] A catalyst is made according to US 6,143,941 and analyzed.

Comparison Example 8

[0072] Another catalyst is made according to US 6,143,941 and analyzed.

Comparison Example 9

[0073] A further catalyst is made according to US 6,143,941 and analyzed.

Comparison Example 10

[0074] Yet another catalyst is made according to US 6,143,941 and analyzed.
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Exanpl e 3 [0061] Al um num phosphat e-bound MFI spheres
are prepared substantially according to Exanple 1 of
WOg0R07MRt . No. 6,143,941, A first solution isPETEF3pa8@s4106
by addi ng phosphoric acid to an aqueous sol ution of
hexamet hyl enetetraam ne (HMI) in an anmount to yield a
phosphorus content of the finished catal yst equal to
11% by weight. A second solution is prepared by
addi ng a sodiumform MFI -type zeolite having an Si/Al a
ratio of 39:1 to enough alum na sol, prepared by
Conﬂ?ﬂggkgﬁﬁmﬁﬁiéllic al umi numin hydrochloric acid, to
[0075E! &l #RPhdr aBRNE @itde laBedrllifig id USSP, Tataliynshiyesiial
to 67% by weight. These two sol utions are comm ngl ed
to achi eve a honbgeneous adm xture of HMI, phosphorus,
al um na sol, and zeolite. This adm xture is dispersed
Propestigs opl ets into an oil bath maintained at 93 C. The

pl RidcOssed b e ar®fHeRsuddtt for wle seéntaf@latinum and
[Oo?g?n{ﬁ§§?%ggﬁkséﬁe?es havfﬁg a %ianetern%¥p1.6 nn? The

ratiosqfhertes naomexidemdvedtion wnveight pidenbel platinume ay digeusprpbove. These
air dried, and cal 'egatatmmaauueofSawC The

propegjeg PgﬁﬁQWéﬁeFﬁkﬂm(?% subj ected to steanming at a
tenperature of 6600C. in an atnosphere of 100% st eam
inair for 1 hour. [0062] Next, the ion-exchange
process referenced-above is conducted. Afterwards, the
spheres are inpregnated with an aqueous sol ution of
tin(ll)chloride: ethyl enedi am netetraacetic
aci d: ammoni um hydroxi de: tetra-am ne plati num chl ori de
to incorporate platinumand tin on the spheres, dried
and calcined in air with 3% steam at 538C, as
di scl osed in Exanple 1 of US 2007/0060779 Al . Thus,
t he spheres have 250 wei ght-ppm pl ati num and 2000
wei ght-ppm tin based on the weight of the catal yst.
Such a pre-netal -i npregnated i on-exchanged catal yst is
made according to US 6,143,941 and US 2007/ 0060779
Al .[0063J Afterwards, the netal inpregnated spheres
are again subjected to the ionexchange process. Thus,
the spheres are subject to the ion exchange process
before and after the netal inpregnation with platinum
and tin.
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Exanpl e 4 [0064] A catalyst is nade in accordance to
Exanpl e 1, except the ion-exchange process is

WO28MlIe2dd only once before the spheres are n®C3[US2008/084106
i mpregnated, dried, and cal cined. The catalyst is
subsequent|ly subjected to an oxidative steam ng.
Particularly, the catalyst is heated to 4000C. for 24
hours in an environment including 1 nole percent steam
at 720 kPa and 0.3 nol e percent oxygen. Afterwards,

the steamis continued while,t tenperature i s ranped
up to 4500C. and hel d at ?ﬁ??l?g

nperature for 10 hours
EQfhpldNafhbeRV! '

onnment ptncl udi ng 2. 0OAp&i € perqe0 area)/(weight %
oxygen. Subsequ datively steang

is subjected to
Exanpl e 1 [0065]

LS nro

cat.al yst

erﬁﬂM bw )gﬂﬁ
K

E)R%CJ 1l

nl:v

f n}phosphate-bound

mge process. Co

rml e 1 aveant

d cat al
npari son
I\/FI

|oﬁ$@ﬁéhdnge pr

ocess A0 condué

UI\U\’PI.

once

't ed dﬁp9

I. II\,

bef or e %4

(o] =) re—met

hiEamplg

i on-e

i Ilpl:;géjlldl ed;

arie d—cafl

condu

cineda. .
cted once.

xchange” processg is only

on cabahyst is$s madep.aogordin
rison Exanple!2 [0066] A catialyst is

ThE%arh Rreri zat g to U8.000

6.143,941. Conp

prEpanpbéﬁn acc

cnhearu

or dancd3® o Ccnparlsoﬁo@&anpla 1, an@-4&d
eete i

+ln/,

oo TY

g-t-o—+hasging alul ng—n
Conpraaaa the i of0 Tor BORL S 0.135

P@ﬁ thh exchange pr ut not
Comasivod son EXgpple 3 [OO67¢06gcaIalyst 'S 0.077

p epareé‘hﬁ accordance to Conparison Exanple 1, and is

Coﬁﬁmﬁﬂmtﬂp}e 3upj ect ed6@ o cal ¢i ni ng0.DA2 accordance W36

e _Lon pyr‘hgngg ppggegg,,__,but__
Compwymnék@cmw%ﬁ 50N Exdfl e 4 | 0.159

0068JVR80¢tat al yist is

1437947
00% st eam

S e g SR T 1 A

ajing i s at an atnosphere of 1
CofnBhrisbnFoampanél ght ppm0.178

0.010 0.256

l he caushyst contai ng.0890 wei
Comparison Example 7 390

Comparison Example 8 380 0.008 0.211

Comparison Example 9 380 0.007 0.184

Comparison Example 10 350 0.007 0.200

380 0.006 0.158

Comparison Example 11

As depicted, Example 3, containing tin, has no measurable carbon monoxide absorbance.
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pl ati num Subsequently, the catalyst is subjected to

washi ng, rinsing and cal cining according to the ion
WORMEAYE process, except both wash stages onPCT{U$H2008/084106

amoni um nitrate. Conpari son Exanple 5 [0069] A

catalyst is prepared in accordance to Exanple 1 of US

6, 143, 941 except the steaming is at an at nosphere of

100% steam for 1 hour and the catal yst contains 400
I%ﬂhahgh«ppn1platinun1 Subsequently, the catalyst is

10074 e 0T B Pl SR £ Do therac
procEREPAR A O FATRICE Lol REd kalifg ARAOBPARERSMPDStion, in percent,
prepared in accordance to Exanple 1 of US 6, 143, 941

by weighept the steaming is in an atnosphere of 100% st eam
for 1 hour. Afterwards, t? qggres are subjected to
the i on exchange process. %ﬁﬁf spheres are then
met al - i npr egnat ed u5|ngb§1€ghmbhgﬁnof tetraam ne
platinumchloride to vield a catalyst precursor with
450 wmei ght - pmmmmmmnmunwbased ontﬂuﬁwmﬁbﬂwéwmtthe

cat al-yst.—Upon—conpleti-on—of-the iup.cu?gl.un, the

spherBdyReezeati ed and cal cined in two stdges as
desc T verConmparison Exanpie 7 [Rg71] A
cata %%?%yggﬁade according to US 6,143,ggl and
anal yrReh-xytaigpar i son Exanpl e (8 [0072] Awaiher catal yst
i s nade according to US 6, 143,941 and analyzed.—— |
Canﬂ@ﬂb@ﬁyExanple 9 [0073] A further(%%QUyst i s made
accoreing—to—YS—6;143, 941—~andanal-yzed—Conparison
Exanpl e 10 [0074] Yet another catal yst is nade

Thlsaf‘égd) fsddoﬁglcfeg With Each43iadAl daete@Balonz e d. fe8dtRAY ¢fSIB0 kPa, a WHSV

anple 11 [0075J Still another catalyst is nmade
of 1achm Or atidng hydrogis/1eydta@rtgmimaledratio af yzle d Theeaipbystsi ase reduced in the

reactor prior to processing the feed.

[0078] Several process measurements are made, such as the weight average bed
temperature (WABT) and the benzene purity (BP), at 70%, by weight, ethylbenzene (EB)
conversion. The BP is the weight percent of benzene on a C6 cycloparaffin or naphthene
(C6N) basis. The BP is calculated as follows:

BP, C6N = (Benzene weight %)/(Benzene weight % + C6N weight %) * 100
[0079] Other measurements include the mole percent of para-xylene (pX %) per xylene in
a product stream, and can be calculated as:

pX% = pX/X * 100%, where:

pX represents moles of para-xylene in the product;
X represents moles of xylene in the product.
[0080] Other measurements taken can include dimethylethylbenzene (DMEB) yield and
xylene loss (XL). The DMEB yield is the sum of weight percent yield for the six isomers in
the product. These isomers are 1-ethyl-2,3-dimethylbenzene, 1-ethyl-2,5-dimethylbenzene, 1-
ethyl-3 4-dimethylbenzene, 1-ethyl-2,4-dimethylbenzene, 1-ethyl-2.6-dimethylbenzene, and
1-ethyl-3,5-dimethylbenzene and can be determined by the method UOP-744-06. The DMEB
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[0076] The exanpl es di scussed above are neasured for
me{)f)ggrg’t percent of platinumand ratio of carbon
WO PY¥E adsorption to wei ght percent of pl afPCAR(IH2E$/084106
di scussed above. These properties are depicted in the
tabl e bel ow. TABLE | s depicted, Exanple 3, containing
tin, has no nmeasurabl e carbon nonoxi de
absor bance. Performance [0077] The catal ysts from Tabl e
yieldlis aieesupt aiCthel yiehd, dypidight pptcant; of these sie&emsrs. Xlhean be determined
reactor processes a non-equilibriumC8 aromatic feed
by thed@TRY2t he fol | owi ng conposition, in percent, by
e L od L . . .
X A e o RS PR P xylenes feed 100
whegrtes smoentaff tH300erdePaan be WiSvhiodd HOUDIP-M4-Gthd a
hydr ogen/ hydr ocarbon nole ratio of 4:1. The catal ysts
looﬁila r%&ﬁ@éﬁﬂcquﬁc@ﬁés PressetsbeMor to processing thé
feed. [0078] Several process neasurenents are nade,
such as the wei ght average bed tenperature (WABT) and
the benzene purity (BP), TABIEB by wei ght,

et hvl henzene (EB)Y conversion The BR ic tho whiaht
+ i LR L =2 =y TOTTV-CT O T e L =4} LI e \'4

ot =1 )

FampaNugtbesenz eneWokB & OS;)%E}GB@M £ RXSF nagitiidg Xylene
(C6N) basis. The BP is ca eight %a)s (f ol | ows: | B¥ieldsN Loss

= (Rempkne wei ght %37 Benzene98si ght |% 23.C8N weldghRt 9% 3.3*

5

* 100 rOO?g] O her-nmeasurerenpt-s—nel

lI‘IQ
T U~ ETTIeTt oo AV p e

pef&emplect paral xyl éA% (pk 0n9%é’rk Xy en%é'ié% :';;Jioﬁc%ﬁct 3.1

sttean d—TCan e fcutated % PX%0 = X % *
V\hgr%gr:nb%) repr esent Esxéirml es of 9%’§r a- xyl e%géftn { hg% 28

pr eddple X representgg nol es oboryl ene i p3bhe produet.| —1.9*
[0080] Ot her nmeasurenentsitaken can iinclude

Couipretdnyiieripi benzend’4 DVEB) yP&Bd and xybdfie | o8IL* 2.8%

VAAYA IR Thao -DAMDRD PPN P~ + £ H [y +
AL LA = l_? yr—T<i ST UIE S Wy €I LELL
Cogﬂpé‘fl?f“f%i‘mfﬂq"e si x i;%q)nsrs in o9 23.8% 0:03* 3.9%
375

Comparison Example 3 97.4% 23.7% 0.03* 2.8%
Comparison Example 4 387 56.6* 23.8% 0.03* 4.0*
Comparison Example 5 394 96.1* 23.6%* 0.03* 3.4%
Comparison Example 6 378 94 5% 23.7% 0.02* 2.7*%
Comparison Example 7 384 89.6 23.7 0.01 2.2

Comparison Example 8 376 93.8 23.8 0.02 4.4
Comparison Example 9 378 93.8 239 0.02 2.6
Comparison Example 10 374 94 4* 23.7* 0.02* 2.4%
Comparison Example 11 397 97.9 239 0.03 7.1

*The benzene purity, para-xylene mole percent, dimethylethylbenzene yield, and xylene loss
of these asterisked values are determined by online gas chromatography measurements. The
gas chromatography instrument can be an instrument sold under the trade designation model
6890 by Agilent of Palo Alto, CA, as discussed above. Otherwise the benzene purity, para-
xylene mole percent, dimethylethylbenzene yield, and xylene loss in the other values are

determined by offline analysis utilizing procedures UOP-744-06 and UOP-690-99.
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15

t he product. These isoners are

| -ethyl -2, 3-di net hyl benzene,

et hyl - 3, 4- di net hyl benzene,

| - et hyl -2, 4-di net hyl benzene,

| -ethyl -2, 6-di net hyl benzene, and

| - et hyl -3, 5-di nef hyl benzene and can be determn ned

[0082F et m@t@owwa@@ystsrcbféir@m left Hayesa (G agea}f{wghth% of

ght p t.hese, si x |so o

plaifmaiasil Sl 1891"6 70D i oS Dot BRETOLy ERe 857

Eﬁﬁgﬂ ! egyﬂ engs 4Pmqsreduldr/ daowaivah G/omyé @s ht % of
Refe %fnm%%gEﬁﬁ e the anogggggf tﬁe xyleneg canzﬁg N °
platxdﬂhﬁaqmtmadofdyowag 17 Mo@®ver] Sl@ﬁli] bempiat i acepmpdisheowisly ajplatinum

esen el ow.. TABLE 3 *Th ene
con PRSI A8 PR dn SERESHENe LAY SURYIBEE | G, @ platinu
contgrﬂ%f X% ﬁgﬁ % Sdsoeﬁ]}eﬂe NSy §5546044,S kRHetiBY Ukl RfEprepared by methods
eterm y onl1ne ‘gas chronatography neasurenents.

asdﬁhﬂ&gﬁﬁm&htmnmuﬂgwamnyaunstnwnent can be an instrunent

0088} L aten R s Ae gesk gnaion, gudel. SA09 D ABL LEMsing the
prec%ﬁﬁ%tﬁ%%rlgﬁ'ﬁﬂ hﬁlll@@l@?&%ﬁqgvé@bﬁ (PR BBRLL extent. The Rrecedmg

I benzen , and xylene loss int

preftﬁfdﬁledpecmﬁb Hﬁﬁodﬂxmnd&ire,rtlnm@de oy botdrisimed anmérghi ifustrative, and not

utilizing pro edures HEP 744- 06 and UOP- 690-99. [ 0082]
hmlsangfptihemaala b thecdisclpspeg 10 agy WBYAHHIWEYS: 4 have a

% ' Isius and,

1008y okl er LR W Y R G iR fTRs €
all p98s 30 pdrigherges mg btykoeTghl wnldss obfheawisk amhda,tedz and 4, in

articular, can have a (CO areai/é b% %f platinu h
!00§§bt i lEAm B¢ fyegEng d??CTP“%P%\)% led @ jap aih Chpfistly psqegtain the

esseﬁt?aq %HBJf:n&t ftgzs WEM‘S thQt:nﬁ}n' eﬁ‘leNﬁH&Ut Ql@#:arﬂfl gt the 3piBit Qxﬁf@cope
n confrast, the catalyst of Conpar son Exanpl e 10 has
theréf plaatnhakeMagiom eahgefand mbddfatiobudf the berneoetopdapt iy taofarious
94.4% Cenerally, catalysts prepared by nethods as
usaggs avd . c¥dHioRBove can i nprove benzene purity. 10083]
Wthout further elaboration, it is believed that one
skilled in the art can, using the precedi ng
description, utilize the present invention to its
fullest extent. The preceding preferred specific
enbodi nents are, therefore, to be construed as nerely
illustrative, and not limtative of the remainder of
the disclosure in any way what soever.
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[0084] In the foregoing, all tenperatures are set

forth uncorrected in degrees Celsius and, all parts
WOZH/He¥2dent ages are by wei ght, unl ess ot her wiP§d/US2008/084106

i ndi cated. [0085] Fromthe foregoing description, one

skilled in the art can easily ascertain the essenti al

characteristics of this invention and, w thout

departing fromthe spirit and scope thereof, can nake
CLAISIS: ous changes and nodifications of the invention to

adapt it to various usages and conditions. CLAI MS: 1.

An iop-exchanged,xyl ene i sonerjizati.o tal yst,
1. corrpr‘{‘] f(}?@?xcg%‘gﬁp5‘?4ef%stogle§'§a/%o%cf¥a\}\%‘q’l?’gcﬁ?‘,p%g%%at | east
one ofy Woh 19Es 99U, weERt, JVaSieadyibhe of AN, NIBN, EMORFER, MFS,

and FAU zeolite; 2) from1%to 99% by weight, of a
MTBIMER, TEMNPVIOR, agd &N lataghiiaaum phosphat e; and 3) no

rore A0, 8B, Y O P PRl EL S g e

and @ quotient of (CO area)/(weight % of the noble netal)
of no nore than 0.10. 2. The ion-exchanged xyl ene ,
i sonedi raniae theat?ad pem, by ewighi.rng atnoblsl ra¢tah lasedpretheiweight of the

RS 55 B  BOTLSuT20 BE  o o

Qp®ripzati on catal yst according to claim1l, wherein
e noble netal conprises platinum 4. The
i on- exchanged xyl ene isonerization catal yst accordi ng

to.claim1, wherein the catal yst conprises: from 10% :
2 ¢ o THT B AERGNE R PORE EIr T der RO Bo g Qopperein the
catam{t MG REs 10 11509 pAERIISOGpD by Wseth entRXGBRNG&H. XY| ene
I"'sonmeri zation catal yst according to claim1l, wherein
the catalyst has a quotient of (CO area)/(weight % of

mork
t

3. ! h%hg ?&Exoﬁ%&‘é& xﬁfeneoisgr?leEigat%hlc%'talyst according to claim 1, wherein the

noble metal comprises platinum.

4. The ion-exchanged xylene isomerization catalyst according to claim 1, wherein the

catalyst comprises:
from 10% to 90%, by weight, of the binder; and
from 10% to 90%, by weight, of the zeolite.

5. The ion-exchanged xylene isomerization catalyst according to claim 1, wherein the

catalyst has a quotient of (CO area)/(weight % of the noble metal) of 0.05 to 0.10.

6. The ion-exchanged xylene isomerization catalyst according to claim 1, wherein the

caialyst has a quotient of (CO area)/(weight % of the noble metal) of 0.05 to 0.08.

7. The ion-exchanged xylene isomerization catalyst according to claim 1, wherein the

catalyst has a quotient of (CO area)/(weight % of the noble metal) of 0.05 to 0.07.
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6. The ion-exchanged xyl ene isonerization catal yst
according to claiml1l, wherein the catalyst has a
WO 176R¢ of (CO area)/ (wei ght % of the nobl e PEELERY08HP4106
0.05 to 0.08. 7. The ion-exchanged xyl ene
I somerization catal yst according to claim1l, wherein
the catal yst has a quotient of (CO area)/(wei ght % of
the noble netal) of 0.05 to 0.07.8. The ion-exchanged )
8. xyTemeon-sxamengedatylor samatiyaionaaedysdiagepreiwedpailanny/, wherein the
wherein the n?ble metal conprises platinum 9. The
nOblFé‘}F.&g)?{?ﬁ’;RH@eéd’ HA"8he i somerization catal yst according
to claim8, wherein the at |east one zeolite conprises
MFI. 10. The ion-exchanged xyl ene isonerization ,
9. cafTht ystembagedixytpne dsaphexizaiion cathlgsteiceonding tealamys twherein the at
. ) 0 .
least&eg@%?@ggg@ggges%dco area)/ (wei ght % of platinum of

10. The ion-exchanged xylene isomerization catalyst according to claim 9, wherein the

catalyst has a quotient of (CO area)/(weight % of platinum) of 0.06 to 0.10.
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