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_a process tor xylene i someri zation using a two cat al yst system
‘wherein the - first catalyst conprises a silica bound, internediate
pore size zeolite that, optionally, has been selectlvated at 5
| east once to inprove its ethylbenzene converS|on selectivity and
wherein the second catal yst _i s eff C catal yze xyl ene

i somerization reactions. DUAL BE S! OMERLZAILGNT uabl e cheni cal

f eedst ock whi ch may be derived from m.xtures of C[err] aromatics
separated from - t I S +Reh Ay

particularly 1sr ém{%ﬁ&ﬁ-@ﬁ q%sg‘a#c%% sgﬁ %&.\%%@so vent q@xt raction.
The Csemetriantien using gumorrmle@tamm.r viezedn tde are:

é(5)i tC first, cftalfétFE%%lﬂgigﬁ[s a s3dlilda"bound, Q@ih ‘b"él g‘gbédlate pore

95. 0 size geolite t96§'9°Pthm§11Y'P§P§ %ﬁ%@héelectlvatedlétz

' éggg 5 1§§§t9oRce to imphlve XseRthylbenzene €bnversion 138.8
t.nQ

Cal cul at ed tﬁSllﬁE&}N&ﬁf/ a@&lehieEﬁ"é' ft%ﬂg ﬁ?@c’@deﬁa]taﬁysoc is zﬁ'fd"ne‘ﬁ%%'v]e sorrer s |

at 850F (454katalGzeatglene isomerizatifortoreantivareene
8.5 30 W _% Par. | e % h' h Wao
Met a- xyl ene ParaZxylehe 1% jgvgluable chemﬁﬁa% éﬁ]toc whic y/
21.5 be derived from mixtures off@pARromatics §99agated from
10 such raw materials as petroleum naphthas, partlcularly
reformates, usually by selective solvent extraction. The

C, aromatics in such mixtures and their properties are:

P ; 'l i i
15 | . | Freezing Boiling } Densxty
Point °C Point °C Kg/m? N
1
Ethylbenzene - 95.0 136.2 869.9 |
20 Para-xylene 13.2 138.5 863.9
Meta~-xylene - -47.4 138.8 866.3 |
]
- -25. .0 883.1 !
. IOrtho Xylene I 25.4 1 144 O l ]
25 .
. _ 'célculated thermodynamic equilibria for the C, |
aromatic isomers at 850°F (454°C) are: '
Wt.% Ethylbenzene 8.5
30 . Wt.% Para-xylene 22.5
Wt.% Meta-xylene 48.0
Wt.% Ortho-xylene _ ' 21.5
: TOTAL ~100.0
35 Principal sources of the mixtures of C, aromatics are

catalytically reformed naphthas and pyrolysis distillates.
The C, aromatic fractions from these sources vary quite
widely in composition but will usually be in the range of
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and ret a- x?ﬁbﬁ@th@oﬁBFBFEtﬁ-é’ﬁ‘D\X&l 9off the Rangy tﬁfﬁ"e?ﬁshoﬂ? tREMRFARYe -by

convent i ongép gggagdﬁ,, e.g., di Stl |1 at ion, is therefore inpractical. An
et hyl benzene g@r ati,on.col u sed in the isoner zer-segar at or
| oop or the et h@?bgﬁ fEc BESc ’9’ &g 13nd | PTERO-%Y en?h’e

i someri zerinepeastd; lisoperization oﬂ rth‘aarqttwmo@,smnfarioa/ltﬂne

| SOTetd 72t 0y SANUE! SLA: sors i AR I8 S EOnodLE! PG DY the need

nversi o Ienes ounds 10 acceptabl e
| evel s. Thim¢reasgothe Naﬁéﬂﬁt iof rfém)\dﬂsmedstxwlmﬁerieasobecbmeposm bl e,

operating EREQéLéQH§19r§m§b&Eln&?'eCted to
As will be seenlln the table of properties above, the
boiling point of ethylbenzene is very close to those of
20 para-xylene and meta-xylene. Complete removal of :
ethylbenzene from the Chafge'by_conventional methods, e.g.,
distillation, is therefore impractical. An ethylbenzene
separation column may be used .in the isomeriZer-sebarator
loop or the ethylbenzene may be converted catalytically in
25 the isomerizer-separator loop. |
In many processes for xyleﬁe isomerization, conversion
of ethylbenzene is constrained by the need to hold
conversion of xylenes to other compounds to acceptable
levels. Thus, although catalytic removal of ethylbenzene
30 is possible, operating coﬁditions are still selected to
balance the disadvantages}of xylene loss by transalkylation
with the conversion of etHylbenzene. |
The process of the pfesent invention is directed to
converting high_percentages of the ethylbenzene present in
35  mixed ethylbenZenenylene'containing feeds, while
simultaneously m1n1m121ng xylene 1oss and converting
Xylenes to approxlmately the thermal equlllbrlum
concentration. In this way, the volume of any recycle_



bal ance the di sadvant ages of xyiene | oss by transal kyl ati on | t he
conver si onWer96d6905| benzene. The process of the prgggr?tsggl’ﬂr@%nt I on
is directed to converting high perce3t=ages of the ethyl benzene present

%in 35 m xed et hyl benzene-xyl ene containing feeds, while

si mul t aneoussyreani and/ay fphbhexisysoingheoReparAdon Progessess negded
appr oxi g?t :lninﬁ ggxgggh@&eeevéky%rggﬁgoSgeomﬁmnri%aqn- I'n this way, the
pCT/U395/160%6 in embodiment of this invention is g process fOF .om

and/ or conpl gxbhiteEst peoaapeiohi gropr acfeeds contddthing ethylbenzéyecne
recovery proceas %rf niginized enbodi nent. of 2ﬁis I_nvention
pg, at least,

ed. Al
is a pro'?:essa PBﬁaFV&§n5r05B8tPSH°gF nF?mpgéélgghF nfﬁ&ps
et hyl benzeneof: 5(a)andoatattinyg the fgednwithha ficestscatahysitsiungerhe
t , t | : < \Ms £ I
ot ! benzeneSEaiEahzERE BehvRE<1BR, LBRALEIERST o) ihlerehy” ittt e
et hyl benzeneetbplbeagaepeodapletede PrPARCtea fiingd ggtalyst heimgetive to

produce | esgskhaat%%e\(;@bg &-o%.:{ea_r aeévzsl Qﬁ%n""@@”we_i%ﬁit ;cgﬁtz%ciﬂy]%ré fvﬂﬁdzd 20
wel gt 8 ot hyPBERGEABIaP. feed’ CORCAIAIDNA 60 ¥esaio0r RebAAaNa 020 &
_ 26 ers]stlre ff &Eggmi ¢ ortho-xiléde haaﬁ)zg :rma\zsgmhi3 % rmmyll etz _f\aiﬂ (K(:ij ';y 01; ]
r[err], an a_hydragen ,t rQcarbon nmolar rati.q of 1;
cont acti ng tﬁ@mgﬁﬁﬁFBEﬁzgﬁegggp?eﬁégsﬁ o&ﬁdtamaﬁ?%§Q§§u§ﬁifgo PS1%at al yst
under xyl ene(l3d6ekPaali,on weighti bowurly spaceOvelowltyy ofat2d dust, and
aronmati c conpo P 3 e sRENZENE, be renmpoved from
t he ethylbeggeﬁggrogeg t&egP2583‘5F88u§?¥§?e§?5692g?ﬁgr ?ﬁ%ﬁ\the product of
step DB coptactangr thet ethydbpizened depd efeso pyadaal ywithng, sacond

located in sgpapdi8tPaAder x¥1ened/ieonR3dlzaf i o @driditions. catal yst and
t he second catal ySt _may be | O0cated in separate ~reactors. At |east

e
one ar omat i cOBGAPBARAY s At AEREF PREMATOMAtLG |GOMRAWAGye B &hre RAFESE ed
product bet -\A&gmehbeo&emahﬁe mdy be eRuioved froie the Etmabdnsdndmy be

e oL ol eaRh el NIRRT B Ay SR o g "
cat al ys20 and (bprbi Fhei disstheatalysthand tdte second catalystt may tee a
si11ca bound, abeePdhakeponte’ iills 30 a AHYId Tddiflof1?s RPN i ed
y being exposed to at [east
catalyst and the second catalyst may be located in separate
reactors. At least one aromatic compound is removed from
the ethylbenzene depleted product between the sepafate
25 reactors. The first catalyst may be selectivated by a
' method selected from the group consisting of impregnation
of the catalyst with a silicon compound, cocke selectivation
~of the catalyst-énd combinations thereof. The first
éatalyst may be a silica bound intermediate pore size
30 zeolite that has been modified by being exposed to at least
three selectivation sequences, each seleétivation sequence
comprising the'steps of contacting the zeolite with a
selectivating agent and subsequently calcining the
selectivated zeolite. The first catalyst méy be one which
35 requires at least 1200 minutes to sorb ortho-xylene in an
amount equal to 30% of the equilibrium sorption capacity
for xyleneé at 120°C and at a xylene partial pressure of
4.5 + 0.8 mm of mercury (493 to 707 Paa). The first



three sel ectivation sequences, each sel ectivation sequence

conpri si deligoost eps of contacting the zeolite with a PCT/BSI506006V at | ng
agent and subsequently cal ci n| ng t he -y sel ectivated zeolite. The first ,
catal yst may be one which requires at least 1200 mnutes to sorb - :
ortho-xyl e n@;g] q.é;g LhDE U sorption
capacity Egtéﬂy’?% ma Iene t 120[ ﬁéhand ﬂa%;aa ﬁaeé grt?’a pressure
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conponent EQFEG%% °Ea(¥ﬁh SRS %“1&% aﬂ&ﬂ?,ﬁf" ’ff% %?gy maYGF'Sup VB,
G oup § VB, tfeatpdl thcoﬁpm.use Iitariceasmm.rm iwabght petbento&lhalﬂ.he
Periodic Ta Ik q;t)g eate o] |

| east 0.03% %&ggéhf’ l ear]ft?"tn tﬁ tm C%S1+é %n%n a%ﬁggnétggtgi
excl usi ve of aﬂu}ta&llm ﬁarxmhalmetal p:!reeerklalfmwynhhas;al ofrtbent from

synthesis ghehigee. 8@l 2ik¥e califdd Slaf Bé! yelatiBy. Popn! camed. ~An

alternative e e present I nverftion 1 s process for
i soneri zi n§13@9ll'§ﬁ§§-"|en e&lbl@ei@ off khR) presegt hywenﬁéﬁe afdaxyl enes,

whergag t hﬁrBééQstbQ'nG.somerﬁ.qfl@Biypéné&\ i &epsedhasntashiay ther nal

equilrbriu rocess conpri sin he st eps of (a contactlhg
The Teod uRBEY LBERFEBEN AN RARNAS JHRGEs LR Oha BRBRE I eRe S i 1 o
cat al yst ceonceamgta.om Ims:aetsmdﬂran thatngk atherhal neguil ébpdum, sthe

zeolite, gPﬁggst %%m%g&%[ln& Ithecaétaé éh}feqw res -at least 50 mnutes to

sorb 30% of um capacl of ortho-xylene at 120[err]C and
at an (abthconyzlacrte.qmr’cthealfqydamdar oéthlylsbeﬂzenm(moérsmoao 707

Paa) (f {:BH&Xm% " §itn %?f ﬁ’?{éﬂ%s@%é‘méﬂ&mea a € ?kf:&eb%dle!}e

first”catalyst has een no east one
sel ecti vat 888 apgdatesmedia te pore | size v%&‘tht%eqﬂbﬁ‘éelnoﬁbﬁl §ingtihe

steps of cgRtatihdrequiridi atcalddsx B4 mﬁaﬁeés%bva&fﬂgsaseak ead
subsequent | 2? QaIC|n|n the s Iectlvated zeolite é
cont act i ngeéHé éPFI"L‘}é‘ntc é:tfe heeylene Rt 120 cl §BﬁePFz Pi.on

condltlonSom:hb-ay&W@are&iadlygiressure of 4me+node fh ¢483l kenzene (EB)
o o0 g Pa8 )b mer AP WRLILER YA A0 RRERER BoLe B o,
bel ow. zeolite of the first catalyst has been modified by being
exposed to at least one selectlvatzon sequence, the
selectlvatlon sequence comprlszng the steps of contactlng
the zeollte with a selectlvatlng agent and subsequently
25 calcining the selectivated zeolite. and
(b) contacting the effluent from step (a) under xylene
lsomerlzatlon conditions with a second catalyst.
One mode of ethylbenzene (EB) reductlon is through
disproportionation to benzene (BZ) and dlethylbenzene
30 (DEB). A representation éf"this reacticn is giﬁen below:
EB + EB —> BZ +  DEB o (1)
Another reaction for EB reductzon is through dealkylatlon '
to BZ and ethylene (ETH) _ _
A representation of this reaction is given'below:

' 35 ~ EB ~—> Bz + ETH (@)
‘The ethylene produced is saturated-to_ethane using hYdrogen'
in the presence of a hydrogenation catalyst, such as
platinum. Several undesirable side reactions may also take



EB + EB -> BZ + DEB - (1) Anot her

reaction f‘p695&06§duct ion is through deal kyl ati on t 0o BCEUSISA60eG| ene
(ETH). representatlon of thiggleaction is given below 35

*EB + ETH. = (2) The et hyl ene
produced is : t{@ MO OBSds . RepreddRedt sopcRoR! 2
hydr ogenat i (Pﬁ.aaéé{ E‘é%&_-ﬁ“f qu pl at’i num Seveﬂ: al desirabl e side
reactlons|ﬂ§pmﬁs§ft¢hﬁamajor Side Kﬂ?%ﬁ#QHﬁxE?e given below:

PCT/ US95/ 16006 gp  + XYL —> + DMEB 5- pl ace(3)

| eading to xylene (XYL) lo Repre at o sone of th j or
side reactions ar®”given b Sﬁgﬁ i XYL -> i4ga
DVEB s XYL +(3) XYL —> TOEB + + TMYL -> TOL + MEB)
(4) 5 XA, - = TVB : 3)
ETH + XYL ->>%LDT/EB owzs (6) v$h2re
DMVEB i s di net hyl ethgaréenzene, TOL is toluene, 10

MEB is nmethyl ethyl benggig, j@ndimethylethylbenzendMB i s trinethyl benzene.
In the process of this 1 nvention, any reaction Ieadlng to

ethylbenzene dest ruct i BRori%d ®%n is referred to herein as

“et hyl hgnzene conversimypp” & ﬁmléﬂ@plb@ﬂsene,lénd reactions as depicted
by equations 1 and 2 Reactions as depicted in

desir
equations 3 through Gqéi%n €51methylb§?ﬁ$?3r and rel ated types of
reactions afnnunﬁsﬂpratéssamﬂ this inwertioh| eahyveegctibnrleddingato

reactions lE*%ﬁi%%éﬁ% % 5@%¥ﬁ ct1 hOSS: coﬁ%é?sx?ﬂ 2ddi-begprb@ tBe above

descri bed rea ene i somer| I'on reactlons may occur
S|nultaneoushqreinPE$t%#MQYQb%@h9@¢s¢@nVan§leFBneofo§§ese reactidngef erred

to hergi f?ﬁé( Sk exgn &&Eléﬂe&%?aéqasﬁbﬁs 1 and 8nawst aekiehbykbenzene
and tota xy enes I'n the produc apount Coggounds

in the feed.Reagtions as §°FQQ/bPoﬁggétéﬂﬁﬁrFsEQrEHﬁPaétPﬂﬁngn
i soneri zat i ogyh Epshr CORE ak-6l #8ed] ypesaceBehesivhshaze unpesizdblat ahist

SyStem e P e CORYET S8 ERROLD] 20° re2Tons 3 gpg TS’ Shine
(204.4[err] Qoés. | ,ADSprihFadddtisheto] the abpvesdeserobeﬁrgnactlons,
20 the xylene isomerization reactions may occur
simultaneously. Ethylbenzene conversion and xylene loss,
as refefred to herein, may be determined by comparing the
amount of ethylbenzene and total xylenes in the product
~ with the amount of those compounds in the feed.
25 , This new process comprzses contacting an 1somerlzatlon
. feed containing C, aromatics with an improved catalyst
system, under suitable conversion conditions. Some
conversion conditions may include a temperature of from
400°F (204.4°C) to 1,000°F (537.8°C), a pressure of from 0
30 (101 kPaa) to 1,000 psig (6996 kPaa), a weight hourly space
velocity (WHSV) of between 0.1 and 200 hr-!, and a hydrogen,
H,, to hydrocarbon, HC, molar ratio of between 0.5 and 10.
The system of this invention comprises two catalysts.
One of the catalysts, the first catalyst, is selective for
35 ethylbenzene conversion while minimizing xylene loss. The
other catalyst of the system, the second catalyst;
isomerizes the xylenes to effect isomerization to the
extent that the amount of para-xylene in the isomerization



30 (101 kPaa) to 1,000-psig (6996 kPaa), a weight hourly space

vel oci t yy, g\%?ﬁgﬁ, of between 0.1 and 200 hr[err], and a hydpopases/i16006
Herr], to ocarbon, HC, nolar ratiqgf between 0.5 and 10.

- The system of this |nvention conprises two catal ysts. One of the

catal ysts,; {\;\ﬂ&ré{:rﬁé Sﬁbi"b&ihatbiysﬁlqﬁﬁtl' fcﬁ:" grebter eérta&k bee nee

conversio e mninzi ng bX- ené |.oss. ot her catalyst of the
ibri

system t hehectharmal: Ay um of t?@r’réﬁyllf&e(tsﬁe' xyerRRet o ef f ect

i someri zatépbod PméAt of the pestess,t ltdle ifirsAiuatalfstharFitXydRe in the
i someri zati.on

" PCT/ US95/ 1980'% red“cedpPS’d&Xf‘%P’sggﬁpr‘&ﬂ%&?%aﬁf PSP E2 ¢ han
that & t heneé hembutiimgot| pifr thibsofinvientidreniss & .process for :
embodi.ment ; ol L P, ph C§S§eeﬁh§hﬁbhsko%taelln5§s?ﬁMéxlon?A% Qitgl fpced
act|V|tyfor I somer | atlon e xyle émI)no ment of this
i nventi on ¢khylbenzens apd xylenpsdpewhiichy the @aramirykerent ai ns an
aromati ¢ GoRédntritibh 95 less %ha\sl RRAZERR AHbrid NG ﬂfﬂﬂ-%the

‘par a- xyl ene concentration is less than that at thermal equilibrium

whi ch’ pr ocBiCR GREPFEEE EBRPRAEERg COREacEdng (hheerfeqf, YRIBEri zati on
condijtg onsisamébifatibncabaitionsst with a uwis:lwhmst faystemat al yst and

d I f
catal yor conpridias S rigst pasaay AR AR & FAIEE aake tet clgraeadis !
whi ch has separdn‘eencabdﬂ.irstdbbgisbmeg'eaxpdsm firstt dmtysmecdrﬁprlses
Select ! valyg SEONERATac i BbERN <R SUHAlLe!2d Yl SOMIFIEE wnicn LREL LOES

t he steps of con |te Wt and
subsequentbger anedifhgdt R¥ beings epposiedatal atedigast anr i nternediate pore

si ze 1ze0l 'é@lect:.vét'ibﬁeéeéﬁbﬂ&ecOm'éi%qnv"'ttﬂ'é %éﬂ.éé@ﬁré&iﬂ?rse@@néé‘e 20

second cata St COWEFISGS an |nterned|ate pore Ssize - zeol
ZSM 5, V\helﬁré‘ﬂﬂu@ﬂ% RecpheBsaPé Fontasting the Zanlite (with 3y | crystal
size zeol ig@lecbivatitngi Agefit and subise V& dAELFing aeelite is

of the 25 SeteqyERRER 8RR aten Tt dhireriiy ”ke” g4 PTG aeltee S 1T

convert ed furtikercheingytombined withompaiidsa dsihder; and etineed by
Lo 20,2 | QLA @4 £ELPEE BDbr T6RE" it redile pore (OIVE" o' O Of &

Ieast 15 ercen
zeollte, e.g., ZSM-5, wherein the intermediate pore size

zeolite is a small crystal size zeollte, and wherein the
intermediate pore size zeolite is éharacterized by an alpha
value of less than 100; whereby at least 15% of the

25 ethylbenzene present in the aromatic C, mixture is
converted to benzene, xylene, or to. compounds readily
removed by distillation from the aromatic C, mixture. The
conversion of at least 15 weight percent of the

~ ethylbenzene present in the féed may be considered to

30 . produce an ethylbenzene depleted product.

The modified zeolite?mentidned above as being useful
as the first catalyst typically comprises a silica bound
intermediate pore size zedlite, e.g., ZSM-S, which has been

. coated with at least one céating,'e.g,, at least two

35 coatings, e.g., at least 3 coatings, e.g., from 4 to 6
coatings, of a silicon selectivating agent, wherein each
coating of selectivating agent is applied to the zeolite by
a process comprising the steps of contacting the bound



‘et hyl benzene present in the feed may be considered to 30 p?ggﬁgg ﬁﬁ
et hyl benzewe 9846008t ed pr oduct. The nodified zeoli %’ oned

.above as bei ng useful as the first edtwalyst typically conprises a
silica bound i nternmedi ate pore size zeolite, e.g., ZSM5, which has
been cogaealyéthwathl eadiquad ovgahagilicgn, sglecsivating sgent

coatings, egﬂaeg{,t' $ASL §€.&B Wﬁ egﬁ'rl@rgﬁndf Eﬁﬁ‘séqhgn@ly caledalingodtheof a

silicon sel I'ng agen erelrn -coating Of selectivating
agent is apptabalystihB aBoPXygepycontainipgoasyosphepe-si fhe FETIEERs of

contacting t bgung ani¥019601608% it ma be water or another
PCT/ US95/ 160 @gy BeNén org g Y

y Wth a
liquid & ganBIRePE8NSeERELPPyat FRE %584 te mapr@s&ﬁf“b|lHe§ IWJ‘ %’rh arrier
and SUbSequeQi!l!caaandtangélﬁere or aftalybieing @oaiwedgerithotha ni ng

at nospher e. b n._ar i_C 0 ar:\Y r or
anothgr 5 g88§§V§§FBF|SﬁegﬁThe%?%oF%ng%E mﬁéq%b%g'%ghEVAthnEﬁ'WQE%
silica bi ndethée‘amﬁ.ecer banhder bemge@ommmtt eoatingss aiiddy ithex i ng

agent. The z e conbined with t he SI I I ca bi nder between
subsequent ngb.bt:@15§¥1ﬁ)§ Eg@ﬁt sel ecti,vati ng _agent . The '

i nt er meXP at e poreTbﬁzénmaﬂ%qu§ §d@eyzepd ite thﬂ#elﬁ et Asy st

typically cogpei $¢¢st BR¥alPs? thpidally ccﬁdp&tiits@s ¥ #ReJARE idre.large
Anot her enbodi nent _of the-inyention includes a process of xyl ene

i soneri zat i oﬁrhi’?té&n?&&ﬁ #§°418d conprising an 15 aromatic (err]
m xture of ethyl banseheraetbodicment fvtheh :drhxentlon garcd-uddse e process

concentration.i s ess t, t. .t

i soneri zat i oREcEXAERE or3r§%%\ﬁg]%tat§1°n 4 @clntactmﬁ %&1 lHB[ sygeT%'nr% an

i ncl udi 0§ t haramatdécneytmbxbure of ﬁ'guyibeuzememﬂdxzﬂenpow whighz&BRi t e
whi ch has begg 20xy1liel aindBRftirdtdbr )  1RAE Yhad'eERIY Yh oY redi ate

por e Eroedrite at erate tenperatures. Yet anot her
enbodi ment oﬁqvhélbﬁ'\l-élﬁtrl md%mmra}zatmmﬂf@stm%«ww i&dHe i zati on

by contacti ngog gbﬁ%t ‘cata0YEY isYgtEn i g 1Eind Herddove Méﬂﬁdﬁed

et hyl benzene an | ene n mhlch th ar a- xyl.ene .co ntr tionis |ess
t han t hBeddE Jﬁ‘?erlﬁ%l es‘{y;yr?é? %h% %%dl tions,
with a jpo celpenert modifiesl l&/ﬁmmm'fd tﬂmguodzﬁédmm&nmmdnatte‘ e

modi fied int er r;l:{‘adlz‘fieto i or % 1:S 'mzo%ezraqée' tteemper:r:ﬁ.:u::'es.

Yet another embodiment of the invention includes a
process of xylene isomerization by contacting a feed
comprising an aromatic C, mixture of ethylbenzene and

25' xylene in which the para-xylene concentration is less than

l' that at thermal equilibrium, under isomerization

conditions, with a two component catalyst system including
‘the above mentioned modified intermediate pore size zeolite
which has been optionally further modified by steaming at

30 moderate temperatures and that has been further médified by
selectivating the modified intermediate pore size zeolite.
The selectivation may be performed by coke selectivation
wherein an organic compound is decomposed in the presence
of the modified intermediate pore size zeolite, at

35 conditions suitable for decomposing the organic compound.
Alternatively, the selectivation (trim-selectivation) may
be performed by exposing the modified intermediate pore
size zeolite to a reaction stream that includes a. .



whi ch has been optionally further nodified by steani ng at 30 noder at e

terrpera(t}w,gg, 16006 that has been further nodified by S @lcTsosiadoneg t he
nodi fie nternmedi ate pore size zeolite The selectivation may be
perfornmed by coke selectrvatron ' whérei n an organic conpound is

QooPMPOSChydEdd IS Ws convetrédraiBlal kednlBeaERAAA ROy ©

zeolite conditlons suit deconposi ng the or conpound.
Al ter nat i Rsihectash from A | ERWR T t FPRPIBNAE! P-F&tlpér%}"grr&/ large be perforned

by EXDOS'W%ﬂﬂ&tynekféfihééﬁéééﬁdaﬁﬁfn 0&6mpound§'2%n€@¥'ddhdﬁtfbﬂéﬁmt'on
streamthat | ncb udeg VP {__
PCT/USQS/EHKR? or trim-selectivating the zeoldte. ~ hydrocarbon to
be coavgrted ?rléﬂ\mﬂﬂaq&aféry:;lmélmoaeeaféscrllbeﬂeh\%@ti@iéd mz&tgrouradof
conpounds incl.udi r v of. . si-l.i con ai_ni conpoun S
ondor Con@abaEts v chhanced '8t  ELEARL LY, b0 BHEVARE ;
Advant ageaesiversion aivike detrinbzingodylend dosst Acccmmm,s treve
enhanced %.@o%eklx\ﬁé S{Pr f‘é%éé’e&i‘eﬁﬁe ﬁgesﬁﬂﬁv%%%;‘% 'e‘igfﬂi‘ﬁ}ég zi ng

0

xylene | oSs ccor ati.on- process present
i nvent i on iManensed selecr%\re%xeﬁoeee‘ébﬂbewener cemﬁreéwzveraéid;@rﬂkr si on

and §BY 1QxhiBdd A tc@p&@ﬂﬁﬁ*' fdrfﬂhcrésééasg[ﬁra%éﬁeefiﬁ-d&%%n on.

Feedst ock In general, any aromatic err] "'m xture containi ng

et hyl benzene and xyl ene may be used as feed to the process of this
|nvent|onpéaayxd&ky, such m xture w || typrcally 15 have an et hyl benzene
content in the _apps ercent, an

ort ho-xyl ene c¢ ? X%#l?# gynggr%%?b% ﬁht%”’fﬁ‘ﬁﬁ% Sgn%agglgg wei ght
percent, atmtlbendens and xlcbamenmaynbehesedpasxrfrmde toatde grdttess 95

wei ght pe TgTe ar an f |g
e.g., Cfenarg hJ'cson l}il n a%oﬂ? a%éﬂéf‘%glgé gﬁ{: ﬂpén?.()::tg hy zﬂéﬁ% vmr&{ h
t he bélan@@“@ﬂ&ﬂuﬁﬁthbﬁﬂ#%ﬁﬂ ¢ﬂn§Gﬂttanth6 approxivate rangenqﬁri

qerr] mogdirgy rWé’;cj}?@tﬁ’éPcéWB aaﬂrrai-tﬁohsmaﬁer kdPtent in itHe . Naphthenes

and paraffins in an anount qgg . percent. In a preferred
enbodi nenPRARKINALS (TRTS %e§°2§5 wﬁégﬁ§ P&rﬁﬁﬁﬁes§z¥Qﬁ%GKK¥?Qﬁ
Cerr] ar otatierst sirchtivs appwcx1mate range of 20 to 95 weight percent

and a para-xylene range of 0 to 25 welght percent, e. g.,

20 may contain about 10 to 15 welght percent ethylbenzene with
the balance xylenes. The feed in addltlon to the above
aromatic C, mixture may contazn non-aromatlc hydrocarbcns,
i.e., naphthenes and paraffins in an amount up to 30 weight
percent. 1In a preferred embodlment the invention prov1des

25 means to process a mixture of C, aromatxcs such as that
derived after other known processing steps such as solvent
extraction and distillation from catalytlc reforming of a
petroleum naphtha to a mixture of reduced ethylbenzene
content and increased contént:cf para-xylene. The

30 invention is particularly effective in'treating a para-
xylene lean mixture of C, éromatics to increase'the para-
xylene concentration up to approx1mate1y the thermal
equilibrium level. .

The catalyst of the present 1nventlcn is especlally

35  suitable for the isomerization of C, arcmatlc streams that
contain 5 to 60 wt.$% ethylbenzene,'e g., 5 to 50 wt %
ethylbenzene. This range spans the range of ethylbenzene




‘derived after other known processing steps such as sol vent - extraction
and disti I%t érom catalytic reformng of a pet r ol eROTUSRYIGA86 t 0 a
nlxture of 're uce et hyl benzene contgnt and increased content of

*par a- xylene The 30 -invention is particularly effective in treating a
par a- HLRAENE£A0BLK" HECoBbatha thal QFR! etiRd ReoRASe rorma-

xyl ene conce ?Pﬁ P proximately the thernal equi |br|um

| evel . and anyrQ&YaR§sga§P1ﬂﬁé HPé§ethFhFEﬁFFGﬁ 2 3Yy 35

sui tabl e for I ek i g0 BE mdrafane amd udntnched contain
LA sbﬁ r%gﬁeﬁbﬁbﬁﬁ} ¢brCrea ]kl @o

eth
range spans pﬁ§a,f§p,§gzg]rf]egpﬁy%ggﬁzgﬁgsent in une%aggy/afg%gggggmatl-g' S
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concentrations of streans that are derived froma reforner and a
pyrolysis gasoline unit. The present catal yst may have high activity
for cracki ngpgbcessngonddtilonsnched - paraff ins of the type present
in unextracted C[ r Q-G%tdc% th'fi tnd 'p¥dEent inventidH 0Gass ABgvd tions
I n accordance w tﬁh h present invention, the above, descri bed

f eedst ock rraslebe!ré-bﬁsia&eéés\ﬁqq* Ry o ﬁ%fttla"te‘i with ShenGAtRHYsiui t abl e
conversi on capdkbnORnde? uit@ble Jdbnvatéﬁdxbefmia:marcslmmﬂ to

ef fect xylene”l soneri zation. | e e._conyv.
cond i bhs | AEPISDegzene SHnvenAiam ARG B SEIARYOBR IO St gt iop-
,000[err] F Examplles OfCthese conversarcn'ssnﬂmixﬁldnsnmm:](m akPaa) to 1,000
pS|g (6996, kPaa a t | { t ween
0.1 and 200 f%:eral:ﬁu[r& ﬂf &gm%&? dgzyo«zs a gr\rlt]%q[: d%o rocar bon é}IFifCV@
nmol ar rati o piressure ofbefmmerﬂ CXEJarltPam tn Ja;IQ%Q rﬁﬁ#@e(ﬁ%ﬁﬁé@%ﬁ , @
conver si on t f £060 | F
(343. 3[err] ) etlghé’og’%ﬁ%ié)z%%]wé? ﬂéﬁe@?ﬁﬂpg@f%ﬁfﬁn (doinﬁ@[ ]
kPaa) t®5400hy5 g a5 hardeggen:, hydrecaF e §iC, 2?913%(3"%‘[%r9ﬁ .
and a H2 to Hetiiled d@i'dh@fld)etvﬁerhﬂtﬁ‘ﬁhﬁvew these coMHidkisnbased

o e e O ai e TR ' e duforatiyey 5, Hdn GGz 0Nt of
(343.3° C) to 900°F (482.2°C), a pressure of from 50 (446
kPaa) to 400 psig (2859 kPaa), a WHSV of between 3 and

20 50 hr™ and a H, to HC molar ratio of between 1 and 5. The
WHSV is based on the weight of catalyst composition, i.e.,
the total weight of active catalyst and, if used, binder
therefor.

_ Oone function of the catalyst system is to effect

| l' 25 ethylbenzene conversion with minimal xylene loss. The
ethylbenzene conversion products tend to be compounds that
are more easiiy recovered or are more easily separated from
the mixed xylenes. Optimally, the component effective for
ethylbenzene conversion may be distinguished by limited

30 capability for xylene isomerization. This limited
capability for xylene isomerization arises from a feature
of the present catalyst, a diffusion resistance for
xylenes, particularly ortho-xylene and meta-xylene.

To effect high levels of conversion of ethylbenzene,

35 while'bfinging the xylene. components.of the C, feed to
thermal.équilibrium in the isomerizer without excessive
loss of xylenes to heavier aromatics and other components,



One function of the catal yst systemis to effect 25 ethyl benzene conversion

wth mnpi h |l ene | oss. The et hyl benzene convergéggsddngstgct s tend
to be d%ﬁ%% fi t hat are nore 835|Iy recovered or are nore easily
separated from t he ni xed xyl en Optimally,. the conmponent
effectlve for Ib s By, 9|% | shed by
limted h%ofeeéa588u§|t§ fggég%?gﬁgpxgéﬁﬁﬁﬂéat|éﬁ n1ted

capabll|tgat51ysylsmsteuonirmbéﬁ|vaﬁﬂﬁmﬂnﬁrﬂnﬂ%ﬁfthﬂLQOVEISIOn of the .
present Cé&ﬁb!ﬁ%on@ dh&&ﬂb@ﬁ a®BVE.aNahd Qflgnver51on fﬁéﬁvepa” icularly

ort ho- xyl ene an | ene. | s of

converS|oﬂeﬁﬁrébﬁ9lbéﬁ2éﬁemaY h§5°aFM%QQBQHﬁrﬁﬁrﬁ)b#ﬁF&ytﬁh%rc%ﬂﬁbﬁents of

the ge”éoﬁésﬂu&es or contt:.m@w cpfetidt i UM A fed P euds O & Zfbv Phd hout

excessi ve xyl enes tqQ, heavier. aromati ¢cs and ot her
conponent 8% fIUIdlzea F%@Gﬁ? ne catalyst Gan be regenerated,

PCT/U895/iﬁ096regeneratlon zone in which the cokd(is burnedhfrémethehoul d
be contac e onenle te f t i pyention,
under t heéggﬁ&%gi %ﬁ ahvgxggj% t onsaldie na?aéoflﬁoé's%%%é e cbn%%?@ ig)%
process an elieyatelectenpesiaturg, aftegantiish dthe asegenaratedype, seni- 5
Contldd‘;ggé%%lfgﬂt &QUQ‘B&H&%@‘E&)%M RidriierSfon nzé’némf'ngfurthePr

flui eact or cat al yst. can be regenerated,
r egener at F@ntaghevWikhythen charaeoigtack purked 1§ b¥ed Heed rea@ﬁ?ﬁbyst in an

oxygen COPéééﬂéﬁatibﬁD&ﬁheb% d%ﬁtledﬂdutfﬁn a coffeRt £¥R4 E0mARABL! By Ure
after which the re catal yst is. re'%cled %f%the co versi on

zone for ?ﬁ%?ﬁe?nl 1aié§n?§bﬁ“ﬁ§ﬁ1ﬁﬁﬁa?ﬂﬂﬁ WNDH&.SH ?F?%B bRY
reactor, oxygenegensrablanvmammbepamuanmj(nb burm cokeethi anal manner by

0.5
to 2% ol uieRpEriang) Aephed Bt 3E ¥ Dk SR s MBeRC Rt 50 20 20 (o’
I|n1t t hemaxipumaelr 4505Cato 5007« num of 450[err]C to 500[err]C.
In general, thepx YeRbealS ORI A4IdHe [RAGd A Tbdfion reflEioRdigut 1N 2

fi xed bed, reacto contalnlng the catalyst . system descri bed_above. In
one embodFatried: put d® 20 fiXeshhad Reackoxr (rorkatniny theteatal¥stn

sequent i aky Qeéﬁ descrlm abovd.he lf‘rﬁtcﬁiélséml\!&fﬁbﬁﬁ ethéctwye for
et hyl benzen on fornms a firs e the otTeg Satalyst

ohi 20T o SORREPEDES BE ShEL A tAITRY SYAten, ar¢ o mssautan i

That 1s,_the catalyst which is effective for ethylbenzene
conversion forms a first bed, while the other catalyst,
which is effective for:xylgne isomerization, forms a second
bed. The conversion process of the invention could be

25 carried out in two different reactors, possibly even at

. different process conditions, such as temperatures. For

example, the ethylbenzene-COnversiohfréaction could be
carried out at a higher temperatﬁre than the xylene
isomerization reaction. Further, when two different

30 reactors are used, benzene}_para-xylené, or other
aromatics, could be removed between the reactors, thus -
further reducing the amount of xylene loss due to
transalkylation or other réactions in the xylene
isomerization reactor. An'additional alternative would be

35 where the ethylbenzene conversion reactor is located
outside the xylene recovery and isomerization loop. The
feed may be cascaded over the catalyst system disposed in
sequential beds. In cascading, the feed is contacted with



ibed. The conversion process of the invention could be 25 carried out in

two di ffe{‘pd’g r@@ctors possi bly even at di fferent preaIsEsIsde0déti ons,
such as tenperatures For exanpl e, _{{e ethyl benzene conversion
‘reaction coul d be carri-ed out at a higher tenperature than the xyl ene

| somer i Za“ rf:‘?St L8R oﬁ%’tEer \ﬂ/ﬁanch‘eel%ftf %&%thenﬁ%throﬁ%ctors are used,
benzene, 8 Qmatics, Could be reggégd bz}meen the

reactors, thuservenlﬂngﬁEPrP§BBB|R§ ﬂﬁghénﬂéﬁFsoP ﬂ§§%§ﬁ
transal kyI abeRBefk. Ot her reactions in the xyl ene | sonmeri zation

- reactor. An addition alternati d be 35 zene -
conversi on react &P Fg‘gPS&ﬁ‘FE&S be °8’ut§:h c"t°F‘Fé:'c’>{Xﬂnggaf‘raecovery alﬁ%n
i sonerigati ggskeapefFeetive foereetiy)benzenec svnversdion s cpstingam syst'em

disposed 1 Nysen r28PUaY k3l hedRarhlyeds chlidiher fuliSat s dmpucalag with

-11-  tot ieomericenfdecxydene compemeNtssolsEhef.nArRBatic feed.
:gtg[ﬁ\;gg: gngeragegt 'e%oﬁfnnlehg:ht tHaS a1yt %rdm%o%ew.ch«rﬁ&:n is  benzene.

hé conmponent of the cat.alyst ci/stem effective
for ethyl be#iéﬁ@téaﬁvépé}' grhyd bgneene, gonversiay i qRRRNed it 1 cat al yst

conmponglt Wipeq RimeS s@‘ffﬂfalle\ﬂt to achﬂeﬁrej e desi ddi Deselnoonponent s of
the Clerr] aromatic t hi s enhodi ment., the ¢ ,%l § ag_prmpnent
which o | CehYlhenashe, soerainSRRRA oo G S S Spdif R

vol ume suf f ipeireeint, Oea@u ,egrdateratiare®d patcarit, e.g., afsdtanzZhan
conver si on eneral | u reent

greater thaﬁ%2§e|5é:r g npg% S"ae{I‘ear l{%{i%sl%erce%% o {entg %‘ger

great er thatthah Iﬁ@rmceré:.ge Irregrgater than hibh m}'w?—:erﬁ <Jeug.,

greatesth ha@rl.%u%%r THin 8 percentd of HHA St d 1ok 9L POt c@muﬁ the total

cat al yS ter, tthe conversion pyocess,

|soner|zat|on Afteqnﬂﬁﬁuﬁ°ﬂﬁﬂ¥§i9qrRERQRFﬁ()?E%I%E%W?E&%P?&?%ne and/ or
ot her prétidtah e aiidded HBISisd Nt & XFaE exyl e i sm)eusr zotiver

Do o bl S, Omfoh o 4| SUEnb TG sagforifhd™ "
adsor pti on wriddudhtadmuse tfed po & Wariety of parayxplkeneoreteveryd
recoveggd. 1€§¥“éﬁﬂh '§K”m¥f§§4§ilzer, a membrane separation unit,
or a selective adsorption unit, and thus the para-xylene
may be isolated and recovered. The residual isomerizate
can be stripped of products lighter than C,. Products
_ heavier than C, in the residual isomerizate can be further
25 processed or may be fractionated out. ¢, fractions from
' which para-xylene has been removed can be recyéled 1%0 the
isomerizer, e.g., fractions containing less than the
equilibrium amount of para-xylene, e.g., less than about 2
weight percent para-xylene.

30 : One result of the process of thls invention is to
convert the mixed xylene components of the feed containing
para-xylene in an amount less than that at thermal
equilibrium to an extent such that product from the
isomerizer contains para-xylene in an amount at least

35 approaching that of para-xylene in the xylene mixture
produced at thermal equilibrihm. The para-xylene thus
produced can be removed as described above.



can be stripped of products lighter than (Jerr]. Products heavi er

t han C[ W036/1680% he resi dual isonerizate can be further QST’U 'p'ﬁ”cf@%sed or
may be fractionated out. ({err] fractdxgse from which para-xyl ene has been
renoved can be recycled to the i sonerizer, e.g., fractions

cont ai ni ng | esaridtares heesult of Eheiprocesm amuntsoﬁnpenamyxl dsethe. g.,

|ess than ARAon of 13¥L8MPUE LR ¥KLo0Eny 1 ¥lzcpe | O1°

inhveniTon m xed
xyl ene cocpotainedfin tthe setkedrixylenegfeed to bgneengyprpdeothezn anount

| ess than Jfal d@hﬁé“%ﬂgﬁ are relafiféll béégﬂlgoréﬂo@éheQ&oﬁueﬁethat

pr oduct fronlthe i somerizer contalns ene 1n an anpbunt at
| eastS 3@1xe§bﬁM%ﬁ§ﬁrﬁ$¥?ﬁﬂ ofFﬁﬁr%XQWPbﬁe PﬁhYﬁEeﬂiﬁﬁﬁecﬁPYﬁﬁﬁé°n

produced qbv"él%rm PudtdPrdm 309 hsraaéasu eaecbhgilshed, e.@r.qduced
can be renove q’escré&ed above. - g 600
PCT/ US95/ 9& er t e.g., greater than 0 e.g., greatex, i ner

resul t of thiam pﬁ@ge&&gﬁ,tqreataweﬂhannsos t 8eg., greanéertham 85%15% to

90% f t feed t
benzene afaSornals B2 AaEE O reiqney OrRe Bghl bRGBRIBA, Bunoved T 1 om
the 16  eithydbenizane s.tsmg‘n theoselbectipve, catalivbtnande cooresnsdiom

level s of radtqlordHE e%&@éﬁtgm&ﬁem' 208fl1¢8- ip 2 mol a@ €ater than

60% e.qg. eater than 70% , . greater
than 80% r&: Og?@ar&enmapr%@eed to ethylbenzspe ﬁenéuwdwa ght. The
hi gh ConV@&@a@t’ézOfthHh 08 hyé hghzegeeatePOthAf 858Gt b\zg Gajgledtierand

conver si on nditions of the present invention re%u fs°in a nol ar
rati o of E@ﬁ?eﬁé7 'o&hd%ﬂ'tQF%ﬁ$®¥b 3BnR-BonsBREJtEr the und@ugi o ¢ han
0.5,18. g. propeditiled tih thécatalyst gsgeten and cbheergidh conditigmeater -

than 0.8. Due tq the u u ties .the_catal yst system and

conver si oRS (??n&ﬁ ot ﬂ{ OOP étg’ds agmggﬁg+?n0f E{"ﬁfse ﬁ%ﬁ#’&ﬁ e%lhl S

ethylbenzenavers1annmawan¢nmphlshe®npithhbdtmﬂehxylenbe1npbensdchsa§ such

as f 9 %se f xg?g* y o] f F% are

easily ac ?egfegiﬁanléé q:‘;’{ge!lﬁe %gs gf'é gfﬂﬁgésiaﬁg %851% %03%

xyl ene Io§§el@@§¥$KﬁaQQ%$VQ%aﬂeigénn&YbFBB bess 13V§éﬁ|@¢edess ‘than _
20 2%, e.g., xylene loss levels of less than 1% may also be

achieved.

at t System _ _
Catalysts useful in this invention may comprise an

, intermediate pore size zeolite having a Constraint Index

25 within the approximate range of 1 to 12 (e.g., zeolites
having less than about 7 Angstroms pore size, such as from
about 5 to less than about 7 Angstroms) having a silica to
alumina molar ratio of at least about'S, e.g., at least
about 12, e.g., at least 20. _

30. The silica to alumina%ratio referred to may be
determined by conventionalj analysis. This ratio is meant
to represent, as closely as possible, the molar ratio in
the rigid anionic framework of the zeolite crystal and to
exclude silicon and aluminum in the binder or in cationic

35 or other form w1th1n the channels.

Examples of intermediate pore size zeolites useful in
this invention. include ZSM-5 (U.S. Patent No. 3,702,886 and



€atal yst System Catal ysts useful in this invention may conprise

an | NtyeH9BHods € pore size zeolite having a Constraint |PCEESIBE6006
within the approximate range of 1 to 12 (& 4., zeolites havi ng | ess
t han about 7 Angstrons pore:.size, such as Trom - about 5 to | ess than

about 7 AngstgoQns)ehayi ansixLk €a 0 LAa hQ obaml+beast
about 5, egg.#gét%?égg%pg zg%b%gt(?2§°e?ﬁ??kgphpéaggbggfgggb' zs +Ee
silica to al ut¥nr9.rBatentclerrdd88d, hh§) be 2SM-23c(Erfi-nBatBRECYRvent i onal

anal ysis. Thig paki@sbf;easu-22 (UlS.rpateneNio.aq,ebesahy)3s pemskhbl e,
the nolar-ratio in t he rlglg'g:bgg c f&gnemork of the,zeoljte crystal
and to  ekUtSdePaEEREMNOand: Y i n2eHa3Bi AHef - oPAERNEANPoni ¢ 35

or other gormypibj24she cpaMABBs(U.S. PatentENanplegoef, 858y er nggMae pore
size zeolites ysgful_in thigqbn l,on,kLickyd M L9 yhatent No.
3. 702, 886 and(H'g' ﬁaﬁent §Er9g/§%30§595' zsit EH ?Ugé. gann§ No.

PCT/ US95/ 16004, 046,685); and ZSM-58 (U.S. Patent No134,417,780). Re.
29,948); ZSM 11 ( : t 0 Yon i Nl ; I Rat ent
No. 3,832,449); 22 2?5?{56% bpowhichBoitiaint y@%ﬁ%,l&g)e?e’%ﬁggzl U.s.
Patent No. 4,8escu¥bed indcipS3 Pat. No. {4,086,RdBent No. 4,076, 842);

ZSM 35 (14 S. Pat enfthdlozeolite? eifhB#ba2fart1¢Sr3¢ialUifnithaleanmdaium
4,406, 859); ZSM 48 ZSM 57 (U.

U S. Patent No. 4,397, 827); S.
Pat ent No. excnangﬁ,§ﬁ6}8§3§;bYaﬁBTESBF§8°PU.ﬁ?YPQFegngGQGE,ﬁf?,?§€f§ _
The et hod bysubhcth&bnat pgedbnindax progereisnned its exchangeddderi bed in
US Pat. No. 4,016, 2 ; The_zeol ite, either .di t rvia
initial anmonfARtORS %ge h%?%égﬁaelPBFrowga gﬁ EQPSFHQ F%ﬁ? ﬁ&% é%ﬁydrogen
exchanged than 5@uparceant angdrpdefenabiypmoper than G5 pesrcenthafgddlel e
cations e h | @08es! bl BheOBLGER t h&i14 : R e20
percentzgid p%%?gggg?y gn?é tﬁan /5 %grcéggggf ?E&mﬁﬂogf&lciaiiﬁﬁﬁy? gites
of the crysta¥ilhebel ORFHBALH| Byt Bydgegpneions.  2SMgS| iinp&hec hiygirogesy
hy]gir ogeg Lonﬁexé@ﬁéeaa%bﬁ!sﬁwr Becekeferred tofheReniscds’ FzEMIE) blek .
referred to herein_as k L origin i.Qns, e.qg., a i or
al kaline earth nEtQF}glna?¢1°nsofetﬁe'ag;gﬁﬁgLQgi?Sga}éﬁﬁiﬁéé£51nﬁ§;i'
repl aced in aggotHanas-syntRésizedt bebddhkei guasbecreplaced iin @ecadancet
Ligf‘;né"}&artﬂ\rigﬁ{ techniqueb®leTICRABGE Yh! BnQ! A%, Q5100 G3 ga¥t, by
ion exchange with other ions. Typical ion exchange
_techniques would be to contact the synthetic zeolite with a
solution containing a salt of the desired replacing ion or
ions. Examples of such salts include the halides, e.g.,

25 . chlorides, nitrates and sulfates. Representative ion

l’ exchange techniques are disclosed in a wide variety of
patents including U.S. Patents 3,140,249; 3,140,251; and
3,140,253,

As indicated above, each of the two catalyst

30 components is a zeolite which may be associated with a
hydrogenation-dehydrogenation component. Exémples of such
components include the oxide, hydroxide, sulfide, or free
metal (i.e., zZero valent) forms of Group VIIIA metals
(i.e., Pt, P4, Ir, Rh, Os, Ru, Ni, Co, and Fe), Group VIIA

35 metals (i.e., Mn, Tc, and Re), Group VIA metals (i.e., Cr,
Mo, and W), Group VB metals (i.e., Sb and Bi), Group IVB
metals (i.e., Sn and Pb), Group IIIB metals (i.e., Ga and
In), and Group IB metals (i.e., Cu, Ag and Au). Noble



t echni ques woul d be to contact the synthetic zeolite with a

sol ut i oRyeYpkédesi Ng a salt of the desired replacing ion OPCTI/USIS/I6006i ONS.
Exanpl es of such salts include the halides, e.g., 25 chlorides, :
nitrates and sulfates. Representative "On exchange techniques are

di scl osed ar cl tents
3|, 140, 249; in%t%ﬁ%" g&E | gtty 9E I]:"3 RTAOW}[S?H&S Ihﬁ 4 nggréjférsrlgﬁdl cat ed
above, eachydrogneatmnédsawylgpqenats'@n coRpNRItS. | Combimatiensheth may

be associ at}ééa ticaforms of SR AN I HBIWELOSRAELD, COERRNES! .
Exanpl es o nents include the oxide, "hydfoxi de, sulfyde

Q
or free comblnaﬁépgp et gtnB} Spa) S3Y) B ryReds (?QEWV§4?¢9§n§P%F§
(i.e.,5Pt ,of’dthérmeﬁhl Ds, pRefehshablejo,uﬁrai ﬂaaucéa Ceyl efhdeh stat85 met al's

(|. ., M, Tc, Re als i
G oup VB nBt@rs Y e %hég §R§P§ 1'1 \Fge ‘2ot °fn%’fa?§l%/b %r Sn and
Pb) Grouphjrdré}xméeal sThe. e‘esiucgdamlence statien)of arhili sGrmetpal Bnayztlaés

(1. ﬁg%fﬂgdA“i N9RLe quring tﬂ@oc%ﬁﬁ%§9Q§54; reactlonta‘rhexzI

PCT/ US98/ 1% 2e.
Pt, Pd, |rrefacing agenRu) such pscf@idragen, isinolrdedibn/ theyfeedenation

conpgnent s oceﬂglgggbgﬂgnof catalytic fornms of such noble or non-noble
net al , sucﬁ nbi natiqns of Pt. with Sn, . may be used. The val ence

state 5 of t'H'Be@YQF°9§“BF&PWQHW4IF%G%&%§W% Spay cbe

e.g., whenjhBbppepapedceintos the Hamaflqrs?a Wy a:retsmb@le iown inhyHéoxtr€e.
The reduced _val ence_state,of this_ne

during theSRGar88 3PN, SKERRNISH, *ﬂﬂﬁ?3¥égaonrQ§hﬁﬂ¥ﬁﬁ%§t gm%ﬁﬁ“rﬁs
hydr ogen, Feriexampgkd, |ao&helbesdcmﬂapprdﬁniatﬁumétzu salts may Bb&e

Chraryer oOREREEHd FREHh" ZRARINIAY e comngfgfeR: thitned! The

|npregnai|beforephysaﬁaﬁraﬁnﬂﬁpwﬂyatlon abrtheatal yso) undes of
appr opri at eoﬁaiﬁhoﬁgl Eafﬁhhﬁtl%o %ﬂﬁ%{%ﬂé tébéﬁ@eefa@' EbRgofidhekyst

corrponent Qre or _after selectivation cat al yst,

under T@%nBFFP$n§°§GFFFéP€hPaQG é&m&qﬁfQ?ﬂP}¥ﬁﬂﬁkﬁ¥v%°%%h%%nents

The netal Epahplesngrssuthi saptef wxwe/vaﬁﬂrofdﬁwimm aci&xanpl es of
such salts |€clude chhgggguatlnlc acid :Niatletra. or éatlgun1conplexes,

pl at i m chFbF rERINEP m complexes, inum ¢
sulfate and tin chloride. The metal may be incorporated in

the form of a cationic, anionic or neutral complex such as
Pt(NH,),** and cationic complexes of this type will be found
convenient for exchanging metals onto the zeolite. For -

25 = example, a platinum modified catalyst can be prepared by
first adding the catalyst to a solution of ammonium nitrate
in order to convert the catalyst to the ammonium form. The
catalyst is subsequently contacted with an aqueous solution
of tetraamine platinum(II) nitrate or tetraamine

30 platinum(II) chloride. Anionic complexes such as the
vanadate or metatunqstate%ions are also useful for |
impregnating metals into the zeolites. Incorporation is
preferably undertaken in accordance with the invention of
U.S. Patent No. 4,312,790.  After incorporation of the

35 metal, the catalet can'tﬁen-be filtered, washed with water
and calcined at temperatures of from 250°C to 500°C.

The amount of hydrogenatlon/dehydrogenat1on component

may be that amount which imparts or increases the catalytic



‘sulfate and tin chloride. The metal nmmy be incorporated in t he form of

a cati oni guosiiefgs C Or neutral conpl ex such as Pt ( NH3 JHCIYYSPS/46086
cationic conplexes of this type wll gynd conveni ent for
‘exchanging netals onto the zeolite. For exanpl e, a platinum nodified

cat al yst ‘cag, be; prepar flebyveral1f bath134¢ B taeatgkalanyt o a sol ution of

anmoni um ni fo conveit the catal yst to fhe ammoni um
form The hydreaﬁaPygt°Fsd§98§€&HSHPF? &9n LEIEPA SWCOMPRNNGau&o8s fsol uti on

01;” tet aaam aAEthahbnuahhle): Bufflfdﬁe.eﬁlt hqammelag orpaahnyﬂmgt tleh)attlotn

chl ori de ni Qni ¢ Co es suc v.a ungst at e
ions are aIEBnaééFBPsfor%ﬁls a §g&§t%ﬁ§eﬁE g%'ﬁfﬁeﬁheg%éo ites.
|n00rp05atl?ata$yt1c apbahtnabmheuamgum&k@ﬁ meahydm@ammahman thef_ ) 35
I nvention o e I, C [2 3 the
nmetal, the QSPXF§?§‘E(§:§E ?he%rngg%]neﬁte::%dé%\%és é'efljcﬁ‘ %rl%l teooqoo
cal ci ned at peecpatabyr weightf,r eng250[fa0n Q.05 SGOFePFPGent by WelghFhe

amount of hydpogepapy n@%@@f%@&%@% VYN altnouwtmst kAl 1gmount
whi ch inp % & ggﬁgrgases the catal yti ¥ WD 96/ 16Q05
pCT/U595/169@6course, vary with the nature of the component, es%ﬂﬂﬁlty of

the ovggal | ghat ﬁh.)jﬁtlyt Actdve Yiobladl metals, parvideanat eolatideim,drogenat e
an organi c corpoun %]ene nder- suff|0|§a€thdrogenat|on

t h
or dehydr ogBf# Boﬁ'eq“"r%d thaxyiaf 5&’53 & Bass &k to herein as
a 5 catal ytnc pa'laimtrm:l.ngﬂﬁleatpnﬂdesﬁ dﬂqe:uwcﬁmgertammn-lt may be

dehydr 0genalga, ¢RTHORE ted i IR Ml B 6 Hhe catarydtd L bY

wei ght, e.g., erce omO0.1to 2
per cent by mbeghnve@wuhmugnﬂhnﬁﬁQthr materlal(ﬁesﬁﬁpqn; ﬂ&n%h%mth t he

hat ur e, mP%%Q% ’aride%"‘tr@r conditide d¥ HHe grddeds Nobe et al s,

partlcu arly plrati num being required than of the |ess actlve base

netal s. zeolite component: if fde kAt May IWPTIRRM it %9t nay be
desirabl e t gelighuiptireetit k¥ ﬁﬁétﬁﬁﬁhrysﬁiﬁb lbﬂﬁb(ﬁo welght t he

LE‘KSPtLSRdY“éeB»ﬁ%%%L“%@”ﬁ?& g, Pertent. ' Home mrtrin AL Fho
catal yst maynedmde SyntHetil® or naturalyhdcqarcing sxibsttmcws agyMell. g.,
rlrgt Ea(rjlé SWEI %h 1norq?a1ucdgt?ast§e§{]lh slecél%)?hgag \tlﬁia {/%g'{cﬁ%]f n%; J%stances as
wel | _ xldes, such as alumina, vanadia, berylia, thoria,
| magne51a, titania, and combinations thereof. The preferred
binder or support for the ethylbenzene conversion component
~ is silica. Without intending to be bound thereby, it is
25 believed that alumina binder catalyzed xylene isomerization
. reactions are further reduced through the use of ingrt
silica binding for this catalyst. The metal oxides may be
naturally occurring or in the form of gelatinous
precipitates or gels including mixtures of silica and metal
30 oxides. Naturally occurring clays which can be composited
"with the zeolite include those of the montmorillonite and
kaolin famiiies, which families include the subbentonites
and the kaolins commonly known as Dixie, McNamee, Georgia
and Florida clays or others in which the main mineral
35 constituent is halloysite, kaolinite, dickite, nacrite or
anauxite. Such clays can be used in the raw state as
originally mined or initially subjected to calcination,
acid treatment or chemical modification.



20 as inorganic materials such as clay, silica, and/or netal

oxi des, wooé1ew9s al um na, vanadi a, berylia, thoria, POTAINIS$6086
titania, and conbi nations thereof. The-pg£ferred bi nder or support
for the ethyl benzene conversi on conponent is silica. Wthout

i ntending to berhwufwith fm&b!yheipai“sq‘_.cleZEizebelfi ened caltall yatumrea rigthder
catel y2ed NG IS B ReREEhy 808 Bhoabl HRT. vaS SR L0
be faxataxmplye ocxm:rthengtmel of tneacbnnnoSng iemployed. Non-
preci pi t aty euli t f gl a tg;gttal oxi des.
Nat ural |y gé%%lr gc %n%s m‘?% E%gn%gﬁggnﬁgs:thg catd1 WhJ'hchghe zeoI ite
i ncl uge t%é@enwmmmﬂ"&ﬁ?@efaﬁdel her orybethy ofakhg es, which

famD: i es |d|\}y§Nd§%t§§1€n$%}b@rﬁﬁé%éﬁ§ 1nventloﬁndnb|1ﬁd|éa‘2:|a'l'1t%hc%EEB’!.'é\Aéh knﬁWPh

as Xi e, nee ays.or others jn i C e

_mal n ni nerSAheresyy ex’i’a'?é?a??%en‘fh?gnﬁgﬁloﬁ‘gf‘?gi%béol heneycamRed te, nacrite
. mcﬁfmunse, mctosphyses pnpekl assdorn stiactawal! dapss, such

orlglna y..m y o i_nat|

t reat ment Gt lc#e?ﬁo ’ca#%éﬁé ta&%ﬁgﬁggeg E’31\15.7€l§6/ f@%ﬁ:‘? honeycomcbs ’

PCT/ U895/ pediers, granules, and the like, formedl&smg conventidmal or m

and the Py chicf's S|§@Cﬁ)f ér@:éff"ﬁé‘ié{ﬁt grnggg a 1n itical to the present

i nvention an v vary
syst em enpl oyed®h Nc#WC’ compcpquxp‘gs n@feﬁhﬁppé§aévsﬁh§Y§l¥@b§fofthme cat al yst

whi ch may jriyentifon NeSpPedDerét VeesR! exed BEheQ' tllaertww sﬁ@tﬂlﬁcéﬂ’@
catalysts 1n the gresent i nvention i nclude bails spheres,

ext rudat e€® 3 JRY e ﬁBﬂE?EBﬁﬁéaed by %qrﬁ;gt agididdiffer es,

pel | g5s orarsl regdhinmey Sﬁi@pﬂsarmér;_zed By Hilfcerent xyeme @icrhuad idres,
pills, cakes h n.eeyconbs 10 powders, granules, and the |ike, fornmed

usi ng conwt - met hods,- such as extrusion or spray drying.

The two corrponéia;qh odiftttuae c@mpqnen’s;sbﬁrrthé t:laer.alyst isysben orayrehavk f f er

. I:Lg;nag'?grl ze y %I%%’ ent a];il‘%??{lgsdigfﬁgiggc ﬁ‘ﬁ%qéb%acq erized by
di f f er ent BEARSKEIRS { ust®Particylaper itebhas been fomﬂa&h&ﬁ the
conpgpent etHy ﬁﬁ&fﬁ@'d@ﬁvéﬂﬁ@ﬂ‘ 88¥allgue snouldlpédessdi Usi ve xyl ene
diffusion or Jl)er(lleu]nsosrg t:Lon ca gc1gert°|fes llegeparwthl:l.cc l 6tlr.ram Ibte has been
f ound t hat® rp P 4 Xy ’
either para, meta, ortho or a mixture thereof, frequently
para-xylene, since this isomer reaches equilibrium within
the shortest time, of at least 1 gram per 100 grams of
25 éeo_lit_e measured at 120°C and a xylene pressure of 4.5 +
0.8 mm of mercury (4'9-3 Paa to 707 Paa) and an ortho-xylene
sorption time for 30 percent of the xylene sorption
capacity of greater than 1200 minutes (at the same
conditions of temperature and pressure) in. ordef to achieve
30 the desired level of ethylbenzene conversion while |
‘maintaining the desired level of xylene loss. The sorpt:.on
.measﬁrements may be _carrieﬁ. out gravimetrically in a
thermal balance. The sorption tést'is described in U.S.
‘Patent Nos. 4,117,026; 4,159,282; 5,173,461; and Re.
35  31,782. -
‘It has been found that zeolites exhibiting very high
selectivity for ethylbeniéhe conversion while minimizing
xylene loss require a very long time, up to and exceeding

on the type of reaction -

» -



20 et hyl benzene conversion catal yst shoul d possess an equi librium
sorption cpeagaédssof xyl ene, which can be ei t her par a, PEBUSIS/I§Pho or
a mxture thereof, frequently para-xyyene, since this isoner reaches
’equilibriun1mﬁthin the.shortest tinme, of at l.east 1 gram per 100 grans

of 25 zeol itgy ag%ﬁ@eat 528685 bgtﬁﬁdx?léhbe&% l&&ﬁ%%i&ﬁxtOfof‘h@%Jfof 0.8
nm of mercurép 3 Paa to 707 Paa) -and ort ho- x¥§Fne sorptlon tinme

for 30 perce i Fﬁéeﬂ?l§ﬁ€P§&PﬁtF6Pa°1ty capR& tRose FatsrdAlsnadti200

mnutes (at pHk¢ BaNRore convediientntootieterndnat the avtpuiess wime ifloroader
to achi eve 3

mai nt ai ni ng Sﬂgeﬁe§F gg&[@% F%E%k%§%é 5E$§P§2?$ﬁé ?@ﬁbtlih%%iwwf ©

measur engnt scapuchiey;aandethent tgr estimartiec &lhley 3i0% sorptiarhdrimel hyal ance.
The sorption Cl, £ 7

4,159, 282; 5, §§§§i§§ @ﬁ fkﬁﬁﬂggﬂg g%l;&glch@EEﬂ% Iﬁrﬁaﬁlbegﬁ found t hat
zeol it es exhn&ﬂusﬁgaﬁéﬂyfﬁﬁgﬁ% 5°rR§¥090t|V|ty for ethyl benzene conversion

while mnimzing xyl eng_l.oss gequigfe, a very long tine, up to and
exceedi ng WO 96/ 16005 . L

PCT/ US95/ 16006 - -~ Fpgtor, F, EIRH@SHIMASS to
sorb orjo- xpegeenitn o sorptiondicaRBivly t G0 sogptiorsarixd,ort, ,
capacity. For those naterl%ls it may be nore COﬂV%@(ﬂﬂ to deternm ne
the sorption tine for a | ower extent of sorption, ch as 5% 10% or

20% of 5 capacity, and tll@en to estimate the 3096sorptidh time by
applying the follow ng nmulty pllcatlon factor, F, as I%gwtrated for 5%
sorption: [err Fact or, to estimate

] .
10 Percent of s®ASEXSAtENEINit Fo.s DAY3D% Sodsuilated For dtber|
5 15 sorptlon tlmes, 36 minutes, at less tHan 30% of xylene

AI ternativel ?aPPFéltN] ‘ﬁﬂ)’/‘goé:h@alf&}llé’c"@d‘q cﬁe]aq;é}nsi'sizp sorption times, in

m nutes, at |ess than 30% of xyl ene C%PaCIty using the follomnng

rel ati onshi p: to.3= o~ (to.2)

'where :
t,.; - sorption time for 30% of total Xylene capacity
t,., - sorption time for x% of total xylene capacity
20 0.x - fractional amount of-ortho-xYlene sorption to
' | _ total xylene capacity |
In accordance with the invention, the zeolite
’ component of the catalyst that is effective for
ethylbenzene conversion may have a t,; value (in minutes)

- 25 for ortho-xylene in excess of 1200, e.g., greater than 1500
minutes, e.g., greater than 2000 minutes, e.g., greater
than.zsoo mihutes, e.g., greater than 3000 minutes, e.g.,
greater than 3600 minutes, e.g., greater than 10000
minutes, e.QQ, 14760 minutes or greater. An example of a

30 suitable catalyst is a silica bound catalyst that has been
modified by being exposed to at least one selectivation
sequence, the selectivation sequence comprising the steps
of contacting the zeolite with a selectivating agent and
subseéuently'calcining the selectivated zeolite, thereby



['err] wher e [err] - sorption time for 30% of total xylene

capaci t wo 96/16005 [err] - sorption time for x% of total RGTERW/IEMSacity 20
O x - fractional anount of ortho-xyl engsorption to t ot al
xyl ene capacity I n accordance with the |nvent|on the zeolite

conponent b3t RS neAladlaata it tkatihesta ve ﬁoiialue oft syl Deazenso
conversmﬁ may have a tf[err], val ue for 8rtho | ene in

es)
excess of mI-Z’G’Gese & g'gréﬁe]re‘{%ﬁnlééo‘ﬁlnutesm ﬂm'ege usge, a8 E8fer t han
2000 m nUb%hyl%eﬂxzer{& edmrersion téata PPOO. ni Cohesase. gha.sgwé.ahelthEhan 3000

minutes @egrite, rpget Eh SRui L4 Eak, By shigEbEe W LorC
cat al §st xylensi |lissmdtisaticonallet reed hat beeselectmedrfbn:ed by bei ng
exposed tq mgr 'bwe@%éwéféwﬁt ' O?he zeoifﬂEGBSﬁgth?xts%Ife%}x'l‘sat i on

sequence co IsIn e steps contactin zeolite

sel ect i vatciaﬁgla’gféntmaéhd"ave a shos st £9r c%#"éhﬂﬂﬁ!]l?ﬁé of| ¢efpyvEhan

zeolite, wbherdhites, e.gVjO Pé436008n 20 minutes, e.g., less than 10
PCT/ US95/ 16006 - 18- produci ng a

catal yst THAUGeSy £1Ferrd nipyke opr ateP8ast 50 mnutes, e.g., at-

| east 100 m nutes, may be used as the et hyl benzene conversi on

catal yst. n rast this te conponent of the catalyst
that1Ps s 1o ‘Wl‘; 346n compl £on but need not be selective
for et hyl IThe exipreo vk ee opf The oeban.ystcwhpchems eff fielgitdve to
cat al yst @M, dorparipo neg of S rp’?x%n 5)(}_

m nutes, €. Jé?%sé}ﬁ%an r%éﬁérem g be &E 1éf£s@. 5¢ Th% a1 var%l'jltees e.g.,
1 ninute &haltemeOMt TEYlyIMEe%O@oﬁﬁeta §ﬁ°90ﬁ°|§'om@|¥ter and it The

al pha val y@olevidie #eidd yﬁoxmhmb ts sbbéctme sz91ene dqqrﬂe&torﬁt hyl benzene
may be at I ast 5. The al pha val ue of ha onent range from 75

to 5880 oPTAReFrtiff 9f this MPEV%ﬂtrEﬁgebFr 5H’Fi‘0 hak.2 erThe xyl ene

di f f usi on ethylbenzene conversion conditions, the catalyst is capable
of only a limited amount of Xylene isomerization. For
example, the ethylbenzene conversion catalyst may be one
that meets the following test: producing less than 12

20' weight percent para-xylene when contacting a feed
containing 60 weight percent meta-xylene, 20 weight percent
ortho-xylene, and 20 weioht'percent ethYlbenzene_at a
temperature of 800°F (426,7'c), a pressure of 150 psig
(1136 kPaa), a weight hourly space velocity (WHSV) of 20

25 hr™!, and a hydrogen to hydrocarbon molarfratio of 1. In
the above test, the ethylbenzene conversion catalyst may
even produce ‘smaller amounts of para-xylene, e.g., less
than 10 wezght percent para-xylene, e.qg., less than 6
weight percent para-xylene, e.g., less than 3 weight

30 percent, e.g., less than 1fweight percent para-xylene,

' while converting more than' 15 weight percent, e.g., more
_than'30_weight percent or even more than 65 weight percent
of the ethylbenzene'and'while producihg less than 3 weight
percent xylene loss, e.g. less than 1 weight percent xylene

35 loss. Further, in the above test the activity of this
catalyst may be such that, under the condltlons of this
test, less than 10 welght percent C§ material may be



15 properties of this conponent may be such that, under et hyl benzene

conver si OQ& P dons, the catalyst is capable of onl yperrusasiiseod
_am)unt of é ene | someri zation. For 1 xanpl e, the ethyl benzene
‘conversion catal yst may be ;one t hat *ffeet s the fol | owi ng test:

produci ng |l ess than 12 20 erg en c t a
f eed c oS &J%l d‘ﬁt %% E&lagqg( %&%&&% V@ ht Og%?%e%t%%
or t ho- xyl ena,. san idfhtweieziterder carg. ,etlkgésbémaamé aekght Pek'%'ér%ﬁ ure of
800F (426. 7&%}{4? lta pressure of 150 psig (1136 kPaa), a weight

hourly spac y (WHSV) of 20 25 . hr[err] and a hydrogen to
hydr ocar bon m)l arASr FGiNtHEd put ;gpove, the pAFRRE ( CarseleEt iYAL®Ekbnzene

conversion Gal éﬁgaonent B4E e i & ChEbtea Byt | fdy 5@ Ubhé &&aﬁacﬁeri’iecme
e.g., Iess than

: wei ercy ra- xyl ene,
wei ght per &t GH&HOns&H gré‘%é) :efg'gnfag}p W%’fm%ge r?)’é?%e ?a{' é%
less than 1 gl QMhiErpa‘ﬁmdlﬁém enthrees a numlnei-eotoneelitag, neometdfin 15
wei ght percent, .e.q. e e re than 65
wei ght per cé'a'{ ch aq’%f cenek?%?/l%g;%;z]ene %\ﬁ%ﬁ eilgro u%lhralgei sggt han 3
wei ght mcﬂhedqbetm.l oghwe aecglltescsftﬂans lcompghenpeigedbMx§) ene 35

loss. Burthgf eu nﬂéé#ﬁ{%@@%’%ff@ioné?e?ﬁ%éi‘t{XS %hbé provi@alabyst may

be such® t hat’; e con I ons 0O | ess ., than 10" wei ght
per cent C[erpl}o\maqu ASHES e suitable crygral 55995 as will be

PCT/ US95/ 16 ther described herein, wh:Lch oiltlonéﬂiy, have beghoduced,

e.g., less t 6 wel ght percent, i ght
pe?cent, gfu’dl'-%% ‘f‘%%ﬁle 13pe€%e’ﬁ?r%[§ ?Y descrxbeﬁaggﬁﬁgﬁ

As poi nt ed OLga s Wifce | he. @aremt least| ewicept edy., at leastl theeeonponent
Of L gevatalysl ey De ope.GharaEheli 49t a gi1ichN dstaRBLALERSlndex

W t hin aranet er
nunber of zenjem’esdesomabm here:.n. vhenhlareaGbscpabeﬂgabéve VWhen, as in

an enbodi ne c o] e SKHYO BeskS
ZSM 5, 8& el?%eIYaeE]w |%%2§gf? %lf'gargse#?laega%ifi:g’r ge?ggd l?y

provi di ng Z3xmprisingtthecstepst af §P§E§°§§nw Fhepgeo ithr eher .
descri bed hei?%lﬁdv‘@irégnogﬂiiéaﬂ L¥1eB8Y0abeAY agent presehfeincaated, as

rQJLeb%gygr?lbgu; agggggegeangeéubsequently calklnlngogge cat%lys%t Ieast
an oxygen containing atmosphere. As mentioned above, the
zeolite may be bound with silica before being coated, after
being coated or between successive coatings. Suitable
. selectivating agents are those which inhibit the
- 25 diffusivity of the zeolite, particularly the diffusivity of
' the zeolite to ortho-xylene and meta-xylene.
Alternatively, the desired diffusional properties may be
achieved through the use of trim-selectivation or coke
selectivation, as further described herein, either alone,
30 or in combination with one or more coatings of the'
selectivating agent described above.
For the purpose of this 1nvent1°n, ZSM-S crystals may
be divided by crystal size into at least 3 broad groups.
These crystal sizes range from the small crystal 512e
35 " (e.g., 0.02 to 0.2 um, e.g., 0.02 to 0.05 um): medium
crystal size (e.g., 0.2 to 1 um, e.g., 0.2 to 0.5 um); and’
large crystal size (e.g., greater than 1 um, e.g., greater
ﬁhan.z pym up to 20 pm). Recognizing that zeolite crystal



15 tines, e.g., 4to 6 tines with a silicon selectivati

agent
descri W@ %8F¥Bn - wherein each coating of sel ect |%’P§?&“§%oén i s
applied to the zeolite by a process =20= conprising the steps of
contacting the zeolite with a | i qui d organosilicon selectivating

agent presize determination| mgyi hecacdomplishesnsinern variety mhig the
catal yst jdenogs, asaﬁlgﬁygﬁnfﬁ%h@'rn'd%cﬁﬁ@eﬁﬂlféfawAsaW@f‘%‘f above,

t he zeol [ t bound With silica before being coated, after
bei ng coa%ﬁé%}“@e%e?ﬁe@ﬁtgaéﬁe§9l PEOGYSE Hhe varkous zeolite cxys$talivating

agent s argjid@sgrahiesteabi beryeltals. p2epardid bisittidse qieﬁmsugaﬁ&yte
partlcularly tﬁg dlfé ?|V|t§ F%% zeolite to ortho-xyl

met aSxy| e RF LBPNEPA, B Terpnty 8428 FRAYRS S ﬁlﬁe‘?fl es may
be meiacdsdeveuat hmayghet heeds &oofprtapames almeclt Y \mryst:abrsm&su-
selectivati rtpe es ei I n
conblnatﬁ%ﬁ£§?t€§% f &H gnse %%§?§% g%g BHfiirBHGEQé¥§¥§%|v§flng agent
descri bedt & e879 (Examples 1FoRr .t I$e pnd e ofandi%s, 831 ok SSM 5
crystal's giy) jnes 6-58¢ dz&aﬂg@.e&yo@rm&tﬁo&a 4hd ) ifhyPlbe Q@sda St oad

gr oups. These crystal "sizesirange fromthe srall crystal si ze 35
(e. 30 0.PERRRTY. 'Qhﬁni“eélﬂm cyY§Ead, 53255 35 axRigiven in U.§, ystal size

(e.0., 0.Paténd WBE.€397020886! qERaMpI®s 2thd 26); 4AAPS, Tiyptal size

(e.qg., greater th p gre r an 2 pn1 p to 20 pm.
Recogni zﬁhgl?%a%sgeol f l'gh&r' g?al '%9%'45\&) (E%Vaﬂigﬁ é’
PCT/ US95/5. 684%,117; and Great Britain Patent No.2(,581, 51$|ze _
det er m naj wy_b ogplis | 0, as will
be furthe#é’g%msgﬁgﬁeg %ﬁﬁogv? a %S‘%ﬁ“g’r%' Or%qoaf \ﬁi”gﬂ&éé’s ?ée%a%f ﬂ%dsé?o pr oduce
t he 16ar | i prepare theslarge crysitads sdze |23M-l. 1:@;@@“@ $r ePatent by
these mehhods Sra‘Yozfﬁssb?Eﬁ&ﬂxﬁlbo %f' ng tﬂ‘;% Jdidd k2 éf%ﬁp Qups.

are small “cr

Exanpl es o at may bé ‘used t'o prep st al S|ze

- ZSm exrept §ivénapd L6%: Pét-elﬁt QR0 (Examples X Hdnpte Byrough
4,526, 87%45@%!25)1 dndbcreat Britadid Phtdk Qid. in, 81,513 9, lines

C 0% DX BL5afhs S GRgog)n Ty Do used [0 10 preparethe medium
and2®6); 4, 17'ﬂgé14¢curate4d1§@p;’c5@1;easm&4rﬂerﬁb48:f th8 Erydtal Esbzelef 4 and
2 g 1) TR aceP A 38, SRSl D A1 e S scrostipg P o2
methods, such as SEM and TEM, may be used, but these
methods require measurements of a large number of crystals,
and, for each crystal measured, values may_be evaluated in
25 . up to three dimensiohs. Furthermore;_inrorder to more
completely characterize the crystal size of a batch of
crystals, one should calcuiate the.average crystal size as
well as the degree of variance from this average in terms
of a crystal size distribution. . |
30 If desired, rather than re;ying'upon a'complex'
evaluation of crystal size, crystal size may be expressed
in terms of a calculated_value of average crystal size
obtained by measuring the rate of sorption of 2, 2-
dimethylbutane at 90°C and : 60 torr (8 kPaa) hydrocarbon
35 pressure. The crystal 512e is computed by applying the
diffusion equatlon given by J. Crank The Mathematlgs of
'giffuslgn, Clarendon Press, 52-56 (1957), for the rate of _
sorbate uptake by a solid whose diffusion properties can be



‘15 to prepare the |large crystal size ZSM5 include U S. Patent Nos..
3,702, 886 ywipoghkles 27); 4,375,458 (all exanples except PCT/US9%1680616) ;
5,182,090 (Exanples 1, 2, 14 through 224, and 26); and Geat Britain
‘Patent No. 1,581,513 (Exanpl es 2 and ). 20 - The accurate direct

measur enent g{ppwﬁﬁsxaaab ShZg1@he sheetCfbiild .MRG iadldd tiien,r epeent |y
very difficu Crosco nmet hods, such.as SEM an M be used,
but these difﬁ’éﬁh@ﬂscp§§ ApE Hfagu?eﬁéﬁ‘ﬁ§hé’f]- 3 eDnuh‘E'Ere Tof tals,

and, for eaCEoﬁHXEEBhsWeigutﬁﬁenvﬁbub& 8% bzemv'al Uﬁf/&ﬁed:ﬂ 2fhe up to three
di nensi ons. Further

0 _nore e ar act r| 42 € t he
crystal sizeT8takig ”Bﬁ%&een cry&h; gr&e BTEsSHT nc&ﬁ‘é%‘%isé f é\/erage
crystal si Zed&ifusmnvvtl:.ineamealsarédgn.aemhutas,altde shr et Itlmea\requgﬁedn

terns of. a ﬁhéshglta? Zsfdl:;%f%l‘l talcq&gn%(} h droc szbdii,ey 1ed, rather

than relyi ngfﬁﬁo uat ystal si Ze, crystal si ze
may be expressed Fin"t e|°n'97(9f4 éF Géloaulzat ed vaI ue of average crystal

si ze n Ul 1@ cr¥istadl matidtiladn Hifs & Forpt
di et hyl but a?gbal‘:éﬁsgflge%% gnd 60 torr (8. kPaa) @dr ocasr on °3 mr?r essure.
The crystal &ime,i &’ cmrpﬂf-eﬂl%yméﬂﬁr'??ngwpl’r@h 91 éiﬂt i on gi ven

by J. Ggnk, ckyethat kaZet ioFs 1Qf6 micrdis.f un eryﬁaﬂr mmhgoraa&&r;ﬁﬁ-diﬁ

E)rlgggt i fegr C%R(;:nsreatfe 7Of8 mlnut\syg gla}@ggg?ake ab%aa.l.cuq.atemo'szee (BE fdjsicpn

PCT/ US95/ 160&6.crons. -21- appr oxi mat ed

by a pl ane sheet -5/ | it of
SM '15‘3,?%' LUy e used as dd |sﬂ¥l£;ée*?ét

2, 2- dlnethylbutan under it1ons, 0, be 1.5 x
10[ err] cn2/ so@versn@n Componeéltatqfoﬁ—m@c W@anll%lw RAERFEIL i

mcronsy5d, gadipm %r 1 irlgel St JRAS Ured drbtRer i Btteldddidte (Pwrd i e
reqw re% 1!'l upt ake of 30% capaC| ty of@eéé/drocar bon, is:

d = 0.0704 sige @,eﬂllte is used ashhie ibvihenzfiie (SRAYRTSARR i al has a
sorption compon@nt ! 'tiRy rc]rysﬂ:‘a14%&zra ey heedi tod) 18 Vibj wstted cftrar ed

10, GTYSal sRlte ikl SRS Y s i opiAgg, @ Sortion i
If ZSM5 is the zéuddedurssd for tHrepitind eidiwa bound'ZSM-s ‘are _

20 described in U.S. Patent Nos. 4,582,815; 5,053,374; and
5,182,242. A particular procedure for binding ZSM-5 with a
silica binder involves an extrusion process. :

A particular process for preparing silica bound ZSM-5
~ may comprise the steps of:

25 (a) mulling and then extrudiné a mixture comprising

. | watei:, 2SM-5, colloidal silica and sodium ions under
_ conditions sufficient to form an extrudate having an
- intermediate gréen strength sufficient to resist attrition
auring ion exchangelstep (b) set forth hereinafter:

30 (b) contacting the extrudate of step (a) with an
aqueous solution comprising ammonium cations under
conditions sufficient to exchange cations in the ZSM-5 with
ammonium cations; and

(c) calcining the ammonium exchanged extrudate of step

35 (b) under conditions sufficient to generate a hydrogen form
of the ZSM-5 énd increase the crush strength of the
extrudate. '



conversion component of this invention, it may conprise apcrdiSosne ﬁﬁ?ium(n

| arge ¢ ze. |f another |nterned|ate pore Sl ze zeo eis
used as the ethyl benzene conversion =22= conponent, the crystal size may-
need to be adjusted from t hose given above for best performance.

Procedures for Apptberi rethiod &f ez miine usep a guiktabbed in U'S
Pat ent Nogil4ceReé &&2in 5e9%3q354h1gﬁuholecular5wé§§h242hy&r6ﬂ9t'CU|ar

dure_fof hind | d |
O sl onebpesenat ifitone! ek pa nay Sompiteckbress {a?éﬁﬁ?ﬁggé‘. i ca
bound ZSMrsin in a merhodmdrissddsed sireis. S Pat@st No. 4,63),287Ling and
then oxtrydhad 87 KbWe G St WP e AL 160LhE! Hakndh! bga and

sodi ghder condi t1ons to fO6Fm an-ex ru at e havi ng
an ' thnstenwsumap@ gm&iﬁdﬁrﬁhgﬁe1d§§¢¢xbemt1mdus%suBatanterhon

during iog 8%6“@5&6 Shﬁlén(t&) s%ﬂtléd?{é f}:élflr?'{?fﬁ%d a3Buitable (D)

contacting’the'extrudate of step ( a Wt ~aqueous_sol ution
conpr|5|ngoéﬁﬁmnWﬁ#PEéﬁP@H?Nﬁuﬁﬁrr er, suchrRFtperRanelsietbanole exchange

cations 'ﬂsbb?o§§w*5r@dﬂal N-metﬁymﬂgytialia¢ﬁ@Saraﬂddlbas1c ester (C)
cal ci ning the

conctQi on§a¥uﬁsﬁ9l HJ@F?&%% é”ei)}t)h = ?ig"f’ ?J‘%%gd d. 35D18$b%‘ﬁgnczigk/+5 and

i ncrease ébeeesushasta&mgmhaﬂunfun th1s ineatiticnt énclude dim@€h§d/ 16005
PCT/ US95/ 1 Anot her

met hod of 9 23?258t6|n84E§?E essu%ﬁﬁ aﬁ), dlmet%¥+|g%ﬁ%anélﬁnde g., a high
nol ecul ar miwkykres fpereof, one1axﬁmpkgmnfswmi@bne$ euennuscnamacaanlng

_ 2230 sphicC e i I [ ent No.
651 96700 SEBRy whichRyBICATLRAE fLEL 96160 5 pErcBRECTL (04 of

be used In t
t hi s1% nveﬁ@meﬁhmcm}eéamme d&s &9 2R nenrcaerﬁ/ dimerhyloadipatez 880, 691.

Wien a sitbcose pevicenits disRtnyd PiddiNste andPPeSs, tHEheH. 20WEbke
carrier, suc as _net-hanol , et hanol, i sopropyl al cohol, N-rmethyl

pyrrol i doREEBANGLdi basic ester 10 may al so be used along with water as
needed. Di basExtrusiocesdds mwt &WsnLhzﬁméefuuthnsthavpnépanatmohude

m xturos Phebab CalRdvaes dF e MINLRE Gy o HELANY, 841 2818s<CEE 5,
MM|cm0typsuatapleo#mMHg§;Q§)axﬁ;ﬂaqﬁyqngnpartlcular methyl cellulose
that is effectlve as an extrusion aid in the method of this
lnventlon is a hydroxypropyl methyl cellulose, such as K75M
Methocel“, available from Dow Chemical Co.
- Various methods are known in the art for incfeasing
25 the selectivity of zeolite cétalysts,_ one such method is
to modify the catalyst by treatment_withﬂa "selectivating
agent." For example, U.S. Patents 5,173,461: 4,950,835;
4,927,979; 4,465,886; 4,477,583; 4,379,761; 4,145,315;
4,127,616; 4,100,215; 4,099,981: 4,060,568; and 3,698,157
30 disclose specific methods for'contacting a catalyst with a
selectivating agent contaiéing silicon ("silicon
compound”). Also, U.S. Paéent Nos. 5,367,099: 5,382,737;
5,365,004; 5,403,800; 5,406,015; and PCT publication no.
W094/27934; disclose methods for silicon selectivation of
'35 catalysts and use of thdse'catalysts in toluene and.
ethylbenzene dlsproportlonatlon._
Traditionally, ex _;_g pre-selectivation of zeolxtes
has involved single applications of the modifying compound.



*15 dimethyl glutarate, 10 to 25 percent di methyl adipate, 19 to 26

percent - d| g y&n guccinate and less than 0.2 wt. % met hpOTYUs95/16006
Extrusion ards may al so be useful in the preparation of the catal ysts
*‘of this |nvent|on Met hyl cellulose is a sui tabl e extrusion aid, and

one particu r ce (e} t | o &f ign aid
in the neth n¥% noLeH sgﬁ?Y%ﬁ'lgﬂéthy §0§8§§%¥QF8 ?E ﬁé #?igose
such as K75Ntreatmaﬁthoce$[nad? invHi fabPatentnVoowd cR8AL 38P ts Herkes.

Vari ous et hae BEkBoHgebfic! B8s81bsb8" thaChEBRbEGORSoE EROSERLETRVILY of

zeolite catal'ysts. one suc o nodi f he cata
t r eat ment mﬁs ica seatalysht P¥gapplicagiap of FBraE?EHBPES BlélcpaFB%Ps
i izg g?% ﬁ%gmr%?%slﬂlaaie979 .e4,46btB86th{147tnb831iéadéy. /6the

090,981 698, 157
3 d.sc|o§%e§5%%.v?t &1 lntoRupdorng: 0200000000 500, and 9:638.d
selectlvatlngnogemitnoanaethygosthosmmlcaSEIsomntlon foddpweddby. Al so,

U. S. Patent 0 38R, 73 g 365, ; 0

5. 206, 016: APRLGATAREEN; idpingt e Béregrmangs it Bdfarypl trddipa,
silicon seletW1oeIwbhhoetBBlorthPaR&QthanéndsGaéﬁlnndséf§§ra99§hs in
tolueng @nd treatfibhy] be@ﬁsnﬂegkaara@ge&bgﬁg | 8Rows that thelktddcelonal Iy,

ex situ pre-selectivation of zeolit as 1 nvol ved_singl e agpllc%tlons
of the nDd,fyrggtg@nﬁggaayst is less agpiyg/ apdpodess selectlve t

PCT/ US95/'1608Rce-treated catalyst as measured by me2fylation ofl tolRgnee
not ed, however, that the su l,on trea ments was nade

ple
in U S PatchY REERangis 36 FS H@Fkg&at the mUEAPLE, & & nt di scl oses
t he pronoti osebéctiyatibhi cenfers nosbenefitataldydin ifacipmedogseisoa of an

O o ChEG PHERs oePicaBy ThEhAEHIAINLCRILE Ceatbions.

tetraet I ca tent “contrasts the
performance of calal gscordsacedwith Oneoﬁeéemttlrwaémoet metthodhodihe cat e

sol uti on fO'Jnare\EA!Pm 1mPﬁegnS%'1Bh”ﬂ1b‘tﬁBdag%h'és ol yRY % B tdlvatae! yst

treated l'orthosilicate and calci ned after each
tr eat ment . #ﬁeOFErREsm9F§cF6§éF@e§ﬁ§N¥HHEa diguig erganosiligona,t ed

catal yst is J:Sﬁﬁoﬁﬁal m andikesa &e&eﬁ@we elaledn ttﬁé%tment beqm@emaaim_

catalyst as neasu neth on of t | uene nethano
i ndi cat%%g t R¥t C?iglﬂﬁhpa 22 &1,5 Heate material in a¥1 oxyge

containing atmosphere, e.g., air. More particularly, for
example, with reference to the above-mentioned steps. (a)-
(c), this first selectivation method may involve the
- additional steps of:
25 (d) contacting the calcined extrudate of step (<) with
. a liquid comprising a liguid carrier and aj: least one
- organosilicon selectivating agent having at least two
silicon atoms per molecule under conditions sufficient to
incorporate the organosilicon selectivating agent in the
30 extrudate, ' ' '
(e) calcining the extrudate of step (d) under
. conditions sufficient to decémposé the organosilicon
selectivating agent and to remove any residue of the liquid
carrier from the extrudate; and, optionally,
35 (£) repeating selectivation steps (d) and (e) at least
once. .
Another method for selectivating the ethylbenzene
conversion catalyst, trim-selectivation, involves passing a



sel ectivation confers no benefit and in fact reduces a 15 catal yst's

ef fi cacyWoP6dpSe- sel ecti ve reacti ons. | n accoPCETS/16005h one
sel ectivation nethod, the nmul ti ppg-i Mpregnati on net hod, the catal yst
Is selectivated by one or nore treatnments with a |iqui d

or ganosi | ifeed streamcooppniging hylirgget @k iagy ardidtid egd gnt being
fol | owed I f treated materjal in an oxygen
cont ai ni ngtiﬁlno%gz ot &eﬁﬂ-éfflﬂ (%/bgé SRR 85 eqad'}e) and apyanpl e,
with ref ermq%lu@orab@o@pmndu oved stplss(,a)& g, s:l.lJ.c(aS)bodﬁH szén-r st
sel ectivatg 0 I te of :

8 Orung P or@yc 18x8| ¥aekhBient o %@g!m;g P She % Oofcorm“ sing

(d) contact’in the calcined extrudate o
a liqdi d CRITGSLIFoR FeRPuRdcon the Z§Hg§n05| | i con sel ectivating agent |

havi ng at | eastThevmbove-mentibfea sipse ReEnoRl S0 Siular; \Fé{rﬂli'
suffi CI ent tcfltz.te whén orp&_rlgtzeegfe organosilicon selectrvating agent in

t he Fudat e E® s c8F i ni HESMTS rerdis RAALes B ep (d)
under mul tigle: tmmsemtmneureatmdneevpdser@ﬁz@wfﬁzﬁ'Héz‘élrh as

sel ectiva |due ft eI| ui carrier
fromthe ?)%'{grg guﬁ ﬁ ona ﬁ,ﬁ”ﬁ{eEgé - ?‘ Sl%;tﬁwe :

sel edPi vaﬁQﬂ?r&é&%t QQ %Wd %%;etat vating. the zeomice, wherein the°~nOt her
net hod forzezAlitd, \e@ld N9 HZwMmes hy ersi.on_ cat al.yst,
trimsel eczt [ va%t i on, |g*nv'gl ves pass*%eg%ggged undeﬁo%g{#'l% tivation

PCT/ US95/ f@é@@.tlcns, is referred to herein as. the4trim-selfesd vattrieam

conpri si n@éﬂtﬂmgemrﬁs&ﬁl WEEHSA | £of Cslectiv tﬂaﬁ' LRI ), o lq._egar a]chS;\/PS
Toaind 5

(e.g., ne), and .an . angs| [ co
e.g, sili ?%g%&ﬁﬁf%;%ﬁ Qin, m?’:mlhnh%‘r’l'é@%ﬁl @PSHE‘I-"?&ﬂﬂgcﬁ@ntOng@rd@posm a
resi ¥%e ofompounsr ga@did i igorthenpeobiiten iberzﬁyk@ed to heremﬂ&%

b t wh
The seoli the sone ‘SDARIAIqH AAFURSs, " Whe eratens) earaivesnaemoibe |

treat ment §€ |e§tr1éﬂaé?qde@¥t @ﬂiérQaf rche above sakectlivaplien mettodst icen
hod. m@b@ h
oiTre, ERemeRetumor akiChes PEELOH HELIBY LBRaPThoEERK kR o

zeolite, rei_n the zeolite, - 'S t
trimsel ecti vatfoRccordanga;withthe s‘mbﬂepledlmprhgnaitnoas metthod,

tri eel ethevaeodite, e.RRt, hc}msm-%mtf@rtf@é‘ﬂeé ferisgkechhyating g‘
zeolite, .o leggicgwqecde,her%.n, 3 Ilmesl'. ngrugggedegogpos%ggmag %E: 6I1 ©
’ *? .
times, with a liquid medium comprising a liquid carrier and
at least one l;quld organosilicon compound. The
organosilicon compound may be preseﬂt in the form of a
25 solute dlssolved in the liquid carrier or in the form of
emulsified droplets in the liquid carrier. The liquid
carrier may_be water, an organic liquid or a combihation of
__water and an organic liquid. Particularly when the liquid
medium comprises an emulsion of the organosilicon compound
30 in water, the liquid medium may also comprise an
emulsifying agent, such as; a surfactant. .For.fhe purposes
of the present:diSCIOSure,:it will be understood that a
normally solid organosilicon compound will be considered to
be a liquid (i.e., in the liquid state) when it is
35 dissolved or emulsified in a liquid medium. The liquid
carrier may be water, an organic liquid or a combination of
water and an organic liquid. - Particularly when the liquid
medium compriSes an emulsion of the organosilicon compound




*15 conpound on and in the zeolite, is referred to herein as t he coke
sel ecti vajgeyghgshod. The present catalyst may be sePETUSYSHOO6 by any
of the above selectivation nethods or by nore than one selectivation

‘met hod used in conbination. I n"accordance with the nmultiple

| mpr egnat i O'in”%@%q" %Qie 1&%1@9‘i’dédtl%n ‘i‘naﬂr alldeoMonprisd rAat ed at | east
once, e.g trmes or m)re a%ptl 4 to 6 -

times, WI t heal\ﬂllsq-tfyd-nge@igl%tooﬁ&qhslaﬁg aaﬁ‘ﬁiﬁ‘i?%‘rl &s t | east
one ||qU' d ‘&Ws'dﬂec%dquﬁ@lﬁﬂir b@%lllca Q:“cgﬁfdi)&idﬂdw conpound nay be

pr esent |ntheform a 25 sol ut.e |.ved in ui or in
the form of selec %%’e&f&re&pls@bfq SR qLﬂlEl "ﬁe %ﬁ%’%ﬁ{ﬁ d
carriersnay sed egafisatian muyatmrrgd.l qui d or a conbi nati on of wat er and
an organic |iqui I Vg&%:ﬁ{}%#l g&ﬂl @Prises an

enmul sion of the g’ 513??05% 1 n corrpo x'Hil‘unéiv\l/)aeteenr cH{Elqw d medi um may
al so conpri saraiers fm@mmgmnd%m%w#m ampregnatingn -

pur poses e(}?,odéﬂ% ttdj'z'%.f‘dlqﬁtl& Q:aﬂél))’!ﬁé bepdn ks, tthag . a
normal |y sofm organdsi |1 con conpound wi | | be COI’ISI dered to 0%%%
fied

liquid (i.ePatent INQQﬂ il B34 Wﬂq &5 9090 RELL 1R b
in a lhgui dgsdiriBe thee dselos :Ln;er Glria &I,_mkhme&it&y saverntganfiar

1iquid or a cqnbi nat.i on of nic 1l icularly
- when the Ilcfdﬁd'cc’n MRRAINA T | ?@ée q'b %’ e *%qﬂ%?%a%%g@%#con
conpound with an o#9a#fusliAliXon compound included in an organic '
PCT/ US95/ 16006 t&F

the liquid rﬁﬁﬁlﬂ‘rﬁrﬂa ? %aonnli)cr carrlner may be n%?%z%?anl%g%%? %%%h as a
surf act ant . misctvsre nﬁmrgamc cenpamnds Hehich|axe eagalpke sefica bound
before, s dls’%ﬂl‘%ﬁ?ﬂ%’%f Ythethi e SAl BB Mpl 4 dpedi R REN Successi ve

5 selectivation co varl ous, organi ¢ con$ ds have been

enpl oyed as °rgan°53(§e?r‘?9’ér"s°'mﬂ“%q1 i SHFR PERRRAS TRFTHEFS
i Mpr egnat i Ohydrocarberid0dsuctp s ellineny 2 dbrisciied Al and scyébicexanpl e, U. S

Pat ent Nos. 5 315: 4,127,616, 4 09 81: and 4,06 descri be
fhe use of MMdECSATEERS HaYing tive G wors o (Epeeratly  oxforsl

i npr egnat i orcarffean aﬁmnsepenl' ymtlesulepregnaj eallkanes, sach as beptavei|icon
corrpou i ncl dngxc?rfhr?é 998 Eane, und&Bhhd & and N§oREGARLE CRRET € may be

any or n| c o
' boiling point of the organic compound, e.g., alkane, may be

greater than 70°C. Mixtures of low volatility organic
cémpounds, such as hydrocracker recycle oil, may be
_ employed as carriers. Particularly preferred organic
25 carriers are decane and dodecane.

. The organosilicon compound which is used to _
selectivate the zeolite may be a silicone, siloxane or a
siléne. Silicones are defined herein as those compounds
wherein silicon atoms are bonded to one another via oxygen

30 atoms. Silanes are defined herein as those compounds
wherein silicon atoms are bonded directly to one ahother.
The organosilicon compound preselectivating agent may be,
for example, a silicone, a siloxane, a silane or mixtures
thereof. These organosilicon compounds may have at least 2

35 silicon atoms per molecule. These organosilicon compounds
may be solids in pure form, provided that they are soluble
or otherwise convertible to the ligquid form upon
combination with the liquid carrier medium. The molecular



m xture of organi c conpounds which are capable of 15 di ssol vi ng or

ot herwi se suitably suspending the organosilicon co

organi c W 96{16005 may be _ hydr ocar bons, such as |.nea”f8“ﬁ§9§ﬁ§ﬁ°§d and
cyclic hydr ocar bons having five~8f~nore, especially 7 or nore,
carbon atons per nolecul e al kanes, such as hept ane, 20 oct ane,
nonane, de‘éﬁh@htuﬁ&e‘é&ﬁe51&ﬁ&°&8de§dﬂ@xa"ﬁ1@r silang)FIMBRERDI nt of t he
organic Coeﬁ?.uayledeas a 9k:béae.eclﬂiyrahﬁng agentgr e (Hetwedh g0 | dnd

M xt ur es o ﬁév vol a I|t n| Gt % ..Such_as hydéog&cker
recycle oif 9'b§n ﬁg 8y & 5‘5}%% W%&%I%ﬂ‘??ﬁ pref

organi c 86 10gaooiers are decane and dodecane. The organosili con conpound -
which ds used t I ' |d ¢ S S L1 <+ Skl oxane
or a8 ° %5 | fhe kipprlf Alankile 1" AR ddredivatit oot iy e
wher ei n silargeratbad the sepddde PaFiee dimmeker viln xdpn to :-mvou&toms

Si | anes arénéﬁivlafdther Qbﬂe&%wlaeaexgcw%m the MWIPL SbLésOandt OB

are bonded direct| é@to one he. organosiljcon ‘conpound

presel ect i ¥BY | RENGEBAE aﬁ&/rsauctlon in &h""e%ﬁﬁ@"a:‘a agtivhie of tR®oxane;

a SI I ane Oieﬁlistﬂteswtxen a sfihdcesf coﬂm@rmwdlm CDEPOfNdlss gy have
at

t | Th |
S eme? epBbholB BHERY, By AR ISR AR SHAERT, 15, o
or ot hervmmaycbevéelsu.bhbltaotbhaslel dhied Sogtiumupffiorm of themédhiteon with
he | di 0] 96/1600
(he | L0000 SR LCEnRROMNE nUEOUC AL, VO SOLI0005 T
silicone, siloxBhe 8iliFPnecCOMPOUMG whlclemmom used mesele@tivateng
agent may Q?ebﬁi@géﬂtBQeB@Qte ma%ObQOQ:or@lQiéiré'cf e&ﬁbﬂ% dbAdEPutbéa of

approxi mate range of I netic di-aneter of

‘the 98 ect? V%H-ﬂﬁyaﬁéﬁ{‘bﬁﬁﬁ gé’,ructqrgr gﬁﬁpﬁ%ﬁ‘%% Sgrinal PFRURF anet er

in order tmﬁyosﬂloxy ‘Batkpodle @t@nﬁﬁﬂtﬁ@ imeAt iIBW D0Sdin NéOrabeuseol ite
- pores and redu ion in the internal activity of the

zeolite. mﬁeﬁ Eﬁﬂgch %@ﬁp&&ﬁ&‘ used that is of a size 10 snall

enough to enter the pores qu—'t he cat al—y-ﬁt crystal, it ~ may be desirable
to use the sodiumform¢f #he zeolit rat her than the hydrogen form
20

25 where p is from 1 to 100, e.g., 1 to 25, e.g., 1 to 9.
This siloxy backbone structure may also be a cycllc
structure represented by the formula

i —0

i (1)

——m

—th—

30 - o i — | h - (2)

35 where g is from 2 to 10. Branched chain structures and
composite chain/cyclic structures are also possible for the -
siloxy backbone of the silicone selectivating agent.



The silicone compound which may be used to selectivate t he present
zeol i te nmeyolvenemssi dered to be constructed of 15 a sil oxyPOEAISEI6E06
structure capped with term nal groups Thi s sil oxy backbone structure

may be a chain structure - representedﬁn/the formul a 20 [err] 25
where p is from i , t Bis 8b ggy
backbone structngﬁéki yl g %Yﬁé wgig%t?%%tﬁ?g ?ga%%ge%teg h

formul a 9frghe si °¥&Sb®$k9QP%|W%Yf?6“¢2f¥©mlb t°B¥Qn€ﬁ§H°EhéFﬁmS-
structures aighmpl es PSR :@fu&é&ﬁwl Cgﬁéup@té'fésméﬁﬁyﬁl 8AdPBRENPL € f\%

52?160055|I0xy ba%é%%gﬁegfo fiéé§8”§b§8$§ yg%ggﬁg 808ha1n siloxy
-27- - 5  backbordestwulsiwre bihc Dude pshaké cHE cBhet Bermudal abl e bonds
of the siloxy backbone nay have from1 to 10 carbon atons. Exanpl es
of such hydrocarbyl groups are methyl and phenyl . Exanpl es of
silicone conpounds havi ng chhaln si [ @xy 5 backbone structure include
t hose of the fornul a | “ :
R~ Si— —0—Si R (3)
10 I I
R, R,
. m

where R, and Rflare independently hydrogen, methyl, or
phenyl; R,, R,, R,, and R, are independently methyl or

15 phenyl; and m is from 1 to 100, e.g., from 1 to 25, e.g.,
from 1 to 10, e.g., from 1 to 4. Preferably, no more than
one phenyl group is bonded to each silicon atom. o
Particular examples of such silicone compounds having a
chain siloxy backbone structure include -

20 hexamethyldisiloxane, decamethyltetrasiloxane and
diphenyltetramethyldisiloxéne. Particular éxamples of
silicone compounds having a cyclic siloxy backbone .
structure include octamethylcyélotetra-siloxane and
decamethylcyclopentasiloxane. Particular examples of

25 silicone compounds having a branched siloxy backbone

. structure are tris-(trimethylsiloxy)-phenylsilane and tris-
(trimethylsiloxy)-silane. '
 The silane compounds, useful as'Selectivating agents
according to the present method, may have structures

30 ‘corresponding to the above-mentioned silicone compounds,
wherein the silicon atoms are bonded directly to one
another instead of via oxygen atoms. Examples of silanes
having a chain backbone structure include th¢se of the
formula |



[err] where Rl err] and R err] are independently hydrogen. met hyl ,
Rlerr], Rlerr]; Rerr], and Rerr] are |y
rret hyl rofﬂ?_g(}’s phenyl; and mis from1l to 100, e.g., frgﬁrﬂ? Mg@t e.g.,

from1l to 10, e.g., froml to 4. Pref &R&01y, no nore than one phenyl
group is bonded to each silicon_atom "Particul ar exanpl es of such
silicone conpounds having a charn sil oxy backbone structure I ncl ude

20 hexanet hyl di si | oxang? decgnet iyl t et|r asi | oxane and
di phenyl tetranet hyl di sil gxane. [Partj.cul af eﬁgnples,of o srlrigpe
- conmpaunds having a Cycli 1Siloxy b 6 structure includ

oct artet hyl cycl otetra-si | gxane gnd R decanet hyl cycl opent asi | oxane.

Parti cul ar exanpl es of 5 dili¢én ounds havi ng a branched sil-oxy
backbone structure are tris-(trimethylsiloxy)-phenylsilane and tris-
(trimethylsiloxy)-silane. The sil ane conpounds, useful as

sel ectivating agents according to the present nethod, may have
struct ur egnerdOR, @:@drﬁ,srawllﬁmé ﬁ&@n@?pVﬁyaﬁaééﬁneﬂeéhkrlcoB% conmpounds,
wherein the si n are onded directly to on anot her instead
of via oxBReRYy toﬁs %Ewnﬁﬁregn Rbr?ﬁﬁe%ndependeﬁ$}yn&e§h§ﬂaﬁﬁ'backbone

strlmurepheﬁymdeahaomemf firiot 1 to 140y reld., from 1 ¥® 96/ 18085,
PCT/U895/%60061 to 10, e.g., from 1 to 4. An eéghple of chﬁ L
silane compound is hexamethyldisilane.
Representatlve preselectlvatlon 51llcone compounds
include dimethyl s111cone, dzethyl 5111cone,_phenylmethyl

15 silicone, methylhydrogen 5111cone, ethylhydrogen silicone,
phenylhyd:ogen SLl;cone, methylethyl silicone, phenylethyl
silicone, diphenyl'siliconé, methyltrffluéropropyl
silicone, ethyltr1fluoropropyl silicone, polyd1methy1
silicone, tetrachlorophenylmethyl s;llcone, _

20 tetrachlorophenylethyl 5111cone, tetrachlorophenylhydrogen
silicone, tetrachlorophenylphenyl 5111cone, methylvinyl
silicone, and ethylvznyl silicone. The preselectlvatlng
silicone, slloxane or silane compoﬁnd need not be lxnear,
but may be cyclic, for example, hexamethyl cyclotrl-

25 siloxane, octamethyl cyclotetras;loxane, hexaphenyl

| cyclotrisilpxane and octaphenyl cyclotetra-siloxane.
Mixtures of these cbmpouﬁds may also be.ﬁsed as
preselectivating agents, as may silicones with other
functional groups.

30 - Preferred organ05111con preselectlvatlng agents,
partlcularly when the preselectlvatlng agent is dissolved
in an organic carrier or emulsified in an aqueous carrier,
include dlmethylphenyl methyl polysiloxane (e.g., Dow=550)
and phenylmethyl poly51loxane (e.g., Dow-710). Dow-550 and

35 Dow~710 are available from Dow Chemical Co., Midland,
Michigan. : |

When the organosilicon preselectlvatlng agent is
present in the form of a water soluble compound in an



‘where R[err] and Rlerr] are independently hydrogen, nethyl, or phenyl ;
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pol ysi | oxane™ {e

. 0) met.hyl pol ysi.l oxane
P 710y - DoeRubSians 86 otbaResidiare’ SoRPPUBES’ FPBRTASHG, SHEiRctents
M dl and, ma} B&i g88d for the 1h%beéghht10hgalf0$uel tpmﬁs@n&selamatllysa:t i ng

\?\%eg%, '112505 Preagat ordsbhg 20740k RalPhe’ s29k %%ép%%%ﬁ%%@g’é an
- 29- agneoselectivatipnt metbodanodinl pasticsylalre Priom o ageniimh
one or more gﬁgrggpéghﬁ %988 Egnak:hgr Q#Qﬁ:&re EH&'yetb'ee%ontalcte‘H“vﬁI%hS%rnve to

pronote the wat e or ganosi | i con. conpound
These hydr opbrganosihdcppngpempound, followed by calcination in an

oxygen containing atmosphere. Such a pretreatment of the
20 zeoclite may be referred to herein as a preselectivation
treatment. | ' '

In accordance with an example of a preselectivation
method, the catalyst is preselectivated by single or |
multiple treatments with a liquid organosilicon compound in

25 a liquid carrier, each treatment being followed by
. calcination of the treated material in an oxygen containing
' atmosphere, e.g., air.

When the zeolite is preselectlvated by a single or

multiple impregnation technlque, the zeolite is ‘calcined

30 after each impregnation to remove the carrier and to
convert the liquid organosilicon compound tb_a solid .
residue material thereof. This solid residue material is
referred to herein as a siliceous solid material, insofar
as this material is believed to be a polymeric species

35 having a high content of silicon atoms in the various
structures thereof. However, this siliceous solid residue -
' material may also comprise carbon atoms in the structure
'thereof, resulting from the residue of the organo portion



5 groups may include one or nore organoan1ne groups, such

- N( CH[ erwps/16008( Clerr] Herr])[err] and -N(Jerr]H 3. A ﬁrg@?’éf?oévat er
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sol ubl e orgiangse | organssipboonscomhouhdmagediOto Hepreerhater thd tiple
|npregna1|cn#?é§ he present catal yst, are referréd to as amno sil ane
pol ymer s i at ent  No. 5,371,312. As mentioned previously
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When the zeolite 1s preselectivated Pgaa S|n mul ti

i npr egnat i VALY REMOSRReT | | AB PRLE; ﬁ’ﬁfd%’(?h afy t’é?e%ch

IrmregnatIméspmmvgstaenﬁzafbgeh andet.q N ) aeﬁasphbrbhe Andexample
organosilicon co ue mat eri thereof. This solid

or ganosi | | con COIPOUISILG Beabbiflers sl S MGoEh Hadiatibige! , 1S sol!
i nsofisr atmesphére, nstehias asrbelCatednaaﬂmnzmayﬂtakalpimmecies 35

naving @ NIEOMETinOknSLhLEEN BLOT M), (UERXBERBUS, rol BLRICHY o

t her eof . wever hIS si |1 ceoud so id rés
conpri se @BYRINATLOB LN BNCOXYEEB gnetammmmwm t$ugh fa%rﬁl-lhe

residue ofgd e @i ERPePOEL AP and N,. VEE?@iﬁQQQén should be
PCT/US95/16006 30- of the

or ganosi | iRSFEVTRSR LB %EeﬁtFBsPﬁﬁFSgﬁHPétPN§1311Y(ﬁﬁ%ﬂ)@ﬁ water '
Fol | @¢i ng \Q?@rlwrmﬂlﬁﬂdeslﬂeabﬁd uheoi¥dlded st&AMdes ath@ rate of
err

from 0.2 f%@&P”tfhéozééfléLC%§§”BEecgﬁclned once or more than
once following each impregnation. The various calcinations
following each impregnation need not be identical, but may
vary with'respect to the temperatureilthe rate of
25 temperature rise, the atmosphere and the duration of
calcination. | , . _
" The amount of siliceous residue material which is
deposited on the zeolite or bound'zeolite'is dependent upon
a number of factors 1nc1ud1ng the temperatures of the
30 impregnation and calc1nat1on steps, the concentration of
 the organosilicon compound in the carrying medium, the
degree to which the catalyst has been dried prlor to
contact with the organ05111con compound, the atmosphere
used in the calcznatlon and duratlon of the calcxnatlon. A
35 suitable amount of s111con on the catalyst is greater than.
9 weight percent, e.g., greater. than 12 welght percent
exclusive of the silica present 1n the’ blnder or 1n the
zeolite itself.



¥

5 tenperature greater than 200[err]C, but below the tenperature at

whi ch the ¢fo/sgibés nity of the zeolite is adversely af frRaTrESYS/160061i S
cal ci nati on tenperature may be bel ow 600[ E:L] C, e.g., within the
approxi mate range of 350[err] € to 550[er_r? . The -~~~ duration of

cal cination at tNgeedlCind! ioRrbgHRRidn/cd1Ehatlon Redueiidel the?d hours,
e.g., from2 to 6 hours. . he Tnpregnated zeollte nmay be cal ci ned
in an inert eatalystompli Pengubifsisdete staamdngmmondditionen siffiledent
at,rrg_sphere 'taniﬁbEEQQ%”or' decrebiser 'Q'.lhe a?dfw%g@r %-ntd/@i' ﬁ)@@é&viﬁy oFf an
oxi di zi ng atnpsphere_i s _an oxygen contajnin ., ;atnosphere, such' as air.
Cal ci nati on RBf cakalysicas )ée%"irrﬁdt’i alPaehy %%‘?ﬁtﬁ&”ﬁ areydisglosed 1in

at nosphes e, {i0kl.opadely No. 5Gal4®i,1144i.0n The steanigeN conditiivns) may

at nosphere, i . ' f. Qi n Lrrl. . Calgination
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vapor to avol@sufd&ei B2BI°€,uwadd faiomed 3stteatiodd cttaam e.g.,zdaiom 0% The

zeolite may pg ;gb%l 8edafICato ?a}fe%s‘u*ﬁ“ of ffr&%{‘o%%d‘lo g Q%ge;&iggaattloon

| mpregnati on. e various cal cinations ng “each i np

need not be PAGAt PEAR (Bd#7dnyPaa), and, fgn @ Gageddon @ e Xk &®erat ure,

the ratfgof LRentieFBArIhduds!, 8q.l,hErtmBHHR e A pug.ation of
cal ci nati on anmount of sil,i ceous, resi due materi al ich is

: \ he
deposi t ed onEf‘ﬁésféb’Fi'lsgeéful?@uﬁd' FESAMING undete SaYRHE condiri@fifher
of factors inayubendetirdnetytadr douthe @ctiivelt30 and HElk@EMivy T the

cal ci nation cs:tﬁggﬁ_ tthe concentration of . t he organosilicon conpound in-
the carrying gﬁ] ‘'t he degree to which the catal yst has been dried
prior to conThet presienthcadadysds mayc @ompoiseudt, ldastattmdHphar.d. ,

used i nl.i he P?é?i N3kl 9Ra2%d odyr 9 N Ys tél‘?caﬁéi'h‘iﬂé@atli Yt al’?taylf]ine Hddadp! e
anount 0f sili€oN on the catalyst |sfgreat.er than . . 9 Weignt percent,
e.g., greatePetRdn €29%rei @ 3L ffective Gasichdeye the deasikedresent

in the bindegceivikyl/d@lectivi®¥l. t PartSthilar alkali méR0% L%ude Li,
PCT/ US95/ 16006 After the

i mpr egnat i onN@al & n&Piro AN §Fenc Fartisular %1?&19( eRRFhdeti%cted to
st eani ng. condntllade ¥Mdf,f ica,edr, and Ba. NTRaA KA1 idemwtlsor  kadine ty
and/ or fglecgg¥¥hym%¥al'méy_be added by contacting the catalyst, in
particular, the zeolite component of the catalyst, either
before or after selectivation, with an aqueous solution
containing an alkali metal, ion of an alkali metal,
. . alkaline earth metal, or ion of an alkaline earth metal,
25 optionally washing off excess solution using water or
. another solvent, and then drying the treated catalyst. The
present alkali metal or alkaline earth metal incorporation
or ion exchange procedure may be used to decrease the
activity of the catalyst. The activity may be adjusted on
30 a small scale to fine-tune batches of the catalyst for a
particular use or the activity may be adjusted on a major
scale to convert the catalyst from one type to another,
thereby providing a means to manufacture different
catalysts for different uses. When odly a small amount of
35 alkali metal or alkaline earth metal ions are incorporated
into the catalyst, e.g., in accordance with an effort to
fine-tune the activity of the catalyst, the alpha value of
the catalyst may be reduced by a small amount, e.g., by 10%



the catal yst as desired. Such conditions are disclosed in U. S. Patent

No. 5, 3W®,9/M4005 The steaning conditions nmay i ncl ude %F’E’H?ﬂ%‘ﬁ%ﬁ“ure of
from100[err]C to 800[err]C, e.g., freogp= 175[err]C to 325[err]C, with
from1l1l%to 100% steam e.g., from 50% to 100% steam at a pressure of
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al kal i or a k | ne eart or por a on exchange
procedur ecamtaprteseclithivecsuidddene 11th1“§btﬁhﬂquya:ﬂafe¢le kithiymt . The

activity prs ﬁ}?a@éll uz«sieﬂmﬂ aﬁmonauﬁrr@hbsiﬁﬂ& t g fenm Warsktdes of the
cat al yst for 8% 8 ggﬂor t he act|V|ty may be "adj usted on a
maj or 1%’&3?% ¢¥aRY eer?n hiiERium, stepraheome type to another,

g hﬂlsby provn B ogreeseafssbdimnibast liheldl]lcdfé @cﬁﬂlﬂ( a}cet‘@ﬁéﬂl yﬁ@nlfuﬁk)rl

| fferent_uses._ -We am)uto 35 al kal i Ia or al kaline
car th oAtrosaT o Bofhuy, BepiBake’ "Redink, chtpornely oL O 0
accor danozhleriden sédiun chloratef,i sedimme bxtomixis, \Sddiurk biemateal yst,

t .he. al phasl%cf}ﬁiﬁ ﬁérch%rggﬁ icgéglﬂiﬁt %Ak, %‘ﬁb%ﬁé&?iérﬂ@um

PCT/ U395/qq;bggn cinnamate, sodium citrate, sodiumgxyanate, Fodium
Hovgyer , i de ) assgiua Bny1atetbhteiaty, Alsciiiun nydtide) eodpinh et al
i ons are exchanged_ont 0, the ca a inan effort to roduce a
Iom/actl\RXQF g@or% g, S u* formate, é%dlum glutamate, sog
iodide,_sodlum 1qdate,_sodium periodate, sodium hydroxide,
sodium lactate, sodium methoxide, sodium ethoxide, sodium
nitrate, sodium nitrite, sodium'oiéate, sodium oxalate,

25 sodium palmitate, sodium phenoxide, sodium carbonate,
sodium bicarbonate, sodium propionate, sodium salicylate, -
‘sodium stearate,_sodium succinate, sodium sulfate, sodium
persulfate, sodium hydrogen[suifate, sodium hydrogen
sulfide, sodium sﬁlfide,-sédium sulfite, sodium tartarate,

30 sodium thiocyanate, sodiumfthiosulfate, and sodium ammonium
tartarate. ; _' '

Sources of potassium ions include potassium acetate,
potassium acetyl salicylate, potassium bromide, potassium
bromate, potassium chloride, potassium camphorate, -

35 potassium carbonate, potassium chloride, potassium
chlorate, potassium perchlorate, potassium hypochlorite,
potassium chloroiodate, potassium citrate, potassium
cyanate, potassium cyanide, potassium ethylsulfate,



‘al pha val ue of the cat al yst may be reduced by a larger 5 anount, e.g.,

by at Iea%f, Y least 90% ' sources of |p¢TIUSSII6ENES
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hyd fl d ) ' s i odi de,
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sodi um-car b onate |un1prop|onate sodi um
salicyl ate, xanthatei um st earate, sodi um succi nate, sodium sulfate, sodium

persul fate, sodi ugyhyde89ss éééiﬁheloﬁgdhﬁﬁlhaérQG%ﬂum acetdltel, deesdah um
sul fide, sodiumsulfite, sodlgnltartarate un1th|o anaé? %glum

t hi osul f at e, PRRECRBA7 UGESHHBHPEARidE, F&?PHFaP§°ma deciug, cax
pOtaSSIUﬂlIOeﬁsiﬁﬁluﬂerpgénseanhbaaEEateaslum chdbaaﬁeunnasamw salicyl at e,
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canphor B6ha pofaSS|un1chI potaSS|um
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chl or oi odat e ?9&?5§b55£8'tE@E?umpﬁhﬁiﬁhﬁﬁb cesiYA Hi®raR@, aTEsifnCyani de,
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PCT/ US95/-160n&trite, cesium oxalate, cesium ox1de,_g§§1um sallcyﬁa§ﬁaSS|um
“hydride, potagsiuf Ehyeatds. ceeliams sulfiud,0xeddum tartaraﬂm asyidim i odat e,
pota53|$gn|og;51umpg§3§%bggltg% %&%te.
Sources of magnesium ions include magnesium acetate,
magnesium nitrate, magnesium chloride, magnesium bromide,
magnesium benzoate, magnesium propionate, magnesium 2-
ethylhexocate, magnesium carbonate, magnesium formate,

25 magnesium oxylate, magnesium amide, magnesium bromide,

. magnesium hydride, magnesium lactate, magnesium laurate,
magnesium oleate, magnesium palmitate, magnesium -
silicylate, magnésium stearate, and magnesium sulfide.

Sources of calcium ions include calcium acetate,

30 calcium butyrate, calcium carbonate, calcium chloride,
calcium bromide, calcium fluoride, calcium iodide, calcium
chlorate, calcium citrate, calcium cinnamate, calcium
‘laurate, calcium maleate, calcium nitrate, calcium nitrite,
calcium oxide, calcium propionate, and calcium sulfide.

35 Sources of barium ions include barium acetate, barium
bromide, barium chloride, barium fluoride, barium ioxide,
barium butyrate, barium chlorate, barium perchlorate,
barium cyanide, barium dithionate, barium formate, barium
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- nagne5|umdﬂﬂhﬂan$eﬂngne5|un1bron1de : - magnesi um benzoat e,
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magnesi um f or I’TB.t e, nesi nesi um am e neS| um

u 0
bromi de, REFFEFIREH PR&F?%E? n%%Fg%YP cFéYebe Qﬁ&éF&ﬁPl&GF@té eed
magnesi umsﬂm,tymmpmmnisahg hydagogenuand an aroitlal'u:m/' ate,

t d fid f I
e ol SRIERN 1R ArerasnBlost’ s Barareinic, componnal Bk bonare. |
caIC|un1cMegankLor decane)cmithuhhbrongdapsa&hcnnncbmpommdeundﬂnnLun
| 0di g8, CUuieiBle trin sELOEMEi6H EbHH‘;E&Pthe ] %ﬁﬁ@l%e

cal cT’Um e, cium mal eat'e clumnitrate clum '
nitrite, may lnCl\%S%ﬁ (ﬁ Lﬁfﬁ’@i@ﬁ%tuEGI EANGLPEOSFOMalo0 ‘Sn&oc H09 "Gm sul fi de.
35 ST CHrat 4156 ¢ &Nt 0960+ OG| adgraaghw %S?xb@. g ¥ WN (101

br oni de, bari um chl orjde barlu fluorid bari um_i oxi bari um

but yr at e, XPA&IuhT ARARS1IF 613 beFEﬂPbraFeg" fr°m'15béQQ§nhﬁﬁ%%de
barium di tjo @V sitnr (5607 OkPa4AR, &amblé ratio of WPAIRGLFO o

i tr¥0c. PYARHRAGRORE (317 um EPRRPBRY S7om 0-3 £8720, e.q.) AP0 T
to 10, e.g., from 1 to 4, and a weight hourly space
velocity (WHSV) from 0.1 to 100 hr!, e.g., from 0.1 to 10
hr. Toluene may comprise 50 wt.% to 100 wt.%, e.g., .at

 least 80 wt.%, of the hydrocarbons in the feedstock. Other
25 hydrocarbons, such as benzene, xylenes and
trimethylbenzenes, may also be present in the trim-
selectivation feedstock. '.
The presence of a sufficient amount of hydrogen in the
triﬁ-selectivation feedst@ck is necessary to prevent rapid
30 aging of the catalyst during the selectivation process
resulting in an excessiveireduétion in the catalyst
activity, possibly accompanied by a reduction in
selectivity for ethylbenzehe conversion. This rapid aging
is believed to result from a rapid build-up of excessive
35 amounts of carbonaceous deposits (i.e., coke), which may
even extend into the pore system of the zeolite in the
catalyst. However, even when hydrogen is used in optimal
fashion to prevent aging during the selectivation process,
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My congoi se ﬁﬁaz\ﬁgr%ﬁmxﬂ&(k‘hMo&/qmar @qntﬁ:.n less ckisdn 80. Suwe4 % 09t he
hydr ocar bons |n the fe r Y. ns, zene,
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sel ecti vat i olpdmaidtagss are expressnﬂa mésearme of ti‘l%u‘?ﬂ%h’én?fa‘tht of
hydrogen 1N Idiftire #Alg}é@'fﬁénﬁﬂrﬂ rtﬁé%eé’éé?f&ectlsbﬂﬁ&éfsaﬁa 69t PeRyENt

rapid 30 aging o t he se fvation ocess
resul ting |nQQmRQRﬁﬂﬁﬁnw§¢Q§hﬁﬁ|Q¥?F99?¢EFkﬁﬁéﬂﬁ%xdr°gené %?Vlty, possi bly

acconpalised Rierpdrighed on in . selectivity for ethyl benzene conversion.
excessi ve 35 amdiiR PERST BACREOTS Bipder S TeEea kR SoRABLRe,
even extendidaxnﬁduarmhxssquntrnlﬁedrmnkxmglpzoceduhe is alsat neferred
ooyt o AU OIS PRI mnis RElhal gaRec o
PCT/ US95/ 160G=1lectivation may 1nvolve contacting thescatalyst with a
20 thermally decomposable organic compound at an elevated
temperature in excess of the decomposition temperature of
the compound but below the temperature at which the
crystallinity of the zeolite is adversely affected. This
_ contact temperature may be, for example, less than 650°C.
25 The catalyst may be coked in a reactor or other vessel that
‘l' is different than that used for the ethylbenzene
conversion, followed by transport of the coked catalyst to
the ethylbenzene conversion reactor. Performance of coke
selectivated catalyst for ethylbenzene conversion is not
30 significantly degraded by the handling associated with
' tranéporting the catalyst between the reactor used to coke
selectivate the catalyst and the ethylbenzene conversion
catalyst. Coke selectivation is described in U.S. Patent
"Nos. 5,234,875: 4,581,215; 4,508,836:3 4,358,395;
35 4,117,026: and 4,097,543. |
organic materials, which may be used for this coke
selectivation process, encompass a wide variety of
‘compounds including by way of example, hydrocarbons, such
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deconposabl e Organi c conpound at an e erature-in excess
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affected. This confact tenperature nma xgnpl e, |ess than

. ' he, for e

650[ er r] cfrom 3he oxganosiflicen G :B%uEGﬁeHeKFLSnFQaBFGFlePhEWFeF‘Féssel
.]Ehia} isddiBzEfeerienttHd]auriﬂﬁqeweﬁz_ ivatidheost huébeatangst.,h : -thBversi on,
ol | owed by trapsport coked cat st .t ~the ethyl benzene
conversion rea ;e[ﬂégcﬁ}éh&£§d€93€ﬁgL¥“nd By a§¥|§BFPF§fe&tbdfh|yst for
et hylbenz possidieertdiath the melectfoitysofnthecpresentegthyddbenzenee |
handl i ng Il s ' 3 ' r{.i,n I wee e
react or uCohYesdidh Edthlyst is obtARARA' by BrbRACIRL" kanaRE AR RHSL (e
conver si ofiffusion prArgxties pkcthe| zeclikei Shats faveorr ithed desived

Patent  reactidies.ai 2th{bt dnd@84i2da; rdacP8onadf; 4,358, 395; 35
4,117,026; and 4, 097, 543. L Organic materials, which may be

used for this coke .~ . selectivation process, enconpass a w de variety
of _ Iscreiniation rodmsbmenby way of exanple, hydrocarbons, such '
Y§E?§616005 The gthylbenzene conversion catalyg .@g§9%é}@%¥iowed
by a suitable isomerization catalyst. A suitable
isomerization catalyst is one that is effective to
isomerize the xylenes of the feed containing C, aromatics
~under suitable conditions. The isomerization catalyst may
25 also have minimal activity for xylene transalkylation or
other reactions leading to xylene loss under the same
- reaction conditions. The zeolite component of this
catalyst may comprise an intermediate pore size zeolite,
e.g., one having a Constraint ‘Index between 1 and 12,
30 specifically 2SM-5. The acidity of the ZSM-5 of this
catalyst, expressed as the alpha value, may be less than
150, e.g., less than 100, e.g., at most 50, e.g., the alpha
value may range from 1 to 25. Small crystal size zeolites,
as defined herein, may be used in this catalyst.
35 : ‘When alpha value is examined, it is noted that the
alpha value is an approxihate indication of the catalytic
‘cracking activity of the catalyst compared to a standard
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to xylene | oss under the sane - reaction conditions. The zeolite
conponent of this catal yst may conprise an internmedi ate pore size
zeolite, e.g., one having a ConsEXamplelkdex between 1 and 12, 30

specifically ZSMpd gerhitas afft Mddiwh dPpsaiM 2sMis tEatalysts COhat ywére

expressed as the al pha val ,Uéaa, @ be, I,egs éé}gn 150, . e 9 , #Sé t han

100, elf., Rounsswikh silica, RPmprising 65% zeplite and 5% §H1°%e 25.

Smal | cryst alersd ZretRtdéd £S,In thimsseefespdcitalyst Aunyaseprepared this
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activity of catalysts \Btthaonsh 68 were sebectivated using a\mudbipieos

PCT/ US95/ 16050e(1ectivation method by contacting the catalysts one or

20 more times with a solution containing 7.8 weight percent
dimethylphenylmethyl poleiloxane (wa-550) dissolved in
decane. After each contact with the selectivating
solution, the catalysts were calcined at 538°C in nitrogen
followed by air. Catalyst B was selectivated one time.

’ 25 Catalyst C was selectivated two times. Catalyst D was
selectivated three times. Catalyst was selectivated four
times. Catalysts A through E were tested to determine the
time required to sorb ortho-xylene in an amount equal to
30% of the total xylene sorption capacity at 120°C and 4.5

30 + 0.8 mm mercury. (493 to 707 Paa), t,;. A summary of the

results of this testing is presented in Table 1.



- 37- catal yst and it gives the relative rate constant (rate of

nor mal ‘g onversion per volunme of catalyst per unit permsosnbdo®) - !t
i s base Ségﬁfuﬁg activity of silica-alumna cracki ng catalyst taken

as an alpha of 1 (rate constant is <38 0.016 sec[err]). The al pha test

I's described in U S. Patent - 3,354,078; in the Journal of

Catal ysis, Vol. 4, p. 527 _ (15351}&-\3&0|. 6, p. 278 (1966) and Vol .

61, p. 3%atalyst (1980)Seléetiwationevrabtmentisti ons ofg,the nienttassed

herei n incl ?de a constant tenper atﬁ| f‘ of 538[err]C and a qa vari abl e
& cat:f

flow rate as” described in detail e Journal . of '))35| s, Vol.

61, p. 395. B'he hi gher al pha val ues correspond with ad4fmr® active
cracking catal yst. ExarrpI{6

A series of medium crystal ZSMS cat aI ysts that were ound with
silica, con'd?l sing 65% zeolite and 38%sili ca, ver e 3f®bared. In
this series,gCatal yst A was preparedsg - using the hydrogegp form zeolite
with no sel ectivation, Cat al ysts B through E were sel ectivated using
a multiple sel ectivation nethod by contacting the catal ysts one or
.20 nore tines with a solution coBxampileq 27. 8 wei ght percent

et aoh ol AR PR Yoo EARRERE 8 pla e U dike, s5pres PEETS
wer @ocal cmnrekudaed 563 weidlit i pencentyeeolite andf Gl oty percerdat al yst B
was sel e%lvféae%ﬂ'i@eé' Seaszéelegéggaiféh Gs%néseehgﬁtq ;’;ﬁteEd two times.

Cat al yst ectivated three was sel ectivated
f our impregnakion dareayment AWikRofgHrESHECeSEdstee dMRY agnak AR t he

time requidafy to. §Qﬁ@1@ﬁt hﬁei‘c‘eﬂﬂed&ﬂeﬁﬁﬁ gzl%ﬂiyi[ %olys:.loxw of the
total xylene sor&]) '78 120[ err¥

mercury (RE¥I3P e¥?] ecang, e&'f each impregnationss of this

tesing ithersskverntl wans Tabi'ﬁpﬁed from theV\GaQG/l&@iD%nd the catalyst
PCT/ US95/ 16006

Table 1 ]tcln%? in nlt’é%?%%t F{}gt F&ﬁ' ‘?Fegtar?erﬁz The catﬁ]e‘ﬁt} m nut es

which was 51m11ar to Catalyst E described above, was then
platinum exchanged to conta:m 0.1 welght percent platlnum.
To prepare this platinum exchanged catalyst 15 g of the

20 selectivated catalyst was placed in an erlenmeyer flask
along with 45 g distilled Water and 0. 0271 g
Pt (NH,) .Cl,-H,o.' ‘The’ pH of the solution was approx:.mately
3. A drop of 0.1 N NH,OH sclut:.on_ in water was added to
the erlenmeyer flask. - The pH of the resulting'solution '

25 increased to about 8. Ge’ntly agitating the solution

| brought the pH down to about 4, at which time another drop
of 0.1 N NH,OH was added. Thls procedure was repeated
until the pH of the solution did not drop. The amount of
solution requlred was 0.9 cc (sllghtly more than the 0.8 cc

30 calculated for complete exchange of Pt) Excess solution

' was then decanted, the resultlng catalyst was washed with
water, filtered, washed with about 200 cc of distilled
water, and the recovered catalyst was then air dried. This
- catalyst was calcined at 120°C for 6 hours under air,

35 followed by slowly ramping the temperature of air
calcination at 2°C/min to 350°C, where it was calcined for
2 hours. This catalyst will be referred to as catalyst F.
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A catalyst containing a nediumcrystalggize, £4SM5 that 10 i ncl uded 65
wei ght percent zeolite and 35 wei ght silica binder, was
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erlenmeygr fhaslen i mﬁafh@or@é&ai%rouégoaé%ﬂbé’é abw&re@egédtﬁenabout

Gent yagltatlngthe sol ution down toO out 4, at
vvh| ch time amRiadiymexchanggd £q GenfRiR Gk ‘&%Ib‘&ft A#Fr<entocedure was

reloeat ed aurltadmme A Grépeeres othis opa I d D@k hdk@l@angé'@g%mnﬁftpr .
sol ution req YD an_the ce cal cul ate
for conpl et e aﬁ%sﬂbﬁ ﬁ%eétg%g%é %%??Jﬁ'%ﬂ was pﬁge‘?h%ﬂ Hacanted, the
resul ting catedl;aﬂnemv@]ﬁséd aAlmtg w:.thvﬁﬁeg distikled, wakeheandit h about
200 cc Sl e e a hen air

dri ed. '?’E diﬁdtqdlpdwﬁvﬁg hl 6 ned %’ §§0Frf d‘f‘% %% %%Eﬁ\gﬁrélgtsunder air,
35 foll ome@ﬁﬂr@mﬂtgﬂharﬁx ngh t4eoP PP a@Birde WH,QH solutiamligt watem at
2[err]Cimin Bi&bs3%Qi<f‘éd I mr@riénﬂﬁfefaffagfd Phe py of R4 Besditing

catalyst will be referred to as catal . 96/ 16005
PCT/ US95/ 160§91ution increased to ab ut 8. Gently_agitating the

solution brought the pH down to about 4, at which time

20 another drop of 0.05 N NH,OH was added. This procedure was
repeated until the pH of the solution did not drop. The
amount of solution required was 1.6 cc (slightly more than
the 1.5 cc calculated for complete exchange of Pd). Excess
solution was then decanted, the resulting catalyst was

25 washed with water, filtered, washed with about 200 cc of

. distilled water, and the recovered catalyst was then air

dried. This catalyst was calcined at 120°C for 6 hours
under air, followed by slowly ramping the temperature of
air calcination at 2°C/min to 350°C, where it was calcined

30 for 2 hours. This catalyst will be referred to as catalyst
G.

_ - Example 4
A catalyst containing a medium crystal size ZSM-5 that

- included 65 weight percent zeolite and 35 weight percent
35 silica binder, was selectivated using a multiple
impregnation treatment with four successive impregnations
using 7.8 weight percent dimethylphenylmethyl polysiloxane



Exanpl A catal yst contalnlng a nedlun1cryst 19 5 t hat
I ncl udgﬂégglm?ght percent zeolite and 35 wei ght percentalil .8691@%/;

bi nder, was selectivated using a nulfﬁﬁﬂ 5 i npregnation treatnent mﬁth

four successive inp I O usi ng
i et by REHTBRRI AR s fecdtie ! fefetlodth SpFaaAs i88cane. A (er
each i nptagnaiolvent was ts‘ts:'xppedantrmsthercp‘paﬁystoandheheat:art;iys&nd t he

cat al yst t 538[ C. The catal yst,
10  whi ¥R5.58°5 rﬂ%ﬁaﬁ'r{]%ﬁb yst escrage§3gbove \%/glsgthen
pal | adi usedectivesed catakysth ovhick s pimidar to Cagalysti &m To

prepgre h@%&r&%’ac e?ﬂ&?e? X Ghy) %?Pa@?ﬁﬂ’th yéﬁc ngedlﬁng aofnahf]\%rs glifqhlayat ed

catal yst was in an erl enme 45 g Istilled

wat er an&°15haWDQf3ﬁ¥ﬂ?Riﬂr@{?ﬁrﬁﬁﬁté %r?]?§0W31¢h§ PRXSeNthe solutlon was

appr oxi mptaltiném.A dnok Gath Bt WD otateeRelNtvahel catalydds wadded to
the erlenneyer flask. The pH of the resulting solution increased to

about ‘8. Gently- agitating the sol uti on brought- the pH down to about 4,
at which tinme 20 anot her drop ofERafpld BHACH was added. This procedure

\zglarrzunt ofrggfut %gln ?éqtlar‘iﬁ %146@ ‘?‘l‘ﬁéiﬁ?@ ﬁgpgﬁ %5%ppepégﬂ1 1.5 cc
cal el at ae¢diym @Gmﬁﬁikasgaﬁuﬁﬁﬂr%fa¢@)35EReb§bt perceptysiidicaas t hen
decant edy, hﬁef el 'éiﬂafelé@éd’ Sto V@%@ﬁlpfésésﬂe&tﬁbatﬁbﬁr trféalttm%rn%d

washed w th abdut 200 cc distilled water,. e .recover ed
catalystuﬁé§9tﬁ9¥%£lsuccesﬁﬂY%meH¥ﬁ%n%E%GP§SFS&&§ daBcwed@h%: 120[err]C

for 6 hopetcent difitihylipheriyl xh@mpll byo® QMasxaaapl(nawt-Isgot)enperature of

| t t .2 (7 | d. 30 f
2 hours. 1pEeVeR A Sddd- pAfieE o8t Shpboganipey  the sgivene 1T

Exanpl e das strippedA fixxinaltlss catarystngnd thdi catalystawas ze ZSM 5 t hat

bl maer . sARSHell it S adald S 0 f0s 48 7 BRRCRRERTYaE SUHIER i

four sucwesseimiilay dghfatakyst D @ssqubee abngm. pssc&hen

di met hyl ?Eﬁ@i‘xﬁ%{ @Qcﬂaﬂé@d |ﬂ¥3é‘emanner siNPL 38/ t@oQﬁat of Example 6
PCT/ US957 16006
to contain 0.10 weight percent platlnum. Thzs catalyst

20 will be referred to as catalyst I.

a e 6
A silica bound zeolite, containing 65 weight percent
medium crystal size ZSM~S5 and 35 weight percent silica
binder, was subjected to a multiple selectivation treatment
25 using two successive impregnations using 7.8 weight percent
| dimethylphenylmethyl polysiloxane'(Dow-SSO)_dissolved'in
‘decane. After each impregnation, the solvent was stripped
'from the catalyst and the catalyst was calclned in nitrogen
and air at 538°C. The catalyst, which was similar to
30 Catalyst C described above, was then platinum exchanged in
a manner similar to that of Example 6 to contain 0.10 |
weight percent platinum. Tﬁis catalyst will be referred to
as catalyst J. ' '

L3



(DOMF550) di ssol ved i n decane. After each'fnpregnation, t he sol vent

was stri pp%;6yl@m5t he catal yst and the catalyst was Calpgmnesds/ii¢nos
pitrogen and air at 538[err]C The -4p£l ectivated catal yst, which was
simlar to Catalyst E 5 descri bed above, was platlnunlexchanged in a-

manner simlar to that of Exanplgz%nkgepqntain 0. 05 wei ght percent
pl ati num This catal

fal E g refing gs catalﬁ st H., .
Exanpl e 5 %FFl QURBLABCL ALY t EONEBAPINGI §F ¥SiRbtyReISENtent 10
medi um cryst pargezerystad smdeBSSmsgahdpesceaﬁgml percent sliildder, was

o ognat | onBL08FRy 928 RERERPUN°LLERaPEER, TRk mapneks Aifiady, o tRAETS VE
ponS|IanneotEBxaﬁ§D¢ 6 to dpoptalined.lf wedght. parcentepdhatimumegnThisn,
the sol vent da¢a) 3 an%ipﬂédr&&ggtﬁetf%é' }Iéﬁrta:%g@ttike C gy t""%swas

calcined in nitro whi C
simlar to Caehl §electivatefdpugingotbe Mudtipde mpresmfmﬁ@m éxéﬁtanged in

a manner singgdectvhBabn)f oExaBRkesBlectivhtiofNhdithodsl@edRirdbledner cent
platinum This catalyst 20 wll be referred to as catal yst I.

Exanple 6 Re¥eln. A'si|jca bound zeolite, containing 65 wei ght percent
medi um crystal size ZSM5 and 35 wei ght percent silica bi nder, was

subj ect to a multiple selectivation 25 usi ng two successive
|npregﬁ5 i ons using 7.8 weight percenﬁr"&’ﬁn lgﬂy t hyl phenyl net hyl

pol ysi | oxane (Dowcatalyatssbl tbohgh K wegfec sasalitiicaldycleviaiwasgdatfioon,
the sol vent ¥"Eﬁ¥fﬁéh28ﬁé conveks98h! agggimygt A fyiagel Foys! Was

calcined in nit he“cat al yst, which was

simlar to 30Y5r€ﬁ§ﬁp9§tm9i6€s€?F§€d°§bévéNGwa§ 256n Pt | (3336 XkFAdged in
. a manner  si n&ﬁératoatbﬂ%léﬁYEﬁinﬁbﬁp@eru%%t ]Anad %pJa@e veld@tﬁ@s pempRnt
platinum Thig 8a£§L %agﬁg mgﬁt&%LeB%egb ut 6 Bﬁ% n . meta- Vo
96/ 1600 out e8cy 68
-41- xylene, 20 weight percent ortho-xylene, and 20 weight
percent ethylbenzene. The catalysts were pretreated at
350°C for 2 hours in flowing hydrogen before introducing
feed. A summary of the results is provided in Tables 2
20 through 6 below. The molar ratio of benzene formed to
ethylbenzene converted is also provided in the following
tables. The results indicated in the tables reflect the

averages of 2 analyses.



 Exanple 7 A silica bound zeolite, containing 65 wei ght percent
| ar ge crWoOwveMm6ddd ze ZSM5 and 35 wei ght percent silica PCOI/URYSN 6008/2S
-pl ati num exchanged in a manner sim|ar-gp-that 5 of Exanple 6 to contain

0. 10 wei ght percent platinum This * catal yst will be ref erred to as
catal yst K Catalyst K was not ~galbdet ivated using the nultiple '
i'npregnation, trim sel ecti vat ggalg £ 1c_)ke sel ectivation nethods
descri bed herein. 10 - Exanple 8

Cat al yst s ReagttioniConditionst al yti cal | y eval uat ed for ' et hyl benzene"
conversi o { hydr oge 0 dro l.ar yatio of 1 and
at 150 ps:T 112\??6‘5%5éea e di‘o& z‘i varl etgy oga er“atas(r -85 arf‘cfas'r?ace

an
vel ocPt i eEFTERRUIRy KRARJ used whi38 ni dfe of 15.56ut 60186 ght Ja&ent
nmet a- H,)(Hbemelaiﬂrw:ght percept orthg-xyleney and 20 qwei ght

1
percent e The catal ys wer e retreat ed at 350[err]C for 2
hours in %v‘é)nglz’ﬁydrogen before %’ﬁtro - 40teed. AOsunmary$#®f the
results is provided in Tables 2 20 through 6 beI ow. The nolar ratio of

benzene f%% wt ﬁt hyl benzene converted is also provided in the
fol |l ow ng he results indicated in the tables reflect the

averages & 2 anal yses 238196/ 13003 3.53 3.09 2.98

PCT/ 14595/ 53926 ' = 42-

Tabl e 2 dene ' 6.31. ?:a?l yst F57 B8t i on8cdRdi ti ons
Tenper at ur@LYERE | C 404.9-2215, 602226, 70.5637. 80.5448, 90.57

Pr essur e, Eltﬁyabenzene 1136 1i126g - 18367 1§3§4 133¢ 8H%/;.)HC nol ar
ratio Paraixyilenel 1 0 1 VHSV, ﬁ €

40 40 yde 40 2P 0.19, odu€t§1 wt . 926 CPeﬁr3]

2.21 gMEZa-xya.e&’e 3.09 59508 185.28enzs8es1 59,26 59928l
. . 0 (S} .

L 09%“"‘%.1%9 20.00° UP8%1  10.82 10%3° 157%%

0.14. 0.14 0.16 0.18  0.22

EB Conversion, %  42.8 - 47.2 . b58.8 . 61.6. 59.9
Xylene Loss, % 0.4 0.8 1.3 0.7 0.6
Benz./EB mol. ratio 1.00 1.00 0.99 l1.00 0.99

3



Et hyl benzene 11. 44 10. 57 8. 24 7.68 8. 03 Par a- xyl ene

0.18 0. %@(19611@%531 0. 26 0.23 Met a- xyl ene PCT/O$D5h6006
59.29  58. .26  59.28 15 C}tho;%ylene - 20.00 19.91
19. 82 19. 92 19. 97 Co* 0.14 0.14 0. 16
0.18 0. 22 EB Conversion, % el 47.2 58. 8- 61. 6
59.9 Xyl ene Loss, % 0.4 zzéaﬁLé' 1.3 0.7 - 0.6
~Benz./EB nol. ratio 1.00 1.00 oGabalyst Ko 0.99 WO
96/.16005 Reaction chd;tjogs PCT/ US95/ 16006
-43-
Cat al yst F TempREIELESn COnditi ond04-4 f&ﬁpératd@é Terr]c 404. 4
415.6  #26. pressubPegskpaa, kPaa 1136 1136 13386 1136 = H2/ HC
nolar ratio 1 VSV, hr[err] 20 20
20 PrBer{}é‘Es’“‘g?v&r@raé“’ C[err] 1 1 T 3.89  2.88 10
Benzene WHSV, hr™? 8.78 .03 2010. 4420 Tol2fene 0.34
0. 43 0.72 : Ethylbenzene 7.96 - 7.76 6. 22
- Par a- xyl ene 0. 22 0. 22 0. 28 Met a- xyl ene 59. 22
58. 77 59. 4Productsnt W3y | ene 19. 98 19.78 19. 93 . C9[err]
0.12 0.12¢- 0.11 EB Convagsion3 %9 6G 3 61.2 68. 9
Xyl ene Loss, % 0.7 1.5 0.5 ‘Benz./EB nol. ratio 0.99
1. 00 1q 03Benzene 8.78 9.03 10.44 .
Toluene  0.34 0.43 0.72
Ethylbenzene - 7.96 7.76 6.22
Para-xylene 0.22  0.22 0.28
Meta-xylene 59.22 58.77 59,42
15 Ortho=-xylene 19.98 19.78 19.93
€9* 0.12 0.12 0.11
EB Conversion, ¥  60.2 61.2 68.9
Xylene Loss, % 0.7 1.5 - 0.5

Benz./EB mol. ratio 0.99 1.00 1.03



WO 96/ 16005 PCT/ US95/ 16006

-44- Tabl e 4

Cat al yswqig"moos Reacti on Conditions Tenper at ur e, [erFl 8 §95/16006
426.7 437.8 448.9 5 Pressure, kP44~ - 1136 1136
1136 H2/ HC nol ar ratio 1 1 1 VHSV,
hr[err] 15 - 1ctable 45 Products, w.%

4. 36 4. 47 3.94 10 Benzene cCatalyst F 10..54 10. 66
10. 58 -Tokuegg ' 0.65 - 0.75 0. 88

Et hyl benzBf@Stion conditions g gg 5.37 5.25 . Par a- xyl ene

0.24 OTéfipera@u22, °C Meta-xyl ene 426.7 437.8 58879 58. 60
59. 01 15 = XY : 83 83 - 03 - C9[err]
o103 CoppesslepiVaas o o eSS 10965 183600 O

73.8 HyH@molassratjo - 15 117 .9  Benz./EB
mol . ratigusv, het 0.99 © 0.99  0.975 15WD 96/ 15005
PCT/ US95/ 16006 | - 45- g
Table 5 _ Catal yst F React i on
Condi ti onproductEenmer.at ure, [err]C 415.6 426.7 437.8 448.9 5
Pressure, _kPaa 1136 1136 1 113 [HC nolar ratio
1 16 1 1 VHSV, hr‘tlgf?] Ry 30°* 10 10
10 10 Benzene : 10.54 10.66 10.58 '
Toluene - : 0.65 0.75 0.88
Ethylbenzene ' 5.58 5.37 5.25
Para-xylene 0.24  0.23 0.22
Meta-xylene ' 58.70 58.60 59.01
15  Ortho-xylene | 19.83 19.83  20.03
ce* _ - 0.10 0.09 0.09
EB Conversion, % . 72,1 73.2 73.8
Xylene Loss, % - 1.5 1.7 0.9

Benz./EB mol. ratio 0.99 0.99  0.97



‘Products, w.% Cerr] 4.91 4. 74 4.33 4.68 10
Benzene osneoos 11.26 11.46 11.27 11.44  Tol RETASIS16006
0.77 O‘gg 1.14 1.36 Et hyl legz_ene 4.53 4. 26
4. 22 4.02 Par a- xyl ene 0. 26 0. 27 0.25
Met a- xyl ene 58.41  58.46 5faﬂfe 558.33 15 Otho-xylene
19. 75 19. 75 19.91 19. 83 err ! 0.09 0.09
0. 09 0. 09 EB Conversion, % ata : E 78.7 78.9 79.9
Xyl ene LosS pedction conditiond. 9 1.3 2.0 Benz./EB nmol. ratio
. 97
gc?-?usg5?120mnperature, 'g 415-é/\¢) 9@&?905_%%?.8 . 448.9
Table 65 = prdsswte/stkPaa F136 1136 H36 1136 K
Reacti on Congi,t.i.0 np., [erq]C 6.7 426.7 426.7
o g HaqbsoR1ar rprld > Paa 1 Y136 1736 1136 1136
1136 1136 WHSV, Hxfr]/HC nol rati¥P 1Q 30 19 1 1
1 VHSV, hr[err] 20 20 20 20 20 20
Products, w.% : 2.88 1.47 2.77 3.22 5. 86
3.56 10 DBlpagucts. wt.%¥ 10.44 4.41 10.14 9.57 10.63 9.83
Tol uene - 0.72 0.39 4lJeB5 H.76 114033 2.8168
Et hyl benzene - 6.22 13.32 5,57 ) 3 5,39
Par a- xjH0ene Benzeney 5 (35 115284 1ggg $1527 |Q1854e
Met a- Xyl ene Toluen®9. 42 59 21 60730 56,98 4312¥4 42.363%5 .
Ot ho- xyI en . 86 £0592 19 38 17439, 17. 9502 o
0.11 o Ethyiygnzeie o9 O0 #0537 E8"Conv. , % 68. 9
33.4 72 XPargxylene3 3 - 73, 10.28 XyPeﬁé Los9:2%  0.855 0.7
0.0 0.4 mddadxylere3 Besg,4EB mpb.asti 058,909 88983 0.95 0.97
0. 77 1% o1 Ortho-xylene 19.75 19.75 19.91 19.83
co* 0.09 0.09 0.09 0.09
EB Conversion, % 77.4 78.7 78.9 79.9
Xylene Loss, % 2.0 1.9 1.3 2.0
Benz./EB mol. ratio 0.99 0.99 . 0.97 0.97



20 Exampl e 9 A xyl ene isonerization
eval uat (@yg/@eosconduct ed usi ng a first bed containing gg%%@%@é‘f and a
second bed contai ning an al um na_ und smal | crystal wei ght.
percent zeolite and 35 wei ght percent” |nder) t hat has been 25

I mpregnated with 0.1 wei ght percent ﬁbﬁn% has been steaned to an _
al pha of about 13. In this evaluati first and second beds each
r epr esent €atadvgsi ght percent l='of the@otal H catatyst |oading. Khe feed

for the ey é&&@ibﬂ”gﬁﬂﬁétibﬁ 9 wei ght percent ethyl benzene, 65

wei ght percent neta- ene 24 wei ght percent ortho-xylene, and 1

wei ght  TemBerceft para- xyl éﬁé TThé260d uatd 2 st 2e+duct 26 at476817err| F

(416.51[ ereies. , 20Pansi 0 (148018822) 11361 hydromen to1ag  fyskocagpeg mol ar
e

rati o an hourly space vel ocity (WHSV) based upon t
total ca?%ﬂ/x;%ctonfmga 03 Résults df this évaluatibn are Zhown ih Table

WHNEY peh2B8005 20 20 20 20 26°CT/ USp/ 16006.
-47- Exanple 10 A xyl ene
I somerization eval uati on was conducted using a first bed containing
Cat al yst Broguctsgcwba¥ bed cont ai ning an al umi na bound smal |l crystal
ZSM5 (65meight 5  percentazgglitg gAd 35 nej-ght 3Jeifr]§ent5 bgpder} that has
been mg?regnat ed with 0 1 wei ght percent as been st eaned '
to N€hout 13. |niPhAd eval-dadti od0 i f|9é7 betP.63 r@epd2sented

25 vvel ghtT@hﬁmt and the seoond bed,39 rapresented ¢S VEight peregent of

the t ot al%@l‘ st 10 Ioad? g };ge feed for__the eval uation consisted of
)éﬂf De?B2nt et hyPpéhzedd:365. 4 Meidtht for®@nt hel%- 539

xyI ene, ZParawxylémepercent Ot2Bo-xpl.ase, amdsfb 2 vsa,izmt 9.83 pe;[gegls '

par a- xyl I | uation copdugte 416 rr]0,

200 psi 9%4%0,% ? al h?/geggzgenggda% %?y% ocg%‘c}ﬂ rm"fsd’ré.f at‘} g?]d a 10

vwei ¢8t hArthowprtene vel8ePBy 1PKIBS) bROad2upA® i3k t1T 239 Catnl 95t

| oading. cg* Results of thig, gyal ugtiggn arg skown dnglable o4, 4 g5

Table 7
Xylene Loss, % 0.5 0.7 0.0 0.4 '11.9 3.3
Benz./EB mol ratio 1.03 0.90  0.95 0.97 0.77 0.91

20 | Example © |
A xylene isomerization evaluation was conducted using
a first bed containing Catalyst I and a second bed
containing an alumina bound small crystal ZSM-5 (65 weight
percent zeolite and 35 weight percent binder) that has been

25 impregnated with 0.1 weight percent Pt and has been steamed
to an alpha of about 13. 1In this evaluation, the first and
second beds each represented 50 weight percent of the total
catalyst loading. The feed for the evaluation consisted of
9 weight percent ethylbenzéne, 65 weight percent meta-

30 xylene, 24 weight percent ortho-xylene, and 1 weight.
percent para-xylene. The evaluation was conducted at 781°F
(416.1°C), 200 psig (1480 kPaa), a 1 hydrogen to |
hydrocarbon molar ratio and a 10 weight hourly space
velocity (WHSV) based upon the total catalysﬁ loading.

35 Results of this evaluation are shown in Table 7. .



‘Top Bed Cat al ;;st | 20 Top Bed Catal yst, w.%

50 " wodsneoos Bottom Bed Catal yst, w.% PCTAIS95/16006

75 Concentration, w.% Feed o49- ‘Product s Cerr]-
1. 95 2.13 Benzene 4.10

3.74 25 Tol uene: Example 10  1.32 2.09

Et gyl benzene 21. 35 xylene2_;Esggerlzat,bgpaeyﬁﬁé:ﬁgmn wazs ?é?énductggar%ﬁ%y ene
47.44 éGfﬁ’Est bedchhhalyxl:LageCatalyst K and24. second bed 20. 89

20. 46 30 1 bound 1 ta 3&u-5 (65 Weldne

EB Conver si Oﬁong7a1n1ng an alumina n ?Hla& crys § )Ez Foss,

% 5 percent zeolite ang 35 weighg @ercentp@r@dﬁp)e@aa:p @|¢elno

EQUi | i brium tﬁoa 9_ weight w&wtlw% dih been steamed
PCT/ US95/ 1606’82’92"35“‘5"1 wi eight p nd has

A process foEcapBnatpPha Bfoéﬁ’@ﬁtoﬁ3f'roﬁ1"atpé@devalua&}t‘?€hl ﬁ:ﬂ?g fé’t"‘lﬂ:l l?@r‘?zene
and at |eastﬁ8§?eégheaa, ZBh%eJ.ght @Ve(i%%ﬂ: @Y Rhe Beddnd ﬁeaos gf 5 (a)

contacting the fee catal yst u enzene |
conver si on cBﬁBFFFSHg 07Sh tpP&f&% 5¥ e tohal, t%%&é%ztene depl et ed

productiot helbadshgcat a‘hpsfeed for thebevad vaftfient |Qnmstxsqu)d:,ﬁ268 J%ss than
12 wei ght %

t d
cont ai ni ng 1§e18ht peg&ent eﬁ%‘x \g;é?‘%w gsfljte% f%\i\%@ﬁﬁg; ort ho xyI ene and
20 weight % eyhehben24né aremmtemc@m @rmhceomiene. and 1. xxeighdir}o),

a pressure o S;EQQES Qrﬁutgﬁéﬁ%aa) ThHe evaluatzo%@%d’ﬂ&ﬁdﬁé&l@&@Sl F

vel ocity of err] to drocarbon nolar ratio
‘of 1: 15  (§%16e8iifaet 299 ﬂ?é-get(ﬂyﬁl%@eﬁ‘?@t‘?é 'déplletl'@fdl%?‘?cﬁ!h Owith a

second tat al ngarb&debowlmmaﬁ YA aair? @fW 1@wiqmmourly spate The
process accor C reint i r.st een

sel ectivatedV 5;' Hkﬁsg?é ?@ts&?eﬁp(ﬁﬂ the tt%?lgr %ﬁs‘ﬁkﬁ%‘%

| mpr egnat i onRebulls ozfta:lmst evalluation are shown in Table 7.

N Table 7 .
Top Bed Catalyst I. K
20 Top Bed Catalyst, wt.% 50 25
Bottom Bed Catalyst, wt.% 50 75
Concentration, wt.% ~ Feed Products
c,” . 1.95 2.13
Benzene 4.10 3.74
. 25 Toluene 1.32 2.09
Ethylbenzene ' 8.9 : 2.27 2.33
Para-xylene 1.2 21.35 21.28
Meta-xylene 65.4 47.44 46.55
Ortho-xylene _ 24.5 - 20.89 20.46
30 €9 _ . 0.67 1.43
EB Conversion, % 74.4 73.8
Xylene. Loss, % o 1.5 3.0

Para-xylene approach to equilibrium 101.5 102.9



silicon conpound, coke selectivation of the catalyst and 5  conbinations
t her eof wo 96716005 3- The process according to clains 1 andpgTns9s/eeons t he
first cat a?6 Is further effective to, ﬁ:nvert at | east 15 wei ght

per cent of - the et hyl benzene present in e test feed containing 60
wei ght %gﬁmﬁw#}ene .20 weight %ortho- 5 xylene and 20 weight %

et hyl benz e producing |ess than 10 wei ght percent C[err]
product s vihen dorREReesS fPE Arematics proguctipsy Fregme Hfesrsh

(426. 7[ er iddnoafnid Sétlﬁflﬁéniéﬂepéhﬂ at 1e€§¥3@rﬂ°@ﬁr)ben% wem@t hourly

~ space veIOC|t of 2 [ hydrogen to hydrocarbon mol ar
ratio of Pr° ess compr{,@ %/ EBBO?FePs of:
PCT/ Ug95/ 1@&)06 contacting the feed with a first catdlyst under 4. A process

cyl enes. wher oi3EED Gy s eefifdratBh el sons o REMEY Hbdie .

thermal ‘equilit@n Lsrl;hylieenzene depdeted p@npuc@,ngnawdiasmosaﬁalyst 5 (a)

contacting the ﬁ%ﬁg? L@Fféc@ﬂ?éé"EsnﬁgBGa\EQ“\i‘é@ than 12 weiigHt 14 Qisea th a-

first catalyst ising a silica an 1nternediate pore
size zeolite, WwhEkene ‘t’WfF?%Y'ed by copfastidg dedifadSAqtaiuing 5o

m nuggs to Sorbs@Ga%Qént he meta-xymenel i Boi wezwtacu temto-qt-}mxéyéme at
120[ err] C and at an | ene rti ressure. of

(493 to Feinnf 3rSHAPLREY2CHRRE p Redtisrarinaich EORTE s zo
zeolite of the (42617ca)alaspréasuheeofnusnfp&dgbwﬂmaeukpaa), a exposed to
at | east one sel ect. e lLecti vat

conprising the %?%%ré‘ga#&‘ggﬁfa%#lggé Veiggltyhgfzg re 0w T 2 sﬁ@%&g 'gti ng
agent and subsetpehydyocarbon moldari ratdot of dol ect ivated zeolite; and

(b) ggnt ac¢ﬂc)n g S sEL LG n{_h%rQﬁgiﬁgg&ﬁeu%?léﬁgcf%oduc% with a or 0Cess

| SONEri zat ondi t-1 ons cat al
according to cl$s®end ¢RFBLYRtIURAEFeXylene 1s°“ﬁ”¥'e17f§ﬁf1§tn candikionmd the
‘'second cat al yst are located in ; separate beds in a single reactor.

2. The process accordlng to claim 1 where:m the first
catalyst has been selectivated by a method selected from
the group consisting of impregnation of the catalyst with a
silicon compound, coke selectlvatlon of the catalyst and

5 combinations thereof.

3. The process according to claims 1 and 2 wherein the
first catalyst is further effective to convert at least
15 weight percent of the ethylbenzene preseht in the test
feed containing 60 weight % meta-xylene, 20 weight % ortho-
5 xylene and 20 weight % ethylbenzene while producing ‘less
than 10 weight percent C,” products when contacting the feed
at a temperature of 800'F?(426.7‘C), a pressure of 150 psig
(1136 kPaa), a weight houtly space velocity of 20 hr?, and.
a hydrogen to hydrocarbon molar ratio of 1.
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6. The process according to clains 1 through 5 wherein the first

cat al yst a% 6llﬁoogecond catal yst are located in separate reguTws®s/16006

7. The process according to claim®6 vvherﬁ n at | east one aromatic
‘conpound is rennved fromthe ethyl benzene epleted product between

the separate YPocess for is&perid gT€ foéﬁeécﬁ Q'EQeHOcShﬁhﬂﬁlﬁglate

through 7 whe él rst cat I ca bound 1 nterne
pore size ethylbenié¢ne QméuxY%S“%%ehwhﬁﬁﬁ%neEhEyP5€PH§Yé§BSsed to at

| east Ji% She st £64 1 Vall88s SERARNERSt §8CEhéehatl! eyadilfbriagyethe
5 conpr|5|ng t

e St?éﬁ of contﬁﬁtlng the zeolite with a
sel ecti vat i ngPEREPES RELELUU hE®yStEEPR Rffig t he sel ecti vat ed
zeolite. s (a) W\EOtd600hg the feed under ethylbenzene conversion -
PCT/ US95/ 16006 S
according to @ ?%?ﬁ%lin?HV%t%haBfﬁﬁ%FecﬁtalysFhcoﬁgrlflng aISlleng??g§§at
| east 1200 mamdeasntmtemedlaterpqnexﬂ-éﬁezenlaheanﬁbﬂreéQU§het 81z8%, of
the equilibri sE0E ki 2PeLARRC bt 050 i RECEs oL 8BER BDE 320 thb 2

xyl ene 5 par a}y ress mer cur
Paa) . lequihbbbiﬂﬂe§§P§€éBYdPﬁg°FBh9r§Yﬁ§nE Fﬁrga hcgaﬂﬁeP§|ﬁ“ t he

first Cg.toa' YSbr€R §éﬁeapai‘ﬁiamep2éssﬁre of dcbydr ogengini qmeeomponent
sel ected from G ou

Soup |11B, GBLpPRR) 5o URECEERL NREFEHE hey dBresmeciateorlly SLHE

11. The prOceﬁéonﬁﬁerdfngheofn‘.tatn_eataﬂ.ysuughslbenhemedifled biye beiingt
arkal] “wotar SEoaredl Phods.PeReiiPhp°sdlectivation Qetidehe ot BPT
al kal i ne eartsetectivation sequence comprising the steps of contactlng
15 the zeolite with a selectivating agent and subsequently
calcining the selectivated zeolite; and |
(b) contacting the effluent from step (a) under xylene

isomerization conditions with a second catalyst.

5. The process accqrding to claims 1 through 4 wherein
the first catalyst and the second catalyst are located in
‘separate beds in a single reactor.

6. The process according to claims 1 through 5 wherein
the first catalyst and the second catalyst are located in
._ separate reactors.

7. The process according to claim 6 wherein at least one
aromatic compound is removed from the ethylbenzene depleted
product between the separate reactors.

8. The process according to claims 1 through 7 wherein
the first catalyst is a silica bound intermediate pore size
zeolite that has been modified by being exposed to at least
three selectivation sequences, each selectivation sequence
5 comprising the steps of contacting the zeolite with a
| selectivating agent and subsequently calcining the

selectivated zeolite.
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5 present fromsynthesis of the catal yst. 12. The process
accordiwe dkaespsai ns 1 through 11 wherein the first cRGUNR9S/IH06 been
steaned. ' -50= : e L

9. The process according to claims 1 through 8 wherein
the first catalyst requires at least 1200 minutes to sorb
ortho-xylene in an amount equal to 30% of the equilibrium
sorption capacity for xylenes at 120°C and at a xylene.

5 partial pressure of 4.5 + 0.8 mm of mercury (493 to
707 Paa).

' 10. The process according to claims 1‘th:ough 9 wherein
the first catalyst comprises a hydrogenation- -
dehYdfogenatiﬁn.component selected from Group VIIIA, Group
VIIA, Group VIA, Group VB, Group IVB, Group IIIB, Group IB

5 and combinations thereof of the Periodic Table.

il,_ The process according to claims 1 through 10 wherein
the first catalyst has been treated to comprise at least
0.03 weight percent alkali metal or alkaline earth metal
exclusive of any alkali metal or alkaline earth metal

5 present from synthesis of the catalyst. ‘

12. The process according to claims 1ithrough 11 wherein
the first catalyst has been steamed.
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