' , qr e3en;j F6TGRL | f f 30/ 04/ 2003 The present invention is directed to shape

dlsproportl Iuene to produce paraxylene. The term
shape- selecmnm“mmmwm“wu s descri bes unexpected cataly ities in
zeolites e principles behi nd shape s®+®ctive catal QHM@I

revi ened exten5|véiy, e.g. by NY, Chen, WE. Garwood an EMyer
"Shape Sel ective Catal SIS in Industrlal Ap Ilcatlons 36,‘Wﬁ?cel Dekker,
Inc. (1989). Wthin afHBEE SELEGTI VE HYDROCARSQ RBZON eact i ons such
as paraffin isonerization, olefln skeletal or double bond i sonerizati on,

ol i goneri zation d _aromatic disproportionati kylatlon r

transal kyl ati on 'I?{ekacﬁrl 5r?§’tar]é" Cﬁ'éd'soiﬁcror?gct ai rﬁ o (e
channel siZ@dmRseyhon coeivests idrnt ysuwT W\ unaersealetqtaMe Q:raﬁudﬂrne:ﬁ egflst ock
IS 100 | ar gfdal KIMR hQ%&%@d:&a%l%orc%% Q.mrd%a tra W I8 A %ﬂnnel |Ectivity

occurs when sone of e products cannot | eave t e zeollte € Product
di stri but i GfsSHivA %%%qr&wwqw afsitalsene & pradas \Wasa+ n whi ch
certai n reagtliediss, cannot occur because the reaction transition state is too

large to formwthin the zeolite pores or cage Anot her, type of
sel ectivity res q???ﬁn FFRTOYA (%%iﬁﬁﬁﬁn%ﬁﬁ di mensi ons of
t he nol eculu@%mﬂqtadﬂ daltatlyu:fld ts&almﬁnwle:m arsyﬂoelmte/é. smajrle change in

di mensi ons or n R | ar ge
di ffusion éﬁg'nge a;bf eren pra%ucc%t%q' J&blﬁtl ons eeﬂ'n s type of
¢hape sel e(FteiV\#@“@é]t @P@}'-§|h§l4v§ld’enmg r &yed - Yf«OtCh@%arrM &. iGarselogctande

tol uene di FNIPPukyledNasHR O S LM &%raqygalserﬁ mul;%rm %duced by
met hyl ati on _of toluene w_th et hanol as descri be en et Aner

Chem Sec. catdPnsg78s, YRFAR DskKETe &P§brdﬁ8%?ﬂonaﬁﬁ&$lﬂa§ descri bed
by Pines iméblheere&bsthyd&bcaabmnyhb&versZo&O&@ébﬁQQasthpr@@bon

Conver si on h ods typically
result in ?he prog |on Faglﬁpx %%ﬁcfgﬁﬁﬁéaéagg xy %H B &Feho- xyl ene,
and netaxyPéﬁ@erDéséthmgOdpgnm@h@Zpanansehécﬁrvmﬁylsf t he catalyst and the

reaction caa@p&b@@%méh&fz%ﬁnt aﬂ%&qﬁ%tlége%ﬂiraﬁéélk%hQ'E@oﬁr ¢eaRk3ined. The
yield, i t he amount of feedstqQck actual ﬁ conver to xylene, 1s al so
d

af fected b?rﬁh8°8§F8995PYaHB“Fﬁ§aﬁ§§étF&R°5B PYi GRe. cprBORAUSEFeknown
tol uene neah;bahnunséeaetuom&yt baw&tsl thﬂho‘al dea&awnbwfptﬁducts such as

t hose i ndi in.t he ggerno nlc Equi libria for
Tol uene Co%ggggFoﬁktést 8°Pg85€gt§olﬁ8 €5t eNng 7 Bof5°miPeZerGtiene)
while preduct selectivity occurs when some of the products
cannot leave the zeolite channels. Product distributions
can also be altered by transition state selectivity in

- which certain reactions cannot occur because the reaction
transition state is too large to form within the zeolite
pores or cages. Another type of selectivity results from
configurational diffusion where the dimensions of the
molecule approach that of the zeolite pore system. A small
change in dimensions of the molecule or the zeolite pore
can result in large diffusion changes leading to different
product distributions. This type of shape selective
catalysis is demonstrated, for example, in selective
toluene disproportionation to p-xylene.

Para-xylene may be produced by methylation of toluene
with methanol as described by Chen et al., J. Amer. Chem.
Sec. 1979, 101, 6783, and by toluene disproportionation, as
described by Pines in "The Chemistry of Catalytic



82.92 g . 101 35 g Et 55% 0 ~~+0+ 0 +0 0 g= 52.59 9.64 21.4S 10.05 3.00 B
£t t ' ~0 ~ o0+0 1.22 1.90 0.70 Yield = Selectivity x Conver SioppsAQ0%9. 64
0.55-= 5.23 wt% 101.35 s p-Xylene Yield =100 x 9.64 - 5.23 wm % | 84. 27

p- Xyl ene Purity (p-Xylene/all C/'s) = 21.45 wt % One nethod for increasing
para-selectivity of zeolite catalysts Lg-to nodify the catal yst by
treatnent with "selectivating agents”. Various silicon conpounds have been
used to nodify catalysts to i nprove selectivity in hydrocarbon conversion
processes. For exanple, U.S. Patent 30/ 04/ 2003 ' -3 hydrocarbon

conver si on grocesses. For exanple, U S. Patent Nos. 4,145,315, 4,127, 6l 6,
and 4, 090, B¥4raearkeneComeensions” 4 Atadenhe Evepsunt.dissabead pn an
organi c soyyent sténth&dhods Z@ﬂiéﬁ{]}ej'z%sm ofh bhe. pfodhec384 g

4,477,583 desgribe,the use of”‘an aqueous enul sion_of”a silicone to%reat a
zeolite. UMSFTPEEehBCNRing REXR eHRl 200 FYleRecr RBE MBEamse of

al koxysi | axgsenal r i Bgpdyd IS Aspéi VHIPUFa st VePt Svieyt hgatna zeolite. U S
Pat ent hbscaéa%QQtQQS %55?3 698, 157 descr.i be thqdugg of silanes in
hydr ocar bons- e g, 2PY r ¥R e 3 CoRG b1t ALEERFERT BRrogpkages
nndificati@ﬁ Peraodglene drmwbiainéd. arthe oy beldariied, otheahingunt
agg'Oneratb?”f@édé@@bfeﬁéﬁﬁéily converted to xylene, is also affected
by the catalyst and the reaction conditions.

Previously known toluene methylation reactions
typically provide mhny by-products such as those indicated

b
(J in the following formula:
Thermodynamic Equilibria for Toluene Conversion
to the Products Indicated
Non-MTPX
184.27 g (2 moles Toluene)
I |
82.92 . 101,35
///"7 Et Et Et t
55%
—_— ©+ + + + + +
—
Cc C
g= 52.59 9.64 21.45 10.05 232.00 1.22 1.90 0.70
{

Yield = Selectivity x Conversion=100x9.64 x 0.55 = 5.23 wt}
101.35

p-Xylene Yield = 100 X __9.64 = 5.23 wt%
184.27

P-Xylene Purity (p~Xylene/all C,’s) = 21.45 wt$

One method for increasing para-selectivity of zeolite
catalysts is to modify the catalyst by treatment with
"selectivating agents". Various silicon compounds have
been used to modify catalysts to improve selectivity in
hydrocarbon conversion processes. For exampie, U.S. Patent



Sone, of these catal yst nodification procedures, for exanple, U.S. PatenLAfg
Nos. 4,477,583 and 4,127,616 have been successful in obtaini»yo4/2003
para-selectivity, i.e., paraxylene/all xylenes, of greater than about 90%
but with commercially unaccept abl e~t ol uene conversions of only about 10%
resulting in a yield of not greater tham-about 9% i.e., 10% x 90% Such
processes al so produce significant quantities of ortho-xylene and

nmet a- xyl ene thereby necessitating expensive separation processes in order
to separate the para-xylene fromthe other isonmers. a ~ Typical separation
procedures conprise costly fractional crystallization and adsorptive

separ at i on "¥EIRgarbon eeaviersihont procesisese | Foreexanple) ar.s Crtum i |y
recycl ed. XNdsang hg@MBniszali 93;URhlS ana 488 or,e8yl bed b9kt (gddi ti onal
conver si on t he .recycl éd Xylefde i Soners i'nto’an equi T Brium 5 XS e
conpri si ng PafaSHiecde trapeusk pisgolNedhdnapn gFpradcase lveatt e
expense of trieatsapaealliite.pr g;ess PateRtONBEL | AaNalsst @gshandeqr 49 -0f

!

. ) : S8
separati on g4, +ed, . Therefore,__significant cost savings.are achi'red by
increasingdggﬁgg%?vfpf B§e: RS 53r58P§8H§re%ﬁﬁ?é°ﬁa?ﬁt8iﬁﬁﬁé°66ﬁnépcially
accept abl e t¥6A¥ersizenlliitee| sU.Et PatenheNeBor ¢, 950gRBS dedi 13bhe bggprovide
a highly sglegeiiipe C r o) .par a- xylene from
30/ 04/ 2003 toluéne %ﬁ?lg§%a%%tgﬁggn Egggﬁékcgg?%ﬁegcggpggsﬁé £81 uene
conver si on OFEFHLE. splvests| §6 krghkyadesprabee t H.froPrtiengnNekt.i ci ent and

econon?cal4U&Dbod150&naeb¢bev§BbnaeEEQisetah¥8hsenak9¥§9anégcgbdingly, t he
i nvention 5&@%%%3 bn one aspect in . a cataL%st conpr|5|ng a cryStalline
| ecul ar sreve RavPR§'a®cBnst PXFAEINRdeR T BRTE 15°0nhFBAthASZBRAE.

resel ect i $acbdmbyifigghoienamnkahodsnkxeukroeANphi shagagtysbaphbi ne nol ecul ar

sieve and agrggggn§§LI%gggrggggggggﬁgggoghgﬁigg&c%g%gggghe resul t ant

aggl onerate. | urther-a e rnventionre 'n a process for
shape sel ecti veSAPar8fatheaecoatatysbnmodifhcaticheppacedseksct Fye

di sproportesamnplen ofstobyebRe ROSPI i SiN9, 6092841 NY) hﬁ’é"ﬁé‘&??@ ne
f eedst ock gné-th g gatalgst conprising a crgstalllne,nn1eeular Si 878 havi ng
a Constraj RECTRIBXY Of 17-3BEHKP LRI BRTHehl Fet¥l BXt i ha® ed P§raggl omer ati ng

a nixt u&e xphpnegahl gyyehas) ihdSIﬁ e £€&t ath&h exSo@ 0o @) kﬂﬁﬂaﬁ@éﬁ' i con
compoun : ining t resu n gglonerate. T resent
inventiona?gmﬁgg?t%f#i %%%%%egg?%géi%%fﬁéﬁéd%%? on° YNV ersi Ot prikedses
such as i nl®%n: eesphginarinus piokhhteéEsnet Msedatergihan dhmene sad benzene,
to conmercigély yeefylopar a-mtéfée@éis@@r@gwsprmaﬁ # avu,'afgne-

Mol ecul ar sieves, 1o be used In the process of the I nventioh ThcC

i nt er medi a¥8*Pbt 162 oPF t @EEhaTRYL ¢RI 37 JBR 2 PE0 #RR LhREARDY Const rai nt

| ndex frommdcessifating eddosivy sépiatDnstprocdsddylenn iS-qiot egdrined is
descri bed g%éya‘l_g Snfatent, No. 4,016,218, ,Mlecul ar_sieves which
confona to The spect 1T &if VALY Conil (74 e eI SE TS Nt er nedi at e por e
geolites incl UdBY 7SN 1S, s 1St i o7 S AQe d SN MRS 3505430 35, ZSM 48,
ZSM 50, M2t i Ghh i i r i xanmplg, in U S
Patent Nvs. 3. 702, 88%#%%%%&%%% E7%49!, ig%%eéj,a%rfzt,elﬁbfﬁ, 556, 447,
4,076, 842 P H 1ene fromgrher; xyleny Hopers J0ede@rercustmiand P
127, 399. Trexsycked) | 16514y isomeridation units are then required for

additional conversion of éhe recycled xylene isomers into
an equilibrium mixture comprising para-xylene.

Those skilled in the art appreciate that the expense
of the separation process is proportional to the degree of
separation required. Therefore, significant cost savings
are achieved by increasing selectivity to the para-isomer
while maintaining commercially acceptable conversion
levels.

It is, therefore, highly desirable to provide a highly
selective process for the production of para;xylene from



5 30/ 04/2003"be produced with differing silica:alumna ratios ranging fr%ng
1 201 upwards. Preferred nol ecul ar sieves include ZSNVb, ZSM 13¢/049bbd2,

ZSM 35 and MCM 22. Particularly preferred is ZSM5. In the invention, the
catalyst preferably has a silica-alumna ratio | ess than 100, preferably 20
--80 and an al pha value greater than 10Q, for exanple 150 - 2000. Al pha
Value is an indication of the catalytic cracking activity of the catalyst
conpared to a standard catal yst and gives the relative rate constant (rate
of normal hexane conversion per volune of catalyst per unit tinme.) It is
based on the activity of an anorphous silica-al um na cracking catal yst

taken as agq .4 (R 12246 156G ddep sl Al B diast i S
described i n%&g}% %ﬁ%%tmg,%m?a@ﬁgmi n %ge ?gur_nalp E’ﬁCat al ys?ﬁsae,S Vol . 4,
pp. 522520CPnYeEsion d55)elslolit 65 Rls78100d86ResiTPRIG B Priyides
(1980) . | nafheesydifiesi g, ofe @9, methedCtfican sulddiierd iy e ed
general ly containing an oxi de of silicon, optionally~an-alumnhum source, a
tenpl ati ngc%@%ws‘?/\/rﬁw#%seq]or mal |y an organic nitrogen containing conmpound,
and an al kal i neA@@b@@g%Ip,dim inMentdion ces iddsda rcamdeaspm ijad £ rom
known sour uch as si]igcates,  sjdd hyd i ndg.at Silica
hydr osol , %?g%f%ﬁ STPEIT I, 2 e‘g”éﬂfﬁéﬂé Engi%%icélal%xgﬁﬂs\%%%?’cﬁégciad. The
al uni num oRXPustnainbel pdexided a2 oiiifhaRdsnRfean P Les ekt thisrateshdnant
e.g., the gikig POULG o THE SO G521 sAnGRRIEy St o 1O AN Al 11 N T
cations, depénding, ofcourse, on the particular, zeolite product to result
from cryst 3tf¥eadndnaf rongames Fekedn GPIRAHS éndrr&s“"dé TR TEINT Sdondary

grxl terti aryegﬁig@ﬁtog%gygﬁgfg@éy anmoni um conpounds. Non-limting exanpl es
f quat ernary apmoni um conpounds i ncl.ud I el ranet hyl ammoni um
tetraet hyl ammonfind £e¥EheF ﬁ?%ﬂnﬁquﬁq%nit}ﬁ&{ yﬁteaér%rmnl _ulrr’%/ &

di et hyl ammpnocess t foet iy pamdel ennivh thadzypicampan @pnversion, such as

di benzyl di hyl anmonj um . A . 3 F03 a2l iFP W A &ddy| anmoni um

benzyl tri rrgit? y¥%ﬂ?ro?1?tﬁﬁ%h‘&e c%’f%r]ig#e. Non-1i1m t ie;l% exanpl s of anines

useful her @PRPF bel niglec s hrea coimd U dy BORAERE AR TREX (1%t Byl ani ne,

tri Propé! aa:aaglyﬁg hylgpedi and n@,cf{]gml ngdiealﬁo![mcuhw_trarﬁc&\adﬁrmle/,iqg a

pent anedi ani ne, ” hexanedi am ng,  ne a : e am ne

but yl am ne&ﬂ?%%’t%?l Bt e, o8 ’eﬂ‘?yl”y S e?‘%éﬁ %re%y@#neég%tgl%aﬁea@mbﬁfe,

ani line, pygylbmerapipgra dhiecars qyupmilsidione YR lsoure g lofcudlakal i or

al kaline e net al _ oxi de_may. pe DRI &ncBAHdHNcdldiH;j ci um
nmagnesi um ggégleu?r?cgralbo?ﬁ%ﬁ?%%‘}%/‘fﬁrg)%odes, hal | des (e. cg. clhllgﬁ &2? and
brom des) , Téahitams, aggloméesteacet ates, silicates, alunminates, phosphates
and salts of Cahngggge@eigﬁvemﬁ iod Wsterddl Zat istapf ddlecadield te, the
organic cations are generally_renoved b escalucihnaatsi on. or_.qf heé'. net hods known
in the artDMY3RECAFRAN| CORVAF&RAPP RF FFITT et al s ar € genar arly Tenoved,

of ten by iwaeisedi atenbeigatboncgf, angoni tivd Reneecgnfahgrzand, ct®ci nati on of
£ he ammoni formt ield,the L Qgsdt ffeardBd AdreferdyStaldd zaf i on,
2eolite cr;é;s a?gc{‘%fbé Hgﬁﬁu?npg%%’rmrci all processese are generally forned

i nt o aggl oRdFatwgléne.i nproved strength and resistance to attrition.

Vari ous met hodsngiﬁcﬁgg L9 ags! esepatwseabdln tthe rysdadss dhestme net hods
include, for exanple, extrusion into. I S - .NQ into

f1 ui di zabl E"HFRESSBheREdVAB, lﬁ§eﬁ‘8?:8b£r€45 | nlgsget ee&g’gg%'t e%%%%ﬁasngnnt 0

aggl oner at perel pebhetpEcEe0t angenstoaint sindexonf ¥ ¥ it Y20l iRRe nol ecul ar
si eve cat IS, prepared_by_pixi E5dd ok 185 Cd&/Sd th SneM t s ade Ui | i con
compound ?ﬁé%ﬁ?i%ﬁdfﬁfﬁ SFﬁag]rté?rﬁ?eri al__ and agﬁl onerating the .m xture)
fol | owed b§utdycinavisn patehs Hggl bndtents calll %?‘i"cﬂw"i%’-%ﬁﬁ/ém‘éﬁﬁy

0 2 Lo 5 O DA ., S0 . by ] o e ot ur
at whi ch tH@tems%ﬂmnppyEOFe?ﬁngeiég{ﬁ?‘fﬁle@%%érg'scg‘lr%/"'gﬁfe\é&t%é.ﬁ?o
Gener al |y, zsMeb2 | epBRLal I eswi-b5, bestiet ow BV0T9, MCM=-22, and Zeolite
Beta which are described, for example, in U.s. Patent Nos.
3,702,886 and Re. No. 29,949, 3,709,973, 3,832,449,
4,556,447, 4,076,842, 4,016,245, 4,397,827, ?,650,555,
3,308,069, Re. 28,341 and EP 127,399. These zeolites may



" 30/ 04/2003 _ Preferably the tenperature of calcination is within the A
. approxi mate range of 350" to 550'C. The product is maintai nedoadstobes
calcination tenperature usually for 1 to 24 hours. 2eolite crystals may be
introduced into the mxture in as-synthesized form and the organic
tenplate and al kali or alkaline earth n@tal ions remaining in the zeolite
structure fromthe crystallization reaction m xture nmay be renoved by
nmet hods known in the art after the crystals are aggl onerated. The
organosilicon conpound is added to the m xture in an aqueous form for
exanpl e, as an enmul sion which may be surfactant stabilized, as a sol ution,
or as an &% aswidudesiefmilths driffsfetramss sildlaadeluindnaexatilos, redmg of
pol yoxye! Tedi 906! YRG! . pHiG Ul G¥1ldcid - 3RS i il o) | anes
al'Kyaryl si

such as al kyl silanes, arylsil anes, I§ anes, al koxysilane
aryl oxysi 15 &SH-dly e UfYi-dRes2SHTES, agid YiEMri2dxy siPREFdSu1anlyxanes. and
pol ysi | oxgesremred alskylspqard/ or aryl and/or glycol groups. Al kyl is
intended to inglu 1,to 12 carbons. Aryl. is intended.to include 6 to 10
carbons. The oﬁ%ﬁ i [HYER TR0 hids CREG Yiskc Pagd eFRE LY P@SoRe conmpounds
descri bed sidlima-aliuei nany-aaliso o sustdn n.oor,i prefeeablyaioor. giir @fgrred are
Si | oxanes a5igl g RAGIK IRLANINOLYSI PRI £oE0kblB1813R% Selagl ve

i 0cess’ o S i % i

hydr ocar bon conver si on process of idventi on, e sui't abl*d%fol ecul ar

si eve may Phegdladmer disednoindicatrded of ddebicazrilytifi ciragkdmgport or

bi nder mataeytiali tyUeF dhe kAR RBmpR QA @S 2l RAGAAA @4idg ypport or a
clay binder., While the preferréd binder is silica, other non-limting
¢xanpl es & Favesi hder rRArEAvVa St IGoMS tANENi(KA e, Plc BRF A2 mhigHasiea,
thoria, ticosviexrsibor iperardlomebiofaidadal yistepeef nndenedalel.y i mtt heg f or m of
dried inop [ X1 I .. gelatin iLpitates.  Suit.abl e cl ay
naterialsh%%%Fﬁgg,Egg %§§§3$t X3 F@,%%§E¥§§§Fegg§g%§iSggkgﬁﬁr. The

rel ati ve FF@gdingosatalyss taleh04s52@03Alghaopbfsidi {RBke €ppstahnki me

ol ecul ar gsigg¥e ske-fyhe tataly 16AIPasidd G Qfe s63k Rle¥iSti nafd shi rL.Qr support
may be 30_tqg 90 ergent.by mé%ﬂht aﬁ%!is pfgfe#ably gbout‘Sggggn%ercent by
wei ght of StH@84¢8rfBoandi én. TBeJoNAPAdi CfcR2EALYE4S) nVPhe for RPof SaR-
extrudat e 52beqaagupel hets) ¢t gbhet 8), or khrei dizab)e aharvspheges. pShape

Sel ective ggnvgg ,on Mol ecul ar sieves which are sel ectivation aggl oner at ed
i n accordance ‘W the invention are generally useful as ... catalysts in
shape sel ecti vénh$irosgnbbrsisnedér gieod ipesceaseearhtbndnhgtoracksng

reacti ons pragal-khngeerax §0-Bh DX AiAGAEACBXE 8EdSFORK 1 chRomer 1 zat on of
al kyl aromati ¢s; ol i.gonmerization of oléfins to formgasoline, distillate,

| ube oi | sOBF1ORRAL¥ARE; 2L KBABHRKFPREFEn 8f LFBHAELRY: 29eRY| which &%

aromat i CsnozmaleySaAnoegafX¥ganaregehochydadnangoosmpoend; angenent of

oxygenategikgggngogggggbgnmgéihhght paraffins and olefins to aromati cs.

{ The silicon oxide can be supplied from known sources
such as silicates, silica hydrosol, precipitated silica
hydrosol, precipitated silica, e.g. Hi-Sil, silica gel,
silicic acid. The aluminum oxide may be provided as only
an impurity in another reaétant, e.g., the silica source.
The sources of organic nitrogen-containing cations,
depending, of course, on the particular zeolite product to
result from crystallization from the reaction mixture, may
be primary, secondary or tertiary amines or quaternary
ammonium compounds. Non=-limiting examples of quaternary
ammonium compounds include salts of tetramethylammonium,
tetraethylammonium, tetrapropylammonium,
tetrabutylammonium, diethylammonium, triethylammonium,
dibenzylammonium, dibenzyldimethylammonium, '



In general, *catal ytic conversion conditions over a catal yst conprising thé
,modi fied zeolite include a tenperature of 100'C to 760' C, a0pee908e of 10
to 20,000 kPa (0.1 atnosphere (bar) to 200 atnospheres), a weight hourly
space velocity of 0.08 hr'1 to 2000 hr'1l and a hydrogen/organic, e.qg.
hydrocarbon conpound of 0 to 100. The gafalyst of the invention is
particularly intended for use in the transal kyl ati on or disproportionation
of ,t toluene to produce para-xylene and this process will now be descri bed
as a representative exanple of shape sel ective conversion over the present
catal yst. Toluene D sDror~ortionatio Reaction conditions in the toluene

d|sproportagg r&ﬁﬁé er e Yl h Ideneh igSahangi ng from
350'Cto @hh?ﬁd?&?gg rgg?ﬁr §$23?400 {:ﬂ?fessureséégﬁglng froml| 00
o)

to 34,500 Egé°(en9o 5800~ Sngln%r%¥%$%b$§ ¢ R8st Bs9 PEELN00 to
| 000 pSIg)lnalﬁabethatb@mgéuﬂas 8@/Gﬁiﬂﬁxﬁwl£m1Mgdrbgb@thplhudﬁegarbons

from0.1t ferably y space velocity
(WHSV) fro%r6p3°55f 3Bippy Vel g%%?%. mi? &ﬁég%&ﬁgﬁgﬁéThe t ol uene

f eedst ock pnsﬁeaébhylnaglpdegaﬁ£§@QQLQQOQG%E#%%%bamh®¢e pethetabineat | east
about 80%)%%59§QﬁlhgdtP@oggiﬁﬁPﬁefeE@§§P§K1nélh&iaﬁ@ﬂﬁ9yﬂﬂ§n§UCh as

benzene, xyl enhes nzene nmay al so,be present in the toluene
f eedst ock ﬁﬂﬁﬁbu@aaéVéﬁséPyrGPYééF%ﬁgfth%nb¥%§%h?ern%%h%?ﬁﬁ' The tol uene

feedstock meyiakisg, b?lg@kgglnéf afl@spyedolidime ranner which will mnimze
noi st ure enterln reaction knomn hn t@e art U|table

z
for dx'Ying theT 5IEQHECEﬁaPﬁea+5?9fh%rp?ég%ﬂfn r5eeEd BPEIAURELDOSs. These
fethods inmbydbepereela&aﬁpléhrnghuanylsuhiQMLeCdbSLcmanm¢9h551emanple,
s

i ca gel cza5hhvateds ng}ﬁﬁ hg8£§ﬁyé@£ Sh&ygée9r<9t§ercﬁyb£§9 g,

subst ances, he"u arge dryers é si ngl'e’ pass
conver si on 288 ErPEPQené,sﬁnééﬁiﬁésuﬂ%ﬁr?ﬁeﬁrp?%ﬁﬁ%?e§tr SHiGAFER. i ncl udes

dlWethylbeaaaﬂ@ﬁabaglngné&bxhtg§0ﬂﬁ§ giled lot ocatboxglit. #cidortho-, neta-,
and para-xyl enes. Furthernore

gnes axe tg {9, Proceed in

reaction which ﬁFBﬂEcEEYﬁﬁﬁéﬁféﬂté?ﬂy? eﬁ%%n@%°¥ 5’ by ?h%r?%Tfﬁmnng
reaction: €Hribhis &He gen¥allly Pemuvvedshby,cabeimatrioy of pthkgrene with
respect to roducts, in 5 P, Ng ted to | ess
than 90% whi %#kngn%PPfﬁtfg Qﬁg BEF ?ﬁ%défg% @ff?g?%%gﬁglsére uced
sonmewhat bwethéSpaaduqanenablyerhybbe@zeﬁéteﬂh%Yp*%%%ﬁ@e ket ion, however,
provi des h&QQmSQEhﬁ'E@CXF§89Y§£S&QH whigbngedinescRIOtistion 6 ershoand

nmet a-i somers to,t ene t he desired parg-isomer. The resul ting
product ~st ABERNEBA APRE §PeXield: RBR BYEHeF=P

After crystallization, zeolite crystals to be used in
commercial processes are generally formed into agglomerates
for improved strength and resistance to attrition. Various

{0 methods are used to agglomerate zeolite crystals. These
methods include, for example, extrusion into pellets or
beads, spray-drying into fluidizable microspheres, or by
hot pressing the zeolite grystals into agglomerates.

In the present invention a silicon-modified zeolite
molecular sieve catalyst is prepared by mixing zeolite
crystals with an organosilicon compound and optionally a
binder material, and agglomerating the mixture, followed by
calcination of the agglomerate. Calcination is convenienty
effected in an oxygen-containing atmosphere, preferably
air, at a rate of 0.2° to 5°C/minute to a temperature
greater 300" C but below a temperature at which the
crystallinity of the zeolite is adversely affected.
Generally, such temperature will be below 600°C.



~3 30/ 04/2008 -10 purity of para-xylene. For exanple, the ortho-xylene AK
Jdsorfer can be reduced to not nore than about 0.5% of the toi®I04%x3408nes
content while the nmeta-xyl ene isomer can be reduced to | ess than about 5%
of the total xylene content. Mreover, when the reaction systemis properly
treated, such as by deposition of platigum on the nol ecul ar sieve, the
presence of ethyl benzene can be reduced to | ess than about 0.3% of the C
product. As explained in greater detail herein, the present invention

provi des a nmethod for obtaining para-xylene at conversion rates of at |east
about 15% preferably at |east about 20-25% and with para-xylene purity of

greater t e A0%0 1y aftfd Ainp étta thaas o O] cim timat i of ertedn yledbout  99%

Ther ef ore hi gher, para-xyl ene purity.canhe attaine QmeE cially

accept abl & toh IS Ctﬁé’r?%i F % vicgus?ﬂ}‘%di%s%dokged Jpsrf ocesses. The
present i meeirtnihdd us: adHewsa faimax ising riempearatursd istiaohlY nfqar dcass costs
previ ousl yztashsoci ated with the separation of unwanted byproducts. Tol uene
di sproporti onat ot processes of the prior art typically requjire expensive
secondary and tZaalite crystakntmay Reedirtd@IUFSSt ddtte FhidbitBhFEutresion f

ef ficiencigs-sRi@E{& ALY . £4 A6, tldane drgamiporddnpldt O aBes) Ofod he
present inventlon includes the ,ste£ of e.-ff.ectljpr? tﬁafurt r.in-situ
0

sel ecti vat?Hfrb¥ng raney neteak oy HeRa 4 | T Pt -situ
pr esel ect i sedhOfuERr £ PEm Catal §sys gl imeriatn oreacdthien fnikxthere inasibal
sel ectivatjon ichis referred to, el A ecty ion'
i nvol ves c%%’??i‘é%%]rﬁyt’h%tt&%‘%%l %‘?w%i#rx{]uﬁ{haéne%olﬁczlayh\%ghé?%lcgﬁé]ﬁ%?ﬁagnare
el ectivatagglamerdtedd hydrogen at reaction conditions until the desired

-Xyl ene sel ectdyit 9 ng%@o d Si Atd Pt o WSS apperhtdre; f eed of
sel ectivating a%%éntgxf%%d‘?ssgb%%/ﬁlaéeo . Thne trimsel ec,t? vat i n%]i S Fr eferably a

si | i con- coMt AT ERNE 0bMPBLNEO BrEXIRRYE pract AR LE 197 | Bt F i ng
conpound obHeyflEdhe gensiplzd@) Ml & sol3HiBH 20613 ad larriadio£dR= n where
R, is hydrogep,. fluorine, hydrox al kyl I fl uoro-al kyl .
The hydr oc@g%g"hl STHET 3 E ERmE b’é?‘%"?%ﬁf'l yé/c’cron%{aalwﬁﬂfe‘?’ogéiﬂa‘%}cl)é 1 fcar bon at ons
and pr ef erpdlyoxy et gl dyé-octelphydngkoups. R is selected fromthe sane
group as R' andnp.is, nggifgﬁgn 04;0,@5011#@58?1&1% aeedfd 4 Ysikdh tde range of
3 to 1000. The nolecufar werght of the silicone corggunc{ie’gylp ed is

gener al | y dbykehlanesy | arebs bbanehid Prefaast 1 I et 1S T%£ 000.
(I}_eprﬁanjt faéi-ypo,@)ifgihpg)ﬂigspoh gﬁ?ﬁlémmd,{rmMMIQ?gmilanes,

i ethylsiligone,” phenyl net sjil1cone, r e

et hyl hydr ogehexpenand pH%?'&//? h;%%ﬁ%%s‘fﬁdwnle@fréwge% h%/&?l IYRE

phenyl et hygsy&b L oeougs pheaykgl | isoimtemiediyta rifcldept opyl 521 cone,

ethyltrifl ropysilLicone, . i Y EST R , he t hyl
silicone, ?g%}?g%ﬁl or%Eﬁgngf’ef‘ﬁ%xasléﬁgn%&%%ﬁggh?%?%i)ﬂ&éﬂ?%&ﬁr Onztlﬁegre
silicone, ewganehibiopheagnphengs al$e chieludfet e vFhyicPre co s

et hlyl Vi nyl;gggéggggdlggﬁo@ {,j,&ﬁﬁiamgpln@mob@a&demoinb&iﬁnear but may be
cyclic as for exanpl e hexanet cyclotris ~ _

oct anet hyl E?E:FSF%Y‘PE%PPoxaHE?f%&é%h%ﬁ?/l %JYJC?%%F?SSI FIAN2S RRenyt

oct aphenyl mgehplpbrasilexane. M xtures of these conpounds may al so be used
as well as silig “egp‘gatﬁgggtgg g%laygmowér&ém& SbheEribh CPRsEQLL Al Ni Ng

Q
conpounds, such Q% xanes, may also be utilized. Preferably,
the ki neti efdthiet éngeotibhe pheyPBAE2REE PeLEERErTaBLRYSaBRYitPANnd t he

silicon pr Sqﬁﬁbﬁ&?}g}{a&i Bg %QE{BBHEQ agdesmBunatgorewitheaaggppsetabon are
| arger than;fhe zeolite pore |arretgri_ in,order Lo §¥8{xg g_edum ngcthe
i nternal aPiRgprymakerpalcatighydf, £9% example, ap norgan

oxide support or a clay binder. While the preferred binder
is silica, other non-limiting examples of such binder
materials include alumina, zirconia, magnesia, thoria,
titania, boria and combinations thereof, generally in the
form of dried inorganic oxide gels or gelatinous
precipitates. Suitable clay materials include, by way of
example, bentonite and kieselguhr. The relative proportion



T a . . 30/04/2003 -12 Reaction conditions for the trimselectivation AR
step generally include a tenperature of 350" - 540' C and a pnesgsimeonf
about. 100 to 34500 kPa (at nmospheric - 5000 psig). The feed is provided to
the systemat a rate of about 0.1 - 20 WHSV. The hydrogen is fed at a
hydrogen to hydrocarbon nol ar ratio of.gabout 0.1-20. The trinsel ectivating
agent is preferably fed in an anmount of 0.1% - 50% of the toluene and,
dependi ng upon the percentage of selectivating agent used, the trim
selectivation will ' preferably |last for 50-300 hours, nost preferably |ess
than 170 hrs. Wiile not wishing to be bound by theory, it is believed that
t he advandgesithbllae cpfyetanl inevabileenlaresikevai ted tiye rtemddri ng aci d

sites on .er.nal surfaces of _the y ti i naccessi bl e
to reacta%?gp%éﬁﬁéQPne e 58 A Yégtgpgngﬁgg%uégigégik%?d%§&{e§ ggi ng on

t he ext er R4l pegckatebyf welightanalyds prefprhbdyYedbonrti S6m80i perceat

par a- xyl ep i thRg Ath a ; s b o B um | eyel with

t he ot her mgéﬁ SEEPE ?Rgr§%$¥§%égg%§g't?ggaﬁgggﬁsgﬁqbgrgFQngng%in t he

xyl enes t FEnfeTanOGt apextEidasguc PRIIEmePRY ARSI (AP 68 )t BEse acid sites
to the pafauviglienslexilickespherperes of the catalyst,. a relatively high

| evel of para-xylene can be maintained. It is believed that the trim

sel ectivating agents of the present invention block or otherw se render

t hese ext @haple Seil@ckijves consexisliall e to; the para-xyl ene by chenically
modi fying sai dyghie 1a¥h%i%QI%|%ﬁ&c%agrgesEEEEQQQa%ﬁngh%%lbﬁeg dar to
reduce the anount of “undesirabl e By-products, particul arly ethylbenzene.

he st at e 18f ackerdancies wifdh thieatinvieatieacese FPPEFAALYF Mtydandar d
tol uene dicapaopskti QRalhael KR eakli%eCAPhRbBE rBon cohireiragsaene by- product.
Upon distillation of the reaction_products) .the l.evel qof ethyl benzene in
the C, frREPFEASEFt dRclndings&5ack1B94TFRFELRPS FRVELVEDE d6F2%ERYI benzene
i S unacceptfabydrbearpeny feedgtadksp- igbereigntdencolfy tR&y2zeremanithe C,
product, i&;: ooz~ 30/.Q4/ 20 P r degrad quality of
fibers u|F?&Q@éF§16P8&88e8ffPgﬁgﬁﬁé g?xfﬁgﬁesg?é g??! %5%@%3&%E?ry,
et hyl benzéibecohlenbrnobenicalkept tronsatkElagaent péapronatdeset hyl benzene

in the Cya@k?@ﬁi&ohaﬁfb%?BmQE&%FqiEQQVQ¥SEBHU§ErBx&@eﬁﬁtb@sﬁothan 0.3%
Et hyl benzene can be substantially renoved Rgglsonerlzatlon or b

. Y.
super f r acPYORREREROPFoc&8385anREREPR Bf PKEIEPATRSen2BAeCBYVEERAIEAL I ONnal
i somer i zabifoniyhul gakea firfRkachidCalewihe tbeapbaaedtsi.nvention since the
xyl ene stream _which iniludes 3r%ater t han 90%) %rgxééggne VWould be
concurrently i BnBPPEE@ Ly o CREATY RS GRPYSFEARE FRRG&AS ThRYERolint of
par a- Xyl egetaiyshi somphrded ngt thanmbdidbedt z2a3itet inglikdewa in the art that

the al ter RahbugaR[RGedYr § oo o @E0YsBYct he srhykbeezere1byto 20,000
superfracklonatlon I's extrenel er to avoid the need

expensive. -. In_ord
f ox downs Péaﬁpe%h9FE€ﬁ?éﬁ€eré%ﬁ?&lF°tﬁ8°|8§EPSBPe€Fﬁ9Pb8nY8h8hEy-product
i's advant ageely! ¥paedueed oy tiynedr pooat hed aohypdoegdmat iamtiehydr ogenat i on
function Lpn.the catal yst, such a Ltio | .C d such as
platinun1h&ﬂFPgeﬁ?QFﬂ%&ﬁFVsetﬁé gV§¥8?ggéghe?8&?°§Pﬁg%%n8tgEEQQQCh as
pal | adi um ni cak, cacppgst odbahe, imvepbdenuks PAFEigmlardyhéntentedi| ver,
gol d, Ter 4 us@SThu ftg%ggéggwa%a@m b a28d Beteisnakishegt may be

[
utilized. net a naf b byication exchange, in amunts of about
0.01 2% tPpRenrl foapsodusesmArpnEYhens apdsthlé REPEess ¥ALédr "PHebBores of
the catal gekcriiBeQr d8r al @eprebevitat iveberquple ofl shapel saletepveFor

exanpl e, ? glatinun1nndifi d catal yst cgnlggtprepared by first adding the
catal yst CO"{®E5HARi &Y edr © medmom £Fatef T ‘order to convert the catal yst

to the anmonium form The catal yst is subsequently contacted with an

aqueous sabyhk gt 5 @q&g aRls@ti nun(11) nitrate or tetraam ne
pl ati num( compound advant.ageously enters the

pores of the cBeakpion Thaddstigngstncshe: foAusEer ALSPrOROIRASRRELANt h wat er
and cal ci aefltahpiSERA" Al¥etn Qhcabeu! t2hBerbeur@@ Canging from 350°cC

to S40°C, preferably greater than 400°C; pressures ranging
from 100 to 34,500 kPa (0 to 5000 psig), preferably from
790 to 7000 kPa (100 to 1000 psig); a mole ratio of



"' 30/04/ 2003 -14 The effluent is separated and distilled to remove the A
desired product, i.e., para-xylene, plus other by-products. bheoBs esent
process, toluene can be converted to aromatic concentrates of ﬁlgh val ue,
e.g., about 99% par axyl ene based on all C, products. In a typical

enbodi ment of the present process, optigumtol uene conversion is found to
be 20 - 25 weight percent with a para-xylene purity of 90 - 99% The
following non-limting exanples illustrate the invention: ERAVPLE 1 To
15.57g distilled water in a 150 cc beaker was added 1.01g 50% sodi um

hydr oxi de ?’g’l ution and 2.20g dinethyl silicon nodified with oxyet hyl ene
groups to fFSgen: taahydrschubbest 61880 . 1 Teo 120 s-pé ferapl pa Eﬁ fd a
m xture of th0.485g+ta S S §ﬁ% d_anor phous”silica
with stirring, The rieg)é?%gﬁt héﬁglfz) %gc%ange%x d %%? gf EOR ! dletmruder
to give wel AR ne®refgmably/ £6Pm Achoekthridate. Drying at 120 C for two

hours gave 12 9tgeptotidche EXAVE Po fex in a 150cc
beaker was 4 ed 1. OSEﬁSOSA) sod Iu%‘lgc}ngOXI é%g’ ﬁ’trlﬁ%)lndda%% a S&LﬂrQDbf 4. 069

phenyl met hyI pole & 1 BRERePRABEH2TYY ?%ol%rﬁty 3esrio 8ol St bene etrh angl
sur f act ant tPéUﬁo&rrfaadeﬁuJ:Bl Onotﬂ'@rtdfbnﬁacﬁm&]sSISQ@hV\@% 8&4&% £ M xture of
us si

10. 859 as ntResi z and 85 drate Ica (H Si PPG
| ndustri ess‘x’b1 H€§ §€%Z§%@r?|&-ﬁ ?belrﬁge Tedtit & aﬂ‘ts Wﬁfﬁ%%s”émwwded usi ng
a hand ext rd BF“Pofeﬁ@%t%kIWibmmd ddmmely 28 fiecthinge tidlgilel ol Vi NG at
120" C for tweeheuss. gaye 431498 PEOEH ook mdY 4200 oha GANS 1. A

cat al yst Cagﬁik |ng a crystalline nolecular §ieve having 3 ﬁétralnt | ndex
§f: 1-12 whic 4 pbR pFaRRe v ieh éﬂlﬁ-ym&&ﬂ”éﬁér BOLFE U eniexttere ng
corrprl Si ngtbhereacysmhlmee molestdds Jireve. ia Eh@dﬁ&-ta@@ﬁ% 5Q=0 nOSI l'icon

CTaimed 1o gl i FE SR eHe el e the B EBR bR acas soerast o | rom
Numerous, These methods lnclude percolation through any
Suitable desiccant, for example, silica gel, aCtlvated
alumina, molecular sieves or other suitable substances or
the use of liquid charge dryers.

Normally a single pass conversion of a toluene streanm
results in a product stream which includes dimethylbenzenes
having alkyl groups at all locations, i.e., ortho-, meta—,u
and para-xylenes. Furthermore, the xylenes are known to
Proceed in a reaction which produces unwanted ethylbenzenes
(EB) by the following reaction:

CH, CH,CH,
—)
( ——
CHJ '.l

Previously, the purity of p-xylene with respect to all
of the C, products in a single pass has been limited to
less than 90% when isomerization is permitted. This
efficiency is reduced somewhat by the production of
ethylbenzene.

The present invention, however, provides high
efficiency conversion which reduces production of ortho-
and meta-isomers to the benefit of the desired para-isomer.
The resulting product stream contains greater than a 90%



silicones, silanes, al koxysi | anes, siloxanes and pol ysil oxanes. 3. A AR
catal yst as clalned in claiml or claim2, and al so incl udi rag/a4/2003

hydr ogenati on /dehydrogenation netal. 4. A method for pre-selectivating a
catal ytic nol ecul ar sieve conprising formng a m xture conprising a
crystalline nol ecul ar sieve material haw-+g a Constraint Index of 1 to 12,

a binder, and an organosilicon conpound at a nol ecul ar si eve/organosilicon
conmpound weight ratio of 1/10 to 100/1 and aggl onerating the m xture. 5. A
nmethod as claimed in claim4 further conprising contacting a
pre-selectivated catal ytic nolecular sieve wth a m xture conprising

t ol uene anBUEiS¥cefidpatarxpheseur cRBomhexamplke pathgyerhRossybenevati ng agent

at reacti onsefadi Nga f efti t eqf st one
hour to ylgfd agtafgeﬁﬁngé?ﬁegacg§aﬂ?%tﬂéﬂ@ggv%ﬁlé%%gel% g‘ %?p#ggess for

shape sel eEPFoé Xy4enesreentenhvenil ety PRrRTXYIe0Rt HEPRRY car be

hydr ocar boaemeadatsaiééysansﬁnﬁab@t ng% o £iisd atbtAE Wié?ﬁé”ééné+§¥e h?VI ng
oneratl ng

a Cbnstralg | ndex of 1- been eselectlva% %%

a nmixture €8 ?YEanw?ﬁ% E??sf%???h%“nﬁY%% atS SPERRST LY pFH nd an
organosiIlsothaapbyndepﬁdltBOH cﬁlplamimpmrmnrtnulm@hecwugfogﬁé@ée 7 A
process as¢gha | n_t p. tiye drocar

conver si on ﬁ% EPF $e°g g%ﬁ%%% %ﬁatgﬁ%éggof §S+%%n%gl%€¥ Shan xylene
8. A procedkoys @L&%neﬂ thecCaipuagiugterei n t he dlsproportlonateness is

effected at a t g8PeLBI M ReQf 155&@@9&@%&591 HEr&eQ) een& pRePEfESUT € Of
100 to 34500 kPa,(athospheric to WHSV of 0.1 to 2 and a

derogen t o"KEBEL %rBBﬂVhBFﬁrar%fFB°%f SIqg?%?%%ﬁ“?:P?r?Béb#e%?nﬁt
A Aa. Al . ABoAVArdhbAYritke AN Al at‘.\UPe&sﬁ(awow«el PR Yyé e ealb My cad ced £a4 ca] ca

ca] ca] ca] cg C;@ég%g:ﬁt] ca ca rCa?'UxL);PAn a]g&lf@ ca} cgge%]'e l{]. carl c<a] cal

;Oa/&q+gi\l?{]v(lil{a€|@¥ c]pSpEefabhln] caU}easi} ci¥ cajd st U red 4 rxat) by ) aaduweta) ca) cal] ca
Ul cal] ca] cgyga] cal] caU] cal] cal] cal] cal] cal] ca] ca] ca] ca] ca h
Ij-wx| wmmhc”Y] c %]ca a]ca]ca]ca]ca]ca]ca]ca]ca]ca]caLﬂcaLﬂcaLﬂca]ca]ca]ca]

ca] cal] ca] ca] caf Te ) tah e npREd U k| PURLLY can’'be attained at

commercially acceptable conversion rates than with
previously disclosed processes. The present invention thus
allows for a significant reduction in process costs
previously associated with the separation of unwanted by-
products. Toluene disproportionation processes of the
prior art typically require expensive secondary and
tertiary treatment procedures in order to obtain these
efficiencies.

Preferably, the toluene disproportionation process of
the present invention includes the step of effecting a
further in-situ selectivation of the zeolite catalyst, in
addition to the ex-situ pféselectivation during catalyst

i,

agglomeration. This further in-situ selectivation, which is
referred to herein as "trim selectivation", involves
contacting the catalyst simultaneously with toluene, a
selectivating agent and hydrogen at reaction conditions
until the desired p-xylene selectivity, e.g., 90% or 95%,
is attained, whereupon the feed of selectivating agent is
discontinued. The trim selectivating is preferably a
silicon-containing coompound and more preferably a
silicone-containing compound obeying the genéral formula:
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where R, is hydrogen, fluorine, hydroxy, alkyl, aryl,
alkylaryl or fluoro-alkyl. The hydrocarbon substituents
generally contain from 1 to 10 carbon atoms and preferably
are methyl or ethyl groups. R, is selected from the same
group as R,, and n is an integer of at least 2 and
generally in the range of 3 to 1000. The molecular weight
Of the silicone compound employed is generally between 80
and 20,000 and preferably between 150 and 10, 000.
Representative silicone compounds include dimethylsilicone,
diethylsilicone, phenylmethylsilicone, methylhydrogensili-
cone, ethylhydrogensilicone, phenylhydrogensilicone,
methylethylsilicone, phenylethylsilicone, diphenylsilicone,
methyltrifluoropropylsilicone, ethyltrifluoropropysilicone,
polydimethylsilicone, tetrachlorophenylmethyl silicone,
tetrachlorophenylethyl silicone, tetrachlorophenylhydrogen
silicone, tetrachlorophenylphenyl silicone, methylvinyl-
silicone and ethylvinylsilicone. The silicone compound
need not be linear but may be cyclic as for example
hexamethylcyclotrisiloxane octamethylcyclotetrasiloxane,
hexaphenylcyclotrisiloxane and octaphenylcyclotetra-~
siloxane. Mixtures of these compounds may also be used as
well as silicones with other functional groups. Other
silicon-containing compounds, such as silanes and
siloxanes, may also be utilized. o

Preferably, the kinetic diameters of the P-xylene trim
selectivating agent and the silicon pre-selectivating
compound added during zeolite agglomeration are larger than
the zeolite pore diameter, in order to avoid reducing the
internal activity of the catalyst.

AR



" ~ysmhc] WRrhe”Y] cal] caU] ca] cVa] cal] caU] ca] cVa] ca] ca] ¢
]'cal] ca] caU] ca] ca] caU] cal] caU] cal] cal] ca U] c”aU] ca] ca
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Reaction conditions for the trim-selectivation step
generally include a temperature of 350° ~ 540°‘C and a
pressure of about 100 to 34500 kPa (atmospheric - sggo
Psig). The feed is provided to the system at a rate of
about 0.1 - 20 WHSV. The hydrogen is fed at a hydrogen to
hydrocarbon molar ratioc of about 0.1-20. The trim-
selectivating agent is preferably fed in an amount of 0.1%
=~ 50% of the toluene and, depending upon the percentage of
selectivating agent used, the trim selectivation will
preferably last for 50-300 hours, most preferably less than
170 hrs.

While not wishing to be bound by theory, it is
believed that the advantages of the present invention are
obtained by rendering acid sites on the external surfaces
of the catalyst substantially inaccessible to reactants
while increasing catalyst\tortuosity. Acid sites existing
on the external surface of the catalyst are believed to
isomerize the para-xylene exiting the catalyst pores back
to an equilibrium level with the other two isomers thereby
reducing ‘the amount of para-xylene in the xylenes to only
about 24%. By reducing the availability of these acid
sites to the para-xylene exiting the pores of the catalyst,.
a relatively high level of para-xylene can be maintained.
It is believed that the trim selectivating agents of the
Present invention block or otherwise render these external
acid sites unavailable to: the para-xylene by chemically
modifying said sites.

The catalyst may be further modified in order to
reduce the amount of undesirable by-products, particularly
ethylbenzene. The state of the art is such that the
reactor effluent from standard toluene disproportionation
typically contains 0.5% ethylbenzene by-product. Upon
distillation of the reaction products, the level of ethyl-
benzene in the ¢, fraction often increases to 3-4 percent.
This level of ethylbenzene is unacceptable for polymer
grade p-xylene since ethylbenzene in the C, ﬁroduct, if not

a] cal] ca] caLﬂ ca] caU] cay
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a] cal c™a] ca] cal] caU] ca] cal] ca] cal] ca] caU] ca] ca] ca] ca3. A. D. 1144444444955* 6E6
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99! 9' 9. 9E9: |mq|fa[UnhcAYU]]cAaLuca]ca&%ca]caLﬂca]caLﬂca]caLﬂca]caLﬂca]caU
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invention since the xylene stream, which includes greater
(; than 90% para-xylene, would be concurrently isomerized to
equilibrium xylenes reducing the amount of para-xylene in
this xylene stream to about 24%. It is known in the art
that the alternative procedure of removing the ethylbenzene

by superfractionation is extremely expensive.

In order to avoid the need for downstream ethylbenzene
removal, the level of ethylbenzene by-preoduct is
advantageously reduced by 'incorporating a hydrogenation-
dehydrogenation function in the catalyst, such as by
addition of a metal compound such as platinum. While
platinum is the preferred metal, other metals such as
palladium, nickel, copper, cobalt, molybdenum, rhodium,
ruthenium, silver, gold, mercury, osmium, iron, zinc,
cadmium, and mixtures thereof may be utilized. The metal
may be added by cation exchange, in amounts of about 0.01 -
2%, typically about 0.5%. The metal must be able to enter
the pores of the catalystfin order to survive a subsequent
calcination step. For example, a2 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 subse-
quently contacted with an aqueous solution of tetraamine
Platinum(II) nitrate or tetraamine platinum(II) chloride.
The metallic compound advantageously enters the pores of
the catalyst. The catalyst can then be filtered, washed
with water and calcined at temperatures of a?out 250° to
500°c.
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The effluent is separated and distilled to remove the
desired product, i.e., para-xylene, plus other by-products.
By the present process, toluene can be converted to
aromatic concentrates of high value, e.g., about 99% para-
Xylene based on all ¢, products. In a typical embodiment
of the present process, optimum,toluene conversion is found
to be 20 - 25 weight percent with a para-xylene purity of
S0 - 99%.
(* The following non-limiting examples illustrate the
' invention:

EXAMPLE 1

To 15.57g distilled water in a 150 cc beaker was added
1.01g 50% sodium hydroxide solution and 2.20g dimethyl
silicon modified with oxyethylene groups to render it water
soluble to 38C*. To this solution was added a mixture of
10.85g as-synthesized ZSM-5 and 5.85g hydrated amorphous
silica with stirring. The resultant dry paste was extruded
using a hand extruder to give well-formed l.6mm (1/16) inch
extrudate. Drying at 120°C for two hours gave 12.91g
product.

EXAMPLE 2

To 15.58g distilled water in a 150cc beaker was added
1.03g 50% sodium hydroxide solution and a mixture of 4.06g
phenylmethylpolysiloxane and 0.79g iso-Octylphenoxy-
polyethoxyethanol surfactant to form an emulsion. To this
emulsion was added a mixture of 10.85g as-synthesized 2zSM-
5 and 5.85g hydrated amorphous silica (Hisil, PPG
Industries, Inc.) with stirring. The resultant dry paste
was extruded using a hand extruder to give well-formed
l.6mm (1/16 inch) extrudate. Drying at 120°C for two hours
gave 13.49g product.
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. Alcata in claim 1, w

yst as claimed erein the Qg—ang)siﬁcon compound is selected from

silicones, silanes, alkoxysilanes, siloxanes and polysiloxanes.

3. A catalyst as claimed in claim 1 or claim 2, and also including a hydrogenation

/dehydrogenation metal.

4. A method for pre-selectivating a catalytic molecular sieve comprising forming a mixture
comprising a crystalline molecular sieve material having a Constraint Index of 1 to 12, a
binder, and an organosilicon compound at a molecular sieve/organosilicon compound

weight ratio of 1/10 to 100/1 and agglomerating the mixture.

5. A method as claimed in claim 4 further comprising contacting a pre-selectivated catalytic
molecular sieve with a mixture comprising toluene and a second silicon source which is
paraxylene selectivating agent at reaction conditions for converting toluene to xylene for at

least one hour to yield a twice modified catalyst.
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conversion is selective disproportionateness of toluene into para-xylene.

8. A process as claimed in claim 6 wherein the disproportionateness is effected
O at a temperature of 350 degree C to 540 degree C, a pressure of 100 to
34500 kPa (atmospheric to 5000 psig), a WHSV of 0.1 to 20, and a

hydrogen to hydrocarbon molar ratio of 0.1 to 20.
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