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COVPOUND CONVERSI ON This invention relates to a shape sel ective
zeolite catal ysjgggnd its use in the conversion of aromatic conpounds,
particularly the selective production of para-dial kylaromatic
conpounds. The term "shape-sel ective descri bes unexpected
catalytic 5 selectivities in zeolites. The principles behind shape

sel ective catal ysis have been reviewed extensively, e.g., by NY.
Chen, WE. Garwood and F. G Dwyer, "Shape Sel ective Catalysis in

| ndustri al Applications," 36, Marcefl-Dekker, Inc. (1989). Wthin a
zeolite pore, hydr ocarbon conversion reactions such as

| sonerization, 10 spawl SPLECROVE iZROGITEOCATARYSIY IARD iTTS wSE XN ramomatdcy| ati on of
aromatics are governed by co &h&ﬁ&nﬂﬁﬁgﬁﬂp by the channel si ze.
React ant sel ectivity occurs en fraction of the feedstock is too
large to Ehtso inyention Jelates) 5P & sf‘ﬂ"r setactiveizpalife iRl vseppd titsi t v

occurs when use in sheronietdionpidduotasic aonptunkden\partilacky che selhecnives.
Product 15 ,ga@tribp% Bgﬁ_@ﬁ@lggﬁeiglcgﬁﬁ&qdpy transition state

selectivity |n % é reacti Qns cannot %\(l:\%qﬁ_bgcause t he
reaction transitirbh tem s ‘g'fzfte "fo PICEIRFE FAIPRTIH A ¥%he zeoilte
pores or Scageselpgtivibies in 2601!-9*}?@ o'#’hasla#@@#l’lcﬁiﬂt behiad shapefsedprtive

confi gur at i onadataDyslisl Rdvel Bedt reviewed skitbhAdiveDy, whgs.cbyheydichrasivmms of the

ol ecul e appr Oa.(zuowq;.%e m{‘&e@ "Sha&ee%Liéc%iﬂée)rcgtﬁ?ﬁlg@n raudsiBidy change

in the di nensi ons Z€0 ore can result in

| arge di ffusi dWPLhcAtdeRs 36y Rgreet Dekker: Hicqt B8R}« pid 2 feotiteBPFns.
This type of shisisecsadbrtdnversion reactidral yeshs as sisdweriizstica, ed, for exanpl e,

in sel ecig ve 8&1‘&\6&:6&#@%:{&%@0' auylauomﬂamnmﬁmmaru QPéHae@8s Qe
par a-di al kyl -substit

representati
par a- di al kyl - s'{ﬂ)stm?cﬁ%’éamo E’z'ae?'r?gs z"“‘mglerdab% 'fhe ERRED W \ég?lc':anta val uabl e
chemical feedstUERtFGEY PREUEP OheRt 2 FFrefion Yot the Feeduiockris tapdaggpdacti on
of para- xyl eneentert g eedlitepssdesr tiededyt; while prudubty saléanivity botumnehey

by tol uene di SPJnQePQf téngnﬁédg%tsﬁ‘é%n& cedvl ¥ lite cﬁ&ﬂﬂﬁs.coﬂéﬁhéé on
conditio Exa es I.nc et ereatlono n th met hanol |
as descr?%ed b§ r%’fé’h““é‘f’“%llca“ 3lsonhe Altexps Py 68“’3%3“ state sel eqpiyaty 1979)
and tol uene di sipkabpcertiabnaterctiongscahnot racoerl begavdientlse jrpaction trankiftien
Chem stry of Caggtleylsd Qob'yﬂﬁéafé)qam@@ﬁ!ﬂ!nstﬁl&ea;ﬁea&ﬂﬁkcofl&e& Another
oo, Py gl e HSTRAR0IRAA o Lok BRIl WenBOAINEY L0 Of

a mixture of t ene, 35
and met a- xyl en@"ff“Dé?)‘br‘f&FF&:; ‘Bﬁcﬁ?”ﬁh%i%ég?feéhﬁmé%‘f"é&?RH‘E’V‘"bF"i%@f the
cat al yst20or paecliry|mire §yxten. SA ewillvchange dmdthddinamidnnef the molecule

condi tions, dibiaRniedlSte Pradam sl Gr XN FBLI D LAARRY. 1kdeng to
different product distributions. This type of shape selective
catalysis is demonstrated, for example, in selective alkyl-substituted
benzene dispro-portionation to para-dialkyl-substituted benzene.

25 A representative para-dialkyl-substituted benzene is para-xylene,
which is a valuable chemical feedstock for the production of
polyesters. The production of para-xylene is typically performed by
methylation of toluene or by toluene disproportionation over a catalyst
under conversion conditions. Examples include the reaction of toluene

30 with methanol, as described by Chen et al., J. Amer. Chem. Soc. 101,

' 6783 (1979), and toluene disproportionation, as described by Pines in
"The Chemistry of Catalytic Hydrocarbon Conversions®, Academic Press,
N.Y., 1981, p. 72. Such methods typically result in the production of
a mixture of the three xylenea is&ma:s. i.e., para-xylene, ortho-xylene,

35 and meta~xylene. Depending upon the degree of selectivity of the
catalyst for para-xylene (para—-selectivity} and the reaction
conditions, different perxcentages of para-xylene are obtained. The
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_the feedstock, is also affected by the catalyst and the reaction
condi tions. ¥-788 Anot her wel |l known net hod for producing para-xyl ene
is by 5 i somerization of a CJerr] aromatic feedstock containing a high
proportion of other xylene isoners, particularly neta-xyl ene.
Comrercially available Cerr] aromatic feedstocks normally contain
significant anmounts of ethyl benzene, which is difficult to separate
by physical nethods, and hence an inportant object of nost xylene
| sonmeri zation processes is 10 to conve2t ethyl benzene to nore readily
renovabl e speci es w thout undue | oss of xyl enes. Vari ous

met hods are knawn 4§ Q.§ fﬁeaﬂzﬁouimeroﬂ Qﬁié‘ﬁsbm&m abod %ro%ort:.on otetiacti vity of
zeolite cata€sts set¥ cal'lig/‘f_1 A a"gd'féé"\%ﬁ 2 agtio di ffusion
characteristf ?“8?"&' % A%t h"«ﬁ:':r;t B RE PP R 5

unwant ed reae¢nddsipreseducts can diffuse into and out of the zeolite

pores is reducadm%ﬁememnaduﬁ et dbi fpesdung giacaaiylebe idesy red para-
O A R ] ’flzé%stggﬁ SEERES AP PEGldetak O

process I n | ene sor pt.| he zeo

i ncr eased by°ﬁe‘?56§¥t’iyﬁ§"°o11|’%!%‘ts ¢ AL PRER éﬁY?“F’fCec‘B‘F"‘fﬁ’é’ ¥ol ite. 20
It is al so kaesilabbe iCacarenselct Iﬁeeqsaodsssabmﬂlmqoytﬁh signiticany dmounts

dep?ﬁ it tngI OREt OBy IENZEAE FRLEX hgedicfffléxl@eéﬁlsepﬁuﬁb @spmiaskaaew&as
ear nmet a

Pat en relal
exanpl e gal | i ﬂ?‘rﬁ'ﬁ“ﬁﬁﬁﬁ‘ﬁ#'ﬁﬁfﬁ?ﬁ f’ﬁg‘fclq‘l u%n“fff g YQﬁP.;[ t11'°57%"°5§‘/3“ is
G oup HOA nettal convert exhyihepzere 50 inpre aredfbly zwehm #PEeies withoutunige 25
4,302, 620) anda& o eeljenkd/B netal , for exanple tin and/or gernmani um

(U S. Patent Noy 41.0%2 ﬁ? #0dds are knowaxJ in i a2t 1Rk nﬂ':tch\!fsiﬁgl el b%.aat-' on

process descri bed exanp

P
4,950, 835, 4 -"gé?“s}’féw &Mw%% °‘§a‘zﬂ?’5§'§”e "YP*“&%A ‘97%1”1*6? %ﬂ% thes,
4,127,616, 4 dLOGyED5, chAre@@regdscslolBbe SBOLItM] s@(that the S0®, 45 Whick the
cont actist he zpQhkhded Méei@n \b%ar&kva&ni ag:ﬁgeritm and out 69/thAl ﬂédm@ si l'icon

d. Such _k t h d | .ud
corpouns, SuRe MR, LORRUES O B s g, el -

pre-treated VitreAuttheFay Ienmi_ecdfﬁ grtantglo. 4,117,026 d““’&@éﬁta Gak%qtél‘éatmn
t he reactor yseded®indatichthesbeho-syienc isorptipnonatiel of thavaolitsn 135

process. In Iﬁc%emds? WhHALLYE Lhfar”601cok® dSedFRfhch sl REe QTR C

conver Séﬂon reactQr © klilluvrp%o inscttggge l‘ége para—segectivgt %Cat Izgglite by

depositing on the zeolite an oxide of a metal, such as an alkaline .
earth metal (U.S. Patent No. 4,288,647), a Group IIXIB metal, for
exanple gallium, indium andfor thallium (U.S., Patent No. 4,276,437}, a
Group IVA metal, for example titanium and/or zirconium (U.S. Patent No.
25 4,302,620) and a Group IVB metal, for example tin and/ox germanium
{(U.S. Patent No. 4,278,827).
An alternative selectivation process described in, for example, U.S.
Patents 5,173,461, 4,950,835, 4,927,979, 4,465,886, 4,477,583,
4,319,761, 4,145,315, 4,127,616, 4,100,215, 4,090,981, 4,060,568 and
k4] 3,698,157, is to contact the zeolite with a selectivating agent
containing a silicon compound. Such known metheds include both ex-situ
and in-situ silicon selecgtivation. In ex-situ selectivation the zaolite

ia pre-treated with the silicon-containing selectivating agent outside
the reactor used for desired shape selective aromatic cenversion

35 process. In in~situ selectivation the zeolite is loaded in the aromatic
convaersion reactor and, during a start~up phase of the reaction, is
contactad with a mixture of the silicon-containing selectivating agent
and an organic carrier, such as toluene. A combination of both ex~situ
and in-situ silicon selectivation can be used. In either evant, the
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and an organic carrier, such as toluene. A conbination of both ex-situ
and in-situ silicon selectivation can be used. In ei ther event, the

- 3- sel®s@®%Yati on procedure results in the deposition of a silica
coating on the surface of the zeolite which nodifies the diffusion
characteristics of the zeolite. Traditionally, ex-situ
pre-selectivation of zeolites has involved a 5 singl e application of

t he selectivating agent. However, U.S Patent No. 5,476, 823 di scl oses
a process for nodifying the shape sel ectiviige of a zeolite by

exposing the zeolite to at |least two ex-situ sel ectivation

sequences, each of which includes the ste coni.acti t zeal

Wt a st i comsiErRHAn,PEwedIs vATTE ShERE JRoHTieh on JAFE Rebblng, 1
subsequent |y c@l theispgfadecof dbejzeplite which modifisy fdet @Hfifysiant has now been
f ound t hat cer&mh&de&[gﬁcﬁryﬁltab FJeoLiEe. of ZSM5, which have a high

al um num cont ent g re]ig éﬁ{l&s u@-g%&%@%eetivatxéy 8t ! 'zQUfJ.thE' ‘hadf H&rotlbgd a

Sigerr]/A[err] bei ng essenti al ¥
those on % he sHiPgiearplicatien OF the)SelacrevatIng ARt JRFeEY- tFiinPatsnt Non
conventional Z5NRE, @23y dimileseSuchrdcasyfosryat ringotns sbipe/ SMestividy of a

described in | fde8k 6@tbyOldlos AP Ith@ aJebQﬁ:J\lQo J%CIAMS%.H) 8/ tWhdQletivation
describes a synthetlc pOI QUS c

t eLtL
of ZSM5 and a°conposit Fon f Vi ﬁ“c{“h 58 ar Ia |ong71°ttgg3( Uf&'ﬂ@e
(n) YJerr], witha W%F‘E‘ﬁm)ﬁiy-’w FF?'%}FHHF“@I %ﬁ?&ﬁti“ §ﬁcﬂ¥ga%1‘hFﬁ’Fﬁiﬁﬁrﬁnd
boron, i1on ansikseqéhely cagaidingmhepzedidrebl y al uminum Y is a tetraval ent

el ement such as Unexpect%giw@e ﬁ%@dm & W%a@ ei&&abia»&galéeysea £35s N
is greater than \/\herel n Xg%ﬁdﬁigave mgJ or

di mensi on of a?flzéﬁs? which haﬁ‘b@u?i . 8 "fﬂ“B?‘BrPﬁﬁ?i’t YR afyipum
X[err]derr] rdistaibitiioh, ivithothenss/AbaP3268%ios in buljs bairar eﬂmxﬂi@ bhe k

Yq er r] [ Xerr L%er L ]thho§£ h%Zg{m gngfaccreysa{:%l Tnox.ze re %nsxw 53 s'eieéﬁvggion than

appreC| ated tha art
al uni nosit?i cat &°“‘f°ﬂ§*?‘1‘&n%?k°’é?ﬁﬂ’nu?r‘ﬁf‘aﬁ 5%\‘f’t°Fhlq°§mbr°f 26M-5axe
conpl etel y repbevadbed int Irarectativnile Applicationt ¥o. PCTHRE/ M8878 rwhichon

and/or galli urruea&dbam S{,] VO lposddsi €65 taBINNREm{takid12hbYing! the structure
O St elY T PR GAh- DYl Dol 12421 R0 b B Sorli T BE I X 48,
ccordi ngly, e nventi on

as

ohe e-se
cat al yst conpr FapERInaX dgnt kféftinl%rﬁwe'é‘ivyst‘ﬁ} s n%‘-“ﬁh'!‘mu%ﬂmna\ﬂmg Ql'hié“
20 gallium, preferably aluminum; ¥ is a tetravalent element such as

silicon and/or germaniwm, preferably silicon; and n is greater than
about 12, and wherein the crystals have a major dimension of at least
about 0.5 micron and a surface Y0,/ X;0, ratio which is no more than 20%
greatexr than the bulk YO0,/ X;0; ratio of the crystal.

25 It is to be appreciated that, although ZSM-5 is normally synthesized
as an aluminosmilicate, the framework aluminum can be partially ox
completely replaced by other trivalent elements, such as boron, iron
and/or gallium, and the framework silicon can be partially or
completely replaced by other tetravalent elements such as germanium.

30 Accordingly, the invention resides in ons aspect in shape-selective
catalyst comprising a synthetic porous crystalline material having the
structure of 25M-5 and a composition involving the molar relationship:

X305: (n) YO,,

35 wherein X is a trivalent element, such as aluminum, boron, iron and/or
gallium, preferably aluminum; Y is a tetravalent element such as
silicon and/or germanium, preferably silicon; and n is greatexr than
about 12, and wherein the crystals have a major dimension of at least
about 0.5 micron and a surface YO,/ X.0; ratioc which is no more thanm 20%
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X[err]Jerr]: (n)YJerr], 35 wherein X is a trivalent elenent, such as
al um num bor _r],r?ehron and/ or gallium preferably alumnum Y is a
tetraval ent el enfent such as silicon and/or germanium preferably
silicon; and n is greater than about 12, and wherein the crystals
have a maj or di nension of at | east about 0.5 mcron and a surface
YJerr]/ Xerr]Qerr] ratio which is no nore than 20%

-4- | ess than the bulk Y(Jerr]/ Xerr](err] ratio of the crystal;
t he catal yst having a di f fusi on- noda+yi ng surface coating of a
refractory material . Preferably, the crystals have a ngjor

di nensi on o ea§:§1
3]

; t | stal; the R
surface YO ?? fllgq R Y('jlgl rxé?ﬂ Satl:im GE Qe Sy ﬁal. the RaekBshdbing Ne

P ert S no nore fhan 10% 1 ess than
the bul k YOR&E ﬁ°')<[“\9F‘1§S(§f‘8r=’r‘1’fi‘%ﬂ iceawgt‘ffeacﬁéﬁf‘?“ macerial, Preferably,
n is | ess thanpsdfewibly(Octendrysuads hawé or mbjor divensder of5at least abentgBout

40. micxdn.€ferably, the surface coating is selected fromthe group
10 consi sty ng of coke, a ngtal ide, nop: Net o de - oxi de
cerani & and rméf‘gfﬁr‘%}f]é’r'ag‘ﬁ/s rTﬁ‘;fFi ‘é‘gz ’gfgﬂ f%%".° s TR faze “zﬁ‘n 12{1 ﬁ?? @rgn
aspect, the themiiki ¥n/ a0 datiq af Lthecrystale hydr ocar bon conver si on

process usinNg bhefexaby,y alinlestitiawabouts peCtandf moxe prefetritdyi by @bbuw2s 15
The present é’onxg i@ | provides a shape-sel ective catalyst in which a
particular formot large crystal ZSMS is provi dg{? %/ith a diffusion-

modi fyi ng sur f REefesably.,gheisugface FORLLRT i onAPkesT 8™ Fbe FFO%¥Rhance its
sel ectiovi ty donsietdngcel keeke,C anvetali ®ides ecoewoetalk psidesnd ¢ penroxide

di sproporti Oe&mané\%muéegnheww,canaeﬁeermﬁeef ractory material" is 20

i ntended to nean aetg;r%teri al _whi C%i S abLEmt geﬂdtegslt_naquéﬂg gandi tions
experi enced in <8 YSUFRYF ATRASE P ol BV ST EPBH Tprocess W Fhout

si gni fi cant Wdsncarbon comvataion RRocesy SpERd the ISR YStoRf said one aspectgf
particul ar fetenigdenrasge crystal ZSM5 used in the catal yst of t he

i nventjon is d%ﬁ%%‘%@né LB oA Ao s APiiabEadeleBesNe- catlyst in uhich a
BT U0/ 098 L 1P o SO RISk (degmedn YR 1Y fe0GuJEAl en’ €' AEERIRNL P
modifying surface coating of a refractory material so as to enhance its
selectivity in hydrocarbon conversion processes, such as toluene
disproportionation. As used herein, the term “refractory material” is
20 intended to mean a material which is able to withstand the conditions
experienced in a desired hydrocarbon conversion process without
significant change in chamical or physical composition.
The particular form of laxge crystal ZSM-5 used in the catalyst of
the invention is deScribed in Internmational Application No.
25 PCT/USS6/09878 and has a composition involving the molar relationship:

%203 (n) YO;,

wherein X is a trivalent element, such as aluminum, boron, iron and/or
gallium, preferably aluminum; ¥ {s a tetravalent element such as

3o silicon and/or germanium, preferably silicon; and n is greater than
about 12, preferably less than 100 and most preferably 25-40, and
wherein the crystals have a surface YO3/X203 ratioc which is no more
than 20% less, and preferably no more than 10% leas, than the bulk
Y05/X303 ratio of the crystal. In contrast, conventional large crystal

35 forms of 25M~S are aluminum-rich and have a surface 5105/A1303 ratio

which i3 significantly less (> 20% less) than the bulk Si05/Al;03
ratio.
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al um num boron, iron and/or gallium preferably alumnum Y is a
tetraval ent el ewaniasuch as 30 silicon and/ or germanium preferably
silicon; and n is greater than about 12, preferably |ess than 100
and nost preferably 25-40, and wherein the crystals have a surface
YJerr]/ X[err](err] ratio which is no nore than 20% | ess, and

preferably no nore than 10% | ess, than the bul k
YJerr]/ X[err](err] ratio of the crystal. %{1 contrast, conventional |arge

cryst al 35 forms of ZSMS are alum numrich and have a surface
Sierr]/AJerr]derr] ratio which is significantly less (> 20%
less) than the DihektSm(langh/ Alystal’] @pMerSr i3 used herejmpitpgmean that the

- ﬁ . czyutal:;r *ﬂevé & F& Ahxaa%n%w:st ahd pZShdAabiy ausmsbez‘w nplt o mean
t hat the rysfals, haye, e Tl =]y r a

| east two dmemims ?1%9 §i J(')er1as°¥' um ;geas b}lﬁggﬁagﬂgla%rgnﬁrtpre éz?%'bl y

at least 1 migépdbmest P“feﬂbly eﬁ’?&“ﬁﬂs@ APERE LAIAFEaRD B Meqsyred byt stapdard
m crons 2s nesEMirtechdiyued amdaratystal sbze of JEM-5 emhnakpocke dEHecesy ¥edmal si ze

of ZSM5 can 2557108 rEGEKeREntd,00kain by meaau::.%@rtme' Qaﬂ:err@@%'é t§g 239ai n
by measuri ng the rate of sorption of di et hyl but ane at

120[ err] C anddbertgibotepedy W&)“ﬁ’y&? (5@51’ b@n"'b‘r’egﬁft"éa‘bPHeP“““e The

rel ation betweeratiby Hebledi Zeystadssizelntazuped Lianticrens,ad(l aidf 41EFusion

ti me nmeasured the ti O U | I %
10 capaci t;;'h%‘ mﬁy rxggar%mi,ﬂdles’s:' @0'3' ohe ¢4 H&qzéééogﬁ%g%%&tg[gr?p
Prior td%appl capadigy off hydrocdibdnysi®n- nodi fyi ng surface coating, the

| arge crystal ZSM5 accordi ng to the invention preferably has a 15
sorption time, t[err].  of at ?th 5 mnutes, preferably at |east 10
m nutes and nore pF‘eTQ'rz%li‘/ b&t.s east 15 m nutes. The novel

| arge crystal 0, nve dL
Fencti on’ cont ZEEE, So tperiEade i OAE VAP diReRlBRUERE Vb8 ik enge coptingpne
oxi de, a trivaPEH °H¥’E‘%§I1 F-Geasgozfiinaote e inyeppiqnapigfenablyehas a'OXI de Y02,
20 waber, a@ndptdonatimes B il af asdldast embmiteg Aprelexably dthdedsar moll a:
Si [err] minutes and more preferably at least 15 minutea.

The novel large crystal ZSM-S of the invention is produced from a
reaction containing sources of an alkall or alkaline-earth metal (M)

oxide, a trivalent metal oxide X503, a tetravalent metal oxide YO,,

20 water, and an amino acid or salt thereof (AA} having the formula:

o]
Ry~ (Cﬂz) z~CHC-OA
25

Rp
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al kyl group, or is a carboxylic acid group or salt thereof: Rerr] is
H, al kyl, r-9694 . al karyl, NHerr] or NHRlerr] where Rerr] is an
adamant ane or cyclic al kyl group; Ais Hor a netal and z is fromO
to 15, preferably 1-7: 5 provi ded that at |east one of R err] and
Rlerr] is NHerr] or NHR err]. Exanples of suitable am no acids are
6- am nohexanoi ¢ acid, N-2-adanantylglycine, N cycl ohexyl gl yci ne,

| ysine, and glutamc acid (and its nonosodium salt). Gutam c acid
and its nonosodiumsalt are particularly pfef erred. The reaction
m xture has a conposition, expressed in terns of nole 10 rati os of

oxi des, as f oibepei: Ry L3 NHp, NHR3 where Ry is an adamantane gpfayplic alkyl

E{ g]; re]r B,egq erJ7pup, ogfs r]‘lzaX g:r;g%gaecrid] group or s%_ gg ;%QE. Ry is Hml\l(:&,i?r]dfo
0.05-0.5 aryl, alkryl,OnH) &b NHR3 where W3Yi} enrddamantane or Qycllig ®kyl
0.3-0.4 group; Aaaggﬁ%{?{;"f:’“ggi smi'rezt ng:of tpo 1|5n\el‘%gu,_g§1 uqtl ons with

or w t hout Seeds. %ﬁ odi ment, the
reacti ord P=°Vl#<%<f~'ly¥"eaédr??aﬁ= r?i"rﬁf- ﬁmd“éa‘fa ﬁg s "“RWhExWéF%r"If

g! uqm nu]m S Oi” 2 S Qmino aliRAl L 6Ldmin¥hizaBoldBeld, Cl--b&ihatit Yl EUNROWNLCE | S
iJerr] so | rr err

avail abl e as é!ﬁ:?-g?n %u%r}xg Jnd) c acicWQg&J] :L‘:§ nﬁgmiﬁﬁ@ah%
Crystal lizati %PWQ:&F*# apd dife 'Eﬁ’i’aé?dié‘f“t-’r?éF ane; P?"é&"‘b‘t“%’f Reperred.
conditions at a Menpaictiefl aitfur8hasoa 22baysipief,cexdrieysed On tterdB@fomaleC, 25

for 24 heurs 10,80 gpwide‘gheasr gsilolk@nt ZSM5 crystals are separated
from the not her ﬁlquor and recovered and the zeolite is converted to

t he hydrogen form Since the large crystal ZSM5 used in the
catal yst of the invention vaefylan be syntMrefessed with a relatively | ow
silicalalum nawg;kfds ratio  20-@0 20-40
Hp0/Y05 10-90 20-60
WYOQ 0.05"0-5 °u1-0i2
15
M’Yo: . 0.1-0.3 0l3-°l4

The synthesis method of the invention functions with or without
added nucleating seeds. In a preferred embodiment, the reactiom
wmixture contains no nucleating seeds. The preferred aluminum source is

20 NaAlO,, while the preferred silicon source is S10, sol (30% S$i0; in H.0),
which is commercially available as Catalog No. SX0140-1 from EM
Science, Inc.

Crystallization is carried out under either stirred or static
conditions at a temperature of 80 to 225°C, preferably 120 to 130°C,

25 for 24 hours to 60 days. The resultant 2SM~5 crystals are separated
from the mother liquor and recovered and the zeolite is converted to
the hydrogen form.

Since the large crystal 2ZSM-5 used in the catalyst of the invention
can be synthesized with a relatively low silica/alumina molar ratio

39 {that is with a relatively high aluminum content), the resultant large
crystal 25M-5 can have a high catalytic activity. Catalytic activity
of zeolites, such as 23M-5, is typically measured by Alpha Value, which
compares the catalytic cracking activity of the catalyst (rate of
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large cryst al ZSM5 can have a high catalytic activity. Catalytic
activity f3 zeolites, such as ZSM5, is typically neasured by Al pha
Val ue, which conpares the catalytic cracking activity of the
catal yst (rate of
-7- nor mal hexane conversion per volune of catalyst per unit tine)
with the activity of a standard silica-alumna cracking catalyst. The
Al pha Test is described in U S. Patent No. 3,354,078: in the Journal
of Catal ysis, Vol. 4, p. 527 (1965);-?7ol. 6, p. 278 (1966); and Vol .
61, 5 p. 395 (1980). The experinental conditions of the test used
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oxi de of a ne’t“&F“EFr caa'ﬁaﬁ n'ﬂ’t‘a%“%uﬁ’ﬁ”&% %sylsbé‘ﬁ 38 Bt ﬁ%’(‘fﬁ‘éﬁt of the'
titani Al tisweationchbseferiislyr bia aptidpha cadue rig exneisd <0 APe iavd ruefexably
oxi de ceram Cyp silcdrsass BaBON ni tri de. 20 In one preferred
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and/ or by i n-E9spansigectq |’9bﬂ"éﬂau°“ by the aPR"%‘Eﬁ‘P%’bI"é & diffysion-modifying
pre-sel ecti vasirfacprcosensy bs alestiacbery matdi3al. This reapansivéess Juag7€3a23
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in an organlc carrj] er, nin e zeolite

eating the
contacting anRF®SFLiss g @éhu@ﬁ ef ﬁéc'ifrxyn?ﬂ’égﬁ AR convenseRE] ﬁg t'h%'gl ar ge
crystal zeol i pxlidef of memetalent jao non-mebalyy suely agfsilicon, bwquw?des necessary
to achieve a giteuRahdtéatitdly] (Shel Pefradtirglcdating could CERRALE Rrilhbd:-

conventi onal L {)ang‘M 3&@1 F“ogrgféﬂgg ex-situ 30 sel ectivation
can

procedure mhlc e use ef er abl in

, r
addi ti of%t o t hatI®Pae RFeLeryed %%t e ds[?‘&?’&"gﬁgd‘lfg"'t) sucface +%%bed
in US Patent Neo.si3i863p003 ampplingdcisves coxggicaibiconi egrpaqund by ex-situ pre-

selectivation and/or by in-situ selectivation.
A suitable ex-situ pre-selectivation process is described in US

Patent No. 5,476,823 and involves contacting the zeolite with the

25 organcsilicon compound in an organic carrier, caloining the zeolite and
then repeating the contacting and calcining seguence one ox more times.
Using the large crystal zeolite of the invention, the number of
sequences necessary to achieve a given para-selectivity iz reduced as
compared with conventional forms of 2SM-S. An alternative ex-situ

30 selectivation procedure which can be used in place of, or more
prefexrably, in addition to that disclosed in US Patent No. 5,476,823 is
described in US Patent No. 5,365,003 and involves agglomerating a
mixture of the zeolits, an organosilicenm compound and optiocnally a
binder in a muller and then calcining the resultant agglomerates.

35 A suitable in-situ selectivation procedure is described in US Patent
No., 5,498,814 and involves contacting the zeolite with a mixture of
toluene, hydrogen and an organosilicon compound at a temperature of

350-540°C, a pressure of atmospheric- 5000psig (100-35000 kPa) and a
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binder in a nmuller and then calcining the resultant agglonerates. 35
A suitable i n-s‘j.,zhlusel ectivation procedure is described in US Patent
No. 5,498,814 a I nvol ves contacting the zeolite with a m xture of
t ol uene, hydrogen and an organosilicon conpound at a tenperature of
350-540[err] C, a pressure of atnospheric- 5000psig (100-35000 kPa) and a
hydrogen to hydrocarbon nole ratio of 0.1-20 until the desired para-
selectivity is reached. Again, using the large crystal zeolite of the
invention, the time required to achieve a-8Fven para-selectivity is
reduced as conpared with conventional fornms of ZSM 5. 5 Usef ul
silicon sel eciydyéddnfo AGAES b b ratid 60rR3-2Mansill excidesired para-

\fgi ch can be gha mﬁ&q&@%ﬁeg Me&h gﬁne&ﬁ'mfa{ﬂi&e c%ﬁ":&ﬂ zeolite J@the
he t me ==‘a¥§1=3%ﬁa+‘i5’85¥1’a e?iwﬁ"y‘f““ %%‘Fﬁ%l ¥¥1d‘l’ogenat ed

hal ogenat ed atRgption.
aral kyl , al karefucedt as compared witlgpungohiared fatearaf] 25M-Fhe hydrocar bon
substituents gengefll ¥iridhaddlectivating agenthlimelddd @illitoner hod salGames

preferably rretl{}h & gt %zﬂ{tg@%ﬁeﬁ ?._;\g !agr?h cal forn@a¥a: | ndependent |y

sel ected from the €ane group ni1s an I nteger of
at least 2 and generally in the range of 3 to 1000. The nvol ecul ar

wei ght of the silicone co nd enpleyed is generally between about 80
and about 20, 000 and prefe |y mnthl t he approxi mate range of 150 to

10, 000. ﬁ@presentatlve sil}lchne « CQTP nds include dinethyl silicone,

25 diethyl silicone, phgny nethyl i 1'i cone, nethyl hydrogen silicone,

et hyl hydrogen silicone, ph mhlhydroge silicone, nethylethyl silicone,
phenyl et hyl silicone, diphenyl siliconep nethyltrifl uoropropyl
silicondd ethyltrifluorepropyl silicone, polydimethyl silicone,
t et rachl or ophensde R} QY| hy@lirbgen) Ntal oyed,r hgddoaylpabkyll, ebdlphermitkd GARY,, 30
tetrachl or ophgpyl hyH QAR hiyi0NErarkf, BEIYgRhARAC RPE NV kaB ] iogONE,
halogenated aika:yl. The hydrocarbon substituents generally contain
from 1 to 10 carbon atoms, preferably methyl or ethyl groups. R, is

20 independently selected from the same group as R;, and n is an integer
of at least Z and generally in the range of 3 to 1000. The molecular
weight of the silicone compound employed is generally between about 80
and about 20,000 and preferably within the approximate range of 150 to
10,000. Representative silicone compounds include dimethyl silicone,

25 diethyl silicone, phenylmethyl silicone, methylhydrogen silicone,
ethylhydrogen silicone, phenylhydrogen silicone, methylethyl siliconae,
phenylethyl silicone, diphenyl silicone, methyltrifluoropropyl
silicone, ethyltrifluoropropyl silicone, pelydimethyl silicone,
tetrachlorophenylmethyl silicone, tetrachlorephenylethyl silicone,

30 tetrachlorophenylhydrogen silicone, tetrachlorophenylphenyl silicone,
methylvinyl silicone and ethylvinyl silicone. The silicone compound
need not be linear, but may be cyclic, for example, hexamethyl
cyclotrisiloxane, octamethyl cyclotetrasiloxane, hexaphenyl
cyclotrisiloxane and octaphenyl cyclotetrasiloxane. Mixtures of these

as compounds may also be used, as may silicones with other functional

' groups.

Other silicon compounds, including silanes and alkoxy silanes, such
as tetramethoxy silane, may also be utilized. These useful silicon-
containing selectivating agents include silanes characterizable by the

40 general formula:
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need not be |inear, but nay be cyclic, for exanple, hexanethyl
cyclotrisiloxaqﬁn ﬁﬁtanethyl cycl ot etrasi | oxane, hexaphenyl

cyclotrisil oxane 2 oct aphenyl cyclotetrasil oxane. M xtures of these

35 conpounds may al so be used, as may silicones with other functional

gr oups. O her silicon conpounds, including silanes and

al koxy silanes, such as tetranet hoxy silane, may al so be
utilized. These useful silicon- contai ning selectivating
agents include silanes characterizable by &%e 40 general formul a:
[err] where Rerr], Rerr], Rerr] and Rerr] are

i ndependent|ly sel ected fromthe group consi sting of hydrogen,
hydroxyl, hal ogen, al kyl, hal ogenated al kyl, 10 al koxy, aryl,

hal ogenated aryl, aral kyl, halo ated aral kyl, al karyl, and

hal ogenat ed al karyl groups. M xtlres of these conpounds may al so be
used. Preferredgilicoge conta,ni ng sel ectivating agents include
di met hyl phenyl net hyl polyuiloxagg (e.g., Dow 550) and phenyl nmeet hyl 15

pol ysi | oxane (e.g., Dow 710). w- 550 and Dow 710 are avail able from

Dow Chem cal Co. Pref eRably, the kinetic dianmeter of the

si |l i con-contai ni ng sel ectivating agent is larger than the zeolite

pore di amet er whé.:& RLIRL, R; and R ! &xedYMcbefidintYy YelélieaSElaml the kbgl agent
into the pore and anh %0

of the calal ySeuaisting of hydspqes, Brosy chRipIRpy kL Seteonted Al V' 1Y
si | i conl@ont apkkaxy, aryl, halehematedmrvhg argikyl, hilogenatiedt axalkylapdkarydl, at
350-550[ err] Cafi@maloghated alkaryl groups. Mixtures of these compounds may alsc

be used.

éiefgrred silicon-containing selectivating agents include
dimethylphenylmethyl polysiloxane (e.g., Dow-550) and phenylwmethyl

15 polysiloxane (e.g., Dow-710). Dow-550 and Dow-710 axe available from
Dow Chemical Co.

Preferably, the kinetic diameter of the silicon-containing
selectivating agent is larger than the zeolite pore dlameter, in order
to avoid entry of the selectivating agent into the poxe and any

20 concomitant reduction in the internal activity of the catalyst.

After the or each application of the silicon-containing
selectivating agent, the zeolite is calcined at 350-550°C for 1-24
hours to convert the orgaoncsilicon compound to silica.

In an alternative embodiment, the diffusion-modifying surface

25 coating comprises coke and is produced by ex-situ ox in-situ precoking
of the zeollite. Precoking is conveniently effected by passing an
axomatic hydrocarbon, such as toluene, over the zeolite at a relatively

high temperature of 500-650°C so as to deposit at least about 1 wtg,
preferably 1-30 wt®, coke thereon.

30 The catalyst of the invention may include a binder or matrix
material resistant to the temperatures and other conditions employed in
organic conversion processes. Such materials include active and
inactive materials and synthetic or naturally occurring zeclites as
well as inorganic materials such as clays, silica andfor metal oxides

as such as alumina. The latter may be either naturally occurring or in
the form of gelatinous precipitates or gels including mixtures of
silica and metal oxides. Use of a material which is active tends to
change the conversion and/or selectivity of the catalyst in certain



ho8F¥ BOYRIMmAAt e LWgabﬁéé??”Pc‘oﬁ'%%%dlq Sy % ?dr%‘lgar% L2
al ternative enbodi nent, the diffusion-nodifying surface 25 coati ng
conpri ses coke yapéghy S produced by ex-situ or in-situ precoking of
the zeolite. Precoking is conveniently effected by passing an
aromati ¢ hydrocarbon, such as toluene, over the zeolite at a rel atlvely
hi gh tenperature of 500-650[err]C so as to deposit at |east about 1 w%

preferably 1-30 wt% coke thereon. 30 The catal yst of the invention
may include a binder or matrix material resistant to the
tenperatures and other conditions enpl oye'd'°|"n organi ¢ conversi on
processes. Such materials include active and- I nactive materials and
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constituent i& "’rf:i‘l‘?“‘cﬂ@?’%&f“k%&f’l‘fﬁlf’é"atd?’bkiafﬁ" tReRIMERT o jrhemicalyi t e.
Such cl 8)s camediEigatddnin the raw state as originally mned or

initially subj ectiedddirienlwel €108 itOkegoliid tlatdr@als|Ebhe AEM-CEN Gl codPosited
modi fi cation. with a porous matrix material such as silica-alumina, silica-magnesia,
silica~zirconia, silica-~thoria, silica-beryllia, silica-titania as well

as ternary compositions such as silica-alumina-thoria, sillica-alumina-

25 zirconia silica~alumina-magnesia and silica-magnesia-zirconia.

The relative proportions of finely divided 2SM-5 material and
inorganic oxide matrix vary widely, with the ZSM-5 content ranging from
about 1 to about 90% by weight and more usually in the range of about
2 to about 80 wt.% of the composite.

30 It is to be appreciated that, although the binder or matrix and the
diffusion modifying refractory coating can be formed of the same
material, such as silica, these are separate components of the catalyst
normally formed by different steps in the catalyst production process.
For example, the £SM-5 may be composited with the binder or matrix and

35 the resultant composite provided with a coating of a refractory
material. Alternatively, the refractory coating may be applied to the

28M-5 crystals before the latter are composited with the binder or
mateix.
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with a porous matrix material such as silica-alumna, silica-magnenia,
silica-zireonia, wsydesca-thoria, silica-beryllia, silica-titania as well
as ternary conpositions such as sil i'ca-al umi na-thoria, silica-alumina- 25
zirconia silica-alum na-magnesia and silica-nmagnesia-zirconia.

The relative proportions of finely divided ZSM5 material and

inorganic oxide matrix vary widely, with the ZSM5 content ranging from
about 1 to about 90% by wei ght and nore usuqllly in the range of about

2 to about 80 wt.% of the conposite. 30 It is to be appremated
that, although the binder or nmatrix and the di ffusi on nodify
refractory coati nly hydnogesatimnniishyfrqgenatignefunction myp,bg ingroduced H-“&S %ne
silica, these %E&l%ﬂﬁacfﬁi'tﬁe gavRAeh sue akhey aadialiysiof a metal rorgrmhd \such
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exanpl e, the 7S e _conposi t
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100°C to about 700°C, a pressure of from about 0.1 atmosphere to about
60 atmospheres (10 to 6000 kPa), a weight hourly space velocity of from
about 0.5 to about 400 and a hydrogen/hydrocarbon mole ratio of from

25 about 0 to about 20; isomerizing alkylaromatics, such as xylenes, to a
product rich in the para~isomexr with reaction conditions including a
temperature of from about 250°C to about 540°C, a pressure of from
about 0 to about 1000 psig (100 to 7000 kPa), a weight hourly space
velocity of from about 0.1 to about 250 and a hydrogen/hydrocarbon mole

30 ratio of from about O to about 20; disproportionating alkyl aromatics,
such as toluene and ethylbenzene, with reaction conditions including a
temperature of from about 100°C to about 600°C, a pressure from about 0
to about 2000 paig (100 to 14000 kPa), a hydrogen/hydrocarbon mole
ratio of from about 0 to about 10 and a weight hourly space velocity of

as from about 0.1 to about 100; alkylating aromatic hydrocarbons, e.g.
benzene and alkylbenzenes in the presence of an alkylating agent, e.q.
olefins, formaldehyde, alkyl halides and alcohols, with reaction

conditions including a temperature of from about 250°C to about 500°C,
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hrlerr]; 20 converting paraffins or olefins to aromatics, e.g. benzene,
t ol uene and xyl ene, with reaction conditions including a tenperature
of from about ¥-7883 10Q0[err]C to about 700[err]C, a pressure of from about
0.1 atnosphere to about 60 atnospheres (10 to 6000 kPa), a wei ght
hourly space velocity of from -about 0.5 to about 400 and a
hydr ogen/ hydr ocarbon nole ratio of from 25 about 0 to about 20;
i sonmeri zi ng al kyl axomatics, such as xylenes, to a product rich in
the para-isoner with reaction conditions L{g uding a t enperature of
fromabout 250[err]C to about 540[err]C, a pressure of from about O
to about 1000 si (10Q to 7000 kPal, a weight ur, a veI ocity
of from abouf 8‘5? B 350%&"‘“25'??‘%@“%?33%"898%?39 hér%%ﬁ p%ﬁl'%‘ 4699 *° ratio
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condi tions it erature o rom a 00C out err] C,
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wei ght tfourly sacenorbdeoqidefexded§ exdwdisvmti wheiettheabhal yROOLakt® dnvention
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preferably i nk#ajdea amocllengariataff Byddogeh eO¥greradbon & [1FEG,S dtd aOWHSS o 0B-
psig (200- 56090 kPa), a nole ratio of hydrogen to hydrocarbon of 0. 1-

10, and anot her referred qdi ne ere
the catdl yst of 0{'h8'%ﬁf\/§ﬁt"f°5ﬁ fully ﬂl“%“iﬁ nPaKArE 2F | gb ?'Ztgf’f‘o'ﬁ‘
condi ti ons foFhe RangRroef prageidiag ofame, the follpmqjawleemgermavvedr
350-500[ err] C, armpthé BxarpXdls, Stefendesi gre AlMe 800the characteristic diffusion

rates of particular porous crystalline materials for 2, 2-

dimethylbutane. The characteristic diffusion rate is defined as D/r2x10

25 8, wherein D is the diffusion coefficient ({cm?/sec) and r is the

crystal radius (cm). The required diffusion parameters can be derived
from sorption measurements provided the assumption is made that the
plane sheet model describes the diffusion process. Thus for a given
soxbate loading Q, the value Q/Q, , where Q; 1is the equilibrium

30 soxbate loading and ia directly proportional to (Dt/:2)1/ 2 where t is
the time (sec) required to reach the sorbate loading Q. Graphical
solutions for the plane sheet model are given by J. Crank in “The
Mathematics of Diffusion”, Oxford University Press, Ely House, London,
1967. The characteristic diffusion rate is measured at a temperature

35 of 120°C and a 2, 2-dimethylbutane pressure of 60 torr (8kPa).
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- .50. 20 In order to nore fully illustrate the nature of the invention
and t hepJygpger of practicing same, the follow ng exanples are
present ed. In the Exanpl es, references are nmade to the
characteristic diffusion rates of particular porous crystalline
materials for 2, 2- di met hyl but ane. The characteristic diffusion
rate is defined as Dir[err]x10 25 6, wherein Dis the diffusion
coefficient (cnferr]/sec) and r is the crystal radius (cm. The
required diffusion paraneters can be deri-idd from sorption
nmeasurenents provided the assunption is made that the pl ane sheet

nodel descri_iwl@_g di ffusion process. Thus for a given sor bat e
| oadi ng Q the varle redy yWh er | UL LR | 0
sor bat e | oadi ng’"g ﬁ‘g%’riaé%??%’?‘f&go‘%‘. 8%%311"1?%‘; ?&?EH[J%H?) t’gﬁz? V\/r'fgre t is
the tinme (sethisr equitied wae addedhl Mepmsbef $0b crdiviy hirc@ide Hodution. A
sol utions fogomg?,?logga@hesg&]ﬁyﬂﬁluﬂé Q. 92 ARt DB £ theCnahdC sbdiumBoLe of .
f

Mat hematics of D ffusion 0 Uni versity Press | y Rous London,
1967. The chﬁi“a&;‘f‘"&? i"§f‘$cm&9’f %g-ﬂl Pate Pg lsr/?iga‘%"u’r adpeg ¥% 8rr°§§F'ﬁture 35

of 120[ err] Csaiiftian2, T3-thiiBEhiithbel ivah cadaed S& 0B cparts G Uixras{BkPa) .

- 13- 1. It

Alerr] (s eF‘r’fﬁg?Jﬁe‘f’xﬂ[%F‘r‘l 5"%%?"5.9’5' %’v‘e‘ﬁj’i‘”ﬁ“ha:" har tas“dth?%gFQ:&“ To
this sol uti ofE\ER-3dteeds 1(sebidm Paeiads shirpied dfun ﬁyﬁ%ﬁi‘tﬁa“@%l i Ytdeda
Sf)l ution obt gbr‘&N% hygudké%tliv"cm fiaéa%swztysm%a‘edtm W%nﬁﬂﬁ.ﬁﬁégu of 5
gl uta aci in 2. arts o r ., t.he above.
Joiut1 88 “Topmertkidn of Hpbeisied %?%‘%regé? 258 ALEH by

precipitated silica. The sl uf}2/fA2Px fiotblghly nixed and then 0.1 part

of ZSM 5 seeds (solids basispupdiepriafzgn 2.28 parts of Herr]O was added

to the mxture and the final sluriy mxed for 30 m nutes. The 10
conmposi tion of the reaction Hrkti#Pe=ihSRol e ratios was:

Sigerr]/Aferr]Jerr] :36.Q,s,_02 = 0.10 OHSiderr] =
0.24 Na+/SiJerr]= 0.50
15 © Hp0/8i05= 12.8

The mixture was crystallized in a stainless steel reactor, with
stirring, at 100 rpm, at 156°C for 60 hrs. The crystalline product was
isolated by filtration and calcined for 16 hrs. at 538°C. X-ray

analysis of the product showed a crystalline ZSM-5 material. The bulk
20 silica/alumina molar ratio of the material was 29.6.

Exanple 2
The calcined product from Example 1 was contacted with 10% NH4Cl

solution for three 1 hr contacts at 85°C, with stirring. The material

25 was then calcined for 3 hrs. at 538°C to convert it to the hydregen
form. The material was found to have an alpha value of 1454. Scanning
Electron Microscopy (SEM) showed the presence of 1-3 micron crystals.

Exanple 3
3¢ A sample of the calcined product from Example 1 was mixed with

Ultrasil VN3SP silica and Ludox HS-40 silica to give a mixture composed
of 65% ZSM~5/17.5% S10; from Ultrasil/17.5% $10; from Ludox on a 100%
solids basis. Deionized {DI) water and 3% NaOH (on 1009 solids basis)
was added to give an extrudable mix which was extruded to 1/16 inch

35 (1.6mm) diameter. The extrudate was dried at 120°C, exchanged with 1N

NHNO; solution, washed with DI water, driedd again at 120°C and calcined
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The m xture was crystallized in a stainless steel reactor, with

stirring, at 100-788%, at 156[err]C for 60 hrs. The crystalline product was
i solated by filtration and calcined for 16 hr. at 538[err]C. X-ray

anal ysis of the product showed a crystalline ZSM5 material. The bul k 20
silica/lalumna nolar ratio of the material was 29.6. Exanple 2
The cal ci ned product from Exanple 1 was contacted with 10% NH err] CL
solution for three 1 hr contacts at 85[er _][‘g:_,_ wth stirring. The materi al
25 was then calcined for 3 hrs. at 538[err]C to convert it to the

hydr ogen form The material was found to have an al pha val ue of
1454. Scanni ngt 540°C for Bl koxtrsorithiel ms@wyxél@&u&. shshimd, tdrgigy es®nce of 1-3

mcron crystakgicination was rég@@tEd @o3g:i3R a caulystpwxstﬁnm %y\gta bifaeCt Goped

duct f d
ELSO)L(ICHS- Elgmsf ?‘?l@a’?‘%}“ﬁlif’é‘tﬁntm°gt%§rﬁp%o%%§§ﬁ‘ly“’ 1§°n"t§‘¥ %‘ggei%ﬂ{ %glgnS%

Sigerr] fronfaralyasiN./ sxhibited o dpricterbific MEtusienaratgoier 2,2- sol i ds
basis. Dgi oni getechiPlButdd @ V&P NablheaSikedODYN SO Sl BE o) (8 kes) was

added to give,an extrudabl e mx which was extruded to 1/16 inch

(1.6nm di ame%'gd e&fru&‘ée[e was dried at 120[err]C, exchanged with 1IN
NH[err]NCIerr] soI utlon washed with DI water, dried again at 120[err]C and
calcined . Example at 540[err]C for 3 hours. The anmoni um

exchange, washi ne.t.ggye 0 A yample 3 6 CkDARL YL1YE%: LERRALARLLG, 01 Ve 2

catal yst, with ,an a sodi um content “of 70 ppm
The cat dPyst, ‘PREARRFLea T dpek remeracure wita B ofp SR nedporan eagh ana che
char act eri sti companents yare dncthfepveighp. ratic 1 part catalyst : 1.1 part n~decane

: 0.08 part Dow 550. After impregnation, the solvent was stripped by

evaporation and the catalyst calcined at 540°C firstly in nitrogen for

2 hours and then in air for 6 hours to give Catalyst B. The same

15 selectivation proaedure was repeated for second and third cycles to
give Catalysts C and D respectively, with small samples being removed
aftex each cycle for catalytic ewvaluation.
The characteristic diffusion rates for 2,2-dimethylbutane aa

measured at 120°C and 60 torr (& kPa) hydrocarbon pressure for the
20 selectivated catalysts were as follows:

Catalyst B (lx selectivation) - 7.5 sec™
Catalyst C (2x selectivation) - 2.3 sec™
Catalyst D (3x selectivation) - 1.6 gec™?
25
Catalytic evaluation of each selectivated sample was effected by
mixing 2 gram of the sample with inert sand and loading the mixture
into a 0.375 inch (9.5 mm) diameter tube reactor. The reactor was
heated in hydrogen and a 2:1 hydrogen/toluene feed was introduced at 3
30 WHSV, 270 psig (1960 kPa) . The temperature was adjusted to achieve a
toluene conversion of about 30% by weight and the p-xylene selectivity
(by weight of the C, product) was measured. The results are given in
Table 1 below.
By way of compariscn, a series of four prioxr art catalysts ware
35 produced from zZSM-5 having a crystal size less than 0.5. The catalysts
were subjected to one (Catalyst E), two (Catalyst F), three (Catalyst
G), and four (Catalyst R) of the selectivation cycles described above
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(9 kPa) hydr ocar bon pressure. Exanpl e 4 Cat al yst
A from Exanpl e 8-1883 ex-situ silicon selectivated by 10 i mpregnation at
roomtenperature with Dow 550 in n-decane such that the conmponent s

were in the weight ratio 1 part catalyst : 1.1 part n-decane 0. 08

part Dow 550. After inpregnation, the solvent was stripped by

evaporation and the catal yst calcined at 540[err]C firstly in nitrogen for
2 hours and then in air for 6 hours to givgdatalyst B. The sane 15

sel ectivation procedure was repeated for second and third cycles to

give Catalysts C and D respectively, with snall san‘gl es bei ng_renpved
after each cyepd sndrwexe: sestefcin Fhf (FMRF gpnner as the ‘W’%%’Bc‘fgﬁ‘%ti c

di ffusi on rat agvérmvion, 2ndi rédshytdakandsasgiven in Taleslired at 120C and 60

torr (8 kPa) hydrocarbon pressure for the 20 sel ectivated catal ysts
were as foll ows: Catglési B (1x selectivation) - 7.5
sec[err] Catal yst C ( ectivation) - 2.3 sec[err]

Cat al yst sD (3x selectivation) - 1.6 sec[err] 25 Catal ytic
eval uation of egeh,3el ectivatedysagpl e Wasrglfeest €d DY Toluene MeXdyl@ne gram
of the sanple withinert sand and | oadi ng the n‘i’xturecmwé]m_o in%g1 %_0.375
inch (9.5 nm) dianeter tube realf* *fhe r E%&0orC was Reafed i n
hydrogen and a 2:1 hydrogen/tol &ms feed was introduced at 3 30tLvitgysy,
270 psig (1960 ikteytion The 8 enpenat ure was aspusted td%chi eve a3r.4
t ol uene conversion of about 30% by wei ght and the p-xylene selectivity
(by weight of the CJerr] product) was measu.érgd. The r osults_are,’gi en in

i? n, o]

Tabl e 1 bel ow. By vva;? of conpar a serTes of four ior art
catal ysts were 35 produced from ZSM5 having a crystal size |ess than
0.5. The catal ysts pere sgubjected tgggne (Cat agyst E), twe.§Catal yst
F), three (Catalyst G, and four (Catalyst R) of the selectivation
cycl es descri bed above and and were tested in the sane
manner as the Giaryasts B-B of the id?@ntion. TA® results 4r? also
given in Table 1.
' F 2 410 30 30.9
10
G 3 416 30 63.0
H 4 428 30 86.4
From Table 1 it will) be seen that the catalyst using the large
crystal ZsM-5 of the invention reached a toluene conversion of 30% and
15 a p-xylene selectivity of about 90% at a temperature of 395°C after
only 3 ex-situ silicon-selectivation steps (Catalyst D). In contrast,
the catalysts using the prior art Z25M-5 required 4 selectivation steps
and a temperature of 428°C to reach the same toluene conversion and p-
xylene selectivity levels (Catalyst H).
20

Example S
A sample of the calcined 2SM-5 product from Example 1 was mixed with

Ultrasil VN3SP silica and mulled for 5 minutes. To this mix was added
14% by weight of solids of Dow 550 resin (a polysiloxane) dissolved in
25 23% of dibasic ester, followed by Ludox HS-40 silica , then 50% NaOR
(to give 3% NaOH on 100% solids basis) dissolved in enocugh water to
give an extrudable mull. The proportions of 2zSM-5, Ultrasil and Ludox
usad were such as to give 65% ZSM~5/17.5% Si0, ex Ultrasil/17.5% 810; ex
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P: xyl ene Sel ectiva- ture, [err]C
Conversi on Sel gcrggs tions
tivity | nventi on B 1 390 30
37.4 C 2 395 30
79. 4 D 3 395 30
89.3 Prior art E 1 395 30
24.9 F 2 410 30
30.9 10 G 3 =16~ 416 30
63.0 H 4 428 30
?6. 4 Ludox Eslmtggiaéam?i u'ﬁhiw | thd @es@iant hhat: ﬁiueeflamﬂlaa% FSTEple thef
arge ryst of the inventiqgn reache ol uene conversion o
30%and 15 109 dgs& |"@ma5‘§@F%%ﬁ-i vT‘Fyeb‘f‘“gbb‘tﬁ "%A)géfe“gafe’r?& adre of 395C
after subtiert€d ae- §idveles [ofcthe swhand tun \exchanyed telzinitiahategmbndd . | n
contrast, describb® 1GAERdmPIE 3 ¥8ighde taNCadIyPF WAEL ASMpha! GLlke &€ 16?%.
e

sel ectivation_ste temperature o 28l err t.0o reach
sanme tol ﬁene gogrﬁ/éé'?‘gicc?r'l‘tﬁ?l%l °S[%°% ppm”gixyal g#e“é?é@?#\:/i# gf’é\?@l‘?‘(’(ﬁﬂ’al yst
H. 20 2, gipprhylbutane of 4.3 geganAtemessurnd a4ty L29EScand R Boxryr (Rluct

from Exanpl e kPalhydiocasbow fpitessure. Thelkdsudgidt WAEASYas, lLdesesianed sl | ed for
S minutes. Tochtdiys#l¥ Was .-ﬁg‘ji@g:ed to catallidl Ws&ﬂggbi iQf E)gag%h.g% ?ie)? LW 550
i

resin (a polysilaxane) dissolved in 25 23% of basi c er, | owed
by Ludox HS-4 °§%c%‘2", gfﬁ%’hiéof%"kﬁé (to give 3% NaOH on 100%

sol i ds Bdsis) dissolved in enough water to gi ve an extrudable mull.
The proportioxzamgleZ&6M 5, U trasil and Ludox used were such as to

give 65% ZSM 5/ 17. LR 3Tkl babliysk 1 33bh 'Ekdid @ 5 s Limonflin
exchanged/calcined to reduce its sodium level to less éhan 700 ppm and
was then subjected to a single ex-situ silicon-selectivation procedure
15 as described in Example 4. The resultant catalyst, identified as
Catalyst J, and samples of Catalyst A (example 3) and Catalyst F {(prior
art catalyst of Example 4) were subjected to catalytic tthing as in
Example 4. The results are listed in Table 2.
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to
.1/ 16 inch (1.6 mm dianmeter. The extrudates were dried at 120[err]C
and subgSpsd to 4 cycles of the ammoni um exchange/ cal ci nation
sequence escribed in Exanple 3 to give a catalyst with an al pha

val ue of 1089, 5

a sodi um content of 2200 ppm and a characteristic
diffusion rate for

2, 2-di met hyl butane of 4.3 sec[err] as neasured at

120EC and 60 torr (8 kPa) hydrocarbon pressure. The resultant
catalyst, identified as Catalyst 1, was subjected to catalytic
testing as in Exanple 4 and the reddrts are given in Table 2. 10
Exanpl e 6 A sanple of Catalyst | from Exanple 5 was anmmoni um

exchanged/ cal cined to reduce its sodmashel 2vel to | ess than 700 ppm and
was then subjected to a single ex-situ silicon-selectivation procedure 15
as described in Exanple 4. The resultant catal yst, identified_as

Cat al yst J, Sheprl¥a¥pl es of CatBlyst A (e>3arrp| e 3) dhd cat al ysf F (prior
art catal yst of ampl e 4) werg subjectedyto catalyjic testing as in
Exanpl e 4. Tﬁéi{%ﬁé%ﬁ‘ére Iistsed in Tabﬁ)e 2.

-17- Table 2 Cat al yst
A Tehp. °C 400 R10 No40lof “ex- si 886 0
0 1 2 sel ectivations Tenp. C
400 Preagyre (psig) 401272 #98 275 235
Hz:zHC 2 2 2 2
Toluene Conv., wth 30 29.9 29.3 . 30.4
Xylene Yield, wt.% 16.1 16.1 14.3 15.8
p-Xylene 24 31.9 86.0 51.9
Selectivity, wtd
Ethylbenzene 1.0 1.0 2.4 1.56
Selectivity, wth
Benzene/Xylene 1.1 1.1 1.25 1.11
(molarx)
c_r,- 0-5 0-4 0.89 G-sa
cs* 0.6 0.7 0.72 0.79
S It will be seen from Table 2 that co-extrusion of the ZSM-5 of

Example 1 with the Dow 550 organosilicon compound resulted in a base
catalyst, Catalyst I, which was more selective for p-xylene production
than the base catalyst coextruded with silica, Catalyst A. In addition,
a single selectivation cycle of the base catalyst co-extruded with Dow

10 550 resulted in an increase of p-nylene selectivity to 86% (Catalyst
J), compared with a p-xylene selectivity of only 37.4% after the first
selectivation cycle for the catalyst coextruded with silica (see
Catalyst B in Table 1).

In contrast, where the catalyst was produced from ZSM-5 with a

15 crystal size of 0.2-0.5 micron, 2 ex-situ selectivation cycles resulted
' in a p-selectivity of only 52% (Catalyst F in Table 2).
Example 7
A sample of the calcined 2ZSM-5 product from Example 1 was mixed
20

with LaRoche Versal 300 alumina in proportion to give 65:35 2ZSM-5:A1.0,
on a 100% solids basis, and mulled for 10-15 minutes. Sufficient DI
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S Herr]: 2 2 2
Tol uene Conv. , Prkes 30 29.9 29.3 30. 4
Xyl ene Yield, w.% 16.1 16.1 14. 3 15.8
p- Xyl ene 24 31.9 86.0 51.9
Selectivity, w% Et hyl benzene 1.0 1.0
2.4 1.56 Selectivity, w% Benzene/ Xyl ene 1.1
1.1 1.25 1.11 (ol ar) derr]
0.5 0.4 0. 89 0.38- derr]
0.6 0.7 0.72 0.79 5 It wll be seen

from Tabl e 2 g¢dtak wed- eNdn HEdW oPdr aNf0-4Shate Périod to gitXARPEsridadleh the

Dow 550 organosi,| i gan d ulte I tal yst
I, which was C@Peﬁ ’E@g '?q" P‘i’g Xy VI e%éu&ﬁagaf/is toch (1. %%ﬂ Xf%nﬁe ase
cat al yst coex?#meéﬂ“m@h wgp | drigd %‘atl&? y%?n‘?\ca%‘ﬁ'-“&ﬂoq"t Edfping nitrogen af gl e
sel ecti vati ons4o’¢cl for0f KduRsbaTheCodlaliysl egmudaxé niadecheni éxchayedidith 1N550

resultedsin agy k&cggf’ﬁgoﬂ)f vdaged Ghéh %?lv?a(itekv'ct:!e& Qt8§£6"eca¢dalﬂ§:tined in  J),

conmpared wi th | gct]vit ft
selrrgct i vat | onffﬁgf“é aI"cﬁr ?’rg“ F&Fy%%%’ife%r%ﬁ&d’ ﬁ‘%’?} E:tg 8 «E-:rpsha value
Cat al yst B i nof#ille al)lodium content of | 5% ppT randta %e#véef#féleaﬁiéﬁwonwas

produced from.&QVig, W Ehd.i?ul%ylbutaﬂ %8t AhoSiet Ofy Pedsriled dU €588, ard €~ SitU
selectlvatlonccles fes In a p-selectivity of only 52%

(Catal yst F i fi®%alif B8} hydrocarbon prespiifes 7 A sanmpl e of the
cal ci neddzZSMm 5 product from Exanple 1 was m xed 20 wi t h. LaRoche Ver sal
300 alumi na i BxkgROgtiON toO gi ve 65:35 ZSM5: Al [err]Jerr] on a

100% sol i ds basi S‘rhe Q:gta%sl:esz Oﬁxa:!ﬁgielﬁ Qis”‘&ﬁé 'sel%gt:filrgée%nasi'glg a
simulated commercial coke-selectivation procedure. 4.0 gms of the
catalyst was mixed with inert sand and loaded into a 0.375” (9.5 mm)

5 diameter stainless steel tube reactecr. The sample was dried in
hydrogen overnight at 300°C and 235 psig (1720 kPa), whereafter the
catalyst bed temperat:u:e‘ was increased to 565°C and toluene (1.67 hr™),
Rz (0.5 Ha:HC) and Na (1.5 Nj:HC) flows were established to start the
coking procedure. After 1.3 days on stream, the coking procedure was

20 stopped and the catalyst was hydrogen stripped at 470°C overnight to
remove any reactive species from the catalyst. Following hydrogen
stripping, the reactor pressure was increased to 270 psig (1960 kPa),
the reactor temperature adjusted to 400°C and toluene and hydrogen
flows were established to the reactor at 3 hr'' WHSV and 1 H;/HC. The

25 reactor effluent was continuocusly monitored and the temperature
adjusted to achieve approximately 30% toluene conversion. A summary of
the catalytic data is shown in Table 3.
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.mull. The resultant mx was extruded to 1/16 inch (1.6 nm dianeter.

The extrudat e pupggglri ed at 120[err] C and calcined in flow ng nitrogen at
540[err] C for 3 hours. The cal ci ned exrudate was then exchanged with 1IN S
NH err]NOJ err] solution, washed with DI water, dried at 120[err] C and

calcined in flowwng air at 540[err]C for 3 hours to give a catalyst
wi th an al pha val ue of 661, a sodium content of <50 ppm and a
characteristic diffusion rate for 2,2-dinmethyl butane of 110 sec[err]
as neasured at 120[err] C and 60 t ok9$- (8 kPa) hydrocarbon pressure.
10 Exanple 8 The catal yst from Exanple 7 was coke

sel ectivated using a si mul at egapx@er ci al coke-sel ectivation
procedure. 4.0 gnms of the catalyst was nmixed with inert sand and

| oaded into a 0.315" (9.5 15 di anet er_ stainless steel tube reactor.
The sanple was dried i foking Timeny@¥¥gen overif ght at 300[err]C and 235 psig
(1720 kPa), whereafter whée, hr-1 cat al yst3bed tenperature was increased to

S65[err]C and tol uene gd. &7 hrlerr]), 1 Herr] (0.5 Herr]:HC and N2
(1.5 N[err]:HC) flows were gstablished to g%rt t he coki ng
procedure. After 1.3 dé"ﬂp'oncstream the c ng procedure was 20

stopped and the cat al yPresms (bsddrogen stri @ped at 470[err]C overnight to
renove any reactive species fromthe catalyst. Follow ng hydrogen
stripping, the reactor SSu S.J RCrea to 270 psig (1960 kPa),

the reactor terrperaturérl‘)’% j“lfs'%gﬁy)? "é430[err§§' and t ol uene and hydrogen
flows were established Xyderh&iekhctb® at 3*rferr] WHSV and 1 Herr]/HC.
The 25 react or efflpr¥plensaselc.ontitnuousiéB.tonitored and the tenperature
adjusted to achi eve approximately 30% t ol uene conversion. A summary of

”118 catal ytic data l. S Y bdnend Bef. Sut o 18 e 3

Coki ng Tine, days Benz@ge/Xylene (molar) 1.10 \WHSV, hr-1 3
H2: HC csk 0.46

Cco+ 0.94

5 Example 9
The previously coke-selectivated catalyst from Example B was

further coke selectivated at 565°C for an additional 0.42 days. Hence,
at the end of the coking period in this example, the parent catalyst of
Example 8 was coke selectivation for a total of 1.72 days. Following

10 the coking and hydrogen stripping procedures outlined in Example 8, the
reactor pressure was increased to 270 psig and the reactor temperature
adjusted to 400°C in preparation for catalytic evaluation. Following
the second coke-selectivation treatment, toluene and hydrogen flows
wexe established to the reactor at 3 hr’! WHSV, 270 psig and 1 H,/HC.

15 As before, the reactor effluent was continuously monitored and the
reactor temperature adjusted to achieve about 30% toluene conversion.
A summary of the catalytic data is shown in Table 4.
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Tol uene Conv., W % 29.9 Xyl ene Yield, wt %
15.6 P-7883 p- Xyl ene Sel. wt % 68. 8
Et hyl benzene Sel., w % 1. 80 Benzene/ Xyl ene (nol ar)

- 1.10 C5- 0. 46 Co+
0.94 5 Exanple 9 The previously coke-sel ectivated
catal yst from Exanpl e 8 was further coke selectivated at 565[err]C
for an additional 0.42 days. Hence, -zfﬂ the end of the coking period
in this exanple, the parent catal yst of Exampl e 8 was coke
sel ectivation for a total of 1.72 days. Follow ng 10 t he coki ng and
hydrogen stripping procedures outlined Tapl@®&dpnle 8, the react or

pressure was increased to 270 psig and the reactor tenperature

adjusted to 400[err]C in preparation for ca*a;ytic eval uation. Foll ow ng
the second coke-sel ecti G¥MgnT4%e ¥t to @ne and hydr ogen fl ows

were established to thewAsacho? at 3 hr[err} WHSV, 270 psig and 1
Herr]/HC 15 An beqpsge, the reactor efiluent was continuously
nonitored and the TetS 2GR OF t enper at ur ggadj usted to achi eve about 30%
t ol uene conversi on. ‘A Sunmmary of thezgatalytic data is shown in

Tabl e 4. Press. (psig) 6 - 20-
Table 4 Coki ng Tine, day5 1.72
VHSV, hrlerr] Teggf e Conv., wt % 29.0 Herr]:HC 1
Tenp. [err]C

Xylene Yield, wt % 14.8

p-fylene Sel. wt % 83.3

Ethylbenzene Sel., wt & 2.21
Benzene/Xylene (molar) 1.13

Cs 0.61
co' 0.91
Exemple 10
S The previously coke-selectivated catalyst from Exawple 9 was

further coke-~selectivated at 565°C for an additional 0.47 days. Hence,
at the end of the coking period in this example the parent catalyst of
Example 7 was coke-selectivated for a total of 2.19 days. Following
the coking and hydrogen stripping procedures cutlined in Example 8, the

10 reactor pressure was increased to 270 psig and the reactor temperature
adjusted to 400°C in preparation for catalytic evaluation. Following
the third coke-selectivation treatment, toluene and hydrogen flows were
established to the reactor at 3 hr'! WHSV, 270 psig and 1.5-2 H,/HC. As
before, the reactor effluent was continuously monitored and the reactor

15 temperature adjusted to achieve about 30% toluene conversion. A
summary of the catalytic data is shown in Table 5.
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29.0 Xyl ene Yield, wt % 14. B

p- Xyl ene Sel . mt7d¥a 83.3 Et hyl benzene Sel., W %
2.21 Benzene/ Xyl ene (nmolar) 1.13

derr] 0. 61 Jerr]

0.91 Exanple 10 5 The previously coke-sel ectivated

catal yst from Exanple 9 was further coke-selectivated at 565[err]C
for an additional 0.47 days. Hence, at the end of the coking period
in this exanple the parent catalyst of -21- Exanpl e 7 was

coke-sel ectivated for a total of 2.19 days. Foll ow ng t he coki ng and
hydr ogen stripping procedures outlined iTabk@nple 8, the 10 react or

pressure was increased to 270 psig and the reactor tenperature

adjusted to 400[err]C in preparatipn for c ytic eval uatj op. Fol | ow ng
the third coke-sel ecti v‘é‘f‘aBﬁ %atfﬁﬁt, tola%'g%e and hydrotzlé(rggflows wer e
establ i shed to the reacW#iV.adr'3 hr[err] WASY, 270 psig and 1.5-2 Herr]/HC.

As before, the reagtor effluent was zontinuously manstored and the
reactor 15 t enper atﬂrﬁ%adé usted to achigge about 30% tgkuene
conversion. A su ry of the catalytic data is showr& in Table 5.
-21- Press.” (psig) 271 Table 5 27
Coki ng Time, days 2.19 2.19 VHSV,
gr [err] i’ . Toluene Conv., wt $ _I_30.6 : e addperr]: Hé?lG
: em- Lerr

415 Byisne Y48l g5t ® T 571 12.8 276

p~Xylene Sel. wt % 92.7 92.5

Ethylbenzene Sel., wt & 3.50 3.31

Benzene/Xylene (molar} 1.58 1.50

Cy” 1.60 1.55

Cs' 0.97 0.94

Following the third coking treatment, the catalyst was highly
S selective for p-xylene formation, giving nearly 93% p-xylene
selectivity at 416°C and 30% toluene conversion, albeit at slightly
raduced xylene yield as compared with the catalyst of Example 9.
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yl ene
Yield, Wt % 12.7 12.8 p- Xyl ene Sel .
w % 92. Ty_79es 92.5 _ Et hyl benzene Sel .,
wt % 3. 50 3.31 benzene/ Xyl ene (nol ar)
1.58 1.50 ' derr]
1.80 1.55 derr] 0.97
0.94 Following the third coking treatnment, the catal yst was
highly 5 selective for p-xylene formation, giving nearly 93% p-xyl ene

selectivity at 416[err] C and 30% tol uene c®®version, albeit at slightly
reduced xylene yield as conpared with the catal yst of Exanple 9.

-22- cgiﬁhms 1. A shape-selective catalyst conprising a
synthetic porous crystalline nmaterial having the structure of ZSM 5
and a conposition 5 I nvol ving the nolar relationship

X err]derr]:1{n)A sbpresplective catalmeF‘éwl%qqsaaﬂ“H"VéFe?ﬂ“éf ement, such
as al um num beyseallineORatertlADha¥lhg the Gakhctwre qff eSerSakid aat:qmsbnmnonY is a

tetraval gnt el ppRRingYER Wiax ,ehu&gm&on and/ or germani um preferably

silicon; and n is greater than bout 12, and wherein the crystals
have a maj or di nension of at |east about 0.5 mcron and a surface
YJerr]/ Xerr]Qerr] ratio whi chXs: 1d¥®mre t han 20% | ess than the

bulk YOJerr]/ Xerr]derr] ratio of the crystal; the catal yst having a 15
di ffusion- modifyidg R4 206G lend SGLK AG! Hidos AR, OB, sxon and/or
10 gallium, preferably aluminum; Y is a tetravalent element such as
silicon and/oxr germanium, preferably silicon; and n ls greater than
about 12, and whexein the crystals have a major dimension of at least
about 0.5 micron and a surface YD/ ¥X;0; ratioc which is no more than 20%
less than the bulk Y0,/ X203 ratio of the crystal; the catalyst having a
15 diffusion-~modifying surface coating of a refractory material.

2. The catalyst of claim 1 wherein the suzface Y0,/X;0; ratio is mo
more than 10% lass than the bulk Y0./X,0; ratio of the crystal.

20 3. The catalyst of claim 1 wherein X is selected from the group
consisting of aluminum, boron, iron and/or gallium, and Y is selected

from the group conaisting of silicon and/or germanium.

4. The catalyst of claim 1 wherein X ia aluminum and Y is silicon.

25
5. The catalyst of claim 1 wherein n is less than about 100.
6. The catalyst of claim 1 wherein n is about 25 tc about 40.
30 7. The catalyst of claim 1 wherein the crystals have a major
dimension of at least about 1 micron.
8. The catalyst of claim 1 wherein the diffusion-modifying surface
coating is selected from the group consisting of coke, a metal oxide, a
35 non~-metal oxide and a non~oxide cezamic.

8. The catalyst of claim 1 wherein the diffusion-modifying suxface
coating ocomprises silica.

AT
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i's no nore than 10% 1 ess than the bulk YJerr]/ X err]Qerr] ratio of
the crystal. 407883 3. The catalyst of claim1l wherein X is selected
fromthe group consi sting of alum num boron, iron and/or gallium
and Y is selected ~ fromthe group consisting of silicon and/or

ger mani um 4. The catalyst of claim1l wherein X is alumnumand Y
is si.licon. 25 5. The catalyst of claim1 wherein nis |less than
about 100. 6. The catalyst of clgim1l wherein n is about 25 to
about 40. 30 7. The catalyst of claifMl wherein the crystals have a
maj or di nmensi on of at |east about 1 mcron. 8. The

cat al yst of cli®.nirhe whasalyar ofiecldin fSuwheneinodier §313ga sapetinRg is producedcbyt i ng

i s sel ected frg@ §dpsIsOYR) GRatSlg Bfe Rbolitéewith AR lodbarsilisonacdkipound
non-metal oxid aﬂg a non- oxi '
t

i : I f
claim1 wherei 5???&5%41(1&89%1%3“&11“% g%?ound To sshfiacatalyst o

- o I'ng sur coating conprises
silica. - 23-

10. The catal yHi. hectarahys: whorlaim Xihwehexieln crtepotli he efSeqteddizdsy by

the steps of (g@lihg&at th 2b8A el th! fatditlesABe A BERMY bt GRBGQMPOUN

and (b) converting the organosilicon conpound to silica.: 5 11. The
catal yst of claim 11l wherein step (a) is effected during m xi ng of
the zeolite wiild [Khet¢atisdgstopLfaocleinded whereipisteps (a) and (b) are repeated at

least once.
10

13. The catalyst of claim 1 wherein the diffusion-modifying surface

coating comprises coke.

14. A process for shape selective hydrocarbon conversion comprising
15 contacting a reaction stream comprising a hydrocarbon to be converted,

under conversion conditions, with the catalyst of claim 1.

15. The process of claim 14 wherein the shape selective hydrocarbon
conversion is selected from a group consisting of selective hydrocarbon

20 cracking, lsomerization of alkylaromaticsa, disproportionation of
alkylaromatics, alkylation of aromatics, dealkylation of alkylaromatice
and conversion of paraffins and olefins to aromatics.

16. The process of claim 15 wherein the feedstream comprises toluene

25 and the conversion is the selective disproportionation of toluene to
para-~xylene,

17. The process of claim 16 wherein the conversion is effected at a
temperature of from about 100°C to about 600°C, a pressure from about 0
30 to about 2000 psig (100 to 14000 kPa}, a hydrogen/hydrocarbon mole

ratio of from about 0 to about 10 and a weight hourly space velocity of
from about 0.1 to about 100

18. The process of claim 16 wherein the conversion is effected at a
35 temperature of 350-540°C, a pressure of 15-800 paig (200-5600 kPa), a

wole ratio of hydrogen to hydrocarbon of 0.1-10, and a weight hourly
space velocity of about 1-10.

* [+ L M S *
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12. The cat al yst of claim10 wherein steps ‘arld” By ‘4t'E r epeat e &AtueouLiFLOrZy
| east once. 13. The catalyst of claim1l wherein the

di f f usi on- m)dl fﬁ n(?) Yurface coating conprises coke. 14. A
process for shape sel ective hydrocarbon conversion conprising 15

contacting a reaction stream conprising a hydrocarbon to be converted,

under conversion conditions, with the catalyst of claim1. 15. The
process of claim 14 wherein the shape sel ective hydrocarbon

conversion is selected froma group consi sti4kg of sel ective hydrocarbon 20
cracking, isonerization of alkylaromatics, disproportionation of

al kyl aromat i capeptde¢l ation of aromatics, deal kyl ati on of al kyl aromatics

and conversion or paraffins and olefins to aromati cs. 16. The
process of claim 15 wherein the feedstream conprises toluene 25 and the

conversion is thahape-gelective] FA LIPS COMRA{AES B SPTEREBIQ BAOUS (FrYStalline
par a- xyl ene. material hdving Tihe ftmeene of zsMei and G vhgoeitioh Nimvenivngrheon i S
effected it a pplar relatfRRIAt Ure of from about 100[err]C to about

600[err]C, a pressure from about 0 30 to about 2000 psi'g (100 to 14000
kPa), a hydrogen/ hydrocarbon nol e ratio of fromabout O to about 10
and a wei ght hourly space vel oci t ¥2Qf (n)¥Oq, from about 0.1 to about 100

18. The process of claim 16 wherein the conversion is effected at a 35

tenperature ofw&iQxMOi@rrLﬁw@e.&r ERHAE, gt.cx;tf'asommmmg 4&99 ig Fﬁ’ﬁ&f

gglag er 32:1 % C|OI yh r 2 eafe fu%nen{} gfisoa tetr&vaqent elemen suchoausr

silicon and/ox ger.manium, preferably silicon; and n is greater than

about 12, and wherein the crystals have a major dimension of at least

about 0.5 micron and a surface Y0,/ X,0s ratio which is no more than 20%

less than the bulk YO;/ X.0, ratio of the crystal. The crystals have a
15 diffusion-modifying suxface coating of a refractory material such as

silica or coke.

The catalyst is useful in a wide variety of selective hydrocarbon
conversion processes, pé:ticularly the selective diaproportionation of

toluene to para-xylene.
20



