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SHAPE SELECTIVE ZEOLITE CATALYST AND ITS USE IN AROMA'rIC 

COMPOUND CONVERSION 

This invention relates to a shape aelective zeolite catalyst and its 

use in the conversion of acomatic compounds, particularly the selective 

production of para-dialkylaromatic compounds. 
The tena "shape-selective desccibes unexpected catalytic 

S selectivities in zeolites. The principles behind shape selective 
catalyaia have been reviewed extensively, e.g., by N.Y. Chen, W.E. 
Gar:wood and F.G. Dwyer, "Shape Selective Catalysis in Industrial 
Applicationa,R _!!,Marcel Dekker, Inc, (1989). Within~ zeolite pore, 

hydrocarbon conversion reactions such as 1somer1zaticn, 
10 disproportionation, alkylation and tranaalkylat1on of aromatics are 

governed by constraints imposed by the channel size. Reactant 
selectivity occurs when a fraction of the feed.stock is too large to 
enter the zeolite poces to react; while prod\.\ct selectivity occurs when 

some of the products cannot leave the zeolite channels. Product 
lS distribution• can also be altered by transition state selectivity in 

which cercain reactions cannot ocC1.1.r because the reaction transition 
state is too larqe to fo.r:m within the zeoilte pores or cages. Another 
type of selectivity results f%om configurational constraints on 
diffusion where the dimensions of the molecule approach that of the 

20 zeolite pore system. A small change in the dimensions of the molecule 

or the zeolite pore can result in lar9e diffusion changes leading to 

different product distributions. This type of shape selective 

catalysis is demonstrated. for example, in select~ve alkyl-subs~ituted 

benzene diapro-portionation to paxa-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 produc~ion of para-xylene is typically perfo:rmed by 

mechylation of toluene or by toluene disproportionation over a catalyst 

under conversion conditions. Examples include the reaction of toluene 
30 with methanol, as desc~ibed by Chen et al., J. Amer. Chem. Soc. l!U:• 

6783 (1979), and toluene disproportionation, aa described by Pines in 
RThe Chemistry of Catalytic Hydrocarbon Conversions•, Academic Press, 
N.Y., 1981, p. 12. such methods typically ~esult in the production of 
a mixture of the three xylene isomers, i.e., para-xylene, ortho-xylene, 

35 and meta-xylene. Depending upon the degree of aelectivity of the 
catalyst for para-xylene (para-selectivity) an~ the ~eaction 
conditions, different percentages of pa~a-xylene are obtained. The 
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yield, i.e., the amount of xylene p~oduced as a proportion of the 

feedstock, is also affected by the catalyst and the reaction 

conditions. 
Another well known method for producing para-xylene is by 

5 isOJeerization of a Ce aromatic.feedstock containing a high proportion 

of other xylene isome~s, particularly m.eta-xylene. Col!la.ercially 

available Ca aromatic feed.stocks nonnally contain significant amounts 

of ethylbenzene, which is difficult to separate by physical methods, 

and hence an important object of moat xylene isomet1zation processes 1~ 

10 to convert ethylbenzene to more readily removable speci~s without undue 

loaa of xylenes. 

Various methods a~e known in the art for increasing the para­

~electi vi ty of zeolite oataiysts. These typically involve modifying the 

diffusion characteristics of the zeolite so that the rate at which the 

15 unwanted reaction products can diffuse into and out of the zeolite 

pores is reduced as compared to the diffusion rate of the desired para­
product. For example, US Patent No. 4,117,026 describes a selectivation 

process in which the ortho-xylene sorption rate of the zeolite is 
increased by depoaitin9 a layer of coke on the surface of the zeclite. 

20 I~ ia also knO\fn to increase the para-selectivity of a zeolite by 

depositing on the zeolite an oxide of a metal, such aa an alkaline 

earth metal (U.S. Patent No. 4,288,647), a Group IIIB metal, for 

example 9allium, indium and/or thallium (U.S. Patent No. 4,276,437), a 

G~oup IVA metal, for example titanium. and/or zirconium (U.S. Patent No. 

25 4,302,620) and a Group IVB ~etal, for example tin and/or gel':ftlilnium 
(U.s. ratent No. 4,278,827). 

An alternative selectivaticn process described in, for example, U.S. 
Patents S,173,461, 4,950,835, 4,927,979, 4,465,886, 4,477,583, 

4,379,761, 4,145,315, 4,127,616, 4,100,215, 4,090,981, 4,060,568 and 

30 3,698,157, is to contact the zeolite with a selectivatinq agent 

containing a silicon compound. Such known 111ethods include both ex-situ 
and in-situ ailicon aeleotiva~ion. In ex-situ seleetivation the zaolite 

ia pre-treated 1d.th the ailicon-containinq selectivating agent outside 
~he reactor used for desired shape selective aromatic conversion 

35 process. In in-situ selectivation the zealite is loaded in the aromatic 

conve~sion reactor and, during a start~up phase of the reaction, is 
contacted with a mixture of the silicon-containing selectivating aqent 
and an ozgani~ carrier, such aa toluene. A combination of both ex-situ 
and in-aitu silicon aelectivation can be used. In either event. the 
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aelectivaticn pcoceduce results in the deposition of a silica ccatinq 
on the surface of the zeolite which modifies the diffusion 

characteristics of the zeolite. 
Traditionally, ex-situ pre-selectivation of zeolites has involved a 

5 single application of the selectivating agent. However, U.S Patent· No. 

5,476,823 discloses a precess for moclifyinq the shape selectivity of a 
zeolite by expoain9 the zeolite to at least two ex-situ selectivation 

sequences, each of which includes the stepa of contacting the zeolite 
with a silicon-containing aelectivatinq aqent in an crqanic carrier and 

10 aUbaequently calc1ninq the zeoliee. 

Unexpectedly, it has now been found tnat certain large crystal fo.r;ms 
of ZSM-5, which have a hiqh alwninurn content and an unusual aluminum 

distribution, with the Si02/Al203 ratios in bulk beinq essentially the 

same as those on the surface, are more responsive to selectivation than 
15 conventional ZSM-5 crystals. Such larqe crystal foi:ma of ZSM-5 are 

deac.dbad in Internati.onal .Application No. E'CT/'US96/09878 which 
describes a synthetic porous crystalline matecial havin~ the structure 
of ZSM-5 and a composition involving the molar relationship x2o~:(n)Y02 , 

wherein X ia a trivalent element, such aa alWU.num, boron, iron and/or 
20 gallium, preferably alwninwn.1 Y is a tetravalent element such as 

silicon and/or ge.ananiUJDr preferably silicon: and n is greater than 
about 12, and whe~ein the crystals have a major dimension of at least 

about 0.5 micron and a surface Y02/ Xz03 ratio which is no more than 20% 
greate~ than the bulk Y02/ Xa03 ratio of the crystal. 

25 It is to be appreciated. chat, although ZSM-5 is nozmally synthesized 

as an alu.minoailicate, the f ram.ework aluminum can be partially or 

completely replaced by other trivalent elements. such aa boron, iron 
and/or gallium, and the framework silicon can be partially or 
completely replaced by other tetravalent elements auch as gez:manium. 

30 Accordingly. the invention resides in one aspect in shape-selective 
catalyst compxising a synthetic porous crystalline material hav.i.ng the 
stxucture of ZSM-5 and a composition involvinq the molar relationship: 

Xa0.1: {n)YO.t. 

35 wherein X is a trivalent element, such as •luminum, boronr iron and/or 
gallium, preferably aluminum1 Y is a tetravalent element such as 
silicon and/o~ gegqan1um, prefe~ably silicon1 and n is greater than 
about 12, and wherein the crystals have a major dil'llension of at leaat 
about o.s micron and a surface YO./ X20i ~•tio which is no mo~e than 20\ 
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less than the bulk YOz/ x20, ratio of the crystal: the catalyst having a 

diffusion-modifyinq _surface coatinq of a refractory material. 

Prefer•bly, the crystals have a major dimension of at least about 1 

micxon. 
5 Preferably, the surface YOi/ x2~ ratio is no more than 10% less than 

the bulk Y02/ X203 ratio of the crystal. 
!~efera.bly, n is leas than about 100 and more preferably is about 25 

to about 40. 
Preferably, the surface coating is selected from the group 

10 consisting of colce, a meta_l oxide, a non-metal oxide and a non-oxide 

cexamic and moat preferably comprises silica. 

In a further aspect, the invention resides in a selective 

hydrocarbon conversion process using the catalyst of said one aspect of 

the invention. 

15 The present invention provides a shape-selective catalyst in which a 

particular fozm. of large crystal ZSM-5 is provided with a diffusion­

modifying surface coating of a refractory material so as to enhance its 

selectivity in hydrocarbon conversion processes, such as toluene 

diapropoxtionation. As used herein, the.tem. '"'refractoi:y material"' is 

20 intended to mean a mate~ial which is able to withstand the conditions 

experienced in a desired hydrocarbon co~version process without 

significant change in chemical or physical composition. 

The particular fot:m of large crystal ZSM-S used in Che catalyat of 

the invention ia descri~ed in International Application No. 

25 PC'l'/US96/09878 and has a composition involvin9 the !llOlar relationship: 

Xz()i: (n) YOi, 

wha~ein X ia a trivalent element, such as aluminum, boron, iron and/or 

gallium, preferably alumin\111\; Y is a tetravalent element such aa 

30 silicon and/or qennanium, preferably silicon; and n ia greater than 

about 12, preferably less than 100 and most preferably 25-40, and 

wherein the crystals have a surface YOz/X203 ratio which is no more 

than 20t less, and prefexably no more than lOt less, than the bulk 

Y02/X203 ratio of the crystal. In contrast, con~entional lar9e crystal 

35 for:ms of ZSM-S are aluminum-rich and have a sucface 5102/Al.203 ratio 

which is significantly less (> 20\ less) than the bulk s102/Al203 

ratio. 
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The tem "large crystal•• ZSM-5 ia used herein to mean that the 

crystals have a major dimension, and preferably a~ least two 
dimensions, of at least about 0.5 miczon, preferably at least l micron 

and moat preferably about l to about 10 microns as measured by standard 
5 SEK techniques. The crystal size of ZSM-5 can also be deduced from 

sorption measurements, again by measuring the rate of aoxption of 2,2-

diinathylbutane at 120°C and 60 torr (8 kPa) hydrocarbon pressure. The 

relation bet~een crystal size measured in microns, d, and diffusion 

ti.Jue meaauxed in minutes, to.31 the titiie required for the uptake of 30' 

10 capacity of hydrocarbon, is: 

d ~o.704 x t 0•3l/2 

Prior to application of the diffusion-modifying surface coating, the 
la~ge crystal ZSM-5 according to the invention p~eferably has a 

15 so.rption time. to.3, of at least S minutes, prefexably at least 10 

minutes and more preferably at leaat 15 minutes. 
The novel large crystal ZSM-S of the invention is produced from a 

reaction conta1nin9 sources of an alkali or alkaline-earth metal (Ml 

o::itide, a trivalent metal oxide X203, a tetravalent iuetal oxide Yo2, 

20 water, an.cl an amino acid or salt thereof C.AAl havin~ the fonaula: 

25 
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wherein Ri is NH2, NHR3 where R3 is an adamantane or cyclic alkyl 

group, or is a carb0.xylic acid group or salt thereof: R2 is H, alkyl, 

aryl, alkaryl, NH2 or NHR3 where R3 is an adalllantane or cyclic alkyl 

group; A is H or a metal alld z is from 0 to lS, preferably 1-7: 

5 provided that at least one of Ri and R2 is NH2 or NHR3. ExaDPles of 

10 

15 

suitable amino acids are 6-aminohexanoic acid, N-2-adamantylglycine, N­
cyclohexylglycine, lysine, and glutamic acid (and its monosodium salt). 
Glutamic acid and its monosodium. salt are particularly preferred. 

The reaction mixture has a composition, expressed in ter:ll\S of mole 

ratios of oxides, as follows: 

Useful Pxefe.rred 

Y02/X203 20-80 20-(0 

HzO/Y02 10-90 20-60 

MIY01 o.os-o.s 0.1-0.2 

M/Y02 0.1-0.a 0.3-0.4 

The synthesis method of the invention functions with or without 
added nucleating seeds. In a p.referxed embodiment, the reaction 
milcture contains no nucleating seeds. The preferred aluminum source ia 

20 NaAl.02 , while the prefei:red silicon source is Si02 sol (30t Si~ in K20), 

wb1ch is conmereially available as Cataloq No. SX0140-l from EM 
Science, Inc:. 

crystallization is carried out under either stirred or static 

conditions at a temperature cf 80 to 22S0c, preferably 120 to 180°c, 

25 fo: 2t ho~rs to 60 days. The resultant ZSM-5 crystals are separated 
from the zno~her liquor and reeovered and the zeolite is converted to 
the hydrogen foi:m. 

Since the larqe crystal lSM-5 uaecl in the catalyst of the invention 

can be syn~hesized with a relatively low silica/alumina l'l\Olar ratio 

30 (that is with a relatively high alum1nwa. content), the resultant large 
CJ:"Y&tal ZSM-5 can have a high catalyt:lc activity. Catalytic activity 
of zeolitea, such as ZSM-5, is typically measu.r:ed by Alpha Value, which 
compares the catalytic cracking activity of the catalyst {rate of 
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no1.111a1 hexane conversion per volume of catalyst per unit time) with the 

activity of a standa~d a111ca-alwaina cracking catalyst. The Alpha 

Teat is de1cribed in U.S. ~atent No. 3,354,078: in the Journal of 

Catalysis, Vol. 4, p. 527 (1965); Vol. 6, p. 218 (1966); and Vol. 61, 

5 p. 395 (1980}. The experimental conditions of the test used herein 

in~lude a constant temperature of 538°C and a variable flow rate as 

described in detail in the Journal of Catalysis, Vol. 61, P• 395. In 

the hydrogen foi:m and prio~ to application of the d1ffusion-modifyin9 
surface coating, the lar9e crystal ZSM-5 used in the catalyst of the 

10 invention preferably has an Alpha Va1ue in excess of 300.and preferably 

in exceaa of 800. 
surp~isingly, it is found that this novel fo.rm of ZSM-5 is unusually 

responsive to selectivation by the application of a diffusion-mod1fyinq 

surface coatin9 of a ,efractory material. Thia responsiveness may take 

15 the fo.s:m of more rapid surface modification or improved catalyst 

properties or both. The refractory coating is conveniently coke or an 

oxide of a metal or a non-metal, such as silicon, boron and/or 
titanium. Alternatively, the refractory coating could comprise an non­

oxide ceramic, such as boron nitride. 

20 In one preferred embodiment, the diffusion-modifying surface coating 

is silica and is applied as an or9anoailicon compound by ex-situ pre­

seleetivation and/or by in-situ select1vation. 

A suitable ex-ajtu pre-selectivation process is described in US 

Patent Ho. 5,476,623 and involves eontaotinq the zeolite with the 

25 orqanosilicon compound in an organic carxier, calcining the zeolite and 

then repeating the contacting and calcining sequence one ox more times. 

Using the large crystal zeolite of the invention, the nWlber of 

aequencea necessary to achieve a given para-selectivity is reduced as 

compared with conventional fonna of ZSM-5. An alternative ex-situ 

30 selectivation procedure which can be used in place of, or more 

preferably, in addition to that disclosed in US Patent No. 5,476,823 is 

described in US Patent No. S,365,003 and involvea agglomerating a 

llU.xtu~e of the zeolite, an organoailiccm c~ound and optionally a 

bindec in a muller and then calcJ.nin9 the resultant agglomerates. 

35 A auitable 1n-s~tu selectivation procedure is described in us Patent 

Ho. 5,498,814 and involves contacting the zeolite with a mixture of 

toluene, hydrogen and an oxganosilicon ~ound at a temperature of 

350-St0°c. a pressure of atmospheric- 5000psi9 (100-35000 kPa) and a 
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hydrogen to hydrocarbon mole ratio of 0.1-20 until the desired para­
selectivity is xeached. Again, using the large crystal zeolite of the 
invention, the time required to achieve a given para-selectivity is 

reduced as compared with conventional forms of ZSM-5. 

5 Useful silicon selectivating agents include silicones and siloxanas 

which can be characterized by the general fonnula: 

Ri 
10 l 

15 

Si- 0 
I 
Rz 

n 

where R1 is hydz:oqen, halogen, hydroxyl, alkyl, halogenated alkyl,· 

aryl, halogenated aryl, aralkyl, halaqenated aralkyl, alkaryl or 
halogenated alkaryl. The hydrocarbon substituents generally contain 

from 1 to lO ca:cbon atoms, preferably methyl or ethyl g~oupa. Rz is 
20 independently selected from the same qroup as R1, and n is an integer 

of at least 2 and generally in the range of 3 to 1000. The rn.olecular 

weight of the silicone compound employed is generally betMeen about 80 

and about 20,000 and preferably within the approximate range of 150 to 
10,000. Representative silicone compounds include d.1methyl silicone; 

25 diethyl silicone, phenylmethyl silicone, methylhydJ;ogen silicone, 
ethylhydrogen silicone, phenylhydroqen silicone, meth1lethyl silicone, 

phenylethyl silicone, diphenyl silicone, methyltrifluoropropyl 
silicone, ethyltrifluoropropyl silicone, polyclimethyl silicone, 

tetrachlorophenylmethyl silicone, tetrachlorophenylethyl silicone, 

30 tetrachlorophenylhydro9en silicone, tetrachlcrophenylphenyl silicone, 

metbylvinyl silicone and ethylvinyl silicone. The silicone compound 
need not be linear, but may be cyclic, for example, hexamethyl 
cyclotriailoxane, octamethyl cyclotetraailoxane, hexaphenyl 
cyclotriailoxane and octaphenyl cyclotetrasiloxane. Mixtures of these 

35 c0111pounds may also be used, as raay siliconea with other functional 
41a:oupa. 

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

40 gene~al fa.aw.la: 
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Rt- Si- R:r 

where R1, R2, Ri and ~ ara independently selected from the qroup 

consisting of hydrogen, hydroxyl, halogen, alkyl, haloqenated alkyl, 
10 alkoxy, aryl, halogenated aryl, aralkyl, halogenated aralkyl, alkaryl, 

and halogenated alkaryl groups. Mixtures of these compounds may also 

be used. 
eref~rred silicon-containing selectivating agents include 

dimethylphenylmethyl polyailoxane (e.9., Dow-550) and phenylmethyl 
15 polysiloxane (e.g., Dow-710). Dow-550 and Dow-710 are available from 

Dow Chemical co. 
Preferably, the kinetic diameter of the silicon-containing 

selectivatinq agent is larqer than the zeolite pore diaia.e~er. in order 
to avoid entry of the selectivatinq agent into the pore and any 

20 concomitant reduction in the internal activity of the catalyat. 

After the or each application of the silicon-containing 

aelectivatinq agent, the zeolite is calcined at 350-550°C for 1-24 

houzs to convert the orgaonosilicon compound to silica. 
In an alternative embodiment, the diffusion-modifyinq surface 

25 coating comprises coke and is produced by ex-situ or in-situ precoking 
of the zeolite. Precoking is conveniently effected by passing an 

axomatic hydrocarbon, such as toluene, over the zeolite at a relatively 

high temperature of S00-6S0°C so as to deposit at leaat about l wtt, 

pEeferably 1-30 wtt, coke thereon. 
30 The catalyst of the invention may include a binder or matrix 

ma.tezial reaistaht to the te81)exaturea and other conditions employed in 
orqanic conversion processes. Such materials include active and 
inactive materials and synthetic or naturally occurring zeolites as 
well as inor9anic materials such as clays, silica and/or metal oxides 

35 aucb aa alumina. The latter may be either naturally occurrinq or in 
the fozm of qelatinous p~ecipitates or gels incl.udinq mixtures of 
siliea and metal OJCides. Use of a material which is active tends to 
change the conversion and/or seleetivity of the catalyst in certain 
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orqanic conversion processes. Inactive materials suitably se~ as 

diiuents to control the amount of conversion in a qiven precess so that 
products can be obtained economically and orderly without employing 

other means for controllinq the ~ate of reaction. These materials may 
5 be ihCOtl>Orated into naturally occurring clays, e.g., bentonite and 

kaolin, to improve the crush stzenqth of the catalyst_ under commercial 

operating conditions. Said materials, i.e., clays, oxides, etc., 

function as binders for the catalyst. It is desirable to provide a 
catalyse having good crush strength becauae in cOJ1111Lercial ~ae it is 

10 desirable to prevent the catalyst from breaking down into powc:ler-11ke 

materials. These clay and/or oxide binders have ~een ~loyed normally 

only for the purpose of improving the crush s~rengeh of the catalyst. 
Naturally occurring clays which can be composited with the new 

ci:ystal include the montmorillonite and kaolin family, which families 

15 include the aubbentonites, and the kaolins commonly known as Dixie, 

McNamee, Georgia and Florida clays or others in which the main mineral 

constituent is hallcysite, kaolinite, dickite, nacxite, or anauxite. 
Such clays can be used in the raw state as originally mined or 
initially subjected to calcination, acid treatment or chemical 

20 modification. 
In addition to the foregoing materials, the ZSM-S can be composited 

with a poz:ous matrix material s~ch as silica-alumina, silica-m&gneaia, 

silica-zirconia, silica-thoxia, silica-beryllia, silica-titania as well 

as ternary compoaitione such as silica-alwnina-thoria, silica•alumina-

25 zirconia silica-alumina-magnesia and silica-:magnesia-zirconia. 
The relacive proportion• of finely divided ZSM-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 90 wt.I of the composite. 

30 It is to be appreciated. that, although the binder or matrix and the 

diffusion 11\0difying refractory coating can be fonned of the same 
material, such as silica, these are separate components of the catalyst 
noi:mally foa:med by different ateps in the catalyst production process. 
For e~le, the ZSM-5 ma.y be composited with the binder or matrix and 

35 the resultant composite provided with a coating of a zefzactory 
material. Alternatively. the refractory coating aay be applied ~o the 
ZSM-5 ccyatals before the latter are composited with the binder or 
saati:ix. 
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A hydrogenation /dehydrogenation function may be introduced into the 

catalyst of the invention, such as by addition of a metal· coiq>ound such 
as platinum. While.platinwn is the preferred metal, other l'll8tals of 

Groups IB to VIII of the Periodic Table such as palladium, nickel, 

5 copper, cobalt, molybdenum, rhodium, ruthenium, silver, qold, mercury, 

osmium, iron, zinc, cadmiwu, and mixtures thereof, may be utilized. 

The metal may be added by cation exchange, in amounts of from about 

0.001% to about 2t, typically about O.St. For example, a platinum. 

:modified catalyst can be prepared by contacting the catalyst with an 

10 .aqueous aolution of tetraarmaine platinum(II) nitrate or tetraammine 
platinum(II) chloride. The catalyst can then be filtered, washed with 

water and calcined ae temperatures of from abouc 2SD to about SOC>°C. 

The catalyst of the 1nven~ion is useful in a wide variety of shape 

selective hydrocarbon conversion processes including, as non-limiting 
15 examples, selective hydrocarbon cracking, for example of n-paraffina to 

reduce pour point, of hydrocarbons with reaction condieions including 

a temperature of from about 300°C to about 100°c, a pxessure of from 

about 0.1 atmosphere tbar> to about 30 atmospheres (10 to 3000 kPa) and 
a 11eight houzly space velocity ~~ from about 0.1 hr·1 to about 20 hr-1

1 

20 converting paraffins or olefins ta aromatics, e.g. benzene, toluene and 

xylene, with reaction conditions including a temperature of from about 

100°C to about 700°c, a p~essure of from about 0.1 atmosphere to about 

60 atmospheres (10 to 6000 kPa), a weight hourly space ~locity of frol\\ 

about O.S to about 400 and a hyd.~ogen/hydrocarbon mole ratio of from 

25 about 0 to about 20: isomerizin9 alkylaxomatics, such as xylenes, to a 
pxoduct rich in the paxa-isomer with reaction conditions including a 

tempexature of from about 250°C to about 540°C, a pressure of fxoin. 

abouc 0 to about 1000 psi9 (100 to 1000 kPal, a weight hourly space 
veiocity of from about O.l to about 250 and a hydJ:oqen/hydrocarbon mole 

30 ratio of from about O to about 20; disproportionating alkyl aromatics, 
such as toluene and ethylbenzene, with reaation conditions including a 

temperature of from. about 100°c to about 6oo•c, a pEessure from about o 
to about 2000 psi9 (100 to 14000 kPa), a hydrogen/hydrocarbon mole 

ratio of from about 0 to about 10 and a weight hourly space velocity of 
35 f~om about 0.1 to about 100; alkylating aromatic hydrocarbons, e.g. 

benzene and alkylbenzenes in the presence of an alkylating agent, e.g. 
olefins, fODlaldebyde, alkyl halides and alcohols, with react.ion 

conc:litiona including a temperature cf from about 2SOoC to about SOO°C, 
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a pressure of from about atmospheric to about 200 atmospheres (100 to 

20000 kPa) • ·a weight· hourly .space velocity of from about 2 to about 

2000 and an aromatic hydrocarbon/alkylating agent mole ratio of from 
about 1/1 to about 20/1; and aealkylatin9 alkylaromatica, such 

5 conversion of ethylbenzene to benzene and C2- liqht qas. with reaction 

10 

15 

20 

conditions including a temperature of from about 2QODC to about 540DC, 

a pressuEe of from about Oto about 1000 kPa (100 to 1000 kPa), a 

weigh~ hourly space velocity of from about 0.1 to about 200 and a 

hydroqen/hydrocarbon mole ratio of from about 0.5 to about 20. 

In one pref erred embodiment, where the catalyst of the invention is 
uaed in toluene diaproportionation, conditions for the process 

preferably include a temperature of 350-S40DC, a pressure of 15-800 

psiq 1200-SGOO kPa), a mole ratio of hydrogen to hydrocarbon of 0.1-

10, and a WHSV of 1-10. 

In another preferred embodiment, where the catalyst of the invention 

is used in xylene isomerization, conditions for the process preferably 

include a temperature of 350-S00°c, a pressure of S0-400 psig (400-3000 

kPa), a mole ratio of hydrogen to hydrocarbon o~ 1-10, and a WHSV of 3-
50. 

In order to more fully illustrate the nature of the invention and 
the manner of practicinq same, the folloWing examples are presented. 

In the Examples, references are made to the characteristic diffusion 

rates of particular porous crystalline materials for 2, 2-

disllethylbutane. Tbe characteristic diffusion rate is defined as D/r2xl0 
25 6, wherein D is the diffusion coefficient ccm2/sec) and r is the 

crystal radius (cm). The required diffusion parameters can be derived 
from sorpt1on measurements provided the assumption is made that the 

plane sheet model describes the diffusion process. Thus for a given 

aoxbate loading Q, the value Q/04 , where Q• is the equilibriwa. 

30 sorbate loadinq and ia directly proportional to (Dt/r2)l/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 

Mathematica of Diffusionn, Oxfo.rd. University P~ess, Ely House, London, 
1967. The characteristie diffusion rate is measured at a teniperature 

35 of 120°C and a 2. 2-dim.ethylbutane pressure of 60 torr (8kPa). 



------------- -

1'•1883 

-13-

Example 1 
1.0 part of Al.2 (s~4 ) 3 .xe:2o was dissolved in 8.0 parts of H20· To 

this solution was added 1.98 parts of 50' sodium hydroxide solution. A 

solution obtained by dissolving l.12 parts of the mono sodium salt of . 

5 qlutamic acid (MSGl in 2.71 parts of H20 was added to the above 

aolu.t:ion. 'l'o th1.s mixture wa• added 4.03 parts of Ult.raail 
precipitated sil~ca. The slurry was thoroughly mixed and then O.l part 

of ZSK-5 seeds (solids basis) slurried. in 2.28 parts of H20 was added 

to the mixture and the final slurry mixed for 30 minutes. The 
10 composition of the reaction mixture in mole xatios waa: · 

15 

S102/Al203 = 36.0 

OH/Si02 • 0.24 

Na+/Si02= 0.50 

R/5102 = 0.10 

H20/S102= 12. 8 

The mixture waa crystall1zed in a stainless steel reactor, with 

stirring. at 100 rpm,. at 156°C for 60 hrs. The crystalline product was 

iaolatecl by filtration and calcined fo.t 16 h~a- at 538°C. X-ray 

analysis of the p~oduct showed a crystalline ZSM-S mate~ial. The bulk 
20 silica/alumina molar ratio of the material was 29.6. 

Example 2 

'l'he calcined product from Example 1 was contacted with lOl NH4Cl 

solution for th~ee l hr ~ntacts at 85°c, with stirring. The maeerial 

25 was then calcined for 3 hrs. at 538°C to convex~ it to the hydl:o9en 

fo1:m. The material w~a found to have an alpha value of 1454. Scanning 
Electron Microscopy (SEM) ahowed the presence of 1-3 micron crystals. 

30 
Ex!!!ple 3 

A aample of the calcined product from Example 1 ~a• mixed with 
Ultrasil VH3S~ silica and Ludox HS-40 s~lica to give a Jl\1.xture composed 
of 65' ZSM-5/17.5\ S102 from Ultrasil/17.St S102 from Ludox on a 100\ 
soli.ds basis. Deionized (Dl) wate.t and 3' HaOH (on 100' solids basis) 
waa added to give an mctrudable mix which waa extruded to l/16 i.11ch 

35 (1.6mml diameter. The extzudat.e was dcied at iao0c, exchanged with lH 

HHtN03 solution, washed with DI water, dried again at 12o•c and calcined 
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at 540°c foz:: 3 hours. The a1111GOniwtl exchange, washing, drying and 
calcination was repeated to give a catalyst with an alpha value of 1017 
~nd a socliUlll content of 10 ppm. 'l'he catalyst, identified herein as 
Catalyst A, exhibited a characteristic diffusion rate for 2,2-

5 dimetnylbutane of 27 sec·1 as measuz:ed at l20ac and 60 toz::r (9 kPa) 
hydrocarbon preeaure. 

!X!!!ple 4 

Catalyst A frOIA Example 3 was ex-s1tu silicon selectivated by 
10 impregnation at room tenq>eracure with Dow 550 in n-decane such that the 

components were in the weight ratio 1 part catalyst : l.l part n-decane 
: 0.08 part Dow 550 • .After impregnation, the solvent was stripped by 

evaporat~on and the catalyst calcined at 54oac firstly in nitrogen for 
2 hours and then in air for 6 houxs to give Catalyst B. The same 

15 selectivation procedure was repeated for second and third cycles to 
qive Catalysts c and D respectively, with small samples beinq removed 
after each cycle for catalytic evaluation. 

20 

25 

The characteristic diffusion rates for 2,2-dimethylbutane aa 

measured at 120°C and 60 torr (b k~a) hydrocarbon pressure for the 
selectivated catalysts were as follows: 

Catalyst B {lx selectivation) - 7.S sec·1 

catalyst c (2x selectivation) - 2.3 sec·1 

Catalyst. D (3x selectivation) - 1.6 sec·1 

Catalytic evaluation of each selectivated sample was effected by 

mixing 2 gram of the aample with inert sand and loading the mixture 
into a 0.375 inch (9.5 mml diameter tube ~eacto~. The reactor ~as 
heated in hydro9en and a 2:1 hyd~ogen/tol~ene feed was introduced at 3 

30 WHSV, 270 paig (1960 kPa) • The temperatuze was adjusted to achieve a 
toluene conversion of about 30\ by weight and the p-xylene selectivity 
(by weight of the C1 product) waa measured. The results are qiven in 
Table l below. 

By way of comparison. a series of four prior art catalysts "'8re 
35 produced froa ZSM-5 having a c~ys~al size less ~ban O.S. 'l'he catalysts 

were subjected to one (Catalyst E). two (Catalyst F), three (Catalyst 
GJ, and fou~ (Catalyst H) of the selectivation cycle• deacribed above 
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and and were tested in the same manruu: as the Catalysts B-D of the 

invention. The results are also qiven in Table 1. 

l'able 1 

Catalyst No. of 'l'ezapera- t Toluene P-xylene 

selectiva- tu.re. oc conversion Salee-

tions tivity 

Invention B 1 390 30 31.4 

c 2 395 30 19.4 

D 3 395 30 89.3 

Prior a:rt 1 395 30 24.9 

F 2 410 30 30.9 

G 3 416 30 63.0 

H 4 428 30 86.4 

FrOlll Table 1 it will be seen that the catalyst using the lar:ge 
crystal ZSM-5 of the invention reached a toluene conversion of 30t and 

a p-xylene selectivity of about 90t at a temperature of 395°C after 

only 3 ex-situ silicon-selectivation steps (Catalyst D). In contrast, 

the catalysts using the prior art ZSM-5 required 4 selectivation steps 

and a temperature of .428°C to reach the same toluene conversion and p­

xylene selectivity levels (Catalyst H). 

EX!ft!Ple 5 

A sunple of the calcined ZSM-S product f:om Example l was mixed with 

Ult:rasil VN3SP silica and mulled for 5 minutes. To this mix was added 

14l by Weight of solids of Dow 550 xesin (a polysiloxanet dissolved in 
25 23\ of dibasic ester, followed by Ludox HS~40 silica • then 50' NaOH 

(to give 3t NaOH on 100\ solicla basis) dissolved in enough watec to 

qive an excrudable mull. The proportions of ZSM-5, Ultraail and tudox 

used were such as to ~ive 65t ZSM-5/17.5\ Si02 ex Ultraail/17.St Si02 ex 
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Ludox on 100% solids basis. The resultant ndx was extruded to 1/16 
inch (l.6 ltltl) diameter. The extrudates were dried at 120°<: and 
subjected to 4 cycles of the ammoniwn exchange/calcination sequence 
described in Example 3 to qive a catalyst with an alpha value of 1089, 

5 a sodium content of 2200 ppm and a characteristic diffusion rate for 
2,2-dimathylbutane of 4.3 sec-1 as measured at 120EC and 60 torr (8 
kPa) hydrocarbon pressure. The %esultant catalyst, identified as 
Catalyst I. was subjected to catalytic testinq as in Exanple 4 and the 
results are given in Table 2. 

10 

Example 6 
A aamp1e of Catalyst I from Example S was ammonium 

exchanged/calcined to reduce its sodium level to leas than 700 PJ>lll and 
waa then subjected to a single ex-situ silicon-selectivation procedure 

15 aa described in Example 4. The ~esultant catalyst, identified as 
Catalyst J. and samples of Catalyst A (example 3) and Cat~lyst F (prior 
art catalyst of Example 4) wexe subjected to catalytic testing as in 
Bxaaaple 4. Tbe results are listed in Table 2. 
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Catalyst 

No. of ex-aitu 
selectivations 

Temp. 0 c 

Pz:easu.r:e (pa:i.g) 

Toluene Conv., wtt 

Xylene Yield, wt., 
p-Xylene 
Selectivity, wtt 

Ethylbenzene 
Selectiviey, wt• 
Ben2ene/Xylene 
(molar) 

A 

0 

400 

272 

2 

30 

16.1 

24 

1.0 

l.l 

0.5 

0.6 

-17· 

~abl.e 2 

I 

0 

410 

272 

2 

29.9 

16.l 

31.9 

1.0 

1.1 

O.t 

0.1 

J 

1 

401 

2'1S 

2 

29.3 

14.3 

86.0 

2 • .( 

1.25 

0.89 

0.72 

2 

396 

275 

2 

30.4 

15.8 

51.9 

1.56 

1.11 

o.sa 
0.79 

It will be seen from Table 2 that co-extrusion of the ZSM-5 of 
Example 1 with the Dow 550 oxganosilicon compound xesulted in a base 

catalyst, Catalyst I, which Wa.3 mote selective fc~ p-xylene p~oduction 
than the base catalyst coextxuded with silica, Catalyst A. In addition, 

a single selectivation cycle of the base catalyst co-extruded with Daw 

10 SSO reaulted in an incz:ease of p-xylene ~electivity to 86\ (Catalyst 

J), coiapaz:ed with a p-xylene selectivity of only 37.4\ afte~ the first 

selectivation cycle for the catalyst coextruded with silica (see 
Catalyst Bin Table 1). 

In contcaa~, wheEe the catalyst was produced fzom ZSK-S with a 

15 crystal size of 0.2-0.5 micron, 2 ex-aitu aelectivation cycles resulted 
in a p-aelectivity of only S2t (Catalyst Fin Table 2). 

E.xample 7 

A aample of the calcined &SM-5 pxoduct from Example l was mixed 
20 with LaRoche Versal 300 alUll\1.na in proportion to qive 65:35 ZSM-5:Al1o3 

on a 100\ solids basis, and mulled for 10-15 minutes. Sufficient DI 
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water waa then added over a 10-minute period to give an extrudable 

mull. The resultant mix was extruded to 1/16 inch (1.6 nm) diameter. 

The extrudate was dried at i2o•c and calcined in flowinq nitrogen at 

540°C for 3 hours. The Qalcined exrudate was then exchanged with lN 
5 :NH4NO) solution, washed with DI water, dcied at 12o•c and calcined in 

flotirin9 air at 540°C fox 3 hours to give a catalyst with an alpha value 
of 661, a sodium content of <SQ ppm and a characteristic diffusion 

10 

rate for 2,2-cliaethylbutane of 110 sec·1 as measured at 120°C and 60 

to~r (8 kPa) hydrocarbon pressure. 

Example 8 
The catalyst from Example 1 ~as coke selectivated using a 

simulated commercial coke-selectivation procedure. 4.0 gms of the 

catalyst was mixed with inert aand and loaded into a 0.3is• (9.5 mm) 

l~ diameter stainless steel tube reactor. The sample waa dried in 
h~oqen overnight at 3oo•c and 235 psig ('1720 kPa), whereafter the 
catalyst bed tell'Pexature was increased to 565•c and toluene (1.67 hr"1), 

Ra (0.5 H2:HC) and N2 (1.5 N2 ~HC) flowa were established to start the 
coking procedure. After 1.3 days on stra&I\\, the cokinq p~ocedure waa 

20 stopped and the catalyst was hydrogen stripped at 47o•c overnight to 

remove any reactive species f~om the catalyst. Follcwin9 hydzogen 

at~ipping, the reaccor pressure was increased to 210 psiq (1960 kPa), 
the reactor ~emperature adjusted to 4oo•c and toluene and hydrogen 

flows were established to the reactor at 3 hr·1 WHSV and 1 Hz/HC. The 
2~ reactor efiluent waa continuously 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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Table 3 

coking Time, days 1.30 

WHSV, hr-1 3 

H2:JIC 1 

Temp. °C 385 

Pz-ess. (pai9> 281 

Toluene conv. , 
wt ' 

29.9 

Xylene Yield. wt ' 15.6 

p-Xylene Sel. wt % 68.8 

Xthylbenzene Sel., wt l 1.80 
Benzene/Xylene {molar) 1.10 

cs- 0.46 

C9+ 0.94 

~o 5~44652;#20/25 

The previously coke-selectivated catalyst from Example 8 was 
further coke selectivated at s&s•c for an additional 0.42 days. Henc.e, 
at the end of the coking period in this exaJTple, the parent catalyst of 

Example 8 was coke selectivation for & total of l.72 days. Following 

10 the coking and hydrogen s~r1pp1ng procedures outlined in Example 8, the 
reactor pressure was increased to 270 psig and the reactor temperature 
adjusted to 4oo•c in preparation for catalytic evaluation. Following 

the se<;<>nd coke-selectivation treatment, toluene and hydtogen flows 
were es~ablished to the ~eactor at 3 hr·1 WHSV, 270 psig and 1 H2/HC. 

15 .All before, the reactor effluent was continuously monitoxed and the 
%eactor tempe~ature adjusted to achJ.eve about 30t toluene conversion. 
A summary of the catalytic data is shown in Table 4. 
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Coking Tiine, days 
WRSV, hr""1 

H2:HC 

Temp. •c 
P.r:ess. (psiq) 

Tcluene Conv.r wt % 

Xylene Yield, wt t 

p-Xylene Sel. wt \ 

Ethylbenzene Sel., wt 

aenzene/Xylene (molar> 
C5"" 

c,+ 

1.12 

3 

l 

396 

276 

29.0 

u. s 
83.3 

' 2.21 
1.13 

0.61 

0.91 

The previously coke-selectivated catalyst from Example 9 waa 
further coke-select~vated ae S6s•c for an additional 0.47 days. Hence, 

at the end cf the coking period in this example the parent catalyst of 
Example 7 waa coke-selectivated for: a·total of 2.19 days. Following 
the cokinq and hydroqen stripping procedures outlined in Example 8, the 

lO ceactor pressure was increased to 270 psiq and the reactor temperature 
adjusted to 4oo•c in preparation for catalytic evaluation. Fol1ow1n9 
the third coke-selectivation treatment, toluene and hydrogen flowa were 
established to the reactor at 3 hr""1 WHSV, 270 psig and 1.5-2 H2/HC. Ae 
before, the reactor effluent was continuously znonitored and the reactor 

lS tenperature adjusted to achieve about 30\ toluene conversion. A 

summary of the catalytic data is shown in Table S. 
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cokinq Time, days 
WHSV, hx-·l 

H2:HC 

Temp. •c 
Press. (:psig) 

Toluene Conv., wt. % 

Xylene Yield, wt % 

p-Xylene Sel. wt \ 

-21 .. 

Table 5 

2.19 
3 

2 

416 

211 

30.6 

12.7 

92.7 

Ethylbenzene Sel., wt% 3.50 

Benzene/Xylene {molax-t 1.58 
C5- 1. 80 

c,• 0.97 

2.19 
3 

l.5 

415 

2'16 

30.0 

12.8 

92.s 

3.31 

l.50 

1.55 
0.94 

Following the third cokinq treatment. the catalyst was highly 
5 selective for p-xylene fo.i:m..~t.icn, giving nearly 93% p-xylene 

selectivity at 416•c and 30' toluene conversion, albeit at slightly 
~educed xylene yield as compared with the catalyst of Example 9. 
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Claims: 

l. A shape-selective catalyst comprising a synthetic poxcus 

crystalline material havinq the structure of ZSM-5 and a composition 

S involving the molar relationship: 

wherein X is a trivalent element, s~ch as aluminum, bo~on, iron and/or 

10 gallium, prefe~ably aluminum.; Y 1a a tet~avalent elemen~ such as 

silicon and/ox gennanium, pxeferably silicon; and n is greater than 

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

about O.S micron and a surface YOa/ X20, ratio which is no more than 20' 

less than the bulk Y02/ X203 ratio of the crystal: the catalyst having a 
15 diffuaion-modifyinq surface coating of a refractory mate~ial. 

2. 'l'he catalyst of claim l wherein the su:::face Y02/K203 ratio is no 

more than 10' less than the bulk Y02/X203 ratio of the crystal. 

20 3. The catalyst of claim l wherein X is selected from the group 

consiating of alUJllinum, boron, iron and/or 9alliUIQ, and Y is selected 

frOlll the group consistin9 of 8ilicon and/or gexmanium. 

4. The ca~alyst of claim l wherein X ia aluminum and Y is silicon. 
25 

s. The caealyst of claim. 1 wherein n is less than about 100. 

6. The catalyst of claim l wherein n is abou~ 25 to about 40. 

30 7. The catalyst of claim 1 wherein the crystals have a major 

dimension of at leaat about l micron. 

B. The catalyst of claim l wherein the diffus~on-modifyinq surface 

coating is aeleated from the qroup consisting of coke, a metal oxide, a 
35 non-metal oxi~e and a non-oxide ce~aadc. 

9. The catalyst of claim 1 wherein the diffus1on""'11\0difying surface 
coating comprises silica. 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
* t L M S * 
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10. The catalyst of claim 9 wherein the silica coating is produced by 

the steps of (aJ treating the zeolite with an organcsilicon compound 

an.d Cb) ccnvertinq the or9anosilicon compound to silica. 

S 11. The catalyst of claim 11 wherein step (al ia effected du~ing 

mixing of the zeolite with particles of ·a binder er matrix. 

10 

12. The catalyst of claim 10 wherein steps (a) and (b) are repeated at 

least once. 

13. The catalyst of claim l wherein the diffusion-modifyinq surface 

coating comprises cok~. 

14. A process for shape selective hydrocarbon conversion comprising 

15 contactin9 a reaction stream comprising a hydrocarbon to be converted, 

under conversion conditions, with the catalyst of claim l. 

is. The process of claim 14 wherein the shape selective hydrocarbon 

canversi.on is selected from a 9.r:oup conai.st:in.g of selective hydJ:ocarbon 
20 cJ:acking, isomerization of alkylaromatics, disproportionation of 

alkylaromatics, alkylation of arOJ11atics, dealkylation of alkyla~omatics 
and conversion of paraffins and olefins to aromatics. 

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

25 and the conversion ia the selective disproportionation of toluene to 
para-xylene. 

1?. The process cf claim 16 wherein the conver&ion is effected at a 

te111perature of from about 100°C to about 600°c, a pressure from about o 

30 to about 2000 psi9 (100 to 14000 kPal, 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 t~e~ature of 350-S40°c, a p~esaure of 15-800 psig (200-5600 kPa), a 

mole ratio of hydrogen to hydroca~bon of O.l-10, and a weight houEly 
space velocity of about 1-10. 

111111111111111111111111111111 
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