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A PROCESS FOR THE CATALYTIC CONVERSION 
OF A c9+ AROMATICS FEED 

This invention relates to a process for the catalytic 

conversion of a c9+ aromatic feedstock. 
5 Zeolitic materials, both natural and synthetic, have been 

demonstrated in the past to have catalytic properties for various 
types of hydrocarbon conversion. · Certain zeolitic materials are 

ordered, porous crystalline aluminosilicates having a definite 
crystalline structure as determined by X-ray diffraction, within 

10 which there are a large number of smaller cavities which may be 
interconnected by a number of still smaller channels or pores. 

1hese cavities and pores are uniform in size within a specific 
zeolitic material. Since the dimensions of these pores are such as 

to accept for adsorption molecules of certain dimensions while 
15 rejecting those of larger dimensions, these materials have come to 

be known as "molecular sieves" and are utilized in a variety of ways 

to take advantage of these properties. Such molecular sieves, both 

natural and synthetic, include a wide variety of positive 

ion-containing crystalline silicates. These silicates can be 

20 describP.Cl as a rigid three-dimensional framework of Si04 and 
Periodic Table Group IIIA element oxide, e.g., Al04, in which the 

tetrahedra are cross-linked by the sharing of oxygen atoms whereby 
the ratio of the total Group IIIA element, e.g., aluminum, and 

silicon atoms to oxygen atoms is 1:2. The electrovalence of the 

25 tetrahedra containing the Group IIIA element, e.g., aluminum, is 
balanced by the inclusion in the crystal of a cation, e.g., an 

alkali metal or an alkaline earth metal cation. This can be 

expressed wherein the ratio of the Group IIA element, e.g., 
aluminum, to the number of various cations, such as Ca/Z, Sr/2, Na, 

30 K or Li, is equal to unity. One type ·af cation may be exchanged 
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either entirely or partially with another type of cation utilizing 

ion exchange techniques in a conventional manner. By means of such 
cation exchange, it has been possible to vary the properties of a 
given silicate by suitable selection of the cation. 

Prior art techniques have resulted in the formation of a 
great variety of synthetic zeolites. ~any of these zeolites have 
come to be designated by letter or other convenient symbols, as 
illustrated by zeolite Z (U.S. Patent No. 2,882,243), zeolite X 
(U.S. Patent No. 2,882,244), zeolite Y (U.S. Patent No. 3,130,007), 

10 zeolite ZK-5 (U.S. Patent No. 3,247,195), zeolite ZK-4 (U.S. Patent 
No. 3,314,752), zeolite ZSM-5 (U.S. Patent No. 3,702,886), zeolite 

ZSM-11 (U.S. Patent No. 3,709,979), zeolite ZSM-12 (U.S. Patent No. 
3,832,449), zeolite ZSM-20 (U.S. Patent No. 3,972,983), zeolite 
ZSM-35 (U.S. Patent No. 4,016,245), and zeolite ZSM-23 (U.S. Patent 

15 ~o. 4,076,842). 
The Si02/Al2o3 ratio of a given zeolite is often 

variable. For ·example, zeolite X can be synthesized with 

.Si02/Al2o3 ratios of from 2 to 3; zeolite Y, from 3 to 6. In 
some zeolites, the upper limit of the Si02/Al2o3 ratio is 

20 unbotmded. ZSM~5 is one such example wherein the Si02/AI 2o3 
ratio is at least 5 and up to the limits of present analytical 
measurement techniques. U.S. Patent No. 3,941,871 (Re. 29,948) 
discloses a porous crystalline silicate made from a reaction mixture 
containing no deliberately added alumina in the recipe and 

25 exhibiting the X-ray diffraction pattern characteristic of ZSM-5. 

U.S. Patent Nos. 4,061,724, 4,073,865 and 4,104,294 describe 
crystalline silicates of varying alumina and metal content. 

U.S. Patent No. 4,380,685 discloses the para-selective 
alkylation, transalkylation or disproportionation of a substituted 

30 aromatic compound to provide a mixture of dialkylbenzene compounds 
employing as catalyst a zeolite characterized by a Constraint Index 
of 1 to 12 and a silica/alumina mole ratio of at least 12/1, the 
catalyst having incorporated thereon various metals and phosphorus. 
Other patents covering alkylation and transalkylation processes 
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include U.S. Patent Nos. 4,127,616; 4,361,713, 4,365,104; 4,367,359; 

4,370,508; and, 4,384,155. Conversion of toluene to para-xylene.is 

disclosed in U.S. Patent Nos. 3,965,207; 3,965,208; 3,965,209; 

4,001,346; 3,002,698; 4,067,920; 4,100,215; and, 4,152,364. 

5 Alkylation of aromatics with olefins is disclosed in, for example, 

U.S. Patent Nos. 3,962,364 and 4,016,218. 

U.S. Patent No. 3,551,509 and U.S. Patent Re. 27,639 

disclose transalkylation between trimethylbenzenes and toluene to 

yield xylenes and benzene in the presence of a crystalline 

10 aluminosilicate catalyst having large pore openings of 8 to 15 

Angstrom units and preferably containing Group VIII metals, hydrogen 

and rare earth cations. 

U.S. Patent Nos. 3,126,422; 3,413,374; 3,598,878; 

3,598,879; and, 3,607,961 describe the vapor-phase 

15 disproportionation of toluene over various catalysts. U.S. Patent 

No. 4,117,026 discloses disproportionation of toluene over a 

catalyst comprising a zeolite having a silica/alumina mole ratio of 

at least 12, a Constraint Index of 1 to 12 and a specified sorption 

capacity for xylenes. 

20 U.S. Patent Re. 31,781 (of original U.S. Patent Nos. 

25 

4,100,214) discloses the use of from 3 to 30 combined weight percent 

of toluene and c9+ recycle material as diluents with a monocyclic 

alkyl aromatic hydrocarbon feed selected from the xylenes, 

mesitylene, durene, hemimellitene, pseudocumene, prehnitene, 

isodurene and 1, 3, 5-triethylbenzene for the vapor-phase 

isomerization of said feed employing as catalyst, a zeolite having a 

Constraint Index of l to 12, e.g., ZSM-5, ZSM-11, ZSM-12, ZSM-35 and 
LJ,v - . ~"(.r 

ZSM-38. f~~ 

30 

The present invention resides in a process for converting a r!ck."u-c. ,_1.:.-:.. 
~~ 

feedstock contfi~i .. ng at least on€?-~Laromatic compound to ak. ~ 

product containinJl~~~ompguR<ls which comprises 
~ 1"- '""""' '-· -'-(.. ,., n , """ cCMri .t-

contact 1rtg the feedstock[wit a.1 c9R-V'e-r:5ieR eatalyst eSRlfffisiRg a 

zeoli te pgssessiR.g. a CeRstraiRt Ineeilli ef 1 te ~, ~""'f~ ~ ~ <'4 
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The c9+ aromatics feed employed in the process of this 
invention comprises one or more mononuclear aromatic compounds 
containing at least 9 carbons such as, e.g., trimethylbenzenes, 
dimethylethylbenzenes and diethylbenzenes. Specific c9+ aromatic 

5 compounds include mesitylene (1,3,5-trimethylbenzene), durene 
(1~2,4,5-trimethylbenzene) such as is obtained as a by-product of 
the conversion of c1-c4 oxygenates to gasoline, hemimellitene 
(l,Z,3-trimethylbenzene), pseudocumene (l,Z,4-trimethylbenzene), 
prehnitene (1,2,3,4-tetramethylbenzene), isodurene 

10 (1,2,3,5-tetramethylbenzene), and mesitylene 
(1,3,S-triethylbenzene). Using such mononuclear aromatic feeds, it 
is found that the process of the invention can generate products 
having higher xylene/benzene mole ratios than those obtainable with 
zeolite catalysts having. a Constraint Index of greater than 3, e.g., 

15 ZSM-5 which possesses a Constraint Index 6-8.3 (when measured at 
371°C - 316°C). The product xylene/benzene mole ratios herein will 
generally be greater than 0.80, usually greater than 0.90, and often 
greater than 1. 

Tiie feedstock employed in the present process conveniently 
20 contains benzene or more preferably toluene in addition to the c9+ 

component(s). 'Ib.e optional toluene charge is preferably dried to 
minimize water entering the reaction mixture. Known methods for 
jrying toluene are numerous, including percolation through silica 
gel, activated alumina, molecular sieves or other suitable 

25 substances or the use of liquid charge dryers. 
When toluene and/or ben~ene is additionally present in the 

feedstock, the c9+ aromatics will ordinarily constitute at least 
about 3 wt.% of the total feed (the balance being toluene and/or 
benzene) and advantageously can comprise up to 70 wt.% of the mixed 

30 feedstock. The toluene, when present in the feed, is 
disproportionated to aromatic compounds of high value, e.g., 
xylene(s) and benzene, with the more valuable xylene(s) being the 
predominant product(s). 
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In general, the process of the invention can be conducted 
over a wide range of conversion conditions, including a temperature 
of 90 to 675°C, a pressure of 100 to 14000 kPa, a hydrogen to 
hydrocarbon mole ratio of 0 to 10, and a weight hourly space 

5 velocity (WHSV) of 0.1 to 500. 

More specifically, when the feedstock comprises a c9+ 

alkylbenzene, especially in combination with toluene, the process is 
preferably conducted at a temperature of ZSO to 600°C, more 
preferably 300 to S00°C (650 to 1000°F) and a pressure of 100 to 

10 7000 kPa (atmospheric to 1000 psig), more preferably 445 to 7000 kPa 
(SO to 1000 psig). The hydrogen to hydrocarbon mole ratio is 
preferably 0 to 10, more preferably 0 to 3, and most preferably 0 to 
z. ) 

15 
Where the feedstock comprises.durene produced by the 

zeolite catalyst conversion of c1~c4 oxygenates, e.g., methanol 
and/or dimethyl ether, to gasoline, the process is preferably 
conducted at a temperature of 90 to S40°C (ZOO to 1000°F), more 
preferably 315 to 480°C (600 to 900°F), a pressure of 100 to 7000 
kPa (0 to 1000 psig), more preferably ZlO to 2170 kPa (IS to 300 

20 psig), a mole ratio of hydrogen to hydrocarbons of 0 (i.e., no added 
hydrogen is present) to 10, more preferably from 1 to 3, and a 
weight hourly space velocity (WHSV) of 0.1 to 100, more preferably 

0.1 to 10. 

25 
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ZSM-4 
ZSM-5 
ZSM-11 
ZSM-12 
ZSM-20 
ZSM-22 
ZSM-23 
ZSM-34 
ZSM-35 
ZSM-48 
ZSM-50 
Zeoli te of Table 
TMA. Offreti te 
TEA Mordeni te 

Clinoptiloli te 
Mordenite 
REY 

Amorphous S ili 

1 

TH!S SHEET HAS BEEN 
REPU\CED ..... -· - ~, 

GI (ae te!t temperatHPe) 
0.5 (316°C) 

6-8.3 (371°C - 316°C) 
5-8.7 (371°C - 316°C) 

2.3 (316°C) 
0.5 (371°C) 
7 .3 (427°C) 
9.1 (427°C) 

so (371°C) 
4.5 (454°C) 
3 • s .( s 38 ° ) • 

0.4 (316°C) 

3.4 (510°C) 
0.5 (316°C) 
0.4 (316°C) 
0.6 (538°C) 
o.s (510°C) 

38 (316°C) 
0.6-2.0 (316°C-399°C) 

11 be seen from the above table, the Constraint Index 
of certai zeolites varies with the conditions, e.g., temperature, 

25 of the est and it is to be understood that a zeolite is useful in 

30 

the ocess of the invention if it exhibits a Constraint Index of 1 

when tested at at least one temperature within the range of 

Useful zeolites ~~~ t~ prese~t grocess !~~~!'.:: include 
~SH H and: z:eolite eetaffih1~;;::f::t1;::~~e=Cl;ij1ep a 

~ zeolite having in its calcined form, an X-ray diffraction pattern 
with the lines listed in Table 1 below: 
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Inte~lanar d-Spacing (A) 
.>O.O + l.Z 
22.1 + 1. 3 

TABLE I 

Relative Intensity, I/Io x 100 
11-M 
w 

5 more specifically the lines listed in Table II below: 

10 

15 

TABLE II 

Interplanar d-Spacing (A) 

30.0 + 2.2 
22.1 + 1. 3 
3.91 + 0.07 

Relative Intensity, I/Io x 100 

W-M 
w 
M-VS 

and yet more specifically the lines listed in Table III 

below: 

TABLE III 

Interplanar d-Spacin~ (A) 

30.0 + 2.2 
22.1+1.3 
6.00 + 0.1 
4.06 + 0.07 
3.91 + 0.07 

Relative Intensity, I/Io x 100 

.W-M 
w 
W-M 
w-s 
M-VS 

20 Most specifically, the calcined zeolite has an X-ray diffraction 
patten1 which includes the lines listed in Table IV belaw: 

. '"··--···---· ... ----

liiJIHifiiilr 
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TABLE IV 

Interplanar d-Spacing (A) 

30.0 + 2.2 
22.1+1.3 

12.36 :; 0.2 
11.03:; 0.2 
8.83:; 0.14 
6.86 + 0.14 
6.18 + 0.12 
6.00 + 0.10 
S.54 + 0.10 
4.92 + 0.09 
4.64 + 0.08 
4.41 + 0.08 
4.25:; 0.08 
4.10 + 0.07 
4.06 :; 0.07 
3.91:; 0.07 
3.75:; 0.06 
3.56 + 0.06 
3.42 + 0.06 
3.30 + 0.05 
3.20 + o.os 
3.14 + o.os 
3.07 + a.as 
2.99 + 0.05 
2.82 + 0.05 
2.78 + 0.05 
2.68 + 0.05 
2.59:; 0.05 

Relative Intensity, I/Io x 100 

W-M 
I'/ 
M-VS 
M-S 
M-VS 
W-M 
M-VS 
W-M 
W-M 
w 
w 
W-M 
w 
~~~s 
w-s 
~1-VS 

W-M 
W-M 
vs 
ii-M 
W-M 
W-M 
w 
w 
w 
w 
w 
i~ 

These values were deterr.iined by standard techniques. The 
radiation was the K-alpha doublet of copper and a diffractometer 
equipped with a scintillation counter and an associated computer was 
used. The peak heights, I, and the positions as a function of 2 

35 theta, where theta is the Bragg angle, were determined using 
algorittuns on the computer associated with the diffractometer. From 

. these, the relative intensities, 100 I/I0 , where I0 is the 
intensity of the strongest line or peak, and d (obs.) the 
interplanar spacing in Angstroms Units (A), corresponding to the 

40 recorded lines, were determined. In Tables I-IV, the relative 
intensities are given in terms of the symbols W=weak, M=medium, 
S=strong and VS=very strong. In terms of intensities, these may be 
generally designated as follows: 

ii1i1Ui1Uf 1fiir 
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w = 0 
:-1 = 20 

- 20 
40 
60 
100 

s = 40 -
vs = 60 -

5 It should be understood that these X-ray diffraction patterns ·are 
characteristic of all species of the zeolite. 'Ihe sodium fonn as 
well as other cationic forms of this zeolite reveal substantially 
the same pattern with some minor shifts in interplanar spacing and 
variation in relative intensity. Other minor variations can occur 

10 depending on the Y to X, e.g., silicon to aluminum, mole ratio of 
the particular sample, as well as its degree of thennal treatment. 

'Ihe zeolite defined in Tables I - IV generally has a 
composition involving the molar relationship: 

x2o3:(n)Yo2, 

15 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 at least 
10, usually from 10 to 150, more usually from 10 to 60, and even 

·more usually from 20 to 40. In the as-synthesized form, the zeolite 
20 has a formula, on an anhydrous basis and in terms of moles of oxides 

per n moles of Y02, as follows: 
(O.OOS-O.l)Naz0:(1-4)R:Xz03:nYOz 

wherein R is an organic component. Tiie Na and R components are 
associated with the zeolite as a result of their presence during 

25 crystallization, and are easily removed by post-crystallization 
methods hereinafter more particularly described. 

Til.e above zeolite is thermally stable and exhibits high 
surface area (greater than 400 m2/gm as measured by the BET 
(Bruenauer, Enunet and Teller] test) and unusually large sorption 

30 capacity when compared to similar crystal structures. In 
particular, the zeolite exhibits equilibrium adsorption capacities 
greater than 4.5 wt.t for cyclohexane vapor, greater than 10 wt.% 
for n-hexane vapor and nonnally greater than 10 wt.% for water 
vapor. As is evident from the above formula, the zeolite is 

35 synthesized nearly free of Na cations. It can therefore be used as 

1iii1ii1Mr 
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a catalyst with acid activity without an exchange step. To the 
extent desired, however, the original sodium cations of the 
as-synthesized zeolite and the other zeolites useful in the present 
process can be replaced in accordance with techniques well known in 
the art, at least in part, by ion exchange with other cations. 
Preferred replacing cations include metal ions, hydrogen ions, 
hydrogen precursor, e.g., ammonium, ions and mixtures thereof. 
Particularly preferred cations are those which tailor the catalytic 
activity for transalkylation/disproportionation. These include 

10 hydrogen, rare earth metals and metals of Groups IIA, IIIA, IVA, IB, 
IIB, IIIB, IVB and VIII of the Periodic Table of the Elements. 

The zeolite defined in Tables I - IV can be prepared from a 
reaction mixture containing sources of alkali or alkaline earth 
~etal (M), e.g., sodium or potassium, cation, an oxide of trivalent 

15 element X, e.g, aluminum, an oxide of tetravalent element Y, e.g., 
silicon, an organic (R) directing agent in the form of 
hexamethyleneimine and water, said reaction mixture having a 
.composition, in terms of mole ratios of oxides, within the following 

20 

25 

ranges: 
ileactants Useful Pref erred 
YOzlX2o3 10 - 60 10 - 40 

HzO/YOz 5 - 100 10 - 50 
OH-/YOz 0.01 - 1. 0 0.1 - 0.5 
M/Y02 0.01 - 2.0 0.1 - 1.0 

R/YOz 0.05 - LO 0.1 - o.s 

In a pref erred synthesis method the YOz reactant contains 
a substantial amount of solid Y02, e.g., at least about 30 wt.% 
solid Y02• Where Yo2 is silica, the use of a silica source 
containing at least about 30 wt.% solid silica, e.g., Ultrasil (a 

30 precipitated, ·spray dried silica containing about 90 wt.% silica) or 
HiSil (a precipitated hydrated Si02 containing about 87 wt.% 
silica, about 6 wt.% free H2o and about 4.5 wt.% bound H2o of 
hydration and having a particle size of about 0.02 :nicron) favors 

This Sheet Has Been R 
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crystal fonnation from the above mixture. If another source of 
oxide of silicon, e.g., Q-Brand (a sodium silicate comprised of 
about 28.8 wt.% of sw2, 8.9 wt.% Na2o and 62.3 wt.% u2o) is 

used, crystallization may yield little if any of the desired 

5 crystalline material and impurity phases of other crystal structures 

may be produced. Preferably, therefore, the YO~, e.g., silica, .. 
source contains at least about 30 wt.% solid Y02, e.g., silica, 
and more preferably at least about 40 wt.% solid Y02, e.g., silica. 

Crystallization can be carried out at either static or 

10 stirred conditions in a suitable reactor vessel such as, e.g., 
polypropylene jars or teflon-lined or stainless steel autoclaves. 
Suitable crystallization conditions include a temperature of 80°C to 

225°C for a time of 25 hours to 60 days. 'Ihereafter, the crystals 
are separated from the liquid and recovered. 

15 Synthesis is facilitated by the presence of at least about 
0.01 percent, preferably about 0.10 per~ent and still more 

preferably about 1 percent, seed crystals (based on total weight) of 

. the required crystalline product. 
11le zeolite conversion catalysts used in the process of the 

20 invention are conveniently employed in intimate combination with a 
hydrogenating component such as tungsten, vanadium, molybdenum, 
rhenium, nickel, cobalt, chromium, manganese, or a noble metal such 
as platinum or palladium where a hydrogenation-dehydrogenation 
function is to be performed. Such component can be introduced in 

25 the catalyst composition by way of co-crystallization, exchanged 

into the composition to the extent a Group IIIA element, e.g., 
aluminum, is in the structure, impregnated therein or intimately 
physically admixed therewith. Such component can be impregnated in, 

or on, the zeolite such as, for example, by, in the case of 
30 platinum, treating the zeolite with a solution containing a platinum 

metal-containing ion. Thus, suitable platinum compounds for this 
purpose include chloroplatinic acid, platinous chloride and various 
compounds containing the platinum amine complex. 
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Prior the use in the process of the invention, the selected 

zeolite catalyst is preferably combined with another material which 

is resistant to the temperatures and other conditions employed in 

the process. Such materials include active and inactive materials 

5 and synthetic or naturally occurring zeolites as well as inorganic 

materials such as clays, silica and/or metal oxides 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 in conjunction with the 

10 catalyst zeolite, i.e., combined therewith or present during its 

synthesis, which itself is catalytically active may change the 

conversion and/er selectivity of the catalyst. Inactive materials 

suitably serve as diluents to control the amount of conversion so 

that transalkylated/ disproportionated products can be obtained 

15 economically and orderly without employing other means for 

controlling the rate of reaction. TI1ese materials may be 

incorporated into naturally occurring clays, e.g., bentonite and 

.kaolin, to improve the c~Jsh strength of the catalyst under 

commercial alkylation operating conditions. Said materials, i.e., 

20 clays, oxides, etc., function as binders for the catalyst. It is 

desirable to provide a catalyst having good crush strength because 

in commercial use, it is desirable to prevent the catalyst from 

breaking down into powder-like materials. These clay binders have 

been employed normally only for the purpose of improving the crush 

25 strength of the catalyst. 

Naturally occurring clays which can be coinposited with the 

zeolite catalyst herein include the rnontmorillonite and kaolin 

family, which families include the subbentonites, and the kaolins 

collllllonly known as Dixie, McNamee, Georgia and Florida clays or 

30 others in which the main mineral constituent is halloysite, 

kaolinite, dickite, nacrite, or anauxite. Such clays can be used in 

the raw state as originally mined or initially subjected to 

calcination, acid treatment or chemical modification. Binders 

useful for compositing with zeolite also include inorganic oxides, 

35 notably alumina. 
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In addition to the foregoing materials, the zeolite 

catalyst can be composited 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 

5 as silica-alumina-thoria, silica-alumina-zirconia, silica-alumina­
magnesia and silica-magnesia-zirconia. It may also be advantageous 
to provide at least a part of the foregoing matrix materials in 
colloidal form so as to facilitate extrusion of the bound catalyst 

10 . 

15 

component( s). 
The relative proportions of finely divided crystalline 

material and inorganic oxide matrix vary widely, with the crystal 
content ranging from 1 to 90 percent by weight and more usually, 
particularly when the composite is prepared in the fonn of beads, in 
the range of 2 to 80 weight percent of the composite. 

The stability of the zeolite catalyst may be increased by 
steaming, ~:ith suitable steam stabilization conditions include 
contacting the catalyst with, e.g., 5-100% steam at a temperature of 
at least 300°C (e.g., 300-650°C} for at least one hour (e.g., 1-200 
hours) at a pressure of 100-2,500 kPa. In a more particular 

20 embodiment, the catalyst can be made to undergo steaming with 
75-100% steam at 315-500°C and atmospheric pressure for 2-25 hours. 

The invention will now be more fully described with 
reference to the following Examples and the accompanying drawings in 
which: 

25 Figures 1-5 are X-ray diffraction patterns of the calcined 
crystalline material products of Examples 1, 3, 4, Sand 7, 
respectively. 

In the Examples, whenever sorption data are set forth for 
comparison of sorptive capacities for water, cyclohexane and/or 

30 n-hexane, they were Equilibrium Adsorption values detennined as 
follows: 

A weighed sample of the calcined adsorbent was contacted 
with the desired pure adsorbate vapor in an adsorption chamber, 
evacuated to less than l .nm Hg and contacted with 1.6 kPa (12 Torr) 

-------· ---· ·······-. -- - -· ··-···· . 
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of water vapor or 5.3 kPa (40 Torr) of n-hexane or 5.3 kPa (40 Torr) 
of cyclohexane vapor, pressures less than the vapor-liquid 
equilibrium pressure of the respective adsorbate at 90°C. The 
pressure was· kept constant (within about.::_ 0.5 mm Hg) by addition of 

5 adsorbate vapor controlled by a manostat during the adsorption 
period, which did not exceed 8 hours. As adsorbate was adsorbed by 

the zeolite, the decrease in pressure caused the manostat to open a 
valve which admitted more adsorbate vapor to the chamber to restore 
the above control pressures. Sorption was complete when the 

10 pressure change was not sufficient to activate the manostat. The 
increase in weight was calculated as the adsorption capacity of the 
sample in g/100 g of calcined adsorbent. 

15 

20 

25 

30 

When Alpha Value is examined, it is noted that the Alpha 
Value is an approximate indication of the catalytic cracking 
activity of the/catalyst compared to a standard catalyst and it 
gives the relative rate constant (rate of normal hexane conversion 
per volume of catalyst per unit time). It is based on the activity 
pf a highly active silica-alumina cracking catalyst taken as an 
Alpha of 1 (Rate Constant = 0.016 sec-1). The Alpha Test which 
was used herein is described in J. Catalysis, ~' pp. 390-396 
(1980). It is noted that intrinsic rate constants for many 
acid-catalyzed reactions are proportional to the Alpha Value for a 
particular zeolite catalyst, i.e., the rates for toluene 
disproportionation, xylene isomerization, alkene conversion and 
methanol conversion (see "The Active Side of Acidic A.luminosilicate 
Catalysts," Nature, Vol. 309, No. 5969, pp. 589-591, 14 June 1984). 

EXAMPLE 1 

1 part of sodium aluminate (43.5% Al 2o3, 32.2% Na 2o, 
25.6% H2o) was dissolved in a solution containing 1 part of 50% 
NaOH solution and 103.13 parts H2o. To this was added 4.50 parts 
hexamethyleneimine. The resulting solution was added to 8.55 parts 
of Ultrasil, a precipitated, spray-dried silica (about 90% SiO~) • .. 

1iiii1iiHf 
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The reaction mixture had the following composition, in mole 

ratios: 

Si02/Alz03 = 30.0 
(}{-/Si02 = 0.18 

5 HzO/S iOz = 44. 9 

Na/SiO., = 0.18 
" . R/Si02 = 0.35 

where R is hexamethyleneimine. 

The mixture was crystallized in a stainless steel reactor, 

10 with stirring, at 150°C for 7 days. Tile crystalline product was 

filtered, washed with water and dried at 120°C. After a 20 hour 

calcination at S38°C, the X-ray diffraction pattern contained the 

rnajor lines listed in Table V. Figure 1 shows the X-ray diffraction 

pattern of the calcined product. The sorption capacities of the 

15 calcined material were measured to be: 

HzO 
Cyclohexane 

n-Hexane 

15.2 wt.~ 

14.6 wt.% 

16.7 wt.% 

The surface area of the calcined crystalline material was measured 

20 to be 494 m2/g. 

25 

The chemical composition of the calcined material was 

determined to be as follows: 
Component wt.% 
Si02 b6.9 

A12o3 5.40 

Na 0.03 

N 2.27 

Ash 76.3 

Si02/A1 2o3, mole ratio - 21.1 
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Degrees 
2-Theta 

2.80 
4.02 
7.10 
7.95 

10.00 
12.90 
14.34 
14.72' 
15.90 
17.81 
20.20 
20.91 
21.59 
21.92 
22.67 
23.70 
24.97 
25.01 
26.00 
26.69 
27.75 
28.52 
29.01 
29.71 
31.61 
32.21 
33.35 
34.61 

--16--

TABLE V 

Interplanar 
d-Spacing (A) 

31.55 
21. 98 
12.45 
11.12 

8.85 
6. 86, 
6.18 
b.02 
5.57 
4.98 
4.40 
4.25 
4.12 
4.06 
3.92 
3.75 
3.57 
3.56 
3.43 
3.31 
3.21 
3.13 
3.08 
3.01 
2.830 
2.779 
2.687 
2.592 

EXAMPLE Z 

25 
10 
96 
47 
51 
11 
42 

. 15 
20 

5 
20 
5 

20 
13 
30 
13 
15 
20 

100 
14 
15 
10 

5 
5 
5 
5 
5 
5 

A portion of the calcined crystalline product of Example 1 

was tested in the Alpha Test and was found to have an Alpha Value of 

35 224. 

EXAMPLES 3-5 

Three separate synthesis reaction mixtures were prepared 

with compositions indicated in Table VI. Tile mixtures were prepared 

with sodium aluminate, sodium hydroxide, Ultrasil, 

40 hexamethyleneimine (R) and water. The mixtures were maintained at 

150·°C, 143°C and 1so0 c, respectively, for 7, 8 and 6 days 

This Sheet Has Been Replaced 
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respectively in stainless steel autoclaves at autogenous pressure. 
Solids were separated from any unreacted components by filtration 
and then water washed, followed by drying at 1Z0°C. The product 
crystals were analyzed by X-ray diffraction, sorption, surface area 
and chemical analyses. Tile results of the sorption, surface area 
and chemical analyses are presented in Table VI and the X-ray 
diffraction patterns are presented in Figures 2, 3 and 4, 

respectively. Til.e sorption and surface area measurements were of 
the calcined product. 

Example 

TABLE VI 

3 

Synthesis Mixture, mole ratios 

SiOz/Alz03 30.0 
0.18 

19.4 

0.18 
0.35 

OH-/SiO., .. 
HzO/SiOz 
Na/Si Oz 
R/Si02 

Product Composition, Wt.% 

SiOz 
Al2o3 
~a 

N 

A.sh 

Si02/Al 2o3, mole ratio 

Adsorption, Wt.% 
H20 

Cyclohexane 
n-Hexane 

Surface Area, m2/g 

64.3 

4.85 

0.08 

2.40 

77.1 
22.S 

14.9 

12. s . 
14.6 

481 

4 

30.0 
0.18 

19.4 

0.18 
0.35 

68.S 

S.58 

0.05 

2.33 
77.3 

20.9 

13.6 

12.2 
16.2 

492 

5 

30.0 

0.18 

44.9 

0.18 
0.35 

74.S 
4.87 

0.01 

2.12 

78.Z 
26.0 

14.6 

13.6 
19.0 

487 
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EXAMPLE 6 
Quantities of the calcined (538°C for 3 hours) crystalline 

silicate products of Examples 3, 4 and 5 were tested in the Alpha 

Test and found to have Alpna Values oi 227, 180 and 187, 

respectively. 

EXAMPLE 7 
To demonstrate a further preparation of the present 

zeolite, 4.49 parts of hexamethyleneimine was added to a solution 

containing 1 part of sodium aluminate, 1 part of 50% NaOH solution 

and 44.19 parts of H2o. To the combined solution were added 8.54 

parts of Ultrasil silica. The mixture was crystallized with 

agitation at 145°C for 59 hours and the resultant product was water 

washed and dried at 120°C. 

The X-ray diffraction pattern of the dried product crystals 

15 is presented in Figure 5. Product chemical composition, surface 

area and adsorption analyses results were as set forth in Table VII: 

TABLE VII 

Product Composition 
c 12.1 wt.% 

20 N 1.98 wt.% 

Na 640 ppm 

A.lz03 5.0 wt.t 

SiOz 74.9 wt.% 

SiOz/Alz03, mole ratio 25.4 

25 Adsorption, wt.% 

Cyclohexane 9.1 
N-Hexane 14.9 

HzO 16.8 

Surface Area, 2 m /g 479 

·-·······-----·····. ······· ·-
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EXAMPLE 8 
25g grams of solid crystal product from Example 7 were 

calcined in a flowing n_itrogen atmospheres at 538°C for S hours, 
followed by purging with S% oxygen gas (balance N2) for another 16 

5 hours at 538°C. 
Individual 3g samples of the calcined material were 

ion-exchanged with 100 ml of O.lN TEABr, TPABr and LaC13 solution 
separately. Each exchange was carried out at ambient temperature 
for 24 hours and repeated three times. The exchanged samples were 

10 collected by filtration, water-washed to be halide-free and dried. 
The compositions of the exchanged samples are tabulated below. 

Exchange Ions TEA TPA La 
Ionic Composition, wt.% 

~a 0.095 0.089 0.063 
15 N 0.30 0.38 0.03 c 2.89 3.63 

La 1.04 

EXAMPLE 9 
The La-exchanged sample from Example 8 was sized to 14 to 

20 25 mesh and then calcined in air at 538°C for 3 hours. The calcined 
material had an Alpha Value of 173. 

EXAMPLE 10 
The calcined sample La-exchanged material from Example 9 

was severely steamed at 649°C in 100% steam for 2 hours. The 
25 steamed· sample had an Alpha Value of 22, demonstrating that the 

zeolite had very good stability under severe hydrothennal treatment. 

EXAMPLE 11 
Tii.is example illustrates the preparation of the present 

zeolite where X in the general formula, supra, is boron. Boric 
30 acid, Z.59 parts, was added to a solution containing l part of 45% 

KOH solution and 42.96 parts H2o. To this was added 8. 56 parts of 
Ultrasil silica, and the mixture was thoroughly homogenized. ..\ 3. 88 
parts quantity of hexamethyleneimine was added to the mixture. 

1iii1iiHf 
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The reaction mixture had the following composition in mole 
ratios: 

SiOz!Bz03 = 6.1 
OH-/Si02 = 0.06 

HzO/SiOz = 19.0 
K/Si02 = 0.06 

R/SiOz = 0.30 
where R is hexamethyleneimine. 

The mixture was crystallized in a stainless steel reactor, 

with agitation, at 150°C for 8 days. The crystalline product was 
filtered, washed with water and dried at 120°C. A portion of the 
product was calcined for 6 hours at 540°C and found to have the 
following sorption capacities: 

HzO 11.7 wt.% 
15 Cyclohexane 7. 5 wt.% 

n-Hexane 11.4 wt.% 
The surface area of the calcined crystalline material was measured 
.(BET) to be 40Sm2/g. 

The chemical composition of the calcined material was 
20 determined to be as follows: 

25 

30 

N 1.94 wt.% 
Na 175 ppm 
K 0.60 wt.% 
Boron 1.04 wt.% 

A12o3 920 ppm 

SiOz 75.9 wt.% 
Ash 74.11 wt.% 
sio2/Al 2o3, a:iolar ratio = 1406 

SiOz!(Al+B)z03, molar ratio = 25.8 

EXAMPLE 12 
A portion of the calcined crystalline product of Example 11 

was treated with NH4Cl and again calcined. The final crystalline 
product was tested in the Alpha Test and found to have an Alpha 
Value of 1. 
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'Olis example illustrates another preparation of the zeolite 
in which X of the general f or:nula, supra, is boron. Boric acid, 
2.23 parts, was added to a solution of 1 part of 50% NaOH solution 
and 73.89 parts H2o. To this solution was added 15.29 parts of 
HiSil silica followed by 6.69 parts of hexamethyleneimine. The 
reaction mixture had the following composition in mole ratios: 

SiOz!Bz03 = 12.3 
OH-/SiOz = 0.056 

HzO/SiOz = 18.6 

K/Si02 = 0.056 
R/Si02 = 0.30 

where R is hexamethyleneimine. 

The mixture was crystallized in a stainless steel reactor, 
with agitation, at 300°C for 9 days. The crystalline product was 
filtered, washed with water and dried at lZG~c. The sorption 
capacities of the calc.ined material (6 hours at 540°C) were measured: 

H2o 14.4 wt.% 
Cyclohexane 4.6 wt.% 
n-Hexane 14.0 wt.% 

The surf ace area of the calcined crystalline material was measured 
to be 438m2/g. 

The chemical composition of the calcined material ~as 
determined to be as follows: 

Component Wt.% 
N 2.48 
Na 0.06 
Boron 0.83 

A12o3 0.50 

SiOz 73.4 

sw21A12o3, molar ratio = 249 

Si0zl(Al+B) 2o3, molar ratio = 28.2 
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EXAMPLE 14 

A portion of the calcined crystalline product of 

Example 13 was tested in the Alpha Test and found to have an 
Alpha Value of 5. 

EXAMPLES 15 and 16 
These examples illustrate the catalytic conversion of 

a mixture of toluene and a c9+ aromatics feed with a zeolite 

of Tables I - IV (Example 15) and compare the perfoiiRance of 

this zeolite with that of ZS!·l-5, i.e., a car.alyst which is 

10 outside the scope of this invention, (Example 16). 

The zeolite of the invention was prepared by adding 

4.49 parts hex~~ethyleneimine to a mixture containing 1.00 part 

sodium aluminate, 1.00 part 50% NaOH, 8.54 parts Ultrasil VN3 

and 44.19 parts deionized H2o. The reaction mixture was 

J~ heated to 143°C (Z90°F) and stirred in an autoclave at th.at 

temperature for crystallization. After full crystallinity was 

.achieved, the majority of the hexamethyleneimine was removed 

from the autoclave by controlled distillation and the zeolite 

crystals separated from the remaining liquid by filtration, 

20 washed with deionized H2o and dried. A 65 wt.% zeolite/35 

wt.% AI2o3 catalyst composition was prepared from the 

zeolite by extnision. The material was then dried overnight at 
120°C (250°F), calcined at 480°C (900°F) for three hours in 

3v /v /min N2, then treated with SO vol.% air /SO vol.% N 2 at 

25 3v/v/min, also at 480°C (900°F) for one hour. The calcination 

was completed by raising the temperature to 540°C (1000°F) at 

3°C (5°F)/min and finally s~itching to 100% air (3v/v/min) and 

holding at this temperature for three hours. A similar process 

was used to prepare the ZSM-5 catalyst. 

30 lhe properties of the zeolite catalyst compositions 

are set forth in Table VIII as follows: 
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TABLE VIII 

Zeolite of Tables I-IV ZSM-S 

Si02/AI 2o3, molar ZS 26 

Alpha Value 215 ' 423 

Sodium, ppm 630 135 

Surf ace area, m2/g 451 32S 

Real density, g/cc 2.57 2.64 

Particle density, g/cc 0.82 0.87 

Pore volume, cc/g 0.83 0.77 

The c9+ aromatics feed had the composition set forth in 

Table IX as follows: 

Ethyl benzene 

p-Xylene 

. o-Xylene 

c9 Aromatics 
TMB (trimethylbenzene) 

MEB (methylethylbenzene) 

c10+ Aromatics 

DEB (dimethylethylbenzene) 

DMEB 

Total Xylenes 

Total Aromatics 

Total Non-Aromatics 

TABLE IX 

Wt.% 
0.02 

0.14 

0.36 

83.29 
39.05 

37.38 

15.S3 

6.59 

4. 51 

a.so 
99.34 

0.00 

a.oz 
0.16 

0.41 

84.60 
39.66 

37.97 

14.28 

6.00 

4.10 

0.58 

99.49 

o.oo 

Uie total feed compositions are shown in Table X as follows: 

TABLE X 
Total Feed Composition 

Example 15 

67 .45 

31.84 

o. 71 

Example 16 

66.86 

31. 88 

1. 26 
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Each of the experiments was conducted in a stainless steel 
reactor having an external diameter of 1 cm at 4240 kPa (600 psig), 
4 hr-l weight hourly space velocity (based on zeolite) and a 

hydrogen/hydrocarbon mole ratio of 2. The toluene was initially 
5 passed over the catalyst in each instance at a temperature required 

to maintain 48 + 1 wt.% toluene conversion. 

10 

15 

20 

25 

Table XI below sets forth the reaction conditions and the 
product distributions: 

C.Onditions 
Temperature(l), °FLC.) 
Toluene Conversion, 

wt.\ 

c9+ Conversion, wt.% 

Product Distributions 
c5-, wt.% 
Benzene 

Toluene 
Ethyl benzene 
p-Xylene. 

m-Xylene 

a-Xylene 
Xylene/Benzene 
mole ratio 

c9+, wt.% 

TABLE XI 

Product .Kesults 
Examole 15 Examole 16 

. sss(~) 750 l3q~ 

48(Z) 43CZ) 

66 62 

7.53 7.16 

16.94 19.86 

39.63 38.31 

1.37 1.34 
5.74 5.04 

12.26 10.93 

S.59 4.86 

1.02 o. 77 

10.94 12.50 

(l)Initial temperature required to maintain 48 !. 1 wt% toluene 
conversion. 

30 C2>1nitial toluene conversion which became 41 wt% and 43 wt%, 

respectively in Examples 15 and 16 after c9+ feed addition. 
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It is observed from these experiments that the present 
process, exemplified by Example 15, provides increased product 
xylene when compared to the experiment conducted with a similar feed 
but using ZSM-5 catalyst. 

5 An additional benefit provided by the present process is 
the increased c9+ conversion (Example 17: 66 wt.% compared to 
Example 18: 62 wt.%). 

EXAMPLES 17 and 18 
The process of Examples 15 and 16 was repeated with feed 

10 compositions shown in Table XII below and with the weight hourly 
space velocity increased ~o 6 hr-1. Product distributions from 

these experiments are presented in Table XIII below. 

TABLE XII 

Example 17 Exam:ele 18 
15 Toluene 67.45 66.55 

Cg+ 31.84 32.17 

Cg- o. 71 1.28 

TABLE XIII 

Exam2le 17 Example 18 
20 Catalrst Zeolite of Tables I-IV 3SM-S 

Product Distribution 
c5-, wt% 5.33 6.09 
Benzene, wt% 15. 71 18.51 

Toluene, wt% 41.90 39.61 
25 Ethyl benzene, wt% 1. 66 1.40 

p-Xylene, wt% 5.45 4.97 

m-Xylene, wt% 11. 55 10.61 

a-Xylene, wt% 5.31 4.62 
Xylene/Benzene, 

30 mole ratio 1.04 0.80 

Cg+, wt% 13.09 14.19 

............. -·--· -·· . -- ... ------ - ···---·--- ..... 

li11i11iiilil1r 
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The results of Examples 17 and 18 again demonstrate the 
unexpected improvement of the present invention. 'lhe product mole 
ratio of xylene/benzene was 1.04 for Example 17 compared to only 
0.80 for Example 18. 

5 E*AMPbE 19 

This example compares the perf o 
catalyst compositions for the on of a mixture of toluene and 
mesitylene with that of three 7 , -5 catalyst compositions. 

itions included a toluene to mesitylene 
10 'ydrogen to hydrocarbon mole ratio of 1:1, a 

15 fellews: 

(800°F) (except where otherwise noted) a 
(250 psig) and a \'IHSV of 5. 

reaction products were conducted at 4 and at 24 
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20/60 mesh was introduced into a stainless steel reactor which w 
then heated to constant reaction temperature 427°C and press 1825 

kPa in flowing hydrogen. The hydrocarbon feed, i.e., 
S the foregoing Cg+ aromatic, was started (WHSV = 2.5) 

balances were taken after 48 hours on-stream. 
Zeolite Beta (Example 20) exhibited 

transalkylation selectivity, i.e., the hi st xylene/benzene mole 
ratio (Feedstock C) of the three cata sts. While mordenite 

10 (Example 21) and ZSM-12 (Example performed about the same in the 
disproportionation of toluene ·eedstocks A and B), as the amount of 
Cg+ aromatics in the feeds ck increased (Feedstock B), the ZSM-12 
catalyst perfonned sig · icantly better. Although each catalyst 
experienced a redu ion in activity upon the addition of paraffin, 

15 i.e., n-decene eedstock D), ZSM-12 (Example 22) was least affected 
indicating at this zeolite is especially desirable for the 
transal lation/disproportionation conversion of c9+ 

aro tic-containing feeds which have not been previously processed 

rtt s1 
20 EXAMPLES }ilf - 'YI 

TI1ese examples illustrate the use of the zeolite of the 
invention in the conversion of durene. The zeolite was prepared by 

adding a 4.49 parts quantity of hexamethyleneimine to a mixture 
containing 1.00 part sodium aluminate, 1.00 part 50% NaOH, 8.54 

25 parts Ultrasil VN3 and.44.19 parts deionized H~O. The reaction 
"' 

30 

mixture was heated to 143°C (290°F) and stirred in an autoclave at 
that temperature for crystallization. After Eull crystallinity was 
achieved, the majority of the he:camethyleneimine was removed from 
the autoclave by controlled distillation and the zeolite crystals 
separated from the remaining liquid by filtration, washed with 
deionized H2o and dried. A. portion of the zeolite crystals was 
combined with A12o3 to form a mixture of 65 parts, by weight, 
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zeolite and 35 parts A1 2o3• Water was added to this mixture to 
allow the resulting catalyst to be formed into extrudates. The 
catalyst was activated by calcining at 480°C (900°F) in 3v/v/min 
nitrogen for three hours, then treated with. SO vol.% air/SO vol.% 

S N2 at·3v/v/~in, also at 480°C (900°F) .. The calcination was 
completed by raising the temperature to 540°C (1000°F) at S°F/min 
and finally switching to 100% air (3v/v/min) and holding at 540°C 
(1000°F) for three hours. 

The feed employed was a mixture of approximately 25 wt. % 
10 durene and 75 wt.% benzene. The temperature, pressure, hydrogen to 

hydrocarbon mole ratio and WHSV (based on zeolite) conditions and 
the product distributions obtained in each example are set forth in 
Table XVII as follows: 

..................... . ···------ .. 
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TABLE XVII 

~·rer 2/' 2o 27' :u z.6" ~ rf ~~ 2'~ r4~s ¥f ~ :y{'L 7 3/ ~ 3/ Vf ~ ~ ~ :;.t -1' ..L ... ;:i-. I',.· 

ro1(316) m 371) i00(371) :ooc 371) ro1c 427) IDZC 428) rozc 428) ao2c 4zs> 002< 428) ooze 428) aoz( 4211) ro2c 4ZR) ll-19( .1r;.1) R.19( tts.1) R-19{ 4· 

4.l 4.0 4,0 4.1 4.1 4,0 4.1 4.1 4.1 4.1 4.1 4.1 4.0 tt.O 4.0 
£«(4240) £«(4240) £«(4240) £«(4240) 6:5(X4445) 6.'5«4445) 6.J<X'.4445) 640(451J) 620(4376) 620(4376) 630(4445) 630(4445) 620(4376) 620(4376) 620(4~ 

2 2 2 2 2 2 2 z 2 2 2 2 z z 

0.2 0.2 0.2 0.1 1.2 0.9 0.9 0.7 

70.6 69.2 70.6 71.6 66.l 63.9 63.7 66.0 

S.3 S.9 4.4 3.6 10.6 9.9 9.3 8.7 

0.1 0.2 0.2 0.2 0.9 0.8 o.7 0.6 

1.5 1.6 1.1 0.9 2.0 3.7 3.5 3.3 

0.1 0.1 0.1 0.2 0.1 0.1 0.1 

5.9 7.2 5.7 4.7 8.5 8.8 8.7 8.1 

14.S 13.7 15.S 16.5 9.0 10.3 11.3 10.8 

1.9 I.9 2.2 2.3 ~ 1.6 1.8 1.7 

100 100 100 100 100 100 100 100 

41.1 44.3 37.0 32.9 63.4 58.1 54.l 56.1 

I.I 0.8 0.9 0.7 

66.3 -63.9 64.0 69.0 

8.3 8.7 8.7 7.6 

0.6 0.6 0.6 o.s 
3.1 3.3 3.3 2.7 

0.1 0.1 0.1 0.1 

7.8 8.6 8.6 7.2 

10.9 12.0 11.9 10.6 

1.8 2.0 1.9 1.6 

100 100 JOO 100 

SS.7 51.2 Sl.6 56.9 

1.6 

62.8 

13.1 

1.0 

4.8 

0.1 

8.1 

7.3 

1.2 

100 

70.3 

l.S 1.3 

63.S 61.4 

12.4 12.S 

1.0 1.0 

4.5 4.6 

0.1 0.1 

7.9 8.5 

7.8 9.1 

1.3 l.S 

}(XI 100 

68.3 63.0 
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The data show that the zeolite of Tables I -IV is effective 

in converting the model durene/benzene feed. Between 315 -427°C 
(600 - 800°F), a range of durene conversions of from 33-70% was 
observed. Selectivities for toluene ranged from 3-13% and 

5 selectivities for xylenes ranged from 1-5%. 
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1. A process for converting a feedstockfat least 
one mononuclear aromatic compound having at least 9 
carbon atoms to an aromatic product containing 6 - 8 
carbon atoms com~i'5.~act'fng'1hef.e~ds'tb~t'ith a 

5 zeolite catalyst} saarasterisee iR taat tae aeelite is 
seelite seta, ~ffiiea eas seea steamed, er is a aeelit~ 
having an X-ray diffraction pattern including the lines 
set out in Table I below: 

Table I 

10 Interplanar d-Spacing Cal Relative Intensity, I/IoxlOO 

5 

10 

30.0 ± 2.2 W-M 
22.1 ± 1.3 w 

y. 'l'ae ~reeess e:f elaim 1 wael'eiH said aeelit:e 
4s eeelite se'Ea, uaie:A: B:ae seeH steameel. 

ji'. TQ.a procQsa of cl.aim l wae1;eiR t:ae seelite 
.Aas saig X-ray giffractioR pa~~e~ set g,,g iR Ta~lQ I 

r "'J.-/. The process of claim 7 wherein the zeolite 
has an X-ray diffraction pattern as set out in Table II 
below: 

Table II 

Inter12lanar d-Spacing (A} Relative Intensity, I£:IoxlOO 
30.0 ± 2.2 W-M 
22.1 ± 1.3 w 

6.00 ± 0.1 W-M 
4.06 ± 0.07 w-s 
3.91 ± 0.07 M-VS 

-
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3 4- '/. The process of claim! wherein the zeolite 
has an X-ray diffraction pattern as set out in Table 
III below: 

'!'able :c:I:l: 
=I=n=t=e=rp~l=an==a=r_d=-~S=p=a=c=i=n~q~C~Au..> Relative Intensity, I/IoxlOO 

30.0 ± 2.2 W-M 
22.1 ± 1.3 w 
6.00 ± 0.1 W-M 
4.06 ± 0.01 w-s 
3.91 ± 0.07 M-VS 

I t tf-f 6. The process of claim -J wherein the zeol.Jc has 
an X-ray diffraction pattern as set out· in Table IV 

below: 

'!'able :CV 

Interplanar d-Spacinq Cal 

30.0 ± 2.2 
22.1 ± 1.3 
12.-36· ± 0.2 
11.03 ± 0.2 

8.83 + 0.14 
6.86 + 0.14 
6.18 ± 0.12 
6.00 ± 0.10 
5.54 + 0.10 
4.92 ± 0.09 
4.64 ± o.os 
4.41 ± o.oa 
4.25 ± 0.08 
4.10 + 0.07 
4.06 ± 0.07 
3.91 + 0.07 
3.75 ± 0.06 
3.56 + 0.06 
3.42 ± 0.06 
3.30 + 0.05 
3.20 ± 0.05 
3.14 ± 0.05 
3.07 ± 0.05 
2.99 ± 0.05 
2.82 ± 0.05 
2.78 ± 0.05 
2.68 ± 0.05 
2.59 ± 0.05 

11i1ii111nr 

Relative Intensity. I/Iox100 

W-M 
w 
M-VS 
M-S 
M-VS 
W-M 
M-VS 
W-M 
W-M 
w 
w 
W-M 
w 
w-s 
w-s 
M-VS 
W-M 
W-M 
VS 
W-M 
W-M 
W-M 
w 
w 
w 
w 
w 
w 
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5 -/. The process of any one of claims 3 to 6 
wherein the zeolite has equilibrium adsorption 
capacities greater than 4.5 wt% for cyclohexane vapor 
and greater than 10 wt% for n-hexane vapor. 

5 {, t. The process of any one of claims 3 to 6 

10 

wherein the zeolite has a composition comprising the 
molar relationship 

and 

fl. ~he preeeee ef elaim B wkereiR X co~rises 

alamia\Hll aaa ¥ semprises silicoR. 

7 f&. The process of any preceding claim wherein 
said at least one mononuclear aromatic compound is 

15 . selected from trimethylbenzenes, dimethylbenzenes, 
diethylbenzenes and mixtures thereof. 

~ yf.. The process of any preceding claim wherein 
said-at least one mononuclear aromatic compound having 
at least 9 carbon atoms represents at least 3 wt% of 

20 the total feedstock, the balance of the feedstock 
comprising toluene and/or benzene. 

~ ')I{. The process of any preceding claim wherein 
said contacting is effected at a temperature of 90°C to 
675°c, a pressure of 100 to 14,000 kPa, a hydrogen to 

25 hydrocarbon mole ratio of o to 10 and a weight hourly 
space velocity of O.l to 500. 
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A PROCESS FOR THE CATALYTIC CONVERSION 
OF A Cg+ AROMA.TICS FEED 

AB5rRACT 

A feedstock containing one or more c9+ aromatic 
5 compounds, and optionally toluene, is converted over a catalyst 

comprising a zeolite possessing a Constraint Index of 1 to 3 to 
provide a product which contains substantial amounts of benzene and 
xylene(s). 
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A PROCESS FOR THE CATALYTIC CONVERSION 
OF A c9+ AROMA.TICS FEED 

AB Sf RA CT 

A feedstock containing one or more c9+ aromatic 
compounds, and optionally toluene, is converted over a catalyst 
comprising a zeolite possessing a Constraint Index of 1 to 3 to 
provide a product which contains substantial.amounts of benzene and 
xylene(s). 
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A PROCESS FOR 1liE CATALYTIC CONVERSION 
____ O_F_._A. _C9+ AROMA.TI CS FEED 

This invention relates to a process for the catalytic 

conversion of a c9+ aromatic feedstock. 

Zeolitic materials, both natural and synthetic, have been 

demonstrated in the past to have catalytic properties for various 

types of hydrocarbon conversion. Certain zeolitic materials are 

ordered, porous crystalline aluminosilicates having a definite 

crystalline structure as dete·nnined by X-ray diffraction, within 

which there are a large number of smaller cavities which may be 
interconnected by a number of still smaller channels or ~ores . 

.. 

'Ihese cavities and pores are unifonn in size within a specific . 
zeolitic material. Since the dimensions of these pores are such as 

to accept for adsorption molecules of certain dimensions while . 

rejecting those of larger dimensions, these materials have come to 
be known as "molecular sieves" and are utilized in a variety of ways 

to take advantage of these properties. Such molecular sieves, both . 

natural and synthetic, include a wide variety of positive 

ion-containing crystalline silicates. These silicates can be 

describ~d as a rigid three-dimensional framework of SiO~ and 

Periodic Table Group IIIA element oxide, e.g., Al04 , in which the 

tetrahedra are cross-linked by the sharing of oxygen atoms whereby 

the ratio of the total Group IIIA element, e.g., aluminum, and 

silicon atoms to oxygen atoms is 1:2. '!be electrovalence of the 

tetrahedra containing the Group IIIA element, e.g., aluminum, is 

balanced by the inclusion in ~he crystal of a cation, e.g., an 

alkali metal or an alkaline earth metal cation. This can be 

expressed wherein the ratio of the Group IIA element, e.g., 

aluminum, to the number of various cations, such as Ca/2, Sr/2, Na, 

K or Li, is equal to unity. One type of cation may be exchanged 



..... 
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either entirely or partially with another type of cation utili:ing 

ion exchange techniques in a conventional manner. By means of such 
cation exchange, it has been possible to vary the properties of a 

given silicate by suitable selection of the cation. 

Prior art techniques have resulted in the formation of a 

great variety of synthetic zeolites. ~any of these zeolites have 

come to be designated by letter or other convenient symbols, as 
illustrated by zeolite Z (U.S. Patent No. 2,882,243), :eolite X 
(U.S. Patent No. 2,882,244), :eolite Y (U.S. Patent '.\o. 3,130,00i), 

zeolite ZK-5 (U.S. Patent No. 3,247,195), ieolite ZK-4 (U.S. Patent 
~o. 3,314,752), zeolite :Sti-5 (U.S. Patent No. 3,702,886), :eolite 
-s'111 'us P ,. - -oo 0-9) - 1· ~s"· l"' ··J s .... · _ .. - l .. atent ,,o. -'• .. ,~, , ... eo ite - ,•1- - t• •• :atent '.\o. 
3,832,449), :eolite :s~-20 (U.S. Patent No. 3,972.983), :eolite 

:s~~-35 (U.S. Patent .\o. 4,016,245), and zeolite :s~1-:3 (U.S. Patent 
~o. 4,076,842). 

The Si0/A12o3 ratio of a given :eoli te is often 
variable. For example, zeolite X can be synthesized ~ith 

SiO.,/Al.,0- ratios of from 2 to 3; :eoli te Y, from 3 to 6. In .. .. ;, 

some zeolites, the upper limit of the Si02/Al2o3 ratio is 

unbounded. :s~-1-5 is one such example wherein the SiO.,/Al .,o. - - .) 

ratio is at least 5 and up to the limits of present analytical 

measurement techniques. U.S. Patent No. 3,941,871 (Re. 29,948) 

discloses a porous crystalline silicate made from a reaction mixture 
containing no deliberately added alumina in the recipe and 

exhibiting the X-ray :"' .. fraction pattern characteristic of :SM-5. 
U.S. Patent Nos. 4,061,724, 4,073,865 and 4,104,294 describe 
crystalline silicates of varying alumina and metal content. 

U.S. Patent No. 4,380,685 discloses the para-selective 

alkylation, transalkylation or disproportionation of a substituted 

aromatic compound to provide a mixture of dialkylbeniene compounds 

employing as catalyst a zeolite characterized by a Constraint Index 
of 1 to 12 and a silica/alumina mole ratio of at least 12/1, the 
catalyst having incorporated thereon various metals and phosphorus. 

Other patents covering alkylation and transalkylation processes 
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include U.S. Patent Sos. 4,127,616; 4,361, il3, 4,365,104; ~.36'.",359; 

4,370,508; and, 4,384,155. Conversion of toluene to para-xylene is 
disclosed in U.S. Patent ~os. 3,965,207; 3,965,208; 3,965,209; 

4,001,346; 3,002,698; 4,067,920; 4,100,215; and, 4,152,364. 

Alkylation of aromatics with olefins is disclosed in, for example, 

U\S. Patent Nos. 3,962,364 and 4,016,218. 
U.S. Patent ~o. 3,551,509 and U.S. Patent Re. 27,639 

disclose transalkylation bet~een trimethylbenzenes and toluene to 
yield xylenes and benzene in the presence of .a crystalline 
aluminosilicate catalyst ha\·ing large pore openings of 8 to l~ 

Angstrom units and preferably containing Group VIII metals, hydrogen 
and rare earth cations. 

U.S. Patent \os. 3~1.26,42~; 3,413,374; 3,598,878: 

3,598,879; and, 3,607-,961 describe the vapor-phase 
disproportionation of toluene over various catalysts. · U.S. Patent 
No. 4,117,026 discloses disproportionation of toluene over a 
catalyst comprising a :eolite having a silica/alumina mole ratio of 

at least 12, a C.Onstraint Index of 1 to 12 and a specified sorption 
capacity for xylenes. 

U.S. Patent Re. 31,781 (of original U.S. Patent ~\os. 

4,100,214) discloses the use of from 3 to 30 combined weig·ht percent 
of toluene and c9+ recycle iilaterial as diluents with a rnonocyclic 
alkyl aromatic hydrocarbon feed selected from the xylenes, 

mesitylene, durene, hemimellitene, pseudocumene, prehnitene, 
isodurene and 1,3,5-triethylbenzene for the vapor-phase 
isomerization of said feed employing as catalyst, a zeolite having a 
Constraint Index of 1 to 12, e.g., ZSM-5, ZSM-11, ZSM-12, ZSM-35 and 
ZSM-38. 

The present invention resides in a ~rocess for converting a 
feedstock containing at least one c9+ aromatic compound to a 
product containing c6-c8 aromatic compounds which comprises 
contacting the feedstock with a conversion catalyst comprising a 
zeolite possessing a Constraint Index of 1 to 3. 
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The c9+ aromatics feed employed in the process of this 

invention comprises one or more mononuclear aromatic compounds 

containing at least 9 carbons such as, e.g., trimethylbenzenes, 

dimethylethylbenzenes and diethylbenzenes. Specific Cg+ aromatic 

compounds include mesitylene (1,3,5-trimethylbenzene), durene 

(1,2,4,5-trimethylbenzene) such as is obtained as a by-product of 

the conversion of c1-c4 oxygenates to gasoline, hemimellitene 

(1,2,3-trimethylbenzene), pseudocumene (1,2,4-trimethylbenzene), 

prehnitene (1,2,3,4-tetramethylbenzene), isodurene 

(1,2,3,S-tetramethylbenzene), and mesitylene 

(1, 3, S-triethylbenzene). Using such mononuclear aromatic feeds, it 

is found that the process of the invention can generate products 

having higher xylene/benzene mole ratios than those obtainable with 

:eolite catalysts having a. Constraint Index.of greater than 3, e.g., 

ZSM-5 which possesses a Constraint Index 6-8.3 (when· measured at 

371°C - 316°C). The product xylene/benzene mole ratios herein ~ill 

generally be greater than 0.80, usually greater than 0.90, and often 

greater than 1. 

The feedstock employed in the present process conveniently 

contains benzene or more preferably toluene in addition to the c9+ 

component(s). The optional toluene charge is preferably dried to 

minimize ~ater entering the reaction mixture. Known methods for 

drying toluene are numerous, including percolation through silica 
gel, activated alumina,_ molecular sieves or other suitable 

substances or the use of liquid charge dryers. 
When toluene and/or benzene is additionally present in the 

feedstock, the c9+ aromatics will ordinarily constitute at least 

about 3 w~.\ of the tot~l feed (the balance being toluene and/or 
benzene) and advantageously can comprise up to 70 wt.\ of the mixed 

feedstock. The toluene, when present in the feed, is 

disproportionated to aromatic compounds_ of high value, e.g., 

xylene(s) and benzene, with the more valuable xylene(s) being the 

predominant product(s). 

------- --
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In general, the process of the invention ·can be conducted 
over a wide range of conversion conditions, including a temperature 

of 90 to 675°C, a pressure of 100 to 14000 kPa, a hydrogen to 
hydrocarbon mole ratio of 0 to 10, and a weight hourly space 

velocity (WHSV) of 0.1 to 500. 
More specifically, when the feedstock comprises a c9+ 

alkylbenzene, especially in combination with toluene, the process is 
preferably conducted at a temperature of 250 to 600°C, more 
preferably 300 to 500°C (650 to 1000°F) and a pressure of 100 to 
7000 kPa (atmospheric to 1000 psig), more preferably 445 to 7000 kPa 
(50 to 1000 psig). 1he hydrogen to hydrocarbon mole ratio is 
preferably 0 to 10, more preferably 0 to 3, and most preferably o·to 

2. 
Where the feedstock comprises durene produced by the 

zeolite catalyst conversion of c1-c4 oxygenates, e.g., methanol 
and/or dimethyl ether, to gasoline, the process is preferably 
conducted at a temperature of 90 to 540°C (200 to 1000°F), more 
preferably 315 to 480°C (600 to 900°F), a pressure of 100 to 7000 
kPa (0 to 1000 psig), more preferably 210 to 2170 kPa (15 to 300 
psig), a mole ratio of hydrogen to hydrocarbons of 0 (i.e., no added 
hydrogen is present) to 10, more preferably from 1 to 3, and a 
weight hourly space velocity (WHSV) of 0.1 to 100, more preferably 

0.1 to 10. 
'Ille zeolite catalysts which are useful in the process of 

this invention are those possessing a Constraint Index of 1 to 3. 
1be method by which Constraint Index is determined is described 
fully in U.S. Patent No. 4,016,218. Constraint Index (Cl) values 
for some typical zeolites including some which are suitable as 
catalysts in the process of this invention are: 
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:SM-4 
ZSM-5 

ZSM-11 
ZSM-12· 

ZSM-20 
ZSM-22 

ZSM-23 

ZSM-34 

ZSM-35 
zs~-48 

:s~1-5o 

--6--

:eolite of Table 1 

T>-1~ Off reti te 
TEA ;.1ordeni te 

Clinoptilolite 

Mordeni te 

REY 

CI (at test temperature) , 
0. 5 (316°C) 

6-8.3 (371°C - 316°C) 
5-8.7 "(371°C - 316°C) 

2.3 (316°C) 
0.5 (37l°C) 
7.3 (427°C) 
9.1 (427°C) 

50 (37l°C) 

4.5 (454°C) 

3.5 ( 538°C) 

2.1 (427°C) 

1. 5 ( 4 54 °C) 

3.7 ( 316°C) 

0.4 ( 316°C) 

3.4 ( s10°c) 

0.5 (316°C) 
0.4 ( 316°C) 

Amorphous Silica-alumina 

Dealurninized Y 

0.6 (538°C) 
0.5 (510°C) 

Erionite 
:e.ol i te Beta 

38 (316°C) 

0.6-2.0 (316°C-399°C) 

As will be seen from the above table, the Constraint Index 

of certain zeolites ·,:O:·ies with the conditions, e.g., temperature, 
of the test and it is to be understood that a zeolite is useful in 
the process of the invention if it exhibits a Constraint Index of 1 

to 3 when tested at at least one temperature within the range of 

290°C to 538°C. 
Useful zeoli tes for the present process there.fore include 

ZSM-12 and zeoli te beta. ~iore preferably, the process employs a 
zeolite having in its calcined form, an X-ray diffraction pattern 

with the lines listed in Table 1 below: 



Interplanar d-Spacing (A) 

12.36 + 0.4 
11.03 + 0.2 

8.83 + 0.14 
6.18:; 0.12 
6.00 + 0.10 
4.06 + 0.07 
3.91 :; 0~07 
3,42 + 0,06 

7 --

TABLE I 
Relative Intensity, I/Io x 100 

M-VS 
M-S 
M-VS 
M-VS 
W-M 
w-s 
M-VS 
vs 

I R ·f-,~pj" j-1. .. r;i:~T· r s·;UE~-.-;p 
- ,,...1. •. , ... __ .. J. vi. .•• .-.~?.oLi.J.!.' .l 11 ..1.U 1 
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more specifically the lines listed in Table II below: 

Interplanar d-Spacing (A) 

30.0 + 2.2 
22.1 + 1.3 

12.36 + 0.4 
11.03:; 0.2 
8.83 + 0.14 
6.18 :; 0.12 
6.00 + 0.10 
4.06 + O.Oi 
3.91 + 0.07 
3.42 + 0,06 

TABLE II 
Relative Intensity, I/Io x 100 

W-M 

"" M-VS 
M-S 
M-VS 
M-VS 
W-M 
w-s . 
M-VS 
vs 

and yet more specifically the lines listed in Table III below: 

Interplanar d-Spacing (A) 

12.36 + 0.4 
11.03 + 0.2 

8,83 + 0,14 
6.86:; 0.14 
6.18 + 0.12 
6.00:; 0.10 
5.54 + 0.10 
4.92 + 0,09 
4,64 + 0.08 
4,41 :; 0,08 
4,25 + 0.08 
4,10 + 0,07 
4.06 + 0,07 
3.91 + 0,07 
3,75 + 0,06 
3,56:; 0,06 
3,42 :; 0.06 
3,30 :; o.os 
3.20 :; o.os 
3.14:; o.os 
3,07 + 0,05 
2,99:; 0,05 
2,82 + 0,05 
2,78:; 0,05 
2,68 + 0,05 
2,59 + 0.05 

TABLE III 
Relative Intensity, I/Io x 100 

M-VS 
M-S 
M-VS 
W-M 
M-VS 
W-M 
W-M 
w 
w 
W-M 
w 
w-s 
w-s 
M-VS 
W-M 
W-M 
vs 
W-M 
W-M 
W-M 
w 
w 
w 
w 
w 
w 
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Most specifically, the calcined zeolite has an X-ray diffraction 
pattern which includes the lines listed in Table IV below: 

TABLE I\' 

Interplanar d-Spacing (A) 

30.0 + 2.2 

Relative Intensity, I/Io x· 100 

22.1 + 1.3 
12.36 + 0.4 
11.03 + 0.2 
8. 83 ;;: 0.14 
6.86 + 0.14 
6.18 + 0.12 
6.00:; 0.10 
5.54 + 0.10 
4. 92 + 0.09 
4.64 + 0.08 
4.41 + 0.08 
4.25 :; 0.08 
4.10 + 0.07 
4.06 + 0.07 
3.91 + 0.07 
3.75:; 0.06 
3.56 + 0.06 
3.42 + 0.06 
3.30 + o.os 
3.20 + o.os 
3.14 + o.os 
3.07 + o.os 
2.99 + o.os 
2.82 + o.os 
2.78 + o.os 
2.68 + 0.05 
2.59 + o.os -

These values were determined by standard 

W-M 
w 
M-VS 
M-S 
M-VS 
W-M 
M-VS 
~·-M 

W-M 
w 
w 
W-M 
w 
w-s 
w-s 
.M-VS 
W-M 
W-.M 
vs 
W-M 
W-M 
W-M 
w 
w 
\\' 
w 
w 
w 

techniques. The 
radiation was the K-alpha doublet of copper-and a diffractometer 
equipped with a scintillation.counter ~d an associated computer was 
used. The peak heights, I, and the positions as -a ftmction of 2 
theta, where theta is the Bragg angle, were determined using 
algorithms on the computer associated with the diffractometer. From 
these, the relative intensities, 100 I/I

0
, where I is the . 0 

intensity of the strongest line or peak, and d (obs.) the 
interplanar spacing in Angstroms Units (A), corresponding to the 
recorded lines, were determined. In Tables I-IV, the relative 
intensities are given in terms of the symbols W=weak, M=medium, 
S=strong and VS=very strong. In terms of intensities, these may be 
generally designated as follows: 
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w i:: 0 - 20 

M = 20 - 40 
s = 40 - 60 

vs = 60 - 100 

It should be understood that these X-ray diffraction pattenis are 

characteristic of all species of the zeolite. The sodium form as 

well as other cationic forms reveal substantially the same pattern 

with some minor shifts in interplanar spacing and variation in 

relative intensity. Other minor variations ~an occur depending on 

the Y to X, e.g., silicon to aluminum, mole ratio of the particular 

sample, as well as its degree of thermal treatment. 

The zeoli te of Tables I - n· generally has a composition 

involving the molar relationship: 
x2o3: (n)Yo2, 

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 at least 

10, usually from 10 to 150, more usually from 10 to 60, and even 

more usually from 20 to 40. In the as-synthesized form, the zeolite 

has a formula, on an anhydrous basis and in terms of moles of oxides 

per n moles of Y02, as follows: . 

(0.005-0.l)NazO:(l-4)R:X203:nY02 
wherein R is an organic component. The Na and R components are 

associated with the zeolite as a result of their presence during 
crystallization, and are-easily removed by post-crystallization 
methods hereinafter more particularly described. 

The above zeolite is thermally stable and exhibits 

high surface area (greater than 400 m2/gm as measured by the 

BET [Bruenauer, E11111et and Teller] test). In addition, the 

zeolite normally exhibits equilibrium adsorption capacities 

greater than 4.5 wt.% for cyclohexane vapor, greater than 10 wt.% 

for n-hexane vapor and preferably greater than 10 wt.% for water 

vapor. As is evident from the above formula, the zeolite is 

synthesized nearly free of Na cations. It can therefore be used as 
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a catalyst with acid activity without an exchange step. To the 

extent desired, however, the original sodium cations of the 

as-synthesized zeolite and the other zeolites useful in the present 

process can be replaced in accordance with techniques well known in 

the art, at least in part, by ion exchange "ith other cations. 

Preferred replacing cations include metal ions, hydrogen ions, 

hydrogen precursor, e.g., ammonium, ions and mixtures thereof. 
Particularly preferred cations are those which tailor the catalytic 

activity for transalkylation/disproportionation. These include 

hydrogen, rare earth metals and metals of Groups IIA, IIIA, IVA, IB, 
IIB, IIIB, IVB and VIII of the Periodic Table of the Elements. 

The :eolite defined in Tables I - I\' can be prepared from a 

reaction mixture containing sources of alkali or alkaline earth 

;netal (M), e.g., sodium or potassium, cation, an oxide of trivalent 

element X, e.g, aluminum, an oxide of tetravalent element Y, e.g., 
silicon, an organic (R) directing agent in the form of 

hexamethyleneimine and water, said reaction mixture having a 

composition, in terms of mole ratios of oxides, within the following 

ranges: 

~eactants Useful Pref erred 

YO.,/X.,O .. 10 - 60 10 - .io - ,;. ~ 

11._0/YO., 5 - 100 10 - 50 .. 
OH- /Y02 0.01 - 1.0 0.1 - 0.5 

~/YO., 0.01 - 2.0 0.1 - 1. 0 

R/YO., 0.05 - l. 0 0.1 - 0.5 

In a pref erred synthesis method the Y02 reactant contains 
a substantial amount of solid Y02, e.g., at least about 30 wt.% 

solid Y02. Wbere Y0 2 is silica, the use of a silica source 
containing at least about 30 wt.% solid silica, e.g., Ultrasil (a 

precipitated, spray dried silica containing about 90 wt.% silica) or 

HiSil (a precipitated hydrated Si02 containing about 87 wt.% 

silica, about 6 wt.% free H2o and about 4.5 ~'t.% bound H2o of 
hydration and having a particle size of about 0.02 micron) favors 
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crystal fonnation from the above mixture. If another source of 

oxide of silicon, e.g., Q-Brand (a sodium silicate comprised of 

about 28.8 wt.% of Si02, 8.9 wt.% ~a2o and 62.3 \oi"t.~o H20) is 

used, crystallization may yield little if any of the desired 

crystalline material and impurity phases of other crystal st11.1ctures 

may be produced. Preferably, therefore, the YO~, e.g., silica, .. 
source contains at least about 30 wt.\ solid Y02, e.g., silica, 

and more preferably at least about 40 wt.% solid YO~, e.g., silica. 

Crystallization can be carried out .at either static or 

stirred conditions in a suitable reactor vessel such as, e.g., 

polypropylene jars or teflon-lined or stainless steel autoclaves. 
Suitable crystalli~ation conditions include a temperature of 80°C to 

:25°C for a time of 25 hours to 60 days. Thereafter, the crystals 

are separated from the liquid and recovered. 

Synthesis is facilitated by the presence of· at least about 

0.01 percent, preferably about 0.10 percent and still more 

preferably about 1 percent, seed crystals (based on total weight) of 

the required crystalline product. 

The zeolite conversion catalysts used in the process of the 

invention are conveniently employed in intimate combination -with a 

hydrogenating component such as tungsten, vanadium, molybdenum, 

rhenium, nickel, cobalt, chromium, manganese, or a noble metal such 

as platinum or palladium where a hydrogenation-dehydrogenation 

function is to be performed. Such component can be introduced in 

the catalyst composition by way of co-crystallization, exchanged 

into the composition to the extent a Group IIIA element, e.g., 

aluminum, is in the structure, impregnated therein or intimately 

physically admixed therewith. Such component can be impregnated in, 

or on, the zeolite such as, for example, by, in the case of 

platinum, treating the zeolite with a solution containing a platinum 

metal-containing ion. Thus, suitable platinum compounds for this 

purpose include chloroplatinic acid, platinous chloride and various 

compounds containing the platinum amine complex. 
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Prior the use in the process of the invention, the selected 

zeolite catalyst is preferab~y combined with another material which 

is resi~tant to the temperatures and other conditions employed in 

the process. Such materials include active and inactive materials 

and synthetic or naturally occurring zeolites as well as inorganic 

materials such as clays, silica and/or metal oxides such as 

alumina. The latter may be either naturally occurring or in the 

fonn of gelatinous precipitates or gels including mixtures of silica 

and metal oxides. Use of a material in conjunction with the 

catalyst zeolite, i.e., combined therewith or present during its 

synthesis, which itself is cata.lytically active may change the 

conversion and/or selectivity of the catalyst. Inactive materials 

suitably serve as di luents to control the amount of conversion so 

that transalkylated/ disproportionated products can be obtained 

economically and orderly "-"i thout employing other means for 

controlling the rate of reaction. 1bese materials may be 

incorporated into naturally occurring clays, e.g., bentonite and 

kaolin, to improve the crush strength of the catalyst under 

conunercial alkylation operating conditions. Said materials, i.e., 

clays, oxides, etc., function as binders for the catalyst. It is 

desirable to provide a catalyst having good crush strength because 

in commercial· use, it is desirable to prevent the catalyst from 

breaking down into powder-like materials. These clay binders have 
been employed nonnally only for the_purpose of improving the crush 

strength of the catal:= :°:.. 
Naturally occurring clays which can be composited with the 

zeolite catalyst herein include the montmorillonite and kaolin 

family, which families include the subbentonites, and the kaolins 

coounonly known as Dixie, M~~amee, Georgia and Florida clays or 

others in which the main mineral constituent is halloysite, 

-kaolinite, dickite, nacrite, or anauxite. Such clays can be used in 

the raw state as originally mined or initially subjected to 

calcination, acid treatment or chemical modification. Binders 

useful for compositing with zeolite also include inorganic oxides, 

notably alumina. 
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In addition to the foregoing materials, the zeolite 

catalyst can be composited 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, si lica-alumina-zi rconia, silica-ahunina­

magnesia and silica-magnesia-zirconia. It may also be advantageous 

to provide at least a part of the foregoing matrix materials in 

colloidal form so as to facilitate extrusion of the bound catalyst 

component( s). 
The relative proportions of finely divided crystalline 

material and inorganic oxide matrix vary widely, ~.;i th the crystal 

content ranging from 1 to 90 percent by weight and ;nore usually, 

particularly when the composite is prepared in the fonn of beads·, in 

the range of 2 to 80 weight percent of the composite. 

The stability of the zeoli te catalyst may be increased by 

steaming, with suitable steam stabilization conditions include 

contacting the catalyst with, e.g., 5-100% steam at a temperature of 

at least 300°C (e.g., 300-650°C) for at least one hour (e.g., 1-200 

hours) at a pressure of 100-2,500 kPa. In a more particular 

embodiment, the catalyst can be made to undergo steaming with 

75-100% steam at 315-500°C and atmospheric pressure for 2-25 hours. 

The invention will now be more fully described with 

reference to the following Examples and the accompanying drawings in 

-which: 
Figures 1-5 are X-ray diffraction patterns of the calcined 

crystalline material products of Examples 1, 3, 4, 5 and 7, 
respectively. 

In the Examples, whenever sorption data are set forth for 

comparison of sorptive capacities for water, cyclohexane and/or 

n-hexane, they were Equilibrium Adsorption values detennined as 

follows: 
A weighed sample of the calcined adsorbent was contacted 

with the desired pure adsorbate vapor in an adsorption chamber, 

evacuated to less than 1 mm Hg and contacted with 1.6 kPa (12 Torr) 
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of water vapor or 5.3 kPa (40 Torr) of n-hexane or 5.3 kPa (40 Torr) 

of cyclohexane vapor, pressures less than the vapor-liquid 

equilibrium pressure of the respective adsorbate at 90°C. The 

pressure was kept constant (within about~ 0.5 mm Hg) by addition of 

adsorbate vapor controlled by a manostat during the adsorption 

period, which did not exceed 8 hours. As adsorbate was adsorbed by 

the zeolite, the decrease in pressure caused the manostat to open a 

valve which admitted more adsorbate vapor to the charaber to restore 

the above control pressures. Sorption was complete when the 

pressure change was not sufficient to activate the manostat. The 

increase in weight ~as calculated as the adsorption capacity of the 

sample in g/100 g of calcined adsorbent. 

~\hen Alpha \'alue is examined, it is noted that the Alpha 

Value is an approximate indication of the catalytic cracking 

activity of the catalyst compared to a standard catalyst and it 

gives the relative rate constant (rate of nonnal hexane conversion 

per volume of catalyst per unit time). It is based on the activity 

of a highly active silica-alumina cracking catalyst taken as an 

Alpha of 1 (Rate Constant = 0. 016 sec-1). The Alpha Test which 

was used herein is described in J. Catalysis, g, pp. 390-396 

(1980). It is noted that intrinsic rate constants for many 

acid-catalyzed reactions are proportional to the Alpha Value for a 

particular zeolite catalyst, i.e., the rates for toluene 
disproportionation, xylene isomerization, alkene conversion and 

methanol conversion (see "The Active Side of Acidic Aluminosilicate 

Catalysts," Nature, Vol. 309, No. 5969, pp. 589-591, 14 June 1984). 

EXAMPLE r 
1 part of sodium aluminate (43.5% Al 2o3, 32.2% Na 2o, 

25.6% H2o) was dissolved in a solution containing 1 part of 50% 

NaOH solution and 103.13 parts H2o. To this was added 4. SO parts 

hexamethyleneimine. The resulting solution was added to 8.55 parts 

of Ultrasil, a precipitated, spray-dried silica (about 90% SiO~). 
"" 
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The reaction mixture had the following composition, in mole 

ratios: 
SiOzlA1203 
(}l /Si02 
H20/Si02 
Na/Si02 
R/Si02 

where R is hexamethyleneimine. 

= 

= 
= 
= 
= 

30.0 

0.18 

44.9 

0.18 
0.35 

The mixture was crystallized in a stainless steel reactor, 

with stirring, at 150°C for 7 days. The crystalline product was 

filtered, washed Mith water and dried at 120°C. After a 20 hour 

calcination at 53B°C, the X-ray diffraction pattern contained the 

;najor lines listed in Table \'. Figure 1 shows the X-ray diffraction 

pattern of the calcined product. 1he sorption capacities of the 

~ calcined material were measured to be: 

H20 
Cyclohexane 

n-Hexane 

15.2 lit.% 

14.6 wt.% 
16.7W't.% 

The surface area of the calcined crystalline material was measured 
') 

to be 494 m"/g. 
The c hemi ca 1 composition of the uncalcined material was 

determined to be as follows: 
Component wt.~ 

Si02 66.9 

Al2o3 5.40 

Na 0.03 

N 2.27 
Aslf .. 76.3 

sio2/A1 2o3, mole ratio - 21. l 
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TABLE V 

Degrees Interplanar 
2-Theta d-Spacing (A) 

2.80 31. 55 
4.02 21. 98 
j .10 12 .45 
i.95 11.12 

10.00 8.85 
12 .90 6.86 
14.34 6.18 
14. 72 o.02 
15.90 5.57 
17.81 4.98 
20.20 4 .40 
20.91 4.25 
21.59 4.12 
21. 92 ·L06 
22.67 3.92 
23.70 3.'75 
24 .97 3. Si 
25.01 3.56 
26.00 3.43 
26.69 3.31 
27. 75 3. 21 
28.52 3 .13 
29.01 3.08 . 
29.71 3.01 
31. 61 2.830 
32.21 2. 779 
33.35 2. 68i 
34. 61 2.592 

EXAMPLE 

III.e, 
., .. 
.. :> 
10 
96 
47 
51 
11 
42 
15 
20 

::> 

20 
::> 

20 
13 
30 
13 
15 
20 

100 
14 
15 
10 

5 
::> 

5 
5 
,:) 

:> 

.., .. 
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A ponion of the calcined ·crystalline product of Example 1 
was tested in the Alpha Test and was found to have an Alpha Value of 
224. 

EXAMPLES 3-5 

Three separate synthesis reaction mixtures were prepared 
with compositions indicated in Table VI. 'Ibe mixtures were prepared 
with sodium alurninate, sodium hydroxide, Ultrasil, 
hexamethyleneimine (R) and water. 'Ihe mixtures were maintained at 
150°C, 143°C and 150°C, respectively, for 7, 8 and 6 days 
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respectively in stainless steel autoclaves at autogenous pressure. 

Solids were separated from any unreacted components by filtration 

and then water washed, followed by drying at 120°C. The product 

crystals were analyzed by X-ray diffraction, sorption, surface area 

and chemical analyses. The results of the sorption, surface area 

and chemical analyses are presented in Table VI and the X-ray 

diffraction patterns are presented in Figures 2, 3 and ~' 

respectively. The sorption and surface area measurements were of 

the calcined product. 
TABLE VI 

Example 

Synthesis t•i"ixture, mole ratios 

S i0 2/Al 2o3 
QH- /SiO.., .. 
HzO/SiOz 
~a/Sio2 
R/Si0 2 

Product Composition, Wt.% 
SiO.., 

Al 2o3 
:-ia 

N 

Ash 

Si02/A1 2o3, mole ratio 

Adsorption, Wt.% 
H2o 
Cycl ohexane 

n-Hexane 

Surface Area, m2/g 

30.0 

0.18 

19.4 

0.18 

0.35 

64.3 

4. &5 

0.08 

2.~o 

i7 .1 

22.5 

14.9 

12.S 

14.6 

*81 

30.0 

0.18 

19.4 

0.18 

0.35 

68.5 

5.58 

0.05 

2.33 

i7.3 

20.9 

13.6 

12. 2 

16. 2 

492 

30.0 

0.18 

44.9 

0.18 

0.35 

74.S 

4.87 

0.01 

2.12 

78.2 

26.0 

14.6 

13.6 

19.0 

487 
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EXAMPLE 6 

Quantities of the c~lcined (538°C for 3 hours) crystalline 

silicate products of Examples 3, 4 and S were tested in the Alpha 

Test and found to have Alpna Values or 227, 180 and 187, 

respectively. 

EXAMPLE 7 

To demonstrate a further preparation of the present 

zeolite, 4.49 parts of hexamethyleneimine was added to a solution 

containing 1 part of sodium aluminate, 1 part of SO~ ~aCh solution 

and 44.19 parts of H2o. To the combined solution were added 8.54 

parts of Ultrasil silica. The mixture was crystallized •ith 

agitation at 145°C for 59 hours and the resultant product ~as ~ater 

washed and dried at 120°C. 

The X-ray diffraction pattern· of the dried product crystals 

is presented in Figure 5. Product chemical composition, surface 

area and adsorption analyses results were as set forth in Table VI I: 

TABLE VII 

Product carq:osi tion (un:alcined) 

c 12.1 wt.% 

Na 

.i\.l zO 3 

Si Oz 
Si0/A12o3, 

Adsorption, wt.\ 

Cyclohexane 

N-Hexane 

HzO 

• 
mole ratio 

Surface Area, m2/g 

L98 wt.~ 

640 ppm 
5. 0 "'t. •. \ 

74.9 wt.% 

25.4 

9.1 
14. 9 

16.8 

479 
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EXA~LE 8 

25g grams of solid crystal product from Example 7 were 
calcined in a flowing nitrogen atmospheres at 538°C for 5 hours, 
followed by purging ~ith 5~ oxygen gas (balance ~2 ) for another 16 
hours at 538°C. 

Individual 3g samples of the calcined rnat~rial were 
ion-exchanged 'liith 100 ml of O.lN TEABr, TPABr and LaCl~ solution 

.) 

separately. Each exchange was carried out at ambient temperature 
for 24 hours and repeated three times. The exchanged samples were 
collected by filtration, ~ater-washed to be halide-free and dried. 
The compositions of the exchanged samples are tabulated belo~. 

Exchange Ions 
Ionic Composition, ~t.~ 

)ia 

N 
c 
La 

TEA 

0.095 
0.30 
2.89 

EXAMPLE 9 

TPA 

0.089 
0.38 
3.63 

La 

0.063 
0.03 

1. 0-1 

The La-exchanged sample from Example 3 was sized to 14 to 
25 mesh and then cal:ined in air at 538°C for 3 hours. The calcined 
material had an Alpha Value of 173. 

EXAMPLE 10 
1he calcined sample La-exchanged material from Example 9 

was severely steamed at 649°C in 100% steam for 2 hours. 1be 
steamed sample had an Alpha Value of 22, demonstrating that the 
zeolite had very good stability under severe hydrotheI1nal treatment. 

EXAMPLE 11 

Tilis example illustrates the preparation of the present 
zeolite where X in the general formula, supra, is boron. Boric 
acid, 2.59 parts, was added to a solution containing 1 part of 45% 
KOH solution and 42.96 parts H2o. To this was added 8.56 parts of 
Ultrasil silica, and the mixture was thoroughly homogenized. A 3.88 

parts quantity of hexamethyleneimine was added to the mixture. 
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The reaction mixture had the following composition in mole 

ratios: 

. Si02/B203 = 6.1 

Off /SiO., = 0.06 
~ 

HzOISiOz =· 19.0 

K/Si02 = 0.06 

R/Si02 = 0.30 

where R is he.xamethylenei:nine. 
The mixture was crystallized in a stainless' steel reactor, 

with agitation, at 150°C for 8 days. 1be crystalline product was 
filtered, washed with water and dried at 120°C. A portion of the 
product was calcined for 6 hours at 540°C and found to have the 
f ollo~·ing sorption capacities: 

H~O 11.7 wt.% .. 
Cycl ohexane 
n-Hexane 

7.5 wt.\ 

11.4 wt.\ 

The surface area of the calcined crystalline material was measured 
(BET) to be 40Sm

2/g. 
The chemical cornposi tion of the uncalcined material was 

deter:nined to be as follows: 
N 1. 94 wt.\ 

Na 175 ppm 
K 0.60 -~.\ 
Boron 1.04 wt.\ 

Al2o3 920 ppm 
Si02 75.9 wt.\ 

Ash 74.11 'wt.\ 

Si02/Al 2o3, molar ratio = 1406 
Si02/(Al+B) 2o3, molar ratio= 25.8 

EXAMPLE 12 
A portion of the calcined crystalline product of Example 11 

was treated with NH4Cl and again calcined. 'Ole final crystalline 
product was tested in the Alpha Test and f otmd to have an Alpha 
Value of 1. 
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EXA.\iPLE l 3 

Tilis example illustrates another preparation of the :eolite 

in which X of the general for:nula, supra, is boron. Boric acid, 

2.23 parts, was added to a solution of 1 part of SO\ Saai solution 

and 73.89 parts H2o. To this solution was added 15.29 parts of 

HiSil silica followed by 6.69 parts of hexamethyleneimine. The 

reaction mixture had the following composition in mole ratios: 

Si02/B2o3 
G( /SiO., .. 
H.,O/SiO., ... ... 
l\/S i0 2 
R/SiO., ... 

= 12.3 

= 0.056 

= 18. 6 

= 0.056 

= 0.30 

where R is hexamethyleneimine. 

The mixture was crystallized in a stainless steel reactor, 

with agitation, at 300°C for 9 days. The crystalline product \ro·as 

filtered, washed with water and dried at 120°C. The sorption 

capacities of the calcined material (6 hours at 540°C) were measured: 

HzO 14.4 wt.% 

Cyclohexane 4.6 wt.\ 

n-Hexane 14.0 wt.% 

The surf ace area of the calcined crystalline material was measured ., 
to be 43&n-/g. 

The chemical composition of the uncalcllled material wa& 

deter~ined to be as follows: 

Component 
N 
Na 

Boron 

Wt.\ 
2.~ 

0.06 

0.83 

Al 2o3 0.50 

Si02 73.4 

Si02/Al 2o3, molar ratio = 249 

Si02/(Al+B) 2o3, molar ratio= 28.2 
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EXAMPLE 14 

A portion of the calcined crystalline product of 

Example 13 was tested in the Alpha Test and foWld to have an 

Alpha Value of 5. 

EXAMPLES 15 and 16 

These examples illustrate the catalytic conversion of 

a mixture of toluene and a c9+ aromatics feed with a zeolite 
of Tables I - IV (Example 15) and compare the perfor:nance of 

this zeolite with that of 2SM-5, i.e., a catalyst which is 

outside the scope of this invention, (Example 16). 

The zeolite of the invention ~as prepared by adding 

4.49 parts hexamethyleneimine to a mixture containing 1.00 part 

sodium alurninate, 1.00 part 50% NaOH, 8.54 parts Ultrasil VN3 

and 44.19 parts deionized H2o. The reaction mixture ~as· 

heated to l43°C (290°F) and stirred in an autoclave at that 

temperature for crystallization. After full crystallinity was 

achieved, the majority of the hexamethyleneimine was removed 

from the autoclave by controlled distillation and the zeolite 

crystals separated from the remaining liquid by filtration, 

washed with deionized H~O and dried. A 65 wt.% zeolite/35 
'" wt.% Al~O~ catalyst composition was prepared from the - .) 

zeolite by extrusion. The material was then dried overnight at 
120°C (250°F), calcined ·at 480°C (900°F) for three hours in 

3v/v/min N2, then treated with 50 vol.% air/50 vol.% ~ 2 at 

3v/v/min, also at 480°C (900°F) for one hour. The calcination 

was comple.ted by raising the temperature to 540°C (l000°F) at 

3°C (5°F)/min and finally s~itching to 100% air (3v/v/min) and 

holding at this temperature for three hours. A similar process 

was used to prepare the ZSM-5 catalyst. 

Ille properties of the zeolite catalyst compositions 

are set forth in Table VIII as follows: 
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TABLE VIII L-·-·---
:eolite of Tables I-Ir :s~-5 

Si02/Al 2o3, raolar 25 26 

Alpha Value 215 423 

Sodium, ppm 630 135 
·1 

Surf ace area, m'"/g 451 -.,~ 

"'-=> 
Real density, g/CC 2.Si 2. 64 

Particle density, glee 0.82 0.87 

Pore volume, cc1g 0.83 O.i7 

The C:::+ aromatics feed had the composition set forth in 
Table IX as folloi.·.s: 

TABLE IX 
\•It . % '.•tole% 

Ethylben:ene 0.02 o.o::: 
p-Xylene 0.14 0.16 

o-Xylene 0.36 0. 41 

c9 Aromatics 83.29 84 .60 
1}fB (trimethylben:ene) 39.05 39.66 

MEB (methvlethvlbenzene) 37.38 -- o-.)I.~-. . 
c10+ Aromatics 15.53 14.28 

DEB (dimethylethylben:ene) 6.59 6.00 

DMEB 4. Sl 4.10 

Total Xylenes a.so 0.58 

Total Aromatics 99.34 99.49 
Total ~on-Aromatics 0.00 0.00 

1he total feed compositions are shown in Table X as follows: 
TABLE X 

Total Feed C.Omposition 
Example 15 

67 .45 

31. 84 
0. 71 

Example 16 

66.86 

31. 88 

1. 26 
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Each of the experiments was conducted in a stainless steel 

reactor having an external di~meter of 1 cm at 4240 kPa (600 psig), 

4 hr-1 weight hourly space velocity (based on zeolite) and a 

hydrogen/hydrocarbon mole ratio of 2. The toluene was initially 

passed over the catalyst in each instance ~t a temperature required 

to maintain 48 + 1 wt.% toluene conversion. 

Table XI belo~ sets ·forth the reaction conditions and the 

product distributions: 

Conditions 
Temperature(l), °F 

Toluene Conversion, 

wt.% 

c9+ Conversion, wt.% 

Product Distributions 

C-, "'·t..~ 
:> 

Benzene 

Toluene 
Ethylben:ene 
p-Xylene 
rn-Xylene • 
o-Xylene 

Xylene/Benzene 

mole ratio 

c9+, wt.% 

TABLE XI 
Product Results 

Example 15 Example 16 

885 750 

48( 2) 48( 2) 

66 62 

i.53 7.16 

16.94 19. 86 

39.63 38.31 

1. 37 1. 34 
5.74 5.04 

12.26 10.93 

5.59 4.86 

1. 02 0. 77 

10.94 12.50 

(l)Initial temperature required to maintain 48 .:!:.. l wt\ toluene 

conversion. 
(Z)Initial toluene conversion which became 41 wt% and 43 w~\, 

respectively in Examples 15 and 16 .~fter c9+ feed addition. 
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It is observed from these experiments that the present 

process, exemplified by Example 15, provides increased product 

xylene when corapared to the experiment conducted ~ith a similar feed 

but using :sM-5 catalyst. 

An additional benefit provided by the present process is 

the increased C9+ conversion (Example 17: 66 wt.% compared to 

Example 18: 62 wt.%). 

EXAMPLES 17 and 18 

The process of Examples 15 and 16 was repeated ~ith feed 

compositions shown in Table XII below and with the weight hourly 

space velocity increased to 6 hr-1. Product distributions from. 

these experiments are presented in Table XIII belo~. 

TABLE XII 

ExamEle 17 Example 18 

Toluene 67 .45 66.55 

Cg+ 31. 84 32.17 

C9· 0. 71 1. 28 

TABLE XIII 

Examole 17 Exam:ele 18 

Catallst Zeolite of Tables I-IV :SM-5 

Product Distribution 
c5-, wt% 5.33 6,og 

Benzene , wt% 15. 71 18. 51 

Toluene, wt% 41.90 3g, 61 

Ethylbenzene, wt% 1. 66 1.40 

p-Xylene, wt% 5.45 4,g7 

m-Xylene, wt% 11. 55 10.61 

o-Xylene, wt% s.:n 4.62 

Xylene/Benzene, 

mole ratio 1. 04 0.80 

Cg+, wt% 13.09 14.19 
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The results of Examples _17 and 18 again demonstrate the 

unexpected improvement of the present invention. 'Dle product mole 

ratio of xylene/benzene was 1. 04 for Example li compared to only 

0.80 for Example 18. 

EXAMPLE 19 

This example compares the perfonnance of two :eolite Beta 

catalyst compositions for the conversion of a mixture of toluene ~nd 

mesitylene with that of three ZSM-5 catalyst compositions. 

The conversion conditions included a toluene to mesitylene 

mole ratio of 2:1, a hydrogen to hydrocarbon mole ratio of 1:1, a 

te~perature of 427°C (800°F) (except where otherwise noted) a 

pressure of 1825 kPa (250 psig) and a WHSV of 5. 

hours. 

follows: 

Analyses of reaction products were conducted at 4 and at 24 

Tile results of the conversions are set forth in Table Xlv as 



T/\JlLE XIV 

Results of Catalytic Disproportionation of Toluene with Mesitylcnc 

Time 011 Stream: i1 !lours 

r.lcsity lcne Toluene l\lky 1 liroup Ring Con- Xylene/ 

Conversion, \ Convc rs ion, \ Selectivity, \ scrvalion, \ Benzene Mole Ratio 

Zeoli le 

1 wt.\ Ni-ZSM-5 43.3 27.0 93.7 98.6 4.17 

ZSM-S 59.2 39.8 86.(J 100.7 l. 96 

Stemncd ZSM-S 43.<> 113. 5 93.S 99. l 2.44 

Steamed Dela 61. s 35.{J 94.3 99.8 7 .14 

Steamed 

0.1 wt.\ l't-Bcla 60.5 ·11. 6 94.7 97.8 7.69 

Time On ~lream: 24 llours 

Mesitylene Toluene Alkyl Group Ring Con- Xylene/ 

Conversion, \ Conversion_, \ Se lee ti v ity, \ scrva ti on, \ Benzene Mole Ratio 

Zeolite 

1 wt.\ Ni-ZSM-5 42.S 28.2 94. 2 . 98.7 ". 00 

ZSM-5 

Steamed ZSM-S 37.S 44. 0 93.9 99.0 2.13 

Steamed Beta 57.l 27. 4 911. 2 J00.3 9.09 

Steamed 

0.1 wt.\ Pt-Beta 60.8 37.S 911. 4 98.4 8.33 

I 
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These data show that the zeolite Beta catalyst compositions 

~ere more active, more stable and more selective (fonnation of more 
xylene than benzene) than the ZSM-5 catalyst compositions. The 
addition of 0.1% platinum to. the Beta catalyst composition further 
improved stability while maintaining the noted advantage in the 
xylene/benzene mole ratios. 

EXAMPLES 20-22 
These examples compare the performance of two catalysts the 

use of which is within the scope of the invention, i.e., 0.1 wt.% 
Pt-zeolite Beta (Example 20) and 0.1 wt.% Pt-ZS~!-12 (Example 22), 
with a zeolite the use of which is outside the scope cf the 
invention, i.e., 0.1 ~~.% Pt-mordenite (Example 21). Each catalyst 
composition contained 65% of the zeolite and_ 35\ r\aiser alumina. 
The catalysts were steamed :for 10 hours at S40°C ( l000°F) for the 
zeolite Beta and 4 hours at 480°C (900°F) for the mordenite and 
ZSM-12 at atmospheric pressure and 100% steam. These steaming 
conditions provided catalysts having Alpha Values of approximately 
50 prior to impregnation with platinum. 1be platinum was 
incorporated in each steamed catalyst by the incipient wetness 
technique using chloroplatinic acid. 

Analysis of the c9+ aromatic feed employed in these 
examples is set fonh below in Table "f:\7 as follows: 
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TABLE XV 
C9+ Aromatics Feed Composition 

Companent Wt. % 

Xylene 0.26 
Trimethyl benzene 38.78 
Ethyl toluene 37.59 
Propylbenzene 5. 70 
Di-ethyl benzene ~ -., :>. 1 .. 

Di-methylethylben:ene 4.65 

Total Cg Aromatics 83.39 
Total C10 Aromatics 14.36 

Total Aromatics 99.34 
Total Son-aromatics 0.00 

I ~.::r~J::i:i:=;:;r,,;;~-~T snErr 
I . 19 SEP 1996 I 
r 

Four feeds tocks were evaluated: a 60/40 wt.% toluene/Cg+ 

aromatics blend (Feedstock A), a 40/60 ~t.% toluene/C9+ aromatics 

blend (Feedstock B), the c9+ aromatics feed by itself (Feedstock 
C) and the c9+ aromatics feed containing 10 w~.% n-decene 

(Feedstock D). lbe results obtained with each of the three catalyst 

compasitions and each of the foregoing four feedstocKs is sununarized 

in Table XVI as follows: 
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TABLE XVI 

.Example 20 Example 21 Example 22 

Feedstock. A, ... Conversion .. 
Trime~hylbenzene 62 57 54 

Ethyl toluene 55 68 70 

c10 Aromatics 37 49 -a ., ~ 
Xylene/Benzene Moie 

Ratio 2.86 1. 96 1. 79 

Feedstock B, % Conversion 

Trimethylbenzene 53 -., =>- 58 

Ethyl toluene 51 :> :> 68 

c10 Aromatics 15 35 31 

Xylene/Ben::ene ~-tole 

Ratio 3.85 3.03 :.70 

Feedstock c, % Conversion 

Trimethylbenzene 44 40 .. ., 
:> .. 

Ethyl toluene 66 66 
..,.., 
I I 

ClO Aromatics <. 1 31 31 

Xylene/Benzene Mole 

Ratio 5.88 5.26 6.67 

Feedstock D, "· Conve:- : on .. ~-

Trimethylbenzene 21 34 34 

Ethyl toluene 42 56 68 

c10 Aromatics 9 17 

Xylene/Benzene ~ole 

Ratio 2.86 4.55 5.88 
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In each example, 10 cc. of catalyst composition crushed to 
20/60 mesh was introduced into a stainless steel reactor which was 
then heated to constant reaction temperature 427°C and pressure 1825 
kPa in flowing hydrogen. The hydrocarbon feed, i.e., toluene and 
the foregoing c9+ aromatic, was started (WHSV = 2.S) and material 
balances were taken after 48 hours on-stream. 

:eolite Beta (Example 20) exhibited the highest 
t ransalkylation selectivity, i.e., the highest xylene/benzene mole 
ratio (Feedstock C) of the three catalysts._ While mordeni te 
(Example 21) and :SM-12 (Example 22) perfonned about the same in the 
disproportionation of toluene (Feedstocks A and B), as the amount of 
c9+ aromatics in the feedstock increased (Feedstock B), the :sM~l2 
catalyst performed significantly better. Al though each ca talvs·t 
experienced a reduction in activity upon the addition of paraffin, 
i.e., n-decene (Feeds tock D), Z.SM-12 (Example 22) was least affected 
indicating that this zeolite is especially desirable for the 
transalkylation/disproportionation conversion of c9+_ 

aromatic-containing feeds which have not been previously processed · 
for the removal of paraffin. 

EXAMPLES 23 - 3i 

lhese examples illustrate the use of the zeolite of the 
invention in the conversion of durene. The zeolite was prepared by 
adding a 4.49 parts quantity of hexamethyleneimine to a mixture 
containing 1.00 part sodium alwninate, 1.00 part 50% NaOH, 8.54 
parts Ultrasil VN3 and 44.19 parts deionized H"\O. The reaction .. 
mixture was heated to 143°C (290°F) and stirred in an autoclave at 
that temperature for crystallization. After full crystallinity was 
achieved, the majority of the hexamethyleneimine was removed from 
the autoclave by controlled distillation and the zeolite crystals 
separated from the remaining liquid by filtration, washed with 
deionized H2o and dried. A portion of the zeolite crystals was 
combined ~ith A1 2o3 to fonn a mixture of 65 parts, by weight, 

--
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zeolite and 35 parts Al 2o3. Water was added to this mixture to 
allow the resulting catalyst to be formed into extIUdates. The 
catalyst was activated by calcining at 480°C (900°F) in 3v/v/min 
nitrogen for three hours, then treated with 50 vol.\ ·air/SO vol.\ 
N2 at 3v/v/min, also ~t 480°C (900°F). 1he calcination was 
completed by raising the temperature to 540°C (1000°F) at S°F/min 
and finally switching to 100\ air (3v/v/min) and holding at 540°C 
(1000°F) for three hours. 

The feed employed was a mixture of approximately 25 wt. \ 

durene and 75 wt.% benzene. The temperature, pressure, hydrogen to 
hydrocarbon mole ratio and WHSV (based on zeolite) conditions and 
the product distributions obtained in each example are set· forth in 
Table XVII as follows: 
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) WI( 3K1) m(371) ).XJ( 371) -me 371) 001( '127) rozc itZR) 002( '1ZR) 

,m 
--- ):;lo --i 
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The data show that the zeolite of Tables I -IV is effective 

in converting the model durene/benzene feed. Between 315 -427°C 

(600 - 800°F), a range of durene conversions of from 33-70% was 

observed. Selectivities ·for toluene ranged from 3-13% and 

selectivities for xylenes ranged from 1-5\. 
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CLAUtS: 

1. A process for converting a feedstock containing at 
lea.st one c9+ aromatic compound to a product containing c6-c8 
aromatic compounds, which comprises contacting said feedstock with a 
conversion catalyst comprising a zeoli te possessing a Constraint 
Index of 1 to 3. 

2. The process of Claim l wherein the zeolite is zeolite 

beta or ZSM-12. 

3. The process of Claim l wherein the zeolite is 

characterized by an X-ray diffraction pattern having the lines set 
forth in Table I of the specification. 

4. 1be process of Claim l wherein the zeolite is 

characterized by an X-ray diffraction pattern having the lines set 
forth in Table II of the specification. 

5. The process of Claim 1 wherein the zeolite is 
characterized by an X-ray diffraction pattern having the lines set 
forth in Table III of the specification. 

6. The proc" ·.·s of Claim l wherein the zeolite is • 
characterized by an X-ray diffraction pattern having the lines set 
forth in Table IV of the specification • 

. 7. 'Ihe process of any one of Claims 3 to 6 wherein the 

zeolite has equilibrium adsorption capacities greater than 4.5 wt.% 
for cyclohexane vapor and greater than 10 wt.% for n-hexane vapor. 

8. 'Ille process of any one of Claims 3 to 6 wherein the 

zeolite has a composition comprising the molar relationship 
x2o3: (~)Y02' 

wherein n is at least 10, X is a trivalent element and Y is a 
tetravalent element. 
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REPLACED 

9. The process of Claim 8 wherein X comprises aluminum 

and Y comprises silicon. 

10. The process of Claim 1 wherein the c9+ aromatic 

compotmd in the feedstock is selected from trimethylbenzenes, 

dimethylethylbenzenes, diethylbenzenes and mixtures thereof. 

11. The process of Claim 1 wherein the c9+ aromatic 

compound(s) represent at least 3 wt\ of the -total feedstock, the 

balance of the feedstock comprising toluene and/or benzene. 

12. The process of Claim l wherein the conversion 

conditions include a temperature of 90°C to 675°C, a pressure·o£ 100 

to 7000 (atmospheric to 1000 psig) and a hydrogen to hydrocarbon 

mole ratio of 0.1 to 500. 

111111111111111111111111111111 
* C L M S * 
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The data show that the zeolite of Tables I -IV is effective 
in converting the model durene/benzene feed. Between 315 -42i°C 
(600 - 800°F), a range of durene conversions of from 33-70% ~as 
observed. Selectivities for toluene ranged from 3-13\ and 
se lee ti vi ties for xylenes· ranged from 1-5%. 

This is the replacement aheet 

Date: 2 2 J1'N 1991 . 
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CLAIMS: 

1. A process for converting a feedstock containing at 
lea_st one c9+ aromatic compound to a product containing c6-c8 
aromatic compounds, which comprises contacting said feedstock.with a 

··conversion catalyst comprising a zeolite possessing a Constraint 
Index of l to 3. 

2. The process of Claim 1 wherein the :eolite is :eolite 
beta or :sM-12. 

J. The process of Claim 1 wherein the zeolite is 

characterized by an X-ray diffraction pattern having the lines set 
forth in Table I of the specification. 

4. The process of Claim l wherein the :eolite is 
characteri:ed by an X-ray diffraction pattern having the lines set 
forth in Table II of the specification. 

5. The process of Claim 1 wherein the zeolite is 
characteri:ed by an X-ray diffraction pattern having the lines set 
forth in Table III of the specification. 

6. 1he proce '.5 of Claim l wherein the :eolite is • 
characterized by an X·:ay diffraction pattern having the lines set 
forth in Table IV of the specification. 

7, nie process of any one of Claims 3 to 6 wherein the 

zeolite has equilibrium adsorption capacities greater than 4.5 wt.% 
for cyclohexane vapor and greater than 10 wt.% for n-hexane vapor. 

8. 1he process of any one of Claims 3 to 6 wherein the 

zeolite has a composition comprising the molar relationship 
Xz03: (p)YOz, 

wherein n is at least 10, X is a trivalent element and Y is a 
tetravalent element. 

This is the replacement aheet 

Date: 2 2 JAN 1991 



\ ..... / 

- 37 -
111111111111111111111111111111 

* C L M S * 

g. lbe process of Claim 8 wherein X comprises aluminum 
and Y comprises silicon. 

10. lbe process ~f Clai~ 1 wherein the Cg+ aromatic 
compotmd in the feedstock is selected from trimethylbenzenes, 
dimethylethylbenzenes, diethyl benzenes and mixt_ures thereof. 

11. lbe process of Claim 1 wherein the Cg+ aromatic 
compound(s) represent at lea~t 3 wt\ of the total feedstock, the 
balance of the feedstock comprising toluene and/or benzene. 

12. The process of Claim 1 wherein the conversion 
conditions include a temperature of 90°C to 6i5°C, a pressure of 100 
to 7000 (atmospheric to 1000 psig) and a hydrogen to hydrocarbon 
mole ratio of 0.1 to 500. 

This is the replacement sheet 

Date: 2 2 JAN 1997 
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The Cg+ aromatics feed employed in the process of this 

invention comprises one or more mononuclear aromatic compounds 
containing at least 9 carbons such as, e.g., trimethylbenzenes, 
dimethylethylbenzenes and diethylben:enes. Specific c9+ aromatic 
compounds include mesitylene (1,3,5-trimethylbenzene), durene 
(l,Z,4,~-~i8thylbenzene) such as is obtained as ~ by-product of 
the conversion of c1-c4 oxygenates to gasoline, he:nimellitene 
(l,a,3-trimethylbenzene), pseudocumene (l,Z,4-trimethylbenzene), 
prehnitene (l,2,3,4-tetramethylbenzene), isoduren~ 

(l,Z,3,5-tetramethylbenzene), and mesitylene 
(1,3,S-t'riethylbenzene). Using such mononuclear aromatic feeds, it 
is found that the process of the invention can generate products 
having higher xylene/benzene mole ratios than those obtainable with 
:eol i te catalysts having a. Constraint Index· of greater 'than 3, e.g., 
ZSM-5 iwhich possesses a Constraint Index 6-8.3 (when· measured at 
371°C - 316°C). The product xylene/benzene mole ratios herein ~ill 
generally be greater than 0.80, usually greater than 0.90, and often 
greater than 1. 

The feedstock.employed in the present process conveniently 
contains benzene or more preferably toluene in addition to the Cg+ 
component(s). The optional toluene charge is preferably dried to 
minimize ~ater entering the reaction mixture. Known metho~s for 
drying toluene are numerous, including percolation through silica 
gel, activated alumina, molecular sieves or other suitable 
substances or the use of liquid charge dryers. 

When toluene and/or benzene is additionally present in the 
feedstock, the c9+ aromatics will ordinarily constitute at least 
about 3 w~.% of the total feed (the balance being toluene and/or 
benzene) and advantageously can comprfse up to 70 wt.% of the mixed 
feedstock. The toluene, when present in the feed, is 
disproportionated to aromatic compounds of high value, e.g., 
xylene(s) and benzene, with the more valuable xylene(s) being the 
predominant product(s). 
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9. The process of Claim 8 wherein X comprises aluminum 

and Y comprises silicon. 

10. The process of Claim 1 wherein the c9+ aromatic 
compound in the feedstock is selected'from trimethylbenzenes, 
dimethylethyibe.nzenes, diethyl benzenes and mixtures thereof. 

11. The process of Claim 1 wherein the c9+ aromatic 
compound(s) represent at lea~t 3 wt\ of the total feedstock, the 
balance of the feedstock comprising toluene and/or benzene. 

12. The process of Claim 1 wherein the conversion 
conditions include a temperature of 90°C to 675°C, a pressure of 100 
t-o 7860 (atmospheric to 1000 psig) tend a J:iyeregefl te hydrecaFeeR 
mole ratio ef 9.1 ta SOQ, 

to 7000 kPa (atmospheric to 1000 psig) and a hydrogen to hydrocarbon 

mole ratio of 0 to 10, and a w~ight hourly velocity (WHSV) of 0.1 tc;; 

500. 


