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is an |nternedwammnaitasadescrlbed by Chen et al., J. Amer. Chem. Soc.
10 101, 6783 (1979), and toluene disproportionation, as
described by Pines in The Chemistry of Catalvtic
c on _Copve . 72, Academic Press, NY (1981).
Such methods typically result in the production of a
mixture of xylene isomersand, depending upon the degree of
15 selectivity of the catalyst for para-xylene (para-
selectivity) and the reaction conditions, different
percentages of para-xylene are obtained.
~ Of the xylene isomers, i.e., ortho-, meta-, and para-
xylene, meta-xylene is the least desired product and para-
20 xylene is the most desired product. Para-xylene is of
particular value being useful in the manufacture of
terephthalic acid which is an intermediate in the
manufacture of synthetic fibers, such as "Dacron".
Mixtures of xylene isomers, whether alone or in further
' 25 admixture with ethylbenzene, generally containing a
concentration of about 24 wt.% para-xylene in the
equilibrium mixture, have previously been separated by
superfractionation and multistage refrigeration steps.
Such processes not only involve high operation costs but
30 offer limited yield.
Current commercial processes for the production of
para-dialkyl substituted benzenes, such as, for example,

para-xylene, employ zeolite catalysts, such as ZSM-5. One
such process is disclosed in U.S. Patent No. 4,052,476

35 which relates to the disproportionation of toluene over a
constraint index 1-12 zeolite, such as 2ZSM-5.
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Pat ent Nos4,060,568 disclose specific methods for contacting a

| catalyst with a selectivating agent containing s111con.

U.S. Patent No. 4,548,914 describes another
modification method involving impregnating catalysts with

10 oxides that are difficult to reduce,.euch as those of
magnesium, calcium} and/or phosphegﬁs, followed by
treatment with water vapor to impteve_barafselectivity.

European Patent No. 296,582 desqfibes the modification
of aluminosilicate catalysts by impregnating_such catalysts

15 with phosphorus-containing compounds and further modifying
these catalysts by incorporating metals'such as manganese,
cobalt, silicon and Group IIA elements. The patent also
describes the modification of zeolites with silicon
containing compounds.

20 U.S. Patent No. 4,097, 543 teaches a process for
selective toluene disproportionation to yield increasead
para-xylene utilizing a specifiq_c:ystailine zeolite
catalyst, e.g., ZSM-5, which has undergone prior treatment
to deposit a controlled amount of carbon coke thereon.

25 U.S. Patent No. 3,965,210 describes alkylation of
toluene with methanol in the presence of a crystalline
aluminosilicate zeolite, such as ZSM-~5, which has been
modified by contact with a polymer made up of meta-
carborane units connected by siloxane units to selectively

30 yield para-xylene. These latter catalysts have, however,
suffered from the serious deficiency of loss of selectivity
upon air regeneration. This is attributable to breakage of
carbon-silicon bonds upon exposure to the high temperature
of regeneration giving rise to isolated clusters of silica

35 on the zeolite surface rather than the extensive surface
coverage afforded by the technique described herein.
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U.S. Patent No. 4,465,886 teaches selective conversion
10 of hydrocarbon compounds to product rich in para-dialkyl
substituted bénzenes over catalyst comprising a zeolite,
e.g., ZSM-5, ZSM-5/ZSM-11 intermediate, 2SM-11, ZSM-12,
ZSM-23, 2SM-35, or ZSM-48, having deposited thereon a
coating of silica which covers exclusively the external
15 surface of the zeolite.

EP-A-457853 discloses toluene disproportionation of a
feedstock containing c9+ aromatics over zeolites MCM-22 and
PSH-3.

The present invention resides in a process for the

20 selective production of a para-dialkyl substituted benzene
which comprises converting a feedstock comprising
(1) a mono-alkyl substituted benzene having an
alkyl group of 1 to 4 carbon atoms, or
' (2) a mixture of a mono-alkyl substituted benzene
25 or benzene with an alkylating agent containing from 1
to 4 carbon atoms, to a product comprising a para-
dialkyl substituted benzene containing alkyl groups of
1 to 4 carbon atoms by contact with a catalyst
comprising a porous crystalline material characterized
30 by an X-ray diffraction pattern including the
following lines:
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10 said crystalline material having been treated with a
selectivating agent and the treated.cfystalline material
having an Alpha Value of 10 to 2000 and a p-xylene sorption
capacity greater than 1 gram/100 grams of crystalline
material, said sorption capacity being measured at 120°C

15 and a p-xylene pressure of 4.5 + 0.8 mm of mercury (600 +
100 kPa). o '

Typical examples of the process of the invention are
the aisproportionation of toluene and the alkylation of
benzene or toluene with an alkylating agent, e.g.,

20 methanol.

The catalyst employed in the process of the invention
comprises a synthetic porous crystalline material which, in
its calcined form, is characterized by an X-ray diffraction
pattern including the following lines:

25 : IABLE 2
Interplanar d-Spacing(a) ‘Relative Intensity, I/I x 100

12.36 + 0.4 n-vs
11.03 + 0.2 _ n-s
8.83 + 0.14 . m-vs

30 6.18 + 0.12 | m-vs
6.00 + 0.10 W=
4,06 + 0.07 w-s -
3.91 + 0.07 n-vs
3.42 + 0.06 vs
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More specifically, the calcined form of the synthetic
porous crystalline material employed in the process of the
invention may be characterized by an X-ray diffraction

20 pattern including the following lines:
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6.86 + 0.14 | ' w-m
6.18 + 0.12 n=-vs
6.00 + 0.10 w-m
5.54 + 0.10 w=m
10 4.92 + 0.09 W
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Most specifically, the calcined form of the synthetic
30 porous crystalline material employed in the process of the
invention may be characterized in its calcined form by an
X~-ray diffraction pattern including the following lipes:
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Examples of the above porous crystalline materials
include the zeolites PSH-3 described in U.S Patent No.
4,439,409, MCM-22 described in U.S. Patent No. 4,954,325
and MCM-49 described in U.S. Patent No. 5,236,575. These

35 materials have partial, large-pore structure
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the internal pore system. The internal pore structures of
5 this class of crystals are believed to consist of two-
dimensional, l0-membered ring systems which intersect to
access large supercages. The total catalytic activity of
these materials is, therefore, believed to be a composite
of l0-membered ring, l2-membered ring pocket, and supercage
10 activity. These large-pore characteristics suggest that
' effecting shape selectivity in these materials would be
difficult. However, modification of these materials with
molecular or polyméric species whose molecular diameters
are chosen to selectively alter access to one or more of
15 these catalytically active sites produces novel catalytic
'~ behavior, as exemplified below.

It may be desired to incorporate the crystalline
material with another material which is resistant to the
temperatures and other conditions employed in the

20 condensation process of this invention. Such materials
include active and inactive materials and synthetic or
naturally occurring zeolites as well as inorganic materials
such as clay, silica, and/or metal oxides such as alumina,
magnesia, zirconia, thoria, beryllia, and/or titania. The

25 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 zeolite, i.e., combined therewith or present
during its synthesis, which itself is catalytically active

30 may change the conversion and/or sele¢tivity of the
catalyst. Inactive materials suitably serve as diluents to
control the amount of conversion so that the products can
be obtained economically and orderly without employing
other means for controlling the rate of reaction. These

35 materials may be incorporated into naturally occurring
clays, e.g., bentonite and kaolin, to improve the crush
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w provide a catalyst having good crush strength because in

5 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 strength of the catalyst.

Naturally occurring clays which can be composited with

10 zeolite crystals include the montmorillonite and kaolin
families which include the subbentonites and the kaolins
commonly known as Dixie, McNamee, Georgia, and Florida
clays, or others in which the main mineral constituent is
halloysite, kaolinite, dickite, nacrite, or anauxite. Such

15 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
the zeolite also include inorganic oxides, notably alumina.

In addition to the foregoing materials, the crystals

20 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, silica-alumina-

' zirconia, silica-alumina- magnesia, and silica-magnesia-

25 zirconia. It may also be advantageous to provide at least
a part of the foregoing matrix materials in colloidal form
to facilitate extrusion of the bound catalyst components.

The relative proportions of finely divided crystalline
material and inorganic oxide matrix vary widely, with the

30 crystal content ranging from 1 to 90 percent by weight and
more usually, particularly when the composite is prepared
in the form of beads, in the range of 2 to 80 weight
percent of the composite.

Prior to its use as catalyst in the present process,

35 the crystalline material should be subjected to thermal
treatment to remove part or all of any organic constituent
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X-ray diffraction pattern including the follow ng |ines: WO 95/ 31421
PCT/ US95/ 05920 -7- TABLE D Interplanar d-Spacing(A) Rel ative

| ntensi ty. Pyesent thepeing. (Thig. thermal treatment is generd&iz:&&1.+ 1.3

w5 forméd oy heating at a temperatur Satlq23 70°

ms 8.83 +];§:e' ]éaast 1 :inute a:d generalﬁ}y;/ ;gg ggﬁfegiiizzéfoghou:sfor
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While subatmospheric pressure can be employed for the

5 thermal treatment, atmospheric pressure is preferred simply |
for reasons of convenience. The thermal treatment can be
performed at a temperature of'up to 925°C.

The porous crystalline material used in the process of
the invention is treated with a selectivating described in

10 detail below. The treated crystalline material has an .
'actiﬁity, in terms of Alpha Value, of 10 to 2000,
preferably 100 to 600; and (iii) a para-xylene sorption
capacity greater than 1 gram/100 grams of crystalline
material, preferably from 5 to 10 grams/100 grams of

15 crystalline material, the sorption.cépacity measured at
120°C and a p-xylene pressure of 4.5 + 0.8 mm of mercury.

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

20 catalyst and gives the relative rate constant (rate of
normal hexane conversion per volume of catalyst per unit
time). It is based on the activity of silica-alumina
cracking catalyst taken as an Alpha of 1 (Rate Constant =
0.016 sec -1). The Alpha Test is described in U.S. Patent

25 3,354,078; in the Journal of Catalvysis, 4, 527 (1965); 6,
278 (1966); and 61, 395 (1980). The experimental
conditions of the test used herein include a constant
temperature of 538°C and a variable flow rate as described
in detail in the Journal of Catalysis, 61, 395.

30 The measurement of p-xylene sorption capacity is
conveniently carried out gravimetrically in a thermal
balance. 1In particular, it has been found that an
equilibrium sorption capacity of pP-xylene of at least 1
gram/100 grams of zeolite, preferably from 5 to 10

35 grams/100 grams of zeolite, measured at 120°C and a P-
Xylene pressure of 4.5 + 0.8 mm of mercury (600 i+ 100 kPa)
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herein must be treated with a selectivating agent which
alters the diffusion properties of the crystal. Suitable
selectivating agents include, for example, silicon-
containing compounds such as monomeric or polymeric
siloxanes, other main group species (e.g., those containing
10 Ge, B, P, Mg, and/or Sb} which decompose to oxide or non-~
oxide ceramics, or solid-state carbon species.
Useful selectivating agents include siloxanes which
can be characterized by the general formula:

15 t

20 where Rl is hydrogen; halogen; hydroxyl; alkyl or
halogenated alkyl of from 1 to 10 carbons; or aryl,
halogenated aryl, aralkyl, halogenated aralkyl, alkaryl or
halogenated alkaryl of from 6 to 20 carbons. The

' hydrocarbon substituents generally contain from 1 to 10

25 carbon atoms, preferably methyl or ethyl groups. R2
independently selected from the same group as R,, and n is
an integer of at least 2 and generally in the range of 3 to
1000. The molecular weight of the silicone compound
employed is generally between 80 and 20,000 and preferably

30 within the range of 150 to 10,000. Representative silicone

compounds include dimethyl silicone, diethyl silicone,

is

phenylmethyl silicone, methylhydrogen silicone,
ethylhydrogen silicone, phenylhydrogen silicone, methyl-
ethyl silicone, phenylethyl silicone, diphenyl silicone,
35 methyltrifluoropropyl silicone, ethyltrifluoropropyl
silicone, polydimethyl silicone, tetrachlorophenylmethyl



- 4,439,409, MCM 22 described in U S. Patent No. 4,954,325 and MCM 49
descri b¥@ 9581431 S, ~575. These 35  nat er iRATUSISOE2par ti al ,

| ar ge- pore struct Ukgissh M@@E §i -12e=
PCTI US95/ 05920 - 8- m ﬂée | eda'd exhi bit an unusual armount of

external acid activi ue \to the presence of large, 12- nmenbered-
ring exterior pocket i copnect with the internal pore system
The internal pore structures of 5 this class of crystals are believed to
consi st ofsilivone; MeesFachlordphanybethglr i) isvhksMtetdtiash i ntersect to
access | ar . o} . | yii bV hes terials
I's, ther ef%ﬁe&%%%?gggsﬁ aéi%ﬁ‘%gélgf e%?r?%h?f&%@%&ﬁpﬁlg%ﬁ; nmenber ed
ri ng pockeziligehsupeethytvioyl silicone an®hetbylyipylpeid idomeact eristics
suggest t | I AVhb¥ | ma i | d be
difficuIthﬁ&%aégggééﬂgdééﬁgg?ﬁgnﬂg%athegebﬁaggﬁégfé &?Fhiﬁgiggﬂlar or -

pol ymBri ¢ a¥sli@s fpwsexampleul hexapakbydr syslotehsidexanesel ectively alter

access to uteamstiPlL Ccpéldbetraesoxanky! nekaphenydC byl otirias Ihafiees
n0v6|(ﬂﬂé§3ﬁléétaphenyl cyclotetrasiloxane. Mixtures of these
compounds nay also‘be used, as may silicones with other
functional groups. |
10 Other, more preferred silicon compounds; including
silanes, alkoxy silanes, and organoamine silanes, may also
be utilized. These useful silicon-containing selectivating
agents include silanes characterizable by the general
formula: '
15

si

=
(+)]

Ts
|
R,

20 where R3, R4, R5 and'R6 are independently selected from the
group consisting of hydrogen; hydroxyl; halogen; alkyl of
from 1 to 10 carbons; halogenated alkyl of from 1 to 10
carbons; alkoxy: aryl, halogenated aryl, aralkyl,
halogenated aralkyl, alkaryl, or halogenated alkaryl of

25 from 6 to 20 carbons; and organoamine groups of from 3 to 9
carbons. Most preferably R3, R4, R5 and R6 are
independently selected from the group consisting of -
N(CH,) ,, -N(c2H5)3_and -N(C3H7)3. Mixtures of these
compounds may also be used.

30 Such compounds are preferred because of their
émphiphilic character, allowing their dissolution, or at
least emulsification, in aqueous carriers, as well as
taking advantage of the ‘hydrophobic character of the
zeolite on which the silicon compounds are being deposited.

35 The kinetic diameter of the selectivating agent'is
preferably iarger than the zeolite pore diameter, in order



behavi or, glfled below. It may be desired to i ncorporate t
crystalline %-.ﬁ@ with another material which is resist antpqr6U§9ﬁ’<9592°
"tenperatures and other conditions enpl oyed33+the 20 condensati on process
of this invention. Such materials include active and inactive materials
and synthetic or naturally occurring zeolites as well as inorganic
materials such as clay, silica, and/or netal oxides such as al um na,
magnesia, zirconia, thoria, beryllia, and/or titania. The 25 | atter may

be either natGPaPNPNﬁnﬁnﬁﬁyuPﬁnth¢lﬁ¢k§¢%#?ﬁ%#n@e?ﬁ@ﬁﬁo&Qtﬁr§bﬁpPFEFE§nﬂ

gel s includi ngny Hatictmitiari |ﬂ'é‘cﬁ1c§’!£‘£bﬂ9i1@|t19él ﬂﬁserhss e&tavmyewaltueﬁ
conj uncti on mnth he .zeol ite, i conbined th ﬁegrﬁﬁy ent during
(o

its synthesis) caky ﬁ'tsmsac%&]ajr‘fﬁ’?c%?’f‘w% ?7% 9 AEnGE the
conver si on angiee smaAQl iefiduglpftd henttet atlyetpofescbfvehsabataab%tsw tably

can be. obbai nEAYEERaith 18, dARLALS | v FER otEe CHARABR 595mn BE WBens T or

control ling tzgeoldite afatteactthan theswRogemafernal s may be i ncor por at ed

into naturally occuydd e By end Presift SbA 20, BAL' Baoh 1tk TPl the"®
incorporated with a binder or in unbound form, is
impregnated with the selectivating agent. Selectivation can

10 be effected in situ in the reactor used to effect the

process of the invention or ex situ prior to introduction
of the catalyst into the reactor.

In situ selectivation is conveniently effected by
introducing a source of the selectivating agent into the

15 reactor with the aromatic feed, such as toluene, for at
least an initial selectivation period of the process.

Ex situ selectivation is effected by depositing the
selectivating agent on the external surface of the catalyst
by any suitable method. Conveniently, the deposition is

20 repeated a number of times, preferably 2 to 6 times, to
produce multiple coatings of the selectivating agent on the
catalyst. For example, the selectivating agent may be
dissolved in a carrier, mixed with the catalyst and then

’ dried by evaporation or vacuum distillation. This method

25 is termed “impregnation". The molecular sieve may be
contacted with the silicon compound at a molecular sieve/
silicon compound weight ratio of 100/1 to 1/100.

The silicon compound employed may be in the form of a
solution, an emulsion, a liquid or a gas under the

30 conditions of contact with the zeolite. Not wishing to be
bound by theory, it is believed that the deposited silicon
compound extensively covers, and resides substantially
exclusively on, the exteérnal surface of the molecular
sieve. Examples of methods of depositing silicon on the

35 surface of a zeolite are found in U.S. Patent Nos.
4,090,981; 4,127,616; 4,465,886; and 4,477,583. Further
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st reng?&(ﬁé%’sllm_ cat al yst under commercial operating condiR¢HHIISO&R0
materials, i.e., clays oxides, etc., fiagpgiion as binders for the catal yst.
It is desirable to provide a catal yst having good crush strength because in
5 commercial use it is desirable to prevent the catal yst from breaking
down into powder-like materials. These clay binders have been enpl oyed
normal |y only for the purpose of inproving the crush strength of the

cat al yst. exanplkes yofcsilicoy depgsithbohobarebd itenpugifasesiiaxe 10
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a temperature greater than 200°C, but below a temperature
at which the crystallinity of the zeolite is adversely
10 affected. Generally, such temperature will be below 600°C.
Preferably the temperature of calcination is within the
approximate range of 350°C to 550°C. The product is
maintained at the calcination temperature usually for 1 to
24 hours, preferably for between 2 and 6 hours.
15 The catalyst may be calcined in an atmosphere of N2,
an oxygen-containing atmosphere, preferably air, an

atmosphere of N, followed by an oxygen-containing

atmosphere, or in atmosphere containing a mixture of N2 and
air. calcination should be performed in an atmosphere
20 substantially free of water vapor, to avoid undesirable
uncontrolled steaming of the silicon coated catalyst. The
catalyst may be calcined once or more than once after each
silicon deposition. The various calcinations in any
impregnation sequence need not be identical, but may vary
25 with respect to the temperature, the rate of temperature
rise, the atmosphere and the duration of calcination.
Factors upon which the amount of silica incorporated
with the zeolite is dependent include temperature,
concentration of the silicon compound in the containing
30 medium, the degree to which the zeolite has been dried
prior to contact with the silicon compound, and calcination
of the zeolite.
After the selectivation sequence, the catalyst is
'preferably exchanged at least once with Nﬂ4f ions by

-+

35 immersing the catalyst in a solution containing NH, ions.

Most preferably the concentration of NH4+ ions is



silica-alumna, silica-magnesia, silica-zirconia, silica- thoria,
silica-berWOPS31421 | ica-titania as well as ternary conpositi PCI/ESSH5920
silica-alum na-thoria, silica-alumna- zirgqnia, silica-alumna- magnesi a,
and silica-magnesi a- 25 zirconia. It may also be advantageous to provide
at least a part of the foregoing matrix materials in colloidal formto
facilitate extrusion of the bound catal yst conponents. The relative
proportions of finely divided.crystalline material and inorganic oxide

matrix vary %ggkmma%ltwenﬁo THS Wt &7 SONEeNén " ARPI PACLHAE YakQoB
percent by wei,ght and noré& usual l'y, paricularly_ when the COﬁBOSIte IS
brepared In t BEOKGARISH AEANS, MPStPFEFREABIY MOy 80 UBFEHPrBEREERYof

t he conpositetharwnr+t@ﬁdhang§3ﬁgspgﬁ;&gmédithfée vimesrit process, 35
(e crystalline el IO 0% RS e ibhiST TR LhG2 BRL' chRaGARS
PCT/ US95/95920ayl be pubjenteddieistedini treatment withtkintoi 300&netaiamy
performed by RealreRdrlly SdLWETYoH stdai! A€ tenPerathie’ 8F 100°c to
600°C, preferably 175°C to 325°C and a pressure of 0.01 to
50 psia (0.07 to 345 kPa) for 2 to 12 hours, preferably 3
to 6 hours. Such controlled steaming may further improve

10 the selectivity of the catalyst.

The modified zeolite catalysts for use in the
invention facilitate the conversion of alkylbenzene
compounds to provide dialkyl-substituted benzene products
containing alkyl groups of 1 to 4 carbon atoms, such as

15 xylene, which are highly enriched in the para-dialkyl-
substituted benzene isomer. Conversion reactions of this
type include aromatics alkylation, transalkylation and
disproportionation.

In general, catalytic conversion conditions over the

20 modified catalyst of the invention include a temperature of
100°C to 760°C, a pressure of 0.1 to 200 atmospheres (10 to
20,000 kPa), a weight hourly space velocity of 0.08 to 2000
hr-l, and a hydrogen/organic, e.g., hydrocarbon, compound

’ mole ratio of 0 (no added hydrogen) to 100.

25 The present invention is described in detail below in
relation to its preferred application in the
disproportionation of alkyl-substituted benzenes,
particularly toluene. In this application, the preferred

_ process conditions include a reactor inlet temperature of

30 200°C to 600°C, preferably 350°C to 500°C; a pressure of
100 to 35000 kPa (atmospheric to 5000 psig), preferably
800 to 7000 kPa (100 to 1000 psig):; a WHSV of 0.1 to 20 hr~
1, preferably 2 to 10 hr Y; and a H,/HC mole ratio of 0.05
to 20, preferably 0.1 to 6.

35 Where the catalyst is employed in the disproportiona-
tion of toluene, the level of ethylbenzene by-product is



at least 1 mnute and generally not | onger than 20 hours. Wile:

subat noS¥REFBM2ZBressure can be enployed for the 5  ther nBCTUSISOHIAL ,

at nospheric pressure is preferred sinplygor reasons of convenience. The
thermal treatnment can be perfornmed at a tenperature of up to 925[err]C. The
porous crystalline material used in the process of the invention is treated
wth a selectivating described in 10 detail below The treated
crystalline material has an activity, in ternms of Al pha Value, of 10 to

2000, pref ad&lah;tamuslyﬁaﬁedxmeﬂ (by ii\n@ommtjdagn@ hpdpbgenatipagity
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e
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6, exchange, in an amount of 0.01% to 2%, typically about

10 0.5%, by weight. It is desirable that the metal be able to
ehter the pores of the catalyst. For example, a platinum
modified catalyst can be prepared by fiﬁst adding the
catalyst to a solution of ammonium nitrate in order to
convert the catalyst to the ammonlum form. The catalyst is

15 subsequently contacted with an aqueous solutlon of
tetraamine platinum(II) nitrate or tetraamine platinum(II)
chloride. The metallic compound advantageously enters the
pores of the catalyst. The catalyet can then be filtered,
washed with water and calcined at a temperature of 250°C to

20 500°C. B

The invention will now be more particularly described
with reference to the following examples.
Toluene disproportionation experiments were conducted

in an automated unit with on-line sampling. In these

25 experiments, approximately 1 gram of catalyst (0.125 inch
[0.3 cm) extrudate) was loaded into a 0.25 inch (0.6 cm)
diameter stainless steel tube reactor. The catalyst was
heated to 538°C in 200 cc/minute air at a heating rate of
2°C/minute in each instance.

30 Example 1 _
A sample of MCM-49 in the hydrogen form, i.e., HMCM-
49, having a crystal size of 0.1-0.5 micron, an Alpha Value
of about 450, and a p-xylene sorption capacity of about 10
grams/ 100 grams was mixed with alumina binder to provide a
35 catalyst comprising 65 wt.% HMCM-49 and 35 wt.% alumina.



278 (1966); gﬁg ﬁl 395 (1980). The experinental conditions of the- test
used herei nPRPME a constant tenperature of 538[err] C and PCRPFIHNSE0f | ow
rate as described in detail in the Journalegf- Catalysis, 61, 395. 30

The neasurenent of p-xylene sorption capacity is conveniently carried out
gravinetrically in a thermal balance. In particular, it has been found that
an equilibriumsorption capacity of p-xylene of at |east 1 gram 100 grans
of zeolite, preferably from5 to 10 35 grans/ 100 grans of zeolite,
measured at 1TbeemikCuned was-used cre prepaveclhlé4inch Q081mem) nercury

(600 + 100 kPa) 4, gﬁﬁwégﬂd#?gﬁr¥6¥c§%?ffhaEﬂée¥ﬁe%ﬁﬁtdg§b&ggsSE|ECtlve

producti on of para- enzenes rocess
previously stated, the crystalline material for use herein nmust be treated

wth a selectivating agent which aItersEigﬁgggféusion properties of the
crystal. Suitable selectlvatln agents, I nc for anga .Silicon-
foxmned

cont ai ni ng conpounds 2 dny, %%I@ﬁ@??@e§l *Cor hEMCMT n
group spesiesz@e.gawﬂﬂgxﬁadxygﬁalﬂsihe of 0.1~0.5 micron, an Alpha Value

of about 450, and a p-xylene sorption capacity of about 10
grams/ 100 grams was mixed with alumina binder to provide a
catalyst comprising 65 wt.% HMCM-22 and 35 wt.$% alumina.
The mixture was used to prepare 1/16 inch (0.16 cm)

10 extrudate catalyst for use in the present process.

Example 3
A sample of MCM-22 in the hydrogen form, i.e., HMCM-

22, having a crystal size of 0.1-0.5 micron, an Alpha Value

of about 450, and a p-xylene sorption capacity of about 10
15 grams/ 100 grams was mixed with silica binder to provide a

catalyst comprising 65 wt.% HMCM-22 and 35 wt.% silica.

The mixture was used to prepare 1/16 inch (0.16 cm)

extrudate catalyst for use in the present process.

Example 4
20 This toluene disproportionation experiment involved
' the catalyst prepared in Example 1. Following the heating

activation step described above, the experiment was
initiated with pure toluene feed at 424°C, 4 hr"l WHSV, 2
HZ/HC mole ratio, and 3550 kPa (500 psig). As shown in

25 Table G, the catalyst was active and produced 24% para-
xylene product at 20% conversion. A temperature scan
showed that the catalyst produced near equilibrium para-
xylene product under these conditions at all temperatures
between 424°C and 505°C. A WHSV scan at 464°C also showed

30 near equilibrium para-xylene at conversions between 8 and
46%. At this point, a toluene feed containing 1.0 wt.% of
dimethylphenylmethylpolysiloxane (Dow-550) was admitted to



Ge, B, P, Na and/ or Sh) which deconpose to oxide or non- oxide ceramcs,
or sol iWOIRRcarbon species. Useful selectivating agentRCHPRISHER0

si | oxanes which can be characterized byigdhe general fornula: [err] where R -
i s hydrogen; hal ogen; hydroxyl; alkyl or hal ogenated al kyl of from1 to 10
carbons; or aryl, hal ogenated aryl, aral kyl, hal-ogenated aral kyl, alkaryl

or hal ogenated al karyl of from6 to 20 carbons. The hydrocarbon
substituents generally contain fron111to 10 carbon atons, preferably nethyl
or ethyl grlwmeaﬁorsat nd&@éﬁdehthy SeWBSVed2f HQWHChmcd@rrmammJ,paaiRl

and n is 6nfg§r q% gst 2 and generally i'n the range of 3 to 1000.
The nol ecu ar melgh o? %e i1icone conpound enployed I's general ly between
80 and 20, 000 =M examipapion.pfnthe: Relegkivisy/conversiprpsinta

Relor esent aé’i;\é’ﬂé'éj CQE'@W§|°§D9&§§§ Lﬂékédeedmetsmacﬁw %vﬁ_cilt 9 ﬂdadt
G111 cBne. MAGHER POEREERFT coReT REEMBLE. oBRFSLL| BASKE Ghony] et byl
~silicone, shI&th*atibnpoune cath¥YStlbtoducpﬂopﬁk pariasxydene
oY bt oESERELTM 74 ' GROREa BB HRID LeTELkIVIty 15 far nigher
than an equllibrlum distribution of xylene products and
much more selective than the parent material at comparable
10 conversion. Thus, the treatment with the silicone compound
increased the shape selectlvity of the disproportlonatlon
reaction.
To determine the level of permanence of the
selectivation, the catalyst was regenerated by heating in
15 air to 538°C at a rate of 2°C/minute. After regeneration,
the initial sample taken at 485°C, 4 hr ! WHSV, 2 H,/HC
mole ratio, and 3550 kPa (500 psig) on pure toluene feed
showed 26% para-xylene product at 15% conversion. Thus,
~ the catalyst displayed a decrease in selectivity after the
20 regeneration; however, it still displayed enhanced
selectivity compared to the parent catalyst material.
In Table G, samples 1-10 involved pure toluene feed,
samples 11-16 involved the feed having DOW-550 added, and
samples 18~19 involved pure toluene feed.



silicone, tetrachl orophenylethyl silicone, tetra- chl orophenyl hydrogen
silicone, ?‘Q?Séﬁ?ﬁ?'orophenyl phenyl silicone, nethylvinyl sili ®CFAISAs05920
ethylvinyl silicone. The silicone conpoumd need not be l|inear, but may be
cyclic, for exanple, hexanethyl cyclotrisiloxane, octanethyl

cyclotetrasil oxane, hexaphenyl cyclotrisiloxane and octaphenyl
cyclotetrasil oxane. M xtures of these conpounds may al so be used, as my
silicones with other f@Rn&i®n r . WO Ger wore efgFreddsilocone o
conmpounds, includin sg:l gne%, gal%o;gjpgi Imangs,"’f ahd 0r§ano§’m nessi | BnesS nBy
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from6 to 20 carbons; and organoam ne groups of from3 to 9 carbons. Mbst
preferatVQ9@42] and [err] are independently selected fromaIEsIgnss2p
consisting of - [err] -N[err] and -N [2err] M xtures of these conpounds
may al so be used. Such conpounds are preferred because of their anphiphilic
character, allowing their dissolution, or at |east enulsification, in
aqueous carriers, as well as taking advantage of the hydrophobi c character
of the zeolite on V\i;}i c§1 ghegsid{ igon wonpeunds are being deposited. The

ki netic di ameter eaf ot fe Sel'®cfi VBtinG ag&t is preferably Iarger than the
zeolite pore di ar%tﬁr Qi dg § VB 9531421 :

PCT/ US95/ 05920 -13- to avoid &htry of the selectivating agent into the pore
and any concom tantwre(\gu&t ianoi n_t hehi nternal activity of the catalyst.
When a silicon conpaura ws wised o hatwi s & a size small enough to enter the
pores of the catalyst o o GhYystak, i& isdesirable to use the sodiumform
.of the zeolite rath® 9¥h&h §h& Mdroden form
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For use in _the present invention, the zeolite, either incorporated wth a
bi nder or i‘ﬂoﬁﬁ&ﬁ}ﬁd form is inpregnated with the sel ecti vatRCE/USAHO8920
Sel ectivation can 10 be effected in situ2in the reactor used to effect
the process of the invention or ex situ prior to introduction of the
catalyst into the reactor. In situ selectivation is conveniently effected
by introducing a source of the selectivating agent into the 15 react or
with the aromatic fee okuePem far sats| eas eni o oo
sel ectivation period % ghe pr-ocgessq Ex & S ;a ec‘ilgafg:on- |g; & 1Bcted™ Dby
deposi ting the sel e} iFyafi Ny SgaBt ~brf't Ee %xt“ér'ﬂal" str fAc® P the®c g afyst
by any suitable netho®® Ebnvenlently the deposition is 20 repeated a
nunber of tinmes, preferajly ol Xy 6 ti o pr duce ti oatln s of
t he sel ectivating age% B Cs dat o y«%??g r G‘gxg mL&mgslogeé i @a
agent may be di ssol,\LEd,lg. a,.ca.r i Che  J1 %e0aWied hnth.ia eat&l Yste agd sheh arl ed
by-evaporation or vac@nfdi still*&tion. ¥his nethod 25 Is ternmed

"i nmpregnation”. The nDIecuIar sieve may be contacted with the S|I|con
conpound at a rml ecul & o evedr bl iocan eonPoOtMdmwes gbt o abi e o 180/ nho
1/100. The silicon cofpoBnd efpIBDyEd Baf: b n% h& fBr R o £ Bi 6h, Can
emul si on, ahqwdjﬁt@ﬁas"'uﬂdeﬁ Phet & © "°°°°°°°°

60
36

o n n o
o o) < o
* - * L]

1.99
94.74
0.00
.42
0.06
0.00
0.00
.00
0.00
.0

o
L ]
-~

51.82
60.86
36.72

4.00
.9
47.75
1.18
2.0
94.34
0.0
.45
0.92
0.07
0.0
2.11
0.2
0.00
0.0
0.00
59.44
37.63

TABLE G (cont.)
i3
4.00
1.99
43.70
1.84
.2
92.98
.00
«6
1.14
«12
.0
2.6
0.29
0.00
0.00
0.00
56,26
39.67

4.00
.99
39,63
3.60
6.54
79.98
0.14
.90
4.53
.9
0.29
0.10
0.00
0.00
0.00
0.00
41.73
48.46

.0
1.99
36.92
3.99
18.57
52.82
0.58
.1
9
0.67
.8
0.20
.0
0.00
.00
24.05
52.54

500.70 507.00 499,00 498.70 498.00
11.20

485.40 485.60 485.60 484.70 484.70

5
Dimethylethylbenzene

Pressure, psig
Trimethylbenzene
Diethylbenzene
Tetramethylbenzene
Other

WHSV, hr™!
p-Xylene (X)
m-Xylene (X)

Ethylbenzene
Ethyltoluene

TOS, hours
p-Xylene

ample
Tenp, °C
Hz/Hc (mol)
C

Benzene
Toluene
m-Xylene
o~Xylene

5
15
20

10



30 CONQYd b, g% f contact - with the zeolite. Not w shing to be bound by
theory, it Is béelieved that the deposited silicon conpoundPETIUSHS05920 V
. covers, and resides substantially excl #ively on, the external surface of
t he nol ecul ar sieve. Exanples of nethods of depositing silicon on the 35
surface of a zeolite are found in U S. Patent Nos. 4,090,981; 4,127, 616;
4, 465, 886; and 4, 477, 583. Further WO 95/ 31421
PCT/ US95/ 05920 - 14-Qexxnfll €3 Bf [ilicon deposition on zeolite surfaces are
described in Nakﬁlllga,ml—g & & -4 Sekivu Gakkaishi, 35(2) (1992), and U.S.
Pat ent No. 4, 950, 838 garug at aI Fol | ow ng each deposition of the
silicon conpound, the cat alyst is calcined to deconpose the nol ecul ar
or -polyneric specieg p & ! bd $tate species. The catal yst may be cal cined
at a rate of 0.2 r‘?‘]CZnPnMeﬂ'tcﬁ'S[err]C/rrinute to a tenperature greater
than 200[err]C, th owmtvarrp-erature at which the crystallinity of the

zeolite is adversely ® B iected. General l'y, such tenperature will be
bel ow 600C. Preferably the tenperature of calcination is within the
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appr oxi mat e range of 350[err]C to 550[err]C. The product is maintained at
the cal ci naW ®lperature usually for 1 to 24 hours, prefer RETAPSP5H05920
between 2 and 6 hours.. 15 The catalgs may be calcined in an

at nosphere of N2, an oxygen-contai ning atnosphere, preferably air, an

at nosphere of N2 foll owed by an oxygen-contai ni ng at nosphere, or an

at nosphere containing a mxture of N2 and air. Calcination should be
performed in an atnosphere 20 substantially free of water vapor, to avoid
undesirabl e uncontrol |l ed steam ng of tiExampleos coated catal yst. The

catal yst may be cal ci ned once or nore than once after each silicon

deposi ti on. The vaZnothisalexipeatiimarst:, mmWémegmmwzmnHegcmaneedaﬂot
be identical, _ku aLy I t u A rat.e
of tenperatur ce’gr P%‘gﬁ%tl %erzatw%r?%s &l\eﬁgpteé&e%%?ﬁ&e %’Ej?jél% oenéxgggéﬁ}c'i %gil. F%;r}.gti@n
Factors upon REpempdute wikbnDaw-550 isidligone a3 felloWsh the zeolite is

dependentg i ncl ude e LD . nd ai thé
cont ai ni n% 30 neg\i%lrjr% bta?gragtesg(ras;% V}ﬁ ch ték?emggg? f%iétﬁggagggﬁagr iq‘ei(kjigd

prior to cont 9Bt FreRe S DouT S PARPLIVER 3 2P 9¥2BR 8f hR¥apes|ite.

After the sel ehki vatadystewasnegitdtedaimitise sl peoher sbtutevnhgoged at

| east once m‘ggv %Eﬁ]mi%%%%sp%nd the hexane distilled off by high vacuum
distillation. The dry catalyst was then calcined at

10 1°/minute in nitrogen to 538°C. After allowing the sample
to cool to room temperature, the sample was then calcined
in air at 1°*/minute to 538°C and held for 3 hours. The
silica-modified catalyst had gained 6.46 wt.$%, presumably
as sioz.

15 After catalyst activation as described above, the
experiment was initiated with pure toluene feed at 424°C,
4 nr-l wmsv, 2 H,/HC mole ratio, and 3550 kPa (500 psig).
As shown in Table H, the catalyst was active and produced
24% para-xylene product at 27% conversion. A temperature

20 scan showed that the catalyst produced near equilibrium
para-xylene product under these conditions at all
temperatures between 424°C and 505°C. At this point, a

toluene feed containing 0.5 wt.% of dimethylphenyl-

' methylpolysiloxane (Dow-550) was admitted to the reactor at
25 485°C, 4 nr? WHSV, 2 H,/HC mole ratio, and 3550 kPa (500
psig).

An examination of the selectivity/conversion data

{Table H) shows a rapid increase in selectivity over about

13 hours on stream, at which point the catalyst produced
30 62% para-xylene product at 11% conversion. This

selectivity, as indicated above, is far higher than an

equilibrium distribution of xylene products and much more

than that of the parent material at comparable conversion.

Thus, the treatment with silicone has increased the shape
35 selectivity of the disproportionation reaction.



35 i mersing. the catalyst in a solution containing [err] ions. Most
pr ef era‘yﬂf"s{:"ﬁ‘glconcent ration of [err] ions is VO 95/ RCEYS95/05920

PCT/ US95/ 05920 - 15- approximately 1M «gge [err] solution may include
various inorgani c anions, nost preferably NO3 . Mst preferably, the [err]
exchange i s perforned three times. After the NH4 exchange sequence, if
any, the catalyst 5 may be subjected to steamtreatnent with 1% to 100%
steam preferably 50%to 100% steam at a tenperature of ‘100[err]C to
600[err] C, prefToadehetmbher the Leve2spér ppEmanengepcdsdiree of 0.01 to 50

psia (0.0 dséfeééﬁvké’%nf O{:hg aatéz Efe%as %@Eﬁ.@%&éa}sol% fﬂgﬁ%léuch

controll ed steam ng may f rove e selectivity o
cat al yst. 4he %‘E‘P? i Eﬁ‘ﬁ@ﬁ?#?éoﬁat P?st5-§iFéP1u§émP|49t raken &t i4fb6°C,

facilitategtype™t owxswﬁnnoynel hbhaeeaeae CRANAoBBEd KkPaP' (G0 DHsig) on

di al kyl - subst i tut d ben {1 ont ai ni ng _al k\é&na%ps of 1#59

car bor? at d?r‘éresﬁ‘e ﬁgel E EWS |c¥? TRs SPIYEE:

par a- di al kphus sutiséi cataldybendesplayedea. décreassi d.m sEldctanaity this
after the regeneration; however, it still displayed
enhanced selectivit_:y compared to the parent ‘material.

In Table H, samples 1-5 involved pure toluene feed,
10 samples 6-10 involved the feed having DOW-550 added, and

samples 11-13 involved pure toluene feed.



type include aromatics al kylation, transal kyl ati on and di sproport I onat i on.
In general W@AS143 i c conversion conditions over the 20 - nDARCTBEP5H&92] yst
of the invention include a tenperature of25l00[err]C to 760[err]C, a
pressure of 0.1 to 200 at nospheres (10 to 20,000 kPa), a wei ght hourly
space velocity of 0.08 to 2000 hr 1, and a hydrogen/organic, e.

hydr ocarbon, conpound nolg gatd 00f 04 NQ g d‘pygrq\qep‘) ot,oc_,log c;5

The present invention is aescr®bed vnOde@al eloowsi Prel @i en ®eoqte o
preferred application in<he da-spr orhtnsn onqefe-al.-kyb- swbet iduceds v
benzenes, particularly lc@uﬁne his dpplication, the preferred process
conditions include a reactor inl et tenperature of 30 200[err]Cto
600[err]C, preferably 350[err]C to 500[err]C, a pressure of 100 to 35000
kPa (atnospheric to 5000 sbg) ebeiabl y nB0A tw H0G® WPap (00t @ 160
psig); a WHSV of 0.1 to %,gpr'éfé}a‘ﬂlyoz WK1 R[ED, R 2
nmole ratio of 0.05 2 tQ g Npr‘éfé’ra@ly’()“’l“to°6“33 + © O\Rer@ Ghe® a
catal yst is enployed in eindi sproportiona- tion of toluene, the |evel of
et hyl benzene by-product is
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WD 95/ 31421 _ "PCT/ US95/ 05920 - 16-
advant a§¥ %442} educed by i ncorporating a hydrogenati on/ BEEUSOHOS2ML | ON
function within the catal yst, such as2by addition of a nmetal conpound such
as platinum While platinumis the preferred netal, other netals of G oups.
IB 5 to VIl of the Periodic Table such as palladium nickel, copper,
cobal t, nol ybdenurg ghagdi gnry hgnium silver, gold, nercury, osm um
iron, zinc, cadm P %armd M xXPurest hereof, may be utilized. The netal may
be added by cati orwemchange,oi M a@ anount of 0.01%to 2% typically about
10 0.5% by wEght. Rt S s¥d&irable that the netal be able to enter the
pores of the catalyst. For exanple, a platinumnodified catal yst can be
prepared by first adding the catalyst to a solution of ammniumnitrate in
order to convert teocabakys®d ww the amonium form The catalyst is 15
subsequent |y cont aot 8d 2n “aqﬁeous solution of tetraam ne platinun(ll)
nitrate or tetrapfin® f8a@ M{n@ 1T chloride. The netallic conpound ,
advant ageously enters tHe=pbores of the catal yst. The catal yst can then be
filtered, washed v&tg,v\gt%r gnc{iﬂcgl cined at a tenperature of 250C to 20
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The invention will
fol | owi ng

in an automated unit with on-1ine sanpling.
approximately 1 gram of catalyst (0.125 in
into a 0.25 inch (0.6 cm dianmeter stainless steel

2[err]C/minute in ea
sampl e of MCM 49 in t

now be nore particularly described with reference to the
Tol uene di sproportionation experinents wRCEUSIHNGI920 ed
In these 25

gﬁ [0.3 cm extr

t ube reactor.
catal yst was heated to 538[err]C in 200 cc/mnute air at a heating rate of

§I‘i brjuf/gog:erhfo-rmp meo le\gMc4§ %am

a:aby

The

experiments,
udate) was | oaded

le 1 A

aR

size of 0.1-0.5 mcraf, ean N phamVal ue of Sbaiit <43, cardl & roxy eBewn o
ﬁb@lt 10 gr¥ns/ 10® grans was mixed with al unmi f&

sorption capacity ﬁ}]
bi nder to provide a 35

al um na.

WD 95/ 31421

catal yst conprising 65 wt.

% HMCM 49 and 35 w. %

PCT/ US95/ 05920 -17- The m xture was used to prepare 1/16 inch
extrudate catal yst for

TABLE H (cont.)

ol

Sample

445.40

485.10 425.40

484.90

Tenp, °C

use in the

497.20

504.20 498.00

502.70

Pressure, psig

WHSV, hr-1

=
=

<

4.00 4.00 4.00

2.00
31.18

5

o
N

2.00
38.43

2.00
35.23

HZ/HC (mol)

41.13

TOS, hours

Cc

pr esent

o «
~ @

c o~

81.64

0.49
5.89
86,21

2.49
3.7
89.00

3.32
5.16
84.90

5
Toluene

Benzene

10

process.

~
o

o

0.00
1.90
3.76

o.oo

0.00
3.75
2.43
0.29
0.15
0.00
0.00
0.00

Ethylbenzene

~
™

N

2.91

p-Xylenhe

O\
~

]

<<

1.63
0.16
- 0.11

m-Xylene
o-Xylene

2.00

1.53

Exanple 2

o
o~

o

0.22
0.08
0.00
0.00
0.00
0.00
26,50
52.27

Ethyltoluene

15

N
N

(=

0.00
0.00
0.00
0.00

Trimethylbenzene
Diethylbenzene

o
o

L

o

0.00

Dimethylethylbenzene
Tetramethylbenzene

Other

(0.16 cm

o
.
o

0.00
0.00
57.95
37.55

o
]
o

0.00
61.97
34.72

20

25.84

p-Xylene (X)

52,30

m-Xylene (X)



A sample of MCM22 in the hydrogen form i.e., HMCM 5 22, having a crystal
si ze of WO®SAIB1I i cron, an Al pha Val ue of about 450, and a'Cﬂ‘mlslomo
sorption capacity of about 10 grans/ 10£8 grans was m xed with al um na

bi nder to provide a catalyst conprising 65 w.% HVCM 22 and 35 w. %

al um na. The m xture was used to prepare 1/16 inch (0.16 cnm 10 extrudat e
catalyst for use in the present process. Exanple 3 A sanple of MCM 22 in

t he hydrogen form HMCM 22, having a crystal size of 0.1-0.5 mcron,
an Al pha Val ue of eb®t¢4§b narid a p- Xyl ene sorption capacity of about 10
15 grams/ 100 .grgnmg Wes & gedgwith silica binder to provide a catalyst
conprising 65 wi% HEMRZP and 85 wt. % silica. The mxture was used to
prepare 1/16 |nch (0. cr‘r) extrudate catal yst for use in the present
process. Exanple 4 20 Thi s tol uene disproportionation experinment

i nvol ved the catal yst prepared in Exanple 1. Foll ow ng the heating
activation step descri bed above, the experinent was initiated with pure

t ol uene feed at 424[err C. 4 hr 1 WHSV, 2 H2/HC nole ratio, and 3550 kPa -
(500 psig). As sh8w®iR 2 9 ®ble G the catalyst was active and produced

24% par a- xyl enﬁl pLuoick & &o%conversion. A tenperature scan
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showed that_the catal yst produced near equilibrium para- xylene product
under theseV@8#3I4%ons at al |l t enper at ures bet ween 424[ err] C RERIUSBHOSRO0r | C.
A VWHSV scan at 464[err]C al so showed 30 .ggar equilibrium para-xyl ene at
conversions between 8 and 46% At this point, a toluene feed containing 1.0
wt . % of di net hyl phenyl net hyl pol ysi | oxane (Dow 550) was admitted to WO
95/ 31421 PCT/ US95/ 05920 -18- the
reactor at 485[err]C, 4 hrl WHSV, 2 H2/HC nole ratio, and 3550 kPa (500
psig). An exam nation of the selectivi Examplecsi on data (Table G shows a
rapid i ncrease in cilvi o] 0 e

exanpl e, after 7 h@ﬁ_% % Y‘éé%‘%cé?\%g?lggﬁgt? ﬁga(%gto g‘l %éc?’ e%%%&%e?%@}f&éd

par a- xyl ene prhriveatalyst, poveparedoin Exanpiel dcti Woldjowingarthe dieatingn

an equil i bri %@i@&ﬁi&utéeapoéeé&ﬁﬂsdpase%t,S_tﬁadew?@%im&& s@lective than
the parent material at conparable conver.si on. hus, the4treatnment :

10 )
with theBsilidpHel2bpdovikth PRFeateiuene R8P akcH88Cyi 4y Rt 't TSV, 2
diSpr0p0rtiﬁﬂngjumlm&m&tf&ﬂio, and 3550 kPa (500 psig). As shown in

Table I, the catalyst was active and produced 24% para-
xylene product at 47% conversion.
After 19 hours on stream, a toluene feed containing
10 1.0 wt.% of dimethylphenylmethylpolysiloxane (Dow~500) was
admitted to the reactor at 485°C, 4 hr ! WHSV, 2 H,/HC,
mole ratio, and 3550 kPa (500 psig). -
An examination of the selectivity/conversion data
(Table I) shows an increase in selectivity over about 22
15 hours on stream. For example, after 19 hours of
selectivation, the catalyst produced 44% para-xylene
product at 24% conversion. Thus, the treatment with the
silicone compound increased the shape selectivity of the
disproportionation reaction.
20 ’ In Table I, samples 1-7 involved pure toluene feed and
samples 8-13 involved the feed having DOW~550 added.
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t he parent HMCM 22/ Al 203 mat eri al

\Wp 95/ 31421

WD 95/ 31421
()

In this experinent,

of Exanple 2 was subjected to an inpregnation/ calcination procedure with
o~

PCT/ US95/ 05920 22 N [err] [err] [err
Dow 550 silicone as fal lows

PCT/ US95/ 05920 - 23-

PCT/ US95/ OW@rsd/fdai] err |
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5 To 2.0 grans of the HMCM 22/[err] extrudate was added 0.3927 grans
of Dow D¥V95BI4Yo| ved in 20 grans of hexane. The catal yst REBUSAS920ed in
the silicone solution for several mnuBs and the hexane distilled off by
hi gh vacuum di stillation. The dry catal yst was then cal cined at 10
1[err]/mnute in nitrogen to 538[err]C. After allowi ng the sanple to cool
to roomtenperature, the sanple was then calcined in air at 1[err]/mnute .
to 538[err]C and held for 3 hours. The silica-nodified catal yst had gai ned
6.46 Wt .% presumably as SiQ2. 15 After catal yst activation as
descri bed above, the experinment was initiated with pure toluene feed at
424]err]C, 4 hr[err] WHSV, 2 [err]/HC nole ratio, and 3550 kPa (500 psig).
As shown in Table H the catal ygt Jvas ¢tV d prgoduced 24% parg- xyl ene
product at 27% coneersi en.oAnt eﬁp@f a«u%?e 20% agcaﬁ gho%\ed éhatgc’t hé ?at al yst
produced near equi M BRi @n Bafa-&ylene @ oduad dhder ot hkése eondidt idnss at- al |
tenperatures betyelh B2 Mr I FAnd 505[err]C. At this point, a tolu&he feed
containing 0.5 wtl 8 of di net hyl phenyl - net hyl pol ysi | oxane (Dow 550) was
admtted to the reactor at 25 - 485[err]C, 4 hr [err] WHSV, 2 [err]/HC nol e
ratio, and 3550 kPa (500 psig). An exam nation of the
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(Table H) shows a rapid increase in selectivity over about 13 hours on
stream at WRPHK4Ebi nt the catal yst produced 30 62% par a- X yRGERESYS0OS9DOCt

at 11% conversion. This selectivity, as igyicated above, is far higher
than an equil.ibriumdistribution of xylene products and nmuch nore than that
of the parent material at conparable conversion. Thus, the treatnment with
silicone has increased the shape 35 selectivity of the disproportionation
reaction. WD 95/ 31421 _

PCT/ US95/ 05920 -24- To determ ne the | evel of permanence of the

sel ectivation, the catal yst was regenerated as in Exanple 4. After
regeneration, the initial sanple taken at 485[err]C, 4 hr 1 VWHSV, 2
[err]/HC nole ratio, and 3550 kPa (500 psig) on 5 pure tol uene feed
showed 27% par a-xyl ens & A% c&wversion. Thus, the catal yst displayed a
decrease in selectﬁﬂiﬁy,@fpﬁr;t@; regeneration; however, it still displayed
enhanced sel ectivity ®orfpaPeddto the parent material. In Table H £ sanples
1-5 invol ved pure toluene teed, 10 sanpl es 6-10 involved the feed having
DOW 550 added, and
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sanples 11-13 involved pure tol uene feed. WO 95/ 31421
PCT/ USO9V0983b1225 [err] WD 95/ 31421 ~ PCT/US95/05920
PCT/ US95/ 05920 26 [err] WO 95/ 31421 4, : ‘

PCT/ US95/ 05920 27 [erti——Wo-95+31424

PCT/ US95/ 05920
R O AR O
Claims: |

1. A process for the selective production of a para-
dialkyl substituted benzene which comprises converting
a feedstock'comprising '
5 (1) a mono-alkyl substituted benzene having an
alkyl group of 1 to 4 carbon atoms, or
(2) a mixture of a mono-alkyl substituted
benzene or benzene with an alkylating agent
containing from 1 to 4 carbon atoms, to a product
10 comprising a para-dialkyl substituted benzene
containing alkyl groups of 1 to 4 carbon atoms by
contact with a catalyst comprising a porous
crystalline material characterized by an X-ray
diffraction pattern including the following lines:

15 Interplanar d-Spacing(A) Relative Intensity, I/I _x 100
12.36 + 0.4 m=-vs
11.03 + 0.2 n-s
8.83 + 0.14 m-vs
6.18 + 0.12 m=-vs
20 6.00 + 0.10 w=m
4.06 + 0.07 w=s
3.91 £+ 0.07 m-vs
3.42 + 0.06 vs

said crystalline material having been treated with a
25 selectivating agent and the treated crystalline

material having an Alpha Value of 10 to 2000 and a p-

Xylene sorption capacity greater than 1 gram/100 grams

of crystalline material, said sorption capacity being

measured at 120°C and a p-xylene pressure of 4.5 + 0.8
30 mm of mercury (600 + 100 kPa).

2. A process as claimed in claim 1 wherein said
crystalline material is selected from MCM-22, MCM-49
and PSH-3.



28 [err] WO 95/31421
PCT/ US95/ OW&A5/3142. Exarrpl e 6 This tol uene di sproporti onat i ORCEUSeSHSIEN

i nvol ved t he cat al ypt etll'l@dBaemR 8. Foll-owing the heating
activation step des r| experl ment d wth pure
tol uene feed at 48 , 2 H2/ HC mi ﬂ&'}@[} 550 k Pa
(500 psig). As shown |n Ta e catal yst duced 24%

para- xylene product at 47% conver5| on. After 19 hours on stream a toluene
feed contai r8Ng 10 prdcésst a& siadmeat Ayl ehaiw Meidtyldqielineid axagree {ow 500)
was admtted to the, eactog 485 e&%& 4hr %‘f“ VHSV Zierr]/HC nol e
rati o, and 3550 ki% ?S;unﬁn 8xs ﬁ com;irls

sel ectivity/ conven:embmctlimg saadl ery}stab,d\nmeamartlemiaasezimh saiewrvaty over

about 22 15 ho“éémﬂfhﬁ:é?ﬁ”bf ﬁgggﬂ%gg;w or %Ulﬁ&ne&%é‘%l%éﬁivatmg

sel ectivation, the ca produ ara-x
5 agent compounds and then calcim.ng the contacted

crystalline material.

4, A process as claimed in claim 3 wherein said
contacting is repeated from 2 to 6 times.

5. A process as claimed in any preceding claim wherein
io0 said selectivating agent is a siloxane characterized
by the formula:

15 Si-o0

wherein Rl and R2 are independently hydrogen; halogen:;
20 hydroxyl; alkyl of from 1 to 10 carbons; halogenated
alkyl of from 1 to 10 carbons; aryl, aralkyl, or
alkaryl of from 6 to 20 carbons; halogenated aryl,
’ aralkyl, or alkaryl of from 6 to 20 carbons; or
mixtures thereof, and n is' an integer of from 2 to

25 1000.



pr oduct bgﬁéo{ onversion. Thus, the treatment with the silicone conpound
i ncrease‘g t 33 ape selectivity of the disproportionati on BMIA895(65§02020

In Table I, sanples 1-7 involved pure itgguene feed—and-sanples 8-13
i nvol ved the feed havi ng DOV 550 added. WD 95/ 31421

Tl ooy 03020 30 Ferr] ' b osr3azs o |IANINY Y AN

PCT/ US95/ 05920 32 _
6. A process as claimed in any preceding claim wherein

said selectivating agent is selected from the group
consisting of dimethyl silicone, diethyl silicone,
phenylmethyl silicone, methylhydrogen silicone,

5 ethylhydrogen silicone, phenylhydrogen silicone,
methylethyl silicone, phenylethyl silicone, diphenyl
silicone, methyltrifluoropropyl silicone, ethyltri-
fluoropropyl silicone, poiydimethyl silicbne,
tetrachlorophenylmethyl silicone, tetrachlorophenyl-

10 ethyl silicone, tetrachlorophenylhydrogen silicone,
tetrachlorophenylpheﬁyl silicone, methylvinyl
silicone, ethylvinyl silicone, hexamethyl cyclotri-
siloxane, octamethyl cyclotetrasiloxane, hexaphenyl
cyclotrisiloxane and octaphenyl cyclotetrasiloxane,

15 and mixtures thereof.

7. A process as claimed in any one of claims 1 to 4
wherein said selectivating agent is a silane
characterized by the formula:

R
20 |3
R,
25 where R3, R4, R5 and R6 are independently selected

from the group consisting of hydrogen; hydroxyl;
halogen; alkyl of from 1 to 10 carbons; halogenated
alkyl of from 1 to 10 carbons; alkoxy of from 1 to 10
carbons; aryl, aralkyl, or alkaryl of from 6 to 20

30 carbons; halogenated aryl, aralkyl, or alkaryl of from
6 to 20 carbons; organoamine of 3 to 9 carbons;: or
mixtures thereof.



[err] WD 95/31421

PCT/ US95/ OEEQ@SIQBHE er, PCT/US95/05920
PCT/ US95105920 - 34- i RheetHas Bedd RALIR For the-sel ective production of
a para- dial kyl subs -| tuumllﬂm m! ﬂﬂl ch co ri ses converting a feedstock
conprising 5 m) | kyl subst i Hﬂﬂﬂﬁ m ‘ ng an
al kyl group of 1 to 4 ca (2) a mxt fl 1 mlmm

substituted benzene or benzene with an alkylating agent ¢onf ai hi ng from 1
to 4 carbon .0ons p tgrdcdi®BEtcidimed in €DADRI 3| WHeReRAl aadaakkx ,

substi tuted benzene contpigi ng 2l Iyl QLQNRRCR) del@cled?EROR EhETD
consisting of -N(CH3)3, N(cz2 5)3, -N(C3H7)3, and
mixtures thereof.

5 9. A process as claimed in any preceding claim wherein
the conversion is effected under conditions including
a temperature of 100°C to 760°C, a pressure of 10 to
20000 kPa (0.1 to 200 atmosphere), a weight hourly
space velocity of 0.08 hr 1 to 2000 hr * and an added
10 hydrogen/hydrocarbon mole ratio of 0 to 100.

10. A process as claimed in any preceding claim wherein
the conversion is the disproportionation of toluene
and is effected under conditions including a _
temperature of 200°C to 600°C, a pressure of 100 to

15 35000 kPa (atmospheric to 5000 psig, a weight hourly
space velocity of 0.1 hr ! to 20 hr™?, and an added
hydrogen/hydrocarbon mole ratio of 0.05 to 20.



. S "
contact with,ze ' cE6iing a porou | 1'i nes mat grd
characteri z%d ﬁ@%@ogﬂt 1% tion patt ?c‘ﬁl udi n@thefﬂ)gl 9v2n0
lines: 15 nt er pl anar d-PBppci ng(A) R {ve RS Aoy, / I
12.36 + 0.4 18 NOV 1996 mvl41, Peo’c{?’f o béDﬁC@%S
ms 8.83 + 0.14 mvs 6.18 + 0.12
mvs 20 6. 00 +0.1 wm4.06 + 0.07
ws 3.91 + 0. 07 mvs 3.42 + 0.06

vs said C{yatélifgqifw@%eﬁhaérmim heplevécohedaubifod BBlective
sel ectivatin ent, an e treated crystalline material having pha
Val e of 10 ks Suti et Bata Al SiPeti B5eeR] S5 EpndR Al RARST
grani 100 gr amoasssrystalline material, said sorption capacity being

measured at 120[8{%}5%5?&%?5& ?’éf@gd prﬁéuéf%&f:a ?né'cxﬁaée gal for ulE of

mercury (600 + 1 process as clained 1n alm 1 wherein said
cryst al | i ne hexedm austs bee|egaked rvvithvav seleqiivabing dagent 3which
alters the diffusion properties of the crystal. Suitable
selectivating agents include, for example, silicon-
containing compounds such as monomeric or polymeric
siloxanes, other main group species (e.g., those containing
Ge, B, P, Mg, and/or Sb) which decompose to oxide or non-
oxide ceramics, or solid-state carbon species.
Useful selectivating agents include siloxanes which
can be characterized by the general formula:

T’Rl-"j
| .

—+ si-0—4—

]

R,

where R1 is hydrogen; halogen; hydroxyl; alkyl or
halogenated alkyl of from 1 to 10 carbons:; or aryl,
halogenated aryl, aralkyl, halogenated aralkyl, alkaryl or
halogenated alkaryl of from 6 to 20 carbons. The
hydrocarbon substituents generally contain from 1 to 10
carbon atoms, preferably methyl or ethyl groups. R2 is
independently selected from the same group as Rl' and n is
an integer of at least 2 and generally in the range of 3 to
1000. The molecular weight of the silicone compound
employed is generally between 80 and 20,000 and preferably
within the range of 150 to 10,000. Representative silicone
compounds include dimethyl silicone, diethyl silicone,
phenylmethyl silicone, methylhydrogen silicone,
ethylhydrogen silicone, phenylhydrogen silicone, methyl-
ethyl silicone, phenylethyl silicone, diphenyl silicone,
methyltrifluoropropyl silicone, ethyltrifluoropropyl

silicone, polydimethyl silicone, tetrachlorophenylmethyl

AMENDED SHEET



crystalline FreR20 tises contacting said crystalllne'~ #
material with onelor of nop ﬁé Iymergn?y %
agent conpounds a dfthéﬁ tthe cont act crystall| Q5

A process as cl ai ) riterfei n sai d; qont acting:is repgqated, fr{ﬁrgg
to 6 tines. 5. in any precedlng cl ai m wherein said
sel ectivati ng agent xane characterized by the fornmula: [err]
wherein R1 and R2 are |ndependently hydr ogen; hal ogen; hydroxyl; al kyl of
from1l to l%mm bét pgenbdeephetiylethylr st icbne}Otetrhons; aryl,

ST o UL ER 40 SLREn: opRk BREnRbER A breRdl VL O
of from?2 t(sxﬂxnpné%ﬁmgtmyﬁymhf}ﬁgjl1cone and ethylvinyl silicone.
The silicone compound need not be linear, but may be
cyclic, for example, hexamethyl cyclotrisiloxane,
octamethyl cyclotetrasiloxane, hexaphenyl cyclotrisiloxane
and octaphenyl cyclotetrasiloxane. Mixtures of these
compounds may also be used, as may silicones with other
functional groups.

Other, more preferred silicon compounds, including
silanes, alkoxy silanes, and organoamine silanes, may also
be utilized. These useful silicon-containing selectivating
agents include silanes characterizable by the general

formula:
‘l‘s
R4 |
where R3, R4, R5 and R6 are independently selected from the

group consisting of hydrogen; hydroxyl; halogen; alkyl of
from 1 to 10 carbons; halogenated alkyl of from 1 to 10
carbons; alkoxy; aryl, halogenated aryl, aralkyl,
halogenated aralkyl, alkaryl, or halogenateé alkaryl of
from 6 to 20 carbons; and organoamine groups of from 3 to 9
carbons. Most preferably R3, R4, R5 and Rs«are
independently selected from the group consisting of -
N*(CH3)3, -N’(Czﬁs)3 and -N‘(C3H Mixtures of these
compounds may also be used.

Such compounds are preferred because of their
amphiphilic character, allowing their dissolution, or at
least emulsification, in aqueous carriers, as well as
taking advantage of the hydrophobic character of the
zeolite on which the silicon compounds are being deposited.

The kinetic diameter of the selectivating agent is

preferably larger than the zeclite pore diameter, in order

773"

saye8_vy 2,



WO 95/31421r -7200 PCT/ US95/ 05920 - 36- 6.
A process as$ clainmed in any preceding clalnlmhereln sai d selecb1vatrngﬂ

agent is selected—#%en+{he—greuﬁ -consi st13fys | nethyl;j |pfyg ﬂdﬁe[ﬁyl
silicone, phenyl neth m si |i cone, nethyl hydr ogén,isi | i-cone, ' VS .

et hyl hydrogen sili Ul m l ﬂﬂ" gen S|I|cone met hyl ethyl, -~
phenyl et hyl SI|IC I “ cone, nethyhtrlfluorOpropyﬁj ’gﬁﬁgﬁggb

ethyltri- quoropropyI S|I|cone polydlnethyl silicone,

tetrachl orophenyl net h SI|ICO .tetrachl orophenyl - 10, et hyl
silicone, tetracHt 'E%cf?e?ﬁl éI:HlC “R §t¥ﬁcﬁi‘3}8pﬁeﬁ9ﬁﬁﬁéﬁyl
silicone, nethyl\said crjstzi&nnenm@terngl tréatnent temprniseyl cyclotri-

si | oxane, oct amet&iﬂr a%ﬁ%ﬁéeéf@ éﬁ@f@ll % i‘iafy?%%rbﬁél {.age and

oct aphenyl cyclote ures ereo
process as clmInﬂpmhiQﬁﬁﬂQﬂmPﬁﬁanQN¢EIQ.Q% Eo%ﬁ@$§%ﬂ §ﬁl€°§é¥é§#P€at|ng

agent is a silangddit adnPdirRes Wnd hend W'l @ining the contacted

crystalline material.

4. A process as claimed in claim 3 wherein said
contacting is repeated from 2 to 6 times.

5. A process as claimed in any preceding claim wherein
said selectivating agent is a siloxane characterized
by the formula:

R
1
|
_____.Ti_od__
R2 o

wherein Rl and R2 are independently hydrogen; halogen;

— hydroxyl; alkyl of from 1 to 10 carbons; halogenated
alkyl of from 1 to 10 carbons; aryl, aralkyl, or
alkaryl of from 6 to 20 carbons; halogenated aryl,
aralkyl, or alkaryl of from 6 to 20 carbons; or
mixtures thereof, and n is an integer of from 2 to

1000.

REPLACEMENT SHEET
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20 [err] 25 F=7200 where [err] and [err] ndent y s | ect %af

t he.group consi sti-ng—of _hydrogen;_ hydroxy % h,% G @1

cat bons; hal ogenated al kyl of from1 to 1 carbons alkoxy of fron11 to 10
carbons; aryl, ara of fro 2 ot o B

hal ogenat ed aryl, lﬂﬂmmlﬂ "ﬁ”ﬂw of F‘Sgn%maéo car bonsﬁﬁm’ggggasne
of 3 to 9 carbons; or ﬁ1x&uﬂbssthéreof : A process as clained in

claim7 wherein said R3, R4, R, and R6 are |ndependently selected fromthe
group consi sging Afpfecess- ab[enahméarﬁh eldin 7t whexelincesadid R, R

| dis
B focted under cotal { T BRsREnar s\ AdeBoRlghids! Sl ebhoarSRLH érswp
760[err] C, a prescomeisting of 28D jﬁ%»(fNﬁﬂl 5300 aﬂﬁﬁ@gﬂgbg) andwei ght

hourly. space velﬁfkgyrgg £n8BeBE, tO 2000 hr 1 and an ad
hydr ogen/ hydr ocarbon nole ratio of 0 to 100.

9. A process as claimed in any preceding claim wherein
the conversion is effected under conditions including
a temperature of 100°C to 760°C, a pressure of 10 to
20000 XPa (0.1 to 200 atmosphere), a weight hourly.

-1 -1

space velocity of 0.08 hr to 2000 hr and an added

hydrogen/hydrocarbon mole ratio of 0 to 100.

10. A process as claimed in any preceding claim wherein
the conversion is the disproportionation of toluene
and is effected under conditions including a
temperature of 200°C to 600°C, a pressure of 100 to
35000 kPa (atmospheric to 5000 psig), a weight hourly
space velocity of 0.1 hr ! to 20 hr™!, and an added
hydrogen/hydrocarbon mole ratio of 0.05 to 20.

REPLACEMENT SHEET
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10.
t he di sproport PO
i ncluding a tenperature of 200[err] ct

A*process as clainmed in any preceding clai mwherein the c C
i on of to&aammmtwambmmamnm condi t | Ve

Y] C, a pressure of 100 to

35000 k FANTERNAGERNAL AFPLICATION PEBLESHED UNDER THE PATENT gpaemmg:mr @)

h  ional Pa d hyd 7T D T 0. Oyt
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(87) Abstract

54 Title:/SELBCTIVE PRODUCTION OF PARA-DIALKYL SUBSTITUTED BENZENE‘S/

A process is provided for selective catalytic conversion of certain hydrocarbon feedstocks to product rich in para~dialkyl substituted
benzenes. The catalyst employed in the process comprises a crystalline material having the stracture of PSH-3, MCM-22 or MCM-49, or
a mixture of said crystalline materials, said crystalline material having been treated with a selectivating agent, such as a silicon compound,
which decomposes to oxide or non-oxide ceramic or solid-state carbon species.
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