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CATALYST CONTAINING MICROPOROUS ZEOLITE IN MESOPOROUS
SUPPORT AND METHOD FOR MARING SAME

' CROSS-REFERENCE TO RELATED APPLICATIONS

The present application is a continuation-in-part of
U.S. application Serial No. 09/390,276 filed September 7,
1999 to which priority is claimed, and which 1s herein

incorporated by reference in its entirety.

BACKGROUND

1. Field 5f the Invention

The present disclosure is related to catalyst material
containing zeolite embedded in-a catalyst support, ‘and
particularly to a microporous zeolite embedded in a

mesoporous support.

2. Backaground of the Art

Most of today’s hydrocarbon processing technologies 1s
based on ‘zeolite catalysts. Zeolite catalysts are well
known in the art and possess well-arranggd pore systems with
uniform pore sizes. However, these materials tend to
possess either only micropores or only mesopores.

Micropores are defined as pores having a diameter of less
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than about 2 nm. Mesopores are defined as pores having’a
diameter ranging from about 2 nm to about 50 nm.

Because such hydrocérbon processing reactions are mass-
transfer limited; a catalyst-with 1deal pore size will
fabiiitate traﬁéport of fhe reaCténts to active catalySt

sites and transport of the products out of the catalyst.

SUMMARY OF THE INVENTION

A material useful i1n catalytic processing of
hydrocarbons is provided herein. The material comprises a
zeolite, and a porous inorganic oxide which includes at
least 97 yolume percent mesopores based on the micropores

and mesopores of the inorganic oxide. The zeolite 1is

preferably a microporous zeolite such. as for -example,’

zeolite beta, zeolite Y, or 72SM-5. A method for making and
method for using the material a?e described herein.

The catalytic material described herein advantageously
facilitates the transport of reactants to active catalyst

sites and is about 5 times more active than the zeolite used

alone e

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments are described below with reference

to the drawings wherein:
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FIG. 1 is a graph sﬁowing"the X-ray diffraction
patterns of pure zeolite beta; mesoporous inorganic oxide
support with zeolite beta (Sample 1), and an extended
scanning time image of Sample 1;

"FIG. 2 is;a high resoiﬂtion transmiséion electron'a
microscopy image of the mesoporous inorganic oxide support
with zeolite beta (Sample 1), and an inset showing an
electron diffraction pattern of the zeolite domains;

FIG. 3 is a chart showing the temperature programmed
desorption of NH; UH%—T?D) analysis of the mesoporous
inorganic .oxide support with zeolite beta (Sample 1), and a
comparison sample containing no zeolite beta;

FIG. 4 is a graph showing the mesopore sige
distribution of"theamate:ial produced inhExamples 3,.4, and
5 herein, and of pure zeolite beta; and

FIG. 5 is a chart showing the X-ray diffraction

3

‘patterns of the materials produced in Examples 2 to 5

herein, as well as pure zeolite beta.

DETATLED DESCRIPTION OF PREFERRED EMBODIMENT (S5)

The catalyst described herein includes a micr&po;ous
zeolite embedded in a meéoporous support. ?he’micrOporous
zeolite can be any type of microporous zeolite including,

but not limited to, zeolite beta, zeolite Y, and ZSM-J.
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Such zeolites are known in the art and commercially

avallable. The zeolite can be incorporated into the

mesoporous support or can be synthesized in-situ in the
catalyst support.

| The catalyst support is preferably a three dimensional
mesoporous inorganic oxide méterial containing at least 97

volume percent mesopores (i.e., no more than 3 volume
percent micropores) based on micropores and mesopores of the
organic oxide material (i.e., without any zeolite
incorporated therein), and generally at least 98 volume
percent mesopores. A method for making a preferred porous
silica-containing catalyst support is described in U.S.
Patent application Serial No.“09/390,276. The average
‘.mesopore size ofofhe preferred cétalyst as determinedafrom
bb-porosimetry ranges from about 2 nm to about 25 nm.
Generally, the mesoporous inorganic oxide is prepared by
heating a mixture of (1) a precursor of the inorganic oxide
in water, and (2) an organic templating agent that mixes
well with the oxide precursor or the oxide species generated
from the precursor, and preferably forms hydrogen bonds with
it.
The starting material ig generally an amorphous
material and may be comprised of one or more inorganic

oxlides such as silicon oxide or aluminum oxide, with or

-
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without additional metal oxides. The silicon atoms may be
replaced in part by metal atoms such as aluminum, titanium,
vanadium, zirconium, gallium, manganese, zinc, chromium,
molybdenum, nickel, -cobalt and iron and the like, The
additioﬂal metals may opﬁibnally be incorporated inﬁo ghe
material prior to initiating the process for producing a

structure that contains mesopores. Also, after preparation

of the material, cations in the system may optionally be

replaced with other 1ons sucﬁ as those of an alkali metal
(e.g., sodium, potassium, lithium, etc.).

The'brganic templating agent is preferably a glycol (a
compound that includes two or more hydroxyl groups), such as
glycerol, diethylene glycol, triethylene glycol, |
tetraéthyléne glycol, propylene glycol, and the"iike) or

member (s) of the group consisting of triethanolamine,

sulfolane, tetraethylene pentamine and diethylglycol

- dibenzoate.

The mesoporous catalyst support is a pseudo-crystalline
material (i.e., no crystallinity is observed by presently
available x-ray diffraction téchniques). The wall thickness
of the mesopores is preferably from about 3 nm to about 25
nm. The surface area of the catalyst support as determined

by BET (N,) preferably ranges from about 400 m?/g to about
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1200 m*/g. The catalyst pore volume preferably ranges from

about 0.3 cm’/g to about 2.2 cmi/qg.
The content of zeolite in the catalyst can range from

less than about 1% by weight to more than about 99% by

5 weight, preferably from about 5% by wéight to 90% by weight,"

more preferably. from about 20% by weight to about 80% by
weight. The catalyst with zeolite included preferably
contains no more than about 5 ﬁolume percent of micrépores.
More particularly, the method for making the catalyst
10 includes suspending a zeolite in water. An inorganic oxide
precursofsis then added to the water and mixed. The

inorganic oxide precursor can be a silicate such as

tetraethyl orthosilicate (TEOS) or a source of aluminum such
as aluminum isoprbpoxiAe. TTEOS and aluminum'isdpr§boxide
15 are commercially avallable from known suppliers.
The pH of the solution ié preferably kept above 7.0.
Optionally, the aqueous solution can contain other metal
ions such as those indicated ébove. After stirrind, an
organic templating agent which binds to the silica (or other
ch | inorganic oxide) species by hydfogen boﬁding 1s added and
mixed into the aqueous solution. = The organic templating
agent helps form the mesopores during a pore—formiﬁg step,

as discussed below. The organic templating agent should not

be so hydrophobic so as to form a separate phase in the
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aqueous solution. The organic templating agent can be one
or more compound as listed above. The organic templating

agent is preferably added by dropwise addition with stirring

to the agueous inorganic oxide solution. After a period of .

timeu(é.g., from about 1 to 2 hours) the mixture forms a

thick gel. The mixture is preferably stirred during this

period of time to facilitate the mixing of the components.

The solution preferably includes an alkanol, which can Dbe
added to the mixture and/or formed in-situ by the
decomposition of the inorganic oxide precursor. For
example, TEOS, upon heating, produces ethanol. Propanol may
be produced by the decomposition of aluminum.isoprdpoxide.
The gel 1s then ageq at a temperature of from about SJC
°£o about 45°C, prefefabiy.ét room temperature, to complete

the hydrolysis and poly-condensation of the inorganic oxide

source. Aging preferably can take place for up to about 48

" hours, generally from about 2 hours to 30 hours, more

preferably from about 10 houré.to 20 hours. After the aging
step the gel is heated in air at about 98°C to 1Q0°C for a
period.of time sufficient to dry the gel by driving off
water‘(e.g., from about 6 to about 24 hours) . Preferabiy,
the organic templating agent, which helps form the

mesopores, should remain in the gel during the drying stage.
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Accordingly, the preferred organic templating agentahas’a
boiling point of at least about 150°C.
The dried material, which still contains the organic
templating agent, is heated to a temperature at which there.
S is a substantial formation ofmésopores. .Thé pore;forming
step 1s conducted at a temperature above the boiling point
of water and up to about the boiling point of the organic
templating agent. Generally, thg mesopore formation 1is
carried out at a temperature of from about 100°C to about
10 250°, preferably from about 150° to about 200°C. The pore-
férming étep can optionally be performed hydrothermally in a
sealed vessel at autogenous pressure. The size of the
mesopores and volume of the mesopores in the final product'
are influenced by the length"and:temperature of fhe
15 hydrothermal step. Generally, increasing the temperature

and duration of the treatment increases the percentage of

mesopore volume in the final product.

After the pore-forming step the catalyst material is
calcined ét a temperature of from about 300°C to about
26 | 1000°C, preferably from about 400°C to about 700°C, more
preferably from about 500°C to about 600°C, and maintained
at the calcining temperature for a period of time sufficient

to effect calcination of the material. The duration of the

calcining step typically ranges from about 2 hours to about
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40 hours, preferably 5 hours to 15 hours, depending, in.
part, upon the calcining temperature.

T§ prevent hot spots the temperature should be raised
gradually. Preferably, the - temperature Qf'theféaﬁalyste
material should be ramped up to the calcining teﬁberafure at
a rate of from about 0.1°C/min. to about 25°C/min., more

; preferably from about 0.5°C/min. to about 15°C/min., and
most preferably from about 1°C/min. to about 5°C/min.

During calcining the structure of the catalyst material

is finally formed while the organic molecules are expelled

from the material and decomposed.

The calcination process to remove organic templating
agent can be replaced by extraction using organic solvents;
e.g.; ethanol. 1In this case the femplating agent can bé:
recovered for re-use.

Also, the catalyst powder of the present invention can

' be admixed with binders such as silica and/or alumina, and
then formed -into desired shapes (e.g., pellets, rings, etc.)
by extrusion or other sultable methods.

Metal ions such as titanium vanadium, zirconium,
galiium, manganese, zinc, nickel, iron, cobalt, chromium and
molybdenum may be added to the catalyst by impiegnation, ion

exchange, or by replacing a part of the lattice atoms as

described in G.W. Skeels and E.M. Flanigen in M. Occelli, et

-0 -
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al., eds., A.C.S. Symposium Series, Vol. 398, Butterworth,

pgs. 420-435 (1989).

The catalyst described herein 1s useful in hydrocarbon

processing such ‘as in hvdrocracking, hydroisomerization,

dewaxing, alkyla£ion,'and the like.

For example, alkylation of hydrocarbons with olefins
employing catalyst described herein -can be performéd at a
temperature of from about 90° C to about 250° C, a pressure
of from about 10 psig to about“500 pslg, and a space
velocity of from about 1 WHSV to about 20 WHSV.

Hydrbcracking of hydrocarbons employing the catalyst

described herein can be performed under reaction conditions

t

including a temperature of from about 200°C to about 400° C,

- a pressure of from about 150 psig to about 1,000 psig, and a

space velocity of from about 1 WHSV to about 50 WHSV.

Hydroisomerization of hydrocarbons employing the

" catalyst described herein can be performed under reaction

conditions including a temperature of from about 150°C’t6
about 500°C a pressure of from about 15 psig to about 3500
psig, and a space velocity of”from.aboﬁt 0.1 WHSV to about
20 WHSV.

Catalytic dewaxing of hydrocarbons employing the
catalyst described herein can be performed under reaction

conditions including a temperature of from about 150°C to

-10-
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about 500° C, a pressure of from about 100 psig to abouta
1,500 psig, and a space velocity of from about 0.1 WHSV to

about 20 WHSV.

"The - method of making the catalyst composition of the

'present invention is illustrated by the Examples 1-5 giveﬁ

below. Example 6 illustrates the use of the catalyst in an

alkylation process. Comparatlve Example A illustrates the
use of pure zeolite beta without the mesoporous support

described herein and is not in accordance with the present
invention. Composition amounts are given in parts by

weight.

EXAMPLE 1
First,'i;48 parts’calcihed zéolite beta with an Si/Al
ratio of 24.9 and an average paxticle size of 1 pm were
suspended in 16.32 parts water and stirred for:30 minutes.
Then 20.32 parts tetraethylorthosilicate (TEOS) were édded

to the suspension with stirring. After continuous stirring

for another 30 minutes, 9.33 pérts triethanolamine were
added. After stirring again for another 30 minute;, 4.02
parts tetraethylammonium HYdroxide agqueous soiution (35%
solution available from.Aldriéh) were added drop-wise to the

mixture to increase the pH. After stirring for about 2

hours, the mixture formed a thick non—flowingrgel.f This gel

-11 -
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was aged at room temperature under static conditions for 17
hours. Next, the gel was dried in air at 100°C for 28
hours. The dried gel was transferred into an autoclave and
hydrothermally treated at 170°C for -17.5 hours.. Finally, it
wés calcined.at 600° for 10 houfs"in airﬁith é:ramp rateléf;
1°C/min.

The final product was deéignated as Sample 1. The
theoretical amount of zeolite beta present in the Sample 1
was 20wt%. Sample 1 was characterized by X-ray diffraction
(XRD), transmission electron microscopy (TEM), nitrogen
porosimetﬁ:y, argon porosimetry and NH;-temperature
programmed desorption (TPD). Pure zeolite beta waS also
characterized by XRD.for purpbses of comparison.

Réferriné to FIG. 1, thé XRD patﬁern of fhé pure
zeolite beta, depicted in plot “b”, showsothe most

pronounced characteristic reflections at about 7.7° and

1 22.2° in 2 theta (33 minute scanning time). The XRD pattern

of the mesoporous inorganic oxide support with the zeolite
beta crystals (Sample 1) is depicted in plot “a”. An
intense peak at low angle is observed, indicating that
Sample 1 1is a meso—structured”material. The peaks for beta
zeollite are relatively small because the maximum theoretical

zeolite content of the final product is only about 20 wt%.

When the scanning time for Sample 1 was extended to 45

_12_
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hours, the characteristic peaks of zeolite beta become
clearly visible, as depicted in plot “c”.

Referring now to FIG. 2, a high resolution transmiss;on
electron microscopy image “TEM” of Sample 1 is depicted,
which‘Sths dark'gfay domainsvllﬁin a mesoporous métrix 12.'

The inset “ED” depicts an electron diffraction pattern which

confirms that the dark gray domains 11 are beta zeolite

crystals.

Nitrogen adsorption shows that Sample 1 has a narrow
mesopore size distribution, mainly centered at about 9.0 nm,
high surface area of 710 m*/g and high total pore volume of

1.01 cm’/g. Argon adsorption shows a peak of micropore size

}

distribution around about 0.64‘nm, corresponding to
micrbpore’size in zeolite beta. The‘micrOpore ?olume of
pores with a diameter smaller than 0.7 nm was 0.04 cm’.
This is about 16% of the micropore volume of the pure
zeolite beta. Initial addition of uncalcined zeolite beta
was 20 wt.% based on the final composite. The used zeolite
beta lost about 20 wt.% due to’the removal of template
during calcination. Taking the mass loss of zeolite during
calcination'intb achunt, the expected content of zeolite
beta in the final composite is about 16 ﬁt.%, which is

consistent with the value obtained from micropore volume.

-]13-
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Referring to FIG. 3, the NH,;-TPD measurement of Sample
1 showed two desorption peaks, indicating that there are

strong acid sites similar to those in zeolites.

EXAMPLE 2
First, 3.40 parts calcined zeolite beta with an Si/Al

ratio of 150 and an average particle size of 0.2 pm were

suspended 1n 84.98 parts water and stirred for 30 minutes.

Then 105.80 parts TEOS were added to the suspension with
stirring. - After continuous stirring for another 30 minutes,

38.27 parﬁs triethanolamine were added. After stirring
again for another 30 minutes, 20.93 parts tetraéthylammoniuﬂl
hydroxide aqueous solution (35%) were added drop-wise to tﬁe
ﬁixture. After stirring.for ébdut 2 hours the mixture
turned into a thick non—flowing gel. This gel was aged at
room temperature under static conditions for 24 hours.

ﬁext, the gel was dried in air at 98-100°C for 24 hours.

The dried gel was transferred into four 50 ml autoclaves and
hydrothermally treated at 180°C for 4 hours. Finally, it
was caicined at 600°C for 10 hours in air with a ramp rate
of=1°C/min. The XRD pattern of the resultant product,
designated as Sample 2, is shown in FIG. 5. There is about

10 wt.% zeolite beta in the final composite.

-4~
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EXAMPLE 3
First, 4.59 parts calcined zeolite beta with an Si/Al

ratio of 150 and an average pérticle size of 0.2 pm were

Suspgnded in 51.02 parts water and stirred for 30 minutes.
5 Then 22.97 parts triethanolamine were added to the

suspension with stirring. After continuous stirring for

another 30 minutes, 63.50 parts TEOS were added. After

stirring again for another 30 minutes, 12.58 parts

tetraethylammonium hydroxide aqueous solution (35%) were
10 added droﬁ—wise to the mixture. After stirring for about 2
hours, the mixture formed a thick non-flowing gel. This gel

was aged at room temperature under static conditions for 24

t

hours. Next, the gel was dried in air at 100°C for 24
hours. The dried gei was tréﬁéferred iﬁto three 50 ml

15 autoclaves and hydrothermally treated at 180°C for 4 hours.
Finally, it was calcined at 600°C for 10 hours in air with a

ramp rate of 1°C/min. The XRD pattern of the resultant
product, designateé as Sample 3, is shown in FIG. 5, which
clearly shows two characteristic peaks of zeolite beta.

20 There is about 20 wt.% zeolite beta in the final composite.
Nitrogen adsorption revealed its surface area of about 730
m*/g, pore volume of about 1.68 cm’/g. Its mesopore size

distribution is shown in FIG. 4.

-15-
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EXAMPLE 4
First, 12.23 parts calciﬁed‘zeolite beta with an Si/Al
ratio of 150 and an average particle size of 0.2 pm were
°suspendediih 50.99 parts water and stirred for 30 minutes.

Then 22.96 parts triethanolamine were édded to the

.suspension with stirring. After continuous stirring for

another 30 minutes, 63.48 parts TEOS were added. After
stirring again for another 30 minutes, 12.08 parts
tetraethylammonium hydroxide aqueous solutlon (35%) were
added drop-wise to the mixture. After stirring for about 2
hours, the mixture formed a thick non-flowing gel. This gel
was aged at room temperature under static conditions for 24
hours. Next, the gel was dried in air at 100°C for 24
hbﬁré. The dried gel was transferred into three'Sd ml

autoclaves and hydrothermally treated at 180°C for 4 hours.

Finally, it was calcined at 600°C for 10 hours in air with a

| ramp rate of 1°C/min. The XRD pattern of the resultant

product, designated as Sample 4, is shown in FIG. 5, which
clearly shows two characteristic peaks of zeolite beta.

There is about 20 wt;% zeoli;e beta in the.final qomposite.
Nitrogen adsorptién revealed its surface area of about 637

m?/g, pore volume of about 1.07 cm®/g. Its mesopore size

distribution is shown in FIG.‘é.

-16~-
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EXAMPLE 5

First, 9.17 parts calcined zeolite beta with an Si/Al
ratio of 150 and an average particle size of 0.2 um were
suspended in 16.99 parts water and stirred for BO.minutesf
Then 7.65 pafts triethéholamine were added to'the above
suspension under stirring. After continuous stirring for
another 30 minutes, 21.16 parts TEOS were added. After
stirring again for another 30 minutes, 4.19 parts
tetraethylammonium hydroxide aqueous solution (35%) were

added drop-wise to the mixture. After stirring for about 2

hours, the mixture formed a thick non-flowing gel. This gel

was aged at room temperature under static conditions for 24

t

hours. Next, the gel was dried in air at 100°C for 24
hours. The dried gel Was"transferred'intoqthree 50 ml
autoclaves and hydrothermally treated at 180°C for 4 hours.
Finally, it was calcined at 600°C for 10 hours in air with a
ramp rate of 1°C/min. The XRD pattern of the resultant
product, designated as Sémple 5, 1s shown in FIG.OS, which
clearly shows two characteristic peaks of zeoliﬁe beta.
There is about 60 wt.% zeolite beta in the final composite.
Nitrogen adsoiption tevéaled its surface area of about 639
m’/g, pore volume of about 0.97 cm®/g. Its mesopore size

distribution is shown in FIG. 4.
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LXAMPLE 6

Eight parts of Sample 1 were mixed with two parts of

alumina in the form of Nyacdl'to'provide a catélyst. The

‘mixture was~driedéand calcined by raising the temperature to

120°C at fhé"rate:of 5°C/min,‘maintaining the 126%1
tempervature for one hour, then raising the temperature at
the rate of 5°C/min to 500°C for five hours and finélly
lowering the temperature at the rate of 5°C/min to 150°C and
then allowing the catalyst to cool to room temperature in a
desiccator. The catalyst was then manually crushed and
sieved t65—12/+20 mesh for activity testing. This catalyst
contained 16 wt.% zeolite beta in mesoporous support. A
recirculating differential fixed—bed bed reactor was chargéd
with 1.000 gram of catalyst. The recirculating rate (200
gm/min) was about 33 timés the feed rate (6.1 gm/min). The
loaded reactor was initially filled with benzene, the feed

(benzene containing 0.35 wt.% ethylene) was metered in with

a metering pump when the reactor reached 190°C. The run was

carried out for seven hours. The reaction conditions

included a temperature of 190°C a pressure of 350 psig and a

- space veiocity of 6 WHSV. Feedhsamples were taken at the

beginning, the middle and the end of the run. Product
samples were taken every third minute and analyzed by gas

chromatography. Based on the rate equation, a rate constant

~18-
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of 0.30 cm’/g-sec was obtained for the alkylation of beniene
with ethylene to form ethylbenzene for 16 wt.% zeolite beta-"

containing catalyst. Alternatively, this value is

‘equivalent:-of ‘a value of 1.50 cm®/g-sec for a 80 wt.$% of

zeolite beta-containing éatalyéf.

COMPARISON SAMPLE A
'An all silica mesoporous support was made in accordance
with the method described in Example 1 except that no
zeolite was incorporated. The resulting suppoft was
designatea as Comparison Sample A. An N.H;,--TPD measurement

was made of Comparison Sample A and the resulting

. measurement 1s depicted in FIG. 3. S e

COMPARISON EXAMPLE B

A sample of zeolite beta obtained from a commercial
supplier and containing 80 wt.% zeolite beta (Si/Al ratio of
4.9) and 20% binder was resized to -12/4+20 mesh. The pore
size distribution of zeolite beta ié depicted in FIG. 4.
The activity of the pure zeolite beta of this Comparison
Example was tested in the same alkylation reaction usiﬁg the
same methodology and apparatus described inoExample © above.

A rate constant of 0.29 cm’/g-sec was obtained.

19._.
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Comparing the results of Example 6 with Comparison
Example B, the catalyst of Example 6, which is in accordance
with the present invention, has about five times greater
activity than an equivalent amount of zeolite betaaalone for

thé alkylation of benzene with eEhyléﬁe. These results
indicate that the integrity of the zeolite crystals in the
Mesoporous catélyst-support is,maintained during the
synthesis of Sample 1. The results also demonstrate that
the microporous zeolite beta in the mesoporous support of
Sample 1 was still accessible after the synthesis of the
catalyst.and that the mesopores of the support facilitate
mass transfer in aromatic alkylation reactions.

While the above desgription gontains manyqspecifics, |
these specifics Shouldfnot be consfruéd as limitations on
the scope of the invention, but merely as exemplifications
of preferred embodiments thereof. Those skilled in the art
will envision many other possibilities within the scope and

spirit of the invention as defined by the claims appended

hereto.
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WHAT IS CLAIMED IS:

1. A material which comprises:
a zeolite; and,
@ porous inorganic oxide which includes at least
97 volume pércent mesopores based on mié£0pores and

mesopores of the inorganic oxide.

2. The material of claim 1 wherein the zeolite is a

microporous zeolite.

3. The material of claim 2 wherein the microporous
zeolite is selected from the group consisting of zeolite

beta, zeolite Y and ZSM-5.

4. The material of claim 1 wherein the porous inorganic

oxlde contains at least 98 volume percent mesopores.

5. The material of claim 1 wherein the mesopores have a

size ranging from about 2 nm to about 25 nm.

6. The material of claim 1 wherein the"porous inorganic

oxide 1s silicon oxide.

-27 -
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/. The material of claim 1 wherein the porous inorganic

oxide i1s aluminum oxide.

8. The material of claim 1 including metal atoms -
selected from the group consisting of aluminum, titanium,
vanadium, zirconium, gallium, manganese, zinc, chromium,

molybdenum, nickel, cobalt and iron.

9. The material of claim 1 wherein the composition

percentage by weight of the zeolite ranges from about 5% to

about 90%.

10. The material of claim 1 wherein the composition

percentage by weight of the zeéiite ranges from about 20% to

about 80%.

11. A method for making a catalytic material which

comprises the steps of:

a) combining a zeolite with water, an
inorganic oxide or a precursof of an inorganic oxide, and at
least one meéopore forming organic compoﬁnd that binds to
the inorganic oxide or the precursor of the inorganic oxide
by hydrogen bonding to form a mixture;

b) drying the mixture;

- ) -
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c) heating the dried mixture to a temperéture

10

15

20

and for a period of time sufficient to form a mesoporous

oxide structure.

12. The ﬁethod of claim 11 wherein said mesopore
forming organic compound is selected from the group
consisting of glycerol, diethylene glycol, triethylene
glycol, tetraethyiene glycol, propylene glycol,
triethanolamine, sulfolane, tetraethylene pentamine and

diethylene glycol dibenzoate.

13. The method of claim 11 wherein said mesopore
forming organic compound has a boiling point of at least

about 150°C.

14. The method of claim 11 wherein the inorganic oxide

~1s formed by reacting an inorganic oxide precursor with the

water.

15. The method of claim 14 wherein the inorganic oxide
precursor 1s selected from the group consisting of

tetraethyl orthosilicate and aluminum isopropoxide.
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16. The method of claim 11 wherein the mixture is .

- maintained at a pH above about 7.0.

'17. The meﬁhodadf‘claim 11 wherein the éoﬁpound is
added to the mixture by dropwise addition with stirring and

wherein the mixture forms a gel.

18. The method of claim 11 wherein the mixture includes

an alkanol.

19. The method of claim 11 wherein the mixture is dried
by heating in air at a temperature and for a period of time

sufficient to drive off water and volatile organic

compounds.

20. The method of claim 11 wherein the heating step (c)

comprises heating the dried mixture to a temperature of from

about 100°C to about 250°cC.

21. The method of claim 11 wherein the heating step (c)
comprises heating the dried méterial to a température of

from about 150°C to about 200°C.
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22. The method of claim 11 further comprising'the,étep

of calcining the heated dried mixture at a temperature of

from about 300°C to about 1000°cC.

23. The method of claim 11 further including the step
Of calcining the heated dried mixture at a temperature of

from about 400°C to about 700°C for about 2 hours to about

40 hours.

i 24. The method of claim 11 further comprising combining

metal ioﬁs with the mixture, the metal being selected from

the group consisting of titanium, vanadium, zirconium,
gallium, manganese, zinc, nickel, iron, cobalt, chromium and

molybdenum.

25. The method of claim 11 further comprising the steps
of admixing a binder with the. catalytic material and forming

the catalytic material into a predetermined shape.

26. A process for treating a hydrocarbon feed
comprising:
contacting a feed containing at leasE one
hydrocarbon component with a catalytically effective amount

of a catalyst which includes a zeolite supported on a porous
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inorganic oxide having at least 97 volume percent mesopores

based on micropores and mesopores of the porous inorganic

p—
e

oxide under reaction conditions sufficient to effect

conversion of said hydrocarbon component.

27. The process of clalm 26 wherein the conversion of
the hydrocarbon component is effected by means of a
hydrocracking reaction hydroisomerization reaction, dewaxing

reaction, or alkylation reaction.

28. The process of claim 20 wherein said feed includes
an aromatic compound and an olefin and the reaction
conditions are sufficient to effect alkylation of the

aromatic compound with the olefin.

29. The process of claim 28 wherein the reaction
conditions include a temperature of from about 90°C to about

250°, a pressure of from about 10 psig to about 500 psig,

and a space velocity of from about 1 WHSV to about 20 WHSV.

30. The process of claim 26 wherein the zeolite is a

microporous zeolite.
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31. The process of claim 30 wherein the microporous

zeolite is zeolite beta.
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