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Abstract

A hydrocracking process uses a catalyst which is

5 based on an ultra-large pore crystalline material. The
crystalline material has pores of at least 13 A
diameter arranged in a uniform manner and exhibits
unusually large sorpfion capacity demonstrated by its
benzene adsorption cépaCity of greater than 15 grams

10 benzene/100 grams (50 torr and 25°C). A preferred form
of the catalyst has a hexagonal structure which
exhibits a hexagonal electron diffraction pattern that
can be indexed with a d100 value greater than 18 A. 1In
one embodiment of this invention, the catalyst

15 _ additionally comprises a zeolite component. The o
hydrocracking catalysts based on these materials are
capable of producing hydrocracked products of improved -
quality with lower nitrogen and aromatic content.
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pressure hydrocracking T ngﬁP8&8§eré§§PFb§8 PnPZoSess, No.
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widespread use in petroleum refining for converting
10 various petroieum fractions to lighter and more
- valuable products, especially distillates such as jet
fuels, diesel oils and heating oils. Hydrocracking is
generally carried out in conjunction with an initial
hydrotreating step in which the heteroatom-containing

15 impurities in the feed are hydrogenated without a
significant degree of bulk conversion. During this
initial step, the heteroatoms, principally nitrogen and
sulfur, are converted to inorganic form (ammonia,
hydrogen-sulfide) and these gases may be removed prior

20 to the subsequent hydrocracking step although the two
stages may be combined in cascade without interstage
separation as, for example, in the Unicracking-JHC
process and in the moderate pressure hydrocracking
process described in U.S. Patent No. 4,435,275.

25 In the second stage of the operation, the
hydrotreated feedstock is contacted with a bifunctional
catalyst which possesses both acidic and |
hydrogenation/dehydrogenation- functionality. In this
step, the characteristic hydrocracking reactions occur

- 30 ‘in the presence of the catalyst._ Polycyclic aromatics
in the feed are hydrogenated, and ring opening of
aromatic and napthenic rings takes place together with
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' - 2- deal kyl ati on. Further hydrogenation may take place upon opening of
t he *aromatic ring

§. upon the severi y of t heThissthedt H Jated
t he pol ycyclic ardnmati’cs 1n he feed Wi ll be ydrocrack
mat &Fi al s or, under |ess severe conditions, to nDnocyll mell

as paraffins. Naphthenic and aromatic rings nmay be present In the product,
for exanple, as substituted napht henes and substituted pol ycyclic aronatlcs

in the higher boilddFIetiicdb, GapeHER hydedydiee 1oy ey otar@epaatanal
upon opening of the aromatic rings.' Depending upon the
severity of the reaction conditions, the polycyclic
aromatics in the feed will be hydrocracked to
5 paraffinic materials or, under less severe condltions,

to monocylic aromatics as well as paraffins.
Naphthenic and aromatic rings may be present_in the
product, for_example, as substituted haphthenes and
substituted polycyclic aromatics in the higher boiling

10 products, depending upon the degree of operational
severity.

The bifunctional catalyst typically comprises a
metal component which provides the
hydrogenation/dehydrogenation functionality and a

- 15 porous, inorganic oxide support provides the acidic
function. The metal component typically comprises a
combination of metals from Groups IVA, VIA and VIIIA of
the Periodic Table (IUPAC Table) although single metals
may also be encountered. Combinations of metals from

20 _ Groups VIA and VIIIA are especially'preferred, such as
nickel-molybdenum, cobalt-molybdenum, nickel-tungsten,
cobalt-nickel~ molybdenum and nickel-tungsten-titanium.
‘Noble metals of Group VIIIA especially platinum or -
palladium may be encountered but are not typically used

25 for treating high boiling feeds which tend to contain
significant quantities of heteroatoms which function as
poisons for these metals. '

The porous support which provides the acidic
functionality in the catalyst may comprise either an

30 _ amorphous or a crystalline material or both. Amorphous
materials have significant advantages for processing
very high boiling feeds which contain significant
quantities of bulky polycyclic materials (aromatics as
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(aromatics as amorphous materlals of this kind 1nclude alumzna and
| s;llca-alum;na and mixtures of the two, possibly

10 modified with other inorganic oxides such as silica,
magnesia or titania.

Crystalline materials, especially the large pore
size zeolites such as zeolites X and ¥, have been found
to be useful for a number of hydrocracking applications

15 since they have the advantage, as compared to the

' amorphous materials, of possessing a greater degree of
activity, which enables the hydrocracking to be carried
out at lower temperatures at which the accompanying

_ hydrogenation reactions are thermodynamically favored.

20 " In addition, the crystalline catalysts tend to be more
stable in operation than the amorphous materials such
as alumina. The crystalline materials may, however,
not be suitable for all applications since even the
largest pore sizes in these materials, typically 7.4 A

25 in the X and Y zeolites, are too small to permit access
by various bulky species in the feed. For this reason,
hydrocracking of residuals fractions and high boiling
feeds has generally required an amorphous catalyst of
rather lower activity.

30 ' It would be desirable, if possible, to integrate
the advantages of the amorphous and the crystalline
material in hydrocracking catalysts and although the
possibility of using active supports for crystalline
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materials has not favored the utilization of such
catalysts. _
5 The crystalline hydrocracking catalysts generally

tend to produce significant quantities of gasoline
boiling range materials (approximately 330°F-, 165°C-)
materials as produét. Since hydrocracked gasolines
tend to be of relatively low octane and require further

10 treatment as by reforming before the product can be
blended into the refinery gasoline pool, hydrocracking
is usually not an attractive route for the production
of gasoline. On the other hand, it is favorable to the
production of distillate fractions, especially jet

15 fuels, heating oils and diesel fuels since the
hydrocracking process reduces the heteroatom impurities
characteristically present in these fractions to the
low level desirable for these products. The

_ selectivity of crystalline aluminosilicate catalysts

20 for distillate production may be improved by the use of
highly siliceous zeolites, for example, the zeolites
possessing a silica: alumina ratio of 50:1 or more, as
described in U.S. Patent No. 4,820,402 (Partridge et
al), but even with thié advance in the technology, it

25 would still be desirable to integrate the
characteristics of the amorphous materials with their
large pore sizes capable of accommodating the bulky
components of typical hydrocracking feeds, with the
activity of the zeolite catalysts.

30 In fuels hydrocracking, the zeolite content of the
catalyst is qpnventionally as high as possible for the
desired acidity; conversely the amount of matrix which

B e s

supports the metal component is limited and as the



size zeolites such as zeolites X and Y, have been fo ﬁ@ahﬁsm&mkﬂmw$br

nunber of- hydrocrg.c%hggdap%l)cat i ons since_t ey have ﬂg w
ower

conpared to the airorphous erials, of possessing a gr

actigyity, which enables the hydrocracklng to.be carrie

tenperatures at which the acconpanyi ng hydrogenati on reactions are

t hernodynam cal ly favored. In addition, the crystalline catalysts tend to
be nore stabl e i npropoxtion dfazedld tantmpiohes cattadiyistt sinareanasas althe na.

The crystalline ghz%l ngt&’%\é a:.l%%tlebq.’a?“ %ln?eéﬂ Gdiponent

appl i cations sinc ore srzes in se_ materl al s,
typically 7.4 A dmaseesnwlthzé:@xa tr@§ulé:r &hato %Ihyq&f?mﬁﬁimaccess by

various bul ky spegiggylj W %%d‘o%& ﬁ%ééa 2t R0 hidh HesT ek Teadings

residual s fractions an 0|I|ng f eeds has gfnerally required an
anor phou$ catalysFQSPlﬁdFﬁqu(fﬂﬁ'%1 QydRagracking ¢ woul d be desirable, if

possi bl e, to integrat emh@ﬁdwi ey ddvartiayeE @ 'laml ;ﬂmg-phgms aéﬂ}dne
e O i A UL P SRER] it e T
could be integrated by the use of active supports for
crystalline materials but the difference in activity
10 and selectivity between the amorphous and crystalline
materials has not favored the utilization of such
catalysts.
In the first embodiment of the present invention,
we have found that a group of mesoporous siliceous
15 materials having a novel and unique pore geometry may
be used as the basis for hydrocracking catalysts of
excellent properties. These mesoporous siliceous
materials are characterized by a regular, crystalline
) microstructure with uniform pores having a cell
20 diameter greater than 13 A and typically in the range
of 20 to 100 A. These crystalline catalytic materials -
are readily characterized by their X-ray diffraction
pattern which includes at least one peak having a
relative intensity of 100; they have a high surface
25 area and porosity which is manifested by a benzene
adsorption greater than 15 g. benzene per 100 g. of the
crystalline material at 6.7 kPa (50 torr) and 25°C.
Most prominent among these materials is a new
"metallosilicate having a structure identified as MCM-41
30 which is usually synthesized with Brensted acid sites
by incorporating a tetrahedrally coordinated trivalent
element such as Al, Ga, B, or Fe within the silicate
framework. Aluminosilicate materials of this type
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these materlals enables hydrocracking to be carried out

under advantageous conditions with excellent results,

5 especially in the reduction of heteroatom contaminants.

The hydrocracking is preferably carried out under

moderate pressure conditions, typically at total system
pressures of under 1500 psig (10,445 kPa abs) and in
most cases under 1000 psig (7,000 kPa abs) or even

10 lower, for example, under 800 psig (5620 kPa abs) using
the mesoporous catalysts. These catalysts exhibit
kerosene and distillate yield selectivities in fuels
hydrocracking which are comﬁarable to current |
state-of~-the-art amorphous catalysts currently used in

15 petroleum refineries. The bottoms produced by the
present invention have product quality benefits (lower
nitrogen and aromatics) compared to-those'produced from
amorphous catalysts.

In the second embodiment of the present 1nvention,

20 we have found that the desirable features of the
ultra-large pore size hydroprocessing catalysts and the
zeolite hydroprocessing catalysts may be combined by
utilizing the ultra-large poor size material to provide
additional surface area for the support of the metal

25 component of the catalyst while a'zeolite provides the
acidic functionality required for cracking activity.
The resulting combination catalyst enables both the
metal loading and the acidic functionality of the
catalyst to be optimized with the result that good

30 hydrogenation activity is obtained together with good
cracking activity and the resulting catalysts are
useful in fuels hydrocracking processes, especially
where high conversion levels are desired.
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hydrocarbon feed, normally a high-boiling feed such as

a gas oil, is subject to hydrocracking in the presence

10 of the catalyst. The hydrocracking is preferably
carried out under moderate pressure conditions and is
capable of producing high-quality kerosene and
distillate with good selectivity.

. In the accompanying drawings, Figures 1 and 2 are

15 graphical representations of the performance of the
present hydrocracking catalysts, as described below in
the Examples.

The feedstock for the present process is usually a
. heavy oil fraction haﬁing an initial boiling point of

20 200°C (400°F) and normally of 345°C (650°F) or higher,
although the present catalysts may also be used for
hydrocracking lighter fractions such as naphtha or Udex
raffinates or extracts and light cycle oil. Suitable
high boiling feedstocks include gas oils such as vacuun

25 gas oil, coker gas oil, lube extracts produced by- the
solvent extraction of lube oil fractions using solvents
such as phenol, furfural or N-methyl-pyrrolidone,
visbreaker oil or deasphalted oil. Normally, the
feedstock will have an extended boiling range, e.qg.

30 345° to 590°C (650° to 1100°F), but may be of more
limited ranges with certain feedstocks or alternatively
may include or comprise non-distillable i.e. residual,
fractions. The hetercatom is not critical: the



proportion of zeolite in the catalyst increases, the amunt of support
aval'l abl e for the % 3l (€ nent decreases th t heTh g R d
hydr ogenati on actFV| 6eco s linmited at thé high ze1 'ﬂ

reqwi site to fuels hydrocracking. In principal, t : of the

anor phous and the crystalline material in hydrocracking catal ysts coul d be
integrated by the use of active supports for crystalline materials but t he

difference in act h‘i‘t&')bg@%dc%ﬂt%%:' i1y RRneReN iy e e iH rﬂnw&-a’:m;b 200 to

crystalline naterlgls g%%wQOt i%%&%%,t@iéﬂgdffﬁ¥léghégn€ni;]not
critical and typically may range as high as 5 percent
by weight. Sulfur contents of 2.0 to 3.0 percent by

5 weight are common. The heavy hydrocarbon oil feedstock
will normally contain a substantial amount boiling
above 230°C (450°F) and will normally have an initial
boiling point of at least 290°C (554°F), more usually
345°C (650°F). Typical bbiling ranges will be 345° to
‘10 565°C (650° to 1050°F) or 345° to 510°C (650° to 950°F)
but oils with a narrower boiling range may, of course,
be processed, for example, those with a boiling range
of 345° to 455°C (650° to 850°F). Heavy gas oils are
often of this kind as are heavy cycle oils and other
15 . .non-residual materials. It is possible to co-process
) materials boiling below 260°C (500°F) but the degree of
conversion will be lower for such components.
Feedstocks containing lighter ends of this kind will
normally have an initial boiling point above 150°C
- 20 (300°F) .

The heavy oil feeds will comprise high molecular
weight long chain paraffins and high molecular weight
aromatics with a large proportion of fused ring
aromatics. During the brocessing, the fused ring

25 aromatics are hydrogenated by the metal function on the
catalyst, naphthenes are cracked by the acidic catalyst
and the paraffinic cracking products, together with
paraffinic components of the initial feedstock undergo
isomerization to iso-paraffins with some cracking to

30 lower molecular weight materials. Hydrogenation of

' unsaturated side chains on the monocyclic cracking
residues of the original polycyclics is catalyzed by
the metal component of the hydrocracking catalyst to
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Process Conditions

General
10 The feedstock is heated to an elevated temperature

and is then passed over the hydrotreating and
hydrocracking catalysts in the presence of hydrogen.
Because the thermodynamics of hydrocracking become
unfavorable at temperatures above 450°C (850°F)

15 temperatures above this value will not normally be
used. In addition, because the hydrotreating and
hydrocracking reactions are exothermic, the feedstock
need not be heated to the temperature desired in the
catalyst bed which is normally in the range 290°,

20 usually 360° to 440°C (550°, usually 675° to 825°F).
At the beginning of the process cycle, the temperature
employed will be at the lower end of this range but as
the catalyst ages, the femperature may be increased in
order to maintain the desired degree of activity.

25 " The heavy oil feedstock is passed over the
catalysts in the presence of hydrogen. The space
velocity of the oil is usually in the range 0.1 to 10
LHSV, preferably 0.2 to 2.0 LHSV and the hydrogen
circulation rate from 250 to 1000 n.l,l-l. (1400 to

30 5600 SCF/bbl) and more usually from 300 to 800 (1685 to
4500 SCF/bbl). Hydrogen partial pressure is usually at
least 75% of the total system pressure with reactor
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under 800 psig (56 usi n opor ous catal ysts. f
catal ysts exhibit 1500 psig (2860 to 10445 kPa abs), more common y from

800 to 1200 psig (5620 to 8375 kPa abs) for low to
moderate pressure operation, which is the preferred

5 mode with the present catalyst, although high pressure
operation above 1500 psig (10445 kPa abs) is also
feasible and with similar advantages,_especially for
fuels hydrocracking. In the high pressure mode, _
pressures from 1500 to 5000 psig (10445 to 34575 kPa

10 abs) are typical although higher pressures may also be
utilized with the upper limit usually being set by
equipment constraints. When operating at low

conversions, for example, less than 50 wt % conversion
to 345°C- (650°F-) products, the pressure may be

15 considerably lower than normal, conventional practices.
We have found that total system pressures of 700 to
1200 psig (4930 to 8375 kPa abs) are satisfactory, as
comparéd to the pressures of at least 1500 psig (10445
kPa) normally used in commercial hydrocracking

20 processes. Low conversion may be obtained by suitable
selection of other reaction parameters, e.g.,
temperatﬁre; space velocity, choice of catalyst, and
even lover pressures may be used. Low pressures are
desirable from the point of view of equipment design.

25 since less massive and consequently cheaper equipment
will be adequate. Similarly, lower pressures usually
influence less aromatic saturation and theréby permit
economy in the total amount of hydrogen consumed in the
process.

30 The relative proportions of the hydrocracking and

' the hydrotreating catalysts may be varied according to
the feedstock in order to convert the nitrogen in the
feedstock to ammonia before the charge passes to the
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(denitrogenation) catalyst relative to the
hydrocracking catalyst. If the amount of nitrogen in
the feed is low, the catalyst ratio may be as low as
10:90 (by volume, denitrogenation: hydrocracking). In
general, however, ratios between 25:75 to 75:25 will be
used. With many stocks an approximately equal volume
ratio will be suiable, e.g. 40:60, 50:50 or 60:40.

The overall conversion may be maintained at
varying levels depending on the nature of the feed and
on the desired product charactristics. It is possible
to operate the process at a low conversion level, less
than 50 wt % to lower boiling products, usually 340°C-
(650°F~) products from the heavy oil feedstocks used
while still maintaining satisfactory product quality.
The conversion may, of course, be maintained at even
lower levels, e.g. 30 or 40 percent by welght. The
degree of cracking to gas (C -) which occurs at these
low conversion figures is correspondlngly low and so is
the conversion to naphtha (200°C-, 400°F-); the
distillate selectivity of the process is accordingly
high and overcracking to lighter and less desired _
products is minimized. It is believed that in cascade
operation this effect is procured, in part, by the
effect of the ammonia carried over from the first
étage. Control of conversion may be effected by
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zeolite USY. These catalysts are useful in hydrocracking processes in which
a hydrocarbon feed, normally a high-boiling feed such as a gas oil, is
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Surprisingly, it has been found that the presence
of nitrogen and sulfur compounds in the second stage
5 feed does not adversely affect catalyst aging in the
absence of interstage seﬁaration and, in fact, the
present hydrocracking catalysts have been found to be
extremely effective in reducing the nitrogen content’ of
the feed, as shown below. _
10 The present process has the advantage that it may
be operated under low to moderate pressure conditions
in existing low pressure equipment. For example, if a
desulfurizer is available, it may be used with
relatively few modifications since the present process
15 ' may be operated at low pressures comparable to the low
severity conditions used in desulfurization. This may
enable substantial savings in capital costs to be made
since existing refinery units may be adapted to
increase the pool of distillate products.

- 20 Hydrotreating
The feed is preferably passed over a hydrotreating

catalyst before the hydrocracking catalyst in order to
convert nitrogen and sulfur containing compounds to
gaseous ammonia and hydrogen sulfide. At this stage,

25 hydrocracking is minimized but partial hydrogenation of
polycyclic aromatics proceeds, together with a limited
degree of conversion to lower boiling (345°C-, 650°F-)
products. The catalyst used in this stage may be a
conventional dénitrogenation (denitrification)

30 catalyst. Catalysts of this type are relatively immune
to poisoning by the nitrogenous and sulfurous
impurities in the feedstock and, generally comprise a
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from Groups VIA and VIIIA of the Periodic Table .such as
nickel, cobalt, chromium, vanadium, molybdenum,

10 tungsten, or a combination of metals such as
‘nickel-molybdenum, cobalt-nickel-molybdenun,
cobalt-molybdenum, nickel-tungsten or
nickel-tungsten-titanium. Generally, the metal
component will be selected for good hydrogen transfer

15 activity; the catalyst as a whole will have good
hydrogen transfer and minimal cracking characterlstics.
The catalyst should be pre-sulfided in the normal way
in order to convert the metal component (usually
impregnated into the carrier and converted to oxide) to

20 the corresponding sulfide.

- In the hydrotreating (denitrogenation) stage,'the
nitrogéﬁfand sulfur impurities are converted to ammonia
and hydrogen sulfide. At the same time, the polycyclic
aromatics are partially hydrogenated to form naphthenes

25 and hydroaromatics which are more readily cracked in
the second stage. The effluent from the first stage
may be passed directly to the second or hydrocracking
stage without the conventional interstage separation of
ammonia or hydrogen sulfide. Hydrogen quenching may be

30 carried out in order to control the effluent
temperature and to control the catalyst temperature in
the second stage. However, interstage separation of
ammonia and hydrogen sulfide and light fractions may be
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impurities.
_ The relative proportions of the hydrocracking and
5 the hydrotreating catalysts may be varied according to

the feedstock in order to convert the nitrogen in the
feedstock to ammonia before the charge passes to the
hydrocracking step; the object is to reduce the
nitrogen level of the charge to a point where the

10 desire& degree of conversion by the hydrocracking
catalyst is attained with the optimum combination of
space velocity and reaction temperature. The greater
the amount of nitrogen in the feed, the greater then
will be the proportion of hydrotreating

15 (denitrogenation) catalyst relative to the
hydrocracking catalyst. If the amount of nitrogen in
the feed is low, the catalyst ratio may be as low as
10:90 (by volume, denitrogenation: hydrocracking). 1In
general, however, ratios between 25:75 to 75:25 will be

20 used. With many stocks an approximately equal volume
ratio will be suitable, e.g. 40:60, 50:50 or 60:40.

Hydrocracking

The effluent from the denitrogenation/
desulfurization stage is passed to the hydrocracking
25 step to crack partially hydrogenated aromatics and
carry out the other characteristic reactions which take
place over the hydrocracking catalyst.
In the second embodiment of this invention, the
hydrocracking is carried out in the presence of a
30 catalyst which contains three essential components.
The first component is the metal which provides the
desired hydrogenation/dehydrogenation functionality and
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Catalyst Metal Component
The hydrocracking catalyst is a bifunctional
10 catalyst which comprises a mesoporous crystalline
' material as described below as the component which acts
as a support and in addition, provides the desired
acidic functionality for the hydrocracking reactions,
together with a hydrogenation-dehydrbgenation
15 component. The hydrogenation-dehydrogenation component
is provided by a metal or combination of metals. Noble
metals of Group VIIIA, especially palladium, platinum,
or base metals of Groups IVA, VIA and VIIIA, especially
_ chromium, molybdenun, tungsten, cobalt and nickel, may
20 be used. The combination of at least one Group VIA
metal such as tungsten with at least one Group VIIA
metal such as nickel 1s particularly preferred for many
applications, for example, combinations such as
nickel-molybdenum, cobalt-nickel, nickel-tungsten,

25 cobalt-nickel-molybdenum and nickel-tungsten-titanium.
For certain applications palladium or platinum is
preferred.

The content of the metal component will vary
according to its catalytic activity. Thus, the highly
30 active noble metals may be used in smaller amounts than
the less active base metals. For example, 1 wt % or
less palladium or platinum will be effective and in a
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preferred base metal combination, 7 wt % nickel and 2.1
to 21 wt % tungsten, expressed as metal. The present
catalysts/support materials are, however, notable in
that they are capable of including a greater proportion
5 of metal than previous support materials because of
their extraordinarily large surface area. The metal
.component may exceed 30% in a monolayer, and metal
contents of up to 40% or even more may be achieved.
- The hydrogenation component can be exchanged onto the

10 support materials when the metal is in the cationic
form or alternatively may be impregnated into them or
physically admixed with them. If the metal is to be
impregnated into or exchanged onto the mesoporous
support, it may be done, for example, by treating the

15 zeolite with a palladium or platinum metal-containing
ion.. Suitable platinum compounds include

- chloroplatinic acid, platinous chloride and various )
compounds containing the platinum ammine complex. The
metal compounds may be either compounds in which the

20 metal is present in the cation of the compound and
compounds in which it is present in the anion of the
compound. Both types of compounds can be used.
Palladium or platinum compounds in which the metal is
in the form of a cation of cationic complex, e.g.,

25 Pd(NH3)4CI2 or Pt(NH3)4c12 are particularly useful, as
are anionic complexes such as the molybdenum, vanadate
and metatungstate ions, where the metal component is to
be impregnated into the support. Cationic forms .of
other metals are also very useful since they may be

30 exchanged onto the crystalline material or impregnated
into it.

In the first embodiment of this invention, the
acidic component of the hydrocracking catalyst is a
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material.

10 : It may be desirable to incorporate the catalyst in
another material resistant to the temperature and other
conditions employed in the process. Such matrix
materials include synthetic and naturally occurring
substances such as inorganic materials, e.g. clay,

15 | silica and metal oxides. Matrix materials may
themselves possess catalytic properties, generally of
an acidic nature.

The catalyst may be treated by conventional
pre-sulfiding treatments, e.g. by heating in the

20 presence of hydrogen sulfide, to convert oxide forms of
the metals such as Co0O or NiO to their corresponding
sulfides. '

esoporous Crystalline Component
One of the two acidic components of the
25 hydrocracking catalyst is a'mesoporous crystalline
material. This material is an inorganic, porous,
non-layered crystalline phase material which can be
characterized (in its calcined form) by pores with
diameters of at least 13 A and an X-ray diffraction
30 pattern with at least one peak at a d-spacing greater
than 18 A with a relative intensity of 100. The high
porosity of these materials is manifested by a high
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-10- inlet pregs ni lly being inj range of | Si :
(2860 to 10445 kP?gd%ﬁs(‘mriéacommnl y from 5%0 to 1200 mm w[ﬂt a 8%75
kPa abs) for |ow to noderate pressure operation, which ed

node with the present catalyst, although high pressure operation above 1500
psig (10445 kPa abs) is also feasible and with sim | ar advantages,

especially for sorption capacity which, for benzene, is greater than
15 grams of benzene per 100 grams of the the material
at 6.7 kXPa (50 torr) and 25°C. '
The preferred form of the drystalline material is
5 an inorganic, porous, non-layered material having a
hexagonal arrangement of uniformly-sized pores with a
maximum perpendicular cross-section pore dimension of
at least 13 4, and typically within the range of from
13 A to 200 A. A preferred form of this crystalline
10 composition, identified as MCM-41, exhibits a hexagonal
electron diffraction pattern that can be indexed with a
dloo value greater_than 18 A, and a benzene adsorption
capacity of greater than 15 grams benzene/100 grams
crystal at 6.7 kPa (50 torr) and 25°C. '

15 The inorganic, non-layered mesoporous crystalline
material used as a component of the catalyst has the
following composition: '

Mn/q(wa xb Yc Zd oh) _
wherein W is a divalent element, such as a divalent

20 first row transition metal, e.g. manganese, cobalt and
iron, and/or magnesium, preferably cobalt; X is a '
trivalent element, such as aluminum, boron, iron and/or
gallium, preferably aluminum; Y is a tetravalent
element such as silicon and/or germanium, preferably

25 - silicon; Z is a pentavalent element, such as
phosphorus; M is one or more ions,. such as, for
example, ammonium, Group IA, IIA and VIIB ions, usually
hydrogen, sodium and/or fluoride ions; n is the charge
of the composition excluding M expressed as oxides; q

30 ' is the weighted molar average valence of M; n/q is the
_number of moles or mole fraction of M; a, b, ¢, and d
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has a composition, on an anhydrous basis, expressed
10 "  empirically as follows:

rRM Mh/q(wa X, Yo 2q Op)
where R is the total organic material not included in M
as an ion, and r is the coefficient for R, i.e. the
number of moles or mole fraction of R.

15 The M and R components are associated with the
material as a result of their presence during
crystallization, and are easily removed or, in the case
of M, replaced by post-crystallization methods
described below. _

20 To the extent desired, the original M, e.g. sodium
or chloride, ions of the as-synthesized material of
this invention can be replaced in accordance with
conventional ion—exchaqge techniques. Preferred

replacing ions include metal ions, hydrogen ions,

25 hydrogen precursor, e.g. ammonium, ions and mixtures of
these ions. Particularly preferred ions are those
which provide the desired metal functionality in the
final hydrocracking catalyst. These include hydrogen,
rare earth metals and metals of Groups VIIA (e.g. Mn),

30 VIIIA (e.g. Ni),IB (e.g. Cu), IVB (e.g. Sn), and VIIB
(e.g. F) of the Periodic Table of the Elements and
mixtures of these ions.
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of the charge to a point where the desired degree of Uﬂ HUII
hydrocracking catalyst is attained with the.optinmm conbi nation of

The crystalline (by which is meant, having

sufficient order to provide a diffraction pattern such
"as, for example, by X-ray, electron or neutron
diffraction, following calcination with at least one

5 peak) mesoporous material may be characterized by its
structure, which includes extremely large pore windows
as well as by its high sorption capacity. The term
"mesoporous" is used here to indicate crystals having
uniform pores within the range of from 13 & to 200 A.

10 The mesoporous materials have uniform pores within the
range of from 13 A to 200 A, more usually from 15 A to _
100 A. since these pores are significantly larger than
those of other crystalline materials, it is appropriate
to refer to them as ultra-large pore size materials.

15 ‘'For the purposes of this application, a working
definition of "porous" is a material that adsorbs at
least 1 gram of a small molecule, such as Ar, Nz'
n-hexane or cyclohexane, per 100 grams of the solid.

The catalytic material can be distinguished from

20 other porous inorganic solids by the regularity of its
large open pores, whose pore size more nearly resembles
that of amorphous or paracrystalline materials, but
whose regular arrangement and uniformity of size (pore

- size distribution within a single phase of, for

25 example, + 25%, usually + 15% or less of the average
pore size of that phase) resemble more those of
crystalline framework materials such as zeolites. The
calcined inorganic, non-layered crystalline material
may also be characterized as having a pore size of 13 A

30 or greater as measured by physisorption ﬁeasurements,
described below. Pore size is considered a maximum
perpendicular cross-section pore dimension of the
crystal.
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10 of the very large pores. For these reasons, the
present compositions are especially useful for
catalyzing the hydrocracking reactions with-high
boiling feeds containing components with bulky
molecular configurations.

15 The preferred materials have a hexagonal
arrangement of large open channels that can be
synthesized with open internal diameters from 13 A to
200 A. The term "hexagonal" is intended to encompass

_ not only materials that exhibit mathematically perfect

20 hexagonal symmetry within the limits of experimental
measurement, but also those with significant observable
deviations from that ideal state. A working definition
as applied to the microstructure of the present
invention would be that most channels in the material

25 would be surrounded by six nearest neighbor channels at
roughly the same distance. Defects and imperfections
will cause significant numbers of channels to violate
this criterion to varying degrees, depending on the
quality of the material’s preparation. Saﬁples which

30 exhibit as much as + 25% random deviation from the
average repeat distance between adjacent channels still
clearly give recognizable images of the present
ultra-large pore materials. Comparable variations are
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been found that the presence of nitrogen and sul fur conpounds in the second

stage also observed in the d100 values from the electron
diffraction patterns.
The most regular preparatiéns of the material of
- the present invention give an X-ray diffraction pattern
5 with a few distinct maxima in the extreme low angle
region. The positions of these peaks approximately fit
the positions of the hkO reflections from a hexagonal '
lattice. The X-ray diffraction pattern, however, is
not always a sufficient indicator of the presence of-
10 these materials, as the degree of regularity in the
microstructure and the extent of repetition of the
structure within individual particles affect the number
of peaks that will be dbserved.' Indeed, preparations
with only one distinct peak in the low angle region of
15 " the X-ray diffraction pattern have been found to
contain substantial amounts of the material in them.
 a— Other techniques to illustrate the microstructure of
' this material are transmission electron microscopy and
electron diffraction. Properly oriented specimens of
20 the material show a hexagonal arrangement of large
channels and the corresponding electron diffraction
pattern gives an approximately hexagonal arrangement of
diffraction maxima. The d100 spacing of the electron
diffraction patterns is the distance between adjacent
25 spots on the hkO projection of the hexagonal lattice
and is related to the repeat distance a, between
channels observed in the electron micrographs through
the formula d,,, = a,/3/2. This d,., spacing observed
in the electron diffraction patterns corresponds to the
30 d-spacing of a low angle peak in the X-ray diffraction
pattern of the material. The most highly ordered
preparations of the material obtained so far have 20-40

distinct spots observable in the electron diffraction
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10 and an equilibrium benzene adsorption capacity of
greater than 15 grams benzene/100 grams crystal at 6.7
kPa (50 torr) and 25°C (basis: crystal material having
been treated in an attempt to insure no pore blockage
by incidental contaminants, if necessary).

15 The equilibrium benzene adsorption capacity
characteristic of this material is measured on the
basis of no pore blockage by incidental contaminants.
For instance, the sorption test will be conducted on
the crystalline material phase having any pore blockage

20 contaminants and water removed by ordinary methods.
Water may be removed by dehydration techniques, e.gq.
thermal treatment. Pore blocking inorganic amorphous
materials, e.g. silica, and organics may be removed by
contact with acid or base or other chemical agenfs such

25 that the detrital material will be removed without
detrimental effect on the crystal.

More particularly, the calcined crystalline
non-layered material may be characterized by an X-ray
diffraction pattern with at least two peaks at .

30 positions greater than 10 A d-spacing (8.842 ° 8 for Cu
K-alpha radiation), at least one of which is at a
position greater than about 18 Angstrom Units
d-spacing, and no peaks at positions less than 10 A
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nmet al component supported on an anorphous, porous carr.i.er such as S|I|ca
al umi na, silica-al arspacingswitharedghéveainBensdty GXFéﬁgrv@h@Ma@Mﬁuyﬂss

not desired in thi IVggfoﬁgegéepesﬂcesgtiﬁema%dbsrftuea&aﬂy | ehePfxiray

carrier may be rela
dlffractlon pattern of the calcined material of this

invention will have no peaks at positions less than 10

5 A d-spacing with relative intensity greater than 10% of
the strongest peak. In any event, at least one peak in
the X-ray diffraction pattern will have a d-spacing
that corresponds to the d100 value of the electron
diffraction pattern of the material.

10 X-ray diffraction data were collected on a SGintag
PAD X automated diffraction system employing
theta-theta geometry, Cu K-alpha radiation, and an
energy dispersive X-ray detector. Use of the energy
dispersive X-ray detector eliminated the need for

15 incident or diffracted beam monochromators. Both the
incident and diffracted X-ray beams were collimated by
double slit incident and diffracted collimation
systems. The slit sizes used, starting from the X-ray
‘tube source, were 0.5, 1.0, 0.3 and 0.2 mm,

20 respectively. Different slit systems may produce

" differing intensities for the peaks. The materials of
the present invention that have the largest pore sizes
may require more highly collimated incident X-ray beams
in order to resolve thé low angle peak from the

25 ' transmitted incident X-ray beam. |

The diffraction data were recorded by
step-scanning at 0.04 degrees of 28, where 8 is the
Bragg angle, and a counting time of 10 seconds for each
step. The interplanar spacinés, d’s, were calculated

30 in A (A), and the relative intensities of the lines,
I/Io, where I° is one-hundredth of the intensity of the
strongest line, above background, were derived with the
use of a profile fitting routine. The intensities were



conpared to that of the-subsequent hydrocracking catahyﬁgmmﬁthgg laced
corrponent may be an_[dy,lge( mque)l from G oups V4 and VI | od| c
Tabl e such as nickel, cobalt, ‘chrom um vanadi um nol ybHHmmII

a coubi nati on of netals such as nickel - nol ybdenum .

cobal t - ni ckel - nol ybdenum cobal t - nol ybdenum ni ckel -tungsten or

ni ckel -tungsten-titanium GCenerally, the netal conponent will be selected
for good hydrogen trircrfmectet i for \Lortdmtz and ysolawizabibon cefifectaycTheod

hydrogen transfer qd AR nELARK Il AL E65h SLh BerthiCof Sk VamBny! d

~be pre-sulfided in I'nor convert t conponent
(usual |y i npregnat &8 Fﬂt‘(ﬁméiml‘lq et 7P @bn V@ rT cSEFNDx(3RT74 br tRe™

corresponding sul f 'nﬁ;‘dlum 25;]4§jﬁea,m/(u(u e@dk Ngo42leni t regenadi feraceiege,
the nitrogen and su

t dt
sul fide. the sarfiata n’is’-rrspégflie %Fﬁ/@i&e}é gfll\a/ﬁ?%%;i‘?’éscﬁ?%l r??a’f’??ggpf o
hydrogenat ed to f orggeridppirg sl friek hylti clarundér csemba ti a@ndnbxenseaducy

Paesed di Petc[‘?ys?é"%‘%esé 3}@8 oSt iitina] feactubion of P07 07V D¢
conventional i nter tepgstakhegraphic cthangesi am@y ggagggeassmwg\gedmgr ogen
quenching rmay be partially resolved lines. Typically, crystallographic

10 * changes can include minor changes in unit cell
parameters and/or a change in crystal symmetry, without
a substantial change in structure. These minor
effects, including changes in relative intensities, can
also occur as a result of differences in cation

15 content, framework composition, nature and degree of
pore filling, thermal and/or hydrothermal history, and
peak width/shape variations due to particle size/shape
effects, structural disorder or other factors known to
those skilled in the art of X-ray diffraction.

20 The equilibrium benzene adsorption capacity is
determined by contacting the material of the invention,
after dehydration or calcination at, for example, 540°C
for at least one hour and other treatment, if
necessary, in an attemﬁt to remove any pore blocking

25 contaminants, at 25°C and 50 torr benzene until
equilibrium is reached. The weight of benzene sorbed
is then determined as described below.

The ammonium form of the catalytic material may be
readily converted to the hydrogen form by thermal

30 treatment (calcination). This thermal treatment is
generally performed by heating one of these forms at a
temperature of at least 400°C for at least 1 minute and
generally not longer than 20 hours, preferably from 1



carried out in order to control the ef f | uent terrperature an té)eeg R4l the

catalyst tenperatupesz19¥@g spcond stage. Howgyek, |n g |on of
amoni a and hydrogen sulfide and light fractions may .b

- 14 ¥ carried out, especially with the noble netal

catal ysts which are nore sensitive to the inpurities. The reIat|ve

proportions of the hydrocracking and the hydrotreating catal ysts may be
vari ed accordi ng t®othe hewnsi ockhikeogubatmosphavict Pregspurer 6g8nkben t he

employed for the thermal treatment, atmospheric
pressure is desired for reasons of convenience, such as
in air, nitrogen, ammonia, etc. The thermal treatment
5 can be performed at a temperature up to 750°C.
The crystalline material can be prepared by one of
several methods, each with particular limitations.
A first method involves a reaction mixture having
an x o /Yo mole ratio of from 0 to 0.5, but an
10 Al 03/sio mole ratio of from 0 to 0.01, a
crystallization temperature of from 25° to 250° c,.
preferably from 50° to 175°C, and an organic directing
agent, hereinafter more particularly described, or,
preferably a combination of that organic directing
.15 agent plus an additional organic directing agent,
described below. This first method comprises preparing
a reaction mixture containing sources of, for example,
alkali or alkaline earth metal (M), e.g. sodium or
potassium, cation if desired, one or a combination of
20 oxides selected from the group consisting of divalent
' element W, e.g. cobalt, trivalent element X, e.q.
aluminum, tetravalent element ¥, e.g. silicon, and
pentavalent element Z, e.g. phosphorus, an organic (R)
directing agent, described below, and a solvent or
25 solvent mixture, such as, for example, c1 6 alcohols,
cl-cs diols and/or water, especially water. The
reaction mixture has a composition, in terms of mole
ratios of oxides, within the following ranges:



f eedst ock to amoni a before the charge passes to the hydrocracking step,
the object is to. rngE ge QPtrogen | evel of Jlg he char ﬁmtﬁﬁﬂ en Re

the desired degree o versf on by the hydrocracklng C |ned
wi th %he optlnun1conb|nat|on of space velocity and react &I

The greater the anount of nitrogen in the feed, the greater then mnll be
the proportion of hydrotreating (denitrogenation) catalyst relative to the

hydr ocr acki ng cataggabtgntgthe amount of ni UseEsl i n tuggﬂgggggs Iow1 t he
catal yst ratio may | ow as 10: 90 (by .vol_une, ni o]
Xg8a78 85 5 o 25 LI LR

hydrocracking). In B, however, rati ween 25: mnll be
used. Wth many st3&ko A8ia gPr OXi matel y eQuattov ®.93e r@tolo@lw'qq GOl
suitable, e.g. 40:40q 53750,,,2@?58 olMdr @y aglgong o. é’ e ejd‘l uent

fromthe denltrogenatﬁo des rization stage i s passed to th
hydr ocr acRi ng st epXp84£(¥Qs+EAELAE)y hPdRogd®at d@Cr ofatli &8 anc?%arry out
the ot her charact egb3ieityeacti ons which take place over the hydrocracking

catal yst. - In tQS iﬁggggogggggggent of, tQ!s %%yentloQb JH%O

OH /YO 0 to 10 O to .5

10 (YOZ+W0+ZZOS+X o) ) 0.01 to 20 0.05 to 5
M2/e°/
(Y92+WO+2205+X203) 0 to 10 0 to 5
R, /fO/ , |
(Y02+WO+2205+X 0 ) 0.01 to 2.0 0.03 to 1.0

15 where e and £ are the weighted average valences of M

and R, respectively.

In this first method, when no Z and/or W oxides
are added to the reaction mixture, the pH is important
and must be maintained at from 9 to 14. When Z and/or

20 W oxides are present in the reaction mixture, the pH is
not narrowly important for synthesis of the present
crystalline material...In this, as well as the
following methods for synthesis of the present material
the R.z/fO/(Y02+Wo+z2 5+x203) ratio is important. When

25 this ratio is less than 0.01 or greater than 2.0,

' impurity products tend to be synthesized at the expense
of the desired crystalline material.

A second method for synthesis of the crystalline
material involves a reaction mixture having an x203/Y02

30 mole ratio of from 0 to 0.5, a crystallization
temperature of from 25°C to 250°C, preferably from 50°C

- to 175°C, and two separate organic directing agents,



hydrocracking is carried out in the presence of a catal
t hree essenti al CQﬁpompgte,,ihe first conporepp +s the
t he desired hydrogenati on/ dehydrogenation functionality
-15- = t his conmponent is supported on the two porous

i

i ns

tHes

ly,

~the nmesoporous crystalline material (which also provides sone of the acidic

functionality of the catalyst) and the crgstalline zeoliite which may ber a

l'arge pore zeoliteliseehthe orvganie amd, ad

iediepat organic directing
agents, described below. This second method comprises
preparing a reaction mixture containing sources of, for
example, alkali or alkaline earth metal (M), e.g.

5 sodium or potassium, cation if desired, one or a
combinatibn of oxides selected from the group
consisting of divalent element W, e.g. cobalt,
trivalent element X, e.g. aluminum, tetravalent element
Y, e.g. silicon, and pentavalent element Z, e.g.

10 phosphorus, a combination of organic directing agent
and additional organic directing agent (R), each
described below, and a solvent or solvent mixture, such
as, for example, c1—06 alcohols, cl-—c6 diols and/or_
water, especially water. The reaction mixture has a

15 composition, in terms of mole ratios of oxides, within.
the following ranges:’

Reactants Useful Preferred
1(203/1'()2 : 0 to 0.5 0.001 to 0.5
X,0,/ (¥0,+2,0,) 0.1 to 100 0.1 to 20

20 X,0,/ (Y0, +WO+Z,0.) 0.1 to 100 0.1 to 20
Solvent/

(YO, +H0+2,05+X,0,) 1 to 1500 5 to 1000
OH /YO, 0 to 10 0 to 5
(M, ) gO+R, ,£0)/

25 (YO, +WO+Z,0.+X,0,) 0.01 to 20 0.05 to 5
M2/e°/ _

(YO, +H#0+2,0,+X,0,) 0 to 10 Oto 5
Ry/£%/
(YO, +WO+2,0.+X,0,) 0.1 to 2.0 0.12 to 1.0



(internedi ate) pore size zeolite such as ZSM5 or a snall pote size zeolite
such as erionite. p_gagalyst,zyetal Conponent. 39 - The h W eplaced

catalyst is a b|funct|onal catal yst which conprises a ne
crystalline material as described bel ow as the conponent

support and in addition, provides the desired-acidic functionality for the
hydr ocracki ng reactions, together with a hydrogenati on-dehydrogenati on
conponent. The hydwhgmaei amdd@n%eog@eam@gm:(aﬁ)mnages valenchs ¢f M

metal or conbinatigpa4ok gﬁy@ g.netals of Goup VIIIA especially
s of

pal I adi um platinum or base neta G oups IVA, VIA and VI.IIT A,
especial |y chrom um mﬂ?b&@ﬁ-@rnseﬁ%@&#h%bamerhm % A0/ 0% Peided.

The conbi nation of agle kaaa&a %etﬁremt@awt&dm@xtﬁm ahd lﬁlﬂsi@fh.ﬂpézl‘tﬁt

| east one_Group VILA neta uch as nlckel articylarly preferr
many appl Pcati ons, S'n%ee mainfEined %?Pn & ]c‘{'e lfﬁ&ﬂfﬂm"
cobal t - ni ckel , nchbeﬁdngShmn,prd@dﬂt mnﬂuﬂewndqdninnﬂmxxthre, the

nickel-tungsten-ti%gg%&gb 5%ﬁu%9%&akﬂeﬁgﬂifE”Hé%“idEﬂé&%H&”?éF platinumis

preferred.

crystallization.
A third method for synthesis of the crystalline

10 material is where X comprises aluminum and Y comprises
silicon, the crystallization temperature must be from
25° to 175°C, preferably from 50° to 150°C, and
an organic directing agent, described below, or,
preferably a combination of that organic directing

15 agent plus an additional organic agent, described
below, is used. This third method comprises preparing
a reaction mixture containing sources of, for example,
alkali or alkaline earth metal (M), e.g. sodium or
potassium, cation if desired, one or more sources of

20 aluminum and/or silicon, an organic (R) direéting
agent, hereinafter more particularly described, and a
solvent or solvent mixture, such as, for example c1 6
alcohols, c1 6 diols and/or water, especially water.
The reaction mixture has a compOSLtlon, in terms of

25 mole ratios of oxides, within the following ranges:



The content of the netal conmponent will vary according toc}i}ﬁs%h&ﬁﬁﬂﬂééﬂl& laced -
activity. Thus, thééyi¥2€q2¥§ive nobl e nEtan may be use

anounts than the & (o base netals. For Jex'arrpl e, 1 Wt\mmmmgmm

pal | adiumor platinumw ||l be effective and in a

- 16 - preferred base netal conbination, 7w %nickel and 2.1 to 21 'w
% tungsten, expressed as netal. The present catal ysts/support mterials

are, however, not ﬁ%ﬂ&hﬂé‘at they are ga@aple of | npl-gdbpged Oreater
proportion of neta an previous support naterial s because of

Al,0,/si0, 0 to 0.5 0.001 to 0.5 _
Solvent/sio, 1 to 1500 S to 1000
ou"/sio2 0 to 10 0 to 5
5 (M, O+R, ,£0)/
(s10,+A1,0,) 0.01 to 20 0.05 to 5
Mz/eo/
(S10,+21,0,) 0 to 5 0 to 3
Ry, £%/
10 (S10,+A1,0,) 0.01 to 2 0.03 to 1

where e and £ are the weighted average valences of M
- and R, respectively. o

In this third method, the pH is important and must
be maintained at from 9 to 14. This method involves

15 the following steps: .

(1) Mix the organic (R) directing agent with the
solvent or solvent mixture such that the mole ratio of
solvent/Rz/fo is within the range of from S50 to'800,
preferably from 50 to 500. This mixture constitutes

20 the "primary template" for the synthesis method.

(2) To the primary template mixture of step (1)
add the sources of oxides, e.g. silica and/or-alumina
such that the ratio of Rz/fO/(si02+A1203) is within the
range of from 0.01 to 2.0.

25 (3) Agitate the mixture resulting from step (2)
at a temperature of from 20° to 40°C, preferably for
from 5 minutes to 3 hours.

'(4) Allow the mixture to stand with or without
agitation, preferably at a temperature of from 20° to

30 100°C, and preferably from 10 minutes to 24 hours.



thei extraordinarily |arge surface area. The netal conponent ey ex
30%in a nonol ayer g aé@.{érg gontents of up_tg,4Q% or nﬁmm m@
achi eved. The hydrogenat1bn conponent can be exchanged o]
mater4 al s when the netal is in the cationic formor alter

I npregnated into themor physically adm xed wi-th them If the netal is to
be i npregnated into or exchanged onto the nmesoporous support, it may be

done, for exanple, by tr ;lngryéfazxiﬁétEhgnphoau@alfﬁdmuﬁtep phﬁtaﬁual

met al - cont ai ni ng |on SU|t bl e a ou ncl ud I Iat|

acid, platinous chl CFRRE % 55# 3§%Sf£%n¢alﬂrﬁ e¥%%9%| ??Hu

anmmi ne conpl ex. Thehowt ato cHpmoms. nB@rYEtallhaattonpbemnerahumhschigher
metal is present ing nds in whichit is
present in the anloﬁﬁ2€h§ﬂ%i€%#éﬁﬁééF§ Eggﬁg?EQHPqunds can be used.

Pal | adi um®r pl at i num cobpbewesh |¢ﬁ§%ﬁ@¢ﬁ?ﬁe hetareﬁentnsynthee%ﬁ1bavalves
cation of cationic aeémi:e&ctﬁeﬂ nit@liré usé@ ieai-ttnel BhirdUaeéthbd, abut’ €he

anLoni o, compl exes syl a5 LRI PRE U L agad e AT TEA L DS O
forns of other netasilicatal thevsoyrcsedfil silicent bryideny be
(1) Mix the organic (R) directing agent with the
10 solvent or solvent mixture such that the mole ratio of
solvent/Rz/fo is within the range of from 50 to 800,
preferably from 50 to 500. This mixture constitutes
the "primary template" for the synthesis method.
(2) Mix the primafy template mixture of step (1)
15 with tetraethylorthosilicate and a source of aluminum
oxide, if desired, such that the Rz/f°/Si°
is in the range of from 0.5 to 2.0.
(3) Agitate the mixture resulting from step (2)
for from 10 minutes to 6 hours, preferably from 30
20 minutes to 2 hours, at a temperature of from 0° to
25°C, and a pH of less than 12. This step permits
hydrolysis/polymerization to take place and the
resultant mixture will appear cloudy.
(4) Crystallize éhe product from step (3) at a

o mole ratio

25 temperature of from 25° to 150°C, preferably from 95°
to 110°C, for from 4 to 72 hours, preferably from 16 to
48_hours. |

In each of the above methods, batch
crystallization of the crystalline material can be
30 carried out under either static or agitated, e.g.
stirred, conditions in a suitable reactor vessel, such
as for example, polypropylene jars or teflon lined or
stainless steel autoclaves. Crystallization



exchanged onto the crystalline material or inpregnated |nto it " In the
first enbodi ment of this |nvent|on t he aC|d|c conponen Thi SB&qumwﬂl-
I n it

hydr ocr acki ng cataFyQ? 94654 2) 33
nmesoporous crystalline material which is described in det

is used in the present catalysts, the nesoporous crystalline naterla s at
| east partly in. the hydrogen formin order to provide 'the desired acidic
e oy oy hBS G186KEBICLRARLE A" U IRuB1y0 (AkRiRGRAE N the

second enbodi nent,
equipment. The total useful range of temperatures for
crystallization is noted above for each method for a

time sufficient for crystallization to occur at the

5 temperature used, e.g. from 5 minutes to 14 days. The
crystals are then separated from the liquid and
recovered. Following the synthesis,the crystalline
material should be subjected to treatment to remove
part or all of any organic constituent.

10 When a source of silicon is used in the synthesis
method, it is preferred to use at least in part an
organic silicate, such as, for example, a quaternary
ammonium silicate. Non-limiting examples of such a
silicate include tetramethylammonium silicate and

15 tetraethylorthosilicate.

By adjusting conditions of the synthesis reactlon
for each method, like temperature, pH and time of
reaction, etc., within the above limits, various
embodiments of the present non-layered crystalline

20 material with a desired average pore size may be
prepared. In particular, changing the pH, the
temperature or the reaction time may promote formation
of product crystals w1tp different average pore size.

Non-limiting examples of various combinations of

25 W, X, Y and 2 contemplated for the first and second
synthesis methods include:



hydr ecracki ng catal yst i's a nmesoporous crystalline nmater iThisSheet Has Be¢n ebe
desirable to incorporate the catalyst in another nateri al he
tenperature and oFn@2784R/diR)ons enpl oyed im 34he process. gmnﬁmn‘ﬂlluﬂi
mat er~i al s i ncl ude synthetic and naturally occurring substances such as

I norganic materials, e.g. clay, silica and netal oxides. Matrix materials
may thensel ves possess catal ytic properties, generally of an acidic nature.
The catal yst may be treatedwby conveg%ional pre-sul fiding treatments, e.g.
by heating in the presence Of hydrog sul fide, to convert oxtde forns of
the nmetals such as CoO or Nm® to thei®d correspofdi ng sul fi dess= Mesoporous
Crystal l i ne Conponent Qae of thgjtwo acidic.conponents gf the

hydr ocracki ng catal yst is a nmesoporous crystalline material. This material
IS an i norganic, porous, noA-layer edAé-rystaI i n§1phase mat er iBl whi ch can
be charagterized (in its cakei ned fopam by poresavth dianmetegps of at |east
13 A and an X-ray dlffract|%% AL si p

including the combinations of W being Mg, or an element
selected from the divalent first row transition metals,

10 e.g. Mn, Co and Fe; X being B, Ga or Fe; and Y being
Ge.

An organic directing agent for use in each of the
above méthods for synthesizing the present material
from the respective reaction mixtures is an ammonium or

15 - phosphonium ion of the formula R,R.R R4Q+, i.e.:

17273
o
R4'? - R
20 R3
where Q is nitrogen or phosphorus and wherein at least

one of Rl' Rz' R3 and R4 is aryl or alkyl of from 6 to

36 carbon atoms, e.g. -c6H13 ' -C10H21 ’ -C16H33 and

-C18H37, or combinations thereof, the remainder of R

25 Rz, R3 and R4 being selected from hydrogen, alkyl of

ll

from 1 to 5 carbon atoms and combinations of these.
The compound from which the above ammonium or
phosphonium ion is derived may be, for example, the
hydroxide, halide, silicate, or mixtures of these.
30 In the first and third methods above it is
' preferred to have an additional organic directing agent
and in the second method it is required to have a



pattern with at | east one peak at a d-spacing greater than 18 Awith a
relative’ |ntenS|t¥ch2§g%l Ehp high porosity ©f these materials is

mani f ested by a hi'gh - 18 - sorption
capaeity which, for benzene, is greater than 15 granms of benzene per 100
grans of the the material at 6.7 kPa (50 torr) and 25[err]C. The

preferred formof the crystalline nmaterial is
combination of the above organic directing agent and an

additional organic directing agent. That additional
organic directing agent is the ammonium or phosphonium
jon of the above directing agent formula wherein Rl'

5 Rz’ R3 and R4 together or separately are selected from
the group consisting of hydrogen and alkyl of 1 to 5
carbon atoms and combinations thereof. Ahy such
combination of organic directing agents go to make up
"R" and will be in molar ratio of 100/1 to 0.01/1,

10 first above listed organic directing agent/additional
organic directing agent.

The particular effectiveness of the required
directing agent, when compared with other such agents
known to direct synthesis of one or more other crystal

15 structures, is believed due to its ability to function
as a template in the above reaction mixture in the
nucleation and growth of the desired ultra-large pcre
crystals with the limitations discussed above.
Non-limiting examples of these directing agents include

20 cetyltrimethylammonium, cetyltrimethylphosphoniun,
benzyltrimethylammonium, cetylpyridinium,
myristyltrimethylammonium, decyltrimethylammonium,
dodecyltrimethylammoniﬁm and dimethyldidodecylammonium.

The reaction mixture components can bhe supplied by

25 ' more than one source. The reaction mixture can be
prepared either batchwise or continuously. Crystal
size and crystallization time of the new crystalline
material will vary with the nature of the reaction
mixture employed and the crystallization conditions.

30 The crystals prepared by the synthesis procedure
can be shaped into a wide variety of particle sizes.
Generally speaking, the particles can be in the form of



an inorganic, porous, non-layered material having a hexagonal arrangenent

of unifornly-sizedgRghey (W ty3ya maxi num per pergi cul ar ‘ciTbis§h cad
di mensi on of at Ieggt ?é(fef?f and typically Eﬁﬁhin the r 3 A
to 260 A. A preferred formof this crystalline conmpositio |as
MCM 41, exhibits a hexagonal electron diffraction pattern that can be

indexed with a [err] value greater than 18 A and a benzene adsorption
capacity of greatea powdetr; @ aranatescod’ H0thodidets proaucd, auch askkRm (50

torr) and 25[err]C, The _j.nqor gani non-l orLQu
crystalline materi gf‘tﬁélgatgs?“é‘.’&gﬁpg%&ﬁﬁb&ﬁ t gaéc/gu;#f's %f%%s_tt%gafsoﬁ | ow ng
conposi tion: throughl er 2] mesbr dTyler)s ssngiemiand be gedaines,on & a

dival ent first row4h@a&§g?:qq¥g%§qlscgegn,ﬁaﬁgp@§§és(yﬂy¥é Y ddtryst

and/ or nmagnesi um g@ﬁfera al't; Is a trivalent elenent, such as
al unmi num 3boron, i §RChi af byr exEERaRiey hhe, fRYskals gan be -
tetraval ent el emeniextyuideds beifioreOAreiftgOord Pariadlly @rdled and/ thdd con, Z

;§1afg$ntavalent GQQQQEZQdEUCh as phosphorus; Mis one or nore ions, such
The porous crystalline material.may be used in a
matrixed or unmatrixed form for this purpose and may

10 suitably be formed into extrudates, pellets or other
shapes to permit the passage of gases over the catalyst
with the minimum pressure drop. For this purpose, it
may be matrixed or bound with active and inactive
materials and synthetic or naturally occurring zeolites

15 as well as inorganic materials such as clays, silica
and/or metal oxides such as alumina, titania and/or
zirconia. The latter may be either naturally occurring
or in the form of gelatinous precipitates or gels
including mixtures of silica and metal oxides. Use of

20 a material in conjunction with the crystalline
material, i.e. combined therewith or present during
synthesis of the new crystal, which is active, tends to
change the conversion and/or selectivity of the
catalyst in certain organic conversion processes.

25 Inactive materials suitably serve as diluents to
control the amount of conversion in a given process so
that products can be obtained economically and orderly
without employing other means for controlling the rate
of reaction. It may be desirable to provide at least a

30 part of the foregoing matrix materials in colloidal
form so as to facilitate extrusion of the bound
catalyst components(s). The relative proportions of
finely divided crystalline material and matrix vary



exahple, ammoni um Goup |A I1A and VIIB ions, usuall yR¥pk

and/ or fluori de i FLF273 (ises tqe charge of the gpnposition A Ben K3bcel
expressed as oxides; gqis theé weighted nolar average val Hmﬂ“ Hml II S
t he aunber of noles or nole fraction of M a,. b, ¢, and '

-19 are nmole fractions of W X, Y and Z,- respectively; h is a nunber
of from1l to 2.5/ and (atb+c+d) = 1. ~ A preferred enbodi nent of the
- above crystallinewidely, with the 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 wt % of the composite.

5 ~ Zeolite Component
] : In the second embodiment of the present invention,
the hydrocracking catalyst comprises a third component
which is a crystalline metallosilicate conventionally
referred to as a zeolite. 3Zeolites are conventionally
10 classified as large pore-size, intermediate pore4size
. or small pore-size, depending upon the structure of the
zeolite and this form of nomenclature is used here
although the significantly larger pores sizes of the
mesoporous materials makes it inappropriate to refer to
15 .zeolites such as zeolite Y as ﬁlarge pore" on the same
basis. Since these designations are recognized for the
zeolites, they are, however, used here in reference to
then. - _
The intracrystalline pore volume of the large
20 pore-size materials is accessible through apertures
formed of'rings of twelve Sio4 tetrahedra which in the
zeolites typical of this class have a diameter of at
least 7.4A. The mediuﬁ or intermediate pore size
pentasil zeolites, such as ZSM~5, ZSM-11 and ZSM-23
25 have a 10-ring system and the small pore size zeolites
such as erionite and zeolite A have an 8-ring system.'
These characteristic structural elements are discussed
in Hoelderich, Zeolites: Catalysts For Organic
Syntheses, Angewandte Chemie 27, No. 2, 226 - 246
30 (1988) . Rather than make a determination of the
zeolite type according to structure it is often more
convenient, however, to classify by means of the '



mat erial is when (atb+c) is greater than.d, and h =—27"A further en‘?g | ment

is when a and d =ReaA\E.h 57y 2. The prefertegg nat er i ghissreaiapasss greki ng
t he present hydrocracking cat'al ysts are the al um nosil m\ﬁm \ t he

as-synthesized form the catalytic material has a conp

anhydrous basis, expressed enpirically as foliows: [err] where R
Is the total organic material not included in Mas an ion, and r is the
coefficient for RConstraint rindex af the ceolite asrdes¢ovibed Ry The

M and R conponent ; 1?:? 'Oﬁe_q.é##%_ei% tes{al_ ,of their
presence during c?’g{% | zgﬁq?, : a‘ég‘l ?*%m\a/?éz g?ﬁléliﬁfthe_case of
M replaced by pos&l‘mﬁ. ent iwkkh cﬁhmml%%ﬂ-%ql%lw by Friletke,
ext ent : ﬁes! r eg, t {ﬂ;@r]:. ![%c_ﬂ'e esize tsﬂﬁéyﬂ@é b@ﬂmr}ﬂer%inénﬁiﬁaoﬁgesuch
as-synt hesi zed materi o) I s, inven n can be replace n_agcor c
with conventi onal %rﬁi& %%%rﬁﬁﬁi;g%?-s %%Y"ér?%‘gs?”é?ﬁ%%i %ﬁg?"&ﬁ’?aﬁﬁg?ﬁde
netal ions, hydrogerandrthe hintrexmed fuiee usowe , sized zeobites) exbibitnd
mxtures of these dfirdi | SUAE! g B 615 LAy eh el eREOY O
values characteristic of the small size zeolite such as
zeolite A and erionite. The method by which constraint
10 ‘index is determined is disclosed in U.S. Patent No.
4,016,218, to which reference is made for a disclosure

of the method and of the Constraint Indices for typical

zeolites. _
The metallosilicate zeolites which are preferred
15 for use in the present catalysts are the

aluminosilicate large pore size zeolites, with
preference given to the zeolites with the faujasite
structure, especially zeolite Y and the high silica
forms of zeolite Y such as zeolite USY. The large pore

20 size zeolites are preferred because their relatively
oéen structure permits access by many of the bulky
molecular species encountered in the high-~boiling feeds
commonly used in hydrocracking, so that consistent

- reduction in boiling range is achieved. The '

25 : aluminosilicate zeolites provide a high-level of acid
activity which results in high levels of conversion
being obtainable at acceptable space velocities and
temperatures and the high silica forms of zeolite Y,

_ especially USY, have excellent long term stability for

30 use in hydrocracking processes.

' The medium pore size zeolites such as ZSM-5,
Z2SM-11, ZSM-12, 2ZSM-23 and ZSM-35-may also be in the
present hydrocracking catalysts and may be preferred



final. hydrocracking catal yst. These include hydrogen, Lare earth netals and

nmetal s of Goups V| 0. ), VIITA (e.q. -N), 1B (S as eplaced,
Sn), and VIIB (e. }j‘ 6 )7931‘6% ﬁghPeri odi ¢ Tabl esyf the Ele H" ures
of these ions. - 20

crystalline (by which is neant, having sufficient order to provi de a
diffraction pattern such as, for exanple, by X-ray, electron or neutron

diffraction, foll @ergeitiadnaipplicationd, |Rffdci®ldy where hydrocracked
products of low pour'pdint are desired. Again, the
medium pore size zeolites are preferbly used in the
aluminosilicate from since this is the form in which

5 the activity is usually the greatest. The medium pore

size zeolites may be used in combination with the large
pore size zeolites to form a hydrocracking catalyst
with three (or more) acidic components, for example,
MCM-41, USY and ZSM-5. The relative amounts of the

10 three materials may be adjusted in accordance with the
characteristics of the feed and of the desired
products.

The use of the small pore size zeolites and of
dense phase or clathrate zeolites such as ZSM-39 will

15 ' not normally be favored since these zeolites are no
longer used to a great extent in refining processes
since they offer no advantages over the large and
medium pore size zeolites, but they are not, in
principle, to be excluded. '

20 The relative amounts of the nesoporous support
material with its associated metal component and the
zeolite may be adjusted according to the demands of the
intended use and this will normally require a
consideration of the hy&rogenation activity and

25 cracking activity which are required in the catalyst.
In most cases, a ratio of from 0.5:2 to 2:0.5 for the
'porous components will be typical, but ratios outdide
this range may be employed if desired, usually within
the range of 10:1 to 1:10. A 1:1 ratio between the two

30 porous components will be suitable for many
hydrocracking applications.

The relatively smaller pore size molecular sieve
zeolite can be composited with the mesoporous



peak) nesoporous material may be characterlzed by |ts $ilid 4C ¥i i mhlch

I ncl udes extrenely La or ndows as wel gg by its ced
capacity. The term#‘négz?)groﬁsyvI is used here to |nd| cat zmﬁ

uni farmpores within the range of from13 A to. 200 A T

materials have uniform pores within the range- of from13 A to 200 A nDre
usually from15 Ato 100 [err] Since these pores are significantly |arger

t han those of ot hercfy;eamnhhéecampeﬂéatswi thessappr cathdystt partielet or
themas ultra- Iarge t Far Lk o] hi
application, a morklﬁg£§n$£§$?¥§ %é?9 %%Y i "ﬁgge %%t%géa?gtk kga &&’%?Eﬂ
| east 1 gram of a sqnlStRUEGCGSeseparhtesSAFtlpaSrPrnznsganefothe
cyclohexane, per 10fydrgEPadkekl® g tfe 1atteghetﬁat fibkbpErBREC tollpoh@hth®

di stingui shed fromo gorous i norgani ¢ sol | e_regul arlty f
| ar ge opend por es, mﬂbEE p5Ecassoeinted HBEFFylﬁeEERSF€§b3Hai°8P &ﬁorphous

or paracrystalline ﬁgéefeahsofbuhemeﬁatléegpbeé a&zaagmamabuaaé ghlelv@ mty
of size (pore size distr n,a sin for gxanple

050 toual |y + 150 SPRPRBSE: IR, Sra0E, 1 bpaRetel ST rReReRREIEN | csenti o
nore those of cryst zeactdéohsabeforke theefeelsencounksersethet mereThdghly

cal ci ned inorgani c, ,a9R3 LA¥EEEH+E" VRlah' LAErTBLCLLR the cracking.

10 If the mesoporous crystalline component and the
relatively smaller pore size molecular sieve component
are combined in the same catalyst particle or combined
as separate particles in a physical mixture, the metal
compohent may be incorporated by exchange or

15 impregnation into the material using conventional
techniques. Because the mesoporous crystalline
component has a higher surface area than the zeolite

- component, the metal will be preferentially'sorbed on
the mesoporous component.

20 The porous crystalline materials, i.e the
mesoporous material and the zeolite component are
suitably used in a matrixed form in the catalysts and
may suitably be formed into extrudates, pellets or
other shapes to permit.the passage of gases over the

25 catalyst with the minimum pressure drop. The
crystalline components may be matrixed or bound with
active and inactive materials and synthetic or
naturally occurring zeolites as well as inorganic
materials such as clays, silica and/or metal oxides

30 such as alumina, titania and/or zirconia. The latter
may be either naturally occurring or in the form of
gelatinous precipitates or gels including mixtures of
silica and metal oxides. Use of a material in



consi dered a maxi mum per pendi cul ar cross-section pore di

may al so be characterized as having a pore size of 13 IS %e oS ed
measured by physi spLgby@p, MgaFurenents, descriped bel Imm Ijﬁiﬂﬁ
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crystial .
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pores in the present mesoporous catalytic nmaterials is |arge enough that
the spatiospecific selectivity wwth respect to transition

10

15

20

25

30

conjunction with the crystalline material, i.e.
combined therewith or present during synthesis of the
new crystal, which is active, tends to change the
conversion and/or selectivity of the catalyst in
certain organic conversion processes. Inactive
materials suitably serve as diluents to control the
amount of conversion in a given process so that
products can be obtained economicallj and orderly
without employing other means for controlling the rate
of reaction. It may be desirable to provide at least a
part of the foregoing matrix materials in colloidal
form so as to facilitate extrusion of the bound
catalyst components(s). The relative proportions of
finely divided crystalline material and matrix vary
widely, with the crystal content ranging from 1 to 90
percent by weight and more usually, particularly when
the composite is prepared in the form of beads, in the
range of 2 to 80 wt % of the composite.

The catalyst may be treated by conventional
pre-sulfiding treatments, e.g. by heating in the
presence of hydrogen sulfide, to convert oxide forms of
the metals such as CoO or NiO to their corréspondihg
sulfides. ] .

Examples 1 to 19 below illustrate the preparation
of the crystalline catalytic material. . In these
examples, the sorption data for water, cyclohexane,
benzene and/or n-hexane, they are Equilibrium
Adsorption values determined as follows:

A weighed sample of the adsorbent, after
calcination at 540°C for at least 1 hour and other
treatment, if necessary, to remove any pore blocking
contaminants, is contacted with the desired pure
adsorbate vapor in an adsorption chamber. The increase
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state species in reactions such as cracking is mnimzed Lphﬁﬂ

"Shape Sel ective GCat ke 18I ndustrial Applj ati ons" Ihi .
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of the factors affecting shape selectivity). Diffusional _ re
also mnimzed as a result of the very |large pores. For these reasons, the
present conpositions are especially useful for catalyzing the hydrocracking

reactions with hi ginbeeliyhy b€ethecadserbeng dsnpadenistedt Asbthey
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A preferred way to do this is to contact the
10 desired pure adsorbate vapor in an adsorption chamber
evacuated to less than 1 mm at conditions of 12 Torr of
water vapor, 40 Torr of n-hexane or cyclohexane vapor,
or 50 Torr of benzene vapor, at 25°C. The pressure is
kept constant (within + 0.5 mm) by addition of
15 adsorbate vapor controlled by a manostat during the
adsorption period. As adsorbate is adsorbed by the new
crystal, the decrease in pressure causes the manostat
to open a valve which admits more adsorbate vapor to
the chamber to restore the above control pressures.
20 Sorption is complete when the pressure change is not
sufficient to activate the manostat.

Another way of doing this for benzene adsorption
data is on a suitable thermogravimetric analysis
system, such as a compﬁter—controlled 990/951 duPont

25 TGA system. The adsorbent sample is dehydrated

| (physically sorbed water removed) by heating at, for

example, 350° or 500°C to constant weight in flowinq
helium. If the sample is in as-synthesized form, e.g.
containing organic directing agents, it is calcined at

30 540°C in air and held to constant weight instead of the
previously described 350° or 500°C treatment. Benzene
adsorption isotherms are measured at 25°C by blending a
benzene saturated helium gas stream with a pure helium




thisscriterion to varying degrees, depending on the quahsmga@ﬁsB&ER laced
materi al's prepar aF~g279%&Mpl2gs whi ch exhi bi=t 43s —1uch aj E muﬁnﬁn Il;
deviation fromthe average repeat distance between adja til
clearly give recogni zabl e i mages of the present ultra-large pore naterials.
Conpar abl e variations are -22- al so

observed in the [err] values fromthe electron diffraction patterns.
The nost regul ar pg@gaskriegms i5f theepreberi roportions to obtain the

desired benzene partial pressure. The value of the
adsorption at 50 Torr of benzene is taken from a plot
of the adsorption isotherm.

5 In the examples, percentaées are by weight unless
otherwise indicated. '

Example 1
One hundred grams of cetyltrimethylammonium (CTMA)
hydroxide solution, prepared by contacting a 29 wt %

10 N,N,N-trimethyl~1-hexadecanaminium chloride solution
with a hydroxide-for-halide exchange resin, was
combined with 100 grams of an aqueous solution of
tetramethylammoniﬁm (TMA) silicate (10% silica) with
stirring. Twenty-five grams of HiSil, a precipitated

15 hydrated silica containing 6 wt % free water and 4.5 wt
% bound water of hydration and having an ultimate
particle size of 0.02 micron, was added. The resulting
mixture was placed in a polypropylene bottle, which was
kept in a steam box at 95°C overnight. The mixture had

20 a composition in terms of moles per mole A1203:

2.7 moles N§20 |
392 moles Sio2
35.7 moleS'(CTMA)zo
6l1l.7 moles (TMA)zo
25 . 6231 moles H,0
The resulting solid product was recovered by
filtration and dried in air at ambient temperatufe.
The prodﬁct was then calcined at 540°C for 1 hour in

nitrogen, followed by 6 hours in air.



the present invention give an X-ray diffraction patter fipviel s B&WREHISREd NCt

maxi ma in the extreawesdzeyangl)e regi on. The pop4 t+ons of
approximately fit the positions of the hkO reflections fmmmna%m |

| atti‘ce. The X-ray diffraction pattern, however, is not ci ent
i ndi cator of the presence of these materials, "as the degree of regularity
in the mcrostructure and the extent of repetition of the structure within
i ndi vi dual particles afffhe qacinaharatuge RECYLREQiRAVe R BiEfIeq. area
I ndeed, prepar ati orse W8 )iy LI tHetEdKlowanK éduilibt D sagserpegoan of
the X-ray diffraction pattern have bee (%gund t o contain substanti al
amounts of the mat SARACHHSS.AR Haws: YRS to illustrate the

m crostructure of this material are transm ssion el ectron m croscopy and

el ectron diffraction. Properly o&iqpted speci nens ofgthe material show a
hexagonal arrangenment of |arge chanels and the corresSponding el ectron’
diffracti & pattern gives an apprepclnhexaneexagona?2e? r angenent of
diffraction maxi ma. The [err] spgplgkse the el ectrpg gliffraction patterns
is the distance between adjacent spots on the hkO projection of the
hexagonal lattice and is reIatadqg;qqﬂ9repeai di st&ht® [err] between
channel s observed in the el ectron m crographs through '

The product of this example may be characterized
by X-ray diffractiion as including a very strong
10 relative intensity line at 37.8 *+ 2.0 A d-spacing, and
weak lines at 21.6 + 1.0 and 19.2 + 1.0 A.
Transmission electron microscopy (TEM) produced images
of a hexagonal arrangemeht of uniform pores and
- hexagonal electron diffraction pattern with a dloo

15 value of 39 A.

Example 2 :

One hundred grams of cetyltrimethylammonium (CTMA)
hydroxide solution prepared as in Example 1 was
combined with 100 grams of an aqueous solution of

20 tetramethylammonium (TMA) hydroxide (25%) with
' stirring. Twenty-five'grams of Hisil, a precipitated

hydrated silica containing 6 wt % free water and 4.5 wt

% bound water of hydration and having an ultimate

particle size of 0.02 micron, was added. The resulting
"+ 25 mixture was placed in a static autoclave at 150°C

overnight. The mixture had a composition in terms of

moles per mole A1203:



the formula [err]. This-[err] spacing observed in the—electron diffraction
patterns corresponglsgipote .glyspaci ng of a Logsangl e ak in the X-ray
diffraction pattern of the na%erial. The nost highly o <ahaﬂns
of the material obtained so far have 20-40 distinct spo |n t he
electron diffraction -

patterns. These patterns can be indexed with the hexagonal hkO subset of

uni que reflections of 100, 110,

2.7 moles Na20

291 moles Sio2
_35.7'mcles (CTMA)20
102 moles (TMA)ZO

_ 5 6120 moles Hzo

The resulting solid product was recovered by
'filtration and dried in air at ambient temperature.
The product was then calcined at 540°C for 1 hour in
nitrogen, followed by 6 hours in air.
10 The calcined product proved to have a surface area
of 993 mz/g and the following equilibrium adsorption
capacities in grams/100 grams:

_ H20 _ 7.1

Cyclohexane 47.2

18 ' n~-Hexane 36.2
Benzene ' 49.5

The X-ray diffraction pattern of the calcined
product may be characterized as including a very strong
relative intensity line at 39.3 + 2.0 A d-spacing, and

20 weak lines at 22.2 + 1.0 and 19.4 + 1.0 A. TEM
indicated that the product contained the ultra-large
pore material.

. A portion of the above product was then contacted
- with 100% steam at 1450°F for two hours. The surface

25 area of the steamed material was meaSured to be 440
m° /g, indicating that 45% was retained follow1ng severe
steaming.

Another portion of the calcined product of this
example was contacted with 100% steam at 1250°F for two



e
200,, 210, etc., and their symetry-rel ated refIectionsqhssmwumﬂﬂkmémlwxd
calcined form thegysial lje material may- bps faurther cmmma\ m&w an
X-ray diffraction pattern-with at | east one peak at a po \ t han
18 Angstrom Units d-spacing (4.909[err] for Cu K-al pha on) whi ch
corresponds to the [err] value of the electron diffraction pattern of the

material, and an equilibrium benzene adsorption capacity of greater than 15
granms benzene/ 100 hynarss. crEhe suxfad: Axem ¢650EhEs aterial| ¥aF) veaguTed:

crystal material hayig PRehd/$atfhica@ihgi{Pt749 w46 UFtaLnaar after
bl ockage by incidental contam’'nmants, 1f_pecessary). The equilibrium

benzene adsorptio@%ﬁfﬁ:lﬁ?%‘i FIRGIIMSthis material i's neasured on
the basis of no pore blockage by incidental contam nants. For instance, the
sorption test wll_be gonggcted on the crystalline nmaterial phase having
any pore bl ockage nts and water renoved by ordinary nmethods. Water
may be remved by dehydisteon ¢ecyitrimsthyl gmmentunchydrexidensolpgien

bl ocki ng i-nor gani J ' €1 0. 2 Blath fganizg8inaunie
removed by cont actcp%’p%gi%dsg?ﬁg%%% ]r'eo:tL e?f%ﬁﬁjélﬁn&galé@gfgﬁtgé gﬁgﬁmtaha{h t he
detrital material amlaqueousreketipn et teEFAPRERY LAMBPRLIER (RPRA)e

crystal. bromide (35%) were combined to produce a mixture having
' a'composition in terms of moles per meole A1203:

10 | 0.65 moles Na,0
- 65 moles Sio2
8.8 moles (CTMA)ZO
1.22 moles (TPA)ZO
1336 moles H20
15 The resulting mixture was placed in a ,

' polypropylene bottle, which was kept in a steam box at
95°C for 192 hours. The sample was then cooled to room
temperature and combined with CTMA hydroxide solution
prepared as in Example 1 and TMA hydroxide (25% by

20 weight) in the weight ratio of 3 parts mixture, 1 part
CTMA hydroxide and 2 pérts TMA hydroxide. The combined
mixture was then placed in a polypropylene bottle and
kept in a steam box at 95°C overnight. The combined
mixture had a compcsition in terms of moles per mole

25 A12 3:



More. particularly, the cal ci ned crystalline non-layered nagﬁ nay be
characterized by FLESTAN djzfgf raction pattermmidih at | east ®nRE Iaced
positions greater than 10 A d-spacing (8.842 [err] for Cu K
radi ation), at |east one of which is at a position greater
Angstrom Units d-spacing, and no peaks at positions |ess than 10 [err
- 24- d-spacing with relative intensity greater than 20% of the
strongest peak. Still nore pardJ&uimales NayO X-ray diffraction pattern of
the calcined material of this 65 moles Sioz
15 moles (CTMA),O
_ 1.22 moles (TPA)ZO
5 35.6 moles (TMA)ZO
2927 moles Hzo
The resulting solid product was recovered by
filtration and dried in air at ambient temperature.
The product was then calcined at 540°C for 1 hour in
10 nitrogen, followed by 6 hours in air.
The calcined product proved to have a surface area
of 1085 mz/g and the following equilibrium adsorption

capacities in grams/100 grams:

HZO 11.5
15 Cyclohexane > 50
n-Hexane 39.8
Benzene 62

The X-ray diffraction pattern of the calcined
product of this example may be characterized as
20 including a very strong relative intensity line at 38.2
+ 2.0 A d-spacing, and weak lines at 22.2 + 1.0 and
19.4 + 1.0 A. TEM indicated the product contained the
ultra-large pore material.

Example 4
25 ' Two hundred grams of cetyltrimethylammonium (CTMA)
hydroxide solution prepared as in Example 1 was
combined with 2 grams of Catapal alumina (alpha-alumina
- monochydrate, 74% alumina) and 100 grams of an aqueous
solution of tetramethylammonium (TMA) silicate (10%
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invention will have no peaks at positions |ess than 104A g-spacing wth

relative intensityrgegader bbhan 10% of the staengest pe S - I at
| east one peak in the X-ray diffraction pattern mﬁll,haq ‘H , I t hat
corrésponds to the [err] value of the electron diffracti t he

mat eri al . X-ray diffraction data were collected on a Scintag PAD X
automated diffraction system enpl oying theta-theta geonetry, Cu_K-al pha
radi ati on, and an 8hdig®)dwiphr stisringay Fwent¥ofivesgraps; pd BiSidy a

gi sper si vth- r a%/ dﬁiré‘éBig%ttaElaa? a@gatéaesmgefa; @bnitt&(a‘.hdﬁ&t sogrcdi%f fered ed
eam nonhocnronmat or S. 0 e LNClI ng an I racte -1 ea r :
col l'i'mated by doubYater; andndigeWE gn%"ﬂf‘ﬁf WQEFEdC’(?o?‘VéFE‘?'i)‘(BH ?ﬁiﬁﬁnﬁhe
.slit sizes used, saartltgmhtenphieiXieagizebefsouocemioeroa,0was hddedd. 3

and 0.2 respectiye LEfer |t ' |
intensiti®s fofpth%h%e%é§95#%ésn§?%F§%FsW% SPE%?S?Eégﬁ%O%#%SH%%%%ﬂ%kg%“ﬁﬁve
“the largest pore satedS5RA¢ FoyurhBehaurs.hi Fheyndxtureabad AncoFPesitian

beans in order to jgsek¥hst B¢ heveangke R82k A10® t:he transmitted incident
X-ray beam The diffraction data were recorldéd by step-scanni ng at

0.04 degrees of [err] where [err] is the _
0.23 moles Na,O

33.2 moles Sig2
10 6.1 moles (CTMA)20
5.2 moles (TMA)ZO
780 moles Hzo
The resulting solid product was\ recovered by
filtration and dried in air at ambient temperature.
15 The product was then calcined at 540°C for 1 hour in
nitrogen, followed by 6 hours in air.
The calcined product proved to have a surface area
of 1043 mz/g and the following equilibrium adsorption

capacities in grams/100 grams:

20 ' HZO . 6.3
Cyclohexane > 50

n-Hexane 49.1

- 'Benzene ' 66.7

The X-ray diffraction pattern of the calcined
25 product of this example may be characterized as
including a very strong relative intensity line at 40.8
+ 2.0 A d-spacing, and weak lines at 23.1 + 1.0 and
20.1 + 1.0 A. TEM indicated that the product contained
the ultra-large pore material.



Bragg angle, and a counting tine of 10 seconds for each step. The
i nterplanar spaci 62866 Weye cal cul ated +nad\ €A), relative
intensities of the lines, [err] where [err] is one- hun &ﬁmhmmmd

&
intensity of the strongest |ine, above background, mer he
use of a profile fitting routine. The intensities were mm
- 25- uncorrected for Lorentz and pol ari zation effec atlve
intensities are given in terns of the synbols VS = very strong (75 100), s

= strong (50-74), pkample S

Two-hundred sixty grams of water was combined with

77 grams of phosphoric acid (85%), 46 grams of Catapal
alumina (74% alumina), and 24 grams of pyrrolidine

5 (Pyr) with stirring. This first mixture was placed in
a stirred autoclave and heated to 150°C for six days.
The material was filtered, washed and air-dried. Fifty
grams of this product was slurried with 200 grams of
water and 200 grams of cetyltrimethylammonium hydroxide

10 solution prepared as in Example 1. Four hundred grams
of an aqueous solution of tetraethylammonium silicate
(10% silica) was then added to form a second mixture
which was placed in a polypropylene bottle and kept in
a steam box at 95°C overnight. The first mixture had a

15 composition in terms of moles per mole Al,0,:

1.0 moles on5
1.51 moles (Pyr) o
47.2 moles HZO
The resulting solid product was recovered by
20 filtration and dried in air at ambient temperature.
- The product was then calcined at 540°C for 1 hour in
nitrogen, followed by 6 hours in air.
The calcined product proved to have a surface area
of 707 n /g and the following equilibrium adsorption

25 capacities in grams/100 grams:



medi um (25-49) and w = weak (0-24). The diffraction da%a—##seed~as_sLngLe
| i nes nmay consi st gisgzéggp! over | appi ng I| s whi ch certaln

conditions, such experlnental orution iC
changes may appear as resolved or partlally resol ved I

crystal |l ographic changes can include m nor changes in u

-paraneters and/or a change in crystal symetry, w thout a substantlal
change in structure. These n1norH ef fects, includi@g ghanges in relative
intensities, can also occur as a“r |t of differ S in cation content,
framewor k conposition, nature an&yﬁgﬁﬁg§aﬂﬁ por e ?P i ng, thermal and/or
hydrot hermal history, and peak w-HeRaakape vari at2ond due to particle

si ze/ shape effects, structural géﬁg g%r or ot her Egcgors known to those
skilled in the art of X-ray diff The &Juili bri um benzene
adsorption capacity is determ ned by . contacting the material of the

(inventions after dehydrghbog-paycaiekpatiebnbatkinek2mhe cadlitidd C for

at | east one hour and other treatnent necessary, i.n an attenpt to

renpve any pore bIBER@HﬁtcBﬁYaPFnSﬁﬁ§ac§Pr2§eFePP]énSQHdGBQtGrWQQﬁnﬁQRPng
unti | GQUIlIbrlun1r51aﬁa0bednt£he1uylmhheoatbeszang 108b@dd g-spaetdng. TEM

determ ned as descin& ag “the product contained the present ultra-large
pore material (see Example 23).

10 Example 6
A solution of 1.35 grams of NaAlo, (43.5% al,0,,

30% Na20) dissolved in 45.2 grams of water was mixed
with 17.3 grams of NaOH, 125.3 grams of colloidal
silica (40%, Ludox HS-40) and 42.6 grams of 40% aqueous

15 solution of tetraethylammonium (TEA) hydroxide. After
stirring overnight, the mixture was heated for 7 .days
in a steam box (95°C). Following filtration, 151 grams

. of this solution was mixed with 31 grams of
cetyltrimethylammonium hydroxide solution prepared as

20 . = in Example 1 and stored in the steam box at 95°C for 13
days. The mixture had the following relative molar
composition:

0.25 moles A1203

10 moles Na20
25 , 36 moles SiO2
0.95 moles (CTMA)ZO
2.5 moles (TEA)20

445 moles Hzo



The ammoni um form of the catalytic material may be read| ony erted to the
hydrogen form by t ez (t regyment (cal ci natd @1) - This t ?els
general |y performed by heating one of these forns at a te

| east” 400[err]C for at least 1 minute and generally not

hours, preferably from1 ' -26- to 10
hours. Wi | e subat nospheric pressure can be enpl oyed for the thernal

treat nent, atnospheric fhessesaltindesioldd paodustsas glecayierad &ite, such

as _ filtration and washed with water and ethanol. The
product was then calcined at 540°C for 1 hour in
nitrogen, followed by 6 hours in air. '
5 The calcined product composition'included 0.14 wt
% Na, 68.5 wt % Sio, and 5.1 wt % Al,0,, and proved to
have a benzene equilibrium adsorption capacity of 58.6
grams/100 grams. -
The X-ray diffraction pattern of the calcined
10 product may be characterized as including a very strong
relative intensity line at 31.4 * 1.5 A d-spacing. TEM
indicated that the product contained the present
ultra-large pore material. .

_ Example 7
15 A mixture of 300 grams of cetyltrimethylammonium

(CTMA) hydroxide solution prepared as in Example 1 and

41 grams of colloidal silica (40%, Ludox HS-40) was

heated in a 600 cc autoclave at 150°C for 48 hours with

stirring at 200 rpm. The mixture has a composition in
20 ternms of moles per mole Siozz

0.5 mo;e (CTMA)ZO
46.5 moles H20
The resulting solid product was recovered by
filtration, washed with water, then calcined at 540°C
25 for 1 hour in nitrogen, followed by 10 hours in ‘air.
The calcined product composition included less
than 0.01 wt % Na, 98.7 wt % SiO and 0. 01 wt % Alz
and proved to have a surface area of 896 m /g. The
calcined product had the following equilibrium
30 adsorption capacities in grams/100 grams:

o



in atr, nitrogen, ammonia, etc. The thermal treatnent can be perforned at a
tenperature up to %;é&l The crystallipe material
by one of several ﬁ%gl @2%h with particulé Timtations.

heet H mped
met hod i nvol ves a reaction mxture having an [err] nole rati IWIﬂm L
0.5, but an [err] nmole ratio of fromO to 0.01, a crystallization
tenperature of from25[err] to 250[err]C, preferably from50[err] to
-175[err]C, and an organic directigng agent, hereinafgegy nore particularly
described, or, preferably a conbi Aation of that or anlc directing agent
plus an additi onal organi ¢ di r ect¥YFECREERLS descri BdBbel ow. This first
nmet hod conpri ses preparing a reaﬁLneﬁaﬁexture contaznsng sources of, for
exanpl e, alkali or alkaline eart? net al e. um or potassiun1
cation if desired, one or a conb RAFFRR of OX|des §§F2cted fromthe group
consisting of divalent element W e.g. cobalt, trivalent elenent X e.g.

al umi numgtetraval ent %ﬁ&ﬁﬁiﬁzy &iﬁfré&iaﬁnﬁaeegraea&a*égbel%%l?:'i%ﬁm Z:

e. g. phosphorus, an organic ( Irecting age escrib ow, and
sol vent or sol ventPFPREGEeOEs hsaﬁxambleeﬂﬂﬁpbé charaptardzrgl as [err]

di ol s and/ or waterinemﬁngl ayvépyestrdhg reaatiol Hhtensetyaiide at 40.0
conposi tion, in terng 8fAn8—spac1ng and a weak line at 21.2 + 1.0 A. TEM
1nd1cated that the product of this example contained at
10 least three separate phases, one of which was the
| ﬁltra-large pore material.

Example 8
A mixture of 150 grams of cetyltrimethylammonium

(CTMA) hydroxide solution prepared as in Example 1 and

15 21 grams of colloidal silica (40%, Ludox HS-40) with an
initial pH of 12.64 was heated in a 300 cc autoclave at
150°C for 48 hours with stirring at 200 rpm. The
mixture had a composition in terms of moles per mole
8i0,: '

20 0.5 mole (CTMA),0
46.5 moles Hzo
The resulting solid product was recovered by

filtration, washed with water, then calcined at 540°C
for 6 hours in air. ' |

25 The calcined product composition was measured to
include 0.01 wt % Na, 93.2 wt % Sio and 0.016 wt %
Al O , and proved to have a surface area of 992 n /g
and the following equilibrium adsorption capacities in
grams/100 grams:



ratios of oxides, within the foll ow ng ranges:

-27 React ant s Usef ul - Preferred [eqgdsh tHaSBeenRe laced
0 to 0.5 0.00F 1279642} r] D 530" o 01 ﬁ it err]
0.1 "to 100 0.1to 20 [err] m
20 Sol vent/ [err] 1 to-1500
0 to 10 Oto 5
Hzo 4.6
Cyclohexane > 50
n-Hexane > 50
Benzene 62.7
5 The X-ray diffraction pattern of the calcined

product may be characterized as including a very strong
relative intensity line at 43.6 + 2.0 A d-spacing and
weak lines at 25.1 + 1.5 and 21.7 + 1.0 A. TEM
indicated that the product contained the ultra-large

10 pore material.

Example ©

Sodium aluminate (4.15g) was added slowiy into a
solution containing 16g of myristyltrimethylammonium
bromide (C14TMABr) in 100g of water. Tetramethyl-

15 ammonium silicate (100g-10% Sioz), Hisil (25g) and
tetramethylammonium hydroxide (14.2g-25% solution) were
then added to the mixture. The mixture was
crystallized in an autoclave at 120°C with stirring for
24 hours.

20 The product was filtered, washed and air dried.

'~ Elemental analysis showed the product contained 53.3 wt
% SiOz, 3.2 wt % A1203, 15.0wt $ C, 1.88 wt ¥ N, 0.11
wt % Na and 53.5 wt % ash at 1000°C. The X-ray
diffraction pattern of the material after calcination

25 at 540°C for 1 hour in N, and 6 hours in air includes a

2 .
very strong relative intensity line at 35.3 + 2.0 A

d-spacing and weak lines at 20.4 + 1.0 and 17.7 + 1.0 4
d-spacing. TEM indicated that the product contained
the ultra-large pore material._ :

30 The washed product, having been exchanged with 1N

ammonium nitrate solution at room temperature, then



[err] [err] 0.01 to- 0.05to 5 [err] [err] .
0Oto 5 err] | 0 0. 03_t 1. whe
wei ght ed aver age 3§T%%%%g éziﬂand R, respect?@ely jE

qi faced
net hod, when no Z and/or Woxides are added to the reactio iﬁlmT W

Is inmportant and nust be maintained at from9 to 14. Wien Z and/or VVOX|des
are present in the reaction mxture, the pHis not narrowly inportgnt for

synthesis of the pé&ﬁéﬂﬁe&ryﬁi-a{réaneonnaeélal surfacthageaasfwekl as/ghand

foll owi ng net hods for esi s resen I atio is
i nportant. \Wen thFQer§¥££°V§n9e%gufﬂghgbuﬁlaéﬁ°§P§é?§ c%ﬁ%ﬁk§&8% ﬁ#burlty |
products tend to bg/390hanhgdroas sbeberpense of the desired crystalline

mat eri al . A second nethod for synthesis of the crystalline materi al
i nvol ves a reaction m xture having an [err] nole ratio of fromO to 0.5, a
crystallization H,0 30.8 :
5 Cyclohexane 33.0
) n-Hexane 27.9
Benzene 40.7
Example 10 |
Sodium aluminum (8.3g) was added slowly into a
10 solution containing 184g of dodecyltrimethylammonium

hydroxide (C, ,TMAOH, 50%) solution diluted with 480g of
water. Ultrasil (50g) and an aqueous solution of
tetramethylammonium silicate (200g-10% Sioz) and
tetramethylammonium hydroxide (26.38g-25% solution)

15 were then added to the mixture. The mixture was
crystallized in an autoclave at 100°C with stirring for
24 hours.

The product was filtered, washed and air dried.
After calcination at 540°C for 1 hour in N, and 6 hours

20 in air, the X-ray diffraction pattern includes a very
strong relative intensity line at 30.4 + 1.5 A
d-spacing and weak lines at 17.7 * 1.0 and 15.3 + 1.0
A d-spacing. TEM indicated that the product contained
the ultra-large pore material.

25 The washed product, having been exchanged with 1N
ammonium nitrate solution at room temperature, then
calcined, proved to have a surface area of 1078 mz/g
and the following equilibrium adsorption capacities in
g/100g anhydrous sorbent:



tenperature of from25[err]C to 250[err]C, preferabl yfrom50ferricto
175[err]C, and two segarate organi c directing_agents, .. cpeet Has Been Replaced
ture

-28- i .e. the BreanPévaPd) additional orJaRPc direct

descri bed bel ow. Thi-s second nmethod conprises. prepari nng“ng ﬁ-ll

contai ning sources of, for exanple, alkali or- alkaline

e.g. sodiumor potassium cation if desired, one or a conbination of oxides

sel ected fromthe group consistiﬁgoof dival ent el emgst g e.g. cobalt,
2

Cyclohexane 38.1
n-Hexane 33.3
Benzene 42.9

5 Example 11 _ .

- A solution of 4.9 grams of NaAlo, (43.5 % A1203,-
30% Nao,) in 37.5 grams of water was mixed with 46.3 ml
of 40% aqueous tetraethylammonium hydroxide solution
and 96 grams of colloidal silica (40%, Ludox HS-40).

10 The gel was stirred vigorously for 0.5 hour, mixed with
an equal volume (150 ml) of cetyltrimethylammonium
hydroxide solution prepared as in Example 1 and reacted
at 100°C for 168 hours. The mixture had the following
composition in terms of moles per mole Al,O,:

15. - 1.1 moles Na,0
30.6 moles 5102
3.0 moles (TEA)ZO
3.25 moles (CTMA)ZO
609 moles Hzo
20 The resulting solid product was recovered by
filtration, washed with water then calcined at 540°C
for 16 hours in air. The calcined product proved to
have a surface area of 1352”m2/g and the following

equilibrium adsorption capacities in grams/100 grams:

25 - Hzo 23.6
Cyclohexane >50
n-Hexane 49

Benzene 67.5



trival ent el enment X e g. alun1nun1 tetravalent elenentlxs |I|con
and pentaval ent elg ? . phosphor us, _aggonbi nati on eN“Wd
di recting agent and addr ti ona or gani ¢ di rectl ng .agent ( Hmbed
bel o, and a sol vent or solvent mxture, such as, for

al cohols, [err] diols and/or water, especially water. The reactlon m xture
has a conposition, in terns of nole ratios of oxides, wthin the follomﬁng

ranges: React ant s The X-ray tiefphction paEtekarbfdthe[ealblned

28 [e??? 0. 001 ﬁ?bd&cé ng %etghafssterlzed gf %heluégggoﬁv F&'%ﬁgﬁng

1 to 1500 srelativeoiftensity line at 98t:6 *+ 200 A d-spgcimg amgl a
%e[g] [igr] wsa? lln% 8¢030t9 + 200 A. @eMSih@icatadl ehak Eﬂaﬂ
| 5 product contained the ultra-large pore material.

Example 12
Two hundred grams of cetyltrimethylammonium (CTMA)

hydroxide solution prepared as in Example 1 was
combined with 4.15 grams of sodium aluminate and 100

10 grams of agqueous tetramethylammonium (TMA) silicate
solution (10% silica) with stirring. Twenty-five grams
of HiSil, a precipitated hydrated silica containing 6
wt % free water and 4.5 wt % bound water of hydration
and having an ultimate particle size of 0.02 micron,

15 was added. The resulting mixture was placed in a
static autoclave at 150°C for 24 hours. The mixture
had a composition in terms of moles per mole Al,0,:

1.25 moles Na, o
27.8 moles Sio2

20 : 5.1 moles (CTMA)ZO
4.40 molgs (TMA)ZO

650 moles Hzo

The resulting solid product was recovered by
filtration and dried in air at ambient temperature.
25 The product was then calcined at 540°C for 1 hour in
nitrogen, followed by 6 hours in air. TEM indicated
that this product contained the ultra-large pore
material. The X-ray diffraction pattern of
the calcined product of this example can be
30 characterized as including a very strong relative



[eri]* [err] : 0.1 to 2.0 0.12 to 1.0
-29- where e ancl_._fs%a,réagt -C)vvei ght ed avera_ges.ya_l_encesrhdfohMHas(Beﬁ,Re laced
I hH1s sé E

respectively. n | ond met hod, when nho Z and/
added to the reaction mxture, the pHis inportant and

at from9 to 14. When Z and/or Woxides are present i-n the reaction
intensity line at 44.2 + 2.0 A d-spacing and weak lines

e
ned

m xture, the precise value of the pHis not inportant for

at 25.2 + 1.5 and 22.0 + 1.0 A,

The calcined product proved to have a surface area
of 932 mz/g and the following equilibrium adsorption

5 capacities in grams/100 grams:
H,0 . 39.3
Cyclohexane 46.6
n-Hexane . 37.5
Benzene 50
10 Example 13

Two hundred grams of cetyltrimethylammonium (CTMA)

hydroxide solution prepared as in Example 1 was
combined with 4.15 grams of sodium aluminate and 100
grams of aqueous tetramethylammonium (TMA) silicate

15 solution (10% silica) with stirring. Twenty-five grams
of HiSil, a precipitated hydrated silica containing 6
wt % free water and 4.5 wt % bound water of hydration
and having an ultimate particle size of 0.02 micron,
was added. The resulting mixture was placed in a steam

20 box at 100°C for 48 hours. The mixture had a
composition in terms of moles per mole A1203;

1.25 moles Na20
27.8 moles Sio2
5.1 moles (CTMA)ZO
25 4.4 moles (TMA)zo
650 moles Hzo
The resulting solid product was recovered by
filtration and dried in air at ambient temperature.
The product was then calcined at 540°C for 1 hour in



crystal : i zatil\ﬁn. A third nmethod for synthesis of thﬂuscSh Haslﬂeerriée laced
material is ere 9§H al um num and Y (gpnpri ses SI
cryszallization téﬁﬁ? Ore Ist be frony25[é$$] to 175[e
fronm50[err] to 150[err]C, and an organic directing agent, escrlbe elow
or, preferably a conbination of that organic -directing agent plus an

addi tional organic agent descri bed below, is used. This third method
conpri ses prepari g td 1 | FELYBwdd! sy @ HAirE N ol cesThé , cdbeirednpl e,

al kali or alkallne e net al odi on if
desired, one or cpé'é"vcﬁé '\%M‘ﬁ% %ﬁlg&'f#g% a%{qérgg‘?\#c (R
dlrectlng.agent,Iaﬂsbnpﬁian capacxtues(nnagrqmsﬁiﬂﬂquﬁmshnd a solvent or
solvent m xture, such as, for exanple [err] alcohols, [err] diols and/or

wat er, espepially water. The reaction mxture has a conposition, in terns
of nole ratios of OX|des,\Mtrﬂrﬁ§%e fol | owi ng range?:

5 Cyclohexane > 50
’ n-Hexane 40.8

Benzene 53.5

The X-ray diffraction pattern of the calcined
product may be characterized as including a very strong
10 _ relative intensity line at 39.1 *+ 2.0 A d-spacing and
weak lines at 22.4 + 1.0 and 19.4 + 1.0 A. TEM
indicated that this product contained the ultra-large
‘pore material.

Example 14

15 A mixture of 125 grams of 29% CTMA chloride
aqueous solution, 200 grams of water, 3 grams of sodium
aluminate (in 50 grams HZO), 65 grams of Ultrasil,
amorphous precipitated silica available from PQ
Corporation, and 21 grams NaOH (in 50 grams H O) was

20 stirred thoroughly and crystallized at 150°C for 168
hours. The reaction mlxture had the following relative
molar composition in terms of moles per mole silica:

0.10 moles (CTMA)20
21.89 moles Hzo
25 _0.036 moles NaAlO2
0.53 moles NaOH

The solid product was isolated by filtration,
washed with water, dried for 16 hours at room



-30 ¢ Reactants - Usef ul Preferréﬂ’ [err]

to 0.5 . 0.001 to Sol yent/[err] 15ﬁESMm}hsB&mW61%@®
OH [err] II"'G%??Ef)élOXF 0 tob ?err] [err]H“m[ﬂmM‘”IHiﬂ
0.05°to 5 [err] [err] [err] _ Oto 5 to 3

0.01 to 2 0.03to 1 -

temperature and calcined at 540°C for 10 hours in air.
The calcined product proved to have a surface area of
840 mz/g,_and the following equilibrium adsorption
capacities in grams/100 grams: '

5 Hzo 15.2
Cyclohexane 42.0
n-Hexane 26.5
Benzene 62

The X-ray diffraction pattern of the calcined
10 product may be characterized as including a very strong
relative intensity line at 40.5 % 2.0 A d-spacing. TEM
indicated that the product contained the ultra-large
pore material.

Example 15
15 To make the primary template mixture for this

example, 240 grams of water was added to a 92 gram
solution of 50% dodecyltrimethylammonium hydroxide, 36%
isopropyl alcohol and 14% water such that the mole
ratio of 801vent/R2/f0 was 155. The mole ratio of

20 HZO/Rz/fO in this mixtqre was 149 and the IPA/Rz/fo-
mole ratio was 6. To the primary template mixture was
added 4.15 grams of sodium aluminate, 25 grams of
HiSil, 100 grams of aqueous tetramethylammonium
silicate solution (10% Sioz) and 13.2 grams of 25%

25 aquéous tetramethylammonium hydroxide solution. The
mole ratio of Rz/fO/(8102+A1203) was 0.28 for the
mixture. '

This mixture was stirred at 25°C for 1 hour. The
resulting mixture was then placed in an autoclave at
30 100°C and stirred at 100 rpm for 24 hours. The mixture



where® e and f are the weighted average val ences of Mand R respectively.

In this third netfo pH,i s inportant an gTust be maintained at from?9
to 14. This nethog'gﬁ7éQ§esEbhe fol |l ow ng stgbs (1) Mx the organic

(R) directing agent with the solvent or solvent m xture such that the nole
ratio of solvent/ [err] is within the range of fromb50 to 800, preferably
from50 to 500. This m xture constitutes the "primary tenplate" for the

SKN hesi s m%‘t][lod 13 the( duthelahe Radhe RIIctihgrivdlateivé molar (1) add
t he sources of oxides . si,lica and/ alunln the ratio of
[err] is withi n°PH‘8°F&ﬁ'3@nofmf ?‘&W @%r aeIsql&h(%) Rtate the

m xture resulting fromstep (2) at a tenperature of from20[err] to
40[err] C, preferably for from5 g 1teP hpurs. (4) Allowthe

m xture to stand with or w thout agitation, ﬁ%eferably at a tenperature of
from20 to 100[err]C, and prefea3f mada Pd4Rnutes to 24 hours.

5 0.18 mole (ClzTMA) 0
’ 0.12 mole (TMA)ZO
36.0 moles H,O

2
1.0 mole IPA

The resulting solid product was recovered by
10 filtration, washed with water and dried in air at
ambient temperature. The product was then calcined at
540°C for 1 hour in nitrogen, followed by 6 hours in
air.
- The calcined product proved to have a surface area
15 of 1223 mz/g and the following equilibrium adsorption
capacities in grams/100 grams:

H,O 25.5

2
Cyclohexane 41.1
n-Hexane 35.1

20 Benzene 51

The X-ray diffraction pattern of the calcined
product may be characterized as including a very strong
relative intensity line at 30.8 * 1.5 A d-spacing and

weak lines at 17.9 + 1.0 and 15.5 + 1.0 A. TEM

25 indicated this product to contain the ultra-large pore
~ material.

Example 16 _
A 50.75 gram quantity of decyltrimethylammonium



from>50[err] to 17{;]_8#4}%& éQEﬁf erably from1

Crystallization tenpera

i gher in the gl n “ranges

-31 - (5) Crystalllze t he product fron1st5$ 53)723388 qu ﬁm rqmgg
.

A fourth method for the present synthesis involves the

A -

used for the third nethod, but the follow ng.specific procedure wth

tetraethyl ortho-

silicate the source of silicon oxide: (1) Mx the

organic (R di reCthWréﬂf@é b &PSdSB veBhtRELSA vsn& M ¥bufe guch that
the nole ratio of s Lvent vbé p #n he rangb a om 50 to 800,
unm broml :

preferably from 50%%

10

15

20

25

30

$E8en | 4 deryatEinetouiampan de with a

hydroxide-for-halide exchange resin) was combined with
8.75 grams of tetraethylorthosilicate. The mixture was
stirred for 1 hour and then transferred to a
polypropylene jar which was then placed in a steambox
for 24 hours. The mixture had a composition in terms
of moles per mole Siozz
0.81 mole (cloTMA)zo
- 47.6 moles HZO

The resulting solid product was filtered and

- washed several times with warm (60°-70°C) distilled
~ water and with acetone. The final product was calcined

to 538°C in Nz/air mixture and then held in air for 8
hours. The calcined product proved to have a surface
area of 915 mz/g and. an equilibrium benzene adsorption
capacity of 35 grams/100 grams. Argon physisorption
data indicated an argon uptake of 0.34 ce/gram, and a
pore size of 15 A.

The X-ray diffraction pattern of the calcined
product of this example may be characterized as
including a very strong relative intensity line at 27.5
+ 1.5 A d-spacing and weak lines at 15.8 + 1.0 and 13.7
+ 1.0 A. TEM indicated that the product of this
example contained the ultra—larée pore material.

Example 17

To eighty grams of cetyltrimethylammoniﬁm

-hydroxide (CTMAOH) solution prepared as in Example 1

was added 1.65 grams of NaAloz. The mixture was
stirred at room temperature until the NaAlo, was.



the ™primary tenplate" for the synthesis nethod. (2) le the pri “%
tenplate m xture o 1) th tetraethyl_orghqsili:c f

al um nhum oxi de, |f%H§??Peg J%ﬂﬁlthat t he [en‘ilnnle ra u ‘ ange
of from0.5 to 2.0. (3) Agitate the m xture resulti

for from10 mnutes to 6 hours, preferably from30 mnutes to 2 hours a

tenperature of fromO to 25[err]C and a pH of less than 12. This step
perm ts hydrol ysi sdielspimedzat iTen this aicd ytimre wasl ddied eliidrams no&t ur e

Lenperature of frondiscus Paryaistyraifdiite (A {0 korlefbn (20
110[err] C, for f roMM%t (Slﬂé)hom% gnamst mfal.ﬁJ;SJﬂnorﬂOlCB gramss gpwater and|n

each of the above h Creshg RAnd Nandd S} Bddde Th
materi al can be carr| qut ungerfeltherdéﬁ]iﬁcghor naglhﬁuat e%llé:yt e% Stl rr%d

conditiong in a sureSMEingaigturesy@s shigress atorem ERUPeTATYER GEOF ene
jars or teflon |ingdveradt aithees.st atle @élOQJa%/&ﬂnerCrlb"ddﬁd | Zttd i) 600 cc

autoclave and heated at 105°C for sixty-eight hours
with stirring at 150 rpm. The mixture had a
composition in terms of moles per mole A1203:
10 "~ 1.25 moles Nazo

27.8 moles Sio2

5.1 moles (CTMA)20

2.24 moles (TMA)ZO

2256 moles Hzo
15 - 80.53 moles 1,3,5-trimethylbenzene

The resulting product was filtered and washed
several times with warm (60°-70°C) distilled water and
with acetone. The final product was calcined to 538°C
in Nz/air mixture and then held in air for 10 hours.

20 The calcined product proved to have an equilbrium
benzene adsorption capacity of >25 grams/100 grams.

The X-ray diffraction pattern of the calcined
product may be characterized as including a broad, very
strong relative intensity line at 102 A d-spacing, but

25 accurate positions of lines in the extreme low angle
' region of the X-ray diffraction pattern are very
difficult to determine with conventional X-~-ray
diffractometers. Furthermore, finer collimating slits
were required to resolve a peak at this low 2-theta
30 angle. The slits used in this example, starting at the
X-ray tube, were 0.1, 0.3, 0.5 and 0.2 mm,



- 327 may al so be conducted continuously in sui ble e U|pnent The
total useful rangeFQ_f er afyur es for cryst_ald z_atlon a ety

each yret hod for
t enperat ure used,

a tlne fiCi'ent for crystalllzatlon t

e. g. fron15 m nutes to 14 days. The cr
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example contained several materials with different d
values as observed in their electron diffraction

100

patterns. These materials were found to possess d1
values between 85 A d-spacing and 120 A d-spacing.

00

Example 18

To eighty grams of cetyltrimethylammonium
hydroxide (CTMAOH) solution prepared as in Example 1
was added 1.65 grams of NaAlOz. The mixture was |
stirred at room temperature until the NaAlo2 was
dissolved. To this solution was added 40 grams of
aqueous tetramethylammonium (TMA) silicate solution (10
wt % sioz), 10 grams of HiSil, 200 grams of water and
120 grams of 1,3,5-trimethylbenzene (mesitylene). The
resulting mixture was stirred at room temperature for

several minutes. The gel was then loaded into a 600 ml

autoclave and heated at 105°C for ninety hours with
stirring at 150 rpm. The mixture had a composition in

terms of moles per mole A1203:

1.25 moles Nazo

27.8 moles Sio2

5.1 moles (CTMA)20
2.24 moles (TMA)ZO
2256 moles Hzo
132.7 moles 1,3,5~trimethylbenzene

The resulting product was filtered and washed

' several times with warm (60°-70°C) distilled water and

with acetone. The final product was calcined to 538°C

'in Nz/air mixture and then held in air for 10 hours.

The calcined product proved to have a surface area of



method, it is preferred to use at least in part an orgalrhis(Sh&tHAsCB%&rﬁleﬁ h
as, for exanple, ay grﬁr nar& amoni um si | i catg. Non-| | ,"Mﬁw ﬂ
such a silicate |ngl etra thylannonrunrsrlrcate and
tetraethylorthosilicate. By adj usting conditions: of

reaction for each nmethod, like tenperature, pH and time of reaction, etc.
within the above Iimts, various enbodi nents of the present non- Iayered

crystalline materi Qh.SWln ?gaaﬁashhe@qﬁ‘iibiﬁﬁmoqbre@iz%nhe dﬁbﬂiﬁ:wxﬁﬂﬁﬁhlﬂﬁ
particul ar, changin e eratur or reactiqn ti
promote formation 82 Egdgé?mépg’gb ﬁ‘[ s&\?@‘?é % 3 ze.
Non-limting exanplindicatedr anuargondauptam:oﬁofo 85 Xc/gramy B.n:bra egxet ed
for the first and ggeandeayataashh 8! A01Do119nél%-Heal Method, see
5 Example 19(b)), but running from 70 to greater than 105
A. The X-ray diffraction pattern of the calcined
product of this example may be characterized as having
only enhanced scattered intensity in the very low angle
region of the X-ray diffraction, where intensity from
10 the transmitted incident X-ray beam is usually
observed. However, TEM indicated that the product
contained several materials with different d100 values
as observed in their electron diffraction patterns.
These materials were found to possess d100 values
15 between 85 A d-spacing and 110 A d-spacing.

Example 19
To eighty grams of cetyltrimethylammonium

hydroxide (CTMAOH) solution prepared as in Example 1
was added 1.65 grams of_NaAloz. The mixture was

20 stirred at room temperature until the NaAlo, was
dissolved. To this solution was added 40 grams of
aqueous tetramethylammonium (TMA) silicate solution (10
wt % sio,), 10 grams of HiSil, and 18 grams of
1,3,5-trimethylbenzene (mesitylene). The resulting

25 mixture was stirred at room temperature for several
minutes. The gel was then loaded into a 300 cc
autoclave and heated at 105°C for four hours with
stirring at 150 rpm: The mixture had a composition in

terms of moles per mole A1203:
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Si - - - o Al --

Sj 5 p F-62 7@0( v J2) Al - 65 - Th!s Sheet Hg lao%H
Si P S| |nclud|ng th of
W being My, or an el enent sel ected fromthe dival ent flrst

metals, e.g. Mh, Co and Fe; X being B, Ga or Fe; and Y belng Ge.
organic directing agent for use in each of the above nethods for
synt hesi zi ng the present nmaterjal
o 1.25 moles Na,O
27.8 moles Sio2
5.1 moles (CTMA)ZO
2.24 moles (TMA)ZO
5 _ 650 moles_Hzo
) 19.9 moles 1,3,5-trimethylbenzene

The resulting product was filtered and washed
several times with warm (60°-70°C) distilled water and
with acetone. The final product was calcined to 538°C

10 in Nz/air mixture and then held in air for 8 hours.

The calcined product proved to have a surface area
of 975 m2/g and an equilbrium benzene adsorption
capacity of >40 grams/100 grams. Argon physisorption
data indicated an argon uptake of 0.97 cc/gram, and a

15 pore size of 63 A (Dollimore-Heal Method), with the
peak occurring at P/P°=0.65.

The X-ray diffraction pattern of the calcined
product of this example may be characterized as
including a very strong relative intensity line at 63 +

20 5 A d-spacing and weak lines at 36.4 * 2.0, 31.3 + 1.5
A and 23.8 + 1.0 A d-spacing. TEM indicated that the
product of this examplé contained the ultra-large pore
material.

Example 20
25 on P isorption Determination
- To determine the pore diameters of the mesoporous
products with pores up to 60 ‘A in diameter, 0.2 gram
samples of the products of Examples 1 through 17 were
placed in glass sample tubes and attached to a



fronrthe respective reaction mxtures is an annDnlun1or E,Q&dOf
the formula [err] i - éﬁrr; where Q |s |trogen
wherein -at | east oﬁeégf% )is aryl or alky? o'f from I

atons, e.g. [err] [err], or conblnatlons thereof, the re
[err] being selected fron1hydrogen al kyl of fron11 to 5 carbon atons and
conbi nati ons of these. The conpound from which the above amoni um or

phosphoni umion is iy %@y eapﬁﬁa%’%%eQ@?lMdr%'@es hgbtdft No.

silicate, or nlxtures rst and third nethods above it
is preferred to havke 782 R ¢ i onal organic directing agent and in the
second nethod it is requtedsdmpléy avdre heated to 300°C for 3 hours in

vacuo to remove adsorbed water. Thereafter, the
5 samples were cooled to 87°K by immersion of the sample

' tubes in liquid argon. Metered amounts of gaseous
argon were then admitted to the samples in stepwise
manner as described in U.S. Patent No. 4,762,010,
column 20. From the amount of argon admitted to the

10 samples and the amount of argon left in the gas space
above the samples, the amount of argon adsorbed can be
calculated. For this calculation, the ideal gas law
and the calibrated sample volumes were used. (See also
S.J. Gregg et al., Adsorption, Surface Area and

15 Porosity, 2nd ed., Academic Press, 1982). 1In each
instance, a graph of the amount adsorbed versus the
relative pressure above the sample, at equiiibrium,
constitutes the adsbrption isotherm. It is .common to
use relative pressures which are obtained by forming

20 the ratio of the equilibrium pressure and the vapor
pressure Po of the adsorbate at the temperature where
the isotherm is measured. Sufficiently small amounts
of argon were admitted in ‘each step to generate 168
data points in the relatlve pressure range from 0 to

25 0.6. At least 100 points are required to define the
isotherm with sufficient detail.

The step (inflection) in the isotherm, indicates
£filling of a pore system. The size of the step
indicates the amount adsorbed, whereas the position of

30 the step in terms of P/P, reflects the size of the
pores in which the adsorption takes place. Larger
pores are_filled at higher P/Po. In order to better
locate the position of the step in the isotherm, the




-34 - combi nation of the above organic directing agep}s g4
addi tional organi cpd} ﬁggkl_ng gent. That addi ghonal organi y Ha Becn Re [aceﬁit
is the ammoni um or” phosphoniumion of the above directing E mm, [lﬂl

wherein [err] R2, R3 and R4 together or separately are sel
group consisting of hydrogen and alkyl of 1 to 5 carbon atons and
conbi nations thereof. Any such conbination of organic directing agents go

to make up "R’ andd&tﬂraﬁﬂvbnwﬁkhakeéﬁhbe eb 16@/ J(pt/@ Q. G Eoredst anee

Ilsted organic dlrggt Qgtgggnggg dksiag Qrognl lgﬁi éu%#%¥zv) may be
related to the physical pore diameter (A) by the
following formula:

5 _ B e -
X - I 34 : slo s4 slo l
’ log(e/P,)= I - - +
d-0.38 |3(L~-Ds2)° 9(r-bs2)?  3(p/2)3  9(pr2)?
— : R

where 4 = pore diameter in nanometers, K = 32.17, S =
0.2446, L =4 + .0.19, and D = 0.57.

' This formula is derived from the method of Horvath

and Kawazoe (G. Horvath et al., J. Chem. Eng. Japan, 16
10 {6) 470(1983)). The constants required for the

implementation of this formula were determined from a
measured isotherm of ALPO~-5 and its known pore size.
This method is particularly useful for microporous
materials'having pores of up to 60 A in diameter.

15 The results of this procedure for the samples from
Examples 1 through 16 are tabulated below. The samples
from Examples 10, 13 and 15 gave two separate peaks,
believed to be the result of two separate ultra-~large
pore phases in the products.



The particul ar effectiveness of the required directing—agent—wher—eonpared
wi th ot her such aggn 0 o direct syntheghs_of one_ or e ot her :
crystal structure%’?’é%%& ¥\Q%/£:d due to its ablé?i ty to iy o een% laced
tenplfate in the above reaction mxture in the nucleation mlﬂl u t he
desired ultra-large pore crystals with the limtations d .
Non-limting exanples of these directing agents include
cetyltrinethyl ammoni um cet yhkahBeblybabasphamnbdeyr banzyl tri met hyl anmoni um
cetylpyridinium nyristyltrine ni annnnluné gecyltrinethylannnniunl

dodecyl tri net hyl ammoni um and di thyldidoa ¢yl ammoni um The reaction
m xture conmponents can be suppligd by norasSthan one source. The reaction

m xture can be prepared either bgtchmﬁse 2% gontinuously. Crystal size and
crystallization tine of the new &rystalliné mterial will vary with the
nature ofsthe reaction m xture e#pl oyed aR&-fhe crystallization conditions.
The crystals prepared by the synghesis pregedure can be shaped into a w de

variety, of particle sizes. Generally speaking, the particles can be in the
f or m of 6 . 27.3 _

7 36.6

8 42.6

10 9 28.3
' 10 22.8, 30.8

11 36.8

12 36.1
13 35.0, 42.1

15 14 40.0
15 22.4, 30.4

16 15.0

By way of comparison, a commercially prepared
sample of zeolite USY (equilibrium benzene sorption
20 | capacity of 20.7 grams/100 grams, X-ray diffraction
pattern with all the lines of zeolite Y and with the
highest d-spacing at 14 A) had a pore diameter of 8.3 A
as determined by the above method.
The method of Horéath and Kawazoe for determining
25 pore size from physisorption isotherms was intended to
be applied to pore systems of up to 20 A diameter; but
with some care as above detailed, its use can be
extended to pores of up to 60 A diameter.
In the pore regime above 60 A diameter, the Kelvin
30 equation can be applied. It is usually given as:



- 35-- a powder, a granule or a nol ded product, sUEﬁTi§75T75&TIEEE;r
having particle s Llcqfrt to pass thrgugh a 2 neamm$mxl n
be retained on a 0 nes er) screen. In cases mhere

nol ded, such as by extrusion, the crystals can be extrud ng or

partfally dried and then extruded. The porous cryst ne naterla may
be used in a matrixed or unmatri xed formfor this purpose and may

-2YV
In(P/P_) = _____ cos 8
rkgT
where:
5 Y = surface tension of sorbate
v = molar volume of sorbate
0 = contact angle (usually taken for practical
reasons to be 0)
R = gas constant
10 T = absolute temperature
Tp = capillary condensate (pore) radius.

P/Po = relative pressure (taken from the
physisorption isotherm)

The KEIVin equation treats adsorption in pore

15 . systems as a capillary condensation phenomenon and .
relates the pressure at which adsorption takes place to
the pore diameter through the surface tension and
contact angle of the adsorbate (in this case, argon).
The principles upon which the Kelvin equation are based

20 are valid for pores in the size range 50 to 1000
Angstrom diameter. Below this range the equation no
longer reflects physical reality, since true capillary
condensation cannot occur in smaller pores; above this
range the logarithmic nature of the equation precludes

25 obtaining sufficient accuracy for pore size
determination.

The particular implementation of the Kelvin
equation often chosen for measurement of pore size is



purpose, it may be matrixed or’ bound with active and ina and
synthetic or naturally occurring zeolites as well as ino | s
such as clays, silica and/or netal oxides such as alumna, titania and/or
zirconia. The latter may be either naturally occurring or in the formof .
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Transmigsion Electron Microscopy '
In order to illuminate the microstructure of

materials by transmission electromicroscopy (TEM),
samples must be thin enough for an electron beam to

15 pass through them, generally 500-1000 A or so thick. _
The crystal morphology of the present materials usually
required that they be prepared for study by
ultramicrotomy. While time consuming, this technique
of sample preparation is gquite familiar to those

20 skilled in the art of electron microscopy. The
materials are embedded in a resin, in this case a
commercially available low viscosity acrylic resin L.R.
WHITE (hard), which is then cured at 80°C for 1 1/2
hours. Thin sections of the block are cut on an

25 ultramicrotome using a diamond knife and sections in
the thickness range 500-1000 A are collected on fine
mesh electron microscope support grids. For these
materials, an LKB model microtome with a 45°C diamond
knife edge was used} the support grids were 400 mesh

30 | copper grids. After evaporation of a thin carbon
coating on the sample to prevent charging in the
microscope (light gray color on a white sheet of paper



- 36-- widely, with the crystal content ranging from
wei ght and nore us §k5¥9 p§5%>cularly when t_hglcqmt)ositel]ih}S%h&pHg%re %le?ﬁe
formof beads, in the“rangé: 2 to 80 wt % of "the conposi E“lllﬂmﬂm Iﬂ I

Conponent In the second enbodi ment of the present inv
next to the sample in the evaporator), the samples are

ready for examination in the TEM.

High resolution TEM micrographs show projections

of structure along the direction that the sample is

5 viewed. For this reason, it is necessary to have a
sample in specific orientations to see certain details
of the microstructure of the material. For c;ysﬁalline
materials, these orientations are most easily chosen by
observing the electron diffraction pattern (EDP) that

10 is produced simultaneously with the electron microscope
image. Such EDPs are readily produced on modern TEM
instruments using, e.g. the selected area field
limiting aperture technique familiar to those skilled
in the art of electron microscopy. When an EDP with

15 the desired arrangement of diffraction spots is
observed, the corresponding image of the crYstal giving
that EDP will reveal details of the microstructure N
along the direction of projection indicated by the EDP.
In this way, different projections of a crystal’s

20 structure can be observed and identified using TEM.

In order to observe the salient features of the
crystalline product, it is necessary to view the
material in an orientation wherein the corresponding
EDP gives a hexagonal érrangement of diffraction spots

25 from a single individual crystal. If multiple crystals
are present within the field limiting aperture,
overlapping diffraction patterns will occur that can be
quite difficult to interpret. The number of
diffraction spots observed depends to a degree upon the

30 regularity of the crystalline arrangement in the
material, among other things. At the very least the
inner ring of bright spots should be cbserved to obtain
a good image. 1Individual crystals can be manipulated
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pore-size or small pore-size, depending upon the struct ite
and this formof nonmenclature is used here although the significantly
| arger pores sizes of the nmesoporous materials nmakes it inappropriate to
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are discussed in HieRcRRighe vas peed: te pEPYuEs the elgskrenspicxegeaphs.
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determ nation of thwere examined by the techniques described above in a

10 JEOL 200 CX transmission electron microscope operated
at 200,000 volts with an effective 2 A objective
aperture in place. The instrument has a point-to-point
resolution of 4.5 A. Other experimental arrangements
familiar to one skilled in the art of high resolution

15 (phase contrast) TEM could be used to produce
equivalent images provided care is taken to keep the
objective lens on the underfocus (weak leans) side of
the minimum contrast lens current setting.

Example 21

20 This example illustrates the use of an amorphous
hydrocracking catalyst and provides a base case for
comparison. '

A heavy wvacuum gaé oil from a Persian Gulf crude
was processed at 8400 kPa abs (1200 psig) hydrogen
25 pressure, 800 n.l.:l..-1 (4500 SCFB) hydrogen circulation
and 0.5 LHSV over an amorphous cascaded catalyst system
consisting of DHC-2 followed by DHC-6. Both catalysts
are manufactured by UOP. The VGO properties are listed
in Table 1 below.



67, 218 -
Frilette,
faujasite zeolites have Constraint
pore sized zeolites exhibit a

222 (1981).

zeolrte type according to structure it is often nore conye
to classify by neans of the " 80 e ebfaced
Constraint |ndex oFf-6RB@%&cld2)e, as described By Frilette luu“]u 4' S

Consi stent with the classification i
the large. pore size zeolites with 12-ring w ndows such as the

| ndi ces below 1 and the internedi ate
Table 1

Properties of Persian Gulf VG

Hydrogen, wt % - 12.6
- Nitrogen, ppm 650
5 Basic Nitrogen, ppm 198
Sulfur, wt % 2.3
API Gravity 22.6
Pour Point, °C (°F) 32 (90)
Composition, wt %

10 Paraffins 27.7
Mononaphthenes 8.3
Polynaphthenes 14.6
Aromatics 49.4

Simulated Dist., wt %
15 IBP, °C (°F) 277 (531)
| 5 364 (687)
10 379 (715)
20 396 (745)
30 410 (770)
20 40 423 (793)
50 436 (816)
60 449 (841)
70 463 (866).
80 481 (897).
25 90 506 (942)
‘95 - 521 (970)
EP 577 (1071)

The heavy vacuum gas oil feed was proceésed at
8380 kPa abs (1200 psig) hydrogen pressure, 800




Constraint Index of 1 to 12, ranklng t hem t hough t he val ues charac er|s

of the small size zeollte such as zeolite A and erlonlf SS

whi ch constrai nt i Aa827P$%d@2%rnmined is disd dded in U |
4,016,218, to which reference is made for a dlsclosure nd of
the Constraint Indices for typical zeolites. . The netaII05|I|cate
zeolites which are preferred for use in the present catal ysts are the

alum nosilicate | a?gg Qoré shggozgglféggﬁ_g % P:Q'ﬁﬁa&‘ \écﬁ’{c} téﬁ’ hi g?t

zeolites with the baS|te structur Y zeg1|te Y
silica forns of zeBHP e°Ye§uéW°§PhPB§IFF@a@8$t'ﬁ¥§QQB(ﬁ9qﬁi§¥%ﬂQ£P§eol|tes

are preferred becagae-nhgnc_sebathuggfsoqg@pqtructure permts access by
many of the bul ky nolec&g ggpﬁgy ggtered in the h h- boi |, f eeds

conmonl y used in hydroc FEYESH AT &l -vn“ﬂ?‘? i ng
range i s &chieved. cihalgburrtnosnelducet m.z:e@lgdreaqd euldnm dorgtexitemaéfate

3¢ aceopt abl & spacEhbePaY Be.Brachisel I chle VB Weciiidh 188 °
of zeolite Y, espethgl reagber pontadndag dive DHGS catalyisthi | iThe fRECtKe in
hydrocracki ng procege8iyst does the bulk of the boiling range conversion.
The catalyst £ill ratio was 38.4 g of DHC-2 and 60.3 g
10 of DHC-6 to give a HDT/HDC weight ratio of 0.64 with a
' total catalyst volume of 150 ml.

The reactor severity is measured by 650°F- boiling

range conversion which is defined as:

.650°F- conversion =
15 650°F+ in Feed (wt %) - 650°F+ in Product
650°F+ in Feed (wt %)

The reactor severity was varied by adjusting
reactor temperature in the range 371°-399°C
(700°-750°F) at constant LHSV. The temperatures of the

20 hydrotreating and hydrocradking reactors were
- maintained at the same temperature for all runs. The
results of these runs ere summarized graphically in
Figures 1 and 2 of the drawings, as discussed below.

Example 22 .
25 ' A sample of MCM-41 (40 A) was prepared in
accordance with the method described below.



preferred

applications, especially where hydrocracked products o

desired. Again, the nedium pore size zeolites-are pr erbly used in the
alumnosilicate fromsince this is the formin mhlch he activity is

usual |y the greatest. Tirhentdllswingemixtarzeals ehargedeaisar dutoclave:
conbi nation with the large pore size zeolites to forma hydrocracking
cat al yst

The medi um pore size zeolites such as ZSM 5, ZSN@Il ZSM— h
ZSM 35 may al so be |g25g?6pr§§ent hydrocrack|2§ catal
t are

99659 Cetyltrimethylammonium (CTMA) hydroxide,
prepared by contacting a 29 wt % N,N,N-
trimethyl-l-hexadecylammonium chloride

5 solution with a hydroxide-for-halide
exchange resin,
208g Sodium aluminate,
4929  Tetramethylammonim silicate (10% aqueous
solution),
10 1245g Precipitated hydrated silica (Hisil 0)

The mixture was crystallized at 100°C for 20 hrs.
with srirring under autogeneous pressure. The
resulting product was recovered by filtration and dried
in air at ambient temperature. A sample of the product

15 was calcined at 540° C for 1 hour in nitrogen, followed

by 6 hours in air for characterization.

The calcined product had a surface area of 1120
mz/g and the following equilibrium absorption
capacities in grams/100 grams: |

20 H20 _ ] 10.8 -
Cyclohexane - >50
n-hexane >50
Benzene 67

The product was identified as MCM-41 with an X-ray
25 diffraction pattern which included a very strong
relative intensity line at 38.4 + 2.0 A d-spacing, and
weak lines at 22.6 + 1.0, 20.0 + 1.0, and 15.2 +1.0 A.
The MCM-41 crystalllne product was exchanged with -
room temperature aqueous solutions of ammonium nitrate



with~three (or nore) acidic conponents, for exanple N{m441 U !ﬂl ladedM 5.
The rel ative annun%s 3% the.#ﬂree materi al s Iy, be adj nce
wWith the character 56242 o e feed and of THE dé5|red F The
use of the small pore size zeolites and of dense phase

zeolites such .as ZSM39 wll not normally be favored since these zeolltes
are no longer used to a great extent in refining processes since they offer
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not, in principle, to be excl y e rel ative anmount
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range of 10:1 to 1:10. A 1:1 ratlo betme he two porous conponents w
be suitable for madF R &r@3QT dghawatimi of Aitrogen £or 6 hours

followed by the replacement of the nitrogen with
5v/v/min of air. The calcination was completed by
10 raising the temperature to 538°C (1000°F) and
maintaining that temperature in S5v/v/min air for 18
hours. Nickel and tungsten were incorporated via
incipient wetness coimpregnation using solutions of
Ni(NO,),.6H,0 and (NH,) H,W,,,40.H,0. After drying
15 overnight at 121°C (250 F), the extrudate was calcined
in 5v/v/min air at 538°C (1000°F) for 3 hours.
Physical and chemical properties of the
NiW/MCM—41/A1203 catalyst are provided below:

Nickel, wt % 3.7
20 ' : Tungsten, wt % 9.2
Sodium, ppm 200
Surface Area, m?/g 530
Pore Volﬁme, cc/g 0.780
Particle Density, g/cc 0.883
25 _ Real Density, g/cc 2.837

a 23
The catalyst of Example 22 was used as the
hydrocracking catalyst in a DHC2/Niw MCM-41 cascade
MPHC reactor system. The catalyst fill ratio was 4.08g
30 of DHC-2 and 6.40g of NiW~-MCM-41 to give the same
HDT/HDC weight ratio of 0.64 as in Example 21, with a



Jrfhrngthéggzofgﬁgler pore size nol ecul ar S|ev§ zeol|t?n§§ﬁagﬁ%&%gﬁg%h&5d
crystall | ne conponeﬁ"ﬁs???(‘he‘)_%hne cat al yst p'ér??cl'e or al mmﬂllmm&y
may be m xed as separate particles or staged as separate , B | : es -
of the hydrocracker. If the latter, the nmesoporous conponents with its
associated netal is preferably | ocated upstreamof the smaller pore sized
mol ecul ar si eve total catalyst volume of 20.2cc. The feed and process
conditions of Example 21 were used. Severity was
varied by adjusting reactor temperature from 382°-410°C
(720‘-770'F). The results of these runs are summarized
5 graphically in Figures 1 and 2.
-' An activity comparison between Examples 21 and 23
.is shown in Figure 1. It can be seen that conversion
activities are similar and within 5.6°C (10°F) for both
catalyst systems. '
10 Figure 2 shows the 343°C- (650°F-) product
selectivities as a function of 343°C- (650°F-) boiling
range conversion for the results of Examples 21 and 23.
The data show that the selectivities for kerosene
. 166°=227°C (330°~440°F fraction) and distillate
15 227°-343°C (440°-650°F fraction) are almost identical
for the MCM-41 catalyst system as compared to the base
case amorphous DHC6 catalyst. These results are also
shown in tabular form for a conversion level of 45 wt
%, in Table 4 below:



conponent in order to pronote the hydrogenation reactions before the feed

encounters the nmore highly acidic zeolite which carries out the-eraecking.

| f the nesopor ous Fe6R19Hl6+iu2) conponent and tHe Tel atively snal Ler R4S

si ze nol ecul ar sieve conmponent are conbined in the sandhi o c‘fe
or conbi ned as separate particles in a physieal m'xture,ﬁ \ ﬁ
conponent nay be incorporated by exchange or inpregnatio eri al

usi ng conventional techniques. Bec% t h4§ mesopor ous crystalline conponent
has a hi gher surface area than the Gt conponent, the netal will be
preferentially sorbed on the nMBH®rafVGD rBlENDt . The porous
crystalline materials, i.e the[igaﬁﬁr%%ﬁgﬁfl and the zeolite
conponent are suitably used i T min the catal ysts and may
suitably be fornmed into extrudates, pellets or other shapes to permt the
passage of gases QuRiaf cat al yst Wﬁﬁci@%m.ng MUPHE+2 8 iWeMdMenl The
crystalline conponents may be matrixed or bound wth active and inactive
materials and synthetic or naturally occurring zeolites as well as

i norgani g nat er i alResfetdr aempays, silica and/or metal oxides such as

alumna, titania and/of, z{.rl.c)oni a. The '?ééef745) 401 (753)

Product Composition,

wt %
C1-C4’ 2.6 4.0

10 C5-330 11 10.5
330-440 9.5 9.0
440-650 22.5 22.5
650~750 18 18
750+ 35 35

15 H2 Cons, n.l.1.” ' 124-133 151

(SCFB) (700-750) (850)

These results once again show that an ultra-large
pore molecular sieve can produce kerosene and
distillate yields comparable to an amorphous catalyst

20 systen.



may be either naturally occurring or in the form of gelatineus—precipitates
or gels including mxtures of silica and metal oxides: Llke of ]ﬂgﬁﬁ&iégdl n

- 40+ conj uncFr6278i (B 02e crystal | i ne md#%rt al , s Sb
theremnth or present during synthesis of the neM/crystaI “ve,
tends to change the conversion and/or selectivity of the
certain organi c conversion processes. Inactive materials suitably serve as
diluents to control the :
mple 24
The Total Liquid Product (TLP) samples of Examples
21 and 23 at the same 43 wt % conversion were distilled
to yield 730°F+ bottoms material that were subsequently

5 analyzed. Table 5 contains the results of this
comparison. ' '

TABLE 5

Bottoms Properties at
wt% 650°F+ Conversion

10 730°F+ Properties Example 22 g;amgle 24
Nitrogen, ppm 15 3
Mol. Weight 406 388
Pour Point, °C (°F) 35 (95) 32(90)
KV @ 100°C, mm>/s 5.019 4.804
15 - Composition, wt %
Paraffins 44.5 43.3
Mononaphthenes 15.7 15.3
-Pblynaphthenes g 20.2 23.4
Aromatics . 19.6 14.0
20 Simulated Dist.,
wt & °C (°F)
IBP/5 343/377 (650/711) 372/388 (701/731)
10/50 389/438 (733/820) 396/436 (745/817)

It can be seen that the MCM-41 catalyst of Example
25 23 was much more effective in reducing the nitrogen
level of the bottoms to a very low level of 3 ppm as
compafed to a 15 ppm level for the catalyst of Example



anouht of conversion in-a glven process so that produc an be obtalned

econom cal ly and orderly 'H§Ut enpl oyi ng oth nmeans eE‘he
rat egof reaction. sirable to prOV| at Ieas
foregoing mat ri x naterlals in colloidal formso as to f |on

of the bound catal yst conponents(s). The rel ative proportions of flnely
divided crystalline material and matrix vary widely, with the crystal

content ranging from 1l t3: Ref é%gque%woﬂﬂ@lm&wa@iw for the

particularly when the conposite is epared in_t formof beads, 1 n the

range of 2 to 80 wM®§4l tq'?éacldfﬁibﬁat% 1mPr°V%eb36a¥%ﬁ y_YeFrth8cDHERS ed by

ﬁogvent I Ona: f|0(r]|e swa‘ﬁﬂmtr@aﬁmﬁﬁcs eleg]{ebydmecmgfrmtm . Br e6emgeooit
ydrogen sul fide, t,0 cqpvert oxid of t met al s, .su CoO_ar

“to their correspondi® ngq@tﬁ "mpac @é J1t o° C%?ﬁ??’l“ﬁsf’f’ﬁt El“gﬁe

preparati &n of theupgnadﬂﬂgruppkﬂcagmonsrsﬁnneeﬂowén ahmm&tkeanﬁevelsthte

sorption data for VlAre Hﬁﬁﬁﬂf . r];]qgf qécgé ,

Equi I'i bri um Adsor ption VA J%%P e er71ﬁﬁg as J?F 1{E§eﬁg§§ey %Sés

of the adsorbent, dmdex datk@swation at 540[err]C for at |east 1 hour and

ot her

Example 25
_ Preparation of NiW/MCM-41/USY/A1203 hydrocracking
10 catalyst.

The product of Example 22 was exchanged with
aqueous solutlons of ammonium nitrate and subsequently.
dried overnight at 121°C (250°F). A portion of the
resultant material was combined with alumina and a

15 commercial USY (TOSOH HSZ-~360HUA) to form a mixture of
40 parts, by weight, MCM-41, 40 parts USY, and 20 parts
Al,0,. Water was added to this mixture to allow the
resulting catalyst to be formed into extrudates.

The catalyst was activated by calcination as

20 described in Example 22 above except that the
calcination of the unimpregnated catalyst was completed
in air at 538°C (1000°F) for 12 hours. Incorporation
of the nickel and tungéten was made in the same way as

) described above. Physical and chemical properties of

25 the N1W/MCM—41/USY/A1 catalyst are shown in Table 6

below:



treatnent, if necessary, to renobve any pore bl ocking contamnants, is

contacted with the desired pure adsorbate vapor in an adsBi faced
The j ncrease F-6279 (6502) - 81 - 41- L he
adsorbent is calculated as the adsorption capacity of the

of grams/ 100 grans adsorbent based on adsorbent weight after calcination at
540[err] C. The present conposition exhibits an equilibrium benzene
adsorption capacity at 6.7 kPa Table € :

iW/MCM-41/USY
Hydrocracking Catalyst Properties

Nickel, wt % 4.4

5 Tungsten, wt % 14.8
' Sodium, ppm 80
Surface Area, mz/g 430
Pore Volume, ml/g 1.000
Particle Density, g/ml 0.753 Real Density, g/ml
10 3.046
Example 26

The catalyst of Example 25 was used as a
hydrocracking catalyst in a set of moderate préssure 
hydrocracking runs. The same feed and process

15 conditions as in Example 21 were used. The
hydrotreating catalyst for this set of runs was a
commercial NiMo/Alzo3 catalyst (HDN-60, American
Cyanamid). The reactor was filled with 6.27 grams (8.0
ml) of HDN-60 and 4.45 grams (12.0 ml) of the composite

20 NiW/MCM-41/USY catalyst. Severity was varied by
adjusting reactor temperature from 371°-393°C
(700°-740°F). The results of these runs are summarized
in Figureé'l and 2.

The activity comparison of the results of Examples

25 21, 25 and 26 is shown in Figure 1. It can be seen
that conversion activity for the composite catalyst was
improved as compared to the DHC-6 and MCM-41 catalyst

systemns. _
Figure 2 shows the 343°C- (650°F-) product
30 selectivities as a function of 343°C~ (650°F-) boiling

range conversion for the results of Examples 21, 25 and



(50 torr) and 25[err]C of greater than 15 grans/ 100 gr anmijs Shé His@sbnrRebMced
greater than 17.5 g/ - more particulagly_greater .

A preferred way tdﬁaég?%?é ?g?to contact the ggsired pure or
in an adsorption chanber evacuated to less than 1 mmat conditions o 2
Torr of water vapor, 40 Torr of n-hexane or cycl ohexane vapor, or 50 Torr
of benzene vapor, at 25[err]C. The pressure is kept constant (within 0.5
ng) by addition gfzedsoghagg aaﬂarsﬁgﬂttahgegebbs&naamuﬂﬂuzzhm:ng the
adsorption peri od. ad e_i sor, y . the | S YSLA e _Je
decrease in pressufé\igauggé ?ﬁﬁeaﬂéngéﬁgt"ﬁﬁtﬁpéhga 33}5’\,? v&sﬁ‘@n aé(#h %9 rore
adsor bat e vapor tosehecthwibiest arecstmparabaealfore thentMoM-43/8SYr es.
Sorption is conple t a st f Ei~ed cnt jpat e
che manostat T CaeATEe &%}féﬁﬁégéﬁgﬁ? PHS, DRcRY a3 Mol N dttqed S

hi's f or "benzene adsorption
on a suit@bl e therFagravrasults anal pdso showaminstabudar, form for a

conput er - cont r ol | egoRP8¢32énduBeRE FEAL8Y wt8MealRtaderad ¥dnviErBich, Sin
dehydr at ed (phy5|qfléi sorbed water renoved) by heating at, for exanple,

350{ err] or 500[ ert¢e®o’ cBRIPYNt weight in flowing helium If the sanple
s in as-synthesized form e.g. cowablai @mg organic directing agents, it is

cal cined at Hydrocracking of VGO Blend

10 45 Conversion, 1200 psi 0.5 IHSV

HDN-60/Niw
Catalyst DHC-2/DHC-6 DHC-2/NiwW-MCM41 USY/MCM41

Reactor
Temp., _
15 ‘C (°F) 396 (745) 401 (753) 389 (732)
Product
Composition,
wt %
c1-c4 . 2.6 . 4.0 3.5
20 c5-330° 11 10.5 10.5
| 330-440° 9.5 9.0 10.0
440-650° 22.5 22.5 22.0
650~750" 18 18 18
750°+ 35 35 35
25 H,
Cons,
n.1.1.”%  125-134 151 169

(SCF/Bbl) (700-750) (850) (950)



540[err]Cin air and held to constant weight instead of t revi ously EIL

described 350[err] or 500[err]C treatnent. Benzene adsdf @ﬁh:h&dare
measyred at 25[ er F627 (8- ng a benzene s&drat ed heI vvrth
a pure hel ium - -42-

the proper proportions to obtain the desired benzene parti al pressure The
value of the adsorption at 50 Torr of benzene is taken froma plot of the
adsorption isotherm . . . Ty .
Improvements in conversion activity were obtained
by the USY/MCM-41 composite catalyst and that there is
a decrease in light gas yield compared to the MCM-41
catalyst. These results show that an MCM-41
5 ultra-large pore molecular sieve in combination with a
smaller pore molecular sieve, can produce kerosene and
distillate yields comparable to an amorphous catalyst
system, but with better hydrocracking activity.
The use of an ultra-large pore molecular sieve for
10 hydrocracking, especially at the low to moderate
hydrogen pressure described above, provides an
_attractive option for obtaining kerosene and distillate
selectivities which compare to state-of-the-art
amorphous based catalysts. Benefits of utilizing these
15 catalysts in processes of this kind include an increase
in bottoms quality and a potential increase in
_stability, since molecular sieves have been shown to be
more stable than amorphous catalysts. In addition, the
very high surface area possessed by the present
20 mesoporous supports materials is of especial benefit in
fuels hydrocracking where the catalyét needs a high
degree of acidic functionality to provide the cracking
function. In conventiconal zeolitic hydrocracking
catalysts, this would be provided by a high zeolite -
25 loading in the catalyst but for the fact that this
would reduce the amount of matrix material available to
support the metal function. The high surface area of
the mesoporous supports, however, enables high metal
loadings to be readily accommodated while still
30 providing adequate acidic functionality.



In the exanpl es, percentageé are by wei ght unless otherw se indicated.

Exanple 1 One hundred grans of cetyltrlnethylannnnlun1(CTNA) hydr oxi de
sol utgd on, prepared P2} ta®3)ng a 29 Wt % — 84

N, N, N—tr|nethyl-l-hexadecanan1nlunlchlorlde solution with a

hydr oxi de-f or - hal i de exchange resin, d with C“
aqueous solution of tetranet hy I1icate ( Hﬁm
stirring. Twenty-fi sa,rns of f nmnﬂ'”;ﬂ"jﬁ]"zt at ed hydr

containing 6 wt % ter ant 4 n%0 wat er of hydration and
having an ultimate partlcle size of 0. 02 n1cron was added. The resulting
m xture was placed in a lﬂyag g@ggglwﬁ§bﬁe@5mb91§e§tean1box
at 95[err]C overnight. T e nlxtur osition In terns of mples per
mol e [err] contaq;qunﬁequggqﬁrbon eed injghepresepep, pf

35.7 noles [err] hydrogen wikth abiEfurddten£l rydrocracking catalyst

‘having acidic functionality and

5 hydrogenation-dehydrogenation functionality,and
comprising an inorganic, porous crystalline phase
material having pores with diameters of at least 13
Angstrom Units and exhibiting, after calcination, an
X-ray diffraction pattern with at least one peak at a

10 . d~-spacing greater than 18 A with a relative intensity
of 100.

2. A hydrocracking process according to claim 1
in which the crystalline phase exhibits, after
calcination, a hexagonal arrangement of uniformly sized
pores with diameters of at least 13 A and which

5 - exhibits, after calcination, a hexagonal electron
diffraction pattern that can be indexed with a 4,00
value greater than 18 Angstrom Units.

3. A hydrocracking process according to claim 1
wherein the crystalline phase has an X~ray diffraction
pattern following calcination with at least one peak
whose d-spacing corresponds to the d value from the

5 electron diffraction pattern.

100

4. A hydrocracking process according to claim 1
wherein the crystalline phase exhibits a benzene
adsorption capacity of greater than about 15 grams
benzene per 100 grams at 6.7 kPa (50 torr) and 25°C.



623* noles [err] - The resulting solid product was recovered by
filtration and dri | ] : e g%ure The Wtﬂage 1a¢ed

cal gi ned at 540 fngfeaLifﬁiaaﬁ?renTtrogen, ol | owed by 6
A i i

5. A hydrocracking process accordiné to claim 1
wherein the crystalline phase has a composition
expressed as follows: -

1'1/q(W Xb c Zq h)
wherein M is one or more ions; n is the charge of the
5 . composition excluding M expressed as oxides; q is the
weighted molar average valence of M; n/q is the number
of moles or mole fraction of M; W is one or more
divalent elements; X is one or more trivalent elements;
Y is one or more tetravalent elements; Z is one or more
10 pentavalent elements; a, b, ¢, and d are mole fractions
of W, X, ¥, and Z, respectively; h is a number of from
1 to 2.5; and (a+b+c+d) = 1.

6. A hydrocracking process according to claim 4
wherein W comprises a divalent first row transition
metal or magnesium; X comprises aluminum, boron,
gallium or iron:; Y comprises silicon or germanium; and

5 . Z comprises phosphorus.

7. A hydrocracking process according to claim 4
_ wherein a and d are 0 and h = 2.

8. A hydrocracking process according to claim 7
wherein X comprises aluminum, boron, gallium or iron
and Y comprises silicon or germanium.

9. A hydrocracking process according to claim 8
wherein X comprises aluminum and Y comprises silicon.

10. A hydrocracking process according to claim 1
in which the catalyst comprises at least one metal of
Groups VIA, VIIA or VIIIA of the Periodic Table.




The!caIC|ned pL@duGL—p+e¥ed—%e—have a surface area of 475 nR/g and t& laced
| um adsor ¥ <

A T 5 S

product of this exanple nay be characterized-by X-ray diffractiion as
I ncluding a very strong relative intensity line at 37.8 + 2.0 A d-spacing,

and weak lines at 21.6 .0 A T .

nmi croscopy (TEM produc n&g@%&Eﬁcﬁaﬁéiggoﬁﬁ?égggg%ééhgaﬁﬁéf%ha| g4 1
pores and hexagonainewmiahohhdlé&tarysbncpmpresasmathlaaﬁtrppeva@QIODfsg
A Bample 2 o QU§ PHRULRE SE3(Ba0E 6fibYhEEATEHEY G2BUB VY TIACH Sene

Periodic Table.

12. A hydrocracking process according to claim 1
in which the feed is contacted with the catalyst at a
pressure of from 2900 to 10600 kPa (400 to 1500 psig)

(reactor inlet), a temperature from 288° to 440°C (550°
5 to 825°F), and a space velocity from 0.2 to 2.0 LHSV.

13. A hydrocracking process according to claim 12
in which the feed is contacted with the catalyst at a
pressure of from 5600 to 8400 kPa (800 to 1200 psig)
(reactor inlet), a temperature from 343° to 427°C (650°
5 - to 800°F), and a space velocity from 0.5 to 2.0 LHSV.

14. A hydrocracking process according to claim 1
in which the conversion to lower boiling range products
is from 30 to 70 wt %. '

15. A process according to claim 14 in which the
conversion to 343°C- (§50°F-) products is from 30. to 70
wt %.

16. A hydrocracking process according to claim 1
in which the conversion to lower boiling range products
is from 40 to 70 wt %.

17. A process according to claim 16 in which the
conversion to 343°C- (650°F-) products is from 40 to 70
wt %.



hydrbxi de sol ution_prepared as in Exanple 1 was conbi ned—w-th-100_grans “of-
~an aqueous solution of tetranethylamoni um ( TMA) hydroxhﬁe (25@@ W th

stirwing. Twenty- f“ i1, a preci Bi7t at ed hy memklmmd'
containing 6 wt % mm'ﬂmmm % bound wat er-
having an ultimte barticlensige 0. 02 m cron, was add I ng
m xture was placed in a static autoclave at 150[err]C overnlght

mxture had a conpositigp in,terns of 1OLes.Bel B Syl of tne

prgceding claims wherein the catalyst additionally
comprises a zeolite component.

19. A process accofding to claim 18 in which the
zeolite component comprises a large pore size zeolite
having pores with an average pore size of at least 7.4
A,

20. A process according to claim 19 in which the
zeolite component comprises a zeolite having the
faujasite structure.

21. A prodess according to claim 20 in which the
zeolite component comprises zeolite Y.

22. A process according to claim 21 in which the
zeolite component comprises zeolite USY.

23. A process according to claim 18 in which the
zeolite component comprises an intermediate pore size
zeolite.

24. A process according to claim 23 in which the
zeolite component comprises ZSM-5 as the intermediate
pore size zeolite.



2. 7Twnol es [err] : ~ 291 nol-es [err]

[err] 102 noles (TMA) [err] err]
Thewr esul ti ngd$879¢382dduct was recovered by filtrat | on aaedr at
anmbi ent tenperature. The product was then cal cined at 5 hour
in nitrogen, followed by 6 hours in air. . The caIcr ved
to have a surface area of 993 [err]/g and the foll ow ng equrlrbrrum
adsorption capacities in grams/ 100 grans: H20
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The X-ray diffraction pattern of the cal cined pro Lo Qeen gbqgcgbcterr zed
as % ncl udi Ng a welep7ete3ong relative intensity Ii n [err]
d-spacing, and weak lines at 22.2 + 1.0 and 19.4 +
i ndi*cat ed that the product contained the ultra- Iar

portion of the above product was then contacted with 100% steam at
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1450[err] F for two hours. surface are@of the steaned material was
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HYDROCRACKING WITH ULTRA
G ORE_S LYSTS

This invention relates to a process for
hydrocracking and more particularly to a process for
catalytically hydrocracking petroleum feedstocks to
produce distillate products of improved
characteristics, especially lcw nitrogen content.

Hydrocracking is a process which has achieved
widespread use in petroleum refining for convertihg
various petroleum fractions to lighter and more. '
valuable products, especially distillates such as jet
fuels, diesel oils and heating oils.
generally carried out in conjunction with an initial
hydrotreating step in which the hetercatom-containing
impurities in the feed are hydrogenated without a
significant degree of bulk conversion. During this
initial step, the heterocatoms, principally nitrogen and
sulfur, are converted to inorganic form (ammonia,
hydrogen-sulfide) and these gases may be removed prior
to the subsequent hydrocracking step although the two
stages may be combined in cascade without interstage
separation as, for example, in the Unicracking-JHC
process and in the moderate pressure hydrocracking
process described in U.S. Patent No. 4,435,27s.

In the second stage of the operation, the
hydrotreated feedstock is contacted with a bifunctional
catalyst which possesses both acidic and
hydrogenation/dehydrogenation. functionality. 1In this
step, the characteristic hydrocracking reactions occur
‘in the presence'of the catalyst. Polycyclic aromatics
in the feed are hydrogenated, and ring opening of
aromatic and napthenic rings takes place together with

Hydrocracking is




The resultlng m xture was placed in a pol ypropyle o

)

Fok:Gs s kept
in‘a stéam box at 95[err]C for 192 hours. The sanpi ‘fﬁﬁmme to
roomtenperature and conbined with CTMA hydroxi de S)|Ut|0n preparked as in
Exanpl e 1 and .-TMA hydroxide (25% by weight) in th¢ yweiph§FEBatdod of parts

|

m xt ure

1 part CTMA hydroxide and 2 parts TMA hydlr oxi de. The conpi hed

m xture was then placed in a pol ypropyl ene bottlefarmd~Rept 1 nh a steam box
at 95[err] C overnight. The conbined mxtuyre had a conp05|t|on in_tekms of

nol es per

nmole J[err] - 46 -

dealkylation. Further hydrogenation may take place
upon opening of the aromatic rings. Depending upon the
severity of the reaction conditions, the polycyclic
aromatics in the feed will be hydrocracked to
paraffinic materials or, under less severe conditionms,
to monocylic aromatics as well as paraffins.
Naphthenic and aromatic rings may be'present in the
product, for example, as substituted naphthenes and
substituted polycyclic aromatics in the higher boiling
products, depending upon the degree of operational
severity. |

The bifunctional catalyst typically comprises a
metal component which provides the
hydrogenation/dehydrogenation functionality and a
porous, inorganic oxide support provides the acidic
function. The metal component typically comprises a
combination of metals from Groups IVA, VIA and VIIIA of
the Periodic Table (IUPAC Table) although single metals
may also be encountered. Combinations of metals from
Groups VIA and VIIIA are especially preferred, such as

- nickel-molybdenum, cobalt-molybdenum, nickel-tungsten,

cobalt-nickel~ molybdenum and nickel-tungsten-titanium.
Noble metals of Group VIIIA especially platinum or
palladium may be encountered but are not typically used
for treating high boiling feeds which tend to contain
significant quantities of heteroatoms which function as
poisons for these metals.

The porous support which provides the acidic
functionality in the catalyst may comprise either an
amorphous or a crystalline material or both. Amorphous
materials have significant advantages for processing
very high boiling feeds which contain significant
quantities of bulky polycyclic materials (aromatics as
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Benzene well asgpolynapthenes) since the amorphous materials

usually possesses pores extending over a wide range of
sizes and the larger pores, frequently in the size
range of 100 to 400 Angstroms (A) are large enough to
provide entry of the bulky components of the feed into
the interior structure of the material where the
acid-catalyzed reactions may take place. Typical
amorphous materials of this kind include alumina and
silica-alumina and mixtures of the two, possibly
modlfled with other inorganic oxides such as silica,
magnesia or titania.

Crystalline materials, especially the large pore
size zeolites such as zeolites X and Y, have been found
to be useful for a number of hydrocracking applications
since they have the advantage, as compared to the
amorphous materials, of possessing a greater degree of
activity, which enables the hydrocracking to be carried
out at lower temperatures at which the accompanying
hydrogenation reactions are thermodynamically favored.
In addition, the crystalline catalysts tend to be more
stable in operation than the amorphous materials such
as alumina. The crystalline materials may, however,
not be suitable for all applications since even the
largest pore sizes in these materials, typically 7.4 A
in the X and Y zeolites, are toco small to permit access
by various bulky species in the feed. For this reason,
hydrocracking of residuals fractions and high boiling
feeds has generally required an amorphous catalyst of
rather lower activity.

It would be desirable, if possible, to integrate
the advantages of the amorphous and the crystalline
material in hydrocracking catalysts and although the
possibility of using active supports for crystalline
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i ndi cated the product contained the ultra-large porg naterlal Exda
Two hundred grans of cetyltrinmethyl ammoni um (CTMA) hydr0x4UEB§B9Lt|o
prepared as in Exanple 1 was conbined with 2 grans pfl Catapal..alumin

(al pha-al um na nonohydrate, 74% alunina), and 100 grpms of an aqueous |

sol ution of tetramethyl ammoni um (TMA) silTcate (109

materials has been proposed, the difference in activity
and selectivity between the amorphous and crystalline
materials has not favored the utilization of such
catalysts.

The crystalline hydrocracking catalysts generally
tend to produce significant quantities of gasoline
boiling range materials (approximately 330°F-, 165°C-)
materials as product. Since hydroccracked gasolines
tend to be of relatively low octane and require further
treatment as by reforming before the product can be
blended into the refinery gasoline pool, hydrocracking
is usually not an attractive route for the production
of gasoline. On the other hand, it is favorable to the
production of distillate fractions, especially jet
fuels, heating oils and diesel fuels since the
hydrocracking process reduces the heterocatom impurities
characteristically present in these fractions to the
low level desirable for these products. The
Selectivity of crystalline aluminosilicate catalysts
for distillate production may be improved by the use of
highly siliceous zeolites, for example, the zeolites
possessing a silica: alumina ratio of 50:1 or more, as
described in U.S. Patent No. 4,820,402 (Partridge et
al), but even with thzs advance in the technology, it
would still be desirable to integrate the
characteristics of the amorphous materials with their
large pore sizes capable of accommodating the bulky
components of typical hydrocracking feeds, with the
activity of the zeolite catalysts.

In fuels hydrocracking, the zeolite content of the
catalyst is conventionally as high as possible for the
desired acidity; conversely the amount of matrix which
supports the metal component is limited and as the
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proportion of zeolite in the catalyst increases, the
amount of support available for the metal component
decreases with the result that the hydrogenation
activity becomes limited at the high zeolite loadings
requisite to fuels hydrocracking.

In principal, the advantages of the amorphous and
the crystalline material in hydrocracking catalysts
could be integrated by the use of active supports for
crystalline materials but the difference in activity
and selectivity between the amorphous and crystalline
materials has not favored the utilization of such
catalysts. _

In the first embodiment of the present invention,
we have found that a group of mesoporous siliceous
materials having a novel and unique pore geometry may
be used as the basis for hydrocracking catalysts of
excellent properties. These mesoporous siliceous
materials are characterized by a regular, crystalline
microstructure with uniform pores having a cell
diameter greater than 13 A and typically in the range
of 20 to 100 A. These crystalline catalytic materials
are readily characterized by their X-ray diffraction
pattern which includes at least one peak having a
relative intensity of 100; they have a high surface
area and porosity which is manifested by a benzene
adsorption greater than 15 g. benzene per 100 g. of the
crystalline material at 6.7 kPa (50 torr) and 25°C.
Most prominent among these materials is a new
metallosilicate having a structure identified as MCM-41
which is usually synthesized with Bronsted acid sites
by incorporatihg a tetrahedrally coordinated trivalent
element such as Al, Ga, B, or Fe within the silicate
framework. Aluminosilicate materials of this type



The resulting solid product was recovered by filtrattoaaadHried . r at
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and weak lines at 23.1 + 1.0 and 20.1 + 1.0 [err] TEMindicated that the

product CO“taHE%%éQSE&QJH*¥Hé¥é§i‘%ﬁ c éﬁiégi'stability, properties
favored for acid catalysis. The unique structure of
these materials enables hydrocracking to be carried out
under advantageous conditions with excellent results,
especially in the reduction of heteroatom contaminants.

The hydrocracking is preferably carried out under

moderate pressure conditions, typically at total system
pressures of under 1500 psig (10,445 kPa abs) and in
most cases'under 1000 psig (7,000 kPa abs) or even
lower, for example, under 800 psig (5620 kPa abs) using
the mesoporous catalysts. These catalysts exhibit
kerosene and distillate yield selectivities in fuels
hydrocracking which are comparable to current

state-of-the~-art amorphous catalysts currently used in
petroleum refineries. The bottoms produced by the
present invention have product quality benefits (lower
nitrogen and aromatics) compared to those produced from
amorphous catalysts. o

In the second embodiment of the present invention,
we have found that the desirable features of the
ultra-large pore size hydroprocessing catalysts and the
Zeolite hydroprocessing catalysts may be combined by
utilizing the ultra-large poor size material to provide
additional surface area for the support of the metal
component of the catalyst while a zeolite provides the
acidic functicnality required for cracking activity.
The resulting combination catalyst enables both the
metal loading and the acidic functionality of the
catalyst to be optimized with the result that good
hydrogenation activity is obtained together with good
cracking activity and the resulting catalysts are’
useful in fuels hydrocracking processes, especially
where high conversion levels are desired.
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hundred grans of an aqueous sol ution of tetraethylamoniumsilicate

Thus, according to the present invention, there is
therefore provided a hydrocracking catalyst which
comprises a metal hydrogenation/dehydrogenation
component, a mesopordus siliceous material and a
crystalline zeolite, preferably a large pore size
Zeolite such as zeolite USY. These catalysts are
useful in hydrocracking processes in which a
hydrocarbon feed, normally a high-boiling feed such as’
a gas oil, is subject to hydrocracking in the presence
of the catalyst. The hydrocracking is preferably
carried out under moderate pressure conditions and is
capable of producing high-quality kerosene and
distillate with good selectivity.

In the accompanying drawings, Figures 1 and 2 are
graphical represéntations of the performance of the
present hydrocracking catalysts, as described below in
the Examples.

The feedstock for the present process is usually a
heavy oil fraction having an initial boiling point of
200°C (400°F) and normally of 345°C (650°F) or higher,
although the present catalysts may also be used for
hydrocracking lighter fractions such as naphtha or Udex
raffinates or extracts and light cycle oil. Suitable
high boiling feedstocks include gas oils such as vacuum
gas oil, coker gas oil, lube extracts produced by the
solvent extraction of lube o0il fractions using solvents
such as phenol, furfural or N-methyl-pyrrolidone,
visbreaker oil or deasphalted oil. Normally, the
feedstock will have an extended boiling range, e.g.
345° to 590°C (650° to 1100°F), but may be of more
limited ranges with certain feedstocks or alternatively
may include or comprise non-distillable i.e. residual,
fractions. The hetercatom is not critical: the
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540[err] C for 1 hour in nitrogen, folloged by 6 hour$ =T The
cal cined product proved to have a surfaCe area of 707 n2/g and _the
-follow ng equilibrium adsorption capacities in grans/100 grans:

nitrogen content will generally be in the range 200 to
1500 ppmw. Likewise, the sulfur content is not
critical and typically may range as high as 5 percent
by weight. Sulfur contents of 2.0 to 3.0 percent by
weight are common. The heavy hydrocarbon oil feedstock
will normally contain a substantial amount boiling |
above 230°C (450°F) and will normally have an initial
boiling point of at least 290°C (554°F), more usually
345°C (650°F). Typical boiling ranges will be 345° to
$65°C (650° to 1050°F) or 345* to 510°C (650° to 950°F)
but oils with a narrower boiling range may, of course,
be processed, for example, those with a boiling range
of 345° to 455°C (650° to 850°F). Heavy gas oils are
often of this kind as are heavy cycle oils and other
non-residual materials. It is possible to co-process
materials boiling below 260°C (500°F) but the degree of
conversion will be lower for such components.
Feedstocks containing lighter ends of this kind will
normally have an initial boiling point above 150°C
(300°F).

The heavy oil feeds will comprise high molecular
weight long chain paraffins and high molecular weight
aromatics with a large proportion of fused ring
aromatics. During the brocessing, the fused ring
aromatics are hydrogenated by the metal function on the
catalyst, naphthenes are cracked by the acidic catalyst
and the paraffinic cracking products, together with
paraffinic components of the initial feedstock undergo
isomerization to iso-paraffins with some cracking to
lower molecular weight materials. Hydrogenation of
unsaturated side chains on the monocyclic cracking
residues of the original polycyclics is catalyzed by
‘the metal component of the hydrocracking catalyst to
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form substituted monocyclic aromatics which are highly
desirable end products.

| High quality fuel products exemplified by low
sulfur, high hydrogen content, high cetane number
(30-45) diesel fuel oils and similar high smoke point
jet fuels (typical smoke point 20-25 mm) may be
obtained with suitable VGO feeds.

Process Conditions
General

The feedstock is heated to an elevated temperature

and is then passed over the hydrotreating and
hydrocracking catalysts in the presence of hydrogen.
Because the thermodynamics of hydrocracking become
unfavorable at temperatures above 450°C (850°F)
temperatures above this value will not normally be
used. In addition, because the hydrotreating and
hydrocracking reactions are exothermic, the feedstock
need not be heated to the temperature desired in the
catalyst bed which is normally in the range 290°,
usually 360° to 440°C (550°, usually 675° to 825°F).
At the beginning of the process cycle, the temperature
employed will be at the lower end of this range but as
the catalyst ages, the temperature may be increased in
order to maintain the desired degree of activity.

The heavy oil feedstock is passed over the
catalysts in the presence of hydrogen. The space
velocity of the oil is usually in the range 0.1 to 10
LISV, preferably 0.2 to 2.0 LHSV and the hydrogen
circulation rate from 250 to 1000 n.1.1”Y. (1400 to
5600 SCF/bbl) and more usually from 300 to 800 (1685 to
4500 SCF/bbl). Hydrogen partial pressure is usually at
least 75% of the total system pressure with reactor
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inlet pressures normally being in the range of 400 to
1500 psig (2860 to 10445 kPa abs), more commonly from
800 to 1200 psig (5620 to 8375 kPa abs) for low to
moderate pressure operation, which is the preferred
mode with the present catalyst, although high pressure
operation abové 1500 psig (10445 kPa abs) is also
feasible and with similar advantages, especially for
fuels hydrocé¢racking. In the high pressure mode,
pressures from 1500 to 5000 psig (10445 to 34575 kPa
abs) are typical although higher pressures may also be
utilized with the upper limit usually being set by
equipment constraints. When operating at low
conversions, for example, less than 50 wt % conversion
to 345°C- (650°F~) products, the pressure may be
considerably lower than normal, conventional practices.
We have found that total system pressures of 700 to
1200 psig (4930 to 8375 kPa abs) are satisfactory, as
compared to the pressures of at least 1500 psig (10445
kPa) normally used in commercial hydrocracking
processes. Low conversion may be obtained by suitable
selection of other reaction parameters, e.qg.,
temperature, space velocity, choice of catalyst, and
even lower pressures may be used. Low pressures are
desirable from the point of view of equipment design
since less massive and consequently cheaper equipment
will be adequate. Similarly, lower pressures usually
influence less aromatic saturation and thereby permit
economy in the total amount of hydrogen consumed in the
process. ' '

The relative proportions of the hydrocracking and
the hydrotreating catalysts may be varied according to
the feedstock in order to convert the nitrogen'in the
feedstock to ammonia before the chargé passes to the
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hydrocracking step:; the object is to reduce the
nitrogen level of the charge to a point where the
desired degree of conversion by the hydrocracking
catalyst is attained with the optimum combination of
space velocity and reaction temperature. The greater
the amount of nitrogen in the feed, the greater then
will be the proportion of hydrotreating
(denitrogenation) catalyst relative to the
hydrocracking catalyst. If the amount of nitrogen in
the feed is low, the catalyst ratio may be as low as
10:90 (by volume, denitrogenation: hydrocracking).. In
general, however, ratios between 25:75 to 75:25 will be.
used. With many stocks an approximately equal volume
ratio will be suiable, e.g. 40:60, 50:50 or 60:40.

The overall conversion may be maintained at
varying levels depending on the nature of the feed and
on the desired product charactristics. It-is possible
to operate the process at a low conversion level, less
than 50 wt % to lower boiling products, usually 340°C-
(650°F-) products from the heavy oil feedstocks used
while still maintaining satisfactory product quality.
The conversion may, of course, be maintained at even
lower levels, e.g. 30 or 40 percent by weight. The
degree of cracking to gas (c4-) which occurs at these
low conversion figures is correspondingly low and so is
the conversion to naphtha (200°C-, 400°F-); the
distillate selectivity of the process is accordingly
high and overcracking to lighter and less desired
products is minimized. It is believed that in cascade
operation this effect is procured, in part, by the
effect of the ammonia carried over from the first
stage. Control of conversion may be effected by
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hydr oxi*de sol ution prepared as in Exanple 1 and 41 grans of FnllnLdaj
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gr ans: :
conventional expedients such as control of temperature,

pressure, space velocity and other reaction parameters.

Surprisingly, it has been found that the presence
of nitrogen and sulfur compounds in the second stage
feed does not adversely affect catalyst aging in the
absence of interstage separation and, in fact, the
present hydrocracking catalysts have been found to be
extremely effective in reducing the nitrogen content of
the feed, as shown below.

The present process has the advantage that it may
be operated under low to moderate pressure conditions
in existing low pressure equipment. For example, if a
desulfurizer is available, it may be used with
relatively few modifications since the present process
may be operated at low pressures comparable toc the low
severity conditions used in desulfurization. This may
enable substantial savings in capital costs to be made
since existing refinery units may be adapted to
increase the pool of distillate products.

Hydrotreating

The feed is preferably passed over a hydrotreating
catalyst before the hy@rocracking catalyst in order to
convert nitrogen and sulfur containing compounds to
gaseous ammonia and hydrogen sulfide. At this stage,
hydrocracking is minimized but partial hydrogenation of
polycyclic aromatics proceeds, together with a limited
degree of conversion to lower boiling (345°C-, 650°F-)
products. The catalyst used in this stage may be a
conventional denitrogenation (denitrification)
catalyst. Catalysts of this type are relatively immune -
to poisoniné by the nitrogenous and sulfurous
impurities in the feedstock and, generally comprise a
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non-noble metal component supported on an amorphous,
porous carrier such as silica, alumina, silica-alumina
or silica-magnesia. Because extensive cracking is not
desired in this stage of the process, the acidic
functionality of the carrier may be relatively low
compared to that of the subsequent hydrocracking
catalyst. The metal component may be a single metal
from Groups VIA and VIIIA of the Periodic Table such as
nickel, cobalt, chromium, vanadium, molybdenum,
tungsten, or a combination of metals such as
nickel-molybdenum, cobalt-nickel-molybdenum,
cobalt-molybdenum, nickel-tungsten or
nickel-tungsten-titanium. Generally, the metal
component will be selected for good hydrogen transfer
activity; the catalyst as a whole will have good
hydrogen transfer and minimal cracking characteristics.
The catalyst should be pre-sulfided in the normal way
in order to convert the metal component (usually
impregnated into the carrier and converted to oxide) to
the corresponding sulfide.

In the hydrotreating (denitrogenation) stage, the
nitrogen ‘and sulfur impurities are converted to ammonia
and hydrogen sulfide. At the same time, the polycyclic
aromatics are partially hydrogenated to form naphthenes
and hydroaromatics which are more readily cracked in
the second stage. The effluent from the first stage
may be passed directly to the second or hydrocracking
stage without the conventional interstage separation of
ammonia or hydrogen sulfide. Hydrogen quenching may be
carried out in order to control the effluent
temperature and to control the catalyst temperature in
the second stage. However, interstage separation of
ammonia and hydrogen sulfide and light fractions may be
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hydrocracking catalysts which are more sensitive to the
impurities.

The relative proportions of the hydrocracking and
the hydrotreating catalysts may be varied according to
the feedstock in order to convert the nitrogen in the
feedstock to ammonia before the charge passes to the
hydrocracking step; the object is to reduce the
nitrogen level of the charge to a point where the
desired degree of conversion by the hydrocracking
catalyst is attained with the optimum combination of
space velocity and reaction temperature. The gréater
the amount of nitrogen in the feed, the greater then
will be the proportion of hydrotreating
(denitrogenation) catalyst relative to the
hydrocracking catalyst. If the amount of nitrogen in
the feed is low, the catalyst ratio may be as low as
10:90 (by volume, denitrogenation: hydrocracking). In
general, however, ratios between 25:75 to 75:25 will be-
used. With many stocks an approximately equal volume
ratio will be suitable, e.g. 40:60, 50:50 or 60:40.

Hydrocracking

The effluent from the denitrogenation/
desulfurization stage is passed to the hydrocracking
step to craék partially hydrogenated aromatics and
carry out the other characteristic reactions which take
place over the hydrocracking catalyst.

In the second embodiment of this invention, the
hydrocracking is carried out in the presence of a
catalyst which contains three essential components.

The first component is the metal which provides the
desired hydrogenation/dehydrogenation functionality and
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this component is supported on the two porous
components, namely, the mesoporous crystalline material
(which also provides some of the acidic functionality
of the catalyst) and the crystalline zeolite which may
ber a large pore zeolite such as zeolite USY, a medium
(intermediate) pore size zeolite such as ZSM-5 or a
small pote size zeolite such as erionite.

t st Met Component

The hydrocracking catalyst is a bifunctional
catalyst which comprises a mesoporous crystalline
material as described below as the component which acts
as a support and in addition, provides the desired
acidic functionality for the hydrocracking reactions,
together with a hydrogenation-dehydrogenation
component. The hydrogenation-dehydrogenation component
is provided by a metal or combination of metals. Noble
metals of Group VIIIA, especially palladium, platinum,
or base metals of Groups IVA, VIA and VIIIA, especially
chromium, molybdenum, tungsten, cobalt and nickel, may
be used. The combination of at least one Group VIA
metal such as tungsten with at least one Group VIIA
metal such as nickel is particularly preferred for many
applications, for example, combinations such as
nickel-molybdenum, cobalt-nickel, nickel-tungsten,
cobalt-nickel-molybdenum and nickel-tungsten—titanium.
For certain applications palladium or platinum is
preferred.

The content of the metal component will vary
according to its catalytic activity. Thus, the highlf
active noble metals may be used in smaller amounts than
the less active base metals. For example, 1 wt % or

‘less palladium or platinum will be effective and in a
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PYACEMENT SHEHRr i zed

as‘including a very strong relative intensity line

d-spacing and weak lines at 25.1 + 1.5 and 21.7 + 110 [err% TE&%indicated
that the product contained the ultra-|arge pore nat rj all4 Eﬁkﬁ ld 9

Sodi um al um nate (4.159) was added slowy into a soj uti l.ni g }16g of

nyristyltrimethyl anmoni um brom de [err] in |100g of ter. Tetranethyl -
anmonium silicate (100g-10%[err] H SiRké(25g) and ' —m
hydr oxi de (14.2g9-25% sol ution) were then added to the m xture. The m xture
was crystallized in an autoclave at 120[err]C with stirring for 24 hours.
The product was filtered, washed _and air dried. Elenental analysis showed

the product cBReiERERdsPase,mekalecombinatign.gg ot % mickek and 24188 wt
%N, 0.11 W ¥oNa1ang %3tundst¥nslexprebdd & IetalNe XH&Vprlddg@ct i on

pattern of the_paterial, after calcination at 540[err]C for 1 hour In [err]
and 6 hours iﬁagﬁﬁyﬁﬁffﬁggg° erladsy atha 4%?? efQ%¥3Plennat 35.3 +
2.0 A that they are capable of including a greater proportion

of metal than previous support materials because of
their extraordinarily large Surface area. The metal
component may exceed 30% in a monolayer, and metal
contents of up to 40% or even more may be achieved.
The hydrogenation component can be exchanged onto the
support materials when the metal is in the cationic
form or alternatively may be impregnated into them or
physically admixed with them. If the metal is to be
impregnated into or exchanged onto the mesoporous
support, it may be done, for example, by treating the
zeolite with a palladium or platinum metal-containing
ion. Suitable platinum compounds include

chloroplatinic acid, platinous chloride and various
compounds containing the platinum ammine complex. The..
metal compounds may be either compounds in which the
metal is present in the cation of the compound and
compounds in which it is present in the anion of the
éompound. Both types of compounds can be used.
Palladium or platinum'qompounds in which the metal is
in the form of a cation of cationic complex, e.qg.,
Pd(NH3)4c12'or Pt(NH3)4C12 are particularly useful, as
are anionic complexes such as the molybdenum, vanadate
and metatungstate ions, where the metal component is to
be impregnated into the support. Cationic forms of
other metals are also very useful since they may be
exchanged onto the crystalline material or impregnated
into it. ,

In the first embodiment of this invention, the
acidic component of the hydrocracking catalyst is a



d-spacing and weak lines at 20.4 + 1.0 and 17.7 + 1.0 d-spacing.  TEM

i ndi cat’ed that the product contained the ultra-Iarge FREPLHEEHE%H'SHEET

The washed product, having been exchanged with I N ammgn t=t-t-art-e—303 Ul i on

at roomtenperature, then
cal cined, proved to have a surface area of 827 nR/g and th%4chﬁ5 6%7ng'
eqU|I|br|un1adsorpt|on capacities in g/%OOg anhydr ous |sqrbent.:

[err]

30. 8

mesoporous crystalline material which is described in
detail below. When it is used in the present
catalysts, the mesoporous crystalline material is at
least partly in the hydrogen form in order to provide
the desired acidic functionality for the cracking
reactions which are to take place. In the second
embodiment, ocne of the two acidic components of the
hydrocracking catalyst is a mesoporous crystalllne
material.

It may be desirable to incorporate the catalyst in
another material resistant to the temperature and other
conditions employed in the proceSs. Such matrix
materials include synthetic and naturally occurring
substancés such as inorganic materials, e.g. clay,
silica and metal oxides. Matrix materials may _
themselves possess catalytic properties, generally of
an acidic nature.

The catalyst may be treated by conventional
pre-sulfiding treatments, e.g. by heating in the
presence of hydrogen sulfide, to convert oxide forms of
the metals such as CoO or NiO to their corresponding
sulfides.

Mesoporous stalli e_Component

One of the two acidic components of the
hydrocracking catalyst is a mesoporous crystalline
material. This material is an-inorganic, porous,
non-layered crystalline phase material which can be
characterized (in its calcined form) by pores with
diameters of at least 13 A and an X-ray diffraction
pattern with at least one peak at a d-spacing greater
than 18 A with a relative intensity of 100. The high
porosity of these materials is manifested by a high



Cycl ohexane. 33.0 n- Hexane 27.9

Behzene 40. 7 Exanpl e 10 Sodi um al um num (8. 3g) was addéd
slowy into a solution containing 184g of dodecyltri y(qﬁﬁaflg Ty
hydr oxi de [err] TMAOH, 50% solution diluted with 480 Jﬂ‘né*n ﬁﬁl;ﬁ* S|

(50g) and an aqueous sol ution of tetranethylammniunls|licate (200g-{006
[err] and tetranethyl anmoni um hydroxi de (26. 38g-25% §o| uti 4REBMEFE t hen
added to the m xture. The mixture was crystallized i p an autocl ave at
| 00[err]C with stirring for 24 hours. The produ¢t was filtered, shed
and air dried. After calcination at 540t®r7]C for 1 hour in N2 and .6 hours
inair, the X-ray diffraction pattern includes a very strong rel ative
intensity line at 30.4 + 1.5 [err] d-spacing and weak lines at 17.7 + 1.0
and 15.3 + 1.0 [err] d-spacing. TEMindicated that the product contai ned

exchanged v t AP SIADNT ARG EY AYBLGB! LEPBnoaPZPBRM LEnHEERtate thoten
15 grams of benzene per 100 grams of the the material
at 6.7 kPa (50 torr) and 25°C.

The preferred form of the crystalline material is

an inorganic, porous, non-layered material having a
hexagonal arrangement of uniformly-sized pores with a
maximum perpendicular cross-section pore dimension of
at least 13 A, and typically within the range of from
13 A to 200 A. A preferred form of this crystalline
composition, identified as MCM-41, exhibits a hexagonal
electron diffraction pattern that can be indexed with a
dldo value greater than 18 A, and a benzene adsorption
capacity of greater than 15 grams benzene/100 grams
crystal at 6.7 kPa (50 torr) and 25°C.

V)

The inorganic, non-layered meséporous crystalline
material used as a component of the catalyst has the
following composition:

Mn/q(wa Xy Yo Zg Op)
wherein W is a divalent element, such as a divalent
first row transition metal, e.g. manganese, cobalt and
iron, and/or magnesium, preferably ccbalt; X is a
trivalent element, such as aluminum, boron, iron and/or
gallium, preferably aluminum; Y is a tetravalent
element such as silicon and/or germanium, preferably
silicon; Z is a pentavalent element, such as
phosphorus; M is one or more ions, such as, for
example, ammonium, Group IA, IIA and VIIB ions, usually
hydrogen, sodium and/or fluoride ions; n is the charge
of the composition excluding M expressed as oxides; g
is the weighted molar average valence of M; n/q is the
number of moles or mole fraction of M; a, b, ¢, and d



cal cined, proved to have a surface area of 1078 [err |Lg-ard—the—fot

equi | i brium adsorption capacities in g/100g anhydrou;REEEAﬁﬁﬂﬂENT N

ég4i " [err] 32.6 CycCT ohex
. n- Hexane 33.
42.9 3 ' - P97

ExT]
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are mole fractions of W, X, Y and 2, respectively; h is
a number of from 1 to 2.5; and (a+b+c+d) = 1.

A preferred embodiment of the above crystalline
material is when (a+b+c) is greater than d, and h = 2.
A further embodiment is when a and d = 0, and h = 2.
The preferred materials for use in making the present
hydrocracking catalysts are the aluminosilicates.

In the as-synthesized form, the catalytic material
has a composition, on an anhydrous basis, expressed
empirically as follows:

TRM M, (W, X, Yo Zq Op)

where R is the total organic material not included in M
as an ion, and r is the coefficient for R, i.e. the
number of moles or mole fraction of R.

The M and R components are associated with the
material as a result of their presence during
crystallization, and are easily removed or, in the case
of M, replaced by post-crystallization methods
described below.

To the extent desired, the original M, e.g. sodium
or chloride, ions of the as-synthesized material of
this invention can be replaced in accordance with
conventional ion-exchaqge techniques. Preferred
replacing ions include metal ions, hydrogen ions,
hydrogen precursor, e.g. ammonium, ions and mixtures of

these ions. Particularly preferred ions are those

which provide the desired metal functionality in the
final hydrocracking catalyst. These include hydrogen,
rare earth metals and metals of Groups VIIA (e.g. Mn),
VIIIA (e.g. Ni),IB (e.g. Cu), IVB (e.g. Sn), and VIIB
(e.g. F) of the Periodic Table of the Elements and

mixtures of these ions.
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Exanple 11 A solution of 4.9 grans of [err] (43.5 %J[err] 30%[err] in
37.5 granms of water was mixed with 46.3 nml of 40% aqueRE ACE JENT g*?u
t et raet hyl ammoni um hydr oxi de sol uti on and. 96 grans of
(40% Ludox HS-40). The gel was stirred vigorously fo 5 hour, nlxe vt h
an equal volume (150 m) of cetyltrinethyl ammoni um hyfir bxi tié FE8 1957 on
prepared as in Exanple 1 and reacted at 100[err] C for| 1868 hours. The
m xture had the follow ng conposition T@0%ernms of nolps per nole [err]
1.1 noles [err] 30.6 noles [err] — 3~0-nplds
(TEA) [err] 3.25 noles (CTMA)[err] ' 609 nol es
[err] The resulting solid product was recovered by filtration,

washed with water en cal ciped at 540[err]lC.for 16 hours .n air. The

cal ci ned product pro%ed*¥s Higénﬁ §gi Q@é‘ &5 B’P%Qq’[%ﬁrﬁg and the

fol |l ow ng sufficient order to provide a diffraction pattern such
as, for example, by X-ray, electron or neutron
diffraction, following calcination with at least one
peak) mesoporous material may be characterized by its
structure, which includes extremely large pore windows
as well as by its high sorption capacity. The term
"mesoporous" is used here to indicate crystals having
uniform pores within the range of from 13 A to 200 A.
The mesoporous materials have uniform pores within the
range of from 13 A to 200 A, more usually from 15 A to
.100 A. Since these pores are significantly larger than
those of other crystalline materials, it is appropriate
to refer to them as ultra-large pore size materials.
For the purposes of this application, a working
definition of "porous" is a material that adsorbs at
least 1 gram of a small molecule, such as Ar, N,,
n-hexane or cyclohexane, per 100 grams of the solid.

The catalytic material can be distinguished from

other porous inorganic solids by the regularity of its
large open pores, whose pore size more nearly resembles
that of amorphous or paracrystalline materials, but
whose regular arrangement and uniformity_of size (pore
size distribution within a single phase of, for
example, + 25%, usually + 15% or less of the average
pore size of that phase) resemble more those of
crystalline framework materials such as zeolites. The
calcined inorganic, non-layered crystalline material
may also be chéracterized as having a pore size of 13 A
or greater as measured by physisorption ﬁeasurements,
‘described below. Pore size is considered a maximum
perpendicular cross-section pore dimension of the

crystal.



equi | i brium adsorption capacities in grans/ 100 grans: [err]

236
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The size of the pores in the present mesoporous
catalytic materials is large enough that the
spatiospecific selectivity with respect to transition.
state species in reactions such as cracking is
‘minimized (Chen et al., "Shape Selective Catalysis in
Industrial Applications", 36 CHEMICAL INDUSTRIES, pgs.
41-61 (1989) to which reference is made for a
discussion of the factors affecting shape selectivity).
Diffusional limitations are also minimized as a result
of the very large pores. For these reasons, the
present compositions are especially useful for
catalyzing the hydrocracking reactions with high
boiling feeds containing components with bulky
molecular configurations.

The preferred materials have a hexagonal
arrangement of large open channels that can be
synthesized with open internal diameters from 13 A to
200 A. The term "hexagonal" is intended to encompass
not only materials that exhibit mathematically perfect
hexagonal symmetry within the limits of experimental
measurement, but also those with significant observable
deviations from that ideal state. A working definition
as applied to the microstructure of the present
invention would be that most channels in the material
would be surrounded by six nearest neighbor channels at
roughly the same distance. Defects and imperfections
will cause significant numbers of channels to violate
this criterion to varying degrees, depending on the
quality of the material’s preparation. Samples which
exhibit as much as + 25% random deviation from the
average repeat distance betweén—adjacent channels still
clearly give recognizable images of the present
ultra-large pore materials. Comparable variations are



product may be characterized as including a very st nsity

lihe at* 38.5 + 2.0 A d-spacing and a weak |ine at LACEMEHTT%HET

i ndicated that the product contained the ultra-larg

Exanpl e 12 Two hundred grans of cetyltrinethyl 3‘hfkﬁ%§%?

hydr oxi de sol ution prepared as in Exanple 1 was co e grians of
sodi um al um nate and 100 granms of aqueous tetraneth

silicate solution (10%silica) with stiB2imng. Twently-five grans of H|Si|, a
precipitated hydrated silica containing 6 wt % free —5-m—%

bound wat er of hydration and having an ultimate particle size of 0.02

m cron,

was added. The resulting m xture was placed in a static autocl ave

at 150[err]C for 24 hours. The m xture had a conposition in terns of noles
per nol e [erdlso observed in thé. N£8€DVa$u§srfrom the electrom?7.8 nol es

[err]
[err]

4.40 ol es (TMA)

dlffractfén paLEgrﬁgT

The most reqular preparations of the material of
the present invention give an X-ray diffraction pattern
with a few distinct maxima in the extreme low angle
region. The positions of these peaks approximately fit
the positions of the hkO reflections from a hexagonal
lattice. The X-ray diffraction pattern, however, is
not always a sufficient indicator of the presence of
these materials, as the degree of regularity in the
microstructure and the extent of repetition of the
structure within individual particles affect the number
of peaks that will be observed. Indeed, preparations
with only one distinct peak in the low angle region of
the X-ray diffraction pattern have been found to
contain substantial amounts of the material in themn.
Other techniques to illustrate the microstructure of
this material are transmission electron microscopy and
electron'diffraction. Properly oriented specimens of
the material show a hexagonal arrangement of large
channels and the corresponding electron diffraction
pattern gives an approximately hexagonal arrangement of
diffraction maxima. The d100 spacing of the electron
diffraction patterns is the distance between adjacent
spots on the hkO projection of the hexagonal lattice
and is related to the repeat distance a, between
channels observed in the electron micrographs through
the formula d,,, = a0/3/2. This 4,00
in the electron diffraction patterns corresponds to the
d-spacing of a low angle peak in the X-ray diffraction
pattern of the material. The most highly ordered
preparations of the material obtained so far have 20-40
distinct spots observable in the electron diffraction

spacing observed



650 noles [err] The resulting solid product was recovered by

fiftration and dried in air at anbient tenperature_Theproduct— t hen
calcined at 540[err]C for 1 hour in nitrogen, follqﬂﬁﬂjﬂﬁmﬂﬂﬁﬁdmﬁﬁ air.
TEM indicated that this product contained the ultrp Tatlerfi a

The X-ray diffraction pattern of the cal cined prodJcL Of4%Eb$WE¥a lie can

be characterized as |nclud|ng a very strong relatiye
- 56 - - 23 ~

patterns. These patterns can be indexed with the
hexagonal hkO subset of unique reflections of 100, 110,
200, 210, etc., and their symmetry-related reflections.

In its calcined form, the crystalline material may
be further characterized by an X-ray diffraction
pattern with at least one peak at a position greater
than 18 Angstrom Units d-spacing (4.909°* 29 for Cu
K-alpha radiation) which'corresponds to the dloo value
of the electron diffraction pattern of the material,
and an equilibrium benzene adsorption capacity of
greater than 15 grams benzene/100 grams crystal at 6.7
kPa (50 torr) and 25°C (basis: crystal material having
been treated in an attempt to insure no pore blockage
by incidental contaminants, if necessary).

The equilibrium benzene adsorption capacity
characteristic of this material is measured on the
basis of no pore blockage by incidental contaminants.
For instance, the sorption test will be conducted on
the crystalline material phase having any pore blockage
contaminants and water removed by ordinary methods.
Water may be removed by dehydration techniques, e.g.
thermal treatment. Pore blocking inorganic amorphous
materials, e.g. silica, and organics may be removed by

' contact with acid or base or other chemical agenﬁs such
that the detrital material will be removed without
detrimental effect on the crystal. |

More particularly, the calcined crystalline
non-layered material may be characterized by an X-ray
diffraction pattern with at least two peaks at
positions greater than 10 A d-spacing (8.842 °8 for Cu

- K=alpha radiation), at least one of which is at a
poéition greater than about 18 Angstrom Units
d-spacing, and no peaks at positions less than 10 A



intensity line at 44.2 + 2.0 A d-spacing and weak lines at 25.2 1.5

and

2220 +°1.0 A The cal ci ned product proved to have a surface area of
932 n2/g and the follow ng equilibriumadsorption AREPE Qﬁggﬁlloo
grans: _ [err] 39.3 AKE&@?Y?UHV e

46. 6 n- Hexane 37.5 ' Benzene

50 Exanpl e 13 Two hundred grans of cetyltri thyﬂdhﬁﬁafﬂﬁf((ﬂmﬂn

hydr oxi de sol ution prepared as in Exanﬁﬁe 1 was conpijned with 4,15 igrians of
sodi um al um nate and 100 grams of aqueous tetranethyl ammoni um (TMA)
silicate solution (10%silica) wth stirring. Twent FSil, a

precipitated hydrated silica containing 6 Wt %free wat er

and 4.5 wt

bound water of-BydtahgO%ith relative intensity greater than 20% of
| the strongest peak. Still more particularly, the X-ray

diffraction pattern of the calcined material of this
invention will have no peaks at positions less than 10
A d-spacing with relative intensity greater than 10% of
the strongest peak. In any event, at least one peak in
the X-ray diffraction pattern will have a d-spacing
that corresponds to the.d100 value of the electron

diffraction pattern of the material.

X-ray diffraction data were collected on a Scintag

PAD X automated diffraction system employing

theta-theta geometry, Cu K-alpha radiation, and an
energy dispersive X-ray detector. Use of the enerqgy
dispersive X-ray detector eliminated the need for

incident or diffracted beam monochromators.

Both the

incident and diffracted X-ray beams were collimated by
double slit incident and diffracted collimation
systems. The slit sizes used, starting from the X-ray

tube source, were 0.5, 1.0, 0.3 and 0.2 mm,

respectively. Different slit systems may produce
differing intensities for the peaks. The materials of
the present invention that have the largest pore sizes
may require more highly ccllimated incident X-ray beams
in order to resolve thé low angle peak from the

transmitted incident X-ray beamn.
The diffraction data were recorded by

step-scanning at 0.04 degrees of 20, where 6 is the
Bragg angle, and a counting time of 10 seconds for each
step. The interplanar spacinés, d’s, were calculated
in A (aA), and the relative intensities of the lines,
I/Io, where I is one-hundredth of the intensity of the
strongest line, above background, were derived with the
use of a brofile fitting routine. The intensities were

%



and having an ultimate particle size of 0.02 mcron

~..was. added. .. Jhe—
resul tisng m xture was placed in a steam box at 100[qugﬂg“mgwﬁng'ﬁgﬁﬁg The
7 | j
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m xture had a conposition in terns of noles per nol

1.25 noles [err] 27.8 noles [err]
(CTMA) [err] 4.4 noles (TMA) [err]
[err] The resulting solid product_.was recovelfe

dried in air at ambient tenperature. Th& product waj

t hen cal ci ned at

h

S

and

540[err] C for 1 hour in

uncorrected for Lorentz and polarization effects.
relative intensities are given in terms of the symbols
Vs = very strong (75-100), s = strong (50-74), m =
medium (25-49) and w = weak (0-24). The diffraction
data listed as single lines may consist of multiple
overlapping lines which under certain conditions, such

as very high experimental resolution or

The

crystallographic changes, may appear as resolved of

Ppartially resolved lines. Typically, crystallographic
changes can include minor changes in unit cell
parameters and/or a change in crystal symmetry, without
a substantial change in structure. These minor
effects, including changes in relative intensities, can
also occur as a result of differences in cation
content, framework composition, nature and degree of

pore filling, thermal and/or hydrdthermal history, and
peak width/shape variations due to particle size/shape
effects, structural disorder or other factors known to
those skilled in the art of X-ray diffraction.

The equilibrium benzene adsorption capacity is

determined by contacting the material of the invention,
after dehydration or calcination at, for example, 540°C
for at least one hour and other treatment, if
necessary, in an attemﬁt to remove any pore blocking
contaminants, at 25°C and 50 torr benzene until
equilibrium is reached. The weight of benzene sorbed

is then determined as described below.

The ammonium form of the catalytic material may be
readily converted to the hydrogen form by thermal

treatment (calcination). This thermal treatment is

' generaily performed by heating one of these forms at a
temperature of at least 400°C for at least 1 minute and
generally not longer than 20 hours, preferably from 1



- 57 - nitrogen, followed by 6 hours in air. The cal ci ned product .
proved *to have the follow ng equilibrium adsorption capacities in grans/100
grans: [err] 35.2 e n '

> 50 n- Hexane 40. 8 REPLA &g&QQSEEET
53.5 The X-ray diffraction pattern of the calcined product npy} be
characterized as including a very st rongrJ rel ative ipté¢nsl 4yEB #97at§3p. 1 +
2.0 A d-spacing and weak |lines at 22.2%2 .0 and 19§{4|+ 1.0 A. TEM

i ndicated that this product contained the ultra-I|arge

U

to 10 hours. While subatmospheric pressure can be
'employed for the thermal treatment, atmospheric
pressure is desired for reasons of convenience, such as
in air, nitrogen, ammonia, etc. The thermal treatment
can be performed at a temperature up to 750°C.

The crystalline material can be prepared by one of
several methods, each with particular limitations.

A first method involves a reaction mixture having
an x203/Y02 mole ratio of from 0 to 0.5, but an
A1203/Sio2 mole ratio of from 0 to 0.01, a
crystallization temperature of from 25° to 250°C,
preferably from 50° to 175°C, and an organic directing
agent, hereinafter more particularly described, or,
preferably a combination of that organic directing
agent plus an additional organic directing agent,
described below. This first method comprises preparing
a reaction mixture containing sources of, for example,
alkali or alkaline earth metal (M), e.g. sodium or
potassium, cation if desired, one or a combination of
oxides selected from the group consisting of divalent
element W, e.g. cobalt, trivalent element X, e.qg.
aluminum, tetravalent element Y, e.g. silicon, and
pentavalent element 2, e.g. phosphorus, an organic (R)
directing agent, described below, and a solvent or
solvent mixture, such as, for example, cl-c6 alcohols,
C,~Cg diols and/or water, especially water. The

reaction mixture has a composition, in terms of mole
ratios of oxides, within the following ranges:



pore material. Exanpl e 14 A mxture of 125 gt Fﬁxﬁﬁﬁﬁﬁ Ve
chl ori e aqueous solution, 200 grans of water, 3 gr3 néﬁibh nat e

(in 50 granms [err] 65 grans of Utrasil, anorphous grécipitated siT]c
avai |l abl e from PQ Corporation, and 21 grans NaCH (i %0 gﬁg@ﬁ; )
‘168 hours.

o

o7

stirred thoroughly and crystallized at 150[err] C fon he
reaction m xture had the follow ng rql%biye mol ar c¢nposttromTmrter ng of
nol es per nole silica: ' 0.10 noles (CTMA) [err]
21.89 noles [err] 0.036 noles [err] ~ 0.53
nol es NaOH The solid product was .isolated by filtration, washed with
water, dried for 16 hours at room :

Reactants Useful Preferred

X203/YO2 0 to 0.5 0.001 to 0.5

Al,0,/si0, 0 to 0.01 0.001 to 0.01

X0,/ (Y0,+2,0,) 0.1 to 100 0.1 to 20

X203/(Y02+W0+2205)“ 0.1 to 100 0.1 to 20

Solvent/

(Y02+W0+2205+X203) 1 to 1500 5 to 1000

OH /YO, 0 to 10 0 to 5

(M, 7e%*R, /fo) /

(Y02+WO+2205+X203) 0.01 to 20 0.05 to 5

KZ/eo/

(Y02+W0+2205+x203) 0 to 10 0 to ]

Ry/e%/ -

(Y02+WO+2205+X203) 0.01 to 2.0 0.03 to 1.0

where e and f are the weighted average valences of M
and R, respectively.

In this first method, when no 2 and/or W oxides
are added to the reaction mixture, the pH is important
and must be maintained at from 9 to 14. When Z and/or
W oxides are present in the reaction mixture, the pH is
not narrowly important for synthesis of the present
crystalline material. In this, as well as the
following methods for synthesis of the present material
the RZ/fO/(Y02+WO+2205+x203) ratio is important. When
this ratio is less than 0.01 or greater than 2.0,
impurity products tend to be synthesized at the expense
of the desired crystalline material.

A second method for synthesis of the crystalline
material involves a reaction mixture having an x203/Yo2
mole ratio of from 0 to 0.5, a crystallization
temperature of from 25°C to 250°C, preferably from 50°C
to 175°C, and two separéte organic directing agents,
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[err]
26.5

tenperature and calcined at 540[err]C for 10 hours in air. Thé

cal ci néd product proved to have a surface area of 84 ¥ (P Qi

foll owi ng equilibriumadsorption capacities in grans/fggiéigjggﬁﬁn$ggg?
- 15.2 Cycl ohexane 42.0 n- Hexane | |

Benzene - 62 14 FEB 1997
- 28 - 1

i.e. the organic and additional organic directing
agents, described below. This second method comprises
preparing a reaction mixture containing sources of, for
example, alkali or alkaline earth metal (M), e.g.
sodium or potassium, cation if desired, one or a
combination of oxides selected from the group
consisting of divalent element W, e.g. cobalt,
trivalent element X, e.g. aluminum, tetravalent element
Y, e.g. silicon, and pentavalent element Z, e.g.
phosphorus, a combination of organic directing agent
and additional organic directing agent (R), each
described below, and a solvent or solvent mixture, such

as, for example,_cl-c6 alcohols, Cl-C6 diols and/or

' water, especially water. The reaction mixture has a

composition, in terms of mole ratios of oxides, within

. the following ranges:

Reactants Useful Preferred

X,0,/Y0, 0 to 0.5 0.001 to 0.5
X0,/ (Y0,+Z,0g) 0.1 to 100 0.1 to 20
.1 to 100 0.1 to 20

X,0,/ (Y0, +WO+Z,05) O 1
Solvent/ ) _

to 1500 5 to 1000
(YO, +WO+2,05+X,0,) 1
OH /YO, 0 to 10 0 to 5
(Mz/e°+R2/fO)/ | 01 to 20 0.05 to 5
(YO, +WO+Z,0,+X,0,) 0. | .
M. , 0/
2/e

to 10 0 to 5
(!oszo+z205+xzo3) 0
o | 0.1 to 2.0 0.12 to 1.0
(YO, +WO+Z,05+X,0;) . . . . C



The X-ray diffraction pattern of the cal ci ned product @ t nré;.zed
as inctuding a very strong relative intensity |ine at Rb éﬁﬁﬁﬁhisﬂﬁ

d-spacing. TEM indicated that the product contained thhejultra-Ilarge pprg
mat eri al . Exanpl e 15 To make the primary tenpl at¢ m pteggegoyr {his
exanpl e, 240 granms of water was added to a 92 gram soljutiion of 50%
dodecyl tri met hyl amTmoni um hydr oxi de, 36% i sopropyl al cqhot—3 0 er
such that the nole ratio of Solvent/[er?® "was 155. THe nole ratio of [&rr]
in this mxture was 149 and the IPA/[err] nole ratio was 6. To the primary
tenpl ate m xture was added 4.15 grans of sodium al um nate, 25 grans of

H Sil, 100 grans of aqueous tetranethyl ammpniumsilicate sol ution (10%

Si @) and 13.wherene and2foarguEResvereRLAe: AYPEARE VEHERGES08%! sol uti on.
The nol e ratign@fr] eFespetBsvBiygd for the mxture. This m xture was

stirred at 25[err]££f8£ié'ggggthEgthod, when no Z and/or W oxides
are added to the reaction mixture, the pH is important
and must be maintained at from 9 to 14. When Z and/or
W oxides are present in the reaction mixture, the
precise value of the pH is not important for
crystallization.

A third method for synthesis of the crystalline
material is where X comprises aluminum and Y comprises
silicon, the crystallization temperature must be from
25° to 175°C, preferably from 50° to 150°C, and
an organic directing agent, described below, or,
preferably a combination of that organic directing
agent plus an additional organic agent, described
below, is used. This third method comprises preparing
a reaction mixture containing sources of, for example,
alkali or alkaline earth metal (M), e.g. sodium or
potassium, cation if desired, one or more sources of
aluminum and/or silicon, an organic (R) directing
agent, hereinafter more particularly described, and a
solvent or solvent mixture, such as, for example cl-c6
alcohols, C,-C¢ diqls qnd/or water, especially watgr.
The reaction mixture has a composition, in terms of
mole ratios of oxides, within the following ranges:




resulting mxture was then placed in an autoclave at 100[err]C and stirred

at 100*rpm for 24 hours. The m xture RFPLACBNHHI“\A FET
in the autoclave had the following relative erar—eorpostiy oh in
terns of noles per nole [err] 0J0% nole [err
0.036 nole [err] 0.18 nole [err] TAFEE W
- 30 -

Reactants Useful Preferred

a1,0,/si0, 0 to 0.5 0.001 to 0.5

Solvent/sio, 1 to 1500 S to 1000

oa"/s:i.o2 0 to 10 0 to s

(My/9*R2,£9)/

(SiO +Al 3) 0.01 to 20 0.05 to 5

(Sio +A1,0,) 0 to s 0 to 3

2/f°/
(SiO +A1 3) 0.01 to 2 0.03 to 1

where e and f are the weighted average valences of M
and R, respectively.

In this third method, the pH is important and must
be maintained at from 9 to 14. This method involves
the following steps: .

(1) Mix the organic (R) directing agent w1th the
solvent or solvent mixture such that the mole ratio of
solvent/Rz/fo is within the.range of from 50 to 800,
preferably from 50 to 500. This mixture constitutes
the "primary template” for the synthesis method.

(2) To the primary template mixture of step (1)
add the sources of oxides, e.g. silica and/or alumina
-such that the ratio of Rz/fO/(Si02+Alzo3) is within the
range of from 0.01 to 2.0.

(3) Agitate the mixture resulting from step (2)
at a temperature of from 20° to 40°C, preferably for

from 5 minutes to 3 hours.
(4) Allow the mixture to stand with or without

agitation, preferably at a temperature of from 20° to
100°C, and preferably from 10 minutes to 24 hours.



0.12 nole (TMA) [err] 36.0 noles [

- ' 1.0
nol e | PA The resulting solid product was redkﬁgLAGEyEmEESHEﬁi on,

washed with water and dried in air at anbient tenpe
then calcined at 540 C for 1 hour in nitrogen, fol

The cal ci ned product proved to have a surface area
follow ng equilibrium adsorption capacities in gran
[err] 25.5 Cycl chékane

n- Hexane 35.1 Benzene

rdture. The prodlu¢t was
oyedq R ER g s ii air:
oft 1223 [err]/glahd the
5/ TO0 grans.
41,1,

51 The X-ray

diffraction pattern of the cal cined product nay be characterized as

and

temperature of from 50° to 175°C, preferably from 1
hour to 72 hours. Crystallization temperatures higher
in the given ranges are most preferred.

A fourth method for the present synthesis involves
the reaction mixture used for the third method, but the
following specific procedure with tetraethylortho-
silicate the source of silicon oxide:

(1) Mix the organic (R) directing_agent with the
solvent or solvent mixture such that the mole ratio of
solvent/Rz/fo is within the range of from 50 to 800,
preferably from 50 to 500. This mixture constitutes
the "primary template" for the synthesis method.

(2) Mix the primary template mixture of step (1)
with tetraeﬁhylorthosilicate and a source of aluminum
oxide, if desired, such that the R2/f0/5102 mole ratio
is in the range of from 0.5 to 2.0.

| (3) Agitate the mixture resulting from step (2)
for from 10 minutes to 6 hours, preferably from 30
minutes to 2 hours, at a temperature of from 0° to
25°C, and a pH of less than 12. This step permits
hydrolysis/polymerization to take place and the
resultant mixture will appear cloudy.

(4) Crystallize the product from step (3) at a
temperature of from 25° to 150°C, preferably from 95°
to 110°C, for from 4 to 72 hours, preferably from 16 to
48 hours.

In each of the above methods, batch
crystallization of the crystalline material can be
carried out under either static or agitated, e.q.
stirred, conditions in a suitable reactor vessel, such
as for example, polypropylene jars or teflon lined or
stainless steel autoclaves. Crystallization

I ncl udi ng a very st(rsc))ng rrgl %tall\ilzle ;cgnsm duc f%om?’osteer (14.)5 aﬁ:da-. spaci ng



weak lines at 17.9 + 1.0 and 15.5 + 1.0 A. TEMindicated this_pr,

contaid the ultra-large pore material. Exanpl e 16 Y
gquantity of decyltrinmethyl anmoni um REPLACEWNTSS ;
- hydr oxi de (prepared by contacting a ca. 29 w{% sol uti on of

decyl tri met hyl ammoni um brom de with a . 4 AFEB 1997
- 32 - :

may also be conducted continuously in suitable
equipment. The total useful range of temperatures for
crystallization is noted above for each method for a
time sufficient for crystallization to occur at the
temperature used, e.g. from 5 minutes to 14 days. The
crystals are then separated from the liquid and
recovered. Following the synthesis,the crystalline
material should be subjected to treatment to remove
part or all of any organic constituent.

When a source of silicon is used in the synthesis
method, it is preferred to use at least in part an
organic silicate, such as, for example, a quaternary
ammonium silicate. Non-limiting examples of such a
silicate include tetramethylammonium silicate and
tetraethylorthosilicate.

By adjusting conditions of the synthesis reaction
for each method, like temperature, pH and time of
reaction, etc., within the above limits, various
embodiments of the present non-layered Crystalline
material with a desired average pore size may be
prepared. In particular, changing the pH, the
temperature or the reaction time may promote formation
of product crystals with different average pore size.

Non-limiting examples of various combinations of
W, X, ¥ and Z contemplated for the first and second
synthesis methods include:

to

- 60



hydr oxi de-for-hal i de exchange resin) was conbi ned pwith: .
tetraethyl orthosilicate. The nmixture was stirred f DREBLA@MEMCS
transferred to a pol ypropyl ene jar which was then '
24 hours. The m xture had a conposition in terns o TD|e

0.81 nole [err] 47.6 noles [err] EEﬁE'PgZU
solid product was filtered and washed several times hith warm
(60[err]-70[err]C) distilled water and 3ai +h acetonge. The flnal prod ct was
calcined to 538[err]Cin [err]/air mxture and thermrtetd—+m—atrr—for—38
hours. The cal ci ned product proved to have a surface area of 915 [err]/g
and an equilibrium benzene adsorption capacity of 35 grans/ 100 grans. Argon
physi sorption data indicated an argon uptake of 0.34 cc/gram and a pore

ox for
[terr]
ing

size of 15 A The X-ray diffraction pattern of the cal ci ned product of
this exanple may be chagacterizeg as includigng a very stigong relative
intensity line at 27.5 .

- Al Si -

-- Al - P

- Al si P

Co al - P

Co Al Si P

including the combinations of W being Mg, or an element
selected from the divalent first row transition metals,
e.g. Mn, Co and Fe; X being B, Ga or Fe; and Y being
Ge. _ _ '

An organic directing agent for use in each of the
above methods for synthesizing the present material
from the respective reaction mixtures is an ammonium or
phosphonium ion of the formula R1R2R3R4Q+, i.e.:

2
R4‘?+'Rz
Ry

where Q is nitrogen or phosphorus and wherein at least
one of R, R,, R, and R, is aryl or alkyl of from 6 to
36 carbon atoms, e.g. c6H13 P C1°H21 ’ c16H33 and
c18H37, or combinations thereof, the remainder of R
Rz' R3 and R4 being selected from hydrogen, alkyl of
from 1 to 5 carbon atoms and combinations of these.
The compound from which the above ammonium or
phosphonium ion is derived may be, for example, the
hydroxide, halide, silicate, or mixtures of these. |
In the first and third methods above it is
‘preferred to have an additional organic directing agent

and in the second method it is required to have a

1’



+ 1.5 [err] d-spacing and weak lines at 15.8 + 1.0 and 13

TEM i ndii cated that the product of this exanple contai
pore material . Exanpl e 17 To eighty grams of c

7 + 1 0O [err].

LIIC l]l L

EREBHAG Wniﬁ i um

hydr oxi de (CTMAOH) solution prepared as in Exanple 1 added I.65 grgns
of NaAlJerr]. The mi xture was 14Fggimfd;;_at
roomtenperature until the [err] was a4 , i SO | -
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combination of the above organic directing agent and an
additional organic directing agent. That additional
organic directing agent is the ammonium or phosphonium
ion of the above directing agent formula wherein Rl'
R2' R3 and R4 together or separately are selected from
the group consisting of hydrogen and alkyl of 1 to 5
carbon atoms and combinations thereof. Any such
combination of organic directing agents go to make up
"R" and will be in molar ratio of 100/1 to 0.01/1,
first above listed organic directing agent/additional
organic directing agent.

The particular effectiveness of the required
directing agent, when compared with other sﬁch agents
known to direct synthesis of one or more other crystal
structures, is believed due to its ability to function
as a template in the above reaction mixture in the
nucleation and growth of the desired ultra-large pore
crystals with the limitations discussed above.

Non-limiting examples of these directing agents include

cetyltrimethylammonium, cetyltrimethylphosphonium,
benzyltrimethylammonium, cetylpyridinium,
myristyltrimethylammonium, decyltrimethylammonium,
dodecylt:imethylammoniﬁm and dimethyldidodecylammonium.
The reaction mixture components can be supplied by
more than one source. The reaction mixture can be
prepared either batchwise or continuously. Crystal
size and crystallization time of the new crystalline
material will vary with the nature of the reaction
mixture employed and the crystallization conditions.
The crystals prepared'by the synthesis procedure
can be shaped into a wide variety of particle sizes.
Generally speaking, the particles can be in the form of



di ssolved. To this solution was added 40 grans of aqueous
t €t ramet hyl ammoni um (TMA) silicate solution (10 vt % ; L O QDo
Hi Sil, 200 granms of water and 70 grans of 1,3,5-triﬁEki@ngﬁégﬁg{%JEB
(mesitylene). The resulting m xture was stirred at rdqom tenperature flof
several mnutes. The gel was then |oaded into a 600 dc |aufgofER qggnd |héat ed
at 105[err] C for sixty-eight hours with stirring at ¥54 rpm The m X ur e

C

had a conposition in terns of noles per3smle [err] — 12 fes
[err] 27.8 nmoles [err] 5.1 nol es {(CTMA) [err] :
2.24 moles (TMA)[err] 2256 moles [err] 80.53 nol es

1, 3,5-trinethyl benzene The resulti.ng product was filtered and washed

several times with warm (60[err]-70[err]C) distilled water and with

acetone. The final product was calcined to 538[err]C
a powder, a granule, or a molded product, such as an

extrudate having particle size sufficient to pass
through a 2 mesh (Tyler) screen and be retained on a
400 mesh (Tyler) screen. In cases where the catalyst
is molded, such as by extrusion, the crystals can be
extruded before drying or partially dried and then
extruded. .

The porous crystalline material may be used in a
matrixed or unmatrixed form for this purpose and may
suitably be formed into extrudates, pellets or other
shapes to permit the passage of gases over the catalyst
with the minimum pressure drop. For this purpose, it
may be matrixed or bound with active and'inactive
materials and synthetic or naturally occurring zeolites
as well as inorganic materials such as clays, silica
and/or metal oxides such as alumina, titania and/or
zirconia. The latter may be either naturally occurring
or in the form of gelatinous precipitates or gels
including mixtures of silica and metal oxides. Use of
a material in conjunction with the crystalline
material, i.e. combined therewith or present during
synthesis of the new crystal, which is active, tends to
change the conversion and/or selectivity of the
catalyst in certain organic conversion processes.
Inactive materials suitably serve as diluents to
control the amount of conversion in a given process so
that products can be obtained economically and orderly
without employing other means for controlling the rate
of reaction. It may be desirable to provide at least a
part of the foregoing matrix materials in colloidal
form so as to facilitate extrusion of the bound
catalyst components(s). The relative proportions of
finely divided crystalline material and matrix vary



in [err]/air mxture and then held in air for 10 hour

product* proved to have an equil bri um benzene adsorption capacity of >25 ™

S.

The cal ci ned

grans/ 1 00 grans. The X-ray diffraction pattern o
may be characterized as. including a broad, very stron
line at 102 A d-spacing, but accurate positions of |

angle region of the X-ray diffraction pattern are ver

determ ne with conventional X-ray diffragtoneters. Fuf

collimating slits were required to resolve a peak at
angle. The slits used in this exanple, starting at th
0.1, 0.3, 0.5 and 0.2 mMm -

he
4

jr—k

5 1n the extre
li ) FEBtotD |
hernore, finer} :
trowZ-Theta
X-ray tube, were
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"~ widely, with the crystal content ranging from 1 to 90
percent by weight and more usually, particula:ly when
the composite is prepared in the form of beads, in the

range of 2 to 80 wt % of the composite.

' olite Component

In the second embodiment of the present invention,
the hydrocracking catalyst comprises a third component
which is a crystalline metallosilicate conventionally
referred to as a zeolite. Zeolites are conventionally
classified as large pore-size, intermediate pore-size
or small pore-size, depending upon the structure of the
zeolite and this form of nomenclature is used here
although the significantly larger pores sizes of the
mesoporous materials makes it inappropriate to refer to
zeolites such as zeolite ¥ as "large pore" on the same
basis. Since these designations are recognized for the
zeolites, they are, however, used here in reference to

themn.

The intracrystalline pore volume of the large'
pore-size materials is accessible through apertures
formed of rings of twelve sio4 tetrahedra which in the
zeolites typical of this class have a diameter of at
least 7.4A. The mediuﬁ or intermediate pore size
pentasil zeolites, such as ZSM-5, ZSM-11 and ZSM-23
have a 10-ring system and the small pore size zeolites
such as erionite and zeolite A have an 8-ring system.
These characteristic structural elements are discussed
in Hoelderich, Zeoclites: Catalysts For Organic _
Syntheses, Angewandte Chemie 27, No. 2, 226 - 246
(1988) . Rather than make a determination of the
zeolite type accoraing to structure it is often more
convenient, however, to classify by means of the

i R

| ow



respectively. TEMindicated that the product of this] b ,pg}ztﬁ
several* materials with different [err] values as obs AP E] ctron

diffraction patterns. These nmaterials were found to 1ossess [err] Jaljues

bet ween 85 A d-spacing and 120 A d-spaci ng. Exanplfe {1814 FEBTQ9RI dhtly
grans of cetyltrinmethyl amoni um hydroxi de (CTMAOH) sfolfjuti on prepared ds in
Exanple 1 was added 1.65 grans of [err] The mxturg was stirred at
tenperature until the [err] was dissolved."To this lon
grans of aqueous tetranethyl ammonium (TMA) silicate solution (10 wt % [err]
10 grams of Hi Sil, 200 granms of water and 120 grans of '
1,3,5-trinethyl benzene (nesitylene). The resulting mxture was stirred at
roomtenperature for several mnutes. The gel was then | oaded into a 600
m autocl ave and heated at 105[err]C for ninety hours with stirring at 150
rpm The m xConstiradnd dmdecsiafi del zeclite, as described by

Frilette in J, Catalysis 67, 218 -~ 222 (1981).
Consistent with the classification implied by Frilette,
the large pore size zeolites with 12-ring windows such
as the faujasite zeolites have Constraint Indices below
1 and the intermediate pore sized zeolites exhibit a

_ Constraint Index of 1 to 12, ranking them though the
values characteristic of the small size zeolite such as
zeolite A and erionite. The method by which constraint
index is determined is disclosed in U.S. Patent No.
4,016,218, to which reference is made for a disclosure
of the method and of the Constraint Indices for typical
zeolites.

The metallosilicate zeolites which are preferred
for use in the present catalysts are the
aluminosilicate large pore size zeolites, with
preference given to the zeolites with the faujasite
structure, especially zeolite Y and the high silica
forms of zeolite Y such as zeolite USY. The large pore
size zeolites are preferred because their relatively
open structure permits access by many of the bulky
molecular species encountered in the high-boiling feeds
commonly used in hydroqracking, so that consistent

reduction in boiling range is achieved. The
aluminosilicate zeolites provide a high-level of acid
activity which results in high levels of conversion
being obtainable at acceptable space velocities and
temperatures and the high silica forms of zeolite Y,
especially USY, have excellent long term stability for
use in hydrocracking processes.

The medium pore size zeolites such as ZSM-5,
ZSM-11, 2SM-12, ZSM-23 and ZSM-35 may also be in the
Present hydrocraéking catalysts and may be preferred



terms of noles per nole [err] 1. 25 nol es
nol es [‘err]
2256 noles [err]

r

5.1 noles (CTMA) [err]

L

or_1U TNours.

LAGEMENT, SHEET
132.7 nmoles 1, 3,5-trinmethyllb¢nzene ' h
resulting product was filtered and washed several ti
-70[err]C) distilled water and with acetone. The fingl
to 538[erer]Cin [err]/air mxture and then held in gi
cal cined product proved to have a surfa3® -area of

MngE@rvm(G [ ¢
product was cal gi ned
—f The

|09

err]

Brr ]

for certain applications, especially where hydrocracked
products of low pour point are desired. Again, the
medium pore size zeolites are preferbly used in the
aluminosilicate from since this is the form in which
the activity is usually the greatest. The medium pore
size zeolites may be used in combination with the large
pore size zeolites to form a hydrocracking catalyst
with three (or more) acidic components, for example,
MCM-41, USY and ZSM~5. The relative amounts of the
three materials may be adjusted in accordance with the
characteristics of the feed and of the desired
preoducts.

The use of the small pore size zeolites and of
dense phase or clathrate zeolites such as ZSM-39 will
not normally be favored since these zeolites are no
longer used to a great extent in refining processes
since they offer no advantages over the large and
medium pore size zeolites, but they are not, in
principle, to be excluded.

The relative amounts of the nesoporous support
material with its associated metal component and the
Zeolite may be adjusted according to the demands of the
intended use and this will normally require a
consideration of the hyarogenation activity and
cracking activity which are required in the catalyst.
In most cases, a ratio of from 0.5:2 to 2:0.5 for the
porous components will be typical, but ratios outside
this range may be employed if desired, usually within
the range of 10:1 to 1:10. A 1:1 ratio between the two
porous components will be suitable for many
hydrocracking applications.

The relatively smaller pore size molecular sieve
Zeolite can be composited with the mesoporous
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>25 grans/ 100 grans. Argon physisorption data indicate

915 [err]/g and an equil bri um benzene adsatption:
RERLAGE,

iﬂ 1\11 wa)
.Juéugh; of

0.95 cc/gram and a pore size centered on 78 A (Dol lirorfe-Heal Method] see

Exanpl e 19(b)), but running from70 to greater than 145 |A. By
diffraction pattern of the cal cined product of this exan |éiﬂ§§ g%

characterized as having only enhanced scattered intensit“ H—tte—very” | ow
angl e region of the X-ray diffraction,~fefe i ntensity fromthe transmitted
i ncident X-ray beamis usually observed. However, TEMTndicated that the
product contained several materials with different d wval ues

100 as observed in their electron diffraction patterns. These materials
were found to possess [err] values between 85 [err] d-spacing and 110 A

d- spaci ng.

crystalline component in the same catalyst particle or
alternatively they may be mixed as separate particles
or staged as separate sections or zones of the
hydrocracker. If the latter, the mesoporous components
with its associated metal is preferably located
upstream of the smaller pore sized molecular sieve
component in order to promote the hydrogenation
reactions before the feed encounters the more highly
acidic zeolite which carries out the cracking.

If the mesoporous crystalline component and the
relatively smaller pore size molecular sieve component
are combined in the same catalyst particle or combined
as separate particles in a physical mixture, the metal
component may be incorporated by exchange or
impregnation into the material using conventional
techniques. Because the mesoporous crystalline
component has a higher surface area than the zeolite
component, the metal will be preferentially sorbed on
the mesoporous component.

The porous crystalline materials, i.e the
mesoporous material and the zeolite component are
suitébly used in a matrixed form in the catalysts and
may suitably be formed_into extrudates, pellets or
other shapes to permit the passage of gases over the
catalyst with the minimum pressure drop. The
crystalline components may be matrixed or bound with
active and inactive materials and synthetic or
naturally occurring zeolites as well as inorganic
materials such as clays, silica and/or metal oxides
such as alumina, titania and/or zirconia. The latter
may be either naturally occurring or in the form of
gelatinous precipitates or gels including mixtures of
silica and metal oxides. Use of a material in



Exanpl e 19 To eighty grams of cetyltrinmethyl anmo T&&ﬁg¥?&l W? 1
(CTMAOH®) solution prepared as in Exanple 1 was added 1|fé% ey QF. L

2 e

* ™
The m xture was stirred at roomtenperature until the {grr] was dissdl Jed.

To this solution was added 40 grans.of aqueous tetra | ABBEBUBY] TNA)
silicate solution (10 Wt % [err] 10 grams of Hi Sil, d 18 grans of

1,3,5-trinethyl benzene (nesitylene). The resulting miture was stirred jat

roomtenperature for several mnutes.-Te~-gel was thenl]gaded intao a-3

cC

aut ocl ave and heated at 105[err]C for four hours with stirring at 150 rpm

The m xture had a conposition in terns of noles per nole [err]

conjunction with the crystalline material, i.e.
combined therewith or present during synthesis of the
new crystal, which is active, tends to change the
conversion and/or selectivity of the catalyst in
certain organic conversion processes. Inactive
materials suitably serve as diluents to control the
amount of conversion in a given process so that
Products can be obtained economically and orderly
without employing other means for controlling the rate
of reaction. It may be desirable to provide at least a
part of the foregoing matrix materials in colloidal
form so as to facilitate extrusion of the bound
catalyst components(s). The relative proportions of
finely divided crystalline material and matrix vary
widely, with the crystal content ranging from 1 to 90
percent by weight and more usually, particularly when
the composite is prepared in the form of beads, in the
range of 2 to 80 wt ¥ of the composite.

The catalyst may be treated by conventional
pre-sulfiding treatments, e.g. by heating in the
presenée of hydrogen sulfide, to convert oxide forms of
the metals such as CoO or NiO to their corresponding
sulfides. )

Examples 1 to 19 below illustrate the preparation
of the crystalline catalytic material. In these
examples, the sorption data for water,'cyclohexane,
benzene and/or n-hexane, they are Equilibrium
Adsorption values determined as follows:

A weighed sample of the adsorbent, after
calcination at 540°C for at least 1 hour and other
treatment, if necessary, to remove any pore blocking
contaminants, is contacted with the desired pure
adsorbate vapor in an adsorption chamber. The increase



-64 - 1.25 noles [err] 27.8 nmoles [err]

" 5.1 nol&s (CTMA) [err] 2.24 noles (TMA)[err] 650 nol-es
[err] 19.9 noles 1, 3,5-trinet hyl benzene The—r-esu-ting
product was filtered and washed several tinmes vmtPIREBLA(&B@EEFéﬂﬁﬁQ[err]CD
distilled water and with acetone. The final produc Scartiedto
538[err]Cin [err]/air mxture and then held in aiy foﬁl?FE@%b&? The
cal cined product proved to have a surfac® area

—

in weight of the adsorbent is calculated as the
adsorption capacity of the sample in terms of grams/100
grams adsorbent based on adsorbent weight after
calcination at 540°C. The present composition exhibits
an equilibrium benzene adsorption capacity at 6.7 kPa
(50 torr) and 25°C of greater than 15 grams/100 grams,
particularly greater than 17.5 g/100 g/ and more
particularly greater than 20 g/100 g.

A preferred way to do this is to contact the
desired pure adsorbate vapor in an adsorption chamber
evacuated to less than 1 mm at conditions of 12 Torr of
water vapor, 40 Torr of n-hexane or cyclohexane vapor,
or 50 Torr of benzene vapor, at 25°C. The pressure is
kept constant (within + 0.5 mm) by addition of
adsorbate vapor controlled by a manostat during the
adsorption period. As adsorbate is adsorbed by the new
crystal, the decrease in pressure causes the manostat
to open a valve which admits more adsorbate vapor to
the chamber to restore the above control pressures.
Sorption is complete when the pressure change is not
sufficient to activate the manostat.

Another way of doing this for benzene adsorption
data is on a suitable thermogravimetric analysis
system, such as a compﬁter-controlled 990/951 duPont
TGA system. The adsorbent sample is dehydrated
(physically sorbed water removed) by heating at, for
example, 350° or 500°C to constant weight in flowing
helium. If the sample is in as-synthesized form, e.g.
containing organic directing agents, it is calcined at
540°C in air and held to constant weight instead of the
previously described 350° or S00°C treatment. Benzene
adsorption isotherms are measured at 25°C by blending a
benzene saturated helium gas stream with a pure helium



of 975 n2/g and an equrlbrruntbenzene adsorption capacrtv of >40._qgr

*Argon physisorption data indicated an argon (ptE : g
‘and a pore size of 63 [err] (Dollinore-Heal Method),
occurring at P/[err] =0.65. The X-ray diffractilo
cal ci ned product of this exanple may be characterrzd ast afBRR @ g &

grans.

product of thrs exanpl e contalned t he uItra Iarge p-
20 Argon Physi sorption Determ nation
of the nmesoporous products with pores up to 60 A in dianeter,

pattern of t

sanpl es of the products of Exanples 1 through 17 were placed in glass
sanpl e tubes and attached to a

gas stream in the proper proportions to obtain the
desired benzene partial pressure. The value of the
adsorption at 50 Torr of benzene is teken from a plot
of the adsorption isotherm.

In the examples, percentages are by weight unless
otherwise indicated.

Example 1
One hundred grams of cetyltrimethylammonium (CTMA)

hydroxide solution, prepared by contacting a 29 wt %
N,N,N-trimethyl-l-hexadecanaminium chloride solution
with a hydroxide-for-halide exchange resin, was
combined with 100 grams of an aqueous solution of
tetramethylammonium (TMA) silicate (10% silica) with
stirring. Twenty-five grams of HiSil, a precipitated
hydrated silica containing 6 wt % free water and 4.5 wt
% bound water of hydration and having an ultimate
particle size of 0.02 micron, was added. The resulting
mixture was placed in a polypropylene bottle, which-was
kept in a steam box at 95°C overnight. The mixture had
a composition in terms of moles per mole A1203

2.7 moles Nezo

392 moles SiO2

35.7 moles (CTMA)zo

6l1l.7 moles (TMA)ZO

6231 moles Hzo

The resulting solid product was recovered by
filtration and dried in air at ambient temperature.
The product was then calcined at 540°C for 1 hour in
nitrogen, followed by 6 hours in air.

To determ ne the pore dlaneters
0.2 gram



- 65- physi sorption apparatus as described in U S. Patent No. A

4,762, 610. The sanples were heated to 300[err] G- Y-ACUO
to renove adsorbed water. Thereafter, the sanples REPLA{;‘E%NFOSﬂEE(e r]K
by i mrersion of the sanple tubes in quuid ar gon. tdred annunts 0

gaseous argon were then admtted to the sanples in gte m¥a \S
described in U S. Patent No. 4,762,010, colum 20. krgm f 1 ar gon
admitted to the sanples and the amount= @ argon | efl iltn—the-gas opa,e above
t he sanpl es, the anount of argon adsorbed can be caljcul ated. For this

calculation, the ideal gas | aw and the calibrated sanpl € VOl UGnES Were used.
(See al so

The calcined product proved to have a surface area
of 475 mz/g and the following equilibrium adsorption
capacities in grams/100 grams:

H20 8.3
Cyclohexane 22.9
n-Hexane 18.2
Benzene 21.5

The product of this example may be characterized
by X-ray diffractiion as including a very strong
relative intensity line at 37.8 + 2.0 A d-spacing, and
weak lines at 21.6 + 1.0 and 19.2 + 1.0 A.
Transmission electron microscopy (TEM) produced images
of a hexagonal arrangement of uniform pores and
hexagonal electron diffraction pattern with a dloo'

value of 39 A.

Example 2

One hundred grams of cetyltrimethylammonium (CTMA)
hydroxide solution prepared as in Example 1 was
combined with 100 grams of an aqueous solution of
tetramethylammonium (TMA) hydroxide (25%) with
stirring. Twenty—five'grams of Hisil, a precipitated
hydrated silica containing 6 wt % free water and 4.5 wt
¥ bound water of hydration and having an ultimate
particle size of 0.02 micron, was added. The resulting
mixture was placed in a static autoclave at 150°C
overnight. The mixture had a composition in terms of
moles per mole A1203:



S.J. Gggg et al., Adsorption. Surface Area and Porosity, 2nd ed., Academc
Press, 1982). In each instance, a graph of the anDunt_ﬁ ‘ﬁA hSHEET e
rel ative pressure above the sanple, at equilibrium cqh k=
adsorption isotherm It is common to use relative pregsyres which are
obtained by forming the ratio of the equilibrium presgjuje hgdFEB4997ap
pressure [err] of the adsorbate at the tenperature whgre¢ the isothernyi$
measured. Sufficiently small anpbunts of q4argon were adgitted 1 n each step to
generate 168 data points in the relative pressure ran
| east 100 points are required to define the isothermw th sufficient
detail . The step (inflection) in the isotherm indicates filling of a
pore system The size of the step indicates the anount adsorbed, whereas
the position of the step in terns of [err] reflects the size of the pores
I n which the adsorption takes place. Larger pores are filled at higher
[err] In order to bette£ 5oca e tHe 8osition of the step in the isotherm
t he -7 moles Na, _

291 moles Sio2

35.7 moles (CTMA)ZO

102 moles (TMA)zc

6120 moles H20

L
P

The resulting solid product was recovered by
filtration and dried in air at ambient temperature.
The product was then calcined at 540°C for 1 hour in
nitrogen, followed by 6 hours in air.

The calcined product proved to have a surface area
of 993 mz/g-and the following equilibrium adsorption
capacities in grams/100 grams:

H,O 7.1

2
Cyclohexane 47.2
n-~Hexane 36.2
Benzene 49.5

The X-ray diffraction pattern of the calcined
product may be characterized as including a very strong
relative intensity line at 39.3 * 2.0 A d-spacing, and
weak lines at 22.2 + 1.0 and 19.4 + 1.0 A. TEM
indicated that the product contained the ultra-large
pore material. |

A portion of the above product was then contacted
with 100% steam at 1450°F for two hours. The surface
area of the steamed material was measured to be 440
mz/g, indicating that 45% was retained following severe
steaming. -

Ancther portion of the calcined product of this
example was contacted with 100% steam at 1250°F for two



- 66- ) derivative with respect to log (P/[err]) is forned. The

adsorpti on peak (stated in terns of |og (P/[err]))Jﬁﬁlﬁfﬁﬁﬁ%ﬁlggﬁﬁf t he
2 3 wdllals

physi cal pore dianmeter (A) by the follow ng fornul err]

ram—
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hours. The surface area of this material was measured
to be 718 mz/g, indicating that 72% was retained after
steaming at these conditions.

Example 3

Water, cetyltrimethylammonium hydroxide solution
prepared as in Example 1, aluminum sulfate, HisSil and
an aqueous solution of tetrapropylammonium (TPA)
bromide (35%) were combined to produce a mixture having
a composition in terms of moles per mole A1203:

0.65 moles Nazo

65 moles Sio2
8.8lmoles (CTMA)zo
1.22 moles (TPA)zo
1336 moles H,0

The resulting mixture was placed in a
polypropylene bottle, which was kept in a steam box at
95°C for 192 hours. The sample was then cooled to room
temperature and combined with CTMA hydroxide solution
prepared as in Example 1 and TMA hydroxide (25% by
weight) in the weight ratio of 3 parts mixture, 1 part
CTMA hydroxide and 2 pérts TMA hydroxide. The combined
mixture was then placed in a polypropylene bottle and
kept in a steam box at 95°C overnight. The combined
mixture had a composition in terms of moles per mole

A1203:



where d & pore dianeter in nanoneters, K= 32.17, S = 0.2446, L =d + 0.19,

and

D = 0.57. This formula is derived fromthe TOR -4, , and
Kawazoe (G Horvath et al., J. Chem Eng. Japan, 16 (¢ E @Eﬁg%ﬁ$gﬁgai
constants required for the inplenentation of this . forrnulla were determngd

froma neasured isothermof ALPO-5 and its known pore si-ze14Tp"E'B;1mh diis
particularly useful for mcroporous nmaterials having gordes of up to 60 A in-

di anet er.
through 16 are tabul ated bel ow. The sanples from Exangles 10, 13 and 15

The results of this proced® e for the sgnp | s 1

gave two separate peaks,

0.65 moles Na,0
65 moles Sio2
15 moles (CTMA)20
1.22 moles (TPA)20
35.6 moles (TMA)ZO
2927 moles Hzo
The resulting solid product was recovered by
filtration and dried in air at ambient temperature.
The product was then calcined at 540°C for 1 hour in
nitrogen, followed by 6 hours in air.
The calcined product proved to have a surface area
of 1085 mz/g and the following equilibrium adsorption
capacities in grams/100 grams: |

H,0 11.5
Cyclohexane > 50
n-Hexane 39.8
Benzene 62

The X-ray diffraction pattern of the calcined
product of this example may be characterized as
including a very strong relative intensity line at 38.2
+ 2.0 & d-spacing, and weak lines at 22.2 £ 1.0 and
19.4 + 1.0 A. TEM indicated the product contained the
ultra-large pore material.

Example 4

Two hundred grams of cetyltrimethylammonium (CTMA)
hydroxide solution prepared as in Example 1 was
combined with 2 grams of Catapal alumina (alpha-alumina
monohydrate, 74% alumina) and 100 grams of an agqueous
solution of tetramethylammonium (TMA) silicate (10%



believed to be the result of two separate ultra-large pore phases in the

product's. -67- I
gore Di azrzatgr [err] 1 32.2 REPLACEMENESHEE?WQ;Z
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silica) with stirring. Twenty-five grams of Hisil, a
precipitated hydrated silica containing 6 wt % free
water and 4.5 wt % bound water of hydration and having
an ultimate particle size of 0.02 micron, was added.
The resulting mixture was placed in a static autoclave
at 150°C for 48 hours. The mixture had a composition
in terms of moles per mole A1203:

0.23 moles Na,O

33.2 moles Sio2

6.1 moles (CTMA)ZO

5.2 moles (TMA)20

780 moles Hzo

The resulting solid product was. recovered by

filtration and dried in air at ambient temperature.
The product was then calcined at 540°C for 1 hour in

nitrogen, followed by 6 hours in air.

The calcined product proved to have a surface area

of 1043 mz/g and the following equilibrium adsorption
capacities in grams/100 grams:

HZO ] 6.3
Cyclohexane > 50
n-Hexane 49.1
Benzene 66.7

The X-ray diffraction pattern of the calcined
product of this example may be characterized as
including a very strong relative intensity line at 40.8
+ 2.0 A d-spacing, and weak lines at 23.1 + 1.0 and
20.1 + 1.0 A. TEM indicated that the product contained
the ultra-large pore material.
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commercially prepared sanple of zeolite USY (equil
capacity of 20.7 grans/ 100 grans, X-ray 4# ffraction

D

lines of zeolite Y and with the highest d-spacing a
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r{f um benzene s I on
pattern with all he

14 A) had . a

di aneter of 8.3 A as determ ned by the above nethod.
Horvat h and Kawazoe for determ ning pore size from physisorption isotherns

was intended to be applied to pore systens of up to 20 A dianeter; but with
sone care as above detailed, its use can be extended to pores of up to 60 A

diameter.  pyample s

The nethod of

Two~-hundred sixty grams of water was combined with
77 grams of phosphoric acid (85%), 46 grams of Catapal
alumina (74% alumina), and 24 grams of pyrrolidine
(Pyr) with stirring. This first mixture was placed in
a stirred autoclave and heated to 150°C for six days.
The material was filtered, washed and air-dried. Fifty
grams of this product was slurried with 200 grams of
water and 200 grams of cetyltrimethylammonium hydroxide
solution prepared as in Example 1. Four hundred grams

of an aqueous solution of tetraethylammonium silicate
(10% silica) was then added to form a second mixture
which was placed in a polypropylene bottle and kept in
a steam box at 95°C overnight. The first mixture had a
composition in terms of moles per mole Al 5041

1.0 moles P2°5
1.51 moles (Pyr)zo

47.2 moles Hz°

The resulting solid product was recovered by
filtration and dried in air at ambient temperature.
The product was then calcined at 540°C for 1 hour in

nitrogen, followed by 6 hours in air.

The calcined product proved to have a surface area
of 707 mz/g and the following equilibrium adsorption

capacities in grams/100 grams:



In the_pore regihe above 60 A dianeter, the Kelvin eqfj TR A
It is Gsually given as: Pﬁﬂtﬁﬁﬁbfﬁﬁ-

[err]

Il ed.
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H,0 | 33.2
Cyclohexane 19.7
n-Hexane 20.1
Benzene 23.3

The X-ray diffraction pattern of the calcined
pProduct may be characterized as including a very strong
relative intensity line at 25.4 + 1.5 A d-spacing. TEM
indicated the product contained the present ultra-large
pore material (see Example 23).

Example 6
A solution of 1.35 grams of NaAlO2 (43.5% A1203,

30% Nazo) dissolved in 45.2 grams of water was mixed
with 17.3 grams of NaOH, 125.3 grams of colloidal
silica (40%, Ludox HS-40) and 42.6 grams of 40% aqueous
solution of tetraethylammonium (TEA) hydroxide. After
stirring overnight, the mixture was heated for 7 days
in a steam box (95°C). Following filtration, 151 grams
of this solution was mixed with 31 grams of '
cetyltrimethylammonium hydroxide solution prepared as
in Example 1 and stored in the steam box at 95°C for 13
days. The mixture had the following relative molar
composition:

0.25 moles Al,0,

10 moles Nazo

36 moles Sio2
0.95 moles (CTMA)ZO
2.5 moles (TEA)ZO

445 moles H20



wher e: [err] = surface tension of sorbate [ .uné
of* sorbBat e [err] = contact angle (usually taLBEPLACEﬂgﬂgi Y .

reasons to be 0) R = gas const ant T 3 dbsol ute tenpejature
[err] = capillary condensate (pore) radius P/ [lerr]42 FEd 8997Ne} |
pressure (taken fromthe - physi sor ption idotfherm h¢

Kel vin equation treats adsorption in pore systens as{a caprirary 4
condensati on phenonenon and rel ates th&%rtessure at vwhich adsorption.takes
pl ace to the pore dianeter through the surface tension and contact angle of
the adsorbate (in this case, argon). The principles upon which the Kelvin
equation are based are valid for pores in the size range 50 to 1000

Angst rom di anet er .The|xgsulting #njdd Rradues i was nbecovered by

filtration and washed with water and ethanol. The
product was then calcined at 540°C for 1 hour in
nitrogen, followed by 6 hours in air.

The calcined product composition included 0.14 wt
% Na, 68.5 wt % Sio2 and 5.1 wt % A1203, and proved to
have a benzene equilibrium adsorption capacity of 58.6
grams/100 grams. .

The X-ray diffraction pattern of the calcined
product may be characterized as including a very strong
relative intensity line at 31.4 + 1.5 A d-spacing. TEM
indicated that the product contained the present
ultra-large pore material.

ample 7
A mixture of 300 grams of cetyltrimethylammonium
(CTMA) hydroxide solution prepared as in Example 1 and
41 grams of colloidal silica (40%, Ludox HS-40) was
heated in a 600 cc autoclave at 150°C for 48 hours with
stirring at 200 rpm. The mixture has a composxtlon in
terms of moles per mole sio

0.5 mole (CTMA)ZO
46.5 moles Hzo
The resulting solid product was recovered by
filtration, washed with water, then calcined at 540°C
for 1 hour in nitrogen, followed by 10 hours in air.
The calcined product composition included less
than 0.01 wt % Na, 98.7 wt % sio and 0. 01 wt % A1203,
and proved to have a surface area of 896 m /g. The
calcined product had the following equilibrium
adsorpticn capacities in grams/100 grams:



| onger
occur

reflects physical reality, since true capillgry—condensation
I‘'n smal | er pores; above this range the | ogari} ]IQEPIQA(IEV{ENE &Z}?E}
equati on precludes obtaining sufficient accuracy fof pore stZe

— X

determ nati on. . The particular inplenentation of th,FAP‘g@va-]eq haf i

often chosen for neasurenent of pore size is _
that reported by Dollinore anglkbal (D. Dpl lLi-rore—ane
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HZO ' 8.4
Cyclchexane 49.8
n-Hexane 42.3
Benzene 55.7

The X-ray diffraction pattern of the calcined
product of this example may be characterized as
including a very strong relative intensity line at 40.0
+ 2.0 A d-spacing and a weak line at 21.2 + 1.0 A. TEM
indicated that the product of this example contained at
least three separate phaseé, one of which was the
ultra-large pore material.

Example 8

A mixture of 150 grams of cetyltrimethylammonium
(CTMA) hydroxide solution prepared as in Example 1 and
21 grams of colloidal silica (40%, Ludox HS-40) with an
initial pH of 12.64 was heated in a 300 cc autoclave at
150°C for 48 hours with stirring at 200 rpm. The
mixture had a composition in terms of moles per mole
Siozz

0.5 mole (CTMA)ZO
46.5 moles HZO

The resulting solid product was recovered by
filtration, washed with water, then calcined at 540°C
for 6 hours in air.

The calcined product composition was measured to
include 0.01 wt % Na, 93.2 wt 3% Sio2 and 0.016 wt %
A1203, and proved to have a surface area of 992 mz/g
and the following equilibrium adsorption capacities in

grams/100 grams:




G R Heal, J. Applied Chem 14, 108 (1964)). This = ' t=—fm the
effects of the surface |ayer of adsorbate on the p LKF, witEh ]t he
Kel vin equation proper does not take account, and t{hys prOV|des a e
accurate measurenent of pore dianeter. Wiile the t od %b ejand
Heal was derived for use on desorption isotherns, i{t Jcan be app |e equally
.well to adsorption isotherns by sinply inverting tHe ‘data—sets
Transni ssi on El ectron M croscopy 4 B2otrder to ijl lum nate the

m crostructure of materials by transm ssion el ectrof croscopy ( TEM,
sanpl es nust be thin enough for an el ectron beamto pass through them
general |y 500-1000 A or so thick. The crystal norphol ogy of the present
materials usually required that they be prepared for study by
ultramcrotony. Wile time consuming, this technique of sanple preparation
is quite famliar to those Bg®lled in the art ®f6€el ectron mcroscopy. The
materials are enbedded in ac{§§¢ﬁbxaﬁbthls casesg commercially available

| ow viscosity acrylic re5|n VH TE (hard)5 ghlch is then cured at
80[err]C for 1 1/2 exane

Benzene 62.7

The X-ray diffraction pattern of the calcined
product may be characterized as including a very strong
relative intensity line at 43.6 + 2.0 A d-spacing and
weak lines at 25.1 + 1.5 and 21.7 + 1.0 A. TEM
indicated that the product contained the ultra-large
pore material.

Example 9

Sodium aluminate (4.15g) was added slowly into a
solution containing 16g of myristyltrimethylammonium
bromide (c14TMABr) in 100g of water. Tetramethyl-
ammonium silicate (100g-10% sioz), Hisil (25g) and
tetramethylammonium hydroxide (14.2g-25% solution) were
then added to the mixture. The mixture was |
crystallized in an autoclave at 120°C with stirring for
24 hours.

The product was filtered, washed and air dried.
Elemental analysis showed the product contained 53.3 wt
3 sioz, 3.2 wt % A120 5.0 wt 3 C, 1.88 wt % N, 0.11
wt % Na and 53.5 wt % ash at 1000°C. The X-ray
diffraction pattern of the material after calcination
at 540°C for 1 hour in N, and 6 hours in air includes a
very strong relative intensity line at 35.3 + 2.0 A
d-spacing and weak lines at 20.4 + 1.0 and 17.7 + 1.0 A
d~spacing. TEM indicated that the product contained
the ultra-large pore material. _

The washed product, having been exchanged with 1N
ammonium nitrate solution at room temperature, then



hours. Thin sections of the block are cut on an uls i a
dianond kni fe and sections in the thickness range i I}l ect ed
on fine nmesh el ectron m croscope support grids. Fg s} an LKB
nodel mcrotone with a 45[err] C dianond knife edgd upgport
grids were 400 nesh copper grids. After evaporatidgn jof a thin carljon
coating on the sanple to prevent charging in the m croScope ray
color on a white sheet of paper - 53 - ) - 70 -

next to the sanple in the evaporator), .the sanples are

calcined, proved to have a surface area of 827 mz/g and
the following equilibrium adsorption capacities in
g/100g anhydrous sorbent:

HZO 30.8
Cyclohexane 33.0
n-Hexane 27.9
Benzene 40.7

Example 10

' Sodium aluminum (8.3g) was added slowly into a
solution containing 184g of dodecyltrimethylammonium
hydroxide (clzTMAOH, 50%) solution diluted with 480g of
water. Ultrasil (50g) and an agueocus solution of
tetramethylammonium silicate (200g-10% Sioz) and
tetramethylammonium hydroxide (26.38g-25% solution)
were then added to the mixture. The mixture was
crystallized in an autoclave at 100°C with stirring for
24 hours. ' ,

The product was filtered, washed and air dried.
After calcination at 540°C for 1 hour in N, and 6 hours
in air, the X-ray diffraction pattern includes a very
strong relative intensity line at 30.4 + 1.5 &~
d-spacing and weak lines at 17.7 + 1.0 and 15.3 i 1.0
A d-spacing. TEM indicated that the product contained
the ultra-large pore material.

The washed product, having been exchanged with 1N
ammonium nitrate solution at room temperature, then
calcined, proved to have a surface area of 1073 mzlg
and the following equilibrium adsorption capacities in

g/100g anhydrous sorbent:



ready for examnation in the TEM H gh resol uti op.JEM-ni-cregraphsshow
proj ections of structure along the direction that the $EPEA@ENEQ i&HEET
this reason, it is necessary to have a sanple in spec O T e 4

see certain details of the mcrostructure of the mategi l. F tall{ne
materials, these orientations are nost easily chosen by ob%é%r\gﬁi?é?he :
electron diffraction pattern (EDP) that is produced si Anegusty—vt-t hit he
el ectron m croscope inage. Such EDPs ar® readily produced on nodern TE
i nstruments using, e.g. the selected area field |imtitrg—aperture TECNN que
famliar to those skilled in the art of electron mcroscopy. Wen an EDP
with the desired arrangenent of diffraction spots is observed, the
correspondi ng i mage of the crystal giving that EDP will reveal details of
the mcrostructure along the direction of projection indicated by the EDP.
In this way, different proﬁgyiions of a crysta32s6structure can be observed
and identified using TENI.CyclJHEx%&Efr to obsggve the salient features of
the crystalline product, it ®is necessary to view the material in an
orientation wherein the com-#exam$ ng EDP gi vek3 3 hexagonal arrangenent of
diffraction spots froma siglsferdendi vidual crygiad. If multiple crystals

Example 11

A solution of 4.9 grams of NaAlo2 (43.5 % A1203,
30% Nao,) in 37.5 grams of water was mixed with 46.3 ml
of 40% aqueous tetraethylammonium hydroxide solution
and 96 grams of colloidal silica (40%, Ludox HS-40).
The gel was stirred vigorously for 0.5 hour, mixed with
an equal volume (150 ml) of cetyltrimethylammonium
hydroxide solution prepared as in Example 1 and reacted
at 100°C for 168 hours. The mixture had the following
composition in terms of moles per mole A1203:

1.1 moles Nazo
30.6 moles Sio2
3.0 moles (TEA)ZO
3.25 moles (CTMA)ZO-
609 moles Hzo
The resulting solid product was recovered by
filtration, washed with water then calcined at 540°C
for 16 hours in air. The calcined product proved to
have a surface area of 1352 mz/g and the following

equilibrium adsorption capacities in grams/100 grams:

H20 23.6
Cyclohexane >50
n-Hexane 49

Benzene 67.5



are present within the field linmting aperture, overlapping diffraction

patterris will occur that can be quite difficult t
diffraction spots observed depends to a degree up
crystalline arrangenent in the material, anong ot
| east the inner ring of bright spots should be ob
I mge. Individual crystals can be mani pul at ed

v, el

-71- by specinmen tilt adjustnents om 3%fie TEM unfi l—t.his orient

nmber

achieved. More often, it is easier to take advantpge of the fact tHhat the

speci nen cont ai ns

The X-ray diffraction pattern of the calcined
product may be characterized as including a very strong
relative intensity line at 38.5 + 2.0 A d-spacing and a
weak line at 20.3 + 1.0 A. TEM indicated that the
product contained the ultra-large pore material.

Example 12

Two hundred grams of cetyltrimethylammonium (CTMA)
hydroxide solution prepared as in Example 1 was
combined with 4.15 grams of sodium aluminate and 100
grams of aqueous tetramethylammonium (TMA) silicate
solution (10% silica) with stirring. Twenty-five grams
of HisSil, a precipitated hydrated silica containing 6
wt % free water and 4.5 wt % bound water of hydration
and having an ultimate particle size of 0.02 micron,
was added. The resulting mixture was placed in a
static autoclave at 150°C for 24 hours. The mixture
had a composition in terms of moles per mole A1203:

1.25 moles Nazo
27.8 moles 8102
5.1 moles (CTMA)ZO
4.40 molgs (TMA)ZO
650 moles Hzo
The resulting solid product was recovered by
filtration and dried in air at ambient temperature.
The product was then calcined at 540°C for 1 hour in
nitrogen, followed by 6 hours in air. TEM indicated
that this product contained the ultra-large pore
material. The X-ray diffraction pattern of
the calcined product of this example can be

characterized as including a very strong relative



many randomy oriented crystals and to sinply search through the sanple
until & crystal giving the desired EDP (and hence orint H-om—storAal ed.
This latter technique was used to produce the electr REﬁLA HESHEEL

[ amtned by t _

n
AEEFa..
aperture in place. The instrunent has a Poi nt-to-poin 4.5 A
O her experinmental arrangenments famliar to one skillged in the art of High
resol ution (phase contrast) TEM coul d be used to prodwece—equtrval ent | nmages
provided care is taken to keep the objective |lens on the underfocus (weak
| eans) side of the mninmumcontrast |ens current setting. Exanple 21

Thi s exanpl e,i Ll ust.rat the use f a phous_ h) drocr cki talyst and
provi des a pADEERRLEY f@i %n"' E M‘ﬂ g‘%’\%gg 1iresm a
Persi an Gul f atr @&%e 2wgs lpﬁomxism.ax H400 KRa abs (1200 psi g) hydrogen

pressure, B00 1. | ghl Sl delB0Q SR, NANRE 51 W 4| Al 2800 CaFek SV

over an annrphous cagca
of 932 m“/g and the follow1ng equilibrium adsorption

capacities in grams/100 grams:

techni ques described above in a JEOL 200 CX transm s
m croscope operated at 200,000 volts with an effecti

HZO 39.3
Cyclohexane 46.6
n-Hexane 37.5
Benzene 50

Example 13

Two hundred grams of cetyltrimethylammonium (CTMA)
hydroxide solution prepared as in Example 1 was
combined with 4.15 grams of sodium aluminate and 100
grams of agqueous tetramethylammonium (TMA) silicate
solution (10% silica) with stirring. Twenty-five Qrams
of Hisil, a precipitated hydrated silica containing 6
wt ¥ free water and 4.5 wt % bound water of hydration
and having an ultimate particle size of 0.02 micron,
was added. The resulting mixture was placed in a steam
box at 100°C for 48 hours. The mixture had a
composition in terms o§ moles per mole A1203:

1.25 moles Nazo
27.8 moles sio2
5.1 moles (CTMA)ZO
4.4 moles (TMA)ZO

650 moles Hzo

The resulting solid product was recovered by
filtration and dried in air at ambient temperature.
The product was then calcined at 540°C for 1 hour in
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nitrogen, followed by 6 hours in air. The calcined
product proved to have the following equilibrium
adsorption capacities in grams/100 grams:

Hz° 35.2
Cyclohexane > 50
n-Hexane 40.8

Benzene 53.5

The X-ray diffraction pattern of the calcined
product may be characterized as including a very strong
relative intensity line at 39.1 % 2.0 A d-spacing and |
weak lines at 22.4 + 1.0 and 19.4 + 1.0 A. TEM
indicated that this product contained the ultra-large
pore material.

Example 14
A mixture of 125 grams of 29% CTMA chloride

aqueous solution, 200 grams of water, 3 grams of sodium
aluminate (in 50 grams H,0), 65 grams of Ultrasil,
amorphous precipitated silica available from PQ
Corporation, and 21 grams NaOH (in 50 grams H,0) was
stirred thoroughly and crystallized at 150°C for 168
hours. The reaction mixture had the following relative
molar composition in terms of moles per mole silica:

0.10 moles (CTMA)20
21.89 moles Hzo
0.036 moles NaAlo2

0.53 moles NaOH

The solid product was isolated by filtration,
washed with water, dried for 16 hours at room

t i es



Hydrogen, w % ' 12. 6 Ni trogen, ppm
08y

650 : Basic N trogen, ppm 1 . %
2.3 APl Gravity 22.6 REPLACEMENEM%‘EB nt |
[err]C ([err]F) 32 (90)

Par af fi ns 27. 7

8.3 Pol ynapht henes af i cs
49. 4 Simulated Dist., WMt %sg - F1§)
277 (531) 5 10
379 (715) ' 20 30
410 (770) 40 50
436 (816) 60

| temperature and calcined at 540°C for 10 hours in air.
The calcined product proved to have a surface area of
840 mz/g, and the following equilibrium adsorption
capacities in grams/100 grams:

H20 15.2
Cyclohexane 42.0
n-Hexane 26.5
Benzene 62

The X-ray diffraction pattern of the calcined
product may be characterized as including a very strong
relative intensity line at 40.5 + 2.0 A d-spacing. TEM
indicated that the product contained the ultra-large
pore material.

Example 15

To make the primary template mixture for this
example, 240 grams of water was added to a 92 gram
solution of 50% dodecyltrimethylammonium hydroxide, 36%
isopropyl alcohol and 14% water such that the mole
ratio of 301vent/R2/fo was 155. The mole ratio of
HZO/Rz/fO in this mixture was 149 and the IPA/Rz/f
mole ratio was 6. To the primary template mixture was
added 4.15 grams of sodium aluminate, 25 grams of
Hisil, 100 grams of aqueous tetramethylammonium
silicate solution (10% Sioz) and 13.2 grams of 25%
aqueous tetramethylammonium hydroxide solution. The
mole ratio of Rz/fO/(si02+A1203) was 0.28 for the
mixture.

This mlxture was stirred at 25°C for 1 hour. The
resultlng mlxture was then placed in an autoclave at
100°C and stirred at 100 rpm for 24 hours. The mixture
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in the autoclave had the following relative molar
composition in terms of moles per mole sio,:

0.05
0.036
0.18
0.12
36.0
1.0

mole Nazo

molg A1203

mole (clzTMA)zo
mole (TMA)ZO
moles HZO

mole IPA

The resulting solid product was recovered by
filtration, washed with water and dried in air at

ambient temperature.
540°C for 1 hour in nitrogen,

air.

The product was then calcined at
followed by 6 hours in

The calcined product proved to have a surface area
of 1223 mz/g and the following equilibrium adsorption
capacities in grams/100 grams:

Hzo 25.5
Cyclohexane 41.1
n-Hexane 35.1
Benzene 51

The X-ray diffraction pattern of the calcined
product may be characterized as including a very strong
relative intensity line at 30.8 + 1.5 A d-spacing and

weak lines at 17.9 £ 1.0 and 15.5 + 1.0 A.

TEM

indicated this product to contain the ultra-large pore

material.

Example 16

A 50.75 gram quantity of decyltrimethylammonium

95

heavy
1200Fpsig) hyfir pgen



n.l.l.[err] (4500 scf/bbl) hydrogen circulation, and 0.5 LHSV over

anor phbtus cat al yst system consi sting of DHC 2/ DHC46—cat=d
The DHC-2 catal yst serves as a hydrotreating catalﬁﬁﬁiﬂxi%aﬂmgéﬁ

-and sul fur content before the oil is processed in he hydrocrackin
of the reactor containing the DHC6 catal yst. The d-61quggygq7dc
bul k of the boiling range conversion. The catal yst] f§l1 rat)o was

f
g
es
36

ogen
sect-i on
t he

.4 g of

DHC-2 and 60.3 g of DHC-6 to give a HDTYHDC wei ght} rlat+o—of—0—6824 Wi tth a
- total catalyst volume of 150 m. The reactor fseverity is neasurjed by
650[ err]F- boiling range conversion which is definéd as: 650F- conversion

650[err] F+ in Feed (\t %9 - 650[err]F+ in Product (Wt %

650[err]F+ in Feed (Wt % The reactor severity was varied by

adj usti ng r elydaoxigte dpxaparad hyheantapt BRI [2red - D[wEr$ C
(700[err] - 75%%3&5@1 Y Wl@iﬁ%la%ﬂﬁ@%?&ﬂ&é Witk g

hydrotreatin%lan drocracKing reactors were

ydroxide-for-halide exchange resin) was combined with
8.75 grams of tetraethylorthosilicate. The mixture was

stirred for 1 hour and then transferred to a
polypropylene jar which was then placed in a steambox
for 24 hours. The mixture had a composition in terms
of moles per mole Siozz

0.81 mole (CloTMA)zo
47.6 moles Hzo
The resulting solid-product was filtered and
washed several times with warm (60°-70°C) distilled

water and with acetone. The final product was calcined

to 538°C in Nz/air mixture and then held in air for 8
hours. The calcined product proved to have a surface

area of 915 mz/g and an equilibrium benzene adsorption

capacity of 35 grams/100 grams. Argon physisorption
data indicated an argon uptake of 0.34 cc/gram, and a
pore size of 15 A. '

The X-ray diffraction pattern of the calcined
product of this example may be characterized as
including a very strong relative intensity line at 27
+ 1.5 A d-spacing and weak lines at 15.8 + 1.0 and 13
+ 1.0 A. TEM indicated that the product of this
example contained the ultra-large pore material.

Example 17

To eighty grams of cetyltrimethylammonium
hydroxide (CTMAOH) solution prepared as in Example 1
was added 1.65 grams of NaAloz. The mixture was
stirred at room temperature until the NaAlo2 was .

<5
7



mai ntai ned at the sanme tenperature for all runs. The results of these runs
are surmari zed graphically in Figures 1 and 2 of the draw ngs, as di scussed

bel ow. Exanpl e 22 A sanple of MCM41 (40 A) was prepared in
accordance with the nmethod descri bed bel ow.
74-
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dissolved. To this solution was added 40 grams of
aquecus tetramethylammonium (TMA) silicate solution (10
wt % Sioz)' 10 grams of HiSil, 200 grams of water and
70 grams of 1,3,5~trimethylbenzene (mesitylene). The
resulting mixture was stirred at room temperature for
several minutes. The gel was then loaded into a 600 cc
autoclave and heated at 105°C for sixty-eight hours
with stirring at 150 rpm. The mixture had a
composition in terms of moles per mole A1203:

1.25 moles Nazo
27.8 moles Sio2
5.1 moles (CTMA)ZO
2.24 moles (TMA)zo
2256 moles Hzo
80.53 moles 1,3,5-trimethylbenzene

The resulting product was filtered and washed
several times with warm (60°-70°C) distilled water and
. with acetone. The final product was calcined to 538°C
in N,/air mixture and then held in air for 10 hours.
The calcined product proved to have an equilbrium
benzene adsorption capacity of >25 grams/100 grams.

The X-ray diffraction pattern of the calcined
Product may be characterized as including a broad, very
strong relative intensity line at 102 A d-spacing, but
accurate positions of lines in the extreme low angle
region of the X-ray diffraction pattern are very
difficult to determine with conventional X-ray
diffractometers. Furthermore, finer collimating slits
were required to resolve a peak at this low 2-theta
angle. The slits used in this example, sﬁarting at the
X-ray tube, were 0.1, 0.3, 0.5 and 0.2 mm,



The follow ng m xture was charged to an autocl ave: 9965¢g .

Cet yl t r’i met hyl anmoni um ( CTMA) hydr oxi de, prepared by contacting a
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m xture was crystallized at 100[err]C f&2 20 hrs. {wthl 4Fab 1998 under

aut ogeneous pressure. The resulting product*was rpcpvered by filt i on and
dried in air at anbient tenperature. A sanple of {he product Was cdl ci ned

at 540[err] Cfor 1 hour in nitrogen, foll owed by“6e-how.s._in. alr far
characteri zation. The cal ci ned product had a surface area of 1120 nR/g
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example contained several materials with different d
values as observed in their electron diffraction
patterns. These materials were found tc possess dio
values between 85 A d-spacing and 120 A d-spacing.
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Example 18

To eighty grams of cetyltrimethylammonium
hydroxide (CTMAOH) solution prepared as in Example 1
was added 1.65 grams of NaAloz. The mixture was
stirred at room temperature until the NaAlo2 was
dissolved. To this solution was added 40 grams of.
aqueous tetramethylammonium (TMA) silicate solution (10
wt % Sioz), 10 grams of HiSil, 200 grams of water and
120 grams of 1,3,5-trimethylbenzene (mesitylene). The
resulting mixture was stirred at room temperature for
several minutes. The gel was then loaded into a 600 ml
autoclave and heated at 105°C for ninety hours with o
stirring at 150 rpm. The mixture had a composition in
terms of moles per mole A1203:

1.25 moles Nazo
27.8 moles Sio_2
5.1 moles (CTMA)ZO
2.24 moles (TMA)20
2256 moles Hzo
132.7 moles 1,3,5-trimethylbenzene

The resulting product was filtered and washed
several times with warm (60°-70°C) distilled water and
with acetone. The final product was calcined to 538°C
in Nzlair mixture and then held in air for 10 hours.
The calcined product proyed to have a surface area of
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915 mz/g and an equilbrium benzene adsorption capacity
of >25 grams/100 grams. Argon physisorption data
indicated an argon uptake of 0.95 cc/gram, and a pore
size centered on 78 A (Dollimore-Heal Method, see
Example 19(b)), but running from 70 to greater than 105
A. The X-ray diffraction pattern of the calcined

- product of this example may be characterized as having

only enhanced scattered intensity in the very low angle
region of the X-ray diffraction, where intensity from
the transmitted incident X-ray beam is usually
observed. However, TEM indicated that the product

contained several materials with different 4 values

100
as observed in their electron diffraction patterns.
These materials were found to possess d100 values

between 85 A d-spacing and 110 A d-spacing.

Example 19 .
To eighty grams of cetyltrimethylammonium

hydroxide (CTMAOH) solution prepared as in Example 1
was added 1.65 grams of NaAlO,. The mixture was
stirred at room temperature until the NaAlo2 was
dissolved. To this solution was added 40 grams of
aqueous tetramethylammonium (TMA) silicate solution (10
wt % sio ), 10 grams of HisSil, and 18 grams of

1,3 5-tr1methylbenzene (mesitylene). The resultlng
mixture was stirred at room temperature for several
minutes. The gel was then loaded into a 300 cc
autoclave and heated at 105°C for four hours with
stirring at 150 rpm. The mixture had a composition in
terms of moles per mole A1203:



and subsequently dried overnight at 121[err]C (250[err]F). A portion of the

resultant crystals was conbined with [err] to forma , -

by wei ght MCM 41 and 35 parts al um na. Water was adde:REPLA@EMENTﬁ_ T o
allow the resulting catalyst to be forned into extrudht

activated by calcination at 510[err]C (950[err]F) in pv VLF1E§®'6$

for 6 hours followed by the replacenent of the nitroggn|lw 4 !
air. The calcination was conpl eted by T#®4stng the tenpetature to.5
(1000[err] F) and maintaining that tenperature in Sv/vimn air for 18 hoprs.
Ni ckel and tungsten were incorporated via incipient we '
using solutions of [err] After drying overnight at 121[err]C
(250[err]F), the extrudate was calcined.in 5v/v/mn air at 538[err]C
(1000[err]F) for 3 hours. Physical and chem cal properties of the

Ni WMCM 41/ [err] catal yst are provided bel ow

1.25 moles Nazo
27.8 moles Sio2
5.1 moles (CTMA)ZO
2.24 moles (TMA)20
650 moles Hzo
19.9 moles 1,3,5-trimethylbenzene

The resulting product was filtered and washed
several times with warm (60°-70°C) distilled water and
with acetone. The final product was calcined to 538°C
in Nz/air mixture and then held in air for 8 hours.

The calcined product proved to have a surface area
of 975 mz/g and an equilbrium benzene adsorption
capacity of >40 grams/100 grams. Argon physisorption
data indicated an argon uptake of 0.97 cc/gram, and a
pore size of 63 A (Doliimore-Heal Method), with the
peak occurring at P/P°=0.65.

The X-ray diffraction pattern of the calcined
product of this example may be characterized as
including a very strong relative intensity line at 63 +
5 A d-spacing and weak lines at 36.4 + 2.0, 31.3 + 1.5
A and 23.8 + 1.0 A d-spacing. TEM indicated that the

product of this example contained the ultra-large pore
material.

Example 20
Axrgon Physisorption Determination

To determine the pore diameters of the mesoporous
products with pores up to 60 A in diameter, 0.2 gram
'samples of the products of Examples 1 through 17 were
placed in glass sample tubes and attached to a



Ni gkel , , wt % 3.7 Tungsten, W %

Sodi um "~ ppm 200 Surfa ;fﬁfigﬁ_1

530 Pore Vol une, ccl/g . 0.780 E 3 __ﬁmcle
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Exampl e 23 The catal yst of Exanple 22 was use i% éﬁ: I ng
catalyst in a DHC2/ NN WM_M 41 cascade MPHC reactor |s\st e cat rst
fill ratio was 4.08g of DHC-2 and 6.40§ ® N W MOM4 Lt o—givre—ttre sawe
HDT/ HDC wei ght ratio of 0.64 as in Exanple 21, with a

'physisorptidn apparatus as described in U.S. Patent No.
4,762,010.

The samples were heated to 300°C for 3 hours in
vacuo to remove adsorbed water. Thereafter, the
samples were cooled to 87°K by immersion of the sample
tubes in liquid argon. Metered amounts of gaseous
argon were then admitted to the samples in stepwise
manner as described in U.S. Patent No. 4,762,010,
column 20. From the amount of argon admitted to the
samples and the amount of argon left in the gas space
above the samples, the amount of'argon adsorbed can be
calculated. For this calculation, the ideal gas law

and the calibrated sample volumes were used. (See also'

S.J. Gregg et al., Adsorption, Surface Area and

Porosity, 2nd ed., Academic Press, 1982). 1In each
instance, a graph of the amount adsorbed versus the
relative pressure above the sample, at equilibrium,
constitutes the adsorption isotherm. It is common to
use relative pressures which are obtained by forming
the ratio of the equilibrium pressure and the vapor
pressure Po of the adsorbate at the temperature where
the isotherm is measured. Sufficiently small amounts
of argon were admitted.in each step to generate 168
data poigts in the relative pressure range from 0 to
0.6. At least 100 points are required to define the
isotherm with sufficient detail.

The step (inflection) in the isotherm, indicates
filling of a pore system. The size of the step
indicates the amount adsorbed, whereas the position of
the step in terms of P/P, reflects the size of the
pores in which the adsorption takes place. Larger
pores are filled at higher P/Po. In order to better
locate the position of the step in the isotherm, the

9.

2
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of “Exarfpl e 21 were used. Severity was vari ed by adjustlng react or

tenperature from 382[err]-410[err]C (720[err]- Ler wlts of
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case anorphous DHC6 catal yst. These results are a

| so

derivative with respect to log (P/Po) is formed. The
adsorption peak (stated in terms of log (P/Po)) may be
related to the physical pore diameter (i) by the

following formula:

= . -
_ K l 54 SJ.O s4 slo I
log(P/P,)= l - - *
a-0.38 |3(z-0/2)° 9(t-o/2)%  3(o/2)3 9(p/2)?
| I —

where d = pore diameter in nanometers, K = 32.17, S =

0.2446, L = d + 0.19, and D = 0.57.

This formula is derived from the method of Horvath
and Kawazoe (G. Horvath et al., J. Chem. Eng. Japan, 16
{6) 470(1983)). The constants required for the
implementation of this formula were determined from a
measured isotherm of ALPO-5 and its known pore size.
This method is particularly useful for microporous
materials having pores of up to 60 A in diameter.

The results of this procedure for the samples from
Examples 1 through 16 are tabulated below. The
from Examples 10, 13 and 15 gave two separate peaks,
believed to be the result of two separate ultra~-large

pore phases in the products.

samples
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Examples Pore Diameter, 4

1 32.2
2 35.4
3 42.5
4 39.6
5 16.9
6 27.3
7 36.6
8 42.6
9 28.3
10 22.8, 30.8
11 36.8
12 36.1
13 35.0, 42.1
14 40.0
15 22.4, 30.4
16 15.0

By way of comparison, a commercially prepared
sample of zeolite USY (equilibrium benzene sorption
capacity of 20.7 grams/100 grams, X-ray diffraction
pattern with all the lines of zeolite Y and with the
highest d-spacing at 14 A) had a pore diameter of 8.3 A
as determined by the above method.

The method of Horvath and Kawazoe for determining
pore size from physisorption isotherms was intended to
be applied to pore systems of up to 20 A diameter; but
with some care as above detailed, its use can be
extended to pores of up to 60 A diameter.

In the pore regime above 60 A diameter, the Kelvin
equation can be applied. It is usually given as:
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These results once again show that an ul #8a=|arge porb—mmlecul ar _si eve kan

produce kerosene and

-2YV
In(P/P,) = cos ©
rkRT
where:
Y = surface tension of sorbate
v = molar volume of sorbate
e = contact angle (usually taken for practical
reasons to be Q)

R = gas constant
T = absolute temperature
Tp = capillary condensate (pore) radius
P/Po = relative pressure (taken from the

physisorption isotherm)

The Kelvin equation treats adsorption in pore
systems as a capillary condensation phenomenon and
relates the pressure at which adsorption takes place to
the pore diameter through the surface tension and
contact angle of the adsorbate (in this case, argon).
The principles upon which the Kelvin equation are based
are valid for pores in.the size range 50 to 1000
Angstrom diameter. Below this range the equation no
longer reflects physical reality, since true capillary
condensation cannot occur in smaller pores; above this
range the logarithmic nature of the equation precludes
obtaining sufficient accuracy for pore size
determination.

The particular implementation of the Kelvin
equation often chosen for measurement of pore size is
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that reported by Dollimore and Heal (D. Dollimore and
G.R. Heal, J. Applied chem, 14, 108 (1964)). This
method corrects for the effects of the surface layer of
adsorbate on the pore wall, of which the Kelvin
equation proper does not take account, and thus
provides a more accurate measurement of pore diameter.
While the method of Dollimore and Heal was derived for
use on desorption isotherms, it can be applied equally
well to adsorption isotherms by simply inverting the
data set.

Transmission Electron Microscopy

In order to illuminate the microstructure of
materials by transmission electromicroscopy (TEM),
samples must be thin enough for an electron beam to
pass through them, generally 500-1000 A or so thick.
The crystal morphology of the present materials usually
required that they be prepared for study by
ultramicrotomy. While time consuming, this technique
of sample preparation is quite familiar to those
skilled in the art of electron microscopy. The
materials are embedded in a resin, in this case a
commercially available-low viscosity acrylic resin L.R.
WHITE (hard), which is then cured at 80°C for 1 1/2
hours. Thin sections of the block are cut on an
ultramicrotome using a diamond knife and sections in
the thickness range 500-1000 A are collected on fine
mesh electron microscope support grids. For these
materials, an LKB model microtome with a 45°C diamond
knife edge was used; the support grids were 400 mesh
copper grids. After evaporation of a thin carbon
coating on the sample to prevent charging in the
microscope (light gray color ori a white sheet of paper
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next to the sample in the evaporator), the samples are
ready for examination in the TEM.

- High resolution TEM micrographs show projections
of structure along the direction that the sample is
viewed. For this reason, it is necessary to have a
sample in specific orientations to see certain details
of the microstructure of the material. For crystalline
materials, these orientations are most easily chosen by
observing the electron diffraction pattern (EDP) that
is produced simultaneously with the electron microscope
image. Such EDPs are readily produced on modern TEM
instruments using, e.g. the selected area field
limiting aperture technique familiar to those skilled
in the art of electron microscopy. When an EDP with
the desired arrangement of diffraction spots is
observed, the corresponding image of the crystal giving
that EDP will reveal details of the microstructure _
along the direction of projection indicated by the EDP.
In this way, different projections of a crystal’s
structure can be observed and identified using TEM.

In order to observe the salient features of the
crystalline product, it is necessary to view the
material in an orientation wherein the corresponding
EDP gives a hexagonal arrangement of diffraction spots
from a single individual crystal. If multiple crystals
are present within the field limiting aperture,
overlapping diffraction patterns will occur that can be
quite difficult to interpret. The number of
diffraction spots observed depends to a degree upon the
regqularity of the crystalline arrangement in the
material, among other things. At the very least the
inner ring of bright spots should be observed to obtain
a good image. Individual crystals can be manipulated
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by specimen tilt adjustments on the TEM until this
orientation is achieved. More often, it is easier to
take advantage of the fact that the specimen contains
many randomly oriented crystals and to simply search
through the sample until a crystal giving the desired
EDP (and hence orientation) is located. This latter

al yst
of the
or the

technique was used to produce the electron micrographs.

Microtomed samples of materials from the Examples

were examined by the techniques described above in a
JEOL 200 CX transmission electron microscope operated
at 200,000 volts with an effective 2 A objective

aperture in place. The instrument has a point-to-point

resolution of 4.5 A. Other experimental arrangements
familiar to one skilled in the art of high resolution
(phase contrast) TEM could be used to produce
equivalent images provided care is taken to keep the
objective lens on the underfocus (weak leans) side of
the minimum contrast lens current setting.

Example 21

This example illustrates the use of an amorphous
hydrocracking catalyst and provides a base case for
comparison.

A heavy vacuum gaé oil from a Persian Gulf crude
was processed at 8400 kPa abs (1200 psig) hydrogen

pressure, 800 n.i.1.” ' (4500 SCFB) hydrogen circulation
and 0.5 LHSV over an amorphous cascaded catalyst system
consisting of DHC-2 followed by DHC-6. Both catalysts
are manufactured by UOP. The VGO properties are listed
in Table 1 below.



MCM 41 catal yst was inproved by 23% over the DHC 6
| evel dropped from19.6 to 14.0 wt % This can inp
| ube upgradi ng applications since |owe

bottons for
desired for producing prem um qua
25

portion of the resultant materi al
commer ci al USY ( TOSOH HSZ- 360HUA)

MCM 41, 40 parts USY, and 20 parts [err]

Preparation of Ni WMM 41/ USY/ [err]
The product of Exanple 22 was exchanged wi th agueols soO
nitrate and subsequently dried overni gh?¥2at 121[er

ity high viscos

was conbi ned with al um na and o™
to forma m xture of 40 parts,

to allowthe resulting catalyst to be forned into extrudates.
catal yst was activated by cal cination as described in Exanple 22 above
except that the calcination of the uninpregna ed catal yst was conpleted in

air at 538[err]C (1000[err]F) for 12 hours._ |ncorpo f the nickel and
tungsten was made in the saw@E8QﬁE§%§§—9§—3§§§l§ﬁléﬁiffﬁéﬁ

Hydrogen, wt % 12.6
Nitrogen, ppm 650
Basic Nitrogen, ppm 198
Sulfur, wt % 2.3
API Gravity 22.6
Pour Point, °C (°F) 32 (90)
Composition, wt %
Paraffins 27.7
Mononaphthenes 8.3
Polynaphthenes 14.6
Aromatics 49.4
Simulated Dist., wt %
IBP, °C (°F) 277 (531)
5 364 (687)
10 - 379 (715)
20 396 (745)
30 410 (770)
40 423 (793)
‘50 436 (816)
60 449 (841)
70 463 (866)
80 481 (897)
- 90 506 (942)
95 521 (970)
EP 577 (1071)

.~ The heavy vacuum gas oil feed was processed at
8380 kPa abs (1200 psig) hydrogen pressure, 800

The

by wei ght,
Water was added to this m xture



descri bed above. Physical and chem cal properties of the Ni WMCM 41/ USY/

[err]
- 80-

Hydr ocracki ng Catal yst Properties Ni ckel , Wt %

catal yst are shown in Table 6 bel ow

Table 6 NI REPEACEMENT Y SHEET

14 FEB 1997
.

n.1.1.7t (4500 scf/bbl) hydrogen circulation, and 0.5

LHSV over amorphous catalyst system consisting of
DHC-2/DHC-6 catalysts (UOP).

The DHC-2 catalyst serves as a hydrotreating
catalyst to reduce nitrogen and sulfur content before
the oil is processed in the hydrocracking section of
the reactor containing the DHC6 catalyst. The DHC-6
catalyst does the bulk of the boiling range conversion.
The catalyst fill ratio was 38.4 g of DHC-2 and 60.3 g
of DHC-6 to give a HDT/HDC weight ratio of 0.64 with a
total catalyst volume of 150 ml.

The reactor severity is measured by 650°F- boiling
range conversion which is defined as:

650°F- conversion =

650°F+ in Feed (wt %) - 650°F+ in Product (wt %)
650°F+ in Feed (wt %)

The reactor severity was varied by adjusting
reactor temperature in the range 371°-399°C
(700°-750°F) at constant LHSV. The temperatures of the
hydrotreating and hydrocracking reactors were
maintained at the same temperature for all runs. The
results of these runs ére summarized graphically in
Figures 1 and 2 of the drawings, as discussed below.

Example 22
A sample of MCM-41 (40 A) was prepared in

accordance with the method described below.



Tungsten, wt % 14.8 Sodi um ppm
Area, ferr]/g 430 Pore Volunme, nm/g

g/ m 0. 753 Real Density, g/m 3.046 Exanpl
Exanpl e 25 was used as a hydrocracki ng catal yst §nj a é%%
pressure hydrocracking runs. The sanme feed and pjoges 4 [
Exanpl e 21 were used. The hydrotreating catal yst jf@r_this set offri
commercial Ni Mo/ [err] catal yst (HDN 6074 Anericaf Cyananmid). The r
was filled with 6.27 grans (8.0 m ) of HDN 60 an m ) of
the conmposite. N W MCM 41/ USY catal yst: Severity was vari ed by adjustlng
reactor tenperature from371[err]-393[err]C (700[err]-740[err]F). The
results of these runs are summarized in Figures 1 and 2. The acti-vity
conparison of the results of Exanples 21, 25 and 26 is shown in Figure 1.
It can be seen th@hec@vlivwing adikitureywhsr chiaegedniusidre axetadlaxte as

20._Surface

REPEAQEMF!@ SHEE

ric \,a

>z

9965g Cetyltrimethylammonium (CTMA) hydroxide,
prepared by contacting a 29 wt % N,N,N-
trimethyl~l-hexadecylammonium chloride
solution with a hydroxide~for-halide
exchange resin,

208g Sodium aluminate, _

492g Tetramethylammonim silicate (10% aqueous
solution),

1245g Precipitated hydrated silica (HisSil +).

The mixture was crystallized at 100°C for 20 hrs.
with srirring under autogeneous pressure. The
resulting product was recovered by filtration and dried
in air at ambient temperature. A sample of the product

- was calcined at 540° C for 1 hour in nitrogen, followed
by 6 hours in air for characterization.

The calcined product had a surface area of 1120
mz/g and the following equilibrium absorption
capacities in grams/100 grams: '

HZO ' ] 10.8
Cyclohexane >50
n-hexane >50
Benzene 67

The product was identified as MCM-41 with an X-ray
diffraction pattern which included a very strong
relative intensity line at 38.4 + 2.0 A d-spacing, and
weak lines at 22.6 + 1.0, 20.0 + 1.0, and 15.2 +1.0 A.

The MCM-41 crystalline product was exchanged with
room temperature aqueocus solutions of ammonium nitrate



|nproved as conpared to the DHC-6 and MCM 41 cat al yst systens. Fi gure
2 shows the 343[err] G (650[err]F-) product sel ectivities as-a function of
343[err] G (650[err]F-) boiling range conversion fREPLApr§$H1 HEET
Exanpl es 21, 25 and 26.
These data ShOMlthat kerosene 166[err]-227[err]C '330[ rﬁ %ﬁ%er 1F) and
distillate 227[err]-343[err]C (440[err]-650[err] F) 9 ﬁﬁ ;1 ]
conparabl e for the MOM 41/ USY catal yst & “conpared ta thp DHC- 6..ahd! MCOM 41
catal ysts. These results are also shown in tabulaf formfor a '

0.

and subsequently dried overnight at 121°C (250°F). A
portion of the resultant crystals was combined with
A1203 to form a mixture of 65 parts, by weight MCM-41
and 35 parts alumina. Water was added to this mixture
to allow the resulting catalyst to be formed into
extrudates. The catalyst was activated by calcination
at 510°C (950°F) in Sv/v/min of nitrogen for 6 hours
followed by the replacement of the nitrogen with
Sv/v/min of air. The calcination was completed by
raising the temperature to 538°C (1000°F) and
maintaining that temperature in sv/v/min air for 18
hours. Nickel and tungsten were incorporated via
incipient wetness coimpregnation using solutions of

Ni (NO )2 6H20 and (NH )6 2 12040.H20. After drying
overnight at 121°C (250°F), the extrudate was calcined
in 5v/v/min air at 538°C (1000°F) for 3 hours.
Physical and chemical properties of the
_NiW/MCM-41/A1203 catalyst are provided below:

Nickel, wt % 3.7
Tungsten, wt % 9.2
Sodium, ppm - 200
Surface Area, mz/g 530
Pore Volﬁme, ce/g 0.780
Particle Density, g/cc 0.883
Real Density, g/cc 2.837

Example 23
The catalyst of Example 22 was used as the

hydrocracking catalyst in a DHC2/NiW MCM-41 cascade
MPHC reactor system. The catalyst fill ratio was 4.08g
of DHC-2 and 6.40g of NiWw-MCM-41 to give the same
HDT/HDC weight ratioc of 0.64 as in Example 21, with a



conversjon level of 45 w%target feed conversion, in Table 7 bel ow.

Table 7 Hydr ocracki ng of VGO Bl end (4, 1200
psig, 0.5 LHSV) : T CHYMYU60/ Nl W
Cat al yst DHC- 2/ DHC- 6 DHC- 2/ Ni-W MCMA1 USY/ MCMA R~ rReaetro =, Jerr]C
([err]F) 396 (745) 401 (753) 389 (373pR) Product

Conposi tion, w % Cl-C4 2.6 ' 4 d 4 FEB 3.5
C5-330[ err] 11 10.5 - 76 - 10. 330- 440[err1 9.5
9.0 10.0 -

total catalyst volume of 20.2cc. The feed and process
conditions of Example 21 were used. Severity was
varied by adjusting reactor temperature from 382°-410°C
(720°=770°F) . The results of these runs are summarized
graphically in Figures 1 and 2.

An activity comparison between Examples 21 and 23
is shown in Figure 1. It can be seen that conversion
acti#ities are similar and within 5.6°C (10°F) for both
catalyst systems.

Figure 2 shows the 343°C- (650°F—-) product
selectivities as a function of 343°C- (650°F-) boiling
range conversion for the results of Examples 21 and 23.
The data show that the selectivities for kerosene
166°=-227°C (330°-440°F fraction) and distillate
227°-343°C (440'-650‘F fraction) are almost identical
for the MCM-41 catalyst system as compared to the base
case amorphous DHC6 catalyst. These results are also
shown in tabular form for a conversion level of 45 wt
%, in Table 4 below:



440-650[ err] 22.5 22.5 22.0  650-750[err]
18 - 35

18 750[ err] + 35
EEEL}Bblfo?goo nO; . [err] 125-134 151.i 169
75 (850) . (9504 REPL ;
- 82- | mprovenents in conversion activiiy \Méggyg%gliiﬁ T
-77 - 14 FEB 1997
Table 4

MPHC of VGO BLEND
5 wt% Conversion

lyst DHC-2/DHC—6 DHC=2/NiW-MCM-4

Reactor Temp., :
*C (°F) 396 (745) 401 (753)

Product Composition,

wt %

c1~C4 2.6 4.0

C5-330 11 10.5

330-440 9.5 9.0

440-650 22.5 22.5

650-750 18 18

750+ 35 35

H2 Cons, n.l.l.” % 124-133 - 151
(SCFB) (700-750) (850)

. These results once again show that an ultra-large
pore molecular sieve can produce kerosene and
distillate yields comparable to an amorphous catalyst
system. '

18

35



by the USY/ MCM 41 conposite catalyst and that there is a decrease in |ight
gds yi éld conpared to the MCM 41 catal yst. These 2an

MCM 41 ultra-large pore nol ecul ar sieve in conbi EKEPIUAOEMENE‘SWI\ er pore
nol ecul ar sieve, can produce kerosene and distil ljat drdble to
an anor phous catal yst system but with better hydr I i qy.

The use of an ultra-large pore nol ecul ar sieve foy ygﬁﬁtggéﬁfﬁg,
especially at the low to noderate hydrod@n~press ' g,

provi des an attractive option for obtaining kerosene and distillat
selectivities which conpare to state-of-the-art akerphous—based catal ysts.
Benefits of utilizing these catalysts in processes of this kind include an
i ncrease in ﬁg%%ﬂ%%v%gality and a potential increase in stability, since
mol ecul ar siev been shown to be nore stable than anorphous

catal ysts. |n addTheoBotaheLianjdhPyrdygts {TLFYr sAMRIeR e EXAMPIRS pr esent
Mesopor ous snlppaﬁaswaaertﬁb_SsaﬁeOﬁseﬁae%I 2onR@1eiidn Iwézfémifsﬁmﬂéa:r acki ng

where the catal yst_ needs ree of .a c .functionali rovi de
the cracking ?u%&?46n739nFtohgﬁﬁngngPt?E& ﬁt%b eﬁﬁ%ﬁﬁﬁ%ﬁﬂ ¥st s,
this woul d banalpzéeded wabaehSQboneahnsetheamesyhtstdﬁaunmsﬂyst but for

the fact thagobDlg;con.

TABLE 5
tto Pro ies at
wt% 650°F+ Conversio

- 730°F+ Properties Example 22 Example 24
Nitrogen, ppm 15 3
Mol. Weight 406 388
Pour Point, °C (°F) 35 (95) 32(90)
KV @ 100°C, mm2/s 5.019 4.804

Composition, wt %

Paraffins 44.5 43.3
Mononaphthenes 15.7 19.3
Polynaphthenes 20.2 : 23.4
Aromatics . 19.6 14.0

Simulated Dist.,

wt $ °C (°F)
IBP/5 343/377 (650/711) 372/388 (701/731)
10/50 389/438 (733/820) 396/436 (745/817)

It can be seen that the MCM-41 catalyst of Example
23 was much more effective in reducing the nitrogen
level of the bottoms to a very low level of 3 ppm as
compared to a 15 ppm level for the catalyst of Example



et al

woul d reduce the ambunt of matrix material avail abl g—te—s4pport _the
functi dn. The high surface area of the nmesoporous SlREHLASENM@MESHEET
it

A,

enabl es ‘high netal |oadings to be readily accomodat white—stit
provi di ng adequate acidic functionality. _
- 83 - CLAI MS: 1. A hydrocracking proces$s mﬁqﬁﬁEEBﬁFVisas
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21. Also, the degree of aromatic saturation for the
MCM-41 catalyst was improved by 23% over the DHC-6
catalyst. Aromatics level dropped from 19.6 to 14.0 wt
%¥. This can impact the quality of the bottoms for lube
upgrading applications since lower aromatics levels are
desired for producing premium quality high visco#ity
index lubes.

Example 25 :

Preparation of NiW/MCM-41/USY/A1203 hydrocracking
catalyst.

The product of Example 22 was exchanged with
aqueous solutions of ammonium nitrate and subsequently.
dried overnight at 121°C (250°F). A portion of the
resultant material was combined with alumina and a
commercial USY (TOSOH HSZ-360HUA) to form a mixture of
40 parts, by weight, MCM-41, 40 parts USY, and 20 parts
A1203. Water was added to this mixture to allow the
resulting catalyst to be formed into extrudates.

The catalyst was activated by calcination as
described in Example 22 above except that the
calcination of the unimpregnated catalyst was completed
in air at 538°C (1000°F) for 12 hours. Incorporation
of the nickel and tungéten was made in the same way as
described above. Physical and chemical properties of
the NiW/MCM-41/USY/A1203 catalyst are shown in Table 6
below:



‘contacting a hydrocarbon feed in the presence of hydrogen with a

brfunctional hydrocracking catal yst having acidic fig TR Y cagm

hydr ogenat i on- dehydr ogenati on functionality, and ccﬁﬁ?té@ﬂ@ﬁgg S h’é ni c,
porous crystalline phase material having pores with dianeters of aff ljeast
13 Angstrom Units and exhibiting, after calcination, |an{%Fed 1997 f agti on
pattern with at |east one peak at a d-spacing greatjerf than 18 A wi t{hta
relative intensity of 100. 2. =MBhydrocr ackiln rocess accordijng to
claiml in which the crystalline phase exhibits, affer calcination
hexagonal arrangenent of uniformy sized pores with dianeters of at |east
13 A and which exhibits, after calcination, a hexagonal electron
diffraction pattern that car)%%}glré' rgdexed with a [err] value greater than 18

Angstrom Units. 3. A ocracki ng process according to claim1
wherein the crystalline phdiW/AMCM=a1lIS¥y diffraction pattern foll ow ng
calcination with c REealvst Properties

Nickel, wt % 4.4

Tungsten, wt % 14.8

Sodium, ppm 80

Surface Area, mz/g 430

Pore Volume, ml/g 1.000

Particle Density, g/ml 0.753 Real Density, g/ml

3.046

Example 26

fhe catalyst of Example 25 was used as a
hydrocracking catalyst in a set of moderate pressure
hydrocracking runs. The same feed and process
conditions as in Example 21 were used. The
hydrotreating catalyst for this set of runs was a
commercial NiMq/A1203 catalyst (HDN-60, American
Cyanamid). The reactor was filled with 6.27 grams (8.0
ml) of HDN-60 and 4.45 grams (12.0 ml) of the composite.
NiW/MCM-41/USY catalyst. Severity was varied by
adjusting reactor temperature from 371°-393°C
(700'-740‘F). The results of these runs are summarized
in Figures 1 and 2.

The activity comparison of the results of Examples
21, 25 and 26 is shown in Figure 1. It can be seen
that conversion activity for the composite catalyst was
improved as compared to the DHC-6 and MCM-41 catalyst

. systems.

Figure 2 shows the 343°C- (650°F-) product
selectivities as a function of 343°C- (650°F-) boiling
range conversion for the results of Examples 21, 25 and



whose d-spacing corresponds to the d value fromthe
160 el%ectron diffraction pattern. 4. A hyd
according to claiml wherein the crystalline phas
adsorption capacity of greater than about 15 gra
6.7 kPa (50 torr) and 25[err]C

he
enzene per 109 prans at
14FEB 1997 |-[84 -
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26. These data show that kerosene 166°-227°C
(330°-440°F) and distillate 227°-343°C (440°-650°F)
selectivities are comparable for the MCM-41/USY
catalyst as compared to the DHC-6 and MCM-41 catalysts.
These results are also shown in tabular form for a
conversion level of 45 wt% target feed conversion, in
Table 7 below. .
Table 7
Hydrocracking of VGO Blend
wt Conversion, 1200 psi 0.5 LHSV

_ HDN-60/NiW
Catalyst DHC-2/DHC-6 DHC-2/NiW-MCM41 USY/MCM41

Reactor

Temp.,

*C (*F) 396 (745) 401 (753) 389 (732)

Product

Composition,

wt %
Cl-C4 2.6 ' 4.0 3.5
C5-330° 11 10.5 10.5
330~440° 9.5 9.0 10.0
440-650° 22.5 22.5 22.0
650-750" 13 18 ' 18
750°+ 35 35 35
Hy
Cons, _
n.1.1."1  12s5-134 151 169

(SCF/Bbl) (700-750) (850) (950)



5. _A hydrocracki ng process according to claim1 ' - talline
phase has a conposition expressed as foll ows: ]
wherein Mis one or nore ions; n is the charge of jt he conpG3i cl udi ng
M expressed as oxides; g is t he wei ght ed nol ar avgr [
t he nunber of noles or nole fraction of M Wis
elements; X is one or nore trivalent elenents; Y/is ] efraval ent
elements; Z is one or nore pentaval ent~ @Penents -
fractions of W X, Y, and Z, respectively; his a nunber
and (atb+c+d) = 1. 6. A hydr ocr acki ng process according to claim4
wherein Wconprises a divalent first row'transition metal or magnesium X
conprises al um num boron, galliumor iron; Y conprises silicon or

ger mani um and Z conprises phosphor us. 7. A hydrocracki ng process
accordi ng to cl ai nimprovements in conversion activity were obtained

by the USY/MCM-41 composite catalyst and that there is
a decrease in light gas yield compared to the MCM-41
catalyst. These results show that an MCM-41
ultra-large pore molecular sieve in combination with a
smaller pore molecular sieve, can produce kerosene and
distillate yields comparable to an amorphous catalyst
system, but with better hydrocracking activity.

The use of an ultra-large pore molecular sieve for
hydrocracking, especially at the low to moderate
hydrogen pressure described above, provides an _
attractive option for obtaining kerosene and distillate
selectivities which compare to state-of-the-art
amorphous based catalysts. Benefits of utilizing these
catalysts in processes of this kind include an increase
in bottoms quality and a potential increase in
stability, since molecular sieves have been shown to be
more stable than amorphous catalysts. In addition, the
very high surface area possessed by the present
mesoporous supports materials is of especial benefit in
fuels hydrocracking where the catalyst needs a high
degree of acidic functionality to provide the cracking

~function. In conventional zeolitic hydrocracking
catalysts, this would be provided by a high zeolite
loading in the catalyst but for the fact that this
would reduce the amount of matrix material available to
support the metal function. The high surface area of
the mescporous supports, however, enables high metal
loadings to be readily accommodated while still
providing adequate acidic functionality.




wherein a and d are 8. A hydrocracking process >
according to cla|n1 X conprlses al um num s A RHEe i ron
and Y conprises sil Mﬁ@ﬂ 9. A ngfmfngﬁ rbfess
according to claim8 |ses al um numjand Y conprisesjsilicon.

10. A hydrocracking process accordﬁng toclaim1l n whi 4 IF Eighepo Zatal'st
conprises at |east one netal of G oups VIA VIIA VIITA of t Pelri odi c

Tabl e. - 83 -

CLAIMS:

1. A hydrocracking process which comprises
contacting a hydrocarbon feed in the presence of
hydrogen with a bifunctional hydrocracking catalyst
having acidic functionality and
hydrogenaticn-dehydfogenation functionality,and
comprising an inorganic, porous crystalline phase
material having pores with diameters of at least 13
Angstrom Units and exhibiting, after calcination, an
X-ray diffraction pattern with at least one peak at a
d-spacing greater than 18 A with a relative intensity
of 100.

2. A hydrocracking process according to claim 1
in which the crystalline phase exhibits, after
calcination, a hexagonal arrangement of uniformly sized
pores with diameters of at least 13 A and which
exhibits, after calcination, a hexagonal electron
diffraction pattern that can be indexed with a 4,00
value greater than 18 Angstrom Units.

3. A hydrocracking process according to claim 1
wherein the crystalline phase has an X-ray diffraction
pattern fdllowing calcination with at least one peak
whose d-spacing corresponds to the dloo value from the
electron diffraction pattern.

4. A hydrocracking process according to claim 1
wherein the crystalline phase exhibits a benzené
adsorption capacity of greater fhan about 15 grams
benzene per 100 grams at 6.7 kPa (50 torr) and 25°C.



- 85 - 11 A hydrocracking process accordin
t he cafal yst conprises at Teast—ome netal of G oup FﬁﬂiﬂuﬂﬂﬂﬁmﬂbgHEET e
nmetal of G oup V' di ¢ Tabl e. ATy droct-aek
process accordin ’"lﬁlmiﬂa‘"ﬂuﬂﬁ}\ ich the feed is c¢nfa %3% h th,
catal yst at a pressute o 00 to 10600 kPa (490}t (ﬁg
(reactor inlet), a tenperature from288[err] to 440} et3-C (RRnrerr] t

825[err]F), and a space velocity from-ts82 4o 2.0 LHBV. S 13, A
hydr ocracki ng process according to claim12 in whi chmtrirefeetd—+s—eo6it

A VA~ g

cted
with the catalyst at a pressure of from 5600 to 8400 kPa (800 to 1200 psi g)
(reactor inlet), a tenperature from343[err] to 427[err]C (650[err] to

800[err]F), and a space velocity from0.5 to 2.0 LHSV.
5. A hydrocracking process according to claim 1

wherein the crystalline phase has a composition
expressed as follows:

My /q(Ta¥p¥c?a%)

wherein M is one or more ions; n is the charge of the
composition excluding M expressed as oxides; g is the
weighted molar average valence of M; n/q is the number
of moles or mole fraction of M; W is one or more
divalent elements; X is one or more trivalent elements;
Y is one or more tetravalent elements; Z is one or more
pentavalent elements; a, b, ¢, and d are mole fractions
of W, X, ¥, and Z, respectively; h is a number of from
1 to 2.5; and (atb+ctd) = 1. '

6. A hydrocracking process according to claim 4
wherein W comprises a divalent first row transition
metal or magnesium; X comprises aluminum, boron,
gallium or iron; Y comprises silicon or germanium; and
Z comprises phosphorus.

7. A hydroéracking process according to claim 4
wherein a and d are 0 and h = 2.

8. A hydrocracking process according to claim 7
wherein X comprises'aluminum, boron, gallium or iron
and Y comprises silicon or germanium.

9. A hydrocracking brocess according to claim 8
wherein X comprises aluminum and Y comprises silicon.

10. A hydrocracking process according to claim 1
in which the catalyst comprises at least one metal of
Groups VIA, VIIA or VIIIA of the Periodic Table.



14. A hydrocrackLﬂg_nggggg_gggg;gggg toclaim1l i hich the conversion to
| Bwer *oi | i ng range products i 30 to 70 wt %|REPLACE T ABTdess

oroduct =5 om IRMVTMAMNE " 5" A"y o
€N

ﬁL 16. A hydrogr dcki ngF r ocess
according to claim®* in whieh bt |£%?9%7ng

onversion to | over
products is from40 to 70 vt % 17. A procegs cording to ¢l aim16
in which the conversion to 343[err]C (650[err]F-) fproducts is fron1F0 to
70 Wt % - 8 - - |

11. A hydrocracking process according to claim 1
in which the catalyst comprises at least one metal of '
Group VIA and at least one metal of Group VIIIA of the
Periodic Table.

12. A hydrocracking process agcording to claim 1
in which the feed is contacted with the catalyst at a
pressure of from 2900 to 10600 kPa (400 to 1500 psig)
(reactor inlet), a temperature from 288° to 440°C (550°
to 825°F), and a space velocity from 0.2 to 2.0 LHSV.

13. A hydrocracking process according to claim 12
in which the feed is contacted with the catalyst at a
pressure of from S600 to 8400 kPa (800 to 1200 psiqg)
(reactor inlet), a temperature from 343° to 427°C (650°
to 800°F), and a space velocity from 0.5 to 2.0 LHSV.

14. A hydrocracking process according to claim 1
in which the conversion to lower boiling range products
is from 30 to 70 wt %.

15. A process according to claim 14 in which the
conversion to 343°C- (650°F-) products is from 30 to 70
wt %.

16. A hydrocracking proéess according to claim 1
in which the conversion to lower boiling range products
is from 40 to 70 wt %.

17. A process according to claim 16 in which the
conversion to 343°C- (650°F-) products is from 40 to 70
wt %.
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wherei™n the cata y ally conprises a zeoI|REPER
e

A process accordi | aim 18 i n which the zeoli COHPERERt ¥
| arge pore size ZIMI Iﬂ M|”m es wWth an averagejpore size of
7.4 A : ymbingtoclaimwinV\,hérFBlé‘?W_

18. A process according to any one
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18. A process according to any one of the
preceding claims wherein the catalyst additionally
comprises a zeolite component.

19. A process according to claim 18 in which the
zeolite component comprises a large pore size zeolite
having pores with an average pore size of at least 7.4
A,

20. A process according to claim 19 in which the
Zeolite component comprises a zeolite having the
faujasite structure.

21. A process according to claim 20 in which the
Zeolite component comprises zeolite Y.

22. A process according to claim 21 in which the
Zeolite component comprises zeolite USY.

23. A process according to claim 18 in which the
Zeolite component comprises an intermediate pore size
Zeolite.

24. A process according to claim 23 in which the
zZeolite component comprises 2ZSM-5 as the intermediate
pore size zeolite.

| ai ms
19.

ses a

| east



zeglite conponent conprises a zeolite having the fauj

asite structure.

217 A process according to claim20 in which the zeo

the zeolite conmponent conprises zeolite USY. _
to claim18 in which the zeolite conponent conprises
size zeolite. 24. A process according to cl ai

g ——
conprises zeolite Y. 22. A process according REMW?I%W ich
i 2
:h
2

A process accdrdlng
i1 BEBeidd At € qor e

zeol ite conponent conprises ZSM5 as Phé7hﬂternediate pore size Z€o

3 in which tHe
4e

YDROC ING WITH ULT
S C YSTS

Abstract

A hydrocracking process uses a catalyst which is
based on an ultra-large pore crystalline material. The
crystalline material has pores of at least 13 A
diameter arranged in a uniform manner and exhibits
unusually large sorption capacity demonstrated by its

benzene adsorption capacity of greater
benzene/100 grams (50 torr and 25°C).

than 15 grams
A preferred form

of the catalyst has a hexagonal structure which
exhibits a hexagonal electron diffraction pattern that
can be indexed with a d,,, value greater than 18 &. 1In
one embodiment of this invention, the catalyst
additionally comprises a zeolite component. The

hydrocracking catalysts based on these

materials are

capable of producing hydrocracked products of improved
quality with lower nitrogen and aromatic content.

(FIGURE 1 IS SUGGESTED FOR PUBLICATION)
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