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HYO~OPROCESSING CATALYST 

This invention relates to a hydroprocessinq 

catalyst based on synthetic ultra-larqe pore size 

crystalline materials. 
This invention relates to catalysts which are 

especially useful for hydrocrackinq and for other 
hydroprocessinq applications including hydrotreating 
and hydrofinishinq. They are particularly useful for 

the production of high viscosity index lubricants by 
hydrocracking mineral oil feedstocks, especially 

distillate stocks. 
Many chemical processes, especially in the 

petroleum ref ininq and petrochemical industries utilize 

bifunctional catalysts which exhibit both acidic and 
hydrogenation-dehydrogenation activity. catalysts of 
this type are frequently used in the processing of 
various hydrocarbon fractions in processes where 
hydrogen is present either as a feed component or as a 
product of the reaction such as hydrogenation, 
hydrocracking, hydrotreating, hydrofinishing, 
hydrodewaxinq (see U.S. Patent No. 3,968,024), 
hydrodemetallation, hydroisomerization, reforming and 
the like. For the purp.oses of this application, 
processes of this type are referred to as 
hydroprocessing applications regardless of whether the 
hydrogen is used as a feed component, i.e. a reactant 
as in hydrocracking, or is produced in the process as 
one of the reaction products as in reforming. 
Bifunctional catalysts are utilized in various 
petrochemical hydroprocessing applications such as, for 
example, xylene isomerization, as described in u.s. 
Patent Nos. 3,856,572; 4,lOl,597 and 4,312,790; toluene 
disproportionation as described in U.S. Patent No. 
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4,052,476 and other reactions where hydrogen is present 

either as a feed component or as a product of the 

desired reaction. In many petroleum refining 

applications, the metal component is supported on an 

amorphous support material such as alumina or 

silica-alumina since these materials often have the 

requisite pore volumes and the appropriate pore sizes 

for the high molecular weight hydrocarbons which may be 

encountered in the processing. 
Hydrocracking is a process which has achieved 

widespread use in petroleum refining for converting 

various petroleum 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 

impurities in the feed are hydrogenated without a 

significant deqree of bulk conversion. During this 

initial step, the heteroatoms, principally nitrogen and 

s~lfur, are converted to inorganic form {ammonia, 

hydrogen-sulfide) and these gases may be removed prior 

to the subsequent hydrocrackinq step although the two 

stages may be combined _in cascade without interstaqe 

separation as, for example, in the Unicrackinq-JHC 

process and in the moderate pressure hydrocracking 

process described in U.S. Patent No. 4,435,275. 

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 

in the presence of the catalyst. Polycyclic aromatics 

in the feed are hydrogenated, and ring opening of 
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aromatic and naphthenic rings takes place together with 
dealkylation. Further hydrogenation may take place 
upon opening of the aromatic rinqs. Depending upon the 
severity of the reaction conditions, the polycyclic 
aromatics in the feed will be hydrocracked to 
paraffinic materials or, under less severe conditions, 
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. 

In the lube hydrocrackinq process, which is well 
established in the petroleum refining industry, an 
initial hydrocracking step is carried out under high 
pressure in the presence of a bifunctional catalyst 
which effects partial saturation and ring opening of 
the aromatic components which are present in the feed. 
The hydrocracked product is then subjected to dewaxinq 
in order to reach the target pour point since the 
products from the initial hydrocrackinq step which are 
paraffinic in character include components with a 
relatively high pour p~int which need to be removed in 
the dewaxinq step. 

In theory, as well as in practice, lubricants 
should be hiqhly paraffinic in nature since paraffins 
possess the desirable combination of low viscosity and 
hiqh viscosity index. Normal paraffins and slightly 
branched paraffins e.q. n-methyl paraffins, are waxy 
materials which confer an unacceptably hiqh pour point 
on the lube stock and are therefore removed during the 
dewaxinq operations in the conventional ref ininq 
process described above. It is, however, possible to 
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process waxy feeds in·order to retain many of the 
benefits of their paraffinic character while overcominq 
the undesirable pour point characteristic. A severe 
hydrotreatinq process for manufacturing lube oils of 
high viscosity index is disclosed in Developments in 
Lubrication PD 19(2), 221-228, s. Bull et al, and in 
this process, waxy feeds such as waxy distillates, 
deasphalted oils and slack waxes are subjected to a 
two-stage hrdroprocessing operation in which an initial 
hydrotreating unit processes the feeds in blocked 
operation with the first stage operatinq under hiqher 
temperature conditions to effect selective removal of 
the undesirable aromatic compounds by hydrocracking and 
hydrogenation. The second stage operates under 
relatively milder conditions of reduced temperature at 
which hydrogenation predominates, to adjust the total 
aromatic content and influence the distribution of 
aromatic types in the final product. The viscosity and 
flash point of the base oil are then controlled by 
topping in a subsequent redistillation step after which 
the pour point of the final base oil is controlled by 
dewaxinq in a solvent dewaxinq {MEK-toluene) unit. The 
slack waxes removed fr~m the dewaxer may be reprocessed 
to produce a base oil of high viscosity index. 
Processes of this type, employing a waxy feed which is 
subjected to hydrocrackinq over an amorphous 
bifunctional catalyst such as nickel-tungsten on 
alwnina or silica-alumina are disclosed, for example, 
in British Patents Nos. 1,429,494, 1,429,291 and 
1,493,620 and u.s. Patents Nos. J,830,273, 3,776,839, 
3 1 794,580, and 3,682,SlJ. 

In lube processes of this kind, the catalyst is, 
like the fuels hydrocrackinq catalyst, typically a 
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bifunctional catalyst containing a metal hydrogenation 

component on an amorphous acidic support. The metal 

component is usually a combination of base metals, with 

one metal selected from the iron group (Group VIIIA) 

and one metal from Group VIA of the Periodic Table, for 

example, nickel in combination with molybdenum or 

tungsten. The activity of the catalyst may be 

increased by the use of fluorine, either by 

incorporation into the catalyst during its preparation 

in the form of a suitable fluorine compound or by in 
situ fluoridinq during the operation of the process, as 

disclosed in GB l,390,359. 

Although the lube hydrocracking processes usinq an 

amorphous catalyst for the treatment of the waxy feeds 

has shown itself to be capable of producing high v.r. 
lubricants, it is not without its limitations. The 

major process objective in lube hydrocrackinq (LHDC) is 

to saturate the aromatic components in the feed to 

produce saturated cyclic compounds (naphthenes} or, by 

rinq opening of the naphthenes, paraffinic materials of 

improved lubricatinq properties. This requires the 
hydroqenation activity of the catalyst to be high. 

There is no correspond~nq requirement for a high level 

of cracking activity since no major change in boiling 

range is required or even desirable: the amount of 

material in the lube boiling ranqe, typically 650·F+, 

should be maintained at the maximum level consistent 

with the deqree of ring opening required to furnish a 

lube product of the desired quality. This combination 

of requirements has typically led to the use of LHDC 

catalysts with high metals loadinqs, particularly for 

base metal combinations with Group VIA metals such as 

tungsten: commercial LHDC catalysts currently available 
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have typical nickel loadings of 5% but the tungsten 
loading may be in the.range of 10 to 25%. 

The use of high metal loadings, although necesary 
for the hydrogenation function, brings a concomitant 
disadvantage, that the surface area decreases with 
increasing metal content, so that the area available 
for the acid-catalyzed reactions decreases and it is 
usually necessary to resort to the use of acidity 
promoters such as fluorine to restore the acidity to 
the requisite level. There are environmental and 
metallurqical (corrosion) concerns associated with the 
use of fluorine and other promoters used with these 
catalysts, regardless of whether the promoter is added 
to the catalyst initially or, as is more common, by the 
use of a promoter which is sorbed onto the catalyst 
immediately prior to use or continuously during 
operation. 

Another problem connected with the use of hiqh 
metal loadings is that it becomes progressively more 
difficult to introduce the metal into the porous 
structure of the catalyst as the metal content 
increases: the metal already on the catalyst tends to 
block the pores of the .catalyst so that no more metal 
can enter. To overcome this problem, the metal may be 
incorporated into the catalyst during its manufacture 
by adding the metal in the form of a solution at the 
hydrogel stage. The metal-containing hydrogel is then 
calcined so that the metal is uniformly distributed 
throughout the pore structure of the catalyst. 
Processes of this type are described in British Patents 
Nos. 1,398,384; 1,493,620: 1,546,398 and l,565,425. 
This process, however, is not preferred to impregnation 
or exchange because it ypically produces catalysts 



5 

10 

15 

20 

25 

30 

- a -

having poorer metals dispersion. The metals have a 

greater opportunity to agglomerate during all the 

process steps which follow the introduction of the 

metals. 
With these factors in mind, it becomes clear that 

it would be desirable to have the capability to 

formulate a catalyst with high metals leading which 

could be manufactured by simple exchange or 

impregnation techniques and which retained a high 

surface area even at high metals loadings. such 

catalysts would be of especial use for LHDC processes 

but would also find application for other hydrotreatinq 

processes such as hydrogenation, hydrofinishinq, and 

for hydro4emetallation, especially of high metal 

content petroleum fractions such as residual fractions, 

shale oil and the like. 
The present invention is directed to bifunctional 

catalysts which are based en a novel class of materials 

with useful catalytic properties. According to the 

present invention, the bifunctional catalysts which may 

be used to catalyze a wide variety of reactions, 

especially hydroprocessinq reactions such as those 

referred to above, com~rise a metal 
hydroqenation-dehydroqenation component which is 

supported on a synthetic composition of matter 

comprising an ultra-large pore crystalline pnase. The 

crystalline material of this invention is an inorganic, 

porous, non-layered phase having uniformly-sized pores 

with a maximum perpendicular cross-section pore 

dimension of at least 1.3 nm (13 Anqstroms (A)), 
usually within the range of from 1.3 to 20.0 nm {13 to 

200 Anqstroms). These crystalline materials exhibit 

an x-ray diffraction pattern with at least one peak 
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having a relative intensity of 100 at a d-spacing 
greater than 1.8 nm (18 A). They possess high 
porosites and surface areas which results in 
correspondingly high sorptive capacities indicated by a 
benzene adsorption capacity of greater than 15 grams 
benzene/100 grams crystal at 6.7 kPa (SO torr) and 
2s•c. They may also be characterized by the electron 
diffraction pattern which can be indexed with a d 

100 value greater than about 1.8 nm {18 Anqstroms). In a 
preferred embodiment, the pores are arranged in a 
uniform hexagonal arrangement which is manifested in 
the X-ray and electron diffraction patterns. 

As demonstrated hereinafter, the inorganic, 
non-layered mesoporous crystalline materials used to 
support the metal component of the catalysts have the 
following composition: 

Mn;qCWa xb Ye zd Oh) 
wherein w is a divalent element, such as a divalent 
first row transition metal, e.q. manganese, cobalt and 
iron, and/or maqnesium, preferably cobalt; X is a 
trivalent element, such as aluminum, boron, iron and/or 
gallium, preferably aluminum; Y is a tetravalent 
element such as silica~ 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; q 
is the weighted molar average valence of M; n/q is the 
number of moles or mole fraction of M; a, b, c, and d 
are mole fractions of W, X, Y and z, respectively; h is 
a number of from l to 2.5; and (a+b+c+d) = l. 
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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 = o, and h = 2. 
In the as-synthesized form, the crystalline 

support has a composition, on an anhydrous basis, 

expressed empirically as follows: 

rRMn/q(Wa ~ Ye zd Oh) 
wherein 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. 
For the purposes of making the present 

bifunctional catalysts, the preferred forms are the 

metallosilicates, of which the aluminosilicate is 

usually the most preferred. 
The M and R components are associated with the 

material as a result of their presence durinq 
crystallization, and are easily removed or, in the case 
of M, replaced by post-crystallization methods 

hereinafter more particularly described. 
To the extent desired, the original M, e.q. sodium 

or chloride, ions of the as-synthesized material of 
this invention can be replaced in accordance with 
techniques well known ~n the art, at least in part, by 
ion excbanqe with other ions. Preferred replacinq ions 
include metal ions, hydrogen ions, hydrogen precursor, 
e.g. ammonium, ions and mixtures thereof. For use in 
the present catalysts, cations of metals which exhibit 
hydroqenation- dehydrogenation functionality may be 
exchanged into the crystalline material to provide some 
or all of the metal component. One advantage accruinq 
from the large pores ize of the mesoporous materials is 
that it is possible to carry out a cation exchange 
without the necessity of calcining ~~e as-synthesized 

~1iifi1Ui 
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material to remove the organic materials used in the 

synthesis. As an alternative (or in addition to) the 
incorporation of the metal component of the catalyst by 

exchange, the metal may also be provided by 
impregnation using cations or anions of the metal or 

metals, as described further below. Cations which may 

be exchanged into the crystalline material include 
hydrogen, rare earth metals and metals of Groups IA 

(e.q. K), IIA (e.g. Ca), VIA (e.g. er, Mo, W), VIIA 

(e.g. Mn), VIIIA (e.g. Ni), IB (e.q. CU), IIB (e.g. 
Zn), IIIB (e.g. In), IVB (e.q. Sn), and VIIB (e.g. F) 

of the Periodic Table of the Elements (Sargent-Welch 

Scientific co. cat. No. S-18806, 1979) and mixtures of 

these cations. 
The crystalline (i.e. meant here as having 

sufficient order to provide a diffraction pattern such 

as, for example, by X-ray, electron or neutron 
diffraction, followinq calcination with at least one 
peak) mesoporous material of this invention may be 
characterized by its heretofore unknown structure, 
including extremely large pore windows, and high 
sorption capacity. The term "mesoporous" is used here 

to indicate crystals having uniform pores within the 
range of from l.J nm to 20.0 nm (13 Angstroms to 200 

Angstroms). The materials of this invention will have 
uniform pores within the ranqe of from about l.3 nm to 

20.0 I1lll (13 Angstroms to 200 Anqstroms), more usually 
from about l.5 nm to 10.0 nm (15 Anqstroms to 100 

Anqstroms). For the purposes of this application, a 

workinq definition of "porous.. is a material that 

adsorbs at least l qram of a small molecule, such ~s 
Ar, N

2
, n-hexane or cyclohexane, per 100 qrams of the 

solid. 
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The mesoporous material used as the suppor~ 

component of the present catalysts 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. In 

its preferred form, the crystalline support material 

appears to have a hexagonal arrangement of large open 
channels that can be synthesized with open internal 
diameters from about lJ Angstroms to about 200 

Angstroms. 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 neiqhbor channels at roughly the same 

distance. Defects and imperfections will cause 

significant numbers of channels to violate this 
criterion to varyinq degrees, depending on the quality 
of the material's preparation. samples which 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 also 
observed in the d100 values from the electron 
diffraction patterns. The preferred hexagonal 
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crystalline support materials, referred to below as 

havinq the structure of MCM-41, are described in detail 

in Application Serial No. 07/625,245, to which 

reference is made for a more extended description of 

these materials, their preparation and properties, 
includinq examples of their X-ray and electron 

diffration patterns. 

The most regular preparations of the crystalline 

support materials give an X-ray diffraction pattern 

with a few distinct maxima in the extreme low anqle 

reqion. In the preferred hexagonal materials, 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 material~, as the degree of reqularity 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 anqle reqion of 

the X-ray diffraction pattern have been found to 

contain substantial amounts of the material in them. 

other techniques to illustrate the microstructure of 

this material are transmission electron microscopy and 

electron diffraction. Properly oriented specimens of 

the material show, in the preferred materials, a 
hexaqonal arranqement of large channels and the 
correspondinq electron diffraction pattern qives an 

approximately hexaqonal arrangement of diffraction 

maxima. The d100 spacinq 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 0 between channels observed in 
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the electron micrographs through the formula d100 = 

a
0
JJ/2. This d100 spacing observed in the electron 

diffraction patterns corresponds to the d-spacinq 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 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 support 

:materials may be further characterized by an X-ray 

diffraction pattern with at least one peak at a 

position greater than about 1.8 nm (18 Angstrom Units) 

d-spacinq (4.909 degrees two-theta for cu K-alpha 

radiation) which corresponds to the d100 value of the 

electron diffraction pattern of the material, and an 

equilibrium benzene adsorption capacity of greater than 

about 15 grams benzene/100 grams crystal at 50 mm Hg 

(50 torr) and 2s•c (basis: crystal material havinq been 

treated in an attempt to insure no pore blockage by 

incidental contaminants, if necessary). 
The equilibrium b~nzene adsorption capacity 

characteristic of the crystalline support 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.q. thermal treatment. Pore blocking 

inorqanic amorphous materials, e.g. silica, and 

or9anics may be removed by contact with acid or base or 

other chemical agents such that the detrital material 

ill f D1ii1ililf 
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will be removed without detrimental effect on the 

crystal. 
More particularly, the calcined crystalline 

material may be characterized by its X-ray diffraction 

pattern which exhibits at least two peaks at positions 
qreater than 1.0 nm (10 Angstrom Units) d-spacinq 

(8.842 degrees two-theta for cu K-alpha radiation), at 

least one of which is at a position greater than about 

1.8 nm (18 Angstrom Units) d-spacing, and no peaks at 

positions less than about l.O nm (10 Angstrom Units) 

d-spacing with relative intensity greater than about 

20% of the strongest peak. Still more particularly, 

the X-ray diffraction pattern of the calcined support 

material will have no peaks at positions less than 

about l.O nm (10 Angstrom Units) d-spacinq with 
relative intensity greater than about 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. 

Still more particularly, the calcined inorganic, 
non-layered crystalline material of the invention is 

characterized as havin~ a pore size of about 1.3 nm (lJ 

Anqstroms) or qreater as measured by physisorption 

measurements, hereinafter more particularly set forth. 
Pore size is considered a maximum perpendicular 

cross-section pore dimension of the crystal. 
X-ray diffraction data referred to here were 

collected on a scintag PAD X automated diffraction 

system employinq theta-theta geometry, cu K-alpha 
radiation, and an enerc;y dispersive X-ray detector. 
Use of the energy dispersive X-ray detector eliminated 

the need for incident or diffracted beam 

This Sheet Has B 
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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 o.s, 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 collimated 
incident X-ray beams in order to resolve the low angle 
peak from the transmitted incident X-ray beam. 

Tbe diffraction data were recorded by 
step-scanning at 0.04 degrees of two-theta, where theta 
is the Bragg angle, and a counting time of 10 seconds 
for each step. The interplanar spacings, d's, were 
calculated in Angstrom units (A), and the relative 
intensities of the lines, I/I0 , where I 0 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 
uncorrected for Lorentz and polarization effects. The 
relative intensities are qiven in terms of the symbols 
vs= very stronq (75-100), s =strong (50-74}, m = 
medium (25-49) and w =_weak (0-24). It should be 
understood that diffraction data listed as sinqle lines 
may consist of multiple overlapping lines which under 
certain conditions, such as very high experimental 
resolution or crystalloqraphic changes, may appear as 
resolved or partially resolved lines. Typically, 
crystalloqraphic chanqes 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 
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in cation content, framework composition, nature and 

degree of pore fillinq, 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. 
The equilibrium benzene adsorption capacity is 

determined by contacting the crystalline material, 

after dehydration or calcination at, for example, about 

54o•c for at least one hour and other treatment, if 

necessary, in an attempt to remove any pore blocking 

contaminants, at 2s·c and so torr benzene until 

equilibrium is reached. The weiqht of benzene sorbed 

is then determined as more particularly described 

hereinafter. 
When synthesized by the methods described below, 

the crystalline material contains, in its 

as-synthesized condition, the organic material used as 

the directing agent. Prior to use as a catalyst 

component, the composition should be subjected to 

treatment to remove part or all of any organic 

constituent. Removal of the organic is necessary to 

permit introduction of _the metal component either by 

exchange or impregnation, or both, since the organic 

component occluded in the pores of the crystalline 

phase, precludes access to the internal pore structure 

of the material. 
The crystalline material, especially in its 

ammonium form, can be beneficially converted to another 

form by thermal treatment (calcination). This thermal 

treatment is generally performed by heating one of 

these forms at a temperature of at least 4oo·c for at 

least l minute and qenerally not longer than 20 hours, 

-·· - -· -----
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preferably from l 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 1so·c. The thermal treatment of the all!lllonium 

form in this way is an especially useful technique for 

the preparation of the hydrogen form of the catalytic 

material, to confer the acidic functionality of the 

final catalyst. 
The crystalline material should be dehydrated, at 

least partially. This can be done by heating to a 

temperature in the range of 200· to 595"C in an 

atmosphere such as air, nitrogen, etc. and at 

atmospheric, subatmospheric or superatmospheric 

pressures for between 30 minutes and 48 hours. 

Dehydration can also be performed at room temperature 

merely by placing the composition in a vacuum, but a 

longer time is required to obtain a sufficient am~unt 

of dehydration. 
The present crystalline material can be prepared 

by one of several methods, each with particular 

limitations. 
A first method involves a reaction mixture having 

an x
2
o

3
;yo

2 
mole ratio of from o to o.s, but an 

A1
2
o

3
;sio

2 
mole ratio of from o to 0.01, a 

crystallization temperature of from 25" to 2so·c, 

preferably from so• to l7s•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, 

hereinafter more particularly described. This first 

method comprises preparing a reaction mixture 
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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 
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, an organic (R) 
directing agent, hereinafter more particularly 
described, and a solvent or solvent mixture, such as, 
for example, c1-c6 alcohols, c1-c6 diols and/or water, 
especially water, the reaction mixture having a 
composition, in terms of mole ratios of oxides, within 
the following ranges: 

Reactants Useful, P;:efeJ;:;:eg 
x

2
o3/Y02 

0 to o.s 0.001 to o.5 
Al20 3/sio2 

o to 0.01 0.001 to 0.01 

x
2
o3/(Y02+z2o5) 0.1 to 100 O.l to 20 

x2o3/(Y02+wo+z2o5) 0.1 to 100 O.l to 20 

Solvent/ 
(Y0

2
+wo+z2o5+x2o3) 1 to 1500 5 to 1000 

OH-/Y02 · 0 to 10 0 to 5 

(M2/eo+R2/fo}/ 
(Y02+wo+z2o5+x2o3) 0.01 to 20 o.os to 5 

M2/eo/ 
(Y02+wo+z2o5+x2o3 ) o to 10 o to 5 

R2/f0/ 
(Y02+wo+z2o5+X2o3) 0.01 to 2.0 a.OJ to 1.0 

wherein e and f are the weighted average valences of M 
and R, respectively. 

In this tirst 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 
w oxides are present in the reaction mixture, the pH is 

ii1Dli1i1EiT 
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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+z2o5+x2o3 ) 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 present 

crystalline material involves a reaction mixture having 

an x2
o3;yo2 mole ratio of from o to o.s, a 

crystallization temperature of from 25• to 2so•c, 

preferably from so• to i1s•c, and two separate organic 

directing agents, i.e. the organic and additional 

organic directing agents, hereinafter more particularly 

described. 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 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 aqent 

and additional organic ~irectinq agent (R), each 

hereinafter more particularly described, and a solvent 

or solvent mixture, such as, for example, c 1
-c6 

alcohols, c1-c6 dials and/or water, especially water, 

the reaction mixture having a composition, in terms of 

mole ratios of oxides, within the followinq ranges: 
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Reactants Useful ~refe~:i;;:ed 

x2o:lY02 
o to o.s 0.001 to o.s 

x2o3/(Y02+z 2o 5 ) 0.1 to 100 O.l to 20 

x
2

o3/(Y02+wo+z 2o5) O.l to 100 0.1 to 20 

Solvent/ 
(Yo

2
+wo+z 2o5+x2o3 ) 1 to 1500 5 to 1000 

OH-/Y02 
a to 10 0 to 5 

(M219o+R21fo) / 
(Yo2+wo+z2o5+x2o3) 0.01 to 20 o.os to 5 

M2/eo/ 
(Yo2+wo+z2o 5+x2o 3 ) 0 to 10 o to 5 

R2/f0/ 
(Y02+WO+Z20s+x203) O.l to 2.0 0.12 to 1.0 

wherein e and f are the weighted average valences of M 
and R, respectively. 

In this second method, when no z and/or W oxides 
are added to the reaction mixture, the pH is important 
and must be maintained at from about 9 to about 14. 
When z and/or W oxides are present in the reaction 
mixture, the pH is not narrowly important for 
crystallization of the present invention. 

A third method fo~ synthesis of the present 
crystalline material is where X comprises aluminum and 
y cdmprises silicon, the crystallization temperature 
must be from 2s• to i1s•c, preferably from so· to 
1so·c, and an orqanic directing aqent, hereinafter more 
particularly described, or, preferably a combination of 
that orqanic directinq agent plus an additional organic 
agent, hereinafter more particularly described, is 
used. This third method comprises preparinq a reaction 
mixture containinq sources of, for example, alkali or 
alkaline earth metal {M), e.g. sodium or potassium, 

iiiiii1Ff 
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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 c1-c6 
alcohols, c1-c6 diols and/or water, especially water, 

the reaction mixture having a composition, in terms of 

mole ratios of oxides, within the following ranges: 

Rs:act~n:t~ 

Al20 3/sio2 
Solvent/Sio2 
OH-/Si02 
CHi;eO+R2/fO)/ 
{Si02+Al203) 

M2/eo/ 
(Si0

2 
+Al20 3 ) 

R2/f0/ 
(Si02+Al203 ) 

U§:et:uJ. 

0 to o.s 
l to 1500 

0 to 10 

0.01 to 20 

o to 5 

O.Ol to 2 

Pref erred 
0.001 to 0.5 

5 to 1000 

O to 5 

o.os to s 

o to 3 

O.OJ to l 

wherein 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 fol~owing steps: 
(1) Mix the organic (R) directing agent with the 

solvent or solvent mixture such that the mole ratio of 

solvent/R21fo is within the range of from 50 to soo, 
preferably from 50 to soo. This mixture constitutes 

the "primary template" for the synthesis method. 

(2) To the primary template mixture of step (l) 

add the sources of oxides, e.g. silica and/or alumina 

such that the ratio of R21fo/(Sio2+Al2o3) is within the 

ranqe of from 0.01 to 2.0. 

------··· 
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(J) Aqitate the mixture resulting from step (2) 
at a temperature of from 20• to 4o•c, preferably for 
from 5 minutes to 3 hours. 

(4) Allow the mixture to stand with or without 
aqitation, preferably at a temperature of from 20• to 
ioo·c, and preferably for from 10 minutes to 24 hours. 

(5) crystallize the product from step (4) at a 
temperature of from so· to i1s·c, preferably for 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 
tetraethylorthosilicate the source of silicon oxide: 

(1) Mix the organic (R) directing agent with t~e 
solvent or solvent mixture such that the mole ratio of 
solvent/Rl/fo is within the range of from so to aoo, 
preferably from 50 to 500. This mixture constitutes 
the "primary template" for the synthesis method. 

(2) Mix the primary template mixture of step (l) 
with tetraethylorthosilicate and a source of aluminum 
oxide, if desired, such that the R21fo/sio2 mole ratio 
is in the range of fro~ 0.5 to 2.0. 

(3) Aqitate 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 a• to 
2s•c, and a pH of less than 12. This step perm.its 
hydrolysis/polymerization to take place and the 
resultant mixture will appear cloudy. 

(4) crystallize the product from step (3) at a 
temperature of from 2s· to iso·c, preferably from 95• 
to i1o·c, for from 4 to 72 hours, preferably from 16 to 
48 hours. 
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In each of the above ~ethods, batch 
crystallization of the present crystalline material can 
be 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 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. Thereafter, the 
crystals are separated from the liquid and recovered. 

When a source of silicon is used in the synthesis 
method, it is preferred to use at least in part an 
orqanic 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, embodiments of 
the present non-layered crystalline material with a 
desired averaqe pore si~e 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, Y and Z contemplated for the first and second 
synthesis methods of the present invention include: 
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x. ~ 

Si 
p 

Si p 

p 

Si p 

Si 

includinq the combinations of W being Mg, or an element 

selected from the divalent first row transition metals, 

e.q. Mn, co and Fe: X being B, Ga or Fe; and Y beinq 

Ge. 
An orqanic directing aqent for use in each of the 

above methods for synthesizinq the present material 

from the respective reaction mixtures is an ammonium or 

phosphonium ion of the formula R1R2R3R4Q+, i.e.: 

-- Ri 

wherein Q is nitrogen or phosphorus and wherein at 

least one of R1 , R2 , R3 and R4 is aryl or alkyl of from. 

7 to 36 carbon atoms, e.q. -c7H13 , -c10H21 , -c16H33 
and -c18H37 , or combinations thereof, the remainder of 

R
1

, R
2

, R3 and R4 beinq selected from. hydrogen, alkyl 

of from l to 5 carbon atoms and combinations thereof. 

The compound from which the above ammonium or 

phospbonium ion is derived may be, for example, the 

hydroxide, halide, silicate, or mixtures thereof. 

-·------
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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 

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 R 
l' 

R
2

, R
3 

and R
4 

together or separately are selected from 

hydrogen and alkyl of l to 5 carbon atoms and 

combinations thereof. Any such combination of organic 

directing agents qo to make up "R" and will be in molar 

ratio of 100/l to o.Ol/l, first above listed organic 

directing agent/additional organic directing agent. 

The particular effectiveness of the presently 

required directing agent, when compared with other such 

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-larqe 

pore crystals with the limitations discussed above. 

Non-limitinq examples of these directinq aqents include 

cetyltrimethylammonium, cetyltrimethylphosphonium, 

octadecyltrimethylphosphonium, benzyltrimethylammoniUlll, 

cetylpyridinium, myristyltrimethylammonium, 

decyltrimethylammonium, dodecyltrimethylammonium and 

dilDethyldidodecylammonium. 
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. 
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The crystals prepared by the instant invention can 
be shaped into a wide variety of particle sizes. 
Generally speaking, the particles can be in the form of 

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 dryinq or partially dried and then 
extruded. 

In the present bifunctional catalysts, the 
crystalline material is at least partly in the hydroqen 
form which is suitably formed by the thermal treatment 
or calcination of the ammonium form, as described 

above. In addition, however, the catalysts include a 
metal component which provides hydrogenation­
dehydroqenation functionality. The hydroqenation­
dehydroqenation component may be provided by a single 
metal or combination of metals. Noble metals of 
Periods 5 and 6 of Group VIII, especially palladium, 
platinum, ruthenium, rhodium or base metals of Groups 
IVA, VIA and VIII, especially chromium, molybdenum, 
tunqsten, cobalt and n~ckel, may be used for 
hydrogenative processes such as hydrotreating, 
hydrocrackinq, hydrodewaxing and the like whereas for 
dehydroqenative pocesses such as reforminq the noble 
metals such as iridium, rhenium may be preferred, 
e~pecially in the form of combinations such as 
platinum-iridium, platinum-rhenium and 
platinum-rhenium-iridium. 

The combination of at least one Group VIA metal 
such as tungsten with at least one Group VIII metal 
such as nickel is particularly preferred for many 
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applications, for example, combinations such as 

nickel-molybdenum, cobalt-nickel, nickel-tung~ten, 

cobalt-nickel-molybdenum and nickel-tungsten-titanium. 
The content of the metal component will vary 

according to its catalytic activity and to the 

requirements of the process in which the catalyst is to 

be used. Thus, the highly active noble metals may be 

used in smaller amounts than the less active base 

metals. For example, 0.1 wt % or less palladium or 

platinum will be effective and it will net normally be 

necessary to use more than 10 percent of the noble 

metals, and usually much less, for example, from 0.1 to 

l or 2 wt %. The amounts of base metals may be higher 
and it is a particular advantage of the present 

crystalline materials that their high porosity and high 

surface area permits large amounts of the metal 

component to be used without an unacceptable decrease 

in the surface area of the final catalyst. Thus, the 

amount of a base metal hydrogenation component will 

normally be at least l wt % and often more than 5% will 
be required. In a typical base metal combination, 5 to 

15 wt % nickel and 5 to 40 wt % tungsten, expressed as 

metal will achieve the ~esired degree of hydrogenation 

functionality. 
The present support materials are notable in that 

they are capable of including a greater proportion of 
metal than previous support materials because of their 

extraordinarily large surface area and as a result, the 
metal-containing catalysts retain a large surface area 
after incorporation of the metal component. The 

surface area, s, of the present catalysts, expressed in 

illi1Uiffi1fil 
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m2.g-1 . (square meters per gram) may be given by the 

equation: 
5 > 600 - 13.JX = 

where X is the metal loading in wt %. 

Thus, the surface area of the metals-containing 
catalysts determined by empirical means such as the 
B-E-T (Bruenauer-Emmet-Teller) test (see ASTM D 3663), 
will be found to be at least as great as 1;.he value 
given by the above equation. The value of S as given 
by this realtionship decreases to zero at 45 percent 
metals content but since the surface area s may be 
greater than the value given by the relationship, 
surface area remains at metal loadings above this 
value. The minimum surface area will, however, be at 
least 5 m2q-l at these very high metal loadings. The 
actual surface area of the metal-containing catalyst 
may, as noted above, be determined empirically by the 
method set out in ASTM D 3663. 

As may be appreciated from the equation above, the 
surface area of the catalyst will be at least 200 m2g-1 

even at high metal loadings as high as 30 wt % and at 
loadinqs above this value, remains at an 
unconventionally hiqh v~lue. The metal component 
usually exceeds 12.9 wt % (total metals, based on the 
entire catalyst weight) and may exceed about 25% and 
still maintain a high surface area above 200 m2 g-1 • 
As shown below, the total metal content (i.e of the 
metal component) may exceed about 30 wt %, e.g. 30-40 
wt %, of the entire catalyst while still retaining a 
surface area of at least 200 m2 g-1 , e.q. 240 m2g-i or 
even higher. At.lower metal contents, the surface area 
will be correspondingly higher so that, for example, at 
a total metal content of about 20 wt % of the entire 

lli~i1Hr 



5 

10 

15 

20 

25 

30 

- 30 -

catalyst, the surface area will be at least 300 m2g-l 

or higher, larger by a factor of almost three or more 

compared to conventional amorphous catalysts with 

similar metal loadings. At 12 to 15% total metal, e.g. 

13 percent, the surface area will be at least 400 

m2g-1 • catalysts containing at least about 25 wt% 

total metal with a retained surface area of at least 

250 m2g-l constitute a highly useful class of 

bifunctional catalysts. 

Another advantage accruing from the use of the 

mesoporous supports is that in spite of the high metal 

loadings which may be accommodated, the density of the 

catalyst remains relatively low, compared to 

conventional catalysts. At a total metal content of 12 

to 15 wt %, for example, e.g. at levels exceeding the 

normal minimum loading of 12.9%, the real density of 
-1 

the catalyst is about 2.8 g.cc , as compared to 

conventional catalysts which have real densities of at 

least 4 at these loadings. At higher loadings, a 

similar advantage prevails: the present catalysts are 

only al:>out three-fourths as dense as conventional 

catalysts at comparable metal loadings. For example, 

at metal loadinqs of 20 to 25 wt % of the entire 

catalyst, the real density will be in the range of 

3.000 to 3.300 g.cc-1 , as compared to 4.oo to 4.2 for 

conventional catalysts. At metal loadings above 30 wt 

%, the real density will be in the range of 4.1 to 4.3 

q.cc-1 , for example, at 35% metal, the real density is 

4.2 q.cc-1 • Although one advantage of the high 

porosity is that the present catalysts have a low 

density as compared to conventional catalysts, the high 

porosity of the mesoporous support materials, on the 

other hand, permits very hiqh metal loadings so that 

------ ··-·----
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real densities up to 6.0 q.cc.-1 may be achieved. 

Particle densities range from o.sa at 12 to 15 wt % 

metal to 1.0 at 20 to 25 wt % metal and about 1.1 at JO 

to 40 wt % metal. Real densities are determined by 

measuring the volume of mercury displaced by a qiven 

weight of catalyst. For a discussion of real and 

particle densities, see ASTM D 3766, which uses the 

term skeletal density as a synonym for real density. 

Pore volumes are commensurately high: the present 

catalysts have a pore volume of at least 0.55 cc.g-l 

and usually higher, typically at least 0.6 cc.q-1 at 

metal loadings as high as 20 wt %. Pore volumes are 

determined by subtracting the inverse of the real 

density from the inverse of the particle density. 

The metal hydrogenation component may be 

introduced into the catalyst by way of 

co-crystallization with the crystalline material, 

exchanged onto the crystalline phase to the extent a 

Group IIIB element, e.g. aluminum, is in the structure, 

impregnated into it or intimately physically admixed 

with it. If the metal is to be exchanged onto the 

mesoporous support, it may be done by treatment with a 

cation of the metal, either a simple cation or a 

complex cation beinq suitable. suitable platinum 

compounds, for example, include platinous chloride and 

various compounds containing the platinum amm.ine 

complex. Impregnation may be carried out with metal 

compounds in which the metal component is present in 

the cation or the anion of the compound. Palladium or 

platinum compounds in which the metal is in the form of 
a cation of cationic complex, e.q., Pd(NH3) 4cl2 or 

Pt(NH3) 4ci2 are particularly useful, as are anionic 

complexes such as the vanadate, molybdate and 

--------- ·--
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metatunqstate ions and, in the case of platinum, 

chloroplatinic acid. 
The hydrogenation component can be exchanqed onto 

the support material, impregnated into it or physically 

admixed with it, or any combination of these methods. 

If the metal is to be impregnated into or exchanqed 

onto the mesoporous support, it may be done, for 

example, by treating the calcined material with a 

metal-containing cation. A preferred exchange 

technique involves competitive exchanqe in the presence 

of ammonium cations (which are converted into hydrogen 

on subsequent calcination}; it is thought that this 

technique may disperse the metal cations more evenly 

throughout the pore structure of the support material. 

Metals which form stable anions are suitable for 

incorporation by impregnation: typical anionic 
complexes such as the molybdate, vanadate and 
metatunqstate ions may be used to incorporate 

molybdenU111, vanadium and tungsten. Other metals may be 

incorporated usinq suitable anionic complexes in the 

same way. cationic forms of metals exchanqed onto the 

crystalline material or impregnated into it. A 

particular advantage o~ the present catalysts is that 
the high loadings of two or more metals may be 

incorporated by a single impregnation onto the calcined 
material using the incipient wetness technique rather 
than successive impregnations with the different 

metals: this produces a more uniform distribution of 

the two or more metals in the catalyst. It is an 

additional advantage that the hiqh metals levels, above 
about 25 wt % total metal may be incorporated by 

impregnation into the calcined material as distinct 
from the conventional techniques requirinq 
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incorporation of a solution of the metal components(s) 

into a hydroqel prior to calcination. The fact that 

the present catalysts have good bifunctional activity 

without the necessity for halogen promoter also enables 

the halogen promoter to be dispensed with: it need not 

be added during the manufacture of the catalyst or 

during operation of the process unless particularly 
hiqh levels of acidity are desired. 

It is normally preferred to use the crystalline 
material in a bound or matrixed form in which the 

crystalline material is composited with another 

material resistant to the temperatures and other 

conditions employed in organic conversion processes. 

such materials include aetive and inactive materials 

and synthetic or naturally occurrinq 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 occurrinq or in the 
form of gelatinous precipitates or qels including 

mixtures of silica and metal oxides. Use of a material 
in conjunction with the new crystal, i.e. combined 
therewith or present durinq synthesis of the new 

crystal, which is acti~e, 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 qiven process so that 
products can be obtained economically and orderly 
without employing other means for controlling the rate 
of reaction. These materials may be incorporated with 
naturally occurring clays, e.g. bentonite and kaolin, 
to improve the crush strength of the catalyst under 

commercial operating conditions. said materials, i.e. 
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clays, oxides, etc ••. func~ion as binders for the 
catalyst. It is desirable to provide a catalyst havinq 
good crush strength because in commercial use it is 
desirable to prevent the catalyst from breaking down 
into powder-like materials. These clay binders have 
been employed normally only for the purpose of 
improving the crush strength of the catalyst. The 
mesoporous material is usually composited with the 
matrix in amounts from 80:20 to 20:80 by weiqht, 
typically from 80:20 to 50:50 mesoporous 
material::matrix. COlllpositing may be done by 

conventional means including mullinq the materials 
together followed by extrusion of pelletizinq into the 
desired finished catalyst particles. Exchange of the 
metal into the crystalline material may take place 
before or after compositing with the binder but 
preferably is perfonned on the composited catalyst i.e. 
crystalline material plus binder. Impreqnation will 
nonnally be carried out with the matrixed material. If 
the metal component is to be mixed with the other 
components of the catalyst, it may suitably be added to 
the muller with the crystalline material and the 
binder. 

Naturally occurring clays which can be composited 
with the new crystal include the montmorillonite and 
kaolin family, which families include the 
su.bbentonites, and the kaolins commonly known as Dixie, 
McNamee, Georgia and Florida clays or others in which 
the main mineral constituent is halloysite, kaolinite, 
dickite, nacrite, or anauxite. 
in the raw state as originally 
subjected to calcination, acid 
m.odif ication • 

such clays can be used 
mined or initially 
treatment or chemical 

. --·--·, 
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In addition to the foregoing materials, the new 
crystal can be composited with a porous matrix material 
such as silica-alumina, si1ica-maqnesia, 
silica-zirconia, silica-thoria, silica-beryllia, 
silica-titania as well as ternary compositions such as 
silica-alumina-thoria, -silica-alumina-zirconia, 
silica-alumina-magnesia and silica-maqnesia-zirconia. 

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 material may vary 
widely, with the crystal content ranging from about 1 
to about 90 percent by weight and more usually, 
particularly when the composite, in the range of about 
10 to about 80 wt % of the composite. 

'l'he metal component may be introduced in to the 
catalyst by exchange, impreqantion or mixing when the 
crystalline m.atrial is in the bound or unbound 
condition but normally it is preferred to add .the metal 
to the bound catalyst. 

The catalyst may be treated by conventional 
pre-suifiding treatments, e.q. by heating in the 
presence of hydrogen sulfide, to convert oxide forms of 
the metals such as coo or NiO to their correspondinq 
sulfides prior to use in typical hydroprocessinq 
operations. 

The properties of typicai hydroprocessinq 
catalysts made with the mesoporous support materials 
and a nickel-tungsten hydrogenation component on an 
MCM-41/Al

2
o

3 support (65% MCM-41, 35% binder) are set 

----------·· 
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out in Table 1 below in a comparison with conventional 
type amorphous hydroprocessing catalysts. 

Table l 

Properties of NiW Catalysts 

MCM-41 (40 Al Fluorided Amorphous 

Nickel, wt % 
TUngsten, wt% 
Total metal, 

wt. % 

Pore Diam. , A 
Pore Vol. 

cc/qm 
Part Dens, 

q/cc 
Real Dens, 

q/cc 
surface Area, 

J.7 3.4 

9.2 16.4 

12.9 19.8 

58 59 

0.780 0.634 

0.883 1.037 

2.837 3.027 

m2 q-1 533 

* Calcuiated Tungsten 

429 

Monolayer 
coverage,% 0.25 o.Sl 

* Tunqsten trioxide surface 
cat., 79, 203, (1983). 

34.92 

242 

1.32 

5.6 

17.J 

22.9 

95 

4.6 

23.8 

28.4 

74 

4.2 

19.2 

23.4 

162 

0.426 0.453 0.507 

l.454 1.451 l.345 

4.023 4.238 4.236 

116 170 125 

1.4 l.35 1.46 

area 24 A as given in J. 

The size of the pores of the crystalline materials 
is such that the spatiospecific selectivity with 
respect to transition state species is minimized in 

reactions such as cracking (Chen et al., "Shape 
Selective Catalysis in Industrial Applications", 2§. 

CHEMICAL INDUSTRIES, pqs. 41-61 (1989) to which 
reference is made for a discussion of the factors 
affecting shape selectivity). Diffusional limitations 



.. 

5 

10 

15 

20 

25 

30 

- 37 -

are also minimized as a result of the very large pores 

in the present materials. For these reasons, the 

crystalline material is capable of catalyzing reactions 

which occur in the presence of acidic sites on the 

surface of the catalyst and which involve reactants, 

products or transitional state species which have large 

molecular sizes, too great for undergoing similar 

reactions with conventional large pore size solid 

catalysts, for example, large pore size zeolites such 

as zeolite X, Y, L, ZSM-4, ZSM-18, and ZSM-20. The 

present catalysts are therefore particularly useful for 

reactions with high-boiling hydrocarbons present: 

processes with high boiling feeds such as gas oils, 

residual fractions, lube boiling range fractions and 

the like are therefore particularly amenable to 

processing by the use of the present catalysts since 

feeds of this kind usually include significant 

quantities of molecules with bulky configurations which 

do not readily enter the pore structures of catalytic 

materials with smaller pore sizes or which are 

diffusion-restricted even if they are able to obtain 

access to the internal pore structure. 

Thus, the present ?atalytic compositions 

containinq the metal component will catalyze reactions 

such as hydrocracking, and other conversion reactions 

mediated by bifunctional catalysts with both acidic and 

hydroqenation- dehydrogenation functionality, as 

referred to al:love. The catalysts are particularly 

useful for processing hydrocarbon fractions obtained 

from petroleum refining, using hydrocarbon feeds of 

varying molecular sizes, but with particular 

applicability to feeds with larqe molecular sizes such 

as hiqhly aromatic hydrocarbons with substituted or 

This Sheet Has Been R 
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unsubstituted polycyclic aromatic components, bulky 

naphthenic compounds or highly substituted compounds 

with bulky steric configurations, e.q. molecular sizes 

of l.J nm (13 Angstroms) or more, or with fractions 

which contain lonq-chain components which would 

normally create diffusion limitations. such feeds 

typically include residual fractions i.e. 

non-distillable fractions, and hiqh boiling fractions 

such as fractions boiling above 6so·F such as lube 

fractions. 
Tbe processes using the catalysts will be carried 

out under the conditions normally appropriate to the 

reaction usinq conventional catalysts such as zeolites. 

Thus, processes invoving a redcution in molecular 

weight by the cracking of hydrocarbons or substitituted 

hydrocarbons will be carried out at elevated 

temperatures typically above iso·c and usually above 

200· or 3oo·c. Hydrocrackinq, for example, may 

suitably be conducted at a temperature of from 350• to 

45o•c, a pressure of from 100 psiq to 3000 psiq, and a 

weiqht hourly space velocity of from O.l hr-1 to lO 

hr-1 , with a hydrogen/hydrocarbon molar ratio of from 

O.l to 100. Exothermi~ processes such as hydrogenation 

and other processes where the predominant reaction is 

hydrogenation (hydrotreatinq, hydrofinishing), will 

normally be carried out at temperatures somewhat lower 

than those used in hydrocracking in order to favor the 

hydrogenation reactions which are thermodynamically 

favored by lower temperatures. Endothermic processes, 

like hydrocracking, are favored by rather higher 

temperatures; reforming, for example, will normally use 

temperatures of 4so· to s1o·c, as· is conventional. 
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The present compositions may also be used for 

selective conversion of inorganic compounds such as 

oxides of nitrogen in mixtures of gases which contain 

nitrogen oxides (NOx), for example, industrial exhaust 
qases and the gases formed during the oxidative 

regeneration of catalysts used in the processing of 
hydrocarbons, especialy in catalytic cracking 

operations. The NOx reduction reaction is favored by 

the presence of metals such as vanadium, titanium and 

for this reaction, the presence of these metals is 

preferred. 
The NOx reduction is suitably conducted by passing 

the gas containing the oxides of nitrogen over the 

catalyst at an elevated temperature, typically at least 
2oo·c, and usually within the range of 200· to 6oo·c. 
The gas mixture may be mixed with ammonia to promote 

reduction of the oxides of nitrogen and pre-mixing may 

be conducted at a temperature of up to 2oo·c. The 

amount of ammonia which is mixed with the gas mixture 
is typically within the range of 0.75 to 1.25 the 
stoichiometric amount, which itself varies according to 
the ratio of the different oxides of nitrogen in the 
qas mixture, as shown by the equations: 

6N02 + SNH3 = 7N2 + 12H20 

6NO + 4NH3 = 5N2 + 6H2o 
The crystalline catalytic compositions of matter 

may also be used for the reduction of oxides of 

nitrogen in qaseous mixtures in the presence of other 
reducinq aqents such as carbon or carbon monoxide. 
Reduction of the oxides of nitrogen in this way is 0£ 

particular utility in the regeneration of fluid 
catalytic cracking (FCC) catalysts, since regeneration 
under appropriate conditions will produce the required 

iiiiiU 
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concentrations of carbon monoxide which may then be 

used to reduce the proportion of NOx in the 

reqeneration gases in the presence of the catalyst. 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. 
The use of an ultra-large pore molecular sieve for 

hydrocrackinq, especially at low to moderate hydrogen 

pressure, provides an attractive option for obtaininq 
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 hydrocrackinq where the catalyst needs 

a hiqh deqree of acidic functionality to provide the 
cracking function. In conventional zeolitic 

hydrocrackinq catalyst~, this would be provided by a 

high zeolite loadinq 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 hiqh metal loadings to be readily accommodated 

while still providing adequate acidic functionality. 

Examples l to 19 below illustrate the preparation 
of the crystalline materials. In the examples, 
whenever sorption data are set forth for comparison of 
scrptive capacities for water, cyclohexane, benzene 

·--------. 
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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 about 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 in weight of the adsorbent is calculated as 

the adsorption capacity of the sample in terms of 

gram.s/100 grams adsorbent based on adsorbent weight 

after calcination at s4o•c. The present composition 

exhibits an equilibrium benzene adsorption capacity at 

6.7 kPa (50 Torr) and 2s·c of greater than 15 qrams/100 

grams, particularly greater than 17.5 q/100 q/ and more 

particularly greater than 20 g/100 q. 

A preferred way to do this is to contact the 

desired pure adsorbate vapor in an adsorption chamber 

evacuated to less than l mm at conditions of 1.6 kPa 

(12 Torr) of water vapor, 5.3 kPa (40 Torr) of n-hexane 

or cyclohexane vapor, or 6.7 kPa (SO Torr) of benzene 
vapor, at 2s•c. The pressure is kept constant (within 

about ± o.s mm) by addition of adsorbate vapor 

controlled by a manost~t durinq 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 doinq this for benzene adsorption 

data is on a suitable thermogravimetric analysis 

system, such as a computer-controlled 990/951 duPont 

TGA system. The adsorbent sample is dehydrated 
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(physically sorbed water removed} by heatinq at, for 

example, Jso· or soo·c to constant weiqht in flowing 

helium. If the sample is in as-synthesized form, e.g. 

containing orqanic directing agents, it is calcined at 

54o·c in air and held to constant weight instead of the 

previously described 350• or soo·c treatment. Benzene 

adsorption isotherms are measured at 2s•c by blending a 

benzene saturated helium gas stream with a pure helium. 
gas stream in the proper proportions to obtain the 

desired benzene partial pressure. The value of the 

adsorption at 50 Torr of benzene is taken from a plot 
ot 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-1-hexadecanaminium. chloride solution 
with a hydroxide-for-halide exchange resin, was 
combined with 100 qrams 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 havinq 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 overniqht. The mixture had 

--------------- -
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a composition in terms of moles per mole Al2o3 : 
2.1 moles Na2o 
392 moles Si02 
35.7 moles (CTMA) 2o 
61.7 moles (TMA) 2o 
6231 moles H

2o 
The resulting solid product was recovered by 

filtration and dried in air at ambient temperature. 
The product was then calcined at 54o•c for l hour in 
nitroqen, followed by 6 hours in air. 

The calcined product proved to have a surf ace area 
of 475 m2/g and the following equilibrium adsorption 
capacities in grams/100 

H
2
o 

cyclohexane 
n-Hexane 
Benzene 

grams: 
S.3 

22.9 
18.2 

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-spacinq, and 
weak lines at 21.6 ± 1.0 and 19.2 ± l.O A. 
Transmission electron microscopy (TEM) produced images 
ot a hexagonal arranqe~ent of uniform pores and 
hexagonal electron diffraction pattern with a d

100 
value of about 39 A. 

Example 2 

one hundred qrams of cetyltrimethylammonium (C'rMA} 

hydroxide solution prepared as in Example l 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 about 6 wt % free water and 

-------
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about 4.5 wt % bound water of hydration and having an 
ultimate particle size of about 0.02 micron, was added. 
The resulting mixture was placed in a static autoclave 
at iso·c overnight. The mixture had a composition in 
terms of moles per mole Al2o3 : 

2.1 moles Na2o 
291 moles Sio2 
35.7 moles (CTMA) 2o 
102 moles (TMA) 2o 
6120 moles H2o 

The resulting solid product was recovered by 
filtration and dried in air at ambient temperature. 
The product was then calcined at 54o•c for 1 hour in 
nitrogen, followed by 6 hours in air. 

The calcined product proved to have a surface area 
of 993 m2/q and the following equilibrium adsorption 
capacities in qrams/100 

a2o 
cycle hexane 
n-Hexane 

grams: 
7.1 

47.2 

36.2 

Benzene 49.5 

The X-ray diffraction pattern of the calcined 
product may be charact~rized as including a very strong 
relative intensity line at 39.3 ± 2.0 A d-spacinq, and 
weak lines at 22.2 ± l.O and 19.4 ± l.O 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 1sa·c (1450.F) for two hours. The 
surface area of the steamed material was measured to be 
440 m2/q, indicatinq that 45% was retained following 
severe steaming. 

ii iii Of 
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Another portion of the calcined product of this 

example was contacted with 100% steam at 677"C (l250"F) 

for two hours. The surface area of this material was 

measured to be 718 m2/g, indicating that 72% was 

retained after steaming at these conditions. 

Example 3 
water, cetyltrimethylammonium hydroxide solution 

prepared as in Example l, aluminum sulfate, HiSil and 

an aqueous solution of tetrapropylammonium (TPA) 

bromide {JS%) were combined to produce a mixture having 

a composition in terms of moles per mole Al2o3 : 

0.65 moles Na2o 

65 moles Sio2 
a.a moles {CTMA) 2o 

1.22 moles (TPA) 2o 
1336 moles H2o 

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 ~atio of 3 parts mixture, 1 part 

CTMA hydroxide and 2 parts 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 

Al2o3: 

1Uli1Wii1UT 
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15 moles (CTMA) 2
o 

1.22 moles (TPA)
2
o 

35.6 moles (TMA) 2o 
2927 moles H2o 

The resultinq solid product was recovered by 

filtration and dried in air at ambient temperature. 

The product was then calcined at 54o•c for 1 hour in 

nitroqen, followed by 6 hours in air. 

The calcined product proved to have a surface area 

of 1085 m2/g and the followinq equilibrium adsorption 

capacities in grams/100 
H2

o 
cyclohexane 

grams: 
11.5 
> 50 

n-Hexane 39.8 

Benzene 62 

The X-ray diffraction pattern of the calcined 

product of this example may be characterized as 

includinq a very strong relative intensity line at 38.2 

± 2.0 A q-spacing, and weak lines at 22.2 ± i.o and 

19.4 ± 1.0 A. TEM indicated the product contained the 

ultra-large pore mater~al. 

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 aqueous 

solution of tetramethylammonium (TMA) silicate (10% 

silica) with stirring. Twenty-five grams of HiSil, a 

precipitated hydrated silica containinq about 6 wt % 

free water and 4.5 wt % bound water of hydration and 

bavinq an ultimate particle size of 0.02 micron, was 

-
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added. The resulting mixture was placed in a static 

autoclave at iso·c for 48 hours. The mixture had a 

composition in terms of moles per mole Al2o3 : 

0.23 moles Na2o 
33.2 moles Sio2 
6.l moles (CTMA) 2o 
s.2 moles (TMA) 2o 

780 moles H2o 
The resulting solid product was recovered by 

filtration and dried in air at ambient temperature. 

The product was then calcined at 54o·c for 1 hour in 

nitrogen, followed by 6 hours in air. 
The calcined product proved to have a surf ace area 

of 1043 m2/q and the following equilibrium adsorption 

capacities in qrams/100 
H2o 
cyclohexane 
n-Hexane 
Benzene 

grams: 
6.3 

> 50 

49.l 

66.7 

The X-ray diffraction pattern of the calcined 
product of this example may be characterized as 

including a ver:y strong relative intensity line at 40.8 

± 2.0 Ad-spacing, and.weak lines at 23.l ± l.o and 
20.1 ± 1.0 A. TEM indicated that the product contained 
the ultra-large_pore material. 

Example 5 

Two-hundred sixty qrams 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 stirrinq. This first mixture was placed in 
a stirred autoclave and heated to· lSO"C for six days. 
The material was filtered, washed and air-dried. Fifty 
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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 
com.position in terms of moles per mole Al2o

3
: 

l.O moles P2o5 
o.51 moles (Pyr) 2o 
47.2 moles H2o 

The r~sulting solid product was recovered by 

filtration and dried in air at ambient temperature. 
The product was then calcined at s4o•c for 1 hour in 
nitrogen, followed by 6 hours in air. 

The calcined product proved to have a surface area 
of 707 m2/q and the following equilibrium adsorption 
capacities in grams/100 

H2o 
cyclohexane 
n-Hexane 

qrams: 
JJ.2 

19.7 

20.1 

Benzene 23.3 
The x-ray diffrac~ion pattern of the calcined 

product may be characterized as including a very strong 
relative intensity line at 25.4 ± l.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 NaAl02 (43.5% Al2o3, 

30% Na2o) dissolved in 45.2 grams of water was mixed 
with 17.3 qrams of NaOH, 125.3 qrams of colloidal 
silica (40%, Ludox HS-40) and 42.6 grams of 40% aqueous 
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solution of tetraethylammonium (TEA} hydroxide. After 
stirrinq 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: 

o.25 moles Al2o3 
10 moles Na2o 
36 moles sio2 
0.95 moles (CTMA) 2o 
2.s moles (TEA) 2o 
4~5 moles H2o 

The resulting solid product was recovered by 

filtration and washed with water and ethanol. The 
product was then calcined at s4o•c for l hour in 
nitrogen, followed by 6 hours in air. 

The calcined product composition included 0.14 wt 
t Na, 68.5 wt% Sio2 and 5.l wt % Al2o3 , and proved to 
have a benzene equilibrium adsorption capacity of 58.6 

qralllS/100 qralllS. 
The X-ray diffrac~ion pattern of the calcined 

product may be characterized as including a very strong 
relative intensity line at 31.4 ± l.5 A d-spacing. TEM 
indicated that the product contained the present 
ultra-larqe pore material. 
Example 7 

A mixture of 300 grams of cetyltrimethylammonium 
(CTMA} hyd~oxide solution prepared as in Example l and 
41 grams of colloidal silica (40%, LUdox HS-40) was 
heated in a 600 cc autoclave at iso·c for 48 hours with 

------- --
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stirring at 200 rpm. The mixture has a composition in 
terms of moles per mole sio2 : 

o.s mole (CTMA) 2o 
46.5 moles H2o 

The resulting solid product was recovered by 
filtration, washed with water, then calcined at 54o•c 
for l hour in nitrogen, followed by 10 hours in air. 

The calcined product composition included less 
than 0.01 wt% Na, 98.7 wt % Si02 and 0.01 wt % Al

2
o

3
, 

and proved to have a surface area of 896 m2/q. The 
calcined product had the followinq equilibrium 
adsorption capacities 

H2o 
cyclohexane 
n-Hexane 

in qrams/100 qrams: 
8.4 

49.8 

42.J 

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-spacinq and a weak line at 21.2 ± l.O A. TEM 
indicated that the product of this.example contained at 
least three separate phases, one of which was the 
ultra-larqe pore material. 

example 8 

A mixture of 150 qrams of cetyltrimethylammoniwn 
(CTMA) hydroxide solution prepared as in Example l 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 
iso·c for 48 hours with stirring at 200 rpm. The 
mixture had a composition in terms of moles per mole 
Si02 : 

1Dii11if 
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o.s mole (CTMA) 2o 
46.5 moles H2o 

The resulting solid product was recovered by 

filtration, washed with water, then calcined at 54o•c 

for 6 hours in air. 
The calcined product composition was measured to 

include 0.01 wt% Na, 93.2 wt % sio2 and 0.016 wt % 

A1
2
o

3
, and proved to have a surface area of 992 m2/q 

and the following equilibrium adsorption capacities in 

qrams/100 qrams: 
H2o 4.6 

Cyclohexane > 50 

n-Hexane > 50 

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-spacinq and 

weak lines at 25.l ± l.5 and 21.7 ± l.O A. TEM 

indicated that the product contained the ultra-large 

pore material. 

gamale 9 

Sodium aluminate ~4.l5q) was added slowly into a 

solution containing l6g of myristyltrimethylammonium 

bromide (c14TMABr) in lOOq of water. Tetramethyl­

ammonium silicate (lOOq-10% sio2 )·, HiSil (25q) and 

tetramethylammonium hydroxide (l4.2q-25% solution) were 

then added to the mixture. The mixture was 

crystallized in an autoclave at l2o·c with stirrinq for 

24 hours. 
The product was filtered, washed and air dried. 

Elemental analysis showed the product contained 53.3 

wtt Sio
2

, 3.2 wt% Al2o 3 , 15.0 wt% C, l.88 wt% N, 0.11 
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wtt Na and 53.5 wt% ash at iooo·c. The X-ray 

diffrac~ion pattern of the material after calcination 

at 54o•c for 1 hour in N2 and 6 hours in air includes a 

very stronq relative intensity line at 35.J ± 2.0 A 
d-spacing and weak lines at 20.4 ± 1.0 and 17.7 ± l.O A 
d-spacinq. TEM indicated that the product contained 
the ultra-large pore material. 

The washed product, havinq been exchanged with lN 

a:mmonium nitrate solution at room temperature, then 

calcined, proved to have a surface area of 827 ~2;g and 

the following equilibrium adsorption capacities in 
q/lOOq anhydrous sorbent: 

Example 10 

H2o 30.8 

cyclohexane 33.0 

n-Hexane 
Benzene 

27.9 

40.7 

Sodium aluminate (8.Jq) was added slowly into a 

solution containinq l84q of dodecyltrimethylammoniUlll 

hydroxide (c12TMAOH, 50%) solution diluted with 480g of 
water. Ultrasil+ (50q) and an aqueous solution of 

tetramethylammonium si~icate (200q-lO% Si02) and 

tetramethylammonium hydroxide (26.JSq-25% solution) 
were then added to the mixture. The mixture was 

I 

crystallized in an autoclave at 1oo·c with stirring for 
24 hours. 

The product was filtered, washed and air dried. 

After calcination at 540"C for l hour in N2 and 6 hours 

in air, the X-ray diffraction pattern includes a very 
strong relative intensity line at 30.4 ± 1.5 A 
d-spacinq and weak lines at 17.7 ± l.O and 15.3 ± 1.0 
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A d-spacinq. TEM indicated that the product contained 

the ultra-large pore material. 

The washed product, having been exchanqed with lN 

ammoniW1l nitrate solution at room temperature, then 

calcined, proved to have a surface area of 1078 m2/q 

and the followinq equilibrium adsorption capacities in 

q/lOOq anhydrous sorbent: 

Example ll 

H2o 
cyclohexane 

n-Hexane 
Benzene 

32.6 
38.l 

33.3 

42.9 

A solution of 4.9 grams of NaAl02 (43.5 % Al
2
o

3
, 

30% Nao2 ) in 37.5 grams of water was mixed with 46.J cc 

of 40% aqueous tetraethylammonium hydroxide solution 

and 96 grams of colloidal silica (40%, Ludox HS-40). 

The qel was stirred viqorously for o.s hour, mixed with 

an equal volume (150 ml) of cetyltrimethylammonium 

hydroxide solution prepared as in Example l and reacted 

at 1oo·c for 168 hours. The mixture had the followinq 

composition in terms of moles per mole Al
2
o

3
: 

l.l moles .Na2o 
30.6 moles Sio2 
3.0 moles (TEA) 2o 
3.25 moles (CTMA) 2o 
609 moles H2o 

The resulting solid product was recovered by 

filtration, washed with water then calcined at s4o•c 
for 16 hours in air. The calcined product proved to 

have a surface area of i352 m2/q and the followinq 

equilibrium adsorption capacities in qrams/100 qrams: 

---------

\iii Ir 
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H2o 2:3.6 

cyclohexane >50 

n-Hexane 49 

Benzene 67.5 

The X-ray diffraction pattern of the calcined 

product may be characterized as including a verf strong 

relative intensity line at JS.5 ± 2.0 Ad-spacing and a 

weak line at 20.J ± l.O A. TEM indicated that the 

product contained the ultra-large pore material. 

Example 12 
TWo hundred grams of cetyltrimethyla:mmonium (CTMA) 

hydroxide solution prepared as in Example 1 was 

combined with 4.15 grams of sodium aluminate and ioo 
grams of aqueous tetramethylamm.onium (TMA) silicate 

solution (10% silica) with stirring. Twenty-five grams 

of HiSil,. a precipitated hydrated silica containinq 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 resultinq mixture was placed in a 

static autoclave at iso·c for 24 hours. The mixture 

had a composition in terms of moles per mole Al2o
3

: 

1.25 moles.Na2o 
27.8 moles Si02 
5.1 moles (CTMA} 2o 
4.40 moles (TMA} 2o 
650 moles H2o 

The resulting solid product was recovered by 

filtration and dried in air at ambient temperature. 

The product was then calcined at 540"C for l 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 
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calcined product of this example can be characterized 
as includinq a very strong relative intensity line at 

44.2 ± 2.0 Ad-spacing and weak lines at 25.2 ± 1.s and 

22.0 ± i.o A. 
The calcined product proved to have a surf ace area 

of 932 m2/q and the following equilibrium adsorption 
capacities in grams/100 grams: 

H2o 
cyclohexane 

39.3 

46.6 

10 n-Hexane 37.5 

50 

15 

20 

25 

30 

-- -

Benzene 

Example 13 

TWO hundred grams of cetyltrimethylammonium (CTMA) 

hydroxide solution prepared as in Example l 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 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 about 0.02 

micron, was added. The resulting mixture was placed in 
a steam box at lOO"C for 48 hours. The mixture had a 
c01nposition in terms of moles per mole Al2o3 : 

l.25 moles Na2o 
27. 8 moles Sio2 
5.1 moles (C'l'MA~ 2o 
4.4 moles (TMA) 2o 
650 moles H2o 

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 
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product proved to have the following equilibrium 

adsorption capacities in qrams/100 qrams: 
H2o 35.2 

cyclohexane > so 
n-Hexane 
Benzene 

40.8 

53 .s 
The X-ray diffraction pattern of the calcined 

product may be characterized as including a very stronq 

relative intensity line at 39.l ± 2.0 A d-spacinq and 

weak lines at 22.4 ± 1.0 and 19.4 ± 1.0 A. TEM 

indicated that this product contained the ultra-larqe 

pore material. 

Example 14 

A mixture of 125 qrams of 29% CTMA chloride 

aqueous solution, 200 grams of water, 3 grams of sodiUlll 

aluminate (in so grams H2o), 65 grams of Ultrasil, 

amorphous precipitated silica av~ilable from PQ 

corporation, and 21 grams NaOH (in 50 grams H2o) was 

stirred thoroughly and crystallized at iso•c for 168 

hours. The reaction mixture had the followinq relative 

molar composition in terms of moles per mole silica: 

0.10 mole~ (CTMA) 2o 
21.89 moles H2o 
0.036 moles NaAl02 
0.53 moles NaOH 

The solid product was isolated by filtration, 

washed with wat~r, dried for 16 hours at room 
temperature and calcined at s4o•c for 10 hours in air. 
The calcined product proved to have a surface area of 

840 m2/q, and the following equilibrium adsorption 

capacities in qrams/100 grams: 
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15.2 

42.0 
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-larqe 
pore material. 
E'Xanmle 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, J6% 

isopropyl alcohol and 14% water such that the mole 
ratio of Solvent/R21fo was 155. The mole ratio of 

H2o;R21fo in this mixture was 149 and the IPA/R
2
/fo 

mole ratio was 6. To the primary template mixture was 
added 4.15 grams of sodium aluminate, 25 qrams of 
HiSil, 100 grams of aqueous tetramethylaDUnonium 

silicate solution (10% Si02 ) and 13.2 grams of 25% 

aqueous tetramethylammonium hydroxide solution. The 
mole ratio of ~/fO/(Sio2+Al.2o3 ) 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 
ioo·c and stirred at 100 rpm for 24 hours. The mixture 
in the autoclave had the following relative molar 
composition in terms of moles per mole Sio2: 

- -- ------ -------
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a.as mole Na2o 
o.036 mole Al2o3 
0.18 mole cc12TMA.) 2o 
0.12 mole (TMA) 2o 
36.0 moles H20 

1.0 mole IPA 

The resulting solid product was recovered by 

filtration, washed with water and dried in air at 

ambient te•perature. The product was then calcined at 
54o•c for 1 hour in nitrogen, followed by 6 hours in 

air. 
The calcined product proved to have a surf ace area 

of l22J m2/q and the following equilibrium adsorption 
capacities in grams/100 grams: 

H2o 
cyclohexane 

25.5 

41.l 

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 ! d-spacinq and 
weak lines at 17.9 ± 1.0 and 15.5 ± 1.0 !. TEM 

indicated this product to contain the ultra-large pore 

material. 

Example 16 

A 50.75 gram quantity of decyltrimethylammonium 
hydroxide (prepared by contacting a ca. 29 wt % 

solution of decyltrimethylammonium bromide with a 

hydroxide-for-halide exchange resin) was combined with 
s.75 grams of tetraethylorthosilicate. The mixture was 
stirred for about 1 hour and then transferred to a 

poiypropylene jar which was then placed in a steambox 
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for about 24 hours. The mixture had a composition in 
terms of moles per mole Sio2 : 

o.81 mole (c10TMA) 2o 
47.6 moles H2o 

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 53a•c in N2/air mixture and then held in air for 
about 8 hours. The calcined product proved to have a 

surface area of 915 m2/q and an equilibrium benzene 
adsorption capacity of 35 grams/100 grams. Arqon 
physisorption data indicated an argon uptake of o.J4 
cc/qram, and a pore size of 15 A. 

The X-ray diffraction pattern of the calcined 
product. of this example may be characterized as 
includinq a very stronq relative intensity line at 21.s 

± l.5 Ad-spacing and weak lines at ts.a ± i.o and 13.7 
± 1.0 A. TEM indicated that the product of this 
example contained the ultra-large pore material. 

bample 17 

To eighty grams of cetyltrimethylammonium 

hydroxide (CTMAOH) sol~tion prepared as in Example l 
was added 1.65 grams of NaAlo2 . 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 (lO 
wt% sio2), 10 grams of HiSil, 200 grams of water and 
10 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 ios·c for sixty-eight hours 
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with stirring at 150 rpm. The mixture had a 
composition in terms of moles per mole Al2o3 : 

1.25 moles Na2o 
27.8 moles Sio2 
5.1 moles (CTMA) 2o 
2.24 moles (TMA) 2o 
2256 moles H2o 
80.53 moles l,J,5-trimethylbenzene 

The resulting product was filtered and washed 
several times with warm (60·-1o•c) distilled water and 

with acetone. The final product was calcined to SJs•c 

in N2/air mixture and then held in air for about 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 includinq a broad, very 
stronq relative intensity line at about 102 A 
d-spacinq, 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 anqle. The slits used in this 
example, starting at the X-ray tube, were 0.1, 0.3, o.5 
and 0.2 mm, respectively. TEM indicated that the 
product of this example contained several materials 
with different d100 values as observed in their 

electron diffraction patterns. These materials were 
found to possess d100 values between 85 A d-spacing and 

120 A d-spacing. 

Example 18 
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To eighty grams of cetyltrimethylammonium 

hydroxide (C'l'MAOH) solution prepared as in Example l 

was added l.65 grams of NaAlo2 • The mixture was 
stirred at room temperature until the NaAlo

2 
was 

dissolved. To this solution was added 40 grams of 

aqueous tetramethylammonium (TMA) silicate solution (10 

wt% sio2}, 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 cc 
autoclave and heated at lo5•c for ninety hours with 
stirring at 150 rpm. The mixture had a composition in 
terms of moles per mole Al2o3 : 

l.25 moles Na2o 

21.a moles sio2 : 

5.1 moles (CTMA) 2o 
2.24 moles (TMA) 2o 
2256 moles H2o 
132.7 moles l,3,5-trimethylbenzene 

The resulting product was filtered and washed 
several times with warm (60·-1o·c) distilled water and 
with acetone. The final product was calcined to SJs•c 

in N2/air mixture and ~hen held in air for 10 hours. 
The calcined product proved to have a surface area of 

915 m2/q and an equilbrium benzene adsorption capacity 
of >25 grams/100 qrams. Arqon physisorption data 

indicated an arqon uptake of 0.95 cc/qram, and a pore 
size centered on 7B A (Dollimore-Heal Method, see 
Example 19(b)), but runninq from 70 to qreater than 105 
A. The X-ray diffraction pattern of the calcined 
product of this example may be characterized as havinq 
only enhanced scattered intensity in the very low angle 
region of the X-ray diffraction, where intensity from 

iiiiimr 
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the transmitted incident X-ray beam is usually 
observed. However, TEM indicated that the product 
contained several materials with different d

100 
values 

as observed in their electron diffraction patterns. 
These materials were found to possess d 100 values 
between 85 A d-spacinq and 110 A d-spacinq. 

Example 19 

To eighty grams of cetyltrimethylammonium 
hydroxide (CTMAOH) solution prepared as in Example l 

was added 1.65 grams of NaAl0 2• 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% Si02), 10 grams of HiSil, and 18 grams of 

l,J,5-trimethylbenzene (mesitylene). The resulting 
mixture was stirred at room temperature for several 
minutes. The gel was then loaded into a JOO cc 
autoclave and heated at 1os•c for four hours with 
stirring at 150 rpm. The mixture had a composition in 
terms of males per mole Al2o3 : 

1.25 moles Na2o 

27.8 moles. s102 
5.l moles (CTMA) 2o 
2.24 moles (TMA) 2o 
650 moles H2o 
19.9 moles l,J,5-trimethylbenzene 

'?he resulting product was filtered and washed 
several tillles with warm (60•-7o•c) distilled water and 
with acetone. The final product was calcined to SJa•c 

in N2/air mixture and then held in air for about s 
hours. 
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The calcined product proved to have a surface area 

of 975 m2/q 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 (Dollimore-Heal Method), with the 

peak occurring at P/P
0
=0.65. 

The X-ray diffraction pattern of the calcined 

product of this example may be characterized as 

including a ve-ry strong relative intensity line at 63 ± 
s ! d-spacing and weak lines at 36.4 ± 2.0, 31.J ± l.5 

A and 2J.8 ± 1.0 ! d-spacinq. TEM indicated that the 

product of this example contained the ultra-large pore 

material. 

ID@mple 20 
Ai;:qon 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 

physisorption apparatus as described in U.S. Patent No. 

4,762,010. 

The samples were h~ated to Joo·c for 3 hours in 

vacuo to remove adsorbed water. Thereafter, the 

samples were cooled to a1•K by immersion of the sample 

tubes in liquid arqon. Metered amounts of gaseous 

arqon 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 arqon admitted to the 

samples and the amount of arqon left in the qas space 

above the samples, the amount of arqon adsorbed can be 

calculated. For this calculation, the ideal qas law· 

and the calibrated sample volumes were used. (See also 

----- -----

illiiliUr 
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s.J. Gregq et al., Adsorption, surface Area ang 

Porosity, 2nd ed., Academic Press, 1982). In each 

instance, a qraph 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 forminq 

the ratio of the equilibrium pressure and the vapor 

pressure P
0 

of the adsorbate at the temperature where 

the isotherm is measured. Sufficiently small amounts 

of arqon were admitted in each step to generate 168 

data points in the relative pressure ranqe from o 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
0 

reflects the size of the 

pores in which the adsorption takes place. Larqer 

pores are filled at higher P/P
0

• In order to better 

locate the position of the step in the isotherm, the 

derivative with respect to loq (P/P
0

) is formed. The 

adsorption peak (stated in terms of loq (P/P
0

}) may be 

related to the phys~cal pore diameter (A) by the 

followinq formula: 

r-
K I s 4 s10 

loq(P/P0 )• 1----
d-O.ll j3(L-D/2) 3 9(L-D/2) 9 

\--

--, 
s• s10 I 

l(D/2)J + 9(D/2} 9l 
-.J 

where d =pore diameter in nanometers, K = 32.17, s. 
o.2446, L = d + 0.19, and o = o.s1. 
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This formula is derived from the method of Horvath 
and Kawazoe {G. Horvath et al., J. Chem. Eng. Japan, J..2. 
.!.21 470(1983)). The constants required for the 
implementation of this formula were determined from a 
measured isotherm. of ALP0-5 and its known pore size. 
This method is particularly useful for microporous 
materials havinq pores of up to 60 A in diameter. 

The results of this procedure for the samples from 
Examples l 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-larqe 
pore phases in the products. 

Examples Po:te Diamete:t. A. 
l 32.2 

2 35.4 

3 42.5 

4 39.6 

5 16.9 

Ei 27.3 

7 36.Ei 

8 42.6 

9 28.3 

10 22.a, 30.8 

ll 36.8 

12 36.l 

13 35.0, 42.l 

14 40.0 

15 22.4, 30.4 

16 15.0 

---------
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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-spacinq at 14 A) had a pore diameter of a.J A 

as determined by the above method. 

The method of Horvath and Kawazoe for deterlnininq 
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 reqime above 60 A diameter, the Kelvin 
equation can be applied. It is usually given as: 

-2:r.,V 

ln(P/P 
0

) = __ cos e 

where: 

I = surface tension of sorbate 

v = molar vol\lllle of sorbate 
a = contact anqle (usually taken for practical 

reasons to be O) 

R = gas constant. 
T = absolute temperature 

rk = ca~illary condensate (pore) radius 

P/P
0 = relative pressure (taken from the 

physisorption isotherm) 
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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 
Anqstrom 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 
that reported by Oollimore and Heal (D. Oollimore 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 invertinq the 
data set. 

Transmission Electron Microscopy 
rn order to illwninate the microstructure of 

materials by transmission electromicroscopy {TEM), 
samples must be thin enough for an electron beam to 
pass throuqh them, generally soo-1000 A or so thick. 
The crystal morpholoqy of the present materials usually 
required that they be prepared for study by 

--~--
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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 cu.red at so·c for l l/2 
hours. Thin sections of the block are cut on an 
ultramicrotome using a diamond knife and sections in 
the thickness range soo-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 vere 400 mesh 
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 
next to the sample in the evaporator}, the samples are 
ready for examination in the TEM. 

High resolution TEM microqraphs sh~w projections 
of structure alonq 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 orient~tions 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.q. 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 qivinq 
that EDP will reveal details of the microst:ructure 
along the direction of projection indicated by the EDP. 
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In this way, different projections of a crystal's 

structure can be observed and identified usinq 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 lilllitinq 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 

regularity of the crystalline arrangement in the 

material, among other things. At the ver:y least the 

inner ring of briqht spots should be observed to obtain 

a good image. Individual crystals can be manipulated 

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 

technique was used to produce the electron micrographs. 

Microtomed sample~ of materials from the Examples 

were examined by the techniques described above in a 

JEOL 200 ex 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 hiqh 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. 
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Example 21 
A sample of MCM-41 (40 A) was prepared in 

accordance with the method described below. 

The following mixture (parts by weight - pbw) was 

charqed to an autoclave: 

SJ.7pbw Cetyltrimethylammonium (CTMA) hydrpxide, 
prepared by contacting a 29 wt % 

N,N,N-trimethyl-1-hexadecylammonium 
chloride solution with a hydroxide­
for-halide exchange resin 

l.7pbw 
41.lpbw 

10.Spbw 

Sodium aluminate, 
Tetramethylammonim silicate 

(10% aqueous solution), 

Precipitated hydrated silica (HiSil +). 

The mixture was crystallized at 1oo•c for 20 hrs. 
with srirrinq under autogeneous pressure. The 

resultinq product was recovered by filtration and dried 

in air at ambient temperature. A sample of the product 

was calcined at 540• C for l hour in nitrogen, followed 
by 6 hours in air for characterization. 

The calcined product had a surface area of 1120 
m2/q and the following equilibrium absorption 

capacities in grams/loo.grams: 
H20 10.8 

cyclohexane 

n-hexane 
Benzene 

>50 

>50 

67 

The product was identified as MCM-41 with an X-ray 
diffraction pattern which included a very stronq 

relative intensity line at 38.4 ± 2.0 A d-spacin9, and 

weak lines at 22.6 ± l.O, 20.0 ± l.O, and 15.2 ± l.O A. 
The MCM-41 crystalline product was exchanqed with 

room temperature aqueous solutions of ammonium nitrate 

1111nr 
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and subsequently dried overnight at 121·c (2So•F). A 

portion of the resultant crystals was combined with 

Al2o3 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. Th~ catalyst was activated by calcination 

at s1o·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 (lOOO"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(N03) 2 .6H2o and (NH4) 6H2W12o40 .H2o. After drying 
overnight at 12l"C (250"F), the extrudate was calcined 

in sv/v/min air at 538"C (lOOO"F) for J hours. 

Physical and chemical properties of the 

NiW/MCM-4l/Al203 catalyst are provided below: 

Example 22 

Nickel, wt % J.7 

TUnqsten, wt % 

Sodium., ppm 

surface Area, m2/g 

Pore Volu~e, ml/g 
Particle Density, g/ml 

Real Density, g/ml 

9.2 

200 

530 

0.780 

0.883 
2.837 

The catalyst of Example 21 was used as the 

hydrocrackinq catalyst in a DHC-2/NiW MCM-41 cascade 
reactor system. DHC-2 is a hydrotreating catalyst sold 

by UOP. The catalyst fill ratio was 4.0Sq of OHC-2 and 

6.40q of NiW-MCM-41 to give an HDT/HDC weiqht ratio of 

o.64, with a total catalyst volume of 20.2cc. The 

- -------- -

ili~Jif 
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OHC-2 catalyst serves as a hydrotreatinq catalyst to 
reduce nitrogen and sulfur content before the oil is 
processed in the hydrocrackinq section of the reactor 
containing the NiW/MCM-41 catalyst which does the bulk 
of the boiling ranqe conversion. The feed was a heavy 
vacuum gas oil from a Persian Gulf crude with the 
properties are listed in Table 1 below. 
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Table l 

Properties of Persian Gulf VGO 

Hydrogen, wt% 

Nitrogen, ppm 

Basic Nitrogen, ppm 

sulfur, wt % 

API Gravity 
Pour Point, ·c ("F) 

Composition, wt % 

Paraffins 

Mononaphthenes 

Polynaphthenes 

32 

12. 6 

650 

198 

2.3 

22.6 

(90) 

27.7 

8.3 

14.6 

Aromatics 49.4 

Simulated Dist., wt% 

IBP, •c ( •F) 277 (531) 

5 

10 

20 

30 

40 
50 

60 

70 

80 

90 

95 

EP 

364 (687) 

379 (715) 

396 (745) 

410 (770) 

423 (793) 

436 (816) 

449 (841) 

463 (866) 

481 (897) 

506 (942) 

521 (970) 

577 (1071) 

The process conditions were 8377 kPa (1200 psiq) 

hydrogen pressure, 810 v/v (4500 SCFB) hydrogen 

30 circulation and o.s LHSV. Severity was varied by 
adjusting reactor temperature from 3a2·-41o•c 

(720·-11o•F) at constant LHSV. The temperatures of the 
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hydrotreating and hydrocracking reactors were 
maintained at the same temperature for all runs. 

The reactor severity is measured by 343·c­
(6SO·F-) boiling range conversion which is defined as: 
6so•F- conversion = 

6so•F+ in Feed Cwt %l - 6so•p+ in Product cwt %> 

650.F+ in Feed (wt %} 
The selectivities for kerosene (330-440.F 

fraction) and distillate (440-650.F fraction) are shown 
in tabular form for a conversion level of 45 wt %, in 
Table 2 below: 

Table 2 

HDC of VGO BLEND 
C45 wt% conversion) 

catalyst QHC-2/NiW-MCM-41 

Reactor Temp., (C•) •F 401 (753) 
Product composition, wt % 

C1-C4 4.0 

CS-330 
330-440 

440-650 

650-750 

10.5 

9.0 

22.s 

18 

750+ 35 

H2 Cons, SCFB 850 
The Total Liquid Product (TLP) samples at the 43 

wtt conversion were distilled to yield 3Sa·c+ (730°F+) 
bottoms material that was subsequently analyzed, with 
the results given in Table 3. 
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Table 3. 

Bottoms Properties at 

43 wt ~ 650"F+ Conversion 

3aa•c+ (730"F+) Properties 

Nitrogen, ppm 
Mol. Weight 
Pour Point, ·c ( "F) 

KV @ 1oo·c, mm.2/s 

Composition, wt % 

:Paraffins 
Mononaphthenes 

Polynaphthenes 

Aromatics 
simulated Dist., wt 

32 

% 

3 

388 

(90} 

4.804 

43.3 

19.3 

23.4 

14.0 

IBP/5 •c (•F) 372/388 (701/731) 

10/50 396/436 (745/817) 

The MCM-41 catalyst was highly effective in 

reducing the nitrogen level of the bottoms to a very 

low level of 3 ppm. Also, the deqree of aromatic 

saturation for the MCM-41 catalyst was qood: aromatics 

level dropped from 19.6 to 14.0 wt %. 

Example 23 

The followinq mixture (parts by weight) was 

charqed to an autoclave: 
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48 parts Cetyltrimethylammonium (CTMA) hydroxide 

solution, prepared by contacting a 29 wt % 

N,N,N-trimethyl-1-hexadecyl-ammonium 

chloride solution with a hydroxide-for-halide 
exchange resin, 

1 part Sodium aluminate, 

24 parts Tetramethylammonim silicate (10% aqueous 
solution), 

6 parts Precipitated hydrated silica (HiSilt). 

The mixture was crystallized at ioo·c for 20 hrs. 

with stirrinq under autogeneous pressure, and the 

resulting product was recovered by filtration and dried 

in air at ambient temperature. A sample of the product 
was calcined at s4o•c in nitrogen followed air. 

The calcined product had a surface area of 1120 
m2;g and the following equilibrium absorption 
capacities in grams/100 qrams: 

H20 10.8 

cyclohexane >50 

n-hexane >50 

Benzene 67 

The product exhibited a very strong relative 

intensity line at 38.4 .± 2.0 A d-spacinq, and weak 

lines at 22.6 ± l.O, 20.0 ± l.O, and 15.2 ± i.o 
A. 

An unbound Pt/H-MCM-41 catalyst containinq 0.6 wt 

% platinum was prepared by subjecting the calcined 
product to ammonium exchanqe in buffered solution at 
pH•S to remove sodium, followed by exchange with 

Pt(NH3) 4C12 in the presence of ammonium ions at pH 4-5, 

followed by drying and calcination. An amorphous 
silica-alumina catalyst containing 0.6 wt % platinum, 
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comparable to col'lllUercial isomerization catalysts, was 
also prepared for comparison. 

The catalyst was evaluated for paraffin 
isomerization using a micro unit equipped with a 12.5 

mm downflow stainless steel reactor. A commercial 
Pt/Sio2-Al2o3 catalyst was used for comparison. In a 
typical experiment, 10 cc of sized catalyst (14/24 
mesh) were loaded into the reactor and reduced in 
h~roqen at aoo·F {427.C) for two hours. The reactor 
was cooled to 4SO•F (2J2"C) and pressurized to 100 psiq 
(790 kpa abs.} with hydrogen. N-hexane as feed was 
then introduced at l WHSV with a 2:1 mol:mol hydrogen 
cofeed. The product from the reactor was analyzed with 
an on-line gas chromatograph equipped with a 30 meter 
meqabore OB-1 column. 

The Pt/MCM-41 catalyst gave a higher yield of 
isoparaffins than the Pt/silica-alumina catalyst at 
equivalent n-hexane conversion and produced less 
cracked product at equivalent n-hexane conversion, 
demonstratinq that the catalyst based on the ultra 
larqe pore material is more selective for isoparaffin 
when compared to the amorphous catalyst. The 
distribution of produc~s for the two catalysts at 343•c 
{oSo•F) operatinq temperature are shown in Table 4 
below. 

ii ii if 
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Table 4 

Isomerate Products at 343•c C650"F} 

Catalyst Pt/MCH-41 Pt/Sio2
-Al

2
Q

3 

Feed Rate 

{qm n-c6/gm Cat/hr) 

Hours on-stream 

conversion, wt % 

Product Distribution, 

n-Hexane 

Methylpentanes 

Dimeth.ylbutanes 

Methylcyclopentane 

c,+ 
Example 24 

wt 

l.O 

129 

74.6 

% 

2.3 

25.4 

53.7 

18.2 

0.2 

0.2 

Pt/MCM-41 Catalyst Preparation 

l.O 

64 

78.6 

a.a 
21.4 

49.9 

18.5 

o.s 
0.9 

A sample of MCM-41 (40 A) was prepared in 

accordance with the method described in Example 21 

above. 

The MCM-41 crystalline product was exchanqed with 

room temperature aqueous solutions of aJDmoniwa nitrate 

and subsequently dried overnight at i21·c (2so·F). A 

portion of the resulta~t crystals was combined with 

Al 2o3 (Versal 250 •) to form a mixture of 65 parts, by 

weiqht MCM-41 and 35 parts alumina. Water was added to 

this mixture to allow the resultinq catalyst to be 

formed into extrudates. The catalyst was activated by 

calcination at sio•c (950"F} in Sv/v/min of nitroqen 

for 6 hours followed by the replacement of the nitroqen 

with Sv/v/min of air. The calcination was· completed by 

raisinq the temperature to 538"C (lOOO•F) and 

maintaining that temperature in Sv/v/min air for 18 

hours. 



• 

5 

lO 

lS 

20 

25 

30 

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

- 79 -

The calcined extrudate was exchanged with a 

0.0062M Pt(NH3 ) 4cl2 solution, followed by washinq, 

dryinq and calcination in air at 343•c (650.F} for 

three hours. 

PdlMCM-41 Catalyst Preparation 

A sample of MCM-41 (40 A) was prepared by a 

similar method to that described in Example 21 above 
but using 48 pbw cetyltrimethylammonium (CTMA) 

hydroxide, l pbw sodium aluminate, 24 pbw 

tetramethylammonim silicate (10% aqueous solution), and 
6 pbw precipitated hydrated silica (HiSil •). The 

mixture was crystallized at ioo·c for 20 hrs. 

The MCM-41 crystalline product was formulated into 

a catalyst in the same way as the platinum-containinq 

catalyst with the exception that the calcined catalyst 

was exchanged with aqueous Pd(NH3) 4cl2 solution, 

followed by dryinq at room temperature for 4 hours and 

overnight at 2so·F before the final calcinaticn. 

A Pd/Si02 catalyst was made by impregnatinq silica 
spheres (Shell s-980 c 1.5) with a Pd(NH3) 4ci2 solution 
using the incipient wetness method. The impreqnated 

spheres were then drie~ at room temperature for 4 

hours, followed by l2l"C {250.F) overniqht after which 

the catalyst was calcined in 5 v/v/min air at 2ss•c 
(550.F) for 3 hours. 

The three noble metal containinq catalysts (Pt 

MCM-4l/Al2o3 , Pd MCM-4l/Al 2o3 , Pd Si02) were evaluated 
for hydroqenatinq a pclyalpha-olefin lubricant. 

The properties of the three catalysts are 

summarized in Table 5 below. 
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Table s 
catalyst Properties 

Pd MCM-4l(l) Pt MCH-4l(l) Pd Si02 

Metal Loading. Wt l 
Pd 0.83 0.84 

Pt 0.54 

~!.U~:t:ace Area 1 m2!g 800 682 330 

f2r:e Volume1 cc lg 0.96 0.97 a.as 
fg;ce Ois~;:;i.but;i.on.i 

<50 A. 32 42 0 

50-100 A. 16 12 41 

100-200 A. 15 11 32 
>200 A. 37 35 37 

(1) Contains 65 wt % MCM-41 and 35 wt % alumina prior 

to the metal addition. 
The MCM-41 materials used in the catalysts 

containq this crystalline material had a pore openinq 
of 40 A. All three catalysts have 30% pore volume with 
pore diameters greater than 200 A. but the MCM-41 

catalysts have 30-40% pore volume with pore diameters 

less than SO A. 
Al.l catalysts were evaluated in a fixed-bed pilot 

unit. A poly~alpha ol~fin (PAO) lube oliqomer having 
the composition shown in Table 6 below was used as the 

feed. 
Table 6 

Propert;i.es of 

Gravity, ·API 
Hydrogen, wt t 

PAO 

39.2 

14.6 

Bromine Number 27.3 
KV @ 4o·c, mm.2/s 26.22 

KV @ioo·c, mm.2/s s.2sJ 
Viscosity Index 136 
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The PAO was hydrogenated at 2.0 LHSV, 2520 kPa 
(350 psig) H2 and 900 v/v (5000 scf/b) of once-through 
hydrogen circulation rate. Reactor temperature was 
varied to obtain catalyst activity as a function of 
temperature. Catalyst activity is measured by the 
reduction of bromine number of the oii. 

The Pd MCM-4l/Al2o3 catalyst is the most active 
catalyst. It achieved the reduction of bromine nl.llllber 
to less than lat i11·c (350.F), the lowest temperature 
of the experiments. Pt MCM-4l/Al2o3 is also ~ite 
active. The Pd/Si02 catalyst, is the least active 
catalyst for this reaction. 

~xample 25 

This example shows the use of an MCM-41 molecular 
sieve for selective lube hydrocracking. A NiW/MCM-41 
catalyst was prepared in accordance with the method of 
Example 21 above. 

This catalyst was used to hydrocrack a heavy 
neutral distillate having the properties given in Table 
7 below, toqether with the properties of the oil after 
solvent dewaxinq to o•F pour point (ASTM D-97 or 
equivalent such as Autopour). The feedstock has high 
nitrogen content of 1500 ppm and that the distillate VI 
after solvent dewaxing is 53. The objective of lube 
hydrocracking the distillate is to increase the VI 
level to the 95-100 VI ranqe after solvent dewaxinq 
while maximizing lube yield. 

------- --- - . 
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Ta.ble 7 

Heavy Neutral Distillate Properties 
Hydrogen, wt % 12.83 
Nitrogen, ppm 
Basic Nitrogen, ppm 
sulfur, wt % 

API Gravity 
KV @ ioo·c, mm2/s 

composition, wt % 
Paraffins 
Naphthenes 

Aromatics 
Sim Dist, wt% 

IBP •c ( •F) 

5 

10 

95 

1500 

466 

0.72 
22.0 

18.52 

18.3 

32.2 

49.5 

407 (765) 

452 (846) 

471 (880) 

586 (1086) 

Solvent Oewaxed Oil Properties 
KV @ ioo·c, mm2/s 20.1 
VI SJ 

Pour Point, ·c ( •F) -18 (O) 
LUbe Yield, wt % 81 

The distillate was processed at temperatures from 
Jas• to 401·c c12s· to 754.F}, 13900 kPa (2000 psiq) 
hydrogen pressure, 1350 v/v (7500 SCFB) hydroqen 
circulation and o.55 to 0.61 LHSV. The data from these 
experimental runs are summarized in Table a below: 
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Table a 
lUfDC with NiW/MCM-41) 

Temp., • c ( • F) 385 (725} 393 (739) 

Pressure, 
kPa (psiq) 13900 (2000) 

IJ!SV 0.61 

6so·F+ conv., 
wt % 9.3 

Lube Properties 
'1C'I @ ioo•c, tnm2/s 13.0S 

SUS @ 38"C (100.F) 772 

VI 79 

Pour Point, 

13900 (2000) 
0.54 

20.8 

10.46 
468 

98.l 

•c ( • F) -9.4 (15) -1.1 {30) 

Lube Yield, wt % so.s 66.6 

401 (754) 

13900 (2000) 
o.ss 

36.0 

7.59 

261 

113.J 

-l. l {30) 

54.3 

The NiW/MCM-41 catalyst was selective for 

upqradinq the heavy neutral distillate from a raw 

distillate VI of 53 to a 98 VI product at a conversion 

level of 20.8 wt%. 

Example 26 

48 parts by weiqht of cetyltrimethylatnmonium 

(CTMA) hydroxide solution, prepared by contactinq a 29 

wt % N,N,N-trimethyl-l-hexadecylammonium chloride 

solution with a hydroxide-for-halide exchange resin, 

was combined with l part by weight of sodium aluminate 

and 24 parts by weight of an aqueous solution of 

tetramethylammonium. (TMA) silicate (10% silica) with 

stirrinq. 6 parts by weiqht of HiSil+, a precipitated 

hydrated silica containinq about 6 wt % free water and 

about 4.5 wt % bound water of hydration and havinq an 
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ultimate particle size of about 0.02 micron, was added. 
The resultinq mixture was crystallized at ioo·c for 20 
hours·. The mixture had a composition in terms of moles 
per mole Al2o3 : 

1.46 moles Na2o 
27.8 moles Sio2 
5.6 moles (CTMA} 2o 
3.11 moles (TMA) 2o 
723.7 moles H2o 

The resulting solid product was recovered by 
filtration and dried in air at ambient temperature. 
The product was then calcined at s4o•c for l hour in 
nitroqen, followed by 6 hours in air. 

The calcined product proved to have a surf ace area 
of 1200 m2/q and the following equilibrium adsorption 
capacities in qrams/100 grams: 

a2o 13.5 

cyclohexane > 50 
n-Hexane 43.6 

Benzene 71 
The product of this Example has an X-ray 

diffraction pattern including a very strong relative 
intensity line at 38.4 ~ 2.0 Angstroms d-spacinq, and 
weak lines at 22.6 ± l.O, 20.0 ± l.O and 15.2 ± 1.0 
Angstroms. 

The product (35 parts by weiqht) was bound with 65 
parts by weight of an alumina binder by a mulling and 
pelletizinq procedure. The pelletized mixture was then 
calcined, first in nitroqen and then in air, at 
temperatures up to 53a•c (1000.F) to remove orqanic 
material included in the as-synthesized material. 

cations in the calcined pellets were then 
exchanged with ammonium cations by contactinq the 
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pellets with solutions of lN NH4No 3 ~aintained at a pH 
of 8. The twice-exchanged pellets were then dried in 
air at i21•c (250"F) followed by calcination at 53a•c 

(looo·F) under conditions sufficient to decompose 

ammonium ions and evolve ammonia, thereby converting 
the bound material to the hydr~gen form. 

The hydrogen form of the bound material was then 
impregnated with an ammonium heptamolybdate solution. 
More particularly, 45.12 ml of an aqueous solution 
containing 5.08 grams of ammonium heptamolybdate (81.5 

wt % Moo3 ) was added to 40 grams of the hydrogen form 
of the bound material. The resulting wet material was 
dried at 2SO•F (l21•c) and then calcined in air at 

iooo·F (SJa•c) under conditions sufficient to decompose 

ammonium heptamolybdate and generate Moo
3

, thereby 
producing a molybdenum impregnated material. 

The molybdenum impregnated bound material was then 

impregnated with a nickel nitrate solution. More 
particularly, 48.14 ml of an aqueous solution 
containing 9.12 qrams of Ni(N03) 2 .6H2o (21.2 wt% Ni) 

was added to the molybdenum impreqnated ltlaterial. The 

resulting wet material was dried at 2so·F (121·c) and 

then calcined in air a~ iooo·F (SJa•c) to decompose 
nickel nitrate and generate Nio, thereby producing a 
nickel and molybdenum impregnated material. 

The resulting catalyst had the properties shown in 

Table 9. 
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Table 9 

NiMo/MCH-41 catalyst Properties 

Nickel 
Molybdenum 
Real Density, q/cc 
surface Area, m2/g 

4.9 

a.o 
2.784 

306 

{l) 65 wt % MCM-41 and 35 wt % alumina prior to the 

metals addition. 

Example 27 
The catalyst of Example 26 was tested for 

upgrading an Arabian Light Atmospheric Resid havinq the 
properties set out in Ta~le 10 below. 

--------

tt1iii{lf flf 
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Table 10 
Arabian Light Atmosuheric Resid 

General Properties 
Gravity, API• 18.2 
Hydrogen, wt % ll.71 

Sulfur, wt % 3.0 

Nitrogen, ppmw 0.15 

CCR, wt % 7.7 

Asphaltenes, wt t 5.7 

Trace Metals. ppmw 

Nickel 
Vanadium 
Iron 

Distillation, •c c•F) 

IBP 

1.0~ 

30% 

8.9 

34.0 

2.7 

231 (447). 

344 (651) 

434 (814) 

50% 518 (965) 

60% 569 (1056) 

The oil was processed at 7000 kPa (1000 psig) and 
a weiqht hourly space velocity (WHSV) of 0.66. Reactor 
temperature was varied from 600"F (J1s•c) to 1so·F 
(399.C) to cover a wid~ range of conversion. The · 
results of this test are given in Table 11. These 
results indicate that the catalyst is active for 
demetallation and asphaltene removal while requiring 
low hydrogen consumption (as determined by the low 
hydrogen content of the products). 

---·--· --·-· 
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Table ll 
Product Properties 

(ATM Resid, 1900 psig, 0.66 WHSVl 
'.timpei;:~tyre Metals A:irohal tenes fiYg;c:Qgen 

·c ( • F) Ni+V, ppmw Wt % Wt % 
Jl6 (600} 21.a 2.61 12.04 
343 (650) 13 .2 0.9 12.43 

371 (700) 3.8 0.29 12.54 
J85 (725) 1.2 12.66 
399 (750) 0.2 12.77 

Example 28 
Cations in the as-synthesized material of Example 

27 were exchanged with ammonium. cations by contacting 
the material with a solution of lM NH4No3 at room 
temperature for one hour. The exchanged material was 
filtered and rinsed with water. This 
exchanqe/filter/rinse procedure was repeated and the 
material was then dried at 250°F (l21•c) overnight to 
form an ammoniUlll exchanged material. 

35 parts by weight of this ammonium exchanged 
material was bound with 65 parts by weiqht of an 
alumina binder by an ex~rusion procedure, producing 
extrudate in the form of 1/16-inch cylinders. The 
extruded, bound material was dried overnight at 2so•F 
(121"C). The dried material was then calcined, first 
in nitroqen and then in air, at temperatures up to 
iooo•F (SJa•c) under conditions sufficient to decompose 
ammonium ions and to substantially remove orqanic 
material, thereby convertinq the material to the 
hydroqen form. 

The hydroqen form of the bound material was 
humidified with moist air by p1acinq the material in 

iiilfiiiUT 
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the path of a stream of air which had been passed 
through a bubbler at room temperature. The moisture 
saturated material was then impregnated with a solution 
containing ammonium heptamolybdate and nickel nitrate: 
214.S ml of an aqueous solution containing 25.8 qrams 
of ammonium heptamolybdate (54.3 wt % Mo, 81.S wt % 
Moo3 ) and 27.7 qrams of Ni(N03 ) 2•6a2o (20.2 wt% Ni) 
was added to 182 grams of the moisture saturated bound 
material. The resulting wet material was dried at 
250*F (121•c) and then calcined in air at lOoo•p 
(SJs•c} under conditions sufficient to decompose 
ammonium heptamolybdate and nickel nitrate, qenerating 
Moo3 and NiO, to produce a molybdenum/nickel 
impregnated catalyst. 

The resulting catalyst had the properties shown in 
Table 12. 

Table 12 

catalyst Properties 
Cbemical Composition 

NiO, wt % 3.3 

Moo3 , wt % 7.6 
Physical Properties 

surface Area (BET), m2/q 645 
Pore Volume, cc/9 
Avq Pore Dia., Angstroms 

PSO CHg Porosimetryl. cc/g 
<JOA 
30-lOOA 

100-200A 

>200A 

o.ss 
55 

0.26 

0.19 

O.l.4 

0.29 

This catalyst was evaluated for upgrading Paraho 

---- ---- ---
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shale oil at relatively mild conditions (2.0 LHSV and 
1000 kPa (1000 psiq) H2)). Analyses of the retorted 

Paraho shale oil are qiven in Table lJ. Experimental 
data are summarized in Table 14. 

Table 13 

Retorted Paraho Shale Oil 

Gravity, "API 21.7 
Hydrogen, wt % 11.49 
Nitrogen, wt % 2.20 

sulfur, wt % 

Arsenic, ppmw 
Iron, ppmw 
Nickel, ppmw 
Bromine Number 
Molecular Weiqht 
C=C bonds per molecule 
Distillation. ·c C"Fl 

5% 
Jot 
50% 

70% 

95% 

0.69 

37 

27 

2.4 

45 

307 

o.as 
D ;urn1 

239 (463) 

373 (703) 

432 (809) 

491 (915) 

The results of this evaluation showed that the 

catalyst was active for olefin saturation, removal of 
iron and nickel, and denitroqenation. The catalyst is 
also active __ for arsenic removal and desulfurization. 
The catalyst can dearsenate the shale oil to less than 
1.0 ppmw at 7oo·F (37l"C). 

---- ------~--- -

This Sheet Has Been Re laced 
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Table l4 

H%.d;cg~;cg~~lliDg Q' ~bill~ QU 
(2a g UIS~l7QQQ tP~ ( lQQQ 12=s.i.g) liil 

Bromine 

li2a- I;cgo lUscti:l A.r:::u:oi~ Slal.~;c tU.:t::z:gs~n 
(pplll.W) (ppmw) (ppmw) (wt %) (ppmw) 

fam:i •• 
~· ! "ll 
260(500) 0.9 4.3 2.4 7.S 0.66 2.l.8 

288(550) <0.1 3.1 1.9 s.o 0.60 l.98 

316(600) <0.1 2.2 1.8 2.s 0.54 l.94 

371(700) <0.1 0.3 l.6 <l.O 0.32 1.59 

381(717) nm nm nm na nm nm 
399(750) <O.l 0.1 0.2 <l.O 0.15 l.41 

nm .. not measured 

Example 29 

This Example provides a comparison with a zeolite 
catalyst (NiW/USY), using a heavy neutral distillate 
whose properties are given in Table 15 below, together 
with the properties of the oil after solvent dewaxinq 
to -1a•c (O•F) pour point. It can be seen that the 
feedstock has hiqh nitr~qen content of lSOO ppm and 
that the distillate VI after solvent dewaxing is 53. 
The objective of lube hydrocrackinq the distillate is 
to increase the vr level to the 95-100 VI range after 
solvent dewaxinq while maximizing lube yield. 

i~iiiiU 
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Table lS 
Heavy Neutral Distillate Properties 
Hydrogen, wt % 12 • s J 

Nitrogen, ppm 
Basic Nitrogen, ppm 
sulfur, wt % 

API Gravity 
KV @ ioo•c, mm2/s 

composition, wt % 
Paraffins 
Naphthenes 
Aromatics 

Sim Dist, wt % 

IBP, • C ( "F) 

5 

10 

95 

1500 

466 

0.72 

22.0 

18.52 

18.J 

32.2 

49.5 

407 (765) 

452 (846) 

471 (880) 

585 (1086) 
Solvent Oewaxed Oil Properties 

KV @ ioo·c, mm2/s 20.1 

VI 
Pour Point, ·c ( •F) 

Lu.be Yleld, wt % 

53 

18 (0) 

87 

The heavy neutral distillate feed was processed 
over a fixed bed reactor containing a NiW/USY 

25 hydrocrackinq catalyst made by the following procedure: 
a commercial USY (PQ Corp. Z-14 USY) was combined with 

·Al
2
o

3 
to form a mixture of 65 parts, by weight, zeolite 

and 35 parts alumina. Water was added to this mixture 
to allow the resulting catalyst to be formed into 

JO extrudates. The catalyst was then thermally treated at 
53g•c (1000.F) in flowing air for· three hours. A 
portion of the resultant extrudate was exchanged with 
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aqueous solutions of ammonium nitrate and was 
subsequently dried overnight at l2l"C (250°F). 
Following a three hour 53a•c (1000.F) air calcination, 
100% steam was introduced and the temperature 
maintained at 538"C (lOOO"F) for 10 hours. Nickel and 
tungsten were incorporated via incipient wetness 
coimpregnation usinq solutions of Ni(N03)2.6H

2
o and 

(NH4) 6H2w1204o.H2o. After drying, the extrudates were 
calc_ined for three hours in flowing air at 538 ·c 
(lOOO"F). The Ni and W loadings on the final catalyst 
were 5.8 and 16.6 wt %, respectively. 

The processing conditions were 10450-18720 k.Pa 

(1500-2700 psig) hydrogen pressure, 1350 v/v (7500 

SCFB) hydrogen circulation and 0.5 to l.O LHSV. The 
total liquid product of the reactor was distilled to a 
nominal J4J•c+ (650"F+) cut-point and the feed was 
sUbsequently dewaxed with a 60/40 mixture of 
MEX/toluene. The results of these experiments are 
summarized in Table 16 below. 

-------
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Table 16 

. CI.HOC with NiW/USYl 

Temp., •c("F) 371(700) 385(725) 399(750) 

Pressure, 
kPa(psig) 18720(2700) 18720(2700) 10460(1500) 

LHSV 0.5 0.5 1.0 

650"F+ conv., 

wt % 15.2 29.J 20.0 

Lube Properties 
rv @ ioo·c,mm2/s 14.7 10.95 10.68 

SUS @ lOO"F 982 519 515 

VI 72 94 90 

Pour Point, 
• C ( "F) -15 ( 5) -15 (5) -15 {5) 

Lube Yield, 

wt% 80.9 60.l 63.5 

Example 30 
This example illustrates the use of a commercially 

available amorphous catalyst (NiW/Al203) without any 
20 promoter. conditions for this example were 13900 kPa 

(2000 psig) hydrogen p~essure, 1350 v/v (7500 SCFB) 
hydrogen circulation, and o.s LHSV. Table 17 below 
summarizes results of this experimental run. 

ii ii Ar 
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Table 17 

(1fil2C Wj.th tJnfl,uoi;:;i,ggd NiWLal.mnina} 

Temp., • C ( • F) 399(750) 407 (765) 413 (775) 

Pressure, 

kPa {psiq) 13900 (2000) 13900 (2000) 13900 (2000) 

LHSV 0.5 o.s 0.5 

6so·F+ ccnv., 

wt% 15.5 21.s 28.2 

Lube Properties 

¥:V @ lOO ·c, 
mm2/s 11.44 9.83 8.86 

SUS @ ioo·F 602 449 369 

VI 83.9 91.7 97.0 

Pour Point, 

·c ( •F) -21 (-5) -21 (-5) -23 (-10) 

Lube Yield, 

wt % 70.2 64.3 58.6 

Example 31 
This example utilizes the same catalyst as Example 

30 except that the catalyst is activated by in-situ 

fluoriding in the fixed bed reactor to achieve a tarqet 

2-5 wt % fluorine on c~talyst. This was accomplished 

by fluoridinq the catalyst with a high level (600 ppm) 

of fluorine in the distillate for a one week period 

after which the flcurine level is reduced to a 25 ppm 

level at which it is held fer the remainder of the 

experimental run. Ortho-fluorotoluene was used as the 

fluoriding agent. Processing conditions were 13900 kPa 

(2000 psiq) hydrogen, 1350 v/v (7500 SCFB) hydrogen 

circulation and o.s to l.O LHSV. The data from these 

experimental runs are given in Table 18 below. 

iiiliifilif 
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Table 18 
Cid{QC With Fluorided NiW/aluminal 

Temp., ·c ( "F) 407 (764) J99 (751) 4lJ {775) 

Pressure, kPa 

(psiq) 

utSV 
650.F+ conv., 

wt % 

Lube Properties 

13900 (2000) 13900 (2000) 13900 (2000) 

l.O o.s 1.0 

16.3 18.9 21.7 

lo KV @ loo·c, 

15 

mm2/s 

SUS @ loo·F 

VI 
Pour Point, 
·c ("F) 

Lube Yield, 

wt % 

:Example 32 

10.22 

468 

93.8 

-1 (30) 

74.4 

9.25 9.12 
392 380 

97.5 98.8 

-7 (20) -7 (20) 

70.0 68.5 

This example shows the benefits 0£ usinq an M41S 

20 molecular sieve for selective lube hydrocrackinq. A 
NiW/MCM-41 catalyst was prepared as outlined below. 

A sample of MCM-4i (40 A) was prepared in 
accordance with the followinq method. 

The following mixture (parts by weight) was 
25 charqed to an autoclave: 
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83.7p.bw cetyltrimethylammonium (CTMA) hydroxide, 
prepared by contactinq a 29 wt % 
N,N,N-trimethyl-hexadecylammonium chloride 
solution with a hydroxide-for-halide 
exchange resin, 
Sodium aluminate, l.7p.bw 

4.lp.bw Tetramethylammonim silicate (10% aqueous 
solution, 10.Spbw Precipitated hydrated 
silica (Hisil +). 

The mixture was crystallized at ioo•c for 20 hours 
with stirring 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 54o•c for 1 hour in nitrogen, followed 
by 6 hours in air for characterization. 

The calcined product had a surface area of 1120 
m2/9 and the following equilibrium absorption 
capacities in grams/100 

a2o 
cyclohexane 
n-hexane 

grams: 
10.8 

>50 

>50 

Benzene 67 
The calcined product exhibited very strong 

relative intensity line at 38.4 + 2.0 Ad-spacing, and 
weak lines at 22.6 + l.O, 20.0 + 1.0, and 15.2 + l.O A. - - -

The MCM-41 product was exchanged with room 
temperature aqueous solutions of ammonium nitrate and 
su.b~equently dried overniqht at 121•c (2SO•F). A 
portion of the resultant crystals was combined with 
A1

2
o

3 to form a mixture of 65 parts, by weiqht_ MCM-41 
and 35 parts alumina. Water was added to this mixture 
to allow the resultinq catalyst to be formed into 

1iiiiU 
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extrudates. The catalyst was activated by calcination 

at s1o·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 5Ja•c (looo•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(N03) 2 .6H2o and (NH4) 6H2w1204o.H2o. After drying 
overnight at i21•c (250.F), the extrudate was calcined 

in sv/v/min air at s3s·c (looo·F) for 3 hours. 

Physical and chemical properties of the 
NiW/MCM-4l/Al

2
o3 catalyst are: 

Nickel, wt % J.7 

Tungsten, wt % 9.2 

Sodium, ppm 200 

surface Area, m2/ 530 

Pore Volume, ml/q o.1ao 
Particle Density, q/ml 0.883 

Real Density, g/ml 2.837 

This catalyst was used to hydrocrack the 
distillate at temperatures from 385" to 401•c (72s• to 

754.F), 13900 (2000 ps~q) hydroqen pressure, 1350 (7500 

SCFB) hydrogen circulation and 0.55 to 0.61 LHSV. The 

data from these experimental runs are SUlnlt\arized in 
Tabl.e 19 below: 

--···--·-----
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Table 19 

CLRDC with NiW/MCH-4ll 

Temp., •c (•F) 385 (725} 393 (739) 

Pressure, 
kPa (psiq) 

LHSV 

650 •F+ conv., 

wt % 
Lube Properties 

rv @ 1oo·c, 
mm2 /s 

SUS @ lOO"F 

V'I 

Pour Point, 
•c ( •F) 

Lube Yield, 

wt % 

13900 (2000) 13900 (2000) 

o.61 o.s4 

9.3 20.8 

13.08 10.46 

772 468 

79 98.1 

-9.4 (15) -l.l (30) 

80.5 66.6 

401 (754) 

13900 (2000) 

o.ss 

36.0 

7.59 

261 

113.J 

-1.l (30} 

54.3 

The NiW/MCM-41 catalyst was selective for 

upqradinq the heavy neutral distillate from a raw 

distillate vr of 53 to a 98 VI product at a conversion 

level of 20.a wt %. The lube yield versus VI 

selectivity data for E~amples 29 to 32 is represented 

in Fiqure 1. It can be seen that the unfluorided 

NiW/MCM-41 catalyst produces a higher vr product at a 

qiven lube yield or alternatively a higher lube yield 

at a given VI compared to the other unfluorided 

catalysts evaluated, i.e. NiW/USY or NiW/alumina. In 

the VI·ranqe of commercial siqnificance (95-100 VI), 

the fluorided NiW/alumina catalyst has a slightly 

hiqher lube yield vs VI selectivity compared to the 

NiW/MCM-41 catalyst but has the draw-back of requirinq 

f1uorine. Additionally, the activity of the NiW/MCM-41 
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catalyst as determined by the temperature requirement 
to achieve tarqet conversion was very favorable 
compared to both the fluorided and unfluorided 
NiW/alumina catalysts. This is shown in Table 20 below 
where a nominal 20 wt % 343•c+ (6so•F+) conversion 

severity was achieved. 

Temp., ·c c·F> 
6so·F+ conv. 

wt % 
Pressure, 

kPa (psiq) 

LHSV 

Table 20 

catalyst activity 
Unfluorided Fluorided 

NiW/MGM-41 NiW/alumina NiW/alumina 

393 (739) 407 {765) 400 (751) 

20.B 21.5 18.9 

13900 (2000) 13900 (2000) 13900 (2000) 
0.54 o.s o.s 

The NiW/MCM-41 catalyst was more active than both 

the fluorided and unfluorided NiW/alumina catalysts. 
since lube hydrocracker catalysts typically aqe with 
time on-stream, the increased activity of the MCM-41 
catalyst system is beneficial in terms of the potential 
for improvements in commercial cycle lenqth. 

Example 33 
This example provides a comparison with an 

amorphous catalyst in the hydroprocessinq of a heavy 
neutral slack wax. The feed was a heavy neutral (HN) 
slack wax w~ose properties are listed in Table 21 

below. 
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Table 21 

Properties of Heayv Neutral Slack Wax 

Hydrogen, wt % 

Nitrogen, ppm 

sulfur, wt % 

API Gravity 

KV @ ioo·c, mm2/s 

Solvent Extractables, 

wt % (03235) 

simulated Distillation, ·c ("F) 

IBP/5 

10/20 

30/40 

50/60 

70/80 

90/EP 

oewaxed Oil Properties 

Nitrogen, ppm 

Sulfur, wt % 

Pour point, ·c ("F) 

KV @ 40"C, 1M11
2/s 

rt@ loo·c, rp,m.
2/s 

VI 
composition, wt % 

Paraffins 

Mononaphthenes 

Polynaphthenes 

Aromatics 

14.56 

54 

0.102 

34.9 

7.117 

34.0S 

391/430 (736/805) 

442/459 (828/858) 

470/481 (879/898) 

491/502 (916/936} 

514/528 (957/982) 

545/590 (1014/1095) 

95 

0.220 

-l.7 .8 (O) 

92.04 

10.53 

96.2 

23.2 

19.4 

37.l 

20.3 

Ill iii Of 
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The feed was processed over a fixed bed reactor 
containing NiW/alu:mina f luorided catalyst that was 
sulfided and then fluorided in-situ by addinq 600 ppm 
of fluorine as ortho-fluorotoluene in the slack wax 
feed for approximately one week to tarqet a fluorine 
level of 2-5 wt % on catalyst. The operating 
conditions for the run were 13900 (2000 psiq) hydroqen 
pressure 1 LHSV and the reactor temperature was varied 
from 374• to 402·c (7as· to 1ss•F) to cover a wide 
conversion ranqe. The total liquid product from the 
hydrocrackinq step was then distilled to a nominal 
343•c+ (6So·F+) cut-point. The waxy bottoms was then 
solvent dewaxed to a tarqet -11.s•c (O.F) pour point. 
The results of these runs are summarized in Table 22 

below. 

liii1i11nr 
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Table 22 
wax Hydnx;Iaclsi.m - NiW/Al~3 catalvst 

Mass Bal. No. 411 412 413 415 416 417 418 
Reactor temp, 393 398 402 391 385 380 374 

5 "C ("F) (740) (750) (755) (735) (725) (715) (705) 
650.F- <::t:trw, 

wt t 28 40 48 2J 17 10 9 
IJJbe P.cop:rt:ies 

J!9@ ioo·c s.o 4.J 4.0 s.1 5.4 5.9 6.7 
10 VI 137 143 140 146 141 137 lJ1 

Pair Point, -15 -11.a -20.s -11.a -20.s -15 -9.4 
•c (°F) (5) (0) (-5) (0) (-5} (5) {15) 

VI @ o·F PcUr 136 143 141 146 142 136 128 
IllCe Yield, wt %' 40 43 42 40 34 33 29 

15 wax conversion 50 74 84 42 24 12 4 

Boil.in; point conversion is defil'led as: 

650•F- ccnversicn = 
§§O•P+ in [eed 6so·:e in Product 

6SO•Pf- in Feed 
20 wax conve:csicn is defined as: 

wax conversion = 
(Wt % Unc:cnYerted wax 

g 1 Wax in Feed after ~OlveJ rt Cewaxina~ 
wt % Wax in Feed 

-------·--
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Example 34 
This example illustrates the use of the 

ultra-larqe pore size catalysts. 

A NiW/MCM-41 catalyst was prepared as described 

below. 
A sample of MCM-41 (40 A) was prepared by 

crystallizing the following mixture in an autoclave: 

60.7pbw Cetyltrimethylammonium (CTMA) hydroxide, 

prepared by contactinq a 29 wt % 

N,N,N-trimethyl-l-hexadecylammonium. 

chloride solution with a hydroxide-for­

halide exchange resin, 

1.Jpbw 
J0.4pbw 

7.6pbw 

Sodium aluminate, 

Tetramethylammonim silicate (10% aqueous 

solution), 
Precipitated hydrated silica (HiSil, +). 

The mixture was crystallized at ioo·c for 24 hours 

with stirring under autoqeneous pressure. The 

resulting product was recovered by filtration and dried 

in air at ambient temperature. A sample of the product 

was calcined at s4o•c for 1 hour in nitroqen, followed 

by 6 hours in air. The characterisitics of the product 

were consistent with i;s identity as MCM-41. 

The MCM-41 was exchanged with room temperature 

aqueous solutions of ammonium nitrate and subsequently 

dried overnight at 121•c (2SO•F). A portion of the 

resultant crystals was combined with Al2o3 to form a 

mixture of 65 parts, by weiqht MCM-41 and 35 parts 

alumina. Water was added to this mixture to allow the 

resultinq catalyst to be formed into extrudates. The 

catalyst was activated by calcination at sio·c (950.F) 

in Sv/v/min of nitroqen for 6 hours followed by the 

replacement of the nitroqen with Sv/v/min of air. The 



" 

5 

10 

15 

20 

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

- 105 -

calcination was completed by raisinq the temperature to 

5Js•c (lOOO"F) and maintaining that temperature in 

Sv/v/min air for 18 hours. Nickel and tungsten were 

incorporated by incipient wetness coimpregnation using 

solutions of Ni(No3) 2 .6H2o and (NH4) 6H2W120.4oH2o. 

After drying for 12 hours at l2l"C (2SO•F), the 

extrudate was calcined in Sv/v/min air at 5Js•c 

{lOOO"F} for J hours. 

The physical and chemical properties of the 

NiW/MCM-41/Al2
o3 

catalyst are set out below: 

Nickel, wt t s.s 

TUnqsten, wt % 29.l 

Sodium, ppm 200 

surface Area, m2/g 242 

Packing Density, g/ml 0.749 

This catalyst was used for wax 

hydrocrackinq/hydroisomerization at the followinq 

process conditions: 13900 kPa (2000 psiq) hydrogen 

pressure, 1350 v/v (7500 SCF/Bbl) hydrogen circulation 

and 1 LHSV, as in Example 29, using the same wax feed 

as in Example JJ. The operating temperature was 

adjusted from 3a2· to 397•c (720· to 746.F) to span a 

range of 343·c- (6so·F-) ooilinq point conversions. 

The results of these runs are given in Table 23. 
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Table 23 
wax Htc/HM 

Mass Sal. No. 82 84 85 86 87 aa 90 92 

React::: temp, 382 385 '.385 389 389 393 397 388 
5 ·c (•F) (720) . (725) (725) (733) (732) (740) (746) (731) 

oso·r- a::mr, we ' lS.4 21.s 2J.6 29.2 29.8 41..1 59.S 35.6 
Im.a~: 

S.JO 4.86 4.857 w@ 1oo·c S.81 5.47 4.55 4.29 s.02 
VI 143.6 145.7 144.J 142.8 145.7 142.0 lU.3 145.6 
PclJr Point~ ~.7 -15 -15 -15 -15 -12 -12 -15 

10 ·c (*Fl (20) (S} (5) (5) (S} (10) (10) (S) 
VI @ O*F Pa: pt 139.6 144.7 143.3 l4l..8 144.7 140 l39.3 144.6 
tllba Yield, wt t 39.S 38.6 40.J 47.6 44.J 47.S 43.9 47.2 
Wllx o::nversicn 42.J 49.6 42.7 65.4 68.7 81.J 84.7 65 .. 6 
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Figure 2 of the drawings shows that the activity 
of the NiW/MCM-41 is higher than the activity of the 
fluorided NiW/alumina catatlyst. For example, at JO wt 
% J43"C- {650"F-) conversion, the fluorided catalyst 
required a J94·c (742"F) reactor temperature, whereas, 
the MCM-41 catalyst required about 5.6"C (lO"F) lower 
temperature of JS9"C (732"F). In the preferred boiling 
point conversion ranqe of about 30-60 wt % 343•c­
{6SO·F-} conversion or qreater, this activity advantage 

10 is beneficial in terms of lower start-of-cycle 
temperature and potentially longer catalyst life. 

Figure J shows that the lube yield for the 
fluorided NiW/alumina and the NiW/MCM-41 catalysts are 
similar at low wax conversions below 50 wt %, but at 

15 ·higher wax conversion the unpromoted NiW/MCM-41 

20 

25 

30 

iiiiWf 

catalyst has a desirable yield number benefit compared 
to the fluorided NiW/alumina catalyst. 

Figure 4 shows that the lube VI of the NiW/MCM-41 
is comparable to the VI obtained with the fluorided 
NiW/alumina catalyst. In the wax conversion range of 
commercial interest (50-70 wt%), the MCM-41 catalyst 
gives a consistantly hiqher than 140 VI product which 
is comparable to the fluorided catalyst. 

Figure 5 shows a viscosity benefit of the MCM-41 
products. At a given wax conversion the lubes obtained 
from the MCM-41 based catalyst are higher in viscosity 
than the fluorided amorphous catalyst. Since the wax 
hydrocrackinq/hydroisomerization process significantly 
reduces the viscosity of the hydrocracked/ 
hydroisomerized feed, it is desirable to maintain 
viscosity as hiqh as possible. For example, the tarqet 
viscosity for this feed is 5 mm2/s at ioo•c: the 
fluorided alumina catalyst can achieve this at so wt % 
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wax conversion. The MCM-41 can operate at much hiqher 
wax conversion of 65 wt % and still achieve target 
viscosity. There are significant commercial benefits 
to operating at higher wax conversion, such as, 
reduction in MEK loading with higher wax conversion and 
reduction in size of the unconverted wax recycle 
stream. 

A hydrotreating reactor may be provided downstream 
of the hydroisomerization reactor to further stabilize 
the lube product. 
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CLAIMS: 

1. A catalytic composition comprisinq a metal 
havinq hydrogenation- dehydrogenation functionality and 
a support component comprisinq a non-layered, 
inorqanic, porous crystalline phase material 
exhibitinq, after calcination, an X-ray diffraction 
pattern with at least one peak having a relative 
intensity of 100 at a d-spacing qreater than 18 A and 
having a benzene sorption capacity qreater than 15 
grams benzene per 100 qrams of the material at 6.7 kPa 

10 (SO torr) and 2s·c, 

s 

5 

-----

2. A catalytic composition according to Claim 1 
in which the crystalline material has, after 
calcination, an arranqement of uniformly-sized pores 
having diameters of at least 13 Angstrom Units. 

3. A catalytic composition according to Claim 1 
in which the crystalline material exhibits an electron 
diffraction pattern that can be indexed with a d

100 
value qreater than 18 Angstrom Units. 

4. A catalytic composition accorclinq to Claim 1 
in which the crystalline phase has an X-ray 
diffraction pattern f ollowinq calcination with at least 
one peak whose d-spaci~g corresponds to the d100 value 
from the electron diffraction pattern. 

s. A catalytic composition according to Claim l 
in which the crystalline phase has a hexaqonal 
arrangement of uniformly-sized pores of at least 13 A 
diameter and which exhibits, after calcination, a 
hexaqonal electron diffration pattern that can be 
indexed with a d100 value greater than 18 A. 

6. A catalytic composition according to Claim s 
in which the crystalline phase has an X-ray 
diffraction pattern followinq calcination with at least 

This Sheet Has Been R I 
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one peak whose d-spacing corresponds to the d100 value 
from the electron diffraction pattern. 

7. A catalytic composition according to Claims 

in which the crystalline phase has, after calcination, 
an X-ray diffraction pattern which exhibits at least 
two peaks at positions greater than lO Angstrom Units 
d-spacing at least one of which is at a position 
greater than 18 Angstrom Units d-spacing, and no peaks 
at positions less than 10 Angstrom units d-spacing with 
relative intensity greater than 20% of the strongest 

peak. 
s. A catalytic composition according to Claim s 

in which the crystalline phase has, after calcination, 
an X-ray diffraction pattern which exhibits no peaks at 

positions less than about 10 Angstrom units d-spacing 
with relative intensity greater than about lOt of the 

strongest peak. 
9. A catalytic composition according to Claim 1 

in which the crystalline material is a metallosilicate. 
10. A catalytic composition accordinq to Claim 9 

in which the crystalline material is an 
aluminosilicate. 

11. A catalytic c~mposition accordinq to Claim l 
in which the composition includes at least O.l wt % of 
the metal hydrogenation-dehydrogenation component. 

12. A catalytic composition accordinq to Claim ll 
in which the composition includes at least 0.1 wt % of 
a noble metal from Period 5 or 6 of Group VI~I of the 
Periodic Table. 

13. A catalytic composition accordinq to Claim 12 
in which the noble metal comprises platinum. 

14. A c~talytic composition· according to Claim l 
in which the composition includes a base metal 

-·---- ·--·-··-·----

iiiiU 



I 1111111 llflll lllll lllll II lllf 
* C L M S * 

5 

- 111 

hydroqenation-dehydrogenation component comprising at 
least one metal from Group VIII of the Periodic Table. 

15. A catalytic composition according to Claim 14 
in which the metal hydroqenation-dehydroqenation 
component comprises at least one metal from Group VIII 
of the Periodic Table and at least one metal from Group 
VIB of the Periodic Table. 

16. A catalytic composition according to Claim 14 
in which the metal hydroqenation-dehydrogenation 
component comprises nickel and tungsten. 

17. A catalytic composition accordinq to Claim 14 

in which the amount of the metal 
hydrogenation-dehydrogenation component is at least l 

wt %. 
18. A catalytic composition according to Claim 14 

in which the amount of the metal 
hydroqenation-dehydroqenation component is at least 5 

wt %. 
19. A catalytic composition accordinq to Claim 1 

which includes a matrix material composited with the 
crystalline material. 

20. ~ catalytic com.position according to Claim 19 

in which the matrix material comprises alumina. 
21. A catalytic composition according to any one 

of the precedinq claims in which the support component 
has a composition, expressed on an anhydrous basis as 
follows: 

s rRMn/qCWaXbYczdoh) 
wherein R is the total organic material not included in 
M; r is the number of moles or mole fraction of R: M is 
one or more ions; n is the charqe of the composition 
excludinq M expressed as oxides: q is the weighted 

10 molar averaqe valence of M; n/q is the number of moles 
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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, c, and d are mole fractions 
S of w, X, Y, and Z, respectively; h is a number of from 

l to 2.s: and (a + b + c + d) = l. 
22. A method of making the catalytic composition 

of Claim 1 comprising incorporating a metal having 
hydrogenation-dehydrogenation functionality with a 
support material comprising a non-layered, inorganic, 

S porous crystalline phase material exhibiting, after 
calcination·, an X-ray diffraction pattern with at least 
one peak havinq a relative intensity of 100 at a 
d-spacing greater than about 18 A and having a benzene 
sorption capacity greater than about 15 grams benzene 

10 per 100 grams of the material at 50 torr and 2s•c. 

23. A method according to Claim 22 in which the 
metal is incorporated into the support material by 
cation-exchange with the support material. 

24. A method according to Claim 23 in which the 
metal is incorporated into the support material by 
cation-exchange with the crystalline material in the 
as-synthesized conditi~n. 

25. A method according to Claim 22 in which the 
metal is incorporated into a support material 
comprising tbe crystalline phase material and a binder. 

26. A method accordinq to Claim 25 in which the 
metal is incorporated into the support material by 
impregnation. 

27. A catalytic composition of Claim l wherein 
the catalytic composition havinq a surface area s, 
expressed in m2.q-1, is defined by the equation: 

S ~ 600 -13.JX 
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.,,. 

"\ 

11111111111111111111111111 Jiii 
* C L M s * 

s 

5 

5 

- 113 -

where X is the total metals loading in wt % and is 

least 12 wt %. 

28. A catalyst composition acccording to Claim 27 

in which the crystalline phase material has, after 

calcination, a hexagonal arrangement of unifromly~sized 
pores with diameters of at least about 13 A and 

exhibits a hexagonal electron diffraction pattern that 

can be indexed with a d100 value greater than 18 A. 
29. A catalyst composition according to Claims 27 

or 28 in which the crystalline phase material has an 

X-ray diffraction pattern following calcination with at 

least one peak whose d-spacing corresponds to the d
100 

value from the electron diffraction pattern. 
30. A catalyst composition according to Claims 

27, 28, or 29 in which the crystalline phase exhibits a 
benzene adsorption capacity of greater than 15 grams 

benzene per 100 grams at 6.7 kPa (SO torr) and 2s·c. 

31. A catalyst composition according to Claims 
27, 28, 29 or 30 in which the crystalline phase 

material has a composition expressed as follows: 

Mn/qCWa"byczd°ii> 
wherein M is one or more ions: n is the charge of the 

composition excluding ~ 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; 

10 Y is one or more tetravalent elements~ Z is one or more 

pentavalent elements; a,. b, c, and dare mole fractions 
of W, X, Y, and Z, respectively; h is a number of from 

l to 2.s1 and (a+b+c+d) = 1. 

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

32. A catalyst composition according to Claim 31 
wherein W comprises a divalent first row transition 
metal or magnesium; X comprises aluminum, boron, 
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qallium or iron: Y comprises silicon or qermaniU111.: and 
.z comprises phosphorus. 

33. A catalyst composition according to Claim 31 
wherein a and d are o and h = 2. 

34. A catalyst composition according to Claim 33 
wherein X comprises aluminwn, boron, gallium or iron 
and Y comprises silicon or germanium. 

35. A catalyst composition accordinq to Claim 27 
in which the catalyst comprises at least one base metai 
of Groups VIA, VIIA or VIIIA of the Periodic Table. 

36. A catalyst composition according to Claim 27 
in which the catalyst comprises at least one base metal 
of Group VIA and at least one base metal of Group VIIIA 
of the Periodic Table. 

37. A catalyst composition according to Claim 27 
2 -1 having a surface area of at least 200 m g and a total 

metal content of at least 12 wt %. 

38. A catalyst composition according to Claim 27 
having a surface area of at least 300 m2q-l and a total 
metal content of 12 to 20 wt %. 

39. A hydroprocessinq catalyst accordinq to Claim 
27 having a surface area of at least 200 m2g-1, a total. 
metal content of at least 12 wt % and a pore volume of 

-1 . 
at least 0.6 cc.q • 

40. A hydroprocessing catalyst accordinq to Claim 
27 having a surface area of at least 300 m2q-1, a total 
metal content of 12 to 20 wt % and a pore volwne of 0.6 
to o.a cc.q-1 • 

41. A hydroprocessinq catalyst according to Claim 
27 havinq a surface area of at least 200 m2q-1, a total 
metal content of at least 12 wt % and a real density of 

-1 up to 6.0 g.cc • 

-------
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42. A method of making a catalyst composition of 
Claim 27 which comprises incorporatinq a metal 

component into an inorganic, non-layered, porous, 

crystalline phase material having pores with diameters 
of at least about 13 A and exhibiting, after 

calcination, an X-ray diffraction pattern with at least 
one peak with a relative intensity of 100 at a 
d-spacinq greater than about 18 A, to produce a 

bifunctional catalyst havinq a surface area, s, 
10 expressed in m2 .g-1 ., defined by the equation: 

S > 600 - 13.JX = 
where X is the metal content in wt % and is at least 12 
wt %. 

43. A method of making a catalyst according to 

Claim 42 in which the metal is incorporated by 

illlpreqnation into the calcined crystalline material. 
44. A method of makinq a catalyst accordinq to 

Claim 42 in which the metals of the metal component are 
incorporated by impregnation into the calcined 
crystalline material. 

45. A method of makinq a catalyst accordinq to 

Claim 44 in which the metals are incorporated by the 
incipient wetness meth~d. 

46. A method of makinq a catalyst according to 
C1aim 42 in which the metals are incorporated in to the 
calcined crystalline material in the absence of a 
fluorine-containinq promoter. 

47. A method of making a catalyst according to 
Claim 42 in which the pore diameter of the catalyst is 
at least 3 O A.. 

\Iii if 


