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HYDROCRACKING CATALYSTS CONTAINING STABILIZED AGOREGATES OF
SMALL CRYSTALLITES OF ZEGLITE Y AND ASSOCIATED HYDROCARBON
CONVERSION PROCESSES

FIELD

{6001} This invention relates to hydrocracking catalysts containing stabilized
aggregates of small crystallites of zeolite Y and hydrocarbon conversion processes
utilizing such catalysts. Small primary crystallites of zeolite Y can cluster into larger
secondary particles, at least 80% of which may comprise at least S primary crystallites.
When the outer surfaces of the secondary particles are viewed, e.g., in a SEM image, the
average size (widih/diameter) of the primary crystallites may be about 0.5 ym or less, or
about 0.3 micron or less, though the average size of the secondary particles may be about
0.8 um or more, or about 1.0 um or more. The silica to alumina ratio of the resulting
stabilize zeolite Y products roay be 4:1 or roore. Methods for stabilizing the aggregates of
Y crystals as well as the catalyst synthesis using the aggregated stabilized Y crystals
herein are also disclosed. Catalysts and the use of such catalysts in processes for

hydrocracking of hydrocarbon feedstocks are also disclosed herein.

BACKGROUND

[0002] Zeolite Y, a member of the Faujasite family, is widely used in many catalytic

processes such as fluid catalytic cracking (FCC), hydrocracking, aromatics alkylation, and
aromatics transalkylation. A particular type of zeolite Y 18 known as vltra-stable Y zeolife
{USY). Typical USY has crystal morphology of non-aggregated and submicrosized
crystals and may contain intra-crystal mesopores after post-ireatment involving high
temperature steaming. The individual submicrosized crystals may have crystal defects
which produce variously oriented crystal grains within an individual crystal particle. US.

Patent No. 6,284,218 states that such defects include stacking faults and screw defects.

[6003] When heavy molecules are catalytically processed, such as in catalytic cracking

of heavy gas otl, transport propertics (both intra-particle and inter-particle) of the catalyst
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are fmportant, in order to operate outside of the diffusion limited regivue that often leads to
coking.

16604] The article by K. Rajagopalan ef a/., “luflucnce of Zeolite Particle Size on
Selectivity During Fluid Catalytic Cracking”, Applied Catalysis, 1980, 23, 69-80, reports
that smaller particle size Na¥Y zeolite fluid catalytic cracking (FCC) catalysts exhibited
improved activity and selectivity to intermediate cracked products, such as gasoline and
light cycle oil. Selectivity differcnces were said to be explained by considering the cffect

of diffusion resistance on the rate constants for cracking of gas oil and gasoline.

{80065] U.S. Patent No. 5,620,590 reporis that small crystal zeolite Y of less than |
micron shows activity benefit in hydrocracking compared to larger crystals. However,
sruall crystal zeolites often present problems in manufacturing {e.g., difficulties in
filtration and formulation) due to their small particle sizes and low bulk density.
Thercfore, it is desivable to have zeolites that possess the performance advantages of small
particles, while still maintaining the casy processability of large particles. Thus, one ideal
zeolite morphology includes large secondary particles {often greater than 1 micron)
formed by agglomeration of smaller primary crystallites {often less than, or even much
less than, I micron). Furthermore, to improve mass transportation rates, zeolite crygtals
with small size or aggrepated crystals containing inter-crystal mesopores can be desirable,

e.g., for reducing diffusion limitations.

{(3006] Conventional zeolite Y tends to have a crystal or primary crystallite size of
mauch greater than 0.1 pr, even greater than 1 um. Exarples of such conventional forms
of zeolite Y imclude U8, Patent Nos. 3,343,913, 3,690,823, and 3,808,326, for example.
Small crystal size zeolite Y may be prepared by methods disclosed in U.S. Patent Nos.

3,516,786 and 3,864,282.

[60¢7] Zeolite X, zeolite Y, and natural fanjasite have identical structure types and
differ only in the ratio of silica to alumina in the final crystal structure. For cxample,
zeolite X is generally referred to as having a SI/AL: molar ratio of 2-3, whereas zeolite Y is

generally referred to as having a Si/Aly molar ratio of 3-7.



WO 2012/122208 PCT/US2012/027960
-3-

[6008] (1.8, Patent Nos. 5,993,773 and 6,306,363 describe various forms of low-silica
faujasite zeolite, referred to as LSX, having silica to alumina molar ratios of 1.9-2.1.
These patents include SEM photographs showing LSX zeolite particle size and

morphology.

[6809] In U.8. Patent Nos. 6,306,363, it is stated that, when zeolites are observed by a
SEM, they may be visible either (1) in the form of non-aggregated primary crystallites
only, which are the smallest units of zeolite particles, or (2} in the form of secondary
particles which are formed by agglomeration of a plurality of primary crystallites.
Primary crystallites of zeolites may have their shapes predetermined, depending upon the
type of zeolite. For exarmple, A-type zeolite tends to have a cubic shape, and faujasite-
type zeolite tends to have an octabedral shape or a polyhedral shape developed from a
generally spherical shape with some angularity, as shown in Figure 3 of this patent.
However, it is possible for faujasiie-type zeohites to have other shapes, such as clongated

shapes {e.g., rod-like shapes).

[0016] Usually, particle sizes disiributions of these particles are roughly symmetric
about an average peak maximum. A method for obtaining an average particle size from
particles having a distribution is described in detail, for example, at pages | to 31 of
"Powder Enginecering Theory”, Shigeo Miwa ed., 1981, Nikkan Kogyo Shinbun K.X. The
primary crystallite size of the faujasite-type zeolite may be described as a number average
particle size of the primary crystallite particle diameters (observed by SEM) as
approximated to spheres, which is called the "projected arca diameter” or "Heywood

diameter”.

{0811} LSX in U.S. Patent No. 6,306,363 is described as being of high purity and
characterized in its priroary crystallite size of at least 0.05 um and less than | um, which is
said to be a fine (small} size, in comparison with previously known forms of LSX, e.g.,
where the primary crystallite size is from 3-5 um, and even more generally where it is at
feast 1 pr. In this patent, it is stated that, when fine LSX of high purity is used, for
exaraple, as an adsorbent of various substances, diffusion into the interior will be

facilitated, and improvement in various dynamic properties can be expected.
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[6912] The LSX described in U.S. Patent No. 5,993,773 is said to be characterized not
only by high purity, but also a peculiar privoary crystallite size distribution, wherein the
primary crystallite size of a smaller sct of particles is from 1-8 pm, the primary crystallite
size of a larger set of particles is from 5-15 um, and 90% or more of the particles are in the
smaller set. The right hand portion of Figure 2 of this patent illustrates a large single
crystal or primary crystallitc having a spherical polvhedral shape with angularity or edges

developed.

SUMMARY

[06613] A stabilized aggregated form of zeolite Y utilized in the hydrocracking
catalysts and associated hydrocarbon conversion processes disclosed herein comprises
small primary crystallites and secondary particles of larger size. At least 80%, e.g., at
fcast 90% or at least 95%, of the primary crystallites may be aggregated or clustered to
form the secondary particles. The ratio of the average size (width/diamcter) of the
secondary particies to the average size (width/diameter) of the primary crystallites, when
the outer {i.e., external) surfaces of the secondary particles are viewed, may be at least 311,
for example at least 5:1 or at least 10:1. When the outer surfaces of the secondary
particles arc viewed, e.g., in an SEM image, the average size of the primary crystallites in
a secondary particle may be about 0.5 pm or less, for example about (.3 pm or less, about
0.2 um or less, or about 0.1 um or less, whereas the average size of the secondary particles
may be about 0.8 um or more, for example about 1.0 wro or more or about 2.0 pm or
more. At least 80%, e.g., at least 90% or at least 95%, of the aggregated secondary
particles way corprise at least 3, for example at least 10, privoary crystallites. These
primary crystallites and secondary particles as described herein may be observable, e.g.,

by an SEM under sufficient conditions including appropriate magnification and resolution.

[9014] The average sizes of the primary crystallites and sccondary particles can be
determined, for instance, by viewing one or more sufficient two-dimensional SEM images
of the secondary particles and approximating the shape of the primary crystallites and

secondary particles roughly as two-dimensional spherical projections (circles). When
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percentages {e.g., 80%, 90%, 95%, or the like) of privuary crystallites and secondary
particles are referred to herein, it should be understood that these percentages are based on
nurnbers of these particles. Although SEM images referred to herein do not necessarily
depict all of the particles in an entire batch of primary crystallites and secondary particles,
it should also be understood that the SEM images referred to herein are viewed as
representative of an entire batch of primary crystailites and secondary particles, including

cven those particles not specifically observed.

[00315]  The aggregates of zeolite Y of the present invention can have enhanced
stability, particularly enbanced thermal and/or hydrothermal stability, relative to the as-
synthesized forms of these aggregates. The present stabilized aggregates of zeolite Y,
which can advantageously have an alkali metal content less than 4 wt%, can further have
different chemical compositions than the as-synthesized forms of these aggregates, which

can typically comprise as ruch as 8 wi¥% or more alkali metal content.

{0016} Thus, without being bound by theory, it is believed that the chemical
composition change may be a reason for the increased stability. As such, aggregates of
zeolite Y may attain increased stability through one or more of the following treatments:
by exchanging alkali metal (e.g., sodium) atoms from the as-synthesized form of the
aggregates with an ammonium salt and by calcining the ammonium exchanged aggregates
under conditions sufficient to decompose ammoniurg; by steaming the calcined,
ammonium exchanged form of the aggregates under steaming conditions sufficient, e.g., to
reroove framework alumioum from the zeolite Y orystallites; and/or by contacting
(washing) steamed aggregates with an aqueous acid, e.g., to remove nou-framework

aluminum from the zeolite Y aggregates.

[6017] In other preferred embodiments, the aggregates of zeolite Y herein are
incorporated into a catalyst by the use of a suitable binder material or mixtures of suitable
binder materials. Suitable binder materials include materials sclected from metal oxides,
zeolites, aluminum phosphates, polymers, carbons, and clays. Most preferable, the binder
is comprised of at least one metal oxide, preferably selected from silica, alumina, silica-

aluming, amorphous aluminosilicates, boron, titania, and zirconja. Preferably, the binder
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is selected frora silica, alumina, and silica-alumina. In 8 preferred embodiment, the binder

is comprised of pseudobochmite alumina.

60158} A significant advantage of the present invention over the prior art, is that in the
prior art, the zeolite crystals typically require a significant amount of binder material in
order to get obtain sufficient mesoporosity which is defined herein as pore diameters from
2 t0 30 nm (20 to 300 angstroms, A) for optimum hydrocracking of hydrocarbon
feedstocks. In the present invention, the zeolite is aggregated into a structure containing a
high relative mesoporosity and as such, the hydrocracking catalyst can made with very
low concentration levels of binders and still raintain the necessary overall mesoporosity
of the hydrocracking catalyst. While the catalysts of invention can contain from 0 to 99
wi% binder materials, due to the high mesoporosity of the aggregate Y zeolite, 1o
preferred embodiments, the binders levels can be about 0 to about 86 wt%, more
preferably, from about 5 to 50 wi%, or even from about 5 to about 25 wit% of the overall
final hydrocracking catalyst. In other preferred embodiments, the hydrocracking catalyst
can be less than 50 wt®%, more preferably less than 25 wi%, and most preferably less than
10 wi% binder materials. As noted, in embodiments, the aggregated Y zeolites of the

present mvention may be used as the final catalyst without any binder materials.

{6819] The high relative mesoporosity of the catalysts of invention are indicated by the
high Relative External Surface Areas of the catalysts. The Relattve External Surface Area
is defined herein as:

Relative External Surface Area=  BET External Surfiace Arca (1]
BET Total Surface Area

[6028] In preferred embodiments of the hydrocracking catalysts of invention herein,
the catalyst has a Relative External Surface Area of at least 0.35, more preferably at least
(.50. In preferred embodiments of the hydrocracking catalysts of invention herein, the
catalyst has a low BET surface area of less than 600 m*/g; more preferably less than 500
and most proferably less than 450 m*/g. In other preferred embodiments of the

2
mig,

catalysts of invention herein, the average pore diameter of the catalyst is at least 7.0
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nanometers (nm), preferably at least 7.5 nm, more preferably at least 8.0 nrm, and most

preferably at least 9.0 nm.

{8021} In other preferred embodiments, the catalyst may contain additional zeolites or
molecular sicves. In a preferred ermbodiment, the catalyst further comprises at least one of
the following molecular sieves: beta, Z8M-5, Z8M-11, Z8M-57, MCM-22, MCM-49,
MCM-56, ITQ-7, ITQ-27, ZSM-48, mordenite, zeolite L, ferricrite, ZSM-23, MCM-68,
887.-26/-33, CIT-1, SAP(-37, Z8M-12, Z8M-18, and EMT fanjasites. In more preferred
ernbodiments, the catalyst comprises at least one of the following molecular sicves: beta,
ZEM-5, Z8SM-4%, mordenite, and zeolite L. The molecular sieves listed above can be
present in the as-synthesized form, or alternatively, can be post-modified chemically,

thermally, or mechauically to create a stabilized form of the material.

[0822]  The aggregates of zeolite Y, binder and additioval components may be
extruded, spray dried, or stherwise shaped into a catalyst particle for use in
hydroconversion processes described herein. In preferred embodiments of the
hydrocracking catalysts herein, the final catalyst contains an active Group VIA and/or
Group VIHA metal. In a preferred embodiment, the hydrocracking catalyst is comprised
of at least one Group VIA metal selected from Mo and W, and at least one Group VIllA
metal selected from Ni and Co. In another preferred embodiment, the hydrocracking
catalyst is coruprised at least one Group VIIA metal selected from Pt, Pd, Rh and Ru. In
another preferred embodiment, the hydrocracking catalyst is comprised at least one Group
VHIA metal selected from Pt and Pd. In a preferved embodiment, the Group VIA metal is
Mo and the Group VIIA metal is Co. In another preferred embodiment, the
hydrocracking catalyst is comprised of Pt. The active Group VIA or Group VIITA metals
may be incorporated into the catalyst by any technique known in the art. A preferred
technique for active metal incorporation into the catalyst herein is the incipient wetness

technique.
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BRIEF DESCRIPTION OF THE DRAWINGS

{6023} Figures 1A & 1B show scanning clectron microscope (SEM) images of

comparative non-aggregated NaV samples prepared according to Examples 1A & 1B,

[3024] Figure 2 shows a scanning clectron microscope (SEM) image of a sample
comprising a mixture of aggregated & non-aggregated NaY prepared according to

Example 2.

[6625] Figure 3 shows a scanning clectron microscope (SEM) image of a highly

aggregated Na¥ sample prepared according to Example 3.

{0626] Figure 4 shows a scanuing electron roicroscope (SEM) imnage of a highly

aggregated NaY sample prepared according to Example 4.

6027} Figure 5 shows a plot of pore size distributions based on BIH Desorption from
Ny BET analysis of samples: calcined at ~600°C, stcamed treated at ~600°C, and steam

treated at ~700°C, as prepared according to Example 4.
{6828} Figure 6 shows XRI» patterns of samples prepared according to Example 5.

{6828] Figure 7 depicts a plot of pore size distributions based on BIH Desorption from

Ny BET analysis of samples prepared according to Examples 7A-B.

[6636] Figure 8 depicts a plot showing hydrocracking diesel product yields comparing
two (2) embodiments of hydrocracking catalysts containing the aggregated Y zeolites of
the present invention as compared to four (4) comparative hydrocracking catalysts

containing USY zcolites of the prior art per Example BA-B.

6831} Figure 9 depicts a plot showing the selectivity of the diesel product yiclds of
two {2) embaodiments of hydrocracking catalysis containing the aggregated Y zeolites of
the present invention as corapared to four (4) comparative hydrocracking catalysts

containing USY zeolites of the prior art per Example 8A-B,
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DETAILED DESCRIPTION OF THE EMBODIMENTS
Agoremated Y Feolite (Meso-Y)

6832) Smaller crystallites of zeolite Y can be clustered into discrete, larger particle

size bodies. The smaller particle size crystallites are also referred to herein as primary
crystallites or primary particles. The clusters of these primary crystallites are also referred
to herein as secondary particles, aggregates, and/or agglomerates. In certain cases herein,

the zeolite Y can alternately be described as Mesoporous-Y (Meso-Y).

00331  The sccondary particles may be essentially uniform in size. For instance, at
loast 80%, e.g., at least 90% or at least 95%, of the sizes of the scoondary particles may
vary on average by no more than ~0.5 micron, for example no more than ~8.3 roicron or
1o more than ~0.1 micron, as observed by SEM, measuring average diameters as

approximated using spherical sccondary particulate shapes.

{6034] As indicated by the spherical approximations for size (width/diarcter)
determinations, the secondary particles may be essentially spherical in shape. For
instance, at least 80%, e.g., at least 90% or at least 95%, of the secondary particles may
have an aspect ratio of between 0.7 and 1, for example, between 0.8 and 1. Aspect ratio
may be calculated by dividing the shortest cross-sectional dimension of a secondary
particie by the longest crogs-sectional dimeunsion of the secondary particle, as observed by
SEM. The sccondary particles may appear as clusters of primary particles, having a

broccoli-like morphology/appearance.

{0035] The primary crystallites may have a non-spherical shape. For example, the
primary crystallites may have a smooth or roughened octahedral shape, which is more or
less typical of certain fayjasite type zeolite crystals. However, the primary crystallites

may have other less common shapes, such as elongated or rod-like shapes.

{9036] When secondary particles are viewed, for example using SEM technigues, only
the exterior surfaces or shells of the secondary particles are typically visible.

Consequently, the entire crystal morphology of the primary crystalfites, as well as of the
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interior of the secondary particles, is not usually observed visually. Accordingly, the
sccondary particles of the present invention may possess or lack primary crystallites in the
interior regions of the secondary particles, which cannot be observed by SEM.
Additionally or alternately, some or all of the primary crystallites may or may not be
clongated along an axis extending from the center of the sccondary particles to the center

of the surface of each crystallite, as observed using SEM.

18837] In aggregates of individual primary crystallites, spaces can exist among
individual primary crystallites, thus providing pore spaces, especially mesopores. In
condrast, stacking faults within an individual crystallite tend not to provide pore spaces.

One or more stacking faults may exist within any individual primary crystallite.

{3838] The sccondary particles may possess an external surface area of about 10 m%g
or more, for example, about 20 m?/g ot more or about 40 w’/g or more, cspecially after
undergoing calcination and/or steaming. Conventional forrns of zeolite Y, such as those
having non-aggregated primary crystallites with a size of I micron or more, tend to have
an external surface area of less than 10 m®/g. The refatively high external surface area of
the secondary particles can be an indication gencrally of porous gaps between individual
primary crystallites, and specifically of mesopores in the internal regions of the secondary
particles. A single crystal of comparable size in the form of a generally spherical shape
{with angularity or edges developed) would be expected to have a smaller external surface

area.

[0039] The centers of the secondary particles may, in certain cases, be less dense than
the edges of the secondary particles, as measured by SEM or TEM. This lack of density in
the centers of the secondary particles can be a further indication that these secondary
particles arc indecd an aggregation of primary crystallites, rather than a single large

crystal.

{0048 Eleraental mapping of secondary particles may reveal that the Si/Al ratio can
be relatively uniform throughout the secondary particles. Such a uniform Si/Al ratio can

provide further indication that these secondary particles are indeed an aggregation of
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primary crystallites, rather than a single large crystal or large particles with an alaminume-,

or a silicon-, rich {amorphous) core.

[{3041]  The zeolite Y in the aggregates may have a silica-to-alumina (Si/Aly ) ratio of at
least 4 (i.e., at least 4:1), for example of at lcast 4.5, of at least 5, or from S to 6. In more
preferred embodiments the aggregated zeolite Y has a silica-to-alumina {8i/Al,) ratio of at
least 10, more preferably, at least 25, and even more preferably at least 50. 1t should be
noted that these versions of high silica-to~-alumina (St/Aly) ratio are particularly useful and
desired when the binder in the catalyst (as described further below) is at binder content
levels of less than about 50 wi%, or even more preferably less than about 25 wt%, of the

overall final catalyst.

[6042]  The aggregated form of zeolite Y may have a mesopore volume of at least
0.025 cm’/gram (abbreviated co/g herein), particularly in the inter-crystallive regions of
the aggregates. Non-aggregated forms of zeolite Y thus tend to lack mesopores {(which are
defined herein as pores having a diameter from about 20 to about 300 Angstroms). The
unit cell size (UCS) of the zeolite ¥ can be 25 Angstroms or less, e.g., between 24 and 25

Angstroms.

[0843] Small size zeolite Y can be prepared using a reaction mixture containing a
source of alurnina, a source of silica, a source of sedium tons, a source of water, and
optionally a source of hydroxyl ions. Although the reaction mixture is described as
containing sources of aluring and silica, it should be understood that these are actually
sources of aluminum atoms and silicon atoms, respectively. Nevertheless, since the
zeolite Y structure is usually described in terms of oxidized versions of these atorns, and
indeed to facilitate the standard characterization of such zeolitic structures with respect to
ratios of stlica to alumina, and the like, the sources are referred to herein for convenience

in their oxidized forrs.

16844] Sources of alumina for preparing aggregates of small size zeolite Y can be in
the form of a soluble salt, for example a sodium salt of alumina, e.g. sodium aluminate,

such as commercially available from US Alaminate. Other suitable alumina sources can
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additionally or alternately include other aluminur salis, such as the chloride, suifate
aluminum alkoxides, hydrated aluminas such as gamma alumina, pscudoboehmite, and

colloidal alumina, and the ke, and combinations thereof.

[6845] The silica source for preparing aggregates of small size zeolite Y can be a
precipitated silica, such as Ultrasil®, which is commercially available from Evonik
Degussa. Other suitable silica sources can additionally or alternately include powdered
sitica {including precipitated silica, such as Ultrasil PM Modified® and/or Zeosil®, as
well as silica gels), silicic acid, colloidal silica (such as Ludox®), dissolved silica, and the
like, and combinations thereof. In the presence of a base, certain silica sources may form
silicates. According to certain particular ecmbodiments exemplified herein, a sodium
siticate solution can further additionally or alternately be used as a source of silica. Stll
further additionally or alternately, a precipitated silica (particularly Ultrasil PM
Modified®, Ultrasil®, and/or Sipernal®) can be used as a source of silica. Especially in,
but not Himited to, situations where a precipitated silica is used as a preferred source of
silica, the reaction mixture for forming the aggrogates of small size zeolite Y can comprise
one or more of a 8i/Al; molar ratio of about 10 or more, an Ha(/81 melar ratio of about 15
or less, and an OH/SI molar ratio of about $.85 or less. Additionally or alternately, the
reaction mixture for forming the aggregates of small size zeolite Y may comprise one or
more of a silica to alumina molar ratio from about 10 to about 20, an H,(/810; molar
ratio from about 18 to about 20, when hydroxyl ion sources are present an OH7/S10; molar

ratio from about 0.5 to about 1.0, and a Na'/8iQ, molar ratio from about 0.5 to about 1.0.

[6046] In the hydrocracking catalysts of the present invention, the thermal and
hydrothermal stability of the aggregates of zeolite Y can be improved by removal of
aluminum from the aggregates, by high temperature steaming. This is illustrated further in

Examples 7A-B and 8A-B of the disclosure herein.

{6047} Forms of the present aggregates of zeolite Y, such as the as-synthesized forms,
may be subjected to other various treatments to remove structural aluminum therefrom.
Many of these techniques rely upon the removal of aluminum from the structural

framework of the zeolite by chemical agents appropriate to this end. A considerable



WO 2012/122208 PCT/US2012/027960
-13-

amount of work on the preparation of aluminum-deficient faujasites has been performed
and is reviewed in Advances in Chemistry Series No. 121, Molecular Sieves, G. T. Kerr,
American Chernical Soctety, 1973, Specific methods for preparing dealuminized zeolites
are described in the following, and reference is made to them for details of the method,
which are hereby incorporated by roference herein: Catalysis by Zeolites ((International
Symposium on Zeolites, Lyon, Sept. 9-11, 1980}, Elsevier Scientific Publishing Co.,
Amsterdam, 1980 (dealuminization of zeolite Y with silicon tetrachloride); U.S. Patent
No. 3,442,795 and Great Britain Patent No. 1,058,188 (hydrolysis and removal of
aluminum by chelation); Great Britain Patent No. 1,061,847 (acid extraction of
aluminum); U.8, Patent No. 3,493,519 (aluminam removal by steaming and chelation);
1J.S. Patent No. 3,591,488 (aluminum removal by steaming), U.S. Patent No. 4,273,753
{dealuminization by silicon halide and oxyhalides); U.S. Patent No. 3,691,099 (aluminum
extraction with acid); U.S. Patent No. 4,093,560 (dealuminization by treatment with salts);
U.S. Patent No. 3,937,791 {aluminuwrn removal with Cr(It}) solutions); U.S. Patent No.
3,506,400 (steaming followed by chelation); U.S. Patent No. 3,640,681 {extraction of
aluminum with acetylacetonate followed by dehydroxylation); U.S. Patent No. 3,836,561
{removal of aluminum with acid); German Patent No. 2,510,740 (treatment of zeolite with
chlorine or chlorine-contrary gases at high temperatures), Netherlands Patent No.
7,604,264 {acid extraction}, Japanese Publication No. 53,101,003 A (treatment with
EDTA or other materials to remove aluminum); and J. Catalysis, 54, 295 (1978)

{hydrothermal treatment followed by acid extraction), inter alia.

{68048] Highly siliceous forms of zeolite Y may be prepared by steaming and/or by
acid extraction of structural aluminum, but, because zeolite Y in its usual as-synthesized
condition tends to be relatively unstable to acid, it must first be converted to an acid-stable
form. Methods for doing this are known, and one of the most common forms of acid-
resistant zeolite Y is known as "Ultrastable Y™ (USY), e.g., as described in U5, Patent
MNos. 3,293,192 and 3,402,996 and in Society of Chemical Engineering (London)
Monograph Molecular Sieves, page 186 (1968), by C. V. McDaniel and P. K. Maher, cach
of which arc hereby incorporated by reference herein for details of the zeolite and
preparation. In general, "ulirastable” refers to Y-type zeolite that is highly resistant to

degradation of crystallinity by high temperature and steam treatrment and that can be
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characterized by an RO content {wherein R is Na, K, or any other Group 1 metal ion) of
less than 4 wi% (for example less than 2 wt%, preferably less than 1 wi%), a unit cell size
less than 24.5 Angsiroms, and a silica to alumina mole ratio in the range of 3.5t 7 or
higher. The ultrastable form of Y-type zeolite can be obtained primarily by a substantial
reduction of the alkali metal (Group 1) ion content and of the unit cell size. The
pltrastable zeolite Y can be identified both by the smaller unit cell and the low alkali metal

content in the crystal structure.

[6049] In certain embodiments, the ultrastable form of the Y-type zeolite can be
prepared by successively base exchanging a Y-type zeolite with an aqueous solution of an
ammoniun sait, such as ammoniuvrm nitrate, until the atkalt metal content of the Y-type
zeolite is reduced to less than 4 wi%. The base exchanged zeolite can then be calcined at
appropriate conditions {e.g., at a ternperature from about 540°C to about 800°C for up to
several hours), cooled, and successively base exchanged again with an aqueous solution of
an ammonium salt until the alkali metal content is redueced to less than ~1 wt% (e.g., less
than ~0.5 wt%), which can be followed by washing and calcination again at appropriate
conditions to produce an ultrastable zeolite Y. The sequence of ion exchange and heat
freatment can result in the substantial reduction of the alkali metal content of the original
zeolite and can also advantageously result in a unit celi shrinkage, which is believed to

fead to the rather high stability of the resulting Y -type zeolite.

LR The ultrastable zeolite Y may then be extracted, e.g., with acid to remove extra-
framework aluminum containing species, to produce a mghly siliceous form of the zeolite.
Methods for increasing the silica to alumina ratio of zeolite Y by acid extraction are
described, e.g., in U.S, Patent Nos. 4,218,307, 3,591,488, and 3,691,099, which arc each

incorporated herein by reference for details of these methods.

Meso-Y Hyvdrocracking Catalvst

{3851} It has been noted that the aggregated Y zeolite (“Meso-Y™) zeolites herein may
be used as catalysts without the use of any binder materials or with the use of very low
amounts of binders materials as compared to the prior art. This is mainly due to the fact

that the aggregation of the crystal structures in the Meso-Y zeolite irapart into the base
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Meso-Y zeolite aggregated crystal (Le., catalyst as zeolite alone) with sufficient
mesoporosity as to not require any, or conversely, very low amounts, of binder materials
as i is know that the binder materials tend impart roost of the mesoporosity required for a

high activity, selective hydrocracking catalyst.

[6952] However, in preferred embodiments of the hydrocracking catalysts herein, it is
desirable to incorporate the present aggregates of zeolite Y with a binder material to
impart resistance to the temperatures and other conditions employed in the hydrocarbon
conversion processes as well as fo enable the catalyst to be formed into catalyst particles
of suitable size and stability for the hydrocracking process apparatus and process
conditions. In these preferred catalyst embodiments, the aggregates of zeolite Y herein are
incorporaled into a catalyst by the use of a suitable binder material. Suttable binder
materials mclude materials selected from metal oxides, zeolites, aluminum phosphates,
polymers, carbons, and clays. Most preferable, the binder is comprised of at {east one
metal oxide, preferably selected from silica, alumina, silica-alumina, amorphous
aluminosilicates, boron, titania, and zirconia. Preferably, the binder is selected from silica,
alumina, and silica-alumina. In a preferred embodiment, the binder is comprised of

pscudobochmite alumina.

[6053] While the catalysts of invention can contain from 0 to 99 wt% binder materials,
due to the high mesoporosity of the aggregate Y zeolite, in preferred erubodiments, the
binders levels can be about § to about 80 wi%, more preferably, from about 5 to 50 wi%,
or even from about 5 to about 25 wt% of the overall final hydrocracking catalyst. In other
preferred embodiments, the hydrocracking catalyst can be less than 30 wt%, more
preferably less than 25 wit%, and most preferably less than 10 wt% binder materials. As
noted, in embodiments, the aggregated Y zeolites of the present invention may be used as

the final catalyst without any binder materials.

[8854] As noted prior, in these low binder content versions of the hydrocracking
catalysts herein, {(i.e., ranges wherein the binder content is in the ranges of 50 wt% or less),

it is preferred that versions of the Meso-Y with relatively high silica-to-alumina (Si/Aly)
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ratio are utilized (i.e., ranges wherein the silica-to-aluraina (SV/Alz) ratio of the Mese-Y is

in ranges stated encompassing at least 10 or greater (¢.g., at least 10, or 25, or 50).

[(a55] As noted, a significant advantage of the present invention over the prior art, is
that in the prior art, the zeolite crystals typically require a significant amount of binder
material in order to get obtain sufficient mesoporosity which is defined herein as pore
diameters from 2 to 30 nm (20 to 300 angstroms, A) for optimum hydrocracking of
hydrocarbon feedstocks. In the present invention, the zeolite is aggregated into a structyre
containing a high relative mesoporosity and as such, the hydrocracking catalyst can made
with very low concentration levels of binders and still maintain the necessary overall
mesoporosity of the hydrocracking catalyst. The high relative mesoporosity of the
catalysts of invention are indicated by the high Relative External Surface Areas of the

catalysts as noted in cquation [1] herein.

{8058] In preferred embodiments of the hydrocracking catalysts of invention herein,
the catalyst has a low BET surface arca of loss than 600 m*/g; more preforably less than
500 m*/g, and most preferably less than 450 m%/g. As can be seen in the data in Table 3 of
ixample 8A-B herein, the embodiments of the catalysts of invention {(as shown in
embodiments MesoY-A and MesoY-B) have very low total surface areas compared to the
catalysts of the prior art while maintaining external surface arcas near those of the prior
art. This contributes to high diesel hydrocracking selectivity. In preferred embodiments
of the hydrocracking catalysts of invention herein, the catalyst has a Relative External
Surface Arcas, as noted in equation [ 1] herein, of at least .35, more preferably at least

0.50.

{6057} The catalysts of invention additionally have significantly higher average pore
diameters than the conventional USY catalysts. This is indicative of the high
mesoporosity inherent in both the Meso-Y zeolite and the resultant hydrocracking
catalysts. In preferred embodiments of the catalysts of invention berein, the average pore
diameter of the catalyst (as measured by nitrogen desorption) is at least 7.0 nanometers

{nm), preferably at least 7.5 nm, more preferably at least 8.0 nm, and most preferably at
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least 9.0 nm. This aspect of the catalysts of invention (as exemplified by MesoY-A and
MesoY-B) is further excmplified in Examples 8A-B and associated data in Table 3. These

catalyst aspeets contribute to high diesel selectivity in the catalysts of invention.

[0658] The hydrocracking catalysts of invention are particularly beneficial for diesel
production when the catalyst has both a high Relative External Surface Area as noted prior
in conjunction with a low Alpha Value as is noted in the catalyst property data associated
with Examples 8A-B. In preferred embodiments of the hydrocracking catalyst of
invention, the Alpha Value for the catalyst is less than 15, more preferably less than 10,

and most preferably less than 3.

[3059] In other preferred embodiments, the catalyst may contain additional zcolites or
molecular sicves. Io a preferred embodiment, the catalyst further cotaprises at least one of
the following zeolites or molecular sieves. In a preferred embodiment, the catalyst further
comprises at least one of the following molecular sieves: beta, ZSM-5, ZSM-11, ZEM-57,
MOM-22, MCM-49, MCM-56, ITTQ-7, ITQ-27, Z8M-48, mordenite, zeolite L, ferrierite,
ZIM-23, MCM-68, SS7-26/-33, CIT-1, SAP(-37, Z8M-12, ZSM-18, and EMT
faujasites. In more preferred embodiments, the catalyst comprises at least one of the
following molecular sieves: beta, ZSM-5, ZSM-48, mordenite, and zeolite L. The
molecular sieves listed above can be present in the as-synthesized form, or alternatively,
can be post-medified chemically, thermally, or mechanicaily to create a stabilized form of

the material.

{6060} In preferred embodiments, the hydrocracking catalyst of the invention herein
containg the Meso-Y zeolite in an amount of at least 10 wit% , woore preferably at least at
least 25 wt%, and even more preferably at least at least 35 wt% based on the finished
catalyst, particularly when a binder is utilized. However, as noted, due to the high
mesoporosity and larger particle size of the aggregated crystals, the Meso-Y zeolite may
be present in hydrocracking catalysts in an amount of at least 50 wt¥s, or even at {east 75

wit%, based on the finished catalyst,
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6861} In preferred embodiments of the hydrocracking catalyst, the aggregates of
zeolite Y (Meso-Y) are combined with at feast one metal oxide binder (as described prior)
and further with at least one hydrogenating metal component, in order to form a catalyst
suitable for hydrocracking. Examples of such hydrogenating metal components can

mmclude one or more noble metals or one or more non-noble metals.

{6862} The aggregates of zeolite Y, binder and additional components may be
extruded, spray-dried, or otherwise shaped into a catalyst particle for use in
hydroconversion processes described herein, In preferred embodiments of the
hydrocracking catalysts herein, the final catalyst contains an active Group VIA and/or
Group VITIA metal. In a preferred embodiment, the hydrocracking catalyst is comprised
of at least one Group VIA metal selected from Mo and W, and at least one Group VIHA
metal selected from Ni and Co. In a preferred embodiment, the Group VIA metal is Mo
and the Group VIHA metal 1s Co. In another preferred cmbodiment, the hydrocracking
catalyst is comprised at least one Group VIHIA metal selected from Pt, Pd, Rbh and Ru
{noble metals). In another preferred embodiment, the hydrocracking catalyst is comprised
at least one Group VIIA metal selected from Pt and Pd. In another preferred
embodirent, the hydrocracking catalyst is comprised of Pt. The active Group VIA or
Group VIIIA metals may be incorporated into the catalyst by any technique known in the
art. A preferred technique for active metal incorporation into the catalyst herein is the

meipient wetness techuigue.

{6663} Please note that the designation of Group VIA and Group VIIA herein
corresponds to the older IUPAC designations such as shown in the Periodic Table of
Elernents, published by the Sargent-Welch Scientific Company, 1979, wherein the Group
VIA elements include the colurn from the periodic table of elements containing Cr, Mo,
and W, and the Group VIHIA clements include the columns from the periodic table of

clements containing Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, and Pt

{8064] The amount of hydrogenation metal in the catalyst can be at least 0.1 wi%
based on catalyst, or at feast 0.15 wt%, or at least 0.2 wt%, or at least .25 wi%, or at least

0.3 wt%, or at least 0.5 wt% based on the catalyst. For erabodiments where the Group
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VHIA metal is Pt, Pd, Rh, Ru, or a combination thereof, the amount of raetal is preferably
frorn 0.1 to 5 wit%, more preferably from 0.2 to 4 wt%, and even more preferably from
0.25 t0 3.5 wt¥%. For embodiments where the metal is a comabivation of a non-noble
Group VIHIA non-noble metal with a Group VIA metal, the combined amount of metal is
preferably from 0.25 wi% to 40 wi%, more preferably from 6.3 wt% to 35 wt%, and even

more preferably from 1 wi% to 25 wt%.

[6063] Other preferred non-noble metals and non-noble metal corabinations utilized in
the hydrocracking catalysts herein can include chromium, molybdenum, tungsten, cobalt,
nickel, and combinations thercof, such as cobalt-molybdenum, nickel-molybdenam,
nickel-tungsten, cobalt-tungsten, cobalt-nickel-molybdenum, cobalt-nickel-tungsten,
nickel-molybdenum-tungsten, and cobalt-molybdenur-tungsten. Non-noble retal
components may be pre-sulfided prior to use by exposure to a sulfur-containing gas (such
as hydrogen sulfide) or liquid (such as a sulfur-containing hydrocarbon stream, e.g.,
derived from crude oil and/or spiked with an appropriate organosulfur compound) at an
elevaied temperature to convert the oxide form to the corresponding sulfide form of the

metal,

Hydrocracking Processes

[6866] The embodiments of the hydrocracking catalysts described herein incorporating
the aggregated Y zeolite {or “Meso-Y™") are utilized in processes for conversion of heavy
hydrocarbon feedstocks into lighter, more valuable hydrocarbon products {such, as
gasoline, kerosene, and diesel products). The catalysts herein have been unexpectedly
found to possess very high selectivities toward diesel production (i.e., increased vield
volumes) when utilized under hydrocracking conditions. As is well, known, increased
diesel production is 2 main focus of refineries in the United States (and even more
particularly in the markets of Europe and Asia), as the vehicle pool is ever shifting more
toward higher mileage diesel powered vehicles as compared to less efficient gasoline

powered engines.

{8067} In these hydrocracking processes, the hydrocarbon feedstock to be

hydrocracked may include, in whole or in part, a gasoil (e.g., light, racdium, heavy,
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vacuum, and/or atmospheric) having an initial boiling point above about 400°F (204°C), a
T50 boiling point (i.¢., the point at which approximately 50 percent by weight boils, or
becomes or i gascous, ander atmospheric pressure) of at least about S00°F (260°C), and
an ond boiling point of at least about 600°F (315°C). However, as noted, the
hydrocracking catalysts of invention arc particularly useful in maximizing diesel
preduction (400°F to 700°F boiling range products) from higher boiling point feedstocks.
As such, in preferred embodiments of the present invention, the hydrocarbon feedstock
contains at least 25 wt%, more preferably at least 50 wi%, and even more preferably, at
least 75 wt% hydrocarbons with boiling points above 700°F (371°C). In preferred
embodirents, it is preferred that the portion the hydrocarbon feedstock boiling above
700°F (371°C) has a TS50 boiling point above 800°F (427°C), more preferably above 825°F
{441°C), and most preferably above 8S0°F (454°C).

{3068} The feedstock can include one or more of thermal oils, residual oils, cyele
stocks, whole top crudes, partial crudes, tar sand oils, shale oils, synthetic fuels, heavy
hydrocarbon fractions derived from the destructive hydropenation of coal, tar, pitches,
and/or asphalts, hydrotreated feedstocks derived therefrom, and the like. As should be
appreciated by those skilled in the art, the distillation of higher boiling petroleum fractions
above about 750°F (399°C) can generally be carried out under vacuum (i.e., at
subatmospheric pressure), typically to avoid thermal cracking. The boiling temperatures
utifized herein are thus conveniently expressed in terms of the boiling point corrected to
atmospheric pressure. Further additionally or alternately, resid corapositions and/or
deeper cut gasoils, such as with relatively high metals contents, can be cracked using

catalysts employing the aggregated zeolite materials of the invention,

{606%] In such processes envisioned utilizing the hydrocracking catalysts of invention
herein, a hydrocarbon foedstock is contacted with embodiments of the Meso-Y -containing
hydrocracking catalysts disclosed and described herein under hydrocracking conditions.
In the processes herein, it 1s desired to maximize the amount of diesel product (i.e.,
hydrocarbon with boiling points in the range of 400 to 700"F) produced in the

hydrocracking conversion process.
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[0076]  The contacting of the hydrocarbon feedstock with the Meso-Y-containing
hydrocracking catalysts is typically performed in a hydrocracker reactor in eth presence of
excess hydrogen gas. The hydrocracking process roay contain one or more reactor stages
in serics, but most preferably, there is cither one or two reactor stages, but cach stage may
contain one or more reactor vessels. In preferred embodiments of the present invention,
there are at least two reactor stages, with the first reactor stage being operated at a total
pressure of at least 250 psig, more preferably at least 500 psig, higher than the second
reactor stage. Even more preferably, hydrocracking process comprises an intermediate
vapor separation between the first reactor stage and the second reactor stage in which at
least a portion of the hydrogen gas from the first reactor stage effluent is removed. In
more preferred embodiments, at least a portion of the hydrogen gas removed in the

intermediate vapor scparation step is recycled to the first reactor stage.

[0071] Preferred hydrocracking operating conditions herein include a reaction
temperature from about $50°F {about 288°C) to about 800°F {about 427°C}; a total
pressure from about 300 psig (about 2.1 MPag) to about 3000 psig (about 20.7 MPag),
more preferably from about 700 psig (about 4.8 MPag) to about 2500 psig (about 17.2
MPag); an LHSV from about 0.1 he™ to about 20 he™, preferably from about 0.2 k' to
about 10 he''; and a hydrogen treat gas rate from about 500 scf/bbl (about 85 Nm*/m’) to
about 10000 scf/bbl (about 1700 Nm'/m), preferably from about 730 scf/bbi (about 130
N/’ ) to about 7000 scf/bbl (about 1200 Nro'/m), more preferably from about 1000
sct/bbl (about 170 N/t to about 5000 scf/bbl (about 850 Nm/m?),

6672} ixamples 7A-B and 8A-B herein show the high diesel selectivity present in the
hydrocracking catalyst of the present invention. As can be seen in Exaraple 8A-B and the
product data in corresponding Figures 8 and 9 herein, in preferred embodiments of the
hydrocracking catalysts herein, at least 30 wt%, for example at least 35 wit%, or at least 40
wi%% of the 700°F feed is converted into diesel boiling range products (i.e., 400 to 700°F
boiling range hydrocarbons). In preferred embodiments of the hydrocracking catalysts
berein, the diesel selectivity (i.e., the % diesel product / % T00°F+ conversion) is at least
30, more preferably at least 40, and most preferably at least 50. The formula for

caleulating diese! selectivity is shown in equation [2] in Examples 8A-B.
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160731 While not wishing to be held to any particular theory, it is believed that the
propensity for diesel selectivity in the catalysts of invention may be due in part to the low
Alpha value propertics of the catalysts of invention. The Alpha values are a measure of
the degree of hexane cracking activity in a catalyst, with the higher Alpha valucs tending
to resuit in higher refative cracking activity {or conversion) in the catalyst. The Alpha
Value is an approximate indication of the catalytic cracking activity of the catalyst
compared to a standard catalyst, and it gives the relative rate constant {rate of normal
hexane conversion per volume of catalyst per unit time). It is based on the activity of
silica-alumina cracking catalyst taken as an Alpha of | (Rate Coustant ~ 0.016 sec™). The
test for Alpha Value is described in U.S. Patent No. 3,354,078 and in the Jowrnal of
Catalysis at 4, 527 (1965); 6, 278 (1966); and 61, 395 (1980), each incorporated herein by
reference as to the relevant description. The experimental conditions of the Alpha Value
test used herein include a constant temperature of about S38°C and a variable flow rate as

described in detail in the 1980 reference.

{6074] it has been discovered that the Meso-Y containing hydrocracking catalysts of
invention have extremely low Alpha valucs as can be scen in the catalyst property data
shown in Table 3 of Example 8A-B. As can be seen, the Alpha values of the MesoY-A
and MesoY-B catalysts have alpha values of less than 3 or 10, while the comparative USY
catalysts have alpha values over 20, It is believed that these lower Alpha values contribute
to the selective diesel products of the catalysts of the present invention. In preferred
erobodiroents of the Meso-Y hydrocracking catalysis herein, the Alpha values for the
catalysts are preferably less than 15, more preferably less than 10, and even more

preferably less than 5.

EXAMPLES

Corparative Example 1A: Non-ageregated NaY recine under static conditions

#3753 A mixture was prepared from ~885 grams of water, ~262 grams of Ultrasil®

R | =] &

silica, ~150 grams of sodium aluminate solution {(45% in water), and ~167 grams of 50%
sodium hydroxide solution {in water). The mixture had the following molar compesition:

Si0:/ALO:  ~10.6
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H, /510, ~15.1
OH/SI0, ~{.76
Na'/8i0, ~0.76

[8476] The mixture was first aged at room temperature (about 20-25°C) for about 24
hours, while stirring at ~250 rpm. Then, the aged mixture was reacted at ~200°F (~93°C)
in a ~2-liter autoclave without stirring for ~24 more hours. The product was filtered,
washed with deionized (D1} water, and dried at ~250°F (~120°C). The X-ray diffraction
pattern (XRD) pattern of the as-synthesized product material showed the typical phase of
zeolite Y crystal topology. The SEM image of the as-synthesized product material
showed that the material was composed of typical non-aggregated Y crystals, as shown in
Figure 1A, The as-synthesized Y crystals had a S103/A1 O3 molar ratio of ~5.0

{(measured at 4.96).

Cowmparative Example 1B: Non-ageresated NaY recipe with stirring

{6077} A mixture was prepared from ~885 grams of water, ~262 grams of Ultrasil®
silica, ~150 grams of sodiurn aluminate solution (45% in water), and ~167 grams of 50%
sodium hydroxide solution {in water). The mixture had the following molar compesition:

Si0/ALOs  ~10.6

H2O/810, ~15.1

OH/810; ~0.76

Na'/8iG.  ~0.76

{38781 The mixture was first aged at room temperature {about 20-25°C) for about 24
hours, while stirring at ~250 rpm. Then, the aged mixture was reacted at ~200°F (~93°C)
in a ~2-liter autoclave, while stirring at ~250 rpwo, for ~24 wore houwrs. The product was
filtered, washed with deionized (1) water, and dried at ~250°F (~120°C). The X-ray
diffraction (XRI) pattern of the as-synthesized product material showed the typical phase
of zeolite Y crystal topology with a trace of impurity phase of Gmelinite. The SEM image
of the as-synthesized product material showed that the material was coraposed of typical
non-aggregated Y crystals, of the type shown in Figure 18. The as-synthesized Y crystals

had & 8i0,/Al; O3 molar ratic of ~5.12. No major differences in crystal size and
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morphology were observed compared with product of Comparative Exarople 1A based on

the SEM data.

Example 2: Preparation of agerecated NaY {(Meso-Y) crystals

{6079 A mixture was prepared from ~728 grams of water, ~275 grams of Ultrasii®
silica, ~166 grams of sodivm aluminate sohution (45% in water), and ~120 grams of 50%
sodium hydroxide solution (in water). The mixture had the following molar composition:

Si0,/ALG:  ~101

H,0/S10, ~12.1

OH /510, ~0.60

Na'/5i0, ~0.60

(08¢ The mixture was first aged at room temperature {about 26-25°C) for about 24
hoars, while stirring at ~250 rpr. Then, the aged mixture was reacted at ~176°F (~80°C)
in a ~2-liter autoclave, while stirring at ~230 rpm, for ~192 more hours. The product was
tiltcred, washed with detonized (DI) water, and dried at ~250°F (~120°C). The X-ray
diffraction {XRD) pattern of the as-synthesized product material showed the typical phase
of zeolite Y crystal topology with a very small trace of impurity phase of Gmelinite. The
SEM image of the as-synthesized product material showed that the material was composed
of aggregates of small crystals and non-aggregated crystals, as shown in Figure 2. The as-
synthesized Meso-Y crystals had a 8i0»/AL G5 molar ratio of ~5.54 and a unit cell size

{UCS) of approximately 24.61 Angstroms.

Example 3: Preparation of aggregated Na¥Y (Meso-Y) crvstals

8081} A mixture was prepared from ~830 grams of water, ~238 grams of Ultragil®
silica, ~96 grams of sodium aluminate solution (45% in water), and ~1&0 g of 50% sodium
hydroxide solution {(in water). The mixture had the following molar composition:

Si0./ALGs  ~162

H,0/8i0, ~14.2

OH/8i0; ~0.72

Na'/Si0; ~0.72



WO 2012/122208 PCT/US2012/027960

-35.

[0082] The mixtare was fivst aged at room temperature {about 20-25°C) for about 24
hours, while stirring at ~250 rpm. Then, the aged mixture was reacted at ~138°F (~70°C)
in a ~2-liter autoclave, while stirring at ~250 rpm, for ~192 more hours. The product was
filtered, washed with deionized (DY) water, and dried at ~250°F (~120°C). The X-ray
diffraction (XRD) paitern of the as-synthesized product material showed the typical phase
of zeolite Y crystal topology. The SEM image of the as-synthesized product material
showed that the material was composed of aggregates {~1 micron) of small crystals, as
shown in Figure 3. The as-synthesized Meso-Y crystals had a Si02/Al, 05 molar ratio of
~5.6 and a unit cell size (UCS) of approximately 24.65 Angstroms. One portion of the as-
synthesized crystals was ion-exchanged with ~IN ammounium nitrate solution (in water) at
room temperature to reduce sodium levels down to ~ 2 % and was then calcined various
temperatures {(~600°C and ~800°C) in air for about 24 hours to stabilize their structures.
Other portions of the as-synthesized crystals were ion-exchanged with ~IN ammonium
nitrate solution (in water) at room temperature to reduce sodiurn levels down to ~ 2 % and
were then steamed twice (ie., 2X) at various temperatures (~600°C and ~700°C). To be
clear, these other portions were ion-exchanged at room tomperature, then steamed at g
given temperature, then ion-exchanged at room temperature again, and then steamed at the
given temperature again, Pore size distributions based on desorption isotherms from N
BET analysis of certain Table 1 samples are graphically depicted in Figure 5 for

comparison. Properties of those resulting products are shown in Table 1 below.

Table 1
Properties of stabilized Meso-Y from Example 3

Series # Calcination/Steaming Surface Area [m/g] .
- — R 5 Alpha Value
(Figure 7) Temperature {micro + external SA) ~
1 Cale, ~600°C w/o Steaming ~840/(~814+~25) ~26
- Calc. ~800°C w/o Steaming ~835/(~794+~41) ~3.4
2 Steam 2X ~600°C/Ion-cxchange ~667H(~604-+-64) ~100
3 Steam 2X ~700°C/Ion-exchange ~G7RA~612+~G7) ~15
{0083} As clearly shown in Figure 3, all three samples show a major peak at ~40

Angstroms, which (without being bound by theory) is believed to be associated with inter-
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crystal {or inter-primary particle) mesoporosity on steam-stabilized highly-aggregated
Meso-Y products. For Series #1, this peak indicates the presence of high existing
mesoporosity on calcined Meso-Y crystals even without a steam freatment. Typical
stabilized zeolite Y (USY) products, however, tend to exhibit a very low ~40 Angstroms
(inter-crystal) pore volume, which can classically be generated/increased cither by
relatively high temperature calcination or steaming treatinents (intra-crystal mesoporosity
may additionally be generated/increased by such treatments). In this Example, a relatively
high intensity of existing mesoporosity on Meso-Y crystals prior to steam treatment was
observed after calcination at ~600°C or above. For steamed products, an increase of inter-
crystal {(alternately termed “primary particle”) mesopore volume and a creation of an
additional larger intra-crystal mcan mesopore of at least 80 Angstroms were observed after

both milder and high teroperatare steam treatruents.

Exarople 4: Preparation of agerecated NaV {(Mese-Y) erystals

[0084] A mixture was prepared from ~830 grams of water, ~258 grams of Ultrasil®
silica, ~96 grams of sodium aluminate solution (45% in water), and ~180 grams of 50%
sodium hydroxide solution (in water). The mixture had the following molar composition:

S510,/AL0;  ~16.2

Ho0/810, ~14.2

OH7/SiO, ~0.72

Na'/Si0q ~3.72

{BO85] The mixture was first aged at room teroperature (about 20-25°C) for about 24
hours, while stirring at ~230 rpm. Then, the aged mixture was reacted at ~200°F (~93°C)
in a ~2-liter autoclave under static conditions for ~120 more hours, The product was
filtered, washed with deionized {D1) water, and dried at ~250°F (~120°C}. The X-ray
diffraction (XRID) pattern of the as-synthesized product material showed the typical phase
of zeolite Y crystal topology. The SEM image of the as-synthesized product material
showed that the material was composed of aggregates of small crystals with an aggregate
{i.e., sccondary) particle size of ~2 microns, as shown in Figure 4, which is larger than the
secondary particle size of the product of Example 3. The as-synthesized Y crystals had a

Si0,/AL O3 molar ratio of ~5.5. Figure 5 shows nitrogen adsorption-desorption
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isotherms and pore size distributions from BJH desorption of N2 BET analysis of a sample
of the product after calcination at about 600°C. These plots indicate the presence of
existing mesoporosity in the highly aggregated calcined product before any steam

freatment step.

Example 5: Preparation of aggregated Na¥Y (Meso-Y) crystals (~10x scale-up of Example 4)

[0086] A mixture was prepared from ~8.3 kilograms of water, ~2.58 kilograms of
Ultrasil® silica, ~960 grams of sodium aluminate solution {(45% in water), and ~1.8
kilograms of 50% sodium hydroxide solution {in water). The mixture had the following
molar composttion:

Si0,/ALG; ~16.2

H20/810, ~14.2

QH7/810; ~0.72

Na'/8i0; ~0.72

{0087} The mixture was first aged at room temperature {about 20-25°C) for about 24
hours, while stirring at ~250 rpm. Then, the aged mixture was reacted at ~200°F (~93°C)
in a ~5-gallon autoclave under static conditions for ~96 more hours. The product was
filtered, washed with deionized (ID1) water, and dried at ~250°F (~120°C). The X-ray
diffraction (XRD) patterns, as shown in Figure 6, of as-synthesized product samples taken
at ~72 hours and at ~96 hours showed the typical pure phase of zeolite Y crystal topology.
Reaction appeared to be complete at less than ~96 hours. The resulting as-synthesized

product crystals had a Si0,/A1,0; molar ratio of ~5.5.

Example 6; Stabilization by mild steaming conditions on Meso-Y/aluming catalvsts
(G088 About 63 parts of Meso-Y crystal preparéd according to Example 5 having a
silica/alumina molar ratio of ~5.5 were mixed with about 35 parts of Versal™ 300
pseudoboehmite alumina binder (basis: calcined at ~338°C) in a Simpson™ muller.
Sufficient water was added to produce an extrudable paste on a ~2” (~3.1 cm) diameter
Bonnot™ extruder. The mixture of Meso-Y, pseudobochmite ahunina, and water was
extruded into ~1/16” diameter quadrulobes, and then dried in a hotpack oven at ~121°C

overnight (for about 10-18 hours). The dried exirudate was calcined in nitrogen at ~538°C
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and was then humidified with water-saturated air (~100%RH) and ion-exchanged with
~1N ammonium nitrate sclution (in water) to remove sodium. After ammonium nitrate
exchange, the extrudate was washed with deionized water to remove residual nitrate ions,
prior to drying at ~121°C overnight again and subsequent calcination in alr at ~538°C.
The resulting extrudates were then steamed at ~700°C for about 4 hours, followed by
additional ion-exchange to obtain the final extrudate for Pt impregnation. The final
extrudate was then Impregnated via incipient wetness to ~0.6 wt%% Pt using
tetraammineplatinamnitrate, followed by calcination in air for about 3 hours at ~68(°F

(~405°C).

Examples 7A-B: Stabilization of Meso-Y/alumina catalysts by high temperature 700°C)

1B089] About 65 parts of Meso-Y crystal prepared according to Example 5 having a
silica/alumina molar ratic of ~5.5 were mixed with about 35 parts of Versal™ 300
pseudobochmite alumina binder (basis: calcined at ~538°C) in a Simapson™ muller.
Sufficient water was added to produce an extrudable paste on a ~27 {(~3.1 cm) diameter
Bomot™ extruder, The mixture of Meso-Y, pscudobochmite alumina, and water was
extruded into ~1/16” diameter quadrulobes, and then dried in a hotpack oven at ~121°C
overnight (for about 10-18 hours}. The dried extrudate was calcined in nitrogen at ~538°C
and was then humidified with water-saturated air (~100%RH)} and ion-cxchanged with
~IN ammonium nitrate solution (in water) to lower sodium content. After ammonium
nitrate exchange, the extrudate was washed with deionized water to remove residual
nitraie ions, prior to drying at ~121°C overnight again and subsequent calcination o air at
~538°C. The resulting extrudates were then steamed at ~760°C for about 1 hour, followed
by additional ion-exchange to obtain a freated extrudate. Properties of the treated
extrudate inchuded an Alpha Value of ~140, a UCS of ~24.52 Angstroms, and a total
surface area of ~484 m”/g (with a micropore surface area of ~307 m*/g and an external
surface area of ~177 m¥g). The resulting treated extrudate was then steamed again at
~T760 °C for about 16 hours, and a portion was washed with oxalic acid to remove non-
framework alumina. The portion that was washed with oxalic acid is referred to herein as
Meso-Y-B extrudate, and the other portion that was not washed is referred to herein as

Meso-Y-A extrudate. The pore size distributions of these two extrudates are shown in
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Figure 7. These exirudates were then each impregnated via incipient wetness to ~0.6 wt%
Pt using tetraammineplatinumnitrate, followed by calcination in air for about 3 hours at

~6R0°F (~405°C).

{3096} Comparing Figures 5 and 7, more mesopore volurme was found on steam
treated extrudates bound with alumina. Also, more mesopore volume and broader pore
size distribution appeared on the acid washed samnple, which is consistent with BET
surface area data (more external surface arca). Also, higher Alpha value was found on the
acid washed sample after removing non-framework Al atoms (or other species), as can be
scen in Table 2 below.

Table 2

Properties of Meso-Y/alumina catalysts stabilized by
high temperature steam treatment

gl Surface Area [m/g) A bt Ut Si0,/A1,03/Na

Catalyst (micro + external SA) Alpha Vatue {wt ratio)
HT Stabilized Meso-Y-A' 463/(295 + 167 2.4 40.7/34.8/0.52
HT Stabilized Meso-Y-B* 410/(201 +20%) 9.4 52.5/42.4/0.17

‘Steamed at ~760°C for ~16 hours (withoat acid wash)
“Steamed at ~760°C for ~16 hours {with oxalic acid wash)

Examples 8A-B: Hyvdrocracking of vacuum gas oils (VGO) with the high temperature -

stabilized Meso-Y/alumina catalysts of Examples 7A-B

{6991} In this Example, the HT Stabilized Meso-Y Sample A (labeled as “MesoY-A")

and the HT Stabilized Meso-Y Sample B (labeled as “MesoY -B”) hydrocracking catalyst
embodiments of the invention from Example 7A-B were comparatively tested under
sitnulated hydrocracking conditions with four (4) comparative hydrocracking catalysts

made with commercial 1IJSY zeolites.

[0092] For the four comparative hydrocracking catalysts about 65 parts of Zeoiyst'@’s
CBV-720%, CBV-760%, CBV-780% or Tosoh™'s H8Z-385 USY crystal having a
sitica/alurnina molar ratio of ~34, 60, 80 or 110, respectively, were mixed with about 33
parts of Versal™ 300 pseudoboehmite alumina binder (basis: calcined at ~538°C)ina

Simpson™ muller, Tetracthylammeoniom Hydroxide (TEAOH) was added to a sufficient
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quantity of water to produce a 2% solution, and was added to produce an extrudable paste
on a~2” {(~5.1 cm) diameter Bonnot™ extruder. The mixture of USY crystal,
pseudoboehmite alumina, and TEAOH/water was extruded into ~1/16” diameter
quadrulobes, and then dried in a hotpack oven at ~121°C overnight (for about 10-18
hours). The dried extrudate was calcined in 100% air at 525 oC for six hours. Once
complete, the extrudate was then impregnated via incipient wetness to ~0.6 wit% Pt using
tetraammineplatinumnitrate, dried in a hotpack oven at ~121°C overnight (for about 3

hours), followed by calcination in air for about 3 hours at ~680°F (~405°C).

[6693] As such, the two (2) catalysts of invention (designated as “MesoY-A” and
“MesoY-B") and the four (4 USY reference catalysts (designated as “USY-1”, “USY-2",
“USY-3” and “USY-4") had similar binder compositions and content, zeolite content, and
platinum metal loadings. The propertics of the six (6) catalysts utilized in this example are

shown in Table 3.

Table 3
Propertics of catalysts tested in Examples 8A-B
Test Units USY-1 USY-2 UsY-3 Usy-4 MesoY-& | MesoY-B
HSZ-385 CBY-728 | CBV-760 | CBV-780

Alpha - 21 100 36 23 2.4 9.4
Average Pore Diameter {Desorp} nm 6.5989 6.7472 6.860% 5.1585 7.8033 9,5357
Fore Volume cc/gm | 0.621408 { 0.615034 § 0.642638 | 0.587265 | 0.523096 | 0.674233
BET-Total mz,"gm 655.805 686.3543 | 657.5367 | 670.0247 | 462.6922 | 410.3157
Micropore Surface Area (2SA) mz_/'gm 446.7347 | 492.4396 | 370.1106 | 400.5371 | 295.3123 | 201.2476
External Surface Area (MSA) mz,"gm 200.0700 | 193.9147 | 287.4261 | 2694876 | 167.3799 | 209.0681
Micropore Volume oc/gm G.183178 05501 | 0.159164 | 4172961 | 0121434 | D.0863%2
External SA / Total SA - 0.32 0.28 0.44 0.40 0.36 0.51
[6994] As can be seen in Table 3, the catalysts of invention have a combination low

Alpha values, low BET Total Surface Areas, and high Exterval Surface Area : Total
Surface Area ratios (i.¢., “Relative External Surface Area” as defined in equation [1]
herein). The catalysts of invention (as showu in cmbodiments MesoY-A and MesoY-B)
also have a significantly higher average pore diameter than the comparable reference
catalysts. It is belicved that these aspects function to improve the diesel selectivity of the

catalyst. As can be seen in the data in Table 3 above, the embodiments of the catalysts of
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fmvention (MesoV-A and MesoY-B) bave very low total surface areas compared to the
catalysts of the prior art while maintaining external surface areas near those of the prior
art, In preferred embodiments of the hydrocracking catalysts of mvention herein, the
catalyst hag a Relative External Surface Arca of at least .35, more preferably at least 0.50.
As can further be seen in Table 3, the catalysts of invention have significantly higher
average pore diameters than the conventional USY catalysts. In preferred embodiments of
the catalysts of invention herein, the average pore diameter of the catalyst (as measured by
nitrogen desorption) is at least 7.0 nanometers (nm}, preferably at least 7.5 nm, more
preferably at least 8.0 nm, and most preferably at least 9.0 mm. These catalyst aspects
contribute to high diesel selectivity in the catalysis of inveution as will be shown in this

Example.

[6695] All the catalysts were tested under hydrocracking conditions in a batch micro-
reactor configuration. Initially, each of the selected reactor vials was charged with the
respective catalyst {sized to 90-300um and always a fixed amount of 65 ul). The unit is
then sealed and placed on the shaker assembly, pressure tested followed by a reduction
under a hydrogen atmosphere. The assembly was transferred into a glove box and opened
to dispense the hydrocarbon feed (sce foed properties 1 Table 4) into the individual wells.
The catalysts were then exposed to hydrocracking conditions by heating to assembly
330°C {626°F) at a pressure of 715 psi with 100% H; and a shaking speed of 500 rpm. The
reaction was progressed for a total duration of 24 brs, following which the reactor is
cooled to ambient conditions and de-pressurized. The product liquid is robotically sampled

(inside the glove box}, dituted, and then analyzed for simulated distillation,

09%¢] The hydrocarbon feed utilized in the testing of this cxample was a typical
hydrotreated and fractionated vacuum gas oil (VGO) feedstock. Table 4 shows the
composition of the hydrocarbon feed utilized during the testing. The hydrocarbon feed
that was utilized boiled above the 400 to 700 °F dicsel range, and simulated a typical gas
oil range feedstock, As such, all diescl range material present in the products was a
resulting conversion product from higher boiling point hydrocarbons obtatned under

hydrocracking conditions.
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Table 4
Properties of hydrocarbon feedstock utilized mm hydrocracking testing
in Examples 8A-B

Result Descripton | Result Units
Sutfur 178 ppm
Nitrogen <10 ppm
Density @ 70°C | 0.8412 | g/em’
0.5% Simbist 721,58 F
5% SimDist 752.18 F
10% SirnDist 765.5 °F
20% SimDist 78422 °F
30% SimDist a00.6 °F
40% SimDist 817.16 °F
50% SirmDist 834.8 F
60% SimDist 852.8 °F
70% SimDist 872.06 °F
80% SimDist 895.1 °F
90% SimDist §27.5 °F
95% SimDist 950.54 °F
89.5% SimDist 100%8.4 °F

[6097] The distillate yields (by wi% of product) and % 700°F+ conversions {i.e.,
amount of feed that was converted to products boiling below 700°F) from the testing in
this example for cach of the catalysts are shown graphically in Figure 8. As can be seen,
the MesoY-A and MesoY-B catalysts of invention produced a higher diesel yield than the
reference USY hydrocracking catalysts (diesel yields of about 29-31% vs. about 16-26%).
What is even more significant, is that under the sarue test conditions, the MesoY-A and
MesoY-B catalysts of invention produced a higher diesel yield than the reference USY
hydrocracking catalysts even at lower overall conversions (at 700°F+ conversions of about
53-57% vs. about 81 to 96%). This means that the selectivity of the catalysts of invention
for diesel production were significantly higher than the reference hydrocracking catalysts

atilizing USY zeolites of the prior art.

[3998]  The selectivity to diesel can be calculated by the following equation:
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Selectivity to Dicsel = % Digsel in Product I2]
% Conversion of 700°F+ Feedstock

{6099} Figure 9 shows the results of the testing in terms of dicsel selectivity., As can
be seen Figure 9, the hydrocracking catalysts embodiments of invention were about 100%
more selective (i.c., about twice as selective) toward dicsel production as the reference
catalysts. As such, even if the hydrocracking process were operated at conditions to
produce higher overall conversion, the catalysts of invention would still be expected to be
about twice as selective to diesel production than the reference catalysts simulating

comparative USY hydrocracking catalysts of the prior art.
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CLAIMS:

1. A hydrocracking catalyst for improved diesel production, wherein the catalyst

comprises:

a) an aggregated form of zeolite Y comprising small size primary crystallites
of zeolite Y, wherein at least a portion of the primary crystallites are aggregated to
form larger secondary particles, wherein the aggregated zeolite Y has a silica-to-

alumina ratio of at least 4:1, and an alkali metal content of less than 4 wt% based on

the zeolite; and
b) a binder;
wherein the hydrocracking catalyst has an Alpha value of less than 15, and an

External Surface Area-to-Total Surface Area ratio of at least 0.35:1.

2. The hydrocracking catalyst of claim 1, wherein the aggregated zeolite Y has

been stabilized by steaming at a temperature of at least 700°C.

3. The hydrocracking catalyst of claim 2, wherein the average pore diameter of

the catalyst is at least 7.0 nm.

4. The hydrocracking catalyst of claim 3, wherein the steam-stabilized

aggregated zeolite Y has been further acid washed.

3. The hydrocracking catalyst of claim 3, wherein the aggregated zeolite Y has

been calcined prior to steaming.

6. The hydrocracking catalyst of claim 3, wherein the binder comprises a
material selected from metal oxides, zeolites, aluminum phosphates, polymers,

carbons, and clays.

7. The hydrocracking catalyst of claim 6, wherein the binder is comprised of at
least one metal oxide, preferably sclected from silica, alumina, silica-alumina,

amorphous aluminosilicates, boron, titania, and zirconia.
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8. The hydrocracking catalyst of claim 7, wherein the average pore diameter of the
catalyst is at least 8.0 nm.
9. The hydrocracking catalyst of claim §, wherein the binder content is from 5 to 90

wit% based on the total weight of the catabyst.

16, The hydrocracking catalyst of claim 1, wherein the total BET surface arca is less

than 500 m%/g.

11.  The hydrocracking catalyst of claim 1, further comprising at least one Group VIIIA

metal selected from Pt and Pd.

12. The hydrocracking catalyst of claim 1, further comprising at least one Group VIIA

metal selected from Ni and Co.

i3, The hydrocracking catalyst of claim 12, further comprising at least one Group VIA

metal selected from Mo and W

14, The hydrocracking catalyst of claim 13, wherein the combined amount of Group
VIA and Group VIIIA metals is from 0.25 wt% to 40 wt% based on the total weight of the

catalyst.

15, The hydrocracking catalyst of claim 3, wherein the hydrocracking catalyst has an

Alpba value of tess than 10.

16.  The hydrocracking catalyst of claim 15, wherein External Surface Area-to-Total

Surface Area ratio of at least 0.50:1.

17. The hydrocracking catalyst of clairn 16, wherein the total BET surface arca is less

than 450 m/g.
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1R. The hydrocracking catalvst of claim 1, wherein in the aggregated zeolite Y, at least
y &2 o p=2 ) o

80% of the primary crystallites are aggregated to form the secondary particles.

19.  The hydrocracking catalyst of claim 18, wherein the aggregated zeolite Y has a unit

cell size of about 25 Angstroms or lcss.

20.  The hydrocracking catalyst of claim 18, wherein an average size of the secondary
particles, as viewed from the external surface of the secondary particles, is about 0.8
micron or more, and wherein at least one of the following conditions apply:

(a) an average size of the primary crystallites in the secondary particies, as
viewed from the external surface of the secondary particles, is about 0.3
micron or less;

(b) at least 80% of the secondary particles comprise at least 5 primary crystallites;
and

(¢} in at least 80% of the sccondary particles, a ratio of the average size of the
secondary particles to the average size of the primary crystallites is at feast

3:1.

21, The hydrocracking catalyst of claim 20, wherein the secondary particles have an

external surface arca of about 20 m’/g or more.

22.  The hydrocracking catalyst of claim 18, further comprises at least one molecular
steve selected from beta, ZSM-5, ZSM-11, ZSM-57, MCM-22, MCM-49, MCM-56, ITQ-
7,ITQ-27, ZSM-4%, mordenite, zeclite L, ferrierite, Z3M-23, MCM-68, 887-26/-33, CI'F-
1, SAPO-37, Z8M-12, ZSM-18, and EMT faujasites.

23. A process for converting a hydrocarbon feedsteck into diesel products, such process
comprising;
a) contacting the hydrocarbon feedstock with a hydrocracking catalyst in the
presence of hydrogen under hydrocracking conditions to produce a hydrocracked effluent;
b} removing at least a portion of the gascous products in the hydrocracked effluent

to produce a liquid bydrocracked effluent fraction; and
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c) separating a diesel range boiling point product from the liquid hydrocracked

effluent fraction;
wherein the hydrocracking catalyst comprises:

- an aggregated form of zeolite Y comprising small size primary crystallites of
zeolite Y, wherein at least a portion of the primary crystallites are aggregated to form
larger secondary particles, wherein the aggregated zeolite Y has a silica-to-alumina ratio
of at least 4:1, and an alkali metal content of less than 4 wt% based on the zeolite; and

- a binder;

wherein the hydrocracking catalyst has an Alpha value of less than 15, and an

External Surface Area-to-Total Surface Area ratio of at least 0.35:1.

24,  The process of claim 23, wherein the hydrocracking conditions include a reaction
temperature from about 550°F (288°C) to about 800°F (427°C), a total pressure from
about 300 psig (2.1 MPag) to about 3000 psig (20.7 MPag), an LHSV from about 0.1 hr’!
to about 20 hr!, and a hydrogen treat gas rate from about 500 scf/bbl (85 Nm*/m’) to

about 10000 scf/bbl (1700 Nm*/m?).

25.  The process of claim 24, wherein hydrocarbon feedstock is comprised of a gasoil
having an initial boiling point above about 400°F (204°C), a T50 boiling point of at least
about 500°F (260°C) and an end boiling point of at least about 600°F (315°C).

26.  The process of claim 25, wherein the hydrocarbon feedstock contains at least 25

wt% hydrocarbons with boiling points above 700°F (371°C).

27.  The process of claim 26, wherein the portion of the hydrocarbon feedstock boiling
above 700°F (371°C) has a T50 boiling point above 800°F (427°C).

28.  The process of claim 26, wherein the aggregated zeolite Y has been stabilized by

steaming at a temperature of at least 700°C.

29. The process of claim 28, wherein the average pore diameter of the catalyst is at

least 7.0 nm.
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36.  The process of claim 29, wherein the steam-stabilized aggregated zeolite Y has

been further acid washed.

31, The process of claim 29, wherein the aggregated zeolite Y has been calcined prior

to steaming.

32.  'The process of claim 31, wherein the catalyst binder is comprised of at least one
metal oxide, preferably selected from silica, alumina, silica-alumina, amorphous

aluyminosilicates, boron, titania, and zirconia,

33, The process of claim 32, wherein the average pore diameter of the catalyst is at

feast 8.0 nm.

34.  The process of claim 33, wherein the catalyst binder content is from 5 to 90 wt%

based on the total weight of the catalyst.

35, The process of claim 34, wherein the total BET surface arca of the hydrocracking

catalyst is less than 500 m%g.

36.  The process of claim 34, wherein the hydrocracking catalyst further comprises at

least one Group VHIA metal selected from Pt and Pd.

37.  The process of claim 34, wherein the hydrocracking catalyst further comprises at

feast one Group VIIA metal selected from Ni and Co.

38, The process of claim 37, wherein the hydrocracking catalyst further compriscs at

least one Group VIA metal selected from Mo and W.

39, The process of claim 38, wherein the combined amount of Group VIA and Group
VIHIA metals is from 0.25 wi% to 40 wt% based on the total weight of the hydrocracking

catalyst.
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40.  The process of claim 33, wherein the hydrocracking catalyst has an Alpha valuc of
less than 10
41.  The process of claim 40, wherein the hydrocracking catalyst has an External

Surface Area-to-Total Surface Area ratio of at least 0.50:1 and a total BET surface area of

less than 450 m%/ 2.

42. The process of claim 41, wherein in the aggregated zeolite Y, at least 80% of the
primary crystallites are aggregated to form the secondary particles and the average size of
the secondary particies, as viewed from the external surface of the secondary particles, is
about 0.8 micron or more, and wherein at least one of the following conditions apply:

{a) an average size of the primary crystallites in the secondary particies, as
viewed from the external surface of the secondary particles, is about 0.5
micron or less;

(b} atleast 80% of the sccondary particles comprise at keast 5 primary crystallites;
and

{c) 1n at lcast 80% of the sccondary particles, a ratio of the average size of the
secondary particles to the average size of the primary crystallites is at feast

31

43.  The process of claim 42, wherein the secondary particles have an external surface

~ 2,
area of about 20 m*/g or more.

44,  The process of claim 43, wherein the aggregated zeolite Y has a unit cell size of

about 25 Angstroms or less.



