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CATALYSTS WITH MODIFIED ACTIVE PHASE DISPERSION AND METHOD TO
PREPARE CATALYSTS WITH MODIFIED ACTIVE PHASE DISPERSION

BACKGROUND

Field of the Invention

{611 The present disclosure relates o catalyst manafacturing processes including zeolite
of the USY-type.

Description of Related Art

(021 Catalysts iopchuding  hydeotreating/bydrocrackiog  catalysts, such as prefreat
catabysts, typically comprise an amorphous based catalyst(s), such as amorphous alumina
or silica-alumina or titania subsirates containing active metals, Ni/Mo, Ni/W or Co/Mo
metals as the active phase, or amorphous catalyst, zeolite catalysi, or a composite mixtore
thereof, promoted with Ni, W, Mo and Co metals. A commonly used reolite is USY. The
hydrocracking cracking catalysts include a hydrogenative-active metal component and an
acudic support component. fn certain embodiments, hydrocracking catalyst includes any
one of amorphous alumina catalysis, arporphous silica-alumina catalysts, titania catalysis
natural or syuthelic zeolife based catalyst, a post modified zeolite, or a combination thereof,
The hydrocracking catalyst can possess an active phase material including, in certain
embodimenis, any one of or cormabination including Ni, W, Mo, Co or a combination
thereot.  In other embodiments, typically o solfor-free environments for hydrogenation
and/or reforming, the catalyst may include one or more noble metals such as Ru, Rh, Pd,
Ag, s, Ir, P or Au. In certain embodiments in which an objective is
hydrodenitrogenation, acidic aluroina or stlica alumina based catalysts loaded with Ni-Mo,

or Ni-W active metals, or combinations thereof, are used. In embodiments in which the
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objective is to remove all nitrogen and {o increase the conversion of hydrocarbons, silica
alumina, zeolite or combination thereof are used as catalysts, with active metals including
Mi-bo, Ni-W or combinations thereof,

1931 ULS. Pat Mos. 9,221,036, 10081009 and 10,293.232 {he "036, "009 and 332
patents, or the ‘D36 patent family), which are owned by the Applicants of the present
invention and are incorporated by reference in their entiretics, teach. infer afia,
hydrocracking catalysts inn which a USY frarncwork has been substituted, in part, by one
or roore of zirconiwm, Standum, and bafiiom. To these catalysts, the substituting roetal (T4
Zr, andfor HE) substitutes {or part of the aluminom in the sluminum/sitica framework, and
cssentially become part of the framework. Processes for making these catalysts and thelr
use. are all described in the 036, *00% and ‘332 patents.

{841 Hydroprocessing (hydrotreating and hydrocracking) catalysis can be mannfactured
by a varigty of methods. The method chosen usually represents a balance between
manufacturing cost and the degree to which the desired chemical and physical properties
are achicved, Although there 18 a relationship between catalyst formulation, preparation
procedure, and catalyst properties, the details of that relationship are not always well
understood doe 1o the complex nanre of the catalyst systems, The chemical composition
of the catalyst plays a critical role in tis performance; the physical and mechanical
propertics also play g major role. The preparation of hydrocracking catalysts jnvolves
several steps: precipitation, Gltration (decantation. ceotnifugation), washing, dryving,
forming, calcination, and impregoation. (her steps, such as kneading/mulling, grinding,
and sieving, are also typically reguired. Described below are the steps that are an integral

part of hydrocracking catalyst manufacturing processes.
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{951 Precipitation jnvolves the mixing of solutions or suspension of miaterials, resulting
in the formation of a precipitate, which may be crystalline or amorphons.
Kueading/mulling of wet solid materials usnally leads to the formation of dough that is
subsequently formed and dried. The kneaded/mulied prodoct is subjected to thermal
treatiment i order {o obtain a more intimate contact between components and better
homogeneity by thermal diffusion and solid-siate reactions. The metal component is
subsequently added by mpregnation or incipient wetting methods,

[86] The support charscteristics determine the mechanical properties of the catalyst,
such as attrition resistance, hardoess, and crushing strength. High swface area and proper
pore-size distribution are generally required. The pore-size distribution and other physical
propertics of a catalyst support prepared by precipitation are also affected by the
precipitation and the aging conditions of the precipuate as well as by subsequent dryving,
forming, and calcining.

{071 The final shape and size of catalyst particies are determined in the mannfacturing
step. Catalysts and catalyst supports are formed into several possible shapes such as
spheres, cylindrical exiradates, or shaped forms such as a trilobes or a quadsilobes.
Spherical catalyst support catalyst can be obtained by “oil dropping,” whereby
precipitation ocours upon the pouring of a Howid into 2 second immiscible Hguid. Other
spherical processes include marmurizing.  Generally, because of cost and process
considerations such as pressure drop. the majority of catabysts are currently formed 1o
shapes other than spheres. Fewer spherical catalysts are used in modern bydrocracking.
Mon spherical shapes are obtained by mixing raw materials o form an extrudable dough

which i3 extruded through a die with perforations.  The spaghetti extrudate is dried,
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calcined, and broken into short pieces. The typical length to diameter ratio of the catalyst
base varies, for instance, between 2 and 4.

{081 FIG. 1 shows typical hydrocracking catalyst manufacturing steps:  mixing and
kneading a binder component and a zeolite component; extruding the koeaded corposie
mixoere and forming into composite particles; calcining the compostie pasticles;
impregnating the calcined composite particles with an active metal component; and
calcining the irgwegnated composite particles {o form the final catalyst product.

{091 Hxaroples of the shapes of the calalysis and catalyst supports are shown in FIG. 2.
The sunplest form is oylindrical, but other forms such as trifobes, twisted wrilobes, or
quadrilobes are also commercially used. Catalysts with multilobed cross sections have a
higher surface-to-volume ratio than simple cylindrical extrudates. When unsed 1n a fixed
bed, these shaped catalyst particles help redoce diffusion resistance, creafe a more open
bed, and reduce pressure drop.

{18] Thermal treatment is applied either before and/or after impregnation of the formed
catalyst. For catalyst support maierials prepared by precipitation or co-mubling of all the
components, only dryving may be required prior to forming, with subsequent calcination of
the formed product. Thermal treatiment of the catalyst or support eliminates water and other
volatile matter. The drying and calcination conditions are of critical importance in
determining the physical as well as catalytic properties of the catalyst support material,
Sorface area, pore-size disiribotion, stability, atirition resistance, crush strength, and the
catalytic activity are affected by the drying and calcination conditions.

{11} Inconventional catalyst preparation, several methods may be used to add the active

mactals o the catalyst support roaterial: (a) iromersion {dipping). {b) incipient wetness, and
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() evaporative. In one wethod, a calcined catalyst support material is immersed in ap
cxcess of solution containing active metals or metal compounds. The solution fills the
pores and is also adsorbed on the support surface, and excess solution is removed. In
another method, 1mpregoation is carried oul using incipicnt wetoess by tumbling or
spraying the activated support with a volame of solution having a concentration of metal
compound taitored to achieve the targeted metal level, equal to or slightly less than the pore
volume of the support. The metal-loaded catalyst support material is then dried and
calcined. Metal oxides are formed in the process; the calcination step 15 also referred to as
oxidation. In another method, evaporative impregnation, the catalyst support material is
saturated with water or with acid sclution and immersed inte the aqueocus sclution
comtaining the metal cormpound. That compound subsequently ditfuses into the pores of
the catalyst support material through the agueons phase. The catalyst after calcination are
bagged and shipped-out to the final destinations.

{12] In the ‘036 patent family, the active metal component is added after the post-
framework modified USY zeolite and the binder are mixed, kneaded, and extruded. While
the catalyst particles produced by the methodology taught in the ‘036 patent family are
suitalle for their intended purposes, the industry 13 constantly seeling tmproved catalyst
particies and methods of manufactere thereof

SUMMARY OF THE INVENTION

{831 Caalyst particles comprising one o more active metal components and methods
for manufacturing such catalyst particles are provided. The particles are a composite of 3
granuiating agent or binder material such as an inorganic oxide, and an ultra-stable Y

{hereafter “USY”) zeolite in which seme of the aluminum atorns in the framework are
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substituted with zirconium atoms and/or titanium atoms and/or hafnium atoms. The one
or more active phase components are incorporated prior to mixing the binder with the post-
framework maodified USY zeolite, extruding the resulting composite mixture, and forming
the catalyst particles. The one or roore active phase components are incorporated in the
binder material prior lo forming the catalyst particles.

{14] A method for making catalyst particles comprises: providing post-framework
modified ultra-stable Y-type (USY) zeolite in which a portion of aluminom atoms
constituting a reolite framework thereof is sobstiluted with zirconium atows andfor
titanium atoms and/or hafnium atomss; providing an inorganic oxide binder material,
wherein the inorganic oxide binder material is characterized by outer surfaces and pores
which define inner surfaces; impregnating one or more active metal components on outer
surfaces and/or on pore inoer sorfaces of the inorganic oxide hinder matenial {o form metal-
toaded inorganic oxide binder, mixing and kneading the post-framework modified USY
zeolite with the metal-loaded inorganic oxide binder; forming the catalyst particles from
the composite of the post-framework modified USY zeolite and metal-loaded inorganic
oxide binder into extrudates; thermally treating the extrudates; and recovering calcined
catalyst particles.

{151 In cerfain embodiments of the above method, the one or more active metal
components irnpregnated on the inorganic oxide binder material s a first portion of a total
active metal component condent of the one o more active metal components, The post-
framework modified USY zeolile is characterized by outer surfaces and pores wihich define
inner sarfaces, and the process further comprises, prior o mixing and kneading,

impregnating a second portion of the total active metal component conterd of the one or
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more active metal comaponents on outer surfaces and/or ou pore foner surfaces of the post-
framework modified USY zeolite to form metal-loaded post-framework modified USY
zeolite. Accordingly, mixing and kneading is of the metal-loaded inorganic oxade binder
material and the meal-loaded post-framework modified USY zeolite to form a composiie
of metal-loaded inorganic oxide binder and metal-loaded post-framework modified USY
zeolite, and forming the catalyst particles into cxtrudates is from the composiie of metal-
loaded inorganic oxide binder and metal-loaded post-framework modified USY zeolite.
f16] In certain embodiments of the above method, the ove or more active metal
components impregnated on the inorganic oxide binder material is a first portion of a total
active metal component content of the one or more active metal components. The calcined
catalyst particics are intermediate caleined catabyst particles and are characierized by outer
surfaces and pores which defive juner surfaces, and the process further comprises
impregnating a second portion of the total active metal component content of the one or
mare active metal components on puter surfaces andfor on pore inner surfaces of the
intermediate caleined catalyst particles, thermally treating the metal-loaded intermediate
calcined catalyst particles, and recovering final calcined catalyst particles.

F171  In centain embodiments of the above method, the one or more active metal
components impregnated on the inorganic oxide binder material is a first portion of a total
active metal component content of the one or more active metal components. The
composite of metal-loaded inorganic oxide binder and post-framework modified USY
reolite 1s characterized by outer surfaces and pores which define inner surfaces, and the
process further comprises impregnating a sccond portion of the total active metal

component content of the one or more active metal componcnts on outer surfaces andfor
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on pore inner surfaces of the composite of metal-loaded inorganic oxide binder and post-
framework modified USY zeolite.

{181 Colcined catalyst particles provided hercin comprise g composite oft  post-
framework modified alira-stable Yetype (USY) zeohite in which a portion of ahuniourg
atoms constifoling a zeolie framework thereof is substinuted with zirconiam atoms and/or
titanium atoms and/or hafnium atoms; and inorganic oxide binder material, wherein the
inorganic oxide binder materisd is characterized by outer surfaces and pores which define
inner surfaces, and wherein said outer sur{aces and/or pore inner surfaces are metal-loaded
with one or more active metal components. The composite is formed into exirndates and
thermally treated as the calcined catalyst particles.

{191  In certain cmobodiments of the shove methods and compositions, said post-
framework modificd USY zeolite is provided 1o wet, dried or calcined siate. In cerain
embodiments of the above methods and compositions, said post-framework modified USY
zeolite comtains from O.1 to 5 mass% zircopium andfor titanivm and/or hafpiom as
calculated as the oxide basis. In certain embodiments of the above methods and
copmpositions, said inorganic oxide matenal is selected from the groap counsisting of
alumina, silica, fitania, silica-aluming, alumina-titania, alomina-zirconia, alumina-boria,
phosphoras-aluming,  stlica-alumina-boria, phosphoras-alumina-boria,  phosphorus-
glurnina-silica, silice-aloming-titania, and silica-slumina-zirconda. In certain embodimends
of the sbove methods and compositions, said roetal-loaded inorganic oxide binder
comprizes about .1-99 wi% of the active metal-containing composite catalyst particles,
wherein a remaining mass comprises the post-framework modified USY zeolite. In cortain

cmbodiments of the above methods and corpositions, said catalyst particles are formed of
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posi-framework mwodified USY zeolite, the metal-loaded inorganic oxide binder, and ap
additional zeolite component.  In certain embodiments of ithe above methods and
compositions, said metal-loaded inorganic oxide binder coraprises about 8.1-99 wit% of the
catalyst particles, wherein a first remaining rass comprises the post-frarsework modified
LISY zeolite and a second remaining mass comprises the additional zeolite component. In
certain embodiments of the above methods and compositions, said active metal component
is selected from the group of metals consisting of platinum, paliadivrg and rheninm, and
wherein said active roetal component 1s present in an amonnt from $.01-2 wide interms of
the mass of the active metal component relative to the mass of the catalyst particles. In
certain embodiments of the above methods and compostiions, said active metal component
is selected from the group of metals consisting of Mo, W, Co, Ni and combinations thercof,
and wherein saud active roetal covoponend is present 1o an aroound from 0.1-40 wi% i terms
of the mass of the active metal component based on the mass of the catalyst particles.

{287 5til} other aspects, embodiments, and advantages of these exemplary aspects and
embodiments, are discussed in detatl below. Moreover, i 1s (0 be anderstood that both the
foregoing toformation asd the following detailed description are merely iHustrative
examples of varions aspects and embodiments, and are intended to provide an overview or
framework for understanding the nature and character of the claimed aspects and
embodiments, and serve (o explain principles and operations of the described and claimed

aspects and emboditents,
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BRIEF DESCRIPTION OF THE DRAWINGS

{211 The invention will be described in further detail below and with reference to the
attached drawings in which the sarne or similar elements are referved to by the same number
in certain instances, and where:

FiG. © s 2 simoplified process flow diagram for producing catalyst particles
according to known methods;

FIG, 2 illustrates shapes of catalvst particles;

FiG. 3 s a process flow diagram showing steps for producing catalyst particles
according to a known method;

FIG. 4 is a process flow diagram showing steps for producing catalyst particles
according to embodiments herein i which active metals are impregnated in binder
maierial;

FIG. 5 is a process flow diagram showing steps for producing catalyst particles
according to embodiments herein in which active metals are impregnated in framework
substituied USY zeolite material and in binder material; and

Fis. 6 1s a process flow diagram showing possible steps for producing catalyst
particles according to various embodiments herein.

DETAILED DESCRIPTION

221 The disclosure provides methods for menufacturing catalyst particles comprising
one or more active roctal components. The panticles are a composite of (a3 a granolating
agent or binder material soch as an inorganic oxide, and (b) an ulira-stable Y (hereafter
“LISY™y zeolite in which some of the aluminum atoms in the framework are substituted

with zircontom atoms and/or tifanivm atoms andfor hafvium atoms, In the present
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processes, the oune or more active phase components are incorporated in the binder material
prior to forming the catalyst particies. In embodiments of the present processes the ong or
more gctive phase components are incorporated prior to mixing the binder with a post-
framework modified USY zeohite, extruding the resnlfing composiie miiure, and forming
the catalyst particies.  This is 0 conrast to kuown methods in which active metal
components are added o near final particles that have already been calcined and formed.
{23 In certain embodiments, catalyst particles formed according to the invention hercin
are suitable for hydrocracking a heavy hydrocarbon oif obigived from crude oil, synthetic
crude oil, bitumen, oil sand, shell oil or coal Hquid. The above heavy bydrocarbon oil is
preferably any of a) vacuum gas oil (VGO), by deasphalted otl (DALY obtained from a
solvent deasphalting process or demetallized oil, ) Hght coker gas oil or heavy coker gas
oil obtained from a coker process, &) oyele ol obtained from a floid catalytic cracking
(BFCC) process or ¢) gas o1l obtained from a visbreaking process.

{24} In certain embodiments, catalyst particies formed according to the invention herein
are suitable for reforming of naphtha, as disclosed in US Patent 10,787,618, which is
incorporated hoerein by reference in is entirety.

{2531 o centain embodiments, catalyst particles formed according to the invention herein
are suitable for hydrogenation of middie distillates and conditioning said middie distiliates
for steam cracking, as disclosed in US Patent Poblications Z021/024638ZA1,
2021/0246383A1, 2021/0240384 A1 and 2021/0246389A 1, which are incorporated herein
by reference in their entireties; or for hydrogenation of middle distillates and conditioning
said middic distillates for steam cracking and/or fiuidized catalvtic cracking, as disclosed

in US Patent Publication 2021/0246386A1, which is incorporated herein by reference m
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its entivety. o certain embodiments, catalyst particles {ormed according to the invention
herein are suitable for hydrogenation of light cycie oil and conditioning said light cycle oif
for stearn cracking, as disclosed in US Patent Publication 2021/0246381 A1, which is
wcorporated heretn by refercnce 1o ifs entirety; or for hydrogenation of Hght cycle ol and
conditioning satd light cycle ol for steam cracking andior flnidized catalviic cracking, as
disciosed in US Patent Publication 20Z21/0246387A1, which is incorporated herein by
reference in is entirety, In certain embodiments, catalyst particles formed according to the
invention herein are suitable for hydrogenation of light coker gas oil and conditioning said
fight coker gas ol for steam cracking, as disclosed in US Patent Publication
2O21/0246385A1, which is incorporated herein by reference in s entirety, or for
hydrogenation of light coker gas oil and conditioning said light coker gas ol for stcam
cracking and/or fluidized catalyiic cracking, as disclosed in US Patent Publication
2021/0246388A 1, which s incorporated herein by reference in its entirety.

[26] For convenience of description of the processes of the present invention, FIG. 3
shows process steps for producing a post-framework modified USY zeolite, and producing
catalyst particles baving active metal componends on a cotuposiie support including the
post-framework mndified USY zeolite and a binder. Certainy of these process steps are
stinilar 1o those disclosed in the 036 patent family.

[27] The catalyst patticles produced in accordance with the method of FIG. 3 are
calcined composite support particles of the post-framework modified USY zeolie
described herein and a binder, having active metal component added to the particles, and

subsequently calcined.
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[28] Steps E-% herein provide a description of a process for the synthesis of calcined
USY zeolite (denoted as USY{(c) herein), which is then post-framework modified at steps
16-13. In embodiments herein of the present invention, the USY that is post-frarsework
moditied can be obtained from another source, that 18, one or more of steps 1-% can be
avoided. Steps 14-18 concern preparation of an tnorganic oxide binder, and steps 16-21
concern formving composite catalyst support particies (steps 16-18) and forming the final
particles with sn effective quantity of the active metal component (steps $8-21).

291 Atsiep 1 a Y-type zeolite (Na-¥) 1¢ prepared by forming a suspension of an
effective concentration of Na-Y, for instance in a Hgoid/solid ratio range of about 5-20, 5-
15, 8-15, 5-12 or 8-12 liters (L) of water per kilogram {kg) of zeolite, and at an effective
teraperature, for instance 0 a range of showt 15-95, 15-80, 20-95, 20-90, 20-80, 40-95, 40-
90 or 40-80°C,

{3¢]  The starting waterial at step 1 comprising a Na-Y-type zeolite having an effective
510/ ALOs molar ratio (SAR). for example in the range of about 3-6 an effective unit cell
dimension (U3}, for instance of about 2,408 nanoracters {nm), an effective specific surface
arca (8A), for example in the range of abont 600-900, 500-800, 650-900 or 650-800 square
meters per gram (m*/g), and an effective Naad content, for instance of about 13% by mass,
{311 In an ion exchange step 2, a first ion-exchanged Y-type zeolite is synthesized by
subjecting the Ma-Y suspension from step 1 {o ion exchange of sodivrn ons of the Na-Y
with ammoninm ions (o prepare the st on-exchanged Y-type zeolite (first NH:-Y) o
the first NHy-Y, about 50-70% of MNa contained in the Ye-type zeolite is substituted with NH.

for certain cmbodiments, also referred to as NH Y79y,
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{321 An embodiment of the ion exchange at step 2 includes addition to the MNa-Y
suspension of: an effective concentration of an ammonium souvrce, for instance a molar
ratio of ammnonium o0 Al in the range of about 2-8; at an effective temperature in a range
of about 20-95, 20-90, 20-80, 40-95, 40-90 or 40-30°C; and for an effective residence time,
for tnstance in a range of about 16-600, 10~ 136, 36-600 or 30-180 minutes. The ammoniam
source can be one or more of NHaOH, (NHupSO:, (NH:COs, or another suitable
ATEIOREN $0UTCE.

[33]  Theresalting solids from the ion exchange step 2 can be filtered, washed with water
at an effective temperature, for instance in a range of aboat 20-95, 20-90, 20-80, 44-95, 40-
50 or 40-80°C, and dried at an effective temperature, for example in & range of about 80-
180 or 100-180°C, for an effective residence time, for instance in a range of about 30-1800.
60-1800, 30-600 or 60-600 mminutes, to obtain the first ion-exchanged NHa-Y. NFSY0Y,
{341 Optionally, after washing the resulting solids from the ion exchange step 2. they
can be washed in one or more additional cycles with an ammonium source followed by
water washing, at effective temperatures, concenirations and residence times such as those
at step 2. The solids roatier that 18 washed ove or more additional times is dried at effective
temperatiures and residence times such as those at step 2, to obtain the first ion-exchanged
NHa- Y, NHAY0Y . In certain instances, the one or more additional cycles of the first ion
exchange step are not implemented.

1351 In a theroal freatment stop 3 o hydrogen type Y-type (HY) zeolite 15 synthesized

. . e, SO0 L
from the first ion-exchanged NHi-Y (NH, Y) by heating in a saturated steam

s

atmosphere, In cortain embodiments the thermal treatment gt step 3 comprises calcining

o

the first fon-exchanged NHa-Y at an effective temperature and for a time effective 1o
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produce HY zeolite, for instance with a temperature in a vange of about 500-30G, 300-706,
600-800 or 600-700°C (svpically in the presence of steam, that is, in 3 saturated water
vapor, or in the presence of akr or oxygen) and for a ime range of about 10-600, 10-180,
30-6G0 or 30-180 manutes. In cerfain embodirnents, if there remains a substantial aroount
of MNa in the HY reolite, ton exchange may be repeated one or more times as instep 2. The
HY zeclite is converted to USY following additional amwmontum ton exchange and
steaming treatroent discussed below at steps 4-6.

[36] At sieps 4-6, the HY zeolite is treated to synthesize a second on-exchanged MNHy-
Y zeolite having 80-97% of Ma contained in the Ma-Y exchanged with NH., also referred
to as NH4Y. For instance as depicted, at step 4 a snspension is prepared containing an
effective concentration of HY zeolite, for instance in a sohd/iguid mass ratio range of
about 5-20, 5-15, 8-15, 5-12 or 8-12 L/kg (water/zeolite}, and af an effective teraperatare,
for instance in a range of about 15-95, 15-860, 20-95, 20-90, 20-80, 40-935, 40-80 or 40-
80,

i371  Inanion exchange step 3, a second ion-exchanged Y-type zeolite is synthesized by
subjecting the NH4-Y suspeunsion from step 4 to jon exchange of 80-97 or 90-97% sodiom
wons of the Na-Y with ammonium ions to prepare a second ammonium-exchanged Y-type
zeolite {(second NH4-Y ) NHSY'Y. An embodiment of the ion exchange at step § includes
addition and stirring of an effective concentration of an ammonium, for instance a molar
ratio of ammoniom o Al in the range of about 2-8; at ap effective temperature 1y a range
of absout 20-95, 20-90, 20-80, 40-95, 40-90 or 40-80°C and for an effective residence time,

forinstance in a range of about 18-600, 13- 180, 30-600 or 30-180 minuies. The ammonivm
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source can be one or more of NHuOH, (NHupSOs, (NH2»COs5, or another suitable
AMIMIOBINM $ource.

{387  The resulting solids from the ion exchange step 8 can be filtered, washed with water
at an effective temperature, for instance in a range of abont 20-95, 20-80, 20-80, 40-93, 40-
S0 or 40-80°C, and dried at an effective lemperature, for example in a range of aboot 36-
180 or 100-180°C, for an effective residence time, for instance in a range of about 30-1800,
60-1800, 20-600 or 60-600 minutes, to obtain the second ion-exchanged NH-Y, NH
97y

{381 Optionally, after washing the resulting solids from the ion exchange step 5, they
can be washed in one or more additional cycles with an ammeoniom source followed by
water washing, at effective temperatures, concentrations and residence times such as those
at step 5. The sohide washed one or more additional times ave dried at effective
temperatures and residence times such as those at siep 5, fo obtain the second ion-
exchanged NH.-Y, NHP Y. In certain instances, the one or more additional cycles of the
second on exchange step are not impleroented.

(401 Ina thermal treatiment step 6, a fivst ulira-stable Y-type zeolite, referred to hereip as
USY(a), is synthesized by calcining the NH. Y. Thermal treatrent at step 6 comprises
calcining the sccond ion-exchanged NHsY at ap effective temperature, for instance in a
range of about 300-800, 300-700. 600-800 or 600-700°C {typically in the presence of
steam, that 1s, ina ssfurated water vapor, or in the presence of air or oxygen) and for a time
range of about HE-600, 10-180, 30-600 or 30-180 minutes, to recover USY{a) In certain

8057 1%

embodiments the thermal treatment of the NH; is by steaming.
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(411 The USY({(a} from step 6 1s USY zeolite that possesses a SAR that is approximately
cquivalent to that of the starting Na-Y. The steps 1-6 should generally not significantly
change the SAR value, becanse these steps (o not entail acid treatrent (o target ejection of
alnminum atoms from the zeolite frarsework. For exarmople, the USY(a) thus oblained at
step 6 can have a SAR of about 3-6.

[42] At steps 7-9, the UUSY{a) zcolife is weated to synthesize calcined USY zeolite
having an increased SAR, which is the starting material for subsequent post-framework
modification. At siep 7, an agqueous suspension s prepared containing an effective
concentration of the USY{(a), for instance in a solid/Hauid mass ratio vange of aboat 5-20,
5-15, 8-15, 5-12 or §-12 Likp {water/zeolite), and at an cffective temperature, for instance
in a range of about 15-95, 13-80, 20-93, 20-90, 20-80, 40-93, 40-90 or 40-80°C.

[43] o anacid treafment step 8, an effective quantidy of aninorgavic acid or an organic
acid is dispersed in the suspension so that a pH of the suspension is maintained in a strongly
acidic range to synthesize a second ulira-stable Y-type zeolite, referred 0 herein as USY(b),
having an increased SAR. Extraskeletal alominom (aluroinum atoms which do not form
part of the zeohie framework) are removed from the USY{s) in order to obtain the USY(h)
zeolite. This is carried out by acid treatment,

[44] The inorganic acid use can gencrally be sulfuric acid, nitric acid, hvdrochioric acid
and the ke, In certain cmbodiments the selected norganic acid is sulfuric acid or
bydrochloric acid. Further, carboxylic acids can soitably be used as the organic acid
described above. The amount of the inorganic acid or the organic acid added is the amount
suitable to control the pH of the suspension in a strongly acidic range, for instance in a

range of about 0.7-2.5.0.7-2.0, 1.0-2.5 or 1.0-2.0. The amount may be, for example, a 0.5-
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4 (-fold, 0.5-3.5-fold, 0.7-4 . 0-fold or 0.7-3.5- (1.5-fold molar increase based on an amount
of Al in the USY(a). The acidic suspension is maintained at an cffective temperature,
for instance 15-95, 15-3G, 20-95, 20-90, 20-80, 40-95, 40-90 or 40-30° and maintained for
an effective residence time, for instance i a range of about 10-600, 10-180, 236-600 or 30-
180 mimges. Acid treatment at step ¥ increases the AR of the Y-type reolile, for example,
from a range of about 3-6 to a range of about 30-10¢, 40-100, 30-80 or 40-30.

{457  The resulling solids from the acid yreatment step & can be filiered, washed with
water at an effective temperature, for fnstance 1o a range of about 15-95, 15-80, 20-95, 20-
S0, 20-80. 40-95, 40-90 or 40-80°C, and dried at an effective temperature, for example in
a range of about 80-180 or 100-180°C, for an effective residence time, for instance in a
range of abont 30-1800, 60-1800, 30-600 or 60-600 minutes, to recover USY(h).

{461  Optionally, after washing the resulting solids from the acid treatment step &, they
can be freated in one or more additional cveles with an inorganic acid or organic acid
followed by water washing, at effective tomperatures, concentrations and residence times
such as those af step &, The solids which are acid-treated one or more additional tmes are
dried at effective tomperatines and residence fimes such as those at step &, 1o recover
USY(h). In certain justances, the one or more additional cycles of the first acid treatment
step are not implemented.

{471  Inathermoal treatment step 3, the USY{h) reolite s subjoctied to thermal treatrocnt
to prepare a third nltra-stable Y-type eoolite, USY{c). In certain erobodirnents the thermal
treatment at step ¥ comprises calcining the second USY zeolite (USY(h)) at effective
temperatures, for example in a range of about 500-700, 330-700, 500-650 or 550-630°C

{typically in the presence of air or axygen, or in the presence of steant), and for a time
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vange of about 10-600, 16-180, 33-66G0 or 33-180 mimstes, o recover USY{c) If the
calcining temperature is lower than about S00°C, the framework substitution amount of
zirconium atorns andfor ttanium atoms and/or hafiiuro atoms tends to be reduced; at
calcining temperatures that exceed about 700°C, the specific surface area of the vlua-stable
Y-type zeolite can be reduced, and a framework substitution amouont of zirconiom atoms
and/or titaninm atoms and/or hafniun atoms is thus reduced.

{481  Atstops 36-13 framework substitution is carried owt o produce the post-framework
modified USY zeolite baving a portion of the aluminom atoms within the USY zeolite
framework are substituted with zirconinm and/or titanium and/or hafnium atoms. In certain

cembodiments, a post-framework modified USY zeolite material is produced by firing a

s

L

USY zeolite having the properties described herein at sbout 300-700°C. A suspension is
formed confaining the fived USY zeolite, the suspension having a lguid/solid mass ratio of
about 3-15. An inorganic acid or an organic acid i3 added so that a pH of the suspension is
about <2.0. Subsequently a solution containing a zirconivm compound and/or a titanium
compound and/or a hatniure corapound is mixed, The solution is newtralized with, for
exarople, an aqueous aromonia, so that the pH of the wixed solution is about 7-7.5.

(481 Surable zirconium compounds deseribed above inchide one or more of zirconium
suffate. zirconinm nitrate, zirconium chloride and the like. In certain embodiments
zirconium sulfate and/or zircomium nitrate are selected. The quantity of the zirconinm
compound added is generally about 0.1-5.0, 0.1-4.0, 0.1-3.0, 0.2-5.0, 0.2-4.0, 0.2-3.0. 0.3~
5.0, 0.3-4.00r 0.3-3.0 wit9%, as calculated on their oxtde basis {that is, zirconium oxide) and
as measured relative to the mass of the post-framework modified USY zeslite compenent.

Addition of the zircontum compound in an amount of less than about (.1 wit% fails to
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wnprove solid acid characteristics of the veolite. The addition of the zirconium compound
in an amount exceeding 5 wi% tends to cause clogging of pores of the zeolite. An aqueous
solution of 2 zirconium compound prepared by dissolving the zirconium compound in
water can be used as the zirconinm compound.

[8¢] Suitable titanium componnds inciude one or more of tianium sulfate, fitaniom
acetate, titaninm chloride, titanium nitrate, and titaninm lactate. In certain embodiments
titaniumn sulfate and/or ttanium acetate sre sclected. The quantity of the titsnium
componnd added 15 generally about 0.1-3.0, 0.1-4.0, 0.1-3.0, 0.2-5.0, 0.2-4.0, 0.2-3.0, 0.3-
5.0, 0.3-4.0 or D.3-3.0 o1, as calculated on thelr oxide basis {that is, tfanium oxide) and
as measured relative to the mass of the post-framework modified USY zeolite component.
Addition of the titanium compound in an amoont of less than sbow 0.1 witfh fails o
wnprove solid acid characteristics of the zeolite. The addition of the fitarduro compound in
an amount exceeding 5 wi% tends to canse clogging of pores of the zeolite. An agueocus
solution of a titanivm compound prepared by dissolving the titaninm compound in water
can be used as the ttanium compound.

{511 Suusble hafniuwm componnds described above inclode one or more of hafniom
chiloride, hafnium nifrate, hafnium fuoride, hafnium bromide, hafnium oxalate and the
like. In certain embodiments hafntum chioride and/or hafnium nitrate are selected. The
guantity of the hafoivm compound added is geonerally about 0.1-5.0, 0.1-4.0, 0,1-3.0, 0.2~
50.02-4.0,0.2-3.0,0.3-5.0,0.3-4.00or 0.3-3.0 wi%, as calcodated on their oxide basis (dhat
is, hatnivm oxide) and as measured relative to the mass of the post-framework modified
USY zeolite component.  Addition of the hafnium compound in an amouont of less than

about (.1 wit fails to improve solid acid characteristics of the zeolite. The addition of the
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hafvinm compound in an amount exceeding 5 wi% tends to canse clogging of pores of the
zeolite. An agueous solntion of a hafnivm compound prepared by dissclving the hafiium
componnd in water can be used as the hafniom compound,

1521 A pH of the sbove suspension is condrolied o abont <2.0 {0 prevent a precipitale
from being generated doring mixing of the agueous solution of the zirconium compound
and/or the hafntum compound and/or the titanivim compound with a suspension of the ultra-
stable Y-type zeolite described above,

I531  Mixing of the agueous soluton of the zirconmum compound andfor the hafniom
compound andfor the fitanium compounnd with a suspension of the ulira-stable Y-type
zeolite is, in certain embodiments, is conducted by gradually adding said agueons solution
i the suspension. After completion of addition of the aguecus solution described above 1o
the suspension, the solution can be muxed by stirring at, for example, room femperatiure
{about 25-35°C) for about 3-5 hours. Further, after completion of the above-described
mixing, the admixed solution is neutralized by adding an alkali compound such as agucons
ammonia and/or the like, so that a pH thereof is controlled to about 7.0-7.5, whereby the
post-framework modified USY zeolite desceribed herein is be obtained.

{541 o thisvegard: when only the zirconinm compound {or an agueous solution thereol)
is used as the compound (or an agueous solution thereof) and added fo the suspension
described above, the post-framework modified USY zeolite (Zr-USY ) in which zirconiom
atoms are substituted for a part of aluminum atoms forming the frarsework of the nlive-
stable Y-type zeolite is formed; when only the titanium compound {or an aqueous sclution
thereof)} is used, the post-framework modified USY zeolite {Ti-USY) in which titanium

atoms are substituted for a part of alumirum atoms forming the framework of the nitra-
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stable Y-type zeolite i3 formed, when only the hafniurs compound {or an aqueous solution
thereof) is used, the post-framework modified USY zeolite (HEUSY) in which hafhium
atorns are substituted for a part of alursinum atoms forming the famework of the ultra-
stable Y-type zeolite is formed; when the zivconium compeound and the Sitaniom compound
{or aqueons solntions thereot) are wsed. the post-framework modified USY zeolite o the
catalyst (Zr-T+-USY ) tn which zirconium atoms and titaninm atoms are substituted for a
part of alurninum atoms forming the framework of the ulira-stable Y-type zeolite is formed;
when the zirconinm compound and the bafpium compound (or agueous solutions thereof)
are used, the post-framework modified USY zeolite in the catalyst (Zre-HEUSY) in which
zirconium atoms and hafnium atoms are substitnied for a part of aluminum atoms forming
the frarnework of the ultra-stable Y-type zeolite 15 formed; when the hafmum compound
and the ttamuom componnd {(or aqueous solations thereof) are used, the post-framework
modified USY zeolite in the catalyst (HET-USY)Y in which halvium atoms and titaniam
atoms are substituted for a part of ziuminum atoms forming the framework of the uitra-
stable Y-tvpe zeciite is formed; and when the zirconium compoundd, the ttanium compound
ang the hafnium compound (or aqueous solutions thereol) are used, the post-frarnework
modified USY zeolite in the catalyst (Ze-Ti-HE-USY) in which zirconinm atoms, fitanim
atoms and hafninm atoms are substituted for a part of alominum atoms forming the
framework of the ultra-stable Y-type zeolite 1s formed.

{551 The resulting framework-substituted zeolite can be fitered, if desired, washed with
waler, and dried at about 80-180°C; the mixture may be quasi-equilibrated with steam, for

instance, at a temperatare of from abowt 6060-800°C for about 16-20 hours.
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{561  Forinstance, at step 18, the calcined UBY (¢} zeolite from step 9 is prepared for acid
treatient by forming a suspension of an effective concentration USY (¢} , for instance in a
Hauid/selid mass ratio range of abont 501 - 151, 500 - 1200, 811 - 13 or 801 - 1201, by
dispersion in water a1 an effective temperature, for example, in the range of about 15-95,
15-80, 20-95, 20-090, 20-80, 40-95, 40-90 or 40-30°C.

I271 o an acid treatment step 13, an effective guantity of an inorganic acid or an organic
acid 15 dispersed in the suspension so that & pH of the suspension is maintained in g strongly
acidic range to prepare the zeolite for metal fnsertion in the framework, step §2. o certain
embodiments, this can be stepwise as in the ‘036 patent family. In additional embodiments,
for example as disclosed in commonly owned USZOZ10077985A1 which is incorporated
by reference herein in its entirety, acid treafment to prepare the zeolite for roctal insertion
i the framework can occnr together with the mwetal insertion.

{881 'The inorganic acid use can generally be sulfuric acid, nitvic acid, hyvdrochioric acid
and the like. In certain embodiments the selected inorganic acid is sulfuric acid or
hydrochloric acid, Further, carboxylic acids can suitably be used as the organic acid
described above. The amount of the norganic acid or the organic acid added is the amount
suitalle to control the pH of the suspension in a strongly acidic range, for instance in a
range of about §.7-2.5, §.7-2.0, 1.0-2.5 or 1.0-2.0. The acidic suspension is maintained at
an effective temperature, for instance in the range of abowt 15-80, 15-60, 15-35, 153-30 or
20-60°C and maintaivned for an effective residence time, and matntained for an effective
residence time, for instance 1u a range of about 10-600, 10-180, 30-600 or 383- 180 minutes.
{597 In a metal insertion step 12, the framework substitution is carried out. The acid-

modified USY{(c) zeolife suspension is subjected {o metals treatment (o substitute some of
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the aluminum atoms forming the framework of the ulira-stable Y-type zeolite. In ceriaip
cmbodiments. this is carried out by adding to the acidity modified USY{c} a solution
comtaining transition metal coropounds,  In certain embodiments the transition metal
compounds comprise a zirconinm compound and/or a anium componnd and/or a hatiur
compoend. The solution is maintained at an effective temperature, for instance 15-80, 15-
60, 15-35, 15-30, 20-60, 15-35 or 15-30°C and for an effective residence time, for instance
in a range of about 10-600, 10-180, 30-600 or 30-180 minutes. The suspension from step
12 can be neutralized with, for example, an agueous amynonia, to a pH in the range of about
7.0-7.5.

[6¢] The resuiting solids from the metal insertion step 12 can be filtered, washed with
water at an cffective temperature, for instance 1o a range of about 15-95, 15-80, 20-95, 20-
90}, 20-80, 40-95, 40-90 or 40-80°C, and dried at an effective temperature, for exaropie 1o
a range of about 80-180 or 100-180°C, for an effective residence time, for instance in a
range of abount 30-1800, 60-1800, 30-600 or 603-600 minutes, and ihe post-framework
modified USY zeolite (USYA) 1s recovered at step 13,

{611 Ulira-stable Y-type zeolie 15 nsed as the raw materials for preparving the posi-
framework modified USY zeolite, referred to above as USY{c) As noted above, one or
more of the steps 19 can be used o prepare the USY introduced at step 18, or otherwise
obtained. Said USY introduced at step 18 genersily has properties of known USY zeolites,
which can be synthesized or modified (as in ove or more of the sieps 1% or alternative
methodologies), or sourced, so as to provide a USY zeolite having a SAR in the range of

ahout 30-100, 40-100, 30-80 or 40-80 for effective metal insertion.
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{621 The known USY-type zeolie refers to zeolite baving a unit cell dimension (UD)
generally in the range of sbout 2.425-2.450 or 2.430-2.450 nm; a specific surface area
generally in the range of about 600-900. 600-800, 650-900 or 650-800 m%/yg; and a pore
volure of abont 0.3-0.75, 0.4-0.75, 0.3-0.6 or 0.4-0.6 ml/g. Known USY-1ype zeolites also
generally possess a BAR in the range of about 5-100, 18-106, 20-10¢, 53-8, 14-88, 26-80,
25-100 or 25-80; as noted herein, this SAR can be selected or modified to provide an
ctfective USY for metal insertion.

{631 For example, suttable zeolites are FAU frarsework (zeolie Y) baving its micropore
pore formed by a 12-membered ring when viewed along the [111] direction is 7.4x7.4 A,
The UD, also referred to as a crystal lattice constant, can be measured by reference to
ASTM method D39472, Standard Test Method for Determination of the Unut Cell
Dimension of a Faujasite-Type Zeohite. The specific surface area is a valoe determined by
the BET (Brusauer—Emmett-Teller) method using nitrogen adsorption. The oltra-stable Y-
tvpe zeolite may be prepared by any method known in the art. This ultra-stable Y-type
zenlite 1s subjected to post-framework modification as described herein to form post-
framework modified USY zeolite that s nsed 1o produce compostie catalyst particles,

i6d]  The post-framework modified USY zeolite incorporates one or more of zirconium,
titanium, and hafnium into #s framework. Effective concentrations of the Zr, T4, and/or Hf
include abouwt 6.1-5.0, 0.1-4.0, 0.1-3.0, 0.2-5.0, 0.2-4.0, 0.2-3.0, 0.3-3.0, 0.3-4 0 or 0.3-3.0
wi%, as calcnlated on their oxide basis (hat s, ZrQy, Ti: andfor HEO:) and as measured
relative 1o the mass of the post-framework modified USY zeclite. In certain embodiments,
the amounts of individnal materials supplying Zr, Ti, and/or Hf can be less than 0.1. 0.2 or

(.3 witt, but when combined, the total 1s at least 0.1, 0.2 or 0.3 wit%. It is appreciated by
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a person of skill i the art, that when the framework-substitnied zeolite in the catalyst
contains the zircopium atoms and the titanium atoms and/or the hafninm atoms described
ahave, a mass ratio (n terms of oxides) of the zivconium atoms to the titanium atoras and/or
the hafndurm atoms is not specifically be restricted, and any vatio of zirconinm or taniur
or hafniom that is effective for the intended use of the catalyst particles can be used, for
example, for hydrocracking of heavy hydrocarbon oil.

{651  In cortain embodiments the post-framework modified USY zeolite is:

a framework-sobstitnted zeolite in which a part of aluminum stowms formmng a
zeolite framework 15 substituted only with zirconium atoms, and is referred to as a
“zirconinm-substituted zeolite” or “Ze-1UU8Y™;

a framework-sabstitnted zeolite in which a part of sluminum astors forming a
zeolite framework s substituted only with titaniom atoms, and is referred to as a “tianium-
substitited zeolite” or “T-USY™,

a framework-substituted zeolite in which a part of aluminum atoms forming a
zenlite framework is sabstituted only with hafninm atoms, and is referred to as a “hatmium-
substituted zeolige” or “HI-USY™:

a framework-substituted reolite in which a part of aluminum atoms forming a
zeolite framework s substituted only with zirconium atoms and titanium atoms, and is
referred (o as & “zirconiuni-titanium-substituted reolite” or “Zr-T-USY™),

a framework-substituted zeolite in which a part of alwminum atoms forming a
reolite framework is substituted only with hafvium atoms and titasinm atoms, and is

referred 0 as a “hafninm-titaninm-substinsted zeolite” or “HETLUSY"y
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a framework-substituted reolite in which a part of alominum atoms forming a
zeolite framework is substitited only with zirconium atoms and hafnium atoms, and is
referred (o as & “zirconium-hafnium -substituied zeolite” or “Zr-HE-USY™), and

a framework-substinuted zeolite it which a part of alwvirm atoms forming a
reolite framework is substitnied only with zirconium atoms, ttanivm and hafniom atoms,
and is referred to as “zirconium-titanipm-hafnium substituted reolite” or “Ze-T1-HE-USY
i66] The presence of the zivcordurn atoms andfor titaninm and/cr halnium atoms which
are substituted for the aluminom atoms i the post-frarsework modified USY zeolite serve
as coustituents of the framework of the USY zeolite. Substitution can be verified by, for
cxample, X-ray fluorescence, high frequency plasma omission spectrometry, atomic
ahsorption spectrometry, nliraviolct-visible-near-infrared  spectrophotometry  (UV-Vis-
NIR), Fourier fransform infrared spectroscopy (FF-IR), and/or nuclear magnetic vesonance
spectrometry (NMR).

{671 The next steps in the process for producing catalyst particles having active metal
components on a composite suppart including the post-framework modified USY zeolite
aned a binder. steps #4 and 15, comprise forming aun inorganic oxide as a hinder or
granulating agent, which is subseguently combining with the post-framework modified
USY zeolite and extruded, sieps 16 and 37, At step ¥4, a solution is prepared that will
precipitate into the one or more inorganic oxides ased as the binder or granulating ageut,
hereinafter the inorganic oxide component. For exarople, a suitable binder can be prepared
from a gel of alomina or ancther inorganic oxide as is known in the art.  In certain

embodiments, solid inorganic oxides can be used directly as the binder materials.
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{681  Alternatively, a commercially available inorganic oxide component can be
provided, as is known to those skilled in the art, and prepared for mixing with the post-
framework modified USY zeolite, for example by kneading.

6% As the inorganic oxide. a porous inorganic oxide used in hyvdrocracking or other
catalyst compaositions in the related art can be wsed. Examples thereof include alumina,
silica, titania, silica-aluming, alumina-fitania,  alumina-zirconia,  alumina-boria,
phosphorus-aluming,  silics-aloming-borig, phosphorus-aloming-boria,  phosphorus-
alurmina-sitica, sihica-aluming-titania, and silica-alomina-zirconta.

{781  The post-framework modified USY zeolite and the inorganic binder are combined
to form the catalyst support material with known processes for forming catalysts, for
exarmple, by mixing and knecading the components {step 16), then forming them nto the
desired shapes by coexiruding or otherwise forming composiie support particies {(step 17},
The composite sapport particles are calcined {siep 18}, and the active metal component is
imnpregnated in the calcined composite support particles (step 19}, The so-formed catalyst
particics are then calcined again (step 26} and the final product, the catalyst particles having
active metal components on a composife support, s recovered. In certain embodiments the
post-framework modified USY zeolite material in the final particles services as an active
catalvtic material in addition to the impregnated active meial conmponent of the catalyst
particie.

{781 The composile support material is formed of the post-framework modified USY
reolite material, for example from step 13 herein, one or more inorganic oxide components
{for cxample from step 15 herein). and optionally one or more other zeolitic materials. The

composite support material generally has a surface area in the range of abount 130-500, 150-
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A58, Z06-300, 200-450 or 300-450 m"”'fg, and a pore volame in the range of about $.4-0.8,
0.4-0.75, 04065, 045-0.8, 045075 or 0.45-0.65 ml/e. The content of the post
framework modified USY zeolite component, the inorganic oxide component and the
active wootal component are appropriately determined according to the object.  For
example, the post-framework modificd USY zeolite content of the catalyst particles formed
with the composite support material can be in the range of abowt (0.1-89, 0.1-80, $.1-80,
0.1-70, 2-99, 2-90, 2-80, 2-70, 20-100, 20-90, 20-80 or 20-70 wi%, with the remaining
content being the norganie owide and the active metal component, and 1o certain
embodiments optionally one or more other zeolitic materials.

{721  Inthe mixing/kneading step i, post-framewnrk modified USY zeolite, for instance
recovered from step §3 or otherwise provided, and the inorganic binder for instance
recovered from step 13 or otherwise provided. are mmuxed together, The moixing is af
effective ratios as noted sbove, and at a suitable temperature, for exanmple, i the range of
ahout 135-80, 15-60, 15-35, 15-30 or 20-60°C. The mixture is kneaded/mulled with an
ctfective amount of water, for instance, at a lquid/solid mass ratio range of about 30-20,
for an effective kneading/moulling tiwe, for instance 10 2 range of abont 10-180 minutes.
Therefore, the kneading/mulling of the wet solid materials forms a dough that is
subsequently formed and drigd. Fhe kneaded/mulled product can be subjected to thermal
treatment in order to obtain a more intimate contact between components and better
homogeneity by thermal diffasion and solid-state reactions.

{731 'The kneaded/mulled material thus obtained is extruded, forming step 37, through a
dic with an effective cross-sectional shape and dimension, and at a suifable tomperature,

for example, in the range of about 15-83, 13-60, 15-35, 15-30 or 20-60°C. Effective cross-
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sectional shapes include, for instance, eylindrical, tilobe, twisted irilobe, or quadrilobe,
Effective cross-sectional dimensions include, for instance, a diameter or effective diameter
int the range of about 0.8-3 or 0.8-2.3 mullimeters. The resulting extrudates are dried at an
effective temperature, for example in a range of abont 30-180 or 100-180°C, for ap
effective restdence time, for instance in a vange of abouot 30-1800, 63- 1800, 30-600 or 60-
6 minutes, to recover dried composite extrudates. Optionaily, the separate drying step
can be avoided, wherehy the coraposite exirndaies are passed to a therroal freatment step
E8 for calcipation,

{741  In the thermal freatment step 18, the composite extrudates {(optionally dried) are
subjected to thermal freafment to prepare calcined composite pasticles.  In certain
embodiments the thermal reatment at step 18 comprises calcining the composite extradates
{optionally dried) at effective temperatores {typically in the presence of aiv or oxygen, or
in the presence of steam), for example in avange of about 400-800, 400-700, 400-650, 500-
800, 500-700, 300-050, 550-800, 550-T00, 550-650, 600-800 or 600-700°C, and for a time
range of abont 10-600, 10-180, 30-600 or 30-180 minutes, 1o recover calcined coraposiie
particies.

{751 The final product, calcined composite catalyst particles bave tmpregnated therein
an active metal component, such as a hydrogenative metal, The active metal component
can include one or more metals or metal compounds (oxides or sulfides) known 1o the ant
of hydrocracking, including those selecied from the Periodic Table of the Elemens THPAC
Groups 6, 7, &, 9 and 10 In certain embodiments the active metal components include
those effective as hydrocracking catalysts such as one or more of Mo, W, Co or Ni {oxides

or sulfides)y. In certain embodiments, active metal components incinde those effective as
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hydrogenation and/or reformiog catalysts (typically in sulfurfree envirouments) sach as
one or more noble metals such as P, Pd, Rh, Re, Ir, or a combination of such noble metals.
The metal component may be contained in catalyst in effective concentrations.  For
example, total active metal content in hydrocracking catalysts can be present in an amount
as is known in the related art, for example about 0.01 to 40% by mass in terms of metal,
oxide or sulfide. In the case of non-noble metals, including Mo, W, Co, Ni or combinations
thereof, an effective total active metal content can be about 0.1 to 40%, or 3 to 40%, by by
mass in terms of oxide or sulfide based on a mass of the catalyst. In the case of noble
metals, typically in solfor-free envirvonments for hydrogenation and/or reforming, an
effective total active metal content can be in about 0.01 to 2% by mass in terms of metal.

i76] At the active metal component impregnation step 19 in the embodiment of FIG. 3,
the active metal component 18 impregnated. Several moethods can be used o add the active
metal componeni(s) 1o the support, including bal not fimited to fmmersion, incipient
wetness, and cvaporative.  In the most commonly used method, a calcined support is
mmmersed i oan exeess of an agueous solution condaining active mmetals or metal
copnponnds. The selution fills the pores and i also adsorbed on the support sorface, and
excess solution is removed. In another method, impregnation i3 carvied out using incipient
wetness by tumbling or spraving the activated support with a volume of solution having a
concentration of metal compound tailored to achieve the targeted metal level. In another
wethod, evaporative impregnation, the support is saturated with water or with acid sohution
and immersed into the aqueous solation containing the metal compound. That compound
subsequently diffuses into the pores of the support through the aguecus phase. The metal-

toaded support is then dried and calcined, Forming metal oxides.
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{771 In certain embodiments, the active welal composent bmpregnation step 19
comprises imunersing the calcined composite support particles, formed of ihe post
framework modified USY zeolite and a binder, in an aquecus solution containing active
metal components, The quantity and concentration of the aquecus solution conaining
active metal components is dependent on the desired goantity of the active metal
components 1o be loaded on the composite support particies, In certain embodiments of
the above methods, the voluiue of the sctive metal solution 13 equal to or shightly less than
the pore volure of the sapport. The solotion te maiutained at an effective temperature, for
instance about 40-100, 40-99, 60-100, 60-99, 60-97, 70-99, 7(-97, 80-99, 80-97 or 90-
59°C and for an effective residence time, for instance in a range of about 40-1200, 40-600,
40-360, 60-1200, 60-600, £0-360, 120-1200, 120-600, 120-360, 180-1200, 180-600, 180-
366G, or 240-260 mingies.

{781  The resulting solids can be filtered and dried at an effective temperature, for
example in a range of about 80-180 or 100-180°C, for an cffective residence time, for
instance in a range of about 30-1800, 60-1800, 30-600 or 60-600 minutes, (o recover
composie support particles, formed of the post-framework modified USY zeolite and a
binder, aving the active metal Ioaded on the composiie material. Optionally, the separate
drying siep can be aveided, whereby the composite material with active metal is passed to
a thermal treatment step 20 for calcination.

{791 In the theroal treatroent siep 28, the loaded composite material is subjected 0
therroal Wreatment to prepare calcined composite particles with active metal on the
composite material.  In cortain embodiments the thormal treatment at step 20 comprises

calcining at effective temperatures, for example in a range of about 400-800, 300-800, 500-
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700, S00-630, 55G-800, 550-700, 550-650, 600-800 or 600-7007C, and for a time range of
about 10-600, 10-180. 30-600 or 30-180 minutes. fo recover the calcined composite
particies with active metal on the composiie material. In certain embodiments, calcining
oconts in the presence of air

[BG] Al step 21, the final catalyst product is recovered. o embodiments tn which the
catalyst is a hydrocracking catalyst, a hydrogenation catalyst or a reforming catalyst, the
composite support material having active metals loaded therein generally has a surface area
in the range of about 150-300, 150-450, 200-300, 200-450 or 300-450 wm¥g, and a pore
vohime in the range of about 3.4-1.0, (.4-0.8, (.4-0.75, 0.4-0.65, 8.45-1.0, 0.45-0.8, (3.45-
(.75 or 0.45-0.65 mifg.

[81] With reference to FiGs. 4-6, embodiments for producing catabyst particles having
active roetal are provided, wherein all or a portion of the metal loading accurs prior ©©
forming the composite catalyst particles.  This offers flexibility to the catalyst
manufacturer, as will be apparent herein.

[82] In the descriptions herein, the “active metal component” is distinet and separate
from the metals that replace the alominam atoms in the USY zeolite framework, and in
particular refers to the one or more metals or metal compounds {oxides or sulfides) that are
impregnated in the framework modified zeolite, in the binder, in extrudates of the
framework modified zeolite and in the binder, in the caleined extrudates of the framework
madifted zeolite and 10 the binder, and combinations thereofl

{831  While not wishing to be bound by theory, it ts understood that by controlling the
metal loading, by using wet USYA, pore clogging is minimized. If the zeolite has the pores

thereof saturated with water, a smaller guantity of metals can diffase into the pores over a
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given period of time from a metal solution, as compared to addition of the metal sohution
to the same zeolite in a dried stated.

{841 In the embodiments described herein, the ratio of the post-frarnework meodified
USY zeolite component and the tnorganic oxide binder component s appropriaiely
determined according to the object of the catalyst. For example. the post-framework
modified USY zeolite content of the catalyst particles formed with the composite sapport
material can be in the range of about §.1-9%, 0.1-90, 0.1-80, 0.1-70, 2-99, 2-80, 2-80, 2-70,
20-100, 20-90, 20-80 or 20-70 wi%, with the remaindng content being the morganic oxide
binder, and in certain embodiments optionally one or more other zeolitic materials,

[85] In one embodiment, a methad for producing catalyst particles is provided, wherein
the catalyst particles are a composite of a granuvlating agent or binder material such as an
wmorganic oxide comprising active melals impregnated therein, and a framework suhstituted
UIBY zeolite material (1ISYA) in which some of the alominoam atoms in the framework are
substituted with zirconimm atoms and/or titanium atoms and/or hafidum atoms. In other
descriptions of this embodiment, the catalyst particles of this embodiment are referred to
as & calcined extrodates formed from a composite of the USYA and the metal-loaded binder
support component.

[86] FIG. 4 shows process steps for producing said composite catalyst of metal-foaded
binder and USYA according o this emboditaent in which the inorganic oxide roaterial
comprise active metals impregnated therein.

[87] In one embodiment of this prepaation method, the framework modified USY
zeolite is prepared and/or provided. The active metal component is added onto the surfaces

of the binder, inchuding on the pore internal wall surfaces. The Framework modificd USY
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zeolite and the metal-loaded binder support component are mixed at the desived ratio and
kneaded to form a composite uniform mixture of the materials. The mixture containing the
framework modified USY zeolite and the metal-loaded binder support component is then
extrided and calcived 1o form the active metal-contaioing catalyst particles. The steps 19
and 28 from the process of FIG. 3 are thereby eliminated.

[88] The framework substituted USY zoolite material, USYA, is provided at step 43, as
wet, dry (ancalcined) or caleined zeolite material. The underlyving framework substifuied
USY zeolite waterial and binder material can be provided from any suttable source,
incloding as described hereinabove in conjonction with FIG. 3 or from asother source.
Steps comesponding o those in FIG. 3 which are considered optional in certain
emmbodiments herein are shown in dashed Hnes in FIG. 4, and can be carried ount as
described with vespect to FIG. 3. The inorganic oxide material is characterized by outer
surfaces and ioner pore wall surfaces. In the embodiment of FHI. 4, the active metals are

attached to the outer surfuces and inner pore wall surfaces of the inorganic oxide binder at

788
[91]

step
[89] The post-framework modified USY zeolite incorporates one or more of zivconium,
titanium, and/or hafmum into e framework, in effective concentrations of about 0.1-3.4,
0.1-4.0, 0.1-3.0, 0.2-5.0, 0.2-4.0, 0.2-3.0, 0.3-5.0, 0.3-4.0 or (0.3-3.0 wi%, as calculated on
their oxude basis {that is, ZrQy, TiQ and/or BIG:) and as measured relative 1o the mass of
the post-frammework modified USY zeolite; in certain embodimends, the sroounts of
individual materials supplying Zr, T, andfor HE can be less than 8.1, 8.2 or 8.3 wi%, but

when combined, the total is at least 0.1, 8.2 or 0.3 wi%. In certain embodiments the

framework substitated USY zeolite coraponent is provided 1n a “wet” state, whereby the
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solid material from the framework substitution step, step 2, is filtered/washed and
provided in a wet state, whereby the drying step typically utilized is not carried out {carried
out 0 a lesser degree) 50 that water romains entrained in the solids, In certain embodiments
the framework substituted USY zeolie component is provided 1o a “dry” state, wherehy
the solid material from the framework sebstitution step, step §2, is filtered, and dried, but
provided in an uncalcined state, whereby the thermal treatment siep to calcine the material
that is typically utilized 15 not carnied ool In certain cmbodiments the framework
substituted USY zeolite component is provided in g “dry” state, whereby the solid material
from the framework substilation step, step 12, 1s filtered, dried, and calcined. Accordingly,
in the embodiments of FIG. 4, the USYA at step 43 is provided as wet, dry {ancalcined) or
calcined zeolite material.

[90] As indicated at siep 53 in FIG. 4, the binder as the support component is
impregnated with one or more active metal components, soch as a hvdrogenative-active
metal component, to produce a metal-loaded tntermediate binder component. The binder
material can be prepared, for example, as shown and described herein with respect to steps
4 and 15 10 FIG. 3, or a comunercially available inorganic oxide component can be
provided, as is known to those skilled in the art. As the inorganic oxide, a porous inorganic
oxide used in hydrocracking or other catalyst composifions in the related art can be used.
Examples thereof include alumdina, sifics, tiarda, siliva-aloming, alumina-titanis, slumina-
zirconia, alumina-boria, phosphorus-alumiva, silica-alwvina-boria, phosphorus-alumina-
boria, phosphoras-alumina-silica, silica-alamina-titania, and silica-alumina-zirconia.

[91] The active metal component added at step 58 can include one or more metals or

mectal compounds {oxides or sulfides) known in the art of hydrooraclang, including those
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selecied from the Peviodic Table of the Elements BIPAC Groups 6,7, 8, 9apd 10 In
certain embodiments the active metal component is one or more of Mo, W, Co or Ni {(oxides
or sulfides). In certain embodiments, typically in sulfur-free environments, active metal
components jnclade those effective as hydrogenation andfor reforming catalysts such as
one or more noble metals P, Pd, Rb. Be, Ir. or a combination of such noble metals.

[92] The active metal component may be contained in the metal-loaded binder material
in effective concentrations {o provide an effective overall active metal content in the
composiie catalyst of metal-loaded binder and USYA. Catalysts produced according to the
embodiment of FIG. 4 can countain aboot $.01 to 40% by mass of active metal component{(s)
in terms of metal, oxide or sulfide relative to the total mass of the composite catalyst
material, similar to ranges osed in conventional hydrocracking catalysts. In the case of
non-noble metals, tncinding Mo, W, Co, MNi or combinations thereof, an effective total
active metal content can be about G.1 1o 409%, or 3 o 40%. by mass in terms of oxide or
sulfide based on a mass of the catalyst. In the case of noble metals, typically in sulfur-free
environrnents tor hydrogenation and/or reforming, an effective total active metal content
can be i abont 0.01 10 2% by mass in terms of metal,

[93] At the active metal component impregnation step 35 in the embodiment of FIG. 4,
an effective guantity the one or more active metal components are impregnated in the
inorganic oxide binder material as a support component. In certain embodiments as shown
i FI3. 4, the active metal component of the final catalyst particles is provided only o the
binder component, therefore said effective qoantity encompasses the total active metal

content of the catalyst particles, which can be within the ranges as noted above.
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[94] o certain embodiments of the active metal component impregnation step 85, fwo
or more active metal components are impregnated in the inorganic oxide binder material
as a support component, whereby one or more of the active metal components acts as a
promoter 10 oue oF wore of the other active metal componcuts.

{981 Several methods can be used fo add the active metal component(s) to the binder
material as the active metal component tinpregnation step 55, including but not limited to
immersion, incipicnt weiness, and evaporative, or any other suitable method.

(961  In certain embodimends of the active metal compouent impregnation step 83, an
effective quantity of inorganic oxide, for instance in a kueaded state is tmmersed iy an
excess of solution containing active metals or metal compounds. The sohution fills the
pores and is also adsorbed on the support surface, and excess solution 1s removed o recover
the metal-loaded binder material support. In certain embodiments of the above methods,
the volume of the active metal solution is equal to or slightly less than the pore volume of
the support.

1971 In another method, the active metal component impregnation step 38 is carried out
nstog cipicot wetness by mmblng or spraying an effective guantity of worganic oxide
support material with 2 volume of solution having a concentration of metal componnd
tatlored to achieve the targeted metal level. In certain embodiments the volume of the
solution is equal to or slightly less than the pore volurae of the sapport. The metal-loaded
binder material i3 recovered,

{981  In another method, the active metal component impregnation step 55 is carried out
by cvaporative impregnation in which an cffective guantity of inorganic oxide support

material 18 saturated with water or with acid solntion and fimmersed into the agueous
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solution containing the wetal compound. That compound subsequently diffuses into the
pores of the support through the agueouns phase. The metal-loaded binder material is
recovered.

1991 Atthe active metal coroponent froproegoation step 35, the quantity and concentration
of the agueous solution containing active metal components is dependent on the desired
guantity of the active metal components o be loaded on the composite support particles,
In certain embodiments of the above methods, the volume of the active metal solufion i
equal to or shightly less than the pore volume of the binder material. The solution is
nmiaintained at an effective temiperature, for fnstance aboot 40-100, 40-99, 66-1D8, 60-99,
6097, 70-99, 70-97, 80-99, 80-97 or 90-99°C and for an effective residence time, for
nstance in a range of ahont 40-1200, 40-600, 40-360, 60-1200, 60-600, 60-360, 120-1200.
120-600, 120-360, 180-1200, 180-600, 180-3560, or 240-360 minutes.

(RGO In cenain embodiments of the active metal component Unpregnation step 35, the
metal loading can be attained by Ipading the metal solution of an appropriate concentration
up to the available pore volume of the inorganic oxide support material.  In further
embodiments of the active metal cormponend mpregnation step 35, a lesser aroount is used
to control the metal loading, For example, an effective volume of the leading metal
solution can be, for instance, in the range of about 1-100, 1.99, 1-90, 20-100, 20-99, or 20-
90 V9% relative to the total pore volume of the tnorganic oxide support material,

{1311 In Luther embodiments of the active metal coruponent impregnation step 58, wet
binder material i3 used. The wet binder material contains water within all or a portion of
the pore volume, for instance, in the range of about 1-100. 1-99, 1-90, 50-100, 50-99, or

30-90 V% relative {o the total pore volurne. This volume can be controlled by partial drying
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of the of the material to alter the degree of wetness. The metal solution, whether provided
by immersion, incipient wetness, or evaporative impregnation, is completely or partially
blocked from the saturated pores, and as such there is less diffusion of metals into pores.
Therefore, the metals can be principally positioned at the external surface of the inorganic
binder material with 3 Himited amount in the pores.

[102] The resulting solids in the active metal component tnpregnation step 35 can be
filiered and dried at an effective temperatore, for exsrople in g range of about 80-180 or
100-1807C, for an effective residence time, for instance in a range of about 30-1800, 60-
18060, 30-600 or 00-600 mimstes, o recover dried metal-loaded binder material
Optionally, the separate drying step can be avoided, whereby the metal-lnaded binder
material is subjected to thermal treatment for calcination as part of the active metal
component impregoation step 85, In the thermal treatment, dry or wet metal-loaded binder
material is subjected to thermal treatment to prepare calcined metal-lvaded binder material,
In certain embodiments the thermal treatment comprises calcining at effective
temperatures, for example in a range of about 400-800. 400-700. 400-630, 500-800, 500-
700, 500-6580, 3530-800, 5350-700, 3530-650, 600-8300 or 600-700°C, and for a time range of
about FG-600, 10-188, 30-600 or 30-180 nmunutes. to recover the calcined metal-loaded
binder material. In certain embodiments, calcining occurs in the presence of air.

{3031 The metal-loaded binder material from step 55, in g wet, dry (uncalcined) or
calcined stake, i3 combined with the USYA zeolite material 1o a wet, dry {(ancalcined) or
calcined state, shown as a mixing/kneading step 46, and formed into composite catalyst
particies, shown as a forming step 47. The composite catalyst particles are calcined, shown

as a thermal treatment step 48, and the final product, calcined catalyst particles, are
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recovered, shown as step 51, Steps 46, 47, 48 and 31 shown and described with respect to
FIG. 4 can be carried out as described above with respect to steps 16, 17, 18 and 21,
respectively, in FIG. 3.

[104] In additional embodiments (not shown in FIG. 4), in addition to fmpregoating the
binder with one or more active metal components, the extosdate is aleo metal-loaded, for
example using technigues described hercin with respect o step 1% in FIG. 3. In further
embodiments (not shown in FIG. 4), in addition to impregnating the binder with one or
more active metal cotoponents, the composite munture of binder and zeolie is also metal-
foaded, for example wsing technigques described in co-pending Inited Siates Patent
Application Serial Number 17/577,794 tiled on January 18, 2022, entitled “Catalysis With
Modified Active Phase Dispersion And Method To Prepare Catalysts With Modified Active
Phase Dispersion.” which is incorporated by reference heretn u its entivety.  In further
embodiments, in addition to impregnating the binder with one or more active metal
components, the USYA zeolite is also metal-loaded, for example as in the embodiment of
FIG. 5.

[105] The final composie catalyst particles, beiog a composite of the USYA and the
metal-loaded binder support component which are mixed, coextruded and formed into
particles, generally have surface area and pore volume levels within the ranges of the
catalysts formed in the conventional process, for example as described with respect to step
21 FIG. 3

[106] In another embodiment, a method for prodecing catalyst particles s provided,
wherein the catalyst particles are formed from a composite of a granulating agent or binder

material such as an inorganic oxide comprising active metals impregoated therein, and a
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framework substituted USY zeolite material (USYA Y in which some of the alwmminum atoms
in the framework are substituied with zirconium atoms and/or titanium atoms and/or
hafmium atoms, and whereiln the USYA comprises active metals impregnated therein
(USYadmy).  In other descriptions of this embodiment, the catalyst particles of this
embodiment are referred 1o as 2 calcined extrodates formed from a compostte of the
USYA{m} and the metal-loaded binder support component.

[107]1 FIG. 5 shows process steps for producing said coraposiie catalyst of metal-loaded
binder and USYA(w according to this embodiment in which the USYA comprises active
metals impregnated therein (LU8YA(m)) and where the inorganic oxide material comprise
active metals impregnated therein. This method is particularly applicable, for instance,
when a limited amount of zeolite is used in catalyst formulation,

{1981 In one embodiment of this preparation method, the framework modificd USY
reolite is prepared or provided, and a first portion of the tolal active metal component
content, is added onto the framework modified UUSY zeslite surface, inclnding on the pore
internal wall surfaces. A second portion, in cortain embodiments as the rermaining portion,
of the total active metal component content, is added to inorganic oxide hinder. The metal
wnpregnated framework modified USY zeolite (either wet, dried or calcined ) and the metal
impregnated inorganic oxide binder are mixed at a desired ratio and kneaded, extruded and
calcined 1o form the active metal-containing composite catalyst purticles having a first
component of metal-loaded frarvework substituted USY zeolite and a second cotoponent
of metal-loaded inorganic oxide binder. The steps 1% and 28 from the process of FIG. 3

are thereby eliminated.
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[109] The {framework substitnted USY zeolile material, USYA, is provided at step 43, as
wet, dry {uncaleined) or calcined zeolite material, as described herein with respect to FIG.
4. In the process description of this embodiment. 8 s understood that the underlving
framework substituted USY zeolite material {prior to metal loading) and binder material
{prior 0 metal loading) can be provided from any suilable source, juclading as described
hereinabove in conjunction with FIG. 3 or from another source. Steps corrcsponding to
those in FIG. 3 which are considered optional in cortain embodiments herein are shown in
dashed hnes in FEG. 5. and can be camried ont as described with respect 1o FIG. 3. Both the
USY zeolite and the inorganic oxide material are characterized by outer surfaces and jnner
pore wall surfaces, In the embodiment of FIG. 5, the active metals arg attached (o the outer
surfaces and inner pore wall surfaces of the USY zeolite at step 54, and additional active
wetals are attached to the outer surfaces and 1nmer pore wall surfaces of the toorganic oxide
binder at step 63,

{3181 The framework substituted USY zeolite material, USYA, is prepared in step 84 1o
form USYA{m), as described hercinabove with respect to step 44 in FIG, 4. Metal-loaded
binder malerial is preparved at step 65, as desoribed hercinabove with respect to step 3% in
FIG. 4. At step 534, an effective guantity of the active melal component s added to the
USYA, for instance so that a first portion of about $.1-99, 0.1-90, (.1-70, .1-60, 1-99, 1-
99, 1-90, 1-70, 1-60, 1-99, 3-90, 5-70. 5-60, 20-99, 20-90, 20-70, 20-60, 40-99, 40-90, 40-
70, or 40-60 % by ruass of the total active metal component content contained in the final
composite catalyst particles is within the metal-loaded binder, and with the remainder of
the total active metal made up in the second portion of the of active metal component

content that 1 within the USYA(m).
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{8111 At step 65, all or a portion of the binder material used in the final catalyst particles
is impregnated with an effective guantity of active metal component.  The effective
guantity of active metal component at step 68 generally 15 a second portion that can make
up the remainder of the total active metal component content contained 1o the final
composite catalyst particles relative to the first portion contlained in the USYA{m). In
certain embodiments, the second portion is less than the remainder of the total active metal
component contert contained in the final composite catalyst particles relative to the first
portion contsined in the USYA(m), wherein a third and optionally fourth portion is
contained in the particles based on active metal component(s} that are added: after the
USYA{m) and metal-loaded binder arc mixed together {(as described in co-pending United
States Patent Applcation Serial Number 17/577,794 filed on January 18, 2022, entitled
“Catalyats With Modified Active Phase Dispersion And Method To Prepare Catalysts With
Muodified Active Phase Dispersion,” which is incorporated by reference hevein in s
entirety; and/or after the extrudate is formed {for example as discussed herein with respect
to step 19 in the process described with respect 1o FIG. 3 and as described in the "036 patent
family).

{8121 The metal-loaded USYA{m} zeohlite material from step 34, o a wet, dry
{uncalcined) or calcined state, is combined with the metal-loaded binder support
component from step &5, shown as a mixing/kneading step 46, and formed into composite
catalyst particles, shown as a2 forming step 47, The composite catalyst particles are
calcined, shown as a thermal treatment step 48, and the final product, calcined catalyst
particles, arc recovered, shown as step 81, Steps 46, 47, 48 and 51 shown and described

with respect to FIG. 5 can be carried out as described above with respect o steps 16, 17,
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B8 and 2%, respectively, in FEG. 3. As noted above, the steps 1% and 28 from the process
of FI(3. 3 are thereby eliminated in certain embodiments, and the final composite catalyst
particles are a composite of the USYA(ra) and the metal-loaded binder support component,
which is co-extruded and formed into the catalyst particles.

{813] The {inal composite calalyst pasticles, being a composiie of the USYA{m) and the
metal-loaded binder support component which are mixed, coextruded and formed into
particles, gencrally bave surface arga and pore volurne lovels within the ranges of the
catalysis formed 1n the conventional process, for example as described with respect to step
28 in FEG. 3.

[114] In additional embodiments, and with reference generally to FIG. 6, methods for
producing catalyst particles is provided, wherein the catalyst particles are formed from a
composite of a granulating agent or binder waterial such as an inorganic oxide, and a
framework sobetituied USY zeolite material (UISYA) in which some of the alumingm atoms
inn the framework are substitnted with zirconinm atoms and/or titapiwm atoms andfor
hatnivm atoms. The sctive roctals are impregnated in an inorganic oxide binder, step 55
as described herein, and:

{a) a LISYA zeolite to form LISYA(m), step 34 (in the absence of metal impregnation
steps 66 and 4%} as described hercin and in co-pending United States Patent Application
Serial Nomber 17/577,691 filed on January 18, 2022, entitied “Catalysts With Modified
Active Phase Dispersion And Method To Prepare Catalysis With Modified Active Phase
Dispersion,” which is incorporated by reference herein in its entirety,

{b} a composite of binder and USYA, step 6& {in the absence of the modified USY

metal impregnation step 34 and the mmetal irnpregnation step 49}, as described in co-pending
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United States Patent Application Serial Nomber 17/577,794 filed on January 18, 2022,
entitied “Catalysis With Modified Active Phase Dispersion And Method To Prepare
Catalysts With Modificd Active Phase Dispersion”, which is incorporated by reference
herein 1o its entirety, or
{cy a composite of binder and USYA(m), steps 54 and 66 (in the absence of the
metal impregnation step 4%}, as described herein and in co-pending United Siates Patent
Application Serial Number 17/577,691 tiled on Fanuary 18, 2022, entitled “Catalysts With
Muodified Active Phase Dispersion And Method To Prepare Catalysts With Modified Active
Phase Dispersion,” which is incorporated by reference herein in ils entivety.
[EE5] Alternatively, the active metals are impregnated in an inorganic oxide binder, step
58, as described herein, and
{a} one of
(al} a USYA zeolite {o form LISYA(m), step 54 {in the absence the metal
impregnation step §6) as described herein and in co-pending United States Patent
Application Sertal Number 17/577,691 filed on Jammary 18, 2022, entitled
“Catalysts With Modified Active Phase Bispersion And Method To Prepare
Catalysts With Modified Active Phase Dhspersion,” which is incorporated by
reference herein in its entirety;
{a2} & composite of binder and USYA, step 66 (in the absence of the
modified USY metal impregnation step 54), as described w co-pending United
States Patent Application Serial Number 17/577,794 filed on January 18, 2022,

entitled “Catalysts With Modified Active Phase Dispersion And Methed To Prepare
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Catalysts With Modilied Active Phase Dispersion,” which is incorpovated by
reference herein in its entirety; or

{a3} a composiic of binder and USYA(my, steps 54 and 66, as described
herein and in co-pending United States Pateont Application Servial Murober
17/577,691 filed on Janvary 13, 2022, entitied “Catalysts With Modified Active
Phasc Dispersion And Method To Prepare Catalysts With Modified Active Phase

3

Dispersion,” which is incorporsted by reference herein in is entirety,
and

{b} in the extrudate infermediate catalyst particles, step 48, formed from one of the
above {al}, {42y or {a3).
[116] FIG. 6 shows process steps for producing said composite catalyst with active metals
wnpregnated af one or more stages. The procedores for the individual steps can follow
those described berein with respect to FIGs. 3-3, with certain steps as further described in
co-pending United States Patent Application Serial Nombers 17/577,691 filed on January
18, 2022, and entitled “Catalysts With Modified Active Phase Dispersion And Method To
Prepare Catalysts With Modified Active Phase Dhspersion,” and/or 17/577,794 filed on
Janupary 18, 2022, entitled “Catalysts With Modified Active Phase Dispersion And Method
To Prepare Catalysts With Modificd Active Phase Dhspersion,” which are both incorporated
by reference herein in their entiretics.
{8171 In any of the above-described embodiments, one or more additional zeolhitic
components (that is, a zeolite material other than the post-framework modificd USY 2eolite
or metai-loaded post-framework modified 118Y zeolite} can be integrated, for instance at

step in which the post-framework modified USY zeolite or the metal-loaded post-
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framework modified USY zeolite is mined with inorganic oxide. 3aid additional zeohiic
material can include but is not imited to mordenite, £5M-53, Z8M-11, Z8M-12, Z8M-22,
ZAM-23, Z8M 35, beta-type. Y and USY {wherein this USY zeolitic component is not the
saroe a3 the post-fraroework modified USY zeolite described hereing. For example. these
can be (FAU} framework, which inchides USY, having a micropore size related 1o the 12-
member ring when viewed along the [111] direction of 7.4x7 4 A: (MFI} framework, which
includes ZSM-3, having a micropore size related to the 10-member rings when viewed
slong the [100] and [010] directions of 5.5%5.1 A and 5.6-53 A, respectively, (MEL)
framework, which includes XSM-11, having a micropore size related o the 10-member
ring when viewed along the {100] direction of 54753 A: (MTW) framework, which
includes Z8M-12, having a micropore size related to the 12-member ring when viewed
along the [010] direction of 5.6+6.0 A {TON) framework, which includes Z8M-12, having
a wicropore size related to the 10-member ving when viewed along the [D01] divection of
46257 A, (MTT) framework, which includes Z8M-23, having a micropore size related to
the 10-member ring when viewed along the [001] direction of 4.5x52 A ; (FER)
framework, which inclades ZSM-33, baving a wicropore size related to the 10-member
ving and 8-member ring when viewed along the {001} and {010} directions of 4.2:5.4 A
and 3.574.8 A respectively; (MOR) framework, which includes mordenite zeolites, having
a pricropore size related to the 12-member ring and 8-mernber ring when viewed along the
(0011 and {0017 directions of 6.5%7.0 A and 26x37 A, respectively, and (PBEA)
framework, which inchudes zeolite beta polymorph A, having a micropore size related to
the 12-member rings when viewed along the {100} and [001] directions of 6.6x6.7 A and

5.6x5.6 A, respeciively,
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{8181 A method for hydrocracking hydrocarbon oil i3 provided herein, including
hydrocracking hydrocarbon oif wiih the hydrocracking catalyst described above.

{8191 In certain embodiments, a method for bydrocracking hydrocarbon oii cornprises
filling a reactor vessel of a hydrocracking apparatns which is a flow reactor with the
hydrocracking catalyst, and treating a hydrocarbon oil, for iustance having a boiling point
iy the range of about 370-816, 370-650°C, in the presence of hydrogen, at a reactor
temperature in the range of about 300-500, 330-450°C, a hvdrogen partial pressure in the
range of abowut 4-30, 7-15 MPa, a hquid bowly space velocity (LHSV) in the range of about
0.1-10,0.2-1.5 1", and a hydrogenfoil vatio of in the range of about 300-2500, 1000-2000
normalized cubic meters of hydrogen per cubic meter of oil (Nm /m’).

{828} In certain embodiments, a method for bydrocracking hydrocarbon oif comprises
filling a reactor vessel of a hydrocracking apparatus which 13 a fow reactor with the
hydrocracking catalyst, and treating a hydrocarbon oil having a boiling point in the range
of about 370-650°C in the presence of hiydrogen at a reactor temperature in the range of
about 330-430°C, a hydrogen partial pressure in the range of about 7-15 MPa, 2 LHSV in

the range of about 0.2-1.5 Y,

and a hydrogen/oil ratio of in the range of about 1000-2000
Nm'/m® to afford kerosene-gas oil.

{82311 In the method for hydrocracking hydrocarbon oil according o the present
invention, the flow reactor described above can be a How reactor selected from a stiring
bath type reactor, a boiling bed type reactor, a baffle-cquipped sharry bath type reactor, a
fixed bed type reactor, a rotary ube type reactor and a slorry bed type reactor.

{1221 In the method for hydrocracking hydrocarbon oil according to the prosent

invention, the hydrocarbon oil deseribed above contains preferably heavy hydrocarbon oil
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obtained from (1} crude oil, (2) synghetic crude ofl, (3) bitumen, {4) ol sand, (5) shell of]
or {6} coal liguid.

{1231 Inthe method for hydrocracking hydrocarbon oil according to certain embodiments
the present invention, the hvdrocarbon oil desceribed above contains heavy hydrocarbon o
obtained from crude otl, synthetic crode oil, bitumen, oil sand, shell oil or coal Haguid, and
the above heavy hydrocarbon oil is preferably any of a) vacoum gas oil (VGO b
deasphalted ol {DAO) obtained from a solvent deasphalting process or demetatlized oil,
¢y hight coker gas ol or heavy coker gas ol obtained from a coker process, d) cyele oil
obtained from a flnid catalytic cracking (FOC) process or ¢) gas oil obtained from a
vishreaking process.

{824} The hydrocracking catalyst for hydrocarbon oll manofactured according to the
present invention is characierized by that in a bydrocracking catalyst for bydrocarbon ol
containing an ulira-stable Y-type zeolite, the above ultra-siable Y-type zeolite is the
framework-substituted zeolite in which a part of aluminum atoms constituting a framework
thereof 1s substituted with zircomium atoms andfor ttanium and/or hafiiuro aforos.
Hydrogenative active metal componcnts are provided. are provided, wherein all or a
portion of the metal loading occurs prior to forming the compeosite catalyst particles, as
described herein.

{8231 Accordingly, the hydrocracking catalyst of the present invention makes it easy o
diffuse heavy hydrocarbous such as VGO, DAO and the like into voesopores thereof as
compared with conventional hvdrocracking catalysts comprising a support of a zeolite on
which titanium fine particles or zirconinm fine particies are carried, and a cracking activity

of hydrocarbon oil is enhanced to make i possible to obtain middle distillates at high vields,
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Using the hydrocracking catalyst of the present invention, clogging of the mesopores is
mininized enhancing the ability of the heavy hydrocarbons to diffuse therein for catalytic
reaction.

{8261 Further, the hydrocracking catalyst of the present jovention has a slightly low
cracking activity of hydrocarbon oils as compared with those of conventional
hydrocracking catalysis comprising a hydrogenative metal component carried on a support
comprising a framework-substifuted zeolite in which g part of aluminum atoms constituting
a framework of a Y-type zeolite is substituted with fitaniuvo atoms, but an excessive
cracking reaction of kerosene and gas oil is inhibited, so that middle distilates can be
obtained at high vields. Also, the hydrocracking catalyst for hydrocarbon oif according to
the present imvention is increased the number of active sites and therefore 18 provided with
a high hydrocracking activity.

EXAMPLES

Comparative Example

{8371 The comparative example provides a method of producing reference catalyst
particies, which are calcined composite support particles of the post-framework modified
USY reolite deacribed herein and a bhinder, having active metal component added to the
particies, and sebsequently calcined. The process is similar to that disclosed in the 036
patent farnily.

{8281 First, 300 kg of a Na-Y zeolite haviog 2 SAR of 3.2, a Ul of 2,466 vy, a SA of
720w, and a NaoQ content of 13.0% by mass, was suspended in water (liquid/solid mass
ratio of 12.5 L of water per kg of zeolite) af a temperature of 60°C. Then, 14.0 kg of

ammonium solfate was added thereto, The resulting suspension was stirred at 70°C for |
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hour and {iltered. The resulting solid was washed with water. Then the solid was washed
with an ammonium sulfate solution of 14.0 kg of ammonium sulfate dissolved in 300 L of
water having a temperature of 60°C, washed with 300 L of water having a temperatore of
60°C. dried at 130°C for 20 hours, thereby affording about 435 kg of a Y zeolite (NHL ©Y)
in which 63% of sodium {Naj contained in Na-Y was fon-exchanged with ammoniwm ion
(NH.1 ) The content of NazO in NHs Y was 4.5% by mass. Next, 40 kg of NH: Y was
fired in a saturated water vapor atmosphere at 670°C for 1 hour to form a hydrogen-Y
seohte (HY).

{1291 40 kg of HY was suspended in 400 L of water having a temperatore of 60°C. Then,
49.0 kg of ammonium suifatc was added thereto. The resulting mixture was stivred at 90°C
for 1 hour and washed with 200 L of water having a temperature of 60°C. The mixture
was then dried at 130° C. for 20 hours, thereby affording about 37 kg of a Y zeolie (NHy
73y in which 95% of Na contained in the initial Na-Y was ion-exchanged with NH.. About
33 kg of the synthesized NHy ™Y was fired in a saturated water vapor atmosphere at 630°C,
for | hour, thereby affording about 15 kg of an ultra stable Y zeolite (hereinafier, aiso
referred 1o as “USY{(aY") haviog a SiIO/ALGs roolar ratio of 5.2 and a NaxO content of
(3.6% by mass.

[E30] 40 kg of USY{a)) is suspended in 400 L of water at 60°C.  25% by mass sulfuric
acud, at 2.35 times the zeolite arnound thereto, was gradually added to the suspension and
stitved for one bour to dissolve extraskeletal slurminom and fo prepare the second USY
reolite (USY(h)). Then, the suspension was filirated, and a matter oldained was washed

with 20 liter of purified water at 60°C and dried at 130°C for 20 hours to obtain the solid
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watter, USY(b), The USY(b}is fired at 600°C for 1 hour to therely prepare an ultra-siable
Y-type zeolite (USY{c)H)

{131] 1 kg of the USY{c) is suspended in 10 Lt of water at 25°C. The pH of the
suspension is adpusted to 1.6 by gradually adding 25% by wass sulfuric acid, Theo 86 g of
a solution containing 18% zircontom sulfate by mass and 45 g of a solution containing 33%
titaninm suifate by mass was added thereto. The resulting mixture was stirred for 3 hours
at room temperature, Then the pH was adjusted (0 7.2 with 15% agueous ammorda by
mass.  After the mixture was stitred for 1 bour at voom teroperatore, the mixiure was
filtered. The resulting solid was washed with 10 L of water and dried at 130°C for 20
hours, thereby affording about 1 kg of 2 titanium-zirconium-substituted zeolite (T1-Zr-
UsY).

{8321 To prepare an aluming hinder, 40 kg of an agueous solution of 6.8% sodiwn
alunninate by mass on an A5 basis was mixed with 40 kg of an agueons solution of 2.4%
aluminum suifate by mass on an AbOs basts. Further, the mixture was stirred at 60°C for
1 hour, and then the product was washed with 150 Lt of 2 0.3 mass % amroonia agueocus
sofution to rerpove MaxSQy. Next, water was added to the prodact from which NazSOy was
removed to adjust an Ab{s concentration to 109 by mass. The pH was adjusted 1o 10.5
with 15% agueous ammonia by mass. The mixture was stirred at 95°C for 10 hours,
dehydrated, washed, and kneaded with a kneader. thereby providing an alumina mixture.
{8331 The alnmina knead product thus prepared was mixed with the Ti-Zr-USY zeolie at
a dry mass atio of 37, The mixture was formed into a columnar shape having a diameter

of 1.8 mm, and fired at $30°C for 3 hours, thereby preparing calcined composite particles,
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{8341 The hydrogenative active metal comwponent was pext added to the calcined
composite particles.  An aqueous solntion confaining hydrogenative-active metal
components was prepared by adding 700 mL of water to 200 g of molybdenurm trioxide
{an example of the hydrogenative-active metal component) and 91 g of nickel carbonate
{an example of the hydrogenative-active metal component}. The agueous solution was
mixed with 500 g of the calcined composite particles {(the composite of Ti-Zr-USY zeolite
and sluminay and dried at 250 °C for | hour. The recovered mixture was fired at 550°C for
2 hours (o prepare the caleined composie particles with active phase material, and
recovered, thereby affording abowt .5 kg of the refercnce catalyst.

Example

{835} The process of the comparative example was followed to obtain the utanium-
arconu-substituted zeolite, Ti-Z+-USY. An agueouns solution containing hydrogenative-
active metal components was prepared by adding 300 mL of water to 100 g of melybdenum
trioxide {an example of the hydrogenative-active metal component} and 45 g of nickel
carbonate {an example of the hydrogenative-active metal component). 230 mb of the
agueons solution of the active roetal component was mixed with 130 g of the Ti-Fr-USY
zeolite, thereby affording abowt 0.5 kg of dry memb-loaded Ti-Ze-USY reolite. The
recovered mixture was fired at 550°C for 3 hours, thereby preparing calcined T1-Zr-USY
zeoliie material with active metal coroponernt impregnated therein,

{8361 The metal-loaded TH-Zr-USBY zeolite and an alununa maixture {prepared as in the
comparative example) were mixed at a dry mass ratio of 327, The mixture was formed into
a columnar shape having a diameter of 1.8 mum, and fired at 350°C for 1 hour, and about

(.5 kg of the catalyst particles was recovered, the catalyst particles being calcined
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extrudates formed {rom a composite of the metal-loaded T1-Zr-USY zeolite and the metal-
loaded alumina.

{1371 The method and systemn of the present invention have been described above;
however, modifications will be apparent o those of ordinary skill in the at and the scope

of protection for the fnvention is to be defined by the claims that follow.
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Claims:
1. A method for making catalyst particles comprising:

providing post-framework modified ultra-stable Y-type (USY) zeolite in which a
portion of aluminum atoms constituting a zeolite framework thereof is substituted with
zirconium atoms and/or titanium atoms and/or hafnium atoms;

providing an inorganic oxide binder material, wherein the inorganic oxide binder
material is characterized by outer surfaces and pores which define inner surfaces;

impregnating one or more active metal components on outer surfaces and/or on
pore inner surfaces of the inorganic oxide binder material to form metal-loaded inorganic
oxide binder;

mixing and kneading the post-framework modified USY zeolite with the metal-
loaded inorganic oxide binder;

forming the catalyst particles from the composite of the post-framework modified
USY zeolite and metal-loaded inorganic oxide binder into extrudates;

thermally treating the extrudates; and

recovering calcined catalyst particles.
2. The method as in claim 1, wherein:

the one or more active metal components impregnated on the inorganic oxide
binder material is a first portion of a total active metal component content of the one or
more active metal components, and

the post-framework modified USY zeolite is characterized by outer surfaces and

pores which define inner surfaces;
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wherein the process further comprises, prior to mixing and kneading, impregnating
a second portion of the total active metal component content of the one or more active
metal components on outer surfaces and/or on pore inner surfaces of the post-framework
modified USY zeolite to form metal-loaded post-framework modified USY zeolite,
wherein mixing and kneading is of the metal-loaded inorganic oxide binder material and
the metal-loaded post-framework modified USY zeolite to form a composite of metal-
loaded inorganic oxide binder and metal-loaded post-framework modified USY zeolite,
and forming the catalyst particles into extrudates is from the composite of metal-loaded
inorganic oxide binder and metal-loaded post-framework modified USY zeolite.
3. The method as in claim 2, wherein the recovered calcined catalyst particles are
intermediate calcined catalyst particles and are characterized by outer surfaces and pores
which define inner surfaces;

wherein the process further comprises impregnating a third portion of the total
active metal component content of the one or more active metal components on outer
surfaces and/or on pore inner surfaces of the intermediate calcined catalyst particles to
produce metal-loaded intermediate calcined catalyst particles, thermally treating the metal-
loaded intermediate calcined catalyst particles, and recovering final calcined catalyst
particles.
4. The method as in claim 2, wherein the composite of metal-loaded inorganic oxide
binder and metal-loaded post-framework modified USY zeolite is characterized by outer
surfaces and pores which define inner surfaces; and

wherein the process further comprises impregnating a third portion of the total

active metal component content of the one or more active metal components on outer
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surfaces and/or on pore inner surfaces of the composite of metal-loaded inorganic oxide
binder and metal-loaded post-framework modified USY zeolite.
5. The method as in claim 2, wherein the pores of said post-framework modified USY
zeolite define a volume, wherein impregnating one or more active metal components uses
a metal in a liquid solution, and wherein the volume of said liquid solution is up to the pore
volume of said post-framework modified USY zeolite.
6. The method as in claim 1, wherein:

the one or more active metal components impregnated on the inorganic oxide
binder material is a first portion of a total active metal component content of the one or
more active metal components, and

the calcined catalyst particles are intermediate calcined catalyst particles and are
characterized by outer surfaces and pores which define inner surfaces;

wherein the process further comprises impregnating a second portion of the total
active metal component content of the one or more active metal components on outer
surfaces and/or on pore inner surfaces of the intermediate calcined catalyst particles,
thermally treating the metal-loaded intermediate calcined catalyst particles, and recovering
final calcined catalyst particles.
7. The method as in claim 1, wherein:

the one or more active metal components impregnated on the inorganic oxide
binder material is a first portion of a total active metal component content of the one or

more active metal components, and
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the composite of metal-loaded inorganic oxide binder and post-framework
modified USY zeolite is characterized by outer surfaces and pores which define inner
surfaces;

wherein the process further comprises impregnating a second portion of the total
active metal component content of the one or more active metal components on outer
surfaces and/or on pore inner surfaces of the composite of metal-loaded inorganic oxide
binder and post-framework modified USY zeolite.
8. The method as in claim 7, wherein the recovered calcined catalyst particles are
intermediate calcined catalyst particles and are characterized by outer surfaces and pores
which define inner surfaces;

wherein the process further comprises impregnating a third portion of the total
active metal component content of the one or more active metal components on outer
surfaces and/or on pore inner surfaces of the intermediate calcined catalyst particles,
thermally treating the metal-loaded intermediate calcined catalyst particles, and recovering
final calcined catalyst particles.
9. A method of manufacturing catalyst particles as in any of the above claims 1-8,
wherein said post-framework modified USY zeolite is provided in wet, dried or calcined
state.
10. A method of manufacturing catalyst particles as in any of the above claims 1-8,
wherein said post-framework modified USY zeolite contains from 0.1 to 5 mass%
zirconium and/or titanium and/or hafnium as calculated as the oxide basis.
11. A method of manufacturing catalyst particles as in any of the above claims 1-8,

wherein said inorganic oxide material is selected from the group consisting of alumina,
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silica, titania, silica-alumina, alumina-titania, alumina-zirconia, alumina-boria,
phosphorus-alumina, silica-alumina-boria, phosphorus-alumina-boria, phosphorus-
alumina-silica, silica-alumina-titania, and silica-alumina-zirconia.

12. A method of manufacturing catalyst particles as in any of the above claims 1-8,
wherein said metal-loaded inorganic oxide binder comprises about 0.1-99 wt% of the active
metal-containing composite catalyst particles, wherein a remaining mass comprises the
post-framework modified USY zeolite.

13. A method of manufacturing catalyst particles as in any of the above claims 1-8,
wherein said catalyst particles are formed of post-framework modified USY zeolite, the
metal-loaded inorganic oxide binder, and an additional zeolite component.

14. A method of manufacturing catalyst particles as in claim 13, wherein said metal-
loaded inorganic oxide binder comprises about 0.1-99 wt% of the catalyst particles,
wherein a first remaining mass comprises the post-framework modified USY zeolite and a
second remaining mass comprises the additional zeolite component.

15. A method of manufacturing catalyst particles as in any of the above claims 1-8,
wherein said active metal component is selected from the group of metals consisting of
platinum, palladium and rhenium, and wherein said active metal component is present in
an amount from 0.01-2 wt% in terms of the mass of the active metal component based on
the mass of the catalyst particles.

16. A method of manufacturing catalyst particles as in any of the above claims 1-8,
wherein said active metal component is selected from the group of metals consisting of

Mo, W, Co, Ni and combinations thereof, and wherein said active metal component is
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present in an amount from 0.1-40 wt% in terms of the mass of the active metal component
based on the mass of the catalyst particles.
17. Calcined catalyst particles comprising a composite of

post-framework modified ultra-stable Y-type (USY) zeolite in which a portion of
aluminum atoms constituting a zeolite framework thereof is substituted with zirconium
atoms and/or titanium atoms and/or hafnium atoms; and

inorganic oxide binder material, wherein the inorganic oxide binder material is
characterized by outer surfaces and pores which define inner surfaces, and wherein said
outer surfaces and/or pore inner surfaces are metal-loaded with one or more active metal
components;

wherein said composite is formed into extrudates and thermally treated as the
calcined catalyst particles.
18. Calcined catalyst particles as in claim 17, wherein said framework modified zeolite
substituted with 0.1-5 mass % zirconium atoms and 0.1-5 mass % titanium ions calculated
on an oxide basis.
19. Calcined catalyst particles as in claim 17, wherein said framework-modified USY
zeolite has the following characteristics: (a) a crystal lattice constant of 2.430 to 2.450 nm,
(b) a specific surface area of 600 to 900 m?%/g, and (c) a molar ratio of SiO2 to Al>Os3 of 12
to 100.
20. Calcined catalyst particles as in claim 17, having a specific surface area of 200 to
450 m*/g; a volume of pores having a diameter of 600 A or less of 0.40 to 0.75 ml/g; and
wherein the one or more active metal components are 0.01 to 40 mass % relative to the

total mass of the calcined catalyst particles.
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21. Calcined catalyst particles as in claim 17, wherein said active metal component is
selected from the group of metals consisting of platinum, palladium and rhenium, and
wherein said active metal component is present in an amount from 0.01-2 wt% in terms of
the mass of the active metal component based on the mass of the catalyst particles.

22. Calcined catalyst particles as in claim 17, wherein said active metal component is
selected from the group of metals consisting of Mo, W, Co, Ni and combinations thereof,
and wherein said active metal component is present in an amount from (0.1-40 wt% in terms

of the mass of the active metal component based on the mass of the catalyst particles.



