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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

(81]  The present disclosure relates to catalyst manafacturiog processes inchuding zeolite
of the USY-type.

Description of Related Art

1021  Catalysts including  hydrotreating/hydrocracking  catalysts, such as pretreat
catalvsts, typically coruprise an amorphous based catalysi{s), such as arporphons aluming
or sifica-alumina or tilania substrates contaming active metals, Ni/Mo, NVW or Co/bMo
metals as the active phase, or amorphous catalyst. zeolite catalyst, or a composife mixture
thereof, promoted with Ni, W, Mo and Co metals. A comroonly nsed zeolite 1s USY. The
hydrocracking cracking catalysts inchude a hydrogenative-active metal component and an
acidic sepport component. In certatn embodiments, hydrocracking catalyst includes any
one of amorphous alumina catalysts, amorphous silica-alamina catalysts, titania catalysts
natural or synthetic reolite based catalyst, g post modified zeolite, or a combination thereof,
The hydrocracking catalyst can possess an active phase material including, in certaip
embodiments, any one of or combination inchuding Ni, W, Mo, o or a combination
thereof. In other embodiments, typically in sulfur-free environments for hydrogenation
and/or reforming, the catalyst may include one or more noble metals such as Ru, Rh, Pd,
Ag. Os, I, PLoor An. In certain embodiments in which an  objective s
hydrodenitrogenation, acidic alumina or silica alumina based catalysts loaded with Mi-Mo,

or Ni-W active metals, or combinations thereof, are used. In embodiments in which the
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obijective is o remove all nitrogen and o 1ucrease the conversion of hydrocarhons, silica
alumina, zeolite or combination therent are used as catalysts, with active metals inclading
PMi-BMo, Ni-W or combinations thereof,

(03] U.S. Pat Mos. 9,221,036, 10081009 and 10293332 (the 036, 009 and "332
patents, or the ‘036 patent family), which are owned by the Applicanis of the present
tnvention and are incorporated by reference in their cnfiretics, teach, Imfer alia,
hydrocraclang catalysts in which a USY framewaork has been substitnted, in part, by one
or yoore of zirconinm, Gtanium, and bafbiom. T these catalyses, the substituting voetal (11,
Zr, andfor H) substitutes for part of the aluminom in the shumime/siblica framework, and
essentially become pasrt of the framework. Frocesses for making these catalysts and their
nse, are all described in the "038, "00% and ‘332 patents,

(341 Hydroprocessing (hydrotreating and hydrocracking) catalysis can be manufactured
by a variety of methods. The method chosen usually represents a balance bhetween
manufacturing cost and the degree to which the desired chemical and physical properties
are achieved, Although there 18 a relationship between catalyst formulation, preparation
procedure, and catalyst properties, the details of that relationship are not always well
understood duoe (o the complex nature of the catalvst systems. The chemical composition
of the catalyst plays a critical role 1 fis performance; the physical and mechanical
properties also play @ major role. The preparation of hydrocracking catalysts involves
several steps: precipitation, fltration (decantation, ceotrifugation), washing, dryving,
forming, calcination, and impregnation. Other steps, such as kneading/mulling, grinding,
and sieving, are also typically required. Described below are the steps that are an integral

part of hydrocracking catalyst manufacturing processes.
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(357 Precipitation fnvolves the mixing of solutions or suspension of maierials, resulting
in the formation of a precipitate, which may be crystalling or amorphons.
Kreading/mulling of wet solid materials usnally leads to the formoation of dough that is
subsequently formed and dried. The kneaded/mulicd prodoct is subjected to thermal
freatment 1o order to obialn a more infunate contact between cowmiponenis and better
bomogenetty by thermal diffusion and solid-state reactions. The metal component is
subsequently added by imopregnation or incipient wetting methods,

f661  The support characteristics determine the mechamieal properties of the catalyst,
such as atirition resistance, hardoess, and crushing strength. High swface area and proper
pore-size distribution are generally required. The pore-size distributinn and other physical
propertics of a catalyst support prepared by precipitation are also affected by the
precipitation and the aging conditions of the precipiiate as well as by subseqguent dryving,
forming, and calcining.

f47]  The final shape and size of catalyst pasticles are determined in the manufacturing
step. Catalysts and catalyst supports are formed info several possible shapes such as
spheres, cylindrical exirndates, or shaped forme such as a tridobes or a quadnilobes.
Spherical catalyst support catalyst can be obtained by “oil dropping,” whereby
precipitation ocours upon the pouring of a Hguid into a sccond imumiscible Hauid. Gther
spherical processes include marmurizing.  Generally, because of cost and process
cousiderations such as pressure drop. the majority of catalysts are currently formed 1o
shapes other than spheres. Pewer spherical catalysts are used in modern bydrocracking.
Mon spherical shapes are obtained by mixing raw materials o form an extrudable dough

which 18 extruded through a die with perforstions. 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 varics, for instance, between 2 and 4.

i8]  FIG. 1 shows typical hvdrocracking catalyst manufacturing steps:  mixing and
kneading a binder component and a zeolite cornponent, extruding the koeaded cornposite
sixiure and forming into composite particles; calcining the composite pasticies;
tmpregnating the calcined composite particles with an active metal component; and
calcining the impregnated compostte particles to forrn the final catalyst product.

091 Examples of the shapes of the catalysis and catalyst supports are shown tn FIG, 2.
The sumplest form is cylindrical, but other forms such as trilobes, twisted wrilobes, or
quadrilobes are also commercially used. Catalysts with multilobed cross sections have a
higher surface-te-volume ratio than simple cylindrical extrudates. When osed in a fixed
bed, these shaped catalyst particles help reduce diffusion resistance, creafe a more open
bed, and reduce pressure drop.

fE8]  Thermal treatment is applied ctther before and/or afier impregnation of the formed
catalyst, For catalyst support materials prepared by precipitation or co-mulling of all the
components, only drying may be required prior to forming, with sebeequent caleination of
the formed product. Thermal treatment of the catalyst or support eliminates water and other
volatile matter. The drving 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 distribotion, stability, atirition resistance. orash strength, and the
catalytic activity are affected by the drying and ealcination conditions.

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

metals o the catalyst support material: (a) fmmersion (dipping), (b) incipient weiness, and
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{¢) evaporative. In one method, a calcined catalyst support material s immersed tn an
excess of solution comiaining active metals or metal compounds. The solution fills the
pores and is also adsorbed on the support surface, and excess solution is removed. In
ancther method, fmprogoation s carried out using incipient wetpess by tumbling or
spraying the activated support with a volume of solution having a concentration of metal
compound tailored to achieve the targeted metal level, equal to or slightly less than the pore
volurne of the support.  The metal-loaded catalyst sopport material is then dried and
calcined. Metal oxides are formed in the process; the calcination step i3 also referred to as
oxidation. In another method, evaporative impregoation, the catalyst support material is
saturated with water or with acid sclution and immersed inte the aqueous solution
containing the metal corapound. That corapound subsequently ditffuses into the pores of
the catalyst support material through the aqueons phase. The catalyst after calcination are
bagged and shipped-out to the final destinations.

f127  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 exiruded. While
the catalyst particles prodoced by the methodology taught in the ‘026 patend faruly are
suitable for their intended purposes, the industry i constantly seeking improved catalvst
particies and methods of manufacture thereof.

SUMMARY OF THE INVENTION

FE31  Catalyst particles comprising one or more active metal components and methods
for manufacturing such catalyst particles are provided. The particles are a composiie of a
granuiating agent or binder material such as an inorganic oxide, and an ultra-stable Y

{hereafter “USY™) reolite in which some of the aluminum sfoms in the framework are
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substitated with zirconinm atoms and/or titanivmy atoms and/or hafnium atoms. The one
or more active phase components are incorporated prior to mixing the binder with the post-
framework modified USY zeolite, extruding the resulting composite mixture, and forming
the catalyst particles. The oue ov roore active phase components are incorporated in the
post-framework modified USY zeolite prior to forming the catalyst particles.

{14} A method for making catalyst pasticles comprises: providing post-framework
modified ultra-stable Y-type (USY) zeolite in which a portion of aluminom atoms
constituting a zeolite framework thereof is sobstituted with z2irconium atows andfor
titaniun atons and/or hafniem atoms, wherein the post-framework modified USY zeolite
is characterized by outer surfaces and pores which define inner surfaces; impregnating one
or more active metal components on cufer surfaces and/or on pore inner sarfaces of the
post-framework medified USY zeolite to formn metal-loaded post-framework modified
UISY zeolite; mizing and kneading the metal-loaded post-framework modified USY zeclite
with an inorganic oxide binder material to form a composite of metal-loaded post-
framework modified USY zeolite and inorganic oxide binder; forming the catalyst particies
from the composite of muetal-loaded post-framework modified USY zeolite and inorganic
oxide binder into exirudates; thermally ireating the extrudates; and recovering calcined
catalyst particles.

18] In certain embodiments of the above method, the one or more active metal
components impregnated on the post-framework modified USY zeolile is 4 {ust portion of
a total active metal component content of the one or more active metal components. The
tnorganic oxide binder material is characterized by outer swrfaces and pores which define

inner surfaces, and the process [orther comprises, prior to mixing and Kneading,
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tnpregnating a second portion of the total active metal component conlent of the one or
more active metal components on cuter surfaces and/or on pore inner surfaces of the
morganic oxide binder matenial to forro metal-loaded inorganic oxide binder. Accordingly,
wining and kneading is of the metal-loaded post-framework modified USY zeohite and the
metal-loaded inorganic oxide binder to form a composite of metal-loaded post-framework
maodified [USY zeolite and metal-loaded inorganic oxide binder, and forming the catalyst
particies is from the composite of metal-loaded post-frarnewaork roodified USY zeolite and
the metal-leaded inorganic oxide binder

f§6] In certain embodiments of the above method, the one o more active metal
components impregnaied on the post-framework modified USY zeolite is a first portion of
a total active metal comaponent content of the one or more active metal components, The
calcined catalyst particles ave jutermediate calcined catalyst particles and are characterized
by outer surfaces and pores which define inper surfaces, and the process further conyprises
tmpregnating a second portion of the total active metal component content of the one or
more active metal components on cuter surfaces and/or on pore inner surfaces of the
intermediate calcined catalyst particles, thermally treating the metal-loaded jutermediate
calcined catalyst particles, and recovering final calcined catalyst particles.

[871  In certain embodiments of the above method, the one or more active metal
componens impregnated on the post-frarmnework modificd USY zeolite is a first portion of
a iotal active wootal component content of the one or more active metal coraponents, The
compostte of metal-loaded post-framework modified ISY zeslite and inorganic oxide
binder is characterized by outer surfaces and pores which define inner surfaces, and the

process further comprises impregnating a second portion of the total active metal
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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 post-framework modificd USY
zeoltte and inorganic oxide binder.

{i8]  Calcined catalyst particles provided herein comprise a coroposite oft  post-
framework modified ultra-ctable Yetype (USY) weolife v which a portion of aluminum
atorns constifnting a zeolite framework thereof is substitnted with zivconium atoms and/or
titanium atorns and/or hafniom atoms, wherein the post-framework modified USY zeolite
is charvactenized by outer surfaces and pores which define tnver surfaces, and wherein said
outer surfaces and/or pore inner surfaces are metal-loaded with one or more active metal
components; and inorganic oxide binder material, The composite is formed into extrudates
and thermally treated as the final caleined catalyst particles.

FE91 In certain embodiments of the above methods and compositions, said post-
framework wmodified USY zeolite 1s provided in wet, dried or calcined stale. In certain
embodiments of the above methods and compositions, said post-framewnrk modified USY
zeolite contains from 0.1 0 5 mass% zirconium and/or ttaninom and/or halniom as
calcuiated as the oxide basis.  In certain embodiments of the sbove methods and
compositions, said inorganic oxide material is selected from the group consisting of
alumina, silica, fitania, sifica-aluming, alumina-titania, alumina-zirconia, alumina-boria,
phosphorus-aslumina, silica-alumina-boria, phosphorus-alurnina-boria,  phosphoros-
alumina-silics, silica-ahurnina-titania, and stlica-alumina-zirconia. In certain embodiments
of the above methods and compositions, said metal-loaded post-framework modified USY
zeolite comprises about 0.1-99 wt%h of the active metal-containing compositc catalyst

particles, wherein a remaining mass comprises the inorganic oxide component. In certain
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embodiments of the above methods and compositions, said catalyst particles are formed of
post-framework modified USY zeolite, the incrganic oxide component and an additional
zeoltte component.  In certain embodiments of the above methods and compositions, said
metal-loaded post-framework modified USY zeclite comprises about 8.1-99 ot% of the
catalyst particles, wherein a first remainiog mass comprises the inorganic oxide component
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, palladive and shentom, and
wherein said active metal component is present in an amount from 0.01-2 wi% in terms of
the mass of the active metal component relative to the mass of the catalyst particles. In
certain embodiments of the sbove methods and compositions, said active metal component
i selected from the group of wetals consisting of Mo, W, Co, KNi and combinations thereof,
and wherein said active metal component is present in an amonnt from 6. 1-40 wt% in terms
of the mass of the active metal component based on the mass of the catalyst particles.

P27 Sull other aspects, embodiments, and advantages of these exemplary aspects and
erabodiments, are discussed in detai] below, Moreover, i 15 to be undersiood that both the
foregoing information and the following detailed description are mersly illustrative
examples of various 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 to explaio principles and operations of the deserbed and clairoed

aspects and embodiments.
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BRIEF DESCRIPTION OF THE DRAWINGS

[231  The invention will be described in further detail below and with reference to the
attached drawings in which the sarne or similar elements are referred to by the same namber
0 certain wnstances, and wheres

Fi. 1 s s stooplified process flow diagram for producing catalyst particles
according to known methods;

FIG, 2 ilustrates shapes of catalyst particles;

FIG. 3 i 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 crabodiments herein in which active metals are impregnated in framework
substitnied URY zeolite matenal,

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;

FIG. 6 is a process flow diagram showing steps {or producing catalyst particles
according lo embodiments herein in which active metals are impregnated in framework
substituted USY zeolite material and in extrudate of the metal-foaded zeolife and binder
material; and

FIG. 7 is a process flow diagrare showing possible steps for prodocing catalyst

particies according 1o vartous embodiments herein.

10
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DETAILED DESCRIPTION

[22]  The disclosure provides methods for manufacturing catalyst particles comprising
one or more active metal components, The particles are a coraposiie of (a) a granulating
agent or binder mwaterial such as an inorganic oxide, and {b) an ultra-stable Y thereafier
“USY™) zeohie in which some of the alominom atoms in the framework are substituied
with zirconium atoms andfor titanium atoms and/or hafnium atoms. In the present
processes, the one or roore asctive phase componends are incorporated in the post-
framework modified USY zeolite prior to formmng the catalyst particles. In embodunents
of the present processes the one or more active phase components are incorporated prioy (0
mixing the binder with the post-framework modified USY zeolite, extruding the resulting
composite mixture, and forming the catalyst particles. This is in contrast to known methods
iy which active wetal components are added 1o near final particles that have already beey
calcined and formed. In confrast, by impregnating the post-framework modified USY
zeolite with the active metal component(s) prior to mixing and kneading the zeolite with
binder, advantages are afforded to the manufacturer. In the process disclosed in the "036
patent famdly, when metal impregnation is on the as-produced support of the zeolite
combined with binder, a vajority of the active metals tend to deposit on the binder
Accordingly. metal impregnation on the framework-modified USY zeolite is effective to
increase the middle distiliates yield in hydrocracking of vacuur gas oil,

£231  In cevtain embodunents, catalyst particles formed according to the invention herein
are suitable for hydrocracking a heavy hydrocarbon oif obtained from crude oif, synthetic
crade oil, bitomen, oil sand, shell oil or coal liguid. The above heavy hydrocarbon oil is

preterably any of a) vacunm gas oil (VGO), by deasphalied oil (DAQ) obtained from a

11
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selvent deasphalting process or demetallized oil, ¢ light coker gas oil or heavy coker gas
oil obtained from a coker process, d} cycle ol obtained from a finid catalytic cracking
(FCC) process or €} gas oi obtained from a visbreaking process.

{241  In certain embodiments, catalyst particles formed according to the invention herein
are suitable for reforming of paphitha, as disclosed in US Patent 10,787,618, which i3
incorporated herein by reference in its entirety,

{257 In certain embodiments, catalyst particles formed according to the invention hercin
are sutiable for hydrogenation of middle distilates and conditioning said middie distillates
for steam cracking, as disclosed in U5 Patent Publications 2021724634241,
2021/0246383A1, 2021/0246384 A1 and 2021/0246388A1, which are incorporated herein
by reference in thelr entireties; or for hydrogenation of mididle distifates and conditioning
said middie distillates for steam cracking and/or fluidized catalvtic eracking, as disclosed
in US Patent Poblication 2021/0246386A 1, which is incorporated herein by reference in
tis entivety. In certain embodiments, catalyst particles formed according to the invention
herein are suitable for hydrogenation of Hght cycle oil and conditioning said light cyele oil
for stearn oracking, as disclosed in US Patent Poblication 2021/0246381A1, which is
incorporated herein by reference in its entirety, or for hydrogenation of light cycle oil and
conditioning said light cycle oil for steam cracking and/or fluidized catalytic cracking, as
disclosed in US Patent Publication 2021/0246387A1. which is incorporated herein by
reference in Us entivety. In cortain embodiments, catalyst particles formed according to the
invention herein are suitable for hydrogenation of light coker gas ol and conditioning said
ight coker gas oil for stcam cracking, as disclosed in US Patent Publication

2021/0246385A1, which is incorporated herein by reference in its entirety; or for

12
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bydrogenation of light coker gas ol and conditioning said light coker gas oif for steam
cracking andfor fhmdized catalyiic cracking, as disclosed in US Patent Publication
2021/0246388A 1, which 18 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 UBY zeolite, and prodacing
catalyst particles having active metal componenis on a composiie support inciuding the
post-framework modified USY zeolite and a binder. Certain of these process steps are
stimilar {0 those disclosed in the 036 patent family.

[27] Fhe catalyst particles produced in accordance with the wethod of FIG. 3 are
calcined composite support particles of the postframework modified USY zeolite
described herein and 2 binder, having active metal component added o the particles, and
subseguently calcined,

[28] Sieps §-% 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
18-13. In embodiments herein of the present invention, the USY that is post-framework
modified can be obtained frovn avother source, that i3, one or roore of steps 1-9 can be
avoided. Steps 34-15 conceru preparation of an inorganic oxide binder, and steps 16-21
concern forming composite catalyst support particles {steps ¥6-18) and forming the final
particles with an effective guantity of the active metal component {steps §9-21).

(291 At step B, a Yetype zeolie (Na-Y) is prepared by forming a suspension of an
effective concentration of Ma-V, for instance in a Heuid/solid ratio range of about 5-28, 5-

15, 15, 5-12 or %-12 Heers (L) of water per kilogram (kg) of zeolite, and at an effective

13
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temnperatire, for instance in a range of about 15-95, 15-80, 2095, 20-90, 20-80, 44-95, 40-
9 or 40-30°C,

f38]  The starting material at step 1 comprising @ Na-Y-type zeolite having an cffective
SIOVA LD wolar ratio (3AR), for example in the range of about 3-6; an effective unit cell
dimension {1/}, {or instance of abowt 2.466 nanometers (nm), an effective specific surface
area {SA), for example in the range of about 600-900, 600- 800, 650-900 or 65G-800 square
meters per gram (m~/g), and an effective Nax( content, for instance of about 13% by mass,
£311  Inoan jon exchange step 2, a first lop-exchanged Y-type zeolite is synthesized by
sabjecting the Na-Y suspension from step 1 fo ion exchange of sodiam ions of the Ma-Y
with ammonium ions o prepare the first inn-cxchanged Y-type zeolite (first NH+Y). In
the first NHy-Y, abont 30-70% of Na contained in the Y-type zeolite 18 substituted with NHa
for certain erbodiments. aleo referred to as NHLT70Y

{321  An embodiment of the lon exchange at step 2 includes addition o the Na-Y
suspension of! an effective concentration of an ammonium sowrce, for instance a molar
ratio of ammoniom to 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 40-80°C; and for an effective residence tine,
for instancs in a vange of aboutl 10-600, 10-180, 30-600 or 30-180 minuies. The ammonium
source can be ong or more of NH«OH, (NHa:S00 (NHawpCO:, or another suitable
SITHNORIVIN SOUICS,

£331  Theresulting solids from the ton exchange step 2 can be filtered, washed with water
at an effective temperature, for instance in a range of about 20-93, 20-80, 20-8(, 40-95, 44-

90 or 40-80°C, and dried at an effective temperature, for cxample in a range of about &0-

14
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180 or 100-180°C, for an effective residence time, for instance in a range of about 3(0-1506,
60-1800. 30-600 or 60-600 minutes, to obtain the first ion-exchanged NH.-Y, NHAY0Y.
f34]  Optionally, after washing the resaliing solids from the 1on exchange step 2, they
can be washed in one or more additional cycles with an amrooniurn source followed by
water washing, at effective temperatures, concentrations and residence times such as those
at step 2. The solids matter that is washed one or more additional times 1S dried at effective
temperatures and residence tiroes such as those at step 2, o obtain the first jon-exchanged
NHeY, NHSUY . In certain instances. the one or more additional cycles of the first ion
exchange step are oot implemented.

£35]  In a thermal treatment step 3, a hydrogen type Y-type {HY) zeolite is synthesized
from the frst on-exchanged MNHs-Y (NH 450'7(}‘1’} by heating 1 2 satorated steam
atmosphere. In certain embodiments the thermal treatinent at step 3 comprises caleining
the first fon-exchanged NH4-Y at an effective temperature and for a time effective to
produce HY zeolite, for instance with a temperature in a range of about 300-300, 300-700,
H00-800 or 60G-700°C (typically in the presence of sieam, that 15, in a satorated water
vapor, or in the presence of air or oxvgen) and {or a fime range of about 10-600, 10-188,
30-600 or 30-180 minutes. In certain embodiments, if there remains a substantial amount
of Na in the HY zeolite, 1on exchange may be repeated one or more times as instep 2. The
HY zeolite s converted to USY following additional arnmovnium iou exchange and
steansing treatment discussed below at steps 4-6.

[36] At steps 4-6. the HY zeolite is treated o synthesize a second ion-exchanged NHy-
Y zeolite having 80-97% of MNa contained inn the MNa-Y exchanged with NHa, also referred

20-97 N . ) ) . . ..
i as NHSY For justance as depicted, at step 4 a suspension is prepared containing an

15
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effective concentration of HY zeolite, for tnstance tn a solid/liquid mass ratio range of
about 5-20, 5-15, §-15, 5-12 or 8-12 L/kg {water/zeokite), and at an effective temperature,
for instance in g vange of about 15-935, 13-80, 20-935, 20-90, 20-80, 40-95, 40-80 or 40-
U

(371 Inanionexchange step §, a second ion-exchanged Y-type zeolite is synthesized by
subjecting the NH4-Y suspension from step 4 to ion exchange of 80-87 or 90-97% sodium
tons of the Na-Y with amunonium 1008 to prepare a second anmunonivm-exchanged Y-type
zeotite (second NH4&YY PIL™YTY. An embodiment of the ion exchange at step 5 includes
addition and stirring of an effective concentration of an ammonium, for instance a molar
ratio of ammoninm to Al in the range of about 2-8; at an effective tomperature in a range
of about 20-95, 20-90, 20-80, 40-95, 40-90 or 43-80°C; and for an effective residence time,
forinstance 1o a range of aboot 16-6060, 10-180, 20-600 or 30-180 minutes. The amrmonium
sentrce can be ong or more of NHuOH., (NHuSO, (NHapCOs or another soifable
ATHNONIGIN SOUICe.

{381  Theresulting solids from the ton exchange step 8 can be fillered, washed with water
at an effective teroperatore, for instance in a range of about 20-93, 20-90, 20-80, 40-95, 40-
S0 or 40-80°C, and dried at an effective temperature, for example in a range of abowt &0-
180 or 100-180°C, for an effective residence time, for instance in a range of about 30- 1800,
£0-1800, 30-600 or 60-600 minutes. to obtain the second ion-exchanged NHs-Y, NH,Y
Ty

(341 Optionally, after washing the resulting solids from the fon exchange step 5, they
can be washed in onc or more additional cycles with an ammonium source followed by

water washing, at effective temperatures, concenirations and residence times such as those
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at step 8. The solids washed one or more additional times are dried at effective
temperatures and residence times such as those at step 3, to obtain the second ion-
exchanged NH.-Y, NHSYTY, In certain instances, the one or more additional eyeles of the
second on exchange step are not implerented.

[4¢]  Inathermal treatment step 6. a first ulira-siable Y-type zeolite, referred to herein as
USY{a), is synthesized by caleining the NHL™"Y. Thermal treatment at step 6 comprises
calcining the second ion-cachanged NH+Y at an effective temperature, for instance in a
range of abont 300-800, 300-700, 600-800 or 600-700°C {typieally in the presence of
steam, that is, in a saturated water vapor, or in the presence of air or oxygen) and for a time
range of about 10-600, 103-180, 30-600 or 30-180 minutes, to recover USY{a}. In cerfain
embodiments the thermal treatment of the NH.Y is by steaming.

f411  The USY{(a) fromw step 6 15 USY zeolite that possesses a SAR that is approxiroately
equivalent to that of the starting Na-¥Y. The steps 1-6 should generally not significantly
change the SAR value, because these steps to not entail actd treatiment (o target ejection of
aluminum atoms from the zeolite framework. For exarople, the USY(a) thus obtained at
step & can have 2 SAR of about 2-6.

[42] At steps 7-8, the USY{a) zeclite is treated o synthesize calcined USY zeolie
having an increased SAR, which is the starting material for subsequent post-framework
modification. At step 7, an agueous suspension is prepared containing an effective
concentration of the USY{(w), for instance in a solid/Hauid mass ratio range of abount 5-20,
5-15, 8-15, 5-12 or &-12 L/kg (water/zeolite}, and at an effective temperanire, for instance

i3 4 range of about 15-95, 15-80, 2093, 20-90, 20-80, 40-95, 40-90 or 40-80°C.
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[43] o an acid wreatment step 8, ap effective quantity of an inorgantc acid or an organic
acid is dispersed in the suspension so that a pH of the suspension is mainfained iy a strongly
gcidic range 1o synthesize a second ulira-stable Y-type zeolite, referred (o herein as USY(b),
having an increased SAR. Exiraskeletal alominum {ahininum atoms which do oot formo
part of the veolite framework) are removed frony the USY{a) in order to obiain the USY(b)
zeolite. This is carried out by acid treatment,

[44] The inorgantc acid use can generally be sulfuric acid, nitrie acid, hydrochlorie acid
and the ke, In cerfain embodiments the selecied inorganic 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 amouot roay be, for example, a 3.5-
4 -fold, (0.5-3.5-fold, 0.7-4.0-fold or (1.7-3.5- §.5-fold molar increase based on an amonnt
of AbOsin the (J8Y{a) The acidic suspension 18 maintained at an effective tomperature,
for instance 15-95, 15-80, 20-93, 20-20, 20-80, 40-95, 40-90 or 40-80° and maintained for
an effective residence time, for instance in a range of about 10-600, 10-180, 30-500 or 30-
180 minntes. Acid treatment at step 8 increases the SAR of the Y-type zeolite, for example,
from a range of about 3-6 to a range of abowt 30-100, 40-100, 30-80 or 40-80.

[4531  The resulting solids from the acid treatiment step & can he filtered, washed with
water af an effective temperature, for instance in a range of about 15-85, 15-80, 20-95, 20-
8, 20-80, 40-95, 40-90 or 40-80°C, and dried af an effective temperatare, for example in
a 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 minntes, o recover USY(h).
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f461  Optionally, after washing the resnlting solids from the acid freatment step §, they
can be treated in one or more addifional cyeles with an inorganic acid or organic acid
Bpllowed by water washing, at effective temperatures, concenfrations and residence times
such as those at step & The solids which are acid-ireated one or more additional fimes are
dried at effective temperanives and residence times such as those at step &, {0 recover
USY{b). I certain instances, the one or more additional cycles of the first acid treatment
step are not implemented.

[471  Inatheroal reatmeot step 8, the USY (M) reolite is subjocted o thermal treatroont
to prepare a third pltra-stable Y-type zeolite, USY{c) In certain emsbodiments the thermal
freatment at step ¥ comprises calcining the sccond USY zeolite (USY(h)) at effective
ternperatures. for example in a range of about S00-700, 3506-700, 300-630 or 550-650°C
{typically in the presence of air or axygen, or in the presence of steam), and for 2 time
range of aboot 10-600, 10-1384, 30-600 or 30-180 minutes, 1o recover USY(c). If the
calcining temperature 1S lower than abeout 300°C, the framework substitution amount of
sirconium atoms and/or titamium atems and/or hafnivm atoms tends {o be reduced; at
caleining teroperatores that exceed about 700°C, the specific surface area of the uliva-stable
Y-type zeolite can be redoced, and a framework substitution amount of zirconium atoms
and/or titanivm atoms and/or hafninm atoms is thus reduced.

[481  Atsteps 3413 framework substitntion is carried out to produce the post-framaework
modified USY zeclie having a portion of the ahuminure atorss within the USY zeolie
framework are substituted with riveoniun and/or taniun and/or hafnium atoms. In certain
cmbodiments, a post-framework modified USY zeolite material is produced by firing a

USY zeolite having the properties described herein at abont S00-700°C, A suspension s
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formed contatning the fired UBY zeolite, the suspension having a Hquid/solid mass ratio of
about 5-15. An inorganic acid or an organic acid is added so that a pH of the suspension is
ghont <2.0. Subseguently a solution containing g zirconinm corapound and/or a ataninm
compound and/or a hafvium coropound s mixed. The selution is nentralized with, for
example, an agqueosus anymonia, so that the pH of the wibed solution s about 7-7.5.

i497  Suitable zirconinm compounds described above include one or morne of zirconium
sulfate, rirconiom nitrate, zirconiumn chloride and the hke. In cerlain embodiments
zivconium solfate andfor zircovium nitrate are selected. The quantity of the zirconmum
compound added i3 generally abowt 8.1-5.0, 8.1-4.0, $.1-3.0, 0.2-5.0, 0.2-4.0, §.2-3.0, .3~
.43, 0.3-4.00r (0.3-3.0 wth, as calculated on their oxide basis {that is, rivconium oxide) and
as measured relative to the mass of the post-framework moditied USY zeolite coraponent.
Adduion of the zirconinm compound in an amoont of less than shout 8.1 wi% fails o
improve solid acid characteristics of the zeolite. The addition of the rirconium conpound
i1 an amount exceeding 5 wit% tonds o cause clogging of pores of the reolite. An agueous
solution of a zivcontum compound prepared by disselving the zivcontum commpound in
water can be used as the zivcordur componnd,

EEB Suitable titanium compounds inchude one or more of tianium sulfate, tianimm
acetate, titanium chioride, titanivm nitrate, and titaniom factate. In certain embodiments
titandum sulfate andfor titaniure acetate are selected.  The quandity of the titanium
compound added i3 geverally about 8.1-5.0, 8.1-4.0, 6.1-3.0, 0.2-5.0, 0.2-4.0, 0.2-3.0, 0.3-
5.4, 0.3-4.0 or (1.3-3.0 wi%, as calcolated on their oxide basis (that is, titanium oxide) and
as measured relative to the mass of the post-framework medified (18Y zenlitc component.

Addition of the titaninm compound in an aroount of less than about 8.1 wi% fails to
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tnprove solid acid characteristics of the zeolite. The addition of the tilanium compound in
an amount exceading 5 wi% tends to cause clogging of pores of the zeolite. An aqueous
solution of a tilamiurn compound prepared by dissolving the titaniom compound 10 water
can be nsed as the fitanam compound.

{811 Suitable hafnium compounds described above include one or more of hafniom
chioride, hafniunm nitvate, hatninom fluoride, hatnium bromide, hatninom oxalate and the
tike. Tn certain embodiments hafnium chioride and/or hafnium nitrate are selected, The
guantity of the hafvivm componnd added 18 geverally about 0.1-5.0, .1-4.0, 0.1-3.0, 0.2-
50,0240, 02-3.0,03-50,03-4.00r0.3-3.0 wi%, as calculated on their oxide basis {that
is, hafninm oxide) and as measured relative to the mass of the post-framework modified
USY zeolite component.  Addition of the hafnium compound 1t an amount of less than
about 6.1 wit% faile to improve solid acid characteristics of the zeolite. The addition of the
hafninm compound in an amount exceeding 5 wit' tends to cause clogging of pores of the
zeolite. An agqueons solution of a hafnium compound prepared by dissolving the hafnium
compound in water can be used gs the hafnium compound.

[521 A pH of the above suspension is controlled to about <2.0 to prevent a precipiiate
from being generated during mibxing of the agqueous sohstion of the zirconivm compound
and/or the hafninm compound and/or the titanium compound with a suspension of the ulira-
stable Y-type zeolite described above.

{531 Miving of the agueous solution of the zivconiurn corapound andfor the hafniur
compound and/or the tianium compound with a sospension of the ulira-stable Y-type
zeolite is, in certain embodiments, ts conducted by gradually adding said agueocus solution

to the snspension. After completion of addition of the aqueous solution describad above
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the suspension, the solution can be mixed by stirring af, for example, room temperature
{about Z5-35°) for abowut 3-5 hours. Further, after completion of the above-described
mixing, the admixed solution is neutralized by adding an alkali compound such as aqueous
ammonia and/or the like, so that a pH thereof 15 controlied o about 7.0-7.5, whereby the
post-framework modified USY zeolite described herein is be obtained.

[%4]  Inthisregard: when only the zirconinm compound {or an agquecus solution thereof)
is used as the compound {(or an agueous solution thereof) and added to the suspension
described above, the post-framework modified USY zeohite (Zr-1U8Y) in which sirconiom
atoms are substituted for a part of aluminum atoms forming the framework of the oltva-
stable Y-type zeoiite is formed; when only the titanium compound {or ap agqueous sclution
thereof) is used, the post-frarnework medified USY zeolite (Ti-USY) in which titanium
atoms are substituted for a part of aluminum atoms forming the fraroowork of the uliva-
stable Y-type zeolite is formed, when only the hafnium compound {(or an agqueous solution
thercof) is used, the post-framework modificd USY zeolite (HE-USY) in which hafnium
atoms are substituted for a part of aluminum stoms forming the framework of the ulira-
stable Y-type zeolie is forred; when the zirconium compound and the titanium compound
{or agquecus sohtions thereof) are used, the post-framework modified USY zeolite in the
catalyst {£r-Ti-USY) in which zivconium atoms and tifantum atoms are substituied for a
part of aluminum atorns forming the frarnework of the ultra-stable Y-type zeclite is formed;
when the zircontum componnd and the hafrium compound {or aguoous selntions thereoD)
are used, the post-framework modified UISY zeolite in the catalyst (Zr-HE-UBY) in which
zirconium atoms and hafnium atoms are substituted for a part of aluminum atoms forming

the framework of the plira-stable Y-type zeolite 1s formed; when the hafuium componnd
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and the titantom compound {(or agueons solutions thereof} are used, the post-framework
modified USY zeolite in the catalyst (HET-USY) in which hafntum atoms and titanium
atorng are substituted for a part of sluminum atoms forming the framework of the ultra-
stable Y-type zeolite is formed,; and when the zirconium compound, the titanium componnd
and the hafnium compound {or aqueocus solutions thereof) are used, the post-framework
maodified USY zeolite in the catalyst (Zr-Ti-HE-USY) in which zirconium atoms, titaniun
atoms and hafnium atorns are substituted for a part of aluminom atoros forming the
framework of the alive-stable Y-type zeolite 1s formed.

fEZY  The resulting framework-substituted zeolite can be {iltered, if desired, washed with
water, and dried at about 80-180°C; the mixture may be quasi-equilibrated with steam, for
instance, at a temperature of from sbout 600-800°C for about 16-20 hours,

£561  Forinstance, at step 14, the caloined USY(c) reolite from step 9 is propared for acid
treatment by forming a suspension of an effective concentration USY(¢) , for instance ina
liguid/solid mass ratio range of abount 501 - 151, 5:1 - 1200, 801 - 15t or 801 - 120E, by
dispersion in water at an cffective temperature, for example, in the range of about 13-95,
15-80, 20-95, 20-90, 20-80, 40-95, 40-90 or 40-30°C.

FETY  In aw acid treatment step B, an effective guantity of an inorganic 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 prepare the zeolite for metal fusertion in the framework, step §2. In certain
cmbodiments, this can be stepwise as 1o the "036 patent farnily. In addifional embodiments,
for example as disclosed in commonly owned USZO2H0077985AT which is incorporated
by reference herein in s ontirety, acid treafment to prepare the zeolite for metal insertion

in the framework can ocowr together with the roctal insertion,
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fEB]  The inorganic acid gse can generally be saifuric acid, nitric acid, hydrochloric acid
and the like. In certain embodiments the sclected inorganic acid is sulfuric acid or
hydrochloric acid.  Further, carboxylic acids can suitably be nsed as the organic acid
described above. The amount of the inorganic acid or the organic acid added is the amount
suitable (o control the pH of the suspension in a strongly acidic range, {or instance in a
range of abount 0.7-2.5, 0.7-2.0, 1.0-2.5 or 1.0-2.0. The acidic suspension is maintained at
an effective tempersture, for instance in the range of about 153-80, 13-60, 15-35, 15-30 or
20-60°C and mairgained for an effective residence time, and maindained for an effective
residence time, Tor instance in a range of abowt 10-600, 10-18G, 36-600 or 30-180 minuntes.
[597  In a metal insertion step 12, the framework substitution is carried ount. The acid-
maodified USY{(c) zeohite suspension 18 subjected o metals freatment 1o substituie some of
the ahuninmmn aloms forming the framework of the vlira-siable Y-type zeolite. o cortain
embodiments, this is carried outl by adding to the acidity modified USY{c) a solation
containing transition metal compounds.  In certain embodiments the transifion metal
compounds comprise a zirconium compound and/or 8 Gitanivm compound andfor a hafriur
componnd. The solution s maintained at an effective temperatore, for instance 15-80, 15-
60, 15-35, 15-30, 20-60, 15-35 or 153-307C and {or an effective residence time, for instance
in a range of about 10-600, 10- 180, 30-600 or 30-180 minntes. The suspension from siep
12 can be neutralized with, for example, an agueons anunonia. to a pH in the range of shont
7.0-7.5.

[0 The resulting solids from the metal fusertion step 12 can be filtered, washed with
water at an effective temperature, for instance in a range of about 15-83, 15-80, 20-95, 20-

o0, 20-80, 40-95, 40-90 or 40-80°C, and dried at an effpctive temperature, for example
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a range of about 80-180 or 100-180°C, for an effective residence time, for instance in a
range of about 30-1804, 60-1800, 30-600 or 60-600 minutes, and the post-framework
mndified USY zeolite {USYA)Y s recovered at step 13,

i61]  Ulira-stable Yetype zeolite 18 used as the raw roaterials for preparing the post-
framework modified USY zeolite, referred to above as USY(c). As noted above, one or
niore of the steps 1-% can be used to prepare the USY introduced at step 38, or otherwise
obtained. Said USY introduced at step 18 generally has properties of known USY zeolites,
which can be synthesized or modified {as fn one or more of the steps 1-9 or aliemative
methodalogies), or sonrced, 5o as to provide a USY zeolite having a SAR in the range of
about 30-100, 40-100, 30-80 or 40-80 for effective metal insertion.

{621 The known USY-type zeolite refers to zeolite having a unit cell diraension (UDy)
generally in the range of abouwt 2.428-2.450 or 2.420-2.450 yun; a specific surface area
generafly in the vange of about 600-900, 600-800, 650-900 or 650-800 m¥/g, and a pore
volume of abont 0.3-0.73, .4-0.75, 0.3-0.0 or 0.4-0.6 mlfg. Known USY-type zeolites also
generally possess a SAR in the range of sbowt 5-100, 10-100, 20-100, 5-80, 10-80, 26-30,
25-100 or 25-80; as noted herein, this SAR can be selected or modified to provide an
effective USY for metal insertion.

[63]  Forcxample, suitable zeolites are FAU framework (zeolite Y) having its micropore
pore formed by a 12-membered ring when viewed along the [111] direction is 7.4%7.4 A,
The UD, also referved to as a crysial lattice constant, can be measared by reference w0
ASTM method D3942,) Standard Test Method for Determination of the Unit Cell
Dimension of 3 Fanjasite-Type Zeolite. The specific surface area is a value determined by

the BET { Brunauer-Emmeti-Teler) method using nitrogen adsorption. The ultra-stable Y-
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type zeolite may be prepared by any wethod known in the art. This nltra-stable Y-type
zeolite is subjected to post-framework modification as described herein to form post
framework modified USY zeolite that is used {o produce composite catalyst particies.

i64]  The post-framework modified USY zeolite incorporates one or more of zirconium,
titaniom, and hafniem into Hs framework. Effective concentrations of the Zr, T4 and/or Hf
tnciude about 0.1-5.0, 8.1-4.0, 8.1-3.0, 0.2-5.0, 0240, 0.2-.3.0, 0.3-5.0, 0.3-4.0 or $.3.3.0
wi%, as caleniated on their oxide basis (hat is, ZrOp, Ty and/or HEO:) and as measured
relative 1o the mass of the post-framework modified USY reolite. In certain erobodiments,
the amounts of individoal materials supplving Zr, Th, and/or Hf can be less than 0.1, .2 or
0.3 wt%, but when combined, the total is at least 0.1, 0.2 or (0.3 wt%. It is appreciated by
a person of skill in the art, that when the framework-substituted zeolite 1o the catalyst
coutains the zirconhum atoms and the ttaniwm atoms and/or the hafniom ators described
above, a mass ratio (i terms of oxides) of the zirconium atoms 1o the tianium atons and/or
the hafninm atoms is not specifically be restricted. and any ratio of zirconium or titanium
or hafniurg that is effective for the niended use of the catalyst particles can be used, for
exaraple, {or hydrocracking of beavy hydrocarbon ol

(631 In certain embodiments the post-framework modified USY zeolite is:

a framework-sabstituted zeolite in which a part of aluminum atoms forming a
zeolte froroework is substituted only with zircominm atoms, and is referred to as a
“zivcontum-sahstitoied zeolte” or “Fe-USY”;

a framework-sabstitoted zeolite in which a part of aluminum atows foruing a
zeolite framework is substituted only with titanium atoms, and is referred 0 as a “titaninm-

substitmied zeolite” or “T-USY™;
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a framework-substitited reolite in wiich a part of aluminum atoms forming a
zeolite framework is substituted only with hafnium atoms, and is referred to as a “hafninm-
substituted reolite” or "HE-USY™,

a frarpework-substitited zeoltte 1 which a part of aluminum atoms forming a
zeolite framework s substituted only with zirconium atoms and tianium atoms, and is
referred to as & “zirconium-titaninn-substituted reolite”™ or “Zr-T1-USY™);

a frampework-substituted zeoltte in which a part of aluminum atoms forming a
zeolie framework is substifuted only with batvium atorss and titavium stows, and is
referred to as a “hafnivm-titaninm-substituted zeolite” or “HETI-USY”,

a framework-sabstituted zeolite in which a part of aluminum atoms forming a
zeolte framework 1s substituted only with zirconium aforns and hafhivrn atoms, and is
referred to as a “rircomuru-hatuium -substituted ceolite” or “r-HEUSY ™Y, and

a framework-sobstitoied zeolite in which a part of aluminum atoms forming a
zeolite framework is substituted ondy with zirconium atoms, titaninm and hafnium atoms,
and is referred {o as “zirconivm-{ianiom-halniom substituted zeolite” or “Zr-TI-HBI-USY”
i8] The presence of the zirconum atoms and/or titaniwro and/or hafniuro atoms wiich
are substituted for the alumimem atoms in the post-framework meodified USY zeolile serve
as constituents of the framework of the USY zeolite. Substitution can be verified by, for
exarnple, X-ray fluorescence, high frequency plasma emission specirometry, afornic
absorption spectrometry, ultraviolet-visible-near-infrared  spectrophotometry  (UV-Vis-
NIR}, Fourier transform infrared spectroscopy (FT-IR), andfor nuclear magnetic resonance

spectrometry (NMR).
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§671  The next steps in the process for producing catalyst particles having active metal
components on a composite support inchuding the post-framework modified USY zeohite
and g binder, steps #4 and 15, comprise forming an inorganic oxide as a binder or
granulating ageni, which is subsequenily combining with the post-framework modified
LISY zeolite and extraded, steps 16 and 17, At step 14, a solution is prepared that will
precipitate into the one or more inorganic oxides used as the binder or granulating agent,
hereinafter the inorganic exide component. For exarnple, a suitable binder can be prepared
from a gel of aluming or another morganic oxide as is known in the an. In certain
embodiments, solid inorganic oxides can be used divectly as the binder materials.

[68] 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.

f6%]  Ac the inorganic oxide, a porous inorganic oxide wsed in hydrocracking or other
catalyst compositions in the related art can be used. Examples thereof include alomina,
siBica, tiania, silica-alumina, alumina-titania,  alumina-zirconia,  slumina-boria,
phosphorus-alinoing,  silica-aluina-bovia,  phosphorus-shinina-boria,  phosphorus-
alumina-silica, stica-alumina-titania, and sthca-alumina-zirconia.

f7¢]1  '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
example, by mixking and koeading the components {step 18), then forming them into the
desired shapes by coextruding or otherwise forming composiie support particles (step 175
The composite support particles are calcined {step 18), and the active metal component is

impregnaied in the calcined composite support particles {(step 19, The so-formed catalyst
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particles are then calcined apain {step 20} and the final product, the catalyst particles baving
active metal components on a composite support, s recovered. In certain embodiments the
post-framework moditicd URSY zeolite material in the final particles services as an active
catalvtic material in addition o the fmpregnated active metal component of the catalyst
particle.

f711  The composite support material is formed of the post-framework modified USY
zeolite material, for example from step 33 herein, one or more inorganic oxide components
{for example from step 18 herein), and optionally one ov more other zeolitic materials, The
composite support material generally has a surface area in the range of about 153-504, 150-
450, 206-500, 200-450 or 300-430 m¥g, and a pore volume in the range of about .4-0.8,
04-075, 0.4-0.65, 045-0.8, 0.43-0.75 or 0.45-0.65 mlg. The content of the post-
framework modified USY zeolite compovent, the jnorganic oxide component and the
active metal component are appropriately determined according to the object.  For
example, the post-framework modified USY zeolite content of the catalyst particles formed
with the composite support material can be in the range of about 4.1-99, §.1-90, 0.1-80,
0.1-70, 2-99, 2-90, 2-80, 2-70, 20-100, 20-90, 20-80 or 20-70 wi%, with the remaining
countent being the inorganic oxide and the active wetal component, and in certain
embodiments optionally one or more other zeolitic materials.

F72]  Inthe mixing/kneading step £6, post-framework modified USY zeolite, for instance
recovered from step 13 or otherwise provided, and the inorganic binder for instance
recovered from step 8 or otherwise provided, are mined together. The mixing is at
cffective ratios as noted above, and at a suitable temperature, for example, in the range of

about 15-80, 13-60, 15-35, 15-30 or 20-60°C. The mixture 18 kneaded/mulled with an
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effective amount of water, for instance, at a lquid/solid mass ratio range of about 30-36,
for an effective kneading/mulling time, for instance in a range of about 10-180 minutes.
Therefore, the kneading/moulling of the wet solid materials forms a dough that is
subseguently formed and dried. The koeadedfmulled product can be subjected fo thermal
freatment 1o order to obialn a more infunate contact between cowmiponenis and better
bomogeneity by thermal diffuesion and solid-state reactions.

§731  The koeaded/mulicd material thus obiained s extraded, forming step 17, through a
die with au effective cross-sectional shape and dimension, and at a suitable temperature,
for example, in the range of about 15-80, 15-60, 15-35, 15-30 or 20-80°C. Effective cross-
sectional shapes include, for instance, cylindrical, trilobe, twisted rilobe, or guadrilobe.
Effective cross-sectional dimensions include, for instance, a diameter or effective diameter
i1y the range of about §.8-3 or §.8-2.5 milimeters. The resulting extrudates are dried at an
effective temperatie, for example in a range of about 80-188 or 100-180°C, for an
effective residence time, for instance in a range of abowt 30-1800, 60-1800, 30-600 or 60-
600 minutes, 1o recover dried composiie extrodates, Optionally, the separate drying stcp
can be avoided, whereby the composite extrudates are passed 0 4 thermal treatrocnt step
£8 for calcination.

f74] In the thermal treatment step 18, the composiie extrudates {optionally dried) are
subjected to thormal wtreatment o prepare caloined composite particles.  In certain
embodiments the thermal treatment at step 18 comprises calcining the composite extrudates
{optionally dried) at effective temperatures (typically in the presence of alr or oxygen, or

i the presence of steamy}, for example in a range of about 400-800, 406-700, 400-650, 500-

o]
L]

00, 560-700, 300-630, 550-800, 530-700, 550-630, 600-800 or 600-700°C, and for a time
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range of about 10-600, 10-180, 30-600 or 30- 180 minutes, o recover calcined composiie
particies.

I78]  The final product, calcined composite catalyst particles have impregnated therein
an active metal coroponent, such as a hydrogenative roctal. The active metal coroponent
can include oue or more metals or metal compounds (oxides or suifides) known i the ant
of hvdrocracking, including those selected from the Periodic Table of the Elements IUPAL
Groups 6, 7, &, @ and 10, In certain embodiments the active metal coroponents include
those effective as hydroorackiog catalysts such as one or more of Mo, W, Co or Ni (oxides
or salfides). o certain embodiments, active metal components include those effective as
hydrogenation and/or reforming catalysts {(fypically in sulfur-free environments) such as
one or more noble metals such as Pt, Pd, Rh, Re, I, or a combination of such noble metals.
The metal component may be contained o catalyet in effective concentrations.  For
example, total active metal content i1y hyvdrocracking catalysts can be present i an amount
as is known i the refated 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
mass in terms of oxide or sulfide based on a mass of the catalyst. In the case of noble
metals, typically in suifur-free environmenis for hvdrogenation and/or reforming, an
effective total active metal content can be in about 0.01 to 2% by mass in terms of metal.
{761 At the active metal component fmpregoation siep 19 1 the ervbodiment of FIG. 3,
the active metal component i3 impregnated. Several methods can be used to add the active
metal component{(s) to the support, including but not limited 1o immersion, incipient

wetness, and evaporaiive,  In the most commonly nsed method, a calcined support s
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tmersed in an excess of an aqueous solution confaining active melals or melal
compounds. The solution fiils the pores and is also adsorbed on the support surface, and
excess solution s removed. In another method, impregnation is carried out using inwipicnt
wetness by turobling or spraying the activated support with a volume of solution having a
concentration of metal compound tailored to achieve the targeted metal level. In another
nicthod, evaporative impregnation, the support is saturated with water or with acid solution
and irmunersed into the agueons solution containing the metal compound, That compound
subseqguently diffuses o the pores of the support through the agueons phase., The metal-
fcaded support is then dried and calcined, forming metal oxides.

{777  In certain embodiments, the active metal component impwegnation sicp 19
compwises immersing the caloined composite support particies, formed of the post-
framework modified USY reolife and a binder, 1o an agueous solation containing active
metal components. The goantity and concentration of the aguecus solution containing
active metal components 18 dependent on the desired quantity of the active metal
components o be Inaded on the composite support particles. In certain embodiments of
the above roethods, the volume of the active metal solution s equal to or shighily less than
the pore volame of the support. The solution is maintained at an effective lemperature, {or
instance about 40-100, 40-99, 60-106, 60-98, 60-97, 70-99, 70-97, §0-99, 33-97 or 90-
99°C and for an effective restdence troe, for instance in a range of about 40-1200, 40-500,
40-360, 60-1200, 60-600, 60-350, 120-1200, 120-600, 120-360, 180-1200, 180-600, 180-
360, or 240-360 minutes.

F781 The resulting solids can be filtered and dried at an effective temperatare, for

example in a range of about 80-180 or 100-1807C, for an effective residence e, for
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tystance o a range of about 30-1806, 60-1800, 30-600 or 60-600 mingies, o recover
composite support particles, formed of the post-framework modificd USY zeolite and a
binder, having the active metal loaded on the coraposite material, Optionaily, the separate
drying step can be avoided, whereby the coraposife material with active metal 1s passed to
a thermal treatment step 28 for calcination.

791 In the thermal weatment step 20, the loaded composite material is subjected to
thermal ireatment fo prepare calcined composite particles with active metal on the
compostie moaterial, In certain embodiments the thermal freatment at step 20 comprises
calcining at effective temperatures, for example 1o a range of about 400-800, 300-804, 500-
700, S00-650, 550800, 530-700, 550-650, 600-800 or 600-700°C, and for a time range of
about 10-600, 10-180, 306-600 or 30-120 minutes, to recover the calcined composite
particles with active metal on the composite material. In certain embodiments, calcining
occurs in the presence of air

[881 At step 21, the final catalyst product s recovered. In embodiments in which the
catalyst 18 a hydrocracking catalyst, a hydrogenation catalyst or a reforming catalyst, the
compostie support material haviog active metals loaded therein generally has a suwrface area
i1y the range of abowt 150-500, 150-450, 200-500, 200-450 or 300-450 ;n7'fg, and a pore
volwme in the range of about 0.4-1.0, 0.4-0.8, 0.4-0.75, 0.4-0.65, 0.45-1.0, 0.45-0.8, 0.45-

0.

.

5or 0.45-0.65 mifg.

[81] With reference to FIGs. 4-7, embodiments for producing catalyst particles having
active metal are provided, wherein all or a portion of the metal loading occurs prior to
forming the composite catalyst particies. This offers flexibility to the catalyst

manuvfacturer, as will be apparent herein
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[82] im the descriptions herein, the “active metal component” is distinet and separate
from the metals that replace the aluminum atoms in the USY zeolite framework, and in
particular refers to the one or more metals or metal compounds (oxides or salfides) that are
inpregnated in the framework modified zeolie. 1 the binder, i extradates of the
framework modified zeolite and in the binder, in the calcined extrudates of the framework
modified zeolite and in the binder. and combinations thereof.

{831  While not wishing 0 be bound by theory, it is understood that by controlling the
metal loading, by using wet USYA, pore clogging s mimmized. | the zeohie has the pores
thereof saturated with water, a smaller goantity of metals can diffuse into the pores over a
given period of time from a metal solition, as compared 1o addition of the metal solution
ta the same zeolite in a dried stated.

§841  In the crobodivoents described berein, the ratio of the post-framework madified
UISY zeolite component and the inorganic oxide binder component is appropriately
determined according to the object of the catalyst. For example, the post-framework
modified USY zeclite content of the catalyst particles formed with the composite support
material can be in the vange of about 0.1-99, .1-90, §.1-60, 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 inorganic oxide
binder, and in certain embeodiments optionally one or more other zeolific materials.

[85] In one embodiment, a method for prodacing catalyst particles 1s provided, wherein
the catalyst particles are formed of & composite of a granulating agent or binder material
such as an inorganic oxide, and a framework spbstituted USY zeolite material (UUSYA) in
which some of the aluminum atoms in the framework are substituted with zircontum atoms

andfor fitamium atoms andfor hafnium atoms, and wherein the USYA comprises active
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mietals impregnated therein {(sometimes referred to herein as USYA(m)). In other
descriptions of this embodiment, the catalyst particles of this cmbodiment are referred to
as caleined extrudates formed from a composite of the USYA{m) and a binder.

[86] FIG. 4 shows process steps for producing said composite catalvst of binder and
LISYA(m) according to this embodiment in which the USYA comprises active metals
tmpregnated therein (UISYA{m)).

[87] In one embodiment of this preparation method, the framework modified USY
zeolite i3 prepared or provided, and one or more active metal components are therealter
added onto the framework modified USY zeolite surface, including on the pore internal
wall surfaces. Both the metal impregnated framework modified USY zeolite {either wet,
dried or calcined) and the binder are mixed, kneaded, extruded and calcined to form the
active metal-containing catalyst particles. The steps 19 and 28 from the process of FIG. 3
are thereby eliminated.

[88] fm the process description of this embodiment, # is understood that the underlving
framework substituted USY zeolite material {prior to metal Ioading) and binder material
can be provided from any suuable source, ineloding as described hercinabove in
conjunction with FI{3. 3 or from agother source. Steps corresponding to those in FE3. 3
which arg considered optional in certain embodiments herein are shown in dashed lines in
FI3. 4, and can be carried out as described with respect to FEG, 3. Both the USY zeolite
and the inorganic oxide material are characterized by outer surfaces and ivner pore wall
surfaces. In the emsbodiment of FIG. 4, the active metals are attached to the outer surfaces

and inner pore wall surfaces of the USY zeolite at step 44.
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[89] imcertain embodiments the process staris with providing the framework substituted
USY zeolite material, UISYA, at step 43. The post-framework modified USY zeolite
incorporaies one or more of zirconium, titaninm, andfor hafnium indo its framework, in
cifective concentrations of about §.1-5.0, 0.1-4.0, 0.1-3.0, 0.2-5.0,0.2-4.8, 0.2-3.0. 0.3-3.0,
(1.3-4.0 or 0.3-3.0 wit%, as calculated on thetr oxide basis {(that is, Zridy, Ti(d andior Hilh)
and as measurcd relative to the mass of the post-framework modified USY zeolite, in
certain embodiments, the amovnts of tndividual materials supplying Zr, Ti, and/or Hf can
be less than 6.1, 0.2 or 0.3 wi%, but when combined, the tofal t¢ at least 0.1, 0.2 or 0.3
wi%.

[90] In certain embodiments the framework substituied UUSY zeolite component is
provided in a “wet” state, whereby the solid material from the framework substitution step,
step 12, is filtered/washed and provided in a wet state, wherebhy the drying step typically
ptilized is not carried out {carried ont to a lesser degree) 30 that water remains entrained in
the solids. In cortain embodimenis the framework substituted USY zeolife component is
provided in a “dry” state, whereby the solid material from the framework substitution step,
step 12, is fillered, and dried. but provided 1o an uncalcined state, whereby the thermal
treatment step to calcine the material that is typically utiized is not carvied out. In certain
cmbodiments the framework substituted USY zeolite component is provided in a “dry”
state, whereby the solid roaterial from the frammework substitution step. step 12, s filtered,
dried, and calcined. Accordingly. in the embodiments of FIG. 4, the USYA at step 43 s
provided as wet, dry (uncalcined) or caleined zeolite material.

f911 At step 44 the USYA, as wet, dry {uncalcined) or calcined zeolite material, is

impregnated with one or more active metal components, such as g hydrogenative-active
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mietal component, to prodoce USYAGm). The active metal component can include one or
more metals or metal compounds {oxides or sulfides} known in the art of hydrocracking,
including those selected from the Periadic Table of the Elements TUPAC Groups 6.7, 8,9
and 16, In certain embodiments the active melal component is one or more of Mo, W, Co
or Mi {oxides or suifides). In certain embodiments, lypically in sulfur-free environments,
active metal components include those effective as hydrogenation andfor reforming
catalysts such as one or more noble metals P, Pd, Rh Re, v, or a combination of such
noble metals.

£921  The active welal component may be contained in USYA(m) zeolite material in
effective concentrations to provide an effective overall active metal content in the
composite catalyst of the binder and USYA(m). Catalysts prodoced according to the
embodiment of FIG. 4 used for hydrocracking, for example bydrocracking of heavy
hydrocarbon otl, can contain aboot 8.01 to 409% by mass of active metal component{(s) in
termms of metal, oxide or sulfide relative to the fotal mass of the composite catalyst material,
sirnilar to ranges used in conventional hydrocracking catalysts, In the case of non-noble
metals, includiog Mo, W, Co, N1 or corobinations thereof, an effective total active metal
coutent can be about 0.1 to 40%, or 3 to 40%, by mass in terms of oxide or sulfide based
on a mass of the catalyst. In the case of nobie metals, typically in sulfur-free environments
for hydrogenation and/or reforming, an cffective total active metal content can be in shout
0.01 10 2% by mass in terms of metal.

F931  Atthe active metal component impregnation step 44 in the embodiment of FIG. 4,
an effective guantity the ong or more active metal components are impregnated in the wet,

dry {uncalcined) or caleined USYA zeolite as a support component. In this embodiment,
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the active metal component of the final catalvst particles 1s provided only in the USYA
zeolite, therefore said effective guantity encompasses the total active metal content of the
catalyst particles, for instance within the ranges as noted above,

{941  In certain embodiments of the active metal coraponent impregnation step 44, two
or more active metal components are impregnated in the wet, dry (uncaleined) or calcined
USYA zeplite as a support component, whereby one or more of the active metal
components acts as a promoier (0 one or more of the other active metal components.

[931  Several methods can be used o add the active metal component(s) to the USYA
zeolite sapport as the active metal component impregnation step 44, inchuding but not
Hmited to inunersion, incipient weiness. and evaporative, or any other suitable method.
1961 In cortain embodiments of the active metal component impregnation step 44, an
effective quantity of wet, dry {uncalcined) or calcined USYA zeolite support material is
immersed in an excess of solution countaining active meials or metal compounds. The
solution fills the pores and is alse adsorbed on the support surface, and excess solution is
removed to recover the metal-loaded USYA zeolite support, wet USYAGm).

(971 Inapcthor method, the active metal coroponent impregnaiion step 44 1 carmied ot
using incipient wetness by tumbling or spraying an effective quantity of wel, dry
{uncalcined) or calcined USYA zeolite support material with a volume of solution having
g concendration of metal compound tatlored to achiove the targeted metal lovel. The metal-
toaded USYA support, wet USYA(m), is recovered.

98] In apother method, the active metal component impregnation step 44 is carried out
by cvaporative impregnation in which an cffective quantity of wet, dry {ancalcined} or

calcined USYA zeolite sopport material 18 saturated with water or with acid solution and
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unmersed into the aqueous solntion containing the metal compound. That compounnd
subsequently diffeses into the pores of the support through the agqueous phase. The metal-
foaded USYA support, wet USYA{m). is recovered. In certain ernbodiments, the so-
recovered wet USYA(m) is then dried and calcined,

991 Atthe active metal component inpregnation siep 44, the guantity and concentration
of the agueous solution containing active metal components is dependent on the desired
quantity of the active metal components o be loaded on the composite support particles.
In certain ernbodimnents of the gbove methods, the volume of the active metal solution is
equal to or slightly less than the pore volume of the USYA sapport. The solution is
maintained at an effective temperature, for instance about 40-100, 40-99, 60- 100, 60-99,
50-97, 70-89, 70-97, 80-98, §3-97 or 90-99°C and for an effective residence time, for
tnstance i a range of about 40-1200, 40-600, 40-360, 60-1200, 60-6500, 60-360, 120-1204,
120-600, 120-360, 180-12060, 180-600, 180-360, or 240-260 minutes.

FiI88]  In cortain embodiments of the active metal component impregnation step 44, when
wet, dry (uncalcined) or caleined USYA zeolite 18 used, the metal loading can be attained
by loading the metal solution of au appropriaie concendration up o the available pore
volumae of the USYA zeolite.  In further embodiments of the active metal component
impregnation step 44, a lesser amounnt is used o control the metal Ioading. For example,
an effective volume of the loading metal solution can be, for instance, in the range of about
11660, 1-99, 1-90, 20-100, 20-99, or 20-90 Y% relative to the total pore voluroe of the
LISYA zeolite material,

f181]  In further embodiments of the active metal component impregnation step 44, wet

USYA zeolite material is used. The wet USYA contains water within all or a portion of the
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pore volame, for instance, in the range of aboot 1-160, 1299, 1.90, 5G-108, 56-99, or 50-90
Y% relative o the total pore volume. This volume can be controlled by partial drying 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 i3 less diffusion of metals into pores.
Therefore, the metals can be principally positioned at the external surface of the zeolite
with a Bmited aroournt in the pores.

FRG2] The resulting solids 1o the active roetal coraponent irapreguation step 44 can be
filtered and dried at an effective temperatare, for example in a range of about 80-180 or
1OG-180°, for an effective residence time, for instance in a range of about 30-1800, 60-
18060, 30-600 or 60-600 minutes, to recover dried USYA{m). Optionaily, the separate
drying step can be avoided, whereby the composite material with active metal is subjected
to thermal treatiment for caleination as part of the active metal component impregoation
step 44, In the thermal treatment, dry or wet USYA(m) is subjected o thermal treatment
to prepare calcined USYA(m), In certain ermmbodiments the thermal treatinent comprises
caleining af effective temperatures, for example in a range of about 400-800, 400-700, 400-
656, 500-800, 300-700, 500-650, 550-800, 550-700, 550-0630, 6U0-800 or 600-700°C, and
for a time range of about 10-600, 10-180, 30-600 or 30-180 mimstes, to recover the calcined
USYA(m)., In certain embodiments, calcining occurs in the presence of air

PR3] The metal-loaded USYA{m) zeolite material frovo step 44, v a wet, dry
{pncalcined) or calcined state, is combined with the binder material, shown as a

mixing/kneading step 46. and formed into composite catalyst particies, shown as a forming
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step 47, The composite catalyst particles are calcined, shown as a thermal treatinent step
48, and the final product, calcined catalyst particles, are recovered, shown as step 51,
f184] The binder material can be prepared. for exarnple, as shown and described herein
with respect to steps 14 and 15 in FIG. 3, or a commercially available inorganic oxide
component can be provided, as is known to those skilled in the art. As the inorganic oxide,
a porous inprganic oxide used in hydrocracking or other catalyst composttions in the related
art can be used, Exaroples thereof include slurnina, silica, titania, silica-alumina, alumina-
titania, alumina-zirconia, alumina-boria,  phosphoros-aloming,  silica-alumina-boria,
phosphorus-alomina-boria, phosphoras-alomina-silica, silica-alomina-titania, and stlica-
alumina-zirconia.

[EGS] Stops 46, 47, 48 and 51 shown and described with respect to FIG. 4 can be carried
out as described above with respect to steps 86, 17, 18 and 21, respectively, in FIG. 3. As
noted above, the steps 1% and 28 from the process of FiG. 3 are thereby eliminated. Thus,
the final composite catalyst particles are a composite of the USYA{m} and an inorganic
oxide used as the binder,

[H86] The fnal coroposile catalyst particles, being calcined extrudates formed from a
composite of the USYA(m) and a binder, generally have surface area and pove volume
levels within the ranges of the catalysts formed in the conventional process, for example
as described with respect to step 21 in FIG, 3.

[107] In another embodiment, a ructhod for producing catalyst particles is 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 impregnated therein, and a

framework substituted USY zeolite material (USYA) in which some of the aluminurm atoms

41



WO 2023/141405 PCT/US2023/060705

i the framework are substituted with zirconium atoms andfor titanium atoms andfor
hafninm atoms, and wherein the USYA comprises active metals impregnated therein
(USYA(m)), In other descriptions of this embodimnent, the catalyst particles of this
cmbodiment are referred o a3 2 calcined extrudates formed from a composite of the
LISYA(m) and the metal-loaded binder support component.

[108] FIG. 5 shows process steps for producing said composite catalyst of metal-loaded
binder and USYA(m) according 0 this emabodirgent in which the USYA comprises active
metals impregnated theretn (USYAG) 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.

[10%] In one embodiment of this preparation method, the framework modified USY
zeolite is prepared or provided, and a first portion of the total active wetal corpponent
content, is added onto the framework modified USY zeolite surface, incloding on the pore
imternal wall surfaces. A second portion, in certain embodiments as the remaining portion,
of the total active metal corponent content, 18 added to morganic oxide binder. The metal
impregnated frarpework modilied USY zeolite (either wet, dried or calcined) and the metal
inpregnated inorganic oxide binder are wybed af a desived ratio and kneaded, extruded and
calcined to form the active metal-containing composite catalyst particles having a first
component of metal-loaded framework substitted USY zeolite and a second component
of roctal-loaded inorganic oxide binder. The steps 19 and 28 from the process of FIG. 3
are thereby eliminated.

[110] The framewnrk substituted USY zeolite muaterial, USYA, is provided at step 43, as

wet, dry {uncaleined) or calcined zeolite roaterial, as described herein with respect to FIG.
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4. In the process description of this embodiment, it is gonderstood that the underiying
framework substituted USY zeolife material {prior to metal loading) and binder material
{prior to roctal loading) can be provided from any suitable source, including as described
hereinabove in congunction with FIG. 3 or from another source. Steps corresponding o
those in FIG. 3 which are considered optional in certain embodiments herein are shown in
dashed lines inn FI{3. 3, and can be carried out as described with respect to FIG. 3. Both the
USY zeolite and the inorganic oxide material are characterized by outer surfaces and inner
pore wall sarfaces. In the cmbodiment of FIG. §, the sctive metals arve attached to the outer
surfaces and inner pore wall sarfaces of the USY zeolite at step 34, and additional active
metals are attached to the outer surfaces and inper pore wall surfaces of the inorganic oxide
bindder at step 685,

fE13] The frarsowork substitoted USY zeolite material, USYA, is propared insiep 34 to
form USYA{m}, as described hereinabove with respect to step 44 in FH3. 4. Metal-loaded
binder material is prepared at step 63, as described hereinabove with respect to siep 38 in
FIG. 4, At step 534, an effective gquantity of the active roctal component i added to the
USYA, for instance 30 that a first portion of abont $.1-99, 6.1-80, 0.1-70, 0.1-60, 1-99, 1-
99, 1-80, 170, 1-060, 1-99, 5-80, 5-70, 5-00, 20-99, 20-90, 20-7¢, 20-60, 40-99, 40-90, 40-
70, or 40-60 % by mass of the total active metal component content contained in the final
composite catalyst particies is within the USYA(m), and with the remainder of the total
active metal made op in the second portion of the of active metal component content that
is within metal-loaded binder,

f112] Atstep 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
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guantity of active metal component at step 658 generallv is a second portion that can make
up the remainder of the total active metal component content contained in the final
camposiie catalyst particles relative to the first portion contained in the USYA(m) In
certain erobodiroents, the second portion 13 less than the remainder of the total active metal
component content contained in the final composile calalyst particles relative to the first
portien contained 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 are mixed together (as described in co-pending United
Btates Patent Application Serial Nomber 17/577,794 filed on January 138, 2022, entitled
“Catalysts With Modified Active Phase Dispersion And Method To Prepare Catalysts With
Modificd Active Phase Dispersion”, which is incorporated by reference herein in ifs
entirety; and/or after the extrudate is formed (for example as discussed herein with respect
to step 19 in the process described with vespect to FIG. 3 and as described in the *036 patent
family}

f813] The metal-loaded USYA{m; zeolite material from step 54, o oa wet, dry
(nncalcined) or calciped state, 15 combined with the metal-loaded binder support
component from step 63, shown as a mixing/kneading step 48, and formed into composite
catalyst particles, shown as a forming step 47, The composite catalyst particles are
caleined, shown as a thermal freatment step 48, and the final product, caleined catalbyst
particles, are recovered, shown as step 31, Steps 46, 47, 48 and 31 shown and described
with respect to FIG. § can be carried out as described sbove with respect to steps 16, 17,
18 and 21, respectively, in FIG. 3. As noted above, the steps ¥9 and 28 from the process

of F1G. 3 are thercby elirninated in certain embodiments, and the final composite catalyst
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particles are a compostie of the USYA{m) and the metal-loaded binder support component,
which is co-extruded and formed into the catalyst particles.

f134] The final composite catalyst particles, heing a composite of the USYA(m) and the
metal-loaded binder support component which are mixed, coextruded and formed into
particles, generally have surface area and pove volume levels within the ranges of the
catalysts formed in the conventional process, for example as described with respect to step
21 in FIG. 3.

[115] In a further embodiment, a method for producing catalyst particles is provided,
wherein the catalyst particles are formed of a composite of a grannlating agent or binder
material sach as an inorganic oxide. and a framework sebstituted USY zeolite material
(USYA)Y in which somce of the aluminum atoms in the framework are substituted with
airconium atoms and/or Gtaninm atoms and/or haflnium atoms, and wheremn the USYA
comprises active metals impregnated therein (UISYA{m)), and further wherein additional
active metals are impregnated in the extrudate formed of the USYA{m) and the binder. In
other descriptions of this embodiment, the catalyst particles of this embodiment are referred
io as caleined metal-loaded extrudates where said extrudate is formed from a composite of
a binder and the LIS YA{m).

[116] FIG. 6 shows process sieps for producing said compostie catalyst of binder and
USYA{m). with additional active metals mmpregnated in the extrudate. This method is
particularly applicable, for jusiance, when a lmited amount of zeolite is used in catalyst
formulation.

f817] In one cmbodiment of this preparation method, the framework modified USY

zeolite is prepared or provided, and a first portion of the total active metal coraponent is
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added onto the zeolite surface, including on the pore internal wall surfaces. The metal
impregnated framework modified USY zeolite (either wet, dried or calcingd) and inorganic
oxide at g destred ratio gs 8 binder are mixed, kncaded, exiruded and calcined {o form the
active vootal-containing catalyst particles with a portion of the active metals 1o the
framework modified USY weolite compounent. A second portion, in certain embodiments
as the remaining portion, of the total active metal component content, is added to the
cutrudate after catalyst particles are formed with the binder, and the metal-loaded
composite catalyst particles, having the framework medified USY zeolite component
separately metal-loaded, are caleined to form the final product,

[118] ‘the framework substituted USY zeolite material, USYA. is provided at step 43, as
wel, dry (onealcined) or calcined zeolite material, as described herein with respect 1o FIG,
4. 1In the process description of this embodiment, it is noderstood that the underlying
framework substituted USY reolite material (prior to metal Ioading) and binder material
can be provided from any suitable scurce. including as described hereinabove in
conjunction with FI(G. 3 or from another source. Steps corresponding 1o those in FIG. 3
which are considered optional fu certain exaboditents hereto are shown in dashed hines in
FIG. 6, and can be carried out as described with vespect to FHG. 3. Both the USY weolite
and the inorganic oxide material are characterized by outer surfaces and inner pore wall
surfaces, Tun addition, the formed extrudate is characterized by cuter surfaces and inner
pore wall surfaces. In the crbodiment of FEG. 6, the active metals attach to the outer
surfaces and inner pore wall surfaces of the LIBY zeolile at step 34, and additional active
metals attach to the outer surfaces and inner pore wall surfaces of the formed extrudate at

step 4%,
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FEI8] The framework substituied USY zeolite material, USYA, is prepared in step 34 o
form USYA{m}, as described hereinabove with rospect to step 44 in FIG. 4. Atstep 34, an
effective quantity of the active metal component is added to the USYA, {or instance so that
a first portion of abont $.1-99, §.1-90, 8.1-70, 8.1-60, 1-99, 1-99, 1-80, 1-70, [-60, 199,
5-90, 5270, 5-60, 20-99, 20-90, 20-70, 20-60, 40-99, 40-90, 40-74, or 40-60 % by mass of
the total active metal component content contained in the final composite catalyst particles
is within the USYAGun), and with the remainder of the total active metal made up in the
second portion of the of active wetal component content that i added to the exiradate, as
a composite support, at step 4% described below.

fE26] The metal-loaded USYA{m) zeolite material from step 34, in a wet, dry
{nncalcined) or calcined state, is combined with the binder material, shown as a
mixing/kneading step 46, and formed into composite catalyst particles, shown as a forring
step 47, The binder material can be prepared or provided as described berein, and steps
46, 47, 48, 49, 56 and 53 shown and described with respect to FIG. 6 can be carried out ag
described above with respect (o steps 16, 17, 18, 19 and 24, respectively, in FIG. 3, except
for the medifications to the impregoation al step 4%,

{1211 The composite calalyst particles, having a first portion of the active wetal
component in the USYA zeolite support component, and after subjecting 1o thermal
treatment at step 48, are subjected to an irnpregration step 4%, wherein the second portion
of the total active metal component content is impregnated in the composite extrudate
particles as the support. The second portion is an effective quantity to make up the
difference to attain the requisite total active metal component content. In certain

embodiments an effective quantity of composite extrudate particles are immersed in an
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excess 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 to recover
the metal-loaded composite, which is a comnposite of the metal-loaded USYA{m) zeolite
and the inorganic oxide nsed as the binder. The metal-loaded composite catalyst particles
from step 49 are calcined, shown as a thermal treatment step 50, and the final product.
calcined catalyst particies, arg recovered, shown as step 51.

P22 Several methods can be used to add the active metal component(s) to the composite
extrudate particles, as the calcined support frow step 48, including but pot hmited 10
tmmersion, incipient wetness, and evaporative.  The impregnation of the composite
extrudate particles can follow the procedures used in conventional methods, for instance
descried in conjunction with step 19 in FIG. 3. A difference is that in the method herein
this step requires that only the second portion of the total active metal component content,
rather than the entire active metal content as in the conventional methods.

fi23] The procedure for the thermal freatment step 3¢ cap follow those used in
conventional methads, for instance descried in conjunction with step 28 in FIG, 3. Atstep
51, the final catalyst product 13 recovered.

fE24] The final compusite catalyst particles, being calcined metal-loaded extrudates
where said extrudate is formed from a composite of a binder and the £/5YA{m), generally
have surface area and pore volome levels within the ranges of the catalysts formed in the
conventional process, for example as desceribed with respect to step 21 in FIG. 3.

f£253] In additional embodiments, a method for producing catalyst particles is provided,
wherein the catalyst pasticles are formed from a composite of a granulating agent or binder

material such a8 an inorganic oxide, and a framework substituted USY zeolite material
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(USYA} i which some of the alwninum atoms in the framework are substituied with
zirconium atoms and/or tifanium atoms and/or hafnium atoms. The active metals are
impregnated a USYA reolite to form USYA{m), step 54 as desoribed herein, and;

{2} an inorganic oxide binder, step 38 (n the absence of metal impregnation steps
&6 and 49) as described herein and in co-pending United States Patent Application Serial
Mumber 17/577,747 filed on January 1¥, 2022, entitled “Catalysts With Modified Active
Phase Dhspersion And Method To Prepare Catalysts With Modified Active Phase
Diispersion,” which is incorporated by reference herein in its entirety,

{b) a compostie of binder and USYA{m}, step 66 in the absence of the binder
impregnation step 35 and the metal imprognation step 49}, as described in co-pending
United States Patent Application Scrial Nursber 17/577,794 filed on January 18, 2022,
entitled “Catalysts With Modified Active Phase Dispersion And Method To Prepare
Catalysts With Modified Active Phase Dispersion,” which s incorporated by reference
herein in its entirety; or

{cy a coraposiie of of metal-loaded binder and USYAGm), steps 55 and &6 (in the
absence of the wetal impregnation step 49), as described herein and 1o co-pending United
States Patent Application Serial Nomber 17/577,747 filed oun January 18, 2022, entitled
“Catalysts With Modified Active Phase Dispersion And Method To Prepare Catalysts With
Modificd Active Phase Dispersion,” which is incorporated by reference herein in ifs
entirety.
fE26] Alternatively, the active wetals are impregnated in a USYA zeolite o form
USYA{m}, step 84, as described herein, and

{23 one of
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and

{al} an ioorganic oxide binder, step 35 {in the absence of the meial

impregnation step 66) as described herein and in co-pending United States Patent
Apphcation Serial Number 17/577,747 tied on January 18, 2027, entitled
“Catalysts With Modified Active Phase Dispersion And Method To Prepare
Catalysts With Modified Active Phase Dispersion.” which 18 incorporated by
reference herein in its entirety;
{a2} coraposite of binder and USYA{m). step 66 {(in the absence of the
binder impregnation step 353, as described in co-pending United Swates Patent
Application Serial Number 17/577,794 filed on Januvary 18, 2022, entitled
“Catalysts With Modified Active Phase Dispersion And Method To Prepasre
Catalysts With Modified Active Phase Dispersion,” which is incorporaied by
reference herein in s entivety; or

{a3} a composite of metal-loaded binder and USYA{n)}, steps 55 and 66, as
described herein and in co-pending United States Patent Application Serial Number
17/577,747 filed on January 18, 2022, entitled “Catalysts With Modified Active
Phase Dispersion And Method To Prepare Catalyste With Modified Active Phase

Drispersion,” whicly is incorporated by reference herein 1o is entivety,

{b} in the extrudate intermediate catalyst particles, step 49, formed from one of the

above (al}, (a2) or (a3).

[127]

FIG. 7 shows process steps for producing said compaostie catalyst with active

metals impregnated at one or more stages. The procedures for the individual steps can

tollow those deseribed herein with respect to FiGs, 3-6, or as described in co-pending
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United States Patent Application Serial Nombers 17/577,747 filed on Janwary 18, 2022,
entitied “Catalysts With Modified Active Phase Dispersion And Method To Prepare
Catalysts With Modified Active Phase Dispersion”, and/or 17/577,794 filed on January 18,
2022, entitled “Catalysts With Modified Active Phase Dispersion And Method To Prepare
Clatalvets With Modified Active Phase [DMspersion,” which are both incorporated by
reference herein in their entireties.

fE238] In any of the above-described embodiments, one or more additional zeolitic
components {that is, a zeolite material other than the post-framework modified USY zeclite
or metal-loaded post-framework modified UISY zeolite) can be integrated, for instance at
step in which the post-framework modified USY zeolite or the metal-loaded post-
framework modified USY zeolite is mixed with inorganic oxide. Said additional reolitic
material can include but 18 not lindted to mordentie, Z3M-5, ZSM-11, ZSM-12, ¥5M-22,
FEM-23, ZSM 35, beta-type, Y and USY (wherein this UBY zeolitic component is not the
same as the post-framework modified USY zeolite described hereiny. For example, these
can be (FALN framework, which inclodes URY, having a micropore size related o the 12-
merober ring when viewed along the [111] direction of 7457 4 A; (MFD framework, which
includes Z5M-5, having a wicropore size related (o the 10-member rings when viewed
along the [1007 and [010] directions of 55x5.1 A and 56253 A, respectively; (MEL)
framework. which includes ZSM-11, having a micropore size related o the 10-member
ring when viewed along the [100] divection of S.4x33 A, (MTW) framework, which
inchmdes Y5812, having a micropore size related to the 12-member ring when viewed
along the [010] direction of 5.66.0 AL {TON) framework, which includes ZSM-12, having

a micropore size related to the 10-member ring when viewed along the [001] direction of
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46457 A, OFTT) framework, which includes Z8M-23, having a micropore size related o
the 10-member ring when viewed along the [001] divection of 4.5x52 A © (FER)
framework, which includes Z25M-33, having a micropore size related (0 the 10-member
ring and B-ruember ring when viewed along the [001] and {010} directions of 4.2x5.4 A
and 3 5=4.8 ,5\,, respectively; (MOR) framework, which includes mordenite zeolites, having
a micropore size related to the 12-member ring and 8-member ring when viewed along the
(0017 and [001] directions of 6.5%7.0 A and 2.6x5.7 A, respectively; and (*BEA)
framework, which inchudes zeolite beta polyroorph A, having a sicropore size related 1o
the 12-member rings when viewed along the {100} and [001] directions of 6.6x6.7 A and
5.6%5.6 A, respectively.

f12%] A method for hydrocracking hydrocarbon oil is provided hercin, including
bydrocracking hydrocatbon ol with the bydrocracking catalyst described above.

f13¢1 In certain embodiments, a method for hydrocracking hydrocarbon oil comprises
filling a reactor vessel of a2 hydrocracking apparatus which is a flow reactor with the
hydrooracking catalyst, and treating a hydrocarbon otl, for instance having a boiling point
in 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 hydrogen partial pressure in the
range of abont 4-30, 7-15 MPa, a liguid bourly space velocity (LHS V) in the range of about
0.1-10, 0.2-1.5 &', and a hydrogen/oil ratio of in the range of ahout 500-2300, 1000-2000
normalized cobic meters of hvdrogen per cubic meter of oil MNom¥im).

fE31] In certain embodiments, a method for bydrocracking hydrocarbon oif comprises
filling a reactor vessel of a hydrocracking apparatus which is a flow reactor with the

hydrocracking catalyst, and treating a hydrocarbon ot having a boiling point in the range
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of about 370-650°C in the presence of hydrogen at a reactor lemperature in the range of
about 330-450°C, a hydrogen partial pressure in the range of about 7-15 MPa, a LHSV in
the range of about 0.2-1.5 b, and 2 hydrogen/oil ratio of in the range of about 1000-2000
N/ to afford kerosene-gas oil.

fE32] In the method for hydrocracking hydrocarbon oil according o the present
tnvention, the flow reactor described above can be a flow reactor selected from a stirring
bath type reactor, a boiling bed type reactor, a baifle-cquipped slurry hath type reactor, a
fixed bed type reactor, a rotary wbe type reactor and a slorry bed type reactor,

{1331 I the method for hydrocracking hydrocarbon oil according to the present
invention, the hydrocarbon oil described above contains preferably heavy hydrocarbon oil
obtained frorn (1) crude oil, {2) synthotic crude oil, (3} bitumen, {4) oil sand, {5) shell oil
or {6} coal Hauid.

{1341 Inthe method for hydroeracking hydrocarbon oll according to certain embodiments
the present invention, the hydrocarbon oil described above contains heavy hydrocarbon o
obtained from corude oil, synthetic crude oil, biturnen, oil sand, shell oil or coal hguid, and
the above beavy hydrocarbon ofl s preferably any of a) vacuum gas ol (VGO), by
deasphalied oil {DAG) obtained from a solvent deasphalting process or demetallized oil,
ct light coker gas oif or heavy coker gas oil obtained from a coker process, d} cycle oil
obtained from a floid catalvtic cracking (FOC) process or e} gas oil obtained from a
visheraking process.

fE35] The hydrocracking catalyst for hydrocarbon ol manufactured according o the
present invention is characterized by that in a hydrocracking catalyst for hydrocarbon oil

containing an ulira-stable Y-type zeolite, the shove nltra-stable Y-type zeolite 18 the
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framework-substituted zeolite in which a part of aluminum atons constitnting a framework
thereof is substituied with zivconium atoms andfor titanium and/or hafnivm atoms.
Hydrogenative active metal components are provided, are provided, wherein all or a
portion of the metal loading occurs prior (o forming the composite catalyst particles, as
described berein.

[136] Accordingly, the hydrocracking catalyst of the present invention makes it casy to
diffuse heavy hydrocarbons such as VGO, DAGC and the like into mesopores thereof as
compared with conventional hydrocracking catalysts comprising a support of 4 zeolite on
which titanium fine particles or zirconinm fine particles are carried, and a cracking activity
of hivdrocarbon oil is enbanced to make it possible to obiain middle distillates at high vields.
Using the hydrocracking catalyst of the present invention, clogging of the mesopores is
minimized enhancing the abiity of the heavy bydrocarbons 1o ditfuse therein for catalvic
reaction.

fE37] Further, the hvdrocracking catalyst of the present invention has a slightly low
cracking activity of hydrocarbon oils as compared with those of conventional
hydrocracking catalysts comprising 4 hvdrogeunative metal component carnied ou a support
comprisiog a frarmework-substituted zeolite in which a part of aluminum atoms constituting
a framework of a Y-type zeolite is substituted with titanium atoms, but an ecxcessive
cracking reaction of kerosene and gas oil s inhibited, so that middle distillates can be
obtained at high vields. Also, the hydrocracking catalyst {or hydrocarbon oil according to
the present invention is increased the number of active sites and therefore is provided with

a high hydrocracking activity.
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EXAMPLES

Comparative Example

f138] The comparative example provides a mocthod of producing reference catalyst
particles, which are calcined composiie support particles of the post-frarsowork modified
LISY zeolite described heretn aund a binder, having active metal component added to the
particles, and subsequently calcined. The process is similar fo that disciosed in the “036
patent fanuily.

FE39] First, 30.0 kg of a Na-Y zeolite having a SAR of 5.2, a UD of 2466 nm, a SA of
720 m¥g, and 2 Nax0 content of 13.0% by mass, was sespended in water (lguid/solid mass
ratic of 12.5 L of water per kg of reolite} at a temperature of 60°C. Then, 14.0 kg of
ammoniur sulfate was added thereto, The resulting suspension was stirved af 70°C for 1
bour and fltered. The resuiting solid was washed with water. Then the solid was washed
with ag ammonium sulfate solution of 14.0 kp of anmmonium subfate dissolved in 560 L of
water having a temperature of 60°C, washed with 500 L of water having a temperature of
60°C. dried at 136°C for 20 hours. thereby affording about 45 kg of a ¥ zeolite (NH: ©Y)
in which 63% of sodium {Na) cootained in Na-Y was ion-exchanged with arornonivm ion
(MNHa1), The content of NaxO in NH Y was 4.5% by mass. Next, 40 kg of NH4 Y was
fired in a saturated water vapor atmosphere at 70°C for © howr to form a hydrogen-Y
seolite (HY ).

{8481 40 kg ot HY was suspended in 400 L of water having a teroperatore of 60°C. Then,
496 kg of ammoniom sulfate was added thereto. The resalting miture was stirred a1 95¢°C
for 1 hour and washed with 200 L of water having a temperature of 60°C. The mixtane

was then dried at 130° C. for 20 hours, thereby affording about 37 kg of a Y zeolite (NHy

55



WO 2023/141405 PCT/US2023/060705

Yy i which 95% of Na contained in the initial Na-Y was on-exchanged with NHs. About
33 kg of the synthesized NHs Y was fired in a saturated water vapor atmosphere at 650°C,
for 1 hour, thereby affording about 15 kg of an ulira stable Y zeolite {hereinafter, also
referred 1o as “USY(a)") having a Si3:/ALUs melar ratio of 5.2 and a Nax{) confent of
(.6% by mass.

P41} 40 kg of USY(a)) ts suspended in 400 L of water at 80°C.  25% by mass suifaric
acid, at 2.33 tires the zeolite amount thereto, was gradoally added to the suspension and
stirred {or one hoor to dissolve extraskeletal aluyuram and o prepare the second USY
zeolite (1ISY(b)}). Then, the suspension was {iltrated, and a matter obtained was washed
with 20 liter of purified water at 60°C and dried at 130°C for 20 hours to oltain the solid
matter, USY(h)., The USY(b) is fired at 600°C for | hour to thereby prepare an ulira-stable
Y-type eeohite (USY ().

f3421 1 kg of the USYio) is suspended in I8 Lt of water at 25°C. The pH of the

suspension is adpusted to 1.6 by gradually adding 25% by mass sulfuric acid. Then &6 g of
a solution condaining 18% zirconium sulfate by mass and 43 g of o solution containing 33%
titanium subfate by wmass was added thereto. The resulting wixtore was stirred for 3 hours
al room temperature. Then the pH was adjusted to 7.2 with 15% agueous ammonia by
mass. After the mixtare was stirred for | hour at room temperature, the mixture was
filtered. The resalting solid was washed with 10 L of water and dried at 130°C for 20
bours, thereby affording about 1 kg of a Htantum-zivcontum-substituted zeohie (Ti-Zr-
LISY).

f1431 To prepare an alumina binder, 40 kg of an agueouns solution of 6.8% sodium

aluminate by mass on an Al:Os basis was mixed with 40 kg of an aqueous solution of 2.4%
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alominom suifate by mass on an AlOs basis. Further, the mixture was stirred at 60°C for
1 hour, and then the prodoct was washed with 150 Lt of 2 0.3 mass % ammonia aqueous
solution (o reroove NaxS04. Next, water was added to the produoct frora which NaxS504 was
removed to adjust an AlUs concentration to 10% by mass. The pH was adjusted to 103
with 15% aquecus ammonia by mass. The mixture was stisved al 95°C for 10 bours,
dehydrated, washed, and kneaded withy a kneader. thereby providing an alumina mixture.
{844] The alumine knead product thus prepared was mixed with the Ti-Zr-USY zeokite at
a dry mass ratio of 317, The mixture was formed o a colomnar shape having a diaroster
of 1.8 mm, and fired at 330°C for 3 bours, thereby preparing caleined composite particles.
fE45] The hydropgenative active metal component was next added to the calcined
composite particles,  An aqueowns solufion comtaining  hydrogenative-active metal
components was prepared by adding 700 mL of water to 200 g of melyhdenum trioxide
{an exampie of the hydrogenative-active metal component) and 81 g of nickel carbonate
{an example of the hydrogenative-active metal component). The aquecus solution was
mixed with 300 g of the calcined composite particles {the coroposite of TH-Zr-USY zeolite
and alumina) and dried at 250 °Clor 1 hour. The recovered maxiure was fired at 35307C for
3 hours o prepare the calcined composite particles with active phase matenial, and
recovered, thereby affording about (1.5 kg of the reference catalyst.

Example 1

ff46] The process of the comparative exarople was followed o obiain the tanium-
rirconiun-substitnted zeolite, TL-Fr-USY. An agueous solation containing hydrogenative-
active metal components was prepared by adding 300 mbL of water 1o 100 2 of molybdenum

trinxide {an cxample of the hydrogenative-active metal componenty and 45 g of nickel
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carhonate {an examplie of the hydrogenative-active metal component). The agueous
sofution was mixed with 150 g of the T1-Zr-USY zeolite, thereby affording about 0.5 kg of
the metal-loaded Ti-Zr-USY zeolite. The recovered mixture was fired at 3507°C for 3 hours,
therehy preparing calcined Ti-Fr-USY zeolite material with active woetal cornponent
impregnated therein.

fE47] The alumins mixture {prepared as in the comparative exampie) was formed as a
knead product thus prepared was mixed with the metal-loaded Ti-Zr-URY zeolite at a dry
mass ratio of 317, The mixiure was formed into a coluronar shape baving a diameter of 1.8
wym, and fived at S50°C for 1 hour, and about 0.5 kg of the catalyst particles was recovered,
the catalyst particles being calcined extrudates formed from a composite of the metal-
faaded Ti-Zr-USY 2eclite and the alumina.

Example 2

{1481 The process of the comparative example was followed o obtain the titaninm-
zirconium-substituied zeolite, T1-Ar-USY. An agueous solution containing hydrogenative-
active metal corponents was prepared by adding 300 ol of water {o 100 ¢ of molybdenum
irioxide {an example of the hydrogenative-active metal component) and 43 g of nickel
carbonate {an example of the hydrogenative-active metal componenty. 230 ml. of the
aqueous solution of the active metal component was mixed with 150 g of the Ti-Zr-USY
zeolite, thereby affording abowt 0.5 kg of dry metal-loaded Ti-Zr-USY zeolite. The
recovered mixhire was fired at 550°C for 3 hours, thereby preparing calcined Ti-Ze-U8Y
zeolite material with active metal component impregnated therein.

f149] The metal-loaded T1-Fr-USY zeolite and an alumina mixture {prepared as in the

comparative example) were mixed at a dry mass ratio of 3:7. The mizture was formed into
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a columnar shape having a diameter of 1.8 mun, and fired at 35307°C for 1 howr, and about
(0.5 kg of the catalyst pasticles was recovered, the catalyst particles being caleined
extrudates formed from a composite of the metal-loaded Ti-Zr-USY zeolite and the metal-
toaded alomina

Example 3

f15¢] The process of the comparative example was followed to obtain the titanium-
zirponium-substituted zeolite, T1-Zr-USY. An agueoss solution containing hydrogenative-
active metal components was prepared by adding 300 ml of water to 100 g of molybdenom
trionide {an example of the hydrogenative-active metal component) and 45 g of nickel
carbonate (an cxample of the hydrogenative-active metal component). Half of the aquecus
solation of the active metal component was mixed with 130 g of the Ti-Zr-USY zeolite,
The recovered mintore was fved at S50°C for 3 hours, thereby preparing calcived Ti-Zr-
LISY reolite material with aclive metal component impregnated therein,

fE51] The alumins mixture {prepared as in the comparative example} was diluted with
water to have 10% by mass of AlxQs, and the pH was adjusted with agueous ammonia o
14,5, The metal-loaded Ti-Fr-USY zeolite and the metal-loaded ahuoioa wore mixed at a
dry mass ratio of 3:7. The mixture was formed into a columnar shape having a diameter
of 1.8 mm, and fired at 550°C for 3 hours, and about 0.5 kg of the intermediate catalyst
particles was recovered.

FE521 Wext, the revoaining portion of the agueous solution countaining hydrogenative-
active metal components was mived with 500 g of the calcined infermediate catalyst
particies {the composite of metal-loaded Ti-Zr-USY reolite and alumina) and dried at 250

°C for 1 hour. The recovered mixtare was caleined at 350°C for | hour, and about 0.5 kg
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of the catalvst particles was recovered, the catalyst particles being calcined metal-loaded
extrudates where said extrudate is formed from a composite of metal-Inaded Ti-Zr-USY
zeolite andd alumina.

Example Results

fE53] Properties of the catalysts formed according o the example 3 relative to the

comparative example are shown in table 1:
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TABLE D

C.E. 3
SA m*/g 333 | 351
SAR - 40 40
MoOs % 16.3 | 15.5
NiO % 39 3.7
TiO2 % 0.17 | 0.16
y4{8)] % 0.16 | 0.12
Compacted Bulk Density g/ml 0.66
N Adsorption mL/g 7.4

fi5341 A pilot plant was loaded with 100 mi of 3 commercial pretreat catalyst foliowed by
100 md of the hydrocracking catalyst of the comparative example and Example 3 herein.
Pilot plant tests were conducted at the hydrogen partial pressure of 13.5 MPa, Hydrogen/oil
vatio of 1,000 StLU/Ltof oil, LHSV of 0.530 b, and reaction temperatures of 360, 378, 390

and 435°C. Table 2 shows the activity of the catalysts tested and products viglds.

TABLE 2

C.E. 3
Temperature @50 W% Conversion | °C 378.6 | 373.7
GAS(C1-C4) W% 1.3 1.0
Naphtha(C5-145-°C) W% 5.6 6.6
Kerosene(145-260-C) W% 26.0 | 21.9
Gasoil(260-360-C) W% 24.1 | 254
Middle Distillate(145-360-C) W% 502 | 473
BTM(360-C-) W% 429 | 451
Total 100.0 | 100.0

f155] The method and system of the present invention have been described above;
however, modifications will be apparent o those of ordinary skill in the art and the scope

of protection for the fovention is to be defined by the clais 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, wherein the post-framework
modified USY zeolite 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 post-framework modified USY zeolite to form metal-loaded
post-framework modified USY zeolite;

mixing and kneading the metal-loaded post-framework modified USY zeolite with
an inorganic oxide binder material to form a composite of metal-loaded post-framework
modified USY zeolite and inorganic oxide binder;

forming the catalyst particles from the composite of metal-loaded post-framework
modified USY zeolite and 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 post-framework modified USY zeolite is a first portion of a total active
metal component content of the one or more active metal components, wherein the
inorganic oxide binder material is characterized by outer surfaces and pores which define

inner surfaces, and wherein the process further comprises, prior to mixing and kneading:
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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 inorganic oxide binder material to form metal-loaded inorganic oxide binder,

wherein mixing and kneading is of the metal-loaded post-framework modified USY
zeolite and the metal-loaded inorganic oxide binder to form a composite of metal-loaded
post-framework modified USY zeolite and metal-loaded inorganic oxide binder, and

wherein forming the catalyst particles is from the composite of metal-loaded post-
framework modified USY zeolite and the metal-loaded inorganic oxide binder.
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 post-framework
modified USY zeolite and metal-loaded inorganic oxide binder 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 post-framework
modified USY zeolite and metal-loaded inorganic oxide binder.
5. The method as in claim 1, wherein:

the one or more active metal components impregnated on the post-framework
modified USY zeolite 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.
6. The method as in claim 1, wherein:

the one or more active metal components impregnated on the post-framework
modified USY zeolite is a first portion of a total active metal component content of the one
or more active metal components, and

the composite of metal-loaded post-framework modified USY zeolite and inorganic
oxide binder 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 post-framework

modified USY zeolite and inorganic oxide binder.
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7. The method as in claim 6, 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.
8. The method as in claim 1, 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.
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,
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.
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12. A method of manufacturing catalyst particles as in any of the above claims 1-8,
wherein said metal-loaded post-framework modified USY zeolite comprises about (.1-99
wt% of the active metal-containing composite catalyst particles, wherein a remaining mass
comprises the inorganic oxide component.

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

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

inorganic oxide binder material;

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 SiO> to Al2O3 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.
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
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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.
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