WO 2023/141407 PCT/US2023/060708

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 in a composite mixture of the fnorganic
oxide binder and the post-frarsewark modified USY zeoklite prior to forming the catalyst
particles.

f141 A method for making catalyst particles comprises:  providing post-framework
modified ultra-stable Y-type (USY) zeolite in which a portion of aluminum atoms
constituling a zeolite framework thercof is substituted with zircontum atoms andfor
titanium atores and/or hafnium atoms; providing an inorganic oxide as a binder, mixing
and kneading the post-framework modified USY zeolite with the inorganic oxide binder to
form a composite of post-framework modified USY zeolite and inorganic oxide binder,
wherein the composite is characterized by outer surfaces and inner pore wall surfaces;
impregnating ove or wore active metal cormponenis on outer surfaces and/or on pore inper
surfaces of composite to form a metal-loaded composite of post-framework modified USY
zeclite and inorganic oxide binder, forming the catalyst particies from the metal-lpaded
composite of post-framework modified zeolite and inorganic oxide binder indo exirudates;
thermally treating the extrudates; and recoverning calcined catalvst particles,

FE51  In certain embodiments of the above method, the one or more active wetal
components impregnated on the composite is a second portion of a fotal active metal
component content of the one or more active metal components.  The post-framework
modified USY zeolite s characterized by ounter surfaces and pores which define inner
surfaces, and the process further comprises impregnating a first portion of the total active
metal component content of the one or more active metal components on outer surfaces

and/or on pore mner surfaces of the post-framework modified USY zeolite o form roctal-
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fgaded post-framework modified USY zeolite. Accordingly, mixing and kneading is of the
metal-loaded post-framework modified USY zeolite and inorganic oxide binder material
o form a coraposite of metal-loaded post-framework modified USY zeolite and inorganic
oxide binder material that is the composiie having tmpregnated thereon the second portion
of the total active metal component content of the one or more active welal components,
and forming the catalyst particles into extrudates is from the metal-loaded composite of
metal-loaded post-framework modified USY zeolite and inorganic oxide binder.

Fi6] In certain embodimends of the above method, the one or more active metal
components impregnated on the composite is a second portion of a fofal active metal
component content of the one or more active metal components. The inorganic oxide
binder material is characterized by outer surfaces and pores which define inner surfaces,
and the process further comprises fropregnating a fivst portion of the total active wmetal
component content of the one or more active metal components on outer surfaces and/or
on pore inner surfaces of the norganic oxide binder material to form metal-Ipaded
inorganic oxide binder. Accordingly, mixing and kneading is of the metal-loaded morganic
oxide binder and post-framework modified USY zeolite o form a composite of metal-
foaded inorganic oxide binder and post-framework modified USY zeolite that is the
composite having impregnated therson the second portion of the tfotal active metal
component content of the one or more active metal components, and forming the catalyst
particles into extradates ¢ from the metal-loaded compostle of metal-loaded inorganic
oxide binder and post-framework modified USY zeslie.

f171  Calcined catalyst particles provided hercin comprise a composite oft  post-

framework modified alira-stable Yetype (USY) zeolite in which a portion of aluminum
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atoms constifuting a zeolite framework thereof is substitnted with zivconium atoms andfor
titaniinm atoms and/or hafnium atoms; and inorganic oxide binder material. The composite
is characterized by ouoter surfaces and pores which define inner surfaces, and said ooter
surfaces and/or pore inper swrfaces are melal-loaded with one or wore active metal
componentis as metal-loaded composite.  The metal-loaded composite s {ormed o
extrudates and thermally treated as the calcined catalyst particles.

{18] In certain cmbodiments of the above methods and compositions, said post-
framework modified USY zeolite s provided in wet, dried or calcined state.  In certain
embodiments of the above methods and compositions, said post-framework modified USY
zeolite contains from 0.1 to 5 mass% rzirconium andfor titaninm and/or hafninm as
caicuiated as the oxide bhasis. In certsin embodiments of the sbove methods and
compositions, said inorganie oxide material is selected from the group consisting of
alurging, stlica, tfania, sibca-aluming, alumina-tifanta, alwoina-zirconia, alomina-boria,
phosphorns-alumina,  silica-alumina-boria,  phosphorus-alumina-boria,  phosphoras-
aluming-silica, silica-glurnina-titania, and stlica-alumina-rirconia. In certain embodimenis
of the above methods and compositions, said metal-loaded post-fraroework modified USY
zeolite comprises about (1.1-99 wi¥% of the active metal-containing composiie catalyst
particles, wherein a remaining mass comprises the inorganic oxide component. In certain
embodiments of the above methods and compositions, said catalyst particles are formed of
posi-framework modified USY zeolite, the fnorganic oxide component and an additional
reolite component.  In certain embodiments of the above methods and compositions, said
metal-loaded post-framework modified USY zeolite comprises about 0.1-99 wi%h of the

catalyst particles, wherein a first reraining mass comprises the inorganic oxide coraponent
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and a second remaining wass comprises the additional zeolite component. In certain
cmbodiments of the above methods and compositions, said active metal component is
seiected from the group of metals consisting of platinum, palladivm and rheninm, and
wherein said active metal component is present in an aroount from 8.01-2 wi% in ferme of
the mass of the active metal component relative to the mass of the catalyst particles. In
certain embodiments of the above methods and compositions, said active metal component
is sclected from the group of metals consisting of Mo, W, Co, Ni and combinations thereof,
andd wherein said active metal component 1s present in an amount froro 8. 1-40 wi% in terros
of the mass of the active metal component based on the mass of the catalyst particles.
F19]  Sull other aspects, embodiments, and advantages of these exemplary aspects and
embodiments, are discussed in detai] below, Moreover, it 1s t¢ be understood that both the
foregoing information and the following detailed description are merely 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
cmbodiments, and serve to explain principles and operations of the deseribed and clairoed
aspects and embodiments,
BRIEF DESCRIPTION OF THE DRAWINGS
(281 The invention will be described in further detail below and with reference to the
attached drawings in which the sarne or similar clements are referred to by the same number
10 certain instances, and where:

FIG. 1 i3 2 simplified process flow diagram for producing catalyst particles
according 1o known methods;

FIG, 2 illustrates shapes of catalyst particles;
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FIG. 3 10 2 process flow diagram showing steps for producing catalyst particles
according to a known method;

FIG. 4 1s a process Hlow diagram showing steps for producing catalyst particles
according to ernbodiments berein in which aclive melals are impregnated in a composile
of framework substituied USY zeolite material and binder;

FIG. 5 is a process flow diagram showing steps for prodocing catalyst particles
according to embodiments herein in which active metals are impregnated in a comnposite
of ramework suhstituted USY zeolite material and binder, and in the in exirudate of the
metal-toaded composite; and

FiG. 6 is a process flow diagram showing possible steps for producing catalyst
particles according {0 various embodiments herein.

DETAILED DESCRIPTION

{21}  The disclosure provides wethods for manufacturing catalyst particles comprising
one or more active metal components. The particles are a composite of {a) a granulating
agent or binder material such as an inorganic oxide, and {b) an ultra-stable Y thereafier
“USY") zeohite in which some of the alominom atoros in the frarnework are substituted
with zircopium atoms andfor titanium atoms andfor hafoium atoms.  In the present
processgs, the one or more active phase components are incorporated in a composite
mixture of the inorganic oxide binder and the post-framework moditied USY zeolite prior
to forming the catalyst particles. In embodiments of the present processes the one oF more
active phase components are incorporated prior o exinuding the resulting composite

mixture having active phase components incorporated therein, and prior to forming the

10
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catalyst particles. This s in contrast £ known methods in which active metal componenis
are added to particies that are calcined and formed.

i22]  Incertain crobodiments, catalyst particies formed according to the invention herein
are suifable for hydrocracking a heavy hydrocarbon oil obtained from crude oil, synthetic
crade oil, bitumen, oil sand. shell oil or coal liguid. The above heavy hydrocarbou oil is
preferably any of ay vacuum gas oil {(VG(O), b} deasphalted oil (BAQ) obtained from a
solvent deasphalting process or demetallized oil, ¢ light coker gas oil or heavy coker gas
oil obaised from a coker process, d) cycle oil obtained frove a fluid catalytic cracking
(FCO) process or e} gas oil obtained from a visbreaking process.

f23]  In cortain embodiments, catalyst particles formed according to the invention herein
are suitable for reforming of naphtha, as disclosed in US Patent 10,787,618, which is
incorporated berein by reference tn its entivety,

{24]  Incertain embodiments, catalyst particles formed according to the invention herein
are suitable for hydrogenation of middie distillates and conditioning said middle distillates
for stearn cracking. as disclosed in US Patent Publications 202 1/0246382A1,
2021/0246383A1, 202170246384 A1 and 2021/0246388A 1, which are incorporated herein
by reference in their entireties; or for hydrogenation of middle distilates and conditioning
said middie distillates for stcam cracking andfor flnidized catalytic cracking, as disclosed
in US Patent Publication 2021/0246386A1, which is incorporated herein by reference in
s entivety. In certain embodiments, catalyst panticles formed according o the invention
herein are susitable for hydrogenation of Hght cycie oil and conditioning said light cycle oil
for steam cracking, as disclosed in US Patent Publication 2021/0246381A1%, which is

tncorporated herein by reference in its entirety; or for hydrogenation of Hght cycle ol and

11
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conditioning said light cycle oil for steam cracking and/or fhudized catalytic eracking, as
disclosed in US Patent Publication 2021/3246387A1, which is incorporated herein by
reference in s entirety. In certain embodiments, catalyst particles formed according to the
wpvention herein are suilable for hydrogenation of ight coker gas o1l and conditioning saxd
Hght coker gas oil for steam coracking, as disclosed in UB Patent Publication
2021/0246385A1, which is incorporated herein by reference in iis entirety; or for
hydrogenation of light coker gas oil and conditioning said Hght coker gas oil for stearn
cracking and/or fluidized catalytic cracking, as disclosed in US Patent Poblication
2021/43240388A1, which is incorporated herein by reference in ifs entirety.

[25] Fer convenience of description of the processes of the present invention, FIG. 3
shows process steps for producing a post-framework modified USY zeolite, and producing
catalyst particles having active melal components on a composite support including the
post-framework modified USY zeclite and a binder. Centain of these process sieps are
sinttlar o those disclosed in the "(36 patent family.

[26] The catalyst particles produced in accordance with the method of FIG. 3 are
calcined cowposite support particles of the post-fravnework modified USY zeolite
described herein and a binder, having active metal component added to the particles, and
subseguently caicined.

[27] Steps §-9 herein provide a description of a process for the synthesis of calcined
USY zeolite {denoted as USY{(e) herein), which is then post-framework moditied at steps
F-13. In embodiments herein of the present invention, the USY that is post-framework
modified can be obtained from another source, that is, one or more of steps 1-9 can be

avouded, Steps 34-15 concern preparation of an inorganic oxade binder, and steps 16-21

12
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concern forming composite catalyst support particles (steps 16-18) and forming the final
particles with an effective quantity of the active metal component {steps 19-2%).

i28] At step 1, a Y-type zeolite (Na-Y) i1 prepared by forming a suspension of an
clfective concentration of Na-¥, for instance in a Hguid/solid ratio range of abont 5-20, 5-
15, 8-13, 5-12 or 8-12 Hters (£ of water per kilogram (kg) of zeclite, and al ap effective
terperature, for instance in a range of about 13-93, 15-80, 20-95, 20-90, 20-80, 43-93, 40-
90 or 40-80°C.

£291  The starting voaterial at step ¥ comprising o Na-Y-type zeolite having an effective
S0/ AL, molar vatio (SAR), for example in the range of about 3-6; an effective unit cell
dimension {U/D), for instance of abowt 2,468 nanometers (nim), an effective specific surface
arca {(8A), for example in the range of about 600-900, 600-800, 650-900 or 650-800 square
meters per gram (m/g), and an effective Nax( content, for instance of about 129 by mass,
£38]  In an ion exchange step 2, a fivst ion-exchanged Y-type zeolite is synthesized by
subjecting the Na-Y suspension from step 1 o lon cxchange of sodium ions of the Na-Y
with ammoniom ions (o prepare the first on-exchanged Y-type zeolite (first NHe-Y). In

the first NHy-Y, abont 30-70% of Na coptained in the Y-type zeoliie 1s substituted with NHz

for certain embodiments, also referred to as NH Y.
£311  An embodiment of the ion exchange at step Z includes addition to the Na-Y
suspension oft an effective concentration of an ammoniom source, for instance a molar
ratio of ammonium 1o Al in the range of about 2-8; at an effective tomperature 10 a range

of about 20-95, 20-90, 20-80, 40-93, 40-90 or 40-80°C and for an e{fective residence time,

forinstance in a range of about 14-600, 10-180, 30-600 or 30-180 minutes. The ammonium

13
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sopice can be one or more of NHWOH, (NHupRSOs, (NHu»COs, or another suitable
AMMIDAINM SOUrce.

f32]  Theresulting solids from the ion exchange step 2 can be filtered, washed with water
at an effective temperature, for instance in a range of about 20-95, 20-90, 20-80, 40-95, 40-
S0 or 40-80°C, and dued at an effective temperatore, for example iy a range of about 30-
186 or 100-180°C, for an effective residence time. for instance in a range of about 30-180(,
60-1800, 30-600 or 60-600 minutes, to obtain the first ion-exchanged NHs-Y, NH M0y,
£331  Optionally, after washing the resulting solids from the oo exchange step 2, they
can be washed in one or more additional cycles with an ammonium source followed by
water washing, at effective temperatures, concentrations and residence times such as those
at step 2, The solids roatier that 18 washed one or more additional times is dried at effective
temperatiees and residence troes such as those at step 2, 1o obtain the firstion-exchanged
NHs-Y, NHAYMY. In centain instances, the one of more additional cycles of the first ion
exchange step are not implemented.

{341 In a thermal freatment step 3. a hydrogen type Y-type (HY) zeolite is synthesized
from the first ton-exchanged MH-Y (NH 450‘7(}‘1’} by heating in 3 saforated steam
atmosphere. In certain embodiments the thermal treatiment at siep 3 comprises calcining
the first jon-exchanged NHa-Y at an effective temperature and for a time elffective o
produce HY zeolite, for instance with a temperature in a range of about 300-800, 500-700,
HU0-800 or 600-7007C (tvpically in the presence of steam, that is, in a saturated water
vapor, or in the presence of air or oxvygen) and for a time range of about 10-600, 10-180,
30-600 or 30-180 minutes. In certain embodiments, if there remains 2 substantial amount

of Na in the HY zeolite, ion exchange may be repeated one or more times as instep 2. The

14
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HY zeolite is converted to USY flollowing additional ammonium ton exchange and
stcaming freatment discussed below at steps 4-6.

[35] At steps 4-6. the HY zeolite is treated o synthesize a second ion-cxchanged NH4-
Y zeolite having 80-97% of Ma contained m the Ma-Y exchanged with NHs, also referred
10 as NHYY. For instance as depicted, at step 4 a suspension is prepared containing an
effective concentration of HY zeolite, for instance in a solid/liquid mass ratio range of
about 5-20, 5-15, 8-15, 3-12 or 8-12 Ukg (water/zeolite), and at an effective ternperature,
for wnstance in 4 range of aboot 153-95) 15-30, 20-95, 20-90. 20-80, 40-95, 40-90 or 40-
B

£3¢] Inanionexchange step 8, a second ion-exchanged Y-type zeolite is synthesized by
subjecting the NHa-Y suspension from step 4 to ion exchange of 80-97 or 96-97% sodiom
tous of the Na-Y with amynonium tons to prepare a second ammonium-exchanged Y-type
seolite {second NHa-Y ) NIL™YY. An embodiment of the ion exchange at step § includes
addition and stirring of an cffective concentration of an ammoniam, 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,

£371  Theresulting solids from the ton exchange step 8 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-

180 or 100-180°C, for an effective residence time, for instance in a range of show 30-1800,

15
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60-1800G, 30-600 or 60-600 minutes, to obtain the second ion-exchanged NHa-Y, MNH,M
97y

{381  Optionally, after washing the resuliing solids from the 1on exchange step 8, 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 8. The solids washed one or more additional times are dried at effective
temperatures and residence times such as those at step 5. to obtain the second iop-
exchanged NHL-Y, NHLSY. In certain instances. the oue or more additional cycles of the
second ton exchange step are not implemented.

£3%]  Inathermal treatment step §, a first ultra-stable Y-type zeolite, referred to herein as
USY(a). is synthesized by caleining the NHLY7Y. Thermal treatment at step 6 comprises
calcining the second wn-exchanged NHe-Y at an effective tomperature, for instance in a
range of about 500-800, 500-700, 600-3G0 or 603-700°C {typically in the presence of
steain, that is, in a saturated water vapor, or in the presence of air or oxygen) and for a time
range of abow 10-600, 10-180, 30-600 or 30-180 minutes, to recover USY{a), In certain
embodiments the thermal treatment of the NHSYY is by steaming.

P41 The USY(a) from step 6 is USY zeolite that posseases a AR that is approgimately
cquivalent to that of the starting Na-Y. The steps 1-6 should generally not significantly
change the SAR value, becanse these stops 10 not entail acid treatroent to target ejection of
aluminum atoms from the zeohite framework, For exarople, the UBY(a) thas obtained a¢
step § can have a SAR of about 3-6.

[41] At steps 7-8, the USY{a) zeclite is freated to synthesize calcined USY zeolite

having an increased SAR, which is the starting material for subsequent post-framework
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modification. At step 7. an agueous suspension is prepared containing an effective

concentration of the USY{(a), for instance in a solid/liquid mass ratio range of about 5-20,

o 4]
(971

~13, 8-15, 5-12 or 8-12 Likg (water/zeolite), and at an effective temperature, for instance
i g range of sbout 13-95, 15-80, 20-95, 20-90, 20-80, 40-935, 40-90 or 40-80°C.

[42] In ap acid freatment step &, 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 synthesize a second ultra-stable Y-type zeolite, referved o herein as USY(b),
having an increased SAR. Extraskeletal alumsinum (alominum atoms which de not form
part of the zeolite framework) are removed from the USY{(a} in order to obtain the USY ()
zeolite. This is carried out by acid treatment.

[43] TThe inorganic acid use can generally be sulfuric acid, nitric acid, hydrochioric acid
and the like. In certain enmbodiments the selected inorganic acid is sulfuric acid or
hydrochloric acid.  Further, carboxylic acids can suitably be osed as the organic acid
described above. The amonnt of the inorganic acid or the organic acid added is the amount
suitable (o control the pH of the suspension inn a strongly acidic range, for instance o a
range of about 0.7-2.5,0.7-2.0, 1.0-2.5 or 1.0-2.0. The amound may be, {or exarnpie, 3 0.5-
4 O-fold, 3.5-3.5-fold, 8.7-4.0-fold or 8.7-3.5- {0.5-fold molar increase based on an amount
of Al in the USY({a). The acidic suspension is maintained at an cffective temperature,
for instance 15-95, 13-80, 20-95, 20-00, 20-80, 40-95, 40-80 or 40-30° and maintained for
an effective residence time, for instance in a range of aboot 13-600, 10-180, 20-600 or 30-
180 nimutes. Acid freatment at step ¥ increases the SAR of the Y-type zeolite, for example,

from a range of about 3-6 to a range of about 30- 100, 40-108, 30-80 or 40-80.
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f44]  The resuling solids from the acid treatment step & can be filtered. washed with
waler at an effective temperature, {or insfance in a range of about 15-85, 15-80, 2395, 20-
90, 20-80, 49-95, 40-90 or 40-80°C, and dricd at an effective ternperature, for example in
a range of about BU-180 or 100-180°C, for an effective residence tre, for instance n a
range of about 30-1806, 60-1800, 30-600 or 60-600 minutes, 1o recover LUSY{h).

[457  Optionally, after washing the resnlting solids from the acid treatment step §, they
can be treated in one or more additional cyeles with an inorgenic acid or organic acid
followed by waler washing, at effective temperatures, concentrations and residence times
such as those at step B The solids which are acid-treated one or more additional fimes are
dried at cffective temperatures and residence times such as those at step 8, 0 recover
US¥(b). I certain instances, the one or more additional cycles of the first acid treatment
step are not opleomented.

{46] In athermal treatment step 8, the USY(h) zeolite is subjected to thermal treatment
to prepare a third ultra-stable Y-type zeolite, USY{c). In certain cmbodiments the thermal
treatraent at step ¥ comprises calcining the second USY zeolite (USY(h)) at effective
teroperatures, for example in a range of aboot SO0-700, 350-700, S00-650 or 350-050°C
(tvpically in the presence of air or oxygen, or in the presence of steam), and for 3 time
range of about 18-600, 103-180, 30-600 or 30-180 minutes, to recover USY(c) H the
caleining temperature is lower than about 300°C, the framework substitution arnount of
zirconipm atoms and/or tianivr atorss and/or hafmum atoms iends 1o be reduced, at
calcining temsperatores that exceed abont 700°C, the specific sorface area of the nltra-stable
Y-type zeolite can be reduced, and a framework substitution amount of zirconinm atoms

andfor titaninm atoms and/or hafnium atoms is thus reduced.
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E471 At steps B8-13 framework substinution is carried oot (o produce the post-framework
modified USY zeolite having a portion of the aluminum atoms within the USY zeohite
framework are substituied with zivconium and/or titariurm and/or hafnium atoms. In certain
cmbodiments, a post-framework modified USY zeolite material is prodoced by firing a
LISY zeolite having the properties described herein af about S00-700°C. A saspension is
formed containing the fired USY 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
about <2.0. Subsequently a solution containing a zirconinm coropound andf/or a titaniom
compound and/or 2 hafuium compound is mixed. The solution is pewtralized with, for
cxample, an agueons ammonia, so that the pH of the mixed sclution s about 7-7.5.

{481 Suusble zirconinm compounds described above include one or more of wirconinm
sulfate, rircomtnm npirate, zircouium chloride and the like. Io certaln embodiments
ivconiuny sulfate andfor zirconium nittate are selected. The quantily of the wirconium
compound added is generally abowt 8.1-5.0, 3.1-4.0, 0.1-3.8, 0.2-5.0, 0.2-4.0, 8.2-3.0, §.3-
5.0, 0.3-4.0 or 0.3-3.0 wit¥h, as caleulated on their oxide basis {that 1s, zirconiom oxide) and
as measured relative to the mass of the post-framnework woditied USY zeolite covoponent.
Addition of the zirconium compound in an amount of less than asbowt 8.1 wi% fails
improve solid acid characteristics of the zeolite. The addition of the zirconium compound
in an amount exceeding 5 wt'% tends to cause clogging of pores of the reolite, An agueous
sehution of a rivconium cormpound prepared by dissolving the rirconium corapound in
water can be used as the zivconiem compound.

i491  Suitable titanium compounds inchude one or more of titanium sulfate, titaninm

acetate, (itantom chloride, ttaniom nitrate, and titantom lactate, In certain embodiments
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titaniuny sulfate andfor titaniom acetate are selected.  The guantity of the titanium

compound added s generally about .1-5.0, .1-4.0, G.1-3.0, 80.2-5.0, 0.2-4.0, (.2-3.0, (0.3~

il

0, 0.3-4.0 or 8.3-2.0 wi%, as calenlated on their oxide basis (that 1s, ti{anium oxide) and

€

as measured relative to the mass of the post-framework moedified USY seolite component,
Addition of the titaninm compound in an amount of less than about 0.1 wi% fails o
tmnprove solid acid characteristics of the zeolite. The addition of the titanium compound in
an amount exceeding § witth tends 1o cavse clogging of pores of the zeolite. An agueous
solution of a thardure compound prepared by dissolving the titaninm compounnd i water
can be ased as the titaniom compound.

[5387  Suitable hafnium compounds described above include one or more of hafnium
chloride, hafniom nitrate, hatniom fluoride, hafniom bromide, hafniom oxalate and the
tike. In certatn embodiments hafnium chionide and/or hafniom rifvate are selected. The
guantity of the hafonium compoond added 15 generally abour (L1-5.0, (.1-4.0, (L1-3.0, (.2-
50,0240, 0.2-3.0,03-5.8,03-4.0 or 0.3-3.0 witY, as calculated on their oxide basis (that
is, hafminm oxide) and as measured relative o the mass of the post-fraracwork madified
USY zeolite component.  Addition of the hafrium compound 1 an amount of less than
about §.1 wit% fails to improve solid acid characteristics of the zeolite. The addition of the
hafninm compound in an amount exceeding 5 wi% tends to cause clogging of pores of the
zeolte. An agqueous solution of a hatnivre componnd prepared by dissolving the hafnium
compound iy waker can be nsed as the hafninm compound.

[811 A pH of the above suspension is controlled to about <2.0 to prevent a precipitate

from being generated during mixing of the agueons solution of the zircontum compound
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and/or the bafvtum compound and/or the titaniom componnd with a suspenston of the vlira-
stable Y-type zenlite described above.

[821 Mixing of the aqueous solation of the mirconium compound and/or the hafninm
compound andfor the tianium compound with a suspension of the ulira-stable Y-type
zeolite is, in certain embodiments, is conducted by gradually adding said agueous solution
to the suspension. After completion of addition of the aquecus solution described above to
the suspension, the solution can be mixed by stirring at, for example, room temperature
{abont 23-35°C) for about 3-8 bours. Further, afler completion of the above-described
miiing, the admixed solution is nentralived by adding an alkali compound such as agueous
ammonia and/or the like, so that a pH thereof is controlled to about 7.0-7.5, whereby the
post-framework modified USY zeolite desoribed herein is be obtained.

£531  Inthicregard: when only the zirconinm compound {or an aqueous solution thereoD
is used as the compound {or an agoeous solution thereof) and added fo the suspension
described above, the post-framework modified USY zeolite (Zr-USY) in which zirconium
atoms are substituted for a part of aluminum stoms forming the framework of the ulira-
stable Y-type zeoliie is formed; when ondy the titanium comwpound {or an agueous solution
thereof) is used, the post-framework modified USY zeolite (Ti-USY) in which titanium
atoms are substituted for a part of aluminun: atoms forming the framework of the ulira-
stable Y-type zeciite is formed; when ondy the hafnium compound {or an aqueous solution
thereof) is used, the post-frarvvewark modified USY zeolite (HE-USY) in which hatuium
atoms are substitoted for a part of aluminum atoms forming the framework of the ultra-
stable Y-type zeolite is formed; when the sircontum compound and the fitanium compound

{or agqueous solutions thereof) are used, the post-framework modified USY zeolite in the
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catalyst (Zr-Ti-UBY) tn which zirconiom atoms and fitanium atoms are substituted for a
part of aluminum atoms forming the framework of the nlira-stable Y-type zeohite is formed;
when the zircomum compound and the haloiom compound (or agueous solutions thereof)
are used, the post-framework modified USY zeolite in the catalyst (Zr-HEUSY ) 1o which
Fivconiun atomns and hafnium atoms are substituted for a part of aluminum atoms forming
the framework of the ultra-stable Y-type zeclite is formed; when the hafnium compound
and the ttantom compound {or aguecus solutions thereof) are used, the post-framework
modified USY zeolite 1 the caralyst (HET-USY) in which bafuiom atoms and titaniom
atoms are substituted for a part of aluminum atoms forming the framework of the oltva-
stable Y-type zeolite 1s formed; and when the zircontum compound, the titanium compound
and the hafnium compound (or agqueous solutinns thereol) are used, the post-framework
moditied USY zeolite in the catalyst (Fe-T-HE-USY) in which zirconium atoms, fitaniurm
atoms and hafnhi atoms are substituled for 2 part of aluminum atoms forming the
framework of the ulira-stable Y-type zeolite is formed,

i341 The resulting framework-substituted zeolite can be Bltered, if desived, washed with
water, and dried at about 80-130°C; the mixture may be quasi-equilibrated with stear, for
inystance, at a temperature of from asbowt 600-800°C for about 16G-20 hours.

[88] Forinstance, at siep 18, the caleined USY{c} zeolite from step # is prepared for acid
treatment by forming a suspension of an effective concentration USY (¢}, for instance m a
Hgoid/solid mass ratio range of about S:1 - 151, 51 - 1201, 80 - 1S: or 8:1 - 1201, by
dispersion in water at an effective temperature, for example, in the range of abont 15-95,

15-80, 20-93, 20-90, 20-80, 40-95, 40-90 or 40-80°C.

22



WO 2023/141407 PCT/US2023/060708

EE61  Io an acid treatment step B, an effective quantity of an inorganic acid or an organic
acid is dispersed in the suspension so that a pH of the suspension is mainfained iy a strongly
acidic range to prepare the zeolite for metal jusertion in the framework, step §2. In certain
embodiments, this can be stepwise a5 1o the "036 patent favoily. Inadditional embodiments,
for example as disclosed i commonly owned USZ02H077985A1 which is incorporated
by reference herein in is entirety, acid freatiment to prepare the zeolite for metal tnsertion
in the framework can oceur together with the roetal insertion.

I871 The inorganic acid use can generally be sulfuric acid, nitric acid, hydrochloric acid
and the like. In cerain embodiments the selected inorganic acid is sulfuric acid or
hydrochloric acid. Further, carboxylic acids can suitably be used as the organic acid
described above., The amount of the inorganic acid or the organic acid added 18 the amount
snitable 1o control the pH of the suspension in a strongly acidic range, for instance in a
range of about 4.7-2.5, 4.7-2.0, 1.G3-2.5 or 1.0-2.0. The acidic suspension is maintained at
an effective temperature, for instance in the range of about 15-80, 15-60, 15-35, 15-30 or
20-60°C and maintained for an cifective residence time, and maintained for an effective
residence Hroe, for nstance jo a range of about 10-600, 10-180, 30-600 or 30-180 rmnutes.
{81 In s metal insertion siep 12, the framework substitation is carvied out. The acid-
modified {15Y(c) zeolite suspension is subjected to metals treatment to substitnte some of
the aluminum atoms forming the framework of the ultva-stable Y-type zeolite. In certain
embodiments, this i3 carvied out by adding to the acidity mwodified USY(c) a solution
containing transttion metal compounds.  In certain embodiments the fransition metal
compounds comprise a zirconium compound and/or a titaninm compound and/or a hafnium

compound. The sohution is maintained at an effective temperature, for instance 15-80, 13-
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60, 15-358, 15-30, 20-60, 15-35 or 15-30°C and {or an effective residence time, for instance
in arange of about 10-600, 13- 180, 30-600 or 30-180 minutes. The suspension from siep
12 can be neutralived with, for example, an agqueous anunonia, o a pH in the range of about
7.0-7.5.

[5891  The reculting solids from the metal fusertion step 12 can be filtered, washed with
water at an effective temperature, for instance in a range of about 15-85, 15-80, 20-93, 20-
90, 20-80, 40-93, 40-90 or 40-80°C, and dried at an effective temperature, for exarople in
a range of about 80-180 or 100-180°C. for an effective residence time, for jostance in a
vange of about 30-1804G, 60-1800, 30-600 or 60-600 mimutes, and the post-framework
modified 18Y zenlite {(LISYA) is recovered at step 13.

(607  Ulira-siable Y-type zeolite is used as the raw materials for preparing the post-
framework modified USY zeolite, referred to above as USY(e) As noled above, one or
more of the steps 1-9 can be used {0 prepare the USY introduced at step 18, or otherwise
obtained. Said USY introduced at step 19 generaily has properties of known USY zeolites,
which can be synthesized or modified (a5 in one or more of the steps §-% or alternative
methodologies), or sourced, so as to provide a USY zeolite having a SAR in the range of
about 30-100, 40-100, 30-80 or 40-86 for effective metal incertion.

f61]  The known USY-type zeolite refers to zeolite having a unit cell dimension (U
generally in the range of about 2.423-2.430 or 2.430-2.450 nm; a specific surface area
generally o the range of about 600-900, 600-800. 630-900 or 630-300 m¥Yg, and a pore
volame of abowt 8.3-0.75, 0.4-0.75, 0.3-0.6 or 0.4-0.0 mle. Kuown USY-type zeolites also

gencrally possess a SAR in the range of about 5-100, 10-100, 20-100, 5-80, 10-80, 20-80,
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25-100 or 25-80,

, a8 noted heretn, this SAR can be selecied or modified 10 provide an
effective USY for metal insertion.

i621 Por exerople, suitable zeohites are FAU framework (zeolile Y) having its micropore
pore formed by a 12-membered ring when viewed along the [111] divection 18 T4x7 .4 AL
The U3, also referred to as a erystal lattice consilant, can be measwred by reference o
ASTM method 3942, Standard Test Method for Determination of the Unit Cell
Dimension of a Faujasite-Type Zeolite. The specific surface area 1s a value determined by
the BET (Brovaver—Emmett—"Teller) method using nitrogen adsorption. The uliva-stable Y-
type zeolite may be prepared by any method known in the art. This nltra-stable Y-type
zeolite is subjected to post-framework modification as desecribed herein to form post-
framework modified USY zeolite that is used 1o produce composite catalyst particles.

{631 The post-framework modified USY zeolite incorporates one or move of zirconium,
fitaniom, and hafniom into #Hs framework. Effective concentrations of the 7, T4 and/or HY
tnciude about 0.1-5.0, 3.1-4.0, 8.1-3.0, 0.2-5.6, 0240, 0.2-.3.0, 0.3-5.0, 0.3-4.0 or $.3-3.0
wi%, as calcnlatod on their oxide basis (hat is, ZrOs, TiOn andfor HEO:) and as measured
relative {0 the mass of the post-framework modified USY reolite. In certain exobodiments,
the amounts of individoal materials supplving Zr, T4, and/or Hi can be less thau 0.1, 6.2 or
0.3 wt%, but when combined, the total is at least 0.1, 0.2 or (0.3 wit%. It is appreciated by
a person of skill in the art, that when the framework-substituted zeolite 1o the catalyst
contains the zirconium atoms and the ttanium atoms and/or the hafoiom ators described
above, a mass ratio {in terms of oxides) of the rirconium atoms 1o the fitanium atonss and/or

the hafninm atoms is not specifically be restricted, and any ratio of zirconium or titanium
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or hatpivwm that is effective for the intended use of the catalyst particles can be used, for

cxampie, for hydrocracking of heavy hydrocarbon oil.

{64]

In certain embodiments the post-framework modified USY zeolite is;

a framework-substituted zeohie in which a part of aluminum atoms forming a

o

zeolite framework is substitited only with zivconiwm ators, and is referred to as a

“zirconiun-substituted reolite” o “Zr-USY;

o>}

a frampework-substituted zeolte in which a part of alumunum atoms forming «

reolife framework 18 substituted only with ttaniom atoroes, and 1§ referred 10 a5 ¢

)

“titanigm-substituted zeolite” or “Ti-USY™,;

a framework-sabstituted zeolite in which a part of aluminum atoms forming a
reolite framework is substituted only with hafnium atoras, and is reforred 0 a5 a
“hafniume-substituted zeolite” or “HEUSY™;

a framework-sobstitoied zeolite in which a part of aluminum atoms forming a
zeolite framework is substituted only with zirconium atoms and fitaninm atoms,
andd 1s referred o as g “zirconiurn-titanium-sabstituted zeolite” or “Zr-TL-USYY,

a framework-sabstitiied zeolite ju which a part of aluroinum stows fowoing a
zeolite framework is substituted only with balvivm atonss and titaniom atoms, and
is referred to as a “hafnium-titaniom-substituted zeolite” or “HETLUSY™),

a frameworl-sabstitnted zeolite in which a part of aluminum storns forroing a
zeolite framework 18 substituted only with zirconium atoms and hafninm atoros,
and s referred o as a “ezirconinm-hafniom -substituied zeolite” or “Zr-HEUSY )

and
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a framework-substitited reolite in wiich a part of aluminum atoms forming a
zeolite framework is substituted only with zirconium atoms, tifantam and hafnium

13

atoms, and is referred to as “zivconium-tilanivm-hafnium substituted zeolite” or
Lr-T-HEUSYY

(651 The presence of the zirconium atoms and/or titanivi and/or hafniunm atoms which
are substituted for the alominum atonis in the post-framework meodified UISY zeolite serve
as constituents of the frurnework of the USY zeolite. Substitution can be veritied by, for
exaraple, X-ray {lporescence, high frequency plasma emsission spectrometry, atoric
absorption spectrometry, ultraviolet-visible-near-infrared spectrophotometry  (UV-Vis-
NiR}. Fourier transform infrared spectroscopy (FI-1R), and/or nuclear magnetic resonance
spectrometry (NMR).

§661  The next steps in the process for producing catalyst particles having active metal
components on a composite support including the post-framework modified USY zeclite
and a binder, stops 84 and 15, comprise forming an inorganic oxide as a binder or
granulating agent, which is subseguenily combining with the post-framework modified
USY zeolite and extraded, steps 16 and 17, At step 14, a solution is prepared that will
precipitate joto the one or more inorganic oxides used as the binder or granulating agent,
hereinafter the inorganic oxide component. For example, a suitable binder can be prepared
from a gel of aluming or another morganic oxide as is known in the art.  In certain
embodiments, solid inorganic oxides can be used divectly as the binder materials.

(671 Alternatively, a commercially available inorganic owide componest can be
provided, as is known to thosce skilled in the art, and prepared for mixing with the post-

framework modified USY zeolite, for example by kneading.
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{681 As the inorganic oxide. a porows inorganic oxide used in hyvdrocracking or other
catalyst compostiions in the related art can be used. Examples thereof include alomina,
silica, titanis, silicg-aloming,  alomins-fitania,  alumdna-zirconia,  alomina-boria,
phosphorus-aluming,  silica-alomina-boria,  phosphorus-alumina-boria,  phosphorus-
alurmina-silica, siltca-alumina-titania, and silica-alumina-zirconia.

i6%]  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
exaraple, by mixing and kneading the components {step 16), then forming them uto the
desired shapes by coexiruding or otherwise forming composite support particles {step 7).
The composite support particles are caleined (step 18}, and the active metal component is
impregnated in the calcined coraposite support particles (step 1%9). The so-formed catalyst
particies are then calcived again (step 38} and the final product, the catalyst particles baving
active metal components on a composite suppot, is recovered. In certain embodiments the
post-framework modified USY zeolite material in the final particles services as an active
catalytic material in addition to the jrapregnated active metal component of the catalyst
particle.

{781 The composile support material is formed of the post-framework modified USY
zeolite material, for cxample from step 3 herein, one or more inorganic oxide components
{for example from step 15 herein). and optionally one or more other zeolitic materials. The
composite support roaterial generally has a sorface area in the vange of about 130-500, 150-
450, 200-500, 200-450 or 300-450 m™g, and a pore volume in the range of about $.4-0.8,
3.4-075, 0.4-0.65, 3.45-0.8, 0.45-0.75 or 0.45-0.65 mlfg. The content of the post-

framework modified USY zeolite component, the inorganic oxide coraponent and the
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active metal component are appropriately determined according to the object.  For
cxampie, the post-framework modificd USY zeolite content of the catalyst particles formed
with the composiie support material can be in the range of sbout 0.1-99, 0.1-90, §.1-80,
0.1-70, 2-59, 2.90, 2-80, 2-7¢, 20-1060, 20-90, 20-80 or 20-70 wit%, with the remaining
content being the inotgapic oxide and the active metal component, and in certain
cinbodiments optionally one or more other zeolitic materials.

{711  Inthe mixing/kneading step £, post-framework modified USY zeolite, for instance
recovered from step 13 or otherwise provided, and the inorganic binder for instance
recovered from step 18 or otherwise provided, are mixed together. The mixing is af
etfective ratins as noted above, and af a suitable temperature, for example, in the range of
ghout 15-80, 15-60, 15-35, 15-30 or 20-60°C. The mixiure is kneaded/mulled with an
effective amount of water, for instance, at a lguid/solid mass ratio range of about 30-36,
for an effective kneading/mulling time, for instance in a3 range of aboot 10-180 ninutes.
Therefore, the kneading/mulling of the wet solid materials forms a dough that is
subsequently formed and dried. The kneaded/mulled product can be subjected to thermal
freatment 1 order o oblain a more jufimate conlact between coroponends and betier
homogeneity by thermal diffusion and solid-state reactions.

f72]  The kneaded/mulied material thus obtained is extraded. forming step 17, through a
die with an effective cross-sectional shape and dimension, and at a suitable temperature,
for exaruple, i the range of about 15-80, 15-60, 15-35, 15-30 or 20-60°C. Effective cross-
sectional shapes inchude, for instance, cylindrcal, trilobe, twisted wrilobe, or guadriiobe.
Effective cross-sectional dimensions include, for instance, a diameter or effective diameter

in the range of about 0.8-3 or 0.8-2.5 millimeters. The resulting extrodates are dried at an
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effective temperature, for example 1o 2 range of about B3-180 or 100-180°C, for an
ctfective restdence time, for instance in a range of about 303- 1800, 60- 1800, 30-600 or 66-
H00 minutes, © recover dried composite extrudates. Optionally, the separate dryving step
can be avoided, whereby the composite extrodates arve passed o a theroal freatment step
18 for calcination,

F731  In the thermal reatment step 18, the composite extrudates {optionally dried) are
subjected to thermal treatmoent to prepare calcined coraposite particies.  In certain
erubodirents the thermal freatment at step 18 comprises calcining the composite extradates
(optionally dried) at effective temperatures {(typically in the presence of alr or oxygen, or
in the presence of stcam), for example in a range of about 400-800, 400-700, 400-650, 500-
800, 300-700, 300-650, 550-800, 550-700, 550-650, 600-800 or 600-700°C, and for a time
range of about 10-600, 10-180, 30-600 or 30-180 minutes, 1o recover caleined composiie
particies.

f74] The final product, calcined composite catalyst particles have impregnated therein
an active metal cornponert, such as a hydrogenative metal, The active metal coroponent
can include one or more woetals or metal componnds {oxides or suifides) known in the ant
of hyvdrocracking, including those selecied {rom the Periodic Table of the Elements HUPAL
Groups 6, 7, &, @ and 10, In certain embodiments the active metal components include
those effective as hydrocracking catalysts such as one or more of Mo, W, Co or Ni {oxides
or salfidesy. o certain ermnbodiments, active metal components nclnde those effective as
hydrogenation and/or reforming catalysts {typically in sulfur-free environments) such as
one or more noble metals such as P, Pd, Bh, Ke, Ir, or a combination of such noble metals.

The metal component may be contained in catalyst in effective concentrations,  For
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example, total active metal content in hydrocracking catalysts can be present in an amount
as is known in the related art, for example about 0.01 to 40% by mass in terms of metal,
oxide or sulfide. In the case of non-noble metals, including Mo, W, Co, Ni or combinations
thereof, an effective total active metal content can be about 0.1 to 40%, or 3 to 40%, by by
mass in terms of oxide or sulfide based on a mass of the catalyst. In the case of noble
metals, tvpically in sulfur-free environments for hydrogenation and/or reforming. an
effective total active metal content can be in about 0.01 to 2% by mass in terms of metal.
781 Authe active metal component impregnation step 19 iu the embodiment of FIG. 3,
the active metal component is impregnated. Several methods can be used to add the active
metal component{s) {0 the support, including but not limited to immersion, incipient
welness, and evaporative.  In the most commonly used method, a caleined support is
mnmersed in an excess of an aguecus solution confaining active roetals or roetal
compounds. The solution {ills the pores and is also adsorbed on the support surface, and
excess solution is removed. In another method, impregnation is carried out using incipicnt
wetness by turnbling or spraying the activated support with a volume of solution having a
concentration of metal compound fallored o achieve the targeted metal level. In another
method, evaporative impregnation, the support is satarated with water or with acid solution
and immersed into the agueocus selution containing the metal compound. That compound
subseqguently diffuses into the pores of the support through the agueous phase. The metal-
foaded support is then dried and calcined, forming metal oxades,

78] In ceriain embodiments, the active metal component impregnation step 19
compwises immersing the calcined composite support particles, formed of the post-

framework modified USY zeolite and a binder, 1 an agueous solntion containing active
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mietal components. The quantity and concentration of the aqueocus solotion containing
active metal components is dependent on the desired gquantity of the active metal
camponents o be loaded on the composite support particles. In certain embodiments of
the above methods, the vohame of the active metal solution 18 equal to or slightly less than
the pore volure of the support. The solution is maintained at an effective temperature, for
instance about 40-106, 40-99, 60-106, 60-99, 60-97, 70-99, 70-97, 80-99, 806-97 or 90-
99°C and for an offective residence time, for instance 1n a range of shout 40-1200, 40-600,
40-360, 60-1200, 60-600, 60-360, 120-1200, 120-600, 120-360, 180-1200, 130-600, 130-
366, or 240-360 minutes,

£777  'The resnlting solids can be filtered and dried at an effective temperature, for
exaraple i a range of about 80-180 or 100-180°C, for an etfective residence time, for
wstance in 4 range of about 30-1800, 80-1800, 20-600 or 60-600 minuies, (0 recover
composite support particles, formed of the post-framework modificd USY zeolite and a
binder, having the active metal Inaded on the composiic material. Optionally, the separate
drying step can be avoided, whereby the composiie material with active metal is passed o
a thermal freatmend step 28 for calcination

{781 In the thermal weatment step 20, the loaded composite material is subjected w
thermal treatment fo prepare calcined composite particles with active metal on the
composite material, In certain embodiments the thermal treatment at step 20 coraprises
calcining at effective temperatures, for example in a range of about 400-800, 300-800, 500-
700, SD0-650, S50-800, 330-700, 5350-650, 600-300 or 600-700°C, and for a time range of

abowt 10-600, 10-180, 30-608 or 30-180 minutes, to recover the calcined composite
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particles with active metal on the composite material. In certain embodiments, calctning
occurs in the prosence of air

i797 At step 21, the final catalyst product 15 recovered. In embodiments in which the
catalvst s a hydrocracking catalyst, a hydrogenation catalyst or a reforming catalyst, the
composite support material haviog active metals loaded therein generally has a surface area

in the range of about 150-500, 150-450, 200-500, 200-450 or 300-430 m¥g. and a pore

"

volurme in the range of abont 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-
0.75 or 0.45-0.65 wmlig.

[80] With reference to FiGs. 4-6, 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
manvfacturer, as will be apparent herein.

[81] In the descriptions herein, the “active metal component” is distinct 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 sulfides) that are
impregnated 1o the frarsowork modified zeolite, 1o the hinder, n extrudates 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.

[82] While not wishing to be bound by theory, it is understood that by contrelling the
metal loading. by using wet UBYA, pore clogging 1s minimized, I the zeolite has the pores
thereot saturated with water, a smaller quantity of metals can diffuse into the pores over a
given period of time from a metal solution, as compared {o addition of the metal solntion

to the same zeolite in a dried stated.
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§831  In the embodiments described herein, the ratio of the post-framework modified
USY zeolite component and the inorganic oxide binder component 18 appropriately
determined according to the object of the catalyst. For example, the post-framework
wodified USY reolite content of the catalvst particles {ormed with the composite support
material can be in the vange of about 8.1-99, (L1890, 0.1-60, 0.1-70, 2-99, 2-90, 2-8¢, 2-70,
20-100, 20-96, 20-80 or Z0-70 wi, with the remaining content being the inorganic oxide
binder, andd in certain eroboditoents optionally one or more other zeolitic materials.

[84] In one embodiment, a mcthod for prodocing catalyst panticles is provided, wherein
the catalyst particies are formed from a composite of a granudating agent or binder material
such as an inorganic oxide. and a framewaork substituted USY zeolite material {USYA) in
which some of the alominum atoms 1o the framework are substituted with zirconium atoras
andfor tantum aftoms andfor hafotom gioms, and wherein the active wmeials are
impregnated therein prior to forming catalyst particles.  In other descriptions of this
embodiment, the catalyst particles of this embodiment are referred to as a calcined
extrudates of a coraposite support material of binder and USYA having active metals loaded
therean,

[85] FIG. 4 shows process steps for producing said composite catalvst of binder and
LSYA according to this embodinient in which a mixture of USYA and inorganic oxide are
inpregnated with the active metal component prior to forming catalyst particies.

i861  In one embodiment of this preparation method, the framework roodified zeolite and
inorganic oxide as the binder are prepared and/or provided, mixed at the desired ratio and
kneaded to form a composite uwniform mixture of the materials.  The active metal

component 15 added onto the surfaces of the zeolite and the binder, including on the pore
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tsternal wall surfaces. The mixiure contaluing the active metal component is then extruded
and calcined to form the active metal-containing catalyst particles. The steps 19 and 20
from the process of FIG. 3 are thereby ehiminated.

(871 The framework sabstitnied USY zeolite material, USYA, e provided af step 43, as
wet, dry (uncalcined) or caleined veolife material. The onderlving framework substituted
USY zeolite material and binder material can be provided from any suitable source,

e

including as described hereinabove in conjunction with FIG, 3 or from another source.
Steps corresponding to those i FIG. 3 which are considered optional in certain
embodiments herein are shown in dashed Hues in FIG. 4, and can be carried out as
described with respect o Fi3. 3. The composiic material formed of the zeolite and the
inorganic oxide material is characterized by cuter surfaces and inner pore wall surfaces, In
the embodiment of FIG. 4, the active metals are attached to the outer surfaces and oner
pore wall surfaces of the composite material at step &6.

f881 The post-framework modified USY zeolite incorpeorates one or more of zirconium,
titaniurm, and/or hafniom ino i framework, in effective concenirations of about 0.1-3.0,
(.1-4.0, 0.1-3.0, 0.2-5.0. 0.2-4.0, 0.2-3.0, 0.3-5.0, 0.3-4.0 or 0.3-3.0 wi%, as calcolated on
their oxide basis {that is, 2030, T and/or HIG:) and as measured relative to the mass of
the post-framework meodified USY zeolite! in certain embodiments, the amounis of
individual materials supplying Zx, T1, and/or HY can be less than 0.1, 0.2 or 0.3 wit%, but
when combined, the tolal s at least 8.1, 0.2 or 0.3 wi%. In certain cmbodiments the
framework substinuted USY zeolite component 15 provided in a “wet” siate, whereby the
solid material from the framework substitution step, step ¥2. is filterediwashed and

provided in a wet state, whereby the drying step typically ntilized is not carried out {carried
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out £o 2 leaser degree) so that water remains enfrained in the solids, In cerlaln entbodiments
the framework substituted {158Y zeolite component is provided in a “dry” staie, wherehy
the solid material frorm the framework sobstitution step, step 12, is filtered, and dried, bot
provided in an uncaleined state, whereby the thermal treatment step to calcine the material
that is typically utilized is not carried out.  In certain embodiments the framework
substituted USY zeolite component is provided in a “dry” state, whereby the solid material
from the framnework substitution stop, step 12, 1s filtered, dried, and calcined. Accordingly,
in the embodiments of FIG. 4, the USYA at step 43 15 provided as wet, dry (eacalcined) or
calcined zeolite material.

[891  The USYA zeolite material from step 43, in a wet, dry {uncalcined) or calcined
state, 18 combined with the binder support component (e.g., from step 15}, shown as a
mixing/kneading step 46, which can be carried out as deseribed above with respect to st
E6 in FH3. 3. The binder malerial can be prepared, for example, as shown and described
herein with respect to steps 14 and 18 in FIG. 3. or a commercially available inorganic
oxide component can be provided, as 1s known to those skilled in the art, As the inorganic
oxide, a porous inorganic oxide used ip bydrocracking or other catalyst corapositions i
the relaled avt can be wsed. Examples thereof inchude alumisa, silica, ttania, silica-
alumina, alumina-titania, alumina-zirconia, alumina-boria, phosphorus-alumina, silica-
alumina-boria, phosphorus-alumina-boria, phosphorus-alumina-silica, stlica-alumina-
titania, and sthca-alurnina-zirconia,

[90] After formation of the composite uniform mixture of the post-framework modified
USY zeolite and binder materials at step 46, and before forming into the catalyst particles,

an effective gquantity of the active metal component is added onto the surfaces, inclading
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the pore wall surfaces, of the zeolite and binder material, af step 86, While this is shown
as a discrete step, impregnation of active metals in the mixiure of the post-framework
mndified USY zeolite and binder can cccur doring the mixing and kneading/mulling of the
components, or as a separate siep thereafier. In certain ernbodiments, doring the mixing
and kneading/mulling of the components, all or a portion of water that would tvpically be
used is substituted with an agneous metal solution as the source of active metal component.
In certain embodiments, the active metal component of the final catalyst particles is
provided only in the composite uniform mixture of the posi-framework modified USY
zeolite and binder, therefore the effective quantity encompasses the total active metal
content of the final catalyst particles.

[91] The active metal comaponent can include one or more metals or metal compounds
{oxides or sulfides) koown in the art of hydrocracking, inchuding those selected from the
Periedic Table of the Elements HIPAL Groups 6, 7, 8, 9 and 10, In certain embodiments
the active metal component is one or wmore of Mo, W, Co or Ni {oxides or suifides). In
ceriain embodiments, typically in sullur-frec environments, active metal components
include those effective as bydrogenation and/or reformiog catalysts such as one oF more
noble metals Py, Pd, Ry, Be, Iv, or a combination of such noble meials.

[92] ‘The metal component may be contained in the compostie uniform mixture of the
post-framework maodified USY zeolite and binder material in effective concentrations o
provide an effective overall active metal content in the fival catalyst particles. Catalysis
produced according to the embodiment of FIG. 4 used for hydrocracking, for example
hydrocracking of heavy hydrocarbon oil, can contain about G.01 to 40% by mass of active

metal component{s) in terms of metal, oxide or suifide relative o the total mass of the
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composite catalyst material, similar to vanges used tn conventional hydvocracking catalysts,
In the case of non-noble metals, including Mo, W, (o, Ni or combinations thereof, an
effective total active metal condent can be about 0.1 to 40%, or 3 to 40%. by by mass in
terms of oxide or snlfide based on a mass of the catalyst. In the case of noble metals,
typically in sulfur-free envivonments {or hydrogenation andfor veforming, ap effective total
active metal content can be in about 0.01 to 2% by mass in terms of metal.

931 Several methods can be used to add the active motal component(s) to the support
(the composite uniform mixiure of the post-framework modified USY zeolite and binder
miaterials), inclading but not limited to immersion, incipient wetness, and evaporative, or
any other suitable method. In cortain embodiments an cffective quantity of the wet or dry
composite uniform mixiure 18 immersed in an excess of solution containing active metals
or metal compounds, The solation flls the pores and is also adsorbed on the sapport
surface, and excess solution is removed to recover the metal-loaded composiie uniform
mixture of support materiais,  In another method, impregnation is carried out using
incipient wetness by turnbling or spraying an offective quantity of support material (the
compostie wform mixte of the post-framework modified USY zeolite and binder
niaterials) with a volume of solntion having a concentration of metal compound fatlored
achieve the targeted metal level. The metal-loaded composite uniform mixture of support
materials is recovered. In another method, evaporative impregnation, an effective quantity
of support ruaterial (the composite uniform mikiore of the post-framework modified USY
reoiite and binder materials) is saturated with water or with acid solution and immersed

inte the aqueocus solution containing the metal compound. That compound subsequently
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diffuses into the pores of the support through the agqueous phase.  The metal-loaded
composite aniform mixture of support materials is recovered.

i94] The guanuty and concentration of the agqueous solution containing active metal
componenis added to the composite vaformn maxiure of the post-framework modified USY
zeolite and binder materials is dependent on the desired guantity of the active metal
components to be loaded on the composite suppost particles. In certain embodiments of
the above mcthods, the voluroe of the active metal solution added to the is equal 1o or
stightly less than the pore volure of the support. The solution is maintained at an effective
temnperature, for instance about 40-100, 40-99, 60-100, 60-99, 60-97, 7(-99, 74-97, §3-99,
&0-97 or 90-99°C and for an cffective residence time, for instance in a range of about 40-
1200, 40-600, 40-360, 60-1200, 60-600, 60-360, 120-1200, 120-600, 120-350, 120-1200,
180-600, 180-360, or 240-360 minutes,

{951 In certain embodiments, the metal loading can be attained by loading the metal
sclution of an appropriate concentration up to the available pore volume of the composite
uniform mixture of the post-framework modified USY zeolite and binder materials, In
further emnbodiments, 4 lesser amount 18 used (o control the metal Toading. For example,
an effective volume of the loading metal solution can be, for instance, in the range of about
1100, 1-99, 1-90, 20-100, 20-99. or 20-90 V% relative o the total pore volume of the
support material.

{961 The kneaded/mulled material thas obtained at stop 66 {as a step separate from step
16, or together with the koeading/mulling in step 18) is formed into composite catalyst
particies, shown as a forming step 47. The composite catalyst particles are calcined, shown

as a thermal treatment step 48, and the final product is recovered, shown as step 33, Steps
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46, 47, 48 and 51 shown and described wiih respect fo FH3. 4 can be carried out as
described above with respect o steps i, 7. 18 and 21, respectively, in FI3. 3. As noted
above, the steps 19 and 28 from the process of FIG. 3 gre thereby climinated in certain
embodiments, and the Anal coroposite catalyst particles are a metal-loaded composiie of
the USYA and the binder support component, which is co-extruded and formed into the
catalyst particles.

71 Atstep 851, the final catalyst product, calcined catalyst particles, are recovered. The
final corposife catalyst particles, being calcined extrudates of a composite suppost
material of binder and USYA having active metals loaded therein, generally have surface
arca and pore volume levels within the ranges of the catalysts formed in the conventional
process, for example as described with respect to step 23 in FIG. 3,

(98] Accordingly, the overall process of producing metal-loaded catalyst patticles
having a composite support of framework substituted 1I53Y zeolite material and tnorganic
oxide is simplified, as the steps 1% and 28 from the process of FIG. 3 are eliminated.

[99] In another embodiment, a method for producing catalyst particles is provided,
wherein the catalyst particles are formed from a cormposie of a granulating agent or binder
wiaterial such a3 an inorganic oxide, and a framework substituted USY szeolile material
{(UUSYA) in which some of the aluminum astoms in the framewaork are substituted with
zirconiur atoms and/or fitanium atoms and/or hafninm atoms, wherein the active metals
are impregnaied in the wixtore prior o forming catalyst pagticles, and forther wherein
additional active metals are impregnated in the formed catalyst particles. In other

descriptions of this embodiment, the catalyst particles of this embodiment are referred to
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as a calcined metal-foaded extrudates of a composite support material of binder and USYA
having active metals loaded therein.

[100] FIG. 5 shows process steps for producing said composiie catalyst of binder and
USYA having active metals impregnated prior o catalyst forroing, and with additional
active metals impregnated in the formed extrudate according to this embodiment.

fE181] Inoncombodiment of this preparation method, the framework modified zeolite and
tnorganic oxide as the binder are prepared and/or provided, mixed at the destred ratio and
kneaded to form a composite untform mixiure of the matenials, A portion of the active
mietal component is added onto the seolite and binder surfaces, inchuding on the pore
internal wall surfaces. The metal-Ipaded composite mixtare is extruded and calcined to
form the sctive metal-containing catalyst particles with g first portion of the total active
metal content therein.  Another portion, of the total active metal component {in certaiy
embodiments the remaining portion)) is added to the extradate after catalyst particlies are
formed with the binder, and the metal-loaded composite catalyst particles, having the
binder and framework modified zeolite components separately metal-loaded, are caleined
to forro the Ginal product.

FED2]  The framework sabstituted USY zeolile material, USYA, is provided af step 43, as
wet, dry {uncaleined) or calcined zeolite material, as described herein with respect to FIG.
4. The underlying framework substituted USY zeolite material and binder material can be
provided {row any suitable source, including as described hereinabove in conjunction with
FIG. 3 or from another source. Steps corresponding 1o those in FIG. 3 which are considered
optional in certain embodiments herein are shown in dashed lines in FIG. 5, and can be

carried ont as described with respect o FIG. 3. The composite material formed of the
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zeolite and the norganic oxide material is characterized by ovter surfaces and inner pore
wall surfaces. In addition, the formed extrudate is characterized by outer surfaces and inner
pore wall surfaces. In the ernboditaent of FIG. §, the active metals are attached {o the outer
surfaces and inver pore wall sorfaces of the composite roaterial at step 66, and additional
metals attach (o the owter surfaces and foner pore wall surfaces of the formed extrudale at
step 49,

[103] As with the embodiment of FIG, 4, USYA zeolite matenial from step 43, in a wei,
dry (wocalcived) or calcined state, is combined with the binder support component (e.g.,
from step 18), shown as a mixing/kneading step 46, which can be carried out as described
above with respect to step 16 in FIG. 3. After formation of the composite uniform mixture
of the post-framework modified USY zeolite and binder materials at step 46, and before
forming into the catalvet particles, an effective quastity of the active metal coroponent is
added onto the surfaces, including the pore wall surfaces, of the zeolite and binder material,
at step 66, In the embodiment of FIG. 5, only a portion of the active metal content is Ipaded
at this siep. The quantity of the active metal component at step 66 is a first portion of the
total active metal component content contained in the final composite catalyst particles,
and a second portion of the total active metal component content is impregnated in the
extrudates at step 49 described below.

f104] The first portion added o the composite support component can be, for instance,
about 1-99, 1290, 1-70, 1-60, 199, 5-90, 5-70, 5-60, 20-99, 20-90, 20-70, 20-60, 40-99,
40-90, 40-70, or 40-60 % by mass of the tolal active metal component countent contained

i the final composite catalyst particies, with the remainder of the total active metal made
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up in the second portion of the of active metal component content that is impregnated i
the extrudates as the formed composite support component.

f105] The composite catalyst particles, having s first portion of the active metal
component in the composite support component, and after subjecting to thermal freatment
at step 48, are subjected to an impregnation step 49, 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 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.
The metal-loaded composite catalyst particles from step 49 are calcined, shown as a
thermal treatment step 50, and the final product, calcined catalyst particles, are recovered,
shown as step 51.

FE86]  Several methods can be used to add the additional active mactal cormponent(s) to the
metal-loaded composite extrudate particles, as the calcined metal-loaded support from step
48, inchiding but not Hmited to imumersion, incipient wetpess, and evaporative. The
impregnation of the once metal-loaded composite extrudate particles can follow the
procedures used in conventional methods, for instance descried in conjunction with step
19 in FIG. 3. Adifference 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, to provide the twice metal-foaded composite

extrudate particles.
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FED7] The procedure for the thermal freatiment step 38 can follow those used in
conventional methods, for instance descried in conjunction with step 20 in FIG. 3. At siep
51, the final catalyst product is recovered. The final composite catalyst particles, being
calcined metal-loaded exirudates of a coraposile support material of binder and USYA
having active metals loaded therein, generally have surface area and pore volume levels
within the ranges of the catalysts formed in the conventional process, for example as
described with respect to step 21 in FIG. 3,
[108] In additional embodiments, and with reference generally to FIG. 6, methods for
producing catalyst particles is provided, wherein the catalyst particles are formed from a
composite of a granulating agent or binder material such as an inorganic oxide, and 2
framework sabstituted USY zeolite material (USYA) in which some of the alaminum atoms
i the framework are substituted with zirconium atoms andfor titantom atoms and/or
hafninm atoms. The active metals are impregnated in a composite of binder and LISYA,
step &6 as described herein, and

{ay an inorganic oxide binder, step 35 (in the absence of the metal irnpregnation step
4%} as described herein and 1o co-pending United States Patent Application Serial Number
17/577,747 filed on Fanuary 18, 2022, entitled “Catalysts With Modified Active Phase
Dispersion And Method To Prepare (Catalysts With Maodified Active Phase Dispersion,”
which 1s tncorporated by reference herein in its entirety;

tby & USYA zeolite fo form USYA{my), step 54 (in the absence of the wetal
impregnation step 4%} as described berein and in co-pending United States Patent

Application Scrial Number 17/577,691 filed on Jamuary 18, 2022, entitled “Catalysts With
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bModified Active Phase Dispersion &nd Method To Prepare Catalysts With Modified Active
Phase [spersion,” which is incorporated by reference herein in its entirety; or

{cy both () and (b} above,

[109] Aliernatively, the active melals are Tropregoated in a composite of binder and
LISYA, step 66 as described herein, and

{a) one of
{al} an inorganic oxide binder, step 35 (in the abscnce of the metal
impregoation step 493 as described herein and in co-pending Untied Siates Patont
Application Serial Number 17/577,747 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 its entirety;

(a2} a USYA zeolite to form USYA(m), step 54 (in the absence of the metal
impregnation step 49 as described herein and tn co-pending United States Patent
Apphcation herial Number 17/577,691 filed on Jamuary 18, 2022, entitled
“Catalysts With Modified Active Phase Dispersion And Method To Prepare
Catalysts With Modified Active Phase Dispersion,” which is incorporated by
reference herein in its entirety; or

{a3) both {al} and {a2) above;

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

aghove {al}, {a2) or (a3).
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[110] FIG. 6 shows process steps for prodacing saild composite catalyst with active metals
impregnated at one or more stages. The procedures for the individual steps can follow
those described herein with respect to FIGs, 3-5, with certain steps as further described in
co-pending United States Patent Application Serial Numbers 17/577,691 filed on January
18, 2022, and entitled “Catalysts With Modified Active Phase Dispersion And Method To
Prepare Catalysts With Modified Active Phase Dispersion.” andfor 17/577,747 filed on
Fanuary 18, 2022, entitled “Catalysts With Meodified Active Phase Dispersion And Method
To Prepare Catalysts With Modified Active Phase Dispersion,” which are both incorporated
by reference herein in their entireties.

f£11] 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 zeolite
or meial-loaded post-framework modified USY zeohite) can be integrated, for 1nstance at
step iy which the post-framework modified UBSY zeolite or the metal-loaded post-
framework modified USY zeolite is nuixed with inorganic oxide. Said additional zenlitic
material can include bot is not Bmited to mordenite, Z5M-5, Z5MM-11, ZS8M-12, Z8M-22,
LSM-23, ZSM 35, beta-type, | Y and USY {wherein this USY zeolitic component 1s not the
same as the post-framework modified USY zeolite described herein). For example, these
can be (FAU} framework, which includes USY, having a micropore size related to the 12-
mernber ring when viewed along the [111] direction of 7,457 4 A (MF1) framework, which
wncludes ZS5M-5, baving a roicropore size related to the 10-mersber rings when viewsd
along the [1007 and [010] directicns of 5.5x51 A and 5.6+5.3 A respectively, (MEL)
framework, which includes Z5M-11, having a micropore size related o the 10-member

ring when viewed along the [100] direction of 5.4x53 A (MTW) framework, which
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incindes Z5M-12, baving a wicropore size related to the 12-member ring when viewsd
along the [(110] direction of 5.6x6.0 A; (TON) framewark, which includes 28312, having
a micropore size related to the 10-member ving when viewed along the [001] direction of
4.6+5.7 A, (MTT) framework, which tucludes Z8M-22, having a ruicropore size related to
the 10-member ring when viewsd alovg the [001] divection of 45x532 A . {(FER)
framework. which includes Z5M-35, having a micropore size related to the 10-member
ring and S-rocmber ring when viewed along the [001] and (010} directions of 4.2x35.4 A
and 3.5%4.8 ;5\, respectively; (MOR) frarsework, 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 2.6%57 A, respectively; and (*BEA)
framework, which includes zeolite beta polymorph A, having a micropore size related o
the 12-member rings when viewed along the {100} and [001] divections of 6.6x6.7 A and
5.605.6 A, respectively.

f812] A method for hydrocracking hydrocarbon oil is provided herein, including
hydrooracking hydrocarborn oil with the hydrocracking catalyst described above.

fR13]  In certain embodiments, a method for hydrocracking hydrocarbon oil coroprises
filling a reactor vessel of a hydrocracking apparatos which is a flow reactor with the
hydrocracking catalyst, and treating a hydrocarbon oil, for instance having a boiling point
in the range of about 370-816, 370-630°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 about 4-30, 7-15 MPa, a liquid hourly space velocity (LHSV) in the range of about
0.1-10, 0.2-1.5 v\, and a hydrogen/oil ratio of in the range of about 500-2500, 1000-2000

. . . [ P A
normalized cubic meters of hydrogen per cubic meter of oil (INm’/m™).
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fE14] In certain embodiments, a method for hydrocracking hydrocarbon ol comprises
filling a reactor vessel of a hydrocracking apparatus which is a flow reactor with the
hydrocracking catalyst, and treating a hydrocarbon oil having a boiling point in the range
of about 370-630°C in the presence of hydrogen at a reactor emperatore in the range of
about 330-430°C, a hydrogen partial pressure in the range of about 7-15 MPa, a LH3V in
the range of about §.2-1.5 h'', and a hydrogen/oil ratio of in the range of about 1000-2000
No'/m® o afford kerosene-gas oil.

fE1S] In the method for hydrocracking hydrocarbon ol according fo the present
tyvention, the flow reactor described above can be a flow reactor selected from a stirring
bath type reactor, a boiling bed type reactor, a baftie-equipped shurry bath tvpe reactor, a
fixed bed type reactor, a rotary (wbe type reactor and a slarry bad type reactor,

fFis] In the wethod for hydrocracking hyvdrocarbon ol according to the presend
invention, the hydrocarbon oil described above contains preferably heavy hydrocarbon ol
obtained from (1) crude o, {2) synthetic crude oil, (3) bitumen, {(4) oil sand, (§) shell ofl
or {6} voal Hguid.

fE17]  Inthe method for hydrocracking hydrocarbon o according o certain embodiments
the present invention, the hydrocarbon oil described above contains heavy hydrocarbon oil
obtained from crude oil, synthetic crude i, bitumen, ol sand, shell oil or coal liguid. and
the above heavy hydrocarbon o1l is preferably any of ay vacuum gas oil (VGO), by
deasphalted oil {DAO) obtained from a solvent deasphalting process or demetallized oil,
¢} light coker gas oif or heavy coker gas oil obtatned from a coler process, d) cvcle oil
obtained from a finid catalytic cracking (FCC) process or ¢) gas oil obtained from a

vishreaking process.
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fEIB] The hydrocracking catalyst for hydrocarbon ol manufactored according to the
present invention is characterized by that in 2 hydrocracking catalyst for hydrocarbon oil
containing an ulra-stable Y-type zeolite, the above ultra-stable Y-type zeolite is the
framework-substituted zeclite in which a part of aluminum atoros constitnting a framework
thereol is substituled with zivconium atoms andfor titanium asdfor halnium atoms.
Hydrogenative active metal components arc provided. are provided, wherein all or a
portion of the metal loading occurs prior (o forming the composite catalyst particies, as
described berein,

fR1%]  Accordingly, the hydrocracking catalyst of the present invention makes it casy to
diffuse heavy hydrocarbons such as VGO, DAC and the like into mesopores thereof as
compared with conventional hydrocracking catalysts comprising a support of g zeolite on
which titaniam fine particles or zirconium fine patticles are carvied, and a cracking activity
of hydrocarbon oil is enhanced to make it possible to obtain middle distillates at ngh yields.
Using the hydrocracking catalyst of the present invention, clogging of the mesopores is
mininuzed enhancing the ability of the heavy hydrocarbons to diffuse therein for catalytic
reaction,

FE281 Further, the hyvdrocracking catalyst of the present inveution has a slightly low
cracking activity of hydrocarbon oils as compared with those of conventional
hydrocracking catalysts comprising g hydrogenative metal component carried on g support
comprising a frarsowork-substituted zoolite tn which a part of alumimur aforos constitutiog
a framework of a Y-type zeolite iz substituted with tianium atoms, buf an excessive
cracking reaction of kerosenc and gas oil is inhibited, so that middle distillates can be

obtained at high vields, Alsc, the hydrocracking catalyst for hydrocarbon oil according o
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the present invention s increased the number of active sites and therefore is provided with
a high hydrocracking activity.

EXAMPLES

Comparative Example

fE21} The comparative example provides a method of producing reference catalyst
particies, which are calcined composite support particies of the post-framework modified
USY zeclite described herein and a binder, having active metal component added to the
particles, and subsequently calcined. The process is simidlar to that disclosed in the 036
patent family.

FE22] First, 300 kp of a Na-Y zeolite having 2 SAR of 5.2, 2 UD of 2,466 nm, a SA of
720 m’g. and a NazO content of 13.0% by mass, was suspended in water (lquid/soiid mass
ratic of 12.5 L of water per kg of zeolite) at a temperature of 60°C, Then, 4.0 kg of
ammonium sulfaie was added thereto. The resulting suspension was stirred at 70°C for |
hour and filtered. The resulting solid was washed with water. Then the solid was washed
with an arpmonivm suifate solotion of 14.0 kg of ammonium sulfate disselved in 300 L of
water baving a temperature of 60°C, washed with 5300 L of water having a temperature of
60°C, dried at 130°C for 20 hours, thereby affording about 45 kg of a Y zeolite (NH: Y
in which 63% of sodinm {Na} contained in Na-Y was ion-exchanged with ammonivm ion
{NHa). The content of Nax(O in NHy Y was 4.5% by mass, Next. 40 kg of NH; Y was
fired o a saturated water vapor atroosphere af 870°C for 1 howr {o form a hydrogen-Y
reolite (HY).

FE23] 40 kgof HY was suspended in 400 L of water having a temperature of 60°C. Then,

49.0 kg of ammonium sulfate was added thereto, The resulting mixtore was stirred at 20°C
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for 1 hour and washed with 200 L of water having a temperature of 80°C. The mixture
was then dried at 130° . for 20 hours, thereby affording about 37 kg of 3 Y zeolite (NHy
Py in which 25% of Na contained in the initial Na-Y was ion-eachanged with NHa. Abhout
33 kg of the syothesized NHa P Y was fired in a saturated water vapor atroosphere at 650°C,
for 1 hour, thereby affording about 15 kg of an oliva stable Y zeolile (hereinatter, also
referred to as “USY{aY" having a $02/Al{(%: molar ratio of 5.2 and a Nax(} content of
U.6% by mass.

f124] 40 kg of USYia)) 13 suspended 1o 400 L of water a8 60°C. 23% by roass sulfuric
acid, at 2.35 tmes the zeolite amount thereto, was gradaally added to the suspension and
stivred for one hour to dissolve extraskeletal aluminnm and to prepare the second USRY
zeolte (USY(h)), Then, the suspension was filirated, and a matter obtained was washed
with 20 liter of purified water at 607C and dried at 130°C for 20 bowurs o obtain the solid
matter, USY(h). The USY(h) is fired at 680°C for | howr to thereby prepare an ultra-stable
Y-type zeolite (USY ().

FE25] | kg of the USY{(v) is suspended in 10 Lt of water at 25°C. The pH of the
suspension s adjusted to 1.6 by gradually adding 25% by mass sulfurnic acid. Then 86 gof
asolution containing 18% zirconium suifate by mass and 45 g of a solution containing 33%
titaninm sulfate by mass was added thereto. The resulting mixture was stirred for 3 hours
at room femperature. Then the pH was adjusied to 7.2 with 13% aqueous ammeonis by
mass, After the mixture was stured for 1 hour af room temperahure, the mixture was
filtered. The resulting solid was washed with 10 L of water and dried at 130°C for 20
hours, thereby affording about 1 kg of a titaninm-zirconium-substituted zeolite (Ti-Zr-

USY).
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f1261 To prepare an alumsina binder, 40 kg of an agueous solution of 6.8% sodium
aluminate by mass on an Al:(s basis was mixed with 40 kg of an aqueous sofution of 2.4%
alurninure sulfate by mass on an AbOs basis, Further, the mixture was stired at 60°C for
1 bour, and then the product was washed with 150 Lt of a (0.3 wmass % amroonia agueous
selution o remove MaxS304. Next, water was added to the product from which NazSQs was
removed to adjust an Al s concentration to 10% by mass. The pH was adjusted o 10.5
with 13% aquecus amrnonia by mass. The mixture was stitred at 93°C for 10 hours,
dehydrated, washed, and kneaded with 2 kneader, thereby providing an ahumina mixture,
f1271 The alnmina knead prodaoct thus prepared was mixed with the Ti-Zr-1I8Y zeolite 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 st 550°C for 3 hours, thereby preparing caleined composite particles,
{E28] The hydrogenative active metal coroponent was pext added 1o the calcived
composite particles. An aqueous solution containing hydrogenative-active metal
components was prepared by adding 700 mL of water to 200 2 of molybdenum frioxide
{an cxample of the hydrogenative-active metal component) and %1 g of nickel carbonaie
{an example of the hydrogenative-sctive metal component). The agueous solution was
miixed with 300 g of the caleined composite particles {the composite of THArUSY reolite
and alumina) and dried at 250 °C for 1 hour. The recovered mixture was fired at 550°C for
3 hours to prepare the caleined composite particles with active phase material, and
recovered, thereby affording about 0.5 kg of the reference catalyst.

Example 1

f12%] The process of the comparative cxample was followed to obtain the titanium-

rirconinm-substituted zeolife, TH-Fr-USY (in a dried state) and the alumina mixture., The
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Ti-7r-USY zeolite and alumina were mixed at a dry mass ratio of 3.7, and the mixture was
kneaded. An agueous sclufion confaining hydrogenative-active metal components was
prepared by adding 580 mL of water to 240 g of molybdenum trioxide {an example of the
hydrogenative-active metal component) and 10 g of nickel carbonate {an example of the
hydrogenative-active metal component). The aguecss sohstion of the active metal
component was mixed with 1200 g of the kneaded mixture of alumina and Ti-Zr-UISY
zeolite. The thus-formed nuxture was formed e a coluronar shape having a diameter of
1.8 nun, and fired at S50°C for 3 hours, and about 1.2 kg of the catalyst particles was
recovered, the catalyst particles being calcined exirudates of a composite support material
of binder and USYA having active metals loaded therein.

Example 2

FE381 The process of the comparative exarople was followed o obtain the tanium-
sirconiuns-substituted zeohite, Ti-Zr-USY {in a dried state) and the aluoing mixture. The
Ti-Zr-USY zeolite and aluming were nyixed at a dry mass ratio of 111, and the mixture was
kneaded, An agueouns solution confaining hydrogenative-active metal components was
prepared by adding 300 mL of water to 100 g of wolvbdenum irtoxide (an exarople of the
hydrogenative-active metal component) and 45 g of nickel carbonate (an example of the
hydrogenative-active metal component}. Half of the aqueous solution of the active metal
component was mixed with 300 g of the mixture of aluming and Ti-Zr-USY zeolite, thereby
affording about 0.5 kg of the composite support material loaded with active metals. The
mixnre was formed info 8 columnar shape having a diameter of 1.8 mun, and fired a1 550°C

for 3 hours, and about 0.5 kg of the intermediate catalyst particles was recovered.
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FE31 WNext, the remaining portion of the agqueous solution containing hydrogenative-
active metal components was mixed with §.5 g of the calcined intermediate catalyst
particles {the metal-loaded composiie of the Ti-Zr-USY zeclite and alurina) and dried at
256 °C for 1 howr, The recovered wintore was fived a1 35307C for 1 bour, and about 0.5 kg
of the catalyst particles was recovered, the catalyst particles being calcined metal-loaded
extrudates where said extrudate is formed from a mietal-foaded composite of Ti-Zr-1ISY
zeolite and alumina.

f132] The wmethod and avstern of the present invention have been described above;
bowever, modifications will be apparent to those of ordinary skill in the art and the scope

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

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

providing an inorganic oxide as a binder;

mixing and kneading the post-framework modified USY zeolite with the inorganic
oxide binder to form a composite of post-framework modified USY zeolite and inorganic
oxide binder, wherein the composite is characterized by outer surfaces and inner pore wall
surfaces;

impregnating one or more active metal components on outer surfaces and/or on
pore inner surfaces of composite to form a metal-loaded composite of post-framework
modified USY zeolite and inorganic oxide binder;

forming the catalyst particles from the metal-loaded composite of post-framework
modified 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 composite 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;
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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.
3. The method as in claim 1, wherein:

the one or more active metal components impregnated on the composite is a second
portion of a total active metal component content of the one or more active metal
components, and

the post-framework modified USY zeolite is characterized by outer surfaces and
pores which define inner surfaces;

wherein the process further comprises impregnating a first portion of the total active
metal component content of the one or more active metal components on outer surfaces
and/or on pore inner surfaces of the post-framework modified USY zeolite to form metal-
loaded post-framework modified USY zeolite, wherein mixing and kneading is of the
metal-loaded post-framework modified USY zeolite and inorganic oxide binder material
to form a composite of metal-loaded post-framework modified USY zeolite and inorganic
oxide binder material that is the composite having impregnated thereon the second portion
of the total active metal component content of the one or more active metal components,
and forming the catalyst particles into extrudates is from the metal-loaded composite of
metal-loaded post-framework modified USY zeolite and inorganic oxide binder.
4. The method as in claim 3, wherein the pores of said post-framework modified USY

zeolite define a volume, wherein impregnating one or more active metal components uses
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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.
5. The method as in claim 1, wherein:

the one or more active metal components impregnated on the composite is a second
portion of a total active metal component content of the one or more active metal
components, and

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

wherein the process further comprises impregnating a first 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 inorganic
oxide binder and post-framework modified USY zeolite to form a composite of metal-
loaded inorganic oxide binder and post-framework modified USY zeolite that is the
composite having impregnated thereon the second portion of the total active metal
component content of the one or more active metal components, and forming the catalyst
particles into extrudates is from the metal-loaded composite of metal-loaded inorganic
oxide binder and post-framework modified USY zeolite.
6. A method of manufacturing catalyst particles as in any of the above claims 1-5,
wherein said post-framework modified USY zeolite is provided in wet, dried or calcined

state.
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7. A method of manufacturing catalyst particles as in any of the above claims 1-5,
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.

8. A method of manufacturing catalyst particles as in any of the above claims 1-5,
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.

9. A method of manufacturing catalyst particles as in any of the above claims 1-5,
wherein said metal-loaded post-framework modified USY zeolite comprises about 0.1-99
wt% of the active metal-containing composite catalyst particles, wherein a remaining mass
comprises the inorganic oxide component.

10. A method of manufacturing catalyst particles as in any of the above claims 1-5,
wherein said catalyst particles are formed of post-framework modified USY zeolite, the
inorganic oxide component and an additional zeolite component.

11. A method of manufacturing catalyst particles as in claim 10, 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.

12. A method of manufacturing catalyst particles as in any of the above claims 1-5,
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
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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.
13. A method of manufacturing catalyst particles as in any of the above claims 1-5,
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.
14. Calcined catalyst particles comprising a composite of

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

inorganic oxide binder material,

wherein the composite 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 as metal-loaded composite; and

wherein said metal-loaded composite is formed into extrudates and thermally
treated as the calcined catalyst particles.
15. Calcined catalyst particles as in claim 14, 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.
16. Calcined catalyst particles as in claim 14, wherein said framework-modified USY

zeolite has the following characteristics: (a) a crystal lattice constant of 2.430 to 2.450 nm,
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(b) a specific surface area of 600 to 900 m?/g, and (c) a molar ratio of SiO> to Al,Os of 12
to 100.

17. Calcined catalyst particles as in claim 14, 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.

18. Calcined catalyst particles as in claim 14, 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.

19. Calcined catalyst particles as in claim 14, 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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