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CATALYST COMPOSITIONS AND PROCESSES
FOR MAKING AND USING SAME

CROSS-REFERERCETORELATED APPLICATIONS

[0001] This application claims priority to and the benefit of U.S. Provisional

Application No. 63/322 450 having a filing date of March 22, 2022, and U.S. Provisional
Application No. 63/322 998 having a filing date of March 23, 2022, the disclosures of
both of which are incorporated herein by reference in their entireties.

FIELD

[6802]  This disclosure relates {o catalyst compositions and processes for making and
using same.

BACKGROUND

16663 Catalytic reforming or debydrogenation, dehvdroaromatization, and/or
dehydrocyclization of alkane and/or alkyl aromatic hydrocarbons are industrially
important chemical conversion processes that are endothermic and equilibrivm-himited.
The reforming or dehydrogenation, dehydroaromatization, and/or dehydrocvelization of
alkanes, eg., Ci-Ciz alkanes, and/or alkyl aromatics, e.g., ethyvibenzene, can be done
through a vasiety of different catalyst compositions such as the Pt-based, Ni-based, Pd-
based, Ru-based, Re-based, Cr-based. Ga-based, V-based, Zr-based, In-based, W-based,
Mo-based, Zn-based. and Fe-based systems disposed on a support.

[6084] Among the existing propane dehydrogenation processes, a certain process uses
an aluomina supported chromia catalyst that provides one of the highest propylene yields
of approximately 50% (55% propane conversion at 90% propylene selectivity ), which is
obtained at a temperature of approximately 560°C to 650°C and at a low pressure of 20
kPa-absolute to 50 kPa-absohute. It is desirable to increase the propylene yield without
having to operate at such low pressure {o increase the efficiency of the dehydrogenation
process.

{3005}  There is aneed, therefore, for improved catalyst compositions and processes for
making and using same. This disclosure satisfies this and other needs.

SUMMARY

(600667 Catalyvst compositions and processes for making and using same are provided.
In some embodiments, the catalvst corposition can mclude 0.001 wi% to 6 wi% of a
Group 8-10 element disposed on a support, based on the weight of the support. The

support can include Al and at least 0.5 wi% of a Group 2 element, based on the weight of
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the support. The catalvst compaosition can be free of 81 or can contain < 0.5 wi¥%, < 0.43
wi%, < 0.4 wi%, < .35 wi%%, <0.3 wide, <0.25 wit%, <0.2 wi %, <0.15 wi%, < 0.1 wt%,
< 0.08 wi%, or < 0.01 wi% of Si, based on the weight of the support.

[6007] Insome embodiments, the process for making a catalyst composition can include

(=

{I} prepaning a slurry or a gel that include Al or a compound thereof, a Group 2 element
or a compound thereof, and a liguid wednum; (1} spray drying the slurry or the gel {o
produce spray dried particles that include the Al or the corapound thereof and the Group
2 element or the compound thereof, and (111} calcining the spray dried particles under an
oxidative atimosphere to produce calcined support particles that can include the Al or the
10 compound thereof and the Group 2 element or the compound thereof. The process can
also include at least one (1), {i1), and (1) (1) a Group 8-10 element can be present in the
starry or the gel in the form of a Group 8-10 element-containing compound and the
catalvst composition can include catalvst particles that include the calcined support
particlas having the Group 8-10 element disposed thereon, (i1} a Group 8-10 element can
15 be deposited on the sprav dried particles by contacting the spray dried particles with a
Group 8-10 element-containing compound to produce Group 3-10 element-containing
spray dried particles and the catalyst composition includes catalyst particles that include
the calcined support paticles having the Group 8-10 element disposad thereon, and (iii} a
Group 3-10 element can be deposited on the caleined support particles by contacting the
20 calcined support particles with a Group 8-10 element-contairung cornpound to produce
Group 8-10 element-containing calcined support particles and the process further includes
(V) calcining the Group 8-10 element-containing calcined support particles to produce
re-calcined support particles having the Group 8-10 element disposed thereon, where the
catalyst composition includes the re-calcined support particles. The catalyst particles can
25 include the Group 8-10 clement in an amount of 0.001 wi% to 6 wit%, the at least 0.5 wi%
of the Group 2 element, and the catalyst composttion can be {ree of Si or can contain <
0.5 wi%, < 0.45 wi%, < 0.4 wit%, < 0.35 wt%, < 0.3 wi%, <0.25 wi%, <0.2 wi%, <0.15
wi%, < 0.1 wi%, < 0.05 wi%, or < 0.01 wi% of Si, where all weight percent values are
based on the weight of the calcined support particles or the re-calcined support particles.
30 (0008} In some embodiments, a process for upgrading a hydrocarbon~contaiming feed
can include (I} contacting a hvdrocarbon-containing feed with a catalyst composition that
can include a Group 8-10 element disposed on a support to effect one or more of
dehydrogenation, dehydroaromatization, and dehydrocychization of at least a portion of

the hydrocarbon-containing feed to produce a coked catalyst composition and an effluent
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comprising one or more upgraded hvdrocarbons and molecular hvdrogen. The
hydrocarbon-containing feed can inchide one or more of £»-Cis linear or branched alkanes,
or one or more of C4-Cis cychic alkanes, or one or more Us-Cis alkyl aromatics, or a

mixture thereof The hydrocarbon-contaning feed and catalyst composition can be

(=

contacted at a temperature in a range of from 300°C 1o 900°C, for a time period of <3
hours, under a hydrocarbon partial pressure of at least 20 kPa-absohite, where the
hydrocarbon partial pressure is the total partial pressure of any C2-Cys alkanes and any Cs-
Ci¢ alkyl aromatics in the hyvdrocarbon-containing feed. The support can include Al and
at feast 0.5 wit% of a Group 2 element based on the weight of the support. The catalyst
10 composition can nclude the Group 8-10 element 1o an amount of 0.001 wt% to 6 wt%
based on the weight of the support. The catalyst composition can be free of 8i or can
contain < 0.5 wi%, < .45 wi%, < 0.4 wi%, <0.35 wibo, < 0.3 wi%, < 0.25 wt%,< 0.2
wi%, <018 wi%, < 0.1 wi%, < 0.03 wi%, or < (.01 wt% of 8i based on the weight of the
support.  The one or more upgraded hvdrocarbons can include at least one of a
15 dehydrogenated hvdrocarbon, a dehvdroaromatized hydrocarbon, and a dehvdrocychized
hydrocarbon.

BRIEF PESCRIPTION OF THE DRAWINGS

[6869] FIG. 1 shows the UsHg vield and selectivity of a catalyst composition (Catalyst

1} that included Al in the support and was free of Si maintained its performance over a
20 mumber of cycles.

6818} FIG. 2 shows the CiHe vield and selectivity of a catalvst composition {Catalvst

2} that included Al and Si in the support deactivated rapidly as the number of c¢ycles

mereased.

[6811] FIG. 3 shows the UsHe visld and selectivity of a catalyst composition ({Catalyst
25 3} that included Si in the support and was free of Al maintained its performance over a

number of cycles.

[6812] FIG. 4 shows the average C:Hg vield ploited against the number of cycles for a

catalvst composition (Catalyst 4) that included Al in the support and was freg of Siand a

catalvst composition {Catalvst 5) that included Al and 0.43 wi% of 81, where Catalyst 5
30 deactivated as the number of ¢ycles increased while Catalyst 4 did not.

DETAILED DESCRIPTION

[6613]  Various specific embodiments, versions and exaroples of the jovention will
now be described, including preferred embodiments and definitions that are adopted

herein for purposes of understanding the claimed invention. While the following detailed
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description gives specific preferred embodiments, those skilled in the art will appreciate
that these embodiments are exemplary only, and that the invention may be practiced in
other ways. For purposes of determining infringement, the scope of the mvention will

refer 10 any one or more of the appended claims, including their equivalents, and elements

(=

or limitations that are equivalent to those that are recited. Any reference to the “invention”
may refer o one or more, but not necessarily all, of the inventions defined by the claims.
16814]  In this disclosure, a process is described as comprising at least one “step.” It
should be undersiood that each step is an action or operation that may be carried out once
or muldtiple times in the process, in a continuous or discontinuous fashion.  Unless
10 specified to the contrary or the contest clearly indicates otherwise, multiple sieps n a
process may be conducted sequentially in the order as they are histed, with or without
overlapping with one or more other steps, or in any other order, as the case mav be. In
addition, one or more or even all steps may be conducted simultaneously with regard to
the same or different batch of material. For example, 1n a continuous process, while a first
1S step in a process is being conducted with respect fo a raw material just fed into the
beginning of the process, a second step may be carried out simultaneously with respect to
an intermediate material resulting from treating the raw matenials fed mto the process at
an earlier time in the first step. Preferably, the steps are conducted in the order described.
[6815]  Unless otherwise indicated, all numbers indicating quantities in this disclosure
20 are to be understood as being modified by the termo “about” i all nstances. 1t should also
be understood that the precise numerical values used in the specification and claims
constitute specific embodimenis. Efforts have been made to ensure the accuracy of the
data in the examples. However, it should be understood that any measured data inherently
contains a certam level of error due to the limitation of the technigue and/or equipment
25 used for acquiring the measurement.
[6616]  Certain embodiments and features are described herein using a set of numerical
upper limits and a set of numerical lower limits. Tt should be appreciated that ranges
including the combination of any two valugs, e.g.. the combination of any lower valus
with any upper value, the combination of any two lower values, and/or the combination
30 of any two upper values are conteruplated unless otherwise indicated.
[6817] The indefinite article “a” or “an”, as used herein, means “at least one” unless
specified to the contrary or the context clearly indicates otherwise. Thus, embodiments

using “a reactor” or “a conversion zone” include embodiments where one, two or more
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reactors or conversion zones are used, unless specified to the contrary or the comtext
clearly indicaies that only one reactor or conversion zone is used.
[6818]  The term “hydrocarbon”™ means (1) any compound consisting of hyvdrogen and

carbon atoms or (i1} any nuxture of two or more such compounds in (i), The term “Cn

(=

hydrocarbon,” where n is a positive infeger, means {1} any hydrocarbon compound
comprising carbon atom(s) in its molecule at the total nurnber of n, or (i1} any mixture of
two or more such hvdrocarbon compounds in (i), Thus, a €2 hydrocarbon can be ethane,
ethvlene, acetylene, or mixtures of ai least two of these compounds at any proportion. A
“Cm to Cn hydrocarbon” or “Cm-Cn hydrocarbon,” where m and n are positive integers
10 and m <n, means any of Cm, Cm+i, Crot+2, ., Cn~1, Cnhydrocarbons, or any mixtures
of two or more thereof. Thus, a “C2 to C3 hydrocarbon™ or “C2-C3 hvdrocarbon”™ can be
any of ethane, ethylene, acetylene, propane, propene, propyne, propadiene, cyclopropane,
and any maxtures of two or more thereof at any proportion between and among the
components. A “saturated C2-C3 hvdrocarbon” can be ethane, propane, cyclopropane, or
15 any mixture thereof of two or more thereof af any proportion. A “Cnt hvdrocarbon”
means {1} any hydrocarbon compound comprising carbon atom{s) tn its molecule at the
total number of at least n, or {11} any mixture of two or more such hvdrocarbon compounds
in (i). A “Un- hydrocarbon™ means (i) anv hydrocarbon compound comprising carbon
atoms n 118 molecule at the total number of at most n, or (i1} any mixture of two or more
20 such hydrocarbon compounds in (). A “Co hydrocarbou stream” yoeans a hydrocarbou
stream consisting essenfially of Cm hydrocarbon(s). A “Um-Cn hydrocarbon stream”
means a hydrocarbon stream consisting essentially of Cm-Cn hydrocarbon(s).
[6818} For the purposes of this disclosure, the nomenclature of elements 15 pursuant to
the version of the Periodic Table of Elements (under the new notation} as provided in
25 Hawley's Condensed Chemical Dictionary, 16® Ed., John Wiley & Sons, Inc., (2016),
Appendix V. For example, a Group 2 element includes Mg, a Group 8 element includes
Fe, a Group 9 element mcludes Co, a Group 10 element includes Ni, and a Group 13
element includes Al. The term “metalloid”, as used herein, refers to the following
clements: B, 81, Ge, As, Sb, Te, and At. In this disclosure, when a given element is
30 ndicated as present, it can be present in the elewental state or as any cheroical corapound
thereof, unless it is specified otherwise or clearly indicated otherwise by the context.
(66267  The term “alkane” means a saturated hydrocarbon. The term “cyclic alkane”
means a saturated hydrocarbon comprising a cyclic carbon ning in the molecular structure

thereof. An alkane can be linear, branched, or cyclic.



(=

16

L

20

N2
W

WO 2023/183693 PCT/US2023/063341

16821]  The term “aromatic” 15 to be understood it accordance with iis art-recognized
scope, which includes alkyl substituted and unsubstituted mono- and polynuclear
compounds.

[6022]  The term “rich” when used i phrases such as “X-rich™ or “rich in X means,
with respect to an ouigoing stream obtained from a device, e.g., a conversion zone, that
the strearn comprises material X at a concentration higher than in the feed material fed to
the same device from which the stream is derived. The term “lean” when used in phrases
such as “X-lean” or “lean in X” means, with respect to an cuigoing stream obtained from
adevice, e.g., a conversion zone, that the stream comprises material X at a congentration
lower thao iu the feed matenial fed to the same device from which the stream 1s denved.
60237  The term “mixed metal oxide” refers to a composition that includes oxygen
atoms and at least two different metal atoms that are mixed on an atomic scale. For
example, a “mixed Mg/Al metal oxide” has O, Mg, and Al atoms mixed on an atomic
scale and is substantially the same as or identical to a composition obtained by calcining

an Mg/Al hydrotalcite that has the general chemical formula [Mg o AL {OH), (A7)

mH, 3], where A is a counter anion of a negative charge n, x 1¢ in a range of from > ( to
<1, and myis > 0. A material consisting of nm sized MgO particles and nm sized ALGs
particles mixed together 1s not a mived metal oxide because the Mg and Al atorns are not
mixed on an atonuc scale but are instead mixed on a nm scale.

{8024}  The term “selectivity” refers {o the produciion {on a carbon mole basis) of a
specified compound n a catalvtic reaction.  As an example, the phrase “an alkane
hydrocarbon conversion reaction has a 100% selectivity for an olefin hydrocarbon”™ means
that 100% of the alkane hvdrocarbon (carbon mole basis) that is converted in the reaction
is converted to the olefin hvdrocarbon. When used in connection with a specified reactant,
the term “conversion” means the amount of the reactant consumed in the reaction. For
example, when the specified reactant is propane, 100% conversion means 100% of the
propane is consumed in the reaction. In another example, when the specified reactant is
propane, if one mole of propane converts to one mole of methane and one mole of

ethviene, the selectivity to methane is 33.3% and the selectivity to ethylene is 66.7%.
Yield {carbon mole basis}) is conversion times selectivity.
[B825]  In this disclosure, “A, B, ... or a combination thereof” means “A, B, ... or any

E3Y

combination of any two ormore of A, B, ...7. “A B, .., or a nuxture thereof means “A,

B, ..., or any mixture of any two or more of A, B, .7
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Catalyst Composition

168261 The catalvst composition can inchude 0.001 wi%, 0.002 wi%, 0.003 wi%, 0.004
W%, 0.005 wi%, 0.006 wi%. 0.007 wi%, 0.008 wi%, 0.009 wi%. 0 01 wi%, 0.015 wi%,
0.02 wi%e, 0.025 wi%, 0.03 wi%, 0.035 wi%, 0.04 wt%, 0.045 wit%, 0.05 wi%, 0.055 wi%,
0.06 witYe, (.065 wi%, 0.07 wi%, 0.08 wit%, (.085 wi%, 0.09 wil%, 0.095 wi%, (.1 wi%,
0.2 wit%, 0.3 wi%s, 0.4 wt%, 0.5 wi%, 0.6 wi%, (1.7 wi%, 0.8 wi%, 0.9 wi%e, or 1 wi% to
2 wi%. 3 wi%, 4 wt%, 5 wi%. or 6 wi% of a Group 8-10 element disposed on a support,
based on the weight of the support. In some embodiments, the catalyst composition can
include < 3.5 wit%, <4.5 wt%, £3.3 wi%, <2.5 wi%, < 1.5 wi%, <1 w1%, < 0.9 wi%, <
(3.8 wi%, <0.7 wi%, 0.6 wi%, <0.5 wi%, <0.4 wi%, <0.3 wi%, <0.2 wi%, <0.15 wi%,
< 0.1 wt%, < (.09 wit%, < 0.08 wi%, <{0.07 wit%, <0.06 wi%, <0.05 witlo, < (.04 wt%,
<0.03 wi%, <0.02 wi%, <0.01 wi%, < 0.009 wi%, <{.008 wit%, <0.007 witb%, <0.006
wi%, <0.005 wi%, <0.004 wi%, <8.003 wt%, or <0.002 wi% of the Group 8-10 element
disposed on the support, based on the weight of the support.

{60277 In some embodiments, the Group 8-10 element can be or can include, but is not
limited to, Fe, Co, Ni, Ry, Pd, Os, Ir, Pi, a combination thereof, or a muxiure thereof. In
at least one embodiment, the Group 8-10 element can be or can include Pt. I two or more
Group 8-10 elements are disposed on the support, the catalvst composttion can include
0.001 wi%, 6.002 wi%, 0.003 wi%, 0.004 wi%, 0.0035 wi%, 0.006 wits, 0.007 wile, .008
wi%, 0.009 wt%, 0.01 wi%, 0.015 wt%, 0.02 wi%, 0.025 wit%, 0.03 wi%, 0.035 wt%,
(.04 wi%, 0.045 wi%, 0.05 wit%, 0.055 wt%, 0.06 wi%, 0.065 wi%, ¢.07 wi%, 0.08 wi%,
{.085 wi%, 0.09 wi%, 0.095 wt%, 0.1 wi%, 0.2 wt%, 0.3 wi%, 0.4 wit%, 0.5 wi%, 0.6
wi%, 0.7 wit%, (.8 wt%, 0.9 wi%%, or 1 wi% to 2 wi%, 3 wi%, 4 wi%, 5 wi%, or 6 wi% of
a combined amount of the two or more Group 8-10 elements disposed on the support,
based on the weight of the support. In some embodiments, an active component of the
catalvst composition that can be capable of effecting one or more of reforming or
dehydrogenation, dehydroaromatization, and dehydrocyclization of a hydrocarbon-
containing feed can be or can include the Group 8-10 element(s} disposed on the support.
6028} The support can be or can include, but is not limated to, one or more Group 2
clements and aluminum {Al). The Group 2 element can be or can include, Be, Mg, Ca,
St, Ba, or combination thereof, or a mixture thereof. In some embodiments, the Group 2
element and/or the Al can be present in its elemental form. In other embodiments, the
Group 2 element and/or the Al can be present in the form of a compound. For example,

the Group 2 element and/or the Al can be present as an oxide, a phosphate. a halide, a
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halate, a sulfate, a sulfide, a borate, a nitride, a carbide, an aluminate, a carbonate,
metaphosphate, a selenide, a tungsiate, a molybdate, a chromite, a chromate, or a
dichromate. In some embodiments, a muxture of any two or more compounds that include

the Group 2 element and/or the Al can be present in different forms.

(=

6029} It has been swprisingly and unexpectedly discovered that when the support
inchades the Group 2 element and Al, the presence of silicon (S1) is detrimental {o the
longevity of the catalyst composition. More particularly, the catalyst composition that
includes the Group 2 element, Al and > 0.5 wt% of Si based on the weight of the support,
the catalyst composition will rapidly deactivate as the number of cycles ingreases. Fach
10 cvele includes, at a oo, condacting a hydrocarbon-containing feed with the catalyst
composition to produce a coked catalyst composition and an effluent that can include one
or more upgraded hvdrocarbons and molecular hvdrogen and contacting the catalvst
compaosition with an oxidant to effect combustion of at least a portion of the coke to
produce a regenerated catalyst lean in coke and a combustion gas. Contacting an
15 additional quantity of the hydrocarbon-containing feed with the regenerated catalyst starts
asecond cycle. In some embodiments, the catalvst composition can be free of any 81, In
other embodiments, the catalyst composition can include < 0.5 wt %, < 0.45 wit%, < 0.4
wi%, < 0.35 wi%e, <0.3 wi%, <0.25 wi%,< 0.2 wit%, <315 wi%, < 0.1 wi%, <0.09 wt%,
< (0.08 wt%, < Q.07 wi%s, < 0.06 wit%, < 0.05 wi%, <0.04 wi%, <0.03 wi%, 0.02 wi%, <
20 .01 wi%h, <0.007 wi%, <0.005 wi%, < 0.003 wi%, <.001 wt%, <0.0007 wi¥%, <0.0008
Wwi%, < 0.0003 wt%, or < .0001 wit% of §i, based on the weight of the support.
[3038] In some embodiments, the Group 2 element and the Al can be in the form of a
mixed Group 2 element/Al metal oxide that has O, Mg, and Al atoms mixed on an atomic
scale. In some embodiments the support can be or can include the Group 2 element and
25 the Al in the form of an oxide or one or more oxides of the Group 2 element and AL(Os
that can be mixed on anm scale. In some embodiments, the support can be or can include
an oxide of the Group 2 element, e.g., Mg0O, and ALO: mixed on a nm scale.
16831}  In some embodiments, the support can be or can include a first quantity of the
Group 2 element and the Al in the form of a mixed Group 2 element/Al metal oxide and
30 asecond quantity of the Group 2 element in the form of an oxade of the Group 2 elerment.
In such embodiment, the mixed Group 2 element/Al metal oxide and the oxide of the
Group 2 element can be mixed on the nm scale and the Group 2 element and Al in the

muxed Group 2 element/Al metal oxide can be mixed on the atomic scale.
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16832] In other embodiments, the support can be or can include a first quantity of the
Group 2 element and a first quantity of the Al in the form of a mixed Group 2 element/Al
metal oxide, a second guantity of the Group 2 element in the form of an oxide of the Group

2 element, and a second quantity of the Al in the form of ALO:. In such embodiment, the

(=

mixed Group 2 element/Al metal oxide, the oxide of the Group 2 element, and the AL(:s

can be mixed on a nm scale and the Group 2 element and Al in the mixed Group 2

element/Al metal oxide can be mixed on the atomic scale.

[6833] In some embodiments, the support can be or can include, but is not himited to,

one or more of the following compounds: MguwAhOa,, where w s a positive number;

10 Ca,AbOsn, where x is a posifive number; Sty Al:Qasy, where v is a posttive number;
Ba:AbOs:2, where 7 is a positive number. Be(, MgQ, Ca(y, Bal, 510, BeCOs, MaC0s,
CaCOs, SrC0Os, BaCQs, CaZr(0s, CardrAlsCs, CaTiOs, CarAlOrs, CarHIALOs,
BaCeQ0s, one or more roagnesium chromates, one or more magnesiuro tungstates, one or
more magnesium molybdates, combinations thereof, and/or mixtures thereof.

15 [B034] Insome embodiments, the MgwAlOsw, where w is a positive number, if present
as the support or as a component of the support can have a molar ratio of Mg o Al in a
range from 0.5, 1,2, 3.4, or 510 6.7, 8, 9, or 10. In some embodiments, the Mg, AbO: 1y
can include MgAl:Qy, Mg:ALOs, or a mixture thereof. The CaxAbQOs, where x is a
positive number, if present as the support or as a component of the support can have a

20 molar ratio of Ca to Al inarange from 1112, 1:4, 12, 2.3, 5:6, 121, 12:14, or 1.5:1 In
some smbodiments, the CaAbOs can include tricalcium aluminate, dodecacalcium
hepta-aluminate, monocalcium aluminaie, monocaleium dialwminate, monocalctum hexa-
aluminate, dicalcium aluminate, pentacalcium trialuminate, fetracalcium trialumunate, or
any nuxture thereof. The SnAbO:w, where v is a positive mumber, if present as the

25 support or as a component of the support can have a molar ratio of Srto Al in arange from
0.05, 03,01 0610 0.9, 1.5, or 3. The Ba.ALOs+., where 7 15 a positive nurnber, if present
as the support or as a component of the support can have a molar ratio of Ba to Al 0.05,
03,00 061609, 1.5 or3.

8835} o some embodiments, a weight ratio of the Group 2 element to the Al in the

30 support can be in a range from 0.001, 0.00S8, 0.01, 0.05, 0.1, 0.15, 0.2, 0.3, 0.5, 0.7, or 1

to 3, 6, 12,5, 25, S0, 75, 100, 200, 300, 400, 500, 600, 700, 800, 200, or 1,000, In some

embodiments, the support can include > 0.5 wi%, > 1 wit%, > 2 wit%, > 2.1 wi%, > 2.5

wit%, > 3 wi%, 2 3.5 wt%, > 4 wi%., > 4.5 wi%, = S wi%, > 5.5 wi%, > 6 wi%, > 6.5 wt%,

> 7 wil, > 8 wi¥o, > 9 wils, > 10 wil, > 11 wi¥e, > 12 wit%, > 13 wi%, > 14 wi%, > 15

-G .
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wi%, > 16 wit¥%, = 17 wi%, > 18 wt%, = 19 wi%, > 20 wt%, > 21 wi%, > 22 wi%, > 23

wi%, > 24 wi%e, > 25 wi¥, = 26 wi%, = 27 wi%, > 28 wi%, > 29 wiSe, > 3¢ wil%, > 35

wi%s, > 40 wi%, > 45 wi%, > 30 wi%, > 55 wt%, > 60 wi%, > 65 wi%, = 70 wt%, > 75

wi%, > 80 wi%, > 85 wi%, or > 90 wi% of the Group 2 element, based on the weight of

(=

the support. In some embodiments, the support can include the Group 2 element in a
range from 0.5 wi%, 1 wi%, 1.5 wi%, 2 wi%, 2.1 wt%, 2.3 wi%, 2.5 wi%, 2.7 wt%, 3
wi%, 4 wi%, 5 wi%, 6 wi%. 7 wit%, 8 wi%, 9 wi%, 10 wi%, 11 wi%, 13 wi%, 15 wil,
17 wi%, 19 wi%, 21 wil%, 23 wi%, or 25 wi% to 30 wi%, 35 wi%, 40 wi%, 45 wi%, 50
wi%, 55 wi%, 60 wi%, 65 wt%, 70 wib, 73 wi%, 8O wi%, 85 wi%, 90 wi%, or 92.34 wt%
10 based on the weight of the suppott. In some embodirnents, the support can include Al in
a range from 0.5 wi%, T wi%s, 1.5 wit%, 2 wi%. 2.1 wit%, 2.3 wt%, 2.5 wt%e, 2.7 wi%, 3
wi%, 4 wit%, S wi%, 6 wit%, 7 wi%, & wi%, 9 wit%, 10 wi%, or 11 wi% to 15 wi%, 20
wi%, 23 wi%, 30 wi%, 40 wi%, 45 wt%, or 50 wi%, based on the weight of the support.
[6636] In some embodiments, a molar ratio of the Group 2 element to the one or more
15 Group 3-10 elements, e.g., Pt, disposed on the support can be in a range from (.24, 0.5, 1,
10, 50, 100, 300, 450, 600, 800, 1,000, 1,200, 1,500, 1,700, or 2,000 to 3,000, 3,500, 4,000,
4,500, 5,000, 5.500. 6,000, 6,500, 7,000, 7,500, 8.000, 8.500, 9.000, 9,500, 10,000, 15,000,
20.000, 25,000, 30,000, 35,000, 40,000, 45,000, 50,000, 55,000, 60,000, 65,000, 70,000,
75,000, 80,000, 85,000, 90,000, 95,000, 100,000, 260,000, 300,000, 400,000, 500,000,
20 600,000, 700,000, 800,000, or 900,000,
68377 In some embodiments, the catalyst composition can optionally include a
promoter in an amount of up to 10 wit% disposed on the support, based on the weight of
the support. In some embodimentds, the catalyst composition can include 0.01 wi%, 0.1
wi%, 0.2 wi%, 0.25 wi%, 0.3 wi%, 0.4 wi%, 0.5 wi%, 0.6 wit%, 0.7 wi%, 0.8 wi%, 0.9
25 wi%, or T wi% 10 2 wi%, 3 wi%, 4 wit%, § wi%, 6 wi%, 7 wi%, 8 wi%, 9 wi%, or 10 wi%
of the promoter disposed on the support, based on the weight of the support. The promoter
can be or can include, but ts not himited to, Sn, Cu, Ay, Ag Ga, #n, Ge, In, Re, Ag, &
combination thereof, or a mixture thereof In some embodiments, the promoter can be
associated with the Group 8-10 element. For example, the promoter and the Group 8-10
30 clement, e.g., Pt, disposed onthe support can form Group 8-10 element-promoter clusters
that can be dispersed on the support The promoter ¢an improve the
selectivity/activity/longevity of the catalyst composition for a given upgraded
hydrocarbon. In some embodiments, the promoter can improve the propylene selectivity

of the catalyst composition when the hydrocarbon-containing feed includes propane.
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16838] In some embodiments, the catalyst composition can optionally include one or
more alkali metal elements in an amount of up to 5 wi% disposed on the support, based
on the weight of the support. In some embodiments the catalyst composition can 1include

0.01 wi%, 0.1 wit%, 0.2 wi%, 0.3 wi%, 0.4 wt%, 0.5 wt%, 0.6 wi%, 0.7 wi%, 0.8 wi%,

(=

0.9 wi%, or 1 wi% 1o 2 wit%, 3 wi%, 4 wit%, or 5 wit% of the alkali metal element disposed
on the support, based on the weight of the support. The alkali metal element, if present,
can be or can include, but is not hmited to, Li. Na, K, Rb, Cs. or a combination thereof,
or a mixture thereof. In at least some embodiments, the alkali metal element ca be or can
include K and/or Cs. In some embodiments, the alkali metal element, if present, can
10 wmprove the selectivity of the catalyst composttion for a given upgraded hvdrocarbon.
6839} In some embodiments, the support can also inchude, but is not limited to, at least
one meial element and/or at least one metalloid element selecied from Groups other than
Groups 2 and 8-10 and/or at least one compound thereof, where the at least one metal
element and/or at least one metalloid element is not one of the atkali metal elements or
15 one of the promoter elements. If the support also includes a compound that includes the
metal element and/or metalloid element selected from Groups other than Groups 2 and &-
10, where the at least one metal element and/or at least one metalloid element is not one
of the alkali metal elements or one of the promoter elements, the compound can be present
in the support as an oxide, a phosphate, a halide, a halate, a sulfate, a sulfide, a borate, a
20 nitride, a carbide, an aluminate, a carbonate, metaphosphate, a selenide, a tungstaie, a
molvhdate, a chromite, a chromate, or a dichromate. In some embodiments, the at least
one metal element and/or at feast one mefalloid element selected from Groups other than
Groups 2 and 8-10 and/or at least one compound thereof, where the at least one metal
clement and/or at least one metalloid element is not one of the alkali metal clements or
25 one of the promoter elements, can be or can include, but 1s not lumited to, one or more rare
earth elements, 1.e., elements having ao atomic number of 21, 39, or 57 to 71
[6040] Ifthe support includes the at least one metal element and/or at least one metalloid
element selected from Groups other than Groups 2 and 8-10 and/or at least one compound
thereof, where the at least one metal element and/or at least one metallond element is not
30 one of the alkali metal elements or oue of the promoter eleroents, the at least one metal
element and/or at least one metalioid element can, in some embodiments, funciion as a
binder and can be referred to as a “binder”. Regardiess of whether or not the at least one
metal element and/or at least one metalloid element selected from Groups other than

Groups 2 and &-10 and/or at {east one compound thereof, where the at least one metal
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element and/or at least one metalloid element is not one of the alkali metal elements or
one of the promoter elements, the at least one metal element and/or at feast one metalloid
element selected from Groups other than Groups 2 and 8-10 will be further described

herein as a “binder” for clarity and ease of description. In some embodiments, the support

(=

can include the binder in a range of from 0.01 wi%, .05 wit%, 0.1 wt%, ¢.5 wi%, T wt%,
5 wi%, 10 wi%%, 15 wit%, 20 wi%, 25 wi%, 30 wi%, 35 wi% or 40 w1% to 50 wi%, 60
wi%, 70 wi%, 80 wi%, or 90 wi% based on the weight of the support.
16841} In some embodiments, suitable compounds that can be used as the binder can be
or can include, but are not Himited to, one or more of the following: B2(s, AIBQ:, ALTs,
10 Z50s, TiOs, zine alumanate, Zn0, VO, Va0s, VO, Va0s, Gad0y, InuOv, MO, MOy,
Mni3, one or more molybdenum oxides, one or more tungsten oxides, one or more zeolites,
where s, £, u, and v are posiiive numbers and mixtures and combinations thereof. If the
Group 2 elernent is in the form of a mixed metal oxide, e.g., a mixed Mg/Al metal oxide,
the additional metal(s) in the mixed metal oxide is/are not considered to be part of a binder.
15 For example, the support may include a mixed Mg/Al metal oxide, such as those obtained
by calcining an Mg/Al hvdrotalcite and such Al would not be considered as part of the
binder, but the support could also include Al that is nuxed on a nm scale with the
mixed Mg/Al metal oxide and the Al»0s would be considered as a binder.
[6642] In some embodiments, the catalyst composition can be in the form of catalyst
20 particles or a monohithic structure. In some embodiments, if the catalvst composition 1s
in the form of catalvst particles, the catalyst particles can have a median particle size in a
range of from I wm, 5 wm, 10 um, 20 pm, 40 pm, or 60 um {o 80 um, 100 wm, 115 um,
130 wo, 130 wm, 200 pm, 300 um or 400, or 500 um. In some embodiments, the catalyst
particles can have an apparent foose bulk density in a range from 0.3 g/em’, 0.4 g/em?, 0.5
23 glom?, 0.6 glom?, 0.7 glem?, 0.8 giom®, 0.9 glem?, or T g/om’ 1o 1.1 glom®, 1.2 g/om’, 1.3
glom?®, 1.4 glem’, 15 glem®, 1.6 glem’, 1.7 glond’, 1.8 glem’, 1.9 g/em’, or 2 g/em’, as
measured according to ASTM D7481-18 modified with a 10, 25, or 50 mL graduated
cylinder instead of a 100 or 250 mL graduated cvlinder. In some embodiments, the
catalyst particles can have an atintion loss after one hour of <5 wi%, <4 wi%, <3 wi%,
30 <2 wi%, <1 wi%, <07 wit%, <0.3 wi%, <0.4 wt%, <0.3 wi¥e, <0.2 wit%s, <40.1 wi%,
< 0.07 wi%, or < 0.05 wi%, as measwed according to ASTM D5757-11(2017). The
morphology of the particles can be largely spherical so that they are suitable to runin a
fluid bed reactor. In some embodiments, the catalyst particles can have a size and density

that is consistent with a Geldart A or Geldart B definttion of a fluidizable solid.
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16843] In some embodimends, the catalyst particles can have a surface area in a range
from ¢.1 m¥g, 1 m¥g, 10 m%/g, or 100 m?/g to 500 m¥g, 800 m™¥g, 1,000 m¥g, or 1,500
m*/g. The surface area of the catalyst particies can be measured according to the
Brunauer-Emmett-Teller (BET) method using adsorption-desorption of nitrogen
{temperatiire of liquid nitrogen, 77 K) with a Micromeritics 3flex instrument after
degassing of the powders for 4 hrs at 350°C. More information regarding the method can
be found, for example, in “Characterization of Porous Solids and Powders: Surface Area,
Pore Size and Density,” S. Lowell et al | Springer, 2004,

First Process for Making Catabvst Particles

[0844] The process for making the catalyst composition can include preparing a slurry
or gel that can include, milling, mixing, blending, combining, or otherwise contacting, Al
and/or a compound thereof, a Group 2 element and/or a compound thereof, and a hquid
medium.  In some embodiments, preparation of the slurry or gel can also include
contacting, but is not iimited to, the Al or a compound thereof, the Group 2 element or a
compound thereof, and a liquid medinm, and one or more additives. In other embodiments,
preparing the slurry or gel can include contacting, but is not himited to, the Al or a
compound thereof, the Group 2 element or a compound thereof, the liquid medium, a
binder or binder precursor, and, optionally, one or more additives.

[6845] In some embodiments, the compound containing Al can be or can inchude, but is
not lunited 1o, ALOs, AOH),, aluminum chlorohvdrol (ACH), a layered double
hydroxide that includes Al Mg, or a mixture thereof. In some embodiments, the
compound containing a Group 2 element can be in the form of an oxide, a hydroxide, a
hydrated carbonate, a salt, a clay contamning a Group 2 element, a layered double
hydroxide. a phosphate, a halide, a halate, a sulfate, a sulfide, a borate, a nitride, a carbide,
an alominate, a carbonate, metaphosphate, a selenide, a tungstate, a molyvbdate, a chromite,
a chromate, a dichromate, or a mixture thereof. In some embodiments, the Group 2
element can be or can include Mg and the compound containing the Group 2 element can
be in the form of a magnesium oxide, a magnesium hydroxide, hydromagnesite (a
hydrated magnesium carbonate mineral, Mgs(CO33{(OH)224H20, a magnesium sali, a
magoestuni-containing clay, hvdrotalctie (a lavered double hvdroxide that also includes
Al}, an organo-magnesium compound or a mixture thereof. In some embodiments, the
Group 2 element and the Al can be present as a mixed Group 2 element/Al metal oxide.
In some embodiments, the Group 2 element and the Al can be present as a mixed Group

2 element/Al layered double hydroxide, e.g., hydrotalcite.
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168467 The liguid medium can be or can include, but is not limited to, water, alcchols,
acetone, chloroform, methvliene chiloride, dimethyl formamide, dimethvl sulfoxide,
glycerin, ethyl acetate, or any mixture thereof. Wustrative aleohols can be or can include,

but are not linuted to methanol, ethanol, 1sopropanc!, or any mixture thereof. The binder,

(=

if present, can be or can include the binders described above. The binder precursor, if
present, can be or can include, but is not Hmited to, aluminom chlorohydrol, boehmite,
pseudobochmite, gibbsite, baverite, alumunum nitrate, aluminum chionde, sodium
aluminate, alomina sol, or any mixture thereof. It is known that in literature, some of the
compounds herein referred to as “binders” may also be referred to as a filler, a matrix, an
10 additive, etc. The one or more additives, if present, can be or can include, but 18 not livaited
to, one or more acids such as formic acid, lactic acid, citric acid, acetic acid, HNOs, HCL,
oxalic acid, steanc acid, carbonic acid, eic.; one or more bases such as an ammonia
solution, NaOH, KOH, eic.; worganic salts such as nitrates, carbonates, bicarbonates,
chlorides, etc.; organic salts such as acetates, oxalates, formates, citrates, etc.; polymers
15 such as polyvinyl alcohol, polvsaccharide, efc., or any mixture thereof. The additives can
help to improve the chemical/physical property of the spray dried material and/or to
improve the rheological property of the slurry/gel to facilitate spray drying.
[6847] The shurry or gel can be spray dried to produce spray dried pariicles that include
the Group 2 element and Al Spray deving refers to the process of producing a dry
20 particulate solid product from the slurry or the gel. The process can include spraving or
atomizing the sharry or gel, e.g., forming small droplets, into a temperature-controlied gas
stream to evaporate the liquid medium from the atomized droplets and produce the
particulate solid product. For example, in the spray drving process, the sturry or gel can
be atomized to small droplets and muxed with hot air or a hot inert gas, e.g., nitrogen, to
25 evaporate the liqud from the droplets. The terperature of the shurry or gel duoring the
sprayv drying process can usually be close to or greater than the boiling temperature of the
liquid. An outlet air temperature of about 60°C to abowt 120°C can be common.
[6848] The slurry or gel can be atomired with one or more pressure norzles {e.g., a fluid
nozzle atomuzer), one or more pulse atomizers, one or more high speed spinnung discs
30 {e.g, ceotrifugal or rotary atomizer), or any other knowu process. The medan particle
size, liquid {e.g., water} conceniration, apparent loose bulk density, or any combination
thereof, of the particulate solid product prepared via spray drving can be controlled,
adjusted, or otherwise influenced by one or more operating conditions and/or parameters

of the spray drver. Ulustrative operating conditions can include, but are not himited to, the
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feed rate and temperature of the gas stream, the atomizer velocity, the feed rate of the
shury or gel via the atomizer, the temperature of the shurry or gel, the size and/or solids
concentration of the droplets, the spray dryer dimensions, or any combination thereof Tt

is well-known in the art that the various operating conditions will vary depending on the

(=

particular spray drying apparatus that is used and can be readily determined by persons
having ordinary skill in the art.
168497 The spray dried particles can, optionally, be calcined under an oxidative
atmosphere, e.g., air, to produce calcined support particles that inclhude the Group 2
element and Al To some embodiments, the spray dried particles can be calcined at a
10 teroperature in a range of from 450°C, S00°C, 525°C, 550°C, 575°C, 600°C, 625°C,
650°C, or 675°C to 700°C, 725°C, 750°C, 775°C, 800°C, 850°C, 200°C, or 950°C. In
50°0
5o

some embodiments, the spray dried particles can be calcined at a temperature of <95
<O00°C, <830°C, <800°C, <750°C, <T00°C, <650°C, <600°C, or <330°C, £525°C

C,

< 500°C, £4753°C, or £ 460°C. In some embodiments, the spray dried particies can be

15 calcined for a time period of < 240 mimutes < 180 minutes < 120 minutes < 90 mimues, <
60 minutes, < 45 minutes, < 30 munuies, <25 minutes, < 20 mimdes, or < 15 munutes. In
some embodiments. the spray dried particles can be calcined in the presence of oxvgen,
e.g., air. In some embodiments, the spray dried particles can be calcined at a temperature
in arange of from SSO°C to 900°C or 550°C to 850°C for a time pertod of < 240 minutes

20 < 180 munutes < 120 minutes <90 manutes, < 60 minutes, <435 minutes, < 30 minufes, <
25 minutes, < 20 minutes, or < 15 munutes. In other embodiments, the spray dried particles
are calcined at a temperature of < 550°C, < 340°C, < 530°C, < 520°C, < 510°C, or <
500°C for a time penod of <240 minutes < 180 minutes < 120 nunutes < 90 manutes, <
60 mimues, < 45 minutes, < 30 minutes, < 25 minutes, < 20 minutes, or < 15 minutes.

25 8630} The Group 8-10 element present in the catalyst particles can be iniroduced via
one or more ways. Insome embodiments, the process for making the catalyst composition
can include (i) contacting Al and/or a compound thereof, the Group 2 element and/or a
compound thereof, and the hiquid medium with a Group 3-10 element and/or a compound
thereof such that the Group 8-10 element can be present in the slurry or the gel and the

30 catalvst compostiion can include catalyst particles that melude the calcined support
particles having the Group 8-10 element disposed thereon. In other embodiments, the
process for making the catalvst composition can inchude (1) depositing a Group 8-10
elernent and/or a compound thereof on the spray dried particles by contacting the spray

dried particles with a Group 8-10 element and/or a compound thereof to produce spray
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dried particles containing the Group &-10 element and the catalyst composition can
include catalvst particles that include the calcined support particles having the Group 8-
10 element disposed thereon. In other embodiments, the process for making the catalyst

composition can include (ii1) depositing a Group 8-10 element or a compound thereof on

(=

the calcined support particles if the spray dried particles are optionally calcined by

contacting the calcined support particles with a Group 8-10 element and/or a compound

ereof to produce calcined support particles that contain the Group 8-10 element and the

process can, optionally, further include calcining the calcined support particles that

contain the Group 8-10 element to produce re~calcined support particles having the Group

10 8-10 element disposed thereon, where the catalvst composition can include the re-calcined

support particles. In some embodiments, the catalyst composition can include the Group

8-10 element containing calcined support particles without the optional additional

calcination step. To other embodiments, the process for making the catalyst composition

can include option (1), (11}, or (111}, (i) and (i1}, (1) and (111}, (11} and (111}, or (i), (i1}, and (ii1).

15 In some embodiments, when the Group 8-10 element is in the form of a compound,

sutiable compounds that include the Group 8-10 element can be or can include, but are

not limited to, chloroplatinic acid hexahvdrate, tetraammineplatinum(ily nitrate,

platinum(I} acetviacetonate, platinum{Il} bromide, platinum(Il) iodide, platinum(i)

chloride, platinum({IV) chlonide, platinum{IDdiammine dichlonide, ammontum

20 tetrachlioroplatinate(Il), tetraammuneplatinum(Ih chloride hydrate,

tetraammineplatinum(il) hydroxide hydrate, nickel (I} chloride, palladium{il} acetate,

palladium{Il} nitrate, won {(If) chloride, iron (011} chlornde, ruthemum(ITT) chloride hydrate,
rhodiwm(TH) nitrate, or any rmxture thereof,

6851} The optional promoter that can be present in the catalyst particles can be

25 introduced via one or wore ways. In some embodiments, the process for making the

catalyst cornposition can include (iv) contacting at least the Al and/or a compound thereof,

the Group 2 element and/or a compound thereof, and the liguid medium with a compound

that mncludes a promoter element such that the promoter element is present in the slurry or

the gel and the catalyst composition can include catalyst particles that include the spray

30 dred and/or the calcined support particles having the promoter eleroent disposed thereon.

In other embodiments, the process for making the catalyst composition can include (v}

depositing a compound that includes a promoter element on the spray dried particles o

produce promoter-containing spray dried particles and the catalvst composition can

include catalyst particles that include the promoter-containing spray dried particles and/or
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e calcimed support particles having the promoter element disposed thereon. In other
embodimenis, the process for making the catalyst composition can include (vi) depositing
a compound that includes a promoter elerent on the calcined support particles if the spray

dried particles are optionally calcined to produce promoter-containing calcined support

(=

particles and the process can further include, optionally, calcining the promoter-
containing calcined support particles to produce re-caleined support particles having the
promoter element disposed thereon, where the catalyst composition includes the re-
calcined support particles. In some embodiments, the catalyst composition can include
the promoter-containing calcined support particles without the optional additional
10 calcivation step. In other ernbodiruents, the process for making the catalyst composition
can include option (iv), {v), (vi}, (iv} and (v}, (iv} and (vi}. (v} and (vi}, or (v}, {v}, and
{v1}. In other embodiments, the process can inchude any one or more of options (i}, (it},
and (111} and any one or more of options {iv), (v}, and (iv). The compound that includes
the promoter element can be or can include, but is not linuted to, tin{Jl) oxide, tin{IV)
15 oxide, tin{lV} chlonde pentahvdrate, tin(ll} chloride dibydrate, tin(lly bromide,
ammonium  hexachlorostanmnate(TV), tin(IV) bromide, tin{ll} acetylacetonate, tin{il)
acetate, in{i1V) acetate, tin{I1} oxalate, silver{l} nitrate, gold(IIl} nitrate, copper{Ii} nitrate,
callium{HD} nitrate, zinc(ll) nitrate, germaniunIV) chioride, indium(Il) nitrate,
rhenmium{VIT) oxide or any mixture thereof
20 (66527 The alkall metal element, if present in the catalvst particles, can be introduced
via one or more ways. In some embodiments, the process for making the catalvst
composition can include {vii) contacting the Al and/or a compound thereof, the Group 2
element and/or a compound thereof, and the liquid medium with a compound that includes
an alkali metal element such that the alkali metal element is present in the slurry or the gel
25 and the catalyst composition can include catalyst particles that inchude the spray dried
and/or the calcined support particles having the alkal metal elerent disposed thereon. In
other embodiments, the process for making the catalyst composition can include {(viii)
depositing a compound that includes an alkali metal element on the spray dried particles
to produce alkah metal element-containing spray dried particles and the catalyst
30 composttion can include catalyst particles that include the spray dried particles and/or the
calcined support particles having the alkali metal element disposed thereon. In other
embodiments, the process for making the catalvst composition can inchude (ix) depositing
a coropound that includes an alkali metal element on the calcined support particles if the

spray dried particles are optionally calcined to produce alkalt metal elemeni-containing
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calcined support particles and the process can further include, optionally, calcining the
alkali metal element-containing calcined support particles to produce re-calcined support
particles having the alkah metal element disposed thereon, where the catalyst composition

mcludes the re~calcined support particles. In other embodiments, the process for making

(=

the catalyst composition can include option (vii), {viity, (ix}, {vit) and (viit}, (vi) and (ix),
{viti) and (ix), or {vii}, {vii1}, and {iv). In other embodiments, the process can include any
one or more of options {1}, (it}, and (111), any one or more of options (iv}, (v}, and (v}, and
any one or more of options (vii}, {viii), and {ix}. The compound that inchudes the alkali
metal element can be or ¢an include, but are not imited to, lithium nitrate, sodium nitrate,
10 potassiurn rutrate, rubidiur rutrate, cesium nitrate, or any muxture thereof,
[60583] In some embodiments, the process for making the catalvst composition can
optionally include hydrating the calcined support particles to produce hydrated support
particles. For example, the calcined support particles can be contacted with water to
produce the hydrated support particles. In such embodiment, the process can also include
15 calcining the hydrated support particles to produce the catalyst composition that includes
re-calcined support particles. Hydrating the calcined support can be carried out at a
temperature in a range of from 20°C. 40°C, or 60°C 1o 80°C, 120°C, 140°C, 160°C, 180°C,
or 200°C. The calcined support can be contacied with the water for a time period in a
range of from I minutes, 5 minugtes, or 10 minutes to 20 minutes, 40 minutes, 80 minutes,
20 160 minutes, 6 hours, 12 hours, 24 hours, or 48 hours. In some embodiments, an anion
such as chlonide, nitrate, carbonate, bicarbonate, acetate, oxalate, formate, and/or citrate
can be present during hydration.
[6854] In some embodiments, the process for making the catalyst composition can
optionally include hvdrating the spray dried particles to produce hvdrated spray dried
25  particles. For example, the spray dried particles can be contacted with water to produce
the hydrated spray dried particles. In such embodiment, the process can also include
calcining the hydrated spray dried particles to produce the catalvst composition that
includes calcined support particles. Hydrating the spray dried particles can be carried out
at a temperature in a range of from 20°C, 40°C, or 60°C to B0°C, 120°C, 140°C, 160°C,
30 180°C, or 200°C. The spray dried particles can be contacted with the water {or a timue
period in a range of from 1 mimutes, S minutes, or 10 minutes to 20 minutes, 40 minutes,
&0 munudes, 160 minutes, 6 houss, 12 hours, 24 hours, or 48 howrs. Tn some embodiments,
an anion such as chloride, nitrate, carbonate, bicarbonate, acetate, oxalate, formate, and/or

citrate can be present during hvdration.
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168551 In some embodiments, the process for making the catalyst composition can
optionally include hydrating the spray dried particles to produce hydrated spray dried
particles, calcining the hyvdrated spray dried particles to produce calcined support particles,

hydrating the calcined support particles to produce hydrated calcined support particles,

(=

and calciming the hydrated calcined support particles 1o produce re-calcined support

particles.  As such, the catalyst composition can inchude the spray dried paricles, the

calcined support particles, the hvdrated sprav dried particles, the hydrated spray dried
particles that can be calcined, the hvdrated calcined support particles, the hvdrated
calcined support particles that can be re-calcined, or any mixture thereof.

0 j00S6] In soroe ernboduments, catalysts particles produced by hyvdrating the calcined
support particles or the sprav dried particles and then calcining the hydrated calcined
support particles or the hydrated spray dried particles can produce catalyst particles that
have an atirition loss afier one hour that is less than an attrition loss after one hour of the
initially calcined particles or the spray dried particles produced before the hydration step,

15 as measured according to ASTM D5757-11{2017). In some embodiments, catalysts
particles produced by hyvdrating the calcined support particles or the spray dried particles
and then calcining the hydrated support particles or the hydrated support particles can
produce catalyst particles that have an attrition foss after one hour that is 10% less, 30%
fess, 50% less, 70% less, 90% less, or 100% less, than an attrition loss after one howr of

20 the witwally caleived particles produced before the bydration step, as measured according

to ASTM D3757-11{2017}.

Second Process for Making Catalvst Particles

[B857] In some embodiments, the catalyst composition can be or can include catalvst
particles produced through only the spray diving step such that the slurry is prepared and
25 spray dried particles are produced therefrom with the Group 8-10 element and, optionally,
the promoter and/or the alkali metal element added fo the sturry, the spray dried particles,
or a cornbination thereof. Accordingly, in some embodiments the process for making a
catalvst composition, can include preparing the sharry or gel that can include Al and/or a
compound thereof, a Group 2 element and/or a compound thereof, a liquid medium, and,
30 optionally, the one or more additives as described above and spray drying the shurry or the
gel to produce spray dried support particles that include at least the Al and the Group 2
element. Atleast one of (i) and (i1} can be met: (i) the Group 8-10 element can be present
in the sturry or the gel n the form of the Group 8-10 element-containing compound and

the catalyst composition can include catalyst particles that include the spray dried support
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particles having the Group 8-10 element disposed thereon, and (i1} the Group 8-10 element
can be deposited on the spray dried support particles by contacting the spray dried support
particles with the Group 8-10 element-containing compound to produce Group 8-10

element-contaming spray dried support particles and the catalyvst composition can include

(=

catalyst particles that can include the spray dried support particies having the Group 8-10
element disposed thereon. In some embodiments, at least one of (1i1) and (iv) can also be
met: (11} the compound that includes the promoter element can be present in the slurry or
the gel and the catalyst composition can include catalyst particles that include the spray
dried support particles having the promoter element disposed thereon, and (iv) the
10 compound that can include the promoter element can be deposited on the spray dried
support particles to produce promoter-containing spray dried support particles and the
catalyst composition can include catalyst particles that include the spray dried support
particles having the prowoter element disposed thereon. In sore embodiments, the
optional alkali metal element(s) and/or binders can also be added during the synthesis of
15 the catalyst particles as described above.
[0838] Insome embodiments, the catalyst particles can be further processed or activated
in-situ by adding the catalyst particles into a hydrocarbon upgrading process that subjects
the catalyst particles to higher severity conditions to produce catalyst particles having a
greater level of activation than just the spray dried particles have upon preparation thereof.
20 Insome embodiments, when the catalvst particles inchude catalyst particles only subjected
to the spray drving step such that the shurry is prepared and spray dried support particles
are produced therefrom with the Pt and promoter added to the slurry, the spray dried
support particles, or a combination thereof, the catalyst particles can be introduced into a
reaction zone, a combustion zone, a reduction rone, or any other location within a
25 fhadized hydrocarbon upgrading process some of which are further described below.
16059]  The preparation of the catalyst composition and processes for adding the Group
8-10 element. the promoter(s) such as Sn, the optional alkali metal elemeni(s). and the
optional binder(s}} to the catalyst composition has been described above. In some
embodiments, the preparation of the sturry or gel, sprav drving the slurrv, caleination of
30 the spray dried particles and/or the hydrated calcimed particles, and/or hydration of the Al
and Group 2 element containing calcined support particles or the spray-dried particles can
also be performed using one of the known methods reported in literature, such as 1.8,
Patent Nos. 4,866,019 6,028,023, 6,389,902, 6,593,265, 6,800,578, 7,361,264, and
7,417,005, U8, Patent Application Publication Nos. 2004/0029729; 2005/000396; and
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2016/0082424; WO Publication No. WO2008083563A1; and journal publications Wang
et al., Ind Eng Chem. Res. 2008, 47, 5746-5750; Chubar et al., Chem. Eng. J 2013, 234,
284-299; Valente et al., Energy Environ. Sci, 2011, 4, 4096-4107; and Julklang et al |

Mater. Lett. 2017, 208, 429-432.

(=

[60606] Without wishing to be bound by theory, it is believed that the support produced
via any one of the above processes and/or other processes can inchide (1) the Mg and Al
mixed together on the nim scale, (it} the Mg and Al in the form of a mixed Mg/Al metal
oxide, or (i1} a combination of (1) and (it}.

A First Process for Upegrading a Hvdrocarhon

i0 [0061] The frst process for upgrading a bydrocarbon can wnclude contacting a
hydrocarbon-containing feed (first hydrocarbon-containing feed) with the catalyst
composition that includes the Group 8-10 element disposed on the support to effect one
or more of dehydrogenation, debhydroaromatization, and debydrocyclization of at least a
portion of the first hydrocarbon-containing feed to produce a coked catalyst composition

15 and an effluent that can include one or more upgraded hvdrocarbons and molecular
hydrogen. The catalyst composition and the first hydrocarbon-containing feed can be
contacted with one another within any suitable environment such as one or more reaction
or conversion zones disposed within one or more reactors 1o produce the effluent and the
coked catalyst composition. The reaction or conversion zone can be disposed or otherwise

20 located within one or more fixed bed reactors, one or more flndized or moving bed
reactors, one or more reverse flow reactors, or anv combination thereof The catalvst
composition can inchude 0.001 wt% to 6 wit% of the Group 8-10 element disposed on the
suppott, the support including Al and at Teast 0.5 wi% of the Group 2 element and 1s free
of 81 or contains < (.5 wi% of Si, where all weight percent values are based on the weight

25 of the support.

[6662] The first hydrocarbon-containing feed and catalyst composition can be contacted
at a temperature in a range from 300°C, 350°C, 400°C, 450°C, 500°C, 550°C, 600°C,
620°C, 650°C, 660°C, 670°C, 680°C, 690°C, or 700°C to 725°C, 750°C, 760°C, 780°C,
8O0°C, BZS°C, 830°C, B7S°C, or 900°C. In some embodiments, the first hydrocarbon-

30 contairung feed and the catalyst composition can be contacted at a teroperature of at least
620°C, at least 650°C, at least 660°C, at least 670°C, at least 630°C, at least 690°C, or at
least 700°C to 725°C, 750°C. 760°C, 780°C, 800°C. 825°C, 850°C, §75°C, or 900°C.
The first hvdrocarbon-containing feed can be mtroduced mto the reaction or conversion

zone and comtacted with the catalyst composition therein for a time period of <3 hours, <
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2.5 hours, <2 hours, < 1.5 hours, < 1 hour, <45 minutes, < 30 minutes, < 20 minutes, <
10 mimtes, < 5 minutes, < I minute, < 30 seconds, < 10 seconds, < 5 seconds, or <1
second or <0.5 second. Tn some embodiments, the first hydrocarbon-containing feed can

be contacted with the catalyst composition for a fime period in a range from 0.1 seconds,

(=

0.5 seconds, 0.7 seconds, 1 second, 30 second, 1 mimste, 5 mimutes, or 10 minutes to 30
mingtes, 50 minutes, 70 minutes, 1.5 howss, 2 howurs, or 3 hours.
16863} The first hydrocarbon-containing feed and the catalyst composition can be
contacted under a hydrocarbon partial pressure of at least 20 kPa-absolute, where the
hydrocarbon partial pressure is the total partial pressure of any C5-Cys alkanes and any Ca-
10 Cie alkyl aromatics io the fivst hvdrocarbon-containing teed. In some embodiments, the
hydrocarbon partial pressure during contact of the first hydrocarbon-containing feed and
the catalvst composition can be in a range from 20 kPa-absolute, 50 kPa-absolute, 70 kPa-
absolute, 80 kPa-absolute, 90 kPa-absolute, 93 kPa-absolute, 100 kPa-absolute, 150 kPa,
200 kPa 300 kPa-absolute, 300 kPa-absolute, 750 kPa-absolute, or 1,000 kPa-absolute to
15 1,500 kPa-absolute, 2,500 kPa-absolute, 4,000 kPa-absolute, 5,000 kPa-absolute, 7,000
kPa-absohute, 8,500 kPa-absolute, or 10,000 kPa-absolute, where the hyvdrocarbon partial
pressure is the total partial pressure of any U-Cis alkanes and any Cs-Cis alkyl aromatics
in the first hydrocarbon-containing feed. In other embodiments, the hydrocarbon partial
pressure during contact of the hydrocarbon-containing feed and the catalyst composition
20 can bein arange from 20 kPa-absolute, 50 kPa-absolute, 70 kPa-absolute, 80 kPa-absolute,
9 kPa-absolute, 95 kPa-absolute, 100 kPa-absolute, 150 kPa-absolute, 200 kPa-absolute,
250 kPa-absolule, or 300 kPa-absolute to 5300 kPa-absoluie, 600 kPa-absolute, 700 kPa-
absolute, 800 kPa-asbsolute, 900 kPa-absolute, or 1,000 kPa-absolute, where the
hydrocarbon partial pressure is the total partial pressure of any Co-Cys alkanes and any Ce-
25 Cie alkyl aromatics in the first hydrocarbon-containing feed.
6064]  In some embodiments, the first hydrocarbon-containing feed can nchude at least
60 vol%, at least 63 vol®%, at least 70 vol%, at least 75 volY%, at least 80 vol%, at least 83
vol%, at least 90 vol%, at least 95 vol%, or at least 99 vol% of a single 2-Cis alkane, e g,
propane, based on a total volume of the first hvdrocarbon-containing feed. The first
30 hydrocarbon-~-containing feed and the catalyst composition can be contacted under a single
C1-Cis alkane, e.g., propane, pressure of at least 20 kPa-absolute, at least 50 kPa-absolute,
at least 70 kPa-absolute, at least 80 kPa-absolute, at least 90 kPa-absoluts, at feast 95 kPa-

absolute, at least 100 kPa-absoluie, at lsast 150 kPa-absolute, at lsast 250 kPa-absolute, at
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least 300 kPa-absolute, at least 400 kPa-absolute, at least 500 kPa-absolute, or at least
1,000 kPa-absolute.
[0865] The first hydrocarbon-containing feed can be contacted with the catalvst

composition within the reaction or conversion zone at any weight howrly space velocity

(=

{(WHSV) effective for carrving out the upgrading process. In some embodiments, the
WHSVeanbe 001 e L 01 he 'y, Thed, 2het, Shrt, 10 kY, 20 he !, 30 ™, or 50 he!
t0 100 hr!, 250 hr !, 500 hr, or 1,000 hr L. In some embodiments, when the hydrocarbon
upgrading process includes a fluidized or otherwise moving catalyst composition, a ratio
of the catalyst composition circulation mass {low rate to a combined amount of any Co-
10 Cie alkanes and any Cs-Crs alkyl aroroatics mass flow rate can be in arange from 1, 3, 5,
10, 15, 20, 25, 30, or 40 to 50, 60, 70, 80, 90, 100, 110, 125, or 150 on a weight to weight
basis.
[6066] When the activity of the coked catalyst composition decreases below a desired
minimum amount, the coked catalyst composition or at least a portion thereof can be
15 subjected to a regeneration process to produce a regenerated catalyst composition. More
particoiarly, the coked catalyst composition can be contacted with one or more oxidants
to effect combustion of at least a portion of the coke to produce a regenerated catalyst
composition lean in coke and a combustion gas. Regeneration of the coked catalyst
composition can occur within the reaction or conversion zone or within a combustion zone
20 thatis separate and apart from the reaction or conversion zone, depending ou the particular
reactor configuration, to produce a regenerated catalyst composition. For example,
regeneration of the coked catalyst composition can occur within the reaction or conversion
zone when a fixed bed or reverse flow reactor is used, or within a separate combustion
zone that can be separate and apart from the reaction or conversion rone when a fluidized
25 bed reactor or other circulating or fluidized type reactor is used.
16067]  In some embodiments the process can optionally include contacting at least a
portion of the regenerated catalyst composition with a reducing gas to produce a
regenerated and reduced catalyst composition. An additional quantity of the hydrocarbon-
contaiming feed can be contacted with at least a portion of the regenerated catalyst
30 composttion and/or at least a portion of any regenerated and reduced catalyst composifion
o produce a re~coked catalvst composition and additional effiuent.
[6668] Insomeembodiments, a cycle time from contacting the hydrocarbon-containing
feed with the catalyst composition to contacting the additional quangity of the

hydrocarbon-containing feed with the regenerated catalyst composition can be < 5 hours,
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<4 hours, < 3 hours, <2 hours, < 1.5 hours, <1 hour, < 30 minutes, < 45 nunuies, <40
mimites, <30 minutes, <25 minutes, <20 minutes, or < 15 minutes. The first cvcle beging
upon contact of the catalyst composition with the {irst hydrocarbon-containing feed,

followed by contact with at least the oxidative gas to produce the regenerated catalyst

(=

composition or at least the oxidative gas and the optional reducing gas to produce the
regeneraied and reduced catalyst composition, and the first ¢ycle ends and a second eycle
begins upon contact of the regenerated catalyst composition with the additional quantity
of the first hydrocarbon-containing feed. If one or more additional feeds {described in
more detail below) are utilized between flows of the first hydrocarbon-containing feed
10 and the oxidative gas, between the oxidative gas and the reducing gas (if used), between
the oxidative gas and the additional guantity of the first hydrocarbon-containing feed,
and/or between the reducing gas (if used) and the additional quantity of the first
hydrocarbon-containing feed, the period of time such stripping gas{es) is/are ulilized
would be included in the period included in the cycle time. As such, the cvele time from
15 contacting the first hvdrocarbon-containing feed with the catalyst composition in step to
the contacting the additional guantily of the hydrocarbon-containing feed with the
regenerated catalyst composition, in some embodiments, can be < 5 hours.
[6069] The oxidant can be or can include, bt is not limited to, O, Oy, CO, O, 01 2
mixture thereof. In some embodiments, an amount of oxidant in excess of that needed 1o
20 combust 100% of the coke on the catalyst composition can be used to increase the rate of
coke removal from the catalyst composition, so that the time needed for coke removal can
be reduced and lead to an increased vield in the upgraded product produced within a given
period of time. The use of pure O; as an oxidant can facilitate the capiuring and
sequestration of O, made during combustion in one or more downstream CO» recovery
25 svystems.
16676 The coked catalyst coroposition and oxidant can be contacted with one another
at a temperature in a range from 500°C, 550°C, 600°C, 650°C, 700°C, 750°C, or 800°C
to 900°C, 950°C, 1,000°C, 1,050°C, or 1,100°C o produce the regenerated catalyst
composition. In some ermbodirents, the coked catalyst composition and oxidaunt can be
30 contacted with oue another at a tenperature it a range from 500°C to 1,1006°C, 600°C to
1,000°C, 650°C to 950°C, 700°C 1o 900°C, or 750°C 10 850°C to produce the regenerated
catalyst composition.
[6871] In some embodiments, the coked catalvst composition and oxidant can be

contacted with one another for a fime period of <2 hours, <1 hour, <30 minutes, < 10
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minutes, < 5 minutes, < 1 min, <30 seconds, < 10 seconds, <5 seconds, or <1 second.
For example, the coked catalyst composition and oxidant can be contacted with one
another for a time period in a range from 2 seconds to 2 houwrs. In some embodiments, the

coked catalyst composition and oxidant can be contacted for a time period sufficient to

(=

remove = 50 wibo, > 75 wi%, or > 90 wit% or > 99 % of any coke disposed on the catalyst
composition.
168672] In some embodiments, the time period the coked catalyst composition and
oxidant contact one another can be less than the time period the catalyst composition
contacts the hydrocarbon-~-containing feed to produce the effluent and the coked catalyst
10 composition. For example, the ime period the coked catalyst composition and oxidant
contact one ancther can be at least 90%, at least 60%, at feast 30%, or at feast 10% less
than the time period the catalyst composition contaets the hvdrocarbon-containing feed (o
produce the effluent In other embodiments, the time period the coked catalyst
compaosition and oxidant contact one another can be greater than the time period the
15 catalvst composition contacts the hydrocarbon-containing feed to produce the effiuent and
the coked catalyst composition. For example, in some embodiments, the coked catalyst
composition and oxidant can contact one another for a time period that can be at least 50%,
at least 100%, at least 300%., at least 500%, at least 1,000%, at least 10,000%, at least
30,000%, at least S0,000%, at least 75,000%, at least 100,000%, at least 250,000%, at
20 least 300,000%, at least 750,000%, at least 1,000,000%, at least 1,250,000%, at least
1,500,000%, or at least 1,800,000% greater than the time perigd the catalvst composition
contacts the hydrocarbon-containing feed to produce the efffuent.
[8873} The coked catalyst composition and oxidant can be contacted with one another
under an oxidant partial pressure in a range from 20 kPa-absolute, 50 kPa-absolute, 70
25 kPa-absoluie, 80 kPa-absoluie, 90 kPa-absolute, 95 kPa-absolute, 100 kPa-absolute, 300
kPa-absolute, 500 kPa-absolute, 750 kPa-absolute, or 1,000 kPa-absolute to 1,500 kPa-
absolute, 2,500 kPa-absolute, 4,000 kPa-absolute, 5,000 kPa-absolute, 7,000 kPa-absolute,
8,500 kPa-absolute, or 10,000 kPa-absolute. In other embodiments, the oxidant partial
pressure during contact with the coked catalyst composition can be 1n a range from 20
30 kPa-absolute, 30 kPa-absoclute, 70 kPa-absolute, 80 kPa-absolute, 90 kPa-absoluie, 93
kPa-absolute, 100 kPa-absohite, 150 kPa-absclute, 200 kPa-absolute, 250 kPa-absolute,
or 300 kPa-absolute to 500 kPa-absolute, 600 kPa-absolute, 700 kPa-absolute, 800 kPa-
absolute, 900 kPa-absolute, or 1,000 kPa-absolute to produce the regenerated catalyvst

composition.
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168674]  Without wishing to be bound by theory, it is believed that at least a portion of
the Group 8-10 element, e.g., Pt, disposed on the coked caialyst composition can be
agglomerated as compared (o the catalyst composition prior to contact with the first

hydrocarbon-containing feed. It is believed that during combustion of at least a portion

(=

of the coke on the coked catalyst composition that at least a portion of the Group 8-10
element can be re-dispersed about the support. Re-dispersing at least a portion of any
agglomerated Group 8-10 element can improve the stability of the catalyst composition
gver many cyeles.
[6875]  In some embodiments, at least a portion of the Group 3-10 element, e.g., Pt, in
10 the regenerated catalyst composition can be at a higher oxidized state as compared to the
Group 8-10 element i the catalvst composition contacted with the first hydrocarbon-
containing feed and as compared to the Group 8-10 element in the coked catalyst
composition. As such, as noted above, in some embodiments the process can optionally
include contacting at least a portion of the regenerated catalyst composition with a
15 reducing gas to produce a regenerated and reduced catalyst composition.  Suitable
reducing gases (reducing agent} can be or can inchude, but are not imited to, Hy, CO, CHa,
CoHs, CaHs, C:Hy, CiHs, steam, or a mixture thereof. In some embodiments, the reducing
agent can be mixed with an inert gas such as Ar, Ne, He, Nz, COn, FbO or a mixture
thereof. Tn such embodiments, at least a portion of the Group 2 element in the regenerated
20 and reduced catalyst coroposition can be reduced to a lower oxidation state, e.g., the
elemental state, as compared to the Group 2 element in the regenerated catalyst
composition. In this embodiment, the additional quantity of the hydrocarbon-containing
feed can be contacted with at least a portion of the regenerated catalyst compaosition and/or
at feast a portion of the regenerated and reduced catalyst composition.
25 [6976] In some embodiments, the regenerated catalyst composition and the reducing
gas can be contacted at a temperature ina range from 400°C, 430°C, 500°C, 550°C, 600°C,
620°C, 650°C, or 670°C to 720°C, 750°C, 800°C, or 900°C. The regenerated catalyst
composition and the reducing gas can be contacted for a time period in a range from 1

~

second, 3 seconds, 10 seconds, 20 seconds, 30 seconds, or | nunute to 10 munutes, 30

30 winutes, ot 60 manuies. The regeneraied catalyst corpposition and reducing gas can be
contacted at a reducing agent partial pressure of 20 kPa-absolute, 50 kPa-absolute, 70 kPa-
absolute, 80 kPa-absclute, 90 kPa-absolute, 95 kPa-absolute, 100 kPa-absolute, 300 kPa-
absolute, 500 kPa-absolute, 750 kPa-absolute, or 1,000 kPa-absolute to 1.500 kPa-

absolute, 2,500 kPa-absolute, 4,000 kPa-absolute, 3,000 kPa-absolute, 7,000 kPa-absolute,
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8,500 kPa-absolute, or 10,000 kPa-absolute. In other embodiments, the reducing agent
partial pressure during contact with the regenerated catalvst composition can be in a range
from 20 kPa-absolute. 30 kPa-absolute, 70 kPa-absolute, 80 kPa-absolute, 90 kPa-

absolute, 95 kPa-absoluie, 100 kPa-absolute, 150 kPa-absolute, 200 kPa-absolute, 250

(=

kPa-absolute, or 300 kPa-absolute to 5300 kPa-absohuie, 600 kPa-absolute, 700 kPa-
absolute, 800 kPa-absclute, 900 kPa-absolute, or 1,000 kPa-absoluie to produce the
regenerated catalyst composttion.
168777 At least a portion of the regenerated catalyst composition, the regenerated and
reduced catalyst composition, new or fresh catalyst composition, or a mixture thereof can
10 be contacted with an additional quantity of the first hvdrocarbon-containing feed within
the reaction or conversion zone to produce additional effluent and additional coked
catalyst composition.  As noted above, in some embodiments, the cyvele time from the
coutacting the hydrocarbon-containing feed with the catalyst composition to the
contacting the additional quantity of the hvdrocarbon-containing feed with at least a
15 portion of the regenerated catalyst composition, and/or the regenerated and reduced
catalvst compostiion, and optionally with new or fresh catalyst composition can be <5
hours.
[6078] In some embodiments, as noted above, one or more additional feeds, e g., one or
more sweep fluids, can be utilized between flows of the first hydrocarbon-containing feed
20 and the oxidant, between the oxidant and the optional reducing gas if used, between the
oxidant and the additional first hydrocarbon-containing feed, and/or between the reducing
gas and the additional first hydrocarbon-containing feed. The sweep {luid can, among
other things, purge or otherwise urge undesired material from the reactors, such as non-
combustible particulates including soot. In some embodiments, the additional feed(s) can
25 be inert under the dehvdrogenation, dehydroaromatization, and dehydrocyclization,
combustion, and/or reducing conditions. Suitable sweep fluids can be or can wnchude, but
are not limited to, Nz, He, Ar, CO», HoO, €02 CHs, or a mixture thereof In some
embodiments, if the process utilizes a sweep fluid the duration or time period the sweep
fluid 1 used can be in a range from 1 second, 5 seconds, 10 seconds, 20 seconds, 30
30 seconds, or 1 manute to 10 munutes, 30 manutes, or 60 minutes.
[6879] In some embodiments, the catalvst composition can remain sufficiently active
and stable after many cveles, e.g., at least 15, at least 20, at least 30, at least 40, at least
50, at least 60, at least 70, at least 100 cvcles, at least 125 cycles, at least 150 cycles, at

least 175 cycles, or at least 200 cycles with each cycle time lasting for <35 hours, <4 hours,

5
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<3 hours, <2 hours, <1 hour, <50 minutes, <45 minutes, < 30 minutes, < 15 minutes, -

10 minutes, <3 minutes, < 1 minute, <30 seconds, or < 10 seconds. In soms embodiments,

the cycle time can be from S seconds, 30 seconds, 1 minute or 3 minutes to 10 munutes,

20 minutes, 30 nunutes, 45 nunutes, 50 minutes, 70 minutes, 2 hours, 3 ours, 4 hours, or

(=

5 hows. In some embodiments, after the catalvst performance stabilizes (sometimes the
first few cycles can have a relatively poor or a relatively good performance, but the
performance can eventually stabilize), the process can produce a first upgraded
hydrocarbon product yvield, eg., propyvlens when the hydrocarbon-containing feed
includes propane, at an upgraded hydrocarbon selectivity, e.g., propylene, of > 75%, >
10 80%, 2 83%, 2 90%, = 93%, or = 93% when initially contacted with the first hydrocarbon-
containing feed, and can have a second upgraded hydrocarbon product vield upon
completion of the last cvele (ai least 15 cycles total} that can be at least 90%, at least 93%,
at feast 95%, at least 97%, at least 98%, at least 99%, at least 99 5%, or at Jeast 100% of
the first upgraded hydrocarbon product yield at an upgraded hydrocarbon selectivity, e g,
15 propylene, of > 75%, = 8%, = 85%, or > 90%, > 93%, or > 95%.
0888} In some embodiments, when the first hydrocarbon-containing feed mcludes
propane and the upgraded hydrocarbon includes propviene, contacting the hydrocarbon-
containing feed with the catalyst composii:iﬁn can produce a propyiene yield of > 52%, >
53%, > 55%, > 57%, > 60%, > 62%, > 63%, > 64%, > 65%, or > 66% at a propylene
20 selectivity of 2 75%, > 80%, > 85%, > 90%, > 93%, or > 95%. In some embodimentis,
whenn the first hydrocarbon-containing feed includes propane and the upgraded
hydrocarbon includes propylene, contacting the hydrocarbon-containing feed with the
catalyst cornposition can produce a propylene vield of > 32%, 2> 53%, 2 55%, = 57%, =
60%, > 62%, = 63%, = 64%, > 65%, or > 669% at a propylene selectivity of > 75%, > 80%,
25 2 85%, = 90%, > 93%, or > 95% for at least 15, at feast 20, at least 30, at least 40, at least
50, at Jeast 60, at least 70, at least 100 cveles, at least 125 cveles, at least 150 cveles, at
east 175 cveles, or at least 200 cycles. In some embodiments, when the hydrocarbon-
containing feed includes at least 70 vol%. at least 75 vol%, at least 80 vol%, at least 85
vol%, at least 90 vol%, or at Teast 95 vol% of propane, based on a total volume of the first
30 hydrocarbon-containing feed, is contacted under a propane partial pressure of at least 20
kPa-absolute, a propylene yield of > 52%, > 53%, > 55%, > 57%, = 6{%, > 62%, = 63%,
= 64%, = 65%, or > 66% at a propviene selectivity of > 75%, > 80%, > §5%, > 90%, >
93%, or > 93%. In other embodiments, when the hydrocarbon-containing feed includes

at least 70 vol%, at least 75 vol%, at least R0 vol%, at least 85 vol%, at least 90 vol®%, or

-28 -



WO 2023/183693 PCT/US2023/063341

at 1east 95 vol% of propane, based on a total volume of the first hydrocarbon-containing
feed, is contacted under a propane partial pressure of at least 20 kPa-absolute, a propylens

, 2 53%, > 55%, > 57%, = 60%, > 62%, > 63%, > 64%, > 65%, or > 66%

yield of > 52%

at a propvlene selectivity of 2 75%, = 80%, > 85%, = 90%. = 93%, or = 95% can be

>

(=

obtained for at least 15, at least 20, at least 30, at least 40, at least 50, at least 60, at least
70, at least 100 cycles, at least 125 cycles, at least 150 eycles, at least 175 ¢ycles, or at

~G/

least 200 cyeles. 1tis believed that the propylene vield can be further increased to > 67%,

Y

> 68%, > T0%, > 72%, > 75%, > 77%, > 80%, or > 82% ai a propylene selectivity of >

75%, > 80%, = 85%, > 9(%, > 93%, or > 95% for > 15 ¢yvcles, > 20 cycles, > 30 cycles,

>

H) - 40 cycles, > 50 cvcles, > 60 ¢vcles, 2 70 cycles, 2 100 cycles, > 125 eveles, > 150 cyeles,

\/
[ o

IV

75 cycles, or > 200 cycles by further optimizing the composition of the support and/or
adjusting one or more process conditions. In some embodiments, the propylene vield can
be obtained when the catalyst composition is contacted with the hydrocarbon-containing
feed at a temperature of 2 620°C, 2 630°C, 2 640°C, 2 650°C, > 635°C, = 660°C, = 670°C,

15 2 680°C, = 690°C, = 700°C, or = 750°C for > 15 cvcles, > 20 cyeles, = 30 cycles, > 40
cycles, > 50 eycles, > 60 eycles, > 70 cycles, > 100 cycles, > 125 cycles, > 150 cveles, =
175 eycles, or 2 200 cycles.

[0881] Systems suitable for carrying out the processes disclosed herein can include
systems that are well-known in the art such as the fixed bed reactors discloged in WO

20 Pubhcation No. WO2017078894; the fluidized siser reactors and/or downer reactors
disclosed in U.S. Patent Nos. 3,888,762, 7.102,050: 7,195.741; 7.122,160; and 8.653,317:
and U.S. Patent Application Publication Nos. 2004/0082824; 2008/0194891; and the
reverse flow reactors disclosed m U.S. Patent No. 8,754,276, U.S. Patent Application
Publication No. 2015/0065767; and WO Publication No. W(2013169461.

25 [6082] The first hvdrocarbon-conlaining feed can be or can include, but is not limited
to, one or more alkane hvdrocarbons, e.g., Cr-Crs linear or branched alkanes and/or Cy-
Ci cychic alkanes, and/or one or more alkyl aromatic hydrocarbons, e.g., Cs-Cis alkyl
aromatics. In some embodiments, the first hvdrocarbon-containing feed can optionally
include 0.1 vol% to S0 vol% of steam, based on a total volume of any C2-Cis alkanes and

30 any Cs-Cis alkyl aromatics in the hyvdrocarbon-containing feed. In other embodiments,
the first hydrocarbon-containing feed can include < 8.1 vol% of steam or can be free of
steam, based on the {otal volume of any Co-Cys alkanes and any Cs-Cis alkyl aromatics in

the hydrocarbon-contaimung feed.
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168083] The C;-Cie alkanes can be or can include, but are not limited to, ethane, propane,
n-butane, iscbutane, n-pentane, isopentane, n-hexane, 2-methvipentane, 3-methyipentane,
2 2-cimethyvibutane, n-heptane, 2-methyvlhexane, 2.2 3-trivoethylbutane, cyclopentane,

cvclohexane, wmethvicyclopentane, athvlcyclopentane, n-propyicvclopentane, 13-

(=

dimethyicvelohexane, or a mixture thereof. For example, the first hydrocarbon-containing
feed can inchude propane, which can be dehydrogenated to produce propylene, and/or
isobutane, which can be dehvdrogenated to produce isobutylene. In another example, the
first hyvdrocarbon-containing feed can include hiquid peiroleum gas (LP gas), which can
be in the gaseous phase when contacted with the catalyst composition. In some
10 embodurments, the first hydrocarbon i the hydrocarbon-containing feed can be coraposed
of substantially a single alkane such as propane. In some embodiments, the hydrocarbon-
containing feed can include = 54 mol%, > 75 mol%, > 95 mol%, > 98 mol%%, or > 99 mol%
of a single Cr-Cis alkane, e g, propane, based on a total moles of all hydrocarbous in the
first hydrocarbon-containing feed. In some embodimenis, the first hydrocarbon-
15 containing feed can include at least 50 vol%, at least 55 vol%, at least 60 vol%, at least
65 vol%, at least 70 vol%, at least 75 vol%, at least 80 vol%, at least 85 vol%, at least 90
vol%, at least 95 vol%, at least 97 vol%, or at least 99 vol% of a single Ur-Cis alkane. e g,
propane, based on a total volume of the {irst hydrocarbon-containing feed.
[6684] The (s-Cis alkyl aromatics can be or can include, but are not hmited to,
20 ethvibenzene, propyvlbenrzene, butylbenzene, one or more ethyl toluenes, or a mixture
thereof. In some embodiments, the hydrocarbon-containing feed can include > 50 mol%,
> 75 mol%, > 95 mol%, > 98 mol%, or = 99 mol% of a single Cx-Ci6 alkyl aromatic, e.g.,
ethyvlbenrene, based on a total weight of all hydrocarbons 1o the first hydrocarbon-
contaiming feed. In some embodiments, the ethyvibenzene can be dehvdrogenated to
25 produce stvrene.  As such, in some embodiments, the {irst process for upgrading a
hydrocarbon  disclosed herein  can  include propane dehydrogenation, butane
dehydrogenation, iscbutane dehydrogenation, pentane dehydrogenation, pentane
dehydrocyclization  to cyclopentadiene, naphtha  reforming,  ethylbenzene
dehydrogenation, sthyltoluene dehvdrogenation, and the Hike.
30 {0088} Insome emboduments, the first hydrocarbon-containing feed can be diluted, e.g.,
with one or more diluents such as one or more inert gases. Suitable inert gases can be or
can include, but are not limited to, Ar, Ne, He, N3, COs, CHy, or a mixture thereof, If the
hydrocarbon contaiming-feed includes a diluent, the hydrocarbon-contaiming feed can

include 0.1 vol%. 0.5 vol%, 1 volY%, or 2 voi% to 3 vol%, & vol%, 16 volY%, or 32 vol%
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of the diluent, based on a total volume of any C»-Uis alkanes and any (s-Cis alkyl
aromatics in the hydrocarbon-containing feed.
[B086] In soroe embodiments, the first hydrocarbon-contamning feed can also jnclude Ho.

In some embodiments, when the first hydrocarbon-containing feed includes H», a molar

(=

ratio of the H» to a combined amount of anv C2-Cis alkane and any Cs-Cis alkyl aromatic
can bein arange from 0.1, 0.3,05,07, or 110 2,3, 4, 5,6, 7, 8,9, or 10,
16887] Insome embodiments, the first hydrocarbon-containing feed can be substantially
free of anv steam, e.g., <0.1 vol% of steam, based on a total volume of any C2-L16 alkanes
and any Cs-Cis alkyl aromatics in the hydrocarbon~-containing feed. In other embodiments,
10 the first hydrocarbon-containing feed can include steam.  For exanple, the first
hydrocarbon-containing feed can include 0.1 vol%, 0.3 vol%, 0.5 vol%, 0.7 vol%, 1 vol%,
3 voi%, or 5 voi% to 10 vol%e, 15 vol%, 28 vol%, 25 vol%, 30 vol%, 35 voi%%, 40 vol%,
45 vol%, or 50 vol% of steam, based on a total volume of any Cr-Cis alkanes and any Cs-
Cis alkyl aromatics in the first hydrocarbon-containing feed. In other embodiments, the
15 first hydrocarbon-containing feed can include < 50 vol%, < 45 vol%, < 40 vol%, < 33
vol%, <30 vol%, <25 vol%, <20 vol%, or < 15 vol% of steam, based on a total voloms
of any {»-Us alkanes and anv Cs-Cis alkyl aromatics in the first hydrocarbon-containing
feed. In other embodiments, the first hydrocarbon-containing fead can include at least 1
voi%%, at least 3 vol%, at least 5 vol%, at least 10 vol%, at least 15 vol%, at least 20 vol%,
20 at least 25 vol%, or at least 30 vol% of steam, based on a total volume of any 0r-Cis
alkanes and any Cs-Ci6 alkyl aromatics in the first hydrocarbon-containing feed.
[B088] In some embodiments, the first hydrocarbon-containing feed can inclade sulfur,
For example, the first hyvdrocarbon-containing feed can include sulfur in a range fromm 0.5
ppm, 1 ppim, 5 ppm, 10 ppmy, 20 ppm 30 ppmy, 40 ppm, 506 ppm, 60 ppm, 70 ppm, or 80
25 ppro to 100 ppm, 150 pprm, 200 ppm, 300 ppm, 400 ppm, or 500 ppm.  In other
embodiments, the first hydrocarbon-containing feed can include sulfur n a range from 1
ppm to 10 ppm, 10 ppm to 20 ppm, 20 ppm to 50 ppm, 50 ppm to 100 ppm, or 100 ppm
to 500 ppm. The sulfur, if present in the first hydrocarbon-containing feed, can be or can
melude, but 1s not himited to, H2S, dimethvl disulfide, as one or more mercaptans, or any
30 mixture thereof.
6089} Insome embodiments, the first hydrocarbon-containing feed can be substantially
free or free of molecular oxygen. In some embodimenis, the first hydrocarbon-containing
feed can include <5 mol%, <3 mol%, or <1 mol% of molecular oxvgen (02). Iiis

believed that providing a first hvdrocarbon-containing feed substantialiy-free of molecular
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oxygen substantially prevents oxidative reactions that would otherwise consume at least
a portion of the alkane and/or the alkyl aromatic in the first hvdrocarbon-containing feed.

A Second Process for Upgrading a Hydrocarbon

[6898] In some embodiments, the process for upgrading a hvdrocarbon can include the

(=

upgrading processes disclosed in U.S. Patent Application Publication No. 2021/0276932.
For example, the process for upgrading a hydrocarbon can inclade (I} contacting the {irst
hydrocarbon-containing feed with the catalvst composition that includes the Group 8-10
glement disposed on the support to effect one or more of dehvdrogenation,
dehydroaromatization, and dehydrocvclization of at least a portion of the first
10 hydrocarbon-containing feed fo produce a coked catalyst composition and av etfiueot that
can include one or more upgraded hydrocarbons and molecular hvdrogen. The first
hydrocarbon-containing feed can include one or more of Cz-Cig linear or branched alkanes,
or one or more of Cy-Cis cyclic alkanes, or one or more Cz-Cis alkyl aromatics, or a
mixture thereof. The first hydrocarbon-containing feed and catalyst composition can be
15 contacted at a temperature 1n a range from 300°C to 900°C, for a time period of < 3 hours,
under a hvdrocarbon partial pressure of at least 20 kPa-absolute, where the hyvdrocarbon
partial pressure is the total partial pressure of any {2-Cis alkanes and any C3-Cis alkyl
argmatics in the first hydrocarbon-containing feed. The catalyst composition can include
G.001 wt% to 6 wi% of the Group 8-10 element disposed on the support, the support
20 including Al and at teast 0.5 wi% of the Group 2 elemeut and is free of 81 ot containg <
(.5 wit¥% of Si, where all weight percent values are based on the weight of the suppost.
The one or more upgraded hydrocarbons can include at least one of a dehydrogenated
hydrocarbon, a dehydroaromatized hvdrocarbon, and a dehydrocvelized hydrocarbon,
The process can also include (H) contacting at least a portion of the coked catalyst
25 composition with an oxidant to effect combustion of at least a portion of the coke to
produce a regenerated catalyst composition lean in coke and a combustion gas. The
process can also include (I} contacting an additional quantity of the first hydrocarbon-
containing feed with at least a portion of the regenerated catalyst composition to produce
a re~coked catalvst composition and additional effluent. A cycle time from the contacting
30 the first hydrocarbon-containing feed with the catalyst composition in step (1) to the
contacting the additional quantity of the first hvdrocarbon-containing feed with the
regenerated catalyst composition in step (HI) can be <5 hours.
{60911 In some embodiments, at least a portion of the Group 8-10 element in the

regenerated catalyst can be at a higher oxidized state as compared to the Group 8-10

-32 -



WO 2023/183693 PCT/US2023/063341

element in the catalyst contacted with the first hvdrocarbon-containing feed and the
process can further include, after step (1) and before step (1), the following step (Ila)
contacting at least a portion of the regenerated catalyst with a reducing gas to produce a

regenerated and reduced catalyst, where at a least a portion of the Group 8-10 element in

(=

the regenerated and reduced catalyst 1s reduced to a lower oxidation state as compared to
the Group 8-10 elernent in the regenerated catalyst, and where the additional guantity of
the hydrocarbon-contaming feed can be contacted with at least a portion of the regenerated
and reduced catalvst.

A Third Process {or Uperading a Hydrocarbon

10 j0092]  Insome embodiments, the process for upgrading a hydrocarbon can include the
upgrading processes disclosed in U.S. Patent Application Publication No. 2021/0276002.
For example, the process for upgrading a hydrocarbon can inclade (I} contacting the {irst
hydrocarbon-containing feed with Bwmdized catalyst particles that can mnclude the Group
8-10 element disposed on the support within a conversion zone to effect one or more of
15 dehydrogenation, dehydroaromatization, and dehydrocyclization of at least a portion of
the first hydrocarbon-containing feed to produce a conversion efffuent that can include
coked catalyst particles. one or more upgraded hydrocarbons, and molecular hydrogen.
The first hydrocarbon-containing feed can include one or more of C-Cis linear or
branched alkanes, one or more of Cy-Cis cyclic alkanes, one or more of Cs-Cis alkyl
20 aromatic hvdrocarbons, or a maxture thereof, The first hydrocarbon-containing feed and
the fhudized catalyst particles can be contacted at a temperature in a range from 300°C to
900°C, for a time period in a range from 0.1 seconds to 2 minutes, and ander a
hydrocarbon partial pressure of at least 20 kPa-absolute, where the hydrocarbon partial
pressure is the total partial pressure of any C:-Cie alkanes and any Cs-Uis alkyl aromatic
25  hydrocarbons in the first hydrocarbon-containing feed. The catalysi particles can include
0.001 wit% to 6 wi% of the Group 8-10 element disposed on the support, the support
including Al and at least 0.5 wi% of the Group 2 element and is frea of 81 or contains <
(.5 wt% of 81, where all weight percent values are based on the weight of the support.
The one or more upgraded hydrocarbons can include a dehydrogenated hydrocarbon, a
30 dehydroaromatized hydrocarbon, a dehydrocylized hvdrocarbon, or a mixture thereof
The process can also include (If) obtaining from the conversion effluent a first gasecus
stream rich in the one or more upgraded hydrocarbons and the molecular hydrogen and a
first particle stream rich in the coked catalvst particles. The process can also include (1)

contacting at least a portion of the coked catalyst particles in the first particle stream with

5

[

(5]
]



WO 2023/183693 PCT/US2023/063341

an oxidant in a combustion zone to effect combustion of at least a portion of the coke 1o
produce a combustion effiuent that can include regenerated catalyst particles fean in coke
and a combustion gas. The process can also include (TV) obtaining from the combustion

effluent a second gaseous stream rich in the combustion gas and a second particle stream

(=

rich in the regenerated catalyst particles. The process can also include (V) contacting an
additional quantity of the first hydrocarbon-containing feed with fluidized regenerated
catalvst particles to produce additional conversion effluent comprising re-coked catalyst
particles, additional one or more upgraded hvdrocarbons, and additional molecular
hydrogen.

10 j0093]  Insome embodiments, the process can further include, after step (IV) and before
step {V), the following step {(IVa) contacting at least a portion of the regenerated catalyst
particles with a reducing gas (o produce regenerated and reduced catalyst particles, where
the additional guantity of the hydrocarbon-containing feed can be contacted with fluidized
regenerated and reduced catalyst particies in step (V).

15 A Fourth Process for Uperadine a Hydrocarbon

[0894] In some embodiments, the process for upgrading a hydrocarbon can include a
first multi-stage upgrading processes disclosed in WO Publication No. 2021/225747. For
example, the upgrading process can be a mulii-stage hydrocarbon upgrading process that
can include (I} contacting the first hydrocarbon-containing feed with a first catalyst
20 composition that can include the Group 8-10 element disposed on the support within a
first conversion zone to effect one or more of dehydrogenation, dehvdroaromatization,
and dehydrocyclization of a portion of the first hydrocarbon-containing feed to produce a
first conversion zone effluent that can include one or more upgraded hydrocarbons,
molecular hvdrogen, and unconverted first hydrocarbon-containing feed. The process can
25 also melude (ID) contacting the first conversion zone effluent with a second catalvst
compaosition that can include the Group §-10 element disposed on the support within a
second conversion zone to effect one or more of dehvdrogenation, dehydroaromatization,
and dehvdrocyclization of at least a portion of the unconverted first hydrocarbon-
contaiming feed to produce a second conversion zone effluent that can include an
30 additional quantity of oue ot yuore upgraded hydrocarbons and molecular hydrogen. The
first hydrocarbon-containing feed can include one or more of C1-Cis linear or branched
alkanes, one or more of {4-Cis cyclic alkanes, one or more of Cs-Cis alkyl aromatic
hydrocarbons, or a mixture thereof. The first hydrocarbon-containing feed and the first

catalyst composition can be contacted for a time period in a range from 0.1 seconds to 3
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hours, under a hydrocarbon partial pressure of at least 20 kPa-absolute, where the
hydrocarbon partial pressure is the total partial pressure of any C3-Cys alkanes and any {Cs-
Cis alkyl aromatic hydrocarbons in the first hyvdrocarbon-containing feed.  The first

conversion rone effluent and the second catalyst composition can be contacted for a time

(=

period in a range from 0.1 seconds to 3 hours, under a hydrocarbon partial pressure of at

least 20 kPa-absolute, where the hydrocarbon partial pressure is the total partial pressure

of any C2-Cie alkanes and any Cs-Cis alkyl aromatic hydrocarbons in the first conversion
zone effluent. The first conversion rone effluent can have a temperature in a range from
300°C 10 850°C. The second conversion zone efffuent can have a temperature in a range

10 from 350°C to Y00°C. A temperature of the second couversion zoue effluent can be
greater than a temperature of the first conversion zone effluent. The first catalyst
composition and the second catalyst composition can have the same composition or a
different composition. The first catalyst composition and the second catalvst composition
each include 0.001 wi% 1o 6 wi% of the Group §-10 element disposed on the support, the

15 support including Al and at least 0.5 wt% of the Group 2 element and 15 free of Si or
contains < 4.5 wi% of $i, where all weight percent values are based on the weight of the
support. The one or more upgraded hvdrocarbons can include a dehydrogenated
hydrocarbon, a dehvdroaromatized hydrocarbon, a dehydrocylized hydrocarbon, or a
mixiure thereof.

20 [6698]  In some embodiments, at least one of the first catalvst composition and the
second catalvst composiiion can be disposed within a fixed bed. In some embodiments,
the first conversion zone and the second conversion zone can be disposed within a fixed-
bed reactor. In some embodiments, the first conversion zone and the second conversion
zone can be disposed within a reverse-flow reactor. In some embodiments, at least one of

25 the first catalyst and the second catalyst can be in the form of fluidized catalyst particles.
In some embodiments, the first catalyst and the second catalyst can be in the form of
fluidized catalyst particles. In some embodiments, the first and second conversion zones
can be substantially adiabatic.

8896} In some embodiments, the process can further include, after step (1) and before

30 step (1), the following step: (Ja) countacting the first conversion zone effluent with one or

more intermediate catalyst compositions that can include the Group 8-10 element disposed

on the support within one or more intermediate conversion zones o effect one or more of
dehydrogenation, dehydroaromatization, and debydrocyclization of a portion of the

wnconverted hydrocarbon-containing feed in the first conversion zone effluent to produce
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one or more coked intermediate catalysts and one or more intermediate conversion zone
effluents having one or more intermediate temperatures that can include unconverted
hydrocarbon-containing feed and an additional quantity of one or more upgraded

hydrocarbons and molecular hydrogen, where a last intermediate conversion zone effluent

(=

is contacted with the second catalyst in the second conversion zone in step (II). In some
embodiments, if the process inchades the optional step (Ia), the one or more intermediate
temperatures of the one or more intermediate conversion rone effluents can be greater
than the temperature of the first conversion zone effluent, and the temperature of the
second conversion zone effluent can be greater than the one or more intermediate
10 teroperatures of the one or more intermediate conversion zone effluents.
6897} Insome embodiments, contacting the hvdrocarbon-containing feed with the first
catalyst can produce a coked first catalyst and contacting the firsi conversion zone effluent
with the second catalyst can produce a coked second catalyst, and the process can further
include step (1) that can include contacting the coked first catalyst, the coked second
15 catalvst, or the coked first catalyst and the coked second catalvst with an oxidant to effect
combustion of at least a portion of the coke to produce a combustion gas and a regenerated
first catalyst, a regenerated second catalvst, or a regenerated first catalyst and a
regenerated second catalyst. In some embodiments, in step (IH} the coked first catalyst
particles, the coked second catalyst particles, or the coked first catalyst pasticles and the
20 coked second catalyst particles and oxidant can be contacied at a temperature in a range
from 580°C to 1,100°C, preferably from 650°C to 1,000°C, more preferably from 700°C
to 900°C, or more preferably from 750°C to 850°C. In some embodiments, the process
can also include (V) contacting at least a portion of any regenerated first catalyst, at least
a portion: of any regenerated second catalyst, or at least a portion of any regenerated first
25 catalyst and at least a portion of any regenerated second catalvst with a reducing gas 1o
produce a regenerated and reduced frst catalyst, a regeverated and reduced second
catalvst, or a regenerated and reduced first catalyst and a regenerated and reduced second
catalvst.

A Fifth Process for Upgrading a Hvdrocarbon

30 {0098} o other embodiments, the process for upgrading a hydrocarbon can include a
second multi-stage upgrading processes disclosed in WO Publication No. 2021/225747.
For example, the multi-stage hydrocarbon upgrading process can include (1) contacting
the first hvdrocarbon-containing feed with a first plurality of fudized catalyst particles

that can include the Group 8-10 element disposed on the support within a first conversion
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zone to effect one or more of dehvdrogenation, dehydroaromatization, and
dehydrocyclization of a {first portion of the first hydrocarbon-containing feed to produce
a first conversion zone efftuent that can include coked first catalvst particles, one or more

upgraded hyvdrocarbons, molecular hydrogen, and unconverted first hydrocarbon-

(=

containing feed. The process can also include (1) contacting the first conversion zone
effluent with a second plorality of fluidized catalvst pariicles that can inchude the Pt and
the promoter disposed on the support within a second conversion zone to effect one or
more of dehydrogenation, dehydroaromatiration, and dehydrocyclization of at least a
portion of the unconverted first hydrocarbon~containing feed to produce a second
10 conversion zone effiuent that can include coked second catalyst particles, an additional
quantity of upgraded hydrocarbons, and an additional quantity of molecular hydrogen.
The first hydrocarbon-containing feed can include one or more of C-Cis linear or
branched alkanes, one or more of C4-Cis cvclic alkanes, one or more of Cs-Cis alkyl
aromatic hvdrocarbons, or a mixture thereof. The first hvdrocarbon-containing feed and
15 the first plurality of fluidized catalvst particles can be contacted for a time period in a
range from .1 seconds to 2 minutes, under a hvdrocarbon partial pressure of at feast 20
kPa-absolute, where the hydrocarbon partial pressure 1s the total partial pressure of any
C3-Cis alkanes and any Cs-Cig alkyl aromatic hydrocarbons in the first hydrocarbon-
containing feed. The {irst conversion zone effluent and the second plurality of fluidized
20 catalyst particles can be contacted for a time period in a range from 0.1 secounds to 2
minutes, under a hydrocarbon partial pressure of at least 20 kPa-absolute, where the
hydrocarbon partial pressure is the {otal partial pressure of any Cs-Cys alkanes and any Cs-
Cis alkyl aromatic hydrocarbons in the first conversion zone effluent. The first conversion
zone effluent can have a temperature 1 a range from 300°C to 850°C. The second
25 conversion zone effluent can have a temperature in a range from 350°C to S00°C. A
temperature of the second conversion zone effluent can be greater than a temperature of
the first conversion zone effluent. The first plurality of fluidized catalyst particles and the
second plurality of fluidized catalyst particles can each include 0.001 wt% to 6 wt% of
the Group 8-10 element disposed on the support, the support including Al and at least 0.5
30 wi% of the Group 2 element and is free of 81 or contains < 0.5 wit% of 81, where all weight
percent values are based on the weight of the support. The one or more upgraded
hydrocarbons can include a debydrogenated hydrocarbon, a dehydroaromatized
hydrocarbon, a dehydrocylized hydrocarbon, or a mixture thereof. The process can also

include (111} obtaining from the second conversion zone effluent a first gaseous stream
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rich in the upgraded hvdrocarbons and molecular hvdrogen and a first particle stream rich
in the coked first catalyst particles and the coked second catalyst particles. The process
can also include (IV) splitting the first particle stream into a second particle stream and a

third particle stream. The process can also mclude (V) recvcling the second particle

(=

stream to the first conversion zone as the first plurality of fluidized particles. The process
can also include (V1) contacting the third particle stream with an oxidant in a combustion
zone o effect combustion of at least a portion of the coke to produce a combustion effluent
that can include regenerated catalyst particles lean in coke and a combustion gas. The
process can also inchude (VII) obtaining from the combustion effluent a second gaseous
10 stream rich m the combustion gas and a fourth particle stream rich n the regenerated
catalyst particles. The process can also include {VIII) recycling the fourth particie siream
1o the second conversion zone as the second plurality of fluidized catalvst particles.
[6899]  In some embodiments, the process can also include, after step (VI and before
step (VII), the following step (Vila) contacting at least a portion of the fourth particle
15 stream with a reducing gas to produce regenerated and reduced catalyst particles, where
the regenerated and reduced catalyst pasticles can be recycled to the second conversion
zone as the second plurality of fluidized catalyst particles i step (Vi)  In some
embodiments, step (IV} can optionally inchude separating a fifth particle stream from the
first particle stream and the process can optionally include contacting the fourth particle
20 stream with the fifth particle stream to produce a combined particle stream.
16188} In some embodiments, the process can optionally include, after step (I) and
before step (11}, the following step (Ia} contacting the first conversion sone effluent with
one or more infermediate pluralities of Huidized catalyst particles that include the Group
8-10 element disposed on the support within one or more intermediate conversion rones
25 1o effect one or more of dehydrogenation, dehydroaromatization, and dehydrocyehization
of a portion of the unconverted hvdrocarbon-containing feed in the first conversion zone
effluent to produce one or more coked intermediate pluralities of fluidized catalyst
particles and one or more intermediate conversion zone effluents that can have one or
more intermediate temperatures that can include unconverted hydrocarbon-containing
30 feed and an additional quantity of one or more upgraded hyvdrocarbons and molecular
hydrogen, where a last intermediate conversion rone efffuent can be contacted with the

second catalyst in the second conversion zone in step (IF).
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A Sixth Process for Upgrading a Hvdrocarbon

16181} In some embodiments, the process for upgrading a hydrocarbon can include the
upgrading processes disclosed in U.S. Patent Application No. 63/062,084. For example,

the upgrading process can include (1) introducing the first hydrocarbon-containing feed

(=

that can include one or more of U-Cis linear or branched alkanes, one or more of Ca-Cig
cychie alkanes, one or more of Cs-Cyss alkyl aromatics, or a mixture thereof into a reaction
zone. The process can also include (II) contacting the first hydrocarbon-containing feed
with the catalysi composition that can include the Group 8-10 element disposed on the
support disposed within the reaction zone to effect at least one of dehvdrogenation,
10 dehydroaromatization, and dehydrocyclization of at least a portion of the first
hydrocarbon-containing feed to produce a coked catalyst composition and a first effluent
that can include one or more upgraded hydrocarbons and molecular hvdrogen. The {irst
hydrocarbon-containing feed and the catalyst composition can be contacied at a
temperature in a range from 300°C to 900°C, for a time period of 1 minute to 90 minutes,
15 under a hvdrocarbon partial pressure of at least 20 kPa-absolute, where the hydrocarbon
partial pressure is the total partial pressure of any C2-Cis alkanes and any Cs-Cis alkyl
aromatics in the hvdrocarbon-containing feed. The catalyst composition can include
G.001 wi% to & wi% of the Group 8-10 element disposed on the support, the support
inchading Al and at least 0.5 wi% of the Group 2 element and is free of 81 or containg <
200 0.5 wit% of Si, where all weight percent values are based on the weight of the support.
The process can also include (11} haliing introduction of the first hydrocarbon-containing
feed into the reaction zone;, {IV) iniroducing an oxidant into the reaction zone, (V)
contaciing the oxidant with the coked catalyst composition to effect combustion of at least
a portion of the coke to produce a regenerated catalyst composition lean in coke and a
25 second effluent comprising a combustion gas, wherein the oxidant and the coked catalyst
compaosition are contacted for a time penod of 1 munute to 90 nunules; and (VI halting
introduction of the oxidant into the reaction zone. The process can also include (VIT)
introducing a reducing gas into the reaction rone; {VHI) contacting the reducing gas with
the regenerated catalyst composifion {o produce a regenerated and reduced catalvst
30 composttion and a third effluent, wherein the reducing gas and the regenerated catalyst
composition are contacted for a time period of .1 seconds to 90 minutes; and (IX) halting
introduction of the reducing gas into the reaction zone. The process can also include (X)
introducing an additional quantity of the first hydrocarbon-containing feed into the

reaction zone and (XI) contacting the additional quantity of the first hydrocarbon-

Z39-
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containing feed with the regenerated and reduced catalyst composition to produce a re-
coked catalyst composition and additional first effluent. The additional quantity of the
first hydrocarbon-containing feed and the regenerated and reduced catalvst composition

can ba contacted at a temperature in a range from 300°C to 900°C, for a time period of 1

(=

minute to 90 minutes, wnder a hydrocarbon partial pressure of at least 20 kPa-absolute,

where the hvdrocarbon partial pressure is the {otal partial pressure of any Cr-Cis alkanes

and any Cs-C1s alkyl aromatics in the first hydrocarbon-contaiing feed.

{81021 In some embodiments, the process can optionally include, after step (11} and

before step {IV), the following step (Hla) introducing a siripping gas into the reaction

10 zone to remove at least a portion of any residual hvdrocarbon-containing feed, first
effluent, or both from the reaction zone; (M) removing at least a portion of any residual
hydrocarbon containing {eed, effluent, or both from the reaction zone by subjecting the
reaction zone to a pressure of less than atmospheric pressure; or a combination of steps
(1) and (1ilp). In some embodiments, the process can optionally include, after step (V1)

15 and before step {(VH), the following step: {Viar) introducing a stuipping gas into the
reaction zone o remove at least a portion of any residual oxidant, second effluent, or both
from the reaction zone, (Vi) removing at least a portion of any residual oxidant, second
effluent, or both from the reaction zone by subjecting the reaction zone to a pressure of
less than atmospheric pressure; or a combination of steps (VI and (Vi)

20 {6103} In some embodimnents, the process can optionally include | after step (IX) and
before step (X), the following step (1X.1) introducing a stripping gas into the reaction zone
to remove at least a portion of any residual reducing gas, third effluent, or both from the
reaction zone, (1X,2) removing at least a portion of any residual reducing gas, third effluent,
or both from the reaction zone by subjecting the reaction zone 1o a pressure of less than

25  atmospheric pressure; or a combination of steps (IXa1) and (IXw2). In some embodiments,

step (IV) of the process can optionally include wntroducing a fuel with the oxidant iuto the

reaction zone, and combusting at least a portion of the fuel within the reaction zone to
produce heat that heats the reaction zone to a temperature of > 580°C, = 620°C, > 650°C,
> GRO°C, 2 710°C, 2 T40°C, = 7T10°C, = 800°C, > 850°C, = 900°C, or 2 1,000°C.

30 A Seventh Progcess for Upgrading a Hydrocarbon

[6184] In some embodiments, the process for upgrading a hvdrocarbon can include the
apgrading processes disclosed in U.S. Patent Application No. 63/195.966. For example,
the process can wclude (I) contacting the first hvdrocarbon~containming feed with the

catalyst composition that can include the Group 8-10 element disposed on the support to
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effect one or more of dehydrogenation, dehvdroaromatization, and dehydrocyclization of
at least a portion of the hydrocarbon-containing feed to produce an at least partially
deactivated catalyst composition that can include the Group 8-10 element disposed on the

support and a contaminant and an effluent that can include one or more upgraded

(=

hydrocarbons and molecular hydrogen. The first hydrocarbon-containing feed can include
one or more of Cr-Cis linear or branched alkanes, or one or more of C4-Cis oyclic alkanes,
one or more CUs-Cis alkyl aromatics, or a mixture thereof The catalyst composition can
include 0.001 wi% to 6 wit% of the Group #-10 element disposed on the support, the
support including Al and at least 0.5 wi% of the Group 2 elerent and is free of St or
10 comtains < (.5 wi% of S1, where all weight percent values are based on the weight of the
support. The first hydrocarbon-containing feed and the catalyst composition can be
contacted at a temperature in a range from 300°C to 200°C. The one or more upgraded
hydrocarbons  can include at least one of a dehydrogenated hydrocarbon, a
dehydroaromatized hydrocarbon, and a dehydrocvelized hydrocarbon. The process can
15 also include (II) heating the at least partially deactivated catalyst composition using a
heating gas mixiure that can include H>0 at a concentration of greater than § mol%, based
on the total moles in the heating gas mixture to produce a precursor catalyst composition.
The process can also include (IIF} providing an oxidative gas that can include no greater
than 5 mol% of H0, based on the total moles in the oxidative gas. The process can also
20 include (IV) contacting the precursor catalyst coraposition at an oxadizing temperature in
a range of from 620°C to 1,000°C with the oxadative gas for a duration of at least 30
seconds to produce an oxidized precursor catalysi composition. The process can also
melude (V) obtamning a regenerated catalyst composition from the oxidized precursor
catalyst composition. The process can also include (V1) contacting an additional quantity
25 of the first hyvdrocarbon-containing feed with at least a portion of the regenerated catalvst
composition 1o produce additional at least partially deactivated catalyst composition and
additional effluent. In some embodiments, the heating gas mixture can be produced by
combusting a fuel with an oxidizing gas. In some embodiments, the fuel can include at
least one of Ha, CO, and a hvdrocarbon and the oxidizing gas can include Qo In some
30 embodimenis, the oxidative gas can be or can include, but 1s not himited to, Ga, Os, COy,
or a mixture thereof and can include no greater than 5 mol% of HO.

An Fighth Process for Upgrading a Hydrocarbon

[6185]  In some embodiments, the process for upgrading a hyvdrocarbon can include the

upgrading processes disclosed i U.S. Patent Application No. 63/232,959. For example,

-4) -



WO 2023/183693 PCT/US2023/063341

the process for upgrading a hydrocarbon can include (§) contacting the first hydrocarbon-
containing feed with fludized dehydrogenation catalvst particles that can include the
Group 8-10 elernent disposed on the support i a conversion zone to effect

dehvdrogenation of at least a portion of the hydrocarbon-containing feed to produce a

(=

conversion effluent that can include coked catalvst particles and one or more
dehvdrogenated hyvdrocarbons.  The fluidized dehydrogenation catalyst particles can
include G.001 wt% to 6 wi% of the Group #-10 element disposed on the support, the
support including Al and at least 0.5 wit% of the Group 2 element and is free of Si or
contains < 4.5 wi% of $1, where all weight percent values are based on the weight of the
10 support. The first hydrocarbon-containing feed can include one or more of Co-Cie linear
or branched alkanes, one or more of C4-Cis cvelic alkanes, one or more of Cs-Cis alkyl
aromatic hydrocarbons, or a mixiare thereof. The first hydrocarbon-containing feed can
contact the catalyst particles at a weight hourly space velocity in a range from 6.1 hr™' 1o
1,000 hrl, based on the weight of any C:-Cie alkanes and any Cs-(is aromatic
15 hydrocarbons in the first hvdrocarbon-containing feed. A weight ratio of the fluidized
dehydrogenation catalyst particles to a combined amount of any C-Cis alkanes and any
Cg-Cis aromatic hydrocarbons can be in a range from 3 to 100, The first hydrocarbon-
containing feed and the catalyst particles can be contacted at a temperature in a range from
6007C 10 750°C. The process can also include (1) separating from the conversion effluent
20 afirst particle stream rich 1 the coked catalyst particles and a first gaseous stream nich o
the one or more dehydrogenated hydrocarbons. The process can also include (I
contacting at least a portion of the coked catalyst particles in the first particle stream with
an oxidant and a fuel 10 a combustion zoune to effect combustion of at least a portion of
the coke to produce a combustion effluent that can include catalyst particles lean in coke
25  and a combustion gas. A dehydrogenation activity of the catalyst particles lean in coke
can be less than a dehyvdrogenation activity of the coked catalyst particles. The process
can also include (IV) separating a second particle stream rich in the catalyst particles lean
in coke and a second gaseous stream rich in the combustion gas from the combustion
effluent. The process can also include (V) contacting at least a portion of the catalyst
30 particles lean in coke n the second particle stream with an oxidative gas 1n an oxygen
soak zone at an oxidizing temperature in a range from 620°C to 1,000°C for a duration of
at teast 30 seconds to produce conditioned catalvst particles having an activity that can be
less than the coked catalvst particles. The process can also include (VI) contacting at least

a portion of the conditioned catalyst particles with a reducing gas in a reduction zone to
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produce regenerated catalyst particles having a dehydrogenation activity that can be
greater than the coked catalvst particles. The process can also include (VI contacting an
additional guantity of the hydrocarboun-containing feed with at least a portion of the

regenerated catalyst particles in the conversion zone to produce an additional quantity of

(=

the conversion effiuent that can include re-coked catalyst particles and an additional
quantity of the one or more dehydrogenated hydrocarbons. The process can also include
(V1) cooling the first gaseous siream to produce a cooled gaseous stream. The process
can also include (3X) compressing at least a portion of the cooled gaseous stream to
produce a compressed gaseous stream. The process can also include (X) separating a
10 plurality of products froro the compressed gaseous stream.
[6186] In some embodiments, the first gaseous stream rich in the one or more
dehvdrogenated hydrocarbons can further include entrained coked catalyst pasticles. In
such embodiment, step (VHI) can include: (VIIa) contacting the first gaseous stream with
a first quench medium, mdirectly fransferring heat from the first gaseous stream to a first
15 heat transfer medium, or a combination thereof, to produce the cooled gaseous stream,
and (VIITh) coniacting the cooled gaseous stream with a second guench mediom within a
quench tower, (VIHc) recovering a third gaseous stream that can include the one or more
dehvdrogenated hydrocarbons and a slurry stream that can include at least a portion of the
second guench medium in a hiquid phase and the enirained coked catalyst particles from
20 the quench tower, and step (IX) can include corupressing at least a portion of the third
gaseous stream to produce the compressed gaseous stream. In some embodiments, the
conversion effluent can further include benzene, and the process can further include (XT)
withdrawing a benzene product stream from the quench tower,

A Ninth Process for Upgrading a Hydrocarbon

25 8197} In some embodiments, the process for upgrading alkanes and/or alkyl aromatic
hydrocarbons can ijnclude the processes disclosed 1o U.S. Patert Application No.
63/231,939. For example, the process for upgrading a hydrocarbon can include (1)
contacting the first hydrocarbon-containing feed with fluidized dehydrogenation catalyst
particles that can include the Group 8-10 element disposed on the supportt in a conversion

30 zone to effect dehydrogenation of at Jeast a portion of the first hydrocarbon-containing
feed to produce a conversion efffuent that can include coked catalyst particles and one or
more dehvdrogenated hydrocarbons, The fluidized dehydrogenation catalvst particles can
include a contanmunant, 0.001 wi% to 6 wi% of the Group 8-10 element disposed on the

support, the support including Al and at least 0.5 wi% of the Group 2 element and is free
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of 51 or contains < .5 wi% of Si, where all weight percent values are based on the weight
of the support. The process can also include (1) separating from the conversion effluent
a first strearn rich in the coked catalvst particles and lean in the one or more

dehvdrogenated hvdrocarbons and a second siream rnich in the one or more

(=

dehvdrogenated hydrocarbons and containing entrained coked catalyst particles. The
process can also include (11} contacting the second siream with a first quench medium to
produce a cooled second stream. The process can also include (1Y) contacting the cooled
second stream with a second guench medium within a quench tower. The process can
also include (V) recovering a gaseous siream that can include the one or more
10 dehydrogenated hydrocarbons, a condensed first quench medium stream, and a shury
stream that can inchude at least a portion of the second quench medium in a liquid phase
and the entrained coked catalyst particles from the quench tower. The process can also
mnchude (V1) recyeling at least a portion of the condensed first quench medium to step (1),
The process can also include (Vi) separating at least a portion of the entrained coked
15 catalyst particles from the shurry stream to provide a recovered second quench medium
streamn and a recovered entrained coked catalyst particles stream. The process can also
mclude (VHI) recycling at least a portion of the recovered second quench medium stream
to step (IV).
[6108] In some embodiments, the process can also include (IX) contacting at least a
20 portion of the coked catalyst particles in the first stream and at least a portion of the coked
catalvst particles in the recovered entrained catalyst particles stream with an oxidant and
optionally a fuel in a combustion zone to effect combustion of at least a portion of the
coke and, if present, the fuel to produce a combustion effluent that can include regenerated
catalyst particles lean in coke and a combustion gas; (X} separating a combustion gas
25 stream and a regeverated catalvst particles stream; and (XI) contacting an additional
quantity of the first hydrocarbon-containing teed with fluidized regeverated catalyst
particles from the regenerated catalyst particles stream to produce additional conversion
effluent comprising re-coked catalyst particles and additional one or more dehydrogenated
hydrocarbons.
30 (8109} In some embodiments, the process can optionally further include (XiI)
conveying at least a portion of the recovered enirained catalyst particles stream to a metal
reclamation facility; and (X1 recovering at least a portion of the Group 8-10 element
from the coked catalyst particles in the recovered entrained coked catalyst particles stream.

In some embodiments, the process can further include (X1V} cooling the slurry stream

- 44 -



WO 2023/183693 PCT/US2023/063341

prior to step (V) to produce a cooled shwrry stream. In some embodiments, the
conversion effluent can also include benzene and the process can further include (XV)
withdrawing a benzene product stream from the quench tower.

A Tenth Process for Upgrading a Hvdrocarbon

(=

(6118} In some embodimenis, the process for upgrading alkanes can include the
processes disclosed in U.S. Patent Application No. 63/222,733. For example, a process
for dehvdrogenating an alkane can include introducing the first hyvdrocarbon-containing
feed that includes one or more alkanes, e.g., propane, into a reactor that can inchude the
catalvst composition that can include the Group 8-10 element disposed on the support
10 disposed therein. The catalyst composition can include a contanunant and 0.001 wt% to
& wi% of the Group 8-10 element disposed on the support, the support including Al and
at least 0.5 wit% of the Group 2 element and is free of 8i or contains < 0.5 wi% of §i,
where all weight percent values are based on the weight of the support. The process can
also include contacting the first hydrocarbon-containing feed with the catalyst
15 composition in the reactor to form a high temperature dehyvdrogenated product, the high
termperature dehydrogenated product including at least a portion of the catalyst
composition. The process can also include separating at least a portion of the catalyst
composition from the high temperature dehvdrogenated product in a primary separation
device and a secondary separation device downstream of and in fluid communication with
20 the privoary separation device. The process can also include following the exit of high
temperature dehydrogenation product from the secondary separation device, combining
the high temperature dehydrogenation product with a guench stream, o cool the high
teroperature  dehydrogenation product and form  an  intermediale  temperature
dehvdrogenation product, where the quench stream includes a hydrocarbon. The process
25 can also nclude cooling the intermediate temperature dehydrogenation product to form a
cooled dehvdrogenation product.
16111} In some embodiments, the quench siream can include a liqud hydrocarbon and
the intermediate temperaiure product ¢an be completely in a vapor phase. In some
embodiments, the combining of the high temperature dehydrogenation product with the
30 quench stream can occur within a plenum section of the reactor. In some embodiments,

the process can further include further cooling, downstream of the reactor, the cooled

o0
dehvdrogenation product with a heat exchanger or a secondary quench stream, where the
guench stream can include at least a portion of the cooled dehydrogenation product after

having been further cooled by the heat exchanger or the secondary quench stream.

- 45 .



(=

16

20

30

WO 2023/183693 PCT/US2023/063341

16112} Itshould be understood that the second through the tenth processes for upgrading
a hvdrocarbon can include the same or similar process conditions such as operating
ternperatures, pressures, fime intervals for certain steps, WHSV, ete. as described with
regard to the first process for upgrading a hvdrocarbon, as will be apparent to those skilled
in the art.

Recovery and Use of the First Upearaded Hyvdrocarbon

16113} In some embodiments, the first upgraded hydrocarbon produced via any one of
the first through the tenth hydrocarbon upgrading processes can include at least one
upgraded hydrocarbon, eg., an olefin, water, wnreacted hydrocasbons, molecular
hydrogen, etc. The first upgraded hydrocarbon can be recovered or otherwise obtained
via any convenient process, £.g., by one of more conventional processes. Une such
process can include cooling and/or compressing the effluent to condense at least a portion
of any water and any heavy hydrocarbon that may be present, leaving the olefin and any
wnreacted alkane or alkyl aromatic primarily in the vapor phase. Olefin and unreacted
alkane or alkyl aromatic hyvdrocarbons can then be removed from the reaction product in
one or more separator drums. For example, one or more spliiters or distillation columns
can be used to separate the dehydrogenated product from the unreacted first hydrocarbon-
containing feed.

[6114] In some embodiments, a recovered olefin, eg., propvlene, can be used for
producing polymer, e.g., recovered propylene can be polymerized to produce polymer
having segments or units derived from the recovered propylene such as polypropyiene,
ethvlene-propylene copolymer, etc. Recovered isobutene can be used, e.g., for producing
one ot yuore oft an oxvgenate such as methyl tert-buty] ether, fuel additives such as

diisobutene, synthetic elastomeric polymer such as butyl rubber, etc.

A Process for Regenerating a Catalyst

[6115] In some embodiments, a process for regenerating the catalyst composition can
include the regenerating processes disclosed in U.S. Patent Application No. 63/195,966.
For example, the regenerating process that can be used to regenerate an at least partially
deactivated catalyst corposition that can nclude a contanminant and 0.001 wi% to 6 wi%
of the Group 8-10 element disposed on the support, the support including Al and at least
6.5 wi% of the Group 2 element and is free of 81 or contains < (.5 wt% of 8i, where all
weight percent values are based on the weight of the support. In some embodiments, the
countaminant can be or can include coke. The process can mclude (1) heating the at least

partially deactivated catalyst composition using a heating gas mixture that can include
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H:O at a concentration of greater than 5 mol%, based on the total moles in the heating gas
mixture to produce a precursor catalyst composition. The process can also include (1)
providing an oxidative gas that can jnclude no greater than S mol% of HaO, based on the
total moles in the oxidative gas. The process can also include (111} contacting the precursor
catalyst composition at an oxidizing temperature in a range of from 620°C to 1,000°C
with the oxidative gas {or a duration of at least 30 seconds, preferably at least | minute,
preferably at least 5 minutes. to produce an oxidized precursor catalyst composition. The
process can also include (IV} obiaining a regenerated catalyst composiiion from the
oxidized precursor catalvst composition. In some embodiments, the heating gas mixture
can be produced by combusting a fuel with an oxadizing gas. fn some embodiments, the
fuel can inchude at least one of Ho, €0, and a hydrocarbon and the oxidizing gas can
include On. In some embodiments, the oxidative gas can be or can include, but is not
finnted to, Oz, Os, CO2, or a muxture thereof and can mclude no greater than 5 mol% of
H:0.

An Eleventh Process for Uperading a Hvdrocarbon

[3116] The eleventh process for upgrading a hyvdrocarbon can inchide contacting a
hydrocarbon-containing feed {(a second hydrocarbon-containing feed) with the catalyst
composition that includes the Group 8-10 element disposed on the support to effect
reforming of at least a portion of the second hydrocarbon-containing feed to produce a
coked catalyst coroposttion and ao effluent that can include carbon monoxide and
molecular hydrogen. The catalyst composition can inclade ¢.001 wi% to 6 wt% of the
Group 8-10 element disposed on the sapport, the support inclading Al and at feast 0.5 wit%
of the Group 2 element and is free of 81 or contains < 0.5 wt% of 81, where all weight
percent values are based on the weight of the support. The catalyst composition and the
second hydrocarbon-containing feed can be contacied with one another within any
suitable environment such as one or more reaction or conversion zoues disposed within
one or more reactors to produce the effluent and the coked catalyst composition. The
reaction or conversion zone can be disposed or otherwise located within one or more fixed
bed reactors, one or more fudized or moving bed reactors, one or more reverse flow
reaciors, or any combination thereof. For clarity and ease of description, the reformung

reaction will be discussed in the context of a fluidized bed reactor, but it should be
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wnderstood that fixed bed reactors, reverse flow or moving bed reactors, or any other
reacior can be used to carry out the reforming of the second hvdrocarbon-containing feed.
[6117} The reforming reaction can be used to produce reformed hyvdrocarbons via a

continuous reaction process or a discontinuous reaction process. In some embodiments,

(=

the reaction process can include a reforming step, and a regeneration step, e.g. an
exothermic reaction, that operate continuously while the fluidized catalyst composttion is
transporied in-between the reforming and regeneration zone of the reactor. 'The
endotharmic reaction can include hvdrocarbon reforming in the presence of the catalyst
composition. Fresh hydrocarbon and regenerated fluidized catalyst particles can enter the
10 reforming zone. After spending some tivoe in the refornung zone, the hydrocarbon can be
at least partially converted to a reforming product that can exit the reforming zone together
with the spent catalyst composition. The reforming product and unreacted feed can be
separated from the spent catalyst by one or more separating devices. While the reforming
product and unreacted feed from the separating devices go downstream for further
15 pufication, the spent catalyst can be sent to the regeneration zone for regeneration. The
exothermic regeneration reaction can be the reaction of an oxidant and, optionally a fuel,
under combustion conditions to produce a regenerated catalvst and a flue gas.  After
regeneration, the regenerated catalvst can be separated from the flue gas by one or more
separating devices and can be transported back 1o the reforming zone, joining more
20 hydrocarboun feed fo enter the reforming zone to irutiate wore refornung reaction. The
reforming step can convert {0: and/or HoO and hydrocarbons, e.g., CHa, 1o a synthesis
gas that includes Ho and CO. The regeneration step can combust reaciants, e.g., coke
disposed on the spent catalyst and/or the optional fuel and an oxidant, to generate heat that
heats up the regenerated catalyst that can provide heat that can be used to drive the
25 reformung reaction. In some embodiments, the catalvst can be heated (o an average
temperature n a range of from 600°C, 700°C, or 8060°C to 1,000°C, 1,300°C, or 1,600°C
during the regeneration step.
[6118] Hlustrative fuels can be or ¢an include, but are not limited to, hydrocarbons, e.g.,
methane, ethane, propane, butane, pentane, or hvdrocarbon contaiming streams, e.g.,
30 patural gas, molecular hydrogen, and/or other combustible compounds. The oxidant can
be or can include Oy, In some embodimenis, the oxidant can be or can include air, O
enriched air, O depleted air, or any other suitable Q) containing stream.
[6119] The regeneration of the catalyst can correspond o removal of coke from the

catalyst particles. In some embodiments, during reforming, a portion of the feed

- 48 -



WO 2023/183693 PCT/US2023/063341

introduced into the reforming zone can form coke. This coke can potentially block access
to the catalytic sites {such as metal sites) of the catalyst. During regeneration at least a
poriion of the coke generated during reformung can be removed as CO or CO». The

regeneration of the catalyst can also correspond to re-dispersion of any agglomerated

(=

active phase of the catalvst such as the Group 8-10 element.
81261 The second hydrocarbon-containing feed can be or can include, but is not hmited
to, one or more reformable C1-Cis hyvdrocarbons such as alkanes, alkenes, cycloalkanes,
alkviaromatics, or any mixture thereof. In some embodiments, the second hydrocarbon-
containing siream can be or can inchude methane, ethane, propane, butane, pentane, or a
10 mixture thereof In some embodiments, the second hydrocarbon-containing feed can be
exposed to the catalyst composition under a pressure of [ess than 35 kPa-a. For example,
the second hydrocarbon-containing feed can be exposed (o the catalyst composition under
a pressure in a range of from 0.7 kPa-a, 2 kPa-a, 3.5 kPa-a, § kPa-a, or 10 kPa-ato 15 kPa-
a, 20 kPa-a, 25 kPa-a, or 30 kPa-a. In other embodiments, the second hydrocarbon-
15 containing feed can be exposed to the catalvst composition under a pressure in a range of
from 35 kPa-a to 15 MPa-a. Iu still other embodiments, the second hydrocarbon-
containing feed can be exposed {o the catalyvst composition under a pressure in a range of
from 0.7 kPa-a, 2 kPa-a, 5 kPa-a, 20 kPa-a, 35 kPa-a, 50 kPa-a, or 100 kPa-a to 200 kPa-
a. 1 MPa-a, 3 MPa-a, 5 MPa-a, 10 MPa-a, or 15 MPa-a. In still other embodiments, the
20 second hydrocarbon-containing feed can be exposed to the catalvst coraposition under a
pressure of less than 2.8 MPa-a, less than 2.5 MPa-a, less than 2.2 MPa-a, or less than 2
MPa-a.
{81211  The refornung reaction of the second byvdrocarbon-containing feed, e.g., CHa,
can occur in the presence of H:O (steam-reforming), in the presence of CO; (dry-
25 reforming), or in the presence of both HO and €Oz (bi-reforming). Examples of
storchiometry for steam, drv, and bi-reforming of CHy are shown n equations (1) - (3}
(1)  Dry-Reformung: CHy+ CO,=2C0 + 2H,
{2) Steam-Reforming: CHy + H,O = CO + 3H;
(3 Bi-Reforming 3CH: + 2HoO + CO=4C0O + 8Ho
30 [8122})  As shown o equations (1} — (3), drv reforming can produce lower ratios of Hy
to O than steam reforming.  Reforming reactions performed with only steam can
generally produce a synthesis gas having a Ho:CO molar ratio of around 3, such as 2.5 1o
3.5, In contrast, reforming reactions performed with only CO» can generally produce a

synthesis gas having a Hx:CO molar ratio of roughly 1 or even lower. By using a
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combination of CO; and H>O during reforming, the reforming reaction can be controlled
to generate a wide variety of H» to CO ratios in a resulting synthesis gas.
[6123] The reforming reaction of the second hvdrocarbon-containing feed can also be

performed or partially performed in the presence of Os, which is often referred 1o as the

(=

partial oxidation reaction. Examples of stoichiometry for partial and complete oxidation
arg shown in equations (4} and (5).
{4) Partial oxidation: CHe+ 0.5C=C0O + 2H:
5) Complete oxidation: CHy + 20 = C0:z + 2H0
[0124] During partial oxidation of methane, a certain degree of complete oxidation of
10 wmethane may be unavoidable. In such reaction, the CO: and H20O wade during the
complete oxidation of methane may further reform methane via one or more of reactions
{(Hio(3)
16128] 1t should be noted that the ratio of Kz to CO in a synthesis gas can also be
dependent on the water gas shift equilibrium.  Although the stoichiometry in Equations
15 (1)~ {4) show ratios of roughly 1 to 3, the equilibrium amounts of H; and CQO in a synthesis
gas can be different from the reaction stoichiometry. The equilibriom amounts can be
deternuned based on the water gas shift equilibrium, which relates the concentrations of
Ho, CO, €01 and H»O basad on the reaction shown in equation (6.
{6 HaO+CO €2 Hy+ COy
200|816 In some embodiments, the catalyst composition can also serve as a water gas
shift catalyst. Thus, if a reaction environment for producing Hs and €O also includes H,O
and/or CO:», the initial stoichiometry {rom the reforming reaction may be altered based on
the water gas shift equilibnium. However, this equilibrium is also temperature dependent,
with higher temperatures favoring production of CO and H2O. As a result, the ratio of Hz
25 to CO that s generated when forming synthesis gas is constrained by the water gas shift
equilibrium at the temperature 1o the reaction zone when the synthesis gas is produced.
16127] The ability to adjust the Hy:CO molar ratio of the svnthesis gas provides a
flexible process that can be combined with a wide variety of synthesis gas upgrading
processes. Hlustrative synthesis gas upgrading processes can include, but are not imited
30 to, Fischer-Tropsch processes, methanol and/or other alcohol synthestis, e.g., oue or more
C1-Cs alcohols, fermentation processes, separation processes that can separate hydrogen
to produce a Hz-rich product, dimethy! ether, and combinations thereof. These synthesis
gas upgrading processes are well-known {0 persons having ordinary skill in the art. In

some embodiments, the upgraded product can include, but 1s not limited to, methanol,
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syncrude, diesel, Iubricants, waxes, olefins, dimethy! ether, other chemicals, or any
combination thergof.
[6128] Svstems suitable for carrying out the reformung of the second hydrocarbon-

containing feed can include systems that are well-known in the art such as the fixed bed
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reactors disclosed in WO Publication No. W(2017078894; the fluidized riser reactors
and/or downer reactors disclosed in U.S. Paient Nos. 3,888,762, 7,102,050; 7,195,741,
7.122,160; and 8.653.317; and U.S. Patent Application Publication Nos. 2004/0082824;
2008/0194891; and the reverse flow reactors disclosed in U.S. Patent Nos.: 7,740,829;
8,551,444, 8754276, 9,687,803, and 10,160,708, and UK. Patent Application
10 Publication Nos.: 20135/0065767 and 2017/0137285, and WO Publication No.
WO2013169461.
Feed and Energy
[6129] The hydrocarbon-containing feeds described herein can be derived either from
fossil fuel or non-fossil fuel resources. For example, propane can be a product or by-
15 product of a process using biomass as the feed. The fuels described in this work can also
be derived either from fossil fuel or non-fossit fuel resources. For example, methane or
H, can be a product or by-product of a process using biomass as the feed. The fuels
described in this work can also be made from renewable energy such as renewable
electricity. For example, renewable electricity can be used to produce H through water
20 electrolvsis. The energy used in the processes described herein can also be provided by

renewable electricity directly through an electrically-heated fumace, instead of a fuel.

Examples:

[6138} The foregoing discussion can be further described with reference {o the
following non-limiting examples. Catalyst Composttions 1-5 were prepared according to
25 the following procedures.
[6131] Catalyst Composition I — AHOH); (SPACERITEY §-11) and calcined Mg-Al
hydrotalcite (PURALOX® MG7(0/170} were mixed in deionized water to form a slurry.
The slurry was milled and spray dried on a BUCHI® B-290 Mini Spray Dryer to produce
spray dried particles. The sprav dried particles were calcined n air at 550°C for 4 hours
30 to produce calcined supportt particles contained vominally 50 wit% of the PURALOX®R
MGT70/170 and 50 wi% of ALO; derived from the SPACERITE® 8-11. The calcined
support particles were impregnated with an agueous solution that included tin (IV)
chloride pentabydrate, chloroplatinic acid hexahydrate, and deionized water via incipient

wetness impregnation. The impregnated material was allowed to equilibrate inr a closed
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container at room temperature for 120 hours before 1t was dried in air at 110°C for 6 hours
and calcined in air at 800°C for 12 hours. The final product contained nominally 0.3 wi%
Pt and 1.5 wi% Sn based on the weight of the support particles.

[0132] Catalyst Composition 2 - Colloidal $102 (LUDOX® AS-40) (50 g) and calcined
Mg-Al hydrotalcite (PURALOX® MGT0/170) (22 ¢) were mixed in deionirzed water {236

(=

mi} to form a slurry. The slurry was milled and spray dried on a BUCHI® B-250 Mini
Spray Dryer to produce spray dried particles. The spray dried particles were calcined i
air at S50°C for 4 hours to produce calcined support particies that contained nominally 50
wi% of PURALOX® MGT70/170 and 50 wi% SIi0Q2 derived from LUDOX® AS-40. The
10 calcined support particles were irapregnated with an agueous solution that ncluded tin
{IV) chlonde pentahvdrate, chloroplatinic acid hexahydrate, and deionized water via
incipient wetness impregnation. The impregnated material was allowed (o equilibrate in
a closed container at room temperature for 120 bours before it was dried in air at 110°C
for 6 hours and calcined in air at 800°C for 12 howrs in air. The final product contained
15 nominally 0.3 wit% Pt and 1.5 wi% Sn based on the weight of the support particles.
{3133} Catalyst Composition 3 - A 2/1 {(wi/wt) Mg/8i mixed metal oxide was made in
an agate ball mill cup by adding MgO (8.04 gy (Acros), Si0: (4.03 g (Sigma-Aldrich),
detonized water (10 ¢) and, 3 agate balls. The material was ball milled for 70 h at 500
rpm. The lid was sealed to reduce water evaporation during ball mulling.  After ball
20 nulling, athick paste was obtained. The paste was calcined at 200°C for 4 hours and then
at 800°C for 4 hours, all in air, to obtain the support. In a glass vial, chloroplatinic acid
hexahydrate (0.0296 g) (Sigma Aldrich) and tin (IV}) chloride pentahydrate {0.0365 g)
{(Sigma Aldrich) were dissolved in detonized water (1.43192 g) to obtain a dark orange
clear solution (Pt/Sn solution). The 2/1 Mg/S1 mixed metal oxide support {(2.8178 ¢) was
25 added to a 50 mL plastic bottle, followed by dropwise addition of the Pt/Sn sohution
{1.2704 ). The material was mixed using a stoall lab shaker unti] a homogeneous light
orange colored powder was obtained. The metal-impregnated catalyst was dried at 120°C
for 4 hours and then calcined at 800°C for 12 howrs, all in air. The final product contained
nominally 0.33 wi% Pt and 0.33 wi% Sn based on the weight of the support. Without
30 wishing to be bound by theory, it is believed that some of the Mg and St was rixed on
the atomic scale, i.e., a portion of the Mg and 5t was in the form of a mixed Mg/Si metal
oxide and some of the Mg and some of the §i was mixed on the nm scale.
{61341 Catalyst Composition 4 — A shurry that wcluded 40 wi% of alununum

chlorohydrol solution (ACH) (42 g), calcined Mg-Al hydrotalcite {(PURALOX®
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MGT0/170) (97 gy, tin (1) chloride dehydrate (3 g}, and 3.1 wi% tetraammineplatinum(i)
nitrate solution (10 g) in deionized water {592 ml) was prepared. The sturry was milled
and spray dried on a BUCHI® B-290 Mini Spray Drver to produce spray dried particles.

The spray dried particles were calcined in air at 800°C for 12 hours to produce the catalyst

(=

composition that contained nominally 0.3 wt% Pt and 1.5 wi% Sn on 90:10
MGTH170: Ab(Os,

16135] Catalyst Composition 5 - Catalyst Composition 4 was impregnated with an
aqueous solution of tetramethylammoniom silicate.  The impregnated material was
aliowed to equilibrate in a closed container at room teraperature for 24 hour before it was
10 doed wn air at 110°C for 6 hours and calcined in atr at 800°C for 12 bours. The final
product contained nominally 0.3 wit% Pt, 0.45 wi% Si, and 1.5 wit% Sn.

Examples using the catalvsis composiiions 1-5 described above,

[6136] Fixed bed experiments that used the catalysis were conducted at approxiroately 100
kPa-absolute that used the Catalyst Compositions 1-5. A gas chromatograph (GC) was used to
15 measure the composition of the reactor effluents. The concentrations of each component in the
reactor effluents were then used 1o calculate the CaHg vield and selectivity. The CsHg vield
and selectivity, as reportad in these examples, were calculated on the carbon mole basis.
[6137] In each example, 0.3 g of catalyst was mixed with an appropriate amount of quariz
diluent and loaded into a quartz reactor. The amount of difuent was determined so that the
20 catalyst bed {catalyst + diluent} ovedapped with the isothermal zone of the quariz reactor and
the catalyst bed was largely isothermal during operation. The dead volume of the reactor was
filled with quartz chips/rods.
6138} The process steps that used Catalyst Compositions 1 and 2 were as follows: 1. The
system was flushed with an inert gas. 2. Dry air at a flow rate of 3.9 scem was passed through
25  aby-pass of the reaction zone, while an mert gas was passed through the reaction zone. The
reaction zone was heated to a regeneration temperature of 800 °C. 3. Dry air at a flow rate of
83.9 scom was then passed through the reaction zone for 10 nun fo regenerate the catalyst. 4.
The system was flushed with an inert gas. 5. A Ho containing gas with 10 vol% H: and 90
vol % Ar at a flow rate of 46.6 scom was passed through the by-pass of the reaction #one for a
30 certain period of tiroe, while an inert gas was passed through the reaction zone. This was then
followed by flowing the H» containing gas through the reaction zone at 800 °C for 3s. 6. The
systemn was flushed with an inert gas. During this process, the temperature of the reaction zone
was changed from 800 °C to a reaction temperature of 670 °C. 7. A hydrocarbon-contamning

{HCgas) feed that included 81 vol% of CsHs, 9 vol% of inert gas {Ar or Kr) and 19 vol% of
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steam at a flow rate of 17.6 scom was passed through the by-pass of the reaction zone for a
certain period of time, while an inert gas was passed through the reaction zone. The
hydrocarbon-~-containing feed was then passed through the reaction zone at 670°C for 10 min

G sampling of the reaction effluent was started as soon as the feed was switched from the by-

(=

pass of the reaction zone to the reaction zone. The above process sieps were repeated in cycles.

(61397  FIGs. 1-3 in this application show CaHg vield and CaHg selectivity of various catalyvst

compositions as a function of time. Thus, in FIGs. 1, 2, and 3, the honizontal axis is time i

hours, and the vertical axis is UsHe yield (lower set of data, represented by solid squares) and

CaHs selectivity (upper set of data, represented by solid circles}, in carbon mol%.

10 [0148]  FIGs. | and 2 show the CaHs yield and selectivity of the catalvst compositions 1 and
2, respectively. Catalyst Composition 2 that included 50 wi% of Si(y; deactivated rapidly as
the numbser or cycle increases bui Catalyst Composition 1 that did not include any SiQ» did not.
16141} The process steps that used Catalyst Composition 3 were as follows: 1. The svstern
was flushed with an inert gas. 2. Dry air at a flow rate of 83 9 scom was passed through a by-

15 pass of the reaction zone, while an mert was passed through the reaction zone. The reaction
zone was heated o a regeneration temperature of 800°C. 3. Dry air at a flow rate of 83.9 scem
was then passed through the reaction zone for 15 min to regenerate the catalvst. 4. The system
was flushed with an iert gas while being cooled down to 620°C. 5. A H; containing gas with
16 vol% Ho and 90 vol % Ar at a flow rate of 46.6 scem was passed through the by-pass of the

20 reaction zone for a certain period of tine, while an inert gas was passed through the reaction
zone. This is then followed by flowing the Hy containing gas through the reaction zone at
620 °C for 60 s. 6. The systemn was flushed with an tnert gas. 7. A hydrocarbon-containing
{(HCgas) feed that mcluded 81 vol% of C:Hz, 9 vol% of inert gas {Ar or Kr) and 10 vol% of
stearn at a flow rate of 17.6 scom was passed through the by-pass of the reaction zone for a

25  certain period of time, while an inert gas was passed through the reaction zone. The
hydrocarbon-containing feed was then passed through the reaction zone at 520 °C for 10 min.
GC sampling of the reaction effluent was started as soon as the feed was switched from the by-
pass of the reaction zone to the reaction zone. The above process steps were repeated in cycles.
[3142]  FIG 3 shows the C3He vield and selectivity of Catalyst Composition 3 {(x~axis, time

30 n hour; v-axis Carbon Mole %; upper set of data poiots is the UsHe selectivity; lower set of

data points is the CsHs yield). FIGSs. 1~ 3 show that Si causes rapid deactivation of the

catalyst only when Al is present.

[6143] The process steps that used Catalyst Compositions 4 and 5 were as follows: 1. The

system was flushed with an inert gas. 2. A 90 % air. 10 % H,0 nuxture at a flow rate of 93.2
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scom was passed through a by-pass of the reaction zone, while an inert was passed through the
reaction rone. The reaction zone was heated 10 a regeneration temperature of 800°C. 3. The
90 % air, 10 % H,0 mixture at a flow rate of 93.2 scom was then passed through the reaction
zone for 1 min, which is followed by flowing dry air at a flow rate of 83.9 scem through the
reaction zone for an additional 10 min to regenerate the catalyst. 4. The system was flushed
with an inert gas. 5. A H; containing gas with 10 voi% H» and 90 vol % Ar at a flow rate of
46.6 scemm was passed through the by-pass of the reaction zone for a certain period of time,
while an imert gas was passad through the reaction zone. This is then followed by flowing the
> containing gas through the reaction zone at 800 °C for 3 5. 6. The system was flushed with
an inert gas. During this process, the teruperature of the reaction zone was changed from
800 °C to a reaction temperature of 655°C. 7. A hydrocarbon-containing (HCgas) feed that
included 81 vol% of CaHs, 9 vol% of inert gas (Ar or Kr) and 10 vol% of steam at a flow raie
of 17.6 scormn was passed through the by-pass of the reaction zone {or a certain period of time,
while an inert gas was passed through the reaction zone. The hvdrocarbon-containing feed was
then passed through the reaction rone at 655°C for 10 mun. GC sampling of the reaction
effluent started as soon as the feed was switched from the by-pass of the reaction zone to the
reaction zone. The above process steps were repeated in cycles.

[6144]  FIG. 4 shows the average CiHs yield in each cvicle plotted against the number or
cycles for Catalyst Compositions 4 and 5, respectively (the solid circle data points are the
average C:He vield for Catalyst Composttion 4; the solid square data points are the average
C3Hs vield for Catalyst Composition 5} Catalyst composition § that included 0.45 wi% Si
deaciivated as the number of cyeles increased while catalyst composition 4 that did not include
any St did not.

Listing of Embodimenis

[6145] This disclosure may further include the following non-limiting embodiments.

[6146f Al. A process for upgrading a hydrocarbon, comprising: {(I) contacting a
hydrocarbon-containing feed with a catalyst composition comprising a Group 8-10
element disposed on a support to effect reforming of at least a portion of the hydrocarbon-
containing feed to produce a coked catalyst composition and a synthesis gas comprising
H, and CO, whereirv the hydrocarbon-containing feed comprises one or more Ci-Cis
hydrocarbons and HaO, CO;, or a mixture of HzO and CQO;, the hydrocarbon-containing
feed and catalyst composition are contacted at a temperature of 400°C or more, the support
comprises Al and at least 0.5 wi% of a Group 2 element, the catalyst composition

comprises 0.001 wit% to 6 wit% of the Group 8-10 element, the catalyst composition is
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free of 51 or contains < 0.5 wi%, < 0.45 wit%, < 0.4 wi%, < 0.35 wile, < 0.3 wi%, <023
wi%,< 0.2 wi%, < 0.15 wi%, < 0.1 wi%, < 0.05 wi%, or < (.01 wi% of Si, where all
weight percent values are based on the weight of the support.

[6147] AZ. The process of Al, further comprising (II) contacting at least a portion of

(=

the coked catalyst composition with an oxidant to effect combustion of at least a portion
of the coke to produce a regenerated catalyst composition lean in coke and a combustion
gas.
[3148] A3, The process of AZ, further comprising (I} contacting a fuel with the
oxidant and the catalyst composition to effect combustion of at least a portion of the fuel.
10 j8149] A4 The process of AZ or A3, further compnsing (IV) contacting an additional
quantity of the hydrocarbon-containing feed with at least a portion of the regenerated
catalyst composition to produce a re~coked catalvst composition and additional effluent.
16150 A3 The process of any of Al to A4, wherein the hydrocarbon-containing feed
is contacted with the catalyst composition in a fluidized bed reactor.
15 @151} A6, The process of any of Al 10 Ad, wherein the hydrocarbon-containing feed
is contacted with the catalyst composition in a fixed bed reactor.
[6182] A7 The process of any of Al to A4, wherein the hydrocarbon-containing feed
is contacted with the catalyst composition in a reverse flow reactor.
[6153] A8 The process of any of Al to A7, wherein the catalyst composition comprises
20 0.001 wi%, 0.001 wit%, 0.01 wi%, 0.1 wi%, 0.15 wi%, or 0.2 wi% to 0.4 wi%. 0.6 wit%,
3.8 wi%, 1 wit%, 2 wi%e, 3 wit%, 4 wi%, 5 wi%, or 6 wt% of the Group 8-10 element based
on the weight of the support.
[6154] A9 The process of any of Al to A%, wherein the Group 8~10 element comprises
Pt
25  [8185] Al0. The process of anv of Al to A9, wherein the catalvst composition further
comprises a promoter disposed on the support int an arnount of up to 10 wi% based on the
weight of the support, wherein the promoter comprises Sn, Cu. Ay, Ag, Ga, Zn, Ge, In,
Re, Ag, a combination thereof, or a mixture thereof.
[3186] All. The process of any of Al to A10, wherein the catalyst composition further
30 comprises an alkali metal element coroprising L1, Na, K, Rb, Cs, a combination thereof,
or a mixture thereof disposed on the support in an amount of up o 5 wi% based on the

weight of the support.
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[6157f Al1Z. The process of any of Al to All, wherein the catalyst composition is in
the form of particles having a size and particle density that is consistent with a Geldart A
or Geldart B definition of a {lurdizable solid.

[G188] A3 The process of any of Al to Al2, wherein a weight ratio of the Group 2

(=

element to the Al in the support is in arange from 0.001, 6.01, 0.1, or 1 t0 6, 12.5, 100, or

1,000,

161597 Al4. The process of anv of Al to Al3, wherein: the Group 2 element comprises

Mg, and at least a portion of the Mg is in the form of MgO or a mixed metal oxide

comprising Mg.

10 8168}  AIS. Theprocess of any of Al fo A4, wherein: the Group 2 element coraprises
Mg, and at least a portion of the Mg and at least a portion of the Al is in the form of a
mixed Mg/Al metal oxide.

[6161]  Al6. Theprocess of any of Al to ALS, wherein: the Group 2 element comprises
Mg, at least a portion of the Mg and at least a portion of the Al is in the form of a mixad

15 Mg/Al metal oxide, and a weight ratio of the Mg to the Al in the muxed Mg/Al metal oxide
is in a range from 0.001, 0.01, 0.1, or 110 6, 12.5, 100, or 1,004
[6162]  Al7 The process of any of Al to Al6, wherein: at least a portion of the Group
2 element is in the form of an oxide of the Group 2 element, at feast a portion of the Al is
in the form AL(Os, and the oxide of the Group 2 element and the ALO: are mixed onanm

20 scale.

16163}  Al& The process of any of Al 1o Al7, wherein: the Group 2 element comprises
Mg, at least a portion of the Mg 1s in the form of MgQ, at least a portion of the Al is in
the form AlLQOs, and the oxide of the Mg and the ALOs are mixed on a nm scale.

{6164} Al9 The process of any of Al to AlIS, further comprising at least one of’

25 reacting at least a portion of the synthesis gas under effective Fischer-Tropsch conditions
i the presence of a Fischer-Tropsch catalyst to produce an upgraded product, wheremn the
Fischer-Tropsch catalyst comprises a shifting Fischer-Tropsch catalyst or a non-shifting
Fischer-Tropsch catalyst, subjecting at least a portion of the synthesis gas o a
fermentation process to produce an alcohol, an orgame acid, or a mixture thereof,

30 conmtacting at least a portion of the synthesis gas with a catalyst to produce at least one Cs-

C4 alcohol; and separating H: from the synthesis gas 1o produce a Ho-rich product.

{61657 Bl A process for making a catalyst composttion, comprising: (I} preparing a

slurry or gel comprising Al and/or a compound thereof, a Group 2 element and/or a

compound thereof, and a liguid medinm; and (i) spray drying the slurry or the gel to

-57-



WO 2023/183693 PCT/US2023/063341

produce spray dried support particles comprising at least Al and the Group 2 element,
wherein, at least one of {i) and {(it) is met. (i) the Group 8-10 element is present in the
slurry ot the gel in the form of a Group 8-10-contamning coropound and the catalyst

composition comprises catalvst particles comprising the spray dried support particles

(=

having the Group 8-10 element disposed thereon, and (it} the Group 8-10 element is

deposited on the spray dried support particles by contacting the spray dried particles with

a Group 8-10 element-containing compound to produce Group8-10 element-containing

spray dried support pariicles and the catalyst composition comprises catalyst particles

comprising the spray dried support particles having the Group 8-10 element disposed

10 thereon, wheremn: the catalyst particles comprise 0.001 w9 1o 6 wi% of the Group §-10
element disposed on the support, the support includes Al and at feast 0.5 wi% of the Group
2 element and 1s free of Si or contains < 4.5 wi%, < 0.45 wi%, <0.4 wi%, <0.35 wi%, <
0.3 wit, <025 wi%,< 6.2 wi%, <0.15 wi%, < 0.1 wt%, < 0.05 wi%, or <0.01 wt% of
81, based on the weight of the spray dried support particles.

15 {166 B2 The process of Bl, further comprising, at least one of (it and (iv): (it} a
compound comprising a promoter elernent is present in the slurry or the gel and the
catalyst composition comprises catalyst particles comprising the spray dried support
particles having the promoter element disposed thereon, and (iv} a compound comprising
a promoter element is deposited on the spray dried support particles 1o produce promoter-

20 cootaning spray diied support particles and the catalyst coraposition comprises catalyst
particles comprising the spray dried support particles having the promoter element
disposed thereon, wherein: the promoter element comprises Sn, Cu, Ay, Ag, Ga, Zn, Ge,
In, Re, Ag, a combination thereof, or a mixture thereof,

{8167} B3, The process of B2, wherein the spray dried support particles comprise up

25 1o 10 wit% of the promoter element, based on the weight of the spray dried support
particles.

{01687 B4, The process of any of Bl to B3, wherein the Group 8-10 clement-
containing compound is present in the slurry or the gel.
[616%] B3 The process of any one of Bl to B4, wherein the Group 8-10 clement-

30 conmtaimung compound is deposited on the spray dried support particles.

[617¢4] B6. The process of any of B2 to BS, wherein the compound comprising the

promotier element is present in the shary or the gel.

[6171]  B7. The process of any of B2 to B6, wheren the compound comprising the

promoter element is deposited on the spray dried support particles.
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16172  B&. The process of any of Bl to B7, wherein: the Group 2 element comprises
Mg, and at least a portion of the Group 2 element and at least a portion of the Al in the
spray dried support particles is in the forro of a nuxed Mg/Al metal oxide.

[6173] BY. The process of any of Bl to B8, further comprising: (11} calcining the

(=

spray dried support particles under an oxidative atmosphere 1o produce calcined support

particles, wherein the catalyst composition comprises catalvst particles comprising the

calcined support particles comprising the Al and the Group 2 element and having the

Group 8-10 element and, optionally, the promoter element disposed thereon.

[6174] BI10. The process of BY, further comprising: (IV) hydrating the calcined

10 support particles after step (1) to produce hydrated support particles; and (V) calcimng
the hvdrated support particles to produce the catalyst composition comprising re-calcined
support particles, wherein the caialyst particles produced via steps (V) and (V) have an
attrition loss afier one hour that is less than an atinition loss after one hour of the calcined
particlas produced in step (1), as measured according to ASTM D5757-11(2017).

15 [B#175] Various terms have been defined above. To the extent a term used in a claim is
not defined above, it should be given the broadest definition persons in the pertinent art
have given that term as reflected in at least one printed publication or issued patent.
Furthermore, all patents, test procedures, and other documents cited in this application are
fully incorporated by reference o the extent such disclosure s not inconsistent with this

20 application and for all junisdictions in which such incorporation is permatted.

[6176] While the foregoing is directed to embodiments of the present invention, other

and further embodiments of the invention may be devised without departing from the basic

scope thereof, and the scope thereof 1s determined by the claims that follow.
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CLAIMS:

What is claimed is:

I A catalyst composition comprising 0.001 wt% to 6 wi% of a Group 8-10 element
disposed on a support, wherein:

the support comoprises Al and at least 0.5 wi% of a Group 2 element,

the catalyst compaosition is free of Si or contains < 0.5 wt% of 81, and

all weight percent values are based on the weight of the support.

2 The catalyst composition of claim 1, wherein a weight ratio of the Group 2 element t©

the Al in the support is in a range from 0.001 to 1,000.

3. The catalyst composition of clatm 1 or claim 2, wherein:
the Group 2 element comprises Mg, and

at least a portion of the Mg is in the form of MgO or a mixed metal oxide comprising

4. The catalyst composition of claim 1 or claim 2, wherein:
the Group 2 element comprises Mg, and
at least a portion of the Mg and at least a portion of the Al is in the form of a mixed

Mg/Al metal oxide.

5. The catalyst composition of claim 1, wherein:

the Group 2 element comprises Mg,

al least a portion of the Mg and at feast a portion of the Al is in the {orm of a mixed
Mg/ Al metal oxade, and

a weight ratio of the Mg to the Al in the mixed Mg/Al metal oxide is in a range from

(.001 to 1,000

6. The catalyst composition of claim 1 or claim 2, wherein:

at least a portion of the Group 2 element is in the form of an oxide of the Group 2
element,

at least a portion of the Al is in the form AlOs, and

the oxide of the Group 2 element and the ALO; are mixed on a nm scale.
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=3

The catalyst composition of claim 1 or ¢laim 2, whergin:
the Group 2 element comprises Mg,

at least a portion of the Mg 1s in the form of MgO,

at least a portion of the Al is in the form AL(s, and

the oxide of the MgO and the Al(s are mixed on a nm scale.

8. The catalyst composition of any one of claims 1 to 7, wherein the catalyst comprises
0.0 wi% to 0.15 wt% of the Group 810 element or a compound thereof disposed on the

suppott, based on the weight of the support.

9. The catalyst composition of any one of claims 1 to 8, wherein the Group 8-10 element

comprises Pt.

10, The catalyst composition of any one of claims | to 2, further comprising a promoter
disposed on the support in an amount of up to 10 wi% based on the weight of the support,
wherein the promoter comprises Sn, Cu, Au, Ag, Ga, a combination thereof, or a mixture

thereof.

1t The catalyst composition of any one of claius 1 fo 10, further cornprising an alkali
metal element comprising Li, Na, K, Rb, Us, or a combination thereof, or a mixture thereof

disposed on the support in an amount of up to § wi% based on the weight of the support.

12, The catalyst composition of any one of claims | to 11, wherein the catalyst composition
is in the form of particles having a size and a particle density that is consistent with a Geldart

A or Geldart B defimation of a fluidizable solid,

13. A process for making a catalyst composition, comprising:

{1} preparing a slurry or a gel comprising Al or a compound thereof, a Group 2 element
ot a compound thereof, and a hquid medium;

(11} sprav drving the slurry or the gel o produce spray dried particles comprising the Al

or the compound thereof and the Group 2 element or the cormpound thereof; and
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{(Il} calcining the spray dried particles under an oxidative atimosphere to produce

calcined support particles comprising the Al or the compound thereof and the Group 2 element

ot the conpound thereof,

i4.

wherein, at least one of (i), (i1}, and (i) is met;

{1} a Group 8-10 element is present in the shurry or the gel in the form of a Group
8-10 element-containing compound and the catalyst composition comprises catalyst
particles comprising the calcined support particles having the Group 8-10 element
disposed thereon,

(i1} a Group 8-10 element is deposited on the spray dried particles by contacting
the spray dried particles with a Group 8-10 elerpent-containing compound to produce
Group 8-10 element-containing spray dried patticles and the catalvst composition
comprises catalyst particles comprising the calcined support particles having the Group
8-10 elernent disposed thereon, and

(111} a Group 8-10 element is deposited on the calcined support particles by
contacting the calcined support particles with a Group &-10 element-containing
compound to produce Group 8-10 element-containing calcined support particles and
the process further comprises (IV) calcining the Group 8-10 element-containing
calcined support particles to produce re-calcined support particles having the Group 8-
10 element disposed thereon, wherein the catalyst composition comprises the re-
calcined support particles, wherein:

the catalyst particles comprise the Group 8-10 element in an amowunt of 0.001
wi% {0 6 wi%,

the catalyst particles comprise at least 0.5 wit% of the Group 2 element,

the catalyst composition is free of Si or contains < 0.5 wt% of 8i, and

all weight percent values are based on the weight of the calcined support

particles or the re-calcined support particles.

The process of claim 13, wherein at least one of (iv), (v}, and (vi} is met:

{iv} a compound comprising a promoter element 1s present in the slurry or the gel and

the catalvst composition comprises catalyst particles comprising the calcined support particles

having the promoter element disposed therson,

(v} a compound comprising a promoter element is depostted on the spray dried particles

to produce promoter-containing spray dried particles and the catalyst composition comprises
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catalvst particles comprising the calcined support particles having the promoter element
disposed thereon, and
{vi} a compound comprising a promoter element is deposited on the calcined support

particles o produce promoter-containing calcined support particles and the process further

(=

comprises (V) calcining the promoter-containing calcined support particles to produce re-
calcined support particles having the promoter element disposed thereon, wherein the catalyst
composition comprises the re-calcined support particies, wherein:
the promoter element comprises Sn, Cu, Au, Ag, Ga, a combination thereof, or
a mixture thereof, and
i the catalyst particles coroprise the promoter element in an amount of up to 10
wt% based on the weight of the calcined support particles or the re-calcined support

particles.

15. The process of claim 13 or claim 14, wherein the spray dried particles are calcined at a

15 temperature in a range of from 550°C to 900°C for a time period of <45 mimues.

16. The process of claim 13 or claim 14, wherein the spray dried particles are caicined at a

temperature of < S50°C for a time period of < 45 mimutes.

20 17 The process of any one of claums 13 to 16, wherein the Group 8-10 elersent-containing

compound is present in the shurry or the gel.

i8. The process of any one of clairns 13 to 17, wherein the Group 8-10 element-containing

compound is deposited on the spray dried particles.

19. The process of any one of claims 14 fo 18, wherein the compound comprising the

promoter elements is present in the slurry or the gel

20 The process of any one of claims 14 to 19, wherein the compound comprising the

30 promoter is deposiied on the sprav dried particles.

21. The process of any of claims 13 {0 20, {urther comprising;
{IV) hydrating the calcined support particles after step (11} to produce hydrated support

particles; and
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{V) calcining the hydrated support particles to produce the catalyst comprising re-
calcined support particles, wherein the catalyst particles produced via steps (1V) and (V) have
an attrition loss after one hour that 1s less than an attrition loss afier one howr of the calcined

particles produced in step (111}, as measured according to ASTM D3757-11{2017).

22 The process of any of claims 13 to 21, wherein:
the Group 2 element comprises Mg, and
at least a portion of the Group 2 element and at least a portion of the Al is in the form

of a mixed Mg/Al metal oxide.

23. A process for upgrading a hydrocarbon, comprising:
{I) contacting a hydrocarbon-coniaining feed with a catalyst composition comprising a
Group 8-10 element disposed on a support to effect one or more of dehydrogenation,
dehydroaromatization, and dehydrocvclization of at least a portion of the hydrocarbon-
containing feed to produce a coked catalyst composition and an effluent comprising one or
more upgraded hydrocarbons and molecular hydrogen, wherein:
the hydrocarbon-containing feed comprises one or more of C-Cie linear or
branched alkanes, or one or more of {4-Uis cychic alkanes, or one or more Cz-Cis alkyl
aromatics, or a mixture thereof,
the hvdrocarbou~containing feed and catalyst composition are contacted at a
temperature in a range of from 300°C to 200°C, for a time period of < 3 hows, under a
hydrocarbon partial pressure of at least 20 kPa-absohute, wherein the hydrocarbon
partial pressure is the total partial pressure of any C2~Cis alkanes and any Cs-Cis alkyl
aromatics in the hvdrocarbon-containing feed,
the support comprises Al and at least 0.5 wi% of a Group 2 element,
the catalyst composition comprises the Group §-10 element in an amount of
0.001 wt% to 6 wi%,
the catalyst composition is free of Si or contains < (.5 wi% of 51,
all weight percent values are based on the weight of the support, and
the one or more upgraded hyvdrocarbons comprise at least one of a
dehydrogenated  hvdrocarbon, a  dehvdroaromatized hydrocarbon, and a

dehydrocyelized hydrocarbon,
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24. The process of claim 23, firther comprising:
(1) contacling at least a portion of the coked catalyst with an oxidant to effect

combustion of at least a portion of the coke to produce a regenerated catalyst lean in coke and

(=

a combustion gas; and

(111 contacting an additional quantity of the hydrocarbon-containing feed with at least
a portion of the regenerated catalyst to produce a re-coked catalyst and additional effluent,
wherein a cycle time from comiacting the hydrocarbon-containing feed with the catalyst
particles in step (1) to coniacting the additional quantity of the hyvdrocarbon-containing feed

10 with the regenerated catalyst in step (H1) 1s < S hours.

28. The process of claim 23 or claim 24, wherein:
the Group 2 element comprises Mg, and

at least a portion of the Group 2 element and at least a portion of the Al 15 in the form

15 of a mined Mg/Al metal oxide.
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