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CATALYST COMPOSITIONS AND PROCESSES
FOR MAKING AND USING SAME

CROSS-BEFERENCE TO RELATED APPLICATIONS

5 (0001} This application claims priogity to and the benefit of U.S. Provisional

Application No. 63/286312 having a filing date of December 06, 2021, and US.
Provisional Application No. 63/329,042 having a filing date of Apnl 08, 2022, the
disclosures of both of which are incorporated heretn by reference in their entireties,
FIELD

10 [8002] This disclosure relates to catalysts and processes for making and using same.

BACKGROUND

10663 Catalytic reforming or dehydrogenation, dehydroaromatization, and/or
dehydrocyclization of alkane and/or alkyl aromatic hydrocarbons are industrially
important chemical conversion processes that are endothermic and equilibrium-limited.

15 The reforming or dehydrogenation, dehydroaromatization, and/or dehydrocvelization of
alkanes, eg., C:i-Ciz alkanes, and/or alkyl aromatics, e.g., ethyvibenzene, can be done
through a vaniety 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.

20 1p804]  Precious metals used on a catalyst can be expensive and they can contribute
significantly 1o the capital operating expenses and/or operating expenses of a chenucal
plant. There is a need. therefore, to reduce the concentration of precious metal{s) used to
make a catalyst. This disclosure satisfies this and other needs.

SUMMARY

25 |6005] Catalyst compositions and processes for making and using same are provided.

i

In some embodiments, the catalyst composition can include up t0 0.025 wi% of Pt and up
to 10 wi% of a promoter that can include Sn, Cu, Ag, Ag, Ga, a combination thereof, or a
mixture thereof disposed on a support. The support can include at least 0.5 wi% of a
Group 2 element. All weight percent values are based on the weight of the support

30 [6006]  Insome embodiments, the process for making a catalyst composition can include:
{(I) preparing a slurry or gel that can include a compound containing a Group 2 element
and a hiquid medium. The process can also include (1) spray drying the slurry or the gel

to produce spray dried particles that include the Group 2 element. The process can also
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include (11} calcining the spray dried particles under an oxidative atmosphere to produce
calcined support particles that include the Group 2 element. The process can also include
at least one of (1), (1), and (it} (i) Pt can be present in the shurry or the gel in the form of

a Pt-contaiming compound and the catalyst composition can include catalyst particles that

(=

include the calcined support particles having Pt disposed thereon, (it} Pt can be deposited
on the sprayv dried particles by contacting the spray dried particles with a Pi-containing
compound to produce Pi-containing spray dried particles and the catalvst composition can
include catalyst particles that include the calcined support particles having Pt disposed
thereon, and (i1} Pt can be deposited on the calcined support particles by contaciing the
10 calcived support particles with a Ptcontaiming compound fo produce Pt-containing
calcined support particles and the process can further include (V) calcining the Pt-
containing calcined support particles to produce re-calcined support particles having Pt
disposed thereon, where the catalyst composition includes the re-calcined support
particlas. The process can also include at least one of (iv}, (v}, and (vi): {iv} a compound
15 that includes a promoter element can be present in the shurry or the gel and the catalyst
composition can include catalyst particles that include the caleined support particles
having the promoter element disposed thereon, (v} a compound that includes a promoter
element can be deposited on the spray dried particles to produce promoter-containing
spray dried particles and the catalyst composition can include catalyst particles that include
20 the calcined support particles having the promoter element disposed thereon, and (vi) a
compound that inchudes a promoter element can be deposited on the calcined support
particles {o produce promoter-containing calcined support particles and the process can
further nclude (V) calciming the promoter-containing calcined support particles to
produce re-calcined support particles having the promoter element disposed thereon,
25 where the catalyst composition includes the re-calcined support particles. The promoter
element can include Sn, Cu, Ay, Ag, Ga. a combination thereof, or a mixture thereof. The
catalyst particles can include the Pt in an amount up to 0.025 wi% and the promoter
element in an amount of up to 10 wit% based on the weight of the calcined support particles
ot the re-calcined support particles. The catalyst particles can include at least 0.5 wi% of
30 the Group 2 element based on the weight of the calcined support particles or the re-
calcined support particles.
[6867] In some embodimenis, a process for upgrading a hydrocarbon can include (I)
contacting a hydrocarbon-containing feed with a catalyst coroposition that can juchude Pt

and a promoter disposed on a support to effect one or more of dehvdrogenation,
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dehydroaromatization, and dehydrocyclization of at least a portion of the hydrocarbon-
containing feed to produce a coked catalyst composition and an effluent that can inchade
one or more upgraded hyvdrocarbons and molecular hydrogen.  The hydrocarbon-

containing feed can include one or more of €2-Cis linear or branched alkanes, or one or

(=

more of {4-C s cyclic alkanes, or one or more Cg-Cis alky! aromatics, or a mixture thergof.
The hydrocarbon-containing feed and the catalyst composition can be contacted at a
emperature in a range of from 300°C to 900°C, for a time period of < 3 hours, under a
hydrocarbon partial pressure of at least 20 kPa-absolute, where the hydrocarbon partial
pressure 1s the total partial pressure of any C2~Cis alkanes and any Cg-Cyp alkvl aromatics
10 in the hydrocarbon-containing feed. The support can include at least 0.5 wit% of a Group
2 element based on the weight of the support. The catalyst composition ¢an include up to
0.023 wi% of the Pt and up to 10 wi% of the promoter based on the weight of the support.
The promoter can include Sn, Cu, Au, Ag, Ga, a combination thereof, or a mixiure thereof.
The one or more upgraded hydrocarbons can include at least one of a dehydrogenated
15 hydrocarbon, a dehvdroaromatized hydrocarbon, and a dehvdrocyclized hydrocarbon.
BRIEF DESCRIPTION OF THE DRAWING

[B808] The Figure shows a catalyst composition {(Catalyst 6) maintained its performance
for 204 ¢ycles.
DETAILED DESCRIPTION

20 {88091 Various specific embodiments, versions and examples of the invention will
now be described, including preferred embodiments and definitions that are adopted
herewn for purposes of understanding the claimed nvention. While the following detailed
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 deternmining infringement, the scope of the invention will
refer to 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 to one or more, but not necessarily all, of the inventions defined by the claims.
[B010]  In this disclosure, a process is described as comprising at least one “step.” It
30 should be understood that each step is an action or operation that may be carried out once
or multiple times in the process, in a continuous or disconfinuous fashion.  Unless
specified to the contrary or the context clearly indicates otherwise, multiple steps in a
process may be conducted sequentially in the order as they are listed. with or without

overlapping with one or more other steps, or in any other order, as the case may be. In
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addition, one or more or even all steps may be conducted simultaneously with regard to
the same or different batch of material. For example, in a continuous process, while a first
step in a process is being conducted with respect to a raw material just fed into the

beginning of the process, a second step mav be carried out simultaneously with respect to

(=

an intermediate material resulting from treating the raw materials fed into the process at
an earhier ime in the first step. Preferably, the steps are conducted in the order deseribed.
[6811]  Unless otherwise indicated, all numbers indicating quantities in this disclosure
are 1o be understood as being modified by the term “about™ in all instances. It should also
be understood that the precise numerical values used in the specification and claims
10 constitute spectfic erobodiments. 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 certain level of ervor due fo the limitation of the technigue and/or equipment
used for acquiring the measurement.
[6612]  Certain embodiments and features are described herein using a set of numerical
15 upper limits and a set of numerical fower limits. ¥t should be appreciated that ranges
including the combination of anv two values, e.g., the combination of any lower value
with any upper value, the combination of any two lower values, and/or the combination
of any two upper values are contemplated unless otherwise indicated.
[6613]  The indefinite article “a” or “an”, as used herein, means “at least one” unless
20 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
reaclors or conversion zones are used, unless specified to the contrary or the confext
clearly indicates that only one reactor or conversion zone is used.
{6834}  The term “hvdrocarbon” means (1} any compound consisting of hydrogen and
25 carbon atoms or (i1} any mixhure of two or more such compounds in {(4). The terms “Cn
hydrocarbon,” where n is a posifive wieger, means {1} any hydrocarbon compound
comprising carbon atom(s) in its molecule at the total number of n, or (i1} any mixture of
two or more such hydrocarbon compounds in (1), Thus, a €2 hydrocarbon can be ethane,
ethvlene, acetylene, or mixtures of at least two of these compounds at any proportion. A
30 “Cmito Cn hydrocarbon” or “Cmi-Co hydrocarbon,” where m and n are positive integers
and m <n, means anv of Cm, Cort1, Cm+2, ..., Cn-1, Cn hydrocarbons, or any mixtures
of two or more thereof. Thus, a “C2 to C3 hydrocarbon™ or “C2-C3 hydrocarbon”™ can be
any of ethane, ethvlene, acetylene, propane, propene, propyne, propadiene, cyclopropane,

and any mixtures of two or more thereof at any proportion between and among the
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components. A “saturated C2-C3 hydrocarbon™ can be ethane, propane, cyclopropane, or
any mixture thereof of two or more thereof at any proporiion. A “Cnt hvdrocarbon”™
means (1} any hyvdrocarbon compound comprising carbon atom(s) in its molecule at the

total number of at least n, or (11} any mixture of two or more such hydrocarbon compounds

(=

in (i) A “CUn- hydrocarbon™ means (i) anv hvdrocarbon compound comprising carbon

atoms in 115 molecule at the total number of at most n, or (i) any mixture of two or more

such hydrocarbon compounds in (i), A “Cm hydrocarbon stream” means a hydrocarbon
stream consisting essentially of Cm hydrocarbon{s). A “CUm-Cn hydrocarbon stream”™
means a hydrocarbon stream consisting essentially of Cm-Cn hydrocarbon(s}.

10 8018} 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
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

15 element includes Al The term “metalloid™, as used herein, refers to the following
clements: B, 51, Ge, As, Sb, Te, and At In this disclosure, when a given element i3
indicated as present, it can be present iy the elemental state or as any chemical compound
thereof, unless it is specifiad otherwise or clearly indicated otherwise by the context.
[6616]  The term “alkane” means a saturated hydrocarbon. The term “cyclic alkane™

20 means a saturated hydrocarbon comprising a cyclic carbon ring in the molecular structure
thereof. An alkane can be linear, branched, or cvelic.

[6817]  The term “aromatic” is to be understood n accordance with its art~recognized
scope, which includes alkvl substituted and unsubstituted mono- and polynuclear
compounds.

25 [8618]  The term “rich” when used in phrases such as “Xerich™ or “rich in X7 means,
with respect to an oulgomg stream obtained from a device, e.g., a conversion zone, that
the stream 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 outgoing siream obtained from

30 adevice, e.g., a conversion zong, that the stream comprises material X at a concendration

lower than in the feed material fed to the same device from which the stream s derived.

[6619]  The term “mixed metal oxide” refers to a composition that includes oxvgen

atoms and at least two dilferent metal ators 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
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scale and is substantially the same as or identical to a cormposition obtained by calcining

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

mH, ], where A is a counter anion of a negative charge n, x 1s in a range of from > 0 {o

<1, and mis > 0. A matenal consisting of nm sized MgO particles and nm sized ALOs

L

particles mixed together 15 not a mixed metal oxide because the Mg and Al atoms are not
mixed on an atonuc scale but are instead mixed on a nm scale.
[6028]  The term “selectivity” refers {o the production (on a carbon mole basis) of a
specified compound in a catalvtic reaction. As an example, the phrase “an alkane
hydrocarbon conversion reaction has a 100% selectivity for an olefin hydrocarbon™ means
10 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 terro “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
15 propane, if one mole of propane converts to one mole of roethane 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.
[6821]  Inthis disclosure, A, B, ... or a combination thereof” means “A, B, ... or any
combination of any two or more of A, B, ... 7 "A, B, . ., or a mixiure thereof” means “A,
20 B, ..., or anv mixture of any two or moreof A, B, .7

Catalyst Composition

66221  In some embodiments, the catalyst coraposition can include up to 0.025 wit% of
Pt disposed on a support, based on the weight of the support. In some embodiments, the

catalvst composttion can include 0.001 wt%, 0.002 wi%, 0.003 wi%, 0.004 wi%, 0.005

N2
W

wit%, 0.006 wit%, 0.007 wi%, 0.008 wit%, or 0.009 wi% to 0.01 wi%, 0.011 wi%, 0.012
wi%e, 0.013 wit%, 0.014 wi%, 0.015 wi%, 0.016 wi%, 0.017 wi%, 0.018 wit%, 0.19 wi%,
G.02 wi%, 8.021 wi%, 0.022 wi%, 0.023 wis, 0.024 wi%, or 0.025 wit% of Pt disposed
on the support, based on the weight of the support. In some embodiments, the catalyst
composition can optionally also include Ni, Pd. or a combination thereof, or a nuxture
30 ereof disposed on the support. If Ni, Pd, a combination thereof, or a mixture thereof is
also disposed on the support the catalyst coroposition can include 0.001 wi%, 0.002 wi%,
0.003 wt%, 0.004 wi%, 0.005 wi%, 0.006 wi%, 0.007 wi%. 0.008 wi%, or 0.009 wt% to
0.01 wi%, 0.011 wie, 0.012 wi%, 0.013 wi, 0.014 wib%, 0.015 wi, 0.016 wi%, 0.017
wi%, 0.018 wi%, (.019 wi%, 0.02 wi%%, 0.021 wi%, 0.022 wi%, 0.023 wi%, 0.024 wi%,
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or 0.025 wt% of a combined amount of Pt and any Nt and/or any Pd disposed on the
support, based on the weight of the support. In some embodiments, an active component
of the catalyst composition that can be capable of effecting one or more of reforming or

dehvdrogenation, dehydroaromatization, and dehydrocyclization of a hydrocarbon-

(=

containing feed can include the Pt or the Pt and Ni and/or Pd.
[00623] In some embodiments, the catalyst composition can also include a promoter in
an amount of up to 10 wt% disposed on the support, based on the weight of the support.
In some embodimenis, the catalvst composition can include 0.01 wit%, 0.1 wi%, 0.2 wt%,
0.25 wit%, 0.3 wi%, 0.4 wi%, 0.5 wit%, 0.6 wi%, .7 wt%, 0.8 wi%, 0.9 wi%, or T wit% to
10 2wi%, 3 wit%, 4 wi%, 5 wi%, 6 wt%, 7 wi%, 8 wi%, 9 wt%, 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 is not limited to, Sn, Cu, Au, Ag, Ga, a combination thereof, or a mixture
thereof. In some embodiments, the promoter can be associated with the Pt and/or, if
present, the Ni and/or Pd. For example, the promoter and the Pt disposed on the support
15 can form Pi-promoter clusters that can be dispersed on the support. The promoter can
improve the selectivity/activity/longevity of the catalyst composition {or 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.
[6624] In some embodiments, the catalyst composition can optionally include one or
20 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 catalvst composition can include
0.01 wi%s, 0.1 wiSo, 0.2 wi%, 0.3 wi%, 0.4 wi%, 0.5 wt%, 0.6 wt%, 0.7 wi%, 0.8 wi%,
(.9 wi%, or 1 wi% o 2 wi%e, 3 wi%, 4 wi%, or 5 wt% of the alkali metal element disposed
on the support, based on the weight of the support. The alkali metal element, if present,
25 can be or can include, but is not hmited to, L1, Na, K, Rb, (s, or a combination thereof,
or a mixture thereof. In at leasi 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
improve the selectivity of the catalyst composition for a given upgraded hydrocarbon.
6825} The support can be or can include, but is not limated to, one or more Group 2
30 elements, a combmation thereof, or a muxiure thereof In some embodiments, the Group
2 element can be present in its elemental form.  In other embodiments, the Group 2
element can be present in the form of a compound. For example, the Group 2 element can
be present as an oxide, a phosphate, ahalide, a halate, a sulfate, a sulfide, a borate, aniiride,

a carbide, an aluminate, an alumunosificate, a silicate, a carbonate, metaphosphate, a
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selenide. a tungstate, a molybdate, a chromite, a chromate. a dichromate, or a silicide. In
some embodiments, a mixiure of any fwo or more compounds that include the Group 2
element can be present in different forms. For example, a first compound can be an oxide

5

and a second compound can be an aluminate where the first compound and the second

(=

compound include the same or different Group 2 element, with respect to one another.
[6026] The support can include > 0.5 wi%, > 1 wi%, = 2 wit%, = 3 wi%, > 4 wi%, = §
wi%, 2 6 wit%, > 7 wtbe, = 8 wi%. = 9 wi%., > 10 wi%, > 11 wi%, > 12 wtY%, > 13 wi'%,

> 14 wi%%, > 15 wi%, = 16 wi%, > 17 wit%, = 18 wil, 2 19 wi%, > 20 wit%, > 21 wi%, >

V

22 wi%, = 23 wi%, > 24 wi%o, = 28 wit%, = 26 wib%, = 27 wi%, = 28 wi%%, > 29 wi%, >

vV

10 30 wit%, 2 35 wi%, > 40 wi%, > 45 wi%, > 50 wid, > 35 wit%, > 60 wi%, > 65 wi%, >
70 wit%, = 75 wi%, > 80 wit%, > &5 wt%, or > 90 wit% 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 of from 0.5 wi%, 1 wi%. 2 wit%, 2.5 wi%, 3 wi%, 5§ wt%, 7 wi%, 10
wit%e, 11 wit%, 13 wit%, 15 wt%%, 17 wi%, 19 wi¥%, 21 wi%. 23 wt%, or 25 wt% to 30 wit%,
1§ 35 wit, 40 wi¥e, 45 wi%e, SO wi%, 55 wit%, 60 wi%, 65 wi%, 70 wit%, 75 wt%, 80 wtle,
85 wit%, 90 wi%e, or 92.34 wi% based on the weighi of the support.
[6827] In some embodiments, a molar ratio of the Group 2 element to the Pt or the Pt
and any Ni and/or Pd present can be in a range from 0.24, (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, 4,600, 4,500, §,000, 5,500,
20 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, 160,000, 200,000, 300,000, 400,000, 500,000, 600,000, 700,000,
800000, or 900,000,
[6828] In some embodiments, the support can include the Group 2 element and Al and
25 can be in the formo of a mixed Group 2 elerment/ 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 Al in the form of an oxide or one or more oxides of the Group 2
element and AbOs that can be mixed on a nm scale. In some embodiments, the support
can be or can include an oxide of the Group 2 elerent, e.g., MgQ, and AlO:z nixed on a
30 omscale
6029} In some embodiments, the support can be or can include a first quantity of the
Group 2 element and Al in the form of a mixed Group 2 element/Al metal oxide and a
second quantity of the Group 2 element in the form of an oxide of the Group 2 element.

Inn such embodiment, the nuxed Group 2 clement/Al metal oxide and the oxide of the
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Group 2 element can be mixed on the 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.
[6838] In other embodiments, the support can be or can include a first quantity of the

Group 2 element and a first quantity of Al in the form of a mixed Group 2 element/Al

(=

metal oxide, a second quantity of the Group 2 element in the form of an oxide of the Group

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

mixed Group 2 element/Al metal oxide, the oxide of the Group 2 element, and the A5

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.

10 8031}  In some embodiments, when the support mncludes the Group 2 element and Al,
aweight ratio of the Group 2 element to the Al in the support can be in a range from 0.001,
0.005, 0.01, 0,05, 0.1, 0.15, 0.2, 0.3, 0.5, 0.7, or 1 {0 3, 6, 12.5, 25, 50, 75, 100, 200, 300,
400, 500, 600, 700, 800, 900, or 1,000, In some embodiments, when the support includes
Al the inorganic support can include Al in a range from 0.5 wi%, 1 wi%, 1.5 wi%, 2 wt%,

15 2.1 wi%, 2.3 wi%e, 2.5 wi%, 2.7 wit%, 3 wi%, 4 wi%, 5 wit%, 6 wit%, 7 wi%, & wi%, 9
wi%, 10 wi%, or 11 wi% to 15 wit%, 20 wi%, 25 wi%, 30 wi%s, 40 wi%, 45 wi%, or 50
wi%, based on the weight of the support.

[6832] Insome embodiments, the Group 2 element can include Mg and at least a portion
of the Group 2 element can be in the form of MgQ or a mixed metal oxide that includes

20 Mg In soroe erobodiments, the support can be or can include, but 1s not Hmited 1o, a
mixed Mg/Al metal oxide. In some embodiments, the support ¢can be of can include a
mixed Mg/Al metal oxide produced or obtained by calcining hydrotaiciie. In some
embodiments, the support can be or can 1nclude a mixed Mg/Al metal oxide having the
same or sinular structure of the compound produced or obtained by calcining hydrotalcite

25 butmade via an alternative process. In some embodiments, when the support is a mixed
Mg/Al metal oxide, the support can have a weight ratio of Mg to Al jo a range of from
0,001, 0.005, 0.01, 0.05, 0.1, 05, 1, 1.5.2.2.5,3,3.5. 4. 45, or Sto 6, 10, 12.5, 25, 50,
75, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 630, 700, 750, 800, 850, 900,
950, or 1,000

30 {8033}  In some embodimenis, the support can be or can include, but is not limited 1o,

one or more of the following compounds: MgwAl OG5y, where w is a positive number;

Ca A, where x is a positive number; SryALOsyy, where v is a positive number;

Ba,Al:Oa+,, where z 1s a positive number. BeQ, Mg0, Ca0, BaQ, $r0, BeC(s, MgCO0s,

CaC0s, SrCOs, BaCOs;, CaZr(s, CarZrAlsOis, Calils, CarAlsOis, CaHIALOus,

-G .
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BaCe(s, one or more magnesium chromates, one of more magnesium fungstates, one or
more magnesium molvbdates, combinations thereof, and/or mixtures thereof.
[0834] The Mg, ALOs.,, where w is a positive number, if present as the supportoras a

component of the support can have a molar ratio of Mg to Al in a range from 0.5, 1, 2, 3,

(=

4,0r5106,7,8,9 or 10. In some embodiments, the Mg, Al G54y can include MgAL s,
Mg AlLOs, or a mixture thereof. The CayAlLOs, where x 15 a positive number, if present
as the support or as a component of the support can have a molarratioc of Cato Alin a
range from 1:12, 1:4, 1.2, 2:3, 5:6, 1:1, 12:14, or 1.5:1. In some embodiments, the
CaxAlLOsn can  include tricalcium  aluminate, dodecacalcium  hepta-aluminate,
10 monocalcium  alununate, monocalcium  dialumunate, monocalcium  hexa-aluminate,
dicalcium aluminate, pentacalcium trialuminate, tetracalcium trialuminate, or any mixture
thereof. The 8ryAlzGs4y, where v is a positive number, if present as the support or as a
component of the support can have a molar ratio of Sr to Al in a range from 0.03, 0.3, or
0.6100.9,1.5, 0r3. The Ba,AlOs:,, where 7 is a positive mumber, if present as the support
15 or as a component of the support can have a molar ratio of Ba to Al 0.05, 0.3, or (.6 to
0.9, 1.5 0or3.
[B835] In some embodiments, the support can also include, but is not limited to, at least
one meial element and/or at least one metalloid element selected from Groups other than
Group 2 and Group 10 and/or at least one compound thereof, where the at least one metal
20 elemnent and/or at least one metallond element 1s not Li, Na, K, Rb, Cs, Sn, Cu, Ay, Ag, or
Ga. If the support also includes a compound that includes the metal element and/or
metalloid element selected from Groups other than Group 2 and Group 10, where the at
least one metal elervent and/or at 1sast one metallond slement s not Li, Na, K, Bb, Cs. Sn,
Cu, Au, Ag, or Ga, the compound can be present in the support as an oxide, a phosphate,
25 a halide, a halate, a suifate, a sulfide, a borate, a nitride, a carbide, an aluminate, an
alununosilicate, a silicate, a carbonate, metaphosphate, a selenide, a tungsiate, a
molvhdate, a chromite, a chromaie, a dichromate, or a silicide. In some embodiments, the
at least one metal element and/or at least one metalloid element selected from Groups
other than Group 2 and Group 10 and/or at least one compound thereof, where the at least
30 one metal element and/or at least one metallowd element 1s not L1, Na, K, Rb, Cs, Sn, Cy,
Aw, Ag, or Ga can be or can include, but is not limited to, one or more rare earth elements,
i.e., elements having an atomic number of 21, 39, or 57 to 71,
16636] I the support includes the at least one metal element and/or at least one metalloid

element selected from Groups other than Group 2 and Group 10 and/or at least one

10 -
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compound thereof, where the at least one metal element and/or at least one metalloid
element is not Li, Na, K, Rb, Cs, Sn, Cu, Au, Ag, or Ga, the at least one metal element
and/or at least one metalloid element can, in some embodiments, function as g binder and

can be referred to as a “binder”. Regardless of whether or not the at least one metal

(=

element and/or at least one metalioid element selected from Groups other than Group 2
and Group 10 and/or at least one compound thereof, where the at least one metal element
and/or at least one metalloid element is not Li, Na, K, Rb, Cs, Sn, Cu, Au, Ag, or Ga, the
at least one metal element and/or at least one metalloid element selected from Groups
other than Group 2 and Group 10 will be further described herein as a “binder™ for clarity
10 and ease of description.  In some ernbodirnents, the support can jnclude the binder ina
range of from 0.01 wi%, 0.05 wit%, 6.1 wit%, 0.5 wit%, 1 wi%, 5 wi%, 10 wi%, 15 wt%,
20 wit%e, 25 wi%e, 30 wi%, 35 wib or 40 wi% to 50 wi%%, 60 wi%, 70 wi%, 8¢ wit%, or 90
wi% based on the weight of the support.
6637 In some embodiments, suitable compounds that can be used as the binder can be
15 or can include, but are not limited to, one or more of the following: B>Cs, AIBO:, ALG:,
Si(dy, 213, Ti0:, S1C, Si3Ny, an alumunosilicate, zince aluminate, Zn0, VO, V05, VO,
Vo(Os, GasQy, InyOy. MnaOs, Mns Oy, MnO, one or more molybdenum oxides, one or more
tungsten oxides, one or more zeolites, where s, £ u, and v are positive numbers and
mixiures and combinations thereof. If the Group 2 element is in the form of a mixed metal
20 oxide, e.g., amixed Mg/Al metal oxide, the additional metal(s) in the mixed metal oxide
is/are not considered to be part of a binder. For example, the support may include a mixed
Mg/Al metal oxide, such as those obtained by calcining an Mg/Al hydrotalcite, and a
binder that is AlZOs.
[6838] It has been surprisingly and unexpectedly discovered that the amount of Pt or
25 the amount of Pt and Ni and/or Pd disposed on the support can be significantly reduced
below an amount thought necessary o produce a catalyst coraposition with sufficient
activity. More particularly, it has been surprisingly and unexpectedly discovered that the
amount of Pt or the amount of Pt and Ni and/or Pd disposed on the support that includes
at feast 0.5 wi% of the Group 2 clement can be < 0.023 wi% while still maintaining a
30 sufficient level of activity, which was not believed 1o be possible. The conventional
thought was that the amount of Pt or the amount of Pt and Ni and/or Pd needed to be at
least 0.05 wi% based on the weight of the support. For example, see, U.S. Patent Nos:

6,967,182, 5,922,925, 6,382.589; 6.313.063 and 3.817,396; U.S. Patent Application
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Publication Nos.: 2003/0139637; 2004/0029729; 2005/0003960; and EP Patent
Application Nos.: EP1016641 and EP1073516.
[06038] o some embodiments, the catalyst composition can include 0.001 wi%, 0.003

wi%, 0.01 wi%, 0.015 wi%, 0.02 wi%, 0.025 wi%. 0.03 wi%, 0.06 wi%, 0.08 wi%, 0.1

(=

wi%e, 0.2 wi%, 0.5 wi%, or 1 wi% to 2 wi%, 3 wt%, 4 wi%, 5 wt%, or 6 wi¥% of the Pt or
the Pt and Ni and/or Pd disposed on the support that includes at least 0.5 wi% of the Group
2 element, where all weight percent values are based on the weight of the support, and
where the promoter is optional. In such embodiments, at least a portion of the Group 2
clement in the support can be in the form of a mixed Group 2 clement/Al metal oxide.
10 When at least a portion of the Group 2 element in the support is 1o the form of a mixed
Group 2 element/Al metal oxide, it has been surprisingly and unexpectedly discovered
that the presence of St in the catalyst composition in an amount of 0.1 wi% or more has a
detrirnental iropact oo the stability of the performance of the catalyst. For example, when
the support includes a nuxed Mg/Al metal oxide the presence of Si in an amount of 0.1
15 wi% or more has a detrimental impact on the stability of the performance of the catalyst.
As such, when at least a portion of the Group 2 element in the support is in the form of a
mixed Group 2 element/Al metal oxide, where the promoter i1s optional, the catalyst
composition can include < 0.1 wit%, <0.09 wi%, < 0.08 wi%, < 0.07 wi%, < 0.06 w1%, <
0.05 wi%, < 0.04 wi%, < .03 wi%s, < 0.02 wi%, < 0.01 wi%, < 0.007 wi%, <0.005 wt%,
200 or < 0.001 wi% of 81 In other embodiments, when at least a portion of the Group 2
element in the support is in the form of a mixed Group 2 element/Al metal oxide, where
the promoter is optional, the catalyst composition can be free of any Si. In other
embodiments, however, the support can be m the form of a mixed Group 2 elerent/Si
metal oxide, where the promoter is optional, and the catalyst composition can mclude <
25 0.1 wi%, <0.09 wit%, < 0.08 wi%, < 0.07 witle, < (.06 wi%, < 0.05 wit¥o, <0.04 wi%, <
.03 wi%, < 0.02 wi%, <0.01 wit%, < 0.007 wit%, < 0.005 wi%, or <{4.001 wit% of Al
[6040]  In some embodiments, the catalyst composition can be in the form of catalyst
particles or a monolithic structure. If the catalyst composition is in the form of catalyst
particles, the catalyst particles can have a median particle size in arange of from 1 um, 3
30, 10 umy 20 prm, 40 pmy, or 60 g to 80 prn, 100 wm, T1S pr, 130 wmy, 150 pm, 200
pm, 300 pum or 400, or 500 um. The catalyst particles can have an apparent loose bulk
density in a range from 0.3 g/om®, 0.4 glemy’, 0.5 glem?, 0.6 g/om®, 0.7 glomy®, 0.8 glom?,
6.9 g/em’® or | glem’ to 11 glem?®, 1.2 gloot’, 1.3 glom?, 1.4 g/lem®, 1.5 glom®, 1.6 g/om’,

1.7 glend’, 1.8 glond®, 1.9 glom®, or 2 g/em’, as measured according to ASTM D7481-18
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modified with a 10, 25, or 50 mL graduated cvlinder instead of 2 100 or 250 md. graduated
cylinder. In some embodiments, the catalyst particles can have an attrition loss after one

hour of <5 wi%, <4 wi%, <3 wi%, <2 wi%, <1 wit%, <0.7 wt%, <0.5 wi%, <0.4 wi%,

<03 wi%, 0.2 wi%, <0.1 wi%, <0.07 wi%. or <0.05 wi%, as measured according to
ASTM D§757-11(2017). The morphology of the particles can be largely spherical so that
they are suitable to run in 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 definition of
a fluidizable solid.

[6841] In some embodiments, the catalyst particles can have a surface area in a range
from 0.1 m¥/g, | m¥g, 10 m%/g, or 100 m¥/g (o 500 m?¥/g, BG0 m¥g, 1,000 m¥/g, or 1,500
m%g. The surface area of the catalyst particies can be measured according to the
Brunaver-Emmett-Teller (BET) method using adsorption-desorption of nitrogen
{temperature of hquid mtrogen, 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

6842} The process for making the catalvst composition can include preparing a shurry
or gel that can include, mulling, mixing, blending, combining, or otherwise contacting, but
is not lurited to, a compound containing a Group 2 element and a liquid roedium. Insome
embodiments, preparation of the shury or gel can also include contacting, but i3 not
limited to, the compound containing a Group 2 element, the liquud medium, and one or
maore additives. Tn other embodiments, the preparing the slurry or gel can include
contacting, but 15 not himited to, the compound containing a Group 2 element, the liguid
medium, a binder or binder precursor, and, optionally, one or more additives.

[6643] The compound contaimang a Group 2 element can be 10 the forro of an oxide, a
hydroxide, a hydrated carbonate, a salt, a clay containing a Group 2 element, a layerad
double hydroxide, a phosphate, a halide, a halate, a sulfate, a sulfide, a borate, a nitride, a
carbide, an alununate, an aluminosilicate, a silicate, a carbonate, metaphosphate, a
selenide, a fungstate, a molvbdate, a chromite, a chromate, a dichromate, a silicide, 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 hyvdroxide, hyvdromagnesite {a hvdrated magnesiumn carbonate

mineral, Mgs{CO3{OH)*dH,0), a magnesium salt. a magnesium-containing clay,
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hydrotalcite {a layered double hydroxide)}, an organo-magnesium compound or a mixture
thereof.

[0844] The liquid medium can be or can include, but is not linited to, water, alcohols,
acetone, chloroform, methvlene chioride, dimethyl formamide, dimethyl sulfoxide,
glyeerin, ethyl acetate, or any mixture thereof. Illustrative alcohols can be or can include,
but are not limited to methanol, ethanol, isopropanol, 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 limited to, ALSLOs{OH): {(Kaoclin clayvy,
aluminum chlorchyvdrol, boehmite, pseudoboehmite, gibbsite, bayertte, aluminum nitrate,
aluminura chloride, sodium aluminate, alumina sol, silica sol, or any muxture thereof. It
is known that in literature, some of the compounds herein referred to as “binders™ may
also be referred 1o as fillers, matrix, additive, elc. The one or more additives, if present,
can be or can include, but is not Umited to, acids such as formuce acid, lactic acid, citnic
acid, acetic acid, HNO:, HCI, oxalic acid, stearic acid, carbonic acid, etc.; bases such as
ammonia solution, NaOH, KOH, efc.; inorganic salts such as nitrates, carbonates,
bicarbonates, chlondes, efc.; organic salts such as acetates, oxalates, formates, cifraies,
ete.; polvmers such as polyvinvl alcohol, polysaccharide, etc., 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 shury/gel to facilitate spray drying,
{00451 The slurry or gel can be spray dried to produce spray dried particles that include
the Group 2 element. Spray drving refers to the process of producing a dry particulate
solid produet from the shurry or the gel. The process can include spraving or alomizing
the slurry or gel, e.g.. fornmung small droplets, uto a temperature-controlled gas stream to
evaporate the liquid medium from the atomized droplets and produce the particulate solid
product. For example, in the spray drying process, the slurry or gel can be atomized o
small droplets and mixed with hot air or a hot inert gas, e.g., nilrogen, to evaporate the
liquid from the droplets. The temperature of the slurry or gel during the spray drving
process can usually be close 1o or greater than the botling temperature of the liquid. An
outlet air temperature of about 60°C o about 120°C can be common.

[0846] The shurry or gel can be atornized with one or more pressure nozzles {e.g., a flwd
nozzle atomizer), one or more pulse atomizers, one or more high speed spinning discs
{e.g., centni{ugal or rolary atomizer), or any other known process. The median particle
size, quid {e.g., water} concentration, apparent loose bulk density, or any combination

thereof, of the particulate solid product prepared via spray drving can be controlled,
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adjusted, or otherwise influenced by one or more operating conditions and/or parameters
of the spray dryer. Hlusirative operating conditions can include, but are not limited to, the
feed rate and temperature of the gas stream, the atomizer velocity, the feed rate of the

sturry or gel via the atomizer, the temperature of the shurry or gel, the size and/or solids

(=

concentration of the droplets, the spray drver dimensions, or any combination thereof. It
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.
[6847] The spray dried particles can, optionally, be calcined under an oxidative
10 atmosphere, eg., air, to produce calcined support particles that mclude the Group 2
element. In some embodiments, the spray dried particles can be calcined at a temperature
in arange of from 450°C, S00°C, S25°C, SSO°C, 575°C, 600°C, 625°C, 656°C, or 675°C
1o 700°C, 725°C, 750°C, 775°C, 800°C, 830°C, 900°C. or 950°C. In some embodiments,
the spray dried particles can be calcined at a temperature of <950°C, < 900°C, < 850°C,
15 <800°C, £750°C, < 700°C, <630°C, <600°C, or <350°C, £525°C, <500°C, <475°C,
or <460°C. In some embodiments, the spray dried particles can be calcined for a time
period of < 240 minutes < 180 minutes < 120 minutes < 90 minutes, < 60 minutes, <45
minutes, < 30 minutes, < 25 minutes, < 20 minutes, or < 15 minutes. In some
embodiments, the spray dried particles can be calcined in the presence of oxygen, e.g., air.
20 Insome embodiments, the spray doied particles can be calcined at a teruperature in a range
of from 550°C to 900°C or 550°C 1o 850°C for a time period of < 240 minutes < 180
minutes < 120 muinutes < 90 munutes, < 60 minutes, < 45 minutes, < 30 minutes, < 25

minutes, < 20 minutes, or < 15 minutes. In other embodiments, the spray dried particles

IA

/

are calcined at a temperature of < 350°C, < 340°C, < 330°C, < 320°C, < 510°C, or

I

25 S00°C for a time penod of < 240 minutes < 180 minutes < 120 minutes < 90 minutes,
60 minutes, <45 minuates, < 30 minutes, < 25 minudes, <20 minutes, or < 15 minutes.
[6048] The Pt present in the catalyst particles can be introduced via one or more ways.
In some embodiments, the process for making the catalyst composition can include (i)
contacting at least the compound countaining the Group 2 element and the liquid roedium

30 with a Pt-containing compound such that the Pt can be present in the shurtv or the gel and
the catalvst composition can include catalvst particles that include the calcined support
particles having Pt disposed thereon. In other embodiments, the process for making the
catalvst cornposifion can include (1) depositing Pt on the spray dried particles by

contacting the spray dried particles with a Pt-containing compound to produce Pt-
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containing spray dried particles and the catalyst composition can inchude catalyst particles
that include the calcined support particles having Pt disposed thereon. In other
embodiments, the process for making the catalyst composition can include (i) depositing

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

(=

contacting the calcined support particles with a Pt-containing compound to produce Pt-
containing calcined support particles and the process can, optionally, further include
calcining the Pt-containing calcined support particles to produce re-calcined support
particles having Pt disposed thereon, where the catalyst composition ¢an include the re-
calcined support particles. In some embodiments, the catalyst composition can inchude
10 the Pt-containing calcined support particles without the optional additional calcmation
step. In other embodiments, the process for making the catalyst composition can include
option {iy, {11}, (i}, (4) and (1), () and (i), {11} and (i), or {4), {i1), and (i1). The Pt-
contatning compound can be or can include, but is not limited to, chloroplatinic acid
hexahvdrate, tetraammineplatinum{il} nitrate. platinum(il} acetvlacetonate, platinum{il)
15 bromide, platinum({ll) iodide, platinem(l} chloride, platimumn(IV}) chioride,
platinom(IDdiammine dichloride, AMMOonigm ietrachioroplatinate(If),
tetraamnuneplatinum{il) chloride hydrate, tetraammuneplatinumdf) hydroxide hydrate, or
any mixture thereof.
[0849] The promoter present in the catalyst particles can be introduced via one or more
20 wavs. In some embodiments, the process for making the catalyst composition can include
(iv} contacting at least the compound containing the Group 2 element and the liquud
medium with a compound that includes a promoter element such that the promoter
clement is present in the slurry or the gel and the catalvst composition can include catalyst
particies that include the calcined support particles having the promoter element disposed
25  thereon. In other embodiments, the process for making the catalyst composition can
mclude (v} depositing a compound that includes a promoter element on the sprav dried
particles to produce promoter-containing sprav dried particles and the catalyst
composition can include catalyst particles that mnclude the caleined support particles
having the promoter element disposed thereon. In other embodiments, the process for
30 wmaking the catalyst composition can include (vi) depositing a coropound that includes a
promoter element 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-contaming calcined

support particles to produce re-calcined support particles having the promoter element
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disposed thereon, where the catalyst composition includes the re-calcined support
particles.  In some embodiments, the catalvst composition can include the promoter-
containing calcined support pariicles without the optional additional calcination step. In

other embodiments, the process for making the catalyst composition can include option

(=

{iv), {v), (vi), v} and (v}, (v} and (vi), (v} and (vi}, or (iv}, (v}, and {vi}. In other
embodiments, the process can include any one or more of options (1), (1), and (1it) and
any one or more of options (iv), (v}, and (iv). The compound that includes the promoter
slement can be or can includse, but is not limited to, tin{Il} oxide, tin(iv) oxide, tin{IV)
chloride pentahydrate, tin{Il} chloride dihydrate, tin(Il} bromide, tin{TV) bromide, tin(i)
10 acetylacetonate, tin(Il) acetate, tin{iV) acetate, tn{ll} oxalate, silver(l)} nitvate, gold(il)
nitrate, copper{(ll} nitrate, gallinm{IIl} nitrate, or any nuxture thereof.
(60507 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 catalyst
compaosition can include (vii} contacting at least the compound containing the Group 2
15 element and the hquid medium with a compound that includes an alkali metal element
such that the alkali metal element is present in the slarry or the gel and the catalyst
compostition can include catalyst particles that include the calcined support particles
having the alkali metal element disposed thereon. In other embodiments, the process for
making the catalvst composition can include (viit) depostting a compound that includes
20 an alkali metal elervent on the spray dried particles to produce alkalt wetal element-
containing spray dried particles and the catalvst composition can include catalyst particles
that include the calcined support particles having the alkali metal element disposed
thereon. In other emboditoents, the process for making the catalyst composition can
include (ix) depositing a compound that includes an alkali metal element on the calcined
25 support particles if the spray dried particles are optionally caleined to produce alkali metal
elernent-containing calcined support particles and the process can further joclude,
optionally, calcining the alkali metal element-containing calcined support particles to
produce re-calcined support particles having the alkali metal element disposad thereon,
where the catalyst composition includes the re-calcined support particles. In other
30 emboduments, the process for roaking the catalyst composition can include option (vu),
{viit}, (ix), (vit} and (viit}, (vi) and (ix), {viii} and {ix}, or {vii}, {viii}, and {iv}. In other
embodiments, the process can include any one or more of options (1), (i), and {i1i), any
one or more of options (iv), (v}, and (iv}, and any one or more of options (vi1), (viit), and

(ix}. The compound that includes the alkali metal element can be or can include, but are
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not fimited to, lithium nitrate, sodium nitrate, potassium nitrate, rubidium nitrate, cesium
nitrate, or any mixture thergof
[6051] o some embodiments, the process for making the catalyst 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

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 10 80°C, 120°C, 140°C, 160°C, 180°C,

10 or 200°C. The calcined support can be contacted with the waler for a time pertod ina
range of from I minutes, 5 nunutes, or 10 minutes to 20 minutes, 40 minutes, 80 minutes,
160 mimates, 6 hours, 12 hours, 24 hours, or 48 howrs. In some embodiuments, an anion
such as chiornides, mtrate, carbonate, bicarbonate, acetate, oxalate, formate, and/or ciirate
can be present during hydration.

15 #6521 In some embodiments, the process for making the catalyst composition can
optionally include hydrating the spray dried particles (o produce hydrated spray dried
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

20 includes calcined support particles. Hyvdrating the spray dried particles can be carned out
at a temperature in a range of from 20°C, 46°C, or 60°C 1o 80°C, 126°C, 140°C, 160°C,
180°C, or 200°C. The spray dried particles can be contacted with the water {or a time
period in a range of from | minutes, 5 minutes, or 10 nunutes to 20 manuies, 40 munutes,
80 minutes, 160 minutes, 6 hours, 12 hours, 24 hours, or 4% hours. In some embodiments,

25 ananion such as chloride, nitraie, carbonate, bicarbonate, acetate, oxalate, formate, and/or
ciirate can be present during hydration.

168531  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 hvdrated spray dried particles to produce calcined support particles,

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

and calcining the hydrated calcined support particles o produce re-calcined support

particles.  As such, the catalyst composition can include the spray dried particles, the

calcined support particles, the hydrated spray dried particles, the hydrated spray dried
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particles that can be calcined, the hvdrated calcined support particles, the hvdrated
calcined support particles that can be re-caleined, or any mixture thereof.
[0054] In soroe embodiments, catalysts particles produced by hydrating the calcined

support particles or the sprav dried particles and then calcming the hydrated calcined

(=

support particles or the hvdrated sprav 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.
as measured according to ASTM D3737-11{2017) In some embodiments, catalysis
particles produced by hyvdrating the calcined support particles or the spray dried particles
10 and then caleining the hvdrated support particles or the hydrated support particles can
produce catalyst particles that have an attrition loss after one hour that is 10% less, 30%
less, 50% less, 709% less, 90% less, or 100% less, than an attrition loss afier one howr of
the mittally calcined particles produced before the hydration step, as measured according
to ASTM DS757-11(2017).

15 Second Process for Making Catalvst Particles

[0835] In some embodiments, the catalvst composition can be catalyst particles
produced through only the sprav drving step such that the slurry 15 prepared and spray
dried particles are produced therefrom with the Pt and promoter added to the shury, the
spray dried particles, or a combination thereof. Accordingly, in some embodiments the
20 process for making a catalyst coraposition, can nclude preparing the shurry or gel that can
include the compound containing a Group 2 element and a liquid medium and optionally
one or more additives as described above and spray drving the slurry or the gel 1o produce
spray dried support particles that include the Group 2 element. At least one of (i) and (1)
can be met: {1} Pt can be present in the slurry or the gel in the form of the Pt-containing
25 compound and the catalyst composition can include catalvst particles that include the
sprav dried support particles having Pt disposed thereon, and {11} Pt can be deposited on
the spray dried support particles by contacting the spray dried support particles with the
Pt-containing compound to produce Pt-containing spray dried support particles and the
catalvst composition can include catalyst particles that can include the spray dried support
30 particles having Pt disposed thereon. At least one of (i11) and (iv) can also be met: (111} the
compound that includes the promoter element can be present in the shurry or the gel and
the catalvst composition can include catalvst particles that include the spray dried support
particles having the promoter element disposed thereon, and (iv) the compound that can

include the promoter element can be deposited on the spray dried support particles to
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produce promoter-containing spray dried support particles and the catalyst composition
can include catalyst particles that include the spray dried support particles having the
promoter element disposed thereon, where the promoter element includes Sn, Cu, Au, Ag,

(Ga, or a combination thereof, or a muxture thereof. In some embodiments, the optional

(=

allzali metal element(s) and/or binders can also be added during the synthesis of the
catalyst particles as described above.
168561  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 catalvst particles to higher severily conditions 1o produce catalyst particles having a
10 greaterlevel of activation than just the spray dried particles have upon preparation thereof,
In some embodiments, when the catalvst particles inchude catalyst particles only subjected
1o the spray drving step such that the slurry 1S 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
15 reaction 7one, a combustion zone, a reduction zone, or any other location within a
fluidized hvdrocarbon apgrading process some of which are further described below.
[08587] The preparation of the catalyst composition and processes for adding Pt, the
promoter(s} such as Sn, the opiional alkali metal element(s), and the optional rare earth
metal element(s) {o the catalyst composition has been described above. In some
20 embodiments, the preparation of the slurry or gel, spray drving the slurry, calemation of
the spray dried particles and/or the hydrated calcined particles, and/or hydration of the
Group 2 metal containing calcined support particles or the spray-dried particles can also
be performed using one of the known methods reported 1o hiterature, such as U.S. Patent
Nos. 4,866,019; 6,028,023; 6,589.902; 6,593,265, 6,800,5378; 7,361,264 and 7,417.003;
25 US. Paient Application Publication WNos.  2004/0029729; 2005/000396; and
2016/0082424; WO Publication No. WO2008083363A1; and journal publications Wang
etal. ind Eng Chem. Res. 2008, 47, 3746-5750; 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. Lert. 2017, 209, 429-432.

30 A First Process for Upgrading a Hyvdrocarbon

[60588] The first process for upgrading a hydrocarbon can include contacting a
hydrocarbon-containing  feed (furst hvdrocarbon-containing feed) with the catalyst
composition that includes Pt and the promoter disposed on the support to effect one or

more of dehydrogenation, dehydroaromatization, and dehydrocyclization of at least a
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portion of the first hydrocarbon-containing feed to produce a coked catalyst composition
and an effiuent that can include one or more upgraded hydrocarbons and molecular
hydrogen. The catalyst composition and the first hyvdrocarbon-containing feed can be

contacted with one another within any suitable environment such as one or more reaction

(=

or converston zones disposed within one or more reactors to produce the effluent and the
coked catalyst compostiion. The reaction or conversion zone can be disposed or otherwise
located within one or more fixed bed reactors, one or more fluidized or moving bed
reactors, one or more reverse flow reactors, or any combination thereof
[6838]  The first hydrocarbon-containing feed and catalyst composttion can be contacted
10 at a teroperature 1 a range from 300°C, 350°C, 400°C, 450°C, 500°C, 550°C, 600°C,
620°C, 630°C, 660°C, 670°C, 680°C, 690°C, or 700°C 10 723°C, 750°C, 760°C, 78G°(C,
ROO~C, 825°C, B8SO°C, 875°C, or 900°C. In some embodiments, the first hydrocarbon-
coutaining feed and the catalyst composition can be contacted at a temperature of at least
620°C, at least 630°C, at least 660°C, at least 670°C, at least 680°C, at least 490°C, or at
15 least 700°C to 725°C, 750°C, 760°C, 780°C, 800°C, 825°C, 850°C, 875°C, or 900°C.
The first hydrocarbon~containing feed can be mtroduced into the reaction or conversion
zone and contacted with the catalyst composition therein for a time perntod of <3 hours, <
2.5 hours, <2 howrs, < 1.5 howrs, < 1 hour, <45 minutes, < 30 minutes, < 20 minutes, <
10 minutes, < 5 munuies, < 1 minute, < 30 seconds, < 10 seconds, < 8§ seconds, or < 1
20 second or <0.5 second. In some embodiments, the first hydrocarbon-containing feed can
be contacted with the catalyst composition for a time period in a range {from 0.1 seconds,
(.5 seconds, 0.7 seconds, 1 second, 30 second, 1 minute, 3 minutes, or 10 minutes to 30
minutes, 50 minutes, 70 munutes, 1.5 hours, 2 hours, or 3 hours.
{6068} The first hydrocarbon-containing feed and the catalyst composition can be
25  contacted wnder a hydrocarbon partial pressure of at least 20 kPa-absolute, where the
hydrocarbon partial pressure is the total partial pressure of any C2-Cy6 alkanes and any Cy-
Cis alkyl aromatics in the first hydrocarbon-comtaining feed. In some embodiments, the
hydrocarbon partial pressure during contact of the first hvdrocarbon-containing feed and
the catalyst composition can be in a range from 20 kPa-absolute, 30 kPa-absolute, 100
30 kPa-absolute, at least 150 kPa, at least 200 kPa 300 kPa-absolute, 500 kPa-absolute, 750
kPa-absolute, or 1,000 kPa-absoluie to 1,500 kPa-absolute, 2,500 kPa-absolute, 4,000
kPa-absoluie, 5,000 kPa-abschute, 7,000 kPa-absolute, 8,500 kPa-absohute, or 10,000 kPa-
absolute, where the hvdrocarbon partial pressure is the total partial pressure of any C-Cis

alkanes and any CUs-Cis alkyl aromatics in the first hydrocarbon-containing feed. In other
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embodiments, the hvdrocarbon partial pressure during corndact of the hydrocarbon-
containing feed and the catalyst composition can be in a range {rom 20 kPa-absolute, 50
kPa-absolute, 100 kPa-absolute, 150 kPa-absolute, 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, where the hvdrocarbon partial pressure
is the total partial pressare of any Cr-Cis alkanes and any Cp-Cis alkyl aromatics in the
first hydrocarbon-containing feed.
16861} Insome embodiments, the first hvdrocarbon-containing feed can include at least
60 vol%, at least 65 vol%, at least 70 vol%e, at least 75 vol%, at least 80 voi®s, at least 83
10 vol%, at least 90 vol%, at least 95 vol%, or at least 99 vol% of a single C»-Cis alkane, e.g,
propane, based on a total volume of the first hydrocarbon-containing feed. The first
hydrocarbon-containing feed and the catalyst composition can be contacted under a single
Cr-Cis alkane, e.g., propane, pressure of af least 20 kPa-absolute, at least S0 kPa-absolute,
at least 100 kPa-absolute, at least 150 kPa-absolute, at least 250 kPa-absolute, at least 300
15 kPa-absohute, at least 400 kPa-absoluie, at least 300 kPa-absolute, or at least 1,000 kPa-
absolute.
[0862] 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
200 WHSVeanbe 00l hr L 0lhr L ther, 2, Shet, 10hr !, 20 he !, 30 e, or S0 bt
t0 100 hr !, 250 hr !, 500 hr !, or 1,000 hr ). 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 Ca-
16 alkanes and any Us-Chis alkyl aromatics mass flow rate can be in a range from 1, 3, 5,
25 10, 15, 20,25, 30, or 40 10 50, 60, 70, 80, 90, 100, 110, 125, or 150 on g weight to weight
hasis.
{00637  When the activity of the coked catalyst composition decreases below a desired
mintmum amount, the coked catalyst composition or at least a portion thereof can be
subjected to a regeneration process to produce a regenerated catalvst composition. More
30 particalarly, the coked catalyst composttion can be countacted with ove or more oxidanis
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

that is separate and apart from the reaction or conversion zone, depending on the particular
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reactor configuration, to produce a regenerated catalyst composition. For example,
regeneration of the coked catalyst composition can occwr 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 flmdized

(=

bed reactor or other circulating or fluidized type reactor is used.
[6064] In some embodimenis 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 catalvst composition. An additional quantity of the hydrocarbon-
containing feed can be contacted with at least a portion of the regenerated catalyst
10 composition and/or at least a portion of any regenerated and reduced catalyst composifion
1o produce a re~coked catalyst composition and additional effiuent.
[6665] Insome embodiments, a cycle time from contacting the hydrocarbon-containing
feed with the catalyst composition to contacting the additional quantity of the
hydrocarbon-containing feed with the regenerated catalyst composition can be < 5 hours.
15 The first cycle begins upon contact of the catalyst composition with the first 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 io produce the regenerated catalyst composition, and the first cycle ends upon contact
of the regenerated catalyst composition with the additional quantity of the first
20 hydrocarbou-containg feed. If one or more additional feeds (described in wore detadl
below} are utilized between flows of the first hydrocarbon-containing feed and the
oxidative gas, between the oxidative gas and the reducing gas (if used), between the
oxidative gas and the additional quantity of the first hydrocarbon-containing feed, and/or
between the reducing gas (if used} and the additional quantity of the first hydrocarbon-
25  containing feed, the period of time such stripping gas(es) i/are utilized would be included
in the period mcluded in the cvele tirne. As such, the cycle e from contacting the first
hydrocarbon-containing feed with the catalyst composition 1n step to the contacting the
additional guantity of the hydrocarbon-containing feed with the regenerated catalyst
composition, i some embodiments, can be < § hours.
30 [8866] The oxidant can be or can nclude, but is not finmuted to, Oy, Gz, CO2. HG, ora
mixture thereof. In some embodiments, an amount of oxidant in excess of that needed to
combust 100% of the coke on the catalyst composition can be used to increase the rate of
coke removal from the catalvst 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
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period of time. The use of pure Oy as an oxidant can facilitate the capturing and
sequestration of C{; made during combustion in one or more downstream CQs recovery
systems.

[6867] The coked catalyst composition and oxidant can be contacted with one another

(=

at a temperature in a range from 500°C, 550°C, 600°C, 656°C, 700°C, 750°C, or 800°C
1o 900°C, 9530°C, 1,000°C, 1,050°C, or 1,100°C to produce the regenerated catalyst
composition. In some embodiments, the coked catalyst compostiion and oxidant can be
contacted with one another at a temperature in a range from 500°C 1o 1,100°C, 600°C to
1,000°C, 630°C 10 950°C, 700°C 10 200°C, or 750°C to 8350°C to produce the regenerated
10 catalyst composition.
86068} The coked catalyst composition and oxidant can be contacted with one ancther
for atime period of <2 howrs, < 1 hour, <30 mimutes, < 10 minutes, <5 minutes, < 1 min,
<30 seconds, < 10 seconds, < 3 seconds, or <1 second. For exarnple, the coked catalyst
composition and oxidant can be contacted with one another for a time period in a range
15 from 2 seconds to 2 hows. In some embodiments, the coked catalyst composition and
oxidant can be contacted for a tivne period safficient {o remove > 50 wit%, = 75 wi%, or >
90 wit% or > 99 % of any coke disposed on the catalyst composition.
[6069] In some embodiments, the time period the colked catalvst composition and
oxidant contact one another can be less than the time period the catalyvst composition
20 cootacts the hydrocarbon-containing feed to produce the effluent and the coked catalyst
composition. For example, the time period the coked catalyst composition and oxidant
contact one another can be at least 90%, at least 60%, at leasi 30%, or at least 10% less
than the tivoe period the catalyst composition contacts the hydrocarbon-containing feed to
produce the effluent In other embodiments, the time period the coked catalyst
25 composition and oxidant contact one another can be greater than the time period the
catalyst cornposttion contacts the hydrocarbon-containing feed to produce the effiuent and
e coked catalyst composttion. 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 30.000%, at least 30,000%, at least 75,000%, at least 100,000%, at least 250,000%. at
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 period the catalyst composition

contacts the hyvdrocarbon-containing feed to produce the efftuent.
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168707 The coked catalyst composition and oxidant can be contacted with one another
under an oxidant partial pressure in a range from 20 kPa-absohute, 50 kPa-absolute, 100
kPa-absolute, 300 kPa-absolute, 500 kPa-absolute, 750 kPa-gbsolute, or 1,000 kPa-

absolute to 1,500 kPa-absolute, 2.500 kPa-absolute, 4,000 kPa-absolute, 5,000 kPa-
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absolute, 7,000 kPa-absolute, 8,500 kPa-absolute, or 10,000 kPa-absohute. In other
embodiments, the oxidant pastial pressure during contact with the coked catalyst
composition can be in a range from 20 kPa-absolute. 50 kPa-absolute, 100 kPa-absolute,
150 kPa-absolute, 200 kPa-absolute, 250 kPa-absolute, or 300 kPa-absohite to 500 kPa-
absolute, 600 kPa-absoluie, 700 kPa-absolute, 300 kPa-absolute, 900 kPa-absolute, or
10 1,000 kPa-absolute to produce the regenerated catalyst composition,
[68671] Without wishing to be bound by theory, it is believed that at least a portion of
the Pt and, if present, and Ni and/or Pd, disposed on the coked catalyst composition can
be agglomerated as compared to the catalyst compaosition prior to contact with the first
hydrocarbon-containing feed. It is believed that during combustion of at least a portion
15 ofthe coke on the colied catalyst composition that at least a portion of the Pt and, if present,
any Ni and/or Pd can be re~dispersed about the sapport. Re-dispersing at least a portion
of any agglomerated Pt and. if present, Ni and/or Pd can improve the stability of the
catalyst composition over many cycles.
[6972] Insome embodiments, atleast a portion of the Pt and, if present, Ni and/or Pd in
20 the regenerated catalyst composition can be at a higher oxidized state as compared to the
Pt and, if present, Ni and/or Pd in the catalyst composition contacted with the first
hydrocarbon-containing feed and as compared to the Pt and, if present, Ni and/or Pd in
the coked catalyst composition.  As such, as noted above, 1n some embodiments the
process can optionally include contacting at feast a portion of the regenerated catalyst
25 composition with a reducing gas to prodoce a regenerated and reduced catalyst
composition. Suitable reducing gases (reducing agent) can be or can include, but are not
linuted to, Ha, CO, CHy, C:Hs. CaHs, CoHy, CsHe, steam, or a muxture thereof In some
embodiments, the reducing agent can be mixed with an inert gas such as Ar, Ne, He, N,
COn, HxO or a mixture thereof. In such ernbodiments, at least a portion of the Pt and, if
30 present Ni and/or Pd, i the regenerated and reduced catalyst composition can be reduced
to a lower oxidation state, e.g., the elemental state, as compared to the Pt and, if present,
Ni and/or Pd in the regenerated catalyst composition. In this embodiment, the additional

guantity of the hvdrocarbon-containing feed can be contacied with at least a portion of the
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regenerated catalyst composition and/or at least a portion of the regenerated and reduced
catalvst composition.

[6873} To sore ermnbodiments, the regenerated catalyst composition and the reducing
gas can be contacted at a temperature in a range from 400°C, 450°C, 5300°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, 5 seconds, 10 seconds, 20 seconds, 30 seconds, or 1 minute to 10 minutes, 30
mimites, or 60 minutes. The regenerated catalyst composition and reducing gas can be
contacted at a reducing agent partial pressure of 20 kPa-~-absolute, 50 kPa-absolute, or 100
10 kPa-absolute, 300 kPa-absolute, 500 kPa-absolute, 750 kPa-absolute, or 1,000 kPa-
absolite to 1,500 kPa-absolule, 2,500 kPa-absolute, 4,000 kPa-absolute, 5,000 kPa-
absolute, 7,000 kPa-absolute, 8,500 kPa-absoluie, or 10,000 kPa-absolute. In other
embodiments, the reducing agent partial pressure during confact with the regenerated
catalvst composition can be in a range from 20 kPa-absolute, 50 kPa-absolute, 100 kPa-
15 absolute, 150 kPa-absolute, 200 kPa-absolute, 250 kPa-absohute, or 300 kPa-absolute to
300 kPa-absohie, 600 kPa-absolule, 700 kPa-absolute, 800 kPa-absolute, 900 kPa-
absolute, or 1.000 kPa-absolute to produce the regenerated catalyst composition.
[6874] At least a portion of the repenerated catalyst composition, the regenerated and
reduced calalyst composition, new or fresh catalyst composition, or a mixture thereof can
20 be condacted with an additional quantity of the first hyvdrocarbon-containing feed within
the reaction or conversion zone to produce additional effluent and additional coked
catalvst composition.  As noted above, 1 some embodiments, the cycle time from the
contacting the hydrocarbon-containing feed with the catalyst composition to the
contacting the additional quantity of the hydrocarbon-containing feed with at least a
25  portion of the regenerated catalyst composition, and/or the regenerated and reduced
catalyst composition, and optionally with new or fresh catalyst composition can be <5
hours.
[6075]  In some embodiments, as noted above, one or more additional feeds, e.g., one or
maore sweep fluids, can be utilized between flows of the first hvdrocarbon-containing feed
30 and the oxadant, between the oxidant and the optional reducing gas if used, between the
oxidant and the additional first hvdrocarbon-containing feed, and/or between the reducing
gas and the additional first hydrocarbon-containing feed. The sweep fluid can, among
other things, purge or otherwise urge undesived material from the reactors, such as non-

combustible particulates including soot. I some embodiments, the additional feed(s} can
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be inert under the dehydrogenation, dehydroaromatization, and dehydrocyclization,
combustion, and/or reducing conditions. Suitable sweep fluids can be or can include, but
are not lumted to, Na, He, Ar, CG, HO, €0O), CHy, or a mixture thersof In some

embodiments, if the process utilizes a sweep fluid the duration or time period the sweep

(=

fluid 1s used can be in a range from 1 second, S seconds, 10 seconds, 20 seconds, 30
seconds, or T mimse to 10 mimutes, 30 minutes, or 60 minutes.
16876] In some embodiments, the catalyst composition can remain sufficiently active
and stable after many cycles, e.g., at least 15, ai least 20, at least 30, at least 40, at least
30, at least 60, at least 70, at feast 100 cveles, at least 125 cvcles, at least 150 cveles, at
10 least 175 cveles, or at least 200 cycles with each cyele tivoe lasting for <35 hours, <4 hours,
<3 hours, <2 hours, <1 howr, < 50 minutes, <45 minutes, <30 minutes, < 15 minutes, <
10 munuies, <5 minutes, < 1 minute, <30 seconds, or < 10 seconds. In some embodiments,
the cycle ime can be from 5 seconds, 30 seconds, | manute or § minutes to 10 minutes,
20 minutes, 30 minutes, 45 minutes, 50 minutes, 70 nunutes, 2 hours, 3 ours, 4 hours, or
15 5hours. In some embodiments, after the catalyst 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 yield, eg., propylene when the hydrocarbon-containing feed
includes propane, at an upgraded hydrocarbon selectivity, e.g., propyiene, of > 75%, >
200 80%, > 85%, > 90%, = 93%, or > 95% when mnitially contacted with the first hvdrocarbon-
containing feed, and can have a second upgraded hydrocarbon product vield wpon
completion of the last cycle {at least 15 cycles total) that can be at least 90%, at least 93%,
at least 95%, at least 97%. at least 98%, at least 99%, al least 99.5%, or at least 100% of
the first upgraded hydrocarbon product yield at an upgraded hydrocarbon selectivity, 2.3,
25 propylene, of 2 75%, > 80%, > 85%, or > 90%, > 93%, or > 93%,
16677 In some embodiments, when the first hydrocarbon-containing feed mcludes
propane and the upgraded hvdrocarbon includes propylene, contacting the hydrocarbon-
containing feed with the catalyst composition can produce a propylene vield of > 52%, >
33%

, 2 55%, = 57%, 2 60%, = 62%, = 63%, = 64%, > 65%, or 2 66% at a propvlene

30 selectivity of > 75%, > 80%, > 85%, = 90%, > 93%, or > 95% 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
cvcles, atleast 150 cycles, atleast 175 cycles, or atleast 200 cyvcles. In other embodiments,
when the hydrocarbon-~-containing feed mcludes at least 70 vol®% of propane, based on a

total volume of the first hydrocarbon-containing feed, is contacted under a propane partial
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pressure of at least 20 kPa-absolute, a propylene vield of > 52%, > 53%, > 55%, > 57%.
= 60%, = 62%, = 63%, = 64%, > 65%, or > 66% at a propyiene selectivity of > 75%, >
809, > 85%, > 90%, > 93%, or > 93% can be obtamned 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 cycles, at least 175 cyeles, or at least 200 cycles. It is believed that the
propvlene yield can be further increased to > 67%, = 68%, = T0%, > 72%, > 75%, > 77%,
> 80%, or > 82% at a propylene selectivity of > 75%, > 80%, > 85%. > 90%, > 93%, or >

95% for > 15 cycles, > 20 cveles, > 30 ¢ycles, > 40 cycles, > 50 ¢cyeles, > 60 cveles, = 70
cycles, > 100 cycles, > 125 cveles, > 150 ¢vcles, = 175 eycles, or = 200 ¢ycles by further
10 optimizing the composition of the support and/or adjusting one or more process condifions.
In some embodiments, the propylene vield can be obtained when the catalyst composition
is contacted with the hydrocarbon-containing feed at a temperature of > 620°C, > 630°C,

2 640°C, 2 650°C, 2 6553°C, 2 660°C, > 670°C, > 680°C, > 690°C, = 700°C, or > 750°C

15 > 100 cycles, = 125 cycles, > 150 cycles, > 175 cycles, or > 200 ¢ycles.
{0878} Systems suitable for carrving oul the processes disclosed herein can include
systems that are well-known in the art such as the fixed bed reactors disclosed in WO
Publication WNo. W(2017078894; the fluidized riser reactors and/or downer reactors
disclosed in U.8. Patent Nos. 3,888,762 7,102,050, 7,195,741, 7,122,160, and 8,653,317,
20 and U.S. Patent Application Publication Nos. 2004/0082824; 2008/0194891; and the
reverse flow reactors disclosed in U.S. Patent No. 8,754,276; U.S. Patent Application
Publication No. 2015/0065767; and WO Publication No. WO2013169461.
[6878} The first hvdrocarbou~-containing feed can be or can include, but is not Lioited
to, one or more alkane hydrocarbons, e g, C2-Cie linear or branched alkanes and/or Cs-
25 Cie cyche alkanes, and/or one or more alkyl aromatic hydrocarbons, e.g., Cs~Cis alkyl
aromatics. In some emboduments, the first hydrocarbon-contatning feed can optionally
include 0.1 vol% to 50 vol% of steam, based on a total volume of any Cr-{ s alkanes and
any Cs-Cis alkyvl aromatics in the hydrocarbon-containing feed. In other embodiments,
the first hydrocarbon-containing feed can mclude < 8.1 vol% of steam or can be free of
30 steam, based on the total volume of any Cr-Cis alkanes and any Cs-Cis alkyi aromatics in
the hvdrocarbon-containing feed.
[608G] The Cr-Cis alkanes can be or can include, but are not Timited to, ethane, propane,
n-butane, iscbutane, n-pentane, isopentane, n-hexane, 2-methyvipentane, 3-methvlpentane,

2,2-dimethylbutane, n-heptane, 2-methyvihexane, 2.2 3-tnimethylbutane, cyclopentane,
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cyciohexane, methyicyclopentane, ethvlcyclopentane. n-propyicyclopentane, 13-
dimethyleyclohexane, or a mixture thereof. For example, the first hydrocarbon-containing
feed can include propane, which can be dehvdrogenated to produce propylene, and/or

isobutane, which can be dehvdrogenated to produce 1sobutylene. In another example, the

(=

first hyvdrocarbon-containing feed can include liquid petroleum gas (LP gas), which can
be in the gaseous phase when contacted with the catalyst composition. In some
embodimers, the first hydrocarbon in the hydrocarbon-containing feed can be composed
of substantially a single alkane such as propane. In some embodiments, the hydrocarbon-
containing feed can include > 56 mol%, > 73 mol%, > 95 mol%, = 98 mol%, or > 99 mol%
10 of asingle Cr-Cie alkane, e.g., propane, based on a total moles of all hyvdrocarbons 1n the
first hydrocarbon-containing feed. In some embodiments, the first hydrocarbon-
containing feed can include at least 5O vol%, at least SS vol%, at least 60 vol%, at least
65 vol%, at least 70 vol%, at least 75 vol%, at 1sast 80 vol%, at least 85 vol%, at least 90
val%, at least 93 vol%, at least 97 volY%, or at least 99 vol% of a single C5-Cis alkane, e g,
1S propane, based on a total volume of the first hydrocarbon-contaming feed.
[0881] The Cs-Cic alkyl aromatice can be or can include, but are not hmited to,
ethylbenzene, propvibenzene, 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 Cs-Cig alkyl aromatic, e.g.,
20 ethvibenzene, based on a total weight of all hydrocarbons in the first hydrocarbou-
containing feed. In some embodiments, the ethylbenzene can be dehydrogenated to
produce styrens.  As such, in some embodiments, the first process for upgrading a
hydrocarbon  disclosed herein  can  include propane dehydrogenation, butane
dehvdrogenation, isobutane dehydrogenation, pentane dehydrogenation, pentane
25  dehydrocyclization 1o cyeclopentadiene, uaphtha  reforming,  ethyvibenzene
dehydrogenation, ethvlioluene dehydrogenation, and the hike.
[6882] Insome embodiments, the first hvdrocarbon-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 linuted to, Ar, Ne, He, N2, CO2, CHay, or a maxiure thereof. Ifthe
30 hydrocarbon containing-feed includes a diluent, the hydrocarbon-containing feed can
include 0.1 vol%, ¢.5 vol%, 1 vol%, or 2 vol% to 3 vol%, 8 vol%, 16 vol%, or 32 vol%
of the diluent, based on a total volume of any C3-Cis alkanes and any Cs-Cis alkyl

aromatics in the hydrocarbon-contamning feed.
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16083] Insome embodiments, the first hydrocarbon-containing feed can also include Hs.
In some embodiments, when the first hydrocarbon-containing feed includes Hy, a molar
ratto of the H» to a combined amount of any C:-Cis alkane and any Cg-Cie alkyl aromatic
canbeinarange from 0.1,0.3,05,07, or 1102, 3,4, 5. 6,7, 8.9, or 10,

[6084] Insome embodiments, the first hydrocarbon-containing feed can be substantially
free of any steam, e.g., < 0.1 vol% of steam, based on a total volume of any C-Cie alkanes
and any Ce-Cie alkyl aromatics in the hydrocarbon-containing feed. In other embodiments,
the f{irst hydrocarbon-containing feed can include steam. For example, the first
hydrocarbon~-containing feed can include 0.1 vol%, 0.3 vol%, 0.5 vol%, .7 voi%, 1 vol%,
3 vol%, or S vol% to 10 vol®s, 15 vol%, 20 vol%, 25 vol%, 30 vol%, 35 voi%, 40 vol%,
45 vol%, or SO vol% of steam, based on a total volume of anv C2-Cie allianes and anv Cs-
Cie alkyt aromatics in the first hydrocarbon-containing feed. In other embodiments, the
first hydrocarbon-containing feed can include < 50 vol%, < 485 vol%, < 40 vol%, < 38
val%, <30 vol%, <25 val%, <20 vol%, or <15 vol% of steam, based on a total volume
of any C2-Cis alkanes and anv Cs-Cis alkvl aromatics in the first hvdrocarbon-containing
feed. In other embodiments, the first hyvdrocarbon-containing feed can include at least |
vol%, at least 3 vol%, at least 5 vol%, at least 10 vol%, at least 15 vol%. at least 20 vol%,
at least 25 vol%, or at least 30 vol% of steam, based on a total volume of any C»-Cis
alkanes and any Cs-Cig alkyl aromatics in the first hydrocarbon-containing feed.

6085]  In some embodiments, the first hyvdrocarbon~containing feed can include sulfur,
For example, the first hydrocarbon-containing feed can include sulfur in a range from 0.5
ppmy, 1 ppm, 5 ppm, 10 ppmy, 20 ppm 30 ppm, 40 ppm, 50 ppm, 60 ppm, 70 ppm, or 80
ppm to 100 ppm, 150 ppm, 200 ppm, 300 ppm. 400 ppm, or 500 ppm. In other
embodiments, the first hydrocarbon-containing feed can include sulfur in a range from 1
ppro o 10 ppmy, 10 ppm 0 20 ppm, 20 ppm to 50 ppm, 50 ppmiio 100 ppm, or 100 ppm
to 500 ppm. The sulfur, if present in the first hy drocarbon-~containing feed, can be or can
include, but 1s not limited to, H2S, dimethv! disulfide, as one or more mercaptans, or any
mixture thereof

[B886] In soroe erabodiments, the first hyvdrocarbon-containing feed can be substantially
free or free of roolecular oxygen. In some embodiments, the first hydrocarbon-containing
feed can include < 5 mol%, < 3 mol%, or < 1 mol% of molecular oxygen {02). Itis
believed that providing a first hy drocarbon-containing feed substantially-free of molecular
oxygen substantially prevents oxidative reactions that would otherwise consume at least

a portion of the alkane and/or the alkyl aromatic in the first hydrocarbon-containing feed.
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A Second Process for Uperading a Hvdrocarbon

68877 In some embodiments, the process for upgrading a hydrocarbon can include the
upgrading processes disclosed in U.S. Patent Application Publication No. 2021/0276932.

For example, the process for upgrading a hydrocarbon can include (I} contacting the first

(=

hydrocarbon-containing feed with the catalyst composition that includes Pt and the
promoter disposed on the support to effect one or more of dehydrogenation,
dehydroaromatization, and dehydrocyclization of at least a portion of the first
hydrocarbon-containing feed to produce a coked catalyst composition and an effluent that
can include one or more upgraded hyvdrocarbons and molecular hydrogen. The first
10 hydrocarbon-containing feed can include one or more of C2-Cis hinear or branched alkanes,
or one or more of C4-Lis cyclic alkanes, or one or more Us-Cis alkyl aromatics, or a
mixture thereof. The first hydrocarbon-containing feed and catalyst composition can be
contacted at a temperature in a range from 300°C 1o 900°C, for a time period of < 3 hours,
under a hydrocarbon partial pressure of at least 20 kPa-absolute, where the hydrocarbon
15 partial pressure is the fotal partial pressure of anv C2-Cis alkanes and any Cs-Cis alkvl
aromatics in the first hydrocarbon-containing feed. The catalyst composition can inchude
up to 0.025 wi% of the Pt and up to 10 wi% of the promoter that can include Sn, Cu. Au,
Ag Ga, a combination thereof, or a mixture thereof disposed on the support, the support
including at least 0.5 wit% of the Group 2 element, where all weight percent values are
20 based on the weight of the suppott. The one or more upgraded hvdrocarbons can include
at least one of a dehydrogenated hvdrocarbon, a dehvdroaromatized hydrocarbon, and a
dehydrocyelized hydrocarbon. The process can also include (I} contacting at least a
pottion 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
25 combustion gas. The process can also inchade (IIT) contacting an additional guantity of
the first hydrocarbon-contairung feed with at least a portion of the regenerated catalyst
composition to produce a re-coked catalyst composition and additional effluent. A cycle
time from the contacting the first hydrocarbon-containing feed with the catalyst
composition in step (1) to the contacting the additional gquantity of the first hydrocarbon-
30 contairung feed with the regenerated catalyst compostiion o step (1) can be <5 hours.
[6088] In some embodiments, at least a portion of the Pt in the regenerated caialyst can
be at a higher oxidized staie as compared {0 the Pt in the catalyst contacted with the first
hydrocarbon-containing feed and the process can further include, after step (I} and before

step (1), the following step (Hla) contacting at least a portion of the regenerated catalyst
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with a reducing gas to produce a regenerated and reduced catalvst, where at a least a
portion of the Pt in the regenerated and reduced catalvst is reduced to a lower oxidation
state as compared to the Pt in the regenerated catalyst, and where the additional quantity

of the hyvdrocarbon-containing feed can be contacted with at least a portion of the

(=

regenerated and reduced catalyst.

A Third Process for Uperading a Hydrocarbon

160891  In some embodiments, the process for upgrading a hvdrocarbon can include the
uperading processes disclosed in U.S. Patent Application Publication No. 2021/0276002.
For example, the process for upgrading a hvdrocarbon can include (I} contacting the first
10 hydrocarbon-containing feed with fluidized catalyst particles that can include the Pt and
the promoter disposed on the support within & conversion zone to effect one or more of
dehydrogenation, dehydroaromatization, and dehydrocyelization of at least a portion of
the first hydrocarbon-contaiming {eed to produce a conversion effluent that can include
coked catalyst particles, one or more upgraded hydrocarbons, and molecular hydrogen.
15 The first hydrocarbon-containing feed can include one or more of U linear or
branched alkanes, one or more of C4-Cis cyclic alkanes, one or more of Cs-Cys alkyl
aromatic hydrocarbons, or a mixture thereof The first hydrocarbon-containing feed and
the fluidized 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 under a
20 hydrocarbon partial pressure of at least 20 kPa-absolute, where the hydrocarbon partial
pressure is the total partial pressure of any Co-C s alkanes and any Cg-Cis alkyl aromatic
hydrocarbons in the first hydrocarbon-containing feed. The catalvst particles can include
up to 8.023 wi% of the Pt and up to 10 wi% of the promoter that can include Sn, Cu, Au,
Ag, Ga, a combination thereof, or a nuxture thereof disposed on the support, the support
25 including at least 0.5 wit% of a Group 2 element, where all weight percent values are based
on the weight of the support. The one or wore upgraded hydrocarbons can wnclude a
dehydrogenated hydrocarbon, a dehydroaromatized hvdrocarbon, a dehydrocyclized
hydrocarbon, or a mixture thereof. The process can also include (I} obtaining from the
conversion effluent a first gaseous strearn nich in the one or more upgraded hydrocarbons
30 and the molecular hydrogen and a first particle stream rich in the coked catalyst particles.
The process can also include {III} contacting at least a portion of the coked catalvst
particles in the first particle stream with an oxidant in a combustion zone to effect
combustion of at least a porhion of the coke to produce a combustion effiuent that can

include regenerated catalyst particles lean inn coke and a combustion gas. The process can
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also include (1V) 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 catalyst particles to produce

(=

additional conversion effluent comprising re-coked catalyst particles, additional one or
more upgraded hydrocarbous, and additional molecular hvdrogen.

16890]  In some 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 catalvst
particles with a reducing gas to produce regenerated and reduced catalyst particles, where
10 the additional quantity of the bydrocarbon-contaimng feed can be contacted with fluidized
regenerated and reduced catalyst particles in step (V).

A Fourth Process {for Upgrading a Hvdrocarbon

[6891]  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
15 example, the upgrading process can be a multi-stage hydrocarbon upgrading process that
can include (I) contacting the first hyvdrocarbon-containing feed with a first catalyst
composttion that can include the Pt and the promoter disposed on the support within a first
conversion zone to effect one or more of dehydrogenation, dehydroaromatization, and
dehydrocyclization of a portion of the first hydrocarbon-contaiming feed to produce a {irst
20 cooversion zone etfluent that can include one or more upgraded hydrocarbons, molecular
hydrogen, and unconverted first hydrocarbon-containing feed. The process can also
include (I contacting the first conversion zone efffuent with a second catalyst
composition that can include the Pt and the promoter disposed on the support within a
second conversion zone to effect one or more of dehvdrogenation. dehydroaromatization,
25  and dehydrocyclization of at least a portion of the uncounverted first hydrocarbon-
coutaining feed to produce a second conversion zone effluent that cav wnclude an
additional quantity of one or more upgraded hydrocarbons and molecular hydrogen. The
first hydrocarbon-containing feed can include one or more of C3-Cie linear or branched
alkanes, one or more of Ca-Cis cyelic alkanes, one or more of Cs-Cye alkyl aromatic
30 hydrocarbons, or a mixiure 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
hours, under a hydrocarbon partial pressure of at least 20 kPa-absohute, where the
hydrocarbon partial pressure is the total partial pressure of any C2-Cis alkanes and any Cs-

Cis alkyl aromatic hydrocarbons in the first hydrocarbon-containing feed. The first
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conversion zone effluent and the second catalyst composition can be contacted for a time
period in a range from 0.1 seconds o 3 hours, under a hydrocarbon partial pressure of at
least 20 kPa-absolute, where the hydrocarbon partial pressure 1s the total partial pressure

of any ('>-Cs alkanes and any Cs-Uis atkyl aromatic hvdrocarbons n the first conversion

(=

rone effluent. The first conversion zone effluent can have a temperature in a range from
300°C to 850°C. The second conversion zone effluent can have a temperature in a range
from 350°C to 900°C. A temperature of the second conversion rzone effluent can be
greater than a temperature of the first conversion rone effluent. The first catalvst
composition and the second catalyst composition can have the same composition or a
10 different composition. The first catalyst composition and the second catalyst composition
each include up 0 0.025 wi% of the Pt and up to 10 wi% of the promoter that can include
Sn, Cu, Ay, Ag, Ga, a combination thereof, or a mixture thereof disposed on the support,
the support including at least 0.5 wi% of a Group 2 element, where all weight percent
values are based on the weight of the support. The one or more upgraded hydrocarbons
15 can include a dehvdrogenated hvdrocarbon, a dehvdroaromatized hydrocarbon, a
dehydrocyclized hvdrocarbon, or a mixture thereof.
[6892] In some embodiments, at least one of the first catalyst composition and the
second catalyst composition can be disposed within a fixed bed. In some embodimenis,
the first conversion zone and the second conversion zone can be disposed within a fixed-
20 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
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 catalvst can be m the form of
fluidized catalyst particles. Inn some embodiments, the first and second conversion zones
25 can be substantially adiabatic.
[6693]  In some embodiments, the process can further include, after siep (1) and before
step (i1}, the following step: (Ia) comtacting the first conversion zone effluent with one or
more intermediate catalyst compositions that can include the Pt and the promoter disposed
on the supportt within one or more intermediate conversion rones to effect one or more of
30 dehydrogenation, dehvdroaromatization, and dehydrocychzation of a portion of the
unconverted hydrocarbon-containing feed in the first conversion zone effluent to produce
one or more coked intermediate catalysts and one or more intermediale conversion zone
effluents having one or more intermediate temperatures that can include unconverted

hydrocarbon-containing feed and an additional gquantity of one or more upgraded
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hydrocarbons and molecular hydrogen, where a last intermediate conversion zone effluent
is contacted with the second catalyst in the second conversion zone in step (). In some
embodiments, if the process includes the optional step (Ia), the one or more intermediate

temperatures of the one or more intermediate conversion zone 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
temperatures of the one or more mtermediate conversion zone effluents.
[6894] Insome embodiments, contacting the hydrocarbon-containing feed with the first
catalvst can produce a coked first catalyst and contacting the first conversion zone effluent
10 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 catalvst, the coked second
catalyst, or the coked first catalyst and the coked second caialyst with an oxidant to effect
combustion of at least a porfion of the coke to produce a combustion gas and a regenerated
first catalyst, a regenerated second catalyst, or a regenerated first catalyst and a
15 regenerated second catalyst. In some embodiments, in step (HI) the coked first catalyst
particles, the coked second catalyst particles, or the coked first catalvst particles and the
coked second catalyst particles and oxidant can be comiacted at a temperature in a range
from S80°C to 1,100°C, preferably from 650°C to 1,000°C, more preferably from 700°C
10 900°C, or more preferably from 750°C to 850°C. In some embodiments, the process
20 can also include (JV) 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
catalvst and at least a portion of any regenerated second catalyst with a reducing gas to
produce a regenerated and reduced first catalvsi, a regenerated and reduced second
catalvst, or a regenerated and reduced first catalyst and a regenerated and reduced second
25 catalyst.

A Fifth Progcess for Upgrading g Hydrocarbon

[6895]  In other embodiments, the process for upgrading a hydrocarbon can include a
second multi-stage upgrading processes disclosed in WO Publication No. 2021/225747.
For exarple, the multi-stage hydrocarbon upgrading process can include (I) contacting
30 the fust hydrocarbou-contairung feed with a first plurality of fluidized catalyst particles
that can include the Pt and the promoter disposed on the support within a first conversion
sone to effect one or more of dehydrogenation, dehydroaromatization, and
dehydrocyclization of a first portion of the first hyvdrocarbon-containing feed to produce

a first conversion zone effluent that can mclude coked first catalyst particles, one or more
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upgraded hydrocarbons, molecular hvdrogen, and unconverted first hydrocarbon-
containing feed. The process can also include (II) contacting the first conversion zone
effluent with a second plurality of fhudized catalyst particles that can include the Pt and

the promoter disposed on the support within a second conversion zone to effect one or

(=

more of dehydrogenation, dehydroaromatization, and dehydrocyclization of at least a
portion of the vnconverted first hydrocarbon-containing feed to produce a second
conversion zone effluent that can include coked second catalyst particles, an additional
quantity of upgraded hydrocarbons, and an additional quantity of molecular hydrogen.
The first hyvdrocarbon-containing feed can include one or more of Co-{is linear or
10 branched alkanes, one or more of Cs-Cie cyclic alkanes, one or more of Ce-Cis alkyl
argmatic hydrocarbons, or a mixture thereof. The first hyvdrocarbon-containing feed and
the first plurality of fluidized catalvst particles can be contacted for a time period in a
range from $.1 seconds to 2 nunutes, under a hvdrocarbon partial pressure of at least 20
kPa-absolute, where the hydrocarbon partial pressure 1s the total partial pressure of any
15 oLy alkanes and any (s-Cis alkyl aromatic hvdrocarbons in the first hydrocarbon-
containing feed. The first conversion zone effluent and the second plurality of fluidized
catalyst particles can be contacted for a time period in a range from 0.1 seconds to 2
minutes, under a hvdrocarbon pariial pressure of at least 20 kPa-absolute, where the
hydrocarbon partial pressure is the total partial pressure of any Co-C 6 alkanes and any Cy-
20 Cisalky] aromatic hydrocarbons ju the first conversion zone effluent. The first conversion
zone effluent can have a temperature in a range from 300°C to 850°C. The second
conversion zone effluent can have a temperature in a range from 350°C to 900°C. A
teroperature of the second conversion zone effluent can be greater than a teroperature of
the first conversion zone effluent. The first plurality of thudized catalyst particles and the
25 second phurality of fluidized catalyst particles can each mchude up to 0.025 wi% of the Pt
and up to 10 wit% of the promoter that can include Sn, Cu, Au, Ag, Ga, a combination
thereof, or a mixture thereof disposed on the support, the support including at least 0.5 wit%
of a Group 2 element, where all weight percent values are based on the weight of the
support. The one or more upgraded hvdrocarbons can include a dehydrogenated
30 hydrocarbon, a debydroarornatized hydrocarbon, a dehydrocyclized bydrocarbon, or a
mixture thereof. The process can also inchude (1) obtaining from the second conversion
zone effluent a first gaseous stream rich in the upgraded hydrocarbons and molecudar
hydrogen and a first particle strearn rich in the coked first catalyst particles and the coked

second catalvst particles. The process can also mclude (1V) splitting the first particle
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stream into a second particle stream and a third particle stream. The process can also
include (V) recveling the second pasticle 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 to 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 include (VI) obtaining
from the combustion effluent a second gaseous stream rich in the combustion gas and a
fourth particle stream rich in the regenerated catalyst particles. The process can also
include (VHI) recycling the fowrth particle stream to the second conversion zone as the
10 second plurality of fludized catalyst particles.
[6896] In some embodiments, the process can also include, after step (VI and before
siep (VIII), the following step {VHa} coniacting at least a portion of the fourth particle
stream with a reducing gas to produce regenerated and reduced catalyst particles, where
the regenerated and reduced catalyst particles can be recycled to the second conversion
15 zone as the second plurality of fhuidized catalyst particles in step (VHI) In some
embodiments, step (IV) can optionally include separating a fifth particle stream from the
first particle stream and the process can optionally include contacting the fourth particle
stream with the fifth particle stream to produce a combined particle stream.
(68971 In some embodiments, the process can optionally include, after siep (I} and
20 before step (1), the following step (Ia} contacting the first conversion zone effluent with
one or more infermediate pluralities of fluidized catalyst particles that include the Pt and
the promoter disposed on the support within one or more intermediate conversion zones
to effect one or more of dehydrogenation, dehydroaromatization, and dehydrocyclization
of a portion of the unconverted hvdrocarbon-containing feed in the first conversion zone
25  effluent to produce one or more coked intermediate pluralities of fhudized catalvst
particles and one of more ntermediate couversion zone effluents that can have one or
more intermediate temperatures that can include unconverted hydrocarbon-containing
feed and an additional quantity of one or more upgraded hyvdrocarbons and molecular
hydrogen, where a last intermediate conversion zone effluent can be contacted with the
30 second catalyst i the second conversion zone iu step (U},

A Sixth Process for Upgrading a Hydrocarbon

[6098] In some embodiments, the process for upgrading a hvdrocarbon can include the
upgrading processes disclosed in U.S. Patent Application No. 63/062,084. For example,

the upgrading process can include (1) imtroducing the first hydrocarbon-containing feed
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thai can include one or more of C2-Cie linear or branched alkanes, one or more of Cy4-Cis
cyclic alkanes, one or more of Cs-Cis alkyi aromatics, or a mixture thereof into a reaction
zone. The process can also include () contacting the first hydrocarbon-containing feed

with a catalyst composition disposed within the reaction zone to effect at least one of

(=

dehvdrogenation, dehydroaromatization, and dehydrocyclization of at least a portion of
the first hvdrocarbon~containing feed to produce a coked catalyst composition and a first
effluent that can include one or more upgraded hydrocarbons and molecular hydrogen.
The first hydrocarbon-containing feed and the catalyst composition can be contacted at a
temperature in a range from 300°C to0 900°C, for atime period of 1 minute to 90 minutes,
10 under a hydrocarbou partial pressure of at least 20 kPa-absolute, where the hvdrocarbon
partial pressure is the total partial pressure of any 2-Cis alkanes and any Cs-Cis alkyl
aromatics tn the hydrocarbon-containing feed. The catalyst composition can inchide up
10 0.025 wit% of the Pt and up o 10 wi% of the promoter that can include Sn, Cu, Au, Ag,
Ga, a combination thereof, or a nuxtwre thereof disposad on the support, the support
15 including at least (.5 wi% of a Group 2 element, where all weight percent values are based
on the weight of the support. The process can also include (1) halting introduction of the
first hydrocarbon-containing feed into the reaction zone; (V) introducing an oxidant into
the reaction zone; (V) contacting the oxidant with the coked catalyst composition to effect
combustion of at least a portion of the coke {o produce a regenerated catalyst composition
20 Jeanin coke and a second efffuent comprising a cormbustion gas, wherein the oxidant and
the coked catalyst composition are contacted for a time period of 1 minute to 90 minutes;
and (V) halting introduction of the oxidant into the reaction zone. The process can also
nclude {(VII) introducing a reducing gas into the reaction zone;, (V) contacting the
reducing gas with the regenerated catalyst composition to produce a regenerated and
25 reduced catalyst composition and a third effluent, wherein the reducing gas and the
regenerajed catalvst composition are contacied for a time pernod of 0.1 seconds to 90
minutes; and (IX) halting miroduction of the reducing gas into the reaction zone. The
process can also include (X} introducing an additional quantity of the first hydrocarbon-
contaiming feed mto the reaction zone and (X1} contacting the additional quantity of the
30 fust bydrocarbon-containing feed with the regenerated and reduced catalyst composition
to produce a re-coked catalyst composition and additional first effluent. The additional
guantity of the first hydrocarbon-containing feed and the regenerated and reduced catalyst
composition can be contacted at a temperature 1n a range from 300°C to 906°C, for a time

period of 1 nunute to 90 nunutes, under a hydrocarbon partial pressure of at least 20 kPa-
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absolute, where the hvdrocarbon partial pressure is the total partial pressure of any Cr-Cis
alkanes and any Cs-Cis alkyl aromatics in the first hydrocarbon-containing feed.
[6899] In some embodiments, the process can optionally include, after step (IIT) and

before step (IV), the following step (Iily} introducing a siripping gas into the reaction

(=

zone to remove at least a portion of any residual hvdrocarbon-containing feed, first

effluent, or both from the reaction zone; () removing at least a portion of any residual

hydrocarbon containing feed. 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

{(Hlar) and (1), In some embodiments, the process can optionally include, after step (VD)

10 and before step (V) the following step: (Vi) introducing a stripping gas mto the
reaction zone to remove at least a portion of any residual oxidant, second effluent, or both
from the reaction zone; (Vo) removing at least a portion of any residual oxidant, second
effluent, or both from the reaction zone by subjecting the reaction zone o a pressure of
less than atmospheric pressure; or a combination of steps {(V6.) and (Vi)

15 [8108] In some embodiments, the process can optionally include | after step (X} and
before step (X)), the following step (FX.1) introducing a siripping gas into the reaction zone
to remove at least a portion of anv residual reducing gas, third effluent, or both from the
reaction zone, (IX,2) removing at least a portion of any residual reducing gas, third effluent,
or both from the reaction zone by subjecting the reaction zone {o a pressure of less than

20 atmospheric pressure; or a combination of steps (X)) and (X)), In soroe embodiments,

step (IV) of the process can optionally inchude introducing a fuel with the oxidant inio the

reaction zone; and combusting at least a portion of the fuel within the reaction zone to
produce heat that heats the reaction zove to a temperature of > 380°C, > 620°C, > 650°C,
> 630°C, > 710°C, 2 740°C, > 770°C, = 800°C, = 850°C, = 200°C, or > 1,000°C.

25 A Seventh Process for Upgrading a Hydrocarbon

[6163]  In some erboduments, the process for upgrading a hydrocarbon can include the
uperading processes disclosed in U8, Patent Application No. 63/195,966. For example,
the process can include (I} contacting the first hydrocarbon-containing feed with the
catalyst composition that can include the Pt and the promoter disposed on the supportt to
30 effect one or more of dehydrogenation, debvdroaroratization, and dehvdrocychization of
at feast a portion of the hvdrocarbon-containing feed to produce an at least partially
deactivated catalvst composition that can inchude the Pt, the promoter, the support, and a
contaminant and an effluent that can include one or more upgraded hydrocarbons and

molecular hyvdrogen. The first hydrocarbon-containing feed can include one or more of

Z39-
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C»-Cis linear or branched alkanes, or one or more of {4-Cis cyclic alkanes, one or more
Cs-Lis alkyi aromatics, or a mixture thereof. The catalvst composition can include up to
(.025 wt% of the Pt and up to 10 wit% of the promoter that can include Sn, Cu, Au, Ag,

(Ga. a combination thereof, or a mixture thereof disposed on the support, the support

(=

inchading at least 0.5 wi% of a Group 2 element, 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 900°C. The one
or more upgraded hydrocarbons can include at least one of a dehydrogenated hvdrocarbon,
a dehydroaromatized hydrocarbon, and a debydrocyclized hydrocarbon. The process can
10 also include (I1) heating the at least partially deactivated catalyst coroposition using a
heating gas nuxture that can inchude HzO at a concentration of greater than 5 mol%, based
on the total moles in the heating gas mixture to produce a precursor catalyst composiiton.
The process can also include (I} providing an oxidative gas that can include no greater
than 5 mol% of H,O, based on the total moles inn the oxidative gas. The process can also
15 include (IV) contacting the precursor catalyst composition at an oxidizing temperature in
a range of from 620°C (o 1,000°C with the oxidative gas for a duration of at least 30
seconds to produce an oxidized precursor catalyst composition. The process can also
include (V) obtaining a regenerated catalyst composition from the oxidized precursor
catalyst composttion. The process can also include (V) contacting an additional quantity
20 of the first hvdrocarbon-containing feed with at least a portion of the regenerated catalyst
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 ernbodiroents, the fuel can nclude at
least one of Hz, €0, and a hydrocarbon and the oxidizing gas can include s, In some
25  embodiments, the oxidative gas can be or can include, but 1s not imited to, Oz, G5, COo,
or a mixture thereof and cao include no greater than 5 mool% of HaO

An Eichth Process for Uperading a Hyvdrocarbon

[6162]  In some embodiments, the process for upgrading a hydrocarbon can include the
upgrading processes disclosed in U.S. Patent Application No. 63/232,939. For example,
30 the process for upgrading a hydrocarbon can include (1) contacting the first hydrocarbon-
containing feed with fldized dehydrogenation catalyst particles in a conversion zone (o
effect dehydrogenation of at leasi a portion of the hydrocarbon-containing feed to produce
a conversion effluent that can include coked catalyst particles and one or more

dehydrogenated hydrocarbons. The fluidized dehydrogenation catalyst particles can
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include up to 0.025 wt% of the Pt and up to 10 wt% of the promoter that can include Sn,
Cu, Ay, Ag, Ga, a combination thereof, or a mixture thereof, disposed on the support, the
support including at least 0.5 wi% of a Group 2 elerment, where all weight percent values

are based on the weight of the support. The first hydrocarbon-containing feed can include

(=

one or more of -Cis linear or branched atkanes, one or more of C4-Cis cyclic alkanes,
one or more of Ce-Uys alkyvl aromatic hydrocarbons, or a mixture thereof The {irst
hydrocarbon-containing feed can contact the catalyst particles at a weight hourly space
velocity in a range from 0.1 hr ! 1o 1,000 hr!, based on the weight of any C2-Cis alkanes
and any Cs-Cis aromatic hydrocarbons in the {irst hvdrocarbon-containing feed. A weight
10 ratio of the fluidized dehydrogenation catalyst particles to a corobined amount of any Ca-
Ci6 alkanes and any Cg-Cis aromatic hydrocarbons can be in a range from 3 to 100, The
first hydrocarbon-containing feed and the catalvst particles can be contacted at a
temperature in a range from 600°C to 750°C. The process can also include (11} separating
from the conversion effluent a first particle stream rich in the coked catalyst particles and
15 afirst gaseous stream rich in the one or more dehvdrogenated hydrocarbons. The process
can also inchude (1) contacting at least a portion of the coked catalyst particles in the first
particle stream with an oxidant and a fuel in a combustion zone to effect combustion of at
least a portion of the coke to produce a combustion effiuent that can include catalyst
particles fean in coke and a combustion gas. A dehvdrogenation activity of the catalyst
20 particles lean m coke can be less than a dehydrogenation activity of the coked catalvst
particles. The process can also include (1V) separating a second particle siream 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 particles lean in coke in the second particle stream with an oxidative
25 gasin an oxygen soak zone at an oxidizing temperature in a range from 620°C to 1,000°C
for a duration of at least 30 seconds 1o produce conditioned catalyst particles having an
activity that can be less than the coked catalyst particles. The process can also inchude
(V1) contacting at least a portion of the conditioned catalvst particles with a reducing gas
in a reduction zone to produce regenerated catalyst particles having a dehydrogenation
30 activity that can be greater than the coked catalyst particles. The process can also mnclude
{VII} contacting an additional quantity of the hydrocarbon-containing feed with at leasta
portion of the regenerated calalyst particles in the conversion zone {o produce an
additional quantity of the conversion effluent that can include re-coked catalyst particles

and an additional quantity of the one or more dehyvdrogenated hydrocarbons. The process
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can also include (VIII} cooling the first gaseous stream to produce acooled gaseous stream.
The process can also include (IX) compressing at least a portion of the cooled gaseous
strewrn 1o produce a compressed gaseous streamn.  The process can also include (X)

separating a plurality of products from the compressed gaseous stream.

(=

[6183] In some embodiments, the first gaseous stream rich in the one or more
dehydrogenated hydrocarbons can further include entrained coked catalyst particles. In
such embodiment, step (V) can inchude: (Via) contacting the first gaseous stream with
a first quench medium, mdirectly transferring heat from the first gaseous stream to a first
heat transfer mediom, or a combination thereof, to produce the cooled gaseous stream,
10 and (VIIb) contacting the cooled gaseous stream with a second guench medium within a
quench tower, (Viic) recovering a third gaseous stream that can include the one or more
dehvdrogenated hydrocarbons and a slarry siream that can include at least a portion of the
second gquench medium mn a hiquid phase and the entrained coked catalyst particles from
e quench tower, and step (IX) can include compressing at least a portion of the third
15 gaseous siream to produce the compressed gaseous stream. In some embodiments, the
conversion effluent can further include benzene, and the process can further include {(XI)
withdrawing a benzene product stream from the quench tower.

A Ninth Process for Upgrading a Hvdrocarbon

[6164] In some embodiments, the process for upgrading alkanes and/or alkyl aromatic
20 hydrocarbons can include the processes disclosed 1w U.S. Patent Application No.
63/231,939. For example, the process for upgrading a hyvdrocarbon can include {I)
contacting the first hydrocarbon-containing feed with fluidized dehydrogenation catalyst
particles in a conversion zone to effect dehvdrogenation of at least a portion of the first
hydrocarbon-containing feed to produce a conversion effluent that can include coked
25  catalyst particles and one or more dehydrogenated hydrocarbons.  The fhidized
debydrogenation catalyst particles can jochude a contarninant, up to 0.025 wi% of the P,
and up to 10 wi% of the promoter that can include Sn, Cu, Au. Ag, Ga. a combination
thereof, or a mixture thereof, disposed on the support, the support including at least 0.3
wi% of a Group 2 element, where all weight percent values are based on the weight of the
30 support. The process can also include (1) separating from the conversion efffuent a first
stream rich in the coked catalyst particles and lean in the one or more dehydrogenated
hydrocarbons and a second stream rich in the one or more dehydrogenated hydrocarbons
and contamning entrained coked catalvst particles.  The process can also include (HI)

contacting the second stream with a first quench medium to produce a cooled second
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stream. The process can also include (IV) contacting the coocled second strean with a
second quench medium within a quench tower. The process can also include (V)
recovering a gaseous sitrearn that can include the one or more dehvdrogenated

hydrocarbons, a condensed first quench medium stream, and a slurry stream that can

(=

inchade at least a portion of the second quench medium in a Hiquid phase and the entrained
coked catalyst particles from the quench tower. The process can also include (V)
recvcling at least a portion of the condensed first quench medium to step (1), The process
can also include (VII) separating at least a portion of the entrained coked catalyst particles
from the slurry stream to provide a recoverad second guench medium stream and a
10 recovered entrained coked catalvst particles strearn. The process can also imclude (VI
recycling at least a portion of the recovered second quench medium stream to step IV}
[6168] In some embodimenis, the process can also nchude (IX) contacting at least a
portion of the coked catalvst particles in the first stream and at least a portion of the coked
catalyst particles in the recovered entrained catalyst particles stream with an oxidant and
15 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
stream and a regenerated catalyst particles stream; and (X1} contaciing an addiiional
quantity of the first hydrocarbon-containing feed with fluidized regenerated catalyst
20 particles from the regenerated catalyst particles stream to produce additional conversion
effluent comprising re-coked catalyst particles and additional one or more dehydrogenated
hydrocarbons.
[6186] In some embodiments, the process can optionally further include (XID)
conveying at least a portion of the recovered entrained catalyst particles stream to a metal
25 reclamation facility; and (X} recovering at least a portion of the Pt and, if present, Ni
and/or Pd, from the coked catalyst particles in the recovered entrained coked catalyst
particles stream. In some embodiments, the process can further include (XIV) cooling the
shurry stream prior to step (V) to produce a cooled slurry stream. In some embodiments,
the conversion effiuent can also include benzene and the process can further include (XV)
30 withdrawing a benzeoe product stream from the guench tower.

A Tenth Process for Upgrading a Hvdrocarbon

[6167] In some embodiments, the process for upgrading alkanes can include the
processes disclosed in US. Patent Apphication No. 63/222,733. For example, a process

for dehvdrogenating an alkane can include introducing the first hydrocarbon-containing
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feed that includes one or more alkanes, e g.. propane, info a reactor that can include a
catalvst composition disposed therein.  The catalyst composition can include a
contamunant, up to 0.025 wi% of the Pt, and up to 10 wi% of the promoter that can include
Sn, Cu, Au, Ag. Ga, a combination thereof, or a mixture thereof, disposed on the support,
the support including at least 0.5 wi% of a Group 2 element, 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 composition in the reactor to form
ahigh temperature dehvdrogenated product, the high temperaiure dehydrogenated product
including at least a portion of the catalvst composition. The process can also include
separating at least a portion of the catalyst composition from the high temperature
dehydrogenated product in a primary separation device and a secondary separation device
downsiream of and in flwid communication with the primary separation device. The
process can also include following the exit of hugh temperature dehydrogenation product
from the secondary separation device, combining the high temperature dehvdrogenation
product with a quench stream, to cool the high temperature dehvdrogenation product and
form an intermediate femperature dehvdrogenation product, where the quench stream
includes a hvdrocarbon.  The process can also include cooling the intermediate
temperature dehydrogenation product to form a cooled dehvdrogenation product.

[6168] In some embodiments, the quench stream can include a liqud hydrocarbon and
the intermediate temperature product can be cowmpletely in a vapor phase. Io some
embodiments, the combining of the high temperature dehydrogenation product with the
gquench stream can occur within a plenum section of the reactor. In some embodiments,
the process can further include further cooling, downstrearn of the reactor, the cooled
dehvdrogenation product with a heat exchanger or a secondary quench stream, where the
quench 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.

16169] It should be understood that the second through the tenth processes for upgrading
a hvdrocarbon can include the same or similar process conditions such as operating
teroperatures, pressures, time indervals for certain steps, WHSY, 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 Uperaded Hydrocarbon

[6118]  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
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upgraded hydrocarbon, e.g. an olefin, water, wweacted hvdrocarbons, molecular
hydrogen, ete. The first upgraded hydrocarbon can be recovered or otherwise obtained
via any convenient process, e.g., by one or more conventional processes. One 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
unreacted alkane or alkyl aromatic primarily in the vapor phase. Olefin and unreacted
alkane or alkyl aromatic hydrocarbons can then be removed from the reaction product in
one of more separator drums. For example, one or more splitters or distillation colwmns
can be used 1o separate the dehvdrogenated product from the unreacted first hydrocarbon-
10 contairung feed.
(6111} In some embodiments, a recovered olefin, e.g., propvlene, can be used for
producing polvmer, e.g., recovered propylene can be polymerized to produce polvmer
having segments or units derived from the recovered propylene such as polvpropylene,
ethviene-propvlene copolymer, etc. Recovered isobutene can be used. e.g., for producing
1S one or more oft an oxygenate such as methyl tert-butyl ether, fuel additives such as
diisobutene, synthetic elastomeric polymer such as butyl rubber, etc.

A Process for Regenerating a Catalvst

(6112} In some embodiments, a process for regenerating the catalyst composition can
include the regenerating processes disclosed in 1.8, Patent Application No. 63/195,966.
20 For exaruple, the regenerating process that can be used to regenerate an at least partially
deactivated catalyst composition that can include a contaminant, up to 0.025 wi% of the
Pt, and up to 10 wi% of the promoter that can include Sn, Cu, Ay, Ag, Ga, a combination
thereof, or a mixture thereof, disposed on the support, the support including at least 8.5
wi% of a Group 2 element, where all weight percent values are based on the weight of the
25 support. In some embodiments, the contaminant can be or can include coke. The process
can mclude (1) heating the at least partially deactivaied catalyst composition using a
heating gas mixture that can include HoO 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 include no greater
30 than 5 mol% of HyO, based on the total moles in the oxadative gas. The process can also
include (1} contacting the precursor catalyst composition at an oxidizing temperature in
a range of from 620°C to 1,000°C with the oxidative gas for a duration of at least 30
seconds, preferably at least | minute, preferably at least S nunutes, to produce an oxidized

precursor catalyst composition. The process can also include (1V) obtaining a regenerated
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catalyst composition from the oxidized precursor catalyst composition. In some
embodimenis, 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 Hy, CO, and a

hydrocarbon and the oxidizing gas can include Oz, In some embodiments, the oxidative

(=

gas can be or can include, but is not limited to, Oz, s, CO», or a muxtwre thereof and can
inchade no greater than 5 mol% of H0.
An Eleventh Process for Upgrading a Hydrocarbon
[6113] The eleventh process for upgrading a hvdrocarbon can inchude contacting a
hydrocarbon-~containing feed (a second hydrocarbon-containing feed) with the catalyst
10 composition that includes Pt and the promoter disposed on the support {o effect refornung
of at least a portion of the second hvdrocarbon-containing feed to produce a coked catalyst
composition and an effluent that can include carbon monoxide and molecular hydrogen.
The catalyst composition and the second hydrocarbon-containing feed can be contacted
with one another within any suitable environment such as one or more reaction or
15 conversion zones disposed within one or more reactors to produce the efftuent 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 fluidized or moving bed
reactors, one or more reverse flow reactors, or any combination thereof. For clarity and
ease of description, the reforming reaction will be discussed in the context of a fluidized
20 bed reactor, but it should be understood that fixed bed reactors, reverse flow or moving
bed reactors, or any other reactor can be used to carry owt the reformung of the second
hydrocarbon-containing feed.
[6114] The reforming reaction can be used o produce reformed hvdrocarbons via a
continuous reaction process or a discontinuous reaction process. In some embodimernds,
25  the reaction process can include a reforming siep, and a regeneration step, e.g., an
exothermic reaction, that operate continuously while the fluidized catalyst coraposition 1s
transported 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
30 reformang zone. After spending some tiroe in the reforming 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 produet and onreacted feed can be
separated from the spent catalvst by one or more separating devices. While the reforming

product and unreacted feed from the separating devices go downstream for further
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purification, 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 fo produce a regenerated catalvst and a {lue gas. Afle

regeneration, the regenerated catalyst can be separated from the flue gas by one or more

(=

separating devices and can be transported back to the reforming zone, joining more
hydrocarbon feed to enter the reforming zone to initiate wore reforming reaction. The
reforming step can convert £O: and/or HoO and hydrocarbons, e g, CHy, to a synthesis
gas that includes Fb and CO. The regeneration step can combust reactants, e.g., coke
disposed on the spent catalvst and/or the optional fuel and an oxidant, {0 generate heat that
10 beats up the regenerated catalvst that can provide heat that can be used o drive the
reforming reaction.  In some embodiments, the catalyst can be heated to an average
temperature in a range of from 600°C, 700°C, or 800°C to 1,00607C, 1,300°C, or 1,600°C
during the regeveration step.
[6118] Hlustrative fuels can be or can include, but are not limited to, hydrocarbons, e g.,
15 methane, ethane, propane, butane, pentane, or hvdrocarbon containing streams, e.g.,
natural gas, molecular hydrogen, and/or other combustible compounds. The oxidant can
be or can include G2, In some embodiments, the oxidant can be or can include air, Oz
enriched air, O depleted air, or any other suitable O containing stream.
[6116] The regeneration of the catalyst can correspond to removal of coke from the
20 catalyst particles.  In some embodiments, during reforming, a portion of the feed
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
pottion of the coke generated during reforming can be removed as CO or CO». The
regeneration of the catalyst can also correspond to re-dispersion of any agglomerated
25  active phase of the catalvst such as Pt.
[6117f The second hydrocarbon-containing feed can be or can include, but is not hmated
to, one or more reformable C1-Cis hydrocarbons such as alkanes, alkenes, cycloalkanes,
alkviaromatics, or any mixture thereof. In some embodiments, the second hydrocarbon-
contaiming siream can be or can include methane, ethane, propane, butane, pentane, or a
30 mixture thereof In some embodiments, the second hydrocarbon-containing feed can be
exposed to the catalvst composition under a pressure of less than 35 kPa-a. For example,
the second hydrocarbon-containing feed can be exposed to the catalyst composition under
a pressure in a range of from 0.7 kPa-a, 2 kPa-a, 3.5 kPa-a, 8§ 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-
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containing feed can be exposed to the catalyst composition under a pressure in a range of
from 35 kPa-a to 15 MPa-a. In still other embodiments, the second hydrocarbon-
containing feed can be exposed to the catalvst 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, 30 kPa-a, or 100 kPa-a to 200 kPa-
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a, 1 MPa-a, 3 MPa-a, 5 MPa-a, 10 MPa-a, or 15 MPa-a. In still other embodiments, the
second hydrocarbon-containing feed can be exposed {o the catalvst composition 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.
[3118] The reforming reaction of the second hydrocarbon~-containing feed, e.g., CHa,
10 can occur in the presence of H.O (steam-reforming), n the presence of COy (drv-
reforming), or in the presence of both HzO and CO: (bi-reforming). Examples of
stoichiometry for steam, dry, and bi-reforming of CHa are shown in equations (1) - (3).
() Dry-Refornmung: CHy+ CO,=2C0 + 2H,
{(2) Steam-Reformung: CHy+ H.0=CO + 3H,
15 (3)  Bi-Reforming: 3CHy + 2HxOQ + C0, = 4C0O + 8Hn
[3118]  As shown in equations (1)} — (3}, drv reforming can produce lower ratios of Hy
to CO 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 to
3.5, In contrasi, reforming reactions performed with only CO» can generally produce a
20 synthesis gas baving a Ha:CO molar vatio of roughly 1 or even Jower By using a
combination of CO; and HxO during reforming, the reforming reaction can be controlled
to generaie a wide variety of H» to CO ratios in a resulting synihesis gas.
[3128] The reforming reaction of the second hvdrocarbon-containing feed can also be
performed or partially performed in the presence of O, which 15 often referred to as the
25  partial oxidation reaction. Examples of stoichiometry for partial and complete oxidation
are shown n equations {4} and (5).
{4) Partial oxidation: CHy+ 0.53C,=C0O + 2H;
5) Complete omidation: CHy + 20 = C0: + 2H0
{6121} Duning partial oxidation of methane, a certain degree of complete oxidation of
30 wethane may be unavoidable. In such reaction, the CO: and H»0 rade during the
complete oxidation of methane may further reform methane via one or more of reactions
{(Hio(3)
161221 It 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
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(1)~ (4) show ratios of roughly 1 1o 3, the equilibrium amounts of H; and CO in a synthesis
gas can be different from the reaction stoichiometry. The equulibrium amounts can be
deternuned based on the water gas shaft equilibrium, which relates the concentrations of
Hy, CO, COn and HyO based on the reaction shown in equation (6},

{6} HO+ €O ©2 Ho+ COy

(=

[6123] In some embodiments, the catalyst composition can also serve as a water gas
shift catalyst. Thus. if a reaction environment for producing H» and CO also includes H2O
and/or COg, the initial stoichiometry {rom the reforming reaction may be altered based on
the water gas shift equilibrium. However, this equilibrium is also temperature dependent,
10 with higher teroperatures favoriog production of CO and H2O. As a result, the ratio of Ha
1o CO that is generated when forming synthesis gas is constrained by the water gas shift
equilibrium at the {emperature in the reaction zone when the svuthesis gas is produced.
16124] The ability to adjust the Hy:CO molar ratio of the synthesis gas provides a
flexible process that can be combined with a wide variety of svnthesis gas upgrading
15 processes. Hlustrative synthesis gas upgrading processes can include, but are not limited
to, Fischer-Tropsch processes, methanol and/or other alcohol synthesis, e.g., one or more
Ci-Cs alcohols, fermentation processes, separation processes that can separate hydrogen
to produce a Hz-rich product, dimethyl ether, and combinations thereof These synthesis
gas upgrading processes are well-known o persons having ordinary skill in the art. In
20 some emboduments, the upgraded product can include, but 1s not Limited to, methanol,
syncrude, diesel, Iubricants, waxes, olefins, dimethvl ether, other chemicals, or any
combination thereof.
[B125] Systems suitable for carrying out the reformung of the second byvdrocarbon-
containing feed can include systems that are well-known in the art such as the fixed bed
25 reactors disclosed in WO Publication No. WO2017078894; the fluidized riser 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 in U.S. Patent Nos.: 7,740,829,
8.551,444; 8,754,276, 9687803 and 10,160,708, and US. Patent Application
30 Publication MNos.. 2015/0065767 and 2017/0137285; and WO Publication No.
WO2013169461.
Feed and Evergy
[6126] The hydrocarbon-containing feeds described herein can be derived erther from

fossit fuel or non-fossil fuel resources. For example, propane can be a product or by-
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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-fossil 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 i this work can also be made from renewable energy such as renewable
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electricitv. For example, renewable electricity can be used to produce H; through water
electrolvsis. The energy used in the processes described herein can also be provided by
renewable electricity, instead of a fuel.
Examples:
[3127] The foregoing discussion can be further described with reference to the
10 following non-hmiting exarnples. Catalyst coropositions §~12 were prepared according
1o the following procedures.
[6128]  Catalysicompositions 1-14 were prepared according to the following procedure.
For each catalyst composition PURALOX® MG 80/150 (3 graros) (Sasol}, which was a
mixed Mg/ Al metal oxide that contained 80 wi% of MgO and 20 wit% of AlyO: and had a
18 surface area of 150 m%/g, was calcined under air at 550°C for 3 hours to form a support.
Solutions that contained a proper amount of tin (IV) chloride pentahydrate when used to
make the catalyst composition {Acros Organics) and/or chloroplatinic acid when used to
make the catalyst composition (Sigma Aldrich), and 1.8 mi of deionized water were
prepared in small glass vials. The caleined PURALOX® MG 80/150 supports (2.3 grams)
20 for each catalyst composition were impregnated with the corresponding solution. The
impregnated materials were allowed {o equilibrate in a closed container at room
temperature (RT) for 24 howrs, dried at 110°C for 6 howrs, and calcined at 800°C for 12
hours. Table T shows the nonunal Pt and Sn content of each catalvst composiiion based

on the weight of the support.

o
(=
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Table 1
Pt Sn
Catalvst | (wt%) | {wi%o)
1 0.4 i
Z 0.3 i
3 0.2 i
4 0.1 i
3 0.05 i
6 0.025 i
7 0.0125 i
& 0 i
Q 0.1 0.5
10 0.1
11 0.1 2
12 0.0125 0
13 0.0125 0.5
14 0.0125 2

Examples using the catalvsis described above.

[6129] Fixed bed experiments were conducted at approximately 100 kPa-absolute that
used the catalyst compositions -8 (Examples 1-8, respectively}. A gas chromatograph
{GC) was used to measure the composition of the reactor effluents. The concentrations
of each component in the reactor efffuents were then used to calculate the CaHs vield and
selectivity. The UsHe yield and selectivity, as reported in these examples, were calculated
on the carbon mole basis.

[613¢] Ineachexample, 0.3 gofthe catalyst composition was nuxed with an appropriate
amount of guartz diluent and loaded into a quariz reactor. The amount of diluent was
deterrined so that the catalyvst bed {catalyst + diluent) overlapped with the isotherroal
zone of the quartz reactor and the catalyst bed was largely isothermal during operation.
The dead volume of the reactor was filled with quartz chips/rods.

3131}  The CsHg vield and the selectivity at the beginning of twa and at the end of {15
denoted as Yin, Yend, Sin. and Seng, respectively, and reported as percentages i Tables 2
and 3 below.

6132} The process steps for Examples 1-8 were as follows: 1. The system was flushed
with an inert gas. 2. Dry air at a flow rate of 83.9 scem was passed through a by-pass of
the reaction rone, while an inert 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 secm

was then passed through the reaction vone for 10 min {o regenerate the catalyst. 4. The
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svstem was flushed with an nert gas. 5. A H: 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 zong
for a certain period of tirue, while an inett gas was passed through the reaction zone. This

15 then followed by flowing the H: containing gas through the reaction zone at 8006°C for

(=

3 seconds. 6. The system was flushed with an inert gas. Durning this process, the
temperature of the reaction zone was changed from 800°C to a reaction temperature of
670°C. 7. Ahydrocarbon-containing (HCgas) feed that included 81 voi% of CsHs, 9 vol%
of inert gas (Ar or Kr) and 10 vol% of steam at a flow rate of 35.2 scom was passed
through the by-pass of the reaction zone for a certain period of time, while an tnert gas
10 was passed through the reaction zone. The hvdrocarbon-containing feed was then passed
through the reaction zone at 670°C for 10 min. 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,
[6133] The above process steps were repeated in cycles until stable performance was
15 obtained. Tables 2 and 3 show that Catalyst 6 that contained only ¢.025 wi% of Ptand 1
wi% of Sn had both a similar vield and a similar selectivity as compared to Catalyst 1 that
contained 0.4 wt% of Pt and 1 wt% of Sn, which was surprising and unexpected. Catalyst

8 that did not include any Pt did not show an appreciable propylene yield.

Table 2
Catalyst 1 | Catalyst 2 | Catalyst 3 | Catalyst 4
Yini 61.7 61.7 60.7 63.7
Yend 552 557 54.2 56.7
Performance
S 973 97.2 97.0 97.1
Send 98.1 98.0 97.7 98.3
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Table 3
Catalyst 5 | Catalyst 6 | Catalyst 7 | Catalyst 8
Y i 62.4 62.0 36.7 2.0
. Yend 572 54.6 4587 1.7
Performance - ,, )
Sini 96.7 97.3 96.9 64.2
Send 97.7 98.0 97.6 495

[6134] Catalysis 9-14 were also tested using the same process steps 1-7 described above.
Table 4 shows that the fevel of Sn should not be too low or too high for optimal propylene

yield for the catalyst compositions that included 0.1 wi% of Pt based on the weight of the

(o)

support.

Table 4

Catalyst 9 | Catalyst 4 | Catalyst 10 | Catalyst 11

05wi% Sn| I1wit%Sn| I wi%Sn | 2wit% Sn

Yini 584 63.7 63.4 56.5

Yend 495 56.7 385 477
Performance ) ) )

Sini 96.9 97. 97.2 97.8

Sena 97.6 98.3 98.1 98.2

[6138] Table 5 shows that the level of Sn should not be too high or too low for optimal
propylene vield for the catalyst compositions that included 0.0125 wi% of Pt based on the

weight of the support.

Table 3

Catalyst 12 | Catalvst 13 | Catalyst 7 | Catalyst 14

Owt?Sn |05wi%Sn | T wit% Sn | 2wit% Sn

Yini 2.6 44 567 35.4
o Yend 1.7 4.4 457 44.1
Performance — - - — -
Sini 63.9 96.7 96.9 96.8
Send 61.1 5.6 97.6 97.6

10 [B#136] Catalyst 6 that contained only (.025 wi% of Pt and 1 wt% of Sn was also
subjected to a longevity test using the same process steps 1-7 described above, except a

flow rate of 17.6 scom was used instead of 35.2 scom i step 7. The Figure shows that
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Catalyst 6 maintained performance for 204 cvcles (x-axis 15 time, y-axis is {3He vield and
selectivity to CsHs, both in carbon mole %)

Listing of Embodiments

[6137] This disclosure may further include the following non-limiting embodiments.

(=

[3138] Al A process for upgrading a hydrocarbon, comprising: (I} contfacting a
hydrocarbon-containing feed with a catalyst composition comprising Pt and a promoter
disposed on a support to effect reforming of at least a portion of the hydrocarbon-
containing fead to produce a coked catalyst composition and a synthesis gas comprising
Hy and CO, wherein: the hydrocarbon-containing feed comprises one or more Ci-Cis

10 hydrocarbons and HxO, CO», or a muxture of H:0 and CO», the hydrocarbon~containing
feed and catalyst composition are contacted at a temperature of 400°C or more, the support
comprises at least 0.5 wi% of a Group 2 element, the catalysi composition comprises up
1o 0.025 wi% of the Pt and up to 10 wi% of the promoter based on the weight of the
support, and the promoter comprises Sn, Cu, Au, Ag. Ga, a combination thereof, or a

1S mixture thereof.

[3138] A2 The process of Al, further comprising (II) contacting ai 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 fean in coke and a combustion
2as.

20 {61407 A3 The process of A2, further comprising (M) contacting a fuel with the
oxidant and the catalyvst composition to effect combustion of at least a portion of the fuel.
(6141} A4 The process of AZ or A3, further comprising (TV} contacting an additional
quantity of the hydrocarbon-~containing feed with at least a portion of the regenerated
catalyst composition to produce a re-coked catalyst composition and additional effluent.

25 [8142] A5, The process of any of Al to A4, wherein the hydrocarbon-countaining feed
is contacted with the catalyst composition in a fluidized bed reactor,

[6143] A6, The process of any of Al to A4, wherein the hydrocarbon-containing feed
is contacted with the catalyst composition in a fixed bed reactor.
[6144}] A7 The process of any of Al to A4, wherein the hydrocarbon-containing feed

30 1is contacted with the catalyst composition in a reverse flow reactor.

{6145} AR The process of any of Al to A7, wherein the catalvst composition comprises

0.001 wi%, 0.005 wi%, or $.007 wi% to 0.01 wi%, 0.015 wi%, 0.018 wi%, 0.02 wi%,

(.022 wi%, or 0.025 wi% of the Pt based on the weight of the support.
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16146] A9, The process of any of Al to A8, wherein the catalyst composition comprises
(.25 wi%, 0.5 wi%, or 1 wi% to 3 wi%, 5 wi%, or 10 wi% of the promoter based on the
weight of the support.

[6147] A10. The process of any of Al to A9, wherein the catalyst composition further

(=

comprises an alkali metal element comprising Li, Na, K, Rb, Cs, a combination thereof,
or a mixture thereof disposed on the sapport in an amount of up 1o 5 wi% based on the
weight of the support.
[3148] All. The process of any of Al to A1, wherein the catalyst composition is in
the form of pasticles having a size and particle density that is consistent with a Geldart A
10 or Geldart B definition of a flurdizable solid.
[6149]  Al2 Theprocess of any of Al to All, wherein: the Group 2 element comprises
Mg, and at least a portion of the Group 2 element is in the form of Mg( or a mixed metal
oxide comprising Mg,
[6150]  Al13. The process of anv of Al to A12, wherein: the Group 2 element comprises
15 Mg, and at least a portion of the Group 2 element is in the form of 3 mixed Mg/Al metal
oxide.
[6181]  Al4 The process of any of Al to A13, wherein: the support further comprises
a Group 13 element, the Group 2 element comprises Mg and the Group 13 element
comprises Al, the support comprises a mixed Mg/ Al metal oxide, and a weight ratic of the
20 Mgto the Al in the nuxed Mg/Al roetal oxide 15 10 a range from 0.001, 0.01, 0.1, or f to
6, 12.5, 100, or 1,000
[3152]  Al5. The process of any of Al to Al4d, wherein: the support further comprises
a Group 13 element, the promoter comprises Sn, the Group 2 element coroprises Mg, and
the Group 13 element comprises Al the catalyst composition comprises 0.001 wi%, .005
25 wi%, or 0.007 wi% 10 0.01 wi%, 0.015 wi%, 0.018 wi%, 0.02 wi%, 0.022 wi%, or 0.025
wi% of Pt and 0.25 wit%, 0.5 wt%, or § wi% to 3 wi%. 5 wit%, or 10 wt%% of Sn based on
the weight of the support, the support comprises a mixed Mg/ Al metal oxide, and a weight
ratio of the Mg to the Al in the mixed Mg/Al metal oxide is in a range from 0.001 to0 1,000,
00110 100,010 123, orlto G
30 [8183}] Al6. The process of ary of Al to ALS, further comprising at least one of
reacting at least a portion of the synthesis gas under effective Fischer-Tropsch conditions
in the presence of a Fischer-Tropsch catalyst to produce an upgraded product, wherein the
Fischer-Tropsch catalvst cornprises a shifting Fischer-Tropsch catalvst or a non-shifting

Fischer-Tropsch catalyst; subjecting at least a portion of the synthesis gas to a
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fermentation process to produce an alcchol, an organic acid, or a muxture thereof.
contacting at least a portion of the svnthesis gas with a catalvst to produce at least one Cy-
4 aleohol; and separating H: from the synthesis gas to produce a Ho-rich product.

{0154} B1. A process for making a catalyst composition, comprising: {I) preparing a

(=

slurry or gel comprising a compound containing a Group 2 element and a liguid medium;
and (1) sprav drving the shary or the gel to produce spray dried support particles
comprising the Group 2 element, wherein, at least one of (1} and (i1) 1s met: (i} Pt is present
in the slurry or the gel in the form of a Pt-containing compound and the catalvst
composition comprises catalvst particles comprising the spray doed support particles
10 having Pt disposed thereon, and (1) Pt is deposited on the spray dried support particles by
contacting the spray dried pasticles with a Pt-containing compound to produce Pt-
containing spray dried support particles and the catalyst composition comprises catalyst
particles comprising the spray dried support particles having Pt disposed thereon, and
wherein, at least one of (i) and (v} is met: (i1} a compound comprising a promoter
15 element 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 1s deposited on the
spray dried support particles to produce promoter-containing spray dried support particles
and the catalyst composition comprises catalyst pasticles comprising the spray dried
20 support particles baving the promoter element disposed thereon, wherein: the promoter
element comprises Sn, Cu, Au, Ag, Ga, or a combination thereof, or a mixiure thereof, the
catalyvst particles comprise up to 0.025 wi% of the Pt and up to 10 wi% of the promoter
clement based on the weight of the spray dried support particles, and the catalyst particles
comprise at least 0.5 wi% of the Group 2 element based on the weight of the spray dried
25 support particles.
16158 B2 The process of B1, wherein the Pt-containing compound is present in the
shurry or the gel.
[6156] B3, The process of Bl or B2, wherein the Pt-containing compound is deposited
on the spray dried support particles.
30 {8187} B4 The process of any of Bi to B3, wherein the compound compnising the
promoter element is present in the shurry or the gel.
[6158] BS. The process of any of Bl to B4, wherein the compound comprising the

promooter element is deposited on the spray dried support particles.
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161597 B6. The process of any of Bl to B3, wherein: the Group 2 element comprises
Mg, and at least a portion of the Group 2 element in the spray dried support particles is in
the form of a mixed Mg/ Al metal oxide.

[6166] B7. The process of any of Bl to B6, further comprising: (1) 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 Group 2 element and having Pt and the promoter
element disposed thereon.

{6161} BR The process of B7, further comprising: IV} hvdrating the calcined support

10 particles after step (I} to produce hydrated support particles; and (V) calcining the
hydrated 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 @162} 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.

[6163] 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:

1. A catalyst composition comprising up to 0.025 wt% of Ptand up to 10 wt% of a
promoter comprising Sn, Cu, Au, Ag, Ga, a combination thereof, or a mixture thereot
disposed on a support, the support comprising at feast 0.5 wi% of a Group 2 element,

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

2. The catalyst composition of claim 1, wherein the catalyst composition comprises

0.001 wt% to 0.025 % of the Pt based on the weight of the support.

3. The catalyst composition of clatim 1 or 2, wherein the proyooter comprises So.

4. The catalyst composition of any of claims 1 to 3, further comprising an alkali
metal element comprising Li, Na, K, Rb, Cs, or a combination thereof, or a misture
thereof disposed on the support in an armount of up 1o 3 wi% based on the weight of the

support.

5. The catalyst composition of anv of claims 1 to 4, 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 fluidizable solid.

6. The catalyst composition of any of claims 1 to 5, wherein:
the Group 2 element comprises Mg, and
at least a portion of the Group 2 elewent is in the form of Mg or a mixed metal

oxide comprising Mg.

7. The catalyst composttion of any of claims 1 1o 6, wherein:

the Group 2 element comprises Mg, and

at least a portion of the Group 2 element is in the form of a mixed Mg/ Al metal
oxide.
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8. The catalyst composition of any of claims 1 to 7, wherein:
the support further comprises a Group 13 element,
the Group 2 element comprises Mg and the Group 13 element comprises Al,
the support comprises a mixed Mg/Al metal oxide, and
a weight ratio of the Mg to the Al in the mixed Mg/Al metal oxide is in a range
from 0.001 to 1,000

9. The catalyst composition of any of claims 1 to 8, wherein:

the support further comprises a Group 13 element,

the promoter cornprises Sn, the Group 2 element comprises Mg, and the Group
13 element comprises Al

the catalvst composition comprises 0.001 wi% o 0.02S wi% of the Pt and 0.25
wi% to 10 wi% of the Sn based on the weight of the support,

the support comprises a mixed Mg/Al metal oxide, and

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

from 0.001 t0 1,000,

10 A process for making a catalyst composition, comprising:

(I} preparing a shiry or a gel comprising a compound containing g Group 2
elernent and a hiquid mediuny

{II} spray drying the shurry or the gel to produce spray dried particles comprising
the Group 2 element, and

(IH) caleining the spray dried particles under an oxidative atmosphere (o produce
calcined support particles cornprising the Group 2 element,

wherein, at least one of (i), (i1), and {iit) is met:

(iy Pt is present in the shury or the gel in the form of a Pi-containing
compound and the catalyst composition comprises catalyst particles comprising
the calcined support particles having Pt disposed thereon,

(i1} Pt is deposiied on the spray dried particles by contacting the spray
dried particles with a Pi-containing compound to produce Pt~contaimng spray
dried particles and the catalyst composition comprises catalyst particles
comprising the calcined support particles having Pt disposed thereon, and

{i1) Pt is deposited on the calained support particles by contacting the

calcined support particles with a Pt-contaiing compound to produce Pt
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containing calcined support particles and the process further comprises (V)
calcining the Pt-containing calcined support particles to produce re-calcined
support pariicles having Pt disposed thereon, wherein the catalyst composition
comprises the re-calcined support particles,

and wherein, at least one of (iv), {v), and {vi} is met:

{iv} a compound comprising a promoter ¢lement is present in the shurry
or the gel and the catalvst composition comprises catalyst particles comprising
the calcined support particles having the promoter element disposed thereon,

(v} a compound comprising a promoter element is deposited on the spray
dried particles to produce promoter-containing spray dried particles and the
catalyst composition comprises catalyst 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 to produce promoter-containing calcined support
particles and the process further comprises (V) calcining the promoter-containing
calcined supporst particles to prodoce re-calcined support particles having the
promoter element disposed thereon, wherein the catalyst composition comprises
the re~-calcined support particles,

wherein:

the promoter element conprises Sn, Cu, Au, Ag, Ga, a corsbination
thereof, or a mixture thereof,

the catalyst particles comprise the Pt in an amount of up to 0.025 wt%
and the promoter element in an amount of up to 10 wi% based on the weight of
the calcined support particles or the re~calcined support particles, and

the catalyst particles comprise at feast 0.5 wit% of the Group 2 element
based on the weight of the calcined support particles or the re-calcined support

particles.

it The process of claim 10, wherein the spray dned particles are calcined af a

teroperature in a range of from 550°C to Y00°C for a time period of <45 minutes.

12. The process of claim 10, wherein the spray dried particles are calcined at a

temperature of < SS0°C for a time period of <45 minutes.
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13, The process of any of claims 10 to 12, wherein the Pt-containing compound is

present in the shurry or the gel

14 The process of any of claims 10 to 13, wherein the Pi-containing compound is

deposited on the spray dried particles.

15.  The process of any of claims 10 to 14, wherein the Pt-containing compound is

deposited on the calcined support particles and the process further comprises step (IV}).

i6. The process of avy of claims 10 to 15, wherein the compound comprising the

promoter element is present in the shurry or the gel.

17. The process of any of claims 10 {o 16, wherein the compound comprising the

promoter element is deposited on the spray dried particles.

I8, The process of any of claims 10 to 17, wherein the compound comprising the
promoter element is deposited on the calcined support particles and the process further

comprises step (V).

19, The process of any of claims 10 to 18, further comprising;

(V1) hydrating the calcined support particles after step (3]} to produce hydrated
support particles; and

(V1) calcining the hydrated support particles to produce the catalyst composition
comprising re-calcined support particles, wherein the re-calcined support particles
produced via steps (VI} and (Vi) have an attrition loss after one houwr that is less than an
atirition loss afier one hour of the calcined support particles produced in siep (1), as

measured according to ASTM D3757-11(2017).
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20, The process of any of claims 11 to 19, wherein:
the Group 2 element comprises Mg, and
at feast a portion of the Group 2 element is 10 the form of MgO or a mixed metal

oxide comprising Mg,

21. A process for upgrading a hydrocarbon, comprising:

(I} contacting a hydrocarbon-containing feed with a catalyst composition
comprising Pt and a promoter disposed on a support to effect one or more of
dehydrogenation, dehvdroaromatization, and dehydrocyclization of at least a portion of
the hydrocarbon-containing feed fo produce a coked catalyst composition and an effluent
comprising one or more upgraded hydrocarbons and molecular hvdrogen, wherein:

the hydrocarbon-containing feed comprises one or more of C2-Cis linear
or branched alkanes, or one or more of C4-Cis cvelic alkanes, or one or more Cs-
Cis alkyl aromatics, or a mixture thereof,

the hydrocarbon-containing feed and catalyst composition are contacted
at a temperature in arange of from 300°C to 900°C, for a time period of <3 howrs,
under a hydrocarbon partial pressure of at least 20 kPa-absolute, wherein the
hvdrocarbon partial pressure is the total partial pressure of any (2-Cis alkanes
and any Cs-Cis alky] aromatics in the hydrocarbon-containing feed,

the support comprises at least 0.5 wi% of a Group 2 element based on the
weight of the support,

the catalyst composition comprises up to 0.025 wi% of the Pt and up to
10 wit% of the promoter based on the weight of the support,

the promoter comprises Sn, Cu, Au, Ag, Ga, a combination thereof, or a
mixture thereof, and

the one or more upgraded hydrocarbons comprise at Jeast one of a
dehvdrogenated hvdrocarbon, a dehydroaromatized hvdrocarbon, and a

dehvdrocyclized hydrocarbon.
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22. The process of claim 21, further comprising:

(I} 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; and

(IH) contacting an additional quantity of the hydrocarbon-containing feed with at
least a portion of the regenerated catalyst composition to produce a re-coked catalyst
composition and additional effluent, wherein a cycle time from contacting the
hydrocarbon-containing feed with the catalyst composition in step (I} to contacting the
additional quantity of the hydrocarbon-containing feed with the regenerated catalyst
composition ju step (H) 15 < 5 hours.

23. The process of claim 21 or claim 22, wherein the hydrocarbon-containing feed
comprises propane, and wherein contacting the hydrocarbon-containing feed with the
catalvst composition in step (1} has a propylene yield of at least 52 % at a propvlene

selectivity of > 85%.

24. The process of any of claims 21 1o 23, wherein:
the Group 2 element comprises Mg, and
at least a portion of the Group 2 element is in the form of Mg( or a mixed metal

oxide comprising Mg,



