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CLAIMS

1. A process for oxidative dehydrogenation of a hydrocarbon to produce an olefin and
water, the process comprising:
contacting, in a fluidized bed, the hydrocarbon with a particulate material comprising:
at least one oxygen transfer agent; and
at least one fluidization enhancing additive consisting of inorganic materials;
wherein:
during at least a portion of the time of the contacting of the hydrocarbon with the
particulate material, the fluidized bed is at a temperature at or above a melting point of one or
more materials of the oxygen transfer agent;
during at least a portion of the time of the contacting of the hydrocarbon with the
particulate material, a surface of at least a portion of the at least one oxygen transfer agent
comprises a molten layer;
the at least one fluidization enhancing additive does not undergo reduction in the
fluidized bed during the contacting of the hydrocarbon with the particulate material at the
temperature; and
the at least one fluidization enhancing additive is present in an amount that maintains

sufficient fluidization of the particulate material.

2. The process of claim 1, wherein the at least one oxygen transfer agent comprises a
compound that undergoes reduction during the oxidative dehydrogenation thereby providing

oxygen for formation of the water.

3. The process of claim 1 or claim 2, wherein the at least one oxygen transfer agent
comprises:

a mixed oxide comprising MgeMnOs.

4. The process of claim 3, wherein the at least one oxygen transfer agent further comprises
at least two promoters comprising tungsten and an alkali metal, an alkaline earth metal, or a

combination of the alkali metal and the alkaline earth metal.



WO 2021/168165 PCT/US2021/018649

04-

5. The process of claim 1 or claim 2, wherein the at least one oxygen transfer agent
comprises:

at least one reducible metal-containing oxide selected from the group consisting of
manganese oxide, tin oxide, indium oxide, germanium oxide, lead oxide, antimony oxide,
bismuth oxide, praseodymium oxide, terbium oxide, cerium oxide, iron oxide, ruthenium oxide,
and a combination of two or more thereof;

at least one alkali metal species, said alkali metal species comprising elemental alkali
metal or a compound comprising the alkali metal;

at least one boron-containing species, said boron-containing species comprising
elemental boron or a compound comprising boron; and

at least one alkaline earth metal-containing species, said alkaline earth metal-containing
species comprising elemental alkaline earth metal or a compound comprising alkaline earth

metal.

6. The process of claim 5, wherein the at least one oxygen transfer agent comprises a mixed
oxide of formula (1):
ML.ByCcOx 1)

where

M is selected from the group consisting of manganese, tin, indium, germanium, lead,
antimony, bismuth, praseodymium, terbium, cerium, iron, ruthenium, and a combination of two
or more thereof;

L is at least one alkali metal;

B is boron;

C is at least one alkaline earth metal;

O is oxygen;

ais from 0.01 to 10;

b is from 0.1 to 20;

¢ is from 0.1 to 100; and

X is a number of oxygen atoms required due to valence states of M, L, B, and C.
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7. The process of claim 5, wherein the at least one oxygen transfer agent comprises a mixed
oxide of formula (2):
MBsCcOx )

where

M is selected from the group consisting of manganese, tin, indium, germanium, lead,
antimony, bismuth, praseodymium, terbium, cerium, iron, ruthenium, and a combination of two
or more thereof;

B is boron;

C is at least one alkaline earth metal;

O is oxygen;

ais from 0.01 to 10;

b is from 0.1 to 20;

¢ is from 0.1 to 100; and

x is a number of oxygen atoms required due to valence states of M, L, B, and C.

8. The process of claim 1 or claim 2, wherein the oxygen transfer agent is perovskite.

9. The process of any preceding claim, wherein during at least a portion of the time of the
contacting of the hydrocarbon with the particulate material, the fluidized bed is at a temperature

from 650 °C to 1500 °C.

10. The process of any preceding claim, wherein the fluidization enhancing additive is
selected from the group consisting of non-reducible oxides, zeolites, clays, fluid catalytic

cracking catalysts, and combinations of two or more thereof.

11. The process of any preceding claim, wherein the fluidization enhancing additive
comprises a non-reducible oxide comprising an inorganic material comprising a chemical
species selected from the group consisting of alumina, silica, silicon carbide, metal carbide,
metal nitride, titanium dioxide, alkaline earth metal oxide, alkali sulfate, alkaline earth sulfate,
calcium sulfate, hydrates of calcium sulfate, alkali carbonate, alkaline earth carbonate,
lanthanum oxide, rare earth metal oxide, boric acid, salts of boric acid, boric oxide, zinc oxide,

cerium oxide, gallium oxide, and a combination of two or more thereof.
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12. The process of any preceding claim, wherein the fluidization enhancing additive
comprises at least one zeolite of formula (3):
MmO Al203ySi02-wH20 3)

where

y is an integer from 2 to 1,000,000,000;

n is a valence of a cationic portion of the at least one zeolite of formula (3);

M is a metal selected from the group consisting of Zr, Mg, Ti, and a combination of two
or more thereof; and

w is a number of water molecules per zeolite unit structure, such that at least 5% of n is

due to proton charge.

13. The process of any preceding claim, wherein the fluidization enhancing additive

comprises at least one fluid catalytic cracking catalyst.

14. The process of claim 13, wherein the at least one fluid catalytic cracking catalyst is

stabilized by addition of one or more additives.

15. The process of any preceding claim, wherein a weight ratio of the at least one oxygen

transfer agent to the at least one fluidization enhancing additive is from 50:50 to 99:1.



