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(57) ABSTRACT

Supported perovskite-type oxides are described. The per-
ovskite-type oxides have the general formula of
A A LB B' 055, wherein A 1s an 1on of a metal of Group
[IIa or IIIb of the periodic table of elements or mixtures
thereof; A' 1s an 10n of a metal of Groups Ia or Ila of the
periodic table or mixtures thereof; B and B' are 1ons of a
d-block transition metal of the periodic table or mixtures
thereof; x, x', y and y' vary from O to 1; 0.95<x+x'<1.05;
0.95<y+y'<1.05; 0 1s the deviation from 1deal oxygen sto-
ichiometry. This invention also provides for the selection of
support materials and the shapes of supported perovskite-
type oxides as well as the methods for making them.
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SUPPORTED PEROVSKITE-TYPE OXIDES AND
METHODS FOR PREPARATION THEREOF

[0001] This application claims priority from U.S. Provi-
sional Patent Application Serial No. 60/287,924 filed May 1,

2001.

FIELD OF THE INVENTION

[0002] This invention relates generally to supported per-
ovskite-type oxides, for hydrocarbon oxidation, steam meth-
ane reforming, auto-thermal reforming, cyclical auto-ther-
mal reforming (CAR) and high temperature air separation.
More particularly, this invention relates to perovskite-type
oxides displaying significant oxygen storage capability and
high oxygen exchange rate at high temperature. Even more
particularly, the present invention relates to the methods of

making the supported perovskite-type oxides having the
general formula of A, A'LB B’ .05

BACKGROUND OF THE INVENTION

[0003] Most perovskite-type ceramic materials with a gen-
eral formula of ABO, s are mixed electronic and oxygen 1on
conductors at high temperature and are known to be suitable
materials for making dense oxygen semi-permeable mem-
branes. These membranes hold promising applications in air
separation and partial oxidation of hydrocarbons to hydro-
ogen and carbon monoxide. Despite tremendous interest and
cfforts from both academic 1nstitutes and 1industrial compa-
nies, the applications of dense ceramic membranes made of
perovskite-type oxides are still facing many technical chal-
lenges. These include fabrication of pin-hole free dense
membranes, developing high temperature sealing and join-
ing techniques to integrate a particular membrane with other
parts of the reactor system, and controlling the chemical and
mechanical stability of the membrane during the harsh
operating conditions. In addition, there are 1ssues related to
safety and economy of ceramic membrane reactor applica-
fions.

10004] It has been discovered by the present inventors that
perovskite-type oxides 1n non-membrane form exhibit both
good oxygen storage capability and/or catalytic properties
for high-temperature air separation, total combustion, partial
oxidation and steam reforming reactions. Historically, per-
ovskite-type oxides 1n non-membrane form for a high-
temperature air separation process as well as 1n a cyclic
auto-thermal reforming (CAR) process have been disclosed.
In the CAR process, air and natural gas/steam mixture are
contacted alternately with perovskite-type oxides. The
present mventors have further discovered that perovskite-
type oxides, when supported by porous support, show higher
reactivity and faster oxygen exchange rate than the unsup-
ported ones.

SUMMARY OF THE INVENTION

[0005] The present invention relates to perovskite-type
oxides 1n non-membrane form with high oxygen-storage
capability and oxygen exchange rate at high temperature
while having good catalytic properties for oxidation reac-
tions. Further, the present invention provides for supported
perovskite-type oxides with improved performance com-
pared to that of the unsupported ones. These supported
perovskite-type oxides are particularly useful for high tem-
perature air separation processes, via pressure swing adsorp-
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tion (PSA) or thermal swing adsorption (TSA), and for the
conversion of hydrocarbons into products that contain
hydrogen and carbon monoxide, via partial oxidation, steam
reforming, or auto-thermal reforming, 1in continuous or
cyclical operations (CAR process). Methods for making
supported perovskite-type oxides also forms part of the
present 1nvention.

[0006] The perovskite-type oxides having a general for-
mula of A; A’ B, B',0;s, where A is an 1on ot a metal of
Groups IIIa or I1Ib of the periodic table of elements; A' 1s an
ion of a metal of Groups Ia or Ila of the periodic table; B and
B' are 10ns of a d-block transition metal of the periodic table;
X and y vary from O to 1.05; ¢ 1s the deviation from ideal
oxygen stoichiometry. The perovskite-type materials can be
A-site or B-site rich compositions as long as the perovskite
phase structure 1s maintained. For a general composition of
A _A' _B_B' 0,5, A-site rich means x+x'>1 while y+y'<or=1,

Xy
and B-site rich means x+x'<or=1 while y+y'>1.

[0007] In a preferred embodiment, the perovskite-type
oxides have A-sites containing LLa and Sr 1ons and B-sites
contaming N1, Co and Fe 1ons. In a more preferred embodi-
ment, the perovskite-type oxides have a formula of
La Sr N1 Co, Fe .05, in which x, X', y, y' and y" are all
smaller than 1.05 but greater than 0. In the most preferred

embodiment, the perovskite-type oxides have a formula of
La Sr Ni,Co,, Fe O35 m which 0.5<x<1, 0.1<x'<0.5,
0.2<y<0.8, 0.2<y'<0.6 and 0.1<y"<0.5.

[0008] In a preferred embodiment, the perovskite-type
oxides have particle sizes 1n the range of about 0.01 to 100
microns. In a more preferred embodiment, the perovskite-
type oxides have particle sizes 1n range of about 0.1 to 50
microns.

[0009] The present invention further comprises appropri-
ate carriers that vary widely 1n their porosity, for supporting,
perovskite-type oxides. In a preferred embodiment, the
support materials are selected from: (1) metal oxides such as
alpha-Al,O,, gamma-Al,O,, eta-Al,O,, ZrO,, MgO, CeQ,,
CaO and SiO,; (2) aluminates such as MgAl,O, and
CaAl,O,; (3) metal aluminum silicates such as cordierites;
(4) metals such as porous high nickel containing alloy. In a
more preferred embodiment, the support materials are
selected from alpha-Al,O,, gamma-Al,O; and eta-Al,O, or
mixtures thereof. In another more preferred embodiment, the
support materials are selected from cordierites such as
Mg Al;[AlSisO,¢] and Fe, Al; [ AlSi5O 4], or related deriva-
fives stable at high temperature. In yet another more pre-
ferred embodiment, the support material 1s MgAl,O,. The
thermal expansion properties of the supports have to be
controlled carefully to ensure stability of the final product
with regard to temperature changes.

[0010] In a preferred embodiment, the supported perovs-
kite-type oxides can be further coated on one or more other
support materials to achieve an 1increase 1n performance, and
enhancement of thermal and mechanical properties.

[0011] In another preferred embodiment of the present
invention, the support material has particle sizes 1n the range
of about 0.1 to 10,000 microns. In a more preferred embodi-
ment, the support material has particle sizes 1n the range of
about 5 to 1,000 microns.

[0012] The present invention also provides for methods of
preparing supported perovskite-type oxides. The methods
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comprise dispersing perovskite-type oxides onto the
selected support with or without the aid of a liquid solvent.
The methods further comprise treating the mixture of per-
ovskite-type oxide and support at a high temperature to form
close bonding between adjacent particles of perovskite-type
oxides and the support.

[0013] Another object of the present invention is to pro-
vide the supported perovskite-type oxides with appropriate
macroscopic particle shapes. In a preferred embodiment, the
shapes of the supported perovskite-type oxides are selected
from beads, rings, extrudates, pellets with any cross-sec-
tional shapes with or without holes, honeycomb-type struc-
tures with uniform channels and monolithic ones with
random porosity and/or foam structure. In a more preferred
embodiment, the shapes of the supported perovskite-type
oxides are selected from those of monolithic structures and
extrudates particularly with cylindrical shape. The extru-
dates are formed by extrusion, particularly screw extrusion.
Alternatively, there are various pressing procedures, which
can be utilized to shape the perovskite-type oxides, and these
procedures provide good mechanical stability of the result-
ing shaped material.

10014] Appropriate additives will help the shape forming
process and control the desired pore structure within the
shape. In a preferred embodiment, the additives are selected
from water, organic solvents, cellulose, polymers, synthetic
and naturally formed fibers, starch and metal oxides. In a
more preferred embodiment, the additives are water, various
types of cellulose with particle sizes compatible with those
of the components to be shaped, about 0.1 to 1 wt % MgO

and about 0.1 to 0.5 wt % T10.,.

DETAILED DESCRIPTION OF THE
INVENTION

[0015] The present invention relates to a composition of
perovskite-type materials supported by a solid carrier, meth-
ods for fabricating the perovskite-type material on the
carrier and their use in high-temperature air separation, total
combustion, partial oxidation and steam reforming reac-
tions. The perovskite-type materials have a general formula
of A, A, B; ,B,0;3 where Ais an 1on of a metal of Group
I[IIa and IIIb of the periodic table of elements; A' 1s an 10n
of a metal of Groups la and Ha of the periodic table; B and
B' are 10ns of a d-block transition metal of the periodic table;
X and y vary from O to 1.05; ¢ 1s the deviation from ideal
oxygen stoichiometry. The perovskite-type materials can be
A-site or B-site rich compositions as long as the perovskite
phase structure 1s maintained. For a general composition of
A A LB B' 055, A-site rich means x+x">1 while y+y'<or=1,
and B-site rich means x+x'<or=1 while y+y'>1. In general,
most perovskite-type oxides have certain oxygen storage
and catalytic properties. It was found that the compositions
of perovskite-type oxides were critical to their oxygen
storage capacity and catalytic properties. For example, the
perovskite-type oxides with A-site containing LLa and Sr 1ons
and B-sites containing N1, Co and Fe 1ons showed very good
oxygen storage and catalytic properties for cyclic auto-
thermal reforming (CAR) process.

[0016] The methods for synthesis of perovskite-type mate-
rials are well known 1n literature. The commonly used
methods are: (1) solid-state reaction; (2) combustion syn-
thesis; (3) citrate method; (4) co-precipitation method; (5)
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sol-gel method, and (5) spray-pyrolysis method. Although
different synthesis methods may result 1n different particle
sizes and surface properties, they produce the perovskite-
type oxides with the same phase structure, 1.€. perovskite-
type structure, which can be characterized by X-ray diflrac-
fion measurement. The appropriate particle sizes of
perovskite-type oxide powders for making supported per-
ovskite-type oxides are 1n the range of 0.01 to 100 microns.

[0017] The requirement on the support materials include:
(1) resistant to high temperature, 1.e., 600 to 1200° C.; (2)
maintaining appropriate pore structure at high temperature;
(3) good affinity for perovskite-type oxides but not having
significant reactions with perovskite-type oxides; (4) good
mechanical strength at both low and high temperatures; (5)
low thermal expansion. The suitable support materials
include: (1) metal oxides such as alpha-Al,O,, gamma-
Al,O,, eta-Al,O,, ZrO,, T102, MgO, CeQO,, Ca0O and S10.,;
(2) aluminates such as MgAl,O, and CaAl,O,; (3) metal
aluminum silicates, such as cordierites; (4) metals such as
porous high nickel containing alloy. The preferred selections
are alpha-Al,O,, gamma-Al,O, and eta-Al,O; and mixtures
thereof. The other class of preferred supports are cordierites
such as Mg,Al, [AlSi.O,,] and Fe,Al, [AlSi,O,.], or
related derivatives stable at high temperature. The particle
size of the supports should be compatible with the particle
size of the perovskite powder. The appropriate particle size
range 1s about 1 to 10,000 microns.

[0018] In a preferred embodiment, the supported perovs-
kite-type oxides can be further coated on one or more other
support materials to achieve an increase in performance,
thermal and mechanical properties. In another preferred
embodiment, the supported perovskite-type oxides can be
further coated or impregnated with metals selected from
transition and noble metals, such as Rh, Pt, Ag, etc.

[0019] Once a perovskite-type powder has been synthe-
sized and the support selected, the task 1s to coat the
perovskite-type powder onto the support. The methods to do
this include: (1) dry coating; and (2) wet coating. In dry
coating, the perovskite-type powders and support particles
are physically mixed together and uniformly distributed.
This mixture 1s then subjected to high temperature sintering,
resulting 1n strong bonding between the perovskite and the
support. In wet coating method, both perovskite and support
are dispersed 1n a liquid solvent to form a uniform suspen-
sion. The solid mixture after filtration i1s then dried and
sintered. The wet coating method also includes sol-gel
method in which the perovskite-type oxides (or precursors)
are synthesized 1n a form of sol. The perovskite-type oxides
in the form of sol are then coated or impregnated onto the
support. The preferred coating method of this invention 1is
that of dry coating.

[0020] It 1s necessary that the supported perovskite-type
oxides are formed 1nto appropriate shapes to achieve higher
mass and heat transfer rates, higher surface area, enhanced
resistance to attrition and fluidization compared to those
features of the perovskite-type oxides without support.
These shapes include beads, rings, extrudates, pellets with
any cross-sectional shapes with or without holes, honey-
comb structures with uniform channels and monolithic ones
with random porosity and/or foam structure. The preferred
shapes of this mvention are extrudates and monolithic
structures. The monolithic and honeycomb structures can be
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used either 1n a single piece or stacked pieces packed
randomly 1n a reactor bed. There are many forming methods
to fabricate those shaped structures, such as extrusion using
dies with differently shaped channels, agglomeration, tape
casting, foam casting, etc. The preferred shape forming
method 1n this invention 1s extrusion, particularly screw
extrusion. Alternatively, there are a number of pressing
procedures which also provide good mechanical stability
which can be utilized to shape the perovskite-type oxides.

10021] In many cases, solvents, binders, sintering aids and
pore-forming additives are added 1nto the supported perovs-
kite-type oxide powders before shaping the material. This 1s
to optimize the plasticity of the materials and to control the
oreen strength of the shaped material as well as to promote
the smtering and to control the pore structure of the final
products. These additives and aids include: water, organic
solvents, various types of celluloses with particle sizes
compatible with those of the components to be shaped,
polymers, fibers of both synthetic and naturally formed,
starches and small amount of metal oxides such as MgO and
110,,. The selected combination and the amounts of these
additives and aids are critical to achieve desired products.
After shape forming, the green body 1s subjected to drying,
calcination and sintering to remove the organic additives and
gain good bonding and mechanical strength.

10022] The pore size distribution and surface area of the
supported perovskite-type oxides are critical to the perfor-
mance. The preferred pore size and the surface arca are
respectively 1n the range of about 0.001 to 10 microns and
a surface area in the range of about 1 to 200 m*/g. In a
preferred embodiment, the supported perovskite oxides have
a pore size 1n the range of about 0.01 to 1 microns and a
surface area in the range of about 1 to 50 m~/g.

10023] The following represent examples of making per-
ovskite-type oxide powders and supported perovskite-type
oxide extrudates: They should be considered merely as
examples of the present invention and not as limiting the
scope thereof.

EXAMPLE 1

Preparation of 6.56 g La, :Sr, Co, Fe, O, s Per-
ovskite-type Oxide by Co-precipitation Method.

10024] The preparation started with respectively dissolv-
ing 4.87 g La(NO;);, 3.17 g Sr(NO3)2, 436 ¢
Co(NO3)2.6H20, 6.06 g Fe(NO3)3 into 50 ml deionised
water and 15.13 ¢ oxalic acid mnto 100 ml deionised water.
The above-made metal nitrate solution was dropped 1nto
above-made oxalic acid solution at a rate of 0.5 drop/second
while stirring until finished. The solid precipitate was col-
lected by filtration and dried at 100° C. overnight in an oven,
and then placed in a furnace and heated up at 20° C./min up
to 600° C. The solid was held at 600° C. for 1 hour, resulting
in pyrolysis. The residual was calcined at 900° C. for 2
hours. The perovskite-type powder of
La, <Sr, -Co, Fe, <05 3 was thus produced. Its XRD pattern

1s shown 1n FIG. 1.
EXAMPLE 2

Preparation of 12.2 g La, ,Sr, Co, <Fe, sO5_5 Per-
ovskite-type Oxide by Citrate Method.

10025] The preparation was started by dissolving 3.9 ¢
La(NO;),, 10.16 g Sr(NO,),, 8.73 g Co(NO;),6H20, 12.12
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g Fe(NO;); into 800 ml dilute HNO; solution (720 ml
deionised water and 80 ml concentrated HNO;). 34.6 g citric
acld was added to the above-made metal nitrate solution.
The solution was then heated to 90-110° C. with reflux for
3 hours. After that, water was gradually removed from the
solution by evaporation until a gel-like “polymer” was
formed. This gel was collected and dried at 90° C. overnight
in an oven, and then subjected to a temperature of 500° C,
for 1 hour. The charred material was collected, ground and
sintered at 900° C. for 10 hour. The perovskite-type powder
of La, Sr, ;Co, Fe, 053 was thus produced. Its XRD
pattern 1s shown 1 FIG. 2.

EXAMPLE 3

Preparation of 20 g La, ¢Sry,Co, 4N1, JFey ,05 0

Perovskite-type Oxide by Combustion Synthesis
Method.

[0026] The preparation was started by dissolving 29.5 g
La(NO,),,6H20, 3.60 g Sr(NO,),, 9.91 g Ni(NO,)2.6H20,

9.91 g Co(NO;),6H20, and 6.88 g Fe(NO,)5,9H20 into 400
ml deionised water. 32.0 g glycine (H,NCH,CO,H) was
then added to the above-made solution. This solution was
heated up to 90-100° C. while stirring for about 3 hours with
reflux. The water was then evaporated and a concentrated
solution of about 100 ml was obtained, which was trans-
ferred 1into an alumina crucible and placed 1nto a box furnace
pre-heated at 250° C. The solution was further concentrated
and formed a gel-like material, which was quickly com-
busted as the furnace temperature was increased to 400° C.
The residue was collected and ground into powder. This
powder was then sintered at 900° C. for 8 hours. The
perovskite-type powder of La,4Sr,.CO, ,Ni, ,Fe,,0; s
was thus produced. Its XRD pattern 1s shown 1n FIG. 3.

EXAMPLE 4

Preparation of 500 g La, ¢Sr, ,Co, ,Ni, ,Fe, .05

Perovskite-type Oxide by Solid State Reaction
Method.

[10027] The powder of perovskite-type oxide was prepared
first by mixing of corresponding metal oxides and then
under repeated steps of sintering, ball-milling and filtration
for three times. The sintering steps lasted for 8 hours at ramp
and cooling rates of 3° C./min. The sintering temperatures in
3 repeat steps were, respectively, 1000° C., 1250° C. and
1300° C., and the sintering time was 8 hours. The first
sintering was conducted right after dry-mixing of La,O,,
Sr(OH),8H,0, Ni,0;, Co,0; and Fe,O;. The ball milling of
the material was carried out with grinding the media and
water after each sintering. The solid was collected by
filtration after ball milling. The filtration cake was dried at
100° C. over night before it was subjected to the next
sintering. After the last ball-milling, the dried filtration cake
was crushed and ground into fine powder. The powder had
a perovskite-type phase structure as shown in FIG. 4.

EXAMPLE 5

Fabrication of La, Sr, ,Co, 4Ni, ,Fe, .05 s Perovs-
kite-type Oxide Extrudates without Support.

[0028] The perovskite-type oxide powder made in
Example 4 was transferred into a slurry after addition of
about 5 wt % hydroxyethyl cellulose and 14.5 wt % water.
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The cellulose was added first and well mixed with the solid.
Water was then sprayed 1n, little by little, with intermediate
stirring and mixing to preserve the homogeneity of the
mixture and to avoid agglomeration. Thus obtained slurry
was aged overnight before 1t was loaded 1nto an extruder and
transformed 1into extrudates (15" diameter and %" long). The
extrudates were dried in an oven at 90° C. for about 2 hr.
They were then heated at 3° C./min to 600° C. and kept at
this temperature for 5 hr. After the cellulose was burned out,
the extrudates were further sintered at 1350° C. for 8 hours.
The final product of La, ;Sr, ,Co, N1, ,Fe, .04 0 extrudes
appeared to be dense and mechanically strong.

EXAMPLE 6

Fabrication of 50 wt % alpha-Al,O; Supported
La, Sr, ,Co, 4N1, ,Fe, .03 Perovskite-type Oxide
Extrudates with Support.

10029] The perovskite-type oxide powder made in
Example 4 was well mixed with equal amount of alpha-
Al O, powder (100 mesh). The mixture was then sintered at
1300° C. for 8 h with ramp and cooling rates of 3° C./min.
After sintering, the color of the mixture changed from black
to dark blue. The resulting powder was turned into a slurry
atter addition of about 5 wt % hydroxyethyl cellulose and
20.5 wt % water. The cellulose was added first and well
mixed with the solid. Water was then sprayed 1n, little by
little, with mntermediate stirring and mixing to preserve the
homogeneity of the mixture and to avoid agglomeration.
Thus obtained slurry was aged overnight before 1t was
loaded 1nto an extruder and transformed into extrudates (V5"
diameter and %" long). The extrudates were dried in an oven
at 90° C. for about 2 hr. They were then heated at 3° C./min
to 600° C. and held at this temperature for 5 hr. After
cellulose was burned out, the extrudates were further sin-
tered at 1350° C. for 8 h. The final product of 50 wt %
LSNCF-82442/alpha-Al O5 extrudes appeared to be porous

and mechanically strong.

EXAMPLE 7

Fabrication of 30 wt % alpha-Al,O; and 10 wt %
Gamma-Al203 supported

La, Sr, ,Co, 4N1, ,Fe, .08 Perovskite-type Oxide
Extrudates with Support.

[0030] The perovskite-type oxide powder made in
Example 4 was well mixed with alpha-Al,O, powder (100

Furnace
Temp.
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mesh) at a ratio of 6:3 by weight. The mixture was sintered
at 1050° C. for 8 h with ramp and cooling rates of 3° C./min.
After sintering, the color of the mixture changed from black
to dark blue. The resulting powder was well mixed with
camma-Al203 at a ratio of 9:1 by weight. The mixture was
then turned into a slurry after addition of about 5 wt %
hydroxyethyl cellulose and 20.5 wt % water. The cellulose
was added first and well mixed with the solid. Water was
then sprayed 1n, little by little, with intermediate stirring and
mixing to preserve the homogeneity of the mixture and to
avold agglomeration. Thus obtained slurry was aged over-
night before 1t was loaded 1nto an extruder and transformed
into extrudates (5" diameter and %" long). The extrudates
were dried 1 an oven at 90° C. for about 2 hr. They were

then heated at 3° C./min to 600° C. and held at this
temperature for 5 hr. After cellulose was burned out, the

extrudates were further sintered at 1350° C. for 8 h. The final
product of 60 wt % LSNCF-82442/30 wt % alpha-Al,0,/10

wt % gamma-Al203 extrudes appeared to be porous and
mechanically strong.

EXAMPLE 8

Comparison of the Performance of Unsupported
and Supported La, 4Sr, ,Co, 4Ni1, ,Fe, 05 s Perovs-

kite-type Oxide Extrudates for Cyclic Auto-thermal
Reforming (CAR) Process.

[0031] 200 cc of unsupported and alpha-Al,O;-supported
La, gSr, ,Co, 4Ni, JFe, ,058 perovskite-type oxide extru-
dates prepared in Example 5 and Example 6 were loaded
separately 1n a fixed bed reactor for two comparison experi-

ments. For cyclic auto-thermal reforming process, a flow of
air and a tlow of methane/steam mixture were fed alternately
into the reactor. Oxygen was retained by the perovskite-type
oxide during the air step in the form of solid phase lattice
oxygen, which was reacted with methane/steam mixture in
the subsequent step to form a product containing hydrogen
and carbon monoxide. Table 1 gives the results of the
experiments over unsupported and supported extrudates. As
shown 1n the table, the supported extrudates had much
higher methane conversion and hydrogen and carbon mon-
oxide concentration in the product.

TABLE 1

CAR Process over LSNCF-82442 with and without Support

H20/ _Product Composition (%) Carbon _Conversion (H, + CO)/CH,

CH4 H, CH, CO, CO Balance CH, H,O Real Ideal
50 wt % LaSrNiCoFe-82442/A1,0;

2.1 69.0 322 8.65 19.1 3.17 896 171 284  3.17
2.1 682 3.66 958 186 -6.18 8.5 11.3 2.73 3.08
1.5 67.3 452 725 209 -1.57 86.2 204 2.0 3.13
1.5 660 460 848 209 -226 864 11.1 2.55 2.95
2.1 66,5 537 746 206 -1.02 839 194 2.60 3.10
2.1 657 541 855 203 -142 842 139 251 2.98
2.1 66.3 587 7.25 205 0.18 82.6 21.7 2.58 3.13
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TABLE 1-continued

CAR Process over L.SNCF-82442 with and without Support
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Furnace

Temp. H20/ __Product Composition (%)  Carbon _Conversion _(H, + CO)/CH,

° C. CH4 H, CH, CO, CO Balance CH, H,O Real Ideal
Pure LaSrNiCoFe-82442 perovskite

800 (Co) 21 645 9.0 125 140 0.9 74.8 162 2.2 3.0

800 (Re) 2.1 6277 10,7 12.6 139 0.6 71.2 129 2.1 2.9

800 (Co) 3.3 61.8 114 1477 121 2.7 701 77 19 2.8

800 (Re) 3.3 598 135 1477 120 0 66.4 4.8 1.8 2.7

Note:

ideal (H, + CO)/CH, was under assumption of 100% CH, conversion
Co: Co-current flow;
Re: Reverse flow

[0032] While this invention has been described with

respect to particular embodiments thereof, it 1s apparent that
numerous other forms and modifications of the ivention
will be obvious to those skilled i1n the art. The appended
claims 1n this mvention generally should be construed to
cover all such obvious forms and modifications which are
within the true spirit and scope of the present mvention.

Having thus described the mvention, what we claim 1s:

1. A composition comprising a supported perovskite-type
oxide having a general formula A A’ B, B'/ .05, wherein:

A 1s an 1on of a metal of Group Illa or IIIb of the periodic
table of elements or mixtures of these;

A' 1s an 1on of a metal of Groups Ia or Ila of the periodic
table of elements or mixtures of these;

B and B' are 1ons of a d-block transition metal of the
periodic table of elements or mixtures of these;

X, X', y and y' range from 0 to 1.05;
0.95<x+x'<1.05;
0.95<y+y'<1.05; and

0 1s the deviation from 1deal oxygen stoichiometry:

2. The composition as claimed 1n claim 1 wherein A 1s an
La 1on, A' 1s an Sr 1on; and B and B' are selected from the
group consisting of N1, Co and Fe 1ons.

3. The composition as claimed 1n claim 1 wherein said
supported perovskite-type oxide has the formula
La Sr, N1 Co,. Fe .0O53s, wheremn x, X', y, y' and y" are all
smaller than 1.05 but greater than 0.

4. The composition as claimed 1n claaim 3 wherein
0.5<x<1, 0.1<x'<0.5, 0.2<y<0.8, 0.2<y'<«0.6 and 0.1<y"<0.5.

5. The composition as claimed 1n claim 1 wheremn said

perovskite-type oxide has particle sizes 1n the range of about
0.01 to 100 microns.

6. The composition as claimed 1n claim 1 wherein said

perovskite-type oxide has particle sizes 1n the range of about
0.1 to 50 microns.

7. The composition as claimed 1n claim 1 wherein said
support 1s selected from the group consisting of porous
inorganic materials, which are stable at temperatures in the

range of 600-1200° C.

8. The composition as claimed 1n claim 1 wherein said
support is selected from the group consisting of: (1) metal
oxides; (2) aluminates; (3) metal aluminum silicates, and (4)
metals.

9. The composition as claimed 1n claim 8 wherein said
metal oxides are selected from the group consisting of
alpha-Al,O,, gamma-Al,O,, eta-Al,O,, ZrO,, T10,, MgO,
CeQ,, Ca0O and S10..

10. The composition as claimed 1n claim 8 wherein said

aluminate 1s selected from the group consisting of MgAl,O,
and CaAl,O,,.

11. The composition as claimed 1n claim 8 wherein said
metal aluminum silicate 1s a cordierite.

12. The composition as claimed 1n claim 8 wherein said
metal 1s a porous high nickel containing alloy.

13. The composition as claimed 1n claim 1 wherein said
support 1s selected from the group consisting of alpha-
Al,O,, gamma-Al,O; and eta-Al,O, or mixtures of these.

14. The composition as claimed 1n claim 1 wherein said
support 1s selected from the group of cordierites consisting
of Mg,Al, [ AlSi;O,.] and Fe,Al, [ AlS1;0,.].

15. The composition as claimed 1n claim 1 wherein said
support 1s MgAl,QO,.

16. The composition as claimed 1n claim 1 wherein said

support has particle sizes 1 the range of about 1 to 10,000
microns.

17. The composition as claimed 1n claim 16 wherein said
support has particle sizes 1 the range of about 10 to 1,000
microns.

18. The composition as claimed 1n claim 1 which 1s
prepared by dispersing perovskite-type oxides onto the
selected support with or without the aid of a liquid solvent;
and treating the mixture of perovskite-type oxide and sup-
port at a temperature of 600-1,500° C.

19. The composition as claimed 1n claim 1 wherein said
supported perovskite-type oxide has the shape selected from
the group consisting of beads, rings, extrudates with any
cross sectional shapes with or without holes, honey-comb
with uniform channels and monolith with random porosity
and foam structure.

20. The composition as claimed 1n claim 19 wherein the
shape 1s selected from the group consisting of monolith or
extrudates with cylindrical shape.
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21. The composition as claimed 1n claim 1 further com-
prising additives useful in the forming process and useful to
control the pore structure.

22. The composition as claimed 1n claim 21 wherein said
additives are selected from the group consisting of water,
organic solvents, cellulose, polymers, synthetic and natu-
rally formed fibers, starch and metal oxides.

23. The composition as claimed 1n claim 22 wherein said
additives are selected from the group consisting of water,
cellulose, about 0.1 to 1 wt % MgO and about 0.1 to 0.5 wt
% T10,.

24. The composition as claimed 1n claim 1 having pore
sizes 1n the range of about 0.001 to 10 microns, and surface
area in the range of 1 to 200 m~/g.

25. The composition as claimed in claim 1 can be coated
on one or more support materials to achieve an increase in
performance, and enhancement of thermal and mechanical
properties.

26. The composition as claimed in claim 1 be further
coated or impregnated with metals selected from transition
and noble metals selected from the group consisting of Rh,

Pt, and Ag.
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27. The composition as claimed 1n claim 24 having pore
size 1n the range of 0.01-1 microns and surface area 1n the
range of 1 to 50 m2/g.

28. The composition as claimed in claim 1, which 1s
formed by extrusion.

29. The composition as claimed 1n claim 28 wherein said
extrusion 1s performed using screw extrusion methods.

30. The composition as claimed in claim 1, which 1s
formed by pressing procedures.

31. A method of separating a gas component from a
mixture of gases by either of pressure swing adsorption or
thermal swing adsorption comprising passing said gas mix-
ture through the composition as claimed in claim 1.

32. A method for converting hydrocarbons 1nto hydrogen
and carbon monoxide by contacting said hydrocarbons with
a composition as claimed 1n claim 1.

33. The method as claimed in claim 32 wherein reactions
of partial oxidation, steam reforming, or auto-thermal
reforming, take place 1n either continuous or cyclic opera-
tions.
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