PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 4 : (11) International Publication Number: WO 88/ 04108
A2
I];I(?II %78 /&g » EOIM 27/56 (43) International Publication Date: 2 June 1988 (02.06.88)

(21) International Application Number: PCT/US87/02881| (74) Agents: CHEN, John, Y.; SRI International, 333 Rav-
enswood Avenue, Menlo Park, CA 94025 (US) et al.

(22) International Filing Date: 2 November 1987 (02.11.87)
(81) Designated States: DE, FR (European patent), GB, IT

(31) Priority Application Number: 935,289 (European patent), JP, KR.
(32) Priority Date: 26 November 1986 (26.11.86)
Published
(33) Priority Country: uUs Without international search report and to be repu-

blished upon receipt of that report.

(71) Applicant: SRI INTERNATIONAL [US/US]; 333 Rav-
enswood Avenue, Menlo Park, CA 94025 (US).

(72) Inventors: MADOU, Marc, J. ; 3680 Bryant Street, Palo
Alto, CA 94306 (US). OTAGAWA, Takaaki ; 472 Lo-
well Palace, Fremont, CA 94536 (US). SHER, Arden ;
361 Seahorse Court, Foster City, CA 94404 (US).

(54) Title: SOLID COMPOSITIONS FOR FUEL CELLS, SENSORS AND CATALYSTS

(57) Abstract
) ) SOLID ELECTROLYTE:eg. La,  Sr, Fp.
Solid materials for use as electrolyte (62) for a Pt 9 50y>ly C2-y
fuel cell, or for a sensor, or as a catalyst. Represen-
tative structures include lanthanum fluoride, lead
potassium fluoride, lead bismuth fluoride, lantha- BA \ — 62

num strontium fluoride, lanthan strontium lithium
fluoride, calcium uranium cesium fluoride, PbSnFy,
KSn,Fs, SrCL.KCl, La; ,0OF 45, 0.1 < p < 0.3,
PbSnF.PbSnO, 0.0001 < g, r < 1, lanthanumoxyf- I
luoride, SmyNdyF,042.18 < a,b < 9.82,12 < ¢ < / A el

29.45,325 < d < 12,a+b ~ 12, ¢+2d ~ 36 and
the like. In another aspect, the present invention re-
lates to a composite and a process to obtain it of the
formula: Aj,ByQO; having a perovskite or a per-
ovskite-type structure as an electrode catalyst in
combination with: AyBy,F;., as a discontinuous
surface coating solid electrolyte, wherein A is independently selected from lanthanum, cerium, neodymium, praseodym-
ium, and scandium, B is independently selected from strontium, calcium, barium or magnesium, Q is independently select-
ed from nickel, cobalt, iron or manganese, and y is between about 0.0001 and 1, which process comprises: (a) obtaining a
particulate of: A, ,ByQO;, wherein A, B and y are defined hereinabove having an average size distribution of between
about 50 and 200 Angstroms in diameter; (b) reacting the particle of step (2) with a vapor comprising: AyB1.yF; 4, wher-
ein A, B and y are defined hereinabove, at about ambient pressure at between about 0 and 1000°C; for between about 10
and 30 hr. obtain a composite of between about 25 to 1000 microns in thickness; (c) recovering the composite of step (b)
having multiple interfaces between the electrode and electrolyte. In dnother aspect the invention relates to the heating of
these solid materials with oxygen and water to obtain higher ionic conductivity. In another aspect the invention relates to
the electrochemical doping of oxide ions present by treatment of the electrode-lanthanum fluoride interface at between
about 0 and 400°C in an oxygen environment at between about 10-3 and 10-¢ amperes per square centimeter for between
about 1 and 60 minutes. The invention also includes the use of the fuel cells disclosed to generate electricity.

PEROVSKITE : eg. Lay Srj.yC00;
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SOLID COMPOSITIONS FOR

FUEL CELLS, SENSORS AND CATALYSTS

BACKGROUND OF THE INVENTION

i

Field of the Invention

The present invention relates to materials and processes 10
prepare polycrystal and monocrystal forms for use in fuel cells in
sensors and as catalysts. 7 In specific embodiments, a fuel cell having
oxygen/solid lanthanum fluoride (as a single crystal)/hydrogen
configuration produces about 1 volt of open circuit potential at
essentially ambient temperature. In other specific embodiments,
specific mixed lanthanide or alkaline earth fluorides also produce
electricity at moderate temperatures. Embodiments also include a
porous perovskite-type metallic transition metal oxide electrode and a
lanthanum metal/alkaline earth/fluoride electrolyte which are useful as

a solid electrode/electrolyte in a fuel cell, as a sensor, or as a

catalyst.
DESCRIPTION OF THE RELEVANT ART

Fuel cells convert chemical energy to electrical energy directly,
without having a Carnot—cycie efficiency limitation, through
electrochemical oxidation-reduction reactions of fuels. Several types
of fuel cells have been or are being investigated at the present time.

These may generally be classified as shown in Figure 1, as Table 1,

‘depending upon the Kinds of electrolyte used and the operation

temperature.
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The solid electrolyte fuel cell which can be consider;ed;as the
third generation fuel = cell teéhnology, is | essentiélly an
oxygen-hydrogen (or HZ—CO mixture) _fue[ cell operated at hfgh
temperature (ca. 1000°C) with a solid ceramic oxide material used as
the electroly{e. At present, yttrium- or calcium-stabilized zirconium
oxides have been used as the electrolyte. The mechanism of ionic
conduction is oxygen ifon transport via,'OZ— anion in the solid oxide
cryStal lattice. |

Additfonal rreferénces of interest include the following.

B.C. LaRoy et al., in the Journal of the Electrochemical Society:

Electrochemical Science and. Technology, Vol. 120, No. 12 pp.

1668—;673, published in December 1973, disclose some efectrical pro-
perties of solid-state electrochgrq@gg_l__93(2/95351_<s§n§ors using' vapor
deposited fhin films. VP:olycrystaHine [anthanum ﬂuorideh solid
electrolyte_s were investigated at ambient temperature.

T. Horiba in U.S. Patent No. 4,550,067 discloses secondary cell
batteries in which the po'sitiver electfode is made of materials such as
phthalocyanine complexes, meta.l.porphyrin compl*e"kés and the like.

'LyaH> in U.S. Pateﬁt No. 3,625,769 and Fouletierrin U.S. Patent
No. 4,526,674 each disclose rlrithi,um'/oxygen fuel cells. .‘ |

‘Raleigh in U.S. Patent No. 4,118,194 and Weininger in U.S.
Patent No. '3,565,692; each disclose halogen electrochemicai cells or
the like. |

Ledorenko in U.S. Patent No. 4,172,022 and Eliot in U.S. Patent
No. 3,645,795, each disclose the use of phthalocyanine7¢ompounds rin

gas sensor electrodes.



WO 88/04108 - PCT/US87/02881

10

15

20

25

Zeitner in U.S. Patent NO. 3,909,297 discloses a lithium-chloride
battery.

In U.S. Patent No. 3,698,955 and 3,719,564, Lilly discloses the
use of rare.earth fluorides such as lanthanum fluoride as solid
electrolytes which are deposited as their films in a battery and a gas
sensor respectively.

G.W. Mellors in European Patent Application No. 055,135 dis-
closes a composition which can be used as a solid state electrolyte
comprising at least 70 mole percent of cerium trifluoride and/or
lanthanum trifluoride an alkaline earth metal compound e.g. fluoride,
and an alalki metal compound e.g. lithium fluoride.

Additional references cited also include the following.

B.V. Tilak, R.S. Yeo, and S. Srinivasan (1981), "Electro-
chemical Energy Conversion-Principles", in "Comprehensive Tréatise
of Electrochemistry" Vol. 3: Electrochemical Energy Conversion and

Storage (J.O'M. Bockris et al. editors), pp. 39-122, Plenum Press,

New York,

K.K. Ushiba, (1984), "Fuel Cells", Chemtech, May, pp. 300-307.

A. Sher, R. Solomon, K. Lee, and M.W. Muiler (1967), "Fluorine
Motion in LaF3", in "Lattice Defects and Their Interactions”, R.R.
Hasiguti, Editor, pp. 363-405, Gordon and Breach Science Publishers,
New York.

A. Yamaguchi and T. Matsuo (1981), "Fabrication of Room Tem-
perature Oxygen Sensor Using Solid Electrolyte LaF3 (Japanese)",
Keisoku-Jidoseigyo-Gakkai Ronbunshu, Vol 17(3), pp. 434-439,

M.A. Arnold and M.E. Meyerhoff (1984), "lon-Selective Elec-

trodes," Anal. Chem., Vol. 56, 20R-48R,
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S. Kuwata, N..,Miura, N. Yamazoe, and T. Seiyama (1984),

"Potentiometric Okygen Sensor with Fluoride lon Conductors Operating

at Lowerf-'Temperatures (Jépanese)“, J. Chem. Soc. Japan., 1984(8),
ppP. 1232-1236, and "Response of A Solid-State Potentiométric VSernsor
Using LaF3 to A Small Amounf of HZ or CO in Air at Lower rTempera—_
tures", Chemistry Letters, pp. 1205-1296, 1984, | |

M. Madou, S. Gaisford, and A. Sher (1986), "A Mqltifunctional
Sensorr for Humidity, Temperature, and Qxygen“, rProc. of the 2nd
International Meeting on Chemical Sensors, Bordeaux, France, pp..
376-379. | |

A. McDougall (1976), "Fuei, Cells™, Energy. Alternativés Series
(C.A. McAuliffe, series _Véd:i‘tor), The Macmillan Press Ltd., London.

T. Takahashi (19784)7, "Fuel Cells. (Japaﬁese)';, Chemistry - One
Point Series 8 (M. Taniguchi, editor), Kyoritsu-shﬁppan, tokyo.,

Japan.

N. Yamazoe, N.,J. Hisamoto, N. Miura, S. Kuwata (1968), "Solid -

_State Oxygen Sensor Operative at Room Temperature”, in Proc. of the

2nd Int. Meeting on Chemical Sensors, Bordeaux, France.
J. Meuldijk, J. and H.W. den Hartog (1983), "Charge Transport

in Sr1;xLaxF2+x rsolidr soluj:ions. "~ An lonic Thermocurrgnt Study";

Physical Review B, 28(2), pp. 1036-1047.

H.W. den Hartog, K.F. Pen, and J. Meuldijk (1983), “Defect

Structure and Char;ge Trénsbdrt in Solid Solutions Ba,__L

1-x axF

o
2+x !
Physical Review B, 28(10), pp. 6031-6040.

J. Schoonman, J., G. Oversluizen, and K.E.D. Wapénaar (1980,

"Solid Electrolyte Properties of LaF,", Solid State lonics, Vol. 1, pp.

211-221.
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A.F. Aalders, A. Polman, A.F.M. Arts and H.W. de Wijn (1983),
"Fluorine Mobility in La]_xBang_>< (0(x¢0.1) Studied by Nuclear
Magnetic Resonance", Solid State lonics, Vol. 9 & 10, pp. 539-542.

A.K. lvanovshits, N.l. Sorokin, P.P. Fedorov, and B.P.
Sobolev (1983), "Conductivity of Sr1—xBaxF3—x Selid Solutions with
Compositions in the Range 0.03sx<0.40, "Sov. Phys. Solid State,
25(6), pp. 1007-1010.

J. O'M. Bockris, and T. Otawaga (1984), "The Electrocatalysis
of Oxygen Evolution on Perovskites", J. Electrochemical. Soc.,
131(2), pp. 290-302.

Additional general information is found in "Fuel Cells" by E.J.

Cairns et al. in Kirk-Othmer: Encyclopedia of Chemical Technology,

(3rd Ed.), Vol. 3, pp. 545-568; and in nFuel Cells" by 0.J. Adlhart

in Van Nostrand's Scientific Encyclopedia, 6th ed., DM Considine

(ed), Van Nostrand Reinhold Co., New York, pp. 1296-1299, 1986,
which are both incorporated herein by reference.

Solid electrolyte fuel cells have several advantages over the

other types of fuel cells:

1. There are no liquids involved and, hence, the problems
associtated with pore flooding, maintenance of a stable three-phase
interface, and corrosion are totally avoided.

2. Being a pure solid-state device, it poses virtually no main-
tenance problems. For example, the electrolyte composition is invari-

ant and independent of the composition of the fuel and oxidant

streams.

3. lnexpensive metallic oxides (ceramics) rather than expensive

platinum can be used as the electrode catalysts.
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5. The solid electrolyte fuél cells demand leés feed gas prepa-

ration than the phosphoric acid cell (see Fi-gurer 1), which reqﬁires a

~conversion of CO to H, via the ‘water-gas shift reaction, or the

molten 'carbonaté cell (see Figure 1), which requires a carbon dioxide
loop due to fhe use of carbonate jons for Iohic transport.

The attraction of developing a solid eIectronfe fuel cell is its
simplicity. However, a high operation temperature (ca. 1Q00°C) i:s by
faf the most critical aspect of this type of fuel cell. A[fhough high
operat'i’o._n temperature ,produce's high-quality exhaust heat that can
generate 'addi%ional eleétrical power, leading to a high overall system
efficiency, maintaining the integrity of the cell components sucﬁ as

the interconnector is the most difficult challenge.

=~ lt-is therefore desirable to develop alternative low temperature

solid materials and cojmposites' for use as solid elecrtrolytes in fuel
cells, és solid .sensors and as solid ¢atalets that can be operéted in
a range of 400-600°C or lower (preferably about 200°C, especially at
ambient temperature). Some orf; the étructures described herein have |
been examined for usefulness as battery electrolytes. However, none
of the refereﬁces cited Vhereinabove, indiv'idua-lly or collectfveiy,
disclose or suggest the present'invemr:‘ion' as described herein. The
pfesent jnvention relates to the design of such low temperature solid
electrolyte fuel cells, sensors, or catalysts based on non-oxide solid -
electrolytes, such as solid solutions of ,lanthariiderfludrides (e.g.

L2, STy xFaex! -
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SUMMARY OF THE INVENTION

The present invention relates to solid materials which have
application as an electrolyte for a fuel cell, a sensor or a catalyst.
More specifically, the present invention relates to a solid material

5 [AA] for use as an electrolyte for a fuel cell or for a sensor or as a
catalyst, each having a polycrystal or single crystal structure, com-
prising:

(a) a structure of the formula:

AF3
10 wherein A is independently selected from lanthanum, cerium, neo-

dynium, praseodynium, scandium or mixtures thereof, wherein AF3 is

a single crystal or a portion thereof;
(b) a structure of the formula:
Pbl-xl\AxFZ--x
15 wherein M is independently selected from potassium, or silver, and X
is between about 0.0001 and 0.25;

(¢) a structure of the formula:

pbi-xleF2+x

wherein x is defined herein above;

20 (d) a structure of the formula:

F

Ayal—y 2+y

wherein:
A as defined hereinabove,

B is independently selected from strontium, calcium, barium or
25 magnesium, and y is between about 0.0001 and 1;

(e) a structure of the formula:

ABL Ly
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wherein A, B and y are as defined hereinabove, z is between about
0.0001 and 0.10 wherein y+z is less than or equal to 1;
(f) a structure of the formula:

N1--n—mUncemF2+2n+m

wherein N is independently selected from calcium, strontium or bar-

jum, n is between about 0.0001 and 0.05, and m is between about
0.0001 and 0.35;

(g) a structure of the formula:

PbSnFq'

with the proviso that PbSnFq is only useful as a fuel cell electrolyte;

(h) a structure of the formula:

KSnz,Fs;
(i) a structure of the formula:
. SrCl,-KCl;

(j) a structure of the formula:
L'3011:7}::?«&-2;:)
wherein p is between about 0.0001 and 0.9999;

' (k) a structure of the formula:

PbSNnF_+PhSnO
- q r

wherein q and r are each independently from between about 0.0001
and 1;

(1) a structure of the formula:

, (AO1.5)y(GF2)1-y

wherein A is as defined hereinabove, y is between about 0.0001 and
1, and G is independently selected from calcium and magnesium; and

(m) a structure of the formula:

SmaNdecOd
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wherein a and b are each independently between about 2.18 and 9.82
and ¢ is between about 12 and 29.45, and d is between about 3.25
and 12, with the proviso that a+b is about 12 and c+2d is about 36.

In another aspect, the present invention relates to a process for
the preparation of an electrolyte for a fuel cell or for a sensor, which
process comprises:

(a) reacting a structure of material [AA] above in an
atmosphere comprising a mixture of oxygen and water wherein the
water is present in between about 1 and 99% by weight at between 100
and 1000°C for between about 10 and 50 hrs.

in another aspect, the present invention relates to a process for

the preparation of an electrolyte for a fuel cell or for a sensor, which

-~

process comprises:

(a) subjecting, for instance, about one gram of a structure of

3 .
amperes per square

material [AA] above to a current of about 107
centimeter at a temperature of between 0 and 400°C for a time
sufficient to transmit a certain amou'nt of coulombs equivalent to a
product of one Faraday (coulombs/mole) times X where X is between
about 0.001 and 1, depending upon the specific material structure.

In another aspect, the present invention relates to a process
(BB] for preparing a composite consisting essentially of:

/‘5\1_\/8‘7,QO3

having a perovskite or a perovskite-type structure as an electrode

catalyst in combination with:

A B._F
y 1=y 2ty

e i
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as a discontinuousrsurface coating ~solid e{ectrol);te wherein A is
independently selected from léhthanum; cerium, neodymium, praseo-
dymium, or scandium, B ‘is independently selected from’ strontmm,
calcium, barium orr magnesium, Q is independently selected from
nickel, cobalt, iron or manganese, and y is between about b.OOOl and
1, which process cbmprises:
(a) obtaining a particulate of:
1 yB QO
wherein A, B and y are defined hereinabove having " an average

crystal size distribution of between about 50 and 200 Angstroms in

rdiameter and a surjface area of between about 10 and 100 meters

2/c_:;rams and fo'rm'edr into a ,film—like or pellet-like shape having' a
general thickne:ss of between about 1 and Smm, a pore size ofr between
about 25 and 200 Anstroms: and | 7

(b) reactirig the pa—rtic!ufate of step (a) with a vapor
comprising: |
AyB1—yF:2-i-y
wherein A, B and y are defined hereinabove, at about ambient pres-
sure at between about 0 arid 1’000°C~ for between about 10 and 30 hr.
obtain the composxte of between about 25 to 1000 microns in
thrckness and

(c) recovering the composite<of sﬁep (b) having multiple inter-
faces between:

1 yB QO and Ay81_yF2+y

said composite having a pore size of between about 25 and 20‘0

Angstroms and a surface area of between about 10 and 100 meters

Zlgram.
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A preferred embodiment in this process [BB] is wherein A is
lanthanum, B strontium, Q is cobalt, and especially where y is about
0.3. Another preferred embodiment of process [BB] is wherein A s
selected from cerium or scandium, B is selected from strontium or
magnesium, Q is selected from nickel, cobalt or manganese and y is
between about 0.2-and 0.4,

In another aspect the present invention relates to the use of the
composite of Claim 16 selected from electrode/electrolyte for a fuel
cell, a sensor, or a contact catalyst for synthesis or degradation.

The use of the composite material of Claim 28 as an elec—
trode/electrolyte for a fuel cell or a sensor.

The use of the composite material of Claim 30 as an oxygen
sensor or a fuel cell.

In another aspect the present invention relates to the process
for the generation of electricity, which process comprises:

(a) contacting a solid electrolyte of [AA] above or -prepared by
process [BB] above v.vith a fuel at between about 0 and 1000°C.

in another aspect the present invention relates to the process
described herein wherein the fuel for the fuel cell is selected from
hydrogen, hydrazine, ammonia, fossil fuels, separate components of
fossil fuels, or mixtures thereof, wherein all fuels have a boiling
point at ambient temperature of 250°C or less. It is especially useful
to obtain a fuel cell having an operating temperature between about
10 and 30°C.

In another aspect, the composite material may be prepared by

replacing the perovskite-type structure of the process [BB] with a
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r_néta[-phthalocy'/anine structure, wherein the metal is selected from
iron, cobalt, nickel and the like.r
Iﬁ still another aspect, the _perovskite-:type electrode (or the
metél-phthalocyanine electrode) and the discontinuous fluoride
5 electrolyte of process [BB] are each thin films of between about 1
and 25 microns on a conventidnal inorganic catalyst 'support. 7

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows Table 1 as a comparlson of various types of fuel
cells.
10 Figure 2 shows the open circuit voltage V(VOC)- versus time using
a single crystal of lanthanum fiuoride (LaF ,).
| Figure 3 shows a comrguratxon of a fuel cell using, for instance,
. a smgle crys;al of thinly-machined and polished lanthanium fluoride.
Figure 4 shows a curve of the open circuit voltage versus time:
15 using a single crystal of lanthanum fluoride (LaFj). Figure & is at
0.575 volts using PdZPt electrodes. 7 -
Figure 5 is a table showing the open circuit voltage (V ) for
air, nitrogen, oxygen andrhydrogen.-
' Figure 6 is a cross section of a solid material composite for solid
20 elrectrode/electro(yte -having a Pt contact, é solid coating of an
electrode (e.g. Lao‘./.S»r‘On,)FZ.7 with a perovskite-type electrode (e.g.
Lao.7Sr0.;.3CoO3). | '
Figure 6A is an enlarged cross section showing the discontinuous
nature of the electrolyte on a pore opening of the porbus' electrode.
25 Figuré 7 is a cross section ofra'sc-nlid material composite useful as
a solid electrode hayirig ‘a catalyst éupport, a platin.um contact, a

solid coating of an e;ectrdlyte (e.g., La ,Sry 4F, ;) with a solid
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discontinuous coating of a perovskite-type (e.g., Lao'75ro.3CoO3) or
a metal phthalocyanine (Co,Ni, or Fe phthalocyanine) electrode.
Figure 7A is an enlarged cross section showing the discontinuous
nature of the electrolyte in contact with the electrode on the solid
support.
DETAILED DESCRIPTION OF THE
INVENTION AND PREFERRED EMBODIMENTS

In the present invention, lanthanum fluoride is the solid elec-

trolyte of choice for a fuel cell, or a sensor. [ts properties are

shown below in Table 2.

Table 2
PROPERTIES OF LaF,

-Crystal structure: hexagonal space g;‘oup is P63/mcm —D36h
-with twelve formula units per cell,,

-Melting Point: 1493°C,

-Density: 5.936,

-Dielectric constant: 14 (at 10MHz),

-Thermal conductivity: 0.025 (W cm_1deg'1),

-Electrical conductivity ~ 1077 a7 Tem-1 (at 25°C)

-Transmits light from the vacuum ultraviolet into the infrared,
~-The effective Debye temperature is:™¥360°K,

-The activation energy for fluorine ion diffusion is ~0.45 eV,
-Activation energy for the formation of defects: ~0.07eV,
-Birefringence: 4n=0.006,

-Thermal expansion coefficient: 11x10-6 cm/cm/°C (c-axis,

25°C), a good match is Cu,
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LaF3 has unique physicochémical properties sucﬁ as high elec—
trical conductivity and high rpol'arizability at room temperafure. The
Debye tempefature of La-i'-'3 is only 360°K, while its mreltingr point is as
high as 1766°K. The observed phenomena appear to be associated

5 with the formation of -Schottky defects ‘and with the diffusion of
defects has the unusually low value of ~0.07 eV, and tﬁe room tem-
perature Schottky defect density .is about 1019./cm3.

Fluorine in LaF-‘3‘usuaHy exists’ i,nr three m'agnetircall'y nom-
equivalent sites. Covalent bondingr predominates in. two of fhe‘ sites.

ld In the tﬁird site, the fluorines make up a layered array Mth'apprbx&
mately 60% ionic bonding and about 40% w-bonding. The high po-
larizability and high conductivity of LaF3 at room temperature is
primarily due to the motion of F~ ions through the latter sites. | The
relatively small radius of é- is almost identical’ with that of the oxide

15 0%

ion (1.25 A); thefefore oxide ifons (02- jons) can substitute for
the F~ ions in LaF3. [t has been. confirmed the oxygen ion {ransport
th,rfoi;gh the bulk of -a .single crystal LaF'3 by Auger electron

' spectroscbpy. In otherr words, the solid electrolyte L'aF3 serves as a
supporting electrolyte analogoué to liquid phase in which oxygen ions.

20 can move freely.

Lanthanum Fluoride as a Solid Electrolyte for Fuel Cell

Traditiona(ly LaF3 has been extensively uséd as a F ion selec-
tive electrode in electroanalytical chemistfy. Recently LaF3 has been
applied to a room temperature potentiometric oxygen sensor and to a

25 multifunctional sensbi‘ for humidity, temperature, oxygeh gas, and
dissolved oxygen. However, no disclosure exists con'ce"rni}ng tﬁe.'u'se

of LaF3 material as a single crystal as-a solid electrolyte in a fuel
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cell. In earlier investigations, it was determined that polycrystaliine
lanthanum fluoride as a thin film solid electrode was unreliable and
unpredictable. About one of ten electrodes prepared shorted out
under laboratory conditions. As is described below, the single

5 crystal lanthanum fluoride solid electrolyte was reliable and
predictable.

Figure 2 illustrates a result on a LaF3 fuel cell. In this case, a
single crystal of between about 10 and 100 mils is used. As shown in
Figure 3 , one c¢m diameter single crystal L.aF3 with a thickness of 25

10 mils was used. A comb-shape noble metai (Pt, Au, or Pd) ele-ctrode
{21 + 21A) was sputtered on both sides of the LaF3 sample 22. One

electrode was exposed to pure hydrogen and the other was exposed to

room air. A Pt/Pt system exhibited an open circuit potemtial»(»vo»é) of- -

about 0.6 volts at room temperature. The resuit was repeatable upon
15 on an on/off cycle of hydrogen. When the Pt/oxygen cathode 21 was
replaced by a Pd electrode with a different configuration, Voc was
increased to 0.88 wvolts. However, in either caée, the observed short
circuit currents were in the order of 10—8 Amperes. This small
amount of current is due to the fact that, in the electrode
20 configuration used in our experiments, the total area of the
triple-interface (i.e. gas, electrode catalyst, and solid electrolyte)

available for electrochemical reactions was extremely small. Current

density is greatly increased when a large surface area platinum black

is used as an electrode.




WO 88/04108 ' - , PCT/US87/02881

-16-

The following electrochemi_cal reactions may take place at each

electrode:
Cathode: 7 0, + je” = 202-,
Anode: 2H, + 202" = 2H,0 + te”

5 Effect on \LOC of Oxygen Partial Pressure Differences Between Working

and Counter Electrodes

A study was rna.d.evto determine how a difference in oxygeﬁ
partial pressures on either Side of the solid electrolyte contributed to
the measured Voc values. The relation used was

10 Vovc = RT/4F In Py (At electrode #1)/ 'PO (At electrode # ) where

2 2

P. stands for partial pressure of oxygen at the electrode specified,

0

R izs the universal gas consténf,r T is the te’mperature in Kelvin, and
F is Faraday's constant. |

However, from V'Ehe fesuits seen in Figure 4 and in Figure 5

15 (Table 3) the oxygen partial ‘pres'sure differences dornot determine

the measured Voc with‘air at working electrode and oxygen at the

counter electrode. This will confirm the result that_ the obsérved Voc

is indeed due to a fuel cell function.

Those solid materials containing both lanthanum and fluorine

20 (especially structure of formula (a)), are very attractive as solid

electrolytes in low temperatures (10 to 30°C) solid electrolyte of fﬁel
cells.

In preférred embodimenfs of material [AA] above, each of the

structures (a) through (m) are each independently preferred as a

25 solid electrolyte for a fuel cell, a solid electrolyte for a sensor or as

a catalyst, espeacially as fuel cell or a sensor.
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In a preferred embodiment, the solid material material [AA] of
the SUMMARY is selected from structures of formula (a), (b}, (d),
(e) or (j). In another embodiment the solid material of [AA] of the
SUMMARY is selected from structures of formula (a), (b), (f), (h),

5 {j) or (k).

Other preferred embodiments of the solid material include the

following:

[1] fuel cell of material [AA] above has a useful operational
temperature range of between about 0 and 1000°C especially wherein
10 the structure in subpart (a) is AF3 wherein A is lanthanum, and
also where the operational temperature is between about 15 and 30°C;
[2]. the electrolyte of material [AA] is used in a device as a
sensor to detect gases selected from oxygen in the gaseous phase -or
dissoI\,/ed in a liquid; _ |
15 [3] the electrolyte of material [AA] is used for a sensor
wherein the sensor has a useful operating range of between abouf
-40°C to + 1000°C; or
[4] the solid material [AA] above as an electrolyte for a sensor
of [AA] above is wherein the oxygen sensor has an operating range

20 of between about 0°C and 600°C.

In the present invention the solid materials of [AA] are unless
otherwise stipulated, individually preferred as a component of a . fuel
cell, of a sensor or as a catalyst useful in the interconversion
formation and degradation of organic compounds, nitrogen-containing

25 compounds and the like,
It is intended that the solid materials described herein for use

as solid electrolytes for fuel and for sensors optionally incfude
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pretreatment of the sur;face of the solid, preferably ‘structures of
formula (3], especiaﬂy- where A is lanthanum as described herein
below.

Pretreatment Using Oxygen Atmosphere

5 An instrinsic singlér crystal of LaF3 has a conductivity of 10-7

ohm-1 c:rn-'1 (which is mainly due to F ions) at room temperature. It

is suggested that the oxygen ion conductivity in LaF3 may be in-

creased simply by sintering the crystal in an oxygen gas atmosphere

because some of F ions may be replaced by .02— ions.r : Recently,

10 Yamazoe et al., (sﬁprg) reported that the response time of Lan

oxygen sensor was dramatically improved by the treatment of rLaF3 in

a stream of air containing 15 torr of water vapor at 1500C forn 12 hr.

- This improvement is presumably due to the formation of a lanthanum

oxy-fluoride at the surface (the chemical combo‘si’tion may be’written

15 as lanthanum oxyﬂ'uoride of the structure (j}.in material [AA] above.

In the present invention, the materials described in the Summary

of the Invention (and in Claim 1) arersintered'in an oxygen environ-

ment at elevated temperature. The material is placed in an oxygen

atmosphere containing from 1 to 99 percent by weight of water.

20 Usually the water present is between about 10 and 30 percent by

weight especially about 15 percént by weight. The temperature‘ is

usually between about 100 and 1000°C, preferably between about 150
rand 600°C, especially between about 200 and 400°C.

Pretreatment using Electrical Polarization

25 It is also possible to pretreat a solid material [AA] to enhance
its lonic conductivity by contacting the material with a polarizing

electrical current. Thus, the electrochemical doping (pumping) of
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oxide ions is achieved by subjecting about 1 gram the material [AA]

to 10-3 amperes per square centimeter for between about 1 to 25 hr
at ambient temperature. Stated in another way about 1 gram of the
structure of the material [AA] above is subjected to a certain amount
-5 of coulombs equivalent to a product of one Faraday (coulombs/mole)
times X where X is between about 0.001 and 1 a depending on the
specific material [AA] structure (a) to (m). This electrochemical

pumping may be performed between about 0 and 400°C.

- An Electrode/Electrolyte Composite

10 Perovskite-type

In general, the electrocatalysts for the above cited low tempera-
ture solid electrolyte fuel cell can be noble metals (e.g. platinum),
their alloy.; ‘c;;_.b_lé;:—k;:V'fr;e.t'ail‘-:;—ahrtgalrbCYa-rﬁ“i»nes, transition metal cata-
lysts (e.g. Ni/NiO), and metallic transition metal oxides (e.g.

15 Lao.gSroJMnO?J).

Particularly, it is of interest to use electronically conductive
perovskite-type oxide: e.g.:

A1-xBxQO3
where A, B, Q and x are as defined hereinabove as catalytic

20 electrode materials, especially for the oxygen reaction in conjunction
with the lanthanide fluoride solid electrolyte:

AxBT-><F:2+><
wherein A is: (La, Ce, Nd, Pr or Sc);
and B is: {Sr, Ca, Ba or Mg);

25 and x is between about 0.001 and 1.

An example of such a composite_electrode/electrolyte system

would be: Lay ,Sry 3C003/Lag ;5rg 575 ;-
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On this interface the electronically conductive phaée

(electrode: La0‘75r0.3F2‘7)
exist adjacently to each other and even may be mixed on an
atomic-fevel by sharing La and Sr atoms.

In designing systems of A, B Q0 A Bl xF2+x

one can choose atoms for A and B in such a way that there is a
maximum degree of matching in the lattice parameters and thermal
coefficients of the two phases. T.herefore, the jcornpoéite system
1 xBxQO /A B1 XF2+X
can be an ideal site to facilitate the following reaction:
0, + 4e” = 2077,
because a .well defined, stable atomic-scale three-phase interface (gas,

electrode, electrolyte) can be established in the

A‘l_— B QO A B1 XF2+X

The perovskites useful in this invention rﬁay be purchased or
may fe formed according to the procedur‘és described in the literature
e.g., T. Kudo et al., U.S. Patent No. 3,804,674, which is
incorporated herein by reference. |

A typical perovskite prepération is .described below in Example

Figure 6 shows the configuration of a composite for use in a fuel
cell., The perovskite.substrate (porous oxide) electrodé 61 is treated
with a vapor to deposit'the fluoride electrolyte 62 on the surface. As
shown in Figure 6A fluoride 62 or 65 will enter the pores of the
perovskite and also be on the surface 64 of the perovskite in a

discontinuous manner. In this way, millions of two material catalytic
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surfaces sites 66 are created to facilitate the electrochemical reaction
at the intersection of the perovskite 61 and fluoride (62 or 65).
Figure 7 shows the configuration of a supported composite for
use in a fuel cell. The perovskite substrate 71 is spray dried onto
5 an inorganic support 70 such as silica, thoria, zirconia, magnesia, or
the like having mechanical stability. The fluoride electrolyte 72 is
then vapor deposited on the surface of the perovskite 71. As shown
in Figure 7A the fluoride electrolyte 72 as a vapor enters the pores
of the perovskite 71 and the substrate 70 in a discontinuous manner.
10 In this way, millions of two-material catalytic surfaces 74 are created
to facilitate the electrochemical rreaction at the intersection of the
perovskite 71 and fluoride 72. .

Metal Phthalocyanines

The present invention “ also  contemplates the wuse of
15 metal-phthalocyanines in electrode/electrolyte composites. In this
embodiment of the inventiop, the metal-phthalocyanine
(Z-phthalocyanine) is used to replace the perovskite-type oxide
" described above on a weight to weight basis and is then combined
with the solid electrolyte as is described above. The metal ions (Z-)

20 preferred include iron, cobalt, nickel and the like.
Typical metal-phthalocyanines in these composites include those
described above and, for example, those and similar ones described
by K.V. Kordesch in U.S. Patent No. 3,783,026, which is

incorporated herein by reference.

25 The composites described below in Claims 28, 29, 30 or 31 are

preferred.
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Sensors'
The use of the structures disclosed herein are described sensors
.in analiytical devices to determine components in the vapdr phase and
also in the liquid prhase. 7
5 These sensors are preferably- useful to analyzé oxygen, carbon
dioxide, methane, ethane, ethylene, ammonia, hydrorge'nr sulfide or the
like.  Lanthanum fluoride is preferred to analyze oxygen in a gaseous
phase or in a liquid, preferably an aqueous solution.
The range of the analysis may be from betwe_en about a par;c per N
10 billion to 10,000 parts per miHidn in tﬁe gas phase (usually performed
in the potentiometric morde.).' Even rhigh concentrations of a
component, ‘for instance,' in the liquid phaée deferm:xned in the
current mode because the probortionality is linéar ratherr than
Iogrfthmic. |
15 ?or the structures defined above in the summary in a preferred
embodiment the -solid material for use as an electrolyte m a fuel cell
or i}1 a sensor or for use as catalyst ié selected from structures of.
(b), (c), (d), (e}, (f), (M), (O, (), (k), (1), or (m). A more
preferred embodiment of -the solid méterial is se.lected,from the
20 structurres of (b), (<), r(d), or (e). Another preferred embodiment
of the 'sorfid méterial is selected from the strdctures of (k), n or
(m). |
The following VExamples are intended fo be illustrative only and

are not to be construed as limiting in any way.
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EXAMPLE 1

Formation of Solid Thin Films and Fuel Cell Measurements

(aa) As is described in B.C. LaRoy et al., (above, and

incorporated herein by reference), lead 75 potassium 25 fluoride
5 1.75 (Pb0.75K0.25F1.75) is evaporated onto in a thin polycrystalline
film onto a substrate to a thickness of 25 mils. Pt black is coated
onto the polycrystalline film. One electrode is exposed to pure
hydrogen and the other is exposed to room air. This Pt/solid
electrode/Pt system is expected to exhibit a useful open circuit,
10 potential (VOC) of between about 0.5 and 1.0 volts.
(bb) The procedure of subpart (aa) above is repeated, except

that the Pb0'75K0'25F1'75 is replaced by an equivalent weight of

Pb 45Bi 5%y, 75

(cc) The procedure of subpart (aa) above is repeated, except

@

15 that the Pb0‘75K0.25F1.75 is replaced by an equivalent weight of

aF2.30
(dd) The procedure of subpart (aa) above is repeated, except

La‘3Sr

that the Pb0'75K0.25F1.75 is replaced by an equivalent weight of

Lao.usr.sL‘Fz.S'

20 (ee) The procedure of subpart (aa) above is repeated, except
that the Pb0.75K0.25F1.75 is replaced by an equivalent weight of
Ca gg!.02%.1 2. 14°

(ff) The procedure of subpart (aa) above is repeated, except

that the Pb0.75K0.25F1.75 is replaced by an equivalent weight of

25 PbSnFq.
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(gg) The procedure of subpart (aa) above is repeated except

thatr the Pb0.7570.25F1.75 is replaced by an equxva[ent we;ght of
KSnFS. 7 7 |
(hh) The procedure of subpart (aa) above is repeated, except

that the Pb0.75K0.25F1.75 is rep[aeed by an equivalent weight of

SrCIZ-KCl.'
(i) The procedure of subpart (aa) above is repeated, except

that the Pb0 7SK0 ZSFT 75 s replaced by an equivalent weight of .

La0 ;YF 6
(jj) The procedure of subpart (aa) above is repeated, except

that the Pb0.75K0.25F1.‘75' is replaced by an equivalent weight of

PbSnF PbSnO
(kk) The procedure of subpart (aa) above is repeated except

that the Pb is replaced by an equnyalent weight of"

0.75 0.25 1.75

(LaO (CaF

1.570.5(C3F ) 5" , 7
(H) The procedure of subpart (aa) above is repeated, except

that - the Pb0 75 0 25F1 75 is replaced by an equiva[’enrt weight of

- Sm NdF 0

6 1879° , ,
In subparts (bb) to (lI) the fuel cell obtained is expected to

generate a useful open circuit potential (VOCJ of between about 0.5

and 1.0 volts.
_ EXAMPLE 2 7
FORMATION OF A,PEROVSKITE FOR AN ELECTRODE

A pure lanthanum nickelate crrystal' is synthesized by a
co-precipftatfon technique. The starting materials are La(NO3)3~6H20

and Ni(NO,),-6H.,0 (alternatively acetates and chlorides can be used

as the starting materials}, The proper amounts of each nitrate
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required to give the desired stoichiometry are weighed and dissolved
in doubly distilled water to remove Na* and separated quickly by a
centrifuge technique at 2000 rpm for 15 min., since Ni(OH)2 tends to
dissolve at pH~7. This process is repeated several times. The
obtained precipitates are dried in an oven at 100°C overnight. The
dried powder is then put in the furnace at 800°C for 16 hours in an
O2 atmosphere, The electrode is made by pressing the powders into
13mm diameter pellet (Beckman model K-13 die) at a pressure of 300kg
cmnz. The pellet is sintered at 750°C in an O2 atmosphere for 438
hours and the perovskite pellet is recovered.

A thin film (about 100 micrometers) of Lao.ssro.st.s is
prepared on the perovskite layer by conventional vacuum evaporation
(LeRoy et al.) using pure materials of lanthanum fluoride and
strontium fluoride in a tungsten boat applying a current of about 40
amperes in a high vacuum of about 10‘7 torr., The composite obtained

is expected to have a useful open circuit potential of between about

0.5 and 1.0 voits.
EXAMPLE 3

A Porous Substrate-LaO.SSro‘sCoO?, (film)-—LaO.SSrO.SFL{5 (film)

by Spray Pyrolysis/Vacuum Evaporation or Reactive Sputtering

(aa) A thin layer of a perovskite oxide is prepared on a porous
substrate (e.g. alumina, zirconia oxide with pore ‘size of abut 100 A

with a thickness 1-2 mm) by a spray pyrolysis. As an example, the
50% Sr dpped LaCoO3 is prepared as follows: 8.5g Sr(NO3)2, 23.3g
Co(NO3)2-6HZO and 17.81g La(NO3)3-6H20 (alternatively acetates and
chlorides can be used as the starting materials) are dissolved in

disltilled water and sprayed onto the hot porous substrate (about 10
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cm by 10 cm) at a flow rate of about 10 mL/min. The homogenebus
constituent - is then decomposed at 250°C, followed by quenching
oxygén and heating 500°C, in air for 3hr.r The perovskite éataly_st
loading should be about 10mg~/cm2. Then,ra thfh film (about 100urﬁ)
of Lao.55r0.5F2.5 is prepared on the perovékite layer by a vacuum
evaporation using p’uré materials of LaF3 and Ser in a tungsten boat
and applying a current_of about 40 Amperes in high Qacuum of about
10'-7 torr. Alternatively pure metal targets can be used in a
sputtering process in a !c'm'frpressure fluorine atmrospherer(re.g. 10 m
torr). The obtained fuel cell is expected to generarte an open circuit
potential (VOC] of between aboﬁt 0.5 and 1.0 \)olts. (See Figure 6,7
6A, 7, 7A).7

In the above (aa) subpart the reaction is repeated using an
equivalent wéfght of nicke[ phthralocyah‘fne forrthe perovskite. The
composite formed is expected to have a useful open cfrcuit potential of
between about 0.5 and 1.0 volts.

EXAMPLE 4

FORMATION OF A SINGLE CRYSTAL BASED FUEL CELL
A single crystal of lanthanum fluoride is pretreated in an oxygen

atmosphere'mc 50% oxygen. The single crystal is cut into slabs and

. one slab is polished down to a thickness of 100-200 micrometers. A

25

layer of pordus rplatinum black of between 'TOQ and 200 micrometers
thickness is coated on opposite faces of the sléb. - One electrbde is
exposed to pure hydrogen énd the other electrode is exposed to room
air. This platinum/solid lanthanum ﬂuoride.elecrtrolyte/p(atrinum is
expectéd to exhibit a useful open circuit potentiél '(VOC) of between

about 0.5 and 1.0 volts,
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EXAMPLE 5

LaF, as a Sensor for Oxygen

(a) Lanthanium fluoride, as a portion of a single crystal, is
machined and polished to the dimensions of 2 ¢cm in diameter and 100

5 micrometers in thickness. This disk is placed in an appropriate
electrical circuit in an analytical sensing device.

(b) When the sensor is contacted with a mixture of gases
containing oxygen, it is expected that it is possible to detect the
presence of oxygen between about 0.1 and 10,000 ppm.

10 (c) When the sensor s contacted with aqueous solution
containing oxygen, it is expected that the sensor will detect oxygen
between about 0.1 and 10,000 ppm.

(d) The other solid materials of [AA] above (a) through (m)
are also expected to be useful sensors for oxygen in the gas phase or

15 the liquid phase.

(e) The composite materials described herein as the single
crystal or polycrystal when machined as described in subpart (a)

. above, are expected to be able to detect oxygen in a gas phase or in
an aqueous solution.

20 While some embodiments of the invention have been shown and
described herein, it will become apparent to those skilled in the art .
that various modifications and changes can be made in the present
invention regarding solid materials for use as electrodes (electrolytes
in fuel cell applications, in sensor applications and in catalyst appli-

25 cations) without departing from its spirit and scope. All such modi=-
fications and changes coming within the scope of the appended claims

are intended to be covered thereby.
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WE CLAIM:

1. A solid material for usé as an electrolyte for a fuel cell or
for a sensor or as a catalyst each having a polycrystal or single
crystal structure, comprising:

(a) a structure of the formula:

AF3
wherein A is independently selected from lanthanum, cerium, neo-
dynium, praseodyhium, scandium or mixtures thereof; wherein AF3. is
a single crystal or a portion thereof;
(b) a structure of the formula:
PbT—XMxFZ-x
wherein M is independently selected from potassium, or silverr, and x
is between about 0.0001 and 0.25;

(¢) a structure of the formula:

E

Pbl-xB‘x 24x

wherein x is Vdefined hereinrabove;

(d) a structure of the formula:

AyBi‘-yF2+y

wherein: '

"A as defined hereinabove,

B is independently selected from strontium, calcium, Vbarium or
magnesium, and y is between about 0.0001 and 1;

(e) a structure of the formula: |

Ay B 1 —y-zLiF2+y+z

wherein A, B and y are as defined hereinabove, z is betwéen about

0.0001 and 0.10;

(f) a structure of the formula:
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N1—n—mUnCEmF2+2n-f-m
wherein N is independently selected from calcium, strontium or bar-

ium, n is between about 0.0001 and 0.05, and m is between about

30 0.0001 and 0.35;
(g) a structure of the formula:

PbSnF4
with the proviso that PbSnFLl is only useful as a fuel cell electrolyte;

(h) a structure of the formula:

35 KSnzFS;

(i) a structure of the formula:

SrClz-KCI;
(j) a structure of the formula:
Laol-pEHZp
40 wherein p is between about 0.1 and 0.3;
(k) a structure of the formuia:

PbSnF_+PbSnO
qg r

wherein q and r are each independently from between about 0.0001

and 1;
45 (1) a structure of the formula:

(AQ (GFZ)

1.S)y 1-y
wherein A is defined hereinabove, y is between about 0.0001 and 1,
and G is independently selected from calcium and magnesium; and
(m) a structure of the formula:
50 SmaNdecod
wherein a and b are each independently between about 2,18 and 9.82
and ¢ is between about 12 and 29.45, and d is between about 3.25

and 12, with the proviso that a+b is about 12 and c+2d is about 36.
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2. A solid material of Claim 1 selected from structures of
formula (a), (b), (d), (e) or (j).

3. A solid material as an electrolyte for a fuel cell of Claim 1
selected from structures of formula (a), (b), tf), (h), ) or (k).

4, The solid material és an electrolyte for a fuel cell of Cfaim 1
wherein the fuel cell has a useful operational temperaturé range of
between about 0 and 1000°C. 7

5. Ther solid material of Claim 4 is useful as an electrolyte
wherein the structure in subpart (a) is AF3 wherein A is lanthanum.

6. The solid material as an electrolyte of Claim 5 wherein the
operational temperature is between about 15 and 30°C.

7. “{;he solid material as an electrolyte of Claim 1 wherein the
electrolyte is used in a device as a sensor to detect oxygen in the
Qaseous phase or oxygen dissolved in a liquid. |

8. The solid rﬁaterial as 'a'nrelectrolyte for a sensor of Claim 1
wherein the sensor has a useful operating range of between about
-40°C to + 1000°C. |

79. " The so[idr material as an elec{rolyte for a sensor of Claim 3
wherein the sensor has an operating range of between abut 0°C and
600°C. |

10. A process for the preparation of an electrolyte for a fuel
cell or for a sensor, which procéss comprises:

(a) reactiﬁg structure of Claim 1 in atmosphere comprising a
mixture of oxygen and water wherein the waferis present in between

5 about 1 and 99%-by weight at between 100 and 1000°C for between

about 10 and 50 hrs. i 7 : : - ;
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11. A process for the preparation of an electrolyte for a fuel
cell or for a sensor, which process comprises:

(a) subjecting the equivalent of about one gram of a solid
material of the structure of [AA] to a current of about 10_3 amperes
per square centimeter for a time sufficient to transmit a certain
amount of coulombs equivalent to a product of one Faraday
(coulombs/mole) times X where X is between about 0.001 and 1 at a

temperature of between about 0 and 400°C.
12. A process for preparing a composite comprising:
Al-yByQO3
having a perovskite or a perovskite-type structure as an electrode

catalyst in combination with:
Ay81~yF2+y

as a discontinuous surface coating solid electrolyte wherein A is

independently  selected from lanthanum, cerium, neodymium,

praseodymium, and scandium, B is independently selected from

strontium, calcium, barium or magnesium, Q is indépendently select-

ed from nickel, cobalt, iron or manganese, and y is between about

0.0001 and 1, which process comprises:

(a) obtaining a particulate of:

Aq.,B,Q0;

wherein A, B and y are defined hereinabove having an average size

15distribution of between about 50 and 200 Angstroms in diameter;

(b) contacting the particle of step (a) with a vapor comprising:

A B, F
y -y 24y

PCT/US87/02881




WO 88/04108

20

-32-

wherein A, B and y are defined hereinabove, at about ambient pres-

sure at between about 0 and 1000°C: for between about 710 and 30 hr.

~ obtain a composite of betWeen about 25 to 1000 microns in thickness;

25

(¢) recovering the composite of step (b) having mul{iplé inter-
faces between:
AT-yByQO3
and
Ayal-yF2+y

said composite having a pore size of between about 25 and 200

Angstroms and a surface area of between about 10 and 100 meters

2/gr'am.

13. The process ofr Claim 12 wherein A is lanthanum, B
strontium, Q is cobalt.

‘14, The pf‘ocess of Claim 13 wherein y is about 0.3.

15. The process of Claim 12 wherein A is selected from cerium
or scandium, B is selected from strontium or magnesium, Q is selected
from nickel, cobalt or mangéneée’ and y is between about 70.2 and 0.4,

16. The compbsité obtained by the process of Clairﬁ 12.

17. The composite obtained by the process- o.f Claim 13.

18. Thercomposite obtained by the process of Claim 14,

19. The composite obrtained by the pro'cess'of Cléim 15.

20. A process for npreparing a composite comprising:
Z-phthalocyanine as an electrode catalyst in combination with:

AyB1-yF2+y

as a discontinuous surface coating solid electrolyte wherein A is

independentl{/ selected from lanthanum, cerium, neodymium,

praseodymium, and scandium, B s independently selected from

PCT/US87/02881
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strontium, calcium, barium or magnesium, Z is independently selected
from nickel, cobalt or iron, and y is between about 0.0001 and 1,
which process comprises:

(a) obtaining a particulate of:

Z-Phthalocyanine

wherein Z is defined hereinabove having an average size distribution
of between about 50 and 200 Angstroms in diameter;
(b) contacting the particlulate of step (a) with a vapor

comprising:
AyBT—yFZ-y
wherein A, B and y are defined hereinabove, at about ambient pres-
sure at between about 0 and 1000°C: for between about 10 and 30 hr.
obtain a composite of between about 25 to 1000 microns in thickness;
(¢) recovering :”the composite of step (b) having multiple inter-
faces between:

Z-Phthalocyanine
and
A B, F
y 1=y 2=y
said composite having a pore size of between about 25 and 200
Angstroms and a surface area of between about 10 and 100 meters

2/gram.

21. The process of Claim 20 wherein A is lanthanum, B is
strontium, and Z is iron.

22. The process of Claim 21 wherein vy is about 0.3.

23, The process of Claim 21 wherein A is selected from cerium
or scandium, B is selected from strontium or magnesium, Q is selected

from nickel, cobalt or manganese and y is between about 0.2 and 0.4.
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24, Thé composite obtained by the process 20. 7
25. The composite obtained by the process 21.
26, The compoéité obtained by the process 22,
27. The composite obtained by the process 23.
28. A composite consisting essentially of:

A, B QO3

-yy
having a perovskite or a perovskite-type structure ‘as a solid

"electr"ode catalyst in combination with:

AYBl-yFZW
as a discontinuous surface coating solid electrolyte on the perovskite
wherein A is independently selected frdm lanthanu’rﬁ, cerium,
nebdymium, praseodyﬁxfum; or scandium, B is in,depéndently selected
from strontium, calcium, barium or magnesium, Q .is independently
selected from nickel, cobalt, iron or manganese, and y is between
about 0.0001 add 1 whereini the perovskite has an average size
distribution of betweeﬁ about 50 éﬁd 200 Angstroms in diameter;
and the compoéite layer of between about 25 to 1000 microns in.
thickness; |

said composite having multiple interfaces between:
A1_'yB QO3

and
7 Ay81-yF2+y _
and a pore size of between about 25 and 200 Angstroms and a surface
area of between about 10 and 100 meters Z,Igram.
29. The composite of Claim 28 which further includes a suitable

inorganic support.



WO 88/04108 . PCT/US87/02881

-35-

30, A composite consisting essentially of a Z-phthalocyanine
wherein Z is a metal selected from iron, cobalt or nickel as a solid
electrolyte in combination with:

AyBI-yF2+y
5 as a discontinuous surface coating solid electrolyte on the surface fo
the Z-phthalocyanine wherein A s independently selected from
lanthanum, cerium, neodynium, praseodymium or scandium, B is
independently selected from strontium, calcium, barium or magnesium,
and y is between about 0.0001 and I wherein the Z-phthalocyanine
10 has an average size distrirbution of between about 50 and 200

Angstroms in diameter and the composite is between aobut 25 and 1000

microns in thickness, said composite having multiple interfaces

between the Z—phthaloc.:yanine and AyBl_sz_l_ and a pore size of

Y
between about 25 and 200 Angstroms and a surface area of between

15 about 10 and 100 meters 2/gram.

31. The composite of Claim 30 wherein the composite further
includes a suitable inorganic support.
32. The use of the composite of Claim 28 selected from elec-

trode/electrolyte for a fuel cell, a sensor, or a contact catalyst for

)

synthesis or degradation.

33. The use of the composite of Claim 30 as an elec~
trode/electrolyte for a fuel cell a sensor or contact catalyst.

34, The use of the composite of Claim 28 as an oxygen sensor.

35, A process for the generation of electricity, which process

comprises:

(a) contacting a solid material of Claim 1 with a fuel at between

about 0 and 1000°C.
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36. The process Vof’ Clairﬁ 35 wherein the fuel for the fuel cell is
selected from hydrogen, hydrazine, Vammonia,'r’ossril fuels, separate
components of fossil fuels, or ,mixtuf_es théreof, whererin all fuels have
a boi]ing point at ambient temperature of 250°C or less.

37. The process of Claim 36 wherein in step (a) the operating
temperature is between about 10 and 30°C.

38. The solid material of Claim 1 wherein the cvrystal'structure

is selected from (b), (c), (d), (e), (f), (h), (), (), (K), () or |

(m).

39. The solid material of Claim 1 wherein the crystal structure

is selected from structures of (b), (c), (d), or (e).

40. The solid material of Claim 1 wherein the crystal structure

is selected from structures of (k), (1) or (m}.

PCT/US87/02881
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