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LANTHANIDE CERAMIC MATERIAL

ABSTRACT OF THE DISCLOSURE

general

wherein

Ln

MI

Mll

A lanthanide oxide ceramic material having the

formula:

LaaLnbM’ CM, ! dO3_5 ,-

is a combination of Ce, Pr and Ng;
ig at least one alkaline earth metal;

is at least one metal selected from the group con-
sisting of Co, Fe, Ni, Zn, Cu, Mn, Al, V, Ir, Mo,
W, Pd, Pt, Mg, Ru, Rh, Cr and Zr; and

C=a=1; 0.0l< b = 1;
C << 0.6; 0=dz< 1; and
-1 <06 < +1
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Invention Title: LANTHANIDE CERAMIC MATERIAL

The following statement is a full description of this invention, including the
best method of performing it known to us -
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Field of inventiecn
The pregent invention concerns a material based on
a lanthanide metal containing complex mixed oxide with
functional electrical or catalytic properties exhibiting

improved commercial and technical performance.

Background of the invention

Classical ceramic materials for solid oxide compo-
nentg, a variety of catalysts, electrical heating elements
and other electronic ceramics are based on mixed oxides
containing lanthanide elements such as perovskites having
the general formula ABO;. In this formula the symbol A -
represents a single lanthanide element and in some cases
smaller amounts of alkaline-earth elements. The symbcl B
represents a metal ion with an ionic radius smaller than
the A cation. Changing the chemical composition makes it
possible to control a variety of technologically important
properties such as electronic conductivity, ionic conduc-
tivity, heat bonductivity, thermal expansion, catalytic
properties, chemical stability and high temperature stabil-
ity. However, the high prices for pure lanthanide materials
are prohibitive for a more widespread commercialization.
Furthermore, the pure mixed oxides typically used may be
very refractory and very difficult to sinter into dense

ceramic components.

Detailed description of the invention

This invention provides a novel lanthanide based
complex oxide having an electrical conductivity at a high
temperature, wherein a portion of the metal La in the
general chemical formula is replaced by the metals Ce, Pr
and N& in amounts above 1%. This new material makes it
possible to use partly refined lanthanum raw material,
often named "lanthanum concentrates" instead of more expen-

sive highly refined lanthanum chemicals. The presence of
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the other lanthanides in the complex mixed oxide, in addi-
tion to traces of other impurities originating from the
partly refined lanthanum raw material enhances the sinter
activity of the mixed oxide making densification easier.
Furthermore, the lanthanum deficiency in the mixed oxide
induced by partly or completely replacing lanthanum with
other lanthanides reduces the detrimental reaction between
lanthanum and other components adjacent to the mixed oxide
material. This i1g a well known problem when using pure
lanthanum ceramic materials as cell material in Sclid Oxide
Fuel Cells.

In accordance with the present invention, there is
provided a lanthanide oxide ceramic material having the
general formula: La,LngM’ M’'"40;_ 5, wherein Ln is a combina-
tion of Ce, Pr and Nd; M" is at least one alkaline earth
metal; M'‘ ig at least one metal selected from the group
consisting of Co, Fe, Ni, Zn, Cu, Mn, Al, Vv, Ir, Mo, W, Pd,
Pt, Mg, Ru, Rh, Cr, and Zr; and 0 = a s 1; 0.01 « b = 1;

0 £cs0.6; 0=sdz=1; and ¢ is a defect amount, i.e., a

value necessary to correct any mismatch in valances. Pre-

ferably, Ln is about 0.01 to 50 atomic per cent of each of
Ce, Pr and Nd, a is at least 0.1, and each of ¢ and d are

greater than 0, and more preferably, at least 0.1.

Changes in properties introduced by the other
lanthanide elements when compared with mixed oxides without
these other lanthanides may be compensated for by doping
with other elements. For instance in the case of lanthanum
based perovekites the A-zite may be doped with alkaline
earth elemente such as Mg, Ca, Sr or Ba and the B-site may
be doped with metal eleménts or transition elements.

The classical cathode material for Sclid Oxide Fuel
cells (SOFC) is the perowvskite lanthanum. strontium
manganate (LSM). This material is traditionally synthesized
by solid state reaction of pure oxides, carbonates or

hydroxides. Other well-known synthesis methods start with
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mixtures of solutions of pure salts of the actual elements.
The material according to this invention may be gynthesized
by mixing the partly refined mixed lanthanide raw powder
with strontium carbenate and manganese oxide followed by
calcination.

Another synthesis method according to this inven-
tion is to dissclve the partly refined mixed lanthanide raw
powder in an acid such as nitric acid followed by addition
of salt sclutions of strontium and manganese. This mixed
salt solution may be pyrolysed to produce the desired
lanthanide based material.

Lanthanum chromites represent the state-of-the-art
materials for use as current interconnections in SOFCs.
This material has an ABO,-type perovskite structure and
alkaline-earth cations (like Mg, Ca, Sr or Ba) are often
substituted for a fraction of La on the A-lattice site
greatly enhancing the electrical conductivity. Lanthanum
strontium chromites have become quite popular for SOFC
interconnections due to an excellent combination of prop-
erties.

According to this invention lanthanide ceramic
materials may be prepared as described above and in the

following Examples.

Example 1

Commercial Lanthanum Concentrate containing 40%
Lay0y, 4% Ce0y, 5.5% Prg0;; and 13,5% Nd,05 plus 1% other
lanthanides is dissolved in 65% HNO,. This solution is
combined with a 1 M solution of Sr(NO;), and Mn(NO,); in

quantities according to the chemical formula:
Lag. 54Ceg 05PTg, 07Ndg 14570 15MNO,

The resulting mixed salt solution is added glucose in a

molar ratio of 1:1 with respect to the total metal cation
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content and pyrolysed in a 600°C hot rotary furnace result-
ing in a single phase complex perovskite powder. After
calcination at 900°C followed by ball milling the powder is
suitable for traditional ceramic processing such as tape
casting, screen printing or dry pressing. The X-ray dif-
fraction spectrum of the calcined powder shows the charac-

teristic lines for a single phase perovskite material.

Example 2

Commercial Lanthanum Concentrate containing 40%
La,03, 4% Ce0,, 5.5% Prg 0y, and 13.5% Nd,0, plus 1% other
lanthanides is mixed with Sr(CQ,), and Cr,0; in amounts

according to the c¢hemical formula:
Lag 54Ceq 05PTp, 07Ny 188F 0. 15C10;

The powder mixture is calcined at 900°C followed by spray-
drying. The spray-dried powder is shaped by dry pressing
followed by sintering in air, argon or nitrogen at tempera-
tures between 1400°C and 1700°C. The X-ray diffraction
gpectrum of the calcined powder shows the characteristic

lines for a single phase psrovsite material.
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l HE INV I RE AS FOLI OWS:
1. In a methed of preparing a lanthanide oxide ceramic material which

comprises combining a source of lanthanide elements, a source of an alkaline
earth metal and a source of a metal selacted from the group consisting of Co,
Fe, Ni, Zn, Cu, Mn, Al, V, Ir, Mo, W, Pd, Pt, Mg, Ru, Rh, Cr and Zr and forming the
ceramic material from said sources, the improvement which comprises
employing lanthanum concentrate as the source of the lanthanide elements,
said lanthanum cancentrate containing 40% LaOj, 4% CeQs, 5.5% Prs041 and

13.5% NazQs.

2, The method of claim 1, wherein the scurce of lanthanide elements
contain about 0.01 to 50 atomic per cent of each of Ce, Pr and Nd based on the
total amount of lanthanide elements.

3. A product produced by the process of claim 1.

4. A product produced by the process of claim 2.

5. The ceramic material having the formula

Lag.54Ce0.05Pr0.07Ndp.18515.15MnO3,

6. The ceramic material having the formula
Lag 54Ce0.05Pr0.07Ndo 18510.15CrO3,

7. In a fuel cell having a ceramic material therein, the improvement which
comprises a ceramic material comprising the lanthanide oxide ceramic material
of claim 5.
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8. In a fuel cell having a ceramic material theresin, the improvement which
comprises a ceramic material comprising the lanthanide oxide ceramic material

of claim 6.
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