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We have developed a cgamic material based on
SrTiO, with an eledronic condctivity up to 80S/cm and
substantial oxygen ion conductivity under reducing
conditiors at 80C0°C. It can be g/cled between oxdizing
ard reducing environments withou loss of mecdhanicd
integrity. ltsthermal expansionandchemicd propertiesare
compatible wittzirconiaor ceria dedrolytes. It may find
applicationas a mixed condtcting ceramic fuel cdl anoce.

SrTiO, hastheided cubic perovskitestructure. Its
conductivity at 800°C is nea 10° S/cm in air due to
acceptorimpurities. Dona dopng d the A-site by
lanthanideor yttrium ions increases the conductivity by
several orders of magnitude. As oxygen presdaure is
decreasedhe conductivity initialy deaeasesurtil a aoss
over to ntype conduction, then increases. Althoughthe
largeions, La- Nd, are ompletely soluble in SrTiO,, the
smaller lanthanides are more dfedive in generating
conductioreledrons andthe most eff ediveisyttrium. The
solubility of Y in SITiO; is nea 8 mol% and the
conductivity of this compasition at 800°C is over 60 S/cm
at aPo, of 10" atm. This compares to values of lessthan
15 S/cm for any of the other dopants.

SrTiO, exhibitsafair degreeof nonstoichiometry
and the side mntaining Sr vacancies is of greder
importance in this application. In order to make the Y-
dopedcompound extraSr isremoved to compensatefor the
chargedifference between Y and Sr ions, creding A-site
vacanciesThusthe compaositionat themaximum solubilit y
of yttrium is SrygeY00s110; and hes a wrrespondng
conductiviy of 63 S/cm at 800°C. However, by further
increasing the Sr deficiency 0 SrygeYo0sli10; the
conductivity increases to over 80 S/cm.

Doping of 5% transition metal ions on the B-site,

i.e.,substitutingfor Ti, resultsin adeaeasein condictivity.
Of the transition metas, cobalt and manganese ae least
deleterioug(c = 35 S/cm) and Cr and Zn have the most
deleteriouseffed on conduwctivity. However, this is
partially off set by an incresse in Y solubility when B-site
acceptodopantsarepresent. For example, the condctivity
Of St 5Y 0.10T10.0:C0p 005 is 45 S/em.

The ionic conductivity of SITiO,; has not been
measuredndependent of the dedronic conductivity. An
upperestimate of log o; from the minimum in the plot of log
o, versus Po, at 80C°Cisintherange-4.5to -2 for undoped
to highly doped SITiO,. As such, SYT possesses useful
characteristicéor an anode material wherein the oxidation
readion can occur over the entire surface rather than only
at the triple phase boundxry asin Ni-YSZ. The cdalytic
performance of this material has not been evaluated.

Althoughanumber of single phase ceamics have
beenconsidered in the past as anodes for solid oxide fuel
cells,nore of them have proved viable. Materials sich as
(La,Ca)CrO,, (Ti,Nb)O,, and Sm,(Ti,Nb),O, have
insufficient conductivity under normal fuel cdl operating
conditions. The same is true of La-doped SITiO;, unless
high-purity gases with strongreducing potentials are used.
Gd,(Ti,M0),0, exhibitsa cmndctivity nea 70 S/cm over a
limited range of reduced oxygen presaure & 800°C, bu is
unstable & higher or lower presaures. ThusY-SITiO;isthe
first material with sufficient eledronic conductivity over a
broad range of temperature (600 - 1000°C) and oxygen
presaure (10**- 10%° S/cm) and adequateionic conductivity
to be suitable for a fuel cell anode.



