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l,BSTRACT

Before utilizing the two phase mixture of S- and a-AI z0
3

as s~lid electrolytes in oxygen probes that can monitor very. low

oxygen potentials, .the chemical stability of S-AI z0
3
(N~ tlAI

Z
0 3 ) <;

was studied by determining the· sodium oxide act~vity in a-AI
Z

0
3

,

•S-AI Z0 3 coexistence us~ng electrochemical cells of the typ~

ptlw(s) ,WSZ(s) ,NaZs(s) Is-. and a-Alt3IM(S) ,MxO(sl [Pt

r
where M stands for Cu, Ni or Fe. The over-all c~ll reaction for

~.these cells can be wr~tten as

w(s) + ZNaZS (s).4 Mx?(s) = ZNa Z0 (S) + WS Z (s) + xM(s)
I

By considering the following reaction•

I
+2"°2(g)

•
the measured values of NaZO activity in a-Al

Z
0 3 ,S-Ai

Z
0

3
coexis

tence were used to evaluate the variation of s9diMm vapor~res

sure· over this coexistence, PN~(a-Si' with temperature and oxygen

pressure. The results indicate that PNa (a-S) rea"ches one atmos

pheric pressure at I076°C in environments with AI,AIz0
3

(a) im

posed-oxyge~ potentials, and at 1834°~ in atmospheres with Fe,FeO

imposed-oxygen potentials.

~e

in A~,Na,S-A1203 coexistence and

also determined using the fol-

iii.--,.

The activities of Na20

S~A1203,S"-A1203 equilibria

I

\
i
I•,
I
i



lowing cetls
,

or

and

.respectiyely. The results obtained as well as the available

\.
t~ermodynamic data in~the l~rature for the Na-AI~O sys~em were

used to partially represent the equilibrium~xy~enpressure dia-

gram of Na~AI~O system at IOOOK.

To establish the reliability

mixture' of S- anda-A1 20 3 as a solid

"rr '
of usiJ g the two phase

I
electrolyte in oxygen probes,

the Ni-AI-O and Fe-Al-O systems at tempera ures·in the range

galvanic cells using sqlid electrolyte tubes fabricated from

technique, electron microprobe analyses, and X-ray powder dif-

..

ositions inThe thermodynamic

850·C-1150·C hav'been also investigated using electrochemical

800·C.

this mixture with electrodes of fixed oxy?en ChemiCal potentials

were dqvelop~d. Experimental fesults indic~ed ~thiS solid

electrolyte responded reversibly to oxygen potentials as·high as

'~hO of cu,cu~o equilibria between 600°C and IOOO·C, a~d as low'

,~ as those 0 'coexistence between 550°C and
/

/,

(
:~

,
fraction stufies. Results· showed that, about one ppm of Al in •
Ni or Fe is s~fficient to stabilize ~-AI203' Electrochemical

cells with calcia stabilized zirconia.as solid electrolyte and wor-

king eiectrodes of the type Ni (or Fe) -AI all,?y, Al 26
3

(ex) had
,

I

!,.,
r
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. "
shown electrical instability which was not amenable to correction

by coulometric disturbance or by temperabure cycling. When

s- and a-A1 2o J solid electro~yte was used in combination with
.

Ni (or Fel-AI,AI203(al electroaes, steady and.reproducible poten-

tials were measured at 940·C which enabled ,the equilibrium oxygen

pressur1s over these electrodes to be calculated. The values

ob~ained for the oxygen pressures were outside the electrolytic

domain of calcia stabilized zirconia which explain the insta-

bility problems of cells with this electrolyte.

Quanti tative results' have been obtained for the phase compo-
•

sitions in the 'ternary syste~ Ni-AI-O, a~d Fe-AI-O. These re-

suIts have been used to construct the IOOO·C Ni-AI-O isotherm,

and to modify and'ex~end the NioLAl 20 3-quasibinary system given

p~ViOUSly in the literature. The equilibrium oxygen pressure

diagrams of .the 'Ni-AI-O and Fe-AI-O systems have been construc-
•

ted at IOOO·C based on the results of this"investigation as well
, '

,:.:

as the available data in the literature.

,
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