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DESTABILIZATION OF YTTRIA-STABILIZED ZIRCONIA INDUCED BY 
MOLTEN SODIUM VANADATE-SODIUM SULFATE MELTS* 

A.S. Nagelberg and J.C. Hamilton 
Combustion Research Facility 
Sandia National Laboratories 
Livermore, California 94550 

:tent of si rface destabilization of Zr02 - 8 wt % Y2O3 ceramic disks was 
determined after exposure to molten salt mixtures of sodium sulfate containing up 
to 15 mole% sodium metavanadate (NiaV03) at 1173 K. The ceramic surface was 
observed to transform from the cubicltetragonal to monoclinic phase, concurrent 
with chemical changes in the molten salt layer in contact with the ceramic. Sig- 
nificant attack rates were observed in both pure sulfate and metavanadate-sulfate 
melts. The rate of attack was found to be quite sensitive to the mole fraction of 
vanadate in the molten salt solution and the partial pressure of sulfur trioxide 
(1x106 t o  l ~ l O - ~  atm) in equilibrium with the salt melt. The observed parabolic 
rate of attack is interpreted to be caused by a reaction controlled by diffusion in 
the salt that penetrates into the porous layer formed by the destabilization. The 
parabolic rate constant in mixed sodium metavanadate - sodium sulfate melts was 
found to be proportional to the SO3 partial pressure and the square of the meta- 
vanadate concentration. In-situ Raman spectroscopic measurements allowed simul- 
taneous observations of the ceramic phases and salt chemistry during the attack 
process. 

This work supported by the U.S. Dept. of Energy, Office of Basic Energy 
Sciences. 

PRECEDING PAGE BLANK NOT FTLMED 

95 



Table I 

Exposure Environment Composition 

( percent ) 

In i t ia l  Gas Composition Equilibrium Composition a t  1173 K 

02 so2 02 SO2 so3 

90 10 90 7.7 2.4 

99 1 99 .76 .24 

99.9 0.1 99.9 7 . 6 ~ 1 0 ' ~  2 . 5 ~ 1 0 ' ~  

99.985 0.015 99.99 1 . 1 ~ 1 0 ' ~  3 . 7 ~ 1 0 ' ~  

1 99 .25 97. .15 

Table I 1  

Parabolic Rate Constants 

( "so3 = 2.4 10-3 

NaV03 Concentration Parabolic Rate Constant 

( mole percent ) ( cm2/sec) 

0.0 1x10'11 

0.2% 1 x10-11 

1 .O% 1 .7X10d10 

2 .ox 5.4 ~ 1 0 ' ~ ~  

3.9% 1 . 5 ~ 1 0 ' ~  
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F i g u r e  4 .  

Experlrnental Proceedure 

0 Stabilized zirconia ceramics immersed 
in sulfate-vanadate melts contained in 
platinum crucibles. 

0 Temperature, sulfur dioxide and sulfur 
trioxide content varied. 

0 Post-exposure analysis by electron 
microscopy, electron microprobe and 
Raman spectroscopy. 

F i g u r e  5. 
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ZrOp 8 wt% Y203 

Exposure: 9 0 0 O C  

Pure Na,V2Oe 

IO min. 

I tu. 

Figure  6. 

99 



0 

0 

a 

r 14 
I 

0 

a 
I a 
Y - 0  a 

h F : N SI .- I 

w 
I- 
4 

.I 

0 

- 0  
0 
U J  

n 

- 1  00 
Q) 

cn 
0 

- 0  
0 
u) 

0 

- 0  
0 
m 

0 

0 

AlISN31NI 

I 

n 
CI 
I r o 
t- 
LL 
H 

Y 

L 
3 
13, 

> 
o .I- Z L 

W 
3 
c) 
W fx 
LL 

I 0 

0 

AlISN31NI 

100 



l -  

Z r O Z -  8 w t %  Y203 
NaVO, 24hr 7 O O 0 C  

F i g u r e  

101 



0 

3 
U 
W 
CT 
L L  

4 

AlISN31NI 

9 
0 

9 8 2 ; m 
9 

cI( 

lN3383d lH313M 

102 



Exposure: 9oooc 24 hr. 

2 mol% Na2V206 in Na,SO, 

Exposed in air 

Exposed t o  93% SO2 5% SO3 2% O2 

Figure 1 2 .  
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Figure 1 3 .  
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YTTR I U M LEACH I NG REACTIONS . 
- in sulfate melts 

-2 
Y:,O, + 3 so3  + 2 Y+3 + 3 so, 

- in sulfate-vanadate melts 

Figure 1 9 .  
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Figure 2 1 .  

Figure 20.  
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ORIGTNAL PAGE IS 
OF POOR Q U A L I f l  I 173 K 1 %  SO2 in O2 

Zr02 - I ,5 w t %  MgO 

96 hr 

21-0,- 8 w t %  Y,03 

164 hr 

Figure 22. 
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Summary 

* Attack of zirconia ceramics is sensitive to sodium metavanadate 

concentration, and thus to vanadium impurity level in fuel. 

The attack is also sensitive to sulfur dioxide content of the 

environment. 

The attack follows parabolic kinetics and is proportional to the 

square root of the sulfur trioxide partial pressure. 

F i g u r e  2 3 .  
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