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INTRODUCTION I,. 
7' - 11 

Lanthanum chrbmites have long been considered a s  e lec t rodes  .$ 
f o r  magnetohydrodynamic (MHD) generator  channels (1,2,3,4). These b - *- , 1 -  " - "7- chromites, when doped with d ivalent  ions such a s  Ca, Mg or S r ,  2 ,i 
have adequate e l e c t r o n i c  and e l e c t r i c a l  conduct iv i ty  (2). and 
melting points  g r e a t e r  than 2500 K. However, above -1850 K, selec-  
t i v e  vapor l o s s  of chromium r e s u l t s  i n  t h e  formation of a La 0 

lphase (2). The La 0 i s  hydroscopic a t  room temperature, re$u?ting 
2 3 ' 

i n  a l a rge  volume change and l o s s  of mechanical i n t e g r i t y  when 
exposed t o  H 0. 

2 

The analogous yt tr ium chromites have thermal and e l e c t r i c a l  
erties s i m i l a r  t o  t h a t  f o r  the  lanthanum chromites (5). Al- 
gh vapor l o s s  of Cx r e s u l t s  i n  the formation of Y 0 , t h i s  

2 3 oxide does not hydrate (5). Corrosion s t u d i e s  (5,6) of y t t r ium 
,, c h r m i t e  compositions show t h a t  doped Y C r O  may be a v iab le  MHD 

3 lectrode.  This paper descr ibes  an electrochemical  corrosion study 
8 of both magnesium-doped lanthanum and yt t r ium chromites i n  syn the t i c  - 

coal  s l a g  e lec t ro ly tes .  The paper emphasizes poss ib le  chemical and 
+-  electrochemical  degradation ~henomeng. a s  w e l l  a s  t h e - r e l a t i v e  -. *. - L 
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EXPERIMENTAL PROCEDURES 
- . "- . U i A  

:-- . -!J - .-+.- ,? z . -  - 
l L  Y t t r i u m  and lanthanum chromites were nominally doped with . #  

- , 
5 mol% MgO t o  increase  the  e l e c t r i c a l  conductivi ty.  The chromites 
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were f a b r i c a t e d  i n t o  b a r s  by s i n t e r i n g ( a )  a t  highlhemperature  i n  
-10 

oxygen p a r t i a l  p r e s s u r e  r a n g i n g  from 10 t o  10- a tmospheres .  
The s i n t e r e d  lanthanum c h r o m i t e s  were -91% TD w i t h  i r r e g u l a r  shaped 
p o r e s  (-3 pm) l o c a t e d  a t  t h e  g r a i n  boundar ies .  The y t t r i u m  chromi tes  
were. -95% TD w i t h  more uniform shaped p o r e s  (-1 p m ) ' a t  t h e  g r a i n  

. boundar ies .  The lanthanum chromi te  c o n t a i n e d  i n  t h e  g r a i n s  a  
un i fo rmly  d i s p e r s e d  second phase  c o n s i s t i n g  of magnesium-chromium 
ox ide  t h a t  had n e a r l y  e q u a l  amounts of magnesium and chromium. A 
similar second phase  i n  t h e  g r a i n s  of t h e  y t t r i u m  chromi te  was 
magnesium oxide c o n t a i n i n g  C r  (-5 atom%). The m a t r i x  g r a i n s  i n  bo th  
c h r o m i t e s  had l e s s  t h a n  0 . 1  wt% magnesium. 

Two s y n t h e t i c  s l a g  compos i t ions  were used a s  e l e c t r o l y t e s :  
(1) Montana Rosebud (FiR-1) s l a g  c o n t a i n e d  ( i n  wt%) 42.4 SiO , 18.8 
A 1  0  , 13.4 K O ,  12.9 C a O ,  6.9 F e  0  , 4 . 1  MgO, 0.7 T i 0  0.8 Na20 

2  ' a n 3  d.2 p205i2and (2) I l l i n o i s  NO? % (111-6-1) s l a g  con ta ined  ( m  
wt%) 39.5 S10 2 4 . 3 F e O  1 8 . 4 A l O  1 1 . 7  K 2 0 ,  5.1 C a O ,  1 .6Mg0,  

2  ' 2  3 '  1 . 0  P  0  0.8 T i 0  and 0 .5  Na20. 40% s l a g s  c o n t a i n e d  h i g h  amounts .--.* 
5  ' 2' . of poZassium t o  b e t t e r  r e p r e s e n t  t h e  s l a g s  expec ted  i n  a potassium- 

seeded MHD g e n e r a t o r .  The s l a g s  were p repared  by mixing t h e  ox ides  
o r  c a r b o n a t e s  of t h e  s l a g  c o n s t i t u e n t s  ( c a r b o n a t e s  of ca lc ium,  
po tass ium and sodium) and b a l l  m i l l i n g  f o r  3  h. The powder m i x t u r e  
was c a l c i n e d  i n  a i r  a t  1275 K f o r  15 min, t h e n  mel ted and homogenized 
between 1675 K and 1823 K f o r  16 h  i n  a h i g h  p u r i t y  a A l  0  c r u c i b l e .  

2  3  

The e l e c t r o c h e m i c a l  c o r r o s i o n  tests c o n s i s t e d  of p a r t i a l l y  
immersing a chromi te  anode a n d  ca thode  i n t o  mol ten  c o a l  s l a g ,  
F i g u r e  . l ,  and p a s s i n g  a d i r e c t  electric c u r r e n t  between t h e s e  
e l e c t r o d e s  through t h e  c o a l  s l a g .  A c o n s t a n t  c u r r e n t  was main- 
t a i n e d  by v a r y i n g  t h e  e l e c t r i c  p o t e n t i a l .  An :alumina s l e e v e  
surrounded each e l e c t r o d e  t o  channe l  t h e  e l e c t r i c  c u r r e n t  through 
t h e  e l e c t r o d e  end. A p l a t i n u m  probe w a s , p o s i t i o n e d  e q u i d i s t a n t  
f rom t h e  anode and t h e  ca thode  t o  measure t h e  e l e c t r i c  p o t e n t i a l s  
of t h e  e l e c t r o d e s .  The t e s t  was con t inued  f o r  a predetermined 
t i m e ,  o r  u n t i l  t h e  sys tem r e s i s t a n c e  exceeded t h e  c u r r e n t / v o l t a g e  
l i m i t s  of t h e  power supp ly .  The chemical  c o r r o s i o n  t e s t s  were 
s i m i l a r  t o  t h e  e l e c t r o c h e m i c a l  tests, '  e x c e p t  e l e c t r i c  c u r r e n t  was 
n o t  p r e s e n t .  . . ,  

I n  a l l  t e s t s ,  t h e  samples were cooled i n  t h e  s l a g  t o  room t e m -  
p e r a t u r e ,  mounted i n  epoxy r e s i n  and s e c t i o n e d  p a r a l l e l  t o  one s i d e  
of t h e  s a m p l e . f o r  o p t i c a l  measurements and m e t a l l o g r a p h i c  exam- ' 

i n a t i o n .  The c o r r o s i o n  r a t e s  were determined by geomet r ic  measure- 
ments of t h e  p o l i s h e d  c r o s s  s e c t i o n  and e x t r a p o l a t i o n  t o  v o l u m e t r i c  

(a) Y C r O  from TransTech I n c . ,  G a i t h e r s b u r g ,  MD.. 
~ a ~ r d  from Westinghouse Research C e n t e r ,  P i t t s b u r g h ,  PA. 

3  
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FIGURE 1. E l e c t r o c h e m i c a l  T e s t  C o n f i g u r a t i o n  

changes.  Loss from ' the  i n t e r i o r  of t h e  sample ,  e .  g .  , g r a i n  b o u n d a r i e s ,  
was n o t  i n c l u d e d  i n  t h e  c o r r o s i o n  r a t e  measurements. A scann ing  
e l e c t r o n  microscope equipped w i t h  e n e r g y - d i s p e r s i v e  x-ray a n a l - y s i s  
(SEM-ED>;). was used t o  i d e n t i f y  t h e  m i c r o s t r u c t u r a l  phases  and t h e i r  
d i s t r i b u t i o n .  The SEN-EDX was q u a n t i f i e d  u s i n g  b o t h  .oxide and 
m e t a l l i c  s t a n d a r d s  f o r  e lements  above a n  a t o m i c  number of 10. The 
r e l a t i v e  a c c u r a c y  w a s  > lo%,  and t h e  d e t e c t i o n  l i m i t  was 20.1 wt%. 
The q u a n t i t a t i v e  d a t a  i s  expressed  as t h e  major  e l e m e n t a l  components 
of each phase  and t h e  r e l a t i v e  a tomic  r a t i o  of t h e s e  e lements .  
Unless  o therwise  s t a t e d ,  t h e  compounds are assumed. t o  be ox ides .  
Although some minor e lements  may b e  p r e c c n t ,  only  t h c  major  c lcmcnta  
a r e  s t a t e d  i n  t h e  nominal compound d e s c r i p t i o n .  

. 
RESULTS AND DISCUSSION 

The e l e c t r o c h e m i c a l ,  and chemical  c o r r o s i o n  tests a r e  l i s t e d  i n  ' 
Tab15 1. The e l e c t r o c h e m i c a l  c o r r o s i o n  r a t e s  a r e  a l s o  e x p r e s s e d  a s  
g/cm -h s o  t h e y  can be compared d i r e c t l y  w i t h  t h e  chemical  c o r r o s i o n  
rates nf t h e  c o n t r o l  sample.  

E f f e c t s  Common t o  Both Chromites  

The e l e c t r o c h e m i c a l  c o r r o s i o n  r a t e s  of b o t h  t h e  anodes and 
ca thodes  i n  a l l  but  one t e s t  were a t  l e a s t  a n  o r d e r  of magnitude 



TABLE 1. Summary of Chromite E lec t rochemica l  T e s t s  

Anode ,* Cathode,* Anod5,* Cathyde,* Contzjol, 
Temp, K TLme, k s ( h )  coulombs ~ g / c o u l  pg /cou l  g/cm -h g/cm -h g/cm -h 

Montana Rosebud + 1 0  mol % 
K 2 0  (MR-1) 

Y C r O  + 5 mol % Kg0 1733 96.1. (26.7)  8891 13 4 4 0.04 . 0.2 - - 
3 

LaCrO + 5 mol % MgO 1723 49.5 (13.8) 3536 131 163 0.6 0;.5 -- 
3 

I l l i n o i s  No.6 + 10 mol % 
K20 (111-6-1.) 

YCr03 + 5 mol % MgO 1729 1;3.2 (48: 1) 15999 11 1 0.04 0.004 -- 

LaCrO + 5 m c d  % K 0 1725 149.8 (55.5) 14185 37 42-120 0 .1  0.1-0.3 -- 
3 2 

* c u r r e n t  d e n s i t y  ms 1 amplcm 
2 



g r e a t e r  t h a n  t h e  chemical  c o r r o s i o n  rates. The e l e c t r o c h e m i c a l  
c o r r o s i o n  r a t e s  i n  t h e  MR-1 s l a g  were g r e a t e r  t h a n  i n  t h e  111-6-1 
s l a g .  ' G e n e r a l l y ,  ca thode  c o r r o s i o n  rates were g r e a t e r  t h a n  anode 
c o r r o s i o n  rates. 

The lanthanum chromi tes  had a g r e a t e r  e l e c t r o c h e m i c a l  and 
chemical  c o r r o s i o n  r a t e  t h a n  t h e  y t t r i u m  chromi tes .  T h i s  g r e a t e r  
c o r r o s i o n  r a t e  was c o n s i s t e n t  w i t h  o t h e r  e x p e r i m e n t a l  d a t a  (5 )  
which show t h e  lanthanum chromi te  t o  degrade  even when s t o r e d  i n  
d r y  a i r  c o n t a i n i n g  a  s i l i c a  g e l  d e s s i c a n t .  The d e g r a d a t i o n  appeared 
t o  r e s u l t  bo th  from t h e  h y d r a t i o n  of lanthanum oxide and of t h e  
po tass ium which had p e n e t r a t e d  a l o n g  t h e  g r a i n  boundar ies  d u r i n g  
t h e  t e s t .  Hydra t ion  was g r e a t e r  on t h e  ca thodes  t h a n  on t h e  anodes .  
The y t t r i u m  chromi tes  e x h i b i t e d  n o  p o s t  test d e g r a d a t i o n  even when 
exposed t o  ambient a i r  f o r  s e v e r a l  weeks, e x c e p t  i n  a r e a s  where t h e  
po tass ium had c o n c e n t r a t e d .  

S e v e r a l  p r o c e s s e s  may occur  d u r i n g  t h e  passage  of d i r e c t  
e l e c t r i c a l  c u r r e n t  t o  c a u s e  t h e  i n c r e a s e d  e l e c t r o c h e m i c a l  c o r r o s i o n  
over  chemical  c o r r o s i o n .  At t h e  a n o d e i s l a g  i n t e r f a c e ,  gas bubbles  
c o n t a i n i n g  0  a r e  formed probab ly  from t h e  a n o d i c  o x i d a t i o n  of t h e  

2 -- 
s i l i c a t e  i o n s  (7),  i . e . ,  SiO 

4  
A S i O  + O2 + 4e-. 

2  
The g e n e r a t i o n  

of t h e  b u b b l e s  ( c a v i t a t i o n )  and t h e  movement of t h e  b u b b l e s  (sweeping 
away c o r r o s i o n  p r o d u c t s  and b r i n g i n g  f r e s h  s l a g  t o  t h e  r e a c t i o n  
i n t e r f a c e )  can l e a d  t o  i n c r e a s e d  c o r r o s i o n / e r o s i o n .  More bubbles  
were genera ted  i n  t h e  MR-1 s l a g  t h a n  i n  t h e  111-6-1 s l a g  a t  t h e  
same c u r r e n t  d e n s i t i e s .  

The bubbles  on t h e  anode s u r f a c e s  were e l e c t r i c a l l y  i n s u l a t i n g ,  
caus ing  h i g h e r  l o c a l i z e d  c u r r e n t  d e n s i t i e s ,  h i g h e r  v o l t a g e s ,  and 
p o s s i b l e  h i g h e r  c o r r o s i o n -  r a t e s  i n  a d j a c e n t  s u r f a c e s  f r e e  of bubbles .  
The fo rmat ion  and m i g r a t i o n  of bubbles  c r e a t e d  e l e c t r i c  p o t e n t i a l  
i n s t a b i l i t i e s  a t  t h e  anode. The i n s t a b i l i t i e s  i n  t h e  MR-1 s l a g  
were a s  h i g h  as f 5 0 % . o f  t h e  average  e l e c t r i c  p o t e n t i a l ,  whereas t h e  
i n s t a b i l i t i e s  i n  t h e  111-6-1 s l a g  were <? lo%.  These i n s t a b i l i t i e s  
were n o t  found . a t  t h e  ca thode .  

The h i g h e r  i r o n  c o n c e n t r a t i o n  i n  t h e  111-6-1 s l a g  r e s u l t e d  i n  
a  h i g h e r  e l e c t r o n i c a l l y  conduc t ing  s l a g  w i t h  h i g h e r  e l e c t r i c a l  
c o n d u c t i v i t y .  The 'h igher  e l e c t r o n i c  c o n d u c t i v i t y  of t h e  s l a g  
reduced t h e  amount of bubbles  g e n e r a t e d  when c u r r e n t  was t r a n s -  
f e r r e d  between t h e  e l e c t r o n i c - c o n d u c t i n g  anode and t h e  s l a g  because  
of reduced i o n  t r a n s p o r t .  

D e p l e t i o n ' o f  Ca-, K-, and E4 c a t i o n s  a l s o  occurred i n  t h e  s l a g  
a d j a c e n t  t o  t h e  anode s u r f a c e ,  and t h e s e  c a t i o n s  tended t o  c o n c e n t r a t e  
a t  t h e  cathode.  The h i g h e r  e l e c t r o n i c a l l y - c o n d u c t i n g  s l a g  e x h i b i t e d  
l e s s  c a t i o n  d e p l e t i o n  and c o n c e n t r a t i o n .  



I n  a l l  t e s t s ,  t h e  average  e l e c t r i c  p o t e n t i a l  between t h e  anode 
and cathode i n c r e a s e d  wi th  t ime  and was g r e a t e s t  a t  t h e  anode and 
i n  MR-1' s l a g .  The f o r m a t i o n  of r e a c t i o n  p r o d u c t s  and t h e  d e p l e t i o n  
of c a t i o n s  may have accounted f o r  most of t h e  e l e c t r i c  p o t e n t i a l  
i n c r e a s e .  

Chemical C o r r o s i o n  

Chemical c o r r o s i o n  i n  t h e  111-6-1 s l a g  occur red  p r i m a r i l y  a t  
t h e  immediate c h r o m i t e l s l a g  i n t e r f a c e .  An oxide  r e a c t i o n  l a y e r  
c o n t a i n i n g  Fe, C r ,  A1 and Mg (atom r a t i o s  -50: 17:20: 13) was found , ... 

a t  t h i s  i n t e r f a c e .  The s l a g  a t  t h e  i n t e r f a c e  c o n t a i n e d  s m a l l  . 

amounts of La o r  Y. The g r a i n  b o u n d a r i e s  a t  t h e  r e a c t i o n  i n t e r f a c e  
con ta ined  s l a g  and La o r  Y .  S lag  g r a i n  boundary p e n e t r a t i o n  and 
r e a c t i ~  were g r e a t e r  i n  t h e  lanthanum chromi te  and c o n t r i b u t e d  t o  
t h e  h i g h e r  c o r r o s i o n  r a t e .  A  s l a g - s o l u b l e  lanthanum s i l i c a t e  was 
formed a l o n g  t h e  g r a i n  boundar ies .  I n  y t t r i u m  chromi te ,  t h e  y t t r i u m '  
s i l i c a t e  d id  n o t  form a l o n g  t h e  g r a i n  b o u n d a r i e s  i n  t h e  i n t e r i o r  of 
t h e  sample, a l t h o u g h  t h e  boundar ies  a t  t h e  immediate c h r o m i t e / s l a g  
boundary c o n t a i n e d  up t o  -50 a t  % Y. Apparen t ly ,  t h e  Y was d i s s o l v e d  
i n  t h e  s l a g  w i t h  t h e  C r  r e a c t i n g  t o  form t h e  r e a c t i o n  p roduc t .  

The chemical  c o r r o s i o n  i n  t h e  MR-1 s l a g  a l s o  occur red  a t  t h e  
c h r o m i t e / s l a g  i n t e r f a c e  w i t h  t h e  f o r m a t i o n  of a n  ox ide  r e a c t i o n  
p roduc t  c o n t a i n i n g  Fe ,  C r ,  Al,  and Mg (atom r a t i o s  12:36:18:34).  
The lower Fe i n  t h i s  r e a c t i o n  p roduc t  was probably  due t o  t h e  lower  
Fe c o n t e n t  i n  t h e  MR-1 s l a g .  S l a g  p e n e t r a t i o n  i n  t h e  g r a i n  bounda- 
r i e s  was s i g n i f i c a n t l y  g r e a t e r  i n  t h e  lanthanum chromi te ,  w i t h  
lanthanum s i l i c a t e  a long  t h e  g r a i n  b o u n d a r i e s  throughout  t h e  sample.  
I n  botk, chromi tes ,  Ca o r  K d i d  n o t  c o n c e n t r a t e  a long  t h e ,  g r a i n  
boundar ies ,  i n  t h e  r e a c t i o n  p r o d g c t ,  o r  i n  t h e  s l a g .  Yt t r ium 
s i l i c a t e  was g e n e r a l l y  found a long  t h e  g r a i n  boundar ies  n e a r  t h e  
b u l k  s l a g  i n t e r f a c e .  

E l e c t r o c h c m i c a l  C o r r o s i o n  

I n  t h e  e l e c t r o c h e m i c a l  c o r r o s i o n  . t e s t s ,  c o r r o s i o n  of t h e  
anodes  d i f f e r e d  from t h a t  of t h e  c a t h o d e s .  Each w i l . 1  be d i s c u s s e d  
s e p a r a t e l y .  

Cathodes The d e g r a d a t i o n  of t h e  lanthanum chromi te  ca thodes  
was s i g n i f i c a n t l y  more s e v e r e  i n  b o t h  c o a l  s l a g s  t h a n  t h e  y t t r i u m  
chromi te  ca thodes .  Although no s u r f a c e  r e a c t i o n  l a y e r  was formed, 
t h e  r e a c t i o n  p r o d u c t s  a t  t h e  g r a i n  b o u n d a r i e s  c o n s i s t e d  of La, A1 
ox ides  and K ,  A 1  oxide  phases  i n  t h e  low i r o n  Pa-I, s l a g  and Fe, C r ,  , 

Al oxides  c o n t a i n i n g  some La i n  t h e  hi-gh i r o n  111-6-1 s l a g .  No La 
s i l i c a t e s  were formed w i t h  t h e  MR-1 s l a g  b u t  La ,  Ca, Al oxide  was 
formed a t  t h e  g r a i n  boundar ies  i n  t h e  sample i n t e r i o r .  I n  111-6-1 
s l a g s ,  lanthanum s i l i c a t e s  r i c h  i n  A l ,  Ca and K were found a l o n g  
t h e  g r a i n  boundar ies  deep i n s i d e  t h e  sample b u t  n o t  a t  t h e  s l a g  
i n t e r f a c e .  



Ytt r ium chromi te  ca thodes  i n  MR-1 s l a g  had a d i f f u s e  r e a c t i o n  
i n t e r f a c e  w i t h  c o n s i d e r a b l e  s l a g  p e n e t r a t i o n  a l o n g  t h e  g r a i n  b o u n d a r i e s ,  
which r e s u l t e d  i n  g r a i n  boundary s e p a r a t i o n  a t  t h e  s l a g  i n t e r f a c e .  
No i d e n t i f i a b l e  r e a c t i o n  compound was found. Yt t r ium s i l i c a t e  was 
found i n  t h e  i n t e r i o r  of t h e  sample a l o n g  t h e  g r a i n  boundar ies .  

I n  t h e  111-6-1 s l a g ,  t h e  y t t r i u m  chromi te  ca thode  had a  d i s t i n c t  
r e a c t i o n  zone a t  t h e  s l a g  i n t e r f a c e .  S i g n i f i c a n t l y  l e s s  g r a i n  
boundary p e n e t r a t i o n  and i n t e r a c t i o n  w i t h  s l a g  occur red  when compared 
t o  MR-1. The main d e g r a d a t i o n  appeared t o  be t h e  d i s s o l u t i o n  of 
t h e  g r a i n s .  Two r e a c t i o n  p r o d u c t s  were formed a t  t h e  r e a c t i o n  
i n t e r f a c e :  1) a n  y t t r i u m  s i l i c a t e  which d i s s o l v e d  i n  t h e  s l a g  and 
2) an  ox ide  c o n t a i n i n g  Fe,  C r ,  and A1 (atom r a t i o s  29:44:27) which 
c o a t e d  t h e  ca thode .  

Anodes. The lanthanum chromi te  anode formed a d i s t i n c t  r e a c t i o n  
l a y e r  i n  t h e  MR-1 s l a g .  T h i s  l a y e r  was composed of a  C r ,  Al ox ide  
(atom r a t i o  -78:22) and a s i l i c a t e  c o n t a i n i n g  La, Al ,  and S i  (atom . . 

r a t i o s  -37:14:49). The s l a g  had p e n e t r a t e d  t h e  g r a i n  b o u n d a r i e s  
th roughout  t h e  sample w i t h  t h e  La s i l i c a t e  forming i n  t h e  s l a g .  A  
c r y s t a l l i n e  C r ,  Elg oxide  (atom r a t i o s  -58:42) formed n e x t  t o  t h e  6 

lanthanum chromi te  g r a i n s .  

. The r e a c t i o n  of t h e  lanthanum chromi te  w i t h  t h e  111-6-1 s l a g  
was a l s o  e x t e n s i v e  and t h e  r e a c t i o n s  were s i m i l a r  t o  t h a t  i n  t h e  
MR-1 s l a g .  The La, Al, and S i  s i l i c a t e  (atom r a t i o s  -16:52:32) and 
C r ,  Al oxide  (atom r a t i o  -64:36) were p r e s e n t  b u t  w i t h  d i f f e r e n t  
atom r a t i o s .  I n  a d d i t i o n ,  a n  Fe,  Al oxide  (atom r a t i o  -19:81) 
phase  was a l s o  p r e s e n t .  

The y t t r i u m  chromi te  anode i n  t h e  MR-1 s l a g  formed a  d i s t i n c t  
r e a c t i o n  l a y e r  a t  t h e  anode s u r f a c e .  Th is  l a y e r  was an ox ide  
c o n t a i n i n g  C r ,  Al and Fe (atom r a t i o s  69:25:6) w i t h  t h e  Y d i s s o l v e d  
i n  t h e  s l a g .  

I 

The r e a c t i o n  of t h e  y t t r i u m  chromi te  anode i n  t h e  11.1.-6-1 s l a g  
was s i g n i f i c a n t l y  l e s s  t h a n  t h e  lanthanum chromi te  and formed a  
d i f f u s e  r e a c t i o n  l a y e r .  S l a g  had p e n e t r a t e d  t h e  g r a i n  boundar ies  
a n d . r e a c t e d ,  forming a n  y t t r i u m  s i l i c a t e  and a  g r a n u l a r  oxide  of 
F e ,  C r  and A 1  (atom r a t i o s  -22:64:14). The y t t r i u m  s i l i c a t e  d i s -  
s o l v e d  i n  t h e  s l a g ,  l e a v i n g  t h e  ox ide  c o n t a i n i n g  Fe,  C r  and .  A1 
(atom r a t i o s  33: 41 : 26) on t h e  s l a g l a n o d e  i n t e r f  a c e .  Gra in  boundary 
p e n e t r a t i o n  and r e a c t i o n  w i t h  t h e  s l a g  was less i n  t h e  111-6-1 s l a g  
t h a n  i n  t h e  MR-1 s l a g .  

CONCLUSIONS 

0 Ytt r ium chromi te  w i t h  5  mol% MgO e x h i b i t s  a  g r e a t e r  r e s i s t a n c e  
t o  chemical  and e l e c t r o c h e m i c a l  c o r r o s i o n  t h a n  t h e  ana logous  



lanthanum chromite i n  molten c o a l  s l a g s .  Thus, y t t r i um chromlte 
could be b e t t e r  MHD e l e c t r o d e  than  lanthanum chromite.  

e The chemical and e lec t rochemica l  co r ros ion  of the  chromites is  
l e s s  i n  t h e  high. i r o n  111-6-1 s l a g  than i n  t he  MR-1 s l a g .  The 
reduced co r ros ion  i s  p a r t i a l l y  a t t r i b u t e d  t o  t h e  h igher  e l e c t r i c a l  
conduct iv i ty  and h ighe r  e l e c t r o n i c  conduc t iv i ty  of t h e  h igh  
i r o n  s l ag .  

The e lec t rochemica l  co r ros ion  r a t e s  a r e  10 t o  1000 times 
g r e a t e r  than chemical co r ros ion  r a t e s .  

In  genera l ,  Y o r  La i n  t h e  chromite  r e a c t s  with s l a g  forming a 
(La o r  Y)  s i l i c a t e  which i s  d isso lved  i n  t h e  s l a g .  The C r  and 
Mg remaining i n  t h e  chromite then r e a c t s  with t h e  A l ,  Fe and 
Mg i n  the  s l a g  forming a c r y s t a l l i n e  (Fe, C r ,  A l ,  Mg) oxide 
wi th  varying c a t i o n  r a t i o s  depending on l o c a t i o n  i n  t he  sample 
and whether t h e  sample is  anode, cathode or  c o n t r o l .  

The r eac t ions  of t he  c o n t r o l  are c l o s e r  t o  those  a t  t he  anode 
than those a t  t he  cathode. This is  a t t r i b u t e d  t o  t he  ox id i z ing  
condi t ions  present  a t  . t h e  anode. 
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