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1.0 OBJECTIVES 

The o b j e c t i v e s  o f  t h i s  program are  t o  develop, t e s t ,  cha rac te r i ze ,  and 

eva lua te  m a t e r i a l s  f o r  open-cycle, c o a l - f i r e d  MHD power generators.  The 

s p e c i f i c  immediate goa ls  emphasize e l ec t rode  and i n s u l a t o r  ma te r i  a1 s, 

i nc l ud ing :  1) t e s t i n g  and eva lua t i on  o f  t he  enhanced e f f e c t s  o f  a l k a l i  seed 

on m a t e r i a l s  i n  a  dc e l e c t r i c  f i e l d ;  2 )  development and t e s t i n g  o f  improved 

e lec t rodes  and i nsul  a t o r s  w i t h  c o n t r o l  l e d  m ic ros t ruc tu res ,  composit ions and 

p rope r t i es ;  and 3 )  c h a r a c t e r i z a t i o n  and e v a l u a t i o n  o f  ma te r i  a1 s  re1  a t i  ng t o  

bo th  the  US MHD Program and the  US-USSR Cooperat ive Program f o r  MHD power 

generators.  

2.0 SCOPE 

The scope of t h i s  program encompasses t h e  f o l l o w i n g  areas: 

Reproducib le  1  abora to ry  t e s t i n g  o f  bo th  ceramic and metal e l ec t rode  

mater i  a1 s  and i n s u l a t o r  ma te r i  a1 s  i n  a1 k a l  i seed/sl  ag under dc e l e c t r i c  

c u r r e n t  and vo l tages,  as f u n c t i o n s  o f  temperature, and seed/sl ag 

composit ion. 

Development and f a b r i c a t i o n  o f  e lec t rodes ,  i n s u l  a to rs ,  and o t h e r  re1 a ted  

m a t e r i a l s  w i t h  c o n t r o l l e d  e l e c t r i c a l ,  chemical ,  and phys i ca l  p rope r t i es ,  

i n c l u d i n g  e v a l u a t i o n  i n  l a b o r a t o r y  t e s t s  i n  US MHD t e s t  f a c i l i t i e s  and as 

p a r t  o f  t h e  US-USSR t e s t i n g  program. 

C h a r a c t e r i z a t i o n  and e v a l u a t i o n  o f  m a t e r i a l s  t e s t e d  under t he  US MHD' 

programs and t h e  US-USSR i n c l u d i n g  t h e  measurement and ana l ys i s  o f  

s t r u c t u r a l ,  chemical, and thermophysical  p r o p e r t i e s  o f  e lec t rodes ,  

i n s u l a t o r s ,  s lag, and o t h e r  re1  a ted  m a t e r i a l s  be fo re  and a f t e r  t e s t i n g .  



3.0 TECHNICAL PROGRESS 

3.1 ELECTROCHEMICAL TESTING OF ELECTRODE MATERIALS 

Y t t r i um chromi t e s  have demonstrated i n  l abo ra to ry  t e s t s  improved thermal 

and electrochemical p rope r t i es  when compared t o  analogous lanthhnum chromite 

composit ions. The present e lect rochemical  t e s t s  were made t o  evaluate why t h e  

e lect rochemical  cor ros ion  o f  YMg0.05Cr0.9503 i s  l e s s  i n  an Eastern, h igh - i ron  

coal  slag, I l l i n o i s  No. 6  ( I 1 1  #6-1) than i n  a  Western low- i ron  coal s lag,  

Montana "Rosebud" (MR-1) . Two magnesium-doped y t t r i  urn chromi tes  o f  s l i g h t l y  

d i f f e r e n t  composit ions, b u t  w i t h  s i m i l a r  s t ruc tu res  and phases, were tes ted  

under s i m i l a r  cond i t i ons  (Table 1  ) . Both contained MgCr03 second phase un i fo rm ly  

d i s t r i b u t e d  i n  a  m a t r i x  o f  YCr03 equiaxed gra ins.  The chromite conta ined some 

i r r e g u l a r l y  shaped pores (%I5 ym) a t  the g r a i n  boundaries. No i m p u r i t y  con- 
cen t ra t i ons  were found a t  the  g r a i n  boundaries. 

TABLE 1. Proper t ies  and Corrosion o f  Y t t r i um Chromites 

Current 
Test Density,  Temp. , Dens i tj , Corrosion Rate, P I cou l  . 
No. Composition g/cm3 Slaq K Amp/cm Time Cathode Anode 

The YMg0.05Cr0.9503 was tes ted  i n  an electrochemical c e l l  ( 4 )  w i t h  

an anode, cathode, and P t  vo l tage probe imnersed i n t h e  molten s lag  conta ined 

i n  a  s in te red  a-AlZ03 c ruc ib le .  Because the  co r ros ion  i n  t h e  111. #6-1, 

Test 158, was s i g n i f i c a n t l y  l ess  than i n  t h e  MR-1, Test 198, t h e  t ime o f  t he  

t e s t  was %5 t imes longer. However, t he  remaining t e s t  parameters, i.e., 

vol tage, cur ren t ,  temperature and at~nosphere~were nea r l y  i d e n t i c a l  (Tables 2 & 

However, t he  t ime may have in f luenced the co r ros ion  product  morphology and 

co r ros ion  r a t e  o f  t h e  sample; there fore ,  t he  a n a l y t i c a l  composit ions o f  t he  

reac t i on  products and the  evaluat ions may d i f f e r .  However, these e f f e c t s  are 

consi  dered small compared t o  t h e  1  arge d i f f e rences  i n  t he  e l  ectrochemical 

co r ros ion  rates.  I t  should be noted t h a t  e l e c t r i c a l  c o n d u c t i v i t y  o f  the two 

slags are s i g n i f i c a n t l y  d i f f e ren t ,  both i n  magnitude and i n  conduct ion 

t ranspor t  ( t rans ference number) . (5-6) 



TABLE 2 .  Comparison o f  AnodesICathodes From Test  158 and Tes t  198 
(Reference Area) 

ILL  No. 6 (Test  158) 

ANODE: Granular (MgxCry)O, 
Small quantr  t i e s  

CATHODE Phase con ta ins  Fe 
and l ess  A1 

Gra in  boundar ies 
c o n t a i n  l e s s  Y2Si207 

More K near P t  
leadout  

S i m i l a r i t i e s  MR-1 (Test  198) 

No S lag Granular (MgxCry )Oz 
O v e r a l l  compos i t ion  same 

Y2Si207 phase a t  
g r a i n  ~ o u n d a r i e s  

Mg-Cr r i c h  phase Higher S i  and Ca cor i ten t  i n  
s l a g  near e l e c t r o d e  

Unknown phase a t  g r a i n  E lec t rode  m a t r i x  h ighe r  i n  
boundar ies S i  and lower i n  Y 

More 2nd phase a long 
g r a i n  boundary 

Gra in  boundar ies c o n t a i n  
more Y2Si207 

TABLE 3. Comparison o f  Anodes/Cathodes f rom Tests 158 and Tes t  198 
(React ion Zone) 

ILL  No. 6 (Tes t  158) S i m i l a r i t i e s  MR-1 (Tes t  198) 

ANODE: M e t a l l i c  i r o n  M a t r i x  r e l a t i v e l y  unchanged Major p roduc t  (CRS8A1.2)203 
except near s l a g  i n t e r f a c e  

(Fe, Al ,  C r ) zO j  w i t h  L i t t l e  g r a i n  boundary Dense Cr-203 found i n  
Fe/Al /Cr = 2:2:3 p e n e t r a t i o n  o f  s l a g  r e a c t  i o n  zone 

S lag s i n g l e  phase S l i g h t  i nc rease  Y/Cr r a t i o  S lag mu l t i phase  w i t h  
Y2Si207 and 
dep le ted  i n  K 

React ion  zone i s  d i s c r e t e  
g r a n u l a r  p a r t i c l e s  surrounded 
by  s l a g  

CATHODE M a t r i x  r e l a t i v e l y  unchanged Slag surrounds r e a c t i o n  Slag m a t r i x  c o n s i s t s  o f  
~ x c e p t  a t  r e a c t i o n  zone products  i s o l a t e d  g r a i n s  of Y and YCr03 

Massive K p e n e t r a t i o n  and S lag content  112 o f  Y2O3 and Y2Si207 a t  g r a i n  
i n t e r a c t i o n  near P t  s t a r t i n g  va lue boundar ies 

React ion  product  
(Al,Fe,Cr)zOj w i t h  
Al /Fe/Cr = 2:3:4 

Slag dep le ted i n  Fe 



The vo l t age  c h a r a c t e r i s t i c s  and v a r i a t i o n s  a t  bo th  anode and cathode were 

moni tored w i t h  a  P t  vo l tage  probe p o s i t i o n e d  i n  t h e  s l a g  e q u i d i s t a n t  from each 
e lec t rode .  F l u c t u a t i o n s  i n  voltage, up t o  520% o f  t h e  anode-cathode vo l tage,  

occurred i n  t h e  MR-1  low i r o n  s lag.  The f l u c t u a t i o n s  a re  observed most 

f r e q u e n t l y  and i n tense  on t he  anode w i t h  a  f requency o f  0.1 t o  1  he r t z .  As 

discussed l a t e r ,  these f l u c t u a t i o n s  may r e s u l t  f r om t h e  f o rma t i on  o f  e i t h e r  a  

c a t i o n  depleted boundary and/or the  format ion o f  oxygen gas bubbles i n  t h e  

s l a g  near t h e  e l ec t rode  i n t e r f a c e .  

The e l e c t r i c a l  p o t e n t i a l  through t he  e lec t rodes  and across t he  s l ag  i n  

t h e  I 11  #6-1 h i g h - i r o n  s l a g  (%4 v o l t s )  du r i ng  t h e  e n t i r e  t e s t  was l owe r  than  

i n  t he  MR-1  s l a g  (7  v o l t s  i n i t i a l l y  r i s i n g  t o  14 v o l t s  a t  t h e  t e r m i n a t i o n  o f  

t h e  t e s t ) .  The d i f f e r e n c e  between t h e  two i n i t i a l  e l e c t r i c a l  p o t e n t i a l s ,  4  t o  

7 v o l t s  i n  t he  I 1 1  #6-1 and MR-1  s lags, i s  undoubtedly due t o  h i ghe r  

r e s i s t i v i t y  o f  t h e  M R - 1  s lag .  The inc rease  i n  vo l tage  w i t h  t ime  i n  t h e  MR-1  

s l a g  can be a t t r i b u t e d  t o  e lec t rochemica l  decomposit ion o f  t he  s l ag  and/or 

i o n i c  bu i l dup  i n  t h e  s l a g  near t h e  s l ag /e l ec t rode  i n t e r f a c e ,  i n  p a r t i c u l a r  a t  

t h e  cathode. Thermodynamic da ta  suggest t h a t  a t  these h ighe r  vol tages, d i r e c t  

decomposit ion o f  these s i l i c a t e s  does occur  w i t h  subsequent increased r e a c t i o n  

ra tes ,  spec i  f i c a l  l y  a t  t he  cathode. 

The chromi t e s  were f r ozen  i n  t he  s l a g  and examined by o p t i c a l  and 

scanni ng e l  ec t r o n  microscopy w i t h  EDX. The c o r r o s i  on r a t e s  were determi ned 

f r om the  m i  c r o s t r u c t u r a l  c ross  sec t ions .  These r e s u l t s  are summarized i n  

Tables 2 and 3. A  re fe rence  area was se lec ted  f o r  each chromi te  near t h e  P t  lead-  

ou t  and attachment where c o r r o s i o n  d i d  no t  occur. Some r e a c t i o n  w i t h  

potassium seed was observed above t h e  sur face  o f  t h e  s l a g  near t h e  p l a t i num 

f o r  Tes t  158. 

The anodes and cathodes d i f f e r e d  s i g n i f i c a n t l y .  The anodes e x h i b i t e d  a  

smooth r e a c t i o n  su r f ace  compared t o  t h e  rough corroded sur face  o f  t h e  cathode 

(F igu re  1 ) .  The r e a c t i o n  o f  t h e  cathodes was s i g n i f i c a n t l y  more severe, 

a l though some s i m i l a r  r e a c t i o n  p roduc ts  were observed. These d i f f e r e n c e s  and 

s i m i l a r i t i e s  are summarized i n  Table 2  and are i l l u s t r a t e d  i n  t h e  d e t a i l e d  

m ic ros t ruc tu res  (F igures 2-4.) 

The Mg-Cr r i c h  ox ide  second phase present  i n  t he  o r i g i n a l  YCr03 cathode 

reac ted  w i t h '  t he  A1 and Fe o f  t he  s lag,  and i n  t he  MR-1 s l a q  t h e  y t t r i u m  
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FIGURE 1. M i c r o s t r u c t u r e  o f  YMgO 0 5 C r  0  , Test  158 (Cathode i n  MR-1 
s l a g )  and Tes t  (Anode i n  11?'$g-? s l a g ) .  



SLAG 1 

M g C r  RICH 
PHASE \ 

ANODE U 
20pm 

F I G U R E  2. Microstructure of YMg0.05Cr0-9503 anode and cat 
MR-1 slag. 

CATHODE 

;hode from Reference Area Test 158 i n  



FIGURE 3. 

Al, Fe, C r  
SPINEL - 

(2:3:4 TO 2:4:4) 

METALI C 
Fe 

Al, Fe, C r  
S PI NEL 
(2:2:3) 

\ 
SLAG 

ANODE - CATH OD E 
20pm 

Microstructure of reaction zone fo r  YMg0,05Cr0.9803 anode and cathode from Test 158 
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r eac ted  w i t h  t h e  s i l i c a t e  o f  t he  s l a g  fo rming  Y,Si?O, near  t h e  
L 

s lag /e l ec t rode  s u r f  ace and a l so  i n  t h e  cathode g r a i n  boundaries where s l a g  

penetrated.  I n  t he  anode t e s t e d  i n  MR-1 t h e  l each ing  o f  y t t r i u m  f r om t h e  
e l ec t rode  near t h e  r e a c t i o n  i n t e r f a c e  i s  almost complete, l e a v i n g  an 

(A1,Cr)203 o r  Mg(A1 ,Cr)204 sp ine l .  I n  t he  h i g h - i r o n  s l a g  ( I 1 1  #6-I), 
t h e  r e a c t i o n  r e s u l t i n g  i n  t he  f o rma t i on  o f  Y2Si207 i s  l e s s .  The 

r e s u l t a n t  s p i n e l  a l s o  con ta ins  i r o n  [(Al,Cr,Fe) 0 1. I n  add i t i on ,  f r e e  
2  3 

m e t a l l i c  i r o n  p a r t i c l e s  are found i n  t h e  cathode-s lag i n t e r f a c e  r e s u l t i n g  f r om 

t h e  decomposit ion ( r e d u c t i o n )  o f  t he  h i g h - i r o n  slag. The source o f  alumina 

f o r  t h e  s p i  ne l  appears t o  be t h e  s lag .  Some A1 may have come f r om t h e  

d i s s o l u t i o n  o f  t he  A1203 s leeve o r  c r u c i b l e .  

The potass ium does no t  appear t o  be d i r e c t l y  i nvo l ved  i n  t h e  reac t i ons .  

Potassium d id ,  however, m ig ra te  through t h e  cathode o f  Test  158 ( h i  gh- i  r o n  

s l a g )  t o  i n t e r a c t  near t h e  P t  c u r r e n t  attachment. However, no potassium was 

found i n  t h e  g r a i n  boundaries of t h e  chromi t e  m a t r i x  o r  i n  t h e  r e a c t i o n  

products .  Potassium i s  dep le ted  f r om t h e  s lags  i n  t he  r e a c t i o n  zones a t  t h e  

anode w i t h  v e r y  s l i g h t  d e p l e t i o n  a t  t h e  cathode, suggest ing some potassium 

m ig ra t i on .  

The c o r r o s i o n  o f  t h e  YCr03 i n  t he  s l a g  appears t o  r e s u l t  f r om t h e  

r e a c t i o n  o f  s i l i c o n  i n  t he  s l a g  w i t h  the  YCr03 forming Y2Si207. The 

C r  and Mg combine w i t h  t h e  A1 and Fe t o  f o rm  s t a b l e  sp ine l  s. The enhanced 

c o r r o s i o n  a t  t he  cathode i s  a t t r i b u t e d  t o  t he  concen t ra t i on  o f  c a t i o n s  i n  t h e  

s l a g  ad jacent  t o  t h e  cathode, e i t h e r  f r om m i g r a t i o n  o r  decomposit ion o f  t h e  

s lag.  The s l a g  penet ra tes  t he  g r a i n  boundaries. Th i s  would suggest t h a t  t h e  

K o r  Ca which can m ig ra te  most e a s i l y  may be i n v o l v e d  i n  t h e  co r ros ion ,  b u t  

does no t  f o rm  r e a c t i o n  products .  

The enhanced c o r r o s i o n  i n  the  Western l ow- i r on  s l ag  (MR-1) compared t o  

t h e  l ow- i r on  I 1 1  #6 s l a g  i s  a t t r i b u t e d  t o  1) t h e  h i ghe r  e l e c t r i c a l  

c o n d u c t i v i t y  o f  t he  slag, and 2 )  t h e  lower  i o n i c  and h ighe r  e l e c t r o n i c  

conduc t ion  i n  t h e  i r o n  c o n t a i n i n g  s lags.  Th is  i s  equ i va len t  t o  a  decrease i n  

t h e  i o n i c  t r a n s p o r t  and r e s u l t s  i n  lower  vo l tages  and l e s s  p o t e n t i a l  

decomposit ion o f  t h e  s l  ag, and 1  ower e f f e c t i v e  number o f  coulombs exper ienced 

by t h e  YCr03 and s lag.  



F u r t h e r  e v a l u a t i o n  o f  Y (Mg0.05Cr0.9503 w i  11 be made i n  more 

r e a l  i s t i c  MHD c o n d i t i o n s  i n  t h e  Westinghouse MHD Tes t  f a c i  1  i t y  (WESTF) . 
M a t e r i a l s  f o r  t h i s  t e s t  are now be ing  f a b r i c a t e d .  

3.2 FABRICATION OF HAFNIUM-RARE EARTH OXIDE ELECTRODES 

Hafnium-rare e a r t h  ox ides demonstrated d u r i n g  l a b o r a t o r y  t e s t s  

e x c e l l e n t  thermal s t a b i l  i t y ,  adequate e l e c t r i c a l  c o n d u c t i v i t y ,  and h i g h  

e lec t rochemica l  r es i s tance  i n  mol ten potassium seed and coa l  s lags (1,7,8) 

F u r t h e r  t e s t i n g  i s  ~ l a n n e d  under s imu la ted  MHD c o n d i t i o n s  i n  WESTF MHD Tes t  

Fac i  1  i ty  (Westinghouse Research Center) .  However, use o f  r ep roduc ib l e  and 

high-densi  t y  bars  i s  requ i  red. Because these m a t e r i a l s  a re  n o t  commerci a1 l y  

a v a i l  ab le  and techniques f o r  f a b r i c a t i n g  t h e  composi t ions have no t  been 

developed, i t  has been necessary t o  develop methods f o r  f a b r i c a t i n g  powders 
from the  raw m a t e r i a l s  and f o r  s i n t e r i n g  dense compacts. 

Simple techniques o f  m i x i ng  t h e  i n d i v i d u a l  oxides, pressing, and s i n t e r i n g  

were no t  successfu l ,  r e s u l t i n g  i n  low d e n s i t i e s  and mu l t iphase  compacts. Some 

high-densi  t y  s i  ngle-phase compacts cou ld  be prepared by s i  n t e r i  ng above 2150K, 

b u t  t h e  r e s u l t s  cou ld  n o t  be reproduced. I n  add i t i on ,  i t  was d e s i r a b l e  t o  

lower  the  s i n t e r i n g  temperature t o  <_1875K so t h a t  lower  temperature hafnium 

ox ide  based, c u r r e n t  leadouts  c o u l d  be prepared as an i n t e g r a l  p a r t  o f  t h e  

h i g h l y  r e f r a c t o r y  oxide. 

A c o p r e c i p i t a t i o n  f a b r i c a t i o n  process i s  be ing  developed which w i l l  y i e l d  

reproduc ib le ,  h i gh -dens i t y  s i  n te red  bodies w i t h  un i f o rm  m i c r o s t r u c t u r e  and 

p r o p e r t i e s .  The technique be ing developed i nvo l ves  t he  d i s s o l u t i o n  o f  r a r e  

e a r t h  ox ide  powders i n  n i t r i c  a c i d  w i t h  hafnium ox.ychlor ide i n  water,  

m i x i ng  t h e  s o l u t i o n s  and c o p r e c i p i t a t i n g  us ing  d i l u t e  NH40H, f i l t e r i n g ,  

washingsand d ry ing .  , The s a l t  i s  c a l c i n e d  t o  f o r m  t h e  ox ide.  These powders 

a re  b a l l  m i l l e d ,  c o l d  pressed, and s i n te red .  The exact  c o n d i t i o n s  f o r  

f a b r i c a t i n g  a  wide v a r i e t y  of haf nium-rare e a r t h  ox ide  composi t ions a re  be ing  

developed. Em~has i  s  i s  be ing  concentrated on t he  f o l l  owing composi t ions which 

w i l l  be t e s t e d  i n  t h e  WESTF f a c i l i t y .  These inc lude :  



0.10Er203~0.10Tb407-0.80~f02 

F i n a l  d e t a i l s  o f  these methods f o r  each o f  t he  above ox ides w i l l  be repo r ted  

next quar te r .  

3 . 3  WST-TEST CHARACTERIZATION OF MgO INSULATING WALL FROM USSR U-02 PHASE 

I11 MHD TEST 

The MgO i n s u l a t i n g  wa l l  f rom t h e  USSR's U-O2 MHD generator  used i n  t h e  

t e s t  w i t h  US e l  ect rodelchannel  w a l l s ( 9 )  was evaluated. The hexagonal ly  

shaped b locks  removed f r om the  U-O2 i n s u l a t i n g  wa l l  were examined by 

meta l log raph ic ,  SEM,and EDX methods,and t h e  r e s u l t s  compared w i t h  s i m i l a r  

eva lua t i ons  o f  a  USSR re fe rence  un tes ted  MgO i nsul  a t i  ng wa l l  mate r i  a1 . (8)  

The MgO b locks  were taken immediate ly  ad jacent  t o  cathode 1209 (uC-1209) and 

1527 (UC-1527) and anodes 2209 (UA-2209) and 2577 (UA-2527). A  smal l  p o r t i o n  

o f  each i n s u l a t o r  b l ock  used f o r  t h e  examinat ion was covered w i t h  t h e  

e l e c t r o d e / i n s u l  a t o r  wa l l s .  Th i s  c rea ted  a  v a r i a t i o n  i n  t h e  sur face  

temperatures and p r o f i l e s  du r i ng  t h e  t e s t .  The c ross  sec t i ons  f o r  examinat ion 

were pe rpend i cu la r  t o  t h e  plasma f l o w  and t o  t he  channel wa l l s .  

The t o p  p o r t i o n  o f  t he  i n s u l a t o r s  which was exposed t o  t he  plasma, o n e - t h i r d  

o f  t h e  area, was coated w i t h  a  wh i t e -p i nk i sh  ox ide  c a r r i e d  downstream by t h e  

plasma f r om upstream components and deposi ted on t h e  MgO w a l l  ( F i g u r e  5.) Th i s  

depos i t  was a l s o  found on t h e  e l e c t r o d e - i n s u l a t o r  sur faces.  Th i s  once mo l ten  

c o a t i n g  has been i d e n t i f i e d  as a-AlZO3 w i t h  sma l l e r  amounts o f  Ca 

s t a b i l i z e d  Zr02. 

The i n i t i a l l y  wh i t e  MgO i n s u l a t o r  was c o l o r e d  by t h e  combustion 

p roduc ts  and K2C03 seed. These c o l o r a t i o n s  formed l a y e r s  o f  whi te ,  ye l l ow ,  

and brown, g e n e r a l l y  i n  t h a t  o rde r  f r om t h e  t o p  plasma s u r f  ace. 

The composite, p o l i s h e d  c ross  sec t i ons  o f  the  MgO i n s u l a t o r  pegs 

e x h i b i t e d  ve ry  s i m i l a r  r e s u l t s  w i t h  a  few c h a r a c t e r i s t i c  f e a t u r e s  common t o  

t h e  f o u r  examined ( ~ i g u r e s  6 and 7). 
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FIGURE 5. Top and s i d e  view o f  MgO b locks  f rom USSRUO-2 Phase 111. 



FIGURE 6. Cross s ec t ion  of MgO insu la t ion  FIGURE 7.  Cross s e c t i o n  of MgO i n s u l a t i o n  wall 
wall (UC-1209) ad jacent  t o  cathode (UC-2209) ad j acen t  t o  anode 2209. 
1209. 



The plasma s u r f a c e  was p a r t i a l l y  coated by t h e  upstream, mo l ten  A1203 

p l u s  Zr02. 

The A1203 c o a t i n g  r e a c t e d  w i t h  t h e  MgO r e s u l t i n g  i n  t h e  f o r m a t i o n  

of r e a c t i o n  l a y e r .  

The h i g h  temperature  My0 s u r f a c e  below t h e  r e a c t i o n  l a y e r  

r e c r y s t a l  1  i zed f ormi ng 1  arge c o l  umnar g r a i  ns. 

A  c r a c k  occur red  n e a r l y  p a r a l l e l  t o  t h e  plasma sur face ,  w i t h  t h e  d i s t a n c e  

f r o m  t h e  s u r f a c e  v a r y i n g  w i t h  t h e  MgO plasma s u r f a c e  temperature.  T h i s  

c r a c k  c o n t a i n e d  K2c03 which p e n e t r a t e d  i n t o  t h e  open p o r o s i t y  o f  t h e  

MgO . 
The e x t e n t  o f  these  e f f e c t s  v a r i e d  depending upon t h e  s u r f a c e  

temperature.  F o r  example, t h e  t h i c k n e s s  o f  t h e  r e c r y s t a l l i z e d  columnar g r a i n  

l a y e r  and t h e  d i s t a n c e  f r o m  t h e  c rack  t o  t h e  s u r f a c e  decreased toward t h e  s i d e  

o f  t h e  b lock  covered by t h e  US e l e c t r o d e  w a l l ,  i .e . ,  t o  l o w e r  s u r f a c e  

temperatures.  T h i s  was especi  a1 l y  e v i d e n t  i n  UC-1209 and UA-2209. Simi 1  a r  

e f f e c t s  o f  l ower  s u r f a c e  temperatures were observed when comparing t h e  l o w e r  

temperature  UC-1527 and UA-2527 MgO i n s u l a t o r  b l o c k s  w i t h  t h e  h i g h e r  

temperature  UC-1209 and UA-2209. 

The s u r f a c e  c o a t i n g  on t h e  MgO s u r f a c e  near t h e  en t rance  t o  t h e  channel 

was n e a r l y  pu re  A1203 w i t h  h i g h  p o r o s i t y  and a  Zr02(Ca0) second phase 

sugges t ing  s o l i d i f i c a t i o n  f r o m  a  me1 t. Downstream, t h e  c o a t i n g  a l s o  c o n t a i n e d  

i n c r e a s i n g  amounts o f  La, Mg, and Zr (Y)  f r o m  t h e  e l e c t r o d e  w a l l s  which a l l  were 

LaCro3 based m a t e r i a l s .  T h i s  c o a t i n g  was g e n e r a l l y  r e t a i n e d  on t h e  s u r f a c e  

as 1  arge g l o b u l e s  (1-3 mm i n  diameter) ,  a p p a r e n t l y  r e s u l t i n g  as t h e  m o l t e n  

A1203-Zr02 p a r t i c l e s  con tac ted  t h e  s u r f  ace and s o l i d i f i e d .  

The t o p  sur face of t h e  MgO r e a c t e d  w i t h  t h e  c o a t i n g  f o r m i n g  a  u n i f o r m  

l a y e r ,  $0.5 mn t h i c k  (Figures 8 and 9). T h i s  l a y e r  was m o s t l y  MgA1204 w i t h  

Some second phase CaO s t a b i l i z e d  Zr02. It was formed o n l y  on t h e  surfaces 

exposed t o  t h e  plasma. 

Below t h e  r e a c t i o n  1  ayer,  t h e  MgO r e c r y s t a l  1  i z e d  e x t e n s i v e l y  fo rm ing  

long  columnar g r a i n  w i t h  l i n e s  of pores and second phase s t r i n g e r s  a t  t h e  q r a i n  

boundar ies  ( F i g u r e s  8-9) .  T h i s  r e c r y s t a l  1  i z e d  s t r u c t u r e  v a r i e s  up t o  3  mm 
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FIGURE 8. Micros t ruc ture  ne 
ad j acen t  t o  catho 

a r  plasma su r f ace  of MgO i n s u l a t o r  wall 
de 1209 (UC-1209). 
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FIGURE 9. Microstructure near plasma su r face  of MgO i n s u l a t o r  wall ad jacent  
t o  anode 2 2 0 9  ( U A - 2 2 0 9 ) .  
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t h i c k  i n  t h e  MgO (which was operated a t  t n e  h i g n e s t  temperatures) .  The second 

phase had a  composi t ion near Ca0-Mg0-2Si02 w i t h  s u b s t a n t i a l  amounts of K, 

A1 , Fe, and La. There i s  a  gradual t r a n s i t i o n  f r om t h e  columnar g ra i ns  t o  

l a r g e  equiaxed g ra ins ,  then  t o  t he  o r i g i n a l  small g r a i n  s t r u c t u r e  which 

con ta ins  K. The f o r m a t i o n  o f  t h e  columnar and equiaxed g r a i n  s t r u c t u r e  such 

as t h i s  i s  g e n e r a l l y  assoc ia ted w i t h  a  s i g n i f i c a n t ,  h i g h  temperatures g rad ien t .  

The crack which formed about 4-6 mm below the  sur face  appeared t o  be t h e  

o n l y  c rack  i n  a l l  t h e  b l ocks  examined. Th i s  area was h igh  i n  potassium which 

concent ra ted  i n  t h e  open pores o f  t he  MgO s t r u c t u r e .  The potassium 

a t t a c k s  t he  Mg0-Ca0*2Si02 phase i n  t he  smal l  p a r t i c l e s  which bond t he  la rge ,  

dense p a r t i c l e s  toge ther .  The potassium concen t ra t i on  i s  s u b s t a n t i a l l y  h i ghe r  

and extends t o  g r e a t e r  depths below the  surface i n  t h e  MgO b locks  ad jacen t  t o  

t h e  cathode w a l l  than  i n  those ad jacent  t o  t h e  anode w a l l .  Some growth a1 ong 

t he  crack d i d  occur  suggest ing t h a t  these f r a c t u r e s  were formed near t h e  s t a r t  

of t h e  t e s t  and n o t  du r i ng  shutdown. Genera l ly ,  below t h i s  f r a c t u r e ,  t h e  MgO 

resembles t h a t  o f  t he  o r i g i n a l  s t r u c t u r e .  No m i c r o s t r u c t u r a l  f e a t u r e s  cou ld  

be reso lved  t o  d i s t i n g u i s h  between t h e  c o l o r e d  l aye rs .  

The t i n - l e a d  s o l d e r  used t o  bond t he  MgO t o  t he  copper c o o l i n g  p i n s  was 

0.3 mm t h i c k  and showed no evidence o f  degradat ion. 

The performance o f  t h e  MgO from t h e  USSR UO-2 i n s u l  a t i  ng w a l l  f o r  t h e  

Phase I11 t e s t  o f  a  US Channel was good. The mol ten A1203 from t h e  

upstream components o f  t he  UO-2 compl icated t he  e v a l u a t i o n  s i nce  i t  reac ted  

w i t h  t h e  MgO (es t imated  t o  be ~ 1 8 7 5 K ) .  Sur face temperatures were h i gh  enough 

t o  cause ex tens i ve  r e c r y s t a l  1  i z a t i o n  near t he  s u r f  ace. The o v e r a l l  r e s i s t a n c e  

t o  thermal shock was good; however, t h e  f o rma t i on  o f  a  l a r g e  c rack  p a r a l l e l  t o  

t h e  sur face,  w i t h  subsequent seed p e n e t r a t i o n  and h y d r a t i o n  l ead  t o  some 

su r face  s p a l l i n g .  The potassium a t t ack  on t h e  MgO CaO-2Si02 phase, which 

was t h e  b i n d i n g  media between t h e  l a rge ,  h i gh  d e n s i t y  g r a i n s  o f  t h e  p e r i c l  ase, 

may be a  problem f o r  long- term performance s t a b i  1  i ty. 



4.0 WORK ANTICIPATED NEXT MONTH 

4.1 ELECTROCHEMICAL TESTING 

E lec t rochemica l  t e s t i n g  o f  p o t e n t i  a1 e l e c t r o d e  m a t e r i a l s  i s  be ing  reduced, 

and emphasis s h i f t e d  t o  f a b r i c a t i o n  development o f  e l e c t r o d e  ma te r i  a1 s. 

4.2 MATERIALS DEVELOPMENT 

The f a b r i c a t i o n  development o f  t h e  ha f  nium-rare e a r t h  ox ide  e l e c t r o d e  

m a t e r i a l s  w i l l  be acce lerated.  The goal  i s  t o  develop f a b r i c a t i o n  methods 

which can produce q u a l i t y  e l e c t r o d e  bars  o f  s u f f i c i e n t  q u a n t i t y  f o r  t e s t i n g  i n  

Westinghouse MHD Tes t  Fac i  1  i t y  (WESTF). Th i s  t e s t  (WESTF-42) w i  11 eva lua te  t h e  

thermal performance i n  coa l  s l a g  and seed w i t h o u t  e l e c t r i c  c u r r e n t .  

4.3 CHARACTERIZATION AND EVALUATION 

4.3.1 The thermal diffusivity/conductivity o f  t h e  hafn ium-rare e a r t h  ox i de  

e l ec t r odes  w i l l  be measured, w i t h  da ta  be ing  used f o r  design o f  WESTF-42. 

S i m i l a r  p r o p e r t i e s  w i l l  be measured f o r  some Y203 s t a b i l i z e d  Zr02 I 

prepared by Westi nghouse f o r  t e s t i  ng i n  WESTF-42. 

4.3.2. The examinat ion o f  t h e  RFG r e f r a c t o r y  f r om  t h e  Montana S t a t e  

U n i v e r s i t y  a i  r - p rehea te r  t e s t  (MSU-#I) w i  11 be completed. The r e s u l t s  of 

meta l  1  ographic,  SEM and EDX c h a r a c t e r i z a t i o n  w i l l  be r epo r t ed  and p o s s i b l e  

c o r r o s i o n / e r o s i o n  mechanisms descr ibed. 

4.3.3 The examinat ion o f  a  p l a t i n u m  coated, copper e l e c t r o d e  t e s t e d  i n  

AVCO's Mark V I I  i n  coa l  s l a g  and K2S04 seed w i l l  con t inue .  
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