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SUMMARY 

The s p e c t r a l  emi t tances  o f  t e x t u r e d  space r a d i a t o r  m a t e r i a l s  between 1.7 
and 14.7 pm have been eva lua ted  a t  room tempera ture  and e l e v a t e d  tempera ture  
(630 O C )  i n  a i r .  Hea t ing  i n  a i r  caused a permanent i n c r e a s e  i n  s p e c t r a l  e m i t -  
tance for a l l  m a t e r i a l s  t e s t e d :  H C l / i o n  beam t e x t u r e d  304 s t a i n l e s s  s t e e l ,  

4 u n t e x t u r e d  T i  ( 6  p e r c e n t  A l ,  4 p e r c e n t  V ) ,  and sandb las ted  T i  ( 6  p e r c e n t  A l ,  
u3 4 p e r c e n t  V ) .  Changes i n  t h e  s u r f a c e  c h e m i s t r y  and /o r  s u r f a c e  morphology o f  

was measured i n  an argon atmosphere and compared t o  t h e  measurements i n  a i r .  
S i m i l a r i t y  between t h e  room tempera ture  and e l e v a t e d  tempera ture  s p e c t r a l  em i t -  
tance measurements was a l s o  i n v e s t i g a t e d ,  and l i m i t e d  agreement was found.  

cf 
d 
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I these m a t e r i a l s  were a l s o  observed.  E leva ted  tempera ture  s p e c t r a l  em i t tance  

INTRODUCTION 

The development of n u c l e a r  r e a c t o r  power systems f o r  space a p p l i c a t i o n s  
r e q u i r e s  t h a t  t h e  system be a b l e  t o  f i t  i n  t h e  S h u t t l e  bay. 
i n g  t h i s  r e q u i r e m e n t ,  t h e  area  of t h e  sys tem's  r a d i a t o r  can be min imized by 
i n c r e a s i n g  the  thermal  em i t tance  o f  t h e  r a d i a t o r  s u r f a c e .  For the SP-100 
n u c l e a r  space power system, t h e  d e s i r e d  thermal  em i t tance  i s  g r e a t e r  t han  or 
equal  to 0.85 a t  700 to  900 K .  

To a s s i s t  i n  meet- 

Va r ious  techn iques ,  such as s a n d b l a s t i n g ,  d i scha rge  chamber t e x t u r i n g ,  and 
carbon a r c  e l e c t r i c a l  d i scha rge ,  have been used on cand ida te  r a d i a t o r  m a t e r i a l s  
t o  ach ieve  h i g h  emi t tance  va lues  ( r e f s .  1 and 2 ) .  The thermal  e m i t t a n c e  a t  
e l e v a t e d  tempera tures  f o r  these m a t e r i a l s  was de termined by n o r m a l i z i n g  t h e  
room tempera ture  s p e c t r a l  em i t tance  t o  a 700 t o  900 K b lackbody.  T h i s  method 
of c a l c u l a t i n g  t h e  thermal  em i t tance  assumed t h a t  t h e  s p e c t r a l  e m i t t a n c e  a t  
e l e v a t e d  tempera tures  was t h e  same as t h a t  a t  room tempera ture .  However, t h i s  
may n o t  be a v a l i d  assumption, e s p e c i a l l y  i f  t h e  s u r f a c e  c h e m i s t r y ,  composi- 
t i o n ,  or  t e x t u r e  o f  t h e  m a t e r i a l s  changes upon h e a t i n g .  

For t h i s  reason,  t h e  e f f e c t s  o f  e l e v a t e d  tempera tures  on t h e  emi t tances  
o f  two m a t e r i a l s ,  T i  (6 p e r c e n t  A l ,  4 p e r c e n t  V )  and 304 s t a i n l e s s  s t e e l ,  were  
i n v e s t i g a t e d  a t  e l e v a t e d  tempera tures  and i n  atmospheres o f  v a r i a b l e  composl- 
t i o n .  S p e c t r a l  em i t tances  were measured a t  b o t h  room tempera ture  and e l e v a t e d  



temperatures I n  o r d e r  to  d e t e c t  a change i n  emi t tance ,  and su r face  a n a l y s i s  
was per formed t o  p r o v i d e  e x p l a n a t i o n s  for  t he  emi t tance  changes. 

APPARATUS AND PROCEDURE 

Sur face  T e x t u r i n g  

T i tan ium (6,4> samples were t e x t u r e d  i n  a S . S .  White sandb las te r  w i t h  
60 pm S I C  as the  imp ing ing  p a r t i c l e  a t  an o p e r a t i n g  pressure  o f  10 p s i .  
samples were p o s i t i o n e d  6 t o  7 cm from the  n o z z l e  w i t h  t h e  p a r t i c l e s  d i r e c t e d  
normal to  the  su r face .  The samples were sandb las ted  u n t i l  t h e r e  was no  v i s i -  
b l e  change i n  appearance. 

The 

S t a i n l e s s  s t e e l  (304)  samples were e tched i n  h o t  concen t ra ted  HC1 f o r  
12 min, r i n s e d  i n  d i s t i l l e d  wa te r ,  and blown d r y  w i t h  n i t r o g e n  gas. A f t e r -  
wards, t h e  samples w e r e  p laced  I n  an argon i o n  d i scha rge  chamber o p e r a t i n g  a t  
1500 V and -700 OC f o r  2 h r .  The d i scha rge  chamber t e x t u r i n g  s y s t e m  i s  
desc r ibed  more comp le te l y  i n  r e f e r e n c e  1 .  

S p e c t r a l  Emi t tance Measurements 

Re f lec tance  measurements were made a t  room tempera ture  f r o m  1 . 7  t o  14.7 pm 
u s i n g  t h e  hohlraum r e f l e c t o m e t e r  a t tachment  o f  a P e r k i n - E l m e r  model 1 3  spec t ro -  
photometer ( f i g .  1 ) .  T o t a l  r e f l e c t a n c e  was measured as t h e  i n t e n s i t y  r a t i o  o f  
the  r a d i a t i o n  r e f l e c t e d  by the  water -coo led  sample t o  t h e  r a d i a t i o n  e m i t t e d  by 
the  w a l l  o f  t h e  heated c a v i t y  0 0 . 9 9  b lackbody ) ,  which was k e p t  a t  630 O C .  The 
measured s p e c t r a l  r e f l e c t a n c e  ( r A )  was then conver ted  t o  s p e c t r a l  em i t tance  
( E X )  by:  

which f o l l o w s  d i r e c t l y  from K i r c h o f f ' s  law f o r  an opaque s u r f a c e .  

S p e c t r a l  em i t tance  measurements w e r e  a l s o  made a t  e l e v a t e d  tempera tures  
ove r  t h e  same wavelength range u s i n g  the  emissometer a t tachment  o f  t h e  spec t ro -  
photometer  ( f i g .  2 ) .  The samples were  heated t o  630 O C  i n  t h e  emissometer 
w i t h  the  n o r m a l l y  e m i t t e d  r a d i a t i o n  r e f l e c t e d  i n t o  t h e  spec t rophotometer .  Ca l -  
c u l a t i n g  t h e  i n t e n s i t y  r a t i o  o f  the  r a d i a t i o n  e m i t t e d  by t h e  sample t o  t h e  
r a d i a t i o n  e m i t t e d  by t h e  c a v i t y  w a l l  a t  t he  same tempera ture  y i e l d e d  t h e  spec- 
t r a l  em i t tance  i n  a i r  a t  630 O C .  

A s p e c i a l  hood was des igned t o  a l l o w  emi t tance  measurements i n  atmospheres 
o t h e r  than  a i r  ( f i g .  3). The hood was a meta l  dome 15 cm i n  d iameter  and 
7 .5  cm i n  h e i g h t  which covered t h e  sample and had a t r a n s m i t t i n g  ZnSe window 
i n  the  o p t i c a l  pa th .  
purge of gas th rough t h e  dome, e n t e r i n g  th rough  an i n l e t  a t  t h e  t o p  and e x i t i n g  
th rough a s i d e  o u t l e t .  The purge was ma in ta ined  w h i l e  o b t a i n i n g  t h e  s p e c t r a l  
emi t tance and a f t e r  t he  r u n  w h i l e  t h e  sample was c o o l i n g .  

The gaseous env i ronment  was c r e a t e d  by r u n n i n g  a slow 

The s p e c t r a l  emi t tances  o f  u n t e x t u r e d  and sandb las ted  T i  (6 ,4)  samples 
were measured a t  room tempera ture  i n  the  hohl raum r e f l e c t o m e t e r  b e f o r e  and 
a f t e r  h e a t i n g  a t  630 O C  f o r  4 h r .  
T I  (6 ,4 )  was a l s o  measured a t  630 O C  i n  t h e  emissometer a f t e r  0 t o  10, 

The s p e c t r a l  em i t tance  o f  t h e  sandb las ted  
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20 t o  30, 40 t o  50, and 60 t o  70 min of h e a t i n g .  The 10-min t ime  spans c o r r e s -  
ponded t o  t h e  t i m e  necessary t o  complete the  measurements. 
tance of another  sandb las ted  T i  ( 6 ,4 )  sample was then de termined a t  630 O C  i n  
an argon atmosphere u s i n g  the  meta l  dome at tachment  f o r  t h e  emissometer a f t e r  
h e a t i n g  f o r  1 h r .  

t u r e d  s t a i n l e s s  s t e e l  t y p e  304 sample was measured a t  room tempera ture  b e f o r e  
and a f t e r  h e a t i n g  a t  630 OC f o r  4 h r .  A f t e r  1 h r  o f  h e a t i n g ,  t h e  s p e c t r a l  
em i t tance  was measured a t  630 OC i n  t he  ernissometer. 

The s p e c t r a l  e m i t -  

S i m i l a r l y ,  t h e  s p e c t r a l  em i t tance  o f  t h e  HC1 e tched and then i o n  beam t e x -  

Sur face  A n a l y s i s  

Sur face  a n a l y s i s  was per formed be fo re  and a f t e r  h e a t i n g  i n  t h e  emissometer 
i n  o r d e r  to determine t h e  causes f o r  changes i n  s p e c t r a l  em i t tance .  The chemi- 
c a l  compos i t ions  o f  t h e  sample sur faces  w e r e  de termined by ESCA a n a l y s i s .  A 
Scanning E l e c t r o n  Microscope was used t o  observe t h e  s u r f a c e  morphology o f  a l l  
t h e  samples b e f o r e  and a f t e r  h e a t i n g .  

RESULTS AND DISCUSSION 

HC1-Discharge Chamber Tex tured  S t a i n l e s s  S t e e l  304 Sample 

The s p e c t r a l  emi t tance da ta  i n  a i r  f o r  t e x t u r e d  304 s t a i n l e s s  s t e e l  a r e  

I t s  em i t tance  was then measured i n  t h e  

p resen ted  i n  f i g u r e  4 f o r  t h r e e  d i f f e r e n t  h e a t i n g  d u r a t i o n s .  The t e x t u r e d  
s t a i n l e s s  s t e e l  em i t tance  was f i r s t  measured i n  t h e  hohl raum r e f l e c t o m e t e r  
w i t h  t h e  sample a t  room temperature.  
emissometer a f t e r  i t  was a t  630 O C  f o r  1 h r .  F i n a l l y ,  a f t e r  t h e  sample was 
heated t o  630 O C  for 4 h r  i n  a i r ,  i t s  em i t tance  was remeasured i n  t h e  hohl raum 
r e f l e c t o m e t e r  a t  r o o m  tempera ture .  The r e s u l t i n g  t h r e e  s p e c t r a l  em i t tance  
curves  were c l o s e  t o g e t h e r  ( t h e y  w e r e  t he  same between 0.75 and 0.88 pm) 
between 2 and 7 pm, b u t  n o t  f o r  t h e  l onger  wavelengths.  
p e r a t u r e  emi t tance  a t  13 pm was 0 .36 .  
13 pm a f t e r  1 h r  h e a t i n g  i nc reased  t o  0.55, b u t  t h e  room tempera ture  emi t tance  
a f t e r  4 h r  h e a t i n g  i n  a i r  i nc reased to  a peak va lue  o f  0.80 a t  13 pm. 

The SEM photographs of t h e  sample b e f o r e  and a f t e r  h e a t i n g  a r e  shown i n  
f i g u r e  5. Before  hea t ing ,  t h e  su r face  c o n s i s t e d  o f  smal l  s p i r e s  (abou t  0.2 pm 
wide)  spaced l e s s  than 1 pn a p a r t .  A f t e r  h e a t i n g ,  t h e  s p i r e s  on t h e  s u r f a c e  
were much l a r g e r  (about  1 pm wide) and were spaced f a r t h e r  a p a r t  (abou t  2 t o  
3 pm). D u r i n g  h e a t i n g ,  t h e r e f o r e ,  t h e  smal l  s p i r e s  coalesced t o  form a sur -  
f a c e  w i t h  a rougher  t e x t u r e .  The inc reases  i n  t h e  l o n g  wavelength emi t tances  
c o u l d  be e x p l a i n e d  by t h i s  change i n  t h e  su r face  morphology. 
p l e  had a low emi t tance  for t h e  l o n g e r  wavelengths because t h e  d imensions of 
t h e  surface t e x t u r e  w e r e  much s m a l l e r  than these wavelengths.  The emi t tance  
f o r  t h e  l o n g e r  wavelengths i nc reased  a f t e r  h e a t i n g  because t h e  s i z e  and spac- 
i n g  of t h e  s p i r e s  inc reased.  

The o r i g i n a l  room tem- 
The e l e v a t e d  tempera ture  emi t tance  a t  

The o r i g i n a l  sam- 

The s p e c t r a l  em i t tance  taken w i t h  t h e  sample i n  the  emissometer a t  e l e -  
va ted  tempera tures  f e l l  between t h e  two hohl raum r e f l e c t o m e t e r  curves .  The 
emi t tance  remained h i g h  for t h e  s h o r t e r  wavelengths b u t  was found  t o  decrease 
a t  wavelengths l o n g e r  than 10 pm. 
measurement was b e i n g  made, t h e  sample morphology was i n  an i n t e r m e d i a t e  s t a t e  

The d a t a  suggests  t h a t  w h i l e  t h e  emissometer 
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i n  comparison t o  t h e  room tempera ture  measurements. The sample had been heated 
f o r  o n l y  1 h r  i n s t e a d  o f  4 h r ,  and i t  i s  l i k e l y  t h a t  t he  sur face t e x t u r e  had 
not reached e q u i l i b r i u m  a t  t h e  t ime  o f  the  measurement. 

The ESCA r e s u l t s  f o r  t e x t u r e d  s t a l n l e s s  s t e e l  a re  l i s t e d  i n  t a b l e  1. The 
r e s u l t s  i n d i c a t e  t h a t  t h e  c h e m i s t r y  o f  the  su r face  d i d  n o t  change much d u r i n g  
exposure t o  a i r  w h i l e  a t  630 OC. 

Untex tu red  T i  (6 ,4> Sample 

I n  f i g u r e  6, t h e  s p e c t r a l  em i t tance  da ta  f o r  a p r e s t i n e  (un tex tu red )  
T i  ( 6 ,4>  sample i s  i l l u s t r a t e d .  For t h i s  m a t e r i a l  a s u b s t a n t i a l  and permanent 
i n c r e a s e  i n  room tempera ture  emi t tance  r e s u l t e d  upon h e a t i n g  i n  a i r  t o  630 O C  
f o r  1 h r .  SEM photographs ( f i g .  7) r e v e a l e d  t h a t  t h e  su r face  t e x t u r e  became 
rough as a r e s u l t  o f  h e a t i n g .  ESCA a n a l y s i s  ( t a b l e  I )  shows t h a t  t h e  s u r f a c e  
was h e a v i l y  o x i d i z e d ;  t h e  T i : O  r a t i o  had decreased from 0.18 b e f o r e  h e a t i n g  to  
0 .04  a f t e r  h e a t i n g .  
s i b l e  for  t h e  i nc rease  i n  emi t tance  by changing the  sur face chemis t r y  and 
morphology.  

The presence o f  oxygen w h i l e  h e a t i n g  was t h e r e f o r e  respon- 

Sandb las ted  T i  (6 ,4)  Sample 

F i g u r e  8 shows t h e  s p e c t r a l  em i t tances  of  sandb las ted  T i  (6.4) measured 
a t  room tempera ture  b e f o r e  and a f t e r  h e a t i n g  t o  630 O C  for  1 h r  a t  e l e v a t e d  
tempera tu re .  Comparison o f  t h e  i n i t i a l  room tempera ture  s p e c t r a l  em i t tance  o f  
sandb las ted  T i  (6 ,4> w i t h  t h a t  o f  p r i s t i n e  T i  (6 ,4>  ( f i g .  6) shows t h a t  sand- 
b l a s t i n g  s i g n i f l c a n t l y  i nc reased  t h e  e m i t t a n c e .  
t e s t e d ,  t h e  room tempera ture  emi t tance  o f  sandb las ted  T i  (6 ,4> i nc reased  upon 
h e a t i n g  i n  a i r .  The s p e c t r a l  em i t tance  a t  e l e v a t e d  tempera ture  was s l i g h t l y  
be low t h e  f i n a l  room tempera ture  emi t tance ,  p a r t i c u l a r l y  a t  t h e  s h o r t e r  
wavelengths.  

A s  w i t h  t h e  o t h e r  samples 

F i g u r e  8 a l s o  shows t h e  e l e v a t e d  tempera ture  s p e c t r a l  em i t tance  o f  sand- 
b l a s t e d  T i  (6,4> measured a f t e r  1 h r  a t  630 OC i n  t h e  argon atmosphere. The 
measurements were made th rough t h e  ZnSe window, and hence t h e  s p e c t r a l  em i t -  
tance must be c o r r e c t e d  f o r  t h e  a b s o r p t i o n  by  t h e  window: 

where ~'(1) was t h e  measured s p e c t r a l  em i t tance  and t ( X )  was the  s p e c t r a l  
t r a n s m i t t a n c e  o f  t h e  window. The f i g u r e  shows t h a t  t h e  emi t tance  was low a t  
t h e  s h o r t e r  wavelengths and h i g h  a t  t h e  l o n g e r  wavelengths.  The s h o r t  wave- 
l e n g t h  r e s u l t s  appear i n c o n s i s t e n t  w i t h  t h e  i n i t i a l  room tempera ture  measure- 
ment. I t  seems u n l i k e l y  t h a t  t h e r e  would be such a l a r g e  d i f f e r e n c e  between 
t h e  emi t tance  a t  room tempera ture  and the  emi t tance  a t  630 O C  i n  an i n e r t  gas 
atmosphere. 
s h o r t  wavelength emi t tance  was measured, y i e l d i n g  a lower  r e s u l t .  
n a t e l y ,  another  measurement c o u l d  n o t  be made to  check t h e  r e s u l t s  because the  
emissometer h e a t e r  f a i l e d .  
was c o n s i s t e n t  w i t h  t h e  o t h e r  curves ,  f a l l i n g  between t h e  o r i g i n a l  and f i n a l  
room tempera ture  measurements. 

A p o s s i b l e  e x p l a n a t i o n  i s  t h a t  t he  sample had coo led  w h i l e  t h e  
Unfor tu -  

The l o n g  wavelength emi t tance ,  on t h e  o t h e r  hand, 



The r e s u l t s  for  the  sandb las ted  T i  ( 6 ,4>  samples can a l s o  be e x p l a i n e d  by 
su r face  a n a l y s i s .  A l though  t h e  SEM photographs ( f i g .  9 )  d i d  n o t  show a change 
i n  t h e  s u r f a c e  morphology, t he  ESCA r e s u l t s  ( t a b l e  111) c l e a r l y  r e v e a l e d  a 
change i n  t h e  s u r f a c e  chemis t r y .  A s  a r e s u l t  o f  s a n d b l a s t i n g  w i t h  Sic, t h e  
sample su r faces  were p r i m a r i l y  s i l i c o n - b a s e d  compounds i n s t e a d  o f  t i t a n i u m -  
based. The s u r f a c e  o f  t h e  sample heated i n  a i r  had t h e  l a r g e s t  amount o f  S i 0 2  
r e l a t i v e  t o  S i c ,  f o l l o w e d  by t h e  sample heated i n  argon,  and then  by t h e  room 
tempera ture  sample. For wavelengths between 8 and 15 pm, t h e  emi t tances  of t h e  
samples f o l l o w e d  t h e  same o r d e r .  One can conclude t h a t  t h e  permanent i nc rease  
i n  em i t tance  r e s u l t e d  from t h e  convers ion  o f  Sic t o  S i 0 2  a t  e l e v a t e d  tempera- 
t u r e s .  F i g u r e  10 shows t h e  e l e v a t e d  tempera ture  s p e c t r a l  em i t tance  measured 
i n  a i r  o v e r  t ime ,  and t h e  r e a c t i o n  appeared t o  be complete a f t e r  1 h r  of heat -  
i n g  i n  a i r .  

CONCLUDING REMARKS 

Permanent i nc reases  i n  t h e  s p e c t r a l  em i t tance  o f  t h e  cand ida te  space r a d i -  
a t o r  m a t e r i a l s  was found to  occu r  as a r e s u l t  o f  h e a t i n g  the  sample o f  630 O C  

i n  a i r  f o r  1 h r .  The s p e c t r a l  em i t tance  o f  H C l / i o n  beam t e x t u r e d  s t a i n l e s s  
s t e e l  was unchanged between 2 to  7 pm b u t  i nc reased  between 7 t o  15 pm. 
i n c r e a s e  was caused by a rougher  s u r f a c e  t e x t u r e  w i t h  no apparent  change i n  t h e  
s u r f a c e  chemis t r y .  The s p e c t r a l  em i t tance  o f  u n t e x t u r e d  T i  (6 ,4)  i nc reased  
between 2 t o  15 prn as a r e s u l t  o f  h e a t i n g  i n  a i r .  
o x i d i z e d ,  and a l s o  appeared to  have a rougher  s u r f a c e  t e x t u r e .  The s p e c t r a l  
em i t tance  o f  sandb las ted  T i  ( 6 ,4>  a l s o  i nc reased  between 2 t o  15 pm. Again,  
o x i d a t i o n  was found t o  be t h e  cause o f  t h e  i nc reased  emi t tance ,  even though 
t h e  s u r f a c e  morphology was n o t  observed t o  change. 

The 

The s u r f a c e  became h e a v i l y  

One of t h e  goa ls  o f  t h e  exper iment  was t o  i n v e s t i g a t e  t h e  r e l a t i o n s h i p  
between room tempera ture  and e l e v a t e d  tempera ture  s p e c t r a l  em i t tance .  A f t e r  a 
m a t e r i a l  was heated t o  630 O C  i n  a i r  for 1 h r ,  t h e  f i n a l  room tempera ture  spec- 
t r a l  em i t tance  was c l o s e  t o  the  e l e v a t e d  tempera ture  s p e c t r a l  em i t tance .  The 
two measurements d i f f e r e d  by no more than 0.1 emi t tance  u n i t s  f o r  sandb las ted  
T i  (6.4) between 2 t o  15 pm (see f i g .  8)  and a l s o  for  t e x t u r e d  s t a i n l e s s  s t e e l  
between 2 t o  10 pm (see f i g .  4 ) .  These measurements, however, were per fo rmed 
in a i r ,  and h e a t i n g  t o  630 O C  i n  a i r  caused a permanent change i n  t h e  emi t -  
tance.  The purpose for h e a t i n g  t h e  sandb las ted  T i  ( 6 , 4 >  sample i n  the i n e r t  
gas argon was t o  e l i m l n a t e  t h e  e f f e c t s  o f  t h e  a i r  and t o  o b t a i n  a t r u e  e l e v a t e d  
tempera ture  e m i t t a n c e .  A l a r g e  d i f f e r e n c e  between e l e v a t e d  and room tempera- 
t u r e  e m i t t a n c e  f o r  t h e  s h o r t  wavelengths was found,  b u t  t h i s  r e s u l t  c o u l d  n o t  
be repea ted  because t h e  emissometer h e a t e r  f a i l e d .  

I n  t h e  f u t u r e ,  i t  i s  p lanned t o  r e p l a c e  t h e  emissometer a t tachment  w i t h  a 
b e l l  jar  system. The new system w i l l  a l l o w  e l e v a t e d  tempera ture  s p e c t r a l  emi t -  
tance measurements t o  be made i n  vacuum so t h a t  t h e r e  w i l l  n o t  be any changes 
i n  t h e  sample s u r f a c e  caused by  t h e  su r round ing  atmosphere. A l s o ,  v a r i o u s  
gases c o u l d  be b l e d  i n t o  t h e  chamber so t h a t  s p e c t r a l  em i t tance  measurements 
c o u l d  be made i n  any atmosphere. C u r r e n t l y ,  t o t a l  hemispher i ca l  em i t tance  
measurements a r e  b e i n g  made i n  a c a l o r i m e t r i c  vacuum emissometer ( C V E ) .  The 
CVE r e s u l t s  c o u l d  then be compared w i t h  t h e  t o t a l  em i t tance  c a l c u l a t e d  from 
the s p e c t r a l  em i t tance  r e s u l t s  made i n  vacuum. 
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S i ,  S i c .  some Si02: 
S i C / S i O Z  = 2.7 

M o s t l y  S i0  some S i c ,  S i :  
s i c ? i i o z  = 1.1 

TABLE I .  - ESCA AND MORPHOLOGY FOR SAMPLES TESTED 

Unchanged 

Unchanged 

Sample 

S i ,  S i c ,  moderate SiO2: 
S i C / S i O Z  = 1.9 

C ,  Fe ,  C r ,  4 pe rcen t  Ta: 
a l l  i n  o x i d i z e d  s t a t e s  

C ,  Fe, C r .  4 pe rcen t  Ta: 
a l l  i n  o x i d i z e d  s t a t e s  

T i ( 1 )  

T i  ( 2 )  

Ti85C 

T i  25A 

T i  56AR 

S.S. 304 

S.S. 304 

Unchanged 

Spi r e s  
1 Pl 

Spi r e s  
2 t 0 3 m  

~ ~~ 

Sur face 
t rea tmen t  

None 

None 

Sandblasted 

Sandblasted 

Sandblasted 

HC1 d i scha rge  
chamber t e x t u r e  

HC1 d i scha rge  
chamber t e x t u r e  

Temperature/ 
atmosphere 

Room temperature 

630 OC/air 

Room temperature 

630 " C l a i r  

630 O C / a i r  

Room temperature 

630 OC/air 

Morpho1 ogy 1 ESCA r e s u l t  

I Changed T i / O  0.04 
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ORIGINAL PAGE IS 
OF POOR QUALnY 

HOHLRAUM 
- 

. N E  W H t K  1 LAL 
M I  RROR 7 

FIGURE 1. - REFLECTIVITY MEASUREMENT OPTICAL PATH TO SPECTROMETER. 

~~ __ 

FIGURE 2. - HOHLRAUM REFLECTOMETER-EMISSOMETER. 
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FIGURE 3. - SCHEMATIC OF HOOD AND HEATED SAMPLE I N  EMISSOMETER. 

-0- HOHLRAUM MEASUREMENT BEFORE HEATING 
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-+-- 

EMISSOMETER MEASUREMENT I N  AIR AFTER 1 HOUR 
HOHLRAUM MEASUREMENT AFTER 4 HOURS HEATING I N  AIR 
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( A )  BEFORE HEATING. 

(6) AFTER HEATING I N  AIR FOR 4 HOURS. 

FIGURE 5 .  - SEM MICROGRAPHS OF TEXTURED STAINLESS STEEL BEFORE AND AFTER HEATING. 
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0 AFTER EXPOSURE I N  A IR  AT 630 OC. 1 HR 

0 BEFORE EXPOSURE I N  AIR AT ELEVATED TENPERATURE 

WAVELENGTH, Ut4 

FIGURE 6. - EMITTANCE OF PRISTINE T i ( 6 , 4 )  M S U R E D  I N  THE HOHLRAW REFLECTWTER.  
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I -  

( A )  TITANlUfl  AFTER EXPOSURE I N  AIR AT ELEVATED TEMPERATURE. 630 'C. 

(B) UNTREATED TITANIUM (6.4).  

FIGURE 7. - SEfl PHOTOGRAPHS OF PRISTINE T ITANIUN BEFORE AND AFTER HEATING I N  A IR  AT 
630 'C. 
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* 

(A)  T i  8 5  OC (ROOM TEMPERATURE). (B) T i  25A (630 OC I N  A I R ) .  

(C)  T i  56AR (630 OC I N  ARGON). 

FIGURE 9. - SEM PHOTOGRAPHS FOR SANDBLASTED T i  (6 .4) .  
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FIGURE 10.- SPECTRAL EMITTANCE OF SANDBLASTED T i  (6 ,4 )  VERSUS TIME AT 630 OC I N  EMISSOPIETER. 
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