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1.1 The Es t ab l i shmen t  of A l l o y  Development Goals Impor tant  t o  t h e  
Commercial izat ion of Tokamak-Based Fusion Reac to r s  (ANL and 
McDonnell Douglas) . . . . . . . . . . . . . . . . . . . . . . . . .  2 

F a t i g u e ,  c r a c k  growth, and c reep  r u p t u r e  p r o p e r t i e s  were i n v e s t i g a t e d  

i n  t h e  c o n t e x t  of l i t h i u m  cooled f i r s t  w a l l  s t r u c t u r a l  d e s i g n s  f o r  

commercial tokamak r e a c t o r s .  The s t u d i e s  r e s u l t e d  i n  t h e  d e f i n i t i o n  of 

t h e  p h y s i c a l  p r o p e r t i e s  f o r  f a t i g u e ,  c r e e p- f a t i g u e ,  f l aw  growth,  c r e e p  

r u p t u r e ,  and i r r a d i a t i o n  s w e l l i n g  r e q u i r e d  t o  m e e t  a g o a l  l i f e  of 

10 MW-Yr/m2. 

improvements over  p r e s e n t l y  d e f i n e d  p r o p e r t i e s  f o r  annealed  Type 316 

s t a i n l e s s  s t e e l .  

1 . 2  Economic Impact of  Using R e f r a c t o r y  Meta ls  f o r  Fusion Reac to r s  

F a t i g u e  and f l aw growth p r o p e r t i e s  were shown t o  need 

(McDonnell Douglas)  . . . . . . . . . . . . . . . . . . . . . . . . .  8 

The r e s u l t s  of t h i s  s t u d y  i n d i c a t e  t h a t  t h e  u s e  of r e f r a c t o r y  m e t a l s  

i n  t h e  f i r s t  w a l l ,  b l a n k e t ,  and header  r e g i o n  of a f u s i o n  r e a c t o r  o f f e r  

economic advantage  ove r  s t a i n l e s s  s t e e l  and t i t a n i u m ,  provided  t h e y  have 

modest ly longe r  l i f e  o r  pe rmi t  modera te ly  a h i g h e r  peak c o o l a n t  tempera-  

t u r e .  I f  t h i s  u s e  i s  expanded beyond t h e  heade r ,  o u t  through t h e  pr imary  

c o o l a n t  l o o p ,  t h e  c o s t  of e l e c t r i c i t y  i s  s i g n i f i c a n t l y  i n c r e a s e d .  T h i s  

i n c r e a s e  i n  c o s t  i s  on ly  r ecove red ,  r e l a t i v e  t o  t h e  use  of s t a i n l e s s  

s t e e l  o r  t i t a n i u m  f o r  a ve ry  narrow set of o p e r a t i n g  c o n d i t i o n s .  There-  

f o r e ,  i t  a p p e a r s  t h a t  t h e  use  of r e f r a c t o r y  m e t a l s  shou ld  be  r e s t r i c t e d  

t o  t h e  f i r s t  w a l l ,  b l a n k e t ,  and header  r e g i o n  on ly  and s t a i n l e s s  s t e e l  o r  

t i t a n i u m  be  used f o r  t h e  primary c o o l a n t  loop.  

1 . 3  Al loys  f o r  t h e  Fusion Reactor  Environment - A Techn ica l  Assessment 
(McDonnell Douglas and ADIP Task Group) . . . . . . . . . . . . . . .  14  

Primary and backup materials were s e l e c t e d  f o r  an Exper imenta l  

Power Reactor  (EPR) , Demonstrat ion Power Reactor  (DLR) and Commercial 

Power Reactor  (CPR). T e s t i n g  and manpower r equ i r emen t s  f o r  e s t a b l i s h i n g  

t h e  m a t e r i a l  p r o p e r t y  d a t a  needed f o r  d e s i g n  was d e f i n e d .  N a t u r a l  

r e s o u r c e s  and i n d u s t r i a l  c a p a b i l i t y  n e c e s s a r y  t o  s a t i s f y  a f u s i o n  economy 

Were examined. S t r u c t u r a l  m a t e r i a l  l i f e ,  f a i l u r e  modes and r a d i o a c t i v i t y  

c o n s i d e r a t i o n s  were among t h e  f a c t o r s  e v a l u a t e d .  
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1.4 Recycling Potential of Titanium Alloys (McDonnell Douglas, 
University of Wisconsin, and BNL) . . . . . . . . . . . . . . . . .  
This study examines just how long one must contain radioactive 

titanium before it can be safety reprocessed. It was assumed that the 

spent first wall and blanket structural material would be completely 

reprocessed in a standard manufacturing facility capable of both primary 

and secondary fabrication. 

It was found that reprocessing could occur when the chemical hazard 

associated with inhalation was greater than the hazard associated with 

inhalating the same amount of radioactive species. This conclusion 

allowed the use of the threshold limiting value (TLV) to set a limit on 

the airborne concentration of the elements. Then by calculating the time 

required for that amount of material to decay to the same diluent factor 

indicated by the biological hazard potential (BHP) in air, the time for 

reprocessing was determined. Based on these assumptions, it was deter- 
mined that it is feasible to think of titanium, and some of its alloying 

elements as being recyclable in a relatively short time period. 

1 .5  Calculation of Irradiation Response Rates for Fission Reactors 
Used by the ADIP Irradiation Programs (OWL) . . . . . . . . . . .  
Planning radiation damage experiments in fission reactors such 

as ORR, HFIR, and EBR-I1 in support of fusion reactor materials 

development requires for these facilities dpa and gas production rates 

for many potential materials. This report summarizes some of the 

23 

calculations currently under way. 
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Effects Testing (McDonnell Douglas) . . . . . . . . . . . . . . . . .  36 

The geometry of a small fatigue specimen for irradiation testing 

2.1 Determination of Fatigue Specimen Configuration for Irradiation 

has been defined. This specimen is fabricated from thin sheet material, 

occupies the same test volume as the SS-1 sheet tensile specimen, and 

increases the number of fatigue tests per unit volume of test space by 

a factor of 4 to 5 .  
. 

3 .  PATH A ALLOY DEVELOPMENT -AUSTENITIC STAINLESS STEELS . . . . . . . . . .  39 

Steel Irradiated in HFIR - Swelling and Microstructure (ORNL) . . . .  40 
3.1 Comparison of Titanium-Modified and Standard Type 316 Stainless 

Swelling in annealed type 316 stainless steel after HFIR irradiation 

at 58(t78OoC to fluences producing 1 8 5 F 3 3 0 0  at. ppm He and 3 G 4 7  dpa is 

reduced by the addition of 0.23 wt % Ti. This can he related to micro- 

structural observation of finely distributed Tic precipitate particles, 
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which accommodate he l ium i n  s m a l l  c a v i t i e s  a t  t h e  p a r t i c l e  i n t e r f a c e s .  

Swe l l i ng  i n  20%-cold-worked type  316 s t a i n l e s s  s t ee l  i r r a d i a t e d  i n  

HFIR a t  58LF590"C t o  f l u e n c e s  producing  3LF80 a t .  ppm H e  and 1.5-3.0 dpa 

i s  reduced and r e c r y s t a l l i z a t i o n  r e t a r d e d  by t h e  a d d i t i o n  of 0 . 2 3  w t  % T i .  

3 .2  Mechanical  P r o p e r t i e s  of Type 316 and Titanium-Modified Type 316 
S t a i n l e s s  S t e e l  I r r a d i a t e d  i n  HFIR (ORNL) . . . . . . . . . . . . . .  54 

P o s t i r r a d i a t i o n  t e n s i l e  s t r e n g t h  and d u c t i l i t y  of annea l ed  type  316 

s t a i n l e s s  s t ee l  a f t e r  i r r a d i a t i o n  i n  HFIR a t  58&780"C t o  neu t ron  f l u e n c e s  

producing  1 8 5 S 4 0 0 0  a t .  ppm H e  and 3 M O  dpa are improved by t h e  a d d i t i o n  

of 0 .23  w t  % T i .  These improvements c o r r e l a t e  m i c r o s t r u c t u r a l l y  w i t h  

i n t r a g r a n u l a r  p r e c i p i t a t e s  of T i c ,  which accommodate he l ium e f f e c t i v e l y ,  

and s m a l l e r  grain- boundary c a v i t i e s  above 600°C. A d d i t i o n a l  improvement 

i s  observed  a t  600°C when g r a i n  boundary M13C6 i s  produced d u r i n g  

i r r a d i a t i o n .  Ti tan ium a d d i t i o n  t o  ZO%-cold-worked type  316 s t a i n l e s s  

s t e e l  improved d u c t i l i t y  and changes f r a c t u r e  mode to d u c t i l e  t r a n s -  

g r a n u l a r  a f t e r  i r r a d i a t i o n  i n  HFZR a t  5 8 M 0 0 " C  and t o  f l u e n c e s  producing  

3 S 8 0  a t .  ppm H e  and 1.5-3.0 dpa. 

3 . 3  P r e c i p i t a t i o n  Response of Annealed Type 316 S t a i n l e s s  S t e e l  i n  
HFIR I r r a d i a t i o n s  a t  550 t o  680°C (ORNL) . . . . . . . . . . . . . .  6 3  

P r e c i p i t a t i o n  i n  annealed  type  316 s t a i n l e s s  s t ee l  a f t e r  HFIR 

i r r a d i a t i o n  a t  550-680"C t o  f l u e n c e s  producing  2000-3300 a t .  ppm H e  and 

3 W 7  dpa i s  changed r e l a t i v e  t o  f a s t  r e a c t o r  o r  t he rma l  ag ing  exposure  

t o  s i m i l a r  t empera tu re s  and t i m e s .  The phases  observed a f t e r  HFIR 

i r r a d i a t i o n  are t h e  same as t h o s e  observed a f t e r  ag ing  t o  t empera tu re s  

7G200"C h i g h e r  o r  f o r  much longe r  t imes .  There  is a s i m i l a r  tempera- 

t u r e  s h i f t  i n  a d d i t i o n  t o  d i f f e r e n t  phases observed  f o r  HFIR i r r a d i a t i o n  

compared w i t h  EBR-11.  The changes observed a r e  c o i n c i d e n t  w i t h  i n c l u d i n g  

s imu l t aneous  he l ium p roduc t ion  t o  h igh  l e v e l s  i n  t h e  i r r a d i a t i o n  damage 

p roduc t s  of  t h e  material .  

3 .4  The Swe l l i ng  of 20%-Cold-Worked Type 316 S t a i n l e s s  S t e e l  I r r a d i a t e d  
i n  HFIR t o  Helium Leve l s  of 20&3700 a t .  ppm (ORNL) . . . . . . . . .  82 

Dens i ty  measurements i n d i c a t e  s i g n i f i c a n t l y  h i g h e r  s w e l l i n g  i n  

ZO%-cold-worked type  316 s t a i n l e s s  s t e e l  i r r a d i a t e d  i n  HFIR t h a n  i n  

EBR- TI .  Of t h e  t h r e e  t empera tu re s  i n v e s t i g a t e d  - 375, 475, and 575°C 

h i g h e s t  s w e l l i n g  occu r red  a t  375°C. 

3 .5  The I n f l u e n c e  of I r r a d i a t i o n  on t h e  P r o p e r t i e s  of Pa th  A Al loy  
Weldments (ORNL) . . . . . . . . . . . . . . . . . . . . . . . . . .  B h  

Weld- containing samples i r r a d i a t e d  i n  HFIR a t  abou t  55°C exhb i t ed  

l a r g e  i n c r e a s e s  i n  t h e  35°C t e n s i l e  s t r e n g t h  b u t  only  modest loss of 
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d u c t i l i t y .  The s t r e n g t h  of t h e  weld- conta in ing  s a m p l e s  remained below 

t h e  s t r e n g t h  of t h e  base  m e t a l ,  and a l l  t e s t e d  samples f a i l e i  w i t h i n  

t h e  weld metal .  

3.6 The E f f e c t s  of I r r a d i a t i o n  a t  About 55°C on Type 316 S t a i n l e s s  
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  S t e e l  (ORNL) 89 

I r r a d i a t i o n  of  20%-cold-worked type  316 s t a i n l e s s  s t ee l  a t  -55°C 

t o  produce 4 .5  t o  1 0 . 5  dpa and 180 t o  520  a t .  ppm He reduces  t he  uni form 

e l o n g a t i o n  t o  n e a r  z e r o  b u t  has  l i t t l e  e f f e c t  on t h e  t o t a l  e l o n g a t i o n  

o r  s t r e n g t h  p r o p e r t i e s  f o r  t e n s i l e  t e s t s  a t  35°C. T e s t s  i n  t h e  temprra- 

t u r e  range  200 t o  300°C show t h e  same t r e n d s  as f o r  35°C tes ts .  T e s t s  

a t  400 t o  600°C show e l o n g a t i o n  and s t r e n g t h  ve ry  c l o s e  t o  t h e  c o n t r o l  

v a l u e s .  T e n s i l e  t e s t i n g  a t  700'C a f t e r  ho ld ing  t h e  sample 30 min a t  

t empera tu re  shows low d u c t i l i t y  b u t  s t r e n g t h  v a l u e s  e q u a l  t o  t h e  c o n t r o l  

val .ues.  T h i s  appea r s  t o  b e  t h e  o n s e t  o f  he l ium e m h r i t t l e m e n t .  

4 .  PATH B ALLOY DEVELOPMENT ~ HIGHER STRENGTH Fc-Ni-Cr ALLOYS . . . . . . . .  95 

Helium Contents  (ORFii)  . . . . . . . . . . . . . . . . . . . . . . .  96 
4 . 1  The M i c r o s t r u c t u r e  o f  Nimonic PE-16 I r r a d i a t e d  t o  Produce High 

I n i t i a l  expe r imen t s  have begun on t h e  e f f e c t s  of H F I K  i r r a d i a t i o n  

o f  PE-16, where l a r g e  amounts o f  he l ium a r e  produced i n  t h e  a l l o y .  

I r r a d i a t i o n  a t  400 and 650°C produced c a v i t i e s  c o a t e d  w i t h  t h e  y' 

p r e c i p i t a t e  phase.  A f t e r  i r r a d i a t i o n  a t  400°C and a he l ium c o n t e n t  of 

370 a t .  ppm, t h e  ave rage  c a v i t y  s i z e  was 16 .5  r im;  a t  650'C and a helium 

c o n t e n t  of 1030 a t .  ppm, a bimodal c a v i t y  d i s t r i b u t i o n  was c r e a t e d  w i t h  

ave rage  s i z e s  of 31 .3  and 1.24.0 nm. Fau l t ed  loops  were formed a t  400°C 

but  not  a t  650°C. A new o b s e r v a t i o n  f o r  i r r a d i a t e d  PE-16 was t h e  

p r e c i p i t a t i o n  of M z ~ C ~  i n  t h e  g r a i n  bounda r i e s  a t  650°C. Experiments 

under way should  h e l p  e x p l a i n  many of t h e  m i c r o s t r u c t u r a l  changes i n  

t h e s e  e x p l o r a t o r y  PE-16 specimens.  

5. PATH C ALLOY DEVELOPMENT ~ REACTIVE AND KEFFCACTORY ALLOYS . . . . . . . .  107 

5 .1  S e l e c t i o n  o f  Ti tan ium Al loys  f o r  t h e  Pa th  C Scoping S t u d i e s  
(McDonneil Douglas) . . . . . . . . . . . . . . . . . . . . . . . .  109  

Four a l l o y s  were s e l e c t e d  f o r  t h e  s cop ing  s t u d i e s  and t h e y  -epr fser . t  

t h e  t h r e e  major  classes o r  d i v i s i o n s ,  of titanium a l l o y s ,  a l p h a ,  b e t a ,  and 

a l p h a  p l u s  b e t a .  

de t e rmine  t h e  e f f e c t  of m i c r o s t r u c t u r e  on r a d i a t i o n  damage. The i d e n t i f i e d  

a l l o y s  and t h e i r  h e a t  treatments have  been  reviewed by  t h e  t i t a n i u m  

community and t h e i r  comments n o t e d ,  

e s t a b l i s h e d  c o n s i s t i n g  of t h e  s e l e c t e d  a l l o y s  and t h e i r  h e a t  t r e a t m e n t s .  

I n  a d d i t i o n ,  t h r e e  h e a t  t r e a t m e n t s  w e r e  s e l e c t e d  t o  

A t i t a n i u m  i n v e n t o r y  h a s  been  
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5 . 2  Techn ica l  Assessment of Vanadium-Base Al loys  f o r  Fus ion Reactor  
A p p l i c a t i o n s  (Westinghouse) . . . . . . . .. . . . . . . . . . . . . 1 1 9  

A l a r g e  d a t a  base  h a s  been compiled on vanadium-base a l l o y s  b u t  t h e  

d a t a  base  on any one a l l o y  i s  q u i t e  l i m i t e d .  Great f l e x i b i l i t y  e x i s t s  

i n  t h e  compos i t ion- mic ros t ruc tu re- prope r ty  r e l a t i o n s h i p  and t h i s  f a c i l i -  

tates a l l o y  o p t i m i z a t i o n  t o  meet d i v e r s e  p r o p e r t y  r equ i remen t s .  T e n s i l e  

p r o p e r t i e s  and c r e e p  p r o p e r t i e s  of e x i s t i n g  a l l o y s  exceed l i k e l y  r e q u i r e-  

ments.  F a t i g u e  s t r e n g t h ,  i n c l u d i n g  c r a c k  growth ra te ,  is p robab ly  t h e  

most c r i t i c a l  m a t e r i a l  p r o p e r t y  bu t  no d a t a  e x i s t s  f o r  vanadium a l l o y s .  

Swe l l ing  and i r r a d i a t e d  d u c t i l i t y  behav io r  look  promis ing  bu t  r e q u i r e  

f u r t h e r  e v a l u a t i o n .  Vanadium a l l o y- l i q u i d  m e t a l  c o m p a t i b i l i t y ,  p a r t i -  

c u h r l y  i n t e r s t i t i a l  mass t r a n s f e r ,  may be e q u a l l y  a s  c r i t i c a l  as f a t i g u e  

behav io r ;  v i a b i l i t y  cannot  be e s t a b l i s h e d  w i t h  t h e  e x i s t i n g  d a t a  base .  

F a b r i c a b i l i t y  must be g iven  e a r l y  c o n s i d e r a t i o n  i n  a l l o y  s e l e c t i o n  t o  

guard a g a i n s t  p o t e n t i a l l y  s e r i o u s  problems i n  subsequent  sca le- up and 

p roduc t ion .  

5 . 3  16 MeV Pro ton  Creep i n  a Ti-6A1/4V Specimen (HEDL) . . . . . . . . . 128  

A Ti-6AL/4V t o r s i o n  c r e e p  specimen w a s  i r r a d i a t e d  w i t h  1 6  MeV p r o t o n s  

Lo a t o t a l  dose  of 0.35 dpa. The Lest w a s  conducted i n  a helium atmosphere 

a t  a nominal i r r a d i a t i o n  t empera tu re  of 3 2 5 O C .  The w i r e  specimen w a s  

s t r e s s e d  Lo 138 MPa (maximum s h e a r )  throughout  a p r e i r r a d i a t i o n  thermal  

c reep  p e r i o d  and d u r i n g  the f i r s t  50 h o u r s  of  i r r a d i a t i o n .  Fol lowing the 

f i r s t  50 hours  of i r r a d i a t i o n , t h e  stress w a s  reduced t o  ze ro  f o r  t h e  

subsequent  4 hour s  of i r r a d i a t i o n .  

The r e s u l t s  of  t h i s  s i n g l e  test  i n d i c a t e  t h a t  t h e  i r r a d i a t i o n  c r e e p  

ra te  i n  Ti-6ALI4V i s  w i t h i n  t h e  same o r d e r  of magnitude as t h a t  of s i m i l a r l y  

i r r a d i a t e d  20% CW 316 S S  specimens.  R e s u l t s  of t h e  stress r e d u c t i o n  show 

t h a t  t h e  recovered  s t r a i n  i s  s i m i l a r  i n  magnitude t o  t h a t  which occur red  

d u r i n g  t h e  i n i t i a l  t r a n s i e n t  and i s  i r r a d i a t i o n  dependent.  A number of 

mechanisms d e s c r i b i n g  t h e  r ecove ry  are d i s c u s s e d .  

5 .4  P l a s t i c  I n s t a b i l i t y  i n  Neu t ron- I r rad ia t ed  Niobium Al loys  (ORNL) . . 1 4 2  

I r r a d i a t i o n  of niobium and N b l %  Z K  fo l lowed by t e n s i l e  tests  a t  

abou t  35°C h a s  shown no i n t r i n s i c  d i f f e r e n c e  i n  t h e  t e n s i l e  behavior  

o f  t h e s e  two m a t e r i a l s ,  The o n s e t  of p l a s t i c  i n s t a b i l i t y  i n  both  occur s  

a t  ahou t  0 . 1  dpn, w i t h  s t r e n g t h e n i n g  c o n t i n u i n g  f o r  i r r a d i a t i o n  beyond 

a t  l e a s t  0 .36 dpa .  Although t h e  uniform e l o n g a t i o n  goes t o  n e a r  z e r o ,  

t h e  t o t a l  c l o n g a t i o n  remains  h i g h ,  and t h e  f r a c t u r e  mode i s  f u l l y  d u c t i l e .  

D u c t i l i t y  l o s s  through p l a s t i c  i n s t a b i l i t y  is r e l a t e d  t o  deformat ion  by 

d i s l o c a t i o n  channe l ing .  



x i x  

7 . 3  I r r a d i a t i o n  Expcriment Schedule  (OKNI.) . . . . . . . . . . . . . . .  
The schedu le  f o r  i r r a d i a t i o n  exper iments  be ing  conducted by 

tlie Alloy Dcavelopni~nt  P rog ram is p r e s e n t e d .  

8 .  CORROSION TESTING AND H Y D R O G E N  PERMEATION STUDIES . . . . . . . . . . . .  
8 . 1  Capsule  T e s t s  of Iron-Rase Al loys  i n  1,itirium (ORNI.) . . . . . . . .  

Data  on t h e  k i n e t i c s  o f  t h e  c o r r o s i u n  o f  s t a i n 1  '  steel^ by l i l h i u m  

were ob t a ined  irom a s e r i e s  of c a p s u l e  tests. Kase- l ine  c a p s u l e  t es t s  

conducred to 10,000 hr a t  500,  600,  a n d  700°C s h o w e d  nc ineasurahle 

c o r r o s i o n .  Xi t rogen  a d d i t i o n s  t o  t l i e  l i t h i u m  r e s u l t e d  in s u h s t ; i n t i a I  

c o r r o s i o n  a t  thcse  same t empe ra tu r e s ,  b o t  c a l c ium i n l i i b i t e d  n i t r o g e n  

a t t a c k  a t  500°C. 

8 . 2  Thermal-Convection Loop T e s t s  of T y p e  316 S t a i n l e s s  S t e e l  in 
L i t l r  i r i n i  (ORNL) . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Thermal-convect iun loops  havc provided  i n f o r m a t i o n  on c o r r o s i o n  

rates  o i  3 0 0 - s e r i r s  s t a i n l e s s  s t e e l s  i n  f lowing  l i t h i u m  a t  t empera tu re s  

b e t w e e n  500 and 650°C. 'The co r ro s ion  ra te  of typc  316 s t a i n l e s s  s t e e l  

i n  3000-Iir tests  i n c r e a s e d  w i t h  t empera ture  i'n accordance! wi t l i  an 

Arrhenius  relation. Addi t i on  o f  ';I A 1  t o  thc  l i t h i u m  s t r o n g l y  i n h i b i t e d  

t h e  mass t r a n s p o r t  o f  i r o n ,  chromium, and n i c k e l  at 600°C. 

R . 3  Compa t ib i l i t y  S t u d i e s  n f  T y p e  316 S t a i n l e s s  S t e e l  and H a s t e l ~ l o y  N 
i n  KNO-NaX02-NaN03 (ORNL) . . . . . . . . . . . . . . . . . . . . .  
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Ti le  n i t r a t e- b a s e d  fused  s a l t  mixturi2 K N O 3 - N a N I l 2 - S a N O 3  (44- 49- 7 rno 1 Z )  

has been wide ly  used as a hea t  Lranspor t  f l u i d  ;itid ror m e t a l l n r g i c n l  

l i e a t- t r e a t i n g .  Wr Ihavc' measured tile c o r r o s i o n  r a t e  of tliis s a l t  i n  the 

p r e s e n c e  o €  R tcmperalrre gradient Cor an i r , ~ i i - - i ~ a s c ,  I i i i i t i . r i z + l ,  t y p e  316  

s ~ e c l ,  a n i c k e l - h a s c  m a t e r i a l ,  H a s t e l l o y  N .  C o r r o s i o n  

r a t e s  wcre measured w i t h  maximum l o o p  t empera tu re s  o f  4 3 1  arid 504°C.  

~ e a s u r e d  c o r r o s i o n  ra tes  u r r c  i n  a l l  cases  l e s s  t han  H 1:mIyear. 

8 .4  IIydrogen Permeation of Type 31h S t a i n l e s s  S t e e l  (ANI.) . . . . . . .  215 

Under  c o n d i t i o n s  of iiigh hydrogen p u r i t y  (Low oxygcn p o t e n t i a l ) ,  

t i l e  hydrogen p e r m e a b i l i t y  o f  t y p e  31h  s t a i n l e s s  s t e e l  w a s  f o u n d  t o  b e  

bul k-dif f u s i o n  1 i m i  l e d  over  ranges  u f  t cmpe ra tu re  :tiid !hydrogen pressure 

tiiat are p e r t i n e n t  t o  most p r o j c c i i . d  f u s i o n  r r a c t o r  : ~ p p I ~ i r a t i o n s  f o r  

this m a t e r i a l .  ,"I halr-pnwer dcpendcnce o n  iiydrop,?.n p r e s s i i r c  was 

r c t a i n c d  down t o  thr, p rese i i t  cxpt'rimi,nt~ l ~ i m i t  o f  t i le  AXI. pcrnei i t ion 

a p p a r ; i t t l s  ( i . c . ,  IO- '  pa). TIE presencc  of  a I m(;i s i i u r c e  o f  I net' 

gammn radiation i n  t h e  u p s t r e m n  compartment Ilnd no  i . f f c i . t  on  measured 

lrydrogen permcatinn rates. 
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8 . 5  Hydrogen P e r m e a b i l i t y  o f  I ncone l  625 (ANL) . . . . . . . . . . . . . 2 2 1  

The hydrogen p e r m e a h i l i t y  o f  Inconel  625 w a s  measured over  a range  

of t empe ra tu r e s  and hydrogen p r e s s u r e s  t h a t  i nc luded  v a l u e s  r e l e v a n t  

t o  t h e  Doublet  111 experiment  ( I n c o n e l  625 i s  be ing  used a s  t h e  vacuum 

v e s s e l  m a t e r i a l  f o r  Doub1c.t 111). The permeat ion  r a t e  obeyed a h a l f -  

power dependence on hydrogen p r e s s u r e  down to t h e  lowes t  p r e s s u r e  

s t u d i e s  (10;' P a ) .  The a c t i v a t i o n  energy and permeat ion  c o e f f i c i e n t  

were i n  good agreement w i t h  pub l i shed  d a t a  f o r  o t h e r  Inconel- type  a l l o y s .  

These r e s u l t s  w i l l  a l s o  be u s e f u l  as a s t a n d a r d  f o r  comparison of t h e  

e f f e c t i v e n e s s  o f  permeat ion  b a r r i e r  methods a p p l i e d  t o  p a t h  B a l l o y s .  




