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HEDL-TME 76-20

EFFECT OF COMPOSITION ON THE CORROSION BEHAVIOR OF 

316 STAINLESS STEEL IN FLOWING SODIUM

J .  F. Ba tes  and W. F. Brehm

ABSTRACT

Type 216 s t a i n l e s s  s t e e l  spec im en s  i r r a d i a t e d  
and n o n - i r r a d i a t e d ,  w i t h  m inor v a r i a t i o n s  in  Cy Hy 
Cry Niy S iy  and Mn c o n te n ty  w ere  e x p o s e d  t o  f lo w in g  
sodium  in  th e  Sou rce  Term C o n tr o l  Loop-1 f a c i l i t y .  
T e s t  c o n d i t i o n s  o f  604°C ( 1 1 2 0 ° F ) y  a sodium v e l o c i t y  
o f  6 . 7  m /s (22  f t / s e c ) y and an oxygen c o n t e n t  o f  0 .5  
and 2 . 5  ppm were u s e d  t o  a s c e r t a i n  th e  e f f e c t  o f  
th e s e  c o m p o s i t i o n a l  v a r i a t i o n s  on th e  c o r r o s io n  r a t e  
and on th e  '̂*Mn r e l e a s e  r a t e .

V a r ia t io n s  i n  Cy Ny and Mn had no s i g n i f i c a n t  
e f f e c t  on th e  c o r r o s i o n  r a t e .  The c o r r o s io n  r a t e  
i n c r e a s e d  somewhat a s  th e  Ni and S i  c o n te n t  o f  th e  
s t e e l  was in c r e a s e d y  and d e c r e a s e d  w i t h  an i n c r e a s e  
i n  Cr c o n t e n t .  M icroprobe  e x a m in a t io n  showed p r e ­
f e r e n t i a l  l e a c h in g  o f  AfrZj S iy  Cry and Ni t o  d e p th s  o f  
up t o  10\m ( 0 .4  m i l )  a f t e r  e x p o su re  t im e s  ra n g in g  
from  5000-8000  h o u rs .

V a r i a t i o n s  i n  n a t u r a l  (^^Mn) c o n t e n t  d i d  n o t  
a f f e c t  r e l e a s e  r a t e s  o f  ^^Mn \_generated  by  
^ ' ^Fe(nyp)^^Mn '] .

111
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INTRODUCTION

Corros ion  r e s i s t a n c e  in  f low ing  sodium and r e s i s t a n c e  to  i r r a d i a t i o n -  

induced s w e l l i n g  a r e  fundamental  r e q u i r e m e n t s  f o r  m a t e r i a l  des igned  f o r  c l a d ­

ding and d u c t  a p p l i c a t i o n s  in  L iqu id -M eta l -C oo led  F as t  Breeder  Reac to rs

(LMFBRs). I t  has been shown t h a t  minor a l l o y  m o d i f i c a t i o n s  o f  316 s t a i n l e s s
f 1 2 )s t e e l  r e s u l t  in  improved s w e l l i n g  r e s i s t a n c e .  ’ ' One purpose  o f  t h i s  

work was t o  de te rm ine  t h e  e f f e c t  o f  s i m i l a r  a l l o y  m o d i f i c a t i o n s  on th e  c o r ­

ro s io n  b eh av io r  o f  316 s t a i n l e s s  s t e e l ,

54Another  c o r r o s i o n - r e l a t e d  problem i s  t h e  d i f f u s i v e  l o s s  o f  Mn from 
54co re  components.  Mn i s  a majo r  c o n t r i b u t o r  to  r a d i a t i o n  l e v e l s  in  main-

(3 41tenance  r e g io n s  n e a r  LMFBR h e a t  t r a n s p o r t  system components^ ’ , and any
54means o f  r educ ing  t h i s  r e l e a s e  r a t e  would be b e n e f i c i a l .  Mn a r i s e s  from

, X 54an (n ,p )  r e a c t i o n  w i th  Fe in t h e  s t e e l  and no t  from n o n r a d io a c t i v e  man-
55ganese i n i t i a l l y  in  t h e  s t a i n l e s s  s t e e l  ( Mn). A h ig h e r  manganese c o n te n t

54
may t h e r e f o r e  mean t h a t  a d d i t i o n a l  manganese produced by i r r a d i a t i o n  ( Mn)

would have a g r e a t e r  tendency  to  c l u s t e r  o r  p r e c i p i t a t e  in  a n o th e r  phase

than  t o  remain in t h e  m a t r ix  as s o l u b l e  manganese.  Also ,  a very  low manga-
54nese c o n t e n t  may reduce  t h e  d r i v i n g  f o r c e  f o r  Mn from th e  c l ad d in g  to  the

sodium. An i n v e s t i g a t i o n  was under taken  t o  de te rm ine  i f  t h e  i n i t i a l  l eve l

o f  manganese in  a nominal 316 s t a i n l e s s  s t e e l  base a l l o y  could  reduce  t h i s  
54r e l e a s e  r a t e  o f  Mn.

EXPERIMENTAL PROCEDURE

Severa l  o f  t h e  a l l o y s  used in  s w e l l i n g  and mechanical  p r o p e r t i e s  s t u d ­

i e s  were exposed t o  f low ing  sodium in  t h e  Source Term Control  Loop #1 

(STCL-1) a t  t h e  Hanford Eng inee r ing  Development L abora to ry  to  de te rm ine  the  

e f f e c t  o f  minor a l l o y  m o d i f i c a t i o n s  on th e  c o r r o s i o n  b ehav io r  o f  316 s t a i n ­

l e s s  s t e e l .  The specimens  r e c e i v e d  up to  8000 hours exposure  in  sodium a t  

604°C (1120°F) .

The specimens used in  t h i s  exper im en t  were t u b e s ,  produced by c e n t e r -  

d r i l l i n g  bar  s t o c k .  Approximate specimen dimensions  were 13 mm long,

5 .84  mm OD x 5 .08  mm ID (1 /2"  long ,  0.230" OD, 0 .200"  ID).  Composit ion of  

th e  specimens i s  shown in  Table  1. The specimens d e s ig n a t e d  16B, 17B, 18B,



TABLE I

SPECIMEN COMPOSITION, WEIGHT PER CENT 

(All O thers  Except  Iron Remained a t  AISI 316 S p e c i f i c a t i o n )

Specimen No. C N Si Mn Cr Ni

1 0 .003 0 .007 0 . 4 0 .92 16.95 12.01

3® " 0 .047 0 .05 0.39 0 .9 4 17.0 12.05

5 0 .128 0.111 0 .43 0 .97 17 .0 12 .10

25 0.046 0.052 <0.01 0.95 16 .88 11 .98

29 0.045 0.050 1.96 0 .9 4 17.13 12.39

40 0.045 0 .05 0 .40 0 .95 14.86 9 .96

41 0.046 0.052 0 .3 8 0.96 14.89 12.01

44 0.046 0.049 0.41 0 .90 18.97 12.11

168'^ 0 .045 0.047 0 .43 <0.01 16.92 12.15

0.046 0.052 0 .3 8 0.92 17.0 12 .07

ISB"^ 0 .047 0 .054 0 .38 2.04 17 .17 11.91

198"^ 0 .044 0.056 0 .37 3.89 17.03 11 .98

II Qii"̂  b ^-0.05 'vO.02 '^0.4 1.49 17.05 13 .8

iigii "̂ b '^0.05 '^.0.02 'vO.4 1 .52 ' 1 6 . 9 13.9

r \ 3

a = 316  nom ina l  
c o m p o s i t i o n

+ = i r r a d i a t e d b -  i r r a d i a t e d  fue l  c l ad d in g  specimens  used  in  r a d i o a c t i v e  mass 
t r a n s p o r t  program



and 19B were inc luded  to  measure t h e  e f f e c t  o f  n o n r a d io a c t i v e  Mn in the
54s t e e l  upon c o r r o s i o n  and Mn r e l e a s e .  These specimens were i r r a d i a t e d  to

22 2a f l u e n c e  o f  '\.2 x 10 n/cm (E >0.1 MeV) p r i o r  to  exposure in th e  loop.

These specimens were s l i g h t l y  s m a l l e r  than  the  s t a n d a rd  s i z e  spec imens ,  

having an 00 o f  5 .59  mm (0 .2 2 0 " )  and an ID o f  4 .82 mm (0 .1 9 0 " ) .  A t a p e re d  

a d a p t e r  was used on th e  specimen h o ld e r  to  ensu re  a smooth t r a n s i t i o n  along 

th e  l i n e  o f  specimens .  Schemat ic  drawings o f  t h e  t e s t  loop and th e  specimen 

h o ld e r  a r e  shown in  F ig u re s  1 and 2,  r e s p e c t i v e l y .  The t e s t  loop i s  a pumped, 

n on - i so th e rm a l  f a c i l i t y ,  w i th  equipment f o r  con t inuous  p u r i f i c a t i o n  and moni­

t o r i n g  o f  t h e  oxygen l e v e l  o f  th e  sodium by s t a n d a rd  t e c h n iq u e s .  D e ta i l s  o f  

t h e s e  te c h n iq u e s  and o f  t h e  o p e r a t i o n  o f  th e  loop a r e  g iven  in  Reference 3.

The specimen envi ronment was as fo l l o w s :

Specimen t e m p e r a t u r e :  604°C (1120 ±3°F)

Main l i n e  minimum te m p e r a t u r e :  427°C (800 ±5°F)

Flow r a t e :  0.457 m^/hr (2 ga l /m in )

V e lo c i ty  p a s t  spec imens:  6 .7  to  7 .6  m/sec (22 to
25 f t / s e c )

Reynolds number a t  specimen s u r f a c e :  47,500 ±2500

The Reynolds number was de te rm ined  from:

,  (1)
'^Re n

where R  ̂ = h y d r a u l i c  r a d i u s  o f  t e s t  s e c t i o n  = ( a r e a /w e t t e d  p e r i m e t e r ) ,

V = V e lo c i ty  o f  sodium, 

p = d e n s i t y  o f  sodium, and 

n = v i s c o s i t y  o f  sodium.

Oxygen l e v e l s  in th e  sodium were c o n t r o l l e d  by changing th e  co ld  t r a p

te m p e ra tu re  and were moni to red  c o n t i n u o u s l y  by e l e c t r o l y t i c  oxygen m e te r s ,
f4lwhich in t u r n  were c a l i b r a t e d  w i th  a s t a n d a r d  techn ique^  ' by exposure of  

a vanadium wire  t o  loop sodium.

The STCL-1 loop i s  used to  de te rm ine  th e  e f f e c t  o f  th e  oxygen le ve l  

in sodium upon t h e  r e l e a s e  o f  r a d i o a c t i v e  s p e c i e s  from i r r a d i a t e d  316 SS



TABLE 2 

SPECIMEN EXPOSURE 

STCL-1 RUN NUMBER AND OXYGEN LEVEL IN PPM

Specimen

1

3

5

25

29

40

41 

44

16B

17B

18B

19B

16B

17B

18B*

19B*

}

}

Run 2 
lOOOh 

2 . 5

Run 3 
lOOOh 

0 . 5

Run 4 
lOOOh 

2 . 5

Run 5a 
2000h 

2 . 5

Run 5b
3000h
2 . 5

Run 6 a ,  6b 
6 0 0 0 h ( t o t )  

0 . 5

Total  LxDOSure

11

•

5000 h 

8000 h 

5000 h 

8000 h 

8000 h 

5000 h 

5000 h 

5000 h

3000 h 
2 . 5  ppm

6000 h 
0 . 5

*The " d ep le te d  zone" was removed an d , a na ly z ed  by an incrementa l  a n a l y s i s  e l e c t r o p o l i s h i n g  te c h n iq u e  from t h e s e  
spec imens  a f t e r  t he  f i r s t  e x p os u re .  A f t e r  p o l i s h i n g  and a n a l y s i s ,  t h e  spec imens  were r e - i n s e r t e d  in  the  lo o p .
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(51
c l a d d in g .  ' Consequen t ly ,  th e  specimens were exposed a t  two d i f f e r e n t  

oxygen l e v e l s .  Oxygen l e v e l s  o f  2 .5  ppm and 0 .5  ppm were m a in ta ined  f o r  

t e s t i n g ,  w i th  c o r re s p o n d in g  co ld  t r a p  te m p e ra tu r e s  o f  154°C (310°F) and 

115°C (240°F) .  Temperature  c o n t ro l  o f  t h e  co ld  t r a p  was m a in ta ined  a t  

±1°C. Table  2 shows th e  exposure  h i s t o r y  o f  each specimen a t  the  two d i f ­

f e r e n t  oxygen l e v e l s .

A f t e r  e x p o s u re ,  specimens were removed from th e  loop ,  and adhe re n t  

sodium was removed by a l c o h o l  and d e io n iz e d  w a te r  r i n s e s ,  fo l lowed  by 

d ry in g  a t  80°C (175°F) in  a vacuum oven.  The p e r i o d i c  weigh t  changes were 

measured on m ic ro b a la n ces  s e n s i t i v e  to  10"^ gram.

Following th e  l a s t  ex p o s u re ,  com posi t ion  g r a d i e n t s  in t h e  specimen 

m a t e r i a l  in  samples 3,  29,  41 and 44 were de termined  by e l e c t r o n  microprobe .  

In a d d i t i o n ,  g r a d i e n t s  o f  both  r a d i o a c t i v e  and n o n r a d io a c t i v e  s p e c ie s  in 

th e  ( i r r a d i a t e d )  16B-19B specimens were e s t a b l i s h e d  by s e q u e n t i a l l y  e l e c t r o ­

p o l i s h i n g  0 .2  ym l a y e r s  from th e  specimen s u r f a c e  and ch em ica l ly  and r a d i o -  

ch e m ic a l ly  a n a l y z in g  th e  p o l i s h i n g  s o l u t i o n s  from each increment .

RESULTS

The w e igh t  change d a t a  a r e  shown in  Table 3. A genera l  scan o f  the  

d a t a  shows t h a t ,  under  t h e s e  exper im en ta l  c o n d i t i o n s ,  th e  c o r r o s io n  r a t e s  

a r e  q u i t e  modest ,  and none o f  t h e  a l l o y s  e x h i b i t  c o r r o s io n  r a t e s  which 

would p r o h i b i t  t h e i r  use in  LMFBRs. The average  c o r r o s io n  r a t e  o f  a l l  

specimens ( e x c e p t  t h e  16B-19B s e r i e s  a t  0 .5  ppm oxygen) was 2 .54 ym 

(0 .1 0  m i l )  pe r  y e a r .  By compar ison ,  th e  Bagnal1-Jacobs  c o r r e l a t i o n ^ ^ ^  

p r e d i c t s  a c o r r o s i o n  r a t e  o f  4 .5  ym (0 .1 8  m i l )  pe r  y e a r  a t  2 .5  ppm oxygen.

A s i m i l a r  i n v e s t i g a t i o n  o f  t h e  e f f e c t  o f  manganese on th e  c o r ro s io n  
54r a t e  and Mn r e l e a s e  r a t e  from 316 s t a i n l e s s  s t e e l  was a l s o  conducted .

The specimens used in  t h i s  s tudy  were t h e  16B-19B s e r i e s .  The average  

c o r r o s i o n  r a t e  o f  t h e  manganese s e r i e s  a t  0 .5  ppm oxygen was 1 .5  ym 

(0 .059  mi l )  p e r  y e a r ,  compared w i th  a p r e d i c t i o n  o f  0 .9  ym (0 .035 mi l )  

p e r  y e a r  from th e  Bagna l1-Jacobs  c o r r e l a t i o n a n d  1.27 ym (0 .05  mi l )  

pe r  y e a r  in  specimens o f  d i f f e r e n t  h e a t s  o f  i r r a d i a t e d  AISI Type 316



TABLE I I I  

SPECIMEN WEIGHT LOSS

2Weight Loss yg/mm E q u i v a l e n t  Cor ros ion  Rate

Specimen No. lOOOh 2000h 3000h 5000h 8000h ym/yr m i I s / y r

1 2 .88 6.09 7.99 13.1 2 .92 0.115

3 2.99 6 .37 8 .44 13.0 18.6 2 .59 0.102

5 2 .83 6.39 7.77 12.9 2 .87 0 .113

25 3.31 6 .84 8 .49 13.1 18.5 2.59 0.102

29 3 .98 8 .19 8.75 M . 8 20.1 2.81 0.111

40 1.86 5.01 5 .40 i 0 . 8 2 .44 0.096

41 2 .79 6 .6 7.75 13 .8 3 .10 0.122

44 1 . 8 8 4 .86 6 .09 12.0 2 .66 0.105

CO

Based upon w e ig h t  l o s s  a t  l o n g e s t  exposure  t im e .  Not c o r r e c t e d  f o r  p r e f e r e n t i a l  s u b s u r f a c e  l e a c h in n  

o f  Cr ,  N i , Mn, S i .
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(4)s t a i n l e s s  s t e e l  which were exposed tinder t h e s e  same c o n d i t i o n s .  ' The
54weigh t  change and Mn r e l e a s e  da ta  f o r  t h e  16B-19B s e r i e s  a r e  shown in 

Table 3.

DISCUSSION

Carbon and N i t rogen

Sim ul taneous  v a r i a t i o n s  in  carbon and n i t r o g e n  were found t o  have 

v i r t u a l l y  no e f f e c t  on t h e  c o r r o s i o n  r a t e .  Weight change da ta  a r e  shown 

p l o t t e d  v e r s u s  t ime in  F igure  3 f o r  specimens w i th  t h e  chemical v a r i a t i o n s  

shown in  Tab le 1. These d a t a  do n o t  imply t h a t  t h e  carbon l e v e l  has no 

e f f e c t  on o t h e r  p h y s ic a l  and mechanical  p r o p e r t i e s  o f  th e  s t e e l .

Si 1 icon

I n c r e a s i n g  t h e  s i l i c o n  c o n t e n t  from 0.01 to  0 .4  wt % was found to  

have l i t t l e  e f f e c t  on t h e  c o r r o s i o n  r a t e .  A f u r t h e r  i n c r e a s e  in  th e  s i l i ­

con c o n t e n t  to  2% r e s u l t e d  in  an i n c r e a s e d  c o r r o s i o n  r a t e ,  as  shown in 

F igure  4. An e l e c t r o n  microprobe  exam ina t ion  showed t h a t  s i l i c o n  had been 

p r e f e r e n t i a l l y  leached  from both  t h e  0.4% and th e  2% s i l i c o n  specimens to  

a dep th  of  about  10 ym (0 .4  mi l s )  a f t e r  8000-hours  exposu re ,  as  shown 

in  F igu re  5.

The lo c a l  d e c r e a s e  in  t h e  Si c o n c e n t r a t i o n  o f  t h e  2% Si specimen 

observed  between 5 and 8 ym d i s t a n c e ,  as  shown in  F igure  5,  cou ld  be caused 

by t h e  microprobe  scan t r a v e r s i n g  a g r a i n  boundary;  f a s t e r  outward d i f f u ­

s ion  o f  s i l i c o n  would be expec ted  in  the  g r a i n  boundary r e g io n .  Another 

p o s s i b i l i t y  i s  t h e  lo c a l  d e p l e t i o n  o f  s i l i c o n  because  o f  t h e  p re s e n c e  o f  

a p r e c i p i t a t e  which forms in  th e  S i - r i c h  a l l o y s .

The o v e r a l l  t h i c k n e s s  o f  the  S i - d e p l e t e d  zone (abou t  10 ym or 0 .4  mi l s )

i s  in good agreement w i th  d e p l e t e d  zone t h i c k n e s s e s  o f  o t h e r  s u b s t i t u t i o n a l

a l l o y i n g  e lem en ts  ( e . g . ,  Cr,  Ni ,  Mn) observed  in  o t h e r  specimens exposed
(41to  sodium f o r  comparable t im es  and t e m p e r a t u r e s '  \

The o v e r a l l  e f f e c t  o f  t h e  Si a d d i t i o n  i s  thus  seen  t o  be minimal under 

t h e s e  t e s t  c o n d i t i o n s .  However, i t  must be remembered t h a t  " d e p le t e d
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zones" o f  up to  50 pm (2 mi l s )  t h i c k  in  o t h e r  s u b s t i t u t i o n a l  a l l o y s  have 

been observed  a f t e r  10,000 hours exposure  a t  700°C (1292°F ) /^^  Thus the  

s w e l l i n g  r e s i s t a n c e  th rough  t h e  c r o s s  s e c t i o n  o f  an a l l o y  may be a l t e r e d  as 

a r e s u l t  o f  p r e f e r e n t i a l  chemical  c o r r o s i o n .

Nickel

The r e s u l t s  shown in  Table  2 and p l o t t e d  in  F igure  6 r e f l e c t  a lower 

c o r r o s i o n  r a t e  in  a specimen w i th  n ic k e l  c o n t e n t  lowered from 12% to  10%. 

Nickel i s  th o u g h t  t o  be r e l e a s e d  by an atomic  d i s s o l u t i o n  p r o c e s s ,  in d e ­

penden t  o f  oxygen a c t i v i t y .  Hence,  i n c r e a s i n g  th e  n icke l  c o n t e n t  i n c r e a s e s  

th e  d r i v i n g  f o r c e  f o r  d i s s o l u t i o n  o f  n ic k e l  a t  th e  metal  s u r f a c e .  E l e c t ro n  

microprobe  a n a l y s i s  showed t h a t  n ic k e l  was indeed  p r e f e r e n t i a l l y  removed 

a t  t h e  s u r f a c e .  This  r e s u l t  i s  in  gene ra l  agreement w i th  p rev ious  ob­

s e r v a t i o n s  t h a t  n ic k e l  i s  p r e f e r e n t i a l l y  removed from s t a i n l e s s  s t e e l  by

sodium and t h a t  some h ig h - n i c k e l  a l l o y s  show h igher  c o r r o s io n  r a t e s  than
n  • ( 8 ,9 )i ron  base a l l o y s  in sodium.

The observed  w e igh t  l o s s  d i f f e r e n c e s  (abou t  25%) a t  t h e  two n icke l  

c o n c e n t r a t i o n s  a r e  n o t  in  ag reement w i th  observed c o r r o s io n  r a t e  d i f f e r ­

ences  between 304 s t a i n l e s s  s t e e l  (8-12% Ni) and 316 s t a i n l e s s  s t e e l  

(10-14% Ni ) . ^^^^  In f a c t ,  Baque e t  al.^^*^^ r e p o r t  t h a t  304L and 316 

s t a i n l e s s  s t e e l s  c o n t a i n i n g  10% Ni c o r roded  much more than  316L and 316 Ti 

s t e e l s  c o n t a i n i n g  12% Ni. However, t h e r e  a r e  o t h e r  g ro s s  com pos i t iona l  

d i f f e r e n c e s  between 304, 316 and 321 s t a i n l e s s  s t e e l s ,  whereas t h e  a l l o y s  

used in  t h i s  s tu d y  r e p r e s e n t  a v a r i a t i o n  o f  n icke l  and i ro n  on ly .  There ­

f o r e ,  a t  a c o n s t a n t  molybedenum c o n t e n t  ( '^2.3 w /o ) ,  lower ing  th e  n icke l  

c o n t e n t  d id  have th e  e f f e c t  o f  r educ ing  t h e  c o r r o s i o n .

Chromium

The c o r r o s i o n  r a t e  o f  316 s t a i n l e s s  s t e e l  was u n a f f e c t e d  by changing 

th e  chromium c o n t e n t  from 15 to  17%. However, a d e c r e a s e  in c o r r o s io n  

r a t e  was obse rved  upon f u r t h e r  i n c r e a s i n g  t h e  chromium c o n t e n t  to  19%, 

as  shown in  F igu re  7. Microprobe exam inat ion  o f  th e  specimens showed a 

s i g n i f i c a n t l y  s m a l l e r  " d e p le t e d  zone" in  t h e  19% Cr specimen than in  the  

o t h e r  a l l o y s ,  a s  shown in  F igu re  8.  The s m a l l e r  d e p l e t e d  zone i n d i c a t e s
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a much s m a l l e r  e f f e c t i v e  d i f f u s i o n  c o e f f i c i e n t  f o r  Cr in the  19% Cr a l l o y  

s i n c e  t h e  s u r f a c e  c o n c e n t r a t i o n s  were rough ly  e q u i v a l e n t .  The s m a l l e r  d i f ­

f u s i o n  r e l e a s e  o f  Cr from th e  19% Cr a l l o y  can accoun t  f o r  th e  d i f f e r e n c e  

in  w eigh t  l o s s .  I t  i s  n o t  a p p a r e n t  t h a t  a s u r f a c e  r e a c t i o n  could cause th e  

e f f e c t i v e  d i f f u s i o n  c o e f f i c i e n t  f o r  Cr t o  d i f f e r  so w ide ly  in  th e  19% Cr 

a l l o y  from t h a t  f o r  th e  17% Cr a l l o y s .  The s u r f a c e  c o n c e n t r a t i o n  o f  Cr i s  

s i m i l a r  f o r  a l l  a l l o y s .

Manganese

No s i g n i f i c a n t  d i f f e r e n c e s  in  c o r r o s i o n  r a t e  as a f u n c t i o n  o f  Mn con­

t e n t  were o b s e rv e d ,  as  shown in  F igure  9 ,  f o r  t h e  specimens exposed a t
540 .5  ppm oxygen c o n t e n t .  In a d d i t i o n ,  t h e  Mn d i f f u s i v e  r e l e a s e  was not

55changed by th e  v a r i a t i o n  in  t h e  n a t u r a l  ( Mn) c o n t e n t  o f  th e  a l l o y s .  The

o v e r a l l  w e igh t  l o s s  o f  t h e  i r r a d i a t e d  specimens was s l i g h t l y  l e s s  than  t h a t
54o f  t h e  u n i r r a d i a t e d  m a t e r i a l .  F igu re  9 shows th e  normal ized  Mn d i f f u s i o n  

p r o f i l e s  in  t h e  16B-19B s e r i e s .  I t  can be seen t h a t  th e  d i f f u s i o n  p r o f i l e s  

d id  no t  d i f f e r  s i g n i f i c a n t l y  from each  o t h e r  o r  from th e  "D" and "B" s p e c i ­

mens ( i r r a d i a t e d  316 SS) which a r e  shown f o r  comparison.
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TABLE IV

EFFECT OF VARIATIONS IN Mn CONTENT UPON RELEASE AND SPECIMEN WEIGHT LOSS

Oxygen 
Content  

o f  Na
Specimen

Number

5‘*Mn R e le a se ,
Percent  o f  Total  Specimen A c t i v i t y Weight Loss , uq/mm2 Eq uiva lent  Corrosion  Rate

3000 Hours 6000 Hours 3000 Hours 6000 Hours vim/.yr m i l s / y r

2 .5  ppm 16B 0 . 7 0 5 . 0 1 .82 0 . 072
2 . 5  ppm 17B 0 . 7 0 5 .9 2 .16 0 . 085

2 . 5  ppm 18B 0 . 7 8 6.1 2 . 2 3 0 . 088
2 . 5  ppm 19B 0.75 7 . 0 2 .5 4 0 . 1 0

0 . 5  ppm 16B 0.81 ( e s t im a te d ) 4 . 3 _ 1 .58 0 . 062
0 . 5  ppm 17B 0 . 9 3 4.1 7 . 5 1 . 38 0 . 054

0 . 5  ppm 18B 1.15 4 . 4 8 . 4 1 .52 0 . 0 60
0 . 5  ppm 19B 0 . 8 4 4 .2 8 . 2 1 .49 0 .0 59

0 . 5  ppm "B" 1.19 9.1 1 .6 8 0 .066
0 . 5  ppm "D" 0. 96 8.1 1 . 50 0 . 0 59



CONCLUSION

The r e s u l t s  shown above r e p r e s e n t  v a r i a t i o n s  o f  l e s s  than  30% in the  

observed  c o r r o s i o n  r a t e s  e v a l u a t e d  over  5000 to  8000 hours exposure  with  

s e v e ra l  i n t e r m e d i a t e  ex a m in a t io n s .  I t  i s  no t  s u r p r i s i n g  t h a t  small v a r i a ­

t i o n s  in  a l l o y i n g  e lem en ts  can produce  changes in c o r r o s io n  r a t e s ,  s ince  

s i g n i f i c a n t  changes in  s w e l l i n g  r e s i s t a n c e  and mechanical  p r o p e r t i e s  be­

h a v io r  a r e  caused  by t h e s e  same small  a l l o y  v a r i a t i o n s .  None o f  the  a l l o y s  

t e s t e d ,  however, had c o r r o s i o n  r a t e s  high  enough to  cause  concern over  t h e i r  

use in  a f a s t  r e a c t o r  c o re .
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