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ABSTRACT 

The c o r r o s i o n  o f  304L and 309SCb s t a i n l e s s  s t e e l  w a s  s t u d i e d  
in HF-HN03 solutions proposed f o r  the T h o r e x  process .  Except 
f o r  t h e  d i s s o l v i n g  and waste evapora t ion  s t e p s  i n  t h e  Thorex 
p rocess ,  c o r r o s i o n  of  304L and 309SCb i s  n o t  expec ted  t o  
exceed t h a t  exper ienced  i n  t h e  Purex p rocess .  To minimize 
the h i g h  i n i t i a l  c o r r o s i o n  ra te  o f  309SCb i n  t h e  b o i l i n g  
HF-HN03 d i s s o l v i n g  s o l u t i o n ,  a h e e l  o f  thorium should  be 
main ta ined  i n  t h e  d i s s o l v e r .  The c o r r o s i o n  ra te  o f  304L i n  
t h e  l o w  a c t i v i t y  waste evapora to r  can be reduced by adding 
one mole o f  aluminum p e r  mole o f  f l u o r i d e  t o  t h e  e v a p o r a t o r  
feed. 
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CORROSION OF STAINLESS STEEL IN THOREX PROCESS SOLUTIgNS 

INTRODUCTION 

I n  t h e  Thorex p rocess  f o r  t h e  s e p a r a t i o n  of  U2,, from i r r a d i a t e d  
thorium, t h e  d i s s o l u t i o n  of thorium i n  HNO, r e q u i r e s  t h e  a d d i t i o n  o f  
HF t o  c a t a l y z e  t h e  r e a c t i o n  and t o  prevent  format ion  of a p r o t e c t i v e  
f i l m  on t h e  thorium. The a d d i t i o n  of H F  t o  t h e  p rocess  s o l u t i o n s  
in t roduces  a c o r r o s i o n  problem when t h e s e  s o l u t i o n s  a r e  handled i n  
s t a i n l e s s  s t e e l  equipment.  The o b j e c t i v e  of t h e  work desc r ibed  i n  
t h i s  r e p o r t  was t o  e v a l u a t e  t h e  s e r i o u s n e s s  o f  t h e  c o r r o s i o n  problem 
t h a t  would a r i s e  i f  t h e  Thorex p rocess  were ope ra t ed  i n  some e x i s t i n g  
s t a i n l e s s  s t e e l  equipment i n  t h e  Sepa ra t ions  Area of t h e  Savannah River  
P l a n t .  The r e s u l t s  of  l a b o r a t o r y  c o r r o s i o n  t e s t s  a r e  r e p o r t e d  h e r e ;  
c o r r o s i o n  da ta  ob ta ined  dur ing  exper imenta l  d i s s o l u t i o n s  a r e  g iven  i n  
DP-399 * 

SUMMARY 

Except f o r  t h e  d i s s o l v i n g  and waste evapora t ion  s t e p s  i n  t h e  Thorex 
p rocess ,  c o r r o s i o n  o f  t h e  s t a i n l e s s  s t e e l  equipment i n  t h e  S e p a r a t i o n s  
Area i s  no t  expec ted  t o  exceed t h a t  exper ienced  w i t h  t h e  Purex p rocess  
f o r  s e p a r a t i n g  plutonium from i r r a d i a t e d  uranium. 

The d i s s o l v e r  s o l u t i o n s ,  10M HNO, and from 0.05 t o  0.1M HF, cor rode  
wrought 309SCb a t  a r a t e  of from 205 t o  365 mpy ( m i l s  p e r  y e a r ) .  A 
c o r r o s i o n  r a t e  of  approximately 25 mpy i s  cons ide red  t o  be t h e  maximum 
a l lowable  r a t e  f o r  s a t i s f a c t o r y  s e r v i c e  l i f e .  Welds of 309SCb cor rode  
up t o  a r a t e  20 t i m e s  h i g h e r  t han  the  wrought m e t a l .  A s  thor ium 
d i s s o l v e s ,  t h e  c o r r o s i o n  r a t e  of  309SCb dec reases  u n t i l  a t  a concen- 
t r a t i o n  of 1.OM T h ( N 0 , ) 4  the  c o r r o s i o n  r a t e  i s  l e s s  t h a n  1 0  mpy. To 
minimize t h e  seve re  i n i t i a l  c o r r o s i o n  i n  t h e  HF-HNO, d i s s o l v e r  s o l u t i o n ,  
a h e e l  o f  thorium should  be main ta ined  i n  t h e  d i s s o l v e r .  

I n  +,he evapora t ion  c y c l e  t h e  c o r r o s i o n  r a t e  of 304L exceeds 110 rnpy 
i n  s imula t ed  low a c t i v i t y  waste s o l u t i o n s  a f t e r  c o n c e n t r a t i o n .  The 
a d d i t i o n  o f  aluminum t o  complex t h e  f l u o r i d e  i n  a molar r a t i o  of 1:l 
reduced the c o r r o s i o n  r a t e  o f  304L t o  22 mpy. No p r e f e r e n t i a l  weld 
c o r r o s i o n  occur s  when 304L i s  welded w i t h  308L f i l l e r  rod .  However, 
347 welds cor rode  p r e f e r e n t i a l l y .  

DISCUSSION 

PROCEDURE 

Conventional g r a v i m e t r i c  c o r r o  s i o n  t e s t pro  c e dure s w e  r e  used . Genera l ly  , 
t e s t s  were conducted f o r  f i v e  48-hour p e r i o d s .  A t  t empera tures  below 
t h e  b o i l i n g  p o i n t ,  t e s t s  were run  i n  "Saran" p ipe  s e c t i o n s  or 
polye thylene  c o n t a i n e r s  i n  cons t an t  tempera ture  water  b a t h s .  "Teflon"- 
l i n e d  spool  p i e c e s  were u s e d  f o r  t e s t s  a t  b o i l i n g  p o i n t .  A l l  coupons 
were suppor ted  on "Teflon" sample h o l d e r s .  

- 4 -  



RESULTS 

RESISTANCE OF VARIOUS ALLOYS TO THOREX SOLUTIONS 

T e s t s  a t  5O:C 

The r e l a t i v e  c o r r o s i o n  r e s i s t a n c e  of' a v a r i e t y  of a l l o y s  was eva lua ted  
i n  s imula ted  Thorex s o l u t i o n s  t o  determine whether e x i s t i n g  p l a n t  
equipment was adequate  for handl ing  HF-HNO, s o l u t i o n s .  For  sc reen ing  
t e s t s  a s o l u t i o n  of 10.3M HNO, and 0.33M HF a t  50°C w a s  used.  Addit ions 
o f  Th(N03)4 were made t o  s imula t e  t h e  s o l u t i o n  a f t e r  p a r t  of t h e  thorium 
had been d i s s o l v e d .  Also, t h e  e f f e c t  of aluminum i n  t h e  HF-HNO, 
s o l u t i o n  w a s  s t u d i e d .  Resu l t s  a r e  1-eported i n  t h e  fo l lowing  t a b l e .  

Corros ion  of Alloys 
i n  Simulated Thorex S o l u t i o n s  a t  50°C 

Corros ion  Rate,  mpy S o l u t i o n  Compositlon, M - 
Carp. 

HF HNOB Th(NO,),  A1(N03), AlF, 304L 309SCb 310 329 347 430 446 20 - - - - - ~  -- 

0.33 10.3 - - - g:i 31 23 110 264 230 139 71 
0.33 10.3  0.012 - - 66 30 22 106 236 145 61 74 
0.33 10.3 0.122 - - 3.5  2.7 2 .0  1 .8  3.8 4 . 8  4 . 1  3 .3  

0.33 10 .3  - 0.176 - 9.0 6 . 0  5 . 0  7 . 0  19 17 6 . 0  9.0 

- 10.3  - - 0.33 8.0 6 . 0  7 . 0  8 .0  20 19 7.0 9 . 0  

Of t h e  wrought a l l o y s  t e s t e d ,  310 had t h e  lowest  c o r r o s i o n  r a t e  i n  t h e  
HF-HNO, s o l u t i o n s .  However, t h e  coi-rosion r a t e  of 309SCb was on ly  
s l i g h t l y  h i g h e r  t h a n  310, so t h a t  replacement o f  t h e  e x i s t i n g  309SCb 
equipment would not  be j u s t i f i e d .  Type 304L and Carpenter  20 w e r e  next  
i n  c o r r o s i o n  r e s i s t a n c e .  

Thorium complexed t h e  f l u o r i d e  and reduced t h e  c o r r o s i o n  r a t e  of 
s t a i n l e s s  s t e e l .  A t  5 0 ° C  t h e  a d d i t i o n  of 0.122M Th(NO,), lowered t h e  
c o r r o s i o n  r a t e  of a l l  t h e  a l l o y s  t o  l e s s  t h a n  5 mpy i n  t h e  10.3M HNO, 
and O.33M HF s o l u t i o n .  From t h e  c o r r o s i o n  d a t a ,  i t  appeared t h a t  each  
mole of thorium was a b l e  t o  complex a t  l e a s t  4 moles of f l u o r i d e  a t  
50Oc. 

Aluminum a l s o  complexed t h e  f l u o r i d e  and reduced t h e  c o r r o s i o n  r a t e  of 
s t a , i n l e s s  s t e e l  i n  HF-"0, s o l u t i o n s .  Addit ion of 0 . 1 7 6 ~  A 1 ( N O , ) ,  
lowered t h e  c o r r o s i o n  r a t e  o f  a l l  t h e  a l l o y s  t o  l e s s  t han  20 mpy. I n  
10.3M HNO, s o l u t i o n s  con ta in ing  0.3:iM AlF, t h e  c o r r o s i o n  r a t e s  of t h e  
a l l o y s  were approximately t h e  same E L S  i n  t h e  10.3M HNO, s o l u t i o n s  
con ta in ing  0.33M HF and 0.176~ A 1 ( N 0 3 ) , .  From t h i s  c o r r o s i o n  d a t a  i t  
appeared t h a t  each  mole o f  aluminum was a b l e  t o  complex about 3 moles 
o f  f l u o r i d e  i n  HF-HNO, s o l u t i o n s  a t  50°C. 
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T e s t s  a t  B o i l i n g  

Disso lv ing  experiments  by Sepa ra t ions  showed t h a t  a s o l u t i o n  con ta in ing  
10M HNO, and between 0 .05  and 0.1M HF gave a reasonable  t ime cyc le  for 
t h e  Thorex p rocess .  ( l )  
were conducted i n  t h e  fo l lowing  b o i l i n g  HF-HNO, s o l u t i o n s  t h a t  were 
designed to s imula t e  p rocess  s o l u t i o n s  a t  v a r i o u s  s t a g e s .  

Therefore ,  c o r r o s i o n  t e s t s  of  t h e  va r ious  a l l o y s  

Corrosion o f  Alloys 
i n  Boi l ing Simulated Thorex Solut ions 

Solut ion Composition, M Corrosion Rate, mpy 
Carp. Tan- 

HF "0 Th(NO,),  A l ( N 0 , ) s  "O, 304L 3OgSCb 309 310 329 347 20 talum -3 

0.075 10.3 - - - 390 290 150 233 452 710 390 22 

0.05 10.3 - - - 205 143 105 - - 450 - - 

0.075 10.3 0.09 - - 61 37 - 30 68 138 49 - 
0.075 0.5 2.0 - - 1.5 1.0 - - - - - - 

0.009 5.6 - - 1.47 27 13 - 13 22 38 20 - 
0.07 - - 0.6 - N i l  N i l  - N i l  N i l  N i l  N i l  - 

Although tan ta lum,  309, and 310 corroded  a t  lower ra . tes  t h a n  309SCb or 
304L, t h e i r  c o r r o s i o n  r e s i s t a n c e  was no t  s u p e r i o r  enough to warrant  
r e p l a c i n g  a v a i l a b l e  309SCb and 304L process  equipment.  

The a d d i t i o n  of O.O9M Th(N03), t o  b o i l i n g  10.3M HN03 and 0.075M HF 
s o l u t i o n s  reduced t h e  c o r r o s i o n  ra te  of 309SCb from 290 t o  37 mpy and 
of 304L from 390 t o  61 mpy. 

I n  a b o i l i n g  0.075M HF, 0.5M HN03,and 2.OM Th(NO,) ,  s o l u t i o n ,  which 
r e p r e s e n t e d  t h e  s o l u t i o n  a f t e r  complet ion of t h e  d i s s o l v i n g  c y c l e ,  t h e  
c o r r o s i o n  r a t e s  of both  304L and 309SCb were l e s s  t h a n  2 mpy. 

An e s t i m a t e d  low a c t i v i t y  waste s o l u t i o n  con ta in ing  0.OOgM HF, 5.6M HNO,, 
and 1.47M NaNO, corroded 304L a t  27 mpy and 309SCb a t  13 rnpy. 

The waste from t h e  f i r s t - c y c l e  so lven t  e x t r a c t i o n  c o n t a c t o r s  was 
e s t i m a t e d  as 0.07M HF and 0.6M Al(NO,),. 
s t e e l  i n  t h i s  s o l u t i o n  was n e g l i g i b l e .  

The c o r r o s i o n  r a t e  o f  s t a i n l e s s  

CORROSION OF 304L AND 309SCh 

To d e f i n e  f u r t h e r  t h e  c o r r o s i o n  behav io r  of 304L and 309SCb, a s e r i e s  
o f  c o r r o s i o n  s t u d i e s  a t  vary ing  H F ,  HNO,, and Th(NO,), concen t r a t ions  
were conducted a t  6OoC and t h e  b o i l i n g  p o i n t .  
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T e s t s  a t  6 O o C  

E f f e c t  of HF 

The e f f e c t  of H F  on L h e  c o r r o s i o n  of 304L and 309SCb was s t u d i e d  i n  10M 
HN03 a t  6 O o C .  R e s u l t s  were as f o l l o w s :  

E f f e c t  of HF on t h e  Corrosion of S t a i n l e s s  S t e e l  
i n  10M "0. a t  6ooc 

HF, M 

0.025 

0 .05  

0.075 
0.1 

Corrosion Rate,  mpy 
304L 309SCb 

12 10 

25 27 

47 44  

62 54 

The c o r r o s i o n  r a t e  was a l i n e a r  f u n c t i o n  of t h e  HF c o n c e n t r a t i o n  for 
b o t h  304L and 309SCb. 

E f f e c t  of Th(NO,)& 

The e f f e c t  of Th(NO,), concentrat ion.  on t h e  c o r r o s i o n  r a t e  of 304L and 
309SCb i n  HF-HNO, s o l u t i o n s  i s  r e p o r t e d  i n  t h e  fo l lowing  t a b l e .  

Corrosion Rates  of S t a i n l e s s  S t e e l  i n  10M HNO, 
S o l u t i o n s  Containing H F  and Th(N03), a t  6 O o C  

Corrosion Rate,  mljy 
304L 309SCb 

Th(N03)4, M 0.05~ HF -- 0 . 1 ~  HF 0 . 0 5 ~  HF 0 . 1 ~  HF 

0 25 62 27 54  

0.01 11 31 8.7 20 

0.02 6 . 0  1 4  4 . 1  9.7 

0 .3  1 . 2  1 . 9  1.0 1 .3  
0 . 9  0 .4  1 . 0  0 . 2  0 .6  

0.003 12 45 12 42 

0.03 - 6.1 3 . 4  4 . 0  

The c o r r o s i o n  r a t e s  of both  304L and 309SCb decreased  wi th  an i n c r e a s e  
i n  Th(NO,), c o n c e n t r a t i o n .  I n  t h e  6 O o C  s o l u t i o n s  each mole of  thorium 
complexed about 4 moles of f l u o r i d e ,  reducing t h e  c o r r o s i o n  r a t e  t o  
l e s s  t h a n  1 0  mpy. 

A 
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Weld Corros ion  Res i s t ance  

Welded samples of  both,  304L and 309SCb corroded a t  much h ighe r  rates 
t h a n  wrought samples as r e p o r t e d  i n  t h e  fo l lowing  t a b l e .  Samples o f  
304L were e l e c t r i c - a r c  welded wi th  347 f i l l e r  rod,  and 309SCb was 
e l e c t r i c - a r c  welded wi th  309SCb f i l l e r  rod .  

Corros ion  of  Welded S t a i n l e s s  S t e e l  
i n  10M HN03 S o l u t i o n s  

Conta in ing  HF and Th ( N O ? )  a t  61Oc 

S o l u t i o n  Composition, M Corros ion  Rate, rnpy 
Th( NO ?)  .+ HF HNO 3 304L-AW 309SCb -AW 

0 .003 0.05 10.0 32 44 
0 .03  0.05 10.0 6.3  4.7 
0 . 3  0.05 10.0 1 . 4  1 . 0  

0.003 0.1 10.0 80 115 

0.03 0.1 10.0 8 5.4 
0.3 0.1 10.0 2.2  0.6 

The h i g h e r  c o r r o s i o n  ra tes  o f  t h e  welded samples were due t o  p r e f e r e n t i a l  
c o r r o s i o n  o f  t h e  309SCb and 347 welds.  

Samples of all weld metals were t e s t e d  and t h e  r e s u l t s  were as fo l lows :  

Corros ion  o f  All-Weld-Metal Samples 

S o l u t i o n s  Containing Th(N03)4 
a t  61Oc i n  10M HNO, and 0.05M HF 

Corros ipn  Rate, mpy 
Th(Fi03)d, M 

0.003 0 .03  - 0.3 

3 0 8 ~  55 15 1.6 

308 150 12 1.2 

309SCb 260 8 0.7 
347 270 13 1 .3  

The r e s i s t a n c e  o f  3 0 8 ~  weld metal was s u p e r i o r ,  as h a s  been noted  i n  
o t h e r  work. ( 2 9  3 ,  

metal  was r e q u i r e d  t o  reduce t h e  c o r r o s i o n  r a t e  o f  t h e  weld meta l  t o  
about 10 rnpy. 

Twice t h e  Th( N O 3 )  *I. c o n c e n t r a t i o n  needed for wrought 
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T e s t s  at B o i l i n g  

304L i n  HF-HN0,-Th(N0,)4 

The c o r r o s i o n  ra te  o f  304L increased.  w i t h  e i t h e r  an  i n c r e a s e  i n  HF o r  
HNO, c o n c e n t r a t i o n  and decreased  wi th  an i n c r e a s e  i n  Th(NO,), concen- 
t r a t i o n .  The c o r r o s i o n  data are summarized i n  the fo l lowing  t a b l e .  
The r e s u l t s  a r e  shown g r a p h i c a l l y  i n .  F igure  1 f o r  O.O5M HF and i n  
F igure  2 f o r  0.1M HF s o l u t i o n s .  I n  each  f i g u r e ,  i s o c o r r o s i o n  curves  
show t h e  combinat ions of  “0. and Th.(NO,), r e q u i r e d  t o  o b t a i n  a 
s p e c i f i e d  c o r r o s i o n  ra te  wi th  t h e  HF’ c o n c e n t r a t i o n  h e l d  c o n s t a n t .  

Corros ion  R a . t e s  o f  304L 
i n  B o i l i n g  HF-HNO.-,Th( NO3) S o l u t i o n s  

Corros ion  Rate,  mpy 
HNO,, M 

T h ( N 0 3 ) 4 ,  M HF, M lo 8 6 4 2 1 0.5 - - _ _ - ~ - -  

0 
0.003 
0 .03  
0.1 
0.2 
0.3 
0.6 
0.8 
1.0 
1.5 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 

344 
206 ( 430) * 
66 ( 139 ) 
33 
20 
14( 22) 
- 
7.4 

E126 151 114 104 85 63 
178 - 96 54 - 45 
38 - 9 . 8  2.6 - 0.4 
17 - 3.7 1.4 - 0.3 
8.4 - - - - - 
6.0 - 0.9 - - - 
4.2 - 1.1 0.5 - - 
- - - - - - 
4.0 1.5 0.8 - - 
- 1.7 0.7 - 0.2 

0 

0.02 

0.1 
0.2 
0.3 
0.6 
0.8 
1.0 
1.5 

0.003 

0 .03  

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

591 
575 

183 
64 

33 
19 
13 
12 

- 

- 

4 21 - 213 
3168 - 168 

- - - 
80 - 24 
34 - 6.2 

15 - 3.4 

7.6 - 3.5 

- - - 
10 - 4.0 
- - - 

201 - io3 

- 29 
- - - 
- 
5.1 - 6.3 
1.9 - 0.4 
- - 0.2 
1.6 - 0.2 
1.6 - - 

1.8 - 0.1 
- - 0.2 

- - - 

* ( ) Designates  samples a r c  welded. w i th  347 f i l l e r  rod .  
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FIGURE 1 - CORR9SIC)N OF 304L IN BOILING 0.05M HF SOLUTIONS 
CONTAINING "03 AND Th(NO3)4 

0.01 0.1 0.001 
Th(N03)d bncenlrotion, M 

FIGURE 2 - CORROSION OF 304L IN BOILING 0.1M HF SOLUTIONS 
CONTAINING "03 AND Th(N03)4 
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I _  @ During a d i s s o l v i n g  cyc le  wi thout  a metal  h e e l ,  t h e  c o r r o s i o n  would 
s ta r t  a t  a h igh  ra te ,  cor responding  t o  t h e  upper l e f t  c o r n e r  o f  t h e  
F igure  1. A s  d i s , so lv ing  proceeds,  t h e  HNO, c o n c e n t r a t i o n  would decrease  
and t h e  Th(NO,) ,  c o n c e n t r a t i o n  would i n c r e a s e ,  so  t h a t  t h e  c o r r o s i o n  
r a t e  would fo l low a band a c r o s s  t h e  f i g u r e  t o  t h e  lower  r i g h t  co rne r .  
With a minimum Th(NO,), c o n c e n t r a t i o n  of O.l3M, t he  c o r r o s i o n  r a t e  o f  
304L w a s  below 25 mpy i n  0.05M HF and 10M HN03.  I n  0.1M HF and 10M 
HNO, s o l u t i o n s  about 0.4M Th(N0, )  
r a t e  of  304L t o  25 mpy. 

w a s  r e q u i r e d  t o  reduce t h e  c o r r o s i o n  

309SCb i n  HF-"0,-Th( NO,) .4 

The c o r r o s i o n  r e s i s t a n c e  of 309SCb was s u p e r i o r  t o  304L i n  b o i l i n g  
HF-"0,-Th(NO,), s o l u t i o n s .  The fo l lowing  t a b l e  summarizes t h e  
c o r r o  s i on  
inc reased  
dec r e  a se  d 

HF, M 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 

0.075 
0.075 
0 - 075 
0.075 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

d a t a  for 309SCb. A s  f o r  304L, t h e  c o r r o s i o n  r a t e  of  309SCb 
with e i t h e r  an i n c r e a s e  i n  HF or HNO, c o n c e n t r a t i o n  and 
with an  i n c r e a s e  i n  Th(NO,), concen t r a t ion .  

C o r r o s i o n  Rate:: o f  30gSCb 
i n  Bo i l ing  HF-HN03-Tki( NO3)*  So lu t ions  

C o r r o s i o n  Rate, mpy 
HN03, M 

Th(N03),, M l o  8 6  4 2 1 0 .5  - - - - -  
0 
0.003 
0.03 
0 .1  
0 . 2  
0 .3  
0.6 

1.0 
0.8 

1.5 
0.03 
0.3 
0 . 6  
0.8 

0.003 

0.03 

0 

0.02 

0.1 
0 . 2  
0.3 
0.6 

1 . 0  
1.5 

0.8 

* ( ) Designates  samples a rc  welded 

0 

- _- 

1.17 
86 
22 
11 

7 . 1  
6 .6  
0 .5  

4 . 2  
- 

- 

29 
- 
4.2 
- 

186 
164 

39 
19  

10  

- 

- 

8.0  

5 .6  
- 

- 

52 23 1 2  
- 20 7 . 2  
- 5.0 1 . 9  
- 2.9 0 .5  

- 0.6 - 
- 0.4  0 .3  

- 0.5  1 . 2  
- 0.8 0.4 

- -  - 

- -  - 

- 51 23 
- 39 - 
- -  - 
- 7 .2  2.8 
- 4.7 1.3 

0.4 
- 3.1 0 .5  
- 2.6 0 .2  

- -  

with 309SCb filler rod .  

8.0 6 .0  
4 .3  
0 .1  
0 . 2  
- 
- 
- 
- 
- 
0.1 

- 
- 
- 
- 

12 
- 

5.0 
1 . 0  
0 . 2  
0 .1  
0.1 - 
- 
- 
0.1 
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Figures  3 and 4 show i s o c o r r o s i o n  cu rves  f o r  t h e  c o r r o s i o n  ra te  of 
309SCb as a f u n c t i o n  of  HNO, and Th(NO,), c o n c e n t r a t i o n  f o r  0.05 and 
0.1M HF s o l u t i o n s ,  r e s p e c t i v e l y .  To minimize c o r r o s i o n  of 309SCb t o  
25 mpy i n  0.05M HF and 10M HNO, s o l u t i o n s ,  0.064M Th(NO,), was r e q u i r e d .  
I n  0.1M HF and 10M HN03 s o l u t i o n s  a O.lgM Th(NO,), c o n c e n t r a t i o n  was 
r e q u i r e d  t o  reduce the c o r r o s i o n  r a t e  o f  309SCb t o  25 mpg. 

0 
0 

I 4  

7 

0 

FIGURE 4 - CORROSION OF 309 SCb IN BOILING 0.1M HF SOLUTIONS 
CONTAINING HN03 AND Th(N03)d 
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-a Although thorium reduced t h e  c o r r o s i o n  ra te  of 309SCb i n  b o i l i n g  HF-"0, 
s o l u t i o n s ,  a much h i g h e r  thor ium-to- f luor ide  r a t i o  was r e q u i r e d  t o  
decrease  t h e  c o r r o s i o n  ra te  t o  an acceptab le  va lue  a t  t h e  b o i l i n g  
p o i n t  t h a n  was r e q u i r e d  a t  6 0 O C .  I n  6ooc s o l u t i o n s ,  each mole of 
thorium was a b l e  t o  complex 4 moles o f  f l u o r i d e .  However, i n  b o i l i n g  
10M HNO, a t  l e a s t  2 moles of thorium p e r  mole o f  f l u o r i d e  were r e q u i r e d  
t o  reduce t h e  c o r r o s i o n  ra te  of 309SCb below 25 mpy. 

I 

Waste S o l u t i o n s  

The c o r r o s i o n  of 304L and 309SCb dur ing  s i m u l a t e d  c o n c e n t r a t i o n  of t h e  
low a c t i v i t y  waste s o l u t i o n s  i s  r e p o r t e d  i n  t he  fo l lowing  t a b l e .  

Corrosion of S t a i n l e s s  S t e e l  
i n  B o i l i n g  Low A c t i v i t y  Waste S o l u t i o n s  

Corrosion 
S o l u t i o n  Composition, M Rate,  mpy 

HNO 9 HF Na,SO, N a N O  304L 309SCb 

1 . 2 6  0.006 0.004 0.015 4 0 . 3  

3.2  0.02 0.016 0.51 19  10 

6.8 0.06 0.04 1 .5  11 2 56 

5.0 0.04 0.024 1 . 0  68 26 

A s  the  waste i s  concent ra ted ,  t h e  c o r r o s i o n  r a t e  of t h e  e v a p o r a t o r  
i n c r e a s e s .  Although r a t e s  were determined f o r  bo th  304L and 309SCb, 
t h e  p r e s e n t  waste e v a p o r a t o r s  a r e  c o n s t r u c t e d  of 304L. 

E f f e c t  of Aluminum - To reduce t h e  c o r r o s i o n  r a t e  dur ing  
evapora t ion ,  t h e  e f f e c t  of adding A 1  (NO,)  , t o  t h e  c o n c e n t r a t e d  waste 
s o l u t i o n  w a s  s t u d i e d .  

E f f e c t  of  Aluminum on Corrosion of S t a i n l e s s  s t e e l  
i n  a B o i l i n g  Concentrated Low A c t i v i t y  Waste S o l u t i o n  

6.8M HNO,, 0.06M HF, 0.04M Na,SO,, 1.5M NaNO, 

A1(N03)3, M 

0 .  

0.02 

0.04 

0.06 

0.12 
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Corrosion Rate,  mpy 
304L 309SCb 

112 56 
69 30 
30 16 
22 1 0  

6 6 



A r a t i o  of 1 mole of A l ( N O , ) ,  p e r  mole of f l u o r i d e  was r e q u i r e d  t o  
reduce t h e  c o r r o s i o n  ra te  o f  304L t o  22 rnpy i n  t h e  concen t r a t ed  waste 
s o l u t i o n .  
gave a 309SCb c o r r o s i o n  ra te  of  about 23 mpy. 

About 0.03M A l ( N O , ) , ,  o r  half  t h e  amount r e q u i r e d  f o r  304L, 

E f f e c t  o f ' C r '  - Corros ion  o f  s t a i n l e s s  s t e e l  i n  Thorex 
s o l u t i o n s  i n t r o d u c e s  C r '  i n t o  t h e  p rocess  s o l u t i o n s .  
known t o  a c c e l e r a t e  t h e  c o r r o s i o n  of s t a i n l e s s  s t e e l ,  ( * )  a d d i t i o n s  of  
C r O ,  were made t o  s imula t ed  Thorex s o l u t i o n s  t o  determine the r e s u l t i n g  
c o r r o s i o n  e f f e c t s .  

S ince  C r '  i s  

E f f e c t  of  C r '  i n  B o i l i n g  Thorex S o l u t i o n s  

Corros ion  
S o l u t i o n  Composition, M Rate, mpy 

E2.a Na,SO, N a N O  C r O ,  Th(N03), 304L 309SCb 

3.06 - - 0.1 2 .0  168 396 
3.06 - - 0 . 3  2.0 350 1100 

6.8 0.2 0.63 - - 9 2 .8  

6.8 0 . 2  0 . 6 3  0.1 - 600 542 
6.8 0 . 2  0.63 0.3 - 1300 1530 

Severe c o r r o s i o n  of bo th  304L and 309SCb occur red  w i t h  0.1M C r '  
a d d i t i o n s  t o  t h e  p r o c e s s  s o l u t i o n s .  Genera l ly ,  t h e  r e s i s t a n c e  o f  309SCb 
was i n f e r i o r  t o  t ha t  o f  304L i n  the s o l u t i o n s  c o n t a i n i n g  Cr ' .  

Qb. *+ 
P. M .  Kranz le in  
P i l e  Materials D i v i s i o n  
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