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CORROSIVENESS OF PUREX HIGH-LEVEL WASTE SOLUTIONS 

R, F, Maness 

INTRODUCTION 

Several Purex p% an t  f l ows heet changes whi ch would permi t improved 

s t ron t i um recovepy du r ing  B-Plant processing are  c u r r e n t l y  under consid- 

e ra t i on ,  These changes would reduce the F e ( I I 1 )  and A% (111) content  o f  

waste s o l u t i o n  t o  25 t o  $0 percent and the  s u l f a t e  content  t o  75 t o  100 

percent  o f  the c u ~ c e n t  f lowsheet values, These changes would apply t o  

waste so8 u t ions  produced du r ing  the  processing o f  bo th  a1 urninurn-clad f u e l s  

(SWW so l  utaon) and Z i ~ c a l o y - c l a d  f u e l s  (ZWW so l  u t i s n ) ,  The composl t i o n  

o f  h lgh- leve l  waste so l  u t i ons  a f t e r  sugar denf t r a t i o n  (PAW and ZAW so l  u- 

t ~ s w s ]  would a l s o  be a f f e c t e d  by the  proposed f lowsheet  changes, The 

e f f e c t  o f  these composit ional changes on the cor ros ion  o f  304L s t a i n l e s s  

s t e e l  and Uranus S a l l o y  I s  the s u b ~ e c t  o f  t h i s  repo r t ,  

SUMMARY AND CONCLUSIONS 

C o r ~ s s f o n  s f  304L f n  PWW s o l u t i o n  was n o t  a f f e c t e d  g r e a t l y  by the  

p~opssed  compos%%ional changes, The most co r ros i ve  composit ion evaluated 

[no s u l f a t e  and 50 percent  o f  the f lowsheet value o f  Fe (H I I ) ]  was o n l y  50 

pepcent more corrosive (9,5 vs 6,4 mi%s/mo) than the  c u r r e n t  composit ion, 

A1 1 proposed compas l tf onal changes adverse1 y a f f e c t e d  304L cor ros ion  I n  

PAW s o l  u t ion ,  However, the  most eo r ros l  ve eomposi t l o n  eval uated [no su l  f a t e  

and 50 percent  Fe( l . I I ) ]  eor~wded 304L a t  a sate s f  o n l y  1,8 mils/mo, Cur- 
r e n t  ZWW so l  utaon corroded 304L a t  a r a t e  o f  13 m%ls/mo, whereas the 

co r ros ion  m t e  an so lu t$sns  c o n t a i n ~ n g  no su l fa te ,  20 percent  o f  the  f low-  

sheet value o f  Fe(E I I )  and 0,O and 20 percent A1 (111) was on l y  one mil/mo. 

The decrease I n  c o ~ r s s l o n  was the  r e s u l t  o f  a decrease I n  n i t r a t e  csncentra- 

%Ion, The cor ros fon  r a t e  o f  304L 3n cursent  ZAW s o l u t j o n  was 1,7 mi%s/mo, 

Decseasfng the  t o t a l  n i t r a t e  concent ra t ion  by reducing the  f e r r i c  n i t r a t e  

and%or aluminum n i t r a t e  concent ra t ion  decreased corros ion,  The co r ros ion  

sate I n  the  s o l u t i o n  conta ln ing  no s u l f a t e ,  20 percent  F e ( I I 1 )  and 20 

percent  A% (111) was o n l y  0,3 mi%/rno, 

L im i ted  data i n d i c a t e  csrrssSon o f  Uranus S a l l o y  responded t o  the  

composlt iona% changes I n  the  same manner as t h a t  observed f o r  304L, How- 

ever, the  magnitude o f  the  cor ros ton  ra tes  was somewhat lower, 
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n i t r a t e  and f e r r i c  n i t r a t e  content t o  20 percent ( t o t a l  n i t r a t e  from 8.4 
t o  6,ZM) - decreased corrosion by a fac tor  of about 13, Corrosion of 304L 
was a l so  evaluated i n  boil ing Z W W  solutions eontainlng 0,0,  l o o ,  2.0, 

3.0 and 4,OM - NH4N03 (no aluminum n i t r a t e  present). The to ta l  n i t r a t e  
concentration varied from 5,56 t o  9.56M, - The r e su l t s  of these t e s t s ,  
given I n  Table IX, indicated t h a t  the t o t a l  n i t r a t e  concentration should 
not be allowed t o  exceed seven molar, Corrosion of 304L i n  ZAW solution 
was a1 so  dependent upon the t o t a l  n i t r a t e  concentration, The corrosion 
r a t e  i n  current  ZAW solution was 1 ,7  mils/mo, whereas i n  the solution 
containt ng 20 percent of the f l  owsheet val ue of a1 uminum n i  t r a t e  the 
corrosion r a t e  was 0,7 mil/rno, The solution containing no su l f a t e ,  no 
alumfnwm n t t r a t e  and 20 percent f e r r i c  n i t r a t e  corroded 304L a t  a r a t e  of 
only 0,$ mSl/mo, As wf t h  the nsn-flusride bearing solutions a t tack of 
304L coupons was predominately intergranular,  whereas Uranus S was 
attacked uniformly, However, Uranus S weldments exposed t o  ZWW solutions 
were preferent ia l ly  attacked i n  the area of the heat affected zone. I t  

4s t o  be noted t h a t  the Zp(IV) concentration of the fluoride-bearing t e s t  
solutions was nearly equal t o  the f luor ide  concentration (0.15 vs 0,18M). - 
Zr(lV1 I s  known t o  form a strong complex w i  t h  f luor ide  ion, thus extra-  
polation sf the corrosion data obtafned w i t h  ZWW and ZAW solutions t o  
systems w i t h  s ign i f ican t ly  lower Zr(IV)/F mole r a t i o  would not be 
~ u s t % f i e d ,  
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TAELE V 

Corrosion of 304L i n  Fl uoride-Free tli gh-Level Waste Solu t ions  

Conditions: S ix  one-week exposures t o  boi 1 in?  so lu t ions  . 
Specimens exposed t o  l i q u i d  (L) and vapor ( V )  phases. 

Corrosion Rate. r : i  ls/?<onth 
Period 

1 2 3 4 5 6 
Solu t ion  (1 -LV7  L V L V L \! ------------ 

1 )  IEM, Current  3.05 .55 3.31 .09 4.77 .03 6.84 .13 6.33 .93 6 .73 
2)  IWW, 252 SO4, 50% Fe 3.80 .84 4.53 1 7.46 .24 8.28 . l l  7.74 .15 7.38 .24 
3 )  II4N, 0.0% SO4, 5 0 H e  3.68 .92 5.08 .78 6.80 .28 9.28 .39 8.34 .38 10.9 1.87 

CO 4)  IWW, 0.0% SO4, 20% Fe 2.91 .52 2.81 .14 3 .  .23 5.49 .42 5.49 .24 5.93 .51 
5) IWI$f, 0 . 0 % S 0 4 , 2 0 % F e ,  20XAl 3.70 .53 5.16 .33 5.55 .29 7.10 .29 5.56 .07 6.58 .71 
6 )  IWI4, 0.0% SO4, 20% Fe, O.O%Al 2.48 1.30 2.99 .68 3.94 .39 5.88 .51 4.61 .29 4.76 1.10 

1) PA\!, Current .15 .02 .28 .O1 .26 .O1 .25 .O1 .29 .01 .45 .r)3 
2 )  PAR, 25% SO4, 50% Fe .77 .O1 .88 .01 1.18 .01 .87 .01 1.68 .04 1.29 .04 
3 )  PAII, 9.9% SO4, 50% Fe 1.27 .01 1.47 .31 2.03 .01 2.63 .32 1.35 .03 1.56 -91 
4 )  PAW, 0.0% SO4, 20% Fe .87 .O1 .75 .02 .72 .01 1.18 .04 .99 .C1 1.29 .33 
5)  PIN, 0.0% SO4, 20% Fe, 20% A1 1.04 .02 .95 .O1 .87 .O1 .96 .04 1.49 .O1 .63 .01 
6 )  PA!I, 0.0% SO4, 20% Fe, 0.0% A1 1.04 .04 .73 .03 1.02 .O1 .83 .04 .35 .O1 .49 .01 

ilote: (1 )  Percent  values a r e  percent of  amount p re sen t  i n  c u r r e n t  s o l u t i o n s .  
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TABLE V I I I  

Corros ion o f  304L and Uranus S i n  High-Level I ' as te  So lu t i ons  - 
Summary o f  ~ i q u i d  Phase Corros ion Data 

Corros ion Rate, P / l i  1 s/Fbnth 

s o l  u t i o n  3 0 4 ~ (  )  ranu us s(') 

1 ) IIN, Cur ren t  6.4 

2) I W W ,  25% SO4, 50% Fe 8.0 

3)  IWW, 0.0% SO4, 50% Fe 3.5 

4 )  INN, 0.0% SO4, 20% Fe 5.6 

5 )  IUW, 0.0% SO4, 20% Fe, 20 % A1 6.4 

6 )  INN, 0.0% SO4, 20% Fe, 0.0% A1 5.1 

1 ) PAW, Cur ren t  

2 )  PA!#, 251 SO4, 501 Fe 

3) PAW, 3.0% SO4, 501 Fe 

4 )  PAW, 0.0% so4, 20% Fe 

5 )  PAW, 0.0% SO4, 20% Fe, 20% A1 

6) PAW, 0.0% SO4, 20$ Fe, 0.3% A1 

1 ) Z\a!W, Current  13 

2 )  ZIs!W, 25% SO4, 50% Fe 2 9 

3)  ZWK, 0.0% SO4, 50% Fe 16 

4)  ZMW, 0.0% SO4, 20% Fe 19 

5 )  ZWW, 20% A1 4.0 

6) ZWW, 0.0% SO4, 20% Fe, 20% A1 1 .O 

7) ZWW, 0.0% SO4, 20% Fe, 0.0% A1 1) .9 

1 ) ZAW, Cur ren t  1.7 

2 )  ZAW, 25% SO4, 50% Fe 2.1 

3)  ZAW, 0.3% SO4, 50% Fe 1.9 

4) ZANY 0.0% SO4, 20% Fe 1.4 

5) ZAbl, 20% A1 0.7 

6 )  ZAW, 0.0% SO4, 20% Fe, 201 A1 0.3 

7) ZAW, 0.0% SO4, 20% Fe, 0.0% A1 0.1 

Notes: ( 1  ) Average r a t e  d u r i n g  l a s t  t h r e e  exposure !weeks. 
( 2 )  Average r a t e  d u r i n g  f o u r t h  exposure week. 



TABLE IX 

Corrosiveness of ZWW So lu t i on  as a Funct ion o f  :,!itrate Concentrat ion 

Condit ions: Current ZNW s o l u t i o n  conta in in?  no a1 uninum n i t r a t e  
bu t ted  t o  c i  ven t o t a l  n i  t r a t e  concentrat ions w i  t h  
ammonium n i t r a t e .  Three one-week exposures t o  
bo i  1 i n g  so lu t i ons  . Sens i t i zed  304L specinens. 

Corrosion Rate. !"i 1 s/Piontll 

To ta l  ti03, i"? 

5.56 

C .66 

7.66 

8.GG 

9.66 

P e r i o d  
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