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DISSOLUTION OF €€FIR CONTROL PLATES 

J .  C .  Posey 
Rad io i so tope  Department 

O p e r a t i o n s  D i v i s i o n  
Oak Ridge N a t i o n a l  Labora to ry  

ABSTRACT 

A p r o c e s s  was developed f o r  t h e  d i s s o l u t i o n  of 
High Flux I s o t o p e  Reac to r  (HFIR)  c o n t r o l  p l a t e s .  These 
p l a t e s  c o n s i s t  of aluminum metal, i n t e n s e l y  r a d i o a c t i v e  
europium o x i d e ,  and a small amount of t an t a lum metal. The 
r a d i o a c t i v e  s o l u t i o n  w i l l  be d i l u t e d ,  mixed wi th  g r o u t ,  and 
d i s p o s e d  of by s h a l e  f r a c t u r e .  The p l a t e s  are d i s s o l v e d  i n  
n i t r i c  a c i d  u s i n g  a mercury c a t a l y s t .  Cond i t ions  were 
de te rmined  t h a t  would produce a r e a c t i o n  rate compat ib le  
w i t h  e x i s t i n g  equipment.  

INTRODUCTION 

A number of s p e n t  High Flux  I s o t o p e  Reac to r  (HFIR) c o n t r o l  p l a t e s  are 

c u r r e n t l y  s t o r e d  I n  t h e  H F I R  pool .  The major r a d i o n u c l i d e s  p re sen t  are 

europium-152, europiun-154, and europium-155. The p r e s e n t  p l ans  are t o  

d i s s o l v e  t h e s e  p l a t e s  u s i n g  e x i s t i n g  equipment a t  t h e  F i s s i o n  Product  

Development Labora to ry  (FPDL), Bu i ld ing  3517. The r e s u l t i n g  s o l u t i o n  w i l l  

be d i l u t e d  t o  less t h a n  2 c u r i e s / g a l l o n ,  mixed w i t h  g r o u t ,  and d isposed  of 

by s h a l e  f r a c t u r e .  

The c o n t r o l  p l a t e  a s s e m b l i e s  are i n  t h e  form of hol low c y l i n d e r s .  

Each assembly c o n s i s t s  of f o u r  quadran t  s e c t i o n s .  One s e c t i o n  w i l l  be 

d i s s o l v e d  a t  a t i m e .  A t  p r e s e n t  t h e r e  are 2 2  q u a d r a n t  s e c t i o n s  awa i t ing  

d i s p o s a l .  The a c t i v e  c o r e  of t h e  p l a t e s  i s  Eu203 d i s p e r s e d  i n  aluminum. 

There  i s  a l s o  a s e c t i o n  of t h e  p l a t e  which c o n t a i n s  tan ta lum d i s p e r s e d  i n  

aluminum. The c l a d d i n g  of t h e  p l a t e s  i s  aluminum. Each p l a t e  s e c t i o n  

c o n t a i n s  3,590 grams of aluminum, 1 ,922  grams of Eu2O3, and 1 , 2 9 7  grams of  

t an t a lum.  The s e c t i o n s  are 13.6 i n c h e s  by 0 .25  i n c h e s  by about  30 i n c h e s .  

T h i s  assumes t h a t  t h e  I n a c t i v e  aluminum ends have been c u t  oEf t o  a l low t h e  

s e c t i o n s  t o  f i t  i n t o  an  a v a i l a b l e  s h i p p i n g  cask  f o r  t r a n s p o r t  from t h e  



H F I R  t o  t h e  FPDL. The s e c t i o n  w i l l  be con ta ined  i n  a n  aluminum can i n s i d e  

t h e  cask .  The weight  of t h e  can i s  e s t i m a t e d  t o  be 3,890 grams. 

The p rocess  i s  t o  be c a r r i e d  o u t  i n  t ank  P45 a t  t h e  F i s s i o n  Product  

Development L a b o r a t o r y .  T h i s  470-gallon t ank  i s  c o n s t r u c t e d  of s t a i n l e s s  

s t e e l  and i s  equipped w i t h  a r e f l u x  condenser  and a j a c k e t  t h a t  can be 

used f o r  steam h e a t i n g  o r  water c o o l i n g .  

The purpose f o r  t h e  work d e s c r i b e d  i n  t h i s  r e p o r t  w a s  t o  select  a 

d i s s o l u t i o n  p r o c e s s  and t o  de t e rmine  t h e  c o n d i t i o n s  f o r  i t s  s a f e  and eEfec- 

t i v e  use i n  t h e  FPDL t a n k .  

EXPERIMENTAL WORK 

Most O E  t h e  work w a s  d i r e c t e d  toward t h e  d i s s o l u t i o n  of aluminum which 

i s  t h e  p r i n c i p l e  component i n  t h e  p l a t e s .  The europlum ox ide  w a s  expected 

t o  d i s s o l v e  r e a d i l y  i n  a c i d  and t h e  t an ta lum,  which i s  t h e  smallest com- 

ponen t ,  w a s  not expected t o  d i s s o l v e  under any f e a s i b l e  p rocess  c o n d i t i o n s .  

Two p r o c e s s e s  f o r  t h e  d i s s o l u t i o n  of aluminum were i n v e s t i g a t e d .  They 

were: 1 )  t h e  d i s s o l u t i o n  of aluminum i n  sodium hydroxide s o l u t i o n ,  and 2 )  

t h e  d i s s o l u t i o n  of aluminum i n  n i t r i c  acta  us ing  a mercury ca t a lys t .  The 

f i r s t  p rocess  d i s s o l v e s  t h e  aluminum but  not t h e  europium oxide which must 

b e  d i s s o l v e d  i n  a s e p a r a t e  a c i d  d i s s o l u t i o n  s t e p .  Tn the second p rocess ,  

b o t h  t h e  aluminum and europium are d i s s o l v e d  i n  t h e  same s t e p .  One advan- 

t a g e  of t h e  sodium hydroxide-aluminum r e a c t i o n ,  which has  been used exten-  

s i v e l y  f o r  t h e  removal of aluminum i r r a d i a t l o n  cans  from r a d i o a c t i v e  

samples  in t h i s  l a b o r a t o r y ,  i s  t h a t  hydrogen gas  gene ra t ed  by t h e  r e a c t i o n  

c a n  be reduced t o  a l o w  l e v e l  by t h e  a d d i t l o n  of sodium n i t r a t e .  

The mercury-catalyzed r e a c t i o n  of aluminum and n i t r i c  a c i d  i s  d e s c r i b e d  

Mercury i n  s o l u t i o n  i s  reduced by by Hlancol and by Benedict  and P ig fo rd .2  

t h e  aluminum and forms a f i l m  on t h e  aluminum s u r f a c e .  Th i s  p reven t s  trhe 

f o r m a t i o n  of a p r o t e c t i v e  o x i d e  f i l m  and c a u s e s  t h e  aluminum t o  react 

r e a d i l y  w i t h  t h e  a c i d .  The gaseous p roduc t s  are H z ,  N 2 ,  N 2 0 ,  NO, and N 0 2 .  

The r e l a t i v e  q u a n t i t i e s  depend on t h e  c o n d i t i o n s  of t h e  r e a c t i o n .  Since 

t h e s e  gases  are of some concern r e l a t i v e  t o  p e r m i s s i b l e  d i s c h a r g e  con- 

c e n t r a t i o n s  i n t o  t h e  atmosphere,  q u a n t i t i e s  and composi t ions were con- 

s i d e r e d  i n  t h i s  s t u d y .  O f  t h e s e  g a s e s ,  NO and N O 2  are t o x i c ,  and t h e i r  
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c o n c e n t r a t i o n s  are l i m i t e d  t o  5 ppm i n  d i s c h a r g e s  i n t o  t h e  atmosphere.  

These g a s e s  are n o t  l i k e l y  t o  be a problem because NO2 reacts wi th  water t o  

form n i t r i c  a c i d  and NO. The NO produced reacts w i t h  a tmospher ic  oxygen 

t o  form more N02. 

t i o n  area s t a c k ,  t h e  of f -gas  p a s s e s  through a r e f l u x  condenser  and t h r e e  

s c r u b b e r s .  A t  t h e  t i m e  of d i s c h a r g e  a t  t h e  stack t h e  of f -gas  from t h e  

t a n k  w i l l  have been d i l u t e d  by 139,000 cfm of a i r .  

While e n r o u t e  t o  d i s c h a r g e  through the  i s o t o p e  produc- 

The N20 i s  g e n e r a l l y  cons ide red  t o  be non-toxic. N e i t h e r  N2 nOK H2 i s  

t o x i c .  The H2  i s  a minor component i n  t h e  mix tu re .  

A l i m i t e d  i n v e s t i g a t i o n  w a s  made of t h e  chemica l  methods necessa ry  t o  

p r e v e n t  n i t r o g e n  ox ide  fo rma t ion .  In p r e l i m i n a r y  tests s m a l l  a d d i t € o n s  

of hydraz ine  e l i m i n a t e d  a l l  v i s i b l e  brown (N02)2 fumes whi le  s lowing t h e  

r e a c t i o n  on ly  m o d e r a t e l y ,  b u t  t h i s  method w a s  abandoned because of t h e  

danger  of e x p l o s i v e  r e a c t i o n .  The i n f l u e n c e  of hydrogen peroxide  a l s o  was 

i n v e s t i g a t e d .  It was hypo thes i zed  t h a t  t h i s  subs t ance  would o x i d i z e  

n i t r o u s  a c i d  and n i t r o g e n  o x i d e s  t o  n i t r i c  a c i d .  

I t  became a p p a r e n t  i n  t h e  c o u r s e  of t h i s  work t h a t  t h e  h e a t  produced 

by t h e  r e a c t i o n  would cause  v igo rous  b o i l i n g  and t h a t  t h e  r e f l u x  condenser  

on t ank  P45 a t  FPDL w a s  i nadequa te  i f  t h e  r e a c t i o n  rate were near  t h e  

maximum. Work w a s  d i r e c t e d  t o  de t e rmin ing  r e a c t i o n  c o n d i t i o n s  t h a t  would 

n o t  cause  ex t r eme ly  v l g o r o u s  b o i l i n g .  S e v e r a l  exper iments  were conducted 

i n  which t h e  r e a c t i o n  w a s  c a r r i e d  o u t  under  n e a r l y  a d i a b a t i c  c o n d i t i o n s  and 

t h e  rates of heat g e n e r a t i o n  and steam produc t ion  were measured. 

PROCEDURE 

A series of tests were c a r r i e d  o u t  i n  2 - l i t e r  beakers .  Aluminum a l l o y  

samples  (6061F, ASTM B 809-61) were c u t  from t h e  end of a non- i r r ad ia t ed  

H F I R  c o n t r o l  p l a t e  and were approximate ly  1 i n c h  by 1 i n c h  by 0 .25  i n c h e s  

i n  s i z e .  Mercury w a s  added as mercu r i c  n i t r a t e  s o l u t i o n .  Normally,  1 l i t e r  

of  a c i d  w a s  used t o  d i s s o l v e  each  p i e c e ,  bu t  i n  some cases t h e  volume w a s  

i n c r e a s e d .  D i s s o l v e r  s o l u t i o n s  were t i t r a t e d  wi th  1.00 - M sodium hydroxide  

t o  de t e rmine  t h e  s t o i c h i o m e t r y  o f  t h e  r e a c t i o n .  I n  a d d i t i o n  t o  t h e  alumi- 

num, s m a l l  s t r i p s  of s t a i n l e s s  s t e e l  and t an ta lum w e r e  added t o  the 

s o l u t i o n  p r i o r  t o  t h e  n h t r i c  a c i d  and mercu r i c  n i t r a t e  a d d i t i o n .  Th i s  
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prov ided  a q u a l i t a t i v e  e v a l u a t i o n  of t h e  e f f e c t  t h e  d i s s o l v e r  s o l u t i o n  

would have on t h e  t a n k s  i n  which t h e  r e a c t i o n  would be c a r r i e d  o u t .  

The a d i a b a t i c  tests w e r e  c a r r i e d  o u t  i n  a 1-l i ter  vacuum f l a s k  (Dewar). 

I n  t h e s e  t e s t s ,  aluminum samples weighing 3 t o  5 grams were d i s s o l v e d ,  and 

t h e  h e a t  produced w a s  measured. The t empera tu re  r ise t i m e  w a s  determined,  

and t h e  condensa te  produced w a s  measured to  p rov ide  a h e a t  balance.  

RESULTS AND D I S C U S S I O N  

Tes ts  of t h e  d i s s o l u t i o n  ra te  of aluminum were made u s i n g  1, 2 ,  4 ,  and 

6 - M sodium hydroxide s o l u t i o n s .  

room t empera tu re  and t h e  r e a c t i o n  ra te  i n c r e a s e d  w i t h  i n c r e a s i n g  t e m -  

p e r a t u r e  and w i t h  i n c r e a s i n g  sodium hydroxide c o n c e n t r a t i o n .  When t h e  

aluminum sample w a s  h e a t e d  on a h o t  p l a t e  i n  6 M sodium hydroxide s o l u t i o n  

t h e  aluminum was comple t e ly  d i s s o l v e d  i n  25  minu tes .  Seventy minutes  were 

r e q u i r e d  when no e x t e r n a l  h e a t  was added. 

The r e a c t i o n s  spon taneous ly  s t a r t e d  a t  

- 

When one of t h e  sodium hydroxide d i s s o l v e r  s o l u t i o n s  t h a t  con ta ined  

europium ox ide  w a s  a c i d i f i e d  t o  d i s s o l v e  t h e  europium, a gummy p r e c i p i t a t e  

of aluminum hydrox ide  formed as t h e  pB of  t h e  s o l u t i o n  reached 7 .  T h i s  

p r e c i p i t a t e  w a s  d i f f i c u l t  t o  r e d i s s o l v e  i n  a c i d  and i t s  d i s s o l u t i o n  would 

b e  d i f f i c u l t ,  e s p e c i a l l y  wi thou t  a g i t a t i o n .  The problem w a s  solved i n  t h e  

l a b o r a t o r y  by adding all of t h e  a c i d  i n  a s i n g l e  qu ick  a d d i t i o n ,  c a u s i n g  

t h e  s o l u t i o n  t o  b o i l .  Th i s  provided good mixing and qu ick  d i s s o l u t i o n  of 

t h e  p r e c i p i t a t e .  However, the c a u s t i c  d i s s o l u t i o n  was not  i n v e s t i g a t e d  

f u r t h e r  because t h e  a c i d  d i s s o l u t i o n  p r o c e s s  seemed more a t t r a c t i v e .  

The e x p l o r a t o r y  tes ts  of t h e  mercury c a t a l y z e d  n i t r i c  acid-aluminum 

r e a c t i o n  showed t h e  r e a c t i o n  w a s  very slow when t h e  a c i d  c o n c e n t r a t i o n  w a s  

i n  t h e  10 t o  11 M r ange .  A t  a c i d  c o n c e n t r a t i o n s  of 4 t o  6 M t h e  r e a c t i o n  

was r a p i d .  A t  c o n c e n t r a t i o n s  of from 1 t o  2 M t h e  ra te  was slower bu t  

s t i l l  compara t ive ly  f a s t .  Mercury c o n c e n t r a t i o n s  of from 0.3 t o  0.5 

g r a m s / l i t e r  were used i n  t h e s e  tests. 

- I 

- 
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The tests i n  t h e  4 t o  6 M range  fo l lowed a c o n s i s t e n t  p a t t e r n  when t h e  

r e a c t a n t s  were h e a t e d  t o g e t h e r ,  s t a r t i n g  a t  room tempera tu re .  A t  low t e m -  
- 

p e r a t u r e s  t h e  r e a c t i o n  rate w a s  ve ry  slow. It i n c r e a s e d  a t  a moderate ra te  

as t h e  t empera tu re  i n c r e a s e d  u n t i l  a c r i t i c a l  t empera tu re  w a s  reached. 

A t  t h i s  p o i n t  t h e  r e a c t i o n  r a t e  i n c r e a s e d  very  r a p i d l y  and hea ted  t h e  so lu -  

t i o n  t o  t h e  b o i l i n g  p o i n t .  Very v igo rous  b o i l i n g  took  p l a c e  fo r  s e v e r a l  

minu te s  ( i n  s e v e r a l  cases t h e  beaker  b o i l e d  o v e r ) .  Th i s  was fol lowed by a 

much l o n g e r  p e r i o d  of s lower  r e a c t t o n  t h a t  l a s t e d  u n t i l  t h e  aluminum w a s  

d i s s o l v e d .  The t empera tu re  a t  which t h e  r a p i d  r e a c t i o n  s t a r t e d  v a r i e d  from 

60 t o  8 5 ° C .  I n  o t h e r  tests t h e  o n s e t  of t h e  r a p i d  r e a c t i o n  w a s  c o n t r o l l e d  

by d e l a y i n g  t h e  a d d i t i o n  of t h e  mercury c a t a l y s t  u n t i l  t h e  d e s i r e d  t e m -  

p e r a t u r e  w a s  reached.  It w a s  found t h a t  t h e  l a t e r  s low p a r t  of t h e  reac- 

t i o n  could  be speeded up by a second a d d i t i o n  of mercury c a t a l y s t ,  whi le  

t h e  a d d i t i o n  of n i t r i c  a c i d  l a t e  i n  t h e  r e a c t i o n  had no appa ren t  e f f e c t .  

The i n f l u e n c e  of i r o n  was t e s t e d  a t  two d i f f e r e n t  r a t i o s  of i r o n  t o  

aluminum. The h i g h e r  r a t i o ,  2.6 grams i r o n  pe r  gram of aluminum, would 

o c c u r  i f  t h e  c o n t r o l  p l a t e  were lowered i n t o  t h e  r e a c t i o n  t ank  i n  a mild 

s tee l  c a r r y i n g  can.  I n  t h e  f i r s t  t es t ,  u s i n g  5.0 - M a c i d  and 0.5 

g r a m s / l i t e r  mercury,  o n l y  3% of  t h e  aluminum d i s s o l v e d  i n  35 minutes .  

similar tes t s ,  b u t  w i t h  no i r o n  p r e s e n t ,  comple te  d i s s o l u t i o n  took p l a c e  

i n  47 and 5 3  minu tes .  I n  a second test t h e  c o n c e n t r a t i o n  of mercury was 

doubled .  Complete d i s s o l u t i o n  took p l a c e  i n  170 minu tes .  

In  

The lower  i ron/aluminum r a t i o ,  0 . 1 2 ,  would r e s u l t  from t h e  use  of a n  

i r o n  c a b l e  and clamp t o  lower t h e  c o n t r o l  p l a t e  i n  an aluminum can i n t o  

the  r e a c t i o n  t ank .  A t es t  us ing  t h i s  r a t i o  w a s  c a r r i e d  o u t  u s ing  5.7 - M 

n i t r i c  a c i d  and 0.5 g r a m / l i t e r  mercury.  

aluminum had d i s s o l v e d .  

g r a m / l i t e r  mercury,  comple te  d i s s o l u t i o n  took p l a c e  i n  68 minutes .  

A f t e r  66  m i n u t e s ,  47% of  t h e  

I n  a second test ,  us ing  5 .2  - M a c i d  and 1.0 

The a d d i t i o n  of rare e a r t h  o x i d e s  had no a p p a r e n t  e f f e c t  on t h e  reac- 

t i o n ;  t h e  o x i d e s  d i s s o l v e d  q u i c k l y .  

The r e a c t i o n  was c a r r i e d  o u t  w i thou t  b o i l i n g ,  u s ing  r e l a t i v e l y  l a r g e  

volumes of d i l u t e  a c i d .  

c u r y  c o n c e n t r a t i o n  of 0 . 3 3  g r a m / l i t e r  went t o  comple t ion  wi thou t  b o i l i n g .  

A tes t  u s i n g  2.7 - Y n i t r i c  a c i d  and an  i n i t i a l  m e r -  
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The a c i d  volume t o  aluminum r a t i o  w a s  94 m i l l i l i t e r s l g r a m .  Th i s  i s  double  

t h a t  used i n  t h e  ea r l i e r  tests. The maximum r e a c t i o n  temperature  was 96°C. 

The t i m e  t o  complete  t h e  r e a c t i o n  a f t e r  i n i t i a l  mercury a d d i t i o n  w a s  4 4  

m i n u t e s .  

minu te s  r e a c t i o n  t i m e  t o  speed complet ion.  Another t e s t  u s ing  t h e  same 

mercury a d d i t i o n  s c h e d u l e  and 2.2 M a c i d  w a s  complete  i n  59 minutes .  The 

a c i d  t o  aluminum r a t i o  w a s  109 m i l l i l i t e r s / g r a m .  A t h i r d  t es t  us ing  1.8 M 

a c i d  and mercury a d d i t i o n s  of 0.17 o n  Eirst a d d i t i o n  and 0.11 g r a r n l l i t e r  

f o r  t h e  see-ond a d d i t i o n  r e q u i r e d  305 miniites.  The a c i d  t o  aluminum r a t i o  

w a s  136 g r a r n s / : n i l l i l i t e r  . The ave rage  t empera tu re  w a s  a p p r e c i a b l y  lower i n  

t h e  t h i r d  r e a c t i o n  t h a n  i n  t h e  p r e v i o u s  two. 

A second mercury a d d i t i o n  of 0.33 g r a m / l i t e r  w a s  made a f t e r  30 

- 
- 

R e a c t i o n s  c a r r i e d  orit below t h e  b o i l i n g  p o i n t  would cause  ve ry  l i t t l e  

load  on a r e f l u x  condense r ,  b u t  because of h e a t  d i s s i p a t i o n  problems, would 

b e  d i f f i c u l t  t o  c a r r y  o u t  i n  t h e  la rge  scale o p e r a t i o n  a t  FPDL. The r a t i o  

of h e a t  g e n e r a t i o n  t o  s u r f a c e  area w i l l  be approx ima te ly  t e n f o l d  g r e a t e r  a t  

FPDL t h a n  i n  t h e  2 - l i t e r  beaker .  Consequent ly ,  l a t e r  tests were c a r r i e d  

o u t  i n  a vacuum (Dewar) f l a s k .  With this equipment,  t h e  p r o p o r t i o n a l  h e a t  

l o s s e s  t o  t h e  su r round ings  were a t  least  as low as t h o s e  t h a t  w i l l  occur  at. 

FPDL. The d a t a  from t h e s e  t e s t s  c l e a r l y  showed t h e  cour se  of t he  reac- 

t i o n s  and al.lowed estimates of t h e  h e a t  load of t h e  condenser under 

o p e r a t i n g  c o n d i t i o n s .  

C a l c u l a t i o n s  had shown t h a t  more than  h a l f  of t h e  t o t a l  h e a t  of t h e  

r e a c t i o n  would be used i n  h e a t i n g  t h e  s o l u t i o n  t o  b o i l i n g  when aboiit h a l f  

of  t h e  FPUL t a n k  volume w a s  used. Consequent ly ,  i t  w a s  expected t h a t  t h e  

peak r e a c t i o n  ra te  would have passed b e f o r e  b o i l i n g  s t a r t e d .  

F i g u r e  1 shows t h e  t empera tu re ,  t h e  ra te  of h e a t  g e n e r a t i o n ,  and t h e  

h e a t  l oad  of t h e  r e f l u x  condenser  as f u n c t i o n s  of t i m e  f o r  two t y p i c a l  

tests. In  both cases the ra te  of h e a t  generati.on peaked sharp3.y well 

below the boiling t empera tu re .  The max:l.mum h e a t  l o a d s  of t h e  r e f l u x  con- 

d e n s e r  were much lower t:iian t h e  peak rates of h e a t  g e n e r a t i o n .  The d a t a  

shown i n  F i g u r e  1 have been s c a l e d  t o  t h e  f u l l  sca1.e o p e r a t i o n  a t  FPDL. 

More d e t a i l s  of t h e s e  t e s t s ,  r u n s  3 and 6 ,  are g i v e n  i n  Table  1. 

The r e s u l t s  of a l l  seven tes t s  c a r r i e d  o u t  -in t h e  vacuum (Dewar) flask 

are  g iven  i n  Tab le  1. All volumes and h e a t s  have been s c a l e d  t o  the s i z e  

of  t h e  f u l l  scale o p e r a t i o n .  It w a s  assumed t h a t  a l l  v a l u e s  would 

i n c r e a s e  p r o p o r t i o n a t e l y  t o  t h e  weight of aluminum. 
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0 Temperature in Test 3; g Total rate of heat production in Test 3; A Heat load of 
reflux condenser in Test 3; Total rate of heat production 

in Test 6; and A H e a t  load of reflux condenser in Test 6. 
Temperature in Test 6; 
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Table 1. Maximum Rates of Heat Generation and Maximum Condenser 
Heat Loads During the  D isso lu t i on  of Control  P l a t e  Quadrants 

-L__ --_ - .- 
Max. Rate Max. Heat 

Load of Acid S t a r t i n g  of Heat 
Conc. Volume Temp. Generat ion Condenser Hg 

Test (M, ( l i t e r s )  ( " C )  KW BTU/hr KW BTWhr ( g )  g Fe/g A I  

1 1.8 978 64 181 6 . 2 ~ 1 0 ~  33 1 . 1 ~ 1 0 ~  520 0.10 

2 1.8a 90 3 63 112 3 . 8 ~ 1 0 ~  40 1 . 4 ~ 1 0 ~  479 0.11 

3 1.8a 877 64 126 4 . 3 ~ 1 0 ~  54 1 . 9 ~ 1 0 ~  310 0.10 

4 1.4a 876 66 146 5 . 0 ~ 1 0 ~  38 1 . 3 ~ 1 0 ~  310 0.31 

5 1.4a9b 1036 87 119 4 . 0 ~ 1 0 ~  50 1 . 7 ~ 1 0 ~  249 0.11 

6 1.2 1255 79 91 3 . 1 ~ 1 0 ~  16 5 . 5 ~ 1 0 ~  376 0.22 

407 0.18 -- - 7 l.Ob 1469 73 50 1 . 7 ~ 1 0 ~  neg I n eg 

aRare ear th  oxides were present. 
bThree l i t e r s  and 5.7 I i t e r s  of 30% hydrogen peroxide were added in  

t e s t s  5 and 7 respec t ive ly .  

A comparison of t es t s  1, 2 ,  and 3 show t h e  lowering of the  peak con- 

d e n s e r  load w i t h  i n c r e a s e d  s o l u t i o n  volume. T e s t  5 shows t h e  adverse! 

e f f e c t  of h igh  s t a r t i n g  t empera tu re .  Comparison of tests 3 and 4 shows t h e  

l o w e r i n g  of t h e  condenser  h e a t  load wi th  dec reased  a c i d  c o n c e n t r a t i o n .  

The maximum h e a t  l oad  of t h e  condenser  d i d  no t  exceed t h e  e s t i m a t e d  

c a p a c i t y  of t h e  condense r  i n  any of tlie tes ts  shown i n  Table I ,  although i n  

test  3 t h e  h e a t  l oad  d i d  e s s e n t € a l l y  e q u a l  t h e  e s t i m a t e d  c a p a c i t y  of t h e  

condense r .  

The c o n d i t i o n s  of t es t  6 a re  recommended f o r  use a t  FPDL. The lower 

s t a r t i n g  t empera tu res  of tests 1 through 4 c o u l d  not be c o n s i s t e n t l y  repro-  

duced. The l a r g e r  volume of s o l u t i o n  used i n  t e s t  6 compensates f o r  a 

h i g h e r  s t a r t i n g  t empera tu re .  "tie aluminum w a s  comple t e ly  d i s s o l v e d  i n  135 
m i n u t e s  i n  t h i s  t e s t .  The t i m e  could have been reduced by a second addi-  

t i o n  of mercury laLe i n  the r e a c t i o n .  The r e l a t i v e l y  high iron/aluminum 

r a t i o  may have slowed t h e  r e a c t i o n .  T e s t  4 i s  of i n t e r e s t  in that essen- 

t i a l l y  a l l  of t h e  a c i d  w a s  consumed. The f i n a l  pH w a s  1.1. 

The molar r a t i o  of n i t r i c  a c i d  consumed t o  aluminum d i s s o l v e d  v a r i e d  i n  
t h e  range of 3.6 t o  3.8 f o r  the r a p i d  r e a c t i o n  ra tes  i n  4 t o  6 - M n i r r i c  

a c i d .  These are ave rage  v a l u e s  f o r  s e v e r a l  r e a c t i o n s  t h a t  occur  s imul t a -  

n e o u s l y .  Some of t h e  r e a c t i o n s  c a r r i e d  out  below t h e  b o i l i n g  p o i n t  gave 
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lower  r a t i o s .  There  i s  some u n c e r t a i n t y  i n  a l l  of t h e s e  va lues  because of 
t h e  problems invo lved  i n  t i t r a t i n g  a c i d  i n  s o l u t i o n s  c o n t a i n i n g  aluminum 

n i t r a t e  and because  of p o s s i b l e  l o s s e s  of a c i d  vapor .  The r e a c t i o n  pro- 

duc ing  NO h a s  a molar  r a t i o  of 4 .  The low v a l u e s  observed may i n d i c a t e  

t h e  fo rma t ion  o f  s u b s t a n t i a l  amounts of N20, N 2 ,  and H 2 ,  o r  they  may i n d i -  

ca te  a p p r e c i a b l e  r e o x i d a t i o n  of NO t o  NO2 and t h e  r e a c t i o n  of NO2 w i t h  

water t o  form n i t r i c  a c i d .  

The p r o d u c t i o n  of n i t r o g e n  o x i d e s  w a s  no t  d i r e c t l y  i n v e s t i g a t e d ,  bu t  

c e r t a i n  o b s e r v a t i o n s  were made. The g a s ,  N 0 2 ,  which i s  p r e s e n t  as (N02)2, 

i s  v i s i b l e  because  of i t s  brown c o l o r .  NO q u i c k l y  o x i d i z e s  t o  v i s i b l e  

NO2 on c o n t a c t  w i t h  a i r .  Large amounts of NO2 were never  observed a t  

t e m p e r a t u r e s  much below t h e  b o i l i n g  p o i n t  of t h e  s o l u t i o n .  Large amounts 

of N O 2  were s e e n  i n  t h e  f a s t  r e a c t i o n s  u s i n g  4 t o  6 M n i t r i c  a c i d  a f t e r  t h e  

s o l u t i o n s  reached  t h e  b o i l i n g  p o i n t .  
- 

A s m a l l  amount of NO2 w a s  observed i n  t h e  condensa t ion  c y l i n d e r  du r ing  

t h e  vacuum f l a s k  runs .  Th i s  probably  r e s u l t e d  from t h e  o x i d a t i o n  of NO. 

When hydrogen pe rox ide  was added i n  t h e  vacuum f l a s k  r u n s ,  t h e  N O 2  w a s  

b a r e l y  d e t e c t a b l e .  Thus, hydrogen pe rox ide  may be of va lue  i n  reducing  

n i t r o g e n  ox ide  p roduc t ion .  However, no problem i s  a n t i c i p a t e d .  

The s t a i n l e s s  s tee l  c o r r o s i o n  s a m p l e s  showed ve ry  l i t t l e  a t t a c k .  

Weight l o s s e s  were i n  t h e  range of t o  g/cm-2hr-1. 

The t an ta lum samples  w e r e  not  d i s s o l v e d  t o  any measureable  degree  i n  

t h e  a c i d  d i s s o l u t i o n  tests. The t an ta lum i n  t h e  c o n t r o l  p l a t e s  w i l l  no t  

d i s s o l v e  bu t  will accumula te  i n  t h e  tank .  

Tests were made of t h e  f i n a l  s t e p s  of t h e  p rocess .  The s o l u t i o n  from a 

d i s s o l u t i o n  tes t  was d i l u t e d  and n e u t r a l i z e d  w i t h  sodium hydroxide.  The 

p a r t i c l e  s i z e  d i s t r i b u t i o n  of the r e s u l t i n g  p r e c i p i t a t e  w a s  determined.  

The pH of t h e  s o l u t i o n  w a s  measured a f t e r  each  of a series O E  d i l u t i o n s .  

The r e s u l t s  are g iven  i n  Tab le  2 .  I f  t h i s  s o l u t i o n  had been produced by 

t h e  d i s s o l u t i o n  of a 3+5-year -o ld  p l a t e ,  a 41-fold d i l u t i o n  would have 

been  r e q u i r e d  t o  reduce  t h e  rad ionucl i .de  c o n t e n t  t o  2 c u r i e s / g a l l o n .  The 

s o l u t i o n  i n i t i a l l y  c o n t a i n e d  7.9 g r a m s / l i t e r  of aluminum, 0.82 g r a m / l i t e r  

of i r o n ,  and 0.64 m o l e / l i t e r  of hydrogen i o n .  
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Table 2 .  I n f l u e n c e  of D i l u t i o n  on t h e  A c i d i t y  
o €  Waste S o l u t i o n  

Degree of D i l u t i o n  PH 

10 t o  1 1.20 
2 0  t o  1 1.55 
40 t o  1 1.87 
50 t o  1 2 .oo 

The pll v a l u e s  are  close t o  those  p r e d i c t e d  by simple d i l u t i o n  c a l c u l a -  

t i o n s .  

n o t  make a s i g n i f i c a n t  c o n t r i b u t i o n  t o  t h e  a c i d i t y .  

T h i s  i n d i c a t e s  t h a t  t h e  h y d r o l y s i s  of t h e  A l 3 +  and Fe3+ i o n s  d i d  

The a d d i t i o n  of 37.5 m i l l i l i t e r s  of 1 M sodium hydroxide per  l i t e r  of - 
t h e  d i l u t e d  s o l u t i o n  (50  t o  1) caused p r e c i p i t a t i o n  and i n c r e a s e d  t h e  pH t o  

9.9. The p a r t i c l e  s i z e  d i s t r i b u t i o n  of t h i s  p r e c i p i t a t e  was determined 

u s i n g  a Leeds and Nor th rup  MICROTRAC. The r e s u l t s ,  g i v e n  i n  Table  3, 

i n d i c a t e  t h a t  t h e  p r e c i p i t a t e  could be pumped as a s l u r r y .  

Table  3. P a r t i c l e  S i z e  D i s t r i b u t i o n  of P r e c i p i t a t e  

P a r t i c l e  s i z e  range 
( p  m> 

P e r c e n t  of p a r t i c l e s  
f a l l i n g  i n  range 

16-22 4.2 
11-16 12.5 

7.8-11 11.1 
5.5-7.8 24.5 
3.9-5.5 18.9 
2.8-3.9 11.7 

<2.8 5.6 - 

A s t u d y  and estimate r e p o r t  f o r  t h e  f a c i l i t y  f o r  t h e  HFIR c o n t r o l  p l a t e  

d i s s o l u t i o n  and  o t h e r  ve ry  h igh  a c t i v i t y  wastes was pub l i shed  J u l y  30, 1982, 

by t h e  UCC-ND Eng inee r ing  D i ~ i s i o n . ~  
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SUMMARY OF CONCLUSIONS 

!. The maximum rate of t h e  mercury-catalyzed r e a c t i o n  o f  n i t r i c  a c i d  

w i t h  aluminum is t o o  g r e a t  f o r  use i n  t a n k  P45 a t  FPDL because of t h e  

l i m i t e d  c a p a c i t y  of t h e  r e t ' l ux  condenser .  

2 .  The r e a c t i o n  ra te  is slowed by t h e  p re sence  of i r o n ,  but t h e  reac- 

t i o n  rate can  be made adequa te  w i t h  a d d i t i o n a l  mercury. 

3 .  The l o a d  of t h e  r e f l u x  condenser  can  be reduced t o  a s a f e  l e v e l  i f  

a l a r g e  volume o€ d i l u t e  a c i d  i s  used fo r  t h e  r e a c t i o n .  

4 .  The s o l u t i o n  r e s u l t i n g  Erom the d i s s o l u t l o n  of a c o n t r o l  p l a t e  

q u a d r a n t  c a n  be d i l u t e d  and n e u t r a l i z e d  w i t h  sodium hydroxide.  The 

r e s u l t i n g  s l u r r y  i s  s a t i s f a c t o r y  f o r  d i s p o s a l  by t h e  h y d r o f r a c t u r e  p rocess .  

5 .  The f o l l o w i n g  p rocedure  I s  recommended f o r  t h e  d i s s o l u t i o n :  

1) The c o n t r o l  p l a t e  quadran t  is dropped i n t o  FPDL t a n k  P 4 5  

which w i l l  c o n t a i n  1236 l i t e rs  of 1 . 2  M n i t r i c  a c i d .  - 
2 )  The tank is  h e a t e d  t o  7 9 ° C .  

3) Three hundred s e v e n t y - s i x  grams of mercury added as 

m e r c u r i c  n i t r a t e  s o l u t i o n  w i l l  c ause  t h e  r e a c t i o n  t o  go 

t o  comple t ion .  

6. Labora to ry  work i n d i c a t e s  s a t i s f a c t o r y  o p e r a t i o n  of t h e  p rocess .  

However, a f u l l - s c a l e  test is needed b e f o r e  a procedure i s  adopted. 
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