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ABS l HAC T 

The r e s u l t s  of experiments i n  support of an e l e c t r o l y t i c  
d i s so lu t ion  process f o r  f u e l  elements c l ad  i n  s t a i n l e s s  
s t e e l  o r  zirconium a r e  given. The r a t e  of dis integra-  
t l o n  of Zircaloy-2 anodes i n  n i t r i c  ac id  d id  no t  vary 
with a c i d  concentration.  N i t r i c  oxide, formaldehyde, 
and process solvent  were found e f f e c t i v e  i n  reducing 
the  corrosion of s t a i n l e s s  s t e e l  equipment t h a t  was 
caused by t h e  chromate present  i n  a c i d  so lu t ions  con- 
t a in ing  dissolved s t a i n l e s s  s t e e l .  Means were developed 
t o  improve t h e  contact  between assemblies of s t a i n l e s s  
steel and the  columbium basket of t he  semiworks dissolver ,  
and an average cur ren t  of 3000 amperes was achieved. 
Zircaloy p l a t e s  were anodically d i s in tegra ted  a t  an 
average ourpent or uuu &nBere8. 



CONTENTS 

Introduction 

summary 

Discussion 
.. . 

Laboratory 

Page 

4 

Current Ut i l iza t ion  f o r  the  Elec t ro ly t ic  Dissolution 
of Zircaloy-2 5 
Corrosion of S ta in less  Steel. by Solutions of HN03 - 
Sta in less  S tee l  6 

Semiworks 

Prototype Elec t ro ly t ic  Dissolver 
Dissolution of Stainless  S tee l  Pipe 
Dissolution of Zircaloy P l a t e s  

Bibliography 

LIST OF FIGURES 

P i  w e  

1 Current Ut i l iza t ion  f o r  Dissolution of Zircaloy-2 

2 Corraalon Rate of 304L Sta in less  S tee l  by Boiling 
HNOS- C r  Solutions 

1 

3 Reduction of ~ r + =  t o  ~ r + ~  during Elec t ro ly t ic  
Dissolution of 3 0 4 ~  Sta in less  S tee l  



PROCESSING OF POWER REACTOR FUELS FIFTEENTH QUARTERLY PROGRESS REPORT 
APRIL 1 TO JULY 1, 1961 

INTRODUCTION 

The ob j ec t i ve  of t h e  development program f o r  processing power r e a c t o r  
f u e l s  a t  SRP i s  t o  demonstrate a technique f o r  d i s so lv ing  f u e l s  c l a d  
w i th  s t a i n l e s s  s t e e l  o r  zirconium t h a t  i s  a s  compatible a s  poss ib le  
wi th  t h e  e x i s t i n g  p l a n t  equipment and with t h e  solvent  ex t r ac t i on  process 
t h a t  i s  now being used f o r  aluminum-clad f u e l s .  In  recent  months, t he  
primary emphasis of  experimental work has been on an e l e c t r o l y t i c  
d i s s o l u t i o n  process  i n  which t h e  cladding and f u e l  a r e  d issolved i n  
n i t r i c  a c i d (  1'7 ) . A 5000-amp d i s s o l v e r  i s  being operated a t  t h e  
Semiworks t o  de f ine  t h e  problems assoc ia ted  wi th  t r a n s f e r r i n g  l a r g e  
amounts of cu r r en t  t o  mock f u e l  assemblies from an anode basket made 
of columbium. A n  a c t i v e  program i n  t h e  l abora to ry  has been a  s tudy of 
means of reducing t h e  r a t e s  of corros ion of s t a i n l e s s  s t e e l \ i n  n i t r i c  
a c i d  so lu t i ons  con ta in ing  dissolved s t a i n l e s s  s t e e l .  

SUMMARY 

The r a t e  of  anodic d i s i n t e g r a t i o n  of Zircaloy-2 i n  n i t r i c  a c id  was not 
a f f e c t e d  by v a r i a t i o n  o f  a c id  concentra t ion from 1 t o  10M. Side 
r eac t i ons ,  which i n t e r f e r e  wi th  t he  anodic d i s so lu t i on  of s t a i n l e s s  
s t e e l  i n  a c i d  of less than 2M concentra t ion,  d id  not  change t he  r a t e  
o f  d i s i n t e g r a t i o n  o f  t h e  Zircaloy f r o m  1.0 f0.1 gram p e r  ampere-hour. 

~ r + ~  was shown t o  be t h e  p r i nc ipa l  cause of corros ion of 3 0 4 ~  s t a i n l e s s  
s t e e l  by so lu t i ons  o f  n i t r i c  a c i d  conta ining dissolved s t a i n l e s s  s t e e l .  
Corrosion during e l e c t r o l y t i c  d i s so lu t i on  i s  low because t h e  ~ r + ~  is  
reduced t o  cr+= by n i t rogen  oxides l i b e r a t e d  a t  t he  cathode and re ta ined  
i n  t h e  so lu t ion ,  which i s  not  boi led .  The oxides of n i t rogen  formed a t  
t h e  cathode reduce ~ r + ~  t o  C P + ~  a t  a  rate independent of ~ r + ~  concentra t ion 
i n  so lu t i ons  conta ining up t o  1 gram p e r  l i t e r  of  ~ r + ~  and 30 grams pe r  
l i t e r  of s t a i n l e s s  s t e e l .  Means of reducing ~ r + ~  t o  ~ r "  i n  bo i l i ng  
s o l u t i o n s  were s tudied,  t o  seek ways t o  l i m i t  t h e  cor ros ive  a t t a c k  on 
3 0 4 ~  s t a i n l e s s  s t e e l  ve s se l s  when waste so lu t i ons  a r e  concentrated by 
evaporat ion p r i o r  t o  s to rage .  N i t r i c  oxide ( N O ) ,  formaldehyde, and 
so lven t  from t h e  e x t r a c t i o n  process a r e  e f f e c t i v e  i n  reducing t h e  
cor ros ion  r a t e  by reducing ~ r + ~  t o  cr+=. 

The continuing s tudy of e l e c t r o l y t i c  d i s so lu t i on  i n  t h e  5000-amp 
semiworks d i s s o l v e r  has  shown t h a t  s t a i n l e s s  s t e e l  can be dissolved 
a t  an average c u r r s n t  of 3000 amp. This  r a t e  i s  roughly equivalent  t o  
one t o n  of uranium p e r  day i n  a  p lan t - sca le  ( 1 0 ~ )  d i s so lve r  where t he  
r a t i o  of uranium t o  cladding i s  3 t o  1. Smoothest operat ion was 
obta ined when t h e  s t a i n l e s s  s t e e l  assemblies were completely submerged 
i n  t h e  e l e c t r o l y t e  and when a  weight w a s  used t o  maintain con tac t .  The 
capac i t y  of t h e  semiworks d i s s o l v e r  was l i m i t e d  by contact  r e s i s t ance  
between t h e  columbium basket and t h e  charge. Af te r  one mi l l ion  ampere- 
hours  of  opera t ion  t h e r e  i s  s t i l l  no evidence of corros ion of t h e  304L 
s t a i n l e s s  s t e e l  d i s s o l v e r  vesse l  by e i t h e r  chemical o r  s t r a y  cur ren t  
e f f e c t s .  



Zircaloy p la t e s  were dissolved a t  an average current of 1100 t o  1200 
amp a t  a maximum potent ia l  of 15  vol t s .  A t  t h i s  r a t e  more than 2.5 
pounds of Zircaloy dissolve i n  one hour. Proportionally higher r a t e s  
were demonstrated a t  higher voltages, although loca l  overheating of 
the  p la tes  and the anode basket was observed. E lec t r i ca l  contact 
between basket and charge was ef fec t ive ly  maintained both by the anode 
s t r i k e r ,  and by a weight t h a t  forced t h e  p la t e s  against the bottom of 
the  columbium basket. 

DISCUSSION 

LABORATORY 

CURRENT UTILIZATION FOR THE ELECTROLYTIC DISSOLUTION OF ZIRCALOY-2 

Work t h a t  has been previously reported(7)  on the e l ec t ro ly t i c  dissolut ion 
of s t a in l e s s  s t e e l  i n  n i t r i c  acid has shown tha t  s ide reactions decrease 
the  current u t i l i z a t i o n  when the ac id  concentration f a l l s  below 1.5 
t o  2M. Zircaloy-2 was e l ec t ro ly t i ca l ly  dis integrated i n  various acid 
concentrations t o  determine i f  s imi lar  s ide  react ions in t e r f e re  with 
dis integrat ion i n  low concentrations of n i t r i c  acid.  No such interference 
was detected. The current u t i l i z a t i o n  remained a t  1.0 f O . l  g/amp-hr 
i n  1 t o  10M and as  shown i n  Figure 1. The r a t e  of 1 g/amp-hr i s  about 
15$ higher than theore t i ca l ly  required t o  oxidize zirconium t o  ~ r + * .  
Because the current f luctuated as oxide flaked e r r a t i c a l l y  from the 
metal surface, the product of current and time was measured with a 
copper coulometer. The weight of zirconium t h a t  was oxidized was 
determined by the l o s s  of weight of the  anode and was corrected f o r  the 
oxide coating remaining on the anode. 

HN03, M 

FIG. 1 CURRENT UTILIZATION FOR DISSOLUTION OF ZIRCALOY-2 



CORROSION OF STAINLESS STEEL BY SOLUTIONS OF HNO, - STAINLESS STEEL 

Previous work(7) has shown t h a t  the  solut ion resu l t ing  from the 
e l e c t r o l y t i c  d isso lu t ion  of s t a i n l e s s  s t e e l  i n  n i t r i c  acid can be 
corrosive t o  s t a i n l e s s  s t e e l  vessels  because the chromium e x i s t s  as  
chromate ion  (~r+ ' )  i n  n i t r i c  acid. This corrosion is  a problem only 
when the  so lu t ion  i s  boiled, as  i n  the evaporation step, and the 
dissolved s t a i n l e s s  s t e e l  and n i t r i c  acid ar-e concentrated. During 
e l e c t r o l y t i c  dissolution, corrosion i s  not a problem since the chromium 
i s  reduced by dissolved oxides of nitrogen t o  cr+=. 

Figure 2 presents  corrosion r a t e s  f o r  3 0 4 ~  s t a i n l e s s  s t e e l  versus 
chromium concent rat ion. TO t a1 chromium, r a t  her than chromate, concen- 
t r a t i o n  was used because of the  d i f f i c u l t y  of analyzing f o r  chromate 
i n  the  presence of dissolved s t a f n l e ~ s  s t e e l .  The corrooion r a t e s  1 1 1  

FINO,-chromate measured by o the r   worker^^'^^ ) are the  averages of rates 
over 48 hours of exposure; the  r a t e s  were rapidly increasing a t  the end 
of  these t e s t s .  In the  SRL t e s t s  o f  solut ions containing only HNO, - 
s t a i n l e s s  s t e e l ,  t he  corrosion r a t e s  were found t o  increase even a t  the 
end of 150 hours of exposure. Analysis showed tha t  cr+', the predominant 
chromium ion  i n  t h e  i n i t i a l  solution, was being oxidized t o  corrosive 
chromate , 

3 
1 

a 
S 
'E  
P 
S 

0.1 1.0 10 W 
Chromium Conemtration, pA 

FIG. 2 CORROSION RATE OF 304L STAINLESS STEEL BY BOILING HN03-Cr SOLUTIONS 



The a d d i t i o n  o f  n i t r i c  oxide  (NO) t o  t h e  s o l u t i o n  decreased t h e  c o r r o s i o n  
r a t e  by reducing much of t h e  chromate t o  Cr+,.  Formaldehyde a d d i t i c n  
decreased  c o r r o s i o n  by lowering t h e  n i t r i c  a c i d  concen t ra t ion  a s  we l l  
a s  by reducing t h e  chromate t o  Cr+, .  TO s imula te  t h e  h igh  a c t i v i t y  
r a f f i n a t e  from t h e  so lven t  e x t r a c t i o n  process ,  a  s o l u t i o n  of  3M HNO, 
and 20 g / l  s t a i n l e s s  s t e e l  was s a t u r a t e d  wi th  30% TBP-"Ultrasene". 
Corros ion  r a t e s  were measured dur ing  evapora t ion  of  t h i s  s o l u t i o n  t o  
10M HNO, and 100 g / l  s t a i n l e s s  s t e e l .  Although t h e  TBP-"Ultrasene" 
apparen t ly  reduced much of  t h e  chromate, t h e  co r ros ion  r a t e  averaged 50 
t o  60 mi ls /yr  dur ing  t h e  c y c l e .  Chromate - n i t r i c  a c i d  c o r r o s i o n  r e s u l t s  
i n  p r e f e r e n t i a l  a t t a c k  of  t h e  end g r a i n  r a t h e r  than  t h e  r o l l e d  s u r f a c e  
o f  a coupon. The co r ros ion  samples used had 16% end g r a i n .  L a t e r  t e s t s  
w i l l  determine t h e  co r ros ion  r a t e s  of  r o l l e d  s u r f a c e s .  

A f t e r  t h e  t e s t s  desc r ibed  i n  t h e  preceding paragraph, a  spect rophotometr ic  
a n a l y s i s *  f o r  chromate was developed. Th i s  a n a l y s i s  r e q u i r e d  on ly  0 . 5  
m i l l i l i t e r  of s o l u t i o n  and pe rmi t t ed  continuous assay  of chromate without  
d e p l e t i n g  t h e  s o l u t i o n  being s t u d i e d .  The a n a l y s i s  was used t o  fo l low 
t h e  changes i n  chromate concen t ra t ion  dur ing  e l e c t r o l y t i c  d i s s o l u t i o n  
of 304L s t a i n l e s s  s t e e l  i n  n i t r i c  a c i d .  Data f o r  two runs a r e  g iven i n  
Figure  3. The i n i t i a l  r i s e  i n  chromate concen t ra t ion  i s  due t o  t h e  ~ r + ~ ,  
which i s  t h e  form of  chromium t h a t  i s  removed from t h e  p r o t e c t i v e  oxide 
l a y e r .  Slmultaneously,  n i t r o u s  a c i d  formed a t  t h e  cathode reduce3 ~ r + ~  
t o  Cr',. Ni t rous  a c i d  i s  produced i n  excess  of  t h a t  needed f o r  C r f 6  
r educ t ion ,  and, a s  t h e  n i t r o u s  a c i d  concen t ra t ion  i n c r e a s e s ,  t h e  ~ r + ~  
c o n c e n t r a t i o n  decreases .  There i s  no apparent  exp lana t ion  f o r  t h e  
d i f f e r e n c e s  between t h e  two runs ,  except  t h e  a g i t a t i o n  r a t e s  may be 
d i f f e r e n t .  I n  o t h e r  r e s p e c t s  t h e  runs  were i d e n t i c a l .  

SEMI WORKS 

PROTOTYPE ELEXTROLYTIC DISSOLVER 

The primary o b j e c t i v e  of the  c o n t i n u i n g . s t u d y  of e l e c t r o l y t i c  
d i s s o l u t i o n  i n  the  5000-amp semiworks d i s s o l v e r  (7 ) i s  t o  demonstrate  
t h a t  s t a i n l e s s  s t e e l  and zirconium can be d i s so lved  i n  n i t r i c  a c i d  
a t  an average c u r r e n t  of 3000. amp. The achievement of  t h i s  r a t e  i n  
the  ~emiworks  d i s s o l v e r ,  i n  which the  anode baske t  i s  5 by 1 2  inches  
i n  p l a n  s e c t i o n ,  would be e q u i v a l e n t  t o  the  demonstrat ion of a  
c a p a c i t y  of more than  one ton of  uranium p e r  day i n  a  p l a n t - s c a l e  (10X) 
e l e c t r o l y t i c  d is ' so lver . '  DurLng t h e  pe r iod  of t h i s  r e p o r t ,  s t a i n l e s s  
s t e e l  p ipe  and Z i rca loy  p l a t e  i n  t h e  form of mock assembl ies  and 
loose  p i e c e s  were d i s so lved  t o  e s t a b l i s h  the  b e s t  o p e r a t i n g  cond i t ions .  

* The spect rophotometr ic  a n a l y s t s  measures t h e  c o l o r  of a  diphenyl  
ca rbaz ide  complex of Cr+' a t  a  pH of  3 t o  5. The a n a l y s i s  i s  accura te  
t o  +20$ a t  0.01 g  ~ r + ~ / l  i n  t h e  presence of  h igh  concen t ra t ions  of  
d1sso.lved s t a l l i l e s s  s t e e l .  
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DISSOLUTION OF STAINLESS STEEL PIPE 

The major conclus ions  t h a t  r e s u l t e d  from t h e  d i s s o l u t i o n  of  t h e  
a s sembl i e s  made o f  s t a i n l e s s  s t e e l  p i p e  a r e  t h a t  t h e  r e q u i r e d  
c a p a c i t y  (3000 amp) can be achieved,  and t h a t  t h e  smoothest opera t . ion  
i s  ob ta ined  when t h e  a s sembl i e s  a r e  f u l l y  submerged i n  a c i d .  The 
c o n t a c t  r e s i s t a n c e  between the  anode b a s k e t  and the  p i e c e s  t o  be 
d i s s o l v e d  l i m i t s  t h e  average  c a p a c i t y  of t h e  d i s s o l v e r .  The r e -  
s i s t a n c e  i s  i n i t i a l l y  low, b u t  becomes p r o g r e s s i v e l y  h i g h e r  d u r i n g  
t h e  run .  Decreasing t h e  c l e a r a n c e  between anode b a s k e t  and cathode 
t o  l e s s  than  one inch  d i d  n o t  a p p r e c i a b l y  dec rease  the  c e l l  r e s i s t a n c e .  
There was no evidence of c o r r o s i o n  due t o  s t r a y  c u r r e n t s  f lowing  t o  
a  sample o f  3 0 4 ~  s t a i n l e s s  s t e e l  t h a t  was l o c a t e d  3 i n c h e s  below t h e  
g r i d  on the  bottom of the cathode ( 8  i n c h e s  below t h e  anode) .  Th i s  
obse rva t ion  i s  s i g n i f i c a n t  because i t  i n d i c a t e s  t h a t  t h e  e l e c t r o d e s  
can be l o c a t e d  c l o s e  t o  t he  n e u t r a l  v e s s e l .  There.  i s  s t i l l  no 
evidence of e i t h e r  chemical  o r  s t r a y  c u r r e n t  c o r r o s i o n  of  t h e  304L 
s t a i n l e s s  s t e e l  d i s s o l v e r  v e s s e l  a f t e r  more than  one m i l l i o n  amp-hr 
o f  o p e r a t i o n ,  a l t hough  t h i s  i s  e q u i v a l e n t  t o  d i s s o l v i n g  o n l y  2  t o n s  
of s t a i n l e s s - c l a d  UO2.  

Prolonged a r c i n g  on t h e  columbium b a s k e t  above the  l i q u i d  l e v e l  w i l l  
cause the  columbium t o  o x i d i z e .  The semiworks anode b a s k e t  i s  made 
o f  v e r t i c a l  s t r i p s  of columbium, 1/2 i n c h  wide and 1/16 inch  t h i c k ( 7  I .  
Arcing and l o c a l  ove rhea t ing  above t h e  l i q u i d  caused some of  t h e  t h i n  
s t r i p s  t o  f a i l  and caused t h e  c u r r e n t  t o  be c a r r i e d  by l e s s  me ta l .  
More s t r i p s  p r o g r e s s i v e l y  grew h o t ,  ox id i zed ,  and f a i l e d ,  u n t i l  ' the  
columbium s e c t i o n  of t h e  anode p a r t e d  comple te ly  i n  a  p l a n e  p a r a l l e l  
t o  t h e  bottom a f t e r  about  one m i l l i o n  amp-hr. The s t r i p s  t h a t  were 
normally submerged i n  n lLr l ic  a c i d  wore s t i l .1 .  1.n e x c e l l e n t  c o n d i t i o n .  
An improved des ign  would p rov ide  f o r  f u l l  submergence o f  t h e  f u e l  
and f a b r i c a t i o n  o f  t h e  anode b a s k e t  from more massive meta l .  

The ev idence  t h a t  mock f u e l  a s sembl i e s  d i s s o l v e  w i t h  l e s s  t r o u b l e  
than  do loose  p i e c e s  and t h a t  t o t a l  submergence o f  t h e  a s sembl i e s  
g i v e s  improved o p e r a t i o n  was obta.i.ned from s e v e r a l  runs .  I n  t h e  
f i r s t  run,  two 135-lb a s sembl i e s ,  each  o f  which was 9 f t  l ong  and 
made up of  a  square  a r r a y  of 1/4- inch stainless s t e e l  p ipe ,  were . 

p laced  v e r t i c a l l y  i n  t he  b a s k e t  so t h a t  o n l y  t h e  bottom 3 f t  was . 
covered w i t h  a c i d .  The I n i t i a l  n i t r i c  a c i d  c o n c e n t r a t i o n  was 4.5M 
and t h e  tempera ture  was main ta ined  a t  85 + ~ O C .  An average  c u r r e n t  
of  4000 amp was main ta ined  a t  a  maximum p o t e n t i a l  o f  15 v. Th i s  
average c u r r e n t  i s  abou t  twice t h a t  ob ta ined  w i t h  l o o s e  p i e c e s  and 
i s  thought  t o  be due t o  more. uniform c o n t a c t  of  t h e  a s sembl i e s  w i t h  
t h e  s i d e  of t h e  anode basket. Thio run  was n o t  c a r r i e d  beyond a  5@ 
h e e l ,  however, because of  a r c i n g  and o v e r h e a t i n g  above t h e  l iqu id . ,  
which was s e r i o u s  enough t o  burn  h o l e s  i n  t h e  s t a i n l e s s  s t e e l  p o r t i o n  
of  t he  anode baske t .  Much o f  t h e  o x i d a t i o n  of t h e  columbium s t r i p s  
i s  thought  t o  have occu r red  d u r i n g  t h i s  run ,  as w e l l  a s  some p i t t i n g  
of t he  l /2 - inch  p l a t e  a t  t h e  bottom of  t h e  columbium b a s k e t .  E f f o r t s  



t o  cool the  upper sec t ions  of the  long assemblies by r ec i r cu l a t i ng  
e l e c t r o l y t e  from the  d i s so lve r  vesse l  t o  the  top of the anode basket  
were successful  i n  providing smooth operation.  This technique could 
no t  be continued i n  the  semiworks d i sso lver ,  however, s ince  the  upper 
ha l f  bf t he  anode basket  ' i s  made of s t a i n l e s s  s t e e l .  Although the  . . 

s t a i n l e s s  s t e e l  was not  submerged i n  the  ac id ,  s u f f i c i e n t  cur ren t  
was conducted b y . t h e  f i lm o f ' r e c i r c u l a t i n g  e l e c t r o l y t e  t o  a t t a ck  
the  s t a i n l e s s  s t e e l  p a r t  of the. basket .  

The f u e l  assemblies were cu t  t o  2 - f t  lengths  to  permit complete 
submergence during t he  next run. Two 30-lb assemblies were placed 
s ide  by s i d e  i n  the basket  so t h a t  contact  was made .by the ends of 
the  pipes  and the  bottom of the basket .  With a  100-lb weight on 
top of t he  charge ' t o  simulate the weight of U02 p e l l e t s ,  the  
d i s so lu t i on  was' c a r r i ed  t o  a heel  nf less  than 2 l b  a t  an avePa&v 
c u i 3 ~ ~ r i L  uf' 26C)Tj attip. and' a, rnnximi lm p ~ t e n t i a l  u f  23 v. Wllel~ 9-Inch 
l eng ths  o f  s im i l a r  assemblies were. stacked hor izon ta l ly ,  so t h a t  
contact  a t  the bottom w a s  made by the pipe surfaceu. r a t h e r  than by 
the  ends, a  70-lb charge w a s ~ d ~ s s o l v e d  t o  a  hee l  of l e s s  than 2  l b s  
a t  an average cu r r en t  of 3000 amp. The s t r i k e r  was used once every 
30 seconds, the operat ion was very omooth, and there  was no evidence 
of a rc ing  o r  overheating.  A l l  components of the  charge, including 
the  weight, were submerged. The cur ren t  had decreased t o  500 amp 
when the run was terminated. The 2-lb heel  i s  probably independent 
of' the  i n i t i a l  weight of the charge, so t h a t  i t  would represent  a  
res idue of l e s s  than 1% f o r  a  . f u l l  charge of 250 t o  ,300 l b  of 
s t a i n l e s s  s t e e l  . . . .  

DISSOLUTION OF ZIRCALOY PLATES 

Approximately 250 l b  of so l ld  Zlrcaloy p l a t co  \acre diulr~Legr~atea  In  
th ree  separate  charges t o  a  cumulative 20% heel  a t  a  r a t e  exceeding 
2 .5  lb/hr.  It was necessary t o  use the 100-lb weight on top of the  
Zircaloy p l a t e s  t o  ma4 nta l  n p;ood el.ootrica1 C C J ~ ~ L ~ L C  L .  This Weight 
was equipped with l e a f  spr ings  to  make e l e c t r i c a l  contact  with the  
wal l s  of the  anode. A l a rge  p a r t . o f  the input  cur ren t  probably 
passed through the  weight t o  the charge. Early i n  the cycle,  operat ion 
with e f f e c t i v e  contact. from the weight gave an average cur ren t  of 
1500 t o  2000 amp a t  13 v ,  Wl t.hnl.lt th6, weight on:ly hair Lht! normal 
cur ren t  was poss ib le ,  and even t h l s  could no t  be susta ined f o r  more 
than one o r  two hours. The anode s t r i k e r  was used on a  1-minute 
cycle  and was he lpfu l  i n  maintaining contact .  

The 2 .5  lb /hr  r a t e  was a t t a ined  a t  a  maximum p o t e n t i a l  of 15 v  and 
corresponds t o  an average of 1100 t o  1200 amp. The .current  during 
hee l  removal was between 500 and 1000 amp; excluding t he  heel  removal 
per iod,  the  cu r r en t  averaged 1500 t o  2000 amp. The Zircaloy p l a t e s  
were 3/16 inch by 4-1/2 inches by 8 f t  and were submerged t o  a  depth 
of 3-1/2 f t .  i n  4 . 5 ~  HNOlr, which was main ta ined .a t  9 0 ' ~ .  Propor t ional ly  
higher  r a t e s  were demonstrated a t  po. tent ia ls  of 20 v  although l o c a l  



overhea t ing  of t h e  p l a t e s  and the  anode baske t  was observed. 
R e l a t i v e l y  poor. c o n t a c t  be tween th6  Z i rca loy  p l a t e s  and t h e  columbium 
baske t ,  due t o  the  resistarice of ' the zirconium oxide c o a t i n g  on the  
p l a t e s ,  l i i n i t s  t h e  c u r r e n t  . f low. a t  15 v. " A s  ' i n  labora tory- . sca le  t e s t s ,  
on ly  15$ of the  z i r c o n i u m ' ~ ' d i s s o l v e d ' i n  the  n i t r i c  ac id ;  t h e  remainder 
appeared a s . a  f i n e  b lack  sludge of zirconium oxide.  This .s ' ludge 
accumulated i n  t h e  bottom of the  anode b a s k e t . i n  the  f i r s t  p a r t  of 
the  run: ~ o n s e q u e n t l ~ ,  l /4- inch h o l e s  were d r i ' l l ed  i n  t h e  bottom of 
the  anode t o  g ive  6$ open a r e a .  An a i r  s p a r g e ' l o c a t e d  o n . t h e  bottom 
of  t h e  d i s s o l v e r  was . ab le  t o ' l i f t ' t h e  s ludge from the  anode and 
d i s p e r s e ' i t ' i n  the  e l e c t r o l y t e  a s  t h e  o x i d e ' f e l l  from t h e  d i s i n t e g r a t i n g  
p l a t e s .  
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