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A B S T R A C T  

During the  course of another  i n v e s t i g a t i o n  it  was found t h a t  a sample  ' 

of g r a p h i t e  d i s i n t e g r a t e s  i n t o  p a r t i c l e s  of  s i z e s  ranging from almost c o l l o i d a l  
up t o  s i z a b l e  chunks when t h e  sample i s  connected a s  t h e  anode i n  an ox id iz ing  

s o l u t i o n  wi th  an i n e r t  cathode. L i t e r a t u r e  r e fe rences  a t t r i b u t e  t h i s  phenomenon 
t o  t h e  expansion o f  gas  i n  the  in t e r l amina ry  spaces  o f  t h e  g r a p h i t e  and t o  t h e  
formation of an uns t ab le  g r a p h i t i c  oxide. The l a t t e r  was v e r i f i e d  somewhat by our  
experiments; i n  seven of e i g h t  runs t h e  f i l t e r e d  and d r i e d  d i s i n t e g r a t e d  g r a p h i t e  
p a r t i c l e s  weighed from 0.9 t o  2 percent  more than  t h e  o r i g i n a l  sample piece.  In- 
v e s t i g a t i o n  of p a r t i c l e  s i z e  as a func t ion  of  cu r ren t  d e n s i t y  showed t h a t  a much 
more uniform product r e s u l t e d  a t  h igh  cu r ren t  d e n s i t i e s ,  because t h e  a c t i o n  was 
l a r g e l y  confined t o  t h e  su r face ;  a t  low cu r ren t  d e n s i t i e s  i n t e r n a l  a c t i o n  r e s u l t e d  a 

i n  t h e  s p l i t t i n g  o f f  of l a r g e  s e c t i o n s  of  t h e  sample. The geometr ic  mean p a r t i c l e  
d iameter  f o r  a cu r ren t  d e n s i t y  of  4.8 amps/cm. was ca l cu la t ed  t o  be 236 microns 
on a weight b a s i s  and 69 microns on t h e  b a s i s  of  p a r t i c l e  count. Four runs were 
made i n  a s i n g l e  sample t e s t  appara tus  us ing  n a t u r a l  uranium impregnated g r a p h i t e  
samples 2 cm. i n  diameter  by 5 cm. long,  conta in ing  an es t imated  12 t o  15 percent  
uranium by weight,  and a maximum recovery e f f i c i ency .  of  99.79 percent  o f  t h e  or ig-  

s acL&igsd,dur&g_-the d i s i n t e g r a t i o n  process . .  . -  Three con- 
c e n t r a t e d  n i t r i c  a c i d  l eaches  increased  t h i s  e f f i c i e n c y  t o  99.98 percent .  A f t e r  
t h e  leaches  t h e  g r a p h i t e  r e s idues  contained approximately 50 p a r t s  pe r  m i l l i o n  by 
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weight of u ry ium.  
a d a p t a b i l i t y  of  t h e  process  t o  mass t rea tment  of  spent  f u e l  un i t s .  A method where- 

by samples were s tacked end t o  end i n  a v e r t i c a l  tank was found t o  be successfu l .  
By making t h e  e l e c t r o d e s  and l e a d s  i n t o  t h e  ba th  of  tantalum, t h e  e s s e n t i a l l y  uni- 
d i r e c t i o n a l  cu r ren t  conducting p rope r ty  of the' su r f ace  oxide o f  tantalum w a s  u t i l -  
i zed ,  w i t h  the  resu l t  tha t  r e c t i f i c a t i o n  of a l t e r n a t i n g  t o  d i r e c t  cu r ren t  occurred 
wi th in  the ba th ,  and t h e  need f o r  e x t e r n a l  r e c t i f i e r s  o r  o t h e r  sources  of d i r e c t  , 

Development work was c a r r i e d  out  i n  o rde r  t o  determine t h e  

cu r ren t  <was- el iminated.  A suggested design f o r  a product ion model of t h e  s t a c k  
type  appara tus  i s  given and i t s  ope ra t ion  explained. One recovery run was made i n  
t h e  s t a c k  type apparatus  us ing  t h r e e  n a t u r a l  uranium impregnated g r a p h i t e  samples, 
each 2 cm. i n  diameter  by 5 cm. long, averaging 14 percent  uranium by weight. A t  
a cu r ren t  d e n s i t y  of  3.2 amps/cm. , t h e  samples were completely d i s i n t e g r a t e d  i n  

'70 minutes,  and t h e  r e s u l t i n g  powder was subjec ted  t o  f i v e  l eaches  wi th  b o i l i n g  
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concent ra ted  n i t r i c  ac id ;  ana lyses  showed t h a t  t h e  uranium concent ra t ion  i n  t h e  
res idue  reached 55 p a r t s  p e r  m i l l i o n  a f t e r  t h e  thi-rd l each  and t h a t  f u r t h e r  
leaching  was of l i t t l e  o r  no value.  On t h e  b a s i s  of t h e s e  d a t a  and known f a c t s  
regarding leaching  and burning processes ,  it is pos tu l a t ed  t h a t  i f  a spent  fue.1 
u n i t  conta in ing  2 percent  U02 were subjec ted  t o  e l e c t r o l y t i c  1 - -  dis in_tegra t ion  - -- and - _ _ _  , - __-I-- - - -  .. - - 1  

t h r e e  l eaches  o f  b o i l i n g  concentrated n i t r i c  ac id ,  a l l  but about 0.3 percent  of 
t h e  o r i g i n a l  uranium would be recovered i n  t h e  form o f  t h e  n i t r a t e  i n  n i t r i c  ac id  
so lu t ion .  Furthermore, if t h e  g r a p h i t e  r e s idue  were then  burned and t h e  ash  

a l l  l o s s e s  i n  t h e  combined p rocess  could be he ld  t o  l e s s  than  0.001 percent  of 

t h e  o r i g i n a l  uranium, 

- Ilr_ 

_- -7 - _  ~ ? 

---- - 
n i t r i c  ac id ,  fused with, sodium hydroxide, and re leached ,  t h e  over- --- - 

_- - 
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I* INTRODUCTION 

In connection with the development work carried out by the Power 
Pile Division on the Daniels High Temperature Gas Cooled Power Pile, one of 
the materials contemplated for use as a fuel carrier was graphite. Since the 
order of magnitude of the depletion to which the pile fuel elements would be 
run before reprocessing was estimated to be no more than 10 percent (1,2), it 
was essential that a process be developed for the efficient recovery of the 
unused fissile material from the depleted fuel elements. In a report survey- 
ing possible processes (2), H. K. Jackson recommended that the most promising 
method was similar to that used at Y-12 for recovery of uraniumz3' from graphite 
parts in the electromagnetic separation process, involving burning of the parts 
in oxygen, leaching of the ash with hot nitric acid, fusion of the residue with 
sodium hydroxide, and releaching with nitric acid. In the Y-12 process the 
uranium content of the insoluble residue after the fusion product leach is 50- 

100 parts per million. However, literature searches and numerous personal con- 
versations revealed that the Y-12 process was primarily born of war-time haste 
and that very little data was available concerning optimum conditions for burn- 
ing and leaching. Consequently a research program to determine experimentally 
the effects of various factors upon the burning and leaching processes was 
initiated as part of the Power Pile effort. 

In November, 1947, during the course of an investigation in the 
electro-plating of graphite with chromium, J. R. Humphreys and H. E. Robertson 
noted that an 80-gram hollow cylindrical graphite sample connected as the anode 
in a plating bath containing chromic and sulfuric acids lost 18 grams during an 
eight hour pass of 5 amps at 1.8 volts with the bath at 22OC. Several prelimi- 
nary tests using chromic acid and nitric acid baths indicated that a sample of 
graphite could be completely disintegrated into particles ranging from the 
colloidal up to large flakes and chunks by connecting it as the anode in an 
oxidizing bath with a platinum cathode: 
phenomenon might provide a simple solution to the recovery problem, and the re- 
search program was revised to include and emphasize further investigation. 

It was immediately apparent that this 

A literature search revealed that the phenomenon of the swelling and 
disintegration of graphite anodes in solutions containing oxidizing ions has 
been known for some time, although there is considerable confusion as to the 
mechanism of the process. Thiele (3) has performed tests on natural graphites 
suspended in fuming sulfuric acid, concentrated nitric acid, and concentrated 
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p e r c h l o r i c  ac id ,  and i n  each case  observed inc reases  i n  both volum m 
and a series of  co lo r  changes i n  t h e  o rde r :  blue,  indigo,  v i o l e t ,  red,  orange, 
yellow, and gray  i n  r e f l e c t e d  l i g h t ;  t h e  c o l o r s  were d i f f e r e n t  i n  t r ansmi t t ed  
l i g h t .  The process  was r e v e r s i b l e  and appeared t o  involve s l i g h t  s epa ra t ion  of 
t h e  l a y e r s  of  g raph i t e  comprising t h e  c r y s t a l ,  r e s u l t i n g  i n  t h e  s e t t i n g  up of  
i n t e r f e r e n c e  bands. Amorphous carbons,  v iz .  sugar  carbon, d i d  not  swel l  under 
such treatment. I n  concentrated s u l f u r i c ,  concent ra ted  n i t r i c ,  and 301%percen-b. 
p e r c h l o r i c  a c i d s  and i n  l i q u i d  bromine, swel l ing  and c o l o r  changes,of  a g r a p h i t e  
anode occurred wi th  2 v o l t s  impressed, and t h e  process  reversed when t h e  vo l t age  
w a s  removed. Thie le  b e l i e v e s  t h a t  i n  t h e s e  cases  (except for .bromine)  an un- 
s t a b l e  g r a p h i t i c  oxide i s  formed. He found t h a t  no swel l ing  occurred i n  s o l u t i o n s  
of  halogens o r - h a l i d e s .  I n  a l a t e r  a r t i c l e  ( 4 ) ,  t h e  same author  sums up by 

r -_ 

a t t r i b u t i n g  t h e  swel l ing  o f t g r a p h i t e  t o  expansion of gas  i n  t h e  in t e r l amina ry  
spaces.  S t i l l  l a t e r  work by Th ie l e  (5) showed t h a t  mechanical d i s i n t e g r a t i o n  of 
carbon anodes due t o  swel l ing  of g r a p h i t i c  carbon occurred when oxygen was e- 
volved a t  a p o t e n t i a l  o f  1 .6  v o l t s  i n  t h e  presence of  SO: , ClO,  , NO; 8 b+ F 
ions w i t h  a s u f f i c i e n t  cu r ren t  d e n s i t y  (A f i g u r e  of 0.03 amps/cm. 
i n  t h e  absence of water. 

- 
2 i s  given. ) and I - 

,---c--- 

The conclusion of Th ie l e  regard ing  t h e  g r a p h i t i c  oxide formation i s  
supported by Brown and Storey  (e.), who were i n t e r e s t e d  i n  a commercial process  
f o r  ob ta in ing  g r a p h i t i c  oxide f o r  use i n  d r y  c e l l s .  They claimed t h a t  t h e  e lec-  
t r o l y s i s  of a g raph i t e  anode i n  a n e u t r a l  o r  ac id  ba th  conta in ing  an oxygen-L 

- bear ing  ion  forms g r a p h t t i c  oxide. They found t h e  b e s t  e l e c t r o l y t e  f o r  t h e i r  
I 

process  t o  be a mixture  of 1.42 s p e c i f i c  g.Tavity-;sr>.oacid and _E?=? t h e  
propor t ion  4:lCt 22 t o  25OC w i t h  t h e  a d d i t i o n  of C l O C  , C f l ,  , SO, 

-..- -_ _ _  
o r  Cr203. 

-5- - 
The r e s u l t i n g  product con ta ins  10 t o  11 percent  o f  a v a i l a b l e  oxygen (determined 
by t h e  f e r r o u s  s u l f a t e  method) when a cu r ren t  d e n s i t y  of 1.08 amps/dm2 6 s  used. 
P r a c t i c a l l y  no cor ros ion  of  t h e  anode occurred i n  d i l u t e  n i t r i c  ac id  a t  tempera- 
t u r e s  over  60'C. 
p a r a f f i n  r e s u l t e d  i n  more uniform and f i n e r  s i zed  product p a r t i c l e s ,  s i n c e  t h e  
cor ros ion  then  occurred only  on t h e  su r face  of t h e  anode in s t ead  of i n t e r n a l l y .  
I n  t h i s  case n e a r l y  a l l  t h e  product passed through a 20-mesh secreen  (7.9 mesh/cm.) 
and 95 percent  passed through a 60-mesh screen  (23.6 mesh/cm.). 

It  w a s  a l s o  found t h a t  pre-impregnation of t h e  anodes wi th  

11, INITIAL E-ATION ON D1SINTEC;RATION 

- 
Pre l iminary  experiments w i t h  d i f f e r e n t  des igns  of sample ho lde r s  showed 

t h a t  t h e  i d e a l  ho lde r  f o r  t h e  2 cm. diameter  by 5 cm. long s o l i d  c y l i n d r i c a l  
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m-- 
samples  t o  be used cons i s t ed  of a g l a s s  tube 1 inch i n  diameter  and 
long c losed  a t  t h e  lower end and supported from above by g l a s s  rods.  A p lh t -  
inum wire  passed down i n t o  t h e  tube  a long  t h e  w a l l  and terminated a t  t h e  
bottom i n  a h o r i z o n t a l  s p i r a l  u p n  which t h e  sample r e s t e d ;  t h i s  w i r e  was in- 
s u l a t e d  throughout i t s  l e n g t h  (except f o r  t h e  s p i r a l )  by enc los ing  it i n  f i n e  
g l a s s  tubing.  The plat inum wire  cathode was c o i l e d  around t h e  o u t s i d e  of t h e  
1-inch tube  f o r  t h e  sake of compactness. The e n t i r e  assembly w a s  mounted a t  

. the t o p  t o  a s tandard  ground g l a s s  t a p e r  f i t t i n g  i n  such a way t h a t  it could 
be suspended wi th in  a ,+liter round-bottom f l a s k  so  t h a t  t h e  l i q u i d  l e v e l  i n  
t h e  f l a s k  was about 8 inch  above t h e  top  of t h e  1-inch tube  conta in ing  t h e  
sample. Figure 1 is a drawing of t h i s  apparatus .  

A - t o t a l  of seven success fu l  runs were made i n  t h i s  appara tus  t o  de- 
termine t h e  e f f e c t  of cu r ren t  d e n s i t y  o ght  o f .  g r a p h i t e - z c z r r a s _ _ _  
$iTi=rated p a r t  i c l e s  and, on..the par.t.icle.,siz_e. I n  t h e s e  runs no e x t e r n a l  

'-heat w a s  appl ied ,  but  t h e  ba ths  were heated by t h e  d i s s i p a t i o n  of  power inc iden t  
---&.--.,---"*---.=..#. -- .%-_i-- - -.- 
t o  t h e  pass ing  of t h e  cu r ren t .  I n  most cases  t h e  ba ths  reached t h e  b o i l i n g  poin t  
by t h e  end o f  t h e  run. One run was made wi th  t h e  ba th  b o i l i n g  throughout t h e  run 
i n  o r d e r  t o  determine t h e  e f f e c t  o f  t h e  b o i l i n g  a c t i h .  

was as fol lows:  

The gene ra l  procedure 

The sample w a s  d r i e d ,  weighed, and plad&d i n  t h e  apparatus .  The f l a s k  
was f i l l e d  t o  t h e  necessary  l e v e l  (about & inch  above t h e  top  of t h e  sample hold- 

e r  tube)  wi th  f r e s h  concent ra ted  n i t r i c  ac id  (about 1 5 ' N  o r  70 percent  by we igh t ) ,  .--__. . +-- ... 
'.-7 and t h e  d e s i r e d  cu r ren t  was passed u n t i l  t h e  sample was completely d i s i n t e g r a t e d .  

-/ This  t ime va r i ed  from 9 minutes f o r  a 15-amp run (4.8 amps/cm. ') t o  95 minutes _--- 
f o r  a 2.5-amp run (0.8 amp/cm.'). 
and t h e  g r a p h i t e  p a r t i c l e s  d r i e d  and weighed. 
of t h e  p a r t i c l e s ,  us ing  30-, 40-, 60-, 80-, and 100-mesh screens .  Since w i t h  t h e  

The e n t i r e  b a t h  was then  f i l t e r e d  q u a n t i t a t i v e l y  
A screen  a n a l y s i s  by weight was made 

A l i t e r a t u r e  search  (7 ,8 ,9 ,10 ,11)  y i e lded  t h e  fol lowing method of  cal-  
c u l a t i n g  mean p a r t i c l e  diameters  from sc reen  .analyses .  
cent  unders ize  i s  p l o t t e d  a g a i n s t  t h e  logar i thm of t h e  p a r t i c l e  s i z e  on l o g a r i t h -  

mic-probabi l i ty  paper a s t r a i g h t  l i n e  r e s u l t s .  
responding t o  50 percent  unders ize  is  t h e  geometric mean p a r t i c l e  diameter,  Mi' 
The s lope  of t h i s  l i n e  i s  c a l l e d  t h e  s tandard  dev ia t ion ,  S,, and c o n s t i t u t e s  a 

measure of t h e  uni formi ty  of t h e  sample. 
S, = 0 . )  The geometric mean p a r t i c l e  diameter  on t h e  b a s i s  of p a r t i c l e  count,  

When t h e  cumulative per- 

The va lue  f o r  p a r t i c l e  s i z e  cor- 

(For a p e r f e c t l y  uniform sample, 
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1 
M,, may be ca l cu la t ed  by i n s e r t i n g  va lues  of Mi and S, i n  t h e  equat ion  (10): 

Table  I g ives  f o r  each of t h e  e i g h t  runs  t h e  weight of t h e  d i s i n t e g r a t e d  
p a r t i c l e s ,  expressed as a percent  of t h e  o r i g i n a l  sample weight,  t h e  geometr ic  
mean diameters  on weight and p a r t i c l e  count bases ,  and t h e  s tandard  devia t ion .  

For ease  of  comparison t h e  runs  are arranged i n  o rde r  of  descending cu r ren t  
d e n s i t i e s .  Run E-6 i s  kept  s e p a r a t e  from t h e  o t h e r s  as it was b o i l e d  through- 
out.  Average va lues  f o r  t h e  geometric mean diameters  and f o r  t h e  s tandard  
dev ia t ions  are given f o r  t h e  two 15-amp runs  E-1 and E-5 and f o r  t h e  two %amp 
runs E-3 and E-4. 

The d a t a  f o r  g r a p h i t e  recovery percentage given i n  Table I show t h a t  
w i th in  t h e  s tud ied  range g r a p h i t e  recovery i s  no t  measurably a f f e c t e d  by v a r i -  
a t i o n s  i n  cu r ren t  dens i ty .  The s l i g h t  i nc rease  i n  weight i n  every case  except  
Run E-6 seems tocsuppor t i t he  theo ry  of g r a p h i t i c  oxide formation. The b o i l i n g  
of Run E-6 may have caused a f u r t h e r  ox ida t ion  of  t h e  g r a p h i t i c  oxide t o  one 

of t h e  gaseous oxides of  carbon, wi th  r e s u l t i n g  l o s s  i n  weight. 
Only t h e  most gene ra l  conclus ions  may be drawn from t h e  c a l c u l a t e d  ' 

d a t a  on p a r t i c l e  s ize .  A b a s i c  assumption i n  t h e  c a l c u l a t i o n s  is  t h a t  t h e  
pa r t ' i c l e  s i z e  d i s t r i b u t i o n  i s  a p r o b a b i l i t y  func t ion ,  and i n  t h i s  case  bhere 

i s  no f i r m  b a s i s  f o r  making t h e  assumption. Mere v i s u a l  i n spec t ion  of t h e  re- 
s u l t i n g  p a r t i c l e s  from Run E-10 shows t h a t  t h e r e  i s  a d e f i n i t e  break i n  t h e  d i s -  
t r i b u t i o n ,  as t h e r e  a r e  a l a r g e  number of chunks over  1/8 inch  i n  t h e  longes t  
dimension. The las t  column i n  t h e  t a b l e ,  showing t h e  weight percent  of t h e  
sample under 500 microns i n  s i z e ,  a l s o  p o i n t s  o u t s  t h e  inaccurac ies  i n  screen 
d a t a  f o r  t h e  low cu r ren t  d e n s i t y  runs,  s i n c e  t h e  l a r g e s t  sc reen  used had a mesh 

1 o f  about 600 microns (30-mesh). However, the  data f o r  geometric mean diametacr  
on a weight b a s i s  does show a tendency toward larger average p a r t i c l e s  as cur ren t  
d e n s i t y  decreases ,  and t h e  s tandard  dev ia t ion  d a t a  d e f i n i t e l y  shows an improve- 
ment i n  uni formi ty  f o r  h igher  cu r ren t  d e n s i t i e s .  These two conclusions a r e  
supported by v i s u a l  and microscopic  in spec t ion  of samples, 

111. URANIuBdI EiECOVERY TESTS 

Four runs,  u s ing  t h r e e  d i f f e r e n t  procedures,  were made i n  t h e  appara tus  
shown i n  f i g u r e  1 on g r a p h i t e  samples impregnated wi th  UOn ( n a t u r a l )  by u rany l  n i -  

t r a t e  hexahydrate vacuum impregnation, r ap id  drying,  and f i r i n g  i n  i n e r t  atmos- 
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TABLE I 

DEVIATION 

(microns ) (microns) 

CURRENT GRAPHITE 

( amp) DENSITY RECOVERY 

CURRENT 

(amp/cm2) I RUN NO. 

E-9 11 7.5  I 2.4 I 102.12 I 307 1 58 I 2.20 
1 

E- 3 5 1. 60 l o lo  35 
394 12  3.16, 

E- 4 5 1. 6. 100.93 
i '  

E- 10 2.5 0.8 101*04 1200 0.048 70 06. 
II I I 
I I 

E- 6. 5 1. 6 980 04 216 1. 35 3-99 
(Boiled) 

lEIGHT PERCENT 

UNDER 

500 MICRONS 

8 7 .  

' 79 

58 

33 

7 5  

- 35-/nu'& 

.c 
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phere (12) .  The samples were suppl ied  by 
t o  con ta in  12 t o  15 percent  .uranium metal  
t h e  fou r  runs a r e  descr ibed  below. 

Run EU-1 

I. C. Tinney and were es t imated  
by weight. The procedures f o r  

Af t e r  t h e  sample was placed i n  t h e  appara tus  and the  a c i d  added, 
t h e  b a t h  was brought t o  a b o i l  by e x t e r n a l  hea t ing  i n  35 minutes. While 
b o i l i n g  continued, 5 amps were passed u n t i l  t h e  sample was completely d i s -  
i n t eg ra t ed ;  t h i s  occurred i n  1 hour. The ba th  was then  cooled, t h e  remain- 
ing g r a p h i t e  f i l t e r e d ,  and t h e  uranium-bearing l i q u o r  evaporated and made 

up t o  a s tandard 1000 ml. f o r  ana lys i s .  

Run EU-2a 

Af t e r  t h e  sample was p laced  i n  t h e  appara tus  and t h e  a c i d  added, 
10 amps were passed f o r  26 minutes,  a t  which po in t  d i s i n t e g r a t i o n  w a s  com- 
p l e t e .  During t h i s  per iod  t h e  b a t h  temperature  increased  from 20" t o  110°C 
due t o  power d i s s i p a t i o n  wi th in  t h e  l i q u i d .  The cu r ren t  was then  shut  o f f  
and t h e  s l u r r y  of g r a p h i t e  p a r t i c l e s  i n  t h e  n i t r i c  a c i d  was b o i l e d  and corl- 
c e n t r a t e d  f o r  28 hours. 
d i l u t e d  t o  a s tandard  1000 m l .  f o r  ana lys i s .  

The g r a p h i t e  was f i l t e r e d  o f f  and t h e  f i l t r a t e  

The sample f o r  t h i s  run was a p i ece  sawed from t h e  s h e  o r i g i n a l  

c y l i n d e r  as t h e  sample f o r  run EU-2a and presumably conta in ing  t h e  same 
uranium concentrat ion.  The same procedure as f o r  EU-2a w a s  used here ,  as 
a check. I n  t h i s  case,  however, t h e  cu r ren t  pass ing  t i m e  w a s  30 minutes  
and t h e  b o i l i n g  and concent ra t ion  t i m e  3 hours. 

Run EU-3 

A f t e r  t h e  sample w a s  p laced  i n  t h e  appara tus  and t h e  a c i d  added, 
10 amps were passed f o r  28 minutes,  a t  which t i m e  d i s i n t e g r a t i o n  was com- 
p l e t e .  Due t o  i n t e r n a l  power d i s s i p a t i o n  t h e  temperature  rose  from 6' t o  
99°C. The ba th  was immediately cooled and f i l t e r e d  without  bo i l i ng ,  and 
t h e  f i l t r a t e  was then  concent ra ted  and made up t o  1000 m l .  f o r  ana lys i s .  

I n  o r d e r  t o  determine t h e  r e l a t i v e  ease  of  leaching  0-f t h e  d i s i n -  

t e g r a t e d  g r a p h i t e  powders and t h e  recovery e f f i c i e n c y  of t h e  d i s i n t e g r a t i o n  
process ,  t h e  f i l t e r e d  g r a p h i t e  p a r t i c l e s  from each of  t h e  descr ibed  runs  were 
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r e f luxed  i n  f r e s h  ba tches  of 
hours,  dur ing  which t ime t h e  
24 hour and 58 hour poin ts .  

concent ra ted  n i t r i c  ac id  f o r  a t o t a l  of 183 
a c i d  was changed and analyzed twice,  a t  t h e  
A t  t h e  end of  t h e  f i n a l  l each ,  t h e  g r a p h i t e  

w a s  f i l t e r e d ,  d r ied ,  and analyzed by t h e  f l u o r i m e t r i c  method f o r  t h e  re-  
maining uranium. Table I1 l i s t s  t h e  weights  of  uranium remaining i n  t h e  

g r a p h i t e  p a r t i c l e s  a f t e r  t h e  d i s in t eg rah ion  runs  and af ter  t h e  183-hour 
leach ,  expressed as p a r t s  o f  uranium p e r  m i l l i o n  pan t s  of  res idue  by weight. 
Also given a r e  t h e  percentagFs of t h e  t o t a l  o r i g i n a l  uranium recovered i n  
t h e  d i s i n t e g r a t i o n  process ,  recovered i n  t h e  183-hour leach,  and s t i l l  re- 
maining i n  t h e  g raph i t e  res idues.  

It i s  apparent  from t h e  va lues  i n  Table I1 f o r  run EU-3 t h a t  t h e  
method of e l e c t r o l y t i c  d i s i n t e g r a t i o n  alone is  l e s s  s a t i s f a c t o r y  than  e i t h e r  
t h e  method of d i s i n t e g r a t i o n  while  b o i l i n g  t h e  g r a p h i t e - n i t r i c  a c i d  s l u r r y  
(EU-1) o r  t h a t  o f  d i s i n t e g r a t i o n  followed by b o i l i n g  (RT-2a & 2b) .  
t h e r e  i s  not  s u f f i c i e n t  d a t a  t o  recommend between t h e  l a t t e r  two methods. 

I n  o r d e r  t o  v e r i f y  t h e  d a t a  obta ined  from t h e s e  fou r  runs f o r  t h e  

However, 

amount of uranium remaining i n  t h e  g r a p h i t e  a f t e r  d i s i n t e g r a t i o n  and a f t e r  
leaching,  and i n  o rde r  t o  a s c e r t a i n  t h e  r e l a t i v e  e f f i c i e n c i e s  of success ive  

leaches,  run EU-4 was c a r r i e d  out  i n  t h e  s t ack  type  mass t rea tment  appara tus  
shown i n  f i g u r e  3 and descr ibed  i n  a l a t e r  s e c t i o n  of t h i s  r epor t ,  
samples  of  uranium-impregnated g raph i t e ,  s imilar  i n  dimensions and i n  method 
of p repa ra t ion  t o  those  used i n  runs EU-1, 2a, 2b, and 3, weighing a t o t a l  
of about 85 gms. and conta in ing  about 14 percent  uranium, were mounted i n  the  
appara tus  and a cu r ren t  of 10 amps ( cu r ren t  d e n s i t y  3.2 amps/cm.*) w a s  passed 
f o r  70 minutes,  a t  which t ime d i s i n t e g r a t i o n  was complete. The r e s u l t i n g  
s l u r r y  of g r a p h i t e  powder i n  n i t r i c  a c i d  was kept  very  c l o s e  t o  t h e  b o i l i n g  
poin t  f o r  one hour and then  f i l t e r e d .  The f i l t r a t e  and subsequent wash 
l i q u o r s  were concent ra ted  and made up t o  a s tandard  volume f o r  ana lys i s ,  and 
-the g r a p h i t e  r e s idue  d r i e d ,  weighed, and sampled, About two-thirds  of t h e  
g raph i t e  was then  sub jec t ed  t o  f i v e  success ive  one-hour leaches  wi th  b o i l i n g  
concentrated n i t r i c  acid.  A f t e r  each l e a c h  t h e  g r a p h i t e  w a s  f i l t e r e d ,  washed, 
an$ sampled; and t h e  l e a c h  l i q u o r  and washes were concentrated and made up t o  
a s tandard  volume f o r  ana lys i s .  Ana ly t i ca l  r e s u l t s  a r e  given i n  Table 111. 

The a n a l y t i c a l  r e s u l t s  shown i n  Table I11 do not  c o n s t i t u t e  a com- 
p l e t e l y  t r u e  p i c t u r e  of t h e  process  because of t h e  f requent  sampling l o s s e s ,  
f i l t e r i n g  and t r a n s f e r  l o s s e s ,  and oxida t ion  l o s s e s  which occurred during 
t h i s  run. Table I V  g i v e s  a more r e a l  p i c t u r e  of  t h e  progress  of recovery i n  
a run i n  which no sampling i s  done. It i s  apparent  from t h e  d a t a  t h a t  a f t e r  

Three 

I 
'\ 
I 
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STATUS IN RUN 

After Dis in tegra t ion  

After 1st Leach 

After 2nd Leach 

After 3rd Leach 

After 4 th  Leach 

Af ter  5 t h  Leach 

RUN NO. 

URANIUM REMA IN1 NG 
IN GRAPHITE (parts 
per million-weight) 

14 1 

80 

68 

55 

74* 

56, 

Eut-1 - 

J 
After 1st Leac 

After 2nd Leac 

After 3rd Leac 

After 4 th  Leac 

Clfter 5th Leac 

EU- 2a 

EU- 2b 

Eu- 3 

80 

68 

55 

55 

55 

TAI 

RANIUM AEYAINING *rrd GRAPH~ZE RESIDUE 

0- 049 

0.041 

0.034 

0.034' 

0- 033 

(pants per million by weight) 

0- 0045 

0.0009 

0.0009 

0.0000 

0.0001 

AFTER' 
DISINTEGRATION 

497 

388 

392 

984 

AFTER 183-hr., 
LEACH 

42 

64 

37 

69 

PERCENTAGE OF O R ~ C I N A L  U R A N I U M  

RECOYERED IN 
DISINTEGRATION 
RUN 

99e 74 ' 

99.79 

99.79 

99.27 

TABLE 131 
Analy t ica l  Results from Run EU-4 

RECOVERED- IN 
183-hr. LEACH 

00 24 

00 18 

0.19 

0.68 

I ' URANIUM RECOVERED 
IN SOLUTION 

(grams) 

12.15 

00 00578 

0.0011 

00 00033 

0.00050 

0*00050 
-1  

~ ~ 

* Probably due to improper sampling. 

REWINING IN 
GRAPHITE RESIDUE 

0.02 

0.03 

0.02 

00 05 

TABLE. IV 
Predic&ed Overall Recovery Data for Samples Containing 15 Percent UOn* 

1 

URANIUM REMAINING IN GRAPHITE URANIUM RECOVERED IN SOLUTION 

STATUS IN RUN CONCENTRATION 11 (ppm) 

After Disinteg. 

WEIGHT 
(grams) 

0.0103 

0.0058 

000049 

0.0040 

On 0040 

000039 

PERCENT OF WEIGHT 
ORIGINAL U (grams) 

EUMULATIVE PERCENT 
3F ORIGINAL U 

99.913 

99.951 

99.959 

99. 966, 

99. 966' 

99.967 

' Initial total weight of 85 gms. containing 1 1 . 9  gms. U assumed. 
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the third leach additional leaches are of little or no value. The table 
shows that for a sample initially containing about 15 percent UO2, electro- 
lytic disintegration followed by three leaches will reduce the uranium con- 
tent of the graphite to about 0.03 percent of the original uranium. 

Unfortunately, losses from leaching processes, i. e. the amount of 
uranium remaining in the residue, are relativelg independent of the initial 
uranium concentration, and it could be expected that the order of magnitude 
of the uranium remaining in the residue after the third leach would be 55 
parts per million whether the original sample contained 12 to 15 percent uran- 
ium as in these experiments, or 2 percent as expected in the prile. It is 
probably reasonable to assume that the uranium concentrations of the graphite 
residue after the various stages of the process would approximate those shown 
in Tables I11 and IV regardless of the initial sample concentration, and we 
may calculate the probable uranium contents, concentrations, and recoveries 
for a 2 percent U02 sample. Table V shows the results of such a calculation. 
It will be noted that in this case the best that can be expected is a re- 
duction of the uranium concentration of the graphite to about 0.3 percent 
of the original uranium, 

It should be pointed out, however, that this loss is no worse than 
that which would be expected from a burning process such as that described by 
Jackson ( 2 ) ,  notwithstanding the fact that the statement is made in the cited 
report that losses from such a process would be of the order of 0.001 to 0.0001 
percent of the uranium in processing fuel units containing 2 percent U02. 
These estimates are accurate as far as the uranium known to remain in the fusion 
residue after leaching is concerned, but to state that this uranium would con- 
stitute the entire l o s s  from the system is to assume that there would be no 
stack losses and that all of the uranium fed to the burner would remain in the 
ash. Actual experience ahas shown that in the Y-12 burning process there is an 
unaccountable stack and scrubber system loss of i3.2 to 1 percent of the uran- 
ium processed (independent of starting uranium concentration), depending upon 
the amount of care and pains taken. The cost of the process and the cdmplex- 
ity of the apparatus increase markedly when losses must be kept toward the 
lower figure. 

It can be seen, then, that losses of about the same order of magni- 
tude (0.3 percent) would result in either the electrolytic disintegration and 
leach recovery process or the burning and fusion process, when treating graphite 
containing 2 percent UOn. 
completely in the form of known discard in the graphite residue, as in this 
process the accountability of material can be expected to be very good, whereas 
in the burning process the loss would be divided between an extremely small 
known discard in the ash fusion residue and a sizable unaccountable stack and 

In the electrolytic process the l o s s  would be almost 

scrubber system loss. - 15- - 



TABLE. Td 

Pred ic t ed  Overa l l  Recovery Data f o r  Samples Containing 2 Percent  U02* 

R A P H I  T E  

PERCENT OF 
ORIGINAL U 

0.788 

0.447 

0.379 

0.303 

S T A T U S  I N  R U N  

URANIUM RECOVE 

WE I GHT ' 
(grams) 

1,3096- 

0.0045 

0.0009 

0.0010 

4 f t e r  Disinteg.  

4 f t e r  1st Leach 

I f t e r  2nd Leach 

2 f t e r  3rd  Leach 

U R A N I U M  R 

CONCENTRATION 
(ppm) 

14 1 

80 

68 

- .55- 

E M A I N I N G  I N  

0.0104 

0.0059 

0.0050 

0.0040 

D IN SOLUTION 

XJMULATIVE PER- 
:ENT OF ORIGINAL U 

99.212 

99.553 

99.621 

99.697 

* Initial total weight of 66 gms. containing 1.32 gms. U assumed. 
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Although no d i r e c t  experimental  work i n v e s t i g a t i n g  t h e  combination 
of t h e  two processes  has  been done, i n d i c a t i o n s  a r e  t h a t  such a combination 
would c o n s t i t u t e  a recovery method i n  which l o s s e s  would be extremely small, 
If t h e  deple ted  f u e l  units conta in ing  2 percent  UOZ were f i r s t  e l e c t r o l y t i c a l l y  
d i s i n t e g r a t e d  and t h e  r e s idue  leached s e v e r a l  t imes,  approximately 99.7 percent  
of t h e  uranium would be recovered i n  the  s o l u t i o n  form and a powder con ta in ing  
about 55 p a r t s  p e r  m i l l i o n  o r  0.3 percent  of t h e  o r i g i n a l  uranium would r e s u l t .  

If t h i s  powder were then  burned and t h e  a sh  leached, fused wi th  sodium hydroxide, 
and releached,  t h e  0 ,2  t o  1 percent  uranium unaccountable s t a c k  and scrubber  
system l o s s  inherent  i n  t h e  burning process  would apply only t o  t h e  0.3 percent  
of t h e  o r i g i n a l  uranium l e f t  i n  t h e  g raph i t e  powder a f t e r  d i s i n t e g r a t i o n .  I f  
t h i s  unaccountable l o s s  were kept t o  t h e  minimum a t t a i n a b l e ,  0 - 2  percent ,  t h e  

r e s u l t  would be a f i n a l  o v e r a l l  l o s s  of 0.0006. percent  of t h e  o r i g i n a l  uranium. 
Even if an unaccountable loss i n  burning of 1 percent  of  t h e  uranium i n  t h e  
burned m a t e r i a l  were permi t ted  (which would make t h e  process  m~chlsimp~er and 
cheaper ) ,  t h e  o v e r a l l  r e s u l t i n g  l o s s  would b e  only 0.003 percent  of t h e  o r i g i -  
n a l  uranium. 

The combination process  descr ibed  a l s o  has  t o  i t s  c r e d i t  s e v e r a l  
faqorable  p o i n t s  concerning minimizing t h e  UZ3' inventory necessary  t o  a l low f o r  
t h e  decay of  f i s s i o n  product a c t i v i t y .  I n  t h e  burning process ,  appl ied  t o  spent  
f u e l  recovery,  t h e r e  is  g r e a t  danger of escape of h igh ly  r a d i o a c t i v e  f i s s i o n  
products  through t h e  s t ack ,  and consequently t h e  spent  f u e l  u n i t s  could no t  be 
burned d i r e c t l y  without long per iods  of s to rage  t o  a l low f o r  f i s s i o n  product de- 
cay. Such s to rage  of  spent  f u e l  before  process ing  would n e c e s s i t a t e  a laage in- 
ventory of U23Efor t h e  p i l e  opera t ion ,  on ly  a r e l a t i v e l y  small po r t ion  of which 

would be i n  a c t u a l  use a t  any time. On t h e  o t h e r  hand, t h e  e l e c t r o l y t i c  d i s i n -  
t e g r a t i o n  process  involves  l i t t l e  danger of f i s s i o n  product escape, s i n c e  a l l  
opera t ions  a r e  c a r r i e d  out  i n  s o l u t i o n s ,  and i s  e a s i l y  adaptab le  t o  remote con- 
t r o l  operat ion.  It i s  t h e r e f o r e  poss ib l e  tha t  spent  f u e l  could be e l e c t r o l y t -  
i c a l l y  processed and over  99 percent  of  t h e  uranium recovered f o r  reuse  very 
s h o r t l y  a f t e r  removal of t h e  f u e l  from t h e  p i l e .  The g raph i t e  powder res idue ,  
conta in ing  only  about 55 p a r t s  p e r  m i l l i o n  of uranium, could then  be s t o r e d  f o r  
as long as necessary  t o  a l low a c t i v i t y  t o  decay, without  m a t e r i a l l y  a f f e c t i n g  

the  UZs inventory.  

could be performed s a f e l y  a f t e r  t h e  s to rage  per iod.  (13) 
The burning process  f o r  recover ing  t h e  remaining uranium 
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IV. DEVELOPMENT OF MASS TREAT= APPARATUS 

It w a s  apparent  a t  t h e  s t a r t  of t h e  i n v e s t i g a t i o n  of  t h e  e l e c t r o -  
l y t i c  d i s i n t e g r a t i o n  process  t h a t  i n  o r d e r  t o  be of p r a c t i c a l  use  t h e  process  

would be r equ i r ed  not on ly  t o  r e s u l t  i n  a high recovery e f f i c i e n c y ,  but  a l s o  
t o  be adaptab le  t o  simple remote c o n t r o l  t reatment  of  l a r g e  numbers o f  spent  

f u e l  u n i t s .  The work of t e s t i n g  t h e  recovery e f f i c i e n c y  of t h e  process ,  de- 
s c r ibed  i n  t h e  preceding s e c t i o n  of t h i s  r e p o r t ,  was c a r r i e d  out  almost com- 

p l e t e l y  i n  t h e  small l a b o r a t o r y  appara tus  shown i n  f i g u r e  1. Th i s  s o r t  of 
apparatus ,  however, was deemed imprac t i ca l  f o r  t rea tment  of a c t u a l  f u e l  u n i t s  
s i n c e  only one u n i t  could be t r e a t e d  a t  a t ime, and a cons iderable  amount of 

ca re  was necessary  in  p l ac ing  t h e  sample i n  t h e  appara tus ;  remote c o n t r o l  hand- 
l i n g  would have been complicated. 
t hese  d i f f i c u l t i e s  would be e l imina ted  was t h e  goa l  of t h e  second phase of t h e  
inves t  i g a t  ion. 

The development of  an appara tus  i n  which 

A secondary goa l  of t h e  development program was t h e  replacement of  

platinum i n  t h e  appara tus  wi th  a cheaper meta l  which would s t i l l  wi ths tand  t h e  
co r ros ive  a c t i o n  of t h e  n i t r i c  a c i d  e l e c t r o l y t e .  A f t e r  a number of t e s t s  it 
was found t h a t  tantalum not  only withstood co r ros ion  but had a d d i t i o n a l  p r o p e r t i e s  
which permi t ted  t h e  e l imina t ion  of  e x t e r n a l  r e c t i f i e r s  o r  o t h e r  sources  of d i r e c t  
cu r ren t  

Tantalum possesses  a s u r f a c e  oxide which has  a g r e a t  d e a l  h ighe r  e l e c t r i -  
c a l  r e s i s t a n c e  i n  one d i r e c t i o n  than  i n  t h e  o ther .  Rough t e s t s  i n  a s m a l l  concen- 

t r a t e d  n i t r i c  a c i d  c e l l  w i th  one tantalum and one plat inum e l e c t r o d e  showed t h a t  
f o r  a given DC vol tage  impressed, t h e  cu r ren t  f low.was much g r e a t e r  when t h e  t an ta -  

l u m  was connected as t h e  cathode than  as t h e  anode. Therefore ,  r e f e r r i n g  t o  f i g u r e  
1, i f  t he  i n s u l a t e d  plat inum l ead  wire  t o  t h e  g r a p h i t e  anode and t h e  plat inum 
cathode wire  a r e  both rep laced  wi th  tantalum and a l t e r n a t i n g  in s t ead  of d i r e c t  
cu r ren t  i s  f ed  t o  the appara tus ,  dur ing  the  AC ha l f -cyc le  when t h e  g r a p h i t e  i s  

p o s i t i v e ,  cu r ren t  f lows from the  g r a p h i t e  t o  t h e  cathode and d i s i n t e g r a t i o n  occurs .  

(No i n s u l a t i o n  i s  r equ i r ed  on t h e  g r a p h i t e  l e a d  wire  as it i s  anodic  and t h e  t an ta -  

lum oxide r e s i s t a n c e  i s  high.)  When t h e  poles  a r e  reversed  dur ing  t h e  second ha l f -  
cycle ,  e s s e n t i a l l y  no cu r ren t  f lows s i n c e  t h e  "cathode", i s  now anodic.  Furthermore, 

i f  a c i r c u i t  s imilar  t o  t h a t  shown i n  f i g u r e  2, employing two cathodes and a center -  
tapped t ransformer ,  is  used, full-wave r e c t i f i c a t i o n  i s  achieved wi th in  t h e  c e l l ,  

t h e  g raph i t e  being cont inuous ly  anodic and t h e  two cathodes ope ra t ing  a l t e r n a t e l y .  

This  c i r c u i t  w a s  used i n  a l l  t h e  appara tus  development work of t h i s  i nves t iga t ion .  
However, it was found necessary  t o  p l ace  a small p i ece  of plat inum f o i l  between t h e  

' g raph i t e  and t h e  tan ta lum anode l e a d  i n  o r d e r  t o  make adequate contac t .  

- 18- 
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Severa l  a t tempts  were made a t  designing and cons t ruc t ing  appara tus  
which would permit simultaneous o r  success ive  t rea tment  of a number of samples ,  

and which would not  r e q u i r e  p r e c i s i o n  loading  of  t h e  samples. 
attempted method, which involved t h e  random p lac ing  of  s e v e r a l  samples i n  a 
tantalum basket  and submerging t h e  basket  i n  t h e  e l e c t r o l y t e ,  f a i l e d  because 
t h e  l a r g e  g r a p h i t e  su r face  exposed t o  t h e  cu r ren t  flow made t h e  a t t a i n i n g  of 
t h e  requi red  cu r ren t  d e n s i t y  impossible i n  our  experiment and imprac t i ca l  i n  
p r a c t i c e ,  An i n t e r e s t i n g  poin t  noted here  w a s  t h a t  under the  inf luence  of t h e  

low cu r ren t  d e n s i t y  ( l e s s  t han  0.5 amps/cm. *)  a profus ion  of c racks  appeared 
i n  t h e  exposed s u r f a c e s  of g r a p h i t e ;  consequent ly  t h e  sur face  area w a s  increased  
g r e a t l y ,  and t h e  cu r ren t  d e n s i t y  decreased s t i l l  lower u n t i l  a c t i o n  ceased com- 
p l e  t e ly .  

A d i f f e r e n t  ope ra t ing  p r i n c i p l e ,  wherein t h e  samples  were s tacked  end 

.I 

The f i r s t  

t o  end i n  t h e  appara tus  and p rogres s ive ly  d i s i n t e g r a t e d ,  was employed i n  s e v e r a l  
f u r t h e r  designs,  each of which w a s  t e s t e d  and improved upon u n t i l  t h e  f i n a l  

apparatus ,  shown i n  f i g u r e  3, was achieved. It is  not  necessary  f o r  t h e  purposes 
of t h i s  r e p o r t  t o  desc r ibe  each of t h e  in te rmedia te  designs.  

Figure 3 shows s e v e r a l  s e c t i o n a l  views of t h e  f i n a l  s t a c k  type  d i s i n -  

t e g r a t i o n  apparatus .  
cathodes,  one anode l e a d )  a r e  f a s t ened  t o  s t a i n l e s s  s t e e l  block clamps, which 
a r e  i n  t u r n  screwed t o  t h e  Lava top  mounting f i x t u r e .  
by t e s t  t o  be impervious t o  b o i l i n g  n i t r i c  a c i d  and i t s  vapors.)  
rod extends below t h e  ends of t h e  cathodes about t h e  l e n g t h  of t h e  g l a s s  insu- 

l a t o r  tube,  makes a 180' bend, and r e t u r n s  t o  end i n  a 1/8-inch t h i c k  p e d e s t a l  
i d e n t i c a l  w i th  t h e  samples i n  diameter ,  about one inch  below t h e  ends of t h e  
cathodes. The samples a r e  s tacked on t h e  pedes t a l  (wi th  a p iece  of plat inum f o i l  
between t h e  pedeskial and t h e  bottom sample) and surrounded by t h e  g l a s s  i n s u l a t o r  

tube,  which rests a top  t h e  uppermost sample by means of a t r a n s v e r s e  support  bar.  
The g l a s s  i n s u l a t o r  tube  i s  about 18 inches longer  than  t h e  t o t a l  he ight  of t h e  
sample s tack .  The e n t i r e  assembly i s  placed i n  a t a l l  g l a s s  tank ,  t h e  Lava f ix -  
t u r e  r e s t i n g  on t h e  t o p  of  t h e  tank. 

The t h r e e  &-inch tantalum rods used as e l e c t r o d e s  (two 

(Lava Grade A was found 
The anode l e a d  

I n  ou r  experiment, t h e  g l a s s  tank  w a s  f i t t e d  a t  t h e  bottom end wi th  a 
24/40 s tandard  t a p e r  male f i t t i n g  t o  f i t  one neck of  a f l a sk .  A second neck of 

t h e  f l a s k  w a s  f i t t e d  w i t h  a water-cooled condenser, t h e  upper end of which con- 

nected t o  a s i d e  arm on t h e  tank below t h e  l i q u i d  l e v e l .  The condenser was 
operated as a heat  exchanger and c rea t ed  a convect ion cu r ren t ,  upward i n  t h e  tank  

and downward i n  t h e  condenser, which served t o  prevent c l o t t i n g  of d i s i n t e g r a t e d  
p a r t i c l e s  and v i o l e n t  b o i l i n g  of  t h e  n i t r i c  a c i d  i n  t h e  tank. 
was a t t ached  t o  t h e  tank  n e a r  t h e  t o p  t o  prevent l o s s  of n i t r i c  acid.  

t 

A r e f l u x  condenser 
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, 
I n  opera t ion ,  t h e  g l a s s  i n s u l a t o r  tube  e s s e n t i a l l y  prevents  d i s in -  

t e g r a t i o n  a c t i o n  from occurr ing  anywhere except a t  t h e  top  of t h e  uppermost sam- 

pled0 ' Therefore  t h e  samples a r e  success ive ly  a t t acked  from t h e  t o p  of t h e  
s t a c k  t o  t h e  bottom, and t h e  g l a s s  i n s u l a t o r  tube  r i d e s  down t h e  s t ack  w i t h  

t h e  p$ogress of  d i s i n t e g r a t i o n ,  s o  t h a t  t h e  d i s t a n c e  r e l a t i o n s h i p s  between 
t h e  g r a p h i t e  anode su r face  under a t t a c k  and t h e  cathodes remain t h e  same 

throughout t h e  run. 
The cos t  of recovery by e l e c t r o l y t i c  d i s i n t e g r a t i o n  us ing  t h i s  type  

of appa ra tus  should be q u i t e  low, Based on t h e  d a t a  of t h e  uranium recovery 
run EU-4, c a r r i e d  out i n  t h i s  appara tus  and descr ibed  previous ly  i n  t h i s  re- 
p o r t ,  e l e c t r i c  power i s  consumed a t  t h e  ra te  of  about 3 KWH p e r  pound of  
g r a p h i t e  d i s i n t e g r a t e d ,  and it should be noted t h a t  t h i s  power is  not  l o s t ,  
but i s  d i s s i p a t e d  as hea t  i n  t h e  e l e c t r o l y t i c  bath.  

Figure 4 r e p r e s e n t s  a suggested des ign  f o r  an a c t u a l  product ion 

model o f  t h e  s t a c k  type appara tus  t e s t e d  i n  t h i s  i n v e s t i g a t i o n  and shown i n  
f i g u r e  3, This  design would be q u i t e  simple i n  cons t ruc t ion  d e t a i l s ,  and c 

could be loaded, opera ted ,  and discharged by remote con t ro l .  Operat ing pro- 
cedure would be as fol lows:  t h e  r e f l u x  condenser would be removed from t h e  
top  of t h e  Lava mounting f i x t u r e  and t h e  l a t t e r ,  t o g e t h e r  wi th  t h e  a t t ached  
e l ec t rodes ,  would be removed from t h e  tank  and s lowly inver ted ,  causing t h e  
i n s u l a t o r  tube  t o  s l i d e  out  of t h e  assembly. The i n s u l a t o r  tube  could then  
be c a r r i e d  t o  t h e  p i l e  face ,  o r  t o  t h e  po in t  a t  which t h e  deple ted  f u e l  u n i t s  
a r e  discharged from t h e  p i l e ,  loaded, re turned  t o  t h e  d i s i n t e g r a t i o n  appara tus  

i n  an  inve r t ed  p o s i t i o n ,  and t h r u s t  upward i n t o  t h e  s t i l l  inve r t ed  e l e c t r o d e  
assembly through t h e  condenser ho le  i n  t h e  Lava f i x t u r e .  

could then  be r e tu rned  t o  i t s  proper  p o s i t i o n  and lowered i n t o  t h e  tank,  and 

t h e  condenser replaced,  
n i t r i c  a c i d  s l u r r y  would be dropped through a remote con t ro l l ed  va lve  a t  t h e  
bottom of t h e  tank  and piped t o  c e n t r i f u g e  o r  f i l t e r  s t a t i o n s .  

The e n t i r e  appara tus  

A f t e r  t h e  d i s i n t e g r a t i o n  of  t h e  f u e l  u n i t s ,  t h e  graphi te -  

- 

V. SUGGESTIONS FOR FURTHER WORK 

1% should be emphasized t h a t  t h e  des ign  of t he .p roduc t ion  model1 d i s -  

i n t e g r a t i o n  appara tus  w i l l  have t o  be modified t o  conform t o  t h e  design of t h e  
f u e l  u n i t s .  
i n  complexity from a simple hollow cy l inde r  t o  a mul t ip l e  hexagon honey-comb, 
a r e  under study. It is  suggested t h a t ,  a f t e r  t h e  f i n a l  f u e l  u n i t  design has 
been f ixed ,  an experimental  program be c a r r i e d  out t o  determine t h e  optimum de- 

Curren t ly  a cons iderable  number of des igns  f o r  f u e l  u n i t s ,  ranging 
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I. . II 
sign of electrodes and insulating tube for treating this unit. A pro- 
duction model apparatus, incorporating the design 6fl figure 4 and the 
results of the experimental program, should then be built and thoroughly 
tested, preferably with remote control. 

Another problem with which it will be necessary to deal istChe 
question of the effectiveness of the disintegration process in treating 
graphite formed by moiMd$g,-and subsequent graphitizing, and in treating 
graphites which have been especially processed to decrease surface permea- 
bility. At present, the Power Pile effort includes an experimental program 
to determine the feasibility of rendering graphite gmpemeable to gaseous 
fission products by pitch coating and polymerization, ceramic glazing, metal 
coating by electroplating or by metal evaporation and condensation, Snd 
other methods. Laboratory experiments will be necessary to determine whether 
or not the electrolytic disintegration process is applicable to such materials. 

i 
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