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GENERAL SUMMARY 

Dur ing  t h e  s e c o n d  qua r t e r  o f  1957 work in t h e  MCW P r o c e s s  Deve lopmen t  p i l o t  p l a n t  h a s  

c o n t i n u e d  on  t h e  T B P - h e x a n e  e x t r a c t i o n  c y c l e  of t h e  Weldon Spr ing  r e f ine ry  with s t u d i e s  

be ing  c o n c e n t r a t e d  on  the  l o w - a c i d  f l o w s h e e t ,  p r o c e s s  flow r a t e s ,  a n d  T B P  removal  from 

r a f f i n a t e  . T h e  Meta l lu rg ica l  p i lo r  p l a n t  h a s  con t inued  i n v e s t i g a t i o n s  on  hydrogen  i n  

uranium m e t a l ,  d ingo t  fo rg ing ,exc rus ion ,  and  UO, f u e l  e l e m e n t s .  Plant d e c o n t a m i n a t i o n  

f a c t o r s  were  de t e rmined  fo r  cerium ( I I I ) ,  m a p n e s i u v . a n d  a luminum.  

S p e c i f i c  s t u d i e s  a r e  summar ized  as  fo l lows  (Roman numera l s  r e f e r s  to  t h e  s e c t i o n  o n  

which  s u m m a r y  is b a s e d ) :  

11, A s t u d y  h a s  been  made in the  p i lo t  p l a n t  to  de t e rmine  the  e f f e c t s  of s e v e r a l  f a c t o r s  

on  d i g e s t i o n  o p e r a t i o n s  . I t  w a s  de t e rmined  t h a t  t he  c o n c e n t r a t i o n  of n i t r i c  a c i d  re-  

qu i r ed  for t he  d i g e s t i o n  of  t h e  c o n c e n t r a t e s  t e s t e d  w a s  l imi t ed  by r e a c t i o n  s t o i c h i o m e t r y  
r a t h e r  t han  k i n e t i c s  for 210’ F d i g e s t i o n .  

T e m p e r a t u r e  w a s  a major variable with.high t e m p e r a t u r e s  f a v o r i n g  f a s t  d i s s o l u t i o n  

r a t e s ,  A s  a r e s u l t ,  i t  i s  p r e d i c t e d  tha t  t he  k e l d o n  S p r i n g  d i g e s t  c a p a c i t y  would  

not  be  h inde red  by u s i n g  35% a c i d  for d i g e s t i o n  r a the r  t h a n  60%. 

111. h lon t i ce l lo  A and  P o r t e r  Bro the r s ’  ore  c o n c e n t r a t e s  were  t e s t e d  i n  t h e  T B P - h e x a n e  

e x t r a c t i o n  p i lo t  p l a n t  at a 400 g .  U/1. ll\l n i t r i c  a c i d  f e e d  l e v e l  

e x c e l l e n t  p roduc t  puri ty  but g a v e  poor  r ecove ry .  

e x c e l l e n t  r ecove ry  b u t  r e l a t i v e l y  poor p roduc t  pu r i ty .  

h lon t i ce l lo  d e m o n s t r a t e d  

P o r t e r  B r o t h e r s ’  c o n c e n t r a t e  g a v e  

I V .  T h e o r e t i c  c a l c u l a t i o n s  h a v e  b e e n  u s e d  to  p r e d i c t  t h e  t o l e r a n c e  v a r i a t i o n  in  flow 

ratios in  t h e  Weldon Spr ing  pumper  d e c a n t e r s ,  w a s h  c o l u m n s ,  a n d  r e e x t r a c t i o n  c o l u m n s ,  

A s  a r e s u l t  of t h e s e  c a l c u l a t i o n s ,  i t  i s  p r e d i c t e d  t h a t  the pumper  d e c a n t e r  f low r a t i o  

mus t  be ma in ta ined  wi th in  ? 5 % ,  t h e  w a s h  co lumn f low r a t i o  as  h igh  as  + l o % ,  a n d  t h e  

r e e x t r a c t i o n  co lumns  + 5 % .  

V .  F o u r  m e t h o d s  for removing  T B P  from e x t r a c t i o n  co lumn r a f f i n a t e s  h a v e  b e e n  s t u d i e d ,  

Of the  four me thods  t e s t e d ,  s t e a m  d i s t i l l a t i o n  of t h e  T B P  f r o m  t h e  r a f f ina t e  w a s  t h e  

most  e f f e c t i v e :  

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . .  . . . . . . . . . . . .  
* e  1 . 0  * . o  D 0 .  0 0  0 0 0 O D *  a 0  

.. . .  . . .  . . .  . . .  
* e  1 . 0  

. . . . . . . . . . .  . . . . . . . .  . . . . . . . . .  . . . . . . .  . . . . . . . . . . . .  
* . o  D 0 .  0 0  0 0 0 O D *  a 0  

...... . . . .  . . . . .  . . . .  
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VI. F l a m e  f u s i o n s  w i t h  a n  a t o m i c  hydrogen  a r c  of UO, wi th  s m a l l  a d d i t i o n s  of A1,0, 

e n c o u n t e r e d  d i f f i c u l t i e s  wi th  t r apped  a i r  b u b b l e s .  Improved m e c h a n i c a l  c o n t r o l s  

s h o u l d  a v o i d  t h i s  problem a n d  g i v e  maximum d e n s i t y .  

VII. E x t r u s i o n  of mic ron ized  UO, h a s  pe rmi t t ed  s i n t e r i n g  to d e n s i t i e s  a b o v e  96% of 

t h e o r e t i c a l  w i th  e x c e l l e n t  s u r f a c e  q u a l i t y .  

VIII. S u c c e s s f u l  r educ t ion  of hydrogen  in  d ingo t  metal a p p e a r s  p o s s i b l e  by t h r e e  t e c h n i q u e s :  

1. T h e  u s e  of lower  f u r n a c e  con t ro l  t e m p e r a t u r e s  to pro long  the  p r e h e a t  a n d  

raise the  bomb c e n t e r  t empera tu re  a t  t h e  t ime of f i r ing;  

2. Addi t ions  of bar ium pe rox ide  o r  uranium t r iox ide  in t roduced  as a p o s s i b l e  

m e a n s  of ty ing  up hydrogen  from t h e  bomb a t m o s p h e r e  a n d  to provide  a 

p o t e n t i a l  s o u r c e  of e x t r a  h e a t ;  

3 .  The pre ~ t r e a t m e n t  of t h e  m a g n e s i u m  in  H F  a t  5OO0C to o u t g a s  the c h i p s  

of hydrogen  a n d  to provide  a MgF, s u r f a c e  f i l m  t h a t  may be c o n j e c t u r e d  to  

be  p r o t e c t i v e  du r ing  bomb h e a t i n g .  

Of t h e s e  t h r e e  t e c h n i q u e s ,  t h e  H F  f i lming  of m a g n e s i u m  a p p e a r s  to be  t h e  m o s t  a t t r a c t i v e  

for o p e r a t i o n  a t  Weldon Spr ing .  

IX.  T h e  major e f fo r t  i n  t he  forg ing  of d ingo t  m e t a l  w a s  d i r e c t e d  at p repa ra t ion  of l o w  

hydrogen  m a t e r i a l s  for H A P O .  A n  a s s o r t m e n t  of 10 i n c h  d i ame te r  cast NLO i n g o t s  

w a s  forged  to  7 %  i n c h  rounds  for  s u b s e q u e n t  ro l l i ng .  

X .  E x p e r i m e n t a l  e x t r u s i o n s  in the  gamma r a n g e  a t  Adr ian  g a v e  fur ther  e v i d e n c e  t h a t  

g l a s s  l u b r i c a t i o n  e l imin  a t e s  d i e  wea r ,  w h e r e a s  damage  b e c a m e  immedia t e ly  e v i d e n t  

w h e n  " o i l  d a g "  w a s  u s e d ;  

bu t  rod s u r f a c e s  s h o w e d  c e r t a i n  i m p e r f e c t i o n s  s u c h  a s  grooving  a n d  goug ing ;  

con t r a ry  t o  i n i t i a l  e x p e c t a t i o n s ,  hydrogen  p i ckup  from salt ba th  p r e h e a t i n g  at 

1900'F w a s  n e g l i g i b l e .  

e x t r u s i o n  p r e s s u r e s  were  lower  wi th  g l a s s  l u b r i c a t i o n  

XI. S t u d i e s  of bomb reduc t ion  p r a c t i c e  have  i n d i c a t e d  t h a t  m a g n e s i u m  which  h a s  been  

s u r f a c e d  .' f i lmed in  H F  m a y  provide  a more s a t i s f a c t o r y  r e d u c t a n t  for g r e e n  salt 

hav ing  a h igh  UO, c o n t e n t ;  bomb l i n e r  h a r d n e s s e s  a r e  h ighe r  wi th  m a t e r i a l  

c o n t a i n i n g  a n  e x c e s s  of f i n e s ;  

j o l t i ng  time r e g a r d l e s s  of p a r t i c l e  s i z e  d i s t r i b u t i o n .  

maximum h a r d n e s s  a p p e a r s  t o  b e  r e a c h e d  at a c o n s t a n t  

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  ... ................ ..... 
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11 and 12 

XII, P lant  tests in the Destrehan Refinery gave  decontamination factors of  > 3  x l o 5  
foF cerium (TI! ) , lo5 for  magnesium, and l o 5  for aluminum. 

Laboratory work for this quarter h a s  been reported in a separatevolurne a s  P a r t  I ,  M C W - 1 4 0 3 .  
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FACTORS ,AFFECTING THE DIGESTION OF ORE CONCENTRATES 

I. 

11. 

J.  T. Kr ieg  

G .  R .  h i l l s  

Summary 

Ni t r i c  a c i d  s t r eng th  

m a t e r i a l  d i g e s t i o n s .  

( IN v s .  31V) w a s  a minor v a r i a b l e  i n  t he  r a t e  a n d  c o m p l e t e n e s s  of f e e d  

O n e  e x c e p t i o n  w a s  Uravan  w h e r e  e x c e s s  a c i d  ( n o t  i n i t i a l  a c i d )  con-  

c e n t r a t i o n  w a s  an  impor t an t  gove rn ing  f ac to r  in d i g e s t i o n  r e a c t i o n  k i n e t i c s .  In a l l  c a s e s  

s t u d i e d  the  c o n c e n t r a t i o n  of s t o c k  n i t r i c  a c i d  requi red  for d i g e s t i o n  w a s  l imi t ed  by r e a c t i o n  

s t o i c h i o m e t r y  r a the r  than  k i n e t i c s  for 210' F d i g e s t i o n s .  Tempera tu re  w a s  a major v a r i a b l e  

w i t h  high t empera tu res  favor ing  f a s t  d i s s o l u t i o n  r a t e s ,  E x t e n d e d  d i g e s t i o n  pe r iods  a t  210'F 

( in  e x c e s s  of one-ha l f  hour )  were  b e n e f i c i a l  i n  d i s s o l v i n g  Uravan  a n d  Vitro c o n c e n t r a t e s  

(in 1 a n d  3 N  e x c e s s  a c i d )  a n d  Mont ice l lo  A (in 1N e x c e s s  acid) .  

T h e s e  t e s t s  p red ic t  t h a t  t h e  a b i l i t y  of t h e  Weldon Spr ing  Ref ine ry  to  d i g e s t  o re  c o n c e n t r a t e s  

would n o t  be  h inde red  if i t  were  d e c i d e d  to  r ecove r  a c i d  from r a f f i n a t e  a t  35 i n s t e a d  of 60  

we igh t  p e r c e n t ,  t he reby ,  min imiz ing  t h e  ch lo r ide  co r ros ion  problem i n  t h e  a c i d  r e c o n c e n t r a -  

tor. 

In t roduc t ion  

T h e  Yeldon Spr ing  re f inery  is c a p a b l e  of r ecove r ing  e x c e s s  n i t r i c  a c i d  from r a f f i n a t e s  a n d  

c o n c e n t r a t i n g  i t  t o  60 w e i g h t  pe rcen t  for r e u s e  in the  d i g e s t e r s ;  however ,  s e r i o u s  co r ros ion  

problems a r e  an t i c ipa t ed  i f  h a l i d e s  a r e  a l lowed to a c c u m u l a t e  i n  t he  acid r econcen t t a to r .  

P r e v e n t a t i v e  m e a s u r e s  a r e  p l anned  for h a l i d e  con t ro l ;  however ,  i t  w i l l  be s o m e  mon ths  a f t e r  

p l an t  s t a r t u p  before  all of t h e  n e c e s s a r y  equ ipmen t  wi l l  be  a v a i l a b l e ,  O n e  p roposa l  for 

ope ra t ion  dur ing  the  in te r im per iod  is  t o  produce  35 i n s t e a d  of 60 we igh t  p e r c e n t  n i t r i c  a c i d  

in t h e  r econcen t r a to r  which ,  t oge the r  with o t h e r  mod i f i ca t ions ,  would  r e d u c e  ch lo r ide  ac- 

cumula t ion  in  t h e  uni t ,  T h i s  p roposa l  b r ings  up  t h e  q u e s t i o n  of whe the r  r e c o v e r e d  a c i d  a t  

35 weigh t  pe rcen t  ( t oge the r  wi th  more c o n c e n t r a t e d  a b s o r b e r  a n d  m a k e u p  a c i d )  would  be 

a d e q u a t e  for f eed  ma te r i a l  d i g e s t i o n s .  A d i g e s t i o n  program w a s  i n i t i a t e d  by t h e  p i lo t  p l a n t  

t o  s t u d y  t h i s  problem. 

. . . .  .......... . . , . :*: .:a .I' : :* : :* : : . . . . .  . . .  . . . . . . . . . . . . . . . .  ...... - a . ,  : .: .: : : : ; * e  :: 



A 

D e s c r i p t i o n  of E q u i p m e n t  111. 

IV. 

D i g e s t i o n s  w e r e  m a d e  i n  1- l i te r  s t a i n l e s s  steel b e a k e r s  o v e r  a h o t  plate .  E x t r a c t i o n  of 

t h e  uranium from t h e  d i g e s t  l i q u o r s  by 28% T B P  i n  h e x a n e  w a s  m a d e  i n  g l a s s  s e p a r a t o r y  

f u n n e l s  ( s h a k e o u t s ) .  A l l  o r e  c o n c e n t r a t e s  which  w e r e  a v a i l a b l e  at t h e  t ime i n  t h e  D e s -  

t rehan  re f inery  w e r e  t e s t e d  ( a  total of e l e v e n  f e e d s ) ,  

E x p e r i m e n t a l  P r o c e d u r e  

A. D i g e s t i o n  P r o c e d u r e  

M e a s u r e d  q u a n t i t i e s  of c o n c e n t r a t e ,  w a t e r ,  a n d  n i t r i c  a c i d  w e r e  brought  t o g e t h e r  a t  

a c o n t r o l l e d  t e m p e r a t u r e  a n d  d i g e s t e d  for  e i g h t  o r  more hours .  

a d d i t i o n  w e r e  u s e d .  In severa l  of the  tests t h e  o r e  w a s  a d d e d  to a n  a c i d - w a t e r  mixture ,  

s o  t h a t  for t h e  f i r s t  f e w  s e c o n d s  of t h e  d i g e s t i o n  t h e  o r e  w a s  e x p o s e d  to c o n c e n t r a -  

t e d  a c i d .  Dur ing  t h i s  s h o r t  t i m e  i n t e r v a l  m o s t  of t h e  uran ium d i s s o l v e d  a n d  t h e  a c i d  

s t r e n g t h  very  q u i c k l y  d i m i n i s h e d  to f l o w s h e e t  s p e c i f i c a t i o n s  (1N or 3 N  excess a c i d ) ;  

therefore ,  for  t h e  major i ty  of t h e  d i g e s t i o n  per iod,  i t  w a s  t h i s  latter a c i d  c o n c e n t r a -  

tion to  which t h e  i n s o l u b l e  uranium w a s  e x p o s e d .  

T w o  m e t h o d s  of a c i d  

In m o s t  of t h e  tests, h o w e v e r ,  t h e  c o n c e n t r a t e  w a s  f i r s t  s l u r r i e d  i n  w a t e r  a f t e r  which  

t h e  a c i d  w a s  s l o w l y  added .  In  t h i s  m a n n e r  t h e  o r e  w a s  n e v e r  e x p o s e d  t o  a n  a c i d  

c o n c e n t r a t i o n  i n  e x c e s s  of 1 N  o r  3 N .  T h i s  m e t h o d  w a s  n o t  i n t e n d e d  to b e  a p l a n t  

p r o c e d u r e  b u t  w a s  u s e d  o n l y  to o b t a i n  d i g e s t i o n  informat ion  at c o n t r o l l e d  a c i d  con-  

c e n t r a t i o n s .  S a m p l e s  w e r e  t a k e n  of t h e  s l u r r y  at i n t e r m e d i a t e  t i m e  i n t e r v a l s  to d e -  

te rmine  t h e  a m o u n t  of u n d i g e s t e d  ( i n e x t r a c t a b l e )  uranium. D i g e s t i o n s  w e r e  m a d e  to 

200 g u/1 at 21O0F, 1900’ F or 75G F. 

B. A n a l y t i c a l  P r o c e d u r e  -____--- 

. 

S e v e r a l  m e t h o d s  for  d e t e r m i n i n g  t h e  i n s o l u b l e  uranium c o n t e n t  i n  a s l u r r y  a r e  a v a i l -  

a b l e ;  h o w e v e r ,  in  order  to s i m u l a t e  a c t u a l  p l a n t  envi ronment  as much as p o s s i b l e ,  

t h e  fo l lowing  procedure  w a s  u s e d .  

a c i d i f i e 3  ( 3 5  g HNO,/ l )  T B P - h e x a n e  a t  a 5 : l  o r g a n i c  to a q u e o u s  volume r a t i o  i n  

e a c h  s t a g e .  In all cases  t h e  low uranium c o n t e n t  of t h e  o r g a n i c  p h a s e  from the  f i n a l  

s h a k e o u t  i n d i c a t e d  s u b s t a n t i a l l y  c o m p l e t e  e x t r a c t i o n  of t h e  s o l u b l e  uran ium from 

the  o r e  s lurry.  

c o n t e n t  which  w a s  te rmed “ t h e  i n e x t r a c t a b l e  uraniumPP0 

E a c h  s a m p l e  w a s  g i v e n  a 4 - s t a g e  s h a k e o u t  with 

R a f f i n a t e s  from t h e  s h a k e o u t  p r o c e d u r e  w e r e  a n a l y z e d  for  uranium 

............ . . . . . . .  4;. :*: : .. *: . . . . . . . . . . . . . . . . .  ... . . . . . . . . .  . . . .  . . . . . . . . . .  . . . . . . . . . . . . .  ..! . . . . . .  

t 



C.  P r o c e d u r e  for  Determining S to i ch iomet r i c  A c i d  R e q u i r e m e n t s  

In a d d i t i o n  to t h e  e x p e r i m e n t a l  work on the  k i n e t i c s  a n d  c o m p l e t e n e s s  of 

d i g e s t i o n s  a t  v a r i o u s  t e m p e r a t u r e s  a n d  a c i d  c o n c e n t r a t i o n s ,  a s t o i c h i o -  

me t r i c  a n a l y s i s  of d i g e s t  a c i d  r e q u i r e m e n t s  w a s  m a d e  Ni t r i c  a c i d  con-  

sumpt ion  d a t a  for e a c h  c o n c e n t r a t e  was o b t a i n e d  from t h e  l abora to ry  a n d  

t h e  D e s t r e h a n  Ref inery .  T h e  method of c o r r e l a t i n g  t h i s  d a t a  is d e s c r i b e d  

i n  t h e  Appendix.  

V, R e s u l t s  

T h e  s t o i c h i o m e t r i c  n i  ri a c i d  co n t r a  ions r e q u i  e d  to d i g e s t  f e e d  ma e r i  1 

to 200 g U/1, ~ I V  e x c e s s  a c i d  a r e  t a b u l a t e d  below i n  T a b l e  I .  Sto ich iomet r i c -  

a l l y  the minimum n i t r i c  a c i d  c o n c e n t r a t i o n  r equ i r ed  to d i s s o l v e  f e e d  m a t e r i a l s  

to f l o w s h e e t  c o n d i t i o n s  i s  b e t w e e n  28 a n d  33 weight percent .  

. 
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Table  I 

Concentration and Volume of Acid' Required for Feed  Digestion 

(200  g U/1, 3N Acid Flowsheet )  

Acid 
Concentration 

Feed  Assay  Required G a l  Acid/ 
Material %U % l b  Feed  

Anaconda A 

Anaconda C 

Monticello A 

Edgemont 

K err- M c  Ge e 

Rare Metals 

Rifle 

Moab 

Vitro 

Climax 

Durango 

Uravan 

Naturita 

Euxenite 

7 0  

67 

58 

6 1  

66 

62 

7 1  

61 

6 2  

68 

7 4  

67 

7 0  

6 9  

33 

28.8 

28.7 

27.7 

27.6 

28.3 

28.6 

28.7 

32.3 

30 

32.5 

28.6 

33.7 

30.8 

0.39 

.384 

.318 

0336 

.366 

.342 

,376 

- 3 3 6  

.342 

.378 

-414 

.372 

-390 

.384 

a Includes total amount of acid required to bring e x c e s s  ac id  concentration 

up to flowsheet conditions. 

The r e su l t s  of t e s t s  showing the kinet ics  and comple teness  of the digest ions as a 

function of acid concentration are  tabulated below i n  Table  11. 

. 

............ . . . . . . .  '*. ... : .. -: . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  ... ................ ..... 
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T a b l e  I1 

D i g e s t i o n  K i n e t i c s  

Test  
No. - 

1 

2 

3 

4 

5 
6 

7 

8 

9 
10 

11 

12 

13 

14  

15 

16 

17 

17A 

18 

19 

20 

2 1  

b F r e e  Ac ida  P e r c e n t  of Total Uranium I n e x t r a c t a b l e  
F e e d  C o n c e n t r a t i o n  a t  N o t e d  T i m e  of D i g e s t i o n  

Mater ia l  of D i g e s t ,  N % h r  1 h r  2 h r  4 h r  8 h r  

R i f l e  

R i f l e  

Monticel lo-A 

Monticel lo-A 

Vi t ro  

Vi t ro  

K e r t .  McGee 

K e r p M c G e e  

Moab 

Moab 

R a r e  Metals 

R a r e  Metals 

A n a c o n d a  x 
A n a c o n d a  A 

A n a c o n d a  C 

A n a c o n d a  C 

Durango 

N a t u r i t a  

N a turi  ta 

Uravan 

Uravan 

Uravan '  

1.2 

3 ..o 
1.0 

3.6 

1.3 

3.0, 

1.4 

3.0 

1.4 

3.0 

1.3 

3.2 

1.1 

3.0 

1.3 

3.0 

1.0 

1 .o 
3.0 

1.4 

3.3 

4.9 

0.06 0.08 

e 0 9  .ll 

.14 .05 

- 0 1  .03 
. 0 7  .06 

.OS .04 

.02 -02 

.02 -03 

.01 .02 

.01  -02 

0 0  1 .02 
-1- < - 0 1  

.01 .01 

< .01 < .01 

< .01 < .01 

< .01 < .01 

< .01 .013 

.08 .01 

.011 .007 
--- 
--- --- 
. 3  .26 

0.08 

.10 

e 0 3  
- 0 1  

< .01 
--- 

.02 

.02 

.04 

.02 

-02  
I.- 

< .01 

< .01 

< .01 

< .01 

< .01 

.016 

.008 

1.6 

.29 

.2  1 

0.08 0.15 

e09 .ll 

.02 .o 1 

< .01 .o 1 
.06 < .01 

-03  .02 

.02 .02 

.o 1 -02  

.01 ,01 

-02  .o 1 

002 < .01 

< .01 < .01 

< .01 < .01 

< .01 < .01 

< .01 < .01 

< .01 < .01 

< .01 .012 

.008 .01 

.006 .007 

1.0 .5 
.28 .26 

.15  .12 

a l i t  n o  t i m e  dur ing  t h e  d i g e s t i o n  w a s  t h e  ore e x p o s e d  t o  a c i d  c o n c e n t r a t i o n s  i n  e x c e s s  of 
t h i s  va lue .  ( T h e  a c i d  w a s  a d d e d  to  a n  o re -wa te r  mixture.)  

b Total uranium w a s  200 g/l .  

In  t h i s  t es t  t h e  o r e  w a s  a d d e d  to 50 w e i g h t  p e r c e n t  HNO, a n d  a d j u s t e d  wi th  water .  

.. . .  . ............. . , . . . . .  . . .  . .  . .  . .  . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . .  . .  . . . .  . .  . .  
e.. , . D  .. , 0 . e o *  a 0  

. . .  
v e  0 . 0  
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A s  may  be s e e n  i n  T a b l e  11, with m o s t  f e e d s  t h e  a c i d  s t r e n g t h  p l a y e d  a minor  r o l e i n  d i -  

g e s t i o n  k i n e t i c s ,  its e f f e c t  b e i n g  n o t i c e a b l e  o n l y  with Uravan  a n d  Mont ice l lo  A. T h e  

effect of a c i d  c o n c e n t r a t i o n  i n  Uravan  d i g e s t i o n s  is i l l u s t r a t e d  i n  F i g u r e  1, S i n c e  m o s t  

of the d i g e s t i o n  r e a c t i o n  t a k e s  p l a c e  i n  t h e  f i r s t  f e w  m i n u t e s ,  i t  a p p e a r s  t h a t  the  p ro longed  

c o n t a c t  wi th  t h e  r ema in ing  e x c e s s  a c i d  r a t h e r  t h a n  t h e  i n i t i a l  a c i d  c o n c e n t r a t i o n  is 

r e s p o n s i b l e  for d i s s o l v i n g  t h e  s m a l l  amoun t  of i n s o l u b l e  uranium. Uravan ,  

Rif le .  a n d  Vitro c o n t a i n e d  more i n e x t r a c t a b l e  uranium t h a n  t h e  o t h e r  f e e d s  with Uravan  

be ing  by f a r  t h e  w o r s t  o f fender  r e g a r d l e s s  of t h e  i n i t i a l  a c i d  c o n c e n t r a t i o n  ( T a b l e  I). 

In o t h e r  c a s e s  d i g e s t i o n  w a s  e s s e n t i a l l y  c o m p l e t e  wi th in  one-ha l f  hour .  

A s  migh t  b e  e x p e c t e d  a t  very low uranium c o n c e n t r a t i o n s ,  t h e r e  a p p e a r s  to b e  a problem 

of p r e c i s i o n  a s s o c i a t e d  with t h e  r e s u l t s  l i s t e d  i n  T a b l e  11. I t  wou ld  s e e m  improbab le  t h a t  

the s a m p l e s  t a k e n  l a t e r  i n  t h e  d i g e s t i o n  wou ld  c o n t a i n  more i n e x t r a c t a b l e  uranium than  

t h e  i n i t i a l  s a m p l e  t a k e n  a f t e r  one-half  hour  of d i g e s t i o n  t ime,  y e t  t h i s  would a p p e a r  t o  

be the  c a s e  for a number of the  t e s t s , L e . ,  T e s t s  1 a n d  2 ( T a b l e  11). 

F i g u r e  2 i l lus t ra tes  the  e f f e c t  of t e m p e r a t u r e  (210'F 

d i g e s t i o n .  T w o  h o u r s  a t  210'F w a s  more e f f e c t i v e  than  n i n e  h o u r s  at 190'F. T h e  e f f e c t  

of t e m p e r a t u r e  w a s  i l l u s t r a t e d  more d r a m a t i c a l l y  by a n o t h e r  test in  wh ich  Uravan  w a s  d i -  

g e s t e d  for e i g h t  h o u r s  at 210'F i n  the  p r e s e n c e  of 4 to 5 N  e x c e s s  ac id .  Dur ing  t h i s  

per iod the  amoun t  of i n e x t r a c t a b l e  uranium d i m i n i s h e d  with i n c r e a s i n g  t i m e ,  a l e v e l  of 

0.12% i n e x t r a c t a b l e  uranium b e i n g  r e a c h e d  at the  c o n c l u s i o n  of t h e  t e s t .  

s lur ry  from t h i s  test w a s  t h e n  b o t t l e d  a n d  s t o r e d  for 2 5  d a y s  at room tempera ture .  

t h i s  s t o r a g e  per iod  t h e  s lur ry  w a s  a g a i n  h e a t e d  to 210'F a n d  d i g e s t e d  a t  t h a t  t e m p e r a t u r e  

f o r  a n  a d d i t i o n a l  e i g h t  hours .  

for t h e  a d d i t i o n a l  e i g h t  h o u r s  of d i g e s t i o n  a r e  s h o w n  i n  F i g u r e  2. A s  may  b e  s e e n ,  t h e  

s e c o n d  h igh  t e m p e r a t u r e  d i g e s t i o n  per iod  t e d u c e d  t h e  i n e x t r a c t a b l e  uranium from 0.12% 

to 0.043% w h i l e  t h e  2 5  d a y s  at room tempera tu re  r e s u l t e d  i n  n o  s i g n i f i c a n t  c h a n g e  i n  t h e  

i n e x t r a c t a b l e  uranium content .  

u s  190'F) on t h e  k i n e t i c s  of Uravan 

T h e  r e m a i n i n g  

Af ter  

T h e  r e s u l t s  of t h e  prev ious  test t o g e t h e r  with t h e  r e s u l t s  

VI. Append ix  

C o r r e l a t i c n  of s t o i c h i o m e t r i c  d i g e s t i o n  d a t a  is p r e s e n t e d  below: 

A. S o u r c e  of D a t a  

T h e  a s s a y  a n d  a c i d  consumpt ion '  of r e c e n t  f e e d s  is s h o w n  i n  T a b l e  A-I. T h i s  d a t a  

P o u n d s  of HNO, t o  d i s s o l v e  one  pound of ore to z e r o  e x c e s s  a c i d ,  

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . .  . . . . . . . . . . . . . . . .  ..... 
............ . . . . . . .  ~- 

a 
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FIGURE 1 
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THE EFFECT O F  TIME AND EXCESS ACID 

ON DIGESTION O F  URAVAN F E E D  

Uravan Lot 54 
T e s t s  3 ,  4 ,  and 5 

3 .  3 N Acid 
T =  210°F 

A ,  
W 

0 

4. 9 N Acid 

0 1 2 3 4 5 6 7 a 9 10 

Time of Diges t ion ,  Mrs, 

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . .  . . . . . . . . . . . .  
0 .  0 . 0  . e .  , , e  e a  0 * 0 0 0  0 0  
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F I G U R E  2 

E F F E C T  O F  T E M P E R A T U R E  C)N DIGESTION R A T E  

I 

- 
-- 

Uravan - 4 - 5  N Acid 200 g.  V i 1  - 

- 8 hours-+-25 days-- 8 hours -------* 
- 

I 1 i I 
0 2 4  6 8 0 2  4 b a  

2 5  Days  "Digestion" 8 h r s .  Digestion d h r s .  Digest idh 
at 210°F at r o o m  temp. at zia°F 

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . .  ................ ..... 
. ~ . . ~ ~  . . . . . . . . . . . . . . . . .  
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w a s  o b t a i n e d  from the  R e s e a r c h  L a b o r a t o r y  a n d  f rom P l a n t  6 re f inery  as  n o t e d  in 

T a b l e  A -  1.: 

T a b l e  A - 1  

D i g e s t i o n  D a t a  

A s s a y  Ac id  Consumption2 S o u r c e  of 

_. 
F e e d  %U Ib  HNO,/ lb  o re  D a t a  

~ 

A n a c o n d a  A 70 0.62 L a b o r a t o r y  

A n a c o n d a  C 67 .43 L a b o r a t o r y  

Mont ice l lo  A 58 .34 P l a n t  6 

Edgemont  61  .33 P l a n t  6 

Kerr- M c Ge e 66 .44 P l a n t  6 

Rare  Meta ls  6 2  .35 P l a n t  6 

R i f l e  7 1  .43 P l a n t  6 

Moab 6 1  .36 P l a n t  6 
Vitro 62  .51 P l a n t  6 

C l imax  68 .47 P l a n t  6 

Durango  74 .64 P l a n t  6 

Uravan 67  .40 P l a n t  6 

Na tu r i t a  7 0  .65 P l a n t  6 

E u x e n i t e  69  .51  L a b o r a t o r y  

_ _ _ ~ _ _  ___-- 

M e a s u r e m e n t s  of the  a b s o l u t e  d e n s i t y  of f e e d s  w e r e  made  i n  t h e  p i lo t  plant .  T h e s e  

resu l t s  a r e  s h o w n  i n  T a b l e  A - 2  

P o u n d s  of H N O ,  to d i s s o l v e  o n e  pound of ore to zero  e x c e s s  a c i d .  

n 

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . .  . . . . . . . . . . . .  
* a  0 8 0  a * .  0 o *  n o  0 0 e 0 0 0  0 0  
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T a b l e  A-2 

A b s o l u t e  d e n s i t i e s  of F e e d s  

A b s o l u t e  D e n s i t y  

- F e e d  Lot No. g/ c c  

Anaconda  C 

Moab 

Uravan  

R a r e  Metals 

Mont i ce l lo  n 

Kerr-McGee 

A n a c o n d a  A 

C-788 

47 

542 

18 

A 7  5 
116 

846 

4.35 

4.00 

5.56 

3.00 

2.94 

3.33 
4.54 

U. A s s u m p t i o n s  __. 

T h e  fo l lowing  a s s u m p t i o n s  were  made  i n  t h e  a n a l y s i s  of a c i d  r equ i r emen t s :  

1) T h e  a b s o l u t e  d e n s i t y  of t h e  f e e d  is 4 g / cc .  

2) T h e  volume of t h e  a c i d - i n s o l u b l e  s o l i d s  may be n e g l e c t e d .  

3) T h e  volume of t h e  f i n a l  s lu r ry  is e q u a l  to t h e  a b s o l u t e  volume of t h e  f e e d  p l u s  

t h e  volume of t h e  a c i d  r equ i r ed  for d iges t ion .  

C. Sample  C a l c u l a t i o n s  

C a l c u l a t e  t h e  a c i d  c o n c e n t r a t i o n  r equ i r ed  t o  d i s s o l v e  f e e d  to 200 g U/1, S N  e x c e s s  

aci do  

Data: F e e d  = h n a c o n d a  n 

D e n s i t y  of f e e d  = 4 g / c c  

r i s s a y  = 70% U 
Acid  consumpt ion  = 0.62 l b  HNO, ' Ib . .ore  

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  ... ................ ..... 
~~ - ~~ . .  ~~ ~. .~ . ~ - ~  .~ ... 
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B a s i s :  100  ga l  of s l u r r y  

1 Weight f e e d  = ( I b  U / g a l )  ( g a l  s lurry)  ( assa). ) 

= 238.6 Ibs  

1 &$ ( 8 . 3 4  Ib /ga l  H,O 
1 Volume of f eed  = ( w e i g h t  f e e d )  ( 

= 7.2 ga l  

Volume of a c i d  = volume slurry = volume f e e d  

= 100-7.2 = 92.8 g a l  

%;eight  HNO, = HNO, c o n s u m e d t e x c e s s  HNO, 

(0.62)  (238 .6)  + (120) 189 (100) 

L b s / g a l  HNO, = 3.29 I b s / g a l  
92.8 g a l s  

- 33% "0, 

92.8 

238.6 
,Gal a c i d / l b  f e e d  = -= 0.389 ga l  3 3 %  HNO,/ lb  f e e d  

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . .  . . . . . . . . . . . .  
0 0  0 0 0  * e -  * 0 .  e *  0 0 0 0 0 0  0 0  
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PILOT PLANT TESTING O F  A LOW-ACID FLOWSHEET F O R  THE TBP-HEXANE 
EXTRACTION PROCESS 

J .  T ,  Kr i eg  

J A ,  Soukup  

I. Summary 

Mont ice l lo-A a n d  P o r t e r  B r o t h e r s ’  o re  c o n c e n t r a t e s  were  t e s t e d  o n  t h e  l o w - a c i d  e x t r a c t i o n  

f l o w s h e e t .  

Mon t i ce l lo  t e s t s ;  however ,  p roduct  ( N O K )  puri ty  w a s  e x c e l l e n t ,  

t h e  P o r t e r  S r o t h e r s ’  t e s t s .  

pur i ty  w a s  poor  wi th  s h o t g u n  v a l u e s  r ang ing  from 0.04% to 0.09%.  

m e t a l l i c  c o n t a m i n a n t  i n  the p roduc t  i n  a l l  t e s t s ,  r ang ing  from 13 t o  300 ppm (U,O, b a s i s . )  

H igh  uranium l o s s e s  to the  r a f f ina t e  (1 .0  t o  5 . 2  g U/ l i t e r )  w e r e  e x p e r i e n c e d  i n  the  

T h e  c o n v e r s e  w a s  t rue f o r  

Uranium in t h e  r a f f ina t e  w a s  l e s s  t han  0 .02  g U/ l i t e r  bu t  p roduc t  

Sodium w a s  a p r i n c i p l e  

11. In t roduc t ion  

T h e  o r i g i n a l  d e s i g n  of t h e  T B P - h e x a n e  ex t r ac t ion  p r o c e s s  for  Weldon Spr ing  w a s  b a s e d  o n  a 

d i g e s t  l i quor  ( e x t r a c t i o n  f e e d )  c o n t a i n i n g  200 g U/1 a n d  3 M HNO,. 
of t h i s  p r o c e s s  h a s  b e e n  p r o g r e s s i n g  s i n c e  e a r l y  1 9 5 5  a n d  h a s  b e e n  r e p o r t e d  i n  p r e v i o u s  

P r o c e s s  D e v e l o p m e n t  Quar t e r ly  R e p o r t s .  

P i l o t  p l a n t  d e v e l o p m e n t  

Dur ing  the  p a s t  s i x  mon ths  a modi f ied  f l o w s h e e t  b a s e d  on  a d i g e s t  l i quor  c o n t a i n i n g  

400 g U/ l i t e r  a n d  1 l\l HNO, h a s  b e e n  t e s t e d  i n  t h e  p i lo t  p lan t . ’  T h e  p u r p o s e s  of t he  l o w - a c i d  

f l o w s h e e t  a r e  to r e d u c e  ope ra t ing  c o s t s  by lower ing  n i t r i c  a c i d  r e q u i r e m e n t s  a n d  to i n c r e a s e  

r e f ine ry  c a p a c i t y  by  i n c r e a s i n g  t h e  amoun t  of uran ium p r o c e s s e d  per  un i t  vo lume  of f e e d .  

C o m p a r i s o n  of t h e  t w o  f l o w s h e e t s  is made  i n  F i g u r e  1 a n d  F i g u r e  2. 
o n l y  i n  t h e  e x t r a c t i o n  a n d  w a s h  s t e p s .  

T h e  f l o w s h e e t s  d i f fe r  

P i l o t  p l a n t  t es t s  of t h e  l o w - a c i d  f l o w s h e e t  w e r e  made  wi th  Mont ice l lo-A a n d  P o r t e r  Brothers’ 

uran ium c o n c e n t r a t e s  du r ing  t h e  p a s t  qua r t e r  a n d  a r e  d e s c r i b e d  i n  t h i s  r epor t  

111. D e s c r i p t i o n  of M a t e r i a l s  a n d  Equ ipmen t  

A.. S o l v e n t  

T h e  s o l v e n t  u s e d  i n  t h e s e  tes ts  w a s  2 5 %  to 30% v /v  T B P  i n  a h e x a n e  d i l u e n t ,  

Krieg, J.  T., Fariss  R. H., Soukup., J. A. ,  and N ~ o P .  D. J., P r o c e s s  Development  Quarterly Report ,  Part If. Mallinckrodc Chemical 
Works, MCW-1402 (May 1, 1956) p 55-72. 

.................... . . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ... . . . . . . . . . . . .  
. O  . O f  . e o  D * o  e .  0 0 Q 0 0 0  0 0  



FIGURE I 

LOW ACID FLOWSHEET 
FOR THE TBP-EXTRACTION CYCLE 

(NOK WASH; FLOW R A T E S  ARE R E L A T I V E )  

p i g e s t  Liq? 
- 

1 r I 

( i p c l u d e s  r e c y c l e  
from ether c y c l e )  

WNO, ’- 63g/ l  
I Race - 1.00 

L I Stripped Solvent  Deionized water 
Rate - 3.11 T B P  -287 ( v / v )  

u k O  

m 
0 u 
n 

I Wash Raftinare 1 
t-- 
I 
I 
I ___ J 

Ratfirlete 

HNO, -18.3&/1 
<0 .05&/1  r Sate  1 .301 

.................... . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  ... ................ * * *  0 ”  

D-1 Extract 

Sp. gr. - 0.91 

IlNO, -0 
r a p  - 28%(v/v)  
Rate - 4.23 
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FIGURE 2 
NORMAL FLOWSHEET 

FOR THE TBP EXTRACTION CYCLE 
(NOK WASH; FLOW RATES RELATIVE) 

1 
Deionized water A - 

I Rate 1.96 I 
- Stripped Solvent  

TDP - 28%(v/v)  
u - 0  
HN0,'O 
Rate * 2.11 
sp. gr. - 0.759 

I Wash Extract I 
I 

--d 
IINO, 0 
Rate - 1.46 
Sp. 'gr. 1.18 Sp. gr. 0 .91 

I 1 I I  
Decanter F e e d  

Digest Liquor 

( inc ludes  recyc le  
from ether c y c l e )  

Organic Feed Ra f ti na t e 
u .<0;05g/I u - 0  
HNO, - 172g/l 
Kate 1 . 1  ' rDP - 2 8 ~ 4 ~ 1 ~ )  

Rate - 2 . 1 1  
Sp. 8'. - 0.755 

. . . . .  .... , ............ . . . .  . . . .  . . . . .  ::. ::. : :  . . . . . .  ? :*: : : : :  : :  : :  . . . . .  .. e o *  1 . .  J ., 0 0  0 a 0 . a * *  0 0  
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-3. F e e d  - 

F e e d  m a t e r i a l s  t e s t e d  on  the  low-ac id  f l o w s h e e t  t h i s  qua r t e r  were  Mont ice l lo  A ,  

L o t s  7 4  a n d  7 5 ;  a n d  P o r t e r  B r o t h e r s ' c o n c e n t r a t e  ( E u x e n i t e ) ,  L o t s  PS02, S R 0 3 ,  a n d  

Th104, (all sodium d i u r a n a t e s ) ,  A s s a y s  of t h e s e  f e e d s  a r e  p r e s e n t e d  be low in  T a b l e  I. 

T a b l e  I 

A s s a y  of !Aonticello-A a n d  P o r t e r  Bro the r s '  C o i l c e n t r a t e s  

ir lonticello A' P o r t e r  3 r o t h e r s '  a 

L o t  7 4  
P e r c e n t  

L o t  75 
P e r c e n t  

L o t  P S 0 2  
P e r c e n t  

L o t  S R 0 3  
P e r c e n t  

L o t  T M 0 4  
P e r  c e n t 

c u  

A s  

F 

I i a logen  l e s s  F 

v20, 

'si a t e r  

Ye 

Li00 ,  

s 0 4 '  

u30.9 

C a b  

S i 0  

B 

b 

N H 3  

P b 

i"\E,O, + T h o ,  

n i l  

t r a c e  

0.03  

0 .01  

1.51 

0.02 

6.943 
0.8 

0.16 

11.58 

69.9 
0.3 

2.9 

n i l  

n i l  

0.01 

0.01 

1.35 

ni l  

7.634 

0.86 

0.15 

11.2 

70.05 

0.78 

4.9 

< o . o i  
0.026 

0.05 

<0.09 

<0.036 

0.84 

( 0 . 0 1  

0.10 

79.5 

0.0006 

0.008 

0.08 

4 . 5 5  

<0.01 

0.008 

0.08 

<0.09 

( 0 . 0 3 6  

1.06 

<0.01  

0 . 1 5  

79.4 

0 .0008 

0.002 

0.006 

5.65 

(0 .01 

0.004 

0.08 

<0.09 

( 0 . 0 3 6  

0.9 

<0.01  

<0.04 

80.8 

0.0004 

0.001 

0.02 

4.3 

n 
Sa,,iple o n  a d r y  U,O, b a s i s  

Sample  on a,{*' as  r e c e i v e d  ' ' basis .  
h 

P o r t e r  d ro the r s '  c o n c e n t r a t e  is u n u s u a l  b e c a u s e  of its high thorium and  r a re  e a r t h s  

c o n t e n t .  

c a l c i u m  which a f f e c t  t h e  o p e r a t i o n  of t h e  e x t r a c t i o n  p r o c e s s .  

T h e  Mont i ce l lo  A c o n t a i n e d  n o t i c e a b l e  a a o u n t s  of p h o s p h a t e ,  s u l f a t e ,  a n d  

............ . . . .  . . . . . .  , I ; .  :*: . . . .  . . . . . . . . .  . . . .  . . . . . . . . . .  . . .  . . . . . . . . . . .  , . . . .  . . . . . . . . . . . . .  .*I . . . . . .  
. - ..... 



C. E q u i p m e n t  

1. P u m p e r  D e c a n t e r s  

F o u r  pumper -decan te r  u n i t s  w e r e  u s e d  for  t h e  e x t r a c t i o n  s t e p .  

s y s t e m  is the  s t a n d a r d  e x t r a c t i o n  equ ipmen t  i n  t h e  p i lo t  p l a n t  a n d  is d e s c r i b e d  i n  

d e t a i l  i n  p r e v i o u s  reports.’  

T h e  pumper -decan te r  

2 .  P u l s e  C o l u m n s  

A s c h e m a t i c  r e p r e s e n t a t i o n  of the  p i lo t  p l a n t  p u l s e  c o l u m n s  i s  s h o w n  in  F i g u r e  3 .  
All  c o l u m n s  c o n t a i n  1 4  f t .  of p l a t e  s e c t i o n  a n d  a re  o p e r a t e d  wi th  t h e  i n t e r f a c e  in t h e  

top  d i s e n g a g i n g  s e c t i o n .  

d i a m e t e r  g l a s s  co lumn c o n t a i n i n g  ’A6 - in . - th ick  t e f l o n - c o a t e d  s t a i n l e s s  s teel  p l a t e s  

w i th  %-in. h o l e s  t r i a n g u l a r  s p a c e d  to g i v e  33% f r e e  a r e a .  

4 i n c h e s  a p a r t .  T h e  s e c o n d  p u l s e  co lumn i s  a l s o  4- in . -diameter  g l a s s  p i p e ;  h o w e v e r ,  

t h e  p l a t e s  d i f fe r  from the  p reced ing  co lumn in  t h a t  t hey  a r e  m a d e  of 2 - in . - th i ck  t e f l o n  

T h e  th i rd  co lumn is i d e n t i c a l  to t h e  f i r s t  e x c e p t  i t  i s  5 - in : -d iameter  g l a s s  p ipe .  

P u l s e  a m p l i t u d e s  i n  a l l  c o l u m n s  w e r e  set  a t  2 i n c h e s .  

c o n n e c t e d  t h a t  %, 1, 1 %, o r  2 c o l u m n s  c o u l d  b e  u s e d  for w a s h i n g ,  a n d  the  b a l a n c e  

u s e d  for r e -ex t r ac t ion .  

40  to 45  c y c l e s / m i n .  

T h e  f i r s t  p u l s e  co lumn d e p i c t e d  i n  F i g u r e  3 is a 4- in . -  

T h e  p l a t e s  a r e  s p a c e d  

T h e  c o l u m n s  w e r e  so i n t e r -  

T h e  p u l s e  f r equency  i n  t h e  w a s h  colutnn (or c o l u m n s )  w a s  

IV. E x p e r i m e n t a l  P r o c e d u r e  

A .  1 ) iges t ion  

F e e d  m a t e r i a l s  w e r e  d i g e s t e d  in  40 n-t .percent nitric ac id  for one to three hours at 200’ F, 

af:er which they a re  sampled and ad jus ted  to 1 M e x c e s s  nitric ac id  and 400 g U/liter. 
D i g e s t  l i q u o r s  w e r e  h e l d  for  1 to 2 4  h o u r s  be fo re  u s e  in  t h e  p i lo t  p l a n t .  

r e q u i r e m e n t s  for d i g e s t i o n s  a r e  t a b u l a t e d  below in  T a b l e  11. 

C h e m i c a l  

C h e m i c a l  R e q u i r e m e n t s  of P i l o t  P l a n t  Ore  D i g e s t i o n s  

* Fariss,  R. H., Hemkens G .  C., Krone, C. H . ,  Paul, J.. F . ,  and Powell ,  C. S.. P r o c e s s  Development Quwter ly  Report .  Part  11, 
Mallinckrod; Chemical Wozks, MCW=1381 (Novembet 1, 1955) p 9- 102. 

( 4 0 0  g U/ l i t e r ,  1 A! e x c e s s  “ 0 ,  F l o w s h e e t )  
Water !!N.O, ( a s  60 w t G  p e r c e n t  a c i d )  F i n a l  Volume 

C o n c e n t r a t e  g a l / l b  o r e  g a l  / l b ,  o r e  g a l / l b  o r e  

h lon t i ce l lo  A 0 . 0 4 2  0 . 0 5 9  0 . 1 2 2  

P o r t e r  3 r o t h e r s  0 067 0.107 0.188 

. . . . . . . . . .  : :.. ...... . . . . . . .  . . . .  . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . .  . . . . . . . . . . . .  
0 0  e o *  . m e  D 0 .  0 0  0 0 . * e a  e q  
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A 

€3. O p e r a t i o n  of E x t r a c t i o n  E q u i p m e n t  

T h e  e x t r a c t i o n  equ ipmen t  w a s  o p e r a t e d  a t  s t e a d y  s ta te  for  a p e r i o d  of 6 h o u r s  be fo re  

equ i l ib r ium w a s  a s s u m e d .  Opera t ion  w a s  e x t e n d e d  for a n  a d d i t i o n a l  2 4  hours  du r ing  

wh ich  t i m e  both  c o m p o s i t e  a n d  s p o t  s a m p l e s  were  t a k e n  of t h e  p r o c e s s  flow s t r e a m s  to 

d e t e r m i n e  t h e  uranium loss  to t h e  r a f f ina t e ,  e x t r a c t i o n  e f f i c i e n c y ,  a n d  p roduc t  pur i ty .  

Equ i l ib r ium d a t a  w a s  o b t a i n e d  by s h a k e o u t s  of t h e  d e c a n t e r  mixing-pump e f f l u e n t s  

In a d d i t i o n  to t e s t s  o n  the  low-acid f l o w s h e e t  s e v e r a l  runs  w e r e  made  o n  t h e  h i g h - a c i d  

f l o w s h e e t  for  c o m p a r i s o n .  Uranium flow rates  ( l b  U / h r  - sq  f t  ) to t h e  pumper d e c a n t e r s  

w e r e  v a r i e d  b e t w e e n  1.1 a n d  2 . 2 5  t i m e s  the  UJeldon Spr ing  d e s i g n  rates.  

V .  E x p e r i m e n t a l  R e s u l t s  a n d  D i s c u s s i o n  
~ 

A run summary  of t h e  l o a - a c i d  f l o w s h e e t  tes ts  is p r e s e n t e d  i n  T a b l e  111: 

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . .  . . . . . . . . . . . .  
0 0  0 0 0  0 0 0  0 0  0 0  0 0 o o o  e a  

. .  
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KUll 

No 

75 

75 A 

751) 

75 E 

75 F 

75G e 

7511 

76f 

76Af 

76Df 

76E 

76F 

76Ge 'f 

f 

Pumper 
Flow- Decanter  
sheet Control " 

Low Acid D2,- -83 

Low Acid D2, .82 

Low Acid D3, .82 

Low Acid D3, .82 

Low Acid D2, .82 

Low Acid D2, .82 

:;igh Acid D2, .82 

I igh Acid D2, .82 

Low Acid D2, .82 

Low Acid D2, -82 

Low Acid D2, .82 

Low Acid D3, -82 

Low Acid D3, -82 

T a b l e  111 

Run Summary of hlonticello-A a n d  Por te r  Brothers Tests 

Percent 
Uranium 
Satura- 

Pumper tion of 
Decanter Pumper 

Mixing fuwp Decanter 
Ratio Extract 

20/ 1 

If)/ 1 

20/ 1 

20/ 1 

201 1 

20/1 

20/ 1 

10/ 1 

20/ 1 

10/ 1 

10/1 

20/1 

20/1 

85% 

74% 

97% 

9 7% 

86% 

81% 

73% 

77% 

89% 

88 % 

84% 

86% 

85% 

Product (NOK) 
i, asti iiaflinate Contaminants, ppm 
Contaminants, Thorium 

Uranium rpm Plus  
Loss to Na K Na K Rare 
Raffinate (U,O, (U,O, (U,O, (U,O, Shot; Earth R a t e  

basis)  basis) basis) basis) gun g/1 Fac tor  d 
~~~~~ 

d l  

Monticello-A 

1.0 

5.2 500 

5.4 100 

6.0 200 

2.1 

1.5 

0.25 

Porter brothers ' 

<0.025 

<0.025 

2000 

<0.025 6000 

0.12 1000 

5000 

8 

40 

1-7 

13 

20 

80 

80 

300 

250 

50 

0.007 

0.017 

0.03 

0.007 

0.03 

0.04 

0.03 

0.04 

0.09 

0.07 

0.09 

<0.05 

<0.02 

0.85 

<0.02 

<0.02 

2.25 

1.9 

1.9 

1.9 

1.9 

1.9 

1.1 

1.1 

2.25 

1.9 

1.9 

1.9 

1.9 



T a b l e  111 ( c o n t i n u e d )  

a.... ... 
0 . .  .. 
0 . .  
... 

0 . .  .. 
..I. 

e.... 

0 .  
e .. .. . 
. .  

(I T h e  a q u e o u s / o r g a n i c  flow r a t i o  to t h e  pumper d e c a n t e r s  is con t ro l l ed  by t h e  d e n s i t y  of t h e  e x t r a c t  l e a v i n g  t h e  s e c o n d  o r  

t h i rd  d e c a n t e r  s t age . .  

R a t i o  of s o l v e n t  to a q u e o u s  i n  t h e  mixing p u m p s .  

A s h o t g u n  is t h e  p e r c e n t  i n c r e a s e  i n  neutron a b s o r p t i o n  c r o s s  s e c t i o n  d u e  to  i m p u r i t i e s  i n  t h e  product .  

100% pure  U,O, i s  z e r o  by de f in i t i on .  

T h e  s h o t g u n  of 

Itate Factor is t h e  r a t i o  of a c t u a l  r a t e  (lb u r a n i u m / s q  f t  -h r  ) i n  t h e  pumper d e c a n t e r  to the  p r e s e n t  Weldon Spr ing  d e s i g n  

r a t e .  

e S o l v e n t  w a s h i n g  w a s  m a d e  wi th  a 5 weight  p e r c e n t  K,CO, s o l u t i o n .  111 a l l  o t h e r  r u n s  s o l v e n t  washiiig w a s  with 5 w e i g h t  

p e  rc e n  t N a ,C 0, ~ 

' 1 co lu inns  were  u s e d  pe r  wash ing .  I n  a l l  o t h e r  runs  o n e  c o l u m n  w a s  u s e d  for w a s h i n g .  

O .  

0 . .  .. . 
e..... 

o..... . .  
o..... 

e..... 
0 . .  
e . .  

e..... 
O .  .... 
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A. Equ i l ib r ium D a t a  

Uranium equ i l ib r ium b e t w e e n  Monticel lo-A s l u r r i e s  a n d  t h e  o r g a n i c  p h a s e  i n  the  pumper 

d e c a n t e r s  w a s  n o t  a s  f a v o r a b l e  a s  wi th  o t h e r  f e e d s  t e s t e d  on t h e  l o w - a c i d  f l o w s h e e t  

a s  s h o w n  by F i g u r e  4. This w a s  p robab ly  d u e  to t h e  h igh  p h o s p h a t e  and  s u l f a t e  c o n t e n t  

of t h i s  f e e d .  Not e n o u g h  d a t a  w a s  a v a i l a b l e  to p lo t  a s i m i l a r  equi l ibr ium c u r v e  for 

P o r t e r  Bro the r s ;  h o w e v e r ,  uranium equ i l ib r ium a p p e a r e d  g o o d  as  s h o w n  by t h e  uranium 

p r o f i l e  i n  the  pumper d e c a n t e r s  t a b u l a t e d  below i n  T a b l e  I V .  A thoriurri p rof i le  for the 

s a m e  run ,  a lso p r e s e n t e d  i n  t h e  t a b l e ,  i l l u s t r a t e s  t h e  l a r g e  a c c u n i u l a t i o n  of t h i s  e l emen t .  

T a b l e  IV 

a Uranium a n d  Thor ium P r o f i l e s  i n  t h e  P u m p e r  D e c a n t e r  

( E x t r a c t  from t h e  S e c o n d  D e c a n t e r  C o n t r o l l e d  at a S p e c i f i c  Grav i ty  o f  0 .82)  

U T h b  Normal  Uranium Pro f i l e '  
D e c a n t e r  g/ 1 !.dl g u/1 

1 97 4 1 0 5  

2 7 .4  23.6  45 

3 

4 

0 .25  4.5 

0 . 0 8 1  3 

6 

0.:  

Run tI  76 E ( P o r t e r  3 r o t h e r i )  U 

E s t i m a t e d  f rom uranium c o n c e n t r a t i o n  d e n s i t y  of e x t r a c t  solutioii .  

C In  r u n s  wi thou t  the p r e s e n c e  of t h o r i u m .  

T h e  a b o v e  t a b l e  i l l u s t r a t e s  t h e  s a l t i n g  effect of thor ium i n  t h e  r u n s  m a d e  wi th  P o r t e r  

Brothers '  c o n c e n t r a t e .  

B. M e c h a n i c a l  O p e r a t i o n  

1. D e n s i t y  Con t ro l  

In noriilal p i lo t  p l an t  o p e r a t i o n  the aqueous - feed - to -o rgan ic - f eed  f low r a t i o  is 

con t ro l l ed  by t he  d e n s i t y  oi t h e  e x t r a c t  l e a v i n g  t h e  s e c o n d  or th i rd  d e c a n t e r .  

r u n s  made  wi th  P o r t e r  . 3 r o t h e r s P c o n c e n t r a t e ,  however ,  t h e  c o n t r o l  s y s t e m  d id  n o t  

In t h e  

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  ... ................ ..... 
- _ ~ _  ~ _ _  - - 
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f u n c t i o n  proper ly  b e c a u s e  of t h e  l a r g e  a c c u n u l a t i o n  of thorium m a s s  a t  t he  d e n s i t y  

con t ro l  po in t .  j e c a u s e  t h e  d e n s i t y - c o n t r o l  s y s t e m  r e a d s  all m a s s  a s  u ran ium?  it 

c a l l e d  for a n  e x c e s s i v e  s o l v e n t - t o - a q u e o u s  flow ra t io  wh ich  r e d u c e d  t h e  s o l v e n t -  

p h a s e  uranium profi le  i n  the  d e c a n t e r s .  

uranium s a t u r a t i o n  a s  we l l  a s  t h e  uranium l o s s  to the  r a f f ina t e .  

T h i s  e f f e c t i v e l y  lowered  the  e x t r a c t  

2 -  S c a l i n g  

N o  s c a l i n g  in t h e  p i lo t  p l a n t  equ ipmen t  c o u l d  be d e t e c t e d  when p r o c e s s i n g  P o r t e r  

>ro thers ’  c o n c e n t r a t e ,  however ,  mild s c a l i n g  o c c u r r e d  in  t h e  d e c a n t e r s  when 

p r o c e s s i n g  Mont ice l lo-A,  

l i n e s ,  pumps ,  a n d  s t e a m  s t r i p p e r  

s e r i e s  of h lon t i ce l lo  t e s t s ,  t he  p i lo t  p l an t  h a d  to be s h u t  d o w n  b e c a u s e  of 

p lugged  r a f f i n a t e  l i n e s  

s i n c e  t h i s  m a t e r i a l  w a s  p r e s e n t  i n  u n u s u a l l y  l a r g e  q u a n t i t i e s  i n  t h e  f e e d  ma te r i a l  

( T a b l e  I ) .  

t o l e r a n c e  

More s e r i o u s  s c a l i n g  occur red  in  t h e  r a f f ina t e  t r ans fe r  

On s e v e r a l  o c c a s i o n s  du r ing  the t e n  day  

T h e  s c a l e  is b e l i e v e d  to  h a v e  been  ca l c ium sulfate 

In f e e d  lot 75 t h e  ca l c ium a n d  s u l f a t e  combina t ion  w a s  a b o v e  MCW 

3 .  P h a s e  D i s p e r s i o n  

A s  wi th  p rev ious  f eeds ’  t e s t e d  on t h e  low-ac id  flow s h e e t ,  h lont ice l lo-A ran  b e s t  

a t  a 20.1 mixing-pump r a t i o  (flow r a t i o  of s o l v e n t  to a q u e o u s  i n  t h e  mixing pumps.)  

I n c r e a s i n g  t h e  mixing pump r a t i o  from 1O:l t o  2 0 : l  i n c r e a s e d  t h e  e x t r a c t  s a t u r a t i o n  

from 74% to  85% ( T a b l e  111, R u n  75 a n d  75A). 

P o r t e r  3 r o t h e r ~ ~ c o n c e n t r a t e s ;  however ,  at a 20: 1 mixing-pump r a t i o  t h e  a q u e o u s  

p h a s e  w a s  too f i n e l y  d i s p e r s e d  a n d  would  not  d i s e n g a g e  f a s t  enough ,  c a u s i n g  

i n c i p i e n t  f l ood ing  of the  d e c a n t e r s .  

r a t e  of 2 2 5  t i m e s  t h e  co r re spond ing  Weldon Spring flow r a t e  ( p r e s e n t  d e s i g n  b a s i s ) .  

T h e  same  e f f e c t  w a s  o b s e r v e d  w i t h  

T h i s  occur red  a t  a s u p e r f i c i a l  uranium flow 

O p e r a t i o n  during the  Mont ice l lo  tests w a s  u n u s u a l  in t h a t  t he re  w a s  a c o n s p i c u o u s  

a b s e n c e  of c rud  on the co lumn i n t e r f a c e s .  In both  the  Mont ice l lo  a n d  P o r t e r  Brother ;  

t e s t s  no  t roub le some  e m u l s i o n s  occur red  at t h e  d e c a n t e r  i n t e r f a c e .  

C. E x t r a c t i o n  P e r f o r m a n c e  

1. R a f f i n a t e  l o s s  

In the hlont icel lo  low-ac id  f l o w s h e e t  t e s t s  uranium l o s s e s  to  t h e  r a f f ina t e  were  

h igh ,  r ang ing  from 1 to 2 . 1  g U/ l i t e r  at opt iumum c o n d i t i o n s  ( d e n s i t y  con t ro l  on  

s e c o n d  d e c a n t e r  a n d  a mixing-pump p h a s e  r a t i o  of 20 : l  s o l v e n t  to a q u e o u s ) .  In a 

’ Op. cit.. MCW-1402. 

................... . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  ... ................ ..... 
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s i m i l a r  t es t  on t h e  h igh -ac id  f l o w s h e e t  t h e  uran ium i n  t h e  r a f f ina t e  w a s  0 .25  g U/1. 

T h e  u n f a v o r a b l e  uran ium d i s t r ibu t ion  c o e f f i c i e n t s  ( d u e  to the  complex ing  effects of  

p h o s p h a t e  a n d  s u l f a t e  i n  t h e  Xlonticello-A m a t e r i a l )  w e r e  r e s p o n s i b l e  for  the  h i g h  

loss  to t h e  r a f f ina t e .  

w i th  e i t h e r  f l o w s h e e t  w a s  ex t r eme ly  low ( u s u a l l y  l e s s  t h a n  0.025 g U / l ) ~  

s a l t i n g  a c t i o n  of t h e  thorium toge the r  wi th  t h e  e x c e s s i v e  s o l v e n t - t o - a q u e o u s  f low 

r a t i o  i n  t h e  d e c a n t e r s ,  a l s o  t h e  r e s u l t  of thorium in t h e  s y s t e m  ( P a r t  B I D e n s i t y  

Con t ro l ) ,  w a s  r e s p o n s i b l e  f o r  t he  low uranium l o s s  to  t h e  r a f f ina t e .  

Uranium l o s s  to t h e  r a f f ina t e  u s i n g  P o r t e r  i 3 ~ 0 t h e r s ~ c o n c e n t r a t e  

T h e  

2 .  P u r i t y  

T h e  p roduc t  (NOK) pur i ty  of t h e  Xlonticello-A tes t s  o n  t h e  l o w - a c i d  f l o w s h e e t  w a s  

g o o d  wi th  s h o t g u n  v a l u e s  ranging  from 0 .007% to 0 , 0 3 % ,  

y i e l d e d  a product  l iquor  h a v i n g  a s h o t g u n  v a l u e  of  0.04%.  

t h e  pumper -decan te r  e x t r a c t  r a n g e d  from 73% to 97% with  t h e  h i g h - a c i d  f l o w s h e e t  

y i e l d i n g  t h e  7 3 %  v a l u e ;  however ,  no  g e n e r a l  c o r r e l a t i o n  is e v i d e n t  b e t w e e n  t h e  

e x t r a c t  s a t u r a t i o n  a n d  t h e  p roduc t  puri ty  f o r  t h i s  s e r i e s  of r u n s .  

a n a l y s i s  of the  p roduc t  l iquor  from hlont ice l lo-A tes ts  a r e  t a b u l a t e d  b e l o w  i n  T a b l e  V. 

T h e  high-acid-flow sheet 

T h e  uranium s a t u r a t i o n  of 

S p e c t r o g r a p h i c  

.. . .  . .  .., ... 
0 0  o e ,  

. . . . . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . . .  . . . . . . . .  
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Table  V 

R u n  

Ag 

A1 

A s  

l3 

B e  

B i  

c o  
Cr 

CuU 

F e  

In 

K 

Mg 
h.1 n 

h10 

Na 

Ni  

P 

P b  

Sb 

Si 

Sn 

V 

Zn 

Spectrographic A n a l y s e s  of NOK from Monticello T e s t s  

(Ppm Impurities U,O, B a s i s )  

LOW Acid  F lowshee t  High Acid  F lowshee t  - 

7 5 A  75P E E  751-r 

< . 1  < . l  < . 1  < . 1  

< 10 

< 10 

< . l  

< . 1  

< 1  

8 
2 

< l  

6 
< . 5  

27 

< 10 

10  

17 

< 1  

< 5 0  
< 1  

< 1  

18 

< 1  

< 15 

< 15 

< 10 

< 10 

< . 1  

< . 1  

< 1  

4 
2 

< I  

1 1  

< . 5  
20 

1 3  

< 10 

< 10 

13 

< 1  

< 5 0  
< 1  

< 1  

15 
< 1  

< 15 

< 15 

< 10 

< 10 

( " 1  

< . 1  

< l  

3 
2 

( 1  

11  

< - 5  
4 
10 

< 10 

< 10 

20 

< 1  

<50 
< l  

< 1  

< 15 
< 1  

< 15 

< 1 5  

< 10 

< 1 0  

.35 
< . 1  

( 1  

3 . 3  
< 1  

1 
- 

< . 5  

3 3  
< 10 

< 10 

2 

<50 

1 

< 1  

50 
< 1  

< 15 
1 8  

U Chemical  Determination 



n 

n 

I I I -3?  

Sodium c o n t a m i n a t i o n  i s  d i s c u s s e d  under  a s e p a r a t e  h e a d i n g  be low.  

T h e  pur i ty  of t h e  p roduc t  o b t a i n e d  from t h e  P o r t e r  B r o t h e r s ’ t e s t s  on  the  l o w - a c i d  

f l o w s h e e t  w a s  poor  wi th  s h o t g u n  v a l u e s  ranging  from 0.03% to 0.09%. 

s a t u r a t i o n  of t h e  d e c a n t e r  e x t r a c t  r a n g e d  from 77% to 89%, t h e  l o w e s t  s a t u r a t i o n  

a g a i n  occur r ing  u s i n g  t h e  h igh -ac id  f l o w s h e e t .  T h e  low e x t r a c t  s a t u r a t i o n s  w e r e  

c a u s e d  by t h e  e x c e s s i v e  s o l v e n t - t o - a q u e o u s  flow r a t i o  i n  the  d e c a n t e r s  ( P a r t  B) .  
A s  w i th  t h e  Xlonticello t e s t s ,  n o  co r re l a t ion  w a s  e v i d e n t  b e t w e e n  e x t r a c t  s a t u r a t i o n  

a n d  t h e  p roduc t  pur i ty .  

U r o t h e r s ’ t e s t  a r e  t a b u l a t e d  below in  T a b l e  VI. P r i n c i p l e  c o n t a m i n a n t s  w e r e  
thor ium,  sod ium a n d  p o s s i b l y  r a r e  e a r t h s  ( a  p o t e n t i a l  s o u r c e  of the  h igh  s h o t g u n  

v a l u e s ) .  

T h e  uranium 

Spec t rog raph ic  a n a l y s e s  of t h e  p roduc t  l iquor  from t h e  P o r t e r  
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3. Sodium D e c o n t a m i n a t i o n  

Sodium is a p r e d o m i n a n t  metall ic impuri ty  i n  m o s t  MCW f e e d  m a t e r i a l s ,  

( sodium d i u r a n a t e s ) .  

impur i ty  i n  t h e  p r o d u c t  l i q u o r ,  r a n g i n g  from 13 to 20 ppm (U,O, b a s i s )  i n  t h e  

h iont ice l lo  t es t s ,  20 to  133 ppm i n  A n a c o n d a  tes ts ,  a n d  50 to  3 0 0  ppm in P o r t e r  

Brother; tests. 

b lamed for all t h e  s o d i u m  d e t e c t e d  i n  t h e  NOK l i q u o r  b e c a u s e  c o p i o u s  p a n t i e s  of 

t h e  c o n t a m i n a n t  w e r e  d e t e c t e d  i n  t h e  w a s h  r a f f i n a t e  (100 to 500 ppm in  the  

h lont ice l lo  t es t s ,  700 ppm i n  A n a c o n d a  tes t s ,  a n d  1 0 0 0  to  6000 ppm in  t h e  P o r t e r  

J r o t h e r s ’ t e s t s ) .  

h a v e  e n t e r e d  t h e  w a s h  c o l u m n  from t h e  pumper d e c a n t e r s .  T h e  exact m e c h a n i s m  

for t h i s  s o d i u m  t r a n s f e r  v i a  the  s o l v e n t  p h a s e  is n o t  known;  h o w e v e r ,  i t  is b e l i e v e d  

t o  b e  s o d i u m - b e a r i n g  a q u e o u s  e n t r a i n m e n t .  

h a v e  r e p o r t e d  s i m i l a r  p h e n o m e n a  with sodium.  

Sodium l i k e w i s e  a p p e a r s  t o  b e  t h e  m o s t  a b u n d a n t  metallic 

T h e  d e i o n i z e d - w a t e r  f e e d  to  t h e  r e e x t r a c t i o n  co lumn c a n n o t  b e  

S i n c e  r e c y c l e d  NOK l iquor  is u s e d  for  w a s h i n g ,  t h e  s o d i u m  m u s t  

Other  si tes4” u s i n g  TUP e x t r a c t i o n  

When p o t a s s i u m  c a r b o n a t e  w a s  s u b s t i t u t e d  for sodium c a r b o n a t e  i n  t h e  s o l v e n t  

t r e a t m e n t  s t e p ,  n o  a d v e r s e  c h a n g e  in  s o d i u m  or p o t a s s i u m  d e c o n t a m i n a t i o n  c o u l d  

b e  d e t e c t e d  as  s h o w n  i n  T a b l e  VI,  Runs 7 6 F ,  7 6 C ,  75F a n d  7 5 G .  

Verbal report from Hanford. 

Verbal report from National Lead of Ohio. 

............ . . . . . . .  I . .  ... : .. *: . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . .  ................ ..... . . . . . . . . . .  , ’  . . .  
.... . ~~~~ ~. 
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SENSITIVITY O F  THE WELDON SPRING TBP-EXTRACTION 

SYSTEM TO PROCESS FLOW RATES 

J .  T .  K r i e g  

J .  A .  Soukup  

i;. 8 .  kii l ls  

I. Summary 

T h e  maxirnurn t o l e r a b l e  v a r i a t i o n  of f low r a t i o ,  A / O ,  (vo lume  of a q u e o u s  feed to vo lume  of 

o r g a n i c  f e e d )  i n  t h e  Weldon Spr ing  pumper -decan te r s  is p r e d i c t e d  to b e  f 5 % .  

l i m i t s  of c o n t r o l  e i t h e r t h e  uran ium loss  to t h e  r a f f i n a t e  w i l l  b e  e x c e s s i v e  o r  t h e  p roduc t  

l i q u o r  (NOK)  may n o t  m e e t  p u r i t y  s p e c i f i c a t i o n s .  

c o m p o s i t i o n  of t h e  f e e d  a n d  t h e  T 3 P  c o n t e n t  o f  the s o l v e n t .  

B e y o n d  t h e s e  

T h e  opt imum f l o w  r a t i o  is a f u n c t i o n  of t h e  

T h e  t o l e r a b l e  v a r i a t i o n  of w a s h - c o l u m n  A/O (f low r a t i o )  is e x p e c t e d  to b e  b e t w e e n  ? 5 a n d  

f 10%; however ,  t h e  c o n s e q u e n c e s  of v a r i a t i o n s  i n  f low r a t i o s  bey.ond t h e s e  l i m i t s  a r e  n o t  

as  s e v e r e  a s  i n  t h e  pumper -decan te r s .  

b y  r e c y c l i n g  e x c e s s i v e  a m o u n t s  of uran ium a n d  d i l u t i n g  t h e  p roduc t  l i q u o r  ( N O K ) .  

a f low r a t i o  m a y  d e c r e a s e  t h e  pur i ty  of t h e  product  l iquor .  

Too h i g h  a f low r a t i o  w i l l  s l i g h t l y  d e c r e a s e  c a p a c i t y  

Too  l o w  

T h e  f low r a t i o  i n  t h e  r e e x t r a c t i o n  c o l u m n s  s h o u l d  b e  c o n t r o l l e d  w i t h i n  f 5 %  of t h e  opt imum 

v a l u e  which  is a f u n c t i o n  of t h e  T B P  a n d  uranium c o n t e n t  of t h e  o r g a n i c  f e e d ,  

l i m i t s  of c o n t r o l  e i t h e r  t h e  NOK produc t  would  be  u n n e c e s s a r i l y  d i l u t e d  ( a n  e c o n o m i c  

d i s a d v a n t a g e )  or e l s e  t h e  s t r i p p e d  s o l v e n t  w i l l  c o n t a i n  e x c e s s i v e  a m o u n t s  of uran ium,  a 

f a c t o r  w h i c h  i n d u c e s  h igh  uranium l o s s  to t h e  pumper -decan te r  r a f f i n a t e .  

B e y o n d  t h e s e  

11. I n t r o d u c t i o n  

T h e  o p e r a t i o n  of a n  e x t r a c t i o n  s y s t e m ,  s u c h  as  t h e  ri3P p r o c e s s  a t  Weldon Spr ing  is  

s o m e t i m e s  q u i t e  s e n s i t i v e  to v a r i a b l e s  s u c h  a s  p r o c e s s  f low r a t e s .  If t h e s e  v a r i a b l e s  a r e  

n o t  c o n t r o l l e d  w i t h i n  d e f i n i t e  l i m i t s ,  t h e  e x t r a c t i o n  s y s t e m  w i l l  n o t  f u n c t i o n  proper ly .  

r a t i o s  or a q u e o u s  to s o l v e n t  f l o w s  i n  t h e  e x t r a c t i o n  e q u i p m e n t  a r e  s u c h  v a r i a b l e s .  T h i s  

r e p o r t  a n a l y z e s  t h e  t h e o r e t i c a l  l i m i t s  w i t h i n  w h i c h  t h e s e  r a t i o s  m u s t  b e  c o n t r o l l e d  f o r  

s a t i s f a c t o r y  ope ra t ion  of t h e  p r o c e s s .  

T h e  

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . .  . . . . . . . . . . . .  
O D  * e o  0 0 .  D 0 0  0 0  a 0 0 0 0 0  0 0  
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111. D e s c r i p t i o n  

T h e  p r o c e s s  f low s c h e m e  for t h e  T B P  e x t r a c t i o n  c y c l e  is p r e s e n t e d  i n  F i g u r e  1. Uranium 

is e x t r a c t e d  o u t  of  t h e  a q u e o u s  p h a s e  by  coun te r  cu r ren t  c o n t a c t  w i th  s o l v e n t  (28% T B P  

i n  h e x a n e )  i n  t h e  pumper -decan te r s .  I t  is then  w a s h e d  fo r  fu r the r  pu r i f i ca t ion  wi th  w a t e r  

i n  a p u l s e  co lumn.  T h i s  is fo l lowed  b y  a r e v e r s e  e x t r a c t i o n  of the  uranium b a c k  i n t o  a n  

a q u e o u s  s t r e a m  in  a p u l s e  co lumn.  T h e  va r i a t ion  of f low r a t i o s  i n  t h e s e  t h r e e  o p e r a t i o n s  

a r e  d i s c u s s e d  he re in .  

IV.  D i s c u s s i o n  

A. P u m p e r - D e c a n t e r s  

T h e  r e l a t i o n s h i p  b e t w e e n  f low ra t io  (volume of a q u e o u s  f e e d  t o  volume of s o l v e n t  

f e e d )  a n d  pumper -decan te r  per formance  is shown  in  F i g u r e  2. T h i s  c u r v e  w a s  

c o n s t r u c t e d  by  c a l c u l a t i n g  the  uranium c o n c e n t r a t i o n  in  the  r a f f ina t e  a n d  in  t h e  e x t r a c t  

( t h e  l a t t e r  e x p r e s s e d  a s  p e r c e n t  s a t u r a t i o n )  by a s e r i e s  of ma te r i a l  b a l a n c e s  at v a r i o u s  

f low r a t i o s .  In t h i s  a n a l y s i s  t he  uranium s a t u r a t i o n  of 28% T B P  i n  h e x a n e  w a s  

a s s u m e d  to be  113 g U/ l i t e r .  F o r  a pumper -decan te r  s y s t e m  c o n t a i n i n g  a n  i n f i n i t e  

number of s t a g e s ,  t h e  . cu rves  i n  F i g u r e  2 would  i n t e r c e p t  t h e  “100% s a t u r a t i o n ”  

o r d i n a t e  a n d  t h e  “0 g/l’9 o r d i n a t e ;  wi th  t h e  5 - s t a g e  s y s t e m  at Weldon Spr ing  

t h e  c u r v e s  become a s y m p t o t i c  a t  t h e s e  o r d i n a t e s .  T h e  v a l u e s  of t h e s e  c u r v e s  a b o v e  

a b o u t  98% s a t u r a t i o n  a n d  be low a b o u t  2 g U/ l i t e r  a r e  not  known.  T h e y  a r e  f u n c t i o n s  

of the  m a s s  t r a n s f e r  c o e f f i c i e n t  a n d  equi l ibr ium c h a r a c t e r i s t i c s  of e a c h  i n d i v i d u a l  

f e e d  b a t c h .  

T h e s e  c u r v e s  d e m o n s t r a t e  t h a t  a n  e x c e s s i v e  f low r a r i o  wi l l  r e s u l t  i n  h igh  uranium 

loss to  t he  r a f f ina t e ;  wh i l e  a n  insufficient f low ra t io  w i l l  l o w e r  uran ium s a t u r a t i o n  

( the reby  i n c r e a s i n g  the  impur i ty  l e v e l )  i n  t h e  e x t r a c t .  R e c e n t  p i lo t  p l a n t  s t u d i e s ’  

have  d e m o n s t r a t e d  t h a t  u s u a l l y  no s i g n i f i c a n t  va r i a t ion  of p roduc t  pur i ty  c a n  b e  

d e t e c t e d  wi th in  the  r ange  of 91% to 100% uranium s a t u r a t i o n  in  t h e  e x t r a c t ;  however ,  

somewhere  be low t h i s  r ange  pur i ty  d e c r e a s e s  wi th  d e c r e a s i n g  p e r c e n t  s a t u r a t i o n .  

If u n u s u a l l y  l a r g e  a m o u n t s  of r a re  e a r t h s  a r  thorium a r e  p r e s e n t  i n  t h e  f e e d  

ma te r i a l ,  i t  may b e  n e c e s s a r y  to o p e r a t e  a b o v e  95% uranium s a t u r a t i o p  to 

main ta in  p roduc t  pur i ty .  

- ___-__ 
Fariss,  R. H., Krieg, J. T., Soukup, J. A., P r o c e s s  Deuelopment Quarterly Report ,  Part 11, Mallinckrodt Chemical Works, 
MCW-1402, (May 1, 1957) p.21-53 
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FIGURE 2 

THE E F F E C T  O F  FLOW RATIO ON PUMPER-  

30 

20 

10 

0 

FLOW RATIO (v/v) ,  e Feed/Org. Feed)  xk-6 

0.2 0.3 0.4 0.5 0.6 

FLOW RATTO ( v / ~ ) a  Feed /Org ,  F e e d )  ~28% 
Vol.  70 TB,P 
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B a s e d  o n  t h e  d a t a  i n  F i g u r e  2 ,  i t  is n e c e s s a r y  to c o n t r o l  t h e  pumper -decan te r  f low r a t i o  

wi th in  t h e  l i m i t s  s e t  i n  T a b l e  I .  
o r  h igh- thor ium a n d  r a r e - e a r t h  f e e d s  w e r e  u s e d .  

T h e s e  l i m i t s  wou ld  b e  narrower if d i f f i c u l t l y  e x t r a c t a b l e ,  

T a b l e  I 

T o l e r a b l e  L i m i t s  of P u m p e r - D e c a n t e r  F l o w  R a t i o  
( B a s e d  o n  91% minimum s a t u r a t i o n  of e x t r a c t )  

Floaf Rat io , .  A q u e o u s  F e e d / O r g a n i c  F e e d  F e e d  C o n c e n t r a t i o n  
g u/1 Maximum Minimum Var i a t ion  

200 

3 0 0  

400 

0 . 5 9  0 . 5 3  f 5% 

0 . 3 9 3  0 . 3 5 5  ? 5% 

0 . 2 9 5  0 . 2 6 5  k 5% 

B. Wash C o l u m n  

A s t u d y  of t h e  e f f e c t  o f  w a s h  c o l u m n  f low r a t i o  o n  NOK pur i ty  w a s  m a d e  r e c e n t l y  in t h e  

p i l o t  p l a n t .  

w a s h  to e x t r a c t .  

a l l  p r o c e s s  v a r i a b l e s ,  w i t h  the e x c e p t i o n  of w a s h - c o l u m n  f low r a t i o ,  w e r e  h e l d  a s  c o n s t a n t  

as  p o s s i b l e .  With t h e  e x c e p t i o n  of s o d i u m  a n d  n i t r i c  a c i d  c o n t a m i n a n t s ,  n o  s i g n i f i c a n t  

c h a n g e  i n  NOK ( p r o d u c t  l i q u o r )  pur i ty  w a s  d e t e c t e d  a s  i l l u s t r a t e d  i n  T a b l e  11. 

R u n s  w e r e  m a d e  wi th  f low r a t i o s  of 0 . 1  to 1, 0 . 1 7 5  to 1, a n d  0 .25  to 1, NOK 

A n a c o n d a  C f e e d  m a t e r i a l s  w e r e  u s e d  w i t h  the low a c i d  f l o w s h e e t 2  a n d  

Ibid, p 55-75 

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . .  . . . . . . . . . . . .  
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Table  I1 

NOK Purity as a Function of Wash-Column Flow Ratio 

(NOK Wash) 

A/O - 0.1 to 1 
-- 

NOK Assay  

u (BIl) 126 

HNO,/U W / W  0.25 

- 

AI ppm (V bas i s )  <lo  
B <. 1 

c o  <1 
C t  <1 

c u  (1 

F e  3 
Mi3 < l o  

N a  2 5  

N i  1 

P <50 

P b  (1 

Si (15 

v (10 

Lr 15 

Shotgun’ (average of four) 

0.005% 

A/O .. 0.25 to 1 - A/O - 0.17.5 to 1. 
___I__ 

105 71 
0.1 0.2 

10 

0.12 

3 
(1 

(1 

9 
2 8  

175 

(1 

<50 

<1 
2 2  

.015% 

(10 

0.14 

3 
<1 

1.5 

3 
15 

157 
(1 

<50 

2 

2 8  

(10 

(10 

,.007% 

a A “Shotgun” i s  the percent i nc rease  i n  neutron capture cross-sect ion due to Impurities 
in the product. The shotgun of 100% pure U,O, is zero. 

,IS might be expected, the nitric acid and uranium concentrations of NOK decreased  

with increas ing  wash-column flow ratios.  The inc rease  of sodium contamination w i t h  
flow ratio i s  unexplainable and contrary to known equilibrium data. A more detai led 

d iscuss ion  of sodium contarninatlion occurs eIsewhere in t h i s  volume.’ 

. . . . . . . . . . . . . . . . . . . . .  . .  . .  . . . .  . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . .  .. . . .  . . .  . .  ...... . .  .. ... ... ... .O 

. . . .  ... 
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S i n c e  a h ighe r  uranium c o n c e n t r a t i o n  i n  NOK l iquor  r e d u c e s  costs by min imiz ing  uranium 

r e c y c l e  a n d  c o n s e r v i n g  evapora t ion  costs, t h e  optimum wash-co lumn flow r a t i o  ( A / O )  for  

t h i s  s e r i e s  of r u n s  w a s  0.1 to 1. 

C. R e e x t r a c t i o n  C o l u m n s  

The  effect of reextraction flow ratio (water to stripped so lvent )  on the  uranium content  of the 

NOK (product) and stripped so lvent  i s  presented in  Figure 3 which is based  on the ~ e l a t i o n s h i p . ~  

Height of column = HTU J Y I  dy- 
Y2 Y - Y *  

where  a n  H T U  is t h e  h e i g h t  of a t r ans fe r  unit .  Y2 a n d  Y, a r e  t h e  o r g a n i c  p h a s e  uranium 

c o n c e n t r a t i o n s  a t  t h e  top  a n d  bottom of t h e  co lumn a n d  y*  is t h e  o r g a n i c  p h a s e  uranium 

c o n c e n t r a t i o n  in  t h e  equi l ibr ium with t h e  a q u e o u s  p h a s e  at some  po in t  i n  t h e  column.  

v a l u e  of a n  H T U  w a s  a s s u m e d  to be  c o n s t a n t  at 2.86 ft. o v e r  t h e  r a n g e  of flow r a t i o s  in -  

v e s t i g a t e d .  T h i s  v a l u e  is b a s e d  upon o b s e r v e d  p i lo t  p l a n t  e f f i c i e n c i e s '  r a n g i n g  from 2.2 
to 3.3 ft. 

t h e  l o a d e d  s o l v e n t  (Y1)* 
i n  a p rev ious  repor t6  and  i s  p r e s e n t e d  in  t h e  append ix .  T h e  t w o  r e e x t r a c t i o n  c o l u m n s  a t  

d e l d o n  Spr ing  a r e  s i t u a t e d  s u c h  t h a t  t hey  may b e  o p e r a t e d  e i t h e r  i n  s e r i e s  o r  i n  p a r a l l e l  

so  F i g u r e  3 w a s  c o n s t r u c t e d  for both cases ,  

T h e  

T h e  c a l c u l a t i o n s  fur ther  a s s u m e d  a v a l u e  of 28% V / V  T B P  a n d 1 0 5  g U/1 i n  

Lqui l ibr ium d a t a  for 130°F  w a s  o b t a i n e d  by a me thod  o u t l i n e d  

H very  low uranium c o n c e n t r a t i o n  i n  t h e  s t r i p p e d  s o l v e n t  is n e c e s s a r y  to min imize  uranium 

losses  to t h e  pumper -decan te r  raffinate, wh i l e  a h igh  uranium c o n c e n t r a t i o n  i n  t h e  NOK 

(p roduc t  strea1.i) is  d e s i r a b l e  to c o n s e r v e  s t e a m  in  t h e  t r i p l e -e f f ec t  evapora to r .  A s  dem-  

o n s t r a t e d  by F i g u r e  3,  with t h e  c o l u m n s  o p e r a t i n g  i n  s e r i e s  t h e  optimum f low r a t i o  ( w a t e r  

to s t r i p p e d  s o l v e n t )  would b e  a b o u t  0.72:1 to 0.80:1 or  0.76 +0 .04  s ince  th i s  would resu l t  

i n  low uranium l o s s  to t h e  s t r i p p e d  s o l v e n t  (<:0.05 g U/ l i t e r )  w i thou t  u n n e c e s s a r i l y  d i l -  

u t i n g  t h e  uranium i n  t h e  NOK s t r eam.  With t h e  c o l u m n s  i n  pa ra l l e l ,  u n d e s i r a b l e  r e s u l t s  

a r e  o b t a i n e d  r e g a r d l e s s  of f l o w  r a t i o s .  

Colburn,  A .  P . ,  lnd .  E n g .  C b e m . ,  33 459 ( 1 9 4 1 )  

F a r i s s ,  R .  H .  Krone,  L .  H .  and Nerrow, D .  J . ,  P r o c e s s  D e v e l o p m e n t  Q u a r t e r l y  R e p o r t .  P a r t  11 ,  Mallinckrodt 

C h e m i c a l  Works, MCW-1393 (August 1 , 1 9 5 6 )  p. 3 7  

F a r i s s ,  R .  H . ,  P r o c e s s  D e u e l o p m e n t  Q u a r t e r l y  R e p o r t ,  P u r t  11, Mallinckrodt C h e m i c a l  Works, MCW-1383 

(February 1 ,  1 9 5 6 )  p .  10-48 

A 
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-- 
V. Appendix 

Equilibrium data for the reextraction columns at 130'F were calculated by the methods described in 

MCW-13837aod are presented below in Figure A-1. 

F a r i s s ,  R .  H . ,  P r o c e s s  D e v e l o p m e n t  Q u a r t e r l y  R e p o r t ,  P a r t  11, Mall iackrodt  C h e m i c a l  Works, MCW-1383 
(February 1: 1 9 5 6 )  p .  10-48 
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TBP REMOVAL FROM R A F F I N A T E  

by 

J .  A .  Soukup  

I .  Summary 

A s e r i e s  of p i l o t  p l a n t  exper imei i t s  are d e s c r i b e d  for  removing  T B P  from r a f f i n a t e .  S t e a m  
d i s t i l l a t i o n  of t h e  r a f f i n a t e  s l u r r i e s  p roved  to  b e  more  e f f e c t i v e  t h a n  w a s h i n g  wi th  h e x a n e  

i n  a p u l s e  co lumn.  

c o n t a i n i n g  Tap  w e r e  c o n t a c t e d  wi th  h e x a n e  i n  a n  o p e n  co lumn.  
N o  T B P  d e c o n t a m i n a t i o n  w a s  d e t e c t e d  w h e n  t h i c k  r a f f i n a t e  s l u r r i e s  

11. I n t r o d u c t i o n  

8 e c a u s e  r a f f i n a t e  w i l l  b e  b o i l e d  d o w n  for a c i d  r ecove ry  a t  Weldon Spring,  i t  is impor t an t  t o  

r e m o v e  a l l  o r g a n i c  c o n t a m i n a n t s  be fo rehand  so a s  to min imize  t h e  o p p o r t u n i t y  for  a 

pyrophor ic  n i t r a t e - o r g a n i c  r e a c t i o n  to o c c u r .  

In  v i ew of t h e  h igh  T 3 P  c o n t e n t  o f  r e c e n t  p i lo t  p l a n t  r a f f i n a t e s  v a r i o u s  m e t h o d s  of T B P  

remova l  w e r e  s t u d i e d .  T h e s e  i n c l u d e d :  

1. H e x a n e  s c r u b b i n g  of r a f f i n a t e  in  a n  o p e n  co lumn,  e i t h e r  p h a s e  c o n t i n u o u s  

2 .  H e x a n e  s c r u b b i n g  of r a f f i n a t e  i n  a p u l s e  co lumn,  e i t h e r  p h a s e  c o n t i n u o u s .  

3. S t e a m  d i s t i l l a t i o n  of T B P  f r o m  r a i f i n a t e .  

4 .  B a t c h  w a s h i n g  of r a f f i n a t e  wi th  h e x a n e  

111. D e s c r i p t i o n  of E q u i p m e n t  

T h e  o p e n  c o l u m n  u s e d  in  t h e  expe r imen t  w a s  a 4 - inch -d iame te r  P y r e x - g l a s s  c o l u m n  w i t h  

10 f t  of s t r a i g h t  p i p e  s e c t i o n .  

20 i n c h e s  b y  20 i n c h e s ) ,  th rough t h e  co lumn,  a n d  b a c k  i n t o  t h e  t a n k .  

H e x a n e  w a s  c o n t i n u o u s l y  r e c y c l e d  from a t a n k  ( approx ima te ly  

T h e  p u l s e  co lumn w a s  a 4 - inch -d iame te r  P y r e x - g l a s s  c o l u m n  c o n s i s t i n g  of 1 5  f t  of T e f l o n -  

c o a t e d - s t a i n l e s s  s tee l  p l a t e s .  T h e  p l a t e s  c o n t a i n e d  33% f r e e - a r e a  o n  a four - inch  s p a c i n g ,  

T h e  v e s s e l  u s e d  fo r  s t e a m  d i s t i l l a t i o n  w a s  a 36 - inch  b y  36- inch  s t a i n l e s s  s t e e l  t a n k  

e q u i p p e d  w i t h  coils s u p p l i e d  wi th  100 p s i  s t e a m .  

. . . .  ... *.) ............. . . . . .  . . . . . .  . . . .  . . . .  . . . . . .  * >  . . ; :*: .... : :. . . . . .  .. 0 . .  ",, : .**  .: : : : :.. :: 
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T h e  v e s s e l  u s e d  i n  t h e  b a t c h  w a s h i n g  o p e r a t i o n  w a s  a 34 i n c h  b y  34 i n c h  s t a i n l e s s  steel 

t ank  e q u i p p e d  w i t h  a r e c y c l e  l i n e  a n d  a n  a g i t a t o r .  

IV .  E x p e r i m e n t a l  P r o c e d u r e  

Test  w e r e  m a d e  u s i n g  a s y n t h e t i c  r a f f ina t e ;  L e . ,  a f e e d  c o m p o s e d  of Moab, Mont i ce l lo  A, 

a n d  P o r t e r  Bros .  

Approx ima te ly  1.0 g 

r a f f i n a t e s  c o n c e n t r a t e d  to a s lu r ry  c o n t a i n i n g  1.5 Ib.  s o l i d s / g a l ,  

Ti3P/1 w a s  p r e s e n t  i n  t h e  s y n t h e t i c  r a f f ina t e .  

A. O p e n  Column 

T h e  s y n t h e t i c  r a f f ina t e  w a s  f e d  to  t h e  o p e n  c o l u m n  a t  125  g p h  (1440  g p h / s q .  f t .) .  

T h i s  w a s  e q u i v a l e n t  to 1.1 t i m e s  Weldon Spr ing  s u p e r f i c i a l  f l ow r a t e s .  H e x a n e  s c r u b  

w a s  c o n t i n u o u s l y  r e c y c l e d  c o u n t e r c u r r e n t  to t h e  r a f f i n a t e  at a f low r a t i o  of 1/1. 

w e r e  m a d e  wi th  t h e  i n t e r f a c e  b o t h  a t  t h e  top  a n d  bot tom of t h e  co lumn.  Af t e r  one -ha l f  

hour d u r a t i o n  at s t e a d y  s ta te  c o n d i t i o n s  f ive - l i t e r  s a m p l e s  w e r e  t a k e n  of t h e  r a f f i n a t e  

to d e t e r m i n e  how much T B P  h a d  b e e n  r emoved .  

Tests 

B. P u l s e  Column 

S imi l a r  tests w e r e  made  i n  a p u l s e  column.  

se t  in  s u c h  a manner  t h a t  t h e  p u l s e  a m p l i t u d e  w a s  t w o  i n c h e s  i n  t h e  column a n d  t h e  

p u l s e  f r e q u e n c y  2 5  cpm. 

T r i a l s  were a g a i n  m a d e  wi th  t h e  i n t e r f a c e  at t h e  top  a n d  a t  t h e  bot tom.  

p rocedure  a n d  test  du ra t ion  w a s  t h e  s a m e  a s i n  t h e  open  co lumn test. 

T h e  p u l s e  m e c h a n i s m  to t h e  co lumn w a s  

F l o w  r a t e s  w e r e  t h e  s a m e  a s  t h o s e  u s e d  i n  t h e  o p e n  co lumn.  

T h e  s a m p l i n g  

C. S t e a m  D i s t i l l a t i o n  

D i s t i l l a t i o n  of t h e  s y n t h e t i c  r a f f ina t e  w a s  made  at a t e m p e r a t u r e  b e t w e e n  115' - 120'F.  

a o i l i n g  w a s  c o n t i n u e d  un t i l  t h e  l i q u i d  volume w a s  r e d u c e d  t o  coil l e v e l .  S a m p l e s  were  

t a k e n  for  TBP a n a l y s e s  a t  v a r i o u s  i n t e r v a l s  d u r i n g  t h e  c o u r s e  of bo i l ing ,  

D. B a t c h  Washing 

S y n t h e t i c  r a f f i n a t e s  c o n t a i n i n g  1 .5 ,  1 .0 ,  a n d  0.5 l b  s o l i d s / g a l  w e r e  a g i t a t e d  w i t h  h e x a n e  

for one -ha l f  hour  at a p h a s e  r a t i o  of 1/1. S e t t l i n g  tirries for t h e  r a f f i n a t e s  w e r e  m e a s u r e d .  

E .  A n a l y t i c a l  P r o c e d u r e  

T 3 P  d e t e r m i n a t i o n s  i n  r a f f ina t e  were made by h e x a n e  e x t r a c t i o n .  

s a t u r a t e d  w i t h  uranium w h i c h  f u n c t i o n e d  a s  a t r ace r  fo r  t h e  Tap. 

T h e  e x t r a c t  w a s  

T h i s  p rocedure  is  

............ . . . .  . . . . . .  **:. . . . .  . . . . . . . . .  . . r .  . . . . . . . . . . . . . . . .  . . . . . . . . . .  . . .  ............. ..? . . . . . .  
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d e s c r i b e d  in d e t a i l  i n  a p rev ious  qua r t e r ly  report;’  

V .  R e s u l t s  

A .  O p e n  Co lumn 

No TBP d e c o n t a m i n a t i o n  c o u l d  b e  d e t e c t e d  a c r o s s  t h e  column r e g a r d l e s s  of wh ich  p h a s e  

w a s  o p e r a t e d  as t h e  c o n t i n u o u s  o n e .  T h e  column w a s  s t a b l e  a t  t h e  125  gph  f e e d  r a t e .  

B .  P u l s e  Co lumn 

With t h e  a q u e o u s  p h a s e  o p e r a t e d  a s  c o n t i n u o u s ,  a T B P  d e c o n t a m i n a t i o n  f a c t o r  of f o u r  

w a s  a c h i e v e d  a c r o s s  the  co lumn,  l e a v i n g  0 . 2 5  g 

f looding  of t h e  p u l s e  column w a s  o b s e r v e d  a t  t h e  flow r a t e s  u s e d .  

t h e  b e s t  mixing o c c u r r e d  wi th  the  h e x a n e  a s  t h e  c o n t i n u o u s  p h a s e  ( i n t e r f a c e  a t  t h e  

bot tom of t h e  co lumn) .  

TBP/1 in  t h e  s c r u b b e d  r a f f i n a t e .  N o  

dy  v i s u a l  e s t i m a t i o n  

C c  Steam D i s t i l l a t i o n  

S team d i s t i l l i n g  w a s  a n  e f f e c t i v e  m e a n s  of removing T n P  from ra f f ina t e .  

c o n c e n t r a t i o n  i s  t a b u l a t e d  below a s  a func t ion  o f  t h e  r a f f ina t e  vo lume  dur ing  t h e  c o u r s e  

of bo i l ing .  

T h e  T B P  

T e s t  1 T e s t  2 Tes t  3 
Raf f ina t e  Volume Ti3P TBP T n P  

P e r c e n t  of o r ig ina l  d l  d l  d l  

1 0 0  0.8 0.8 0 .8  

83 . 5  - 8  . 2  

67 

50 

40 

e 3  .6  - 0 8  

. 2  . 2  .1 

- - ; 14  - 

3 y  t h e  m e c h a n i s m  of steam d i s t i l l a t i o n  t h e  m o l e  r a t i o  o i  T 8 P / d i s t i l l a t e  s h o u l d  b e  

e q u a l  to the  vapor  p r e s s u r e  of T B P  d i v i d e d  by t h e  vapor  p r e s s u r e  of t h e  d i s t i l l a t e .  

I f  t h i s  r e l a t i o n s h i p  a p p l i e d  in the a b o v e  t e s t ,  a l l  t h e  u n d i s s o l v e d  TBP s h o u l d  h a v e  

b e e n  d i s t i l l e d  by t h e  t ime  t h e  r a f f ina t e  had  on ly  c o n c e n t r a t e d  to 97% of its o r i g i n a l  

vo lume;  h o w e v e r  t h e  r a f f i n a t e  h a d  b e e n  c o n c e n t r a t e d  to b e t w e e n  50 a n d  80% of its 

I Fariss,  R. H., Krieg, J.  T., Powell ,  C. S., and Soukup, J .  A., P r o c e s s  Development  Qurnterly Report. Pat t  11, 

Mallinckrodr Chemcial Works, MCW-1398 (February 1, 1957) F. 46. 

.................... . . . . . . .  . . . . . .  . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . .  . . . . . . . . . . . .  
. e  0 . 0  . e 0  * e  0 .  0 0 . 0 0  
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o r i g i n a l  volume be fo re  all i n s o l u b l e  T B P  h a d  b e e n  d i s t i l l e d  off.  

T B P  i n  w a t e r  a t  100°C is a b o u t  0.2 g 

( T h e  s o l u b i l i t y  of 

D. B a t c h  Washing wi th  Hexane .  

N o  T B P  decon tamina t ion  d a t a  is a v a i l a b l e  for t h i s  test, however ,  t he  s e t t l i n g  t i m e s  

for t he  r a f f ina t e  s l u r r i e s  a r e  t a b u l a t e d  be low.  

R a f f i n a t e  So l id  C o n t e n t  l!,/gal S e t t l i n g  T ime  

S y n t h e t i c  1.5 

S y n t h e t i c  1.0 

S y n t h e t i c  0.5 

> 8 hours  

> 8 hours  

30 minutes  

............ . . . . . .  . 9 . .  :. : '. *: . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . .  ................ ..... 
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P R L I P E ~ T I E S  O F  URANIU:.! DIOXIDE 

b y  

W. H e d l e y  

Summary 

During t h e  l as t  q u a r t e r  a n  a tomic  hydrogen a r c  h a s  b e e n  u s e d  to  mel t  mix tu res  UO, a n d  A120, 

T h e  r o d s  formed h a d  h a r d n e s s e s  b e t w e e n  9 and  10  on  Xloh’s s c a l e .  Up to 6 W / O  A1,0, w a s  

u s e d  wi th  t h e o r e t i c a l  d e n s i t i e s  of up  to 919, be ing  a c h i e v e d .  T h i s  d e c r e a s e d  d e n s i t y  

( a s  c o m p a r e d  wi th  e a r l i e r  work) is a p p a r e n t l y  c a u s e d  by t r a p p e d  a i r .  T h e  c u r e  is b e l i e v e d  

to l ie  i n  b e t t e r  m e c h a n i c a l  c o n t r o l s .  

In t roduc t ion  

T h e  o b j e c t  of the f l ame  f u s i o n  p r o j e c t  i s  to mel t  UO, to form d e n s e  r o d s  of  r e l a t i v e l y  

c o n s t a n t  c r o s s  s e c t i o n .  T h e  h e a t  s o u r c e  w.hich w a s  e x p e r i m e n t e d  wi th  dur ing  t h i s  last 

qua r t e r  w a s  t h e  a t o m i c  hydrogen  a r c .  Mixtures  of A1,0 ,  a n d  UO, were  u s e d  a s m a t e r i a l  

from which  to g row rods .  

E x p e r i m e n t a l  R e s u l t s  a n d  D i s c u s s i o n  

P r e v i o u s  e x p e r i m e n t s  i n  f l ame  fus ion  o f  UO, were c o m b i n a t i o n s  of C,H,, CH,, a n d  H, wi th  

o x y g e n  as  the  s o u r c e  of h e a t .  Mixtures  of A 1 , 0 ,  a n d  UO, a s  w e l l  a s  pure  UO, were me l t ed .  

However ,  b e c a u s e  i t  w a s  d i f f i cu l t  to p roduce  the  r equ i r ed  h igh  t empera tu re  uni formly  o v e r  

t h e  c r o s s  s e c t i o n  of the  s e e d ,  t he  r o d s  p roduced  w e r e  i r r egu la r  i n  s h a p e .  

T h e  a t o m i c  hydrogen  a r c  h a s  s i n c e  b e e n  u s e d  to grow r o d s  of UO, a n d  UO,A1,0, mix tu res  

A p i c t u r e  of th ree  s u c h  rods  is s h o w n  in Figure 1. 

T h e  rod  c o n t a i n i n g  6 w / o  of A 1 , 0 ,  i n  UO, w a s  

w e i g h e d  53 g r a m s .  T h e  rod c o n t a i n i n g  2 w/o  of A1,0, i n  UO, w a s  % i n c h  i n  d i a m e t e r ,  

1% i n c h e s  long ,  a n d  w e i g h e d  68 g r a m s .  T h e  pure  UO, rod w a s  

2 inch l o n g ,  a n d  w e i g h e d  26 g r a m s .  E a c h  of t h e s e  r o d s  had  a h a r d n e s s  b e t w e e n  9 a n d  10  

on  Moh’s  sca le .  T h e  bulk  d e n s i t i e s  of t h e s e  r o d s  w e r e  m e a s u r e d  by t h e  mercury immers ion  

me thod .  T h e s e  d e n s i t i e s  a n d  t h e  p e r c e n t  of the  t h e o r e t i c a l  d e n s i t i e s  a r e  r epor t ed  i n  

T a b l e  I. 

inch i n  d i a m e t e r ,  1 i n c h  l o n g ,  a n d  

i n c h  i n  d i a m e t e r ,  

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . .  . . . . . . . . . . . .  
e o -  0 e *  .. 0 @ . * e .  0 0  0 .  o e o  
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Figure 1 

Flame F u s e d  Rods 

From left to right: (1 )  6 w/o A1,0, - 94 w/oUO, 
( 2 )  2 W / O  A1,0,  - 98 w/oUO, 

( 3 )  pure UO, 

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . .  ................ ..... 
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T a b l e  I 

D e n s i t i e s  of F l a m e  F u s e d  R o d s  

hl e a s ure d I) e n s  i t y 
hl a t  e r i a l  g /c  c P e r c e n t  of T h e o r e t i c a l  P e r c e n t  of P u r e  UO, 

P u r e  UO, 
2 w/o A1,0 ,  i n  UO, 
6 w/o A h O ,  in  UO, 

9.43 
7.69 
9.04 

86 .0  

91.4 

91.0  

86.0 

88.3 

8 2 . 4  

T h e  t h e o r e t i c a l  d e n s i t i e s  of t h e  mix tu res  were  c a l c u l a t e d  by d iv id ing  t h e  we igh t  f r a c t i o n  of t he  

componen t s  by the i r  t rue p a r t i c l e  d e n s i t i e s  and  t ak ing  t h e  r e c i p r o c a l  of t h e  s u m  of t h e s e  num- 

ber s I 

T h e  t rue  p a r t i c l e  d e n s i t i e s  u s e d  were  10.77 g/cc.for  UO, and 3 .79g /cc  fur Al,O,. T h i s  method of 

c a l c u l a t i o n  a s s u m e d  tha t  t he  two c o n s t i t u e n t s . d i d  not i n t e r a c t  when they  me l t ed  t o g e t h e r ,  T h e s e  

d e n s i t i e s  a r e  lower  than  t h e  100% of t h e o r e t i c a l  p r e v i o u s l y  reported: '  

When the  s a m p l e s  were  broken o p e n ,  i t  became a p p a r e n t  t ha t  t h e  r e a s o n  for t h e  lower  den -  

s i t i e s  of t h e s e  r o d s  w a s  d u e  t o . i n c l u d e d  a i r  b u b b l e s  which  were  l a r g e  enough  to  be s e e n  wi th  

t h e  naked  e y e .  T h i s  a i r  w a s  appa ren t ly  t r apped  under  the  s m a l l  p i l e s  of UO, fed  on to t h e  top 

of t he  s e e d . ,  t h e  a r c  hav ing  mel ted  the  m a t e r i a l  on top  a n d  s e a l e d  t h e  a i r  u n d e r n e a t h .  I t  is 
b e l i e v e d  tha t  t h i s  c a n  be a v o i d e d  if t h e  f e e d  i s  c o n t i n u o u s  i n s t e a d  of intermit tent .  Uniform 

c o n t i n u o u s  f eed ing  wi l l  r equ i r e  s t e a d i e r  growing  c o n d i t i o n s  t h a n  h a v e  been  a c h i e v e d  to  d a t e ,  

p a r t i c u l a r l y  w i t h  r e s p e c t  to  s t a b i l i t y  of t he  a r c .  

I t  is p l a n n e d  tha t  work wi th  t h e  a tomic  hydrogen  a r c  wil l  c o n t i n u e .  E f fo r t s  w i l l  be c o n c e n t r a t e d  
on  t h e  improvement  o f  pos i t i on ing  m e c h a n i s m s  to i n s u r e  t h a t  t he  powder  is fed  to  t h e  mos t  

f a v o r a b l e  s p o t .  B e t t e r  a r c  con t ro l  w i l l  be a t t e m p t e d  wi th  r e v i s e d  in s t rumen ta t ion .  

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . .  . . . . . . . . . . . .  
..a* 0 0 0  0 0  * e 0 0 0  D O  O D  0 0 0  
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UO, FUEL ELEMENTS 

by 

R:B. Wrinkle 

Summary 

R o d s  a n d  t u b e s  wh ich  w e r e  e x t r u d e d  from mic ron ized  UO, h a d  e x c e l l e n t  s u r f a c e  q u a l i t y  a n d  

s i n t e r e d  d e n s i t i e s  g r e a t e r  t han  96% of t h e o r e t i c a l ,  I t  w a s  found t h a t  e x t r u s i o n  d i e s  w i th  40' 

a n d  50' l ead - in  a n g l e s  g a v e  n e a r l y  e q u a l  r e s u l t s  i n  e x t r u d i n g  mic ron ized  UO, powder.  R o d s  

wh ich  w e r e  ex t ruded  from a b l e n d  of fue l - e l emen t -g rade  UO, a n d  m i c r o n i z e d  UO,, a n d  r o d s  

wh ich  w e r e  e x t r u d e d  from UO, m a d e  from ammonium d i u r a n a t e  h a d  l o w e r  s i n t e r e d  d e n s i t i e s  

t han  t h o s e  m a d e  from m i c r o n i z e d  UO, a lone .  

In t roduc t ion  

E x p e r i m e n t a l  work h a s  b e e n  c o n c e n t r a t e d  on  a n  e v a l u a t i o n  of h igh ly  s i n t e r a b l e  t y p e s  of UO, 

powder  for  p o s s i b l e  u s e  i n  e x t r u s i o n  p r o c e s s e s ,  E x t r u s i o n  e x p e r i m e n t s  w e r e  performed wi th  

t h r e e  t y p e s  of UO, powder,  bo th  rod a n d  t u b u l a r  t ype  fue l  e l e m e n t s  h a v i n g  b e e n  ex t ruded .  

S in t e red  d e n s i t i e s  a n d  s u r f a c e  q u a l i t i e s  w e r e  t h e  p r inc ip l e  c h a r a c t e r i s t i c s  u s e d  to e v a l u a t e  

t h e  e x t r u d e d  s a m p l e s .  

E x p e r i m e n t a l  R e s u l t s  a n d  D i s c u s s i o n  

Micronized UO, w a s  e x t r u d e d  i n t o  r o d s  u s i n g  d i e s  w i th  l e a d - i n  a n g l e s  a t  40' a n d  50' i n  a n  

a t t e m p t  to e v a l u a t e  t h e  effect  of t h i s  v a r i a b l e  on rod qua l i ty .  

to dry i n  a i r  fo r  at least  o n e  d a y  a n d  where then f aced  off a t  the ends .  

d r i ed  s a m p l e s  were  c a l c u l a t e d  by d iv id ing  t h e  w e i g h t  of e a c h  s a m p l e  by its vo lume  as  d e -  

t e rmined  by mic romete r  m e a s u r e m e n t s .  

i n  hydrogen  a f t e r  wh ich  t h e  s i n t e r e d  d e n s i t i e s  of t h e  s a m p l e s  w e r e  d e t e r m i n e d  by a mercu ry  

d i s p l a c e m e n t  method. T h e  e x t r u s i o n  d a t a  a n d  d e n s i t i e s  of t h e s e  r o d s  a r e  s h o w n  i n  T a b l e  I 

a s  Mix 1 a n d  Mix 2.  A r e p r e s e n t a t i v e  rod  from Mix 1 is i l l u s t r a t e d  i n  F i g u r e  1. Mic ron ized  

UO, w a s  also e x t r u d e d  i n t o  t u b e s  to d e t e r m i n e  if t h e  e x t r u s i o n  t e c h n i q u e  u s e d  f o r  r o d s  wou ld  

y i e l d  s a t i s f a c t o r y  t u b e s .  T h e  e x t r u s i o n  d a t a  a n d  d e n s i t i e s  of t h e s e  t u b e s  a r e  s h o w n  i n  

T a b l e  I as  Mix 3. A r e p r e s e n t a t i v e  t u b e  from Mix 3 is i l l u s t r a t e d  i n  F i g u r e  2. 

Ext ruded  s a m p l e s  w e r e  a l l o w e d  

T h e  d e n s i t i e s  of t h e  a i r  

T h e  s a m p l e s  w e r e  then  s i n t e r e d  a t  1680'C for  17 h o u r s  

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . .  . . . . . . . . . . . .  
0 0 0  0 0 0  * e  0 0 0 0 0 -  0 0  n o 0  
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Data Sheet for UO, Extrusions 
~ 

(Sintered at 1680'C for 17 lirs ) 

Average' 
Ram Pres-  Density of Sample, 

Die sure Type of Percent of Theoretical 
~~ 

Type of UO, Powder Plasticizer Added Type psi Sample ijuality of Sample Unfired Fired bifference 

Fuel-element-grade MCW 8.5 w/o of a 1.5 w/o 50' 3,500 % inch Excellent surfaces, 51.0 96.8 45.8 
UO, ground in a rubber- methyl cellulose-KO Cone diameter moderate green 
lined micronizer to 0 . 8 3 ~  solution. rod. strength 
average particle size. 

Fuel-element-grade MCW 8.5 w/o of a 1.5 w/o 40' 2,900 % inch Excellent surfaces, 50.2 96.5 46.3 
UO, ground in a rubber- methyl cellulose-H,O Cone diameter moderate green 
lined micronizer to 0 . 8 3 ~  solution 
average particle size, 

Fuel-element-grade MCQ 8.5 w/o of a 1.5 w/o 40' 5,500 % inch Excellent surfaces, 47.0 96.6 49.6 
UO, ground in a rubber- methyl cellulose-,H,O Cone O.D, moderate green 
lined micronizer to 0 . 8 3 ~  solution t/, inch strength 

rod strength 

average particle size. 1.1). 
tube 

40 w/o  of fuel-element- 8.5 w/o of a 2.7 w/o 40' 2,400 3 inch Fair surfaces, 53.5 91.5 38.0 
grade M C W  UO, and methyl cellulose-H,O Cone diameter moderate green 
60 w/o of fuel-element- solution rod strength 
grade UO, ground in a 
rubber-lined micronizer 
0.83~ average particle 
size. 

Uranium dioxide produced 12.5w/o of a 1.0 w/o 50' 4,900 4 inch Fair surfaces, 36.6 80.8 44.2 

from ammonium dillranate, methyl cellulose-KO Cone diameter fair green 
solution rod strength 

' Average Ram Pressure = Average ram thrust, lbs, divided by ram area, sq in 
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Figure 1 

Extruded UO, Rod (Mix 1) 

I .  

Figure 2 

Extruded UO, Tube (Mix 3 )  

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  
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A mixture  of 40 w/o  fue l -e lement -grade  MCK UO, a n d  60 w / o  m i c r o n i z e d  UO, w a s  e x t r u d e d  

i n t o  r o d s  t o  d e t e r m i n e  i f  h i g h e r  s i n t e r e d  d e n s i t i e s  c o u l d  be a c h i e v e d .  I t  w a s  r e a s o n e d  

t h a t  b e t t e r  p a c k i n g  c h a r a c t e r i s t i c s  migh t  r e s u l t  from a mixture  of l a r g e  (MCY UO,) a n d  

s m a l l  ( m i c r o n i z e d  UO,) p a r t i c l e s .  F i n a l l y ,  uranium d i o x i d e  from ammonium d i u r a n a t e  w a s  

e x t r u d e d  i n t o  r o d s  to  s e e  if h i g h e r  d e n s i t i e s  c o u l d  be o b t a i n e d  from t h i s  h ighly  s i n t e r a b l e  

powder. 

as Mixes 4 a n d  5 r e s p e c t i v e l y .  

T h e  e x t r u s i o n  d a t a  a n d  d e n s i t i e s  of the  l a t t e r  e x t r u s i o n s  a r e  s h o w n  i n  T a b l e  1 

................... . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  ................ * , e  0 0  
.., 
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I t  may b e  s e e n  from Mix 1. i n  T a b l e  1 t h a t  t h e  r o d s  e x t r u d e d  from mic ron ized  UO, with t h e  

50' d i e  h a d  high d e n s i t i e s  a n d  e x c e l l e n t  s u r f a c e  q u a l i t y  w h i l e  t h e  r o d s  from Mix 2 wh ich  

were  ex t ruded  from the  40' d i e ,  were  j u s t  as good a n d  e x t r u d e d  at a s l i g h t l y  l o w e r  p r e s -  

s u r e ,  T h e  t u b e s  e x t r u d e d  from Mix 3 a l s o  h a d  h igh  d e n s i t i e s  a n d  e x c e l l e n t  s u r f a c e  q u a l i t y  

but  requi red  more ram p r e s s u r e  for  e x t r u s i o n .  

t h e  r o d s  before  s i n t e r i n g  b u t  g a i n e d  more dur ing  t h e  s i n t e r i n g  opera t ion .  

wh ich  were  ex t ruded  from a b lend  of fue l -e lement -grade  UO, a n d  m i c r o n i z e d  UO, h a d  

s l i g h t l y  h i g h e r  unf i red  d e n s i t i e s  than  t h e  p r e c e d i n g  r o d s  a n d  t u b e s ;  however ,  t h e  d e n s i t y  

i n c r e a s e  during f i r ing  w a s  i n s u f f i c i e n t  to e q u a l  t h a t  of r o d s  m a d e  e n t i r e l y  from m i c r o n i z e d  

UO,, 

t h e  r o d s  from m i c r o n i z e d  UO,. 

from ammonium d i u r a n a t e ,  h a d  r a t h e r  low d e n s i t i e s  i n  both t h e  unf i red  a n d  f i red  c o n d i t i o n s ;  

l i k e w i s e  t h e  s u r f a c e  q u a l i t y  a n d  g r e e n  s t r e n g t h  of t h e s e  r o d s  w e r e  n o t  v e r y  good. 

T h e  t u b e s  h a d  s l i g h t l y  l o w e r  d e n s i t i e s  t h a n  

T h e  r o d s  of Mix 4 

In a d d i t i o n ,  t h e  s u r f a c e  q u a l i t y  of t h e s e  r o d s  w a s  c o n s i d e r a b l y  l o w e r  than  t h a t  of 

T h e  r o d s  of Mix 5, which were  e x t r u d e d  from UO, made  

How- 

ever ,  i t  i s  p o s s i b l e  t h a t  r o d s  e x t r u d e d  from ammonium d i u r a n a t e  UO, would b e  o f  b e t t e r  

q u a l i t y  i f  a more c o n c e n t r a t e d  p l a s t i c i z e r  s o l u t i o n  were  u s e d .  

Program 

T h e  movemen t  of t h e  UO, f u e l  e l e m e n t  s e c t i o n  to a new l a b o r a t o r y  w a s  s t a r t e d  d u r i n g  t h e  

p r e s e n t  q u a r t e r  a n d  is s c h e d u l e d  for comple t ion  in  J u l y ,  1957. 

labora tory  is e s t a b l i s h e d  in  its new l o c a t i o n ,  it  is p l a n n e d  t h a t  the  fo l lowing  p r o j e c t s  w i l l  

be pursued:  

1, Fur ther  e v a l u a t i o n  of s i n t e r a b l e  UO, powders  by the  e x t r u s i o n  of pro to type  f u e l  e l e m e n t s .  

2. Sinter ing  s t u d i e s  on  UO, a n d  T h o ,  p a r t i c l e s .  

l i f t e r  t h e  UO, f u e l  e l e m e n t  
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H Y D R O G E N  IN DINGOT U R A N I U h f  h4ETA.L 

L. L. G id ley  

J .  Howard 

%'. A. T a y l o r  

Kn G. R e b e r  

H. J .  Schaf fer  

I. Summary 

1. Bomb-center  t empera tu res  o f  500°E and  h ighe r  prior to  f i r ing ,  o b t a i n e d  by i n c r e a s i n g  t h e  

f i r ing  t ime,  t ended  to  p roduce  low hydrogen  uranium. 

were  e f f e c t i v e  wi th  both d ingot -MFL l i n e d  bombs a n d  he l ium-purged ,  r o a s t e d  s l a g - l i n e d  

d i n g o t s  w i t h  f i l t e r  t i p s  and  ven ted  c a p s .  

High bomb-center  t e m p e r a t u r e s  

2. A method fo r  producing  d ingo t  uranium with an  a c c e p t a b l e  hydrogen  c o n t e n t  of 2 ppm or 

less h a s  been  deve loped .  

an t .  

T h i s  method e m p l o y s  magnes ium f i lmed wi th  H F  as t h e  r e d u c t -  

3. ii number of s o l i d  a d d i t i o n s  t o  t h e  UF,  - Mg bomb c h a r g e  were  i n v e s t i g a t e d .  

ox ide  a n d  uranium t r iox ide  a d d i t i o n s  were  found t o  be b e n e f i c i a l  i n  l ower ing  t h e  hydrogen  

c o n t e n t  of t h e  r e d u c e d  uranium. 

Barium per -  

11. In t roduct ion  

P r e v i o u s  d i n g o t  bomb e x p e r i m e n t s  o c c a s i o n a l l y  r e s u l t e d  i n  e x c e p t i o n a l l y  long  f i r ing  t i m e s .  

E v a l u a t i o n  of hydrogen r e s u l t s  for a l a r g e  number of d i n g o t  bomb e x p e r i m e n t s , i n c l u d i n g  both 

s h o r t  a n d  long  f i r ing  times, i n d i c a t e d  t h a t . t h e  l a t t e r  t e n d e d  to y i e l d  d i n g o t  metal wi th  a l o w  

hydrogen  content. '  Also with s m a l l  laboratory-sized bombs , a n  i n v e r s e  r e l a t i o n s h i p  was 

found  be tween  t h e  hydrogen  c o n t e n t  of t h e  uran ium a n d  t h e  bomb's  c e n t r a l  t empera tu re ,  which  

in  turn is r e l a t e d  to  t h e  f i r i ng  t ime ( i n c r e a s e d  f i r ing  times h a v i n g  r e s u l t e d  in  h ighe r  c e n t r a l  

t e m p e r a t u r e s  i n  thebomb).' F i n a l l y ,  l abo ra to ry  s t u d i e s  of g a s  evo lu t ion  from UF, - Mg mix- 

t u r e s  i n d i c a t e d  t h a t  hydrogen  evo lu t ion  is both t i m e  a n d  t empera tu re  d e p e n d e n t  a b o v e  550°F.3 

B e c k e t ,  R . ,  e t  a l . ,  P r o c e s s  D e v e l o p m e n t  Q u a r t e r l y  R e p o r t ,  P a r t  11, Mallinckrodt C h e m i c a l  Works, MCW-1402,  

(May 1, 1957) ,  p.  113-114 

Neumann,  N. F . ,  e t  a l . ,  P r o c e s s  D e v e l o p m e n t  Q u a r t e r l y  R e p o r t ,  P a r t  I ,  Mallinckrodt C h e m i c a l  Works, MCW-1401. 

( A p r i l  1 ,  1957), p .  100-103, 

I b i d ,  p.  65-70. 
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T h e s e  e x p e r i m e n t a l  r e s u l t s  provided s u f f i c i e n t  e v i d e n c e  to war ran t  c o n c e n t r a t i o n  of t h e  

P i l o t  P l a n t  e f f o r t s  on i n c r e a s i n g  t h e  f i r ing  t i m e ,  a n d  t h u s  t h e  c h a r g e  tempera ture ,  of 

d i n g o t  bombs. T h r e e  s u g g e s t e d  m e t h o d s  for i n c r e a s i n g  t h e  f i r ing  t i m e  were :  

1 )  Vary ing  t h e  f u r n a c e c o n d i t i o n s  to o b t a i n  l o n g e r  f i r ing  t i m e s  a n d  h i g h e r  c h a r g e  temp- 

e r a t u r e s .  I 

2 )  F i l m i n g  t h e  magnes ium to d e l a y  firing. 

3) A d d i t i v e s  to the  c h a r g e  to d e l a y  firing. 

111. E x p e r i m e n t a l  P r o c e d u r e s  a n d  D i s c u s s i o n  

A. V a r i a t i o n  of Dingo t  F u r n a c e  C o n d i t i o n s  to O b t a i n  L o n g e r  F i r ing . .Times  

Pas t  labora tory  work h a s  i n d i c a t e d  t h a t  a n  i n v e r s e  r e l a t i o n s h i p  e x i s t s  b e t w e e n  t h e  

hydrogen  c o n t e n t  i n  uranium metal  a n d  t h e  c e n t e r  t e m p e r a t u r e  of t h e  bombse4  Above  

500°F,  hydrogen in  uranium d e c r e a s e s  more s lowly5  with i n c r e a s e s  i n  bomb-cen te r  

t empera tu re  than  below 500'F. T h e  hydrogen  c o n t e n t  is' a b o v e  3 ppm be low 500'F. 

T h e r e f o r e ,  d i n g o t  f i r ing  s c h e d u l e s  w e r e  a l t e r e d  so t h a t  a c e n t e r  t e m p e r a t u r e  of 500°F  

c o u l d  be r e a c h e d .  T h e  d i n g o t - c e n t e r  t e m p e r a t u r e s ,  pr ior  to f i r ing ,  w e r e  o b t a i n e d  for 

s e v e r a l  Hevi-Duty f u r n a c e  c o n t r o l  s e t t i n g s .  On ly  t h e  bottom e l e m e n t s  (zone-2)6 w e r e  

u s e d  in  e v e r y  case. T h e  c o n t r o l  t e m p e r a t u r e s  w e r e  8 0 0 ° F ,  9 0 0 ° F ,  1000°F ,  a n d  1100'F,  

for v a r i o u s  g r o u p s  of d i n g o t  runs.  

T w o  t y p e s  of d i n g o t s  w e r e  f i r e d  with t h e  a b o v e  f u r n a c e  c o n d i t i o n s .  

(1 )  d i n g o t s  u s i n g  d i n g o t  product  slag for l i n e r s ,  a n d  ( 2 )  he l ium bottom-purged, r o a s t e d  

s l a g - l i n e d  d i n g o t s  employ ing  s l a g  d e r i v e d  from P l a n t  6E. In e a c h  t y p e  of d ingot ,  

t h e r m o c o u p l e s  w e r e  p l a c e d  at t h e  c e n t e r  a n d  at t h e  r a d i u s  of g y r a t i o n  of t h e  l a r g e  

r igh t  c y l i n d r i c a l  s e c t i o n ,  both b e i n g  set at 20  i n c h e s  be low t h e  t o p  of t h e  s h e l l  f l a n g e  

( s e e  F i g u r e  1). An i g n i t e r  w a s  p l a c e d  i n  t h e  c e n t e r  of t h e l o w e r  c a v i t y ,  two  i n c h e s  

from t h e  bottom of t h e  blend.  T h e s e  bombs  were  f i red  e l e c t r i c a l l y  when  t h e  c e n t e r  

tempera ture  r e a c h e d  500°FS  or  i n  a n y  e v e n t  at t h e  e n d  of 20 h o u r s  so t h a t  t h e  h e a t i n g  

t i m e  for e a c h  d i n g o t  wou ld  b e  l imited.  

T h e s e  were :  

O p .  c i t . ,  MCW-1401, p 100-103 
Ibid, p' 103 

' Weber, W. G . ,  e ?  al,  P r o c e s s  D e v e l o p m e n t  Quarterly Report ,  Pu7d I I ,  Mallinckrodt C h e m i c a l  Works, MCW-1381 

(November 1, 1955) P 134. 
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F I G U R E  1 

POSITION O F  T H E R M O C O U P L E S  I N  3300 LB.  DINCOT B O M B S  

'0. 707R 
-X 

T 20" 

_I 

.................... . . . . . . .  . . . . . .  . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . .  . . . . . . . . . . . .  
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T h e  d a t a  o b t a i n e d  from t h e s e  r u n s  a r e  shown  i n  T a b l e s  I a n d  I1 a n d  F i g u r e s  2 through 

5 .  

hydrogen  c o n t e n t  in  uranium metal .  I t  s h o w s  a t r end  toward  lower  hydrogen  c o n t e n t s  

with i n c r e a s i n g  d ingo t -cen te r  t empera tu re  for both t y p e s  of d ingo t s .  A s  shown  in 

T a b l e s  I a n d  11, s e v e r a l  bombs  f i r ed  p rema tu re ly ,  a n d  t h e s e  s u p p l i e d  low-fir ing t i m e  

p o i n t s  for F i g u r e  2. 

F i g u r e  2 is a p l o t  of a v e r a g e  c e n t e r  t empera tu re ,  prior to f i r ing,  v e r s u s ,  a v e r a g e  

............ . . . . . .  . ". :. : *. *: . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  ... ................ ..... 
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T a b l e  I 

Exper imen ta l  D a t a  for He l ium Bot tom-Purged ,  

R o a s t e d  S l a g - L i n e d  D i n g o t s  

Run N o  

F u r n a c e  
T e m p  

OF 

F i r i n g  
T i m e  
min s 

E l e c t .  
F i r i n g  

Total 
H e  i n  
c u  f t  

23142 

2311 5 
23151 

23156 

23157 

23159 

23160 

23162 

23164 

23167 

23 1 6 8  

23170 

23172 

Number of cases 3 

Number of cases 3 

Number  of cases 4 

Number  of .cases  3 

900 

900 

900 

800 

8 0 0  

1000 

1000 

800 

1100 

1100  

1100 

1000  

1000 

980 

1260 

1040 

1540  

1540 

1484 

1235 

2225 

660 

1210 

670 

1205 

675 

No 

No 

N o  

Yes 

Yes 

Y e s  

Yes 

Y e s  

N O  

Y e s  

No 

Y e s  

No 

291 

Ni l  

32 5 

510 

510 

490 

390 

740 

220 

400 

220 

300 

225 

C r u d e  
Yie ld  

% 

96.07 

99.55 

97.11 

96.95 

93.37 

92.24 

96.10 

82 .30  

91.30 

95.09 

99.59 

90.06 

91.73 

Summary at  E a c h  F u r n a c e  Tempera tu re '  

Mach. 
Y i e l d  

% 

72.96 

71.24 

76.22 

s c r a p  

67 .39  

65.79 

63 .33  

64.82 

s c r a p  

80.24 

54.68 

55.92 

54.8 

900 1093  No 205.3 97.57 73 .47  

800 1768 Y e s  586 90.87 66.10 

1000 1149 3 of 4 3 5 1  92.53 59.96 
1100 846 1 of  3 280 95.52 67.46 

. .  
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C e n t e r  
Hydrogen T e m p  

- PPm 

1.7 

2.9 

2.0 

0.7 

0 .7  

1.9 

3.8 

2.8 

2.7 

3.4 

1.5 

2.3 

2.2 

2.2 

1.4 

2.5 

2.5 

@ F  

477 

390 

3 82 

502 

503  

503 

275 

484 

233 

256 

275 

267 

169  

-~ 

416 

496 

303.5 

254 

'Average v a l u e s  

.................... . . . . . .  . . . . . . .  . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . .  . . . . . . . . . . . .  
0 0  0 0 0  o e o  D 0 0  .* 0 0 0 0 0 0  0 0  

. . . . . . . . . . . . . . . . . . .  . . . . . . .  , . . . . .  , . . . . . .  . . . .  . . . . . . . . . . . .  . .  , . . . . . . . . . . . . .  . . .  . . . . . . . . . . . .  
0 0  0 0 0  o e o  D 0 0  .* 0 0 0 0 0 0  0 0  
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Run N o .  

T a b l e  I1 

E x p e r i m e n t a l  D a t a  for Dingo t  M F L - L i n e d  D i n g o t s  

F u r n a c e  
T e m p  

OF 

F i r i n g  
T i m e  
mins 

21830 

21833 

21838 

21851 

21853 

21857 

21861 

21865 

21866 

21867 

900 

900 

800 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

720 

630 

905 

1085 

1520 

625 

675 

1215 

1205 

1205 

Elect., 
F i r i n g  

N o  

No 

N o  

N o  

T r i e d  

N o  

N o  

Y e s  

Y e s  

Y e s  

C r u d e  
Y i e l d  

% 

Mach. 
Y ie ld  

% 

95.39 

95.07 

96.64 

98.16 

7 8 - 7 4  

97.51 

92 -36 

96 -93 
98.16 

97.57 

79.46 

79.61 

81.5 1 

80.83 

83.11 

82.13 

64.35 

79.85 

79.01 

76-98 

Summary a t  E a c h  F u r n a c e  Temperature‘  ___ ~ ___. 

Number  of c a s e s  1 800 905 N o  96.64 81.51 

Number  of c a s e s  2 900 675 No 95.23 79.53 

Number  of c a s e s  7 1000 1075 3 of 7 97.06 78.04 

‘Average v a l u e s  

Hydrogen 
epm 

4,8, 5.3 

6.6 

3.5 

1.6 

1.3 

3.8 

5 -6 

3.3 

3.3 

2.2 

C e n t e r  
T e m p  

OF 

19 1 

373 

269 

500 

645 

204 

272 

358 

413 

440 

3.5 269 

5.7 282 

3.0 404 

T h e  o v e r a l l  mach ined  d i n g o t  y i e l d  d a t a  a r e  s h o w n  in  F i g u r e  3. T h e s e  y i e l d  d a t a  for 

hel ium-purged,  r o a s t e d  s l a g - l i n e d  d i n g o t s  a g r e e ,  in  r a n g e ,  wi th  p r e v i o u s  da ta ’  for t h i s  

t y p e  bomb. 

h igher  than  for  hel ium bot tom-purged,  r o a s t e d  s l a g - l i n e d  d i n g o t s ,  bu t  t h e  hydrogen  

c o n t e n t s  a r e  also higher ,  as s h o w n  i n  F i g u r e  4. T h e  c e n t e r  t e m p e r a t u r e s  a p p e a r  to  b e  

a b o u t  t h e  s a m e  for  both t y p e s  of bombs  at a n y  g iven  f i r ing  t i m e ,  as s h o w n  in  F i g u r e  5.  

T h e  o v e r a l l  m a c h i n e d  d i n g o t  y i e l d s  for d i n g o t  MFL- l ined  bombs  a r e  

-._______ 

H a n s e n ,  J.W., Kerr, C. E .  and Sshaffer ,  H ~ J,>,  P r o c a s s  D e v e l o p m e n t  Quar te r l y  R e p o r t ,  Pas t  11. Mallinckrodt 

Chemical  Works, MCW-1398. ( N o v e m b e r  1, 1956) p 81 
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B. H F - F i l m e d  Magnesium 

A s u g g e s t e d  method fo r  l eng then ing  t h e  f i r ing  t i m e  of bombs ,  wh ich  s h o u l d  r e s u l t  i n  a 

d e s i r e d  i n c r e a s e  in  t h e  c h a r g e  t empera tu re  at f i r i ng ,  w a s  to coat t h e  s u r f a c e  of t h e m a g -  

n e s i u m  p a r t i c l e s  wi th  a film. A t e n a c i o u s  f i l m  might  d e l a y  magnes ium v o l a t i l i z a t i o n  

(magnes ium h a s  t h e  r e l a t i v e l y  low bo i l ing  po in t  of 1107OC) which  i n  turn might  d e l a y  

fir ing.  T h e l o g i c a l  film for magnes ium is magnes ium f luo r ide ,  wh ich  is o n e  of t h e  t w o  

major  bomb r e a c t i o n  products .  

T h e  R e s e a r c h  Depar tmen t  performed t h e  i n i t i a l  f i lming  e x p e r i m e n t s  by h e a t i n g  t h e  mag- 

n e s i u m  to 400 - 630°C for 1 to 3 h o u r s  in  H F  or  i n  a n  a i r  a n d  H F  a t m o s p h e r e .  

a n a l y s i s  of t h e  film i n d i c a t e d  the  p r e s e n c e  of o n l y  MgF,.' 

X-ray 

T h e  l abora to ry  hydrogen-gas  evo lu t ion  e x p e r i m e n t s ,  t h a t  w e r e  br ie f ly  m e n t i o n e d  in  t h e  

in t roduc t ion ,  w e r e  r e p e a t e d  wi th  mix tu res  of uranium t e t r a f luo r ide  a n d  f i lmed  magnes ium.  

Hydrogen-gas  evo lu t ion  w a s  less a t  all t e m p e r a t u r e s  wi th  t h e  l a t t e r  mix tu reeg  Hydrogen  

a n a l y s e s  of t h e  f i lmed magnes ium r e v e a l e d  t h a t  on t h e  a v e r a g e  i t  c o n t a i n e d  '4 as much 

total hydrogen  as d i d  product ion  g r a d e  magnesium. F i l m i n g  h a d  e v e n  d e c r e a s e d  t h e  

hydrogen  c o n t e n t  of t h e  magnes ium to a v a l u e  l o w e r  than  than  o b t a i n e d  for r e d i s t i l l e d  

mi l l ed  m a g n e s i u m ,  ( the  l a t t e r  c o n t a i n e d  2 as  much hydrogen as  d i d  p roduc t ion  g r a d e  

magnesium).  l o  

Labora to ry - s i zed  bombs (500gram uranium d e r b i e s )  t h a t  w e r e  f i r ed  wi th  f i lmed  m a g n e s i u m  

g e n e r a l l y  y i e l d e d  m e t a l  w i th  hydrogen  c o n t e n t s  of 1.5 ppm. He l ium purging with filmed 

magnes ium y i e l d e d  m e t a l  with 0.5 ppm hydrogen.  l1 T h e s e  s m a l l  scale  e x p e r i m e n t s  w e r e  

s u f f i c i e n t l y  promising to  war ran t  P i l o t  P l a n t  e x p e r i m e n t s ,  

1. F i l m i n g  P r o c e d u r e  

T h e  re run  r e a c t o r  i n  P l a n t  7 (no r rna l ly ' u t i l i zed  for t h e  r e t r e a t m e n t  of s u b g r a d e  g r e e n  

sa l t ) "  w a s  s l i g h t l y  a l t e r e d  to permi t  HF f i lming  of magnes ium on a l a r g e  scale. T h i s  

a l t e r a t i o n  c o n s i s t e d  of r emov ing  t h e  s c r e w s  wh ich  w e r e  p rev ious ly  u s e d  for  con t inu -  

o u s l y  moving m a t e r i a l  th rough t h e  two  mone l  t u b e s , a n d  s e a l i n g  off t h e  e n t r a n c e  a n d  

O P .  c i t . .  MCW-1401,  p 105-106 

l b i d ,  p 6 5 - 1 0  

I b i d .  p 8 3 - 8 7  

I b i d ,  p 105-110 

G i d l e y .  L .  L . ,  e t .  a l . ,  P r o c e s s  D e v e l o p m e n t  Q u a r t e r l y  R e p o r t ,  P a r t  11, Mallinckrodt C h e m i c a l  Works, MCW-1400, 

(February 1, 1957)  p 4 0 - 4 2  

10 

11 

12 
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e x i t  p o r t s  no rma l ly  u s e d  in  h a n d l i n g  g reen  salt. T h e  r e s u l t i n g  r e a c t o r  w a s  

t h e  e q u i v a l e n t  to two  e l e c t r i c a l l y  h e a t e d  t u b e  f u r n a c e s  as  s h o w n  in  F i g u r e  6- 
i'he ca l - rod  h e a t i n g  e l e n t e n t s  for e a c h  r e a c t o r  z o n e  were s e p a r a t e l y  C O I I -  

t ro l led .  

th rough its e n t i r e  l e n g t h ,  e x i t e d  i n t o  t h e  s e c o n d  tube ,  p a s s e d  through its e n t i r e  

l e n g t h  a n d  then  out.  

a l l o y  s h e e t  w e r e  c o n s t r u c t e d  so t h a t  e a c h  t u b e  wou ld  h o l d  four boa t s .  

T h e  purging, f i lming ,  o r  c o o l i n g  g a s  e n t e r e d  t h e  l o w e r  tube ,  [ J a s sed  

To implemen t  h a n d l i n g  of the magnes ium,  b o a t s  of magnes ium 

Approx ima te ly  100 p o u n d s  of magnes ium w e r e  c h a r g e d  i n t o  e a c h  b o a t  wh ich  w a s  

t h e n  p u s h e d  i n t o  t h e  t w o  r e a c t o r  t u b e s .  

w a s  set for  850'6 a n d  a he l ium flow of 1.8 cfm w a s  m a i n t a i n e d  o v e r  t h e  m a g n e s i -  

um p a r t i c l e s ,  

burn ing  t h e  magnes ium.  Af te r  1 hour  t h e  he l ium flow w a s  d e c r e a s e d  to 0.2 cfm. 

T h i s  flow w a s  m a i n t a i n e d  for  approx ima te ly  6 h o u r s  wh ich  is t h e  t ime r e q u i r e d  for  

t h e  r e a c t o r  to r e a c h  850'F. 

i n t r o d u c e d  i n t o  t h e  r e a c t o r  for 1 hour  at t h e  r a t e  of 40 pounds/hour .  A t  t h e  e n d  of 

t h i s  hour ,  t h e  Hk g a s  flow w a s  s t o p p e d ,  a n d  t h e  he l ium flow w a s  r e s u m e d  a n d  main-  

t a i n e d  at 0.2 cfm u n t i l  t h e  magnes ium c o o l e d  to 5OO'F. 

coo l ing ,  a fo rced  a i r  d ra f t  w a s  p a s s e d  a round  t h e  t u b e  ex ter ior .  C o o l i n g  r e q u i r e 1  

a b o u t  2 hours ,  a f t e r  wh ich  t h e  b o a t s  w e r e  r emoved ,  a n d  t h e  f i lmed  m a g n e s i u m  w a s  

p l a c e d  i n  3 3  pound c a p a c i t y  c a n s o  

for  t h e  Pilot  P l a n t  e x p e r i m e n t s  wh ich  a r e  d i s c u s s e d  below. 

T h e  c o n t r o l  t empera tu re  for e a c h  z o n e  

T h e  he l ium purged a i r  from t h e  r e a c t o r  a n d  e l i m i n a t e d  t h e  d a n g e r  of 

T h e n  t h e  he l ium f low w a s  s t o p p e d ,  a n d  H F  gas  w a s  

To i n c r e a s e  t h e  r a t e  of 

Magnes ium f i lmed  i n  t h i s  f a s h i o n  h a s  b e e n  u s e d  

2 .  Pilot P l an t  C x p e r i m e n t a l  P r o c e d u r e  a n d  R e s u l t s  

Pilot  P l a n t  e x p e r i m e n t s  w e r e  i n i t i a t e d  wi th  3300 pound d i n g o t  bombs. 

w a s  l i n e d  wi th  s t a n d a r d  m a g n e s i u m  f luo r ide  l i ne r  m a t e r i a l ,  a n d  c h a r g e d  wi th  a 

mixture  of uranium t e t r a f l u o r i d e  a n d  f i lmed  magnes ium (1% e x c e s s ) .  

number  of bombs  h a v e  b e e n  fired.  

E a c h  bomb 

l a r g e  

a. Normal  F i r i n g  of 3300 P o u n d  Dingo t  B o m b s  - 

T h e  f i r s t  s e r i e s  of 3300 pound d i n g o t  bombs  w e r e  f i r ed  i n  t h e  H e v i  Du ty  f u r n a c e  

wi th  t h e  fo l lowing  s e q u e n c e  o f  furnac:e c o n a i t i o n s ,  

............ . . . . . . .  4:. : .. *: . . . . . . . . . .  . . . .  . . . . . . . . . .  . . .  . . . . . . . . . . .  * . . . .  ............. ..c ...... 
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Cont ro l  Temp. 

11 50°F 

l150°F 

1250'F 

13  5 O°F ' 

L o n e s  A c t i v a t e d  H e a t i n g  T ime  

A l l  F u r n a c e  E l e m e n t s  5 h o u r s  

Bottom F u r n a c e  E l e m e n t s  Unt i l  f i r ing or for 9 
h o u r s  ( a  t o t a l  of 14 
h o u r s )  . 

Unt i l  f i r ing  or for 4 
hours  ( a  total of 18  
h o u r s )  

Unt i l  f i r ing  o r  for 5 
h o u r s  ( a  total of 23 
11 o u r s  ) 

Bottom F u r n a c e  E l e m e n t s  

Bottom F u r n a c e  E l e m e n t s  

a U s e d  o n l y  i f  t h e  bomb fails to f i re  i n  18 hours .  

F o l l o w i n g  a r e  t h e  e x p e r i m e n t a l  r e s u l t s :  

T a b l e  111 

F i l m e d  Magnesium E x p e r i m e n t a l  R e s u l t s  for 

3300 Pound ,  Normal  F i r e d  Dingo t  Bombs  

Overal l '  
F i r i n g  C r u d e  Mach ined  Dingo t  Hydro- 
Time Yie ld  Y i e l d  gen  C o n t e n t  

Run No. m i n  % % PPm 

2 1806 
21809 
21813 
21819 
21820 
2 1 8 2 2  
21826 
21832 
21834 
21843 
21844 
21845 

A v e r a g e s  

905 
905 
730 
830 
735 
785 
840 
725 
715 
960 
775 
860 

830 
__ 

76.31 
97.78 
98.09 
78,70 
97.02 
94.65 
73.89 
96.76 
96.55 
99.49 
77.56 
98.88 

97.14 

---- 
---- 

84.42 

62.07 
72.85 
80.03 
67.24 
75.30 
77.30 
74.53 

74.72 

---- 

~- 

1.6 
1.6 
1.4 
1.3 
1.4 
2.4 
1.5 

1.7 
1.5 
1.7 
1.7 

1.6 

1 e 9  

-_ 

a F o u r  c r u d e  d i n g o t s  were  e i t h e r  s a w e d  for s a m p l e s  or  m a c h i n e d  to  d i m e n s i o n s  

s u i t a b l e  for e x t r u s i o n  b i l l e t s .  

............ . a * .  - 0 .  . . . . . .  . . .  . . . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . .  . . .  ............. ..? . . . . . .  



T h e  d e s i r e d  i n c r e a s e  in  f i r ing  t ime w a s  d e f i n i t e l y  o b t a i n e d  (an  a v e r a g e  of 830 
m i n u t e s  compared  to a normal  f i r ing  t ime of 600 minu tes ) .  T h e  m a c h i n e d  y i e l d  

a v e r a g e  of 74.72% w a s  no t  s a t i s f a c t o r y ,  a n d  v i s u a l  e x a m i n a t i o n s  of the  c r u d e  

d i n g o t  s u g g e s t e d  t h a t  poor m e t a l - s l a g  s e p a r a t i o n  c a u s e d  t h e  low y i e l d s .  B i n g o t  

hydrogen  c o n t e n t s  were  e n c o u r a g i n g  in  t h a t ,  w i th  o n e  e x c e p t i o n ,  a l l  were  below 

2.0 ppm. 

b.  E l e c t r i c a l  F i r i n g  of 3300 Pound Dingo t  Bombs  

Af ter  f i r ing  s e v e r a l  ot t he  a b o v e  d e s c r i b e d  b o m b s ,  t he  q u e s t i o n  a r o s e  as  to 

w h e t h e r  t h e  i n c r e a s e  in  f i r i ng  rime o r  t h e  f i lming  of t h e  m a g n e s i u m  w a s  a c t u -  

a l l y  t h e  c a u s e  of the  d e c r e a s e  i n  the  tiyLrogen c o n t e n t  of t h e  d i n g o t .  

F i v e  3300 pound  d i n g o t  bonibs were  t t ieretore c h a r g e d ,  p l a c e d  i n  the  I-levkDuty 

f u r n a c e  wi th  the  same f u r n a c e  c o n d i t i o n s  a s  s t a t e d  a b o v e ,  a n d  f i r ed  e l e c t r i -  

c a l l y  at  t h e  e n d  of 600 m i n u t e s .  

t h e  a i d  of a n ich rome  wi re  i g n i t e r "  wh ich  w a s  p l a c e d  in t h e  bottom of t h e  

d i n g o t  c a v i t y  b e f o r e  c h a r g i n g ,  a n d  h e a t e d  e l e c t r i c a l l y  at the  e n d  of approx i .  

m a t e l y  600 minu tes .  

' f h e  e l e c t r i c a l  f i r i ng  w a s  a c c o o ~ p ! i s h e d  wi th  

;o!lowing a r e  t h e  exper i rnenra i  r e s u l t s :  

T a b l e  I V  

Run No. 

21814 
21818 
21822 
21827 
21831 

Averages 

F i l m e d  h!agne.sium E x p e r i m e n t a l  R e s u l t s  for 

3300 B o u n d ,  Elec t r ica! ly  F i r e d  Dingo t  Llombs 

U v e r a l l  
E i r ing  Crude Machined  Dingot  Hydro- 
'r i 111 e Yie!d Y i e l d  g e n  C o n t e n t  
min % % PP"' 

626 93 .62  62.52 1 . 4  
600 92.65 60.33 1.0 
485 9 7 . 5 5  78.85 1.6 
63 5 98.57 80.57 1,T 

1 # 6  610 
53 2 94.52 72 .46  1.4 

- 80.03 - 90 .21  - - 

.................... . . . . . . .  . . . . . .  . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . .  . . . . . . . . . . . .  
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- 

Al l  of t h e  bombs were  s u c c e s s f u l l y  f i red  e l e c t r i c a l l y .  Both c r u d e  a n d  

mach ined  y i e l d  a v e r a g e s  were  s e v e r a l  p e r c e n t a g e  p o i n t s  be low t h o s e  

v a l u e s  o b t a i n e d  with normal ly  f i r ed  bombs. S l a g g y  t o p s  ( i n d i c a t i n g  

i n c o m p l e t e  m e t a l - s l a g  s e p a r a t i o n )  were  a g a i n  o b s e r v e d  on s o m e  of t h e  

c rude  d i n g o t s  probably  a c c o u n t i n g  for t h e  60% y i e l d s .  

............ . . . . . . . . . . . . .  : .. *: . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . .  . . . . . . . . . . . . . . . .  ..... 
. .  ~~ - -. ~~ ~ - .~ ~ ~- - i. ~ ~~ ~. ~~ _____ 

T h e  d ingo t  hydrogen  c o n t e n t s  were  e x c e l l e n t  a v e r a g i n g  1.4 ppm. 

i n d i c a t e s  t ha t  t h e  f i lming  of t h e  magnes ium?  and  n o t  a n  i n c r e a s e d  f i r ing  

t i m e ,  w a s  r e s p o n s i b l e  for t h e  l o w  hydrogen  l e v e l s .  T h i s  also s u g g e s t s  

a n e w  h y p o t h e s i s  of e l imina t ion  of hydrogen  from t h e  d i n g o t  me ta l :  

name ly  (1) , t ha t  t h e  hydrogen  borne  by the  magnes ium a t  t h e  t i m e  of 

f i r ing  d e t e r m i n e s  t h e  con t r ibu t ion  to t h e  uran ium;  a n d  ( 2 )  , t h a t  H F  

f i lming  no t  on ly  r e d u c e s  t h e  i n i t i a l  hydrogen  c o n t e n t  of t h e  magnes ium 

but  also p r o t e c t s  t h e  magnes ium but  also p r o t e c t s  t h e  m a g n e s i u m  p a r t i c l e s  

from s u b s e q u e n t  p ick  up. 

T h i s  

c. f l e l ium-Purged ,  3300 Pound  Dingot  Bombs  
F i r e d  Normal ly  wi th  F i l m e d  Magnes ium 
-___-_-.-_~__.-_-_-__----_I. ____ 

A brief r e f e r e n c e  g iven  a b o v e ,  c o n c e r n i n g  R e s e a r c h  Depar tmen t  bomb 

e x p e r i m e n t s ,  s t a t e d  t h a t  f i lmed magnes ium r e s u l t e d  in  de rby  hydrogen  

contents averaging 1,5 ppm, a n d  t h a t  t he  add i t ion  of he l ium purg ing  lowered  

t h e  a v e r a g e  hydrogen  to 0.5 ppm. T h e  p o s s i b i l i t y  of s o m e  fu tu re  n e e d  for 

d i n g o t  hydrogen  c o n t e n t s  of less than  1,O ppm prompted t h e  Pilot P l a n t  to 

f i r e  four 3300 pound d i n g o t  bombs  with f i lmed magnes ium p l u s  he l ium 

purging from bot tom to top. T h e  he l ium purging p r a c t i c e  h a s  b e e n  d i s c u s s e d  

i n  d e t a i l  i n  the past.! 

Fo l lowing  a r e  t h e  e x p e r i m e n t a l  r e s u l t s ,  

l4 lb id ,  p 89-102  



T z b l e  V 

F i l m e d  Magnesium Exper imen ta l  R e s u l t s  for 

3300 P o u n d ,  He l ium-Purged .  Normal F i r e d  Dingo t  Bombs  

Total Helium' 

- Run  N o  c u  it 

23163 115 

23165 40 

23166 n i l  

23169 230 

A v e r a g e s  

__ 

Fi r ing  
Time 
min 

715 

890 

685 

675 

77 1 

__ 

Crude  
Yie ld  

70 

91.54 

96.98 

89.88 

97.72 

94,03 

Overa l l  
Ll a c h in  e d 

Yie ld  
% 

66.14 

71-05 

65.86 

7 2 . 1 0  

68.79 

- 

Dingo t  Hydrogen  
C o n t e n t  

P Pm 

1.0 

0.9 

1.1 

2.3 

1-3 

A n  a t t e m p t  w a s  made  to ma in ta in  a hel ium flow of 20 cfh  but bomb r e s i s t a n c e  l i m i t e d  t h e  

f low to a va ry ing  amoun t  in  e a c h  exper iment .  

T h e  small  number of e x p e r i m e n t a l  r u n s  l i m i t s  a n y  e f f e c t i v e  compar i son  of f i r i ng  t i m e s  

a n d  y i e l d s  wi th  p rev ious ly  d i s c u s s e d  normally f i red  bombs. D ingo t  hydrogen  c o n t e n t s  

w e r e  q u i t e  low i n  t h r e e  o u t  of four c a s e s .  If t h e  d e v i a t i o n  r e p r e s e n t e d  by t h e  last  

e x p e r i m e n t a l  hydrogen r e s u l t  c a n  b e  s o l v e d ,  t h e  s u g g e s t i o n  e x i s t s  t h a t  f i lmed  m a g n e s i u m  

wi th  he l ium purg ing  might  provide  a c o n s i s t e n t  l e v e l  of 1.0 ppm hydrogen  in  3300 pound 

d ingo t s .  

3. D i s c u s s i o n  

T h e  hydrogen  r e s u l t s  p r e s e n t e d  a b o v e  i n d i c a t e  t h a t  i n  magnes ium f i lming  a m e t h o d  h a s  

b e e n  d e v e l o p e d  to ma in ta in  t h e  hydrogen  c o n t e n t  of d i n g o t  m e t a l  a t  a n  a c c e p t a b l e  

v a l u e  of 2.0 ppm o r  less. F u t u r e  Pilot  P l a n t  e x p e r i m e n t s  w i l l  b e  d i r e c t e d  toward  

1. e l imina t ion  of t h e  i n f r e q u e n t  d i n g o t  hydrogen  

c o n t e n t s  a b o v e  2.0 ppm. 

2. improvemen t  of t h e  g r e e n  salt to m a c h i n e d  

d ingo t  y i e ld .  

S u c c e s s f u l  t e rmina t ion  of t h e s e  e x p e r i m e n t s  s h o u l d  c o m p l e t e  t h e  d a t a  r equ i r ed  for 

u s i n g  f i lmed  magnes ium in d i n g o t  product ion  a t  WeIdon Spring. 

n 

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . .  . . . . . . . . . . . .  
0 0  0 0 0  o e e  0 . O  0 0  0 0 * o e o  0 0  
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C. A d d i t i v e s  

Ano the r  method c o n s i d e r e d  for i n c r e a s i n g  f i r ing  times to o b t a i n  low 

metal w a s  t h a t  of u s i n g  s o l i d  a d d i t i v e s  in  t h e  UF,-Mg bomb c h a r g e ,  

c o n s i d e r e d  here in  act in  a n y  o n e  of s e v e r a l  w a y s  to  a i d  i n  l o w e r i n g  

hydrogen  d i n g o t  

T h e  a d d i t i v e s  

t h e  hydrogen  l e v e l  

of t h e  r e s u l t i n g  dingot :  i . e . ,  

t o  become  c o a t e d ,  thereby  pro longing  t h e  f i r ing  t i m e  a n d  a l l o w i n g  t h e  bomb c h a r g e  to  

become  h o t t e r  before  i g n i t i n g ,  as  in  t h e  case of sodium bi f luor ide ;  ( 2 )  d i r e c t  

f l u s h i n g  a n d  d i l u t i o n ,  in  wh ich  t h e  a d d i t i v e  d e c o m p o s e s  to l i b e r a t e  a g a s ,  as  with 

t h e  a c t i o n  of b a s i c  magnes ium c a r b o n a t e ;  (3) i n d i r e c t  f l u s h i n g  and  d i l u t i o n ,  as  in  

t h e  a c t i o n  of w a t e r  wh ich  f i r s t  f i l m s  t h e  magnes ium with a hydrox ide  c o a t i n g ,  t h a t  

in  turn is r e l e a s e d  as w a t e r  vapor  a g a i n  when t h e  bomb t r i g g e r s ;  a n d  ( 4 )  o x i d i z i n g  

a n d  f l u s h i n g ,  as with t h e  p o s s i b l e  a c t i o n  of t h e  oxygen  of barium pe rox ide  combin ing  

with hydrogen  in  t h e  bomb to  p roduce  w a t e r  vapor .  

(1) f i lming ,  in  which t h e  a d d i t i v e  c a u s e s  t h e  magnes ium 

T a b l e  VI lists t h e  a d d i t i v e s  t r ied  i n  t h e s e  e x p e r i m e n t s ,  with t h e  d e c o m p o s i t i o n  p roduc t  

a n d  d e c o m p o s i t i o n  t e m p e r a t u r e s  of e a c h  a n d  a n  i n d i c a t i o n  of t h e  t y p e o f  action to b e  ob- 

t a i n e d  in  e a c h  c a s e .  Of c o u r s e :  t h e  s e l e c t i o n  of t h e  a d d i t i v e s  w a s  r e s t r i c t e d  to t h o s e  

a a t e r i a l s  wh ich  w e r e  non-con tamina t ing  from t h e  s t a n d p o i n t  of forming a l l o y s  with 

uraniutn. Of n e c e s s i t y  they  h a d  to  h a v e  low neut ron  c r o s s  sections to m a i n t a i n  h igh  

r e a c t i v i t y  in  p i l e  o p e r a t i o n s .  T h e y  w e r e  s e l e c t e d  so as  to  g i v e  a wide  r a n g e  of decom-  

p o s i t i o n  t e m p e r a t u r e s  so  t h a t  t h e  a c t i o n s  would t a k e  p l a c e  both d u r i n g  h e a t i n g  a n d  a l s o  

during f i r ing  of t h e  bombs. 

as to  a l l o w  a normal  l i q u a t i o n  a n d  s l a g - m e t a l  s e p a r a t i o n .  

T h e  q u a n t i t y  of e a c h  u s e d  i n  a s i n g l e  bomb w a s  l i m i t e d  so  

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . .  
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T a b l e  V I  

T y p e s  of A d d i t i v e s  

Add i t ive  
Decompos i t ion  

P r o d u c t  

Decompos i t ion  
Tempera tu re  

OF 

BaO, 

H2O 
" 0 3  

NaCIO, 
KC10,  

L i m e s  tone  
NaHF,  

Ca(OH), 

4MgC0,.  
Mg(OH 11 

4H,O 

1470  
250  
840 
700 
7 5 0  

1070  
1350 

520 
460-740  

F i l m i n g  

s 
X 
x 
S 
x 

.i 
;i 

D i r e c t  
F l u s h i n g  

a n d  
Di lu t ion  

I n d i r e c t  
F l u s h i n g  

a n d  
Di lu t ion  

X 

O x i d i z i n g  
a n d  

F l u s h i n g  

x 
x 

x 
x 
x 

x 

E x c e p t  as  n o t e d  i n  t h e  t e x t ,  t h e  make-up of t h e  300 pound derby  bombs  a n d  t h e  3300 

pound d i n g o t s  w a s  s i m i l a r ;  (1) r e c y c l e d  magnes ium f luo r ide  s l a g  l i n e r s  a n d  c a p s  w e r e  

u s e d  in  s h e l l s  wi th  f i l t e r  t i p  l i d s ;  (2)  t h e  c a p s  w e r e  v e n t e d  wi th  a s i x - i n c h  d i a m e t e r  

c y l i n d e r  of 20  m e s h  magnes ium f luor ide  grog e x t e n d i n g  to t h e  top  of t h e  c h a r g e  to al- 

low g a s e s  to e s c a p e  t h o u g h  the f i l t e r  t ips;  a n d  ( 3 )  t h e  uranium t e t r a f luo r ide ,  magnes ium 

for r e d u c t i o n ,  a n d  t h e  a d d i t i v e  were  mixed i n t i m a t e l y  i n  a c o n i c a l  b l ende r ,  a four per -  

c e n t  e x c e s s  magnes ium w a s  u s e d  in  t h e  derby  bomb c h a r g e s ,  wh i l e  0.5 p e r c e n t  w a s  

u s e d  for t h e  d ingo t s .  T h e  de rby  bombs were  fu rnace - f i r ed  wi th  a c o n t i n u o u s  c o n t r o l  a t  

1 2 5 0 D F ,  w h i l e  t h e  d i n g o t s  w e r e  h e a t e d  for 5 h o u r s  with t h e  c o n t r o l s  a t  1150'F a n d  then  

the  cont ro l  s e t t i n g  w a s  r a i s e d  to 1250'F u n t i l  f i r i ng  occur red .  

a n a l y s e s  w e r e  t a k e n  from t h e c e n t e r s  of t h e  d e r b i e s ,  wh i l e  t h o s e  for  t h e  d i n g o t s  w e r e  

t a k e n  e i t h e r  from t h e  top  of t h e  c r u d e  d i n g o t  a f t e r  s c a l p i n g ,  or from t h e  c e n t e r  of t h e  

forged  bar. 

S a m p l e s  f o r  hydrogen  

D a t a  on  t h e  f i r i ngs  of both  de rby  a n d  dingot bombs a re  presented in T a b l e s  VI1 through XV. 

Run n u m b e r s  wh ich  a r e  b r a c k e t e d  w e r e  m a d e  wi th  t h e  s a m e  lot  of UF,. 

i n  hydrogen  l e v e l  in 300 pound d e r b i e s  w a s  o b t a i n e d  wi th  a d d i t i o n s  of sod ium c h l o r a t e  

( T a b l e  VII)  or p o t a s s i u m  c h l o r a t e  ( T a b l e  VIII).  I n c r e a s i n g  a m o u n t s  of sod ium c h l o r a t e  

a n d  p o t a s s i u m  c h l o r a t e  t e n d e d  to s h o r t e n  f i r ing  t i m e s  a n d  p roduce  d e r b i e s  h a v i n g  b a d  

t o p s  t h a t  were  h e a v y  i n  s l ag .  

N o  improvemen t  

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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T a b l e  VI1 

Run No. 

4917 
4916 
4915 
4914 
4850 
485 1 
4852 
4853 

Run No. 

4913 
4912 
4911 
4910 
4858 
4859 
4860 

NaClO,  A d d i t i o n s  to 300 P o u n d  Derby Bombs  

F i r i n g  
NaClO,  T i m e  H2 

l b s  min PPm Comment s  

0.44 
0.88 
1.32 
1.76 
2.0 
4-0 
8 -0  

12.0 

220 2.7 
5.8 250 

215 3.0 
220 2,2 
-- 6.7 

210 2.7 F i r e d  i n  Hevi-Duty f u r n a c e  
F i r e d  i n  Hevi-Duty f u r n a c e  135 2.9 

145 4 , l  

F u r n a c e  power off 25  m i n u t e s  

T a b l e  VI11 

KClO. A d d i t i o n s  to  300 P o u n d  Derby Bombs  

F i r i n g  
KCIO, Time H* 

l b s  min Ppm C o m m e n t s  

0.44 200 4.4 
0.88 195 3.5 B l o w o u t  through l i d  f l a n g e  
1-32  19 5 2 , l  
1.76 210 1,9 
2.0 248 2.8 
4.0 196 3.0 
8.0 145 3.0 Blowout  through l i d  f l a n g e  

. . . . . . . . . . . . . . . , . . . .. .. .. . . . .  . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . ... ... .. .. . .  . . .  . . .  . .  . . . . . . . . . . . . . . . . 
. ~ .. ... ~~~~~ ~~~~ ~- 
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T a b l e  IX 

R u n  No.  ____ 

4942 
4943 

4944 
4945 
4946 
4947 
4948 
4949 
4950 
495 1 
4952 
4953 

H20 Addi t ions  to 300 P o u n d  d e r b y  Bombs 
- _ _  _ _  - ~ - - - -- - 

F i r i n g  
H2O T i m e  H 2  

ml min PPm 

n o n e  215 5.7 Cont ro l  born b. 
n o n e  247 2.5 Cont ro l  bomb. B lowou t  through 

l id  f lange .  
50 220 2.3 

100 298 1.9 
2 00 270 2.3 
400 285 2.2 
800 3 00 2.4 

1200 400 2.3 
1600 410 2.6 
2000 320 2.4 
3000 305 3.7 
4000 2 5 5  3.1 

T a b l e  X: 

C o m m e n t s  

Blowout .  

Ca(OH),  A d d i t i o n s  to 300 P o u n d  Derby B o m b s  

Run  No. Ibs min PPm ___. 
C o m m e n t s  

4854 2 370 1.8 F i r e d  i n  Hevi-Duty fu rnace .  
4855 4 248 2.6 
4856 8 285 2.8 
4857 12 265 2.4 

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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Table  XI 

Limestone Additions to 300 Pound Derby Bombs 

Firing 
Limestone Time H2 

- Run No.  - l b s  min E m  Comments 

4936 2 285 2.3 
4937 4 240 2.1 
4938 8 245 3 .O Furnace power off 50  minutes 
4739 12 175 4.7 

Table  XI1 

4MgCO,~Mg(OH),~4HZO Additions to 300 Pound Derby Bombs and 3300 Pound Dingots  

Bomb Firing 
S i z e  Additive Time HZ 

Run No. Ibs Ibs min ppm Comments 
-~ 

4787 300 1.6 275 0.44 
4788 300 1.6 230 3.5 
4791 3 00 1.6 243 1 .o 
4793 300 1.6 352 1.7 11 50°F furnace temp.  

21780 3300 17.8 705  4.6-Ca 

21797 3300 17.8 673 4.7.ca 
21796 3300 17.8 540 5.2-(3" 

,- i n l i c a t e s  sa*nrle  taken from t h e  top of the crude dingot after sca lping .  a 

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  ... ................ ..... 
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T a b l e  XI11 

R u n  No .  

4813 
4814 
4815 
4816 
4825 
4826 
4827 
4828 
21824 
21812 
21815 
21829 
21828 
21846 
21847 

N a H F ,  A d d i t i o n s  to 3300 P o u n d  D i n g o t s  
__-. 

F i r i n g  

N a H F ,  T i m e  H2 
R u n  _.__ No. __ l b s  min ppm C o m m e n t s  

21810 10 450  3.6-C' 1250'F f u r n a c e  temp. 
21811 10 490 7 .4-Ca 1250'F f u r n a c e  temp. 
21816 6 0  645 5.4-Cn 1250'F f u r n a c e  temp. 

C i n d i c a t e s  s a m p l e  t a k e n  from t h e  top  of t h e  c r u d e  d i n g o t  a f t e r  s c a l p i n g ,  U 

T a b l e  XIV 

'I l-' i n d i c a t e s  s a m p l e  t aken  from t h e  c e n t e r  of t h e  f o r g e d  dingot .  

b . . .  . 
L i n d i c a t e s  s a m p l e  t aken  from t h e  t o p  of t h e  c r u d e  d i n g o t  a f t e r  s c a l p i n g .  

C o m m e n t s  

BaO, A d d i t i o n s  to 300 P o u n d  Derby  B o m b s  a n d  3300 P o u n d  O i n g o t s  

E x t r a  BaO, 
Bomb h lagnes ium b a s e d  F i r i n g  
Size Added  o n  UP, T i m e  H2 
Ibs l b s  70 min P Pm 

300 n o n e  0.49 205 4.9 
300 n o n e  0.97 245 2.1 
300 n o n e  1.48 290 2.0 
300 n o n e  1.98 362 1.4 
300  n o n e  1.48 290 1.9 
3 00 n o n e  1.98 1.0 
300 n o n e  2.47 355 0.9 
3 00 n o n e  2.96 430 Blowout  

- 

3300 n o n e  0.45 560 2.4-Fg 1250'F f u r n a c e  temp. 
3300 n o n e  0.90 620  3 . 1 . ~ a  1250'F f u r n a c e  temp. 
3300 n o n e  1.35 8 1  0 3.5LCb 1250'F f u r n a c e  temp. 
3300 5.7 0.45 465 4.9-F" 1250'F f u r n a c e  temp. 

1.9LCb 1250'F f u r n a c e  temp. 
3300 17.2 1.35 905 1.3-Fa 1250'F f u r n a c e  temp. 
3300 23.0 1.80 7 3 0  1.6-Fa 1250'F f u r n a c e  temp. 

3300 11.5 0.90 535 

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . .  . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  
0 0 0  0 0 0  0 0  0 0 0 0 0  0 0  

. . <  
0 0  0 0 -  
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Run No.  

4834 
4835 
4836 
4837 
4865 
4866 
4867 
4883 
4884 
488 5 
4886 
4887 
4888 
21869 
21868 
21849 
21854 
21850 
21855 
21842 

Table  X V  

UO, Additions to 300 Pound Derbies  and 3300 Pound Dingots 

Bomb 
Size 
l b s  

300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 

3300 
3300 
3300 
3300 
3300 
3300 
3300 

Extra 
Magnesium 

Added 
l b s  

UO, based 
on UF, 

% 

. .................. . . . . . . . . . . . . . .  . . . . . . . . . . . .  . e .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  3 . .  ............... ..... 

none 
none 
none  
none 
none 
none  
none 

0.51 
1.02 
2.04 
3.06 
4.08 
5.1 

10.2 
15.3 
20.4 
20.4 
25,5 
25.5 
30.6 

0.49 
0.99 
1.98 
2.96 
1.98 
2.96 
3.95 
0.49 
0.99 
1.98 
2.96 
3.95 
4.9 
0,90 
1.35 
1.80 
1-80 
2 ,24  
2.24 
2.69 

Firing 
Time 
min 

205 
205 
225 
360 
26 5 
365 
400 
230 
230 
237 
330 
36 5 
307 
7 0 0  
795  
935 

1130 
910 

1225 
1075 

H2 

P Pm ~ _ _  

2.1 
2.0 
3.8 
1.5 
2.4 
1.9 
0.9 
2.1 
2.6 
1.8 
1.4 
0.73 
1.0 
2,0-Fa 
1.8-Fa 
1.4-Fa 
l&Ja 
2.0-Fa 
1,B-F' 
1.5-Fa 

a F ind ica tes  sample taken from the center of the forged dingot. 

Comments 

Fired in Hevi-Duty furnace 
Fired in Hevi-Duty furnace 

............ ............................ 
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N o  e f f e c t i v e  d e c r e a s e  i n  hydrogen  v a l u e s  w a s  o b t a i n e d  wi th  a d d i t i o n s  of w a t e r ,  c a l c i u m  

hydrox ide ,  l i m e s t o n e ,  sod ium bi f luor ide ,  o r  b a s i c  magnes ium c a r b o n a t e .  A s  w a s  t h e  case 

wi th  all a d d i t i v e s ,  t h e  w a t e r  a d d i t i o n s  ( T a b l e  I X )  w e r e  m a d e  d i r e c t l y  to t h e  UF,-Mg 

mixture  i n  t h e  b lender .  

bomb c a u s e d  t h e  mix tu re  to become  w e t t e d  to s u c h  a d e g r e e  as  to b e  d i f f i cu l t  to d i s -  

c h a r g e  from t h e  b lender .  T h e  i n c r e a s e d  f i r ing  t i m e s  e n c o u n t e r e d  wi th  i n c r e a s e d  w a t e r  

a d d i t i o n s  w e r e  e v i d e n t l y  merely c a u s e d  by w a t e r  b e i n g  e v a p o r a t e d  from t h e  c h a r g e  b e -  

fo re  fir ing.  

i n  c e n t r a l  t empera tu re  a n d ,  t h u s ,  a d e c r e a s e  in  hydrogen  in  t h e  d e r b i e s .  

A d d i t i o n s  of g r e a t e r  t h a n  o n e  l i t e r  i n  t h e  3 0 0  pound d e r b y  s ize  

E v i d e n t l y  t h e s e  i n c r e a s e d  f i r ing  t i m e s  d i d  n o t  c a u s e  a c o r r e s p o n d i n g  i n c r e a s e  

A d d i t i o n s  of c a l c i u m  hydrox ide  ( T a b l e  S) s h o w e d  l i t t l e  effect  o n  f i r i ng  t i m e s  o r  hydrogen  

i n  t h e  m e t a l .  

f i r e d  i n  t h e  Hevi-Duty f u r n a c e  (in wh ich  h e a t i n g  is normally s l o w e r  than  w h e n  u s i n g  t h e  

30KG R o c k w e l l  f u r n a c e )  a n d  had  a long  f i r ing  t ime of 370 minu tes .  

T h e  d e r b i e s  a l l  h a d  s l a g g y  t o p s  wi th  the e x c e p t i o n  of 4854 which  w a s  

T h e  u s e  of two  to t w e l v e  pounds  of l i m e s t o n e  ( T a b l e  X I )  to p rov ide  a ca rbon  d i o x i d e  

f l u s h  c a u s e d  d e c r e a s e d  f i r ing  t i m e s  as  t h e  a d d i t i o n s  w e r e  i n c r e a s e d .  

magnes ium c a r b o n a t e  ( T a b l e  SII) i n  3 0 0  pound de rby  bombs  s h o w e d  e r r a t i c  r e s u l t s  w i th  

s o m e  hydrogen  v a l u e s  be ing  very  low. However ,  when s c a l e d  u p  to t h e  3 3 0 0  pound 

d i n g o t  n o  lower ing  of t h e  hydrogen w a s  o b t a i n e d  wi th  t h i s  a d d i t i o n  a n d  t h e  r e s u l t i n g  

d i n g o t s  w e r e  ve ry  s l a g g y  a n d  g a v e  ve ry  poor o v e r a l l  m a c h i n e d  y i e l d s .  

T r i a l s  of b a s i c  

T h e  work wi th  sod ium b i f luo r ide  ( T a b l e  S I I I )  w a s  d o n e  d i r e c t l y  o n  d ingo t s .  

little p romise  a n d  w a s  s h e l v e d  in  f a v o r o f  barium pe rox ide  a n d  uranium t r iox ide .  

I t  s h o w e d  

n pronounced  e x t e n s i o n  of  f i r i ng  t i m e s  a n d  e f f e c t i v e  r educ t ion  of hydrogen  l e v e l s  i n  both  

300  pourid d e r b i e s  a n d  3300  pound d i n g o t s  w a s  o b t a i n e d  when 

or  uranium t r iox ide  ( T a b l e  X V )  w e r e  u s e d  as  a d d i t i v e s  to t h e  bomb cha rge .  

i n  t h e  t ab le s , ,  s o m e  of t h e  i n i t i a l  e x p e r i m e n t s  wi th  both  barium pe rox ide  a n d  u r a n i u m  

t r iox ide  w e r e  d o n e  wi th  n o  e x t r a  magnes ium a d d e d  to t h e  c h a r g e  to c o m p e n s a t e  for t h e  

o x y g e n  l i b e r a t e d  from t h e  a d d i t i v e s .  T h e  slag-metal s e p a r a t i o n  of t h e s e  r u n s  w a s  r a t h e r  

poor,  p roduc ing  s l a g g y  tops .  

c o m p e n s a t i n g  magnes ium i n  l a t e r  bombs. 

c h e c k e d  for barium c o n t e n t ,  wh ich  w a s  found  to b e  5 ppm i n  all cases. Barium is n o t  

rou t ine ly  c h e c k e d  in  m e t a l  to b e  s h i p p e d ,  bu t  t h e  the rma l  neu t ron  c r o s s  s e c t i o n  of barium 

is l o w  at 1.17 b a r n s  per  atom. It a p p e a r s  t he re fo re  t h a t  t h e  bar ium pick-up  is s u f f i c i e n t l y  

low to a v o i d  a n y  ill effects o n  p i l e  ope ra t ion .  

bar ium pe rox ide  ( T a b l e  X I V )  

A s  is s h o w n  

T h i s  c o n d i t i o n  w a s  marked ly  improved by t h e  a d d i t i o n  of 

T h e  m e t a l  of s e v e r a l  d e r b i e s  a n d  d i n g o t s  was 

. . . . . . . , , . . . . . . . . . . . . . . . . . .  . .  . .  . .  . .  . . . . .  . .  
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It s e e m s  e v i d e n t  t h a t  a minimum add i t ion  of e i g h t  t o  t w e l v e  pounds  in  a derby  s i z e  

b o a b  a n d  s i x t y  to e igh ty  pounds  in  a d i n g o t  is r equ i r ed  of e i t h e r  bar ium peroxide  or 

uranium t r iox ide  to a c h i e v e  a n  a c c e p t a b l e  hydrogen  l e v e l  i n  t h e  meta l .  T h e s e  v a l u e s  

a r e  i l l u s t r a t e d  inore c l e a r l y  in  t h e  g r a p h s  de r ived  from 'Tab le s  XIV a n d  X V  which  a p -  

pear in F igures  7 through 10. T h e s e  f i g u r e s  s h o w  t h e  d e f i n i t e  t r end  of i n c r e a s e d  f i r ing  

tin:es wi th  i n c r e a s e d  a d d i t i o n s  a n d  t h e  co r re spond ing  d e c r e a s e  i n  hydrogen  i n  t h e  

m e t a l .  

l i s  would l o g i c a l l y  be  e x p e c t e d ,  t h e  pro longed  f i r ing  t i m e s  o b t a i n e d  wi th  bar ium per- 

o x i d e  a n d  with uranium t r iox ide  a l l o w e d  t h e  i n t e r n a l  t empera tu re  of t h e  bombs  t o  c l imb 

much h ighe r  t han  i n  normal  bombsD In s e v e r a l  of t h e  bombs ,  t h e r m o c o u p l e s  were  in-  

s t a l l e d ,  - - o n e  in  t h e  c e n t e r  of t h e  c h a r g e ,  a n d  a n o t h e r  at t h e  r a d i u s  of gy ra t ion ,  a 

pos i t i on  which  would g ive  approx ima te ly  t h e  a v e r a g e  t empera tu re  of t h e  cha rge .  ri 

t y p i c a l  p lo t  of t h e s e  d a t a  is p r e s e n t e d  i n  F i g u r e  11 for 3300 pound d ingo t  No. 21842 

which  w a s  m a d e  with 120 pounds  of uranium t r iox ide  i n  t h e  cha rge .  

a d d i t i v e s  normal ly  f i r e  i n  8 t o  10 hours ,  w h i l e  t h i s  bomb f i r ed  i n  a l m o s t  18 hours .  

T h e  i n c r e a s e d  h e a t  c o n t e n t  is a p p a r e n t  from t h e  fact t h a t  t h e  c e n t e r  t empera tu re  is 

approx ima te ly  360'F h ighe r  t han  in  a normal  bomb, a n d  the  r a d i u s  of gy ra t ion  temp- 

e r a t u r e  is a b o u t  270'F h ighe r  t h a n  a normal  bomb. 

B o m b s  wi th  no 

T h e  d a t a  of T a b l e s  XIV a n d  X V  h a v e  b e e n  combined  a n d  p lo t t ed  i n  F i g u r e s  12 a n d  13 

t o  show t h e  e f f e c t  of f i r ing  t ime  on  300 pound de rby  hydrogen  c o n t e n t  a n d  a l s o  on t h e  

hydrogen  c o n t e n t  of 3300 pound d ingo t s .  'These  d a t a  a g r e e  wi th  p r e v i o u s  r e s u l t s  o b -  

t a i n e d  i n  t h e  l abora to ry  i n v e s t i g a t i o n  of t h e  effect of f i r ing  on hydrogen  con ten t .  

It is n o t  known whe the r  t h e  r educ t ion  in  hydrogen  e x p e r i e n c e d  wi th  t h e  bar ium per- 

o x i d e  a n d  uranium t r iox ide  a d d i t i o n s  is a c h i e v e d  s o l e l y  b e c a u s e  of t h e  e x t e n s i o n  in  

f i r ing  time. 

ho t  wi re  ign i t e r  at p rede te rmined  f i r ing  t i m e s .  Add i t iona l  c h a r g e  t empera tu re  d a t a  a r e  

a l s o  d e s i r e d ,  a n d  fu ture  w o r k  w i l l  i n c l u d e  a s t u d y  of v a r i o u s  m e t h o d s  to  improve  y i e l d s .  

T h i s  po in t  w i l l  be  c l a r i f i e d  by f i r ing  s o m e  of t h e  b o m b s  wi th  a n  i n t e r n a l  

.......... . . . . . . . . .  4.. ... : .. ': . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . .  I .  ... . . . . . . . . . . . . . . . .  ..... 
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F I G U R E  8 

E F F E C T  O F  BARIUM P E R O X I D E  ADDITIONS ON 3300 POUND 

DINGOT HYDROGEN C O N T E N T  AND FIRING T I M E  

8 

A 

A 

A. 

v o  0 .5  1. 0 1. 5 2 .0  

yo BaOZ in  B o m b  C h a r g e ,  b a s e d  on U F 4  
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E F F E C T  O F  U03 ADDITIONS ON 300 P O U N D  DERBY HYDROGEN C O N T E N T  AND F I R I N G  TIME 
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F I G U R E  10 

E F F E C T  O F  UO 3 ADDITIONS ON 3300 POUND 

DINGOT HYDROGEN C O N T E N T  AND FIRING TIME 

e 

'UND 

TIME 

70 UO3 in Bomb, based on UF4 
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F I G U R E  12 

EFFECT O F  FIRING T I M E  ON 300 P O U N D  DERBY BOMB 

HYDROGEN C O N T E N T  

5.0 

4.0 

E n a 

C 
3.0 

0 
Ll ax 3: 

2 . 0  

1. 0 

@ B a 0 2  i n  the Charge 
n U 0 3  in the Charge  

A 

I 
2 4 b 8 

F i r i n g  Time,  hours 
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F I G U R E  13 

EFFE 
, 
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4.0 

E 2 3 . 0  

c 
QI co 
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h a 
x 
+x 2 . 0  

1. 0 

T O F  FIRING TIME O N  3300 P O U N D  DINGOT HYDROGEN CON 
\ 

E N T  
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DINGOT FORGING 

N .  El le rman  

R .  B e c k e r  

H .  J . Schaf fe r  

I. Summary 

1. P r o d u c t i o n  

2 .< 

3 .  

During t h i s  qua r t e r ,  t h e  fo l lowing  q u a n t i t i e s  of forged  b a r  s t o c k  were  p roduced :  

Rou t ine  d ingo t  m e t a l  for SRO s l u g s  

Low hydrogen  d i n g o t  me ta l  for H A P 0  s l u g s  

B a r s  from N L O  i n g o t s  

57 t o n s  

71  t o n s  

3 t o n s  

T o t a l  131 t o n s  

- 

NLO I n e o t s  

T h r e e  t o n s  of i n g o t s  from N L O ,  . lo  i n c h e s  i n  d i a m e t e r  a n d  17 t o  20 i n c h e s  long ,  were  

s u c e s s f u l l y  swage- fo rged  to  7% i n c h  d i ame te r  round b a r s  w i t h  c o n v e x  e n d s ,  

Y i e l d s  

O v e r a l l  y i e l d s  for  t h e  d ingo t  p r o c e s s  h a v e  r ema ined  a t  t h e  s a m e  l e v e l .  T h e  y i e lds -  for t h e  

f i r s t  s i x  low H, s h i p m e n t s  a s  we l l  a s  normal d ingo t  m e t a l  s h i p m e n t s  a r e  r epor t ed  in  

T a b l e  I ,  

11. In t roduc t ion  

A c c e p t a n c e  of d ingot  metal for  p i l e  u s a g e  h a s  r equ i r ed  t h e  p i l o t i n g  of f a b r i c a t i o n  of f u e l  

e l e m e n t s  for i r r a d i a t i o n  t e s t s ;  E a r l y  in t h e  i n v e s t i g a t i o n  of t he  d i n g o t  p r o c e s s  i t  b e c a m e  

a p p a r e n t  t h a t  the m o s t  e c o n o m i c a l  s h a p e  of a d ingo t  r equ i r ed  p re l imina ry  forming to p re -  

p a r e  i t  f o r  success fu l  ro l l i ng  at NLO.  I n i t i a l  e x p e r i m e n t s  i n d i c a t e d  t h a t  p r e s s  f o r g i n g  

a d i n g o t  t h a t  had  been  h e a t e d  i n  a salt ba th  asould s a t i s f a c t o r i l y  r e d u c e  t h e  c y l i n d r i c a l  

d i n g o t  to a forged  bar., w h i c h  cou ld  e a s i l y  be r o l l e d ,  Work done in perfecting t h i s  forming technique 

h a s  b e e n  r epor t ed  i n  p a s t  qua r t e r ly  r e p o n s  I ,  a n d  r e c e n t  w o r k  is d e s c r i b e d  below 

' Williams, F.H., Schaffer, H. J., Process  Deuelopnent Qunrterly Report,  Par t  11, hlalliackrodt Chemical Works, 
MCW-1398 (November 1, 1956) p .  83-88 

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . a  
0 s  a 0 1  0 0 0  e O D  D O  P 0 0 0 0 "  6 0  



Table I 

. .  1 :..:.: 
1 ...... 
I .: 
I *-=**.  

, *.*= e .  Shipment 
' .. .Number 

I ....I. 

I .  .. 
e .  

.*. 
65 

.". 66 
67 

I 68 

i 69 
j ,  7 0  

7 1  

I 7 2  

73 

j 
, 
I 

1 7 4  

75 
I 

d 76 
77 

78 

79 

80 

81 

82 

83 

Date of 
Shipment 

11-24-56 

11-24-56 

11-30-56 

11-30-56 

12- 14-56 

12- 26-56 

12-26-56 

1-10-57 

1-16-57 

1- 2 3-5 7 

2-11-57 

2-20-57 

2-19-57 

2-28-57 

2-28-57 

3-5-57 
3-12-57 

3-18-57 

3-20-57 

3-28-57 

4-4-57 

4-18-57 

Type 

Slug 
of 

SKO 

SRO 

SRO 

SRO 

SRO 

SRO 

SRO 

SRO 

SKO 

I iAPO 

SRO 

SKO 

HAP0 

!lAPC) 

SRO 

SR.0 

H A P 0  

SRO 

SRO 

H A P 0  

SRO 

SRO 

Green 
Salt 

Crude 
Uingot 

% 

to 

96.97 

96.73 

96.47 

9'7.20 

97. l t f  

97 50 

97 24 

97. 18' 

96.68' 

97.19 

95.21 

94.33c 

94.03 

92.28 

93.49' 

Individual and Overall Yields for the Dingot Process 

96.15 

96.34 

93.25 

93.61 

95-93 
93.65 
94.36 

Green 
Salt 
to 

Scalped 
Cingot 

% 

80.01 

79.26 

81-99 

82-54 

8 1  46 
84.65 

80 56 
80 31 

73.25 

7 4  17 

69.47 

67.50 

69.47 

68.20 

67.68 

71.64 

72,81 

68.25 

62-60 

79.33 
71.07 

70.03 

Crude 
Dingot 

Scalped 
Dingot 

% 

82 51 

81.94 

84.99 

84.92 

to 

83.83' 

86.81' 

82.84 

82 64 

75.77 

76.3 1 

72.97' 

71.56 

73.88 

73.91 

72.40 

74.50 

75.58 

73.19 

66.88 

82,70 

75" 89 
74-22 

. - .  

Green 
Salt 

Forged 
%ah 

% 

to 

Scalped 
Dingot 

Forged 
Bar 

% 

to 

Forged 
8 ar 

Good 
Rod 

% 

to 

79 00 

74 199 
81"22 

79 67 

79 91 

82 21 

79 47 

78.34 

7 1  65' 
72.71 

68.49 

63.93 
67.22 

64.03 

60.87 

67.93 

71.34 

61-40 

60.01 

77.15 

70.06 

68.55 

98.75 

94.61 

99-07 

96.5 2 

98.11 

97.13 
98.68 

97.53 
97.80 

98.06 

98,60 

94.79 
96.77 

?3.91 

89,96 

a 

94 82 

95 22 
88 62' 

92 83 

90.61 

81 57 I 
~ 94 95b 

90.08 

90 86 

93-42' 

94.41 

90 16 

92.14 

89.93 

94.83 87.78 

97.97 90-00 

89.96 90-55' 

95.86 

97- 25 93.11 

98.59 

97.89 94.45 

a 

a 

Good 
Rod 

Tot a1 

% 

a 

84 04 

71.90 

70. 77' 

75,11 

70.86 

57.84 
69-81' 

67.64 

74.95 

66. 32' 
66.62 

77.92 

73.96 

69.67 

70.71 

71.27 

62-84' 
a 

74.77 
a 

71-24 

to 

Slug 

-, 

Total 
Slug 

Slug 

to 
Good 

% 

a 

96.25 

94.69 

98.72' 

96.54 

96.10 

93.30 
95.05' 

97 49 

95,51 
70.67' 

84.95 

95.64 

96.56 

98.12 

98.52 

97.84 

89.70' 
a 

96.60 
a 

97-29 

Forged 
Bar 

Good 

% 

to 

Slug 

Green 
Salt 

Good 

% 

to 

Slug 

a 

56-05 

64.83 

61-91' 

69-32 

61.70 

a 

42-02 

53.83 
49"06' 

53.79 
50.72 

44-10 
63.00' 

59,40 

65.05 
43. 79' 

53"43 

67.19 

65-81 

61-49 

61.15 

62.75 

51-04' 
a 

67.24 
U 

65-46 

34.,99 
48. 58' 

42.47 

47.29 

34-88' 

34-16 

45.16 

4 2 ~  13 

37.42 

41.53 

44.76 

27-80' 
a 

51.79 
a 

44.86 
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Table I (continued) 

Shipment 
Number 

84 

85 

86 

87 

88 

89 

90 

Average 

Average 

..... ... 
e.. .. 
0 .. 
e ,  

9 ... 
'". .. 
.... ..... . .  

e .  . .  .. r 
0 .  
s . .  .. . 
D..... 

o..... . .  

Date of 
Shipment 

4-18-57 

5-7-57 

5-7-57 

5-21-57 

5-21-57 

5-24-57 

5-31-57 

Type 

SI ug 
of 

HAPO 

HAP0 

SRD 
SKO 
HAPO 

HAP0 

SR0 

Green 
Salt 

Crude 
to 

Dingot 
% 

Green 
Salt 

Scalped 
to 

Dingot 
% 

Crude 
Dingot 

Scalped 
Dingot 

% 

to 

Green 
Salt 

Forged 
Bar 
% 

to 

Scalped 
Dingot 

Forged 
Bar 

% 

to 

Forged 
Bar 

Good 
Rod 

% 

to 

Good 
Rod 

Tot a1 

% 

to 

Slug 

Tot a1 
Slug 

Slug 

to 
Good 

% 

Forged 
Bar 

Good 

% 

to 

S k  

Green 
Salt 

Good 

% 

to 

Slug 

95.61 

94.73 

93.77 

92-55 

94.71 

94.83 

91.19 

73.39 

68 .. 89 

67..50 

68.58 

69.98 

72.22 

69.07 

'76.76 

72.72 

71..98 

74.11 

73-90 

76.16 

75.74 

71.49 

67.21 

64.90 

67.43 

69.12 

70.71 

68.20 

97.40 

97.57 

96.,15 

98.32 

98.77 

97.91 

98.74 

89..38 
e 

e 

e 

e 

e 

l 

75.66 
e 

e 

e 

e 

e ' 

97 ~ 20 
e 

e 

e 

e 

e 

f 

65.73 
e 

e 

e 

e 

e ' 

47.00 
e 

e 

e 

e 

e 

l 

llAP0 95.23 72.90 76.52 70.66 96.89 90.94 74 76 96 56 65 63 46.35 

SRO 95.22 73.87 77 48 71 41 96 59 91.37 69.67 93 39 59 07 42.58 

Kolled to WAPD ovals 

Part of diese dhipnients rolled to W A P D  ovals; the yields for these shipments represent only those forged bars that were made into 

SKO slugs. 
Results corrected from those previously reported 

Data above line reported previously. 

N o  rolling or slug data available. 

Rolled to,ovals for the A.E.C. of Canada 

a 

e ' 
,e.... 

OO.... 
0 . .  
0 .  

e..... 
0 .  

o... 
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111. D i s c u s s i o n  

A ;  P r o d u c t i o n  

P r e s s  forging of mach ined  d i n g o t s  h a s  c o n t i n u e d  a s  t h e  pr imary f ab r i ca t ion  p r o c e s s  

f o r  t h e  semi -works  p roduc t ion  of d ingo t  me ta l ,  

Dur ing  t h i s  qua r t e r  57 t o n s  of forged  d i n g o t  b a r s  con ta in ing  more than  2 ppm 

hydrogen  were  p roduced  for ro l l ing  to  SRO fue l  e l e m e n t s ,  a n d  71 tons of forged  d ingo t  

b a r s  w i th  hydrogen  below 2 ppm were  p roduced  for ro l l i ng  to IIAPO t ype  fue l  

e l e m e n t s  to be e v a l u a t e d  a t  t h a t  site, T h r e e  t o n s  of forged  b a r s  were  p roduced ,  by 

c ross -  forg ing  or swage- fo rg ing ,  from 10 i n c h  d i a m e t e r  NLO i n g o t p ,  17 t o  20 i n c h e s  

long .  

8. NLO Ingots 

S ix  i n g o t s ,  10 i n c h e s  i n  d i a m e t e r  and 17 t o  20 i n c h e s  long ,  were  r e c e i v e d  from NLO, 
forged  to  f l a t - s i d e d  o v a l s ,  5 %  i n c h e s  by 7 i n c h e s ,  and r e tu rned  to  N L O  for ro l l i ng ,  

T h e s e  i n g o t s  were  h e a t e d  for forg ing  in  l loughton  L i q u i d  l l e a t  No. 980 s a l t  a t  

1200°1‘ 

of 8 m i n u t e s  be fore r e h e a t i n g .  

lor a minirrlunt of 45 m i n u t e s  e a c h .  E a c h  forging c y c l e  c o n t i n u e d  for a maximum 

T h r e e  i n g o t s  were  u p s e t  un t i l  t he i r  he ig l i t s  approx ima ted  

c ross - fo rged  in  the  c o n v e n t i o n a l  manner  to p roduce  b a r s  for ro l l i ng  at NLO. E i g h t  

r e h e a t i n g s ,  i n c l u d i n g  t h e  o n e  for f i n a l  con tour  forg ing ,  were  n e c e s s a r y  for p roduc t ion  

of t h e s e  b a r s .  F i g u r e  1 s h o w s  t h e  con tour  of t h e s e  b a r s  a s  t hey  were  s h i p p e d  t o  NLO.  

F i g u r e  2 is a c l o s e u p  showing  t h e  s u r f a c e  o b t a i n e d  on  t h e s e  b a r s .  T h r e e  i n g o t s  

were  s w a g e - t o r g e d  in “ v e e ”  d i e s  t o  7% i n c h  d i ame te r  rounds ,  t hen  f l a t t e n e d ,  a n d  

f ina l ly  con tour  forged  t o  t h e  p rope r  con tour  for ro l l ing .  On ly  t h r e e  r e h e a t i n g s ,  i n -  

c l u d i n g  t h o s e  fo r  f l a t t en ing  and  con tour  forg ing ,  were  n e c e s s a r y  o n  t h e s e  b a r s  

C a r e  w a s  t a k e n  dur ing  swage- fo rg ing  to a l i g n  o n e  e n d  of t h e  i n g o t  w i th  t h e  working  

e d g e s  of t he  d i e s  when forg ing  at t h e  e n d s  of the  i n g o t s .  T h i s  p r a c t i c e  p r e v e n t e d  

d i s h i n g  of t he  e n d s  of t h e  b a r s ,  which  would  r e s u l t  i n  e x c e s s i v e  f i s h t a i l i n g  of  the  

r o d s  in t h e  N L O  blooming m i l l .  F i g u r e  3 s h o w s  t h e  c o n v e x  e n d s  of t h e s e  b a r s  a f t e r  

con tour  forging. F i g u r e  4 is a c l o s e u p  showing  t h e  s u r f a c e  o b t a i n e d  o n  t h e s e  b a r s ,  

w h i c h  c o m p a r e s  f avorab ly  wi th  t h a t  o b t a i n e d  o n  t h e  c r o s s  forged  ba r s .  

Ro l l ing  y i e l d s  for t h e s e  b a r s  h a v e  not  as y e t  been  r e c e i v e d  from N L O ,  

the i r  d i a m e t e r s  a n d  then  

Lark o n  s - age - to rg ing  o f d i n p o t s  is p l a n n e d  in  t h e  f u t u r e  to fur ther  i n v e s t i g a t e  t h e  

p o s s i b l e  e c o n o m i e s  which  would  r e s u l t  from fewer  r e h e a t i n g  c y c l e s ,  
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F i g u r e  3 

3 a r s  Swage-Forged  from N L O  Ingots 

F i g u r e  4 

C l o s e u p  Showing Sur face  of Swage-Forged  Bar  / 
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C, Y i e l d s  

Dur ing  t h e  p a s t  q u a r t e r  o v e r a l  

a b o u t  t h e  same l e v e l  a s  t h o s e  

T h e  y i e l d s  for t he  f i r s t  s i x  s h  

y i e l d s  from t h e  d ingo t  p r o c e s s  h a v e  r e m a i n e d  a t  

r epor t ed  in  t h e  p r e v i o u s  qua r t e r ly  repor t , '  

pmen t s  of low hydrogen  uranium m e t a l  w h i c h  w e r e  

ro l l ed  to H A P 0  s l u g s  a r e  reporred  in  T a b l e  I a n d  h a d  a n  o v e r a l l  g r e e n  s a l t  to 

a c c e p t a b l e  s l u g  y i e l d  of 4 6  35% T h e  t o t a l  s l u g  to a c c e p t a b l e  s l u g  y i e l d  for t h i s  

m a t e r i a l  i s  96 .56% 

S h i p m e n t s  7 2 ,  7 3 ,  a n d  7 9  had  s o m e w h a t  h ighe r  s l u g  reject  r a t e s  d u e  to mach in ing  

l o s s e s  w h i c h  lowered  t h e  o v e r a l l  y i e l d s  for t h e s e  s h i p m e n t s  

h a s  a l o w e r  o v e r a l l  y i e l d  d u e  to  h ighe r  l o s s e s  in  the  bar ro l l i ng  a n d  rod mach in ing  

o p e r a t i o n s  a t  N L O  

T h e  6 8 t h  s h i p m e n t  

B e c k e r ,  R.W., Schaffer ,  H. J.. Hartmana, R . F . ,  P r o c e s s  D e v e l o p m e n t  Q u a r t e r l y  R e p o r t ,  P a r t  11, 
Mallinckrodt C h e m i c a l  Works, MCW-2402 ( M a y  1 ,  1957)  p. 127. 
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DINGOT EXTRUSION 

W. E .  E l l e r m a n n  

R .  W. B e c k e r  
H. J .  Scha f fe r  

I. Summary 

R o d s  e x t r u d e d  i n  t h e  th i rd  a n d  four th  c a m p a i g n s  of t h e  MCW- Br idgepor t  B r a s s  Co. 

e x t r u s i o n  d e v e l o p m e n t  program a t  Adr i an ,  Michigan,  w e r e  e v a l u a t e d .  

e v a l u a t i o n  were :  

gamma 

F i n d i n g s  of t h i s  

1. G l a s s  l u b r i c a t i o n  r e s u l t e d  i n  minor goug ing ,  or groov ing ,  of t h e  r o d s  but  o n l y  a f e w  

s c a b s  a n d  b l i s t e r s  w e r e  o b s e r v e d .  

2 .  O i l  d a g  l u b r i c a t i o n  r e s u l t e d  i n  numerous  s c a b s  a n d  b l i s t e r s ,  b u t  o t h e r w i s e  t h e  r o d s  

w e r e  s m o o t h e r  t h a n  th,o,se e x t r u d e d  wi th  a g l a s s  l u b r i c a n t .  

3 .  C o n d i t i o n s  w h i c h ,  i n d i v i d u a l l y ,  r e s u l t e d  in  h ighe r  y i e l d s  w e r e  g l a s s  l u b r i c a t i o n ,  

g r a p h i t e  f o l l o w e r  b l o c k s ,  a n d  1900'F b i l l e t  t e m p e r a t u r e s .  

4 .  An a v e r a g e  l i n e a r  s h r i n k a g e  o f  2.6875, d u e  t o  o x i d a t i o n  a n d  thermal  c o n t r a c t i o n s ,  w a s  

o b s e r v e d  for r o d s  ex t ruded  at  1800' a n d  1900'F. 

5 .  Hydrogen  p i ckup  from hea t ing  b i l l e t s  to 1800' or 1900'F i n  a salt b a t h  w a s  n e g l i g i b l e .  

6 .  Meta l log raph ic  e x a m i n a t i o n  of t he  e x t r u d e d  rods r e v e a l e d  o n l y  minor va r i a t ions  i n  

s t r u c t u r e .  T h e  m a c r o s t r u c t u r e  w a s  found  to b e  r a d i a l l y  o r i e n t a t e d  c o n s i s t e n t  w i th  t h e  

d i r e c t i o n  of h e a t  f low whi l e  the  m i c r o s t r u c t u r e  w a s  t y p i c a l  of m e t a l  q u e n c h e d  from t h e  

b e t a  p h a s e .  

T h e  f i f th  c a m p a i g n  of t h e  a b o v e  p r o j e c t  w a s  per formed,  a n d  t h e  fo l lowing  o b s e r v a t i o n s  w e r e  

m a d e  on comple t ion  of t h e  campa ign .  

. 1. N o  n o t i c e a b l e  d i e  w e a r  r e s u l t e d  from t h e  e x t r u s i o n  of th i r ty  r o d s  th rough  a d i e  m a d e  

of R e x  A A  h igh  s p e e d  s t e e l  w h e n  g l a s s  w a s  u s e d  as a l u b r i c a n t  o n  both  t h e  f ront  e n d  

a n d  pe r iphe ry  of t h e  b i l l e t .  

A 
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2.  Grooving  w a s  n o t i c e a b l e  o n  t h e  i n l e t  r a d i u s  a n d  l a n d  of a R e x  AA d i e  w h e n  “ o i l  dag”  

w a s  u s e d  as  a lub r i can t .  

3. N o  n o t i c e a b l e  d i e  w e a r  r e s u l t e d  from t h e  e x t r u s i o n  of t h r e e  r o d s  through a R e x  AA 

d i e  w h e n  only  a g l a s s  d i s c  i n  f ront  of t h e  b i l l e t  w a s  u s e d  for  l u b r i c a t i o n .  

4. Grooving  w a s  n o t i c e a b l e  on p a r t  of t h e  i n l e t  r a d i u s  a n d  l a n d  of a R e x  A A  d i e  a f t e r  

e x t r u s i o n  of two  b i l l e t s  h a v i n g  g l a s s  a p p l i e d  e f f e c t i v e l y  on ly  t o  the i r  p e r i p h e r i e s .  

5 .  E x t r u s i o n  c o n s t a n t s ,  b a s e d  OR s t r a i n  g a u g e  m e a s u r e m e n t s ,  for b i l l e t s  ex t ruded  wi th  

g l a s s  as  a l u b r i c a n t  a v e r a g e d  1805 p s i ,  compared  to a n  a v e r a g e  of 2121 p s i ,  for 

b i l l e t s  ex t ruded  wi th  oil d a g  a s  a lub r i can t .  T h i s  i n d i c a t e d  t h a t  g l a s s  w a s  s u p e r i o r  

t o  “oil d a g ”  as  a l u b r i c a n t  for t h e  gamma e x t r u s i o n  of uranium. 

11. In t roduc t ion  

T h e  geomet ry  of d i n g o t s  n e c e s s i t a t e s  a forming ope ra t ion  prior to ro l l i ng  at NLO. T h i s  
primary forming w i l l  b e  a c c o m p l i s h e d  by gamma p h a s e  e x t r u s i o n  a t  the new Weldon Spr ing  

P l a n t .  T h e  b a s e s  fo r  t h i s  c o n c l u s i o n  w e r e  d i s c u s s e d  i n  p rev ious  qua r t e r l i e s . ” ’  

A program for  the deve lopmen t  of gamma p h a s e  e x t r u s i o n  t e c h n i q u e s  h a s  b e e n  c o n d u c t e d  

by t h e  Br idgepor t  B r a s s  Co., wi th  t h e  coope ra t ion  a n d  a s s i s t a n c e  of MCW. T h e  work h a s  

b e e n  per formed at t h e  Adr i an ,  Mich.,  B B C  p lan t  a n d  h a s  b e e n  on a r e l a t i v e l y  s m a l l  s c a l e ,  

d u e  to t h e  s i z e  l i m i t a t i o n s  of t h e  p r e s s  be ing  u s e d .  

for t h e  beginning  of a program to b e  performed by Dow C h e m i c a l  Co., a s  a s u b c o n t r a c t o r  

to  MCR, a t  the i r  Mad i son ,  Ill., p l a n t .  T h e  p r e s s  t o  b e  u s e d  at Dow wi l l  . i ccommoda te  

b i l l e t s  approx ima t ing  t h e  s i z e  of t h o s e  to  b e  p roduced  from d i n g o t s  at Weldon Spr ing .  

P r o g r e s s  on the  BBC program is r e p o r t e d  be low.  

P r e p a r a t i o n s  are  n e a r i n g  comple t ion  

B i l l e t s  6’%, i n c h e s  i n  d i a m e t e r  a n d  from 12 t o  18 i n c h e s  long  h a v e  b e e n  ex t ruded  at 

Adr ian .  Af te r  s o m e  work wi th  s m a l l e r  orifices, a d i e  o r i f i c e  of 2.910 i n c h e s  w a s  c h o s e n  

to g i v e  a r e d u c t i o n  r a t i o  of 6.6 t o  1 wi th  a 7 

r a t i o  is e q u i v a l e n t  to t h a t  p roposed  for  Weldun Spring.. 

‘I d i a m e t e r  c o n t a i n e r .  T h i s  r educ t ion  

Williams, F, H., Schaffer, H. J . ,  Hartmann, R. F., Process Development Quarterly Report, Part 11, Mallinckrodr Chemical 
Works, M C W - I 4 0 0  (February 1, 1957) p 105-119 

* Becket,  R. W., Hansen, J .  W., Schaffer, H. J.. Hartmann. R. F.,  P r o c e s s  Development Quarterly Report. Part 11, 
Mallinckrodt Chemical Works, M C W - I 4 0 2  (May 1, 1957) p 133-150 
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P r e v i o u s  work h a s  i n d i c a t e d  tha t :  

1. 

2. 

3. 

4 .  

5" 

B i l l e t  t empera  t u r e s  of 1800' a n d  1900'F permi t  e x t r u s i o n  wi thou t  a n y  p a r t i c u l a r  b i l l e t  

h a n d l i n g  o r  runout  p rob lems  

R e l a t i v e l y  c o m p l e t e  gamma p h a s e  e x t r u s i o n  is p o s s i b l e  a t  b i l l e t  t e m p e r a t u r e s  of 

1800'  a n d  1900'F 

G l a s s  l u b r i c a n t s  s e e m  to d e c r e a s e  d i e  wear .  

P a r t i a l l y  ex t rud ing  a g r a p h i t e  fo l lower  b lock  r e s u l t s  i n  p r a c t i c a l l y  n o  b u t t  m a t e r i a l ,  

o b v i a t i n g  t h e  n e e d  for  s a w i n g  or  s h e a r i n g  for bu t t  r emova l  

Ro l l ing  t h e  e x t r u d e d  rods  i n  Houghton L i q u i d  H e a t  N o .  9 8 0  salt i m m e d i a t e l y  a f t e r  

e x t r u s i o n  l o w e r s  t h e  e f f e c t  of s u r f a c e  o x i d a t i o n .  

P e r f o r m a n c e  of t h e  third a n d  fourth e x t r u s i o n s  a t  Adr i an  w a s  r epor t ed  i n  t h e  p r e v i o u s  

q u a r t e r l y B 3  

of t h e  f i f th  e x t r u s i o n  a r e  r epor t ed  b e l o w .  

E v a l u a t i o n  of t h e  r o d s  from t h e s e  third a n d  four th  e x t r u s i o n s  a n d  t h e  pe r fo rmance  

111. E v a l u a t i o n  of R o d s  f r o m  T h i r d  a n d  F o u r t h  C a m p a i g n s  

A. E x p e r i m e n t a l  Work 

Salt, g l a s s ,  a n d  o x i d e s  w e r e  r emoved  from t h e  r o d s  b y  w a s h i n g  in  wa te r .  

e x a m i n a t i o n  tor s u r f a c e  d e f e c t s ,  t h r e e  mic romete r  m e a s u r e m e n t s  w e r e  m a d e ,  120' a p a r t ,  

a t  e a c h  o f  fou r  l o c a t i o n s  o n  e a c h  rod: (2)  t h e  c e n t e r  of  

t h e  r o d ,  

e n d s  of t h e  rods  w e r e  then  c ropped  un t i l  f r ee  of "p ipe" ,  or e x t r u s i o n  d e f e c t .  T h e  good  
por t ion  of e a c h  rod  w a s  w e i g h e d  f o r  y i e l d  d e t e r m i n a t i o n s ,  

Af t e r  v i s u a l  

(1) 2 i n c h e s  from t h e  l e a d  e n d ,  

( 3 )  2 feet from t h e  b a c k  e n d ,  a n d  (4) 2 i n c h e s  from t h e  b a c k  end .  T h e  b a c k  

B .  E x p e r i m e n t a l  R e s u l t s  

1. D i a m e t e r  of R o d s  

A v e r a g e s  of t h e  t h r e e  rod d i a m e t e r  m e a s u r e m e n t s  t a k e n  a t  v a r i o u s  l o c a t i o n s  o n  e a c h  

rod r a n g e d  from 2 .713  i n  to 2 .941  in.  About  8 0  p e r c e n t  of t h e s e  m e a s u r e m e n t s  w e r e  

w e r e  b e t w e e n  2.820 i n a n d  2.840 i n .  T h e  f r e q u e n c y  of t h e s e  a v e r a g e  m e a s u r e m e n t s  

is i n d i c a t e d  i n  T a b l e  I. 

Ibid 

\ 
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T a b l e  I 

L o c a t i o n  

F r e q u e n c y  of Average  Rod Diamete r  Measuremen t s  

Average  Rod Diamete r  h l easu remen t s  

L e s s  t h a n  2.820 through G r e a t e r  t h a n  
2.820 i n c h e s  2 .840  i n c h e s  2.840 i n c h e s  

S a c k  e n d  11 19 3 

2 f e e t  from b a c k  
e n d  1 26 6 

Middle of rod 2 30 1 

2 i n c h e s  from 
l e a d  e n d  2 29 2 

Sur face  o x i d a t i o n  w a s  r e s p o n  s i b l e ,  i n  pa r t ,  for  the  large var ia t ions  i n  d i ame te r .  

B e t a  c h e c k i n g  w a s  r e s p o n s i b l e  for t he  pa r t i cu la r ly  l a r g e  v a r i a t i o n s  on  t h e  b a c k  e n d s .  

F i g u r e  1 s h o w s  g r a p h i c a l l y  the f requency  of ind iv idua l  rod d i a m e t e r  m e a s u r e m e n t s  

t a k e n  2 i n c h e s  from t h e  front  e n d s  of t h e  r o d s .  T h e s e  m e a s u r e m e n t s  were  c h o s e n  

b e c a u s e  they  w e r e  g e n e r a l l y  more r e l i a b l e  than  t h o s e  t a k e n  a t  o t h e r  l o c a t i o n s .  

p e a k  of t h i s  c u r v e  a t  2 . 8 3 2  i n c h e s  i n d i c a t e s  a m e a n  l i n e a r  s h r i n k a g e  of 2.68 p e r c e n t ,  

d u e  to o x i d a t i o n  a n d  the rma l  c o n t r a c t i o n ,  from a 2.910 i n c h e s  d i e  d i ame te r .  

T h e  

On ly  a ve ry  s l i g h t  a n d  i n c o n s i s t e n t  i n c r e a s e  w a s  o b s e r v e d  i n  t h e  a v e r a g e  d i a m e t e r s  

o f  p r o g r e s s i v e  rods  ex t ruded  through e a c h  d i e ,  

d i e  i n  te rms  o f  rod d i a m e t e r ,  i t  a p p a r e n t l y  wi l l  be n e c e s s a r y  t o  ex t rude  a c o n s i d e r a b l y  

g r e a t e r  number of rods through one d i e  t h a n  w a s  done  i n  t h e s e  c a m p a i g n s .  D e s p i t e  t h e  

o b v i o u s  s t r i a t i o n s  on t h e  i n l e t  r ad i i  a n d  l a n d s  of t h e  d i e s  u s e d  wi th  o i l  d a g ,  rod 

d i a m e t e r s  d id  not i n d i c a t e  a n y  g r e a t e r  wea r  on  t h e s e  d i e s  t h a n  on  t h e  one  u s e d  wi th  

g l a s s  l ub r i can t .  

In order  t o  d e t e r m i n e  w e a r  on a R e x  A A  

2. R o d  Y i e l d s  

T a b l e  I1 lists t h e  c o n d i t i o n s  of e x t r u s i o n  for e a c h  rod,  t o g e t h e r  wi th  rod y i e l d s  b a s e d  

on bu t t ,  p i p e ,  a n d  o x i d a t i o n  

v a r i o u s  e x t r u s i o n  c o n d i t i o n s ,  a v e r a g e  rod y i e l d s  o f  bo th  t y p e s  from T a b l e  11, as we l l  a s  

a v e r a g e  p e r c e n t a g e s  of b a c k  e n d  be ta  c h e c k i n g .  

l o s s e s  or on rod s u r f a c e  q u a l i t y .  T a b l e  111 lists, for 

. . . . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . . .  . . . . . . . .  . 0 ' e. 0 0  0 0 0 0  
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J 

I .... 
I .  . , ...... . .  . .. . . . . . . , 
I *..... 
I .: , ...... 
I ...... Billet 

Number 
~ :*. : . .  .. L 16 . . .  . .  ..... .... . .  

r-. .. 
... . . .  ... .. ... ..... 

17 

18 

19 

20 

2 1  

22 

23 

24 

25 

26 

27 

Die 
Number 

8 

8 

8 

8 

7 

7 

7 

7 

7 

7 

7 

7 

Tab le  I1 

Individual Rod Yie lds  for Third and Fourth Gamma Extrusion Campaigns 

Die 
Type 

Flow 
without cone 

Flow 
without cone 

Flow 
without cone 

Flow 
without cone 

Flow 
with cone 

Flow 
without cone 

Flow 
without cone 

Flow 
without cone 

Flow 
without cone 

Flow 
without cone 

Flow 
without cone 

Flow 
without cone 

Lubrication 
Billet' Die & Liner 

Oil dag 

None 

Oil dag 

None 

None 

Oil dag 

Oil dag 

None 

None 

Oil dag 

None 

Oil dag 

Salt only 

Salt only 

Salt only 

Salt only 

Salt only 

Salt only 

Salt only 

Salt only 

Salt only 

Salt only 

Salt only 

Salt only 

Billet and Yield Based 
Follower Block on Butt and -b Follower Block Temperature Pipe Loss  

Material O F  % 

Graphite 1800 83.1 

Steel 1800 82.7 

Steel 1800 82.2 

Graphite 1800 86.8 

None 1800 84.3 

Steel 1800 85.2 

None 1800 88.3 

Steel 1800 79.3 

Graphite 1800 87.5 

Steel 1800 85.1 

None 1800 85.0 

Graphite 1800 86.5 

Yield Based 
on Rod Surface 

Quality' 
% 

29 

0 

9 

76 

13 

44 

38 

77 

86 

61 

61 

51 



Tab le  I1 (continued) 

13 i I le t 
Number 

Die 
Number 

e.... ... 
e.. .. - . .  
... .. 
.... ..... . .  

0 .  . . .  .. - 
O .  

0 . .  .. . 
o..... *..... .. 
o..... 

a,.... 
0 .. 
e .  

D . . . . .  
0 .  .... 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

3 

Die Lubrication Follower Block 
Type Die 8: Liner Billet' Material 

Flow None Salt only None 
without cone 

Flow None Salt only Steel 
without cone 

Flow Oil dag Salt only Steel 
without cone 

Flow None Salt only C; ra ph i t e 
without cone 

I.:low oil dag Salt o n l y  None 
without cone 

Flow c)il dag Salt only Lraphite 
witliout cone 

Flow Oil dag Salt on ly  Steel 
w i t h o u t  cone 

tlow None Salt only Graphite 
without cone 

Flow Oil dag Salt only None 
without cone 

Flow None Salt o n l y  Steel 
without cone 

Flow Oil dag Salt only Graphite 
without cone 

1;1ow None Salt only None 
without cone 

Graphite Flow Glass No.2 Glass N o . 2  
with cone 

Billet and 
Follower Block 

Temperature 
OF 

Yield Based 
on Butt  an 
Pipe Loss 

% 

% 
Yield Based 

on Rod Surface 
Quality' 

% 

1900 

1900 

1900 

1900 

1900 

1900 

1900 

1900 

1900 

1900 

1900 

1900 

1800 

88.2 

82.5 

74.2 

90.5 

81.2 

83.1 

84.6 

91.4 

85.3 

82.9 

87.2 

79- 1 

84.8 

95 

62 

86 

93 

53 

89 

92 

41 

6s 

89 

89 

62 

68 



.... 
8 .  . ...... T a b l e  I1 ( c o n t i n u e d )  . .  , . .. 
I ...... ...... .. ...... ...... .. . .. 
I *  

Bil le t  and  Yield Based Yield B a s e d  
Follower Block on Butt an& on Rod Surface 

Temperature P ipe  Loss QualityC 
OF % % 

1800 87.6 69 

Billet Die 
Number Number 
.___ ~ 

Die 
Type  

Lubrication Follower Block 
Die & Liner  Bi l le tu  Material .. .. . .. . .  

Flow 
with cone 

F l o w  
with cone  

Flow 
with cone 

F low 
with cone  

Flow 
with cone  

F low 
with cone  

Flow 
with c o n e  

Flow 
w i t h  c o n e  

G l a s s  No.2 G l a s s  No.2 Steel 41  3 ..... .... . .  
*-. .. 

42 3 G l a s s  No.4 G l a s s  No.3 Graphite 1800 89.0 0 ... . . .  ... .. ... ..... 43 3 G l a s s  No.3 G l a s s  No-3 Steel 1800 87.9 97 

44 3 G l a s s  No.3 G l a s s  No.3 Graphite 1800 90.9 98 

G l a s s  No.4 Glass No.4 Graphite 45 3 1800 86.3 10 0 

Glass No.4 Class No.4 Steel  46 3 1800 82.0 88 

G l a s s  No.2 G l a s s  No.2 Graphite 47 3 1800 91.1 68 

48 3 None Salt only None 1800 87.0 5 1  

U Bil le t s  rolled i n  g l a s s  also covered with salt. 

Weight rod a f te r  cropping pipe (lbs.) x 100 f weight billet 

Length of rod containing n o  surface defects ( inches)  x 4 .4  Ibs  per inch of rod x 100 + weight of bi l le t  ( lbs  ) 



T a b l e  I11 

e.... ... 
e.. .. 
0 .. 
... 

0 . .  .. 
.... 

o.... 

e .  
e . .  .. . 
. .  

0 .  
0 .. .. . *..... 
e..... . .  
e..... 

o..... 
0 .. 
0 .  

e..... 
O .  .... 

Average  Rod Y i e l d s  by E x t r u s i o n  C o n d i t i o n s - T h i r d  a n d  F o u r t h  Gamma E x t r u s i o n  CamDaiens  
- 

a i l l e t  

OF 

1800 a n d  1900 

1800 a n d  1900 

1800 a n d  1900 

1800 

1800 

1800 

1800 

1800 

1800 

1800 

1800 

1900 

1900 

1900 

1900 

1900 

’ l e  11) pera  t ure Fo l lower  &lock 
Mate r i a l  L u b r i c a t i o n  

d G r a p h i t e  

d S t e e l  

None  

d G r a p h i t e  o r  S t e e l  

G r a p h i t e  

d S t e e l  

d 

d G r a p h i t e ,  S t e e l  o r  N o n e  

G r a p h i t e  o r  S t e e l  

G ra p h i t e 

d S t e e l  

d 

d 

None  

G r a p h i t e ,  S t e e l  o r  None 

G r a p h i t e  o r  S t e e l  

Graph i t e  

d S t e e l  

N o n e  

d 

d 

d 

G l a s s  o r  O i l  D a g  

G l a s s  o r  Oil  D a g  

G l a s s  or oil D a g  

G l a s s  

G l a s s  

G l a s s  

Oil  Dag  

O i l  D a g  

Oil Dag  

Oil  D a g  

Oil  D a g  

O i l  D a g  

O i l  D a g  

Oil D a g  

O i l  Dag 

O’il D a g  

14  

14 

2 

Yield B a s e d  A v e r a g e  B a c k  Yie ld  U a s e d  on 
o n  Bu t t  a n d  U E n d  Betab  Iced Sur face  

% % % 
P i p e  loss C h e c k i n g  Qua l i ty  

87.6 

83” 1 

84.8 

87.5 

88.4 

85 - 8  

84.8 

84.3 

86.0 

82.9 

86.2 

84.2 

8 4  .. 7 

88.1 

81.1 

83.5 

74 

49 

4 1  

80 

69 
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T a b l e  I11 s h o w s  tha t :  

a .  H ighe r  y i e l d s ,  b a s e d  o n  e i t h e r  bu t t  a n d  p i p e  l o s s e s  or rod s u r f a c e  qua l i t y ,  

r e s u l t e d  w h e n  g l a s s  w a s  u s e d  a s  a l u b r i c a n t  w i th  1800'F b i l l e t  t e m p e r a t u r e s ,  

r e g a r d l e s s  of t h e  fo l lower  b l o c k  m a t e r i a l  u s e d .  

b. H i g h e r y i e l d s  b a s e d  o n  b u t t  a n d  p i p e  losses ,  w e r e  o b t a i n e d  wi th  g r a p h i t e  

fo l lower  b l o c k s ,  r e g a r d l e s s  of the  b i l l e t  t e m p e r a t u r e s  or l u b r i c a n t  u s e d .  

c.  I l i ghe r  y i e l d s ,  b a s e d  o n  rod  s u r f a c e  q u a l i t y ,  w e r e  o b t a i n e d  wi th  1900'F b i l l e t  

t e m p e r a t u r e s ,  r e g a r d l e s s  of t h e  fo l lower  b l o c k  m a t e r i a l  u s e d .  

d .  B e t a  c h e c k i n g  w a s  more p ronounced  wi th  1800'F b i l l e t  t e m p e r a t u r e s  in  al l  

c a s e s ,  

e .  S i n c e  back  e n d  b e t a  c h e c k i n g  c a u s e d  f o u r t e e n  of t h e  t w e n t y - s i x  p e r c e n t  of 
s u r f a c e  d e f e c t i v e  r o d s  ex t ruded  wi th  g l a s s  a s  a l u b r i c a n t ,  i t  is r e a s o n a b l e  to 

a s s u m e  t h a t  h i g h e r  y i e l d s  t h a n  a n y  s h o w n  i n  T a b l e  111 would  b e  a c h i e v e d  b y  

using g l a s s  a s  a l u b r i c a n t  w i th  1900'F b i l l e t  t e m p e r a t u r e s .  

T h e  fact t h a t  h ighe r  y i e l d s . b a s e d  on  b u t t  a n d  p i p e  l o s s e s , w e r e  o b t a i n e d  wi th  n o  

fo l lower  b l o c k s  t h a n  wi th  s teel  fo l lower  b l o c k s  i s  no t  r e a d i l y  e x p l a i n e d .  A p o s s i b l e  

e x p l a n a t i o n  for  t h e  l e s s e r  amoun t  of b a c k - e n d  b e t a  c h e c k i n g  w h e n  no  fo l lower  b l o c k s  

w r e  u s e d  is t h a t  t h e  b i l l e t s  s p e n t  a few s e c o n d s  l e s s  time in  t h e  c o n t a i n e r  a n d  

the re fo re  had l e s s  oppor tun i ty  to c o o l .  

While t h e  d a t a  i s  no t  s h o w n  i n  e i t h e r  T a b l e  I1 or T a b l e  111, b i l l e t s  18 i n c h e s  l o n g  h a d  

a n  a v e r a g e  y i e ld  of 85.8 p e r c e n t  a s  o p p o s e d  to 84.4  p e r c e n t  fo r  t h o s e  l ess  t h a n  18 

i n c h e s  long .  

which is a higher percentage of the shorter b i l l e t s .  
T h i s  is d u e ,  of c o u r s e ,  to  t h e  r e l a t i v e l y  uniform but t  l o s s  for a l l  b i l l e t s ,  

3 .  Hydrogen  P i c k u p  

Hydrogen  a n a l y s e s  w e r e  performed a t  t h e  c e n t e r  a n d  e d g e  of t r a n s v e r s e  s l i c e s  t a k e n  

from t h e  midd le  of t h e  g o o d  por t ion  of e a c h  rod to de te rmine  w h e t h e r  a n y  h y d r o g e n  

p i c k u p  r e s u l t e d  from h e a t i n g  t h e  b i l l e t s  i n  Houghton L i q u i d  : , ea t  1450 s a l t  fo r  40 to 

85 m i n u t e s ,  .at  t e m p e r a t u r e s  of 1800° a n d  1 9 0 0 ° F .  

b i l l e t s  be fo re  e x t r u s i o n  a v e r a g e d  3.0 pprn. 

3 . 2  pprn hydrogen  a t  t h e  e d g e  a n d  c e n t e r  r e s p e c t i v e l y .  

r epor t ed  f o r  t h e  e x t r u d e d  r o d s  w e r e  a c t u a l l y  l o w e r  t h a n  t h o s e  r epor t ed  o r i g i n a l l y  for  

t h e  c o r r e s p o n d i n g  b i l l e t s .  

t h e  hydrogen  a n a l y s e s .  T h e  s m a l l  a v e r a g e  i n c r e a s e s  of 0 .1  pprn to 0 - 2  pprn a r e  

T h e  hydrogen  c o n t e n t  of t h e  

The  e x t r u d e d  r o d s  a v e r a g e d  3 , l  ppin a n d  

Some of t h e  hydrogen  c o n t e n t s  

T h i s  was p robab ly  c a u s e d  b y  t h e  l i m i t  of a c c u r a c y  of 



c o n s i d e r e d  n e g l i g i b l e .  

4. S u r f a c e  Q u a l i t y  of R o d s  

R o d s  e x t r u d e d  wi th  glass  l u b r i c a t i o n  e x h i b i t e d  s h a l l o w  g roov ing ,  or goug ing ,  on 

t h e i r  e n t i r e  s u r f a c e ,  p robab ly  c a u s e d  b y  i n c o m p l e t e  f u s i o n  of t h e  g l a s s  a t  t h e  

pe r iphe ry  of t h e  d i e  o r i f i c e ,  

g r o o v e s ,  w h i c h  w e r e  not  c o n s i d e r e d  s e r i o u s  e n o u g h  to b e  i n c l u d e d  as  s u r f a c e  

d e f e c t s  i n  c a l c u l a t i n g  t h e  y i e l d s  i n  T a b l e s  I1 a n d  111. 

r e l a t i v e l y  f e w  s c a b s  a n d  b l i s t e r s ,  a l t h o u g h  o n e  rod, number  42, h a d  a narrow row 

of b l i s t e r s  e x t e n d i n g  its e n t i r e  l e n g t h .  

F i g u r e  2 is a t r a n s v e r s e  s e c t i o n  of a rod hav ing  s u c h  

'These  r o d s  e x h i b i t e d  

R o d s  e x t r u d e d  wi th  oil d a g  l u b r i c a t i o n  e x h i b i t e d  n u m e r o u s  a r e a s  of s c a b s  a n d  

b l i s t e r s .  

d e f e c t  T h e  e x a c t  c a u s e  of t h e i r  o c c u r r e n c e  is unknown at t h i s  t ime .  

a n d  4 a r e  t r a n s v e r s e  s e c t i o n s  of rods h a v i n g  b l i s t e r s  a n d  s c a b s  r e s p e c t i v e l y .  

T h o s e  a reas  of t h e  rods e x t r u d e d  w i t h  oil d a g  l u b r i c a t i o n  w h i c h  were  no t  s c a b b e d  

or b l i s t e r e d  w e r e  s m o o t h e r  t h a n  t h e  r o d s  e x t r u d e d  w i t h  g l a s s  l u b r i c a t i o n . .  

T h e s e  d e f e c t s  a r e  b e l i e v e d  to b e  d i f f e ren t  d e g r e e s  or fo rms  of a s i n g l e  

F i g u r e  3 

P h o t o g r a p h s  of t h e  o u t s i d e  s u r f a c e s  of t h e  r o d s  s h o w n  i n  F i g u r e s  2 ,  3 ,  a n d  4 

a p p e a r e d  i n  t h e  p r e v i o u s  quar te r ly . '  

5 .  F o l l o w e r  alack Mate r i a l  

T h e  s u p e r i o r i t y  of g r a p h i t e  fo l lower  b l o c k s ,  a s  t h e y  a f f e c t  rod  y i e l d s ,  w a s  

d i s c u s s e d  a b o v e .  

r e a d i l y  p a r t i a l l y  e x t r u d e d  th rough  t h e  d i e ,  l e a v i n g  v i r tua l ly  no b u t t  m a t e r i a l  i n  t h e  

c o n t a i n e r  Fur the rmore  they  form a regu la r ,  s m o o t h ,  c l e a n  c o n e  a t  t h e  b a c k  e n d  of 

t h e  rod ,  a s  s h o w n  i n  F i g u r e s  5 a n d  6. 
e n c o u n t e r e d  w h e n  u s i n g  ho t  steel fo l lower  b l o c k s  or no f o l l o w e r  b l o c k s  at all a r e  

s h o w n  i n  F i g u r e s  7, 8, a n d  9 .  

A d v a n t a g e s  of g r a p h i t e  fo l lower  b l o c k s  are t h a t  t hey  c a n  b e  

T h e  rough, i r r e g u l a r  e x t r u s i o n  d e f e c t s  

6 .  Meta l log raph ic  E x a m i n a t i o n  

T h e  a p p e a r a n c e  of t h e  m a c r o s t r u c t u r e  a n d  t h e  m i c r o s t r u c t u r e  w a s  o b s e r v e d  on  n i n e  

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

a n d  a d j a c e n t  to the  b u t t  e n d .  

pho ton iacsographs  a n d  pho tomic rographs  w e r e  o b t a i n e d .  

E a c h  rod w a s  e x a m i n e d  a t  t h e  l e a d  e n d ,  t h e  midd le ,  

A t  e a c h  of these l o c a t i o n s ,  t r a n s v e r s e  a n d  l o n g i t u d i n a l  

Ibid.  
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Figure 4 

Transverse Sect ion at a a c k  End of Rod 33 Showing Scab.  

(Oil  Dag Lubricant) Approximately 1X 

................... . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  . ' .  ................ ..... 
............................. 
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Figure 5 

Longitudinal Sect ion of Crop from Back End o f  

Rod N o .  3 1  

Graphite Fol lower  
Block 

B i l l e t  Temp'. - 1900'F 
Lubricant - Oil  D a g  

Figure 6 

Longitudinal Sect ion of Crop from Back End of 

Rod N o .  44 

Graphite Fol lower  
Block 

B i l l e t  Temp.  - 1800'F 
Lubricant - G l a s s  

. . . . . . . . .  , ............ . . . .  . . . . . . . . . .  ::. ::. :: .. * , a  4.. : .: .: : : : : o *  : a *  

. . . . . . . . . . . . . . . .  . . . . .  
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Figure 7 

Longitudinal Sect ion of Crop from Back End of Rod N o .  30 

S t e e l  Fol lower 

Block 

B i l l e t  

Temp.-19'?0° F ,  

Lubricant 

Oil  Dag 

Temp.- 1700° F 

Figure 8 

Longitudinal Sect ion of Crop from Back End of Rod No. 32 

............ . . . . . . .  '1. : .. ': . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . .  . . .  ............. ..r . . . . . .  
~- .. . . .  ~- . ....... 
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1.. 

Figure 9 

L o n g i t u d i n a l  S e c t i o n  of Crop f r o m  B a c k  

E n d  of Rod No: 41 

S t e e l  F o l l o w e r  B lock  

B i l l e t  T e m p ,  1800'F 

L u b r i c a n t  Glass 

.................... . . . . . .  . . . . . . .  . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . .  . . . . . . . . . . . .  
. e a  e o  0 6  e 0 0 0 0 .  0 .  .. 0 0 0  
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- 

T h e  m a c r o s t r u c t u r e s  of all of t h e  r o d s  w e r e  q u i t e  s i m i l a r .  

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

d i r e c t i o n  of g r a i n  growth  is c o n s i s t e n t  w i t h  t h e  d i r e c t i o n  of h e a t  f low o u t  of t h e  

rod upon c o o l i n g  from t h e  gamma e x t r u s i o n  t e m p e r a t u r e .  F i g u r e  10 a n d  11 s h o w  

m a c r o s t r u c t u r e s  w h i c h  a r e  t y p i c a l  of all of the  r o d s  s t u d i e d .  

E a c h  photomacrograph  

T h e  

............ . . . . . . . . . . . . .  : .. *: . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ..... . . . . . . . . . . . .  . . .  
. ~ .  . ~ .  .~ __._ ~~ ~ ~- ~ . -  ~ 

- .~ ~ _ _  _ -  ~~ ~ ~ . . - ~~ 

T h e  m i c r o s t r u c t u r e s  a r e  a g a i n  all q u i t e  s i m i l a r .  

t y p i c a l  of a b e t a  h e a t - t r e a t e d  a n d  w a t e r  q u e n c h e d  m a t e r i a l .  

t h e  c o o l i n g  of t h e  r o d s  from t h e  e x t r u s i o n  t e m p e r a t u r e  m u s t  h a v e  b e e n  r a t h e r  r a p i d ,  

o t h e r w i s e  t h e  more r o u n d e d  a p p e a r a n c e  of t h e  a l p h a  a n n e a l e d  s t r u c t u r e  would  h a v e  

b e e n  e v i d e n t .  

E a c h  p r e s e n t s  a n  a p p e a r a n c e  

T h i s  i n d i c a t e s  t h a t  

A photomicrograph  of a t y p i c a l  s t r u c t u r e  is s h o w n  i n  F i g u r e  12.  

Al though t h e r e  were  minor  v a r i a t i o n s  in  s t r u c t u r e  b e t w e e n  s a m p l e s  t h e r e  w e r e  n o  

c o n s i s t e n t  d i f f e r e n c e s  t h a t  c o u l d  b e  a t t r i b u t e d  t o  e x t r u s i o n  v a r i a b l e s .  

IV .  P e r f o r m a n c e  of F i f t h  C a m p a i g n  

A.  P u r p o s e  

T h e  p u r p o s e  of t h e  f i f t h  c a m p a i g n ,  performed on May 1 a n d  2 ,  1957, w a s  t o  e v a l u a t e  

t h e  effect of g l a s s  a n d  “ o i l  d a g ”  a s  l u b r i c a n t s  on  d i e  w e a r ,  a n d  to c o m p a r e  t h e  g r a i n  

s t r u c t u r e  of r o d s  e x t r u d e d  from as-cast  a n d  forged  d i n g o t  metal. T w o  v a r i a t i o n s  of 

t h e  a c c e p t e d  method of a p p l y i n g  g l a s s  l u b r i c a n t  were  a l s o  t r i e d .  

In o r d e r  to minimize  t h e  v a r i a b l e s  i n v o l v e d ,  t h e  c o n d i t i o n s  l i s t e d  b e l o w  w e r e  h e l d  

c o n s t a n t .  

c o n d i t i o n s  w o u l d  b e  d e s i r a b l e .  

K n o w l e d g e  g a i n e d  from p r e v i o u s  work i n d i c a t e d  a t  t h e  t i m e ,  t h a t  t h e s e  

aillet t e m p e r a t u r e  - 1800’F 

F o l l o w e r  b l o c k  t e m p e r a t u r e  - 2000’F 

L i n e r  t e m p e r a t u r e  - 800’F 

Ram s p e e d  - a p p r o x i m a t e l y  250 i n c h e s / m i n u t e  

D i e s  - 2.910 i n c h e s  d i a m e t e r ,  f low t y p e  as  d e s c r i b e d  i n  t h e  p r e v i o u s  quarter ly‘ ,  

R e x  AA h i g h  s p e e d  t o o l  s teel .  

F o l l o w e r  b l o c k  m a t e r i a l  - g r a p h i t e  

F o l l o w e r  b l o c k  p a r t i a l l y  e x t r u d e d  b e h i n d  e a c h  b i l l e t .  

E a c h  rod  r o l l e d  i n  a n d  s p r i n k l e d  w i t h  Houghton  H e a t  9 8 0  s a l t  i m m e d i a t e l y  a f t e r  ex t ruding .  

T a b l e  IV  s h o w s  all of t h e  d a t a  c o l l e c t e d  during t h e  f i f th  c a m p a i g n .  

lbid 



Figure 10 

A Transverse Sect ion Typical  of the Rods  in This  Campaign, 

Approximately 1X 

. .  
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A Longitudinal Sect ion Typica l  of the Rods in Thi s  

Campaign. Approximately 1X 

. . . . . . . . . . . . . . . . . . .  
. . D  , 0 .  0 0  0 0 0 0 0 0  0 0  

. . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . .  . . . . . . . . . . . .  
0 0  0 . 0  
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Figure 12 

A Microstructure Typical  of the Rods in Thi s  

Campaign lOOX ~ Polarized Light 

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . .  . . . . . . . . . . . . . . . .  ..... 
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T a b l e  I V  

D a t a  S h e e t  for F i t t h  Gamma E x t r u s i o n  

a t  Br idgepor t  J r a s s  Company  

o n  Xiay 1st a n d  ? n d ,  1957  

P a g e s  128 to 133 

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . .  . . . . . . . . . . . .  
a * *  0 0 0  0 .  0 0 0 0 0 0  0 0  D O  * .a  
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T a b l e  IV 

Data  S h e e t  for  F i f t h  Gamma E x t r u s i o n  a t  Br idgepor t  B r a s s  Company 
on May 1 a n d  2 ,  1957' 

Time of BBC 
Day Bil le t  Number 

- 

May 1, 1957 

9:56 A.M. 

10:12 A,M.  

1 0 ~ 2 4  A.M. 

1 0 ~ 3 5  A.M. 

10:47  A.M. 

1 1 ~ 4 7  A.M. 

1:50 P.M. 

2:Ol P . M .  

2:09 P.M. 

2.14 P.M. 

2:21 P.M. 

2.27 P.M. 

May 2, 1957  

8 :17  A.M0 

8 :30  A.M. 

8 : 4 1  A.M. 

49 

50 

5 1  

5 2  

5 3  

54  

55 

5 6  

57 

58 

59 

60  

61 

62  

6 3  

MCW 
Billet  Number 

Bil le t  
Weight 

l b  

2 1664-E  

2 1664-D 

2 1664-C  

2 1 7 0 6 - 8  

21664-B 

2 1706-A 

2 1664-A 

21706-C 

21706-D 

21729-E 

21706-E 

21729-D 

2 1734-A 

2 1729-A 

2 1729-B 

347 

338.5 

3 63 

448  

45 2 

447.5 

450 .5  

450 

328.5 

359.5 

353.5 

35 7 

450  

449 

449.5  

Bil le t  
Length 

in  

13 2 

1 3  % 

14 % 

1 7  % 

18 

1 7  % 

18 

18 

1 3  2 

14 

14 t/, 

14  f / ,  

18 

1 8  

18 

Salt  Bath 
Time 
min  

a 
In a l l  c a s e s  t h e  but t  c o n s i s t e d  of a number of s m a l l  p i e c e s .  

. . . . . . . . . e . .  .. . . . .. .. . .  .. . . . .  . . . . . . . . . . . . . . . , . . . .  . . . . . . . . . . . . . . . . . .  . .  . . .  . . .  .. . . .  ... .. ...... .. e. . . e  ... 

Transfer 
Time 
s e c  

Extrusion 
Time 

s ec 

55 

7 8  

95 

110  

88 

145 

227 

220 

220 

2 10 

175 

81 

80 

9 2  

100 

9 7  

113 

10 5 

1 2 3  

1 1 7  

104  

107  

119  

94 

9 7  

106 

99 

104  

1 0 7  

9 8  

7 .4  

3 .. 2 

3 . 3  

3 .5  

4 .3  

4 . 3  

4 . 3  

3 .4  

2.7 

3 . 8  

3.6 

3.5 

4.8 

4 . 8  

5 .4  
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'' K 
Extrusion Cons tan t  

Ram 
Speed 
in/min 

113 

25 3 

264 

309 

25 1 

25 1 

25 1 

3 18 

292 

227 

235 

244 

225 

2 25 

200 

Die 
NO. 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Cone 
No. 

4 

2 

1 

3 

5 

4 

2 

1 

3 

5 

4 

2 

1 

3 

5 

Lubrication 

Rolled in G l a s s  
G l a s s  d i sc  

Rolled in  G l a s s  
Glas s  d i s c  

Rolled in G l a s s  
Glas s  d i s c  

Rolled in G l a s s  
Glas s  d i s c  

Rolled i n  G l a s s  
Glas s  d i s c  

Rolled in G l a s s  
G l a s s  d i s c  

Rolled in  G l a s s  
Glas s  d i s c  

Rolled i n  G l a s s  
G l a s s  disc 

Rolled in  G l a s s  
Glas s  d i s c  

Rolled i n  Glass 
Glass  d i s c  

Rolled in  G l a s s  
G l a s s  d i s c  

Rolled in G l a s s  
G l a s s  d i s c  

Rolled in  G l a s s  
Glas s  d i s c  

Rolled in G l a s s  
G l a s s  d i s c  

Rolled in  G l a s s  
G l a s s  d i s c  

P res su re  
Gauge 
p s i  

1372 

2 744 

3 430 

3430 

205 8 

480 2 

2744 

3430 

2744 

2744 

2744 

3087 

2744 

2744 

2744 

Strain 
Gauge 

ps i  

1767 

1920 

1657 

1614 

1758 

1684 

2030 

1822 

1906 

Remarks 

Die cold at  s t a r t ,  tool oven 
not up to temperature. 
Cold follower block due to 
de lay  o u t  of :s-alt bath 

Salt  bath out of order, bil let  
not up to temperature. 

Good G l a s s  coating 

Good G l a s s  coating 

Good Glass  coating 

Good G l a s s  coating 

Good Glas s  coating 

Follower Block at 1800'F 

Follower Block at 1800'F 

Follower Block at 2000'F 

c o n t i n u e d  on t ~ e x t  p a g e  

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . .  . . . . . . . . . . . .  
0 0  0 0 0  . . . . . . . . . . . . . . . .  
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Table IV (continued) 

Data  Sheet for Fifth Gamma Extrusion at  aridgeport Brass Company 
p n  May 1 and 2, 1957' 

Time of 
Day 

May 2, 1957 

8.51 A,M. 

9.13 A+M. 

9.26 A.M. 

7:38 A.M. 

9:52 A.M. 

10.02 A.M. 

10.15 A.M, 

1 0 ~ 2 8  A.M. 

10.39 A.M. 

11.30 A.M. 

1 1 ~ 4 2  A.M, 

11:51 A.M. 

12:02 P.M. 

12:12 PcMt 

1 2 ~ 2 2  P.M. 

12:38 P-M. 

1 2 ~ 4 9  P.M. 

BBC MCW 
Billet Number Billet Number 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

77 

80 

21729-C 

21734-B 

21738-B 

21738-A 

21738-C 

21734-C 

21738-D 

21738-E 

21734-D 

2 175 3-B 

21745-C 

2 1753-A 

21753-D 

2 1753-C 

21745-A 

21800-C 

21800-B 

Billet 
Weight 

Ib 

Billet 
Length 

in 

Salt Bath 
Time 
min 

Transfer 
Time 
sec 

447 

450.5 

450 

454.5 

45 2 

356 

334 

335 

362.5 

45 2 

441.5 

450.5 

440.5 

450.5 

448.5 

372.5 

388.5 

a 
In a l l  c a s e s  the butt  cons i s t ed  of a iiumber of  s m a l l  p i eces .  

. . . . . . . . . . . . . . . . . . . .. .. .. . ... . , . . .. ... ... . . .. . . .. . . . . . . . . . . . . . . . . . .  .. ... . . .  .. .. ... . . .. .. . ... e o 0  .. ... 
-. . ._ 

111 

122 

133 

120 

75 

75 

80 

69 

67 

108 

105 

102 

97 

100 

100 

bo 

60 

112 

105 

136 

109 

100 

113 

77 

110 

113 

106 

103 

104 

116 

109 

111 

81 

182 

Extrusion 
Time 
s e c  

4.8 

4.8 

4.4 

3.6 

3.6 

3.1 

3.5 

3.0 

- 

4.2 

4.2 

3.6 

5.4 

5.4 

4.8 

3.6 

4.0 
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"K" 
Extrusion Constant 

Ram 
Speed 

in/min 
Die 
No. 

Cone 
NO.  Lubrication 

223 

225 

245 

30 2 

300 

276 

229 

2 68 

- 

257 

252 

300 

196 

200 

223 

2 60 

2 3 3  

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

4 

2 

1 

3 

5 

4 

2 

1 

3 

5 

4 

2 

1 

3 

5 

4 

2 

Rolled in G l a s s  
G l a s s  d i s c  

Rolled in G l a s s  
G l a s s  d i s c  

Rolled in  G l a s s  
G l a s s  d i s c  

Rolled i n  G l a s s  
G l a s s  d i sc  

Rolled in G l a s s  
G l a s s  d i s c  

Rolled in  G l a s s  
G l a s s  d i s c  

Rolled in  G l a s s  
G l a s s  d i s c  

Rolled in G l a s s  
G l a s s  d i s c  

Rolled in G l a s s  
G l a s s  d i s c  

Rolled in G l a s s  
G l a s s  d i s c  

Rolled in  G l a s s  
G l a s s  disc 

Rolled i n  G l a s s  
G l a s s  d i s c  

Rolled in  G l a s s  
G l a s s  d i s c  

Rolled in  G l a s s  
Glas s  disc 

Rolled in  G l a s s  
G l a s s  d i s c  

G l a s s  d i s c  
only 

G l a s s  d i s c  
only  

P res su re  
Gauge 
ps i  

2744 

2744 

2744 

3430 

2 744 

3430 

2744 

2744 

2744 

2744 

2744 

2058 

4116 

4114 

4116 

3430 

5488 

Strain 
Gauge 

ps i  Remarks 

1894 

Die measured 2.905 50.003 

Die measured 2.917 ?0.003 
Same a s  new die  

P u s h e d  in two s t e p s ,  dummy 
block left out f irst  time 

Die changed, s t i l l  i n  good 
condition. 

1880 

2657 Delay in  entering p r e s s  

continued on n e x t  page 

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ... . . . . . . . . . . . .  
0 0  s e a  1 0 0  0 .. $ 0  , 0 c n o 0  0 0  



X- 132 

Table IV  ' (continued) 

Data  Sheet for  Fifth Gamma -xtrusion at Bridgeport B r a s s  Company 
on May 1 and 2 ,  1957a 

Time of 
Day 

May 2, 1957 

1 2 ~ 5 9  P.M. 

1:23 P-M. 

1:33 P-M. 

1:43 P-M. 

1:51 P.M. 

2:OO P.M. 

2:08 P.M. 

2:15 P.M. 

2:23 P.M. 

2:30 P,M. 

2:37 P.M. 

BBC 
Billet Number 

MCW 
Billet Number 

Billet 
Weight 

lb  

aillet Salt Bath 
Length Time 

in min 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

21800-A 

21799-B 

21799-A 

2 1799-C 

21745-D 

2 1745 -B 

2 1756-B 

21756-C 

2 175 6-A 

21756-D 

21704-D 

392.5 

392 

391 

372.5 

419.5 

443.5 

45 0 

449.5 

448 

442 

341 

15 % 60 

15 % 73 

15 2 75 

14 Z 73 

16 2 66 

17 2 68 

18 65 

18 49 

17 %, 48 

17 2 47 

13 :b 45 

a 
In a l l  c a s e s  the butt  cons i s t ed  of a number of smtil! p i e c e ; .  

Transfer 
Time 
sec  

Extrusion 
Time 
sec 

82 

107 

110 

77 

83 

81 

75 

74 

81 

79 

79 

3.5 

2.9 

3.3 

3.7 

3.9 

4.2 

4.6 

5.4 

4.5 

4.7 

3.7 

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  r . .  ................ s o .  .e 
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“K” 
Extrusion Cons tan t  

Ram 
Speed 

in/min _- 

268 

323 

270 

272 

258 

25 4 

235 

200 

238 

2 2 5  

221 

Die 
N O .  

2 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

Cone 
N O .  - 

1 

3 

5 

S o n e  

None 

None 

None 

S o n e  

None 

\ T  :\one 

None 

Lubrication 

P res su re  
Gauge 

ps i  

G l a s s  d i s c  
onlj- 

Rolled in G l a s s  
Glass sprinkled 
on top only 

Oil Dag 170 
Die and  liner 

Oil Dag 170 
Die and  liner 

Oil Dag 170 
Die and l iner 

Oil Dag 170 
Die and l iner 

Oil Dag 170 
Die and l iner 

Oil Dag 170 
Die and  l iner 

Oil Dag 170 
Die a n d  Liner 

Oil Dag 170 
Die and Liner 

4802 

5488 

6174 

5488 

5188 

5488 

5 488 

5 488 

4802 

5488 

68 60 

Strain 
Gauge 

ps i  Remarks 

1880 

2 270 

Die s t r ia ted  o n  one  s i d e  

2157 

2226 Die began to s t r ia te  on 
inlet  radius and  land  

1894 

2088 

2241 

Die  badly s t r ia ted  and 
overs ize  due to grinding 

. . . . .  *.**..: :..: :.. .. . . . . . .  . .  . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
. e  * a 0  
. . . . .  R e *  . OI. e 0 0 0 0 
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B. E x p e r i m e n t a l  Work 

1 

2 .  

3. 

4" 

G l a s s  L u b r i c a n t  

Th i r ty  b i l l e t s ,  GI3' / , ,  in. i n  d i a m e t e r  a n d  13 ;i to 18 in . long  were  ex t ruded  through o n e  

d i e  i n  a n  e f f o r t  to  de t e rmine  the  life of the d i e  w h e n  u s i n g  g l a s s  as  a l u b r i c a n t .  

b i l l e t s  were  r o l l e d  i n  -100 m e s h  T h o m a s  C. T h o m p s o n  NO. 1852-Y2 g l a s s 6  j u s t  before  

p l ac ing  them in  the  c o n t a i n e r ,  a n d  a d i s c ,  c o m p o s e d  of -20, f 100  m e s h  g l a s s  of t h e  

s a m e  compos i t ion  a n d  w a t e r  g l a s s ,  w a s  p l a c e d  i n  t h e  c o n t a i n e r  i n  front of e a c h  b i l l e t ,  

F low c o n e s  h a v i n g  a 130' i n c l u d e d  a n g l e  were  u s e d  wi th  all of t h e s e  b i l l e t s .  T h e  

d i e  w a s  e x a m i n e d  f r e q u e n t l y  du r ing  t h e  e x t r u s i o n  of t h e s e  b i l l e t s ;  t h e  c o n e s  w e r e  

c h a n g e d  a n d  examined  a f t e r  t h e  e x t r u s i o n  of e a c h  b i l l e t .  

T h e s e  

O i l  Dag L u b r i c a n t  

E i g h t  b i l l e t s ,  6 "A6 in . in  d i a m e t e r  a n d  b e t w e e n  13 % a n d  18 in . long ,  w e r e  ex t ruded  

through o n e  d i e  in  a n  e f fo r t  to  de t e rmine  t h e  l i f e  of t h e  d i e  w h e n  u s i n g  o i l  d a g  as  a 

lub r i can t .  Oi l  d a g  N o .  170 w a s  s p r a y e d  i n  t h e  con ta ine r  l iner  a n d  on  the  d i e  before  

e a c h  of t h e s e  b i l l e t s  w a s  ex t ruded .  No l u b r i c a n t  w a s  a p p l i e d  to t h e  b i l l e t s ,  a l t h o u g h ,  

of c o u r s e ,  e a c h  w a s  c o v e r e d  wi th  a l a y e r  of salt from the  salt  b a t h .  

were  u s e d  in  ex t rud ing  t h e s e  b i l l e t s .  

b i l l e t .  

N o  f low c o n e s  

T h e  d i e  w a s  e x a m i n e d  a f t e r  ex t rud ing  e a c h  

G l a s s  Appl ica t ion  

F i v e  b i l l e t s ,  6 I 3 A 6  i n . i n  d i a m e t e r  a n d  15 % o r  15  f/, i n a l o n g ,  were  e x t r u d e d  th rough  o n e  

d i e  i n  a n  e f f o r t  to d e t e r m i n e  t h e  e f f e c t  of t h e  method of g l a s s  a p p l i c a t i o n  on d i e  wea r .  

T h r e e  were  ex t ruded  w i t h  a g l a s s  d i s c  i n  f ron t  of e a c h ,  b u t  w i thou t  ro l l i ng  i n  g l a s s .  

T w o  were  r o l l e d  i n  g l a s s ,  bu t  i n s t e a d  of using a g l a s s  d i s c  in  front of t h e  b i l l e t ,  

g l a s s  w a s  s p r i n k l e d  on  t h e  e n d  of t h e  b i l l e t  j u s t  before  ro l l i ng  i n  g l a s s .  Unfo r tuna te ly ,  

p r a c t i c a l l y  all of t h e  g l a s s  on  t h e  e n d  of t h e  b i l l e t  w a s  a c c i d e n t a l l y  s c r a p e d  off 

dur ing  t h e  r o l l i n g  o p e r a t i o n  in  e a c h  c a s e .  

were  u s e d  in  ex t rud ing  t h e s e  b i l l e t s .  T h e  d i e  a n d  c o n e  were  examined  a f t e r  

ex t rud ing  e a c h  bi l le t . .  

F low c o n e s  h a v i n g  a 130' i n c l u d e d  a n g l e  

Gra in  S t ruc tu re  

T h i r t y - s e v e n  of t h e  for ty- three b i l l e t s  u s e d  i n  t h i s  c a m p a i g n  w e r e  m a c h i n e d  from 

7 % i n c h  d i a m e t e r  round b a r s  forged  from d i n g o t s .  S i x  b i l l e t s  were  o b t a i n e d  by 

Ibid 

.. ..: : .*: : ... ,:* . . . . .  . . . . . .  
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s a w i n g  t w o  d i n g o t s  i n to  th ree  120' s e c t o r s  e a c h ,  a n d  machining t h e  b i l l e t s  from 

t h e s e  s e c t o r s .  

i n  t h i s  manner  a n d  e x t r u d e d  to s t u d y  t h e  e f f e c t  of i n i t i a l  b i l l e t  g r a i n  s ize  a n d  

s t r u c t u r e ,  e i t h e r  fo rged  or a s  c a s t ,  o n  t h e  g r a i n  s i z e  a n d  s t r u c t u r e  of t h e  e x t r u d e d  

rod .  

T h e s e  s i x  b i l l e t s ,  numbers  79 through 84 i n  T a b l e  I V ,  w e r e  p repa red  

5 :  E x t r u s i o n  P r e s s u r e s  

When ex t rud ing  uranium i n  t h e  gamma p h a s e ,  t he  r e a d i n g s  of t h e  p r e s s u r e  g a u g e  

a t t a c h e d  to  the p r e s s  u s e d  at  Adr i an  were c l o s e  to  t h e  bottom of t h e  s c a l e  a n d  

u n r e l i a b l e .  F o r  the  fif th c a m p a i g n ,  s t r a i n  g a u g e s  w e r e  a t t a c h e d  to t h e  ram ( in  s u c h  

a manner  t h a t  t empera tu re  c h a n g e s  wou ld  not  affect t h e  r e a d i n g s )  a n d  s t r a i n - t i m e  

d i a g r a m s  w e r e  made for t he  e x t r u s i o n  of e a c h  b i l l e t .  T h e  a p p a r a t u s  w a s  c a l i b r a t e d  

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

t h e  ram a n d  s u b j e c t i n g  t h i s  c y l i n d e r  to know s t r e s s e s  in  a c o m p r e s s i o n  t e s t i n g  

m a c h i n e .  

C. E x p e r i m e n t a l  R e s u l t s  

1. D i e  L i f e  

When g l a s s  w a s  u s e d  a s  a l u b r i c a n t ,  t h e  d i e  s h o w e d  n o  a p p r e c i a b l e  

th i r ty  b i l l e t s  w e r e  e x t r u d e d  through i t :  T h i s  d i e  is s h o w n  in  F i g u r e  

w e a r  a f te r  

1 3 .  

When o i l  d a g  w a s  u s e d  a s  a l u b r i c a n t ,  g r o o v e s  d e v e l o p e d  o n  the  i n l e t  r a d i u s  of t h e  

d i e  after o n l y  t h r e e  r o d s  w e r e  e x t r u d e d  through i t .  

s e r i o u s  g r o o v e s  w e r e  p r e s e n t  o n  t h e  i n l e t  r a d i u s  a n d  a b o u t  ha l f  w a y  through t h e  

l a n d  o n  t h e  e n t i r e  c i r c u m f e r e n c e  of t h e  o r i f i c e .  
e x t e n d  e n t i r e l y ,  th rough t h e  l a n d  a t  a n y  po in t ;  a b o u t  ;; i n c h  of t h e  e x i t  a n d  of t h e  

l a n d  w a s  u n d i s t u r b e d .  

Af t e r  e i g h t  r o d s  w e r e  e x t r u d e d ,  

H o w e v e r ,  t he  g r o o v e s  d i d  no t  

T h i s  d i e  is s h o w n  in  F i g u r e  14. 

T h e  d i e  u s e d  in  e v a l u a t i n g  g l a s s  a p p l i c a t i o n  m e t h o d s  s h o w e d  n o  w e a r  a f t e r  e x t r u s i o n  

of t h ree  b i l l e t s  w i t h  a g l a s s  d i s c  i n  f ront  of t h e  b i l l e t  b u t  n o  g l a s s  o n  the  pe r iphe ry .  

Af t e r  e x t r u d i n g  t w o  more b i l l e t s ,  w h i c h  w e r e  ro l l ed  i n  g l a s s  a n d  h a d  g l a s s  s p r i n k l e d  

o n  t h e  e n d ,  t h i s  d i e  h a d  d e e p  g r o v e s  o n  t h e  i n l e t  r a d i u s  a n d  l a n d  o v e r  a b o u t  60' of the  

c i r c u m f e r e n c e .  T h e  b a l a n c e  o f  t h e  o r i f i c e  w a s  u n d i s t u r b e d .  T h e  g r o o v e s  o n  t h i s  d i e  

e x t e n d e d  th rough  t h e  e n t i r e  l e n g t h  of t h e  l a n d .  

\ 
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Figure 13 

Die  No. 1, Fifth Campaign, U s e d  With G l a s s  Lubricant 

Figure 14 

Die  No. 3$ Fifth Campaign, U s e d  With Oil Dag Lubricant 

............ . . . . . . .  I * .  ... : .. *: . 
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2. E x t r u s i o n  P r e s s u r e s  

Due  co l a c k  o f  e x p e r i e n c e  in  ope ra t ing  t h e  s t r a i n  r eco rde r  i n  t h i s  a p p l i c a t i o n ,  on ly  
n i n e t e e n  or t h e  for ty- three  s t r a i n  d i a g r a m s  made were  c o n s i d e r e d  r e l i a b l e ,  T h e s e  

a r e  n o t  a v a i l a b l e  for i n c l u s i o n  wi th  t h i s  r epor t ,  bu t  t h e  p e a k  v a l u e s  w e r e  u s e d  for 

comput ing  the  e x t r u s i o n  c o n s t a n t s  “ K ” ,  s h o w n  in  T a b l e  I V :  

b a s e d  on  p r e s s u r e  g a u g e  r e a d i n g s ,  o b t a i n e d  for  e v e r y  b i l l e t ,  a r e  a l so  s h o w n  in  

T a b l e  IV  for c o m p a r i s o n .  

b a s e d  o n  p r e s s u r e  g a u g e  r e a d i n g s  were  p robab ly  d u e  to t h e  u n r e l i a b i l i t y  of t h e  

r e a d i n g s  a n d  the f a c t  t h a t  t he  p r e s s u r e  r equ i r ed  for ove rcoming  f r i c t ion  b e t w e e n  t h e  

p a r t s  of t h e  p r e s s  w a s  i n c l u d e d  in  t h e  p r e s s u r e  gauge  r e a d i n g s  w h i l e  i t  w a s  not  

i n c l u d e d  in  the e x t r u s i o n  p r e s s u r e s  d e t e r m i n e d  by t h e  s t r a i n  g a u g e s .  

T h e  e x t r u s i o n  c o n s t a n t s  

T h e  h igher  e x t r u s i o n  c o n s t a n t s  o b t a i n e d  from c a l c u l a t i o n s  

T h e  a v e r a g e  of t h e  t e n  e x t r u s i o n  c o n s t a n t s  c a l c u l a t e d  from s t r a i n  gauge  m e a s u r e m e n t s  

for b i l l e t s  e x t r u d e d  w i t h  g l a s s  a s  a l u b r i c a n t  is 1805 p s i ,  c o m p a r e d  to  a n  a v e r a g e  

of 2 1 2 1  p s i  for t h e  f i v e  b i l l e t s  e x t r u d e d  with oil d a g  a s  a l u b r i c a n t ,  

i n d i c a t e d  t h a t  the  g l a s s  w a s  a more e f f e c t i v e  l u b r i c a n t  for  e x t r u s i o n  of uranium i n  

t h e  gamma p h a s e  than  o i l  d a g .  

T h i s ,  o t  c o u r s e ,  

V. F u t u r e  Work 

R o d s  from t h e  f i f t h  c a m p a i g n  a r e  be ing  e v a l u a t e d  i n  g e n e r a l l y  t h e  same manner  a s  t h o s e  from 

t h e  th i rd  a n d  four th  c a m p a i g n s .  A m e t a l l o g r a p h i c  

i n v e s t i g a t i o n  w i l l  b e  c o n d u c t e d  to  d e t e r m i n e  t h e  e f f e c t  of i n i t i a l  g ra in  s i z e  a n d  s t r u c t u r e  on  

t h e  g r a i n  s i z e  a n d  s t r u c t u r e  of the  e x t r u d e d  rod .  

Y i e l d s  a n d  rod d i a m e t e r s  w i l l  b e  r e p o r t e d ,  

O t h e r  work i n  t h e  immedia t e  fu tu re  wi l l  be d i r e c t e d  toward improvemen t  of y i e l d  a n d  s u r f a c e  

f i n i s h .  

i n  t h e  n e x t  c a m p a i g n  a t  Adr i an  a r e  l i s t e d  below:.  

t h e  rod a s  much a s  p o s s i b l e ,  a l l  b i l l e t s  w i l l  b e  ex t ruded  a t  1900°1-’ i n  t h e n e x t  c a m p a i g n .  

Y i e l d  improvement  w i l l  r e c e i v e  m a j o r  e m p h a s i s  S p e c i f i c  i t e m s  to  b e  i n v e s t i g a t e d  

To a v o i d  b e t a  checking o n  the  b a c k  e n d  of  

a .  S e v e r a l  b i l l e t s  hav ing  back  e n d s  con toured  to t h e  f rus t rum of a c o n e  ( “ b o a t  t a i l s ” )  

w i l l  b e  e x t r u d e d ,  i n  a n  e f fo r t  to i n c r e a s e  y i e ld  by- d e c r e a s i n g  7 7 p i p e ” .  

w i l l  be  made  by: 

T h e s e  c o n t o u r s  

(1) Alpha forg ing  in  t h e  e x t r u s i o n  p r e s s  c o n t a i n e r ,  u s ing  a s t e e l  forg ing  tool, a n d  

gamma ex t rud ing  l a t e r .  

( 2 )  Gamma forg ing  i n  t h e  e x t r u s i o n  p r e s s  c o n t a i n e r ,  u s i n g  a g r a p h i t e  fo l lower  b lock  

a s  a forging t o o l  a n d  ex t rud ing  t h e  b i l l e t  immed.iately a f t e r  forg ing .  

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . .  . . . . . . . . . . . .  
0 0  o o e  r e o  0 e o  c t  . 
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(3) Making a 7 i n - d i a m e t e r ,  20 i n  long  d i n g o t  w i t h  t h e  c o n t o u r  cas t  o n  t h e  bot tom 
e n d ,  

b. S e v e r a l  b i l l e t s  w i l l  b e  e x t r u d e d  th rough  o v a l  d i e s  to o b t a i n  r o d s  w h i c h  c a n  b e  u s e d  

i n  t h e  N L O  c o n t i n u o u s  rod mill .  

c .  S e v e r a l  b i l l e t s  w i l l  b e  e x t r u d e d  through round s h e a r  t ype  d i e s  h a v i n g  ch rome  c a r b i d e  

i n s e r t s ,  u s i n g  oil d a g  a s  a l u b r i c a n t .  

d ,  Sp ray ing  a s u s p e n s i o n  of g l a s s  ground i n  oil w i l l  b e  t r i e d  as  a m e t h o d  of g l a s s  

l ub r i ca t ion .  

e .  S e v e r a l  b i l l e t s  of uranium-chromium a l l o y  a n d  u ran ium-s i l i con  alloy w i l l  b e  e x t r u d e d  

to a size for.machining d i r e c t l y  to H A P 0  s l u g s ,  
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INVESTIGATION OF THE DINGOT PROCESS 

I .  

I1 

L. L.  Gid ley  

vi’. T a y l o r  

H: Schaf fe r  

S U I U  111 ar y 

T h e  u s e  of HF- f i l r i ed  magnes ium,  r a the r  t han  r ebu la r  magnesiui:i,  a p p e a r e d  to r e s u l t  ill 

h ighe r  bomb y i e l d s  with high A 0 1  green sal& T h i s  e f f ec t  appeared to be t h e  r e s u l t  of t h e  l o n g e r  

f i r ing  t i m e s  a s s o c i a t e d  wi th  f i lmed  m a g n e s i u m ,  

m a t e r i a l s  h a v e  i n d i c a t e d  tha t  t h e  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  l i ne r  m a t e r i a l  had  a marked  

effect on t h e  g a s  f l o w  through t h e  l i n e r ,  

v a r i o u s  p a r t i c l e  s i z e  f r a c t i o n s  r e a c h e d  the i r  maximum h a r d n e s s  a f t e r  400 jol ts ,  i r r e s p e c t i v e  

of t h e  s i z e  f r ac t ion .  

c o a r s e  f r a c t i o n s .  

S t u d i e s  of the  pe rmeab i l i t y  of bomb l ine r  

Fur the rmore ,  i t  a p p e a r e d  t h a t  l i n e r  m a t e r i a l s  of 

T h e  f ine r  s ize  f r a c t i o n s  r e a c h e d  h ighe r  j o l t ed  h a r d n e s s e s  t h a n  t h e  

In t roduc t ion  

Uranium m e t a l  p roduced  by the  bomb reduc t ion  of uranium t e t r a f luo r ide  wi th  m a g n e s i u m  is 

o b t a i n e d  as a h igh ly  pure  r e g u l u s .  

wh ich  c o u l d  be  f a b r i c a t e d  d i r e c t l y  i n t o  f u e l  e l e m e n t s  w i thou t  a r e c a s t i n g  o p e r a t i o n  a n d  its 

a t t e n d e n t  c a r b o n  c o n t a m i n a t i o n .  

The production of 3300 Ib 

the  f i r s t  ha l f  of 1957. 

b e e n  d e v o t e d  t o  t h e  i n v e s t i g a t i o n  of m e t h o d s  for r e d u c i n g  the  hydrogen  c o n t e n t  of d i n g o t  m e t a l  

a n d  is repor t ed  i n  t h e  s e c t i o n  e n t i t l e d  “Hydrogen in  Dingo t  Metal”.’ Dur ing  t h e  p a s t  q u a r t e r  

a d d i t i o n a l  e x p e r i m e n t s  w e r e  performed to i n v e s t i g a t e  t h e  e f f e c t  of HF-f i lmed m a g n e s i u m  on  

t h e  bomb y i e l d  when  h igh  A 0 1  g r e e n  salt is u s e d  a s  t h e  c h a r g e  a n d  to  i n v e s t i g a t e  t h e  effect  

of bomb l i n e r  m a t e r i a l  p a r t i c l e  s ize  a n d  a m o u n t  of jo l t i ng  o n  t h e  pe rmeab i l i t y  a n d  h a r d n e s s  

of bomb l ine r s .  

T h e  d ingo t  p r o c e s s  w a s  d e v e l o p e d  t o  p roduce  a r e g u l u s  

P r e v i o u s  work h a s  b e e n  d e s c r i b e d  i n  p a s t  qua r t e r ly  reports. . :  

d i n g o t s  h a s  been  o n  a semi -p roduc t ion  b a s i s  du r ing  a l l  of 1956 a n d  

During t h e  p a s t  qua r t e r  m o s t  of t h e  e x p e r i m e n t a l  work on d i n g o t s  h a s  

H a n s e n ,  J .  W., Schaffer, H .  I.. and Hartmaon, R .  F . ,  P r o c e s s  D e v e l o p m e n t  Q u a r t e r l y  R e p o r t ,  P a r t  11, 

Mallinckrodt C h e m i c a l  Works, MCW-1400 (February 1 ,  1957) Pa 93 

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . .  . . .  . . . . . . . . . . . .  b . .  . e.. e . .  e .  e .  
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111. E x p e r i m e n t a l  P r o c e d u r e s  a n d  D i s c u s s i o n  

A. E f f e c t  of F i l m e d  Magnesium on Bomb R e d u c t i o n  wi th  High A 0 1  G r e e n  Salt 

T h e  p u r p o s e  of t h i s  i n v e s t i g a t i o n  w a s  to  d e t e r m i n e  w h e t h e r  a combina t ion  of f i lmed 

magnes ium a n d  g r e e n  salt of g r e a t e r  than  3% A 0 1  would  p roduce  s a t i s f a c t o r y  de rby  

y i e l d s .  

P r e v i o u s  A E C  s p e c i f i c a t i o n s  h a v e  l i m i t e d  t h e  maximum A 0 1  to 2%. A r e l a x a t i o n  of 

t h i s  s p e c i f i c a t i o n  would make  p o s s i b l e  a n  i n c r e a s e  in t h e  c a p a c i t y  of the  g r e e n  salt 

r e a c t o r s  wi thout  m a t e r i a l  i n c r e a s e s  i n  o p e r a t i n g  costs per  u n i t  t ime.  

One  de rby  bomb c h a r g e d  with 3.4% A 0 1  green  salt, a n d  f i lmed Mg, h a d  a f i r ing  t i m e  of 

225 m i n u t e s  a n d  a crude  y i e l d  of 95.28%. T h e  a p p e a r a n c e  of t h e  de rby  w a s  s l i g h t l y  

b e t t e r  than  a v e r a g e  for  no rma l  A 0 1  g r e e n  salt d e r b i e s .  On t h e  b a s i s  o f t h i s  r e s u l t ,  a 

more tho rough  i n v e s t i g a t i o n  of f i lmed magnes ium w a s  i n a u g u r a t e d .  

T w e l v e  12 i n c h  d e r b i e s  w e r e  f i red from a lot of g r e e n  salt h a v i n g  t h e  fo l lowing  c o m -  

p o s  i t i o n  = 

A s s a y  95.01% 
AOI: 3.56% 

Water Soluble :  1,01% 

Six  of t h e s e  d e r b i e s  w e r e  made  with magnes ium f l u o r i n a t e d  i n  t h e  P l a n t  7 Rerun  R e a c t o r ?  

a n d  s i x  w e r e  made  wi th  s t a n d a r d  product ion  g r a d e  magnes ium.  Al l  of t h e  d e r b i e s  h a d  

M F L  l i n e r s  a n d  v e n t e d  c a p s .  T h e  bombs  were  f i red  with a 4% magnes ium e x c e s s  at  a 

cont ro l  t e m p e r a t u r e  of 1250'F. T h e  r e s u l t s  of t h e s e  r u n s  a r e  s h o w n  i n  T a b l e  I. 

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . .  
0 0  0 0 0  0 * 0 0 0  0 0  0 0 0 .  . a .  0 0  

._ 

. 



XI- 14 1 

T a b l e  I 

Comp r i s o  f F i lm  d a n d  R e g u l a r  Magn s ium F i r e d  wi th  

High A 0 1  G r e e n  Salt i n  T w e l v e  Inch D e r b i e s  

F i r i n g  
T i m e  C r u d e  Y i e l d  

Run No. Magnesium Mins. % 

4893 

4894 

4895 

4896 

4897 

4898 

4897 

4900 

470 1 

4902 

4903 

4904 

A v e r a g e  

f i lmed 

f i lmed 

f i lmed 

f i lmed 

f i lmed 

f i lmed 

normal  

normal  

normal  

normal  

normal  

no rma l  

f i lmed  

225 

245 

250 

270 

180 

227 

155 

135 

185 

165 

150 

165 

233 

76.6 

97.6 

97.6 

97.9 

95.3 

97.7 

92 .O 

86.8 

93.5 

96.6 

90.1 

94.0 

97.2 

Average  normal  157 72.2 

A l l  t h e  d e r b i e s  f i red  wi th  f i lmed  m a g n e s i u m ,  e x c e p t  4897, h a d  l i g h t  g ray  p roduc t  s l a g ,  a 

good  s l a g  - m e t a l  s e p a r a t i o n ,  a n d  n o  e n t r a p p e d  s l a g  i n  t h e  meta l .  T h e s e  d e r b i e s  compared  

f a v o r a b l y  wi th  d e r b i e s  from n o r m a l  A 0 1  green  salt. 

y i e ld .  

Run 4897 h a d  a l o w e r  f i r i ng  t i m e  a n d  

T h o s e  d e r b i e s  f i r ed  wi th  normal  magnes ium h a d  l o w e r  f i r ing  t i m e s  a n d  c r u d e  y i e l d s .  T h e  

p roduc t  slags w e r e  dark.  T h e r e  w a s  a poor  s l a g - m e t a l  s e p a r a t i o n  a n d  a g r e a t  d e a l  of  

s l a g  e n t r a p p e d  i n  t h e  me ta l .  T h e s e  d e r b i e s  w e r e  ve ry  poor  i n  a p p e a r a n c e ,  as  s h o w n  i n  

F i g u r e s  1 thru  6. 

T w e l v e  more d e r b i e s ,  s i x  wi th  f i lmed  m a g n e s i u m  a n d  s i x  wi th  normal  m a g n e s i u m ,  w e r e  

f i r ed  wi th  t h e  fo l lowing  f u r n a c e  c o n d i t i o n s :  

F i l m e d  m a g n e s i u m  130Oo,F 

N o r m a l . m a g n e s i u m  1 1 0 0 ° F  

. . . . . . .  . . . . . . .  . . . .  . . .  . . . . . . . . .  . . .  . . . . .  
0 0  * O D  0 0 0  D E L  

.. 
~. 

......... . . . . .  . . . . . . .  . . . . .  
0 0 0  0 0  



XI- 142 

Figure 1 

Cross Section of 12"  Derby Made with Normal Magnesium 

Figure 2 

Cross Section of 12"  Derby Made with Filmed Magnesium 

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  ... 
0 0  0 0 0  0 . 0 0 0  0 0  0 0 0 0  ..... 
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F i g u r e  3 

T o p  View of 1 2 "  Derby Xlade With Normal  Magnesium 

F i g u r e  4 

Top  View of 1 2 "  Derby Made With F i lmed  .. . .  . . .  . . .  . . .  
>(.  0 0 0  

bia g n e s i urn 

. . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . .  . . . . . . . . . . . .  
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Figure 5 

12" Derbies Made With Normal Magnesium 

. 

Figure 6 

1 2 "  Derbies Made With Filmed Magnesium 

................... . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  ... 
0 0  0 0 .  0 0 0 0 0  e *  0 0 0 0  O I O  .. 
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T h e s e  d e r b i e s  were  f i r e d  to s e e  whe the r  t h e  i n c r e a s e d  f i r ing t ime o r  t h e  f i imed magnes ium 

w a s  d i r e c t l y  r e s p o n s i b l e  for g iv ing  good s l a g - m e t a l  s e p a r a t i o n s  a n d  c r u d e  y i e l d s  T h u s ,  

t h e  a b o v e  t e m p e r a t u r e s  were  p i c k e d  so t ha t  e q u a l i z a t i o n  of f i r ing t i m e s  cou ld  be r e a l i z e d .  
The g reen  salt u s e d  had  t h e  fo l lowing  compos i t ion :  : 

A s s a y :  9 5 : 7 4 %  
AOI: 3:06% 

Water So lub le :  0 .87% 

T h e  r e s u l t s  are repor ted  i n  T a b l e  I1 and t h e  de r  by a p p e a r a n c e s  a r e  shown  in  F i g u r e s  7 
th rough 16.  

T a b l e  I1 

Compar i son  of 12 - in  Derby R e s u l t s  O b t a i n e d  by R e a c t i n g  

High A 0 1  Green  S a l t  ( 3 . 0 6 % )  with Normal a n d  F i l m e d  Magnes ium - 

R u n  N o .  

4918  

49 19 
4920 

492 1 

4922  

4923  
4924 
4925 
4926  
4927 
4928  

4929  
A v e r a g e  

A v e  t a g e  

M a g  n e  s i u m  

Norm a1 

Normal  

Normal  

Normal  

Normal  

N O l n l a l  

Normal  

F i l m  ed  

F i l m e d  

F i l m e d  

F i l m e d  

F i l m e d  

Normal  

F i l m e  d 

F i r ing  

T i m e  

Xiin. 

265 
265 
2 2 5  
350 
275 
2 10 

2 2 5  

160 

165 
295 
190 
265 
207 

Crude  Yie ld  

% 

9 6 : 2  

9 4 > 9  
92,O 

9 5 , 2  
9 5 , 9  
9 0 , 6  

9 6 . 2  
91.0 

86 .5  
7 1 , 7  
8 3 - 9  

9 4 . 3  
9 4 . 1  
9 0 . 6  

R e m a r k s  

good de rby  

good de rby  

s l a g g y  d e r b y  

good  de rby  

good de rby  

s l a g g y  de rby  

slaggy derby 
(tr;g&+gzJ$ed) 

f a i r  d e r b y  

s l a g g y  derby  

ve ry  poor  de rby  

good  de rby  

I t  a p p e a r s  t h a t  no t  t he  f i lmed magnes ium,  but t he  i n c r e a s e  in  f i r ing t ime c a u s e d  by t h e  f i lmed 

m a g n e s i u m  may be r e s p o n s i b l e  for g o o d . s l a g - m e t a l  s e p a r a t i o n  w h e n  g r e e n  salt a b o v e  3% ‘A01 

i s u s e d  i n  bomb reduc t ion ,  

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  0 ”  . . a  “ n o  . . . . . . .  



Figure 7 

Appearance of Derby Tops 

4927 

4929 

492 5 

4924 

4926 

492 8 

Figure 8 

Sec t ions  Through Derbies 

4924 492 5 

.. ... . ... . .. .. ' . . - e  .. .. .. . ... . . . . . . .  . . . . . .  . . .  a . .. .. .. ... ... ' * L O .  ., .. . * .  . .. 0 .  
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F i g u r e  9 

A p p e a r a n c e  of Derby  T o p s  

49 20 4919 

492 1 492 3 
4922 4960 

F i g u r e  10 

S e c t i o n s  T h r o u g h  D e r b i e s  
4 9 2 3  4 9  18 

. . . . . . .  , ............. 
. . . .  . I , * . .  . . . . . . . .  . . . . . .  . . . . . .  . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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B O  Bomb L i n e r  P e r m e a b i l i t v  a n d  H a r d n e s s  S t u d i e s  

During t h i s  per iod,work h a s c o n t i n u e d  in  o b t a i n i n g  r e l a t i v e  p e r m e a b i l i t i e s  a n d  h a r d n e s s  

of v a r i o u s  l i n e r  m a t e r i a l s ,  so t h a t  a n  optimum l iner ,  in  t e r m s  of h igh  r e s i s t a n c e  to g a s  

f low a n d  h igh  l i n e r  h a r d n e s s ,  may b e  a c h i e v e d .  A high p r e s s u r e  drop  through t h e  s i d e  

l i n e r  w a s  d e e m e d  n e c e s s a r y  when g a s  purging of d i n g o t s  w a s  c o n s i d e r e d ,  so t h a t  t h e  

majori ty  of the  purge g a s  would t r a v e l  through t h e  c h a r g e .  High l i n e r  h a r d n e s s  h a s  

been  c o n s i d e r e d  r e p r e s e n t a t i v e  of good s t r e n g t h  wh ich  is d e s i r e d  to a v o i d  a n y  mix ing  

of l i n e r  with t h e  c h a r g e  dur ing  bomb f i l l ing.  T h e  p rocedure  u s e d  for o b t a i n i n g  perme- 

a b i l i t y  d a t a  w a s  d e s c r i b e d  p r e v i o ~ s l y . ~  

T h e  m a t e r i a l  i n v e s t i g a t e d  w a s  b l e n d e d  to i n s u r e  a more c o n s i s t e n t  p a r t i c l e  s i z e  d i s -  

t r ibut ion.  

T o  s t u d y  t h e  e f f e c t  of p a r t i c l e  size upon permeabi l i ty ,  m a t e r i a l  “A’, w a s  formed by a 

p a r t i a l  s i e v i n g  of t h e  b l e n d e d  Vi t ro- roas ted  a i r - c l a s s i f i e d  f ines .  Mater ia l  ‘PA’, w a s  

t a k e n  f rom the fraction p a s s i n g  through t h e  200  (U.S.) m e s h  a n d  r e t a i n e d  on t h e  230 

(U.S.) m e s h  s c r e e n .  T h i s  m a t e r i a l  is, t h e n  a -200 ( U S )  m e s h  f r a c t i o n  of t h e  o r i g i n a l  

mater ia l .  T h e  e x p e r i m e n t a l  d a t a  for t h e  b l ended  Vi t ro- roas ted  a i r - c l a s s i f i e d  f i n e s , a n d  

mater ia l  aA9J a r e  s h o w n  in  F i g u r e s  11 a n d  12. T h e s e  d a t a  i n d i c a t e d  a n  i n c r e a s e d  g a s  

v e l o c i t y  for  i n c r e a s e d  p r e s s u r e  d r o p  a n d  a d e c r e a s e d  g a s  v e l o c i t y  for an  i n c r e a s i n g  

number of jolts. From F i g u r e s  11 and  12 ,  i t  is e v i d e n t  t h a t  t h e  c h a n g e  in  p a r t i c l e  s i z e  

d i s t r i b u t i o n  h a d  a marked  e f f e c t  upon t h e g a s  f low through t h e  l iner .  T h e  s a m e  m a t e r i a l  

w a s  i n v e s t i g a t e d  with r e s p e c t  t o  l i n e r  h a r d n e s s ,  t h e  optimum l iner ,  b e i n g  o n e  wh ich  

g i v e s  a h igh  h a r d n e s s  with a s m a l l  number  of jo l t s .  

T h e  p rocedure  followed here was to load the g l a s s p i p e ,  shown  in  F i g u r e  13, with a 

known w e i g h t  of s l a g .  T h e  g l a s s  p ipe  w a s  then  p l a c e d  on a j o l t i n g  c o l l a r  w e l d e d  to  a 

12 i n c h  bomb s h e l l  lid. A s i m u l a t e d  i ron  m a n d r e l  w a s  p l a c e d  on t o p  of t h e  s l a g ,  a n d  

t h e  a p p a r a t u s  w a s  b o l t e d  down by m e a n s  of a l i d  a b o v e  t h e  g l a s s  p ipe ,  a n d  four  t i e  

rods.  A t h r e a d e d  mandre l  s h a f t  protruded through t h e  l id .  A bolt p l a c e d  upon t h i s  

s h a f t  a b o v e  t h e  l i d  r e g u l a t e d  t h e  mandre l  h e i g h t ,  w h i l e  a b o l t  below t h e  l id  r e g u l a t e d  

t h e  p r e s s u r e  upon the  s l a g .  T h e  s l a g  w a s  t h e n  g iven  a c o n t r o l l e d  number of jo l t s .  

H a r d n e s s e s  w e r e  m e a s u r e d  a f t e r  e a c h  jolt from z e r o  to 10 jolts, a f t e r  e a c h  1 0  jolts 

- 

Becker, R. e6 a l ,  P r o c e s s  D e v e l o p m e n t  Quar te r l y  R e p o r t ,  P a r t  I l ,  Mallinckrodt C h e m i c a l  Works, MCW-1402. 
(May 1 ,  1 9 5 7 )  p, 118-119 
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F I G U R E  12 

SIEVE ANALYSES FOR B L E N D E D  VITRO R O A S T E D  AIR CLASSIFIED F I N E S  AND M A T E R I A L  "A" 

I U. S. M e s b S i z e  
W N N N  c - 
N 4 W O  e o  

0 0  \I, 0 0 0  I 

I I I 
0.001 0.005 0.001 0.005 0.01 0.05 

I n c h e s  

\ Mat e r ial "A!' 

B l e n d e d V i t r o  r o a s t e d  
A i r  c l a s s i f i e d  f i n e s  \ 
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F I G U R E  13 

$JOLTING A P P A R A T U S  

M a n d r e l  he igh t  a d j u s t m e n t  nu t  

/- 

Pipe  I 

&-Lid 

c-- t i e  r o d  

Pr e s s u r  e t o p  
C e n t e r i n g  in  
Jo l t ing  c o l f a r  

Wldl/2l1 s h e l l  
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from 1 0  t o  1 0 0  j o l t s ,  and  after e a c h  100 j o l t s ,  from 1 0 0  to  1 8 8 0  j o l t s ,  by a ‘?green” 

h a r d n e s s  g a g e e 4  T h e  jo l t ing  r a t e s  were  approx ima te ly  50  j o l t s / m i n  and  250  jo l t s /min  

for s l o w  and  f a s t  jo l t s :  r e s p e c t i v e l y ,  from 1 0  through 100  t o t a l  j o l t s ;  however ,  b e -  

tween  100 and  1880 j o l t s ,  t h e  s l o w  j o l t i n g  r a t e  w a s  52 jol ts / rnin wh i l e  t h e  fast r a t e  

w a s  1 6 7  jo l t s /min .  After  t h e  h a r d n e s s  w a s  m e a s u r e d ,  t h e  mandre l  a n d  l i d  were  r e -  

p l aced ,  and  t h e  j o l t i n g  con t inued .  T h u s  a t o t a l  number of j o l t s  w a s  known for e a c h  

h a r d n e s s .  

T o  s t u d y  t h e  e f f e c t  of p a r t i c l e  s i z e  d i s t r i b u t i o n  upon jo l t ing ,  a s a m p l e  of b l ended  

V i t r o - r o a s t e d  a i r - c l a s s i f i e d  f i n e s  w a s  p a r t i a l l y  s i e v e d  to  g i v e  d i f f e r e n t  p a r t i c l e  s i z e  

d i s t r i b u t i o n s .  S l a g  w a s  t a k e n  from t h e s e  s i e v e s  to  g i v e  t h e  m a t e r i a l s  shown  in 

T a b l e  111, 

T a b l e  111 

Mate r i a l  

A 

B 

C 
D 

E 

;F 

G 

H 

D e s c r i p t i o n  of Mate r i a l s  

T a k e n  From 
(U.S. Standa rd  Mesh)  

-:- BO 

- 8 0 t 1 0 0  

-1OOt140 

- 1 4 0 t  1 7 0  

- 1 7 0 t 2 0 0  

- 2 0 0 t 2 3 0  

- 2 3 0 t 2 8 0  

-270  

T h e  e x p e r i m e n t a l  d a t a  is shown  in  F i g u r e s  14 thru 17. Figures  14 through 16 show liner 

h a r d n e s s  as a func t ion  of t h e  t o t a l  number of j o l t s  for t h e  b l e n d e d  Vi t ro - roas t ed  a i r -  

c l a s s i f i e d  f i n e s  and  m a t e r i a l s  MAPT through “H”. In m o s t  c a s e s , a b o v e  1500 jolts, t h e  

h a r d n e s s  behaved  e r r a t i c a l l y ,  a n d  t h e  l i n e r  c r a c k e d  upon more jol t ing.  T h i s  may be  

due  to  a s m a l l  amount  of g r ind ing ,  s i n c e  mos t  of t h e  s i e v e  a n a l y s e s  of t h e  m a t e r i a l s  

~~~ ~ 

Green H a r d n e s s  Gage  - Number 4 7 3  Green H a r d n e s s  T e s t e r ,  manufactured by the  Harry W, Dietert  Co., 

9 3 3 8  R o s e l a w n  A v e - ,  Detroi t  4 ,  Michigan 

green molding s a n d  and c o r e s  i n  foundries  

T h i s  d e v i c e  is u s e d  for o b t a i n i n g  d e t i n i t e  h a r d n e s s  v a l u e s  for 

T h i s  t e s t e r  r e a d s  100 for a f l a t  m e t a l  s u r f a c e .  

................ . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . .  ................ 
. .  _ .  
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F I G U R E  14 

NUMBER O F  J O L T S  VXHARDNESS FOR B L E N D E D  V I T R O  R O A S T E D  ALR C L A S S I F I E D  

FINES AND VARIOUS S C R E E N  FRACTIONS 
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FIGURE 16 

NUMBER OF J O L T S  VSHARDNESS FOR B L E N D E D  VITRO R O A S T E D  AIR C L A S S I F I E D  F I N E S  

A N D  VARIOUS S C R E E N E D  F R A C T I O N S  

B l e n d e d  V i t r o  r o a s t e d  
A i r  c l a s s i f i e d  f i n e s  

-200  +'230 mesh  f r a c t i o n  
m a t e  r i a l  "F" 

-100 +140 m e s h  f r a c t i o n  
m a t e r i a l  ~ ~ C "  

I I 
200  400 600 800  1000 1200 1400 1600 1800 

N u m b e r  of Jo l t s  
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be fo re  a n d  a f t e r  j o l t i ng ,  s h o w n  in  F i g u r e  17 ,  i n d i c a t e  s o m e  d e c r e a s e  in  p a r t i c l e  size. 

Mate r i a l  “ F ” ,  however ,  shours  a n  i n c r e a s e  i n  p a r t i c l e  s i z e .  S i n c e  t h i s  m a t e r i a l  h a d  

b e e n  s u b j e c t e d  to a pe rmeab i l i t y  tes t ,  i t  may h a v e  a b s o r b e d  s o m e  moi s tu re .  

To o b t a i n  t h e  va r i a t ion  in  h a r d n e s s  wi th  t h e  number of jolts  on t h e  d i n g o t  j o l t e r ,  150 l b  

of b l e n d e d  Vi t ro - roas t ed  a i r - c l a s s i f i e d  f i n e s  w e r e  p l a c e d  i n  t h e  bottom of a d ingo t  s h e l l .  

T h e  mandre l  w a s  p o s i t i o n e d ,  a n d  t h e  m a t e r i a l  j o l t ed .  Af t e r  a known number of jolts ,  t h e  

mandre l  w a s  removed a n d  h a r d n e s s  m e a s u r e d  on  t h e  bottom a n d  1 i n c h  f rom t h e  bot tom 

on  t h e  s i d e  l iner .  

t h e  e x p e r i m e n t a l  a p p a r a t u s .  F o r  a n y  g iven  number of jolts ,  t h e  d i n g o t  bottom l i n e r  

h a r d n e s s  v a r i e s  by no  more than  2 from t h e  e x p e r i m e n t a l  da t a .  T h e  s i d e  l i n e r  h a r d n e s s ,  

however ,  is c o n s i s t e n t l y  s o f t e r  t han  t h a t  o b t a i n e d  from t h e  e x p e r i m e n t a l  da t a .  F i g u r e  19 

s h o w s  t h a t  e s s e n t i a l l y  n o  gr inding  o c c u r r e d  for b l e n d e d  Vi t ro - roas t ed  a i r - c l a s s i f i e d  f i n e s  

dur ing  jo l t i ng  on  t h e  d i n g o t  jo l te r .  

F i g u r e  18 s h o w s  a compar i son  of t h i s  d a t a  a n d  t h e  d a t a  o b t a i n e d  from 

IV. C o n c l u s i o n s  

In m o s t  cases,  t h e  b l e n d e d  Vi t ro - roas t ed  a i r - c l a s s i f i e d  f i n e s  a n d  m a t e r i a l s  “ A “  through “ H ”  

r e a c h  the i r  a p p a r e n t  s a t u r a t i o n  h a r d n e s s  a f t e r  4 0 0 ’ j o l t s .  Above  t h i s  v a l u e ,  t h e  h a r d n e s s  

i n c r e a s e s  ve ry  s l i g h t l y  wi th  i n c r e a s i n g  number  of jolts. Above  100 jolts  t h e  b l e n d e d  

m a t e r i a l  is ha rde r ,  for  a n y  number of jolts ,  t han  a n y  of m a t e r i a l s  “ A ”  through “H”. 

More work wi l l  b e  d o n e  to find t h e  optimum l i n e r  m a t e r i a l  w i th  r e s p e c t  to l i n e r  h a r d n e s s .  

Bo th  MFL a n d  do lomi te  wi l l  b e  s u b j e c t e d  to h a r d n e s s  tes ts  at v a r i o u s  l i n e r  m o i s t u r e  c o n t e n t s .  

A 

. . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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XILTS VSHARDNESS FUR BLENDED VITRO ROASTED AIR CLASSIFIED FINES 

LINER MATERIAL IN A DINGOT SHELL AND IN THE EXPERIMENTAL APPARATUS 

0 Experimental  apparatus 
x Dingot shel l ;  bottom 
s\ Dingot shel l ;  s ide  of meta l  cavity 
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DETEKhiINATION OF PLANT DECONTAMINATION FACTORS FOR 
CERIUhl ( I I I ) ,  MAGNESIUk~l, A N D  ALUI\lINIJI\l 

R e s u l t s  of a d e c o n t a m i n a t i o n  expe r imen t  i n  t h e  r e f ine ry  gave d e c o n t a m i n a t i o n  f a c t o r s  

of 3x10' for Ce( I I I ) ,  10' for hlg, IO5 for ;41. 

b e  s u c c e s s t u l l y  s e p a r a t e d  from uranium when p r o c e s s i n g  c o n c e n t r a t e s  c o n t a i n i n g  0 . 2 %  

rare  e a r t h s  (U,O, b a s i s )  w i th  the  t w o  c y c l e  e t h e r  s y s t e m  a t  S L P C .  Magnes ium a n d  a luminum 

a lso  h a v e  h igh  d e c o n t a m i n a t i o n  factors. 

T h e s e  r e s u l t s  i n d i c a t e  t h a t  r a re  e a r t h s  s h o u l d  

In t roduc t ion  

In a p r e v i o u s  r epor t  p l an t  d e c o n t a m i n a t i o n  f a c t o r s  for  thor ium (IV),  m a n g a n e s e  ( I I ) ,  

c o p p e r  (11), a n d  i ron  (HI),  were  g iven . '  S i n c e  the  v a r i a b l e  f e e d  p i c tu re  now i n d i c a t e s  t h a t  

SLPC wi l l  p r o c e s s  C a n a d i a n  c o n c e n t r a t e s ,  t h i s  work w a s  ex t ,ended  to i n c l u d e  ce r ium (HI), 
a t y p i c a l  t r i v a l e n t  r a re  e a r t h .  Magnes ium a n d  a luminum w e r e  also s t u d i e d .  

E x p e r i m e n t a l  

A l a r g e  b a t c h  of m e t a l  d i s s o l v e r  f e e d  s a l t e d  wi th  hig(NO,), a n d  A1 (NO,), w a s  s p i k e d  wi th  

a b o u t  2 g / l  Ce(II1) a d d e d  as Ce(NO,), .  

t h r e e  c o l u m n s  for e x t r a c t i o n .  P r e v i o u s  l abora to ry  work o n  a t r a c e r  scale  i n d i c a t e d  t h a t  t h e  

ce r ium (111) would no t  b e  o x i d i z e d  unde r  t h e  c o n d i t i o n s  u s e d  for t h e  run.  

T h i s  f e e d  w a s  p r o c e s s e d  i n  t h e  r e f ine ry  u s i n g  

R e s u l t s  

F i g u r e  1 is a s i m p l e  flow s h e e t  numbered  to i n d i c a t e  s a m p l i n g  p o i n t s .  I t  s h o u l d  b e  no ted  

t h a t  t h r e e  e x t r a c t i o n  c o l u m n s  w e r e  i n  u s e  at t h e  t ime  of t h i s  e x p e r i m e n t  r a the r  t h a n  t w o  

K e n n e l l e y ,  J .  A. ,  Martin, G ,  L . ,  Monaco, E . ,  and Plagens, H .  F . ,  P r o c e s s  D e v e l o p m e n t  Q u a r t e r l y  R e p o r t .  

Part II, Mallinckrodr C h e m i c a l  Works, MCIV-1400 (February 1, 1957) p 1 5 1  
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FIGURE 1 

REFINERY FLOW SHEET INDICATING SAMPLING POINTS 

Ether 

Scrubbed Neutral  Extract  To Neutral * 
R e  -Extraction 
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e x t r a c t i o n  c o l u m n s  wh ich  were  u s e d  when t h e  d e c o n t a m i n a t i o n  f ac to r  for thorium w a s  

de te rmined . !  

K e s u l t s  a r e  l i s t e d  in  T a b l e  I .  T h e  va r i ab i l i t y  n h i c h  u s u a l l y  o c c u r s  in  a p l a n t  expe r imen t  

is a p p a r e n t  i n  t h e  d a t a .  In e a c h  case, however ,  o v e r a l l  d e c o n t a m i n a t i o n  w a s  e x c e l l e n t .  

Ce r ium (111) i s  t y p i c a l  o f  t h e  t r i va l en t  ra re  e a r t h s  a n d  t h e  d e c o n t a m i n a t i o n  f ac to r  of > l o 5  

should  a p p l y  to a l l  care  e a r t h s .  N o  d i f f i cu l ty  w i l l  be  e n c o u n t e r e d  in  p r o c e s s i n g  c o n c e n .  

t ra tes  con ta in ing  0 .2% r a r e  e a r t h s  (U,O, b a s i s )  with the  e t h e r  s y s t e m .  T h e  s i n g l e  e x c e p t i o n  

to t h i s  is cer ium ( I V )  wh ich  is so read i ly  e x t r a c t e d  in to  e t h e r  t h a t  on ly  s l i g h t  d e c o n -  

t amina t ion  would be  a c h i e v e d .  

' l 'able I 

Sam p I e 

R e s I I  1 t s of P 1 a n t  De  c o n  t a m  i n a  t i on  E xp e r i in en  t 

1. Acid  Sys t em F e e d  

2. A c i d  Sys t em E x t r a c t  

3 .  Scrubbed  Ac id  E x t r a c t  

4. Neu t ra l  S y s t e m  F e e d  

5 .  Neu t ra l  E x t r a c t  

6. Sc rubbed  Neu t ra l  E x t r a c t  

0 v e r a1 I D e  c o n  tarn i n  a c i on  1 a c to  c 

' A n a l y s i s  on a uranium b a s i s  

a A n a l y s i s  

C e  (111) Alg A I  
PPI" PP"' PPm 

66 ,000  8000 230,000 

< 0 . 2 3  1 4  6 

<0.12  1 . 8  0 . 3  

(9.11 7 1  0.35  

t 0 . 0 3 7  0 . 1 6  (0.075) 

0 . 0 2 6  1 .8  0.26 

> 3 x  l o s  105 1 0 5  

,. 1 he decontaiirinatioii  f a c t o r s  r epor t ed  iron1 t h i s  and  the  p r e v i o u s  experimerit  a r e  s o m e w h a t  

l e s s  t han  would be  predictect  f rom l abora to ry  d i s t r i b u t i o n  c o e f f i c i e n t s .  T h e s e  r e s u l t s  i n d i c a t e  

t h a t  t h e  maximum d e c o n t a m i n a t i o n  wh ich  c a n  b e  a c h i e v e d  i n  t h e  p l a n t  i s  i n  t h e  r a n g e  of 

l o 5  to l o 6 .  P h y s i c a l  f a c t o r s  s u c h  a s  e n t r a i n m e n t  a n d  ca r ry  o v e r  of s o l i d s  p robab ly  l i m i t  

d e c o n t a m i n a t i o n  to this r ange .  

l b i d  
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A 

G l o s s a r y  of S p e c i a l i z e d  T e r m s  

- ammonium o x a l a t e  i n s o l u b l e  

- a bar  of forged  d ingo t  uranium s u i t a b l e  for s u b s e q u e n t  ro l l i ng  b i l l e t  

b l a c k  o x i d e  

- uo, brown o x i d e  

- t h e  uranium m e t a l  p roduc t  of t h e  nomina l  300, 100 a n d  50 Ib ;  r e d u c t i o n  
bombs  w h i c h  is s u b s e q u e n t l y  r e c a s t ,  

d e r b y  

- ( d i r e c t  i n g o t ) . t h e  uranium metal p roduc t  of 1400 a n d  3300 l b :  r e d u c t i o n  
b o m b s ;  T h i s  metal  n o t  r e c a s t  

d i n g o t  

DMFL - d ingo t  magnes ium f luor ide  l iner  

ESU - - e a s i l y  s o l u b l e  uranium 

g r e e n  salt - U F ,  

- (ho l low)  in t e rna l ly  a n d  e x t e r n a l l y  c o o l e d  s l u g  I & E s l u g  

- r e c a s t  uranium meta l  i n g o t  

MFL - - magnes ium f luor ide  l i ne r  

- a u rany l  n i t r a t e  l iquor  wh ich  is f e d  to the  n e u t r a l  e t h e r  s y s t e m  for 
f i n a l  pu r i f i ca t ion  

NOK - 

OK-l i auor  - t h e  u r a n y l  n i t r a t e  l i quor  of h i g h e s t  pu r i ty  u s e d  as a f e e d  to t h e  
d e n i t r a t i o n  p o t s  

- uo, o r a n g e  o x i d e  

- pumper d e c a n t e r  P - D  

( c o n t i n u e d  o n  n e x t  p a g e )  

.. . .  . . .  . . .  . . .  
n e  0 0 0  
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,G 1 o s s a r  y c o n t i n u e d  

Q 

RMF - r e j e c t  magnes ium f luor ide  

rod - 

sho tgun  

s l a g  - 

s l u g  - 

s o d a - s a l t  

UNH - 

U-Con 

U-Mag -_ 

70 1- meta l  

C-70 I 

- c y l i n d r i c a l  l e n g t h  of uranium p r o d u c e d  by ro l l ing  or ex t ruding  uranium 
b i l l e t s  a n d  i n g o t s  

- a p e r c e n t  i n c r e a s e  of neut ron  a b s o r p t i o n  c r o s s  s e c t i o n  d u e  to i m p u r i t i e s  
i n  t h e  product ;  p u r e  U,O, h a s  a s h o t g u n  of z e r o  

.. magnes ium f luor ide ,  c o n t a i n i n g  . s m a l l  q u a n t i t i e s  of uranium a n d  magnes ium 
formed in  t h e  thermi te  bomb r e a c t i o n  

- rods of uranium m a c h i n e d  to s p e c i f i c  d i a m e t e r  a n d  l e n g t h s -  S l u g s ,  when  
c a n n e d  a r e  u s e d  as  f u e l  e l e m e n t s  

I sod ium d i u r a n a t e ;  u s u a l l y  a p p l i e d  to r a w  m a t e r i a l s  of t h a t  c o m p o s i t i o n  

- uranyl  n i t r a t e  h e x a h y d r a t e  

- a p r o d u c t  of t h e  p h y s i c a l  s e p a r a t i o n s  p l a n t  c o n s i s t i n g  of a mixture  of f ine  
m e t a l  p a r t i c l e s ,  uranium o x i d e s ,  a n d  magnes ium f l u o r i d e s ,  s c r e e n e d  to  -10 
m e s h  a n d  a s s a y i n g  70 - 75% uranium 

- a n  i n t e r m e d i a t e  p r o d u c t  of t h e  p h y s i c a l  s e p a r a t i o n s  p l a n t  c o n s i s t i n g  of t h e  
4-10 m e s h  o v e r s i z e  from the s c r e e n i n g  of g round  RMF,  I t  is fur ther  
s e p a r a t e d  to 701-me ta l  a n d  C - 7 0 1  

I t h e  m e t a l  concentrate product  of t h e  p h y s i c a l  s e p a r a t i o n s  p l a n t  c o n s i s t i n g  
of uranium m e t a l  p a r t i c l e s  ranging  in  s i z e  from +IO m e s h  to  % i n c h  a n d  
a s s a y i n g  95% uranium 

i' 

.. t h e  r e j e c t  p roduc t  o f  t h e  p h y s i c a l  s e p a r a t i o n s  p l a n t  c o n s i s t i n g  c h i e f l y  of 
f i n e l y  ground magnes ium f lor ide  
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