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G E N E  R A L SUMMARY 

c 

I11 

IV 

V 

During t h e  f i r s t  qua r t e r  of 1957 work h a s  c o n t i n u e d  i n  the  XlCW P r o c e s s  D e v e l o p m e n t  p i lo t  

p l a n t  o n  t h e  o p e r a t i o n  of 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  for  t h e  Weldon Spring r e f ine ry  w i t h  

p a r t i c u l a r  i n t e r e s t  d i r e c t e d  toward  a s t u d y  of t h e  v a r i a b l e s  a f f e c t i n g  uranium pur i ty  a n d  the  

t e s t i n g  of  a l o w - a c i d  f l o w s h e e t .  T h e  h l e t a l lu rg ica l  p i lo t  p l a n t  h a s  c o n t i n u e d  to work o n  t h e  

problem of hydrogen  in  uranium meta l ,  forging a n d  e x t r u s i o n  s t u d i e s  a n d  f u e l  e l e m e n t  s t u d i e s .  

S p e c i f i c  s t u d i e s  a r e  s u m m a r i z e d  a s  f o l l o w s  (Roman numera l  r e fe r s  to t h e  s e c t i o n  o n  w h i c h  

t h e  summary  is b a s e d ) :  

E i g h t e e n  f e e d  ma te r i a l  lo ts  w e r e  t e s t e d  to de te rmine  t h e  g r o s s  s o l u b i l i t y  of uranium i n  

d i g e s t  l i q u o r s  c o n t a i n i n g  1 A! e x c e s s  “ 0 , .  S e v e n t e e n  of t h e  lots d e m o n s t r a t e d  a s o l u b i l i t y  

i n  e x c e s s  of 440 g U/ l i t e r  at  100’F. T h e  o t h e r  lot  h a d  a s o l u b i l i t y  of 400 g U/ l i t e r  at 1103F. 

A s e r i e s  of 13 r u n s  h a s  b e e n  made  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 l o t  p l a n t  i n  o r d e r  to s t u d y  

t h e  effect  of v a r i o u s  o p e r a t i n g  v a r i a b l e s  o n  p roduc t  pur i ty :  

b i l i t y  of feeti s o l u t i o n s ,  the  f e e d  w a s  made  u p  s y n t h e t i c a l l y  from N O K  l iquor  fo r  e a c h  run .  

T h e  m o s t  impor t an t  c o n c l u s i o n s  from t h i s  s t u d y  a r e :  

In o rde r  to e l i m i n a t e  t h e  va r i a -  

1. N a s h  e f f i c i e n c i e s  a r e  i n f l u e n c e d  f avorab ly  by i n c r e a s e d  w a s h  c o l u m n  h e i g h t  a n d  a lso b y  

t h e  u s e  of “ n e w ”  r a t h e r  t h a n  “o ld”  s o l v e n t .  

2 .  P r o d u c t  pu r i ty  is h ighe r  when t h e  p roduc t  is removed at t h e  c e n t e r  of a co lumn r a t h e r  

t h a n  at a po in t  n e a r  a n  i n t e r f a c e .  

3. No improvement  i n  p roduc t  pur i ty  r e s u l t e d  from i n c r e a s i n g  s a t u r a t i o n  from 91% to 100%. 

4.  C o m p a r i s o n s  w e r e  m a d e  b e t w e e n  N O K  w a s h i n g  a n d  w a t e r  w a s h i n g ,  b e t w e e n  c a r b o n a t e  

a n d  l i m e  s o l v e n t  t r ea tmen t ,  a n d  b e t w e e n  v a r i o u s  ratios of organic  to a q u e o u s  f l o w s  in t h e  

r e e x t r a c t i o n  s y s t e m .  N o  s i g n i f i c a n t  d i f f e r e n c e s  i n  p roduc t  pu r i ty  r e s u l t e d .  

T h r e e  ore c o n c e n t r a t e s  w e r e  tes ted 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  a t  a 400 g 

U/ l i t e r ,  1 M “ 0 ,  f e e d  l e v e l .  

a n d  uranium recove ry  c a n  be o b t a i n e d  i n  t h e  Weldon Spr ing  re f inery  u s i n g  t h e s e  feed 

c o n c e n t r a t e s  a t  t h i s  uranium a n d  acid l e v e l .  

T h e  d a t a  o b t a i n e d  i n d i c a t e  t h a t  s a t i s f a c t o r y  p roduc t  pu r i ty  

V a r i o u s  e q u i p m e n t  c h a n g e s  i n  t h e  pumper-decanter  s y s t e m  of 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  h a v e  r e d u c e d  a p p a r e n t  back-mixing by a c a l c u l a t e d  a m o u n t  of 3O%, 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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A t e n t a t i v e  p r o c e s s  h a s  b e e n  d e v e l o p e d  for t h e  r ecove ry  of uranium v a l u e s  from a mixture  

of r e s i d u e s  from t h e  d ingo t  s emi -works  ope ra t ion .  

been  t r e a t e d  i n  t h i s  manner  i n  t h e  p i lo t  p l a n t  wi th  t h e  r e s u l t a n t  r ecove ry  of a l m o s t  100% 

of t h e  uranium. Di f f i cu l t i e s  no t  y e t  overcome invo lve  s l i g h t l y  h igh  h a l i d e  v a l u e s  i n  the  

re f inery  f eed  a n d  incomple t e  w a s h i n g  of the  f i n a l  d i s c a r d  r e s i d u e .  

About  40,000 l b s .  of t h i s  mix ture  h a s  

A r e v i s e d  p rocedure  i n  t h e  purg ing  of r o a s t e d  s l a g  l i n e d  3300 pound d i n g o t s  (namely ,  

i n t roduc t ion  of the  he l ium at the  bomb top  a n d  wi thd rawa l  from the  bottom i n s t e a d  of t h e  

r e v e r s e  flow u s e d  ea r l i e r ) ,  h a s  provided  both  a marked  improvement  i n  me ta l  y i e l d s  a n d  a 

s l i g h t l y  lower  hydrogen  con ten t .  

s t anda rd  MgF, s i d e  l i n e r s  i n  combina t ion  wi th  r o a s t e d  s l a g  bot toms a n d  c a p s  h a v e  not  

been  s u c c e s s f u l  in  a c h i e v i n g  hydrogen  l e v e l s  as  low as  when 100% r o a s t e d  s l a g  l i n e r s  

h a v e  b e e n  employed .  

be tween  low hydrogen  c o n t e n t  a n d  long  f i r ing  t ime;  a more e x a c t  a p p r a i s a l  of the  t rue  

cont r ibu t ing  f a c t o r s  w i l l  be  p o s s i b l e  with the  a i d  of a new e l e c t r i c a l  t r igger ing  procedure,  

for e x a m p l e  t h a t  o f  t h e  i n t r i n s i c  i n f l u e n c e  of r o a s t e d  s l a g  with normal f i r ing  t i m e .  
In i t i a l  r e s u l t s  irom a q u a n t i t a t i v e  s t u d y  of l i ne r  and  cha rge  p e r m e a b i l i t i e s  h a v e  i n d i c a t e d  

a favorab le  s i t u a t i o n  for purg ing  i n  t h a t  the UF,-Mg b lend  o f fe r s  a p p r e c i a b l y  l e s s  r e s i s t a n c e  

to  he l ium flow than  a n y  of t he  t y p e s  of l iner . ,  

A t t empt s  t o  minimize  s l a g  roas t ing  c o s t s  by u s i n g  

An i n c r e a s i n g  number of bomb t r e a t m e n t s  t e n d  to  s h o w  a co r re l a t ion  

T h e  forg ing  of d i n g o t s  h a s  provided  low-hydrogen  m e t a l  for test at H A P 0  i n  add i t ion  to 

un-modified me ta l  as b i l l e t s  for gamma e x t r u s i o n  at Adr ian  a n d  as rod for SRP s l u g s .  

Sec t ion ing  of forged  d i n g o t s  for s u i t a b l e  ro l l ing  l e n g t h s  h a s  b e e n  improved with t h e  u s e  

of a r e v i s e d  shear -kni fe .  

B i l l e t  p r e h e a t  t e m p e r a t u r e s  ot  1800’F a n d  1900’F a t  Adr ian  h a v e  s o l v e d  the  problem of 

pa r t i a l  rod i n c u r s i o n s  i n t o  the  b e t a  p h a s e  dur ing  gamma e x t r u s i o n s .  T h e  pa r t i a l  e x t r u s i o n  

of g raph i t e  fo l lower  b l o c k s  provided  a n  e f f e c t i v e  s e p a r a t i o n  of rod from bu t t  wi thout  need  

for s awing  or  s h e a r i n g .  T h e  u s e  of p h o s p h a t e - b a s e  g l a s s  l u b r i c a n t s  e l i m i n a t e d  the  ea r ly  

sco r ing  of d i e s  o b s e r v e d  wi th  ‘tDag99 l u b r i c a n t s .  

Fu r the r  microniz ing  tests of UO, a n d  UO, h a v e  i n d i c a t e d  t h a t  c h e m i c a l  con tamina t ion  c a n  

be he ld  wi th in  a c c e p t a b l e  l i m i t s  by s u i t a b l e  coa t ing  of component  micronizer  pa r t s .  

co ld  c o m p a c t i o n s ,  t h e  h i g h e s t  s i n t e r e d  d e n s i t y  (94.5% of t h e o r e t i c a l )  h a s  b e e n  o b t a i n e d  

with UO, r educed  from mic ron ized  UO, a n d  l u b r i c a t e d  with a s m a l l  amount  of S te ro tex .  

Maximum d e n s i t i e s  i n  ex t ruded  s o l i d  rods  h a v e  b e e n  a c h i e v e d  wi th  micronized  UO, 

p l a s t i c i z e d  wi th  methyl  c e l l u l o s e .  

In 
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XI. P l a n t  t es t s  h a v e  shown t h e  hydrogen l e v e l  in  product ion  d e r b i e s  to  a v e r a g e  3.5 ~ p m  with 

a r a n g e  of 1.0-5.3 pom. T h e  amount  of H, in t h e  derby in  t h i s  range  h a ?  no  n e a s u r a b l e  

effect o n  t h e  H, c o n t e n t  of t h e  r e s u l t i n g  ingots .  T h e  a v e r a g e  H, c o n t e n t  of t h e i n g o t s  

w a s  0.7h ppm.  

13-300 micron r a n g e  did not  h a v e  a measu rab le  e f f e c t  on t h e  H, c o n t e n t  of t h e  ingot .  

O t h e r  f a c t o r s  s u c h  a s  t y p e  of granhi te ,  m o l d  d r e s s i n g ,  a n d  vacuum in  t h e  

L a b o r a t o r y  work f o r  t h i s  quar te r  h a s  b e e n  repor ted  in  a s e p a r a t e  volume as  P a r t  1 ,  MCW 1401.  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
D O  0 0 .  * * e o  0 . . e  0 s  I 0 0 0 0 0  e o  ' 
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GROSS SOLUBILITY O F  URANIUM IN DIGEST LIQUORS 

J .  T Kr ieg  

R H Fa-iss 

Summary 

T h e  g r o s s  s o l u b i l i t y  of uranium i n  d i g e s t i o n s  of hlal l inckrodt  f e e d  m a t e r i a l s  w a s  d e t e r m i n e d  

Theeighteen l o t s  of d i g e s t  l i q u o r s  t e s t e d ,  wi th  the  e x c e p t i o n  of Edgemont  ( l o t  7 ) ,  were  s o l u b l e  

to more than  440 g U/ l i te r  in  In! e x c e s s  n i t r i c  a c i d  at  100°F,and most ores  were soluble to more 

t h a n  500 g U/ l i te r  a t  t h e s e  c o n d i t i o n s .  

h a d  a f r e e z i n g  poin t  of llO'F 

lot to lot  b e c a u s e  of vary ing  amoun t s  of s a l t  n i t r a t e s  a n d  o t h e r  fore ign  i o n s  in  t h e  f e e d  m a t e r i a l  

A 400 g U/ l i te r ,  lM HNO, s o l u t i o n  of Edgemont  ( l o t  7 )  

F r e e z i n g  p o i n t s  of d i g e s t  l i q u o r s  were  n o t  r e p r o d u c i b l e  from 

h t r o d u c  t ion  

A modif ied  T B P - e x t r a c t i o n  f l o w s h e e t  b a s e d  o n  a 400 g U / l i t e r ,  1M HNO, d i g e s t  l iquor  is b e i n g  

c o n s i d e r e d  for a d o p t i o n  a t  Ke ldon  Spring T h e  p r o c e s s  is  d e s c r i b e d  i n  d e t a i l  e l s e w h e r e  i n  t h i s  

Quarter ly ' .  

p l a n t  to d e t e r m i n e  t h e  g r o s s  s o l u b i l i t y  o f  uranium in  d i g e s t i o n s  of h la l l inckrodt  f e e d  m a t e r i a l s  

as  a func t ion  of t e m p e r a t u r e  a n d  e x c e s s  a c i d  c o n c e n t r a t i o n .  

In c o n j u n c t i o n  with t h i s  p roposed  f l o w s h e e t  a program w a s  i n i t i a t e d  i n  t h e  p i l o t  

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

T h e  uranium s o l u b i l i t y  i n  d i g e s t i o n s  of f e e d  m a t e r i a l s  w a s  m e a s u r e d  by t h e  fo l lowing  procedure '  

TWO p o u n d s  of f e e d  m a t e r i a l  was d i g e s c e d  i n  t w o  or  more l i t e r s  of 30 w t  

a t  200@FF, a f t e r  which  t h e  l iquor  w a s  f i l t e r e d  a n d  t h e  s o l i d s  d i s c a r d e d  

down  unt i l  its f r e e z i n g  poin t  was 1 5 0 ° F ,  a n d  t h e  c o n c e n t r a t e  w a s  s a m p l e d  a n d  a d j u s t e d  to 

1M "0 , .  

where  s o l i d s  First a p p e a r e d  

d i l u t e d  with a m e a s u r e d  q u a n t i t y  of 1M H N O ,  

a n d  t h e  p r o c e d u r e  w a s  c o n t i n u e d  unt i l  t h e  l iquor  w a s  d i l u t e d  to a p o i n t  where  its f r e e z i n g  p o i n t  

f e l l  below 65"- T h e  f i n a l  s o l u t i o n  w a s  a n a l y z e d  for U ,  HNO,  a n d  total  N C ? .  C o m p o s i t i o n s  of 

i n t e r m e d i a t e  l i q u o r s  were  d e t e r m i n e d  by back  c a l c u l a t i n g .  In t h i s  manner  d a t a  w a s  c o l l e c t e d  

r e l a t i n g  uranium c o n c e n t r a t i o n  to f r e e z i n g  p o i n t s  at c o n s t a n t  n i t r i c  a c i d  c o n c e n t r a t i o n s  

?5 HNO,  for o n e  hour  

T h e  filtzate w a s  b o i l e d  

A f reez ing  p o i n t  w a s  d e t e r m i n e d  o n  t h e  c o n c e n t r a t e  by s l o w l y  c o o l i n g  to a t e m p e r a t u r e  

T h e  s o l i d s  were  r e d i s s o l v e d  by h e a t i n g ,  a n d  t h e  l iquor  w a s  

Another  f r e e z i n g  poin t  d e t e r m i n a t i o n  w a s  made ,  

....................... . . . . . . . . .  . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . .  . . . . . . . .  ...... . . . . . . . . . . . .  
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R e s u l t s  

F r e e z i n g  p o i n t s  o f  d i g e s t  l i quor s  as  a func t ion  of tempera ture  a n d  e x c e s s  a c i d  c o n c e n t r a t i o n s  

a r e  p l o t t e d  in F i g u r e s  1, 2, a n d  3.  T a b l e  I lists s a t u r a t e d  d i g e s t  l i q u o r s  at 100°F in 1M 

e x c e s s  HNO,, 

T a b l e  I 

So lub i l i t y  of F e e d  Mate r i a l s  

G r o s s  Solubi l i ty  o f  

a t  1OO'F 
F e e d  Mater ia l  g U/ l i t e r  

Uranium in 1 M  e x c e s s  IINO, 

R i f l e  L o t  R-9  >45 2 

Kerr-McGee L o t  93 618 
F e r n a l d  L o t  8 F 5 2 - 1 5 1  453 

U r a v a n  Lo t  506 

Mont ice l lo  L o t  A-44  
Durango  L o t  470  5 12 

Vitro L o t  337 inde termina te '  

F e r n a l d  L o t  336 666 

R a r e  M e t a l s  L o t  6 
A n a c o n d a  L o t  A-639 > 6 5 4  

A n a c o n d a  L o t  C-640 5 13 
F e r n a l d  L o t  8 F 5 2 - 1 5 4  5 00 

Mont ice l lo  L o t  C - 1 8  440  

inde  t e r m  ina t e ' 
640 at 200'F 

inde te rmina te  ' 

C l i m a x  L o t  214 744  

Edgemont  L o t  7 

N a t i o n a l  L e a d  L o t  46 
Moab L o t  11 
Natu r i t a  L o t  336 

39 2 

785 
642 at 150'F 

643 

' Inde te rmina te  b e c a u s e  of con t inued  s o l i d  formation.  

D i s c u s s i o n  

So lub i l i t y  d a t a  m e a s u r e d  on s o m e  f e e d  m a t e r i a l s  va r i ed  from l o t  to l o t  as d e m o n s t r a t e d  by d a t a  

taken  from s e v e r a l  l o t s  o f  F e r n a l d  f e e d s  p r e s e n t e d  i n  F i g u r e s  2 a n d  3. Solubi l i ty  d a t a  from 

I 
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some  of t h e  f eed  m a t e r i a l s  can  be c o r r e l a t e d  i n  t e rms  of the  product  of the  c o n c e n t r a t i o n  of 

u rany l  ion  a n d  the  s q u a r e  of the  n i t r a t e  ion  concen t r a t ion  as  shown  by F i g u r e  4"; however ,  

t h i s  co r re l a t ion  w a s  n o t  u n i v e r s a l  for all t h e  f e e d  m a t e r i a l s  t e s t e d .  

s o m e  d i g e s t  l i quor s  compounds  con ta in ing  uranium, vanadium,  molybdenum, s i l i c o n ,  phosphorus ,  

and /o r  i ron  p r e c i p i t a t e d  o u t  of so lu t ion  a n d  would not  r e d i s s o l v e  upon d i lu t ion .  

m a t e r i a l s  i n  t h i s  c a t e g o r y  a r e  t a b u l a t e d  in T a b l e  11. T h e s e  p r e c i p i t a t e s  all o c c u r r e d  a t  

uranium c o n c e n t r a t i o n s  w e l l  above  400 g / l i t e r  a n d  so  would n o t  b e  e x p e c t e d  to  o c c u r  in 

normal  400 g U/ l i t e r ,  ZM HNO, f e e d s .  

Uravan ,  V i t ro  or  R a r e  Meta l s  d i g e s t  l i quor s  b e c a u s e  of c o n t i n u e d  i r r e v e r s a b l e  solid formation 

dur ing  c o n c e n t r a t i o n ,  

While c o n c e n t r a t i n g  

F e e d  

A c c u r a t e  f r e e z i n g  p o i n t s  c o u l d  no t  be  o b t a i n e d  from 

T a b l e  I1 

F e e d  Mater ia l  Forming  I n s o l u b l e  P r e c i p i t a t e s  

Feed Material 

C l i m a x  L o t  214 

N a t i o n a l  L e a d  Lot  46 
Mont ice l lo  Lot A-44 

Moab L o t  11 

Uravan  L o t  506 
R i f l e  L o t  R-7 

Vi t ro  L o t  337 
R a r e  Metals L o t  6 

P r i n c i p a l  c o n s t i t u e n t s  ofa 
in  soluble precipitate s 

U, V ,  Si 
U, Mo, Si 

u ,  si 
U ,  Si 

u, v, p 

u ,  v 
u, v ,  p 
U ,  Si, P ,  Mo, F e  

a Spec t rog raph ic  a n a l y s i s .  
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FIGURE 4 

CORRELATION OF FREEZING POINT DATA 
FROM SEVERAL DIFFERENT DIGEST LIQUORS 
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PILOT PLANT STUDIES O F  VARIABLES AFFECTING URANIUM 
PURITY I N  A TBP-HEXANE EXTRACTION CYCLE 

by 

R. H *  F a r i s s  

J .  T,  K r i e g  

J .  A. Soukup 

I. Summary 

T h e  most impor t an t  c o n c l u s i o n s  r e a c h e d  dur ing  the  p a s t  qua r t e r  i n  t h e  s tudy  of v a r i a b l e s  

a f f e c t i n g  uranium purity in  a T B P - h e x a n e  ex t r ac t ion  c y c l e  are: 

1. b a s h  column h e i g h t  w a s  found  to be  a very impor t an t  va r i ab le .  

impur i ty  r emova l  by w a s h i n g  i n c r e a s e d  d r a s t i c a l l y  i n  g o i n g  from 7 f t ,  to 14 f t .  in 

column he igh t ,  and further improvemen t s  were  oDta ined  at 28 f t .  

T h e  e f f i c i ency  of 

2. A cor re l a t ion  a p p e a r e d  to  e x i s t  be tween  s o l v e n t  qua l i t y ,  “ a g e ” ,  as  i n d i c a t e d  by p u l s e  

column f lood ing  c h a r a c t e r i s t i c s ,  a n d  wash  e f f i c i ency .  

with column h e i g h t  be tween  7 f t .  a n d  1 4  f t .  uras much l e s s  d r a s t i c  with poor  s o l v e n t  

than  with good ,  

T h e  i n c r e a s e  in  w a s h  e f f i c i ency  

3. T h e  m o s t  s a t i s f a c t o r y  r e s u l t s  were  o b t a i n e d  u s i n g  2 1  f t ,  a s  t h e  w a s h  column he igh t ,  

withdrawing p roduc t  at the  midd le  of the  co lumn,  

t h e  28 f t ,  column me thod  s u g g e s t s  t h a t  i s o l a t i o n  of p roduc t  r emova l  from column 

i n t e r f a c e s ,  i n s o f a r  as  p o s s i b l e ,  i s  very  d e s i r a b l e .  

T h e  supe r io r i ty  of t h i s  p rocedure  to 

4. N o  improvemen t  cou ld  be  d e t e c t e d  from i n c r e a s i n g  uranium s a t u r a t i o n  of the  T B P - e x t r a c t  

from 91% to l o o % =  

Ueldon Spring, l e a v i n g  four for  ex t rac t ion .  

It may  be  p o s s i b l e  the re fo re  to u s e  on ly  o n e  s t a g e  for  s a t u r a t i o n  at 

5 .  N o  d i f f e r e n c e s  in p r o d u c t  pu r i ty  c o u l d  be  d e t e c t e d  b e t w e e n  runs  wi th  N O K  or w a t e r  

wash ing .  

6. N o  d i f f e r e n c e s  in p roduc t  pur i ty  were  d e t e c t e d  be tween  r u n s  u s i n g  l ime  o r  c a r b o n a t e  

for  s o l v e n t  t rea tment .  

7 .  Varia t ion  of p r o d u c t  uranium concen t r a t ion  o v e r  the r a n g e  of 46 to 136 g/1 (by  vary ing  

r eex t r ac t ion  flow rat io) ,  a p p e a r e d  to h a v e  n o  s i g n i f i c a n t  e f f e c t  on purity.  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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8. A s  in  p r e v i o u s  tests, t h e  e x c e s s  a c i d i t y  o f  t h e  p roduc t  w a s  e a s i l y  r e d u c e d  to a v a l u e  

approach ing  t h a t  for t h e  n e u t r a l  e t h e r  e x t r a c t i o n  product .  

I 

9.  I ron,  cobal t ,  a n d  coppe r  r emova l  by w a s h i n g  w a s  very s i m i l a r  t h roughou t  t h e  tests. 

M a n g a n e s e  a n d  l e a d  b e h a v e d  s imi la r ly ,  bu t  q u i t e  different ly  from t h e  i ron -coba l t - coppe r  

group. In all t h e  impuri ty  d a t a  from t h i s  test, on ly  t h e  magnes ium w a s h  removal  

e f f i c i ency  (98-99 .7%)  with ''newP9 s o l v e n t  a p p r o x i m a t e s  t h a t  wh ich  migh t  b e  theore t ica l ly  

e x p e c t e d  from k i n e t i c  a n d  equi l ibr ium d a t a .  

than normal  k i n e t i c  o r  equi l ibr ium l i m i t a t i o n s  m u s t  gove rn  w a s h i n g  e f f i c i e n c y ,  at 

least  for i ron,  c o b a l t ,  c o p p e r p  m a n g a n e s e ,  l e a d ,  a n d  aluminum. 

It i s  a p p a r e n t  tha t  s o m e  mechan i sm o t h e r  

11, Introduct ion 

A. Background  

A T B P - h e x a n e  e x t r a c t i o n  p r o c e s s  s u p p l e m e n t e d  by an e t h e r  ex t rac t ion  c y c l e  wi l l  b e  

u s e d  at the Mal l inck rod t  Weldon Spring re f inery  to extract  and purify u r a n i u m  f rom ore  

c o n c e n t r a t e s .  A f l o w s h e e t  for  t h e  T B P - h e x a n e  p r o c e s s  is  p r e s e n t e d  i n  F i g u r e  1. 

T h e  p r o c e s s  c o n s i s t s  of: (1) 

f e e d  mater ia l ,  (2) a w a s h  s t e p  for decon tamina t ing  t h e  u rany l  n i t r a t e ,  a n d  (3) a 

reext rac t ion  s t e p  for  r e c o v e r i n g  the  u rany l  n i t r a t e  from t h e  s o l v e n t .  

i n c l u d e  s o l v e n t  c l e a n  up, a n d  s o l v e n t  r emova l  from t h e  r a f f i n a t e  a n d  p roduc t  l iquors .  

P i l o t  p l a n t  deve lopmen t  of  t h i s  p r o c e s s  h a s  been p r o g r e s s i n g  s i n c e  e a r l y  1955 a n d  

h a s  been  r epor t ed  in  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  Repor t s .  

an e x t r a c t i o n  s t e p  for removing t h e  uranium from t h e  

Aux i l i a ry  s t e p s  

B. O b j e c t i v e s  

During m e  p a s t  q u a r t e r  p i l o t  p l a n t  work h a s  i n c l u d e d  an i n v e s t i g a t i o n  of v a r i a b l e s  

a f f e c t i n g  p r o d u c t  puri ty .  T h e  p u r p o s e  of t h i s  s t u d y  w a s  t o  de t e rmine  t h e  r e l a t i v e  

impor t ance  of t h e  fo l lowing  p r o c e s s  v a r i a b l e s  on p r o d u c t  puri ty .  

a, 

b. He igh t  of w a s h  column,  

c .  

d. P r o d u c t  concen t r a t ion .  

e ,  T y p e  of s o l v e n t  t rea tment .  

Number o f  p u m p e r - d e c a n t e r s  u s e d  for s a t u r a t i o n .  

Washing a g e n t  ( w a t e r  o r  NOK). 

L- __ . . . . . . .  ~- .. . . . . . . . . . . . . . . . .  

" .  
/-" 
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111. Desc r ip t ion  of M a t e r i a l s  and  Equ ipmen t  

A. So lven t  

T h e  s o l v e n t  u s e d  in  t h e s e  tests w a s  25% to 30% V / V  T B P  i n  a h e x a n e  d i luen t .  

B. F e e d  

In an a t t empt  to avo id  var ia t ion  in  f eed  p r o p e r t i e s  dur ing  t h e s e  tests f eed  w a s  made  

UP s y n t h e t i c a l l y  to the  fo l lowing  s p e c i f i c a t i o n s :  

(1) 200 g U/1 ( s u p p l i e d  by N O K )  

( 2 )  3 M e x c e s s  HNO, 

(3) 1 M Mg(l’*’O,), 

T h e  

4 )  O n e  p a r t  i n  ten of a s t o c k  so lu t ion  of impur i t i e s  o b t a i n e d  from t h e  minor 

e l e m e n t s  p i l o t  p l an t .  T h i s  so lu t ion  i s  a c o n c e n t r a t e  of impur i t i e s  found 

i n  ce r t a in  o r e  c o n c e n t r a t e s  

a t t e r  i n g r e d i e n t  w a s  i n t e n d e d  to s u p p l y  a uniform s o u r c e  of i m p u r i t i e s  c a p a b l e  

of ex t r ac t ion  by T B P .  

h e a v y  s a l t i n g  to i n t e n s i f y  ex t r ac t ion  of impur i t i e s .  

n a n t s  were  n o t  p r e s e n t  in  t h e  s y n t h e t i c  f e e d  to  any  a p p r e c i a b l e  deg ree ,  

T h e  magnes ium n i t r a t e  w a s  i n c l u d e d  to s u p p l y  r e a s o n a b l y  

Thorium a n d  r a r e  ea r th  contami-  

C .  Equipmen t  

(1) P u m p e r  d e c a n t e r s  

Four  pumper -  d e c a n t e r  u n i t s  were  u s e d  for t he  ex t r ac t ion  s t ep .  T h e  

pumper-decanter  s y s t e m  is t h e  s t a n d a r d  ex t r ac t ion  equ ipmen t  in t h e  

p i l o t  p l a n t  and  is d e s c r i b e d  i n  d e t a i l  i n  a p r e v i o u s  report .n 

(2)  P u l s e  Co lumns  

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 t h e  p i l o t  p l a n t  p u l s e  c o l u m n s  is shown  i n  

F i g u r e  2. A l l  co lumns  c o n t a i n  14 ft .  of p l a t e  s e c t i o n  a n d  a r e  o p e r a t e d  

F a r i s s ,  R .  H. ,  Hemkens,  G.  C., Krone, L. H . ,  Pau l ,  J .  F. ,  P o w e l l .  C. S., P r o c e s s  D e v e l o p m e n t  Quarterly Report ,  
Par t  11, Mallinckrodr Chemica l  Works, MCW-1381 (November 1, 1955)” p. 9-102. 
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with  the  i n t e r f a c e  at the  top. 

is a 4 in ,  d i ame te r  g l a s s  co lumn con ta in ing  'A6 in. th ick  t e f lon -coa ted  

s t a i n l e s s  s t e e l  p l a t e s  with in. h o l e s  t r i angu la r  s p a c e d  to g i v e  33% f ree  

a rea .  T h e  p l a t e s  a r e  s p a c e d  4 i n c h e s  apar t .  T h e  s e c o n d  p u l s e  column is 

also 4 i nch -d iame te r  g l a s s  p ipe ;  however ,  t h e  p l a t e s  d i f fe r  from t h e  

p r e c e d i n g  co lumn in t h a t  t hey  a r e  

and  23% f r ee  a rea .  

5 in.  d i ame te r  g l a s s  p ipe .  

2 i n c h e s .  

cou ld  be  u s e d  for  w a s h i n g ,  a n d  t h e  b a l a n c e  u s e d  for r eex t r ac t ion .  

f r equency  in the  wash  column (or co lumns)  w a s  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  column d e p i c t e d  in  F i g u r e  2 

in.  th ick  te f lon  p l a t e s ,  2 in.  h o l e s  

T h e  third column 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  is 

P u l s e  a m p l i t u d e s  i n  all co lumns  were  s e t  at 

T h e  co lumns  were  so  i n t e r c o n n e c t e d  t h a t  % 9  1, 12, or 2 co lumns  

T h e  p u l s e  

I 

I IV.  Exper imen ta l  P r o c e d u r e  

I T h e  c o n d i t i o n s  employed  i n  t h e  v a r i o u s  ind iv idua l  tests a r e  l i s t e d  in  T a b l e  I, 

...... . . . .  ..... . . . .  . . . .  ...... 
... .. . . . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  ................ 

....... .... - .... . . .  



T a b l e  I 

Pu r i ty  T e s t  Expe r imen ta l  Program 

Run 
N O .  

H 5 2  

H 5 3  

t154 

1155 

I157 

!I58 

H 5 9  

H6O 

il61 

1162 

t i 6 7  

H 6 8  

H 6 9  

(a) 

Nun1 ber of 
u n i t s  for 
s a t u r a t i o n  

2 

2 

2 

2 

2 

2 

1 

2 

3 

2 

2 

2 

2 

--___ 

fi' a s h  in  g 
Agen t  ( c )  

NOK 

NOK 

N O K  

NOK 

NOK 

NOK 

N O K  

h a t e r  

NOK 

N O K  

SOK 

NOK 

N OK 

-ex t r ac t ion  r a t io  is the  r a t i o  of NO 

\ l ash  
Column R e  ex t r ac t ion  
h i r igh t  , f t .  R a t i o  l a )  

1 4  1.25 

_ _ _ ~  

7 1.25 

7 2.0 

7 0.8 

14  1 .25  

14  

28 

1.25 

1 .25  

21  1.25 

14 1.25 

flow to T B P  e x t r a c t  flow. 

- ( b )  Reex t rac t ion  r a t io  a d j u s t e d  by d e n s i t y  con t ro l  of t h e  a q u e o u s  e f f luent .  

(') b a s h  column flow r a t io  w a s  A/O = O . l / l  - 

Solven t  
'T r e a t m  en t 

Ca rbon  a te  

C a r b o n a t e  

Carbon  ate 

Carbon  ate 

C a r b o n a t e  

Lime 

C a r b o n a t e  

C a r b o n a t e  

C a r b o n a t e  

C a r b o n  ate 

C a r b o n a t e  

C a r b o n a t e  

Lime 

A,  Sa tu ra t ion  

T h e  d e g r e e  of  e x t r a c t  uranium sa tu ra t ion  w a s  va r i ed  by u s i n g  o n e ,  two,  o r  t h ree  pumper  

d e c a n t e r  u n i t s  ahead of the  d e n s i t y  con t ro l  p o i n t ,  

a c h i e v e d  a r e  l i s t e d  below: 

The  e x t r a c t  s a t u r a t i o n s  a c t u a l l y  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
o e  . 0 ,  II .*I 0 0 * e  .. ' ' 0 1 0 0  0 0  
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Number of 
u n i t s  for 

E x t r a c t  Sa tura t ion ,  
X of T h e o r e t i c a l  

s a tu ra t ion  Maximum 

1 

2 

91 

98 

3 - 100  

Most  of t h e  tests were  run wi th  two u n i t s  for s a tu ra t ion ,  which  i s  the  s y s t e m  

he re to fo re  p r o p o s e d  for  Weldon Spr ing .  

96% of t h e o r e t i c a l  maximum sa tu ra t ion .  

T h e  Weldon Spr ing  d e s i g n  b a s i s  is 

B. Wash Column i-ieight 

Wash co lumn h e i g h t  w a s  va r i ed  from 7 f t .  to 2 8  f t .  by vary ing  the  number  of p i l o t  

p l a n t  p u l s e  co lumns  u s e d  for  w a s h i n g  from 2 to 2 (Refe r  to F i g u r e  2). T h e  number 

of co lumns  u s e d  fo r  w a s h i n g  d e p e n d e d  on the  e x a c t  l oca t ion  of the  p o i n t  of p roduc t  

(NOK) wi thd rawa l  from the  sys t em.  

middle  of the  f i r s t  two c o l u m n s  as  we l l  as at t h e  bot toms.  

e i t h e r  7 or 14 ft. of w a s h  column he igh t .  Weldon Spr ing  is d e s i g n e d  to p rov ide  24 ft., 

but t he  s y s t e m  may be  a l t e r e d  wi thout  ma jo r  r e v i s i o n  to  p rov ide  12 or  36 f t .  of 

wash  column he ight .  

I t  w a s  p o s s i b l e  to withdraw m a t e r i a l  at t h e  

Most r u n s  employed  

C ,  Washing Agen t  

Mos t  of t h e  runs were  m a d e  u s i n g  NOK (UNH) as  the  wash  l iquor ,  as  shown  in t h e  

F i g u r e  2 f l o w s h e e t ,  O n e  run w a s  i n c l u d e d ,  however ,  i n  which  w a t e r  w a s  u s e d  for 

wash ing .  

w e l l  a s  at the  top  of t h e  last co lumn,  a n d  no  NOK w a s  ca r r i ed  from t h e  s e c o n d  co lumn 

to t h e  f i r s t .  

In t h i s  case wa te r  w a s  i n t r o d u c e d  at the  top  of t h e  f i r s t  ( w a s h )  co lumn as 

T h e  Weldon Spr ing  d e s i g n  is for w a t e r  wash ing ,  bu t  t h e  s y s t e m  may b e  a l t e r e d  to 

NOK wash ing  wi thou t  major  r ev i s ion ,  

the  i n c r e a s e  in  p roduc t  uranium concen t r a t ion  of -15%. 

T h e  p r o p o s e d  a d v a n t a g e  in  NOK wash ing  is 

D. P r o d u c t  Concen t r a t ion  

T h e  concen t r a t ion  of  uranium i n  the  p r o d u c t  (NOK) w a s  v a r i e d  by the  u s e  of d i f f e ren t  

f low r a t i o s  of p roduc t  to TBP e x t r a c t ,  

employed ,  but t h e  O,5/l  r a t io  w a s  no t  s u c c e s s f u l  d u e  to t h e  l e a k a g e  of a l a r g e  por t ion  

R a t i o  v a l u e s  of 0.5, 0,8, 1.25 and  2 / 1  were  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
.. ... 
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A 

of the  uranium through the  r eex t r ac t ion  p r o c e s s .  

d e n s i t y  cont ro l  to a d j u s t  t he  r eex t r ac t ion  r a t io ,  which y i e l d e d  an a v e r a g e  r a t i o  of  

0.75/1. T h e  p roduc t  uranium concen t r a t ion  w a s  var ied  from 46  to 136 g U/1 as a 

r e s u l t  of t h e s e  p rocedures ,  

R u n s  were  a lso c a r r i e d  o u t  u s i n g  

E. S o l v e n t  T r e a t m e n t  

During m o s t  o f  the  t e s t s  t he  r ec i r cu la t ing  T B P - h e x a n e  s o l v e n t  w a s  c o n t i n u o u s l y  

t r e a t e d  with 0.5 l b / g a l ,  Na,CO, - 1.0 lb /ga l .  K,CO, so lu t ion .  

H 6 9  the  t r ea tmen t  w a s  ca r r i ed  o u t  wi th  a 0 .2  lb /ga l .  l ime  s lur ry ,  

r a the r  t han  c a r b o n a t e  h a s  been  r ecommended  a s  a p o s s i b l e  m e a n s  of improving purity.  

For runs  H58 a n d  

U s e  of l i m e  

F. Sampl ing  

Tests w e r e  ca r r i ed  o u t  for  48 h o u r s  e a c h ,  w i th  sampl ing  to de te rmine  r e s u l t s  du r ing  

t h e  last 36 h o u r s  of e a c h  t e s t  pe r iod .  T h e  fo l lowing  a n a l y s e s  w e r e  per formed:  

( a )  Pumper -decan te r  e x t r a c t  

C o m p o s i t e  s a m p l e  = U and H N O ,  

(b )  S t r ipped  e x t r a c t  

Compos i t e  s a m p l e  - U 

( c )  Wash R a f f i n a t e  

C o m p o s i t e  s a m p l e  - s e m i q u a n t i t a t i v e  s p e c t r o g r a p h i c  a n a l y s i s .  

S a m p l e s  cove r ing  th ree  1 2  h o u r  p e r i o d s  e a c h  - U ,  iiNO,, Shotgun,  

s e m i q u a n t i t a t i v e  s p e c t r o g r a p h i c  a n a l y s i s  of sho tgun  r e s i d u e ,  co lo r ime t r i c  

i ron ,  

(d) NOK P r o d u c t  

S t a r t  a n d  e n d  s a m p l e s  U ,  HNO, ,  pH, Spec t ro  - pho tomet r i c  hlg, 

( e )  N O K  P r o d u c t  a f t e r  TBP remova l  

C o m p o s i t e  s a m p l e  - s e m i q u a n t i t a t i v e  s p e c t r o g r a p h i c  a n a l y s i s i  

S a m p l e s  cove r ing  1 2  hour  p e r i o d s  ( th ree  e a c h )  U,  HNO,, pH,  co lo r ime t r i c  

i ron ,  spec t ropho tomet r i c  Mg , s h o t g u n ,  s emiquan  ti t a t i v e  s p e c t r o g r a p h i c  

a n a l y s i s  on s h o t g u n  r e s i d u e .  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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G .  A n a l y s i s  ~- 

F o r  t r a c i n g  o f  i m p u r i t i e s  o the r  than n i t r i c  ac id ,  t he  main s o u r c e  of data is t h e  

s p e c t r o g r a p h i c  a n a l y s i s  of t he  sho tgun  s a m p l e  r e s i d u e s  from t h e  product  a n d  w a s h  

r a f f ina t e  samples .  

s a m p l e  r e s i d u e  i n  a l m o s t  all c a s e s ,  t h e  concen t r a t ion  in  t h i s  r e s i d u e  b e i n g  too  g r e a t  

for  s p e c t r o g r a p h i c  measu remen t .  

by the  Method Development  S e c t i o n  of t h e  Ana ly t i ca l  Labora to ry  u s i n g  a spec t ropho-  

tomet r ic  p rocedu ie .  

for  p r a c t i c a l  app l i ca t ion  of t h i s  p rocedure ;  

s p e c t r o g r a p h i c  a n a l y s i s .  

magnes ium a n a l y s e s  on d i f f e r e n t  s a m p l e s  from the  s a m e  r u n s  o v e r  the  r a n g e  of 30-300ppm. 

At c o n c e n t r a t i o n s  be low 30 ppm wide  v a r i a t i o n s  w e r e  ob ta ined ,  pa r t i cu la r ly  be low 10 PPm; 

however ,  f i v e  d i f f e r e n t  s a m p l e s  were  u s e d  for a n a l y s i s  in  t h e s e  cases, a n d  the  a v e r a g e  

r e s u l t  even  for t he  l o w e s t  magnes ium concen t r a t ion  o b t a i n e d  w a s  probably  a c c u r a t e  to 

wi th in  a factor of 2. 

Magnesium w a s  found to b e  a major  c o n s t i t u e n t  of t h e  shotgun 

P r o d u c t  ( N O K )  s a m p l e s  were  a n a l y z e d  for magnes ium 

T h e  magnes ium concen t r a t ion  in  the  wash  r a f f ina t e  w a s  too h igh  

t h e s e  v a l u e s  were  o b t a i n e d  from d i r e c t  

T h e  spec t ropho tomet r i c  method p roduced  very c o n s i s t e n t  

Iron de te rmina t ions  w e r e  all m a d e  by t h e  s t a n d a r d  co lo r ime t r i c  procedure  which is 

a p p l i c a b l e  with f a i r  a c c u r a c y  o v e r  t he  e n t i r e  concen t r a t ion  r a n g e  e n c o u n t e r e d  in  t h i s  

test. U s e  of sho tgun  s a m p l e  r e s i d u e s  for iron de te rmina t ion  is c o n s i d e r e d  u n w i s e  in 

v i ew of t he  p o s s i b i l i t y  t h a t  co r ros ion  p r o d u c t s  may h a v e  r e s u l t e d  from bo i l ing  down 

t h e  sample .  T h e  s a m e  is t rue  for n i c k e l  a n d  chromium. 

T h e  p roduc t  a c i d  c o n c e n t r a t i o n s  were  de t e rmined  by pH measuremen t s .  

a n a l y s i s  is d i s c u s s e d  in  more d e t a i l  in t h e  Appendix ,  For t r ac ing  of i m p u r i t i e s  o t h e r  

t han  n i t r i c  ac id ,  t he  main s o u r c e  of d a t a  is t h e  s p e c t r o g r a p h i c  a n a l y s i s  of t he  sho tgun  

sample  r e s i d u e s  from t h e  p roduc t  a n d  w a s h  r a f f ina t e  s a m p l e s .  

impurity concen t r a t ion  w a s  h igh  enough  to b e  d e t e c t e d  by d i r e c t  s p e c t r o g r a p h i c  a n a l y s i s  

on t h e  o r i g i n a l  s ample ,  

sho tgun  r e s i d u e  a n a l y s i s  h a v e  been  made fo r  all p o s s i b l e  cases and  a r e  p r e s e n t e d  i n  

t h e  Appendix .  

r e s i d u e  concen t r a t ion  h a s  e x c e e d e d  t h e  uppe r  l i m i t  of de t e rmina t ion ,  a n d  a v e r a g e s  of 

d i r e c t  a n d  co r rec t ed  sho tgun  r e s i d u e  r e s u l t s  h a v e  been  employed  where  both a re  

a v a i l a b l e .  

T h i s  t ype  of 

In s o m e  cases the  

A s  a c h e c k  on t h e  data, c o m p a r i s o n s  of d i r e c t  a n a l y s i s  a n d  

Di rec t  s p e c t r o g r a p h i c  a n a l y s i s  h a v e  been  u s e d  in cases where  the  

V,  P r e s e n t a t i o n  of D a t a  

Impur i ty  c o n c e n t r a t i o n s  i n  t h e  p roduc t  ( N O K )  a n d  w a s h  r a f f i n a t e s  s t r e a m s  for t he  v a r i o u s  

tests, de t e rmined  a s  ou t l ined  above ,  a r e  l i s t e d  in  T a b l e  I1 a n d  T a b l e  111. 

............ . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
. . . . . . . . . . . . . . . . . . .  
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T a b l e  I1 

Impurity C o n c e n t r a t i o n  i n  t n e  P r o d u c t  

A n a l y s e s - p p m  on U b a s i s  

Run  A1 co 
PPm No.  PPm 

~ __ __ 

c u  
P Pm 

M n 
PPm 

Pb  
P Pm 

Fe  
P Pm ___ 

H 5 2 11 0.4 1 .2  

1 . 2  

0.6 

1 . 2  

1 .7  

2.4 

3.3 

2: 8 

230 

1 2 0  

1 ; 6  3 

1 .9  1153 - e  4 4 

5 1 . 7  _ -  H 5 4  180 

1.6 H55 

H 56 - -  1.1 

- -  160 

14 15 

20 

200 

1.5 - -  H 5  7 

H 5 8  40 8 

4 140 

4 9 22 130  

H 5 9 9 1 1  

H 6 O  5 0 .8  

5 9 7 170 

10 

140 

6 

2 

7 

6 

26 

2 

16 

3 

9 

11 

2.7  

2.6 

1.8 

1.3  

0.9 

2 . 8  

1-1 6 1 14  24 

I-i 6 2 14 2 > 2  2.7 5 

H67 8 2 .3  

I-i68 1.6 1.6 

1.9 8 

1 .1  

2 0  

2 

Ii67 7 3 2 . 5  1 5  

. .  
, 

. . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . . . . .  
.. ....... . . . .  . . . . .  . . . .  . . . .  

..... . . .  . . . .  . . .  . . .  
. 0 .  0 0  .. . . . . .  
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Table  I11 

Impurity Concentrations in  Wash-Column Raffinate 

A n a l y s e s  - ppm on U b a s i s  

F e  
PPm __ 

Run 
No.  

A1 
PPm 

co 
PPm 

c u  
PPm 

Mn 
PPm 

P b  
PPm __ 

20 

15  

4 0  

14 

1 8  

19 

30 

60  

19  

35 

30 

20 

22 

2.2 600  H52 3 4 

1.8 

4 

3 

3 

2 

7 

26 

35 

1 8  

35 

50  

50  

35 

7 

6 

10 

3 60 0 H53 2.6 

H54 2.7 2.1 900 

1 ,4  1.2 500 

6 0 0  1.5 1.3 18  

11 

1 5  

23  

40 

350  

3 50 

6 0 0  

1.2 1.2 - _  

22 

4 0  

25 

1 3  

50  

35 

50  

70 

4 H 5 8  18 

6 H59 

H6O 

H 6 l  

H62 

24 

35 7 

1 .5  

6 

1100 

18 

3 5  

26 60 0 

23  1200 

H67 120  7 

6 

70 2400 

H 6 8  1 2 0  100  3500 

H69 6 0  8 70  2400 

Shotgun a n a l y s i s  are l i s t e d  in Table  IV and Table  V. 

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



Run 
No. 1 

72 

H 5 2  

H.5 3 

H54 

H 5 5 

H 56 

H 57 

H56 

H 5 9  

H60 

H 6  1 

H62 

H66 

H 6  7 

H68 

H69 

-0.005 

0.026 

.036 

.024 

.060 

228 

.014  

048 

I 0 0 4  

.034  

.024  

.010 

.012 

-0.003 

0.019 

T a b l e  IV  

Shotgun' A n a l y s i s  on Product  

No.  2 N o .  3 
p: % 

0.040 0.035 

.034  - 0 5 6  

.022 -030  

.O 19 

,067  .032 

,024  .036  

.ooe  ,032  

.025 ,034  

.O 16 e 004 

.030  .026  

.o 11 .013  

.009 .013 

.002  .019  

,012  .003  

,008  .023  and 0.032 

- =  

111-33 

A v e r a g e  

0.023 

.039  

.029 

,022  

.053  

-030  

- 0 1 8  

.036 

- 0 0 8  

03  1 

.016  

.011 

.o 11 

.004  

-020  

a A shotgun i s  the i n c r e a s e  in neutron obsorbt ion cross s e c t i o n  due  to impuri t ies  in  the 

uranium s a m p l e ,  T h e  shotgun o f  pure U,O, i s  zero by def in i t ion .  

...... . . . . .  . . . . .  . . . .  . . . . .  .. 0 . .  0 

............... . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . . . . . .  
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Run 
__ 

H52 

H53 

H 54 

H 5 5  

H 56 

H57 

H58 

H 59 

H60 

H6 1 

H62 

H66 

H67 

H68 

1169 

T a b l e  V 

Shotguna  A n a l y s i s  On Wash-Column Raf f ina t e  

No.  1 No. 2 No. 3 
% % % 

0.064 0.227 0.057 

,105 .129 e 144 

D c  197 .197 

.048 .024 .132 

.038 .033 .068 

-114 .114 -239 

e 155 .149 .167 

.091 

.126 

.059 

. l o 5  

.043 

.221 

.051 .084 .058 

092 

.024 

128 

e 054 

- ”  

.068 

.121 

.032 

.118 and  0.021 

Average  

0.116 

.126 

197 

.Ob5 

.068 

.030 

.046 

.156 

.157 

.064 

.151  

,064 

.083 

.028 

.084 

a A sho tgun  is the  i n c r e a s e  i n  neutron abso rb t ion  c r o s s  s e c t i o n  d u e  to impur i t ies  in  t h e  

uranium sample .  T h e  shotgun of pu re  U,O, is ze ro  by def in i t ion .  

Uranium mater ia l  b a l a n c e s  around t h e  p u l s e  co lumns  h a v e  been  c a l c u l a t e d  for e a c h  run, a n d  

r e s u l t s  a r e  shown i n  T a b l e  VI. 

f low r a t e  c a l c u l a t e d  from the  uranium mate r i a l  b a l a n c e  a g r e e s  r easonab ly  we l l  with t h e  va lue  

for  t h e  run s p e c i f i c a t i o n s .  

cont ro l  . 

It may be o b s e r v e d  tha t  t h e  ra t io  of p roduc t  f l o w  r a t e  to e x t r a c t  

T h i s  i n d i c a t e s  t ha t  t h e  expe r imen t s  w e r e  run unde r  good f l o w  rate 

- :  

/-\ 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
~ ~- .~ . ~ - . ~ ~  ~ . 
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T a b l e  V I  

Distribution of Extracted Uranium 

Run 
-- 

k152 

H53  

H54  

H55 

H57 

M58 

H 59 

H6O 

t i61  

1162 

t167 

H68 

H67  

P e r c e n t  in  

% 

20.4 

17.5 

16.0 

17.8 

18.0 

17 .8  

10.5 

18.7 

18.5 

22.2 

21.3 

20.8 

21.9 

Wash KaffinateO 

P e r c e n t  in 
Stripped 
Extract  

x 

1.7 

0.0 

0.0 

0.1 

1.9 

2.2 

2.0 

0.0 

0.0 

0.0 

0 .1  

0.1 

0.0 

P e r c e n t  in  
Product  

% 

b 

77.7 

82.5 

84 .0  

82 .1  

80 .1  

80 .o 

87.5 

8 1 . 3  

81 ,5  

77 .8  

78.6 

79.1 

78.1 

a C a l c u l a t e d  a s s u m i n g  a w a s h  ratio o f  ‘ A o ,  Aqueous/Organic  

Aqu e o u  s/O r a m i  c 

C a l c u l a t e d  Nom i n  a1 

1.21  

1.30 

2.01 

0.72 

0.76 

0.78 

0.71 

1.41 

0.75 

1.23 

1 .19  

1.12 

1.14 

b C a l c u l a t e d  by d i f f e r e n c e  

C a l c u l a t e d  by u material  b a l a n c e  

d R a t i o  a d j u s t e d  to hold  a q u e o u s  p h a s e  from 2nd p u l s e  column at 50  g U/1 

1.25 

1.25 

2.00 

0.80 

d - - -  
d - - -  
d - - -  

1.25 

d - - -  
1.25 

1.25 

1.25 

1.25 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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Uranium a n d  n i t r i c  a c i d  a n a l y s e s  a r e  t a b u l a t e d  be low.  

R u n  

H52 

H53 

H54 

H55 

H57 

H 5 8  

H59 

H6O 

H6 1 

H6 2 

H67 

H68 

H69 

D- 1 
E x t r a c t  

U 
g / l  

106 

107 

110 

118 

114 

117 

111 

116 

108 

98 

103 

10 5 

104 

T a b l e  VI1 

Uranium a n d  A c i d  A n a l y s e s  
__ ___ 

S t r i p p e d  
S o l v e n t  

U 
g/l  

1.8 

0 .o 

0.0 

0.1 

2.2 

2.6 

2.2 

0.0 

0.0 

0 .o 

0.1 

0.1 

0.0 

Wash-Column 
R a f f i n  ate 

U 
g 11 

HNO, 
d l  

216 

187 

176 

2 10 

205 

208 

117 

217 

200 

2 17 

219 

2 18 

2 2 8  

72 

56 

50 

61 

23 

34 

77 

35 

25 

37 

37 

50 

42 

P r o d u c t  

U 
d 1  PH - - 

68 2.13 

68 1.90 

46 2.08 

13 4 1.31 

120 1.57 

120 1.43 

136 1.20 

67 2 .21  

117 1.80 

62 2.21 

68 2.08 

74 2.10 

7 1  2.14 

HNO," 

0.18 

0.49 

0.36 

1.64 

0.86 

1.29 

2.18 

0.13 

0.37 

0.14 

0.24 

0.19 

0.17 

a HNO, c o n c e n t r a t i o n s  i n  t h e  p r o d u c t  w e r e  c a l c u l a t e d  from t h e  U c o n c e n t r a t i o n  a n d  pH v a l u e s .  

VI. D i s c u s s i o n  of  R e s u l t s  

A. V a r i a b l e s  A f f e c t i n g  Uranium C o n t e n t  o f  Wash-Column R a f f i n a t e  

T h e  effect of v a r i a b l e s  on  uranium c o n t e n t  of t h e  w a s h  co lumn r a f f i n a t e  i s  s u m m a r i z e d  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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c 

b e l o w  In T a b l e  V I I I ,  

w e r e  f o u n d  to h a v e  n e g l i g i b l e  e f f e c t ,  h e n c e  r e s u l c s  from r u n s  i n  w h i c h  t h e s e  f a c t o r s  

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

C h a n g e s  in p r o d u c t  c o n c e n t r a t i o n  a n d  t y p e  of s o l v e n t  t r e a t m e n t  

T a b l e  VI11 

E f f e c t  of V a r i a b l e s  o n  U r a n i u m  R e m o v a l  i n  K;ash C o l u m n  

Effect of c o l u m n  h e i g h t  

(2 u n i t s  for  s a t u r a t i o n ,  NOK w a s h )  

Wash C o l u m n  
H e i g h t  

f t ,  

P e r c e n t  U l o s t  to 
Wash R a f f i n a t e  

% 

7 

14  

2 1  

28 

E f f e c t  of s a t u r a t i o n  

1 7 = 4  

21.5 

21.1 

21.1 

(7 f t ,  w a s h  c o l u m n ,  N O K  w a s h )  

No-  of Unit:  
f o r  s a t u r a t i o n  

N O K  v e r s u s  w a t e r  w a s h  

( 1 4  f t .  w a s h  c o l u m n ,  2 u n i t s  fo r  s a t u r a t i o n )  

W a s h i n g  A g e n t  

Water  

N O K  

P e r c e n t  U l o s t  to 
Wash R a f f i n a t e  

% 

10,5 

1 7 , 4  

18.5 

P e r c e n t  U los t  to 
U;ash R a f f i n a t e  

53 

18.7 

21.5 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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T h e  m o s t  s i g n i f i c a n t  va r i ab le  a f f e c t i n g  wash-column raf f ina te  uranium con ten t  w a s  

found to b e  the  deg ree  of  sa tu ra t ion  of t h e  e x t r a c t  from t h e  pumper d e c a n t e r s ,  

e f f e c t  h a s  been  noted  previously.’  Inc reas ing  the  number  of sa tu ra t ion  u n i t s  from 

o n e  to t w o  ( a c t u a l  e x t r a c t  uranium sa tu ra t ion  from 91% to 98%) i n c r e a s e d  uranium 

removal from 10 to 18%. There w a s  little furthed removal due to use  of three saturation units. 

T h i s  

T h e  uranium c o n t e n t  of  t h e  wash  ra f f ina te  w a s  found to be very  s l igh t ly  g rea t e r  wi th  

NOK wash ing  than  with water  washing .  

from 7 f t .  to 1 4  ft.  i n  wash  column he ight ,  bu t  no fur ther  i n c r e a s e  occured  wi th  taller 

co lumns .  

cond i t ions  w a s  abou t  219,. 

With NOK, i t  i n c r e a s e d  s l igh t ly  on going  

T h e  maximum uranium loss to t h e  w a s h  ra f f ina te  for all of the  va r ious  

B. T h e  Ef fec t  of V a r i a b l e s  on  NOK Acid i ty  

T h e  effect of v a r i a b l e s  on t h e  ac id i ty  of t h e  p roduc t  (NOK) is summar ized  in  T a b l e  IX. 

T a b l e  I X  

E f f e c t  of V a r i a b l e s  o n  Acid i ty  of NOK P r o d u c t  

E f f e c t  of column he igh t  

( 2  u n i t s  for s a tu ra t ion ,  NOK w a s h )  

Wash Column 
He igh t  

f t .  

7 
14 
2 1  
28 

Effec t  of uranium sa tu ra t ion  i n  d e c a n t e r  e x t r a c t  

(7  f t .  w a s h  column, NOK wash)  

NOK Acid i ty  
g HNO,/gU 

0 ,009  

.0024 
e 00 26 

.0035 

Satura t ion  
No.  of u n i t s  % of T h e o r e t i c a l  NOK Acid i ty  

for s a tu ra t ion  Maximum g HNO,/g U 
- 

1 91 0.016 

2 98 .009 

3 - 100 -0032 

’ Ibid. p. 62-65 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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T a b l e  I S  ( c o n t )  

NOK uerst ls  w a t e r  w a s h  

(14  f t .  w a s h  c o l u m n ,  2 u n i t s  for s a t u r a t i o n )  

Washing  A g e n t  
NOK A c i d i t y  
g HNO,/g U 

l tater 

NOK 

0.0024 

.0019 

A s  i n  t h e  c a s e  of uranium r e m o v a l ,  c h a n g e s  i n  p r o d u c t  c o n c e n t r a t i o n  a n d  t y p e  of s o l v e n t  

t r e a t m e n t  w e r e  found to h a v e  n e g l i g i b l e  e f f e c t ,  a n d  r e s u l t s  from r u n s  i n  arhich t h e s e  

f a c t o r s  w e r e  v a r i e d  h a v e  b e e n  a v e r a g e d  w i t h  o t h e r s ,  

T h e  a c i d i t y  of t h e  p r o d u c t ,  i n  g e x c e s s  HNO, /g  U ,  c o u l d  be  r e d u c e d  t o  0 002 - 0 0 0 3  by 

u s i n g  14 f t .  of w a s h  co lumn wi th  a n  NOK w a s h  a n d  t w o  u n i t s  for s a t u r a t i o n .  

more  w a s h  c o l u m n  h e i g h t ,  o r  w a t e r  for  w a s h i n g ,  c a u s e d  n o  s i g n i f i c a n t  c h a n g e s .  A 

s i m i l a r  a c i d i t y  asas p r o d u c e d  by u s i n g  t h r e e  u n i t s  for s a t u r a t i o n  w i t h  o n l y  a 7  f t  w a s h  

c o l u m n ,  b u t  s u b s t a n t i a l l y  h i g h e r  a c i d i t i e s  o c c u r r e d  at 7 f t ,  w i t h  l e s s  s a t u r a t i o n ,  B y  

w a y  of c o m p a r i s o n ,  t h e  n e u t r a l  e t h e r  s y s t e m  p r o d u c t  a t  h l a l l i n c k r o d t ’ s  D e s t r e h a n  p l a n t  

h a s  b e e n  f o u n d  to c o n t a i n  0.001 - 0.002 g e x c e s s  HNO,/g U 

U s e  of 

C m  V a r i a t i o n  of P u m p e r - D e c a n t e r  E x t r a c t  P u r i t y  L e v e l  

A s  p o i n t e d  o u t  p r e v i o u s l y ,  t h e  main  o b j e c t  i n  u s i n g  a s y n t h e t i c a l l y  p r e p a r e d  f e e d  f o r  

t h e s e  tests w a s  to  i n s u r e  a uniform f e e d  t h r o u g h o u t  t h e  t es t  s e r i e s .  

s h o u l d  y i e l d  a uniform e x t r a c t  from t h e  p u m p e r - d e c a n t e r s  e x c e p t  f o r  t h o s e  ca ses  i n  w h i c h  

s a t u r a t i o n  w a s  v a r i e d .  

n a t i o n  w e r e  n o t  a t t e m p t e d ,  v a l u e s  for  t h e  c o n c e n t r a t i o n s  of v a r i o u s  i m p u r i t i e s  i n  t h i s  

s t r e a m  h a v e  b e e n  c a l c u l a t e d  from t h e  p r o d u c t  a n d  w a s h  r a f f i n a t e  a n a l y s e s  by  a s s u m i n g  

t h a t  all i m p u r i t i e s  i n  t h e  s o l v e n t  a r e  r e m o v e d  i n  t h e  p u l s e  c o l u m n s .  

c a l c u l a t i o n  a r e  l i s t e d  i n  T a b l e  X ,  

T h i s  p r e s u m a b l y  

A l t h o u g h  d i r e c t  a n a l y s i s  of t h e  D-1  e x t r a c t  for  g e n e r a l  c o n t a m i -  

R e s u l t s  of t h i s  
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T a b l e  X 

n 

C h a n g e s  in  Pumper-Decanter  P roduc t  P u r i t y  During Test  

Impurity concent ra t ion  in D-1 ex t r ac t ,  (ppm o n  U b a s i s )  

Run 
No.  

F152 

H53 

H54 

1155 

115 7 

H58 

H59' 

H 60 

H 6 1 b  

H 6 2  

H 67 

H68 

H69 

g 
PPm 

3 10 

2 10 

3 10 

220 

180 

170 

220 

2 10 

2 30 

260 

5 10 

750 

5 30 

co 
PPm 

1.0 

2 .1  

1.9 

1.6 

1,5 

10 

12 

7 

23 

9 

27 

27 

15 

' One  unit  for s a tu ra t ion  

T h r e e  un i t s  for s a tu ra t ion  

F e  
PPm 

4 

4 

6 

- -  

18 

2 1  

9 

1 2  

26 

7 

18 

23 

2 1  

c u  
PPm 

2.1 

4 

4 

3 

4 

5 

7 

8 

16 

11 

1 2  

1 2  

10 

A1 Po 
PPm P Pm 

1.4 

- -  1.6 

0.9 

- -  1.4 

- -  2 . 2  

40 3 

12 3 

9 4 

14 2.4 

22 2.7 

14 2 .5  

1 2  2.0 

22 4 

- -  

- -  

Shotgun 
% 

0.043 

"054 

.058 

-029 

-030  

.023 

.048 

-036 

.037 

.045 

-027 

.009 

.033 

T h e  data in T a b l e  X i n d i c a t e  t h a t  a c o n s t a n t  D - 1  ex t r ac t  composi t ion  w a s  not  ach ieved .  

In par t icu lar ,  t he  g e n e r a l  l e v e l  of contaminat ion  w a s  no t i ceab ly  h igher  s t a r t i ng  with 

run H58, the  d i f f e rence  be ing  e s p e c i a l l y  apparent  for  C o ,  Mn, a n d  AL 

r e s u l t s  do  not  show a n y  s ign i f i can t  trend. 

T h e  shotgun 

A d i f fe rence  in co lor  w a s  no t i ced  be tween b a t c h e s  of ikpur i ty -concen t r a t e  s tock  so lu t ion  

u s e d  for f e e d  preparation. I t  is susDected  tha t  t he  change  in  D - 1  ex t rac t  Contamination 

during the  t e s t  s e r i e s  r e su l t ed  from var ia t ion  in  the  composi t ion  of the  l iquor u s e d  as 

an  impurity sou rce .  
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D. E f f e c t  of S a t u r a t i o n  3n P u m p e r - D e c a n t e r  E x t r a c t  P u r i t y  

T h e  effect  of s a t u r a t i o n  o n  C - 1  e x t r a c t  p u r i t y  is g i v e n  i n  T a b l e  XI .  T h e  v a l u e s  for  o n e  

a n d  t h r e e - u n i t  s a t u r a t i o n ,  r u n s  H59 a n d  H 6 l  r e s p e c t i v e l y ,  h a v e  b e e n  c o m p a r c d  w i t h  t h e  

a v e r a g e  for  t w o - u n i t  s a t u r a t i o n  r u n s ,  H58,  H 6 0 ,  H62.  

- 

Impur i ty  

xi g 

c o  

Fe  

c u  

A1 

P b  

M n 

. -  

53 

T a b l e  X I  

Effect of S a t u r a t i o n  o n  D-1 E x t r a c t  P u r i t y  

Impur i ty  C o n c e n t r a t i o n  i n  E x t r a c t  (ppm o n  U h a s i s j  

N o .  of u n i t s  for  s a t u r a t i o n  
- 

1 
P Pm 

220 

1 2  

9 
7 

12  

3 
11 

- 
2 

PPm 

210 

9 
13 

6 

24 

3 
14  

___ 

3 
FP" 

2 30 

23 
2 6  

16 
14  

2 

11 

__ 

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

i n c r e a s i n g  s a t u r a t i o n , i m p r o v e s  e x t r a c t  p u r i t y .  

c o n s i d e r e d  h e r e  t h e r e  is n o  i n d i c a t i o n  of s u c h  a t r e n d ;  

to b e  s l i g h t l y  p o o r e r  a t  t h e  h i g h e r  s a t u r a t i o n s .  

r e l a t i v e  i m p u r i t y  l e v e l s ,  o b t a i n e d  by (1 )  c o m p u t i n g  t h e  a v e r a g e  c o n c e n t r a t i o n  of e a c h  

i m p u r i t y  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  for r u n s  H 5 8  - H62,  

to t h e  a v e r a g e  fo r  e a c h  i m p u r i t y  i n  e a c h  r u n ,  a n d  ( 3 )  a v e r a g i n g  for e a c h  run:  

O v e r  t h e  s a t u r a t i o n  r a n g e  of 9 I-100% 

i f  a n y t h i n g ,  t h e  p u r i t y  a p p e a r s  

T h i s  is s h o w n  b y  t h e  f o l l o w i n g  a v e r a g e  

( 2 )  c o m p u t i n g  t h e  r a t i o  

N o .  of U n i t s  R u n  A v e r a g e  R e l a t i v e  
for S a t u r a t i o n  NO. Impur i ty  L e v e l  

1 H59 0.83 

2 H 60 0.87 

2 H62 0 . 9 8  

2 H 5 8  1.07 

3 H 6 1  1.25 
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I11 - 4 2  

E. T h e  E f f e c t  of Solvent  Condi t ion  

One  of the  m o s t  d i s turb ing  a s p e c t s  of t h e s e  pur i f ica t ion  s t u d i e s  is the  appa ren t  

cor re la t ion  be tween (1) the  qua l i ty  of the  so lven t  as  measu red  by p u l s e  column 

flooding cha rac t e r i s t i c s3 ,  a n d  ( 2 )  t h e  e f f ic iency  of impurity removal by p u l s e  

column washing .  J u s t  prior to the  s t a r t  of the  pur i f ica t ion  test s e r i e s ,  a flooding 

test ind ica t ed  tha t  t h e  p i lo t  p l an t  so lven t  had  t h e  s t anda rd  "poor" flooding 

c h a r a c t e r i s t i c s ;  j . e . ,  a maximum reext rac t ion  r a t e  of 3100 gph/sq.ft .  

condi t ion  re fer red  to as  "old". 

t en  tests with syn the t i c  f e e d s ,  t h e  so lven t  w a s  found to  h a v e  the  s t anda rd  "good" 

flooding c h a r a c t e r i s t i c s  (maximum ra t e  3600 gph/sq.ft) ,  i. e., w a s  in  "new" condi t ion .  

T h e  test w a s  r epea ted  at the  e n d  of the  pur i f ica t ion  s e r i e s ,  a f t e r  run H69, but no 

further change  w a s  d e t e c t e d .  

T h i s  is the  

At  t h e  conc lus ion  of run H62,  fo l lowing  approximate ly  

T a b l e  XI1 s h o w s  a compar ison  of t h e  w a s h  ef f ic iency  for run H52, immedia te ly  a f t e r  

the  so lven t  was found to b e  "old", wi th  the  e f f i c i ency  for run H62, j u s t  before t h e  
so lven t  w a s  found to b e  "new". T h e s e  two runs  were  i d e n t i c a l  o p e r a t i o n s  e x c e p t  

for t iming, and ,  presumably ,  s o l v e n t  qua l i ty .  Wash e f f i c i ency  as used here  is de f ined  

as the  f rac t ion  of t h e  total impurity recovery  from the  s o l v e n t  in the p u l s e  co lumns  

which  r epor t s  in the  w a s h  column raf f ina te .  

T a b l e  XI1 

E f f e c t  of So lven t  "Age" on  Wash E f f i c i e n c y  

2 u n i t s  for s a tu ra t ion ,  NOK wash ,  14  f t .  w a s h  column 

P e r c e n t  Impur i t ies  Removed 

Old New 
Solvent  Solvent  

% - Impurity % 

Mg 42  98 
c o  68 8 3  

Fe 39 7 2  

c u  41  7 3  

P b  33 4 6  

Krieg. J .  T.. Fariss ,  R. H. ,  Soukup, J .  A. ,  P r o c e s s  Development  Quarterly Repor t ,Pat t  11 Mallinckrodt Chemical 
Works, MCW-1400 (February 1, 1957). p. 22-27. 

... - 
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I t  may be  o b s e r v e d  t h a t  t h e  s o l v e n t  s h o w i n g  g o o d  f l o o d i n g  c h a r a c t e r i s t i c s ,  L e . .  K n e w w ,  

.dso y i e l d e d  a m u c h  h igher  w a s h  e f f i c i e n c y  

r - 

U n f o r t u n a t e l y ,  n o  d a t a  w e r e  o b t a i n e d  w h i c h  d e f i n i t e l y  f i x  t h e  p o i n t  a t  w h i c h  t h e  s o l v e n t  

rever teci  from “ o l d “  t o  “ n e w ”  c o n d i t i o n .  I t  may be t h a t  t h e  r e v e r s i o n  o c c u r r e d  g r a d u a l l y  

d u e  to s l o w  purg ing  of s o l v e n t  c o n t a m i n a n t s  from t h e  s y s t e m .  

l i m e  w a s  u s e d  for  s o l v e n t  t r e a t m e n t ,  a p p r o x i m a t e l y  2 g / l  of uran ium e n t e r e d  t h e  

s o l v e n t - t r e a t m e n t  co lumn i n  t h e  s o l v e n t .  T h i s  c a u s e d  t h e  format ion  of a gummy 

p r e c i p i t a t e  i n  t h e  t r e a t m e n t  c o l u m n  w h i c h  s o a k e d  up  s o l v e n t .  

l i m e  w e r e  n e c e s s a r y ,  a n d  c o n s i d e r a b l e  q u a n t i t i e s  of s o l v e n t  w e r e  d i s c h a r g e d  i n  t h e  

s p e n t  l i m e - p r e c i p i t a t e  m a s s .  I t  i s  p o s s i b l e  t h a t  t h i s  p r e c i p i t a t e  may h a v e  a c t e d  as 

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

In  run H58, i n  w h i c h  

F r e q u e n t  c h a n g e s  of 

A s t u d y  of t h e  d a t a  for  r u n s  1-153 through H 5 9 ,  a n d  H b l ,  c o m p r i s i n g  t h e  7 f t .  w a s h  

co lumn tes ts ,  s h o w s  n o  t i m e  t r e n d  for  w a s h  e f f i c i e n c y  

w h i c h  t h e  s o l v e n t  is b e l i e v e d  to h a v e  c h a n g e d  q u a l i t y ,  i t  a p p e a r s  t h e  s o l v e n t  “ a g e ”  

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

S i n c e  t h i s  is t h e  p e r i o d  d u r i n g  

F. T h e  E f f e c t  o f  \ \ , ash  C o l u m n  H e i g h t  

T h e  e f f e c t  of c o l u m n  h e i g h t  on  w a s h  e f f i c i e n c y  is s h o w n  by t h e  c o m p i l a t i o n  i n  

T a b l e  X I I I .  

with  o t h e r  t h a n  a 7 f t .  w a s h  co lumn:  

c o l u m n s  of 14 f t .  to 2 8  f t .  p r o b a b l y  r e p r e s e n t  t h e  p e r f o r m a n c e  of g o o d  s o l v e n t  

t h e  d i s c u s s i o n  of w a s h  e f f i c i e n c y  w h i c h  f o l l o a - s ,  run  H 5 2  h a s  b e e n  o m i t t e d  from t h e  

c o m p i l a t i o n  e x c e p t  % h e n  s o l v e n t  a g e  i s  d i s c u s s e d .  ,411 d a t a  for  7 f t  column:. h a v e  

b e e n  i n c l u d e d ,  h o w e v e r ,  s i n c e  n o  effect r e l a t e d  to s o l v e n t  a g e  c o u l d  be  d e t e c t e d  for  

t h i s  c a s e  

R u n  H 5 2  w a s  t h e  o n l y  o n e  m a d e  dur ing  t h e  e a r l y  p a r t  of t h e  t es t  s e r i e s  

With t h i s  e x c e p t i o n ,  t h e n ,  t h e  d a t a  for  w a s h  

In  
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T a b l e  XI11 

E f f e c t  of Column Height  on  Wash Ef f i c i ency  

2 u n i t s  for s a tu ra t ion ,  NOK w a s h  

P e r c e n t  Impurity Removed 

14 f t .  Col .  2 1  f t .  Cola 28 f t .  Col .  7 f t .  Cola  
Impurity % % x % 

With “o ldR  so lvent :  

Mg 
c o  

F e  

c u  
A I  

P b  

Mn 

With -newn so lvent :  

Mg 
co 
F e  

c u  

A1 

P b  

Mn 

43 
2 2  

19 
16 
10 

27 

31 

43  
2 2  

19 
16 
10 

27 

31 

42 
6 8  

39 
41  
- -  
3 3  
- _  

9 8  

83  
7 2  

7 3  

59 
49 
35 

99 .3  

95 

90 
87 

89  
6 4  

8 3  

99 .7  

9 3  
82  

8 8  

54 
59 
50 

With the  so lven t  in poor condi t ion ,  t he re  a p p e a r s  to  be  a g e n e r a l  improvement in  

w a s h  e f f i c i ency  on  going from 7 f t .  to 14 f t .  of column he ight .  T h e  i n c r e a s e  is much 

more d r a s t i c  with good so lvent .  A further but less d r a s t i c  i n c r e a s e  may b e  noted  for 

good so lven t  o n  going from 14 f t  to 28 ft .  of column height.  T h e  r e s u l t s  with 2 1  ft.. 

a r e  genera l ly  super ior  to  t h o s e  for 28 f t  

21 f t .  a n d  28 f t .  of column he ight  is of par t icu lar  i n t e re s t .  It is d i f f icu l t  to s e e  how 

s u c h  an  e f f e c t  could  occur  if total wash  column were the only  va r i ab le ,  T h i s  r e su l t  

i n d i c a t e s  t ha t  t he  r e l a t ive  pos i t i on  of i n t e r f a c e s  and  a q u e o u s  removal po in t s  may be  

of i n t e r e s t ,  

T h e  r eve r sa l  of w a s h  ef f ic iency  be tween 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 



I t  h a s  g e n e r a l l y  b e e n  o b s e r v e d  in  t h e  T B P  s y s t e m  t h a t  s o l i d  m a t e r i a l ,  u s u a l l y  d a r k  i n  

c o l o r ,  collects a t  i n t e r f a c e s .  

i m p u r i t i e s .  

d o u b l e  or s i n g l e  c o l u m n ,  t h e  p r o d u c t  i s  r e m o v e d  a t  t h e  bot tom of o n e  c o l u m n  w h i l e  a n  

i n t e r f a c e  i s  l o c a t e d  at t h e  t o p  of t h e  p r e c e d i n g  co lumn 

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

t h e  bot tom of  t h e  n e x t  co lumn with t h e  p r o d u c t -  

h o w e v e r ,  p r o d u c t  i s  wi thdrawn a t  t h e  m i d d l e  of t h e  s e c o n d  c o l u m n .  a p o i n t  f a r  r e m o v e d  

from a l l  i n t e r f a c e s  

T h i s  m a t e r i a l  c o n t a i n s  a c o n c e n t r a t e d  c o l l e c t i o n  of 

of co lumn h e i g h t ,  u s i n g  e i t h e r  a f u l l  In  o p e r a t i o n  wi th  14 f t .  o r  28 f t ;  

T h u s ,  m a t e r i a l  f l o a t i n g  a r o u n d  

In o p e r a t i o n  w i t h  2 1  f t .  of c o l u m n ,  

I t  may b e  o b s e r v e d  t h a t  t h e  e l e m e n t s  ( i m p u r i t i e s )  u n d e r  c o n s i d e r a t i o n  ( T a b l e  XIII)  

f a l l  i n t o  four  b e h a v i o r  g r o u p s .  hlg s t a n d s  a l o n e  as  b e i n g  more e f f i c i e n t l y  r e m o v e d  

t h a n  t h e  o t h e r  e l e m e n t s  in  e v e r y  c a s e .  (hlg w a s  a l s o  p r e s e n t  i n  t h e  f e e d s  i n  m u c h  

g r e a t e r  c o n c e n t r a t i o n s ) .  Co, F e ,  a n d  Cu a r e  v e r y  s i m i l a r  i n  b e h a v i o r ,  w i t h  t h e  big 

d i f f e r e n c e  o c c u r r i n g  b e t w e e n  7 f t .  a n d  14 f t  of co lumn h e i g h t ,  

a l m o s t  t h e  same throughout ,  wi th  Co r e m o v a l  b e i n g  s l i g h t l y  s u p e r i o r .  AI s h o w s  a 

s i m i l a r  t r e n d  to Co,  Fe ,  a n d  Cu ,  but  i s  l e s s  e f f i c t i v e l y  r e m o v e d .  P b  a n d  hln r e m o v a l ,  

w h i l e  improving  wi th  i n c r e a s e d  c o l u m n  h e i g h t ,  s h o w s  n o  d r a s t i c  i m p r o v e m e n t  b e t w e e n  

7 f t .  a n d  14 f t .  a s  d o  t h e  o t h e r  i m p u r i t i e s .  

a t  7 f t ,  t h a n  Co, Fe ,  a n d  Cu ,  but  l e s s  e f f e c t i v e l y  t h a n  t h e s e  e l e m e n t s  a t  o t h e r  h e i g h t s .  

Fe a n d  C u  r e m o v a l  i s  

T h e s e  e l e m e n t s  a r e  r e m o v e d  more e f f e c t i v e l y  

G.  T h e  E f f e c t  of E x t r a c t  Uranium S a t u r a t i o n  o n  Wash E f f i c i e n t y  

T h e  effect of s a t u r a t i o n  o n  w a s h  e f f i c i e n c y  is  s h o w n  i n  T a b l e  XIV T h e r e  a p p e a r s  to 

b e  a s l i g h t  t r e n d  i n  t h e  d i r e c t i o n  of p o o r  impur i ty  r e m o v a l  for  Co, F e ,  C u ,  A l ,  P b ,  a n d  

hln as  s a t u r a t i o n  is i n c r e a s e d  T h e  o p p o s i t e  effect  i s  n o t e d  for  hlg, h o w e v e r .  

a -  

* \  
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T a b l e  XIV 

Effect of  S a t u r a t i o n  on B a s h  E f f i c i e n c y  

7 f t .  w a s h  c o l u m n ,  NOK w a s h  

P e r c e n t  I m p u r i t i e s  R e m o v e d  

No. of u n i t s  u s e d  for  s a t u r a t i o n  

Impur i ty  

co 

Fe  

c u  

A1 

P b  

Mn 

A v e r a g e  of t h e  a b o v e  

h,l g 

1 
% 

20 

2 8  

38 

3 4  

20 

28  

28  

29 

__ 

2 
% 

22 

19 

16 

10 

2 7  

3 1  

21  

4 3  

3 
% 

1 4  

18 

20 

1 7  

1 2  

32  

19 

49 

__ 

H ,  T h e  E f f e c t  of W a s h i n g  A g e n t  on W a s h i n g  E f f i c i e n c y  
- 

T a b l e  XV s h o w s  a c o m p a r i s o n  of w a s h  e f f i c i e n c i e s  w i t h  w a t e r  a n d  NOK as t h e  w a s h i n g  

a g e n t s .  N o  s i g n i f i c a n t  d i f f e r e n c e  i n  t r e n d  c a n  b e  n o t e d .  
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T a b l e  XV 

E f f e c t  of B a s h i n g  A g e n t  o n  W a s h  E f f i c i e n c y  

P e r c e n t  Impur i ty  R e m o v e d  

R a t e r  \ , a s h  
Impur i ty  % 

x1 g 

co 
F e  

96 

9 1  

6 0  

NOK Wash 
% 

9 8  

8 1  

7 2  

c u  80 7 3  

A I  

P b  

5 3  

37 

59 

46  

X1 n 82 35 

I .  O t h e r  V a r i a b l e s  H a v i n g  No E f f e c t  o n  P r o d u c t  P u r i t y  

V a r i a t i o n  o f  t h e  p r o d u c t  uran ium c o n c e n t r a t i o n  by v a r y i n g  c o l u m n  f l o w  r a t i o s  h a s  n o  

effect o n  p r o d u c t  p u r i t y .  

n o  effect o n  p u r i t y .  

T h e  t y p e  o f  s o l v e n t  t r e a t m e n t  ( c a r b o n a t e  u s .  l i m e )  also h a d  

J .  E f f e c t  of V a r i a b l e s  o n  S h o t g u n  A n a l y s i s  

T h e  effect of v a r i a b l e s  o n  t h e  s h o t g u n  a n a l y s i s  of t h e  N O K  p r o d u c t  h a s  b e e n  

s u m m a r i z e d  i n  T a b l e  X V I .  

c o n d i t i o n s  is too g r e a t  to p e r m i t  m a k i n g  f i n e  d i s t i n c t i o n s .  

s h o t g u n  r e s u l t s  s u p p o r t  t h e  c o n c l u s i o n s  r e a c h e d  from a c o n s i d e r a t i o n  of i n d i v i d u a l  

i m p u r i t y  b e h a v i o u r .  

T h e  va r i ance  i n  s h o t g u n  r e s u l t s  f o r  a n y  g i v e n  s e t  of 

F o r t u n a t e l y ,  h o w e v e r ,  t h e  

. . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  
0 .  e e o  0 e 0 0  D 
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T a b l e  XVI  

E f f e c t  of V a r i a b l e s  o n  Shotgun A n a l y s i s  of NOK P r o d u c t  

E f f e c t  of so lvent  age :  

( 2  u n i t s  for s a tu ra t ion ,  NOK wash ,  14  f t .  w a s h  co lumn)  

So lven t  .Age 
NOK Shotgun 

% 

0 .023  

“new ’’ 

E f f e c t  of w a s h  column he ight :  

0 .017  

( 2  u n i t s  for s a tu ra t ion ,  NOK w a s h )  

\ a s h  Column 
He igh t  

f t .  
NOK Shotgun 

% 

7 

14 

2 1  

28  

E f f e c t  of sa tu ra t ion :  

(7  f t .  w a s h  column, NOK wash)  

N o .  of u n i t s  
for s a tu ra t ion  

1 

2 

3 

NOK us .  water  wash :  

0.028 

0.0 17  

0 .004  

0.011 

NOK Shotgun 
% 

0.036 

0 , 0 2 8  

0 .031  

(14  f t .  w a s h  co lumn,  2 u n i t s  for s a tu ra t ion )  

NOK Shotgun 
Washing Agent. % 

U; a t e r  0.008 

N O K  0.017 
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VII., A p p e n d i x  

A ,  HNO, A n a l y s e s  on  Uranium P r o d u c t  L i q u o r  

A c o n s i d e r a b l e  d e s c r e p a n c y  w a s  found b e t w e e n  e x c e s s  n i t r i c  a c i d  c o n c e n t r a t i o n s  

i n  t h e  NOK p r o d u c t  as  m e a s u r e d  by  t h e  normal  l a b o r a t o r y  t i t r a t i o n  t e c h n i q u e ,  a n d  

a s  c a l c u l a t e d  from p H  a n d  U c o n c e n t r a t i o n s .  A c o m p a r i s o n  of r e s u l t s  from t h e s e  

t w o  m e t h o d s  is s h o w n  i n  T a b l e  A-1  

T a b l e  A - 1  

C o m p a r i s o n  of P r o d u c t  A c i d  A n a l y s e s  

A c i d  C o n c e n t r a t i o n  

B y  A c i d  M e a s u r e m e n t  BY PH 
R u n  g i l  g,/ 1 

~ 

H52 13 0.18 

H53 6.0 0.49  

H54 5 5  0 36 
H 5 5 11 1 6  
H57 -0 3 0.86 

H58 -1 5 1 .3  
H 59 -1.9 2,2 

H6O 0 . 1  0 .13 

H 6  1 0 .81  0 - 3 7  

H 6 2  0 1  0 .14  

H G 7  -1.3 0 2 4  

H 68 (0.3 0 ,19 

H 69 <0.3 0.17 

In four  cases  (H60, H62, H68, a n d  H69) t h e  a g r e e m e n t  b e t w e e n  a c i d i t i e s  as  d e t e r m i n e d  b y  

t h e  t w o  m e t h o d s  is e x c e l l e n t .  Some 

i n d i c a t i o n  of r e l a t i v e  p r e c i s i o n  may b e  o b t a i n e d  by c o m p a r i n g  t h e  p r o d u c t  a c i d i t i e s  i n  r u n s  

H52, H62 a n d  H69, k h i c h  w e r e  c a r r i e d  o u t  u n d e r  e s s e n t i a l l y  i d e n t i c a l  c o n d i t i o n s ,  T h e  p H  

m e a s u r e m e n t s  g a v e  v a l u e s  of 0.18, 0.14, a n d  0 17 g T h e  d i r e c t  

a c i d  m e a s u r e m e n t  y i e l d e d  13, 0.1, a n d  cO.3 
pH m e t h o d  a p p e a r s  to o f f e r  much s u p e r i o r  p r e c i s i o n .  T h e  pH-U-HNO,  c u r v e s  u s e d  for  t h e  

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

T h e  o t h e r  n i n e  cases  s h o w  n o  a g r e e m e n t  w h a t s o e v e r  

HNOJ1 for  t h e s e  cases .  

g / l .  O n  t h e  b a s i s  of t h e s e  r e s u l t s , a t  l e a s t , t h e  

. . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . . .  . . . . . . . . . . . . .  
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amounts  of r eagen t  g rade  a c i d  to a uranyl  n i t r a t e  so lu t ion  de te rmined  by c a r e f u l  

a n a l y s i s  to  be  approximately of s to ich iometr ic  composi t ion ,  A curve  r e l a t ing  

pH to UNH and HNO, is p resen ted  in F i g u r e s  A-1 and  A-2 

B A n a l y s i s  of Impur i t ies  

A s  a check  on the  ana ly t i ca l  d a t a ,  compar i sons  of d i r ec t  a n a l y s i s  a n d  shotgun 

r e s idue  a n a l y s i s  h a v e  been  made  for all p o s s i b l e  c a s e s .  

compar ison  a r e  listed in T a b l e  B-1, 

R e s u l t s  of t h i s  

T a b l e  B-1  

Compar ison  of Di rec t  Spec t rographic  A n a l y s i s  With 

A n a l y s i s  of Shotgun R e s i d u e  

Average  Shotgun 
Recovery  

Impurity % 

A1 8 

c o  13  

Cr > l o o  
c u  40 
Mn 1 2  

Ni  (NOK) 77 

(Wash ra f f ina te )  > l o 0  

P b  2 2  

AY er ag e 
Devia t ion  F a c t o r Q  

Geometr ic  mean of  the  r a t i o s  of t he  ind iv idua l  r ecove r i e s  to the  ave rage  recovery ,  

T h e  d a t a  in  T a b l e  B-1  i n d i c a t e  very  low recove r i e s  in the  shotgun r e s i d u e  for AI, Mn, Co,  

P b ,  and  Cu ,  ranging  from 8% to 40%. 

exceeded  100% by a cons ide rab le  amount  on the  more a c i d  w a s h  ra f f ina te  samples .  

l ike ly  t h a t  the  e x c e s s  N i  con ten t  of the  w a s h  ra f f ina te  shotgun r e s i d u e s  r e s u l t e d  from 

cor ros ion  during sample  boi l  down o r  i n  the  shotgun test i t s e l f .  

cor ros ion  from NOK samples ,  but,  due  to uncer ta in ty  as  t o  the  amount,  no a t t empt  h a s  been  

made t o  employ the  Ni d a t a  in  a n a l y s i s  of pur i f ica t ion  test r e s u l t s .  Chromium recovery 

e x c e e d e d  100% by a cons ide rab le  amount,  and ,  as with N i ,  n o  a t t empt  h a s  been  made to 

u s e  t h e  Cr da t a .  

N icke l  recovery  ave raged  77% on NOK s a m p l e s ,  but 

I t  s e e m s  

T h e r e  is evident ly  less 

...... . . . .  ..... . . . .  . . . .  
0 0  e e o  0 
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A 

The poor precision of the shotgun recovery and/or the spectrographic ana lys i s  is shown 

by the  large deviations from average a l s o  l i s ted  in Table  In spi te  of the evident 

low precision, the A l ,  Co, Cu, hln, and P b  data have been ut i l ized  b y  applying the 

average recovery factors of Table B - 1  to the shotgun residue a n a l y s e s .  

B-1 

. . . . . . . .  ............ .:::. : * :  : . :*a*.  ::. . . . .  . . . . .  . . . . . . . .  . . . . . . .  

.* * o .  . 0 c 0 0 0 . 3  " 0  

. . . . .  ** ,  ; n;, * * 



54 

.. . .  .. . .  . .  .. 
... .. ... 

/-- 

..... . " .  . . . .  ... . . . .  . .  . . . .  *:*4* :*: . . .  . . k o a .  

. .  . .  
..... . . .  .... . . .  . . .  ..... 

' '4 -. -~ L2 8. ....... - . . . . . . . . .  .......... ... 



PILOT PLANT TESTING O F  A LOW ACID FLOWSHEET 
FOR THE TBP-HEXANE EXTRACTION PROCESS 

J .  T. K r i e g  

R .  H.  Fariss 

J .  A. S o u k u p  

D. J .  Nerrow 

I .  Summary 

A n a c o n d a  A ( a c i d  l e a c h ) ,  . A n a c o n d a  C ( c a r b o n a t e  l e a c h ) ,  a n d  hloab f e e d s  w e r e  run  through 

the  T B P - e x t r a c t i o n  p i l o t  p l a n t  on a l o w - a c i d  f l o w s h e e t  b a s e d  o n  a 400 g U / l i t e r ,  1 M HNO, 
d i g e s t  l i q u o r .  

e n c o u n t e r e d .  

With minor  e q u i p m e n t  m d i f i c a t i o n s  no s e r i o u s  m e c h a n i c a l  d i f f i c u l t i e s  w e r e  

Uranium losses t o  t h e  r a f f i n a t e  w e r e  l o w  u s i n g  A n a c o n d a  A a n d  A n a c o n d a  C f e e d s  (0.01% 

a n d  0.036% r e s p e c t i v e l y ' ) ;  h o w e v e r ,  u ran ium l o s s e s  from Moab f e e d s  w e r e  0.59% i n  a 

f o u r - d e c a n t e r  s y s t e m  ( o n e  u n i t  for  s a t u r a t i o n ) .  

Spr ing ,  m u c h  l o w e r  w a s t e  losses s h o u l d  b e  o b t a i n a b l e .  

With t h e  f i v e - d e c a n t e r  s y s t e m  a t  Weldon 

With t h e  e x c e p t i o n  of s o d i u m  c o n t a m i n a t i o n  p r o d u c t  pur i ty  w a s  e x c e l l e n t  when r u n n i n g  

A n a c o n d a  A a n d  hloab f e e d s  w i t h  s h o t g u n s '  a v e r a g i n g  0 .016% a n d  0.01%, r e s p e c t i v e l y .  

u s i n g  A n a c o n d a  C f e e d s ,  s h o t g u n s  o n  . t h e  p r o d u c t  a v e r a g e d  0.06%; h o w e v e r ,  w h e n  t h e  w a s h  

co lumn h e i g h t  w a s  i n c r e a s e d  from 1 4  feet  ( 1  c o l u m n )  to 2 1  feet  (1 

s h o t g u n s  d e c r e a s e d  to  0 .004Z .  

When 

c o l u m n s )  p r o d u c t  

TBP c a r r y o v e r  in  t h e  r a f f i n a t e  s t r e a m  w a s  t m h i g h  (>0.05 g / l )  from a s a f e t y  s t a n d p o i n t  i f  

t h e  r a f f i n a t e  w e r e  to b e  b o i l e d  down.  More work  is n e c e s s a r y  to i m p r o v e  t h e  e f f i c i e n c y  of 

t h e  r a f f i n a t e  T B P - r e m o v a l  s y s t e m .  

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

T h e  d e s i g n  of t h e  T B P - h e x a n e  e x t r a c t i o n  p r o c e s s  for Weldon S p r i n g  w a s  b a s e d  o n  a d i g e s t  

l i q u o r  ( 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 / I  a n d  3 M " 0 , .  T h i s  p r o c e s s  is d e s c r i b e d  in 

' 
' A "shotgun' i s  the  increase  in  neunon capcuie cmss-sect ion  d u e  to impurities i n  the producr 

Percent  of tota l  uranium in the  feed. 

T h e  shotgun of 100% pure 
i s  zero. 
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more d e t a i l  e l s e w h e r e  i n  t h i s  q ~ a r t e r l y . ~  

A modified f l o w s h e e t  b a s e d  on  a d i g e s t  l iquor  conta in ing  400 g U/ l i te r  a n d  1 M HNO, 

has been  t e s t e d  in the  p i lo t  p lan t  dur ing  the  last quarter.  

f l owshee t  a r e  to r e d u c e  opera t ing  c o s t s  by lower ing  n i t r ic  a c i d  requi rements  a n d  to i n c r e a s e  

refinery c a p a c i t y  by inc reas ing  tne  aiuount of uranium p r o c e s s e d  per  unit  volume of t eed .  

Compar ison  of the  two f l o w s h e e t s  i s  made i n  F i g u r e  1 a n d  F i g u r e  2. T h e  f l o w s h e e t s  differ 

on ly  in the  ex t r ac t ion  and  w a s h  s t e p s .  

T h e  pu rposes  of the  low-ac id  

P i l o t  plan t tests were  made  with s e v e r a l  f e e d  ma te r i a l s  employing the  low-ac id  
f lowshee t .  . .  

111. Descr ip t ion  of Equipment a n d  Mater ia l s  

A .  Equipment  

T h e  p i lo t  p lan t  equipment  wh ich  w a s  u s e d  i n  t e s t i n g  the low-ac id  f lowshee t  w a s  

e s s e n t i a l l y  the s a m e  as t h a t  u s e d  i n  p rev ious  tests on the  ' s tandard"  f l o w s h e e t  a n d  

is d e s c r i b e d  in d e t a i l  in p rev ious  progress  r epor t s ;  however,  s o m e  minor equipment  

c h a n g e s  were  made a n d  a r e  d e s c r i b e d  be low.  

1. In te r face  Control 

A t  t i m e s  the aqueous -o rgan ic  in te r face-cont ro l  float i n  t h e  last d e c a n t e r  cou ld  n o t  

"see" t h e  in t e r f ace  b e c a u s e  of an  accumula t ion  of emuls ion .  

float s y s t e m  w a s  modified as  shown  in  F igu re  3 .  
being  a d i r e c t  func t ion  of in t e r f ace  l e v e l ,  w a s  u s e d  for cont ro l l ing  t h e  r a t e  of ra f f ina te  

removal and  h e n c e  the  in te r face  in  t h e  last  decan te r .  T h i s  modi f ica t ion  r e s u l t e d  in 

smoother  cont ro l  a n d  r educed  the t endency  of the  in t e r f ace  to emuls i fy .  

T h e  in te r face-cont ro l  

T h e  s t a t i c  h e a d  i n  t h e  last decan te r ,  

2. Air T r a p  

T h e  a i r  v e n t  in the  ra f f ina te  r e c y c l e  l i n e  ( F i g u r e  3) w a s  i n s t a l l e d  to d e g a s  the  ra f f ina te .  

Formerly a i r  in t roduced  with t h e  r ecyc led  ra f f ina te  aggrava ted  emul s ion  formation. 

3. Decan te r  Leng th  

T h e  length  o f  the last  d e c a n t e r  w a s  i n c r e a s e d  from three  f e e t  to f ive  feet to a l low for 

__- 

Cf. p. 2 1  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
._ . .... . . . .  
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D e i o n i z e d  water  
R a t e  - 3 . 1 1  

FIGURE I 

LOW ACID FLOWSHEET 
FOR THE TBP-EXTRACTION CYCLE 

(NOK WASH; FLOW RATES ARE RELATIVE) 
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FIGURE 2 
NORMAL FLOWSHEET 

FOR THE TRP EXTRACTION CYCLE 
(NOK WASH; FLOW RATES RELATIVE) 
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more  s p a c e  f o r  f l u c t u a t i o n  of t h e  i n t e r f a c e  p o s i t i o n .  

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

d e  c a n t e r .  

F o r m e r l y  t h e  i n t e r f a c e  w a s  

B. F e e d  M a t e r i a l s  

F e e d  m a t e r i a l s  t e s t e d  w i t h  t h e  l o w - a c i d  f l o w s h e e t  w e r e  A n a c o n d a  A lot 735 ( a n  a c i d  

l e a c h  f o l l o w e d  by i o n  e x c h a n g e ) ,  A n a c o n d a  C lots 749, 757, 788 ( a  c a r b o n a t e  l e a c h ) ,  

a n d  Moab lot  24  ( a n  a c i d  leach 

a r e  t a b u l a t e d  i n  T a b l e  I be low:  

f o l l o w e d  by i o n  e x c h a n g e ) .  A n a l y s i s  o f  t h e s e  f e e d s  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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Table I 

Analys is  of F e e d  L0t.s Used in Low Acid Flowsl ieet  Studies ---______ 

Analysis (Dry Basis) 

c u  
Feed w/o  - 

Anaconda A, lot 735 nil 
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C. 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  tests w a s  2 5  to  30% ( v / v )  TBP i n  a h e x a n e  d i l u e n t  

I V .  P r o c e d u r e s  

A. D i g e s t i o n  

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  i n  30 to 45 wt. % n i t r i c  acid for  one to t h r e e  h o u r s  at 

200°F, a f t e r  w h i c h  t h e y  w e r e  s a m p l e d  a n d  a d j u s t e d  to 1M e x c e s s  n i t r i c  a c i d  a n d  

400 g U / l i t e r .  

p l a n t .  

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  b e f o r e  u s e  

C h e m i c a l  r e q u i r e n i e u 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  b e l o w  i n  T a b l e  11. 

i n  t h e  p i l o t  

T a b l e  I1 

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  O r e  D i g e s t i o n s  __- - ___ 

400 g U / l i t e r ,  1 hl e x c e s s  HNO, F l o w s h e e t  

ga l .  water  p e r  gal. 60% HNO, per  
Ore lb. w e t  ote Ib. w e t  o r e  

A n a c o n d a  A 0.0 85 0.911 I 
A n a c o n d a  C 

Moab 

0.111 

0.034 

1.115 

0.649 

B.  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  e q u i p m e n t  w a s  o p e r a t e d  a t  s t e a d y  state f o r  a p e r i o d  of 24 h o u r s  

b e f o r e  e q u i l i b r i u m  w a s  a s s u m e d .  

d u r i n g  w h i c h  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  w e r e  t a k e n  of t h e  p r o c e s s  f low 

s t r e a m s  to d e t e r m i n e  w a s t e  loss  t o  t h e  r a f f i n a t e ,  e x t r a c t i o n  e f f i c i e n c y ,  p r o d u c t  

pur i ty ,  a n d  ' I B P  losses to t h e  r a f f i n a t e  a n d  p r o d u c t  l i q u o r s .  E q u i l i b r i u m  d a t a  w a s  

O p e r a t i o n  w a s  e x t e n d e d  for a n  a d d i t i o n a l  24 h o u r s  

o b t a i n e d  b y  s h a k e o u t s  o n  t h e  d e c a n t e r  mixing-pump e f f l u e n t s .  

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

S c a l i n g  o c c u r r e d  i n  t h e  d e c a n t e r s  d u r i n g  t h e  l o w - a c i d  f l o w s h e e t  tests. 

a s l imy c l a y - l i k e  d e p o s i t  w h i c h  d i d  not  s e e m  to  a c c u m u l a t e  to an): s i g n i f i c a n t  d e g r e e  

a f t e r  f i r s t  formiri,. 

I t  c o n s i s t e d  of 

P o o r  p h a s e  d i s p e r s i o n  r e s u l t i n g  i n  i n e f f i c i e n t  e x t r a c t i o n  w a s  o b s e r v e d  i n  t h e  f i r s t  

mix ing  s t a g e  w h e n  a c o n v e n t i o n a l  r e c y c l e  r a t i o  of 10/1 w a s  e m p l o y e d  (10 v o l u m e s  of 

r e c y c l e d  o r g a n i c  to o n e  vo1ui:ie o f  f e e d ) ;  h o w e v e r ,  t h i s  s i t u a t i o n  w a s  a l l e v i a t e d  w h e n  

t h e  r e c y c l e  r a t i o  w a s  i n c r e a s e d  to 2011. 

B e c a u s e  of t h e  h i g h e r  s o l v e n t  f low rates i n  t h e  d e c a n t e r s  r e q u i r e d  by t h e  l o w - a c i d  

f l o w s h e e t ,  s a m p l e s  o f  t h e  d e c a n t e r  e x t r a c t s  w e r e  e x a m i n e d  for  a q u e o u s  car ryover .  Plots 

of a q u e o u s  e n t r a i n m e n t  i n  t h e  d e c a n t e r  e x t r a c t s  a r e  p l o t t e d  i n  F i g u r e  4 a s  a f u n c t i o n  of 

f low r a t e s .  

e f f i c i e n c y  is c o n c e r n e d ;  h o w e v e r ,  a q u e o u s  e n t r a i n m e n t  i n  t h e  f i r s t  d e c a n t e r  e x t r a c t  w a s  

probably  i n s t r u m e n t a l  i n  a l l o w i n g  i m p u r i t i e s  to l e a k  i n t o  t h e  w a s h  c o l u m n .  

s t u d i e s  o n  t h e  s e r i o u s n e s s  of t h i s  o c c u r r e n c e  a r e  b e i n g  m a d e  by t h e  R e s e a r c h  L a b o r a t o r y  

T h e  d e g r e e  of a q u e o u s  c a r r y o v e r  w a s  i n s i g n i f i c a n t  i n s o f a r  a s  e x t r a c t i o n  

F u r t h e r  

E m u l s i o n  formed o n  t h e  a q u e o u s - o r g a n i c  i n t e r f a c e  i n  the  l a s t  d e c a n t e r  c a u s i n g  t h e  

i n t e r f a  c e - c o n t r o l  f l o a t  to mal func t ion .  

i n t e r f a c e  c o n t r o l  s y s t e m  a s  d e s c r i b e d  u n d e r  t h e  s e c t i o u  1II-A E y u i p m  ent .  

T h i s  s i t u a t i o n  w a s  c o r r e c t e d  by  modi fy ing  the 

T h e  t e n d e n c y  of t h e  r a f f i n a t e  to momentar i ly  p lug  c o n t r o l  v a l v e s  w a s  e v i d e n t .  

With s t u c k  v a l v e s  h a v e  b e e n  more  s e r i o u s  w h e n  t e s t i n g  t h e  l o w  a c i d  f l o w s h e e t  t h a n  

g e n e r a l l y  e x p e r i e n c e d  in  p a s t  p i l o t  p l a n t  work ,  

i n c r e a s e d  s o l i d s  c o n t e n t  a s s o c i a t e d  w i t h  h i g h e r  uran ium c o n c e n t r a t i o n s  i n  t h e  f e e d .  

is n o t  a n t i c i p a t e d  t h a t  t h i s  s o r t  of v a l v e  s t i c k i n g  w i l l  be a problem in p l a n t - s c a l e  

e q u i p m e n t .  

P r o b l e m s  

'4 p o s s i b l e  e x p l a n a t i o n  for  t h i s  is t h e  

It 

In c o m p a r i n g  p i l o t  p l a n t  f l o w  r a t e s  w i t h  Weldon S p r i n g ,  i t  s h o u l d  b e  n o t e d  t h a t  t h e  d e s i g n  

b a s i s  f o r  Weldon S p r i n g  is a f low of 105 Ib. U/hr . - sq .  f t ,  of d e c a n t e r  c r o s s - s e c t i o n .  

With t h e  h i g h e r  uran ium l e v e l  i n  t h e  low a c i d  f l o w s h e e t ,  t h i s  p r o c e s s  r a t e  i s  e q u i v a l e n t  

to 1 2 %  g a l .  f e e d l h r .  i n  t h e  8 - i n c h - d i a m e t e r  p i l o t  p l a n t  d e c a n t e r s .  P i l o t  p l a n t  f e e d  r a t e s  

w e r e  normal ly  r u n  a t  20  to 30 g a l . / h r . ,  s u b s t a n t i a l l y  i n  e x c e s s  of the  Weldon S p r i n g  

d e s i g n  b a s i s .  T h e  h i g h e s t  f e e d  r a t e  s u c c e s s f u l l y  p r o c e s s e d ,  48 g a l . / h r . ,  i s  e q u i v a l e n t  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
0 0  DO. 0 0 . 0  * e e o  .D 0 0 0 0 0 0  0 0  
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A 

to 3.8 t i m e s  t h e  Weldon S p r i n g  s u p e r f i c i a l  d e s i g n  r a t e .  

w a s  n e a r  t h e  u p p e r  l i m i t  of f low c a p a c i t y  of t h e  d e c a n t e r s .  

I t  a p p e a r e d  t h a t  t h e  l a t t e r  r a t e  

E q u i l i b r i u m  

E q u i l i b r i u m  uranium d i s t r i b u t i o n  b e t w e e n  a q u e o i l s  a n d  o r g a n i c  p h a s e  i n  t h e  pumper-  

d e c a n t e r s  a r e  s t i l l  v e r y  f a v o r a b l e  f o r  e x t r a c t i o n  d e s p i t e  t h e  l o w - a c i d  f e e d .  

no t iceable  d i f f e r e n c e  i n  uran ium d i s t r i b u t i o n  a s s o c i a t e d  w i t h  t h e  l o w - a c i d  f l o w s h e e e  

o c c u r s  a t  d i l u t e  uran ium c o n c e n t r a t i o n s .  E q u i l i b r i u m  d a t a  i a e a s u r e d  at a c i d  

c o n c e n t r a t i o n s  e x i s t i n g  i n  t h e  p u m p e r - d e c a n t e r s  a t  l o w - a c i d  f l o w s h e e t  c o n d i t i o n s  a r e  

p l o t t e d  i n  F i g u r e  5 .  

of E “ n o r m a l ”  f l o w s h e e t .  

d e c a n t e r s  for b o t h  f l o w s h e e t s .  

T h e  m o s t  

T h e  d a s h e d  l i n e  r e p r e s e n t s  a t y p i c a l  e q u i l i b r i u m  c u r v e  r e p r e s e n t a t i v e  

T a b l e  111 c o m p a r e s  t h e  n i t r i c  a c i d  d i s t r i b u t i o n  i n  t h e  pumper-  

1nte:nal r e c y c l e  of n i t r i c  a c i d  i s  e v i d e n t .  

T a b l e  111 

’Typica l  N i t r i c  A c i d  D i s t r i b u t i o n  D a t a  M e a s u r e d  i n  t h e  P u m p e r  D e c a n t e r s  

D - 2  Densc tv  c o n t r o l  a t  0.820 

Low - A c i d Flow s h e e c Normal  F l o w s h e e t  

A q u e o u s  f e e d  

1st s t a g e  r a f f i n a t e  

2nd  s t a g e  r a f f i n a t e  

3rd stage r a f f i n a t e  

4 th  s t a g e  r a f f i n a t e  

1st s t a g e  e x t r a c t  

2nd  s t a g e  extracc 

3rd s t a g e  e x t r a c t  

4th s t a g e  e x t r a c t  

O r g a n i c  f e e d  

g HNO,/ l  

72 

10 1 

1 4 5  

110 

6 2  to 70 

2 . 5  

16 

2 1  

10 

r - 0  

H N O , / ~  

170 

2 4 6  

2 2 3  

2 18 

1 5 3  

2 . 5  

20 

36 

30 

-0 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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C. Pumper-decanter Performance 

1. Raffinate L o s s e s  

T h e  ave rage  uranium los ses in the  raffinate and  the condi t ions a t  which they occurred 

a re  tabulated below i n  Tab le  I V  for the three f eeds  t e s t ed .  

Tab le  IV 

Summary of Uraniurn L o s s e s  

Anaconda A Anaconda C 

Uran ium in ore concentrates 
(wet basis) 62% 60% 

Density Control Point D- 2 D- 2 

Control Density 0.820 0.820 

D - 1  recycle ratio 5 /  1 10/ 1 

Extrac t sat ura tiona 97% 99 % 

b Raffinate loss  
1. Soluble Uraniuni 0.0107, 

2. Insoluble Uranium < .001R 

0.023% 

0.013% 

Feed consistency Thin Somewhat Thick 

Moa b 

40% 

D- 2 

0.840 

20/ 1 

96% 

0.57% 

a. 03% 

Very Thick 

a Saturation i s  calculated by comparing the U / T B P  ratio of the D-1 extract with the 

maximum obtainable from a synthetic 230 g U/1, 3 111 "0 ,  feed. The latter has been 

arbitrarily defined as  100%. 

Percent of uranium in the raw materials. 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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I t  w a s  a n t i c i p a t e d  t h a t  t h e  g r e a t e r  v i s c o s i t y  of t h e  a q u e o u s  p h a s e  r e s u l t i n g  from 

the more c o n c e n t r a t e d  f e e d  c o n d i t i o n s  might  r e d u c e  s t a g e  e f f i c i e n c i e s ,  c a u s i n g  

i n a d e q u a t e  e x t r a c t  s a t u r a t i o n  a n d / o r  e x c e s s i v e  s o l u b l e  uran ium loss i n  t h e  

r a f f ina t e .  

e n c o u n t e r e d .  T h e  d e s i r e d  e x t r a c t  s a t u r a t i o n  ( 2  96%) w a s  a c h i e v e d  w i t h  v e r y  low 

r a f f i n a t e  l o s s e s ,  e v e n  lower t h a n  o b t a i n e d  u n d e r  s i m i l a r  c o n t r o l  c o n d i t i o n s  w i t h  

s y n t l r e t i c  o r  r e g u l a r  f e e d s  at t h e  200 g U/1, 3 M HNO, f e e d  c o n d i t i o n s .  A g r e a t e r  

r a f f i n a t e  loss w a s  o b t a i n e d  w h e n  running  t h e  much “ t h i c k e r ”  Moab f e e d  h a v i n g  a 

low uranium a s s a y .  

d e c a n t e r  s t a g e  o n  t h e  M o a b  run w i t h  the l i m i t e d  d a t a ,  i t  is p r o b a b l e  t h a t  t h e  l o s s  

would  h a v e  b e e n  r e d u c e d  to a b o u t  0.05%. 

With t h e  t w o  A n a c o n d a  f e e d s  no d i f f i c u l t i e s  of t h i s  t y p e  w e r e  

While it  is d i f f i c u l t  to p r e d i c t  t h e  effect of a f i f th  pumper-  

With t h e  Moab o r e  i t  w a s  p o s s i b l e  to o b t a i n  s a t i s f a c t o r y  e x t r a c t  s a t u r a t i o n  by 

r e s o r t i n g  to a 20 to 1 r a t i o  of o r g a n i c  r e c y c l e  to a q u e o u s  feed r a t e  i n  t h e  f i r s t  

m i x i n g  s t a g e .  T h i s  w a s  a p p a r e n t l y  d u e  more to i n c r e a s e d  m a s s  t r a n s f e r  r a t e s  

r e s u l t i n g  from b e t t e r  f e e d  d i s p e r s i o n  t h a n  to g r e a t e r  s o l v e n t  u t i l i z a t i o n  w i t h  t h e  

h i g h e r  r e c y c l e  r a t e .  
u ran ium f e e d  c o n c e n t r a t i o n  s h o u l d  p e r m i t  u s e  of a b o u t  a 20 to 1 r e c y c l e  r a t i o  a t  

Weldon S p r i n g  r a t h e r  t h a n  the  d e s i g n  f i g u r e  of 10 to 1. 

T h e  r e d u c t i o n  in  a q u e o u s  f low r e q u i r e m e n t s  w i t h  h i g h e r  

S i n c e  t h e  “ t h i c k ”  Moab f e e d s  e x h i b i t e d  s e e m i n g l y  l o w e r  t h a n  u s u a l  m a s s  t r a n s f e r  

r a t e s  i t  may be a d v i s a b l e  to s p e c i f y  a l o w e r  l i m i t  ( s u c h  a s  50%) o n  t h e  a s say  of 

f e e d s  p r o c e s s e d  w i t h o u t  b l e n d i n g  a t  Weldon Spr ing ,  

t h e  s o l i d s  c o n t e n t  of t h e  f e e d .  

f e e d  c o n d i t i o n s  o n  a c o m p a r a b l e  f e e d  w a s  w i t h  P r o n t o “  f e e d s ,  w h i c h  y i e l d e d  

s u b s t a n t i a l l y  w o r s e  r e s u l t s  t h a n  f o u n d  w i t h  Moab.  

T h i s  w o u l d ,  i n  effect, r e d u c e  

T h e  o n l y  p i l o t  p l a n t  e x p e r i e n c e  w i t h  s t a n d a r d  

T h e  m a i n  s o u r c e  of c o n c e r n  r e l a t i v e  to t h e  l o w - a c i d  f l o w s h e e t  h a s  b e e n  the  

p o s s i b i l i t y  of i n c r e a s e d  i n s o l u b l e  uran ium l o s s e s  i n  t h e  r a f f i n a t e  d u e  to t h e  less 

f a v o r a b l e  d i g e s t i o n  c o n d i t i o n s  r e q u i r e d .  

p roblem i n  t h i s  r e g a r d  w i t h  these t n r e e  f e e d s .  

“ i n s o l u b l e ”  uran ium d e t e c t e d ,  a n d  t h i s  may h a v e  r e s u l t e d  i n  p a r t  f r o m  the 

d i f f i c u l t y  i n  d i s t i n g u i s h i n g  a s m a l l  a m o u n t  of i n s o l u b l e  uran ium i n  the p r e s e n c e  

of a r e l a t i v e l y  l a r g e  a m o u n t  i n  s o l u t i o n .  

T h e r e  is no e v i d e n c e  of a s e r i o u s  

O n l y  w i t h  Moab f e e d  w a s  a p p r e c i a b l e  

‘ Krieg, J. T., Fariss, R. H., Soukup, J. A.,  Pross Development Quurterly Report, Part 11, Mallinckaoda Chemical Works, 
MCW-1400 (Feburary 1, 1957). pp. 13-21. 

.. .. .. . .  . .  .. 
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D. P r o d u c t  P u r i t y  

F e e d  

A v e r a g e  s h o t g u n  r e s u l t s  o n  t h e  uran ium p r o d u c t  l i q u o r  from t h e  l o w - a c i d  f l o w s h e e t  r u n s  

a r e  s u m m a r i z e d  be low i d  T a b l e  V .  

T a b l e  V 

A v e r a d e  S h o t e u n  R e s u l t s  

Wash Column Height, Wash Rat io  Average 
f t .  aq/org. Shotgun‘ Range  

Anaconda A 14,  (s ingle  column) 0 . 1  0.016% 0 -0 1-.02% 

Anaconda C ( lo t  749) 14,  ( s i n g l e  column) . I  .060% .01-. 14% 

Anaconda C (lot 757) 21, ( 1 %  column) .1 .004% : 0-. 0 1% 

Moa b 14,  ( s ing le  column) .1 ,019% .0-.03% 

Anaconda C ( lo t  788) 21, ( 1 %  column) I175 .O 16% .013--021% 

Anaconda C (lot 788) 21, (1% column) ~ 25 -007% .005 I 0 12% 

U “Shotgun’’ is t h e  i n c r e a s e  i n  t h e  n e u t r o n  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  u r a n i u m  s a m p l e .  P u r e  U,O, h a s  a s h o t g u n  v a l u e  of z e r o  by d e f i n i t i o n .  

O n  a s h o t g u n  b a s i s  at l e a s t ,  pur i ty  r e s u l t s  h a v e  b e e n  v e r y  s a t i f a c t o r y  e x c e p t  w h e n  

r u n n i n g  A n a c o n d a  C f e e d  w i t h  a 14-ft .  w a s h  co lumn S i n c e  99% e x t r a c t  s a t u r a t i o n  w a s  

o b t a i n e d  d u r i n g  t h i s  r u n ,  i t  IS diff iculr  LO a s s i g n  b l a m e  i n  t h i s  d i r e c t i o n ;  h o w e v e r ,  t h e  

u s e  of 2 1  f t .  of w a s h  co lumn h e i g h t  ( 1 %  c o l u m n s ) ,  t h e  m o s t  e f f e c t i v e  c o n d i t i o n  f o r  h i g h  

puri ty , ’  p r o d u c e d  a r e m a r k a b l e  effect. 

r a n g e  w i t h  a n  a v e r a g e  D y e r  f o u r  ca ses  of 0.004%. 

h i g h e r  w a s h  r a t i o s  ( A / O  = 0.175 a n d  A/O = 0.25)  h a v e  a l s o  b e e n  c o m p l e t e d ,  b u t  w i t h  a 

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

l ’ h e  p r o d u c t  s h o t g u n  d r o p p e d  to t h e  0-0.01% 

Tes ts  w i t h  2 1  f t . o f  w a s h  c o l u m n  at 

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

A n a c o n d a  C r u n s ,  a v e r a g e s  for  w h i c h  a r e  t a b u l a t e d  in  T a b l e  VI. 

Cf. P 2 1  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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T a b l e  VI 

S.pectrograpl i ic  A n a l y s e s  of P r o d u c t  

(1% c o l u m n s  for  w a s h i n g ,  t w o  s t a g e s  for  s a t u r a t i o n )  

U 1 2 6  g / l  

HNO 0 . 0 0 2  g / g  u 
N a  9 1  PPm (U,O, b a s i s )  

Fe 4 PPm (U,O, b a s i s )  

S i  20 PPm (U,O b a s i s )  

h k  12 PPm (U,O, b a s i s )  

V < l o  ppm (U ,O , b a s  is) 

(U,  0, b a s i s  ) 

P b  1 PPm (U,O, b a s i s )  

c u  1 PPm (U,O, b a s i s )  

c o  2 PPm (U,O, b a s i s )  

B 4 * 1  PPI11 ( U  ,O b a s i s )  

C r  <1 ppm (U,O, b a s i s )  

h.1 0 <1 PPm (U,O, b a s i s )  

Zn 1 1  PPm 

E TBP C a r r y o v e r  x - 

D u r i n g  t h e  l o w - a c i d  f l o w s h e e t  t es t s  a n  e f for t  w a s  m a d e  ,to d e t e r m i n e  t h e  e f f e c t i v e n e s s  

of  t h e  r B P - r e m o v a l  c o l u m n  i n  s c r u b b i n g  e n t r a i n e d  TBP from r a f f i n a t e s .  A n a l y s e s  

for  T B P  m a d e  by t w o  d i f f e r e n t  m e t h o d s  w e r e  n o t  i n  a g r e e m e n t ;  h o w e v e r ,  i t  may b e  

c o n c l u d e d  from b o t h  sets of d a t a  t h a t  'TbP c a r r y o v e r  w i t h  the r a f f i n a t e  is a s e r i o u s  

problem froiii a s a f e t y  v i e w - p o i n t  if t h e  r a f f i n a t e  w e r e  to b e  b o i l e d  down.  

t a b u l a t e d  i n  Table  VII.  

f u n c t i o n  of f l o w  r a t e s .  

m e t h o d  g a v e  a n s w e r s  wi th  t h e  b e s t  p r e c i s i o n .  

X e s u l t s  a r e  

F i g u r e  6 s h o w s  T B P  c o n t e n t  i n  s c r u b b e d  r a f f i n a t e  a s  a 

TBP a n a l y s e s  b a s e d  o n  blethod 1 w e r e  u s e d  b e c a u s e  t h i s  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
.. 
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FIGURE 6 
TBP IN SCRUB-COLUMN RAFFINATE AS A 
FUNCTION OF SCRUB-COLUMN FLOW RATE 

AVERAGE TBP CONTENT OF SCRUB COLUMN FEED: 

ANACONDA A 2.0 2 0.2 g/l 
ANACONDA c 5.8 2 0.5 g/l 

MOA B 

61 
6.6 2 I g / l  

A ANACONDA C RAFFINATE 
3 4 4  gph/sq.ft. 

207 gph/ sq. f t .  

251 aDh/sa.ft. 

a MOAB RAFFINATE 

k ANACONDA A RAFFINATE 

e 

0 I 2 3 4 5 

smue COLUMN FLOW RATIO, H E X A N E /  RAFFINATE 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
. o  E 1 D  c " 6 0  0 d o n  6 0  " t c n o "  e o  
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T a b l e  VI1 

T B P  in  Raffinate (ml / l i t e r )  

Hexane 
Recycle 

gph 

0 

16 

31 

46 

61 

76 

91 

106 

120 

Anaconda A 

Method 1 
ml/ l  

_ -  

0.76 

0.52 

0.4 

0.39 

0.5 

0.43 

0.37 

0.32 

Method 2 
ml/l 

1.0 

0.72 

0.45 

0.25 

0.35 

0.28 

0.35 

0.28 

0.22 

Anaconda C 

Method 1 Method 2 
d!l m l / l  

2.1 3.1 

2.4 4.5 

2.0 4.5 

3.7 5.0 

2.9 5.0 

Moa b 

Method 1 Method 2 
m l / l  ml / l  

s -  0.22 

5 . 5  0.48 

3 -8 0.50 

2.3 0.20 

1.9 0.50 

2.9 5-6 1.6 0.25 

2.9 4.8 1.1 8 . 0 3  

2.3 3.9 1.8 0.38 

1.8 3.4 1.4 0.25 

It may be obse rved  tha t  t h e  three f e e d s  show very different behavior i n  T B P  carryover.  

1. Anaconda  A 

Raff ina tes  from t h i s  f eed  gave  T B P  v a l u e s  which were cons i s t en t ly  below l imi ts  
( 0 . 5  ml/l)  when > 45 gph  hexane  r ecyc le  r a t e  w a s  employed. 

t he  two ana ly t i ca l  methods w a s  good. 

T h e  ag reemen t  be tween 

2. Anaconda C 

Raf f ina t e s  from t h i s  feed  gave  T d P  v a l u e s  which were far above  l i m i t s  r ega rd le s s  of 

hexane  ra te .  T h e r e  appea r s  to be a c o n s i s t e n t  b i a s  be tween ana ly t i ca l  methods,  

hlethod 2 reporting more T B P  by a fac tor  of 1.5 o r  2.  

3. i-vloab 

Raff ina tes  from th i s  feed gave  T B P  v a l u e s  whcih were cons i s t en t ly  above  l i m i t s  by 

Method 1 a n d  cons i s t en t ly  below l i m i t s  by Method 2.. 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
0 0  . 0 .  a d . 0 ,  B O  ' 0 0 - 0  0 0 . 0  0 .  
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BACKMIXING STUDIES I N  THE PILOT PLIANT PUMPER DECANTERS 

J .  A .  S o u k u p  

J .  T .  K r i e g  

R .  H .  F a r i s s  

D u r i n g  t h e  p a s t  q u a r t e r  w o r k  h a s  c o n t i n u e d  o n  the b a c k m i x i n g  p r o b l e m  w h i c h  e x i s t s  i n  t h e  p i l o t  

p l a n t  p u m p e r - d e c a n t e r  s y s t e m .  

30%. 
E q u i p m e n t  c h a n g e s  h a v e  r e d u c e d  b a c k m i x i n g  b y  a p p r o x i m a t e l y  

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

B a c k m i x i n g  of o r g a n i c  s o l v e n t  i n  t h e  p i l o t  p l a n t  p u m p e r - d e c a n t e r  s y s t e m  h a s  b e e n  r e p o r t e d  

p r e v i o u s l y . '  T h e  b a c k m i x i n g  w a s  b e l i e v e d  to h a v e  r e s u l t e d  from t h e  w i d e  f l u c t u a t i o n s  i n  

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

u r a n i u m  r e c o v e r y  d u e  to t h e  i n c r e a s e d  u r a n i u m  c o n c e n t r a t i o n  i n  t h e  s o l v e n t  i n  t h e  r a f f i n a t e  

e n d  u n i t s ,  a n d  ( b )  p r e v e n t i o n  of a c c u r a t e  s t a g e  to s t a g e  e f f i c i e n c y  c a l c u l a t i o n s  b y  u p s e t t i n g  

m a  t e r i  a 1 b a l a n  c e s . 

T h i s  b a c k m i x i n g  h a d  t w o  u n f o r t u n a t e  effects:  ( a )  r e d u c t i o n  o f  

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

D u r i n g  t h e  p a s t  q u a r t e r  t h e  d e c a n t e r  s y s t e m  h a s  b e e n  r e v i s e d  to m i n i m i z e  b a c k m i x i n g .  

p i l o t  p l a n t  f l o w  d i a g r a m  w h i c h  i s  i n  u s e  n o w  is  d e s c r i b e d  i n  F i g u r e  1. 

w e r e  i n s t a l l e d  a b o v e  t h e  o v e r h e a d  f l o w  o u t l e t  o f  t h e  e i g h t - i n c h  d e c a n t e r s .  

floats w e r e  m o v e d  from a f o u r - i n c h  d i a m e t e r  g lass  p i p e  i n t o  the  t w e l v e - i n c h  d e c a n t e r s ,  

T h e  

T w e l v e  i n c h  d e c a n t e r s  

T h e  l e v e l - c o n t r o l  

T h e  p i l o t  p l a n t  h a s  j u s t  r e v i s e d  t h e  o v e r f l o w  s y s t e m  o n  o n e  p u m p e r - d e c a n t e r  u n i t .  

b y p a s s i n g  t h e  o v e r f l o w  c o n t r o l  v a l v e  h a s  b e e n  i n s t a l l e d  a n d  is p i c t u r e d  i n  F i g u r e  1. 

t h r o u g h  t h i s  l i n e  c a n  b e  a d j u s t e d  b y  a r o t a m e t e r ,  t h u s  a l l o w i n g  c o n t i n o u s  o v e r h e a d  f l o w .  

A l i n e  

F l o w  

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 n  a t t e m p t  w a s  m a d e  d u r i n g  t h e  p a s t  q u a r t e r  to m i n i m i z e  f l u c t u a t i o n s  i n  t h e  e x t r a c t  f l o w  r a t e  

i n  t h e  p u m p e r - d e c a n t e r  u n i t s .  B y  p l a c i n g  t h e  l e v e l  c o n t r o l  floats i n  t h e  n e w l j  i n s t a l l e d  

~- ~~ ~ ' F a r i s s .  R. 11.. Krieg, J.  T., Powel l ,  C. S., Soukup, J.  A ,  P r o c e s s  DeueLoprnent Quarterly Report.  Part I I ,  Malllnckrodt 
Chemical Works, XICW-1398, (November 1. 1956) p .  27-41. 
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t w e l v e - i n c h  d e c a n t e r s ,  t h e . s e n s i t i v i t y  of the  f l o a t s  w a s  r e d u c e d  by  a b o u t  a f a c t o r  of n i n e .  

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

o c c a s i o n a l  s u r g i n g  of o r g a n i c  i n t o . t h e  v e n t  l i n e s  h a s  t e e n  e l i m i n a t e d ;  e v e n  t h o u g h  t h e  o v e r h e a d  

f low r a t e  c a n  still f l u c t u a t e  a l l  t h e  way d o w n  to z e r o .  

With 

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

o r d e r  to d e t e r m i n e  w h e t h e r  t h e  a m o u n t  of b a c k m i x i n g  h a d  b e e n  r e d u c e d .  

c a l c u l a t i o n s  d e s c r i b e d  previous ly ' ,  i t  w a s  found t h a t  the  r a t e  of b a c k m i x i n g  h a d  d r o p p e d  from 

4 . 3  gph to 3.0 g p h ,  

r e d u c e d  i n  m a g n i t u d e  by a b o u t  30%. 

3 y  a p p l y i n g  t h e  

From t h e s e  c a l c u l a t i o n s  i t  may b e  c o n c l u d e d  t h a t  t h e  b a c k m i x i n g  h a d  b e e n  

F u t u r e  work  w i l l  i n v o l v e  u s e  of t h e  r o t a m e t e r  w h i c h  b y p a s s e s  t h e  e x t r a c t  c o n t r o l  v a l v e  from 

D-4 to D-3 .  

An  a t t e m p t  wi l l  b e  m a d e  to a l l o w  c o n t i n u o u s  f low through t h e  r o t a m e t e r  a n d  t h e  o v e r f l o w  c o n t r o l  

v a l v e .  

r e d u c e d  to a minimum,  a n d  more  a c c u r a t e  s t a g e  e f f i c i e n c i e s  c a n  b e  ca lcu laced .  

r e c o v e r y  s h o u l d  a l s o  b e  o b t a i n e d  from t h e  r a f f i n a t e  l e a v i n g  t h e  e n d  p u m p e r - d e c a n t e r  u n i t  

be  ca u s e o f d e  c re  a s e d ba  c k m i xi  ng . 

In t h i s  m a n n e r  i t  is h o p e d  t h a t  t h e  b a c k m i x i n g  of t h i s  p u m p e r - d e c a n t e r  u n i t  w i l l  b e  

i3et ter  uran ium 

' Op. cit., MCW-1398, p. 27-41. 
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RECOVERY OF URANIUM FROM RESIDUES FROM THE DINGOT PROCESS 

D J .  N e r r o w  

R .  H .  F a r i s s  

I .  S u m m a r y  

A b o u t  40,000 p o u n d s  of r e s i d u e s  from t h e  d i n g o t  p r o c e s s  w e r e  t r e a t e d  i n  t h e  p i l o t  p l a n t  to 

r e c o v e r  t h e  u r a n i u m  v a l u e s .  

c h l o r i d e s  a n d  f l u o r i d e s ,  l e a v i n g  18,000 p o u n d s  of p r o d u c t  c a k e  c o n t a i n i n g  4 7 , 2  w e i g h t  p e r  

c e n t  u r a n i u m .  

c a k e .  

c o n t a i n i n g  0.82 w e i g h t  p e r  c e n t  u r a n i u m .  

w a s  r e c o v e r e d .  

A s i m p l e  w a t e r - l e a c h  t r e a t m e n t  w a s  u s e d  to d i s s o l v e  o u t  

E s s e n t i a l l y 1 0 0  p e r  c e n t  of t h e  o r i g i n a l  u r a n i u m  w a s  r e c o v e r e d  i n  t h e  p r o d u c t  

D i g e s t i o n  of t h i s  c a k e  i n  n i t r i c  a c i d  g a v e  a f i n a l  r e s i d u e  w e i g h i n g  3300 p o u n d s  a n d  

R o u g h l y  99 .7% of t h e  u r a n i u m  i n  t h e  p r o d u c t  c a k e  

T h e  c h l o r i d e  a n d  f l u o r i d e  c o n t e n t  of t h e  p r o d u c t  w e r e  h i g h e r  t h a n  t h e  s p e c i f i c a t i o n s  f o r  

r e f i n e r y  f e e d  m a t e r i a l s .  

p e r  c e n t  f l u o r i d e  o n  a U,O, b a s i s ,  a s  c o m p a r e d  w i t h  a s p e c i f i c a t i o n  of 0.10 p e r  c e n t  f o r  

e a c h  of t h e s e  h a l i d e s .  

c h l o r i d e  a n d  f l u o r i d e  c o n t e n t  of t h e  c a k e  to low,  a c c e p t a b l e  v a l u e s .  

T h e  p r o d u c t  a v e r a g e d  0.26 w e i g h t  p e r  c e n t  c h l o r i d e  a n d  0 . 2 3  w e i g h t  

I t  is felt  that  a m o r e  v i g o r o u s  w a s h i n g  p r o c e d u r e  w o u l d  r e d u c e  t h e  

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

F r o m  t h e  p r o c e s s  c u r r e n t l y  i n  o p e r a t i o n  a t  t h e  d i n g o t  s e m i - w o r k s  p l a n t ,  t h e r e  r e s u l t  s e v e r a l  

u r a n i u m - b e a r i n g  r e s i d u e s :  ( 1 )  f o r g e  d u s t ;  (3) salt b a t h  s l u d g e .  

A l l  of  t h e s e  r e s i d u e s  c o n t a i n  a b o u t  20-25 w e i g h t  p e r  c e n t  u r a n i u m ,  m o s t l y  as  UO,. 

d u s t  c o n s i s t s  p r i m a r i l y  of scale w h i c h  f l a k e s  off t h e  b a r s  a s  t h e y  a r e  b e i n g  f o r g e d .  
s e c o n d  r e s i d u e  is t h e  s l u d g e  w h i c h  a c c u m u l a t e s  o n  t h e  bottom of t h e  t a n k  i n  w h i c h  t h e  

f i n i s h e d  b a r s  a r e  q u e n c h e d  i n  w a t e r .  Salt b a t h  s l u d g e  is c o m p o s e d  m o s t l y  of g r a p h i t e  w i t h  

u r a n i u m - b e a r i n g  m a t e r i a l  a d h e r i n g  to i t .  

t h e  m o l t e n  s a l t  to p r o v i d e  i n s u l a t i o n ;  a s  t h e  d i n g o t s  a n d  b a r s  a r e  r e m o v e d  f r o m  t h e  b a t h ,  a 

f e w  p i e c e s  o f  g r a p h i t e  s u c k  to t h e  m e t a l  a n d  a r e  s u b s e q u e n t l y  k n o c k e d  off i n t o  a n  e m p t y  

d rum.  

( 2 )  q u e n c h  t a n k  s l u d g e ;  a n d  

F o r g e  

T h e  

T h e s e  c h u n k s  of g r a p h i t e  f l o a t  o n  t h e  s u r f a c e  o f  

D u r i n g  t h e  p a s t  q u a r t e r  t h e  P r o c e s s  D e v e l o p m e n t  g r o u p  h a s  i n v e s t i g a t e d  a p r o c e s s  f o r  

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

for  t h e  r e f i n e r y  

111, D i s c u s s i o n  

A. P r o c e s s  D e s c r i p t i o n  

S i n c e  a c h l o r i d e  salt b a t h  is u s e d  a t  t h e  d i n g o t  s e m i - w o r k s ,  t h e  c h l o r i d e  c o n t e n t  of 

t h e  r e s i d u e s  p r o h i b i t s  d i r e c t  d i g e s t i o n  i n  n i t r i c  a c i d  i n  s t a i n l e s s  steel e q u i p m e n t ;  

t h e r e f o r e ,  i n  o r d e r  t h a t  t h e s e  m a t e r i a l s  may b e  p r o c e s s e d  i n  the  r e f i n e r y ,  a s i m p l e  

m e t h o d  of r e m o v i n g  t h e s e  c h l o r i d e s  i s  n e c e s s a r y . .  

m e t h o d  f i r s t  i n v e s t i g a t e d  b y  t h e  p i l o t  p l a n t  is g i v e n  i n  F i g u r e  1. 

b a s e d  on  t h e  f ac t  t h a t  t h e  c h l o r i d e s  i n  t he  salt b a t h  ( a n d ,  t h e r e f o r e ,  i n  t h e  r e s i d u e s )  

a r e  w a t e r  s o l u b l e ,  

A s c h e m a t i c  f l o w s h e e t  o f  t h e  

T h e  p r o c e s s  w a s  

T h e  d r y  f o r g e  d u s t  w a s  u n l o a d e d  from d r u m s  i n t o  a v o l u m e t r i c  f e e d e r  w h i c h  

d i s c h a r g e d  i n t o  a c a r b o n - s t e e l  b a l l  mil l .  

mi l l  by h a n d  s i n c e  o t h e r w i s e  t h e y  l o d g e d  i n  t h e  p i p e  l e a d i n g  from t h e  f e e d e r  to t h e  

m i l l .  

t o t a l  s u r f a c e  a r e a  to e n h a n c e  t h e  d i s s o l u t i o n  of t h e  c h l o r i d e s .  

q u e n c h  t a n k ,  b e i n g  a v e r y  t h i c k  s l u r r y  of f i n e  p a r t i c l e s ,  w a s  n o t  m i l l e d  b u t  a d d e d  

d i r e c t l y  to t h e  m i l l e d  s lur ry .  T h i s  c o m b i n e d  s l u r r y  w a s  f i l t e r e d  through c o t t o n  c l o t h s  

o n  a n  i r o n  p l a t e - a n d - f r a m e  f i l t e r  p r e s s .  T h e  f i l t r a t e  c o n t a i n e d  less t h a n  o n e  p o u n d  of 

uranium p e r  t h o u s a n d  g a l l o n s  a n d  w a s  d i s c h a r g e d  to t h e  s e w e r .  T h e  c a k e  w a s  k e p t  

i n  t h e  p r e s s  a n d  w a s h e d  w i t h  c i t y  w a t e r  to r e m o v e  c h l o r i d e s .  T h e  w a s h  f i l t r a t e  w a s  

a l s o  b e l o w  t h e  l i m i t i n g  u r a n i u m  c o n c e n t r a t i o n  a n d  w a s  s e n t  to t h e  s e w e r . .  A f t e r  t h e  

p r e s s  w a s  b l o w n  w i t h  c o m p r e s s e d  a i r ,  t h e  product  c a k e  w a s  u n l o a d e d ,  s a m p l e d ,  a n d  

t h e n  d i g e s t e d  i n  n i t r i c  acid. .  

i n  T a b l e s  I a n d  11. 

L a r g e  p i e c e s  w e r e  p l a c e d  d i r e c t l y  i n  t h e  

T h e  d u s t  w a s  t h e n  w e t - m i l l e d ,  m e r e l y  to r e d u c e  p a r t i c l e  size a n d  g i v e  a l a r g e r  

T h e  s l u d g e  from t h e  

A t y p i c a l  a n a l y s i s  of  t h e  c a k e  b e f o r e  d i g e s t i o n  is g i v e n  
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FIGURE I 
FLOW DIAGRAM FOR RECOVERY 

OF URANIUM FROM RESIDUES 

2 0  Oio u FORGE DUST 

I BALL MILL I 
QUENCH 2 0 O/e u 
SLUDGE 

FILTRATE 
TO SEWER 

I FILTRATE 
T O  SEWER 

WASHING 

WASHING FILTRATE 
TO REFINERY 

0 .82  % U 

C A K E  TO 
AIRPORT DUMP 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
0 0  0 . 0  e @ a *  . * 0 0  O D  0 0 0 D O *  0 0  



VI-80 

Table  I 

Ana lys i s  of P r e s s  Cake‘ 

Chloride 

Fluoride 

Uranium 

Iron 

HNO Insoluble 

Loss on Drying a t  l l 0 ’ C  

0 ~ 1 3 %  

0.11% 

54. % 

5 . 4 %  

8.8% 

18% 

After d i s so lu t ion  o f  chlorides but before d igest ion i n  HNO,. 

on “as  rece ived”  b a s i s ,  

Ana lyses  

~. 

Table  I1 

AI 

Ba 

C a  

Cr 

Spectrographic Ana lys i sa  of  P r e s s  Cake 

w-M 

M 

W-M 

W-M 

a Trace const i tutents  not  ana lyzed  

F e  

g 

Si  

U 

W - weak 

M - moderate 
minor const i tutents ,  1 to 0.01% 

m a j o r  const i tutents ,  > 1% 1 S - strong 

VS - very strong 

S 

M 

M 

vs 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 



V I  - 81 

T h e  r e s u l t i n g  l i q u o r  w a s  a d j u s t e d  to a b o u t  0 . 7 5  p o u n d s  of e x c e s s  n i t r i c  a c i d  p e r  g a l l o n  

a n d  c o n t a i n e d  250-300 g r a m s  of uranium per  l i t e r .  No a t t e m p t  w a s  made to a d j u s t  t h e  

uran ium c o n c e n t r a t i o n .  D i c a l i t e  w a s  a d d e d  to t h e  s l u r r y  a n d  t h e  s l u r r y  f i l t e r e d  through 

p r e c o a t e d  Dyne1 c l o t h s  o n  a s t a i n l e s s  s teel  p l a t e - a n d - f r a m e  p r e s s .  

u ran ium i n  t h e  form of  u r a n y l  n i t r a t e ,  w a s  t h e n  p u m p e d  to t h e  r e f i n e r y  f e e d  a r e a .  T y p i c a l  

a n a l y s e s  o f  t h i s  f i l t r a t e  a r e  g i v e n  i n  T a b l e  III; T a b l e  I V  g i v e s  a n a l y s e s  of t h e  c a k e -  

T h e  c a k e  w a s  r e s l u r r i e d  i n  w a t e r  a n d  r e f i l t e r e d  t o  r e m o v e  a n y  r e m a i n i n g  uranium.  T h i s  

f i l t r a t e  w a s  pumped to t h e  re f inery  r e c o v e r y  a r e a  a n d  t h e  c a k e  d i s c a r d e d .  A n a l y s e s  of 

this c a k e  a r e  g i v e n  i n  T a b l e  V .  

T h e  f i l t r a t e ,  c o n t a i n i n g  

No. 1 

N o ,  2 

N o .  1 

AI W-M 

A s  W 

B a  W 

B e  T 

Ca W - M  

c o  w 
Cr W 

c u  vw 
F e  s 

L - less t h a n  

T a b l e  I11 

A n a l y s i s  of F i l t r a t e  from A c i d  D i g e s t i o n  

Uranium 
g / l  

228 

3 00 

No. 2 

W-hi 

W 

W 

T 

W-hi 

W 

V wiw 
vw 
S 

F l u o r i d e  
d l  

1 . 1  

2 . 1  

M g 

M n 

N i  

P 

P b  

Si 

Sr 

. T i  

U 

v -  

No. 1 

W - M  

W 

W 

L S X  

w 
w 
W 

vw 
v s  
W 

C h l o r i d e  
d l  

0 . 5 2  

0 .43  

N o .  2 

W-hi 

W 

w 
L S X  

W 

w 
W 

vw 
vs 
R' 

X - i d e n t i f i c a t i o n  u n c e r t a i n  d u e  to i n t e r f e r e n c e  by a n o t h e r  e l e m e n t  

A g ,  B ,  B i ,  C d ,  .&io, Sb, Sr ,  a n d  Z n  n o t  d e t e c t e d  

.. . .  . .  . .  . .  0 .  

... .. 
O * *  
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T a b l e  IV 

C a k e  from Acid  Diges t ion  

H,Oa 
% 

Chlo r ide  

% 

F l u o r i d e  

% 

Uranium 

% 

2 1  4.8 No. I 0.018 0.81 

No. .  2 20 0.012 2.2 2.5 

a R e s u l t s  r epor t ed  on ‘as r e c e i v e d ”  b a s i s G  

Table V 

Washed D i g e s t i o n  C a k e  

a Uranium 
% 

0.90 

U Uranium 
% Drum N o .  _- Drum No.  

0.17 8 

2.0 9 0.55 

1.1 10 1 . 2  

0.79 11 1.0 

0 . 2 0  1 2  0.90 

0.63 13 0: 38 

1 .2  14 0.68 

Average  = 0.82% U 

a Repor t ed  on  “as rece ived’  b a s i s .  

T h e  s a l t  bath s l u d g e  cou ld  not  b e  processed  i n  e x a c t l y  t h e  s a m e  manner  a s  the  o the r  

ma te r i a l s ,  bu t  i t  w a s  found tha t  wa te r  would s e p a r a t e  t h e  in so lub le  uran ium-bear ing  

ma te r i a l  a d h e r i n g  to the graphi te .  

t h e  uran ium-laden  s lur ry  cou ld  be  p r o c e s s e d  i n  the s a m e  manner  as t h e  o t h e r  r e s i d u e s  

e i the r  toge ther  o r  s epa ra t e ly .  

for  r e u s e .  

After s e p a r a t i o n  from t h e s e  p i e c e s  of g raph i t e ,  

T h e  w a s h e d  g raph i t e  w a s  re turned  to  the  d ingo t  p1,ant 
r -  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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5 .  O p e r a t i o n a l  P r o b l e m s  

E x c e p t  f o r  o c c a s i o n a l  l a r g e  p i e c e s  of r e s i d u e  a n d  s o m e  f o r e i g n  m a t t e r  ( e . g . ,  , p a p e r ,  

w o o d ,  p u m p  p a c k i n g ,  p i e c e s  of m e t a l ) ,  t h e  v a r i o u s  m a t e r i a l s  w e r e  f a i r l y  e a s i l y  

p r o c e s s e d .  

t i m e  r e s u l t e d  f r o m  p l u g g e d  l i n e s .  

h i g h - s p e e d  p u m p s .  

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

c h a n n e l l i n g  o c c u r r e d  

of t h e  c a k e  to  a b o u t  o n e  p e r  c e n t  of i t s  o r i g i n a l  v a l u e ;  h o w e v e r ,  t h e  r e s u l t i n g  c o n c e n t r a t i o n  

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

w a s  s o m e w h a t  d i f f i c u l t  b e c a u s e  of c o n s i d e r a b l e  f o a m i n g ,  m o s t  l i k e l y  b e c a u s e  of t h e  

l o w e r  o x i d a t i o n  s ta te  of t h e  u r a n i u m  i n  t h e  c a k e  (UO,  a n d  p o s s i b l y  s o m e  m e t a l l i c  

u r a n i u m ) .  

s u b s e q u e n t  f i l t r a t i o n  o n l y  s l i g h t l y  

B e c a u s e  o f  t h e  r a p i d  s e t t l i n g  r a t e  o f  the  m i l l e d  s l u r r y ,  c o n s i d e r a b l e  d o w n  

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

W a s h i n g  t h e  p r o d u c t  c a k e  i n  t h e  p r e s s  w a s  n o t  a s  e f f e c t i v e  a s  h a d  

N e v e r t h e l e s s ,  t h i s  w a s h i n g  p r o c e d u r e  r e d u c e d  t h e  c h l o r i d e  c o n t e n t  

D i g e s t i o n  of t h e  c a k e  

P r e c o a t i n g  t h e  f i l t e r  a n d  a d d i n g  f i l t e r  a i d  to t h e  d i g e s t  s l u r r y  i m p r o v e d  t h e  

A f t e r  the a b o v e  m e n t i o n e d  p r o c e s s  h a d  b e e n  f o l l o w e d  fo r  s e v e r a l  w e e k s ,  s o m e  r e v i s i o n s  

w e r e  m a d e .  

f i l l i n g  a w i r e - m e s h  b a s k e t  w i t h  t h e  s l u d g e  a n d  t h e n  s u s p e n d i n g  i t  i n  a t a n k  of h o t  w a t e r  

u n t i l  t h e  g r a p h i t e  h a d  b e e n  w a s h e d  f r e e  of u r a n i u m - b e a r i n g  m a t e r i a l ,  T h i s  p r o c e d u r e  

w a s  r e p e a t e d  u n t i l  a f a i r l y  t h i c k  s l u r r y  r e s u l t e d ;  t h i s  s l u r r y  w a s  t h e n  f i l t e r e d  a n d  t h e  

c a k e  w a s h e d .  

w e r e  t r e a t e d  i n  t h e  s a m e  m a n n e r .  

r e s l u r r i e d  i n  w a t e r  a n d  r e f i l t e r e d .  

a n d  t h e  a d d i t i o n  of f i l t e r  a i d  to t h e  d i g e s t  s l u r r y  w e r e  e l i m i n a t e d .  A s c h e m a t i c  f l o w  

d i a g r a m  of  t h e  r e v i s e d  p r o c e s s  i s  g i v e n  i n  F i g u r e  2. 

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

T h i s  t e c h n i q u e  w o r k e d  s o  w e l l  t h a t  e v e n t u a l l y  a l l  t h r e e  r e s i d u e  m a t e r i a l s  

To i m p r o v e  t h e  w a s h i n g  e f f i c i e n c y ,  t h e  c a k e  w a s  

A t  t h i s  t i m e ,  . t h e  p r e c o a t i n g  of t h e  s t a i n l e s s  p r e s s  

C. C o n c l u s i o n s  

In  a l l ,  a b o u t : 4 0 , 0 0 0  p o u n d s  of m a t e r i a l  w e r e  t r e a t e d ,  y i e l d i n g  18,000 p o u n d s  of p r e s s  

c a k e .  

s u s p e c t e d  t h a t  a l a r g e  p a r t  of t h e  r e m a i n d e r  of t h e  c a k e  c o n s i s t s  of i r o n  a n d  g r a p h i t e .  

I ron  i n  t h e  c a k e  p r e s e n t s  n o  d i f f i c u l t y ,  s i n c e  i r o n  is u s e d  a s  a s a l t i n g  a g e n t  i n  t h e  

u s u a l  d i g e s t  l i q u o r s  i n  t h e  r e f i n e r y .  

t h i s  p r o c e s s  a p p e a r s  to b e  h i g h  e n o u g h  to j u s t i f y  u s e  of a l u m i n u m  as  a c o m p l e x i n g  

a g e n t  i n  t h e  r e f i n e r y .  

b u t  a s i m p l e  d r y i n g  p r o c e d u r e  c o u l d  l o w e r  t h i s  to w i t h i n  l i m i t s ,  

W e i g h t e d  a v e r a g e  a n a l y s e s  of t h e  p r e s s  c a k e  a r e g i v e n  i n  T a b l e  VI.  I t  is 

T h e  f l u o r i d e  c o n t e n t  of t h e  p r o d u c t  l i q u o r  f rom 

T h e  w a t e r  c o n t e n t  is  a b o u t  t h r e e  t i m e s  t h e  l i m i t  f o r  f e e d  m a t e r i a l s ,  

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

A n a l y s i s  of Press C a k e  

Uranium,  .as r e c e i v e d  

C h l o r i d e ,  a s  r e c e i v e d  

H,O, as r e c e i v e d  

47.2% 

0 .14% 

18.9% 

T h e  m a j o r  r e m a i n i n g  d i f f i c u l t y  i n  c o n n e c t i o n  wi th  t h i s  p r o c e s s  i s  t h e  r e s i d u a l  uran ium 

c o n t e n t  of t h e  w a s h e d  d i g e s t i o n  cake,  w h i c h  a v e r a g e d  0 .82  p e r  c e n t .  

b e e n  o b t a i n e d  to d e t e r m i n e  w h e t h e r  t h i s  uran ium c o u l d  b e  r e m o v e d  by m o r e  v i g o r o u s  

w a s h i n g .  

d i g e s t i o n  s l u r r y  i n  t h e  r e f i n e r y  w i t h o u t  f i l t r a t i o n ,  i f  the  r e s i d u a l  uran ium is a c t u a l l y  

i n  s o l u t i o n .  

D a t a  h a v e  n o t  y e t  

I t  m i g h t  b e  feas ib le ,a l ternat ive ly , to  r e c o v e r  t h i s  uran ium b y  p r o c e s s i n g  t h e  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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H Y D R O G E N  I N  DINGOT URANIUM METAL 

R .  B e c k e r  

L .  L .  G i d l e y  

G .  E .  Kerr  

W .  A .  T a y l o r  

W: G2 Weber 

H .  J .  S c h a f f e r  

I. Summary 

1. 

2 .  

3 -  

4 .  

5 .  

6. 

7 .  

8. 

9 .  

T o p  to bot tom h e l i u m  purg ing  of  3300 p o u n d  d i n g o t  b o m b s  h a s  r e s u l t e d  i n  h i g h e r  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  t h a n  did bot tom to t o p  purg ing .  

D i n g o t s  w i t h  m o r e . c o n s i s t e n t l y  low h y d r o g e n  c o n t e n t s  h a v e  b e e n  o b t a i n e d  from 3300 poulld 

d i n g o t  bombs  l i n e d  e n t i r e l y  wi th  r o a s t e d  m a g n e s i u m  f l u o r i d e ,  t h a n  from l i n e r  c o m b i n a t i o n s  

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

T h e  r o a s t e d . m a g n e s i u m  f l u o r i d e  l i n e r  h a s . i n c r e a s e d  t h e  f i r i n g  time of 3300 p o u n d  d i n g o t  

b o m b s .  

T o p  to bot tom h e l i u m  purg ing ,  d u e  to l e a k a g e  a r o u n d  t h e  s h e l l  l i d ,  h a s  b e e n  l e s s  e f f e c t i v e  

i n  l o w e r i n g  t h e  f i r ing  t i m e  of r o a s t e d  m a g n e s i u m  f l u o r i d e  l i n e d  3300 pound d i n g o t  b o m b s  

t h a n  w a s  t h e  case  w i t h  bot tom to t o p  purg ing .  

A l o n g  f i r i n g  t i m e  for  t h e  3300 p o u n d  d i n g o t  bombs  h a s  t e n d e d  to y i e l d  d i n g o t  m e t a l  w i t h  

a l o w  h y d r o g e n  c o n t e n t .  

V e n t i n g  of 3300 pound c h a r g e s  for  p u r p o s e s  of e a s i e r  g a s  r e l e a s e  h a d  no o b s e r v a b l e  e f f e c t  

o n  t h e  hydrogen  c o n t e n t  of m e t a l  from s t a n d a r d  l i n e d  b o m b s .  

E l e c t r i c  t r i g g e r i n g  of bomb r e a c t i o n s  h a s . b e e n  p e r f e c t e d  wi th  t h e  u s e  of n i c h r o m e  r e s i s t o r  

u n i t s  p l a c e d  w i t h i n  the c h a r g e .  

i m p o r t a n t  i n  d e t e r m i n i n g  t h e  q u a l i t y  of t h e  bomb product .  

T h e  p h y s i c a l  l o c a t i o n  of t h e  h e a t e r  coil a p p e a r s  to b e  

T r i a l . o f  a g r a p h i t e  l i n e r  g a v  e no e v i d e n c e  of b e n e f i t  i n  l o w e r i n g  t h e  d e r b y  h y d r o g e n  l e v e l .  

I n i t a l  s t u d i e s  of bomb c h a r g e  p e r m e a b i l i t i e s  h a v e  s h o w n  marked  d i f f e r e n c e s  i n  r e s i s t a n c e  

to h e l i u m  f l o w . i n  v a r i o u s  l i n e r  t y p e s  c o m p a r e d  to t h e  s t a n d a r d  UF, hlg c h a r g e .  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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XI* In t roduct ion  

T h e  d ingot  p r o c e s s  invo lves  the  reduct ion  of UF,  with magnes ium to  produce  uranium m e t a l  

which  c a n  b e  f ab r i ca t ed  in to  fue l  e l e m e n t s  d i r ec t ly  without a n  in t e rmed ia t e  c a s t i n g  s t e p .  

T h i s  me ta l  is of higher purity than  m e t a l  which  h a s  been  vacuum r e c a s t ,  e x c e p t  fo r  

hydrogen content .  Vacuum cast i n g o t s  u sua l ly  conta in  from 0.5 to  1.5 ppm hydrogen whi le  

dingot meta l  exh ib i t s  hydrogen c o n t e n t s  normally ranging from 2 to 8 ppm; r ecen t ly  production 

of 3300 pound d ingo t s  h a s  shown t r ends  approaching  a n  ave rage  of 3 ppm. Difficulty in  

lead-d ip  canning  of d ingot  me ta l  s l u g s  a t  H A P 0  h a s  been  a t t r i bu ted  to t h i s  h igher  hydrogen 

conten t .  It h a s  been  pos tu l a t ed  t h a t  t h e  hydrogen in t e r f e re s  with the  bonding be tween  the  

c a n  and  the  f u e l  e lement .  T h i s  poor bonding is cons ide red  undes i r ab le  s i n c e  i t  may l e a d  to 

cor ros ion  f a i l u r e s  o f  t he  aluminum j a c k e t  during p i le  opera t ion .  

T h e  mater ia l  d i s c u s s e d  in t h i s  report  is a cont inua t ion  of work previous ly  repor ted  concern ing  

the  p rogres s  in lowering the  hydmgen  l e v e l  , in d ingot  metal.' 

111. Exper imen ta l  P r o c e d u r e s  and  D i s c u s s i o n  

A .  G a s  Purg ing  a n d  R o a s t e d  L ine r  Mater ia l  

T h e  combina t ion  of r o a s t e d  magnes ium fluoride l i ne r  wi th  helium purging h a s  r e s u l t e d  

in  c o n s i s t a n t ,  low hydrogen uranium meta l  i n  all s.mall bomb s i z e s .  T h e s e  r e s u l t s  h a v e  

l e d  to a concen t r a t ion  of Metal Pilot P l a n t  e f f o r t s  toward the  t e s t ing  of helium purging 

with va r ious  combina t ions  of r o a s t e d  MFL a n d  regular  MFL in  3300 pound d ingot  bombs. 

1. R e v i e w  

Before  proceeding  further,  a rev iew of r e s u l t s  de r ived  from p a s t  expe r imen ta l  work 

with r o a s t e d  MFL and  g a s  purging is in o rdec  

a. L ine r  T rea tmen t  

Trea tment '  of the MFL w a s  in i t i a t ed  during the  ea r ly  s t a g e s  of the  hydrogen 

program as a p r o c e s s  for minimizing the  p o s s i b l e  hydrogen cont r ibu t ion  of t h i s  

bomb cons t i t u t en t .  Roas t ing3  of MFL w a s  s e l e c t e d  as  a sa t i s f ac to ry  t rea lment .  

Expe r imen t s  performed wi th  r o a s t e d  MFL have  r e s u l t e d  in  t h e  following 

obse rva t ions  z 

1 .  T h e  hydrogen cont r ibu t ion  of the l i ne r  t o  the  uranium regu lus  formed in t he  

bomb reac t ion  w a s  apprec i ab ly  d e c r e a s e d .  

___ 
' Gidley, i+. L,, e t ,  pl., Process  Development Quarterly Report,  Part 11, Mallinckmdt Chemical Works, MCW-1400. 

(February 1, 1957), p. 39-91 

* Hansen, J .  W . ,  e t .  al.. Process  Development Quarterly Report,  Part 11. Mallinckrodt Chemical works, MCW-1393. 
(August 1, 19561, p. 57-62. 
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2 ,  A r o a s t i n g  t e m p e r a t u r e  of 1500°F a n d  h i g h e r  w a s  s a t i s f a c t o r y  

T h e  f i r ing  t i m e  of all bomb s i zes  was a p p r o x i m a t e l y  d o u b l e d .  

T h e  l i n e r  forming  c h a r a c t e r i s t i c s  w e r e  n o t  so s a t i s f a c t o r y  as  t h o s e  o b t a i n e d  

w i t h  normal  LIFL,  but  d e t e r m i n a t i o n  of a b e t t e r  p a r t i c l e  s i t e  d i s t r i b u t i o n  

p r e s u m a b l e y  w i l l  improve  t h i s  s i t u a t i o n  

3 

4 .  

b. G.as P u r g i n g  

T h e  bomb a t m o s p h e r e '  

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

r e m o v a l  or  d i l u t i o n  of t h i s  h y d r o g e n .  

o b s e r v a t i o n s  is p o s s i b l e :  

1 

h a s  b e e n  s h o w n  to b e  n e a r l y  100% h y d r o g e n  as t h e  b o m b  

P u r g i n g '  a i t h  a n  i n e r t  g a s  h a s  b e e n  u s e d  as a m e t h o d  for  t h e  

T h e  f o l l o w i n g  s u m m a t i o n  of eKper imenta1  

T h e  g r e a t e r  f lows p o s s i b l e  wi th  he l ium m a k e  it more  s a t i s f a c t o r y  t h a n  

a r g o n  a s  a p u r g i n g  g a s .  

Hel ium p u r g i n g  of b o m b s  l i n e d  w i t h  n o r m a l  MFL h a s  n o t  s u f f i c i e n t l y  

d e c r e a s e d  t h e  hydrogen  c o n t e n t  of  t h e  * u r a n i u m  r e g u l u s  

Hel ium p u r g i n g  of b o m b s  l i n e d  wi th  roasted XIFL h a s  a p p r e c i a b l y  d e c r e a s e d  

t h e  h y d r o g e n  c o n t e n t  of t h e  uranium r e g u l u s  

T h e  l o n g  f i r ing  t i m e  of r o a s t e d  XlFL b o m b s  h a s  b e e n  d e c r e a s e d  to v a l u e s  

n e a r  t h o s e  of s t a n d a r d  h l F L  l i n e d  b o m b s  as  a r e s u l t  of h e l i u m  p u r g i n g .  

Hel ium p u r g i n g  of b o m b s  up  to f i r ing  as c o m p a r e d  w i t h  he l ium p u r g i n g  u n t i l  

r e m o v a l  of t h e  f i r e d  b o m b s  f r o m  t h e  f u r n a c e  h a s  n o t  a f f e c t e d  t h e  hydrogen  L 

c o n t e n t  of t h e  uran ium r e g u l u s .  

T o p  to bot tom p u r g i n g  a s  c o m p a r e d  w i t h  bot tom to t o p  p u r g i n g  of b o m b s  h a s  

i n d i c a t e d  t h a t  h i g h e r  c r u d e  y i e l d s  may b e  o b t a i n e d  w i t h  t h e  former,  w h i l e  

h y d r o g e n  c o n t e n t s  of t h e  uran ium r e g u l i  

2.  

3. 

4 .  

5 ,  

6 .  

w e r e  c o m p a r a b l e  i n  both  cases.  

2 C o n s t r u c t i o n  of  3300 P o u n d  B o m b  S h e l l s  for  G a s  P u r g i n g  

T h e  major i ty  of t h e  a b o v e  o b s e r v a t i o n s  w e r e  b a s e d  o n  t h e  e x p e r i m e n t a l  r e s u l t s  

from 8 a n d  12 i n c h  b o m b s ,  

d e s i g n s  

E x p e r i e n c e  i n  t h e  a d a p t a t i o n  of 8 i n c h  a n d  12 i n c h  s h e l l  

for  g a s  p u r g i n g  w a s  u s e d  as  a b a s i s  f o r  t h e  c o n v e r s i o n  of 1400 a n d  3300 

Op. c i t .  MCW-1393. p. 66 

Op. c i t .  MCW-1400, p. 51-58 

I -  
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pound s h e l l s ,  

t he  last quarterly,” S ince  then  the  purging t echn iques  for 3300 pound bombs 

have  been  modified and  the fo l lowing  is p resen ted  to d e s c r i b e d  the  cur ren t  

purging ar rangements  

T h e  d a t a  from s e v e r a l  of t h e s e  l a rge  bomb runs  were  repor ted  in  

g a s  

F igu re  1 i l l u s t r a t e s  t he  s h e l l  t ype  and  l i n e r  d imens ions  u s e d  for non-purged 

3300 pound d ingot  bombs. F igu re  2 d e p i c t s  t h e  s h e l l  and  l iner  u s e d  for g a s  

purged dingot bombs. T h e  t h i c k n e s s  of the  bottom l ine r  h a s  b e e n  i n c r e a s e d  to 

provide s p a c e  for a g a s  d i s t r ibu t ion  dev ice .  T h i s  t h i c k n e s s  i n c r e a s e  h a s  b e e n  

ach ieved  by r a i s ing  t h e  pos i t i on  of the  liner-forming mandre l  1% i n c h e s  which  

also i n c r e a s e d  t h e  t h i c k n e s s  of the  en t i r e  s i d e  l iner ,  

p re sen t  th ree  g a s  d is t r ibu t ion  or co l l ec t ing  s c h e m e s  which  have  been  used .  

s i n g l e  p ipe  (F igu re  5 )  w a s  found to b e  as  e f f ec t ive  as e i the r  of t h e  o the r  t y p e s  

a n d  h a s  therefore ,  been  s e l e c t e d  for gene ra l  use . .  

p l acemen t  of the  s i n g l e  p ipe  i n  t h e  bomb cav i ty ,  a n d  the  makeup of the  bottom 

liner.  
p rovided  a n  even  d is t r ibu t ion  of g a s e s  throughout t h e  c r o s s  section of the  d ingot  

cav i ty  when $he purge g a s  h a s  b e e n  in t roduced  at t h e  bottom, a n d  h a s  s e r v e d  

as  a g a s  co l l ec t ion  chamber  when the  bomb h a s  been purged  from the  top .  C o a r s e  

f i l t e r  pape r  h a s  been  p l a c e d  ove r  t h e  grog to prevent  l i ne r  ma te r i a l  from f i l l ing  

in  t h e  vo ids  in the  grog. T h e  bottom l ine r  h a s  been  formed on top  of t he  f i l t e r  

pape r  u s i n g  a more permeable  ( supposed ly  coa r se r )  grade  of r o a s t e d  hlFL. 
L i n e r  formed f r o m  the  m a t e r i a l  w a s  found to b e  r e l a t ive ly  permeable  to the  f l o w  

of a g a s ,  and at the  same  time s u b s t a n t i a l  enough to r e t a in  t h e  molten uraniusl 

T h i s  mater ia l  a a s  prepared  at hlC% by roas t ing  normal MFL in  a s m a l l  rotary 

kiln with a f o r c e d  a i r  d raf t  which r e s u l t e d  in  some dus t ing  and  c o n s e q u e n t  
r e m o v a l  of f i n e s .  T a b l e  I compares  typ ica l  s c r e e n  a n a l y s e s  for  normal MFL, 

?cICA roas t ed  ‘IFL, Vitro’ r o a s t e d  AlFL, and  Vitro 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  

Both Vitro-roasted p roduc t s  h a v e  had  s u f f i c i e n t  -green s t r eng th  for forming side 

l i n e r s  a 

F i g u r e s  3 ,  4 ,  a n d  5 
T h e  

F igure  6 i l l u s t r a t e s  t he  

T h e  grog ( - 10, + 25 m e s h  normal magnesium fluoride) h a s  seeming ly  
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FIGURE I 
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FIGURE 2 
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FIGURE 3 
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FlGUWE 4 

DRILLED PLATE SYSTEM 
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FIGURE 6 
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T a b l e  I 

Compar ison  of Sc reen  A n a l y s e s  

%;eight P e r c e n t  on Sc reen  

Sc reen  XICW Vitro Virto R o a s t e d  A i r  

S i ze  Normal h lFL R o a s t e d  hlFL R o a s t e d  hlFL C l a s s i f i e d  F i n e s  

60 5 , 1  4 .1  1 0  

80 8.0 8.0 3.8 1.6 

100 6 .7  7 - 3  7 = 6  3.6 

200 21 ,o  19.9 20 -2  18.4 

325 19.0 

-325 40.0 

1 7 - 9  

46.6 

18.5 

45 .8  

21.4 

54.0 

Surpr i s ing ly ,  normal AlFL was ranked  as t h e  c o a r s e s t  of t h e  four by t h i s  s c r e e n i n g  

procedure  

had  the  lowest  g reen  s t r eng th  and  a l s o  w a s  t h e  mos t  pe rmeab le  

t h a t  t h e  d i f f e rence  w a s  in  t h e  -325 mesh  ma te r i a l  

At tempts  to form l i n e r s  and  to  purge  r e v e a l e d  t h a t  hlCW' r o a s t e d  MFL 

I t  is s u g g e s t e d  

F igu re  7 i l l u s t r a t e s  o n e  type  of c a p  which  h a s  been  u s e d  ( G a s  D i s p e r s i o n  Cap) .  

T h i s  c a p  cons t ruc t ion  r e p r e s e n t s  t he  r e v e r s e  of t he  l i ne r  bottom d e s c r i b e d  above ;  

t h a t  is ,  1 i nch  of grog w a s  p l a c e d  over  abou t  2 i n c h e s  of MCW r o a s t e d  MFL. T h e  

f i l t e r  t ip h a s  se rved  a s  a n  a r rangement  for admi t t ing  or removing g a s e s  through t h e  

l id.  T h e  cons t ruc t ion  of t h i s  d e v i c e  is a l s o  shown  in  F igu re  7.  

T h e  normal a s s e m b l y  procedure  f i r s t  involved  t h e  forming of t he  g a s  d i s p e r s i o n  c a p  

a n d  t h e n  the  bol t ing  of the - f i l t e r  t i p  l i d  t o  the  t i p  s h e l l  f l a n g e .  

were  u s e d ,  but e x c e s s i v e  purge  g a s  l o s s e s  r e s u l t e d  in  t h e  t e s t i n g  of s e v e r a l  t y p e s  

a n d  combina t ions  of g a s k e t s .  A n  a s b e s t o s - f i l l e d  monel g a s k e t  in  combina t ion  

with two s h e e t - a s b e s t o s  g a s k e t s  a n d  r o p e - a s b e s t o s  g a s k e t s  provided  t h e  be t t e r  

seals. 

In i t ia l ly  no  g a s k e t s  

hlagnesium vapor  b lowouts  however  occur red  with both t y p e s ,  

. . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  . . . . . . . . .  ............. 
.. 
.. 
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FIGURE ? 
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A s e c o n d  t y p e  of cap ,  t h e  v e n t e d  c a p ,  i l l u s t r a t e d  i n  F i g u r e  8, w a s  d e s i g n e d  i n  a n  

a n  e f f o r t  to m i n i m i z e  m a g n e s i u m  v a p o r  b l o w o u t s  a n d  e l i m i n a t e  t h e  n e e d  f o r  g a s k e t s .  

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

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

g r o g  to p r o v i d e  a v e n t  b e t w e e n  t h e  b l e n d  (UF,  a n d  Mg) a n d  t h e  f i l t e r  t i p ,  e l i m i n a t i n g  

t h e  n e e d  for  a p o r o u s  c a p .  

f i r m l y  t o  a h e i g h t  of % i n c h e s  a b o v e  t h e  t o p  s h e l l  f l a n g e .  

t h e  f l a n g e ,  t h e  f i n e s  w e r e  f u r t h e r  p a c k e d  a n d  h a d  g o o d  c o n t a c t  w i t h  t h e  l id.  

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

v e n t  a n d  t h e  f l a n g e .  M e a s u r e m e n t s  of t h e  total  volume,  of p u r g i n g  g a s  i n p u t  v e r s u s  

e g r e s s  g a s e s  w e r e  m a d e  d u r i n g  t o p  t o  b o t t o m  p u r g i n g  e x p e r i m e n t s  w i t h  v e n t e d  c a p s  

a n d  w i t h  g a s  d i s p e r s i o n  c a p s  w i t h  r o p e  a s b e s t o s  g a s k e t s .  

i s  s h o w n  i n  T a b l e  11. 

T h i s  s p a c e  w a s  f i l l e d  w i t h  

T h e  f i n e s  fo rming  t h e  r e m a i n d e r  of t h e  cap  w e r e  p a c k e d  

A s  t h e  l id w a s  b o l t e d  to 

T h i s  

A s u m m a r y  of t h e s e  data  

T a b l e  I1 

.. i o t a 1  Vo1u:iies of P u r g i n g  t ias  a n d  E g r e s s  G a s e s  
for  T w o  C a p  C o n s t r u c t i o n s  

- .  

V e n t e d  C a p  
Without  G a s k e t  

Total  P u r g e  T o t a l  E g r e s s  
Sas  In G a s e s  

G a s  D i s p e r s i o n  C a p  
With G a s k e t  

Total P u r g e  Total E g r e s s  
G a s e s  b a s  In 

889 c u .  f t .  0 .7  c u .  f c .  7 5 4  c u .  f t .  30 c u m  f t .  

T h e s e  d a t a  i n d i c a t e  t h a t  n e i t h e r  c a p  a r r a n g e m e n t  p r o v i d e d  a s a t i s f a c t o r y  g a s  s e a l .  

F u r t h e r m o r e ,  m a g o e s i u : u  v a p o r  losses  t h r o u g h  t h e  t o p  f l a n g e  o c c u r r e d  e q u a l l y  w i t h  

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

t h e  v e n t e d  c a p  d e s i g n  i n  a n  a t t e m p t  to o b t a i n  more  e f t i c i e n t  p u r g i n g .  

More r e c e n t l y  r o p e  a s b e s t o s  g a s k e t s  h a v e  b e e n  c o m b i n e d  w i t h  

A m e t e r i n g  s y s t e m  h a s . b e e n  d e v e l o p e d  w h i c h  h a s  p r o v i d e d  b o t h  s i m p l e  c o n t r o l  f o r  

p u r g i n g  a n d  i n f o r r n a t i v e  d a t a .  

f i l t e r  t i p  e x t e n d e d  t h r o u g h  t h e  b a c k  of t h e  H e v i - D u t y  f u r n a c e .  O u t s i d e  t he  f u r n a c e  

t h e  m e t e r i n g  s y s t e m  w a s  c o n n e c t e d  to t h e s e  p u r g e  p i p e s  as  i l l u s t r a t e d  i n  F i g u r e  9 .  

P i p e s  a t t a c h e d  to t h e  b o t t o m  p u r g e  p i p e  a n d  to t h e  

. . . . . .  . . . . .  . . . . .  . . . .  . . . . .  
a *  * e a  , e.. 
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FIGURE 8 
VENTED CAP AND FILTER TOP 

I "  S.S. P I P E  . 
FI L T E  

LVITRO R O A S T E D  MFL 
OR 

V. ITRO R O A S T E D  AIR  
C L A S S I F I E D  F I N E S  

V I T R O  R O A S T E D  AIR 

C L A S S I F I E D  F INES 

- . - ....... 

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



- - .  . . .  . . .  ..... 
I t  . 1) 

It I) 

I I1 8 

I I 

FIGUKE 9 

HELIUM METERING SYSTEM 

*TO FURNACE# I 

T O  FILLER YIP 

m .  PURGE PIPE . . .  .. . 
o..... 

e..... 

YO ATMOSPHERE a..... 

e..... . . .  
e .  

e..... 
O .  .... 

WET YEST METER 



VI1 - 102 

A 

A hel ium t a n k  of l a r g e  c a p a c i t y  w a s  the s o u r c e  of hel ium.  H e l i u m  w a s  p i p e d  

to e i t h e r  o r  both  of t h e  t w o  a v a i l a b l e  s y s t e m s  w h e r e  t h e  ro to ine te r  p r e s s u r e  

r e g u l a t o r  v a l v e  w a s  a d j u s t e d  to g i v e  t h e  p r e s s u r e  f o r  w h i c h  t h e  r o t o m e t e r  w a s  

c a l i b r a t e d .  A p r e s s u r e  pop-off  v a l v e  p r e v e n t e d  o p e r a t i n g  t h e  rotoine f e r  at 

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

i n d i c a t e d  t h e  d e s i r e d  h e l i u m  f low.  T h e  m e t e r e d  h e l i u m  t h e n  r e a c h e d  a s y s t e m  

of purge- s e l e c t i o n  v a l v e s  w h e r e  t o p  to bot tom or bot tom to t ~ p  purg ing  w a s  

se lec ted .  tleliurii p a s s e d  through the bomb a n d  w a s  exhaus ted  with o ther  g a s e s  back to 

the  purge se lec t ion  valves .  Proper  adjustment  of t h e  va lves  led the  exhaus t  gases to a 

w e t  t es t  m e t e r  w h i c h  m e a s u r e d  t h e  c u m u l a t i v e  v o l u m e  of  t h e  g a s e s  r a t h e r  t h a n  

t h e  r a t e  of f l o w .  Filially, t h e  boiiib b a c k  p r e s s u r e  v a l v e  i n d i c a t e d  the r e s i s t a n c e  

of the boinb to t h e  flow of h e l i u m .  T h e  f o l l o w i n g  d a t a  w e r e  r e c o r d e d  e v e r y  

15  d n u t e s  from t h e  tiuiie t h e  purg ing  s y s t e m  w a s  c o n n e c t e d  to t h e  bomb to t h e  

t i m e  t h e  bomb f i r e d :  

R o t o n i e t e r  p r e s s u r e  

R o t o m e t e r  f low 

B o m b  b a c k  p r e s s u r e  

Wet test m e t e r  reading,  

3 .  3300 P o u n d  tias P u r g e d  B o m b  E x p e r i m e n t s  - 

Four  3300 p o u n d  d i n g o t  e x p e r i i i i e n t s  w e r e  r e p o r t e d  i n  t h e  last  q u a r t e r l y  i n  w h i c h  

s p e c i f i c a t i o n  g r a d e  u r a n i u m  t e t r a t l u o r i d e  a n d  m a g n e s i u n i  w e r e  c h a r g e d  n t o  sliells 

l i n e d  w i t h  r o a s t e d  magnes iu i i i  f l u o r i d e  l i n e r  m a t e r i a l .  r h e s e  b o m b s  w e r e  Iieliurri 

p u r g e d  from bot toni  to t o p  u n t i l  t h e y  f i red .  T h e  a v e r a g e  h y d r o g e n  c o n t e n t  of tile 

d i n g o e s  w a s  1.77 ppm, a s u f f i c i e n t l y  low v ~ l u e  to w a r r a n t  tur t t ier  i n v e s t i g a t i o n .  

Dur ing  t h e  p a s t  t h r e e  m o n t h s  of e v a l u a i i o n ,  t h e  3300 p o u n d ,  h e l i u m  purged, 

d i n g o t  e x p e r i m e n t s  w e r e  c l a s s i & i e d  i u t o  s i x  t y p e s  b a s e d  on t h e  l i n e r  c o m p o s i t i o n  

arid t h e  purgi i ig  d i r e c t i o n .  These t y p e s  w e r e :  

T y p e  1 R o a s t e d  m a g n e s i u m  f l u o s i d e  l i n e r  t h r o u g h o u t ,  

h e l i u m  p u r g e d  from bot tom to t o p  ( 2 5  e x p e r i m e n t s ) .  

. - 

b i d .  p. 56-57  
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R o a s t e d , m a g n e s i u m  f luor ide  l i n e r  th roughout ,  hel ium 

purged from. t o p  t o  bot tom (24 expe r imen t s ) .  

Normal  magnes ium f luor ide  for t h e  s i d e  l i ne r ,  r o a s t e d  

magnes ium f luo r ide . l i ne r  for t he  s h o u l d e r ,  d ingo t  

cav i ty ,  a n d  c a p ;  hel ium purged  from top  t o  bot tom 

( 1 2  expe r imen t s ) .  

R o a s t e d  magnes ium f luor ide  l i ne r  for bot tom a n d  c a p ,  

normal  magnes ium f luo r ide  l i n e r  fo r  t h e  r ema inde r ;  

hel ium purged  from bot tom t o  t o p  (8 expe r imen t s ) .  

R o a s t e d  magnes ium f luor ide  l i n e r  for bo t tom a n d  c a p ,  

noriiial magnes ium f luor ide  l i n e r  for t h e  r ema inde r ;  he l ium 

purged  from top  to  bot tom (7  expe r imen t s ) .  

R o a s t e d  magnes ium f luo r ide  l i n e r  for t he  bot tom o n l y ,  

normal  magnes ium f luo r ide  l i ne r  for  t h e  r ema inde r ;  

hel ium purged  f r o m  top  t o  bot tom through a v e n t e d  c a p  

(10 expe r imen t s ) .  

T h e  quan t i ty  o f  r o a s t e d  magnes ium f luo r ide  l i n e r  material  u s e d  pe r  d ingo t  bomb w a s  

d e c r e a s e d  in t h i s  ser ies  from a n  a l l  r o a s t e d  l i n e r  t o  T y p e  1 t o  r o a s t e d  l i n e r  m a t e r i d  

for t he  bot tom on ly  in  T y p e  6. 
i n t e r e s t  i n  t h i s  t r end  h a s  b e e n  in  a n y  p o s s i b l e  r educ t ion  of t h e  quan t i ty  of r o a s t e d  

l i n e r  ma te r i a l  r equ i r ed ,  r e p r e s e n t i n g  a co r re spond ing  d e c r e a s e  in  product ion  c o s t s .  

S i n c e  roas t ing  r e p r e s e n t s  a n  a d d e d  e x p e n s e ,  t h e  

T h e  o v e r a l l  mach ined  y i e l d s  (g reen  salt to mach ined  d ingo t )  for  T y p e  1 a v e r a g e d  

64% which  w a s  be low t h a t  o b t a i n e d  wi th  normal  d ingo t  p roduc t ion  bombs .  

e x p e r i m e n t s  wi th  s m a l l  bombs  h a d  s u g g e s t e d  t h a t  top  t o  bot tom purging might  

provide  for less d i s rup t ion  of the  l i n e r  a n d  t h u s  con t r ibu te  t o  improved  y i e l d s  when 

compared  with bot tom to t o p  purging.  T y p e  2 bombs  were  s c h e d u l e d  t o  t es t  t h i s  

a n d  were  i d e n t i c a l  i n  c o n s t r u c t i o n  to T y p e  1 bombs  e x c e p t  t he  purg ing  w a s  from 

top  to bot tom. T h e  r e s u l t a n t  o v e r a l l  mach ined  y i e l d s  a v e r a g e d  76%, a n  11% 

improvement  o v e r  y i e l d s  o b t a i n e d  wi th  bot tom to top  purging.  Al l  s u b s e q u e n t  

he l ium purg ing  expe r imen t s . ( the  T y p e  4 e x p e r i m e n t s  h a d  a l r e a d y  b e e n  performed) 

were  therefore  c a r r i e d  o u t  wi th  top  to bottom purging.  F i g u r e s  10 a n d  11 a r e  ba r  
g r a p h s  i l l u s t r a t i n g  t h e  d i s t r i b u t i o n s  of o v e r a l l  mach ined  y i e l d s  for t h e  two me thods  

of purging.  

Pas t  

I t  is e v i d e n t  t h a t  t op  t o  bot tom purg ing  w a s  de f in i t e ly  bene f i c i a l .  
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FIGURE - 10 

DISTRIBUTION OF PERCENT 
OVERALL MACHINED YIELDS 

3300LB. BOTTOM TO TOP PURGED 
DINGOT BOMBS. (25  EXPERIMENTS) 
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3300LB. TOP TO BOTTOM PURGED 
DINGOT BOMBS, ( 5 2  EXPERIMENT 1 

FIGURE - II 

DISTRIBUTION OF PERCENT 
OVERALL MACHINED YIELDS 
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F i g u r e  12  i l l u s t r a t e s  t h e  d i s t r ibu t ions  of d ingo t  hydrogen  c o n t e n t s  ob ta ined  

wi th  the  s i x  t y p e s  of helium purged  bombs. T h e  number of v a l u e s  a v a i l a b l e  

for T y p e s  1 a n d  2 w a s  su f f i c i en t  t o  provide informat ive  f igu res  

of expe r imen t s  in  e a c h  of t h e  remain ing  four t y p e s  is cons ide red  inadequa te  

to b e  informative.  

T h e  number 

. 
T h e  v a l u e s  for T y p e s  1 a n d  2 a s  o n e  ca t egory ,  a n d  t h o s e  for T y p e s  3, 4, 5 ,  a n d  

6 as  a s e c o n d  have  b e e n  combined  to form the: hydrogen d i s t r ibu t ion  b a r  g r a p h s  

of F i g u r e s  13 a n d  14. T h e s e  d i s t r ibu t ions  t h u s  r e p r e s e n t  100% r o a s t e d  

magnes ium f luor ide  l i n e r  d ingo t  bombs i n  one i n s t a n c e ,  a n d  combina t ions  of 

r o a s t e d  bot toms a n d  c a p s  wi th  normal magnes ium f luor ide  s i d e - w a l l  l i n e r s  i n  

t h e  o the r ,  

g rea t e r  s c a t t e r  itoward ex t r eme  h igh  v a l u e s  is o b s e r v e d  i n  F i g u r e  14. 

s imi l a r i  l ow hydrogen  d ingot  v a l u e s  may on o c c a s i o n  b e  o b t a i n e d  in  e i t h e r  c a s e  

Hydrogen v a l u e s  concen t r a t e  a round 2.0 ppm i n  both  f igures ,  but a 

Ev iden t ly  

but  the  100% u s e  of r o a s t e d  s l a g  h a s  g i v e n  a more c o n s i s t e n t  a n d  s l igh t ly  

lower  ave rage .  
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T h e  long  firing t i m e s  ob ta ined  for s m a l l  non-purged bombs  l i n e d  wi th  r o a s t e d  
magnes ium f luor ide  were  a l s o  o c c a s i o n a l l y  encoun te red  wi th  s imi l a r ly  l i n e d  

3300 pound d ingot  bombs  e v e n  though g a s - p u r g e d .  F i g u r e  15  is a bar  graph  

i l l u s t r a t ing  t h e  d i s t r ibu t ion  of fir ing t i m e s  for s u c h  bombs-  

e x i s t ,  o n e  s l igh t ly  be low t h e  500 minute f i r ing  t ime u s u a l l y  e x p e r i e n c e d  wi th  

normal d ingo t  product ion  bombs ,  a n d  a s e c o n d  at  tw ice  t h e  normal f i r ing  t ime; 

T h e  l a t t e r  p e a k  is e q u i v a l e n t  to t h e  fir ing t ime e x p e c t e d  for r o a s t e d  magnes ium 

f luor ide  l i n e d  bombs  wh ich  a r e  not  he l ium purged. 

expe r imen ta l  d a t a  r e v e a l e d  t h a t  t h e  majority of t he  long  firing t i m e s  were  

o b t a i n e d  wi th  top  to  bottom purging ( T y p e  2 expe r imen t s ) .  Ev iden t ly  s u f f i c i e n t  

purging to affect  t h e  fir ing t ime w a s  not o b t a i n e d  d u e  to hel ium l e a k s  a round 

the  top  s h e l l  f l ange .  Wish bottom to top  purging ( T y p e  1 expe r imen t s )  s u c h  l e a k s  

did not e x i s t .  T h i s  behavior  confirms the  p remise  tha t  a d e q u a t e  helium purging 

r e d u c e s  the  fir ing time of r o a s t e d  magnes ium f luor ide  l i n e d  d ingo t  bombs .  

T w o  d i s t i n c t  p e a k s  

Fur the r  examina t ion  of t h e  

,-. . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  



FIGURE - 12 

DISTRIBUTION OF DINGOT HYDROGEN CONTENTS 
FOR THE 6 TYPES OF 3300 POUND 

HELIUM PURGED DINGOT BOMBS 
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FIGURE - 14 

DISTRIBUTION OF DINGOT 
HYDROGEN CONTENTS 
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HELIUM PURGED 3300LB.  DINGOT 
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FIGURE .- I5 

OlSTRlBUTlON QF 1FIRING TIME 

HELIUM PURGED DINGOT BOMBS ROASTED 
MAGNESIUM FLUORIDE LINER 
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F i g u r e  16 is a bar  g r a p h  i l l u s t r a t i n g  t h e  d i s t r i b u t i o n  of f i r ing  t i m e s  for  3300 pound 

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

f l u o r i d e  

f i r ing  t i m e .  

d i s t r i b u t i o n  a r o u n d  t h e  500 m i n u t e  f i r ing  t i m e  a n d  a r e  nos r e p r e s e n t a t i v e  of l i n e r  

c o n s t r u c t i o n  or purge  d i r e c t i o n  

o b t a i n e d  w i t h  cop to bottom purg ing  

d i n g o t  bombs  d i d  e x h i b i t  normal  f i r i n g  t i m e s ,  a s e n d  i n t e r p r e t e d  as  r e s u l t i n g  from 

t h e  i n f l u e n c e  o f  rhe  normal  m a g n e s i u m  f l u o r i d e  s i d e - l i n e r  i n  t h e s e  b o m b s  

T w o  c o n n e c t e d  p e a k s  e x i s t ,  o n e  o n  e a c h  s i d e  of t h e  normal  500 m i n u t e  

E x a m i n a t i o n  of t h e  d a t a  r e v e a l e d  t h a t  t h e s e  p e a k s  r e p r e s e n t  a 

T h e  e x t r e m e l y  l o n g  f i r i n g  r i m e s  w e r e  h o w e v e r  

a u t  a m a j o r i t y  of t h e  :op to bot tom p u r g e d  

T h e  more c o n s i s t a n t  low h y d r o g e n  v a l u e s  o b t a i n e d  w i t h  a n  a l l - c o a s t e d  m a g n e s i u m  

f l u o r i d e  l i n e r ,  a n d  t h e  i n c r e a s e d  fi-ing r ime f r e q u e n t l y  o b t a i n e d  w i t h  s u c h  a l i n e r  

s u g g e s s e d  t h a t  a c o r r e l a s i o n  might  e x i s t  b e t w e e n  t h e  C W O ,  

t h e  r e l a t i o n s h i p  of d i n g o t  h y d r o g e n  c o n t e n t s  wich f i r ing  t i m e s  doc r o a s t e d  m a g n e s i u m  

f l u o r i d e  l i n e d ,  h e l i u m  p u r g e d ,  3300 p o u n d  dingof  bombs  

i n d i c a t i n g  cha t  a l o n g  f i r i n g  t i m e  is a s s o c i a t e d  w i t h  a l o w  d i n g o t  h y d r o g e n  c o n t e n t ,  

T h e  s a m e  z e l a s i o n s h i p  i s  i l i u s t z a t e d  i n  F i g u r e  18 f o r  c o m b i n a r i o n s  of s o a s t e d  a n d  

normal  m a g n e s i u m  f l u o r i d e  i i n e d ,  he l ium p u r g e d ,  3300 p o u n d  d i n g o t  b o m b s  

t h e  t rend  i n d i c a t e s  thas  a l o n g  f i r i n g  t i m e  c o n t r i b u t e d  to a l o w  d i n g o t  hydrogen  

c o n t e n t ,  e v e n  t h o u g h  a l a r g e  p e r c e n c a g e  of t h e  l i n e r  macer ia l  w a s  normal  magnesiur i l  

f l u o r i d e  

F i g u r e  17 i l l u s t r a t e s  

A d e f i n i t e  t r e n d  e x i s t s ,  

A g a i n  

B V e n t e d  C h a r g e s  

I t  h a s  b e e n  o b s e r v e d  t h a t  a c o n s i d e r a b l e  q u a n t i t y  o f  g a s  is  e v o l v e d  from b o m b s  dur ing  

h e a t i n g ’  T h i s  h a s  b e e n  a t t r i b u t e d  t o  a n  e x p a n  s i o n  of t h e  o r i g i n a l  bomb a t m o s p h e r e  

a n d  t o  t h e  l i b e r a t i o n  of g a s e s  from bomb c o n s t i t u e n t s  

t h e s e  g a s e s  

t h e  r e d u c t i o n  of h y d r o g e n  i n  t h e  r e d u c e d  uranium 

A mote e f f i c i e n t  r e m o v a l  of 

w h i c h  c o n t a i n  a h i g h  p e r c e n t a g e  of h y d r o g e n ,  c o u l d  p o s s i b l y  c o n t r i b u t e  to 

S i x  3300 p o u n d  d i n g o t  e x p e r i m e n t s  w e r e  per formed KO e v a l u a t e  a p o s s i b l e  m e t h o d  of 

i m p r o v i n g  t h e  r e l e a s e  of g a s e s  from t h e  U F ,  - hlg c h a r g e .  

u s i n g  normal  MFL, UF,  a n d  Xlg. 

formed i n  t h e  c h a r g e  by  d r i v i n g  a s t e e l  rod  29 i n c h e s  i n t o  t h e  b l e n d  a n d  t h e n  c a r e f u l l y  

T h e s e  b o m b s  w e r e  a s s e m b l e d  

T h i r t e e n  1% i n c h  d i a m e t e r  v e r t i c a l  v e n t  h o l e s  w e r e  

’ Neumano, N. F . ,  e t .  al, P r o c e s s  Deue lopmenr  Q m e r l y  Repo: :  Pa-t  ! Mallinck:od? Chemlca? Wozks. MCW-1401, 
iApti! 1, 1957; p. 65-71 
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FIGURE - 16 

DISTRLBUTION OF FIRING TIMES 

HELIUM PURGED 
DINGOT BOMBS 
ROASTED a NORMAL 
MAGNESIUM FLUORIDE 
LI N ERS 

45  VALUES 
TYPES 3,4,5 & 6 
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FIGURE - 17 

RELATION BETWEEN DINGOT HYDROGEN CONTENT 

AND 

FIRING TIME 

HELIUM PURGED DINGOT BOMBS 
LINED WITH ROASTED MAGNESIUM 
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F I G U R E  - 18 

n 

RELATION BETWEEN DINGOT HYDROGEN CONTENT 
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. the  c h a r g e ,  w e r e  

c o n t a i n s  t h e  r e s u  

w i t h d r a w i n g  t h e  rod t o  l e a v e  a c a v i t y .  T h e s e  h o l e s  s y m m e t r i c a l l y  s p a c e d  t h r o u g h o u t  

n t e n d e d  to provide  a r e a d y  p a t h  of e s c a p e  for t h e  bomb g a s e s .  T a b l e  111 

ts of t h e s e  e x p e r i m e n t s ,  

T a b l e  111 

k o d d e d  C h a r g e  i n  3300 P o u n d  B o m b s  

R u n  N o .  

2 1763 

21764 

21765 

21766 

21767 

21768 

A v e r a g e  

O v e r a l l  
F i r i n g  C r u d e  a c h i  n e d 
T i m e  Y i e l d  Y i e l d  H y d r o g e n  
min.  7% % P Pm 

5 10 94.87 70 ,28  

471 96.06 81.27 

410 91.47 60 -73  

2.73 

2 . 5  

4.2 

45 5 90.73 70 .33  3 .64  

450 95.90 78.91 

445 90.58  68.41 

457 93.27 71.66 

2.18 

2.62 

2.98 

T h e  a v e r a g e  h y d r o g e n  c o n t e n t  c o n f o r m s  c l o s e l y  t o  s t a n d a r d  bomb r e d u c t i o n  r e s u l t s .  

E v i d e n t l y  t h i s  method h a d  n o  a p p r e c i a b l e  affect  o n  t h e  h y d r o g e n t  c o n t e n t  of t h e  d i n g o t s  

p r o d u c e d .  

C. I g n i t e r s  

I’he u s e  of r o a s t e d  l i n e r  m a t e r i a l s  i n  d i n g o t s  h a s  c o n t r i b u t e d  to a m a r k e d  d e c r e a s e  i n  

h y d r o g e n  i n  t h e  meta l .  

a r o u n d  e i g h t  h o u r s  w i t h  XlFL l i n e r s  to a b o u t  16 h o u r s  w h e n  r o a s t e d  l i n e r s  w e r e  u s e d ,  

In o r d e r  to e v a l u a t e  s e p a r a t e l y  t h e  effect of l o n g  f i r ing  t i m e  V e r s u s  t h a t  of r o a s t e d  

l i n e r  m a t e r i a l  o n  t h e  h y d r o g e n  c o n t e n t  of d i n g o t  uran ium,  a m e t h o d  of f i r i n g  b o m b s  a f t e r  

a p r e d e t e r m i n e d  h e a t i n g  p e r i o d  w a s  n e e d e d ,  A r e s i s t a n c e  t y p e  e l e c t r i c a l  h e a t i n g  e l e m e n t  

b u r i e d  i n  t h e  U F ,  - Xlg c h a r g e  w a s  c h o s e n  as  a p o s s i b l e  m e a n s  of “ t r i g g e r i n g ”  a bomb 

r e a c t i o n .  

h e a t i n g  t ime permi t t ing  a n  e v a l u a t i o n  of t h e  effects of l o n g  f i r i n g  t i m e s  us. r o a s t e d  

l i n e r s .  A n o t h e r  p o s s i b l e  a d v a n t a g e  of s u c h  a sys t em w a s  t h a t  t h e  p h y s i c a l  l o c a t i o n  of 

t h e  p o i n t  of i g n i t i o n  of t h e  r e a c t i o n  c o u l d  b e  c o n t r o l l e d  a n d  t h e  effect  of t h i s  v a r i a b l e  

H o w e v e r ,  t h e  f i r ing  t ime fo r  t h e s e  d i n g o t s  w a s  l e n g t h e n e d  from 

U s i n g  t h i s  s c h e m e ,  r o a s t e d  s l a g  l i n e d  b o m b s  c o u l d  b e  f i r e d  a f t e r  a normal  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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on bomb y ie ld  cou ld  b e  s tud ied .  

Q 

In i t i a l  expe r imen t s  were  d i r e c t e d  toward t h e  deve lopmen t  of a magnes ium ribbon 

ign i t ed  us ing  a barium peroxide  boos te r .  T h e  2 inch  by 0.005 i n c h  th i ck  magnes ium 

igni t ion  wire w a s  looped  in to  the top  of t h e  cha rge  so  tha t  its c e n t e r  w a s  abou t  

3 i n c h e s  be low t h e  top  of t h e  cha rge .  T h e  c e n t e r  s e c t i o n  of t h e  loop  w a s  r educed  to 

%,inch by 0.005 inch  so a s  t o  provide  a ho t  s p o t  when a n  e l e c t r i c  cur ren t  w a s  p a s s e d  

through it. A mixture of 84 grams  BaO, a n d  25 grams  Mg powders  w a s  p a c k e d  around 

t h e  “ho t  s p o t ”  of the  magnes ium ribbon, 

a t t a c h e d  to  i n s u l a t e d  c o p p e r  wi re s  ex tend ing  through t h e  l id .  

a powers t a t  for  cont ro l l ing  t h e  110 vol t  power  input .  

in  F igu re  19. 

T h e  e n d s  of t h e  magnes ium ribbon were  

T h e s e  i n  turn wen t  t o  

A typ ica l  a s sembly  is shown  

Seve ra l  50 pound, a n d  12  inch  bombs, a n d  o n e  3300 pound d ingot  were  s u c c e s s f u l l y  

f i red  wi th  a magnes ium r ibbon ign i t e r ,  bu t  s e v e r a l  o t h e r s  a s s e m b l e d  i n  a s imi l a r  

manner f a i l e d  to f i r e .  A ca re fu l  d i s s e c t i o n  of t h e s e  bombs  showed  t h a t  i n  s o m e  

i n s t a n c e s  the  magnes ium ign i t e r  r ibbon h a d  b e e n  a l m o s t  comple t e ly  ox id ized  by t h e  

barium pe rox ide  during the  h e a t u p  prior t o  firing. In o the r  i n s t a n c e s  the  magnes ium 

ribbon had  mel ted  through a t  the  poin t  of junc t ion  with t h e  coppe r  l e a d  wire from t h e  

powers ta t .  1 h e  junc t ion  w a s  l o c a t e d  i n  the  s l a g  c a p  j u s t  a b o v e  t h e  UF, - Mg cha rge .  

S i n c e  t h e  bonibs were  h e a t e d  to  1150 - 1250°F,  i t  w a s  p o s s i b l e  t h a t  t h e  magnes ium 

h a d  been  weakened  or had  o x i d i z e d  t o  s u c h  a n  ex ten t  as  to form a b a d  connec t ion  

wi th  the  coppe r  wire.  

-.  

L a t e r  f i r i ngs  w e r e  made  us ing  a n  ign i t i on  s y s t e m  clonsisting of coppe r  l e a d  wi re s  

from the  powers t a t  j o ined  in  t h e  s l a g  c a p  to a%,  inch  d i ame te r  manganese-a l loy  ( h l l )  

wire  c o n n e c t e d  in  turn to a nichrome r e s i s t a n c e  co i l .  I t  w a s  c a l c u l a t e d  t h a t  the 

con tamina t ion  .of t h e  uranium meta l  from t h e  in t roduct ion  of t h e s e  ign i t ion  w i r e s  

s h o u l d  amount  to o n l y  a f e w  p a r t s  pe r  mill ion a n d  shou ld  not  c a u s e  conce rn ,  s i n c e  

t h e s e  impur i t i e s  a r e  normally very  low i n  d ingo t  uranium. It w a s  found t h a t  s u c c e s s f u l  

i gn i t i ons  cou ld  be  performed wi thout  t he  u s e  of a barium-peroxide boos te r ,  i. e.,, 

u s i n g  the  n i c h r o n e  r e s i s t a n c e  coil embedded  d i r ec t ly  in to  t h e  UF,  - Mg cha rge .  

By vary ing  t h e  l eng th  of t he  manganese-magnes ium a l l o y  wire ,  i t  w a s  p o s s i b l e  to  

p l a c e  the  nichroiiie ign i te r  a t  a n y  s e l e c t e d  pos i t i on  in  t h e  bomb, a n d  the reby  cont ro l  

t h e  e x a c t  l oca t ion  f r o m  which  t h e  bomb reac t ion  would p ropaga te  

now be ing  performed to de termine  the  b e s t  ign i t ion  pos i t ion .  

a l r e a d y  i n d i c a t e d  tha t  bonibs, in  which  t h e  r eac t ion  w a s  in i t i a t ed  a t  t h e  bottom corner ,  

l o s t  l e s s  tnagnesium through the  top  f l ange  opening  at the  t ime of fir ing,  a n d  had  

be t t e r  d ingot  s u r f a c e  q u a l i t i e s  than  t h o s e  which  were  f i r ed  nea r  t he  top .  

Expe r imen t s  a r e  

Pre l iminary  work had  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . .~ . . . . . . . . . . . . . . . .  ....................... 
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FIGURE 19 

ELECTRI CALLY 6 I RED BOMB 

ASBESTOS INSULATED COPPER  WIRE FROM POWERSTAT 

S'HlGH 3/4" DlA. PIPE FILLED 
WITH LINER MATERIAL 1 

STEEL LID 

1 1 

GROG CAP 

Mg IGNITION WIRE 

12' BOMB SHELL 

LINER MATERIAL 
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D c  Graphi te  L ine r  - 12 Inch Bomb 

T h e  e f f e c t s  of s l a g  l i n e r  proper t ies  on  t h e  hydrogen con ten t  of uranium m e t a l  formed 

in  a bomb reac t ion  have  been  e x t e n s i v e l y  inves t igaced .  Rep lacemen t  of the  MFL by 

a more sa t i s f ac to ry  l i ne r  mater ia l  might comple te ly  e l imina te  the  bomb cons t i t u t en t  

as  a hydrogen cont r ibu t ion .  

A 1 2  i n c h  s h e l l ,  l i ned  wi th  normal MFL as  a sa fegua rd ,  w a s  provided wi th  a machined  

graphi te  c ruc ib l e  to s e r v e  a’s a n  inner  l iner.  T h e  b lend  of normal UF, a n d  magnesium 

w a s  charged  in to  the  g raph i t e  l i ne r  and  topped  wi th  a g raph i t e  c a p ,  

c a p  was  then  p a c k e d  ove r  the  graphi te  disc. 

fir ing procedures .  T h e  r e s u l t s  were: 

A normal MFL 

T h i s  bomb w a s  f i red  us ing  normal 

F i r ing  190 mine 

Crude  Yie ld  93.4% 

Hydrogen 

Carbon 

4.5 ppm 

100. ppm 

Cons ide rab le  effort  w a s  requi red  to remove the  derb,y and  the  graphi te  l i ne r  had  to 

be  ch ipped  ou t  of the  s h e l l ,  

T h e  carbon p ickup by  the  derby  w a s  n o  more than  moderate.  

con ten t  w a s  equ iva len t  to the  v a l u e s  ob ta ined  with normal 12 i nch  bombs and  the  u s e  

of the  g raph i t e  a p p e a r s  to have  been  without benef i t ,  

However,  the  hydrogen 

E. L i n e r  Pe rmeab i l i t y  - 

Work h a s  been  s t a r t e d  on  de termina t ion  of the  purge-gas  ve loc i ty -p res su re  drop 

r e l a t ionsh ips  through the  cha rge  a n d  through l ine r  ma te r i a l s  of d ingot  bombs. 

Mater ia l s  under inves t iga t ion  a re :  

1. UF,  - Mg blend  

2. Vitro r o a s t e d  s l a g  

a.  a i r  c l a s s i f i e d  f i n e s  

b. through 20 mesh  

3. Standard  magnes ium fluoride l i ne r  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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T h e  test g a s  purge  a p p a r a t u s  is s h o w n  i n  F i g u r e  20. 

g l a s s  p i p e  a n d  t h e n  purged  w i t h  h e l i u m  from t h e  top .  

t h e  w e t  t es t  m e t e r ,  a n d  t h e  p r e s s u r e  drop  i s  r e a d  from t h e  m a n o m e t e r  c o n n e c t e d  to the 

t o p  a n d  bot tom of t h e - g l a s s  p i p e  s e c t i o n .  

v e l o c i t y - p r e s s u r e  d r o p  d a t a  a r e  o b t a i n e d .  

c a l i b r a t i o n s  o n  t h e  g l a s s  p i p e .  T h e  a p p a r a t u s  i s  p e r i o d i c a l l y  c h e c k e d  f o r  l e a k s  b y  

c l o s i n g  t h e  e x i t  l i n e  from t h e  g l a s s  p i p e  a n d  o b s e r v i n g  t h e  e q u a l i z a t i o n  i n  p r e s s u r e  

through t h e  tes t  c o l u m n .  

L i n e r  m a t e r i a l  is j o l t e d  i n  t h e  

T h e  f low r a t e  is  r e c o r d e d  from 

T h e  g a s  f low is t h e n  i n c r e a s e d ,  a n d  n e w  

T h e  b e d  t h i c k n e s s  is r e c o r d e d  from t h e  

E s s e n t i a l l y  t h e  s a m e  p r o c e d u r e  i s  u s e d  f o r  t h e  UF,- Mg c h a r g e ,  e x c e p t  t h a t  i t  is 

p a c k e d  by rodding  t h e  m a t e r i a l .  

V e l o c i t y - p r e s s u r e  d r o p  d a t a ,  p l o t t e d  a s  A P / L  us. , v e l o c i t y  p e r  u n i t  c r o s s - s e c t i o n a l  

a r e a ,  a r e  s h o w n  i n  t h e  f o l l o w i n g  g r a p h s .  For t h e  l i n e r  m a t e r i a l ,  t h e  number  of j o l t s  

w a s  h e l d  c o n s t a n t .  T h e  d a t a  for  t h e  s t a n d a r d  XlFL g r a p h  ( F i g u r e  2 1 )  w e r e  o b t a i n e d  

o v e r  a t h r e e - d a y  p e r i o d  from t h e  s ame  s a m p l e  of m a t e r i a l .  

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

s e c o o d  s e c t i o n  w a s  d e r i v e d  from t h e  d a t a  c o l l e c t e d  o n  t h e  th i rd  d a y .  

t h i s  b r e a k  i n  t h e  c u r v e  i s  no t  a s  y e t  u n d e r s t o o d .  

T h e  r e a d i n g s  o b t a i n e d  

T h e  

T h e  c a u s e  of 

More d a t a  a r e  n e c e s s a r y  i n  o r d e r  to d e f i n e  more c l e a r l y  t h e  c u r v e s  o b t a i n e d  f o r  r o a s t e d  

s l a g  l i n e r  m a t e r i a l  ( F i g u r e  2 2 ) .  

T h e  e x p e r i m e n t a l  d a t a  i n d i c a t e  t h a t  s t a n d a r d  M F L  o f f e r s  a t  l ea s t  t h r e e  t i m e s  more 

r e s i s t a n c e  to g a s  f low t h a n  Vitro r o a s t e d  s l a g ,  a n d  a p p r o x i m a t e l y  t e n  t i m e s  more 

r e s i s t a n c e  to g a s  f low t h a n  a UF, - Xlg b l e n d  ( F i g u r e  2 3 ) .  Vit ro  r o a s t e d  s l a g  a p p e a r s  

to o f f e r  t w i c e  as  much r e s i s t a n c e  a s  t h e  U F ,  - Xlg b l e n d .  

At  p r e s e n t ,  t h e  d a t a  c a n n o t  b e  a p p l i e d  w i t h  a s s u r a n c e  to a c t u a l  d i n g o t  l i n e r s  a n d  

c h a r g e s ,  s i n c e  i n  t h e s e  f i r s t  tests. n e i t h e r  t h e  l i n e r  m a t e r i a l  nor  t h e  b l e n d e d  c h a r g e  

w a s  p a c k e d  a s  h a r d  a s  i n  a n  a c u t a l  d i n g o t .  

T h i s  i n i t i a l  work w i l l  b e  e x t e n d e d  so t h a t  t h e  c r i t e r i a  fo r  op t imum l i n e r  m a t e r i a l s  

( i . e . ,  o n e  provid ing  maximum s t r e n g t h  a n d  minimum g a s  f l o w  i n  t h e  s i d e  l i n e r  a s  o n e  

g r a d e  a n d  a s e c o n d  t y p e  wi th  maximum p e r m e a b i l i t y  to g a s  f low for  bot tom l i n e r )  may 

b e  e s t a b l i s h e d .  

. 
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FIGURE 20 

SKETCH OF GAS PURGE APPARATUS 
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DINGOT FORGING 

R .  vii. R e c k e r  

1-1. J .  S c h a f i e r  

R .  F .  i iar t i i iann 

I. S u m m a r y  

1. D u r i n g  t h i s  q u a r t e r ,  t h e  f o l l o w i n g  q u a n t i t i e s  o f  f o r g e d  d i n g o t  b a r  s t o c k  w e r e  p r o d u c e d :  

R o u t i n e  m e t a l  for SRP s l u g s  - 89 t o n s .  

L o w  h y d r o g e n  m e t a l  fo r  HAP0 s l u g s  - 2 4  t o n s .  

B i l l e t s  for A d r i a n  g a m m a  e x t r u s i o n  3 4  t o n s .  

T o t a l  1 4 7  t o n s  

2 .  Y i e l d s  for t h e  d i n g o t  p r o c e s s  h a v e  r e m a i n e d  a t  the s a m e  l e v e l  as for t h e  p r e v i o u s  

q u a r t e r .  

3 .  T h e  r e v i s e d  s h e a r - k n i f e  u s e d  to  n o t c h  f o r g e d  d i n g o t  b a r s  g i v e s  a b r o a d e r  n o t c h  a n d  

eases  r e m o v a l  of s a m p l e s  for  a n a l y s i s .  

I1 I n t r o d u c t i o n  

A c c e p t a n c e  of d i n g o t  m e t a l  for p i l e  u s a g e  h a s  r e q u i r e d  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 emen t s  f o r  i r r a d i a t i o n  tests. 

a p p a r e n t  t h a t  t h e  m o s t  e c o n o m i c a l  s h a p e  of d i n g o t  r e q u i r e d  p r e l i m i n a r y  forming  to p r e p a r e  

i t  for  s u c c e s s f u l  r o l l i n g  a t  ?:LO. 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  

heated i n  a salt  b a t h  w o u l d  b e  s a t i s f a c t o r y  i n  r e d u c i n g  t h e  c y l i n d r i c a l  d i n g o t  to a f o r g e d  

b a r ,  w h i c h  c o u l d  e a s i l y  b e  r o l l e d .  

b e e n  r e p o r t e d  i n  p a s t  q u a r t e r l y  r e p o r t s ' ,  a n d  c u r r e n t  p r o g r e s s  is d e s c r i b e d  b e l o w .  

E a r l y  i n  t h e  i n v e s t i g a t i o n  of t h e  d i n g o t  p r o c e s s  i t  b e c a m e  

P r e v i o u s  work i n  p e r f e c t i n g  t h i s  forming  t e c h n i q u e  h a s  

Williams, F.  H.,  Schaffer, H .  J., P r o c e s s  Development Qumfer ly  Report,  Part I I ,  Mallinckrodr Chemical Works, MCW-1398 
(November 1, 1956) p. 83-88. 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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-111. D i s c u s s i o n  - 

A .  Product ion  

A s  more expe r i ence  has  been  ga ined  i n  the  manipulation a n d  press - forg ing  of 

machined  d ingo t s ,  i t  h a s  been  poss ib l e  to main ta in  production s c h e d u l e s  for s t anda rd  

a l l o c a t i o n s  and  still  fu l f i l l  a number of s p e c i a l  forging r eques t s .  

During t h i s  quar te r  89 tons  of forged  d ingo t s  were produced  for ro l l ing  to S R P  fue l  

e l emen t s .  

with hydrogen c o n t e n t s  below 2 ppm. During th i s  s a m e  period, 24 t o n s  of dingot bars  

with hydrogen below 2 ppm were s h i p p e d  for ro l l ing  to H A P 0  fue l  e l emen t s  for t e s t ing  

a t  t ha t  site. 

machined  to 6.865 inch  d iameter ,  were produced for u s e  a s  b i l l e t s  in t h e  gamma 

e x t r u s i o n  development  program.' 

T h e  me ta l  u s e d  f o r  these s l u g s  w a s  frlorn bombs  tha t  f a i l ed  to y i e ld  m e t a l  

Thirty-four tons  of d ingo t s ,  rough forged  to 7.4 inch  d iameter  a n d  

5 .  Slug  and  Dingot P r o c e s s  Yie lds  

Overa l l  s l u g  y i e l d s  from roll ing a n d  s l u g  f ab r i ca t ion  h a v e  i n c r e a s e d  s l igh t ly  during 

t h e  p a s t  quar te r .  T a b l e  I s h o w s  the  rod a n d  s l u g  y i e ld  d a t a  for S R P  type  s l u g s  

a long  with t h e  d ingo t  p r o c e s s  y ie lds .  T h e  averai;e y i e l d  from g reen  salt to good 

s l u g s  reported in  the  prev ious  quarterly '  w a s  46.;!l%. T h i s  h a s  i n c r e a s e d  to 50.47% 

during t n i s  p a s t  quar te r .  T h i s  ove ra l l  i n c r e a s e  is largely d u e  to  a n  i n c r e a s e  from 

68.53% t o  73.05% i n  t h e  s t e p  from good rods  to machined  s l u g s .  T h e  y ie ld  for the  

forging of the  s c a l p e d  d ingots  h a s  remained a b o v e  96%- 

Cf.Pi33 

Williams, F. H. ,  Schaffer, H .  J., Hartmann, R. F.. Process Development Quarterly Report, Pmt 11. Mallinckrodt Chemical 
Works, MCW-1400, (February 1, 1957) p. 97- 103. 

> I  
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10/ 17/ 56 
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111’ 24/5 6 
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11 !30/56  
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J u J i v i d u n l  a n d  O v e r a l l  Y i e l d s  for  tile D i n g o t  Process 

Green Crude Scalped Forged Good 
Salt i i ingot  1)ingot .3ar Rod 

to to to to to 
Crude Scalpcd Forged Cood Ton1 
Di 11go t I.)i rigot i3ar I<od Slug 

r, % 7 7  >x % _____ .____ 

76.70 

96.08 

76.60 

36.36 
96.97 

96.73 

96.47 

97.20 

H3.0 2 

62.31 

H 1.79 
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82.5 1 
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7 4 21 1 9 / 5 7  
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Averages 
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92.28 

9 1.06 

96.07 
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80.22 

82.64 

7 s .  77 
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66.20 

71.56 

73.88 

73.9 1 

72.40 

78.91 
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98.68 

77.5 3 
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98.06 
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6 
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6 

6 
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b 
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73.05 

Total Green 
Slug Salt 
t O  to 

Good Forged 
SI ug i3ar 

% % - 

78.40 78.57 
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96.27 74.47 

79.00 
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Forged Green 
Dar Salt 

Good Good 
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Slug Slug 
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b 

b 

b 
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b 

b 
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C. Hot N o t c h i n g  of F o r g e d  B a r s .  

-- 
e 

’The s h e a r - k n i f e  u s e d  f o r  n o t c h i n g  f o r g e d  b a r s  h a s  b e e n  r e d e s i g n e d  to g i v e  a more  

d e s i r a b l e  n o s e  c o n t o u r  to t h e  f o r g e d  b a r  s t o c k .  

quar te r ly‘  w a s  s u c c e s s f u l  i n  forming  a n o s e  c o n t o u r  on t h e  b a r  t h a t  c o u l d  e n t e r  t h e  

r o l l s  e a s i l y  a t  NLO. 

of t h e  b a r s  d u r i n g  r o l l i n g .  

to  e x p e d i t e  t h e  removal  of s a m p l e s  fo r  a n a l y s i s .  N o t c h i n g  w i t h  t h e  n e w  s h e a r - k n i f e  

h a s  not  r e s u l t e d  i n  a n y  o p e r a t i o n a l  d i f f i c u l t i e s ,  h o w e v e r  i t  a p p e a r s  t h a t  t h e  w i d t h  of 

t h e  n o t c h  s h o u l d  b e  d e c r e a s e d  s l i g h t l y  to e l i m i n a t e  flat s e c t i o n s  e x t e n d i n g  o u t  from t h e  

n o s e  of t h e  b a r  a f t e r  s a m p l i n g .  s h e a r - k n i f e .  

F i d u r e  2 i s  a p h o t o g r a p h  i l l u s t r a t i n g  t h e  c o n t o u r  of a f i n i s h e d , l i o t - n o t c h e d ,  f o r g e d  b a r  

a f t e r  t h e  a n a l y t i c a l  s a m p l e  h a s  b e e n  r e m o v e d .  

T h e  s h e a r - k n i f e  r e p o r t e d  i n  t h e  p r e v i o u s  

T h i s  ease  of e n t r y  i n  t h e  r o l l s  r e d u c e d  t h e  t e n d e n c y  for  “ f i s h t a i l i n g ”  

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

F i g u r e  1 i s  a p h o t o g r a p h  of  t h e  r e d e s i g n e d  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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Figure 1 

Redes igned  shear-knife  for Hot Notching Forged Dinqot Bars  

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



F i g u r e  2 

C o n t o u r  of a f i n i s h e d ,  h o t  n o t c h e d ,  forged  d i n g o t  bar  a f t e r  
r e m o v a l  of a n a l y t i c a l  s a m p l e .  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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DINGOT EXTRUSION 

R .  W .  B e c k e r  

J .  W .  H a n s e n  

11. J .  S c h a f f e r  

H. F. -1iar tmann 

Summary  

1. B i l l e t  t e m p e r a t u r e s  of 1800’ or 1900’F p e r m i t t e d  c o m p l e t e  gamma p h a s e  e x t r u s i o n .  

2 .  T h e  b i l l e t  w a s  nor  d i f f i c u l t  to h a n d l e  a t  1800’ o r  1900’F. 

3.  Q u e n c h i n g  t h e  e x t r u d e d  rod i n  l l o u g h t o n  L i q u i d  H e a t  No.  980 sa l t  l o w e r e d  t h e  effeCK ob 

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

4 .  T h e r e  w e r e  no p a r t i c u l a r  p r o b l e m s  w i t h  r u n o u t  e q u i p m e n t .  

S .  P a r t i a l l y  e x t r u d i n g  a g r a p h i t e  f o l l o w e r  b l o c k  e l i m i n a t e d  t h e  n e e d  for a s h e a r  o r  s a w  to 

s e p a r a t e  t h e  e x t r u d e d  rod  from t h e  b u t t .  

6 .  G l a s s  l u b r i c a n t s  a p p e a r e d  to  d e c r e a s e  d i e  w e a r  a n d  y i e l d  a l o w e r  e x t r u s i o n  c o n s t a n t  “K” 

7 .  T h e  u s e  of “ D a g ”  l u b r i c a n t s  d i d  not  a p p e a r  to  c h a n g e  the b e h a v i o r  of t h e  e x t r u s i o n .  

8. A l t h o u g h  t h e  r o d s  r e p o r t e d  h e r e w i t h  h a v e  some d e f e c t s ,  t h e y  r e p r e s e n t  a v a s t  i m p r o v e m e n t  

Over  t h e  b a d l y  b e t a  “ c h e c k e d ”  r o d s  r e p o r t e d  in t h e  p r e v i o u s  quar te r ly’ ,  

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

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

NLO without a p r i m a r y  forming  o p e r a t i o n .  A t  p r e s e n t  t h i s  s h a p e  is s c a l p e d  on a v e r t i c a l  l a t h e  

to reiiiove s u r f a c e  c o n t a m i n a t i o n  a n d  t h e n  p r e s s  f o r g e d  to a s e c t i o n  w h i c h  is s u i t a b l e  for  

r v l l i n g .  T h e  s c a l p i n g  p l u s  f o r g i n g  r o u t e  h a s  c e r t a i n  d i s a d v a n t a g e s :  

’ Wil l iams ,  F. H.. Schaf fer ,  H. J., Harrman, R.  F., Process Development Buarfrrly Repor: Part II.  Mall inckrodt C h e m i c a l  

Works, MCW 1400 (February 1, 1957) p 105-119 
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1. L a t h e  s c a l p i n g  is a s l o w  p r o c e s s  and  produces  uranium meta l  c h i p s  which  a r e  a 

problem to re - in t roduce  i n t o  the  production s t ream.  

2. Forging is a mult i - s tep  opera t ion  which  results;  i n  low volume production a n d  high 

labor  c o s t s  per pound of m e t a l  forged. 

3. Forging  is n o t  v e r s a t i l e ,  in t ha t  the  var ie ty  of s h a p e s  which  c a n  b e  produced is 

l imi ted ,  and  tooling for p o s s i b l e  va r i a t ions  is cos t ly .  

On the b a s i s  of the  inhe ren t  d i s a d v a n t a g e s  of forging, a n  ex t rus ion  p r o c e s s  w a s  c h o s e n  to 

do the  preliminary forming of the dingot i n  t h e  new production p l an t  at Weldon Spring. 

of t h e  a d v a n t a g e s  to  b e  de r ived  from th i s  fabr ica t ing  method a re :  

Some 

1. Extrus ion  c a n  poss ib ly  e l imina te  s c a l p i n g  by l eav ing  a “skin’ in the  l i ne t .  

2. Extrus ion  is a . s i n g l e  s t e p  procedure and  is a high volume production opera t ion .  

3. Bet t e r  product uniformity c a n  be e x p e c t e d  f r o m  a n  ex t rus ion ’p rocess  than  from a 

forging p r o c e s s  

4 -  T h e  var ie ty  of s h a p e s  wh ich  c a n  b e  produced  is no t  l imi t ed  by the  p r o c e s s .  

s e c t i o n s  a r e  a l s o  p o s s i b l e  with a n  ex t rus ion  p rocess .  

Hollow 

In order  to  r e d u c e  the  c o s t  of c a p i t a l  equipment,  i t  w a s  d e c i d e d  t h a t  the  preliminary 

ex t rus ion  of d ingo t s  would b e  done  i n  the  gamma p h a s e ,  where t h e  force  requi red  to deform 

t h e  d ingot  would  b e  a b o u t  one  tenth of t h a t  which  would b e  n e c e s s a r y  to ex t rude  i n  the  

a l p h a  p h a s e G  A deve lopmen t  program, in i t i a t ed  to p i lo t  the  gamma ext rus ion  p r o c e s s  for 

the  Weldon Spring p l an t , i s  repor ted  below.. 

T h i s  work h a s  been  conduc ted  by the  Br idgepor t  B r a s s  Company, i n  Adrian,  Michigan as a 

jo in t  program wi th  the  Mallinckrodt Chemica l  Works, 

ex t rus ion  p r e s s  u s e d  a t  Adrian,  t h e  b i l l e t s  h a v e  been  l imi ted  to 6’4 i n c h e s  d iameter .  

b i l l e t s  a r e  machined  from rough forged d ingot  rounds .  

B e c a u s e  of s i z e  l imi t a t ions  of the  

T h e s e  

P r e v i o u s  work’ hap  deve loped  the 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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f o l l o w i n g  c o n c l u s i o n s :  

1 .  A b i l l e t  t e m p e r a t u r e  of 1700’F i s  too low to p e r m i t  c o m p l e t e  e x t r u s i o n  i n  t h e  gamma p h a s e  

u s i n g  a l i n e r  c o n t r o l  t e m p e r a t u r e  of 800’F.  

2.  F o l l o w e r  b l o c k s  h e a t e d  to t h e  1700’F b i l l e t  t e m p e r a t u r e  w e r e  b e n e f i c i a l  i n  r e d u c i n g  t h e  

h e a t  loss from t h e  r e a r  of t h e  b i l l e t  a n d  t h e r e b y  l e d  to more c o m p l e t e  e x t r u s i o n  i n  t h e  

gani ina p h a s e  

3 .  U s e  of a 2 .910  i n c h  I .D.  d i e ,  w h i c h  g a v e  a p p r o x i m a t e l y  t h e  s a m e  r e d u c t i o n  r a t i o  a s  w i l l  

b e  u s e d  fo r  f u l l  s i z e  dingot e x t r u s i o n  a t  Weldon Spr ing ,  r e s u l t e d  i n  a n  e x t r u d e d  rod w h i c h  

g a v e  n o  s e r i o u s  h a n d l i n g  p r o b l e m s .  

E x  perini e n  t a l  R e  s ult  s 

T h e  th i rd  ( J a n u a r y  1 7 t h  a n d  1 8 t h ,  1957) a n d  f o u r t h  ( F e b r u a r y  28th  a n d  March 1, ‘1957) e x t r u s i o n  

programs at a r i d g e p o r t  3 r a s s  C o m p a n y ,  w e r e  c o n d u c t e d  to d e t e r m i n e :  

1. T h e  effect of 18003 ‘and 1900’F b i l l e t  t e m p e r a t u r e s  on  c o m p l e t e n e s s  of e x t r u s i o n  i n  t h e  

gamma p h a s e .  

2. T h e  i n f l u e n c e  of g l a s s  l u b r i c a n t s  o n  t h e  l i f e  of f low t y p e  d i e s  u s e d  wi th  c o n e s .  

3. T h e  r e l a t i o n s h i p  of ram s p e e d  to the s u r f a c e  q u a l i t y  of the e x t r u d e d  rod 

4 .  A c o m p a r i s o n  of t h e  s u r f a c e  of t h e  b u t t  e n d  of t h e  rod o b t a i n e d  w h e n  g r a p h i t e  o r  s teel  

f o l l o w e r  b l o c k s  ( a l l  h e a t e d  to t h e  t e m p e r a t u r e  of t h e  b i l l e t )  w e r e  u s e d .  

5 .  T h e  effect of t h e  t y p e  of f o l l o w e r  b l o c k  on t h e  a m o u n t  of b u t t  m e t a l  left  i n  t h e  c o n t a i n e r ,  

6. T h e  effect of “ D a g ”  l u b r i c a n t s  on d i e  l i f e ,  the e x t r u s i o n  c o n s t a n t  “ K ” ,  a n d  t h e  s u r f a c e  

of t h e  e x t r u d e d  rod.  

D u r i n g  t h e s e  t w o  p r o g r a m s  a total of 3 3  d i n g o t  m e t a l  b i l l e t s  w e r e  e x t r u d e d .  

6.865 i n c h e s  i n  d i a m e t e r  a n d  1 4  to 18 i n c h e s  long .  

i l o u g h t o n  L i q u i d  i leat  No. 1450 salt a n d  e x t r u d e d  a t  a maximum ram s p e e d  of a b o u t  250 i n c h e s  

p e r  minute .  

Oil  ‘‘Dag” l u b r i c a n t  w a s  s p r a y e d  on t h e  i n s i d e  of t h e  l i n e r  a n d  d i e  b e f o r e  some of t h e  b i l l e t s  

w e r e  e x t r u d e d .  

i n c l i n e d  p l a n e  c o v e r e d  w i t h  ground g l a s s ,  a n d  a g l a s s  p a d  w a s  p l a c e d  a g a i n s t  t h e  c o n e .  

T h e s e  b i l l e t s  w e r e  

T h e y  w e r e  h e a t e d  to 1800’ o r  19003F i n  

When f o l l o w e r  b l o c k s  w e r e  u s e d ,  t h e y  w e r e  h e a t e d  w i t h  t h e  b i l l e t s  i n  t h e  s a l t  b a t h .  

The  g l a s s  l u b r i c a n t s  w e r e  a p p l i e d  to t h e  b i l l e t s  by r o l l i n g  t h e  b i l l e t s  o v e r  a n  

. . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . . .  . . . . . . . . . . . . .  
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I 

A 7 .50  i n c h  I.D. l i n e r  a n d  E l e c t r i t e  No. 1 h i g h  s p e e d  s t e e l ,  f l o w  t y p e  d i e s  w i t h  a 2 .910  

i n c h  o r i f i c e  w e r e  u s e d .  

T h e  d i e s  h a n  a n  

is s h o w n  i n  F i g u r e  1. 

four th  p r o g r a m s  i n  the f o l l o w i n g  m a n n e r :  

T h e  steel  for t h e s e  d i e s  w a s  p r o d u c e d  by  L a t r o b e  Steel C o r p o r a t i o n  

i n c h  i n l e t  r a d i u s  a n d  a i n c h  l e n g t h  of l a n d .  A d r a w i n g  of these  d i e s  

The  33 b i l l e t s  m e n t i o n e d  a b o v e  w e r e  e x t r u d e d  d u r i n g  t h e  t h i r d  a n d  

I 

1. T w e l v e  b i l l e t s  w e r e  e x t r u d e d  a t  1800'F u s i n g  maximum ram s n e e d ,  i n  some cases  

w i t h o u t  f o l l o w e r  b l o c k s  a n d  i n  o t h e r  i n s t a n c e s  w i t h  g r a p h i t e  o r  steel f o l l o w e r  b l o c k s  

h e a t e d  to 180O9F.  F l o w  t y p e  d i e s  w e r e  u s e d  w i t h o u t  c o n e s .  O i l  'Dag" 4 isDers ior . s  

w e r e  u s e d  for l u b r i c a t i n g  t h e  d i e s  a n d  l i n e r  o n  s i x  of t h e s e  b i l l e t s .  

2.  T w e l v e  b i l l e t s  w e r e  e x t r u d e d  a t  1900'F w i t h  g r a p h i t e  o r  steel f o l l o w e r  b l o c k s  

h e a t e d  to  1900'F, o r  no f o l l o w e r  b l o c k  at all. Oth,er  c o n d i t i o n s  w e r e  t h e  s a m e  a s  for  

t h e  f i r s t  t w e l v e  b i l l e t s .  

3. Eight b i l l e t s  w e r e  e x t r u d e d  a t  1800'F u s i n g  maximum r a m  speed,  g r a p h i t e  o r  s teel  

f o l l o w e r  b l o c k s  h e a t e d  to 1 8 0 0 ° F ,  a n d  t h r e e  t y p e s  of g l a s s  l u b r i c a t i o n .  

4. O n e  b i l l e t  w a s  e x t r u d e d  w i t h  a f low die a n d  c o n e  and  no g l a s s  l u b r i c a t i o n  o r  h e a t e d  

f o l l o w e r  b l o c k  as a c h e c k  on t h e  p r e v i o u s  e i g h t .  

T h e  data c o n c e r n i n g  b i l l e t  t e m p e r a t u r e s ,  r a m  s p e e d ,  t y p e  of f o l l o w e r  b l o c k ,  a n d  l u b r i c a t i o n  

f o r  t h e s e  b i l l e t s  a r e  c o m p i l e d  i n  T a b l e  I. 
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T a b l e  I 
D a t a  S h e e t  for Third a n d  Four th  Gamma E x t r u s i o n s  at Br idgepor t  B r a s s  Company,  
Adrian.Michigan. on J a n u a r y  17 ,  Februa ry  28, a n d  biarch 1, 1957  - 

Time 
of 

D+Y h1CW xo.  

January 17, 1957 

12~25pm 2169'7D 

2:38pm 21653B 

2:5Opm 21653D 

3:05pm 21658A 

February 28, 1957 

1: 20pm 

1: 35 pm 

1:50pm 

2: lOpm 

2: 30pm 

2: 5 Opm 

3: OOpm 

3: 15pm 

3:55pm 

4:05pm 

4i20pm 

4: 32pm 

a 
Tool 

21587A 

21612D 

2158713 

216293 

21612C 

216138 

21587D 

21629D 

216123 

2155 7A 

2155611 

21556C 

BrBC 
Billet  

No. 

16 

17  

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Die 
TY Pe 

flow 

flow 

flow 

flow 

flow No. 8 
with cone 

f low No.8 

flow No. 8 

flow No. 7 

flow No. 7 

flow No.7 

flow iq0,7 

flow 3 0 . 7  

flow No, 7 

f low No.7 

flowNo.7 

flowNo.7 

Lubrication __ 
Die a n d  
Container 

oil dag 

none 

oil  dag 

none 

none 

oil dag 

oi l  dag 

none 

none 

oil dag 

none 

oil dag 

none 

none 

oil dag 

none 

oxen and liner temperature w a s  800'F. 

Billet  and block tenverature v,as 1800'F 

a i l l e t  _- 

salt 

salt 

salt 

salt 

sa l t  

s a l t  

s a l t  

salt 

s a l t  

s a l t  

s a l t  

s a l t  

sa l t  

s a l t  

s a l t  

s a l t  

Transfer 
Time 
s e c  

Extrusion 
Time 
sec 

10,9 

140 

97 
87 

104 

116 

73 

92 

85 
108 

76 

85 

70 

111 

93 

100 

5.0 

4.7 

4.2 

4.2 

3.6 
4.8 

4.2 

3.6 

4.2 

4.2 

4.2 

4.8 

4.8 

4.8 

4.8 

4.8 

C Billet  temperature <'as 1800°, block temperature w a s  83OoF 

Billet  and block temperature w a s  1900'F. 

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



1 i ea t ing  
Ti me 
~niiis 

75 

55 
45 
45 

66 
75 

7 3  

80 

60 

70 

65 
61 

75 

7s 

75 

72 

gillet 
Length  
inch 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

17% 

17% 

17?{ 

15 

15 

14% 

3 U t t  
Length  

in .  

Length  of 
Billet  

Extruded 
i n .  

Ram 
Speed  
ca lc ;  

in/min 

17% 

17% 

17% 

17% 

17% 

17% 

17% 

17:; 

17'4 

17;; 

17% 

17% 

17% 

15 

15 

14'1; 

2 10 

2 24 

250 

245 

300 

225 

257 

300 

257 

257 

255 

223 

222 

188 

188 

186 

Fol lower 
S lock  
T y p e  

b graphi te  

s t e e l b  

s tee l '  
graphi te  b 

b none 

steel' 
b none 

b s tee 1 

graphi te  

s t e e l  b 

b n o n e  
graphi te  b 

none d 

s t e e l  d 

d steel 

graphi te  " 

Remarks' 

d i e  s t r i a t e d  
s l i g h t l y  f r o n t  
to r e a r  

d i e  o i l  q u e n c h e d .  
t o o  l a r g e  for  
h o l d e r  

g r a p h i t e  s t u c k  
to billet side 

p u s h e d  g r a p h i t e  
out die 

g r a p h i t e  s t u c k  
to s i d e  

continued on next page 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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T a b l e  1 continued 

D a t a  s h e e t  for Th i rd  a n d  Four th  Gamma E x t r u s i o n s  

-. 
I m e  
of 

Day MCW No. 

March 1, 1957 

8 25am 

8 35am 

8,45am 

8:55am 

9: 18am 

9: 25am 

9 35am 

9:55am 

10: 0 5 am 

10: 20arr1 

10*35am 

11: l o a m  

ll:20am 

l l : 3 5 a m  

llc45am 

12:OOnoon 

12:08pm 

2 165 3C 

216443 

2 1658C 

2 l658B 

2 165 1A 

21644D 

21563D 

21658U 

2 1644A 

21670D 

2 1670A 

2 1670C 

216713 

21644B 

21671D 

21670B 

2167 1A 

ikBC 
Aillet 

\ -  .\o. 
Die 

Type 

Lubrication 

Die and 
Container 

32 

33 
34 
35 
36 

37 

38 
39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

flow No.7 

flow N0>7 

flowNo 7 

flow N o  7 

flow No, 7 

flow N O .  7 

flow No. 7 

flow "0.7 

now No. 3 
with cone 

flow No. 3 
with cone 

flow No. 3 
with cone  

flow No. 3 
with cone 

flow No.  3 
with cone  

flow No. 3 
with cone 

f low No.3 
with cone 

flow No 3 
with cone 

f low S O .  3 
wi th  cone 

oil dag 

oil dag 

oil dag 

none 

o i l  dag 

none 

o i l  dag 

none 

No, 2 

No. 2e 

No. 4e 

No. 3e 

so 3e 

N o  4" 

No. 4e 

No. 2e 

none 

d i l l e t  __ 

sa l t  

salt 

salt 

salt 

salt 

salt 

sa l t  

salt 

salt 

Salt+e 
No. 2 

Salt +, 
No. 3 

Salt +e 

salt; 

No. 3 

No 3 

Salt; 
No. 4 

salt; 
No. 4 

Sal c -e- 
No. 2e 

salt 

Transfer 
Ti me 
sec 

104 

82 

83 

96 
66 

90 

83 
85 

10 0 

112 

102 

110 

3 8  

10 2 

10 8 

10 5 

GO 

Extrusion 
Time 
s ec 

4.8 

4.2 

4.8 

4.2 

4.2 

4.2 

3.6 
4.2 

4.8 

4.2 

4.2 

4.8 

6.0 

4.8 

4.2 

4.8 

4.8 

T h e  No.. 3 d i e  from 3 3 C  numbers  40  to 4 8  w a s  in  good condi t ion  a t  t h e  end  of t h i s  s e r i e s .  
a Tool o v e n  a n d  l i n e r  tempera ture  w a s  830'F. 

B i l l e t  a n d  b lock  tempera ture  w a s  1800'F 
Biller temperature was  1800'. block tempernt:.re n a  s 830°b. 
F i l l e t  a n d  b lock  t empera tu re  w a s  1900'E" 

: . ; u B ~ e r . ~ n ~ i c ~ ~ . 6 ~ p ~ ~ ~ ~ ~ a s 4 . .  i .I i { 

C 
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Length of 
Aillet 

Extruded 
in. 

Ram 
Speed 
calc.  

in/min 

Billet  
Length 
inch 

Butt 
Length 

in. 

ileating 
Time 
mins 

Follower 
Block 
Type 

a Remarks 

d none 
graphite d 

s tee l  
graphite d 

d none 
d s tee l  

graphite d 

d 

73 
50 

50 
50 
48 

45 

15% 
15 % 
17% 
17% 

16>: 
IS%, 
15% 

17% 

15% 
15% 

- - -  

192 
25 1 

2 19 
247 

234 
221 
2 54 

245 

0 

45 

50 noned 

graphite b 43 18 225 %in: of g l a s s  left on 
cone, bil let  missed stop 

s tee lb  50 18 257 2 inch of g las s  left 
on csne 

b graphite 55 

85 

72 

18 

18 

18 

25 7 2 inch of glass left  
on cone 

b s tee l  :< inch of g l a s s  left  
on cone 

2 25 

180 graphiteb 2 inch of g l a s s  left 
on cone 

b graphite 72 

67 

18 

18 

225 1 '  ,: mch of g l a s s  left  
on cone 

b s tee l  257 %in. of g l a s s  left on 
cone; missed stop, g l a s s  
on  top of billet only 

graphi re b 46 

41 

18 2 25 $in. of glass left on 
cone; missed stop, g l a s s  
on top of billet only 
file in good condition 

b none 18 225 

. . . . . . . .  ....... : :.. : :.. .. 
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- 

During the third program, the  b a s k e t  hange r s  for suppor t ing  t h e  b i l l e t s  i n  t h e  salt ba th  broke, 

dropping the  b i l l e t s  i n t o  t h e  sal t  ba th  T h e  s t a i n l e s s  s t e e l  suppor t  members were made  

- 
lbid 

............ . . . . . .  . ’-. :. : :. **: :: 

. . . . . . . . . . . . . .  ..? ... . e :  *.: 
. . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . .  

c- . . ._ _ _ ~  . 

h e a v i e r  i n  t h e  hange r s  u s e d  during the  fourtii prograin to g ive  them more s t ruc tu ra l  s t r eng th  

a t  18003 ‘or 1900°F. T h e  o r ig ina l  hange r s  i nden ted  the  b i l l e t s  wi th  a groove  1% i n c h e s  d e e p  

a n d  th ree  i n c h e s  long a t  t h e  a r e a s  of  c o n t a c t  be tween  t h e  b i l l e t s  and  the  s t a i n l e s s  s t e e l  

h a n g e r s ,  T h i s  grooving w a s  e l imina ted  i n  the  f o u r t h  program by t h e  u s e  of a mach ined  

g raph i t e  pad on t h e  bottom of the  hange r  a n d  woven a s b e s t o s  c lo th  s p a c e r s  o n  t h e  top  e d g e .  

During t h e  third program four b i l l e t s  were  e x t r u d e d  be fo re  the  sal t  ba th  s p r a n g  a l e a k .  

T h e s e  four  rods  were  ex t ruded  i n t o  a g raph i t e  trough f i l l e d  wi th  Houghton  L iqu id  i l e a t  

N o  980 sa l t  to  r e d u c e  s u r f a c e  oxida t ion .  In the fourth program the  r o d s  were  ex t ruded  in to  

a n  empty g raph i t e  trough a n d  were  then  ro l led  o v e r  a bed  of Houghtoo L i q u i d  H e a t  No, 980 

s a l t .  This p r a c t i c e  w a s  e q u a l l y  e f f ec t ive  i n  reducing  s u r f a c e  oxida t ion‘  

T h e  d i e  u s e d  f o r  t he  four  e x t r u s i o n s  of the  th i rd  program grooved o n  the  i n l e t  r a d i u s ,  

i nd ica t ing  a n e e d  fo r  a n  improved  d i e  des ign .  

u s e d  for s e v e n t e e n  e x t r u s i o n s  dur ing  t h e  fourth program, showing  g rooves  of t h i s  s a m e  type .  

F i g u r e  2 i s  a photograph of  a s i m i l a r  d i e  

T h e  ex t ruded  rods  when  v i e w e d  after c l e a n i n g ,  exh ib i t ed  c e r t a i n  sha l low s u r f a c e  d e f e c t s  i n  

s o m e  c a s e s  cove r ing  u p  to  two- th i rds  she a r e a  of t h e  rod ,  However,  t h e s e  d e f e c t s  were  no t  

SO s e v e r e  nor of t he  s a m e  type  as  t h o s e  repor ted  i n  the p rev ious  q ~ a r t e r l y . ~  F i g u r e s  3 - 10 

a r e  photographs  s h o w i n g  the  s u r f a c e  qua l i t y  of t h e s e  rods .  

c h e c k e d  o n  the  but t  e n d  d u e  to t h e  b i l l e t s  coo l ing  in to  the  be ta  p h a s e  dur ing  ex t rus ion .  

None  of t h e s e  rods  w a s  bad ly  

F i g u r e  3 i l l u s t r a t e s  t he  l e a d  e n d  of a rod free from s u r f a c e  d e f e c t s ,  In Figure 4 is shown the 

back  e n d  D f  a rod e x t r u d e d  without a fo l lower  b lock ,  

me ta l  by running  t h e  dummy block  a g a i n s t  the  f a c e  oil‘ t h e  d i e .  F i g u r e  5 g i v e s  a v i ew of 

the  bu t t  e n d  o f  a rod in  wh icn  the  h e a t e d  g r a p h i t e  fo l lower  b lock  w a s  par t ia l ly  ex t ruded .  

T h i s  au tomat i ca l ly  s e p a r a t e d  t h e  rod from t h e  butt .  

end  of t h e  rod is shown  i n  F i g u r e  6 -  
a con t inua t ion  o f  t h e  e x t r u s i o n  d e f e c t  emerging  out she s i d e  of the  rod 

defec t ’?  is a c h a r a c t e r i s t i c  f law encoun te red  in  ex t rus ion  c a u s e d  primarily by t h e  rough,  

a x i d i z e d  o u t e r  s u r f a c e  o f  t h e  b i l l e t  f lowing into t h e  cent’er of the  ex t rus ion ,  B e c a u s e  of 

T h i s  rod w a s  s e p a r a t e d  from t h e  butt  

,4 ho le  in  a rod  su r face  toward  t h e  back  

A s e c t i o n  through t h i s  d e f e c t  i n d i c a t e d  t h e  h o l e  to be  

““Pipe9P o r  Rex t rus ion  



A 

F i g u r e  3 

L e a d  e n d  of R o d  26 s h o w i n g  t h e  s u r f a c e  of a g o o d  rod: 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
O D  9 0 0  0 0 0 0  D 0 0 0  D O  0 0 n - P C  - 0  

F i g u r e  2 

D i e  u s e d  for  s e v e n t e e n  e x t r u s i o n s  d u r i n g  t h e  f o u r t h  p rogram 

\ 



F i q u r e  4 

Butt  e n d  of  rod 32 ,  which  w a s  extruded wi thout  a f o l l o w e r  b lock .  

F i g u r e  5 

But t  e n d  of rod  27,  i n  w h i c h  graphite  f o l l o w e r  b l o c k  w a s  
par t ia l ly  extruded.  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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Fieure 6 

Hole near butt end of rod 37 from the “extrusion defect”’ 
einerginq at th: s ide  of t!le rodo 

Figure 7 

‘Scabbing” Dn rod 33- 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
0 1  a e n  D 3 0 0  o D 0 0  0 0  o c - 1 c  - c  
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Figure 8 

one  to its right is opened. 
B l i s t ers  on rod 36. One bl i s ter  has  been opened a n d  the other 

Figure 9 
Both Bl i s t ers  on rod 36 opened. 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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Figure  10 

Gouging  on R o d  47, w h i c h  was e x t r u d e d  w i t h  glass  l u b r i c a n t s .  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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i n t e r f a c i a l  f r i c t i o n  w i t h  the l i n e r  w a l l ,  t h e  f o r w a r d  f l o w  of t h e  b i l l e t  “ s k i n ”  is r e t a r d e d ,  

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

b l o c k  e n d  of the b i l l e t  to f l o w  coward  the  center  a n d  then toward the  d i e  orifice. T h e  resu l t  of 

t h i s  ac t ion  is tha t  the bi l le t  turns  ins ide  out. T h e  point at which the  sk in  f i rs t  emerges  as 

the extruded product is usua l ly  expec ted  to be i n  the  last 5 to 10% of t h e  rod to l e a v e  the  die. 

T h i s  c a u s e s  t h e  s k i n  a t  t h e  dummy 

i n  

F i g u r e  7 i l l u s t r a t e s  a . ’ scabbings5  d e f e c t  o n  tiie c e n t e r  s e c t i o n  of a n  e x t r u d e d  rod. T h e  c a u s e  

of t h i s  t y p e  o f  d e f e c t  is a m u c h  d e b a t e d  q u e s t i o n  a m o n g  a u t h o r i t i e s  o n  e x t r u s i o n  O n e  theory  

is t h a t  

l a y e r  s u r r o u n d e d  by a s o u n d  c e n t r a l  por t ion  a n d  c l e a n  o u t e r  l a y e r  

g l a s s  l u b r i c a t i o n  on  t h e  b i l l e t  w o u i d  f o l l o w  the s k i n  i n t o  t h e  O‘scabPP. 

n o t  b r e a k ,  t h e y  t a k e  t h e  form of ” b l i s t e r s P P  s u c h  as a r e  s;bown i n  F i g u r e s  8 a n d  9 .  

c a n  b e  d u e  to t h e  b i l l e t  o x i d e  s k i n ,  e x t r u d i n g  to dorm a th in  s u b s u r f a c e  

Any s a l t ,  “Dag” ,  o r  

If these ‘ s c a b s ’  d o  

In F i g u r e  10 is s h o w n  a “ g o u g e d P P  r o d ,  

w i t h  g l a s s  l u b r i c a n t s .  

t h e  g l a s s  w a s  no t  comple te ly  f u s e d  dur ing  t h e  m o m e n t  of e x t r u s i o n  a n d  t h e  h a r d  g l a s s  

p a r t i c l e s  h a d  g o u g e d  t h e  rod .  

T h i s  d e f e c t  h a s  b e e n  f o u n d  l a r g e l y  on r o d s  e x t r u d e d  

F r o m  t h e  a p p e a r a n c e  of t h e s e  g o u g e s  o r  g r o o v e s ,  i t  w o u l d  a p p e a r  t h a t  

When t h i s  i n f o r m a t i o n  is c o m p l e t e  a more  thorough e v a l u a t i o n  of t h e  v a r i a b l e s  i n  t h i s  

e x p e r i m e n t  c a n  be  m a d e &  i-Iowever ,  t h e  f o l l o w i n g  observ led  r e s u l t s  a r e  p e r t i n e n t :  

1,  T h e r e  w e r e  n o  p a r t i c u l a r  r i i echanica l  h a n d l i n g  p r o b l e m s  w i t h  d i n g o t  m e t a l  b i l l e t s  

h e a t e d  to 1800’F o r  1900’F 

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

T h e  billets d i d  iiot sag n o t i c e a b l y  i n  Khe b i l l e t  h a n g e r s .  

2 T h e  r o d  e x t r u d e d  through a 2910 i n c h  d i e  from a 180Ou o r  1900’F b i l l e t  h a n d l e d  a b o u t  
l i k e  b r a s s .  F r o m  t h i s  i n f o r m a t i o n  r u n o u t  e q u i p m e n t  f o r  Weldon S p r i n g  may b e  d e s i g n e d  

o n  t h e  b a s i s  of b r a s s  c h a r a c t e r i s t i c s ‘  

3. T h e  g r a p h i t e  f o l l o w e r  b l o c k s  u s e d  w e r e  parKially v x t r u d e d  w i t h  t h e  b i l l e t .  

t e c h n i q u e  s e v e r e d  tiie e x t r u d e d  rod from t h e  b u t t  m e t a l  h e l d  u p  i n  t h e  d i e .  

i n d i c a t e s  the  p r a c t i c a b i l i t y  of e l i m i n a t i n g  t h e  u s e  of a s h e a r  or s a w  from t h e  

d e v e l o p m e n t  work a t  D o w  C h e m i c a l  a n d  t h e  p r o d u c t i o n  o p e r a t i o n  a t  Weldon S p r i n g  

A v o i d a n c e  o f  t h e  n e e d  f o r  s h e a r i n g  or  s a w i n g  obe butt o b v i a t e s  o n e  s o u r c e  of a i r  

c o n t a m i n a t i o n  from o x i d a t i o n  of  a f r e s h  u n p r o t e c t e d  s h e a r e d  or s a w e d  s u r f a c e .  

T h i s  

T h i s  

4 T n e  d i e s  w e r e  i n s p e c t e d  a f t e s  e a c h  p u s h  for  w e a r .  

g r o o v e d  from t h e  d i e  face t o  the  l a n d  a f t e r  f o u r  p u r s h e s ’  

The i n l e t  of t h e  f i r s t  d i e  w a s  

T h e  s e c o n d  d i e  w a s  u s e d  for  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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5 .  

6. 

7 .  

T y p e  

7 

3 

4 

s e v e n t e e n  e x t r u s i o n s  a n d  o n  r e m o v a l  w a s  f o u n d  to be g r o o v e d  i n  t h e  s a m e  m a n n e r  a s  t h e  

f i r s t .  T h e  th i rd  d i e  u s e d  w i t h  g l a s s  l u b r i c a n t s  w a s  i n  g o o d  c o n d i t i o n  a t  t h e  e n d  of 

8 p u s h e s  b u t  o n e  f u r t h e r  p u s h  w i t h o u t  g l a s s  s t a r t e d  g r o o v e s  o n  t h e  i n l e t  r a d i u s  

S o m e  e v i d e n c e  w a s  g i v e n  t h a t  g l a s s  l u b r i c a n t s  d e c r e a s e  t h e  e x t r u s i o n  c o n s t a n t  - K n  

T h e  g a u g e  b e i n g  u s e d  a t  t h e  p r e s e n t  t ime t o  r e a d  t h e  ram t h r u s t  c a n n o t  b e  r e a d  

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

g a u g e  w i l l  b e  a t t a c h e d  to t n e  ram tor t h e  n e x t  p r o g r a m ,  t o  m a k e  p o s s i b l e  more  a c c u r a t e  

m e a s u r e m e n t  of t h e  rail1 t h r u s t .  

A s t r a i n  

T a b l e  I s t i p u l a t e s  t h e  ca ses  w h e n  t h e  “ D a g ”  l u b r i c a n t  w a s  a p p l i e d  to t h e  l i n e r  a n d  die  

b e f o r e  e x t r u s i o n .  

s u r f a c e  q u a l i t y  o f  t h e  e x t r u d e d  r o d ,  o r  t h e  a m o u n t  of d i e  w e a r  w h e n  “ D a g r s  w a s  u s e d .  

O u e  e x p l a n a t i o n  for t h i s  may be  t h a t  s i n c e  “ D a g ”  is  a p o w d e r e d  g r a p h i t e  p r o d u c t  w h i c h  

c a n  a d h e r e  to s t e e l ,  i t  c o u l d  affect  t h e  o p e r a t i o n  f o r  s e v e r a l  p u s h e s  a f t e r  i t s  a p p l i c a t i o n ,  

T h e r e  w a s  n o  n o t i c e a b l e  d i f f e r e n c e  i n  t h e  e x t r u s i o n  c o n s t a n t  “ K ” ,  t h e  

T h e r e  w a s  no n o t i c e a b l e  d i f f e r e n c e  i n  b e h a v i o r  b e t w e e n  t h e  v a r i o u s  g l a s s  l u b r i c a n t s  

u s e d .  

I l i g h l a n d  P a r k ,  I l l i n o i s .  T h e  c o m p o s i t i o n s  of t h e s e  g l a s s e s  a r e  s h o w n  b e l o w :  

T h e s e  g l a s s  w e r e  p u r c h a s e d  by D B C  from the T h o m a s  C. T h o m a s  C o m p a n y ,  

f’ urchase  s, 77 x 40 s, s, % 
N uni be r p a 0 5  AlaO, Sa@ KaO Z n O  P b O  3a0  - - - - -  

_ _ -  - - -  TCr-1832-YZ 42.11 2 6 . 3 2  15 .73  11.58 4.21 

- - -  TCT-1852-Y3 40.0 25.0 15.0 11.0 4,O 5.0 

5.0 _ - -  TCT-1852-Y4 40.0 25.0  15,O 11.0 4.0 

T h e  g l a s s ,  o v e r  w h i c h  t h e  b i l l e t s  w e r e  r o l l e d ,  w a s  g r o u n d  to -100  m e s h .  

fo r  t h e  n o s e  w a s  f o r m e d  by m i x i n g  10% by w e i g h t  w a t e r g l a s s  w i t h  g l a s s  g r o u n d  to -20, e l 0 0  

m e s h  a n d  t h e n  d r y i n g  f o r  24  hours. 

The s h a p e d  g l a s s  p a d  

F u t u r e  Kork 

T h e  p u r p o s e  of t h e  n e x t  p rogram is to d e t e r m i n e  t h e  effect  of g l a s s  l u b r i c a n t s  o n  d i e  life. 

d i e s  of t h e  s a m e  d e s i , n  a n d  m a t e r i a l  w i l l  b e  u s e d .  

l u b r i c a n t s  u n t i l  f a i l u r e .  

f a i l u r e .  

S i x  

T h r e e  of these  d i e s  w i l l  be  u s e d  w i t h  g l a s s  

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

In O n e  b i l l e t  w i l l  b e  p u s h e d  e v e r y  10 to 15 m i n u t e s  t h r o u g n o u t  t h i s  e x p e r i m e n t .  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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a d d i t i o n  to t h e s e  v a r i a t i o n s  t h e  f o l l o w i n g  f a c t o r s  w i l l  b e  k e p t  c o n s t a n t :  

1. hiaximum r a m  s p e e d ,  

2 18OO0f; b i l l e t  a n d  f o l l o w e r  b l o c k  t e m p e r a t u r e .  

3. 

4. 

5 .  

G r a p h i t e  f o l l o w e r  b l o c k  w h i c h  w i l l  be  p a r t i a l l y  e x t r u d e d .  

D i e  m a t e r i a l  w i l l  b e  R e x  A A  h i g h  s p e e d  steel or sin e q u a l  m a t e r i a l .  

F l o w  d i e s  of t h e  same d e s i g n  a s  t h e  four th  program w i l l  be u s e d .  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
e a  sa. * . m .D .. . e.. Y . e .  0 .  
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UO, FUEL ELEMENTS 

R .  B .  Wrinkle 

C .  51. H e n d e r s o n  

I. Summary 

F u r t h e r  t es t s  on  MCW UO, a n d  UO, w e r e  m a d e  i n  a r u b b e r - l i n e d  M i c r o n i z e r  i n  o r d e r  to o b t a i n  

more of t h e s e  m a t e r i a l s  for  e v a l u a t i o n  s t u d i e s  of impur i ty  p i c k u p  a n d  f u e l  e l e m e n t  p o w d e r  

q u a l i t y .  

m i c r o n i z i n g  UO, c a n  b e  h e l d  within t h e  WAPD UO, c h e m i c a l  s p e c i f i c a t i o n s .  C a r b o n ,  from 

t h e  r u b b e r  l i n i n g  of t h e  M i c r o n i z e r ,  w a s  t n e  m a j o r  impur i ty  p i c k e d  up dur ing  m i c r o n i z i n g  of 

hlCW UO,. 

e x p e c t e d  t h a t  more c o m p l e t e  c o a t i n g  of t h e  M i c r o n i z e r  u n i t  w i l l  r e d u c e  t h e  p i c k u p  of t h i s  

impur i ty  to a n  a c c e p t a b l e  l e v e l .  

On the b a s i s  of t h e s e  g r i n d i n g  tes t s  i t  a p p e a r e d  t h a t  t h e  p i c k u p  of i m p u r i t i e s  i n  

T h e  N i  c o n t e n t  of h l i c r o n i z e d  G O ,  e x c e e d e d  t h e  WAPD l i m i t s  by  5 ppm,  but  i t  is 

Uranium d i o x i d e  m a d e  from m i c r o n i z e d  UO, w a s  f a b r i c a t e d  i n t o  p e l l e t s  by c o l d  c o m p a c t i n g  a t  

l O O t s i  a n d  s i n t e r i n g  a t  168OoC for 17 h o u r s  u n d e r  h y d r o g e n  to y i e l d  h i g h  s i n t e r e d  d e n s i t i e s  

(94.5% of t h e o r e t i c a l ) .  M i c r o n i z e d  UO, w a s  f a b r i c a t e d  i n t o  r o d s  a n d  t u b e s  by e x t r u d i n g  a t  

r a m  p r e s s u r e s  be low 2 . 5 t s i  a n d  s i n t e r i n g  u n d e r  t h e  s a m e  c o n d i t i o n s  as  t h e  p e l l e t s  to y i e l d  

s i n t e r e d  d e n s i t i e s  of 9 5 %  ( r o d s )  a n d  87% ( t u b e s )  of t h e o r e t i c a l .  

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

T h e  p o s s i b l e  b e n e f i c i a l  i n f l u e n c e  of h i g h  f u e l  e l e m e n t  d e n s i t y  o n  t h e  f i s s i o n  g a s  r e t e n t i o n  

p r o p e r t i e s  of UO, f u e l  e l e m e n t s  c o n t i n u e s  to be  of i n t e r e s t .  T h e  d e p e n d e n c e  of f i n a l  d e n s i t y  

o n  t h e  p h y s i c a l  a n d  c h e m i c a l  p r o p e r t i e s . o f  t h e  s t a r t i n g  UO, p o w d e r  p r o v i d e s  t h e  i n c e n t i v e  

for  c o n t i n u e d  e x p l o r a t i o n  of  v a r i o u s  m e a n s  of modi fy ing  p r e s e n t  hlCW p r o d u c t i o n  p r o c e s s e s  

to y i e l d  more  s i n t e r a b l e  p o w d e r s .  

t h a t  it c o u l d  l e a d  to d e v e l o p m e n t  of i m p r o v e d  m e t h o d s  for p r o d u c i n g  uranium m e t a l .  

A n  a d d e d  a d v a n t a g e  of t h i s  program d e r i v e s  from t h e  fact  
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111, 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 .  P o w d e r  P r e p a r a t i o n  S t u d i e s  

A s  r e p o r t e d  p r e v i o u s l y '  UO, a n d  UO, h a v e  b e e n  g r o u n d  i n  a n  8 - i n c h  s t a i n l e s s  s teel  

m i c r o n i z e r  a n d  a n  8 - i n c h  r u b b e r - l i n e d  Micronizer .  T h e  p o w d e r s  p r o d u c e d  i n  t h e s e  

t w o  tests w e r e  e v a l u a t e d  i n  f u e l  e l e m e n t  f a b r i c a t i l o n  s t u d i e s  w h i c h  r e v e a l e d  t h a t  

t h e y  w e r e  q u i t e  s i n t e r a b l e .  In a d d i t i o n ,  t h e s e  p o w d e r s  w e r e  found to be  h i g h l y  

r e a c t i v e .  

X4CW a n d  o t h e r  s i t e s ,  

tes ts  w e r e  run.  

t h e s e  tests to s u p p l y  p o w d e r s  for  f u r t h e r  e v a l u a t i o n  a n d  to d e t e r m i n e  w h a t  p r o d u c t i o n  

r a t e s  c o u l d  b e  e x p e c t e d  for  M i c r o n i z e r s  l a r g e r  t h a n  8 i n c h e s  i n  d i a m e t e r .  

A c c o r d i n g l y ,  they  w e r e  u s e d  up  r a t h e r  r a p i d l y  i n  e v a l u a t i o n  s t u d i e s  a t  

To r e p l e n i s h  t h e  s u p p l y  of m i c r o n i z e d  UO,, more  g r i n d i n g  

3 0 t h  a n  8 - i n c h  a n d  a 1 5 - i n c h  r u b b e r - l i n e d  M i c r o n i z e r  w e r e  u s e d  i n  

An e f f o r t  w a s  a l so  m a d e  to r e d u c e  i m p u r i t y  p i c k u p  b y  s u b s t i t u t i n g  r u b b e r  h o s e  a n d  

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

s e e m e d  l i k e l y  to o c c u r .  

T a b l e  I ,  F i g u r e  1, a n d  F i g u r e  2 .  

p o w d e r s  a r e  p r e s e n t e d  i n  T a b l e s  I1 a n d  111. 

T h e  d a t a  from t h e s e  m i c r o n i z e r  tes ts  a r e  p r e s e n t e d  i n  

T h e  c h e m i c a l  c o i n p o s i t i o n s  of t h e  m i c r o n i z e d  

Henderson, C. M., Wrinkke R. B., Process  Development Quarterly Report,  Part 11, Mallincknada Chemical Works, MCW-1400, 
(Febmacy I ,  1957) p. 130. 

/-- .,' 
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T a b l e  I 

T e s t  
N o  I 
- 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Run D a t a  froil l  Grinding T e s t s  on  Lraniuur Ox ides  in 8-inch a n d  15-inch 
Xu bber-L ined  Micro n izer  Uni t s  

Material  

To ta I 
Weight 
Ground 

I b s .  

Grinding 
R a t e  

Ibs /h r  

P a r t i c l e  
S i z e a  
inicrons 

79 

48.5 

1 1  

13 

57 

57 

10 

134 

7 .5  

8 .4  

105 

3 15 

5 2  

64  

85 

185 

30 

3 8  

43 

6 7  

0 .61  

0 .78  

0 .77  

0.80 

0 . 8 3  

1 .08  

0 .70  

0 .75  

0.79 

0.85 

T a p  

g / c c  
Dens i ty  

2 . 1  

2.4 

3.5 

3 , 6  

3 .7  

4 .1  

_ _ -  

3.5 

_ _ _  

- - -  

M i c ro n i z e r 
Sizeb  
i n c h e s  

15  

1 5  

15 

15 

15 

1 5  

8 

8 

8 

8 

a Apparent ave rage  par t ic le  s i z e  a s  de termined  by a F i s h e r  Sub- s i eve  S i z a  

' T h i s  is  the d iameter  of t he  a t t r i t i o n  chamber of t h e  Xlicronizer. 
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R e s u l t s  from 15-inch Rubber-Lined Micronizer Unit  i n  Grinding Uranium O x i d e s ,  C h e m i c a l  Composi t ion ,  ppm 
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WAPD 
Limits 
for uo, 

3.15 

115. 

0.5 

10. 

4. 
33. 

30. 

1. 

15. 

1 

Guurcr 

UO, 

43 1 

4 0  1 

<10 1 

0.14 

a. 1 

<1. 

14. 
- 0 -  

a. 
10. 

1. 
r n  LfU . 
- - -  

0.1 
4@. 

<lo. 
0 .? 

20. 

6 0  
<I " 
U -  
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rest No. 3 
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Test No.. 4 

4- i 
uo . 
<Io. 

0.13 

4 . 1  

<1. 

1220. 

4~ 1 

2. 

5 "  

3- 
30. 
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0.3 
30. 

<lo. 
@ O . a  

20. 

GO 
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.'a. 1 
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20 D 

<50 
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<lo. 

0.14 

4 . 1  
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840. I 

a. E 
1. 

7. 

2. 
30. 
- - -  

0.2 
50. 

<lo. 
<10 ~ a 

20 9 

50 
< 1 ~  

< l o  

GO2 from 
T e s t  No.. 6 

8 . 1  

10 

<10 D 

0.13 

a. 1 

tl. 

350. 

'a- E 

3- 
7. 

2. 

30. 
- _ -  

0.3 
70. 
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a. 
tl e 

Source 
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4 . 1  
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Table 111 

R e s u l t s  from 8 i n c h  R u b b e r - L i n e d  Micron izer  U n i t  i n  Grinding Uranium Oxides, 
C h e m i c a l  C o m p o s i t i o n ,  ppm 

.~ .. 

E l e m e n t  
P Pm 

Ag 
Al  

A s  

0 

B e  

B i  

C 
Cd 

c o  
Cr 

cu 
F e  

F 

In 

Mi5 
Mn 

Mo 

N i  

P 

Pb  

Sb 

Si 

3 n  

V 

Zn 

0.15 

115. 

0.5 

10 

4. 

30. 
30. 

1. 

15. 

1 .. 

4 5 .  
4 *  

WAPD Limits  Source 
for UO, uo, 

a. 1 
<lo. 
<lo. 

0.14 

to. 1 

<1* 

16. 
- - _  
tl 

8. 

1. 

300 
... 

0 . 1  

70. 

(10. 

0.8 

15. 
t50. 
<l. 

tl. 

(15. 
(1. 

(10. 

<lo. 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
- -  - -  - _  

M i c r o n i z e d  UO, 
from Test  No.  8 

of T a b l e  I 
~ 

to. 1 
(10. 
<lo .  

0.14 

<o. 1 

tl . 
480. 
_ - _  

<I. 

15. 
2. 

100. 
-.. 
0.1 

20. 

(10. 

0.9 
20. 
(50. 

<l. 

Cl. 

15. 
<1. 

<lo.  
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A 

In T a b l e  I ,  i t  may b e  s e e n  t h a t  UO, w a s  more r e a d i l y  g r o u n d  to s m a l l  p a r t i c l e  s i ze s  t h a n  

UO,. 

s m a l l .  

s ize  w a s  n o t  g r e a t l y  a f f e c t e d  rviihin t h e  g r i n d i n g  r a t e  r a n g e s  t e s t e d :  

bo th  8 - i n c h  a n d  1 5 - i n c h  u n i t s  w i l l  be run in  o r d e r  to d e t e r m i n e  t h e  maximum c a p a c i t y  of 

t h e s e  h i i c r o n i z e r s  a n d  to g a t h e r  d a t a  ta  permi t  e x t r a p o l a t i o n  of c a p a c i t y  to l a r g e r  u n i t s .  

F u r t h e r  s i n t e r a b i l i t y  tes ts  of p o w d e r s  o i  v a r i o u s  p a r t i c l e  s i z e s  w i l l  be n e e d e d  to 

d e t e r m i n e  t h e  p o i n t  b e y o n d  w h i c h  fur ther  f i n e n e s s  i n  s i z e  wi l l  be  of n o  b e n e f i t .  

T h e  UO, p a r t i c l e  s i z e  o b t a i n e d  a t  a gr inding  r a t e  of 315 l b s / r i r  w a s  s t i l l  q u i t e  

T h e  gr inding  r a t e  u s  p a r t i c l e  s i z e  d a t a  of F i g u r e s  1 a n d  2 s h o w  t h a t  p a r t i c l e  

F u r t h e r  tests o n  

I t  m a y  b e  n o t e d  from t h e  tes t  r e s u l t s  of t h e  1 5 - i n c h  h l ic ronizer  p r e s e n t e d  i n  T a b l e  I1 t h a t  

t h e  UO, s a m p l e s  from T e s t s  3 .  '5, arid 6 w e r e  w i t h i n  t h e  WAPD l i n i t s  for e v e r y t h i n g  

e x c e p t  Xi  a n d  C .  

F e .  

g r i n d i n g  o p e r a t i o n ,  s o  o n l y  rile f a i l u r e  to  meet t h e  C l i m i t  c a n  be  a t t r i b u t e d  t o  the 

g r i n d i n g ,  

i n c r e a s e d .  T h i s  d e c r e a s e  in  C c o n t e n t  c o u l d  b e  t h e  r e s u l t  of less  c o n t a c t  t i m e  b e t w e e n  

t h e  UO, a n d  r u b b e r  l i n i n g  i n  t h e  c a s e  of t h e  i n c r e a s e d  gr inding  r a t e s .  

t h a t  t h e  r u b b e r  l i n i n g  w a s  worn more rap id ly  dur ing  t h e  i n i t i a l  g r i n d i n g  tes ts  t h a n  i n  

s u b s e q u e r i t  tests.  T h e  LO, s a m p l e s  f rom Tes t s  1 a n d  2 of T a b l e  I1 w e r e  w i t h i n  t h e  

WAPD l i m i t s .  

is n o t  a s  a b r a s i v e  a s  UO,. 

for C, Cr ,  F e  a n d  Si ,  a s  iliay b e  s e e n  ~ O U I  t h e  a n a l y s e s  i n  r a b l e  111. .A c o m p a r i s o n  of 

t h e  a n a l y s e s  i n  T a b l e s  11 a n d  111 s h o w  t h a t  in g e n e r a l  f e w e r  i m p u r i t i e s  w e r e  p i c k e d - u p  

i n  the  1 5 - i n c h  Sl ic ronizer  t:ian i n  t h e  E-iilch u n i t .  

T h e  50, s a m p l e  f r o m  T e s t  4 w a s  o v e r  t h e  l i m i t s  for t h e s e  a n d  a l so  for 

The  a n a l y s i s  for  t h e  s o u r c e  G O ,  s h o w e d  t h a t  i t  f a i l e d  o n  Fe a n d  Y i  b e f o r e  t h e  

T h e  C c o n t e n t  of GO, d e c r e a s e d  i n  T e s t  3 ,  4 ,  5 ,  a n d  6 a s  t h e  g r i n d i n g  rate 

I t  is a l s o  p o s s i b l e  

T h e  fact  t h a t  GO, w a s  n o t  p o l l u t e d  a s  much a s  UO, i n d i c a t e s  t h a t  UO, 

T h e  UO, s a m p l e  from T e s t  8 w a s  n o t  w i t h i n  t h e  WAPD l i m i t s  

The u s e  of l a r g e r  Xticronizer u n i t s  a n d  higher g r i n d i n g  r a t e s  s e e m s  to o f f e r  m e a n s  by 

w h i c h  the  c o m p o s i t i o n  o f  m i c r o n i z e d  UO, c o u l d  b e  h e l d  w i t h i n  WAPD pur i ty  l i m i t s .  

t h e  b a s i s  of t h e  r e s u l t s  o b t a i n e d  wi th  the  1 5 - i n c h  M i c r o n i z e r ,  i t  a p p e a r e d  t h a t  m o s t  

R A P D  puri ty  l i m i t s  c o u l d  b e  m e t  wi tn  U U 2  m a d e  from m i c r o n i z e d  XiCW UO,. C a r b o n  

p i c k u p  dur ing  m i c r o a i z i n g  may p r o v e  to b e  d i f f i c u l t  to e l i m i n a t e .  

On 

..... . . .  .... . .  0 
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B. Powder  Eva lua t ion  by Fabr i ca t ion  S tud ie s  

1. Compact ing  S tud ie s  

S tud ie s  of the  fabr ica t ing  proper t ies  of s e v e r a l  t ypes  of e r s  were  

p re sen ted  i n  the  preceding  Quarterly'.  

ca r r ied  o u t  wi th  1. w/o polyvinyl a l coho l  a n d  0 .8  w/o  S tero tex ,  a n  an ima l  f a t  

lubr icant .  3 a s e d  o n  the  be l ie f  t ha t  a reduction in the  S tero tex  addi t ion  l e v e l  

might bene f i t  the f i red  d e n s i t i e s  of p e l l e t s ,  a compar ison  of s e v e r a l  t y p e s  of UO, 

powders  w a s  made  a t  t w o  S tero tex  add i t ion  l e v e l s  to de te rmine  the  effect of t h i s  

l ub r i can t  o n  the d e n s i t i e s  of p e l l e t s  made by the  co ld  compact ion  method. 

Po lyv iny l  a l c o h o l  w a s  added  in q u a n t i t i e s  of 1 w,/o to the  var ious  UO, powders  

to s imula t e  the  WAPD fue l  e l emen t  fabr ica t ion  p rac t i ces .  

p r e s s e d  at  100 tsi in  a tungs t en  ca rb ide  d i e  wi th  f la t - faced  rams. 

green  pe l l e t  weight  w a s  5 . 5  grams,  t h e  nominal d iameter  w a s  0 . 4  i n c h e s  a n d  the 

nominal  l eng th  w a s  0.4 i n c h e s .  Al l  of the  p e l l e t s  were s i n t e r e d  s imul t aneous ly  

in a G .  E.  Molybdenum R e s i s t o r  F u r n a c e  for 17 hours  a t  168OoC us ing  a hydrogen 

a tmosphere .  T a b l e  IV s h o w s  the  pe l l e t  d e n s i t i e s  ob ta ined  wi th  t h e  d i f f e ren t  t ypes  

of UO, powder a t  two lubr icant  addi t ion  l e v e l s ,  

A t  t h a t  time, all powder eva lua t ion  w a s  

A l l  of t h e  p e l l e t s  were  

T h e  ave rage  

JO,, P O W '  

Ibid.. p. 147 
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T a b l e  I V  

5' 

. 

1. 

2. 

3 .  

4. 

5 .  

C o m p a r i s o n  of Pel le t  D e n s i t i e s  for UO, P o w d e r s  
a t  D i f f e r e n t  L u b r i c a n t  A d d i t i o n  L e v e l s  

( C o m p a c t e d  a t  100 t s i  a n d  s i n t e r e d  a t  168OoC for 1 7  h o u r s )  

P e l l e t  Densi t ies , '  P e r c e n t  of Theore t ica l  

UO, History 

Lubricant: 0.2 w/o 
Sterotex 

Unfired Fired Difference 
-- 

~ I _  

F u e l  e lement  grade  UO, 
chat was  then ground in 
a rubber-lined Micronizer. 66.7 72.4 25.5 

Produced from UO, tha t  
had  been ground i n  a 
rub be  r- li  ne  d M i c  ro ni ze r . 65.1  94.5 29.4 

Produced from ammonium 
diuranace 65.1 72.6 27.5 

Produced from cold 
hydrated UO,. 64.8 93.2 28.4 

XICW fuel  e lement  grade 
UO, a s  suppl ied  to W.IPD 
(control) 68.2 88.7 20.5 

Lubricant :  0.8 w/o 
s te rot ex 

Unfired Fired Difference ~- 

64. G 91.3 26.7 

65.0 91.6 26.6 

64.2 90.6 26.4 

62.5 89-6  27.1 

66.7 86.8 20.1. 

U D e n s i t i e s  w e r e  c a l c u l a t e d  by d i v i d i n g  t h e  w e i g h t  of e a c h  p e l l e t  by i t s  vo lume 

a s  d e t e r m i n e d  by m i c r o m e t e r  m e a s u r e m e n t s .  

A s  s h o w n  i n  T a b l e  I V ,  t h e  h i g h e s t  s i n t e r e d  p e l l e t  d e n s i t y  of 94 .5% w a s  o b t a i n e d  

w i t h  0.2  w / o  S t e r o t e x  from UO, m a d e  f rom m i c r o n i z e d  hlCW UO,. I n - a l l  c a ses  t h e  

u s e  of 0.2  w / o  S t e r o t e x  p r o d u c e d  p e l l e t s  of h i g h e r  f i r e d  d e n s i t i e s  than d i d  0 . 8  W / O  

S t e r o t e x .  

r a n g e d  from 1.1% to 3.6% of t h e  t h e o r e t i c a l  d e n s i t y  of UO,. 

'The d i f f e r e n c e  in  d e n s i t i e s  a t t r  i b u r e d  to t h e  l o w e r  a d d i t i o n  of S t e r o t e x  

I t  i s  i n t e r e s t i n g  t o  n o t e  r h a t  a l l  four of t h e  s p e c i a l  UO, p o w d e r s  t e s t e d  y i e l d e d  

h i g h e r  s i n t e r e d  p e l l e t  d e n s i t i e s  t h a n  the  c o n t r o l  p o w d e r  ( n o r m a l  MCW p r o d u c e d  WAPII 

t y p e  UO,). T h e  UO, m a d e  f r o m  m i c r o n i z e d  UO, p r o d u c t e d  p e l l e t s  w i t h  t h e  h i g h e s t  

..... . . . . . . . . .  . . . . . . . . .  . . . . .  . . . . . .  : ... .'I 

. e  . ' O  t k. : : ..* 
.. 

0 0  

.......... . . . . . .  . . . . . . . .  . . . . . .  . . . . . .  
0 0 D 0 0 0  0 0  



X 162 

s in t e red  d e n s i t i e s  (94.5% of theo re t i ca l )  t ha t  h a v e  been  inade to d a t e  a t  MCW. 
I t  is a l s o  in t e re s t ing  tha t  t he  higher s in t e red  d e n s i t i e s  of the s p e c i a l  UO, powders 

were a c h i e v e d  without s ign i f icant  c h a n g e s  in the  green  d e n s i t i e s .  

2 .  Ext rus ion  S tud ie s :  

Cont inued  s t u d i e s  in  ex t rus ion  were conce rned  with a t t empt s  a t  f a b r i c a t i o n  of 

var ious  UO, powders  in to  prototype fue l  elemerits wi thout  s a c r i f i c e  in  s in t e red  

d e n s i t i e s  or s u r f a c e  qua l i ty ,  

8 0 t h  WAPD type UO, and  micronized UO, were ex t ruded  in to  rods  a n d  tubes .  

Rods  of %-inch  d iameter  were ex t ruded  i n  l eng ths  of a foot or more and  then  c u t  

in to  l eng ths  of 5 i n c h e s  or less. T u b e s  of ?;inch O.D. and  %-inch  I.D. were  

extruded a n d  c u t  i n t o  l eng ths  up to abou t  5 i n c h e s .  

a l lowed  to dry in  a i r  f o r  a t  l e a s t  o n e  n ight  a n d  were then f aced  off a t  the  ends .  

T h e  d e n s i t i e s  of the g reen  s a m p l e s  were  c a c u l a t e d  by d iv id ing  the  weight  of 

e a c h  s a m p l e  by its volume as  de termined  by micrometer measu remen t s .  

the  ex t ruded  s a m p l e s  were  s i n t e r e d  at 168OoC for 17 hours  in hydrogen a n d  t h e  

s in t e red  d e n s i t i e s  of  the  s a m p l e s  were  de te rmined  by a mercury d i s p l a c e m e n t  

method. 

The  ex t rus ion  d a t a  a n d  the  d e n s i t i e s  of some  ext ruded  saii iples a r e  p re sen ted  in  

T a b l e ,  V. 

T h e  ex t ruded  s a m p l e s  were  

Some of 

Examples  of ex t ruded  rods  and  tubes  a re  i l l u s t r a t e d  in  F i g u r e s  3 a n d  4 .  

............ . . . . . . .  1'. ... : ... **: :: 
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4 
-" - .. 

f i g u r e  3 

Extruded UO, Rod after s inter ing .  ( M i c r o n i z e d  UO, 
w a s  u s e d  with 8.5 w / o  of 1.35 w / o  Methyl C e l l u l o s e  

s o l u t i o n .  S intered d e n s i t y  = 95.Z of t h e o r e t i c a l )  

F i e u r e  4 

Extruded UO, T u b e  after Sintering.  ( M i c r o n i z e d  UO,  
w a s  u s e d  with  16.0 w / o  of  15 .0  w / o  a c r y l i c  r e s i n  

s o l u t i o n .  S intered d e n s i t y  = 87.Z o f  t h e o r e t i c a l )  ...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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Extrus ion  of Micronized UO, Powders  Using  Various P la s t i c i ze r s  - 
(Sintered a t  l68OoC f o r  17 Hours)  

Ram(a) Densities, 
Pressure Type of Quality of Percent of Theoreucal 

Plasticizer Added psi  Sample Sample Unfired Fired Difference -- UO, Histor) 

Fuel-element-grade MCU 8.5 w/o of a 2.7 W / O  3 inch Medium to good 
UO, ground in a rubber- methyl cellulose- diameter surfaces, good 

0.83~ average particle 
s ize  

lined Micronizer to ii,o solution(') 1,000. rod green strength 49. 94. 45. 

Fuel-element-grade MCU' 8.5 w i o  oia 1.35 W/O 2 inch Good surface, 
UO, ground in a rubber- methyl cellulose- diameter good green 

0-831.1 average particle 
size . 

lined Micronizer to x,o solution 4,700. rod strength 49. 95. 45. 

Fuel-element-grade MCVl 10.0 W / O  of 12.5 W / O  inch Medium surfacq 
UO, ground in a rubber- acrylic resinfc) 1i20 diameter fair green strength 50. 92. 4 2. 
iined Wcrooizer to soiution 750. rod 
0 . 8 3 ~  average particle 
s ize  I 

Fuel-element-grade MCW 16.0 w'o of 15 W / O  %inch 0. D. Fair  surfaces, 
3 /  ,a mch1.D. . good green strength 

EO, ground in a rubber- acrylic resin-'h,O ' tube - - -  87. - - -  lined Micronizer to 0.60~ solution 1,800,. 
average particle size 

'a) Ram Pressure = Ram thrust, l b s  divided by the ram area, sq. in. 

'b' P l u s  0.1 w/o Sterotex, a n  animal fat lubricant used to improve extrudability. 

(" Acrylic resin plasticizer Cj335, manufactured by the Fj .  F. Goodrich Chemical Company. 

" Acrylic resin plasticizer K707, manufactured by the a. F. Goodrich Chemical Company. 

, I  II I C '  I 
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I t  may be  s e e n  from m i x e s  1 a n d  2 i n  T a b l e  V t h a t  h i g h  d e n s i t y  ( u p  to 95.70 of 

t h e o r e t i c a l )  UO, r o d s  w i t h  g o o d  s u r f a c e  q u a l i t y  a n d  g o o d  g r e e n  s t r e n g t h  c a n  b e  

e x t r u d e d  from m i c r o n i z e d  UO, n i x e s  c o n t a i n i n g  m e t h y l  c e l l u l o s e  p l a s t i c i z e r  s o l u t i o n s .  

T h e s e  d e n s i t i e s ,  w h i c h  w e r e  o b t a i n e d  o n  r o d s  e x t r u d e d  a t  ram p r e s s u r e s  u n d e r  

5,0008 p s i  ( 2 . 5  t s i ) ,  a r e  e q u a l  to  or b e t t e r  than  an)-  d e n s i t i e s  o b t a i n e d  at hlCW by c o l d  

c o m p a c t i o n  at d i e  p r e s s u r e s  up  to 100. tsi. 3 e s t  r e s u l t s  w e r e  o b t a i n e d  w h e n  8.5 W / D  

of  a methyl  c q l l u l o s e  p l a s t i c i z e r  (1.35 w/o m e t h y l  c e l l u l o s e  i n  a q u e o u s  s o l u t i o n )  

w a s  u s e d .  

w a s  l o w e r  both i n  s i n t e r e d  d e n s i t y  a n d  i n  g r e e n  s t r e n g t h .  

from mix 4 w a s  m a t e r i a l l y  l o w e r  t h a n  h a t  of t h e  r o d s  from the o t h e r  m i x e s  b u t  t h i s  

T h e  rod  p r o d u c e d  from mix  3 ,  w h i c h  c o n t a i n e d  a n  a c r y l i c  r e s i n  p l a s t i c i z e r ,  

T h e  d e n s i t y  of t h e  t u b e  

may h a v e  r e s u l t e d  iroin a n  u n f a v o r a b l e  d i e  d e s i g n .  

e m p l o y i n g  ari improved  d i e  d e s i g n .  

A d d i t i o n a l  work h a s  b e e n  p l a n n e d  

In t h e  p a s t ,  t h r e e  d i e  d e s i g n s  w e r e  e v a l u a t e d  o n  a n  e x p l o r a t o r y  b a s i s  i n  a n  e f for t  to 

d e t e r m i n e  t h e  effect  of d i e  c o n t o u r  o n  e x t r u d e d  rod q u a l i t y .  

i n c l u d e d  l e a d - i n  a n g l e  j o i n i n g  a l a n d  '& i n c h  i n  d i a m e t e r  by o n e  i n c h  l o n g .  

d i e  h a d  a 50' i n c l u d e d  l e a d - i n  a n g l e  j o i n i n g  a l a n d  % i n c h  i n  d i a m e t e r  by four  i n c h e s  

l o n g .  

relief a n g l e  a n d  s h o r t e n i n g  t h e  l a n d  to $ i n c h  l e n g t h .  

t h e  40' l e a d - i n  a n g l e  w a s  t h e  o n l y  o n e  w h i c h  c o n s i s t e n t l y  y i e l d e d  r o d s  w i t h  

s a t i s f a c t o r y  s u r f a c e s .  

t h e  effect  of l e a d - i n  a n g l e  on  s u r f a c e  q u a l i t y  w h e n  a l l  o t h e r  v a r i a b l e s  a r e  h e l d  

c o n s t a n t .  

O n e  d i e  h a d  a 40' 

A s e c o n d  

T h i s  s e c o n d  d i e  w a s  l a t e r  modi f ied  to m a k e  t h e  t h i r d  d i e  by p r o v i d i n g  a 4' 

It w a s  f o u n d  t h a t  t h e  d i e  w i t h  

F u r t h e r  work o n  d i e  d e s i g n  wi l l  b e  d o n e  i n  o r d e r  to d e t e r m i n e  

I V .  P r o g r a m  

O n  t h e  b a s i s  of o u r  e x p e r i e n c e s  of t h i s  q u a r t e r ,  i t  is p l a n n e d  to p r o c e e d  a l o n g  t h e  f o l l o w i n g  

l i n e s  d u r i n g  t h e  n e x t  q u a r t e r :  

1. C o n t i n u e  to i n v e s t i g a t e  t h e  p o s s i b i l i t i e s  of p r o d u c i n g  more  s i n t e r a b l e  UO, p o w d e r s .  

2 .  I n v e s t i g a t e  t h e  p o s s i b i l i t i e s  of l o w e r i n g  t h e  impur i ty  p i c k u p  from f l u i d - j e t  t y p e  

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

r e s i s t a n c e  to a b r a s i o n .  

3.  C o n t i n u e  s t u d i e s  to d e v e l o p  a n  opt imum d i e  d e s i g n  f o r  t h e  e x t r u s i o n  of maximum 

d e n s i t y  UO, f u e l  e l e m e n t s .  

I n v e s t i g a t e  t h e  e f f e c t  of p l a s t i c i z e r s ,  a n d  p l a s t i c i z e r  s o l v e n t s  o t h e r  t h a n  w a t e r ,  i n  

p o w d e r  f a b r i c a t i o n  s t u d i e s .  

4 .  
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HYDROGENCONTENTOFDERBYANDINGOTMET,AL 

C. R .  L e p p e r  

B .  J .  B u n t z  

I. Summary  

1.  T h e  a v e r a g e  d e r b y  h y d r o g e n  f o r  a p p r o x i m a t e l y  50 P r o d u c t i o n  P l a n t  d e r b i e s  w a s  found to 

be 3.5 ppin. a n d  r a n g e d  from 1.0 - 5 . 3  ppm. 

2 .  T h e  36 h e a t s  p o u r e d  a n d  t e s t e d  g a v e  a n  a v e r a g e  i n g o t  h y d r o g e n  v a l u e  of 0 .76 p p m .  

F r o m  t h e  e x p e r i m e n t  w e  see t h a t  d e r b y  h y d r o g e n  l e v e l  d o e s  n o t  h a v e  a n y  effect  on  i n g o t  

h y d r o g e n .  

3 .  T h e  t e s t i n g  of a n  unpoured  m e l t  s h o w s  t h a t  t h e  d e r b y  h y d r o g e n  is o u t g a s s e d  b e f o r e  t h e  

m e l t  is p o u r e d .  

4 .  T h e  c r u c i b l e  a n d  mold  d r e s s i n g  a r e  n o t  f a c t o r s  t h a t  affect  t h e  h y d r o g e n  c o n t e n t  of t h e  

i n g o t .  

5 .  For v a l u e s  of v a c u u m  a t  p o u r  f r o m  13 - 3 0 0  m i c r o n s  

i n g o t  h y d r o g e n  c o n t e n t  s h o w s  n o  c o r r e l a t i o n  but  r e m a i n s  w i t h i n  t h e  l i m i t s  o b s e r v e d ,  t h a t  

is 0 .46  - 1.50 ppm. 

H g ,  i t  h a s  b e e n  f o u n d  t h a t  t h e  

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

A n  i n v e s t i g a t i o n  w a s  c o n d u c t e d  to d e t e r m i n e  the h y d r o g e n  c o n t e n t  i n  p r e s e n t  p r o d u c t i o n  

d e r b i e s ,  a n d  t h e  e f f e c t ,  if a n y ,  t h a t  t h i s  v a l u e  h a s  o n  t h e  h y d r o g e n  c o n t e n t  of t h e  f i n i s h e d  

i n g o t .  

c r u c i b l e  d r e s s i n g ,  v a c u u m  a t  pour ,  a n d  h y d r o g e n  c o n t e n t  a n d  d i s t r i b u t i o n  of t h e  m e l t  i n  t h e  

c r u c i b l e s  w e r e  s t u d i e d .  

F u r t h e r  t h a n  t h e  d i r e c t  e f fec t  of d e r b y  h y d r o g e n ,  o t h e r  f a c t o r s  s u c h  as mold a n d  

In o r d e r  to e l i m i n a t e  t h e  p o s s i b l e  v a r i a b l e s  from d i f f e r e n t  g r a p h i t e  s o u r c e s  a l l  h e a t s  w e r e  

p o u r e d  i n  a s i n g l e  t y p e  mold .  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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111, R e s u l t s  a n d  D i s c u s s i o n  

A.  Normal  H e a t s  

Approximate ly  50 Produc t ion  P l a n t  d e r b i e s  were  s a m p l e d  by removing  a % i n c h  

Center  sl ice from e a c h  derby .  

a n d  a n a l y z e d  for  hydrogen .  

to b e  3.5 ppm a n d  r a n g e d  from 1.0 - 5.3 p p m ~  

A s m a l l e r  c e n t e r  s a m p l e  w a s  removed f rom t h i s  slice 

T h e  a v e r a g e  hydrogen  v a l u e  for t h e s e  d e r b i e s  w a s  found 

T h e s e  d e r b i e s  a l o n g  with p i lo t  p l an t  d ingo t  a n d  derby  m e t a l  w a s  c h a r g e d  a c c o r d i n g  

to hydrogen  con ten t .  

ex t r eme ly  good  v a c u u m s  o b t a i n e d  i n  t h i s  s e t  of f u r n a c e s .  

poured  i n  In t e rna t iona l ,  t ype  7 5 7 2  g r a p h i t e ,  ve r t i ca l ly  s p l i t  molds .  

i n g o t s  were  s a m p l e d  a t  the  top  a n d  bottom a n d  were  a n a l y z e d  for  hydrogen .  

T h e s e  h e a t s  were  me l t ed  i n  f u r n a c e s  9 a n d  10, b e c a u s e  of t h e  

A l s o ,  t h e s e  h e a t s  were  

T h e  r e s u l t i n g  

T h e  d a t a  for the  s i x t e e n  h e a t s  of k n o w n  hydrogen  v a l u e ,  u s i n g  p i lo t  p l an t  d ingo t  o r  

de rby  m e t a l  a n d  t h e  P r o d u c t i o n  p€an t  d e r b i e s  c a n  be  s e e n  i n  T a b l e  I 
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T a b l e  I 

. 
H e a t  

N O .  

9402 

960 1 
9711 

9720 

9 724 

95 06 

9729 

95 13 

9521 

9679 

9540 

9622 

9626 

95 16 

9530 

9525 

A v e r a g e  

R a n g e  

Ingot  l f y d r o g e n  us Hydrogen  in  Charge a n d  V a c u u m  a t  P o u r  
- 

1-1 . C h a r g e  d Ingot  H, Vacuum a t  P o u r  Mat e r i a  I 
P P m  P Pm m i c r o n s  i l g  S o u r c e  __-____ 

1 . 1  

1.5 

2.0 

2.1 

2.1 

2.4 

2 . 4  

2.4 

2 .7  

3.0 

3.0 

3 . 2  

3.2 

3.9 

4 .3  

4.9 

0 .81  

0 .90  

0.77 

0.55 

0 .46  

0.95  

0 . 6 0  

0.55 

1.00 

0.77 

0 .60  

0 .59  

0 .74  

0.85 

0 .90  

1.20 

56  

6 

9 

30 

8 

6 

18 

13 

13  

18 

8 

12 

8 

10  

12 

10 

2.8 0.74 18  

1.1 - 4.9 0.46 - 1.20-  6 - 56 

Pilot P l a n t  

P i l o t  P l a n t  

P i l o t  P l a n t  

P i l o t  P l a n t  

P i l o t  P l a n t  

P . roduct ion  P l a n t  

P i l o t  P l a n t  

P i l o t  P l a n t  

P r o d u c t i o n  P l a n t  

P i l o t  P l a n t  

P r o d u c t i o n  P l a n t  

P i l o t  P l a n t  

Pilot P l a n t  

P r o d u c t i o n  P l a n t  

P r o d u c t i o n  P l a n t  

P r o d u c t i o n  P l a n t  

~~ 

T h e  r e s u l t s  h e r e  s h o w  no  d i r e c t  c o r r e l a t i o n  b e t w e e n  d e r b y  h y d r o g e n  c o n t e n t  a n d  t h e  

h y d r o g e n  c o n t e n t  of t h e  i n g o t  p r o d u c e d .  

B. T h e  E f f e c t  of Molds a n d  Mold D r e s s i n g s  

T w e l v e  h e a t s  w e r e  c a s t  i n  n e w  I n t e r n a t i o n a l  m o l d s  w h i c h  w e r e  o u t g a s s e d  a n d  p a i n t e d  

as normal .  

for h y d r o g e n .  

s p e c i f i e d  f o r  t h i s  t es t .  

T h e  r e s u l t i n g  i n g o t s  w e r e  a g a i n  s a m p l e d  a t  t h e  t o p  a n d  bot tom a n d  a n a l y z e d  

In  o r d e r  to o b t a i n  d a t a  of h i g h e r  v a c u u m s  a t  pour  no s p e c i a l  f u r n a c e s  w e r e  

'The  r e s u l t s  a r e  s h o w n  i n  T a b l e  11. 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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T a b l e  I1 

Ilydrogen in Ingot  from O u t g a s s e d  a n d  P a i n t e d  Molds 

l i e a t  
N o  e 

9349 

9350 

935 1 

9354  

9355 

9356 

9 359 

9 360 

9 361 

9363 

9 364 

9 365 

I n g o t  ti, 
PPm 

0.88 

0.73 

0.79 

0.72 

0 .81  

0 . 9 5  

0.74 

0 68 

0.84 

0 .56  

0.69 

0.66 

Vacuum a t  P o u r  
microns  

68 

13 

150 

58 

38 

110 

160 

54 

49 

56 

80 

20 0 

Average  0 . 7 6  86 

R a n g e  O , 5 6  - 0.88 13 - 200 

Six  of t he  molds  u s e d  a b o v e  were  o u t g a s s e d  a s e c o n d  t i m e  bu t  w e r e  u s e d  wi thou t  t h e  

b e n e f i t s  o f  a new mold d r e s s i n g ,  

a t  t h e  top a n d  bottom, a n d  were  a n a l y z e d  for hydrogen. 

a r e  t a b u l a t e d  in  T a b l e  111. 

T h e s e  h e a t s  were  c a s t  i n  any  fu rnace ,  were  s a m p l e d  

T h e  r e s u l t s  of t h e s e  h e a t s  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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T a b l e  111 

H y d r o g e n  i n  Ingots P o u r e d  i n  Molds w i t h  n o  S e c o n d  D r e s s i n g  

H e a t  
N O .  

9377 

3378 

9 379 

9 3  82 

9383  

9384 

A v e r a g e  

R a n g e  

I n g o t  11, 
P Pm 

V a c u u m  a t  P o u r  
m i c r o n s  

0.59 

0 . 6 7  

0 . 6 6  

0 . 8 4  

1 . 2  

0 . 7 4  

0 . 7 8  

0 . 5 9  - 1 . 2  

100 

48 

28 

4 2  

290 

38 

9 1  

28 - 290 

F r o m  t h e  v a l u e s  s h o w n  i n  T a b l e s  I 1  a n d  111 

n o  effect o n  i n g o t  h y d r o g e n .  

C :  U n p o u r e d  Mel t  

~ ~- 

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

TO e v a l u a t e  t h e  c o n c e n t r a t i o n s  of h y d r o g e n  i n  t h e  m e l t ,  a f u r n a c e  s l u g  w a s  d e l i b e r a t e l y  

f o r m e d .  

by  s t a n d a r d  o p e r a t i n g  p r o c e d u r e ;  h o w e v e r ,  t h e  m e l t  w a s  n o t  p o u r e d  b u t  a l l o w e d  to 

s o l i d i f y  i n  t h e  c r u c i b l e .  

t h e  h y d r o g e n  s a m p l e s  r e m o v e d  from t h e  s l i c e .  T h i s  s l u g  w a s  s a m p l e d  a n d  t h e  data 

o b t a i n e d  is s h o w n  i n  T a b l e  IV .  

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

A 2 i n c h  c e n t e r  s l ice  w a s  r e m o v e d  f rom t h i s  f u r n a c e  s l u g  a n d  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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T a b l e  IV 

Hydrogen i n  the  M e l t  

P o s i t i o n s  

T o p  s i d e  

C e n t e r  s i d e  

Bottom s i d e  

Bottom C o n e  

Average  

0.84 

0.84 

0 .75  

0.85 

0.82 

From T a b l e  IV  i t  a p p e a r s  t h a t  the  hydrogen  h a s  been  o u t g a s s e d  be fo re  the  me l t  is 

poured. T h e  r e s u l t s  also i n d i c a t e  tha t  t h e  remain ing  hydrogen  is e v e n l y  d i s p e r s e d .  
I 

However ,  more v a l u e s ,  e s p e c i a l l y  in t e rna l  v a l u e s ,  ,would h a v e  to b e  a v a i l a b l e  to  

g i v e  a pos i t i ve  a n s w e r .  

D. Cruc ib l e  D r e s s i n g s  

Two h e a t s  w e r e  poured u s i n g  o the r  than  s t a n d a r d  cirucible d r e s s i n g s :  

a )  O n e  c r u c i b l e  w a s  u s e d  wi thout  any  d r e s s i n g .  

b) Another  c ruc ib l e  w a s  u s e d  incorpora t ing  a hand  pa in t ed  d r e s s i n g ,  s i n c e  t h e s e  

d r e s s i n g s  a r e  th inne r  than  t h o s e  a p p l i e d  by spraying .  

e s s e n t i a l l y  t h e  s a m e  composi t ion  which  is a wa te r  s lur ry  of MgO. 

Both d r e s s i n g s  h a d  

T h e  two h e a t s  were o n c e  a g a i n  sampled  a t  t h e  top  a n d  bottom a n d  were  a n a l y z e d ,  

T h e  d a t a  a r e  shown i n  T a b l e  V .  

T a b l e  V 

Hydrogen in  Ingo t s  P r o d u c e d  wi th  Th in  o r  N o  Cruc ib l e  D r e s s i n g  

H e a t  
N o .  Cond i t ions  

Ingot  I-I, Vacuum a t  P o u r  
P Pm microns  

889 1 unpain ted  c ruc ib l e  0.63 140 

8892 hand pa in t ed  c ruc ib l e  0.97 
Shin d r e s s i n g  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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S i n c e  t h e s e  v a l u e s  f e l l  w i t h i n  t h e  r a n g e  o f  h y d r o g e n  v a l u e s  found for n o r m a l  p a i n t e d  

m o l d s ,  o n e  c a n  s a y  t h a t  t h e  m a n n e r  of a p p l i c a t i o n  or t h i c k n e s s  of c r u c i b l e  d r e s s i n g s  

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

E .  C o n c l u s i o n  
p' 

T h e  36  h e a t s  i n v o l v e d  i n  t h e s e  tests p r o d u c e d  a n  a v e r a g e  h y d r o g e n  v a l u e  of 0.76 ppm. 

T h i s  a v e r a g e  is l e s s  t h a n  t h a t  found on  26 h e a t s  r e p o r t e d  i n  S e p t e m b e r ,  1955 ,  (0.89 ppm) 

h o w e v e r ,  t h e  r a n g e  is t h e  same ( 0 . 5 - 1 . 5  ppm). 

A s t u d y  of  t h e  vacuum a t  pour for  t h e  h e a t s  o b t a i n e d  i n  t h e s e  tests s h o w s  t h a t  b e t w e e n  

13 a n d  300 m i c r o n s  t h e r e  i s  n o  d i r e c t  c o r r e l a t i o n  to t h e  r e s u l t i n g  i n g o t  h y d r o g e n  v a l u e .  

See T a b l e s  I ,  11, 111, a n d  V for c o m p l e t e  b r e a k d o w n .  

. 
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CamUMmL 

Glossary of Specialized Terms 

- a b a r  of f o r g e d  d i n g o t  uran ium s u i t a b l e  for s u b s e q u e n t  r o l l i n g  b i l l e t  

b l a c k  o x i d e  - u,0, 

brown oxicle - uo, 

- t h e  uran ium m e t a l  p r o d u c t  of t h e  n o m i n a l  300, 100 a n d  50 Ib .  
r e d u c t i o n  b o m b s  w h i c h  i s  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 n g o t  - ( d i r e c t  i n g o t )  t h e  uran ium m e t a l  p r o d u c t  of 1400 a n d  3300 Ib .  
T h i s  m e t a l  no t  r e c a s t .  r e d u c t i o n  b o m b s .  

DMFL - dingor  m a g n e s i u m  t l u o r i d e  l i n e r  

E S U  - e a s i l y  s o l u b l e  uran ium 

g r e e n  salr -__ 

- ( h o l l o w )  i n t e r n a l l y  a n d  e x t e r n a l l y  c o o l e d  s l u g  I k E s l u g  

i n g o t  -- 

hlFL 

- r e c a s t  u ran ium m e t a l  

- m a g n e s i u m  f l u o r i d e  l i n e r  

- a u r a n y l  n i t r a t e  l i q u o r  w h i c n  i s  t e d  IO t h e  n e u t r a l  e t h e r  s y s t e m  
fo r  f i n a l  p u r i f i c a t i o n  

NOK 

06 - l i q u o r  - t h e  u r a n y l  n i t r a t e  l i q u o r  of h i g h e s t  pur 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  

o r a n g e  o x i d e  

- pumper  d e c a n t e r  P - D  

c 

- r e j e c t  m a g n e s i u m  f l u o r i d e  K h l F  - 

- 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  r o l l i n g  or e x t r u d i n g  
uranium b i l l e t s  a n d  i n g o t s  

- a m e a s u r e  of n e u t r o n  a d s o r b i n g  i m p u r i t i e s  i n  uran ium 

( c o n t i n u e d  o n  n e x t  p a g e )  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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s l a g  - 

s o d a  - s a l t  

~ magnes ium l luor ide ,  c<,r:taining small q u a n t i t i e s  of uranium and  magnes ium,  
formed i n  the  thermi te  bomb reac t ion  

~ rods  of uranium machined  to s p e c i f i c  d iameter  a n d  l e n g t h s ,  S l u g s ,  when 
canned  a r e  u s e d  as  fuel e l e m e n t s  

- so.iiulri d iu rana te ;  u sua l ly  app l i ed  to raw m a t e r i a l s  of t h a t  composi t ion  

U N H  - uranyl n i t r a t e  hexahydra t e  

U-Con 

U-hlag 

701  me ta l  

C-701  

- a product  of t h e  p h y s i c a l  s e p a r a t i o n s  pkant c o n s i s t i n g  of a mixture of f ine  
me ta l  p a r t i c l e s ,  uranium o x i d e s ,  a n d  magnes ium fluoride, 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 I 75% uranium 

~ a n  in t e rmed ia t e  product  of the  p h y s i c a l  s e p a r a t i o n s  Dlant c o n s i s t i n g  o f  t he  
t 10 m e s h  o v e r s i z e  from t h e  sc reen ing  af ground ,<.‘.tF 
s e p a r a t e d  to  701-meta l  a n d  C-701 

It is iu r ther  

- t he  m e t a l  concen t r a t e  product  of the  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 metal p a r t i c l e s  ranging  in s i z e  iIom t 10 mesh  to 2 inch  a n d  
a s s a y i n g  95% uranium 

- t he  r e j e c t  p roduct  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 an t  c o n s i s t i n g  ch ie f ly  
of  f i n e l y  ground magnes ium f luor ide  
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