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G E N E R A L  SUMMARY 

E 

Work dur ing  the  f i r s t  quar te r  of 1959 con t inued  on a c i d  d i s so lu t ion  of uranium meta l ,  raw mater ia l  

p ro j ec t s ,  t he  green  salt p r o c e s s ,  d ingot  p r o c e s s ,  and  on va r ious  p l an t  assistapce p ro jec t s .  An 

X-ray spec t rog rnph ic  method w a s  inves t iga t ed  for the  de te rmina t ion  of uranium i n  a q u e o u s  and  

organic  so lu t ions .  

S p e c i f i c  s t u d i e s  a re  summarized a s  fo l lows  (Roman numera1.refer.s to the  s e c t i o n  on which  the  

summary is based) :  

11. Aqueous  en t ra inment  in  the ex t r ac t  from t h e  f i r s t  refinery p u m p e r d e c a n t e r  w a s  found to range  

from 0.7 to 2.4 volume per cen t .  About a n  order of magni tude  be t t e r  decon tamina t ion  for sodium 

a n d  s imi l a r  impur i t i e s  is ob ta ined  by cent r i fuging  the  organic  ex t r ac t .  

111, T h e  amount  of wa te r  so rbed  by green  salt  under equilibrium cond i t ions  is a l inea r  func t ion  of 

t h e  uranyl  f luor ide  conten t .  Uranium te t ra f luor ide  could  not  b e  dr ied  in  a i r  a b o v e  4OO0C without  

s e r i o u s  decomposi t ion .  

IV.  Exper iments  with " i so thermal"  l abora to ry - sca l e  bombs  ind ica t e  tha t  p re igni t ion  cha rge  

t empera tu res  above  about  3OO0C a r e  n e c e s s a r y  for  production of low-hydrogen uranium. A n  

upper l i m i t  of abou t  400°C o n  t h i s  hea t ing  w a s  n e c e s s a r y  to minimize premature  ign i t ion .  T h e  

thermoconduct iv i ty  of a labora tory  bomb cha rge  w a s  i n c r e a s e d  by r ep lac ing  par t  of the  normal 

g ranu la t ed  magnes ium wi th  magnesium s t r i p s  or la rger  ch ips .  

T h e  l o w e s t  ign i t ion  tempera ture  of h e a t e d ,  s t i r red  magnes ium-green  salt mixtures  w a s  found to  

b e  393OC. T h i s  i n d i c a t e s  t ha t  p rehea ted  bomb c h a r g e s  could  probably be  hand led  s a f e l y  a t  

t empera tu res  below abou t  30OoC. A high-vol tage  spa rk  d i s c h a r g e  ign i t ed  a co ld  mixture of 
UF4 i n  magnes ium.  

T h e  r ep lacemen t  of normal bomb l i d s  a n d  MFL cha rge  c a p s  with e i the r  porous  graphi te  or 

f i rebr ick  produced uranium with lower  hydrogen than  normal .bombs  fired under s imi l a r  

cond i t ions .  

Mol ten  uranium poured through a t m o s p h e r e s  of hydrogen, water  vapor ,  and  hydrogen fluoride 

p i cked  u p  approximate ly  the s a m e  amount  of hydrogen from a l l  t h ree  g a s e s  under comparabIe  

cond i t ions .  

V. T h e  thermal  d i f fus iv i ty  of m o s t  MFL m a t e r i a l s  a t  65O0C w a s  found to be  approximate ly  
2.0 x cm'/sec.  An in i t i a l ly  h igh  d i f fus iv i ty  (3 x cm'/sec.)  w a s  found in m e a s u r e .  

men t s  on regular  MFL, but t h i s  h ighe r  d i f fus iv i ty  d e c r e a s e d  to a l imiting va lue  upon hea t ing .  

No s ign i f i can t  var ia t ion  in thermal d i f fus iv i ty  w a s  found from lo t  to lo t  of regular  MFL. 

....................... 
. O  0 0 0 0 0  0 0 0 0  0 0  O O C n o  
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11 and 12 

VI. T h e  r a t e  of d i s s o l u t i o n  of uranium i n  ni t r ic  a c i d  h a s  been  shown  to d e p e n d  on ni t rous  a c i d  

concent ra t ion ,  c o n s i s t e n t  .with prev ious  p o s t u l a t e s  of the  d i s s o l u t i o n  mechanism.  

VII. T h e  occur rence  of a n  unexpec ted ly  vigorous reac t ion  be tween uranium metal a n d  n i t r i c  a c i d  

i n  t h e  p l a n t  m e t a l  d i s s o l v e r  h a s  been  ten ta t ive ly  t r a c e d  to a condi t ion ing  of t h e  me ta l  i n  a 

" t rea ted  water"  conta in ing  s m a l l  amounts  of sodium dichromate ,  sodium t r iphosphate ,  a n d  

su l fur ic  a c i d .  T h e  condi t ion ing  p r o c e s s  a p p a r e n t l y  p roduces  s e n s i t i z e d  p a t c h e s  of t h e  

m a s s i v e  p i e c e s '  of uranium which  r e a c t  with ni t r ic  a c i d  with grea te r  t h a n  normal  a c t i v i t y .  

VIII. T h e  X-ray spec tographic  de te rmina t ion  of uranium through u s e  of s t ront ium as  t h e  in te rna l  

s t a n d a r d  h a s  been  s u c c e s s f u l l y  a p p l i e d  to the  a n a l y s i s  of a q u e o u s  .and  organic  so lu t ions .  

T h e  p r e c i s i o n  at t h e  95% conf idence  l imit  is +1 ,3% r e l a t i v e  for a q u e o u s  s o l u t i o n s  at a 

uranium concent ra t ion  of 1.0 g / l  and  +1.9% r e l a t i v e  for o rganic  s o l u t i o n s  a t  a concent ra t ion  

of 2.0 g/l. 

Pilot p l a n t  work for t h i s  quar te r  wi l l  b e  reported in  P a r t  I1 a s  a s e p a r a t e  volume.  

....................... . . . . . . . . . . . . . . . . . .  
0 0  .................... 0 0 O O C  0 0 0 0  o a  e * - -  
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AQUEOUS ENTRAINMENT IN THE REFINERY EXTRACTION STREAM 
A N D  ITS EFFECT ON DECONTAMINATION FACTORS. PART I1 

E .  N.  Nelson  

G.  P . . L a n g  

Summary 

T h e  degree  of a q u e o u s  entrainment  i n  t h e  var ious  organic  s t r e a m s  of t h e  MCW uranium ref inery 

h a s  b e e n  measured  on t e n  different  o c c a s i o n s .  T h e  l e v e l  of entrainment  in  the ex t r ac t  from the  

f i r s r  pumper-decanter  w a s  found to  be i n  t h e  range  of 0.7 t o  2,4 volume per  c e n t  

decontaminat ion f a c t o r s  for sodium, iron, aluminum, magnesium, molybdenum, s i l i c o n ,  a n d  

vanadium were found t o  b e  a f fec ted  by t h i s  concent ra t ion  of a q u e o u s  entrainment  in  t h e  organic  

ex t r ac t ,  About a n  order of magni tude be t t e r  decontaminat ion for sodium w a s  obta ined  by  cen r r i -  

fuging t h e  uranium-laden ex t r ac t .  

Overa l l  

Di f fe rences  be tween t h e  a n a l y s i s  of laboratory re . -extracted uranium a n d  ref inery re -ex t rac ted  

uranium for  copper ,  n i cke l ,  a n d  t in ,  toge ther  with a n  ind ica ted  retent ion of .iron i n  ref inery s o l v e n t ,  

make i t  a p p e a r  rhar  :efineny s o l v e n t  c o n t a i n s  some.unknown complexing agent -which  Is a f fec t ing  

t h e  disrr ibut ion c o e f f i c i e n t s  of t h e s e  e l e m e n t s .  

Introduct ion 

T h i s  report  is a cont inua t ion  o f  work begun in  the  lasr quarter  pet ta ining to  the e f f ec t  of a q u e o u s  

entrainment  in t h e  T B P - h e x a n e  e x r r a c t  on product  purity ' 

extract ion srream w a s  sampled  during normal operarion and while  p r o c e s s i n g  a feed mater ia l  which 
c a u s e d  r e l a t ive ly  s r a b l e  e m u l s i o n s  in the  texiraction uni ts .  

entrainment  in  t h e  e x t r a c t  w a s  r e l a t ive ly  high,  a major porrion of rhe impurir ies  found In t he  

uranium producr w a s  ca i r i ed  in  by t h e  entrainment ,  T h e  purpose  of the  current  invesr iga t ion  1 s  to 

c o l l e c r  addi r iona l  information as  r o  rhe effecr of entrainment  on rhe deconraminat ion f ac to r s  of 

var ious  e l e m e n t s  i n  rhe exrracr ion p r o c e s s ,  

A t  t ha t  t i m e  che Weldon Spring ref inery 

It w a s  shown tha t ,  when a q u e o u s  

Exper imenta l  a n d  R e s u l r s  

T h e  ref inery exrract ion screams were sampled  a t  var ious  poin ts  on e a c h  of t en  different  operar ing 

d a y s  and the a q u e o u s  entrainmenr i n  t h e  var ious  organic  s t ream s a m p l e s  w a s  measured.  T h e  

entrainmenr v a l u e s  a r e  g i v e n  in  T a b l e  I. 

' Nelson, E ,  N . ,  a n d  L a n g ,  G. P.: P:-oc i . ss  D r v e l o p m e n i  Quai.:e?ly Repo-1 .  Pa. t  1: MCW-1425 (January  2 .  1959) , .  p 17 

. . . . . . . .  ,.:: ........... 
* * *  : : D O '  , o '  : : : : * e  : o -  ::: 
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T a b l e  I 

Date  

Nov. 2 1  

Nov, 2 4  

Nov. 25 

N o v  26 

_-I-- 

Aqueous  Ent ra inment  in the efinery E x t r a c t  
-___- 

Aqueous  Ent ra inment  
m l / l  ~ _ _ _ _ _ _  

Wash Column F e e d  Washed E x t r a c t  D 1 E x t r a c t  

11 25  5 .5  1 - 5  

1 2 , 2 5  

17.0 

12.25 

6 .O 

8 . 5  

6.5 

1"O 

< 0 . 5  

0-5 

D e i ,  1 18.0 9-0 0.5 

D e c ,  2 

De:, 3 

Dec  4 

D e c ,  5 

D e c .  8 

19.5 

24..3 

11.5 

7.5 

8..3 

10.5 

11.5 

7 0  

5<0 

5-0 

8-3 

17 5 

0,8 

1.0 

O U 5  

The o v e i a l l  effect of enrialnmenlr on product  puri ty  w a s  determined by the  fol lowing cornpal ison 

T h e  s a m p l e  of w a s h e d  eXtlaCt w a s  centnlfuged a n d  t h e  ulcanium re  extaacred with SIX e q u a l  

vo lumes  of water ,  T h i s  ;e-extracted uranium w a s  compared b y  spec t rographic  a n a l y s i s  with the  

NOK l iquoi  produced sn t h e  refuneuy re  exiracnion column at t h e  s a m e  t i m e  the  w a s h e d  extracit 

w a s  sampled  A comparison of t h e  paual le l  s a m p l e s  is: given  in  T a b l e  11. 

........ : ..: : . . . . . . . . . . .  . . . . . .  . . . . . . . .  .................... . . . . . . . . . . . . . . . . . .  . . . . . . . . .  . . . . . . . . . . .  - - - - - - - - - - - - -  - - - _ -  - _ - _  
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T h e  concent ra t ion  of iron a n d  sodium w a s  measured  d i rec t ly  in  t h e  centr i fuged w a s h e d  ex t r ac t  

by a f l a m e  spec t rophotometr ic  method" Decontaminat ion  f ac to r s  for iron a n d  sodium from 

a q u e o u s  f e e d  to Centrifuged w a s h e d  ex t r ac t  were  c a l c u l a t e d  o n  t h e  b a s i s  of t h e s e  v a l u e s .  

Compara t ive  iron a n d  sodium decontaminat ion f ac to r s  from a q u e o u s  f e e d  to the  uranium product  

re  e x t r a c t e d  from centr i fuged w a s h e d  ex t r ac t  and  to ref inery NOK l iquor  were a l s o  c a l c u l a t e d  

T h e s e  compar isons  a r e  g iven  in  T a b l e  I11 for iron a n d  in  T a b l e  IV for sodium, a n d  in  F igure  1 

the  i ron decontaminat ion  fac tor  is p lo t ted  as  a funct ion of a q u e o u s  entrainment  in  the  D 1 ext rac t ,  

....................... . . . . . . . . . . . . . . . . . .  .................... . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  ........................ 
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Date 

Aqueous 
Feed 

PPM Fe 
(U bas is )  

Iron Decontaminat ion  F a c t o r s  i n  the  Ref inery  

Refinery NOK' b Centrifuged NOK Centrifuged Wash Extract' 

PPM Fe 
(U bas is )  

Decontamination 
Factor 

P P M  Fe 
(U bas is )  

Decontamination 
Factor 

Nov. 2 1  

Nov. 24 

Dec. 1 

Dec. 2 

Dec. 3 

Dec. 4 

Dec. 5 

Dec. 8 

6,100 

5,400 

7,700 

5,700 

6,400 

5,200 

7,400 

11,000 

14 

1 7 

30 

28 

53 

20 

15 

22 

440 

320 

260 

200 

120 

260 

490 

5 00 

> 510 

> 380 

.> 430 

> 350 

> 490 

> '730 

PPM Fe 
(U basis) 

96 

109 

148 

30 

Decontamination 
Factor 

80 

52 

43 

173 

a Normal ref inery NOK l iquor  obtained f r o m  the  ref inery r e  ex t racr ion  column at t h e  s a m e  t ime t h e  w a s h e d  ex t rac t  
s ample  w a s  taken .  

Uranium re-ex t rac ted  from centnifuged washed  e x t r a c t  by  t h e  laboratory re. ex t rac t ion  procedure.  

C Ref inery  w a s h e d  e x t r a c t  w a s  centr i fuged and  t h e  iron concenrra t ion  measured  d i r e c t l y  in t h e  e x t r a c t  by a f lame 
spec t rophotometer  procedure,  
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Dare  

N O ~ ~  21 

Nov. 24 

D e c ,  1 

Dec .  2 

D e c -  3 

Dec .  4 

Dec.  5 

D e c .  8 

T a b l e  IV 

Sodium Decontaminat ion  F a c t o r s  i n  the  Ref inery  

Aqueous  F e e d  
PPM Na 
U b a s i s  

Ref inery  NOK' 

PPM Na 
U b a s i s  

Decontaminat ion  
F a c t o r  

11 x 10'' 

4.6 x lo"  

13 X l o 4  

1 3  10' 

8 x 10' 

13 X 

8 x  10" 

2 9 x 1 0  

25 

17 

39 

67 

3 5  

2 5  

1 4  

15 

4,400 

2,700 

3,300 

1,900 

2,300 

5,200 

5 ,900  

1,900 

b Cent r i fuged  Washed Ex t rac t  

p p ~  N~ Decontaminat ion  
U b a s i s  F a c t o r  

3"5 37,000 

2 3 -  5,700 

3 - 5  23,000 

3.,5 37,000 

a Normal re f inery  NOK liquor ob ta ined  from the  refinery re -ex t rac t ion  column a t  the  s a m e  time the  

washed  exrxact s a m p l e  w a s  raken .  

Ref inery  w a s h e d  ex t r ac t  w a s  cen t r i fuged  and  t h e  sodium concent ra t ion  measured  d i r ec t ly  in  the  

ex t r ac t  by a f lame spec t rophotometr ic  procedure.  

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



Figure 1 

IRON DECONTAMINATION PACTOR AS A FUNCTION OF AQUEOUS ENTRAINMEKT IN D-1 EXTRACT' 
v 
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Aqueous  en t ra inment  in  t h e  e x t r a c t  from the  f i r s t  pumper-decanter  w a s  found to b e  in  the  range  of 

7-5 to 24.3 m l / l  (0-75 to 2 43 volume per c e n t ) b  Approximately one  half  of t h i s  en t ra inment  s e t t l e s  

ou t  i n  t h e  s m a l l  de-en txa in ing  or break  rank  be tween  t h e  f i r s t  pumper .decanter  and  the w a s h  column. 

T h e  en t ra inment  l e v e l  in t h e  w a s h e d  ex t r ac t  is gene ra l ly  q u i t e  low (N 0-1 volume per c e n t )  bu t  on 

two  o c c a s i o n s  the  en t ra inment  l e v e l  w a s  much h igher  and  may i n d i c a t e  a minor u p s e t  i n  the  wash  

column at t h e  r i m e  t h o s e  s a m p l e s  were  t aken .  

A compar ison  of rhe concent ra t ion  of impur i t ies  found in uranium r e  ex t r ac t ed  fxom cent r i fuged  

washed  e x t r a c t  with t h e  coneen t i a t ion  of impur i t ies  found in  a pa ra l l e l  re f inery  NOK sample  is 

shown in T a b l e  11- T h e  concen t r a t ions  o f  m o s t  e l emen t s  a r e  LOO low to measure  and  the  measu rab le  

v a l u e s  a r e  under l ined ,  T h e  v a l u e s  for aluminum, iron magnesium, molybdenum, s i l i c o n ,  a n d  

vanadium ail s h o w  a lower  concent ra t ion  in t h e  s t r i p  so lu t ion  from cent r i fuged  s a m p l e s  than  in the  

re f inery  NOK s a m p l e s  I r  IS be l i eved  rhat t h e  d i f f e rence  c a n  be ar t r ibu ted  to ent ra ined  a q u e o u s  in  

&e exZrac1 
w a s  higher in these  e lements  than the plant NOK, 

T h e  opposILe r e s u l t  w a s  found for copper ,  n i cke l ,  and  t i n  T h e  cent r i fuged  ex t rac t  
S m c e  the r e  extraction procedure u s e d  in  the 

labovatory on  cen t r i fuged  w a s h e d  ex t r ac t  w a s  more comple te  (more s t a g e s )  t han  is ob ta ined  in the  

re f inery  xe ex t rac t ion  column it is be l i eved  t h a t  t h e s e  e l emen t s  were  s t r ipped  more comple te ly  by 

the  labora tory  procedute  t h a n  by r h e  p l a n t  procedure  

In T a b l e  III a n  e f f e c r  s i m r l a n  to t h a t  for copper ,  n i c k e l  and  t in  is shown  for iron However ,  iron 

1s he ld  s o  t i g h d y  r h a t  ne i the r  ssripping procedure  removes  s i g n i f i c a n t  q u a n t i t i e s  from the  ex t r ac t  

T h e  iron v a l u e s  tsr t h e  e x t r a c t  a r e  much h igher  t h a n  the  v a l u e s  ob ta ined  on  e i the r  of the  s t r i p  

so lu t ions  ind ica t ing  chat much of t h e  iron canno t  b e  e a s i l y  s t r ipped  from the  organic ,  

To exp la in  t h e s e  r e s u l t s  i t  h a s  b e e n  pos tu l a t ed2  :"' t h a t  t he  degrada t ion  products  of the  so lven t  

Lontain l i gands  wh ich  f o r m  e a s i l y  ex tvar rab le  complexes  with t h e s e  m e t a l s  T h e s e  degrada t ion  

p roduc t s  h a v e  neve r  b e e n  ident i f ied  but  ther t  e f f e c t  on  uranium and  zirconium dis t r ibu t ion  

c o e f f i c i e n t s  have  b e e n  previous ly  obse rved  and  the  magnitude of the i r  effect h a s  been  used  as a 

measu re  of s o l v e n t  qua l i t y  

T h e  e f f e c t  of a q u e o u s  en t ra inment  on iron decontaminat ion  f ac to r  v a l u e s  is also demonst ra ted  by  

the  v a l u e s  in T a b l e  111 and  in Figure 1 where r h e s e  t e s u l t s  a r e  p lo t ted  a g a i n s t  t he  amount of 

-- ..._--.--___ 
N e l s o n ,  E .  N., Weidman, S. W,, nnd Lang ,  G" P . ,  P ~ o c e s v  D e v e l o p m e n t  Quarterly Report,  P U Q ~  I, MCWr.,14Y2 
(Apnil 1. 1 9 5 8 ) ;  P 35.343 

' Moose, R .  He,, Invesldgalt<on of Solvent D e g w d a l i o n  P r o d u c t s  iin R e c y c l e d  Uranium Recowssy  Plan t  Solwenit,, Hanford 
Aromlc Products  Operation, HW4*34502 IiRew.) (Apri l  28,  19553 

Siddal l ,  T. H. ,  111, and Wallatie, R, M., E f f e c t  cf SoYosnrl Degoadat ion on tbo Purrex P r o c e s s ,  E. 1, du Ponr: d e  Nemours 
and Company,  Savannah R i v e t  Labotarory, D P . 2 8 6  (May, 1958) 
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ent ra inment  measu red  in  t h e  D-1 e x t r a c t ,  A fair  cor re la t ion  is obta ined .  
so lu t ion  from t h e  cent t i fuged  e x t r a c t  ( T a b l e  111) c o n t a i n s  too l i t t le iron to measure ,  showing t h a t  

a l m o s t  a l l  of t h e  i ron in  p lan t  NOK is car r ied  over  by t h e  aqueous  entrainment  in the ex t rac t .  

Furthermore,  the  s t r i p  

T h e  effect  of a q u e o u s  en t ra inment  on t h e  decontaminat ion  factor for sodium is even  more 

pronounced t h a n  for iron as  c a n  b e  s e e n  i n  t h e  r e s u l t s  shown  in  T a b l e  IV.  Decontaminat ion  factor  

v a l u e s  a b o u t  t e n  t imes h igher  a r e  obta ined  when t h e  e x t r a c t  is centr i fuged before  re-extract ion, ,  

It is e v i d e n t  t h a t  i f  more decontaminat ion  is n e c e s s a r y  i t  c a n  b e  e a s i l y  obta ined  by  centr i fuging 

t h e  e x t r a c t .  

....................... . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  
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WATER VAPOR SORPTION BY GKEEN SALT 

P 

Introduct ion 

W .  F .  F i n c h  

J .  .4. Kennel ley  

Sum mar y 

The equilibrium w a t e r  sorp t ion  b y  UF, i s  a funct ion of the UO,F, concent ra t ion  i n  t h e  IJF, and 

may be r e p r e s e n t e d  mathemat ica l ly  by the  r e l a t ionsh ip ,  

y = m(x - a ) ,  (1)  

where y is the % water ,  m i s  the s l o p e ,  x i s  t he  % UO,F, in UF,,  and  a is t h e  x in te rcept  (0.75%). 

A t  33.5'C the  va lue  of rn i s  0.625 for a vapor  p r e s s u r e  of 38.0 mrn ,  0.185 for 29.9 m m ,  a n d  0.013 for 

7 .8  m m .  A t  7.4OC m is 0.409 for a water  vapor  p r e s s u r e  of 7.8 mm. I t  should  be e m p h a s i z e d  t h a t  

t h i s  r e l a t i o n s h i p  is va l id  only for  UF,  having UO,F, concent ra t ions  be tween 0.8% and 6.0%. 

The water-green s a l t  h e a t  of sorp t ion  was c 'a lculated to  b e  approximately 9 kca l /mole .  

The h i g h e s t  temperature  for drying UF, in a i r  without s e r i o u s  decomposi t ion is around 40OoC. 

Above t h i s  temperature  decomposi t ion  may proceed i n  t w o  w a y s :  

> HlO U F ,  - 
600' 

2UF, + 0, 

OK 

800' 
> U F ,  + UO,F, . ( 3 )  

One of t he  m o s t  l i ke ly  s o u r c e s  of hydrogen contaminat ion i n  uranium meta l  is the water  vapor  

a d s o r b e d  on t h e  green  s a l t  a n d  magnesium. T h e  o b j e c t  of t h i s  experimental  work w a s  to  measure  

the  equi l ibr ium sorp t ion  of water  v a p o i  by green  salt a n d  to  determine the  e f fec t  of green s a l t  

composi t ion ,  water  vapor  p r e s s u r e ,  a n d  temperature ,  on th i s  sorpt ion.  

Experimental  

Samples  of g r e e n  salt having UO,F, c o n t e n t s  of 0 .72% to5.66% and n o  s ign i f icant  var ia t ion i n  

s u r f a c e  a r e a  were p l a c e d  in  weighing bo t t l e s  a n d  dr ied  for four d a y s  a t  130°C under a vacuum of 

0.5 p. T h e  bottles w e r e  then  capped  in a dry box  and  p laced  in  a hygrothermostat  which conta ined  

a n  a n a l y t i c a l  balance.  A weighing bot t le  w a s  p laced  o n  t h e  b a l a n c e  and weighed with the c a p  i n  

....................... . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  
0 0 .  o - 0 0  o o O D  0 0  o o o a a o  0 0  0 0 0  



p l a c e ,  A t  z e r o  r i m e  t h e  c a p  w a s  removed a n d  p l a c e d  on t h e  b a l a n c e  pan ,  T h e  subsequen t  

i n c r e a s e  in weight  with r e s p e c t  t o  t i m e  w a s  recorded  and  w a s  a s s u m e d  t o  be  a measure  of the  

water  sorbed  by  the sample ,  A blank run  with no sample  in the  weighing bot t le  showed tha t  

the  weight  ga ined  b y  the bot t le  w a s  in s ign i f i can t  when compared to the  weight  ga ined  by the  

sample .  Weight ga in  measurements  were  made under r e l a t ive  humidi t ies  of 98%, 77%, and 20% 

at 3 3  5'C and  7.4OC. In addi t ion ,  a bt ief  s tudy  of the  condi t ions  n e c e s s a r y  to  dry green  s a l t  

~ w a s  made.  

R e s u l r s  and  D i s c u s s i o n  

T h e  most  s ign i f i can t  infoxmation ga ined  from t h i s  s tudy  is tha t  t he  amount  of water  sorbed  by 

g t een  sa l t  is d e h i t e l y  r e l a t ed  to t he  amount  of UO,F, p r e s e n t  in  the  green  salt T h i s  e f fec t  

is i l l u s t r a t ed  in F igu re  1 
funct ion of  UO,F, con ten t s  between 0 75% and 6%,  a l though there  is a s l i g h t  h y s t e r e s i s  e f f ec t  

a t  higher a tmospher ic  water  con ten t s ,  If one  n e g l e c t s  t he  h y s t e r e s i s  e f fec t ,  t he  equilibrium 

water  con ten t  of green  s a l t  may b e  approximated by the  r e l a t ionsh ip ,  

T h e  equi l ibr ium water  so ipr ion  by green  salt appea r s  t o  be a l inear  

y m b - a ) ,  (1) 
wheie  y is the  % weight  g a i n y  m is the  s l o p e ,  x is the  % UO,F, in green  s a l t ,  a n d  a is the  s 

in te rcept ,  I t  should  b e  emphas ized  rha t  t h i s  r e l a t ionsh ip  is va l id  only for green  s a l t  having  

U 0 2 F ,  concen t r a t ions  b e t w e e n  0,80% and  6.00%. T h e  va lue  of a h a s  been  empir iealIy de t e r  

mined to  be  0,75%. T a b l e  I s h o w s  t h e  var ia t ion  of t h e  v a l u e  of m with p re s su re  and 

te r2pera ture  c h a n g e s .  Ca lcu la t ion  of t he  equilibnium 

T a b l e  I 

T h e  Ef fec t  of Var ious  Atmospher ic  Condi t ions  on the  S lope  (m) of the Re la t ionsh ip ,  

% water  m(% UO.,F, in green  s a l t  0 45%)1 

m Tempera ture ,  'C Re la t ive  Humrdisy, % Vapor P r e s s u r e ,  mm Hg 
~- 

0 652 33-5 98 38,O 

0-185 33 .5  77 29-9 
ObO13 33.5 20 7 - 8  

0.409 7 . 4  98 7 8  

water  con ten t  in g reen  salt from the  information p resen ted  In T a b l e  I is accura t e  KO k 0.02%. 
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In order t o  h e l p  determine t h e  na ture  of the  water-green s a l t  bond, the  Claus ius-Clapeyron  

equat ion '  w a s  appl ied  to  exper imenta l  i s o s t e r e s  to  g ive  a n  approximation of t h e  hea t  of  sorpt ion.  

T h e  c a l c u l a t e d  h e a t  of sorpt ion i s * 9  kcal /mole.  According t o  Trapnel l , '  

p h y s i c a l  adsorp t ion  of water  vapor is 14 kcal /mole ,  and  i t  is genera l ly  understood tha t  the  

minimum h e a t  of chemisorpt ion ( i f  one e x i s t s )  is below 3 kcal /mole.  

9 kea l /mole  hea t  of sorption may be due to phys ica l  and/or  chemica l  bonding. 

the maximum hea t  of 

I t  s e e m s  then tha t  the 

Another c lue  to  the  type of bonding may b e  obtained from the sorpt ion ra te .  In genera l ,  the  ra te  

of p h y s i c a l  sorp t ion  is independent  of t he  temperature ,  while chemisorpt ion proceeds  more 

s lowly  a t  lower tempera tures .  F igure  2 s h o w s  a n  e f fec t  of temperature  on sorpt ion ra te  which 

i s  cha rac t e r i s t i c  of chemisorpt ion.  Chemisorpt ion,  however,  can  never occur  in more than a 

monolayer ,  which cor responds  roughly to  a weight  ga in  of 0.01% to 0.02% for green s a l t  having n 

UO,F1 concent ra t ion  of l e s s  than  6%.  Therefore  it is l ike ly  tha t  mult i layer  p h y s i c a l  absorpt ion 

o c c u r s  on top of any  chemisorbed monolayer tha t  may ex i s t .  

In  a brief s tudy  of the  condi t ions  favorable  for drying green s a l t ,  a s e r i e s  of UF, s a m p l e s  was  
equi l ibra ted  w i t h  w a t e r  vapor  a n d  dr ied  for  i n c r e a s i n g  t i m e s  i n  a i r  a t  23OoC. 

concent ra t ion  dropped from 0.16% (180 ppm H,) t o  0.043% (48 ppm H,) in l e s s  than 1/2 hour. 

Loss  of water  thereaf te r  w a s  ex t remely  s low,  reaching  0.023% (26 ppm H,)  af te r  72  hours .  T h e  

s a m p l e s  could not  be fur ther  dehydra ted  a t  t h i s  temperature .  Drying of s imi la r  s a m p l e s  a t  400'C 

i n  a i r  r e su l t ed  i n  d e c r e a s i n g  the  water  c o n t e n t  to '0.0025% (2 .8  ppm H,)  in 30 m i n .  

drying at  600'C i n  a i r  r e su l t ed  i n  pyrohydrolysis  of t he  UF, a s  i l lus t ra ted  i n  the  reac t ion ,  

T h e  w a t e r  

A n  at tempt  a t  

Etching of the  g l a s s w a r e  w a s  ev ident .  One a t tempt  a t  drying U F ,  a t  800' resu l ted  in the  following 

react ion:  

ZUF, + 0, > [IF6 + UO,F,  ( 3 )  
I t  s e e m s  ev ident  tha t  4OO0C is the maximum usefu l  temperature for drying U F ,  i n  a i r  without con-  

s ide rab le  decomposi t ion.  It may be poss ib l e  to dry UF, at around 200°C until most of the  water is 

gone and then r a i se  the  temperature above 400'without pyrohydrolysis ,  bu t  only then if the  a tmos-  

pheric water conten t  i s  low. 
---. - . . _-__-_I_----- _- _- 

c a p )  4 I n  (P, /P,)  x R 
Or " i s o s t e r i c  =-.------ -- E) -- 

cd T), R T ~  1/T, - 1 /TI  

where v Is the vo lume  of g a s  adsorbed,  p Is t h e  pressure  of  t h e  g a s ,  atid T i s  the  a b s o l u t e  temperature 

T r a p n e l l ,  B.M.W., "Chemisorption," B ut terwor th's  S c i e n t i f i c  P u b l i c a f i o n s ,  Londou,  1955,  p 144 ' 
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Figure  2 

THE INFLUENCE OF TEMPEBATURE ON THE RATE OF WATER VAXR SORPTION BY (;BEEN SALT 
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HYDROGEN IN URANIUM 

R ,  .F. Leif ie ld-- '  

J .  A .  Kennel ley  

J .  C .  Coppola  

R ,  W .  Gaver  

R. D .  P i p e r  

S. W .  Weidman 

I. Summary 

A, E f f e c t s  of Var ious  Bomb Heat ing  P a t t e r n s  on the Hydrogen Content  of As-Reduced  Uranium 

Bombs h e a t e d  t o  3OO0C or higher  before  igni t ion h a v e  shown d e c r e a s e s  of hydrogen i n  the  

resu l t ing  uranium with both i n c r e a s i n g  t ime and  temperature .  Bombs h e a t e d  a t  tempera tures  

below 25OoC s h o w e d  no d e c r e a s e  i n  uranium hydrogen content  with i n c r e a s i n g  t ime a t  t h e s e  

tempera tures  before  igni t ion.  T h e s e  r e s u l t s  ind ica te  t'hat p lan t  procedures  u t i l i z ing  longer  

t imes  a t  temperature  before igni t ion would b e s t  be  ca r r i ed  out  a t  tempera tures  a b o v e  3OO0C. 

An upper  l i m i t  of 4OO0C is n e c e s s a r y  t o  minimize premature ign i t i on ,  

B o  A c c e l e r a t i n g  Bomb C h a r g e  Heat ing  R a t e s  

Bomb charge  thermal  conduct iv i ty  c a n  be i n c r e a s e d  by rep lac ing  pa r t  of t he  normal 

granula ted  magnesium with e i t h e r  magnesium s t r i p s  or l a rge r  c h i p s .  

r a t e s  h a v e  b e e n  i n c r e a s e d  15 to 40 per  c e n t  us ing  t h e s e  techniques .  Crude  y i e l d s ,  however ,  

a r e  a f fec ted  when e x c e s s i v e  am0unt.s of l a rge  s i z e  magnesium a r e  u s e d .  

Charge  c e n t e r  hea t ing  

C.  R e d u c t i o n  of Green  Salt Conta in ing  .Added Water 

Water a d d i t i o n s  to bomb c h a r g e s  h a v e  b e e n  u s e d  to produce hydrogen-in-uranium v a l u e s  a b o v e  

normal.  Low-hydrogen uranium h a s  been  produced from green  salt conta in ing  added  water  by 

i n c r e a s i n g  t h e  t i m e  a t  temperature  before  in i t i a t ion  of the  reduct ion r eac t ion .  T h e  r e s u l t s  

a r e  in te rpre ted  as indica t ing  t h a t  p l a n t  procedures  ut i l iz ing longer  t i m e s  at temperature  to 

cont ro l  hydrogen in uranium at  low l e v e l s  w i l l  not  be a f fec ted  by s e a s o n a l  var ia t ions  i n  UF,  

water  conten t .  

D. Igni t ion Tempera tures  of St i r red Magnesium a n d  Green Salt Mixtures 

T h e , l o w e s t  i gn i t i on  tempera ture  of h e a t e d  a n d  s t i r r ed  magnesium-green salt mixtures  w a s  

. . . . . . . . . . . . . . . . . .  ....................... . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . .  * . O . - I : o o . * O . : :  . . . . . . .  
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found t o  be 393°C (740'FF). T h e s e  r e s u l t s  i nd ica t e  tha t  handl ing prehea ted  bomb c h a r g e s  

would probably b e  safe a t  tempera tures  be low 300°C.  However ,  high vol tage  spark  

d i s c h a r g e s  ignrred e v e n  c o l d  mixtures  of UF, a n d  Mg" 

E ,  Porous-Top Bombs 

Replac ing  normal MFL bomb l i d s  a n d  charge  c a p s  with e i ther  porous graphi te  or f i rebr ick 

a n d  a vented bomb l id  produced uranium with hydrogen c o n t e n t s  lower than  normal bombs 

f i red under  s imirar  condi t ions .  T h i s  technique  offers  a p o s s i b l e  means  of producing low 

hydrogen uranium with a shor te r  furnace  r e s i d e n c e  t i m e  

F ,  Hydrogen P i c k u p  b y  Molren Uranium 

Molten uranium poured through a t m o s p h e r e s  of hydrogen,  water  vapor ,  a n d  hydrogen f luoride 

p icked  u p  approximate ly  the  s a m e  amounts  of hydrogen from all three  g a s e s ,  

-- ___ 

11, Introduct ion 

Labora tory  work on t h e  hydrogen in-uranium problem i n  the  p a s t  quar te r  h a s  concent ra ted  on 

bomb reductnon s s u d i e s ,  

increas ing  bomb c h a r g e  tempera ture  before  in i t ia t ion  of t h e  reduct ion reac t ion ,  

inc luded  v a r i a t i o n s  i n  h e a t i n g  p a t t e r n s  c a u s e d  b y  a l t e r a t ion  of furnace  p rac t i ce  a n d  a l s o  by 

improving t h e  thermal  conducsivrry of t h e  c h a r g e ,  

ou t  to determine  i f  Lhe b e n e f l c l a l  e f f e c t s  produced by i n c r e a s e d  charge  tempera tures  would 

p e r s i s t  ar  w a t e r  l e v e l s  g r e a t l y  i n c r e a s e d  over  normal within t h e  bomb 

made of t h e  r a t e  of hydrogen p ickup b y  molten uranium when poured through H F ( g ) y  HSO(g> a n d  

H2(g) a tmosphenes  

EfforL w a s  e x p a n d e d  on e v a l u a t i o n  of the  beneficial effects of 

T h i s  woak 

Exper iments  rn th i s  a r e a  were  a l s o  car r ied  

F ina l ly ,  s t u d i e s  were  

I11 E f f e c t s  of Var ious  Bomb Hear ing  P a t t e r n s  on lche Hydrogen Content  of As-Reduced Uranium -- ____- - 

A "  Summary 

T h e  uranium produced from 4 - k g  bombs which had  been  h e a t e d  at 300'C or higher  showed a 

d e c r e a s e  In hydrogen c o n t e n t  wi th  i n c r e a s e d  h e a t i n g  t i m e ,  while  the  uranium from bombs 

h e a t e d  a t  250'C or  lower s h o w e d  no  s u c h  d e c r e a s e  with i n c r e a s e d  h e a t i n g  time.. 

B E  Inhroducrion 

T h e  hydrogen content  of uranium from laboratory a n d  p lan t  bombs h a s  been  found, in  

prev ious  work, to cor re la te  w i t h  preigni t ion h e a t i n g  time bomb center  temperature  a t  f i r ing,  

a n d  tempera ture  grad ien t  berween bomb center  a n d  e d g e .  In the hea t ing  pa t te rns  normally 

u s e d  all of t h e s e  f ac to r s  a r e  s o  in te r re la ted  t h a t  it is very diff icul t  to determine the  

....................... . . . . . . .  * *  . . e  . . e  e .  .................... ....... . . . . . . . . . . .  --. . . . . . . . . . . . . . . . . . .  - -  - - -  
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C .  

mechanism that effects t h e  d e c r e a s e  in hydrogen con ten t .  

tion o n  the mechanisms involved a s  well  a s  to  e s t a b l i s h  c r i te r ia  for determining optimum 

prehea t  t imes  and  tempera tures  for p lan t  u s e ,  a s e r i e s  of 4-kg bomb runs  h a s  been made. 

T h e  r e s u l t s  ob ta ined  by two techniques- - the  " i so thermal"  bombs and the  "prehea ted"  

bombs--are reported in t h i s  s ec t ion .  

In order  to  gain more informa- 

Exper imenta l  a n d  R e s u l t s  - - ~ -  

T h i s  work involved the u s e  of 4-kg dingot  h o t r h s  charged wit11 normal components  11y tlic 

u s u a l  t e c h n i q u e s  e x c e p t  for the use  of e l ec t r i c  ign i te rs  p laced  in the bottom of the bombs  

to permit igni t ion a t  t he  end of the d e s i r e d  t ime. T h e s e  igni ters  were made from 3 f ee t  of 

26-gage asbestos-covered chrome1 wire wound in to  a hel ix  of a b o u t  1-cm diameter  and  

connec ted  t o  a su i t ab le  power supply  with 20-gage chrome1 wire.  

by supply ing  a cur ren t  of 3-4  amps a t  30-50 vo l t s  to the ign i te rs .  

therniocouples  were p laced  in the charge  to measure  bomb center  tempera tures .  

T h e  bombs were  ign i ted  

In some of the bombs 

T h e  technique  used  for the  i so thermal  bombs w a s  to s o a k  the bombs a t  the d e s i r e d  furnace  

temperature  for t imes  ranging  from the minimum time needed  to  approach i so thermal  

condi t ions  in  the  bomb (found to  be 12 hours by charge  edge and center  temperature  

measurements )  up to 18 hours ,  and then ign i te  the bomb e lec t r ica l ly .  Tempera tures  s t u d i e d  

by th i s  technique  ranged from 3OO0C to 45OoC. 

probabi l i ty  of get t ing massive meta l  a t  lower tempera tures  and the  upper l imit  by the  

probabi l i ty  of g e t t i n g  s p o n t a n e o u s  igni t ion.  Hydrogen r e s u l t s  obtained by th i s  technique  

a re  s h o w n  i n  F igure  1 a s  a funct ion of s o a k  t ime and in F igure  2 a s  a function of soak 

temperature .  

T h e  lower l imit  w a s  imposed by the  i m -  

T h e  "prehea t ing"  technique  permit ted s tudy  of the  e f f ec t s  of soak time a t  lower tempera tures  

In this s e r i e s  t he  bombs were prehea ted  for t he  des i red  time at  temperature  and t h e n  

t r a n s f e r r e d  i m m e d i a t e l y  to a 65OoC f u r n a c e .  T h e r e  t h e y  w e r e  a l l o w e d  to f i re  n o r m a l l y  or 

were t r iggered e l ec t r i ca l ly  when they reached  a given center  temperature .  In every  c a s e  the  
bomb c e n t e r  temperature  w a s  measured to  permit comparison of the hydrogen r e s u l t s  ob ta ined  

with t h o s e  of normally fired bombs with equiva len t  cen ter  tempera tures .  

be tween c e n t e r  temperature  a t  igni t ion and  hydrogen in the resu l t ing  u r a n i u m  i s  s h o w n  i n  

F igure  3 .  
u r a n i u m  for a s e r i e s  of bombs fired at a 26OoC center  temperature  is shown in F igure  4 .  

T h e  r e l a t i o n s h i p  

The r e l a t i o n s h i p  between prehea t  t ime at 25OoC and hydrogen content  of the 

... . . . .. .. . ... . ... .. ... . . . . . . . . . . . . . . . . . . .. . . . . . . .. . .. . . ... . . . , . . . . . . . . . . . . . . 
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Figure 2 

EFFEm OF PREIGNITION SOAK TEPIPERATURE ON mEOCm CO" OF UBANIUn PRODUCED IN ISOTHEEMAL 4-Kc DINCOT BOMBS 
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D,  D i s c u s s i o n  

T h e  d e c r e a s e  in hydrogen wi th  i n c r e a s i n g  s o a k  t ime a n d  inc reas ing  temperature in the  

range  300’C to  45OoC is probably  t h e  r e s u l t  of d e g a s s i n g  t h e  bomb components  by 

evolu t ion  of water  and/or  hydrogen, which  lowers  the  hydrogen remaining in  the  bomb at 

fir ing (c.f s e c t i o n  of t h i s  repor t  on  g a s  evolu t ion  from bombs),  T h e  fact tha t  t h i s  d e c r e a s e  

in  hydrogen wi th  i n c r e a s i n g  s o a k  t i m e  w a s  not obse rved  in  the p rehea ted  bombs a t  

t empera tu res  be low 25OoC i n d i c a t e s  t h a t  there  is a c r i t i c a l  t empera ture  needed  for t he  

d e g a s s i n g  to occur .  T h e  chemica l  or p h y s i c a l  p r o c e s s  r e spons ib l e  for t h i s  is not  known, 

it  could  b e  decomposi t ion  of a UF,  hydra te ,  decomposi t ion  of Mg(OH),, or r eac t ion  of water  

with magnesium. 

T h e  fact t h a t  t h e  t ime- tempera ture  effects hold only  a b o v e  a hydrogen l e v e l  of abou t  2 ppm 

is no t  su rp r i s ing”  T h e  hydrogen remain ing  in  the  i n t e r s t i t i a l  g a s  s p a c e  in  the  bomb is more 

than  enough  to  a c c o u n t  for 2 ppm hydrogen i n  the  meta l ,  It s e e m s  l ike ly  t h a t  the f ac to r s  

cont ro l l ing  t h e  hydrogen c o n t e n t  i n  t h e  r ange  below 2 pprn a r e  different from the f ac to r s  

involved  at higher  hydrogen levels. .  

I t  shou ld  b e  nored t h a t ,  a l t hough  p rehea t ing  in  the  100°C to 250’C t empera ture  range  d id  

no t  lower  t h e  hydrogen c o n t e n t  below t h a t  of meta l  from bombs with equ iva len t  cen te r  

t empera tu res ,  i t  d i d  sho r t en  t h e  t i m e  required to r each  a g iven  tempera ture ,  T h i s  l e d  t o  

a h igher  mean charge  tempera ture  for a g iven  center  tempera ture  for bombs p rehea ted  

equ iva len t  t i m e s .  T h i s  may explain why s o m e  of the  p rehea ted  bombs lie ou t s ide  the  

normal hydrogen-center  tempera ture  r ange ,  

T h e s e  d a t a  ind icaee  t h a t  t h e  obse rved  coerelation of hydrogen wi th  cen te r  tempera ture  

a n d  wi th  p rehea t  t imes  is t h e  r e s u l t  of d e g a s s i n g  the  bomb components  when the  components  

a re  h e a t e d  a b o v e  3OO0Cv S i n c e  t h e  bomb cen te r  tempera tures  at fir ing and  tempera ture  

g rad ien t s  within t h e  c h a r g e  a r e  also func t ions  of p rehea t  t i m e s  and  tempera tures ,  t h e s e  

f ac to r s  also cor re la te  wi th  t h e  obse rved  hydrogen l e v e l ,  

IV, Acce le ra t jng  t h e  Hea t ing  R a t e  of Bomb Charge  Cen te r  

A .  Summary 

T h e  thermal,  conduc t iv i ty  of bomb c h a r g e s  h a s  been  i n c r e a s e d  by rep lac ing  pa r t  of the 

regula1 Mg with Mg s t r i p s  or tu rn ings ,  Cen te r  tempera tures  have  been  i n c r e a s e d  by as  much 

as 300*F compared t o  t h o s e  of normal c h a r g e s  at  equ iva len t  t imes ,  

....................... . . . . . . . . . . . . . . . . . .  ....... .................... 
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B. Introduct ion 

Labora tory  a n d  p l a n t  work h a s  shown  t h a t  t h e  charge  center  tempera ture  a t  igni t ion is 

a u s e f u l  c o n t r o l  parameter  i n  producing low hydrogen in  t h e  a s - r educed  m e t a l  It w a s  

found t h a t  bomb c e n t e r  tempera tures  grea te r  than  500-600'F a t  igni t ion a r e  c o n s i s t e n t l y  

r e l a t e d  to  m e t a l  with 2 ppm hydrogen or less. ' ' '  

needed  in  t h e  p l a n t  to a l low t h e  charge  c e n t e r  to r e a c h  t h e s e  tempera tures  under  s t a n d a r d  

furnace  condi t ions .  Therefore ,  i t  is economica l ly  advan tageous  to  bring the c e n t e r  

tempera ture  to  t h e  500  600'F range  more quick ly .  T h e  work reported here  conce rns  

e v a l u a t i o n  of i n c r e a s i n g  t h e  center  temperature  hea t ing  r a t e  by us ing  Mg s t r i p s  or tu rn ings  

to r e p l a c e  par t  of t h e  normal  Mg. 

Mg p l a t e s . 3  

Twen ty  to thirty-hour h e a t  s o a k s  a r e  

P rev ious  work a long  t h e s e  l i n e s  h a s  been  done  us ing  

C. Exper imenta l  

Four-kg  bombs ,  conta in ing  thermocouples  a t  the  l iner-charge in te r face  and  in  t h e  cha rge  

c e n t e r ,  w e r e  p l aced  in  a furnace  set  a t  900'F. 

recorded  un t i l  t h e  c e n t e r  h a d  r eached  500°F,  then  t h e  furnace  temperature  w a s  r a i s e d  to 

1 2 0 0 @ F ,  a n d  t h e  bomb w a s  a l lowed to f i re .  

t h e  form of s t r i p s  or tu rn ings .  

(1) 100 p e r  c e n t  normal  granula ted  h l g ,  

(2 )  97 per  c e n t  normal Mg -+ 3 per  c e n t  hlg i n  t h e  form of s t r i p s  (I" x 5;' x 0 .014 ' , )  p laced  

rad ia l ly  through t h e  c h a r g e ,  

(3) 90 per  c e n t  normal  Mg t- 10 per c e n t  Dour Mg in the form of turnings (8" to 10'' X 2' '  
x 0,010")  b lended  toge ther ,  

T h e  in te r face  and  center  tempera tures  were  

T h e  bombs conta ined  var ious  amounts  of Mg in  

T h e  bombs,  accord ing  to the  hlg  u s e d ,  were:  

( 4 )  70 per  c e n t  normal  Mg t- 30 per  c e n t  Dow Mg in  t h e  form of turn ings  b lended  toge ther ,  

(5 )  70 per  c e n t  normal Mg -+ 30 per centMeta1 SellingsMg in  the  form of s t r i p s  
(2 .5"  y 0.5' x 0 0 1 4 ' ' )  blended  toge ther ,  and  

(6) 40 per  c e n t  normal Mg T 60 per  c e n t  Metal Sell ings Mg In the  form of s t r i p s  

( 2 - 5 '  x 0.5" :: 0 .014" )  blended  together .  

' Neumann,  N. F . :  e t  a l . ,  P r o c e s s  D e v e l o p m e n t  Q u a r t e r l y  P r o g r e s s  R e p o r t ,  P a r t  I ,  Mallinckrodt C h e m i c a l  Works ,  
MCW-1403 ( J u l y  1,  1957):  p 9 9 - 1 1 8  

L e i f i e l d ,  R.  F . .  e ;  a[ . .  P r o c e s s  D e v e l o p m e n t  Q u a r t e y l y  P r o g r e s s  R e p o r t ,  Par t  I, Mallinckrodt C h e m i c a l  Works, 
MCW-142.5 !January 3.  1959>,p  3 7 - 8 8  

Neumann,  N. F n *  e t  n l . ,  P : . o c e s s  D e v e l o p m e n t  Q u a r t e r l y  P r o g r e s s  R e p o r t ,  P a r t  I, Mallinckrodt C h e m i c a l  Works, 
MCW-1410 (January 2 ,  1 9 5 8 > ,  p 63  

' 
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D. R e s u l t s  and  D i s c u s s i o n  

Charge  cen te r  hea t ing  c u r v e s  a r e  shown for e a c h  b,omb i n  F igu re  5 .  

T h e  d a t a  ind ica t e  tha t  addi t ion  of Mg s t r i p s  or tu rn ings  to the charge  c a n  i n c r e a s e  the 

hea t ing  r a t e  of the  charge .  A s  expec ted ,  the  charge  hea t ing  r a t e  genera l ly  inc reased  with 

i n c r e a s e s  in the  Mg turn ings- to-ch ips  (normal Mg) ra t io .  However,  t he  appa ren t  equ iva lence  

of .3O a n d  60 per c e n t  Metal SellingsMg cou ld  ind ica t e  tha t  there  is a l i m i t  to the bene f i c i a l  

effect of Mg s t r i p s  and  turnings.  S ince  t h e s e  bombs were  not fired i n  the normal manner,  

no c o n c l u s i o n s  c a n  b e  drawn regard ing  the  e f fec t  of the  l a rge  Mg p i e c e s  on the meta l  

y ie ld .  However ,  expe r i ence  in t h e  p a s t  h a s  shown t h a t  Mg turn ings  above  10 per c e n t  

d e c r e a s e  c rude  y i e lds .  Bombs fired with less than  10 per c e n t  Mg as s t r i p s  have  given good 

y ie lds .  In addi t ion ,  t h e  bomb charge  weight must  b e  d e c r e a s e d  when us ing  Mg turn ings  

b e c a u s e  o f  t h e  l a rge  volume-to-weight r a t io  of the  Mg. 

V.  Reduct ion  of Green  Salt Conta in ing  Added Water 

A. Summary 

Bombs  have  been  fired wi th  l iqu id  wa te r  added  d i r ec t ly  to the  cha rge .  T h e  amounts  of 

added  water  were  10.1, 20.2, and  40.4 grams ( equ iva len t  to 280, 560, and  1120 ppm H, on a 

uranium b a s i s ) .  T h e s e  bombs were f i red  a t  var ious  cen te r  tempera tures  ranging  from 230'F 

to 830'F. Water added  in t h i s  manner is e f f ec t ive  in  r a i s ing  the  hydrogen con ten t  of the  

uranium produced above  tha t  of a "normal" bomb to which  no  wa te r  w a s  added ,  bu t  which  w a s  

fired under o the rwise  i d e n t i c a l  condi t ions .  

hydrogen in uranium is g rea t ly  d e p r e s s e d  when the  bombs a r e  a l lowed  to "soak"  at abou t  

650'F for s i x t e e n  hours.  

T h e  effect of add i t iona l  wa te r  on  inc reas ing  

€3. Introduction 

It h a s  b e e n  s u s p e c t e d  t h a t  there  is a tendency  f9r the  hydrogen con ten t  of uranium m e t a l  

produced in t h e  p l an t  to i n c r e a s e  during the summer months and decreasedur ing  the winter 

months.  Though t h i s  f luc tua t ion  h a s  not  been  thorough l y  s u b s t a n t i a t e d ,  a compi la t ion  of 

a n a l y t i c a l  d a t a  i n d i c a t e s  t h a t  t he  H,O con ten t  of green  salt d o e s  i n c r e a s e  during the 

per iod  April  to September  a n d  falls to lower  v a l u e s  i n  the  period October  to March. T h e  

graph  i n  F igu re  6 s h o w s  t h i s  d a t a .  I t  h a s  been  found tha t  the amount of water sorbed  by 

green  salt is proportional t o  the  UO,F, con ten t  of the mater ia l  ( in  the range 0.8 - 6.0% U0,F2).' 

' F i n c h ,  W. F., and K e n n e l l e y ,  J .  A. ,  Process D e o e W m e n t  Quarterly  R e p o r t .  Part I ,  Mallinckrodt C h e m i c a l  Works, 
MCW-1428 (Apri l  1 ,  19591, p 23-27 
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Figure 6 

HYDROGEN CONTENT OF UF4 PRODUCED AT VARIOUS TIMES OF THE YEAR 
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n 

I t  is n e c e s s a r y  to compare t h e  water  conten t  of green  sa l t  l o t s  containing t h e  s a m e  

q u a n t i t i e s  of UO,F,  in order to  e v a l u a t e  the  impor tance  of s e a s o n a l  e f f e c t s  on  the  water  

conten t .  

made in  the  per iod Apri l  to-September than  in  lots made during t h e  winter  months .  T h i s  

s e a s o n a l  d i f fe rence  is la rge ly  independent  of t h e  UO,F, conten t  of the  mater ia l  

T h e  d a t a  In F i g u r e  6 show a genera l ly  higher  water  c o n t e n t  in  green  sa l t  lots 

A laboratory i n v e s t i g a t i o n  w a s  therefore  begun t o  de te rmine  i f  the  summer-winter  effect  

could  b e  d i rec t ly  r e l a t e d  ro  the  H,O a b s o t p t i o n  by green  sa l t -  

be tween  H,O c o n t e n t  a n d  s e a s o n a l  change  is the  var ia t ion  in  a b s o l u t e  humidi ty  of t h e  

a tmosphere .  

a s  six t i m e s  the  amount  of water  in the  summer a s  i t  d o e s  i n  t h e  win ter .  

components  ( e s p e c i a l l y  g reen  s a l t )  a r e  exposed  t o  t h e s e  var ied  condi t ions  for approximate ly  

e q u i v a l e n t  t i m e s  both summer and  win ter ,  they  wi l l  a b s o r b  water  from t h e  a tmosphere  in  

amounts  proport ional  to  t h e  a b s o l u t e  humidi ty ,  

T h e  m o s t  obvious  re la t ion  

A g iven  volume of a i r  of ten c o n t a i n s  ( in  the  Weldon Spring v ic in i ty)  a s  much 

A s  bomb charge  

C. Exper imenta l  

An a t t e m p t  w a s  made  t o  s i m u l a t e  a charge  which  had  r eached  equi l ibr ium with water  vapor  

at 2O’C by purging t h e  bomb with water -sa tura ted  air  a r  chis tempera ture ,  A t  t h e  end  of 

ten  d a y s ,  however. .  equi i ibr ium had not  been  a t t a i n e d  a n d  t h i s  approach  w a s  abandoned ,  

It w a s  d e c i d e d  i n s t e a d  to make water  a d d i t i o n s  d i r e c t l y  to the  cha rge  in  the  amounts  of 

10.1, 2 0 . 2 ,  and  40.4 grams (equiva len t  to 280, 560,  a n d  1120 ppm H, on a uranium h a s i s ) .  

T h e s e  q u a n t i t i e s  of water  were  c h o s e n  b e c a u s e  they  r e p r e s e n t  approximate ly  one-ha l f ,  o n e ,  

a n d  t w o  t i m e s  !he t h e o r e t i c a l  amount  of  wa te r  that  can  b e  absorbed from air  a: 100 per cent  relative 

humidi ty  (20°C) by [he UF, charge.‘ 

prepared,  and  t h e  mix:ure w a s  b lended  for 30 m i n u t e s ,  

T h e  water  w a s  added  a s  the Mg-green salt charge  w a s  

T h e  4 ~ k g  b o m b s  w e r e  hea t ed  by the  “ h o t  plate’’ rechnique  (hoc p la re  furnace, 650°C s e i  

temperature ,  90 per c e n t  power). A thermocouple  w a s  p l aced  in rhe center  of e a c h  bomb 

cha rge  to  measu te  she c e n t e r  temperature  a t  igni t ion ( a b s c i s s a  on the  graph)  

of cha rge  c e n t e r  cemperarure wirh t ime w a s  in te r rupted  in  e v e r y  case a t  a tempera ture  of 

&215’F, a: wh ich  poin t  rhe wa te r  bo i led  off a t  c o n s t a n 1  temperature  

wa te r  t h e  r a t e  of temperarure  i n c r e a s e  cont inued  as  before .  

which  t h e  cha rge  c e n t e r  remained  in  t h i s  i s o t h e r m a l  condi t ion  w a s  d i r e c t l y  proporclonal to  

t h e  water  c o n t e n t .  

T h e  i n c r e a s e  

After  removal  of t h e  

T h e  length  of t i m e  during 

Some wa te r  addi:ions were  a lso made  to bomb c h a r g e s  which were  subsequen t ly  s t o r e d  for 7 

a n d  14 d a y s .  T h e  purpose  of t h i s  experiment  w a s  to de te rmine  i f  t h i s  Rhold per iod” w a s  

F i n c h  and KenneLley ,  hlC\V-1428 
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in f luen t i a l  on  t h e  bonding of H,Oand €he  cha rge  components  t o  t h e  ex ten t  t h a t  varying 

hold pe r iods  would  a l t e r  t h e  e a s e  wi th  which the  cha rge  was  dehydra ted  during the  

pre igni t ion  hea t ing  per iod ,  

D. R e s u l t s  

T h e  d a t a  compi led  in  T a b l e  I show t h e  e f f e c t  of i n c r e a s i n g  amounts  of wa te r  added  t o  

the  bomb cha rge  on  t h e  r e s u l t a n t  hydrogen con ten t  of uranium. Indiv idua l  d a t a  for e a c h  

bomb a r e  a v a i l a b l e  in  T a b l e  I1 a n d  the  graph  in  F igu re  7 ,  It is read i ly  s e e n  tha t  bombs 

conta in ing  a d d e d  water,,  bu t  f ired under o the rwise  normal condi t ions ,  a r e  a lmos t  without 

excep t ion  h igher  in hydrogen c o n t e n t - i n  uranium than  P'normal,99 i .  e., bombs t o  which no  

water  h a s  been  added ,  N o  d i r e c t  or s imple  quan t i t a t ive  r e l a t ionsh ip  be tween the  amount 

of w a t e i  added  and  t h e  amount  of hydrogen in  uranium a b o v e  the 'vnormalyi r ange  w a s  

found; however ,  it would b e  e x p e c t e d  t h a t  s u c h  a r e l a t ionsh ip  would b e  r e l a t ive ly  obscure ,  

due  to t h e  e f f ec t  of wa te r  con ten t  on hea t ing  r a t e  and  the  tempera ture  profile of the  bomb 

cha rge ,  

T a b l e  I 

E f fec t  of Water Add i t ions  t o  Four-Kilogram Bomb C h a r g e s  on Hydrogen in Uranium 

Water Added, g 

Hydrogen Added, ppm 

Range of Values 
of H, in 
Uranium, ppm 

Average Hydrogen, ppm 

Range of Center 
Temperatures at 
Firing, OF 

Number of Bombs 
Fired 

Standard Firing Procedure 

0-0 10-1  20.2 40,4 

0 280 560 1120 

2 -1  2.9 4"5 5 -6 

320-400 480,500 230-800 380-400 

2 2 10 3 

Bombs Soaked 

20.2 40-4 

560 1120 

1,1 (16  hr) 
1.3 ( 1,2 hr) 1-3  (1 -2  hr) 
3-0  ( 1 - 5  hr) 
5.7 ( 3.0 hr) 

3.3 l b 3  

640-680 820 

3 I 
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Hold Period, days 

Charge Nupber 

t120 Content, grams 

Center Thermocouple 

Charge Analysis 
UF, 
Mg 
MFL 

Soak Time . 

Soak Temperature, OF 
H, i n  UF,, ppm 

Before hold 
After hold 

1-1, in  Mg, ppm 
Be fore hold 
After hold 

Preignition Time, min 

Center Temperature a t  
Firing, OF 

H, in  Metal, ppm 

Time f a  Plant  Bomb to 
Reach this Center 
Temperature, hours 

Normal Hydrogen Content 
of Comparable Plant  
Bomb, ppm 

E f f e c t s  of Water Addit ion to Four-Kilogram Bomb Charges‘ 

7 7 14 14 7 14 7 14 7 14 7 0 0 0 
B-627 B 634 B 628 B 635 B-636 B 637 B 638 B 639 B 640 B 641 B 645 B-661 B 667 B-668 

20 2 40.4 20.2 40 4 10.1 10 1 00,O 00.0 20‘2 20.2 40.4 20.2 20.2 20 2 

YCS yes  y e s  y e s  

24 C l  ppm H,, 96.70% UF, 1.84% W S!, 1 40% A01 
32 +4 ppm 11, 
38 42 ppm H, 

140 
210 

100 
180 

43 

520 

4.8 
4.7 

25 

2.0. 
3.0 

2’70 
270 

120 
470 

77 

825 

1-3 
1 . 3  

0,9- 
1 .9  

150 
22 0 

160 
220 

51 

785 

1 4  
1.8 

1.1- 
2.1 

160 
350 

130 
360 

38 

370 

5 6 
6‘5 

19 

2-9- 
3.7 

3 hr 9 9 m i n  16 hr 

650 680 660 

75 76 25 24 100 120 
110 120 29 210 

42 + 5  37 +4 35 14 33 i 4  7 9 2 9  82 f10  
62 k7 63 -C8 30 54 36-14 210 220 

37 39 26 31 40 37 36 3-hr 33-min 16-hr 
soak soak soak 

480 500 320 400 560 400 370 640 680 660 

3’4 2.1 2-0 2 3 3,7 4 .8  6.8 5.6 3.0 1.1 
3 6 2.2 2.0 2 2 3.7 4.9 6-0 5 . 7  3.0 1.2 

19 27 20 20 23 24.5 17 

2.3- 2 2 -  3.2- 2.7- 1.9- 2 .7 -  2,9- 1.6- 1.4- 1 5 -  
3.2 3-1 4.0 3.5 2 8 3.5 3.7 2.5 2,3 2,4 

a 

’ W S. (or “ W a t e r  Soluble’5j IS UO,FL 

Bombs f i r ed  b y  hot  p l a t e  hea t ing ,  650’C se t  temperature ,  90% power 
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Compar ison  of bombs c o n t a i n i n g  added  water  a n d  s u b j e c t e d  t o  ‘‘hold per iods”  with t h o s e  

f i red immedia te ly  a f t e r  b lending  s h o w s  n o  s i g n i f i c a n t  d i f fe rence  i n  t h e  hydrogen c o n t e n t  

of t h e  meta l  produced.  

be tween  water  a n d  bomb charge  components ,  if t h e r e  is a n  e f f ec t ,  is not  i n f l u e n t i a l  on t h e  

r a t e  a t  which dehydra t ion  o c c u r s  dur ing  the  preigni t ion per iod a t  t h e  water  l e v e l s  of t h i s  

se t  of e x p e r i m e n t s .  

I t  a p p e a r s  t h a t  the e f f e c t  of c o n t a c t  t i m e  on t h e  b inding  occurr ing  

O n e  important  e f f e c t  obse rved  is t h a t  d e s p i t e  t h e  p r e s e n c e  of l a r g e  amounts  of hydrogen 

( c o n t a i n e d  a s  water )  a suf f ic ien t ly  long preigni t ion per iod wi l l  e x p e l  t h e  water  a n d  produce  

metal  having  a hydrogen content  within t h e  (‘normal5y range  

in i t i a l ly  conta in ing  20.2  grams water  (equiva len t  t o  580 ppm H,) p roduced  uranium conta in ing  

normal  a n d  less t h e n  normal q u a n t i t i e s  of hydrogen 

soak ing  a t  high tempera tures  c a n  b e  u t i l i zed  in  of fse t t ing  t h e  r e l a t i v e l y  high wa te r  c o n t e n t s  

of green  s a l t s  produced  dur ing  summer months 

Sixteen-hour  “ s o a k ”  bombs ,  

( T a b l e  I1 a n d  F igure  7) Therefore ,  

VI.  Igni t ion Tempera tu res  of St i r red Magnesium a n d  Green  S a l t  Mixtures  

A -  Summary 

Mixtures  of g reen  sa l t  a n d  Mg were s u b j e c t e d  t o  t empera tu res  up  to 565’C whi le  be ing  

mechan ica l ly  s t i r r ed  in  a s t e e l  ’ 500-gram” bomb s h e l l  

be tween  tempera tures  of 393’C a n d  565’C depend ing  on t h e  p h y s i c a l  a n d  c h e m i c a l  condi t ion  

of t h e  Mg u s e d .  T h e s e  exper iments  were  conduc ted  to  d e f i n e  s a f e t y  l imi ta t ions  f o r  

opera t ing  condi t ions  in  t h e  pi lot  planr  where a procedure of prehea t ing  bomb c h a r g e s  w a s  

a n t i c i p a t e d  

Igni t ion of t h e s e  c h a r g e s  occurred  

B ,  Introduct ion 

Lower  v a l u e s  for  hydrogen i n  m e t a l  c a n  b e  o b t a i n e d  by a t t a i n i n g  a r e l a t i v e l y  high c e n t e r  

tempera ture  in t h e  bomb cha rge  .ju,st prior to ign i t ion .  

r e s u l t  from i n c r e a s i n g  t h e  preigni t ipn hea t ing .  per iod per  bomb. A n  obvious  mechod of 

obra in ing  high center  tempera tures  a t  ign i t ion  without  e x c e s s i v e l y  long preigni t ion p e r i o d s  

is to p r e h e a t  t h e  cha rge  components  before  the  bomb s h e l l  is f i l led.  Though chis p roposa l  

h a s  merit ,  t h e r e  ,is cons ide rab le  dange r  involved  in  handl ing  l a r g e  q u a n r i t i e s  of hot  c h a r g e ,  

for  which  p r e c i s e  ign i t ion  tempera tures  a t  t h e s e  c o n d i t i o n s  a r e  

wi th  t h e  a i m  of de te rmining  s a f e t y  l i m i t s  for prehea i ing  a magnesium - g r e e n  salt  charge  

th,at t,he labora tory  undertook t h e  fol lowing work. 

A n  i n c r e a s e  in c e n t e r  tempera ture  c a n  

undetermined,  I: w a s  

. . . . . . . . . .  : ............ . . . . . . . . . . . . . . . . . .  . 0 , ”  ... : o e  : : ...... : .......... 
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C ,  Exper imenta l  a n d  R e s u l t s  

An appara tus  w a s  prepared for ag i t a t ing  a green  s a l t - m a g n e s i u m  blend in  a s t e e l  500-gram 

bomb s h e l l  which  w a s  p l a c e d  in  a Kantha' l  furnace ,  A thermocouple  w a s  placed in  the  

charge  b e d  t o  record  t h e  c h a r g e  tempera ture  a c c u r a t e l y .  A var ie ty  of h e a t i n g  and  mixing 

procedures  w a s  used .  T a b l e  I11 g i v e s  t h e  exper imenta l  r e s u l t s  of all runs  with remarks 

d e s c r i b i n g  spec i f i c  procedures .  

is without  h a z a r d  f rom rapid c h e m i c a l  reac t ion  a t  tempera tures  below 3OO0C for a n y  mesh  

s i z e  Mg, U s e  of t h e  normal  mesh  s i z e  or f i lmed Mg would r a i s e  t h i s  t o  approximately 

4OO0C, No s ign i f i can t  depar ture  from t h e s e  l i m i t s  occurred when the  Mg component  w a s  

added  to  the  hot  g r e e n  salt, T h e  temperature  l i m i t s  to which g r e e n  salt a l o n e  c a n  b e  

h e a t e d  a r e  cons iderably  a b o v e  t h o s e  appl ied  to the  b lended  c h a r g e ,  b e c a u s e  the  cold Mg 

lowers  t h e  g r e e n  salt temperature  b y  a c o n s i d e r a b l e  amount  ( s e e  CAP-11) .  T h i s  

re laxa t ion  i n  s a f e t y  tempera ture  l i m i t ,  however ,  w a s  not  recommended b e c a u s e  u n u s u a l  

or unant ic ipa ted  c o n d i t i o n s  which might o c c u r  i n  p lan t  opera t ion  could  c o n c e i v a b l y  

lower ign i t ion  t e m p e r a t u r e s  cons iderably .  

T h e s e  d a t a  show tha t  prehea t ing  a green  salt <Mg mixture 

::: *.: 0 . :  : ..: : . . . . . . . . . . .  
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T a b l e  111 

U Igni t ion Tempera tu res  of St i r red a n d  H e a t e d  Green  S a l t  and  Magnesium Mixtures  

Ignition 
Tem erature 

!C Remarks 
Time hfg 

Run No. min Mesh 

CAP-1 95 -50 355 The ignition temperature may be  i n  error by as much 

-- 

as i4Oo due to error in  thermocouple placement. 

CAP-2 

CAP-3 

CAP-4 

CAP-5 

CAP-6 

CAP-7 

CAP-8 

CAP-9 

CAP-10 

CAP-I1 

CAP-12 

CAP-1 3 

15 hr 

99 

69 

93 

166 

172 

80 

16 hr 
90 min 

70 
9 

85  
38 
50 

80 

68 

-50 

-50 

-50 

-50 

normal 

normal 

-50 

-50 

none 
-50 

none 
t-12 
+ 1 2  

none 
filmed 

Mg 

filmed 
Mg 

none 

43 3 

447 

393 

505 

485 

448 

none at 330 
ignition a t  
550 

none at 375 
487 

none at 365 
none at 260 
ignition at 
558 

none at 370 
none at 350 

565 

The external shel l  temperature of this run was  
recorded a t  a peak of 42OoC. 

A Tesla coil discharged at 50' intervals showed 
no effect on ignition. 

The  blend was heated for 16 hours at  330' and no  
ignition occurred; the temperature was raised until 
ignition did occur at  550'. T e s l a  discharge had no 
effect at any temperature. 

Green salt only 
(-50) M g  was added to hot green salt, but a Mg spi l l  
into the furnace caused  rapid heating and was  
probably responsible for ignition. 

Green salt heated to 365', (->12) M g  added caused 
temperature to drop over 38 minutes to 260': 
continued heating caused ignition at 558', 

S a m e  procedure as  CAP-11, cexcrpc that heating 
was not resumed after Mg addition due to stirrer 
failure. 

The  reaction mixture from CAP-12 was recharged 
into functioning apparatus and fired. 

U A l l  r u n s  w e r e  made  in  a n  a i r  a tmosphere  a n d  with c o n s t a n t  s t i r r ing  e x c e p t  when Mg a d d i t i o n s  
were  made  to  h o t  g reen  salt ,  i n  which  cases t h e  s t i r r ing  w a s  s topped  only  during the  t ime of 
addi t ion.  

....................... . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  
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I t  is in t e re s t ing  to  compare the  igni t ion tempera tures  of runs  CAP-2 ,  C A P . 9 ,  CAP-11,  and  

CAP,.13 with the  o ther  igni t ion tempera tures .  

charge ,  a n d  in run C A P - 1 3  filmed Mg with -a-normal pa r t i c l e  s i z e  d is t r ibu t ion  w a s  u s e d ,  

T h e  s imi la r i ty  in  ign i t ion  tempera tures  ( 5  58’C and  565’C, r e spec t ive ly )  might be ind ica t ive  

of t h e  s imi la r i ty  of t h e  r eac t iv i ty  of t h e  Mg in  t h e s e  two s t a t e s ,  In run CAP-9 ,  -50 mesh Mg 

w a s  u s e d ,  bu t  it w a s  s t i r r ed  and  hea ted  with g reen  s a l t  for 16 hours  to  permit  filming the  Mg 

by any  r e s idua l  H F  in  the  UF,. 

very good poss ib i l i t y  t ha t  t h i s  did occur .  

In run CAP-11,  +12  mesh Mg w a s  used  in the  

In view of t he  igni t ion temperature  of 55OoC, there  is a 

During the  exper imenta l  run  C A P  4, a beaker  of t h e  cha rge  mixture w a s  p l aced  about  3 f ee t  

from the  r e a c t o r  appa ra tus  I When the  exper imenta l  charge  (CAP 4) ign i ted  from furnace  hea t ,  

a spa rk  from the  ign i ted  charge  flew in to  the  a ,djacent  open  beaker  caus ing  its con ten t s  t o  

ign i te  and  r e a c t  comple te ly ,  T h i s  unexpec ted  occurrence  prompted add i t iona l  experimentat ion 

re la t ing  t o  p o s s i b l e  a c c i d e n t a l  ign i t ion  of a ho t  charge  by an  e l e c t r i c a l  spa rk ;  t h i s  might 

a r i s e  from a n  accumula t ion  of s t a t i c  cha rges  during hopper  d i scha rge  in  the  p lan t  or a power 

l i ne  spark  c a u s e d  by fau l ty  e l e c t r i c a l  connec t ion ,  
s p a r k s  were  s imula t ed  by means  of d i s c h a t g e s  from a T e s l a  coil and  a high-vol tage 

t ransformer r e spec t ive ly  

30 w a t t s  and  900  wa i t s ,  ) iespecr ive ly  

cha rges  under  any  cond i t ions  ( s e e  T a b l e  111) 

t ransformer ign i ted  charge  mixtures  conta in ing  -50 mesh  Mg, co ld  or hot,  bu t  d id  not  i gn i t e  

cold mixtures  conraining 112 mesh Mg or f luo i ide  filmed Mg. Apparent ly ,  under most  

c i r cums tances ,  e l e e t i i c a l  d i s c h a r g e s  (exc luding  high vo l t age )  have  no haza rdous  e f fec t  on 

ign i t ing  hot  b lended  c h a r g e s  

T h e s e  condi t ions  of nco ld”  and “hotn  

T h e  energy  ou tpu t s  from t h e s e  s o u r c e s  were  e s t ima ted  t o  be  

T h e  spa rk  from the  T e s l a  coil d id  not  i gn i t e  the  

T h e  spa rk  from the  900  wa t t  high-vol tage 

VIL Porous-Top Bombs 

A.  Summary 

“Stovepipe ,”  L e ,  porous- top bombs were  fired using graphi te  or f irebrick d i s k s  as a 

rep lacement  of the  MFL c a p  and  s r e e l  bomb Yrd. 

lower amounts  of hydrogen in  t h e  200-600’F c e n t e r  temperature  range  than that from normal 

4-kg bombs ign i ted  a t  equ iva len t  c e n t e l  t empera tures .  In the 600  t o  9005F .center 

temperature  r ange ,  t h e  hydrogen r e s u l t s  were  the  s a m e  a 5  normal bombs.  Metal y i e lds  were 

lower in s o m e  c a s e s  and  preigni t ion t i m e s  were shorter  than  normal 4 kg bombs,  

and f i rebr ick appeared  to b e  equ iva len t  i n  lowering ehe hydrogen in the  meta l ,  but  f irebrick 

had the  d i sadvan tage  of r e a c i i n g  wnth Mg vapor ,  l ead ing  to i nc reased  b lowouts .  

Metal resu l t ing  from t h e s e  bombs conta ined  

Graphi te  

....................... ....... . . . . . . . . . . .  .................... ....... . . . . . . . . . . .  ........... . . . . . . . . . . . . . . . . . .  
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n 

P .  

B .  Introduct ion 

P rev ious  

s t rongly  dependen t  on  t h e  p r e s s u r e  wi th in  t h e  bomb during t h e  thermite  r e a ~ t i o n . ~  

at  f i r ing n e e d  o n l y  r i s e  approximate ly  2 0  p s i  to i n c r e a s e  t h e  hydrogen in  uranium 100 per  

c e n t ,  i . e . ,  from 2 to 4 ppm. 

laboratory work on s e a l e d  bombs  h a s  s h o w n  t h a t  hydrogen-in-uranium v a l u e s  a r e  

P r e s s u r e s  

P r e s s u r e  during igni t ion might  b e  d e c r e a s e d  by rep lacement  of t h e  normal  MFL c a p  and  the 

s tee l  bomb l id  with a more porous  mater ia l ,  thus  a l lowing  t h e  bomb to  "vent"  itself during 

ign i t ion ,  

t i m e s  more porous  than  packed  MFL. 

t h e  laboratory,  u s i n g  a g - i n c h - t h i c k  graphi te  d i s k  in  p l a c e  of t h e  MFL c a p .  

h a v e  b e e n  f i red u s i n g  1- t o  2-inch-thick firebrick d i s k s .  In addi t ion ,  t h e  s tee l  l i d  normally 

u s e d  w a s  r e p l a c e d  by  a 4- inch  s tee l  p ipe ;  T h e  4- inch p ipe  se rved  as  a bomb v e n t  d i rec t ly  

to t h e  a tmosphere  in t h e  f u r n a c e .  A r e t a i n e r  r ing  w a s  welded  t o  the p ipe  to k e e p  t h e  d i s k s  

from be ing  b lown from t h e  bomb. A s l i g h t  a rgon  f low minimized oxida t ion  of both t h e  carbon 

a n d  UF,. 

P o r o s i t y  measurements  have  shown  t h a t  graphi te  and  f i rebr ick a r e  four to f ive  

Therefore ,  a number of 4-kg bombs  have  b e e n  f i red in  

A few bombs 

C. Exper imen ta l  

T h r e e  laboratory hea t ing  t echn iques  were  employed i n  f ir ing porous- top bombs;  

1. Normal hea t ing :  F u r n a c e  - 650 'C;  power .. 4600 w a t t s  

2 ,  Acce le ra t ed  hea t ing :  F u r n a c e  - 9OO0C; power ~ 6500  w a t t s  

3 .  Hot  p l a t e  h e a t i n g .  F u r n a c e  - 650"; power ~ 6500  w a t t s  p l u s  900-wat t  

bottom of furnace.  
hot  p l a t e  i n  

T h e  graphi te  u s e d  for bomb t o p s  w a s  e l e c t r o d e  grade .  T h e  p l a t e s  were  u s u a l l y  recovered  

intact  a n d  w e r e  c l e a n e d  by s c r a p i n g  a n d  soak ing  i n  HC1 so lut ion,  and  dr ied i n  an  oven  

before  r e u s e .  T h i s  t reatment  r e s t o r e d  m o s t  of the  p l a t e ' s  o r ig ina l  poros i ty .  S i n c e  the 

poros i ty  of t h e  p l a t e s  w a s  r educed  a l m o s t  to z e r o  a f t e r  the  fir ing ac t  by condensed  Mg and  

f u s e d  s l a g ,  t h e  degree  to which t h e  p l a t e s  main ta ined  the i r  poros i ty  during the  fir ing ac t  w a s  

unknown. It w a s  found t h a t  a '/,-inch t h i c k n e s s  w a s  needed  to wi ths tand  both the  thermal  

s h o c k  a n d  Mg vapor  a t t a c k  during ign i t ion .  

L e i f i e l d ,  R, F., e ;  ai., P r o c e s s  D e v e l o p m e n t  Qua: te? ly  R e p o y t ,  P u l i  i ,hlal l incktodc C h e m i c a l  Works: MCW-I425 
(January 2,  1959), p 37-88 
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Fi reb r i ck  u s e d  for c a p s  w a s  S i O ,  Also ,  ( G  26 .grade) manufactured b y  A, P o  Green ,  A 

one  to-two-inch t h i c k n e s s  w a s  requi red  to p reven t  a ro ta1  blowout 

t h i s  t h i ckness  (. par t i a l  b lowouts  occurred  

of SiO,  with Mg vapor dur ing  ignition 

in t ac t ,  

However ,  even  with 

T h e s e  b lowouts  were  c a u s e d  by  the  r eac t ion  

Consequen t ly ,  f irebrick tops  were  no t  recovered  

D. R e s u l t s  

A conven ien t  method of compar ing  the  hydrogen r e s u l t s  of po rous - top  bombs  wi th  tha t  of 

normal bombs  is p lo t t ing  the  hydvogen r e s u l t s  from both types  of bombs v e r s u s  the  cha rge  

cen te r  tempera ture  a t  ign i t ion  

bombs is shown  in  F igu re  8, It  1s s e e n  tha t  t h e r e  is a r e l a r ionsh ip  be tween  hydrogen 

a n d  cen te r  tempera ture ,  a n d  t h a t  t h e  two l i n e s  drawn on  t h e  figure e n c o m p a s s  t h e  weighted  

majority of da t a .  T h u s ,  any  poin t  wrrhin t h e  “bandn  r e p r e s e n t s  a normal va lue .  

A p lo t  of normal labora tory  a n d  the  a v e r a g e  of 900 p lan t  

S i n c e  the rmocoup les  were not  p l aced  in  t h e  c h a r g e  c e n t e r  of t h e  porous-top bombs ,  a 

cen te r  tempera ture  a t  ign i t ion  w a s  no t  ob ta ined .  However ,  it IS p o s s i b l e  to e s t ima te  the  
c e n t e r  tempera ture  of t h e s e  bombs f a i r ly  accu ra t e ly  b y  us ing  F igu re  9 which s h o w s  c e n t e r  

tempera ture  v e r s u s  rim e for the t h r e e  labora tory  hea t ing  t e c h n i q u e s “  T h u s  pre igni t ion  

t ime c a n  b e  u s e d  t o  estimate the  cen te r  tempeaarure a t  ign i t ion ,  T h e  hydrogen i n  uranium 

v e r s u s  c e n t e t  t empera ture  at firing for porous-top bombs is p lo t red  in  F igu re  10 ,  T h e  

“normal b a n d ”  for p l a n t  a n d  labora tory  bombs  1s inc luded  for compar ison ,  

E ,  D i s c u s s i o n  

T h e  d a t a  in F i g u r e  10 show thar porous  t o p s  a r e  mole e f f ec t ive  in  lower ing  hydrogen in  

me ta l  a t  c e n t e r  rempera tures  be low 6005F than  a t  h igher  tempera tures  

600°F there  w a s  on ly  o n e  bomb O U I  of 12 which fell i n  the  normal band ,  whi le  above  

600°FF,  6 o u t  of 11 bombs  fell in the  normal band ,  T h i s  is eo b e  e x p e c t e d  s i n c e  the  charge  

g a s  con ten t  at  lower  tempexatu ies  is g r e a t e r  rhan at hrgher tempera tures ,  H e n c e ,  the  more 

g a s  l e f t  in the  c h a r g e >  t h e  hrgher  t h e  p o s s i b l e  p r e s s u r e  su rge  during ignirion. 

From 200’F to 

P re ign i t ion  t imes  w e r e  sho r t e r  a n d  c rude  y i e l d s  were  s l i gh t ly  lower  for porous-top bombs, 

A pa r t i a l  c a u s e  of the  lower  y i e l d s  w a s  probably  h e a t  loss  through t h e  bomb top ,  

main r e a s o n  fo r  u s ing  f i rebr ick  a s  a l i d  w a s  t h e  in su la t ing  phoperty of t h i s  mater ia l ,  

However ,  r eac t ion  of Mg wi th  SiOa in  &e frrebnick c a u s e d  b lowouts  and  made y i e l d s  

worse  i n s t e a d  of be t te r .  Shorter pre igni t ion  t i m e s  probably  w e r e  c a u s e d  by the  e s c a p e  of 

g a s e s  from the  bomb which a r e  normally involved  in  Mg filming r e a c t i o n s  

T h e  
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Figure 9 

HEATING CURVES FOR 4-KG DINGOT BOMBS ...... ...... ...... .... 
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THE DECREASE I N  HYDROGEN CONTENT OF URANIUM BY PRODUrnION I N  WELL-VENTED DINGOT BOMBS 
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On the  whole ,  t h e  hydrogen r e s u l t s  were  encouraging  and  the  t echn ique  of fe rs  a means  

of producing low-hydrogen me ta l  a t  i n c r e a s e d  production r a t e s .  

VIII, P i c k u p  of Hydrogen G a s  by Molten Uranium During F r e e  Fall Through Hydrogen, Water 

Vapor,  and  Hydrogen F luor ide  Atmospheres  

A. Summary 

Molten u ran ium w a s  poured  through hydrogen, wa te r  vapor ,  and  hydrogen fluoride to s tudy  

t h e  effect of t h e s e  g a s e s  on the so rp t ion  of hydrogen by l iqu id  uranium. 

Hydrogen so rp t ion  w a s  ve ry  r ap id ,  a n d  n o  l a rge  d i f f e rences  be tween g a s e s  were  observed .  

A l l  th ree  g a s e s  could be impor tan t  s o u r c e s  of hydrogen in uranium in  the  d ingot  p r o c e s s ,  

B,  Introduction 

P r e v i o u s  work in t h i s  labora tory  h a s  ind ica t ed  t h e  p r e s e n c e  of hydrogen, water  vapor, and  
hydrogen fluoride i n  t h e  thermi te  b o m b  dur ing  t h e  p rehea t  period.. 

hydrogen b y  l iqu id  uranium from hydrogen a n d  wa te r  vapor a tmosphe res  have  been  

R a t e s  of sorp t ion  of 

IC w a s  t h e  b a s i c  purpose  of t h i s  work to  ex tend  t h i s  information to hydrogen 

fluoride a tmosphe res .  

C. Exper imenta l  

T h e  a l l -graphi te  a p p a r a t u s  u s e d  for t h i s  work 

diagram of the  sys t em is shown  in  F igu re  1 2 .  

on t h e  o u t s i d e  of t h e  g raph i t e  ro preven t  e x c e s s i v e  oxida t ion .  T h e  graphi te  a s s e m b l y  

w a s  e n c l o s e d  and  i n s u l a t e d  by  heavy  ce ramic  c y l i n d e r s  f i l l ed  wi th  s m a l l  a lumina  bubbles .  

s pic tured  in  F igu re  11, and  a s c h e m a t i c  

A c o a t i n g  of magnes ium oxide  w a s  s p r a y e d  

T h e  uranium w a s  mel ted  in  t h e  induct ion-hea ted  graphi te  c ruc ib l e  under a n  argon 

a tmosphe re ,  A removable  plug in  t h e  c ruc ib l e  bottom made it p o s s i b l e  to pour the molten 

uranium in to  t h e  funne l  immedia te ly  be low,  From the  funnel  a s t ream of uranium dropped 

through a 1%-inch-d iameter  by 7-inch-long r eac t ion  tube.  A s e c o n d  funnel  a t  the  bottom 

of t h e  r eac t ion  rube channe l l ed  rhe  uranium i n t o  the  induct ion-hea ted  rece iv ing  c ruc ib l e ,  

which  w a s  purged  wi th  arg.on to p ro tec t  t h e  c o l l e c t e d  metal from the  r eac t ion  g a s .  After 

~ ’ Myers, H .  W., P r o c e s s  D e v e l o p m e n t  Quar ter ly  R e p o r t ,  Pa-Y B. Mallinckrodt C h e m i c a l  Works, MCW-1410 
(January 2,  1958) .  p 59 .69  

Myers, H.  W . ,  P r o c e s s  D e v e l o p m e n t  Q u a r t e r l y  R e p o r t ,  Past  I ,  Mallincksodr C h e m i c a l  Works, MCW-1412 
(April  1,  19583, p 97-104 
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Figure 11 

G R A P H I T E  A P P A R A T U S  F O R  

POURING URANIUM THROUGH 

REACTING GASES 
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Figure 12 

REACTION TUBE CROSS SECTION 
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i n i t i a l  explora tory  runs ,  a n  a t tempt  w a s  made to main ta in  t h e  fol lowing exper imenta l  

condi t ions :  

Melting c ruc ib le  temperature  1250'C 

Reac t ion  tube  temperature  

Rece iv ing  cruc ib le  temperature  

7OO0C 

l0OO0C 

Hold t i m e  before  pouring 18 minutes  

P o u r  funnel  s t em diameter  

Iner t  g a s  ( a r g o n )  

T o p  c r u c i b l e  purge 

Rece iv ing  c r u c i b l e  purge 

' A 6  inch  

635 ml/min 

156 ml/min 

Immediately upon pour ing , the  rece iv ing  cruc ib le  w a s  a l lowed to cool rap id ly .  

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

Forty.-thi .ee pours  through argon,  hydrogen,  water  vapor ,  and  hydrogen f luoride were  

a t tempted .  Some m e l t s  were  unpoured due  t o  d i f f i c u l t i e s  with the  pour plug. 

t h e s e  unpoured m e l t s  ind ica ted  no  contaminat ion of t h e  meta l  by  t h e  reac t ion  t u b e  g a s e s  

prior to t h e  pour.  P o u r s  through a rgon  e s t a b l i s h e d  b l ank  cor rec t ions .  

of a g iven  a r e a  segmen t  of the  s u r f a c e  of t h e  fa l l ing  uranium w a s  e s t ima ted  to b e  be tween  

0 .1  and  0.2 s e c o n d s .  

A n a l y s i s  of 

T h e  exposure  t i m e  

A summary of r e s u l t s  is g iven  I n  T a b l e  IV,  a n d  the  blank p o u i s  through argon a r e  l i s t e d  in  

T a b l e  V 

hydrogen i n c r e a s e  in  t h e  meta l  and  t h e  hydrogen concent ra t ion  in  the  reac t ion  chamber 

the  fact  t h a t  a n  i n c r e a s e  in  hydrogen occurred  in  every  run but one  ev idenced  a very fast 

reac t ion  and/or  sorp t lon  fa te  fo r  a l l  t h r e e  g a s e s  

d i f fe rences  in  behavior  be tween  t h e  g a s e s .  

Although t h e  r e s u l t s  were  too random t o  permit any  cor re la t ion  between the 

A l s o ,  t h e  d a t a  d o  not i n d i c a t e  a n y  g r o s s  

....................... . . . . . . . . . . . . . . . . . .  .................... 
0011  *e.* o 0 0  s o  s D o 0 . e  e o  * n o  
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T a b l e  IV 

Principal 
Gas in 

Reaction 
Tube Run No. 

Hydrogen 

Water Vapor 

Hydrogen 

Fluoride 

5 
10 
11 
13 
14 
15 
16 

17 

20 

27 
28 

29 
31 
32 
33 
35 
37 
40 

43 

Summary of P o u r s  

Hydrogen Content 

Initial Final  
PPM PPM 

0'5 2.4 
2-9 4-6 
0.5 3*3 
2.9 5 "4  
3-0  9.2 
3.2 5.7 
3.0 7"7 

3.,1 3.,8 

3.0 6.5 

3..0 5.2 
0-2  5.,1 
0.2 5.0 
O"2 5.1 
0.2 5.4 
3.0 4-6 
2,9 3-8 
3.2 6.8 
2-9 7"2  

Corrected 
Increase 

PPM a 

1,7 
0-4 
2,5 
6.2 
2.5 
4,7 

0"7 

3.5 

2,2 
2 -2  
2 " l  

2.2 
2-5 
1.6 
0.9 
3.6 
4=3 

3"2 5.2 2"O 

Reaction 
Tube 

Hydrogen 
Concentration 

per centb 

Calculated 
Surface 

Hydrogen 
Sorption 
y/cm'' 

20"O 
60,6 
60-6 
89.1 

96-3 
96.3 
96,3 

89.6 

97-4 

95.6 
95.6 
95 -6 
88-2 
88-2 

88,2 

89.2 
93.4 
93.4 
95 "6 

Correc ted  for argon b lank .  

B a s e d  on  hydrogen equ iva len t  of r eac t ing  g a s  and  one  a tmosphere  p re s su re ,  

T o t a l  micrograms ( y) of hydrogen i n c r e a s e  d iv ided  b y  to t a l  exposed  su r face  of m e t a l ,  

a 

C 

3.84 
0-90 
5.65 

14.00 
5.64 

10.63 

1.58 

7.92 

4.96 
4.97 
4"74 
4,97 
5.64 
3.62 
2-30 
8-12 
9.68 
4,52 

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

Melts Poured  Through Argon 

Hydrogen Con ten t  

Run  N o .  
In i t i a l  
PPhl 

3 

4 

6 

24a  

25 

7 

2 2  

0 5  

0.5 

0.5 

0.2 

0 .2  

3.0 

3.0 

F i n a l  I n c r e a s e  
P PM PPM 

3.1 

2.7 

3.6 

2 "  1 1.6 } A v .  2.5 

2 . 2  

4 .1  3 .9  

3.7 

2,3 

a After  R u n  N o  20 all a rgon  w a s  purif ied by  p a s s i n g  i t  over  ho t  uranium turn ings  

It is e v i d e n t  from these d a t a t h a t  t h e  r a t e  of contaminat ion  of l iquid uranium i s  rapid 

from all  three a tmosphe res .  

cor re la t ion  of t h e  amount  of hydrogen p ickup by  t h e  uranium with t h e  concent ra t ion  of 

hydrogen compounds in t h e  g a s  p h a s e ,  but  at l eas t  qua l i ta t ive ly ,  molecular  hydrogen,  

w a t e r  vapor,  a n d  hydrogen f luoride all  behaved  the s a m e .  

t h e  hydrogen e n t e r i n g  t h e  metal from t h e  g a s  p h a s e  c a n  be  indent i f ied  from t h e s e  

exper iments . )  

T h e  reproducibi l i ty  of t h e  r e s u l t s  is insuf f ic ien t  KO permit  

( N o  preferen t ia l  s o u r c e  of 

....................... . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  
0 0 0  0 0 0 0  0 0 .  * 0 0 0 .  e.  . 0 .  
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THERMAL DIFFUSIVITY O F  LINER MATERIALS 

Richard  W .  Gaver  

J a m e s  A. Kennel ley  

Summary 

Thermal  d i f fus iv i ty  measurements  on MFL were made a t  650'C to  de te rmine  whether  d i f fe rences  

in d ingot  hea t ing  r a t e s  were  c a u s e d  b y  var ia t ions  i n  the  diffusivi ty  of d a i l y  b a t c h e s  of MFL.  

T h e  thermal  d i f fus iv i ty  of m o s t  MFL s a m p l e s  ( regular ,  roas ted ,  or l e a c h e d )  a t  650°C w a s  found t o  

be  approximately 2 . 0 ~ 1 0 ' ~  cm2/sec ,  However ,  a n  in i t i a l ly  high d i f fus iv i ty  (3x10-' c m 2 / s e c )  w a s  

a l w a y s  found i n  measutements  on  regular  MFL.  T h i s  high d i f fus iv i ty  may be due  t o  t h e  copious  

q u a n t i t i e s  of ammonia a n d  then  hydrogen g a s  (above 300'C) which a r e  usua l ly  evolved  when regular  

MFL is h e a t e d ,  

N o  s i g n i f i c a n t  var ia t ion  in  thermal  d i f fus iv i ty  w a s  found in  t h e  s e v e n  s a m p l e s  of regular  MFL 

t e s t e d  to -da te ,  However ,  some d i f f e r e n c e s  in  t h e  in i t i a l  h e a t i n g  r a t e  of the  d ingot  could b e  c a u s e d  

by  differ ing r a t e s  of hydrogen g a s  evolu t ion .  

Introduct ion 

In connec t ion  with the  problem of high hydrogen l e v e l s  In d ingot  meta l ,  much a t t en t ion  h a s  been  

f o c u s e d  on  t h e  bomb l iner  mater ia l  (MFL) as  a p o s s i b l e  c a u s e  of non-reproducible  dingot  

preigni t ion t i m e s ,  To  d a t e  n o  s ign i f i can t  var ia t ions  in the chemica l  or  g e n e r a l  p h y s i c a l  p roper t ies  

of regular  MFL s a m p l e s  have  b e e n  found which can a c c o u n t  for t h e s e  var ia t ions  
t h e  t h e r m a l  diffusivi ty  of MFL is a method for d i r ec t ly  t e s t i n g  d a i l y  b a t c h e s  of p lan t  MFL KO d e t e c t  

d i f fe rences  in  thermal  propert ies .  

Measurement  of 

Some l o w  temperature  (below 300'C) s t u d i e s  were made on the  thermal  d i f fus iv i t i e s  of bomb 

components  by  Bearty,-  bu t  t h i s  d a t a  d id  not  inc lude  the  65OoC furnace temperature  employed in the  

plant .  

Exper imenta l  

T h e  method involved measuring t h e  r a t e  of i n c r e a s e  i n  temperature  of t h e  center  of a long cyl inder  

of MFL when t h e  o u t s i d e  tempera ture  of t h e  cy l inder  w a s  suddenly  i n c r e a s e d  from room temperature  

' Bearty ,  K .  0.. J r . ,  T b e ? m a l  Diffus iv i t ies  and C o n d u c t i v i t i e s  of GPeen S a k  G : e e n  Sal t -Magnes ium B l e n d s ,  D o l o m i t e ,  
and S lag ,  Narional  L e a d  Company of O h i o ,  F M P C - 4 7 1  ( J u l y  1. 19543 
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T - T I  
to  650*C. T h e  d i f fus iv i ty  c o n s t a n t  w a s  c a l c u l a t e d  from t h e  equat ion  T, - T, 
where T center  temperature  a t  t i m e  t ,  Tu ambient  t e m p e r a t w e ,  T, new s u r f a c e  temperature ,  

a n d  k d i f fus iv i ty  c o n s t a n t ,  

-1 -02 kt  1 - 6 0  e 

D e t a i l s  of t h e  method of c a l c u l a t i o n  a r e  g i v e n  in  appendix  I. T h e  s a m p l e  tube  w a s  cons t ruc ted  

from a th in  wal l  n i c k e l  t u b e  2 i n c h e s  In d i a m e t e r  by 26 i n c h e s  long,  A 28-gauge chromel-alumel  

thermocouple  w a s  p l a c e d  i n s i d e  t h e  tube  s o  t h a t  the  thermocouple  b e a d  w a s  in  t h e  e x a c t  cen ter ,  

A s e c o n d  chrome1 a lumel  thermocouple  ( Ineonel -shea thed)  w a s  a t t a c h e d  to the  o u t s i d e  of the  

tube  with its b e a d  in  t h e  s a m e  hor izonta l  p l a n e  as  t h a t  of the  c e n t e r  thermocouple  

a n d  o u t s i d e  tempera tures  were  r e c o r d e d  o n  the  s a m e  graph  by the  u s e  of a t iming d e v i c e  which 

per iodica l ly  (every  30 s e c o n d s )  s w i t c h e d  thermocouple  l e a d s  to  a s i n g l e  pen  Brown recorder ,  

Both center  

In order  to  br ing t h e  s a m p l e  tube  s u r f a c e  to  t h e  d e s i r e d  new s u r f a c e  tempera ture  i n s t a n t a n e o u s l y  

a n d  hold  it there  during the  en t i re  tun ,  a l a rge ,  w e l l - i n s u l a t e d  tube  furnace  w a s  c o n s t r u c t e d  

employing a 4 inch-d iameter  by 20-inch-long Kantha l  r e s i s t a n c e  e l e m e n t  T h e  e lement  w a s  

mounted ver t ica l ly .  T h e  a n n u l a r  s p a c e  be tween t h e  furnace  e l e m e n t  a n d  s a m p l e  tube  w a s  f i l led 

w i t h  a s ta inless  steel h e a t  s ink .  A s lot  OP k e y  w a y  down t h e  i n s i d e  of t h e  h e a t  s i n k  provided 

room for  t h e  o u t s i d e  thermocouple  a n d  a l lowed a v e r y  c l o s e  f i t  be tween  t h e  tube  and h e a t  s ink  

T h e  MFL to  be s t u d i e d  w a s  p a c k e d  in  t h e  s a m p l e  tube  by jolting with labora tory  equipment  

unt i l  t h e  maximum p a c k i n g  d e n s i t y  w a s  a c h i e v e d ,  U s u a l l y  about  5 pounds  of MFL were required,  

P a c k  d e n s i t i e s  were  de te rmined  for e a c h  run a n d  were  found to b e  qu i t e  reproducib le ,  Good 

agreement  be tween p a c k  d e n s i t i e s  a n d  previous ly  de te rmined  t a p  d e n s i r i e s  w a s  also obta ined .  

T h e  c e n t e r  thermocouple  p o s i t i o n  w a s  c h e c k e d  s e v e e a l  t i m e s  during the  jol t ing opera t ion  to 

make s u r e  i t  remained  cor rec t ly  c e n t e r e d ,  T h e  loaded  t u b e  w a s  c l o s e d  wi th  a Monel cap ,  

T h e  i n i t i a l  furnace se t  remperature  w a s  6 0  - 90°C above  t h e  cont ro l  tempeta ture  (650'C) to  

a l low for rhe  h e a t  c a p a c i t y  of t h e  n i c k e l  s a m p l e  tube .  

Measurements  w e i e  made by plunging t h e  s a m p l e  tube  in to  t h e  furnace  and  s imul taneous ly  

s t a r t i ng  the  recorder  a n d  t imer.  T h e  furnace  c o n t r o l s  were  then r e - s e r ,  a n d  the  temperature  

surrounding the  sample  t u b e  w a s  carefu l ly  control led a t  the  desihed l e v e l  

t h e  d i f fe rence  b e t w e e n  center  and o u t s i d e  eemperatures  w a s  u s u a l l y  only  5 to 10 d e g r e e s  and  

the  run w a s  t h e n  terminated,  After eoolxng> she  s a m p l e  tube w a s  unloaded a n d  t h e  c e n t e r  

thermocouple  c h e c k e d ,  then ,  the  sample  t u b e  w a s  re loaded  wi th  a new s a m p l e ,  

In about  40 minutes  

A p r e c i s i o n  s t u d y  w a s  made with s a m p l e s  of r o a s t e d  MFL and l e a c h e d  M F L "  

var ied  somewhat  during the  measurements ,  so  ca lcu la t ions  were made for v a r i o u s  t i m e s  for 

e a c h  run, 

where t h e  maximum d e v i a t i o n s  a r e  summar ized ,  

T h e i r  diffusivmties 

A comparison of s e v e r a l  r u n s  for both t y p e s  of MFL is g iven  in  T a b l e  I, appendix  11, 

A mean devia t ion  of a b o u t  4% is ind ica t ed ,  T h i s  

....................... . . . . . . . . . . . . . . . . . .  .................... . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  ........................ 
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is r e a s o n a b l y  low cons ider ing  t h a t  a ca lcu la t ion  error of up to  2% is p o s s i b l e  below 600 s e c o n d s ,  

a n d  t h a t  above  1500 s e c o n d s  a s m a l l  var ia t ion  in  center  temperature  h a s  a l a rge  e f fec t  on the  

c a l c u l a t e d  d i f fus iv i ty  c o n s t a n t  ( s e e  T a b l e  11, appendix 11). L e s s  prec is ion  w a s  obta ined  with 

regular  MFL s a m p l e s ,  bur t he  devia t ion  ra re ly  e x c e e d e d  6%.  

R e s u l t s  and  D i s c u s s i o n  

Nine  s a m p l e s  of l iner  mater ia l ,  inc luding  r o a s t e d  a n d  l e a c h e d  MFL, have  been s tud ied .  (See  

appendix  111, T a b l e  I ,  for r e p r e s e n t a t i v e  chemica l  a n a l y s e s . )  

MFL a n d  l e a c h e d  MFL were  found to  b e  about  t he  s a m e  ( ~ 2  x,10-3 cm’/secj.  I t  w a s  a l s o  found 

t h a t  the i r  d i f fus iv i t i e s  var ied  only s l i gh t ly  during the  en t i re  run. Regular  MFL s a m p l e s  behaved  

qu i t e  different ly .  T h e  diffusivi ty  of regular  MFL w a s  in i t i a l ly  near  3 x cm’/sec but  i t  dropped 

as  t h e  run progressed  ( s e e  F igure  1). In T a b l e  I a r e  l i s t e d  the d i f fus iv i t ies  of regular ,  roas t ed ,  a n d  

l e a c h e d  MFL, which were c a l c u l a t e d  for a number of po in ts  during e a c h  run. 

T h e  thermal  d i f fus iv i t ies  of r o a s t e d  

....................... . . . . . . . . . . . . . . . . . .  .................... . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  
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..*... ...... ...... .... * .  ...... . .  . .. ...... ...... . .  

.e.... ...... .. . 
# . .  
8 .  .. . 
1 .. . .  
I . . . .  ..... . .  
m..... . .  * .  .... 
* .  . .. '..... .... 

Time 
seconds 

300 

480 

600 

780 

900 

1080 

1200 

1500 

1800 

Roasted 
MFL 

(average) 

1-96 

1.87 

1,90 

1:96 

2-00 

2-04 

2-04 

2-04 

2,04 

Leached 
MFL 

(average) 

2,OO 

1.74 

1,96 

l"81 

1-86 

1.91 

1-94 

2,OO 

2,OO 

Table I 

Thermal Diffusivity of Liner Materials 
- k x l o 3  c m a / s e c  at 65OoC 

WS.MFL 
Aa 

3L24 

3 18 

3 10 

2-91 

2.76 

2-58 

2.48 

2.42 

2,30 

W.S-yjFL 
8 

3'04 

2-94 

2-91 

2-76 

2,69 

2-61 

2.59 

2-45 

2'37 

W,S.MFL 
CC 

3.24 

3-07 

3.02 

2,91 

2-83 

2-69 

2-62 

2-46 

2-41 

a Weldon Spring lot of 5/6/58 Hopper 23. 

Weldon Spring lot of 5/8/58 Hopper 1. 

Weldon Spring lot of 664-11018-007 Batch 8. 

Weldon Spring lot of 664-11018-404 Hopper 12 ,  

e Weldon Spring lot of 664-11018=410 Hopper 8. ' Weldon Spring lot of 664-11018-416 Hopper 36. 

g Plant 6E lot 163-01148-010 Drum 2 (Destrehan site). 

W.S,MfL 
D 

2,92 

2"93 

2,85 

2,77 

2-71 

2-64 

2.62 

2-52 

2,32 

W,S,MFL 
E =  

2-81 

2-65 

2-56 

2-46 

2.42 

2.35 

2-31 

2.25 

2-24 

W .,S.MFL 
Fl 

2.84 

2 3 7  

2 3 1  

2,70 

2-64 

2-54 

2.48 

236  

2.25 

Plant 6E 
MFU 

3.19 

3.16 

3.08 

2-94 

2.84 

2-70 

2-65 

2.51 

2-34 
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Evolu t ion  of hydrogen g a s  may have c a u s e d  the  i r regular  d i f fus iv i ty  of normal MFL. Thermal  

d i f fus iv i ty  of powders  is known to  vary wi th  t h e  composi t ion of t he  g a s  in  the void s p a c e s n 2  T h e  

composi t ion of t h e  in t e r s t i t i a l  g a s  is a l t e r ed  during the  cour se  of a run with normal  MFL by (1) the  

evolu t ion  of ammonia and  desorp t ion  of water  vapor ,  and  ( 2 )  by the  copious  evolut ion of hydrogen 

a s  the  MFL is hea tedS3  However ,  t he  evolved  hydrogen appea r s  t o  have  a grea te r  i n i t i a l  e f fec t  on 

the  d i f fus iv i ty  c o n s t a n t  than  cou ld  be  a t t r ibu ted  to  gas  composi t ion changes  a lone .  

in t h e  g a s  p h a s e ,  c a u s e d  by a high r a t e  of g a s  evolu t ion ,  provided favorable  h e a t  t ransfer  

c h a r a c t e r i s t i c s  a n d  hence ,  high in i t i a l  v a l u e s  of k. A s  the  temperature  inc reased ,  the  r a t e  of 

g a s  evolu t ion  g radua l ly  d e c r e a s e d  and l ed  t o  less favorable  hea t  t ransfer .  T h e  observed  d e c r e a s e  

in k corresponded to  t h e  d e c r e a s e  in t h e  r a t e  of g a s  evolu t ion .  An indica t ion  of t h i s  e f fec t  w a s  

obta ined  in  a s t u d y  of t he  thermal  g rad ien t s  i n  laboratory reduct ion bombsS4 It  w a s  found tha t  

higher  charge  hea t ing  r a t e s  with normal-MFL-lined bombs (compared t o  roas ted-MFL-l ined  bombs)  

were d i r ec t ly  r e l a t e d  t o  t h e  cop ious  evolu t ion  of hydrogen. 

"Turbulence" 

T o  de termine  t h e  e f f ec t  of g a s  evolu t ion ,  two  s a m p l e s  of MFL were run s e v e r a l  t i m e s  without  

removing them from t h e  sample  tube.  T h e  r e s u l t s  a r e  compared t o  a s imi la r ly  t r ea t ed  sample  of 
roas t ed  MFL in  T a b l e  11. After t h e  f i r s t  run, where most  of the  hydrogen a n d  ammonia were ex -  

pe l l ed ,  t h e  d i f fus iv i ty  of regular  MFL approached  tha t  of roas t ed  MFL and became qu i t e  cons t an t .  
~- 

* 
' 

Schumann,  T.  E. W . ,  and Voss, V.. mHeaf F l o w  Through Geanular Matecials, ' F u e l  13, 249 (1934) 

Neumann, N. F., e t  a l . ,  P r o c e s s  D e v e l o p m e n ?  Quarter ly  Repoaz,  Part  1, Mallinckrode Chemica l  Works, MCW-1399 
(January 1, 1957),p 98 

Gavet .  R. W . ~  and Neumann, N. F,. P m c e s s  D e v e l o p m e n t  Quar ter ly  R e p o r t ,  Parr 8 ,  Mallinfkrodr C h e m i c a l  Works, 
MCW-I407 {Oieoben 1, 1957B,p 85 
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k x 10’ c m 2 / s e c  a t  650°C 
Effec t  of Repeated Measurements  on the Thermal  Diffusivity of MFL 

Roas ted  MFL W S MFL of 5 / 8 / 5 8  Hopper 1 Time -- -- 
3rd 4 t h .  

300 1.99 2.25 3 04 2 29 2 27 2 29 

- __ ___ s e c o n d s  1st. 5 t h .  l s t ,  2nd.  
__ 

480 1.84 2.06 2.94 2.,02 2 . 0 0  2 -03 

600 1 . 8 8  2 ” O l  2 91 1 9 8  1.91 1 .96  

780 1”95 1.98 2 76 1 . 9 8  1.92 1 . 9 3  

900 1.99 1 . 9 7  2-69 1 98 1.91 1.93 

1080 2.05 1.95 2 61 1.99 1 9 0  1.92 

1200 2.07 1 .94  2.59 1 99 1.90 1.91 

1500 2 ,15  1.96 2.45 1.96 1.8’7 1.90 

1800 2.21 1.91 2.37 1 9 1  1 8 4  1 .86  

a MFI.. sample  lef t  i n  sample tube after each  r u n ,  cooled ,  t h e n  r u n  aga in .  

W.S MFL 416 Hopper 36 
1st 2nd. 3rd. 4 t h  

2.84 2-32 2 24 2 24 

-- __ 
__ __ - 

2 . 8 7  2 .10  1 . 9 8  1..98 

2..81 2.06 1.32 1 ..93 

2..’70 2..01 1.89 1 . 9 0  

2 .64  1”99 1 . 8 8  1 - 9 0  

2.54 1.98 1 .88  1 .. 89 

2 .48  1 .96  1.88 1 . 9 0  

2.36 1 .93  1 .86  1 - 8 3  

2 .25  1.91 1.84 1 . 8 2  

e..... 
e..... 
e..... 
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Another  change ,  which could  h a v e  an  e f f e c t  on t h e  d i f fus iv i ty  cons t an t ,  t a k e s  p l a c e  in the  MFL 

during the  hea t ing  c y c l e ,  Regular  MFL con ta ins  s e v e r a l  per  c e n t  of e l emen ta l  uranium and  

magnesium. T h e s e  metals ox id ize  during a run, as ind ica t ed  in  T a b l e  11, appendix  111, and  they 

could b e  cont r ibu t ing  t o  t h e  observed  d e c r e a s e  in  the  d i f fus iv i ty  cons t an t ,  

.Conc lus ions  

It s e e m s  appa ren t  f rom t h e s e  r e s u l t s  t h a t  a f t e r  a bomb l iner  s t o p s  evolving g a s e s  s u c h  as  

ammonia and  hydrogen its thermal  d i f fus iv i ty  approaches  the va lue  2 X,  

(or 7-8  x IO-' ft5/hr.), T h e  r e s u l t s  i n  T a b l e  I1 further i nd ica t e  tha t  the  f ina l  v a l u e s  for the 

d i f fus iv i ty  c o n s t a n t s  of m o s t  b a t c h e s  of regular ,  roas t ed ,  or l e a c h e d  MFL a r e  s imi l a r ,  Di f fe rences  

in i n t i a l  d i f fus iv i t i e s ,  a s  g iven  in  T a b l e  I, however ,  may ind ica t e  differing amounts  of hydrogen 

r e l e a s e d  by t h e s e  l iner  ma te r i a l s ,  S ince  t h i s  hydrogen probably d i f fuses  through the  charge ,  and 

hence  i n c r e a s e s  its thermal  d i f fus iv i ty ,  t h e  in i t i a l  hea t ing  r a t e  of the  charge  could  b e  a f fec ted  by 

l iner  ma te r i a l s  of d i f fe ren t  i n i t i a l  d i f fus iv i t i e s ,  

cma/sec. 

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



n 

V-69 

Appendix I - C a l c u l a t i o n s  

Solu t ions  to t h e  d i f f e ren t i a l  equat ion  for h e a t  t r ans fe r ,  were  d i s c u s s e d  a t  length  by Williamson 

a n d  Adams'  to provide a m e a n s  of c a l c u l a t i n g  hea t ing  .and cool ing  curves  for var ious  so l id :  

s h a p e s .  For t h e  temperature  c h a n g e  in  t h e  center  of a n  inf ini te  cy l inder  whose  s u r f a c e  is 

suddenly  h e a t e d  or c o o l e d ,  t h e y  der ived  t h e  equat ion  

m 
kR'i, t 1 T - T, 

E 2z [Rm J,(R,) 1"; 
T - center  temperature  a t  time t in  "C. 

To - or ig ina l  uniform temperature  in  "C. 

TI - .new sur face  temperature  in  "C a t  t ime zero 

-k .- diffusivi ty  c o n s t a n t  in  cm'/sec 

t - t ime i n  s e c o n d s  

x - d i s t a n c e  ( r ad ius )  in  c m  

m - a n y  integer  

Rm - a n d  - J 1  (Rm) a r e  B e s s e l  F u n c t i o n s  whose  v a l u e s  c a n  b e  obta ined  from a 

s tandard  t a b l e  of B e s s e l  F u n c t i o n s .  

Solv ing  t h i s  e q u a t i o n  for  t h e  f i r s t  t w o  te rms ,  where t h e  cy l inder  r a d i u s  is 0.936 i n c h e s ,  g i v e s  

T - Ti E 1 - 6 0  ,-1.02 k t  - 1 . 0 6 e  - 5 ~ ~ 3  k t  
T, - T, . However ,  only the  f i r s t  t e r m  is s i g n i f i c a n t ,  T h e  

T - T I  1.60 e-1-02 kt 
f ina l  equat ion ,  Ti, - T, is q u i t e  s imple ,  a n d  k c a n  be  obta ined  u s i n g  a t a b l e  of 
e x p o n e n t i a l  func t ions .  

To c o n s i d e r  t h i s  equat ion  va l id  for ca lcu la t ing  the  d i f fus iv i ty  c o n s t a n t s  of MFL s a m p l e s ,  two 

a s s u m p t i o n s  were n e c e s s a r y :  t h a t  t h e  coef f ic ien t  of h e a t  t r ans fe r  to the s a m p l e  w a s  u n i t y  

( e .4* ,  no barr ier  to h e a t  flow), and  t h e  d i f fus iv i ty  of the  s a m p l e  conta iner  w a s  l a rge  enough 

compared to that  of t h e  sample  to  c a u s e  no s igni f icant  error i n  the  measurements .  

Will iamson,  E. D . ,  a n d  Adams ,  L .  H . ,  Phys. R e v .  14, 99-114 (1919) 

....................... . . . . . . . . . . . . . . . . . .  .................... . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  
O D 0  0 o o a  0 0 e o  0 0  e 0 0 0 0 0  . a  0 . 0  



V- 70 

T h e  thermal  conduct iv i ty  and  d i f fus iv i ty  of a so l id  are r e l a t ed  by the  equat ion  

K k e __ where k di f fus iv i ty  c o n s t a n t  (cm'//sec) 

e CP K conduct iv i ty  c o n s t a n t  (cal-cm/sec-crn'-'C) 

e d e n s i t y  of t h e  s o l i d  (grams/cma) 

h e a t  capac i ty  of t he  so l id  ( ca l /g )  

Another  term must  b e  added  to t h e  equa t ion  when t h e  materia 

the  composi t ion  of t he  g a s  o r  g a s e s  in t h e  void s p a c e s ,  Some ca l cu la t ions  were  .made by 

Schumann a n d  V O S S , ~  bu t  t h e  term is compl ica ted  by changes  in  g a s  composi t ion ,  and  it is b e s t  

determined exper imenta l ly .  

is in p o w - x  form to accoun t  for 

Schumann, T ,  E. W . ,  and V o s s , V . ,  "Heat F l o w  Through Granular Ma:e:ials,'O F u e l  13, 249 (1934) 

....................... . . . . . . . . . . . . . . . . . .  .................... . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  ........................ 
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Appendix I1 

T a b l e  I 

Time 
seconds 

300 

480 

600 

780 

900 

1080 

1200 

1500 

1800 

Therma l  Diffusivi ty  of T r e a t e d  MFL 
k x l o3  cm’/sec a t  65OoC 

R o a s t e d  MFL L e a c h e d  MFL 
53 55 65 Deviation 59 62 64 Deviation 

+ %  Tube 1 Tube 2 Tube 2 Average * %  

1.99 1.88 2.02 1.96 3.5 1.89 2.14 1.96 2.00 6.3 

4.3 1.90 1.74 1,98 1.87 6,4 

1.94 1.79 1.97 1.90 4.7 1.77 1.79 1.71 1.76 2,3 

~ _ _ _ _ _ _ _ _ _  Tube 1 Tube 1 Tube 1 Average 
~~~ 

1.72 1,83 1.68 1 74 

1.7 

1.6 

2.9 

3.1 

1.85 1.79 1.80 1-81 

1.89 1.83 1.87 1.86 

1.96 1.85 1.93 1.71 

1,98 1,86 1.98 1.94 

1.97 1.88 2.04 1.96 4.1 

1.99 1.93 2.08 2 ,OO 3.8 

2.02 2 , O O  2.09 2,04 2.2 

2 , O O  2.04 2,08 2,04 2 ,o  

2.07 2.10 1.96 2.04 3.4 2,02 1.90 2,07 2.00 4,3 

5 >o 2.00 1.90 2.10 2.00 2,03 2.05 2.05 2,04 0.5 

... . . . .. .. c ... . ... .. ... . . . . . . . , . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . , . . . . . . . . . . . . . . . . 
e .  ... .. . ... .. e . . . .  
“I“ .. “ “ 0  0 0 * *  0 0  0 0 0 D O 0  0 0  0 0 0  
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Appendix I1 

Table I1 

The Calculated Effect of a 5OC Deviation in Center Temperature on the 
Thermal Diffusivity Constant 

Time 
seconds 

0 

100 

3 00 

600 

900 

1200 

1500 

1800 

2100 

2400 

Assume value of k: 2 x  cm2/sec.  

Calculated' Calculated Effect on k of 5OC -' 

Center Deviation in Center Temperature 
Temp. OC 9 %  

X X 

X 

100 

349 

485 

5 59 

600 

6 2 3  

635 

64 2 

X 

1.5 

1-5 

1.5 

2 

3.5 

6 

9.5 

21 

a Calculations based on a long sample tube of 1-inch radius. 

I 

I 
1 
I 
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I 
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Appendix I11 

Table I 

Chemical Analysis of MFL 
Used in Thermal Diffusivity'Measurements  

Analysis 
Roasted 

MFL 

MgO, % 

Total Uranium, % 

Elemental Uranium: % 

Elemental Magnesium, % 

Hydrogen,ppm (present as 
H,O or HF) 

Sieve Analysis 

% +20 

720 +40 

-40 4.60 

-60 -+IO0 

- 100 .+ 20 0 

-200 +325 

-325 

2.1 

2,o 

0.31 

0.01 

8.6 

Leached 
MF L 

0.92 

0'17 

0.03 

0.004 

19. 

W.S.MFL W.S.MFL 
Aa Bb 

2-4 2.5 

2,1 2;l 

1.3 1.2 

0.07 0.05 

44. 47 

W.S.MFL 
C C  

2.4 

2.0 

1.2 

0.08 

48. 

Plant 6E 
M F L ~  

3.3 

2,o 

1.3 

0.14 

7 7 .  

0.1 0.4 0.2 04 0.3 0.2 

0.7 1.0 1.4 2.0 2.1 1 3  

4.6 1,7 6.9 6.8 5.3 5 5  

12,4 4,5 13.0 12.7 11.1 9.5 

21.8 20.8 26.9 27 0 30.0 21.4 

13.7 18.2 14.3 15.2 17.0 13 8 

46.6 53.0 36.5 35.1 33.7 47.7 

a Weldon Spring lot of 5/6/58 Hopper 23. 

Weldon Spring lot of 5/8/58 Hoppr 1. 

Weldon Sping lot 664-11018- 007 Batch 8. 

dPlant 6E lot 163.01148-010 Drum 2 (Destrehan s i t e ) .  

.... . . . .  . . . .  . . .  . . . .  ..* . 
. .................. . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  . . . .  ....... .......... : : ......... 
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Appendix I11 

T a b l e  I1 

C h e m i c a l  A n a l y s i s  of MFL Samples  a f te r  Di f fus iv i ty  Measurements  

E f fec t  of Heat ing  on Chemica l  ComDosition 

W,S.MFL W .S,MFL W S.MFL P l a n t  6E 
M F L ~  _____ Analys i s  Aa Bb CC 

E lemen ta l  Uranium, % 0.31 0.45 0.35 0.33 

Elemen ta l  Magnesium, % 0.06 0.03 0.06 O"12 

Sieve  Ana lys i s  

I % 

-20 

-40 

-60 

-100 

-200 

-325 

+20 

+40 

+60 

9100 

+200 

9325 

O"1 

1.4 

7.3 

13.2 

22.4 

19.2 

36.1 

0.1 

1 - 5  

6 - 0  

12.2 

26.7 

17.4 

3 6 , l  

a Weldon Spring lot of 5/6/58 Hopper 23. 

b Weldon Spring l o t  of 5 / 8 / 5 8  Hopper  1 .  
C Weldon Spring lot  664-11018-007 Batch  8. 

P l a n t  6E lot 163-01148-010 Drum 2 (Des t rehan  s i t e ) .  

0.3 

2 -4 

5.5 

11-4  

28.0 

18.3 

33.9 

O"2 

1-5 

6,>3 

11-8 

19.5 

15.4 

45.2 

1 

1 
I 

I 

............ . : .............. 

................. : 2 ..: ... ..! . 

. . . . . . .  . . . . .  .................... . . . . . . . . . . . . . . . . . .  . . . . . . . . .  
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W .  J .  Rober t son  

ti. P.  Lang  

Summary 

Work h a s  begun on  a n  exper imenta l  s t u d y  of t h e  mechanism of uranium d i s s o l u t i o n  in ni t r ic  a c i d .  

T h e  r e s u l t s  of some e a r l y  exper iments  a r e  p r e s e n t e d .  

Introduct ion 

A br ie f  s p e c u l a t i v e  d i s c u s s i o n  of a p o s s i b l e  mechanism for the  d i s s o l u t i o n  of uranium metal  in  

n i t r i c  a c i d  h a s  appea red  in  a prev ious  report . '  

for t h e  d i s s o l u t i o n  h a s  been  s t a r t e d .  

An exper imenta l  program t o  determine t h e  r a t e  law 

Exper imenta l  a II d R e 5 ult  s 

T h e  uranium meta l  s a m p l e  now under  s t u d y  i s  a s m a l l  rod,  approximate ly  50  m m  in length and  7 m m  
in  d iameter ,  which w a s  machined  from a "normal" 6 - t r e a t e d  dingot  s l u g .  

end  of a s t a i n l e s s  s t e e l  s h a f t  by a threaded  end on the  s h a f t  a n d  a dr i l led  a n d  tapped  hole  in t h e  

uranium sample .  A teflon g a s k e t  is put  be tween t h e  s t e e l  and  t h e  uranium to sea l  t h e  uranium 

s u r f a c e  on top  and  prevent  a t t a c k  a t  t h e  c rev ice .  T h e  s t e e l  s h a f t  is chucked  in  a s t i r r e r ,  and  the  

s a m p l e  ro ta ted  in  n i t r i c  a c i d ,  

temperature  ba th .  Cond i t ions  a r r ived  a t  for the  exper iments  were  a temperature  of 5OoC and  a 

rotat ion r a t e  of 1000 rpm. 
volume u s e d  w a s  1 5 0  ml. T h e s e  f a c t o r s  were c h o s e n  o n  the  b a s i s  of c o n v e n i e n c e .  

w a s  fol lowed b y  withdrawing 2.0-1111 s a m p l e s  for a n a l y s i s .  

o n e  t i m e ,  o n e  w a s  a n a l y z e d  for uranium and t h e  other  for n i t rous  a c i d .  T h i s  d a t a  permits  the  

c a l c u l a t i o n  of t h e  mil l igrams of uranium d i s s o l v e d  as  a func t ion  of t ime,  and  g i v e s  d i rec t ly  t h e  

n i t rous  a c i d  concent ra t ion  a s  a func t ion  of t i m e .  T h e  
a c t u a l  r a t e  of d i s s o l u t i o n  of uranium is obta ined  by  determining s l o p e s  from the  plot  of mil l igrams 

d i s s o l v e d  u e t s u s  t ime. T h e  f u n c t i o n a l  d e p e n d e n c e  of t h e  r a t e  on the  concent ra t ion  of n i t rous  a c i d  

is shown  in F i g u r e  2 .  It wi l l  be  n e c e s s a r y  in future  exper iments  to employ different  ni t r ic  a c i d  

c o n c e n t r a t i o n s ,  d i f fe ren t  r a t e s  of sample  rotat ion and  different  s ample  s izes  to de te rmine  the  

e f f e c t s  of t h e s e  var iab les .  

T h e  rod is a f f i x e d  to t h e  

T h e  cy l indr ica l  v e s s e l  conta in ing  t h e  ni t r ic  a c i d  i s  he ld  in  a c o n s t a n t -  

T h e  uranium sample  had  a sur face  a r e a  of 11.5 sq c m  and the  so lu t ion  

T h e  reac t ion  

T w o  s u c h  s a m p l e s  were  withdrawn a t  

A t y p i c a l  exper iment  is shown in F i g u r e  1. 

I R o b e r t s o n ,  W. I.,  P r o c e s s  D e u e l o p r n c n f  Q u a r f e r l y  R e p o r t ,  Par t  I .  h l a l l i n c k r o d t  C h e m i c a l  Works ,  MCW-1425 
( J a n u a r y  2 ,  1 9 5 9 ) .  p 
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Figure 1 
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Figure 2 

DEPENDENCE OF THE RATE OF DISSOLUTION OF DINGOT URANIUM 
IN 1 3 . 1 ~  - mo3 ON THE CONCENTRATION OF mo2 
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Conclusions 

Preliminary experiments show that the rate of dissolution of uranium in nitric acid depends on 

the nitrous acid concentratiop. Other variables, including the nitric acid concentration, sample 

rotation ratej sample s i z e ,  and temperature, remain to be investigated. 

e 
9 
I 
I 
8 
a 

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



VII-79 

HAZARDS ASSOCIATED WITH THE OPERATION OF A METAL DISSOLVER 

bv 

W. J i Robe r t son  

G .  P .  L a n g  

Summary 

T h e  p lan t  me ta l  d i s s o l v e r  expe r i enced  d i f f icu l t ies  on  s t a r t u p  on  s e v e r a l  o c c a s i o n s  as  man i fe s t ed  

by  a n  ex t remely  v igorous  and  poten t ia l ly  haza rdous  reac t ion .  At tempts  h a v e  b e e n  made  to t r a c e  

t h e  c a u s e  of t h i s  behavior .  

I n  t ro duc  t io n 

T h e  plane meta l  d i s s o l v e r  is a s t a i n l e s s  steel tank equipped  wi th  a r e c y c l e  s y s t e m  for t h e  d i s -  

s o l v e r  l iquor ,  a n d  with t h e  n e c e s s a r y  fume d i s p o s a l  sys t em.  When the d i s s o l v e r  is s h u t  d o w n  

t h e  uranyl  ni t ra te-ni t r ic  acid l iquor  is dra ined  off and  t h e  me ta l  remaining in  t h e  tank  is cove red  

with water .  On s t a r t u p  t h e  cover ing  water  is drained a n d  n i t r i c  a c i d  is in t roduced  i n t o  t h e  tank .  

T h e  r e c y c l e  is s t a r t e d  as t h e  tank  is f i l l ing with a c i d .  T h e  concent ra t ion  of ref inery a c i d  h a s  

b e e n  i n c r e a s e d  from 40 w/o  to 45 w/o  as  a r e s u l t  of a c h a n g e  in  p lan t  opera t ing  procedure.  

Short ly  a f t e r  t h i s  c h a n g e ,  a more v io len t  reac t ion  occurred  in  t h e  d i s s o l v e r  on s t a r t u p  t h a n  w a s  

e x p e c t e d  f r o m  p a s t  exper ience .  

ni t rogen d ioxide  evolu t ion  a t  a grea te r  race than  t h a t  e x p e c t e d  for  t h e  d isso lver .  

immedia te ly  f looded  to s t o p  t h e  reac t ion .  

occur red .  

d i s s o l v e r  w a s  s h u t  down for  a weekend.  B e c a u s e  of t h e  p o t e n t i a l  hazard  of uraoium f i r e s  t h e  

u s e  of the dissolver w a s  s u s p e n d e d  while  a n  i n v e s t i g a t i o n  w a s  made.  

T h e  operacor p r e s e n t  heard a d u l l  report  and  s a w  e v i d e n c e  of 

T h e  tank  w a s  

T h e  s t a r t u p  w a s  r e p e a t e d  and  no  fur ther  i n c i d e n t  

T h i s  pat tern w a s  fol lowed s e v e r a l  t i m e s  on  s u b s e q u e n t  s t a r t u p s ,  a l w a y s  after t h e  

Inves t iga t ion  a n d  R e s u l t s  

T h e  i n v e s t i g a t i o n  d i s c l o s e d  t h a t  t h e  i n c r e a s e d  v i o l e n c e  of t h e  r e a c t i o n  w a s  d u e  to t h e  reac t ion  

of cor ros ion  products  from l o c a l i z e d  a r e a s  o n  t h e  meta l  s u r f a c e  wish t h e  n i t r i c  acid. X-ray dif-  

f rac t ion  a n a l y s i s  of  t h e s e  cor ros ion  products  i n d i c a t e d  uranlum dioxide  a n d  f ine ly  d i v i d e d  

uranium metal .  

from t h e  r e a c t i o n  of uranium w i t h  boi l ing  water.’  

T h e  p resence  of f ine ly  d iv ided  meta l  h a s  b e e n  noted  in  t h e  cor ros ion  product  

T h e  p r e s e n c e  of uranium in  f ine ly  d iv ided  

’ Stewart ,  0. M., Berry, W .  E. ,  Miller, P .  D..  Vanghan.  D. A.,  Schroeder, J. B..  F i n k ,  F. W. ,  and Schwarrz, C. M . ,  
Anlnves t iga t ion’d fUran ium Corrosion in 100°C Water and 2OO0C Steam a t  A t m o s p b e r i c  P - e s s u i e .  B a t i e l l e  Memorial 
Ins t i tu te ,  BMI-1271 ( J u n e  19, 1958) 
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state aCCOUntS for t h e  enhanced  ac t iv i ty  of t h e  metal, T h e  i n c r e a s e  i n  the  concent ra t ion  of the  

p lan t  n i t r ic  a c i d  from 40 w / o  to 4 5  w / o  w a s  suf f ic ien t  to i n c r e a s e  the  v i o l e n c e  of t h e  reac t ion  

a n d  a c t u a l l y  causecignieion at t imes.  It is probable  tha t  t h i s  condi t ion  e x i s t e d  before  the  a c i d  

concent ra t ion  w a s  changed  and  tha t  t he  r e a c t i o n  w a s  never  v io len t  enough for  ign i t ion  to  occur .  

O b s e r v a t i o n s  h a v e  shown the  i n c o n s i s t e n t  na ture  of t h e  'corrosion p r o c e s s ,  t ha t  is, tha t  t he  COK. 

ros ion  d o e s  not  o c c u r  over  every shutdown period. I t  w a s  noted  in  laboratory exper iments  with 

corroded metal t ha t  ign i t ion  could  occuc wi th  50 w / o  ni t r ic  acid. T h e  ign i t ion  w a s  a c t u a l l y  a 

s m a l l  e x p l o s i o n  which threw p i e c e s  of glowing metal (or oxide)  o u t  of t h e  cor ros ion  spo t .  

In the . e f fo r t  to f ind  out ,why she uranium corrodes  in  t h i s  manner,  i n t e re s t  h a s  c e n t e r e d  on the  

water  u s e d  to f lood t h e  tank  when t h e  d i s s o l v e r  is s h u t  down. 

merc ia l  compound c o n s i s t i n g  of  sodium dichromate a n d  sodium t r iphosphate ,  a n d ,  i n  addi t ion ,  t he  

pH is a d j u s t e d  with su l fur ic  ac id .  IC h a s  b e e n  found tha t  a d i lu te  so lu t ion  of n i t r ic  a c i d  prepared 

with t h i s  t r ea t ed  w a t e r  wi l l  corrode uranium m e t a l ;  however ,  d i lu te  ni t r ic  a c i d  prepared with d i s -  

t i l l ed  water  wi l l  not .  Furthermore,  when a p i e c e  of metal tha t  is undergoing cor ros ion  is p l a c e d  

in  pure dilute ni t r ic  a c i d ,  t he  corrosion s t o p s ,  At tempts  60 determine  which s u b s t a n c e ,  or c o m -  

binat ion of s u b s t a n c e s ,  is r e s p o n s i b l e  for  t h e  coerosive a c t i o n  of t h e  t rea ted  water-ni t r ic  a c i d  

have not  been  s u c c e s s f u l  as ye t .  T h i s  type  of h a z a r d  in  working with uranium m e t a l  d i s s o l v e r s  

w a s  not  reported in  a r e c e n t  monograph on the  s u b j e c t  ob uranium f i res , '  a n d  as  fa r  as is known 

w a s  o b s e r v e d  h e r e  for t he  f i r s t  t ime.  

T h i s  water  is t r ea t ed  with a com- 

The m e t a l  d i s s o l v e r  is now opera t ing  with a procedure that  bu i lds  up t h e  a c i d  concent ra t ion  

s lowly  on s t a r tup  No di f f icu l t ies  h a v e  been  exper ienced .  T h e  s o u r c e  of w a t e r  for  the  t a n k  

f looding  s y s t e m  is s c h e d u l e d  to be changed  to unareated water ,  

Smi:h, R 
Commlss' ion,  TID-8011  ( A p r i l  12, 19562 

€3.. T h e  Fire P r o p e r t i e s  of M e t a l l i c  Uranium, T e c h n i c a l  Information Setvice,  United  Snares Aromic Enehgy I 

-1 

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



n 

VIII-81 

X-RAY S P E C T R O G R A P H I C  DETERMINATION OF URANIUM IN SOLUTION 

by 

W .  C .  Stoecker  

I. Summary 

X-ray f l u o r e s c e n c e  spec t rographic  methods have  been developed  for the  determinat ion of 

uranium in so lu t ion .  

One method,  for a q u e o u s  s o l u t i o n s  of uranium, u t i l i z e s  s t ront ium a s  a n  in te rna l  s t a n d a r d  in 

much t h e  same way a s  t h e  procedures  prev ious ly  reported for uranium in raff inate '  a n d  s lag ' .  

D i r e c t  de te rmina t ion  c a n  b e  made for uranium concent ra t ions  in  the  range  of 0.1 to  1.5 g / l ,  a n d  

a t  1 g / l  or more a r e l a t i v e  prec is ion  of 51.3 per  c e n t  a t  a 95  per c e n t  conf idence  l e v e l  w a s  

found.  S i n c e  s o l u t i o n s  with high uranium concent ra t ions  c a n  b e  s u i t a b l y  d i lu ted ,  the method is 

b e l i e v e d  t o  b e  a p p l i c a b l e  t o  v i r tua l ly  a n y  a q u e o u s  so lu t ion  with a uranium concent ra t ion  above  

0.1 g / l  ( a t  t h i s  po in t  the  r e l a t ive  prec is ion  a t  a 95 per  c e n t  conf idence  l e v e l  is a b o u t  +-7 

per  cen t ) .  

T h e  method for a q u e o u s  s o l u t i o n s  w a s  modified to provide for the determinat ion of uranium in 

t h e  T B P - h e x a n e  mixture u s e d  as ref inery solweat.  T e c h n i q u e s  were d e v e l o p e d  for introducing 

t h e  s t ront ium in te rna l  s t a n d a r d ,  a n d - f o r  handl ing  vo la t i l e  organic  l iqu ids  in  the  X-ray machine ,  

T h e  uranium concent ra t ion  r a n g e  is 0.2 to  4.4 g / l ,  and  the  re la t ive  prec is ion  a t  a 95 per  c e n t  

conf idence  l e v e l  was found t o  b e  51.0 per c e n t  a t  c o n c e n t r a t i o n s  of 2 g / l  or more. A s  in the  

c a s e  of a q u e o u s  so lu t ions ,  there  is no upper concent ra t ion  l i m i t .  

While a n  in te r fe rence  s t u d y  i s - y e t  t o  be made, i t  is e x p e c t e d  tha t  very few e l e m e n t s  wi l l  in-  

terfere  se r ious ly ,  s i n c e  t h i s  h a s  been  the r e su l t  in  other  c a s e s  where strontium w a s  u s e d  as a n  

in t e rna l  s tandard .  

11. Introduct ion 

Many workers  h a v e  u s e d  the  X-ray spec t rograph  to  de te rmine  v a r i o u s  e l e m e n t s  in  a q u e o u s  a n d  

o ther  so lu t ions .  S e v e r a l  s t u d i e s  of uranium s o l u t i o n s  h a v e  been  made. F l ikkema,  L a r s e n ,  a n d  

Schablaske '  determined uranium i n  n i t r ic  a c i d  s o l u t i o n s  of n u c l e a r  r e a c t o r  f u k l s  using only the 

S t o e c k e r ,  W .  C., P r o c e s s  D e v e l o p m e n t  Quar ter ly  R e p o r t .  P a r t  I ,  Mallinckrodt C h e m i c a l  Works, MCW-1410 
(January 2 ,  1958) ,  p 107-14  

S t o e c k e r ,  W .  C . ,  P r o c e s s  D e v e l o p m e n t  Quar ter ly  R e p o r t .  P a r t  1.  Mallinckrodt C h e m i c a l  Works, MCW-2425 ( J u l y  1,  1 9 5 8 ) ,  
p 155-158 

F l i k k e m a ,  D. S., L a r s e n ,  R.  P.,and S c h a b l a s k e ,  R .  V.. T b c  X-Ray .  S p e c t r o m e t r i c  Determinat ion o /  Uranium i n  Solut ion,  
A rgonn e N at  ion  a1 L ab ora tory, AN L -5 64 1 ( November , 19 5 6 Y. 

' 
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uranium L a  peak  count .  T h e y  u s e d  a n  a l l - g l a s s  s ample  cel l  having  a h e i g h t  of 1.0 c m  a n d  a 

window t h i c k n e s s  of 0.007 cm d e s i g n e d  for  use in  a P h i l i p s  E l e c t r o n i c s  spec t rograph  s imi la r  

to t h e  ins t rument  in  opera t ion  here .  P i s h  a n d  Huffman' de te rmined  uranium a n d  thorium in  

a q u e o u s  ra f f ina te ,  and  t r ibutyl  phosphate-"al iphat ic  d i l u e n t  so lvent"  s o l u t i o n s .  T h e y  u s e d  

s t ront ium as a n  i n t e r n a l  s t a n d a r d  for  a q u e o u s  s o l u t i o n s  a n d  bromine ( a s  bromobenzene)  for the  

organic  s o l u t i o n s .  A g l a s s  s ample  ce l l  wi th  a m i c a  window w a s  a s s e m b l e d  prior to e a c h  u s e  

and  f i l l ed  with a syr inge .  

Unfortunately,  t h e  exper imenta l  d e t a i l s  of t h i s  important  work were  of l imited u s e  in  the  p r e s e n t  

i n v e s t i g a t i o n  b e c a u s e  of d i f f e r e n c e s  in  t h e  ins t ruments .  Another  s t u d y  of r e a c t o r  fuel e l emen t s  

w a s  made  by Si lverman,  Houk,  a n d  Moudy.' T h e y  de termined  uranium in s o l u t i o n s  resu l t ing  from 

perchlor ic  a c i d  > d i s s o l y t i o n  of R uranium dioxide- i ron mixture  toge ther  with its s t a i n l e s s  s teel  

s h e a t h .  Strontium w a s  u s e d  as  a n  in te rna l  s t a n d a r d ,  a n d  l a r g e  amoun t s  of i ron,  chromium, a n d  

n i c k e l  d id  n o t  interfere .  

T h e i r  ins t rument  w a s  a Genera l  E l e c t r i c  XHD-3 f l u o r e s c e n c e  uni t .  

T h e  development  of  a w a y  t o  handle  l i q u i d s  w a s  t h e  f i r s t  problem to b e  met. N o  sample  cel l  

w a s  a v a i l a b l e ,  a n d  n o  r e f e r e n c e  w a s  found which  desc r ibed  a ce l l  en t i re ly  s u i t a b l e  for t h e  p r e s e n t  

ins t rument .  Work o n  t h i s  problem r e s u l t e d  in  d i f fe ren t  t e c h n i q u e s  for t h e  t w o  t y p e s  of s o l u t i o n s ,  

A problem w i t h  t h e  organic  s o l u t i o n s  w a s  t h e  introduct ion of s t ront ium or o ther  in te rna l  s t a n d a r d  

in  a form m i s c i b l e  w i t h  t h e  l iquid.  

Other  f e a t u r e s  of t h e  work fol lowed e s t a b l i s h e d  procedures .  

111. Exper imen ta l  

A. Appara tus  

T h e  P h i l i p s  E l e c t r o n i c s  X-ray spec t rograph ,  T y p e  N o .  52260, w a s  u s e d  wi th  a li thium fluoride 

a n a l y z e r  c r y s t a l  a n d  a s c i n t i l l a t i o n  counter  d e t e c t o r .  

T h e  a q u e o u s  s o l u t i o n s  were  a n a l y z e d  in  a P l e x i g l a s  s ample  c e l l  of 7-ml c a p a c i t y  which had  

a t  o n e  t i m e  b e e n  u s e d  for ra f f ina te  powders .  T h e  cel l  w a s  f i l led l e v e l  to t h e  top  with t h e  a i d  

of a dropper  or s t i r r ing  rod a n d  t h e n  c o v e r e d  with a s h e e t  of 0.001-inch Mylar cut  to f i t .  T h e  

a s s e m b l y  w a s  t h e n  c lamped i n t o  t h e  aluminum sample  holder  a n d  i n s e r t e d  i n t o  t h e  spec t rograph .  

T h i s  a r rangement  w a s  suf f ic ien t ly  leakproof  for aqueous  so lu t ions .  A new Mylar cover  w a s  

u s e d  e a c h  time the  c e l l  w a s  filled. 

' P i s h .  G., and Huffman, A .  A . ,  "Quantitat ive Determination of Thorium and Uranium i n  So lu t ions  by F luorescent  X-Kay 

Spectrometry," A n a l .  C b e m .  27. 1875-8 (1955)  

Si lverman,  L . ,  l iouk,  W., and Moudy, L . ,  " Determination of Uranium D i o x i d e  in S t a i n l e s s  S t e e l s  b y  the  X - R a y  

F l u o r e s c e n c e  So lu t ion  Method," P r o c e e d i n g s .  6 t b  Annual  C o n f e r e n c e  on lndus t r ia l  A p p l i c a t i o n  01 X-Ray A n a l y s i s ,  

Denver  R e s e a r c h  Inst i tute .  ( A u g u s t ,  1957), p 271-281 

I 
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T h e  c e l l  for organic  l i qu ids  c o n s i s t e d  of a rec tangular  block of Te f lon ,  46 x 35 x 11 m m ,  

in to  which a rec tangular  c a v i t y  w a s  machined,  2 3  x 2 0  x 7 m m  d e e p ,  T h e  cav i ty  w a s  s o  

l o c a t e d  a s  t o  b e  under t h e  most  i n t ense ly  i r rad ia ted  a r e a  of the aluminum sample  holder  

window. T h i s  a rea  i s  approximately the rear  ha l f  of the rectangular  window. 

(approximately 4-mm diameter)  were dr i l led  in to  the cav i ty  from the front edge  of the block 

s loping  upward from t h e  bottom of the  cav i ty  a t  a smal l  angle  from the horizontal .  T h e  

c e l l  top  c o n s i s t e d  of a s t r ip  of 1-inch Scotch  tape  p laced  a c r o s s  the cav i ty  and  trimmed 

a t  t h e  s i d e s  of the  c e l l  b lock  w i t h  s c i s s o r s .  T h i s  w a s  rep laced  w i t h  e a c h  u s e .  T h e  c e l l  

w a s  f i l l ed  through e i ther  a c c e s s  hole  by u s e  of a 10-ml Luer- type syr inge .  T h e  h o l e s  were 

s toppered  wi th  smal l  Tef lon  p lugs .  T h e  c e l l  w a s  c l e a n e d  w i t h  a c e t o n e  a f te r  removing and 

discarding t h e  Scotch tape  s t r ip .  T h e  a d h e s i v e  on the  Scotch tape  was  a t t a c k e d  s lowly  by 

the  so lven t ,  bu t  ample t i m e  w a s  ava i l ab le  for making readings  before  the  c e l l  s t a r t ed  to 

l eak ,  T h e  tape and layer  of a d h e s i v e  r e su l t ed  i n  a l o s s  of only about  one per cen t  of the 

n e t  uranium peak  in tens i ty .  

T w o  h o l e s  

B o  R e a g e n t s  

T h e  following s t a n d a r d  so lu t ions  a re  used:  

'(1) Strontium Stock  Solution (Sr concn.  20 mg/ml). Prepare  from reagent  grade  strontium 

carbonate  'by d i s so lu t ion  i n  su f f i c i en t  n i t r ic  a c i d  to  give an e x c e s s  of 3 m l  of nitr ic 

a c i d  per l i ter .  

( 2 )  Strontium In terna l  Standard Solut ion,  Aqueous  (Sr concn .  3 mg/ml) .  P r e p a r e  by - 
di lu t ion  of (1) w i t h  water .  

(3) Strontium In terna l  Standard Solut ion i n  M e t h y l  C e l l o s o l v e  (Sr concn .  

P r e p a r e  by di lut ion of (1) w i t h  methyl Ce l loso lve .  

3 mg/ml). 

(4) Uranium Stock Solut ion,  Aqueous  (U concn ,  = 20 mg/ml), Prepare  by d i s so lu t ion  of 

s tandard  black oxide i n  suf f ic ien t  n i t r ic  ac id  to  give a n  e x c e s s  of 3 m I  of n i t r ic  a c i d  

per  l i t e r ,  

(5 )  Uranium Stock Solut ion i n  Methyl C e l l o s o l v e  ( U  concn.  = 20 mg/ml). D i s s o l v e  5.896 g 

of U 3 0 ,  i n  4 m l  of water  and  3;7 m l  of n i t r ic  a c i d  (a 1 - m l  e x c e s s ) .  

and  d i lu t e  of 250 m l  w i t h  methyl Ce l loso lve ,  

Add 20 m l  of w a t e r  

(6)  U r a n i u m  Standard Solu t ions .  P r e p a r e  var ious  d i lu t ions  of (4)  i n  water  and ( 5 )  i n  methyl 

C e l l o s o l v e  a s  required for ca l ibra t ion .  U s e  good volumetr ic  technique  throughout,  

. . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  
0 0 0  (I 0 0 0  0 0 0 0  0 0  0 

... .. . ......... . . . . . . .  ........ ....... ....... 
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C ,  Ana ly t i ca l  P rocedures  

1 Procedure  fo r  Aqueous  Solu t ions  

F o r  d i r ec t  de te rmina t ion  in  aqueous  so lu t ions ,  the  uranium concent ra t ion  should  not  

be more than  1.5 g / l ,  

T o  a 100-ml g lass -s toppered  cy l inder ,  p ipe t t e  5 m l  of s t ront ium s t anda rd  so lu t ion  

( 3  mg/ml), a n d  then  p ipe t t e  50  m l  of the  sample .  

P l a c e  in to  the  spec t rograph  and  then  count  by means  of the  following s t ra tegy:  

Mix, and  t ransfer  t o  the  sample  c e l l "  

2 8  in  
Degrees  

Background 24-40  

Number of Number of Coun t s  
Determina t ions  per De  terminat ion 

2 64,000 

Sr K a  25-13  2 256,000 

U L a  26-13  2 Ad jus t  t o  obtain a 

s e c o n d s  
Count of 40-60 

Background 27,OO 2 64 ,000  

T h e  t o t a l  count ing  t i m e  is a b o u t  s i x  minutes ,  Compute the  uranium concent ra t ion  a s  in  

t h e  a n a l y s i s  of raffinate, '  wi th  t h e  a i d  of a ca l ibra t ion  curve  or equat ion ,  In the  e v e n t  

t h a t  a so lu t ion  t o  b e  ana lyzed  con ta ins  s t ront ium, run a " r e s idua l  strontium determina-  

t ion" by  r epea t ing  the  foregoing  with 5 m l  of water  subs t i t u t ed  for the  s t ront ium 

so lu t ion .  Make t h e  cor rec t ion  a s  for  a sample  of ra f f ina te .  

2 ,  Cal ibra t ion  for Aqueous  Solutions 

Into 100-ml g lass -s toppered  cy l inde r s  p ipe t t e  5 - m l  por t ions  of srrontium s t anda rd  

so lur ion ,  Add by p ipe t t e  uranium s t anda rd  so lu t ions  su i t ab ly  d i lu ted  from the 20 mg/ml 

s tock  so lu t ion ,  t o  obta in  0 ,  15 ,  30, 45, 60 ,  and  Y5 mg, r e spec t ive ly .  of uranium. Add 

water  t o  obta in  a t o t a l  volume of 5 5  m l  in  e a c h  cy l inder ,  and mix, Count  each  so lu t ion ,  

p lo t  t he  r e s u l t s ,  and  compute an  equat ion ,  

3. P rocedure  for T B P - H e x a n e  Solu t ions  

T O  a 50-ml g l a s s - s toppe red  cy l inder  p ipe t t e  5 m l  of s t ront ium s t anda rd  so lu t ion  in 

e thy lene  g lyco l  monomethyl e the r  (here inaf te r  c a l l e d  methyl  Ce l loso lve )  having a 

s t ront ium concenerat ion of 3 mg/mL Add 5 m l  of me thy lCe l loso lve  and  1 0  m l  of 

a c e t o n e ,  In to  the  cy l inder  p ipe t t e  25 m l  of T B P - h e x a n e  so lu t ion  having a uranium 

concent ra t ion  of not  more t h a n  4 4 g / l ,  d i lu t e  t o  the  50-ml mark with ace tone ,  and  

' Seoecker, MCW-1410 
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mix. Fill t h e  sample  c e l l  and  obta in  the  X-ray c o u n t s  as for a q u e o u s  s o l u t i o n s .  

4 ,  Cal ibra t ion  for  T B P - H e x a n e  Solu t ions  

T o  50-ml g lass -s toppered  cy l inders  add 5 m l  o f  strontium s tandard  so lu t ion ,  as above ,  

and  var ious  volumes  of uranium s tandard  s o l u t i o n s  in  methyl C e l l o s o l v e  conta in ing  up 

t o  100 mg of uranium. 

d i lu t ions  of t he  s t o c k  uranium s tandard  so lu t ion  having a concent ra t ion  of 20 g / l  in 

m e t h y l C e l l o s o l v e .  D o  not  u s e  p i p e t t e s  smal le r  than 2 m l  and d o  not  a d d  more than  

5 m l  of uranium so lu t ion  or s o l u t i o n s .  

uranium so lu t ion  and methyl  C e l l o s o l v e  is 5 m I .  

is therefore  10 m l .  Add 10 m l  of a c e t o n e  a n d  25 m l  of uranium-free T B P - h e x a n e  mixture 

conta in ing  30 per c e n t  T B P  on a volume/volume per c e n t  b a s i s .  

mark with a c e t o n e  and  proceed  a s  in t h e  c a s e  of a n  unknown. 

equat ion .  

T h e  uranium s tandard  s o l u t i o n s  in  m e t h y l C e l l o s o l v e  a r e  

Add m e t h y l C e l l o s o l v e  so t h a t  :he t o t a l  of 

T h e  to t a l  volume of methyl  C e l l o s o l v e  

Di lu te  to the  50-ml 

Plot, a n d  compute a n  

IV.  R e s u l t s  a n d  D i s c u s s i o n  

A .  Aqueous  Solu t ions  

1 .) Cal ibra t ion  

A s e r i e s  of s t a n d a r d s  w a s  prepared by mixing a c c u r a t e l y  measured  a l i q u o t s  of uranium 

a n d  s t ront ium s o l u t i o n s  t o  cover  the uranium concent ra t ion  range  of 0 KO 1 5 g / l ,  T h e  

procedure g i v e n  in s e c t i o n  111-B-2 w a s  followed in the main. 

were u s e d ,  g l a s s - s t o p p e r e d  c y l i n d e r s  a r e  a d e q u a t e  s i n c e  the uranium a n d  stiontiurn 

s o l u t i o n s  a r e  both p ipe t t ed .  T h e  r e s u l t s  a r e  shown in Figuze 1, in  which  mg of uranium 

in 100 m l  of so lu t ion  is plot ted a g a i n s t  U/Sr count  ra t io .  E a c h  s tandard  conta ined  30 mg 

of s t r o n t i u m  per  100 m l  of so lu t ion ,  

t h e  t o t a l  volume of di lut ion is 110 m l  for 30 mg strontium.) T h e  s l o p e  of zhe curve  IS t he  

product  of t w o  te rms ,  t h e  strontium concent ra t ion  in  mg per 100 m l ,  a n d  a n  exper imenta l ly  

de te rmined  factor  k ,  which  d e p e n d s  on t he  r e l a t ive  n e t  i n t e n s i t i e s  of t he  uranium and 

s t ront ium p e a k s .  T h e  f ac to r  k may b e  def ined  as  mg uranium per  mg strontium referred t o  

un i t  U/Sr c o u n t  r a t io .  In t h i s  case,  k is o b s e r v e d  t o  he  3.03 a n d  t h e  in te rcept  on t he  

concent ra t ion  a x i s  is negl igible .  R e c e n t  v a l u e s  of k were 3.07 for kao l in ,  3.04 for 

r a f f ina t e ,  a n d  3.05 for s l a g  (evapora t ion  method for kaol in  a n d  raff inate) .  The utanium in  
50 ml of a n  unknown so lu t ion  is then  g iven  by 

Although volumetr ic  f l a s k s  

(In t he  procedures  given i n  s ec t ions  I11 C-1 and -2,  

Mg U " 3.03 X 15 X count  ra t io .  

F i g u r e  2 s h o w s  how uranium a n d  s t ront ium c o u n t  r a t e s  individual ly  vary with i n c r e a s i n g  

uranium concentrat ion.  Both plots a r e  observed  t o  be l i nea r  in t h e  range  s t u d i e d .  

....................... . . . . . . . . . . . . . . . . . .  .................... . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  
0 0 0  I 0 0 0  0 * 0 0  . O  . 0 . 0 0 .  0 0  0 0 0  
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Figure 2 
a 

X-RAY W m S  ON UBANIUM AND STRONTILTM IN AQUEOUS SOLUTIONS 

0 Uranium counts per second versus milligrams 
of uranium in 100 ml of solution 

Strontium counts per second (for 30 mg 
of strontium in 100 ml of solution) versus 
milligrams of uranium in 100 ml of 
solution 

- 

1000 2000 
Counts per Second 
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' Stoecker, W. C . ,  P r o c e s s  D e v e l o p m e n t  Quar te r l y  R e p o r t ,  Par t  I ,  Mallinckrodt C h e m i c a l  Works, MCW-1407, 
(October 1, 1957), p 101-105 

2. Comparison of Methods 

T w o  X-ray methods are now a t  hand for determining uranium in aqueous  so lu t ion ,  A 

method h a s  been  previous ly  desc r ibed  for  determining t o t a l  uranium in  ra f f ina te  

s lur r ies '  by evapora t ion  with kaol in  and  a measured  volume of s t ront ium s tandard  

so lu t ion .  T h i s  is obvious ly  app l i cab le  in the  case where all of t he  uranium is "so luble  

uranium." T h e  u s u a l  way of  determining uranium in aqueous  so lu t ions  is color imetr i  

ca l ly  by  the  a lka l ine  peroxide method,  T h e  method is capab le  of good p rec i s ion ,  

par t icu lar ly  when t h e  ex t rac t ion  s t e p s  a r e  not  required a s  is the  case with NOK l iquors  

and  s o m e  high-uranium so lu t ions .  A s e r i e s  of 18 so lu t ions  of uranium originat ing in  

the  ref inery and  p i lo t  p l an t  were ana lyzed  by both X-ray methods ,  A l l  e x c e p t  the  

so lub le  r a f f ina t e s  were  checked  b y  the  color imetr ic  method a s  wel l .  R e c e n t  ca l ibra t ion  

cu rves  were  prepared  for  the  older  X-ray method and  the  color imetr ic  method,  A l l  

so lu t ions  with uranium concen t r a t ions  of more than  1 g / l  w e r e  d i lu ted .  T h e  r e s u l t s  

a r e  s h o w n  i n  T a b l e  I. Although the  r e s u l t s  are in  r easonab le  agreement ,  sma l l  b i a s e s  

a r e  ind ica t ed .  For example ,  a 1.9 per  c e n t  r e l a t ive  b i a s  e x i s t s  be tween the two X-ray 
methods  as  computed from t h e  13 high-uranium so lu t ions .  

......... . . . . . . .  **: : 'I ...... : ... **: . 
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T a b l e  I 

A n a l y s i s  of Uranium in Aqueous  Solu t ions  

Uranium 
d l  

Ident i f icat ion X-Ray, x R a y ,  

Raf f ina te  s lurry,  f i l tered 496 0.20 0 21 

Solut ion ( L o t ,  e t c . )  Solution E vaporat  ion Colorimetr ic  

Raff ina te  s lu r ry ,  f i l t e r ed  J u l y  20-27, 58 0.14 0 14 

Raff ina te  s lu r ry ,  f i l tered O c t  6-12 ,  58  0.09' 0.11 

UNH c o n d e n s a t e  106 0.14 0.14 0 15  

Sump tank  l iquor  11/19/58  cz 0,Ol .== 0.01 < 0 . 0 1  

NOK evaporator  feed  7 16 105 103.  107 .  

NOK evapora tor  feed  722 107.  104 .  111 

NOK evaporator  feed  724 114.  113. 117. 

NOK evapora tor  f e e d  732 101.  99. 103  

NOK evapora tor  feed  

Pilot p l a n t  sump liquor,  
T. ,41 

Pilot p l a n t  sump l iquor ,  
T -41  

Pilot p lan t  sump l iquor ,  
T-4 1 

P i l o t  p l a n t  fume scrubber 

Pilot plant  fume scrubber 

Pilot p l a n t  fume scrubber 

Pilot p lan t  fume s'crubber 

UNH l iquor 

Recheck: 0.11. a 

733 

1279 

1352 

1733 

0100 

1000 

1330 

1630 

11/17/58 

111. 

7.5 

18,7  

26.8 

89. 

81. 

19.8 

19.3 

290. 

106.  

7.3 

18.2 

26.8 

'89. 

82. 

19.7 

18.5 

283. 

114. 

7.6 

19.2 

27..4 

90. 

82. 

19.1 

19.3 

288. 

....................... . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  ........................ 
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3. P r e c i s i o n  

P r e c i s i o n  w a s  de te rmined  on a syn the t i c  so lu t ion  conta in ing  0,900 g of uranium and 

0,300 g of s t ront ium per  l i t e r .  T h i s  w a s  the so lu t ion  used  for ob ta in ing  the  9O-mg 

poin t  in  F igure  1, Twenty  r ep l i ca t e  de te rmina t ions  were made, and  prec is ion  w a s  

computed on t h e  b a s i s  of t h e  c o n s t a n c y  of the  U/Sr count  r a t io ,  T h e  observed  

prec is ion  w a s  ? l - 3  per  c e n t  r e l a t ive  a t  a 95 per  c e n t  conf idence  l e v e l ,  

An inherent  l imi ta t ion  on p rec i s ion  lies in  the  na ture  of the  X-ray de tec t ion  p r o c e s s ,  

Equa t ions  b a s e d  on quantum count ing  s t a t i s t i c s  a re  g iven  by Par r i sh '  and o thers ,  and 

from t h e s e  it is p o s s i b l e  t o  c a l c u l a t e  t he  approximate theo re t i ca l  p rec is ion  l i m i t  for 

var ious  l e v e l s  of uranium us ing  a c t u a l  c o u n t  da t a .  Ca lcu la t ions  were  made for both 

X ray  methods.  In the  evapora t ion  method the  ca l cu la t ion  is b a s e d  on the  u s e  of a 

50-ml a l iquo t  wi th  1 0  g o f  kaol in  and  1 0  mg of s t ront ium. Counting t i m e s  a r e  6 to  8 

minutes .  S ince  t h e  c a l c u l a t i o n s  a r e  b a s e d  on  a c t u a l  coun t  d a t a ,  no t  i dea l i zed ,  the  

r e s u l t  d e p e n d s  somewhat  on minor exper imenta l  va r i a t ions  ( exac t  count ing  t i m e ,  sample  

pos i t ion ,  e t c . ) .  

number of p l a c e s  which  a r e  cons ide red  s ign i f i can t ,  Desp i t e  a poorer  p rec i s ion  at t h e  lower 

concent ra t ions ,  the  so lu t ion  method should  of ten be  an  advan tage  s i n c e  sample  

prepara t ion  t ime is very much l e s s .  It is observed  tha t  t he  a c t u a l  p rec i s ion  obta ined  

for t h e  0,9-g-per-liter so lu t ion  is very near  t h e  theo re t i ca l  l i m i t ,  

T h e  r e s u l t s ,  which are  shown in T a b l e  11, a r e  therefore  reported to the  

T a b l e  I1 

Theore t i ca l  P r e c i s i o n  for t he  Ana l y s i s  of Uranium in Aqueous  Solu t ions  

Uranium 
d l  

1.5 

0 -9  

0-5 
O " 2  

0 , l  

Re la t ive  P r e c i s i o n  a t  the  95 P e r  C e n t  
Conf idence  L e v e l  

per  c e n t  

Solut ion Method Evapora t ion  Method 

009 I _  

1.0 0-7  

1.6 0.8 

2 -7 103 
6-5 1 - 8  

Pasrish,  W.s, 'X-Ray Intens i ty  Measurements  with Counter T u b e s s w  P h i l i p s  T e c h n i c a l  R e v i e w  17 (7-8). 206-21, (1956) 

............. .................... . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  ........................ 
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B ,  T B P - H e x a n e  Solu t ions  

1. T e c h n i q u e s  for Organic  Solu t ions  

T h e  development  of a ce l l  for handl ing organic  l iqu ids  p re sen ted  some diff icul ty ,  A 

Te f lon  cel l  w a s  made which  w a s  very s i m i l a r  to the P l e x i g l a s  cel l  for aqueous  so lu t ions .  

T h e  a s s e m b l e d  c e l l  w a s  found to l e a k  badly  when p laced  in  the  sample  holder ,  however .  

At tempts  were  made  to c o n s t r u c t  a n  a l l - g l a s s  cel l  s imi la r  to t h a t  desc r ibed  by F l ikkema ,  

et ai.’ However ,  in  order  to prevent  e x c e s s i v e  l o s s  of X-ray i n t e n s i t y  the  cell rop had  

to b e  0,07 rnm th ick  or l e s s .  Sea i ing  s u c h  a top  t o  the  c e l l  body p:oved imposs ib l e  by  

t h e  t echn iques  a v a i l a b l e .  T h e  c e l l  f inal ly  adop ted  permi ts  handl ing  the  l iqu id  without  

m e s s ;  a n d  d o e s  n o t  normally l e a k .  

however ,  and  ai: bubb les  of ten a p p e a r .  It w a s  found t h a t  var ia t ions  due  to s u c h  c a u s e s  

were  compensa ted  by rhe  in te rna l  s t a n d a r d .  

The re  is some variat ion in  convexi ty  of t h e  s u r f a c e ;  

Some models  of t h e  X r a y  s p e c x o g r a p h  u s e  “ inver ted  o p t i c s  p, a n  ar rangement  i n  which 

t h e  sample  IS l o c a t e d  above  t h e  X-ray tube  window. In ins t ruments  of chis t y p e  t h e  

handl ing  of l iqu id  s a m p l e s  is somewhat  s impler  

A further d i f f icu l ty  w a s  t h e  int ioduct ion of the  sciontium in te rna l  sLandard in  a form 

m i s c i b l e  wi th  t h e  s o l v e n r  

Solu t ions  in  methyl  Ce l loso lve  a n d  n propyl  a l c o h o l  were  e a s i l y  prepared 

m o s t  condi r ions  stzonrium w a s  p-ecipi ta ted when rhe s o l u i i o n s  w e i e  added  to ref inery 

s o l v e n t  even  rhough t h e  pure l iqu ids  were  m i s c i b l e  

cons ide ied  b u t  stronrium h a s  s e v e r a l  imporranL advan tages  

found but  i t  was n e c e s s a r y  t o  u s e  a 1 1 dilut ion of ief inezy s o l v e n t  with t h e  a d d i r i r e s  

T h i s ,  of c o u r s e  r e d u c e s  t h e  sensi : ivi ty  of the  :est 

Stronrium n i t r a t e  is i n s o l u b l e  i n  m o s t  organic  l i q u i d s ,  

but undet 

Orhe. in te rna l  s r a n d a r d s  were  

A compat ib le  mixture w a s  

2 .  Cal ibra t ion  

T h e  procedure g iven  under  s e c t i o n  111-B-4 w a s  u s e d  In t h e  p iepara t ion  of s t a n d a r d s  for 

t h e  organic  s o l u t i o n s .  F i g u r e  3 is the  ca1ib;ation curve  tesulring f r o m  X ray  c o u n t s  on 

s o l u x o n s  conta in ing  up  to 220 mg of uranium per  100 m l  of zest solut ion.  As i n  the  

case of a q u e o u s  s o l u t i o n s ,  e a c h  so iu t ion  con ta ined  30 mg of s t ront ium per  100 m l .  T h e  

s l o p e  a n d  v a l u e  of k (3 .03)  for most  of the  curve  a r e  obse tved  to be  i d e n t i c a l  with t h o s e  

found to: a q u e o u s  so lu t ions .  However ,  i n  t h i s  c a s e ,  t h e  inte;cept is nor negl ig ib le ,  A 
n e g a t i v e  in te rcept  of 2.4 mg of uranium is i n d i c a t e d ,  T h e  lower  pa i r  of t h e  curve  (below 

40 mg uranium) w a s  i n v e s t i g a t e d  in  some d e t a i l  s i n c e  i t  h a s  a somewhat  smallet s l o p e  

a n d  a numer ica l ly  s m a l l e r  in te rcept  than  the  upper  par t .  Equa t ions  for computing 

uranium in  u n k n o w n s  are s h o w n  on t h e  figure.  

... .. ... . .  . .  
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. . . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  
0 . * 0  0 0 0 0  0 0  0 a 0 

... .. 
0 0 0  

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



V
III-92 

a
 

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

-__ - 
- - 

-- 
-- - - --- 

- 
--- 



VIII-93 

3. P r e c i s i o n  

P r e c i s i o n  w a s  de te rmined  as  fo r  a q u e o u s  s o i u t i o n s ,  by  making 20 r e p l i c a t e  dete:mina- 

t i o n s  on  one  of the  s o l u t i o n s  u s e d  for ca l ibra t ion .  T h e  20 de termina t ions  inc luded  

four s e p a r a t e  prepara t ions  of a so lu t ion  conta in ing  1 0 0  mg of uranium and  30 mg of 

s t ront ium in  100 m l  of so lu t ion .  S i n c e  one-half of the  tes t  so lu t ion  is T B P - h e x a n e  

mixture ,  t h e  prec is ion  d a t a  co r re sponds  to a ref inery s o l v e n t  so lu t ion  with a uranium 

concent ra t ion  of 2 g / l .  

w a s  20.97  per c e n t  r e l a t i v e  a t  a 9 5  per  c e n t  conf idence  l e v e i ,  0: abouc the  s a m e  a s  for 

t h e  e q u i v a l e n t  a q u e o u s  so lu t ion .  

for e q u i v a l e n r  a q u e o u s  s o l u t i o n s  s i n c e  n e t  count  rates and  peak-to-background ;alios 

are comparable  (or s l i g h t l y  be t t e r ) .  

A s  c a l c u l a t e d  from t h e  cons t ancy  of t h e  U/Sr r a t i o  t h e  p r e c i s i o n  

T h e o r e t i c a l  p r e c i s i o n s  shou ld  b e  abou t  t h e  same  as 

By  u s e  of t h e  s a m e  s e t  of d a t a  a p r e c i s i o n  w a s  c a l c u l a r e d  for t h e  n e t  rate (peak  inxensi ty)  

of t h e  uranium p e a k .  T h e  prec is ion  w a s  found to b e  k5.7 pe: c e n i  r e l a t i v e  a t  rhe  9 5  per  

c e n t  conf idence  l e v e l  

a n  i n t e r n a l  s r a n d a t d  

T h i s  IS t h e  prec is ion  which  wouid b e  e x p e c t e d  without  t h e  u s e  of 

Another  p r e c i s i o n  s t u d y  w a s  made  on s a m p l e s  of “s t r ipped  solvent”‘  or ig ina t ing  in t h e  

ref inery.  

a n a l y s i s  had  been  comple ted .  Dupl icare  deteimina:ions were  made  on  15 s a m p l e s  a n d  rhe 

prec is ion  w a s  computed  b a s e d  o n  t h e  obse rved  agreement  be tween p a i r s .  

c e n t  conf idence  l e v e l  t h e  relative prec is ion  w a s  found 1.0 b e  111.9 per c e n t  for t h e  15  
s a m p l e s ,  which had  uranium c o n c e n t r a t i o n s  from 0 .69  to 1.08 g/ l  and  a-.e?-agk.a O:Sig/l . .  

T h i s  r e s u l t  a g r e e s  with theory s i n c e  t h e  p r e c i s i o n  of a n  equiva lenr  a q u e o u s  so lu t ion  

(with a uranium concrnrraxion of 0.4 g / i )  is abouc 1.9 p e t  c e n t  accord ing  to T a b i e  11, In  

m o s t  ca ses :  good  ag reemen t  w a s  obse rved  be tween X-ray and  conrrol  laborarory r e s u l t s .  

T h e  s a m p i r s  we:e obta ined  from t h e  cont ro l  laboratory a f t e r  t h e  con-rrol 

Ar  Lrhe 95 per  
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AOI - 

b i l l e t  

b l a c k  oxide 

brown oxide  

derby 

d ingot  

DMFL 

E SU - 

95 

G l o s s a r y  of S p e c i a l i z e d  T e r m s  

- a m m o n i u m  o x a l a t e  i n s o l u b l e  ( o x i d e s  of uranium) 

- a bar  of forged d ingot  uranium s u i t a b l e  for s u b s e q u e n t  rol l ing 

- U80, 

- uo, 

- the  uranium meta l  product  of t he  nominal  300, 100 a n d  50-lb.  reduct ion 
bombs which is s u b s e q u e n t l y  r e c a s t .  

- (d i rec t  ingot )  the  uranium m e t a l  product  of 1400 a n d  3300-lb.  reduct ion  
bombs. T h i s  m e t a l  not r e c a s t .  

- dingot  magnesium f luoride l iner  

- dis t r ibu t ion  coef f ic ien t  (organic  to  a q u e o u s )  

- e a s i l y  s o l u b l e  uranium 

E-Z Hollow s l u g  - a hollow fue l  e l e m e n t  with approximate ly  %-inch w a l l  t h i c k n e s s ,  8- inch 
nominal  length ,  and nominal  ODs of 2 2nd 3 i n c h e s .  

g reen  salt 

1 Br E s l u g  

ingot  

MFL - 
NOK - 

OK-liquor 

o r a n g e  oxide  

P - D  

- U F ,  conta in ing  s m a l l  amounts  of U O , F ,  and uranium o x i d e s  

- (hol low) in te rna l ly  and .ex terna l1y .cooled  s lug  

- r e c a s t  uranium m e t a l  

- magnesium f luoride l iner  

- a uranyl  n i t ra te  so lu t ion  obta ined  by s t r ipp ing  uranyl  n i t ra te  from tr ibutyl  
p h o s p h a t e - h e x a n e  s o l v e n t  with w a t e r  

- t he  uranyl  n i t ra te  l iquor of h i g h e s t  puri ty  u s e d  as  a f e e d  to the  
d e n i  t ra  t i  on PO t s 

- uo, 

- pumper-decanter  

(cont inued  on next  page)  
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G l o s s a r y  cont inued  

pre igni t ion  t i m e  - t i m e  in t e rva l  b e t w e e n  p l ac ing  bomb in hot  furnace  and  in i t ia t ion  of 
reduct ion  r eac t ion  

ra f f ina te  - t he  aqueous  r e s i d u e  remaining a f t e r  t r ibu ty l  phospha te  ex t rac t ion  of a uranium 
concen t r a t e  prev ious ly  d i g e s t e d  with HNO, -- 

RMF - r e j e c t  magnesium f luoride - 

rod - - cyl indr ica l  l ength  of uranium produced by ro l l ing  or extruding uranium 
b i l l e t s  and  ingo t s  

s l a g  - magnesium f luoride formed i n  the  thermite  bomb reac t ion ;  i t  con tq ins  sma l l  - quan t i t i e s  of uranium and magnesium 

6-4 UF4 - UF4 produced by reduct ion  of UF6 

slug ’ - rods  of uranium machined  t o  spec i f i c  d iameter  and  l eng ths .  Slugs, when 
canned ,  a r e  used  as f u e l  e lements .  - 

s o d a - s a l t  - sodium d iu rana te ;  u sua l ly  appl ied  t o  raw ma te r i a l s  of t h a t  composi t ion 

UNH - - uranyl  n i t ra te  hexahydra te  
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