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SUMMARY 

Y 

S h i e l d i n g ,  The formal p r o p o s a l  f o r  t h e  new b u l k  s h i e l d  t e s t i n g  f a c i l i t y  
i s  now a w a i t i n g  a p p r o v a l  by t h e  AEC, T h i s  w i l l  b e  a 1 0  kw w a t e r - m o d e r a t e d  
c r i t i c a l  a s s e m b l y ,  made up  o f  MTR f u e l  e l e m e n t s , ,  

M e a s u r e m e n t s  i n  t h e  l i d  t a n k  s h i e l d  t e s t  f a c i l i t y  a r e  now c o m p l e t e  on 
p u r e  w a t e r ,  andnumerous  measurements  have been made on l e a d - w a t e r  c o m b i n a t i o n s ,  
The power of t h e  f i s s i o n  s o u r c e  u s e d  i n  t h e  l i d  t a n k  work h a s  been measured a s  

6 f 1 w a t t s ,  The w a t e r  d a t a  a r e  summarized i n  t h i s  r e p o r t a  S e c o n d a r y  gammas 
a r e  o b s e r v a b l e  in l e a d - w a i t e r  c o r n b i n a t i o n s  c o n t a i n i n g  a s  much a s  26% l e a d ,  
T h e s e  r e c e n t  d a t a  a p p l i c a b l e  t o  t h e  i n n e r  r e g i o n s  o f  t h e  s h i e l d  a p p e a r  t o  f i t  
a "'one coPlision and ou tvQ-  t h e o r y  f o r  t h e  n e u t r o n s o  The measurements  on l e a d  
a n d  w a t e r  c o m b i n a t i o n s  s u g g e s t  t h a t  a n  i d e a l i z e d  a i r c r a f t  s h i e l d  f o r  a two- 
f o o t  r e a c t o r  m i g h t  weigh  a b o u t  6% l o n g  t o n s ,  

Measurements  a r e  b e i n g  made a t  p r e s e n t  on  a c o m b i n a t i o n  l e a d - i r o n - w a t e r  
s h i e l d  i n t e n d e d  i n i t t i a l l y  f o r  Naval r e a c t o r  u s e o  

The s p e c t r a  of mock f i s a i s r n  and o f  Po-Be s o u r c e s  have  been  measured  i n -  
c i d e n t a l  ter t h e  d e v e l o p m e n t  o f  a p r o t o n  r e c o i l  n e u t r o n  e n e r g y  s p e c t r o m e t e r ,  
The  i n t e g r a t e d  n e u t r o n  f l u x  from t h e  Po-Be s o u r c e  i n d i c a t e s  a y i e l d  o f  3 - 5  x lo6 
n e u t r o n s  p e r  c u r i e , ,  

A fast n e u t r o n  d e t e c t o r ,  b a s e d  a n  r e s i s t a n c e  c h a n g e s  i n  a Pd f i l m  semi- 

c o n d u c t o r ,  i s  under d e v e l o p m e n t ,  Improvements  i n  gamma and n e u t r o n  measure-  
men t s  t o  be i n s t i t u t e d  s h o r t l y  i n c l u d e  u s e  o f  a n t h r a c e n e  s c i n t i l l a t i o n  c o u n t e r s  
and p r o t o n  r e c o i l  f a s t  n e u t r o n  d e t e c t o r  s o  

F u r t h e r  e a l c u l a t i o w s  QHP uranium h y d r i d e  s h i e l d s  a r e  i n  p r o g r e s s ,  A s u r v e y  
i n d i c a t e s  t h a t  t o n  l o t s  s f  n o n - p y r o p h o r i c  u r a n i u m  h y d r i d e  o f  d e n s i t y  a b o u t  9 
gms/cc can pr0babPy be  s b t a i f i e d  w i t h  some e f f o r t ,  The d i s s o c i a t i o n  p r e s s u r e  
o f  h y d r o g e n  g a s  Q V ~ P "  t h i s  m a t e r i a l  i s  n o t  e x p e c t e d  t o  b e  more t h a n  a b o u t  1 
a t m o s p h e r e  a t  43Q°C0 

S h e e t s  o f  B,C i n  a t ygon  p l a s t i c  m a t r i x  have  been  f a b r i c a t e d  f o r  t e s t i n g  
t h e  e f f e c t i v e n e s s  of  s e c o n d a r y  gamma s u p p r e s s i o n  t h r o u g h  n e u t r o n  a b s o r p t i o n  i n  
bo ron ,  A d d i t i o n a l  t e s t s  on e x p a n s i v i t y ,  m o i s t u r e  c o n t e n t  and r a d i a t i o n  damage 
have been madeonM0 and  M I  ( b o r o n - c o n t a i n i n g )  c o n c r e t e s o  P r o c e d u r e s  f o r  l a r g e -  
s c a l e  r o l l i n g  of Boreal s h e e t s  a r e  b e i n g  d e v e l o p e d ,  The t h e r m a l  c o n d u c t i v i t y  
o f  B o r a 1  h a s  been found  it0 l i e  be tween low c a r b o n  s t e e l  and aluminum, i n  t h e  
t e m p e r a t u r e  r a n g e  a r o u n d  P20O0F<, 



Heat Transfer. An e x p e r i m e n t a l  r i g f o r  h e a t  t r a n s f e r  s t u d i e s  w i t h  l i t h i u m  

a t  1800*F i s  b e i n g  f a b r i c a t e d  from s t a i n l e s s  s t e e l ,  t y p e  34T0 A canned r o t o r  
l i q u i d  m e t a l  pump i s  a l s o  b e i n g  c o n s t r u c t e d ,  u s i n g  a l i q u i d  f i l m  b e a r i n g ,  

metallurgy and HaterlaPs, A number of s t a t i c  c o r r o s i o n  t e s t s  have  been  
made i n  w h i c h  n i c k e l ,  z i r c o n i u m ,  i r o a ,  t u n g s t e n ,  t a n t a l u m ,  molybdenum and  
columbium have been  e x p o s e d  t o  l i q u i d  l i t h i u m  and b i s m u t h  f o r  f o u r  h o u r s  a t  
1800°F, The n e x t  s e r i e s  o f  t e s t s  w i l l  be c o n d u c t e d  a t  1800'F f o r  40 h o u r s ,  
The f i r s t  r e s u l t s  w i t h  l i q u i d  l i t h i u m  i n d i c a t e  b e s t  r e s i s t a n c e  i n  i r o n ,  mo- 
lybdenum alid z i r c o n i u m ;  however ,  t h e  d a t a  a r e  s t i l l  v e r y  p r e l i m i n a r y ,  The  
q u e s t i o n  o f  p u r i t y  o f  t h e  l i q u i d  l i t h i u m  i s  now u n d e r  s t u d y ,  W i t h  l i q u i d  
b i s m u t h ,  z i r c o n i u m  was s e v e r e l y  a t t a c k e d .  

Dynamic c o r r o s i o n  t e s t  equipment  is now b e i n g  c o n s t r u c t e d  f o r  measurements  
u n d e r  c o n v e c t i v e  c i r c u l a t i o n  c o n d i t i o n s  i n  l i q u i d  b i smuth  and l i t h i u m ,  C o r -  
r o s i o n  h a r p s  a r e  b e i n g  made of v a r i o u s  s t a i n l e s s  s t e e l s  a s  w e l l  a s  V-36 and 
L-605 a l l o y s ,  Equipment i s  b e i n g  d e s i g n e d  f o r  s t r e s s - r u p t u r e  and c r e e p  t e s t s ,  

P r e l i m i n a r y  t es t s  a r e  underway t o  f i n d  c o n t a i n e r  m a t e r i a l s  f o r  P iqu id  uranium- 
b ismuth  and u r a n i u m - l i t h i u m  a l l o y s ,  

Badiation Damage. A c c e l e r a t o r  e x p e r i m e n t s  t o  d e t e r m i n e  r a d i a t i o n  damage 
i n  v a r i o u s  h i g h  t e m p e r a t u r e  m a t e r i a l s  w i l l  s h o r t l y  g e t  underway a t  B e r k e l e y  
and  a t  Pu rdue ,  V a r i o u s  h i g h  t e m p e r a t u r e  m a t e r i a l s  w i l l  a l s o  be  p l a c e d  i n  t h e  
H a a f o r d  r e a c t o r  s o o n ,  An e x p e r i m e n t  i s  b e i n g  d e s i g n e d  f o r  s i m u l t a n e o u s  
r a d i a t i o n  damage and h e a t  t r a n s f e r  t e s t s  o f  c i r c u l a t i n g  l i t h i u m  s y s t e m  i n  t h e  
OWL r e a c t o r e  

A h i g h - i n t e n s i t y  gamma s o u r c e  h a s  been  d e v e l o p e d  f o r  u s e  w i t h  t h e  ORNL 
r e a c t o r ,  T h i s  i s a h o l l o w  g o l d  c y l i n d e r ,  which a f t e r  i r r a d i a t i o n  f o r  one week, 
p roduces  lOScs/hr upon m a t e r i a l s  a t  i t s  c e n t e r ,  

Da ta  on change  i n  e l e c t r i c a l  p r o p e r t i e s  o f  v a r i o u s  i r r a d i a t e d p l a s t i c s  a r e  
pTesented  i n  t h i s  r e p o r t ,  P r e l i m i n a r y  measurements  have been made on t h e  r a d i -  
a t i o n - i n d u c e d  d i s s o c i a t i o n  o f  l i t h i u m ,  t i t a n i u m ,  and z i r con ium h y d r i d e s ,  

Nuclear 4easarementso P r e p a r a t i o n s  a r e  underway f o r  t h e  n e u t r o n  c r o s s -  
s e c t i o n  measu remen t s  n e e d e d  i n  ANP work ,  T h e s e  w i l l  i n v o l v e  u s e  o f  a 5 Mev 
Van d e  G r a a f f  a c c e l e r a t o r  and  a h i g h - s p e e d  m e c h a n i c a l  v e l o c i t y  s e l e c t o r ,  

Li7 seaaration, The work a t  t h e  Y-12 R e s e a r c h  L a b o r a t o r y  on t h e  p r a c t i -  
c a l i t y  of  o b t a i n i n g  l o t s  o f  h i g h l y  p u r i f i e d  L i 7  by chemica l  methods i s  

d i s c u s s e d  i n  t h i s  r e p o r t  because  o f  t h e  p o s s i b l e  a p p l i c a t i o n  of  t h i s  m e t a l  a s  
an  a i r c r a f t  r e a c t o r  c o o l a n t  and modera to r ,  S e p a r a t i o n  methods under  s t u d y  i n -  

Tt!"Tiitle m o l e c u l a r  d i s t i l l h t i o n  o f  L i  m e t a l ,  i o n  exchange methods,  c o u n t e r c u r r e n t  
e l e c t r o l y s i s  a n d  e l e c t r o m i g r a t i o n ,  The  mos t  p r o m i s i n g  s y s t e m  s o  f a r  i s  a 
l i q u i d - l i q u i d  exchange column u s i n g  d u a l - t e m p e r a t u r e  f o r  c o n t i n u o u s  o p c r a t i d n ,  

"mT__-Iw, ..., I .  ~, " 
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a 

NEW BULK SHIELD TESTING FACILITY 

1, i. Breazeale, J, Lo Meem,* E, Po Blizard 

A r e q u e s t i n g  p e r m i s s i o n  t o  b u i l d  a new b u l k  s h i e l d  t e s t i n g  
f a c i l i t y  h a s  been  t r a n s m i t t e d  t o  t h e  AEC, The i n i t i a l  r e q u e s t  was s e n t  on 
December 2 1 ,  1949,  and a supplement  on Februa ry  1 0 ,  1950,  Formal a p p r o v a l  h a s  
n o t  y e t  been r e c e i v e d o  

The p r o p o s a l  d e s c r i b e d  a c r i t i c a l  a s s e m b l y  made up  o f  MTR f u e l  u n i t s  
o p e r a t i n g  i n  a p o o l  o f  w a t e r  which a l s o  c o n t a i n s  t h e  b u l k  s h i e l d i n g  s a m p l e s o  
T h i s  low power,  w a t e r  c o o l e d  and modera t ed  ( p a r t i a l l y ) ,  b e r y l l i u m  o x i d e  r e -  
f l e c t e d  r e a c t o r  s e r v e s  a s  a f i s s i o n  s o u r c e  f o r  n e u t r o n  and gamma r a y  a t t e n u a -  
t i o n  measurements t h rough  b u l k  s h i e l d i n g  samples  and th rough  mock-ups o f p r a c t i -  
c a l  s h i e l d s ,  A maximum o p e r a t i n g  power l e v e l  o f  1 0  kw i s  s u g g e s t e d ,  

C a l c u l a t i o n s  by E ,  G r e u l i n g  and M o  Edlund i n d i c a t e  t h a t  t h i s  r e a c t o r  i s  
i n h e r e n t l y  s a f e o  They have  i n v e s t i g a t e d  t h e o r e t i c a l l y  t h e  r e s u l t  of i n s t a n -  
t a n e o u s l y  a d d i n g  2% Ak ( e f f e c t i v e )  when t h e  r e a c t o r  i s  j u s t  c r i t i c a l  and  
o p e r a t i n g a t  10  kw, The c o n c l u s i o n s  a r e  t h a t  i t  w i l l  o s c i l l a t e  a t  a mean power 
l e v e l  o f  n o t  g r e a t e r  t h a n  130 kw, 

R e a c t o r  c o n t r o l  c i r c u i t s  w i l l  be s i m i l a r  t o  t h o s e  now under  t e s t  i n  t h e  
MTR Mock-Up, E x p e r i e n c e  g a i n e d  i n  o p e r a t i o n  o f  t h i s  mock-up w i l l  be a p p l i e d  
t o  d e s i g n  o f  t h e  r e a c t o r  f o r  t h e  s h i e l d  t e s t i n g  f a c i l i t y ,  

I f  e a r l y  a p p r o v a l  f o r  c o n s t r u c t i o n i s  r e c e i v e d ,  i t i s  e x p e c t e d  t o  have t h e  
equipment  in o p e r a t i o n  by f a l l  (1950) .  

I t  i s  p lanned  t o  i n v e s t i g a t e  f i r s t a m o c k - u p  of  a s e r v i c e  s h i e l d  comple t e ,  
as  f a r  a s  p r a c t i c a b l d ,  , w i t h  d u c t s ,  c o n t r o l  p a r t s ,  e t c , ,  t o  d e t e r m i n e  w h e t h e r  
or n o t  i t  p r o v i d e s  t h e  d e s i r e d s a t t e n u a t i o n ,  NEPA has a g r e e d ,  upon our i n -  
v i t a t i o n ,  . t o  s u p p l y  t h i s  f i r s t  mock-up, which  p r e s u m a b l y  w i l l  r e s e m b l e i t h e  

. c u r r e n t  conceptBof  an a i r c r a f t  s h i e l d ,  F a l l o w i a g p t h i s ,  a s e r i e s . a f  measu re -  
' B e n t s  w i l l  be madenon b u l k  s a m p l e s  t o t o b t a i n , d a t a  p e r t i n e n t  t o  t h e  a n a l y t i c a l  
p r o b l e m s i c o n n e c t e d ' w i t h  s h i e l d i n g ,  Far ther  work w i l l  be  p l anned  t o  meet pro- 
b l e m s ~ w h i e h ~ a r i s e  i n l o o n n e c t i o n  w i t h i n u c l e a r  a i r c r a f t  and submar ine  d e s i g n s o  

WEPA Pataoaaol. 
(1 )  

( 2 )  

A Proporal for Ner Balk  Shield Terting Facility, ORNL CF-49-12-92 (Dac. 21e 1949). 

Supplement to Propotat for Bulk S h i e l d  Teoting Facility, ORML CF-50-2-19 (Fob.  6, 19503. 
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E o  Po Blizard Co Eo Clifford 
J o  Do Flynn M 0  K. Hullings 
K O  Martin B. Lewis* 

Beactor Technology .Division 

A d d i t i o n a l  p e r s o n n e l  a s s i g n e d  t o  t h i s  program a r e :  

H o  E ,  Hunger fo rd ,  P h y s i c i s t  
To V, B l o s s e r o  E n g i n e e r  
R, M, B u r n e t t ,  T e c h n i c i a n  
To N o  Hubbasd, T e c h n i c i a n  

The t a n k  i s  now o p e r a t e d  on an e l e v e n  s h i f t  p e r  week b a s i s ,  an e x p e d i e n t  con- 
s i d e r e d  e s s e n t i a l  b e c a u s e  of t h e  Parge  number o f  r e a d i n g s  n e c e s s a r y  for e a c h  
a t t e n u a t i o n  measurement ,  F u l l  a d v a n t a g e  i s  t a k e n  o f  a v a i l a b l e  i n t e n s i t y  by 
l o n g  p e r i o d s  of c o u n t i n g ,  

water Attenuation, The measurements  o f  t h e r m a l  n e u t r o n  d i s t r i b u t i o n  and 
gamma r a y  i o n i z a t i o n  i n  w a t e r  have  been  r e p o r t e d  i n  an  ORNL memorandum whose 
C e n t r a l  F i l e s  Number i s  50-1-1530(d> A s  h a s  b e e n  p o i n t e d  o u t  b e f o r e ,  t h e  
the rma l  flux i s  u s e d  a s  a n  i n d i e a t i o n  o f  f a s t  f l u x  a t t e n u a t i o n ,  

I 

The l i d  t a n k  i s  d e s i g n e d  t o  g i v e  w p l a n e  t o  p lanepy* a t t e n u a t i o n ,  d o e o r  t h e  
p r o b a b i l i t y  o f  r a d i a t i o n  i n i t i a t e d  i n  one  p l a n e  b e i n g  d e t e c t e d  i n  a n o t h e r  
( p a r a l l e l )  p l a n e ,  T h i s  d a t a  i s  g a t h e r e d  e i t h e r b y  i n t e g r a t i o n  o v e r  z p l d n e s  i n  
t h e  t a n k ,  o r  by a n a l y t i c  t r a n s f o r m a t i o n s  o f  c e n t e r l i n e  m e a s u r e m e n t s ,  T h e  
latter method h a s  been  r e d u c e d  r a t h e r  s i m p l y  by Huswi t z  t o  t h e  f o l l o w i n g  e x -  
p r e s s i o n :  

~ ( 2 )  = f ( 2 )  -+ f ( J 2 2  -+ u ' )  + f ( 4 ~ 2  + 2 ~ 2 1  + f ( J z Z  -+ 3a) -+ o o o o o o  

where F(2) i s  t h e  c e n t e r l i n e  i n t e n s i t y  which  would  be o b s e r v e d  w i t h  a n  i n -  
f i n i t e  p l a n e  i s o t r o p i c  s o u r c e  i n  a n  i n f i n i t e  homogeneous i s o t r o p i c  mediumo 
f ( z )  i s  t h e  c e n t e r l i n e  measurement a t z i n  t h e  e a s e  o f  a f i n i t e  c i r c u l a r  s o u r c e  
c e n t e r e d  on t h e  z - a x i s  and o f  r a d i u s  a, The c o r r e c t e d  i n t e n s i t y  f o r  z i s  t h u s  

o b t a i n e d  by a d d i t i o n  of measured c e n t e r l i n e  v a l u e s  a t  t p  -7 mz9 
e t c ,  The a s sumpt ion  on which t h i s  method i s  based  i s  t h a t  t h e  p o i n t  t o  p o i n t  
k e r n e l  d e f i n i n g  t h e  p r o b a b i l i t y  for  r a d i a t i o n  born  a t  one p o i n t  t o  be d e t e c t e d  

* NEPA Perroanel, 
( 3 )  C l i f f b o d ,  C.;Eac llQcaoarcreafs of Neutron and GUnm D g s t ~ i b u t $ ~ ~ ,  ORNL CF-5001-153, NEPA STRM-SO, 

(Jan. 1. 19SO), 
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a t  a n o t h e r  i s  s o l e l y  a f u n c t i o n  o f  t h e  d i s t a n c e  between t h e  two p o i n t s ,  Thus: 

L 

t 

F ( z )  2n F 7 R )  RdR 
E 

where G ( R )  i s  t h e  p o i n t  t o  p o i n t  k e r n e l ,  
A p p l i c a t i o n  of  t h i s  c o r r e c t i o n  method i s  o f  c o u r s e  d e p e n d e n t  on d a t a  a t  

d i s t a n c e s  g r e a t e r  t h a n  t h a t  f o r  which  c o r r e c t i o n s  a r e  t o  be made, I n  most  
c a s e s i t  a p p e a r s  r e a s o n a b l e  t o  e x t r a p o l a t e  t h e  d a t a  beyond u s i n g  an e x p o n e n t i a l  
form for f ( z ) ,  t h u s  

n= 0 

and t h i s  sum can  be bounded by i n t e g r a l s  which a r e  e v a l u a t e d  a s  f o l l o w s :  

F u r t h e r m o r e  a f a i r  e s t i m a t e  o f  F ( z )  ( a s  w e l l  a s  a s m a l l e r  u p p e r  l i m i t )  i s  had 
by t h e  a r i t h m e t i c  mean of  t h e  two l i m i t s a  

T h i s  Hurwi t z  t r a n s f o r m a t i o n  i s  n o t  s t r i c t l y  a p p l i c a b l e  i n  o u r  c a s e  s i n c e  
t h e  medium e x t e n d s  o n l y  on one s i d e  o f  t h e  s o u r c e ,  and t h e  s o u r c e  i t s e l f  i s  i n  
any c a s e  n o t  p e r f e c t l y  t h i n ,  Ano the r  l i m i t a t i o n  which w i l l  a p p l y  t o  t h e  c a s e  
o f  l a m i n a t e d  s h i e l d s  i s  t h a t  t h e  medium w i l l  e x h i b i t  d i f f e r e n t  a t t e n u a t i o n  
p r o p e r t i e s  normal  and p a r a l l e l  to t h e  l a m i n a t i o n s ,  The l a t t e r  i s  n o t  s e r i o u s ,  
however ,  i f  t h e  mean f r ee  p a t h  f o r  s c a t t e r i n g  i s  a t  l e a s t  c o m p a r a b l e  t o  t h e  
t h i c k n e s s  of  t h e  l a m i n a t i o n s ,  We a r e  a t  p r e s e n t  work ing  on a p p r o x i m a t e  cor- 
r e c t i o n s  when t h i s  c o n d i t i o n  i s  n o t  s a t i s f i e d ,  

The w a t e r  d a t a  j u s t  c o l l e c t e d  ( F i g s ,  l a n d 2 1  have a f f o r d e d  u s  an  e x c e l l e n t  
o p p o r t u n i t y t o  compare t h e  p l a n e  i n t e g r a l  measu remen t swi th  c o r r e c t e d  c e n t e r l i n e  
measurements ,  For n e u t r o n s  one d e f i n e s  t h e  p l a n e  k e r n e l  a s  t h e  p r o b a b i l i t y  of  
a f i s s i o n  n e u t r o n  s t a r t i n g  a t  z .= 0 and  b e i n g  o b s e r v e d  a s  a t h e r m a l  n e u t r o n  
(Our d e t e c t o r s  a r e  s e n s i t i v e  t o  t h e s e  a l o n e . )  a t  a n o t h e r  z = , p l a n e 0  Agreement  
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between i n t e g r a l s  and  c e n t e r l i n e  c o r r e c t e d  d a t a  was e x c e l l e n t  f o r  n e u t r o n s ,  
For gamma r a y s  one must combine two k e r n e l s  s i n c e  t h e r e  a r e  two s o u r c e s o  

Gammas accompanying f i s s i o n  a r e  a n a l o g o u s  t o  t h e  n e u t r o n  t r e a t m e n t ,  We m u s t  

add  *'"the p r o b a b i l i t y  f o r  a f i s s i o n  n e u t r o n  t o  l e a v e  t h e  s o u r c e  ( 2  01, be  
c a p t u r e d  anywhere,  and f o r  t h e  c a p t u r e  gamma r a y  t o  be d e t e c t e d  by i t s  i o n i -  
z a t i o n  a t  t h e  o t h e r  z - p l a n e @ * ,  The gamma d a t a  d i d  n o t  show v e r y  good agreement  
between i n t e g r a l  and  c o r r e c t e d  c e n t e r l i n e  m e a s u r e m e n t s o  T h i r t y  c o r r e c t i o n  
terms f o r  z = 160 crns and z = 48 crns were used  f o r  c e n t e r l i n e  d a t a  c o r r e c t i o n ,  
employing  e x p o n e n t i a l  e x t r a p o l a t i o n  f o r  t h e  l a r g e r  v a l u e  o f  z o  I n  a d d i t i o n ,  
w i t h  t h e  whole c u r v e  f i t t e d  by an e x p o n e n t i a l  o f  2 1  cm r e l a x a t i o n  l e n g t h ( 4 ) t h e  
i n t e g r a l  bounds were c a l c u l a t e d  a s  w e l l  a s  t h e i r  meano R e s u l t s  a r e  compared 
w i t h  measured i n t e g r a l s  i n  t h e  f o l l o w i n g  t a b l e :  

X 

48 
160 

P l a n e - t o - P l a n e  Gamma A t t e n u a t i o n  i n  W a t e r .  

CENTERL INE CORRECTED DATA 
30 TERMS MEAN OF LIMITS NEASURED INTEGRAL 

19*47 R/hr 19..52 R/hr llo7 R/hr 
0.223 R/hr  0.224 R/hr  0,184 R/hr  

P l a n e - t o - P l a n e  R e l a x a t i o n  L e n g t h s ( " )  

CENTERLINE IYGASURED INTEGRALS 

2 5 - 4  crns 27.0 crns 

P o i n t - t o - P o i n t  R e l a x a t i o n  Leng ths  
D e r i v e d  from t h e  Above 

CEmERL I NE MEASURED INTEGRALS 

32.3 ems 3 5 - 0  crns 

( 4 )  There are i d e n t i c a l  t o  p o i n t - t o - p o i n t  valuer  w i t b  l i n e a r  bui ldup factor. Connerpond~ng g a m a  

e n e r g i e s  a r e  3 and 3 0 4  Neve 
gammas are about 1 . 1  MevI e i t h e u  i n e l a r t d c  rcat teadng i n  the uranium Is a e r p o n r i b ~ e  for  the  

h igher  e n e r g i e s  or the  bui ldup v a a i e s  more than l i n e a r l y  w i t h  e. 

Since  captuue gammas i n  hydaogen are  about 2.2 Mevo and f d r s i o n  
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I n . t h e  measured i n t e g r a l  c a s e  t h e  measu remen t s  s a m p l e  r a d i a t i o n  a t  a l l  
' a n g l e s  f rom t h e  s o u r c e  p l a n e ,  w h e r e a s  f o r  c e n t e r l i n e  measu remen t s  w e  s a m p l e  
o n l y  t h o s e  w i t h i n  t h e  a n g l e  sub tended  by t h e  s o u r c e  and presume knowledge from 
t h e s e  d a t a  abou t  r a d i a t i o n  e m a n a t i n g  a t  g r e a t e r  o b l i q u i t y o  The P a t t e r  l e a d s  
t o  an ove r  e s t i m a t e  of t h e  c o n t r i b u t i o n s  a t  l a r g e  s o u r c e  r a d i i ,  s o  t h a t  o n e  
would e x p e c t  h i g h e r  c o r r e c t e d  c e n t e r l i n e  d e t e r m i n a t i o n s  r e l a t i v e  t o  i n t e g r a l s b  
This e f f e c t  would be more e v i d e n t  a t  l a r g e  2 t h a n  s m a l l  and more e v i d e n t  f o r  
gammas than  n e u t r o n s  due  t o  t h e i r  l o n g e r  r e l a x a t i o n  l e n g t h ,  Both t h e s e  e f f e c t s  
a r e  obse rved  i n  t h e  d a t a ,  I t  s h o u l d  be n o t e d  i n  a d d i t i o n  t h a t  t h i s  l o n g e r  re-  

l a x a t i o n  l e n g t h  means t h a t  more terms must  b e  used  t o  c o r r e c t  t h e  c e n t e r l i n e  
measurements  e 

The f i s s i o n  gammas would be p a r t i a l l y  s e l f - a b s o r b e d  i n  t h e  uranium s o u r c e  
i n  s u c h a w a y  a s  t o  c o n c e n t r a t e  t h e  e s c a p i n g  r a d i a t i o n  abou t  t h e  normal ,  S i n c e  
t h e  uranium i s  n o t  a f l a t  p l a t e ,  b u t  r a t h e r  a c o l l e c t i o n  o f  l o l - i n c h  d i a m e t e r  
s l u g s ,  a q u a n t i t a t i v e  c a l c u l a t i o n  of t h i s  c o l l i m a t i o n  e f f e c t  h a s  n o t  been made, 

Suwmarzzing, t h e  c e n t e r l i n e  c o r r e c t e d  n e u t r o n  w a t e r  d a t a  a g r e e  v e r y  w e l l  

w i t h  measured i n t e g r a l s ,  The gammas show h i g h e r  c o r r e c t e d  c e n t e r l i n e  measure-  
ments  t h a n  i n t e g r a l s ,  which can  be e x p l a i n e d  by e i t h e r  s e l f - a b s o r p t i o n  c o l l i -  
ma t ion  i n  t h e  s o u r c e ,  or by t h e  f a c t  t h a t  t h e  medium i s  s e m i - i n f i n i t e  and  n o t  
i n f i n i t e  a s  is r e q u i r e d  f o r  t h e  c o r r e c t i o n ,  OP by b o t h  o f  t h e s e ,  W i t h i n  t h e s e  
l i m i t a t i o n s ,  t h e  d i f f e r e n t  d e t e r m i n a t i o n s  o f  gamma and n e u t r o n  a t t e n u a t i o n  a r e  
i n  good ag reemen t ,  The gammas a p p e a r  t o  be somewhat h a r d d r  t h a n  would  be  e x -  
p e c t e d  from p r e v i o u s  measurements .  

Source Power. The p l a t e  o f  uran ium s l u g s  which i s  u s e d  a s  a s o u r c e  o f  
n e u t r o n s  and gammas f o r  t h e  l i d  t a n k  o p e r a t e s  a t  a power de t e rmined  by t h e  i n -  
cident t h e r m a l  f l u x , .  Recen t  improvements i n  measurement methods,  u s i n g  b e t t e r  
v a l u e s  of  t h e  s l u g  s p e c i f i c  h e a t  have i n d i c a t e d  t h a t  t h e  p l a t e  o p e r a t e s  a t  
6 f 1 w a t t s  when t h e  p i l e  power i s  4200 kw, This measurement s h o u l d b e  improved 
w i t h i n  t h e  n e x t  month o r  two, 

Lead-later ieasnrerents. Two r a t i o s  o f  l e a d  and w a t e r ,  18% and 2607% Pb 
by volume, have been su rveyed  making o n l y  c e n t e r l i n e  m e a s u r e m e n t s  a n d  i n d i -  
c a t i o n s  a r e  ( 1 )  t h a t  s econda ry  gammas a r e  a p p a r e n t  i n  t h e  26*7% Pb r a t i o ,  b u t  
n o t  t h e  lower one ,  and ( 2 )  t h a t  an even h i g h e r  l e a d  c o n c e n t r a t i o n  w i l l  p r o v e  
t o  be t h e  optimum f o r  a s h i e l d  u s i n g  o n l y  these components,  These p r e l i m i n a r y  
d a t a  have been used by t h e  a n a l y s i s  g roup  t o  e s t i m a t e  w e i g h t  o f  a n  a i r c r a f t  
s h i e  I d ,  ( 

( 5 )  V i d e  in f ra ,  Shieldiag Analysis ,  
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WSOY H20-pe-Pb-Shield. The N a v a l  p r o p u l s i o n  p r o j e c t  h a s  e x p r e s s e d  con- 

s i d e r a b l e  i n t e r e s t  i n  a vtcompar%ment  t y p e w  s h i e l d  i n  wh ich  t h e  power p l a n t  
compartment i s  e s s e n t i a l l y  f l o o d e d  w i t h  w a t e r  and s h i e l d e d  f o r  gammas by bulk- 
heads  of  lead, ,  The submar ine  s h e l l  i s  a l s o  t h i c k e n e d  by l e a d  c o a t i n g  to keep  
gamma e s c a p e  t o  t h e  s e a  a t  a t o l e r a b l e  l e v e l .  The  r e a c t o r  p r e s s u r e  s h e l l  
(- 6 i n ,  F e ) a n d  i t s  i n n e r  w a t e r - c o o l e d  t h e r m a l  s h i e l d  (% 6 i n ,  Fe ;  2 i n ,  H20) 
were s i m u l a t e d  by i r o n  p l a t e s ,  The w a t e r  r e f l e c t o r  was s i m u l a t e d  by an  8 i n ,  
l a y e r  o f  w a t e r  be tween t h e  s o u r c e  and  t h e  f i r s t  i r o n  s l a b ,  N e u t r o n  measure-  
ments  i n d i c a t e  t h a t  i r o n  l a y e r s ,  when f o l l o w e d  by l a r g e  t h i c k n e s s e s  o f  w a t e r ,  

remove h a r d  n e u t r o n s  by e s s e n t i a l l y  t h e  t o t a l  cross  s e c t i o n ,  The work w i l l  be 
e x t e n d e d  t o  i n c l u d e  measurements  on more u n i f o r m l y  d i s t r i b u t e d  i r o n ,  and  in- 
d i c a t i o n s  a r e  t h a t  t h i s  s h i e l d  w i l l  be of  i n t e r e s t  f o r  a i r c r a f t .  Fu r the rmore ,  
we a r e  i n t e n d i n e  t h a t  t h e  i r o n - w a t e r  d a t a  w i l l  be  o f  v a l u e  in p r e d i c t i n g  t h e  
b e h a v i o r  of  a wo l f r am-wa te r  s h i e l d ,  

Lack of  gamma i n t e n s i t y  h a s  p r e v e n t e d  measurement  of  gammas t h r o u g h  t h e  
o u t e r  l a y e r  o f  l e a d ,  b u t  p r e v i o u s  measurements of t h e  per formance  of  l e a d  w i l l  
b e  a p p l i c a b l e ,  

Instruments. Gamma d e t e c t o r s  u sed  t h u s  f a r  have been  c a r b o n - l i n e d  i o n i -  
z a t i o n  chamberso  We w i l l  soon  add t o  t h e  measu rab le  a t t e n u a t i o n  by i n c l u d i n g  
a gamma-sens i t i ve  a n t h r a c e n e  s c i n t i l l a t i o n  c o u n t e r o  

F a s t  n e u t r o n  damage w i l l  s o o n b e m e a s u r a b l e w i t h t h e  H e a l t h  P h y s i c s  p r o t o n -  
r e c o i l  i n s t r u m e n t ,  Compld t ion  o f  deve lopmen t  o f  t h i s  a p p a r a t u s  i s  e x p e c t e d  
d w i n g  March, I n  t h e  meant ime,  w e  a r e  i n v e s t i g a t i n g  c o u n t i n g  f a s t  n e u t r o n s  by 
means o f  a p o r t a b l e  t y p e  p r o t o n  r e c o i l  chamber  i n  c o n j u n c t i o n  w i t h  a n  A - 1  
a m p l i f i e r .  T h i s  a p p a r a t u s  w i l l  t h e n  be s e n s i t i v e  mos t ly  t o  n e u t r o n s  t r a v e l i n g  
p a r a l l e l  t o i t s  a x i s ,  and ser ies  of d a t a  w i l l  be n e c e s s a r y  t o  d e t e r m i n e  n e u t r o n  
damage., The H e a l t h  P h y s i c s  i n s t r u m e n t  w i l l  i n t e g r a t e  a u t o m a t i c a l l y ,  

Pd FIEBI'PAST NEUTBON DETECTOR 

Beactos Technology DiViSiOn 

P r e l i m i n a r y  in fo rma tmon  on t h i s  d e t e c t o r  was i n c l u d e d  i n  t h e  p r e v i o u s  
q u a r t e r l y  r e p o r t , ( 6 )  and in a Letter t o  t h e  E d i t o r  i n  t h e  ~ A y s i e a l  R ~ o r i s t o ! ~ )  

NEPA Personnel. 

( 6 )  Weinberg, A .  id., and E l f i a o  C. B e ,  The Aircraft Nuclear Propulsion Program and General Reactor 
Technology Quarterly Progress Report for Per iod  Ending November 30, 1949,  OR#L 528 (January 10, 
1950).  

(7) Goasick, B e  R e @  " P d  Film Fast Neutron D e t e ~ t o r ~ ~ ~  Phys .  Rev. 77 (Jenuary 1 5 9  1950) 293 .  



I n  b r i e f ,  t h e  d e t e c t i o n  i s  accompl i shed  by measu r ing  t h e  r e s i s t a n c e  change o f  
a v T r e d d c t i o n * v  (or n - t y p e )  s e m i - c o n d u c t o r ,  t h e  r e d u c i n g  a g e n t  b e i n g  n a s c e n t  
hydrogen  f rom p r o t o n  r e c o i l s ,  The  r e s i s t o r  i s  a t h i n  f i l m  o f  an  o x i d e  o f  
p a l l a d i u m ,  which i s  not c o m p l e t e l y  anhydrousa  C o n d u c t i v i t y  of  t h e  f i l m  i s  due 
t o  a s t o i c h i o m e t r i c  e x c e s s  o f  m e t a l  p a l l a d i u m ,  A j o i n t  NEPA-ORNL r e p o r t  on 
t h e  expe r imen t s  made w i t h  these r e s i s t d r s  i s  i n  p r e p a r a t i o n  and w i l l  be i s s u e d  
w i t h i n  t h e  n e x t  month, 

NEUTRON ENEBGY SPECTBOMETEB 

Bo It, dimsick," K O  Henry@ 
Beactor Technology D%ViSfOn 

The n e u t r o n  e n e r g y  s p e c t r o m e t e r  employs p r o t o n  r e c o i l  p u l s e s  f rom a p r o -  
p o r t i o n a l  c o u n t e r ,  and  h a s  been  d e s c r i b e d  i n  ORNE-5280(8) D u r i n g  t h e  p a s t  
q u a r t e r ,  t h i s  d e v i c e  h a s  been  u s e d  t o  measure  t h e  e n e r g y  s p e c t r u m  o f  a Po-Be 
s o u r c e  and a mock f i s s i o n  s o u r c e o  Both s o u r c e s  were made a t  Dayton ,  O h i o ,  

The s p e c t r u m  o f  t h e  mock fission s 0 u r c e  i s  shown i n  F i g ,  3 ,  The c u r v e  
i n d i c a t e d  by a d o t t e d  l i n e  i s  t h e  f i s s i o n  s p e c t r u m  due  t o  BPoch and S t a u b a ( 9 )  
Assuming t h a t  t h e  s p e c t r u m  f o l l o w s  t h e  d o t t e d  P i n e ,  t h e  t o t a l  niimber o f  
n e u t r o n s  p e r  second p e r  c u r i e  i s  g i v e n  by t h e  a r e a  under  t h e  c u r v e  a s  l ,? X l o 5  

The spee t r r tm  o f  Po-Be i s  shown in Fig, 4 ,  The i n t e g r a l  o f  t h i s  c u r v e  
g i v e s  a f i g u r e  o f  3 , s  X PO6 for t h e  t o t a l  number o f  n e u t r o n s  p e r  s e c o n d  p e r  
c u r i e ,  w h i c h  may b e  c o m p a r e d  w i t h  F e r m i ' s  f i g u r e  of 2 , 8  x l o 6 @  

SHIELDIlQG ANALYSIS 

1. Y, ErgenPo F, H, MUi-raYo Sa Podgar," J ,  Bo Trice,* 

R e s u l t s  l i s t e d  i n  a r e c e n t l y  i s s u e d  by t h e  L id  Tank Group 
a r e  now b e i n g  compared  w i t h  o t h e r  w a t e r  d a t a ,  C l o s e  c o n t a c t  i s  m a i n t a i n e d  

+NEPA Porronnej. 

( 8 )  Weinberg0 ope c i t .  (ORNL-528) 
( 9 )  Bloch,F. and Stamb, H o p  Fission Sprectrur, U - I 7  (Aug. 18, 1943). 

( l o )  Cliffordo C *  Eoo Mea8ursnents Of NeutPon Und Di8tBibUtbOn, ORNL CF+0°1e153j NEPA STRM-50. 
(January 3 1 0  1 9 S O ) o  
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w i t h  Dr, R i c h a r d  A l b e r t  and DP, Theodore  Welton o f  t h e  West inghouse  Submar ine  
p r o j e c t ,  and t h e s e  i n v e s t i g a t o r s  have  been  a b l e  t o  f i t  more r e c e n t  l i d  t a n k  
d a t a  w i t h  a "one c o l l i s i o n  and out" '  t h e o r y .  These  r e c e n t  l i d  t a n k  d a t a  refer 
t o  v a r i o u s  c o m p o s i t i o n s  of l e a d  and w a t e r ,  and i r o n  and w a t e r .  The t h e o r y  is 
n o t  b e l i e v e d  t a b e  a p p l i c a b l e  t o  s h i e l d s  c o n t a i n i n g  a h i g h  p e r c e n t a g e  of  n a t u r a l  
boron, because  t h e  n a t u r a l  baron i s ,  f o r  h i g h  n e u t r o n  e n e r g i e s ,  e s s e n t i a l l y  a 
s ca t t e r e r ,  and t h e  above t h e o r y  r e q u i r e s  t h a t  t h e  " labsorpt ion"* ( i n c l u d i n g  d e -  
g r a d a t i o n  by hydrogen  c o l l i s i o n  o r  i n e l a s t i c  s c a t t e r i n g )  c a n s t i t u t e  a major  
p a f t  o f  t h e  t o t a l  c r o s s  s e c t i o n ,  

The m a t h e m a t i c a l  method o u t l i n e d  i n  t h e  l a s t  ORNL Q u a r t e r l y  r e p o r t  h a s  
b e e n  f u r t h e r  r e f i n e d  and a p p l i e d  t o  p r a c t i c a l  c a s e s .  T h i s  method l i k e w i s e  
g i v e s  a S a t i s f a c t o r y  f i t  t o  t h e  p r e l i m i n a r y  e x p e r i m e n t a l  d a t a .  

C a l c u l a t i o n s  o f  a i r p l a n e  s h i e l d  w e i g h t s  h a v e  been  c a r r i e d  o u t  on  t h e  
b a s i s  o f  H. A. B e t h e ' s  p a p e r , ( ' ' )  u s i n g  t o t a l  a t t e n u a t i o n s  of  e ' '  f o r  n e u t r o n s  
and e l 4  f o r  gammas, b u t  o t h e r w i s e  u s i n g  B e t h e ' s  a s sumpt ions .  (The a t t e n u a t i o n s  
u s e d  by B e t h e  were h i g h e r  by a f a c t o r  of 1 0  which  was due  t o  h i s  a s s u m p t i o n  
o f  30 f t  reactor-crew-separation, w h e r e a s  s e p a r a t i o n  o f  100 f t  now a p p e a r s  
f e a s i b l e . )  The w e i g h t  of 67 l o n g  t o n s  f o r  a l e a d - w a t e r - s h i e l d  a round  a 2 f t  
r a d i u s  r e a c t o r  was computed i n  t h i s  way, i n  s a t i s f a c t o r y  ag reemen t  w i t h  t h e  
w e i g h t s  computed from prell imina-ry l i d  t a n k  d a t a .  

A l i m i t e d  amount o f  t i m e  was s p e n t  on c a l c u l a t i o n s  r e g a r d i n g  t h e  p o s s i b l e  
u s e  o f  hydride8 i n  s h i e l d s , ( " ' " j 3  a s  wel l  as on compar i son  o f  uran ium-boron  

and wol f ram-boron  s h i e l d s : .  94) 
The f o l l o w i n g  O W L  r e p o r t s  were i s s u e d :  
Capture G a m a  Rays ,  E ,  P. B l i e a r d ,  ORNL-419 (December 23, 1949) .  
Canadian Measusemerats of an Iron-Water Shield, E. P. p l i z a r d ,  ORNL-428, 

( J a n .  3 ,  1950). 
Measureaents  on Honford T y p e  S h i e l d s ,  E. P. B l i z a r d ,  ORNL-430 ( F e b r u a r y  

2 2 ,  1950) .  

(11)  

( 1 2 )  

(l$) 

(14) 

Bethe, H; A,, Report on the Sllollus of Shielding Informotion for the NEPA Projec t ,  OPNL Clr-49-6-149, 

Ergen,  W e  It., Sone Conriderat ionr Regording the Use of Uraniur in a Shield, ORNL CF-49-12-56, 

Ergen, V. X., rad Podgou, S,, Hydrldce In Skietds, ORNL CF-50-2-21, HEP4 STBY-51 (Fsb. 6, 1950). 

Podgor,  S., Corpur i ron of Uraniuk, Boron and Tun$rten, ORNL CF-SO-1-8, MPA STRY-48 (Jan. 5, 1950). 

(June 10, 1949). 

NBPA STBY-43 (Dee. 1 4 ,  1949). 
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SHIELDING MATERIALS 

A ,  S. Kitzes B. Be Ballaher 
W o  Q. Hullings V. L. HcKinaey 

Reactor Technology Division 

Uranium Hydride Survey. Uranium h y d r i d e  (UH,) i s  b e i n g  c o n s i d e r e d  a s  a 
The c h o i c e  of UH,, however ,  s h i e l d i n g  m a t e r i a l  f o r  n u c l e a r  powered a i r c r a f t .  

depends  upon a number o f  f a c t o r s :  
(1) P r o d u c t i o n  o f  n o n - p y r o p h o r i c  m a t e r i a l  i n  t o n n a g e  q u a n t i t i e s ,  
( 2 )  F e a s i b i l i t y  o f  c o m p r e s s i n g  UH, t o  a d e n s i t y  o f  9 g / c c  or UH, 
t o  a d e n s i t y  o f  11 g /cc ,  
( 3 )  P r o d u c t i o n  o f  m a t e r i a l  i n  s u c h  a s t a t e ,  i n  c a s e  n o n - p y r o p h o r i c  
UH, canno t  be p r o d u c e d , t h a t  w i l l  a l l o w  e a s y  h a n d l i n g  d u r i n g  c l a d d i n g  
o f  t h e  m a t e r i a l .  
A s u r v e y ,  t h e r e f o r e ,  was i n i t i a t e d  t o  d e t e r m i n e  t h e  f e a s i b i l i t y  o f  produc-  

i n g  uranium h y d r i d e  i n  tonnage  q u a n t i t i e s  which would meet t h e  above s p e c i f i -  
c a t i o n ,  T h i s  s u r v e y  h a s  been comple ted  and an  OFWL r e p o r t  w i l l  soon be i s s u e d  
on t h e  s u b j e c t ,  C o n c l u s i o n s  which may be  drawn from t h i s  s u r v e y  a r e :  

(1) Most l o t s  of u ran ium h y d r i d e  (UH,) a r e  p y r o p h o r i c .  Some have  been  
made which a r e  n o t ,  With a d d i t i o n a l  r e s e a r c h  and deve lopmen t ,  n o n - p y r o p h o r i c  
uran ium h y d r i d e  c a n  p r o b a b l y  be  madee T i t a n i u m  h y d r i d e  was once  c o n s i d e r e d  
p y r o p h o r i c ,  b u t  now n o n - p y r o p h o r i c  m a t e r i a l  i s  made i n  t o n n a g e  q u a n t i t i e s .  

( 2 )  The d e n s i t y  r e q u i r e m e n t s  can p r o b a b l y  be m e t ,  A d d i t i o n a l  development  
i s  n e c e s s a r y  however,  

( 3 )  The m a t e r i a l  can  e a s i l y  be  c l a d  once  t h e  p y r o p h o r i c  d i s a d v a n t a g e  i s  
overcomee The m a t e r i a l  i s  p r o b a b l y  n o n - c o r r o s i v e ,  

( 4 )  No c o s t  d a t a  are  a v a i l a b l e  s i n c e  no large  q u a n t i t i e s  have been made 

Uranium h y d r i d e  d i s s o c i a t e s o n  h e a t i n g a t 4 3 0 O C ;  t h e  UH, i s  i n  e q u i l i -  
w i t h  t h e  d e s i r e d  p r o p e r t i e s .  

(5) 
brium w i t h  hydrogen g a s  a t  one a tmosphere  p r e s s u r e .  

( 6 )  The r a d i a t i o n  s t a b i l i t y o f U H ,  is  unknowna By a n a l o g y ,  i t  i s  p robab ly  

( 7 )  UH, forms amalgams w i t h  mercury.  When mixed wi th  mol ten , lead , . t in  or 
a s  s t a b l e  a s  t i t a n i u m  h y d r i d e  t o  p i l e  r a d i a t i o n s .  

cadmium, t h e  uran ium and m e t a l  a l l o y  r e l e a s i n g  hydrogen ,  

20 
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Plastics. Twenty s h e e t s ,  56% i n ,  x 66% i n ,  x 1/8 i n .  o f  B,C and Tygon 
B,C and Tygon p a i n t  

T h i s  g i v e s  60% 
(Tybor)  h a s  been f a b r i c a t e d  f o r  t h e  L i d  Tank Exper imen t s ,  
a r e  mixed i n  t h e  r a t i o  o f  3 p a r t s  B,C t o  1 p a r t  p a i n t  by hand,  
B,C by volume,  The  mix i s  c a s t  o n  a s p e c i a l l y  d e s i g n e d  r o l l i n g  t a b l e  a n d  
r o l l e d  t o  a un i fo rm t h i c k n e s s ,  T h i c k n e s s  can  be v a r i e d  from 1/16 i n ,  t o  1/8 
i n ,  C a s t  s h e e t s  a r e  wrapped w i t h  c h e e s e  c l o t h  f o r  a d d i t i o n a l  s u p p o r t  and a r e  
c o a t e d  w i t h  a d d i t i o n a l  Tygon p a i n t  f o r  w a t e r p r o o f i n g .  T e n s i l e  s t r e n g t h  o f  
*'Tybor"* i s  215 p s i  and age has  no a p p a r e n t  e f f e c t  on t h e  s t r e n g t h ,  E l o n g a t i o n  
i s  abou t  ll%., S h e e t s  a r e  q u i t e  f l e x i b l e  and can  be b e n t  a round round o b j e c t s  
w i t h o u t  c r a c k i n g ,  p r o v i d e d  t h e  bends  a r e  n o t  s h a r p ,  Sheets a r e  t e m p e r a t u r e  
s e n s i t i v e ,  b e i n g  more f l e x i b l e  a t  o r  s l i g h t l y  above room t e m p e r a t u r e  t h a n  a t  
l ower  t e m p e r a t u r e s s  The m a t e r i a l  i s  n o t  b r i t t l e  a t  t e m p e r a t u r e s  o f  40-50'F. 

Exper imen ta l  4 i n ,  x 4 i n ,  x 48 i n ,  s q u a r e s  o f  t u n g s t e n  c a r b i d e  and Tygon 
W,C i n  t h e  d e s i r e d  p a r t i c l e  have  been  made, R a t i o  o f  W2C/Tygon i s  18 t o  l d  

s i z e  r ange  i s  n o t  commerc ia l ly  a v a i l a b l e  t o  p e r m i t  making s h e e t s  56% i n ,  x 66% 
i n ,  x 1/8  i n h o  b u t  l i m i t e d  p e r s o n n e l  h a s  pos tponed  t h i s  o p e r a t i o n ,  T h i s  s i z e  
sheet  c a n b e m a d e  i f  t h e  W,C i s  s c r e e n e d a  T e n s i l e  s t r e n g t h  o f  W2C-Tygon s h e e t s  
w i l l  be  d e t e r m i n e d  t o  s e e  whe the r  o r  n o t  a s h e e t  56% i n ,  x 66% i n ,  x 1/8 i n ,  
can s u p p o r t  i t s  own weight , ,  The s h e e t  w i l l  we igh  a p p r o x i m a t e l y  150 l b s  a s  
compared  t o  25 l b s  f o r  3,C-Tygon s h e e t  o f  e q u i v a l e n t  d i m e n s i o n s ,  O t h e r  
p l a s t i c s ,  s u c h  a s  p o l y e t h y l e n e ,  p o l y s t r e n e  and b a k e l i t e  w i l l  be u s e d  a s  t h e  
b i n d i n g  m a t e r i a l s  i n s t e a d  o f  Tygon,  These  m a t e r i a l s  a r e  more s t a b l e  t o  r a d i -  
a t i o n  t h a n  Tygon, 

Two B,O, Tygon s h e e t s ,  5 5  i n ,  x 55 i n .  x 3/8 i n , ,  have  been  f a b r i c a t e d  
f o r  t h e  MTR Mock-up c r i t i c a l  expe r imen t s .  These  s h e e t s  were v e r y  d i f f i c u l t  t o  
make due t o  t h e  h y g r o s c o p i c i t y  o f  t h e  B,O,o R a t i o  o f  B20, t o  Tygon was 2 t o  1. 
T e s t s  i n d i c a t e  t h a t  B20, i s  n o t  a s  s t a b l e  t o  r a d i a t i o n  a s  B,C which a p p a r e n t l y  
w i l l  p r e c l u d e  i t s  u s e  f o r  h i g h  l e v e l  i r r a d i a t i o n  a p p l i c a t i o n s ,  even  though i t  

c o s t s  abou t  15 c e n t s / l b  compared t o  $ 4 . 5 0 / l b  f o r  B,C, 
Concaetes. T h e  c o n c r e t e  work  was k e p t  t o  a minimum d u r i n g  t h e  l a s t  

q u a r t e r ,  E x c e p t  f o r  s e r v i c e  work no p r o j e c t s  w e r e  i n i t i a t e d .  
A s p e c i a l  MI c o n c r e t e  was made € o r  H. P. S l e e p e r ,  KAPL. The c o m p o s i t i o n  

i s  a s  f o l l o w s :  

Lead S h o t  64 ,8% W t ,  

M g  0 8 - 2  
Co 1 eman i t e 8 . 2  

Calgon  S o l u t i o n  08 

S t a i n l e s s  S t ee l  S c r a p  7 .7  

Mg C 1  (28" Be-Solu)  11.1. 
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A d e n s i t y  o f  4,7  gmlcc was o b t a i n e d  w i t h  a c o m p r e s s i v e  s t r e n g t h  o f  3200 
p s i ,  F u r t h e r  i n v e s t i g a t i o n o f t h e  m e c h a n i c a l ,  p h y s i c a l  and r a d i a t i o n  p r o p e r t i e s  
o f  t h i s  c o n c r e t e  h a s  been r e q u e s t e d  by KAPL, and a s  s o o n  as p e r s o n n e l  becomes 
a v a i l a b l e  work will c o n t i n u e  on t h i s  p rob lem,  

P o r t l a n d  Cement-Iron C o n c r e t e o  E x p e r i m e n t a l  p o u r s  a r e  b e i n g  made u s i n g  
t h e  proposed heavy a g g r e g a t e  c o n c r e t e  f o r  t h e  MTR, D e n s i t y  measurements ,  p o u r -  
i n g  t e c h n i q u e s ,  c o m p r e s s i v e  s t r e n g t h s ,  a g e i n g  c h a r a c t e r i s t i c s  and c o m p r e s s i v e  
s t r e n g t h s  u n d e r  t h e r m a l  s t resses  a r e  some o f  t h e  p r o p e r t i e s  o f  t h e  c o n c r e t e s  
which  w i l l  b e  i n v e s t i g a t e d ,  The i n f o r m a t i o n  o b t a i n e d  f rom t h e s e  t e s t s  w i l l  
a l s o  m a t e r i a l l y  a i d  t h e  H a n f o r d  P r o j e c t  i n  t h e  d e s i g n  o f  t h e  new H a n f o r d  
S h i e l d s ,  The  same t e s t s  were r e q u e s t e d  by H a n f o r d  who a n t i c i p a t e  u s i n g  t h e  
same t y p e  c o n e r e t e -  a p o r t l a n d  c e m e n t - s t e e l  a g g r e g a t e  c o n c r e t e o  

T e s t s  a r e  b e i n g  s e t  up t o  c o r r e l a t e  c o m p r e s s i v e  s t r e n g t h  o f  1 i n ,  x 2 i n ,  
c y l i n d e r s  w i t h  3 i n ,  x 6 i n ,  c y l i n d e r s  of  c e m e n t ?  and  p o s s i b l y  c o n c r e t e ,  I f  
s u c c e s s f u l ,  t h e n  1 i n ,  x 2 i n ,  c y l i n d e r s  c a n  b e  i r r a d i a t e d  i n  b o t h  X-10 a n d  
Hanford  p i l e s  f o r  s t u d i e s  o f  s t a b i l i t y  o f  c o n c r e t e s  and cemen t s  t o  p i l e  r a d i -  
a t i o n s ,  

Expansivgty Experimentso The e x p a n s i o n  o f  MO c o n c r e t e  d u r i n g  s e t t i n g  i s  
a problem s t i l l  u n d e r  i n v e s t i g a t i o n ,  The r e p o r t s  which have been i s s u e d o n  t h e  
s u b j e c t  i n d i c a t e  poor  r e p r o d u c i b i l i t y  o f  d a t a .  The same h a s  been found  t o  be 
t r u e  i n  t h e  p r e s e n t  work,  The  e x p a n s i v i t y  a p p a r a t u s  h a s  been  r e d e s i g n e d  and 
s h o u l d  be i n  o p e r a t i o n  i n  t h e  v e r y  n e a r  f u t u r e ,  The new d e s i g n ,  i f s u c c e s s f u l ,  
w i l l  e l i m i n a t e  t h e  p o s s i b i l i t y  t h a t  t h e  v a r i a t i o n s  i n  e x p a n s i v i t y  f r o m  o n e  
sample  t o  a n o t h e r  a r e  d u e  t o  t h e  i n s t r u m e n t ,  Any v a r i a t i o n s  which  a r e  t h e n  
o b t a i n e d  c a n  b e  d i r e c t l y  c o r r e l a t e d  t o  t h e  c o n c r e t e s o  

B a d i a t f o n  Damage Tests"  Two s a m p l e s  o f  MO a n d  M I  ( B o r o n  c o n t a i n i n g )  
c e m e n t s  were i r r a d i a t e d  i n  H o l e  1 9  i n  t h e  X-10 p i l e  f o r  a p p r o x i m a t e l y  1000 
h o u r s ,  The  MO c e m e n t s  showed v e r y  l i t t l e  g a s  f o r m a t i o n  a t  t h e  e n d  o f  t h i s  
time, The M I  c e m e n t  on t h e  o t h e r  h a n d  showed c o n s i d e r a b l e  g a s  f o r m a t i o n ,  
p r o b a b l y  due t o  t h e  damaging e f f e c t s  on t h e  a l p h a  p a r t i c l e s  which a r e  produced  
when Boron c a p t u r e s  ill n e u t r o n ,  The g a s  was n o t  i d e n t i f i e d ;  however ,  H a n f o r d  
h a s  u n o f f i c i a l l y  r e p o r t e d  t h a t  CP, was i d e n t i f i e d a s  t h e  g a s  when MO was p l a c e d  
i n  t h e  Hanford  p i l e ,  F u r t h e r  t es t s  a r e  b e i n g  p l a n n e d ,  A d d i t i o n a l  s a m p l e s  a r e  
b e i n g  s c h e d u l e d  f o r  i r r a d i a t i o n  a n d  a n  a t t e m p t  w i l l  be  made t o  i d e n t i f y  t h e  
g a s  ., 

Equilfbrfum Moisture Testso The e q u i l i b r i u m  m o i s t u r e  c o n t e n t o f M O  cement  
was d e t e r m i n e d  a t  2 0 0 ° F  a n d  3 0 0 g F e  A i r  w i t h  a r e l a t i v e  h u m i d i t y  o f  17% was 

p a s s e d  o v e r  t h e  c e m e n t  w h i c h  was i n  a n  o i l  b a t h  a t  200°Fo E q u i l i b r i u m  was 
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assumed t o  be  r e a c h e d  when n o  l o s s  i n  w e i g h t  o f  t h e  cement was d e t e c t a b l e ,  
The cement  was h e a t e d  up t o  300"F,  and a g a i n  e q u i l i b r i u m  was assumed when no  
l o s s  i n  we igh t  was n o t i c e d ,  The t e m p e r a t u r e  w a s  t h e n  dropped  t o  200°F, and t h e  
sample was a l lowed t o  come t o  e q u i l i b r i u m ,  r a i s e d  t o  300"F, e t c ,  The t e s t  was 
c o n t i n u e d  f o r  37 d a y s o  The tes ts  w i l l  soon  be  r u n  i n a n e w l y d e s i g n e d  a p p a r a t u s  
which w i l l  a l l o w  f o r  t h e  a c c u m u l a t i o n  o f  more a c c u r a t e  d a t a ,  

Fabrication of  Boral ( B , c  + A I ) ,  B o r a l ,  a s  d e s c r i b e d  in 0RNL-242,('5) i s  

a n  e n g i n e e r i n g  m a t e r i a l  f o r  t h e  a b s o r p t i o n  o f  t h e r m a l  n e u t r o n s  w i t h o u t  p r o -  
d u c t i o n  of  h a r d  gammas i n  a form which a l l o w s  e a s y  h e a t  removal .  L a r g e  s c a l e  
e x p e r i m e n t a l  r o l l i n g  was a t t e m p t e d  a t  Lukens S t e e l  C o o ,  C o a t e s v i l l e ,  P a ,  Two 
l a r g e  i n g o t s  27 i n ,  x 36 i n ,  x 6 i n ,  were s c h e d u l e d  f o r  r o l l i n g  i n t o  s h e e t s ,  
56% in., x 66% i n .  x 3/16 i n ,  One i n g o t  was r o l l e d  i n  December b u t  t h e  r o l l i n g  
was a f a i l u r e ,  A s e c o n d  r o l l i n g  i s  b e i n g  s c h e d u l e d  f o r  t h e  l a t t e r  p a r t  o f  
Februa ry ,  P r e c a u t i o n a r y  measu res  a r e  b e i n g  t a k e n  t o  i n s u r e  a s u c c e s s f u l  r o l l -  
i n g t h e n e x t  t i m e ,  The p i c t u r e  f rame which c o n f i n e s t h e  i n g o t h a s  been i n c r e a s e d  
from 1 i n ,  t o  5% in, ,  i n  t h i c k n e s s ;  t h e  c o v e r s  ( c l a d d i n g )  have  been  i n c r e a s e d  
from K i n .  t o  % i n , ,  t h i c k ,  P r o v i s i o n  has  been  made t o  i n s e r t  a t he rmocoup le  
i n  t h e  c e n t e r  o f t h e  i n g o t  i n  o r d e r  t o  be a b l e  t o  a s c e r t a i n  t h e  t r u e  t e m p e r a t u r e  
o f  t h e  c o r e  p r i o r  t o  r o l l i n g ,  A t e m p e r a t u r e  o f  1100°F a t  t h e  c e n t e r  o f  t h e  
c o r e  m a t e r i a l  i s  d e s i r e d  b e f o r e  r o l l i n g .  C l o s e r  time s c h e d u l e s  h a v e  b e e n  
worked o u t  s o  t h a t  t h e  i n g o t s  w i l l  be exposed  t o  t h e  w e a t h e r  c o n d i t i o n s  f o r  a 
minimum l e n g t h  o f  t i m e ,  I t  i s  b e l i e v e d  t h a t  t h e  second r o l l i n g  o f t h e s e  i n g o t s  
w i l l  be s u c c e s s f u l o  

The r o l l e d  s h e e t s ,  56% i n ,  x 66% i n .  x 3/16  i n .  w i l l  be used  i n  t h e  L i d  
Tank Exper imen t s ,  I n q u i r i e s  have been r e c e i v e d  from o t h e r  s i t e s ;  Brookhaven ,  
Argonne ,  H a n f o r d  a n d  KAPL h a v e  e x p r e s s e d  a n  i n t e r e s t  i n  a c q u i r i n g  l a r g e  
q u a n t i t i e s  o f  B o r a l  s h e e t s , ,  

An e s t i m a t e  o f  t h e  c o s t  o f  f a b r i c a t i n g  a B o r a l  s h e e t  ( S O - S O )  i s  a b o u t  
$ 1 5 / f t 2 .  I t  i s  a l s o  e s t i m a t e d  t h a t  a s h e e t  o f  b o r a l ,  1/8 i n ,  t h i c l s ,  w i l l  
a t t e n u a t e  t h e r m a l  n e u t r o n s  by a f a c t o r  o f  10'' I n  many c a s e s ,  an a t t e n u a t i o n  
o f  l o 2  or l o 3  i s  a l l  t h a t i s n e c e s s a r y o  A program i s  b e i n g  i n i t i a t e d  t h e r e f o r e  
t o  d e v e l o p  "Bora ls tT* w i t h  l o w e r  B,C c o n t e n t . ,  T h e s e  B o r a l s  s h o u l d  have  b e t t e r  
r o l l i n g  c h a r a c t e r i s t i c s ,  s t r u c t u r a l  p r o p e r t i e s ,  t h e r m a l  p r o p e r t i e s  and lower  
c o s t  b e c a u s e  o f  t h e  lower  B,C c o n t e n t s , ,  

powder i n a  g r a p h i t e  d i e  a t  1200°Fo 
c o n d u c t i v i t y  o f  B o r a l  i s  86 B?ZT/hr - f t2-"F/ f t .  

Thermal c o n d u c t i v i t y  spec imens  have been  made by h o t  p r e s s i n g  B,C and A 1  
P r e l i m i n a r y  d a t a  i n d i c a t e  t h a t  t h e  the rma l  

These  t e s t s  w i l l  be  d u p l i c a t e d  

( 1 5 )  YcKinney, V. L. and RockaePP, Theodore, 111, Bora2: A Nea, Thermal Neutron Shield, O w n  242,  
(Aug. 31, 1949), 
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f o r  o t h e r  specimens. ,  I n  t h e  same t e m p e r a t u r e  r a n g e 9  low ca rbon  s t e e l  i s  35 and 
A 1  i s  118.  S p e c i f i c  h e a t  o f  B o r a l  i s  0.175 BTU/"F-lb., The  t h e r m a l  conduc-  
t i v i t y  o f  B,C w i t h  B,O, as a b i n d e r ,  A l ,  and m i x t u r e s  o f  B,C and A 1  (amount of 
B,C v a r y i n g  from 10% - 50%) w i l l  a l s o  be determined.,  b e  
d u p l i c a t e d  f o r  Plumbor (B,C and l e a d ) .  

T h i s  work w i l l  a l s o  

T e n s i l e  spec imens  o f  B o r a l  have  been  removed from t h e  p i l e  a f t e r  6 and 8 
weeks e x p o s u r e s i n  t h e  i s o t o p e  s t r i n g e r ,  The t e n s i l e  s t r e n g t h  of  t h e  s p e c i -  
mens were d e t e r m i n e d  a f t e r  c o o l i n g  f o r  2 d a y s  ( 3  mr /hr  i n  7 ' s  and 6 mr /hr  i n  
P ' s  on c o n t a c t ) ,  

R e s u l t s  a r e  shown i n  t h e  f o l l o w i n g  t a b l e :  

S P E C  I M E N  TENSILE T R B N C T R  
( 1 b h . q )  

O r i g i n a  1 Avg, 5000 
6 weeks Avg., 6335 
8 weeks Avg, 7500 

A d d i t i o n a l  s amples  have been p l a c e d  i n  t h e  X-10 p i l e  and w i l l  be removed 
a f t e r  1 2  months ,  18 months ,  and 24 months  e x p o s u r e . ,  Samples  a r e  a l s o  b e i n g  
s e n t  t o  H a n f o r d  f o r  e x p o s u r e s  o f  3 months ,  1 0  months and  20 months .  

S a m p l e s  o f  t h e  ? 'poor  man9 s" B o r a l ,  rvBoroxa l "  (B,O, and  A l ) ,  have  a l s o  
been  i r r a d i a t e d ,  These  s a m p l e s  however ,  were less s t a b l e  t o  p i l e  r a d i a t i o n s ,  
t h e  t e n s i l e  s t r e n g t h  d e c r e a s e d  f rom 2900 p s i  t o  2050 p s i  a f t e r  8 weeks e x -  
p o s u r e  i n  t h e  p i l e ,  

"f1nmborr? (B,C Pb) w*PlumborT?* shee t s  (50% B,C & 50% Pb) have been made. 
Methods f o r  i n c o r p o r a t i n g  80% B,C i n t o  Pb  a r e  b e i n g  s t u d i e d .  T h e r m a l  and  
p h y s i c a l  p r o p e r t i e s  o f  t h e  P l u m b o r s  w i l l  be m e a s u r e d .  

Beports Issued. The f o l l o w i n g  r e p o r t  was i s s u e d  d u r i n g  t h e  p a s t  q u a r t e r :  
Construction of Cheap Shields; A S u r v e y  by Theodore R o c k w e l l ,  111, ORNL 243, 
( J a n u a r y  16 ,  19SO)e  

The m a t e r i a l  on s h i e l d i n g  f o r  Nucleonics i s  a s s e m b l e d  and  t h r e e  c o p i e s  
a r e  b e i n g  s e n t  t o  C h i c a g o  f o r  p r e - d e c l a s s i f i c a t i o n  o f  s h i e l d i n g  work ,  
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Beat Transfer TheotY (H. C. Claiborne) T h e o r e t i c a l  work on h e a t  t r a n s f e r  

h a s  c o n s i s t e d  of a s t u d y  of  f l u i d  f l a w  and v e l o c i t y  d i e t r i b u t i o n  i n  c o n d u i t s .  
I t  i s o n a  knowledge o f  t h e  v e l o c i t y  d i s t r i b u t i o n  i n  t u b e s  and between p a r a l l e l  
p l a t e s  t h a t  l i q u i d  m e t a l  h e a t  t r a n s f e r  t h e o r y  i s  b a s e d S  and a knowledge  of  

v e l o c i t y  d i s t r i b u t i o n  i n  c h a n n e l s  o f  o t h e r  shapes w i l l  a i d  i n  s t u d y i n g  h e a t  
t r a n s f e r  i n  t h e s e  c h a n n e l s .  P r i n c i p a l  e f f o r t s  h a v e  b e e n  d i r e c t e d  t o w a r d  
empir ica l  e x p r e s s i o n s  f o r  v e l o c i t y  d i s t r i b u t i o n  in c i r c u l a r  t u b e s  which  might  
p r o v i d e  i n s i g h t  i n t o  t h e  v e l o c i t y  d i s t r i b u t i o n  i n  o t h e r  c h a n n e l s ,  

Experimental Heat Transfer (C.  P. Caaghlen). Equipment for h e a t  t r a n s f e r  
s t u d i e s  w i t h  l i t h i u m  a t  t e m p e r a t u r e s  up  t o  1800'F h a s  been d e s i g n e d ,  and work 
h a s  s t a r t e d  on t h e  f a b r i c a t i o n  o f  v a r i o u s  c o m p o n e n t s .  The r i g  w i l l  b e  a 
f i g u r e - o f - e i g h t  s y s t e m ,  w i t h  b y - p a s s e s  a round t h e  t e s t  e x c h a n g e r  f o r  c o n t r o l  
of t h e  f l o w  r a t e s  and f o r  r a p i d  a l t e r a t i o n  o f  t e m p e r a t u r e s  between t e s t s o  I n  
a d d i t i o n ,  a t e m p e r a t u r e  c o n t r o l  exchange r  w i l l  be l o c a t e d  between t h e  t e s t  s e t  
up  and t h e  pump. I t s  p u r p o s e  w i l l  be t o  p e r m i t  o p e r a t i o n  of t h e  pump a t  a 
lower  t e m p e r a t u r e  and t o  p r o v i d e  a c c u r a t e  c o n t r o l  o f  t h e  t e m p e r a t u r e  i n t o  t h e  

t e s t  exchanger .  
The pump and t e s t  exchange r  w i l l  b e c o n n e c t e d  i n t o  t h e  sys t em w i t h  f l a n g e s  

s o  t h a t  t h e y  c a n  be changed t o  a l t e r  t h e  t e s t  c o n d i t i o n s .  
S t a i n l e s s  s t e e l ,  t y p e  3 4 7 ,  w i l l  be u s e d  t h r o u g h o u t ,  i n  t h e  a b s e n c e  o f  

much c o r r o s i o n  i n f o r m a t i o n  w i t h  l i t h i u m ,  The sys t em w i l l  be o p e r a t e d  a t  lower  
t e m p e r a t u r e s  and watched c l o s e l y  f o r  s i g n s  of  e x c e s s i v e  c o r r o s i o n  b e f o r e  b e i n g  
o p e r a t e d  a t  1800'F. 

Liquid Metal Pumps (Ao B o  Prithsen," R. N o  LYon). S e v e r a l  approaches  a r e  
b e i n g  s t u d i e d  i n  t h e  deve lopment  of a s a t i s f a c t o r y  l i q u i d  m e t a l  pump f o r  h e a t  
t r a n s f e r  e x p e r i m e n t s .  Such  a pump migh t  a l s o  be s a t i s f a c t o r y  f o r  t h e  f i n a l  

r e a c t o r  a s  w e l l ,  a l t h o u g h  r e q u i r e m e n t s  f o r  t h e  two i n s t a l l a t i o n s  a r e  not 
s i m i l a r .  E f f o r t s  have been  d i r e c t e d  toward  d e v e l o p i n g  a c o m p l e t e l y  e n c l o s e d  
pump, t h u s  e l i m i n a t i n g  t h e  s h a f t  s e a l  p roblem.  Whi le  e l e c t r o m a g n e t i c  pumps 
show less promise  f o r  t h e  ANP program t h a n  f o r  o t h e r  a p p l i c a t i o n s ,  a s t u d y  was 

made o f  t h e  p o s s i b i l i t y  of a pump u t i l i z i n g  t h e  p r e s s u r e  g r a d i e n t  a c r o s s  a 
l i q u i d  metal s t r e a m  which i s  c a r r y i n g  a c u r r e n t  of  e l e c t r i c i t y .  P r e l i m i n a r y  

- 

:* U.S. A i r  Force porawmol.  
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r e s u l t s  i n d i c a t e d  t h a t  o n l y  low p r e s s u r e s  c o u l d  be  r e a l i z e d  and work on t h i s  
t y p e  was s h e l v e d  . 

C o n s t r u c t i o n  of  a canned  r o t o r  for a pump i s  a b o u t  h a l f  comple t ed .  The 
q u e s t i o n o f w h i c h  of  two t y p e s  of b e a r i n g  t o  u s e  i n  t h e  pump canno t  be answered 
u n t i l  t h e  c o m p l e t i o n  of t e s t s  which are now i n  p r o g r e s s .  Both  b e a r i n g s  f o r c e  
t h e  s h a f t  t o  t u r n  on a l a y e r  o f  l i q u i d ,  p r e v e n t i n g  s o l i d - s o l i d  c o n t a c t .  One 
r e q u i r e s  l i q u i d  t o  be  f o r c e d  i n t o  t h e  b e a r i n g  and i s  q u i t e  s i m i l a r  t o  b e a r i n g s  
b e i n g  deve loped  a t  A l l i s - C h a l m e r s J  The o t h e r  b e a r i n g  u t i l i z e s  t h e  v i s c o s i t y  
o f  t h e  l i q u i d  t o  c r e a t e  s u f f i c i e n t  p r e s s u r e s  t o  k e e p  t h e  s h a f t  f rom c o n t a c t  
w i t h  t h e  b e a r i n g "  T h i s  t y p e  o f  b e a r i n g  i s  a l s o  b e i n g  s t u d i e d  a t  G e n e r a l  
E l e c t r i c  

An i n d u c t i o n  pump u s i n g  moving magnets  i s u n d e r  c o n s i d e r a t i o n ,  T h i s  would 

be a h e l i c a l  pump s i m i l a r  t o  an i n d u c t i o n  e l e c t r o m a g n e t i c  pump b e i n g  deve loped  

a t  Gene ra l  E l e c t r i c .  
L i q n i d  lldetal Eandbook ( 8 .  N. Lyon).  E d i t i n g  o f  t h e  handbook on u s e  o f  

l i q u i d  m e t a l s  and t h e  c o m p i l a t i o n  o f  a c h a p t e r  on l i q u i d  m e t a l  h e a t  t r a n s f e r  
h a s  r e a c h e d  a p o i n t  where p o t e n t i a l  p u b l i s h e r s  a r e  b e i n g  s o u g h t  w i t h  t h e  a i d  
o f  t h e  AEC and ONR i n  Wash ing ton ,  A l l  c h a p t e r s  a r e  e x p e c t e d  t o  be c o m p l e t e  
and i n  t h e  e d i t o r s '  hands by Match 1.  
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METALLURGY AND MATERIALS 

J o  R e  Prye, F, Kerze, Eo C. Miller 

Metallurgy D i v i s i o n  

The i n i t i a l  e x p e r i m e n t a l  e f f o r t  o f t h e  M e t a l l u r g y  D i v i s i o n  i n  t h e  i n v e s t i -  
g a t i o n  of m a t e r i a l s  f o r  use i n  an a i r c r a f t  r e a c t o r  is b e i n g  c o n c e n t r a t e d  on a 
p r e l i m i n a r y  s u r v e y  o f t h e  b e h a v i o r ,  i n  a h i g h  t e m p e r a t u r e  l i q u i d  m e t a l  e n v i r o n -  
m e n t ,  o f  a wide  v a r i e t y  of  s e l e c t e d  m e t a l l i c  e l e m e n t s  and r e p r e s e n t a t i v e l  
a l l o y s  under  s t a t i c  c o n d i t i o n s ,  Based on t h e s e  s o r t i n g  tes ts ,  t h e  more promis-  
i n g  c o m b i n a t i o n s  o f  h igh  t e m p e r a t u r e  m a t e r i a l s  and l i q u i d  m e t a l  c o o l a n t s  w i l l  
be  s t u d i e d  more e x t e n s i v e l y  t o  d e t e r m i n e  t h e i r  dynamic c o r r o s i o n  b e h a v i o r  and 
mechan ica l  p r o p e r t i e s  a t  h igh  t e m p e r a t u r e s  

The d e s i g n  o f  t h e  r e a c t o r  and t h e  e n g i n e e r i n g  and n u c l e a r  s p e c i f i c a t i o n s  
o f  i t s  components  w i l l  d e p e n d  i n  l a r g e  m e a s u r e  on t h e  r e s u l t s  o f  t h i s  and 
s i m i l a r  s t u d i e s ,  C o n s e q u e n t l y ,  a wide  v a r i e t y  o f  m a t e r i a l s ,  c o o l a n t s ,  and 
r e a c t o r  c o n d i t i o n s  must be c o n s i d e r e d ,  a l t h o u g h  some a r b i t r a r y  s e l e c t i o n s  have 
been made t o  e x p e d i t e  t h e  work, 

S t a t i c  Corrosion, I n  t h e  s o r t i n g  t e s t s  t o  d a t e ,  s a m p l e s  o f  t h e  more 
r e a d i l y  a v a i l a b l e  m a t e r i a l s  b e i n g  c o n s i d e r e d  h a v e  b e e n  e x p o s e d  t o  l i q u i d  
l i t h i u m  i n  e v a c u a t e d  and  we lded  Armco i r o n  c a p s u l e s  i n  f o u r - h o u r  t e s t s  a t  
1830°F, and a s i m i l a r  s e r i e s  h a s  been  r u n  u s i n g  b i s m u t h  i n s t e a d  o f  l i t h i u m .  
F i g u r e  5 shows t h e  d e s i g n  of  t h e  m o d i f i e d  c a p s u l e  b e i n g  u s e d  i n  t h e s e  t es t s  
and i t s  r e l a t i o n  t o  s a m p l e  and l i q u i d  c o o l a n t .  The sample  is  p l a c e d  i n  t h e  
c a p s u l e ,  and s o l i d  b ismuth  o r  l i t h i u m  is added ,  t h e  l i t h i u m  s u i t a b l y  p r o t e c t e d o  
The p l u g  i s  c o l d  p r e s s e d  into t h e  c a p s u l e ,  t h e  c a p s u l e  e v a c u a t e d ,  and t h e  
p e r i p h e r a l  j o i n t  b e t w e e n  t h e  p l u g  and  c a p s u l e  w e l d e d .  The weld  i s  h e l i u m  
l e a k - t e s t e d o  O c c a s i o n a l  l e a k s  have been observed  i n  t h e  i r o n  c a p s u l e  m a t e r i a l  
i t s e l f .  While  t h e  l e a k s  a r e  r e a d i l y  welded i n  t h i s  a p p l i c a t i o n ,  i t  is proba-  
b l e  t h a t  Armco i r o n ,  d e s p i t e  i t s  low s o l u b i l i t y ,  i s  n o t  w e l l  s u i t e d  t o  t h e  
c o n s t r u c t i o n  o f  a l i t h i u m  o r  g a s - t i g h t  c o o l a n t  s y s t e m .  A f t e r  l e a k - t e s t i n g ,  
t h e  c a p s u l e  and c o n t e n t s  a r e  h e a t e d  u n d e r  vacuum t o  j u s t  above  t h e  m e l t i n g  
p o i n t  of t h e  c o o l a n t  m e t a l ,  The t u b u l a r  e x t e n s i o n  o f  t h e  p l u g  i s  t h e n  t r i p l e -  
c r imped and spo t -we lded ,  t h e  vacuum l i n e  removed, and t h e e n d  of t h e  t u b e  bead-  

we lded .  The c a p s u l e s ,  two t o  a f u r n a c e p  a r e  p l a c e d  i n  one  o f  f o u r  B u r r e l l  
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Globar  t u b e  f u r n a c e s ,  An i n e r t  g a s  s u r r o u n d s  t he  c a p s u l e s  t o  p r e v e n t  s c a l i n g  
and t o  minimize  dange r  f rom p o s s i b l e  l e a k s .  Fol lowing .  t h e  r e q u i r e d  e x p o s u r e ,  
t h e  f u r n a c e  i s  t i l t e d  t o  d r a i n  t h e  l i q u i d  m e t a l  away from t h e  s a m p l e s  and up 
i n t o  t h e  ho l low c o r e  o f  t h e  p l u g ,  where t h e  l i q u i d  s o l i d i f i e s .  A f t e r  removal  
o f  t h e  c a p s u l e s  f rom t h e  f u r n a c e  and s o l i d i f i c a t i o n  of t h e  c o n t e n t s ,  t h e  p l u g  
end o f t h e  c a p s u l e  is sawed o f f  and t h e c a p s u l e  c o n t e n t s  removed f o r  examina t ion .  
The  l i t h i u m  and b i s m u t h  a r e  a n a l y z e d  s p e c t r o g r a p h i c a l l y  f o r  t h e  component  
e l e m e n t s , o f  t h e  samples .  The l i t h i u m  o r  b i smuth  is removed from t h e  s u r f a c e  

o f  t h e  sample ,  t h e  sample  i s  weighed  and i t s  s u r f a c e  i s  examined m i c r o s c o p i -  

c a l l y  and by X-ray o r  e l e c t r o n  d i f f r a c t i o n .  
P r e l i m i n a r y  f o u r - h o u r  r e s u l t s  from l i t h i u m  tests a t  1800°F, which must be  

r i g i d l y  checked  b e f o r e  t h e y  c a n  be  a c c e p t e d  a s  c o n c l u s i v e ,  i n d i c a t e  (1) i r o n ,  
molydbenum, and z i r con ium s u f f e r e d  l ess  we igh t  change  t h a n  t h e  o t h e r  m a t e r i a l s  
t e s t e d ,  ( 2 )  t u n g s t e n ,  t a n t a l u m ,  and columbium were n o t  s e v e r e l y  a t t a c k e d ,  and 
( 3 )  c o b a l t  and n i c k e l  unde rwen t  s u b s t a n t i a l  w e i g h t  l o s s .  The z i r c o n i u m  d e -  
v e l o p e d  a b r a s s y  t a r n i s h  w h i c h  X - r a y  d i f f r a c t i o n  showed t o  be  a z i r c o n i u m  
n i t r i d e  f i l m ,  i n d i c a t i n g  p r o b a b l e  n i t r o g e n  c o n t a m i n a t i o n  o f  t h e  l i t h i u r n .  
I n t e r p r e t a t i o n  o f  t h e s e  p r e l i m i n a r y  t e s t  r e s u l t s  s h o u l d  t a k e  i n t o  a c c o u n t  t h e  
f a c t s  t h a t  p r o c e d u r e s  i n s u r i n g  u n i f o r m l y  low c o n t a m i n a t i o n  o f  l i t h i u m  by  oxygen 
and n i t r o g e n  are  n o t  y e t  i n  o p e r a t i o n ,  and t h a t  a t h i r d  component,  t h e  i r o n  of  
t h e  c a p s u l e s ,  was p r e s e n t  i n  e a c h  o f  t h e  sys t ems .  S i g n i f i c a n t  r e s u l t s ,  where 
r e q u i r e d ,  w i l l  b e  s u b j e c t  t o  c o n f i r m a t i o n  i n  c a p s u l e  l i n e r s  made o f  t h e  
m a t e r i a l s  undergoing  t e s t .  

The f o u r - h o u r ,  1800'F t es t s  i n  b i s m u t h ,  s u b j e c t  t o  t h e  same o r  s i m i l a r  
q u a l i f i c a t i o n s  a s  the l i t h i u m  t e s t s 9  showed n i c k e l  a n d z i r c o n i u m  t o  be  s e v e r e l y  

a t t a c k e d ,  w h e r e a s  v i s u a l  o b s e r v a t i o n  d i d  n o t  i n d i c a t e  a t t a c k  o f  t h e  i r o n ,  
t u n g s t e n ,  t a n t a l u m ,  molybdenum, and columbium. 

The n e x t  s e r i e s o f t e s t s  i s  b e i n g  conducted  a t  1800°F f o r  f o r t y  h o u r s ,  and 

w i l l  be  f o l l o w e d  by tests f o r  s t i l l  l o n g e r  p e r i o d s  o f  time and tests a t  o t h e r  
temper a t u r e s  . 

I n  a d d i t i o n  t o  l i t h i u m  and b i s m u t h ,  p o t e n t i a l  c o o l a n t s  which  a r e  b e i n g  
c o n s i d e r e d  f o r  u s e  in l a t e r  s i m i l a r  s o r t i n g  t e s t s  i n c l u d e  l e a d ,  t i n ,  magnesium, 

and p o s s i b l y  sodium, p o t a s s i u m ,  and combina t ions  o f  some o f  t h e s e o  
Lithium Bandling. Li th ium p r e s e n t s  a s e r i o u s  fire h a z a r d  i n c a s e  i t  l e a k s  

o r  i s  s p i l l e d  a t  h i g h  t e m p e r a t u r e s .  A s t u d y  t o  s e l e c t  m a t e r i a l s  f o r  u s e  a s  

i n s u l a t i o n  a r o u n d  v e s s e l s  c o n t a i n i n g  l i t h i u m  i n d i c a t e d  t h a t  t h e  f o l l o w i n g  
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showed some r e s i s t a n c e  b u r n i n g  l i th iurn :  C a s t - 0 - L i t e  f i r e  b r i c k  c a s t i n g  powder, 
g r a p h i t e ,  P y r e n e  G - 1  f i r e  e x t i n g u i s h i n g  powder ,  s a l t .  U n s u i t a b l e  m a t e r i a l s  
i n c l u d e :  magnesia  l a g g i n g ,  a s b e s t o s  c l o t h  and p a p e r ,  K-30 r e f r a c t o r y .  

Lithium Purification. I t  a p p e a r s  l i k e l y  t h a t  t h e  oxygen c o n t a i n e d  i n  
l i q u i d  l i t h i u r n ,  a s  i n s o d i u m ,  w i l l  a c c e l e r a t e  c o r r o s i o n  ( p a r t i c u l a r l y  i n d y n a m i c  

s y s t e m s )  o f  o x y g e n - s e n s i t i v e  m a t e r i a l s .  I n  t h e  c a s e  o f  l i t h i u m  t h e r e  e x i s t s  
t h e  f u r t h e r  p r o b l e m o f  s e v e r e l y  a c c e l e r a t e d  c o r r o s i o n  a t t a c k b y  l i t h i u m  n i t r i d e ,  
which can  form by e x p o s u r e  o f  l i t h i u m  t o  m o i s t  a i r  a t  room t e m p e r a t u r e s .  I n  
t h e  c a s e  of sodium, removal of oxygen h a s  been accompl ished  by c a l c i u m - g e t t e r -  
i n g  a t  a b o u t  5OO0C,  f o l l o w e d  by f i l t r a t i o n  j u s t  above  t h e  m e l t i n g  p o i n t  of 
sod ium t o  remove e x c e s s  o x i d e s  and  c a l c i u m ,  C a l c i u m  fo rms  a e u t e c t i c  w i t h  
l i t h i u m  a t  2% c a l c i u m  and  c o n s e q u e n t l y  c a n n o t  b e  c o m p l e t e l y  removed from 

l i t h i u m  by f i l t r a t i o n ,  S i n c e  c a l c i u m  i s  g e n e r a l l y  c o n s i d e r e d  t o  be q u i t e  
c o r r o s i v e ,  one  o r  more o t h e r  g e t t e r i n g  a g e n t s  s h o u l d  be f o u n d ,  I t  a p p e a r s  
p r o b a b l e  t h a t  z i r con ium can  remove n i t r o g e n  from l i t h i u m ,  b u t  a v a i l a b l e  thermo- 
dynamic d a t a  w i l l  h ave  t o  be s u p p l e m e n t e d  by a c t u a l  e x p e r i m e n t  t o  d e v e l o p  a 
method o f  removing oxygen,  

Dynamic Corrosion Testing. S t a t i c  c o r r o s i o n  t e s t s  c a n n o t  p r e d i c t  w i t h  
c o m p l e t e  c e r t a i n t y  t h e  c o r r o s i o n  b e h a v i o r  o f  a m a t e r i a l  i n  a h e a t  t r a n s f e r  
s y s t e m ,  C o m p l i c a t i n g  f a c t o r s  i n c l u d e  e r o s i o n ,  t e m p e r a t u r e  c o e f f i c i e n t s  o f  
s o l u b i l i t y ,  and u n c e r t a i n t y  r e g a r d i n g  t h e  d i s p o s i t i o n  o f  m a t e r i a l  p r e c i p i t a t e d  
o u t  o f  s o l u t i o n  i n  t h e  c o l d  p a r t  o f  t h e  s y s t e m .  E x p e r i e n c e  a t  o t h e r  i n -  
s t a l l a t i o n s  i n d i c a t e s  t h a t  t h e r m a l  c o n v e c t i o n  l o o p s  ( h a r p s )  g i v e  a b e t t e r  
p i c t u r e  of t h e  e f f e c t s  of t h e s e  f a c t o r s o  

As a n e x t  s t e p  i n  t h e  c o r r o s i o n  t e s t i n g  p r o g r a m ,  m a t e r i a l - a n d - c o o l a n t  
combina t ions  which show promise  i n  t h e  s t a t i c  tests w i l l  be  o p e r a t e d  i n  t h e r m a l  
c o n v e c t i o n  s y s t e m s o  T h i s  s h o u l d  also g i v e  an i n d i c a t i o n  o f  t h e  f e a s i b i l i t y  of 

f a b r i c a t i n g  some of  t h e  h i g h  t e m p e r a t u r e  m a t e r i a l s  i n t o  h e a t  t r a n s f e r  e q u i p -  
ment,  S e v e r a l  s u c h  h a r p s  i n  p r o c e s s  o f  c o n s t r u c t i o n  a r e  b e i n g  made o f  347 SS, 
310 SS, V 36 a l l o y ,  L-605 a l l o y ,  a low c a r b o n  i r o n ,  and a compos i t e  of 310 SS 
and low c a r b o n  i r o n ,  I n  a d d i t i o n ,  t h e  p o s s i b i l i t y  of making  h a r p s  o f  mo- 
lybdenum, t an ta lum,  and o t h e r  e l e m e n t s  is b e i n g  s t u d i e d .  

t e s t s ,  p o s i t i v e  c i r c u l a t i o n  c o r r o s i o n  t e s t  l o o p s  w i l l  be made. 
As t h e  number o f  p o t e n t i a l  m a t e r i a l s  i s  f u r t h e r  l i m i t e d  b y  t h e  a b o v e  
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Mechanical Testing;, O r d e r s  have been p l a c e d  for c r e e p  and s t r e s s - r u p t u r e  
t e s t i n g  u n i t s o  E P e e t r o m i e  c o n t r o l  equ ipmen t  and f u r n a c e s  f o r  t e s t i n g  i n  a 
l i q u i d  me ta l  envi ronment  are b e i n g  d e s i g n e d .  

Effec t s  of Alloyfog Elements and Structaral Factors, A number o f  o t h e r  
i n v e s t i g a t i o n s  a r e  b e i n g  u n d e r t a k e n  t o  o b t a i n  more f u n d a m e n t a l  i n f o r m a t i o n  
c o n c e r n i n g  t h e  n a t u r e  of l i q u i d  m e t a l  c o r r o s i o n  i n  t h e  s y s t e m s  u n d e r  s t u d y .  
These i n c l u d e  s t u d i e s  o f  (1) e f f e c t s  of  i m p u r i t i e s  i n  l i q u i d  m e t a l  s y s t e m s ,  
(2) e f f e c t s  o f  d i f f e r e n t  s u r f a c e  f i n i s h e s ,  ( 3 )  t h e  t e n d e n c y  toward  s e l e c t i v e  
l e a c h i n g  o f  c e r t a i n  e l e m e n t s  f rom complex  a l l o y s ,  ( 4 )  e f f e c t  o f  t h e  c a r b o n  
c o n t e n t  of m e t a l l i e  i r o n  and of  h i g h  t e m p e r a t u r e  alloys on c o r r o s i o n ,  (5) re- 
l a t i o n  o f  l a t t i c e  s t r u c t u r e  t o  c o r r o s i o n  of i r o n - b a s e  a l l o y s ,  and ( 6 )  a CQRI- 

p a r i s o n  of  t h e  b e h a v i o r  of  d i f f e r e n t  b a s e - t y p e s  of h i g h  t e m p e r a t u r e  a l l o y s ,  

Protective Coating of  f l l gh  Temperature Materials. One p o s s i b i l i t y  con- 
s i d e r e d  i s  t h a t  m a t e r i a l s  may b e  f o u n d  w h i c h  h a v e  s u i t a b l e  r e s i s t a n c e  t o  
c o r r o s i o n  by l i q u i d  m e t a l s ,  b a t  do  n o t  have  a d e q u a t e  m e c h a n i c a l  p r o p e r t i e s D  

An i . n v e s t i g a t i s n  i s  b e i n g  made o f  t h e  f e a s i b i l i t y  o f  u s i n g  s u c h  c o r r o s i o n  
r e s i s t a n t  m a t e r i a l s  a s a  coating f o r  s u i t a b l e  h i g h - t e m p e r a t u r e  m e t a l s  o r  a l l o y s ,  
and  o f  t h e  f e a s i b i l i t y  o f  f a b r i c a t i n g  complex r e a c t o r  or h e a t  exchange  u n i t s  

o u t  o f  such composi te  m a t e r i a l s o  
Ciscufa&fng*FueP Systems S p e c i a l  f u r n a c e  equ ipmen t  h a s  b e e n  d e s i g n e d  

and c o n s t r u c t e d  f o r  c o n d u c t i n g  s o r t i n g  t e s t s  on p o t e n t i a l  m e t a l l i c  c o n t a i n e r  
m a t e r i a l s  in a medium o f  u r a n i u m - b i s m u t h  a l l o y ,  S i n c e  no s u i t a b l e  c a p s u l e  
m a t e r i a l  is  a s  y e t  known, the p r e l i m i n a r y  t e s t s  w i l l  be conduc ted  i n  open re- 
f r a c t o r y  c r u c i b l e s  c o n t a i n i n g  t h e  uran ium-bismuth  me l t ,  i n  e i t h e r  a vacuum o r  

an i n e r t  atmosphere a t  t e m p e r a t u r e s  i n  the neighborhood of 1800°Fo 
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RADIATION DAMAGE 

BEACTOR CORE EIATEBIAL STCIDIE8 

I 

. Accelerator Experiments" Arrangemen t s  have been  made t o  have  t h e  N o r t h  
American A v i a t i o n  g roup  a t  Los AngePes and B e r k e l e y  s t u d y  t h e  e f f e c t  of  a l p h a  
p a r t i c l e  bombardment on the e s r ~ o s i o n  r e s i s t a n c e  and s t r e n g t h  p r o p e r t i e s  of 
h i g h  t e m p e r a t u r e  r e s i s t a n t  m e t a l s  i n  c o n t a c t  w i t h  l i q u i d  l i t h i u m .  The e v a l u -  
a t i o n  of t h e  bombardment is  t o  be  made a t  ORNL. I t  i s  e x p e c t e d  t h a t  d a t a  w i l l  
be  o b t a i n e d  w i t h i n  two t o  t h r e e  months.  

P a r t i c i p a t i o n  of t h e  Purdue  c y c l o t r o n  g roup ,  h e a d e d b y D r .  K .  Lark-Horowi tz ,  
i s  b e i n g  a r r a n g e d  t h r o u g h  a s u b - e o n t r a c t .  I t  i s  hoped t h a t  t h i s  group w i l l  be 
a b l e  t o  s t a r t  work by A p r i l  15, 1950 ,  

Use of t h e  small Y-12 CyC10tffQn ( 2  Mev p r o t o n s )  h a s  been d i s c u s s e d  w i t h  
Y-12 p e r s o n n e l  and i t  a p p e a r s  f e a s i b l e  t o  b e g i n  e x p e r i m e n t s  t h e r e  as soon a s  

ORNL p e r s o n n e l  a r e  a v a i l a b l e o  E x p e r i m e n t s  i n v o l v i n g  t h e  b i g  Y-12 c y c l o t r o n  
must await t h e  c o m p l e t i o n  of t h i s  i n s t r u m e n t  sometime t h i s  summer o r  f a l l .  

Van d e  G r a a f f  e x p e r i m e n t s  a t  ORNL have  p r o c e e d e d  s l o w l y  d u e  t o  t h e  un- 
a v a i l a b i l i t y  of f u l l - t i m e  personnelo 

Reactor Experimentso A series of s p o t  t e s t s  o f  h i g h  t e m p e r a t u r e  m a t e r i a l s  

w i l l b e  p l a c e d  i n  t h e  Argonne f u e l  e l emen t  t e s t i n g  f a c i l i t y  a t  Hanford A p r i l  1, 
1350, 

The heat, t r a n s f e r  e x p e r i m e n t  i n v o l v i n g  t h e  c i r c u l a t i o n  o f  l i q u i d  l i t h i u m  
i n  t h e  X-10 r e a c t o r  p r e s e n t s  an e x e e l l e n t  f a c i l i t y  f o r  making r a d i a t i o n  damage 
measu remen t s  under p r o p o s e d  operating conditions. P r e l i m i n a r y  d i s c u s s i o n s  
w i t h  t h e  OWL h e a t  t r a n s f e r  group have i n d i c a t e d  t h e  f e a s i b i l i t y  of  a c o o p e r -  
a t i v e  u n d e r t a k i n g ,  and aPP p o s s i b l e  e f f o r t  w i l l  be expended t o  a c c e l e r a t e  work 

o n  t h i s  i n - p i l e  e x p e r i m e n t u  S h o u l d  t h e  e x p e r i m e n t  p r o v e  u s e f u l  s u b s e q u e n t  
e x p e r i m e n t s  of  a s i m i l a r  n a t u r e  a t H a n f o r d  and i n  t h e  MTR shou ld  t h e n  be  under -  
t a k e n  * 

Numerous d i s c u s s i o n s  w i t h t h e  MEPAcreepgroupand t h e  Argonne Naval  R e a c t o r  
g r o u p  i n d i c a t e  t h e  p o s s i . b i P i t y  o f  making  u s e  o f  t h e  r e a c t o r  f a c i l i t i e s  de- 
v e l o p e d  by t h e s e  g roups j .  The OWL group  w i l l ,  howeverg  p l a c e  ma jo r  emphas i s  
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on development  o f  an expe r imen t  f o r  t h e  MTRo 
a t  OWL is  p lanned ,  

E x t e n s i v e  u s e  of t h e  lwTR Mock-Up 

AUXILIARY BIATEBIAL STUDIES 

O o  Sf8manP Reactor Technology Division 

High Intensity Qamrna Sonpeeo I n  o r d e r  t o  s t u d y  t h e  e f f e c t  o f  gamma r a d i -  
a t i o n  on m a t e r i a l s ,  a pneumat ic  t u b e  a p p a r a t u s  h a s  been i n s t a l l e d  i n  t h e  p i l e  
f o r  p r o d u c i n g  h i g h  i n t e n s i t y  gamma s o u r c e s  by i r r a d i a t i n g  c y l i n d e r s  o f  g o l d  
(Fig. 6 ) .  T h i s  equipment  h a s  been i n  o p e r a t i o n  s i n c e  December 1 9 ,  1949. The 

gamma i n t e n s i t y  inside t h e  g o l d  c y l i n d e r  ( 3  i n ,  l o n g ,  1 i n . .  I D ,  2 mm t h i c k )  
a f t e r  i r r a d i a t i o n  f o r  one week was measured t o  be IOg r / h r e ( l )  

The pneumatic  t u b e  a p p a r a t u s  i s  shown i n  F i g s ,  '7 and 8 ,  and t h e  r e c e i v i n g  
s h i e l d  i s  shown p a r t i a l l y  d i s a s s e m b l e d  i n  F i g ,  9 ,  The g o l d  c y l i n d e r s  a r e  

blown i n a n d  o u t  of  t h e  p i l e b y  a i r  p r e s s u r e o  o p e r a t i n g  t h r o u g h  s o l e n o i d  v a l v e s ,  

When t h e  g o l d  c y l i n d e r s  a r e  d i s c h a r g e d  f rom t h e  p i l e  t h e y  f a l l  i n t o  one o f  
e i g h t  chambers  i n  t h e  r e c e i v i n g  s h i e l d .  These  e i g h t  chambers  a r e  a r r a n g e d  i n  
a c i r c l e  and g e a r e d  t o  an  i n d e x i n g  h a n d l e  s o  t h a t  a s o u r c e  may be  r e c e i v e d  in 
any of t h e  e i g h t  chambers  and t h e n  r o t a t e d  180" t o  a p o s i t i o n  f rom which  i t  
may be dropped  i n t o  t h e  s o u r c e  s h i e l d .  When t h e  g o l d  i s  t o  be r e i n s e r t e d  i n  
t h e  p i l e  t h e  s o u r c e  s h i e l d  i s  b r o u g h t  up unde r  t h e  r e c e i v i n g  s h i e l d  by means 
o f  a l i f t  t r u c k ,  t h e  g o l d  c y l i n d e r  i s  t h e n  blown from t h e  s o u r c e  s h i e l d  i n t o  
t h e  r e c e i v i n g  s h i e l d ,  and r o t a t e d  180" t 0  a p o s i t i o n  f rom which  i t  i s  blown 
i n t o  t h e  p i l e o  The l a r g e  c y l i n d r i c a l  l e a d  p l u g ,  shows i n  the lower left hand 
c o r n e r  o f  F i g o  9 ,  n o r m a l l y  k e e p s  t h e  g o l d  c y l i n d e r s  f rom f a l l i n g  o u t  o f  t h e  
r e c e i v i n g  chamber and a l s o  s h i e l d s  the o p e n i n g  t h r o u g h  which  t h e  c y l i n d e r s  
pass into the s o u r c e  shield, When t h i s  p l u g  i s  t u r n e d  g o " ,  t h e  s o u r c e  f a l l s  
t h r o u g h  an open ing  i n  t h e  p l u g  and i n t o  t h e  s o u r c e  s h i e l d .  The s e v e r a l  p a r t s  

o f  t h i s  a p p a r a t u s  a r e s e a l e d  w i t h  d o u b l e  0 r i n g s ,  a n d a i r  p r e s s u r e  is m a i n t a i n e d  
be tween  t h e  0 r i n g s  t o  k e e p  a c t i v e  a i r  c o n f i n e d  i n s i d e  t h e  a p p a r a t u s ,  from 

which i t  i s  d i s c h a r g e d  i n t o  t h e  p i l e  e x i t  a i r  l i n e .  

(1 )  Yeasurementa were made w i t h  a speciaPPy des igned  i o n i z a t i o n  chamber and cheeked w i t h  s e v e r a l  Vie toreen  
R meters.  The values obtained w i t h  t h e  El meters a t  the c e n t e r  of the  c y l i n d e r  were 20% higher than t h e  
reading on the ionization chamber, which g i v e s  an average of the  e n t i r e  3 inch  l e n g t h  of the  c y l i n d e r .  
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The s o u r c e  s h i e l d  ( F i g .  10) was d e s i g n e d  t o  t e s t  for g a s s i n g  o f  t i n s t a b l e  
c h e m i c a l  compounds u n d e r  gamma r a d i a t i o n .  The m a t e r i a l  i s  p l a c e d  i n  a t e s t  
t u b e  wh ich  i s  c o n n e c t e d  t o  a manometer  and p l a c e d  i n  t h e  l o w e r  h a l f  o f  t h e  
s h i e l d ,  and t h e  s h i e l d  is  c l o s e d ,  The g o l d  c y l i n d e r  i s  dropped  i n t o  t h e  s h i e l d  
t h r o u g h  a s m a l l  open ing  and f a l l s  i n t o  a cup. The cup  i s  t h e n  r o t a t e d  60" and 
l i f t e d  up SO t h a t  t h e  gold c y l i n d e r i s b r o u g h t  u p  a round t h e  t e s t  t u b e  c o n t a i n -  
i n g  t h e  m a t e r i a l  t o  be 

The go ld  source is s h i e l d e d  a t  all times by s i x  i n c h e s  of l e a d ,  The t u b e  
s h i e l d  is composed o f  s i x  i n c h e s  o f  b s r a n  p a r a f f i n  i n  a d d i t i o n  t o  s i x  i n c h e s  
of lead. 

Radiation Stability of  Plastics, Q u a l i t a t i v e  r e s u l t s  o f  t h e  c h a n g e  i n  

p h y s i c a l  p r o p e r t i e s  of  p l a s t i c s  d n e  t o  p i l e  r a d i a t i o n  were p r e s e n t e d  i n  t h e  
l a s t  q u a r t e r l y  r e p o r t ,  I t  i s  e x p e c t e d  t h a t  s u f f i c i e n t  d a t a  w i l l  have  been  
accumula t ed  by t h e  n e x t  q u a r t e r l y  t o  p r e s e n t  q u a n t i t a t i v e  i n f o r m a t i o n  on many 
o f  t h e s e  m a t e r i a l s o  

C h a n g e s  in e l e c t r i c a l  p r o p e r t i e s  w i t h  p i l e  r a d i a t i o n  a r e  a l s o  b e i n g  
s t u d i e d .  R e s u l t s  a r e  g i v e n  i n  T a b l e  I f o r  volume r e s i s t i v i t y  and d i e l e c t r i c  
s t r e n g t h ,  These: d a t a  a r e  g i v e n  f o r  t h e  l o n g e s t  i r r a d i a t i o n  p e r i o d  now a v a i l -  

a b l e  on e a c h  m a t e r i a l .  APll m a t e r i a l s  were i r r a d i a t e d  i n  t h e  p i l e  a t  a b o u t  
4o0c0 

Radiation Stabilfty of metal Hydrides, In c o o p e r a t i o n  w i t h  NEPA, e x p e r i -  
m e n t s  a r e  b e i n g  d o n e  to d e t e r m i n e  t h e  e f f e c t  o f  r a d i a t i o n  on  f o u r  metal 
h y d r i d e s ,  L i H ,  TiH,, and two commerc ia l ly  a v a i l a b l e  impure h y d r i d e s ,  TiH,. 7 6 7  

and ZrBpe8,. R a d i a t i o n  e f f e c t s  a r e  to b e  d e t e r m i n e d  by c o m p a r i s o n  of  t h e  
d i s s o c i a t i o n  pressure curves o b t a i n e d  under  i r r a d i a t i o n  w i t h  t h e  normal d i s s o c i -  
a t i o n  p r e s s u r e  curvesO For this p u r p o s e p  d u p l i c a t e  a p p a r a t u s ,  i n  which f a c t o r s  
a f f e c t i n g  d i s s o c i a t i o n  p r e s s u r e s  a r e  c a r e f u l l y  c o n t r o l l e d ,  were as sembled ,  and 

one group p l a c e d  i n  khe p i l e  w h i l e  t h e  o t h e r  was run  i n  t h e  L a b o r a t o r y ,  
The d a t a  assembled  t o  d a t e  are p r e s e n t e d  i n  t h e  c u r v e s  of  F i g s .  11 and 12, 

which  show t h e  d i s s o c i a t i o n  pressure c u r v e s  f o r  E i H  and  Z r H l l o S 6 ,  The  two 
t i t a n i u m  h y d r i d e s  have n o t  e x h i b i t e d  e q u i l i b r i u m  p r e s s u r e s  a t  t h e  t e m p e r a t u r e s  
o f  t h e  e x p e r i m e n t s  ( u p  t o  a b o u t  50OOC). The sudden  d r o p  i n  p r e s s u r e  a s  t h e  
t e m p e r a t u r e  i s  i n c r e a s e d  is so f a r  u n e x p l a i n a b l e ,  F i n a l  i n t e r p r e t a t i o n  of  t h e  
r e s u l t s  must  a w a i t  a n a l y s i s  of t h e  s a m p l e s  a f t e r  p r e s s u r e  m e a s u r e m e n t s  a r e  
comple t ed ,  and t h e  r a d i o a c t i v e  m a t e r i a l  and c o n t a i n e r s  have decayed .  I t  may 
be  i n d i c a t e d ,  hbwever ,  t h a t  v e r y  l i t t l e  change i s  o b s e r v e d  i n  t h e  i r r a d i a t e d  
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YATEB IAL 

Me thy 1 Met hacr y l a t e  (Luc i t a  

Cellulose N i t r a t e  

C e l l u l o s e  Ace ta te  

C e l l u l o s e  Ace ta te  Butyrate  

Fluorothene 

Urea Formaldehyde 

Alkyd Res in  

P o l y v i n y l  Carbazole  

V i n y l i d i n e  Chlor ide  (Saran) 

+ Vinyl  Chlor ide  Aceta te  
0 

Melamine Formaldehyde 

P o l y s t y r e n e  ( c  l e a r )  

Po lys tyrene  (S tyron  475) 

P o l y s t y r e n e  (Styron 4 l lC)  

P o l y e t h y l e n e  

Phenol  Formaldehyde (paper  base)  

Phenol Formaldehyde( a s b e s t o s  base) 

A l l y l  D i g l y c o l  Carbonate 

P o l y e s t e r  Res in  

Polyamide (Nylon) 

TABLE I 

Electrfcal Properties of Irradiated Plastics 

T E E R Y A L  n v t  
N e  u t  r 011s / e  m 2  ) 

0.41 X 10" 

0,24  X 10" 

0.24  X l o s 8 '  

0-26 X l o z 8  

0 - 2 4  X 

0 . 2 6  x l o g 8  

0 , 2 9  X lo' 
0.29 l o i 8  

0.41 x 1 0 l 8  

1.37 x 10 l8  

0.65 X l o i 8  

9.00 x 1018 

9.00 X - 1 O l 8  

9.00 x 1 o I 8  

9.00 

9.00 x 1 0 l 8  

9,oo 1 0 l 8  

1.37 X .  10" 

0.65 X 1 0 l 8  

5.50 x 1 0 l 8  

VOLUME RES IS11 
BEFORE 

XPR AD I A T  IO# 

>, 1 0 j 4  

2 x 10'' 

5 x l0l2 

> i o i 4  
>. 1Ol4 

2 x l o i 3  
2 x 1ol2 

>, 1 0 l 4  

>. 1014 

> 1014 

>. 1014 

> 1014 

>, 1014 

>. l o p 4  

3 x 10" 

2 x 109 

8 X 10" 

> 1084 

1 x 10'l 

1 x 1013 

I T Y  ( o h n r / e r  3 ) 
AFTER 

I R R A D I A T I ON 

DIELECTRIC S T R I  
BEFORE 

I R R  AD I AT I OM 

960 

860 

750 

780 

860 

740 

500 

1280 

660 

1080 

950 

1640 

1140 

1440 

1220 

1230 

80 

8 30 

680 

860 

JOTE ( o a l t r / m P 1 r )  
AFTER 

I R R A D I A T I O W  

430 

240 

440 

160 

7 40 

5 00 

264 

660 

70 

80 

430 

1300 

10 20 

9 40 

490 

190 

80 

8 10 

8 60 

860 



r 

100 
90 

80 
u * 70 3 

a 60 

ch 50 a: 
w 
[I= 40 
3 
0 w 
w 
a. 

a 
. - 

E 30 

20 

10 

P 

152 "C - 

# 

ZERO 
2.6 

FIGURE I I  

2 

D 

-_.- 

4 2 . 2  2.0 I .8 

l O O O / T  abs.  

SSOCIATION PRESSURE OF L iH  

o IRRADIATED 

o NON - IRRADIATED 

t 



2 0 0  

90 

OL 
a. 30 

20 

. 

10 

P 
ZERO 

I 

275°C i 

2 . 6  2.4 2.2 2 . 0  I .8 I .6 1.4 

I O O O / T  abs. 

FIGURE 12 DISSOCIATION PRESSURE OF ZrH,.8, 

0 I R R A D I A T E D  

0 NON - I R R A D I A T E D  

42 



m a t e r i a l s  over  the n o n i r r a d i a t e d  m a t e r i a l s .  Total  i r r a d i a t i o n  time has  been 
about 3 months a t  about h a l f  maximum flux. 

I t  is t e n t a t i v e l y  planned t o  include uranium hydride  i n  these studies. 
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NUCLEAR MEASURENJmTS 

A. IBo Sneft, P h y s i c s  Divisien 

P r e p a r a t i o n s  a r e  b e i n g  made f o r  t h e  measurement  of t h e  v a r i o u s  n e u t r o n  
c r o s s  s e c t i o n s  which  c a n  be  e x p e c t e d  t o  be n e e d e d  i n  t h e  c o u r s e  o f  t h e  ANP 
work. The p r e p a r a t i o n s  a r e  d i r e c t e d  a l o n g  two l i n e s :  

(1) S e l e c t i o n  and p r e p a r a t i o n  of t h e  s i t e  f o r  t h e  "5 MV"4 NEPA Van de 
G r a a f f  mach ine .  D e l i v e r y  of t h e  m a c h i n e  is e x p e c t e d  i n  S e p t e m b e r ,  1950. 
R e c r u i t i n g  e f f o r t s  a r e  u n d e r  way with t h e  o b j e c t  of a s s e m b l i n g  a g r o u p  of 
p h y s i c i s t s  p r e p a r e d  t o  s t a r t  t h e  measurements  a s  soon as t h e  machine s t a r t s  t o  

perform s u f f i c i e n t l y  well. 
( 2 )  C o n s t r u c t i o n  of  a h i g h - s p e e d  m e c h a n i c a l  v e l o c i t y  s e l e c t o r .  T h i s  

seems a t t r a c t i v e  in view o f  t h e  r e c e n t  success of t h e  Argonne machine .  The 
work a t  ORNL has  t o  s t a r t  from s c r a t c h ;  one man has been s t u d y i n g  t h e  problem,  
and i t  is hoped t h a t  a s econd  pe r son  can  be added in June .  
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THE CORCENTRATION OF LITHIUM ISOTOPES BY CBE;MI[CAL WIETEI(0DS 

A. Clark, Y-12 Research Laboratory 

The c o n c e n t r a t i o n  of  l i t h i u m  i s o t o p e s  by a number o f d i f f e r e n t  methods h a s  
been unde r  i n v e s t i g a t i o n  f o r  t h e  p a s t  n i n e  months.  I t  seems l i k e l y  t h a t  h i g h  
p u r i t y  ' L i  would be  v e r y  v a l u a b l e  as e i t h e r  a c o o l a n t  or a f u e l - e l e m e n t  con-  

s t i t u e n t  f o r  an a i r c r a f t  r e a c t o r .  A t  t h e  b e g i n n i n g  o f  t h e  p r o j e c t  a s u r v e y  of  
t h e  s c i e n t i f i c  l i t e r a t u r e  r e v e a l e d  t h a t  t h e  c o n c e n t r a t i o n  of l i t h i u m  i s o t o p e s  
had been accompl ished  o n a  l a b o r a t o r y  s c a l e b y s e v e r a l  w ide ly  d i f f e r e n t  methods,  
T h e s e  i n c l u d e d  t h e  mass s p e c t r o m e t e r ,  c h e m i c a l  exchange  be tween  a r e s i n  i o n  
and aqueous l i t h i u m  s o l u t i o n s  and between l i t h i u m  amalgam and a l c o h o l i c  l i t h i u m  
s o l u t i o n s ,  e l e c t r o l y s i s  of  l i t h i u m  s o l u t i o n s  i n  which t h e  r e d u c e d  l i t h i u m  i s  
removed a s  amalgam, and e l e c t r o m i g r a t i o n  i n  which t h e  f a s t e r  i s o t o p e  m i g r a t e s  
more r a p i d l y  toward t h e  c a t h o d e  i n  a f u s e d  s a l t .  

Dur ing  t h e  months o f  December,  J a n u a r y  ' F e b r u a r y ,  t h e  e f f o r t  h a s  been  
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c o n c e n t r a t e d  on m o l e c u l a r  d i s t i l l a t i o n  of  t h e  m e t a l ,  c h e m i c a l  e x c h a n g e  i n  
s o l i d - l i q u i d  and l i q u i d - l i q u i d  s y s t e m s ,  c o n t i n u o u s  c o u n t e r c u r r e n t  e l e c t r o -  
m i g r a t i o n ,  c o n t i n u o u s  c o u n t e r c u r r e n t  e l e c t r o l y s i s ,  and  t h e r m a l  d i f f u s i o n  o f  
aqueous l i t h i u m  s o l u t i o n s .  The end of  t h e  q u a r t e r  a l s o  saw t h e  b e g i n n i n g  of  a 

new method-a d u a l  t e m p e r a t u r e  l i q u i d - l i q u i d  c h e m i c a l  exchange  s y s t e m  which  
r e q u i r e s  no  r e f l u x  and a minimum of a t t e n t i o n ,  T h i s  method a p p e a r s  h i g h l y  
s u i t a b l e  f o r  q u a n t i t y  p r o d u c t i o n  of  7 L i  i f  i t  d e v e l o p s  s a t i s f a c t o r i l y .  

Molecular Distillation of Lithium Ibetal. The m o l e c u l a r  d i s t i l l a t i o n  
( n o n o e q u i l i b r i u m )  o f  l i t h i u m  m e t a l  s h o u l d  r e s u l t  i n  a c o n c e n t r a t i o n  o f  6 L i  i n  
t h e  v a p o r  and of 7 L i  i n  t h e  r e s i d u e .  The r a t i o  of  t h e  r a t e s  o f  d i f f u s i o n  o f  

' L i  and ' L i  f rom t h e  l i q u i d  m e t a l  i s  p r o p o r t i o n a l  t o  t h e  i n v e r s e  s q u a r e  r o o t  
o f  t h e  m a s s e s 9  and a t h e o r e t i c a l  s e p a r a t i o n  f a c t o r  (a) i s  c a l c u l a t e d  t o  be 
1.08 f o r  t h i s  p r o c e s s .  P r e l i m i n a r y  e x p e r i m e n t s  w i t h  a s i n g l e  s t a g e  m o l e c u l a r  
s t i l l  have  shown a s e p a r a t i o n  f a c t o r  = 1.018. I n  a t y p i c a l  e x p e r i m e n t ,  10.1 
grams of l i t h i u m  were d i s t i l l e d  o v e r  a p e r i o d  of a b o u t  two h o u r s  a t  B S O O C  and 
15 microns  p r e s s u r e  u n t i l  o n l y  1 gram remained  i n  t h e  s t i l l  p o t .  The r e s i d -  

u a l  m a t e r i a l  i n  t h e  s t i l l  p o t  a s s a y e d  92.935 f 0.015% 7 L i  a s  compared w i t h  a 
s t a r t i n g  m a t e r i a l  a s s a y  o f  9 2 . 5 0 0  f 0 . 0 2 0 % .  F u r t h e r  e x p e r i m e n t s  w i l l  be  

c a r r i e d  o u t  u s i n g  a l a r g e r  s t i l l  unde r  v a r i o u s  c o n d i t i o n s  o f  t e m p e r a t u r e  and 
p r e s s u r e .  

I 
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Chemical Exchange Methods, Chemica l  exchange  methods  f o r  c o n c e n t r a t i n g  
l i t h i u m  i s o t o p e s  a r e  d i v i d e d  i R t o  two g r o u p s ,  l i q u i d - s o l i d  s y s t e m s  and l i q u i d -  
l i q u i d  s y s t e m s ,  A l t h o u g h  t h e  l a t t e r  a r e  more e a s i l y  a d a p t e d  t o  c o n t i n u o u s  

c o u a t e r c u l r r e n t  o p e r a t i o n . ,  v e r y  few s a t i s f a c t o r y  s y s t e m s  a r e  a v a i l a b l e  and  
much o f  t h e  e f f o r t  h a s  been w i t h  l i q u i d - s o l i d  sysaems,  

L f q u i d - S o l i d  Systems, An a t t e m p t  i s  b e i n g  made t o  u t i l i z e  s e l e c t i v e  
a d s o r p t i o n  on c e l l u l o s e - a  method u s e d  s u c c e s s f u l l y  f o r  t h e  s e p a r a t i o n  o f  
d i f f e r e n t  e l e m e n t s ,  A l i t h i u m  s a l t  i n  a n  o r g a n i c  s o l v e n t  i s  s l o w l y  e l u t e d  
t h r o u g h  a co lumn p a c k e d  with a c t i v a t e d  c e l l u l o s e o  I t  is  h o p e d  t h a t  t h e  
c e l I u l o s e  w i l l  e x h i b i t  a p r e f e r e n c e  f o r  one i s o t o p e  so t h a t  t h e  l i t h i u m  coming'  
o u t  t h e  bot tom of t h e  column is  c o n c e n t r a t e d  w i t h  r e s p e c t  t o  t h e  i s o t o p e  h e l d  
l ess  t i g h t l y "  TQ d a t e  t h e  c e l l u l o s e  co lumns  have been  f i I l e d  w i t h  a c t i v a t e d  
c e l l u l o s e  i n  b u t y l  o r  i soamyl  a l c o h o l s ,  and a s l u g  o f  a c t i v a t e d  c e l l u l o s e  and  
l i t h i u m  s a l t  i n  w a t e r  added a t  t h e  t o p  of t h e  column, E l u t r i a t i o n  o f  t h e  s a l t  
a t  t h e  bo t tom o f  the column i s  p e r f o r m e d  by a d d i t i o n  o f  a l c o h o l  a t  t h e  t o p o  
In t h e  l a t e s t  expe r imen t  t h e  column was c h a r g e d  w i t h  LiOH, and o v e r  170 h o u r s  
were r e q u i r e d  f o r  t h e  l i t h i u m  t o  wash t h r o u g h  a 24 i n c h  column,  No a s s a y  has  
been r e c e i v e d  f o r  t h e  l i t h i u m  i n  t h e  l e a d i n g  e d g e o  

Ano the r  l i q u i d - s o l i d  s y s t e m  i s  a c o n t i n u o u s  c o u n t e r c u r r e n t  i o n  exchange  
r e s i n  column i n  wh ich  a l i t h i u m  s o l u t i o n  p a s s e s  up  t h r o u g h  a n  i o n  e x c h a n g e  
r e s i n  which moves sllowPy down t h r o u g h  t h e  column a t  an a l m o s t  i m p e r c e p t i b l e  
f l o w  r a t e ,  The e x p e r i m e n t  h a s  r e c e n t l y  been  t e r m i n a t e d  and no a s s a y  on t h e  
p r o d u c t  m a t e r i a l  h a s  been r e c e i v e d o  I n  an e x p e r i m e n t  a t  X-10 w i t h  a " f i x e d "  

bed of r e s i n y  t h e  c o n c e n t r a t i o n s  o f  7 L i  i n  t h e  l e a d i n g  and t r a i l i n g  e d g e s  were 
r e p o r t e d  t o  be 93,4%' and 90,0%, r e s p e c t i v e l y o  

I n  a n o t h e r  l i q u i d - s o l i d  s y s t e m ,  a co lumn of s o l i d  Li,CO, i n  a f i n e l y  
d i v i d e d  s t a t e  i s  slowly b e i n g  e l u t e d  w i t h  d i s t i l l e d  w a t e r o  I f  t h e r e  i s  any  
d i f f e r e n c e  i n  t h e  s o l u b i l i t y  of  t h e  l i t h i u m  i s o t o p e s ,  t h e  more s o l u b l e  s h o u l d  
d i s s o l v e ,  and t h e  less  s o l u b l e  s h o u l d  be c o n c e n t r a t e d  so t h a t  when a l l  e x c e p t  
a s m a l l  p o r t i o n o f  t h e  o r i g i n a l  column is d i s s o l v e d ,  t h e  r ema in ing  s o l i d  s h o u l d  

b e  e n r i c h e d  i n  t h e  l e s s  s o l u b l e  i s o t o p e . ,  T h i s  i s  d e p e n d e n t  on c o m p l e t e  
e q u i l i b r i u m  be tween  s o l i d  and s a t u r a t e d  s o l u t i o n ,  and r e q u i r e s  a l o n g  time 
( s e v e r a l  months) e 0  complete t h e  expe r imen t .  

I s o t o p i c  exchange and enhancement  i s  b e i n g  s t u d i e d  Liquid-Liquid Systems. 
L 

The l i m i t e d  number of o r g a n i c ;  i n  a number of a q u e o u s - o r g a n i c  l i q u i d  sys t ems .  
l i q u i d s  which have p roved  t o  be s u i t a b l e  f o r  t h i s  method bas f o r e s t a l l e d  t h e  

development  of  a s a t i s f a c t o r y  sys tem.  Water - i soamyl  a l c o h o l  s o l u t i o n s  o f  LiCl  
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have shown an i n c o n c l u s i v e ,  b u t  s m a l l  c o n c e n t r a t i o n ,  and t h i s  sys t em is s t i l l  
b e i n g  i n v e s t i g a t e d ,  A number of less l i k e l y  sys t ems  remain  t o  be s t u d i e d .  

In t h e  l i t e r a t u r e  a chemica l  exchange and i s o t o p i c  enhancement  i s  r e p o r t e d  
between l i t h i u m  amalgam and a l c o h o l i c  l i t h i u m  c h l o r i d e  s o l u t i o n s .  I n  o r d e r  t o  

P 

a v o i d  t h e  o n e r o u s  t a s k  o f  r e f l u x i n g  a t  e a c h  end  o f  t h e  co lumn,  i t  h a s  b e e n  
p roposed  t h a t  t h e  d u a l - t e m p e r a t u r e  p r o c e s s  f o r  h y d r o g e n - d e u t e r i u m  be  a d a p t e d  
f o r  l i t h i u m .  I n  t h e  proposed  method, l i t h i u m  amalgam i s  pumped c o u n t e r c u r r e n t  
t o  a r i s i n g  column of a l c o h o l i c  LiC1, By m a i n t a i n i n g  a c o l d  column a t  t h e  t o p  
and a h o t  column a t  t h e  bo t tom,  t h e  ' L i  i s o t o p e  i s  c o n c e n t r a t e d  i n  t h e  bot tom 
of t h e  h o t  column and a t  t h e  t o p  of  t h e  c o l d  while 6 L i  is c o n c e n t r a t e d  a t  t h e  
t o p  o f  t h e  h o t  column and in t h e  bot tom of t h e  c o l d  column. In t h i s  manner a 
c o n t i n u o u s  p r o c e s s  can  be o p e r a t e d  w i t h o u t  r e f l u x  and a minimum of  d i f f i c u l t y .  
The main o b s t a c l e s  r e m a i n i n g  a r e  l a r g e  s t a g e  h e i g h t s  and p o s s i b l e  low s e p a -  
r a t i o n  f a c t o r s e  I f  t h e s e  can be  overcome s u c c e s s f u l l y ,  t h e  p r o d u c t i o n  o f  'L i  
w i l l  become a r e a l i t y ,  

Continuoas Countercurrent Electrolysis. S i n c e  t h e  l a r g e s t  f a c t o r s  f o r  t h e  
c o n c e n t r a t i o n  o f  l i t h i u m  i s o t o p e s  have been r e p o r t e d  f o r  t h e  e l e c t r o l y s i s  o f  
l i t h i u m  s o l u t i o n s ,  some c o n s i d e r a t i o n  and e f f o r t  h a s  b e e n  e x p e n d e d  i n  t h e  
deve lopmen t  of a c o n t i n u o u s  method,  S i n g l e  s t a g e  s e p a r a t i o n  f a c t o r s  a s  h i g h  

as 1 .05 ,  1 , 0 6 ,  and 1,07 have been r e p o r t e d  f o r  e x p e r i m e n t s  i n  which l i t h i u m  i s  
reduced  a t  a c h a n g i n g  mercury  c a t h o d e  i n  an aqueous  l i t h i u m  s o l u t i o n .  As t h e  

l i t h i u m  amalgam is c o n t i n u o u s l y  removed, t h e  c o n c e n t r a t i o n  o f  'Li  r e m a i n i n g  i n  
s o l u t i o n  i s  i n c r e a s e d o  By combining  s e v e r a l  c e l l s  and c a u s i n g  t h e  l i t h i u m  t o  
f l o w  c o u n t e r c u r r e n t l y  t o  a s t r e a m  of  L iC l  s o l u t i o n ,  i t  is hoped t o  c o n c e n t r a t e  

t h e  l i t h i u m  i s o t o p e s u  
Continuous Countercurrent Electromigration. .The work o f  Brewer,  Madorsky 

e t  a2 a t  t h e  N a t i o n a l  B u r e a u  of  S t a n d a r d s  d u r i n g  t h e  War showed t h a t  t w o  

i s o t o p e s  of t h e  same e l e m e n t  m i g h t  be  s e p a r a t e d  by w a s h i n g  one b a c k  w i t h  a 

c o u n t e r c u r r e n t  s t r e a m  of e l e c t r o l y t e  w h i l e  a l l o w i n g  t h e  o t h e r  t o  m i g r a t e  f o r -  
ward t o  t h e  c a t h o d e  i n  an  e l e c t r o m i g r a t i o n  c e l l  h a v i n g  anode and c a t h o d e  con-  
n e c t e d  by an a n t i - d i f f n s i o n  p a c k i n g ,  T h i s  p r i n c i p l e  h a s  b e e n  a p p l i e d  t o  a 
s o l u t i o n  of L i O H  i n  which a n  a t t e m p t  h a s  been  made t o  s e p a r a t e  t h e  d i f f e r e n t  
l i t h i u m  s p e c i e s  which a r e  p o s t u l a t e d  t o  e x i s t .  By s e p a r a t i n g  t h e  s p e c i e s ,  i t  
i s  hoped t h a t  a n  exchange  and s u b s e q u e n t  s h i f t  w i l l  o c c u r  so  t h a t  an i s o t o p i c  
c o n c e n t r a t i o n  is e f f e c t e d ,  The work i s  b e i n g  c o n t i n u e d .  
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Thermal Diffusion. No s a t i s f a c t o r y  component for  t h e  thermal  d i f f u s i o n  I 

of  a l i t h i u m  l i q u i d  has been found ,  I n  l i e u  of t h i s ,  thermal  d i f f u s i o n  of 
concentrated l i t h i u m  salt solutions has been t r i e d  w i t h  no apparent s u c c e s s  t o ;  

I 

j d a t e .  
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