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A  neutron-shielding  composite  fiber  and  a  method  of  manufacturing  same. 

The  invention  relates  to  new  fibrous  neutron-shielding 
material  in  the  form  of  composite  or  bicomponent  fibers 
having  a  core-and-sheath  structure,  comprising  a  fiber- 
forming  polymer  (A)  as  the  core  component,  which  contains 
at  least  5%  by  weight  of  neutron-absorbing  particles  of  up  to 
25  µm,  preferably  15  µm  and  less  in  diameter,  and  at  least 
one  kind  of  fibre-forming  polymer  (B)  as  the  sheath  compo- 
nent,  said  polymer  (ε)  being  compatible  with  said  polymer 
(A).  The  polymers  (A)  and  (B)  are  preferably  polyethylene  or 
copolymers  containing  a  major  amount  of  polyethylene.  The 
neutron-absorbing  particles  contain  6Li  and/or  10B. 

The  new  fibers  are  conventionally  melt  spun  bicom- 
ponentially,  the  ratio  of  the  melt  viscosities  under  the  '  
spinning  conditions  being  from  0.2  to  0.9  of  the  sheath 
polymer  to  the  core  polymer. 

The  fibers  obtained  are  highly  flexible  and  do  not  show 
any  significant  generation  of  secondary  radioactive  radiation 
so  that  they  are  highly  advantageous  with  respect  to  being 
manufactured  into  protective  clothing. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   t h e   f i e l d   of  n e u t r o n -  

s h i e l d i n g   m a t e r i a l s ,   and  in  p a r t i c u l a r   to   f i b e r s   e f f e c t i v e l y  

p r o t e c t i n g   h u m a n s   and  n e u t r o n - s e n s i t i v e   o b j e c t s   f r o m   t h e r m a l  

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

r a d i a t i o n   w h i l e   b e i n g   a t   t h e   same  t i m e   h i g h l y   f l e x i b l e .  

The  i n v e n t i o n   f u r t h e r   r e l a t e s   to   a  m e t h o d   of  m a n u f a c t u r i n g  

s a i d   n e u t r o n - s h i e l d i n g   f i b e r s .  

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

t h e   p a s t   one  or   two  d e c a d e s ,   a  v a r i e t y   of  p r o b l e m s   h a v e  

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

n u c l e a r   p l a n t s   a g a i n s t   p o t e n t i a l   h a z a r d s   c a u s e d   by  r a d i o -  

a c t i v e   i r r a d i a t i o n .   For   t h e   n e c e s s a r y   p e r i o d i c a l   m a i n t e -  

n a n c e   and  r e p a i r   t a s k s   t h e   e m p l o y e e s   m u s t   n o t   o n l y   be  p r o -  

t e c t e d   a g a i n s t   i n t e n s e   r a d i o a c t i v e   r a d i a t i o n   s u c h   as   gamma 

( y )   r a y s ,   b u t   a l s o   a g a i n s t   e v e n   t h e   s m a l l e s t   q u a n t i t y   o f  

n e u t r o n   r a y s   f r o m   t h e   n u c l e a r   r e a c t o r .  

In  t h i s   c o n n e c t i o n   t h e r e   was  an  u r g e n t   n e e d   to   c r e a t e  

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

can   e a s i l y   be  m a n u f a c t u r e d   i n t o   p r o t e c t i v e   c l o t h i n g   or   t h e  

l i k e ,   so  t h a t   in  c a s e   of  e m e r g e n c y   t h e   e m p l o y e e s   can   b e  

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

s h i e l d i n g   m a t e r i a l ,   a l l o w i n g   them  to   c a r r y   o u t   a l l   n e c e s -  

s a r y - o p e r a t i o n s   in  an  e n v i r o n m e n t   w h e r e   n e u t r o n s ,   e s p e c i a l -  

ly   t h e r m a l   n e u t r o n s ,   m i g h t   be  p r e s e n t .  



F u r t h e r ,   in   t h e   m e d i c a l   f i e l d s   v a r i o u s   a t t e m p t s   h a v e   b e e n  

made  to   i n t r o d u c e   n e u t r o n   r a y s   i n t o   m e d i c a l   t h e r a p y .   Among  
t h e   v a r i o u s   t e c h n i q u e s   t h e   n e u t r o n   c a p t u r e   t h e r a p y   s h o u l d  

be  m e n t i o n e d ;   i t   c o n s i s t s   of   i r r a d i a t i n g   c e r e b r a l   t u m o r s  

w i t h   a  d e f i n i t e   q u a n t i t y   of   n e u t r o n s   so  t h a t   o n l y   t h e   t u m o r  

w i l l   be  d e s t r o y e d .   D u r i n g   t h e   s u r g i c a l   o p e r a t i o n   i t   i s  

n e c e s s a r y   t o   p r o t e c t   t h e   r e s t   of   t h e   p a t i e n t ' s   b o d y   f r o m  

any  n e u t r o n   r a y s   or   s e c o n d a r y   r a d i o a c t i v i t y .   F o r   t h i s   p u r -  

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

i s   u r g e n t l y   r e q u i r e d ,   w h i c h   d o e s   n o t   y i e l d   any   h i g h   s e c o n -  

d a r y   r a d i o a c t i v i t y   a n d / o r   r a d i o a c t i v e   r a y s   as   a  r e s u l t   o f  

n e u t r o n   a b s o r p t i o n .  

Up  to   now  m o s t   n e u t r o n - s h i e l d i n g   m a t e r i a l s   e x i s t   in   t h e   f o r m  

of   b o a r d s   o r   p l a t e s   c o m p r i s i n g   c a d m i u m   and  b o r o n   c o m p o u n d s .  

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

p h y s i c a l l y   r i g i d   and  do  n o t   show  any  f l e x i b i l i t y .   F u r t h e r ,  

s i n c e   c a d m i u m   i s   known  to   y i e l d   a  c o n s i d e r a b l e   q u a n t i t y   o f  

s e c o n d a r y   gamma  r a y s   as  a  r e s u l t   of   n e u t r o n   a b s o r p t i o n ,  

t h i s   c h e m i c a l   e l e m e n t   c a n n o t   be  u s e d   to   p r o t e c t   t h e   h u m a n  

body   a g a i n s t   n e u t r o n   r a d i a t i o n .  

The  J a p a n e s e   L a i d - O p e n   P a t e n t   A p p l i c a t i o n s   Nos .   5 2 - 1 2 7 5 9 7  

and  5 2 - 1 3 1 0 9 7   d i s c l o s e   n e u t r o n - s h i e l d i n g   m a t e r i a l s   w h i c h  

can  be  f o r m e d   i n t o   s h e e t s   and   a r e   made  on  t h e   b a s i s   o f  

v a r i o u s   k i n d s   o f   p l a s t i c s   and   b o r o n   a n d / o r   l i t h i u m   c o m -  

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

s m a l l   q u a n t i t i e s   of  s e c o n d a r y   gamma  r a y s .  

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

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

by  e m p l o y e e s   of  n u c l e a r   p l a n t s   or   u s e d   f o r   m e d i c a l   p u r p o s e s .  

The  J a p a n e s e   L a i d - O p e n   P a t e n t   A p p l i c a t i o n   No.  5 3 - 2 1 3 9 8   d i s -  

c l o s e s   a  m e t h o d   of  m a n u f a c t u r i n g   n e u t r o n - s h i e l d i n g   f i b e r s  



c o n s i s t i n g   of  ion   e x c h a n g e   f i b e r s   'itÜch  have  absorbed   i on ized   com- 

p o u n d s   of  b o r o n   and  l i t h i u m ,   or   of  s t a p l e - f i b e r - l i k e  

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

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

p r o d u c t s   do  n o t   show  t h e   d e s i r e d   e f f e c t i v e   s h i e l d i n g   d u e  

to  i n c o m p l e t e   a b s o r p t i o n   and   f i x a t i o n   of  t h e   n e u t r o n -  

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

or   due  to   t h e   f a c t   t h a t   t h e   i o n i z e d   c o m p o u n d s   w h i c h   h a v e  

b e e n   f i x e d   may  be  r e l e a s e d   f r o m   s a i d   f i b e r s   d u r i n g   w a s h i n g  

and   r i n s i n g   o p e r a t i o n s .  

The  s t a p l e - f i b e r - l i k e   p o l y m e r s   a l s o   m e n t i o n e d ,   w h i c h   a r e  

o b t a i n e d   by  j e t - s p i n n i n g   a  m i x t u r e   of  n e u t r o n - s h i e l d i n g  

i n o r g a n i c   c o m p o u n d s   and   f i b e r - f o r m i n g   p o l y m e r s   can   p h y s i -  

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

f i b e r s   c a n n o t   be  p r o c e s s e d   w i t h   any  known  y a r n - s p i n n i n g   a n d  

k n i t t i n g   or  t e x t u r i z i n g   m a c h i n e   due  to  t h e i r   i n s u f f i c i e n t  

t e n s i l e   s t r e n g t h ,   e l o n g a t i o n   and  f i b e r   c o n f i g u r a t i o n   ( t e x -  

t u r e d   s t y l e s ) .   In  a d d i t i o n ,   s a i d   s t a p l e   f i b e r s   u s u a l l y  

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

face  so  t h a t   the  l a t t e r   may  e a s i l y   be  rubbed  or  s t r i p p e d   of f   t h i s  

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

r a t e .  

In  t h e   c o u r s e   of  e x t e n s i v e   e x p e r i m e n t s   w i t h   f i b e r s   c o m p o s e d  

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

c o m p o u n d s   of  d i f f e r e n t   g r a d i n g   ( p a r t i c l e   s i z e )   and  n e u t r o n -  

s h i e l d i n g   p r o p e r t i e s ,   i t   was  f o u n d   t ha t   they  i nvo lve   v a r i o u s  
c r i t i c a l   p r o b l e m s .   For   e x a m p l e ,   n e u t r o n - s h i e l d i n g   c o m p o u n d s  

d e p o s i t e d ' o n   t he   s u r f a c e   of  t h e   f i b e r s   or  i n c o r p o r a t e d   i n t o  

p o r t i o n s   of  t h e   f i b e r s   a d j a c e n t   to  t h e i r   s u r f a c e   we re   f o u n d  

to   be  e a s i l y   r u b b e d   o r . s t r i p p e d   o f f ,   t h u s   c a u s i n g   c e r t a i n  

d a m a g e   to   t h e   s u r f a c e s   of  g u i d e   r o l l e r s   or  o t h e r   r o l l e r s  

due  e i t h e r   to   s t a i n i n g   or   t o   a b r a s i o n .   C o n s e q u e n t l y ,   i t  

a p p e a r e d   to   be  i m p o s s i b l e   w i t h   t h e   p r i o r   a r t   m e t h o d s   to   p r o -  



duce   n e u t r o n - s h i e l d i n g   f i b e r s   of  a  s t a b l e   q u a l i t y ,   b u t   a l s o  

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

p e r t i e s .   F u r t h e r ,   any  p r o t e c t i v e   c l o t h i n g   made  of  f i b e r s  

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

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

of  f r i c t i o n a l   f o r c e s   b e t w e e n   t h e   c l o t h i n g   and  v a r i o u s   o b -  

j e c t s   d u r i n g   i t s   p r a c t i c a l   u s e .   I t   was  a l s o   f o u n d   t h a t   t h e  

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

f i b e r s ,   when  e x p o s e d   to   n e u t r o n   r a y s ,   y i e l d e d   s i g n i f i c a n t  

q u a n t i t i e s   of   s e c o n d a r y   r a d i o a c t i v e   r a d i a t i o n   a n d / o r   m a t e -  

r i a l s   due  t o   v a r i o u s   n u c l e a r   r e a c t i o n s .   For   e x a m p l e ,   w h e n  

l i t h i u m   (Li)   was  u s e d   as   a  n e u t r o n - s h i e l d i n g   e l e m e n t   t h e  

l i t h i u m   c o m p o u n d s   p r e s e n t   on  t h e   f i b e r   s u r f a c e ,   when  e x -  

p o s e d   to   t h e r m a l   n e u t r o n   r a y s ,   g e n e r a t e d   a  s i g n i f i c a n t  

q u a n t i t y   of  t r i t i u m   (3H)  w h i c h   s p r e a d   by  d i f f u s i o n   i n t o  

t h e   a t m o s p h e r e .  

I t   i s   t h e r e f o r e   one   m a i n   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n  

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

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

t a b l y   h i g h   q u a n t i t i e s   of  s e c o n d a r y   r a d i a t i o n   when  i r r a d i a t e d  

by  n e u t r o n   r a y s ,   and  w h i c h   can   be  e a s i l y   p r o d u c e d   u s i n g   c o n -  

v e n t i o n a l   s p i n n i n g   e q u i p m e n t   a n d   can   f u r t h e r   e a s i l y   b e  

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

F u r t h e r   o b j e c t s   and   b e n e f i t s   of  t h e   p r e s e n t   i n v e n t i o n   w i l l  

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

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

The  a b o v e - s p e c i f i e d   o b j e c t   as   w e l l   as  f u r t h e r   o b j e c t s   a r e  

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

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

p a r t i c l e s   of   a b o u t   25  µm  maximum  in  d i a m e t e r ,   s a i d  f i b e r s  

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

c o m p r i s i n g   a  f i b e r - f o r m i n g   p o l y m e r   (A)  as  t h e   c o r e   c o m p o -  

n e n t ,   w h i c h   c o n t a i n s   a t   l e a s t   5%  by  w e i g h t   of  s a i d   p a r t i c l e s  



of  a t   l e a s t   one  n e u t r o n - a b s o r b i n g   c o m p o u n d ,   and  a t   l e a s t   o n e  
k i n d   of  a  f i b e r - f o r m i n g   p o l y m e r   (B)  as  t h e   s h e a t h   c o m p o n e n t .  

The  f i b e r - f o r m i n g   p o l y m e r   (B)  m u s t   be  c o m p a t i b l e   w i t h   t h e  

f i b e r - f o r m i n g   p o l y m e r   (A) ,   t h a t   i s ,   i t   s h o u l d   bond   to   t h e  

c o r e   c o m p o n e n t .  

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

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

b i c o m p o n e n t   f i b e r .  

P r e f e r a b l y ,   t h e   c o r e   c o m p o n e n t   s h o u l d   c o n t a i n   f r o m   10  to  60% 

by  w e i g h t   of  s a i d   n e u t r o n - a b s o r b i n g   c o m p o u n d ,   t h e   p a r t i c l e s  

of   w h i c h   s h o u l d   m o s t   p r e f e r a b l y   h a v e   a  d i a m e t e r   of  15  µm  o r  

l e s s .  

To  o b t a i n   f i b e r s   s h o w i n g   t h e   d e s i r e d   a b s o r b i n g   and  w o r k i n g  

p r o p e r t i e s ,   t h e   p o l y m e r   (A)  of  t h e   c o r e   c o m p o n e n t   and  t h e  

p o l y m e r   (B)  of  t h e   s h e a t h   c o m p o n e n t   s h o u l d   be  s e l e c t e d   s o  

t h a t   t h e   r a t i o   of  t h e   v i s c o s i t y   of  t h e   s h e a t h   c o m p o n e n t   t o  

t h e   v i s c o s i t y   of  t h e   c o r e   c o m p o n e n t   a t   t h e   t e m p e r a t u r e   a t  

w h i c h   t h e   c o m p o s i t e   or   b i c o m p o n e n t   f i b e r   or  y a r n   i s   s p u n  
f a l l s   in  t h e   r a n g e   of  0 . 2   to   0 . 9 .  

F u r t h e r   p r e f e r r e d   e m b o d i m e n t s   of  t h e   p r e s e n t   i n v e n t i o n   w i l l  

b e c o m e   a p p a r e n t   f r o m   t h e   a c c o m p a n y i n g   c l a i m s   a n d / o r   t h e  

f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n   of   t h e   p r e s e n t   i n v e n t i o n .  

The  p r e s e n t   i n v e n t i o n   makes   i t   p o s s i b l e   f o r   t h e   f i r s t   t i m e  

to   m a n u f a c t u r e   n e u t r o n - s h i e l d i n g   f i b e r s   t h a t   s a t i s f a c t o r i l y  

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

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

m i n i m i z e d   w h i l s t   a t   t h e   same  t i m e   t h e   new  f i b e r s   show  s a t i s -  

f a c t o r y   m e c h a n i c a l   p r o p e r t i e s   or  can   be  m a n u f a c t u r e d   i n t o  

c l o t h i n g   w i t h o u t   l o s i n g   any  of  t h e   n e u t r o n - s h i e l d i n g   c o m p o -  
n e n t s   of  t h e   f i b e r s ,   so  t h a t   t h e   n e u t r o n - s h i e l d i n g   e f f e c t  



w i l l   r e m a i n   s t a b l e   t h r o u g h o u t   m a n u f a c t u r i n g   and   u s e   of   t h e  

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

The  t e x t i l e   m a t e r i a l s   made  f r o m   t h e   f i b e r s   in   a c c o r d a n c e  

w i t h   t h e   p r e s e n t   i n v e n t i o n   show  s u f f i c i e n t   f l e x i b i l i t y   t o  

be  m a n u f a c t u r e d   i n t o   c o m p a r a t i v e l y   c o m f o r t a b l e   p r o t e c t i v e  

c l o t h i n g .  

N e u t r o n - a b s o r b i n g   c o m p o u n d s   w h i c h   c an   p r e f e r a b l y   be  u s e d  

as  p a r t i c l e s   in   t h e   c o r e   c o m p o n e n t   of  t h e   f i b e r s   a c c o r d i n g  

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

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

and  m i n i m i z i n g   or   e l i m i n a t i n g   t h e   o c c u r r e n c e   of   s e c o n d a r y  

r a d i o a c t i v e   r a d i a t i o n   s u c h   as  s e c o n d a r y   gamma  r a y s .   S u c h  

c o m p o u n d s   a r e   i n   p a r t i c u l a r   c o m p o u n d s   c o n t a i n i n g   i s o t o p e s  

s u c h   as  6Li   a n d / o r   1 0 B .  

N o r m a l l y ,   t h e s e   n a t u r a l l y   o c c u r r i n g   i s o t o p e s   e x i s t   a t   a  

r a t e   of   a b o u t   7  t o   8%  in  t h e   c a s e   o f   t h e   i s o t o p e   6Li   a n d  

a b o u t   19  t o   20%  i n   t h e   c a s e   of  t h e   i s o t o p e   10B  w i t h i n   t h e  

r e s p e c t i v e   n a t u r a l   i s o t o p e   m i x t u r e s .   F o r   t h e   s a k e   of   t h e  

p r e s e n t   i n v e n t i o n ,   l i t h i u m   c o m p o u n d s   a n d / o r   b o r o n   c o m p o u n d s  

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

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

f l u o r i d e ,   b o r i c   a c i d ,   b o r o n   c a r b i d e ,   b o r o n   n i t r i d e ,   e t c .  

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

f r o m   a r t i f i c i a l l y   s e p a r a t e d   and   e n r i c h e d   i s o t o p e s .  

When  a d d i n g   s a i d   n e u t r o n - s h i e l d i n g   c o m p o u n d   to   t h e   c o r e -  

f o r m i n g   c o m p o n e n t   p o l y m e r   (A),   i t   i s   i m p o r t a n t   to   u s e   a  

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

p a r t i c l e s   of   n o t   more   t h a n  2 5   µm  maximum  in  d i a m e t e r ,   p r e -  

f e r a b l y   of  f i n e   p a r t i c l e s   of  15  µm  maximum  in  d i a m e t e r   o r  

l e s s .  

I f   t h e   i n d i c a t e d   p a r t i c l e   s i z e   r a n g e s   a r e   n o t   p r o p e r l y   o b -  



s e r v e d ,   t h e   m i x e d   c o m p o u n d s   a r e   d i f f i c u l t   to   s p i n   i n t o  

f i b e r s ,   l e a d i n g   to   p o o r   m e c h a n i c a l   p r o p e r t i e s   of  t h e   f i b e r s  

e v e n t u a l l y   o b t a i n e d .  

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

f o r m i n g   c o m p o n e n t   p o l y m e r   (A) ,   i t   i s   a l s o   an  i m p o r t a n t   f a c -  

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

s a i d   c o r e   c o m p o n e n t   p o l y m e r   (A)  a t   a  r a t e   of  a t   l e a s t  

5%  by  w e i g h t ,   p r e f e r a b l y   a t  a   r a t e   w i t h i n   t h e   r a n g e   o f  

10  and  60%  by  w e i g h t .   I f   t h e   c o n t e n t   of  t h e   n e u t r o n - s h i e l -  

d i n g   c o m p o u n d   in   t h e   c o r e   m a t e r i a l   i s   b e l o w   5%  by  w e i g h t ,  

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

d e s i r e d   and  n e c e s s a r y .   C o n v e r s e l y ,   i f   t h e   c o n t e n t   of  t h e  

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

t h a n   60%  by  w e i g h t ,   t h e   s p i n n i n g   p r o c e s s   w i l l   be  v e r y   d i f -  

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

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

a r e   i m p r o v e d .  

For  the  c o r e - f o r m i n g   c o m p o n e n t   p o l y m e r   (A) ,  t h e   e s s e n t i a l  

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

u s e d   f i b e r - f o r m i n g   r aw   m a t e r i a l s   can   be  u s e d ,   s u c h   a s  

p o l y e s t e r s ,   p o l y a m i d e s ,   p o l y o l e f i n s ,   e t c .   Fo r   t h e   a i m s  

of  t h e   p r e s e n t   i n v e n t i o n   i t   i s   p r e f e r r e d   to   s e l e c t   a n y  

f i b e r - f o r m i n g   p o l y m e r   w h i c h   can   be  m e l t   s p u n   i n t o   f i b e r s  

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

d i s t r i b u t e d   and  d i s p e r s e d   w i t h i n   t h e   p o l y m e r   u s e d .  

From  t h e   p o i n t   of  v i e w   of  s t a b i l i t y   w i t h   r e s p e c t   t o   n e u t r o n  

r a y s   f o r   t h e   p o l y m e r   i t s e l f ,   h o w e v e r ,   i t   i s   p r e f e r r e d   a n d  

mos t   a d v a n t a g e o u s   to   u s e   p o l y e t h y l e n e   and  v a r i o u s   k i n d s   o f  

c o p o l y m e r s   of  p o l y e t h y l e n e   as  m a t e r i a l s   f o r   t h e   c o r e   c o m -  

p o n e n t   (A).   P o l y e t h y l e n e   c o p o l y m e r s   w h i c h   a r e   p r e f e r a b l y  

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

c o n s t i t u e n t ,   e s p e c i a l l y   c o p o l y m e r s   c o n s i s t i n g   of  p o l y e t h y -  

l e n e   and  l e s s   t h a n   10  mol  %  of  a  s e c o n d   m o n o m e r ,   e . g .   v i n y l  



a c e t a t e ,   p r o p y l e n e ,   a n o t h e r   a l p h a - o l e f i n   s u c h   as  1 - b u t e n e ,  

1 - h e x e n e   o r   N - v i n y l   c a r b a z o l .  

The  p r e s e n t   i n v e n t i o n   i s   n o t   r e s t r i c t e d   to   t h e   u s e   of  a n y  

s p e c i f i c   s h e a t h - f o r m i n g   p o l y m e r   (B)  f o r m i n g   t h e   s h e a t h   o f  

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

p r o v i d e d   t h a t   t h e   p o l y m e r   u s e d   as   p o l y m e r   (B)  i s   c o m p a t i b l e  

w i t h   t h e   p o l y m e r   (A)  u s e d ,   t h a t   i s ,   i t   m u s t   be  p r o p e r l y  

b o n d e d   to   t h e   c o r e - f o r m i n g   p o l y m e r   (A).   In  t h i s   c o n n e c t i o n ,  

h o w e v e r ,   i t   i s   p r e f e r r e d   t o   u s e   a  s h e a t h - f o r m i n g   p o l y m e r   (B )  

w h i c h   f a l l s   u n d e r   t h e   same  c a t e g o r y   of  p o l y m e r s   as  t h e   c o r e -  

f o r m i n g   p o l y m e r   ( A ) .  

I t   i s   f u r t h e r   p r e f e r r e d   f o r   c a r r y i n g   o u t   t h e   p r e s e n t   i n v e n -  

t i o n   t h a t   t h e   c o m p o s i t e   r a t i o   o f   t h e   c o r e   c o m p o n e n t   to   t h e  

s h e a t h   c o m p o n e n t   f a l l   w i t h i n   a  r a n g e   of   0 .5   t o   10.  T h a t   i s  

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

i n d i c a t e d   r a n g e ,   e . g .   i f   t h e   c o r e - v e r s u s - s h e a t h   r a t i o   e x -  

c e e d s   a  maximum  of  10,  t h e   c a p a b i l i t y   of   t h e  . s h e a t h - f o r m i n g  

p o l y m e r   t o   c o v e r   t h e   c o r e   w i l l   b e c o m e   u n s t a b l e   so  t h a t   t h e  

c o r e   c o m p o n e n t   may  be  b a r e d ,   b e c o m i n g   p a r t   of  t h e   s u r f a c e  

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

p r o b l e m s .   In  t h i s   c a s e   p a r t   o f   t h e   n e u t r o n - a b s o r b i n g  

c o m p o u n d s   c an   g e t   l o s t   o r   r u b b e d   o f f   in   t h e   s p i n n i n g   p r o -  

c e s s   and  r a d i o a c t i v e   m a t e r i a l   s e c o n d a r i l y   g e n e r a t e d   by  a  

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

of   t h e   f i b e r   f i n a l l y   o b t a i n e d .  

I f   t h e   c o r e - v e r s u s - s h e a t h   c o m p o s i t e   r a t i o   i s   b e l o w   1 0 ,  

p r o b l e m s   s u c h   as   t h e   o n e s   r e f e r r e d   to   a b o v e   can   be  k e p t  

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

H o w e v e r ,   i f   t h e   c o r e - v e r s u s - s h e a t h   c o m p o s i t e   r a t i o   i s  

b e l o w   0 . 5 ,   t h e   o r i g i n a l l y   i n t e n d e d   e f f e c t i v e   n e u t r o n -  

s h i e l d i n g   p r o p e r t i e s   of   t h e   f i n a l   p r o d u c t   c a n n o t   be  o b -  

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



t h e   n e u t r o n - s h i e l d i n g   c o m p o u n d s   w i l l   become   t o o   l o w ,   w i t h  

r e s p e c t   to   t h e   s e c t i o n a l   a r e a s   of  t h e   c o m p o s i t e   f i b e r s .  

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

s i t e   r a t i o   s h o u l d   p r e f e r a b l y   f a l l   w i t h i n   a  r a n g e   of  1  to   4 ,  

t h u s   e n a b l i n g   t h e   s h e a t h - f o r m i n g   p o l y m e r   to   c o v e r   s u f f i c i e n t -  

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

d r o p   o u t   a t   a l l ,   and  t h u s   s e a l i n g   e v e n   t h e   s m a l l e s t   q u a n t i t y  

of  r a d i o a c t i v e   m a t e r i a l s   g e n e r a t e d   by  t h e   n e u t r o n   r a y s   i n -  

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

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

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

i s   in  t h e   r a n g e   of  5  to   200  µm,  m o s t   p r e f e r a b l y   of   10  t o  

100  µm. 

The  f i b e r s   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   as  d i s c l o s e d  

a b o v e   a r e   c o m p o s i t e   or   b i c o m p o n e n t   f i b e r s   s h o w i n g   a  m a r k e d  

and  s u f f i c i e n t   s h i e l d i n g   e f f e c t   in  s h i e l d i n g   h u m a n s   a n d / o r  

o b j e c t s   f r o m   n e u t r o n   r a y s ,   e s p e c i a l l y   f rom  t h e r m a l   n e u t r o n s .  

In  a n o t h e r   a s p e c t ,   t h e   p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  p r o -  

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

b i c o m p o n e n t   f i b e r s   a c c o r d i n g   to   t h e   i n v e n t i o n .   I t   w a s  

f o u n d   t h a t ,   when  u s i n g   c o n v e n t i o n a l   e q u i p m e n t   f o r   s p i n n i n g  

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

b i c o m p o n e n t   f i b e r s   of  t h e   c o r e - a n d - s h e a t h   t y p e ,   s a i d   c o n -  

v e n t i o n a l   e q u i p m e n t   c o m p r i s i n g   a  known  s p i n n e r e t   f o r  

s p i n n i n g   c o n v e n t i o n a l   s y n t h e t i c   b i c o m p o n e n t   f i b e r s ,   t h e  

r a t i o   of  t h e   m e l t   v i s c o s i t y   X  of  t h e   c o r e - f o r m i n g   c o m p o -  

n e n t   p o l y m e r   (A)  c o n t a i n i n g   t h e   p a r t i c u l a t e   n e u t r o n - s h i e l -  

d i n g   c o m p o u n d s   to   t h e   m e l t   v i s c o s i t y   Y  of  t h e   s h e a t h -  

f o r m i n g   c o m p o n e n t   p o l y m e r   (B)  p l a y s   a  v e r y   i m p o r t a n t   r o l e .  

T h a t   i s   to   s a y ,   when  a  c e r t a i n   m e l t   v i s c o s i t y   r a t i o   w a s  

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



i . e .   when  t h e   v a l u e   of  Y/X  was  w i t h i n   t h e   r a n g e   of  0 . 2  

to  0 . 9 ,   in   p a r t i c u l a r ,   when  t h i s   v a l u e   was  w i t h i n   a  r a n g e  
of  0 .3   to   0 . 7 ,   i t   was  f o u n d   t h a t   t h e   c o m p o s i t e   or  b i c o m -  

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

be  spun   i n t o   t h e   i n t e n d e d   t e x t u r e d   y a r n s ,   t h e   q u a l i t y   o f  

t h e   o b t a i n e d   y a r n s   t h e n   b e i n g   v e r y   s t a b l e .  

In  c a s e   t h e   m e l t   v i s c o s i t y   r a t i o   i s   n o t   in   t h e   r e c o m m e n d e d  

r a n g e   as  r e f e r r e d   t o   a b o v e ,   i t   i s   v e r y   d i f f i c u l t   to   s p i n  

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

t i o n ,   s i n c e   t h e   s p u n   y a r n   w i l l   o f t e n   be  c u t   d u r i n g   t h e   s p i n -  

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

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

The  r e a s o n   f o r   t h e   o c c u r r e n c e   of   s u c h   a  p h e n o m e n o n   i s   n o t  

c l e a r .   H o w e v e r ,   t h e   o b s e r v e d   p h e n o m e n o n   i s   c o n s i d e r e d   t o  

be  p o t e n t i a l l y   p e c u l i a r   t o   c o m p o s i t e   or   b i c o m p o n e n t   f i b e r s  

of   t h e   c o r e - a n d - s h e a t h   t y p e ,   c o n t a i n i n g   r e l a t i v e l y   l a r g e  

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

n e n t .  

The  c o m p o s i t e   f i b e r s   p r o d u c e d   in  a c c o r d a n c e   w i t h   t h e   p r e s e n t  

i n v e n t i o n   and   t h e i r   s e c o n d a r y   p r o d u c t s ,   e . g .   f a b r i c s   s u c h  

as  woven   f a b r i c s ,   k n i t t e d   f a b r i c s   and  n o n - w o v e n   f a b r i c s ,  

show  v e r y   e x c e l l e n t   n e u t r o n - s h i e l d i n g   p r o p e r t i e s ,   e s p e c i a l -  

ly   w i t h   r e s p e c t   t o   s h i e l d i n g   a g a i n s t   t h e r m a l   n e u t r o n s ,  

w i t h o u t   c a u s i n g   any   i n t e n s e   r a d i a t i o n   of  s e c o n d a r y   r a d i o -  

a c t i v e   r a y s .   The  f a b r i c s   o b t a i n e d   do  n o t   l o s e   any  of   t h e  

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

w a s h i n g ,   and   t h e y   a r e   n o t   o n l y   h i g h l y   e f f e c t i v e   w i t h   r e s p e c t  

to   t h e i r   n e u t r o n - s h i e l d i n g   e f f e c t s ,   t h e y   can   a l s o   be  e a s i l y  

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

a g a i n s t   an  a t t a c k   of   n e u t r o n s .   S a i d   p o s i t i v e   c h a r a c t e r i s t i c s  

a r e   n o t   a  c o n s e q u e n c e   o f   any  s e c o n d a r y   t r e a t m e n t   of  t h e   f a b -  

r i c s   o b t a i n e d ,   b u t   a r e   due   to   t h e   f i b e r s   t h e m s e l v e s .  



The  c l o t h i n g   o b t a i n e d   shows  t h e   m e c h a n i c a l   p r o p e r t i e s  

common  to   any  c o n v e n t i o n a l   f i b e r s ,   a l s o   w i t h   r e s p e c t   t o  

t h e   h i g h   f l e x i b i l i t y   of  t h e   f a b r i c s .  

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

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

n e e d   w i t h   r e s p e c t   to   t h e   p e r f o r m a n c e   of   p r o t e c t i v e   c l o t h i n g  

of  t h e   p r e s e n t   k i n d   and  i s   of  h i g h   v a l u e   in  any  f i e l d   o f  

t h e   n u c l e a r   i n d u s t r i e s .  

In  t h e   f o l l o w i n g   e x a m p l e s   f a v o r a b l e   e m b o d i m e n t s   of  t h e   i n -  

v e n t i o n   a r e   d e s c r i b e d   by  way  of  e x a m p l e   o n l y .  

E x a m p l e   1 

A  t o t a l   a m o u n t   of  500  g  of  f i n e   L i F p o w d e r ,   t h e   l i t h i u m  

c o n t e n t   of  w h i c h   c o n s i s t e d   of  more   t h a n   95%  of  t h e   e n r i c h e d  
i s o t o p e  L i  a n d   w h i c h   f u r t h e r   c o n s i s t e d   of  p a r t i c l e s   w i t h  

a  p a r t i c l e   s i z e   o f   a b o u t   8 µ m   maximum  in  d i a m e t e r   and  a b o u t  

2 .5   µm  in  t h e   a v e r a g e   c u b i c   d i a m e t e r ,   was  m i x e d   w i t h   a  

t o t a l   a m o u n t   of  750  g  of  h i g h - d e n s i t y   p o l y e t h y l e n e   p o w d e r  

( t y p i c a l l y   "HIZEX"  2100  GP,  a  p r o d u c t   of  M i t s u i   P e t r o c h e m i -  

c a l   Company ,   J a p a n )   by  means   o f  a   H e n s c h e l   m i x e r .  

The  m i x e d   m a t e r i a l s   w e r e   t h e n   k n e a d e d   t h r e e   t i m e s   by  m e a n s  

of  an  e x t r u d e r   ( h a v i n g   a  c y l i n d r i c a l   d i a m e t e r   of  30  mm  a n d  

a  s c r e w   l e n g t h   of  500  mm)  e m p l o y i n g   a  s c r e w   r e v o l u t i o n   o f  

60  rpm  and  t e m p e r a t u r e s   in  t h e   r a n g e   of   250°  to   2 8 0 ° C .  

The  m i x t u r e   o b t a i n e d   c o n s i s t e d   of  p o l y e t h y l e n e   c h i p s   c o n -  

t a i n i n g   f i n e   6L iF   p o w d e r ,   t h e   n e t   c o n t e n t s   of  s a i d   6 L i F  

b e i n g   m e a s u r e d   as   38.5%  by  w e i g h t .   The  m e l t   v i s c o s i t y   o f  

s a i d   p o l y e t h y l e n e   c h i p s   was  m e a s u r e d   a t   260°C  by  m e a n s   o f  

t h e   "KOKA"  t y p e   f l o w   t e s t e r ,   m a n u f a c t u r e d   by  S h i m a z u   S e i -  

s h a k u s h o ,   L t d . ,   J a p a n ,   and  t h e   d e t e r m i n e d   m e l t   v i s c o s i t y  



was  2520  p o i s e .  

U s i n g   s a i d   c h i p s   c o n t a i n i n g   6L iF   as   t h e   c o r e   c o m p o n e n t   a n d  

h i g h - d e n s i t y   p o l y e t h y l e n e   ( t y p i c a l l y   "HIZEX"  1300  J ,   a  

p r o d u c t   of   M i t s u i   P e t r o c h e m i c a l   C o m p a n y ,   J a p a n )   as  t h e  

s h e a t h   c o m p o n e n t ,   t h e   m e l t   v i s c o s i t y   of  t h e   h i g h - d e n s i t y  

p o l y e t h y l e n e   b e i n g   m e a s u r e d   as   1760  p o i s e   u n d e r   t h e   s a m e  

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

f i b e r s   w e r e   spun   by  means   of   c o n c e n t r i c   c o m p o s i t e   or   b i -  

c o m p o n e n t   s p i n n e r e t s   e a c h   h a v i n g   12  h o l e s   w i t h   a  d i a m e t e r  

o f   0 . 6 5   mm.  The  s p i n n i n g   o p e r a t i o n   was  s t a b l y   p e r f o r m e d  

u n d e r   a p p r o p r i a t e   o p e r a t i v e   c o n d i t i o n s   so  t h a t   an  o u t p u t  

of   12  g  p e r   m i n u t e   of  t h e   c o r e   c o m p o n e n t   and  of  5  g  p e r  
m i n u t e   of   t h e   s h e a t h   c o m p o n e n t   a t   260°C  was  o b t a i n e d .  

The  t a k e - u p   s p e e d   was  450  m  p e r   m i n u t e .  

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

i n v e s t i g a t e d   u s i n g   an  o p t i c a l   m i c r o s c o p e   w i t h   l i g h t   p e n e -  
t r a t i o n .   I t   was  f o u n d   t h a t   t h e   s p u n   y a r n   o b t a i n e d   h a d  

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

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

s a i d   f i n e   L iF   p a r t i c l e s .  

The  f i b e r s   o b t a i n e d   w e r e   e l o n g a t e d   a t   a  d raw  r a t i o   of  5 . 0  

on  a  p l a t e   h e a t e d   to   9 5 ° C .   The  d e s i r e d   c o n t i n u o u s   f i l a m e n t s  

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

o b t a i n e d .  

T h e s e   s h o w e d   a  t e n s i l e   s t r e n g t h   of  2 . 5   g  p e r   d e n i e r   a n d  

25%  e l o n g a t i o n   so  t h a t   t h e y   w e r e   f o u n d   to   show  s a t i s f a c t o r y  

m e c h a n i c a l   c h a r a c t e r i s t i c s .  

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

w e r e   c o m b i n e d   so  t h a t   e a c h   of  t h e   y a r n s   o b t a i n e d   c o n t a i n e d  

60  f i l a m e n t s ,   w h i c h   w e r e   t h e n   p r o c e s s e d   by  a  k n i t t i n g   m a c h i n e  

in   o r d e r   to   make  t u b u l a r   k n i t t e d   f a b r i c s   f o r   t e s t i n g   p u r -  



p o s e s .   The  k n i t t e d   f a b r i c   o b t a i n e d   showed   a  t h i c k n e s s   o f  

1 . 3 0   mm  and   t h e   a r e a   d e n s i t y   was  490  g  p e r   s q u a r e   m e t e r .  

The  s h i e l d i n g   p r o p e r t i e s   a g a i n s t   t h e r m a l   n e u t r o n s   of  t h i s  

k n i t t e d   f a b r i c   we re   e v a l u a t e d .   The  t e s t s   w e r e   c a r r i e d   o u t  

in   t h e   t h e r m a l   n e u t r o n   s t a n d a r d   f i e l d   b a s e d   on  t h e   M a x w e l l i a n  

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

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

a g a i n s t   t h e   b r o a d   t h e r m a l   n e u t r o n   r a y s   was  m e a s u r e d   b y  

a c t i v a t e d   g o l d   (Au)  f o i l s .   The  r e s u l t s   o b t a i n e d   f o r   t h e  

n e u t r o n - s h i e l d i n g   p r o p e r t i e s   a r e   shown  in  T a b l e   1  b e l o w .  

E x a m p l e   2 

A n a l a g o u s   t o   t h e   p r o c e d u r e   of   E x a m p l e   1,  a  t o t a l   a m o u n t   o f  

750  g  of  f i n e   B4C  p a r t i c l e s   ( t y p i c a l l y   "DENKA  BORON"  N o .  

1200 ,   a  p r o d u c t   of  D e n k i   K a g a k u K o g y o   K . K . ,   J a p a n )   g r a d e d  

on  t h e   d ry   b a s i s ,   h a v i n g   a  d i a m e t e r   of  10  µm  maximum  a n d  

an  a v e r a g e   c u b i c   d i a m e t e r   of   3 . 2   µm,  was  m i x e d   w i t h   a  t o t a l  

a m o u n t   of  1000  g  h i g h - d e n s i t y   p o l y e t h y l e n e   p o w d e r   ( t y p i c a l l y  

"HIZEX"  2100  GP,  a  p r o d u c t   of  M i t s u i   P e t r o c h e m i c a l   C o m p a n y ,  

J a p a n ) .   The  m i x t u r e   o b t a i n e d   was  k n e a d e d   by  m e a n s   of  a n  

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

t r i b u t e d   and   d i s p e r s e d   f i n e   B4C  p o w d e r   w e r e   o b t a i n e d .   U p o n  

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

i  a  c o n t e n t   of   s a i d   B4C  p o w d e r   of   42%  by  w e i g h t .   F o l l o w i n g  
t h e   p r o c e d u r e   of  E x a m p l e   1  t h e   m e l t   v i s c o s i t y   of  t h e   m i x t u r e  



o b t a i n e d   was  m e a s u r e d   as   b e i n g   2690  p o i s e   a t   2 6 0 ° C .  

U s i n g   s a i d   p o l y e t h y l e n e   c h i p s   c o n t a i n i n g   B4C  as  t h e   c o r e  

c o m p o n e n t   and  m i d d l e - d e n s i t y   p o l y e t h y l e n e -  ( t y p i c a l l y  

"NEOZEX"  4 5 3 0 0 ,   a  p r o d u c t   of   M i t s u i   P e t r o c h e m i c a l   C o m p a n y ,  

J a p a n )   w i t h   a  m e l t   d e n s i t y   of  1000  p o i s e   u n d e r   t h e   s a m e  

t e s t i n g   c o n d i t i o n s   as  a b o v e ,   as  t h e   s h e a t h   c o m p o n e n t ,   t h e  

s p i n n i n g   of  c o r e - a n d - s h e a t h   c o m p o s i t e   f i b e r s   was  c a r r i e d  

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

12  h o l e s   w i t h   a  d i a m e t e r   of  0 . 5 0   mm.  The  s p i n n i n g   o p e r a t i o n  

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

so  t h a t   an  o u t p u t   of   10  g  p e r   m i n u t e   of  t h e   c o r e   c o m p o n e n t  

and   of   4 . 5   g  p e r   m i n u t e   of  t h e   s h e a t h   c o m p o n e n t   was  o b -  
t a i n e d   a t   2 6 0 ° C .   The  t a k e - u p   s p e e d   was  400  m  p e r   m i n u t e .  

The  m o n o - f i l a m e n t   s e c t i o n s   of  t h e   s p u n   y a r n s   w e r e   i n v e s t i -  

g a t e d   by  m e a n s   of  an  o p t i c a l   m i c r o s c o p e   u s i n g   l i g h t   p e n e -  

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

c o n s i s t   of   e v e n l y   c o n c e n t r i c   c o r e - a n d - s h e a t h   c o m p o s i t e   o r  

b i c o m p o n e n t   f i b e r s ,   t h e   c o r e   c o m p o n e n t   of  w h i c h   c o n t a i n   a  

s p e c i f i c   a m o u n t   of  s a i d   f i n e   B4C  p a r t i c l e s .  

The  c o m p o s i t e   f i b e r s   o b t a i n e d   w e r e   e l o n g a t e d   a t   a  d raw  r a t i o  

of   5 .5   on  a  p l a t e   h e a t e d   t o   95°C.   C o n t i n u o u s   f i l a m e n t s   m a d e  

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

o b t a i n e d .  

The  f i l a m e n t s   o b t a i n e d   s h o w e d   a  t e n s i l e   s t r e n g t h   of  2 .3   g  

p e r   d e n i e r   and  21%  e l o n g a t i o n   so  t h a t   t h e y   w e r e   f o u n d   t o  

show  s a t i s f a c t o r y   m e c h a n i c a l   c h a r a c t e r i s t i c s .  

The  c o n t i n u o u s   f i l a m e n t s   o b t a i n e d   by  t h e   p r e c e d i n g   p r o -  

c e d u r e   w e r e   c o m b i n e d   so  t h a t   t h e   i n t e g r a t e d   y a r n   c o n t a i n e d  

48  f i l a m e n t s ,   and   t h e   y a r n   o b t a i n e d   was  t h e n   p r o c e s s e d   b y  

a  k n i t t i n g   m a c h i n e   in  o r d e r   to   make  t u b u l a r   k n i t t e d   f a b r i c s  

f o r   t e s t i n g   p u r p o s e s .   The  k n i t t e d   f a b r i c   o b t a i n e d   had  a  



t h i c k n e s s   of  1 . 2 5   mm  and  an  a r e a   d e n s i t y   of  430  g  p e r  

s q u a r e   m e t e r .  

The  t h e r m a l   n e u t r o n - s h i e l d i n g   p r o p e r t i e s   of  t h e s e   k n i t t e d  

f a b r i c s   w e r e   t h e n   e v a l u a t e d .   The  t e s t s   were   c a r r i e d   o u t  

u s i n g   t h e   same  e q u i p m e n t   and  t h e   same  m e t h o d s   as  i n  

E x a m p l e   1 .  

E x a m p l e   3 

A n a l a g o u s   to   t h e   p r o c e d u r e   of   E x a m p l e   1,  a  f i n e   b o r o n   n i -  

t r i d e   p o w d e r   ( t y p i c a l l y   a  p r o d u c t   of  D e n k i   K a g a k u   K o g y o  

K . K . ,   J a p a n )   was  m i x e d   and  k n e a d e d   w i t h   t h e   r e s p e c t i v e  

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

"HIZEX"  1300  J ,   a  p r o d u c t   of  M i t s u i   P e t r o c h e m i c a l   C o m p a n y ,  

J a p a n )   by  m e a n s   of  a  H e n s c h e l   m i x e r ,   and  t h u s   a  c o r r e s p o n d i n g  

a m o u n t   of  p o l y e t h y l e n e   c h i p s   c o n t a i n i n g   55%  by  w e i g h t   o f  

b o r o n   n i t r i d e   was  o b t a i n e d ,   t h e   m e l t   v i s c o s i t y   a t   250°C  o f  

t h e   c h i p s   o b t a i n e d   b e i n g   2900  p o i s e .  

U s i n g   s a i d   p o l y e t h y l e n e   c h i p s   c o n t a i n i n g   s a i d   b o r o n   n i t r i d e  

as  t h e   c o r e   c o m p o n e n t   and  t h e  

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

b o r o n   n i t r i d e ,   h a v i n g   a  m e l t   v i s c o s i t y   a t   250°C  of   2 0 0 0  

p o i s e ,   as  t h e   s h e a t h   c o m p o n e n t ,   c o r e - a n d - s h e a t h   c o m p o s i t e  

f i b e r s   w e r e   s p u n .   The  s p i n n i n g   o p e r a t i o n   was  s t a b l y   p e r -  

f o r m e d   a t   2 5 0 ° C   and  t h e   t a k e - u p   s p e e d   was  500  m e t e r s   p e r  
m i n u t e .   The  o u t p u t   r a t i o   of  t h e   c o r e   c o m p o n e n t   to   t h e  

s h e a t h   c o m p o n e n t   was  a l m o s t   2,  and   t h e   r e s u l t s   c o n f i r m e d  



t h a t   t h e   spun   y a r n   t h u s   o b t a i n e d   had   e v e n l y   c o n c e n t r i c  

c o r e - a n d - s h e a t h   c o m p o s i t e   f i b e r s .  

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

of   4 . 5   on  a  p l a t e   h e a t e d   to   9 5 ° C ,   v e r y   s a t i s f a c t o r y   c o n -  

t i n u o u s   f i l a m e n t s   h a v i n g   a  t e n s i l e   s t r e n g t h   of  3 .0   g  

p e r   d e n i e r   and  an  e l o n g a t i o n   of  32%  w e r e   o b t a i n e d .  

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

h a v i n g   a  t h i c k n e s s   of  0 . 5 0   mm  and   an  a r e a   d e n s i t y   of  250  g  

p e r   s q u a r e   m e t e r .   U s i n g   t h e   same  e q u i p m e n t   and  m e t h o d s   a s  

in   E x a m p l e   1,  t h e   t h e r m a l   n e u t r o n - s h i e l d i n g   p r o p e r t i e s   o f  

t h e   t a f f e t a   o b t a i n e d   w e r e   t e s t e d .   When  10  p i e c e s   of  s a i d  

t a f f e t a   w e r e   p i l e d   up  to   f o r m   a  l a y e r   w i t h   a  t o t a l   t h i c k -  

n e s s   of  5  mm,  t h e   a m o u n t   of  t h e r m a l   n e u t r o n s   a c t u a l l y  

p e n e t r a t i n g   was  d e t e r m i n e d   as  b e i n g   2 . 0   x  1 0  - 2  



1.  N e u t r o n - s h i e l d i n g   c o m p o s i t e   f i b e r   c o n t a i n i n g   n e u t r o n -  

a b s o r b i n g   p a r t i c l e s   of  a b o u t   25  µm  maximum  in  d i a m e t e r ,  

c  h  a  r  a  c  t  e  r   i  z  e  d   i n  t h a t  

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

s t r u c t u r e ,   c o m p r i s i n g  

-  a  f i b e r - f o r m i n g   p o l y m e r   (A)  as   t h e   c o r e   c o m p o n e n t ,   w h i c h  

c o n t a i n s   a t   l e a s t   5%  by  w e i g h t   of   s a i d   p a r t i c l e s   of  a t  

l e a s t   one   n e u t r o n - a b s o r b i n g   c o m p o u n d ,   a n d  

-  a t   l e a s t   one   k i n d   of  a  f i b e r - f o r m i n g   p o l y m e r   (B)  as   t h e  

s h e a t h   c o m p o n e n t .  

2.  C o m p o s i t e   f i b e r   a c c o r d i n g   to   c l a i m   1  ,  c  h  a  r  a  c  -  

t  e  r  i  z  e  d   in   t h a t   s a i d   p a r t i c l e s   c o n s i s t   of  c o m p o u n d s  

c o n t a i n i n g   t h e   i s o t o p e s   6Li  a n d / o r   10B  as  e s s e n t i a l  

c o m p o n e n t s .  

3.  C o m p o s i t e   f i b e r   a c c o r d i n g   to   c l a i m   1  or   2,  c  h  a  -  

r  a  c  t   e  r  i  z  e  d   in  t h a t   t h e   f i b e r - f o r m i n g   p o l y m e r s  

.(A)  and  (B)  c o n s i s t   of  e i t h e r   p o l y e t h y l e n e   or   c o p o l y m e r s   o f  

p o l y e t h y l e n e   as  the  e s s e n t i a l   c o n s t i t u e n t s .  

4.  C o m p o s i t e   f i b e r   a c c o r d i n g   to   any  of  c l a i m s 1   1  t o   3 ,  

c  h  a  r  a  c  t   e  r  i  z  e  d   in   t h a t   t h e   r a t i o   (by  v o l u m e  -  

c u b i c   r a t i o )   of  t h e   c o r e   c o m p o n e n t   to   t h e   s h e a t h   c o m p o n e n t  

i s   in  t h e   r a n g e   f rom  0 .5   to   1 0 .  

5.  C o m p o s i t e   f i b e r   a c c o r d i n g   to   any  of  c l a i m s 1   to   4 ,  

c  h  a  r  a  c  t   e  r  i  z  e  d   in  t h a t   s a i d   p a r t i c l e s   h a v e  

a  d i a m e t e r   of   15  µm  maximum  or  l e s s .  

6.  C o m p o s i t e   f i b e r   a c c o r d i n g   to   any  of  c l a i m s 1   to   5 ,  

c  h  a  r  a  c  t   e  r  i  z  e  d   in  t h a t   t h e   c o r e   c o m p o n e n t   c o n -  

t a i n s   b e t w e e n   10  to   60%  by  w e i g h t   of  s a i d   n e u t r o n   a b s o r b i n g  

c o m p o u n d .  



7.  A  c o m p o s i t e   f i b e r   a c c o r d i n g   to   any  of  c l a i m s   1  to   6 ,  

c h a r a c t e r i z e d   in   t h a t   s a i d   p o l y m e r   (A)  and   s a i d   p o l y m e r  

(B)  a r e   s e l e c t e d   f r o m   a  g r o u p   of   f i b e r - f o r m i n g   p o l y m e r s  

c o m p r i s i n g   h i g h - d e n s i t y   or   m i d d l e - d e n s i t y   p o l y e t h y l e n e  

or   a  p o l y e t h y l e n e   c o p o l y m e r   c o n t a i n i n g   up  t o   10  mol  % 

of  v i n y l   a c e t a t e ,   p r o p y l e n e ,   1 - b u t e n e ,   1 - h e x a n e   o r  

N - v i n y l   c a r b a z o l .  

8.  A  m e t h o d   of  m a n u f a c t u r i n g   t h e   c o m p o s i t e   f i b e r   a c c o r d i n g  

to  any  of   c l a i m s   1  t o   7,  c h a r a c t e r i z e d   i n   t h a t   t h e   f i b e r  

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

w h e r e i n   X  i s   t h e   m e l t   v i s c o s i t y   of  t h e   c o r e - f o r m i n g  

p o l y m e r   (A)  i n c l u d i n g   t h e   n e u t r o n - a b s o r b i n g  

p a r t i c l e s , - a n d  

Y  i s   t h e   m e l t   v i s c o s i t y   of   t h e   s h e a t h - f o r m i n g  

p o l y m e r   ( B ) .  

9.  A  m e t h o d   a c c o r d i n g   to   c l a i m   8,  c h a r a c t e r i z e d   in   t h a t  

t h e   c o r e - f o r m i n g   p o l y m e r   (A)  and  t h e . s h e a t h - f o r m i n g  

p o l y m e r   (B)  e s s e n t i a l l y   c o n s i s t   of  p o l y e t h y l e n e   or   c o -  

p o l y m e r s   of  p o l y e t h y l e n e .  
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