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(§)  Method  of  preparing  a  radioactive  Isotope-containing  liquid,  as  well  as  device  for  generating  said  liquid. 

The  invention  relates  to  a  method  of  preparing  a  radioac- 
tive  isotope-containing  liquid  by  allowing  a  solution  of  a  radio- 
active  parent  isotope  to  pass  through  an  adsorption  agent  in  a 
column,  the  parent  isotope  being  adsorbed  on  the  adsorption 
agent  and  producing  there  a  radioactive  daughter  isotope  by 
decay,  and  by  then  eluting  the  daughter  isotope  from  the  ad- 
sorption  agent  with  an  eluent.  The  elution  is  carried  out  at  ele- 
vated  temperature. 

The  invention  also  relates  to  a  method  of  preparing  a 
gold-195m-containing  liquid  by  elution  of  an  adsorption  agent 
on  which  mercury-195m  is  adsorbed,  which  agent  comprises 
at  least  two  layers  having  different  adsorption  capacities  for 
the  parent  isotope.  The  invention  further  relates  to  a  device  for 
generating  a  radioactive  isotope-containing  liquid,  which  de- 
vice  comprises  a  column  with  an  adsorption  agent,  which  co- 
lumn  is  provided  with  external  heating  means,  to  a  generator 
column  for  said  device,  and  to  a  method  of  preparing  said  gen- 
erator  column. 



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

a  l i q u i d   c o m p r i s i n g   a  r a d i o a c t i v e   i s o t o p e ,   by  a l l o w i n g   a  s o -  

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

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

bed  on  t he   a d s o r p t i o n   a g e n t   and  p r o d u c i n g   t h e r e   a  r a d i o a c t i v e  

d a u g h t e r   i s o t o p e   by  d e c a y ,   and  by  s u b s e q u e n t l y   e l u t i n g   t h e  

d a u g h t e r   i s o t o p e   f rom  t he   a d s o r p t i o n   a g e n t   by  means   of  a n  

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

s a i d   l i q u i d ,   to  a  g e n e r a t o r   c o l u m n   f o r   s a i d   d e v i c e ,   as  w e l l  

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

R a d i o a c t i v e   i s o t o p e s   h a v i n g   a  h a l f   l i f e   up  to  a  

few  d a y s ,   a r e   f r e q u e n t l y   u s e d   in  m e d i c i n e   f o r   d i a g n o s t i c   p u r -  

p o s e s .   One  r a d i o a c t i v e   i s o t o p e   w h i c h   is  f r e q u e n t l y   u s e d   f o r  

d i a g n o s t i c   p u r p o s e s   is  t e c h n e t i u m - 9 9 m .   For  c e r t a i n   a p p l i c a -  

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

t he   c o m p a r a t i v e l y   l o n g   h a l f   l i f e   of  t e c h n e t i u m - 9 9 m ,   n a m e l y  

6  h o u r s ,   is  a  d i s a d v a n t a g e .   As  a  r e s u l t   of  t h i s   t he   r a d i o -  

a c t i v e   m a t e r i a l   r e m a i n s   c i r c u l a t i n g   in  t he   body  f o r   a  l o n g  

p e r i o d   of  t i m e ,   so  t h a t   i m m e d i a t e   r e p e t i t i o n   of  a  c e r t a i n  

d i a g n o s t i c   e x a m i n a t i o n   is  no t   p o s s i b l e .  

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

g o l d - 1 9 5 m ,   has  p r o v e d   to  be  v e r y   s u i t a b l e   f o r   s u c h   a b o v e - m e n -  

t i o n e d   e x a m i n a t i o n s .   G o l d - 1 9 5 m   is   an  i s o t o p e   h a v i n g   a  h a l f  

l i f e   of  3 0 . 6   s e c . , a n d   o n l y   e m i t s   gamma  r a y s ,   and  t h a t   of  a  

s u i t a b l e   e n e r g y ,   n a m e l y   261  keV,  and  in  a  s u f f i c i e n t   q u a n t i t y  

to  e n a b l e   a  good  o b s e r v a t i o n   by  means   of  a p p a r a t u s   s u i t a b l e  

f o r   t h i s   p u r p o s e ,   f o r   e x a m p l e   a  gamma  c a m e r a .  

From  N e t h e r l a n d s   P a t e n t   A p p l i c a t i o n   8 0 0 2 2 3 5   i n  

the   name  of  A p p l i c a n t s   i t   is  known  to  g e n e r a t e   g o l d - 1 9 5 m   i n  

a  s a t i s f a c t o r y   m a n n e r   f rom  the   r a d i o a c t i v e   p a r e n t   i s o t o p e  

m e r c u r y - 1 9 5 m .   T h i s   p r o c e s s   is  p r e f e r a b l y   c a r r i e d   out   in  a  

s o - c a l l e d   r a d i o i s o t o p e   g e n e r a t o r ,   in  t h i s   c a s e   a  Hg/Au  g e n e -  

r a t o r ,   f rom  w h i c h   t h e   u s e r   can  w i t h d r a w   a  q u a n t i t y   of  r a d i o -  

a c t i v e   i s o t o p e - c o n t a i n i n g   l i q u i d   at   any  d e s i r e d   m o m e n t .   S u c h  

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

due  to  t he   f a s t   d e c a y   of  t he   c o m p a r a t i v e l y   s h o r t - l i v i n g   i s o -  

t o p e .  



A  r a d i o i s o t o p e   g e n e r a t o r   as  m e n t i o n e d   above   c o m p r i s e s   a  

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

i s o t o p e .   The  g e n e r a t o r   is  l o a d e d   w i t h   t he   p a r e n t   i s o t o p e  

by  a l l o w i n g   a  s o l u t i o n   of  t he   p a r e n t   i s o t o p e   to  p a s s   t h r o u g h  

t he   a d s o r p t i o n   a g e n t   in  t he   c o l u m n .   The  a d s o r b e d   p a r e n t   i s o -  

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

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

w h i c h   d e p e n d s   on  the   h a l f   l i f e   of  t he   i s o t o p e .   The  u s e r   c a n  

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

f rom  t he   g e n e r a t o r   at   any  d e s i r e d   i n s t a n t   d u r i n g   t h i s   p e r i o d  

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

wed  to  p a s s   t h r o u g h   t he   c o l u m n ,   in  w h i c h   the   f o r m e d   d a u g h t e r  

i s o t o p e   d i s s o l v e s   in  t he   e l u e n t   and  can  be  c o l l e c t e d ,   b u t  

t he   p a r e n t   i s o t o p e   r e m a i n s   in  t he   c o l u m n   e n t i r e l y   or  s u b s t a n -  

t i a l l y   e n t i r e l y .   A  l a r g e   number   of  a d s o r p t i o n   a g e n t s   a n d  

e l u e n t s   have   p r o v e d   s u i t a b l e   f o r   p r e p a r i n g   a  g o l d - 1 9 5 m - c o n -  

t a i n i n g   l i q u i d   f rom  t he   p a r e n t   i s o t o p e   m e r c u r y - 1 9 5 m .  

As  is   a l s o   s t a t e d   in  t h e   a b o v e - m e n t i o n e d   N e t h e r l a n d s   P a t e n t  

A p p l i c a t i o n ,   t he   a d s o r p t i o n   a g e n t   in  t he   c o l u m n   may  be  l o a d e d  

at  w i l l   w i t h   an  a c t i v i t y   of  m e r c u r y - 1 9 5 m   v a r y i n g   b e t w e e n ,  

f o r   e x a m p l e ,   a p p r o x i m a t e l y   3  and  80  mCi.  As  a p p e a r s   f r o m  

E x a m p l e   X  of  t h e   same  P a t e n t   A p p l i c a t i o n ,   t he   d e g r e e   of  l o a -  

d i n g   is  of  i n f l u e n c e   on  t he   e l u t i o n   e f f i c i e n c y .   In  t he   c a s e  

of  a  l o w e r   l o a d i n g ,   an  e l u t i o n   e f f i c i e n c y   of  a p p r o x i m a t e l y  

70%  c o u l d   be  r e a c h e d ,   w h i l e   w i t h   a  l o a d i n g   w i t h   83  mCi  o f  

p a r e n t   i s o t o p e   t he   e l u t i o n   e f f i c i e n c y   was  at   most   o n l y   53%.  

In  p r a c t i c e ,   i . e .   in  p e r f o r m i n g   a-n  e x p e r i m e n t   i n  

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

b e i n g ,   a  l o a d i n g   w i t h   83  mCi  of  m e r c u r y - 1 9 5 m   as  a  p a r e n t   i s o -  

t o p e   i s ,   h o w e v e r ,   o f t e n   i n s u f f i c i e n t .   For  one  s i n g l e   e x p e r i -  

m e n t ,   an  i n j e c t i o n ,   in  p r a c t i c e ,   w i t h   2 0 - 4 0   mCi  of  g o l d - 1 9 5 m  

wou ld   be  d e s i r e d .   A c c o r d i n g   to  t he   known  d e c a y   p a r a m e t e r s ,  

one  m i l l i c u r i e   of  m e r c u r y - 1 9 5 m ,   a d s o r b e d   on  an  a d s o r p t i o n  

a g e n t   in  t he   g e n e r a t o r   c o l u m n ,   y i e l d s   0 . 4 5 8   mCi  of  g o l d - 1 9 5 m  

in  t he   e q u i l i b r i u m   c o n d i t i o n .   T h i s   w o u l d   mean  t h a t   when  t h e  

g e n e r a t o r   is  u s e d   i t   wou ld   have   to  c o n t a i n   at   l e a s t   4 5 - 9 0  

mCi  of  m e r c u r y - 1 9 5 m   in  t he   a d s o r b e d   c o n d i t i o n   in  o r d e r   to  b e  

a b l e   to  s u p p l y   a  s u f f i c i e n t   a c t i v i t y   of  g o l d - 1 9 5 m   upon  e l u t i o n .  



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

d i a g n o s t i c   e x a m i n a t i o n   is   c a r r i e d   o u t ,   is  f a r   r e m o t e   f r o m  

the   p l a c e   w h e r e   t he   g e n e r a t o r   is  p r o d u c e d ,   d u r i n g   the   p r o d u c -  

t i o n   t he   g e n e r a t o r   must   be  l o a d e d   w i t h   a  c o n s i d e r a b l y   h i g h e r  

a c t i v i t y   of  m e r c u r y - 1 9 5 m   t h a n   is   n e c e s s a r y   f o r   u s e .   T h i s   i s  

b e c a u s e   t he   p a r e n t   i s o t o p e   m e r c u r y - 1 9 5 m   has  a  h a l f   l i f e   o n l y  

of  a p p r o x i m a t e l y   40  h o u r s .   When  a p p r o x i m a t e l y   40  h o u r s   a r e  

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

t i o n   to  t he   c l i n i c   ( i n c l u d i n g   p a c k a g i n g ,   m a k i n g   r e a d y   f o r  

s h i p m e n t ,   r e c e i p t ,   e t c . ) ,   t he   l o a d i n g   w i t h   m e r c u r y - 1 9 5 m   m u s t  

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

v i t y   r e m a i n s   when  the   g e n e r a t o r   is   u s e d .   In  a d d i t i o n ,   t h e  

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

t o r s   n e v e r   is  100%.  As  a l r e a d y   s t a t e d   h e r e i n b e f o r e ,   an  e l u -  

t i o n   of  a p p r o x i m a t e l y   50%  c o u l d   be  r e a c h e d   in  a  Hg/Au  g e n e -  

r a t o r   w i t h   a  r a t h e r   h i g h   l o a d i n g ,   n a m e l y   83  mCi  of  m e r c u r y -  

- 1 9 5 m .   T h i s   means   t h a t   t he   l o a d i n g   w o u l d   have   to  be  a n o t h e r  

two  t i m e s   as  h i g h   in  o r d e r   t o  b e   a b l e   to  w i t h d r a w   s u f f i c i e n t  

a c t i v i t y ' o f   g o l d - 1 9 5 m   f rom  the   g e n e r a t o r   d u r i n g   u s e .  

Then  t h e r e   is   a  t h i r d   f a c t o r   w h i c h   c o n t r i b u t e s  

to  a  n e c e s s a r y   i n c r e a s e   of  t he   d e g r e e   of  l o a d i n g   t h e   g e n e r a -  
t o r .   In  p r a c t i c e ,   t he   p a r e n t   i s o t o p e   m e r c u r y - 1 9 5 m   is   a l w a y s  

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

195  h a v i n g   a  h a l f   l i f e   of  9 .9   h o u r s .   Upon  d e c a y ,   s a i d   m e r c u r y  

i s o t o p e   d o e s   no t   p r o d u c e   t h e   d e s i r e d   g o l d - 1 9 5 m   i s o t o p e   a n d  

c o n s e q u e n t l y   does   no t   c o n t r i b u t e   to  t he   n e c e s s a r y   a c t i v i t y  

of  g o l d - 1 9 5 m .   T h i s   u n d e s i r e d   m e r c u r y   i s o t o p e - i s   f o r m e d   a s  

a  b y - p r o d u c t   in  t he   p r e p a r a t i o n   of  t he   p a r e n t   i s o t o p e   m e r c u r y  

-195m  by  r a d i a t i o n   of  a  g o l d   " t a r g e t "   in  a  c y c l o t r o n .  

A l l   t h e s e   f a c t o r s   l e a d   to  t he   f a c t   t h a t   in  t h e  

p r o d u c t i o n   of  a  Hg/Au  g e n e r a t o r   i t   is  of  g r e a t   i m p o r t a n c e  

to  l o a d   t he   g e n e r a t o r   w i t h   at   l e a s t   200  mCi,  p r e f e r a b l y   w i t h  

4 0 0 - 1 , 0 0 0   mCi,  of  " c o n t a m i n a t e d "   m e r c u r y - 1 9 5 m ,   so  t h a t   t he   u s e r  

can  w i t h d r a w   f rom  i t   an  a c t i v i t y   of  g o l d - 1 9 5 m   w h i c h   is  s u f -  

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

I t   has  been   f o u n d ,   h o w e v e r ,   t h a t   t he   e f f i c i e n c y   of  t he   g e n e -  

r a t o r ,   i . e .   t he   e l u t i o n   e f f i c i e n c y ,   o n l y   d e c r e a s e s   when  t h e  

l o a d i n g   i n c r e a s e s .   I t   is   h e n c e   of  g r e a t   i m p o r t a n c e   to  i m p r o v e  



t he   e f f i c i e n c y   of  t he   g e n e r a t o r   so  t h a t   a l s o   in  t he   c a s e   o f  

h i g h e r   l o a d i n g   of  the   g e n e r a t o r   c o l u m n   an  e l u t i o n   y i e l d   w h i c h  

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

A l t h o u g h   t he   a b o v e   a p p l i e s   in  p a r t i c u l a r   to  a  Hg/Au  g e n e r a t o r ,  

an  i m p r o v e m e n t   of  t he   e l u t i o n   y i e l d   is  a l s o   of  u t m o s t   i m p o r -  

t a n c e   in  o t h e r   g e n e r a t o r s   w h e r e   t he   same  or  s i m i l a r   p r o b l e m s  

may  o c c u r .  

I t   has  s u r p r i s i n g l y   been   f o u n d   t h a t   t he   e l u t i o n  

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

e l u t i o n   a t   e l e v a t e d   t e m p e r a t u r e .   As  w i l l   become  a p p a r e n t   f r o m  

t h e   E x a m p l e s ,   by  d o i n g   t h i s   t he   e l u t i o n   y i e l d   c o u l d   be  i n -  

c r e a s e d   by  a p p r o x i m a t e l y   70%.  

A  s u i t a b l e   t e m p e r a t u r e   at  w h i c h   t he   e l u t i o n   can  be  c a r r i e d  

out   a c c o r d i n g   to  the   i n v e n t i o n   is   30  to  100°C;   t he   b e s t   r e -  

s u l t s   a r e   a c h i e v e d   at   t e m p e r a t u r e s   b e t w e e n   60  and  8 0  C .   I n  

a  Hg/Au  g e n e r a t o r   w i t h   a  l o a d i n g   of  m e r c u r y - 1 9 5 m   of  200  mCi 

t h e   e l u t i o n   e f f i c i e n c y   was  f o u n d   to  i m p r o v e   f rom  a p p r o x i m a -  

t e l y   38%  to  a p p r o x i m a t e l y   50%  when  t he   e l u t i o n   was  c a r r i e d  

out   at  t e m p e r a t u r e s   b e t w e e n   60  and  80  C  i n s t e a d   of  at  r o o m  

t e m p e r a t u r e .  

In  t h i s   e l u t i o n   at  e l e v a t e d   t e m p e r a t u r e s   no  d i s a d v a n t a g e s  

have   been   f o u n d .   With   a  s u i t a b l e   c h o i c e   of  a d s o r p t i o n   a g e n t  

and  e l u e n t ,   t he   g o l d - 1 9 5 m - c o n t a i n i n g   e l u a t e   was  s u b s t a n t i a l l y  

f r e e   f rom  p a r e n t   i s o t o p e ,   b o t h   a f t e r   t he   u s u a l   e l u t i o n   a t  

room  t e m p e r a t u r e   and  a f t e r   e l u t i o n   at  e l e v a t e d   t e m p e r a t u r e .  

Hence   t he   q u a l i t y   of  t he   e l u a t e   was  no t   a d v e r s e l y   i n f l u e n c e d  

by  c a r r y i n g   out   t he   e l u t i o n   at  e l e v a t e d   t e m p e r a t u r e .   On  t h e  

c o n t r a r y ,   t he   y i e l d   of  g o l d - 1 9 5 m   was  c o n s i d e r a b l y   i m p r o v e d ,  

w h e r e a s   t he   " c o n t a m i n a t i o n "   of  p a r e n t   i s o t o p e   m e r c u r y - 1 9 5 m  

in  t he   e l u a t e   d id   no t   i n c r e a s e   n o t i c e a b l y .  

The  e l u t i o n   at   e l e v a t e d   t e m p e r a t u r e   can  be  c a r -  

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

i s o t o p e   is  p r e s e n t ,   d u r i n g   the   e l u t i o n .   D u r i n g   the   e l u t i o n ,  

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

may  be  k e p t   at   e l e v a t e d   t e m p e r a t u r e .   The  m e t h o d   a c c o r d i n g   t o  

the   i n v e n t i o n   may  in  p r i n c i p l e   be  u sed   to  i m p r o v e   the   e l u t i o n  

e f f i c i e n c y   d u r i n g   the   p r e p a r a t i o n   of  v a r i o u s   r a d i o a c t i v e  

i s o t o p e s - c o n t a i n i n g   l i q u i d s ,   but   i t   is  s u i t a b l e   in  p a r t i c u l a r  



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

a  g o l d - 1 9 5 m - c o n t a i h i n g   l i q u i d   by  e l u t i o n   of  an  a d s o r p t i o n  

a g e n t   on  w h i c h   m e r c u r y - 1 9 5 m   is   a d s o r b e d .   M o r e o v e r ,   t h e   g o l d -  

-195m  i s o t o p e   p r e s e n t s   e x c e l l e n t   p e r s p e c t i v e s   f o r   r a d i o - d i a g -  

n o s t i c   a p p l i c a t i o n ,   in  p a r t i c u l a r   due  to  t he   f a v o u r a b l e   r a -  

d i a t i o n   c h a r a c t e r i s t i c s   and  t he   s i m p l e   m e t h o d   of  p r e p a r a t i o n  

w h i c h   has   become  known  f rom  t h e   a b o v e - m e n t i o n e d   N e t h e r l a n d s  

P a t e n t   A p p l i c a t i o n   8 0 0 2 2 3 5 .  

As  a n o t h e r   a s p e c t   of  t he   i n v e n t i o n   i t   has   b e e n  

f o u n d   t h a t   t he   e l u t i o n   e f f i c i e n c y   in  p r e p a r i n g   a  g o l d - 1 9 5 m -  

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

a d s o r p t i o n   a g e n t   f o r   t he   p a r e n t   i s o t o p e   m e r c u r y - 1 9 5 m   w h i c h  

c o m p r i s e s   at   l e a s t   two  l a y e r s   of  d i f f e r e n t   a d s o r p t i o n   c a p a -  

c i t i e s   f o r   t he   p a r e n t   i s o t o p e   a n d ,   upon  l o a d i n g ,   l e a d i n g   t h e  

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

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

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

the   e l u t i o n   e f f i c i e n c y   can  a g a i n   be  i m p r o v e d   f u r t h e r   by  a p p r o x -  

i m a t e l y   10%  as  w i l l   become  a p p a r e n t   f rom  t he   E x a m p l e s .  

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

w i l l   p r e f e r a b l y   c o m p r i s e   no t   more  t h a n   a p p r o x i m a t e l y   4  l a y e r s  

of  d i f f e r e n t   a d s o r p t i o n   c a p a c i t i e s   f o r   t he   p a r e n t   i s o t o p e ,  

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

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

v e r y   t h i n   l a y e r s ,   can  a l s o   be  r e a d i l y   r e a l i z e d .  

The  use   of  a  g r a d i e n t - p a c k e d   c o l u m n   in  p r e p a r i n g   a  g o l d -  

- 1 9 5 m - c o n t a i n i n g   l i q u i d   can  g i v e   a  c o n s i d e r a b l e   i m p r o v e m e n t  

of  the   e l u t i o n   e f f i c i e n c y   a l s o   w i t h o u t   e l u t i o n   a t   e l e v a t e d  

t e m p e r a t u r e   as  w i l l   become  a p p a r e n t   f rom  t he   E x a m p l e s .   A  c o m -  

b i n a t i o n   of  g r a d i e n t - p a c k e d   c o l u m n   and  e l u t i o n   at   e l e v a t e d  

t e m p e r a t u r e ,   h o w e v e r ,   g i v e s   t he   b e s t   r e s u l t s .  

A c c o r d i n g   to  t he   a b o v e - m e n t i o n e d   N e t h e r l a n d s  

P a t e n t   A p p l i c a t i o n   8 0 0 2 2 3 5 ,   t he   e l u t i o n   e f f i c i e n c y   of  a  g o l d -  

- 1 9 5 m - c o n t a i n i n g   g e n e r a t o r   can  be  i m p r o v e d   by  a d d i n g   a  s m a l l  

q u a n t i t y   of  s o d i u m   n i t r a t e .   Such  an  a d d i t i o n   is  no  d o u b t   a n  

a d v a n t a g e   in  g e n e r a t o r s   h a v i n g   a  s m a l l e r   l o a d i n g ,   f o r   e x a m p l e ,  

up  to  a p p r o x i m a t e l y   160  mCi.  In  g e n e r a t o r s   h a v i n g   a  l o a d i n g  

of  at   l e a s t   200  mCi,  an  a d d i t i o n   of  s o d i u m   n i t r a t e   is   s u r e l y  



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

e l u t i o n   e f f i c i e n c y .  

A  s u i t a b l e   a d s o r p t i o n   a g e n t   f o r   t he   p a r e n t   i s o -  

t o p e   m e r c u r y - 1 9 5 m   is  a  z i n c   s u l p h i d e - c o n t a i n i n g   a d s o r p t i o n  

a g e n t   on  the   b a s i s   of  s i l i c a   g e l ,   a l u m i n i u m   o x i d e ,   n a t u r a l  

or  s y n t h e t i c   a l u m i n i u m   s i l i c a t e ,   a c t i v e   c a r b o n   or  g l a s s .   As 

a  m a t c h i n g   e l u e n t   f o r   t he   d a u g h t e r   i s o t o p e   g o l d - 1 9 5 m   may 

s u c c e s s f u l l y   be  u s e d   an  a q u e o u s   s o l u t i o n   of  t h i o s u l p h a t e .   I n  

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

t i o n   may  be  u s e d   w i t h   an  a d s o r p t i o n   a g e n t   c o m p r i s i n g   at  l e a s t  

two  l a y e r s   of  d i f f e r e n t   c o n t e n t s   of  z i n c   s u l p h i d e .   P a r t i c u -  

l a r l y   f a v o u r a b l e   r e s u l t s   can  be  a c h i e v e d   w i t h   an  a d s o r p t i o n  

a g e n t   c o m p r i s i n g   at   l e a s t   two  l a y e r s   h a v i n g   c o n t e n t s   of  z i n c  

s u l p h i d e   i n c r e a s i n g   f rom  a p p r o x i m a t e l y   0 .5  to  a p p r o x i m a t e l y  

20  mg  of  z i n c   s u l p h i d e   per   g  of  a d s o r p t i o n   a g e n t ,   p r e f e r a b l y ,  

as  w i l l   become  a p p a r e n t   f rom  t he   E x a m p l e s ,   3  or  4  l a y e r s  

h a v i n g   c o n t e n t s   of  z i n c   s u l p h i d e   of  a p p r o x i m a t e l y   2,  3  or  6 

mg,  r e s p e c t i v e l y ,   or  a p p r o x i m a t e l y   1,  2,  3  and  6  mg,  r e s p e c -  

t i v e l y ,   of   z i n c   s u l p h i d e   per   g  of  a d s o r p t i o n   a g e n t .  

A  r a d i o d i a g n o s t i c   e x a m i n a t i o n   in  a  l i v i n g   b e i n g ,  

in  p a r t i c u l a r   in  a  human  b e i n g ,   can  be  c a r r i e d   out   by  m e a n s  

of  the   l i q u i d   w h i c h   c o n t a i n s   a  r a d i o a c t i v e   i s o t o p e   and  w h i c h  

has  been   o b t a i n e d   as  d e s c r i b e d   a b o v e .   T h i s   e x a m i n a t i o n   may 

be  c a r r i e d   ou t   as  d e s c r i b e d ,   f o r   e x a m p l e ,   in  t he   a b o v e - m e n -  

t i o n e d   N e t h e r l a n d s   P a t e n t   A p p l i c a t i o n   8 0 0 2 2 3 5 ,   by  a d m i n i s t e -  

r i n g   t he   l i q u i d   to  t he   l i v i n g   b e i n g ,   p r e f e r a b l y   d i r e c t l y   i n  

t he   b l o o d   c i r c u l a t i o n   of  t he   b e i n g ,   and  t h e n   r e c o r d i n g   t h e  

r a d i o a c t i v i t y   e m i t t e d   by  t he   b e i n g .  

As  d e s c r i b e d   in  t he   p r e a m b l e ,   t he   i n v e n t i o n   a l s o  

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

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

an  i n l e t   a p e r t u r e   and  an  o u t l e t   a p e r t u r e ,   w h i c h   c o l u m n   c o m -  

p r i s e s   an  a d s o r p t i o n   a g e n t   h a v i n g   a  r a d i o a c t i v e   p a r e n t   i s o -  

t o p e   a d s o r b e d   h e r e o n ,   and  a  r e s e r v o i r   f o r   t he   e l u e n t   c o n n e c -  

t e d   to  t h e . i n l e t   a p e r t u r e .   The  d e v i c e   a c c o r d i n g   to  t he   i n v e n -  

t i o n   is  s u i t a b l e   f o r   p e r f o r m i n g   in  i t   an  e l u t i o n   at  e l e v a t e d  

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

a d s o r p t i o n   a g e n t ,   or  b o t h   t he   r e s e r v o i r   f o r   t he   e l u e n t   a n d  



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

n a l l y   w i t h   h e a t i n g   m e a n s ,   or  i s / a r e   p l a c e d   in  a  room  h a v i n g  

h e a t i n g   m e a n s .   For  t he   f o r m e r   m e t h o d   of  h e a t i n g   a r e   c o n s i -  

d e r e d   t he   f o l l o w i n g   h e a t i n g   m e a n s :   j a c k e t s   in  w h i c h   a  h e a t -  

a b l e   l i q u i d   may  be  p r e s e n t   or  t h r o u g h   w h i c h   a  h e a t a b l e   l i q u i d  

can  be  p a s s e d ,   e l e c t r i c   h e a t i n g   j a c k e t s   or  h e a t i n g   c o i l s ,  

a n d / o r   one  or  more  l a y e r s   of  a  s e m i c o n d u c t i n g   m a t e r i a l  

to  be  c o n n e c t e d   to  a  v o l t a g e   s o u r c e ;   h e a t i n g   c o i l s ,   i m m e r -  

s i o n   h e a t e r s   a n d / o r   h e a t i n g   p l a t e s   a r e   p r e f e r r e d   f o r   t h e  

l a t t e r   m e t h o d   of  h e a t i n g .   The  a b o v e   p r o v i s i o n   in  w h i c h   t h e  

c o l u m n   or  t h e   c o l u m n   and  the   e l u e n t   r e s e r v o i r   is  or  a r e  

h e a t e d   by  means   of  a  l a y e r   of  a  s u i t a b l e   s e m i c o n d u c t o r   is   t o  

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

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

t e m p e r a t u r e   r e g u l a t i o n   and  t e m p e r a t u r e   c o n t r o l .  

An  i n s u l a t i o n   j a c k e t   or  i n s u l a t i o n   j a c k e t s   a r o u n d   t he   l a y e r  

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

d e s i r e d .   An  e f f i c a c i o u s   h e a t i n g   can   a l r e a d y   be  a c h i e v e d   b y  

s i m p l y   p r o v i d i n g   t he   c o l u m n   w i t h   a d s o r p t i o n   a g e n t   e x t e r n a l l y  

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

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

c o l u m n   c o m p r i s e s   b e t w e e n   t he   i n l e t   a p e r t u r e   and  t he   a d s o r p -  

t i o n   a g e n t   an  " e m p t y "   s p a c e ,   i . e .   a  s p a c e   w h i c h   is  no t   f i l l e d  

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

of  e l u e n t   f o r   at  l e a s t   one  e l u t i o n .   When  s a i d   c o l u m n ,   i n c l u -  

s i v e   of  t he   s a i d   " e m p t y "   s p a c e ,   is   p r o v i d e d   w i t h   e x t e r n a l  

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

r i a l ,   no t   o n l y   t he   c o n t e n t s   of  t he   c o l u m n   but   a l s o   t he   q u a n -  

t i t y   of  e l u e n t   n e c e s s a r y   f o r   one  e l u t i o n   is  h e a t e d   d u r i n g  

t he   e l u t i o n   to  t h e   d e s i r e d   t e m p e r a t u r e .   In  a n o t h e r   a l s o   f a -  

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

s u r r o u n d e d   e n t i r e l y   or  p a r t l y   by  a  j a c k e t   h a v i n g   i n l e t   a n d  

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

l e t   a p e r t u r e   of  t he   j a c k e t   b e i n g   c o n n e c t e d   w i t h   t he   i n l e t  

a p e r t u r e   of  t h e   c o l u m n .   In  t h i s   l a t t e r   e m b o d i m e n t   t he   j a c k e t  

has  e x t e r n a l   h e a t i n g   m e a n s ,   p r e f e r a b l y   a  l a y e r   of  a  s e m i c o n -  

d u c t i n g   m a t e r i a l ,   by  w h i c h   the   e l u e n t   f l o w i n g   t h r o u g h   t h e  

j a c k e t   d u r i n g   t he   e l u t i o n   is  h e a t e d   to  t he   d e s i r e d   t e m p e r a t u r e .  



The  h e a t e d   e l u e n t   in  t u r n   h e a t s   t he   c o n t e n t s   of  t he   c o l u m n  

to  the   e l e v a t e d   t e m p e r a t u r e   d e s i r e d   f o r   t he   e l u t i o n .  

A  l a r g e   number   of  d i f f e r e n t   known  s e m i c o n d u c t i n g   m a t e r i a l s  

is   s u i t a b l e   to  s e r v e   as  a  h e a t i n g   l a y e r .   The  s e m i c o n d u c t o r  

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

s u b s t a n t i a l l y   e n t i r e l y   of  s t a n n i c   o x i d e   or  i n d i u m   t r i o x i d e  

to  w h i c h   a  s m a l l  q u a n t i t y   of  a n t i m o n y   t r i o x i d e   has   been   a d d e d .  

A l so   o f t e n   a  d i f f e r e n t   h e a t i n g   f a c i l i t y   is   p r e -  

f e r r e d ,   n a m e l y   a  h e a t i n g   p l a t e ,   w h i c h   can  be  f i t t e d   v e r y  

s i m p l y .   Such  a  h e a t i n g   p l a t e   is  e s p e c i a l l y   s u i t e d   f o r   h e a -  

t i n g   the   a i r   in  a  room  w h e r e i n   the   c o l u m n   is  p l a c e ,   f o r  

e x a m p l e   a  l e a d   s h i e l d i n g   v e s s e l   c l o s e d   by  a  l e a d   c o v e r .   I f  

an  i m p r o v e d   t e m p e r a t u r e   c o n t r o l   is  d e s i r e d ,   i t   is  r e c o m m e n d e d  

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

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

A c c o r d i n g   to  a n o t h e r   a s p e c t   of  t he   i n v e n t i o n ,  

the   d e v i c e   f o r   g e n e r a t i n g   a  g o l d - 1 9 5 m - c o n t a i n i n g   l i q u i d   c o m -  

p r i s e s   a  g r a d i e n t - p a c k e d   c o l u m n ,   i . e .   t h a t   an  a d s o r p t i o n  

a g e n t   w i t h   p a r e n t   i s o t o p e   m e r c u r y - 1 9 5 m   a d s o r b e d   h e r e o n   i s  

p r e s e n t   in  t he   c o l u m n   and  c o m p r i s e s   at   l e a s t   two  l a y e r s   o f  

d i f f e r e n t   a d s o r p t i o n   c a p a c i t i e s   f o r   the   p a r e n t   i s o t o p e ,   t h e  

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

in  a  s e q u e n c e   of  i n c r e a s i n g   a d s o r p t i o n   c a p a c i t i e s .   T h i s   d e -  

v i c e   c o m p r i s i n g   a  g r a d i e n t - p a c k e d   c o l u m n   may  be  c o n s t r u c t e d ,  

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

r e s e r v o i r   and  c o l u m n ,   as  d e s c r i b e d   h e r e i n b e f o r e .  

In  a  v e r y   s u i t a b l e   e m b o d i m e n t   t he   c o l u m n   c o m p r i s e s   a  z i n c  

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

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

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

l e a s t   two  l a y e r s   h a v i n g   d i f f e r e n t   c o n t e n t s   of  z i n c   s u l p h i d e ,  

p r e f e r a b l y   i n c r e a s i n g   f rom  a p p r o x i m a t e l y   0 .5  to   a p p r o x i m a t e l y  

20  mg  of  z i n c   s u l p h i d e   per   gram  of  a d s o r p t i o n   a g e n t .  

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

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

c o n s i s t s   of  an  e n t i r e l y   or  s u b s t a n t i a l l y   c y l i n d r i c a l   b o d y  

w h i c h   is  open  at   e a c h   end  and  whose   a p e r t u r e s   a re   c l o s e d   b y  

means   of  r u b b e r   s t o p p e r s   w h i c h   c o m p r i s e   or  may  be  p r o v i d e d  



w i t h   c o n n e c t i o n   means   f rom  the   i n t e r i o r   of  t he   body  to  a  

r e s e r v o i r   f o r   t he   e l u e n t   and  to  a  r e c e p t a c l e   f o r   t he   r a d i o -  

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

s a i d   s t o p p e r s   b e i n g   c o n n e c t e d   in  or  on  the   open  e n d s   of  t h e  

body  so  as  to  s e a l   c i r c u m f e r e n t i a l l y ,   in  w h i c h   body  an  a d s o r p -  

t i o n   a g e n t   f o r   t he   p a r e n t   i s o t o p e   is  or  can  be  e n c l o s e d   b e -  

t w e e n   f i l t e r s   w h i c h   a r e   p r e s e n t   i n s i d e   t he   body  on  t he   u p p e r  

s i d e   and  t he   l o w e r   s i d e ,   r e s p e c t i v e l y ,   of  t he   a d s o r p t i o n  

a g e n t .   Such  a  c o l u m n ,   as  d e s c r i b e d ,   f o r   e x a m p l e ,   in  E x a m p l e  

X  of  t he   a b o v e - m e n t i o n e d   N e t h e r l a n d s   P a t e n t   A p p l i c a t i o n  

8 0 0 2 2 3 5 ,   c o n s i s t s   p r e f e r a b l y   of  a  g l a s s   t u b e   w h i c h   at   e a c h  

end  is  w i d e n e d   and  p r o v i d e d   w i t h   f l a n g e d   p a r t s ,   in  w h i c h   t u b e  

the   a d s o r p t i o n   a g e n t   is  e n c l o s e d   b e t w e e n   f i l t e r s   of  s i n t e r e d  

g l a s s   and  p o r o u s   p l a s t i c .   The  c o l u m n   a c c o r d i n g   to  t h e   i n v e n -  

t i o n   is   c h a r a c t e r i z e d   in  t h a t   t he   e n t i r e l y   or  s u b s t a n t i a l l y  

c y l i n d r i c a l   body  has  e x t e r n a l   h e a t i n g   means   as  d e s d r i b e d  

h e r e i n b e f o r e .   A c c o r d i n g   to  a n o t h e r   a s p e c t   of  t he   i n v e n t i o n  

t h e   g e n e r a t o r   c o l u m n   f o r   a  d e v i c e   f o r   g e n e r a t i n g   a  g o l d - 1 9 5 m -  

- c o n t a i n - i n g   l i q u i d   is  c h a r a c t e r i z e d   in  t h a t   an  a d s o r p t i o n  

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

t i o n   c a p a c i t i e s   f o r   t he   p a r e n t   i s o t o p e   m e r c u r y - 1 9 5 m   is   p r e -  

s e n t   in  t he   e n t i r e l y   or  s u b s t a n t i a l l y   c y l i n d r i c a l   b o d y ,   t h e  

l a y e r s   b e i n g   a r r a n g e d   b e t w e e n   t he   f i l t e r s   in  a  s e q u e n c e   o f  

i n c r e a s i n g   a d s o r p t i o n   c a p a c i t y :   As  i n d i c a t e d   h e r e i n b e f o r e ,  

s a i d   g r a d i e n t - p a c k e d   c o l u m n   may  a l s o   be  c o n s t r u c t e d   w i t h   a  

f a c i l i t y   to  h e a t   t he   c o l u m n ,   as  d e s c r i b e d   h e r e i n b e f o r e .  

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

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

g e n e r a t i n g   a  g o l d - 1 9 5 m - c o n t a i n i n g   l i q u i d .   As  s t a t e d   in  t h e  

a b o v e - m e n t i o n e d   E x a m p l e   X  of  N e t h e r l a n d s   P a t e n t   A p p l i c a t i o n  

8 0 0 2 2 3 5 ,   a  g e n e r a t o r   c o l u m n   is  p a c k e d   or  f i l l e d   by  p r o v i d i n g  

an  a d s o r p t i o n   a g e n t   f o r   t he   p a r e n t   i s o t o p e   m e r c u r y - 1 9 5 m   on  

a  f i r s t   f i l t e r ,   w h i c h   is  p r e s e n t   in  t he   e n t i r e l y   or  s u b s t a n -  

t i a l l y   c y l i n d r i c a l   c o l u m n   body  w h i c h   is   open  at   e a c h   end  a n d  

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

t he   b o d y ,   t h e n   p r o v i d i n g   on  the   u p p e r   s i d e   of  t he   a d s o r p t i o n  

a g e n t   in  t he   body  a  s e c o n d   f i l t e r   whose   c i r c u m f e r e n c e   a l s o  

a d j o i n s   the   i n n e r   w a l l   of  t he   b o d y ,   and  f i n a l l y   c l o s i n g   t h e  



two  ends   of  t he   body  w i t h   r u b b e r   s t o p p e r s   w h i c h   c o m p r i s e   o r  

may  be  p r o v i d e d   w i t h   c o n n e c t i o n   means   f rom  t he   i n t e r i o r   o f  

t he   body  to  a  r e s e r v o i r   f o r   t he   e l u e n t   and  to  a  r e c e p t a c l e  

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

p e c t i v e l y ,   by  c o n n e c t i n g   s a i d   s t o p p e r s   in  or  on  the   open  e n d s  

of  t he   body  so  as  to  be  s e a l i n g   c i r c u m f e r e n t i a l l y .   For  f i l -  

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

i n v e n t i o n   at   l e a s t   two  c o m p o s i t i o n s   of  d i f f e r e n t   a d s o r p t i o n  

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

s i t i o n s ,   a r r a n g e d   in  l a y e r s   in  a  s e q u e n c e   of  i n c r e a s i n g   o r  

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

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

of  a  z i n c   s u l p h i d e - c o n t a i n i n g   a d s o r p t i o n   a g e n t   on  t he   b a s i s  

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

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

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

f i r s t   f i l t e r   in  l a y e r s   a r r a n g e d   in  a  s e q u e n c e   of  i n c r e a s i n g  

or  d e c r e a s i n g   z i n c   s u l p h i d e   c o n t e n t .   A f t e r   c l o s i n g   t h e  

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

i n v e n t i o n   may  be  l o a d e d   w i t h   p a r e n t   i s o t o p e   m e r c u r y - 1 9 5 m   b y  

a l l o w i n g   a  s o l u t i o n   of  t he   p a r e n t   i s o t o p e   to  p a s s   t h r o u g h  

the   a d s o r p t i o n   a g e n t   t h r o u g h   t he   c o n n e c t i o n   means   in  t h e  

r u b b e r   s e a l i n g   s t o p p e r s ,   f o r   e x a m p l e ,   t u b e s   or  i n j e c t i o n  

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

ner   t h a t   t he   l a y e r s   of  t he   a d s o r p t i o n   a g e n t   a r e   p a s s e d  

t h r o u g h   t he   l i q u i d   in  a  s e q u e n c e   of  i n c r e a s i n g   a d s o r p t i o n  

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

a g e n t   is  u s e d ,   upon  l o a d i n g   a  s o l u t i o n   of  t he   p a r e n t   i s o t o p e  

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

the   l i q u i d   p a s s e s   t h r o u g h   the   l a y e r   in  a  s e q u e n c e   of  i n c r e a -  

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

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   in  g r e a t e r  

d e t a i l   w i t h   r e f e r e n c e   to  the   f o l l o w i n g   s p e c i f i c   E x a m p l e s .  

EXAMPLE  I  

F i g u r e s   l a ,   1b  and  1c  a r e   c r o s s - s e c t i o n a l   v i e w s   of  f a v o u r a b l e  

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

i n v e n t i o n .   In  F i g u r e s   1a  and  1b,  t he   g l a s s   t u b e   ( c o l u m n   b o d y )  

3  is  w i d e n e d   at  t he   two  open  ends   and  p r o v i d e d   w i t h   f l a n g e s .  



The  r u b b e r   s t o p p e r s   2  a r e   c o n n e c t e d   t o   t he   open  ends   of  t h e  

t u b e   by  means   of  c a p s   or  f o l d e d   c a p s u l e s   1  h a v i n g   a  c e n t r a l  

a p e r t u r e .   The  a d s o r p t i o n   a g e n t   7  is  p r e s e n t   b e t w e e n   two  f i l -  

t e r s ,   one  f i l t e r   4  of  s i n t e r e d   g l a s s   ( G 2 )  o n   the   s i d e   o f  

the   u p p e r   e n d ,   i . e .   t he   s i d e   w h e r e   t he   e l u e n t   is  a d m i t t e d  

to  the   c o l u m n ,   and  one  f i l t e r   8  of  p o r o u s   p l a s t i c ,   f o r   e x a m -  

p l e ,   of  vyon  p l a s t i c ,   on  t he   s i d e   of  t he   o t h e r   end ,   n a m e l y  

w h e r e   t he   e l u a t e   is  d r a i n e d   f rom  the   c o l u m n .   The  p l a s t i c  

f i l t e r   is  s u p p o r t e d   by  a  p o l y p r o p y l e n e   s u p p o r t i n g   r i n g   9 .  

The  c o l u m n   in  F i g u r e   la  can  be  h e a t e d   by  means   of  a  h e a t i n g  

c o i l ,   in  t h i s   c a s e   a  c o i l e d   r e s i s t a n c e   w i r e   5  w h i c h   can  b e  

c o n n e c t e d   to  a  v o l t a g e   s o u r c e .   The  c o l u m n   in  F i g u r e   1c  c a n  

be  h e a t e d   by  means   of  a  l a y e r   12  of  s e m i c o n d u c t i n g   m a t e r i a l  

w h i c h   can  be  c o n n e c t e d   to  a  v o l t a g e   s o u r c e   and  w h i c h   s u r -  

r o u n d s   the   c e n t r a l   p a r t   of  t he   g l a s s   t u b e .   The  s e m i c o n d u c -  

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

a n t i m o n e y   t r i o x i d e .   The  h e a t i n g   means   a r e   e n v e l o p e d   by  i n s u l -  

t a t i o n   j a c k e t s   6.  In  t he   g e n e r a t o r   c o l u m n   in  F i g u r e   1b,  t h e  

g l a s s   t u b e   ( c o l u m n   body)   10  is  s u r r o u n d e d   by  a  j a c k e t   11 

h a v i n g   an  i n l e t   a p e r t u r e   and  an  o u t l e t   a p e r t u r e ,   so  t h a t   a  

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

by  p u m p i n g   ( s e e   a r r o w s ) .  

F i g u r e   2  is  a  c r o s s - s e c t i o n a l   v i ew   of  a  s u i t a b l e  

e m b o d i m e n t   of  a  g r a d i e n t - p a c k e d   g e n e r a t o r   c o l u m n   a c c o r d i n g  

to  the   i n v e n t i o n .   Column  c o m p o n e n t s   c o r r e s p o n d i n g   to  t h o s e  

of  F i g u r e   1  a r e   r e f e r r e d   to  by  the   same  r e f e r e n c e   n u m e r a l s .  

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

t i o n   c a p a c i t i e s   f o r   t he   p a r e n t   i s o t o p e   m e r c u r y - 1 9 5 m ,   n a m e l y  

l a y e r s   15,  14  and  13  w i t h   a  d e c r e a s i n g   c o n t e n t   of  z i n c   s u l -  

p h i d e   per   gram  of  s i l i c a   g e l .   The  l a y e r s   15,  14  and  13  c o m -  

p r i s e   a p p r o x i m a t e l y   6,  3  and  2  mg  of  z i n c   s u l p h i d e   per   g r a m  
of  s i l i c a   g e l ,   t he   l e s s   c o n c e n t r a t e d   l a y e r s   b e i n g   o b t a i n e d  

f rom  the   c o n c e n t r a t e d   l a y e r   ( a p p r o x i m a t e l y   6  mg  per   gram  o f  

s i l i c a   g e l )   by  d i l u t i o n   w i t h   s i l i c a   g e l .  

.  F i g u r e   3  shows  the   same  g r a d i e n t - p a c k e d   c o l u m n  

as  F i g u r e   2  but   now  a l s o   p r o v i d e d   w i t h   a  h e a t i n g   in  the   f o r m  

of  a  l a y e r   of  a  s e m i c o n d u c t i n g   m a t e r i a l   ( S n 0 2 / S b 2 0 3 ) ,   w h i c h  

l a y e r   can  be  c o n n e c t e d   to  a  v o l t a g e   s o u r c e .   The  r e f e r e n c e  



n u m e r a l s   a re   t he   same  as  u s e d   in  F i g u r e s   1  and  2 .  

F i g u r e   4  shows  a  few  o t h e r   e m b o d i m e n t s   of  h e a t -  

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

16  shown  in  F i g u r e   4a  is  so  l o n g  t h a t   b e s i d e s   t he   p a c k i n g  

or  f i l l i n g   (13 ,   14,  15  in  d e c r e a s i n g   z i n c - s u l p h i d e   c o n c e n t r a -  

t i o n s )   w h i c h   is  e n c l o s e d   b e t w e e n   t he   f i l t e r s   4  and  8,  a  s p a c e  

17  r e m a i n s   w h i c h  c a n   c o m p r i s e   a  q u a n t i t y   of  e l u e n t   w h i c h   i s  

a p p r o x i m a t e l y   s u f f i c i e n t   f o r   one  s i n g l e   e l u t i o n .   The  f l o w  

of  the   e l u e n t   t h r o u g h   the   c o l u m n   is   i n d i c a t e d   by  a r r o w s .   S i -  

m u l t a n e o u s l y   w i t h   t he   c o l u m n   f i l l i n g ,   the   q u a n t i t y   of  e l u e n t  

a d m i t t e d   to  t he   s p a c e   17  of  t he   c o l u m n   body  d e s t i n e d   f o r   t h i s  

p u r p o s e ,   can  be  h e a t e d   to  t he   d e s i r e d   t e m p e r a t u r e   by  means   o f  

a  h e a t i n g   in  t he   form  of  a  l a y e r   12  of  a  s e m i c o n d u c t i n g   m a t e -  

r i a l ,   w h i c h   l a y e r   can  be  c o n n e c t e d   to  a  v o l t a g e   s o u r c e .   T h e  

g l a s s   t u b e   ( c o l u m n   body)   22  shown  i n F i g u r e   4b  is  f i l l e d   w i t h  

a d s o r p t i o n   a g e n t   (13 ,   14  15  in  d e c r e a s i n g   z i n c - s u l p h i d e   c o n -   i  

c e n t r a t i o n s )   in  the   same  m a n n e r   as  t he   c o l u m n   body  of  F i g u r e  

4a.   The  c o l u m n   body  22  s e a l e d   by  d o u b l e   p e r f o r a t e d   r u b b e r  

s t o p p e r s - . 1 9   w h i c h   a re   k e p t   in  t h e i r   l o c a t i o n s   by  f o l d e d   c a p -  
s u l e s   18  p r o v i d e d   w i t h   c e n t r a l   a p e r t u r e s ,   is  e n v e l o p e d   by  a  

j a c k e t   20  t h r o u g h  w h i c h   t he   e l u e n t   can  f l o w   ( s e e   a r r o w ) .   A 

U - s h a p e d   t u b e   21  c o m p r i s i n g   s h a r p   ends   is  p i e r c e d   t h r o u g h   t h e  

l o w e r   s t o p p e r   and  c o m m u n i c a t e s   t he   i n t e r i o r   of  t he   j a c k e t  

w i t h   t h a t   of  t he   c o l u m n .   T h r o u g h   t h i s   t u b e   t he   e l u e n t   c a n  

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

l i n g ,   t he   e l u a t e   may  be  d r a i n e d   f rom  the   c o l u m n   on  the   u p p e r  
by  m e a n s  

s i d e   ( s e e   a r r o w ) .   The  e l u e n t   in  t he   j a c k e t   can  be  h e a t e d   o f  

a  l a y e r   12  of  a  s e m i c o n d u c t i n g   m a t e r i a l   w h i c h   can  be  c o n n e c -  

t ed   to  a  v o l t a g e   s o u r c e ,   w h i l e   the   c o l u m n   f i l l i n g   can  b e  

b r o u g h t   at  t he   d e s i r e d   t e m p e r a t u r e   by  the   h e a t e d   e l u e n t   i n  

the   j a c k e t .  

Of  c o u r s e ,   v a r i o u s   h e a t i n g   means   a r e   a l s o   p o s s i b l e   w i t h o u t  

d e p a r t i n g   f rom  the   s c o p e   of  t he   p r e s e n t   i n v e n t i o n ,   f o r   e x a m p l e  

the   h e a t i n g   p l a t e   m e n t i o n e d   b e f o r e .   A  h e a t i n g   p l a t e   as  s u c h  

is  so  w e l l . k n o w n ,   t h a t   s u c h   a  d e v i c e   does   no t   need   f u r t h e r  

i l l u s t r a t i o n .  

EXAMPLE  I I  

A  g e n e r a t o r   c o l u m n   as  shown  in  F i g u r e   1b  and  d e s c r i b e d   i n  



E x a m p l e   I  was  l o a d e d   w i t h   m e r c u r y - 1 9 5 m   by  c o n t a c t i n g   t h e  

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

t r a t e   h a v i n g   a  pH  of  5 - 6 ,   w h i c h   s o l u t i o n   had  been   o b t a i n e d  

by  d i s s o l v i n g   200  mCi  195mHg  o b t a i n e d   f rom  a  c y c l o t r o n   t a r g e t  

in  2-4  ml  of  c o n c e n t r a t e d   n i t r i c   a c i d ,   t h e n   d i l u t i n g   the   r e -  

s u l t i n g   c o n c e n t r a t e   w i t h   w a t e r   up  to  a p p r o x i m a t e l y   10  m l ,  

and  f i n a l l y   b r i n g i n g   at  a  pH  of  5 - 6 .   Upon  l o a d i n g   the   c o l u m n  

w i t h   r a d i o a c t i v e   195m Hg  i s o t o p e ,   t he   c o l u m n   was  p l a c e d   u p -  

s i d e   down  so  t h a t   t he   s i n t e r e d   g l a s s   f i l t e r   was  p r e s e n t   a t  

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

the   c o l u m n   was  c o n t a c t e d   w i t h   t he   i s o t o p e - c o n t a i n i n g   l o a d i n g  

s o l u t i o n   by  c a u s i n g   the   s o l u t i o n   to  f l o w   t h r o u g h   the   s i n t e r e d  

g l a s s   f i l t e r   i n t o   t he   c o l u m n .   By  l o a d i n g   t he   c o l u m n   in  t h i s  

m a n n e r ,   a c c i d e n t a l   a d s o r p t i o n   of  195mHg  on  the   p l a s t i c   s t r u c -  

t u r a l   c o m p o n e n t s   of  t he   c o l u m n   is  a v o i d e d .   The  a d s o r p t i o n   o f  
195mHg  on  the   a d s o r p t i o n   a g e n t   is  s u b s t a n t i a l l y   q u a n t i t a t i v e  

in  w h i c h   no t   more  t h a n   a p p r o x i m a t e l y   0.1%  of  t he   a c t i v i t y  

u s e d   was  f o u n d   a g a i n   in  t he   l i q u i d   f l o w i n g   out   of  t he   c o l u m n  

a f t e r   t he   l o a d i n g   has   been   c o m p l e t e d .  

An  e l u e n t   f o r   t he   c o l u m n   was  p r e p a r e d   by  d i s s o l v i n g   a p p r o x i -  

m a t e l y   2 9 . 8   g  of  s o d i u m   t h i o s u l p h a t e   (5H20)   and  a p p r o x i m a t e l y  

10  g  of  s o d i u m   n i t r a t e   in  a p p r o x i m a t e l y   1 , 0 0 0   ml  of  w a t e r .  

The  c o l u m n   of  the   i s o t o p e   g e n e r a t o r   was  e l u t e d   in  t he   r e v e r s e  

p o s i t i o n   w i t h   t he   e l u e n t   by  i n j e c t i n g   2  ml  u n d e r   p r e s s u r e   i n  

the   g e n e r a t o r .   In  a  v e r y   s h o r t   t i m e ,   n a m e l y   2  to  3  s e c o n d s ,  

the   1 9 5 m A u - c o n t a i n i n g   e l u a t e   c o u l d   be  c o l l e c t e d   f rom  t h e  

c o l u m n .   The  e l u t i o n   was  c a r r i e d   out   at  v a r i o u s   t e m p e r a t u r e s  

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

j a c k e t   p r o v i d e d   a r o u n d   the   e l u e n t   r e s e r v o i r   and  t h r o u g h   t h e  

c o l u m n   j a c k e t .  

The  number   of  m i l l i c u r i e s   in  t he   e l u a t e   was  d e r i v e d   f rom  t h e  

c o u n t   r a t e   of  t he   e l u a t e   m e a s u r e d   on  a  r a p i d   gamma  a n a l y z e r  

w i t h   a  s i n g l e   c h a n n e l ,   the   gamma  e n e r g y   c h a n n e l   of  261  keV 

b e i n g   u s e d .   The  r e s u l t i n g   c o u n t   r a t e   was  c o r r e c t e d   ( b e s i d e s  

the   u s u a l   c o r r e c t i o n   f a c t o r s   of  g e o m e t r y ,   e f f i c i e n c y   and  d e a d  

t i m e )   f o r   t he   l o s s   of  c o u n t s   by  the   d e c a y   of  195mAu  d u r i n g  

the   m e a s u r i n g   t i m e   and  a l s o   f o r   t he   l o s s   of  a c t i v i t y   d u r i n g  

the   t i m e   l a p s e d   b e t w e e n   e l u t i o n   and  b e g i n n i n g   of  t he   m e a s u r e -  



ment  of  the   c o u n t s   f o r   e a c h   e l u a t e .  

The  f o r m e d   number   of  m i l l i c u r i e s   of  195mAu  i n  

e a c h   e l u a t e   was  n o r m a l i s e d   to  an  e l u t i o n   t i m e   of  1 4 . 0 0   h o u r s  

on  the   day  at  w h i c h   t he   e l u t i o n s   t o o k   p l a c e   so  t h a t   a l l   r e -  

s u l t s   wou ld   be  d i r e c t l y   c o m p a r a b l e .  

The  e l u t i o n   y i e l d   w h i c h   is  d e f i n e d   as  t h e   p e r c e n -  

t a g e   of  e l u t e d   195m Au  w i t h   r e s p e c t   to  t h e o r e t i c a l l y   a v a i l a b l e  

195mAu,  was  d e r i v e d   f rom  t he   known  number   o f  m i l l i c u r i e s   a t  
195mHg  w i t h   w h i c h   the   g e n e r a t o r   c o l u m n   was  l o a d e d   and  t h e  

d e c a y   p a r a m e t e r s   (1  mCi  of  195mHg  y i e l d s   0 . 4 5 8   mCi  of  1 9 5 m A u ) ,  

w h i l e   t he   a b o v e   n o r m a l i z a t i o n   was  u s e d .  

The  r a d i o n u c l i d i c   p u r i t y   of  t he   e l u a t e s   was  d e -  

t e r m i n e d   by  c o u n t i n g - a f t e r   c o m p l e t e   d e c a y   of  the   e l u t e d  
195mAu-560   keV  gamma  r a y s   e m i t t e d   by  195mHg  r e m a i n e d   in  t h e  

e l u a t e s .   The  f o u n d   v a l u e s   were   e x p r e s s e d   e i t h e r   a s  a   p e r c e n -  

t a g e   of  t he   o v e r a l l   q u a n t i t y   of  195m Hg  w i t h   w h i c h   the   g e n e -  

r a t o r   c o l u m n   was  l o a d e d ,   or  as  t he   number   of  m i c r o c u r i e s   o f  
195mHg  per   m i l l i c u r i e s   of  e l u t e d   195mAu,  w h i l e   a l l   r e s u l t s  

were   a g a i n   n o r m a l i z e d   as  d e s c r i b e d   a b o v e .  

In  F i g u r e   5  t he   e l u t i o n   y i e l d s   Y  f o u n d ,   in  p e r  

c e n t ,   a re   p l o t t e d  a g a i n s t   t he   e l u t i o n   t e m p e r a t u r e   T:  c u r v e  

N.  The  i m p r o v e m e n t   of  t he   e l u t i o n   y i e l d   at   e l e v a t e d   t e m p e r a -  

t u r e   is  s i g n i f i c a n t .  

EXAMPLE  I I I  

A  g r a d i e n t - p a c k e d   g e n e r a t o r   c o l u m n   as  shown  in  F i g u r e   3  a n d  

d e s c r i b e d   in  E x a m p l e   I  was  l o a d e d   w i t h   200  mCi  of  m e r c u r y -  

- 1 9 5 m ,   as  d e s c r i b e d   in  E x a m p l e   I I ,   by  l e a d i n g   the   s o l u t i o n  

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

m a n n e r   t h a t   the   l a y e r s   were   p a s s e d   by  the   s o l u t i o n   in  t h e  

s e q u e n c e   of  i n c r e a s i n g   z i n c   s u l p h i d e   c o n c e n t r a t i o n s ,   s o  

l a y e r   13  @  l a y e r   1 4  @  l a y e r   15.  The  e l u t i o n   was  c a r r i e d   o u t  

at   v a r i o u s   t e m p e r a t u r e s   as  d e s c r i b e d   in  E x a m p l e   I I .   The  e l u -  

t i o n   y i e l d s   Y  shown  i n f i g u r e   5  were   f o u n d   and  p l o t t e d   a g a i n s t  

the   e l u t i o n   t e m p e r a t u r e :   c u r v e   G. 

.  EXAMPLE  IV 

A  g r a d i e n t - p a c k e d   g e n e r a t o r   c o l u m n   as  shown  i n  F i g u r e   2  a n d  

d e s c r i b e d   in  E x a m p l e   I  was  l o a d e d   w i t h   q u a n t i t i e s   of  m e r c u r y -  

-195m  ( i n c l u d i n g   m e r c u r y   195)  v a r y i n g   b e t w e e n   a p p r o x i m a t e l y  



400  and  800  m C i .  

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

g e l   w h i c h   had  been   m o d i f i e d   w i t h   6 .3   mg  of  z i n c   s u l p h i d e   p e r  

gram  of  s i l i c a   g e l ,   was  l o a d e d   in  the   same  m a n n e r   w i t h   q u a n -  
t i t i e s   of  m e r c u r y - 1 9 5 m   ( i n c l u d i n g   m e r c u r y - 1 9 5 )   v a r y i n g   b e -  

t w e e n   a p p r o x i m a t e l y   200  and  1 , 0 0 0   m C i .  

The  e l u t i o n   of  t he   c o l u m n   was  c a r r i e d   out   at   room  t e m p e r a -  

t u r e   as  d e s c r i b e d   in  E x a m p l e   I I .  

The  r e s u l t s   shown  in  F i g u r e   6  were   o b t a i n e d :   l i n e   2  r e p r e s e n t s  

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

y i e l d s   were   f o u n d   w i t h   t he   g r a d i e n t - p a c k e d   c o l u m n ,   l i n e   1 

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

c o l u m n .   From  t h i s   F i g u r e   i t   is  c l e a r   t h a t   t he   e l u t i o n   y i e l d  

d e c r e a s e s   w i t h   h i g h e r   l o a d i n g ,   but   t h a t   t he   e l u t i o n   y i e l d s  

a r e   h i g h e r   when  a  g r a d i e n t - p a c k e d   c o l u m n   is   used   t h a n   w h e n  

a  h o m o g e n e o u s l y   p a c k e d   c o l u m n   is   u s e d .  



1.  A  method  of  p r e p a r i n g   a  r a d i o a c t i v e   i s o t o p e -  
- c o n t a i n i n g   l i q u i d   by  a l l o w i n g   a  s o l u t i o n   of  a  r a d i o a c t i v e  

p a r e n t   i s o t o p e   to  pass   t h r o u g h   an  a d s o r p t i o n   a g e n t   in  a  c o l u m n ,  
the  p a r e n t   i s o t o p e   b e i n g   a d s o r b e d   on  the  a d s o r p t i o n   a g e n t  
and  p r o d u c i n g   t h e r e   a  r a d i o a c t i v e   d a u g h t e r   i s o t o p e   by  d e c a y ,  
and  by  then   e l u t i n g   the  d a u g h t e r   i s o t o p e   from  the  a d s o r p t i o n  

a g e n t   w i th   an  e l u e n t ,   c h a r a c t e r i z e d   in  t h a t   the  e l u t i o n   i s  
c a r r i e d   out  at  e l e v a t e d   t e m p e r a t u r e ,   p r e f e r a b l y   b e t w e e n   30 
and  1 0 0 ° C .  

2.  A  method  as  c l a i m e d   in  Claim  1,  c h a r a c t e r i z e d  

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

a d s o r b e d   p a r e n t   i s o t o p e   or  both   the  e l u e n t   and  the  c o l u m n  

c o m p r i s i n g   the  a d s o r b e d   p a r e n t   i s o t o p e   i s / a r e   m a i n t a i n e d   a t  

e l e v a t e d   t e m p e r a t u r e .  

3.  A  method  as  c l a i m e d   in  Claim  1  or  2,  c h a r a c -  

t e r i z e d   in  t h a t   a  g o l d - 1 9 5 m   c o n t a i n i n g   l i q u i d   is  p r e p a r e d   by 
e l u t i o n   of  an  a d s o r p t i o n   a g e n t   on  which   m e r c u r y - 1 9 5 m   is  a d -  

s o r b e d .  

4.  A  method  as  c l a i m e d   in  Claim  3,  c h a r a c t e r i z e d  
in  t h a t   an  a d s o r p t i o n   a g e n t   for   the  p a r e n t   i s o t o p e   m e r c u r y -  
-195m  is  used  which  c o m p r i s e s   at  l e a s t   two  l a y e r s   h a v i n g   d i f -  
f e r e n t   a d s o r p t i o n   c a p a c i t i e s   for   the  p a r e n t   i s o t o p e ,   and  t h a t  
the  s o l u t i o n   of  the  p a r e n t   i s o t o p e   is  p a s s e d   t h r o u g h   the  a d -  

s o r p t i o n   a g e n t   in  such  manner  t h a t   the  l a y e r s   are   p a s s e d   by  
the  l i q u i d   in  a  s e q u e n c e   of  i n c r e a s i n g   a d s o r p t i o n   c a p a c i t i e s .  

5.  A  method  of  p r e p a r i n g   a  g o l d - 1 9 5 m - c o n t a i n i n g  

l i q u i d   by  a l l o w i n g   a  s o l u t i o n   of  m e r c u r y - 1 9 5 m   as  p a r e n t   i s o -  

tope   to  pass   t h r o u g h   an  a d s o r p t i o n   a g e n t   in  a  c o l u m n ,   t h e  

p a r e n t   i s o t o p e   b e i n g   a d s o r b e d   on  the  a d s o r p t i o n   a g e n t   and  p r o -  
d u c i n g   t h e r e   a  r a d i o a c t i v e   d a u g h t e r   i s o t o p e   by  d e c a y ,   and  by  
then   e l u t i n g   the  d a u g h t e r   i s o t o p e   from  the  a d s o r p t i o n   a g e n t  

by  means  of  an  e l u e n t ,   c h a r a c t e r i z e d   in  t h a t   an  a d s o r p t i o n  
a g e n t   for   the  p a r e n t   i s o t o p e   m e r c u r y - 1 9 5 m   is  used  which  c o m -  
p r i s e s   at  l e a s t   two  l a y e r s   of  d i f f e r e n t   a d s o r p t i o n   c a p a c i t i e s  
for   the  p a r e n t   i s o t o p e ,   and  t h a t   the  s o l u t i o n   of  the  p a r e n t  

i s o t o p e   is  p a s s e d   t h r o u g h   the  a d s o r p t i o n   a g e n t   in  such  m a n n e r  
t h a t   the  l a y e r s   are  p a s s e d   by  the  l i q u i d   i n  a   s e q u e n c e   of  i n -  

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



6.  A  method  as  c l a i m e d   i n C l a i m   4  or  5  in  w h i c h  

a  z inc   s u l p h i d e - c o n t a i n i n g   a d s o r p t i o n   a g e n t   on  the  b a s i s   o f  

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

s i l i c a t e ,   a c t i v e   c a r b o n   or  g l a s s   is  used  as  an  a d s o r p t i o n  

a g e n t   fo r   the  p a r e n t   i s o t o p e ,   and  an  a q u e o u s   s o l u t i o n   of  t h i o -  

s u l p h a t e   is  used  as  an  e l u e n t   fo r   the  d a u g h t e r   i s o t o p e ,   c h a -  

r a c t e r i z e d   in  t h a t   an  a d s o r p t i o n   a g e n t   is  used  which  c o m p r i -  

ses   at  l e a s t   two  l a y e r s   of  d i f f e r e n t   c o n t e n t s   of  z inc   s u l p h i d e .  

7.  A  d e v i c e   for   g e n e r a t i n g   a  r a d i o a c t i v e   i s o t o p e  

- c o n t a i n i n g   l i q u i d ,   c o m p r i s i n g   a  column  h a v i n g   i n l e t   and  o u t .  

l e t   a p e r t u r e s   in  which   is  p r e s e n t   an  a d s o r p t i o n   a g e n t   w i t h  

a  r a d i o a c t i v e   p a r e n t   i s o t o p e   a d s o r b e d   h e r e o n ,   and  a  r e s e r v o i r  

c o n n e c t e d   to  the  i n l e t   a p e r t u r e   of  the  c o l u m n ,   c h a r a c t e r i z e d  

in  t h a t   e i t h e r   the  column  w i th   the  a d s o r p t i o n   a g e n t   or  b o t h  

the  r e s e r v o i r   for   the  e l u e n t   and  the  column  w i t h   the  a d s o r p -  

t i o n   a g e n t   c o m p r i s e ( s )   e x t e r n a l   h e a t i n g   means ,   or  i s / a r e  

p l a c e d   in  a  room  or  rooms  h a v i n g   h e a t i n g   m e a n s .  
8.  A  d e v i c e   as  c l a i m e d   in  Claim  7,  c h a r a c t e r i z e d  

in  t h a t   the  h e a t i n g   means  c o m p r i s e   one  or  more  j a c k e t s   i n  

which  a  h e a t a b l e   l i q u i d   may  be  p r e s e n t   or  t h r o u g h   which   a 

h e a t a b l e   l i q u i d   can  be  p a s s e d ,   one  or  more  e l e c t r i c   h e a t i n g  

j a c k e t s   or  h e a t i n g   c o i l s ,   one  or  more  h e a t i n g   p l a t e s   or  i m m e r -  

s i o n   h e a t e r s ,   a n d / o r   one  or  more  l a y e r s   of  a  s e m i c o n d u c t i n g  

m a t e r i a l   to  be  c o n n e c t e d   to  a  v o l t a g e   s o u r c e .  

9.  A  d e v i c e   as  c l a i m e d   in  Cla im  8,  c h a r a c t e r i z e d  

in  t h a t   the   column  wi th   the  a d s o r p t i o n   a g e n t   e x t e r n a l l y   c o m -  

p r i s e s   a  l a y e r   of  a  s e m i c o n d u c t i n g   m a t e r i a l   which   can  be  

c o n n e c t e d   to  a  v o l t a g e   s o u r c e ,   which  m a t e r i a l   p r e f e r a b l y   c o n -  
s i s t s   e n t i r e l y   or  s u b s t a n t i a l l y   of  s t a n n i c   o x i d e   or  i n d i u m  

t r i o x i d e ,   to  which  a  s m a l l   q u a n t i t y   of  a n t i m o n y   t r i o x i d e   h a s  

been  a d d e d ,   i f   d e s i r e d .  

10.  A  d e v i c e   as  c l a i m e d   in  Cla im  8,  c h a r a c t e r i z e d  

in  t h a t   b e t w e e n   i n l e t   a p e r t u r e   and  a d s o r p t i o n   a g e n t   the  c o l u m n  

c o m p r i s e s   a  s p a c e   which  is  not   f i l l e d   w i th   a d s o r p t i o n   a g e n t  
and  which  may  c o m p r i s e   a  q u a n t i t y   of  e l u e n t   s u f f i c i e n t   for   a t  

l e a s t   one  e l u t i o n ,   and  t h a t   the   column  i n c l u d i n g   the  s a i d  

space   has  e x t e r n a l   h e a t i n g   m e a n s .  
11.  A  d e v i c e   as  c l a i m e d   in  Claim  8,  c h a r a c t e r i z e d  



in  t h a t   the  column  wi th   the  a d s o r p t i o n   a g e n t   is  s u r r o u n d e d  

p a r t l y   or  e n t i r e l y   by  a  j a c k e t   h a v i n g   i n l e t   and  o u t l e t   a p e r -  
t u r e s   t h r o u g h   which   the  e l u e n t   can  f l o w ,   the  o u t l e t   a p e r t u r e  
of  the  j a c k e t   c o m m u n i c a t i n g   w i th   the  i n l e t   a p e r t u r e   of  t h e  

co lumn ,   the  j a c k e t   h a v i n g   e x t e r n a l   h e a t i n g   m e a n s .  
12.  A  d e v i c e   as  c l a i m e d   in  any  of  the  C la ims   7 -  

11  for   g e n e r a t i n g   a  g o l d - 1 9 5 m - c o n t a i n i n g   l i q u i d ,   c h a r a c t e r i z e d  

in  t h a t   an  a d s o r p t i o n   a g e n t   h a v i n g   a d s o r b e d   h e r e o n   p a r e n t  

i s o t o p e   m e r c u r y - 1 9 5 m   is  p r e s e n t   in  the  column  which  c o m p r i s e s  
at  l e a s t   two  l a y e r s   of  d i f f e r e n t   a d s o r p t i o n   c a p a c i t i e s   f o r  

the  p a r e n t   i s o t o p e ,   the  l a y e r s   b e i n g   a r r a n g e d   b e t w e e n   the  two  

a p e r t u r e s   of  the  column  in  a  s e q u e n c e   of  i n c r e a s i n g   a d s o r p -  
t i o n   c a p a c i t i e s .  

13.  A  d e v i c e   fo r   g e n e r a t i n g   a  g o l d - 1 9 5 m - c o n t a i -  

n ing   l i q u i d   c o m p r i s i n g   a  column  h a v i n g   i n l e t   and  o u t l e t   a p e r -  

t u r e s ,   in  which  column  an  a d s o r p t i o n   a g e n t   h a v i n g   a d s o r b e d  

h e r e o n   p a r e n t   i s o t o p e   m e r c u r y - 1 9 5 m   is  p r e s e n t ,   and  a  r e s e r v o i r  

Tor  an  e l u e n t   c o n n e c t e d   to  the  i n l e t   a p e r t u r e   of  the  c o l u m n ,  

c h a r a c t e r i z e d   in  t h a t   the  column  c o m p r i s e s   an  a d s o r p t i o n  

a g e n t   which  has  at  l e a s t   two  l a y e r s   of  d i f f e r e n t   a d s o r p t i o n  

c a p a c i t i e s   for   the  p a r e n t   i s o t o p e ,   the  l a y e r s   b e i n g   a r r a n g e d  

b e t w e e n   the  two  a p e r t u r e s   of  the  column  in  a  s e q u e n c e   o f  

i n c r e a s i n g   a d s o r p t i o n   c a p a c i t i e s .  
14.  A  d e v i c e   as  c l a i m e d   in  Claim  12  or  13,  i n  

which  the  column  c o m p r i s e s   a  z inc   s u l p h i d e - c o n t a i n i n g   a d s o r p -  

t i o n   a g e n t   on  the  b a s i s   of  s i l i c a   g e l ,   a l u m i n i u m   o x i d e ,   n a t u -  

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

c h a r a c t e r i z e d   in  t h a t   the   a d s o r p t i o n   a g e n t   c o m p r i s e s   a t  

l e a s t   two  l a y e r s   of  d i f f e r e n t   c o n t e n t s   of  z inc   s u l p h i d e .  

15.  A  g e n e r a t o r   column  for   a  d e v i c e   as  c l a i m e d  

in  any  of  the  Claim  11-13  c o n s i s t i n g   of  an  e n t i r e l y   or  s u b -  

s t a n t i a l l y   c y l i n d r i c a l   body  which   is  open  at  each   end  and  t h e  

a p e r t u r e s   of  which   are  s e a l e d   by  means  of  r u b b e r   s t o p p e r s  
which  c o m p r i s e   or  may  be  p r o v i d e d   w i th   c o n n e c t i o n   means  f r o m  

the  i n t e r i o r   of  the  body  to  a  r e s e r v o i r   for   the  e l u e n t   a n d  

to  a  r e c e p t a c l e   fo r   the   r a d i o a c t i v e   d u a g h t e r   i s o t o p e - c o n t a i -  

n ing   l i q u i d ,   r e s p e c t i v e l y ,   which   s t o p p e r s   are   c o n n e c t e d   in  o r  

to  the  open  ends  of  the  body  so  as  to  s e a l   c i r c u m f e r e n t i a l l y   i n  



which  body  an  a d s o r p t i o n   a g e n t   for   the  p a r e n t   i s o t o p e   is  o r  

can  be  e n c l o s e d   b e t w e e n   f i l t e r s   which  may  be  p r e s e n t   on  t h e  

upper   s i d e   and  lower   s i d e ,   r e s p e c t i v e l y ,   of  the   a d s o r p t i o n  

a g e n t   i n s i d e   the  body,   c h a r a c t e r i z e d   in  t h a t   the   e n t i r e l y   o r  

s u b s t a n t i a l l y   c y l i n d r i c a l   body  has  e x t e r n a l   h e a t i n g   m e a n s .  
16.  A  g e n e r a t o r   column  for   a  d e v i c e   as  c l a i m e d  

in  any  of  the  C la ims   12-14  c o m p r i s i n g   an  e n t i r e l y   or  s u b s t a n -  

t i a l l y   c y l i n d r i c a l   body  which  is  open  at  each  end  and  t h e  

a p e r t u r e s   of  which  are   s e a l e d   by  means  of  r u b b e r   s t o p p e r s  

which  c o m p r i s e   or  may  be  p r o v i d e d   wi th   c o n n e c t i o n   means  f r o m  

the  i n t e r i o r   of  the  body  to  a  r e s e r v o i r   for   the  e l u e n t   a n d  

to  a  r e c e p t a c l e   fo r   the  r a d i o a c t i v e   d a u g h t e r   i s o t o p e - c o n t a i -  

n ing   l i q u i d ,   r e s p e c t i v e l y ,   which  s t o p p e r s   are  c o n n e c t e d   s o  

as  to  be  c i r c u m f e r e n t i a l l y   s e a l i n g   in  or  to  the  open  ends  o f  

the  body,   in  which  body  an  a d s o r p t i o n   a g e n t   for   the  p a r e n t  

i s o t o p e   m e r c u r y - 1 9 5 m   is  e n c l o s e d   b e t w e e n   f i l t e r s   which  a r e  

p r e s e n t   on  the  uppe r   and  lower   s i d e s   of  the   a d s o r p t i o n   a g e n t ,  

r e s p e c t i v e l y ,   i n s i d e   the  body,   c h a r a c t e r i z e d   in  t h a t   t h e  

a d s o r p t i o n   a g e n t   for   the  p a r e n t   i s o t o p e   c o m p r i s e s   at  l e a s t  

two  l a y e r s   of  d i f f e r e n t   a d s o r p t i o n   c a p a c i t i e s   for   the  p a r e n t  

i s o t o p e ,   the  l a y e r s   b e i n g   a r r a n g e d   b e t w e e n   the  f i l t e r s   in  a 

s e q u e n c e   of  i n c r e a s i n g   a d s o r p t i o n   c a p a c i t i e s .  

17.  A  method  of  p r e p a r i n g   a  g e n e r a t o r   column  a s  

c l a i m e d   in  Claim  16  by  p r o v i d i n g   an  a d s o r p t i o n   a g e n t   for   t h e  

p a r e n t   i s o t o p e   m e r c u r y - 1 9 5 m   on  a  f i r s t   f i l t e r   which  is  p r e -  
s e n t   in  an  e n t i r e l y   or  s u b s t a n t i a l l y   c y l i n d r i c a l   body  w h i c h  

is  open  at  each  end  and  the  c i r c u r m f e r e n c e   of  which  a d j o i n s  
the  i n n e r   wa l l   of  the  body,   t hen   p r o v i d i n g   a  s e c o n d   f i l t e r  

on  the  uppe r   s i d e   of  the  a d s o r p t i o n   a g e n t   in  the  body  t h e  

c i r c u m f e r e n c e   of  which  a l s o   a d j o i n s   the  i n n e r   w a l l   of  t h e  

body,   and  f i n a l l y   s e a l i n g   the  two  ends  of  the  body  by  m e a n s  
of  r u b b e r   s t o p p e r s   which  c o m p r i s e   or  may  be  p r o v i d e d   w i t h  

c o n n e c t i o n   means  from  the  i n t e r i o r   of  the  body  to  a  r e s e r v o i r  

for   the  e l u e n t   and  to  a  r e c e p t a c l e   fo r   the  r a d i o a c t i v e   d a u g h t e r  

i s o t o p e - c o n t a i n i n g   l i q u i d ,   by  c o n n e c t i n g   s a i d   s t o p p e r s   in  o r  
to  the  open  ends  of  the  body  so  as  to  s e a l   c i r c u m f e r e n t i a l l y ,  
c h a r a c t e r i z e d   in  t h a t   at  l e a s t  t w o   c o m p o s i t i o n s   of  d i f f e r e n t  

a d s o r p t i o n   c a p a c i t i e s   for   the  p a r e n t   i s o t o p e   are  used  a s  



a d s o r p t i o n   a g e n t s ,   and  t h a t   the  c o m p o s i t i o n s ,   a r r a n g e d   i n  

l a y e r s   in  a  s e q u e n c e   of  i n c r e a s i n g   or  d e c r e a s i n g   a d s o r p t i o n  

c a p a c i t i e s ,   are   p r o v i d e d   on  the  f i r s t   f i l t e r .  

18.  A  method  as  c l a i m e d   in  Cla im  17,  c h a r a c t e -  

r i z e d   in  t h a t   a f t e r   c l o s i n g   the  column  the  a d s o r p t i o n   a g e n t  

in  the  column  is  l o a d e d   w i t h   p a r e n t   i s o t o p e   m e r c u r y - 1 9 5 m   by  

a l l o w i n g ,   t h r o u g h   the  c o n n e c t i o n   means  in  the  r u b b e r   s t o p p e r s ,  

a  s o l u t i o n   of  the  p a r e n t   i s o t o p e   to  pass   t h r o u g h   the  a d s o r p -  

t i o n   a g e n t   in  such  manner   t h a t   the  l a y e r s   of  the  a d s o r p t i o n  

a g e n t   are   p a s s e d   by  the  l i q u i d   in  a  s e q u e n c e   of  i n c r e a s i n g  

a d s o r p t i o n   c a p a c i t i e s .  
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