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ABSTRACT I 
I I 

~ r ' e v ~ o u s  i n v e s t i g a t i o n s  demonstrated t h e  p o s a i b i l i t  . 
of using r u t h e n i m  a r i g i n a t  the  spontaneous f i s s i o n  
of 2 3 8 ~  f o r  geoehronological pprposes . Because t h e  abundance 
of ruthenium i s  low I n  geolog c specimeno and i s o t p p i c  d a t a  
are required ,  an indepLh stud? of the production of s teady 

t rametr ic  Inves t iga t ion  a r e  presented with sme I l X u s t t a t i v e  

I mass spectrometer i o n  b-eams fr:om nanogram amounts of ruthen- I 

,ium was undertaken. The reeuyts  of t h i s  continuipg mass speck 

INTRODUCTION 

. This' labora tory  has been analyzing microgram l e v e l  samp1l.s 
, of var ious  f i s a i o n  products , including ,ruthenium (Ru) , by 

i s o t o p e . d i l u t i o n  mass spectrometry f o r  approximately f i f t e e n  
. years ,  A Based on t h i s  experience, a program was i n i t i a t e d  i n  

1974 t o  analyze o r e  from t h e  ancient  n a t u r a l  r e a c t o r s  of .' 0klob2 Nine P ias ian  product elkments were analyzed; t h r e e  
(Rb, S r ,  Ba) showed n a t u r a l  is' top ics ,  f i v e  (Nd, Sm, ~ o ' ,  Z r ,  
Ce) were mixed f i s s i o n  product n a t u r a l  i s o t o p i c s ,  and one. (Ru: 
had nn i so top ic  composition co, E responding t o  t h a t  of esrsen- 
t i a l l y  pure, stable fisr~ion pr?duet material. 

I 
Th1s l ed  t b  the  specula t lbh  t h a t  i f -  Ru is t h a t  r a r e  and 

immobile i n  nnt.ure,- perhaps 23&J spontaneous f i s s i o n  produced 
I Ku could be measured in uranium (U) ores .  Tllie in t u rn  could.  

jbe used to  study t h e  s t a b i l i t y /  of  Ru i n  natur. and poss ib ly  
a s  an age da t ing  too l .  ~ u b s e ~ b e n t  measurements3 of non-0kla 
o r e  samples indeed showed tha t /  f i s s i o n  product Ru was present  
and t h a t  the  predominant s o u r q  of Ru was from . t h e  spontenw$ - .-- .- ....*-- -.-. ._ -_. I _ _  __  _ -._ . _l_. _ . ) - --. - ..."̂ ..1 - ... -.-.- " .- i .--- __I___ _ _ _  
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With t h i s  p o t e n t e n t i a l '  a p p l i c a t i o n  i n  mind, 'a program 
h a s  i n i t i a t e d  t o  improve t h e  du a n a l y t i c a l  method. The b a s i c  

I phases  of  t h e  method  a r e :  .:. a )  ~am.pLe  d i s so lu t . ion ;  b) s.ep- .. 
a r a t i o n  c h e m i s t r y  and c )  mass s p e c t r o m e t r y .  A f t e r  sample 
/ d i s s o l u t i o n ,  the :  Ru i s  d i s t i l l i e d  a s  R U O ~  ', which g i v e s  a  c l e a n  
i s e p a r a t i o n . f o r  Ru a t  t h e  1 PPB l e v e l  fo r .  a l l  samples  e x c e p t  1 I I those  w i t h  h i g h  o r g a n i c  coilten,t. . The major  d i f f i c u l t y  is  t h e  
g e n e r a t i o n : o f  i o n  beams of s u f f i c i e n t  i n t e n s i t y  and s t a b i l i t y  
! t o  a l l o w  t h e  c o l 1 , e c t i o n  of the, n e c e s s a r ~  mass s p e c t r o m e t r i c  : 
clatn from nanogram sizr:cl. s a~s l~ l . , r s .  A 90 s e c t o r  tandem magnet 

I .  .mass s p e c t r o m e t e r  equipped w i t h  p u l s e  c o u n t i n g  a n d . a  computer- 
l i r e d  d a t a  sys tem was used.. The c r i t e r i a  e s t a b l i s h e d  f o r  ac-  I 
c e p t a b l e ' d a t a  were 100-200 c o u n t s ~ ' s e . c  on t h e  s m a l l e s t  peak 

. 

jof i n t e r e s t  , which i s  abou t  0.5%. of t h e  t o t a l  sample ,  and 
a n  i n t e n s i t y  s t a b l e  t o  w i t h i n  i% p e r  minute .  

I 

I The a n a l y t i c a l  mefllod had t o  b e  improved,  b e f o r e  t h i s  t y p l  
I o! measurement cou ld  b.e u t i l i z e d  f o r  some p r a c t i c a l . p u r p o s e .  

The g o a l ,  t h e r e f o r e ,  was t o  improve. t l ie  method such  t h a t  d a t a  
good t o  a t  l e a s t  1% could b e .  o,bt.ainbd on samples  no  l a r g e r  
jthan f i + e  nanograms of t o t a l  .  his l e v e l  of p e r f o r m a n c e  YU ' i s  r o u t i n e l y  exceeded f o r  many, e l ements , -  Pu be ing-an .example ;  
However, t l ie  p h y s i c a l  and 'che ' i c a l  c h a r a c t e r i s t i c s  .of  Hu make "1 
t h e s e  o b j e c t i v e s  more d i f f i c u .  t t o  a c h i e v e .  While t h e  e a r l y  
d a t a  was good t o  5-102, e a s i l J  d e m o n s t r a t i n g  t h e  - e x i s t e n c e  of 
2 3 8 ~  spon taneous  f i s s i o n  o r i g i i ~  RU i n  a  wide  v a r i e t y  o f  U  . 

o r e s ,  b e t t e r  accl.lracy. was 'desi;red t o  more f u l l y  e v a l u a t e  tlie 

Ruthenium i S  i o n i z e d  i n  t h e  mass s p e c t r o m e t e r  by t h e  
' . p o s i . t i v e  the rmal  i o n i . z a t i o n  p r p c e s s .  T h i s  i n v o l v e s  evapor-  

a t i n g  Ru from a  m e t a l l i c  s u r f a ~ e  t h a t  h a s  a  h i g h  a f f i n i t y  . f o r 3  
l e l e c t r o n s  
! 

. T h i s  a f f i n i t y  f o r  e l e c t r o n s  i s  mea'sured by t h e  
work f u n c t i o n  (W). The m a t e r i a l  'which i s  used.  a lmos t  un i -  
v e r s a l l y  i n  t h e  the rmal  genera , t ion  of p o s i t i v e  i o n s  is. rhen- 
i.r.un ( ' R e ) ,  beca'use i t  i s  mal.leobl.e, has  good s t r e n g t l j  a t  h igh  
t t !n~pc!r :~t i~res ,  i~ntl t lbs l cal.,l.c hork  f t ~ n c t i o n  ( 4 .  7-5. 1,  vol  t s )  . 

I 
'i'llc work f u n l t l u ~ i  i s  a s u r f ~ l c e ,  p r o p e r t y ,  whicb v a r i e s  w i t 1 1  t l l j?  

c r y s t a l l i n e  f a c e  o r  t h e  p o l y c r y s t a l l i n e  c h a r a c t e r  of t h e  s u r -  
. Zoce. L t  i s  a:l.so s t r o n g l y  a f f e c t e d  by s i i r f a c e  c l e a ~ i n e s s .  'r11 

I 
. ~ l : l . I t  of  ; I I I  c l r ~ l ~ o ~ l c  tcl . I i ~ r i  t::l.actron L O  S , . I C I I  i~ S I I T I - ~ I C ( >  
; is measured by 'its ( I P )  ,, which f o r  Ru is 
17.36, u u l t s .  

, ' 

1 Wlieii t h e  assumpt iori i s ,  made t h a t .  t h e  o n l y  s p e c i e s  l e a v i n g  
t h e  f i l a m e n t  a r e ' t h e  p o s i t i v e l y  charged.  and n e u t r a l  s p e c i e s  
- -. . ................ . . .  ......... .... , . - - .  . .  - . . .  .. - -. J 

u s e  of Ru a s  a  geochrono10,gy tool. 3 r 4 ' 5  
I 
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lof t h e ,  e l ement ,  t h e  ~ a h a - ~ a n ~ m u i r  e q u a t i o n  may b e  app l i ed ' :  

I 
I 

0 
n+/n . . exp ( w - ? P ) / ~ T =  exp 6/kT 

I 0 
Where n+ and n  a r e  t h e  numbeq of  p o s i t i v e l y  charged  and neu- 
t r a l  s p e c i e s  r e s p e c t i v e l y ,  W a , n d , I P  t h e  work f u n c t i o n  and 
i o n i z a t i o n  p o t e n t i a l ,  r e s p e c t i v e l y ,  6 i s  t h e  d i f f e r e n c e  be- 
tween IJ and ' I P , '  k ' " i s .  t h e  : B o l t z  ann constant ' . ,  .-and T-. i s  - t h e  ... I"' . a b s o l u t e  t e m p e r a t u r e .  A mote complex' form of  t h i s  e q u a t i o n  I e x i s t s ,  b u t  e f f o r t s -  t o  v e r i f y  lit e x p e r i m e n t a l l y 6  have n o t  been 

. ! s u c c e s s f u l .  T h i s  s i m p l i f i e d  f o r m  of  t h e  e q u a t i o n z  h a s  b e e n  
/ v e r i f i e d  e x p e r i m e n t a l l y , 6  inc$uding t h e  change i n  t e m p e r a t u r e  

1 
I,clrprtldrllct. w i t h  6 .  The s i g n  and magni tude of 6 s t r o n g l y  , 

0 
e f f e c t s  t h e  t e m p e r a t u r e  depenkence o f '  n+/n .. The 6 .  f o r  th.e 

' . 1Ru-Re s y k t e m  i s  -2.36 v o l t s ,  which i n d i c a t e s  a  l a r g e  i n c r e a s e  
i n  i o n  p r o d u c t i o n  .wi th .  increasied t empera tu re .  . A ' p o s i t i v e .  G 
!would g i v e  t h e o p b o s i t e  t e m p e r a t u i e  dependence,  a s  i s  t h e  

. . . . . . . . . . .  c a s e  f o r  - c e s i u m  , ( Iq=3 .89  vo l t s !  & = + l ;  11 . v o l t s ) ;  
I ' 

. 

Th.ere a r e  two broad c a t e g o r i e s  of  t h e r m a l  i o n  s o u r c e s  ' i n )  
widespread use ;  t h e  s , i n g l e  f idament ,  and t h e  m u l t i p l e  f i l a m e n t  

. , ]ar ,Fangements .  l ~ h e n  u s i n g  t h e  [ s i n g l e  f i l a m e n t  t h e  sample i s  
loaded  d i r e c t l y  on t h e  ' i o n i z i n g  f i l a m e n t .  The major  advan- 
I tage of  t h i s  sourc 'e i s  t h a t ,  all1 of t h e  sample  c o n t a c t s  t h e  

; 

l i o n i z i n g  f i l a m e n t .  The d r a w b a ~ k s  are.: . a )  t h e  p o s s i b i l i t y  o f ,  
' t h e  sample  p o i s o n i n g  t h e , w o r k  F u n c t i o n  o f  t h e  i o n i z i n g  s u r f a c e  
'and,  b)  t h e  i n a b i l i t y  t o  i n d e p e n d e n t l y  v a r y  t h e  t e m p e r a t u r e  of 

, 

. .  , 

! t h e  i o n i z i n g  s u r f a c e  and t h e  v a p o r  p r e s s u r e  of  t h e  e lement .  

I / When u s i n g  t h e  m u l t i p l e  f i l a m e n t  a r rangement ,  t h e  sample 

l a x i s  of  t h e  mass spect rometer .1 :  T h i s  s o u r c e  h a s  t h e  advan tage  

I 
o f '  p e r m i t t i n g  independen t  a d j u s t m e n t  of t h e  i o n i z i n g  f i l a m e n t  
t e m p e r a t u r e  and t h e  vapor  p res : su re  of t h e  e lement  t o  b e  
i o n i z e d .  Th.e m a j o r ,  d i s a d v a n t a g e s  a-re: ' 1) not- a l l  t h e  mater-  

. i a l  v a p o r i z i n g ' f r o m  t h e ' s i d e  f!lament s t r i k e s  t h e  i o n i z i n g  
f i l a m e n t ,  and 2) a  compound co'ntaini ,ng t h e  element o f  i n t e r e s .  

. . 
1 . may be t o o  v o l a t i l e  t o  p e r n ~ i t  a s u f f i c i e n t  r e q i d e n c e  t ime  on 
I 

l : l l C  hot  fl.l.;~nicnt for ~i.on.1.2n.t.ion o r  f o r  b o t l ~  d . l s soc l . :~ t  [on and: 

. . 
i o n i z a t i o n  of t h a t  e l ement .  Uranium. is  a n  e x c e l l e n t .  e lement  

t o  a n a l y z e  by t h e  m u l t i p l e  f i l p m e n t  t e c h n i q u e ,  because  t h e  h el 
0 

I f i i a m e n t '  a t  2100 C can b o t h  d i s s o c i a t e  and i o n i z e  t h e  uranium 
ox.i.rlc: v a p o r  s p e c i e s  t o  yie,ld U! i o n s  w i t h  good eFE:lciency . 

I .  

! 

There  a r e ;  however, two major problems when Ru i s  i o n i z e d  
u s i n g  t11.e m u l t i p l e  f i l a m e n t  t e c h n i q u e . .  The f i r s t  problem is . /  

t h a t  t h e  m u l t i p l e  f i l a m e n t  s o u r c e  r e q u i r e s  a  v e r y  ho t  c e n t e r  
If i l a m e n t  t o  i o n i z e  a  h i g h  work1 f u n c t i o n  e lement  e f f i c i e n t l y .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .... .... . . 4 ( -:.. 
. . .  

I 

' 

i s  loaded  on one  o r  two of  ' t h e  s i d e  f i l a m e n t s ,  'which a r e  h e a t -  
. e d  t o  v a p o r i z e  t h e  sample in. t h e  d i r e c t i o n  o f . t h e , i o n i z i n g  
f i l a m e n t .  The i o n i z i k g  f i l a m e n t  i s  l i n e d  up w i t h  t h e  o p t i c s  



. . . .  . . . .  I . . . . . . . . . . . . . .  

T h i s .  r e q u i r e m e n t  p r e s e n t s  anobher  problem which i s ,  t h a t  a t  
I hi.gl.1 ( ? .21 .00~~)  t e m p e r a t u r e ,  a rmeastlreab L C  !lo s p e c  t rn  a p p e a r s  

which c a u s e s  a  s e r i o u s ,  s p e c t r y l  i n t e r f e r e n c e  w i t h  Ru. T h i s  
i n  i t s e l f  p . rec ludes  t h e  u s e  ofi t h e  m u l t i p l e  f i l a m e n t  t e c h n i q u  

I 

I To d a t e  t h e  s i n g l e  f i l a m q n t  i o n  s o u r c e  h a s  been f a r  more 
s u c c e s s f u l  f o r  Ru t h a n  t h e  mu1, t ip le  f i l a m e n t  i o n  s o u r c e ,  pro- 
lvided t h a t  c e r t a i n  e x a c t i n g  c o n d i t i o n s  a r e  met. These con- 
;rli t i o n s  a re:  a )  u s i n g  Re f i l a , m e n t s  t l ~ a t  a r e  low i n  Mo con taa  

i n a t -  i o n  atid i n t e n s e l y  p rebaked-  and b) t h e  a d j u s t m e n t  of 
I' 

, s ;~rnple  h a n d l i n g  and mounting c o n d i t i o n s  t o  p r e v e n t  t h e  form- 
a t i o n  of  t h e  h i g h e r  o x i d a t i o n  s t a t e s  of Ru. The c l o s e  c o n t r o  
of t h e s e  pa ramente r s  h a s  l e d  tb t h e  most s i g n i f i c a n t  improve- 

I ments i n  s e n s i t i v i t y ,  and a l s o  o f f e r s  t h e  g r e a t e s t  p o t e n t i a l  
f o r  f u t u r e  r e f i n e m e n t s .  1 

I 
i The second major d i f f i c u 4 t y  w i t h  t h e  m u l t i p l e  f i l a m e n t  

I 
Tlie p r e s e n t l y  recommended p rocedure  e n t a i l s  l o a d i n g  Ru .. 

from a s t r o n g  H C l o r  H E r  s o l u t j  k on d i r e c t l y  o n t o  a  s i n g l e  
f i la inent  . The s o l u t i o n  m u s t  n i v e r  go d r y  d u r i n g  any phase  
of  t h e  ' sample h a n d l i n g  u n . t i 1  t h e '  l a s t .  d r o p '  evapor ,a tes  on t h e  

I f i l a m e n t .  Kuthenium w i l l  be  l o s t  t o  t h e  c o n t a i n e r  w a l l s  i f  
t l ie  so:Lution goes  d r y  d u r i n g  s!7mple h ? n d l i n g ,  and i f  r e p e a t e d  'i 
tlrops ; i r e  evnpora ted  t o  drynes?  on t h e  E:i.lament a  s . ign i f i . cnn t  
.Loss i n  Ku 101, 'intensity r e s u . 1 . r ~ .  ' The s o l u t i o n  must be evap- 
o r a t e d  v e r y  s1owl.y on t.11e f:i.l.ament t o  . o b t a i n  t h e  b e s t  s'ens:L- 
t.Lv.Lty. A 1.0 ~ I L  tlrol) must bc clr l.'c~tl a t  a temperntrlre t h a t  t a k e s  ' 

I 
: .~l)o\~l:  ro,rl.v-l:.l.vr> ~ n l i i t ~ t c ~ s .  l';~st,t'r d ry  1111: r;il.c>.c; wit11 11.1 p,l~c!r ti>nll)- 
a t u r e s  callses.  s s l g n i r l c a n t  l o s s  i n  s . e n s i ' t i v i  t y  . 

I I 

. - 0  
. 0 

. ? I  

2 
O ' 

D4 
.D-I 
C3 -r: , 
0 . 4  

c) 1 
UI 

2 

, 

These  r e s u l t s  s u g g e s t  thaF d i f f e r e n t  chemica l  forms of 
ltu a r c  I)e:i.ng protlrlced on the ,  fI.Loment a s  a f u n c t i o n  of 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . : . . . . . . . . . . . . . . . . . . . . .  : ............ 
t i m e  o r  t empera tu re .  One p o s s  b l e  e x p l a n a t i o n  i s  . t h a t  

I 

: . ' s o u r c e  i s  t h a t  i t  normal ly  does  n o t  produce Ru . ions  w i t h  a n  
I 

. e f f i c i e n c y  t h a t  'is a n a l o g o u s .  90 o t h e r  e l e m e n t s .  An :under--...:- 
s t a n d i n g  o f  t h i s .  phenomenon h q l p s  t o  e x p l a i n  iome o t h e r  an- 1 , , 

;ornolies a s  w e l l .  The compounds o f  t h e ' h i g h e r  o x i d a t i o n  s t a t e p  . 

o f  .Ru- a r e  ' v o l a t i l e ; .  and i f : - a  v o l a t i l e .  compound - s t r i k e s . -  a: v e r y :  
I h o t  s u r f . a c e ,  i t  w i l l  e i t h e r .  d ' s s o c i a t e  o r  . r e - e v a p o r a t e .  . With "i , u r a n i u m  o x i d e s ,  d i s s o c i a t i o n  and i o n T z a t i o n  occur  becau'se t h e ,  
I o x i d e s  have a  much.ldwer vapor  p r e s s u r e  which a l l o w s  a  l o n g e r  

r e s i d e n c e  t ime  on t h e  f i l amen+;  t h i s  r e s u l t s  i n  a  h i g h l y  
e f f i c i e n t  i o n  s o u r c e . - .  I n  , c o n t l r a s t ,  t h e  v a r i o u s  Ru s p , e c i e s  w e  
have worked w i t h  a p p a r e n t l y  r e - e v a p o r a t e ,  I o r  .pos ,s ib ly  d i s s -  
o c i a t e  and t h e n  e v a p o r a t e  . .without i o n i z i n g  . .- ,.It ,is p r o b a b l e  
t h a t  Ru would i o n i z e  more e f f i c i e n t l y  i n  t h e  m u l t i p l e  f i l a m e n t  
s o u r c e  i f  i t  were  ' p r e s e n t  a s .  t h e  m e t a l  on t h e  s i d e  f i l a m e n t ;  
t h i s  method would b e  worth  e 'xp.loring were i t  n o t  f o r  t h e  spec-  

I t r a l  i n t . e r f e r e n c e  problem of blo  from t h e  h o t  c e n t e r  f i l a m e n t ;  
I 



I . . . . . . .  . . . . . . . . . . . . . . . .  - . .  - . . . .  -. .. - . . . . . . . . . . . .  
. I .wh ich  is  p redominan t ly  i n  t h e  3 v a l e n c e  s t a t e  i n  c o n c e n t r a t e d  

H C 1  o r  llBr, i s  c o n v e r t i n g  t o  h i g h e r  o x i d a t i o n  s t a t e .  The 
- very g e n t l e  d r y i n g  p r o c e s s  ma4,b.e p r e s e r v i n g  t h e  +3 o x i d a t i o n  

s t a t e .  Higher  o x i d a t i o n  s t a t e  Ru compounds a r e '  more cova . l en t  
and hence more V o l a t i l e .  ' The I g r e a t e r .  v o l a t i l i t y  r e s u l t s  i n  
Ru v a p o r i z i n g  i n  t h e  i o n  s o u r q e  a t  lower t e m p e r a t u r e s ,  g i v i n g  
reduced i o n ,  p r o d u c t i o n .  ~ h ' e .  i n c r e a s e  i n  cova lency  means a  

I . . .  
d e c r e a s e  i n  t h e  i o n i c  ' cha rac ' t e r  of  the"  ch.emica1' bo.nds ,:"and -- " 

I hence a. l .ower p r o b a b i l i t y  of i o n i z a t i o n .  . 
. ,.. 1 

... - .  The 1 . o g i c i i  e x t e n s i o n  'of  i t h i s  work i 3  . t t i e ' . r edue t ion  of. 
. Ru t o  t h e  m e t a l  'on t h e  f i l a m e n ~ ~ . .  , Reduct ion was a t t e m p t e d  i n .  . . . . 
two d i f f . e r e n t  ways:. a )  w i t h  h)drogen r e d u c t i o n ,  and. b). w i t h  
t h e  r e s i n  bead method. 'Bo th  t e c h n i q u e s  p roduc ted  

I I 
i n c r e a s e s  of s e v e r a l  f o l d , .  bu t  b o t h  a l s o  had drawbacks t h a t  
' p r e v e n t  a p , p l i c a t i o n .  u n l e s s .  f u r t h e r  r e f i n e m e n t s  a r e  made 

I problem w i t h  . t h e  hydrogen r e d u c t i o n . w a s '  a  m i g r a t i o n  O F  Mo i m -  
I 

p u r i t i e s  i n  t h e  Re f i l a m e n t :  toi t h e  
d u c t  i o n  i n  Mo .accyuing ' from th 'e  

I A major  prohl  em w i t h  t h e  r e s i n ,  bead method i s  t h e  
f o r  t h e  chciniBtry and techniqu,es  f o r  loadir ig  10 t o  50 ng 
q u a n t i t i e s  of Ru n e a r l y  q u a n t i  t a t i v e l y '  on.to a  . s i n g l e  r e s i n  
bead.  

. . 
I 

DATA AND CONCLUSIONS' I . . 

.Based on t h e  work performed t o  d a t e , ,  t h e  p r e f e r r e d  method 
. . I i s  t h e . c o n v e n t i o n a 1  s i n g l e  f i l a m e n t  method., provi,ding t h e  nec- 

. e s s a r y  p r e c a u t i o n s  a r e . t a k e n . d u r i n g  t h e  sample  h a n d l i n g  and 

. d r y i n g  s t e p s .  The r e s u l t s  g iven  i n  T a b l e  1 a r e  r e p r e s e n t a t i v e  
of the .  a n a l y s i s  of a  uranlum o' e  sample  which c o n t a i n e d  q.40' n g ,  7 
"f Ru p r i o r  t o  s e p a r a t i o n  c h e m i s t ~ y .  Mass 100 i s  used t o  ' ,  I 
c o r r e c t .  f o r  n a t u r a l  Ru ( l o O ~ u  .!is n o t  .p ' roducted 3n  . f i s s i o n )  
a f t e r  s u b t r a c t i o n  of l o O ~ o  bas'ed on t h e  a n a l y s i s .  o f  '.'Mo. 
T h i s  c o r r e c t i o n  must be  small For  t h e  d a t a  t o  be  a c c e p t a b l e .  
The d a t a  i n  Ta'ble 1 e a s i l y  e x c ~ e d s  t h e  c r i t e r i a  o f . 1 2  d a t a  
f o r  t h e  . f i s s i o n  p roduc t  n u c l i d  

. . 
Developments t h a t  would pkov ide  ' f u r t h e r  s i g n i f i c a n t  i m -  

provements i n  , t h e  Ru a i ~ a l ~ s i s  a r e :  a )  Re f i l a m e n t %  with '  s i g -  
I '  

g n l f i c a n t l y  .lower !lo c o n t e n t ,  and h )  3 techn:lque f o r  'retluci.!ig ' 

Ku' t o  t h e  m e t a l  on t h e  f i l a m e n t  w i t h o u t  drawbacks 'of  tiir?. . 
' 

methods t e s t e d  t o . d a t e .  I n  s p i t e  of  t h e s e  development n e e d s ,  
t h e  c u r r e n t  method, i n . i t s  st,i,te o,f deve,lopment, i s  a d e q u a t e .  

( t o  a 1 : l . c ~  c o n t i n u e d  e v a l u a t i o n  of t h e  use  of R u  'from 2 3 8 ~  
spon taneous  f i s s i o n  f o r  gkuchrbno logy  s t u d i e s .  

I 
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TAG.,E 1.  ' FISSION ,ORI(;:lTN R r l  FKOM U ORE DEPOS1I:E 

k a n  9 9 i00  .i 101 102 
. . 

104 
. .  1 

1 .  . 25.42 '. 1.1.4 27.84 
, , 

29. 64  . 1.5,. 96 
. . 

. .  .. 2 i : .  . . .  25.50 .27'. 68 . .  .29..:70 .: 1.5. 92 
.. . 

3 25.31 30.13. 15.75 

'. . 4  . . . . . . . . . . .  25. 29 . . . . .  ..... 29. 86 :.-.. . 15. 85 

5 ' 25.26 29.93 . 1 5 . 8 3  

6 . . 25:37 . 1;'OZ' . .  27.61.  29.95 16.05 

7 .  - 25.36 1 ;02' 27.67.  30 .01  15.95 
. . I '  . . 

/Average ' ,25. 36' - '  ' ' " 1 .11  - - '  27i.74, 29.89 
. . 

. I 
" . , . . .  . . .  S t .  Dev.- ' '  

Net Ru F. P. 26.42 0.00; 28.58 29.50 15.. 50 
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