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REVIEW OF ORNL ELECTROMAGNETIC SEPARATIONS PROGRAM 
JANUARY - DECEMBER 1963 

L .  0 .  Love, W .  A.  B e l l  

ABSTRACT 

This  r epor t  reviews developments and a c t i v i t i e s  of t he  
Electromagnetic I so tope  Separat ions Department f o r  1963 
i n  a reas  of magnetic f i e l d s ,  i o n  sources,  i o n  rece ivers ,  
charge eva lua t ion ,  contamination, system modif icat ions,  
q u a l i t y  cont ro l ,  and chemistry.  Both s t a b l e  i so tope  
separa t ions  and s p e c i a l  heavy element separa t ions  a r e  
included.  

I. CALUTRON AND PROCESS DEVELOPMENT 

The ORNL e lectromagnet ic  i so tope  separa t ions  program i s  t h e  source of 
supply f o r  >25O s t a b l e  nuc l ides  s u f f i c i e n t l y  enr iched i n  i s o t o p i c  content  
t o  be e s s e n t i a l  ma te r i a l s  f o r  nuclear  research and t echn ica l  app l i ca t ions .  
Limited q u a n t i t i e s  of enr iched i so topes  of Pu, U, and Th are a l s o  made 
ava i l ab le  as Research Pool materials. Continued development e f f o r t s  
provide the  improvements i n  equipment and techniques necessary t o  meet 
customers' s p e c i f i c a t i o n s  f o r  i s o t o p i c  p u r i t y  and provide phys ica l  and 
chemical forms required f o r  research app l i ca t ions .  

I n  genera l  t h e  research f i e l d  d e s i r e s  a constant  increase  i n  both i s o t o p i c  
p u r i t y  and quant i ty  of nuc l ides  separated;  however, some s p e c i f i c  a p p l i  - 
ca t ions  ( i . e .  d i l u t i o n  ana lyses)  requi re  very s m a l l  q u a n t i t i e s  of u l t r a -  
pure i so topes .  Other p re sen t  and foreseen app l i ca t ions  ( i . e .  con- 
s t r u c t i o n  ma te r i a l s  f o r  space programs) need q u a n t i t i e s  much l a r g e r  
than  t h e  separa t ions  program now provides  bu t  requi re  an intermediate  
l e v e l  of i s o t o p i c  p u r i t y .  

I n  separa t ing  i so topes  by t h e  electromagnet ic  method, ions  formed i n  t h e  
source a r e  acce le ra t ed  over a shor t  d i s t ance  i n  t h e  e l ec t rode  region and 
then continue i n  f r e e  f l i g h t  through a t r ansve r se  magnetic f i e l d .  The 
pa ths  followed by these  singly-charged ions  through t h e  magnetic f i e l d  
a r e  semicircular ,  and t h e  rad ius  i s  def ined by t h e  r e l a t i o n s h i p  

where 
M = mass of t h e  ion,  
E = acce le ra t ing  p o t e n t i a l  i n  v o l t s ,  
H = magnetic f i e l d  s t r eng th  i n  gauss, 
r = rad ius  of curvature  of t he  ion  pa th  i n  cent imeters .  
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I n  theory,  any sepa ra to r  having adequate con t ro l  of E and H should pro- 
duce a sepa ra t ion  between two masses ( e . g .  MI and M2) by d i s p e r s i n g  t h e  . Since t h e  i o n  beams at  t h e  c o l l e c t o r  by a d i s t ance  of 2 ( r  

s i z e  of t h e  ca lu t ron  i s  f i x e d  t o  accommodate a re ference  ion-pa th  r ad ius  
of 24 i n . ,  t h e  d i s p e r s i o n  produced between i o n s  of heavy mass i s  i n -  
adequate t o  permit t h e  use of optimized c o l l e c t o r  pockets.  
t a t i o n  i n  c o l l e c t o r  des ign  causes a n  undes i rab le  l o s s  of i s o t o p i c  
material through s p u t t e r i n g  of prev ious ly  depos i ted  i s o t o p e s  by incoming 
35-kev i o n s .  I n  a d d i t i o n  t o  t h e  s p u t t e r i n g  loss, t h e  mass r e s o l u t i o n  
achieved i s  never 100% e f f i c i e n t ;  and i s o t o p i c  p u r i t y  requirements d i c t a t e  
t h e  degree of p r e c i s i o n  which must be achieved i n  source performance, 
power regula t ion ,  vapor con t ro l ,  beam s t a b i l i z a t i o n ,  and c o n t r o l  of 
contamination. 

M 1  - r M 2 )  

This  l i m i -  

Each ca lu t ron  sepa ra t ion  i s  approached wi th  a dua l  o b j e c t i v e :  
accumulation of enr iched i s o t o p i c  samples f o r  inventory  and nuc lear  
usage, and t h e  a c q u i s i t i o n  of research  and development d a t a  app l i cab le  
t o  process  improvement. An adequate understanding of some b a s i c  processes  
permi ts  equipment and ope ra t ing  techniques t o  be conceived which w i l l  
circumvent d e l e t e r i o u s  e f f e c t s  t h e s e  processes  have on t h e  separa t ion ;  
i n  o t h e r  i n s t ances ,  experimentat ion i s  d i r e c t e d  toward a c q u i s i t i o n  of 
t h e  knowledge needed f o r  problem s o l u t i o n .  

t h e  

A .  255" Inhomogeneous F i e l d  Separa tor  

Limi ta t ions  imposed by inadequate beam d i spe r s ion  i n  t h e  24-in.  r ad ius  
ca lu t ron  and t h e  d e s i r e  t o  a t t a i n  g r e a t e r  i s o t o p i c  p u r i t y  i n  a s i n g l e -  
pas s  process  were respons ib le  f o r  i n v e s t i g a t i o n  of a sepa ra to r  designed 
t o  inc rease  d i spe r s ion  while r e t a i n i n g  t h e  advantageous f e a t u r e s  of t h e  
ca lu t ron .  I n  theory,  a sepa ra to r  achiev ing  double-d i rec t iona l  i on  focus-  
i n g  through use of a c i r c u l a r l y  symmetric, r a d i a l l y  inhomogeneous magnetic 
f i e l d  which had an inhomogeneity f a c t o r  of 0.5, a re ference  r a d i u s  of 
20 i n . ,  and a d e f l e c t i o n  angle of 255" would inc rease  beam d i spe r s ion  
by a f a c t o r  of 1 .6  over t h a t  experienced i n  t h e  24-in.  r ad ius  ca lu t ron .  

Magnetic f i e l d s  of t h i s  genera l  type  have been success fu l ly  used i n  m a s s  
spectrometry, b e t a  spectrometry, and s e c t o r  s epa ra to r s ;  and Russian 
s c i e n t i s t s  have developed a working 225" i so tope  sepa ra to r  us ing  an 
inhomogeneous f i e l d .  Published papers  i nd ica t ed  t h a t  it should be 
poss ib l e  t o  f i n d  a s a t i s f a c t o r y  inhomogeneous f i e l d  f o r  use i n  t h e  
ORNL sepa ra t ions  program even though most of t h e  i n v e s t i g a t i o n s  i n t o  
t h e  theory  of inhomogeneous magnetic l e n s e s  had 
ing  ins t ruments  o t h e r  t han  i so tope  s e p a r a t o r s .  
s epa ra t ions  program, an acceptab le  system would 
produce a well-focused image from an i o n  source 
long ion  e x i t  s l i t  and l a r g e  angular  divergence 
i n v e s t i g a t i o n s  had not completely covered these  
focusing problem. 

t h e  ob jec t ive  of develop- 
To be e f f e c t i v e  i n  a 
have t h e  capac i ty  t o  
having a comparatively 
of t h e  i o n  beam. P a s t  
two a s p e c t s  of t h e  
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Double-focusing sepa ra to r s  require p r e c i s e  magnetic f ie lds ,  and a computer 
program was e s t a b l i s h e d  t o  determine a magnetic f i e l d  which would mini- 
mize radial abe r ra t ions  up t o  3 i n .  away from t h e  median plane.  To a 
f i r s t  o rde r  approximation t h i s  f i e l d  i s  def ined  by t h e  r e l a t i o n s h i p  

r 

o r  B, = B (2)" , 

where B i s  t h e  magnetic f i e l d  s t r eng th  a t  re ference  r ad ius  r and n 
0 0' 

i s  t h e  inhomogeneity f a c t o r .  

An inhomogeneous magnetic f i e l d  i s  shown schematical ly  i n  F ig .  1-1. The 
f i e l d  i s  c i r c u l a r l y  symmetric and t h e  magnetic i n t e n s i t y  decreases  as 
t h e  d i s t ance  from t h e  cen te r  i nc reases .  
decreases  i n  i n t e n s i t y  more r ap id ly  than  does a f i e l d  of low inhomogeneity. 

A f i e l d  of high inhomogeneity 

Compared with a 180" ca lu t ron  system of  u n i t  d i spers ion ,  a f i e l d  of 0.5  
inhomogeneity has  a f o c a l  angle  of 255" and a d i spe r s ion  of 2 whereas a 
f i e l d  of 0.8 inhomogeneity has a corresponding f o c a l  angle  of 400" and 
a d i spe r s ion  of 5.  Although t h e  high d i spe r s ion  value i s  des i r ab le ,  
f o c a l  angles  >360" cannot be accommodated i n  i so tope  sepa ra t ions  and 
reasonable compromises based on cons t ruc t ion  d e t a i l s  must be accepted.  

With inhomogeneous magnetic lenses ,  an ion  t r a v e l i n g  ou t s ide  t h e  magnetic 
midplane will be forced  back toward t h e  midplane by t h e  a c t i o n  of t h e  
magnetic f i e l d .  Thus an ion  t h a t  begins  i t s  f l i g h t  ou t s ide  t h e  midplane 
w i l l  o s c i l l a t e  through t h e  midplane on i t s  t r i p  t o  t h e  c o l l e c t o r .  A 
p a r t i c l e  which leaves t h e  source 2 i n .  from t h e  midplane passes  through 
t h i s  plane and s t r i k e s  t h e  c o l l e c t o r  a t  a po in t  2 i n .  from t h e  midplane 
on t h e  s i d e  opposi te  t h a t  from which it s t a r t e d .  This  po in t - to-poin t  
correspondence i s  r e f e r r e d  t o  as double-focusing and provides  a uniform 
ion  cur ren t  d i s t r i b u t i o n  a t  t h e  c o l l e c t o r  of t h e  255" sepa ra to r .  

Evaluat ion of t h e  magnetic f i e l d  f o r  t h e  255" sepa ra to r  was accomplished 
by programming t h e  IBM 7090 computer t o  c a l c u l a t e  t h e  t r a j e c t o r y  of any 
ion  moving i n  a f i e l d  of t h i s  t ype .  This  program made p r a c t i c a l  a high 
degree of freedom i n  choosing h igher  o rde r  f i e l d  parameters and made it 
poss ib l e  t o  incorpora te  c e r t a i n  refinements i n t o  t h e  f i e l d  shape which 
r e su l t ed  i n  a more e f f e c t i v e  i so tope  sepa ra to r .  Results of t h i s  s tudy 
showed t h a t  i n  add i t ion  t o  inc reas ing  mass d ispers ion ,  t h i s  type  of l e n s  
a l s o  produced a more sharp ly  focused beam than  t h a t  achieved i n  t h e  
b e t a  ca lu t ron .  Under normal opera t ing  condi t ions,  t h e  focused beam i n  
t h e  255" sepa ra to r  could be expected t o  have a width <0.040 i n .  

I n  adapt ing t h i s  type of system i n t o  a b e t a  c a l u t r o n , i t  was necessary 
t o  extend t h e  use fu l  magnetic f i e l d  throughout as l a r g e  a vol.wne as 
poss ib l e  because ion  t ransmission would have t o  be l imi t ed  t o  reg ions  
of accu ra t e ly  shaped magnetic f i e l d .  By programming t h e  computer t o  
eva lua te  t h e  p o t e n t i a l  d i s t r i b u t i o n  produced by an equ ipo ten t i a l  
surface represent ing  t h e  magnetic po le  p ieces ,  it was poss ib l e  t o  
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determine a contour which would produce a s a t i s f a c t o r y  magnetic f i e l d  
and s t i l l  leave s u f f i c i e n t  space i n  a ca lu t ron  tank f o r  a source, rece iver ,  
and l i n e r .  A c ross  sec t ion  of t h e  o r i g i n a l  magnetic shim determined by 
t h i s  technique i s  shown i n  F ig .  1 -2 .  

Incorporat ion of t h e  magnetic shims i n  t h e  ca lu t ron  tank requi red  changes 
i n  t h e  source and c o l l e c t o r .  The new loca t ion  of t h e  source and c o l l e c t o r  
i n  t h e  tank  i s  shown schematical ly  i n  F ig .  1-3. A source and c o l l e c t o r  
modified t o  accommodate t h e  255" f o c a l  angle  are shown i n  F igs .  1-4 
1-5 .  Both t h e  source and c o l l e c t o r  use many components which are a l s o  
used i n  b e t a  ca lu t ron  equipment. The l i n e r  f o r  a 255" separa tor ,  t h e  
only p a r t  of t h e  system t h a t  was cons t ruc ted  e n t i r e l y  from non-calutron 
p a r t s ,  was f a b r i c a t e d  by forming copper s h e e t s  on a magnetic shim and 
f a s t en ing  them t o  a s t a i n l e s s  s tee l  framework. The 255" system i s  com- 
p l e t e l y  interchangeable  with t h e  ca lu t ron  concept and conversion from 
one system t o  t h e  o the r  can be completed i n  an 8-hr  work day. 

and 

Although t h e  255" sepa ra to r  does nothing t o  a l t e r  one of t h e  major causes 
of  i so tope  contamination (beam i n s t a b i l i t i e s ) ,  it does permit t h e  separa-  
t i o n  of b e t t e r  i s o t o p i c  samples because of i t s  increased  mass d i spe r s ion  
and improved imaging p r o p e r t i e s .  Table 1-1 compares r e s u l t s  of separa-  
t i o n s  completed i n  t h e  255" system with similar sepa ra t ions  performed 
i n  ca lu t rons  and shows t h a t  t h e  use of t h e  255" sepa ra to r  has resulted 
i n  s i g n i f i c a n t  improvement i n  i s o t o p i c  p u r i t y  achieved f o r  t h e  heavier  
elements . 

B. Magnetic F i e l d s  

Sec tor  F i e l d s  

Computer programming was e s t a b l i s h e d  i n  conjunction with development of 
t h e  255" sepa ra to r  which made i n v e s t i g a t i o n  of a v a r i e t y  of magnetic 
f i e l d s  poss ib l e .  T r a j e c t o r i e s  of i ons  i n  t h e  ca lu t ron  system were p l o t t e d  
t o  acqui re  a b e t t e r  understanding of f o c a l  problems which result when 
ions  wi th in  t h e  beam have abnormal i n i t i a l  v e l o c i t y  components, and 
s t u d i e s  were extended t o  inc lude  s e c t o r  f i e lds - -bo th  homogeneous and 
s p e c i f i c  inhomogeneous types .  

A sec tor - type  sepa ra to r  could serve as a v e r s a t i l e  u n i t  s a t i s f a c t o r y  f o r  
beam s tud ie s ,  s a m e  eva lua t ion ,  t a r g e t  prepara t ion ,  and sepa ra t ion  of 
high p u r i t y  samples, p a r t i c u l a r l y  those  second-pass opera t ions  us ing  s m a l l  
q u a n t i t i e s  of pre-enriched materials. The high degree of v e r s a t i l i t y  
inherent  i n  t h e  s e c t o r  instrument  i s  due t o  t h e  f a c t  t h a t  both ion  source 
and r ece ive r  are loca ted  ou t s ide  t h e  f i e l d  of t h e  analyzing magnet. 
Placement of these  components i n  such a l o c a t i o n  d i c t a t e s  t h a t  i ons  
e n t e r  and leave the  main magnetic f i e l d  through f r i n g i n g  f i e l d s ,  and 
eva lua t ion  of t h e  a c t i o n  of t hese  f i e l d s  on the  o v e r - a l l  i on  t r a j e c t o r y  
i s  l imited t o  approximation only.  

I n  a uniform-field s e c t o r  s tudy t h e  components of t h e  f r i n g i n g  magnetic 
f i e l d  can be ca l cu la t ed  by means of a Schwarz-Christoffel  t ransformation 
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Table 1-1. Comparison of performance of ca lu t ron  and 255" sepa ra to r  

P u r i t y  achieved, $I Tota l  cur ren t ,  m a  

255" Separa tor  Calutron 255" Separator  Calutron 
I sotope 

88.6 

98.4 

97.1- 

1-3.5 

76.1 

83.4 

86.6 

98 .o 

99 -1 

0.47 

93 *15 

93 16 

84.0" 

97.8" 

97. I* 

10.6" 

91.3" 

98 -3" 

81.0"" 

81. o** 

96 .o* 
0.30"" 

90.5** 

91.7** 

22 

22 
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i n  t h e  complex z-plane.  Unfortunately t h i s  technique cannot be appl ied  
d i r e c t l y  t o  c a l c u l a t e  t h e  f i e l d  of an inhomogeneous s e c t o r  magnet. The 
approach t h a t  has  been followed i n  t h e  ORNL study of such f i e l d s  i s  t o  
estimate t h e  e f f e c t i v e  f i e l d  components by combining t h e  f i e l d  g rad ien t s  
from t h e  f r i n g i n g  f i e l d  i n  f r o n t  of a uniform-field s e c t o r  magnet with 
those of an inhomogeneous magnetic f i e l d  with no f r i n g i n g .  

The 0 .5  and 0.8 inhomogeneous f i e l d  systems and t h e  uniform f i e l d  system 
have been inves t iga t ed  more ex tens ive ly  than  o t h e r  types  o r  va lues  of 
inhomogeneity, and e i t h e r  system can be u t i l i z e d  success fu l ly  i n  a 
separa tor .  It i s  recognized, however, t h a t  con t ro l  of i n i t i a l  i o n  
condi t ions i s  more c r i t i c a l  i n  inhomogeneous f i e l d s  than  it i s  i n  un i -  
form f i e l d s ,  and t h e  p rec i s ion  requi red  i n  f i e l d  formation inc reases  
with increas ing  inhomogeneity. 

"Football" Shims 

The f o c a l  p a t t e r n  of i on  beams i n  a conventional ca lu t ron  i s  curved as 
a r e s u l t  of shimmed f i e l d  a c t i o n  upon charged p a r t i c l e s .  The curvature  
n e c e s s i t a t e s  t h e  formation of correspondingly shaped c o l l e c t o r  pockets  
and de f in ing  p l a t e s ;  t he re fo re ,  pocket cons t ruc t ion  i s  t i m e  consuming 
and cos t ly .  

I n  1960 B a l e s t r i n i  and Whitel  repor ted  a system f o r  use i n  shaping t h e  
magnetic f i e l d  i n  a mass spectrometer which, i f  adaptable  t o  ca lu t ron  
use, would produce a nea r ly  s t r a i g h t  f o c a l  p a t t e r n  a t  t h e  r ece ive r .  A 
set  of shims of t h i s  type ( c a l l e d  " foo tba l l "  shims because of t h e i r  
genera l  shape) was f a b r i c a t e d  us ing  t h e  genera l ized  concept t h a t  a sharp  
cutoff  i n  f r i n g i n g  f i e l d  a t  half-gap width would be a reasonable as- 
sumption f o r  c a l c u l a t i n g  t h e  needed shim p r o f i l e .  Shim i n s t a l l a t i o n  
(F ig .  1-6 ) and subsequent f i e l d  measurements revealed t h a t  t h i s  i n i t i a l  
se t  of shims d i d  not  produce t h e  des i r ed  f i e l d ;  however, a reference 
f i e l d  was es t ab l i shed  from which refinements could be ca l cu la t ed .  

I n  o rde r  t o  de f ine  t h e  imaging p r o p e r t i e s  of t h i s  type of l ens ,  t h e  f i e l d  
must be represented by an accura te  expression i n  t h r e e  dimensions. I n  
a magnetic f i e l d  with one p lane  of mi r ro r  symmetry, t h e  normal component 
( B L  i n  t h i s  example) of magnetic f l u x  dens i ty  may be a func t ion  of x and 
y .  If t h i s  quan t i ty  i s  known and i s  expres s ib l e  mathematically,  then  
it can be shown t h a t  t h e  components i n  t h e  surrounding volume are given 
by 

lS. J .  B a l e s t r i n i ,  F .  A.  White, Rev. S c i .  I n s t r .  31(6): 633-6 (1960). 

. 
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where B, i s  t h e  known expression f o r  B, as a func t ion  of x and y a t  t h e  
magnetic midplane. I n  theory,  t he  preceding t rea tment  would de f ine  the  
f i e l d  components once BL were known. 
vergence of t h e  s e r i e s  could render t h e  expressions u s e l e s s  i n  determi- 
na t ion  of t h e  f i e l d  components. 
ca lu t ron  shims, it was necessary t o  use f i v e  terms t o  ob ta in  s u f f i c i e n t  
accuracy f o r  use i n  computer programming. 

I n  p r a c t i c e ,  t h e  degree of con- 

I n  eva lua t ion  of t h e  experimental 

Examination of t h e  measured f i e l d  d a t a  ( taken  only a t  t h e  midplane 
p o s i t i o n )  revea led  t h a t  BL could be expressed i n  t h e  form 

when t h e  cons tan ts  were proper ly  chosen. The three-dimensional t ra-  
j e c t o r i e s  of i ons  moving i n  t h i s  magnetic f i e l d  were ca l cu la t ed  from a 
computer program based on t h e  above equations.  
are shown i n  F ig .  1-7 which g ives  t h e  l o c i  of p o i n t s  where sca l ed  tra- 
j e c t o r i e s  p i e rce  an imaginary plane t o  form a f o c a l  p a t t e r n .  
p a t t e r n  i s  unacceptable f o r  i so tope  separa t ion ,  bu t  improvements could 
r e s u l t  from f u r t h e r  f i e l d  shaping. 

The r e s u l t s  of t h i s  work 

This 

255" Inhomogeneous F i e l d  

The inhomogeneous f i e l d  i n  t h e  255" sepa ra to r  provides  double focus ing  
of ions wi th  po in t - to -po in t  c o r r e l a t i o n  between source and r ece ive r .  
Or ig ina l  cons t ruc t ion  w a s  based on t h e  premise of one-arc opera t ion  and 
c o l l e c t i o n  i n  s l i g h t l y  curved r ece ive r  pockets.  
t r a j e c t o r i e s  i n  t h i s  f i e l d  ind ica t ed  t h a t  s t r a i g h t e n i n g  of t h e  r e c e i v e r  
pocket i s  poss ib l e  through t h e  use of curved ion -ex i t  s l i t s  and acce le ra -  
t i n g  e l ec t rodes .  Pre l iminary  t e s t i n g  of t h i s  concept i n  a c t u a l  
separa t ions  demonstrated i t s  f e a s i b i l i t y  and equipment conversion i n  
t h i s  system i s  expected t o  reduce pocket f a b r i c a t i o n  c o s t s .  

Fu r the r  study of i o n  

C .  Ion  Sources 

The e f f e c t i v e n e s s  wi th  which i so topes  a r e  separa ted  i s  l a r g e l y  dependent 
upon i o n  source performance. Energy spread, z-wise divergence, sparking, 
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and output modulation a l l  cont r ibu te  t o  i s o t o p i c  contamination. E f f o r t s  
t o  minimize these  e f f e c t s  and provide increased  i o n  output a r e  an i n t e g r a l  
p a r t  of t h e  development program. 

Sput te r ing  Source 

For s a t i s f a c t o r y  ca lu t ron  processing, charge feeds  must be r e l a t i v e l y  
v o l a t i l e  and s t a b l e  a t  e leva ted  temperatures.  These c h a r a c t e r i s t i c s  are 
lacking  i n  compounds of t h e  platinum metals  group, and vapor iza t ion  of 
t h e  element (used as feed  ma te r i a l  i n  s epa ra t ing  these  i so topes )  i s  
accomplished by e l e c t r o n  bombardment hea t ing .  

Elec t ron  bombardment sources a r e  d i f f i c u l t  t o  construct, and i n  opera t ion  
they y i e l d  only a f r a c t i o n  of t h e  output normally r ea l i zed  during opera- 
t i o n  of conventional sources.  I n  order  t o  develop an a l t e r n a t e  method 
f o r  charge t r anspor t ,  s eve ra l  experimental  models of sput te r ing- type  
sources were constructed and t e s t e d .  Meta l l ic  copper, used as t h e  charge 
mater ia l ,  w a s  spu t t e red  i n t o  t h e  a r c  region a t  an acceptable  r a t e  of 1-5 
g/hr .  
presence of so much copper was solved, bu t  t h e  i o n i z a t i o n  of spu t t e red  
copper proceeded a t  such a slow r a t e  t h a t  p r a c t i c a l  i o n  outputs  could 
not be achieved from the  concepts t e s t e d .  

The problem of maintaining t h e  i n t e g r i t y  of i n s u l a t o r s  i n  t h e  

Miniature Sources 

An increas ing  number of p r o j e c t s  requi re  the  use of pre-enriched f eeds  
where an increase  i n  t o t a l  recovery and process  e f f i c i e n c y  i s  e spec ia l ly  
des i r ab le .  
immediate problem, and the  sources  themselves could be appl ied  d i r e c t l y  
i n t o  a s e c t o r  instrument whenever t h e  s e c t o r  program i s  f i n a l i z e d .  

Minia tur iza t ion  of i o n  sources i s  an approach t o  t h i s  

Two sources of reduced s i z e  (one-half  and one-quarter "standard" s i z e )  
have been designed, constructed,  and t e s t e d  i n  gas  separa t ions .  Ion  
outputs  equal  t o  a t  l e a s t  ha l f  those received from standard u n i t s  have 
been achieved i n  a major i ty  of t e s t  runs.  

Each source i s  mounted on a r egu la r  s i z e  f a c e p l a t e  and i n s u l a t o r  t o  
minimize cons t ruc t ion  c o s t s  during i n i t i a l  t e s t i n g  of t hese  new concepts.  
The major components of t hese  sources a r e  shown i n  exploded view i n  
F igs .  1-8 and 1-9. The f i rs t  and l a r g e r  of t he  two i s  similar i n  
concept t o  the  s tandard high temperature source developed i n  1957-58. 
The second i s  considerably l e s s  complex and employs the  concept of s l i p -  
f i t s  t o  s impl i fy  assembly and make remote se rv ic ing  poss ib l e .  The 
assembled u n i t s  ready f o r  placement i n  t h e  support ing subassembly 
(F ig .  1-10 ) a r e  shown i n  F i g .  1-11. 
f o r  comparative purposes i s  t h e  source assembly considered t o  be of 
s tandard s i z e .  

The l a r g e r  u n i t  shown i n  F ig .  1-11 

Each source was operable i n  i t s  o r i g i n a l  design, and only s l i g h t  modi- 
f i c a t i o n  of t h e  d r a i n  system has been incorporated i n  t h e  qua r t e r - sca l e  
model i n  an e f f o r t  t o  improve i t s  opera t iona l  c h a r a c t e r i s t i c s .  These 
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sources  are being used as an  i n t e g r a l  p a r t  of t h e  source s tudy program 
s ince  they  permit  t h e  observat ion of a r c s  formed i n  chambers of r a d i c a l l y  
d i f f e r e n t  dimensions from those  prev ious ly  a v a i l a b l e .  

Sector-Type Ion  Source 

The source concept given i n  F ig .  1-12 
ca t ion ,  and t h e  u n i t  i s  under cons t ruc t ion .  I n  t h i s  design t h e  diameter 
of t h e  support ing i n s u l a t o r  has  been increased  so t h a t  source charging 
can be accomplished through t h e  a i r l o c k  loca ted  ou t s ide  t h e  high vol tage  
p l a t e .  This  high vol tage  p l a t e  i s  nonexis tent  i n  conventional sources,  
and f o r  s tandard u n i t s  a l l  high vol tage  se rv ices  must be f e d  through a 
2- in .  diameter opening provided i n  t h e  i n s u l a t o r .  
high vol tage  p l a t e  s i m p l i f i e s  cons t ruc t ion  problems i n  add i t ion  t o  
making charge loading poss ib l e  without removing t h e  u n i t  from t h e  tank. 

i s  proposed s o l e l y  f o r  s e c t o r  a p p l i -  

The concept of a 

Two-Arc Source 

Improvement i n  t o t a l  i on  output  i s  sometimes poss ib l e  through use of a 
two-arc system. This  approach has l imited a p p l i c a t i o n  s ince  i s o t o p i c  
p u r i t i e s  are gene ra l ly  lowered and some complex ion  beams m a k e  t h e  use 
of two a r c s  imprac t i ca l .  

Recent reques ts  f o r  tungs ten  i so topes  a t  an intermediate  l e v e l  of i s o t o p i c  
p u r i t y  made use of  a two-arc source of t h e  M-16 type appear feasible.  
A s  i n i t i a l l y  designed f o r  i n t e r n a l  feeds,  t hese  sources  incorporated 
two d i s c r e t e  charge ovens and a r c  chambers and provided independent 
con t ro l  of each a r c .  Since tungs ten  w i l l  be i n t e r n a l l y  ch lor ina ted  and 
a r c  con t ro l  appears less c r i t i c a l  whenever i n t e r n a l  ch lo r ina t ion  i s  
used, t h i s  source i s  being altered t o  provide a s i n g l e  oven. One source 
of t h i s  type has been f a b r i c a t e d  and subjec ted  t o  t e s t  runs using WO3 
charge. Performance was s a t i s f a c t o r y  and maintenance and equipment 
c o s t s  can be reduced through e l imina t ion  of one oven and h e a t e r  assembly. 
The i s o t o p i c  p u r i t r  achieved meets sepa ra t ion  s p e c i f i c a t i o n s  even i n  
t h e  presence of WO and WC1' sideband beams from t h e  lower a r c  which 
s t r i k e  t h e  f a c e p l a t e  of t h e  t o p  c o l l e c t o r  assembly. 

Enclosed Filament 

When observing t h e  o s c i l l a t i o n s  p re sen t  i n  a co l l ec t ed  i o n  beam and 
at tempting t o  e s t a b l i s h  a c o r r e l a t i o n  between them and source condi t ions,  
it w a s  noted t h a t  pressure  i n  t h e  co l l imat ing  s lo t - f i l amen t  region 
af fec ted  beam q u a l i t y .  
t h e  f i lament  i n  a vapor- t igh t  enclosure provided with a connection 
through which gases  could be f e d .  
o r  d i f f e r e n t )  could be fed independently i n t o  t h e  convent ional  c o l l i -  
mating s l o t  and a r c  chamber l o c a t i o n s .  When t e s t  runs were made wi th  
argon and/or ni t rogen,  t h e  best  beam q u a l i t y  was always achieved when 
a major i ty  of t h e  gas  being used was f e d  i n t o  t h e  f i lament  enclosure.  
Better than  normal q u a l i t y  was a t t a i n e d  with 1-2 ma beam cur ren t s  when- 
ever a high degree of one gas  ( suppor t )  was f e d  i n t o  t h e  f i lament  region 

An ion  source was modified t o  completely encase 

Simultaneously a gas  ( e i t h e r  t h e  same 
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22 . 
and only s m a l l  q u a n t i t i e s  of charge gas were admitted i n t o  t h e  a r c  chamber. 
T h i s  a c t i o n  suggests t h a t  support  gas permits  an a r c  t o  be s t ruck  between 
t h e  f i lament  and co l l imat ing  s l o t  t o  provide s t a b i l i t y ,  and subsequent 
admission of charge gas permits  t he  major po r t ion  of t h e  a r c  t o  be formed 
a t  much lower pressure .  

The app l i ca t ion  of t hese  observat ions i n t o  separa t ions  involving l a r g e  
q u a n t i t i e s  of s o l i d  charges i s  uncer ta in ;  bu t  i n  a reas  such as second- 
pass  operat ions,  t h i s  technique could provide a means of r e a l i z i n g  i m -  
proved process  e f f i c i e n c y  and increased i s o t o p i c  p u r i t y .  

Electrode Geometry Considerations 

Separator  performance i s  inf luenced by t h e  ex ten t  t o  which t h e  i o n  beam 
i s  col l imated by t h e  e l ec t rode  system. S tudies  show t h a t  e l ec t rode  hea t -  
i ng  and ion  l o s s e s  occur whenever e l ec t rode  o f f s e t s  a r e  not  optimized. 

Present  sources provide f o r  in - run  adjustment of both negat ive and 
grounded e l ec t rode  o f f s e t s  r e l a t i v e  t o  t h e  source,  bu t  t h e  movement i s  
such t h a t  t h e  two e l ec t rodes  bear  a f i x e d  r e l a t i o n s h i p  t o  each o the r .  
The v a l i d i t y  of using such an adjustment i s  being examined both  by d i r e c t  
experimentation and by ca l cu la t ion  of approximate p a r t i c l e  t r a j e c t o r y  
under these  condi t ions .  

I n  determining e l ec t rode  geometry of i o n  sources  f o r  use i n  s tandard  
ca lu t rons  as wel l  as ion  sources t o  be used i n  o t h e r  types  of separa tors ,  
it i s  necessary t o  accura te ly  o f f s e t  t h e  e l ec t rodes  i n  order  t o  ensure 
minimum power supply d ra ins  and unnecessary loss of i o n  output .  The 
o f f s e t  i s  i n  a d i r e c t i o n  normal t o  t h e  e l e c t r i c  and magnetic f i e l d  
vec tors ,  and i s  equal t o  t h e  amount of perpendicular  displacement ex- 
perienced by a charged p a r t i c l e  i n  passing through t h e  e l ec t rode  system. 

The fol lowing de r iva t ions  a r e  appl icable  i n  approximation of e l ec t rode  
o f f s e t s  f o r  sources  w i t h  i on  e x t r a c t i o n  perpendicular  t o  a magnetic 
f i e l d .  The t reatment  assumes a uniform f i e l d  between e l ec t rodes  and 
ignores  t h e  e f f e c t  of e l ec t rode  th ickness .  P a r t i c l e s  a r e  assumed t o  
o r i g i n a t e  a t  t h e  cen te r  of t h e  coordinate  frame with an i n i t i a l  v e l o c i t y  
of zero .  Figure 1-13 i l l u s t r a t e s  t h e  coordinate system, f i e l d  o r i -  
en t a t ion ,  and e l ec t rode  arrangement used i n  t h e  development of t h e  
equations of motion f o r  a charged p a r t i c l e  moving i n  an E x B f i e l d .  

The t i m e  required f o r  a p a r t i c l e  t o  t r a v e r s e  t h e  d i s t ance  dl between 
e l ec t rodes  1 and 2 i s  given by 

t l  = - m cos- l  (1 - 9 G)' B2d 
Bq 

The displacement of t h e  p a r t i c l e  i n  t h e  y d i r e c t i o n  i n  Region 1 as a 
func t ion  of time i s  given by 
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E E m  y 1  = 2 tl - 2 7 s i n  9 tl, q B  m 

while t h e  v e l o c i t y  component i n  t h e  y d i r e c t i o n  i n  Region 1 may be 
w r i t t e n  

(3) y l '  = 2 (1 - cos t l ) .  m 

I n  t h i s  ins tance  the  value y1 corresponds t o  t h e  o f f s e t  requi red  between 
e l ec t rodes  1 and 2.  

S imi l a r ly  t h e  equat ions for t h e  displacement of t he  p a r t i c l e  i n  t h e  x 
d i r e c t i o n  of Region 1 and i t s  v e l o c i t y  component i n  t h a t  d i r e c t i o n  were 
developed, 

E m  Bq 
SB m x1 = (1 - cos - t l) ,  and 

Bq 
B m xlt = 5 s i n  - tl. 

(4) 

(5) 

Afte r  t r a v e l i n g  the  d i s t ance  d l  t h e  p a r t i c l e  moves i n t o  Region 2 where 
t h e  inf luence  of a dece le ra t ion  f i e l d  a f f e c t s  t he  p a r t i c l e  t r a j e c t o r y .  
A t  time of e n t r y  i n t o  Region 2 t h e  p a r t i c l e  has been d isp laced  a d i s t ance  
yo and t r a v e l s  with components of v e l o c i t y  %' and yor  i n  t h e  respec t ive  
d i r e c t i o n s .  
may be w r i t t e n  

The equat ion of p o s i t i o n  i n  Region 2 i n  t h e  x d i r e c t i o n  

and the  equat ion for t h e  v e l o c i t y  component i n  t h e  x d i r e c t i o n  i s  

The p o s i t i o n  equat ion and v e l o c i t y  component equat ion i n  t h e  y d i r e c t i o n  
f o r  Region 2 may be w r i t t e n  

%' cos E3 t2 t2 - - ~m mor m 
y2 = (-+ + Bq) s i n  m Bq rn 

E m - + t 2  + Yo + Bq +Ir, 

. 

To complete the  displacement i n  t h e  y2 d i r e c t i o n  f o r  t h e  o f f s e t  of 
e l ec t rode  3 t h e  value of t 2  should be ca l cu la t ed  from Eq. 6 when x2 = d2. 
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. 

This  value when s u b s t i t u t e d  i n t o  Eq. 8 w i l l  y i e l d  the  proper  o f f s e t  f o r  
e l ec t rode  3 i n  r e l a t i o n  t o  e l ec t rode  1. 

NOTE: tl = 
t z  = 
m =  
B =  
g =  
El = 
E2 = 
d l  = 
d2 = 
Y 1  = 

Y 1 '  = 
x1 = 

X l '  = 
x2 = 

x2' = 
Y 2  = 

Y 2 '  = 
Yo = 

Yo' = 

xo' = 

time of f l i g h t  i n  Region 1 
time of f l i g h t  i n  Region 2 
mass of p a r t i c l e  
magnetic f i e l d  s t r eng th  
charge of p a r t i c l e  
e l e c t r i c  f i e l d  s t r eng th  i n  Region 1 
e l e c t r i c  f i e l d  s t r eng th  i n  Region 2 
e lec t rode  gap d i s t ance  between e l ec t rodes  1 and 2 
e l ec t rode  gap d i s t ance  between e l ec t rodes  2 and 3 
displacement of p a r t i c l e  i n  y d i r e c t i o n  i n  Region 1 
v e l o c i t y  component of p a r t i c l e  i n  y d i r e c t i o n  i n  Region 1 
displacement i n  x d i r e c t i o n  of p a r t i c l e  i n  Region 1 
v e l o c i t y  component of p a r t i c l e  i n  x d i r e c t i o n  i n  Region 1 
displacement i n  x d i r e c t i o n  of p a r t i c l e  i n  Region 2 
v e l o c i t y  component of p a r t i c l e  i n  x d i r e c t i o n  i n  Region 2 
displacement i n  y d i r e c t i o n  of p a r t i c l e  i n  Region 2 
v e l o c i t y  component of p a r t i c l e  i n  y d i r e c t i o n  i n  Region 2 
displacement of p a r t i c l e  i n  y d i r e c t i o n  upon entrance i n t o  
Region 2 from Region 1 
v e l o c i t y  component of p a r t i c l e  i n  y d i r e c t i o n  upon entrance 
i n t o  Region 2 from Region 1 
v e l o c i t y  component i n  x d i r e c t i o n  of p a r t i c l e  upon entrance 
i n t o  Region 2 from Region 1. 

D .  Ion Receivers 

Calutron i so tope  separa t ion  involves  t h e  c o l l e c t i o n  of 35-kev ions  i n  
s u i t a b l e  receiving pockets .  
l i m i t  c o l l e c t o r  pocket s i z e  t o  a box-like s t r u c t u r e  -3/8 x 8 x 3-1/2 i n .  
Ions s a t u r a t e  the  sur face  covered by d i r e c t  impact wi th in  minutes; and, 
when t h i s  equi l ibr ium l e v e l  i s  reached, t h e  deposi ted i s o t o p i c  ma te r i a l  
as wel l  as the  c o l l e c t o r  pocket i s  spu t t e red  away by t h e  incoming ion  
beam. 
i o n  en te r ing  the  c o l l e c t o r .  
i o n i c  spec ie s )  but  i n  most separa t ions ,  i s o t o p i c  ma te r i a l  of s o l i d  form 
i s  r e t a ined  p r imar i ly  by t rapping  spu t t e red  p a r t i c l e s .  Both the  p lace-  
ment of t h e  pocket and i t s  phys ica l  dimensions a r e  e f f e c t i v e  i n  i n -  
creasing i s o t o p i c  r e t e n t i o n .  

Space l i m i t a t i o n s  imposed by beam d i spe r s ion  

I n  general  -5 atoms of pocket ma te r i a l  a r e  dislodged by each 
This  value v a r i e s  (both with ma te r i a l  and 

Sa tu ra t ion  and Pene t r a t ion  

I n  c o l l e c t i o n  of i so topes  having very low n a t u r a l  abundance (i  .e .  C a m  
which i s  0.003% of t h e  normal element),  advancement has r e s u l t e d  from 
c o l l e c t i n g  separa ted  ma te r i a l  i n  t he  sur face  a c t u a l l y  s t ruck  by t h e  
high energy ions .  Here pene t r a t ion  i s  of t h e  order  of 100 atomic d i -  
ameters, and t h e  sur face  s a t u r a t e s  a t  10-100 pg/cm2. 

. 
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Recent work with thorium i o n s  s t r i k i n g  both normal and p y r o l y t i c  t ypes  
of g raph i t e  show t y p i c a l  q u a n t i t i e s  t rapped i n  t h e  t a r g e t  m a t e r i a l  
(Table 1-2 ); F i g .  1-14. The equipment 
arrangement used f o r  t h e s e  experiments provided f o r  continuous r o t a t i o n  
of up t o  54 sample specimens p e r  run and produced s t a t i s t i c a l l y  r e l i a b l e  
data. Figure 1-15 
l e c t i o n s  t o  study t h e  s a t u r a t i o n  value f o r  C a e  on va r ious  m a t e r i a l s  
and t o  determine t h e  s p u t t e r i n g  r a t i o  of g raph i t e  by Ca4' a t  38 kev. 
Various t a r g e t  m a t e r i a l s  a r e  l i s t e d  i n  Table 1-3 
and i s o t o p i c  p u r i t i e s  achieved. 

shows t h e  p e n e t r a t i o n  p r o f i l e .  

shows a similar r ece ive r  used i n  calcium i o n  co l -  

with va lues  r e t a i n e d  

Sideband Beam Product ion 

+ Extended ope ra t ion  with SiS2 charge where both t h e  Sif and S 
being monitored shows a s t r i k i n g  degree of c o r r e l a t i o n  between t h e  r a t i o  
of beam cur ren t s  (Si+/S+) and t h e  temperature of t h e  charge oven. Fu r the r  
i n v e s t i g a t i o n  with chromium and ch lor ine  shows a similar b u t  l e s s  pro- 
nounced e f f e c t .  I n  both in s t ances  t h e  i o n  cu r ren t  of t h e  non-metal l ic  
charge cons t i t uen t  i s  increased  whenever t h e  ope ra t iona l  temperature i s  
lowered. Readjustment of a r c  vo l t age  and cu r ren t  w i l l  not r e s t o r e  t h e  
o r i g i n a l  cu r ren t  r e l a t i o n s h i p s .  The a b i l i t y  t o  exe rc i se  a c e r t a i n  degree 
of con t ro l  over sideband beam c u r r e n t s  i s  d e s i r a b l e .  The concept t h a t  
con t ro l  i s  poss ib l e  through pressure  r egu la t ion  could mean r e a l i z a t i o n  
of improvements i n  ope ra t iona l  e f f i c i e n c y  which would be p a r t i c u l a r l y  
app l i cab le  i n  second-pass sepa ra t ions .  

i o n s  a r e  

E .  Charge Evaluat ion 

I n  e a r l y  ca lu t ron  sepa ra t ions  t h e  choice of a feed compound f o r  i o n i z a t i o n  
was l i m i t e d  t o  elements o r  compounds which could be vaporized i n  sources 
having a temperature range of 300 t o  600"c. 
t h e  temperature range and t h u s  allowed more choice i n  f eed  m a t e r i a l s .  
It became evident  t h a t  opera t ions  could be a l t e r e d  tremendously by t h e  
charge m a t e r i a l  used. 

Source development inc reased  

I n t e r n a l  Chlor ina t ion  

The technique of prepar ing  v o l a t i l e  f eeds  by chemical r e a c t i o n  ( ch lo r ina -  
t i o n  o r  ox ida t ion )  w i th in  t h e  i o n  source has exe r t ed  a g r e a t e r  ?.nfluence 
on opera t ions  than  any o t h e r  s i n g l e  phase of charge p repa ra t ion  o r  
choice.  A l t e r a t i o n  of f eed  conta iners  makes poss ib l e  t h e  i n t e r n a l  
ch lo r ina t ion  of -50% of t h e  elements processed. 
choice and form of t h e  material t o  be ch lo r ina t ed  (oxide, carbonate, 
s u l f i d e ,  o r  me ta l )  r evea l s  a genera l  p reference  f o r  oxides o r  carbonates 
t h a t  have been formed a t  low temperatures.  Compounds formed at  high 
temperatures  r equ i r e  t h e  use of more c h l o r i n a t i n g  agent ( C C 1 4 )  p e r  u n i t  
time and provide l e s s  i o n  output than  do t h e  low-f i red  compounds. 

Experimentation i n  

The i n t e r n a l  c h l o r i n a t i o n  of a mixture of tantalum and hafnium oxides 
r e s u l t e d  i n  an outs tanding  improvement i n  tantalum ope ra t ion .  Increased  

. 
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Table 1-2. Summary of thorium depos i t ion  i n  graphi te  

Average Actual 
Bombardment Bombardment in t eg ra t ed  Type of Quant i ty  of quan t i ty  of Method of Col lect ion 

graphi te  Th deposited,  Th embedded, ana lys i s  e f f i c i ency ,  energy, kev time, hr current  
reading, ma I.l.g/cm2 d c m 2  P 

40 5 0.020 impregnated 10 10.28 a c t i v a t i o n  100 

Tu 
4 

40 5 0.020 pyro ly t i c  10 8.76 a c t i v a t i o n  88 

36 8 0.500 C -18 385 65.6 co lor imet r ic  17 
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Table 1-3. Bombardment of t a r g e t s  with Ca46 ions  us ing  r o t a t i o n a l  r ece ive r  

Estimated Recovered Retent ion A s  say 
Ca=, Rat io  Sample 

number mg mg % % ~ a ~ ~ / ~ a ~ ~  
Target  material w t  Ca46, wt Ca46 ,  i n  t a r g e t ,  

1 

1 

1 

1 

2 

2 

2 

2 

3 

3 

3 

3 

normal Cu 

Cu c r y s t a l  l l O *  

Cu c r y s t a l  112* 

C - 1 8  g raphi te  

normal Cu 

Cu crystal 110" 

Cu c r y s t a l  112* 

C - 1 8  g raph i t e  

normal Cu 

Cu c r y s t a l  110" 

Cu c r y s t a l  112* 

laminated C 

0.840 

0.840 

0.840 

0.840 

0.960 

0.960 

0.960 

0.960 

1.100 

1.100 

1.100 

1.100 

0 -335 

0.385 

0 -357 

0.502 

0.210 

0.350 

0 -375 

0 - 525 
0.355 

0.413 

0.255 

0.450 

40 

46 

42 

60 

22 

36 

39 

55 

32.3 

37.5 

23.1 

41 

42.0 

42.5 

40.8 

36.1 

45.6 

47 .0 

45.6 

33 .o 
47.7 

50 .0 

49.3 

41.8 

17.4 

17 -9 

18.1 

14.7 

15.7 

18.2 

14.8 

12.7 

18.8 

19 e92 

19.4 

17.6 

w 
0 

* r ep resen t s  t h e  c r y s t a l l i n e  plane normal t o  t h e  i o n  beam 

NOTE: average parameters:  
0.22 p.a/cm2 

ion energy - 37.5 kev; t a r g e t  area - 15 cm2; ion  cu r ren t -  

? 1 



i o n  output 
monitoring 
Tal8' i s  0 

w a s  achieved, and t h e  presence of i n  t h e  beam permi t ted  
of t h e  cu r ren t  i n  the Tal8' c o l l e c t o r .  (Natura l  abundance of 
.012%, and i o n  cu r ren t  of t h i s  i so tope  alone i s  too  small f o r  

accura te  monitoring.) A s s a y s  of t h e  samples c o l l e c t e d  showed t h e  Tal8' 
content t o  be 0.6% which i s  almost a 70% i nc rease  over prev ious ly  co l -  
l e c t e d  s ingle-pass  material. 

During t h e  y e a r  charges f o r  Cd, Ta, Yb, C r ,  Pu, and Rb sepa ra t ions  were 
prepared by t h e  i n t e r n a l  c h l o r i n a t i o n  process .  
shown t h e  d e s i r a b i l i t y  of extending t h i s  technique t o  planned sepa ra t ions  
of W and U. 
t i o n  

Exploratory work has  

No improvement i n  opera t ion  was  noted when i n t e r n a l  ch lo r ina -  
w a s  appl ied  i n  sepa ra t ions  of N i ,  Fe, Pb, or Hg. 

S i l i c o n  Su l f ide  

Another s i g n i f i c a n t  improvement i n  ope ra t ions  r e s u l t e d  when s i l i c o n  
s u l f i d e  w a s  s u b s t i t u t e d  f o r  s i l i c o n  t e t r a c h l o r i d e ,  p rev ious ly  t h e  p r e -  
f e r r e d  compound. 
t r i p l e d  and S+ was c o l l e c t e d  s imultaneously wi th  t h e  Sie a t  e s s e n t i a l l y  
t h e  same rate as expected i n  a noma1  sulfur sepa ra t ion .  
t i m e ,  apprec iab le  i n c r e a s e s  i n  t h e  i s o t o p i c  p u r i t y  of Si2' and Si3' were 
achieved. The results, summarized f o r  approximately nine months of 
opera t ion ,  a r e  shown i n  Table 1-4.  

Through use of SiS2 feed, t h e  i o n  out u t  of Si+ was 

A t  t h e  same 

Table 1-4.  Ion outputs  and i s o t o p i c  p u r i t i e s  achieved 
f o r  s i l i c o n  using S i s a n d  Sic14 f eeds  

Ion  ou tpu t ,  m a  I s o t o p i c  p u r i t y  
Peak Average Si2' S id  Charge f eed  

SiS2 162 71.6 3 5  3 5  

Sic14 45 26.8 88 90.2 

F.  Contamination 

Attempts t o  improve i s o t o p i c  p u r i t y  a r e  o f t e n  f u t i l e  because of t h e  l a r g e  
number and complexity of f a c t o r s  con t r ibu t ing  t o  contamination of co l -  
l e c t e d  samples. E f f e c t s  of p re s su re  s c a t t e r i n g ,  charge exchange, r e s i d u a l  
background pressure ,  and even c o l l e c t o r  pocket impur i t i e s  a r e  recognized 
as being de t r imen ta l  t o  sample p u r i t y .  Contamination i s  a l s o  inf luenced  
by undetermined processes  and t h e  combined a c t i o n  of a l l  f a c t o r s  makes 
p r e c i s e  p r e d i c t i o n  of i s o t o p i c  p u r i t y  almost impossible.  

P red ic t ion  of sample p u r i t y  us ing  e l e c t r i c a l  r e s o l u t i o n  (beam scanning) 
r e s u l t s  i n  an e s t ima te  t h a t  i s  t o o  high. Applicat ion of a "contamination 
curve" der ived  from p a s t  s epa ra t ion  d a t a  and ad jus t ed  f o r  i s o t o p i c  
abundances permi ts  a r e a l i s t i c  e s t ima te  f o r  t h e  sample produced from 
any f eed  composition i f  cu r ren t  performance i s  equal t o  p a s t  performance. 



The use of osc i l loscope  monitoring of a c o l l e c t e d  ion  beam has revealed 
an unexpected degree of beam o s c i l l a t i o n  e x i s t i n g  throughout a sepa ra t ion  
run, and it i s  ev ident  t h a t  o s c i l l a t o r y  condi t ions  con t r ibu te  t o  contami- 
na t ion .  

Contamination Curve 

For  a long t i m e  t h e  enhancement formula w a s  t h e  only r e l a t i o n s h i p  used 
f o r  measuring t h e  e f f i c i e n c y  of separa t ing  i so topes  i n  t h e  ca lu t ron .  
This  formula, 

1 - cf 
where 

cp = concent ra t ion  of wanted i so tope  i n  t h e  product,  
cf  = concentrat ion of wanted i so tope  i n  t h e  feed, 

was l i m i t e d  i n  use t o  comparison of l i k e  sepa ra t ions  performed a t  d i f f e r e n t  
t i m e s .  It was not poss ib l e  t o  relate t h e  e f f i c i e n c y  of s epa ra t ing  i so topes  
of d i f f e r e n t  elements, s epa ra t ing  d i t ' f e r en t  i so topes  of t h e  same element, 
o r  separa t ing  t h e  same i so tope  i f  t h e  feed  abundance changed ( e . g .  i n  
second-pass sepa ra t ions )  . 
I n  many o the r  methods of separa t ing  i so topes ,  t h e  above formula tends  

toward some i d e a l  l i m i t  ( e .g .  

condi t ions  i n  t h e  ca lu t ron  process ,  t h e  i so topes  should be completely 
separa ted .  
f a c t o r s  prevent  complete sepa ra t ion  and l ead  t o  contamination of t h e  
co l l ec t ed  i so topes  by small smounts of o t h e r  i so topes ,  p a r t i c u l a r l y  
those  c l o s e s t  t o  t h e  mass under cons idera t ion .  

where m = mass). Under i d e a l i z e d  

This  does not  occur i n  p r a c t i c e  s ince  a number of d i f f e r e n t  

Another method of examining t h e  separa t ing  e f f i c i e n c y  of ca lu t rons  has  
been developed both  a t  ORNL and i n  va r ious  l a b o r a t o r i e s  i n  Europe. Th i s  
method i s  based on t h e  f a c t  t h a t  t h e  beam shape or p r o f i l e  i s  t h e  same 
(wi th in  experimental  l i m i t s )  f o r  a l l  i s o t o p i c  beams of an element regard-  
less of t h e i r  relative s i z e  o r  r e l a t i v e  m a s s  p o s i t i o n .  This  uniformity 
makes it poss ib l e  t o  consol ida te  a l l  u s e f u l  information i n  t h e  mass 
analyses  of t h e  va r ious  i so topes  (except  s t a t i s t i c a l  d a t a )  i n t o  a f e w  
cons tan ts  which express  t h e  e f f i c i e n c y  of t h e  separa t ion .  The process  
involves  " f i t t i n g "  t h e  contamination i n  t h e  c o l l e c t o r  pocket under 
cons idera t ion  as a func t ion  of t h e  mass d i f f e rence  between t h e  contami- 
na t ing  i so topes  and t h e  co l l ec t ed  i so tope .  

Usually data f i t s  between contamination and mass d i f f e rence  are determined 
g raph ica l ly .  Often contamination from higher  mass i so topes  i s  g r e a t e r  
than  t h a t  from lower mass i so topes  wi th  t h e  same mass d i f f e rence ,  and 
two f i t s  are required.  Empirical  s tudy showed t h a t  t h e  percentage of 
normalized contamination was equal  t o  
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f o r  t h e  major i ty  of elements separa ted .  
po in t  d i s t r i b u t i o n ,  non-random nature  of some of t h e  devia t ions ,  and 
i n s u f f i c i e n t  number of i so topes  i n  some elements) d a t a  are t o o  f e w  and 
t o o  i n f e r i o r  t o  permit determinat ion of a l l  t h r e e  cons tan ts  (100, k, 
and 1/4) i n  t h e  above equat ion.  I n  t h e  major i ty  of separa t ions ,  t h e  
f i x i n g  of two cons tan ts  permi ts  a reasonable data f i t .  

For many reasons (e .g .  p e c u l i a r  

There have been only a f e w  except ions t o  t h i s  data f i t ,  u sua l ly  caused 
by known p r o p e r t i e s  of s p e c i f i c  elements.  Mercury and sulfur have a 
r e l a t i v e l y  low vapor pressure  under normal condi t ions,  bu t  it i s  high 
enough t o  cause extra contamination i n  t h e  ca lu t ron .  I n  sepa ra t ions  of 
t hese  two elements, contamination i s  usua l ly  constant  f o r  a l l  i so topes .  
I n  separa t ions  f o r  some o the r  elements, n e u t r a l  contamination i s  low 
enough t h a t  a combination of t h e  func t ion  given above and a constant  
are requi red  t o  de f ine  t h e  mass-to-contamination r e l a t i o n s h i p .  

With t h e  platinum and palladium group of elements, t h e  vapor pressure  
of ca lu t ron  feeds i s  so low t h a t  s p e c i a l  methods (e .g .  e l e c t r o n  bombard- 
ment) are used t o  g e t  s u f f i c i e n t  vapor i n t o  t h e  a r c  sources .  
types of separa t ions ,  contamination by ad jacent  i so topes  i s  l a r g e r  than  
usual ;  t he re fo re ,  
data. The use of 1Am1 , h ever, s t i l l  l i n e a r i z e s  t h e  d a t a  on p l o t s  
of log  contamination v s  l b l  

I n  t h e s e  

ecessary  t o  determine two cons tan ts  from t h e  

19t  
it iylt 

. 
A t h i r d  except ion t o  t h e  usua l  d a t a  fit developed i n  t h e  calcium sepa- 
r a t i o n s .  Rather suddenly t h e  separa t ions  improved s u b s t a n t i a l l y  ( i . e .  
t h e  assay  of Ca46 rose  from 30 t o  near ly  45%). I n  f i t t i n g  t h e  new d a t a  
i n t o  t h e  above t reatment ,  it was found t h a t  t h e  constant  c o e f f i c i e n t  
of 100 had t o  be reduced t o  0 , and t h e  s lope  of contamination p l o t t e d  

reduct ion i n  contamination by ad jacent  i s o t o p e s ) .  The reason f o r  t h i s  
process  improvement has  not  been d e f i n i t e l y  i d e n t i f i e d ,  although it i s  
probably r e l a t e d  t o  source changes made f o r  t h e  purpose of reducing t h e  
chemical r eac t ion  between graphi te  and hot  calcium vapor. If t h i s  
a l t e r a t i o n  i n  equipment i s  responsible  f o r  t h e  noted improvement, it 
has not  had a similar e f f e c t  on sepa ra t ions  of o t h e r  elements.  

on semi-log paper us ing  lbl lit as t h e  absc i s sa  was reduced ( i n d i c a t i n g  

Excluding these  except ions,  t h i s  d a t a  f i t  between contamination and 
mass d i f f e rence  permi ts  consol ida t ion  of a 15-year accumulation of 
ca lu t ron  da ta .  A l l  p e r t i n e n t  results can be  incorporated i n t o  a few 
cons tan ts  which represent  average contamination. I n  in s t ances  where 
inventory sample analyses  are used, t h e  data are i n d i c a t i v e  of t h e  
average performance of several ca lu t rons  over  many months of opera t ion .  
Use of pre l iminary  sample ana lyses  p re sen t s  t h e  average performance of 
i nd iv idua l  ca lu t rons  f o r  s h o r t e r  per iods  ranging from 50 t o  2000 h r .  

Theory does not  p r e d i c t  how t h e  sepa ra t ion  e f f i c i e n c y  of t h e  ca lu t ron  
varies with atomic weight of t h e  processed i so topes .  Examination of 
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a v a i l a b l e  a n a l y t i c a l  d a t a  reveals t h a t  a s e m i  - log p l o t  of contamination 
by i so topes  d i f f e r i n g  by one mass u n i t  from t h e  co l l ec t ed  i so tope  a g a i n s t  

produces approximate l i n e a r i z a t i o n  of data (except ing  t h e  platinum 

group, mercury, and s u l f u r ) .  
t h a t  can be d i r e c t l y  compared and m a k e s  it poss ib l e  t o  eva lua te  ind iv idua l  
separa tor  performance i n  any given series a g a i n s t  a s tandard performance 
value f o r  a l l  p a s t  experience f o r  a l l  i so topes  of a l l  elements.  

T$F 
This  r e l a t i o n s h i p  extends t h e  range of  data 

On t h e  b a s i s  of contamination curves and mass d i f f e rences ,  a remarkable 
consis tency i n  sepa ra t ion  performance i s  demonstrated. The degree of 
contamination noted appears  t o  vary  by less than  a f a c t o r  of 2 between 
var ious  elements from va r ious  sepa ra to r s .  Marked reduct ion i n  contami- 
na t ion  has been noted with in t roduc t ion  of new i o n  sources  and techniques.  
The most s i g n i f i c a n t  r ecen t  improvements are shown wi th  S i ,  C a ,  Pu, and 
those  elements processed i n  t h e  new inhomogeneous f i e l d  sepa ra to r s .  

Osc i l l a to rv  Conditions 

I n  approaching a s tudy of contamination due t o  o s c i l l a t o r y  beam condi t ions  
observed a t  t h e  c o l l e c t o r ,  it was e s s e n t i a l  t o  determine i f  t h e  o s c i l l a t i o n s  
were a l s o  observable near  t h e  source.  Ion  r ece ive r s  l oca t ed  t o  i n t e r c e p t  
t h e  beam some 8 t o  10 i n .  from t h e  source received a modulated cu r ren t ,  
t h i s  modulation frequency being r e l a t e d  t o  p a r t s  of t h e  frequency spectrum 
noted a t  t h e  conventional r ece ive r .  Observation of t h e  i n s u l a t e d  anode 
pos i t i oned  a t  t h e  an t i - f i l amen t  end of t h e  a r c  reveals t h a t  t h e  same 
frequency appearing near  t h e  source a l s o  appears on t h e  anode of t h e  
a r c  chamber from which t h e  beams o r i g i n a t e .  Phase r e l a t i o n s h i p s  between 
t h e  o s c i l l a t i o n s  have not  been determined, and d e f i n i t e  c o r r e l a t i o n  
between t h e  frequency and amplitude of o s c i l l a t i o n s  a t  t h e  source and 
t h e  q u a l i t y  of t h e  co l l ec t ed  ion  beam has not  been e s t a b l i s h e d .  

Osc i l l a to ry  condi t ions  i n  t h e  a r c  chamber can be altered by vol tage  and 
cur ren t ,  p ressure ,  l o c a t i o n  of vapor e n t r y  i n t o  t h e  region, o r  dimensions 
of t h e  a r c  chamber i t s e l f .  Strong evidence e x i s t s  t h a t  t h e  region between 
t h e  co l l imat ing  s l o t  and t h e  f i lament  i s  a c r i t i c a l  l o c a t i o n  from which 
o s c i l l a t i o n s  arise.  Adequate con t ro l  of charge vapor i n  t h e  co l l imat ing  
s l o t  region has  resulted i n  a r e l a t i v e l y  high degree of s t a b i l i z a t i o n  of 
beam q u a l i t y .  

I n  add i t ion  t o  f requencies  observed i n  t h e  a r c  region, o s c i l l a t i o n s  are 
noted a t  t h e  c o l l e c t o r  and it i s  poss ib l e  t h e s e  o s c i l l a t i o n s  are being 
generated wi th in  t h e  beam. Since some i n t e n s i t y  modulation of t h e  beam 
e x i s t s  a t  t h e  source,  t h i s  a c t i o n  may provide an e l e c t r o n  lo s s  mechanism. 
During per iods  when t h e  dens i ty  of p o s i t i v e  ions  i n  t h e  beam decreases ,  
r ap id  e l e c t r o n  loss could occur which could be more r ap id  than  t h e  rep lace-  
ment r a t e .  I n  t h i s  s i t u a t i o n ,  uns tab le  condi t ions  could p e r s i s t .  

I n  o rde r  t o  i n v e s t i g a t e  these  e l e c t r o n  lo s ses ,  t h e  255" sepa ra to r  w a s  
f i t t e d  wi th  an arrangement of sc reens  and p l a t e s  bounding t h e  beam. 
screen  having -1/8 i n .  mesh was p laced  on each side of t h e  beam and was 
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maintained a t  ground p o t e n t i a l .  
back of t h e  screens and were supported by i n s u l a t o r s  capable of b i a s ing  
t h e  system t o  >3OO v.  
t h e  bias p l a t e s  was provided a t  ground p o t e n t i a l .  Electrons could sup- 
posedly pene t r a t e  t h e  screen and be r epe l l ed  by t h e  p l a t e  carrying t h e  
bias vol tage .  Experiments performed under normal opera t ing  condi t ions 
f a i l e d  t o  provide d e f i n i t e  conclusions r e l a t i v e  t o  t h e  e f f e c t  of e l e c t r o n  
l o s s  on beam q u a l i t y .  
t o  produce any not iceable  improvement i n  beam q u a l i t y  i n  t h e  255" sepa- 
r a t o r  system. 

So l id  p l a t e s  were pos i t ioned  -1/2 i n .  

A second s e t  of p l a t e s  pos i t ioned  1/2 i n .  from 

The app l i ca t ion  of negat ive bias up t o  300 v f a i l e d  

Measurements of cur ren t  s t r i k i n g  the  p l a t e s  seem t o  i n d i c a t e  t h a t  e s -  
s e n t i a l l y  equal numbers of e l e c t r o n s  and ions  leave t h e  region and s t r i k e  
an unbiased p l a t e ;  most of t he  e l e c t r o n s  leav ing  the  region have energ ies  
i n  the  d i r e c t i o n  of t h e  f i e l d  of <25 ev; and ions  leav ing  the  region have 
a broader energy spectrum than do t h e  e l ec t rons .  Application of p o s i t i v e  
bias t o  t h e  p l a t e s  increased t h e  e l e c t r o n  l o s s  r a t e  and produced an 
extreme beam blowup. It i s  concluded t h a t  beam i n s t a b i l i t y  as noted 
a t  t h e  r ece ive r  i s  produced by mechanisms more complex than e l e c t r o n  
l o s s e s  r e s u l t i n g  from f l u c t u a t i o n  i n  p o s i t i v e  ion  dens i ty .  

Spectrographic Beam Analysis 

Spectrographic examination of t h e  ca lu t ron  beam i n  the  region of t h e  i o n  
source and rece iver  i s  being undertaken t o  a i d  i n  understanding the  
processes  of i s o t o p i c  contamination. An ARL-Dietert r e f l e c t i o n  g r a t i n g  
spectrograph i s  being used t o  record the  spec t r a  of a calcium i o n  beam 
(Fig .  1-16 ) .  

Calcium has a r e l a t i v e l y  simple spectrum, and i o n  o r  atom v e l o c i t i e s  
can be determined from observed Doppler s h i f t s  i n  spectrum l i n e s .  
Energies,  i n  tu rn ,  can be ca l cu la t ed  from mass and v e l o c i t y  r e l a t i o n -  
sh ips .  De-exci ta t ion time i s  considered t o  be sec which i s  so 
shor t  a time i n t e r v a l  t h a t  observed phenomena a r e  known t o  occur a t  a 
d i s t ance  of l e s s  than  0.5 em from the  po in t  of observat ion.  

The ion  beam as observed i n  the  e l ec t rodes  of t h e  source i s  shown t o  
contain ions  having an energy d i s t r i b u t i o n  up t o  the  sum of t h e  appl ied  
e lec t rode  p o t e n t i a l s .  These a r e  the  singly-charged ions  intended f o r  
eventual  c o l l e c t i o n .  
a r e  singly-charged ions  having almost twice t h e  energy des i r ed  f o r  
co l l ec t ion .  An appreciable  quan t i ty  of t hese  ions  r e s u l t  from charge 
t r a n s f e r  assoc ia ted  w i t h  an i n i t i a l l y  doubly-charged ion  and n e u t r a l  
calcium atoms. Neutral  atoms of calcium are a l s o  abundant a t  t he  re- 
ce ive r .  Most of t hese  n e u t r a l s  have thermal energy but  a s m a l l  f r a c t i o n  
has energy equal  t o  t h a t  of t h e  co l l ec t ed  ions .  I n  add i t ion  t o  the  
35-kev ions  being co l l ec t ed ,  i ons  of almost zero energy a r e  present  i n  
the  received beam. 

Also present  ( i n  y e t  undetermined percentages)  

The observed presence of a wide energy spread i n  t h e  ions  composing the  
beam being co l l ec t ed  s u b s t a n t i a t e s  c e r t a i n  concepts of contamination 
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developed through t h e  use of s t a t i s t i c a l  data a n a l y s i s  and p l o t t i n g  of  
contamination curves.  Present  experimental  techniques a r e  inadequate t o  
permit q u a n t i t a t i v e  determinat ion of beam components, and o the r  r e f i n e -  
ments are planned which w i l l  permit t h e  s tudy of beams o the r  than  calcium. 

Mercunr SeDaration 

S a t i s f a c t o r y  enrichments of mercury i so topes  i n  p a s t  separa t ion  series 
have been achieved only when c o s t l y  r e f r i g e r a t i o n  of t h e  ca lu t ron  l i n e r  
was employed. I n  o rde r  t o  ob ta in  t h e  q u a n t i t i e s  and enrichments of 
mercury i so topes  requi red  i n  a cu r ren t ly  scheduled separa t ion ,  e i g h t  
s epa ra to r s  must be used f o r  a per iod  of  at least one year. Ref r igera t ion  
of e i g h t  ca lu t ron  l i n e r s  over  such a long per iod  would increase  t h e  cos t  
of such a series t o  an almost p r o h i b i t i v e  leve l .  

The p o s s i b i l i t y  of so lv ing  t h i s  problem of n e u t r a l  mercury vapor contami- 
na t ion  by less c o s t l y  methods i s  being explored.  
from several viewpoints:  
p ressure  i n  t h e  ca lu t ron  by improvement.of con t ro l  over  charge f e e d  rate 
and i s o l a t i o n  of t h e  source from t h e  c o l l e c t o r  region t o  provide d i f f e r -  
e n t i a l  pumping from each region; ( 2 )  separa t ion  of n e u t r a l  mercury 
contamination from t h e  enriched sample by d i s t i l l a t i o n  techniques 
incorporated i n t o  t h e  recovery process .  

Approaches have been 
(1) reduct ion  of n e u t r a l  mercury background 

An in te rna l ly-va lved  charge feed system has been developed and i t s  use 
i n  mercury separa t ions  has  demonstrated s a t i s f a c t o r y  f eed  cont ro l  and 
beam reso lu t ion .  
maximum t o t a l  i on  output  and 4 0 %  higher  average t o t a l  i o n  output  than  
any o t h e r  system used i n  previous mercury separa t ions .  

T e s t s  show t h a t  t h i s  feed system y i e l d s  30% higher  

Reduction i n  n e u t r a l  mercury background by d i f f e r e n t i a l  pumping on t h e  
source and c o l l e c t o r  regions i s  planned. The ion  beam c ross  s e c t i o n  
a t  t h e  90" p o s i t i o n  i n  ca lu t rons  and a t  t h e  128' p o s i t i o n  i n  t h e  255" 
sepa ra to r  prevents  t o t a l  i s o l a t i o n  of t h e  source and c o l l e c t o r  regions.  
S u f f i c i e n t  i s o l a t i o n  of t h e  two regions t o  provide e f f e c t i v e  d i f f e r e n t i a l  
pumping can be achieved only i n  t h e  255" sepa ra to r  s ince  t h e  f o c a l  
p r o p e r t i e s  of t h e  ca lu t rons  r equ i r e  use of a 90" b a f f l e  opening having 
10 times t h e  area of t h e  128" b a f f l e  opening used i n  t h e  255" sepa ra to r .  
Modification of  a 255' system t o  permit t h i s  i s o l a t i o n  has been completed 
bu t  has not  y e t  been t e s t e d .  

I n  p a s t  mercury separa t ions ,  r e t e n t i o n  of co l l ec t ed  ma te r i a l  by amalgama- 
t i o n  
performed on t h e  premise t h a t  c o l l e c t i o n  of lowered i o n  cu r ren t s  would 
lower c o l l e c t o r  pocket temperatures and these  reduced temperatures would 
increase  r e t e n t i o n .  Recent ca l cu la t ions  p r e d i c t  t h a t  reducing t h e  pocket 
temperature by 100°C can reduce t h e  t r a n s p o r t  of co l l ec t ed  mercury out  
of t h e  pocket by a f a c t o r  of 3, bu t  a t  t h e  same t i m e  can increase  t h e  
pumping speed of neutral  mercury i n t o  t h e  pocket by a f a c t o r  of 5 .  
Experimental runs i n  t h e  255" sepa ra to r  have averaged a 30% increase  
i n  i o n  beam, y e t  r e t e n t i o n s  of 63.1 t o  88.3 have been achieved. 

i n  s i lver  pockets was only 40.5%. These separa t ions  had been 

Increases  

. 



i n  c o l l e c t o r  pocket temperature a r e  thus  shown t o  have increased  r e t e n t i o n ,  
presumably through b e t t e r  amalgamation a t  h igher  temperatures.  

G .  System Modif icat ions 

E l e c t r i c a l  

Ex i s t ing  equipment i s  a l t e r e d  o r  replaced wi th  improved des igns  whenever 
such a l t e r a t i o n  w i l l  improve t h e  process o r  maintain equal process  l e v e l s  
a t  a s u b s t a n t i a l  reduct ion  i n  maintenance c o s t s .  An example of t h i s  
approach i s  t h e  upgrading of magnet r egu la t ion  which has been accomplished 
i n  both XAX and t h e  t r a c k  magnets by t h e  i n s t a l l a t i o n  of amplidynes and 
a s soc ia t ed  switch gea r .  I n  XAX t h e  r egu la t ion  of t h e  magnetic f i e l d  i s  
now 1 p a r t  i n  10,000 compared with t h e  1 p a r t  i n  4000 previous ly  a t t a i n -  
ab le .  This amplidyne system, i n  add i t ion  t o  improving f i e l d  r egu la t ion ,  
provides g r e a t e r  v e r s a t i l i t y  i n  switching genera tor  s e t s  and r equ i r e s  
l e s s  maintenance e f f o r t  t o  keep t h e  f a c i l i t y  func t ion ing  p rope r ly .  

Additional e f f o r t  involving magnetic f i e l d s  inc ludes  t h e  i n s t a l l a t i o n  
of a 400 kw motor genera tor  s e t  t o  provide magnet e x c i t a t i o n  and t h e  
reconnection of magnet c o i l s  i n  t h e  s p e c i a l  s epa ra t ions  t r a c k  t o  compen- 
s a t e  f o r  f i e l d  l o s s e s  from t h e  90-ton yoke t o  t h e  unexci ted system 
adjacent  t o  t h e  yoke. The change increased  t h e  cu r ren t - ca r ry ing  capac i ty  
of t h e  end c o i l  and made e x c i t a t i o n  of unused magnets no longer  necessary.  

F a i l u r e  of t h e  genera tor  providing XAX magnet e x c i t a t i o n  cu r ren t  requi red  
t h a t  t h e  genera tor  u n i t  be removed, and a four-month pe r iod  w a s  needed 
t o  complete necessary r e p a i r s .  To avoid downtime of t h e  ca lu t rons ,  a 
temporary power supply was made of s i x ,  10-v, TOO-amp, copper oxide 
r e c t i f i e r  u n i t s  connected i n  s e r i e s  t o  f u r n i s h  60 v a t  700 amp dc.  One 
of t h e s e  u n i t s  was powered through an induct ion  vo l t age  r e g u l a t o r  which 
w a s  con t ro l l ed  by a "servo-system" (made from a high gain,  e r r o r  sens ing  
ampl i f i e r  and a Brown Recorder power a m p l i f i e r  wi th  s u i t a b l e  motor 
dr iven  mechanism). 
f i e r  u n i t s ,  s u f f i c i e n t  power and con t ro l  was obtained t o  permit s epa ra t ion  
of rubidium i so topes .  All of t h e  equipment used i n  t h i s  temporary assembly 
was a v a i l a b l e  wi th in  t h e  Department. 

By c o n t r o l l i n g  t h e  output of only one of t h e  r e c t i -  

S o l i d  s t a t e  r e c t i f i e r s  i n s t a l l e d  i n  t h e  high vol tage  supply of t h e  two 
XAX cub ic l e s  cost  $3,600 p e r  cub ic l e .  
having a n  annual replacement cos t  of $6,000 p e r  y e a r .  Af t e r  two yea r s  
of opera t ion ,  no replacement c o s t s  have been incur red  with t h e  s o l i d  
s t a t e  r e c t i f i e r  systems. I n s t a l l a t i o n  of s i m i l a r  systems i n  t h e  b e t a -  
type power supp l j e s  i s  being undertaken on a l i m i t e d  b a s i s ;  however, 
it i s  recognized t h a t  t h e  increase  i n  peak inve r se  vol tage  a s soc ia t ed  
w i t h  t hese  supp l i e s  may produce r e c t i f i e r  damage equal i n  cos t  t o  tube 
replacement. S imi l a r  advancement i s  being made i n  conversion of a r c  
supp l i e s  (300 v, 10 amp) t o  t h e  use of s i l i c o n  r e c t i f i e r s .  
time 37 systems have been converted and a r e  providing performance 
supe r io r  t o  tube-type supp l i e s .  

These supercede vacuum tubes  

A t  t h i s  
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Manufacture of t h e  o s c i l l a t o r  tube previous ly  used i n  t h e  cyclotron has 
ceased, and c i r c u i t r y  changes necessary t o  accommodate the  new rep lace-  
ment tube have been made. These new tubes  do not demonstrate t h e  charac- 
t e r i s t i c s  assoc ia ted  with t h e  previous models, and cyclotron performance 
with the  new tube i s  as y e t  substandard.  

Cubicle Relocation 

Grouping of t h e  f o u r  ca lu t ron  power suppl ies  f o r  XAX and XBX i n  a s i n g l e  
a r e a  provides f o r  cen t r a l i zed  opera t ion  with a 50% reduct ion i n  r o t a t i n g  
s h i f t  personnel (annual saving of 5 man-years). 
l oca t ion  of each supply and was scheduled so t h a t  two sepa ra to r s  remained 
opera t ive  throughout t h e  change t o  minimize the  amount of ca lu t ron  down- 
t ime.  I n  the  case of t h e  XBX suppl ies ,  t he  change a l s o  incorporated 
s u b s t i t u t i o n  of s tandardized and updated cubic les  f o r  t h e  two which had 
been i n  continuous use s ince  1943. 
automation of gas f eeds  and i n s t a l l a t i o n  of balanced r e c t i f i e r  c i r c u i t s  
i n  t h e  a r c  supp l i e s .  

The move required r e -  

Fu r the r  refinements were made toward 

Uranium Laboratory and Wash Lines 

Enlargement and updating of t h e  uranium processing labora tory  provides  
t h e  space and equipment needed t o  chemically process  t h e  high p u r i t y  
uranium iso topes  separa ted  i n  t h e  new doubly-contained a rea .  
scope inc ludes  processing of U234, U235, U236, and U238. Because of 
t h e  degree of i t s  r ad ioac t iv i ty ,  U233 w i l l  be processed i n  t h e  plutonium 
recovery and refinement system. 

Program 

The renovation of two obsole te  wash l i n e s  f o r  ca lu t ron  u n i t s  i s  i n  process  
t o  provide segregat ion between u n i t s  used i n  processing s t a b l e  i so topes  
and uranium. The need f o r  dua l  processing f a c i l i t i e s  i s  apparent when- 
even uranium content i n  p a r t s  p e r  b i l l i o n  i n v a l i d a t e s  some uses of s t a b l e  
i so topes .  Most of t h e  scheduled uranium separa t ions  w i l l  be made using 
pre-enriched f eeds  which requi re  recyc le  and recovery of charge ma te r i a l s .  
Double wash l i n e s  w i l l  minimize t h e  p o s s i b i l i t y  of feed  d i l u t i o n  during 
the  simultaneous processing of two uranium i so topes .  

H. Q u a l i t y  Control 

Procedures developed f o r  determining average va lues  of contamination ( see  
Sec. F)  r e su l t ed  i n  reasonable s tandards f o r  comparison of devia t ing  
r e s u l t s .  These dev ia t ions  have been s tudied  with respec t  t o  t h e i r  source,  
s i z e ,  and frequency t o  provide a guide f o r  research  and development 
a c t i v i t i e s  and t o  a id  i n  e s t a b l i s h i n g  t h e  minimum number of mass ana lyses  
required f o r  adequate q u a l i t y  con t ro l .  

I n  general ,  most samples analyzed f a l l  wi th in  p red ic t ab le  l i m i t s  from 
t h e  accepted s tandard of process  performance. I n  those r e s u l t s  which 
e x h i b i t  excessive contamination, t h e  method of comparison f r equen t ly  
a l lows i d e n t i f i c a t i o n  of t h e  source o r  type of contamination present  

. 
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( i . e .  from normal ma te r i a l ,  i s o t o p i c a l l y  enr iched ma te r i a l ,  o r  even e r r o r s  
i n  t r a n s c r i p t i o n  of numbers). 

Normal ma te r i a l  may e n t e r  a sample as a r e s u l t  of c o l l e c t o r  pocket impurity,  
background tank pressure ,  severe beam i n s t a b i l i t y ,  o r  chemical impuri ty  
i n  a n a l y t i c a l  reagents .  I so top ic  impur i t i e s  a r e  introduced through such 
means as imperfect beam focusing, i on  sca t t e r ing ,  charge exchange, beam 
i n s t a b i l i t y ,  spu t t e r ing  of co l l ec t ed  ma te r i a l ,  mismonitoring, f l a k i n g  
of co l l ec t ed  ma te r i a l  with subsequent t r a n s f e r  t o  another  pocket, o r  
inadver ten t  mixing of pockets during r ece ive r  disassembly o r  chemical 
p u r i f i c a t i o n .  Observation of a s i n g l e  mass a n a l y s i s  w i l l  r evea l  t h e  
presence of contamination and f r equen t ly  w i l l  r evea l  t h e  genera l  type 
(normal o r  i s o t o p i c ) .  Establishment of t h e  source of t h e  contaminant 
and t h e  ex ten t  t o  which t h e  o the r  i so topes  may a l s o  be contaminated may 
requi re  observat ion of d a t a  from two o r  more mass analyses  performed on 
t h e  same group of samples. 

A major s t e p  i n  q u a l i t y  con t ro l  could be achieved by development of more 
p rec i se  monitoring measures during t h e  separa t ion  process .  I s o t o p i c  
p u r i t y  i s  highly dependent upon t h e  observat ions and judgments made 
from metered parameters and osc i l loscope  t r a c e s .  
develop these  approaches a r e  i n  progress ,  bu t  even if per fec t ed  they  
could not e x e r t  con t ro l  over t he  p o s s i b i l i t y  of i s o t o p i c  contamination 
by inadver ten t  mixing i n  opera t ions  outs ide  the  sepa ra to r .  Complete 
con t ro l  would include both in-process  monitoring and subsequent mass 
a n a l y s i s  of t he  material i n  each c o l l e c t o r  pocket .  
would e n t a i l  complete processing and analyzing of ma te r i a l  from -1000 
pockets  p e r  year .  

Attempts t o  f u r t h e r  

This  las t  approach 

A p r a c t i c a l  approach t o  cont ro l  was needed and p a s t  d a t a  were sc ru t in i zed  
t o  determine the  frequency of abnormal contamination and i t s  e f f e c t  on 
f i n a l  samples. Thousands of mass analyses ,  each showing t h e  percentage 
of a l l  o the r  i so topes ,  w e r e  examined by p l o t t i n g  t h e  processed data 
as eontamination curves.  These curves revealed p a s t  samples which con- 
t a ined  undue contamination due t o  unsuspected mismonitoring, undetected 
f l a k i n g  o r  spu t t e r ing ,  acc iden ta l  mixing subsequent t o  ca lu t ron  separa t ion ,  
and t h e  assignment of erroneous values  t o  p a r t i c u l a r  samples. These 
circumstances occurred inf requent ly ,  bu t  t he  e f f e c t  on sample p u r i t y  
could be of s u f f i c i e n t  magnitude t o  l i m i t  usefu lness  of t h e  r e s u l t i n g  
sample. 

Two methods of con t ro l  a r e  now i n  use: 
i on  beam with respec t  t o  both output and qua l i ty ,  and ( 2 )  contamination 
curve a n a l y s i s  of d a t a  from a p rese l ec t ed  pocket taken from each rece iver  
terminated.  
which w i l l  be most a f f e c t e d  by contamination i s  removed from each rece iver ,  
chemically processed, and t h e  r e s u l t i n g  i s o t o p i c  ma te r i a l  i s  analyzed. 
Other i so topes  co l l ec t ed  i n  t h e  same rece ive r  a r e  assumed t o  be s i m i l a r l y  
contaminated, and pockets  containing these  i so topes  a r e  subgrouped p r i o r  
t o  chemical processing.  
formed according t o  expected pu r i ty ,  and t h e  ma te r i a l  i n  each group i s  

(1) c a r e f u l  monitoring of t h e  

I n  the  l a t t e r  approach t h e  pocket containing the  i so tope  

Generally fou r  subgroups of each i so tope  a r e  



41 . 
assayed p r i o r  t o  f u r t h e r  consol idat ion i n t o  one o r  more f i n a l  samples. 
Should t h e  p red ic t ion  of p u r i t y  r e s u l t i n g  from contamination curve 
ana lys i s  be i n  e r r o r ,  t h i s  subgrouping l i m i t s  t h e  spread of contamination 
t o  approximately one-fourth of t h e  sample and p r o t e c t s  t h e  i n t e g r i t y  of 
t h e  major po r t ion  of t h e  ma te r i a l  separated.  

It i s  recognized t h a t  t h i s  method of con t ro l  i s  based on a r b i t r a r y  choice 
of a con t ro l  i so tope ,  and the  degree of con t ro l  could be i n t e n s i f i e d  t o  
l i m i t  t h e  p r o b a b i l i t y  of contamination t o  less than  one-fourth of t h e  
sample produced. Analyses necessary t o  extend t h e  degree of con t ro l  
beyond t h e  present  po in t  a r e  cos t ly ,  and t h e  economies r e a l i z e d  through 
s ingle- i so tope  a n a l y s i s  and assoc ia ted  subgrouping of o the r  i so topes  
appear t o  balance the  ca l cu la t ed  r i s k  taken i n  not de t ec t ing  undue 
i s o t o p i c  contamination. 

I. Chemistry 

Charge Prepara t ion  

The f i n a l  choice of charge f eeds  i s  based on achievement of maximum i o n  
output cons is ten t  with des i r ed  i s o t o p i c  p u r i t y .  Several  fac tors - -vapor  
pressure  c h a r a c t e r i s t i c s ,  s t a b i l i t y ,  a f f i n i t y  f o r  moisture,  phys ica l  
form--exhibit a r e l a t i o n s h i p  t o  output ,  bu t  t h i s  r e l a t i o n s h i p  i s  not  
s u f f i c i e n t l y  e s t ab l i shed  t o  a l low p red ic t ion  of ca lu t ron  performance. 

Charges f o r  t he  fol lowing elements were suppl ied i n  kilogram q u a n t i t i e s  
t h i s  year :  C a ,  S i ,  Yb, Pb, Cd, B r ,  S ,  Ba, Rb, C r ,  W, and N i .  A t o t a l  
of 127 kg of l ead  chlor ide,  n icke l  ch lor ide ,  and n i cke l  bromide was 
prepared i n  anhydrous form. Mater ia l  f o r  Ca"' charge (13.5 kg)  was 
prepared as anhydrous ch lor ide  from enriched material, and a 2.7 kg 
quan t i ty  of rubidium chlor ide  w a s  prepared from rubidium iodide  using 
i o n  exchange i n  t h e  conversion. 
from a v a i l a b l e  metal  sc rap  and obsolete  components, and tantalum oxide 
(21 kg)  was prepared from burned out  f i l amen t s  accumulated during t h e  
p a s t  few yea r s .  

Tungsten oxide (14 kg) was prepared 

Charge eva lua t ion  s t u d i e s  were performed w i t h  t h e  fol lowing:  
of aluminum s u l f i d e  and s i l i c o n  dioxide,  barium f l u o r o s i l i c a t e ,  
ruthenium dioxide,  tungsten d i s u l f i d e ,  tungs ten  hexachloride,  tungsten 
hexafluoride,  tungsten oxydichloride,  rubidium carbonate, s i l i c o n  
carbide,  s i l i c o n  d i s u l f i d e ,  l ead  oxide, t i t an ium dioxide (with and 
without carbon dus t ) ,  cerous oxide (wi th  and without carbon),  tantalum 
pentoxide, n icke l  oxide, mixture of tantalum pentoxide and hafnium, 
tantalum n i t r i d e ,  and samarium oxide.  

a mixture 

Recycle and Recovery 

F i n a l  recovery of rhenium and yt terbium feeds  y ie lded  3488 g of r h e n i m  
and 10,890 g of Yb203. These va lues  represent  94% recovery of rhenium 
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and 88% recovery of ytterbium. 
and recovery of second-pass feeds  of Ta, Sa, and Er i s  i n  progress ,  

Processing of rubidium i s  incomplete, 

Conversion 

A technique was developed t o  convert  mil l igram t o  gram q u a n t i t i e s  of 
i s o t o p i c a l l y  enr iched bromine (NaBr) q u a n t i t a t i v e l y  i n t o  anhydrous 
elementary bromine. The sodium bromide i s  oxidized by wet chemistry 
methods using potassium permanganate and a c e t i c  a c i d .  Water i s  removed 
with a magnesium pe rch lo ra t e  drying t r a p ,  and t h e  bromine i s  co l l ec t ed  
i n  an alcohol-dry i c e  cooled t r a p  before  sea l ing  i n  a Pyrex break s e a l .  

Refinement 

Refinement techniques a r e  developed and appl ied  t o  provide q u a n t i t a t i v e  
recovery of i so topes  while reducing chemical impur i t i e s  t o  t h e  lower 
l i m i t s  of de t ec t ion  by o p t i c a l  spectroscopy. 
requi re  a higher  degree of chemical p u r i f i c a t i o n ,  and a d d i t i o n a l  r e f i n e -  
ment s t e p s  a r e  taken t o  provide samples i n  these  in s t ances .  

Cer ta in  uses of i so topes  

The annual chemistry work load involves  recovery of mate r i a l  from 900- 
1000 rece iver  pockets of 10-12 elements.  
t h i s  m a t e r i a l  requi res  i n i t i a l  refinement of some 400 batches t o  a 
chemical p u r i f i c a t i o n  s u f f i c i e n t  f o r  mass ana lys i s .  
t i o n  r e s u l t s  i n  some 60-80 inventory samples which a r e  h ighly  r e f ined  
p r i o r  t o  sampling f o r  chemical and i s o t o p i c  p u r i t y .  

Subdivis ion and grouping of 

Fur the r  consol ida-  

Calcium-@ Fluor ide  Crystal 

I n i t i a l  refinement of Ca48 t o  be used i n  t h e  formation of a s i n g l e  
c r y s t a l  of Ca4%'2 f o r  Brookhaven National Laboratory was performed by 
t h e  e s t ab l i shed  method. The r e s u l t i n g  c r y s t a l  was found t o  contain 
0.027 ppm uranium (compared with 0.012 ppm uranium i n  similar Ca48 
inventory samples).  This l e v e l  of uranium contamination was objec t ion-  
a b l e  and t h e  c r y s t a l  was returned t o  ORNL f o r  f u r t h e r  p u r i f i c a t i o n .  
Extension of e x i s t i n g  techniques (oxa la t e  and carbonate p r e c i p i t a t i o n )  
produced a 14.76 g Ca48 sample having a uranium content  of 0.00046 ppm. 
S imi l a r  t reatment  of a 40 g sample of Ca4' t o  be used i n  development 
procedures p r i o r  t o  growing a second Ca48F2 c r y s t a l  reduced i t s  uranium 
content t o  0.00025 ppm. Both samples were sen t  t o  Harshaw Chemical 
Company f o r  prepara t ion  of  c r y s t a l s .  
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11. ELECTROMAGNETIC SEPARATIONS 

Nine d i f f e r e n t  elements--Ca, S i ,  S, C r ,  N i ,  Rb, Ba, Pb, Cd--were processed 
i n  28 ca lu t rons  assigned t o  the  separa t ion  process .  
t o t a l e d  52,035 hr, and 78.8% of these  hours were innage hours .  

Tank time ava i l ab le  

Table 11-1. Summary of cur ren t  i so tope  separa t ions  

Process Weight equivalent  Number of 
Element S e r i e s  eff ic iency,  Charge t o  monitored i o n  c o l l e c t o r  pockets 4" mate r i a l  cur ren ts ,  g** t o  chemistry* 

Ca*** LO 24.7 C a  metal ~a~~ 17. 58 
Ca6 0.316 
~a~~ 177 
Ca- 12.  
~a~~ 58. 
Ca4' 12 143 

23iGTz 

. 

4.6 sis2+si si3' 
si2' 

28 

S*** LW@ 1.1 siS,+si s~~ 
@34 

0.104 
25 * 
4. 

32 
u 

s33 
s32 521. 

42. 
164. 

1,409. 
cr50 70 * 

40 8.7 N i C 1 2  N i 6 4  
N i 6 2  

7. 
21. 
7. 

147. 
N i 6 1  
Ni6 '  
N i S 8  368. 

550. 
- 

LY 14.0 Rb2CO3 RbS7 
-17 .0 Rb~C03-t- Rb85 

a 0 2  

8 36. Rb 
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Table 11-1. - continued 

Process  Weight equiva len t  Number of 
Element S e r i e s  efficiency, Charge t o  monitored ion  c o l l e c t o r  pockets  

m a t e r i a l  cu r ren t s ,  g** t o  chemistry* k* 
0 Ba*** LV 7 -3 Ba metal Ba138 122. 19. ~a~~~ 

13 - Ba136 
Ba135 11. 
Ba134 4. 
Ba13' 0.15 
Ba13 0 .21  

46. 
Pb206 22. 
PbZo 1.217 

~ 2 0 8  MA 3 *7  PbClz 

Cd LX CdO 

18 

9 .  Cd116 
32. Cd114 

Cd113 14.  
Cd112 26. 
Cd'll 14.  

13 * Cd1l0 

Cdl0 1. 
Cdlo8 0.928 

109.928 

* f o r  q u a r t e r  
** t o t a l  f o r  s e r i e s  t o  d a t e  

*** s e r i e s  incomplete 
@ dual  c o l l e c t i o n  

Table 11-2. S t a b l e  i so topes  sepa ra t ion  schedule 
January - March 1964 

Building 9731 Building 9204-3 
XAX XBX Track 1 Track 2 Track 3 

Ca N i  

Ca N i  

W N i  

January Ba w/RD S i  -S 

February B a  w/RD S i  -S 

March B a  W/RD S i  -S 

0 
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Table 11-3. Batches completed 
October - December 1963 

Element Series Weight of Assay, E 1 emen t 
isotope l o t  number element,  g % f o m  

Pb207 
~ e ~ ~ *  
~ e ~ ~ *  
Te12' 
TeI2' 
Te 
Te123 
Te124 
T e l z 4  
T e l Z 5  
T e l Z 5  
T e l Z 6  
Te126 
T i  48 
Ti4'** 

yb168 
p 4 *  

LK 1385(a) '  
LK 1385(fP) 
LK 1386(a) 
LK 1386(fp) 
KW 1316(a)-1 
RS 194(c)  
KQ 1284(a) 
L;p 1401(a-1) 

102.0 
21.636 
21.601 
39 *92 

10.881 
14.730 

41.72 
405.83 

2.443 
61.419 
11 4 0 4  

762.767 
514.965 

0.2885 
o .066 

0.5438 

0.458 
2.740 
0.200 

10.241 
0.655 

15.088 
1.394 

33 -393 
11.076 
24.548 
1 * 595 

151.936 
3.856 

94.7 

96.39 
97.2 
99.62 

71.1 
73 -3 
61 .o 
92.4 
84.7 

13.2 
80.4 
94.4 
54.0 
93 -9  
83.7 
95 
83.9 
97.0 
94.0 
99 * 1-3 
83.9 
94.3 
19.5 

%BO3 
C a O  
C a O  
C a C 0 3  
C a C 0 3  
C d O  
CUO 
CUO 
Pb ( N o 3  )2 
Pb ( N o 3  ) 2 
Pb ( N03 ) 2 
Pb(N03)2 
Pb ( N03 ) 2 
Se 
Se 
Te 
Te  
Te  
Te  
Te  
Te  
Te 
Te 
Te 
Te  
T i 0 2  
T i 0 2  
wo3 
m203 

* returned sample 
** conversion recovery 

Table 11-4. Special services 
October - December 1963 

Number of 
s amp 1 e s Ty-pe of conversion 

B 3 Prepare (CH3)z0BF3 for shipment 
B 1 Spectrochemical analysis  
B 1 Spectrochemical and mass analysis 
Ba 2 Ba(N03)2 t o  BaC03 
Ca 1 Check weight and repackage 
Cd 1 C d O  t o  metal bead 
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Table 11-4. - continued 

Number of 
samples Type of conversion 

C r  
G a  
Hg 
H g  
I n  
L i  
L i  
L i  

Mo 
N i  
N i  
Pb 
Pb 
S 
S i  
T i  
Zn 
Zn 

Mg 

2 
2 
7 
2 
2 
1 
1 
1 
1 
2 
1 
1 
1 
3 
1 
3 
2 
5 
1 

Cr-203 t o  metal 
G a 2 O 3  t o  metal 
Hg(N03)2 t o  Hg s o l u t i o n  
Hg(NO3)Z t o  encapsulat ion 
In203 t o  I n  
Grind t o  325 mesh 
Spectrochemical a n a l y s i s  
Repurify LiF 
Spectrochemical and mass a n a l y s i s  

N i  t o  N i O  
NiS04 t o  N i  
Pb(N03)2 t o  metal bu t ton  
Pb(N03)2 t o  metal 
CdS t o  S 
Si02 t o  S i  
Ti02 t o  T i  
ZnO t o  metal bead 
ZnO t o  metal 

Mo t o  Moo3 



47 

111. HEAVY ELEMEW SEPARATIONS 

Table 111-1. Swnmary of Spec ia l  Electromagnetic Separa t ions  

Number of Process  Weight equiva len t  
El-ement S e r i e s  eff ic iency,  Charge t o  monitored i o n  c o l l e c t o r  pockets  

%* material cu r ren t s ,  g** t o  chemistry* 

U C 12.7 u308 9 -0 1 u233 

+C 

* f o r  q u a r t e r  
** for s e r i e s  t o  d a t e  

Table 111-2. Op e r a t i o n a l  d a t a  on completed 
plutonium s e r i e s  "a 

Innage hours 
Tank hours 
Process e f f i c i e n c y  
To ta l  runs 
Average length  of run 
Peak Q f o r  one run 
Average Q f o r  s e r i e s  
Charge m a t e r i a l  
Charge consumption r a t e  

2739 
5648 
15 -27 
55 
49.8 hr 
16.1 m a  
10.1 ma 
PUOZ 
0.68 g/hr  

Table 111-3. Quant i ty  and p u r i t y  of c o l l e c t e d  
i so topes ,  plutonium s e r i e s  "a" 

We i g h t equiva len t  
t o  monitored i o n  P u r i t y  range, 4 

cur ren t s ,  g 

P~~~~ 16.0052 
pU2'l 32.2836 
Pu2 40 126.1935 
PUZS9 71 * 7178 

84.22-93.76 
89.20-95.88 

94.88 -94.96 
97 63-98 -96 

Calutron processing of plutonium was suspended i n  September pending 
recovery of feed  m a t e r i a l  and t h e s e  salvage opera t ions  a r e  s t i l l  i n  
progress .  Recovery and p u r i f i c a t i o n  of t h e  enriched i so topes  has pro-  - - 

gressed  t o  t h e  p o i n t  t h a t  
shipment (115 g P u ~ ~ O ,  28.5 g Pu241, and 14.5 g Pu~~'). 

58 g of i s o t o p i c  material i s  a v a i l a b l e  for 



48 

A 800 mg por t ion  of re f ined  Pu241 was converted t o  PuF3 used i n  vacuum 
sublimation apparatus  t o  form Pu2*l t a r g e t s .  The t a r g e t s  contained 
44 mg Pu; 548 mg was recovered from the  equipment; and 245 mg was un- 
recoverable from t h e  process  equipment. Development work i s  i n  progress  
t o  e s t a b l i s h  a technique f o r  e l e c t r o p l a t i n g  plutonium i so topes  on n i cke l  
backings which w i l l  reduce process  l o s s e s .  

Feed ma te r i a l  f o r  t h e  present  U233 runs was prepared from two metal 
but tons containing 222 g of 99.6% U233 and 0.8 ppm U232. 
oxide feed  was mixed with 4% graphi te  (by weight) p r i o r  t o  i n t e r n a l l y  
ch lor ina t ing  t h e  charge during ca lu t ron  use.  
y ie lded  a t o t a l  of 9 g U233 which i s  expected t o  have a U232 content  of 
a few p a r t s  pe r  b i l l i o n .  
t h e  t o t a l  co l l ec t ion  exceeds 50 g U233. 

This low-fired 

Two completed ca lu t ron  runs 

This separa t ion  i s  scheduled t o  continue u n t i l  

Approximately 3 kg of U308 (99.98% U238) was converted t o  U02 by hea t ing  
a mixture containing 96% U 3 O 8  and 4% C t o  1100°C f o r  4 h r  i n  n i t rogen  
atmosphere. This U02 feed  i s  being i n t e r n a l l y  ch lor ina ted  with CC14 
t o  acquire  1-2 kg of U238 containing 1-20 ppm of a l l  o the r  i so topes .  
Material from four  r ece ive r  pockets has been recovered, but  assay r e s u l t s  
have not been received.  

Formation of var ious  rad ioac t ive  sources continues as needed. E lec t ro -  
depos i t ion  of uranium on z inca ted  aluminum backings y ie lded  depos i t s  of 
2 .5  mg/cm2 on aluminum coated wi th  20 pg/cm2 Zn. Other sources prepared 
by e l ec t rodepos i t i on  include U234 on P t  t o  provide 1700 d/sec; Am241 
having an a c t i v i t y  of 0.066 pc; and Am241 on a P t  cy l inder  giving 0.2 pc 
a c t i v i t y .  

Table 111-4. Heavy element shipments 
October - December 1963 

E 1 eme n t Number of shipments 
~~~ 

Americium 13 
Nep t mi um 6 
Plutonium 11 
Protact inium 1 
Thorium 0 
Uranium 19 
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