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ISOTOPE PROGRAM (NT) PROGRESS REPORT 
FOR QUARTER ENDING DECEMBER 31, E974 

STABLE ISOTOPE SEPAMTIONS 

A t  the end of the quarterg isotope separations of Se, Te, and Sn were 
in progress in l4* electromagnetic separa%~rs ,  The selenium isotope 
separation was initiated early in November 1974 in an 8-tank segment 
of beta-type separators to recover 1.5 to 2 
inventory, Selenium-74 is the precursor of " S e  which is used in nuclear 
medicine as a diagnostic scanning agent, Tellurium and tin isotopes, 
which are also used in the preparation of medically useful radioisotopes, 
are being separated in 3 tanks each of 255" modified isotope separators. 
A 1 1  separations are being made on an &hr,  5-day-week basis. 

of .75% 74Se for the Sales 

During the quarter, in order to u t i l i z e  available separators and manpower 
for the above-mentfaned selenium separation, a calcium isotope separation 
(intended to recover %IO g of >97% 4E4Ca) was terminated after obtaining 
%25% of the suggested requirement, I n  addition, the palladium and ru- 
thenium separations (which were being made to provide priority require- 
ments f o r  the RMC> were also terminated short of stated requirements. 
These Separations were concluded due t o  the closing of Bldg, 9731. 

As in other recent platinum-metal (Os, Ir, Pt) isotope separations, the 
use of CEF3 in vaporizing and rransportfng the ruthenium and palladium 
metals in the ion source dramatically improved several separation param- 
eters over earlier separations, as shown in Tables 1 and 2. The marked 
improvement in f~otopic purity did not Q C C U ~  with ruthenium, since the 
previous separation was made in 255" units using previousPy prepared 
RuP5 charge, 

DE WLOPMEMT ACTIVITIES 

Development activities during the quarter have been concerned with (1) 
improving process efficiency ( P , E . )  through ion-source modification in 
connection with a s ecial separation of reactor-produced 4iCa and a second- 
pass  separation of '24Te s (2) investigating (in process) t h e  feasibility 
of a two-arc system f o r  selenium, ( 3 )  evaluating SnTe as a charge material, 
and work wieh the sector separator which ineluded ( 4 )  continuing e f fo r t s  
to modify the sector machine and an existing R&D calutron with computer 
controls and ( 5 )  determining soulrees of contamination in the sector 
separator decel receives, 

Ion Source Development 

The need f o r  attaining the h i g h e s t  p o s s i b l e  P.E, in a scheduled 41Ca 
sepmratfsn Bed to the inserrion of a smaller arc chamber liner into the 

*Separations in Bldg. 9731 were terminated during the quarter and 
perSQnn@l KllOV@d: Bldg. 9204-3, 
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Table  1. Comparison of  Ruthenium I so tope  Co l l ec t ions  
Series MHa Series 2 U  

(1964) (19 74) 
Percent  innage 58.7 66.0 

Avg. t o t a l .  i o n  ou tpu t  (mA) 7 .3  22.45 

Process  e f f i c i e n c y  (%) 3.0 6.0 

Mass assays :  

96Ru 

8Ru 

'Ru 

1 OORU 

1 0 1 R U  

2Ru 

lo4Ru 

98.07 >97b 

98.8 >95b 

97.73 >97b 

89 .OO > 8Eib 

b 97.24 >95 

99.53 

99.7 
Charge material RLIFgC RufClF 3 

Charge consumption rate ( g  Ru/innage hr) 0.9 
T o t a l  Ru monitored (g)  38.564 

1 .4  

49.637 
T o t a l  tank hours  2395 888 
a 
b 255'-modified i s o t o p e  s e n a r a t o r s .  

E s t i m a t e s  based on prel iminary-type mass a s says .  
Ex te rna l ly  prepared  a t  ORGDP, c 

Table 2 Comparison of Pal ladium I s o t o p e  Co l l ec t ions  
Series NO Series PR 

(1967) (1974) 

Percent  innage 

Avg. t o t a l  i.on output  (mA) 

64.7 

2.6 

67.8 

22.6 
Process  e f f i c i e n c y  (%) 7.0 4.7 

Wass assays :  

2Pd 

104pa 

lo5Pd 

lo6Pd 

8Pd 

OPd 

75.45 

89.75 

94.51 

96.66 

98.11 

96.98 

> 75a 

9 5a 

>95a 

>98a 

>98a 

>98" 
Charge material P db PdfC1F3 

Charge consumption ra te  ( g  Pd/innage h r )  0.15 1.. 9 

T o t a l  Pd monitored ( g )  68.0 287.8 

T o t a l  t ank  hours  9856 4708 
a 

bHigh-temperature i o n  source  (not  e l e c t r o n  bombardment). 
Estimates based on prel iminary-type mass as says  
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conven t iona l  arc chamber of t h e  high-temperature i o n  s o u r c e , l  
conjunction. w i t h  a c y l i n d r i c a l  charge c o n t a i n e r  and smaller ion -ex i t  
s l i t  ( l / 8  in, x 1-314 i n . > ,  both made of s t a i n l e s s  steel, t h i s  s o u r c e  
y i e l d e d  27.8% P P . E .  when charged w i t h  6,O g of calcium (as CaO) com- 
p res sed  i n t o  p e l l e t s  w i t h  24.0 g of metallic lanthanum. This  is  an  
a p p r e c i a b l e  improvement ( f a c t o r  of 2 t o  3) over  r e s u l t s  from s t a n d a r d  
i o n  sources  charged w i t h  similar q u a n t i t i e s  of CaO and lanthanum. 
ou tpu t  equa l l ed  t h a t  of previous e f f o r t s  w i t h  small charges b u t  w a s  
only ~ 2 5 %  t h a t  achieved from 100-8 charges of m e t a l l i c  calcium, 

Used i n  

I o n  

By modifying the h e a t e r s  s l i g h t l y  t o  reduce power i n p u t ,  t h e  above Fan 
source  w a s  a l s o  t e s t e d  w i t h  12-g charges of e l emen ta l  t e l l u r i u m ,  The 
P,E. averaged 16% ( p r f o r  e f f o r t s  y i e l d e d  4 t o  8%). 
p r i o r  ones; assays of %he Iz2Te show equal performance i n  both cases. 
(The peak-to-valley r a t i o s  used as in-process guides i n d i c a t e d  t h a t  
focus w a s  i n f e r i o r  during operat ion,  y i e l d i n g  the high va lues  of P.E.) 
Filament l i f e  w a s  d e f i n i t e l y  reduced and on ly  5 t o  6 g of t e l l u r i u m  
could be vaporized p r i o r  t o  f i l amen t  f a i l u r e ,  The r e s u l t s  w i t h  both 
calcium and t e l l u r i u m  show t h i s  u n i t  to be  s u  e r i o r  to any other now 
a v a i l a b l e  and i t s  use i n  t h e  s e p a r a t i o n s  of 4PCa and second-pass 124Te 
i s  planned, 

Ion  ou tpu t s  e q u a l l e d  

In pursuing t h e  work on improved p rocess  e f f i c i e n c y ,  i t  w a s  r e a l i z e d  t h a t  
cons ide rab le  loss  i n  feed occur s  du r ing  t h e  l a t te r  stage of a run c y c l e  
when charge vapor p r e s s u r e  fs e l e v a t e d  i n  an  e f f o r t  t o  s u s t a i n  i o n  ou tpu t  
a t  its prev ious  level ,  Various cond i t ions  OK f a c t o r s  (charge d e p o s i t s ,  
f i l amen t  w e a r ,  i n s u l a t i n g  l a y e r s ,  e t c . )  have been a s s o c i a t e d  wi th  the 
r e d u c t i o n  i n  ion ou tpu t  w i t h  t h e  ag ing  of a run, b u t  i n  s h o r t  runs 
with very  l i t t l e  feed material i t  seems t h a t  f i l amen t  wear muse be a 
major c o n t r i b u t i n g  f a c t o r .  
fol lows:  The f i l a m e n t  f eeds  e n e r g e t i c  e l e c t r o n s  through a s l o t  ( u s u a l l y  
l / 8  i n .  x l / 2  i n - )  i n t o  the. prFmary are column, 
p o s i t i o n e d  d i r e c t l y  behind an ion -ex t r ac t ion  s l i t  ( u s u a l l y  3/16 i n .  high,  
t hus  l e a v i n g  5 / 3 2  in, of t h e  primary arc. hidden above and below t h e  s l i t  
a p e r t u r e ) ,  During wear, t h e  f i l amen t  becomes t h i n n e r  i n  the c e n t r a l  
r eg ion  of t h e  s l o t  and t h e  poxtions sf t h e  are hidden behind t h e  upper 
and lower d e f i n i n g  edges of t h e  slit receive r e l a t i v e l y  fewer e l e c t r o n s .  

I f  so, the c o n t r i b u t i o n  can be explained as 

The primary arc i s  

I n  o r d e r  t o  determine how much the hidden p o r t i o n s  of t h e  primary a m  
column c o n t r i b u t e  t o  t h e  t o t a l  i o n  ou tpu t  of a source ,  an i o n  source  
was f i t t e d  w i t h  t w o  f i l a m e n t s  and two e l e c t r o n  c o l l i m a t i n g  s l o t s ,  one 
above and t h e  o t h e r  below t h e  s l o t  opening; t h u s  the r eg ion  dBrec t ly  
back of the i on -ex i t  slit w a s  devoid of e l e c t r o n s  supp l i ed  by a f i l amen t .  
Operating i n  ependent ly ,  the t op  arc y ie lded  ~ ~ ~ 4 0  mA, and the bottom arc 
%20 mB. of Ca .p and both simufeaneously '.lo0 nul, with a maximum of 140 mA, 
Simultaneously,  rhe two ares hidden t rom t h e  extraction s l i t  y i e l d e d  an 
i o n  ou tpu t  equal 60, or  even exceedlng, t h a t  nomalEy drawn from t h e  
s t a n d a r d  arc geometry, 

IJ, H ,  G i P l e t t e ,  Isoikpe Program (NT3 P~og~ess F a p o ~ t  fop Quarter End ing  
Szpt, 30, 1,974, OWL-TM-4745 (Dee, 1974) a 

s 
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In-Process Selenium Two-Arc Experiment - 

A two-are experiment i s  being c a r r i e d  ou t  i n  one of t h e  e i g h t  selenium 
s e p a r a t i o n  u n i t s  i n  o rde r  t o  e v a l u a t e  t h e  p o s s i b i l i t y  of i n c r e a s i n g  t h e  
total i o n  ou tpu t  w i thou t  m a t e r i a l l y  a f f e c t i n g  t h e  i s o t o p i c  p u r i t y  of 
7L+Se ( c u r r e n t l y  t h e  "wanted" i s o t o p e  and t h e  one t h a t  b r i l l  bear  most, 
or  a l l ,  of the accumulated c o s t  of t h e  s e p a r a t i o n ) .  P h y s i c a l l y ,  t h e  
two-arc equipment f o r  selenium is  ve ry  s imi la r  t o  t h a t  descr ibed f o r  
calcium i n  t h e  l as t  q u a r t e r l y  r e p o r t ,  except t h a t  t h e  c o l l e c t o r s  are 
aluminum rather than  g r a p h i t e  and lo r  c o p p e r .  

A f t e r  a two-month i n t e r v a l  ( ~ 7 0 0  innage hour s ) ,  t h e  t o t a l  i o n  ou tpu t  o f  
t h e  combined arcs averaged 16 .4  d, based on monitored i o n  c u r r e n t s  t o  
t h e  82Se pocket.  This  compares t o  an average of 10.8 mA* i n  t h e  seven 
a d j a c e n t  s ing le -a rc  c o l l e c t i o n s  du r ing  roughly the same t i m e  i n t e r v a l .  

To da re ,  two 74Se samples have been recovered, one from each arc 
pselfminary mass analyses  of r e p r e s e n t a t i v e  p o r t i o n s  show 60.5% "Se 
from t h e  top  r e c e i v e r  and 55,2% 74Se from t h e  bottom arc -- l o w  when 
compared t o  the. average obtained i n  t h e  las t  series (78,61% 74Se); but, 
t h e  va lues  are equa l  t o  o r  b e t t e r  than those  ob ta ined  i n  p r i o r  separa- 
t i o n s  ( a  high of 5 9 . 1 4 Z ) .  The ou tpu t  of t h e  two-are experiment is  ~ 5 2 %  
mora than t h a t  of t h e  ad jacen t  s i n g l e - a r c  runs and, although t h e  74Se 
abundance is  somewhat lower (55-602' compared t o  78%), t h e  experiment 
i s  s t i l l  considered a success  since t h e r e  i s  n~15% more. contained 74Se  
i n  t h e  double-arc product than i n  t he  s i n g l e - a r c  product .  

and 

Evaluat ion of SnTe as I_ a Charge Material - 
A s  r e p o r t e d  earlier, l  SnTe appears  t o  b e  a t  least as e f f e c t i v e  as ele= 
mental. t e l l u r i u m  as a charge,  u s ing  i o n  output: and peak-to-valley r a t i o s  
as cr i ter ia  f o r  judgement. However, e r o s i o n  of aluminum c o l l e c t o r s  used 
i n  simultaneous c o l l e c t i o n  of i s o b a r i c  i so topes  and e r r a t i c  i s o t o p i c  en- 
richment have been observed, The l a t te r  problem (enrichment) i s  a t t r i b -  
u t a b l e  t o  r e j e c t i o n  of material from t h e  aluminum c o l l e c t o r s  (which have 
~ I S Q  complicated t b s  chemical s e p a r a t i o n  and refinement procedures) .  
Thus, r e a l l y  s a t i s f a c t o r y  usage of SnTe feed rests i n  a l t e r a t i o n  of re- 
ceiver designs and pocket materials. 

180' Oak Ridge Sec to r  Sepa ra to r  Development 

Development e f f o r t s  are con t inu ing  i n  o r d e r  t o  provide the c a p a b i l i t y  
wfth ORSIS t o  p repa re  h i g h l y  en r i ched  i s o t o p i c  t a r g e t s  d i r e c t l y  for a l l  
fssropes wi thou t  u s ing  pre-enriched charge,  E f f o r t s  are a l s o  being made 
ts provide hfgh-puri ty  material, i n  s i t u ,  i n  t h e  d i r e c t l y  prepared tar- 
g e t s  s o  as ts avoid t h e  chemical contamination t h a t  o f t e n  r e s u l t s  o t h e s -  
wise from p l a t i n g ,  evaporat ion,  and chemistry procedures.  

&Series PH (1972) also used Case and averaged 10.7 anfn f o r  'Ll9,OOO 
innage hours  e 

lop" c7:t, 
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Thin t a r g e t s  of 154Gd a t  25 pg/cm2 on 80 iig/cm2 carbon f o i l  have been 
prepared a t  175 eV depositiorn energy for coulomb-exd.tation s t u d i e s .  
99.7% ( e s t ima ted )  i s o t o p i c  p u r i t y  of t h e  t a r g e t  material was ob ta ined  from 
natural-isotopic-abundance charge material, 
second-pass product  ob ta ined  i n  t h e  c a l u t r o n  is 99,35%. 

Computer Con t ro l  sf Ca lu t rons  

Ins t rumen ta t ion  and Controls  D iv i s ion  support  w a s  resumed dur ing  December 
1974 i n  o r d e r  t o  complete t h e  i n t e r f a c i n g  of  new p e r i p h e r a l  equipment to 
t h e  ORSIS computes and t o  complete and test t h e  new OWL-designed real- 
t i m e  computer monitor s y s t e m ,  This  monitor system w i l l  pe rmi t  any com- 
b i n a t i o n  of t a s k s  t o  b e  executed, which are w r i t t e n  i n  e i t h e r  modified 
D i g i t a l  Equipment Corporat ion FOCAL or assembly language. A11 tasks can 
b e  b0th i n t e r r u p t  d r i v e n  by t h e  p rocess  and scheduled. This work should 
be f i n i s h e d  du r ing  t h e  f i r s t  q u a r t e r  of 1975 so t h a t  a p p l i c a t i o n s  pro- 
g r a m i n g  f o r  both t h e  ORSIS and R&D c a l u t r o n  can begin dur ing  t h e  second 
quarter, u t i l i z i n g  t h e  new system. 

The 

I n  c o n t r a s t ,  t h e  b e s t  I 54Gd 

Sources of Contaminarion i n  t h e  Deed Receiver 

Several experimental  ORSIS s e p a r a t i o n s  of dysprosium i s o t o p e s  have been 
completed i n  o r d e r  to determine t h e  mst s i g n i f i c a n t  contamination mech- 
anisms which e x i s t  i n  c u r r e n t  s e p a r a t i s n s  and a l so  t~ determine what 
changes are needed i n  equipmenr and techniques t o  s i g n i f i c a n t l y  exceed 
t h e  c u r r e n t  b e s t  s ingfe-pass  enrichments of 400,000 (from normal abundance 
of 0.0524% t o  99,5%%> w i t h  156Dyo 
d e c e l  equipmens. and method of i s o t o p e  c o l l e c t i o n  is  t h e  d e c e l e r a t i o n  of t h e  
I s o t o p e  beam Qeagss 156Dy) from 40,000 e V  t o  300 eV (ice*, ions wi th  less 
t h a n  39,700 eV are n o t  accep ted ) ,  The primary secsnd-order contamination 
mechanism then  appears  t o  b e  caused by n e u t r a l  ions., 

Dysprosium-156 was c o l l e c t e d  f o r  3 5 , O  h r  a t  9300 eV I n  t h e  d e c e l  col- 
l e c t o r ;  t hen  t h e  beam energy w a s  lowered so as t~ pu t  t h e  162Dy d i r e c t l y  
into t h e  grounded "'Dy c o l l e c t i o n  s l o t  for 4 , s  h r ,  
i o n s  had a n  energy d e f i c i t  sf QEJOQ eV and no 162Dy c u r r e n t  w a s  monitored. 
  he 1 5 6 9  assay w a s  normar and would have been 299% except t h a t  t h e  P 6 2 ~ y  
con ten t  was r a i s e d  t o  61% instead of a normalt 0,2%. Without t h e  d e e e l ,  
1.57% Is6Dy would have r e s u l t e d  i n s t e a d  of t h e  38% a c t u a l l y  achieved in 
t h i s  experiment,  
n a t e  t h e  sample, 
only by f i r s t  n e u t r a l i z i n g  t h e  e n t r a n c e  slits tca the c o l l e c t o r  and then  
proceeding unheeded i n t o  t h e  c o l l e c t o r . .  
f o l lowing  a c t i o n :  
slot is c losed  by eompoter contxol  whenever t h e  mass or ion  energy is 
aut of tderance ,  (2) t h e  computer eloses t h e  s h u t t e r  whenever t h e  aceel- 
eratfng v o l t a g e  i s  be ing  r ecyc led  (sweeps all beams over the c o l l e c t i o n  
sfst) ,  and (3) t h e  s h u t t e r  i s  c losed  du r ing  pe r iods  of r a p i d l y  accelerae- 
i n g  v o l t a g e  breakdown, 
in  which t h e  p a r t i a l l y  analyzed energy bean will be d e f f e c r e d  QUL of this 
n e u t r a l  f l u x  to attempt t o  move t h e  enrichment f a c t o r  in to  t h e  miPPfons 
range. for a s i n g l e  passo  One important  rh ing  about t h e s e  r e s u l t s  is  t h a t  

The primary mechanism involved i n  t h e  

The 162Dy primary 

The d e e e l  pe rmi t t ed  only ~ 2 ~ 6 %  of t h e  IG2Dy. to conlcami- 
These extra IG2Dy atoms could have go r t en  i n t o  t h e  sample 

These r e s u l t s  have prompted t h e  
(1) t h e  mechan9crnl s h u t t e r  i n  f r o n t  of t h e  c o l l e c t i o n  

An experiment will be conducted i n  t h e  n e a r  f u t u r e  
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they  are obta ined  w i t h  a compact device  -- i .e. ,  n o t  a f u l l  second-stage 
magnet and/or e l e c t r o s t a t i c  ana lyzer  b u t  a more ccmplicated v e r s i o n  of 
receiver (I 

A 163Dy s e p a r a t i o n  has  been completed i n  o r d e r  t o  determine i f  t h e  excel- 
l en t  d c c e l  c o l l e c t i o n  r e s u l t s  w i t h  156Dy ( a l l  o t h e r  Dy masses heav ie r )  
can be  expected i n  o t h e r  elemental s e p a r a t i o n s  where some or a l l  contami- 
n a t i n g  masses are l i g h t e r .  The r e s u l t i n g  s ingle-pass  sample assayed 
9 9 , 8 7 %  163Dy* and had contaminat ing f a c t o r s  from o t h e r  masses which w e r e  
c o n s i s t e n t  w i th  the  lS6Dy r e s u l t s .  The dece l  technique  and equipment 
thus  appear  t o  be a p p l i c a b l e  t o  a l l  i s o t o p i c  s e p a r a t i o n s  w i t h  ORSIS, 

The fo1l.owin.g developments t o  t h e  separator and c o l l e c t o r  should be  pur- 
sued i n  o r d e r  t o  f u l l y  e x p l o i t  t h i s  technique:  (1) cons%ruct%on of a 
new beam-flight-tube assembly and suppor t ing  s t r u c t u r e  f o r  t h e  receiver 
r a g i s n  t o  i n c r e a s e  c o l l e c t i o n  rates t o  %1/2 those  of t h e  c a l u t r o n  a t  t h e s e  
h igh  enrichments ,  (2 )  ex t ens ion  of t h i s  technique  t o  c a l l e c t i o n  of more 
than one i s o t o p e  s imul taneous ly ,  ( 3 )  i o n  o p t i c a l  des ign  on t h e  d e c e l  t o  
i n c r e a s e  enrichment f a c t o r s  f o r  t hose  i s o t o p e s  needed, and ( 4 )  b e t t e r  
separstox---@omputer i n t e r f a c e  hardware f o r  t h e  inc reased  q u a l i t y  c o n t r o l  
demanded a t  t h e s e  enrichment levels. I n  a d d i t i o n ,  t h i s  added hardware 
would permi t  t h e  computer to minimize e r r o r s  i n  o p e r a t i o n a l  sequencing 
which now occur  wi th  manual c o n t r o l .  

RADIOISOTOPE SEPARATIONS 

Thor ium-230 

A 230Th i s o t o p i c  enrichment program, which w a s  i n i t i a t e d  i n  one of t h e  
doubly eonrained e lec t romagnet ic  i s o t o p e  s e p a r a t o r s  i n  January 1974 w a s  
concluded t h e  middle of October 1974 upon c o l l e c t i n g  310 g o f  ~ 9 0 %  330Th. 
Following t e rmina t ion  of t h e  s e p a r a t i o n  process:  t h r e e  of t h e  1S pre- 
l imina ry  samples which had t h e  h i g h e s t  i s o t o p i c  p u r i t y  w e r e  blended and 
chemica l ly  r e f i n e d  t o  provide  3,079 g of 91.54% 230Th f o r  t h e  Heavy- 
Element Research Pool ,  The remaining 1 3  pre l imina ry  samples,  a long w i t h  
t w o  invenLory l o t s  coi i ia ining 2,216 g 'rh, were blended and chemical ly  
r e f i n e d  as l o t  PTh-6 t o  provide  14.955 g of 89.13% feed  miterial f o r  a 
second-pass s e p a r a t i o n .  This i s  scheduled f o r  ear ly  1.995 and i s  expected 
t o  yield 31 g of  99,9% 2 3 0 ~ h 3  

Thor ium-2 3 2 

A second thorium s e p a r a t i o n  (us ing  "normal" feed  frotn which t h e  22eTh 
decay product  was t o  be  removed because of i t s  i n t e r f e r e n c e  i n  c ros s  
s e c t i o n  measurements) w a s  s t a r t e d  i n  September 1974 i n  t h e  f o u r  s i n g l y  
conta ined  s e p a r a t o r s  normally a l l o c a t e d  f o r  uranium s e p a r a t i o n s  and w a s  
completed i n  e a r l y  October wi th  t h e  c o l l e c t i o n  of  > l o 0  g of 732Tha 

A "before" r ad iomet r i c  a n a l y s i s  performed on t h e  feed  material by .J- F, 
Emery, Ana ly t i ca l  Chemistry Div is ion ,  showed 1-18 x 
232Th. 
g 2ZHTh/g 232Th and 4 . 6 9  x 

Og 22RTh f g 
Radiometric ana lyses  on t h e  two product  samples showed 3 , 9 8  x IOmL3 

g 228Th/g 232ri'h (or  d e p l e t i o n  f a c t o r s  of 

T h i s  assay m y  be compared t o  163Dy a s says  o f  "498% f o r  t h e  c a l u t r o n  
~ ~ - - -  

R 

and ~ 9 7 %  f o r  the 255" s e p a r a t o r .  
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296 and 252, r e s p e c t i v e l y ) ,  
82.8 g of contaa".ned thorium, r e spec t ive ly , ,  

The two samples c o n s i s t e d  of 20.3 g and 

Following i n i t i a l  recovery o f  t h e  i n d i v i d u a l  samples from t h e i r  c01- 
l e c t o r  pockets ,  the t w o  blends w e r e  made; t h e s e  were d i s s s l v e d  i n  
s t r o n g  n i t r i c  a c i d  t o  o b t a i n  7M NNO3 s o l u t i o n s  and then were passed 
through a precondi t ioned column of Ionac A-580 i o n  exchange r e s i n  which 
absorbs thorium b u t  a l lows 22*Ra t o  go through.  T h i s  t ype  of chemieal 
s e p a r a t i o n  w i l l  be repeazled p e r i o d i c a l l y  t o  prevent  t h e  bui ldup  of 
2 2  $Th i n  t h e  e l e c t r o m a g n e t i c a l l y  sepa ra t ed  32Thw 

Uranium-235 

A program t o  recover  %SO0 g of -499.9% 235U,  s t a r t e d  in Qctober 1994 ,  i s  
conrinuing i n  fou r  s i n g l y  contained e l ec t romagne t i c  separators? This  
material i s  needed f o r  t h e  I n t e r l a b o r a t o r y  LMFBR r e a c t i o n  rate program 
of t h e  r e a c t o r  dosimeter centere 
prs-enriched to 97,6% 235U) is  vaporized into t he  i o n i z a t i o n  r eg ion  by 
r e a c t i n g  C C 1 4  wi th  prepared UOz pos i t i oned  i n  t h e  i o n  source  of the 
separator ,and t h e  sepa ra t ed  isotopes are c o l l e c t e d  i n  g ra  h i t e  receiver 
packe t s ,  By t h e  end of t h e  q u a r t e r ,  more than  200 g of 2$5U had been 
monitored, P re l imina ry  mass ana lyses  r ece ived  to d a t e  on 4 of the 11 
r e c e i v e r  pockets  i n d i c a t e  that: t h e  product w i l l  b e  between 9 9 , 9 2  and 99.962 

The charge material (~30Q0 g of uranium 

2 3  5u, 

Plutonium-244 

Near t h e  end of the q u a r t e r ,  a special  24bPu enrichment p r o j e c t ,  w i t h  
the  goal of co1Eecting 31 g sf %98% 244Pu, w a s  completed i n  one of t h e  
doubly contained s e p a r a t o r s  w i th  an e s t ima ted  c o l l e c t i o n  of l h 1 6  g of 
244Yu, The i n i t i a l  charge ~ ~ i t e ~ l a l ,  enr iched t o  19,?6% in 244Pu, con- 
s i s t e d  of 24 g of Pu02 (21  g Fu>. I n  o r d e r  to accumulate t h e  s t a t e d  
amount, i t  was necessa ry  t o  c y c l e  t h e  charge material through t h e  sepa- 
r a t o r  twice, which n e c e s s i t a t e d  a complete charge recovery a f t e r  t h e  
f i r s t :  cycle. The recycled material, e o n s i s t t n g  of 19 g PuQz (L6,6 g 
Pu) and c o n t a i n i n g  18,3% '44Pu9 became t h e  charge material f o r  t h e  
second cycle, A pre l imina ry  m a s s  a n a l y s i s  on the f i r s t  p o r t i o n  co l -  
l e c t e d  (0.8 g Pu as u n p u r i f i e d  oxide) showed 98,07X "%. 

CHEMICAL PROGESSPNC 

Material i n  Process 

Elements i n  chemical process ing  during t h e  q u a r t e r  are Cd, ea, Q s ,  Pd, 
Ru, Se, T e ,  Sn, and Zr. 

Material Added t o  Inven to ry  

I so top ic  material r e l e a s e d  o r  made a v a i l a b l e  t o  Sales dur ing  t h e  q u a r t e r  
i s  shown i n  Table  3,  wi%h a p p r o p r i a t e  s e p a r a t i o n  d a t a ,  
t h e  n i n e  l o t s  sf i s o t o p e s  r e l e a s e d  t o  S a l e s ,  29 loan - re tu rn  samples were 
processed and r e t u r n e d  t o  inven to ry ,  

I n  a d d i t 5 s n  to 
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Table 3 cont 'd.  

Date Hours Charge Recovery ( g )  P u r i t y  (%> Requirements 
Element 

Isotope S t a r t  F in i sh  Innage Tank E s t .  Actual E s t .  Actual Grams P u r i t y  (%) Material and SerSes 

102Rl.I PU 9/28/74 lL/L4/74 5 86 888 Rui-CIF3 LO $99 90 >95 
I I  I 1  1 1  I 1  11 7 

4 0 ~ a  PT 4 / 8 / 7 4  1 0 / 3 1 / 7 4  21,719 27,840 Ca metal  1900 

l o  4Ru PU 

4 2 ~ a  PT 

43Ca LIT 

9.5 

2 . 3  

19 l l  $ 1  II I 1  

I I  I 1  I 1  I1 1 1  

I 1  11  11 11 1 1  33 k46a PT 

Q99 94 >95 
99.9 15 7 >99.87 

92 

82 

98 

I t  I t  11 0.05 2, 40 11 $ I  4 6 ~ a  PT 

1 . 2  >90 
0 

0 
0.100 <40 

0.500 >40 
I 1  11 I 1  II I f  2 . 6  >97  23 > 94 4 8 ~ a  PT 
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TARGET FASRICATTON AND DEVELOPl!ENT 

Tritium Targets 

Requirements f o r  14-MeV neutron sourees with intensities of n/sec 
for CTR and. fast-reactor experiments necessitate studies involving tritiuin- 
containing targets. More than 50 such targets were prepared €or use in 
Livermore deuteron accelerators, Substrates fore these targets were tungsten, 
copper, and “Amzire” o f  nominal 15/16--in. dia with a variety of sizes and 
thicknesses of titanium deposit. These targets will be used for studying 
neutron-generating characteristics and other physical phenomena involved in 
the (d,t) reaction and for evaluating the relationship between target design 
and neutron output 

__l_-..-_l 

Plutonium Targets 

Several metallic samples of 239Pu and 24cPu (15,9-m dia, with thickness 
varying from 1.25 mm to 20 mm and with plane-parallel ends) are being pre- 
pared for the Neutron Physics Division. Oxides of the two isotopes were 
sent to Dow Chemical Company, Rocky F l a t s  Facility, for reduction to metal 
and incorporation of %1% aluninum to stabilize the cubic structure so that 
maximum ductility was achieved, 
and drop cast to obtain a cylindrical bar of slightly larger diameter than 
the prescribed finished dimension. A small, heavy-duty lathe is being 
installed in an argon-atmosphere glove box for the purpose of machining 
the diameter and final lengths of the longer samples from the cast bar. 
The remaining scrap (turnings plus bar stock) will be remelted and r o l l e d  
to the thicknesses OF the thinnest sample dimensions. This will be the 
only machine capability of this type, except at LASL, in ERDA laboratories 
that will permit preparation of high-assay samples €or research purposes. 
It is expected that this capability will permit future fabrication of many 
actinide elements. 

Each isotope metal sample was arc melted 

Stable I so tope  Targets 

The largest order to date for stable-isotope accelerator targets was com- 
pleted during the quarter, comprising 21 individual targets, 2,5 x 2,5 e m 2 ,  
f o p  List-Electronic in Germany; these included isotopes of Ca, Fe, Pb, Mg, 
Ni, Tf, Cr, and Zn, 

Continued effort to develop methods sf producing thick targets of isotope 
merals has permitted fabrication of samples for high-energy-photon experi- 
ments3 neutron-interaction experiments, and high-energy-charged-particle 
experiments, Targets of isotopes of inany lanthanides, Mg, MQ, Ni, Cu, Fe, 
Zn, Cd, and alkaline earths, have been prepared, with areas up f3o 100 cm2 
and thicknesses of 20 to 4.00 mg/cm2. In one case, a 1-em-thick, 5 x 5 cm’ 
target containing 40 g of “ ~ a  w a s  produced for ANL.  he metal was pro- 
duced by reduction--distillation from CaQ--La mixtures and are-melting 
the distillate into consolidated form, The calcium was finally formed 
into the square configuration at a pressure of 8 tonsfem?; six individual. 
anneals and pressings were required. 
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Targets for Production of 236Pu and 237Pu at O R I C  

Target development for production of isotopes of plutonium for medical and 
other uses by high-energy deuteron or a1 ha bombardment of 235U involved 
the bonding of 150-mg/cm2- and 650-mg/cmq-thick foils of uranium to a 
nominally 6.3-mm-thick copper substrate by a hot pressure-bonding tech- 
nique (3000 psi at 700°C); this resulted in a 0,001-mm d i f f u s i o n  layer 
between the uranium and copper. By this technique, maximum thermal con- 
ductivity was achieved so that the 750 watts of imposed ORIC beam energy 
could be rapidly dissipated to the water-cooling system without target 
degradation and without separation of the uranium from the substrate, In 
addition to the copper that bonded the uranium to the  substrate, a pro- 
tective cover of 0.075-m-thick copper was bonded to the beam side of the 
uranium by the same method. 
an ORIC 30 MV a-beam current of  25 PA for 20 hours, which produced about 
40 pCi 237Pu. 

Targets produced by this method withstood 

c 
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ISOTOPES PREPARATIONS AND SALES 

The s t a b l e  i s o t o p e  and r ad io i so tope  t a r g e t  and r e sea rch  inaterial prepara-  
t i o n s  and t h e  i s o t o p e s  sales and services f o r  t h e  q u a r t e r  are given i n  
Tables  4, 5 ,  and 6,  r e spec t ive ly .  

Table 4, S t a b l e  I so tope  P repa ra t ions  

I so tope  P repa ra t ions  I so tope  P repa ra t lons  
No. o f  No. of 

An~imony-121 

Norma 1 be  ry 1 lium 

Boron-10 

Cadmium- 11 4 

Calcium-40 
-42 
-44 
-48 

Chromium-50 
-52 
- 5 4  

Dysprosium-160 
- 1.6 I 

Erbium-166 

Ha fnium- 176 
-179 

I ron- 5 4 
-5 6 
-5 7 
-5 8 

Lead-20 4 
-206 
-207 
-208 

Li t -  hium-6 

1 

1 

1. 

2 

3 
I 
3 
2 

1 
2 
2 

1 
1. 

1. 

1 
1. 

2 
4 
1 
5 

2 
3 
1 
2 

10 1 

Magnesium- 2 4 
-25 
-26 

Molybdenum-92 

Nickel-58 
-60 
-62 

Palladium-105 

Platinum- 19 8 
Samarium-148 

-150 
-152 

Tin- 112 
-119 
-124 

Ti tanium d e u t e r i d e  

Titanium-46 
-48 
-49 
-5 0 

Yt te rb ium168  

Zinc-64 
-66 

%i rconium-90 
-9 1 
-92 
-94 - 

4 
2 
4 

1 

3 
z 
2 

2 

1 

2 
1 
1 

1. 
2 
I 

12 

2 
1 
I 
6 

2 

2 
I 
1 
2 
2 
1 

Table 5 e Radioisotope P repa ra t ions  

I so tope  P repa ra t ions  I s o t o p e  P repa ra t ions  

Berke Hum-2 49 1 Thorium-232 2 

C a  L t  f o mi  urn- 2 5 2 156 

No. of  No. o f  

1 T r i t i  urn- t i  t ani  urn 

Carbon- 14 

Curium-244 

2 

12 

Normal  uranium 
Uranium-235 

1 
2 

I__ 

P lutonfum-239 1 5 3  
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Table  6 .  I so toves  Sales and Serv ices  

- Shipments 
vo. o f  Revenue 

EM L S Q t 5 D e S  SFiP@S $305,456 693 

kn-%M I so topes  Sales 12  470 99 

Heavy Elements and 
Other Special Materials 

73,748 10 4 

Services 

S t a b l e  I so tope  Target P repa ra t ions  $ 44,241 
R a d i a i s o t o p e  Targe t  P repa ra t ions  14,635 
Heavy Elements and Other Special  3 4 , 3 8 5  

P l a t e  r ia ls  P repa ra t ions  
S p e c i a l  ServPces 7 825 
Repro CES s i n g  R e  tu rned  Loans 12 463 
Work f o r  Others 17,356 

- ' r o t n l  Services  130,905 

T o t a l  $522,579 896 

ADMJNTSTRATIVE 

V i s i t o r s  t o  t h e  Isotorses Development Center  are shown below. 

V i s i t o r  A f f i l i a t i o n  Sub j ec t Discussed 

Pau l  DeBievre 

LLL 
Lrfverm~re CA 

F i s s i o n  chamber 
p r e p a r a t i o n s  

BCMN Target  p r e p a r a t i o n  
Mol9 Belgium 

6 ,  Vourvopsulos, 14- Is, Greenf i e ld ,  J. R .  B a l l ,  S, Raman, and  W. K. 
Dagenhart, Two-Step Mechanism i n  t h e  2 2 N e ( p  t> React ion,  P ~ ~ s ~ c s  
L e t k i e ~ s :  52B(2) : 187-8 (Sep t .  30,  1974) a 

,5. H ,  Gi l le t te ,  Isotope Program (NT) P r o g m s s  Raport f o r  Quarter Ending  
S ~ p t ,  30, 7674,  OWL-TM-4945 (Dee. 1974) 
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