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ISOTOPE PROGRAM ( 5 O J O )  PROGRESS REPORT 

J .  I!. G i l l e t t e  

TARGET FABRICATION AIKJ l)FJE:MP?~lDJT 

Most samples produced during t h i s  per iod were r a t h e r  rou t ine  'rn nature ,  
bat; t h e  volume increased over  t h e  preceding pe r iod  by 89$ f o r  s t a b l e  
isotope r e sea rch  m a t e r i a l s  and 23$ f o r  r a J j o i s o t o p e  sample p repa ra t ions .  

Radioisotope Preparat ions 

~u~ium-244 ~ r o s  s -Sect i o n  Samples 

Approximately 80 mg of high i s o t o p i c  p u r i t y  244Cri02 w a s  made a v a i l a b l e  
by TRU for prepa ra t ion  of two c ross - sec t ion  t a r g e t s  t o  be used a t  OREM. 
One sample contained LO mg arid t h e  o t h e r  -60 mg of' t h e  isotope.  
i so tope ,  eririched t o  a% by t h e  ca lu t rons ,  was p u r i f i e d  by ion exchange 
(TKU) t o  remove t h e  decay daughter product, 240Pu02. 

This 

Because of t h e  p r e c i s e  na tu re  of t h e  measurements t o  be performed, a 
s p e c i a l  double capsule was designed so  t h a t  t h e  i so tope  could be  e x a c t l y  
loca t ed  i n  t h e  neutron beam. Capsule dimensional t o l e r a n c e s  of' +0.0001 i n .  
on t h e  i n t e r n a l  and e x t e r n a l  diameters of each component were required,  and 
s i n c e  t h e  capsule m a t e r i a l  was 1100-series aluminum, t h e  machining of 
t n e s e  con ta ine r s  w a s  c r i t i c a l .  

bach of' tne  two curium a l i q u o t s  was dissolved and d i l u t e d  with alurriinim. 
r i t r a t e  before  t h e  two elements were c o p r e c i p i t a t e a  as t h e i r  r e s p e c t i v e  
clxslates.  The exact concentrat ion of aluminmi atoms was preserved i n  
each curium sample, although .the curium content  va r i ed  by a f a c t c r  of 6. 
This was t o  permit d i r e c t  d a t a  sub t r ac t ion .  Aluminum d i luc ion  made a 
riore voluminous sample a-mila'ole for  ca.pszile Loading which would r e s u l t  
in a more uniform d i s t r i b u t i o n  i n  depth and cross sectiolz of' t h e  curium 

i ltcms . 
5ach curium-aluminum sample has pressed into t h e  O.125-in. -dim1 c y l i n d r i c a l  
nole i n  t h e  c y l i n d r i c a l  inner  capsule. End plugs of' O.OlO-in.-thiek a lu -  
,ninm metal. were Formed on each side 01' t he  Cm-A1 oxide compact by p res s ing  
a c a r e f u l l y  weighed amount or" high-puri ty  aluminum powder i n  each s i d e .  
The composite p re s s ing  lockecc the curium compact i n t o  t h e  sample tube such 
t h a t  even severe handling could Eot dis lodge t h e  sample. Compaction of 
the various l a y e r s  was perf'omed so t h a t  nc dimensional v a r i a t i o n  i n  t h e  
wall thickness  o r  outer diameter 01' t h e  aluminum inne r  capsule occurred. 

A s l i g h t  anount of' s t e a r i c  a c i d  was app l i ed  t o  t h e  o u t e r  w a l l  of ';he inne r  
capsule to f a c i l i t a t e  loading i n t o  t n e  ou te r  s h e l l .  Both inner  and ou te r  
capsules  were seaLed on each end wi th  3 O.Ol5-in.-thick aluminum window 
joined t o  t h e  assembly using radiu Lion-resistant, e-ooxy cement,. Af t e r  cap- 
sule assembly and cleaning, external. su r f aces  Nere t'ound to  be contaminated 
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t o  <10 dpn alpha a c t i v i t y .  The capsule assembly was estimated t o  be 
capable of  withstanding temperatures up t o  2OO0C and was  experimentally 
found t o  r e t a i n  s t ruc tu ra l .  i n t e g r i t y  t o  t h e  temperature of b o i l i n g  
l i q u i d  ni t rogen.  

Mu1t;ipl.e Uraniuii Oxide Targets 

F i f t e e n  dup l i ca t e  depos i t s  of 23sU02 on s t a i n l e s s  s t e e l  (30'tL) s u b s t r a t e s  
were produced, each having an 0.8-in.-dia.rn depos i t .  These samples were 
speci.fi.ed by LIiL-Livermore t o  be uniform i n  'ciiickness t o  + l q o ,  wh.en com- 
par ing one sample with a l l  o the r s ,  and t o  have an i n d i v i d u a l  coat ing 
uniformity of +5$. 

A s u b s t r a t e  holder s u i t a b l e  for containing a l l  l- in.-diam c i r c u l a r  sub- 
s t r a t e s  was designed, and a r o t a t i o n  mechanism w a s  developed t o  permit 
each s u b s t r a t e  t o  r e s i d e  i n  t h e  UOe vapor f o r  equal  time i n t e r v a l s  during 
evaporation condensation. By using electron-beam hea t ing  of a pressed 
p e l l e t  of  U02,  uniform evaporation of t h e  oxide was achieved such t h a t  
t h e  evaporation r a t e  could be made constant over a time i n t e r v a l  of 
30 min, and t h e  vapor beam geometry was reas0na.bI.y constant .  With these  
vacuum chamber f i x t u r e s ,  i t  was poss ib l e  t o  produce t h e  t a r g e t s  so t h a t  
each sample was uniform t o  ~ " 2 %  (as  determined by r a d i a t i o n  counting), 
and intercomparison amoilg t h e  1s samples showed a uniformi-ty of ?576 as 
determined by mss measurements. All depos i t s  were very adherent (could 
not be removed by sco tch  t ape  o r  mild ab ras ion )  s ince  t h e  oxide was 
condensed a t  a s u b s t r a t e  temperature of >350°C. 

Large Area T r j - t i u m  Targets 

For many years ,  p repa ra t ion  of t r i t i im- t i . t an iwn  t a r g e t s  for use i n  gen- 
ei-ating 14-MeV neutrons by t h e  r e a c t i o n  "B('H,n)4He has been plagued 
with i r reproducibi l - i ty  . Target s t a b i l . i t y  i n  terms of neut;ron y i e l d  and 
l i f e t i m e  has not been routine1.y p red ic t ab le .  Recently LRL-Livermore has 
required twenty 6-in.-diarn t a r g e t s  of t h i s  type t h a t  can produce -4 x lo1' 
n/sec. 
el.ectron-bombardment-heated -tit;aniixn vapor sources i n  a vacuixn of -lom7 
Torr followed by irnrnediate t r a n s f e r  t o  t h e  t r i t i u m  sorp-Lion system. 

Each t a r g e t  i s  -formed using a 6-in.-diam dish-shaped metal. s u b s t r a t e  of 
Cu-O.l$ Z r  a l l o y  (Armirc). Film th i ckness  of t h e  annular  t i t an ium depo- 
s i t  was s p e c i f i e d  t o  be 4 mg/cm2; t h i s  thi-ckness produced a t o t a l  sorbed. 
t r i t l u m  content of -300 C i .  When t h r e e  d i f f e r e n t  t a r g e t s  were run i n  the  
acce le ra to r ,  neutron production and t a r g e t  l i f e  d i d  not  vary more than 
1%. Moreover, the uniformity of t r i t i u m  i n  t h e  t a r g e t  f a c e  w a s  found by 
bremsstrahlung coiinting t o  be at l e a s t  as good as +lo$. Unfortunately, 
no reproducible  c o r r e l a t i o n  between r a d i a t i o n  read.ings and neutron output 
could be made with cer ta inty-  because of t h e  r a t h e r  crude counting tech-  
nique employed. Ai; present; twenty similar t a r g e t s  are being produced on 
c o n t r a c t .  

Success i n  producing such t a r g e t s  ha.s been achieved by using 
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Shipping Container f o r  Thin Film Targets  

A conta iner  has  been designed and cons t ruc ted  t o  p r o t e c t  t h i n  s e l f -  
suppor t ing  t a r g e t s  from f r a c t u r e  dur ing  shipment from ORNL. Tes ts  of' 
t h e  conta iner  under. condi t ions  of' mechanical shock and f i n a l l y  an 
actual.  cross-country shipment of carbon f i h m  (35 pg/cm2) t o  Cal i f 'ornia  
and back proved t h e  success  of t h e  suspension system. 

The present  design involves  suspension of' a t a r g e t  ho lder  plate among 
sp r ings  ( e i g h t  t o t a l )  a t t ached  t o  an  i n t e r n a l  s t e e l  framework. The 
e n t i r e  frmeworir and sp r ing  assembly can be removed from the conta iner  
housing for ease of' mounting or removal of' t a r g e t s .  So t h a t  r e a c t i v e  o r  
r ad ioac t ive  t a r g e t s  ( e .  g . , barium metal  or radium bromide ) can be shipped, 
t h e  o u t e r  con ta ine r  can be sea led  wi th  a gasketed l i d  and can conta in  ~ t l l  
i n e r t  atmosphere (a rgon)  o r  can be evacuated. 
c a l l y  i n e r t  t a r g e t s )  o r  s t e e l  o u t e r  conta iners  can be used depending on 
t h e  environment i n  which the  t a r g e t  must be housed for maximum preserva t ion .  

E i t h e r  P lex ig l a s  ( f o r  chemi- 

Use of one of these  shipping conta iners  w i l l  be made i n  t r a n s p o r t i n g  t a r -  
ge t s  of' 100 pg/crn2 R a B r 2  on 35-pg/cr8 carbon s u b s t r a t i s  t o  Germany by 
o rd ina ry  commercial c a r r i e r s .  I f  t h i s  shipment i s  successfu l ,  customers 
w i l l .  no longer  need t o  hand c a r r y  t a r g e t s  or be bothered w i t h  t h e  removal 
of f i lms  from p l a t e s  having a water-soluble  layer between t h e  des i red  
f i b L  and a r i g i d  support .  Idany t a r g e t s  can be o f f e red  t o  the  research  
community t h a t  he re to fo re  were not  poss ib l e  t o  provide because of almost 
su re  f r a c t u r e  dur ing  shipment. 

ISOTOPIC SEPARATIONS 

I s o t o p i c  sepa ra t ions  of cadmium, gadolinium, and s t ront ium a r e  c u r r e n t l y  
underway i n  14 ca lu t rons  on a 5 day around-the-clock basis. 
i so topes  of s t ront ium and f i v e  o€ t h e  seven isotopes of' gadG1ini.m a r e  
being colLected i n  180' beta- type c ; lu t rons ,  while  a11 e igh t  iscjtopes of 
cadmiuii a r e  being separa ted  i n  t h e  t h r e e  modified 255" separators. During 
t h i s  qua r t e r ,  Lhe gal l ium sepa ra t ion  s e r i e s  was terminated after it reached 
t h e  s t a t e d  p u r i t y  and quan t i ty  requirements and was replaced by the  s t r o n -  
t iwc  i so tope  sepa ra t ion .  The major o b j e c t i v e  i n  t h e  s t ront ium sepa ra t ion  
i s  t h e  recovery of  220 Q of -80% '*Sr, which i s  needed t o  rep len ish  t h e  
s a l e s  inventory.  An i ron  i so tope  sepa ra t ion  and a mercury c o l l e c t i o n  w i t h  
er-phasis on '''Hg and 201Hg were both discont inued during t h e  quarber due 
t o  budgetary r e s t r i c t i o n s  . 

A l l  four  

RADIO ISOTOPIC SEPARATIONS 

uranium-238 

A 238?J sepa ra t ion  s e r i e s  w a s  i n i t i a t e d  on December 1, 1970, t o  ob ta in  
-2 kg 03 238U conta in ing  <30 pprn 2 3 5 ~ .  TIE s epa ra t ion  was completed i n  
e a r l y  faarch w i t h  i on  cu r ren t s  equiva len t  t o  21-16 g 2 3 a ~  monitoreti. 
t h i s  s epa ra t ion ,  double-arc equipment was u t i l i z e d  i n  fou r  of' t h e  eight; 
alpha-contained ca lu t rons  and UG2 plus CC14 was used f o r  charge rriaterial. 

I n  
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Preli.minax-y mass analyses  of composited samples show t h a t  t he  major i ty  
of t he  m a t e r i a l  co l l ec t ed  w i l l  conta in  6 t o  12 pprii 23511. 

Uranium-235 

A 235U enrichment program begim i n  October 1970 was i n t e r r u p t e d  on 
December 1, 1970, i n  order  t o  c o l l e c t  t h e  238U aenLioned above. 
235U c o l l e c t i o n  w a s  resumed a f t e r  t he  238U collection, and a t  t h i s  
w r i t i n g  a. monitored e u iva len t  of' -330 g 235U has been accumulaLed. 
Approximately 600 g ' 5U contairiing <O.l% 234U and 9.5% 236U w i l l  be 
a v a i l a b l e  when t h e  separa-Lion i s  completed. 

The 

2 

Tho samples have been reco-vered, chemically r e f ined ,  and rmde a v a i l a b l e  
t o  t h e  Research Mater ia l s  Col lec t ion  t o  s a t i s r y  immediate needs. Analy- 
tica.1 da t a  i n  Table 1 show t h e  qualiby- of t he  ma te r i a l .  

Table 1. Anal-ysis Resul t s  of 235U Samples 

Sample Recovered Mass Assay (%> 
Designation Weight ( g )  234u 2351, 2 8 6 ~  

a r  2 6 5 ~  i l k  e 649 0.024 99.934 0.013 

a r  265~ 198 a 41 0.0298 99.912 0.0165 

Thorium-230 
_I___- 

A special. h igh-pur i ty  P30Th sepa ra t ion  has been completed i n  one of the 
alpha-contained ca lu t rons  using 1 g of thorium t h a t  contained 6go 230Th. 
This m a t e r i a l  was obtained along wi th  4 g of -9q0 "'Th. 
Lion y ie lded  about, 70 mg of >990 230Th. 

The separa-  

THE 180" SECTOR TSOTOPE SEPARATOR 

'The PDP-8/1 minicomputer d.a.ta system has been success fu l ly  used to gather  
ope ra t iona l  da t a  from the  180" Oak Ridge Sector  I so tope  Separator ,  and, 
i n  add i t ion ,  ii; has exerc ised  a degree of ope ra t iona l  con t ro l .  The co l -  
lecbed d a t a  include vacuum levels, high vol tage  power supply d.rains and 
vol tages ,  analyzing magnetic f i e l d ,  beam cur ren t s ,  and ion-source p a r m e -  
t e r s  a s  r e r l e c t e d  back through t o  t h e  primary of t h e  110-keV isol-ation 
t ransformers .  Severa l  i on  source and power supply func t ions  have been 
success fu l ly  con t ro l l ed  by t h e  computer during i so tope  c o l l e c t i o n  runs. 

Mercury i so tope  sepa ra t ions  have begun i n  the  ORSTS t o  determine whether 

Mercury-196 i s ,  o r  w i l l  be, co l l ec t ed  simultaneously wi th  each of Lhese. 
, '"'Hg, and 201:Ig of >9@ pur i ty  can be obtained i n  one pass .  198 
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The ion  source vapox-izing m e t a l l i c  mercury feed from t h e  water-heated 
constant  - temperature r e s e r v o i r  has been equipped wi.th var ious a r c  chambers 
i n  sea rch  of improved P o c u l  p r o p e r t i e s .  
extremely shallow chmiber (-0.090 i n .  Prom back of chamber t o  ion e x i t  
slit) used ia conjunct ion w i t h  an ion  e x i t  slit. having a height  of' 
0.06'2 i n .  
i n  xhich t h e  €fg+ i s  collected i n  copper, i n  o i l - f ' i l l e d  copper pockets, 
a id  i n  the o i l - f i l l e d  recessed pocket.  

Preference t o  d a t e  l i e s  with an 

Accompanying these  soiirce changes a r e  r ece ive r  eva lua t ions  

SOlJRCE; STUDIES 

Work i n  eva lua t ing  condi t ions  which  reduce n iu l t ip le  i o n  rorrnation i n  
calutron-type sources Laces power suppl_jr p roblem i n  thal; cwntrcls which 
compensate f o r  f i l ament  heatinp, b y  i o n  bosnbardment a r e  lack ing .  R u n  
t i r e  a t  high power i n p l t s  i s  often limited t o  minutes because the  
i o n i z a t i o n  i'ilament m e l t s .  

CILEMICIAL PROCESSING 

M a t e r i a l  i n  Process 

Elements in chemical processing during the quartez. ending March 31, 
1971, a r e  Cd, Fe, Ga, Gd, jig, Sb, Xn, Sr, and Te. 

Mate r i a l  Added t o  Inventory 

I s o t o p i c  m a t e r i a l  r e l eased  t o  the Sa le s  Department dur ing  t h e  first 
quar t e r  o r  calendar  y e a r  1-971 i s  shown in 'Table 2. 

Table 2. Ma te r i a l  Added t o  Inventory 

Element Assay Compound 
($J Form I so tope  Weigiit (g )  

Ant imo17_!1-l23 
Gadolinium-155 

Gad0 liniwn-15 7 
I r o n  -5 7 
~ r o n - 5 8  
1r0n-58 

Mercury -2 0.1 

S t  ron t  i ~m-84 
~ t r o n t i m - 8 4  

48.627 
3.069 
2.666 
16 I -I253 
18 "469 

3 .~03 

0.448 
0,004-6 
0.00g6 



Ta.ble 2.  continued 

Element Assay Compound 
Weight (g) ( 4  1 F0m Isotope 

T i n - l l l t  

 in-115 
Tin-115 

20 099 6L-1.2 SnO;? 

6.835 32.72 SnOz 

8.377 26.79 ~n02 

Tin- l l7  
 in - 119 
Tin-120 

Y'iri-J22 

~ t n - 1 2 4  

276 .716 84.23 Sn02 

222.478 84.48 S~OZ 

26 J.. .097 98.05 SnO2 

3s 9 036 96,96 sno2 
152 - 735 92.20 Sn02 

  in-124' 152 371 96.71 sno2 

ISOTOPES PFUPAR4TION AND SALES 

'rine radioisotope a n d  s tab le  isokope ta rge t  and resea.rch mater ia l  pre- 
parat ions f o r  t he  qua-etcr ending March 3l., 1971, a re  given i n  Tables 3 
and 4. 

Table 3.  Radio:.sotope Preparations 

Isotope Nurnber of 
Preparations 

Nimber of 
Freparat ions -Is 0 tope 

Plut onium-241 34 
Pro t a c t  iniwn-231 2 

Thorium-230 2 

Americiun-243 9 
Calif ornium-252 17 
curium-244 4 
Curium-244-Carbon-13 1 

Neptunium-237 126 

Plut oni  UXI-238 51. 

Plutorii 1m-239 59 

'l'hor imi-232 

T r i t i u m  

Uranium-235 
u r a n i ~ ~ l - 2 3 8  

1 

L 

35 
6 
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Table 4. Stable ISO~OP~ P r e p a r a t i i s  

Isotope Nuniber of' 
Pr e par a t  i oris 

~a2-ium-138 

C admium- 111 
Catimiura- 114 

Calcium - Normal 
Cale iwi-l+4 
~ a ~ c i u m - 4 8  
Caldium-4-0, 42, 44, 48 

Cobalt - Normal 

Copper -65 

c hromiwn- 52 
Chromium- 5.3 

~ysprosium-164 

Er D~W-166 
7 

E r  him-168 

Germmiurn-72 
~ermanium-74 
Gemaniuui- 76 

IIaP nium- 177 

Iron - Norma1 
I ron  - 54 
Iron- 57 
Iron-57 - SS 310 

Lanthanum - Mormal 

1ron-56 

~ e a ~ i - 2 0 6  

Lead-208 

Lithium-6 
Li th iun -  7 

Magnesium-24 
Magnes i ~ n - 2 6  

Lead-207 

1 

1 
1 

2 
1 
I 
1 

2 

1 

1 
1 

1 

1 
1 
1 

1 
1 
1 

1 

1 
1 
2 
1 
1 

1 

1 
1 
2 

36 
4 

5 
1 

1 sot ope Number of 
Preparat  ioris 

bkr cury-l$ 
Mercury-198 
Mercuz-y-199 
I'k r c ury -2 01 
Mercury -202 
Mercury-204 

Molybdenum-9;! 
Molybdenum - 95 
Molybdenum-$ 
Molybdenum-97 
ivIo1ybdenwn- 98 
Nolybdenun-100 

SJeodymium- 1-42 
Neodymium-150 

Nickel - Normal 
~i c ke I- 5 8 

Phosphorus - Xormal 

Potassium - Normal 

Samarim-144 
s mar i urn- 11~8 
Samarium-15.2 
Samar i ~ n - 1 5 4  

Scandim - Normal 

~ i l i c o n - 2 8  
Silicon-30 

Sodium - Normal 

Stront ium-136 
~trontiwn-87 
~tront im-138 

Thaili-m-20 5 

Tin - 114 
Tin-116 

1 
1. 
1 
1 
1 
1 

1 
2 
1 
2 
1 
2 

2 
2 

1 
5 

2 

2 

1 
1 
2 
1 

20 

3 
1 

2 

2 
3 
5 

1 

1 

1 
1- 
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'Table 4 .  continued 

Number of  Number of 
Preparat ions Preparat ions Isotope Isotope 

-.-- 

Tin- 7.18 
'Tin - 12 0 
Tin-l.2J-L 

il'ungs t en - 182 

2 
1 

Y t t e r b  i urn- 3-70 
Y t t e r b i mi- 173 

2 
Z i r  coni  wn- 90 

4 Z i i" c oniuui- 9 
z ir coiiiuxn-94 

1 Zirconiuii-3t; 

3 zir~onri.~m-91 

1 
1 

The tsotope sales and. s e r v i c e s  I"or the  qua r t e r  ending March 31, 1971, 
are  given i n  Table 5 .  

Table 5. Isotope Sales  and Services 
Ja.nim-ry 1 Throu@ March 31, 1971 

Shi pment s Revenue 
. ._.- I- 

m Isotope Sales 993 $194, )b83 

Non-EM Sal.es 44 $ 43,1+67 

Services  : 
Sta.ble Isoimpe Target Prepara,tions $ 39,180 
Xadioisotope Target Preparat ions 52,301 
S p e i: i a 1. S e r v i  c e s 1.5, 064 
Reprocessing Returned Loans LO, 525 
Work Tor Others 27,134 

$144,204 -- 'Total. Services  

To ta l  2-037 $382,154 
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ADMINI  STRATIYE 

V i s i t o r s  Por t h e  qua r t e r  ending March 31, 1971., a r e  shown i n  Table 6. 

Table 6. Visitors 

A f f i l . i a t i o n  Purpose of . V i s i t  

AECL Discuss i so tope  sepa ra t ion  

Rocky F l a . t s  Discuss 241Am shipments 

LRL -Live rmo r e Discuss LRL s p e c i a l  pro j e e t s  
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