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J. H. G i l l e t t c  

1-3YDIOISOTOPE AE’PLIED RESEARCH 

The purposes of t h e  Rad.ioisotope Applied Research Program %re to develop 
and eva lua te  techniques for producing new rad ionucl ides ,  t o  improve methods 
f o r  p repa ra t ion  of c u r r e n t  products ,  and t o  cha rac t ea i ze  t h e  q u a l i t y  of all 
products .  A s  t h e  uses of rad ionucl ides  inc rease ,  t h e  s p e c i f i c  requiremerits 
change, and o f t e n  new techniques must be developed to mci:et them. The 
f i e l d s  of medicine and b io logy  ofi‘er p a r t i c u l a r  chal lenge because of  t h e  
s t r i n g e n t  r-equihements for high  s p e c i f i c  a c t i v i t y  and p u r i t y  and the need 
for s p e c i a l  r a d i a t i o n  p r o p e r t i e s  ( e .  g., ha.l.f-lif-’e). Where nuc lea r  prop- 
erty- da.ta. a r e  I.a.cking o r  uncer ta in ,  s p e c i a l  rad ionucl ide  p repa ra t ions  a r e  
rmde from which t h e  needed i n f o r n a t i o n  may be obta.ined. The pr inc ipa l .  
rad ionucl ide  product ion fa.cil-j.ties are t h e  Oak Ridge Research Reactor (ORE) 
and the OF$& %-Inch Cyclotron.  

ORR and LITR Neutron F l i x  Measurements 

The neutron flux: p a t t e r n s  i n  t h e  ORR arid LITR facilities used by the  
I so topes  Development Center were measured by irradiating monitor specimens 
i n  these f a c i l i t i e s  a t  fu l l -  r e a c t o r  power. F a s t  neutron f lux val.ues were 
c a l c u l a t e d  from the 54Mn yields obta ined  from t h e  54Fe(n, p)”4b” react:i.on 
( f iss i .on neutron cross s e c t i o n ,  54 mb) i n  bo th  natural. Lron and. stai.nless 
s t e e l  w i r e s .  The therrrial neutron f luxes  were ca.icul.ated from t h e  ”‘Co 
y i e l d s  obta ined  Trom t h e  53Co( n, Y)‘~CO r e a c t i o n  (cross s e c t i o n ,  37 barns). 
The magnitude of t h e  neutron flux and t h e  r a t i o  of the .fast-to-therma.1 
neutrons niust be known i n  o r d e r  t o  s e l e c t  the optimum p o s i t i o n  for i r - radia-  
t i o n  and to i n t e r p r e t  the r e s u l t s .  These data r ep resen t  the rirst compila- 
tion or f a s t  neut ron  f l u x e s  for . these f a c i l i t i e s .  

Coiiqxter Programming f o r  I so topes  Ca lcu la t ions  

A computer code, ISOSEARCH, was developed f o r  t h e  CDC 160’+-A computer us ing  
F O R T K A N - ~ ~  lan,guage. 
Batenian Equation and u t i l i z e s  a searching  r o u t i n e  which s tar ts  w i . t h  mini.niim- 
arid maximum estirnabes of’ t h e  unknown value and a r r i v e s  a t  t h e  value .that 
f i t s  t h e  inpu t  d a t a .  finy unknown value can be found i f ’  the o t h e r  v d i e s  are 
known in the gene ra l i zed  r e a c t i o n  scheme : 

The program i s  based on t h e  gene ra l  sol-utions of t h e  



where 

u and oB = c ross  sec t ions ,  'Ai' 'AzJ &,I' 

I '  T and TB = half'-1-ives, and 'AI) BLn' 

A, %, and A = t a r g e t  i s o t o p e s .  

Two o t h e r  codes oC more l i m i t e d  appl - ica t ion  were developed. One i s  used. t o  
analyze economic f a c t o r s  i n  rad ionucl ide  product ion and can show, for exam- 
p l e ,  t h a t  us ing  a n  enr iched i so tope  as t a r g e t  material .  may a c t u a l l y  r e s u l t  
i.n a more economical rad ionucl ide  preFara t ion  even though ma'wrial c o s t s  
a r e  h ighe r .  The o the r  program j.s a gene ra l  rou t ine  which i.s adapted t o  c a l -  
c u l a t e  successi-ve neutron capture  chains  by numeri.cal1.y i n t e g r a t i n g  d i f f e r -  
e n t i a l  ya te  equatj-ons.  Thi.s code can be e a s i l y  adapted t o  cyclic changes 
o f  flux and can t r e a t  a lpha decay wi th in  a cha in  wibhout t h e  danger of 
s i .ngular i ' t i es  t h a t  can a r i s e  i n  t h e  genera l  Baternan s o l u t i o n .  This code 
w i l l .  be ab le  t o  handle t h e  e f f e c t s  o f  f lux  var ia . t ion  encounteyed i n  t h e  
HF1K cyc le .  

Thermal Neutron i ieacti  ons - . . - _ _ _ ~ - . _  

Severa l  r ad io i so topes  of long h a l f - l i f e  were prepared wi th  high spec i ' f ic  
a c t i v i t i e s  by thermal  neutron react?-ons.  Parameters a X e c t i n s  t h e  produc- 
t i o n  of long- l ived  r ad io i so topes  were determined t o  optimiLe product ion 
y i e l d s  . 
Potas  s i m - 4 0  

Potassiwc-40 (1.3 x 1.0' y )  i s  a long-l ived r ad io i so tope  useful. i n  i n s t r u -  
ment ca.l ibra ' i ioa and as a t r a c e r .  Although small qua.atLties of  enr iched  
40K ( n a t u r a l  abundance, 0.01187h) have been obtained from n a t u r a l  potassium 
by e lec t romagnet ic  separa t ion ,  the i so tope  i s  ve ry  expensive.  I n  oi-der t o  
reduce c o s t s ,  continii ing e f f o r t s  a r e  being made t o  prepare 1.-3$ "'Ti by 
neutron capture  [3"K( n, y)40K r e a c t i o n ]  from n a t u r a l  potassium and then  t o  
i - so la te  t he  i so tope  by electyomagnetic s epa ra t ion .  The b e s t  feed  m a t e r i a l  
previousl-y a v a i l a b l e  contained 0.19% 4oK ( r e a c t o r  produced) .  
t romet ry  of  a sample of natural .  potassium, discharged t h i s  year ,  i r r a d i a t e d  
f o r  2 . 1  y r  a t  a thermal  neutron flux o f  1 . 6  x IO"" n/crn'.sec showed a 'OK 
conkerit or 1.33$; a cross  s e c t i o n  o f  1 . 4  barns  w a s  measured f o r  t he  
39 

Mass spec-  

K(n,.y)"'K r e a c t i o n  and <rO barns f o r  t h e  4%(n, y)41K r e a c t i o n .  

 orin: in:: -36 

Ctilori~ne-36 ( 3  x 10" y )  is important as a r ad ioac t ive  t r a c e r  and as a 
r e a c t o r  t a r g e t  m a t e r i a l  f o r  t h e  production of 33P by t h e  3 " ~ l ( n , a ) 3 3 ~  
r e a c t i o n .  An i r r a d i a t i o n  s tudy oi' s i x  samples of  ch lor ine  i n  t h e  OF3 
r e a c t o r  neutron f l u x  showed khat t h e  r e spec t ive  c ros s  sections are -30 
and <1.0 barns f o r  the 3"Cl(n,y)36Cl- and 36C1_(n, i-eactlions; t he re -  
fo re ,  high s p e c i f i c  a c t i v i t y  3"Cl  can be prepa.red by long-term i r r a d i a -  
tion o f  n a t u r a l  ch lo r ine  i.n a high neutron f l iuc .  Seve ra l  k i l o g m m s  of  
nabural. ch lo r ine  as K C l  a r e  be ing  i r r a d i a t e d  in t h e  Savannah River r e a c t o r  
a t  a fl.iuc of >lo1" n/cm2.sec. 

I-..-. ___ 
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Cadmimi-1-09 

Cadmium-109 can be prepared by t h e  neutron r e a c t i o n  
cormonly used method) and by t h e  sequence lo7Ag(n, y)108Ag_&L>108Cd(n, y)logCd. 
The yie1.d of l o S C d  b y  e i t h e r  r e a c t i o n  i s  r a t h e r  l o w ,  indi-eat ing unfavorable 
c ros s  s e c t i o n s .  
was determined t o  be -1.1 barns  by t h e  change i n  i s o t o p i c  compositioii of 
enr iched  Io8Cd irradi ated i n  t h c  ORR. 
s e c t i o n  of ""Cd was f'ound t o  be 650 barns by i r r a d i a t i o n  or̂  the c a r r i e r -  

lWCd( n, y)loYCd (most 

The thermal neutron c ross  s e c t i o n  f o r  tlic lo8Cd r e a c t i o n  

S imi l a r ly ,  t h e  thermal  neutron cross 

f r e e  nuc l ide  produced by t h e  109 Ag(p,n)losCd yeac t ion .  

carbon-1.4 

Al.uminuIii n i t r i d e  i s  being  i n v e s t i g a t e d  as a s u b s t i t u t e  for Ue$Iz i n  t h e  
production of 1 4 C  (5730 y )  . 
thermal  flux i n .  a Savannah River r e a c t o r  a.nd t e s t  d a t a  should be ava.i lable 
by mid-1966. 
t o  be too hi.& f o r  it .to be used as a 14C t a r g e t ,  and s e v e r a l  g r a m  of 
t h i s  compound w i t h  a Carbon content  o f  -50 ppn were synthes ized  fox' t h e s e  
t e s t s .  Although t h e  n i t rogen  d e n s i t y  of ALN i s  no t  as high as t h a t  of  
Be&, t h e  Tact t h a t  t h e  normal carbon content  of' A1.N can be reduced t o -  
ge the r  w i t h  its l o w  chemj-cal t o x i c i t y  make t h e  use of A1.N a t t r a c t l v e  from 
a process ing  s t andpo in t .  

Tes t  p e l l e t s  a r e  be ing  i r r a d i a t e d  a.t  high 

The carbon content  of commercially avail.ab1e ALN was foimd 

Product ion runs  dur ing  1965 usring Be& pellets and t h e  process ing  technique 
developed i n  1364 continued .bo achieve a 14C t o  13C r a t i o  o-C 9 t o  1. 

Epithernial  Neutron Reactions Using Cadmium F i l t r a t i o n  

Yie lds  of r ad io i so topes  were determined from neutron r e a c t i o n s  which mainly 
r e q u i r e  thermal. neutroris bu t  al .so have a l a r g e  resonance i n t e g r a l  for 
epi.therma1 neut rons .  I n  many case:;, the resonance i n t e g r a l  can be effec-  
t t v e l y  used t o  produce t h e  des i r ed  rad ionucl ide  while undes i rab le  ther.maI 
izeiltrori rea ,c t ions  are reduced by shie1din.g t h e  t a r g e t  -wi.th ca.drciimi absorbers  
A high resonance i n t e g r a l  s ip$ i f i can t ly  inc reases  the  y i e l d  of t h e  d.esri.red 
r ad io i so tope  i f  the sample i s  i r r a d i a t e d  in a r e a c t o r  neu-tron F1.m having 
a s i g n t f i c a n t  amcmnt of  epi.therma1 neut rons .  S ince  this type of neutron 
f lux  i s  avai1abl.e i n  the  ORli  as w e l l .  as i n  t h e  J P I R ,  t h e s e  s tud jks  a re  
a.pp1.icable to r ad io i so tope  product ion i n  both  r e a c t o r s  - I n  t h e  fo1.l.owir1.g 
sumnaries of e x p e r i r ~ m t a l .  work, t h e  thermal  neutron f 1 . u ~  was 1noni.t;ored 
wi th  coba l t  ( t he rma l  c ros s  sec t ion ,  37 b a r n s )  and t h e  ep i thermal  f lux 
monitored with gold (resonance i n t e g r a l ,  1.570 ba rns )  wrapped. in 40-liiil- 
t h i c k  cadmium. Targe ts  wrapped i n  ca,dmiwri also used t h e  40-mil material . .  

G ~ I . d - . l g  

Go Id -1 9 pr e pa.ra.t; i on s tl gr e vious ly avai lab  l e  wi th  ac -t i.v-i. t y cone e n t  r ai; ions  
of 40-60 cuyies/g of ' Au (61+.8 h )  conta in ing  574 ls'A1l, have been improved 
bir; the use OP cadmium-shielded go1.d t a r g e t s  t o  y i e l d  300-500 eu.ri.t?s/g of 

The increased  concent ra t ions  have been possib2.e 
becaiise t h e  197A1-1( n, y)lg8Au r e a c t i o n  has a high resonance imteg ra l  while 
t h e  "s8Au(n,y)'9'Au thermal  neutron r e a c t i o n  is i n h i b i t e d  by t h e  iise of 
cadmium f i l t e r s .  

8Au w i t h  <O .l$ '""Au. 
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_i Tant alum-182 

I n  a thermal  neutron Flux, 182Ta (112 d)  i s  Yormed by t h e  181Ta(n,y)"82Ta 
r e a c t i o n  (cross sec t ion ,  2 1  b a r n s ) .  
183Ta. ( 5 . 2  d )  by t h e  182Ta(n,y)'8"Ta :reaction (cross sec t ion ,  17,000 barns)  

reduced 'io a low l e v e l  by f i l t e r i n g  ou t  t h e  thermal  neutrons a.nd producing 
182Ta by epi therrnal  neutron capture .  
without  a cadmium s h i e l d  i n  t h e  O M  a t  a f l u x  of  2 . 0  x 1014 n/crn2.sec, the 
amounts o f  182Ta and 1-83Ta obtai-ned were 3.3 and 12 mc/mg of tantalum, 
r e s p e c t i v e l y .  
and 50.05 mc/mg of 'can.talum, r e spec t ive ly ,  were obta ined .  

Subsequeiit a c t i v a t i o n  of 18zTa t o  

~a conteiit of 18;'Ta was decreases  t h e  s p e c i f i c  a c t i v i t y  of  18'Ta. ~h~ 1.83 

Afte r  a ?(-day i r r a d i a t i o n  of tantalum 

Usi.ng t h e  cadmium sh:ield,  y i e l d s  of  18% and .'-83Ta of 1.8 

Coba.I.1;-58 

I r r a d i a t i o n  o€ nickel. i n  a f a s t  neutron f1 .u  produces ""Co (71 d)  and s8mCo 
(9 h) by t h e  58Ni(n,p)58~58n'Co react ion,  but  t he  primary yiel-d of 58J58rflCo 
i s  reduced buy subsequent thermal  neutron capture  by t h e  58mCo(1i, Y ) ~ ' C O  
r e a c t i o n  ( c ros s  s e c t i o n ,  1.40,OOO barns)  and by t h e  58Co( n, y ) 5"Co r e a c t i o n  
( c r o s s  sectioi?,  2,500 b a r n s ) .  The e f f e c t i v e n e s s  of ca.dmium f i l t r a t i o n  i n  
reducing burnup o f  "'Co i s  demonstra~ted by t h e  f a c t  t h a t  t h e  y i e l d  o f  "8Co 
Y r o m  a cadmium-shielded n i c k e l  t a r g e t  w a s  5'7 mc/g and from an unshielded 
sample w a s  31 m/g wheii bo th  targe.Ls were i r r a d i a t e d  i n  a f1.ux of' 2 . 0  I( 1014 
n/crrF.sec f o r  7 .5  days.  

Gold - 199 --- 

Car r i e r - f r ee  "'Au (3.15 d)  [formed by t h e  198Pt( n, 7)199Pt--@~>19sAu r e a c t i o n ]  
i s  routinel.y prepared i n  t h e  ORR by t h e  - i r radiat i .on o f  natural-  pl-atinwn. 

Spectrographic  ana1ysi.s of t hc  platimrm t a r g e t s  determined t h a t  t h c  g0l.d con- 
t e n t  w a s  <I- ppb; t he rc fo re ,  t h e  '"Au could not be produced f rom gold contami- 
n a t i o n .  The most pi-obab?-e reac-Lion path by yhich lS8Au c0uJ.d be introduced 
j-iito t h e  proiiuct j.s by tho lS6Pt (n ,  y)19'7Pt--@--.>197A~( n, y)198A~ r e a c t i o n .  
Experiments were conducted t o  determine if 0.1-0.510 1"8Au would be produced 
i n  t h e  ""Au product a f te r .  i r r a d i a t i o n  for -60 hr i n  a -flux OF I.Oi4 n/cm2.sec, 
and i f  so, t o  find a method of e l imina t ing  Lhe ls8Au. 

Normally, 'Grace amounts of lS8Au, -0.1-0.5$, ar? round i n  t h e  199 Au product .  

Three 10-mg samples of na tuxa l  plat inum were i r ra .dia . led i n  t h e  O m ,  T w i t 1 1  
and wi-thout a 40-mil cadmimi thermal-neutron absorber .  Two sa.rnples had 
been p u r i f i e d  by sol-vent ex t rac t i -on  t o  remove -traces of gold;  Lhe o t h e r  
was unpiirilfied. The yie1.d results a r e  gi.-ven i n  Table 1. 

Table 1. Gold-19 Content of Gold-7-99 Prod!$& 
Thrrmal neutron flux: 1.3 x lo1" n/cm2.spc 
Epithermal  neutroii ~'1ux: 3.8 x n/'cm2.spc 

Unpurit'ied and without 4 0 - m i I  cadmium s h i p l d  20. ( 0.024 
P u r i f i e d  and without ItO-mi 1 cadmium sh ie ld  20.6 0.024 
P u r i f i e d  and w j  th 40-mil cadmium s h i e l d  12 .0  <0.002 
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The experimental  r e s u l t s  s u b s t a n t i a t e d  the hypothesis  t h a t  lS8Au i s  
in t roduced  i n t o  t h e  product by t h e  '"Pt(n, y ) 1 9 7 P t ~ > 1 9 7 A u ( n  y)IS8Au 
r e a c t i o n  and t h a t  's9Au. can be prepared e s s c n t l a l l y  free ol' '"Au by 
us ing  a 40-mil cadniturn s h i e l d .  

Tellurimi-l2jm (104 (3) was pre- a red  reI.atixr1y Tree of' o t h e r  te l lur ium 
ra ,dioisotopes from enr iched  by t h e  "-'Te(n )12'?I(4re r e a c t i o n .  Two 
1.0-mg samples of t e l l u r i u m  contain:i.ng 94.8,~ 
and wi thout  40-m?'..l cadmium s h i e l d s  f o r  4.45 days i n  the  OKR a t  a thermal. 
f l u  oi' 1.3 x LO'" n/cm2.sec and an  ep i thermal  f l u x  of  3.2 x 10';" n/cm2.sec. 
 he y i e l d  oc lZmr1 Le was 0.17 mc from t h e  unshielded. sampl-e and 0.075 me i'rom 
t h e  cadmi.urfl-shiel_ded sample. The  ma.'or contam?inant i n  t h e  unshieLded sample 
w a s  0.001 mc of 1311 due t o  -1.1.$ "3dTe i n  the t a r g e t  material. 
t h a t  t h e  smiple i r r a d i a t e d  i n  the 4-O-miL cadinriim s h i e l d  contained no detect- 
ab le  1311 ( (0.01. p c )  shows t h a t  the l"OTe(n, 7)'"lTe r e a c t i o n  i s  princjpaI.1-y 
a thermal neutron react i -on.  Therefore,  with sorile s a c r i f i c e  i n  the  y i e l d  of  
123mJIe, l3'1 contamination of the product can be prevented by t h i s  technique .  

d 12dY Te were i r r a d i a t e d  wi th  

The fac t  

Turrgs ten-188 

The thernial neut ron  c ross  s e c t i o n s  arid resonance i n t e g r a l s  for t h e  
l S S W (  11, y)"87W a.nd l u 7 W (  n, y)l8&k? r e a c t i o n s  were determined by i r r a d i a t i n g  
LO-mg samples 00 enr iched  WO3 (97.2% '-'%) with  arid without  cadrmi1m s h i e l d s  
i n  the OIm. The nuc lear  reactions znd c ross  s e c t i o n s  determined i n  this 
experiment a r e  as follows: 

The product ion of "%i i n  m-il:Lj.curie qu.antiti.es by success ive  neutron 
cap tu res  rin Is% and "a7W i s  prac'Lical beca,tise oli' t h e  high resonaxce 
i n t e g r a l s  o r  t h e  18%( 11, y ) 1 8 7 ~  and la7w(n, r e a c t i o n s  jl 

F a s t  Ne 11 t roii Re a c t ions  

Radi-oisotopes cart be produced by (n ,p )  and (.,,a) r e a c t i o n s  with high energy 
neutrons b y  use of suli;a.bI.e t a r g e t s .  These r ad io i so topes  a r e  e s p e c i a l l y  
useful. i n  r e sea rch  because t h e y  can be separa ted  i n  a c a r r i e r - f r e e  s t a t e  
nnd, t h e r e f o r e ,  have high  specif ' ic  ac t i . v i t i e s .  The yi.elds of such fas t  
neutroyl r e a c t i o n s  a r e  usua.l ly low because t h e  - ? i s s ton  neutron cross sc?c- 
t io r rs  of' most isotopes are i n  t h e  range of 0.1.-100 riib. Sftnce most fast 
neiutron r e a c t i o n s  occur with  neutrons of' ene rg ie s  >0.5 Mev, the c ross  
secti.ons were determined r e l a t i - v e  t o  the f ' i -ss ion neutron fliix i n  
tlie t a r g e t  pos i t i .on  a s  rn-onitoreci by t ~ i e  54~e(n,p)"4~ r e a c t i o n  (cross 
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sec t ion ,  60 mb). 
f u e l  element and selected f u e l  core p o s i t i o n s  of the  OLUI. 

Research f a c i l i t i e s  used i n  these s t u d i e s  were a p a r t i a l  

-____ P a r t i a l  Fue l  Element 

The measured y i e l d s  of  t h e  four  r e a c t i o n s  given i n  Table 2 were normaliAed 
t o  1 g of n a t u r a l  element t a r g e t  and t o  a f i s s i o n  neutron flux of 
2.0 x 1014 n/cm2.sec f o r  a 7-week i r r a d i a t i o n  pe r iod  i n  ttic p a r t i a l  fuel. 
elernelit. Tne i r o n  products were separa ted  from h e  t a r g e t  m a t e r i a l s  by 
e x t r a c t i o n  wi th  methyl i s o b u t y l  ketone from a hydrochlor ic  acii l  s o l u t i o n  
of tiic t a r g e t s .  The cobal t  products were recovered by anion exchange 
w i t h  Dowex 1 - X l O .  

Tablc 2 .  Radionuclide Yie lds  Obtained A f t e r  a 
Seven-Week I r r a d i a t i o n  i n  the P a r t i a l  Fue l  Element 

Number of  Average y i e l d ,  mc 
Mode of product ion de termina i ions  p r  R of t a rge t*  

"c0 ( n , ) 5 s ~ e  3 

6"Ni( n , a )  "'Fe 3 
58Ni( n,a) ""Fe 1 

58Ni( n, p)  58Co 11 

"Ni( 11, p)  "'Co 4 

28 

0. L L l  

6.1. 

580 
0.59 

* 
Natura l  eI.ement . 

Other Fuel  Core F a c i l > t i e s  

Cerium:L!-h_l. 
from a 50-mg PrzO3 barget by t h e  141P:r(n,p)141Ce r e a c t i o n .  
was i r r a d i a t e d  f o r  -19 days i n  an OKR posi-tion wi th  a thermal  neutron 
f l u x  of  1 .9  x n/cm2.sec and a f i s s i o n  neutron f'lux of  1..6 x 1.0l4 
n/cm2. s e c .  
t o  oxi.dj.ze the  cerium t o  t h e  qumdrivalent s t a t e  and t h e  cerium w a s  ex- 
t r a c t e d  wi th  0.15 M D2EHFA i n  n-heptane . N o  radiochcmical  i .mpurit ies 
were observed w i t h  gamma spectroscopy.  

A 141Ce y i e l d  o f  0.5 mc per  g oP praseodymium was obtained 
The t a r g e t  

Af t e r  d i s so lv ing  t h e  t a r g e t  i n  10 M_ X V O 3 ,  bromate V J ~ S  added 

- - 

C e s i u m - ~ .  A 2.2-g t a r g e t  of h igh-pur i ty  Laz03 wa.s i r r a d i a k e d  f o r  N J . 4  
days i n  a f i s s i o n  neutron f l u x  of 1 . 6  x l.0i4 n/ciii2.sec t o  y i e l d  31.4 p c  
OP 136Cs by tlie 13"La(n,~)13"Cs rea .c t ion.  
i'rom t h e  t a r g e t  by t h r e e  success?-ve r a r e - e a r t h  oxa la t e  p rec ip i - t a t ions  us ing  
l~anthanum c a r r i e r .  

Ca . r r ie r - f ree  ceoi.imi w a s  recovered 

Kubid i+~-8] - ! - .  
%.andmRb were separa ted  by us ing  Rio-Rex 70, 1.00-200 mesh ion-exchange 
r e s i n  and c lu t i i i g  w i t h  0 . 5  g ammonium a c e t a t e .  The y i e l d  of 8"Rb was 73 p c  
p e ~  1.3 mg of 83.3% 84Sin for a 5-day i r r a d i a t i o n  i n  t h e  ORR a t  a f i s s i o n  
ncutron ~ 1 u . x  of 1 .6  x 3..oi4 n/cm2. s e e .  

Rubidium-84 was prepared by t h e  84Sr( n, ~ ) ~ ' l ? b  r e a c t i o n .  The 



t 

7 

KCL target, T'irnc irrad ia t cd, Time aged, 33~1 y ie ld ,"  
g of Cl months mo 11 t h s mc 

0.25 3 4.0 
0.25 

0.55 

4 

5 

-3.5 
3.4 

"5$-=p impurity . 
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enr i  ched 3 6 C l  (>9O$) were ava i l ab le ,  l i t t l e  aging would he requj red  and a 
I a r s e r  amount or 95$ 3 3 ~  c ou ld  be obtained Lmn bi i t l i  t h e  PL'esent i na t e r i a l .  

l'hp 3pS(n,p)32P and 33S(n )33P r eac i io i i s  were a l s o  s tud ied  i n  a f i s s i o n  
neutron flux; however, t h e  7p32S(n,p)32P i-eaciioct has a larst-r c ross  s e c t i o n  
than  t h e  33S(n,p)"3P r e a c t i o n  and unless  >TO$ enricned 33S is ava i l ab le ,  
the s roduct ion  of  s u i t a b l e  ?P ( l o ~ r  i n  3?P) by islis method i s  only margin- 
a l l y  s a t  i s f a c t  ury . 
Thc 3% 

tkie 32~(n,p)"2~ r eas t ion  does n o t .  
thermal. f l u x  y i e lded  >99$ 33P. 
i n  hiyiiljr iherrnalized neuLron p o s i t i o n s  of t h e  D;?O colmn of  t h e  CP-5 reacLor 
a t  Argoiine Nat iona l  La.boratory ai; a thzrmal  neutron i'l.ux oC 2 . 1  x l.O1? n/cm . see  
and a f i s s i -on- to- thermal  neutron f l u x  r a b i o  of 1:200. The Lliermal neutron 
reac'cion, ' % ( n , 1 3 ) ~ ~ P ,  has the  advaniage t h a t  >99$ 33P i s  ob ta ined  w i t h  no 
a%i.ng ?eri.od r equ i r ed ;  however, orily milli.gram qi.rani;it;ies of sullfur wi'iii >60$ 
.? 3 - 

a r e  given i n  Table '4. 

~ ( n , p ) " ~ P  react.io-n also has a thcrmal  neutron c ross  secLion, whereas 
l r r a d i - n t i o n  of 32,33 i-n a very  pure 

Two samples oi' enr iched  33s were i r r a d i a t e d  

2 

S a-re avai.?.ablr e Thz exgerimental  concliti ons and y i e l d s  o f  two i r r a d i a t i o n s  
A cross s e c t i o n  of  2.'+ r h  f o r  t h e  ihermal  neutron 

rea.cti.oi1 was obta!'.ned i n  both cases .  mS( n, p)33P 

Tab le  b .  Produckion of Phosphoriis-35 by the  33S(n,p)33i? Reaction 

33P y i e l d ,  me -.-- _._._.__. , I  largt't, ~ 1 %  o f  X I r r a d i a t i o n  t iffie, days 
I_ __l______~ 

50 (68.1% 33s) '+ 7 0.6 
275 (61.15 33s) 23 -2 

-._. Potassium-4j - 
i n  the O F 3  t o  determine the  yield and radioehemi-cal p u r i i y  of 43K produced 
by t h e  "3Ca(n,p)43K r e a c t i o n .  
i s o t o p i c  composition of 23.5% 40Ca, 2. j'$ 42Ca, 49.3% 43Ca, and lj.7$ 44Ca.. 
A-iTter a 66-hr i r r a . d i a t i o n  i n  a f i s s i o n  neutron Y 1 - w  ot '  1.1 x 1.0 
C L . ~  average y i e l d  was 5 . 9  pc oP 43K per  mg or̂  enrj-ched t a r g e t .  
show t h a t  -the cross s e c t i o n  f o r  t h e  43Ca.(n,g)43K r e a c t i o n  for f i s s h n  ncu- 
l;roils i s  0.3 mb. 
d i scha rge .  

Three 3srnpl.e~ of calciixn enriched i n  "3Ca were i.i .radiated 

'The t h r e e  - 1 l - m S  samples (as CaO) had an 

14 n/crn'.scc, 
1 1  These d a t a  

The "2K contenl; of 43K was <$ at  he time of r e a c t o r  

Kadioisotope - Generators 

Radioisotope genera tors  o r  llcowsll a r e  p a r t i c u l a r l y  useful f o r  suppl-yins sho r t  -- 
lived r ad ionuc l i aes  f o r  medical purposes .  A Thort- l ivpd daughter i s  e l u t e d  
f rom an adsorptj-on column in which a lofly-lived parent  i s  f ixod  t o  provide a 
rezidy source of t h e  rad ionucl ide  througaout  t h e  Drac t ica l  l i f e  or t h e  payent .  

Cesium-131 which dpcays e n t i r e l y  by e l e c t r o n  capiu ie  w i i l i  a s i n g l e  0.030-Mev 
"'Xe K X r ay  i s  used i n  d i agnos t i c  hza r t  func t ion  s t u d i e s .  A '"Cs (9.'( d )  
genera tor  w a s  developed by p lac ing  13'13a (11.6 d )  on a Bio-Hex 70 ion- 
exchanst. colum~i and e l u t i n g  the cesium with 0.5 ammonium a c e t d t e .  'The 
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Table 5. Production of Iod.:i.nc-123 ny the 123Te(p,n)12"I Reaction 

'('3.2 5.1 k . 9  2 h,** 1.87 pa 169 0.87 0.07 0.25 

* 
x- -x- 

Bord ja rd r~c i  i t 1  external. beam. 
Bombarded i n  internal beam. 
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W I O  LSOTO€T3 SEPARATIONS AlSE PURIFICATION DEV~LOPMivT 

Recovery of Xenon-1-33 arid Iodine-7.31. 

The former 131.1-1"'3 Xe process  f a c i l - i t y  was a.bandoned dur ing  t h z  year ,  and 
a new process  f o r  recovery of t hese  iso-Lopes was glaced i n  ope ra t ion .  I n  
the  new process,* 1311 ha~vj.ng a very  high r a d i o c h m i c a l  p u r i t y  and hi.& 
speci.fi.c a c t i v - t y  i s  obta ined  along wi th  Xe. The new equipi::ent (F7.g. I.) 
can be opera ted  i n  a mani-pul-ator ce.11. i n  c o n t r a s t  wi th  the i 'ixed cqui.prnent 
system formerly used ,  

133 

Xenon-133 product puri- ty  r e l a t i v e  t o  nonradioact ive gi-ts conttljriina.tion has 
been j-mproved s ince  t h e  new 2rocess approaches a sealed system and r e s u l t s  
i n  l e s s  atmospheric ga.s contamination of the separa ted  13%e. A mol-eciilar 
s i eve  p i ~ r ~ i f i c a t i o n  systemA, shown i n  F ig .  2, has been placed i n  ope ra t ion  
for f i n a l  p u r i f i c a l i o n  of the 13%e obta ined  during d i s s o l u t i o n  01 in? 
f j s s ion -1Droduc t t arge t . 

Hzcovery o f  By-Product Molybdenum-99 . .. 

A'ter removal of 1331, '%lo i s  recovered from the waste e fy luzn t  by s u l f i d e  
p r e c i p i t a t i o n  us ing  mercury as a c a r r i e r .  
i s  obtained by adsorp t ion  on an a1uinil.r.a i-on-exchange col-umn. Since t h i s  
p ~ o d u c t  i s  camie-c  f r e e ,  i t  i s  p re fe r r ed  over  99~v10 produced by i r r a d i a t i o n  
o f  normal. molybdenum for 99r"ilic gelierators. Separa t ion  o r  t h e  short ha1.f- 
l i f e ,  rare-eai- th  f i ss i -on  products  has been automate6 by use of a modifizd 
sample-bot t le  changer wiiicii red.uces t h e  time i:equirements and pla.ces t h e  
process  on a contiiiuous e l ~ u t i o n  c y c l e .  Addi t iona l  developiiieni work i s  
scheduled bo ob'iairi sharper  bands and  t o  rediice cross contamination of t he  
i so topes  as they  a r e  e l u t e d  from tiic ion-exchange coLirrnn. 

High radiochemical ly  pure "Mo 

Greater  product puri- ty  and a reduct ion  i.n t ime requirements have r e s u l t e d  
from changes i n  t h e  process  t o  sepa.rate 35S and 36C1. produced by neutron 
i r ra .dia . t ion of NaCl . The previous system was based on f r a c t i o n 8 1  di.sti1l.a.- 
t i o n  of  t h e  isotopes t o  o b t a i n  separati-on; the  new process  uses  Z r O z  i n  an 
ion-exchange column t o  r e t a i n  the 35S. The "%I passes ti-~~:oiigh the  col.umn 
and i s  recovered from this e f f l u e n t  by disti1.l.ation a f t e r  t h e  s o l u t i o n  has 
been a c i d i f i e d  wi th  IIzS04. 'The "S i s  ihen eluted. from tihe Zi-02 with  di- lute  
N h O H  and aci.di.fi.ed wi th  H C 1  t o  y i e l d  a c a r r i e r - f r e e  product .  The new 
process  a l s o  reduces the  ion-exchanger capac i ty  requirements s ince  t h e  
sodium OT potassium component of' t he  i r r a d i a t i o n  t a r g e t  i.s not  r e t a i n e d  
on the  col_umii a s  i t  had been previous ly .  

3 ' -  

* 
b'. N .  Case and E .  H. Acree, Large Scale  P repa ra t ion  o f  High Pur i ty  
Iodine-131 and Xenon-133 by Sorp t ion  TL?~'mitcpesJ  USAF,C Eipt . ORPJL-3840, 
Oak Ridge National. Laboratory (January 1966). 
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Fig. 1. Equipment f o r  Recovery of 13%e”311 i n  a Manipulator Cell. 

F i g .  2. Xenon-133 P u r i f i c a t i o n  System U t i l i z i n g  Molecular Sieve.  
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Enrichment of ~ r y p t o n - 8 5  

Normal f i ss ion-product  85Kr i s  widely used i n  s e l f  - i l l umina t ing  s igns  and 
f o r  impregnating meta ls  f o r  wear tes t s .  The e f f e c t i v e n e s s  of t hese  t ech -  
niques would be g r e a t l y  increased  if  higher  enrichments of 85Kr could be 
made a v a i l a b l e .  Inc reas ing  t h e  85Kr conten t  of a v a i l a b l e  m a t e r i a l s  would 
a l s o  s t i m u l a t e  development of  o t h e r  a p p l i c a t i o n s  f o r  t h i s  rad ionucl ide  
( e . g . ,  as a hea t  source f o r  power g e n e r a t o r s ) .  

To meet cu r ren t  and a n t i c i p a t e d  demands, a system was designed t o  e n r i c h  
t h e  85Kr content  of  f i s s ion -p roduc t  krypton from t h e  p re sen t  4.7% (60 
c u r i e s / l i t e r )  t o  -30% (400 c u r i e s / l i t e r )  and, even tua l ly ,  t o  50% (640 
c u r i e s / l i t e r ) .  
250 f t  long which conta ins  36 water-cooled tubes .  
d i a  and 7 f t  long, 
The krypton occupies  t h e  annular  space between t h e  h e a t e r  and t h e  ou t s ide  
t u b e .  
o . d .  by 8-ft l e n g t h ) .  
two 36-tube u n i t s  t o  provide p a r t i a l l y  enr iched m a t e r i a l  t o  a t h i r d  u n i t  
which makes t h e  f i n a l  enrichment t o  product l e v e l .  Two systems have been 
i n s t a l l e d  i n  ad jo in ing  c e l l s .  

The b a s i c  mi3 of t h i s  system i s  a thermal  d i f f u s i o n  column 

and con ta ins  a c o a x i a l  t u b u l a r  hea te r  0.44 i n .  i n  d i a .  
Each tube i s  3/4 i n .  i n  

This  unit o f  36 tubes  i s  enclosed i n  a s i n g l e  water  j a c k e t  (-10-in. 
The t o t a l  system ( e f f e c t i v e  length ,  500 f t )  employs 

I n  Ju ly ,  t h r e e  o f  t h e  u n i t s  were loaded w i t h  nonradioact ive krypton f o r  
o p e r a t i o n a l  t e s t i n g ;  t h e  o t h e r  t h r e e  were loaded i n  August. 
t h e  f irst  t h r e e  u n i t s  appeared t o  be i n  good ope ra t ing  condi t ion ,  and t e s t -  
i n g  w a s  d i scont inued .  S ince  t h e r e  w a s  a demand f o r  concent ra ted  nonradio- 
a c t i v e  78Kr, s e v e r a l  l i t e r s  of t h i s  i so tope  (enr iched  from i t s  n a t u r a l  
abundance of 0.35% t o  concent ra t ions  vary ing  between 6 and 12%) were 
recovered from these  o p e r a t i o n a l  t es t s .  One month a f te r  t h e  f i r s t  t h r e e  
u n i t s  were reloaded,  t h i s  t i m e  w i t h  2100 c u r i e s  o f  f i ss ion-product  krypton, 
mass spectrometer  a n a l y s i s  of a product sample withdrawn from one unit 
showed a concen t r a t ion  of 6.5$ 85Kr .  
be continued u n t i l  equ i l ib r ium i s  reached.  I n  t h e  f u t u r e ,  a r a d i a t i o n  
monitor ing system w i l l  be i n s t a l l e d  t o  i n d i c a t e  t h e  peak enrichment i n  
each column, and t h i s  u n i t  w i l l  e l imina te  t h e  need f o r  continuous sampling. 
A system of  s t o r a g e  tanks  w i l l  a l s o  be i n s t a l l e d  i n  an  ad jo in ing  c e l l  t o  
hold in te rmedia te  c u t s  of gas for reprocess ing .  

By November, 

Operation of  t hese  t h r e e  u n i t s  w i l l  

RADIOISOTOPE SOURCE DEVELOPMENT 

Iridium-192 Sources 

Targe ts  of i r i d ium sponge were found t o  be e f f e c t i v e  i n  t h e  p repa ra t ion  of 
high s p e c i f i c - a c t i v i t y  lS2Ir, and a carbon a r c  f o r  f u s i n g  t h e  sponge i n t o  
spheres  f o r  use as rad iographic  sources  was found t o  be e f f i c i e n t  and t o  
reduce t h e  t ime r equ i r ed  f o r  source p repa ra t ion .  Iridium-1% spheres  con- 
t a i n i n g  a concent ra t ion  of 1000 cur ies /g  have been prepared.  The burnup 
of lS2Ir dur ing  t a r g e t  i r r a d i a t i o n  i s  c o n t r o l l e d  by opt imizing t h e  i r r a d i a -  
t i o n  t ime.  



Beta Source f o r  S imula t ing  Space Radia t ion  

A 20- by 40-in. "Sr source (Fig.  3 )  was f o r  NASA t o  be u 
t i r r a d i a t o r s  of Pe sus micrometeroid d e t e c t i o n  pane l s .  The source 
l i z e s  1 /8 - in . -d i a  s i n l e s s  s t e e l  tubes wi th  a 10-mil w a l l  t h i ckness ,  

i t s  t h e  p repa ra t ion  of  plane sources having unl imi ted  
s i z e  of t h e  sh i e lded  chamber where t h e  ce 

i s  assembled 

e t s  -1/16 i n .  i n  d i a ,  and 
s were He l i a rc  welded t o  

r e .  A Faraday 

source i s  given i n  Fig.  4. 

PHOTO 80819 

F i g .  3 .  Strontium-90 Source (20 by 40 in.) f o r  Space Radia t ion  S imula t ion .  
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Fig .  4 .  Energy Spectrum of Strontium-90 Source.  

Beta Sources f o r  Process  I r r a d i a t o r s  

Cermets of  "Sr and aluminum a r e  be ing  i n v e s t i g a t e d  i n  an e f f o r t  t o  achieve 
a high output  source wi th  maximum i n t e g r i t y  f o r  use i n  process  i r r a d i a t o r s .  
When mixtures  of aluminum and s t ron t ium t i t a n a t e  o r  aluminum and s t ront ium 
s i l i c a t e  a r e  compacted and heated above t h e  mel t ing  po in t  o f  t h e  aluminum, 
t h e  r e s u l t i n g  p e l l e t  has less tendency t o  "dust" t han  when e i t h e r  s t ront ium 
compound i s  used a lone .  It i s  necessary  t o  rnaintain an aluminum-to- 
s t ron t ium compound r a t i o  of >O.5  t o  y i e l d  a p e l l e t  having m e t a l l i c  p rope r t i e s ,  
s ince  below t h i s  concen t r a t ion  of aluminum t h e  p e l l e t s  have g l a s s - l i k e  
p r o p e r t i e s .  

Beta-Excited Secondary X-Ray Sources 

A 147Pm oxide mixture conta in ing  antimony powder w a s  f a b r i c a t e d  i n t o  a 
p e l l e t  and encapsula ted  i n  aluminum t o  provide a source f o r  t h e  U.  S .  
Geological  Survey. 
be used as a prospec t ing  device i n  t h e  d e t e c t i o n  o f  s i lver .  

This  source produces t h e  antimony K, X r a y  and w i l l  

An i n v e s t i g a t i o n  of low energy photons f o r  measuring egg shell t h i ckness  
w a s  c a r r i e d  out  i n  cooperat ion wi th  t h e  U.  S .  Department o f  Agr i cu l tu re .  
Outputs from 55Fe, lo9Cd, a.nd "Tc sources  were found t o  be t o o  low t o  be 
u s e f u l  i n  making t ransmiss ion  measurements. Backsca t te r  measurements u s ing  
'9 were u s e f u l  f o r  s h e l l  t h i cknesses  equiva len t  t o  -12 mg/cm2 but  inade-  
quate  f o r  t h i c k e r  s h e l l s .  A 10-yc source of  106Ru_106Rh i s  c u r r e n t l y  be ing  
eva lua ted  by t h e  U.  S .  Department of  Agr i cu l tu re .  



Krypt 011-85 Source f o r  Hel icopter  E'orniat ion-Ho 1.d. Sys t ern 

A secondary X-ray source u t i l i z i n g  '"Kr rad ia . t ion  t o  e x c i t e  t he  cha rac t e r -  
i s t i c  O.O>?-Mev X ray i n  4-III~.~.. uranium f o i l  was Cabricated. a.nd eval.uated 
Yor output, a t  various d i s t a n c e s .  The 1mri.t w a s  develop<?ci f o r  a h e l i c o p t e r  
for.mat;ion-holci system whi .ch  uses a radioac-Live source posi.tj.oned near  t h e  
t a i l  s e c t i o n  of  the a i re rap i ;  and a, d e t e c t i o n  system located near  t h e  f r o n t  
so each of fou r  h.eI.icopters in a fi;rmati.on w i l l  be ab2.e t o  l o c a t e  the o the r  
t h ~ e  w i t h i n  a s p e c i f i c  range.  
t h e  0 . 0 9 - M ~ ~  X ray usi.ng deple ted  uranium f o i l  was 0.5($. 
from a. 3O-curie source could be d i s t ingu i shed  f r o m  background. up to 300 î t 
(as  shown i n  F i g .  5 )  ; however, t h e  background i.ni;er:re-mnce was htgh beyond 
this d i s t a n c e  . The source has been de l ive red  t o  I n d u s t r i a l  Nucl.eoizics for 
a c t u a l  system t e s t i n g .  

The conversion efYiciency oi" '"Kr b e t a  t o  
The count r a t e  

ORNL- DWG 66 - 523 
I I ___ 10,000 [ ___ - ... . . . .. . . . . . . . .. . . . . . 

5000 

2000 

1000 

C 
500 

\ 
u) + c 
3 
0 * 200 

100 

50 

20 

0 I I I I I I 

0 30 60 90 120 150 180 240 
CHANNEL NUMBER 

F i g .  5 .  Detec t ion  or" Output a t  Various Distances From a 3O-Cu-rie 
Krypton-85 Source f o r  a Hel icoptcr  Formation-Hold System. 
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Heat Source for Underseas Exp-eriments -...I___ 

An underwater wa.rm-up s t a t i o n  f o r  d i v e r s  engaged. i n  U .  S .  Navy Sealab 
experimen-t;s: was desi-giieci and b u i l t  usi.n.g an 83,500-curie "SrTi03 source 
wi th  a thermal  ou-Lput of 526 w a t t s  to warm t h e  w a t e r .  'The source i.s 
sh ie lded  wjth a cas-L s t e e l  she1.l. (16 i n .  d i a ,  1.5 j.n. t h i c k )  and has a 
uranium i n s e r t  ( 3 . 1  i n .  t h i c k )  which rediices the  r a d i a t i o n  dose t o  U O  
mr/hi.. Fo r ty  f i m ,  1-6 x 3 x 1/4 i n . ,  a r e  provided for heat  t r a n s f e r  to 
a i r  diirjng t ranspork ;  terxperatuyes of' t h e  conta iner  i n  77°F ambient ai-r 
were 110°F i n  the  cen te r  of thz  t o p  and I.l.joF a t  midside.  17h.e conta iner  
has a welded c losure  t o  grevent  water leakage .  

Thc warm-up sLat ion  c o n s i s t s  o f  a 24 - in . -d i a  concrete  pipe (3-l/2 i n .  
t h i c k ,  8 f t  long)  pa in ted  wi th  an epoxy s e a l a n t .  I n  use,  t h e  t o p  of the 
nipe is open f o r  e n t r y  by t h e  d ive r  and the  bottom i s  sea l ed  and i-nsu- 
l a t e d .  The ent i - re  s t a t i o n  i s  C i l l ed  wi th  water arid placed -i.nside a 
cyl-ind-rical s t e e l  housing which i s  opin a t  the  bottom Yor e n t r y  and ha.s 
a i r  'irsapped rin the  t o p  for brea th ing .  Figure 6 shows a.n i -sometr ic  view 
of  t h e  s t a t i o n .  

CaLculaiions indi-cated t h a t  t h e  heat  source would r a i s e  t,iie temperature 
o f  t hc  water  i n s i d e  b k  concyete 9ipe by -hO"Fj however, t e s t s  conducted 
for 199 hr  i n  a concrete  pipe wi-th a 250-watt hea.ti.r ind.7.cated t h a t  -20°F 
was a more accura te  es'cirn-ate. Navy personnel  had i-ndicated t h s t  a 10°F 
rri.se i n  temperature wou1.d be s u f f i c i e i i t  wi th  any a d d i t i o n a l  increase  being 
d e s i r a b l e .  

Ceri-urn-144 Source -. f o r  Ka.dri.ant Energy ConversTon Device 

R soi1.yce conta in ing  30,500 c u r i e s  of '''CcO~ was prepared for t h e  
All i .son Div is ion  of General- Motors. 
was loaded i n t o  an  Tnconel capsule  whi~ch w a s  welded, l e a k  bested,  and 
c1.eaned t o  smear t o l e r a n c e .  The completed source was placed. i n  a 
shield.ed t e s t  device c0ntai.m.i ng thermophotovoltaic ce1Ll.s t o  determine 
.the rad.i a t i o n  degradat ion p r o p e r t i e s  o f  t h e  A l l i s o n  c e l l s .  For t h e  
dui-abion of t h e  six.-month experimcnb, the su r face  temperature  o f  t h e  
144Ce source  r ecep tac l c  was maintaj~ned a t  - 5 6 " ~ .  Data on pho toce l l  
pprf'ormance were accumulated and t r ansmi t t ed  t o  Al l i son  personnel. at 
weekly inbe rva l s  for eva lua t ion .  Due t o  t h e  encouraging results o-f 
thi .s  experiment, a more e l abora t e  t e s t  involving 90,000 c u r i e s  of' '-44Cc 
i s  be ing pJ-anne d . 

'The crushed si-ntered 144Ce02 powder 
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RAD1OISOTOPE SOURCE SAFETY TESTING 

The s t e a d i l y  inc reas ing  use of r ad io i so tope  sources  i n  research  and indus- 
t r y  has made it desirab1.e t o  defi-ne t h o s e  safe ty  c h a , r a c t e r i s t i c s  of source 
capsules  which a r e  impor-Lant i n  in su r ing  Lhat, r ad ioac t ive  m a t e r i a l  does 
no'L I.eak 'io t h e  surrounding eilvi-L-onmcnt du r ine  normal use o r  i n  t h e  event 
of acc iden t s .  Seve ra l  hundred soiirce capsules  of var ious  t;yFes have been 
subjected to a v a r i e t y  of mechanical and temperature t e s t s  bo determinz 
Lkir containment i n t e g r i t y .  A simple method of  cl.assifyiing sea led  soiirces 
according t o  t h e i r  s ' i ruc tu ra i  c h a r a c t e r i s t i c s  i s  bei.ng dzveloped. 

Source . .. Capsulz C1 a s s i f i c a t i o n  .- S p t e r n  

'The Source Capsule C l a s s i f i c a t i o n  System has been reviewed and a -few minor 
changes were rrade. The Class L, maximum Lernperature r e s i s t a n c e  t e s t  was 
reduced from 2550°F f o r  I hr  t o  2400"E' Cor 1 hr because the re  were a few 
stainlcss s t e e l  source capsvles which met a l l  of t h e  Class  D requi-remenis 
except t h i s  one. This minor decrease i n  teniperaiure allows t h e s e  capsii les 
t o  f a l l  i n t o  t h i s  c l a s s .  

The Class E maximu.m temperatiire r e s i s t a n c e  t e s t  w a s  changed from 4500°F ror 
l hr t o  k 5 O O " F  f o r  30 rnin because t h e r e  are no probable i i ls twices  when a 
sea led  source might be exposed t o   his temperature Yor more than  30 rain. 
This  t e s t  i s  performed i.n a vacuum or inel-t  gas atmosphere and i s  desi-gned 
to check the  in ' iegr i ty  of  p r o t e c t i v e  coa t ings .  An adci-i.%ional test w a s  
added t o  t h e  Class E imximum temperature r e s i s t a n c e  c l a s s  i n  order  t o  
check t h e  source f o r  oxi-dation r e s i s t a n c e  a f t e r  t h e  4500°F t e s t .  This  
t e s t  i s  conducted i n  a i r  a t  2400°F' f o r  1 hr. 

The i n t e r n a l  pressure  t c s i  w a s  changed io an e x t e r n a l  pressure  t e s t  i n  
order  t o  simplit 'y iiie t e s t  procedure.  The abras ion  t e s t  requirement t ias  
dropped from t h e  c l a s s  i fi c a i i o n  system becsuse abras ive  t e s t s  conducted 
on aluminum, b ra s s ,  and s t a i n l e s s  s t e e l  capsul.es i nd ica t ed  t h a t  t h e  amounts 
of m a t e r i a l  removed by abras ion  would be so small.. iiiat source capsule  f a i l -  
u re  frorn t h i  s cause would be unl i k e l y .  

The Source Capsulle C l a s s i r i c a t i o n  Test Trocedures were conplc te ly  revised 
t o  descr ibe  i n  c r e a t e r  de-Lai.1. t h e  method of performing each t e s - t  and the  
sequence i . n  which s t e p s  a r e  executed and t o  s p e c i f y  t h e  genera.1 type of 
t e s t  equipment to be used. Packa.ges conta in ing  t h e  Source Capsule C las s i -  
f i c a t i o n  System, t h e  Source Capsule Cl.a.ssificati.on Tcsi; Pi-ocedures, and 
t h e  Ra'iionale Behind the  S e l e c t i o n  of  Ind iv idua l  Values i n  the ORNL Source 
Capsu.l..e C l a s s i f i c a t i o n  System were mai.l.ed t o  35 i -n te res ted  ind-us-Lria.1 
f i rms  and f e d e r a l  agencies  f o r  commenks. 

i . 1  l h e  second program of  t r ia l .  c l a s s i . f i c a t i o n  of 5-nactive, commercial-, sea led  
sources  a.ccording .to t he  requj-remen-ts of the Source Capsule C las s iP ica t ion  
System w a s  completed. The sou:rces, which were purchased from commercj.al 
suppli-ers,  were s e l e c t e d  from i d e n t i c a l  designs used i.11 t he  f i r s t ,  t r i a l  
c l .ass i f ica t ion .  Cornparisoil o f  resul'cs showed t h a t  t hese  so ixces  rece ived  
t h e  same c l a s s i f i c a t i o n  Ln t h e  second t r i a l  t e s t  as they  had rece ived  i n  
t h e  f i r s t  t r i a . 1  c l a s s i f i c a t i o n  t e s t ;  t he re fo re ,  t h e  OKP-L system i s  capable 
of g iv ing  reproducibl-e c l a s s i f i c a t i o n s  over a one-year t ime j -n te rva l .  



Source Appl ica t ions  Guide 

A Source Appl ica t ions  (3uid.e has been under stu.dy. It i s  designed t o  e s t ab -  
lish the  c l a s s i f i c a t i o n  requi.rernents of a source capsule by eva lua t ing  each 
o-r" the logical.  qu -a l i t i e s  i n  a p a r t i c u l a r  source use and i n  a use environ-  
ment which r e l a t e  t o  s a f e t y .  N m e r i c n l  r a t i n g s  are ass igned  which, i.n 
t i i rn ,  can be r e l a t e d  t o  the cl-assifica 'Lion t e s t  requirements .  Sonie of 
t h e  qua l i t j - e s  umder cons ide ra t ion  inc lude  yu-antity of  isotope, r e l a t i v e  
b io logj -ca l  hazard of i so tope ,  Y ' o r m  0 - C  a.Cjt:i.-vi'ty, l o c a t i o n  of use, t r a i n -  
i n g  of  personnel., ope ra t ing  environment ( Corrosiveness, pressure, arid 
tempera ture) ,  fj.m and explos ion  poten t fa l .  a t  p lace  of use,  sourcp cap- 
sule housing o r  device , a m i  f i e l d  experTerrce . 

Source Tes t ing  Fi..Lm 

h in format ion  f Ylm on r ad io i so tope  source tes t i .ng is  in preparai;ion. The 
f i l m  w i l l .  i . l . l u s t r a t e  t h e  use of t h e  ORNL Source Capsule C l a s s i f i c a t i o n  System 
as a means of a s s u i n g  sa-fe usage of t h e s e  soui"ces. Scenes ~t~i1.1. be s h o ~ n  
i l l u s t r a t i n g  t h e  methods used i n  t e s t i n g  sources  f o r  c l a s s i f i c a t i o n  under 
t h e  0R.rT.L sys-tem. 

Source Capsule Leak D e f i n i t i o n  

R water - leach  t e s t  011 a doubly ezicapsul.a.ted t e l e t h e r n p y  source conta5-ning 
a n  i -nac t ive  cesium ch lo r ide  pe1.l.et bas been i n  progress  f o r  t e n  imriths. 
Both the j.nn.er and o u t e r  capsules have O.OO2-in. -d i a  holes dril. .led through 
t h e  end windows. Pe r iod ic  sampling of the l e a c h  water  has shown no cesium 
leakage.  This  Lest w i l l  be cont inued.  

T r i t i i n r n  Release From T r i t i a t e d  Phosphor P a i n t s  

The amoimt a.nd the cherni.cal_ form oP t:ri.tiiim re l eased  from f'i-ve t r i t i a t e d  
phosphor p a i n t s  ( supp l i ed  by three manufactiwers) during tile 4.5-hr dry ing  
pe Y' io d. irnrcie d i at 3 l y  Po 1 l . o ~  ing app 1 i c a t ion  we r e de t e m i n e  il . T r :L 1; i ~ u n  l o  s s e s 
i n  t h e  t e s t s  v a r i e d  from 0.15 t o  2.,561$ arrnong .the fi.ve p a t n t s  t e s t e d .  The 
r e s u l t s  of t h e  t e s t s  show t h a t  tritium was re l eased  throughout Llie dry ing  
period. Alt'nougi? -the arrtoimt of tritium rel.ea.sed decreased s l igl i t l -y  wri.th 
t ime,  a s ig r i i f i can t  amount of t h e  t o t a l  t r i t i u i n  reI(2ase occurred du . r ing  t he  
last  h o w  of t h e  t es t s .  The r e s u l t s  i nd ica t ed  t h a t  3'7-1.00$ of  t h e  to t a l -  
.Lrritiuni releasf?[? w a s  i n  t h e  form oP t r i t i a t e d  wa'tei-. 

These sarnc f i v e  p a i n t s  were a l s o  t e s t e d  t o  determine t h e  amount and. {;he 
cherriical form of tr.i.tium re l eased  a t  e l eva ted  temperatures  . 
of -LrFtiateii  phosplior, mixed. and cured according t o  the manu.facturers ' 
i n s t r u c t i o n s ,  were heated .for 3O-rnin i n t e r v a l s  a t  tempi-?ra.ture incrernerlti; 
of 50" from 0-200°C while  a i r  was flowed p a s t  them. T r i t i i m  losses i n  t h e  
tc?s.f;s va.r-i:.ed frorri 5 t o  25$ among t h e  Pive p a i n t s  t e s t e d ;  t he  amounts 
rel.ea.sed. increased  s t e a d i l y  wi th  inc reas ing  temperature .  The r e s u l t s  
showed t h a t  75 t o  95$ of t h e  to t a l .  t r i t i u r n  r e l e a s e d  was i n  the form of 
t r i t i a t e d  water. 

Known aliquo'cs 
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R study of water- leach r a t e s  over a t en -yea r  per iod  us ing  t h e  same f i v e  
t r i t i a , t e d  phosphor p a i n t s  was in i t i a -bed .  The p a i n t  samples were prepared 
according 'Lo the manufacturers ' i n s t r u c t i o n s  and were appl ied  unifonn1.y 
over a 0 .5- in . -d ia  a r e a  on an aluminum backing. Addi t iona l  samples were 
preparcd t o  skudy t he  e f f e c t s  of p a i n t  th ickness  and exposed surYace a r e a  
on t h e  water- leach r a t e s .  'The t e s t  procedure c o n s i s t s  of immersion of 
t h e  pa in t  samp1.e i n  d i s t i l l e d  water for 24 hr  a t  room temperature without 
a s i t a t i o n .  The 'irj.tium contea t  o f  the leach  water i s  de.tei..mined by l i q u j ~ d  
scin- t r i . l la t ion count ing.  

The f irst  set of 7.each t e s t s  was cornpl-eted, arid the tritium losses from 
the f i v e  pai-nt samples t e s t e d  ranged from 0.0% t o  0.1.69$ for p a i n t  with 
a c t i v i t i e s  from 200 t o  1050 mc/g. The sample weight and t h e  exposed S U T -  
f a c e  a r e a  were he ld  cons tan t  so t h a t  d i fyerences  i n  p a i n t s  and variaki-ons 
resulting from var ious  a c t i v i t i e s  cou1.d be observed - I n  o t h e r  tests, 
samp1.e~ of the  same p a i n t s  wi th  var ied exposed su r face  a reas  and v a r i e d  
pa in t  thicknesses were observed. 

Tes t ing  S p e c i a l  Sources 

Seve ra l  s p e c i a l  soiirces were t e s t e d  during the year  t o  determi-ne t h e i r  
temperature  and s Lr-uctural c h a r a c t e r i s t i c s .  Some were new desi-gns such 
as s t a in l - e s s  s t e e l  tu'buJ-ar sources  o r  s ta inl-ess  s t e e l  capsul-es w i t h  
beryl-lLim wi.ndows. Seve ra l  sources  were t e s t e d .  f o r  Lhe Div is ion  of  
Isotopes Dcvel-opment i-ncludi-n.g t h e  Hrookhaven Nat iona l  Laboratory "OCo 
i r r a d i a t o r  source and the "'Sr i.ce d e t e c t o r  probes.  

Nickel-;Pl.ated Vranium Tests  

A group 0.e n icke l -p l a t ed  urani.u:m samples w a s  t e s t e d  t o  dctermine i f  t h i s  
type oC m a t e r i a l  i s  a s u i t a b l e  s u b s t i t u t e  ;'or s t a i n h s s  s t e e l  cI.ad u r m i u m  
Tor use i n  shippi-ng casks .  'The samples f a i l e d  temperature tests iY-n a i r  
rin the range of  350 t o  465°C: and t e s t s  in va.ciium i n  t h e  range of 51.4 to 
'T20"C. Failu. res  were observed i n  t h e  form of b l i s t e r s  01" wrinkl-es i n  the 
plakiiig. i3esul. t~ of t hese  t e s t s  a r e  shown i n  Y'ab2.e 6 .  

Table 6 .  Nickel -TLated Uranium Saaple  Tes t s  

E ai. l u r e  
Atmosphere teniperaiure,  "C .... . . . . . . Type o f  n i c k e l  ... 

Wa t i s  '- A i r  Ji 65 
Watts A i r  350 
Sulfonate* V a  c iium 720 
Waits, ba r re l  p l a ~ c d *  Vacuum 51-4 
Wat is  Vacuum 68 1 

_ _  - 
++ Subjected t o  salt Cog L e s t .  
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I S O T O ~ ~ S  INFORMATION AND QUARTERLY REVJEW 

The r e s p o n s i b i l i t i e s  of t h e  I so topes  Information Center inc lude  (1) pro- 
ducing the qua.rter1.y Technica.1. Progress Review, I so topes  and Radia t ion  
Techiology; ( 2 )  e s t ab l i sh<-ng  i3. l i b r a r y  of a.ccessi.oned material, r e k v a n t  
-to the  Div is ion  of Isotopes DeveI.o;rirnen.t i h t e r e s t s  (isotope appl.i.cations 
and produ.ction),  s u i t a b l e  f o r  re t r - ieving documents and i.nforrnat;ion f o r  
pu-blishing t h e  Technica l  Progress Review and .for provi..dri.ng c r i t i e a , l  s t a t e -  
of - t h e - a r t  ?$?views covering various s u b j e c t s  w i t h h  t h e  WK-DIL) a reas  of 
i n t e r e s - t ;  ( 3 )  w r i t i n g  brochures dealing w i t h  production and uses of  i s o -  
t opes ;  and ('i) ca r ry ing  out  rnisceI.l.aneou.s assignments appropr ia te  t o  t he  
func t  i-oris of t he  I so topes  Divis-ion, t h e  1soto;pe.s Development Center,  and 
the M C  Divis ion  of I so topes  Deve1.opment. 

Jsoto-i:es and Hadia.tj.on T'i'eckinol.opir 

During 1-965, V o l .  2 of I so topes  and Radiat ion Technol-og;~ was completed, one 
i s sue  of V o L .  3 was published, the f i n i s h e d  d r a f t  o r  t h e  second. i s s u e  was 
submi.tted t o  DTIE, and t h e  rough d r a f t  of' the 1;hird issue wa.s p a r t i a l l y  
completed. Two f e a t u r e  a r t i c l - e s  were publ~j.s:l-wi, one by Arta.ndri. and Van 
Wink1.e olf Ethicon., Inc . ,  deali.ng w i t h  "Conparison of Electrorl-Beam aiici. 
Gannia-lrvadiatj-on Pla,rxts" and the o t h e r  by Mars%l:lll Erucer,  desc r ib ing  
"118 Medica.1. Radioisotope Cows. " 
1nforma.tion Center stari' increased  soriewha.t over 1.964, i n  keeping with tht?  
p lan  t o  ha-ve most of t h e  a r t i c l e s  w r i t t e n  by a u t h o r i t i e s  ;.n the  field. 

Con.tributicins by au thors  o the r  iE1a.n 

Dur-in.g t h e  yea r  t h e  number of a r t ? - c l e s  accessioned iiicr-ea.scd t o  -!toOD, wi th  
avlotlier 1,500 a r t i c l e s  scanned. and i.ndexed bu t  n o t  put  into t h o  system. 
l4pproxi.rnateI.y 2500 a.crxssions have been "addressed'l on t h e  Termai;rex. A:; 
p a r t  o f  our  effort t o  reduce %be docinmlent stora.ge probl~ern, -200'3 microfiche 
copies of our  accessions ha.m rep:l.n.cted f u l l - s i z e d  copi.es; 3.t ri.s planned Lo 
eventii.al.ly have n coruplete microfiche file of  al.1. aer:essi.ons except books 
and b ib l iog raph ies  . The Thesaiiru.~ for t he  Center was forma.I.ri.zec1. A coopera- 
ti ve s c aririing 8 gr e erncnt w i t h  AEC -UITIE has r e  su.1-L e d. i n  rmit h e  c over - t o  -cover 
scanning of  s e v e r a l  hmndred jou rna l s  w i th  a minimum of e f f o r t  - Contacts 
have beexi made wi th  Euratom, John Crerar  Library,  Ilix Associates ,  the 
I n s - t i t a t e  f o r  S c i e n t i P i c  InPormat Lon, Armed Materia1.s Research &c3ncy, and. 
Sc ien t i fYc Information Exchange i n  connect ion w i t h  a.dc1i.t i.ona1. scanni.ng 
pro grams . P a r t  i c i pat i on j. n the Nuc .].e ail' X c: i e 11 (3 e Ab s t r a. c t s c omput e r - re t r i eva 1- 
s tudy  has shown. consider.a'u1.e promise and search  clues-tions a r e  rlcjw being 
developed. The Center i -ni t ia t ,ed R program a-i.illr3d a t  e s t a b l i s h i n g  interest 
prof'i.:!.es oi' I so topes  I)evel.opment Center personnel. .to permi.% s e l e c t i v e  dis- 
sem.ination of informat ion  (SDI) on a rou t ine  1ia.sis. 

Mi. s ce l laneoiis Act i v i  t i e s  

About 20 Division t a , l k s  were e d i t e d  and. -1.5 Di .v i  s t o n  r e p o r t s  vwre edjL1;ed 
and publ ished o r  siubmi kted f o r  piddj.cation. Considerable t i m e  was spent  on 
t h e  FY 1-96? AEC Ra.di.oi sotope Cia.stomer L i s t .  
on a n  "Isotopes" 'nrochure and on a. monograph, "Biophysical Separa t ions  
Laboratory.  " 

Cooperative e f f o r t  was expended 

Nore t han  50 t r a n s l a t i o n s  of i 'oreign techllical .  i.n-scope 

. . . . . . . -. 



22 

a . r t i c l e s  were prepared by s t a f f  members of t h e  Information Centcr e Packets 
of i so topes  app l i ca t ions  r e p r i n t s  were a.ssembled f o r  mai l ing  t o  -500 indus- 
t r i a l  orga.niza.tions as a p a r t  of -the Information C e n t e r ' s  a t tempts  t o  pub1.i- 
c i ze  t h e  advantages of ra ,d io iso topes .  A d i sp l ay  panel  desc r ib ing  t h e  
I so topes  Information Center was designed and b u i l t .  A course i n  t e c h n i c a l  
r e p o r t  w r i t i n g  w a s  conducied by members of t h e  Centcr .  S t a f f  members par-  
t i c i p a t e d  i n  t h c  fol lowing conferenccs and meetings during t h e  year :  t h r e e  
speakers  a t  Southern I n t e r s t a t e  Nuclear Board br ie f i -ngs ;  an observer  ai; t h e  
' 7 th  Annual.. Con t rac to r s '  Meeting of -the D I D  i n  Washington; I -ec turer  a t  t he  
ORINS Health Physics Course, 
Committee f o r  t h e  Rattel.3.e Ad Hoc Forum on Information Centers ;  chai-rman o f  
technical.  sessi-on a t  Gat l ihburg ANS meeting; p a r t i c i p a n t  a t  Gordon liesearch 
conference on " S c i e n t i f i c  Information Probkms i n  Research"; speaker a t  AEC 
meeti-ng on "Special ized Informat Lon and Data Cen-ters"; cha.irman and ar ranger  
Cor I so topes  Development Center Pr0gra.m Review MeeLing; speaker f o r  TV talk 
on radioisoto1;e uses ;  and p a r t i c i p a n t  i.n Trave l ing  Lecture program as 
speaker ai; KnoxviiI..e College,  Bethany Nazarene College (0kl.ahoma) , and 
Universi-ty o f  Mi-ss iss ippi .  An Activa,t ion Analy-sis Exhib i - i  w a s  displa.yed and 
manned at In te rna t iona l .  Ac t iva t ion  Analysis  Conference a t  Texas A&M Univers i ty .  
Forty-one submissions t o  t h e  Tntern .  J.. Appl. Had. I so topes  were reviewed. 
Approximatel-y 200 l e t t e r s  were w r i t t e n  i n  response t o  t e c h n i c a l  i n q u i r i e s  
and numerous o thz r  responses were made by te lephone and i i i  person.  

" I n d u s t r i a l  Uses of  Radiat ion";  member o f  Program 

ISOTOPES PRODUCTION fNE SALES 

P i s s ion  -Pro duct  s Oc ve 1.0 pment La h o r  a.;o r y 0 ~e r a.t.+s~ 

During 7.965, 1.,200,000 c u r i e s  of "SrC03 was rece ived  and s t o r e d  i n  the FPDL 
s o l u t i o n  s torage  sysbem. 
year  but  1.00,OOO c u r i e s  o f  "SrO was produced f o r  two hea t  sources  Tor N'UbEC. 

One s h i p l e n t  (450,000 curies) o f  I4'Ce was rece ived  a s  a mixed r a r e - e a r t h  
s u l f a t e .  T h i s  material. was e1.u-Led from t h e  cask  and s to red  f o r  f u t u r e  hea t  
source requirements .  2000-curie 14' CeOz powder sources  were prepared 
f o r  compat ibiLi ty  s t u d i e s  wi th  Inconel., 31-62c s t a i n l e s s  s keel., IIaynes 25, 
Haste l loy  C,  a.nd Ino r  8 .  

A t o t a l  ol- 510,000 c u r i e s  of  13'TCs wa.s recei-ved i-n twelve shi.eldcd t r a n s f e r  
tank  (S'IT) shipments.  'Two 3.ddi'iiona.l STT's were p l a c e d  i n  service t o  i n -  
c rease  t h e  flow ot' 13r'Cs t o  t h e  FPDL. Twenty doub1.y cncapsulated 13"CsCi 
sources  conta in ing  l ' T 3 , 5 O O  cui-i.es were f a b r i c a t e d  f o r  S t .  Gobain N u c h i r e  
f o r  a. gamma process  i . r radi .a tor .  
was s i n g l y  encapsulated i n  s t a i n l e s s  s t e e l  con ta ine r s  (5000 c u r i e s  each)  i n  
prepa.rat ion f o r  s torage  i n  t h e  
prepared a t  FPUL w i l l  be s t o r e d  i n  this manner. 
and powder shipments accounted for I U 3 , O O O  curi .es of 1"7CsCl. deli-vered. t o  
customers.  

Produc-l;i.on of "SrTi03 was c u r t a i l z d  dur ing  t h e  

A t o t a l  oi' 183,000 c u r i e s  of  ' - "7CsC1 powder 

13'/cS G~ lillna .- I r r a d i a t o r .  A l l  f i i turc  powder 
Miscellaneous sources  (116) 

Coba.lt-60 bu1.k shipments amoimted t o  6 (6,000 c u r i e s  riuring the  y e a r .  
i-ncreased dcma.iid f o r  t h i s  serv-i.ce wi.1.1. r e q u i r e  new f a c i l i t i e s  i n  t h e  comj.ng 
year .  Construct ion of 6oCo ce1l.s i n  t h e  FPDL will be s t a r t ed .  e a r l y  i-n 1966 
t o  handle an estimated 2 . 0  megacuries of bu lk  "OCo per  y e a r .  

The 





Calendar year -965 
Account  Sales Fund cos t  $:o.  o; Mil l i cu r i e s  

Minor Fiss ion Proaucts 

941 
2,402 

'5s-100 aariim-140 :3 4 , 3 q  LO1 1,674 $ 5,093 83 

54-103 Ccr ~1m,-lkk - Processe2 3,000 66 73,253 2,760 73 23, >3: 
102 24 2 56 695 23 15 I 

6,673 133 3,865 6, Y@ 95 2,420 
3654 -111 ! J k  bium-9'j  2,054 40 306 2,0f5 36 -19 

Y 00 7 18 100 2 2 
2,154 21 134 1,500 14 31 
1,584 3: 141 3,349 35 176 
4,124 58 53., 6,880 41 418 
2, d l  2 726 2,491 j8 538 

:: 37,295 $ G O ,  9k3 66; 84,273 5 48,476 $ 59,306 551 30,735 

94-10: Stron::um-83 9,0@z 144 3 , g 2  lo, 32> Ili 

>654- lZ  PL,aseod>T.im- 143 
j 6 5 4 - U j  Neodymium-1&7 
jbjS-114 Huthen un-133 
9654.115 Huthen- m-1 06 
2654-116 Yztriurn-9- 

Tota!  Minor F i s s ion  Products 

I4isiel;aneous Development Items - 
Procdsseii Mater ia is  

Ant immg-122 
Argon-37 
Arsenic-76 
Arsenic-77 
Barinn-131 
aisnuth-210 
c a m i m - i o 9  
Caclnium-ll> 
Gad im-72  
COXl--YY 
Iodine- l jd  
Lan: hanum-140 
Mercury-197 
lo:ybdenum-yg 
Pal;aiiuR.-10y 
Praseodpniur:i-;l 
Xhenimi-186 
s m a r i ~ , - 1 5 3  

3661-320 S i l r e r - l l l  
3661-367 Tr?ulium-170 
366; -370 Tungstcn-. 87 
jG-362 Argon-33 

Toza . Miscc ~1 aneous Devrlogment Items - 
Pro-rsseii n a t c r i a l s  

2 80 
270 
440 
100 
420 
275 

562 
4 , 3 9  

235 
9 5  

1,212 
2,368 
5,535 

602 
225 
115 
459 
425 
225 

1,500 
50 

3 
0 

26 
4 
7 
6 

9 
41 
44 
60 

14 
1k 
209 

?' 
7 

25 
64 

164 

52 
15 
3 
18 
13 
8 24 

2 2 
14 4,305 

157 

100 
I, 777 
363 
611 

1,425 
253 
651 

21,057 
5 2 262 
39> 
156 
411 
323 

2 

1 

10 
2 

22 
0 

26 
1: 

12 
3; 
59 
62 
26 
1 
-6 
9 

18 
16 
19 

9 
28 
250 

2 
10 
11 
18 
7 2  
,i 

101 
23: 
137 
22i 

19, 145 
21,040 

266 
52 

13? 
103 
93 

9i 
> 3 9  

$ 20,3+1 .b 73,050 3 90 20,8.L2 5 38,786 ~6,160 409 53, 434 

'u, - 



Calendsr Year 194 
Account Sales Fund c o s t  No. oi‘ Ydlliciiries Sales Fund cos; No. of Millicuries 
No. lsoto;7e prcceeds of sa les  sl-ipneiits shipped proceeds cl sa l e s  s n i p e n t s  shipped 

Calezdar Year lgbs 

45 253 8 927 
80 7 3  2,193 

1,Lig  
j, “23 
13,338 

755 
1,655 
915 

1,275 34 16 7 
8 1; 
3 8 

269 9,549 
49 3, ‘,94 
29 53 3 219 
55  415 1,656 
427 1,177 E ,  g o  
27 I39 590 
20 149 628 
12 28L 3 ,7EO 

$ 149 
4,26G 
1,225 
i, 505 
5,467 
212 

29 168 
55 1,369,2?7 

2 Anal. 2 
23 ag 
301 2,391 
27 

6 
23 
L 

6 

13 
77 
I Z 

23 
16 
48 
10 
4E 

4.4 
461,592 

16 
549 
88 

1 h P 1 .  

2 

12 
822 
93 
26 

:v7 
14: 
654 



Calendar Year L965 Calendar Year 19% 
Accoun-; Sales  Fund cost  No. sf Mil l icur ies  

2 ha:. Anal. 
;,252,356 mg ;09,O25 mg 

Total  Xa<,ioisoioses 532,963 :j1,453,897 10,436 627,093,321 $i,700,127 $1,699,343 7,879 1,280,706,249 

36$-1yo %-Inch Cycl~otrnn j) 173,3& $ 3 0 , 9 3 7  168 168 S . I .  $ 263,235 $ 187,414 169 188 S.I. 

I 5 S.I. 1,434 836 3 3 S.I. 

n. , A o i  soto;,c Servi-es 

426 L l i  S . I .  61,37; 44, L48 404 400 S.I. 3635-193 Reac'tor Service IrraGiat ions 51, 40,857 
36>6-1yJ+ C o b a l t 4 0  C 4 , ,  3,497 

jb>9-2dj  S,ecial 3cr 87,391 69,937 93,936 75,358 3 
j6j3-204 Tar-:et ?rep 17,400 34,318 49: (19,826)g 

3059-206 Cesiu-x-137 S o ~ x c e  Fabricat ion l 9 , ~ 1 5  38,9Yl 57,275 29,373 

Custsmer Service 1,237 1,7:9 797 766 
3669-52; Tritjim. Ta.rget 19,520 ,4,714 - 2 0  4.71.1 4,284 - 27 

T u t a l  Radioisotope Scrvices  $ 502,5io $ 482,602 ':23 538 S . I .  9 575,024 $ 405,859 605 591 S.I. m 

3eW-lg Naval Resea 79, 87,187 76, yz? 70,025 

18,949 10,451 I 5,166 13,481 

3659-239 Inzoning Trantuortat ion Chargcs - 

iu 

P&L-kmg and S h i p p i n g  :$ 246,054 $ 221,-i51 $ ~ 6 , 6 6 3  $ 157,240 

Isotoses  Sales Degartment $ l 9 9 , 0 9  $ 175.537 

2 Anal. 1 .Ana;. 
5ati S.I, 591 $.I, 

1,252,356 mg 103,025 ny 
TOTAL $2,281,427 $2,357,054 i59 627,093,321 .$Z, 491,814 $2,430,385 6,484 1,28o,i'Ot, 2'19 

Anal. - Analyses 
S.1. - Service Insertions 

aIncludes func cost t r a n s f e r  o 
f o r  214,994 cur ies  or la7cs. 

bIncliides $49,569 C u r  93,904 curies  of  :ritium t ransfer red  t o  Prozect ISENRE. 

'3ecIassli.ied from hiiscellaneoiis 
e f fec t ive  h i y  I, l$5. The co f sa-es f o r  calendar year ;$4 and tne  
Ei rs t  SIX months of calendar year 1965 are includee i n  the t o t a l  Niscellaneous 
3evcIo2mental I ~ e m s .  

225,&3 t o  Broo:haven Kationa: L a o r a t o r y  % c l a s s i f i r d  from Kinor  Processed Xiaterial Items. Tne cos t  o f  s a l e s  f o r  calendar 
yea-  196't was i n c l d e c i  i n  the  t o t a l  f o r  Minor Processed Mater ia l  I t e m .  

ts x a t e r i a l s  and services  from which OWTL has been wlthcra-m "rom rout ine 
on anc. d i s i r i b u t i J n .  These mater ia ls  anti serv ices  a re  furnisned only when 
s o' c u s t o m r s  ' spec i f ica t ions  are  not ava i lao le  commercial ty. ukr,entnl Items - Processed Mzter ia ls ,  

$unci c o s t s  o n l y  a re  b i l l e d .  

'Includes a c r e a i i  adjustmen.; of $22,715 t o  costs  incurreul during the l a s t  half of FI 1965 
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PUBLICATIONS 

Art ic 1.e s 

E. I$. Acree and R. X .  Pressly,  P repa ra t ion  of Xenon-ljlm, Xerion-l29mY and 
iirypton-79, Trans. ~ m .  ~ ~ i i c . ~ .  S O C .  8: 

J. F. Allen and J. J. P ina j i an ,  A Si;rontium-87m Generator f o r  1kdi.ca.l 
Applications, I n t e r n .  J. Appl.. Raditttion I so topes  16: 319-25 (1$5). 

76 (1.95). 

J. F. Allen, An Improved Technetiu.n-g%n Generator f o r  Medical AppJ.:i.cations, 
In-kern. J. Appl. Radia t ion  I so topes  16: 332-34- (1-965)" 

P. S.  Baker and A. E'. Rupp, Eds., Isokopes and R a d i a t i o n  Technol.c)gy 2 ( 5 ) ,  
2(4-), and 3(1), (1$5). 

1'. S .  BBk-er, 1). A .  F i ~ ~ ~ ~ ~ ~ ~ ~ l o ,  M. W. Gerrard,  and R. H. Lafi'e-rty, Jr., 
Radiolsotopes i n  Indus t ry ,  one of MC "Understanding the Atom" seri t : '~ 
(Novem;i3cr 1 - 8 5 ) .  

We D. Box, Vacuum Distillation of Magri.esi.ixn Metal, Nucl .  Appl. 1.: 1-53-59 
(1.965) . 

F. N. Case and E. R. Acree ,  Purifi.cati.on o C  Cu.rie Qusntil;ies of F i s s ion -  
Prcid.uced iodine-J-31. by Sorp t ion  on Pl.a.tirium., T1-a.m. Ams Nucl.  S O C .  8: 
1.71. (1.965) . 

K. W. l-€afY and L.  13. Shappert, In te rna t iona l .  Symposium on Packaginz and 
Transpor t a t ion  01 F,adi.oactive Materials, N u c l .  Saj7et.y 6: 371-74 (1.565). 
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R .  E .  Lewis and 'IC. A .  But le r ,  Reactor Production and Chemi.cal Separa t ion  
of Car r ie r -Frec  Phosphorus-33 From Chlorine -36 and Enriched Sul fur -33  in 
t h e  Oak Ridge Research Reactor, q_l.-__- Trails. Am. Nucl. Soc. ...._- 8: 173-'('C ( 1 . 9 5 ) .  

R .  E .  McHenry, Melting Po in t s  of  Curium and Americium Oxides, x'rans. Am. 
Nucl ~ . SOC. 8: 75 (1965). 

R .  E. McHenTy, Leach Rate of Sirontiuln-90 'Titanate Radio iso topic  Power 
Fuel,  Trans. h i .  .I-. Nucl. Soc. 8: 172- (3 ( 1  $2). 

H .  A .  O'Brien, Jr., Reactor Production of Carr ie r -Free  Manganese-5'1- froin 
Natural. I ron ,  I n t e r n .  J .  Appl. Radia.tion I so topes  16: 

P.  R. O r r ,  Sep7wration of  Curie Qua.nti i ies of Yttrium-90 from Strontium-90 
by an E l u t i o n  Process, T.rsns. Am. Nucl. ..........___I Soc. 8: 

74'7-49 (1965)- 

334-35 (1.965). 

Reports -.I..____ 

P. S .  Baker, Comp., Research M a t e r i s l s  Coordination and Planfling Meeting, 
Nov. 14-13, 1963, USAEC Kpt . ORNL-TM-104 (, Oak lij dge Nat iona l  Laboratory 
( A p r i l  1965). 

P. S. Raker, Old A r m o r  P l a t e  and Leaa, i n  Research Mate r i a l s  Coordination 
and Planning Meeting, Nov. 14-15, 1963, USMC Rpt.  OXNL-TM-104'(, pp.  106- 
1.08, Oak Xidgr Nat iona l  Laboratory (Apri 1 1965) - 
P .  S . Baker and M .  W. Gerrard,  Proceedings of Symposium on Low Energy X- 
and Gamrna Sources and Appl.ications, Chicago, Oct . 20-?1, l$b, USAXC Rpi;. 
OmL-IIC-5, O a k  Ridge National Laboratory (Novcriber 1965). 

F 

K .  K. Ralasubramanian and J .  J. Pii ia j ian,  The FXtYaCLiOA of  Indiixn From 
Hydrochloric A c i d  So lu t ions  wi th  n-Amyl and n -Oc ty l  Alcohol and i t s  
Possible Use f o r  Scpa ra t ine  Tin and Indium, ESAXC R p t .  ORNL-TM-1-059, Oak 
Ridge Nat iona l  Laboratory (Apci 1 l%5). 

T .  A .  Bu t l e r  and R. E. McHenry, Comps., C~riiirfl-2~i4 S t a t u s  Report, USAXC 
Rpt. O&fL-384? ( c l a s s i f i e d ) ,  Oak Ridge Nat iona l  Laboratory (August 1965). 

Y'. A. But l e r ,  W .  H. RaLiik;imp,and H .  B .  Greene, Review of  ORNL Thermal 
Difrusi on Program, January-Decerriuer I?@!, U S M C  Rpt . 0 ~ ~ ~ - 3 8 1 5 ,  Oak Ridge 
Nat iona l  Laboratory (June l96:7). 

L. M .  Ca r t e r ,  S o l i d  Radioactive Waste Disposal from Fiss ion-Products  
Deve1.opment Laboratory, USAEC: Kpt . OmL-TM-1178, Oak Ridge Nat iona l  
Laboratory (Au,.;ust l$5). 

Y. N .  Case, Research Pools, i n  Research Mate r i a l s  Coordination and Planning 
Meeting, Nov. 1-4-15, 1963, U S U C  Rpt . ORNL-TM-1047, pp. 87-93, Oak Ridge 
Nat iona l  Laboratory ( A p r f l  1965). 

C .  W .  Frieaci and <J. R .  Knight, TSOCliUNCH .- Modifications t o  the Crunch 
Program f o r  t h e  ITBM 7090, USAEC Rpt. ORIiL-jc89, Oak Ridgo Nat iona l  
Laboratory ( January  1965) . 



C .  W. Fr iend  and A .  I<. Jenkins, LSOTOYES - A 1‘ -rogram f o r  Neutron Product 
Yie lds  and Decay Cal.cu1.ations Using a Control. Data 1604-A Computer, USMC 
Rpt . om~-j673, Oak Ridge Nat iona l  Laboratory ( January  1 - 9 5 ) .  

C .  W. Friend and 3. R .  Kniight, ISOPOWXR - Computer Program for Calcu la t ing  
Fower Output of S ing le  Radioisotope o r  Mixed Radionuclidk Power Sources,  
U S M C  R-pt . ORNL-3826, 0a.k Ridge Nat iona l  Laboratory (December l$s) .  
M. W .  Gerrard,  P. S .  Eaker, and 11. 11. Lafferty,  J r . ,  Se l ec t ed  AbsLracts of 
Non-U.S . L i t e r a t u r e  on Producti.on and I n d u s t r i a l  Uses or Radioisotopes,  
USIUC R p t  . ORNL-TM-1.356, O a k  Ridge Nat iona l  Laboratory (December 1365) . 
J.  I-I. G i l l e t t e ,  Review of Radioiso.Lopes Program, 1964, USMC Rpt . OIiNL- 
3802, Oak Ridge Nat iona l  Laboratory (May 1.963). 

K .  W. IEa.Qf, Radioisotope Shi.pj?<.ng Container  Development, i n  Proa . Packaging 
snd. T ranspor t a t ion  o€ Radioact ive .Ma.terial.s I n t e r n .  Symp. , Albuqiierqu.e, 
N .  M . ,  January 1.965, USABC Rpt .  ~ ~ - ~ ~ - 6 5 - 9 8 ,  .pp. 41:1i-22, Saadia  Corporati.on 
( J u n e  1.965) . 
C .  R .  King, Varuum Leak Tesl,in,i of Radjoact ive Source Capsules, USAEC Rpt. 
o:wrJ-3664, Oak Ridge Nat iona l  Lbboratory ( January  1965). 

E .  Lamb, The Oak Ridge National. Laboratory Curium Prograrn, i n  Research 
Materi .als Coord:ina.-Liori and 1’l.annj.ng Meeti-ng, Nov. lJ-L-15, 1963, USAIEC Rpt . 
0 n x ~ - ~ ~ - 1 0 4 7 ,  pp. 62-68> Oak ~s,i.(ige Na.ti.ona.l. Labors-tory ( J i p r i i  1$;5) . 
3 .  E .  Lewis, T .  A .  Biitl.er, and E .  Lamb, Recovery of Cesitrcn-1-57 From Fission- 
Product Wastes ant3 Transport  by an AI.i~ni.nosil icate Ion  Exchanger, USAXC 
Xpt . ORNL-g7(65, Oak Ridge National. Laboratory (May 1965). 

R.. E .  Lewis and T .  A. But le r ,  Reactor Cross Sec t ions  f o r  Prodwztion of  
Fki.osphorus-33 from Chlorine-36 arid Enriched. Sulru.r-33 in O a k  iiidge Research 
Reactor,  USMC Rpt . ORNL-TM-LC65, Oak Ri .dge  Nat iona l  Laboratory (October 
1965). 

R .  E .  McIIenry, Separa t ion  of Cerium-1.44 fro111 Other Rare Earths by E l e c t r o l y t i c  
Oxidation and I):i f f e r e n t i a l  Ex t r ac t ion ,  USMU Rpt . ORl\lL-’I.?bI-657, Oak Ridge 
National La.boratory- (February 1$5) . 
H. A .  0 ‘Brien,  Jr . , and W. D. Box, Irornethhiw~~-l’-l-’l: Radiat ion Measurements 
of a One-Watt, Prototype Heat Source, USJGC Rpt - ORNL-TM-llr(r(, Oak Ridge 
Na’~ioiia.1 La-boratmy (November 2-95) . 
P. B. O r r ,  E. S .  Press ly ,  and E .  J. Spj.tjze.r, Evidence o€ the Absence of 
Long-Lived I so topes  of Prornethiurri from Fiss ion of Uranium, a.nd the €?xi- 
f i c a t i o n  of Prornethiwn f o r  t h e  Establ.islr,nent of a. Primary Spectrographj~c 
St;a.ndard, USAEC R p t  . OPAL-$31, Oak-  Ridge Nati o n a l  Laboratory (January 
1965). 

P.  b. O m ,  Ion  Exchange Piirifi.(::ation of G r a m  Quan t i t i e s  of  F’issi-on-Prociuced 
Sarmr5.ixr w i t h  D i e t h y i z n e i r i a m i n e p ~ n t a a c e t i c  Acid as t h e  El.uant, iJSAEC l ipt .  
OENL-Y!M-l062, Oalk Hidge National. Laboratory (September 1($5) . 



C .  TJ. Ot t inge r  and R .  W .  Schaich, Hazsrds Report for Building 3517 - 
F i s s i o n  Products Developmnt Laboratory,  USAEC Rpt . OlUTL-TM-753 Rev., 
Oak Ri dge National- Laboratory (February 196)) . 
C .  L .  Ot t inger ,  E .  E .  P ie rce ,  and R .  W .  Schaich, PreparaLion of a Cesium 
( ' 3 7 C ~ )  B o r o s i l i c a t e  Glass Power Source, USAEC Rpt.  ORNL-3669, Oak Ki-dge 
Nat iona l  Laboratory (April 1963) .  

J.  J. Pina j ian ,  The EiT'fect o f  an I n e r t  Diluent  (Hexane) on the  Di-s t r ibut ion 
Coef f i c i en t s  of 991"ii.c and 131J i n  Methyl E t h y l  Ketonr/Water and Methyl 
Ethyl Ketone/%' M I I!TEi40H, USmC Kpt . ORNL-TM-1058, Oak Ridge Na'Li.ona1~ Laboratory 
( A p r i l  1965 ) . 
J .  J.  P ina j i an ,  Accclerator-"Produced i so topes ,  i n  Research Mate r i a l s  Coordi- 
n a t i o n  and Planning Meeting, Nov. l L I - 1 5 ,  1963, USAEC Xpt. ORNL-TM-lO'I'j', 
p p .  72-76, Oak Ridge Nat iona l  Taboratory ( A p r i l  1.965). 

W .  R .  Rathkamp, Thermal Diffusion,  i n  Research Mate r i a l s  Coordination and 
Planning Meeting, Nov. 14-15, 1965, U S M C  Rpt. ORNL-TM-104{, pp. 15-22> 
Oak Kideta Nat iona l  Laboratory ( A p r i l  1965). 

A. F .  Rupp, J .  A .  Cox, and P. T .  Rinford,  Radioisotope Production i n  Power 
Reactors, USAW Kpt. OWL--3792, Oak Ridge Nat iona l  Laboratory (May  1965). 

G.  S. Wamanacharya, Elcctropl.ati.ng of  Cadmium-1 09 on Copper Wires, USMC 
Rpt - ORNL-'TM-l174, Oak Ridge Natiooal Laboratory (September 1965).  

E .  H.  Acree and E. S .  Press ly ,  P repa ra t ion  of' Xenon-l3lm, Xenon-12%, and 
Kryp.Lon-79, 3resented a i  Am. Nuci. Soc., Gatl inburg,  Tern. ,  June 21-24, 
1.96;. 

F .  S. k3aker, Reactor-Produced Radionuel ides ,  pi.csented a t  S m l .  Med. No. 9, 
Kadi oac t  ive  Pharmaceut I. j cab, Oak Ridge Tenn . , November 1 - e 9 6 5 .  

J .  L .  Burnet t ,  Melt,ing Po in i s  of Curjim T r i f l u o r i d e  and Americium T r i f l u o r i d e ,  
pvpspnted a t  Am. ... Nucl. Soc., Washington, November 15-18, 196.5 

P. N .  Case and E .  H.  Acree, PuriCicat ioi i  o: Curie Q u a n t i i i e s  of F i s s ion -  
Produced Iodine-131 by Sorp t ion  on Platinum, presznted at, Am. Nucl. ...... .__- So?., 
Gat1 j nburg, Tenn., June 21-24, 1965. 

P. N .  Case and 37. A .  Bu t l e r ,  S t a t u s  o f  Methods f o r  Recovery or I so topes  
From l r r a d i a t e d  Reactor and Cyclotron 'TarEets, p resented  a t  An. Chem. _I-.- Soc. ,  
A t l a n t i c  Ci ty ,  N .  J . ,  SzpLcmber 12-17, 196>. 

K .  W. Hat'r ,  Radioisotope ShippYtig Container Dev-el-opment, presented a t  In t c r i i .  



J. H. Hamilton, S. R .  Amtey, B. van Nooijen, A .  V. Rarnxyya, and J .  J. 
Pina j i an ,  I n t e r n a l  Conversion Coef f i c i en t  Measurernents f o r  Use as Standards 
i n  t h e  Energy Range 800-1.200 Kev, presented  a t  Bases Nucl.  Spin-Pari . ty 
Assign., APS, Gatl inburg,  Term., November 11-13, 3.965. 

11. B. Iiupf, J. S .  Eldr idge ,  and J. E .  Heaver, Product ion and Cha.racteriza- 
t i o n  of Iodine-123 f o r  Mecij.cal Inves t iga tmrs ,  presented a t  Xoc. Nucl. Med., 
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