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RADIOISOTOPE PROGRAPl (2000) PROGRESS REPORT 
FOR MARCH 1971 

A. F. Rupp 

RAD I 0 I S QT 0 P E PROD U C 1- I Of4 AN D MAX E R I AL S DE V E L  0 P ME N T 

REACTOR-PRODUCED ISOTOPES - 02-01-01 

A Bjomedi ca 1 Radio isotopes 

1 ,  Phosphorus-33 

The purpose of  t h i s  p r o j e c t  is  t o  d e w l a p  methods of 
prepar ing  hundred-mil l icur ie  p a n t  i t i  es of c a r r i e r -  
f ree  phosptiorus-33 conta in ing  -5.5% phosphorus-32 * 

The two methods of producing phosphorus-33 be ing  evalu- 
a t e d  we based on t h e  i r r a d i a t i o n  of h igh ly  enriched 
t a r g e t s  of sulfur-33 ( > 9 2  a t .  %) or chlor ine-36 
(approximately 63 a t .  %I , i n  a fast  neutron flux, 
Phosphorus-33 (25 -2 days; 0.2b8-MeV B,,,) has bo th  
a longer  h a l f - l i f e  and a lower energy b e t a  than  
phosphorus-32 (14 .3  days ; 1.709-MeV B,,,) , which 
makes i t  advantageous f o r  autoradiography,  longer  
eco log ica l  and a g r i c u l t u r a l  experiments t han  wi th  
phosphorus-32, syn thes i s  of tagged complex organo- 
phosphorus compounds and double l a b e l i n g  experiments 

An enr iched  (>go%) K233S0~ t a r g e t  conta in ing  0.82. g t h a t  was i r r a d i a t e d  
for  6 months w a s  processed.  it y i e l d e d  530 mCi of phosphorus-33 eontain-  
ing  4% phosphorus-32, as expected. I n  process ing  t h i s  t a r g e t  by t h e  
usua l  Fe(OI133 c a r r i e r  p r e c i p i t a t i o n s ,  t h e  major p o r t i o n  of t h e  i r o n  w a s  
removed by MIBK (methyl. i s o b u t y l  ke tone)  e x t r a c t i o n  prior t o  a f i n a l  
c a t i o n  column cleanup.  It  w a s  d i scovered  that t h e  minute t r a c e  of 
antimony-124 a c t i v i t y ,  which u s u a l l y  i s  leached from t h e  qua r t z  ampule 
and passes  through t h e  c a t i o n  column as an ion ic  spec ie s  t o  remain i n  
t h e  f i n a l  p roduct ,  w a s  e x t r a c t e d  s imultaneously wi th  the  i r o n  in%o t h e  
organic  phase.  Although the iron could be removed by E c a t i o n  column 
a lone ,  it i s  d e s i r a b l e  t o  inc lude  t h e  PEEK ex- t rac t ion  f o r  concomitant 
removal of antimony a c t i v i t y  e The f i n a l  product  contained chromium-51 
as t h e  only  d e t e c t e d  gamma a c t j v i t y ,  and it w&s il pCi/i i iL and well- w i t h i n  
o w  s p e c i f i c a t i o n ,  The K233S0, t a r g e t  con ta ins  t r a c e s  of chromate whLch 
c a r r y  on t h e  Fe(OH)3, b u t  t h e  l e v e l  of contaminant ac t iv - f ty  ?n t h e  product 
is not  a problem and appears to be decreas ing  w i t h  re-use of t h e  t a r g e t .  
The phosphorus-33 product  w a s  analyzed by spark  source mass spectrometry 
f o r  e lemental  con ten t .  'The elements d e t e c t e d  and t h e  amounts are shown 
below: 
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Alumi niim 
Boron 
13 ay L m i  

C a l e  ium 
Cobalt 
Ciir onii. -m 
Copper 
I r o n  

1 
0.2 
0.5 
2 
0.05 
0.2 
0 .og 
0 .'i 

Pot  8 s  s i u r a  0 .5  
Magncs iim 1 
Sod? urn 10  
K 1 c k e l  5 
i'hosphorus-31 0.3  
Lead 0 . 3  
S i l i  con 9 
Zinc 0 .  I 
Sul.fur >O 

One K 3 6 C I  t a r g e t  was removed from t h e  rcactor and rep lsccd  by another .  
The t a rge t  rermv-ed w i l l  be  processed; a y i c l d  of apprJximately 1 C i  of  
pho s ph or  us - 3 3 i s expect ed . 

2 P o t a s s i  urn-43 

The ob jec t ives  of this project,  are: t o  prepare  potassi~11-h3 
by t h e  43Ca(n,p)43K r e a c t i o n ,  us ing  i.sotopica1.1.y enriched 
"Ca0 t a r g e t s  , i n  quant i - t ies  s u f r i c i e n t  f o r   medical^ and b io-  
l o g i c a l  experimects ; t o  de f ine  a method f o r  s epa ra t ing  
potassium-43 from the  target ,  i n  a p u r i t y  s u i t a b l e  f o r  medi- 
c a l  use; and t o  e s t a b l i s h  coopera t ive  programs wi th  medical 
i n s t i t u t i o n s  i n t e r e s t e d  i n  eva lua t ing  i t s  use fu lness .  
Potassi.um-43 w i t h  a h a l f - l i f e  of 22.14 h r  and gnmma-ray 
ernlssions of 0.373 and 0.617 MeV, i s  p o t e n t i a l l y  u s e f u l  
f o r  metabol ic  and c l i n i c a l  stud<-es of blood f low,  r e J e c t i o n  
of t r ansp lan ted  organs ,  and kidney function because the 
dose ra te  wo1dd permit rnu.l.tiple doses .  

One ba tch  of potassium-43 w a s  ma,de; d a t a  are summarized i n  Table 1.. 

Table 1. Yield of Potassium-43 from CaLcf.iun-j-!-3 Target 

'Target 3 31 
._I____ ..1-- 

Weight 4 3 ~ a 0  ( ~ 5 0 % )  ,a mg 

I r rad i -a t ion  t i m e  hr 6s 
Produc'i de l ive ry  daLe 3 / 3 /  (1 

1k1. I 

Tota l  product, a t  8:OO AM 
on del-ivery d a t e ,  mCi 

P o t a s ~ i ~ ~ i - 4 3  
pot ass ium-4 2 

a 

21m9 at. %; 41Ca,  <0.001 a t .  % ;  47Ca7 8*31 at. %; 43Ca, 
50.7 zi,. 8; 4 4 C a ,  19.0 a t .  %; 45Ca, 5 0 , O l  at. %; "Ca, 
<0.001 a t .  %; and 48Ca, 0.057 at,. %. 

Recovered February l971. I s o t o p i  c a n a l y s i s  : 40Ca3 
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Shipments were m d e  under medical coopera t ive  programs t o  Johns Hopkins 
Medical I n s t i t u t i o n ,  P e t e r  Bent Brigham Hospital, V. A ,  Hospital. (Durham, 
North. Ca ro l ina )  , Un3 versiky Hospi ta l s  of C1 eveimd,  and Uni versivy of 
Miss i s s ipp t  &kdi-cal Center ,  

B Expi oratory Development o f  Products and Techniques 

I ,  Gadolinium-153 

GadolinTm-l>3 (2hl days t s  an important  radionuclide because 
i t  decays by e l e c t r o n  capture  T;O y ie ld  predominantly 1-00-keV 
photons.  
t ransmiss ion  gaging, as well as having a p p l i c a t i o n s  i n  
o t h e r  fi elds . 
gadol in im-152 i s  prepared by chemical ly  sepa ra t ing  it fron 
neutron burned-out europium c o n t r o l  p l a t e s  from HFIF . The 

abundant gadolinium-152 i s  not  ava i l ab le  from c a l u t r o n  
s e p a r a t i o n s  and can only be obta ined  a t  reasonable cos t  as 
a by-product of t h e  HFIP r e a c t o r  operations a t  Lhe p reszn t  
t ime .  

Thfs energy range 1s u s e f u l  i n  b a c k s c a t t e r  arid 

Highly enr iched  t ransmula t ion  product 

Samples from a c y c l i n d r i c a l  HFIF: c o n t r o l  p l a t e  were analyzed f o r  gadol inim-,  
Samples w e r e  ob ta ined  from p o i n t s  a t  var ious  d i s t ances  from the  h igh  burnup 
reg ion ,  and the a n a l y t i c a l  r e s u l t s  on t h e s e  samples are shown i n  Tables 2 
and 3. 

Table 2, Gadolinium and Ek~ropium Content 4n 
Regions of Varying Burnup 

Inches From K g h  Amount ( w t  % )  L 

Burnup Region Europ iun? Gadoli ai ~m 

0 . 5  
2.0 
5 .Q 
10 .o 

89.5 10 .5  
93 .5  6.5 
91i "1. 5.9 
98,2 l S 8  

Table  3 I s o t o p i c  Composition of  Gad01 infum 
i n  Regions oT Varying Burnup 

Tnches From High Gadolinium I so top ic  ConDositioli f?!) 
Burnup IZegi on 152 154 155 156 157 158 160 



Tedious cheini.stry i.s required. t o  sepai-ate gadol..inim from europi.um; 
m e r e f o r e ,  ma-tcr ia l  5 i n .  from t h e  high burnup i-egi-on is  s e l e c t e d  f o r  
gadolinium-152 recovery to g ive  t h e  hi-ghest y i e l d  of  good ta-r-get ma"i.ei,.ial 
per  uniL of process ing  Cost. 'The gadolinium-152 i s o t c ) p i c  abundance i s  
high aiid t h o  ra . t io ,  Gd/Eu, i s  maximum, 0.0455 g gadolinium pe r  g r a m  of 
europium. Approximatel-y two gams of gadolinium has beeii separa ted  from 
europium that was about 1. h. from the high burnup reg ion  that assayed 
a.pp;*oxiiiiatsIy 25% gadol.?: nilm-152 e Tlnfs material i s  be ing  repui-if i e d  and 
w i l l  be conver'ced to t h e  t a r g e t  form, Gd2O3. 

L I  

Several gadol  iniun-153 sources have beerr f a b r i c a t e d  and shipped t o  u s e r s .  
Some of t h e s e  sources  and the i r  a p p l i c a t j o n s  are shown below. 

User 
__I 

Gadolinium-153 
Source (fig1 -ation 

Vanderbi l t  Univers i ty  
Vand2rb i.1. t Univers i ty  
Vaaderb i l t  Uni.versity 
General Mot or  s 
8apt is t  Hospital, Knoxville 
O a k  Ridge Associated 

UCC-Y-12 P l a n t ,  Oak Ri.dge 
( s e v e r a l  sources) 

Uiiiversity of Wisconsin 
Conrac Corporation 

Uni .vers i t ies  

3000 
30 
100 
300 
20 

200 

1000 
300 

5000 

Exc i t a t ion  of secondary x r a y s  
Lung s e aniii ng 
Lung scanntng 
Hadiography 
Lung scanning 

Heart s i u d  F es 

Gag i tig 
Bone dens i ty  
D e n s S . t y  probe 

6 ,  I sc topic  Power 

1.  T h u l  iur;ll-170 

The ob jec t ives  of t h i s  research  are t o  pr0vid.e s i - i f f ic iznt  
d a t a  on tiiul.i.ixn-l70 to permit  assessment o f  .its poten t ia l .  
a p p l i c a t i o n  as an iso ' iopic  power source f o r  shor L-duration 
missions. 

The Tm202 po~hrdeins, o r i g i n a l l y  introduced into the Knudsen c e l l  t o  o b t a i n  
weight,-lsss d a t a ,  s i n t e r e d  i n k  a. pel-l..et a t  t h e  conclusion of  two 48-hi- 
runs, the f i r s t  one a t  17)-1O0C and t h e  second a t  2000°C. 
of t h e  p e l l e t  a t  l O 0 X  mgni . f i . ca t ion ,  some "shiny" p a r t i c l e s  were foui?d 
on t h e  su r faces  of t h e  p e l l e t .  These sh iny  p a r t i c l e s  on the t,op smyface 
f ac ing   lie o r i f i c e  of t h e  Knudsen cell have been %sntat;ively i d e n t i f i e d  
by t h e  e l e c t r o n  microprobe as tantaluui mixed wi th  -thulium, whi le  those  
on the side suj:-faces i n  contaci; with  t h e  c e l l  walls were shown t o  be a 
mixture  o f  tungs ten and 'ihuLL1m. The presence of tantalum par t ic l -ea  O D  
bile Tfi1203 p e l l e t  su r f ace  i.s t h e  r e s u l t  o f  vapor t r a n s p o r t  from t h e  tantalum 
hestring elemect i n  t h e  furnace .  The su r faces  of the Knudsen cell are 
presimably a l s o  covered w i t h  tantalum d e p o s i t s .  This expla ins  why tile 
Knudsea c e l l  conta in ing  Tm203 ga.iiied weight; du.ri.iig Lhe runs a t  both l ' . (hO°C 
sr1a 2000°C (1-3.3 rng aid 27.9 mg, r e s p e c t i v e l y ,  for J-18-hi- inuiis). 

Upon examination 



To e s t a b l i s h  c o r r e l a t i o n s  f o r  c o r r e c t i n g  t h e  observe& weighing data ,  
experiments a r e  i n  progress  w i L h  the empty Knucisen c e l l  i n  the  high 
vacuum furnace  a t  vazious t empera twes  'The tantal-urn bea t ing  elements 
were rep lzced  by kuagsten mesh elements,  s tnce  vapor pressure of  the 
fcirmer i s  es t imated  t o  be  approximatel-y t e n  t i m e s  t h a t  of the l a t t e r .  
The r e s u l t  of t h e  t h r e e  b8-hr rims a t  17110'C i n d i c a t e s  that there  i s  
a n e t  weight l o s s  o f  t h e  Knuusen e e l 1  when the tungs ten  mesh hea t ing  
elements are used. Although t'cio r a t e  of' weight l o s s  has  n o t  reached a. 
cons tan t  vaiue as y e t ,  ft; appears t o  be In t h e  order of approximately 
5 x 10-4 mg/mZne 

"wo Tm203-Yb203 mixtures  (1'7 w t  % Yb,O3 and 28 w t  % Yb203) have been pre- 
pared by t h e  c o p r e e i p i t a t i o n  meYnod. 
Yb203 were f i r s t  d isso lved  i n  2 N HN03 by hea t ing  t o  near the boiling 
p o i n t .  Af t e r  d i s s o l u t i o n  w a s  cumpleted, t h e  pH of t h e  s o l u t f o n  w a s  adjusl;ed 
wi th  j N H 4 ) 2 C 0 3  t o  approxfmately 4. Oxalic a c i d  i n  s l i g h t  excess of t h e  
s to i ch iomet r i c  quan t i ty  w a s  t hen  added -to prec ip  f t a t e  thy~Liwrl-ytterbiuxa 
oxa la t e s  
mixture  of Tm203-Yi2O3. 

l'he ind lv ldua l  compounds il"m203 and 

and t h e  p r e c i p i t a t e s  were ealcivied at ~80G°C to conver t  to it 

Experiments t o  ob ta fn  vapor p re s su re  data, as w e l l  as cnrrection factors 
f o r  t h e  observed weighing d a t a ,  will be cont inued with a newly ' ins ta l led  
high vacuum furnace  

D. Reactor Products P i l o t  Production (Production and Inventory Accounts) 

Processed Units  Se rv ice  I r r a d i a t i o n s  
Radioisotope Amount ! m c i )  Type - Nurib e r  

Calc i.m-47 8 Platinum-196 1 
Palladium-109 1060 
c o p p e r 4 7  14 

E o  Source Fabri ca t i  on 

1 .  Nickel-63 

Laboratory techniques are being deveir;iped t o  provide  a 
nickel-63 sample t h a t  can be  incorpora ted  i n  s t a i n l e s s  
s teel  welding rod ,  The purpose of %he p ro jec t  i s  t o  
develop a means, us ing  a r a d i o a c t i v e  trace-r' ,  Lo m 3 e s s  
defec t s  i n  welds made on capsules  conta inrng  chemical. 
rriunitions. It i s  a n t i c i p a t e d  t h a t  o t h e r  isotrjpes i n  
a d d i t i o n  t o  nickel-63 wi .11  be used.  

An addib iona l  smple of' nickel-63 w a s  prepared fo r  use i n  n i c k e l  aLloy 
prepa ra t ion  by t h e  Metal.:; and Ceramics Div i s ion ,  Two l eng ths  af n i c k e l  
w i r e  (12 i n .  long by 0,020 i n .  d im1  were p l a t e d  wi th  2 mg and I mg, 
r e s p e c t i v e l y ,  of  nickel-63 using a s a t u r a t e d  m g n i u r n  ~ x a l a t e  bath acd 
a 0.05-A cu r ren t  f o r  one hour ,  Each wire  ims theli plated with  30 mg of 
i n a c t i v e  n i c k e l  i n  a s d ~ t i o n  conta in ing  65% by volume concent ra ted  
ammonium hydroxide and 35% by mllm-e 0 I 35 M ammonium sulYate  by using a 
cu r ren t  of 0.05  A f o r  one Iiolir. 
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A C C E L E R A T O R - P R O D U C E D  ISOTOPES - 08-01-02 

A. Biomedical Radioisotopes 

1 . Indium-1 11 

'The ob jec t ives  of t h i s  pi-ogrm have been t o  de f ine  and opt imize 
t h e  pertrinent production parameters for t h e  economical produc- 
t i o n  of i.ndium-1.11. of s a t i s f a c t o r y  quality f o r  radiopharmaceu- 
t i c a l .  manufacture.  The cu.rrent ob jec t ives  a r e  t o  ob ta in  
p r a c t i c a l  opera t ing  exper i rnce  of t h e  procedures developed 
by p i l o t  product ion and t o  provide 'this rad ionucl ide  to 
i n - t e re s t ed  custonie3.s as a spec?: a1 r e sea reh  material  - i n  
batch l o t s  ..- Cor t h e i r  eva lua t ion .  lntliiun-lll has been sug- 
ges ted  f o r  such s tud ie s  as sp ina l - ce reb ra l  c is ternography , 
ae roso l  lung s tudl .es ,  delayed b r a i n  s c a m i n g ,  v i s u a l i z a i i o n  
of t'ne lyiiqhati  c system, me.Labolic s t u d j  es of indi.um-labeled 
macroaggregates and toll-oids ~ and i;imor 3.ocali za t ion .  Indium-111 
has gamma emissions of  1'/3 keV (89%) ana 24'( keV ( 9 4 % )  i d e a l l y  
s u i t e d  f o r  ex - t e rm1  de tec t ion  and an opt:imal h a l f - l i f e  ( 2 . 8 1  days)  
f o r  l a h e l i n g  and d i s t r i b u t i o n  s t u d i e s  which must be c a r r i e d  out  
over 24 h r  o r  longer .  

'TWO batches of indi.um-1-11 (appr.oximate1.y 1-78 m C i  total a t  end of 1-day 
decay a3.1owence) were prepared,  and .port ions of t h e  ba tches  were suppl ied 
i o  i n t e r e s t e d  c l i n i c i a n s  as a s p e c i a l  research  materi  a l .  The product ion 
r a t e s  fe1 I wi th in  t h e  range determined during tilt. i n i t i a l  development 
s t age  of thi.s materia.]. .I 

A summary of t h e  accuniulated producLion experience obtained s i n c e  t h e  begin- 
ning of batch-lot  produc%ion of t h i s  radionuel-j.de i s  shown i n  Table h .  'The 
l 1  'CdO t a r g e t  (96.5% i s o t o p i c a l l y  enri.c'ned) w a s  contained i n  a 0.060- by 
I -25-j~i1. plugged caps11.l.e void and i r r a d i a t e d  wi th  22-MeV protons as d-nscribed 
e a r l i e r .  The prGtol1 energy a t  t h e  s u r f a c e  of t h e  target materiaA was e s t i -  
mated t o  be 16 MeV. 
6 M HRr e x t r a c t i o n  system descr ibed previous ly .  

All. processing was performed us ing  t h e  i~sopropyi e ther -  

Table  4 .  ORNL l l l C d ( p , n ) l l l I n  Product ion Fxperience f o r  t h e  Second arLd Third  Quarte1-s of  FY 1971 

111-11.1-16 453 182  2 .5  456 21 8 478 10 5 9 1  
In-1 11-17 483 1 8 1  3.25 60 2 2? 7 493 139 91 
In-111-18 617 186 2.83 525 255 485 120 92 

In-111-19 571 183 2.5 457 97d 2l2d 5 5d 94 
In-1-11-20 642 187 1 . 5  281 122 435 53 96 

I n - l l i - 2 1  704 185 3.25 600 319 532 125 92 
... _______ .--_, - -. . .. . .. . 

%argi-t material. c o n s i s t e d  o f  96.5% i s o t o p i c a l l y  enr iched  'l1Cd0. 
b ~ a l u e s  c a l c u l a t e d  as of end of bombardment. 
'Time re ference :  8 : O O  AM on day arter shipment ,  
dPi-oduction values low due t o  c y c l o t r o n  o p e r a t i n g  d i f f i c u l t i e s .  -__-_ 

'A. F. Rupp, Padioisotope P m g r i r m  (8000) Progress Report f o r  October 1 9 7 0 ,  
ORNL-TM-3183, Oak Bj dge Nat ional  T,aSoratory, p .  6 .  
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The limits of d e t e c t i o n  of t h e  chemical s p o t  t e s t  used f o r  C d 2 +  q u a l i t y  
c o n t r o l  have been impmved and can now be used routinely to 'de tec- t  less 
than  5 pg Cd2' p e r  m l m  The product specifications w i l l  be maintained at 
t h e  p re sen t  (-20 pg CdZf pe r  ml l e v e l  u n t i l  a d d i t i o n a l  ope ra t ing  experience 
has been obta ined  and t h e  product has been shown to r o u t i n e l y  meet t h e s e  
t i g h t e r  iimi t s  . 

2 a Gal '1 i urn-67 

The o b j e c t i v e s  of t h j s  program are t o  determfne the optimal  
t a r g e t  conf igu ra t ion  f o r  ga_3-11um-67 ('78 2 h r  1 p rodac t ion  '01- 
t h e  68Zn(p,2n)6JGa r e a c t i o n  in accep tab le  p u r i t y  arid quan- 
t i t y  and t o  provide  gal.li~m-6~( f o r  c 3  i n i  c a l  applications 
r e sea rch  and development, I n t e r e s t  i n  t h i s  i so tope  has 
been spurred  by evidence,  ob ta ined  by t h e  Medical Divisl"on 
of Oak Ridge Associated Uriiversi-ries (GRAU), of z, high  up- 
take  of c s r r i e r - f r e e  gallium-67 by lynphoid twnoibs i n  both 
animals and humans. 

GalZi lun-6 ' (  decays by e l e c t r o n  c a p t u r e  with  t h e  eniission 
of four  main gamma rays of  93, J..81+, 296, and 388 keV w i t h  
i n t e n s i t i e s  of 49, 22, 20, and 8%, r e s p e c t i v e p i ,  

Weekly product ion of ga11iwl-67 has been cont inued wi th  f a l x  ga i . i i -~-6c7  
p repa ra t ions  be ing  prepared and shipped t o  0-U and 18 a d d i t i o n a l  o rde r s  
t o t a l i n g  approximately 60 mCi/week being f i l l e d  for otheP customers.  
Addi t iona l  development work on r e l i a b l e ,  l a rge - sca l e  product ion t a r g e t s  
has begun. Three d i f f e r e n t  approaches are under i n v e s t q p t i o n :  (I) 
opt imiza t ion  of i r r a d i a t i o n  condi t ions  for. t h e  p re sen t  pure zi.ne tube 
t a r g e t ,  ( 2 )  f a b r i c a t i o n  and t e s t i n g  of a Zn-?Ti alloy tube of stmilar 
des ign ,  b u t  wi th  a h igher  melting p o i n t ,  and ( 3 )  devel2pment csf a 100% 
z inc  flat; p l a t e  t a r g e t .  A preliminary- experiment e ~ p l o y i n g  a zinc flat 
p l a t e  f a b r i c a t e d  to t h e  same dimensions as the standard copper f l a t  p l a t e  
showed signs of extens ive  mel t ing  i n  the beam a r e a  when i r r a d i a t e d  a t  a 
proton beam c u r r e n t  and energy of' approximately 400 pA and 2% MeV, 
r e s p e c t i v e l y .  Addi t iona l  work will be done next  month t o  improve t h e  
hea t  removal c a p a c i t y  of  t h i s  target des ign ,  

I n  our review of t h e  "Production and Medical Uses of 67Ga,  68Ga, and 
72Ga" ( re f .  2)  w e  l i s t e d ,  among oYner t h i n g s ,  decay scheme informst ion  
on t h e  r ad io i so topes  of ga l l im;  for gallium-67 

H a l f - l i f e  Mode of Decay y (MeV) 

77.9 hr E (<0.01% 6") 0.090 (2.7%) 0.388 (4,9%) 

0.182 !29,6$) 0,790 60.2%) 
0.21)6 ( L * O p 4 % )  0.080 (0.4%) 
0.296 (20%) 

0.092 ( 6 3 - 9 $ )  0.L96 ( G a 4 % ,  
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A.J.thoii@ t h e r e  has been cons iderable  inc rease  i n  i n t e r e s t  i n  g a i i i ~ ~ ~ ~ - 6 7  
[ c f .  A .  F.  Rupp, Rndioisotop Progrcmi !8000) Progress Reports 1 , L k r e  
has been no updat ing of t h e  decay scheme, 
exc i t ed  levels  of zinc-67, which subsequently de-exci t e  by gamma-ray 
emission,  i s  still calcul.ated froin lihe I.og fi; values and i s  not  a direct 
measurement; t h e r e f o r e ,  it i s  sub jec t  t o  I.arge e r r o r s  ( e . g . ,  a f a c t o r  of 
1 0 ) .  
r a y  emissjon from t h e  decay of ga11iun-67 to exci ted  leve ls  i n  zinc-67. 

The b e t a  feeding of t h e  

Indeed t h e r e  has  not been a r ecen t  comprehensive look at; t h e  gamma- 

Because of our i n t e r e s t  i n  prepuri-ng 1;race me-tals f o r  riet,abolisms stiuiies 
w e  have, i n  co l l abora t ion  with t h e  Nuclear Data Gi-oUp, looked a t  t h e  l o w -  
energy gamma rays  from zi.nc-67 fed by the 0- decay of 6.1'7-hl- ~opper-67.~ 
!Phis copper-67 investigetion supports  -the giillium-.6'{ work i n  e s t a b l i s h i n g  
accu ra t e  values f o r  these g m a  rays. 

Prel iminary r e s u l t s  of t h e  examination of g a i i i ~ ~ n - 6 7  g ive  t h e  following 
values  : 

E (keV) I, (Re la t ive  Vn.l:ies) 

91.268 i 30 

208.966 _+ 20 

93.315 t_ 30 
184.56'7 k 20 

300.232 k 25 
393.502 ? 20 
4911.1.58 -ir 20 
'703.112 50 
79h.359 ?I 50 
88'1.683 40 

199 i 10 
2360 _+ 120 
1480 I 7 0  

l h 6  f 7 
1000. I 
280 5 14 

1c.O + 0.3 
0 .7  9 0 .1  
3.1 ? 0 .2  
a . f ( c  0.6 

Figure 1 shows t h e  decay scheme of  ga~.i.uwn-67 thus f a r .  
-Lion w e  have included a. por-Lion of the decay scheme of 61.7-h~- copper-67. 

For c la j - i - f i~ca-  

ORNL- DWG 7 4 - 44  27 

S.  RAMAM AND J. J. PlNAJlAN 
NUCL. PHYS A 1 3 f .  393 ('1969) 

3/2- 

484.570 

83.3t5 --.I- 

t 0 -" _.I. 

67 
mZ" 37 

t 
Fig .  1. Decay Schcmc of Gallium-67. 

3 ~ .  Ranan and J. J .  P i m j i a n ,  N W Z .  ~ J z y s .  ~131, 393-97 (1969) .  
I.- 
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I n  t h e  coming per iod  w e  expect to produce t h e  19-min gerrnanium-6T( precursor  
t o  gallium-67 by t h e  ‘‘Zn(a,n)‘’Ge r e a c t i o n .  S ince  a lpha  p a r t i c l e s  are not 
a v a i l a b l e  t o  us ,  we expect t o  perf’orm t h i s  experiment in. c o l l a b o r a t i o n  with 
t h e  Physics  Department of  t h e  Unfverxi ty  of Maryland. 

3 a Rubi d i  urn-84 

The o b j e c t i v e s  of t h i s  program are t o  improve -the technology 
fur t h e  product ion of h ighe r  purity rubidium-84 by use of an 
enr iched  krypton-84 t a r g e t  Rubidium-84 i s  usua l ly  produced 
by proton bombardment of n a t u r a l  krypton t a r g e t s ,  b u t  t h i s  
product  i s  u n s u i t a b l e  f o r  pos i t ron  camera scanning due to 
apprec iab le  amounts of rubidium-83 p r d u c e d  s imultaneously.  
The use  of rubidim-8k f o r  myocardial  scanning w i t h  a p o s i t r o n  
camera ha:; increased  t h e  demand for a h igher  p i r i . t y  p roduct ,  

Two rubidium-84 product ion runs  us ing  an enr iched  k ~ . y p t ~ n - 8 ] . ~  t a r g e t  were 
made, and t h e  products  were supp l i ed  t o  customers.  

5 Acce le ra to r  P i 1  o t  Product ion (Product ion  and Inventory  Accounts) 

Table 5. Cyclotron I r r a d i a t i o n s  and Runs f o r  March 1971 

No. of T i m e  (hr :min)  Total 
Bern Mise T o t a l  Charges Produc t Runs 

Gallium-67 
Indium-111 
Cobalt  -5 6 

T o t a l  

Y t t r ium- 8 7 
Rub i dim- 8 k 
Germanium-68 

T o t a l  

ORNL Progrms 

3 5:OO 3 : 3 0  

4:OO 1:05 1 
2 4:45 2:15 

_ I _ -  

Non-OrnL Programs 

8 :30 
7:OO 
5 : 0 5  

20 :35 

7:30 
7:15 
9 :15 

24:OO 

FISSION PRODUCTS - 08-01 -03 

A. Krypton-85 Enrichment 

No gas t r a n s f e r s  were made i n  any of the units (see F i g .  2 )  t h i s  month. 
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B. 

_1 

UNIT A 

pic- r..---.. , ........ .I 

VALVE VALVE 
MPb4IFOI.D . r?!NfOL! ,MAPdTO!X 

Fig.  2 .  Schematic Arrangement of Kryptoii-85 Columns. 

Act iv i ty  ‘l’ime Since 
i n  Unit L a s t  Product 

-~ Unit ( C i  1 1__-_.... Removal (days) 

A - 3111 
PiB 1537 190 
B 1406 19 0 
C 1622 80 

u 1.4-(0 80 
CD 2565 330 

C e s i  urn-1 37 Gamma Source Develspnient 

Coun’i. Rate i n  Pi-oduct 
Sec t ion  (courr t s jmin)_-  
Feb 1971. Mar 1971 -...--- 

.... - 
12,600 12,600 
10,850 io ,800 
5,050 6,650 
1.3,900 16,1.00 
5,350 6,400 

1 .  Ces ium Source Form Development 

Cesim-137 chloride has beer: t h e  campou:crd. of choice f o r  r ad ia -  
t i .on sources i.ri appI.icat?: ons of moderate temperature condi-t ions I 
In many respec.i;:l; cesium ch lo r ide  i s  the  i.dea1. compound; t h e  
cesium weight pei- unit ,  volume i s  high Llr.:: r a d i a t i o n  r e s i s t a n c e  
of the CsCI.  i s  excellent, the compa t ib i l i t y  with stainless 
s tee l .  a’c ain’bien’c ’ieiflperaturrs i s  e x c e l l e n t ,  a.nd i t s  prepxcation 
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i s  s t r a igh t fo rward .  However, t h e  p ro jec t ed  condi t ions  o f  use  
o f  cesium-137 gamma sources are i n c r e a s i n g l y  severe  w i t h  
r e s p e c t  t o  temperature ,  and some a p p l i c a t i o n s  i nd ica t e  t h e  
need f o r  a cesium source  material which has !!ow sollubi.lity. 
I n  view or" these pro jec t ed  condi t ions  of use, the  t e s t i n g  of 
137CsCl a t  e l eva ted  temperatures  i s  be ing  done and the 
development of a low s o l u b i l i t y ,  temperature  resl s t a n t  
source form of cesiuru i s  be ing  s t u d i e d ,  

a ., A ?  t e r n a t f  ve Cesl' um-137 Source Form Devel opnient 

Recent ly  fouild i n  t h e  l i t e r a t u r e  was a paperk p resen t ing  t h e  phase diagram 
f o r  t h e  system Cs20-Nb205 t h a t  shows phase t r a n s i t i c n s  of cesiiun riiobates 
having various mole ra t ios  of N b / C s .  Data p e r t i n e n t  t o  t h e  range of Tb/Cs 
r a t i o s  encountered i n  t h e  p re sen t  p r o j e c t  are  summarized i n  Table 6 ,  
Although h e r e  are some u n c e r t a i n t i e s  i n  r ega rd  t o  t ineir  experimental  teeh-  
nique Table 6 i n d i c a t e s  t h a t  all types of cesium niobates  of i n t e r e s t  undergo 
s o l i d  phase t r a n s i t i o n .  Except f o r  t h e  compound w i t h  t h e  n / C s  r a t i o  of  2.6, 
t h e s e  compounds m e l t  i ncmgruen t ly  = Both temperat ixes  ~ s S  s o l i d  phase t r a n s i -  
t i o n  and n e l t i n g  inc rease  w i t h  increasing P 3 / C s  ratio, Thus d e s p i t e  t h e  
r e l a t i v e l y  h igh  volumetr ic  s p e c i f i c  activity of  CsPsOO3 ( 714 4 C i / c m 3  1 , ces iun  
niobtite w i t h  t h e  N b / C s  r a t i o  of  2 may be a b e t t e r  ces im-137 so1urce compound. 
t han  C s N b 0 3  from the s tandpoin t  of  combining the high  tempera ture  s t a b i l i t y  
wi th  a f a i r l y  good cesium volumetric specific a c t i v i t y ,  5 T * 5  Ci/em3 ( a s  
compared wi th  1 0 0 . 4  Ci/cm3 f o ~  CsC1) . ' 

Table 6. Phase T r a n s i t i o n s  i n  t h e  System Cs20-hT205 

lNb/Cs Mole S o l i d  Fhase Transi-  Melting 
_. 

Rat io  t i o n  Temperature ("C) Temperature ( " C )  

2 

2 A  

y(2 1 . ~ 5 3  (Incongruent  1 
1153, 1372 14 16 Congruent 

P repa ra t ion  of cesium t a n t a l a t e s  has  been c a r r i e d  out by the aqueous 
CsOH-Ta2Og s l u r r y  r e a c t i o n  a t  b o i l i n g  p o i n t  under r e f l u x .  
p o s s i b l e  r e a c t i o n  mechanisms may be  represented by:  

One of t h e  



The r e a c t i . c n  mixture  from the s l u r r y  i-eaction w a s  thetl g radua l ly  heated 
until i-i became cor?-pl.etel:j d ry .  'This was followed by cal .c inat ion c f  t h e  
dry p;roduct a t  : i 5 O 0 C  e i t h e r  i n  a mu-ffle furnace  or i.n a n i t r o g e n - f i l l e d  
furnace .  

1 7 -  1 . h ~  m a t e r i a l  balance cs l -cu la t ions  show ti le weight losses through t h e  tal- 
c l n a t i o n  s t e p  t o  be  s l i g h t  ( u p  t o  \lt$ i n  t h e  m1i.f.Cl.e fu rnace ,  excluding 
H20 l o s s e s  ) . 
r e s u l t e d  rin even smaller losses (up  t o  ~ 2 ~ 6 % ) -  A.lthough the  r e s u l t s  of 
chemical anal-ysis and .the s d u b i l i t y  s tudy a r e  s t i l l  iiiconiplete ~ t he  
pre l iminary  dat.a r e v e a l  t1ia.L as i n  t h e  case of cesium niobates  t h e  
s-t,ability- of cesium t a n t a l a t e s  i n  a x  aqueous s o l u ~ i o n  inc reases  with an 
extended r e a c t i o n  time [up t o  %go% of t h e  ca?.cf.ned product ( p u l v e r i z e d )  
w a s  i n so lub le  i n  s e a  w a t e r ] .  
110 detectab2.e amounts of -reactants ( ~ a ~ . ~ ) 5  CSOH,  C S ~ O ,  ei;c. a r e  pa-esent 
i n  t h e  ca l c ined  product , presl.unably implying that t h e  r e a c t i o n  w a s  
practical-1.y complc t e .  

Ca.lci i ia t ion o f  t h e  dry product -Ln a n i t rogen  atmosphere 

According to t he  x-ray d i f f r a c t i o n  data,  

b ~ Improvement and Chat-acteri z a t i o n  0.f 7CsC1 Source Form 

T'ne s tudy  on thermal  expansion charac'Leris'cics of t h e  C s C 1 - K C l  mixture  
was extended t o  one additi.ona1 composition, 3 . 2  w t  % (or 7 mole % )  
K C 1 - C s C l  fol lowing the  procedure d:?scri.bed previoiis.Ly. This composition 
i s  t o  s imula te  t h e  expected ' 3 7 C s C l  product from the  Hanford Waste Manage- 
ment Program (HWMP) (whrich w i l l  conta in  about 2-5% i m p u r i t i e s )  asswiling 
t h a t  K C 1  is one of t h e  major i .mpuri t ies .  "he highl ight ,s  of the :result 
computed f r o r n  t h e  d i l a tome te r  d a t a  are  summarized i n  Table 7 f o r  all t h e  
samples s tud ied  -thus f a r .  Both h e a t i n g  and cooling d a t a  near  t h e  so l id -  
phase t r a n s i t i o n  a r e  included.. 

T3ble 7 dcrnonstrates t h a t  p ~ r e  C s C l  e x h i b i t s  a sudden ilhangr i n  the tern-- 
pei-atii-re r a t e  of linear expansion whec heated from l-i-50-500°C. On cooltng, 
t h e  equ.ivaLent s h i f t  t a k e s  p l ace  i n  t h e  temperature  range o f  h 5 0 - 4 O O 0 C .  
Such changes i n  t h e  thermal expansi on c h a r a c t e r i s t i c s  are obviously caused 
by t h e  s2J.id phase t ransformat ion  as evri.denced by t h e  DTA thermogram. 

For tile 0.9 w t  $ (or 2 iiio1.e % )  K C 1 - C s C 1  mixture  (mechanical)  , -the sudden 
jump i n  t h e  l i n e a r  expansion t akes  pl.ace also between i150-500~C (except  
for Run I), C o o l i n g  of t he  same iiiixture resiil-"s=.d i n  a r e l a t i v e l y  rni.ld 
s h i f t  i n  t he  p e r c e r t  expansion i.n t h e  3 0 0 - 4 O O 0 C  range .  The behavior  Df 
t h e  0.9 w t  % K C 1 - C s C 1  molten mixture  wits s imilar  t o  t h e  oiie above during 
hea t ing .  However, a 1-apid change i n  expansion i s  seen 8,s %he mixture 
cools from 250 to 2 0 0 ° C  which r e p r e s e n t s  Yne range i n  which a s o l i d  
phase t r a n s i t i o n  peak appears i n  t h e  DTA therimgram on e m l i n g .  

When t h e  KCI. conten t  i.s increased  t o  3 .2  w t  (or iiio1.e $1 , t h e  tempera- 
tix'e range of r a p i d  expansion i n  t h e  heat;i.ng ~ii-ocess s h i f t s  to h50-525"C 
(inechani c a l  mixture  1 . With t h e  mol-ten rnixt1.i.r-e , t h i s  range fur. t i ier  changes 
t o  1tO0--h5OoC.  
~ ~ i e  cooling s t e p  appears t,o be qu i t e  i~.ni:E~~rrfl. IIowe-ver, t h e r e  was a, tendency 
f o r  t h e  p z l l e t  o f  t h i s  mixture  (molten,  3"2 w t  % K C 1 )  t o  con t r ac t  r a t h e r  
than expand ir, i h e  hea t ing  s t e p  i n  c e r t a i n  tempereCure ranges .  

The temperature  r a t e  of expansion of t h e  same mixture i.n 
.'. 7 

6A. F. Rupp, Radio iso tope  P r o p m i  (8000) Progress l ieport  f o r  February 1972 
ORIiL--'L'~-33111 Oak Hidge Natl o n a l  Lah3ratDry pp 15-16. 



1.3 

Table 7. T b e r m a l  Expansion C h a r a c t e r i s t i c s  of  C s C l  
and KC1-CsCl Mixtures 6 Summary) 

Linear  ~xpansion~ ( %  of s t a i - t i ng  Length'u 1 Run - 
Bo 0 On Heat ing To: On Cooling To:  Residual  Expansion 

a t  Roum Temo ..' 

Id 
2 
3 

Id 
2 
3 

Id 
2 
3 

I3 
2 
3 

Id 
2 

45OoC 

1.44 
2.48 

1.32 

1t50°c 

2.84 
1.66 
1 . 8 0  

400OC 

3.34 
1 .14  
1 .20  

I__ 

40OoC 

2.26 
1.64 
1 . 4 2  

350°C 

5.54 
-0.31 

0.9 W t  % K C l - C s C 1  (Mechanical Mixture)  

5OO0C 550°C h O O 0 C  350°C 300*C 

3.46 6,56 e e 9.30 
- - _ _ _ I - -  

5.53 5.63 4,3$ 3.38 2.90 
3.05 3.80 3 ~ 6  2.10 2.43 

0.9 Wt '$ KC1-CsCL (Molten) 

450°C 500OC 3QO'C 250°C 200OC 

1 *69 4.42 3.10 2 -42  G.78 

I I _ - - - -  

5.03 9.02 ~ 8 9  7.14 5.08 

1.83 4.58 2.94 2-68 0.96 

3 " 2  W t  $ KCZ-CsC1  (Mechanical Mixture) 

45OoC 525OC 300'C 250°C 200uC 
I I _ - - - -  

3.37 11.56 11-56 10.82 8.64 
2.50 5.75 4,413 4*02 2,46 
2.54 4,83 3.33 3.00 1-75 

9.50 
3 -1% 
r 

8.68 
1.46 
1.53 

5.38 
1.23 
0.79 

3.2 W t  % K C I - C s C 1  (Mo1l;en) 

4 O O o C  450°c 40ooc 3 5 0 ~ ~  3o03c 

7.31. 10m76 9.13 8 - 9 3  8.714 lo 112 
0.22 1.70 -0.09 - 0 , n  -0-47 I' 

a Measurement made upon h e a t i n g  o r  cool ing  t o  t h e  temperature i nd ica t ed .  
bLength a t  t h e  s tar t  of  each run .  
'Expansion r e t a i n e d  a t  the c m c l u s i o n  of each run. 
done run r e p r e s e n t s  one heat ing-cool ing cycle 
e@ut of s c a l e .  
f p e l l e t  deformed; no measilrement made. 



One phenornenon t h a t  i s  comnon t o  a l l  ’ihe sanples l i s t e d  i n  ‘Table 7 i s  t h e  
trend Tor tine pel l -e t  .to r e t a i n  more than 10% of t h e  expanston a t  room 
temperature a f t e r  two heat ing-cool ing cyc le s  (except; t h e  molten 0.9 wt p 
K C I - C s C . 1 ) .  Such a phcaomenon -implies that i.f a 1 3 ’ C s C 1  source shou1.d be 
subjected t o  repea ted  heat,iiig-cooling cyc les  tlli-ough approximately 55OoC, 
the amount of expansion r e t a i n e d  by t h e  source may deve1.op appreci8.bl.e 
s t r e c s e s  on the  soi1rce capsule .  This condi t ion  cou1.d c o n t r i b u t e  t o  t h e  
deformation of the capsule  such as that r epor t ed  by Bradley and Ot t inge r .7  

C .  Cesiurn-137 ? i l o t  Prodluction (Product ion and Inven to ry  Accounts) 

1 ,  Processing and Process S t a t u s  

A f r a c t i o n  of G100,OOO C i  of a 3 ’ C s C 1  was removed from storage, r e d r i e d ,  
and sampled i n  p repa ra t lon  fo? canning i t  for shipment. This r ep resen i s  
tine second h a l f  of an order  from the CFA (France)  f o r  200,000 C i  of bulk 
l 3  7 C s C l .  
t o  Atlantic Richf i e ld  Hanford Company. 

The IL4PO-lC cask was tested, decontaminated, and shipped back 

Duri.ng t r a n s f e r  of some concentyated cesiim-137 s o l u t i o n s ,  a l e a k  occurred 
i n  an i n - c e l l  t r a n s f e r  l i n e .  Approxiaately 40,000 Ci (about  20% of the 
m a t e r i a l  be ing  t r a n s f e r r e d )  w a s  picked up i n  the  waste re-  L t e n t i o n  t anks .  
‘The p l a n t  was designed t o  take ca re  of j u s t  such a mishap as t h i s .  The 
recovered 1iqui.d w a s  t r a n s f e r r e d  t o  storage tanks for reprocess ing .  I n  
order  t o  I .ocate  tfie l e a k ,  it was necegsary -to r e t u r n  a l l  cesium-13‘7 solu-  
t i ons  from t h e  process  system t o  feed  s to rage  t a n k s .  The exact  location 
nf the  leak has not yet been de-tennined; theyefore ,  t h e  ex ten t  of’ the 
decontpanination necessary before  r e p a i r s  can b e  made i s  unknown. 

The  cu r ren t  process  s t a t u s  for cesTU.m-l37 i s  as fo l lows:  

Item 

559,000 Ln-process materlal 
l 3  7 C s C l  products  18,900 
Sources i n  f a b r i c a t i o n  190,000 
Compl e t e d  sources  awai t ing  shipment 148 300 

- 

2 .  Operat ional  Summary 

Item --- 

March 1971 FY 1971 _._. 
Amount Amount 

-- Number -Y_ ( C i )  Number ( C i )  

HAP0 shipments rece ived  0 0 I. 388,200 
Product ba tches  prepared 0 0 0 0 
Soui-c es f a b r i c a t e d  0 0 62 h3,bOO 
Spec I a1 form conta iners  loaded 0 0 1-7 198,800 
Sources shipped 0 0 283 163,300 
Special  form conia iners  shipped 0 0 1 2  98,000 

-l____l__ 

7 N .  C .  Bradley and C, L .  O t t inge r ,  1nvesti;gation of Deformation in Hectangular 
Cesim-137 Sources ,  o ~ N L - - ~ ~ - 3 0 6 9 ,  Oak Ridge Nat ional  LaboraCory (August 1970) 



3 ,  Current  @rders 

Cmrenf; o r d e r s  f o r  cesium-1.37 as sources  o r  bu lk  p o ~ d e ~  are shown below: 

Customer 
Amount, Esti.mated 

[ c i  1 Shippirig Date 

J .  L. Shephwd and Assoc ia tes  1 ,350 P-pril  1.972 
Atomic Energy of Canada, L-td. 1 ,500 Apr i l  1971 
CEA, France" 200 00 I. June 19.[L 
Anier i c an Bo e eh s t C o jr por a t i on 5 June 1971 
Brookhaven Nat iona l  Lctboratory 203,000 Ju ly  1971 
I, oc kh e e d- G e o r g i a C ompa n yb 235,000 June 1.97-1 

Tot a l  440,856 

a LO1,58h C i  of t h i s  order i s  p r e s e n t l y  awai t ing  a boa t  
booking 'through Transnucla i re ,  Iiic 
bThe cesium-137 a c t i v i t y  t o  be suppl ied  by Loekheed-Georgia 
Company. 

Orders on hand f o r  cesium-137 as bulk  powder o r  sources  to b e  scheduled 
and shipped as r e l e a s e d  by t h e  customer inc lude  Atomic Energy o f  Canada, 
approximately 154,300 Ci , and Radia t ion  Resources , Znc " a 200,OOL Ci a 
Cesium sources  conta in ing  40,000 C i  are x i  hand awaiting r e c e i p t  of 
sh ipping  i n s t r u c t i o n s  

D, Strontium-90 P i l o t  Product ion (Product ion  a n d  Inventory Accounts) 

1 .  Processing and Process S t a t u s  

Three batches  of ' "Sr2Ti09  wi th  a t o t a l  y i e l d  of approxiniately 75,000 C-f 
were run.  D i f f i c u l t i e s  w i t h  t h e  i n - c e l l  r e p a i r  of t h e  vaei.tum hot  p re s s  
l e d  t o  a dec i s ion  t o  delay t h i s  r e p a i r  and i n s t a l l  an induztion-heated 
hot  p re s s  i n  another  c e l l .  
of t'ne ho t  p re s s  w e r e  done; then  p e l l e t i z a t i o n  w a s  resu!med, 
g r a p h i t e  d i e  was used,  with t h e  outer layel? made of spun g r a p h i t e  PiLa- 
ments and t h e  inner sleeve of  s o l i d  g r a p h i t e .  Eleven 'r,O-crn-dim p e l l e t s  
w e r e  p ressed  on t h i s  un i t , 9  one of them a re-pressing of a, broken p e l l e t ,  
Pellet d a t a  are l i s t e d  below. 

Decontamination of t h e  cell anti installation 
A double-wall 

Power Densi ty  Power Density 
P e l l e t  (W) (g/cm3) (W/cm3 1 

1" 118 4,2 0 =99 
1R 117 4.3 1.01 
2 120 4.0 1.15 

11 6 h.6 1.. 1 2  3 
4?J 17 5 
5 1'7 2 b o >  1.04 

I - 



Power Density Power Densi ty  
I__- P e l  1. et _I_- (w) (g/cm3 1 ( w / c m 3 )  

6 1.7 8 4.6 1.05 
7 177 4 . 5 l.02 
8 17 8 4.5 1.00 
9 179 4 . I+ 1.. 03 
3.0 184 4.4 1.04  
- 
a 

b p e l l e t  f r a c t u r e d .  
p e l l e t  f r a c t m e d ,  re-pressed as 1R. 

The i n t a c t  p e l l e t s  were used io f u e l  four  source l i n e r s  prcwided by 
Aeroje t  General t o  f i l l  an  order  f o r  t i le U, S .  Navy. The loadings  were 
as fo l lows .  

Liner  N o .  Pe l - le t s  Total  Watts 

1 5, 6 350 
2 I.R, 2, 3 353 
3 ' 7 ,  8 35 5 
11 9, 10 363 

O n  a l l  p e l l e t s  a f t e r  No. 4, t i t an ium w i r e  suppot-t, sc reens  were used in s t ead  
of n i c k e l  e Tne t i t an ium appears t o  provide b e t i e r  pro tec  Lion aga ins t  
breakage caused b] thermal shock dur ing  pe l le t ,  handl ing  and s to rage ,  

Plaiiiied opera t ions  dur ing  A p r i l  inc lude  p res s ing  of p e l l e t s  f o r  an order  
f o r  four  720-W Sentinel.  sources plus prepa ra t ion  of t h e  90Sr2Ti04 needed 
f o r  t h e s e  sources .  'The c u r r e n t  process  s t a t u s  f o r  strontium-30 i s  as 
follows. 

-_-I I t e m  ~ t r o n t i u - 9 0  (Ci) 

In-process m a t e r i a l  940,000 
Strontiuni-90 products  530,000 
Sources i n  f a b r i c a t i o n  209,000 
Returned SNAP soinces  295,000 
Completed sources awa i  t j n g  shipment 19 , 500 

2 .  Operational Suniriiary 
March 1971 ... FY 1971 

Arflouxt Amount 
I tern --I_... Number (Ci) Number (Ci) 

KWO shipments rece ived  0 0 n 0 
Prodilct ba tches  prepared 3 75,000 11 345,000 
Sour c e s c ouipl e t  ed 0 0 11 688,900 
Spec ia l  form con ta ine r s  loaded 0 0 25 53,400 
Shipments t o  customers 0 0 29 796,700 
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3, Current Orders 

Current o rde r s  €or strontium-90 as sources  o r  bulk powder are as follows: 

C -a s t onie r 
Amount 
-_II i ~ i )  -- S m i n g  Date 

E s t i mat, e d 

T o t a l  679,000 

An o rde r  is on hand f o r  1\.20,000 C i  8s bu lk  powder t o  b e  scheduled and 
shipped when r e l e a s e d  by Teledyne I so topes ,  Inc e 

E. Strontium Pellet  Vacuum blot Press 

A. vacuum ho t  p re s s  has been designed t o  p ~ o d u e e  high-densi ty  
and 30Sr p e l l e t s .  
ing  vaciluzii h o t  p r e s s  p r e s e n t l y  i n  use a t  the FPDL wi th  modii 'izatians t o  
inc rease  t h e  p e l l e t  dimensions and t o  Locate ail. c o o l i n g  water ?assages on 
t he  o u t s i d e  walls of t h e  p r e s s .  F igure  3 i s  a schematic of  t h e  p re s s  
( e x t e r n a l  cool ing  c o i l s  are not shown; numbers i n  parentheses  i n  t h e  f a l -  
lowing paragraphs are p a r t  numbers). 

'To inc rease  t h e  s i z e  of' the p e l l e t s ,  a larger d i e  t a d y  (38) w a s  provided, 
and 't'ne s t r o k e  of' t h e  t r a n s m i t t e r  ~ " o d  (3) w a s  i nc reased .  The inc rease  in 
t he  d i e  body s i z e  r equ i r ed  t h e  fo l lowing  changes: 

D i e  Rest Assembly (33) - The d i e  rest (AXJ g r a p h i t e )  w a s  en la rged  'to a 
diameter  of  8 i n .  at i t s  widest  po tn t  w i th  z diameter of 6-5/8 in, at. i t s  
f o o t .  A 6-5/8-in, ID by 1 - / 2 - i ~ .  r i n g  is welded t o  t h e  baseplate L O  ceriter 
tine d i e  res t .  
will p o s i t i o n  and suppor t  t h e  d i e  body .  

Heating Element (37) - The hea t ing  element (ATJ  gnaph i t e )  w a s  enlaxged ti3 
6-in. ID by 7-1n, l ong  to provrde t h e  c a p a b i l i t y  of handl ing  d f e  bodies 
up t o  5-1/2-in, OD by 7-in. long. 

Neat S h i e l d  (34, 36, 110) - The heat s h i e l d  (nolybdenrun) vas enlarged  to 
7-1/2-in, ID by 8-1/2 in. Long t o  con ta in  t h e  larger  hea t iEg  elemem. 

aSrTiOl 
The design conta ins  many o f  t h e  f e a t u r e s  o f  t he  e x i s t -  

A 4-1/32-inO-diam by I/%-in.-deep recess i n  t h e  d i e  res t  

Feed-Through Tubes ( 2 )  - The Seed-through tubes  ( s t a i n l e s s  s t ee l )  covltain 
t h e  h e a t e r  support, a d  con tac t  bodies  ( b r a s s )  (31) a "ilhe tubes were - -  
spread  a p a r t  and t h e  h e a t e r  suppor r ,~  lengthened t o  handle the  2 arger hea te r  
diameter and l eng th  

Die B o d j  (38) - The d ie  body ('1'ZM) w a s  lengthened t o  '9 LE., 



Fig.  3. Vacuum Hot Press - 11, Sid-e V i e w .  

&per Housing (11) - The upper liousri.ng ( s t a i n l e s s  s t e e l )  w a s  lengthened 
from 3 t o  6 i n .  t o  pl-ovide a d d i t i o n a l  head room for longer -top punches. 

Bellows A s s e m n l ~ ~ b - 1 0 )  - The bellows assembly ( s t a i n l e s s  s t e e l )  w a s  
enlarged t o  provide a longer s t r o k e  and t o  accept a l a r g e r  diameter 
t r a n s m i t t e r  rod. The bello3TS assembly provides a s t r o k e  of 3-9/16 i n .  
compared wi.th t h e  earl-ier unit. which had a s t r o k e  of less  than  2 i n .  
The bellows f l anges  were increased  t o  9 i n .  i n  diameter by 1/2 in. t h i c k  
t o  accommodate t h e  larger diameter. bel lows.  

l__._l_ Transmi t te r  Rod--(3) - The t r a n s m i t t e r  rod ( T Z M )  was enlarged and f langed 
f o r  i -n-cel l  change ou t .  ‘The rod i s  2 i n .  i n  diameter by 10-1/2 i n .  l ong  
with a 4-in. - -dim by 1/2-i.n:-.-Lhick f l ange .  
upper bellows f lange  (4) and i s  s ea l ed  wi th  a’n O-ring. 

The f l ange  b o l t s  onto t h e  



Tkie cooling passages t h a t  were on t h e  i n s i d e  w a l l  of" t h e  lower housing 
(18) and t h e  i n s i d e  surface of t'ne b a s e p l a t e  (321 on -the previous model 
p re s s  have been p laced  on the  o u t s i d e  of the  vacuum area. i n  t h e  new p r e s s .  
The b a s e p l a t e  w a s  increased t o  I i n ,  t h i c k  with t e n  3/8-ina-dim channels 
d r i l l e d  to  serve  as cool ing  waber passages ,  

Several  a d d i t i o n a l  m i i i o r  changes, such as a new 'neater hold-doim b r a c k e t ,  
were made t o  provide  easier in-cell.  operatTon o f  the press,  

F .  Strontium-90 Sjlicate Beta Sources 

1. C h a r a c t e r i z a t i o n  

The following s t u d i e s  a r e  a p a r t  of t h e  s t ront ium s i l i c a t e  s ~ u r c e  eharac- 
t e r i  za t ion  work jj 

Sample i n a c t i v e  s t ron t ium s i l i c a t e  sources  con ta in ing  a l~mSnm matr ix  and 
g r a p h i t e  mat r ix  were placed i n  a constant temperature  furnace  Pznd he ld  a t  
e l eva ted  temperatures  exposed ta air  ( 3 5 0 ,  500, an3 6 0 0 ~ ~  f o r  t h e  s i x  
alurinum matrix sources  and 350 and 650'C f o r  t h e  foul- g r a p h i t e  mat r ix  
sou rces )  t o  determine the long-range e f f e c t  sf temperature  on the i n t e r i o r  
of t h e  capsule. On t e rmina t ion  of t h e  experiment t h e  samples w i l l  be sec- 
t i oned  f o r  metal lographic  examination, 

Four b e t a  sources [ f a b r i c a t e d  using s t ront ium s i l - i c a t e  minibeads ( 3 z  5 Ci/g) 
i n  an aluminum mat r ix ]  showed no v i s u a l  s i g n s  of  c o r r o s i ~ n  a f te r  approxi- 
mately seven weeks of  immersion i n  10% n i t r i c  a c i d ,  glacial acetic a c i d  
(i7.5 A?) 

G ~ 

1.75 N a c e t i c  a c i d ,  and d i s t i l l e d  water. 

Prome t h i  urn-1 47 Source Fabri  c a t i o n ,  Powder Shi pments and Current Orders 

Current o rde r s  f o r  promethium as bulk powder are S'tiocJ-n below: 

Cus tome r 
Umollrl t, Estimated 

( C i  ) .Shipping Date 

McDonnel.1 Douglas Astronautkcs 50 ,900 A p r i l  1971" 
Atomic Energy of Canada, Ltd, 1. ,000 May 1.971. 
Minnesota Mining 8c Manufacturing CO. 2,400 May 1971 

Z'otal. 53,500 

To be shipped from Richland,  Washington. a. 

H. Short-Lived Fission Products P i 1  o t  Product ion 
(Product ion  and Inventory Accounts) 

1 Sot ope Itumber of  Batches h o u n t  ( ~ i  ) 

Xenon-133 
Ceri.wn-ISb 
L Od i 11 e-I3 1 
Barium-140 
Stror t iim-89 

fKL ,000 
36 
35 
a8 
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I .  Source Development 

1 S t ron t i  urn-69 

f:ie;;a soiirce measurements U s  ing t h e  ex t r apo la t ion  chmber  $-eye continued as 
pai-t of t h e  b e t a  s o u r c e  d-evelopment program. 
and potent iometer  has i-ncreased t h e  r e l i a b i l i t y  and usefu lness  of t h i s  
j-ns ‘iriunent . The extrapol-at ion chamber was used t o  i i i e a s i . ~ ~ ~  f i v e  strontium-89 
sources  f a b r i c a t e d  wi th  output meas!ii*enients of 33.1,  1-b.2, 1 3 . 5 ,  10.26,  and 
20.9 R/hr . Both su r face  dose r a t e  measurements and 1xniformity measurements 
were nade. The r e s u l t s  of .the uni formi ty  measurements i nd ica t ed  that t h e  
cgmbined r c s u 1 . t ~  of source and instrument  vayia t ion  could be he1.d w i t h i n  
il$. These r e s u l t s  were used t o  detemnine p r e c i s e l y  t h e  necessary input  
to give t h e  r equ i r ed  valuies of 11 .00  and 22.00 R/hr a t  1 mx. Three each 
of  t h e s e  sources  will be  fabrica.t.ed f o r  NASA Poi- use  i.n i n s e c t  mutat ion 
s t u d i e s .  

The add i t ion  of a recorder  

2. Techneti  urn-99 

Measurements w e r e  made of a, p rev ious ly  s tud ied  t echne t im-99  source to 
eva lua te  two c o l l e c t i n g  e l ec t rodes  which r equ i r ed  recondf t ion ing  (rem-achining 
t h e  su r face  and spraying  with Aquadag), 

APPLICATiOl iS  AGD TECHI4OLOGY SUPPORT - 05-01 -04 

A. Radioisotope C h a r a c t e r i z a t i o n ,  Qual i ty  Cont ro l ,  arid Standards 

1 .  Radioisotope C h a r a c t e r i z a t i o n  

Furnishing of information i n  answer t o  i n q u i r i e s  cont inues t o  be an 
imporkaant f e a t u r e  of t h e  c h a r a c t e r i z a t i o n  program. D a t a  were given on 
t h e  b e t a  s p e c t r a  of carbon-14 and promethium-147, and on t h e  gxmn s p e c t r a  
of c c r t a i n  mixtures o f  thorium daughter,s An i n v c s t i  ga to r  us ing  OUT 

niobium-9 5 i n  animal experimentat ion jnquired about the na tu re  of t h e  
oxa la t e  complex, and he w a s  t o l d  t h a t  it IS unknown, t h a t  s p e c j a l i s t s  i n  
t h e  chemistry of niobium havt.. reported evidence f o r  a t  l e a s t  t h r e e  complexes. 
Knolls Atomic Power Laboratory personnel  r e v i s i n g  the adart of the ?JucZidt?s 
asked f o r  our l a t e s t  da ta ,  especyal ly  on h a l f - l i v e s .  

2 ,  Radioisotope Special  Analysis  and Q u a l i t y  Control 

Over 460 copies  o f  t h e  r e p o r t  of t h e  h R C  s t a n d a r d s  panel  were d i s t r i b u t e d  
ta qrganiza t ions  , j o u r n a l s ,  and i n t m c s t e d  ind iv idua l s  . Requests for addi- 
t i o n a l  copies  have begur, i o  come i n ,  and t h e  r e p o r t  w a s  announced i n  t h e  
1 ates t PJunhar Ilre&s. L a  R .  Zurilwal t , panel  chairman, rece ived  permission 
i.1 use  unpubbjshed d a t a  from our survey i n  h i s  i n v i t e d  paper for the June 
mzeting o f  t h e  American Ruclear SocieLy, 
t i  ons r e l a i e a  i o  r a d i o a c t i v i t y  s tandards  w a s  prepared Cor d i s t r i b u t i o n  a t  
t h e  ACS symposium and t h e  meeting of t h e  NRC staliilards subcommittee. A 
s t a t i s t i c a l  a n a l y s i s  was xade  of t h e  r p s u l t s  o f  t h e  intercomparison of 
measurements o f  iron-59 sponsored by t h e  College of American P a t h o l o g i s t s .  

A b ib l iography of r e c e n t  publ ica-  



The s tandard  deviation w a s  16% ( e l j m i n a t i n g  m e  s t a T i s t i c a 1  ouz l i e r ) ,  t h e  
mean w a s  0nl.y 14% below the va lue  c e r t i f i e d  by NBS, and t,he range was 66 
t o  186% of t h e  c e r t i f i e d  va lue .  The work on su l fur -?$  stardards w a s  com- 
p l e t e d ,  w i th  the  f i n d i n g  tha t  assay  by our con t ro l  lsboratory was i n s i g n i -  
f i c a n t  ly higher. than t h a t  GI' t h e  s tandards laborator ies ,  I ~e 2 8% above 
NBS, 2*8% above t h e  Fadiochcmical Cent re ,  and 2 * 5 %  above t h e  French CEA. 
The l o c a l  c a i i b r a t i o n  w a s  adJus ted  t o  ag ree  wi th  hBS. Revrews were made 
01' a paper. on a new method of c a l c u l a t i n g  "dead ttme" lcsses ,  one ( f o r  t h e  
ACS meeting)  ori "non-Poisson1' stat3 s t i  c s  
"product iv i ty"  of  a body of water, 

and a carbon- I 4 method for 

B .  Low-Energy Gamma and Secondary X-Ray Sources 

1 a Development o f  Sources f o r  Determination of Lead 
i n  Aqueous Solutions by F1 uorescence X-Ray Analysis  

Three d i f f e r e n t  r a d i o a c t i v e  sources  were used t o  e x c i t e  the I, x rays of 
l e a d  i n  an at tempt  t o  determine t h e  Lowest concent ra t ion  oi' l e a d  In 
aqueous s o l u t i o n s  which can be de tec t ed  by t h e  use  of x-ray f luorescence  
and a l i t h ium-dr i f t ed  s i l i c o n  d e t e c t o r  a These s3urces  contained 
americiwl-2~+1, gadolinium-153, o r  promethium-147 The sources  were c l r -  
c u l a r  and faced upward toward t h e  s o l u t i o n  containrng t r a c e  q u a n t i t i e s  
of l ead .  The aqueous sample was contained i n  a samp1.e ho lder  which w a s  
f a b r i c a t e d  by c u t t i n g  l - i n a  s e c t i o n s  of %-in,-dram BAKELTT'E: tub ing  and 
then  bonding a O.OOO25-in. mylar film over  one end, 'Ynis sample h o l d e r  
would con ta in  up t o  40 ml of solution, 
-the s o l u t i o n s  are measured by a lithiiuri-dril"t,ed silicon deTertor  and a 
mult ichannel  ana lyzer .  

?'he L x rays of l e a 3  produced i n  

At high concent ra t ions  of l e a d  (above I00 ppm) t h e  L x rays of l e a d  C O U ~ ~  
e a s i l y  be produced by t h e  low-energy gamma rac? ia t ion  from americiun-2kl 
gadolinium-1 5 3 , or promel;hium--l.~-c7/ aluminum br ems s trah:limg r a d i  at, i o n  everi 
though t h e  sources  were encapsula t sd  ox- sh ie lded  by diff 'erent  materials 

A t  concent ra t ions  of l e a d  beiow 3-00 ppm, the  background of midia t ion  i n  
t h e  energy range of 6 t o  18 keV i n t e r f e r e s  and sometimes wvers t h e  x-ray 
peaks which a r e  t o  be m-easured, T'hrfs background of  r3 ,dfat ion Ls caused 
by t h e  s c a t t e r i n g  of' t h e  h igher  energy gammas wlnich arc present, 711 t h e  
gudol in im-153,  o r  t h e  e x c i t a t i o n  gf x-rays i n  t h e  source ~ h i e l l d  32' 

co l l ima to r .  

A p r o m e t h i ~ u n - l 4 7 / a l u ~ i n ~  bremsstrahlung source cc~ntaj.n'~ng 540 m C i  and 
emi t t i ng  oc ly  a small mount  of  h igh  energy photions was piaced fn a t m  
s h i e l d  t o  remove i n t e r f e r i n g  x rays, The x r ays  from t i n  a r e  ,zbove o r  
below t h e  L x-ray energ ies  of Lead and do not  i n fe r r e re  with the de te r -  
minat ion,  S o l u t i m s  con+ai.ning 1 t o  100 ppm l e a d  were a n a l y z e l ,  The 
Lead L x-ray pepks could be de t ec t ed  i n .  s q l u t i o n s  o n l y  as l o w  as 25 p p  
of l ead .  Fu r the r  developmeat should be rl9ne t o  improve +he s e n s f t ? v i f y  
and t o  sho r t en  t h e  trme of measurement, 
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C Kadi a t i  on Process i na ( h o t  Suppor t ed  by 08 Program; 1,'FO Account) 

1 ,  R a d i o l y t i c  O x i d a t i o n  o f  Dye Waste S o l u t i o n  

Poll .ution of r i v e r s  by dye was-Le e f f l u e n t  .from 
t e x t i l e  mills and dye chemical manufacturers i s  a 
se r ious  problem. Pas-c experimental work has shown 
t h a t  r a d i o l y t i c  ox ida t ion  of t h e  waste dye s o l u t i o n  
may be e. p r a c t i c a l  method of des t roying  c e r t a i n  dyes 
and chemicals ~ The purpose of this inves t iga , t ion  i s  
t o  s tudy anci develop a method of r a d i o l y t i c  ox ida t ion .  
The me.ihod. developed n u s t  be econornlcstl.ly f e a s i b l e .  
A cobalt--SC gamma ra ,d ia t ion  source i s  bei.iig used t o  
i i - r ad ia t e  s\mples under a In igh. pressu-e oxygen atrmsphere . 
Tile s o l u t i o n s  i-nc.l.ude both ind iv idua l  dyes and mixtures  
of dyes.  This work i s  being supported by t h e  American 
Assoc ia t ion  o f  T e x t i l e  Chemists and C o l o r i s t s  (AATCC) 
and t h e  Environmental. P r o t e c t i o n  Agency. 

The work t o  da-Le has been c a r r i e d  out u s ing  random samples t o  observe gross 
e f f e c t s  over a l a r g e  c ross  s e c t i o n  of  e f f l u e n t  sampl.es, T%le ciirsent work 
i s  being systematized t o  s tudy individual.  dye structu-res as represented  by 
s tandard  t e s t  dye s o l u t i o n s  developed. f o r  t h e  AATCC e f f l u e n t  s t u d i e s ,  By 
s o  doing, t h e  various e f f l u e n t  t rea tment  methods under. s tudy ,  such as coagula- 
t i o n :  charcoal  adso rp t ion ,  and t r i c k l t n g  filter, can be r e l a t e d  t o  each 
o t h e r .  The s tandard  dye s o l u t i o n s  w i l l  be t r e a t e d  wj. th  gamma r a d i a t i o n  
iunder ox id i z ing  cond.it ions t o  ob ta in  optimum r a d i a t i o n  dose f o r  COD and 
c o l o r  iaemoval. 

We a r e  a l s o  i n v e s t i g a t i n g  methods t o  reduce t h e  quan t i ty  of r a d i a t i o n  
r equ i r ed  t o  produce the d e s i r e d  deco lo r i za t ion  i n  dye e f f l u e n t s .  Sfnce 
over 99% of t h e  weight of t h e  e f f l u e n t  stream is wa te r ,  it i s  d e s i r a b l e  
t o  reduce t h e  radi.ati.on dose t o  t h e  aqueous component and concent ra te  t h e  
radiati.oi1 dose i n  t h e  organic  f r a c t i o n  t o  be oxid ized ,  By placLng char- 
coa l  i n  t h e  f r r a d i a t i o n  v e s s e l  the chai-coal a.dsorbab1e f r a c t i o n  can be 
removed from t h e  e f f l u e n t  stream and r e t a i n e d  on -the charzoa l .  Thus, i t  
i s  possible t o  i nc rease  t h e  res idence  time of t h e  organic  f r a c t i o n  in t h e  
i r r a d i a t i o n  v e s s e l ,  F'Low rates can. be  ad jus ted  t o  a maximutri wi th  r e spec t  
t o  removal 3f t h e  organic  by t h e  cha rcaa l ,  and t h e  r a d i a t i o n  rate can be 
adQusted  to provid? f o r  cons tan t  regenera t ion  a f  t h e  charcoa l  by dc-grada- 
tion c ~ f  t h e  adsorbed o rgan ic s .  

' i ' ab l e  8 shows t h e  r e s u l t s  of experiments to  determine t h e  e f f e c t  of g m E a  
r a d i a t i o n  induced sxidat icm on t h e  regenera t ion  of charcoal  used to  adsorb 
dye from aqueous so lu t ion .  
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Table 8.  Capacity of Charcoal f o r  Benzyl Cyanine 6’3” 
Under Conditions of‘ I r r a d i a t i o n  arid 0, a t  1500 p s i  

Un i rr adL a t  ed 106 ~ / h r  
Atmospheri c Pressu re  1500-psf O q g e n  

0.5 2-7 Flow ra te  ( i i t e r s / h r )  

Volume t o  breakthrough ( l i t e r s )  14 b 
Crams of  charcoa l  

COD f eed  ( % / l i t e r )  

COD coiored  e f f l u e n t  

Transmission 550 p ( $ 1  
Peed 
Af te r  1 3  l i t e r s  
Af t e r  1.4 l i t e r s  
A f t e r  i 0 5  l i t e r s  

150 

59 
6 

25 
>95 
68C 

1-50 

59 
19 

a Prepared i n  aqueous s o l u t i o n  t o  a concen t r a t ion  as used fn eomerc ia l .  
dyeing ope ra t ions .  
brio breakthrough at 105 l i t e r s  ; experiment d i scont inued  withcut  evidence 
of breakthrough of t h e  dye in feed  s o l u t i o n .  
CEnd p o i n t  f o r  adsorp t ion  of dye by 150 g charcoa l .  
dWhen flow r a t e  w a s  decreased t o  2 . 5  l i t e r s / h r ,  transmissi-on increased  t o  
>95% 0 

0. Radioisotope S a f e t y  

1 Sources I n v o l v e d  i n  a Fire 

Three sou rces ,  each containing l Ci of cesiim-137, which ‘nad been involved 
i n  an i n d u s t r i a l  f i r e  i n  New J e r s e y  were examined f o r  evidence of l eakage .  
Tne sources ,  which were doubly encapsulated in type  347 s t a i n l e s s  s t e e l ,  
had wall  th icknesses  of 81 and 62 m i l s ,  r e s p e c t i v e l y ,  f a r  t h e  inner  and 
o u t e r  capsules .  The su r faces  of t h e  capsules  w e r e  cons iderably  discolored 
by t h e  hea t  of t h e  f i r e ,  bu t  t h e  amount Gf ox ida t ion  w a s  considered minor. 
Smear tests of t h e  su r faces  o f  both t h e  o u t e r  and inne r  capsules  showed 
t h e s e  su r faces  t o  be f r ee  of t r a n s f e r a b l e  contamination, slnd no l eaks  were 
found i n  e i t h e r  t h e  inner  o r  ou te r  capsules  by use  of t h e  v ~ c u u n  l e a k  test. 

2, SDurce C las s i f i ca t ion  T e s t i n g  

A doubly encapsulated californium-252 neut ron  source ,  f ab r t eaced  a t  t h e  
ORIVL-TRU f a c i l i t y ,  w a s  c l a s s iYted  according t o  t h e  OR!YL C l a s s i f i c a t i o n  
SystemO8 The source w a s  doubly encapsulated i n  type  304L s t a i n l e s s  s t e e l .  
S ince  t h e  inne r  capsule  o f  this source w a s  a l s o  intended fo r  use its a 

%. G.. Miemeyer, S o u r c ~  AppZication Guide based ox t h e  OlML Sowee Capst/%e 
C h 9 s i f i c a t i o n  Sys tern, 0Rl!JLp44V, 01k Ridge Nat iona l  Labcn-atory ( J u l y  1969 



s i n g l y  encapsulated source , i t  w a s  a l s o  c l a s s i f i e d .  The inne r  capsule  was 
approximately l.25 i n .  long by 0 . 5  i n .  d i -me te r .  Both capsules  had wa1.1. 
thicknesses  o f  50 m i l s .  

The ini-t ia.1 t e s t s  , designed t o  d e t e r n i n e  t h e  l imi- t ing  classifi .ca-Lion of 
t h e  source ,  were performed on s i n g l y  encapsulated pro to types .  
i n i t i a l  t e s t s  were made utider t h e  assumption t h a t  t he  s i n g l y  encapsulated 
soiirce might mee-L t h e  requirements foy t h e  most d i f f  icu3.t category 
(Class IV--01 .  ne source passed t h e  Class II terfipera,ture requirements f o r  
maximum tempel-akure, ope ra t ing  temperature ,  and thermal  shock I t  passed 
t h e  Class IV struct1ural  t es t s  f o r  puncture  r e s i s t a n c e ,  c rush iag  f o r c e ,  
mid impact f o r c e ,  but  failed t o  pass  t h e  Class ZV t e s t  for shear  s t r e n g t h .  
The i-emai-ning t e s t s  of l h e  s i n g l y  encapsulated source showed t h a t  it passed 
t h e  Clsss LII t e a t s  f o r  e x t e r n a l  pressure and shear  s t r e n g t h .  ':Che inner  
source t h e r e f o r e  meets t h e  t e s t  requiremen-'is f o r  temperature  Class D and 
s t ruc tu ra l -  Class 111: , i n d i c a t i n g  a very high r a t i n g  f o r  containrnent i n t e g r i t y .  

These 

The doubly encapsulated source passed the t e s t  requirements f o r  Class I V - D ,  
which i s  t h e  h ighes t  i n t eg , r i t y  r a t i n g  i n  t h e  O W L  Scurce Capsule Cl-assifi- 
cRtion Sys-tem. 

3 ,  'Tritium Foi l s  

A s tudy Lo determine tritium losses from f o i l s  used i n  c e r t a i n  types  of 
gas chromatograph d e t e c t o r s  under var ious  condi t ions  of use  i s  rin progress, 
'The t r i t i u m  i n  t h e s e  f o i l s  i s  iii  t h e  form of t i t an ium t r i t i d e  on a s t a i n -  
l e s s  s t e e l  backing. Tests are being made t o  determine t h e  e f f e c t s  of 
t e q e r n t u r e ,  hea t ing  r a t e ,  gas flow r a t e ,  types  of gas, f o i l  c leaning  
procedures ,  and t i m e  an the  tritium losses. 
c e n t r a t i o n s  of 250, 500, and 1000 mCi/in.2 were ob.tained f o r  t e s t i n g .  

F o i l s  having t r i t i u m  con- 

The 250--mCi/in. f o i l s  were manufactured different2.y from t h e  o ther  f o i l s  
i n  t h a t  t h e  tritium was absorbed from 8, gas mixture  conta in ing  approxi- 
niately 75% deuterium and 25% tritium; whereas,  f o r  t h e  500.- and 3-000- 
mCi/in. foils, t h e  t y i t i u m  was absorbed from a pure t r i t i u m  atmosphere- 
I n  order  t h a t  t h e  results of tile varj.ous t e s t s  would be  comparable, a 
n e w  foi.1 was used f o r  each t e s t .  T r i t i w n  l o s s e s  were obta ined  by using 
b e t s  l i q u i d  s c i n t i l l a t i o n  counting of samples taken  wi th  a tritium 
recovery t r a i n  . 
The average tritium l o s s  rates of new f o i l s  f o r  ope ra t ing  t-lmzs of 1, 2, 
and 3 h r  a t  150°C i n  flowing argon were obtained f o r  each type  of foil 
by measuring t h e  t o t a l  t r i t i u m  l o s s  dur ing  each of t h e  th ree  l -hr  ope ra t ing  
perlods. The 9 8 - 9 9  l o s t  w a s  as t r i t l u m  oxide .  

As can b e  seen  i n  F ig .  4 "ciie i n i t i a l  average losses  from a new foil a r e  
r e l a t i v e l y  high when compare4 wi th  t h e  average l o s s e s  f o r  t h e  3-hr per iod .  
The shapes of t h e  ciirves i n d i c a t e  t h a t  a f t e r  approximately 6 t o  8 h r  Qf 
opera t ion  under t h e  t e s t  condi t ions  the loss r a t e s  w i l l  l e v e l  of f  con- 
s jde rab ly  and remain nea r ly  cons tan t  at va lues  which are h0-60% lower 
than  t h o s e  obta ined  during t h e  f i r s t  hour of ope ra t ion .  
a r e  planned t o  detcrmii-ie l o s s e s  over a longer per iod  o f  t i m e  a t  the 

Addi t iona l  t e s t s  
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Fig. 5 .  Tr i t ium Loss as a Function of  
Temperature i n  Argon. 

recommended maximum use  temperature  of  t h e s e  foils, approximately 200OC. 
Ttie d a t a  given i n  Fig. 4 r ep resen t  the most s e r i o u s  average losses ex- 
pec ted  from t h e  f o i l s  under t h e  t e s t  cond i t ions .  

Note t h a t  f o r  i nc reas ing  tritium concent ra t ion  of t h e  f o i l s  manufactured 
from pure tritium ( S O 0  arid 1000 mCi / in .2) ,  t r i t i u m  l o s s e s  decyease. This 
r e l a t i o n s h i p  w a s  previously observed when tritiim; t a r g e t  f c i l s  were being 
eva lua ted .  The lo s s  r a t e s  from t h e  250-mCilin. f o i l s  were unexpectedly 
low, probably due t o  some e f f e c t  r e l a t e d  t o  t h e  deuterium content  of t'ne 
absorbed gas e 

In another  s e r i e s  of t e s t s ,  tritium l o s s e s  from t h e  foils were measured 
for a l -h r  pe r iod  i n  flowing argon as a func t ion  of' temperature  over 
t h e  range of 125 t o  275OC. A new f o i l  was used f o r  each temperati ire.  
The r e s u l t s  of' these t e s t s  are shown i n  F ig .  5 .  The l o s s e s  increased  
s 1-owly wi th  temperature  t o  a breakpoint  above which t h e  losses increased 
at  a much higher  ra te .  The breakpoin ts  f o r  the  Z50-, 500-, and 1000- 
mCi/in.  f o i l s  are approximately 225, 175, and 195>"C, r e s p e c t i v e l y .  T'ne 

9A. F' - Rupp , Radioisotope Program (80001 Progress Repork fop March 19 70 ,  
OHNL-TM-2910, Oak Ridge Nat iona l  Laboratory.  
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conmlents i n  t h e  previous paragraph concerning tritium l o s s e s  w i t h  r e spec t  
t o  deutwium content  of t'ne absorbed gas o r  the a c t i v i t y  concent ra t ion  
of t h e  f o i l s  apply t o  t h e  ternpel-atiire t e s t s  a l s o .  

TECHNOLOGY UTILIZATION - 08-01-05 

A. Inforl\lation Center 

I n  March, 122 r eques t s  f o r  information were f i l l e d  wi th  the d-ispatch of 
220 documents or notes  -175 were documents ali-eady prepared a t  I I C .  Eight  
sales 1-etters wei-e t r a n s l a t e d ,  and a thousand pages of a Russian t r a n s l a t i o n  
were e d i t e d  for NASA under a s p e c i a l  interagency arrangement. 

I n  order  to reduce t h e  c o s t s  of p lac ing  the  f i r s t  10  thousand access ions  
on coiiiputer, t h e  IIC has taken over t h e  ,job of p u t t i n g  t h e s e  cards on 
t a p e .  Approximate1.y 75% are i n  var ious  s t ages  of compleLion a t  ORGDP 
Computer Technology Center 
t h e  I so topes  Information Center ,  

and the remainder are being completed a t  

A l i s t  of reviews .in progress i s  shown below. 

Author( a )  

Iodinr-125 P. S. Baker an& Martha Gerrard 

Patent  L i t e r a t u r e  on Process Radiation and R. E. Greene, Helen S. Warren, 
I r r a d i a t o r  Design. Par t  1. U. S. Fatenta  and P.  S .  Baker 

POtRtO Sprout 1z::ibition by Radiation. Par t  2 F. E. McKinney 

Selected Abstracts of World L i t e r a t u r e  on Martha Gerrerd and P. S. Bakes 
Proauction and I n d u s t r i a l  Uses of Radioisatoges, 
Part 4 
Self-Diffusion i n  Liquids F. J .  Miller 

Strontium-90 Roberta Shor, R. H. Laffer ty ,  Jr. 

Technetim-9%: 'Preparation and Uses Martha Gerrard and P. S. Baker 

Radioisotopes i n  t h e  T e x t i l e  Industry F. J. Miller  

Grain Dis infes ta t ion  - A  Worldwide Review F. E. McKinney 

Piesowing I r r a d i a t i o n  of Seed 

Ivdine-331 Production Methods 

Radioelectrochemiistry Helen P. Ream 

1950 mough 1968 

m a  P. S. Baker 

Russian book t r a n s l a t e d  and 
ed i ted  by Martha Cerrwd 
French r e p o r t  being t r a n s l a t e d  
by Martha Gerrard 

status ( 5  Complete) 

30 
Draft apgroved by D I D ;  
publ ica t ion  prepnxatian 
In progress  

50 

A t  
reproduction 

75 
A t  

65 

90 
20 

reproduction 

Final typing being 
proofed 

References being 
checked 

1st d r a f t  ~ ' 7 5  

B .  Isotopes and R a d i a t i o n  Technology 

1so-tope.s and Radiation XechnoZogy 8 ( 3 )  page proof w a s  checked, proofing 
of ga l l eys  f o r  8(4) was s t a r t e d ,  w r i t i n g  and e d i t i n g  of maiiuscript f o r  
9(1) w a s  cont inued,  and pre1iminai.y o u t l i n e  f o r  9( 2 )  w a s  made. 

C ,  Pub1 i c a t i o n s  

H;.! en P .  Kaaen, P .  S .  Baker, Robert 11. L a f f e r t y ,  Jr. Ann S .  Kle in ,  and 
Linda P. Eelton ( E d i t o m )  ~ Permuted &sotopes and Hadiation YechnoZogy Indexes 
(PIRY' i ) ,  2962-2969, ORNL-IIC-3l~ Vole 1-7 (March 1971). 
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RADIOISOTOPE SALES 

h r eques t  f o r  quo ta t ion  was rece ived  f o r m  Aero,jet Buclear Systems Company 
for up to e i g h t  s t ront iuq-90  sources  conta in ing  a t o t a l  o f  approximately 
62,000 C j  a 

for approxirnatcLy 300,000 Ci of strontium-90 I 

was rece ived  from h e r s h a m  S e a r l e  Corporation far up t o  10,000 C i  of 
eesi~un-137 as ~ u l k  C s C l ,  An order  was rece ived  Prom Fadiim. C h m i e ,  
Swi tzer land ,  f o r  30,000 Ci of tritium, 

A r eques t  fo r  quo ta t ion  was r ece ived  irorn Teledyrie I s ~ t o p e s  
A reques t  f o r  quota t ion  

Shipments made dur ing  t h e  month inc lude  k,O00 C i  of' t r i t f u n  t o  ?Jew England 
Nuclear Corporat ion,  2,500 C i  of t r f t i w n  t o  P l y s i c s  1nternktiona.L Ccrporat ion,  
afld 2,530 C i  of t r i t i u m  t o  t h e  Universlty i i i '  Ca lLforn ia ,  Los  Almnos ,  Other 
shipments inc lude  238.87 C i  of xenon-133, L1.,361 Ci of tritium, 150 C i  of 
krypton-8.5, 2'00 mCi of promethium-lk7 as i6 ceramic pellets, l j i  mCi of 
gadolinium-l53 as e i g h t  ceramic pellets 359 Ci of' t r i  t1"ura-hzl im mixt,uxe, 
30 Ci of %1.02$ enr iched  kqypton-85, and 3 Ci of 1_8-64$ enriched krypton-85. 

The r ad io i so topes  sales proceeds and shipments for the f i r s t  cjlght xonths 
of FY 1970 and FY lg"71 are given i n  Table 9 .  

Table 9. Radioisotope Sales and Shipments 

It ern 7-1-59 thru j'-1-70 thru 
2-28-70 2- 2 8-71 

Inventory i t e m s  
Major products  
Rad i u i 5 o t ope s er v i c e s 
Cyclotron i r r a d i a t i o n s  
Miscellaneous processed materials 
Packing and sh ipping  

To ta l  Radioisotopes Sa le s  Proceeds 

Number of Radioisotope Shi.pments 

$411,311 
'72,537 

153,163 
94,512 
5'7,9ii4 
148 960 

$830,434 

.-,- 

1,665 2,103 

V i s i t o r s  t o  t h e  IDC and 1;ravel by J D C  personnel  are given i n  Tables l 0  
and Il. 

Table 10 .  V i s i t o r s  to I D C  

A f f i l i a t i o n  Purpsse ai? V i s i t  

Aero-Space Laboratori  2s 
Kiiclear S t r u c t u r e  Group 
Wright-Patterson AFB 
Dayton Ohio 

Discuss bisnuth-X)6 pa,peP, conduct 
""C( r! ,p 1 4QK experimenk 
b i  smuth-20 5 da t4 a 

and analyze 



Table 1 0 .  Coniiilued 

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

Vanderbi.lt Universi  t y  Discuss UNJSOR on-l ine mass spectjrometer , 
Nashville, Tennessee europiurn-148 pape r ,  gadolinium-151 paper ,  

and bismuth-205 paper ; conduct europium- 
149 experiment 

Furman Univers i ty  
Grs:eiiviI.l.e, South Carol ina 

.\na~.yze gallium-6'-( experimental  data. 

Isotope Products 
Burbenk, California 

Discuss a v a i l a b i l i t y  of  I I C  r e p o r t s  

A.EC--CT PE Discu.ss ope ra t ion  o f  IZC 

ANS, Standards Group Study ope ra t ion  of LIC 

X r e c t o r  of Information Tour I so topes  Information Center 
Centers and Research 
L i b r a r i e s ,  Pentagon, and 
iiie c iv i l - ian  c o u n t e q s r t  

Table 11. Travel  by I D C  Personnel 

S i t e  V i s i t ed  Purpose 

Wrightsvil-le Beach, N .  C .  To p a r t i c i p a t e  i n  RIST experiment 

Lawrence Radiat ion Laboratory To discuss f a b r i c a t i o n  problems 

A t l a n t a ,  Georgia 

Washington, D. C .  

Washington, D. C . 

Los Angeles 

Presen t  paper a t  AATCC Symposium on 
tiie T e x t i l e  Indus t ry  and t h e  
Environment 

Program d i scuss ions  wi th  AEC 
Div is ion  of Research 

Bri .efing s e s s i o n  f o r  Navy personnel  
on strontium-90 hea t  sources  

Present  paper a t  161st Na-tional ACS 
meeting 
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