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Neutron  lux E f f e c t i v e  cross 
Pos l t ion ,  OR13 Tlierrnal Fast Rea c t i.on see-Lion, rnb 

I so tope  2.2 x lo= 4.4 x lo1" =s(11,p)=P 9.2 
3 3 ~  (n ,  p)  3 3 ~  1.1. . =, s t r i n g e r  80. 1. 2.2 1-~1" 4.4 10~..3 

1.3.2 

10.2 

Copper -67 

Copper-67 (6.1 h ) ,  useful. i n  medicine and metal lurgy,  was produced by ir.- 
r a d i a t i n g  -r26 mg o f  92.376 "7Zn f o r  seven weeks j.n 8, partial. l'uc.1. eleirient 
i n  t h e  OKR. 
i s  !+.7 M e V . '  
Rio-Rad.  1, X-1.0, anion-exchange co1.wnn eqixilibrated w l t h  5 M_ X I . ;  5 .I-/ mc 
o t  c a r r i e r - f r e e  6 7 ~ u  w a s  ob ta ined  by c iu t io r i  wi.t?i 2.5 M H C ~ .  Low-energy 
gamma ra.d.i.ation ranging  from O.O9l. t o  0.184 Mev associated w i t h  the beta, 
d-ecay o t  " 7 ~ u  can be reacli ly s\ii.el.cieci and co~.~.j.ma.tec~ for tiand.lirig and 
count  Tng . 

The e f f e c t i v e  th re sho ld  energy f o r  the 67Zn(n,p)"7C~~. re2cbion 
R so l i l t ion  of' tile zinc t a r g e t  i n  5 M I E 1  wa,:; placed on 2, - 

- 

Phos pl10r-us -33 

S p e c i f i c  uses for 33P incI-1nd.e autora.diography, studj-es of reco.i.1. energy, 
syn thes i s  of complex organophosyho-r-us compounds, and cloiible labeling of' 
ptiospliorus in comp1.e~ molecules . i n  comparison to ' ' 3 2 ~ ,  3 3 ~  inas a longer  
h a l f - l i f e  (25 d ads compared tc! 14.3 d )  and a lower maximum b e t a  energy 
(0.25 Mcv as cornpared. t n  1. 'I Mev) . IIighkjr curi.ched 33S or " C:l. n1uus.t; b e  
used. t o  produce m i l l i c u r i e  quanbities of 33P hy t h e  336(n,.p)3"P o r  
36~.1( ~ , c x ) ~ " P  r eac t ion ,  s i n c e  3 2 ~  from tiie associatec:i 3 2 ~ ( n , p ) 3 2 ~ 3  or 
35~1-( n,a) '-?I> r e a c t i o n  i s  a~.so p r e s e n t .  ~ 1 . e  cf rec t ive  c . ~ o s s  s e c t i o n s  of 
t h e  f o u r  r e a c t i o n s  i n  opti.i?iun p o s i t i o n s  of the OER and tiie neutron f'l..u 
are given i n  Ta'u1.e 3.. 

.-2 6 

Table 1. E f f e c t i v e  cross s e c t i o n s  
f o r  o p t i n m  r e a c t o r  p o s i t i o n s  i.n the OHR 
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Rubidium-8iL (33 ( I ) ,  one of the more widely usec i so topes  a$ an i n d i c a t o r  
05' a dynamic system, i s  ippor t an t  i n  h e a r t  s t u d i e s .  This i so tope  i s  usu- 
al l y  produced by tihe 84Kr(p,n)84Kb reaction, but  contaminatiny 83Rb (83 d )  
produced by t h c  84Kr( ~ , 2 ' n ) ~ ~ R b  and 83Kr( ~ , n ) ~ ~ R b  reactions i s  a l s o  p re sen t .  

The i'JtLctoi- product ion y i r l d s  oI" 84Rb uy t h e  84Sr(n,p)84Rb r e a c t i o n  i n  an 
ORR p a r t i a l  Tuel c leqen t  using botn na iu ra l  and enr iched  8%r t a r g e t s  a r e  
given i n  Table 2. 

l 'a-~le 2. Reactor product ion ol' rubidium-8Ll- 

Target  
I r r a d i a t i o n  Yield, 

t i - m e ,  day me 

49 2.05 

371 mg n a t u r a l  S r C O 3  49 0.103 

.._._. 

The eft 'eciive t i i reshold cnert;y f o r  i h i s  r e a c t i o n  i s  6 . 1  M ~ v . ~  
Free 84Rb was recovere3 by placii ie a n e u t r a l  s o l u t i o n  of' Lhe t a r g e t  on 
I, Duol i te  CS-1-01 cation-exchange c o l u ~ ~ n  i n  the amontu-4 i'0i.m and e l u t i n c  
w i t h  0.15 M NI1&." 
of ilztectioul, 4 . 5  pc of 8 5 ~ r ) .  

Car r i e r -  

No "'Sr coiild be dciec ted  i n  t h e  84R0 product (limit 

From t h e  e x t r a p o l a t i o n  of t 3 e  r e s u l t s  i n  Table 2, y i e l d s  f o r  t h e  enr iched  
and n a t u r a l  t a r g e t s  a r e  12 and 8.11- me, r e spec t ive ly ,  of  84Rb per  JOO my 
o f  enriched 845-v under i d e n t i c a l  i r r ad ia t  ion condi t i o n s .  

&7a& 

The r e a c t o r  y i e l d s  o? 54bh, ?reduced by t h e  54Fe(n,p)3"l%? ih re sho ld  reac-  
t i o n ,  Tor var ious  posi'cions of  t h e  OEiR and LITR a r e  given i.n Tablc 3. 

Table 3. Manganese -5'1 r e a c t o r  y i e l d s x  

Fk la t ive  fas t  Tkermal l u x ,  Yield 54Mn per  
Posit ion  neutron f l u x  n/cm.'. s e e  100 ms Fc ,  p c  

ORK - 
I so tope  stririggzr No. 2 1 . o ~  11 -8 1014 4?0 
TP s t r i n g e r  i n t  e i-me d i  a t  e 2.1 x lo1" 780 

P a r t i  a , l  Fue l  element high 3.2 loL4 1500 

Parti a-1 fuel e lecen t  Very ]OW ?.It 1013 80 

Hydraulic tubc No. 1 i n  t e m e  d i  a t e 2.6 l o x 4  960 

LiTR 
I__ 

*Yield d a t a  normalized t o  539-lir i r r a d i a t i o n  t h e .  
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Tile effective thresbo1.d energjr (E , f f )  f'or this r e a c t i o n  i s  r epor t ed  as 
11.. 3 ~ e v "  an t  5.1. ~ e v .  
f o r  t h i s  r.e.-i.eti.on ranges from &I to 76 m b .  

6-12 t o  pu?,lisheci data, t he  c ross  s e c t i o n  

Ca,rr icr-free 54P4n wis sepa ra t ed  from the i r o n  .i;sir,get~ by pass ing  a l22 M_ 
H C I  solu.t;ion or" -the targeL thi-ou.gh a Dowex-1, X - 1 0 ,  anion-exchaiige co3.umn 
anti e l u t i n g  the mangraese w i t h  8 M - X.L. 

Keactor Neut;ron C ~ O S S  Sec t ions  f o r  ( n , y >  React ions 

The reactor neutron c ross  sect ion.  f'or t h e  product ion of  
10"Cd(n, y)lo3Cd r e a c t i o n  i s  0.22 .t 0.03 barn  (confidence l i m i t ,  '35%). 
c ross  sect i .nn was determked.  from two irx.adia-l;ions of envieheti losCd. and 
f v o m  tlirree i r r a d i a t i o n s  0-i" natural .  si.~.ver. ~ i z e  ' - O 7 ~ g  was conver-ked to 
lo9Cd by the  lo7Ag( n, y)7.08ApL>10"Cd( ., n, y)lo"Cd reaction. I n  addj.tion 
LO the r e a c t o r  nzutr-on cross s e c t i o n  For t h e  lo8cd( n, 7 )  '.03cci r eac t ion ,  
t h e  r e a c t o r  cross s e c t i o n s  for t h e  ~oll.otsing r eac t ions ,  c a l c u l a t e d  from 
t h e  da'ca ohtai.ned i n  t h e  s i l v e r  irratl:i.ations, a r e  gi.ven in Table 14. 

13 

r l  by the l0Sc 

The 

Table 4. Compari-son of r e a c t o r  and l i t e r a t u r e  cross sections 

*No d a t a  available. 

Cyclotron -Produced I so topes  

N i  cke 1-57 

The t w o  r e a d i l y  a v a i l a b l e  nickel r-ad.i.olsotopes (8  x 104-y "'Psi and 92-y 
'"Ni), wi-iicli decay ISY e l e c t r o n  capture and w c c ~  b e t a  emission, p re sen t  
formidable p r o - b  lems j.n a,nal.ys i s  as w e l l  as inconvenient; hal f  - l ives  . 
~ i c k e i - 6 6  (5' 1.1) can be produced. i n  t h e  r e a c t o r  by t h e  "4Ni(n,y)""Ni(n,r)6"Mi 
r e a c t i o n ;  however, c a l c u l a t i o n s  show Lhat for a 58-sng i s o t o p i c a l l y  enr iched  
"4Ni  t a r g e t  
Or̂  the t w o  remaining useable n i c k e l  i so topes ,  6.4-d "'Ni i.s produced by 

on1.y 300 pc may be made f'rom a week's i r r a d i a t i o n  i n  t h e  ORR. 



tile 5 4 F e ( ~ , ~ n ) 5 c % j  r c a c t i o n  and 56-h " 7 N i  by the  58Ni(p,pn)"7Ni and t h e  
58~i( p, 2n) "7~u- decay r- >J 'N i  r e a c t i o n s .  

Nickel-57 was produced by i r r a , d i a t i n g  0.OO'r-in. h i &  puri-ty normal. nickel. 
foil i n  t h e  window t a r g e t  f a c i l i t y  of t he  OIWL 86-Inch Cyclotron r k t h  an 
80-90 pa, 2j-Mev pro ton  beam. After i r r a d i a t i o n ,  t h e  ni.cke1 f o i l  was d i s -  
solved i.n concedkrated. HCL and passed through a Bio-Rad AG-1. j.on-excha,nge 
col.ixnn which eL'Yective1y rerloveii manganese, cabal-t, and copper. li'he y i c l d  
of  f o r  a, 0.306-g n i c k e l  targe'c was 9 .7  mc/hr with a s p e c i f i c  a c t i v i t y -  
o r  31.~7 mc/g. 

Cobali; -57 

Cobalt -57 (267 d )  w a s  fo-med i.n t h e  above t a r g e t  by the %i.( p, pn) "7Ni---., 
c > 5 7 c ~ ,  s8rii( p, 2n) 5 7 c ~  M > s 7 N i . L > i p 7 C o ,  53Ni(p,2g)57Co, and '*Ni( p,ix) 
57C0 r e a c t i o n s .  

+ 
The  amount of  "7C0 ob ta ined  w a s  148 yc/hr  which i s  iii. 

f a i r  a,,greement wi.th a previous r a t e  of  -500 pc/hr s ince  t h e  t a r g e t  f o i l s  
were wrapped i n  0.002-i.n. al-umimm foi1.s which degraded t h e  b c m  e r i e~~g l - .  

Lithium meta l  w a s  i r r a d i a t e d  I"or 3.25 h r  wi~th a 210-pa beam of 17(.7-Mev 
pro'Lons t o  prod-lice a. 7Be y i e l d  of  -36 rnc/hr by t h e  foll-owing procedure.  
A f t e r  t h e  s h o r t - l i v e d  isoLopes had decayed, t h e  target was disso lved  i n  
0.5 E €IC1 a, rd  -5 mg of i ron c a x r i e r  and TvH~OH were added t o  cop:recipi.tate 
7Be along wi th  Pe(OII)3. 
p r e c i p i t a t e  was c x t r a c t e d  t h r e e  t imes w i L h  b i s - (B-ch io~oe thy l . ) e the r  t o  
remove t h e  i r o n  c a r r i e r .  Af t e r  evapoi-ation oi' the  aqueous phase t o  j.n- 
c i p i e n t  dryness and t rea tment  w i t h  15 M_ FIJlO3 Lo des t roy  organic mat ter ,  
t h e  product was converted. t o  the ch lo r ide  wi th  1 2  M - I I C I .  

Y ti r iwn - 86 
A 1.00-rag sample of 97'.6:6 i s o t o p i c a l l y  enr iched  8 G S r  as SrC03 was i r r a d i a t e d  
f o r  6 hr by a 79-pa beam oi' 12-Mev protons t o  produ.ce aGY by the 
865r( p,n)86Y r e a c t i o n .  Af t e r  dissolu-Lion of the t a r g e t  and. iii.cke1. con- 
t a i n e r  i n  concentrated HC1,  radiocoI.l~oida1. s epa ra t ion  (wi th  t h e  i r o n  con- 
t e n t  of  t h e  n i c k e l  tube a c t i n g  as scavenger)  w a s  fol1.owed by e l u t i o n  ol' 
ytt2 ' i im while t h e  i r o n  was r e t a i n e d  on the ion-exchanEe column. The t'ol-- 
lowing yt- t r ium rad io i so topes  were observed. i n  t h e  product : 
'9, 0.96% "Y, a.nd a f r a c t i o n  of a percen.L o f  87Y. 

Afte r  t h r e e  s u c h  p r e c i p i t a t i o n s ,  t h e  Fe(OII)3 

65.0 rnc of  

A cooperat ive s tudy  o€ t h e  decay of  was 3Yaitiated w i t h  Prof. J. 11. 
Hamilton and his group a t  Vanderbi1.t Uni-v-ersity and N.  R .  Johnson, Chemistry 
Division, ORIUL, t o  c l a r i f y  t h e  proposed 8EY decay scheme'" wj. t 'n  r egard  t o  
i i i t e n s i t i e s  and. m u l t i  pnl.ariti.es o f  t h e  t r a n s i t i o n .  I n t e r n a l  and exttiriiai 
conversion measurements were made i r i  ail i.-ron- f ree  d.oiib1.e focus ing  spec- 
uorneter  a t  Vandxrbilt  and a Li th iurn-dr i f ted  germanium s o l i d  s t a t e  spec- 
trometer a t  OWL. Gamma spectroscopy measurements w t t h  N a I ( T 1 )  crys'ials 
were inade a t  both laboratories. 

,. . 
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Y t t r i w n  and i r o n  were separated.  on a Dor;j-ex-l, X-8, ion-exchange column; t h e  
irori was retained and y-ttriixfi passc?d. through. 
f i c a t i o n  with HNO3, H C I  was added -Lo C o r m  the cb1orid.e. The yri.eId. w a s  
8.4 mc/hr. 

After evapora t ion  arid p u r i -  

~t t r ium -8 8 

Y t t r i u m - 8 8  (108 d )  was prodijiceil by- a 2-hi- i.v?-a.d.iation of 2.4 g of’ SrCOz 
i n  a n i c k e l  caps i lk  by t h e  “”Sr(p, n)88Y r e a c t i o n ,  us ing  23-T”kv protons 
dpgraded with alumiriwn absorbers. Small quamt,i.ties of  s h o r t  -Lived “9 
and 37Y were also prorli~ced f rom the “%r and “Sr. presen t  i n  t h e  nat-ti.rnl. 
stront,i.um ta rge t  (%r := 82 5676) . The chemical seyaratton, i s o l a t i o n ,  and 
p r i f i c a t i o n  ocedures for 86Y were esseni;i.a.l.I.y iden t i ca l .  to t h o s e  used 
f o r  “9 and ’%. Analjrsis o f  the ““Y product  was based on t h e  0-bservatiori 
of  the 1.845-Me-v photo peak, using a 3 by 3 i n .  .CJaI(TI) c rys - t a l  y m a  
apL,~,trorneter.  m -  ,>- 

of -10-3$* 
The y i e l d  was 2 .j mc/hr w i t h .  no :radiocontaminants in excess  

PromeJc,hiim-14)+ 

Ca,rrier -€ree 144R11 (380 d) was produced by tile 144Nd( p, n) L44Pm r e a c t i o n  
usli.ng 1-00 ~ n g  of 97$ eiiriched 144Nd as the oxide. 
was used in .  the 1.0-hr i r r a d i a t i o n .  P?1.omethiimi-3.4li was sepa ra t ed  and 
pi_rrified by i on  exchange u.si.ng a B i o - h d  5oW eolwm and e l u t i n g  with 0.4. M - 
a-1 iyd~oxyisobutyr ic  acid. 

A beam current o f  84- pa 

A y i e l d  of  -10 mc/hr was obta ined .  

Optimum Ta,-r.ge t T h i  ckiiies ses  

I n  -the OIUTL, 86-Inch CycI.otron, where pro-tons of lrj’-23 Mev energy are avai.1.- 
able at  beam currents up to -3 ma,  t h e  thick t a r g e t  y i e l d  or^ a pa r t i cu la r .  
i so tope  wi.Kl- ‘increase with i nc reas ing  proton energy. This i nc rease  i s  du.e 
to t h e  Pact t h a , t  t h e  r e a c t i o n  cross s e c t i o n  does not  d-rop t o  zero afteil. 
peaking (but decreases t o  -lo$ of the peak val-ue wi th  an i.ncrea,se of  3-)+ 
~ e v  in proton  energy)  . 
or p e r  mL1.limpere hour r i s e s  w i t h  increased  energy - a t  l e a s t  to 23 MeV. 
For  (p ,n)  reacti .ons,  however, t h e r e  i s  an optirn~un energy at which the 
y i e l d  per. k i lowa t t  -hoi~.r s tar ts  to decrease, even though the yield p e r  
mil.l.i;zinpere hour- i s  s t i l l  r i s i n g .  Since the abi l . i ty  of t h e  t a r g e t  to 
withs tand  i.rradiatri.ons at, high be,in3. c u r r e n t s ,  the  t a r g e t  material  cos ts ,  
t he  speei.fic ac’iivity, and the  gene ra l  operati .on o f  ’Ghe cyc1.otron a r e  

 or (p,;‘n) reac.ti.ons, t h e  y i e ~ . d  per kilowatt-t iour 
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dependent on opt imizing t h c  t a r g e i  t h i c h i c s s  for. boih ( p , n )  and (pJ2n) 
reac Lions, a s tudy was undertaken t o  determine t h e  p e n e t r i b i l - i t y  of t h e  
beam i n t o  F l a i - p l a t e  t a r g e t s .  

Stacked- fo i l  t a r g e t s  Mere placed a-t 3.n i.nci.dent ang7-e o f  6" t o  t h e  d e f l e c t e d  
beam a t  a probe p o s i t i o n  i n  t h e  def lected-bezm pipc. A 0.3'(5-in. water-  
cooled, graphi'ie co l l ima to r  ( F i g .  I) was used t o  centel"  t h e  beam on -the 
s t ack  of  t e n  0.001 x 0.5 x 3.'Yj i n .  foils. The cen te r  5.0 i n .  of t h e  f o i l s  
was exposed t o  t h e  'seam (-0.2 IJa-hr) and then s e ' ~  asi?e u n t i l  the s h o r t -  
l i v e d  rad io iso topes  decayed t o  negl- igible  levels. To e l imina te  s c a t t e r i n g  
e f f e c t s ,  an a d d i t i o n a l  0.250 in .  was cut from each end of l;he 3.0 i~n. see-ti~ons. 

Anslyses were performed wi th  p r r u n a  spt-ctrorneierb u s i w  (1) a, 3.0 by 3.0 i n .  
NaT(T1)  c r y s t a l  with a 0.752 g:/crnP Luc i t e  zbsorber P n i i  ( 2 )  2 1.1, by 0.080 
i n .  Nal(T1) or 3.0 by 0.080 i n .  NaI(T1) crystal .  with bery l l ium windows. 
Data were co l l ec t ed  with 3 512 channel ana lyzer .  

l iesults o f  bile pene t r a t ion  stuiii.es zre shown 3.n T2,bl~e 5 .  
s t u d i e s ,  t h e  optimum th i ckness  (i .  e .  nininium th ickness  required to produce 
>95$ of t h e  d e s i r e d  a c t i v i t y  which would be produced i n  an i n f i n i t e l y  t h i c k  
t a r g e t )  appears t o  be -0.006 in. For  (pJpn), (2,2n), o r  ( p , j n )  r eac t ions ,  
the o p t i m m  th i ckness  f o r  t h e  r e a c t i o n s  stud-ies appears -Lo be 50.00j i n .  

For (p ,n )  r e a c t i o n s  

Tab1.e 5 .  Resu l t s  of 2j-Mev proton penct ra t ior i  s tud ie s  
..... ................ __ 

Product Detected Min thi-ckness 
React ion  h a l f - l i f e  phobon, Mev m i l s  --2 

............... 

" G P ' e  (p, rl) "6Co 

5Rr7e (p  ,3n)  "CO 
: F ~ ( D , ~ ~ ) ~ ~ c o  

5"~i ( p , ~ n ) ~ ~ ~ i  
58Ni (p  , 2n) 57Cu->S"Nj 

B+ 58Ni(p,2p)'7C~ 
5 8 ~ i  (p , pn) s7~~i->57~ o 
5B3Ni ( p,~n)"7Cu->57Ni->"7Co Pi 

5~ ( p , pn ) '%in 

6 5 ~ u  ( p , n ) 
l0%h( p ,pn) "'Rh 

Zn 

207Pb ( p,  n )  207Bi 
( p , ?n ) 2i)-/B. 

1.38 e. 0 45 

0.930 3.2 72 

0.122 2.5 5 7 

0.8110 2,o 37 
1.119 6.0 135 
0.475 2.5 77 
1.08 

20.2 kc+ 6.0 190 

88.0 kev -5.0 133 
0.556 2.5 136 
0.531 
1 - 7 7  3.5 100 

- ............. -- . I_L_ ____^.I- 

"22.5 kev reyortcd by independent anal-ysis group. 
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Fig .  I. Schematic Diagram of T e n  r3.OO!..-in. Foi.1- Strips in the 
86 -Inch 0.WL Cyclotron 
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____. Kadi o i s o t o y  . . . -. . GeneratoL-s- 

Short-Lived i so topes  c a n  be convenleni ly  obta ined  by sepsrs t io i l  horn a 
long-l ived parent  which i s  t ixed  i n  a mai r ix .  Usual ly ,  the parent  rad io-  
i so tope  i s  I s 0 1  a t e d  and adsorbed on an ion-exchange r e s i n ;   he car r ie r -Cree  
decay product (daughter )  i s  then  e ' i i ted :ram t h e  ion exchanger o r  "genera- 
tor" ior convenient use on l o c a t i o n .  

- Prena ra t ion  .. . . - of 2.8-h Strontiixo.-.8r(m .I.._I_._- Generator 

Htgh spec i f ' i c  a c t i v i t y  "7Y was produced by -the 87Sr(p,n)87Y reacti-on I'ronz 
130 mg 01' 95 .)-;$# enriched 87Sr as SrC03, which mini-mj~zed 88Y product ion 
(on ly  0.96 mc 88Y as compared t o  -19 mc: us ing  normal s t ron t ium) .  
chemical s epa ra t ion  of t h e  parent  a7Y, t h e  solu-ti-on (of' 8'7Y) was evaporated 
t o  inci.ni.ent dryness  and taken  up i.n 10-20 ml of 0.01. 
was then  i r>ansfer red  t o  2 Bio-Rad AG-1,  X-10, 100 to 200 rresh, ion-exchange 
c o l w m  (FTg. 2)  prev ious ly  equi l ibra , ted  wi th  0.01 M (NH4)zC03. 
vas ri-nsed with 25 p.1 of 0.01 M - (NH4)?C03; then  Lhe 2.8-h "7%r daughter 
w a s  e lu t ed ,  as needed, by pass ing  more 0 .01  (NI14);zC03 solu-Lion through 
-the column. The elu-Lion curve is  shown i n  F ig .  3. No radioconttl;rnj.nants 
were detected i n  t h e  8-r prepared by evaporatj-ng t h e  (IUH*)2C03 ( l i m i t  
oi' de tec t ion ,  5 x lo-' pc,  corresponding t,o 5 x 10--'$ with a 1 - 0 - m ~  
g:enerai;ors) . 

Afte r  

(NHd)zC03 which 

The column 

._._....... 331 ~ Genera-Lor ..._. (Model I )  

99 An asorrionical sol .ut ion of' reactor-produced Mo was evaporated t o  dryness  
and 0.01. M I ITC1 was added. The s o l u t i o n  was passed Lhrough ail HCZ.-acldified 
ion-zxchange c o l u r ~ i  of Alcoa al-imina., F-20, which adsor'ccd >99$ "9Mo. 
the col.mmn had been r in sed  wi'ili 30 m l  of methyl e t h y l  ketone 
e1u'icL.d wi th  20 ml. of methyl. e t h y l  ketone [ 5 vol $ 0.01 M - I X l j  and  both 
sol-utions were disca:cded. Af t e r  s u f f i c i e n t  9!?L7c had accumulatcd, t h e  
column was eluted w i t h  20 ml of methyl e t h y l  ketone ( 5  v o l  '$ 0.01 M - HCI.) 
which removed >'I55 or t h e  99r?Cc i n  -5 min. Generators charged. wj-th 5300 
mc 991~k (q00 me moI.ybdenuu) had <3 x lo-"'$ molybdenum as t h e  only r ad io -  

99M contamri.nant i n  t h e  Tc product and no alumina o r  o t h e r  s o l i d s .  

A f t e r  
99%c w a s  

Prepara.$;j.on of 6.0-h Tecnnctium-g%fl C z n e - a t q r _ ~ ? ~ ~ o d . ~ l .  11) 

A 0.01 M H C l  soluti-on oi' reactor-pmduced 99Mo was adsorbed onto a. Aio- 
Rad I I Z 0 ~ 1 ,  50 t o  100 mesh, inorganic  zxchamger and. >98$ 99"Tc wa,s e l u t e d  
wi th  20 i?:l oi' methy l  e-ihyl ketone conta in ing  5 ~ o l  $ 0.01. M I HCL. A dua l  
experiment us ing  -60 r x  of dd Mo f o r  ezch colurm demonstrated t h a t  t h e  
product from t h e  ;.ii-conia colurm was -10 t i m e s  purer t han  t h a t  us ing  the  
alumina colurnn; some 93bk I.eaked through t h e  al.umina coIl.umn. 

r r  

Prepara t ion  of  6 .0-h _... . .. .. . Techne t iun -9~n  Generator (Model IIz]- 

Fi s s ion  product 99Mo WRS used i n  t h e  Bio-Rad EIZO-l/methyl e t h y l  ketone 
sys'i.eiii. 'To prevent l a r g c  l o s s e s  oi' li: di.iring evaporat ion,  tiic ac id  
sol u t i o n  was i n i t i a l l y  made anmonical. AYter t h e  col.umn was chaj-ged and 
eluted, "03K~1 and 13'1 were de.'ii.cted i n  tile e l u a t e .  

m r n , ~ ,  

Ail i n e r t  d i l u e n t  
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(hexane) was added to the organic  so1.ven.t; and t h e  9"r'J~e was e x t r a c t e d  i.nto 
sepa ra t ion  f a c t o r  of -1.0". Cor$.- L die aqueous phase, achiil.vi.ng a 

par i sons  usi.ng 60 me each of fissj.on-prod-uct amj. (n ,  7 )  resctor-prod.uct "%I 

showed ric radiocon.taminer~ts i n  thci reactor-pr0duc.t  generator und i.n the 
f iss ion-prod-uct  generator a progressive deer-ease i.n the amount of '-311 
and. ' - o " K ~ ~  (1.513 pc 13'-X and- 40 i.ic ""Ru i.n t h e  f i rs t  milking) i n  t h e  F i r s t  
t h r e e  mi lk ings .  A f t e r  t h e  t h i r d  milking, t h e r e  were 110 detec tab le  radio- 
coni;aniinants ( l i m i t  of !jetecti.o,n, -lo-"$ OF y m ~ c )  . 

smnTII: - I 3 1 I 

T,zi?le 6. H a l f - l i f e  determination of cesiixrn-l37 - 
L i m i t  of e r r o r  fJl.uni, c r HaU - SLandarci 

Method of meas- l i r e ,  d e v i a t t o n  of at g?$ confidence 
fiimber in-emciits years the mean, years I i m i . i ; ,  years - 

1 6 30.55 k 1.55 -C 4.06 

2 3 29.73 i- 0.14 t- 0.64 

.3 20 30 9 72 i 0.12 2 0.25 

Dri. s t r i b u t  ton Coe €Fi c i e n  t s 

D i s t r i b u t i o n  coefTici.ents involve the extrac'r;i.on of a d.esi.red element and. 
t h e  non-ext rac t ion  of und.es3.red.  elements and enable t h e  predicti .on o f  sepa- 
r a t i o n ,  pixifi .cat?.on, and- ~econt,a~iiiria.t:icjn coef ' f ' ic ients  . In t h e  e x t r a c t i o n  
of  radioac-Live nuc l ides ,  t h e  d:i.strribu.tiori c o e f f i c i e n t ,  Kd, i.s def ined a s  : 

Radi.oisotope i r i  o rganic  phase , 

Rad.j.o%sotope i n  aqueous phase 
Kd = 



E x t r a c t i o n  ..... o€ Irori iorom H C l  Sol.ut,ions wi th  B i s - (  p - ch lo roe t&l )e the r  ---. 

To sepa ra t e  i r o n  from 7R,: which i s  eoprec i .p i ta ted  wi th  Fe(OIH)3, b i s - ( p -  
ciiloroetiiyl.)ether. w a s  used s ince  i t s  high dens i ty  (lower phzse) e n a b k s  
m u l t i p l e  c x t r a c t  i.ons us ing  t h e  same sepnrat,ory funnel .  F e r r i c  ch lo r id?  
sol-ut ions o€ 500, 1-00, 10, 1.0, 0.10, and 0.010 r g  i.n varying concentra-  
t i o n s  of  HCl were e x t r a c t e d  at 22OC w i t h  equal  volumes of b i s - ( f 3 - c h l o r o -  
ethyl.) e t h e r  
The a n a l y s i s  was made by cou.ni;?:-ng t h e  I- .  097-Mev and 1.289-Mev photo pealis 
u.si.ng a j by 3 i n .  N a I ( ' T 1 )  gamma spec t rometer .  The r e s u l t s  a r e  shown i n  
F ig .  4, where the d l s t r i b u t i o n  c o e f f i c i e n t  o-t' i r o n  iii b i s  -(p -chloroethyl) - 
e t h e r  i s  p l o t t e d  as a func t ion  of  t h e  concent ra t ion  of  i r o n  and t h e  con- 
c e n t r a t i o n  of HCIL. It i . ~  evtdent  from t hese  r e s u l t s  tha t  the distr-i.but,i.on 
coeCfici-ent ( f . e . ,  t he  e x t r a c t i o n  oi" i r o n  by t h e  or 
rrrjth am inc rease  in H C l  concent ra t ion  aiid a. decrease i n  i r o n  concent ra t ion .  

(previously e q u i l i b r a t e d  wi th  aci.d OP t h e  same concen-trabion) . 

n3.c TihaSe) inc reases  

E x t r a c t i o n  of indium from €IC1  Solut ioi ls  wi th  g-amyl and _n_-octyl Alcohol 

Approxir-ately 1 . 0  pc of 113"1n i.n 100 h or methyl e t h y l  kc-tone eontai.ni.ng 
t i .n  w a s  used t o  ob ta in  tile d i s t r i b u t i o n  coe3 ' l c i en t s .  To s imulate  

a cyc lo t ron  t a r g e t ,  34 mg of c a r r i e r  indium was a.ddcd. D i s t r i b u t i o n  d a t a  
were obta ined  by shaking 1.0 ml o€ t h e  organic  ex-Lractant ( ~ ~ - m y l  or 2-oc ty l  
al-coho].) w i t h  1.0 m l  of  t h e  aqueous s o l u t i o n  (2-10 M - HC1)  con.i;aining t h e  

I n  ac t lv i . ty .  Af t e r  the s o l u t i o n s  were shaken and. t h e  phases allowed 1.1- 3 m  

t o  sepa,rate  a t  22OC,  200 X aliquots of each phase v e x  'iaken Tor couiiti.-ilg. 
Results from the 0.393 113mIn photo peak couvlted on a 3 by 3 i n .  NaI(T1.) 
gamma spectrorrieter a r e  shown 3.n F i g .  5 .  Data with n-aAmyl. ai.coiiol- and 8 M_ 
and 10 M I I I C l  could noi; b e  o-a.tai.ned. si~nee t h e  phases d i d  not sepa ra t e .  

__ - ........ I-_. 

E f f e c t  of  Hexane on DisLribu1;:ion Coef f i c i en t s  of Technetium-9w 
and Ioditne -1.51 

From 200 t o  1000 p c  o f  generator-produced sylnIIc i n  meti-iyl e t h y l  ketone 
( 5  vel. $ 0.01. M ._.. X1) was used -to ob ta in  d i s t r ihu t j . on  c o e f f i c i e n t s  ( F i g .  6) 
by shaking eqi~ml. v0I.ixne.s of hexane - d i l u t e d  methyl ethyl- ketone w i t h  HzO 
oi- 2 M - NH403. After. 20 min OB con tac t ing  time and phase separa t ion ,  
sampl-es were a.nal.yr,ed by count ing of t h e  0.l)i -Mev photon wi th  a 3 by 3 i n .  

were obta.i.ned from 25-125 p c  OB 13111 also i n  methyl e t h y l  ketone ( j  v o l  $ 
0.01  M X C l )  by 'ciie sariif: e x t r a c t i o n  procedures and analyses  usi.n.g t h e  
0.36b-Mev photo peak. 

.................. 

TJ- - -  ( # - - I  dl 11) gamma spec l rometer .  Di s t r ibu t i .on  c o e r f i c i e n t s  (showii i n  F ig .  7) 

E x t r a c t i o n  of  Manganese-j4 from HCL Sol-ution wi th  

Cycl-otron-produced c a r r i e r - f r e e  '%'In, i n  varying concent ra t ions  oi' HCL, was 
e x t r a c t e d  w i t h  b i s - - ( p  - ch lo roe thy l ) e the r  by shaking 20 m l  o? t h e  aqueous 
solution conta in ing  80 pc o f  '%ln with  an equal volume of' t h e  organic  so lu -  
t i o n  for 5 min. Af-Ler a s e t t l i n g  t ime of' 50 r n i r i ,  the soLirti.ons were con- 
tr ifugyt?.  and l. .OO m l  a l i q u o t s  of  each phase taken f o r  count ing;  d i s t r i b u t i o n  
coe fy ic i en t s  obtained are showti i n  Fi~g. 8.  
and a 3 by 3 i n .  s o l i d  Nai(T1.) ganmia spectrornetcr were used t o  d e t e c t  t h e  
0.840-Mev photo peak. 

1'1 j by 3 i.11. we1.l-type N d ( 7 . L )  
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~ i . g .  4. ~ ~ f e c t  of RCI Conc::entrati.on on nis t r i ’o i i t ion  Coeff ic ien ts  
o C I ron  in B i s  -( p -chl.oroethyl.) ether . 
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S 1 u t l o n  oL' Car r i e r  -Free IndiuT. 

A Bio-Rad AG-1, X - 8 ,  50 t o  130 mesh anion-cxcha,nge col-urim (O.5.-in.  d i a  by 
5 - i n .  long) i n  t h e  chl.oride form wa,s charged with  -280 pc or' 1.1.8-d '13Sn. 

a t  a r a t e  ot' 1 . 0  m l / m i n  f'or -60 rrrin, during which time 60 1-ml sa.mples of  
e f f l u e n t  were c o l l e c t e d  and coumtea by observi-ng 'che 390-kev isoir.eric 
t r a n s i t i o n  photo peak with a 3 by 3 i.n. Y I d ( T i )  c r y s t a l  gamma spectrometer .  
S m a l l  s i g n i f i c a n t  q u a n t i t i e s  of' '13Sn were found i n  t h e  0 . 1  t o  1 .0  
t i o n  sauiples s e v e r a l  weeks L i t e r .  
the '13Sn conbent, arc  shown i n  5'i.g. 9. 

The 1. 73 ..h '13'*-~ In d a u g h t e r  w a s  eluted w i t n  var ious  coi lcentrat ions of I i C l  

elu- 
The "-13mIn e l u t i o n  da ta ,  cor rec ted  f o r  

Promethium-l!!h was d-etected i n  small amounts among the  uranfum f i s s i o n  
products  by Hoberts, Wheelwright, and van Tuyl,'" who pointed out the 
poss ib l e  ch ie ld ing  problems Lilts  coulci. i-ntroduce w i - t h  very l a r g e  (mega- 
c u r i e )  1 4 7 ~ i ~  power sources .  

TIE 1600-ci ha l t ' - l i i ' e  oi' 149m precludes comp~-ete tiocay o r  decajr  to neg2.i.- 
g i b l e  k v e l s  within a reasonable  per iod .  
could be deple ted  or reduced by r e - i - r r ad ia t ion  o r  147Pm i n  a r eax to r ,  j.t 
was necessary t o  determi.ne i f  t h e  e f f e c t i v e  ( n , r )  c ross  s e c t i o n  were suf- 
i ' i c i cn t ly  l a r g e .  The e f f e c t i v e  c ross  sect i -on for t h e  14"Pr1(n,y) Li-47Rr1 
r e a c t i o n  was e s t k a t e d  as (8400 barns € r o m  the  follo7rri.n.g da t a .  

'To determine Ti' t h e  '-4"Frn content  

High s p e c i f i c  a c t i v i t y  1"6Pm wa,s p lepared by the '*'iTd( p, n )  14sPr~1 reacti-on 
i n  the O W L  %-Inch  Cyclotron C r o m  100 mg 05' '*"NC; (96gh i.sotopi-c%l-ly en- 
riched as Nd203) r..!l?ich produced a y i c l d  ol' 13 pc per  8-br i r r a d i a t i o n .  
The 23-Mev protons (from ilie 84-pa beam) were depaded  to -1.2 Mev by t h e  
use o f  alumiiiwn absorbers t o  reduce t h e  product ion o f  other prorretliiim 
isotopes a n d  t o  o2tirnize '"'~m prod.iicticin. 

A f L e r  decay of t h e  sho r t - l i ved  rad io iso topes ,  ''r61h W P S  separated and 
p u r i r i e d  by e l u t i o n  wi tn  0 .4  
5OW colimn. A gama-spec t romei r ic  deLLrrriinaiion shorrcd 14f;Pi~ wi th  no 
o t h e r  rad io iso topes  presenl,. 
blev lines, used as a n  index oi' t h e  radiocheniical  p u r i i y  a t  each step, w a s  
e s s e n t i a l l y  cons tan t  ( e . g .  2.035 a t  one s t e p  md 2.037 a t  another  s t e p ) .  
A 2 .10-pc sample of' ''"I'm was i r r z d i a i e d  t'or 72 h r  i n  nydraulLic, tube  KO. - 
01' i h e  ORR i n  t h e  f o l l o w i n g  neutron f l u x :  

a-hydroxyisobistyric a c i d  us ing  a Bio-Rad 

The r a t i o  of t h e  prominent 0.460- and 0.740- 

Thermal. 
1.5-2.0 K ~ V  

3 .O Mev 

Tne gmma s3ectrum of t h e  irrr,diattrtd ''?'Pin w a s  i'oli-owed f o r  severa.1. weeks 
unti-I. 'Chis nromineiit 1-1.1-6 
t i o n  oil t h e  i n a c t i v e  neodymium presen t  ] had decayed to negILig.-ule a_uant-i.'ii.es. 
The gamma-speclisor:;etric assay showed 1-.54 

Nd rad io iso topc  [ prociuced by t h e  (n ,  7 )  re' LC - 

of 7.46??rn, hence a l o s s  o f  
0.5'1- W C .  
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Prelikninary anal-yses have been !nade on the system shown i n  Fig. 10 us i~ng  
the ISOCRUNCH Proii,vam17 whi.ch was coriverLed t o  t h e  CDC-1604-A computer. 
The coniputations, shown i n  Table 7, were made f o r  t h e  LITR, OH-R, and HFIX 
t o  de-Lerminz t h e  reduc'iion of 14'Prn by ( n , y )  burnup, assiming an aged 
1-47~m source (i.e. no 148n1Pm) and an i r r a d i a t i o n  T i l  a wel..l.-thcrrnal~-;;cd f l u x .  

Table 7. Reduction of proniethium-1.46 by (n ,  7) bu.rnap 
i n  t h e  LITR, ORR, and HFIK 

.......... l_l_.._.. 

147?&/ 

0 0 0 1 ' , - X i 0 6  lo6 

-___I__ 146~L11 Increase  
r a t i o  i n  r a t i o  

fit oms Flux ,  I r r a d i a t i o n  ___- 
1.48mp, 146h 14'7pm 

......... I _I 

i1/cm2. s e c  t i m e  _- 
- -  

2 x 146 .O da,ys 2.34 x 1.03 0.836 x 1.0-l 0.833 x 13" 1.07 10.0 
2 x 1013 333.0 days 1.08 x 103 0.689 x LO-' 0.693 x 1.0" 108 99.4 
2 -, 1- ()I.-" 'c99.0 days 0.901 x 1-0" 0.5'16 x lo-" 0.5'78 x 1.0" LO9 996.5 

2 X 1 0 1 4  16.3 days 3.32~10~ 0.932xlO'-" 0.927~10~ lo7 10.1 
2 x 1 0 ~ ~  32.5 days 3.08~10~ 0.881.x10-' 0.t;59x106 10" 1.02.6 
2 x l .OI4  49 0 days 2.85 x 1.0' 0.798 x 1.0-" 0.795 x 1.06 1.0' 992 * 5 

2 x IO1-" 59.0 h r  3.45 x 1.0" 0.945 x 1-0-l 0.936 x 1.0" l.07 10.1- 
2x10" 78.0 i?r 3 . 2 3 ~ 1 0 ~  0.893~10-~ 0.877~10~ lo8 1.01..8 
2 x 1.0" 117.0 hr 3.02 x 1.0" 0.845 x 0.821 x 10" IO9 1026.8 

To achieve, by decay, a r a t i o  of  148rLF'm/146Pm which i s  <I, the number of 
hal-f- l ives  of' 1*8mFh ()!1 d)  which must bz expended i s  shown i n  T a b l e  8 .  

Table  8. Number of half-li.ves of promethiwn-148m 
necessary 'io reduce 148m~/146~m r a b i o  t o  <I. 

Decay per iods of 
148mhr1, ha1 f -lives 

147F'm/14"h 
Reactol-. r a t i o  

LITR 107 
1.08 
lo9 

15 
18 
21 
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The s p e c i f i c  garmma-ray emission ( r ) ,  i n  r/m@.hr a t  1 rm, i s  given i n  
Table 9. T’ne s p e c i f i c  gamma emission of  1481nRn i s  about twice t h a t  of  
146Pm, so t h a i  an add i t io i l a l  h a l f - l i f e  must lapse when one cons iders  t h e  
r e l a t i v e  dose r a t e s .  

Table 9. S p e c i f i c  gmtia-ray-  c m i  s s ion  ( r  ) 
of pror~thium-1-46 and p r o m  t h i u  m-148m 

r (  I 
-a:----- I x r ,  

Photon, I n t e n s i t y  ( I ) ,  r /mc . h r  r/me . h r  
kZV quani;a,/decsy a t  I cm at  1 ._I- em - Niiclide 

14xnp,( a )  98 
188 
?86 
309 
Jk12 
4 31. 
498 
5’18 
627 
‘PIS 
913 
1011 

0. OS( 
0.01. 
0.10 
0.05 
0.18 
0.08 
0.07 
0.91 

0.31 
0.18 
0.20 

0.94 

0.49 
0.49 

0.65 
0.30 
0.35 

0.46 
1 .OO 
1 .64  
1 . 8 0  
2.43 
2.>8 
2.95 
3-30 
5 - 7 3  
4 .30 
5-30 
5.80 

ii s 10 
2.90 

3.86 
4-40 
’ I  .44 

0.03 
0.01 
0.16 
0.09 
0.44 
D.21 
0.21 
3.00 
3.48 
1-53 
0.95 
1.16 
11.07 

2.83 

-_ 4 .a 

-- 

I .42 

- 

a C .  W .  Reich, R .  P .  Schuman, J .  R .  Rerreth,  M. K .  B r i c e ,  
and R .  L .  Heabl i ,  Radioa,ctive decay of  promethium-148 and 
promethii~:m-l!+8m, Phys . Rev. 127: 
bI. M. € E .  Paglen, R .  J-akeways, and F .  C .  F lack ,  The decays 

of pr ome t h i m  -1-14-3, prome t him - l l + l + ,  and. p r  ome t hiurn - 1.46, Nuc 1 . 
M. 48: 555-60 (1963). 
E .  ii’. Funk, Jr., J. W .  Mi-helien, and L .  F .  Schwerdtfeger,  
Radioactive decay of promethiurn-1113, promethi-m-l’t’! , and 
promethium-146, Phys. R e x .  1.20: 

(u-npublished) . 

192-204 (1962). 

C 

1781-9 (1.360) . 
dJ. J .  Pinaji-an,  Ph.D. Thesis, Purdue Univers i ty ,  1955 
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,i' %e( n - )131mXe p -  13 Xenon-I~jJm ( 1.2 d) h a s  been produced by the 12'1( n 7 Y  - ) 1301-> 
r e a c t i o n .  
t h e  b e t a  decay prociuct oL' 13'1~ however, t h c  i r r a d i a t i o n  of' 12'1: i s  less 
cos- t ly .  

The usua l  method Cor t h l  p repara t ion  of l 3 l r n X e  is by- c o l l e c t i o n  OP 

I n  some appl- icat ions,  '--?lrflXe can be used i n  place o f  133Xe. 

Tr i t i 1x1~ 

Loadi.ng 3H on urai1kj.m t r a p s  t o  remove 'He has been done without con'irol-l.ing 
t h e  eXi-c iency  o f  urani-un t r i t i d e  conversion. Since t h i s  pur iCica t ion  s'iep 
represented. -50% of  t h e  3H l-oading aiid processing e f f 'o r t s ,  any i-mprovemnt 
i n  tile loading  eJ-f'icien.cy has a I.arg,e e f f e c t  on cos t  associ-ated wi th  t h e  3H 
process .  I n s t a l l a t i o n  o f  a monitor in the  discharge l i n e  from t h e  t r a p s  pe r -  
m i t s  uranium 60 be loaded t o  near  capac i ty  without loss of  3H by over loading .  

Iodine -13s 

Designs for mod3.f'ying t h e  present  l3lI process ing  ce1l.s 'IO make them more 
adaptable  for t h c  changing '-'I1 production r e q u i r e r x n t s  have been s t a r t e d .  
Pi-ototfle equipment f o r  two pisoposed l3II product ion met,iiods was f a b r i -  
ca ted  and t e s t e d .  The f i r s t  process,  ca?.Sed the  5ry process ,  involved 
mel-tin, t h e  uranium-aluminum t a r g e t  and recover ing  t h e  13'1 and '"%e from 
tiic gases given 03' dur ing  mel t ing .  A quar tz  v e s s e l  placed in an R%' hea t -  
i ng  coi.1 was used -to make s e v e r a l  experimental  runs with simul-at;cd and 
a c t u a l  t a r g e t  r i n g s .  During ini l ; i .a i  runs, >PO$ 01' the i-odine rei-eased 
durlilg mel t ing _oIaied out on t h e  walls oi' t h e  r x l t i n g   vessel^ and d id  no i  
reach t h e  recovery t r a p s .  FLowj.ng helium through th: vessel during mel~t - 
i -ng  t o  carry- the i.odine improved t h e  recovery -75$, but  t h e  precise co t -  
t1-01. needed. ,Tor a s a t i s f a c t o r y  reccvery was no; desi-rable  for product ion 
opera t ion ;  t he re fo re ,  e q u i p m n t  deve i.c_nmen'i Cor tiiis process  was discon-  
t i n u e d .  During three of' the bes t  runs, experiments were conducted t o  
o-ata,in an ?des of t h e  losses that mi-ght be expected due t o  t h e  p l a t i n g  OS 
iodi-ne on t h e  s t a , i n l e s s  s t e e l  process  l i n e s .  "lie iod ine  i n  t k e  c a r r i e r  
heI.ium was passed through a t r a p  conttiini-ng t y p e  316 s ta in l -ess  steel 
r a sch ig  r i n g s  of' linown surYace area on which '.3'-1 had p l a t e d  t o  t he  ex- 
tent of  0.14 8curie/ in .2  of' exposed su r race .  

The second propcsed process r equ i r ed  a pressuri-zed dj~ssolv-er ri.n which t h e  
t a r g e l  r i.ng i s  dli-ssolvcd i-n a c losed  sys t en .  A f t e r  complete d i s s o l u t i o n ,  
t h e  gas i s  b led  o f f  slowly t o  recover  
t o  recover 13'I. A prototype d i s s o l v e r  was designed aiid fabricated and 
several t e s t  runs w i t h  si.i::ulated t a r @  rings were made a t  juessures up 
to l-)+OO psi.g to dc te rx ine  ternperai;ure (2nd gres su re  data f o r  different 
d i s so lv ing  coiidi t ions . 

Iz3Xe and t h e  s o l u t i o n  i s  processed 

U i s s o l  iution ._I_____ of Noble Metals Cu-& 

A si-mple procedure h a s  been devel-opcd f o r  i l i c  d i s s o l u t i o n  of the nob1.c 
metals i n  H C l  by us ing  ha.l.f--wave and ~uIl.-wave a l t e rna t i . ng  cur-;*ent e l c c  - 
LroI.ysis. T n e  r a t e s  of' s o l u t i o n  Yor Au, In ,  Ir, Pd, Pt ,  and Rh were 
i n v e s t i g a t e d  a1 ong w i t h  t h s ~  oi' several o the r  metals res is ia~: i  t o  I i C l .  
Tes t s  were a l s o  conducted on tkic d i - sso lu t ion  r a t e  of' gold to cieter-mine 
the  eflfect  of' varying t h e  i'rcquencjr o f  t h e  a l t e r n a t i n g  cu r ren t .  



Disso lu t ion  rates are a Punctj-on (I€ a c i d  concentratrori, current %ensit ,y,  
an% f'requency of  appl.ied curreiit . In most cases, t h e  fastest  r a t e  w i l l  
be produced by the i t i o s t  concentrated acid,  t h e  highest current d-ensi ty,  
and. a ].ow cyc.1.e of a l . te rna t ion .  The disso1.ution rates in 9 14 - IICI. using 
60 cps full-wave and I-mZf -wave cur rerk  and current derisit,ics am:' l i s t e d  
i r r  T s b S e  10. 

Go Id 
Cadmium 
Co-pper 
Indium 
Ir i. d. iuin 
Pal.l.adi u m  
Plah inum 
Rloai1.j. um 
Tungs ten 

0.62 
0.62 
0.77 
0.62 
0.4-6 
0.54 
0.69 
0.46 
0.46 

The a c i d  concen t r a t ion  of the  e l e c t r o l y t e  has a marked. e f r e c t  on the  r 
or d i . s s o i u t i r ~ n .  Every inc21;al except, irifiuri disso1:ves at, a f a s t e r  ra te  i n  
1 2  than- j.t d.ms i n  -3.2 HCL. A nuiriber of ncta .Ls di.ssol.ved at a greater 
ra te  when iiali'-vave j.nsLead or' f'u.1.l -wa-v-e current was a p p l i e d .  The use of' 
half-wavc ciirrent increased  t h e  dissol.ut.i.on rate f o r  gold i n  9 E 1EI. by a 
-Tactor. of 10. Cadmium and pal.I.a,d.j.utn dissol.uti.on iricrcased by a factor of' 
2 and copper, irdiim, ar$. timgsten d i s so lved  at approximately t h e  s a n e  
rate PLatiriuin, iridi.m, and rhodiiiiri (lid no t  d i . s so l~ re  I n  KCl using the: 
h.al?-wave method. 

The erfect or -varying t h e  frecpency of the alternations in t h e  current 
siupplied t o  t h e  e l e c t r o d e s  was stud-ied.. The dissol-ut ioi i  r a . t e  of  gold 
in 9 M - HCL was in-vesti.ga-t;eiS using alterriatin{( cu.r.r*eri-t;s of 4 5 ,  60, and- 
100 cps . ~t 45 cps i;Iic dissolutj .on r a t e  w a s  1.872 mg/iir. i.n .2. ~ i i e  rate 
dropped t o  998 mg when the frequency was increased to 60 cps and dropped. 
f - u r t i i e r  t o  235 ing when- 1-00 cps cu.r?-ent ?.ia,s applied. 
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Agi ta t ion  dur ing  d i s s o l u t i o n  became necessary as L i l r  'mx ~ a l  i n  s o l  u t i o n  
approached sLoichiometr ic  q u a n t i i i e s .  Metais i h a t  d i sso lved  slowly ex- 
h ib i t ed  very l i t i l e  change i n  t h e  r a t e  OS s o l u t i o n  due to a g i t a t i o n .  
Metals t h a t  had a f a s t  r a t e  of  s o l u t i o n  d ~ i ' i n i t e l y  ciisso'vpd a t  eveii f a s i e r  
rr,teswhen t h e  e l e c t r o l y t e  was agi t s t e d .  Without a;i t a t i o n ,  dep le t ion  oi' 
t n e  a c i d  Ln t b e  immediate v i c i n i t y  or' t h e  -,eta1 b r i n g  d isso lved  slowrd 
the r a t e .  

The rates of  d i s s o l u t i o n  Cor soii:e o f  t he  metals  \ e r e  increased  by t h e  
a d d i t i o n  of f l u o r i d e  t o  the  b a t h .  A s o l u t i o n  of 1.4 M W i n  3 M HCl was 
sufficient t o  inc rease  t h e  r a t e  for i r l d i u z  metal From -33 'LO 42 mg/hr. in.  
The r a t e  f o r  platinum increased  from 1-7 t o  23 mg and t h e  tungsten r a t e  
increased  f'i-om 62 t o  397 mg/hr.in. 

2 - - . 
2 . 

Tantalum metal did  not d i s so lve  i n  IICL. The a d d i t i o n  of 1 . 4  M 1W7 howcvv,  
e n a b h d  ihe d i s s o l u t i o n  t o  proceed a t  a r a t e  of' 82 mi?,/hr.in. 

C r y s t a l l i  7a t ion  of Cesi m - - ' ~ c t r a o x a l a t e ~ '  

2- . 

Cesiiim t e t r a o x a l a t e  proved t o  be a u s e f u l  intermediate compound f o r  con- 
v e r t i n g  cesium alum and o t h e r  cesium concent i*ates  'io u s e f u l  chemical- com- 
pounds from which many o the r  compounds can be r e a d i l y  pregared.22 Cesium 
t e t r a o x a l a t e  was c rys t a l l i - zed  from cesi . im-r ic i~ s o l u t i o n s  with >9O$ y i e l d  
under optimum condi t ions .  I n  convcrti i lg t h e  cesi.im alum t o  t e t r a o x a l a t e ,  
a y i e l d  o f  70'8 was achieved wi th  <l$~ c o c r y s t a l l i z a t i o n  of t h e  AL3+. Any 
ccs lum remaining i n  solutj .on was recycl.ed afid over -all process l o s s e s  were 
low. Ces7.m t e t r a o x a l a t e  i s  sufficiently s t a b l e  under r a d i ~ a t i o n  t o  be 
used. a.s an i-nterniediate i i i  p rocess ing  f i s s i o n  product IZ7Cs .  

Cesturii t e t r a o x a l a t e  was ca lc ined  a t  4 j O " C  Lo CszCO3 which was r e a d i l y  con- 
ve r t cd  t o  cesiiun g l a s s e s  o r  c e s i u m  sa l t s .  The process was demonstrated a t  
FPDL and. accepted ?or rou t ine  use f o r  prepar ing  mul . t iki locurie  q u a n t i t i e s  
of 137CsCl  aiid ces i im g l a s s e s .  
and pur i f j -ca t ion  process i n  whiich ccsi im t e t r a o x a l a t e  was used i.s shown 
i n  Fj.g. 12.  

The E'PDL rissrion Sroduct cesiimi recovery 

During 1963 and 1964, --7OO,OOO c u r i e s  or" Ia7Cs a s  c e s i u m  a l u m  w a s  con- 
ve r t ed  t o  useCul source compounds by the cesium ietraoxalate Grocess. 
During coniinuous opera t ion ,  ccsiiircr alum has been converted t o  cesium 
ch lo r ide  at a r a t e  >O.O5 megacurie/rreck. 
1963 and 1.564 were prppared by tiiis process .  

All ' " 7 C s C l  products  made i n  

Fuels E n v i r q K e n t a l  Test  . Pa,boratory . . . . . . . 

The conceptual  design has been completed for a I'aciLi-Lj to t e s t  isotop5.c 
power supp l i e s  under simu.la-Led space and deep ocean condi. t ions.  'The 
pinoposed bui.I.ding, ca l l ed  t h e  Radioisotope Fuels  Env-ironrr1enta.l Test  Labo- 
r a t o r y ,  w i l l  have --25,000 ft" ol" f l -oor  space and. will conta in  a l j - f t - d i a  
by 25- f t  -high vacuum chamber for f u l l  system t e s t s ,  i'our smal le r  vacuum 
chambers for component t e s t i n g ,  and a 4 - f t - d i a  by l0-ft-long pressure 
chamber capable o f  handl ing pressures  equiva len t  t o  ocean depths of 
50,000 f t  . The p o p o s e d  buil-ding w i l l  a1.so con ta in  a hot  c e l l  for f i~e l . ing  
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experimental  devices ,  and f a c i l j  t i e s  for handl ing both  sh i e lded  and un- 
sh ie lded  i s o t o p i c  power units.  Tes ts  r equ i r ed  f o r  : l ight approval  and 
f a c i l i t i e s  f o r  developing new conversion devices  and handl ing techniques 
w i l l  a l s o  be provided i n  the  nerd l abora to ry .  

Coopsrative Programs 

Cooperative Test of Cobalt-60-Powered 11-_------111- Thrustor* 

A G°Co-powered space Thrustox- prototype was t e s t e d  i n  a hot cell i n  coop- 
e r a t i o n  wi th  Marqual-dt Corporation and U .  s .  Air Fcrce personnel ,  H P a t  
i s  produced i n  hedt exchanger p l d t e s  by absorp t ion  o_' t h e  gamma r a d i a t i o n  
from >0,000 c u r i e s  of  "'Co metsl i n  ilie form of 7'1 t ' ae l  p i n s .  
t hen  t r a n s f e r r e d  t o  hydrogen gas flowing between t h e  p l a t e s  and exi'cing 
Lhrough a rocket  nozLle. Thp maximum Lemperaiure achieved duriilq t h e  
t e s t s  w a s  1?80"F under no-f lov coildit ions a t  ihc ex i t  no7zle .  The fue l  
pins opera ted  aL only  50°F lowcr than  t h e  heat  exc'nangi-r e x i t  temperaLure 
due t o  inadequate i n s u l a t i o n .  

The heat, is 

Cooperative Tes i -  or Strontium-90-Powered Thermoelectric Uiii  t 

r 1  lhe  l a r g e s t  "SrTi03 p e l l e t s  ever  prepared were f a b r i c a t e d  f o r  an RCA 
themnoelectr ic  gc?nei.ator t e s t  dcvice which r equ i r ed  83,000 cu~-ri-s i n  a 
s i i igle  unit. Green pell.et,s of 4 - 0 6 - i n .  d i a  were pressed f ' rom ca lc ined  
'OSrTi03 powdei- and s i n t e r e d  a t  1.400"C. 
of -3.5 i n .  and d e n s i t i e s  averaging 3.8 g/iml. Eigl iL gel lc t ,s  of -1.5,OOO 
c u r i e s  each were prepared;  si.x of t h e n  were used i.n t h e  f i n a l  source .  
Af t e r  storage t h e  p e l l e t s  developed. cracks from i n i c r i i a l  thermal  s t r e s s  
bu t  none were damaged beyond use .  The p e l l e t s  were doubly encapsuLa.ted 
i n  weldeSi capsifi-es t o  supply power f o r  t h e  conver te r .  The f u e l  capsu1.e was 
1-oaded remokcly into t h e  genera tor  whi~ch opera ted  i n  a vacuum chamber 
f o r  >1400 hr  a t  a sur face  temperature o€ 1100°C. 
t o - e l e c t r i c a l  e f f i c i e n c y  of 'che the rmoe lec t r i c  genera tor  was IC .6$ and 
t h e r e  was no degi-adation of conver te r  e f f i c i e n c y  during t h e  t e s t .  

The pressed. p e l l e t s  had diameters  

The o v e r - a l l  Lliermal- 

Krypton -8 5 Enr i chment Sy s t ec: 

Work has s t a r t e d  on tile i n s t a l l - a t i o n  o f  a t h e r r L a l  difl'usioin process  f o r  
i s o t o p i c a l l y  enric'ni-ng 85Ki-. 
heated columns arranger? i i l  two 3-col umn cascades,  a shieLded loading-  
unloading s i a t i o n ,  a cool ing tower f o r  col uinn hea t  disposal-, and remotely 
operated val-ves, pumps, and contro1.s. With -5% feed maker ia l  about; 56 days 
wri.1.1. be requi red  f o r  ba tch  opera t ion  through t h e  two cascadcs t o  give an 
annual.. product ion rake or" 3000 c u r i e s  of 45$ "'Kr or corresponding1.y 
g r e a t e r  amounts of  lesser enrichments.  I n s i d l a t i o n  of t h e  equipmen-i; i n  
an ex is t i r ig  cell bl-ock with 2 f-t  of  concrete  sh i e ld ing  w - i l ;  be completed 
during t h e  f i r s t  qua r t e r  of  1965. 

The system wi.11 have s i x  36-iube e l e c t r i c a l l y  

.I- * Marquar.cj.t Corporation 'cradename . 
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Table 11. S u l f u r i c  acid concent ra t ion  necessary 
t o  p l a t e  technetium-99 meta l  aJid oxide 

H&OA concent ra t ion ,  m o l  ai-itv 
for oxide . . . ~  Met a 1- f o r  meta l  

Copper 0.115 
Nickel  0.87 
Aluminum 1.14 
si l v e r  I. l + l  
Go Id 1.41 
S t a i n l e s s  s t e e l  1 .)I1 
Platinum 1.90 

0.32 
0. $8 
0.71 
0.87 
0.87 
0.81 
l . l j !  

Examinati.on of m e t a l l i c  depos i t s  under a '(50-power microscope showcd t h a t  
technetium was dcposj-ted on t h e  surface of' the  f o i l  i n  t he  form of  micro- 
scogic  spheres ranging i n  s i z e  €rom 0.00008 t o  0.0007 i n .  i n  diameter 
(Figs. 13 and 14). 'These spheres  were bu.iL.l; up i n  l aye r s ,  wi th  t h e  lower 
l a y e r  complete1.y covering the foil and subsequent l a y e r s  forming pyrar5ds 
of meta l  corrrnonly c a l l e d  I't:rees . I '  A s  the thi-ckness or t h e  deposit i n -  
creased,  t h e  voids  were f i l l e d  and new l aye r s  of pyramids formed. The 
spheres  were e a s i l y  broken i'rorn t h e  tops  o f  t h e  pyramids by paper wiped 
ac ross  t h e  sur face  of t h e  depos i t  which picked up a reading  of  -20,000 
d-:.s/min. 
i n g  was <10 dis/min above ihe background reading .  

The p u r i t y  o f  "Tc metal  (produced by hydrogen reduci ion  of' t h e  oxi.tie) 
wa,s ihproved. by lowering t h e  reduct ion  3u-nace tcnperatu-re  f'rom 1000°C 
t o  700°C. 
and 1,000 t o  100,000 ppix s i l i c o n .  The cool ing  cycLe after redueti-on w a s  
changed t o  iy-aintain hydrogen ;'low over thc m e t a l  uriti.1 room tempera'iure 
w a s  reached. The new cycle  produced >99$ "Tc meta l  wi th  an oxygen con- 
t e n t  of <l$. 

Readings from subseqiient wipes decreased until t h e  fifth read- 

Metal produced prior t o  this pur i f i - ca t ion  contained -l.O$ oxygen 

fmer -i.cium-Beryl.l.ium-Cur j im 

A method for f a b r i c a t i o n  of neutron sources  composed oi' a mixture o f  242Cm, 
24 1. 

t ' ahr icat ion of' t h e  source und.er  OW neutron yiie 1.d by cncapsu lakhg  a 
pressed p e l l e t  composed of' 241fkn oxide on powdered bery l l ium metal ,  fol- 
lowed by neutron i r i -ad ia t ion  i n  a reactor -io produce Crn by Lli? 

241h( n ? Y  )242fc:B942Cm r e a c t i o n .  
t a i n e d  us ing  0.010 g of  241Atn 
t h e  neutron y i e l d  due to f i s s i o n  products  Crom t h e  2"1h. 
1.6 show the  enersy curves oi' 241Ar.-Be-247 Cm sources. 

fh, and beryll.i.ixn was developed and t e s t e d .  T h i s  uii-ique system permi.ts 

242 

Neutron yi.el.ds o C lo7 have been ob- 
mia, ac t iv i i t y  i s  a s soc ia t ed  wi th  

F igures  15 and 

I r id iu r -192  
1.92 IIigh s p e c i f i c  act ivi ' iy  Ir radi ograghi c_ sources  were prepared by i r ra-  

iiia'iiiig t h i n  -2-mi~l. i r id ium ineta1 ribbons a n d  t hen  l'using them into sphcres  
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PHOTO 64816 

g. 1)~. Pnotomicrograph of E1 ectrodeposi-ted 'Technetium-99, R e d u c e d  8%- 
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of -1/1_6-in. -dia, s i z e .  
curies/{< have been ob ta ined  by this method. 
s i g n i f i c a n c e  t h a n  decay i n  long  t e r m  i r r ad ia t i . on  t o  procIu.ce high speeii- ' ic 
a c t i v i . t y  soiirces, thus t h e  yiel-ds achieved by i r r a d i a t i o n  of ordinary-  
pel]-ets i n  h igh  neutron f'1.w- :reactors  are 1.imi.ted. .Bjr reducing t h e  mass 
o€ i r i d i u m  t o  t h i n  sec t ions ,  one eaf i  o'btain high u t i l . i z a t i o n  oT the Ir 
produced. at or near  the surr"a.ce of' t h e  target. Since t h e  rad:j.oyraphic 
s p h e r i c a l  ~ o u r c e  i s  formed aT'ter i r r a d i a t i o n ,  a homogeneous concentra , t ion 
of 19'Ir i n  t h e  form o r  a s m a l l -  po in t  source i s  obta ined  ( F i g .  1.7). 

IridL~iiq-1-92 s p e c i f i c  a c t i v i t i e s  as high as 800 
Burnup of lS2'1r is of  g r e a t e r  

192 

Ce r ani c Source s 

A technique was developed, tested, and p laced  i n  operati-on f o r  the prepara-  
t i o n  of . f i red  cerarLc forms con ta in ing  vari.ous r ad io i so topes .  Fabr-j_cati.on 
of t h e  cermiic  i n t o  any geoiiietric design i s  carried 0u.t before  a d d i t i o n  of 
r ad io i so topes .  Cold f a b r i c a t i o n  reduces cost and permits  a grea t  deal o f  
l a t i t u d e  i n  t h e  choice of  f a b r i c a t i o n  methods . Adsorption of  t h e  quan t i ty  
or" the element t1ia.t wiU exchange with t h e  eerarnlc can be cont ro l led .  
p r e c i s e l y .  Based on the .weight of' t h e  ceramic and thhe kn<jm adsorp t ion  
capac j . t y ,  t h e  a c t i - v i t y  concent ra t ion  can be var ietl to pro-vl.c?e t h e  d e s i r e d  
amount of r ad io i so tope .  The ceramic i s  then  f i r e d  a t  i t s  -Emton tempera- 
t u r e  t o  i'orm a s t a b l e  g l a s s  s t r u c t u r e  - A s  a r e s u l t  of  Y.iring, the ion-  
exchange p r  ope rt i e  s are exchange d f'or i nc rease  d chertli e a l  st a b i l i t y  . 

A '-7O-curie 147hi source,  t o  be used in d.eterm:ini.ng t h e  damage to sola,r 
c e l l s  by -8O-kev e l e c t r o n s ,  was prepared- i'or space - radia , t ion simiil.ations . 
The energy spectrum obta ined  is shown in F i g .  1.8. The source was fabri -  
c a t e d  €rom ytassiurri s i l i c a t e  and promethium oxide (which was d i s t r i b u t e d  
over  -23) c m L )  r e a c t i n g  at, -11-OO"C t o  i'orm a g l a s s .  a t o t a l  potassium 
s i l i c a t e  a d .  promethim oxi.de wei.ght ecpival-ent t o  -25 mg/cm2 was obta ined  
A 5 mg/em2 Pyrex overlzy was fused to t he  suri'ace -to reduce smear con- 
t amina t ion  t o  a low level. The e l e c t r o n  f l u  above 23 kev was -4.6 x 10"O 
electmns/cm2.  sec a t  a d i s t ance  oi-' 2 cry:. 

A low energy 147?2m b e t a  source w a s  prepared by sorb ing  14713m onto the s u x -  
Caee G T  a prepressed p e l k t  of' al.i~minurtl s i ? - i e a t e .  The p e l k t  was then 
fired- to incorpora te  t h e  prornetliliurn i n t o  the s i l i c a t e  as a glass .  This 
p e ~ l e i ;  was pl-acec~ i n  :;in aliminwn jiolcier witii zn o p n  window 5/16 i.n. i n  
diameter  to measure the d e n s i t y  01' shock waves i n  air. 

A 10-mc 147%~m b e t s  soin-ce prod.uci.ng K x rays froni t i n  was p-epared. 3,s a 
"sandic.iici.1" source between 2 - m i l  t i n  f o i l .  
w i t h  a I O - m i l -  window, t h e  K x-ray i n t e n s i t y  was 2.08 x LO8 photons/min at 
1 ciii. 

prvduced. 

Af t e r  encapsula t ion  i n  alwninim 

The c h a r a c t e r i s t i c  x-ra.y peak was 62$ oi' t h e  total brernsstrahiung 

Phosphorus -32 

About 200 32P sources ( F i g .  1.9) were prepared. t o  be used. in ;L bl.ood irradia- 
t o r  t o  s1~u.d.y t h e  s y n e r g i s t i c  e f f e c t  o-f zero g r a v i t y  and r a d i a t i o n  on white 
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Fig. 19. Phosphorus-32 Sources. 



Beta Sources 
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Fiq. 20. Strontium-90 Pebble Bed Reactor.  



Urani.im -232 

A total or -100 T r i g  or 232 IJ was obtained Prom var ious  ORNL sources 
2sU and the daughter producbs were ~ o n - v e r t e d .  t o  chl.ori.des ri.n HCI and then 

The 
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Ioniza.ti.c;n Chamber Cal.i'orati.on 

Cal ib ra t ion  of i.on c'nam'oers use? Cor rou t ine  assay oi' i r r a d i a t e d  coba1:t 
metal  avid Lhe va1.i t i i ty  oC resul.ts haw been i n v c s t i g a t e d .  ?3ot,i.i sample 
arid measuring geometry wem i:rny,orttant para.rrLeters in o b t a i n i n g  rel.j.a'oLe 
vcisi*l.ts . To o'bta,in depcnda-b:i.z secondary s tandards ,  a s e r i e s  of: encapsu.lated 
sourcr$s ranging from I t o  205 c u r i e s  (at encapsulation) have been buri.1.t and. 
standardized. 

D i s i n t e g r a t i o n  r a t e s  measured. ranged Crom 5 x 1.0" to 3.8 x 107 dis/rt in.  
Ihe r e s u l t s  >rere converted t o  cx r i e  ur.its w i n g  d i lu . t i on  f a c t o r s  arid 
defiried d.isinLegra;Lion r a t e  Tor a, curie (3.7 x l..O1' di:;/sec) . Di.~pl.i.cate 
d.i:Lutrions ~ 4 7 f 3 r . e  m a d e  and agre(-ific.int was excellent . The innxrkni~m dii'f'erence 
bei-ween d u p l i c a t e  arial.yses was 2%. 

, I  

Ion-chamber measi.irerrlents were rnade i n  t r ip l . i cake  on ea.cI1 of the nine pairs 
of s~::contlary stamlard p ieces .  Data i'rorn the stamlards were w e d  t o  d r a ~  
c a l i b r a t i o n  curves f o r  i'o1i.r e.?. ;rc;rnetcr sensitivity ranges . The inaxirwm 
activity that. c :~n .  be riicasuretl 1x1 e x % i  of t h e  f'ou.ra ranges is 7.5, 23.9, 
80.0, amd 233 cavies, rcspecti~ve:!.y. 

. 
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which showed t h a t  source dimensions and measuring geoyLetry must be con- 
s ide red  when ma.ki.ng ion-ckarriber a s says .  The curves produced ,are va l id  
for d i s c s  up t o  20 mix i ~ n  d i a  and 2 m ! ~  t h i c k ,  measu.red w i t h  a I'a.ce toward 
t h e  ion  charnbcr. However, correc.Lion f a c t o r s  can be estab1.ished for 
o t h e r  geor;:.etries and source dinensi.ons . 
Si.n.ce ox ida t ion  of i r r a d i a t e d  cobal t  meta l  c r e a t e s  a contarnination 
problen and. changes t h e  a c t i v i t y  of t he  source i n  an unpredic tab le  way, 
a serries of s t a i n l e s s  s t e e l  encapsu1.ated sources  ranging i'rom i t o  
205 curies was b u i l t .  Compensation Cor source diniensi.ons and meas.si.i-- 
i n y  geometry was achieved by us ing  t h e  ca l ibra t i .ou  curves t o  s tandard ize  
the  encapsul-ated sLandards. The ac t iv i - ty  conten i  i.s -20% hieher  t han  
the ass igned  va lue .  As t h e  soiiirce decays, t he  r e l a t i o n s h i p  between 
t r u e  and assi-gned c u r i e  content  remains cons tan t ,  and convent ional  
decay co r rec t ions  can  be used. 

To check t;he accuracy ot' i-on-chamber assays I'or 6oCo, a la rge  {;el.?-- 
Lherapy source was b u i l t  from twenty 20-1~m-dj a, b y  1. -ml-Lhick d i s c s .  
Ion -chartlire.r assay  ind ica t ed  t h a t  Lhe a c t i v i t y  ranged froin 60 t o  LO7 
c u r i e s  per  p i e c e .  The 'ioLal Yor t he  iweniy p ieces  was i672 c u r i e s .  
A ca lor imet ry  method. devel-oped by Fosey, But lc r ,  and Baker"' w a s  used  
t o  determine t h e  thermal  outpiit of  t h e  source (26.5 wat ts) .  
corresponds t o  an a c t i v i t y  o f  1'7'0 curies al"wr us ing  a convers?on 
Fac tor  of 1.5.36 wat t s /k i locu r i e  reportet l  by ArnolL:. 31 
value i~s lower tlian t h e  ca1orimetri.c value by less t han  3%. The good 
agreement j~ndj-catcs t h a t  accura ie  "OCO assays can be macie i'rom <.on.- 
chamber measureinents . 

'This 

The ion--chanber 

-. F i- s s . . . . i . . . OII . -. . . . . . Product . .. s De v g . 1 ~ 1 1 ~  n.t Labor ~. ... . a t  . . . . . o ry 0 ye rat i on s 

Duri-ng ~964, 1,200,090 c u r i e s  or "'s~co~ was r ece iveu .  %he imloading 
procedure was modi f i e d  t o  remove >99.9$ "Sr i n  R OW a c i d i t y  sol.ilt,i.cn 
ready Tor di - rec t  processing.  Under Lhe e a r l - i e r  ,?rocedure, u ~ i  t o  3% 
Sr had been recovered i n  high1.y ac id  soluti.cJn which required con- 

siderab1.y more process ing .  To-i;ai "OSrTi.03 produced dilrj-ng 1964 was 
I., 1-75? 000 c u r i e s .  
ing ;  !1-60,000 c u r i e s  of' 'OSrT i03  was prepared.  

30 - 

I n  a one-aonth per iod  of  continuous " S r  process  - 

The fi c s t  l a rge - sca l e  shipneni  (500,000 c u r i e s )  o f  14'Ce i n  ihc form 
of mixcd r a w  e a r t h  s u l f a t e s  was made C r o n  t h e  HAi'0 i o  t h e  FPDL i n  May. 
The unloading p o c e d u r e  was i d e n i i r a l  t o  t h a L  or "OSrC03 excepi foi. 
t h e  concent ra t ion  of' Lhe ac id  used t o  r i n s e  t h e  cask.  No problems wci'e 
encountered and the on1 y s ign i f i ca i i t  d i f f e rence  between "Sr and 144Ce 
handling was  t h e  l ack  of any de tec idb lc  pressure  bui ldup  i n  t h e  l 4 " C e  
cask.  Casks loaded wi tn  s irrij 1 ar  cu r i ?  a -oun t s  of  "SrC03 usua l ly  i n -  
crease i n  pressure  2 t  a r a t e  of' -0.5 psi /day.  

A shipmeni of f i ssLon product yare e a r t h  s o l u t i o n  con id in ins  49,000 
c u r i e s  o f  147Fr~ w a s  rece ived .  
charg;Pd i n  8 cell duriiig t r a n s f e r  and dr,ained i n i o  a waste holdup 
t a n k .  Teniporsry equipment w a s  s e t  up t o  re rover  t h i s  matzr~ial  which 
w a s  proresspd by oxa la i e  p r e r i p i t a i i o n  of t h e  r a r e  e a r t h s .  'I 'otal 

The -L471'm solution w a s  accidpt i t ly  d i s -  
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amo1.m;; of  1471znl t h a t  was e-fentiually recovered i n  suitab1.e Forin for 
ion-exchange separation was 36,400 curies. 
pui-if i e d  by ion exchnge  and. eLiit;eci w i t h  DTPA. 

A t o t a l .  oi' 372,000 ci-wies of 1-37Cs was received i n  e i g h t  Shi.el.d.ed Tr.- dn s re r 
Tank shiplilents . 
ori1.y two shutdown per5.ods - unt? Por a T a i l e d  agitator and t h e  o'thcr i'or 
m j o r  r e v i s i o n s  i n  the c r y s t a l l i z e r  system. 

About 18, 000 cin.ries was 

Ma.ins tream 137c~ crys tal.15 zatzti.ons were conc?iicted. writ11 

A single orde r  €or 215, GOO cu.ri  es of' eneapsu.l.a,tec? lZ7Cs S O I J W C ~ S  in t;he 
form of r ec t angu la r  plates was eorrlplcted for shipment t o  Drook.haven 
N a t  lonal. Laboratory. Fi;-ty-se-ven soiurces were prepared. -. 48 from 

i n  we1.ded. s t a  nl.ess s tee l .  coni;ai.ne:rs, w i l l  be u s e d  i n  3 ga,mia i r m d i a t o r  . 
Seven o-Lher 
~ I , O O O  c u r i e s .  
(21,000 curies), 109 mi.scelLarieoili; sealed sources (600 curies), 19 i m -  

encapsulated p e l l e t s  (2100 curies) 
powder- (35, 000 c u r i e s )  . 
One hundred n ine ty-n ine  
were prepared by sorlji-ng 1"7Ca on an i.norganj.c i on  exchanger (Deca lso) ,  
melting t'ne Decalso in-Lo platinvjri cupsy and then  rnel-ti.ng S-nert Ileeal so 
or1 t o p  o-f t h e  a c t i v e  mater-i.a.1. 

137cs(;1 and nine from 1"'~:- i) glass . The si)u.~'ces, e a h  cioubI.y encapsulat,c:d 

7 ~ s  ;pmrrt, i r r a d i a t i o n  sources were f a b r i c a t e d  tota:Lin?:: 
Otjier lS7r J S  shipments incl.uded 1.2 telei,her.;zpy u.n:i.ts 

and 23 shipments of ?-,uLk ""-'CsCL 

C s  sou.:rces, raaging  i n  s i z e  frc.)ir 20 t o  500 rnc? I37 

General Mai ntena.ncc 

l ioutine buiMTng ina.intena.nce w a s  ca.rri.ed out  a t  a, l e v e l  cornparable t o  
previous years . The s e w i c i n g  of rriani.:pu.lator amis and. booting con- 
t i n u e d  t o  be t h e  l a r g e s t  s i n y l e  <.tern needing riia.i-ntenance . No n a j o r  
s - t n i c t u r a . 1  changes were m a d e .  Pane1.s were i r i s i a l l c d .  t o  p a r t i a l l y  
enc1.ose the area over the c e l l  bl(:i(:k, and t h e  c r a m  bay- was pa in ted  t o  
improve v i s i h i l . i t y .  Locker room f a c i l i t i e s  w e ~ e  ex-parided t o  accorn- 
nodate roore personnel..  

No full p l a n t  shukd-own -was necessary d u i n g  196k. During the crystall- 
l i z e r  sys.I;erri shutdown, an e x t r a  1;a.n.k was moci.i.fi.ed t o  serve as a t k1 i r . d  
crystal . l . izer  i n  t h e  primary cr*ys . ta l? iza t ion  stream, proiri.d.ing am extra.  
scavenging s t e p  on t;he 137Cs was-te si;u.eam. 
process  control c e l l  was opened i'or t h e  first, ti.me s i n c e  1-959 t o  be 
repaired. 

DuriDg one shutd.o-wn, the 
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An addj- t ional  Shielded Transf'er Tank was nzadc avai l -able  Tor 137Cs ship- 
rrreiiis a d  provided s igni i ' i can t  advan'Lages i n  schedul ing .  A l l  of  t h e  
t snks  were coated w i t k  a. new Lype of  pro-Lcctive p a i n t  w'ni-cir decreased 
decontamination t ime.  

Sol i d  waste di-sposal cointi.nued Lo present  a major problem. More -illan 
2'000 gal 1.ons oi' contaminated solid waste was removed t Y o m  t h e  manipu- 
l-ator cells dur ihg  the year. A method of  seal i .ng individual.  wasie 
packages i n  heaiy pl-ast ic  before removing w a s  developed. 'This a d d i -  
t i o n a l  conta.inrrient or r a d i o a c t i m  m a t e r i a l  l e s sens  conta . r i~nat ion on 
Lhc waste c a r r i e r  and provides  b e t t e r  p r o t e c t i o n  during t h e  bu r i a l  
ope ra t ion .  

Ni~..c.h oi' the cquipmeni i'i-oln t h e  l"'CsCl pre?aL-ation c e l l  w a s  removed 
r e r x t c l y .  Kniry t o  t h i s  c e l l  f o r  final decontamination and i n s t e l  1 . a -  
ti .on o f  new e~i ; r 'pr~eni  i s  scheduled ror t h e  i ' irst qua r t e r  of' 1965. 

1 37- W h i l ?  t!iis eel?. i s  out  0-' se rv ice ,  f i n a l  g rocess ing  01' CsCl i s  
being done i n  temporary equipment in o t h e r  c e l l s .  

Both process  c o n t r c l  rrian-i.pu1 a t o r  ce!.l.s were ciecontamina-L::d. and r epa i r ed  

I n  ihe othey ,  the inner  p a w  O Y  the  s h i e l d i n g  window cracked d u r i n s  a 
rcLti.ne hoL dil. Pl.ush, so tke c e l l  had t o  be entered. t o  r e p a i r  t h e  win- 
dew. This 'cell had been ope ra t ing  f o r  over f'our years si.nce i i s  l a s k  
decontamination. 

(Tine was r epa i r ed  i.n c3nJunct ion w i t h  the r ev i s ions  t o  t h e  137cs system. 
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Source Classification System 

The ma.,jo:r acconiplishrnents dur ing  1964 have been the con!pl-eti.on of the 
Source Classification System and a. d.raf'c of the test procedures for de-Ler- 
mining .the class of a source. Td;l.es 1.2 and 13 are a siirrnrnary G T  the 
proposed system. Work has begii.n on a ratin2 system to determine the class 
OF sources f o r  spcj . f ' ic  ap-plicai;j.o:ns . 
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n Lab1.e 1.3. Proposed ORNL source classification s y s t e r  
environmental  char ac  t e I- i st i c s 

-.- II I_____ ......... -1-1. 

Operating 0 pe :e a t  i n  5 'Temperature - 
hurnidi L y  

Class resi-stance,  "F range ,  "F range, "F cyc l ing  
t empc rat lire t empe r a t  ure  Thermal shock 

___-_..- ___ ........... ......... 

A 400 f o r  1 hr  32 to 212 212 t o  32 Lhen 20OoF-100!$ RH 
to --(6 t o  3>"F-5$ KFT 

2 hr cycle  
time f o r  48 hr 

B 750 for 1 hr -11-0 t o  212 212 t o  0 t hen  S a m  as A 
t o  -76 

C I'(00 For 1 hr  --j20 t o  300 >OO t o  32 then  No r q u i r z m e n t  
io -75 

2550 For 1 hr  -76 t o  1700 i ( o o  to -16 KO requi rement D 

E 4500 for 1. hr 32 to 3000 3000 t o  -320 No rcquirenienk. 

One hundred twenty sources  r ep resen t ing  37 eormerci al. designs were c l a s s i -  
f i e d  according Lo t h e  proposed Source Cl.assii'i.ication System t o  determine 
i f  sources  desi-gned by dii 'f 'erent companies f o r  simil .ar app i i ca t ions  wou1.d 
gi~ve consis ten- t  resiil~ts. These t r i a l  cl a s s i f i - c a t i o n  r e s u l t s ,  gi.ven i n  
Table 111 
Lherapy, radi-ography, and neutron sources) f e l l  i.n t h e  Cl-ass 111 structuisa7. 
category,  while most (85$) gaging type sources ,  which normally conta in  
<1 cur i e ,  were i.n t h e  less demanding Class 11. 

show t h a t  most ( T O $ )  mul t i cu r i e  source capsule  designs (tele- 

Table 1); . Trial .  classi-f ' icatio-n of r e p r e s e n t a t i v e  
commercial sources  

Class Number of  designs ApplicatLon _.._I _____..- 

Te 7 e t  her ap] 
T e  le t h e  rapy iilc 

T I E 3  

Gages 
Gages 
Gages 
Gages 

I I I B  
TIC 
I I B  
IIA 

Radiography IIlC 
Radi.ograpiiy TTIB 
Radiosraphy IIC 
Radiography- I I B  

Nz ut r on 1 . I I C  
Neutron 1 I A  

- 

2 
1 

2 
4 
5 
2 

9 
2 
2 
3 
3 
2 



While these resul.t,s are cons i s t en t  wtth t h e  
t h e  tcniperatu.re classes of the sources WCLW 

wid-e v a r i a t i o n  in temperature r e s i s t a n c e  o-f 
sppi i c a t i o n s  was no-Led. i n  ea r I . i e r  phases o-i" 

iri-bended use o P t h e  capsu.l.es, 
l e s s  consi .s tent  . The sxme 
sources  in-Leiided. Yor s-i.mi.1.a.r 
Lhe Source Safety Tes t ing  

Source Application Rahing  System 

'The i n s p e c t i o n  of o l d  sources, par t i c iu l a r ly  -those which had been exposed 
to accid.ents dixrihg use, was continued to ob ta in  back.groimc1 informa.i;i.on 
f o r  t h e  Source Rpplricat i.on Rating System. The :resi.il.ts of f,liece investri - 
gat i ons  fol.l.ow: 

A 13'7~~~1 gage source i n  a stainless s t e e l  capsule  wi.tb a 'uack- 
soldered. threackcl closure used to measure d e n s i t y  of solid.  rocket 
propc7.1.ant was ri n a rocket propellant exp1.osion a.nd f%re . Examina- 
t i o n  of  t h e  source revfi:zl.ed. t h a t  the solder had 111el..ted, but Lhe 
scmw c losure  rernained j.nta.c-L wii;h no tr*ans ferable  ac t i . v i ty  on. 
out;s-i.de surfaces ol" t h e  sou-rce. 

E ight  -I.-cwie "OCo sources ( w i t h  non.-threaded soldered. c l o s u r e s )  
which had been i n  u.se f o r  -5 years i'or ga,?ing t h e  melt; l e v e l  i n  
i?l.a.st furnaces were sen t  t o  OiUL 1'01- i r ispee- t ion.  'The 1.ea.d housings 
and. so3.dcr s ea l  of four  had mel- ted .  from overhea t ing  arid a l l  Pour 
weye l e a k i n g .  The other f o u r  sliowed no ::Ivi.dence of  l.ea,lmgt.: Photo- 
mi. cr ograph s of I; fie caps I? 1.e r n a t  c rt--ia 1. dri.d. not s how any int e rac  i; j.cm 
between "'Co Tcetal.. and. stain!-ess steel capsule. 

Three "OCo gage sources ,  si.mi.1.m t o  those  described above and ii.sed 
ii1  tie same way f o r  42-142 years ,  were r c t u r ~ e d  by a.nother- s t e e l  
product ion company. The sol-der joi .nt  on orie loolked. cormded, and th.2 
source Leaked. when given the vacuuxi leak t e s t ;  t h e  o the r  two did riot. 
No t r an . s f e rab le  a c t i v i t y  was foiind on t h e  ou te r  surfaces o f  th.e thyee 
sources  by use of a sta,nda.rd s-meay t e s t .  

Frivc b e t a  ga&.ng sources ,  each cont,aining -50 rrlc oi" c>rI were re- 
cei-ved aCter  they  had heen rin a € i r e .  The source czpsules were 
l/2 i n .  i n  d i a  b y  l-/li.-in. -hi& stari id-ess steel i n  ailinni.nurn housings 

sour-ec w a s  a threaded p 1 . u ~  bra,zetl w<.tIi  a sil-vey. -bearing braze inate - 
rial.. . The soi l rce conipoiund i n s i d e  the capsu!.es was baked on'~o ccraicic 
ilriscs. Three of Lhe sources were compl.ete1.y separa-kd Yrom L1ie:i.r 
a1.uminwn housings, one h a d  on1.y a glob o f  a I u x . n u m  on o m  end, anti 
t h e  r e i a i n i n g  soi-irce was s t i l l  in the almiinum housi.r.g which had 
parti.al.1.y mel.t,ed around i t .  Three of the sources had cracked erid 
wind-ows ; however, based on t h e  :tmount of a e t i ~ v i t y -  found i.n khe rubble  
around the  ciources, ii; a.ppears that only  a r r a c t i o n  escaped d.ur.i.ng 
the f i r e .  

A mult i (curie '- 3 r 7 ~ s  ~1 i r m d . i  a, i; ton s our c c w &s re ce i ve (3. ~o r ins re ct, ion  
after g iv ing  a pos i t i vc  smeax t e s - t  a E x a r i a a t  i on  did. not  revea.3. k a k s  

9 Or7 

>Jil;h 1 .5-mi i - th ick  b r a  d copper end win.d.rjws . Tht: sea l  on each 



but  dLd reveal. transfPra.bl-e a c t i v i t y  on t h e  source capsu.1.e. An 
autoradiogi:a.ph oi- t h e  seal. we1.d showed several. spots of actj.vri.ty, 
and success ive  radiographs made a f t e r  t h in  l a y e r s  of t h e  weld area 
were removed i-ndicated tha t  t h e  wel-dment was contaminated w i t h  small. 
amounts of  t h e  source compound which were g radua l ly  causing k a X  
i n d i c a t i o n s  d ix ing  t h e  smew* t e s t s .  

_I_._-..._ T r i  tiun Evalua t ion  

T r i  t iwn losses  frorr. titaniixn; and 7.i.rco~iiuifl f o i l s  a t  el-evated tempera.tures 
were determined. 
i s  reached when "H Ls r e l eased  at unpredickable r a t e s .  
r e l eased  3H a.t temperatures  below 100°C. 
phosphor ind ica t ed  Lhai; -0.5$ of t o t a l  3H w a s  r e l eased  a t  temperatures 
up t o  1.50"C. 

Titanium foils hold 311 w e l l  u n t i l  t he  209-250"C range 
Zirconi.urn foil-s 

Resul t s  from 3H a c t i v a t e d  

Above 200°C the  "I1 i s  given o f f  a i  unpredic tab le  r a t e s .  

Extend-ed Test  .-Programs 

Cer ta in  sour res  a r e  examined f o r  aging and r a d i a t i o n  exposure ei'i'ects 
over an extended per iod by sub jec t ing  them t o  p e r i o d i c  t e s t s ,  usua l ly  
once each y e a r .  

Water soak t e s t s  were conduc-tcd on 2-year-old alpha c a l i b r a t i o n  sources .  
The amounts of' a c t i v i t y  removed by these  t e s t s  were i n s i g n i f i c a n t  a,s i n  
previous t e s t s .  

Soak t e s t s  on "2 a c t i v a t e d  phosphor paiiits were conducted. 
1.ea.ched i n t o  t h e  water dur ing  t h e  soak t e s t s  i ne reascd  i n  some cases  t h r e e  
t imes as much as one year  ago. Some or t h e  p a i n t s  began. t o  flake o f f  t h e  
aIimiinum backing m a t e r i a l .  Radium a c t i v a t e d  phosp'cior. paint; losses  i n -  
creasei.l by a f a c t o r  of  two; however, no Yl-aking W ~ S  observed. 'The pa in t  
samples i n  both cases  were two years  o l d  when t e s t e d .  

The 3H whi.ch 

EvaluaLion of  T c s t  Methods 

The on1.y c r i t e r i o n  determining f a i l u r e  of  a c l a s s i f i c a t i o n  t e s t  i s  t h e  
presence oi" a l e a k  i n  t h e  source capsul-o a t  t h e  conclusi~oii o f  t h e  t e s t  
t h a t  was not ev ident  p r i o r  Lo t h e  t e s t .  A simple l e a k  tes-t has been 
developed3" f o r  use with t h e  cl-a.ssi .f ication t e s t s  and f o r  p o t e n t i a l  use 
as a q u a l i t y  c o n t r o l  procedure i n  source manufacture.  The source to be 
l e a k  t e s t e d  i-s i~rm-nersed i n  e thylene  g1.ycoJ. o r  isopropyl  al.cohol and t h e  
p re s su re  above khe l i q u i d  reduced t o  about 125 mm of Hg absoluke; a leak 
i s  i nd i~ca ted  by a stream o€ bubbl-es r i s i n g  through t h e  l i q u i d .  The sen-  
s i t i v i t y  o f  t he  t e s t  w a s  debermined by prepar ing  a number of' c a l i b r a t e d  
l eaks ,  measuring the  ho1.e s i z e s  mlcroscopical ly ,  2nd measuring t h e  l e a k  
r a t e s .  Under the  tsst condit,.iLons descr ibed above, lkaks as sinal.1. as 
3 x LO-" cin3/sec can be r e a d i l y  de tec ted  and leaks  of 1 x l o w 7  cm3/sec 
have been detected by sub jec t ing  t h e  capsu1.e t o  a. h igher  gas pressure  
irmedi a t e l y  before  t h e  t e s t .  The re l .a t ionship  between-Lhe l e a k  diameter 
( D ) ,  s u r r ace  ten.si.on o f  t h e  i-mmersion 1-i.qi1i.d ( T )  , and pressure  d i f ' fe ren-  
t i a l  requi red  t o  i n i t i a t e  bubbl.inS (AP) ca,n be expressed by t h e  empi-:rica.l. 
equat ion,  Ai? = QT/D. E i t h e r  i sopropyl  a l coho l  o r  e-kliylene g lyco l  can be 



111 additi-on to the above t e s t s ,  four o the r  simple leak t e s t s  have been 
irive s-t i.gat, e d . 

1.. 

2. 

3 -  

)-L . 

Sme ar 're s t 



The f'ollowine conclusions can be made from experience wi th  these  l eak  
t e s t s :  

1. 

2. 

3. 

4. 

5. 

The smear t e s t  does not  always give i n d i c a t i o n  of  a lea-cing s o u c e  
capsule  . 

The weight -gain t e s t  i s  u n r e l i a b l e ,  p a r t i c u k r l y  when t h e r e  a r e  small 
l e a k s  or when t h e r e  may be extraneous m a t e r i a l  on t h e  capsule  tihat 
can be dis lodged .  

'The a i r -press i j re  bu-bble t e s L  i s  on ly  s l i - g h t l y  more er"fectj.-ve than  
t h e  hot-water bubblk t e s t .  The s e n s i t i v i t y  of t h e  sir prL'ssiire 

perforicing t h e  e n t i r e  tes t ,  i n  a s i .ngk  vessel- .  
-t n. Ldt i' could pi-obably be improved by i n c r e a s i n e  t h e  p re s su re  and 

'The vacuum iea,k. test i s  t h e  most sensi-Live and reliable of the  tests 
and de tec t ed  leaks  when all. o t h e r  rncthods i 'a i led.  The t e s t  i.s no-i, 
eCfect ive,  however, when t h e  f m e  volume insid-c t,he Souincc' i s  too 
small t o  support  a s t ream of bubbles,  e . g . ,  inLerstiLia.1 theragy  
needles .  This  t e s t  may not be sa t i s f ac - to ry  i.n t h e  case of a l a r g e  
leak  which permiks t h e  a i r  t o  escape j.n one o r  two l a rge  bubbles 
t h a t  mi-ght not be seen by t h e  observer .  

The value 05  a thorough visual. examination should not be discounted,  
f o r ,  in many ins tances ,  examination of seal. a r eas  under modei-ate 
rnagnificatj.on ( 5x-2ox) c l e a r > j  revealed. poros_i.ty. 

An at tempt  wa,s made t o  def ine  t h e  hole  s.ir,e i n  a capsule  conta in ing  water 
so lub lc  source compo1ind.s thai ,  l eaked .  A hole ,  0.001.5 i n .  i n  diayLeter ,  was 
d.:rj-l.led i n  a typ ica l .  ""7CsCII. source capsule contarining non--radioact ive 
CsCL equiva len t  t o  a l500-cur ie  source. The capsule  was placed i n  water 
t o  soak for 20 days.  Watzr samples ,  taken a t  p e r i o d i c  i -ntervals ,  showed 
cesiuiia equiva len t  t o  160 -1: 50 pc- from the total 1500 c u r i e s .  Aaditiona.1 
experiments wi th  o t h e r  hole  si-zes an4 capsulc arrangements a r e  plhnned. 

Detec t ion  of '11 deb i veted  phosphor contamination us ing  t h e  ulLraviok'L 
l i g h t  was eva lua ted .  
b e  sasily dp tec t ed .  

Mater ja l  r ep resen t ing  a s  l i t t l e  as 64 d i s /n in  could 

S h i j p  i ng Coriiainer Yes Ling 

S ~ v e r a l .  t e s t s  have been conducted t o  improve t n e  s a C e i y  oL' ONdL r ad io i so tope  
shipping con ta ine r s .  An TCC Spec i f i  c a t i o n  3AA gas cy1 i n a e r  w a s  dropped 
from a height, o f  50 r"t o n t o  a conerebe pad  and cont inued t o  hold a va,cuwn 
of  <10 microns of  mercury. A package, cons i s t ing  OC an JCC S p e c i f i c a t i o n  
2 R  con'cai ner surrounded wi th  vermicul i te  for sh ipping  239Pu, s u c c e s s f u l l y  
withstood a 1/2-hr  f i r p  t e s t  bu t  f a i l e d  t h e  1-hr  t e s t .  
conducted on various 5:i-isket materials t o  find one s u i t a b l y  r e s i s t a n t  €or  
rad io iso tope  shipping con ta ine r s  . A HastLlloy-C asbes tos  s p i r a l  wound 
gasket  proved satisfactory although expensive.  Work on t h e  use of' i n i u -  
llicscent p a i n t s  appears encouraging. 

F i r e  t e s t s  were 





Mis ce ,.J.aneous A c t i v i t i e s  

Miscellaneous activiiies have been qu i t e  va r i  cd .  

I. Foreign journal a r t i c l e s  of‘ i n t e r c s t  t o  D I D  have b?en reviewed ror 
t h e  L i b r a r y  ot‘ Conyress con t rac t  . 
discont inued  a ~ i d  t h e  Tnf’ormation Center w i l l  put  ou i  an expanded v e r -  
s i o n  OF “RadioisoTopes i n  World Indus t ry”  according i o  our  asreement 
w i t h  Diu. 

The con t r ac t  (OID) cards  w i l l  bc 

2 .  About 20 Divis ion  r e p o r t s  were e d i t e d  3rd publ i shed  o r  subiilitted for 
puol i c a t i o n .  
Procedures Manual which wa? made a v a i l a o l e  i n  June. 

Considerabl P time was speni. on t h e  O~HL’TI~ Fiadi o i s o t o p s  

3 .  Submissions t o  I n t e r n .  J.  Appl. Isoio~cs . . .. . . .. . .- (JARI) were re- 
viewed and s e l e c t e d .  

4. Six  showings of  t he  a c t i v a t i o n  ailaLysis exhibit have been handled 
d u r i n g  ilie yea r .  

5 .  Members of’ t h e  Information Ccnter par t ic ip3 , ted  a t  the Gat1inbii:rg 
Isotopes Conference as cocha,irrran, a t  t h e  secondary radi-at ions con- 
fe rence  i n  Chicago on t h e  program cormi t tee ,  a t  t he  Nat iona l  Federa t ion  
of  Science Abs t rac t ing  and Indexing ServiLces Conference i n  WashingLon 
on t i e  d i scuss ion  panel,  at, t h c  Arneri can Soc ie ty  of’ Ayricul.Lural. 
En.gineers Meeting i n  New Orleans as giiest, speaker ,  and a’i t h e  DID 
S i x t h  Annual Contra.ct,ors Neeting 5-71 Washington on the  advisory 
committee. 

G . Numerous l e t t e r s  have been w r i t t c n  t o  provide t e c h n i c a l  i-nYormatj.on 
and a s s i s t a n c e  i n  rep:Ly ’GO 1ei;ters o f  ?.il.q1firy addressed t o  t h e  CenLcr. 

7.  A large number of I’oreisri lp t te rs  Liaw been i r a n s l h t c d  i’or t h e  
InI’ormation Center and Eor t h e  Sa les  Department. 

8. Approximately a dozen trips were made t o  l c c i u r e  t o  various groups 
on i so tope  product’on and applica’bions and Lccrinical w r i t i n g .  
i ucluded pa r t i c ipaL ion  j n ,lis ORIUS Travel i ng Lpcture Pros;rsdtli. ) 

(Tk1-i s 
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1963 1964 
A C C U J X t  Sales F:md cost No.  of Nillie.aries F m d  cost of Sales 3 T ~ o o  of IWll icwies  F m d  cost of Fmd cost . I so tope  proceeds of sales sh ipnents  shipped - production . proceeds oz’ sales shiprielit s shipped prodGn,t i on  

3651 Carbon - 14 
36 52 
3653 Cobalt -60 
36 54 -101: 
36 54 -106 T z c h e t  i-m-99 
3654-:-07 1ir3~ton-85 
3661-288 ~ h l c r i n e - 3 6  
3661-327 Xi eke1 -6 3 
3661-365 ~ha11im-204 
3662 S t ront im-90 
3663 T r i t i u m  

Ce s iun - 13 7 

Prone t him-1.4 7 

n iota1 Inventory Items 

Ma;ior Product Items 

3654-iO3 
36 54 -1-17 
3655 
35 56 
3663 
3661-278-9 
3661-281 
3661-261; 
3661-296 
3661 -302 
3661-31-5 

3661-356 
3661-358 
3661-360-2 
3661-379 
3661-386 

3661-333 

Ce r i .um - 14 4 
Xenon -133 
Iodine -131 
1rit i i~fl-192 
Phosphorus -32 
Calci~xc-45 (P-1, P-2) 
Calc im-45 ( P-3) 
C a1 e iux- 4 ‘7 
Copper-64 
GO id -198 
I r o n  - 5 9 
Potassiwri-42 
So di err - 24 
S t r or,t iun - 8 5 
S?Jlf.j;r -35 
Chrorniuc- 5 1 
Phosphorus -33 (New) 

T o t a l  Major Product Items 

Develowfient, F i s s i o n  Products  

$ 209,662 
109,239 
41,180 
25, 005 
9,320 

79, 930 
lr(> 439 
19,287 
15 , 649 
8,492 

119,162 

$5 102,121 
74,267 
59,392 

127,633 
8,494 

94, 459 
13,078 
7, 054 
7,177 
7,097 

82,217 

179 
210 
16 

148 
35 
i 72 
131 

59 
65 
11- 
171 

43,688 
37, 579,432 
49,410, go0 
4,585,409 
134, 201 

6,983,833 
54 

22,837 
2, 289,075 

101,121,678 

2,224 

ir1g 

9 

$ 3,218 $ i,795 80 45,252 
8,815 17,949 101 290,890 

47,759 40,362 1,577 225,800 

77, 674 61, 577 2, I70 82,141 
26,255 15,721 302 2,684 
18,898 11,312 151 419 
bl, 267 27,000 238 201 

7,918 6,186 111 6,252 
16,007 i o ,  658 158 260, 190 
57,61~7 37, 0lb3 484 1,931 
11,029 7,970 685 lk, 893 
9,768 6,453 467 1,467 

40,362 18, 778 262 m a  
i8,7’c7 18,902 ‘193 16,880 
19, 631 17,925 244 13,923 

$ 442,394 $ 3  28,712 7,622 6,615 381 

37, $49 29,991 96 5,664,650 

365k-105 Europiun-155 $ 20 1 2 
36 54 -108 Iodine -129 4,445 28 2,888 I Z ~  

2,888 mg 
Total Cevelopment F i s s ion  Troducts $ 4,465 $ 665 29 2 

$ 96,078 
509,592 
57,298 
51,677 

126, 840 
12,576 

5,026 
6> 575 
3.9 725 

1,691~, 480 
91,417 

$2 655,284 

$ 213,913 
326,846l 
110,113 
27, 420 

80,136 
23,954 
10,708 
2, 94-0 

17,725 
111,165 

5l? 927 

$ 124,228 
351,739 
148,396 

59, 533 
46,597 
78,937 
18,611 
4,821 
1,251 

307 849 

1-55 
195 
18 

138 
4 5 

168 
127 
59 
57 

119 
182 

53,951 $ 106,800 

207,442,017 53, 738 
4,602,306 38,342 
1?225,223 mg 43,501 
5,455,505 13,041 

77 11,402 
i, 599 7,667 
2,852 3,574 

8,255,493 1,312,311t 

298,92i, 101 409,427 

99,854,689 90,541 
1,225,223 rrg 

$ 976,847 3 966,149 1,273 624 , 589,623 $2,095,347 

$ 3,000 
14,854 
33, 606 
10, 157 
22,085 51,337 

18,989 
44, 641 

4,392 
I, 627 

49,209 

40,207 
17,645 
3 9% 

9,680 
8,044 

$ 2,272 
24 , 899 
40,796 
10,783 
52, ilc8 
14,373 
11,462 
36, 378 

6, 227 
5,773 

30,826 
8,652 
7,310 

21,992 
11,195 

5,176 

66 
166 

1,254 
53 

2,001 
331 
152 
22@ 
14 7 
108 
467 
567 
427 
178 
462 

85 
2 

73,258 
11~6,907 711, 522 

1,369,297 
53,526 
2? 391 
424 
220 

3,383 
20,537 
I, 640 
4,224 
1,177 
804 

14,008 
2,115 

$ 3339 469 $ 289,962 6,656 2 I 405,433 
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A C C O ~ L T k  
Eo. I so tope  

1954 
PIT 11 i e w i e s pj-@ o-? 

1963 
. L  M i l l i c u r i e s  S a l e  s Fmd cos t  

oi? sales 
S a l e s  FWld cos t  >To. of  
proceecs of' sales shipmerit s shi-aped proceeds shlpment s s hipped 

Minor F i s s i o n  Products  

B a r  i-om-140 
S t r o n t  i u ~ - 3 9  
Ce r i m  - 14 1 
Gross F i s s i o n  Products  
Z i r ~ o n i ~ ~ ~ - ~ i o b i ; - 9 5  
I! i ob i lxl- 9 5 
3r a, s e o d y x i m  - 143 
Ne odymiwx - 14 7 
Rut heni~m-103 
Ruthenim-106 
Yttrium-91 

T o t a l  Minor F i s s ion  Products  

Miscellaneous Develo7nen.t I tems--Processed l%terials 

Ant inori-122 
fir gon - 76 
Arsenic - 76 
Arsenic-77 

B a r  i7x:d33 
B i  smut h-210 
Cadmim-~-109 
cadmim- 115 
G a l l i u m -  72 
Iodine -12 j 
GOM-199 
Iodine -130 
Lafit 1.,a.n:~~1-140 
Ne r cwy - 2-97 

P a l l a d i m -  1Cg 
Praseodymim-142 
Rheni UT - 136 
Samarium-15j 
Silver-111 
~ t ~ ~ i i ~ t ~ - 1 7 0  
Tmgs ten-187 
S e 1eni-m- 7 5 - -En? i c he d 
~ rgon-38  

B ~ ~ ~ L U T I  -131 

1k1137bde1?iu~;,-99 

$ 2,753 
6,337 

515 
775 

LL , 033 
2, 631 so0 

I, 583 
1,757 
5,591 
2,294 

120 
126 
110 

. 27 
12 7 

58 
2 

22 
4- 8 
53 
47 

1,242 
1,791 

174 
388 

2, 400 
L ,361. 

$ 4,387 
9,006 
707 
732 

6,673 
2,054 
9oc 

2,;54 
1,584 
4,724 
2 9 111 

101 
14 ic 
2? 
24 

133 
it0 

7 
2 1  
31 
58 

36 

1,674- 
3,312 

256 
3, 868 

3 G 6  
18 

134 
lb .1  
580 
726 

168 

$ 28,369 $ 41,947 6 70 8,201 $ 624 1 1 , i S j  35,002 $ 58,671 

$ 129 
5 54 
346 

0 
357 

7,967 
283 

1,572 
100 
582 

10,300 
1,763 
812 
798 
7% 7 
933 
131 
153 
355 
475 
175 

2,207 
195 

16,662 

9 
10 
22 
0 
9 

59 
5 

35 
9 

15 
123 
29 
48 
60 
19 
5s 
9 
5 

24 
18 
11 
23 
7 

53 

+3 
36 
1-75 

0 
6 

82 
28 
24 
29 

164- 
2,739 

362 
688 
431 

1,925 
624 
132 

52 
194 
200 
35 

5,343 
35 

666 

80 
270 
440 
100 
420 

13,723 
275 

4,898 
56' 
23 5 

15,075 
345 

I, 212 
2, 368 
5,535 

6c2 
225 
115 
459 
42 5 
225 I, 500 

50 
34,887 

$ 3 
9 

26 
4 
7 

68 
4 

35 
13 
3 
3 
9 

41 
44 
60 
52 
15 
3 
16 
13 

E; 
14 
2 

98 

14 
14 

209 
8 
7 

136 
25 
64 
154 
56 

15 > 015 
64 

96 0 
693 

12, ic91 
6 02 
174 
35 

144 
157 

24 
4,905 

2 
1,398 

220 A 0.2 cc 0 0 0 

0.2 cc 
Total Miscellaneous Development Stems--Procsssed Materials $ 48, ~ 4 6  $ 3  8,804 664 14,565 $ 84,023 $ 73 9 350 564 37,361 

~ 



ACCOWX 
No I I so tope  

M i m r  Processed Material  Itens 

3661-252 
3661-2 j4 
3661-272 
36 6 i - 2 75 
3661-285 
3661-293 
3661-295 
3661-298 
3661-306 
3661-308 
3661-311 
366 I - 3 14 
3661-323 
3561-329 
3651-339 
3461-345 
3661-31;-7 
3661-348 
3661-363 
3651-366 
3661-368 
366 1-3 72 
3661 -374 

hit imony-124 
Ant imony - 12 5 
Srornine -82 
Cadmium-  1151~ 
~e s iuz-i34- 
Cobalt -58 
Cobalt-60 (FSA Irocessed) 
E-dropim-152 3 -154 
Hafnizm-ltll 
Indium-114- 
I~oE-55,  -59 
I r o n  - 5 5 
Mercury -203 
.3srnian-191 
~ubidiwn-86 
S cafi6i.m-45 
Selenixn-75 :%A 
S I lver - 110 
Tantal.,m-182 
 in-113 
Tungsten - 18 5 
Yttrium-50 
Zinc -65 

Total Minor Processed Materials 

1963 
Sales FUld cos t  No. of Mi l l icur ies  

pro ce e tis- of  sales shipments s hippc d 

$ 681 
1,406 
2,454 
3, 003 

639 
3,441 
2,822 
2> 490 
545 
344 
599 

107 757 
10,519 

210 
1,414 

828 
426 
8 53 
56 5 

2,519 
392 
136 

3,147 

39 
17 
95 
43 
48 
45 
224 
30 
22 
35 
16 
69 

173 
6 

2 78 
& 
39 
55 
20 
53 
27 
10  
2 

185 

6 53 
14 

9.1 
677 
~ 7 2  

1,425 
249 
355 

72 
17 

3 1)-1 
10, 521 

21 
4,953 
3, 314 

346 
655 
139 

72 
96 
46 

1,407 

$ 50,360 $ 52,991 1,470 25,301; 

134,201 nlg 

1464 
S ales Fund cos t  No. o f  Mi l l i cu r i e s  
pro c e eds of sales shiprrient s shipped 

s 1,411 
3,000 
2,651 
2,619 

7k3 
1, 330 
3,692 

9-73 
511 

1,125 
38 5 

9,274 
28,521 

80 
6,511 
1, 183 

844 
1,349 
850 

2,288 
710 
973 

8,922 

45 
23 
80 
26 
27 
14 
io8 
21 
24 
34 
8 

39 
16 5 

3 
269 

49 
29 
55 
27 
46 
20 
12 

1 5 1  

$ 80,242 $ 52,247 1,275 49,723 

1,252,356 mg 
0.2 cc 0 cc  

258,703,083.9 $1,531,485 $1,453,1110 10,434 627,093,321 T o t  a1 Radioisotopes $1,228,095 $1,046,099 , 11,752 



Accouirt 
No. Isotope 

Service  I r r a d i a t i o r s  

86 -Inch C y ~ ? ~ o ”  uron  
Reactor  Serv ice  I r r ad ia+ i ions  
Gobait -60 G m a  
Naval iSe s e ar ch Labor a t  or.; - -LITR 
Naval Re s ear c h Labor at o r y  - -OF3 
T\TLwA- -2rJZa 

Act iva t ion  h a l y s  e s 
S p e c i a l  Se rv ices  
Target  Pre?zration--Radioisotopes 
Cobalt-GC Source S e l e c t i o n  
C e  s i ~ m - 1 3  7 Sour c e Fabr i c a t i o n  
Incoicing Trans p r t  Charge s - -Cus t ome r Service  
T r i t i u n  and Deuterium Targ;et FLmica t ion  

196.3 
S a l e s  F-md cos t  No. 0: M i l l i  c m i e  s 

proceeds of s a l e s  shioments shipped 

4,141 
76, 7352 
3 9 9752 

$ 136,425 
363 573 
1,597 

203 
y;, 036 

9 
I 

142 S.S. 
511 S.I. 
6 S.I. 

87 AEE.1. 

16,825 14 129 a3 

1964 
Sales Fund cos t  No. of M i l l i c u r i e  s 

shipped proceeds of  s a l e s  s hipme at s 

$ 173,381 $ 230,937 
5i, 782 40,857 
4,724- 37’1.97 
79, on2 87,115 

72 

168 
428 
7 

2 

148 S.I 
414 S.I. 
6 S . I .  

19,520 14,714 120 

559 S.I. 588 S.I. 
T o t a l  Radioiso-kope S e m i c e s  $ 393,952 $ 398,301 76 7 72 5 2 Ami. 87 h a l .  533,888 $ 483,095 

$ 221,451 3631 Packing and Shipping $ 267,865 $ 213,231 $ 2&6,054 

3640 1 s o t ope s S a l e  s De par tme n t  $ 208,533 $ 199,098 

137,089 c1g 
G . 2  cc 

659 S.I. 

1,252,356 mg 
G cc 

588 S.I. 

’Includes fund cost t r a n s f e r  of $225,843 from Brookhaven Nat iona l  Laboratory for 214, 994 c u r i e s  of cesium-137. 

2Fur,d cos t s  on ly  are b i l l e d .  

S -1. = Service  I n s e r t i o n s  
Anal. = kra2jses 
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N .  Matsura and H .  Yumoto, Deposi t ion potei1ti.al oi‘ technetium-99 
Yrom a l k a l i n e  s o l u t i o n  arid i.ts a p p l i c a t i o n  t o  s tandard  pure b e t a  
soiircz on t h i n  m e t a l l i c  f o i l s ,  gadioisotopes . .. . (Japan) 8( 1) : 32-5 
(1959) 



29. J. D. Eaki r i s  and- D .  G. Iiismpbries, P repa ra t ion  oi' technetium metal., 
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