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"his repoi.-t h c l u d e s  moat OS t h e  t t l . l . 1 ~  and discussiorr presented a t  

the Research Materials Coordination aiid Pl.anning Meethg held at, 0a.k 

Rridge National Laboratory on Nwember 1.4-15, 1963. 

last copy was not received untj.3- mid-Sepkmher,  so tha1; the rfiate-1-i.al may 

have Lost some ol-' i t s  t imeliness.  

worth recording - if t o  serve only as "minu-test' o r  the meeting. 

Unfortunately, t h e  

Nevertheless,  it is s- t i l l  probably 



2 

EXJXii'ROMAGNETIC ISOTOPE SEPARATIONS 

L. 0. Love, ORNL 

We who have r e s p o n s i b i l i t y  f o r  ope ra t ing  the electromagnet ic  i so tope  

sepa ra t ion  f a c l l i t y  consider  ou r  p o s i t i o n  a favored one i n  t h a t  we are 

p r i v i l e g e d  t o  provide materials f o r  people conducting experiments which 

w i l l  inf luence t h e  design of nuclear  instruments over  t h e  next 5 t o  20 

y e a r s .  

channels--a mul t imi l l i on  d o l l a r  p l a n t  containing a t o t a l  of 68 e l e c t r o -  

magnetic s epa ra to r s .  What I am going t o  do i n  t h e  next f e w  minutes i s  t o  

desc r ibe  what t h e s e  f a c i l i t i e s  a r e ,  what i s  being done with them, what i t  

c o s t s  t o  operate  them, aild what mLght be done with them should t h e  need. 

a r i s e .  

Users of separated i so topes  have a t  t h e i r  disposal--through proper  

The o r i g i n a l  electroma<gnetic s epa ra t ions  p l a n t  Twas b u i l t  t o  pm c e s s  

one element t o  col-lect  one i so tope  and as such was designed t o  ope ra t e  a t  

only one set  of parameters.  

i so tope  sepa ra t ing  pl.ant i n  t h e  world. 

a c t i v e  elements appearing i n  t h e  p e r i o d i c  chari; have been c o l l e c t e d  and made 

available i n  usable moimts ,  and today s i x  elements are r o u t i n e l y  processed 

simultaneously. Forty of t h e  sepa ra to r s  ass igned to t he  program a r e  i n  

continuous use. 

Today t h e  faci lPty-  sta,nds as t h e  most v e r s a t i l e  

,911 isotopes of .the chemically 

Many people who a r e  familiar with electromagnetical1.y separated i s o t o p e s  

may not  be familiar with the process  i t s e l f .  

t h e  system and the b a s i c  ca lu t ron  equat ion.  For technical-  reasons it i.s 

more d e s i r a b l e  t o  be able  t o  vary t h e  magnetic f i e l d  from element t o  

Figure 1 shows a schematic of+ 
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element t han  t o  chmge any o t h e r  operational- parameter, Figure 2 shows one 

p o r t i o n  of t h e  f a c i l i t y  as it appears today. 

contained i n  one common magnetic f ie ld ,  usua1l.y r e f e r r e d  t o  as a " t rack".  

I n  o rde r  t o  provide f l e x i b i l i t y ,  modif icat ions were rnade which permit ted 

t h i s  t r a c k  t o  be segmented i n t o  f o u r  magnetical1.y i s o l a t e d  systerns, thus 

allowing four d i f f e r e n t  magnetic f i e l d  s t r e n g t h s  t o  be used. simul.taneously. 

This allows concurrent s epa ra t ion  of fou r  d i f f e r e n t  elements in a system 

where previously only one element could be processed. 

Or ig ina l ly  t h e r e  were 36 u n i t s  

R second t r a c k  seen i n  the  background. o f  t h i s  same picture has been 

modified t o  magnetically i s o l a t e  e i g h t  separatorrs . Thi-s segment with 

necessary cheniistry l a b o r a t o r i e s  f o r  processing al-pha a c t i v e  ma.teri.a.is has 

been enclosed t o  provide a double containment area f o r  s epa ra t ing  elements 

such as Pu, U, Thy and o t h e r  elements with similar a c t i v i t y .  The rrmain- 

i n g  sepa ra to r s  i n  t h i s  second t r a c k  are i n  va r ious  s t a g e s  of renovation 

and could be acti-vated f o r  processing kilogram q u a n t i t i e s  of s t a b l e  i s o t o p e s  

should t h e  need artse. 

What we have been able t o  accomplish can be i l l u s t r a t e d  by t h e  follow- 

i n g  figures. Figure 3 shows our  annual r a t e  of c o l l e c t i o n  f o r  t h e  past few 

yea r s .  

to ta l .  of -20 kg of separated i.so-topes. In t he  next three-year  pe r iod  we 

c o l l e c t e d  twice t h i s  amount. We have r e c e n t l y  conipl.eted our f i rs t  y e a r  of 

processing t h e  alpha a c t i v e  element plutonium i n  our  new containment 

f a c i l - i t y ;  Table 1. shows the resul. ts  of  thri.s effort. 

It i s  i n t e r e s t i n g  t o  note t h a t  from 19)-6 t o  1959 we c o l l e c t e d  a 
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Table L 

Quan-Lity and purity o f  collected isotopes 
plutonium a e r i e s  "a" 

L _ .  - 
Weight of isotope 
equivalent -to 
monitored ion Puri ty  range, $ 

currents,  Q 

2 4 ~ ~  16.0052 84.22-93.76 
2""lJ 32.2836 89.20 -95.88 
*mPu 126.1935 97.63-98.96 
2:mpu '71.7178 94.. 88 -94.96 
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Figure 4 shows some enrichments which have been provided. I n  some 

ins t ances  - t h i s  invol-ves concentrat ing i so topes  which occur i.n minube 

q u a n t i t i e s  i n  t h e  f eed  material, a t  o t h e r  times it involves  reducing 

contaminants t o  minute q u a n t i t i e s  :,7here t h e  i so tope  i s  a l r eady  i n  abundant 

supply i n  t h e  charge m a t e r i a l .  

I n  addi-t ion t o  handling ordinary chemicals we sometimes process  

highly t o x i c  materials. Figure 5 shows our  approach i n  handling elements 

such as beryl l ium and osmium. 

I n  194'7 t h e  electromagnetic p l a n t  w a s  shut  down because of i t s  i n -  

a b i l i t y  t o  compete economically wi th  -the K-25 process .  Today it  i s  s t i l l  

tin expensive business  bu t  t h e r e  are two p o i n t s  worth not ing.  

1. 

only one element f o r  one i so tope  was -$lo exclusive of cheiiiistry c o s t s .  

Today when we are processing more than 50 elements and c o l l e c t i n g  more 

than 250 isotopes,  t h e  cost  i s  s t i l l  -$10 an hoiw and t h i s  now inc ludes  

cheiiii s t  ry . 
2.  The electromagnetic process  w a s  no t  only the f i rs t  pi-ocess t o  c o l l e c t  

235U, i t  i s  t h e  fi-rst and only process  t o  c o l l e c t  usable  q u a n t i t i e s  

of all t h e  chemically a c t i v e  elements. 

'The cos t  of a sepa ra to r  tank hour i n  1-94'1 when we were processing 

Figure 6 shows t h e  e f f e c t  of increasi-ng t h e  nutiiber of s e p a r a t o r s  on 

t h e  t o t a l  cos t  of t h e  program. I n  fol lowing t h e  incremental  cos t  l i n e ,  i t  

i s  seen t h a t  t h e  i.mportant t h i n g  being changed i n  reducing t h e  number of 

tanks i s  quan t i ty  of matertal c o l l e c t e d .  The t o t a l  d o l l a r  cos t  i s  not 
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a f f e c t e d  appreciably u n t i l  t he  zero po in t  i s  reached. 

a l a r g e r  s ca l e  opera t ion  i s  c l e a r l y  shown I n  F ig .  '7 which compares t h e  

cos t  and p u r l t y  t r ends  of a s i n g l e  i so tope  ( 48Ca) s ince  l91-8. 

One e f f e c t  of 

Always of prime importa,nce t o  any program are t h e  people assigned 

Figure 8 shows t h e  d i s t r i b u t i o n  of personnel. i n  t h e  Department t o  i - t .  

according t o  work o r  t r a i n i n g ,  

more i n  -the genera l  science ca-tegory . Thei r  work experience i s  s p e c i f i c a l l y  

i.n t he  ar t  of s epa ra t ing  i so topes  by t h e  electromagnet ic  process ,  and t27i.s 

des igna t ion  inc ludes  sorne people >rho have been with the  program f o r  over 

20 yea r s .  

i n  t h e  Department are going t o  graduate  school. 

cu r ren t ly  doing p r o j e c t  work i n  connection wi th  t h e i r  t heses ,  and. s eve ra l  

papers  ar;3 i n  var ious  s t ages  of completion. We be l i eve  -there a r e  fundamental 

processes  opera t ing  i n  t h e  ca lu t ron  whfch, when they  are understood, w i l l  

permit i nc reases  i n  p u r i t i e s  and outputs  fai- beyond those now experienced. 

We be l t eve  t h a t  development of t hese  p r i n c i p l e s  will. come p r imar i ly  from 

t h e  g~roup of people now as soc ia t ed  with t h e  electromagnet ic  s epa ra t ions  

program. 

'The group l abe led  "other"  can be c l a s s i f i e d  

Another itern worthy of no-te i s  t h a t  25% of t h e  t e c h n i c a l  people 

A number of men a r e  

There i s  probably no o the r  p lace  i n  t h e  I1EC where a f u l l - s c a l e  research  

program i n  such f i e l d s  as plasma physi-cs o r  i o n  p r o p u k i o n  could be 

e s t ab l i shed  f o r  such small c a p i t a l  ou t l ay  as could be done here; arid should 

it ever  become necessary t o  process one element t o  ob ta in  kilogram q u a n t i t i e s  

of a s p e c i f i c  i so tope ,  Lhe e n t i r e  68 sepa ra to r s  could be d ive r t ed  on very 

s h o r t  no t i ce  t o  achieve t h i s  ob jec t ive .  
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THEXMAL DIFF'USION 

W. R .  Rathkamp, ORNZ 

The Isotope D i v i s i o n  of  Oak Ridge National  Laboratory i s  

responsible f o r  t h e  produotioln of s t a b l e  and r a d i o a o t i r e  i so topes ,  

not a v a i l a b l e  from p r i v a t e  indus t ry ,  tha t  a re  required by both 

oommaroial customers and gmemment  agencies.  As p a r t  of t h i s  

f so tope  production e f f o r t ,  t h e  t h e m 1  diffusion program has the  

r e s p o n s i b i l i t y  of making a v a i l a b l e  a r i o h e d  i so topes  t h a t  e i t h e r  

cannot be produced by o t h e r  separation methods o r  are more oostly 

whm prepared by a l t e r n a t e  means. 

M06t of our  work in the p a s t  has been ooncerned w5th a r i o h i n g  

va r ious  i so topes  of t h e  i n e r t  gasas,  Nem-20 has be= increased 

from i t s  n a t u r a l  abundance of 90.8% t o  over 99.99% ooncenntration, 

and nem-22 has beem raised from 8.9% t o  99.% in l i t e r  q u a n t i t i e s  

on a r o u t i n e  basis, A snnsller amount of neon-22 was prepared w i t h  

an i s o t o p i o  purity of g r e a t e r  than 99.999%. 

22 have been sold in liter quaatfties to be used in the oans t ruot ion  

of improved lasers. 

Both neon-20 and neon- 

Argon-36 has been mriched  from i ts  n a t u r a l  abundance of Oa34% 

to 99.9% also in liter q u a n t i t i e s .  

The noble gases of h ighe r  a t o d o  weight a r e  somewhat more 

d i f f i c u l t  t o  prooess s i n o e  the miti separatim f a o t o r  that can be 

aohieved decreases s t r o n g l y  88  the mss bareases. 

krypton-86 has been taken from 17.3% t o  g r e a t e r  tkan 99.G f o r  

u se  as a wavelength s tandard ,  and krypton-78 has bsepl anriched 

from 0.35% to 1% oonuantratim t o  provide material fo r  oyolotron 

bombardment experimenks. 

However, 

As a by-produot of t h e  krypton-86 
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is desired t o  build se l f -exc i t ing  fluorescent lamps for u s 0  in 

rai lroad signals and buoy ligh-bs, and in the oons t ruot ion  of 

power sources for missilss and satellites. 

system must be designed for t h e  ultimate in reliability, siooe, 

Such a therm1 d i f f u s i o n  

m i n t ~ a a r , o e  work 011 a plant ocpntaizxine; radioactive mt erial will 

be d i f f i o u l t  and must be held to a mini?num, 

Carban-l3 has been produced a t  a omoentrntion of Z%, enriohd 

from its natural abundance of l.l%a u s b g  methane as f e d  gas, 

Therm1 decomposition o f  the methane has prevented the, achievenaslt 

of higher isotopic ooncentrotias, but r e c a t  experiments hare 

shovn t h a t  decomposition is  very much loss when aluminum sheathed 

heaters are employed in plaoe of tho stainless steal  heaters 

previously used. 

and i s  scpaut8d t o  produce 9C$ oarbon-13. 

The casoade will be rebuilt using aluminum heaters, 

The khermal diffusion work in our laboratory started with the 

use of hot V7fr0 type oolums as s h m  in Fig. 1, The heater 

oonsiatecl of a NicErrome wire 0.020" i n  diameter along the axis of 

a uspper tube 7/16" i n s i d e  diameter, The overall lengkh of these 

o o l u m a  m s  21 feet. 

this style of ocmstruoticm, trouble was experianoed with frerquant 

failure of the hot wire. 

While muck useful work was acrcomplishad with 

The, c o l ~ s  were rdesignsd t o  use standard aomeroial  tubular 

hmters t o  eliminate this d i f f i o u l t y .  

shown in Fig. 2. These heatem not  only prwed to be more reliable 

in operation than the hot d r e  h t ~ t e r s ,  but aould be operated from 

a 460 vo l t  AC souroo of power, whereas the hot wires required a 

This t y p e  of oepluzrnn is 
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ISOTOPES OF WYDEOGE;N, LITHIUM, BORON, 

NITROGEN, OXYGEN 

J. S .  I)rury, 0R.NL 

S ince  1947 m e m b e r s  of t h e  Chemistry D i v i s i o n ,  ORNL, have been 
i n t e r e s t e d  i n  s e p a r a t i n g  i s o t o p e s  of t h e  l i g h t  e lements .  During 
t h i s  t i m e  w e  have developed methods f o r  s e p a r a t i n g ,  or have 
a c t u a l l y  s e p a r a t e d ,  i s o t o p e s  of hydrogen, l i t h i u m ,  boron, and 
n i t r o g e n .  A t  t h e  p r e s e n t  t i m e ,  w e  are a c t i v e l y  engaged i n  t h e  
p roduc t ion  of r e s e a r c h  q u a n t i t i e s  of h i g h l y  e n r i c h e d  oxygen-17 
and oxygen-18. Most of t h e s e  m a t e r i a l s  are s p e c i a l  s t a t u s  
p roduc t s  and a r e  not  l i s t e d  i n  t h e  c u r r e n t  ORNL I s o t o p e s  Cata log .  
I s h a l l ,  t h e r e f o r e ,  b r i e f l y  describe t h e  a v a i l a b i l i t y  and c o s t  of 
each of these m a t e r i a l s .  

HYDROGEN 

A f t e r  t h e  development of t h e  bubble  chamber by G l a s e r  i n  
1955, high-energy p h y s i c i s t s  became interested i n  u s i n g  D,O or 
l i q u i d  D, i n  t h e s e  d e v i c e s .  Unfo r tuna te ly ,  many experiments  of 
t h i s  t y p e  proved i m p r a c t i c a l  because of t h e  s p u r i o u s  t r a c k s  
c r e a t e d  i n  t h e  bubble chamber by t h e  t r i t i u m  which had been 
c o n c e n t r a t e d  i n  t h e  heavy water  by  t h e  same p rocess  w h i c h  w a s  
used  t o  c o n c e n t r a t e  t h e  deuterium. A D,O or  D, product  d e p l e t e d  
i n  t r i t i u m  w a s  needed. U t i l i z i n g  a r e p e t i t i v e  e l e c t r o l y t i c  
s e p a r a t i o n  p r o c e s s l ,  t h e  I s o t o  e Group produced some 400  kg of D 2 0  

having t h e  same i s o t o p i c  purity. ,  Much of t h i s  i n i t i a l  i nven to ry  
is s t i l l  a v a i l a b l e .  The c o s t  of t h e  best grade  product  is about  
$164 p e r  l i t e r ,  M a t e r i a l  of lower p u r i t y  is  a v a i l a b l e  a t  a 
p r o p o r t i o n a t e l y  lower c o s t .  

having a T/D r a t i o  of 6 x 1 0 - 1  B , and about  9 0 0 0  NTP liters of D2 

1. Produc t ion  of Low-Tritium Deuterium, J, S. Drury, R. H. 
Guymon, and E. F .  Joseph.  C h e m i c a l  8~ Process  Engineer ing ,  
May 1 9 6 1 ,  pp 1-5. 
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L I T H I U M  

High p u r i t y  l i th ium-6  and l i thium-'/  are a v a i l a b l e  a s  t h e  
m e t a l ,  L i ,CO, ,  L i H ,  L i F ,  I , i ,S04 ,  L i D ,  and L i O K a H , O .  T h e  c o s t  
f o r  95.6% L i - 6  is about  $6-$8 per  gram, depending upvm the  farm; 
and 98.7-99.3% L i - 6  c o s t s  $23 .00-$25.00/g .  The maxi.mum order for 
t h i s  g rade  product  i s  1 0  grams, K i l o g r a m  q u a n t i t i e s  of 99e99% 
L i - 2  are  a v a i l a b l e  as  L i O H e H , Q .  The c o s t  for t h i s  isotope 
is $ 1 , O O / g  o r  $l2O.OO/kg, A d d i t i o n a l  d e s c r i p t i o n s  of t h e  a v a i l a b l e  
mater ia l s  may be  found i n  t h e  QRNL Catalog of Radio and Stable 
Xsstopcs I 

Boron i so- topes  are  available as  c r y s t a l l i n e  and amorphous 
m e t a l  powders, BF', .CaP,, RF, o (  CH, ) 2 0 ,  K B F , ,  and H3B03 The i s o - t o p i c  
p u r i t y  o f  t h e  boron-10 forms r anges  from 92,0%--96.5%. The correspond-  
i n g  c o s t s  vary  from $3.5Q/g, t o  $ J - l . O O / g e  The boron-11 forms are 
a v a i l a b l e  i n  i s o t o p i c  p u r i t i e s  of 8 9 . 0  t o  98.4% a t  c o s t s  of $10.00/$  
t o  $13.50/g ,  A l l  of t h e  avai.1.able i s o t o p i c  forms  of boron are i n  
r e l a t i v e l y  s h o r t  supply  a t  the p r e s e n t  t i m e ,  and orders  for 92% 
boron- l0  metal powder are l i m i t e d  t o  10 grams maximum. A l l .  of t h e  
above materials were  s e p a r a t e d  by a chemica l  exchange p r o c e s s  
i n v o l v i n g  t h e  d i s t i l l a t i o n  of t h e  Me2Q-BP3 complex. Opera t ion  of 
t h i s  p r o c e s s  w a s  h a l t e d  i n  1 9 5 7 .  A new and b e t t e r  method of 
separating boron i s o t o p e s  w a s  subsequen t ly  developed by the Isotope 
Group at ORNE.2,3 The A . E , C .  is c u r r e n t l y  t a k i n g  s teps  to augment 
the p r e s e n t  l i m i t e d  suppPy of e n r i c h e d  boron i s o t o p e s .  F u r t h e r  
d e t a i l s  concern ing  t h e  a v a i l a b i l i t y  o f  e n r i c h e d  boron i s o t o p e s  may 
be found i n  t h e  ORNL Cata log  of Radio and S t a b l e  1so.topes. 

2 .  Separ=ation a f  Boron Is0 topes. I I .  The BF, -Anisole  System 
A .  A .  Palko ,  R.  Mealy, and L.  Landau .  JCP 28, 214-21.7 
( 1 9 5 8 )  . _. 

3 .  S e p a r a t i o n  of Boron Isotopes i n  the Bench-Scale Boyon PPuoride-  
Aniso le  U n i t .  A .  A .  Fa lko .  Ind.  Eng,  @hem. 51, 121-1124 ( 1 9 5 9 ) .  
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N I TROGE N 

Nitrogen-15 is now a v a i l a b l e  i n  p u r i t i e s  up t o  95% from 
commercial s o u r c e s .  P r i o r  t o  t h e  development of commercial s o u r c e s  
of t h i s  i s o t o p e ,  t h e  A . E . C .  a u t h o r i z e d  t h e  I s o t o p e  Group t o  s e p a r a t e  
one ki logram of ni t rogen-15 a t  a p u r i t y  of 95% o r  g r e a t e r .  
r e q u i r e d  product  w a s  s e p a r a t e d  by means of t h e  Ni t rox  P rocess .  
I t  is c u r r e n t l y  a v a i l a b l e  i n  t h e  form of a n i t r i c  a c i d  s o l u t i o n  i n  
i s o t o p i c  p u r i t i e s  r ang ing  from 90-98$ n i t rogen-15  a t  a cost of $372 
pe r  gram of con ta ined  n i t rogen-15 .  Because of t h e  a v a i l a b i l i t y  of 
n i t rogen-15  from domest ic  commercial s o u r c e s ,  d i s t r i b u t i o n  of t h e  
ORNL product  is l i m i t e d  t o  A . E . C .  sponsored i n v e s t i g a t o r s .  

Th2 

4. Automatic Cascade f o r  t h e  P roduc t ion  of Nitrogen-15, G, M. 
Begun, J, S, Drury, E .  F .  Joseph.  Ind .  Eng. Chem. - 51, 
1035 ( 1 9 5 9 ) .  

OXYGEN 

Oxygen e x i s t s  i n  seven i s o t o p i c  forms. The i s o t o p e s  of m a s s  14, 
15,  1 9 ,  and 20 are r a d i o a c t i v e ,  having h a l f - l i v e s  of two minutes  o r  
less. Those of m a s s  1 6 ,  1 7 ,  and 18 are s t a b l e ;  t h e i r  normal abundance 
is 99.8%, 0.037%, and 0.20%,  r e s p e c t i v e l y .  U n t i l  t h e  p r e s e n t  t i m e ,  
r e s e a r c h  invo lv ing  oxygen t r a c i n g  has  been performed almost  e x c l u s i v e 1  
w i t , h  oxygen-18. T h i s  i s o t o p e  can  be c o n c e n t r a t e d  conven ien t ly  b y  
s e v e r a l  t echn iques ,  and  i t  is c u r r e n t l y  a v a i l a b l e  i n  p u r i t i e s  up t o  
-95%. However, u s e  of oxygen-18 is s o m e t i m e s  inconvenient  s i n c e  
e l a b o r a t e  r ecove ry  procedures  may be  necessa ry  t o  p r e p a r e  t h e  sample 
f o r  a n a l y s i s  by e x i s t i n g  methods. Some r e s e a r c h  cannot  be performed 
a t  a l l  because of c o n f l i c t i n g  c o n d i t i o n s  r e q u i r e d  i n  t h e  sample 
recovery  s t e p .  P r i o r  t o  t h e  development of t h e  n u c l e a r  magnet ic  
resonance  (NI\IIR) t h e r e  w a s  no a l t e r n a t e  c o u r s e ;  now, wi th  t h e  NMR 
spec t romete r ,  it is  f e a s i b l e  t o  u s e  oxygen-17 as  a t r a c e r .  I n  
c e r t a i n  i n s t a n c e s  t h e  a n a l y s i s  may even be performed wi thout  i n t e r -  
f e r i n g  wi th  t h e  exper iment .  

U s e  of t h e  NMR t echn ique  depends upon t h e  a v a i l a b i l i t y  of oxygen 
e n r i c h e d  i n  oxygen-17. Small  q u a n t i t i e s  of l o w  p u r i t y  oxygen-17 
have r e c e n t l y  become a v a i l a b l e ,  l a r g e l y  as  a by-product of oxygen-18 
enr ichment ,  bu t  no h i g h l y  e n r i c h e d  mater ia l  has  been o r  is a v a i l a b l e .  
I n  r e sponse  t o  t h i s  need, there  has  been c o n s t r u c t e d  a t  t h e  Oak Ridge 
N a t i o n a l  Labora tory  t h e  w o r l d ' s  f i r s t  f a c i l i t y  des igned  f o r  t h e  
p roduc t ion  of r e s e a r c h  q u a n t i t i e s  of h igh ly  e n r i c h e d  oxygen-17, 
p u r i t i e s  of 50% and g r e a t e r .  The enrichment  p r o c e s s  is a combination 
of t w o  d i f f e r e n t  i s o t o p i c  s e p a r a t i o n  methods, d i s t i l l a t i o n  of water, 
and the rma l  d i f f u s i o n  of oxygen gas .  Oxygen-17 is  f i r s t  concen t r a t ed  
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from 0.037% to  3 . 6 7 %  i n  a cascade of water d i s t i l l a t i o n  columns. 
The p a r t i a l l y  e n r i c h e d  water from t h i s  p r o c e s s  is e l e c t r o l y z e d  
and t h e  r e s u l t i n g  oxygen-17 is c o n c e n t r a t e d  t o  5Q% i n  a cascade 
of hot -wire  the rma l  d i f f u s i o n  columns ~ 

P r e l i m i n a r y  Design Cons ide ra t  i o n s  ,..__ 
I__ ._ .- ..- 

T h e  d e c i s i o n  -Lo under t ake  t h e  des ign  and c o n s t r u c t i o n  of an 
oxygen-17 enrichment  f a c i l i t y  w a s  preceded by 2 s e r i e s  of p r e l i m i n a r y  
s t u d i e s  concern ing  .the best  method t o  u s e .  Chemica l  exchange. methods 
having a t t r a c t i v e  s e p a r a t i o n  f a c t o r s  for oxygen i s o t o p e s  were known, 
but were re jected because  of t h e  expense or the u n c e r t a i n t i e s  of t h e  
method of r e f l u x .  Gaseous or* thermal diffusion of oxygen was found 
to  be t e c h n i c a l l y  f e a s i b l e  b u t  expens ive .  D i s t i l l a t i o n  of  a n  oxygen- 
c o n t a i n i n g  s p e c i e s  appeared  a t t r a c t i v e .  AI-though t h i s  method had 
t h e  d i sadvan tage  of a r e l a t i v e l y  s m a l l  s e p a r a t i o n  f a c t o r ,  i t  was 
c h a r a c t e r i z e d  b y  a s i m p l e ,  economical  mode of r e f l u x ,  and of fe red  
t h e  p o s s i b i l i t y  of a n  inexpens ive ,  non-cor ros ive  p r o c e s s  f l u i d ,  
I n  a d d i t i o n ,  t h e  technology w a s  w e l l  e s t a b l i s h e d ,  

Water, oxygen and n i t r i c  o x i d e  were considered a s  p r o c e s s  
materials.  The use  of oxygen, i n s t e a d  of water, i nvo lved  a l a r g e r  
c a p i t a l  inves tment  and o f f e r e d  f e w  compensating advantages .  N i t r i c  
o x i d e  was p o t e n t i a l l y  a t t r a c t i v e  because of the r e l a t i v e l y  l a rge  
d i f f e r e n c e s  i n  t h e  vapor p re s su res  of i t s  i s o t o p i c  s p e c i e s .  B ~ w e v e r ,  
t h i s  multicomponent iso-Lopic s y s t e m  w a s  no t  s u f f i c i e m t l y  well 
c h a r a c t e r i z e d ,  at t h e  time of t h i s  s t u d y ,  to  permit t h e  d e s i g n  of 
a r e l i ab le  i s o t o p i c  f r a c l i o n a t i o n  system. Thus ,  t h e  e q u i l i b r i u m  
d i s t i l l a t i o n  of water w a s  t e n t a t i v e l y  selected a s  t h e  method of 
producing  Iiig h p u r i t y  oxygen- 17  . 

P t  soon became a p p a r e n t ,  however, t h a t  the water d i s t i l l a t i o n  
method a l o n e  could no t  be used  t o  produce 50% oxygen-l7, C a l c u l a t i o n s  
r e v e a l e d  t h a t  -100 y e a r s  of u n i n t e r r u p t e d  o p e r a t i o n  would be r e q u i r e d  
f o r  such  a system t o  achieve i s o t o p i c  e q u i l i b r i u m .  'To r educe  t h i s  
e q u i l i b r i u m  time t o  a r e a s o n a b l e  va lue ,  i t  was necessa ry  to  l imi- t  
t h e  c o n c e n t r a t i o n  of  t h e  product f r o m  the wa-ter d i s t i l l a t i o n  cascade 
to approximate ly  3% oxygen-17. T h u s ,  t o  ach ieve  s imul t aneous ly  the 
o b j e c t i v e s  of h igh  p u r i . t y  product  and r e a s o n a b l e  e q u i l i b r i u m  t i m e ,  
it became necessa ry  t o  combine t h e  water distillation process wi th  
a second enrichment  method having a f a v o r a b l e  holdup t o  throughput  
r a t i o ,  i .e . ,  a gas phase p r o c e s s ,  Gaseous t h e r m a l  d i f f u s i o n  was the 
obvious  cho ice  f o r  such  a n  a p p l i c a t i o n .  This enrichment  method, 
though u n s a t i s f a c t o r y  as  ;a primary f r a c t i o n a t i o n  p r o c e s s  because  of 
i ts  l o w  t r a n s p o r t  c h a r a c t e r i s t i c s ,  was well  sui-ked as  a fi .naE 
oxygen-l7 e n r i c h i n g  s t e p .  
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Thus, o u r  t a s k  became t h a t  of s p e c i f y i n g  t h e  b e s t  combination 
of water d i s t i l l a t i o n  cascade  and hot-wire  the rma l  d i f f u s i o n  cascade  
which  would y i e l d  50% oxygen-17 a t  minimum cost. The complexi ty  of 
t h e  t a s k  is i l l u s t r a t e d  by t h e  f a c t  t h a t  w e  w e r e  d e a l i n g  wi th  a 
9-component s y s t e m  i n  t h e  water d i s t i l l a t i o n  cascade  and a 6-component 
s y s t e m  i n  t h e  the rma l  d i f f u s i o n  cascade .  Furthermore,  t h e  i s o t o p i c  
f r a c t i o n a t i o n  f a c t o r ,  a s  w e l l  a s  e q u i l i b r i u m  t i m e ,  p roduct ion  r a t e  
and c o s t ,  v a r i e d  s t r o n g l y  w i t h  o p e r a t i n g  p r e s s u r e .  

To cope w i t h  t h i s  s i t u a t i o n ,  w e  used a n  IBM-704 computer. I n  
t h e  des ign  of t h e  water d i s t i l l a t i o n  cascade ,  t h e  p r o c e s s  v a r i a b l e s  
were cons ide red  t o  be:  

a. column d iameter  
b. column l e n g t h  
c. s i z e  of column packing 
d. o p e r a t i n g  p r e s s u r e  
e .  f e e d  ra te  
f .  oxygen-17 product ion  r a t e  
g .  oxygen-18 p roduc t ion  r a t e .  

W e  asked t h e  computer t o  minimize t h e  e q u i l i b r i u m  t i m e  of t h e  cascade. 
T h i s  w a s  e q u i v a l e n t  t o  r e q u i r i n g  t h a t  t h e  volume of packing be minimize 
o r ,  i n  e f f e c t ,  t h a t  t h e  c o s t  be a minimum. 

An i t e r a t i v e  method w a s  employed: f i r s t ,  r ea sonab le  v a l u e s  of 
t h e  p r o c e s s  v a r i a b l e s  were t e n t a t i v e l y  a s s igned  t o  each column, Then, 
optimum v a l u e s  were found for t h e  v a r i a b l e s  i n  t h e  f i r s t  column, 
hold ing  t h e  des ign  of t h e  remaining columns f i x e d ,  except  t h a t  t h e  
l e n g t h  of t h e  f i n a l  column w a s  p e r m i t t e d  t o  vary  so t h a t  t h e  d e s i r e d  
oxygen-18 c o n c e n t r a t i o n  cou ld  be o b t a i n e d  i n  a l l  cases. These optimum 
v a l u e s  were a s s i g n e d  t o  t h e  f i r s t  column and new v a l u e s  w e r e  computed 
f o r  each remaining column. Each column was t r e a t e d  i n  t u r n .  The 
procedure w a s  r e p e a t e d  u n t i l  no f u r t h e r  changes w e r e  i n d i c a t e d .  

The computer program j u s t  d e s c r i b e d  provided t h e  des ign  character- 
i s t i c s  for s e v e r a l  water  d i s t i l l a t i o n  cascades, each d i f f e r i n g  i n  
p roduc t ive  c a p a c i t y ,  c o s t ,  and e q u i l i b r i u m  t i m e .  A f t e r  d e t a i l e d  c o s t  
estimates w e r e  made f o r  each cascade ,  one des ign  w a s  chosen for f u r t h e r  
development. 

T h i s  cascade  c o n s i s t e d  of s i x  30- fee t  long conca tena ted  columns, 
having d i ame te r s  of 5.3?',  2 , 7 " ,  1.4", 0.5", and 0 . 5 " ,  r e s p e c t i v e l y .  
The f i r s t  column w a s  des igned  t o  have 600  t h e o r e t i c a l  p l a t e s ;  t h e  
o t h e r s ,  6 3 0 ,  6 6 6 ,  915, 975, and 1 0 0 2 ,  r e s p e c t i v e l y .  The r a t i o  of 
bo i l -up  t o  product  withdrawal  r a t e  w a s  24,800 i n  t h e  f i r s t  column, 
6 , 1 7 0  i n  t h e  second, 1 , 7 6 0  i n  t h e  t h i r d ,  577,188, and 164 i n  t h e  
three smaller columns. The  des ign  c o n c e n t r a t i o n s  of oxygen-17 a t  



28 

t h e  bottom of each column, s t a r t i n g  w i t h  t h e  l a r g e s t ,  w a s  O . l % ,  0 . 2 7 % ,  
0 .7%,  2.10/0, 3.5%, and 1.0%. The  peak c o n c e n t r a t i o n  of oxygen-17 was 
c a l c u l a t e d  t o  occur  about  l / 3  of  a column l e n g t h  from t h e  bottom of 
column 5. I t  w a s  there t h a t  t h e  product  stream was t o  be withdrawn. 
According t o  t h e  d e s i g n  c a l c u l a t i o n s ,  water c o n t a i n i n g  98% oxygen-18 
should  be produced a t  t h e  bottom of  column 6. 

I t  w a s  now n e c e s s a r y  t o  upgrade t h e  product  from t h e  Water D i s -  
t i l l a t i o n  Cascade i n  a series 01 thermal d i f f u s i o n  columns. B e c a i l s e  
t h e  water molecule  had a v e r y  low the rma l  d i f f u s i o n  s e p a r a t i o n  f a c t o r ,  
mo lecu la r  oxygen w a s  chosen as t h e  p r o c e s s  gas .  

The c o e f f i c i e n t s  of v i s c o s i t y  and o r d i n a r y  d i f f u s i v i t y  were 
computed from the  k i n e t i c  t h e o r y  of Chapman and Enskog, u s i n g  the 
Lennard-Sones 6-12 p o t e n t i a l  energy  f u n c t i o n  t o  describe the p o t e n t i a l  
e n e r g i e s  of i n t e r a c t i o n .  

T h e  t r a n s p o r t  c o e f f i c i e n t s  w e r e  coilzpirted from shape  f a c t o r s  of 
Jones and Fur ry ,  based  on t h e i r  t h e o r e t i c a l  niodeB f o r  t h e  extreme 
c y l i n d r i c a l  case. 

'The e f f e c t i v e  l e n g t h  of a n  i n d i v i d u a l  thermal d i f f u s i o n  colunm 
was se t  a t  30  f e e t ,  and t h e  f i l a m e n t  t empera tu re  was f i x e d  a t  1 0 5 0  OK 
in order t o  o b t a i n  r a p i d  exchange among t h e  s eve ra l  i s o t o p i c  s p e c i e s  
p r e s e n t  i n  t h e  column, 

A cascade of 1 3  i n t e r c o n n e c t e d  columns w a s  ulCLiiiiateIy selected. 
Oxygen a t  the ra te  of 1.44 grams pe r  day is f e d  from t h e  e l e c t r o l y s i s  
c e l l  t o  t h e  midpoin t  of f i v e  i n t e r c o n n e c t e d  thermal d i f f u s i o n  columns. 
T h i s  gas is about  51% oxygen-18, 46% oxygen-1.6, and 3 . 7 %  oxygen-17. 
The f i r s t  se t  of f i v e  columns f r a c l i o n a t e s  this f e e d  i n t o  two bimawy 
streams c o n t a i n i n g  e s s e n t i a l l y  o n l y  oxygen-16 and oxygen-17' on one 
hand, and o n l y  oxygen-1'7 and oxygen-18 on t h e  o t h e r .  The remaining 
columns form two secondary  cascades c o n s i s t i n g  of one Parge and 
t h r e e  s m a l l  diameter columns each.  The l i g h t  f r a c t i o n  from t h e  
primary cascade i s  separated i n t o  newl-y oxygen-16 a t  one elid and jO$ pure 
oxygen-17 a t  Lhe o ther  end of t h i s  ( l ighk  cascade. I n  simil-ar fashion,  
t h e  heavy f r a c t i o n  from t h e  primary cascade i s  separated i n t o  nea r ly  pure o ~ g e n - 1 8  
at, one end of t h e  other  (heaTJy) secoi?clary cascade, and i n t o  SO'$ pure oxy&;en-l7 a t  
t h e  opposi te  end of t h i s  casca,de. The desigu r a t e  of producti-on of 50% pure oxygen- 
1.7 gas i s  about 80 RTP cc per day. 

Construction of t h e  Oyygsn-l7 Separation P'aci.I.i.ty w a s  completed las'i year. Thc 
Water D i s t i l l a t i o n  Cascade has  now been operat ing f o r  78 weeks, the The-mal 
Diffusion Cascade f o r  7.6 weeks. 
tile owgen-18 concentrat ion about 99%. 

The present  oxygen-.l'-( concentrat ion i s  about l.27b9 
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When s t e a d y  s ta te  o p e r a t i o n  is achieved ,  oxygen-17 w i l l  be 
a v a i l a b l e  a s  H 2 0  t h e  oxygen b e i n g  50% oxygen-17. The cost of 
t h i s  product  w i l l  be $900/gram. By s p e c i a l  arrangement ,  oxygen-17 
gas having  an  i s o t o p i c  p u r i t y  of 50% may be a v a i l a b l e .  The cost i 
t h i s  form w i l l  be  $1000/gram of 02, p l u s  a s m a l l  conve r s ion  charge  
Oxygen-18 w i l l  be a v a i l a b l e  as  DzO, having  an i s o t o p i c  p u r i t y  of 
99% o r  g r e a t e r .  The cost of t h i s  mater ia l  w i l l  be $550 p e r  gram 
of  D 2 O .  
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PRODUCTION OF HEAVY WAY'ER 

4 t  t h e  Savannah River  P l a n t ,  heavy water i s  e x t r a c t e d  from t h e  
Savannah R ive r  and c o n c e n t r a t e d  t o  about  t e n  p e r  c e n t  E20 by  t h e  
d u a l  t empera tu re  H$/HzO exchange p r o c e s s  ( G S  P r o c e s s ) .  F u r t h e r  
c o n c e n t r a t i o n ,  t o  s p e c i f i c a t i o n  quality of 39.75 mol- per  cent, 
minimum i s  done by vacuum d . i s t i l l a t i o n .  Capac i ty  o f  t h i s  p l a n t  
i s  about 540 t a n s  per y e a r ;  however, because o f  t h e  large i n v e n t o r y  
t h a t  had been b u i l t  up w h i l e  b o t h  this plant and a s imi la r  plant  a t  
Ilma, Indiana ,  were b e i n g  o p e r a t e d ,  and due t o  t h e  p r e s e n t  demand f o r  
heavy wa- t e r ,  o n l y  o n e - t h i r d  of t h e  Savannah R i v e r  heavy wa te r  p l a n t  
has been o p e r a t i n g  s i n c e  l a t e  in 1958. 
and i s  no l o n g e r  a v a i l a b l e . )  
exceeding p r e s e n t  p roduc t ion  by w e l l  ove r  1.00 toons p e r  y e a r ,  and it 
i s  expec ted  thai, +an a d d i t i o n a l  one-thi .rd o f  t h e  Savanna? R i v e r  Plant 
will be started up w i t h i n  t h e  n e x t  few y e a r s ,  

(The Caiia P l a n t  was shut; down, 
Eemands f o r  heavy water  have been 

'i 'ritium, which i s  p r e s e n t  i n  sr~iall. q u a n t i t i e s  i n  t h e  r i v e r  water, 
i s  ex2;racl;ed. and. c o n c e n t r a t e d  along w i t h  t h o  deuter ium. F u r t h e r ,  
a l though a s e p w a t e  f a c i l i t y  i,s provided  fox. r econcen t r a t r i . n~  heavy 
water from t h e  r e a c b o r s  a t  SRP, t h u s  avo id ing  l a r g e  a d d i t i o n s  o f  
b i  i t i u n i  t o  t h e  product  some heavy water c o n t a i n i n g  I-esser q u a n t i t i e s  
o f  trx:i:1;ium i s  reconcent ra t ied  from tliriie t o  t ime i n  the heavy w a l ; e r  
p roduc t ion  f a c i l i t y .  'vVlneii o n l y  n a t u r a l  wa te r  i s  beine> f e d  t o  t h e  
p roduc t ion  facility, t h e  atom r a t i o  of  tritium t o  deuter ium g e n e r a l l y  
r u m  f rom 3 to 10 x 10-1~!+. &los t  of t h e  heavy water i n  our s t o c k p i l e  
cont,afns o n l y  this mount of  Lri'ciuTia, and e f f o r t  i s  b e i n g  made t o  
r e s e r v e  a. supply o f  this ma'ierial f o r  u s e  in n o n r e a c t o r  r e s e a r ~ h .  
IIeavy w a t e r  c o n t a i n i n g  l a r g e r  m o u n t s  o f  tritium i s  d i s t r i b u t e d  o n l y  
t o  r e a c  b o r  o p e r a t o r s  e 

,. .~ 

Approxiriiately i;en tons per  year of  "low t r i t i u m t t  heavy water is 
curren1;l.y d i s t r i b u t z d  t o  u s e r s  annual1.y, h a l f  o f  t h i s  w i t h i n  t h e  
Commission, and the remaini-ng L o  domestic customers ,  and. u n i v e r s i t i e s .  
i-Ieavy water i s  avai.Iab3.e a t  SRP t o  AXC and oLher  government agency 
u s e r s  a i  e s s e n t i  a.l.ly t h e  operating c o s t  t o  produce -the mxt,erial;  at 
bhe present t ime ,  th is  p r i c e  i s  about $13.60 p e r  pound, but i s  expected 
t o  increa,se  i n  t h e  near f u t u r e .  U n i v e r s i t i e s  c m  o b t a i n  a f r e e  loan 
of heavy w a t e r  by applyi_ng 'to t h e  Corrmissi-on )s Tlivi.si.on of Nuclear 
S'ducation and Tra in ing  i f  the heavy water  i,s t o  b e  us2d i n  n u c l e a r  
education. omesLic customers purchase heavy water d i r e c t l y  from 
'160rriestri.c s u p p l i e r s .  l 3  These s u p p l i e r s  mrrst, s p e c i a l i z e  i n  t h e  problems 
of rcpackaging  i n  sinall quarkti t i-es w h i l e  moni tor ing  i s o t o p i c  q u a l i t y .  
Prices f . r o m  s u c h  soi ir 'ces t h e r e f o r e  depend on t h e  q u a n t i t i e s  and 
concn,n,t;ra-tions s o ~ - d ,  and on the suppliers' costs and p o l i c i e s -  
Large q u a n t i t i e s  (drums o f  1-25 lb, o r  more) are handled  by t h e  USAEC 
a.t the es tab1 . i shcd  sales p r i c e  o f  $2&.50 per pound. 
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The Savannah River product ion  f a c i l i t y  can  produce heavy water 
a t  higher 320 c a n c e n t r a t i o n  than  99.75 mol $ if such materia31 
i s  needed. Xe have never been informed of any such need, and 
have not  p r e v i o u s l y  announced t h e  a v a i l a b i l i t y  of high concen- 
t r a t i o n  mater ia l .  
99.9 mol 7; D20, and $15 p e r  pound f o r  99.95 mol $. 

The cos t  would be about $14 per  pound f o r  

Further information regarding t h e  a v a i l a b i l i t y  of  heavy water 
may be obta ined  by c o n t a c t i n g  C. B e  Bastin o f  t h e  AEC's Savannah 
River Operat ions O f f i c e .  



HJCLlUM-5 MD O'PHKR GASEOUS ISOTOPES 

W. J .  Haubach, Mound 

Mound J,aboratory has a considerable  number of thermal d i f f u s i o n  

columns available, a n d  can unilerta,ke s p e c i a l  preparations 011 a, research 

s c a l e  OP other gaseous isotopes. The accompanying f i g u r e s  are se lP-  

explanatory.  

H e l i u m - j ,  enriched t o  99.93965 He-3 with less than 10-l' per cent  

tri t ium, j s availab 1 e from bfound . 
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GAS INVENTORY ' 

STP Liters 

C las s i f i ed  Classif i -ed 

Gas Isotopic Analysis 

Helium 

Neon 

Argon 

Kry p t on 

Xenon 

Carbon** 

Natural  Abundance 
99 % 22 

2.2% 2 1  
99 % 20 

98.8% 36, 1.1% 38, 0.1% 40 
96.9% 36, 3.0% 38, 0.1% 40 
24 % 36, 15 % 38, 61 % 40 
70 % 36, 15 % 38, 15 % 40 

Natural  Abundance 
1 % 78, 7 % 80, 92 % (82,83,84,86) 
4.5% 78, 15.7% 80, 79.8% (82,83,84,86) 
8.5% 78, 23.1% 80, 68.4% (82,83,84,86) 
0.2% 78, 1.8% 80, 98 % *82,83,84,86) 

Natural  Abundance 
Fission 

2.7% 131, 69% 136 
5 % 131, 57% 136 

8,880. 
100. 
97. 

1,900. 

5 .  
1.3)  

1.1 * 
2,030. 

11. 
1.5 
1. 

41. 

190. 
C las s i f i ed  

2. 
7. 

10% 13 (CO) 0.3 

38% 13 (CH,) 0.4 

90+% 13 (CH,) 7 . 1  

0.6 
0.2 
2.2 

3.5 
0.4 

10% 13 (CH,) 

25% 13 (CH,) 

57% 13 (CH,) 
60% 13 (CH,) 

20% 13 (CH,) 

* Column Hold-up 

Fig. 7 ** Quantity i n  Grams 



The accompanying Lwelve s l i d e s  are self-expl-anatory and descr ibe  -the 

cur ren t  s t a t u s  of t h e  referenced ri-sotopes. 

whi-ch would be obtained from decay o f  

which i n i t k l l y  contained no uraniwn) . 
typical. case:  

The maximum 234U content  

Pu i s  > 99$ 234U ( i n  material 

Tne following table r ep resen t s  a 

238- 

Amount 
Per Cent 

-. 
Isotope (Mk3 1 - 

646 
0.455 
0.211 

93 * 896 
0. or j0  

0.033 

237U 8.5 x 0.001 

23 8u 9.0 l . 4  x 

The above calcul.ations a r e  based on one y e a r ' s  decay of a 1.00-g 
plu-t;oaium sample containtng 81% 238Pu, 16% 23"Pu 3 2d i o  240Pu > O.S$  241P~I 

0.05" io  242fi 0.4% 237N-p .. , and no urantum. 
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TA.BI.23 1. 

PLUTONIUM-238 FEED MATERIAL 

Tota l  Plutonium Content - > 98% 
Nep t unium- 2 3 7 - < 1% 

All Other Cations - 1% 

Total Fission Fragments < c/- 
Pu 238 I so top ic  Abundance 80 _+ 2.5% 



4-2 

TABLE 2. 

PLUTONIUM PETAL - ISOTOPIC POWER 

Half-Life Average 
(ye-) (%) Watts/ gram Plutonium 

I_ 

I so tope  

2 38 

2 39 

240 

8 6 . 4  

6.58 l o 3  

80.0 

16,S 

2 .5  

0.442 

0.0003 

0.0002 

13.0 0 . 8  a 241 

242 3 . 8  x LO5 0.08 

Total . . . . . . . . . . . . . . 100. 

x 

0.442 
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TABIS 3 .  

TYPICAL NON-RADIOACTIVE IMPURITIES (%) 

Boron 0.01 Aluminum 0.06 

Magne s i m  0.004 Copper 0 . 008 

Manganese 0.02 Sodium 0.11 

Chronium 0 . 004 Ti tan ium 0.008 

Iron 0.14 Calcium 0.06 

Nickel 0.06 Silicon 0.004 

0.50% Tota l  Impurity 



P ION OF PLUTONIUM-238 METAL 



45 

TABU 4.  

ANALYSIS OF PLUTONIUM METAL 

Analysis i n  
Elements Analytical Method Weight Per Cent 

Pu (Total) 
Cd 
A 1  
Na 
ca 
Zn 
Fe 

Pb 
B 
Ni 
B i  
C r  
Mn 
cu 
T i  

MI3 

Chemical 
Emission spec. 
Emission spec. 
Emission spec. 
Emission spec. 
Emission spec. 
Colorimetric 
Emission spec. 
Emission spec. 
Emission spec. 
Emission spec. 
Emission spec. 
Emission spec. 
Emission spec. 
Emission spec. 
Emission spec. 

99.13 
> 0.15 
0.15 

trace 
trace 
N.D. 

0.15 
trace 
trace 
0.09 
0.05 

0.05 
0.03 
0.03 

trace 

N.D. 

Pua 38 Chemica 1 78.43 of Total Pu 
Mass spec. 78.62 of Total Pu 
Alpha Counting 77.76 of Total Sample 



PlCH ENERGY ,-SPECTRUM - PLUTONIUM-238 

(Enrrgies of Peak8 In nev) 

2 . 5 9 1 0 . 0 3  
1 

I 

Back Scatter of Double Single 
2.59 Hev \ - R a y  Escape 

Peak 

.. .. . . .. . . 

1.57?0.02 2 .10*0 .03  

I 1 I 1 . 2 7 ' 0  02 r '  Pu-238 

TI-208 

0 30 60 90 120 150 180 210 2'.0 270 300 330 360 

CHANNEL 

l L l W  ENERGY \-SPFCfXUM - PLUTGNIUH-232 

(Inergies of Peaks in ne") 
(sEJcIp-3) 

0.101i0.002 

, 
0.200r0.002 

--\ 
1 

I T . . - - - - - -  I 1 1 

Pu-238 Pu-238 e"-238 

0 30 60 90 120 150 180 210 240 270 300 330 36 

CHANNEL 

Fig. 2 



Pu-238 Radiation 

Y no 
(mr/hr/gm @ 1 meter) (n/sec/gm) 

Metal. 4 x 10-3 3 103 

Oxide 4 x 10-3 2 104 
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TABLE 6. 

QUANTITIES OF U - 2 3 4  DILY AVAIUBLE 

1 - 60 Pro ce s se a 
2 A' 200 In Process 
3 
4 

6 (Oxide Cow) 

-" 325 Available for 
N 1800 Process in - 380 

5 (SNAP 111) 
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99% Pu-238 
1% U-234 - 

URAN IUM - 2 3 4 RECOVERY PROCE S S 

7 

30% Pu-238 
70% U-234 

* 

Hexone 

2% Pu-238 

Extraction 

I TTA Extraction 

-100% U-234 

Fig. 3 
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u-234 
u-235 
U-234 
U-238 
u-232 

Pu-238 

TABLE 7. 

TYPICAL U - 2 3 4  ANALYSIS 

98.0 % 
0 . 3 3  % 
0.15 % 
1 - 5 4 .  70 

n.d. by mass spec. 

- 3 x lo-" % 
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SEPARATION AND PURIFICATION OF ACTINIUM-227 

. 
Ac Th 

Bi Po A 1  
Pb Fe 

Cation Exchange 

Q Ra 

Fig. 4 

Extraction 

....... ....................... .- ..... -.. .......... ............. 
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CHEMICAL AND SPECIAL PBOCESSING OF ELECTROMAGNIITICALLY SEPARATED ISOTOPES 

H .  R .  Gwinn, ORNL 

By way of in t roduct ion  I ' d  l i k e  t o  point out t h a t  we have a group 

o€ about, l5 chemists work.ing with calutron-separated. i so topes  who a t  one 

time or another have worked with p r a c t i c a l l y  every na tu ra l ly  occurring 

s t a b l e  and rad ioac t ive  iso-tope i n  t h e  pel-iod-ic Lable. These men are not 

pr imar i ly  concerned w i t h .  pushing back the f r o n t i e r s  of a n a l y t i c a l  chemistry 

but are v i t a l l y  i n t e r e s t e d  i n  improving recovery, refinement, and handling 

techniques f o r  enriched i so topes .  

go r i e s :  rad ioac t ive  and s t a b l e  i so topes  An i n t e r e s t i n g  example of the  

type of spec ia l  processing, which i s  i n  addi t ion  t o  t h e  normal chemical 

recovery and refinement of calutron-separated i so topes ,  i s  i l l u s t r a t e d  by 

the  233U ETA Bogram. 

w a s  performed t o  provide a very high-puri-ty material with which t o  make 

p rec i se  ETA measurements. About 12 g of > 99.999% i so top ic  p w i t y  w a s  
obtained from t h e  separa t ion .  This ma-terial w a s  then  chemically re f ined  

to a high degree, converted t o  UF4, and reduced t o  metal  su i t ab le  f o r  

r o l l i n g  i n t o  f o i l .  

The work i s  divided i n t o  2 broad cate- 

Several yea r s  ago a ca lu t ron  separa t ion  of 233U 

In  t h e  near fu tu re ,  we p lan  t o  make another ca lu t ron  separation of 

233U f o r  use i n  studying the energy dependence of t h e  f i s s i o n  t o  capture 
r a t i o .  The objec t  of t h i s  separa t ion  i s  not so much t o  obta in  high i so-  

t op ic  p u r i t y  233U as it i s  t o  reduce t h e  concentration of t he  unwanted 

232U i so tope .  

ava i l ab le  for t h i s  separa t ion .  We plarr t o  c o l l e c t  about 50 g with t h e  

232TJ concentration reduced t o  t h e  order OT 5-10 p a r t s  per b i l l i o n  (ppb).  

About 220 g of 233U- feed with a "' u content of 0.6 ppm i s  

Along somewhat t h e  same l i n e ,  bu-t €or an  e n t i r e l y  d i f f e r e n t  purpose, - 3 kg of high-purity 238U w a s  separated i n  t h e  ca lu t ron  and placed i n  

t h e  Research Pool. 

range of 5-20 ppm 235U. 

238U w e r e  know a t  t h a t  time, t h e  inventory w a s  quickly depleted by those  
whose experiments were apparently j u s t  waiting f o r  ma te r i a l  of t h i s  q u a l i t y .  

I n  add i t ion  t o  recovery, refinement, and compound conversion, t he  

Approximately l , ' ( O O  g of t h i s  material w a s  i n  t h e  

Although no s p e c i f i c  reques ts  for high-purity 

groilp has  prepared f o i l s  o r  sources from enriched uranium isotopes,  237Np, 

and 2'"'Am by e lec t rodepos i t ion .  Some of t hese  sources have been used as 
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alpha c a l i b r a t i o n  s tandards,  while very t h i n  depos i t s  of 241Am have been 

used t o  check gamma r e s o l u t i o n .  S t i l l  o the r  e l e c t r o p l a t e d  depos i t s  of 
235U al?d 237Np have been used i n  t h e  f a b r i c a t i o n  of f i s s i o n  chambers. 

The f a c t  t h a t  t h e  ca lu t ron  i s  a unique t o o l  i s  il.l_u.strated by i t s  
inherent  q u a l i t y  of not 0d.y providing enriched i so topes  but a l s o  pe r fom-  

i n g  chemical separa t ions .  Several  yea r s  ago when the  separa t ion  of calcium 

w a s  undertaken t o  ob ta in  mil l igram q u a n t i t i e s  of 46Ca f o r  medical research ,  

l a r g e  a.mounts of '"@a were c o l l e c t e d  as a by-product. 

abundance of "'Ca i s  near ly  97$, t h e r e  was very l i - k t l e  demand f o r  the 

enriched i so tope .  Accordingly, t h e r e  vas l i t t l e  impetus f o r  pur i fy ing  

the ""Ca. 

impur i t i e s  by emission spectroscopy. 

wi th  r e spec t  'LO Sr t h a t  it was used f o r  spectrographic  s tandards .  A s  you 

can see, it w a s  q u i t e  easy f o r  t h e  ca lu t ron  t o  separa te  t h e  S r  i so topes  

a t  mass posi-Lions 84-88 from 4oCa, while it i s  r a t h e r  dri .ff icult  t o  separate 

these  elements by chemical means. 

Since t h e  n a t u r a l  

However, one batch of 40-50 g was r e f ined  and analyzed f o r  

The 40Ca m s  found- t o  be so pure 

I n  connection with low-level  impur i t i e s ,  our chemists i n  stable 

i so tope  processing Yecently encountered an extremely d i f f i c u l t  contamina- 

t i o n  problem. About 13 g of "8Ca enr iched t o  > 9576 w a s  used to prepare a 

s ing le  c r y s t a l  of CaF2 f o r  studying t h e  double-beta-decay of 48Ca. After 
t h e  c r y s t a l  w a s  put  i n t o  serv ice ,  a s ignif j -cant  amount of a lpha a c t i v i t y  

w a s  fouiid t o  be originati .ng from wi th in  t h e  c r y s t a l .  The l e v e l  of a c t i v i t y  

was found t o  be about 94,000 counts pe r  day as compared with 3,000 counts  

per  day f o r  normal material .  You. can imagine t h e  concern when you r e a l i z e  

- t h a t  1.3 g of "%a represented t h e  combined output  of 8 ca lu t rons  opera t ing  

24 h r  a day f o r  - 18 months and t h a t  iiiany months of development e f f o r t  

were requi red  t o  produce a s ing le  c r y s t a l  of CaF2. Since our calutxon 

opera t ions  are loca ted  i n  t h e  Y - 1 2  P lan t  Area, it wits n a t u r a l l y  assumed 

t h a t  t h e  unwanted alpha ac - t iv i ty  was due t o  uraniim contamination. Based 

on t h a t  assumption, the amount of urani.urn corresponding 'io t h e  a c t i v i t y  

l e v e l  w a s  estimated t o  be < 1 ppm or - 1 0  pg total .  ziii t he  e n t i r e  c r y s t a l .  

IJs!i.all.y ore cons iders  irnpu-rities a t  t h e  ppm l e v e l  i n d i c a t i v e  of high- 
q u a l i t y  chemical refinement.  Nevertheless,  t h e  alpha a c t i v i t y  completely 

elimina-ted the usefulness  of t h e  c r y s t a l  and. we were requested t o  r e p u r i f y  

i t .  With some misgivings we agreed t o  a t tempt  t h e  r e p u r i f i c a t i o n .  'There 



w a s  some doubt that we co%ld reduce t h e  ursni im conLent; i n  f ac t ,  working 

i n  a uraniwn envirorment migh-L indeed. even :increase t h e  l e v e l  of  con1;amina- 

t i o n .  

could measure u.raniuin i n  calcium at these low Levels.  

o f  t h e  afialytieal problem with Dr. Cameron of  t h e  0IDTL Mass Spectromct;y 

La.boratory, he advised us of an  isotope di1ui;ion technique wllich coxld 

measure uranium accura t e ly  t o  the ppb level. 

it w a s  crus'ned and d isso lved  i n  pe rch lo r i c  ac id  and sampled f 'or uranium 

analysis . The r e s u l t  of t h i s  a n a l y s i s  indicated.  t he  urani.um contamination 

level .  t o  be 27.5 ppb r a t h e r  than t h e  est imated 1,000 ppb. 

were received w i t h  mrixed f e e l i n g s  - glad,  on oiie hard, -that our noxnal 

refinement procedure had reduced. t h e  uraniwn contamination -to such a l ow 
l e v e l ;  d i s t ressed . ,  on -the o the r  hand., because a t  t h i s  low l e v e l  it seemed 

impossi'ble t o  reduce contamination much f u r t h e r .  However, after c a r e f u l  

r e p u r i f  ica-Lion, the uranium content  was red.uced t o  0.5 ppb and the sanrpl~e 

made ready f o r  r e f a b r i c s t i o n  in-t;o a s ing le  crystal . .  

Further ,  we were not  aware of  a m i t a b l e  method of ana lys i s  -6iat 

Diring a d iscuss ion  

Vnen th.e c r y s t a l  m s  returned-, 

These r e s u l t s  

Shown i n  the next s l i d e  (Figure 1) care two m e t a l l i c  cy l inde r s  of 

calutron-enrlehed tungsten-1-84. 

each and were prepared by pressinl;: f i n e l y  divided tumgstcn metal and 
s i n t e r i n g  at a high temperature.  

hydrogen a t  a controll.ea temperature t o  provide an optirnim partiel-e s i z e  

for pres s ing .  

mixture was pressed i n t o  a c y l i n d r i c a l  shzipe. 

s i n t e r e d  a t  2200°C under a hydrogen atmosphere arid were about PO$ of' 

theorei;-ical densi-ty . 

%lese cy l inde r s  weigh ZpproximaLely -[5 g 

The m e b a l  w a s  reduced from W0, with 

An organic binder  ~7.s blended .crith t h e  metal powder and the 

The pressed Terms were 

Pic tured  i n  the  next sl.ide (Figure 2) are samples of hLCI;h-purity 

. t i tanium and zTrconim crystal liars prepared by- the van k k e l  process .  

This  process ,  i n  which the Te1stivel.y pure me-bal powctlei. reacts wri.t'n iodine 

and t he  compou.nd i s  sihsequen-l;ly decomposed by the hot  f i lament  t o  To-mi 

h igh-pur i ty  metal, i s  the only knowri method f o r  preparing mslleabl-e f'orms 
of t hese  eleraeriks. 

i s o t o p i c a l l y  enrj-clied metal samples prepared by t h i s  technique,  

ExcelLent t a r g e t  f o i l s  have been rolled from many 
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I 

I 

Fig. 1. Metallic Cylinders of Calutron-Enriched Tmgsten-lG4. 
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"TSPLUTONIUM ELDdENTS - PRESm AVAILABILITY 

J. S. L ich l i t e r ,  LRL 

A s  you know, the  a v a i l a b i l i t y  of  these isotopes can change very rapidly,  

thus anything I say now may be changed i n  the  near fu ture .  

most of my remarks t o  the s t a t u s  of only two elements at  t h i s  t i m e ,  namely 

berkelium and californium, because these are the major concern of most 

researchers.  

I s h a l l  confine 

Recently - 5.7 pg of 252Cf w a s  t ransfer red  t o  Oak Ridge National Lab- 

oratory ( A .  Chetham-Strode) f o r  AEC d i s t r ibu t ion  purposes. 

t r ans fe r  of material, most authorized requests f o r  252Cf were furnished 

from Lawrence Radiation Laboratory, Berkeley. 

Prior t o  t h i s  

In  addition t o  the  t r ans fe r  of 252Cf mentioned, LRL has sent Cf t o  

the  following laborator ies :  

1.8 pg t o  Argonne (Ruth Sjoblom) 

1 .6  pg t o  Los Alamos Sc ien t i f i c  Laboratory ( M r .  Smith) 

1 . 0  pg t o  Brookhaven National Laboratory 

3.0 pg t o  Oak Ridge National Laboratory (Baybarz) 

0.3 pg t o  Oak Ridge Rational Laboratory (Chem. Tech. Div.) 

Lawrence Radiation Laboratory has on hand - 50 pg of  C f  being used i n  

various programs, t a rge t  work,fission s tudies ,  e t c .  Some came from old 

LRL i r rad ia ted  mater ia ls .  

The cooperative materials i n  Idaho reac tors  are estimated a s  follows: 

Est. C f  content 
(January 1964 ) 

UCRL- 29- 1 

UCRL 29- 2 

UCRL- 29- 3 

U C R L  29- 4 
UCRL 1B- 154 

U C R L - ~ B - ~ ~ ~  

UCRL- 1B- 15 0 

(LRL plans t o  process t h i s  about January 

(Plans unknown - Don Stewart a t  Argonne may 
have more recent information) 

(Present plans a re  t h a t  t h i s  may be processed 
on a jo in t  venture a t  Mol, Belgium) 

Processed and d is t r ibu ted  as indicated above 

(113 m g  244Cm) inser ted  i n  reactor  September 30, 

(850 mg 244ckn) of - 40 pg February 1964, o r  90 
pg August 1964 (estimated) 

(100 mg 244ckn) i n  reactor  March 29, 1963; may be 
processed about May 1964 

1963 1 

1.963 
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Berkelium-249 is i n  very short supply at this t i m e .  Additional 

information may be known following the various processing programs over 
the next 6 t o  9 months. 

Lawrence Radiation Laboratory is always interested in the various 

research programs concerning Yne transplutoniwn elements and w e l c o m e s  the 

opportunity to discuss this area with representatives from the other 
laboratories. 



mTsmnITJM ISOTOPES 

NATIONAL TRANSUFK??IUM PROGRAM 

A. Chctham-Strode, ORNL 

A number of t ransuranium i s o t o p e s  have been o r  w i l l  be prod-uced 

under t h e  Nat ional  Transuranium Program sponsored by t h e  AEC's Division 

of Research. This  program inc ludes  t h e  in-terim i r r a d i a t i o n s  of 2 3 3 P ~ ,  

242Pu, and 241Am, t h e  i r r a d i a t i o n  of kilogram q u a n t i t i e s  of 23sFu -L L O  

produce High Flux Iso tope  Reactor (HFIlI) t a r g e t s  of  242Pu, 243fyn, and 

244Cm, and the HFIH i r r a d - i a t i o n  of such t a r g e t s  .to produce gram q u a n t i t i e s  

of berkelium and ca l i forn ium and smaller amounts of heav ie r  t ransuranium 

i s o t o p e s  and- o the r  transu.ranium i s o t o p e s  of  special .  i n t e r e s t .  The p resen t  

s'katus and t en - t a t ive  schedule f o r  t h e s e  i r r a d i a t i o n s  ( r e v i s e d  t o  June 
1964) are summarized i n  Table  1. 

gether  wi th  t h e i r  separa ted  daughters  and re- i r r a d l a t i o n  products )  are 

being produced f o r  r e sea rch  a c t i v i t i e s ;  t h e i r  d i s t r i b u t i o n ,  f o r e i g n  and 

domesti.c, i s  l i m i t e d  t o  s m a l l  qua,nl;i.ties f o r  t h i s  purpose. 

'The i s o t o p e s  l i s t e d  i n  t h e  tab le  ( t o -  

Requests for sources ,  samples, o r  compounds of t h e s e  t ransuranium 

i so topes  should be made Lo t h e  U.  S. Atomic Energy Commission, Div is ion  

of Research. 
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E. Lamb, ORNL 

Oak Ridge National Taboratory i s  responsible  f o r  providing c a p a b i l i t y  for 
242 t h e  recovery and puriYicat ion of 

sources containing curium, and t h e i r  characteriza,tri.on with respec t  .Lo normal 

opera t iona l  and extreme cond.itions. 

thermoelectr ic  converters  t o  provide powei- f o r  proto’cype t e s t i n g  leading t o  

tine use of such u n i t s  on space vehic les  for specif-ic missions,  such as SNAP-11 

o r  Su-rveyor. 

v e r t e r s  (SNAP-13 Program). 

Ciii heat  sources (Fig.  1) 

a r e  “lAm t a r g e t  f ab r i ca t ion ,  r eac to r  i r r a d i a t i o n ,  recovery and p i x i f i e a t i o n  o f  

242~-241Am from i r r a d i a t e d  t a r g e t s ,  aad  prepara-Lion of t h e  source form. 

Cm and 2k4h, l;iie f a b r i c a t i o n  of i s o t o p i c  power 

Curium-242 power sources will be used with 

Curium-242 w i l l  also be used to t e s t  prototype thermionic con- 

242 The opera-Lions involved. i n  .tile prepara t ion  o f  

A t a r g e t  capsule (F ig .  2) contains  americium as t h e  oxide mixed with 

aluminum powder as a means t o  increase  t h e  t h e m 1  conduct iv i ty  of the  p e l l e t  

and prevent mel t ing of t h e  inner  por t ion  during r eac to r  i r r a d i a t i o n .  

ca,psules w i l l  be contai:ned i n  an i r r a d i a t i o n  assembly (Fig.  3) which can be used 

with s l i g h t  modifications i n  s eve ra l  pool-type r eac to r s .  P o t e n t i a l  uses of 

Clm may requi re  t h e  i r r a d i a t i o n  o r  several .  hundred grams of 241Arn annually.  

Up t o  18 

242 

Speci f ica t ions  f o r  242Cm used i n  SNAP u n i t s  requ.ire t h a t  t h e  gamila-ernitting 

f i s s i o n  products foimed during i r r a d i a t i o n  be reduced t o  an extremely low value. 

The necessary high d.egree of separa t ion  frai f i s s i o n  products will- be accom- 

p l i shed  by the  Tramex Process (Fig.  4), which w a s  developed a t  ORNL f o r  use 

i.n t h e  Transuranium F’rogram.’ 

u n i t s  i tnstal led i n  a heavi ly  shielded rmnipuh t o r  c e l l .  

The separa-Lion will be ef fec ted  i n  mi.xer s e t t l e r  

The f ab r i ca t ion  of curium sources w i l l  be accomplished i n  -Lhe Source Fabrica- 

t i o n  F a c i l i t y  (F ig .  5 ) ,  which cons i s t s  of four  water-shielded manipulator c e l l s  

and one concrete-shielded. c e l l .  The operat ions performed i n  t he  SIT a r e  shown 

i n  Fig.  6. 

1. 

Ext rac t ion ,  N u c l .  Sei. and Fng. 

R. D. Baybarz e t  a l . ,  Tsolat ion of Transplutonium Elements by Tel-tiary Amine 

l‘/, 437-62 (1-963). 
_s____l -..----- 
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ORNL-DWG 72330A 

8 M HCI 
11 M LiCl 

0.02 M HCI 

WASTE SOLVENT 
Rut Zr, Nb, Fe 

FEED 
! O M  LiCI-0.1 M AlCl 

-0.02 M H C l  
ACT1 NI DES 

F. P. 's 
STRl PPlNG 

:::::::: PRODUCT 0.6 M ALAMINE 336. HCI 
IN DIETHYLBENZENE Am-Cm- Bk-Cf 

8 M HCI 

WASTE 
LiCl  -AIC13 

F. P.'s 0.5 M ALAMINE 336.HCI 
0.1 TJALAMINE 336.HN02 
I N-DIETHY LBENZENE 

TRAMEX PROCESS FLOWSHEET 

Fig. 4 
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ORNL-DWG 63-4906 

\ 

Fig. 5. Source Fabrication Faci l i ty .  



CURIUM- 242 POWER SOURCE PROGRAM 
SOU RC E FA B R I CAT ION OQ E RAT IONS 

ORNL-LR-DWG 73751 

CELL 4 
+ 

INNER CAPSULE ASSEMBLY AND WELDING 

INNER CAPSdLE LEAK TEST 
I Ir; NE F? CAP SUL E DE CON TA M I N AT ION 

PROD. 

FILTRATION 

C E L L  5 

SECONDARY CAPSULE ASSEMBLY AND WELDIhG 

SECONDARY CAPSULE LEAK TEST 

F U E L  BLOCK ASSEMBLY AND WELDING 
FUEL BLOCK DECONTAMINATION 

F U E L  BLOCK LEAK TEST 

SECONDARY CAPSULE DECONTAMINATION 

I TEMPERATURE MEASgREMENT (CALORIMETRY! 
j I SHIPMENT i 
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PROTACTINIUM- 231 AND URANIUM- 232 

D. E. Ferguson, ORNL 

€Yotact iniwn- 231 

Protactinium-231 occurs  a s  a decay product  of uranium-235 and 

i s  the re fo re  found i n  uranium-bearing ores .  The concent ra t ion  of 

pro tac t in ium i n  a uranium ore  i s  comparable t o  t h a t  of radium, 

but  because of i t s  e r r a t i c  chemical behavior  i s  much more d i f f i c u l t  

t o  recover  from the  ore. In  most cases ,  i t  i s  only p r a c t i c a l  t o  

recover  pro tac t in ium from very r i c h  uranium o res  such as pi tchblende.  

I n  the  pas t ,  small  q u a n t i t i e s  of protact inium-231 were recovered 

and i s o l a t e d  i n  the United States  and Germany. The l a r g e s t  amount, 

about 1 gram, w a s  obtained by Mound Laboratory from uranium process ing  

t a i l i n g .  The p resen t  major Western world supply was obtained by the  

B r i t i s h .  They had though t fu l ly  kept  t he  r a f f i n a t e s  and s ludges from 

t h e i r  p i tchblende  processing separa ted  f rom o the r s .  We i n  the US 

were not  s o  fo re s igh ted  and mixed our meager amounts of pi tchblende 

wi th  o the r  ores ,  g r e a t l y  d i l u t i n g  the pro tac t in ium t h a t  they contained.  

About: t h ree  years  ago, t h e  B r i t i s h  reprocessed t h e i r  r a f f i n a t e  and 

s ludges f o r  uranium recovery and they included s t e p s  t o  a l s o  recover  

and concent ra te  the  protact inium. I n  t h i s  way, they were ab le  t o  

ob ta in  about 150 grams of Pa-231. The US w a s  ab l e  t o  ob ta in  about 

25 grams of t h i s  pro tac t in ium i n  exchange f o r  U-233, and t h i s  25 grams 

r ep resen t s  the t o t a l  a v a i l a b l e  f o r  r e sea rch  i n  the US today. Of the  

25 grams, 17 has been a l l o c a t e d  for r e sea rch  uses,  l eav ing  about 

8 grams i n  the  pool  today. This may be obtained from the research  

pool i n  the  same manner as any o the r  s p e c i a l  r e sea rch  material. 
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Pro tac t in ium-231  i s  t h e  most s t a b l e  i s o t o p e  of p r o t a c t i n i u m  w i t h  

a h a l f - l i f e  of  32,480 y e a r s .  

i s  Pa-233.with a h a l f - l i f e  o f  27.4 days.  

demand f o r  doing macro-chemical r e s e a r c h  on compounds and s o l u t i o n s  

of p r o t a c t i n i u m .  I n  a d d i t i o n  t o  t h i s ,  the p h y s i c i s t s  have been most 

i n t e r e s t e d  i n  add ing  t h e  n u c l e a r  c o n s t a n t  of this i s o t o p e  t o  t h e i r  

char ts  e 

The n e x t  most s t a b l e  i s o t o p e  p robab ly  

The re fo re ,  Pa-231 i s  i n  

I t  shou ld  b e  added that i t  i s  v e r y  d i f f i c u l t  t o  a c c u r a t e l y  

a n a l y z e  small q u a n t i t i e s  of Pa-231. For  example, w i t h  a r e a s o n a b l e  

amount of e f f o r t ,  a s o l u t i o n  sample c o n t a i n i n g  protact ini .um can be 

ana lyzed  t o  a t  best: +- 10% by a l p h a  p u l s e  h e i g h t  a n a l y s i s .  FOP more 

a c c u r a t e  methods, one m u s t  r e s o r t  t o  g r a v i m e t r i c  a n a l y s e s .  

It: should also be  added that whi.le we have p u t  a p r i c e  on 

p r o t a c t i n i u m ,  the p r e s e n t  s u p p l y  cannot be r e p l a c e d  for any r e a s o n a b l e  

amount of money, so  i t  should be conserved as  a p r e c i o u s  r e s e a r c h  

mater i a1 . 

The i s o t o p e  uranium-232 does  n o t  occur  i n  na ture .  We? here a t  

ORNL have p repa red  two samples o f  U-232 by t h e  n e u t r o n  i r r a d i a t i o n  

o f  50  grams of  p ro tac t in ium-231  loaned by t h e  B r i t i s h  f o r  t h i s  

purpose.  The p r o d u c t i o n  of U-232 i n v o l v e s  1 n e u t r o n  c a p t u r e  and a 

p decay;  however, IT-233 i s  a l s o  made by the capture of an a d d i t i o n a l  

n e u t r o n  i n  U-232 a r  t h e  i n t e r m e d i a t e  Pa-232. 



The first sample prepared was made by a 7-hour irradiation of 

50 grams of protactinium-231. This produced 32 milligrams of U-232 

containing only 160 parts per million of U-233 plus 100 parts per 

million of U-235 from the natural uranium contamination of Pa-231 

sample. This material is now is use for fission cross-section 

measurements . 
The second sample cross-section was prepared by a 10-day 

irradiation of the same 50 grams of protactinium-231. This sample,  

about 1 gram of U-232, contains 0.7% U-233 because of the longer 

irradiation period. This material is now in use for total cross- 

section and capture cross-section measurements at the MTR. 

Only 17 milligrams of uranium pure material is on hand in 

the research pool .  However, we will obtain another 100 milligrams 

of the less pure material by reprocessing raffinates in the  next 

few months, which will be available in the research materials pool 

and may be obtained by the usual procedures. 

It should be added that we will be able to obtain about 10 

milligrams of Th-228 per year by milking large samples of U-232 

periodically. 
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ACC ELEEUTOR-PHODUCEE ISOTIOPES 

J. J. Pina j iaa ,  ORXL 

Webs-ter Is Third New In t e rna t iona l  Dri.ctrionai-y defines coordination as, " t o  

br ing  lint0 common ac t ion  . . . . I t  I n  t h i s  framework "Cycl.otron Produced. Lso- 

topes" do indeed fit i n t o  t h i s  meeting because t h e  cyclotron may be used t o  

produce neutron de f i c i en t  rad io iso topes  which i n  a smal.l., but useful.. vay, 

complement t h e  nuclear r eac to r  - making avall.able more of  a va r i e ty  of radio- 

isotopes * 

I n  a naive sense, rad ioac t ive  i so topes  may resu l t  from t he  addi t ion  of 

a neutron or from t h e  addi t ion  of a charged p a r t i c l e  t o  a, target nucleus ( i n  

0u.r case, -the charged particl-e i s  a proton).  The former 3.s genera.1l.y accom- 

p l i shed  using a reac tor ;  i n  the l-atter case, a cyclotron o r  acce le ra to r  ris 

used as a source of  t he  charged p a r t i c l e s .  The rad.i.onuclides formed hy 

inc:ressing the  neutron/proton ratio generally decay (or transform) back t o  a 

s t a b l e  conditi.on by having a neutron t r a n s f o m  t o  a proton w i t h  the emission 

of a negative be t a  p a r t i c l e  and a neutrino: 

Fo-i. those radionuclides r e s u l t i n g  from an increase j n  the  proton/neutmii 

r a t i o ,  -Yne transformation, again, tends t o  reverse the  cause f o r  i n s t a b i l i t y ,  



and a proton i n  t h e  nucleus 

emission of a posi t ive b e t a  

l p  3 ln  
1 0 

I n  some cases, nuclei  which 

73 

w i l l  be trarisformed i n t o  a neutron, with .the 

p a r t i c l e  (posi t ron)  p+: 

+ p+ i- v .  

are unstable because of an excess of protons 

(neutron-def i c i e n t  ) will regain s t a b i l i t y  by capturing m orbital .  e lectron 

(4: 

A s  a r e s u l t  of Ynis process, c h a r a c t e r i s t i c  x-rays w i l l  be emitted during 

t h e  r e f i l l i n g  of t h e  o r b i t a l  e lectron s h e l l s .  

I n  t h e  transformation processes described above, garma rad ia t ion  (7) 

may o r  may not be emi-tted. These gama mys, or photons, may undergo i n t e r n a l  

conversion whereby t h e  t r a n s i t i o n  between t h e  two energy s t a t e s  of  a nucleus 

i s  not evidenced by t h e  emission of a photon. Instead the  energy i s  imparted 

t o  an o r b i t a l  electron, which i s  e jec ted  from the  atom. 

For some nuclei ,  only garma rad ia t ion  i s  emitted for t h e  de-excitation 

from a metastable o r  isomeric s t a t e .  Such decay is  termed isomeric t r a n s i t i o n  

( I T )  and i s  characterized by no change i n  mass o r  atomic nmber .  

Many radioact ive nuclides.&ecay by two or  more modes, so  t h a t  p-, @+, 

y ,  and e transformations with associated 7 emission and x rad ia t ion  are not 

uncommon. The branching r a t i o  defines %he r e l a t i v e  amourit of sach mode of 

decay. 

For heavy nuclei ,  t'ne transformation t o  a more s t a b l e  configuration 

may take place by t h e  emission of an alpha p a r t i c l e  ( a ) .  

ac t ive  nuclides of Z > 82 genera7.ly decay by a emission: 

Naturally radio- 



Tde no longer  make i r r a d i a t i o n s  i n  t h e  ORPJL 8 6 - h c h  Cyclotron which 

produce a emi t t i ng  r ad io i so topes .  'The contamination problems assoc ia ted  

wi th  such endeavors are r a t h e r  formidable and we t e n d  t o  circumvent t h i s  

s o r t  of problem. 

The p r i n c i p l e  r e a c t i o n s  u t i l i z e d  f o r  product ion purposes a re :  

Example - __.- Reaction 

P,n 

P, 2r-l '%a( p, 2n)6RGe 

p,a and p lan  

p,pn - deca,y -> 

7 L i  ( p, n )"Be 

25 Mg( p,a)'"Na and 2"Mg(p,an)22Na 

SsNi(p,pn)57Ni - decay -+ Fj7C0 

These r e a c t i o n s  produce, of course,  c a r r i e r - f r e e  actri.viii.es s o  t h a t  t'ne 

s p e c i f i c  ac'ii.vity ( c u r i e s l g )  i s  dependen-i; on t h e  p u r i t y  of t h e  t a r g e t  material. 

Ey using isotopically enr iched  materials Yne yield of unwrzjfited react ion psod- 

u c t s  may be substanttally reduced. 

wi th  s p e c i f i c  a c t i v i t i e s  o f  $ curri.es/rng o f  coba l t  (70% of Lheoretica.1) by 

We have been able to routkIely produce 57C0 

exe rc i s ing  very c a r e f u l  c o n t r o l  over our i a r g e t  niaterials and processing 

chemist]-y. High-specif ic  a c t i v i t y  55Fe has  a l s o  bcen produced by p e r f e c t i n g  

manganese e l ec t rop la t i r i g  techniques spec i f i ca l l -y  designed t o  e l imina ie  i r o n  

impur i t i e s .  Approximately t w o  curcies of 55Fe has heen produced wi th  a s p e c i f i c  
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a c t i v i t y  of 760 curlies/g. 

duced from kryp-Lon gas deple ted  i n  86Kr, which decreased t h e  production 

of the unwanted '%b. 

reuse in a Mionel thimble immersed i n  a l iqu id-o i t rogen  t r a p ,  and the raaio- 

a c t i v e  rubidium was washed out  of t h e  chanber wi th  hot  d i s t i l l e d  water. 

Rubid-iwn-84 f o r  medical app l i ca t ions  was pro- 

The krypton., after i r r a d i a t i o n ,  w a s  c o l l e c t e d  f o r  

O u r  cyc lo t ron  coritinues t o  he the prime source (indeed, f o r  all p r a c t i c a l  

purposes the  only source)  of neutron d e f i c i e n t  rad io iso topes .  These i so topes  

g ive  r i s e  t o  1.) proton emission which result i n .  0.511 Mev a n n i h i l a t i o n  quanta 

o r  2) e l e c t r o n  capture  which resu l t s  i n  c h a r a c t e r i s t i c  x-ray emission. 

Tab1.e 1. l i s t s  some of the more r o u t i n e l y  produced i so topes  from t h e  OIWL 

86-1ncb Cyclotron, t h e  t a r g e t s  used, and t h e  experimental  y i e l d s  i n  mc/hr. 
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AMERICIUM CAPABILITY AT ROCKY FIATS 

A .  K. W i l l i a m s ,  Rocky Fla t s  

Americium-241 appears i n  Rocky F la t s  recovery streams as a decay 
product of 2 4 1 ~  

Americium i s  recovered only from a prec ip i ta t ion  stream where i t ;  

follows i n  t h e  f i l t ra te .  The i'iltrate i s  concentrated by evaporation and 
most of t he  Pu i s  separated by anion exchange. The ion exchange eff luent ,  
containing from 50 t o  500 mg Am per l i t e r  ar,d a l i k e  amount of PU, i s  then 

concentrated and pur i f ied  by ion exchange procedures which have been 
described by Ryan and Pringle i n  F.IiT-l3O. 

cyanate complexing process as reported i n  1953 by Coleman, Pennerflan, and 
others .  A simplified flow sheet i s  found i n  Fig.  1, 

The basic proeess i s  tbe thio-  

A t  t he  present time a l l  shipments are made as americium oxide. Oxide 
i s  made by calcinat ion of t he  oxalate  a t  800°C. 

chloride solut ions,  which presented some hazards i n  shipment and opening 
of the  containers.  
360 g per year.  
found i n  Table 1. 

r e f l e c t s  changes i n  production schedules and increased downtime of equip- 
ment. Puri ty  of oxide shipped i s  found i n  Table 2. Note tha t  many l i m i t s  
of detection axe high. Cerium, lead, i ron ,  and s i l i c o n  are usually present 
i n  detectable  amounts. 
stream, 

impregnated with lead are used t o  minimize personnel exposure from soft 
arnnm rad ia t ion .  

The ear ly  shipments were 

Capacity of the  present f a c i l i t y  i s  approximately 
Actual production since the  first shipment i n  1957 i s  

The reduction i n  Am shipped t h i s  past  f i s c a l  year 

These impuri t ies  are introduced i n t o  the  process 
Z"ne Am recoveyy l i n e  i s  shielded with l/8 i n .  lead.  Gloves 

All process equipment i s  e i t h e r  PVC or  g lass .  
A new Pu recovery f a c i l i t y  i s  now under construction a t  Rocky F la t s .  

Included i n  t h i s  i s  a l a rge r  Am processing l i n e  which w i l l  have a capacity 

of 3600 g per year on a ?-day, 3-sh i f t  schedule, and 5000 g per year when 
expanded t o  7 days. This new f a c i l i t y  w i l l  use the  same process. 

not have provisions for recovering Am from other  streams which are now 
discarded t o  waste. 'kese streams, which are highly salted an? contain 
1-5 m g  -Am per l i t e r ,  discarded approximately 600 g i n  FY 62 and 880 e; i n  

It w i l l  

63* Discard rates f o r  FT 64 so far have averaged 72 g per monkh. 
Processing cos t s  i n  our present f a c i l i t i e s  have averaged $ l O O O - l 5 O O  

per g a  When the  new f a c i l i t y  i s  complete, estimated processing cos ts  are 
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Table 1. Americium Production, Rocky Flats Plant 

Fiscal year Americium, g 

Table 2. Americium Oxide Spectrographic Impurities, ppm 

Det e c t able 
impur i t ie s < 500 < LOO < 50 < 10 < 5  < 1  

a- 800 

Ba- 5 0 
ca- 600 

CY-500 

cu- 5 0 
Fe-1000 

B-10 

Ce-1000 

K-100 

Mg-1000 

xi- 100 
Pu-1000 

Si- 5 00 

c s  As 

Nb Nb 
sm Cd 

Ge 

Hg 
Li 

Na 

P 
Pb 

Rb 

Sb 

Sr 

Ta 

Te 

Rh 

T1 
w 
Zn 

Au bi Ll1 Be 

w CO se 
EU ME Y 

Ga MO Yb 

Gd SD Z r  

Hf T i  
H O  IVT 

In 

Ir 

La 

Pd 

pf; 

Re 

RIA 

Ru 

Tb 
Thl 

V 



80 

$140 pe r  Q when operated a t  t h e  des ign  capac i ty  of  3600 g pe r  y e a r .  

i s  assuming t h a t  Pu recovery c o s t s  would not  he charged t o  t h e  Am product .  

In order  t o  recover  as much Am as poss ib l e ,  a l l  Pu r i c h  i n  Am could 

This 

be sen t  t o  recovery f o r  chemical separa-Lion. ?'he c o s t s  for Pu processing 

would then  b e  charged t o  Am. 

Lhe i;ew f a c i l i t y .  

$700 p e r  g ,  depending on Pu process ing  charges .  

These c o s t s  are es t imated  a t  $500 pe r  g Am f o r  

The c o s t  of Am can f l u c t u a t e  from $140 pe r  e; t o  over 

Rocky- F l a t s  has  a s i z a b l e  q u a n t i t y  of res id-ues  on hand which are 

es t imated  t o  con ta in  approximately lZ00 g Am. I-t i s  es t imated  t h a t  950 g 
could be recovered i n  t h e  t h r e e  y e a r s  between %Y 65 and €T 67> provided 

we are success fu l  i n  developing a new recovery process  and t h a t  new equip- 

ment would be a v a i l a b l e .  

P-rocess development i s  pz-oceedi-ng i n  two areas a5 Rocky E'la-ts. 'The 

f i r s t  i s  recovery of Am from t h e s e  d i l u t e ,  hi.ghly s a l t e d  waste streams. 

Tne process  c u r r e n t l g  under s tudy i s  so lvent  e x t r a c t i o n  of both t r i v a l e n t  

and hexavalent  Am. The second i s  a molten salt  e x t r a c t i o n  process ,  where 

Am d i s s o l v e s  more r e a d i l y  i n  molten c h l o r i d e s  than  Tu. %is w a s  found i n  

our  Pu e lec - t ro re f in ing  work, and we f ee l  t h a t  a process  of t h i s  type  might 

be rfl0:r-e economical than w e t  chemical process ing .  We a l s o  hope t o  reduce 

c o s t s  t o  t h e  t e n s  of d o l l a r s  p e r  g range r a t h e r  th.an t h e  cu r ren t  cos t  of 

thousands of d o l l a r s  per  g .  

Our p resen t  development f a c i l i t i e s  c o n s i s t  o f  a 200-f t2  l abora to ry ,  

containi-iig 15 f t  of  glove boxes shieldefi  w i t h  l ead .  

i n s t . a l l i n g  an  a d d i t i o n a l  1.5 f t  t l i i s  f i s c a l  year. Ykis 1abo-r-atory i s  
p r e s e n t l y  s t a f f e d  wi-th one chemist ,  f u l l  t i m e  ~ 

We are planning on 

Our a n a l y t i c a l  P a , c i l i t i e s  are the sxme as those  used f o r  Pu. A t  -the 

p resen t  t ihe ,  we are equipped t o  run  spec t rographic  impuri'cies and rad io-  

chemical assay  on sol.utions s 
a n a l y t i c a l  methods fo-r bo th  impuri:t;y ana lyses  and a s say .  

ana lyses  being developed are the polarographic  detsi-mination of  1-ead, 

f l u o r i m e t r i c  de te rmina t ion  of uranium, and spec-Lrographic de te rmina t ion  of 

thorium af-ter an i o n  exchange sepa ra t iou  ~ 

We are c u r r e n t l y  a t tempt ing  to improve our  

Among impuri ty  

Assa.y procedures  being developed inc lude  low-geometry a lpha  count ing,  

t i t r i m e t r i c  methods us ing  EDTA, and co lo r ime t r i c  methods measuring t h e  

t r ivalen-L Am peak a t  $02 mp. 



THE PROPOSED ORNL RclDIONCTCLIDES SEPARATIONS LABORATORY 

A .  F. Rupp, ORNL 

While my scheduled subject i s  on a pa r t i cu la r  f a c i l i t y  t h a t  we are  

proposing t o  build (Radionuclides Separations Laboratory - "RSL" ), 1 should 
l i k e  t o  t a l k  f o r  a few moments i n  more general t e r m s  about the  need for 
the  kinds of special  research materials t h a t  one would produce i n  such a 

f a c i l i t y .  In  br ief ,  we consider t h a t  a worthwhile goal i s  the  ult imate 

production of usable quant i t ies  of a l l  possible nuclides as nearly chemi- 

c a l l y  and i so topica l ly  pure as possible,  whether t he  nuclides be stable or 

radioact ive.  We have ample evidence here a t  the  ORNL Isotopes Development 
Center t h a t  experimenters have great  need f o r  these special  research mate- 
r i a l s .  

I n  nuclear physics, t h i n  films only a f e w  atoms th ick  are used f o r  
p a r t i c l e  in te rac t ion  and decay studies;  i n  almost any case where nuclear 

physics measurements a re  made, t h e  experimenter i s  in te res ted  i n  defining 
h i s  mater ia ls  as absolutely a s  possible .  In  chemistry, ordinary t r a c e r  
d i lu t ions  usually suf f ice  and high spec i f ic  a c t i v i t i e s  are not required; 

however, modern Chemistry has come t o  r e l y  grea t ly  upon physical methods-- 
measurements t h a t  are made on chemicals a t  high d i lu t ion ,  i n  t h i n  films, 

on surfaces,  o r  i n  c r y s t a l  l a t t i c e s  require  high radioisotope pur i ty .  
Biomedical research has great  need for high spec i f ic  a c t i v i t y  materials,  
since b io log i s t s  prefer  t o  d i s turb  c e l l u l a r  chemistry as l i t t l e  as possible 

and therefore  object  t o  introducing any more foreign chemicals than neces- 
sary.  In  complex biochemical systems, t he  radioisotope tagging of ce r t a in  

posi t ions of la rge  molecules i s  d i f f i c u l t  i f  receptor posi t ions a re  taken 
up by the  inact ive atoms. Here sgain,  a radioisotope preparation t h a t  

contains a high proportion of the radioisotope atoms desired i s  helpful .  
In  using the  radioisotope preparations for sources of radi:ztion and 

heat,  one again encounters spec i f ica t ions  demanding high isotopic  puri ty .  
Point sources of gamma and x rays a re  preferred f o r  radiography; alpha 

and beta  rad ia t ion  sources must be made i n  t h i n  l aye r s  t o  prevent self- 
absorption of t he  radiat ions;  heat sources t o  generate e l e c t r i c  power i n  
the  most advanced thermionic conversion systems must have the highest 

possible power density.  
and development work u t i l i z i n g  radioisotopes,  one may expect increasing 
demands f o r  very high spec i f ic  a c t i v i t y  materials. 

With t h e  r i s i n g  l e v e l  of sophis t icat ion of research 
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For the separa t ion  of s t a b l e  i so topes ,  we use t h e  electromagnetic 

s epa ra to r s  ( ca lu t rons )  and thermal d i f f u s i o n  columns ( p r i n c i p a l l y  f o r  t h e  

rare gases,  such as K r ,  N e ,  A r ) .  
f o r  r e l a t i v e l y  small-scale  production, t hese  two methods are cl-ea,rly t h e  

most versa-bi le  and pract ical .  e 

Other poss ib l e  methods are known, but  

Several. o ther  approaches a r e  avai. lable t o  us i n  producing pure rad io-  

a c t i v e  nucl ides ,  or even some s table  nuc l ides  whose precursors  pas s  through 

r e l a t i v e l y  shor t  t ransmutat ion decay processes .  The most important are as 

follows : 1. Direct  t ransmutat ion r e a c t i o n s  - n,p; n,a. 

2. U s e  of decay chains  - n,y; (6-, p+, a,  E-); 
n,f: (@- ,a) .  

3 .  Burnout of t a r g e t  atoms. 

4. I so top ic  separa t ion  of r ad ioac t ive  nuc l ides .  

Direct  neutron t ransmutat ion r e a c t i o n s  are f e w  i n  number and w e l l  known-- 

e .g 32P from s u l f u r  o r  ch lor ine ;  1 4 C  from ni t rogen;  ’13 from l i t h ium.  

Transmutations during decay a f te r  n,y r e a c t i o n s  are a l s o  familiar--e .g., 

Te (n,y,p-)’”’T; Xe (n,y,  EC)12‘”I. 

f i s s i o n  process  are ve-ry numerous. 

‘1”ransmutations during and after t h e  

Rowever, as I pointed out i n  a paper given a t  t h e  Japan Radioisotopes 

Conference i n  May (1963), t h e r e  remain many rad ionucl ides  Y’at canno-b be 

m a d e  pure by t ransmutat ion processes .  Therefore,  we are exami-ning two 

r o u t e s  t o  these  more inaccess ib l e  ob jec t ives ,  nam.ely, t a r g e t  burnout i n  

u l t r a -h igh - f lux  r e a c t o r s  such as t h e  H F l R  and phys ica l  i so top ic  separa t ion  

of  rad ionucl ides .  Unfortunately,  not very many pure nvc l ides  can be made 

by t a r g e t  burnout, f o r  one reason o r  another  ( t o o  long o r  too s h a t  a 

h a l f - l i f e ,  t o o  loti a neutron capture  c ros s  sec t ion ,  e t c . ) .  

wi th  many nucl ides  where t h e  l as t  r e s o r t  i s  phys ica l  separa t ion  of  t h e  

i so topes .  Since t h e  electromagnet ic  process  i s  by a l l  odds t h e  most 

v e r s a t i l e  method of i s o t o p i c  separa t ion ,  we are designing a $5.5 mi l l i on  

f a c i l i k y  around seve ra l  such machines, adapted f o r  remote con t ro l  work 

w i t h  alpha-beta- gamma-neutror! emi t t i ng  nuc l ides .  

There i s  need f o r  t h e  pure rad ionucl ides  as s p e c i a l  research  materials, 

W e  are l e f t  

but  .the manpower and money requi red  t o  ob ta in  them i s  very considerable .  

We are preparing a comprehensive r e p o r t  covering a l l  a spec t s  of t h i s  program 

background, need f o r  t h e  materials, concep-Lual designs of t h e  ca lu t ron  equip- 
ment, auxil . iaries,and p l a n t .  ?“ne r e p o r t  will be i ssued  i n  t h e  spr ing  of 
1964 



STRBI.8 ISOTOPE PROCUREMENT 
P. V.  Arow, ORNL 

Sales 

There a r e  approximately 250 enriched s tab le  isotopes avai lable  on a 

s a l e  basis, and they have a wide range of p r i c e s  calculated t o  r e a l i z e  
f u l l  cost  recovery. There i s  no p r o f i t  increment represented i n  the 

p r i c e s .  The enrichment of these  materials i s  accomplished by e lec t ro-  
magnetic separation and by other  methods, conveniently designated as non- 

electromagnetic separation. We usually r e f e r  t o  them as EM and non-EM 
isotopes.  

The extremes of t h e  p r i c e  range a r e  $0.05 per mg of element for 25- 
SO$ '07Pb t o  $1400 per mg of element f o r  a 6-mg sample of *OK enriched t o  
84.1%. This sample i s  not a c t u a l l y  a sa le  i t e m ,  even though it  does have 
a valuat ion.  

I n  our "Catalog of Radio and Stable Isotopes," the  second sect ion 
(composed of pink pages) i s  devoted t o  t h e  stable isotopes which are 

general ly  ava i lab le .  L is t ings  a r e  by element and isotope, with na tura l  
abundances, enrichment ranges used f o r  pr ic iqg,  t h e  p r i c e s  ( i n  e f f e c t  at 
t h e  time of revis ion,  Apri l  1963), and a c l a s s  coding t o  ind ica te  t h e  
usual  q u a n t i t i e s  ava i lab le .  Pr ices  of t h e  stable isotopes change f r e -  

quently because of constant new production. 
p r i c e s  i n  the catalog a r e  obsolete .  I n  addition, a l l  enrichment ranges 
a r e  not necessar i ly  ava i lab le .  

A s  a r e s u l t ,  many of t h e  

When an order i s  received f o r  materials on which there  has been a 

pr ice  change, t h e  purchaser i s  voluntar i ly  given t h e  benef i t  of lowered 

p r i c e s .  

new p r i c e  so t h a t  he may determine a c c e p t a b i l i t y  o r  make an a l t e r n a t e  
se lec t ion  before shipping. Pr ices  of s t a b l e  isotopes generally apply t o  
milligrams o r  grams of element, not t o  t h e  amount of isotope. For example, 

57Fe enriched > 85% i s  priced a t  $6 per mg of element. 
order f o r  10 mg of 57Fe enriched 91% would normally be shipped as 1 0  mg 
of Fe f o r  $60 and would contain - 9 rng of 57Fe. 

If c e r t a i n  p r i c e s  have increased, t h e  purchaser i s  advised of the  

On t h i s  basis, an 

The following a r e  problems which we frequent ly  encounter i n  orders 
f o r  s tab le  isotopes:  
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1. Orders are submitted on t h e  pu rchase r ' s  own order  form only,  
i n s t e a d  of on t h e  r equ i r ed  Government; f o m .  
own o rde r  form and our  r equ i r ed  Government form sometimes 
d i f f e r  i n  the  infomat l ion  g iven . )  

(The company's 

2 .  If t h e  t so tope  i s  inventor ied  as a compound, it should be 
clea-ely indicated.  whether t h e  amount d e s i r e d  i s  element o r  
compolmd ( e * g * ,  50 rng of B a y  as Ba(NO3)2, > 85% 13%a). 

3. Try t o  be sure  t h a t  t h e  i so tope  l i s t e d  has  t h e  c o r r e c t  
enrichment arid p r i c e  f o r  t h a t  i s o t o p e .  

Tae m t h o d  of purchasing s t a b l e  i s o t o p e s  by a Federa l  agency or by 

a n  AEC cos t - type  con t r ac to r  i s  -to send an o rde r  on Form AEC-375- Al.1. 

o rgan iza t ions  o t h e r  t han  Federa l  agencies  send o r d e r s  on Form AEC-391. 

These forms are used f o r  purchasing e i t h e r  r a d i o  o r  s t a b l e  i so topes .  

Note, however, t h a t  Licensing by t h e  AEC i s  __ not necessary  when purchasing 

s.table i so topes ,  and the r e l a t e d  s e c t i o n  of t h e  o rde r  form rnay be d isye-  

gzrded e 

Stab le  i so topes  are shipped once each week, wi th  Thwsday being t h e  

t a r g e t  day. Ckders should be rece ived  by noon of Tuesday for i n c l u s i o n  

i n  t h a t  week's shipment. 

i s o t o p e s  per moFth, inc luding  both  sales aiid l o a n s .  

We have been averaging 240 shi-pments of s t a b l e  

With regard t o  our  ca t a log ,  a number of' cop ie s  arc a v a i l a b l e  here ,  

but. i.f you would r a t h e r  not c a r r y  a copy, we w i l l  be g l ad  t o  m a i l  one ' io  

you if you w i l l  gi.ve us  your name and addres s .  %he ca-taJ-ogs are a v a i l a b l e  

at :io c o s t  t o  t h e  use r .  

Irz t h e  f irst  1 0  y e a r s  of t h e  s t a b l e  -isotope sepa ra t ion  and distr-5bu- 

trim program (l.gii.6-1.956), elec-t;ro-magnetically separa ted  s t a b l e  i so topes  

were made a v a i l a b l e  s o l e l y  on a l oan  b a s i s .  They were d i s t r i b u t e d  a f te r  

a u t h o r i z a t i o n  by t h e  U, S. A'iornic  E n e r a  Commission. I n  1956 a t ransi-Lion 

w a s  rnade t o  provide s t a b l e  i s o t o p e s  c h i e f l y  on a sale b a s i s ,  and a t  t h a t  

t i m e  au thoTiza t ion  by t h e  Commission became no longer  necessary .  

In conjunct ion wi th  t h e  sales p rov i s ion ,  a coord ina te  measure pro- 

vj.ded t h a t ,  by s a t i s f y i n g  c e r t a i n  r e g u l a t i o n s ,  -Lhe loan  of c e r t a i n  e l e c t r o -  

magnetica,I.ly separa ted  s t a b l e  i s o t o p e s  t o  domestic u s e r s  would s t i l l  be 

permit ted e m e s e  r e g u l a t i o n s  provi.de t h a t  : 



1. Loans w i l l  be made for research purposes only. 
must be deemed j u s t i f i a b l e  on the  bas i s  of the proposed 
research use. This use must be of such nature t h a t  there  
i s  l i t t l e  l ikelihood t h a t  the material w i l l  be l o s t ,  
destroyed, di luted,  o r  contaminated. 

Loans can be authorized only fo r  rare and expensive i t e m s  
and may be made only to i n s t i t u t ions ,  not t o  individuals .  

The loan 

2 .  

I n  order t o  consider a request f o r  loan of isotopes we must obtain 
from the  requester a reasonably de ta i led  statement of the proposed usage, 

the  amount of mater ia l  needed, and the  approximate length of t i m e  for  

which it w i l l  be required.  
t o  the  prospect t ha t ,  i f  ac t iva t ion  of materials i s  t o  occur, any resu l t -  

ing nuclides should not have ha l f - l i ves  greater  than about th ree  months 

and t h a t  the amount of a c t i v i t y  should be on the  order of a few micro- 
cu r i e s .  

From experience, it i s  generally pointed out  

The following provisions must be adhered t o  by the  borrowing i n s t i -  
tu t ion :  

1. 

2. 

3 .  

4. 

It must agree t o  be f inanc ia l ly  responsible f o r  any l o s s  of 
value by d i lu t ion ,  contamination, o r  loss  of the  material 
incurred while the loaned item i s  i n  i t s  possession. The 
user must agree t o  rekurn the  isotope i n  inventory form and 
pur i ty  or  reimburse ORM; f o r  cos t s  of our reprocessing. 

The prospective borrower negot ia tes  a su i tab le  loan period 
fo r  the proposed research. Loans may be granted for  
periods of 3, 6, 9, or 12 months. Extension of t he  loan 
period w i l l  be considered upon the  borrower's request p r ior  
t o  the  loan's expirat ion date .  

The borrower agrees t o  e i t h e r  publish r e s u l t s  of research 
performed with these materials or make the  r e s u l t s  avai lable  
to the  U. S. Atomic Ehergy Commission upon request.  

A t  t he  end of t he  loan period, the  borrower returns  with 
each isotopic  sample, two copies of Form 0 ~ - 6 2 9 ,  Cer t i f ica te  
of Isotope Accountability. After the  sample has been 
analyzed, t he  user w i l l  be b i l l e d  f o r  any loss ,  d i lu t ion ,  
and/or chemical reprocessing necessary. 

The following charges are authorized f o r  s tab le  isotope loans: 
1. An analysis  and handling charge of $100 for each sample 

loaned i s  b i l l e d  a t  t h e  t i m e  of shipment. 

2 .  A use charge of 4-3/4$ per annum of the sale value of the 
i t e m  loaned i s  b i l l e d  to non-Federal agencies f o r  mater ia ls  
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loaned from actYve inventory .  ‘The minimum use f e e  charged 
i s  f o r  a per iod  of t h r e e  months. A l l  Federa l  agencies  are 
excused from payment of t h e  use fee .  

Tfle c o s t  of spec la1  customer s e r v i c e s  performed by ORNL on 
loaned materials (such as conversions o r  t h e  f a b r i m t i - o n  of 
p a r t i c u l a r  shapes) is ,  of  course,  charged. t o  the ?iser, jus-t 
as rin t h e  case o f  ‘die s a l e  of  iso- topes.  

3 .  If z loaned i t e m  hhs  no'^ been re turned  a, t  t h e  e x p i r a t i o n  d a t e  
of t h e  loan per iod  and a r eques t  f o ~  extens ion  h a s  not  been 
rece ived ,  t h e  borrower i s  suh jec t  t o  b i l l i n g  f o r  t h e  full 
sale val-ue of t h e  material, and t h e  t r a n s a c t i o n  may be 
t r e a t e d  as ZiI o rd ina ry  sale. 

There are 26 i so topes  which are s p e c i f i e d  as being availa,bl.e f o r  

sale on1.y. 

dance and would r ep resen t  r e l a t i v e l y  ].ow concen t r a t ions  as separa ted  

samples. A f e w  examples of the iteriis ava i lah l i t  f o r  sale only are: 
n . a .  - ll$, any enrichment < 27%; 52Cr ,  n . a .  - 83%, any enri.chmeni; 

“12, n . a .  - 7$, a l l  enrichments;  

Any v a r i a t i o n  from a s a h  b a s i s  f o r  any of the 26 i s o t o p e s  j.n ques t ion  

would be a matter f o r  i n d i v i d u a l  cons ide ra t ion  by the AEC. 

Most of t hose  materials are of r e l a t i v e l y  h igh  n a t u r a l  abun- 

L37Ea, 

97$; 
’“OSn, n.a. - S‘2%, a l l  enrichments .  

Requests for l oans  of s t a b l e  i-sotopes are made by means of t h e  same 

pmchase  orde? form t h a t  i s  used f o r  buying i so topes ,  i . e . ,  For111 AEC-375 
f o r  Federal.. agencies ,  and Form AEC-331 f o r  a l l  o rgan iza t ions  o the r  t han  

Federa l  agem i e  s 

Tr! genera l ,  l oans  are not  made t o  overseas  users. Any dev ia t ion  

from t h i s  r e g u l a t i o n  would be a t  t h e  d i s c r e t i o n  of t h e  AEC. 



RESEARCH POOLS 

F. N. Case, ORIVL 

Several pools of isotopes spec i f ica l ly  assigned f o r  research uses are 

maintained by ORNL f o r  the Atomic Energy Commission, Division of Research. 

These materials are avai lab le  t o  research programs when the use i s  approved 

by the  Division of Research. 

Cross Section Pool 

The Cross Section Pool (CSP) i s  an inventoiy of s tab le  isotopes,  prep- 
a ra t ion  of which i s  scheduled j o i n t l y  by the Isotope Development Center, 

t h e  Division of Research, and the  Cross Section Committee. ,Stocking and 

maintaining the  CSP inventory i s  t h e  concern of the  Calutron Separation 

Program a t  the  Isotope Development Center. Samples may be obtained from 

the CSP by communicating d i r e c t l y  with George Rogosa, USfzEC, Division of 
Research, who w i l l  review the  experimenter's intended use so t h a t  it can 

be determined, while considering the  data t o  be obtained, how the  experi- 

menter's requests  can bes t  be met. 
I n  preparing various CSP samples, other  isotopes of t h e  element are 

of ten  col lected.  

met, the excess i s  placed i n  an ac t ive  stable isotope s a l e s  inventory. 

These items a r e  then offered t o  any purchaser through t h e  normal isotope 

sales program. 

Thus, i f  pool requirements for these isotopes have been 

Soiiie research programs requir ing samples of enriched isotopes may 

obtain them on a. loan b a s i s  from the sales inventory. Loans a r e  l i m i t e d  

t o  samples t h a t  are r a r e  and expensive, and t h e  borrower must agree t o  be 

responsible (a t  catalog p r i c e s )  f o r  any losses .  The CSF loan a c t i v i t y  i s  

best  i l l u s t r a t e d  by Fig.  1. The s o l i d  l i n e  shows the number of loans made 

from the  pool  each year .  

loan. The broken l i n e  shows t h e  accumulated number of outstanding loans.  

The t o t a l  inventory value of outs-Landing loans i s  $5,'702,289.90. 
shows the growth of loans from t h e  sales inventory. The oubstanding loans 
have a value of $1, 997,879.25. 

Ehch separated sample loaned i s  counted as one 

Fig. 2 

The Isotope Developrnent Center provides a number of services  i n  associ 

a t i o n  with the  CSP and Research Pool materials. Often the experimenter 
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requiyes t h a t  t he  isotope be i n  a form other  than the  standard inventory 

compound.. Coiiversion t o  a. s p e c k l  chemical form and fab r i ca t ion  i n t o  var- 

i0u.s  geometri-es such as f o i l s ,  cyl.ind.ers, o r  p l a t e s  can be provided t o  t h e  

experimen-ter . Such serv ices  a r e  reviewed f o r  f e a s i b i l i t y ,  conservation of 

the isotope, and. e f f e c t  on t h e  scheduled use of the  isotope when moye than 

one experiment i s  involved. Thus i f  two experiments can h e  perTomled using 

a c e r t a i n  f ab r i ca t ed  shape, those experiments would- be scheduled t o  bes t  

uCj.lize t h e  f ab r i ca t ion  effort. 

Cross Section Pool inventory information 5.s d i s t r i b u t e d  by t h e  Division 

of Resemxh. Each month, t h e  Isotopes Development Centel. supplies rec0rd.s 

to the  AEC concerning t r a n s f e r s  of pool  ma te r i a l s .  These tmnsfers include 

loans, loan r e tu rns ,  a,nd new invento-a- smples. 

Heavy Element Research Pool. 

The Heavy Elcinent Research Pool. i s  maintained tor the Division of 

Research and contrinues i t s  identlity as a separa-be p o l  because of specrjal 

handli-ng piioblems . The pool  i s  primarily concentrated- a t  0RN.L; however, 

o ther  Ai32 f a c i l i t i e s  rmy be involved i n  prepari-ng samples. 

t he  physical inventory might be located ai; t h e i r  fa.ci.liti.es . 
Calutron separa.t i.on of heavy elements be 

A s  a consequence, 

n nearly 16  years  ago, w i t h  

t h e  preparation of samples of highly enriched 238U, known a t  t h a t  time as 

sulfur Q .  

t he  sulfur Q progrssn.; next, high-purlty 236U and. 233U w e r e  separated.  

1.0 years ago -the ?u isot,opes were separated i n  the calutron i n  order t o  

provide enriched sam.pl.es of 2"oPu and 2*1Pu f o r  obtaining physical da ta  

which wo1i.d permi-t decisions r e l a t i v e  bo Pu prod.uctiom riia.nagement . 
curren t  Pu p rogrm w a s  discussed earlier .) 

Highly enriched 234U and. 23"TJ samples were prepared- followins 

About 

(The 

From time t o  Lime, a number of spec i f i c  isotopes have been placed. i n t o  

ihe Research Pool, thus reserving them f o r  C ~ ~ ~ ~ ~ l i s s i o n - a p p r o v e d  experiments. 

I n  1948 t w o  batches of '-"C (- LOO0 me of 48% 14C and 1600 mc of 80$ 14C) 
were placer? in t h i s  grou-p, 

search pool. status  by pui;iing a ms.xirflim sal.es quant i ty  lilili~t on it. 

AEC f a c i l i t i e s  wishing t o  procure g rea t e r  than. 1.0 g per yeare must ob ta in  

approval from Llie Uivisj.on of Research. 

per year without specifric approval. The sirpply s i t u a t i o n  i s  much improved, 

Technetium-99 was effec-Lively placed fn to  r e -  

Non- 

AEX f a c i l j - t i e s  a r e  limited. t o  1.00 g 
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and approval fo r  la rger  quant i t ies  i s  usually provided without c l i f f icul ty .  

Approximately 26 kg a e  i n  process. Other isotopes controlled by l imit ing 

sales t o  a spec i f ic  quantity or per cent of inventory are 'OB, "B, '~i, 

241Am, and 2371Vp. 

upon the  balance on hand and an t ic ips ted  requirements. 

These quant i t ies  may change from time t o  time, depending 

Allocation from the  pool i s  made by both the Division of Research and. 

Eicperlmenters Development, ORO, and t'ne Divfsion of Research, Washington. 

wishing t o  obtain smples  from t he  pool should contact t he  OWL 1sot;ope 

Sales Department so t h a t  it can be determinea whether or not samples meet- 

ing  experimenters' requirements are i n  the  pool. If samples are i n  inven- 

tory ,  the  Sales Department w i l l  r e f e r  t he  experiinenters e i the r  t o  T. R .  Jones, 

AEC, Washington, or t o  Herman Roth, AEC, ORO, depending upon the sample 

involved. 

The inventory of isotopes d is t r ibu ted  from the Heavy Element Research 
2 3 2 ~  233u%. 234u*, 235u*, 236u+$, 238~+? 237 ~ p ,  

pool contains 230221*, 231~a I , ? 

238pu-, 239pux. 24Op,$ 2"lpUic 2 4 - 2 p u X - ,  and 241h. Exanples of some O f  t'ne 

enrichments avai lable  are as follows: 
, 

Isotopic  Chemical 
Isotope Batch no. pur i ty ,  k Weight, g form 

24 1~ Pu-241-102A 93 * 27 0.4476 h02 

2422pu h-242-103A 91.47 0.2069 PUOZ 
238% pu-238 M2 80.96 It .42 Pu02 

2 3 9 ~ ~  st-101 99 ' 979 0.175 PUOZ 

Pu-240-10lh 98.00 i o .  906 9uo2 240% 

235u F2 S- 22 ( c ) 99 - 994 0.0269 
F2S-22( f )  99.888 14.81 
u- 2 3 6 - ~ - ~  99.44 
IMR- 236- 3B 95 00 

23 6u 

23% Q- 505 99 9999 0.525 u3°8 

K-25-36(b) 99 * 9996 29.98 u30, 

2 3 3 ~  v3 5-43235 99 9963 0.0563 u30s 
E'I?A- R2 99 - 76 50.'70 Metal foil 

U3°8 0.0117 HR- 234.- 1B 98 27 234u 

23% ORNL 1-4 99 -1 0.0169 NO, solution 

* Calutron separated. 
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'Ihe Laboratory's facilities sre qui te  di-versified, as described by 

e z r l i e '  speskcrs. 

Isotopes 3evelopmelzt Ccntc?, thus al lowtn? a SreaL deal  of Lati-tude f o r  

the experimenter. 

60th radio and st%hI-:l isotopes e m  be prozt::;sed by the 
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R E S W C H  SAMPIXS PROGRAM 

L. K. H u r s t ,  ANL 

Argonne National Laboratory i s  represented a t  t h i s  meeting primarily 

i n  the  procurement r o l e  and as a user of t he  spec ia l  research mater ia ls  
and services  which perhaps should be made avai lable  by USAEC produ-ction 
organizations r a the r  than research labora tor ies .  
in ten t ion  t o  produce materials;  although some new items are  prepared as 

research e f f o r t s  r e s u l t  i n  discovering new compounds, isotopes, elements, 
and production techniques o r ,  as these e f f o r t s  require  unique mater ia ls  
i n  the  course of t h e  s tud ies .  
by the Argonne staff i n  the discoveries of tritium label ing of organic 

compounds, the biological  synthesis of 1 4 C  Compounds and deuterated com- 
pounds, the f luor ides  of the " ine r t "  gases, methods t o  produce ultrahigh- 
purity.uranium and plutonium metals, methods t o  prepare the  phosphides 
and sulfides of uranium, the  development of nuclear reactor  systems, and 
so on. In  p rac t i ca l ly  all cases,  the  products of these s tud ies  are pre- 
pared f o r  o thers  t o  perform complementary research u n t i l  such time when 

the  techniques f o r  production a re  understood su f f i c i en t ly  enough t o  permit 

preparation elsewhere t o  be accomplished successfully.  

It i s  not Argonne's 

Many of you are aware of past  achievements 

The Argonne Laboratory i s  la rge  and has many i n t e r e s t s .  It is  one 
of the na t ion ' s  pr inc ipa l  f a c i l i t i e s  for research i n  nuclear energy and 

fo r  t h e  development of the atom a s  a servant t o  mankind. Brief ly ,  it has 
14 divisions of research and development personnel representing a l l  d i sc i -  

p l ines  i n  the  physical sciences.  Approximately 1,000 s c i e n t i f i c  staff 
a re  d i r e c t l y  employed i n  i t s  programs. 

design and development of nuclear reac tors ,  nearly half t he  Laboratory's 
e f f o r t  i s  devoted t o  basic  research performed f o r  the sake of research. 

While a prime function i s  the  

Argonne's physicists, chemists, b io logis t s ,  and metal lurgis ts ,  per- 

forming basic  research, need instruments, too ls ,  and materials with which 
t o  conduct t h e i r  work. 
research instruments and ana ly t i ca l  tools such as Van de Graaff accelera- 
t o r s ,  a l i n e a r  accelerator ,  cyclotron, t he  zero gradient synchrotron, t he  
research reac tors  - CP-5, Juggernaut and Janus, 100-in. spectrometer, neu- 

t ron  and beta spectrometers, and others  too  numerous t o  mention. By 

They already have a la rge  a r ray  of sophisticated 
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respectfu.1 apprec i a t ion  of  t h e  needs,  t h e  Atomic Energy CornmissLon i s  in -  

c r eas ing  the  s tock  of f i n e  equipment. 

t h e  Fa re t ,  t h e  ZPPLI, and t h e  12- foot  bubble chamber ,are only a f e w  of t h e  

i tems now Oi? t h e  drawing boards.  

Die b g o n n e  Advance Research Reactor  , 

Yoii  might a sk  what a l l  t h i s  has  t o  do wi-th t h i s  meeting. Well, it I S  

an  a t tempt  t o  impress upoil you t h a t  t h e  a r r a y  of equipment a t  Argonne 

Nat ional  Laboratory i s  so  compl.ica.ted and so  expensive that; much of it i s  

not  dup l i ca t ed  i n  t h i s  country.  

c o s t s ,  opera t ing  c o s t s ,  and t h e  s c i e n - t i f i c  manpoyjer which bas been accum-  

la ted t o  use i t .  
Midwestel-n Universit;ies w i th  whom t h e r e  i s  c l o s e  cooperat ion are s e l e c t e d  

f o r  and. or i en ted  toward u s i ~ g  Lhis f i n e  inventory  of  equipment i n  r e sea rch  

r a t h e r  

and. t h e i r  co l leagues .  

It i s  cos-Lly i n  terms of cons t ruc t ion  

Both t h e  l abora to ry  staff and t h e  persomiel  of t h e  

than  be ing  involved in .  producing s p e c i a l  samples needed by them 

We are here  today t o  l e a r n  about  t h e  c a p a b i l i t i e s  of t h e  va r ious  pro- 

duc t ion  groups and t o  idenf , i fy  our  needs,  for it i s  becoming i n c r e a s i n g l y  

d i f f i c u l t .  t o  find. t h e  s p e c i a l  a r t i c l e s  needed by t h i s  s t a f f .  Considerable 

success  toward t h e s e  o b j e c t i v e s  has a l r eady  been achieved by t h e  expansive 

d i scuss ion  he ld  so  far .  We do implore you though, r e g a r d l e s s  of t h e  

s a t i s f a c t i o n  f e l t ,  t o  communicate, on a r e g u l a r  b a s i s ,  t h e  cu r ren t  i n f o r -  

mation about materials and s e r v i c e s  a v a i l a b l e  and t h e i r  t e c h n i c a l  speci-  

f i c a t i o n s .  

and techniques t o  p u r i f y  nore  ex tens ive ly ,  j.n element form, these  rare and 

e x o t i c  materials and. t o  f i n d  as  broad a base as p o s s i b l e  over which t o  
dis. l ;r ibute t h e i r  c o s t s .  We know spec ia l .  work i s  expensive,  bu t  a t  t h e  
same time one can make oi' break a very  c o s t l y  experiment by f a i l i n g  to 

corp l .e te ly  pu r i fy  t o  t h e  e x t e n t  r equ i r ed  o r  by a s s e s s i n g  t h e  e n t i r e  c o s t  

of product ion ar,d prepara t io i i  t o  an  i n d i v i d u a l  p rog rm . 

I n  ad-di t ion,  we a sk  t h a t  t h e  producers  con t inua l ly  seek methods 

Obviously, Argonne ' s i i t e r e s t s  will not  remain cons tan t ;  however, 

roughly speaking, t he re  i s  i n t e r e s t  i n  obtaj .ning h igh-pur i ty  metals , both 

natural-  and separa ted  i so t ,op ica l ly .  

kilogram quan t i - t i e s  . 
odd-odds, and h igh -pur i ty  metals of  other  stable i s o t o p e s  are s p e c i a l l y  

d e s i r e d .  Reactor c o n t r o l  materials, l i th iurn  a,nd boron - a g a i n  w e l l  pur'i- 

f i ed  and. of course, i s o t o p i c a l l y  sepa,rated - are needed i n  l a r g e  q u a n t i t i e s .  

These in-Lerests  vary from gram t o  

Toe a l k a l i  e a r t h s ,  t h e  rare e a r t h s ,  p a r t i c u l a r l y  the 



Neutron threshold d e t e c t o r s  such as pure 236U, 236Np, and ‘*‘Pu are almost 

impossible t o  f i n d ,  

need reasonably la rge  volumes of e s s e n t i a l l y  t r i t i um- f ree  heavy hydrogen. 

And f i n a l l y ,  somewhat out  of t h e  metals c l a s s ,  w e  

E a r l i e r ,  the  point w a s  made t h a t  Argonne i s  w e l l  equipped f o r  

research  which i t s  s t a f f  and those from t h e  Midwestern Univers i t ies  are 
conducting. 
i s  ava i l ab le  f o r  any AEC-sponsored work within t h e  l i m i t s  of i t s  capa- 
b i l i t i e s  and capacity and t h a t  t h e  staff of any of t h e  o ther  l abora to r i e s  

or f a c i l i t i e s  of t h e  Commission who have a bona f i d e  need f o r  t hese  

spec ia l ized  serv ices  should make known t h e i r  i n t e r e s t s .  These f a c i l i t i e s  

are of fered  t o  complement, r a t h e r  than  compete w i t h ,  others;  i n  f a c t ,  
encouragement i s  given t o  ob ta in  se rv ices  from other  sources if it i s  a t  
a l l  poss ib le ,  because considerable competition f o r  t h e  cur ren t  output of 

t h e  equipment e x i s t s  between r e s iden t  staff members. 

C l a r i f i c a t i o n  i s  necessary t o  assure  you t h a t  t h i s  equipment 

Some of t hese  spec ia l ized  instruments i n  which o the r s  may have i n t e r -  
e s t  include t h e  60-inch cyclotron, t h e  100-inch mass spectrometer, t h e  

electromagnetic isotope separa tor ,  t h e  synchrotron, t h e  Janus r eac to r ,  and 
t h e  chemistry h igh- leve l  hot labora tory .  While s p e c i f i c  details about 
a v a i l a b i l i t y ,  capab i l i t y ,  and opera t ing  pol icy  can be obtained d i r e c t l y  
from the  operating staff, t h e  f a c i l i t i e s  a r e  briefly described f o r  purposes 

of acquainting you with t h e i r  general c h a r a c t e r i s t i c s .  
The Argonne cyc lo t ron  i s  a constant-frequency, 60-in.  machine which 

has  been i n  operation s ince  1952 f o r  extremely d i v e r s i f i e d  research  in- 

terests i n  heavy-element chemistry, nuclear a c t i v a t i o n  s tud ie s ,  nuclear 

s c a t t e r i n g ,  s o l i d  states physics,  and o the r s .  Deflected beams of deuterons, 
helium ions ,  protons, and neutrons of broad energy spectrum a r e  coristantly 
i n  demand. The t y p i c a l  deuteron operating data a re :  a resonant frequency 
of 11.2 Mc/sec, 240 kv peak dee-to-dee voltage,  75 kv dc de f l ec to r  voltage,  

600 pa i n t e r n a l  beam, and 200 va de f l ec t ed  beam. 

t r o n  i s  accomplished by varying t h e  r ad io  frequency with t h e  magnetic 
f i e l d  held cons tan t .  

The tuning of t h e  cyclo- 

The 100-inch-radius mass spectrometer i s  a double-filament surface 
ion iza t ion  instrument using a combined e l e c t r o s t a t i c  analyzer and magnetic 

analyzer i n  a Mattauch-Herzog arrangement t o  produce focusing of the  ion 
beam i n  both d i r e c t i o n  and v e l o c i t y .  The transmission of ions i s  > 95; 



96 

o v e r - a l l  f o r  both t h e  ion  source system and t h e  analyzer .  ?"ne r e so lu t ion  

i s  lo4. 

analyses  of very small moun t s  of material such as products of nuclear 

r eac t ions  produced by acce le ra to r  bombardmen'c and f o r  p rec i s ion  mass 

measuremerit s . 

The spectrometer 7.s normally used f o r  high- s e n s i t i v i t y  i so top ic  

Tne electromagnetic i so tope  separa tor  i s  b a s i c a l l y  a la%ge 90" mag- 

n e t i c  de f l ec t ion  mass spectrometer capable of inaintaining good r e so lu t ion  
and good separa t ion  between neighboring i so topes  while focusing moderately 

l a r g e  beam cur ren t s .  

matesj.als i n  el-emental or compound form as s o l i d s ,  l i q u i d s ,  o r  gases .  

'The ion  beam with an energy va r i ab le  i n  the range ?-'j'O kv and int ,ensi ty  

up t o  1 m a  can be focused t o  a f i n e  l i n e  (0.5 mm x 20 mi o r  more long),  

o r  t o  a s m a l l  spot, of 2-3 mm d i a ,  o r  defocused t o  a much l a r g e r  a rea .  

Enrichment f a c t o r s  for netgh'ooring i so topes  of lQ3-10" are obtainable, and 

the  e f f ic iency  of separa t ion  i s  genera l ly  i.n t h e  range of l - l O $ +  

It can cover the  e n t i r e  mass -i*ange and can handle 

Tile zero gradien t  synchrotron is  t h e  f irst  multi-Bev par t ie l -e  acce ler -  

a t o r  i n  the  Middle West. It i s  on? of t h e  3 most powerful proton acce ler -  

a t o r s  i n  t h e  world, and curren-Lly has the  most i n t ense  beam (up t o  5 x IOi3 

protons per  p u l s e ) .  

High-energy p h y s i c i s t s  from u n i v e r s i t i e s  and Argonne a r e  employing t h i s  

instrument f o r  bas i c  nuclear  research  on subatomic pa r - t i c l e s  wri.th schedul- 

i ng  arranged fol lowing recommendations from the ZGS ii.se-rs group. 

It exceeded. i t s  design er,ergy of 1.2.5 Bev upon s t a r t u p .  

The Janus r e a c t o r  i s  a heterogeneous li-ght-water-moderated r eac to r  

of t he  tank  type,  having r a d i a t i o n  f a c e s  de l ive r ing  d. i f ferent  neutron 

i n t e n s i t i e s  Lo rooms f o r  low-level and h.l.gh-level i r r ad - i a t ions  . Doses on 

t h e  h igh- leve l  s i d e  w i l l  range from 1 ra,d per  min t o  100 rads pe r  rnin and 

on thz low-l.eve1 side, w i l l  range from 0.1-50 rads per  week. Other s p e c i a l  

fea tures ,  such as movable conver-Ler p l a t e s  over each face  t o  produce fast  
neutrons,  neutron a t t enua to r s ,  and gamma shields, e x i s t .  

The chemistry hot  1s.horaLory i s  a cave-complex constructed of mono- 
1-j-tbic concrete and cons is - t iag  of 2 floors of sh ie lded  c e l l s .  TAE! w a l l s  
on the lower f l o o r  are 1; f t  t h i c k  with magneti-te ore  f i l l i n g  on 3 of t he  

11 c e l l s  t o  provide sh i e ld ing  agai is t  10" c u r i e s  of 1-MeV g a m a  a c t i v i t y  

o r  a poin t  source emitt i-ng l.O1" f i s s i o n  neutrons per  see .  Walls on the  
second f l o o r  are 28 i n .  t h i c k  - again wi.th tna,gnetite concreke i n  3 of t h e  
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8 c e l l s  t o  provide shielding against  1,000 cur ies  of gama a c t i v i t y  o r  a 
point source of 1.0' neutrons per sec.  

n-- 30 cur ies  of gamma a c t i v i t y .  
rad ia t ion  chemistry and heavy-element research. 

The other c e l l s  can accommodate 

The f a c i l i t y  i s  employed primarily for 



RESEARCH MATERIALS INFORMATION CENTER 

5. W. Cl.el_and , ORNL 

‘ T k  h r e  Materials Program of t h e  Sol id  S t a t e  Divis ion T S ~ S  organized 

t o  develop the  necessary Lechniques as, requi red  for t h e  growth of u l t r a -  

high-puri ty  and c o r t r o l l e d - i m ~ u r i t y  research  specimens of immediate and 

long range i n t e r e s t  t o  OHML, o the r  AEC i n s t a l l a t i o n s ,  and o t h e r  AEC con- 

t r a c t o r s .  

however, it also requix-es t h e  d i r o c t  a s s i s t a n c e  of many oti?er research  

and serii.ice groilps 

The presenL progran d i r e c t l y  involves  el-even people at, 0W-L; 

The ac- tual  choice of ma, ter ia ls  has  been made , f o r  -the rnost p a r t ,  011 

the b a s i s  of an expressed d e s i r e  on t h e  p a r t  of indtvLdua1 r e sea rche r s  

and on the  b a s i s  of t h e  p o t e n t i a l  ga in  toward 8 fundamsntal understanding 

of s o l i d s .  T’ne ultirfiate range of c e r t a i n  p r o p e r t i e s  i n  many ma-terials can 

be e s t ab l i shed  only by means of experiments t h a t  are conduc-Led on pare 

specimecs, u sua l ly  s ing le  c r y s t a l ,  o r  on sam.ples t h a t  conta in  a known type 

and amount, of chemical impurity-. 

Detailed information concerning t h e  a v a i l a b i l i t y  of r e sea rch  materials 

has  always been d i f f i c u l t  t o  ob ta in .  Open l i t e r a t u r e  pub l i ca t ions  seldom 

i n d i c a t e  t h e  source and p u r i t y  of s t a r t i n g  materials, f u r t h e r  p u r i f i c a t i o n ,  

methods of c rys t . a l  growth, f i n a l  purity-,  and method of assay  and a n a l y s i s  

of t h e  er,d product .  The Iiesearch. Mata=ials inforniation. Center was the re -  

f o r e  estLt~l.ished- as a p a r t  of t he  Pure Materials Program t o  c o l l e c t  and 

provide information on t h e  pur i f ’ i  c a t  i on, prod.uc t i on, charac t e r i  z a t  ion,  and 

ava i l ab i l i -by  of research  q u a l i t y  rnaterlals i o  50-bh producers and iisers . 
A compa,nl.on I - i s t i ng  i s  also made of those m8terials t h a t  are not  c u r r e n t l y  

a v a i l a b l e  but  are des i r ed  by var ious  i n v e s t i g a t o r s .  T .  F .  ConnolLy i s  i n  

charge of t‘ne Research Ynterials Information Center.  

Three d i s t i n c t  phases are usus,l ly requi red  for any research  material 
These  are (1) i n i t i a l  p u r i f i c a t i o n ,  ( 2 )  c r y s t a l  growth, and of i c t e re s t .  

( 3 )  evalua t ion  of t h e  end product .  The present  Frogram incIu.d.es such 

materials as  W C 1 ,  EgS, CQO, i s o t o p i c  LIF, U02, MgO, CaF2, Reo, T h Q ,  

s o l u t i o n  gro-xi quar tz ,  be ry l ,  ??SO2, and. o t h e r s .  Most of t h e  a c t u a l  work 

is repor ted  i n  t h e  annual  progress r e p o r t s  of t h e  Sol id  S&%e, Reactor 

Cherflistry, axd. Metals ani? Ceramics Divisions and. j.11 t h e  monLhly s t a t u s  
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and progress repor t s  of ORTJL. Special  a n a l y t i c a l  techniques, such as 
mass s p e c t r a l  analysis ,  neutron a c t i v a t i o n  analysis ,  and microspectro- 

ana lys i s  have been developed i n  the  Analytical  Chemistry Division and a r e  
important f o r  the i n i t i a l  p u r i f i c a t i o n  and amilysis of the  end product,  
One must also r e l y  heavily on physical measurements of e l e c t r i c a l ,  op t ica l ,  

magnetic, thermal, and s t r u c t u r a l  propert ies  i n  any evaluation of the end 
product. 

those who analyze, grow, character ize ,  use, and receive or  provide infor- 
mation on these mater ia ls ,  and t h i s  cooperation must transcend any group, 
d iv is ion ,  or individual  laboratory.  It i s  a l s o  evident t h a t  p u r i t i e s ,  

d i s loca t ion  content,  c r y s t a l  s ize ,  c r y s t a l  perfect ion,  spec ia l  propert ies ,  
e t c .  a r e  constant ly  being a l t e r e d  or  imFroved and t h a t  one must depend on 
some such mechanism as an information center  f o r  the current s t a t u s  fo r  
any p a r t i c u l a r  material. 

It must be emphasized t h a t  c lose cooperation i s  required between 

The t r u e  r o l e  of t h e  Research Materials Information Center i s  to 
extend t h e  present cooperation between c r y s t a l  growers and c r y s t a l  users,  

as it already e x i s t s  a t  ORNL, t o  a na t iona l  o r  in te rna t iona l  basis. Equip- 
ment has been purchased and installed.  that. w i l l  conduct a n  automatic search 

f o r  coded e n t r i e s  t h a t  have been placed on f i l m .  

sheets  on a wide var ie ty  of mater ia l s  have already been received from about 
500 individuals  representing more than 60 research groups. 

sheets  have been coded as to material, form, dimension, or ien ta t ion ,  i m -  
p u r i t y  content,  method of growth, analysis ,  intended use, e t c .  Any fu ture  
change or  improvement i n  t h e  material i s  added t o  the  data  sheet and i s  
a l s o  coded i n t o  the f i l m ;  hence, t h e  requester  of a desired mater ia l  t h a t  
i s  not present ly  ava i lab le  w i l l  be n o t i f i e d  if  such a material becomes 
ava i lab le  at a later d a t e .  

More than 1,000 data 

These data 

Background information on materials, including pur i f ica t ion ,  analysis ,  
production, and evaluation, i s  a l s o  being co l lec ted  and coded. A thesaurus 

of more than 300 coding terms has been establislned under such general  
top ics  as (1) Type and Form of Material ,  ( 2 )  Crystal Structure,  ( 3 )  Growth 

Technique, e t c .  “‘his thesaurus contains such s p e c i f i c  coding terms as 
Bridgman, condensation, Czochralski, deposit ion,  deBoer, flame fusion, 

hydrothermal, Kyropolous, Van Arkel, and about 60 o thers  under ( 3 )  Growth 
Techniques, alone.  The open l i t e r a t u r e  from 1957 t o  the  present has 
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already provided about 9,000 pages of a b s t r a c t s ,  t i t l e  pages, and docwnen-ts 

as searched f o r  (3) Growth Techniques, a,lone. This ma te r i a l  has been coded 

on four 100-f t  r o l l s  of 16 mm f i l m ,  where each film can be searched for a 

p a r t i c u l a r  set  of codi.ng terms i n  about 15 s e e ,  

One of t he  advantages of t h i s  techniqile i s  t h a t  t he  searcl?e-r can 

s e l e c t  h i s  0-m- coding t e rm franl, t he  thesaurus  ( e . g e J  AlSb, Siilgle cyys ta l ,  

5 - M pu-ity-, LOO o r i en ta t ion ,  t h i n  f i h : o r  f l o a t  zone growth). He ca;z then  

scan each data sheet ,  abstract , ,  t i t l e  page, o r  e n t i r e  document as the  

machine searches,  and he can obta in  a, hard ccpy of any of t h e  abov2 d i r e c t l y  

from t h e  machine i f  it, i s  of  pa,r t icular  i n t e r e s t .  .J.. hope +,hat our v t s i t o r s  

w i l l  f i n d  time t o  v i s i t  -the 1nformatj.on Center, Room G-56, Bnildlng 4-500-S, 

and t h a t  they  w i l l  a l s o  p ick  up an ample supply of b l a r k  da t a  shee ts .  

- 

The present  s t a t u s  of t h e  Resezrch Mater ia l s  Information Center has 

been summarized i n  the  f i r s t  of what i s  intended t o  be a s e r i e s  of aper iodic  

b u l l e t i n s .  The f i rs t  b u l l e t i n  a l s o  conta ins  t h r e e  a r t i c l e s  t h a t  descr ibe 

the  p u r i f i c a t i o n ,  crystal.. growth, a:Qd comparative analyses  f o ~  KC1 and 

i s o t o p i c  LtF and an  i n i t i a l  l i s t i n g  of ava i l ab le  and des i red  ma te r i a l s  I )  

It i s  recognized t h a t  t h i s  l i s t i n g  i s  woefully inad-equate; however, t h i s  

w a s  a f i rs t  at tempt .  We a r e  c ixrer i t ly  working on a second bul . le t in ,  which 

w i l l  a l s o  contain seve ra l  a r t i c l e s  on the growth of metal c r y s t a l s .  

suggest ions f o r  y e t  futui-e a r t i c l e s ,  t h a t  migh.3 be of in te res - t  wcul.ci b:: 

g r e a t l y  apprec ia ted .  

Any 

I would :?ow l i k e  t o  d i scuss  some s p e c i f i c  examples of wo:ck i n  the  

Pure Metals Program of the % l i d  S t a t e  Divis ion.  T ,  %. G e k l l e  and assoc i -  

a t e s  of the  3 e l l  Telephone Laboratoyies ob-tained. 1.7 g of 95.8$ enriched 

7"Ge from the  Stable  Isotopes Division of ORYL abou-t 6 yea r s  ago. illhis 

material was zone r e f ined  and used t o  grow a very high-puri ty  n-type ?;e 

s ing le  c r y s t a l  i ngo t .  Geh11e employed t h i s  cr.ystal  to demonstrate t'ne 

profound e f f e c t  of i so top ic  s c a t t e r i n g  on low-termperatwe thermal conduc- 

t i v i t y .  D.  K .  Wilson of th.e Bell Telephone Laborpakories used a po r t ion  of 

t he  same crystal .  at, a l a t e r  date t o  ascertain the spir?.-ls,ttlce r e l axa t ion  

time i n  G e  t h a t  contained a known mount of a single chernica,l. tmpurity, 

a r sen ic ,  as iritroduced by thermal ne7litron i r r a d i a t i o n  mid subseqilent 

t ransmutat ion i n  the  LITR (Low-Intensity ' yes t  R ~ X ' ~ O ; * )  e H i s  experiments 
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suggested t h a t  the  o r ig ina l  mass spectrometer ana lys i s  of the  o r ig ina l  
7"Ge s tab le  isotope was i n  e r r o r .  A second analysis:  u t i l i z i n g  barium 
flouro-germanate (BaGeFG), showed t h a t  the 74Ge content w a s  96.75% instead 
of 95.85, which w a s  i n  much b e t t e r  agreement with the spin resonance l i n e  
width r e s u l t s .  We have used portions of t h i s  same c r y s t a l  t o  study (n,?) 
r e c o i l  damage, where the ac tua l  r e c o i l  atom can be ident i f ied  as a donor- 

type A s  chemical impurity after transmutation. This i s  one example of a 

grea t  deal of experimentation on 17 g of a pure isotopic  mater ia l .  
C .  T .  Butler and J .  R .  Russell  of the Solid State  Division have 

grown several  single c r y s t a l  boules o r  ingots  of KC1 that are superior i n  
qua l i t y  and more uniform than any commercial material. 
required several  ana ly t i ca l  techniques, including fur ther  pur i f ica t ion  of 
i n i t i a l l y  " spec-pure" s t a r t i n g  materials, and many consecutive analyses 
of completed c r y s t a l s .  

Transparent s ingle  c r y s t a l s  o f  Cu20 of moderate qua l i ty  a r e  being 

This work has 

produced by the  Virginia I n s t i t u t e  of  Sc ien t i f i c  Research under contract ,  
and M. J. & i t h  of t he  Solid S ta te  Division i s  studying the effect  of 

heat treatment a t  various oxygen pressuyes on the e l e c t r i c a l  propert ies  
of these c r y s t a l s .  
paramagnetic suscep t ib i l i t y  of t he  excess oxygen and the electrical.. indi-  
cat ions of non- stoichiometry. 

He hopes t o  demonstrate a re la t ionship  between the 

Most of the  recent work i n  the  Metals and Ceramics Division has already 
been reported by G .  W. Clark and h i s  assoc ia tes  i n  t h e i r  Annual Report of 

May 31, 1963. 
Tho2 c r y s t a l s  up t o  5 mrn, Be0 c r y s t a l s  up t o  2 mm, and I-mm c rys t a l s  of 
A1&, beryl ,  and SnO2. Marginal growth of MgO has been achieved with an 
a rc  modified Verneuil process, and surface melting has been achieved with 
an rf plasma torch.  
the Solid State  Division for color center  and mechanical property s tudies ,  
and they have a l s o  been supplied a quartz c r y s t a l  as grown i n  a KOH s o h -  
t i o n  at 15,000 p s i  at  400°C for  15 days for e lec t ron  spin resonance 
s tud ie s .  
MgF2 solution a t  1,200 p s i  a t  100°C fo r  several  weeks. 

High-temperature solut ion growth techniques have produced 

Several Ca-doped K C l  c r y s t a l s  have been supplied t o  

Dendridic-type MgO c r y s t a l s  have a l s o  been obtained from a CaF2- 

The growth of isotopic  LiF by C .  F .  Weaver and his msocia,tcs i n  t h e  

Reactor Chemistry- Division has already been reported i n  the f i rs t  bu l l e t in  
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of the Research Materlals Information Center, a recent  i s sue  of J. Appl. 

_I Phys., and i n  t h e i r  Annual Progress iieport. Six s ing le  c r y s t a l s  of Lip, 

weiglzi.ng - 300 g each and containing spec ia l  7 L i  i so top ic  concentrations 
ranging from 99.99-‘79,28$ have already been grown. 
emission spectroscopy, infra-red. transmission, and evidence f o r  strain 

under polarized l i g h t  have been used as t o o l s  f o r  exarflinaLion of each 

crystal . .  All of these techniques have iiidicated a con-Linuing improvei-next 

i n  q u z l i t y .  Infra-red transmission has ind ica ted  no OH- contamination, 

aiid neirtron a c t i v a t i o n  and emission spectroscop;. h a w  ind-icated a to-tal. 
ca t ion  i m p r i t y  concentration of < 10 ppm i n  t‘ne bu.lk of t he  more recent 

c r y s t a l s .  

O . 5 - l . . O  ppm Mn, and no o the r  element w a s  de tec ted .  

c r y s t a l s  a r e  being examined a t  Cornell University by Prof.  R .  L. Sprr0ul.J- 

and Prof .  R .  0. Pohl t o  see i f  they can de tec t  any d i f fe rence  iii phonon 

s c a t t e r i n g  as a func t ion  of phonon wave l ecg th  between samples of compar- 

ab le  chemicsl impurity concentration, but of d i f f e r e n t  i so top ic  concen- 

t r a t i o n  

Neutron ae t iva t ion ,  

Crys ta l  m .  4,  whi-ch w a s  99.99 atom $ 7Li metal, contained only 

Portions of these  

This work has not proved completely successful t o  d a t e .  The low- 

temperature thermal conductivity of t h e  i so top ic  samples has not been 

s i g n i f i c a n t l y  b e t t e r  than t h a t  of noymal i so top ic  material.; hence, they  

cannot t o t a l l y  d i f f e r e n t i a t e  between isotope e f f e c t s ,  chemical impurity 

e f f e c t s ,  or such poss ib le  unkno$m e f f e c t s  as  t h a t  of an unknown impiiri-ty, 

i n t e r n a l  stzairi, U cen ters ,  e t c .  it should be emphasized, however, t h a t  

t hese  same crys ta l - s  have a,lready served as improved standards f o r  spectro- 

scopic ana lys i s  of LiF and t h a t  o ther  po r t ions  are being used f o r  neutron 

s c a t t e r i n g ,  u l t r a - v i o l e t ,  in f ra - red ,  x-ray d i f f r a c t i o n ,  and l i g h t  s c a t t e r -  

ing  experiments. 

Ve have already witnessed one very p o s i t i v e  aspect of our e f f o r t s  t o  

da t e  within t h e  Pure Materials Program a t  ORNL. Analytical  chemists, 

neutron a c t i v a t i o n  s p e c i a l i s t s ,  mass spectrographers, c r y s t a l  growers, and 

c r y s t a l  pyoperty researchers  have aided themselves and each o ther  by a 
constant interchange of info-mation as obtained on a par - t icu lar  sample, o r  

on a conkiming se-t o f  samples. Any improvement i n  t h e  techniques of one 

group i s  therefore  r e f l e c t e d  i n  t h e  d a t a  and analyses of’ t h e  other groups. 

Analy t ica l  techniques have the re f  ore been chamged , i n  certa,in instances,  



from t he  f i e l d  o f  rout ine  ana lys i s  t o  t h a t  of a continuing program of 

bas ic  research on a spec i f i c  material. The presence of unexpected impuri- 

t i es ,  or t he  pronounced e f f e c t  of c e r t a i n  impur i t ies ,  has sometimes been 

revealed only by using a wide v a r i e t y  of a n a l y t i c a l  techniques, procedures 
i n  c r y s t a l  growth, or physical  property measurements. 

I would now l i k e  t o  say a few words about t he  extreme importance of 
c a r e f u l  ana lyses .  Selected samples of high-purity i ron  were recent ly  pre- 

pared by t h e  United States S t e e l  Corporation by p u r i f i c a t i o n  of f e r r i c  

ch lor ide  and by c a r e f u l  d i s t i l l a t i o n  and hydrogen reduct ion .  
samples were sen t  t o  7 l abora to r i e s ,  and 5 of these  re turned  t h e i r  r e s u l t s  

f o r  a comparative a n a l y s i s .  The r e s u l t s  of 3 s o l i d s  mass spectrometer and 
2 neutron a c t i v a t i o n  analyses gave an agreement wi th in  a f a c t o r  of 10 f o r  

a l a rge  number of elements; however, t he  r e s u l t s  for  11 elements var ied  

g r e a t l y  and ind ica ted  a l a r g e  v a r i a b i l i t y  i n  a n a l y t i c a l  techniques, sample 

inhomogeneity, or both. One can i n f e r  from the d a t a  t h a t  t he  i ron  w a s  
probably inhomogeneous i n  A l ,  S i ,  and Cu; but one can r e a l l y  t e l l  nothing 
about t he  o the r  8 impur i t ies ,  including F, C 1 ,  N a ,  S,  K, Ca ,  Zn, and Ta. 
The whole poin t  i s  t h a t  each of these  5 analyses d i f f e r e d  a g rea t  d e a l  

from any of t h e  o thers ,  y e t  one cannot hope t o  use OmL, U. S .  Stee l ,  
Be l l  and Howell, RCA, Westinghouse, Aldermaston (England), and Vitry 
(France) as a technique for inter-comparison f o r  each ind iv idua l  ana lys i s .  

I do not want t o  be t o o  hard on t h e  a n a l y s t s .  

I d e n t i c a l  

"here are books t h a t  

contain graphs of t h e  e l e c t r o n  mobi l i ty  i n  G e  as p lo t t ed  aga ins t  t h e  year 

of c r y s t a l  growth. The minority c a r r i e r  lifetime i n  semiconductors was 
thought t o  be a s e n s i t i v e  func t ion  of something t h a t  researchers  called 

"deathnium," u n t i l  they found t h a t  it w a s  copper. 
nium" turned out t o  be t h e  a c t u a l  amount of gold t h a t  i s  present i n  any 
c r y s t a l  growth apparatus.  Researchers a t  B e l l  and Howell have r ecen t ly  
doubled t h e  e l ec t ron  mobili ty i n  GaAs by reducing t h e  S i  content from 1 ppm 
t o  200 ppb. 

A later onset of "death- 

My poin t ,  however, i s  t h a t  any real  progress i n  the  production of 
b e t t e r  c r y s t a l s  w i l l  demand a companion progress i n  improved a n a l y t i c a l  

techniques* We now have tungs ten  c r y s t a l s  with < 50 ppm t o t a l  impurity 
content;  however, t h i s  labora tory  does not have any program or f a c i l i t i e s  
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for. i so topic  addi t ion  techniques t o  analyze f o r  such tmpur i t ies  as carbon, 

oxygen or nitrogen i n  such c r y s t a l s .  'The mass spectrometer group of t h i s  

laboratory was t o t a l l y  conmii-tted t o  'I  in-house" programs and could not even 

p a r t i c i p a t e  i n  the rou.nd r o b i n  ana lys i s  of t h e  i ron  samples from U. S, 

Stee l  * 

The Pure Materials Program i s  a continuing progra.m, arrd it i s  a n t i c i -  

pated that t he  a n a l y t i c a l  demands - w i l l  increase i n  both quant i ty  and 

q u a l i t y .  Further p m i f  i c a t i o n  of s t a r t i n g  ma te r i a l s  and continued improve- 

me-rt i n  growth techniques w i l l  probably requi re  a pa r t s -pe r -b i l l i on  

ana lys i s  of both s t a r t i n g  ma te r i a l s  acd such end products 8s metal c r y s t a l s ,  

a l k a l i  ha l ides ,  i n t e rme ta l l i c  compounds, oxide semiconductors, and so  f o r t h .  

It would seem t h a t  an expansion i n  the  scope of t h e  mass spectrometer ana- 

l y t i c a l  se rv ices  of t h i s  labora tory  could be j u s t i f i e d  on t h e  hasl.s of 
such a program and t h a t  ca re fu l  consideration migh'L be given t o  t h e  forma- 

t i o n  of a research-ana ly t ica l  group that; would be primarily assoc ia ted  

with the problems of t'nose reseai-ch groups of t h e  labora tory  t h a t  a r e  con- 

cerned with Lhe growth and use of research q u a l i t y  specimens. 

It i s  evident t h a t  t he  success of t h e  Fure Materials Program depends 

on the  continued a i d  and cooperation of those who analyze, grow, and use 

research ma te r i a l s .  The success of t k  Research Materials Ir!formati.on 

Center a l s o  depends on the  amount of cooperation tha'c i s  obtained from 

both c r y s t a l  gravers and. u se r s  e Background informa-1;f.oi can be co l lec ted  

from the open 1.i-terature, but it i s  woefully inadequate and too late t o  

be of much value 

intei-nal- Tepor-Ls, p rep r in t s ,  and a rap id  and personal n o t i f i c a t i o n  of any 

ilex r e s u l t  or development. It i s  hoped t h a t  improved information on 

improved ma te r i a l s  w i l l  be of s u f f i c i e n t  s i g n i f i c a n t  bene f i t  t o  bokh pro- 

d1xcei-s and u s e ~ s  t h a t  such cooperation will be continued. It i s  also 

hoped t h a t  those who aiia,lyze, grow, and use research  ma te r i a l s  w i l l  ob ta in  

The Cen'ier r e a l l y  iieeds b e t t e r  data shee ts  (see Fig.  l), 

and f i l l  out data shee ts  of ",he type ind ica ted  i n  Fig: 1. 
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ORN L-RMlC-1 June, 1963 

Element 

s&!E?&. 
Alloy 

Wf<SlAR<3I MA'l'E1IlAl.S IN FOIIMhllON CI:N.IER Metal 
Solid State Division Scmiconductor 

Oak Ridge National Laboratory Insulscor 

P.O. Box X, Onlr Ridge, Tennessee  

Materid AlSb 

Form 
(aingle c q r t d ,  d&u, nd. ne.) 

s i n g l e  cry8tal 

1-inch diameter - up t o  4 inches 
Dimensions 

Orientation long 

Assey 99 % 

lrnpurity PPm 
(dopant or isotopic enrichment) 

s 1 to 100 
Se 1 t o  100 
Te 1 t o  100 

1 t o  100 Cd 
Zn 1. t o  100 

Scarring Materiel 
(and purity) 

A 1  99.9999% 
Sb 99.9999% 

Merhod of Production 

Czochralski. 
(reference pertinent rrport or paper where possible) 

W. P. Allrad, "Crystal Growth of 111-V Compounds" i n  Ul t rapur i f ica t ion  
of Semiconductor Materials, edi ted by M. S. Brooks and J. K. Kennedy 

an Comaarry. New York. 19621. D. 550. 
ethod of ~ i ~ ~ l  ~ ~ d ~ ~ i ~  Mass spectrograph. R. Brawn, R.D. Craig and J.D. Waldrun, 

'Analysis of Impuri t ies  by Spark Source Mass Spectrometry," i n  Preparation of 111-V 9 edi ted by R.K. Willardson and B.L. Goering (Reinhold Publishing 
Corporat on, New York, 1962); Electrical. P . J .  Reid, E l e c t r i c a l  Analysis of 1x1-V 
Cpmeound Semiconductor8. " Ibid.  Residual €m u r i t i e s  1.0 DVUI. v -tme and 0.5 p ~LII, n-type. 
Rcscatch Inrcrest or Applications 

Diodes, Solar  Cel ls  

Special Characteristics Hole m b i l i t p  a t  77 "K Carr ie r  Concentration 
(include hdinsprecrudons) 800 cn?/Volt S@C 1 1017 iCm3 

1300 3 x 1016 
2000 1 x 1016 
3500 3 1015 

Availability for Ertemd Distribution 

$10 f gram delivery: 3 weeks 

Name of Producer 

B e l l  61 Hovel1 Research Center 
installation Source of Project Support B e l l  & Howell Company 

360 S i e r r a  Madre V i l l a  

P a s a d e n a , * a  
Address 

Tx-3309 (652) 

Fig. 1. Reaearch materiafs doto sheet. 
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OLD AIWOR FTATL L4ND TFAD 

P. S. Raker, ORNL 

A t  one time or  a n m t i i e r  each o ~ i e  0-7 lis runs ac ross  ;i n a t e r i a l  - -  
o r  perhaps a. s e r v i c e  -- which i s  OIIL 07 the  ord inary  and wnicn, -'OY 

t h a t  i'easoii, - t - ~ r n s  out -Lo be or p a r t i c u l a r  i n t e r e s t  o r  value i n  oi;r 

work. I shoixld l i k e  t o  mention a L'ew 01' t h e s e  which have crosse6 our 

pa -ih s . 
Old.  A r m o r  P l a t e  --.- 

There appears  t o  be a sizeable quanti-ky oi' ayml '  pla te  f r o ~  o1.d 

b a t t l e s h i p s  which. can be made availablk rather cheaply and which i s  

q u i t e  sui.tah1.e f o r  shielding purposes.  Int 'ormatio~l can be  obtaineci 

from 

ProcurerneiiC Branch 
0 l'€ice of  Con t ro l l e r  
U .  S. Atomic Enei-gy Commission. 
iL'ashiiigtori, D. C. 

Old Lead 
1.__-~ 

In Hol.land there  j.s a batch of  about 75 'ions 07- l end  which has 

r e c e n t l y  been mi-sed from a sh ip  sunk i n  1806. 'This is, oi' coii.rse, 

€al lout -Tree  and m y  bc 0" in~terest to some people .  QJesti.ons con- 

cerning "ihi-s source of  supply shou1.d be direc-Led to 

Dr. 3 .  A .  Goedkoop 
Reactor Technolozy Iaboratory 
%l;tcn, The N e ' c i i e r l a a c l  s 

A i  ORNT, w e  are  cont i~mia l ly  looking f o r  unusual isotopic d.i~si;rihu- 
L Lion i n  elements used i n  our el.ec'irormgnetic separa-Lions p:cograns. 

Tluring !;he p a s t  five years  we have run a c r o s s  Lwo sources  of le3.d with 

aty-pi ca1. isotopic abundances . The Cirst batch occurred i.n t a i 1 . j . q ~ ~  

from t~iorium-contain;.ne o re s  and was recovered i.n the ra.re-earth 

stream. It was processer! by the iEea-vy Minerals Company i n  Chat hnooga  
11 lennessee,  aiid we obtained about 10 Kg 01' rmter ia l .  Below is shown 

the  isotopic r a t i o  compared. with w ~ R I ;  we usua l ly  ca l l .  "natural .  l e a d .  " 

(The term "radiogenic"  i s  used r a t h e r  loose1.y he re ,  s i n c e  5 presur9e 

t h a t  a l l  l e a d .  could be considered to be of radiogenic  o r i g i n . )  
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Abundance, $ 
Isotope l!Ta t lira 1 Rad i ogenic 

-204 1 . 1!-8 0.04 
- 206 23.6 25.6 
- 207 22.6 1.8 
- 208 52.3 72.6 

In 1961 we r a n  across seve ra l  sources or r a t h e r  h r g e  q u a n t i t i e s  

of lead which were high i n  1ni:iv.strial. Me-Lals Imnprov-emen-t 

Company i n  Pit tsburgh had 18 tons of I.ead oxide from Canadian p i t ch -  

blende which was about 80% 

u s i x d  204, 207, and 208, t r a c e s  of 205, 205, 209, and. 210. 

and contained, i n  addi t ion  t o  t h e  

At about t h e  same time, National Lead Company at Perth Amboy-, 

N. J., t o l d  us t h a t  they had nea r ly  100 tons of 1ea.d recovered d w i n g  

t h e  refining of uranlium ores from t h e  Congo. Some was as BC0 and 

some as B O  and, i n t e r e s t i n g l y  enough, they  had d . i f fe ren t  assays :  
3 

LEAD "206" 
Abundance, $ 

Isotope PbCO3 PbO 

- 204 < 0.05 0.06 

- 206 92.63 88.98 
-207 6.38 8.25 
- 208 1.00 2.71 

Stable  F iss ion  Products 

A t h i r d  i t e m  which I want to include, mentioned by A. F. Rupp 

(page 81), i s  tlie recovery of stable i so topes  JTom f i s s i o n  protlitcts. 

We have sepal-ated a quanti  Ly of ncodymiinn, which has an "a'onatui-al" 

(a new word analogous t o  "abnorinal") i so top ic  di stri'nu-t. ion. 

d i f f e rences  a r e  i n  lack  or 142 and higher r a t i o s  of  143 and lh5 .  
The b i g  
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I so t  ope Abundance, $ 
-142 27. i 

-143 12.4 

-144 23.8 
-145 8.5 

- 146 16.8 

- 148 5.6 
-150 5 .h 

FISSION NEODYMIUM 

Isotope Abundance, .-.- $ 
-143 27.7 
- 144 26.5 
-145 19.1 

-1.118 8.3 
-150 3.5 

-11-1-6 14.9 
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ORNL Target Center. 

E. H.  Kobisk, ORNL 

The O W L  Target Center was coimissioned by t h e  AEC t o  produce t a r g e t s  of  

s t a b l e  and rad ioac t ive  i so topes  f o r  nuc lear  research  purposes. These t a r g e t s  

were intended pr imar i ly  f o r  use i n  l i n e a r  acce le ra to r s ,  cyclotrons aad r eac to r s  

t o  study charged pa.rt ical .  s c a t t e r i n g  c h a r a c t e r i s t i c s ,  nuclear  reac t ions ,  and 

t o  determi-ne r eac t ion  c ross  sectlions ( inc lud ing  f i s s i o n  c ross  s e c t i o n s ) .  

Therefore, most t a r g e t s  assm-e t h e  form of t h i n  KLms of i s o t o p i c a l l y  enriched. 

elements ( or t h e i r  compounds) on a backing ( u s u a l l y  copper, s ta , in less  s t e e l ,  

o r  .tantalum) 01- i n  se l f - suppor t ing  form. 

f i l m  type have area1 d e n s i t i e s  between 5 pg/cm2 t o  10 ing/cm2. 

Most accelerakor  i;arge?;s of t h e  thin 

When t h e  Target Center was formally organized i n  1961, t h e  total .  production 

of t a r g e t s  w a s  about 35 per  year .  A t  p resent  Lhe f a b r i c a t i o n  l e v e l  has increasec 

t o  more than 100 per  month. 1nit ial . l .y t h e  fabri.ca,tion group cons is ted  of four  

tec lmi .c ims  and four  t echn ica l  personriel; now t h e  personnel  compl.im?nt cons i s t s  

of t h r e e  technic ians  and. f ou r  t e c h n i c a l  men. The v a s t l y  increased  production 

l e v e l  i s  being maintained md.  f u r t h e r  enhanced by t h e  addi.tri.on of new and more 

e f f e c t i v e  equi.pment as w e l l  as by g r e a t l y  improved technology, most of t h e  tech-  

nology being developed by  0u.r own personnel .  Distr ibu. t ion of t hese  t a r g e t s  i.s 

made on an i n t e r n a t i o n a l  bas i s ,  each t a r g e t  being prepared t o  order  and s p e c i f i -  

c a t i o n  of t h e  researcher. Under t h i s  arrangement, t a r g e t s  have been suppl ied 

by the  Center t o  more t h m  1.50 col leges  and u n i v e r s i t i e s  and t o  most of t h e  

Nat ional  Labora tor ies .  In addi t ion ,  t a r g e t s  have been prepa.red f o r  use i n  more 

than 20 fo re ign  count r ies  including Australia and. South Afr ica .  

Many teclhniques a re  used to prepare t a r g e t s ,  but  t he  most important of 

t hese  are: 
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1. Vacuum evaporat ion and. condensation of i so topes  i n t o  t h i n  

f i l m  form. 

2 .  Rol.l.i.ng of i so tope  r1etaJ.s i n t o  very  t h i n  - fo i l s  having a r e a l  

d e n s i t i e s  be-tween 0.5 pg/crnz and 300 mg/cm2. 

Press ing  and. s i n t e r i n g  of heavy sxmpks (powder metal lurgy)  . 
Elec t rodepos i t i on  of i s o t o p i c  metals  from aqueous s o l u t i o n .  

3. 

4 .  

Using these  techniques,  targeLs ha-v-e been prepared of each element i.n t h e  

peri0d.T.c t a b l ~ e  excluding the  i n e r t  g:e.ses and a Bew of  t h e  man-made, rad<-oact ive 

elements.  During t h e  l a s t  year ,  t a r g e t s  OF r ad ioac t ive  elements have been 

successyul ly  prepared.  lncluded were such materia1.s as most oC tile pl.utoniurn 

i so topes ,  uranium j-sotope::, americium, radium, neptunium, e t c .  These l a t t e r  

i sotopes were a l l  Cabricated j.nto t h i n  fi.l~.ms on metal backings o r  as th7.n films 

on t1ij-n carbon backi.ngs which could be used as se l f - suppor t ing  t auge t s  i n  the 

tandem Va.n de Graai'f accel .erator .  

Because vacuum evaporet ion of m a t e r i a l s  reyuYres very high temperatures ,  

somt imes  i n  excess  o f  jOOO"C, and bzcause t h i s  technique i s  gene ra l ly  i.neCCi- 

ci.ent i n  k e r n s  of i so tope  uti  1.7 za t ion ,  most devel.opmenba1 e f f o r t s  have been 

direc'Led a t  improving Liii s particular tcchni-que . Using el.ecti-on bombardment 

s i m i l a r  t o  t he  e lec t ro i l  k e n i t i c s  of a ua&io vacuum tube -- tzmperatures  i.n 

excess  of >OOO"C have been at'caincd. 

gram q u a n t i t i e s  ol" j-sotopes and. to d i r e c t  tile bean or vaporized. m a t e r i a l  has 

been successCi~3_l.y made which can, under appronr ia te  condi t lons ,  i nc rease  t h e  

i so tope  u t I l . i za t ion  eff ic i .ency -io over 90%. 

01' l.$ obtained wi th  resi -s tance f i laments ,  t h i s  r ep -esen t s  considera-nl..e conserva- 

t i o n  o f  i so tope  u t i  l . i .zation. The resul-t of this development i s  rzdiiced i so tope  

c o s t  t o  the customer d e s i r i n g  a t a r g e t .  A l s o ,  t h i s  technique has provided a 

method fo r  evaporation-condensation of extremely c0si;Z.y i so topes  prev-iouxly not 

attempted because of  t h e  p r o h i b i t i v e  cost t o  t h e  customer f o r  ?' .sotopic starl,  j.ng 

c:ateria.l.. 

Development of crucible:: t o  ho1.d m i l l i -  

Compared wi th  the usual eryi-ciency 



la t h e  fu ture ,  emphasis w i l l  be placed on the fu r the r  de-crel.opment of t ech-  

niques t o  1-ed.uce i so tope  cost and t o  improve t a r g e t  uniformity. 

years l-961t and. 1.965, a f a c i l i t y  i s  t o  be constructed. i n  wtiich th.e r o l l i n g  of 

t h i n  f o i l s  of' plutonium, neptuni.um, uranium, thorium and ameri.cium can he done. 

Also i n  t h i s  f a c i l i t y ,  t a r g e t s  of  a1rmos.t all alpha-active ma-t;c:ria,l.s w i l l  be 

possible 120 Yabricate as w e l l -  as many o ther  gama- or  loeta-active i.sotopes. 

Presently some of these  f o i l s  and t a r g e t s  a r e  'oeing prepared on a small sca le  

l imi t ed  by the  containment f ac i l i t i . e s  and equipment ava i lab le .  

During f i s c a l  

Another impor tmt  fu tu re  advancement wi1.l. be the  prepaxaLion of s ing le  

c r y s t a l s  and hyper-puye isotopes using zone r e f i n i n g  and other appropriate 

kchn iqyes .  

t h i c k )  or silver metal having s ing le  crys'ial ortentiation of  l , O , O .  

i n  this a rea  i s  anti.cipa-Led. The des i r e  of researchers  t o  obtain highly pre- 

c i s e  t a r g e t s  i s  ind ica ted  by the  organization of t h e  Euratom Laboratories (END( 

at Mol-Geel, Belgium. 

stmdard t a r g e t s  t o  be used f o r  t he  measurement of neutron. cross sec t ions  and 

o the r  phys ica l  inforaiation needed t o  promote .the expanding reac tor  programs 

within t h e  Europe'm Comnu.nity. 

Recently some success -was attained. i.n forming t h i n  fi lms (500 A. 

More e f f o r t  

T h i s  la,boratory has been d i rec ted  by E'u.rato!u t o  prepare 

During the a u t h o r ' s  v i s i t  .to t hese  Euratom l abora to r i e s ,  August, 1963, 

d e t a i l e d  observations were made of t h e i r  ta.rget f ab r i ca t ion  f a c i l i t i e s  and 

techniques. I n  s imary,  these  observations together with maiy interviews of 

personnel employed a t  CBNM (Cen t ra l  Bureau of Nuclear Measurements) l e d  the  

author t o  be l ieve  t h a t  t h e  primary func t ion  of Lheir se rv ices  was t o  furn ish  

highly p rec i se  t a r g e t s  of  f i s s i l e  isotopes and a few s t a b l e  isotiopes f o r  cross- 

s ec t ion  determinations, r eac to r  o s c i l l a t i o n  measurernents, eke. One examp1.e of 

t h i s  function was t h e  preparation of t h ree  s e t s  of boron t a r g e t s :  elemental 



boron depositc-6 on qua1.t~ p l a t e s ,  q u a r t z  tubes,   an^ boron (bo ra t e )  i.n water 

s o l u t i o n .  l ’ hese  saE:pl.es were used f o r  osc i . l l a , t ion  measu re!rlcn~Ls and a , l l  such 

mc:isurerrlents agreed t o  *0.3$. Thi - s  precision could have on1.y been achieved 

by definition of thickness, untfor~Iii’cj-, and puri-ty t o  i-0.1$ in each sample. 

Although such high precision work is bcing done a t  CBNb5, j.t is wel l  -Lo note  

tha’i t i iesz boron samples took more khan kkw9- years t o  prepare. 



PREPARATION OF SPECIAL ISOTOPES AND 

OTHER SEXVICES AT BROOKHAVEN 

L. G .  Stang, Jr., BNL 

I a m  g r a t e f u l  f o r  t h e  opportunity t o  discuss  some of the  work being 
car r ied  on a t  Brookhaven National Laboratory. I s h a l l  confine my remarks 

t o  work being performed within t h e  Hot Laboratory Division of t h e  Nuclear 
Engineering Department and more p a r t i c u l a r l y  t o  tha t  par t  of the work 
which i s  of i n t e r e s t  t o  groups outside of Brookhaven. 
s t r i c t  my comments t o  the  development and production of what we term 
' 'special" isotopes.  
a r e  long-lived and some a r e  even s table .  

i n  the f i e l d  of medicine, although some a r e  used i n d u s t r i a l l y .  
i n  common i s  t h a t  all require  chemical processing following i r r a d i a t i o n .  

Another chief fea ture  i s  t h a t  none i s  supplied commercially by any other 
source of supply i n  the  United S t a t e s  (a t  l e a s t  not i n  t h e  form supplied 
by Brookhaven). The l a t t e r  i s  important because we look upon our work as 

sGpplementing other  sources of supply i n  t h i s  country r a t h e r  than compet- 
ing with them. 

Thus, I will- re- 

Such isotopes are mostly short- l ived,  although some 
Their appl icat ions l i e  la rge ly  

A fea ture  

Routine Production 

The following isotopes a r e  produced rout ine ly  f o r  sale outside of 
Brookhaven. By "routine production" we do not imply t h a t  each isotope i s  
necessar i ly  produced every week o r  according t o  a pre-arranged f ixed f r e -  

quency, but r a t h e r  t h a t  each of the  following products i s  produced accord- 
ing t o  a f ixed procedure as  orders  a r e  received without any f u r t h e r  

development being required.  

Reactor 

18F: 1 .7  hr ,  pure posi t ron emitter, t h e  only p r a c t i c a l  radio- 
a c t i v e  t r a c e r  f o r  f luor ine ,  produced by neutron irradia- 
t i o n  of Li2C03, 8 mc u n i t s  ( l a r g e r  amounts poss ib le ) .  

' % g :  21.3 h r ,  be ta  emitter, the  only p r a c t i c a l  radioact ive 
t r a c e r  f o r  magnesim ava i lab le ,  s p e c i f i c  a c t i v i t y  
40 mc/g, made by neutron i r r a d i a t i o n  of 6Li2%g a l l o y .  

2.3 h r  (77-hr parent 132Te), f i s s i o n  product, 1321 Generator: 
c a r r i e r  f r e e .  A generator i s  a device by which a short-  
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l i v e d  daughter can be milked simpl.y, conveniently,  
r ap id ly ,  and repea ted ly  from a longer- l i v e d  pa ren t .  
Some of t he  advantages of any and a l l  o f  our genera tors  
a r e  : 

1. Car r i e r - f r ee  products  

2. Combine t h e  advantages of shipping a long- 
l i v e d  i so tope  with t h e  advanLages of using 
a shor t - l i ved  one, t o  w i t  : 

a .  Lower r a d i a t i o n  dose t o  p a t i e n t  

b .  Repeated measurements r e a d i l y  made 
on t h e  same system without havihg 
t o  co r rec t  f o r  r e s i d u a l  radioac-  
t i v i t y  present  from previous 
mea surernciit 

e .  Waste d i s p o s a l  eliminated 

3. Convenient opera t ion  

a .  Rapid 

b .  Simple 

e .  Repeated milkings poss ib le  

See r e re rences  l i s t e d  a% t h e  end of t h i s  t a l k  for more 
complete discussion of genera tors  i n  genera l  and of 
o the r  d e t a i l s  of t hese  var ious  i so topes .  

3mTc Generator: 6 .0  h r ,  pure-sort-gamma-emitter (14-0 Kev), 
99 (67-hr parent  

c a r r i e r  f r ee .  
Mo), daughter "'Tc i s  virtua1.l.y s t a b l e ,  

"OY Generator : 65 hr, (28-year parent  "ST) , '"31 contamination 
a c t i v i t y  i s  101" t i m e s  "Y ac t iv iky ,  botii 'OY ancl parent  
"Sr a c t i v i t y  are pure-beta-emit ters ,  c a r r i e r  free. 

28A.l Generator : 2.28 min, (2 l -h r  parent  "mg), c a r r i e r  f r e e .  

"32Te: 

"'Mo: 

133T: 21 hr , c a r r i e r  f ree ,  f i s s i o n  prodvct maximum rad iopur i ty  

77 h r ,  a v a i l a b l e  i n  so lu t ion  form. 

67 h r ,  a v a i l a b l e  i n  so lu t ion  form. 

of SO$ occixs  a t  30-50 hr fol lowing i r r a d i a t i o n  (1321, 
1351-, and 13'1 a l s o  p r e s e n t ) .  

99mTc Colloid.: P a r t i c l e  s i z e  - 100 p, i d e a l  f o r  s c i n t i l l a t i o n  
scanning app l i ca t ions  ( low dose t o  p a t i e n t ,  high con t r a s t  
on f i l m ,  good d e t a i l ,  bl-ood clearance half- t ime of - 3 
min) ,  ackivi-by i s  f i rmly  f ixed  t o  c o l l o i d a l  sulfur..  

Heads : Fused c lay  matr ix  (phys io logica l ly  i n e r t ) ,  v a r i e t y  of 
s i z e s  w i t h  o r  without a%tachment t o  implanting wi . re ,  
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1-2 mc/bead (as des i r ed ) ,  can provide complete des t ruc t ion  
of t i s s u e  within be t a  range. 

3.4 day, c a r r i e r  f r e e ,  produced from 47Ca decay. 

S tab le ,  exceedingly high pu r i ty ,  0.03 cc u n i t s  (STP), 
from neutron i r r a d i a t i o n  of NaC1,  used f o r  c a l i b r a t i n g  
mass spectrographs. 

S tab le ,  exceedingly high pu r i ty ,  0.03 cc u n i t s  (STP), 
from neutron i r r a d i a t i o n  of NaI, used f o r  cal-i’orating 
mass spectrographs. 

“’SC: 

38Ar: 

128Xe: 

Accelerator 

67Cu: 61.6 h r ,  c a r r i e r  f r e e ,  enriched “4Ni(a,p)67C~, used i n  
s t u d i e s  of Wilson‘ s disease. 

43K: 

87mSr Generator: 2.8 h r  (80-hr pa ren t ) ,  c a r r i e r  f r e e ,  pure 

4.5 days, pos i t ron  emi t t e r ,  ( a ,n )  

22 h r ,  c a r r i e r  free, 49Ar(a,p]43K. 

medium energy (390 Kev) gamma, (a,2n) on n a t u r a l  R b C l .  

P ro te in  Iodinated w i t h  ““1: 
on n a t u r a l  antimony. 

“Ga Generator: A8 min (250-day parent 68Ge purchased from ORNL), 
c a r r i e r  f r e e ,  pos i t ron  e m i t t e r .  

Currently Being Developed 

It must be emphasized t h a t  t h e  i t e m s  i n  t h i s  s ec t ion  are s t i l l  i n  t h e  
developmental stage and a r e  not y e t  ready f o r  rou t ine  production. 
l i s t  i s  merely r ep resen ta t ive  and does not include a l l  items cu r ren t ly  

under development i n  t h e  Hot Laboratory Division of Brookhaven. 

This 

- A t  Others ’ Requests 

52Fe: 

13‘Cs: 

mc amounts, v-ia enriched 50Cr(~,2n)52Fe. 

V i a  1291(a,n)132Cs using a tha l l ium iodide t a r g e t .  

On Our Own I n i t i a t i v e  

2%g: High s p e c i f i c  a c t i v i t y  via r e c o i l  techniques.  

9mTc co l lo id  of d i f f e r e n t  p a r t i c l e  s izes  t o  l o c a l i z e  a t  
d i f f e r e n t  s i tes .  

c 



Isomer gene ra to r s :  127gTe, 12S@I'e, 131gTe t o  be milked from 
corresponding metas tab le  s ta te  p a r e n t s .  

42K Generator :  12.5 h r  (> 3.5-year 42Ar p a r e n t ) ,  c a r r i e r  f r e e .  

Study of selenium chemistry for poss tb l e  development of 72As 
gene ra to r .  

Tri ton-induced r e a c t i o n s  i n  gene ra l ,  e s p e c i a l l y  those  occurr ing  
wi th  reactor-produced t r i t o n s .  

"'Sc: 44 h r ,  c a r r i e r  f ree ,  via "1V(l.4-Mev n,a). 

54Mn: 300 days,  high s p e c i f i c  a c t i v i i y ,  from s t a i n l e s s  s teel  
t o  be i r radiated p a r a s i t i c a l l y  a t  h igh  flux [S"Fe(n,p)"4Mn]. 
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Jr., presented  a t  the Seminar on t h e  P r a c t i c a l  Appl ica t ions  of 

Short-Lived Radioi.sotopes Produced i n  Small Research Reactors  

he1.d i.n Vlenna, November 5-9, 1962, under t h e  sponsorship of t h e  

Interna-Lional Atomic Energy Agency. 

2 .  Ta i lo r ing  t h e  I so tope  t o  t h e  Need., L.  G .  Stangg, Jr. and P. Rich- 

ards, Nucleonics, January l96b " 



Eie 86- Inch Cyclotron i s  a fixed-frequency protixi acce le ra to r ,  oper- 

a t i n g  a t  a frequency o f  13.4 Mc and wi th  a field s t r e n g t h  of 

It a c c e l e r a t e s  pro tons  t o  an  energy of 22 Meve 
for se rv ice  i - r r ad ia t lons  ( h c l u - d i n g  t h e  prod-uxtion of neu-tron-def icieiit 

radioisotopes, bas i c  physics  research, and bornl~ardnnczit ol" e l e c t r o n i c  

components and biological specimens) for approxrimtely 80 lir per week.. 

9,000 gauss. 

%he cyclotron i s  available 

Cyclotron-produced radioisotopes have, i n  genera l ,  'o.igh speci:l'ie 

a c t i v i t i e s ,  s ince  they are o r d i n a r i l y  of  a ciii'ferent chemical element than 

the target arid hence a r e  q u i t e  f r equen t ly  c a r r i e r  Tree. 'Die cycl.otron- 

producec? isotopes usua l ly  l.ie on t h e  neut ron-def ic ien t  side of the ~nicleer 

s t a b i l i t y  l i n e ,  and their pri-ncipal mode of  decay i s  by positron emissj.on 

and. el-eetron capture .  The r e l a t i v e l y  high prod-uction rates on the 86- 
.Lneh Cycl.o-t;ron give a r a t h e r  inexpensive source of cjrcl.oi;ron-ps.ocluced 

i so topes .  For example, the production rate f o r  the 2_'.'-(-year h a l f - l i f e  

""Fe i s  8 rnc/Pir ( f o r  a LO-hr bonl'uardment, the cost, per mc inc l -udhg all 
inr:i.deintal charges t.rou1.d b e  - $G?/mc> , and for t h e  2'70-d:ty half-life 57Co, 

the product ion rate i s  17 inc/ lzr .  

- 

Radioisotope product ion i s  usua l ly  perf'omed with the i n t e r n a l  beam, 

where l of 3 bas i c  t a r g e t  t y p e s  i s  used: flat p l a t e s ,  capsules, and window 

t a r g e t s .  

base p l a t e ,  u sua l ly  of copper, ,are used where the actual t a r g e t  mmterial, 
such as Li, Pb, Mi, Ta, G a ,  c a n  be readi ly  bond.ed t o  the base .  14'i.g. l 

shows a t y p i c a l  Ni-plated copper f l a t  p l a t e .  

water passages d:r i l led long i tud ina l ly  tkirough the base provide the cool ing 

required t o  d i s s i p a t e  -the high power inpul; i n t o  -the target. 
1 m a  r e q u i r e s  that 22 kw be d i s s i p a t e d .  The targel; i s  Tns-Lalled i n  the 

cyc lo t ron  i n  a ho r i zon ta l  plane tangent  t o  the beam- a+; ;2 radius of - 3.1- i n .  

Th.e beam w i l l  s t r i k e  the leadinel; edge of t he  barget a r e a  at about a 6" 
angle  ami t s i . ~ .  tlicn ?:e spread over a n  area r w  1-l/2 i.n. wide x - 3-1./2 i n .  

Long. The energy of the protons str.i .king ;a f l a t - p l a t e  t n r g e t  can be 

.varied by dls-Lorting the inagne.ti.c f i e l d .  w:i.th a u x i l i a r y  coils on the pole 

pieces oI" the main magnetic 

i;he beam. 

~' la t -p~.at ;e  t,argets cons i s t ing  of a &in. x 5-5/8-in. x l/~-in. 

~ b o u - t ,  twenty-one 3/1.6-i.n .( 

0perati.on ai; 

wliich r e s u l t s  3.n decreasing the r ad ius  of 

A rniIiirritvn energy of - 1'7 .5 Mev w-i.t;h i.n.f;ensii;ies up to 2, tj00 pa 
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Fig. 1. 
Header U n i t .  

High-Current Flat-Plate  Target P a r t i a l l y  Assembled i n  



. 
i s  a v a i l a b l e .  

i n t e n s i t i e s  up t o  1,500 pa.  The beam curren t  a t  which a t a r g e t  can be 

bombarded depends on t h e  melting and vaporization point of the  t a r g e t  

material. 

t i o n s ,  with t h e  (p,2n) r eac t ion  having t h e  h ighes t  c ross  sec t ion .  

The maximum energy f o r  f l a t - p l a t e  t a r g e t s  i s  - 21 Mev with 

F la t -p l a t e  t a r g e t s  a r e  used f o r  (p,n),  (p,2n), and (p , a )  reac- 

The standard capsule t a r g e t s ,  l i k e  t h e  one shown a t  t h e  bottom of 

Fig.  2, are 1 0  m i l  w a l l ,  200 m i l  OD, N i  or Al water-cooled tubes  - 5-1/2 i n  

long. A 3-in.  cav i ty  i n  t h e  center of these  tubes provides a means of 

i r r a d i a t i n g  chemical compounds or metal powders a t  up t o  180 pa beam cur- 

r e n t .  The capsule i s  in se r t ed  i n t o  a 1/4-in. d i a  jacket shown j u s t  above 

the  capsule. 

i n  a l 5 - m i l  annular r i n g  between t h e  capsule and the  water jacke t .  The 

middle t a r g e t  i n  Fig.  2, with t h e  outer  jacke t  shown j u s t  above it, i s  

an experimental t a r g e t  i n  which it i s  hoped t o  increase t h e  beam curren t  

by about 50% by increasing t h e  amount of cooling water around t h e  capsule. 

The upper t a r g e t  i s  a modified tube t a r g e t  made by f l a t t e n i n g  a 1/2-in. 

Cu tube i n  t h e  center  and e l e c t r o p l a t i n g  high-purity Au onto the  f l a t t ened  

sur face .  Capsule t a r g e t s  are used where coating on a f l a t  p l a t e  i s  
extremely d i f f i c u l t  or where t h e  production i s  more economical by using 

t h e  less expensive capsule.  

t i o n  r a t h e r  than t h e  (p,2n) r eac t ion  because t h e  beam energy i s  reduced 

seve ra l  MeV after passing through the  outer  water jacke t ,  t h e  15 m i l s  of 

cooling water, and t h e  capsule.  

About 7 g a l  of w a t e r  per min, a t  a pressure of 120 l b ,  flows 

Capsule t a r g e t s  are used for t h e  (p ,n> reac- 

Fig.  3 shows a standard window t a r g e t .  The beam w i l l  s t r i k e  t h i s  

t a r g e t  a t  t h e  cen te r ,  almost perpendicular t o  t h e  mi l led  r eces s .  Window 

t a r g e t s  are used where t h e  amount of t a r g e t  ma te r i a l  i s  l imi ted ,  as i n  
t h e  case of electromagnetically enriched isotopes.  

normally - 30-40 mg, i s  usua l ly  wrapped with 1 or 2 l aye r s  of 2-mil Al 

f o i l  and placed behind t h e  12-mil Al window. 

and t h e  in s ide  of t he  window. The bronze c l i p s  are used t o  hold t h e  f o i l  

i n  place aga ins t  t h e  window. 

window t a r g e t ,  t h e  beam i n t e n s i t y  i s  l imi t ed  t o  - 80 pa .  

a r e  used f o r  (p,2n) r eac t ions  and are used with appropriate absorbers f o r  

(p,n) and (p ,a>  r eac t ions .  

The t a r g e t  material, 

Fig.  4 shows the  f o i l  wrap 

Because of t h e  i n e f f i c i e n t  cooling i n  t h e  

Window t a r g e t s  
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Fig. 2.  Capsule Target Pa r t i a l ly  Assembled. 
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The def lected beam i s  def lected from t h e  main magnetic f i e l d  by means 

of a magnetic channel c o i l  which d i r e c t s  the  beam i n t o  a 2-in. beam pipe 

- 50 f t  long. 

r a t h e r  than radioisotope production, with the  exception of the  bombard- 

ment of ICT gas t o  produce 84Rb. 

The deflected beam i s  used primarily f o r  experimental work 

There a r e  3 i r r a d i a t i o n  por t s  located i n  t h e  beam pipe.  They are 
11 I 1  0 re fer red  t o  as the  "T posi t ion,  0 port ," and "l5O port." A t  t h e  "T 

position" ( located i n  the  cyclotron p i t  - 15 f t  from the  dees),  beam in- 

t e n s i t i e s  up t o  15 pa are ava i lab le .  The beam i s  s l i g h t l y  e l l i p t i c a l  i n  

cross  section, with the  major a x i s  being about an inch long. The beam i s  

not homogeneous, the  i n t e n s i t y  a t  t h e  center  being an order of magnitude 

grea te r  than the  outer  edge. 

posit ion" normally cons is t  of f o i l  stacks,  or powders packed between 2 

f o i l s  with the  beam passing through a 5/8-in. coll imator.  

cooled probes a r e  ava i lab le  f o r  'IT position" bombardments. 

Due t o  l imited space, t a r g e t s  a t  t h e  "T 

Several water- 

A t  the  "0° port," which i s  located a t  t h e  end of  t h e  beam pipe out- 

pa and 10-1 pa are s ide the cyclotron p i t ,  beam i n t e n s i t i e s  between 

ava i lab le .  

the  'IT position." Target probes a r e  ava i lab le  f o r  bombardments a t  atmos- 

pheric pressure,  a t  t h e  cyclotron vacuum, or i n  an i n e r t  atmosphere. The 

"0° port" i s  used for  such bombardments as f o i l  stacks,  e lec t ronics  com- 

ponents (such as t r a n s i s t o r s ,  s o l a r  c e l l s ,  and diodes),  and b io logica l  

specimens. 

For experimental work, the  " O 0  port" i s  more v e r s a t i l e  than 



123 

CALUTRON SERVICES 

W .  A.  B e l l ,  ORNL 

The word "services" used i n  connection w i t h  our calutron work i s  :z 

misnomer because most p r o j e c t s  undertaken hwe  value both t o  u s  and t o  
t h e  requester .  
of spec ia l  p ro jec ts  which a r e  performed through the use of  calutron equip- 
ment. 
da i ly ;  instead they a r e  f i t t e d  i n t o  the program a t  opportune, i r r e g u l a r  
i n t e r v a l s .  

'Thus, i n  place of "servicess ' ,  I w i l l  t a l k  more i n  terms 

It should be  pointed out t h a t  these pro jec ts  are not performed 

The calutron i s  useful  i n  completing numerous pro jec ts  not d i r e c t l y  
r e l a t e d  t o  replenishing the inventory of separated isotopes.  Perhaps the 

most important types of spec ia l  p ro jec ts  which we perform a r e  as follows: 
a .  
b .  High-purity isotope separation. 
e .  Low-activity radioisotope separat ion.  
d .  Chemical p u r i f i c a t i o n  by means of mass 

e .  Research a c t i v i t i e s  of our own i n i t i a t i o n .  

Target preparation ( i n  l i m i t e d  e x t e n t ) .  

separat ion.  

Let me c i t e  some s p e c i f i c  examples. 
I n  the  f i e l d  of t a r g e t  preparation, one u t i l i z e s  the principl-e of 

ion deposit ion i n  or  on a s u i t a b l e  subs t ra te .  Any ion species can be 
placed on almost any subs t ra te  i n  q u a n t i t i e s  of 10-20 pg/cm2 by d i r e c t  
use of t h e  calutron.  This includes both gaseous and s o l i d  materials. The 
maximum amount of a s o l i d  which can be deposited from a 40-kv ion beam i s  
dependent upon the ion and the substrate ,  but general ly  l i e s  within the  
l i m t t s  of 10-100 p,g/cm2. 
process encountered whenever a 40-kv ion s t r i k e s  a s o l i d  surface.  
general ,  several  atoms (5-8) of  target subs t ra te  a r e  removed by each ion 
imphgement. Sputtering i s  known t o  decrease rapidly as ion energy 
approache6 100 v o l t s ;  hence, ion decelerat ion i s  sometimes employed i n  
t a r g e t  formation s tudies .  We f i n d  that  whenever ions a r e  decelerated t o  
the 100-volt region, deposi ts  of 2 5 O - l , O O O  pg/cm2 can be obtained, but 
d i f f i c u l t y  i s  sometimes encountjered i n  acquiring uniformity and adherence 
of the deposit;. 
include : 

This l i m i t a t i o n  i s  imposed by t h e  sput ter ing 
In 

Specif ic  examples of t h i s  work using 40-kv ion deposit ion 
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a. 

b . 
c e 

d .  

Nz or  AT on Ta, y i e ld ing  20 pg/cm2. 

Pb on N i ,  y i e ld ing  1 0  pg/cm2. 

Tfl on C - 1 8  type graphi te ,  y i e ld ing  6j pg/cm2. 

'I'h on pyro ly t ic  graphi te ,  y i e ld ing  30 pg/cm2. 

Examples of deposits achieved u t i l i z i n g  the  dece lera t ion  technique include: 

a .  B on Ta ,  y i e ld ing  250 p,g/c.m 2 e 

b. Mg on Cu, y ie ld ing  1,000 pg/cm2. 

Xigh i so top ic  pu r i ty  r e l a t i v e  t o  t h e  inlitial abundance found i n  n.at;ure 

i s  achieved through development of spec i f i c  equipment, a l t e r a t i o n  of oper- 

a t i n g  techniques, o r  performance of second-pass s e p r a t i o n s  u t i l i z i n g  %re- 

enriched feeds .  l)eveloprne_rlt arid construction of t h e  255 O ,  0.5 inhomogeneity 

separator placed wi th in  t h e  ca lu t ron  system makes poss ib le  the  achievement 

of hi.gher eni-ichmeints from a single-pass process.  Two of these  separa tors  

a re  now 5.n constant use.  'key provide ion  cu r ren t s  equal t o  those i n  t h e  

ca lu t ron  with the  following typical. increases  i n  i so top ic  puri-by over t he  

bes t  calutron- separated sa,rnples: 

1. lo8Cd from 71-85.5$. 
2. '-17sn from 90-9376. 
3. 18'Ta from 0.28-0.45$. 

4. 204Pb from 76-86$. 
5 20sPb from 81-9876. 

Second-pass separa t ions  have been completed t o  acquire isoLopic s m p l e s  of 

p u r i t y  ranging from 99.9-99.999$. Isotopes included i n  t h i s  p u r i t y  range 
l 5 6 ~ d  148c;d are loB, 4oca, 52cr, 204pb , 206% , 2C)€3p-0, 6 ~ 5 . ~  1SSgr, 1 6 8 ~ ~  9 9 

150Sm, and o the r s .  

Low-activity radioisotope separa t ions  (except U, Th, and h) have 

been I.imi.ted t o  feeds of i r r a d i a t e d  materials such as "Be, lo8Ag;, 

208Bi, and I n  each ins tance  %he a c t i v e  isotope ex i s t ed  only i n  t h e  

ppm range. 

s i r e d  isotope. 

'."Be - an enrichmen? f a c t o r  of  1370. It i s  i n t e r e s t i n g  t o  note that here 

the  ''Be had penetrated t o  a depth of 1/8 i n .  i n t o  t h e  graphi-be co l l ec to r  
pocket. 

210- l 3 i .  

A "Be separation was made from feed. having 2 ppm of t he  de- 

From t h i s  we achieved an 8-mg sample of Ee containing 0.29% 

The losAg separati-on w a s  made from feed containing only 1. p a r t  108 Ag 

i n  40 x 10" p a r t s  of t o t a l  Ag.  The sample a t t a i n e d  w a s  enriched by a 



f ac to r  of 55, and a l l  t r aces  of ’loAg were removed. 

l e s s  than w a s  predicted from calutron parameters and t h i s  was disappointing, 
even though the  sample was s t i l l  of useful  qua l i ty .  

“O8Bi and 21013i w a s  aktempted twice.  

f a i l u r e ,  yielding an inf inetesimally small sample enriched by a, fac tor  of 
Oilly 2. 

but we s t i l l  think it should have been be t te r .  Here 90 g of B i ,  containing 

25 ppm 208Bi and 150 ppm 210Bi, w a s  processed as  par t  of the  shakedown 
program required to test  separators  p r io r  t o  s t a r t i n g  Pu separations i n  
t h e  new containment f a c i l i t y .  

The enrichment was 

The separation of 
The first separation w a s  a miserable 

The next attempt, 2 years  later,  redeemed us to a ce r t a in  extent ,  

Chemical pur i f ica t ion  by mass separation was f i rs t  performed by the 

calutron group i n  1953. A t  t h a t  t i m e  pure Tb w a s  d i f f i c u l t  t o  obtain, and 
a few mg were separated from other r a r e  ear ths  during a routine processing 
of Gd. The Gd was i n  no way compromised by t h i s  approach, and a sample Of 

Tb was produced which w a s  free of a l l  rare-ear th  contaminants except Gd, 
which appeared i n  s m a l l  proportion. 
cessed through the  calutron t o  remove a l l  ra re-ear th  contaminants. In  

t h i s  work yttrium chloride w a s  used as the  charge material ,  and it was 

predicted t h a t  minute contamination by a complex chloride ion of dysprosium 
w a s  possible .  

range, and the  only contaminating r a r e  ea r th  detected w a s  the  dysprosium 
which entered the co l l ec to r  pocket as  a complex ion.  

In  a s i m i l a r  manner yttrium was pro- 

The yt t r ium sample w a s  freed of r a re  ea r ths  down t o  the  ppb 

Other spec ia l  pro<jects, e i t h e r  requested or i n i t i a t e d  by ourselves, 
include : 

1, Studies i n  plasma physics involving ion beam in t e r -  
ac t ions  and beam s t ab i l i za t ion .  

2. Studies per ta ining t o  ion re ten t ion  by spec i f ica l ly  
oriented s ingle  c rys t a l s .  

I n  t he  l a t te r  work we grow our own c r y s t a l s  and bombard them with 46Ca ions.  

The highest  *‘Ca puri ty ,  5l$ from 0.0033’$, w a s  achieved during col lect ion 
of the  ions or! a copper c r y s t a l  having the  (110) Face l a t t i c e  perpendicular 
t o  the  incoming ion beam. Ion re ten t ion  by s ingle  c r y s t a l s  i s  of suf f i -  

c ien t  academic i n t e r e s t  t h a t  one of our men i s  using experiments i n  t h i s  
f i e l d  as pro jec t  work f o r  h i s  master of science degree. 

In  summary, it I s  evident t h a t  the  Isotopes Division h.as p rof i ted  

technical ly  from performing these pro jec ts .  This technical  advancement, 



126 

i n  addi t ion  t o  t h e  cur ren t  a v a i l a b i l i t y  of riumerous ca lu t rons  supported 

by a pool  of t echn ica l ly  t r a i n e d  ope ra t ing  supervision, makes an i i x r e a s e  

i n  the number and va.riety of  "service"  p r o j e c t s  undertaken not  only possi-  

b l e  but  desirabl .c .  We i n v i t e  your i n t e r e s t  i n  u t i l i z i n g  the ca lu t rons  

whenever they can be of he1.p t o  your program. 
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€'RODUCTION QUANTITIES OF ISOTOPES BY GASEOUS DIF!FUSlOPJ, 

MOLI3CUZAR DISTILMTION, AND (XJEMIC,4L EXCXANGE 

S .  A. Levin, ORGDP 

The isotope procuction groups at Oak Ridge have received many requests 

for information regarding the feasibility and costs of producing enriched 

isotopes which are of interest in various phases of the Governmerrt's 

nuclear program. Our studies hszve indicated that isotope separation 

facilities which are available in our production plants can be used for 

the production of certain of these isotopes, in particular the isotopes 

or" tungsten, molybdenum, xenon, chlorine, and lithium at costs which are 

attractive. 

The facilities which are available at present consist of gaseous diffusion 

stages and the lithium isotope separating facilities. In addition, other 

isotope separation facilities could be constructed at relatively l o w  cost 

because of' the skills and facilities which already exist here. Specific 

facilities which have been studied in view of anticipated requirements are: 

chemical exchange columns for the production of boron-10 and molecular dis- 

tillation trays for the production of potassiu-39. 

In my talk I will discuss isotope separation by gaseous diffusion, chemical 

exchange, and molecular distillation. 

f 



Gaseous Dif fus ion  

There is at the present time a group of stages at the Oak Hidge Gaseous 

Di,r'fusl.on Plant which is not  being utilized for the production of IJ-2275. 

Additional stages may be made available in the future. Specific s tudies  

performed so P a r  indicate that tbf? elements tungsten, molybdenunn, xenon, 

and chlorine have poten-tially useful isotopes which may be obtained at 

a i n i m u m  costs by the gaseous diffusion process. The cost estimates which 

will- be presented fox" isotope production by means of exi.stiag gaseous 

diffusion equipment represent out-of-pocket costs to the Governmerit vhich 

would be prorated to the particrdar isotope production program. 

for the depreciation of existing equipment was included. 

No charge 

'?hagsten- 184 

'Tungsten, because of i t s  extremely high melting point (340Q"C) is the uos 'i 

attractive metal for use in fsbrlcating fuel elements for miclear rocke-c 

engines. 

cross section of 17.5 barns as i s  shom in the first table .  Engine weights 

can be reduced and the structural integrity of the fuel. elements can be 

great;ly increased. by reducing the absorption cross section. 

i s  required to enrich the low cross section isotope W-18h from a mixture of 

five isotopes. 

-. 

Naturally occurring tungsten has a thermal neutron absorption 

To do so, it 

We prepared estimates of the  costs of producing material with an absorption 

cross seetioil of from 3 -to 5 barns. 

barns can be produced at a. rate of 8,QQQ bbs 

Tungsten with a cross section of 3 . j  

per year at a steady-state unit 



Table 1. 

TUNGSTEN ISOTOFE SEPARATION 

Natural Abundance Product Composition 
Cross Section (atom $) (atom 4'p) 

Isotope (barns ) 0 = 17.5 Barns cr = 4.4 Barns LT = 3.5 Barns 

w- 180 60 0.14 0.62 0.13 x 

w- 182 20 26.46 2.40 1.10 

w- 183 11 14.40 13.00 8.70 

w- 184 2 30.60 82.20 88.50 

w- 186 35 28.40 2.40 1.70 

Production Rate 

Unit Cost 

12,000 Ibs /p. 8,000 lbs  . /yr . 
$850/lb. $1300/n1. 
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c o s t  o f  $1300 per Ib. 

produced a t  a rate of 12,000 I.bs per yea r  a t  a steady-state unit; c o s t  of 

$850 per lb. 

'Ttmgst,en with a cross s e c t i o n  of 4.4 barns can be 

bioiybdenurn-98, 100 or btolybdenum-92, . -  

There i.s i n t e r e s t  i n  low cross  s e c t i o n  moI.ybdenum for use as a rnerhrane 

between t h e  core and b lanket  i n  a molten sal t  'oreeder r eac to r .  

occurrir?g molybden-m has a therm1 neutron absorp t ion  c ross  s e c t i o n  o f  

2.7 barns as shown i n  the  next s l i d e .  Ce r t a in  design improvements m y  be 

achieved by lowering t h e  c ross  sec t ion .  This  may be done by e m i c h i n g  t h e  

end i so topes ,  MO-92, 94 from a m i x t u e  o.f seven i so topes  as shown. 

reduct ions i n  cross s e c t i o n  can be achieved by enr ich ing  t'ne o the r  ead 

i so topes  MO-98, 100. 

- 94 ...ll__..l__.-l 

Natura l ly  

S imi l a r  

We prepared estimates o f  t h e  cos t  of  pmddcing uolybdeniun with a reduced 

absorp t ion  c ross  sec t ion .  

produced a t  a ra te  of 8,000 lbs 

$500 p e r  1s. 
a rate of  25,000 l b s  

Molybdenum with a 0.4-barn c ross  s e c t i o n  can be 

p e r  ycar  at a s t eady- s t a t e  un i t  c o s t  of 

Molybdenum with a 1.3-barn cross s e c t i o n  can be produced a t  

per ycar a i  a s t eady- s t a t e  tlnii; c o s t  or" $150 per  l b .  

The f i rs t  two tables are i n d i c a t i v e  o f  t h e  type of multicomgonent separation 

problems one i s  confronted wlth i n  the pi-oduetion of <.sotapes. Table 3 

stiuunarizes the results of our studies f o r  gaseous d i f f u s i o n  and fc;r chemi*-ab 

exchange and molecular distillation as w e l l .  

s epa ra t ion  of tungs ten  and molybdenum i so topes ,  

W e  have d iscussed  a l r eady  t h e  
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T d a l e  2 .  

MOLYBD3IRJR ISOTOPE SSPARATION 

Natural Abundance 
Cross Section (atom $) 

Isotope ( barns ) cr = 2.67 Barns CT = 1.3 Barns u = 0.4 Barns 

NO- 92 0 . 3  

Mo- 94 0.0 

Mo- Si 5 13.4 

MO-96 1.2 

M O - 9 7  2.1 

Mo- 98 0.45 

Mo- 100 0.20 

Production Rate 

Unit Cost 

15.86 

9.12 

15.70 

16.50 

9-45 

23 75 

9.62 

76.30 96.00 

13.70 3.00 

79 73 0.85 

1.98 0.14 

0.23 0.01 

0.06 0.002 

25,000 Ibs./yr. 8,000 lbs./yr. 

$150/lb. $500/lS. 
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Xenon- 134, 136 

The xenon isotopes of i n t e r e s t  Q C C U ~  i n  t he  mixture of xeno~i isotopes 

obtained as an off-gas from reactors. 

of removing the  l i g h t  isotopes 09 xenon from t he  mixture sa tha t  t he  re- 

su l t i ng  material w i l l  be su i t ab le  for use In ce r t a in  types o f  rad ia t ion  

monitoring devices. 

The xenon separation problem is  t h a t  

We prepared estimates of t he  cost  of producing xenon w i t h  a one-barn cross 

sectlon. 

state u n i t  cos t  of $450 per kg. 

Kilogram quant i t ies  of xenon per year can be produced a t  a steady- 

Chlorine- 37 

Naturally occurring chlor ine corisists of 75% Cl-35 and 25% Cl-57. 

isotope separation i s  des i rab le  i n  order t o  remove Cl-35 because of its 

severe (n,p) cross  sec t ion  fo r  fast neutrons. Chlorine enriched i n  C l - 3 7  

Lo a concentration of 95$ t o  99$ would be used t o  form the chlorine salts 

f o r  use as the  fused salt f u e l  of a fast  breeder reactor .  

Chlorine 

Production rates of approximately 17,000 lbs 

obtained a t  a s teady-state  unit cos t  of approximately $150 per lb .  

of chlor ine per year can be 
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Lithium Is o t vpe S eparat i. an Fac -I lit i e  s 

LL t h ium- 7 

The Y-12 Plant has f a c i l i t i e s  designed t o  emich lithium isotopes- The 

<.IF..-p 

nuclear  properties of I.-fth'ium-7 toge Uter  with the physical properties of 

l i t h i m  arc  such. t h a t  l i t h i u m  highly enriched i n  L i - 7  is an attractive 

m t c r i a l  f o r  a reactor heat transfer fluid eikiier as a metal or a fused 

s a l t .  

shielding applications. 

absomtion cross s e c t i o n  o f  70.9 barns. 

L i - 7  also has potential appl icat ion as EL hydr:de in SNAP reactor  

Naturally occurring l i thium has a thei-mal neutron 

L i t h i m ,  enriched to 99.99% S,i-v(, 

has a cross section of 0.13 barns. The published ~ m i t  c o s t  is $120 per kg. 

Chemical Excharrge 

Boron- 10 

As a result of a survey on potential demands f o r  boron-10 we prepared a 

preliminary design and m s t  estimate for a plant f o r  the production of 5 kg, 

per day of boron enriched t o  95 atom 5 E-10, 

utilizes a chemical exchange reackloa 

The isatape separation plant 

'?he unit  cos t  of production from the isotope separation plank i s  $450 per  kg. 

of boron. as B3F 
5' 



This preliminary cost estimate is based on the plant location ut one of our 

production sites where such facilities as building and utility distribution 

systems and plant auxiliary services are available. At present, a develop- 

ment program including the construction of EL pilot plant is in progress at 

ORGDP to define certain process variables, materials of construction, process 

chemistry, etc., mare accurately. The pilot plant could be e4xpan8ed into an 

interim production facility to produce about 2 kg. per day OS E-IO. 

Molecular Distillation 

The physical and thermal properties of potassium make its use as a reactor 

coolant desirable in mobile nuclear reactors. Potassim, however, when 

exposed to the reactor core acquires an undesirable activity of gamma 

arising from the nuclear reactor between neutrons and the potassium-41 

isotope which is present in natural potassium t o  the extent of about 7$. 

Thus the elimination of heavy shielding and easier maintenance of the power 

plant  can be realized from the use of such reactors of potassium from which 

the K-41 isotope has been substantially removed. 

Cost estimates were made f o r  the production by the molecular distillation 

process of 2,000 l b s .  per year of potassium in which the K-41 content was 

reduced by a factor of 100, which corresponds to a K-39 concentration of 

99.93%" 

would be $5,000,000. 

tained by extrapolating Yne results obtained from experience at QRGDP on 

The resulting unit cost was $560 per lb. The capital investment 

The separation parameters used i n  %his study were ob- 



lithim isotope separation by mo1ectilar distillation. At present, a develop- 

m e n t  program i s  i n  progress at QRGDP to develop a prototype molecular di .s t i l la-  

tion tray suitable for a plant  in order ~ C J  c o n f i r n  the desisn hases. 

i n  conclusion T would l i k e  to say that we feel tha t  these capabilities for 

t he  separation o f  kilogram qwn%it ies  o f  various isotopes at reasonable c o s t s  

could lead t o  extensive applications i n  the atomic energy program. As has 

been indicated the modif icat ion of the nuclear c h r a c t e r i s t i c s  of  mterials 

with desi rable chemical and physical p r o p e r t i e s  can nmkc far substantial 

improvements in reactor designs. 



THE GAS CEXTRXFUGE 

E. C .  Evans, ORGDP 

c 

The gas centrWuge was intensively investigated during World War TI 

for the  sepmation of uranium isotopes. Very complex machines w e r e  

buili; and operated indiv.2iim.lly. 

mechanical development problems would have t o  be solved t o  make 

large scale USL of the  process pract ical ,  t he  effort  was dimrted to 

mre promising methods of isotope separation. 

Because it w a s  evident d i f f i cu l t  

Some research and clevelopinent work was casried onein the years following, 

and i n  1960 the effor t  was substant ia l ly  increased. 

the inel-eased in t e re s t  included the demonstration of a centxif'uge 

having a niechmlcal system less complex than those developed previously 

and the rapid advances being made  on materials which might be suitable 

for  centrTiLTuge rotors a 

The reason6 for 

Ur.. Gernot Zippe, a;n Austrian, came t o  the  University of Virginia and 

built aid operated. centrif'uges sjmilw t o  those he developed in 'Russis  

following World Was 11. 

schemticdl_ly i r ?  Figme 1. It consists of an dwninum ro tor  supported 

on a pivot o r  "'needle'' 'bearing at the  bottom and a magnetic bearing at 

the top. 

ro tor  i s  driven by an. e l e c t r i c  motor. The m t o r  amaature i s  a steel disk 

attached t o  the bottom of the rotor  and the  motor s t a to r  i s  located 

d i r ec t ly  below. 

This centr i f ige design is  represented 

Spring supports and dampers axe provided fo r  both bearings. The 

The sotati-ng m.e tx i . c  f i e l d  created by the s t a to r  couples 

- 

-x Tkis docuraent i s  based on work performed at Oak Ndge Gaseous Diffision 
Plant operated by Union Carbide Corporation for the US. Atomic Energy 
Commission. 
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"io the m a t w e  and supplies the  drive torque t o  ro ta te  the  rotor  at 

90,000 rpra. 

Clue t o  gas drag. 

upwrd  the  process gas which leaks out the  top  of the rotor, thereby 

acting as a sea l  t o  maintain the v-acuum on the  lower part of the rotor.  

The centrifuge rotor  operates i n  a vacuum t o  reduce heat 

A molecular pwnp about the top end of the rotor  pumps 

Process gas i s  atunittea, through one of three concentric tubes, t o  the  

center of the  rotor.  It i s  caused t o  revolve by f r i c t i o n  with the  

inner w a l l  of the rotor,  and the heavier molecules are forced toward 

the w a l l  by the cericrifugal f ie ld  a d  t h e  lighter ones are  displaced 

inwmd. 

By creating xn -internal f l o w  i n  the rotor  with the gas moving ax ia l ly  

at the  periphe-ry and i n  the opposite ax ia l  direction at smaller radii, 

a cascade e f fec t  i s  achieved. T h i s  increases the separation factor  

of the centrifuge t o  t he  equivalent of several stages. 

posit ion gradient i s  axial i n  the  centrifuge, and the gas i s  removed 

by scoops at each end. Since the  centrif'ugal f i e l d  a lso creates a com- 

-pression r a t i o  of tine gas of about 3000, %he gas i s  forced out the scoops 

with suf l ic ien t  pressure t o  dr ive it t o  the next centrifuge i n  a cascade. 

Tnis action can. achieve one "stage" of isotope separation. 

The major com- 

The Z i p p  t y p e  centrifuge combines the separator, pmnp, and seal aJ1 

i n  one michine .which i s  less complex than gas centrifuges developed 

ea r l i e r .  Eovever, it s t i l l  requires precision parts and s k i l l f u l  

assembly t o  obtain sat isfactory operation. 

"h_e separative capacity of a gas centrifuge is ,  t o  a first approximation, 

proportional t o  the fourth power of the  peripheral  velocity of the  rotor.  
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Ti l t s  places great euphasis on high rotation& speeds for the rot,ors 

ami consequently on materials having a high s-trengLh t o  density ratj.0, 

a d  which can be fomed in to  precision rotor p r t s .  

saxe requirements f o r  some a i r c ra f t  and missile compoizents on which 

s i g n i f i c m t  ad.vances have been d e  i n  recent y e a s ,  thereby providing 

m y  r i t e r i a l s  which could be of use in .the dew4opnen-k of superior ga6 

centrifuges. 

These are the 

A comparison of the  sepazation theories for gaseous riiPL%sion and gas 

centrif'ugation i s  given i n  ta'ul-e 1. Hote tha t  the  separation depencls 

upon the square root of the r a t i o  of the uoleculas weights of the 

isotopes for gaseous diffusion m d  on the  tiiffeyeace i n  molecular 

weighLs fo r  gas centrifugation. T h i s  meam tha t  the gas centri-rifuge e m  

develop a high separation factor for heavy isotopes relative t o  t h a t  

obtained using many other processes. For example, for the U235FQ - 
molecules, the theoretical. r a t i o  f o r  one stage of gaseous 

d i f h s i o n  i s  1.0042?.9, whereas for the E-ppe centrifiiirge, it i s  1.225 or 

about 50 tjmes 8,s large. This me,ms that a relati-riively sm;zll ~imbez" o f  

centr i f iges  might; be used t o  enrich nxtural. ~ X C ~ J I ~ ~ J ~ I  t o  weapons level,  

Tnis i s  a matter of concern since there 5.a a possi't-riI.l.t,y a non-niucl.em 

power could operate a clandestine plaxit fo-r wezpcans produckion e 

The aktrcactive features of the Zippe cen-ixif'uge, a3.vances Tn m-terials, 

concern over cl.a.nd.estine ceiitrifige plants, xrd a more complete 

evaluation of the po-ten-iiial of the process are some o f  t h e  reasons for  

the renewed in'ierest in the  gas centr i f ige process. 

the  TJni-ted States  M x m i C  Energy Comtssion annouxed . k h a t  Tt; 'r?& recentl;y 

Tn Decemi3er, 1960, 
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TABIX I 

COXi?ARISON OF' IMPORTANT PROCESS PARAMETERS FOR THE SEPAEATION OF 
uRANm4 ISOTOPES WITH GASEOUS DIFFUSION AND GAS CENTRIFUGATION 

Process Maximum Process Separation Factor 

Gaseous Diffusion 

SZementary 
Centrifuge 

Counter-Current 
Gas Centrifuge 

V = peripheral velocity of rotor 
R = gas constant 
T = absolute temperature 

A t  V = 350 m/sec. and 25"C., 

Or V = 500 m/sec. and 2 5 O C ,  

4 = 1.076 

d, = 1.161. 

Where L = ro-tor length 
r = rotos radius 

2.75 for center fed subcritical e machines 

At V = 350 m/sec, and 25"C., 
& =  1.225 

4= 1.506. 
Or V = 500 m/sec. and P j O C . ,  
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increased the United S ta tes  e f f o r t  on the dcvelopmeilt of the centrifuge 

program and that it w a s  cxpccted t h a t  -tile t o t a l  e f f o r t  would cos t  about 

two to t'hree million dol la rs  per year. Snbsequent reports  indicate  the 

work has been continued a t  khat level. 

A s  part of the program UCC-ND was to j-nvestigate the operation of goups 

of centrifuges.  An experimental group o f  centrifuges has been 

constructed a t  ORGDP. A.E.C. progianmnic and secur i ty  regulations do 

not permit further descr ipt ion a t  t h i s  time. Anyone wishing fhrther 

in fomat ion  should make a forraal request through the Production 

Division, A.E.C. Oak Ridge Operations Office. 

G a s  ccntrifuges of the t y p e  d.emonstrate2 by Zippe, i f  succensi223.Jy 

cascaded in .  a moderate number, could produce a s e p r a t i v e  c a p x i t y  

cons?-d.ei"ab2.y greater  than tha-t; of many processes used f o r  small scale 

iso'iope separa,tri.on, and yet  much smaller than t h a t  of the gaseous 

di f fus ion  p l an t s  Such a cascade could fill the existing "isotape 

production gap".  To separate the isotopes o f  .m eleinen'c by the gas 

centi-ifuge process, a, s x i t 4 i k  gaseous compouxd mus% be used. Some 

requirements f o r  Lhe gas are given i n  table iI, 

If anyone has a n  isotope sepnmt ion  reqiij.rement rcri?i.ch i s  not bejag 

saLrisfied (quantity,  rate, or cos t )  by ex is t ing  processes, considera- 

tion should be given t o  $he gas centrifuge process. We sha l l  be 

pleased t o  p-rovi.de a s s i s t a m e .  



Vapor Pressure 

S t abrility 

Corms i r i t y  

Inter fer ing Isotopes 

Mjlecular Weights 

b13i s cellaneous Considerations 

>I.$ m Mg at 25j°C. Preferably 
4.0-5 m Hg a t  Mechanical 
Refrigeration Temperatures 

Negligible Decomposition 
Below 100°C. 

Megligible for KLunlr*urn, Coppr 
N-ickel and, Brass at 100°C. 

fGn5rm but Subject to Discsussion 
Dependent on IndivTi&ud 
Separation Tasks 

>l50; Desired Isotope as Larrge a 
Fraction of Total as Possible 

Safe Handling, Toxicity, 
Explosivity, Costs, Radlioactiv3.."cy, 
Nuclear Cr i t i ca l i t y  



1,. S. Ixndernan, USAEC (IEQ) 

I would l i k e  t o  speak  b r i e f l y  about our  g e w i - a 1  c o s t i n g  and p r i c i n g  p r a c t i c e s  
i n  AEC. 

Cost& 
F i r s t ,  we wL1.1. look at our  c o s t i n g  p r i n c i p l e s  and p rocedures .  
mater'lals produced f o r  s e r v i c r s  i n  connec t ion  w i t h  regisl.ar AEC rc:i;pairch and 
development programs a r e  charged as i n c u r r e d  t o  tiie appropriate AEC program. 
and a c t j v i t y .  C o s t s  must be  s 2 g r e g a t e d  between fund  and non-fund f o r  c o s t -  
budge% r e p o r t i n g  pu rposes .  
c o s t s  a r e  i - r a n s f e r r e d  on AEC Form 325 and a r e  s e g r e g a t e d  between fund c o s t s ,  
f u e l  c o s t s  , and dcprc:ci.at i o n .  

T h e  cost: of  

When mater ia l s  a re  t r a n s f e r r e d  wi.thin AEC, the 

Now l e t  us look  a t  sorw of t h e  c a t e g o r i e s  of  c o s t  which m u s t  be c o n s i d e r e d  
i n  accoun t ing  f o r  materi a1 s 
i n c l u d e  as a p p l i c a b l e  t h  e f 01 l o w i n g :  

For  an ex-~mple,  i s o t o p e  pi-oducti on c o s t s  s h a l l  

1. D i r e c t  E a t e r i a l . . C o s t r  r p p r e s e n t i a z  L'oe c o s t s  of m a t e r i a l s ,  i n c l u d i n g  
c o n t a i n e r s ,  thai.. are  i r r a d i a t e d  i n  t h e  p r o d u c t i o n  of i s o t o p e s  

2. XeacLor Opers.;ing C o s t s  i i i c lud ing  t h e  o p e i < i c i n g  c o s t s  of  Llie r e a c t o r  dfid 
a1 1 i t s  a u x i l i a r y  f a c i l i t i e s  such as steam p l a n t s ,  p1lriipirtg s t a t i o n s ,  
e l e c t r i c a l  d j  q t r i b u t i o n  systems , waste s t o r a g e  tariks,  c e n t r a l  s e r v i c e  
shops ,  e tc .  , t h a t  a r e  used i n  connec t ion  wi th  i h e  o p e r a t i o n  o f  i h e  r e a c -  
t o r "  

3. P r o c e s s a . . & n i  Other Costs- j ricluding the c o s t s  o f  chemicaL separat i .on 
and purification of  p r o d ~ i c i  s ,  s p e c i a l  s h i r l d i n g  and hand1 i n g  vrhcrr r c k -  

qui  r e d  ~ 

4 .  C o n i r a c t o r s  ' Overhend Costs- i n c l u d i n g  t h e  applicab1.c p o r t i o n  oE ti ie 
overhead t h a t  is c h a r g e a b l e  t o  f u e l  f a b r i c a t i o n ,  r e a c t o r  o p e r a t i o n s ,  
p r o c e s s i n g ,  e t c .  

A l l  t h e s e  cos t s  r p q u i r e  t h e  e x p e n d i i u r e  o f  funds uslually d u r i n g  the p e r i o d  
i n  which t l i ~  work i s  b e i n g  accomplished. Tn a d d i t i o n ,  therc3 a re  c e r t a i n  
non-fund c o s t s  50s which funds w e r e  p r e v i o u s l y  expended such as thc CoJ7ow- 
i n g  

1, - N e L  F u e l  Goso r e p r e s e n t i n g  a p r o p o r t i o n a t e  share  of t h e  c o s t  of  SS 
m a t e r i a l s  used i n  f u e l  f a b r i c a t i o a ,  transportation, f u e l  p r e p a r a t i o n  
and f u e l  s e p a r a t i o n  and r e c o v e r y ,  l e s s  t h e  v a l u e  of  the ma te r i a l  re- 
covered a 

2" Depreci.atio_fl_ i n c l u d i n g  d e p r e c i a t i o n  expease  on f a c i l i t i e s  used d i r e c t l y  
i n  t h e  product:i.on and p r o c e s s i n g  o f  i s o t o p e s  p l u s  a p r o p o r t i o n a t e  s h a r e  
of  d e p r e c i a t i o n  expense Eor c o n t r i b u t i n g  s e r v i c e s .  Where f a c i l i t i e s  
are  used o n l y  i n  p a r t  f o r  t h e  p r o d u c t i o n  and p r o c e s s i n g  o f  i s o t o p e s ,  a 
p r o p o r t i o n a t e  s h a r e  of d e p r e c i . a t i o n  expense f o r  t h e  joirrt1.y used f a c i l -  
i t i e s  s h a l l  be  i.n.cluded. 



I so topes  produced as a by-product of research  are  cos ted  a t  t h e  e s t a b l i s h e d  
average c o s t s  of product ion f o r  such i so topes  i f  a l r eady  a p a r t  of an  inven- 
t o r y  account.  I f  a new i so tope  i s  produced a s  a by-product 05 r e sea rch ,  the 
c o s t  should be est imated.  

P r i c i n g  
Next w e  s h a l l  look a t  our p r i c i n g  p o l i c i e s  and p r a c t i c e s .  A r ev i sed  Chapter 
1701  and r e l a t e d  Appendix 1701 f o r  p r i c i n g  have. just r e c e n t l y  been issued.  

Chapter 1701 conta ins  a s ta tement  of t h e  po l i cy  of t h e  AEC i n  regard t o  
p r i c ing .  T h e  po l i cy  provides  t h a t  inaterials and s e r v i c e s  furn ished  t o  o t h e r s  
shall .  be p r i ced  air. t h e  higher of f u l l  c o s t  recovery o r  c u r r e n t  commercial 
p r i c e s  s o  long as t h e s e  p r i c e s  (a) w i l l  no t  discourage t h e  u s e  of such 
m a t e r i a l s  and s e r v i c e s  o r  t h e  devel.opinent of sources  of  supply of suc'ti. ma-  
t e r i a l s  o r  s e r v i c e s  and (b) w i l l  n o t  discourage research. and development, 
T'nis po l i cy  i s  unchanged from t h e  preceding i ssuance .  However, t h e  respon- 
s i b i l i t i e s  and a u t h o r i t i e s  have been r ev i sed  t o  some exten t .  The Di rec to r ,  
Div is ion  of I n d u s t r i a l  Pa r t i c ipa t . i on ,  now coizsults on p r i c e s  t o  be  es tab-  
l i s h e d  and f u r n i s h e s  inform2tion and recommendations. Bas i ca l ly  , t h e  re- 
s p o n s i b i l i t i e s  and a u t h o r i t i e s  do n o t  change f o r  o the r  Heads of I)ivisi.ons 
and Of f i ces ,  Headquarters o r  f o r  Managers of F i e l d  Off ices .  

F u l l  c o s t  c o n s i s t s  of t hose  ca t egor i e s  of c o s t , d i r e c t  and i n d i r e c t ,  t h a t  I 
enumerated e a r l i e r  p lus  a f a c t o r  t o  be added which i s  intended La cover 
o t h e r  measurable expenses such as process  development, s tairtup and s tandby,  
AEC admin i s t r a t ion ,  s e c u r i t y  c l ea rances ,  e t c , ,  and unmeasurable expenses 
such as insurance ,  t h e  AEC's sha re  of gene ra l  government admin i s t r a t ion ,  
and f a c i l i t i e s  and s e r v i c e s  furn ished  by c e n t r a l  agencies .  

S p e c i f i c  added f a c t o r s  have been developed f o r  a number of materials and 
s e r v i c e s  and can be  obta ined  from t h e  Of f i ce  05 t h e  Con t ro l l e r ,  Headquarters.  
Where a s p e c i f i c  added f a c t o r  has  riot been e s t a b l i s h e d  f o r  a p a r t i c u l a r  
mater ia l  o r  s e r v i c e ,  a Eactor o f  15% shall .  be  used. 

Appendix 1701, P r i c i n g ,  conta ins  c o s t i n g  and p r i c i n g  d a t a  on s p e c i f i c  ma- 
t e r i a l s ,  a l i s t  of except ions t o  the f u l l  cos r  recovery po l i cy ,  genera l  
b i l l i n g  procedures ,  arid a l i s t  of p r i c e s  charged f o r  some o f  t h e  m a t e r i a l s  
and s e r v i c e s  furn ished  by t h e  AEC. 

A r ecen t  change i n  one of t h e  except ions t o  our po l i cy  of f u l l  cos t  recovery 
should be mentioned. For research  and development a c t i v i t i e s  an agreement 
o r  arrangement f o r  reduced charges may b e  made i n  cons ide ra t ion  of b e n e f i t s  
t o  AEC programs from such w o r k .  Prev ious ly ,  t h e  de te rmina t ion  of such an 
except ion  w a s  made by t h e  f i e l d  o f f i c e  managers o r  t h e  Di rec to r ,  Divis ion of 
I n t e r n a t i o n a l  AfFai rs ,  on a case  by case  b a s i s .  F i e l d  o f f i c e  managers may 
now approve w r i t t e n  procedures under which such determinat ions of except ion 
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may b e  made by tire a p p r o p r i a t e  d c s i g n a t e d  o f f i c i a l  of  t h e  multi-pi-ogiam 
l a b o r a c o r i e s  and o t h e r  Laboraioi-jes.  Howex PT, such a c t i v i t i e s  I U ~ L L . ~  be 
capable  of b e i n g  p e l  :ormc2c’t w i t h i n  c u r r e o t  budgets  and manpowcr 1 i m i t a t i o n s  
of C’ne irivolved c o n t r a c t o r .  

I n  c losi .ng,  I would l i k e  t o  make a s u g g e s t i o n  which wou1.d a s s l s t  i l s  g r e a t l y  
a t  Headquarters ~ In p r o v i d i n g  p r i c e s  o r  estimates of c o s t  f o r  m a t e r i a l s  
o r  s e r v i c e s ,  p l ease  c o o r d i n a t e  w i t h  yoiir field oKfi.ce f i n a n c e  d i v i  sj.oa. 
This  wi1.1. i n s u r e  t h e  c o n s i d c r n t i o n  of a l l  a p p r o p r i a t e  c o s t  f a c t o r s  and wi.11 
e l i m i n a t e  t h e  i lecd f o r  t h e  C o n t r o l l e r  t o  come back t o  t.1~~: f i e l d  fo r  cos t  
v e r i f i c a t i - o n  by t h e  f i n a n c e  personnel .  



DIS?IRIBUTION 
H. A. L r s e n ,  USAEC (OEO) 

With a l l  the  good speakers who are on t h i s  progrLm, .there i s  l i t t l e  
that they a r e  not more able t o  present .  It may be i n  order, however, t o  

suggest a couple of points  f o r  consideration i n  the  a rea  of procedure. 

F i r s t ,  it seems sometimes t h a t  t h e  formality of an order t o  cover 

the furnishing of materials and. services  j.s an u-nnecessary chore which 

does nothing but hariper t h e  deslired activi-Ly. To t h i s  1 can say .that 

while it may be n chore, there  i s  a need t o  record the  terms of t r a n s r e r s  

for the protect ion of both sides t o  the  t ransact ion,  and a l i t t l e  docu- 

mentation of where c o s t s  should. l i e  and what r e s p o n s i b i l i t i e s  a r e  o r  are 

not accepted i s  from time -to time qui te  important. The documentation of  

t h e  rimportant, case ris not l i k e l y  t o  be present unless the documentation 

of all t ransact ions i s  d.one rout ine ly  since,  unfortunately, none of us  i s  

able to  point out  beforehand which t ransac t ion  may later be t h e  sou.rce of 
troii.bl.e . 

Second, the  task  of documentation i s  no-i; nearly so  bothersone as il; 

might be, consid.eri.ng t h a t  -there a r e  bas ica l ly  only two AEC foi-ms for  the 

s a l e  of  most of the  research materials - Form AEC-391 f o r  sales t o  pr iva te  

p a r t i e s  and Form AEC-375 f o r  t ransac t ions  between AEC cost-type contractors  

and Federal agencies. I n  t h e  event t h a t  there  a r e ,  frorri time i;o .i;i/ne, special. 

cases,  I am sure t h a t  each. of you will be most welcome t o  ask for assis- 

tance from your 1-oca1 AEC o f f i c e .  
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