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One purpose of t h i s  r e p o r t  i s  t o  c o l l e c t  together  the  var ious  procedures 
used a t  Brookhaven National Laboratory. (Hot Laboratory Division, Nucl-ear En- 
g ineer ing  Departnent) f o r  producing those i so topes  uhich reou i re  ch.en;ical proc- 

-.- - 
ess ing  a f t e r  they a r e  f m  by i . . d i ~ t , i o n .  lso%opes uhich a r e  r o d u c e d  by 
s i r n p l e ~ 5 s t i o n s  an2 requ i re  no f u r t h e r  processing a r e  supplied by a d i f f e r -  
e n t  group (Isotol:.es and Specia l  b t e r i s l s  Group, Reactor Division) and a r e  not  
t r e z t e d  here.  A second purpose, i n  response t o  s e v e r a l  reques ts ,  i s  t o  des- 
c r ibe  the  e c t u a l  technicues i r !  m o r e s  than i s  usual  i n  most ~ub l i ca t j .ons .  
The e s s e n t i a l  i d o r m z t i o n  co-d here has a l r e s d y  been made availabl-e i n  
t h e  open l i t e r a t u r e ,  e.s shown by the  references  l i s t e d  fol lowing the  Int,rodv.'c- 
t i o n ,  which a l s o  provide backgrou.nd theory  and d iscuss ion not appropr ia te  f o r  
incl-usion i n  t h i s  r epor t .  

Each proced.ure begins with a l i s t i n g  of c e r t a i n  f a c t s . a b o u t  the  i so tope  
o r  procedure. I n  most cases l i t e r a t u r e ?  values a r e  used f o r  h a l f - l i f e ,  cross 
sec t ion ,  f i s s i o n  y i e l d ,  and r a d i a t i o n s .  Note t h a t  the  vzlues l i s t e d  a r e  not  
necessa r i ly  t h e  "best"  values,  nor a.re they necessa r i ly  c o r r e c t  t o  the  nm!ber 
of  s i g n i f i c a n t  f i g u r e s  given. Rather they a r e  t h e  va?;ues which we, ourselves,  
might use i n  our work znd a r e  l i s t e d  here t o  provide use fu l ,  r e l evan t  informa- 
t ion .  Note a l s o  t h a t  some r a d i a t i o n s  o ther  than t h e  ones l i s t e d  e x i s t .  

The va.lues shown under t a r g e t  dinlensions and/or weig:ht, neutron f.lux, 
bean energy, i r r e d i e t i o n  time, and in teg ra ted  beam cur ren t  a r e  t y p i c a l  values 
which we a c t u a l l y  use, and those shown under s p e c i f i c  ~ c t i v i t y ,  product con- 
positj.cn, radiocherrdcal pur i ty ,  and y ie ld  s (other  than f i s s i o n  yiel~) a r e  
' t y p i c a l  result ,s  obtained uncer these  conditions. 

T h i s  r e p o r t  i s  the  product of the  work of s e v e r a l  ind iv idua l s  i n  t h e  Hot 
Laborutory Division. Host of the.work on d.eveloping "new" iso topes  is ca r r i ed  
out  by the  Isotopes Research Group, heod.ed by W .  D. Tucker unti.1 1961. an5 s ince  
then 'by  P"a.nny. Hillman. Most of' t h e  work of' pu t t ing  these  procedures i n t o  prac- 
t i c e  and of a c t u a l l y  producing the  i so topes  ( fo r  vhich Brookhaven -is i n  many 
cases the  world 's  s o l e  supp l i e r )  i s  ca r r i ed  out  by t h e  Cperations Group headed 
by Powell R i c h ~ r d s .  The l i n e  of d e m a r c a t i o n i s  not  aluays sharp: occas ional ly  
t h e  Research Group may prepare an  in f requen t ly  needed iso tope ,  and more o f t e n  
t h e  Operstions Group nay develop improve~entz  e i t h e r  i n  production methods o r  
even ic ways of using  articular isotopes .  Names of  people who a r e  o r  have 
been a c t i v e l y  engaged i n  t h i s  work c&n be i n f e r r e d  from t h e  l is t  of references .  
Without t h e i r  work and t h e i r  he lp  t h i s  r e p o r t  wou.ld have been impossib1.e. The 
capable a s s i s t a n c e  of Grace Sea r l e s  i n  preparing t h e  f i n a l  copy i s  a l s o  grate-  
f u l l y  a  cknovledged . 

L. G. Stang, Jr. 
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INTRODUCTION 

No at tempt i s  made i n  this r e p o r t  t o  defi.ne terms o r  provide explanations 
of phenomena and operat ions i n  genera l  chemistry, r a d i o c h e m i ~ t ~ r y ,  an6 handling 
of  r ad ioac t ive  m a t e r i z l  v i a  remotely operated equipment, s ince  t h e  r eader  i s  
assunled t o  be f a n i l i a r  with these  areas .  However, i n s t r u c t i o n s  a r e  s u f f i c i e n t l y  
d e t a i l e d  t o  permlt o the r s  t o  reproduce our procedures and our r e s u l t s  without  
f u r t h e r  development work. A b r i e f  d e s c r i p t i o n  of our f a c i l i t i e s  and spec ia l -  
ized  equipment i s  given t o  o r i e n t  the  r eader  and provide a b e t t e r  understanding 
of t h e  way these  procedures a r e  ca r r i ed  out.  

Except f o r  ~ c 4 8  a l l  t he  i so topes  described i n  t h i s  r e g o r t  a r e  produced by 
i r r ~ d i e t i o l l  e i t h e r  i n  a thsrmel neutron reac to r  o r  i.n a cyclotron;  a Cockroft- 
Walton generator  i s  used t o  make the  f a s t  reut rons  needed f o r  producing sc4$. 
The r e a c t o r r  is  a graphit,e-moderaitd, air-coole r e a c t o r  providing a lraximm 
therlral  neutron f l w r  of -1.3 x 10 ' n cm-2 sec-'. The cycl-otron i s  a f ixed-  
frequency machine with 62-in.-diameter pole f aces  capable of d e l i v e r i n g  a lpha  
par t ic l .es ,  deuterons,  and protons of 4.2, 21, and 1G.5 MeV, respec t ive ly ,  i n  
ex te rna l  bean: cu r ren t s  of 30 t o  50 yA o r  i n t e r n a l  beam currents  of -300 ?A. 
( I n  p rac t i co  many. t a r g e t s  present  cooling problems which r e q u i r e  1imitati .cn of 
beam t o  -50 u ~ l .  ) 

Irr8ndiated t a r g e t s  which requ i re  heavy sh ie ld ing  a r e  brought from t h e  re- 
a c t o r  i n  a trslnsfer sh ie ld .  Figure 1 shows such a sh ie ld  pos i t icned a t  t h e  
r e a c t o r  with t h e  c e n t r a l  hole  hor izon ta l  ready f o r  loading. When t h e  loaded 
s h i e l d  i s  r o t a t e d  90' countercl.ockwise s o  t h a t  t h e  c e n t r a l  hole is  v e r t i c a l ,  
and t h e  t r a n s f e r  drawer i s  opened, t h e  i r r a d i a t e d  t a r g e t  f a l l s  out. 

Or ig ina l ly  this oper r t ion  was c a r r i e d  out  over an  opening i n  the  roof of 
a hot c e l l  ( ~ i ~ u r e s  2 and 3 ) '  and t h c  sanple  dropped d i r e c t l y  i n t o  a d i s s o l v e r  
v e s s e l  (Figure 4) pos i t ioned under the  opening; i n  t h i s  case both t h e  sample 
and t h e  alumirlum can surrounding it were dissolved.  Recent1.y a l ead  b r i c k  
cave accorrmodatintl, simple bal l-swivel  tongs, a rercotely operated v i s e ,  and a 
remotely o p r a t e d  pipe c u t t e r  was b u i l t  over t h e  roof opening of the  c e l l ;  
when the  irrbdiet ,ed t a r g e t  i s  dropped i n t o  the  ceve, t h e  s m p l e  con t s ine r  
can he renoved mechanically and t h e  smple  dropped by i t s e l f  i n t o  the  d i s -  
s o l v e r  v e s s e l  i n  the  c e l l  below. This v e s s e l  has a l a r g e  opening i n  i t s  top  
p l a t e  t h a t  i s  closed by a pneumatically operated cover. 

Ty-pical processing equipment, a s  Figures 3 and 4 show, c o n s i s t s  of a 
s e r i e s  of g las s  v e s s e l s  interconnected with p l e s t i c  tubing closed by .miniature 

*See G r ~ p h i t . ~  --- Research Reactor. F a c i l i t i e s  end Services  Guide, Revised July  
1960, Erookheven National Laboratory (brochure). . t 



valves t h a t  a r e  pneumbtically controlled by other  valves on t he  control  
panel. Liquids a r e  t ransferred by pressure and vacuum applied a t  t h e a p -  
propr ia te  p , laces . ra ther  than by pouring. The g lass  vessels  a r e  made of 
su i t ab l e  sec t ions  of heavy-wall Pyrex pipe f i t t i n g s .  On p a r t i c u l l r l y  use- 
ful type of vesselg  i s  shown i n  Figure 5; a i r  pressure applied under a  
porous g lass  d i s c  located near the  bottom maintains l iqu id  above t he  d i s c ,  
preventing t he  l i qu id  f romseeping through; a  change from a i r  pressure t o  
vacuum under the  d i s c  causes the  so lu t ion  t o  f i l t e r  through t o  the  next 
vessel .  Infrared lamps shining on the  outsides of t he  vessels a r e  used f o r  
heating. Reagents a r e  added by pour ingainto  a vesse l  on the  control  panel, 
connecting this, vessel .  t o  the  des i red 'vesse l  ins ide ,  and forcing t he  reagent 
over i n t o  t h e  reac t ion  vessel  by applying a i r  pressure t o  t h e  reagent addi- 

' t i o n  vessel .  This type of equipment and the  ce l l s  which house it have been 
described elsewhere*% i n  m r e  d e t a i l .  

This  equipmerit is  pa r t i cu l a r l y  usef .~ . l  f o r  separating e feu cur ies  of 
individual  f i s s i o n  products from s e v e r ~ l  hundred cur ies  of i r r ad i a t ed  u235. 

,Where l e s s  a c t i v i t y  i s  .to be handled, spec i f i c a l l y  one cur ie  or l e s s ,  semi- 
remotely controlled manipulations i n  a shielded bench of the  type shown i n  
Figures 6 and 7 a r e  convenient. Here equipment and ac t i ve  m t e r i a l  can be 

. r ead i l y  introduced through the  ends o f . t h e  shie lding or  through a  hole i n  
the  center of the  heavy s t e e l  t ab l e  which supports t he  lead br icks  and it- 
s e l f  a c t s  a s  a  sh i e ld  f o r  the  operator ' s  l egs  and f e e t .  A simple r e c t i l i n e a r  
manipulator (BNL Model #3 shown is the  f i gu re s )  and ball-swivel tongs used 
together  provide s a t i s f ac to ry ,  i f  somewhat r e s t r i c t e d ,  manipulation f o r  physi- 
ca l '  operations and chemical processing. A useful  device employed i n  this type 
o f  shielded bench is the cutoff wheel shown in Figure 8. 

F i p r e . 9  shows how cyclotron t a r g e t s  %re disassembled. It a l so  shows I 

t he  edge of a  t a r g e t  holder with an aluminum r ing  (on top)  which is screwed 
aga ins t  the  water-cooled .holder and clanps a:l.uminum f o i l  over the  actual .  
t a rge t ,  which l i e s  i n  a  recess  i n  the  holder., 

%tang, L. G. Jr., P rec ip i t a t i on  Process and Apparatus Therefor, U. S. Patent  
NO. 2533149- 

#*Stand', L. C. Jr., Tucker, W. D., Rand, A. C. Jr., s t r i ck lend ,  G., and 
Selvin ,  G. Remotely Operated Chemical Processinp Eaui~ment, BNL 8064; Stang, 
L. G. Jr., Experience With Brookhaven Hot Cells ,  A N L  4670; pp. 152-165; 
Stang, L. G. Jr., Radioisotope F a c i l i t i e s  Associated With a Research React=, 
BNL 3227. 
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Figure 1. Slug transfer shield. 



Figure 2. Hot c e l l  for chemical processing. 



Figure 3. Remotely operated chemical processing equipment 
suspended i n  front o f  hot c e l l  ready t o  be placed inside.  



Figure 4. Remotely operated chemical processing equipment (s ide  view) shown removcd 
from hot cell .  Removable shielding block f i t s  i n t o  stepped opening i n  shielding doors. 
Control  panel (not shown) would be a t  l e f t ,  fastened t o  removable,block. S ta in less  
s t e e l  diaphragm jus t  f i t s  c e l l  opening and s e a l s  c e l l  when gasket is i n f l a t e d ,  pre- 
venting accidental  leakage of radioactive mater ia l  t o  operating side.  



Figure 5. Reaction vessel. 



Figure 6 .  Semi-remote manipulation of fractional curie amounts of activity. 



Figure 7 .  Semi-remotely operated equipment behind shielding shown i n  Figure 6 .  
Turntable posit ions samples over hot plate-magnetic mixer, under reagent addition 
l i n e ,  under pipet ,  e t c .  Rectilinear manipulator and ball-swivel tongs use identi-  
cal  interchangeable jaws. 



Figure 8. Remotely operated cutoff wheel for glass or quartz. Crank operated 
flexible shafts position wheel vertically and laterally.  Vertical chuck i s  , 
driven slowly by a separate mot01 ,I 



Figure 9. Remotely operated target disassembler. Rotating top shaft rotates 
screwdriver bit. Rotating second shaft tightens or loosens vise; pushing or 
pulling second shaft moves entire vise to left or right. Rotating third shaft 
moves vise forward and back. Rotating bottom shaft raises and lowers vise. 



REFERENCES 

BANKS, H. 0. Production of fluorine-18. Nucleonics 13, No. 12, 62 (1955). - 
DOERING, R. F., TUCKEIZ, I.J. D. and STANG, L. G. A rapid  method fo r  t he  

detect ion of S@o contamination i n  Y30 . J. Inorg. Nuc. Chem. 15, 215-21 
(1960). 

- 
DOERING, R. F., TUCKER, W. D. and STANG, L. G. A simple device fo r  milking 

high-purity Y90 from S@O. 3, NucL Med. 4, No. 1, %-9 (1963). - 
FIP:STON, H. L. and BERNSTEIN, W i l l i a m .  The decay scheme of . Phys. Rev. 

96, 71 (1954). - 
GINETJ,, W i l l i a m  S. and DOZ?ING, Robert. Preparation of fused c lay rad ia t ion  

sources. I. Yttrfum mcrospheres. BNL 341 (T-60). June 1955. 

GilEENE, M. W., TUCKER, W. D. and SAMOS, G. Process f o r  separating todine-132 
krom f t s s i o n  products. Patent No. 2942943, June 28, 1960. 

GREEMS, M. W. and TUCKER, W, D. An improved gallium-68 cow. Intern.  J. Appl. 
Xadiation Isotopes 12, 62-3 (1961). , - 

GREENE, M. W., DOERIFG, Robert F. and HILLMAN, Manny. Milking systems - 
s t a t e  of t h e  art. Informal Report BNL 6697 submitted t o  the  Division of 
Isotopes Development, AEC, Washington, D. C., January, 1963. 
Isotopes and Radiation Tech. 1, No. 2, 152 (1963-4). - 

GREENE, M. W., STANG, T,. G. and HILLMAN, Manny. Labeling of htiman gamma 
globul in  with 1~24 . BNL 777 (T-293), February, 1963. 

HANBURY, E. M,, HESLIN, J. and STANG, L. G. The diagnostic use of - 
J. Clin. Endocrinol. Metab. XIV, No. 12, 1530-8 (1954). 

m e -  

IULLMAN, M. Decay of S C ~ ~ .  Bull,+- Am. Phys. Soc. 7, 462 (1962). Phys. Rev. 129, 
2227-30 (1963) 

- - 
I 

HARPE?,, P, V., LATHROP, K. and RICHARDS, P. A radlocol loid  of ~ 6 9 ~ .  To be 
presented a t  t h e  Eleventh Annual Meeting Soc. of Nucl. Fled., Berkeley, 
California,  June 17-20, 1964. 

LEDBETTER, Myron C ., MAVRODINE14MT, Radu and WEISS, Allen J. Dis t r ibut ion 
s tud ies  of radioact ive  f luorine-18 and s t ab l e  f luorine-19 i n  tomato plants.  
Contrib. Boyce Thompson Ins t .  20, (5), 331-48 (1960). - 

LIPPINCOTT, S tuzr t  W., JESSEFH, John E., RAI, Kanti, GREENE, Margaret W., 
ARONOW, S. and SWEET, W i l l i a m  H, Labeling of human globulin with 112* 
f o r  positron scanning of neoplasms. Lab 1.nv'st. ( i n  press). 



RICHARDS, P. A survey of  t h e  producti.on a t  Brookhaven National  Laboratory 
of r ad io i so topes  f o r  medical. r e sea rch .  O f f i c i a l  Transac t ions  of t h e  F i f t h  
Nuclear Congress, Rome, Ttaly,  June 1960, pp. 225-44. 

STANG, L. G., TUCKER, W. D., BANKS, H. O., DOERING, R. F.  and mLLS, T. H. 
Productdon.of  ~i.odine-132. Presented  a t  t h e  124th National  Meeting of  
t h e  American Chemical Society,  Chicago, I l l i n o i s ,  September 1953. 
Nucleonics - 12, No. 8, 22-4 (1954). - 

STANG, L. G., TUCKER, W. D., MEISS, A. J. and BANKS, H. 0. Product ion and 
a v a i l a b i l i t y  of magnesium-28, Presented  a t  t h e  Annual Meeting of t h e  
American Nuclear Society, Washington, D. C., December 1956, BNL 3138. 

STANG, L. G., TUCKER, W. D., DOERING, R. F., WEISS, A. J., GREENE, M. W. 
and BANKS, 11. 9. Development of methods f o r  t h e  product ion of c e r t a i n  
s h o r t - l i v e d  radioi.sotopes.  Proc. of F i r s t  UNESCO I n t e r n a t i o n a l  Conference, 
P a r i s ,  1957, "Radioisotopes j.n Sc i en t i . f i c  Research" 1 (1957) . 

.- 

STANG, Louis G. A review of t h e  product ion of "spec ia l"  r ad io i so topes .  
Product ion and Use of Short-Lived Radioisotopes from Reactors  1 (IAEA 
Seminar on t h e  P r a c t i c a l  Appl ica t ions  of Short-Lived RadioisotZpes 
Produced i n  Small Research Reactors ,  Vienna, Aus t r i a ,  November 5-9, 1962), 
pp. 3-29, IAEA, Vienna, 1963, 

$TANG, Louis G. and RICHARDS, powell. p ail or in^ t h e  i so tope  t o  t h e  need. 
Nuc1eoni.c~ 22, No. 1, 46-9 (1964). --- -... 

STERNLIEB, Irmin, MORELL, Anatol G., TUCKER, Walter D., GREENE, Margaret W. 
and SCHEINBERG, I. Herbert .  The inco rpora t ion  of copper i n t o  ceruloplasxnin 
i n  vivo: S tud ie s  w i th  copper-64 and copper-67. 2'. Cli-n. Inves t .  40, No. 10, 
1834-40 (1961) . - 

TUCKER, Walter D., GREENE, Plargaret W ., WEISS, A l l en  J. and MURRENHOFF, Alex. 
Methods of p repa ra t ion  of some c a r r i e r - f r e e  r ad io i so topes  involv ing  s o r p t i o n  
on alumina. Transac t ions  Arneri-can Nuclear Soci,ety 1, No. 1, 160-1, June 1958. - 

TUCKER., Walter D. "Radioisotopic  c.owsU. Presented  a t  t h e  Socie ty  of Nuclear 
Medicine, Southeas te rn  Chapter Meeting, Oak Rldge, Tennessee, March 1960. 
Abs t r ac t  publ ished J. Nucl. Pled. 1, No. 1 (1960). - 

TUCKER, Walter D., DOERING, Kobert F., GREENE, Margaret W. and STANG, L. G. 
P r a c t i c a l  methods of milking Y90', Td99m, and 1lS2 from t h e i r  r e s p e c t i v e  
parents .  Transac t ions  American Nuclear Socie ty  3, No. 2, 451, December 1960. - 

TUCKER, W, D., G R E N E ,  M. W. and MURKENHOFF, A. P. Die Produktion von 
t f i ge r f r e i em Tel lur-132,  Jod-132, Molybd'hn-39 und Technitium-ggm a u s  
neutronenbestrahl tem Uran durch f r a k t i o n i e r t e  So rp t ion  a n  Aluminiumoxyd. 
Atompraxis 8, No. 5 ,  163-7 (1962). - 



FEISS, A l l en  J. and HILLMAN, llanny. Product ion of $15~ - s t a t e  of  t h e  ar t .  
Informal  Report BNL 6607 submit ted t o  t h e  Div is ion  of I so topes  Development, 
AEC, TJashingt.on, D. C., December 1962. 

IJEISS, Al len  J. and HILU!MT, Elanny . The. magnesium-28-aluminum-28 system: 
An aluminum-28 gene ra to r , '  In . tern.  J. Appl. Radia t ion  I so topes  14, 628 (1963). 

-. 

IJINSCHE, W. E ., STANG, L. G. and TUCKE?, IJ. D. Product ion of iodine-132. 
Nucleonics 8 ,  No. 3, 14-18 (1951). - - .  

IJINSCHE, W. E., STANG, Louis G,, TUCKER, Wal.ter D. and SEL,VIN? Gerald J. 
Iodine-132 gene ra to r  and sh ipping  con ta ine r .  Pa t en t  No. 2,710,249, 
June 7, 1955. 



Isotope: . AlZ8  

Shipping Form: Generator 

Parent  :. I@ 

Half-Lives: A P ~ ,  2.24 m; Ma, 20.9 h 

Product ion Method: ' . See Magnesium-28 

Generator Yield:. -30% i f  c a r r i e r .  i s  added; ~ 3 0 %  without  c a r r i e r  

S p e c i f i c  Ac t iv i ty :  From "ca r r i e r - f r ee"  ~1~ * (i, e. no A 1  c a r r i e r  
added) t o  any lower va lue ,  as des i r ed .  

Product Composition: ~ a ~ 1 ~  % i n  1 - N NaOH 

Radiochemical Pu r i ty :  >99 -9% 

Metho$ of Analysis:  ' Gross decay and gamma spectroscopy 

Radia t ions  (MeV) : Beta ( ~ 1 ~ ~ ) .  Gamma ( ~ 1 ~  *) 
a 2.87 1.78 

S p e c i a l  Equipment: Generator  (see  Figure 10) 

A. Prepa ra t ion  of Generator 

1. ,Over Dowex-50W (Kt form) pass  . 
1 - 2 M N a C 1  u n t i l  e f f l u e n t  i s  
a t  same pH as NaC1.  

2.. :{ash r e s i n  w i t h  %O u n t i l  a l l  
~ 1 '  i s  removed. 

,This conver t s  t h e  r e s i n  t o  t h e  
~ a +  form. 

I Use A ~ +  t o  test f o r  presence 
of  Cl'. , 



, 3. Trans fe r  r e s i n  t o  a s p e c i a l l y  
made funnel - top  g l a s s  v e s s e l  
shown i n  F i g u r e  10, 
u s ing  enough r e s i n  t o  form a 
column 0.6 cm high. 

RETAINING RING 

POWDERED GLASS 
GLASS WO 
S E PA RAT0 

VALVE 

DOWEX 5 0  W x 8 No* FORM 
WITH ADSORBED M~~~ 

DOWEX 5 0  W x 8 No+ FORM 
--- 

COARSE FRlT 
TEFLON 

STOPCOCK 

1 
Figure 10. Aluminum-28 generator. 

B. R e p u r i f i c a t i o n  of M f f 8  

S t a r t  wi th  Mecl so lu t ion .  

Add -5 mg each of, CU* and 
~ d *  c a r r i e r s .  

D i l u t e  t o  15  m l  and a d j u s t  pH 
t o  3 -. 4 w i t h  0.1 NaOH 
s o l u t i o n .  

S a t u r a t e  w i t h  l-$S gas and 
d i g e s t  on a ho t  p l a t e .  

F i l t e r  through paper placed 
on g l a s s  f r i t  on f i l C e r  chiliu~ey. 

To f i l t r a t e  add a few drops of  
Brom Thynol Blue i n d i c a t o r .  

' This  Is supp l i ed  by t h e  Hot 
Laboratory Divis ion,  Broo'khaven 
Nat iuna l  Laboratory. (See 
s e p a r a t e  procedure f o r  producing 
ee .) 

Minute t r a c e s  of C U ~ ~  and cd115 
which w i l l  no t  be  d e t e c t e d  i n  t h e  
presence of w i l l  show up i n  
t h e  milked ~1~~ and must be  
removed. 

I n d i c a t o r  paper i s  s a t i s f a c t o r y .  
Too much NaOH w i l l  p r e c i p i t a t e  
PIg(OH1,. , 

Seve ra l  minutes a r e  r equ i red  t o  
form coa r se  p a r t i c l e s  of  C U ~ ~ S  
and cdl l  's. 

1 

Use Whatman #42 paper and f i n e  f r i t .  
Save f i l t r a t e ;  d i s c a r d  p r c c i p i t a t e .  

Use 0.1% s o l u t i o n .  



' 7. Adjust pH t o  j u s t  a c i d  using 
0.1 - N NaOH and 0.1 - N HC1. 

Add NaOH dropwise wi th  s t i r r i n g  
u n t i l  blue-green color  forms; 
then add one or  two drops HC1 
u n t i l  yellow co lo r  j u s t  forms. 
Avoid p r e c i p i t a t i n g  Mg(OH)2 . 

8. Heat f o r  seve ra l  minutes. Cool. 1 Drive o f f  I-& S. 

C. Loading t h e  Generator 

1. Add s o l u t i o n  from s t e p  118 
(above) t o  30 m l  beaker con- 
t a i n i n g  N0 -5 cc Dowex-50W 
r e s i n  i n  ~ a +  form. 

2. S t i r  u n t i l  295% of t h e  M 8 , i s  
adsorbed. 

3.  Decant the  supernate and save. 
Pour t h e  r e s i n  i n t o  t h e  genera- 
t o r  and cover with g l a s s  wool, 
powdered g lass ,  g l a s s  wool, and 
a polyethylene r e t a i n i n g  r ing ,  
i n  t h a t  order. 

'4. Po=- t h e  supernate from s t e p  #3 
i n t o  t h e  generator  a t  a slow 
r a t e  (-1 m l / d n ) .  

, 5. Pass 200 m l  ' 1 N NaOH through 
t h e  generator  at a r a p i d  r a t e  
(5 - 10 ml/min) . 

Prepare r e s i n  a s  in s t e p s  V 1  
and V2, s e c t i o n  A (above),. 

This w i l l  r e q u i r e  s e v e r a l  minutes. 
Check f o r  degree of adsorpt ion  by 
measuring r a d i a t i o n  l e v e l  of r e s i n  
and supernate separa te ly .  

See Figure 10 for  amount of powdered 
g l a s s  t o  use. Because of capiallary 
a c t i o n  the  powdered g l a s s  a c t s  as 
a shut-off  valve and prevents  t h e  
r e s i n  from dra in ing dry i f  t h e  
stopcock is inadver ten t ly  l e f t  
open. (For proper opera t ion  it is 
important t o  exclude any gas phase 
from t h e  resin.) 

This is  t o  adsorb any Mg? l e f t  i n  
t h e  supernate. ( m e  batchwise ' 

adsorpt ion  depos i t s  the  M$ on a 
r e l a t i v e l y  l a r g e  su r face  a r e a  of 
r e s i n  and produces higher subsequent 
milking y i e l d s  than would be ob- 
t a ined  i f  a l l  of t h e  g8 were 
adsorbed by passing i t  through a 
column.) . 
This washes out  any remaining 
impur i t ies  . 

D. Milking t h e  Generator 

1. Elu te  A P ~  with 2 - 3 m l  1 N 
MaOH. Al te rna t ive ly ,  t h e  N&H 
m y  conta in  c a r r i e r  ~ l ~ +  a s  
des i red  (e. g. 0.5 mg/ml). 

Milking requ i res  1U - 30 seconds. 
I f  c a r r i e r  ~ l ~ +  i s  used, y i e l d s  
a f t e r  t h e  f i r s t  fcw milkings ' w i l l  be 
-30%. Yields a r e  somewhat lower 
on , the  f i r s t  few milkings o r  
without c a r r i e r .  



Isotope: 

Shipping Form: 

A138 

Gas sealed i n  g lass  ampoule 

Half -Life: rn (s table)  

Production T4ethod: C l a 7  (n,y)C13u > A198 
T " 37.3 m 

Production Cross Section: 0.56 b 

Target : . NaC1 crys ta l s ,  o p t i c a l  .grade, grown under He 
atnosphere, and wrapped . in A 1  f o i l  

Target Weight: 300 g 

Neutron Flux: 1013 n sec-l cm2 

I r r ad i a t i on  Time: . . 56 d (excluding any "down time") 

Rcactor Yield:, 
Chemical Yield: 

0.45 cc (STP) = 03era l i  y ie ld  

Product Composition: Ar gas- Typical  analysis:  Pass 38, 99.5 % 
N ~ E C  40, 0.46 % 
Mass 36, 0.035% 
Mass 39, 0.005% 

Radiochemical Puri ty:  See above for  AS9. NO rad ia t ion  detectable  out- 
s ide  g lass  ampoule. Classed a s  non-radioactive by 
I n t e r s t a t e  Comerce Commission regulations.  

\ 

Method of Analysis: Wss spectrograph 

Special  Equipment : High vacuum tarr) glass  gas t r a i n  incorpo- 
r a t i ng  furnace and Vycor vesse l  for  melting NaC1, 
heated Ag and Ti  ge t t e r s ,  and the  usual  pumps, 
t raps ,  PicLcod gauges, and mercury U- tube valves. 
Bake-out oven capable of surrounding entire.  train, 



A. Pos t - I r rad ia t ion  processing 

1. After  wait ing fo r  Na24 t o  decay, 
unwrap the  A 1  f o i l  from t h e  ir- 
rad ia ted  NaCl and t r a n s f e r  ,100 g 
of the  c r y s t a l s  through the  i n l e t  
por t  int.0 a Vycor l i n e r  i n  the  
melting v e s s e l  a t tached t o  t h e  
gas t r a i n .  Reseal t h e ' i n l e t .  

2. Evacuate t h e  system fo r  24 hours. 
L 

3. Heat the  Ag g e t t e r  t 0 - 2 3 0 ~ ~  and 
t h e  T i  g e t t e r  to,lOOO°C, and 
bake t h e  e .n t i re  system a t  A 7 0 ° c  
fo r  5 - 8 hours. During t h e  last 
hour play a n  a i r -gas  flame, over 
the  e n t i r e  system occasionally.  

4 .  Turn off  t h e  T i  and Ag g e t t e r  
furnaces. Then t u r n  off  the  
bake oven. 

5. Pleasure t h e  pressure of ' t h e  sys- 
tem a t  room temperature. 

6 .  Close the  valves which i s o l a t e  
khe sample c o l l e c t i o n  and pump 
sect ions  from t h e  r e s t  of t h e  
system. 

7. Heat t h e  T i , g e t t e r  t o  880° - 950° 
C, t h e  Ag'gctter t o  170° - 180' 
C, and the  NaCl t o  800' - 850°c. 

8. After  -1 hour r e f r i g e r a t e  t h e  
charcoal t r a p  with l i q u i d  
fo r  3 0  mlnu t e s  .. 

9. Close the  valve between t h e  char- 
c.oal t r a p  and the  Ag g e t t e r .  
Turn off  the  furnaces on t h e  Ag 
g e t t e r  and t h e  NaCI.. 

10. Remnove the l i q u i d  & from t h e  
charcoal trap, a l l & i n g  it t o  
r e t u r n  t o  room temperature while 
continuing t o  heat  the  T i  g e t t e r .  

Caution: A considerable amount of 
S5 from cPS (n,p)S5 w i l l  s t i l l  
be present .  100 g i s  a convenient 
amount t o  process a t  one t i m e .  
Freezing NaCl may crack a Vycor 
container:  hence, t h e  inner l i n e r  
t o  p ro tec t  t h e  outer  vesse l .  

This r ead ies  t h e  g e t t e r s  by removing : 

whatever w i l l  come of f  a t  high temp- 
e ra tu res ;  it a l s o  removes adsorbed 
impur i t ies  from the  r e s t  of the  sys- 
tem. The Ag g e t t e r  i s  located be- 
tween the  NaCl melting v e s s e l  and t h e  
main t r a i n ;  it removes S5. The T i  
g e t t e r  i s  on a s i d e  a r m  off  the. main 

\ 

t r a i n .  

This sequence prevents readsorbing 
i n  the  r e s t  of the  system any condens- 
i b l e s  remaining i n  t h e  g e t t e r s .  

Pressure should be ,lod t o r r .  

A t  ,.,650°6 NaCl s t a r t s  subliming in to ,  
t h e  cooler  pa r t  of t h e  syste,m. 

This t r a p  is located i n  the  s ide  arm 
between t h e  T i  g e t t e r  and the  main I 

l i n e .  This operat ion adsorbs A r .  
I 



A f t e r  -90 n i n u t e s ,  a l l ow t h e  T i  
g e t t e r  t o  coo l  t o  <10O0C. 

R e f r i g e r a t e  t h e  cha rcoa l  t ra ;  
w i th  l i q u i d  N, - f o r  -30 n i n u t e s  
more . 
Open the  va lve  connectfng t h e  
pumps to .  t h e  Ti. g e t t e r - c h a r c o a l  
t r a p  s i d e  arm and ' ia i t  u n t t l  t he  
p re s su re  becomes cons t an t .  

Close t h i s  va lve  ( s t e p  #12) and 
r e p l a c e  t h e  l i q u i d  X, around t h e  
cha rcoa l  . t r a p  wi.th a d r y  ice-  
so lven t  mixture.  ' 

Open t h e  va lve  t o  thc. sample co l -  
. l e c t i o n  s e c t  ion  and r e f r i g e r a t e  
w i th  l i q u i d  i?& t h e  charcoal .  t r a p  
i n  t h a t  s ec t ion .  

When t h e  p re s su re  has become con- 
s t a n t  c l o s e  t h i s  va lve  ( s t e p  #14). 

Remove l i q u i d  N, f r o n  sample co l -  
l e c t  i on  cha rcoa l  ' t rap,  a l lowing  
i t  t o  t e t ~ l r n  t o  room temperature,  

Measure p re s su re  and temperature 
and  from known volume of system 
c a l c u l a t e '  amount of A r  p resent .  

S e a l  o f f  g l a s s  ampoules. 

This  removes r e s i d u a l  gaseous i-mpur- 
i.ti.es f.rom the .  system. 

A r  desorbs a t  d ry  i c e  tcmper.ature 
but  h igher  b o i l i n g .  i m p u r i t i e s  do not .  

Th i s  t r a n s f e r s  t h e  A r  t o  t h e  sample 
c o l l e c t i o n  s e c t i o n ;  t h e  volume of 
t h i s  s e c t l o n  should be lcnown i n  
advance. 

-50 m l  i s  a  convenient s i z e  f o r  each 
ampoule. Ampoules, have t h e  usua l  
break-off  s e a l  p e r m i t t i n i . t h e  ampoule 
t o  be s e a l e d  t o  a new system and t h e  

, con ten t s  t o  be admi t ted  t h e r e t o .  



Isotope:  

Half-Life: 

Product ion l e thod :  

Target:  

Target  Dimensions: 

Beam Energy: 

- In t eg ra t ed  Beam Current:  

Cyclotron Yield: 

Chemical Yield: 

~i~~ (a,p)cG7 (cyc lo t ron)  

~ i ~ " ,  enr iched  t o  95% 

0.5 x 0.25 x 0.005 inches 

- 4 0  FIeV 

,Spec i f ic  Ac t iv i ty :  >1.7 nC/mg 

Product Composition: CuG7 (NO, ), i n  6 _M HN% 

Radiochemical Pur i ty :  >99% a s  of 3 days cool ing  

Elcthod of Analysis :  Gam spectroscopy and g ros s  decay 

Radia t ions  (MeV): - Beta Gamma 
0.395 0 -092 
0 -484 0.182 
0 1577 0.296 

Spec ia l  Equipment: ~ l e c t r o l y s i s  appara tus .  \ 

A. Targe t  P repa ra t ion  and I r r a d i a t i o n  

1. S i l v e r  s o l d e r  gold f o i l  onto a 
copper t a r g e t  blank. 

2. E i ec t rop laee  enr iched  I \ T ~ ~ ~ L U I I I  

ammoniacal s o l u t i o n  onto  gold 
f o i l ,  wi th  s t i r r i n g .  

I 
Blanlc must be capable  of being water-  
cooled during i r r a d i a t i o n .  Good 
con tac t  between gold and copper i s  
r equ i r ed  f o r  hea t  t r a n s f e r .  

(NO,)- and ~ 1 -  must be absent  . Anodc 
may be g raph i t e .  S t i r r i n g  prevents  . l o c a l  d e p l e t i o n  of ~ i +  at cathode. 



3. Bombard t a r g e t  i n  t h e  i n t e r n a l  Caution: >50 pA w i l l  melt gold 
beam of t h e  cyclotron.  [ f o i l .  

B. I s o l a t i o n  of C U ~ ~  

1. Unsolder gold f o i l .  

2. P lace  f o i l  i n  50 m l  beaker, 
n i c k e l  s i d e  down on a few drops 
of ho t  8 g HN03. 

3. Af te r  N i  has d issolved,  r i n s e  
f o i l  with %O, add 3 drops conc. 
I-& SO,, and t r a n s f e r  quan t i t a t ive -  
l y  t o  a s p e c i a l  e l e c t r o l y s i s  ves- 
s e l  clamped i n  a   arm (60°C.) 
water bath. 

U s e  torch  t o  heat  copper blank t o  I br igh t  red .  

This pos i t ion  minimizes d i s so lu t ion  
of the  so lder .  

4. I n s e r t  platinum wire electrodes. I '  

Vessel may have s i d e  arms f o r  
e l ec t rodes  and should have a cover 
t o  prevent l o s s  from s p a t t e r i n g  due 
t o  gas evolut ion.  

5 .  Add 4.5 'mg each of CO*, ~n*, 
Cd*, and CU*. 

Co, In,  and Cd a c t i v i t i e s  leach out  
of Au f o i l  and w i l l  c o p r e c i p i t a t e  
with Cu unless  these  holdback 
c a r r i e r s  a r e  added. 

6. Apply 2.4 - 2.6 V DC t o  
e l ec t rodes  f o r  &5 m. I cu6' and added Cu w i l l  p l a t e  out  on 

cathode . 
7. Without reducing app l i ed  vol tage  

remove cathode.and promptly r i n s e  
wi th  14 0. ., 

If vo l t age  is shut  o f f  p r i o r  t o  
cathode removal, Cu w i l l  red issolve .  

I 8. Dissolve product by runiling 1 - 2 
drops G M Hl?03 Juwrl the  wire. - 

1. EIalce N i  s o l u t i o n  b a s i c  wi th  a n  
excess, of c u n c .  %OH. 

2. F i l t e r  and d i sca rd  any 
p r e c i p i t a t e .  

r ' 

3. To f i l t r a t e  add s o l u t i o n  of 
0 -01 - N dimethylglyoxime. 

4 .  Digest near boi l ing .  

This removes ions which i n t e r f e r e  
with subsequent prepara t ion  of 
e l e c t r o l y s i s  so lu t ion .  

This  p r e c i p i t a t e s  n i c k e l  dimethyl- 
glyoxime. 

- 

1 This p a r t i c l e  growth and 
e a s i e r  subsequent f i l t r a t i o n .  . 



5. cool,  f i l t e r ,  and wash, 
d iscarding f i l t r a t e .  

6. P lace  t h e  f i l t e r  paper and the  
p r e c i p i t a t e  i n ' a  beaker and add 
40 r n l  conc. HN% and 15 m l  conc. 
HClO,. 

7. Evaporate t o  dryness. 

8. Dissolve res idue  i n  a 'minimum of 
9 N y SO, and n e u t r a l i z e  wi th  
co;ce>trated %OH. . 

F i l t e r  through paper. 

This w i l l  completely oxidize  and 
d issolve  both  p r e c i p i t a t e  and paper, 
v o l a t i l i z i n g  organic components. 

Solut ion  i s  ready f o r  e l e c t r o p l a t i n g  
a new t a r g e t .  



Fluor ine-  18 . 

I so tope :  FI 

: Half-Life:  110 m 

Product ion  Method: ~i~ (n,t)H&; d6 (t ,n)$e ( r e a c t o r )  

Cross  Sect ion:  950 b f o r  ~ i "  (n, t)He4 

Target :  L i z  Cqj (unenr iched) 

Targe t  Ueight : 

Neutron Flux: 

I r r a d i a t i o n  Time: 

Reactor  Yield: 

Chemica.1 Yield: 

S p e c i f i c  Ac t iv i ty :  

Product  Composition: 

Radiochemica 1 Pur i ty :  

Method of Analysis :  

Radia t ions  (MeV): 

S p e c i a l  Equipment: 

A 0  mC 

70 - 80% 

"Carr ie r - f ree"  F"* (i.. e ,  no F c a r r 5 a r  addcd) 

W P ' ~  + t r a c e  of NaA102 i n  0.1 - M NaOH 

>39.99% $8 ; t r a c e  of  EP 

Well-type s c i n t i l l a t i o n  counter  s tandard ized  
a g a i n s t  4n B counter  . 

Pos i t ron  Gamma 
0.65 ( I O U % )  0.51 ( a n n i h i l a t i o n  gammas) 

Glove box or  fume hood s u i t a b l e  f o r  handl ing $ 
contamination. I so tope  can opencng too1.s and 
crimping p re s s  f o r  c lo s ing .  l+-inch s h i e l d i n g  
l o c a l l y .  



A. Targe t  P repa ra t i on  

1. I n s e r t  an aluminum tube  co- 
a x i a l l y  i n s i d e  a s t anda rd  
aluminum i s o t o p e  can 'and pack 
t h e  annular  space w i th  -10 I: 
Li, CO, . 

2. Crimp t o p  of can. 

Annular space should be -118 inch 
t h i c k .  Because of  t h e  h igh  a of 
~ i ~ ,  i f  t h e  annu la r  l a y e r  were 
app rec i ab ly  t h i c k e r  t han  t h i s ,  t h e  
i n t e r n a l  neu t ron  f l u x  would be  s o  
depressed t h a t  t h e  m a t e r i a l  i n s i d e  
would c o n t r i b u t e  l i t t l e  o r  no 
a d d i t i o n a l  product  and would on ly  
add undes i r ab l e  bu lk  t o  t h e  process .  

I Top should have sma l l  h o l e  covered 
w i t h  Scotch t a p e  t o  prevent  
p r e s su re  bui ld-up.  

B. P o s t - I r r a d i a t i o n  P roces s ing  

1. Remove t o p  from i s o t o p e  can and 
t r a n s f e r  Liz C03 powder t o  
Erlenmeyer f l a s k  con ta in ing  -20 
m l  $ 0  and magnetic s t i r r i n g  ba r .  

2. Add conc. H C 1  s lowly w i t h  s t ir-  
r i n g  t o  d i s s o l v e  Li2C% . 

3. Adjust  pH t o  a c i d  s i d e  of Brom 
Thymol Blue i n d i c a t o r  wi th  
NaOH s o l u t i o n .  

4 .  Pass s o l u t i o n  through alumina 
column, u s ing  vacuum t o  a t t a i n  
1 - 2 mllmin. 

5, Wash column wi th  30 m l  $ 0  
con ta in ing  1 drop conc. H C ~ .  

6 ,  E l u t e  w i t h  40 ml 0.1 NaOH 
con ta in ing  Brom Thymol Blue 
i n d i c a t o r .  C o l l e c t  i n  3 por-  
t ions: 

' Use wide neck funnel  and r i n s e  
wi th  yo. 

Avoid r a p i d  CO, evo lu t ion .  

Column prepara t ion :  S l u r r y  10 g 
LJoelm alumina (neut  r a  1 grade)  w i t h  
50 m l  0.5 M HC1, decant ing  and 
d iscard ing- f ines ,  Wash w i t h  two 
50-ml p o r t i o n s  of  S O ,  d i s ca rd ing  
f i n e s .  To a 1-cm diameter  g l a s s  
t ube  t o  which i s  s e a l e d  a c o a r s e .  
f r i t ,  t r a n s f e r  enough alumina t o  
s t a n d  3 cm above t h e  f r i t .  Wash a  
few times wi th  to . A pad of g l a s s  
wool on t o p  o f  t e alumina w i l l  
p revent  it  from plugging. 

I Use vacuum i f  necessary.  

C o l l e c t  p o r t i o n s  i n  l a r g e  test tubes  
i n s i d e  side-arm f l a s k  on which 
s l i g h t  vacuum i s  pu l l ed .  



#3 - remainder of e f f l u e n t .  1 

$1 - u n t i l  b lue  co lo r  ' 10 - 12  m l .  

7. Assay port ion- #2 and t r a n s f e r  
t o  shipping b o t t l e .  

s t a r t s  t o  come through f r i t ;  

#2 - - n e x t  15 m l ,  

I Count a n n i h i l a t i o n  gammas i n  c a l i -  
bra ted  well-type s c i n t i l l a t i o n  
counter.  

Contains most of the  I? . 

Note: Product is  a n  aluminum f luor ide  complex, which may be - 
converted t o  NaF by d i s t i l l a t i o n  from conc. %SO4, c o l l e c t i n g  
d i s t i l l a t e  i n  d i l u t e  NaOH. 



Isotope: 

Shipping Form: 

Parent  : 

GaOO 

Generat o r  

~ e 6 8  
. , 

Half-Lives: Gae8 ,  68 rn; Ge68, 275 d 

Product ion Method: Ga69(p,2n)Ge68 (ORNL cyclotron;  see  Isotope Sales  
Department, ORNL, for  d e t a i l s )  

Generator Yield: -7 0% 

Spec i f i c  Activi ty:  

Product Composition: 

Carr ier -  f r e e  
, 

Ga68-~DTA complex i n  0.005 _M EDTA; o r  a l t e r n a t i v e l y  
as G ~ ~ ~ c S  i n  e the r ;  ' o r  a l t e r n a t i v e l y  a s  
(Ga6=),  "weightless1' s o l i d .  

Radiochemical Puri ty:  99.999% Ga6" ; 0.001% ~ e ~ *  

Method of Analysis: Gross decay 

, Radiations (MeV): Posi t ron 
0.82 ( 1.5%) 

Gaxnna 
0.5 1 (ann ih l l a t  ion gammas) 

P a r t i c l e  ( ~ e ~ ~ l  Gam ( ~ e ~ ~ )  
none only c h a r a c t e r i s t i c  ~a~~ x rays ;  

(100% e l e c t r o n  capture)  

A. Preparat ion of Generator 

1. Wash 10 g alumina wi th  % 0 and 
s l u r r y  i n t o  a g lass  cyl inder  
(-25 nun diameter) having a 
sealed- in  g l a s s  f r i t .  

2. Rlace a r e t a i n i n g  plug of g lass  
wool o r  g lass  c l o t h  over t h e  
alumina. 

 his removes f ines .  use Fisher o r  
"Woelm" chromatographic alumina. 
Use coarse poros i ty  g lass  f r i t .  

This insures  mechanical s t a b i l i t y  
of the  alumina during subsequent 
handling .' 



3. Pass -50 m l  0.005 M neu t ra l i zed  I EDTA is  t h e  common designation of 
EDTA through t h e  a'lumina . ethylenediaminetetracetic acid .  

Before use i n  t h i s  procedure i t s  
pH should be adjus ted  t o  7 wi th  NaOH. 

B. Loading the    en era tor 

1. S t a r t  with a s o l u t i o n  of ~ e ~ "  
as t h e  chloride.  

2. Add s u f f i c i e n t  EDTA t o  g ive  a 
f i n a l  concentra t ion of 0.005 M 
and a f i n a l  volume of -500 ml; 

1 This is a v a i l a b l e  commercially. 

3. Adjust pH t o  7. Solution a s  received commercially 
is  s t rongly  ac id .  

4 .  Pour onto t h e  alumina i n  t h e  
generator .  

5. Pass 100 1111 EDTA s o l u t i o n  (pH 7) 
through the  alumina. - 

C. Milking t h e  Generator 

1. Elu te  ~a~~ with 25 m l  neutra-  Col lec t ion r a t e  should be 
l i x e d  0 -005 - M EDTA. , I 25 11-1113 - 5 mi*. 

Note: If* EDTA in tlie product i s  undesirable it m y  be - 
removed by (1) ex t rac t ing  Ga68 from 6 M HC1 i n t o  e the r  
and back e x t r a c t i n g  i n t o  3 0 ,  or  (2) azding 1 - 2 drops 
conc. I$ SO4 and 1 - 2 ml IOiO, a ~ l d  evaporating so lu t ion  
t o  dryness. 



Iodine- 124 

Isotope: 1124 
.- 

Half-Life: 4.2 d 

Production Method: sb12 (a ,n) 112 (cyclotron) 

Target: Sb (unenriched, pressed powder) 

Target Dimensions: :-. ' . 5.5 x 0.75 x 0.005 inches 
I 

. Beam Energy: . .. - MeV 

In tegra ted  Beam curgent: 494 pAh; (13 h a t  38 pA) 
- ..% . 

Cyclotron Yield: -. ; 9.5 mC a f t e r  48 h cooling 
.. . 

Chemical Yield:.: 230% 
- -. s 

Spec i f i c  ~cti.$%~:' - .  ..' .L,2 c 1 . 1 ~ ~ 1 ~  1- a s  .of 48 h cooling 
. . ... . . . 

. . 
Product Composition: dZ4 i n  NaHSC$ so lu t ion  o r  i n  Na, S% so lu t ion  

-. . .-- 

~adiochemica l  pur i ty :  9 9 %  1124, <lo% l l a ,  <I% 1126 a s  of 48 h cooling 

Nethod of Analysis: .Gamma spectroscopy and gross  decay 

Radiat ions (MeV): P.ositron Gamma 
4.90 ( 0.2%) 

1.55 (14 %) 
2.15 (11 %) 2 -745 , 

Specia l  Equipment: Press  capable of exer t ing  force  of 60 - 70 tons. 
Su i t ab le  d ie .  Semi-remotely operated d i s t i l l a t i o n  
equipment and t a r g e t  handling equipment. 

\ 

A. Target Preparat ion 

1. Neigh o u t .  7 g powdered Sb i n t o  a I D i e  area:  5.5 x 0 -75 inches. 
s u i t a b l e  die.  

2 . .  Press.  I A force  of 60 - 70 tons i s  required  
f o r  proper compaction. 



3. Place  i n  s p e c i a l  water-cooled 
holder.  

4 ,  Cover t a r g e t  with aluminum f o i l ;  
b o l t  on r e t a i n i n g  frame. 

p older is a f l a t  metal p l a t e  with 
.a r ecess  t o  f i t  t a r g e t  and a bolted- 
on re ta in ing  frame. , 

U s e  2.5-mil f o i l .  Thinner w i l l  melt; 
th icker  w i l l  degrade a energy too 
much. 

B. Pos t - I r rad ia t ion  Processing 

1. Score and c u t  t h e  aluminum f o i l  I U s e  a manipulator-held sc r ib ing  
around the  i n s i d e  of t h e  point .  
r e t a i n i n g  frame. 

2, l~emove  and d i sca rd  f o i l  and dump 
t a r g e t  i n t o  s t i l l  pot containing - 

chromic ac id - su l fu r ic  ac id-  
iodide  c a r r i e r  mixture. ' 

3. After  t a r g e t  d i s s o l u t i o n  cool  
s o l u t i o n  and add 100 m l  I& 0 and 
10 m l  30%- H3 PO3 . 

4 .  Heat and d i s t i l l  i n t o  %SQ3 
so lu t ion ,  adding 1 - 2 drops 
3077 l& 0, occasionally. 

. . 
5, To. d i s t i l l a t e  add 1 g oxal ic  a c i d  

and 18 - 20 1111 EULLC. %SO4 and 
r e d i s t i l l  i n t o  % SO3 solution.  

6. I f  desired,  the  product m y  h~ 
f u r t h e r  concentrated by making 
bas ic  and evaporat ing dotm. . 

Use tweezers or s u i t a b l e  manipulator. 
Mixture preparat ion:  DJ.ssnl.ve 13 8 
CrQ, i n  70 m l  $0; add 280 m l  conc. 
l& SO, and 5 #g I- c a r r i e r .  

This reduces t h e  iodates  t o  a d i s -  
t i l l a b l e  form. 

l&0, re leases  O2 gas which a c t s  as a 
c a r r i e r .  I$ SO, t r a p s  radioiodines i n  
non-volat i le  form. Stop d i s t i l l a t i o n  . 

.when a c t i v i t y  'ceases t o  d i s t i l l .  

This removes any Sb c a r r i e d  over 
during t h e  f i r s t  d i s t i l l a t i o n .  No 
%O, is  needed here  because of snnll 
volumes, 

Use NaOH oolut ion t o  rialce basic. 
This product w i l l  bind t o  protein.  

Note: I f  product is not 'going t o  be bound t o  g r o t e i n  i t  can - 
be d i s t i l l e d  d i r e c t l y  i n t o  NaOH. ins tead of i n t o  % SO3 . 



Isotope: I 

Shipping Form: 

Parent : 

Half-Lives: 

Generat or 

Te1a2 

Production Method: See Tellurium- 132 

Generator Yield: 470% * .  

Spe,cific Activity: Carrier- free 

Product .Compos it ion: NaIla2 in 0.01 Pf W O H ;  traces of stable ~ l '  and Na - - 
Radiochemical Purity: <loo3% Te132 ; <0.01Z, - 0 -3% IL31 , depending on 

history of.generator (see note below) 

Piethod of Analysis: Well-type scintillation counter standardized 
against ,q counter 

. Rad iat ians (MeV) : - Beta (Pa2 ) G- (11~~) 
0.80 (21 %) 0.528 

Beta (Te132) G a m  (Te132 ) 
0.22 0,052 . 

0 ,233 
A 

Special Equipment: Remotely operated dispensing equipment, 

A. Preparation of Generator 

1. Load a glass ~ k h n e r  funnel with I Pre-wash alumha with Y 0, decanting 
10 ml pre-washed Fisher chtomato- fines. Use a 25 mm 'dia; x 85 nun 
graphic alumina. high funnel. 



2. Cover with Feon c lo th ,  he ld  down 
by a polyeghylene r e t a i n e r  r ing .  

3. Wash with H,O u n t i l  e f f l u e n t  i s  
c lear . 

4. Pass 50 m l . 1  - M HNO, through t h e  
a l t n i n a  . 

"Feon" i s  a  non-absorbing a c r y l i c  
f i b e r  f i l t e r  c lo th .  

B. Loading of Generator 

1. I n t o  a few m l  I g O  pipe t  t h e  re -  
qui red  amount 0% T & ~ ~  product 
s o l u t i o n  and make up velum t o  
25 m l  with H,O. 

2. Mix well .  

3. Drip i n t o  generator  (see above) 
a t  <1 drop/sec. 

4. Pass 30 m l  % 0, through generator .  

Use so lu t ion  from s t e p  #25 of ~e~~~ 
process. . 

Remotely operated m a g n e t i c , s t i r r e r  
i s  convenient. 

5. Pass 10 m l  1 M - QOH through I This neu t ra l i zes  any r e s i d u a l  f r e e  
generator .  a c i d  l e f t  on t h e  alumina. 

6 .  Pass 500 m l  0.01 - M %OH through 
generator .  I 

Note: Generator i s  milked ( i .  e .  11a2 i s  e lu ted  from alumina) ' 

with 10 - 20 m l  0.01 _M NH40H. Washing t h e  r e s i n  with 0.01 5 
%OH p r i o r  t o  a given milking decreases t h e  1131 contamina- 
t i o n  i n  t h a t  millcing. This decrease i s  a d i r e c t  funct ion of 
t h e  amount of wash so lu t ion  used, but volumes over 300 ml of 

' wash s o l u t i o n  produce s o  l i t t l e  fu r the r  decrease i n  contam- 
i n a t i o n  t h a t  300 m l  can be considered t h e  p r a c t i c a l  mximum 
volume des i rable .  The 1131 contami-nation a l s o  decreases with 
increasing ngc of generator  and with decreasing "growth time" 
(defined as t h e  time bctween a given millcing and t h e  previous 
milking or  wash). Thus, fo r  minimum 1131 contamination one 
would choose a n  o l d  generator and wash it with 300 m l  0.01 5 
NH,OH a t  whatever tim& p r i o r  t o  millcing would al low only t h e  
des i red  amouct o: P3" t o  grow i n  ( i .  e. a t  t h a t  time 'which 
provides t h e  minimum growth time for  t h e  113" desired) . 



Iodine- 133 

Isotope: 

Half-Life: 

Production Method: 

Fiss ion Cross Sect ion: 

Target : 

Target Weight : 

Neutron Flux: 

I r r a d i a t i o n  Time: 

Fiss ion Yield: 

Reactor Yield: 1 
Chemical Yield: J 

Speci f ic  Act iv i ty :  

Product Composition: 

Radiochemical Puri ty:  
. 

Method of Analysis: 

Xadiat ions (IleV) : 

1133 

1 ' 3 ~ ~  21 h; ~ e ' ~ ~  (daughter), 5.3 d 

(n,f) ( reactor)  

582 b 

U3 O9 (unenriched) 

2 g 

-1.0 x Id3 n sec'l cme 

20 h 

-6 09% 
! \ 

m s  process produces -100 mC I ~ ~ ~ .  

"Carrier-free" (i. e. no I c a r r i e r  added) 

N a P  + NaI;tO, i n  d i l u t e  NaOH 

113' a l s o  present .  A t  30 h a f t e r  removal from 
r e a c t o r  the  compositiori i s  -75% , 8% 113' , and 
14% 113=. During t h e  next 40 h c o n s t i t u t e s  
275% of the  t o t a l  radioiodine  a c t i v i t y .  A t  105 h 
t h e  a c t i v i t y  equals  t h e  a c t i v i t y .  

4n p count t o  determine t o t a l  a c t i v i t y  a t  reference  
time; gross decay curve on previous b a t c h e s - t o  de te r -  

.mine r e l a t i v e  proportions of various radioiodines.  

Beta ( I ' ~ ~ )  
0.89 . 

Special  Equipment : Sealing and remotely operated opening devices f o r  
aluminum i r r a d i a t i o n  container.  Remotely operated 
di.arnond cut -off  wheel. Remotely operated 'sample 
t r a n s f e r  and chemical processing equipment, 
including j i g s  t o  p o s i t  ion  t r a n s f e r  container.  



A. Target Preparat ion 

1, i:Jrap 2 g, U3 0, powder i n  
aluminum f o i l .  

2. P lace  i n  quar tz  ampoule and 
weld quar tz  closed. 

3, Place  i n  aluminum i r r a d i a t i o n  
can and crimp on l i d .  

B, pos t - I r rad ia t ion  Handling 

1. Pry t h e  l i d  o f f  t h e  aluminum can. I use remote operat ion and shie ld ing.  

2. Transfer  t h e  quar tz  ampoule t o  
a l a t h e  chuck and, while ro ta t ing ,  
c u t  end off  quar tz  with a high 
speed diamond wheel 

3, Dump t h e  foil-wrapped U3 0, i n t o  a 
t r a n s f e r  conta iner  and t r a n s f e r  
t o  a d issolving v e s s e l . .  . 

The dissolving v e s s e l  is  a 500-ml 
round bottom f l a s k  r e s t i n g  i n  a n  
e l e c t r i c  heat-ing mantle. It has 
a stopperable charging i n l e t ,  a 
stopcock-regulated reagent supply 
l i n e ,  a gas bubbler, and a heated 
exhaust l i n e  leading t o  'a water- 
cooled condenser. 

C. Post-.Xrradiation Processing 

1, Add 30 m l  12 2 
disso lv iug  

2. H e a t  t h e  d i s so lve r  and t h e  l i n e  
t o  t h e  condenser. 

3, Add a few 'drops of 1 N NaOH t o  
t h e  condenser discharge. 

The aluminum f o i , l  wrapping dissolves  
when t h e  so lu t ion  i s  heated, 

The condenser dra ins  i n t o  a small 
(1 - 2 m l )  v e s s e l  containing g lass  
beads t o  insure  good gas- l iquid  
contact ;  i n t o  t h i s  vesse l  i s  led 
a l s o  a reagent add i t ion  funnel. 
The v e s s e l  dra ins  i n t o  a c o l l e c t i o n  
v e s s e l  which automat ica l ly  siphons 
when 4 r n l  is  col lecred.  

, 4. A d m i t .  Y i n t o  t h e  d i s so lve r  I This sweeps out  v o l a t i l i z e d  product. 
v i a  theG gas bubbler. 



5. As each 4 m l  of product i s  
co l l ec ted ,  measure r a d i a t i o n  
l e v e l  and s to re .  Repeat s t e p  
83 each- time. 

6 .  ifhen the  aluminum f o i l  mapping 
is  completely dissolved add 30 
m 1  112 0 slowly. 

7. Add 25 m l  30% I&02 2 - 3 drops 
per  second. 

8. Turn off  heat  when 1'2 - 16 m l  
product have been col lec ted .  

9. Selec t  most r ad ioac t ive  f r a c t i o n  
f o r  assay  and shipping. . 

' The f i r s t  4 m l  usual ly  conta ins  
only l i t t l e  a c t i v i t y .  

The 4 m l  c o l l e c t e d  dur~ng '  a d d i t i o n  
of t h e  I&02 conta ins  the  bulk of . I  I 

t h e  a c t i v i t y .  



Isotope:  @& 

Half-Lives: @", 20.9 h; ~1~ * (daughter) ,  2.3 m 

Product ion Method: ~ i '  (n,t)He4 ; I@ ( t  ,p)@ (reactor)  

Cross Section: 950 b f o r  ~i~ (n,t)He4 

Target : Lisp@6 a l l o y  

Target Weight: -12 % 

.Neutron Flux: I (1.2 - 1.3) x 1013 n sec'l cmB 

I r r a d i a t i o n  Time:  -3 days 

I ~ e a c t o r  Yield: -100 UC M$ 8-A12 

Chemical Yield: ' -90% 

Spec i f i c  Act iv i ty :  4 0  mC M$8-A128 per  gram Mg at  ti? of shipment 

Product c'ompos i t i o n :  ?L$".CL i n  d i l u t e  HC1 containing <I% NaCl 

Radiochemica 1 Purity:  95% -AlZ8,  5% fl, ' t r a c e s  of C U ~ ~ ,  cd115 as of 
24 hours following processing 

Nethod of Analysis: .Well-type s c i n t i l l a t i o n  counter s tandardized aga ins t  
+ B counter 

Radiat ions (MeV): 

'Special Equipment: 

Beta (M$ *) 
0 -42 (100%) 

Beta (A12*) 
2.87 

Low moisture, i n e r t  atmosphere glove box ("dry 
box") wi th  a i r  lock. Remotely operated can 
opener. Processing g.love Lox with -1/2-inch 
.lead shie ld ing s u i t a b l e  f o r  handling gross 
t r i t i u m  contamination. 



A .  Target Prepara t ion  

1. \Jeigh out  co r rec t  amounts of 
Lis and pgG metals sepa ra te ly  
and rap id ly  on a n  a n a l y t i c a l  
ba lance . 

2. Papidly t r a n s f e r  metal samples 
i n t o  dry box a i r  lock and f l u s h  
with dry argon. 

3.  ,Transfer  metal samples from a i r  
locic i n t o  dry box proper. 

4. MelC samples together  %n graph- 
i t e  c ruc ib le  . a t  - 6 5 0 ' ~  i n  furnace, 
s t i r r i n g  with a g raph i t e  rod. 

' Use ~i~ :we 3: 1 by weight. Use 
Li6 enriched t o  -96% and en- 
r iched t o  -99%. Prevent air 
oxidat ion.  

Ordinary tank argon is  s u f f i c i e n t l y  
dry fo r  t h i s  purpose. 

Dry box should a l r eady  have been 
f i l l e d  with argon. Argon f1.w r a t e  
need only be s u f f i c i e n t  t o  prevent 
back d i f f u s i o n  of a i r  i n t o  box. 

A s  soon a s  a l l  i s  molten, proceed 
t o  next s t ep .  

5. Pour molten a l l o y  i n t o  shallow I Rapid cooling w i l l  i n su re  homo- 
g raph i t e  mold. genei ty  of  a l l o y .  

6. P lace  ingot  under o i l  f o r  t r a n s -  
f e r  out  of box. 

7. Using a s u i t a b l e  small  r o l l i n g  
m i l l ,  r o l l  t o  0.25 nun Chiclcness. 

8. Cut i n t o  s u i t a b l e  s t r i p s  f o r  
i r r a d i a t i o n .  

Prevent a i r  oxidat ion.  Mineral 
o i l  i s  s a t i s f a c t o r y  fo r  t h i s  purpose. 

I f  t a r g e t  i s  too  th ick ,  t h e  high 0 
of Li6 w i l l  s e r i o u s l y  depress the  
i n t e r n a l  neutron f lux,  reducing t h e  
s p e c i f i c  a c t i v i t y  of l @ O .  

Cuts e a s i l y  wi th  ordinary s c i s s o r s .  

9 .  Store  tinder o i l  1 Prevent a i r  oxidat ion.  

2.  Place loaded rod i n  s u i t a b l e  
aluminum can and weld shut .  

B. Target I r r a d i a t i o n  

3. Evacuate can v i a  tube on cap 
and f i l l  with helium. 

1. Clcan a l l o y  f o i l  wi th  e t h y l  
a c e t a t e ,  weigh', and i n s e r t  i n  
s l i t s  i n  3/4-inch diameter 
g raph i t e  rod. 

I Cap of can should have shor t  length  
of 118-inch diameter tube a t t ached  

Solvent removes o i l .  Rod a c t s  a s  
spacer, holder, and heat  s i n k  and 
has two long i tud ina l  s l i t s ,  cu t  
about 3/4 of the  way through. Dry 
box not needed i f  handling is  f a i r l y  
rapid.  

I t o  i t .  

I Ordinary oil-pumped helium is  s a t i s -  
fac tory .  Helium prevents  air oxida- 
t i o n  .and i s  a good heat  t r a n s f e r  agent.  



4. 'Crimp tube closed. 

5. I r r a d i a t e  in reac to r '  2 & ~ s .  

6. 'Open can  w i t h  remotely ope ra t ed  
opener.  

1 End need not be  welded i f  crimp 
s e a l  i s  a good one. 

Use cooled ho le  t o  prevent  sample ' 

from melt ing.  Note: I f  sample 
mel t s ,  t h i ckness  w i l l  i nc rease  
and s p e c i f i c  a c t i v i t y  of Ma w i l l  
decrease;  s e e  above. 

Enclosure must be capable of dea l -  
ing  wi th  cons ide rab le  t r i t i u m  con- 
tamina t ion  from Li6 (nta)EP . 

C. P o s t - I r r a d i a t i o n  Process ing  

T r a n s f e r  g r a p h i t e  rod and  a l l o y  
f o i l s  t o  process ing  g love  box. 

Remove f o i l s  from rod  and d i s -  
so lve ,  one a t  a t ime, i n  a mini- 
mum of & 0 i n  a 5 0 - m l  
c e n t r i f u g e  t u b e  i n  a n  ice ba th .  

i 

Add 3 drops 3 N NaOH and  
c e n t r i f u g e .  

4 .  Discard superna te .  

5. Wash twice w i t h  i c e  water  con- 
t a i n i n g  3 drops of 3 - N NaOH, 
d i s ca rd ing  superna te .  

I Dry i n e r t  atmosphere not  requi red .  

React ion i s , r a p i d .  I f  f o i l s  a r e  
added t o o  r a p i d l y ,  they  may i g n i t e .  
P l a s t i c  c e n t r i f u g e  tubes  i n s u r e  
a g a i n s t  a c c i d e n t a l  breakage. 

Assures,,minimum l o s s  of Mg. 
Centr i fuge  5 min. 

Contains  F19 , EP and ~ a ? ~  . F18 comes 
from ( t ,n )  r e a c t i o n  on oxide impuri- 
t i e s .  F comes from unreac ted  ' 

t r i t o n s .  ~ i r ? ~  CORES from (n,y) 
r e a c t i o n  on sodium impuri t ies , f rom I 

( t f i )  r e a c t i o n  on r e s i d b a l  MS, 
and from (n,a) r e a c t i o n  on A 1  
i m p u r i t i e s  . 
Reduces H? and N$* contamination. 

6 .  Dissolve  Mg(OH), w i th  conc. HC1. I Use b0.5 m l  HC1/10 mg a l l o y  

7.  Pour i n t o  50-ml beaker conta in-  
i ng  s t i r r i n g  ba r  and  p l ace  on  
magnetic mixer. 

8. Ad.d 3 drops of 0.1% methyl r e d  
i n d i c a t o r  whi le  s t i r r i n g .  

S teps  #7 - V10 a r e  necessary  only  
i f  o r i g i n a l  e6 became contaminated 
wi th  A 1  dur ing  t h e  r educ t ion  t o  metal .  

9 ,  Add O..1 - N NaOH u n t i l  j u s t  yel lowr I This  p r e c i p i t a t e s  Al(OH),. The end 
po in t  i s  c r i t i c a l .  Mg(OH)2 w i l l  
p r e c i p i t a t e  i f  pH goes , too high. . 



Centrifuge and wash p r e c i p i t a t e  
with % O m  

To supernate add 3 mg F' c a r r i e r  
and 1 drop of 3 - N HC1. 

Pour supernate onto prepared ion  
exchange column. 

Wash column with 75 m l  of 0.001 
N HC1. - 
Combine e f f l u e n t s  and t r a n s f e r  
t o  d i s t i l l a t i o n  f l a sk .  D i s t i l l  
t o  near dryness. 

Add - 5 0  m l  0.001 N HC1 and 
d i s t i l l  t o  near  dyyness. 

Repeat s t e p  #15. 

Transfer  r e s i d u a l  s o l u t i o n  from 
d i s t i l l a t i o n  f l a s k  t o  beaker. 

wash d i s t i l l a t i o n  f l a s k  a t  l e a s t  
twice with 0.001 2 H C 1  and , 

combine with r e s i d u a l  so lu t ion  
( s t e p  iI17). 

Combine supernate and washes and 
save. Discard p r e c i p i t a t e .  

Use KF f o r  c a r r i e r ,  30 mg F' per m l .  
E' 

Column prgparat ion:  I n  a 1-inch 
f r i t t e d  Buchner funnel s e t t l e  3 / 4  
inch of Dowex 1 x 8 (Cl '  form). 
Cover with c l o t h  d i s c  and add 314 
. inch of Woelm A$ % ( n e u t r a l  grade) 
which had been previously condit ioned 
with 0.5 N HC1 and washed twice wi th  

Column removes remainder of 
$ 1  This is  necessary f o r  subse- 
quent assay.  

Use g l a s s  beads i n  f l a s k  t o  prevent 
bumping. Discard d i s t i l l a t e .  
Steps 814 - #16 reduce volume of 
product ( r e s i d u a l  so lu t ion)  and P . 

contamination i n  it. 

F ina l  volume should be -5 m l .  
Solut ion  should be water c l e a r .  



Isotope: 

Half-Lives: 

Production Method: 

~ission Cross .section: 

Target : 

Targct Weight: 

Neutron Flux: 

Irradiation Time: 

Fission Yield: 

Reactor Yield: 

Chemica 1 Yield: 

Specific Activity: 

Product Composition: 

~adiochemical Purity: 

Method of Analysis: 

Radiations (MeV): 

MO~", 67 h; Tcggm (daughter), 6.0 h 

(n, f) .(reactor) 

582 b . 

Alloy of A1 with U which has. been enriched-to 
93.15% lP3= 

A% , . 

-2.3 C Mog9 

-70% . .  

"Carrier-free" Mo99 (i. e. no Mo carrier added) 

(q)1M09904 in 1 - M NH40H 
>99.99% Mog9, traces of 1131 and Ru103 (at time 
of shipment) 

Well-type scintillation counter. standardized 
against y spectrometer 

Beta (NoYe ) 
0 -45 (14%) 

Beta (Tc9"m) - Gamma (TcOgm) - <0 -03% primary 6' 0 -002 
9.5% internal conversion electrons 0.140 

0.142 



S p e c i a l  Equipment : . chemical process ing  c e l l  providing 3 f e e t  of 
normal conc re t e  o r  1 f o o t  of  s t e e l  sh i e ld ing .  
.Remotely opera ted  chemica l .process ing  equip-  
ment,. Shielded remotely opera ted  can  opener.  

A. Target  P repa ra t ion  

1. Cut a p i ece  of A1-U a l l o y  t o  
c o n t a i n  ,180 mg Ze35, trinaning 
o?f excess  aluminum a t  edges. 

2. P lace  a l l o y  i n  s u i t a b l e  aluminum 
can  and weld shut .  

3. Evacuate can v i a  tube  on cap and 
f i l l  wi th  helium. 

4 .  Crimp .tube c losed .  

Rejec ted  s c r a p  f u e l  p l a t e  
( o r i g i n a l l y  intended f o r  t h e  BNL 
Graphi te  Research Reactor) i s  
used. This  is  a n  a l l o y  of A1-U 
sandwiched between two aluminum 
p l a t e s  which ex tend  -114 inch  
beyond the  a l l o y .  

Cap of can should have s h o r t  
l eng th  of 118-inch-diameter tube  
a t t a c h e d  t o  it. 

L 

, 
Helium prevents  a i r  o x i d a t i o n  and 
i s  a good h e a t  t r a n s f e r  agen t .  

End need not  be welded i f  crimp 
s e a l  i s  a good one. 

B. Chromtographic  Column Prepa ra t ion  
- - .  , 

1. Wash 50 m i  alumina wi th  Y, 0, 
d i sca rd ing  f i n e s  . Use F i she r  chromatographic alumina, 

50 - 200 mesh. 

' . 2. S l u r r y  t h e  alumina i n t o  t h e  I See schematic diagram of  
column. eq!~ ipment  ( F i g u r e  11). 

3.  S l u r r y  on to  t h e  alumina a l a y e r  
02 ground g l a s s .  

4 ,  idash' t h e  alumina wi th  t h e  
fo l lowing  i n  t h i s  order:  
200 m l  1 _M HN03, 
100 m l  H, 0, 
100 m l  1-E NH40H, 
200 m l  Y 0, 
100 m l  1 " ~  - HNO, 

This  keeps subsequent ly added 
r eagen t s  from d i s t u r b i n g  t h e  alumina 
bed. \ 

This  t rea tment  a r t i f i c i a l l y  "ages" 
t h e  alumina and reduces t h e  amount 
of Al* leached o f f  by subsequent 
processing . 



C. P o s t - I r r a d i a t i o n  Handling 

1. Load i r r a d i a t e d  can  i n t o  a s u i t -  
a b l e  por tab  l e  t r a n s  f e r  sh i e ld ,  
and  t r a n s f e r  t o  can-opening cave 
on  t o p  of h o t  c e l l .  

2. Open can  remotely and drop 
i r r a d i a t e d  t a r g e t  i n t o  t h e  
d i s s o l v e r  v e s s e l  i n  t h e  c e l l .  

See in t roduc to ry  s e c t i o n  pre-  ' 

ceding t h e s e  i n d i v i d u a l  procedures 
f o r  a d e s c r i p t i o n  of t h i s  equip- 
b e n t  and i t s  opera t ion .  

2. Cover t h e  i r r a d i a t c d  t a r g e t  with 
48 m l  6 - M HNO:, and 2 m l  2 - M 
H$(NOI, 1, 

\ 

D. Pos t - I r r a d i a t i o n  Process  i n 8  

1. To t h e  r e g i o n  under t h e  f i l t e r  . , ? Thi s  prevents  any subsequent ly 

3 .  Apply hea t  t o  start t h e  d i s -  
s o l u t i o n .  Turn o f f  h e a t  when 
t h e  r e a c t i o n  becomes vigorous.  

f r i t  of t h e  d i s s o l v e r  v e s s e l  
app ly  s u f f i c i e n t  a i r  p re s su re  , 

( 1  - 4 psig)  t o  fo rce  a smal l  
f l ow.o f  a i r - t h r o u g h  t h e  f r i t .  

4 .  Caut ious ly  add  3 more 50-ml 
port , ions of 6 g HNO, , pausing 
Letwren addlcions . 

. added l i q u i d  from d ra in ing  through 
t h e  f r i t .  

5. After ,  so l t l t l on  i s .  clear, add 
5 ml Te carr ier  s o l u t i o n  (0.1 
mg Te/ml 5 - M HNQJ ) . 

6. Wash Te c a r r i e r  i n t o  d i s s o l v e r  
w i t h  a :few ml 6 M - HN03 . 

. . 

7. ~ d d  $ 0  t o  b r i n g  v i lunk  t o  A 0 0  
m l  . 

8. By tu rn ing  o f f  t h e  a i r  p re s su re  
under t h e  f r i t  and apply ing  
air  p re s su re  above t h e  f r i t  a s  
needed, d r a i n  t h e  s o l u t i o n  
through the  f r i t  on to  t h e  . 
alumina co lumn . 

I f  tliis vlj11.tme f a i l s  t o  cover t h e  
t a r g e t  completely add enough 6 g 
HMO; t o  do. so. The Hg(N0, )2 
c a t a l y z e s  t h e  d i s s o l u t i o n .  

" Caution! React ion can  become 
v i o l e n t .  

Caution'. React ion w i l l  r un  
away i f  a c i d  is  added t o o  r a p i d . 1 ~ .  

It may be necessary  towai t  a fcw 
minutes f o r  s o l u t i o n  t o  c l c a r  
before adding Tc; it may a l s o  be 
necessary  t o  add a n  a d d i t i o n a l  
50-ml p o r t i o n  of 6 - M HNO, t o  c l e a r  
t h e  s o l u t i o n .  

This  avoids  . l o s s  of  c a r r i e r  by 
hold-up i n  i n l e t  l i n e s ,  

Up t o  15 p s i g  a i r  may be  
used t o  main ta in  a  l i q u i d  flow 
r a t e  of  10 - 15 mllmin. I f  f i l t e r  
f r i t  plugs up, back-blowing wi th  
a2r nay be necessary tu c l e a r  i t .  



11. Run 100 m l  H, 0 onto alumina 
column, followed by 100 m l  
0.01 - M NH,OH. 

9 .  Rinse d i s so lve r  vesse l  with 200 
m l  1 M HNO? and f i l t e r  onto . 
alumina column . 

10. Run 2 200-ml port ions of 1 - M 
HN03 onto alumina column. 

This removes any t r a c e s  of a c i d  
and makes t h e  alumina s l i g h t l y  
bas ic .  

. 

This washes u'nadsorbed ions off  ' 

the  alumina. 

VENT, COMPRESSED AIR 

12. Run 145 m l  1 M NH,OH onto 
alumina.  isc card the  f i r s t  
20 m l  of e f f l u e n t  and t r a n s f e r  
t h e  remainder t o  a mixing v e s s e l  

I /A DIP TUBE (FOR SOLUTION REMOVAL)  . 

1 M NH40H e l u t e s  M @ ~ ,  but  none 
appears i n  t h e  f i r s t  20 m l .  

- 

FILTER F R I T  ASSEMBLY 

COMPRESSED AIR TO FILTER FR IT  

and then t o  a dispensing buret .  - . 

To w3TE , ,  r-REAGENT ADDITION 

V E N T  TO)' 
WASTE '- 

POWDERED ALUMINA 

M~~~ PRODUCT\ 
~ ~ 3 ' 3 ~  PRODUCT RE M OVA L -&// \d- REMOVAL 

MOLYBDENUM COLLECTOR TEI.I.LJRII,IM GOCI-EGTOR 

I 
\TO WASTE 

Figure 11. F i s s i o n  product separat ion  equipment. 



Isotope:  

Half-Life:  

Product ion  Method: 

Ta rge t  : 

Targe t  Area: 

Targe t  Thickness: 

Targe t  Pressure :  

Beam Energy: 

I n t e g r a t e d  Beam Current :  

Cyclo t ron  Yield: 

Chemical Yield: 

S p e c i f i c  Ac t iv i ty :  , 

Produc t  Composition: 

. . ~adiochern i ' ca l  P u r i t y  : 

, Method 0.f Analysis :  

Rad ia t ions  (MeV): 

SpecLal Equipment: 

AIPO (a , p ) ~ ~ ~  (cyc lo t ron)  

gaseous A r ;  -18-mil window 

-1.5 x 6 inches 

5 inches (along d i r e c t i o n  of beam) 

15 ps ig  

A 0  MeV 

K43 i n  0, s a l i n e  s o l u t i o n ,  e t c .  as r equ i r ed  

-10% P2; remainder e3 as of end of bombardment 
P r e c a l i b r a t e d .  wel l - type  s c i n t i l l a t i o n  c r y s t a l  

Beta - Gamma 
0.47 ( 8 %) 0.22 ( 3%) 
0.83 (07 %I 0 3  (85%) 
1.24 ( 3.5%) 0.39 (18%) 
1.81 (' 1.5%) 0.59 (13%) 

0.61 (81%) 
. l o 0 1  ( 2%) 

s p d c i a l l y  designed containe,r  f o r  i r r a d i a t i n g  gas.  
Tongs and f i x t u r e s  f o r  semi-remote handl ing  of 
i r r a d i a t e d  target. Hood f o r  d i spos ing  of r a d i o a c t i v e  
argon. Vacuum pump. 



A. Target Prepara t ion  

1. Evacuate t a r g e t  chamber ( t o  10 - 
20 p) and f i l l  wi th ,argon.  

2. Repeat s t e p  #1 s e v e r a l  t imes. 

3. F i l l  with argon t o  15 psig. 

Target chamber i s  an aluminum can 
wi th  a n  18-mil window on one 6 x 1.5 
inch face;  t h e  t h i r d  dimension ( i n  
beam d i rec t ion)  i s  5 inches; two 
needle va lves  permit f lush ing  and 
draining.  Window i s  i n t e n t  i o n a l l y  
t h i c k  t o  withstand pressure d i f f e r -  
ence and t o  degrade' a energy t o  mini- 
mize competing A@ (a ,pn) I@' 
reac t ion .  

B. Post - I r r a d i a t i o n  Processing 

1 .  Open the  top  valve on the  t a r g e t  
chanber, r e l eas ing  the  argon i n  a 
hood. 

2. Through a funnel i n s e r t e d  i n t o  
t h e  upper valve,  add 10 m l  
s u i t a b l e  r i n s e  so lu t ion .  

3.  Close both valves.  Shake and ro-  
t a t e  chamber s o  t h a t  a l l  inner  
su r faces  a r e  wet ., 

Use a v i s e  t o  hold t h e  chamber 
upr ight  . 
Rinse may be pure $0, physio logica l  
s a l i n e ,  o r  any aqueous s o l u t i o n  a s  
required.  

Atomic K~~ i s  on ins ide  wal ls  and 
r e a d i l y  d issolves .  

4. Drain s o l u t i o n  through bottom 
. valvc i n t o  c o l l e c t i o n  b o t t l e .  I 

5. Repeat s t e p s  fll - I&. 1 
I 

Note: Rinse t a r g e t  clamber out thoroughly t o  prevent - 
corros ion p r i o r  t o  re-use. . 



e 

Isotope: ~c~~ 

Half-Life: 

Production Method: 

Production Cross Section: 

Target: .  

Target  Weig-ht : 

Neutron Flux:. 

Neutron Source: 

Beam Energy: 

In tegra ted  Beam Current: 

Accelerator  Yield: 

Chemical Yield: 

Spec i f i c  A c t i v i t y : .  

- Product Composition: 

, . Radiochemical Puri ty:  

Method of 'Analysis: 
- 

Radiat ions (MeV),: 

(n,(~) S C ~ ~  (Cockroft-Walton generators)  

Fast neutrons a r e  required;  14 - 15 MeV neutrons 
a reproduced  from-150 keV deuterons. . . 

430 pAh of deuterons 

A., PC 

50% 

Carr ier -  f r e e  

S C ~ ~  cL. , ("weightless" s o l i d )  

Gamma spectroscopy and decay of 175 keV y 

Beta - Gamma 
- - 

0-65 (93%) 0.175 ( 7%) - 
0.45 ( 7%) 0.98. (100%) 

1.04 (100%) 
1.31 (100%) 



A,  Targe t  P repa ra t ion  and I r r a d i a t i o n  

1. P lace  bulk  t a r g e t  mterial i n  a 
p l a s t i c  bag.and suspend i n  t h e  
pa th  of t h e  f a s t  neutrons. 

Neutrons are genera ted  by 
deuteron  bombardment of @ i n  
t h e  form of t h e  t r i t i d e  of Y, 
T i ,  o r  Z r .  Neutron y i e l d  depends 
as much on q u a l i t y  of t a r g e t  as , 

on deuteron  beam c u r r e n t .  

B. P o s t - I r r a d i a t i o n  Process ing  

1. Cover t h e  V, g wi th  150 m l  
and d i s s o l v e  by adding 150 n j0 
hot  NaOH s o l u t i o n  w i t h  s t i r r i n g ,  

2. D i l u t e  t o  1000 m l .  

3. With s t i r r i n g ' p o u r  s lowly i n t o  
2000 m l  2 g HC1. 

4 ,  Add LO m l  1 M FeCS . I 

- 
5. With s t i r r i n g  add s lo~lr ly  1000 

m l  4 g NaOH. 

6. c e n t r i f u g e ,  d i sca rd ing  supernate .  

7 ,  Disso lve  p r e c i p i t a t e  i n  HC1 and 
r e p r e c i p i t a t e  wi th  NaOll. 

8. Repeat s t e p s  /I6 - !I7 twice.  

9. Disso lve  p r e c i p i t a t e  i n  100 m l  
8 HC1. 

10. E x t r a c t  wi th  100 n l  d i e t h y l  
e t h e r ,  

P a r t i a l l y  n e u t r a l i z e  aqueous 
l aye r  w i th  conc. h iOH,  

~ d d  11 mg Fe3+ c a r r i e i  and 
r e p r e c i p i t a t e  wi th  %OH. 

Repeak s t e p s  /I6 - /I7 s e v e r a l  
t imes,  s u b s t i t u t i n g  q O H  . 

f o r  NaOH. 

Use 80 g NaOH. i n  150 m l  l$O. 

Separa t ion  of a r ed  s o l i d  should 
be  avoided a l though a smal l  
amount i s  not  troublesome. 

Fe(OH)3 p r e c i p i t a t e s ,  ca r ry ing  
sc4" and s o m  V. 

Concentrat ions a r e  unimportant,  
b u t  volumes should be kept  s.rnall. 
Th i s  s t e p  removes t h e  'remaining V. 

Use e t h e r  which ,has been pre-  
e q u i l i b r a t e d  w i t h  8 - M HC1. 

The s o l u t i o n  g e t s  h o t ,  t h e  r e s i d u a l  
e t h e r  b o i l s  o f f ,  and some sc4* ' 

i s  l o s t .  

I f  any t e t r a v a l e n t  V i s  p re sen t ,  
a b lue  p r e c i p i t a t e ,  i n s o l u b l e  i n  
a c i d ,  w i l l  appear .  To remove it ,  
c e n t r i f u g e  t h e  s o l u t i o n  whi le  a c i d ,  

, No sc4* is  l o s t  on t h i s  p r e c i p i t a t e .  



14.. Repeat s t e p  #9 using -10 m l  
8 - M HC1 and repeat  s t e p  B10 
s e v e r a l  times, using -10 m l  e the r .  

15. ,Ra i se  pH of aqueous l ayer  t o  3.  

This removes t h e  remaining Fe. 

16. ~ x t r a c t  with 10 ml of a so lu t ion  
of 0.5 M TTA i n  benzene. D i s -  
card  aqueous layer.  

TTA is the  common designation f o r  
thenoyltrifluoroacetone. 

17. Wash benzene l ayer  severa l  times 
with d i s t i l l e d  I&O, discarding 
washes. 

20. Evaporate aqueous l a y e r " t o  No s o l i d s  should appear. 
dryness. I 

This removes s a l t s  (v iz .  wC1) 
c a r r i e d  i n  t h e  benzene. 

18. Extrac t  benzene t k i c e  with 2 M 
HC1, saving aqueous ex t rac t .  

19. Wash aqueous l ayer  severa l  times 
with bellzzrze. 

Note:. Thus far ,  no e f f o r t  has. been.made t o  f ind  optimum - 
condit ions fo r  high chemical y ie ld .  Although not yet  
t r i e d , . a  super ior  procedure t o  s t e p s  /I15 - /I19 might be 
t o  br ing t h e  s o l u t i o n  t o  10 M i n  HC1 by adding 20 - 30 

, m l  conc. HC~, ex t rac t ing  ~c~~ i n t o  t r i - n - b u t y l  .phosphate, , 

and back ex t rac t ing  with %O which i s  then washed with e the r .  
, . 

This removes TTA c a r r i e d  by t h e  
water. 



Isotope: s~~~ 

Shipping Form: Generator . 

Parent : I?? 

Half-Lives: s P ~ ~ ,  2 -8 h; Ye", 80 h 

Production Method: Rbs5 (~1,2n)Y8~ (cyclotron) 

Target : RbCl (unenr iched) ; 5-mil aliuninum window 
* 

Target Thickness: A.02 inch 

Beam Energy: . 4 0  lieV 

In tegra ted  Beam Current:.  -15 pAh 

Cyclotron Yield: >lo0 PC P7 /w 
Chemical Yield: >90% P7 

Generator Yield: -70% Sr87m 

Speci f ic  Activi ty:  "Carrier-free" ~r~~~ (i, e. no Sr  c a r r i e r  added) 

Product Composition: ( s I ? ~ ~ ) ,  (% Ig i n  0.005% c i t r i c  a c i d  (aq .) 

Radiochemical Puri ty:  >99.9% a t  time of milking 

' ' Flethod of Analysis: Well-type s c i n t i l l a t i o n  counter s tandardized aga ins t  
garmna spectrometer 

Radiations (MeV) : Beta ( ~ 9 ~ ~ )  Gamma (~18'~) 
none 0 -39 
(-25% conversion e lec t rons)  

Specia l  Equipment: I n e r t  atmosphere box for  preparing t a r g e t .  Shielded 
remotely operated t a r g e t  dismantling device. 2 - - 
inches of lead sh ie ld ing  l o c a l l y  around processing . 

equipment. 



A. Target Prepara t ion 

.I. P lace  .25 g dry RbCl powder I Copper i s  chosen f o r  good heat  
i n  a 0.05" x 0.75" x 5" recess  t r a n s f e r  during bombardment. 
i n  a copper s t r i p .  

2. Melt t h e  RbCl (mop. -715'~) under 
a n  i n e r t  atmosphere. Cool. 

3.  Cover RbCl with a 5-mil aluminum 
window and. f a s t e n  copper s t r i p  
t o  a water-cooled aluminum 
t a r g e t  holder. 

Prevent oxidat ion of copper. 

Cover r e s i n  with c lo th ,  cover 
c l o t h  with 118 inch quar tz ,  
cover quar tz  with c lo th ,  'and 
add a polyethylene r e t a i n e r  
r ing .  

B. prepara t ion of  ene era tor 

Wash r e s i n  wi th  $ 0  u n t i l  no 
C1' i s  detectable.  

1. Place  -1l8 inch f i n e l y  ground . 
quar tz  t n  t h e  f r i t  of a 25 mm x - 

.. ' 80 mm Buchner funnel. 

2. Add 25 m l  Dmex 1 x 8 r e s i n  
(50 - 100 mesh). 

5 .  Pass 200 m l  0.5 N NaHC03 , solu- 
t i o n  through columq, followed 
by 200 m l  % 0. 

Do not d i s tu rb  quartz..  . , 

The quar tz  con t ro l s  the  flow r a t e  
t o  t h e  des i red  1 - 2 ml/min. The 
c l o t h  should be woven from a non- 
adsorbing syn the t i c  f i b e r ;  "Feontl , 
a n  a c r y l i c  f i l t e r  c lo th ,  is s u i t a b l e .  
The spring a c t i o n  of t h e  r e t a i n e r  
r i n g  holds it and the mate r i a l  under- 
neath i n  place,  

Requires 100 - 200 m l  UF e 
A g N 4  so lu t ion  t o  dete%O;l-. 

This puts  column i n  HC$- form. 

C. Pos t - I r rad ia t ion  Processing of Parent YB7 

1. Remove t a r g e t  from aluminum 
holder;  t r a n s f e r  t o  processing 

I . , equipment. 

2. P lace  t a r g e t  (copper s t r i p  and 
RbC1) i n  s p e c i a l  v e s s e l  and 
cover with -18 m l  water.  

Use remotely operated t a r g e t  d i s -  
r a n t  l i n g  device. 

Target r e s t s  on i t s  s i d e  i n  Lucite 
vesse l  provided with stopcock f o r  
draining.  



3. Af ter  RbCl is dissolved,  f i l t e r  
s o l u t i o n  i n t o  50-ml cen t r i fuge  
tube. 

4 . 1  Cover copper t a r g e t  s t r i p  with 
d i l u t e d  Y c a r r i e r  so lu t ion . ,  

5. F i l t e r  s o l u t i o n  i n t o  cen t r i fuge  
tube, r i n s i n g  Lucite  v e s s e l  with 
l$O and f i l t e r i n g  r i n s e  i n t o  
cen t r i fuge  tube. 

6 .  Remove copper s t r i p  ,from work 
area .  

7. Add 20 drops conc. OH t o  
s o l u t i o n  i n  cen t r i fuge  with 
swir l ing .  

8. Centrifuge, d iscarding supernate. 

9. Dissolve p r e c i p i t a t e  with 6 drops 
6 - N HC1. 

10. Reprec ip i t a t e  wi th  6 drops conc. 
%OH. 

11. Repeat s t e p  #8. 

12. Add 1 m l  $0 t o  p r e c i p i t a t e  ; then 
d issolve  by adding 3  - 6 drops 
3  - N HC1. 

13. Add -10 m l  I$ 0  and 10 m l  0  -5% 
c i t r i c  a c i d  so lu t ion .  Nix. 

14. Adjust pH'to 2 - 2.5, using 
NaOH solu t ion .  

15. Transfer  s o l u t i o n  t o  dispensing 
b u r e t t e .  

11 

I Use coarse  Buchner funnel t o  r e -  
move p a r t i c l e s  of copper corrosion.  

Diluted c a r r i e r  so lu t ion:  17 m l  
I-&O.+ 1 drop 6 N ' H C l  + 1 m l  Y 
c a r r i e r  (3.5 mg-l/ml) . 

This w i l l  reduce r a d i a t i o n  l eve l .  

y(CRI), p r e c i p i t a t e s .  

-5 min i s  s u f f i c i e n t .  

Solut ion  should be  c l e a r .  

pH of c i t r i c  a c i d  s o l u t i o n  should 
be 5.5. 

D. Loading t h e  Generator 

1. Drip s o l u t i o n  from s t e p  315, I Use 1 - 2 ml/min flow r a t e .  Assay \ 

s e c t i o n  C, onto r e s i n  column .an a l i q u o t  t o  determine amount of 
prepared i n  s e c t i o n  B. s o l u t i o n  t o  be thus  loaded. 



2. Wash r e s i n  with 50 - 100 m l  . I 'Use f resh  c i t r i c  a c id  solut ion 
0.005% c i t r i c .  ac id  solution.  , each t i m e ;  ad jus t  pH t o  5.0 jus t  

before using. 

Note: Generator is milked ( i .  e. sra7* i s  e luted from res in)  - 
with 20 m l  0.005% c i t r i c  acid  solution,  the  p H  of which has 
been adjusted t o  5.0. 



Isotope: 

Shipping Form: 

Tc9g13 

Generat or  

Parent : No9 

Half-Lives: Tcg9m, 6.0 h; M O ~ ~ ,  67 h 

Product ion  Method: See Molybdenum-99 ' 

Generator Yield: 

Spec i f i c  Act iv i ty :  

Product Composition: 

Radiochemical Puri ty:  

Method of Analysis: 

Radiat ions (MeV) : 

Specia l  Equipment: 

Carr ier -  f r e e  

>99.99% ~c~~~ a t  time of milking; t r a c e s  of 
I1 3l and R U ~ O ~  

Well-type s c i n t i l l a t i o n  counter s tandardized 
a g a i n s t  y spectrometer 

Beta (Tcg9m) 
<0.03% prinnry 8-  

Gamma (Tc9gm) 
0.002 

9 -5% internal - .convers ion e lec t rons  0 -140 
0.142 

,Beta (Pl&") Gamma (Nog9 1 
0.45 (14%) 0 -041 
0.87 (-1%) 0.181 
1.23 (85%) 0 -372 

0.740 
. . 0.780 

0 -950 

Remotely operated dispensing equipment. $-inch- 
t h i c k  lead s h i e l d  t o  enclose..generator during 
shipping. 

A. Preparat ion of Generator 

1. ItJash 5 g Woelm (neu t ra l  grade) 
alumina with 0.1 g HN03, de- 
canting and discarding f ines .  

Continue washing u n t i l  e f f l u e n t  i s  ., 
s t rong ly  a c i d  (pH = 1 - 2) .  
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2, Load a g l a s s  Buchner funnel  with 
t h e  alumina. 

3. Cover with Feon c l o t h ,  he ld  down 
. by 'a polyethylene r e t a i n e r  r ing ,  , 

Use a 25 mm d i a ,  x S5 mm high 
funnel having a c o a r s e . g l a s s  f r i t .  

"Feon" is a non-absorbing a c r y l i c  
f i b e r  f i l t e r  c lo th .  

1 .  4. Wash with 25 m l  0.1 _M HN03 . 
B. Loading t h e  Generator 

1. I n t o  a few m l  y o  pipe t  t h e  re- 
quired  amount d? PI099 product 

. solut ion.  

2, Add severa l  drops 'crystal Viole t  
i d i c a t o r  so lu t ion ,  

3 ,' 'With- s t i r r i f ig , '  add' HN0,- , t o  inkli- 
c a t o r  endpoint (pH = 1 - 2). 

4. With s t i r r i n g ,  add I&O t o  br ing 
volume t o  -25 m l  . 

5. Drip i n t o  generator  (see above). 

6. Pass 50 m l  0.1 _M HC1 through 
generat  or. 

Use so lu t ion  from s t e p  #Dl2 of Mog9 
process. 

Remotely operated magne.tic s t i r r e r  
i s  convenient. ' 

Note: Generator i s  milked ( i ,  e. Tcg9m is  e lu ted  from -- 
alumina) wi th  15 - 25 m l  0.1 g HC1, 



Isotope:  Tel 32 

Half -~ iv-es :  Te13", 77 h; 1 1 ~ ~  (daughter) ,  2.3 h 

Product ion Method: @ 36 ( n , f ) ~ e l ~ ~  + . . , ( r e a c t o r )  

F i s s i o n  Cross Sect ion:  582 b 

Target :  

Target  Weight: 

Neutron Flux: 

I r r a d i a t i o n  Time: 

F i s s i o n  Yield: 

Reactor  Yie,ld: 

Chemical Yield: 

S p e c i f i c  Ac t iv i ty :  

Product Composition: 

Al loy  of A 1  w i t h  U which has  been enr iched  t o  
93.15% 

,180 mg F3=; -7 g A 1  

-1.2 x 1013 n sec-1 cm* 

-3 d 

4.7% 

-1.9 C Te132 

5 0% 

,500 Clg Te 2 d a f t e r  end of i r r a d i a t i o n  

I.& T&32 0, i n  1 g HNO, 

Radiochemical Pur i ty :  4e13, /ATel3" = 15 -9% a t  end of i r r a d i a t i o n ,  and 8% 
2 h y s  l a c e r ,  ecc .  Rario decreases w ~ t h  a h a l t -  
l i f e  of 49.2 hours.  

Method of Analysis:  Well-type s c i n t i l l a t i o n  counter  s t anda rd ized  
a g a i n s t  4rr @ counter  

. Radia t ions  (IieV) : Beta  e el 32 ) 
0 -22 

Gamma  el^" ) 
0.052 

Beta (I132) 6amma ( 1 1 ~ ~ )  
0.80 (21 %) 0 3 2 8  
1.04 (15 %) 0.670 
1.22 ( I 2  X )  0.777 
1 .49 (12  %) 0 -96 
1.61 (21 %) and >23 other-  y's from 0.240 
2.14 (18 %) t o  2.9 MeV 
2.92 ( 0.03%) 



S p e c i a l  Equipment: Chemical process ing  c e l l  p rovid ing  3 f e e t  of 
normal conc re t e  o r  1 foo t  of s t e e l  sh i e ld ing .  
Remotely opera ted  chemical processing equip- 
ment. Shie lded  remotely opera ted  can open&. 

Note: For Targe t  P repa ra t ion ,  Chromatographic Column Prep- - 
a r a t i o n ,  P o s t - I r r a d i a t i o n  Handling, and f i r s t  12 s t e p s  of 
P o s t - I r r a d i a t i o n  Process ing ,  s e e  procedure f o r  Molybdenum-99. 

D. P o s t - I r r a d i a t i o n  Process ing  (continued) 

13. Run 400 m l  conc. NH,OH onto  
alumina column, d i s c a r d i n g  
e f f l u e n t  . 

14. Run 50 m l  0 -01 g NH4 OH on to  
alumina column, d i s c a r d i n g  
e f f l u e n t .  

15. Run 95 m l  3 _M NaOH on to  alumina 
column, d i s c a r d i n g  t h e  f i r s t  
15 m l  of e f f l u e n t  and t r a n s f e r -  
r i n g  t h e  remainder t o  t h e  Te132 
product  c o l l e c t i o n  ves se l .  

16. Wash alumina w i t h  20 m l  I$O. 

17. T rans fe r  ~e~~~ product from 
c o l l e c t i o n  v e s s e l  t o  r e p u r i f i -  
c a t  i on  v e s s e l ,  main ta in ing  air  
p re s su re  under f i l t e r  f r i c  i n  
l a t t e r  v e s s e l .  

18. To product i n  r e p u r i f i c a t i o n  
v e s s e l  add 60 m l  conc. H C 1  
con ta in ing  1 mg Te c a r r i e r .  

19. Switch from compressed air t o  
gaseous SO2 under f i L f ( ? ~ "  fri~, 
a l lowing  SO2 t o  bubble through 
s o l u t i o n  above f r i t  u n t i l  pre- 
c i p i t a t  ion  . i s  complete. 

20. Switch from compressed SO, t o  
p a r t i a l  vacuum under f i l t e r  
k i t ,  f i l t e r i n g  Te ,  and d i v e r t -  
i n g  f i l t r a t e  t o  waste.  

Th i s  removes most of any r e s i d u a l  I Mo99 l e f t  on t h e  alumina. 

Combine wash w i t h  Te13" product 
from *preceding s t e p .  

R e p u r i f i c a t i o n  v e s s e l  i s  sma l l e r  
b u t  similar i n  p r i n c i p l e  t o  d i s -  
s o l v e r  v e s s e l ;  having f i l t e r  f r i t  
a t  bottoiu; it and connect ing l i n e s '  
a re  not  shown i n  Figure 11. Air 
pres su re  under f r i t  keeps s o l u t i o n  
from e n t e r i n g  f r  i t .  

SO? reduccs Te t o  t h e  element 
(Llack p r e c i p i t a t e s ) .  Complcto 
p r e c . i p i t a t i o n  r e q u i r e s  -5 min. 

Use only  as much vacuum a s  needed 
(250, - 400 t o r r )  . . 



21 .  Readmit SO2 gas under f i l t e r  
f r i t .  -Then add 100 m l  H, 0, 
a l lowing  SO, t o  bubble through 
i t .  ' 

22. Repeat s t e p s  #20, #21j and  1/20. 

23. Apply compressed a i r  under f i l -  
t e r  f r i t  and add 5 m]. 10 1 HN03 . 

24. When no more Te is  v i s i b l e  add 
5 m l  H,O and wai t  5 min. 

25. Add 40 m l  l$O and s t o r e  o r  load 
113" genera tor  ( see  ~ o d i n e -  132) . 
A l t e r n a t i v e l y ,  go t o  s t e p  #25a. 

25a. Make 1 M in.NaOH before  ship-  
ping s o i u t i o n  per  se. 

This  washes t h e  Te p r e c i p i t a t e .  
Te i s  l e s s  s o l u b l e  i n  water 
' s a t u r a t e d  w i t h  SO2 t h a n  i n  pure 

Y O =  

This  w i l l  d i s s o l v e  Te. 

Th i s  w i l l  d i s s o l v e  any t r a c e s  of 
Te not  d i s so lved  i n  s t e p  #23. 

So lu t ion  i s  now 1 N HNO, and is  
ready f o r  loading -13~ gene ra to r s  
and f o r  s to rage .  Acid c o n d i t i o n  i s  
r equ i r ed  f o r  s t o r a g e  t o  prevent  Te 
from p r e c i p i t a t i n g  on s tanding .  
S torage  must be i n  cont inuous ly  
running hood t o  accommodate radi.0- 
i od ine  emanation. 

This  prevents  emanation of r ad io -  
i od ine  i n  t r a n s i t .  Any p r e c i p i t a t e d  
Te can  be r e d i s s o l v e d  a g a i n  i n  HNO,, 
a t  d e s t i n a t i o n .  $3 



Xenon- 128 

. . ~ ~ 1 2 8  ' Isotope: 

Shipping Form: Gas sealed  i n  g lass  ampoule 

Half-Life: (s table)  

Production Method: 11'7 (nYy)1lao -> xe'" ~ = 2 5 m  

Production Cross Section: 5.6 b. 

Target : K I  c r y s t a l s ,  o p t i c a l  grade, grown under He 
. . atmosphere, and .wrapped. i n  A 1  f o i l  . 

Target  Weight: 100 g 

Neutron Flux: 1G3, n sec-I .cm2 

~ r r a d i a t i o n  Time: 65 h 

Reactor Yield: 
chemical yield:  0.15 c c  (STP) = w e r a l l  y i e l d  

Product Composition: >>95% Xd2" 

padiochemical Pur i ty :  No r a d i o a c t i v i t y  present  . (see item $4 below) 

14ethod of Analysis: Mass. spectrograph 

Spec lal '  EquLymeut : S L ~ L L L ~  a s  lor A P e ,  which see 

A. Pos t - I r r a d i a t i o n  Processing 

Note: Equipment and procedure a r e  the-same as f o r  argon-38, - 
which see, except f o r  t h e  following changes: 

. . 

1. Wait fo r  K * ~  t o  decay before processing. 

2. I n  step #9 of thc  A??8 procccc, i n ~ t e a d  of bringjng the  charkoal up to 
room ternperature,.bring it  up t o  200°C'in order t o  desorb X e  during 
g e t t e r i n g  (which.would not have occurred otherwise). Similikrly'9in 
s t e p  1/13 and s t e p  #16' t h e  charcoal  t r a p s  should be brought t o  200.*C. 
After  s t e p  #16, t h e  charcoal  should be allowed t o  r e t u r n  t o  room 
temperature before measuring t h e  pressure; l ' i t r le,  $ i f  any Xe, w i l l  be 
l o s t  by readsorption. 



1. I n  s t e p s  #7, B9, f l l ,  214, and #16, s u b s t i t u t e  dry  ice-solvent  fo r  
l i q u i d  Pi2, because Xe docs not  requi re  a s  low a temperature as Ar 
f o r  adsorption.  'I 

4. Some 8.9-day Xe12"m is  a l s o  formed by ~ e l ~ ~ ( n , ~ ) ~ e l ~ Q m ,  bu t  ' t he . r ad io -  
a c t i v i t y  can be .reduced t o  any des i red  l e v e l  by a s u f f i c i e n t l y  long 
cooling peri.od. ' I 



P O  Isotope:  

Shipping Form: Generat o r  

Parent  : ~ $ 0  

Half-Lives : Po , 64.2 h; SrgO , 28 y 

Product i o n  Method: l j?35'(n,f)~r90 + ...; ( s e e  ORNL I so tope  Sa le s  
Department f o r  d e t a i l s )  

Generator  Yield: 98% 

S p e c i f i c  Ac t iv i ty :  C a r r i e r - f r e e  

Product Composition: -0.98 mC YgO / m l  0.5% c i t r i c  a c i d  s o l u t i o n  (aq.) a t  
r a d i o a c t i v e  equi l ibr ium;  propor t iona , te ly  l e s s  
a c t i v i t y  p r i o r  t o  equi l ibr ium.  

~ t d i o c h e m i c a ' l  Pu r i ty :  .. ~ 1 0 ' ~  mC ,590 / m l ;  (note ,  t h e r e f o r e ,  t h a t  a t  rad io-  
. . a c t i v e  equ i l i b r ium S190 i s  of P O )  . 

Method of Analysis:  Chemical s e p a r a t i o n  and 6' counting sSo;  rap id  a s s a y  
poss ib l e  p r i o r  t o  use of luillced P O  (descr ibed  below). 

Rad ia t ions  (MeV): Beta (ygO) Ganuita ( P o )  
2.26 . None 

 eta (SSO) . ' G a m  (SPO) 
0 -54 None 

S p e c i a l  Equipment: Generator (see Figure 1 2  and description). 
Glove box wi th  f i l t e r s  on i n l e t  and exhaust  v e n t i l a -  
t i o n  l i n e s  and  wi th  p a r t i t i o n  s e p a r a t i n g  r e l a t i v e l y  
c l e a n  loading a r e a  from more contaminated s to rage  
a rea .  Local sh i e ld ing  ( aga ins t  Bremsstrahlung) 
ar'ound SI?O s t o c k  s o l u t i o n  v e s s e l .  Assay column, 
ion  exchange r e s i n ,  c a r r i e r s  as descr ibed .  



A. Resin P repa ra t ion  

1. P lace  200 m l  Dowex 50W x 8 
c a t i o n  exchange r e s i n  on 
s i n t e r e d  g l a s s  f i l t e r  d i s c  i n  
a g l a s s  column equipped wi th  
d r a i n  and over flow. 

2. \slash. r e s i n  wi th  200 m l  H,,O 
flowing upward a t  -4 mlhin. 

3. Pass 800 m l  2 - N NH4C1 over 
r e s i n  a t  -2 mllmin. 

Use 50 - 100 mesh r e s i n .  

This  removes excess  Kt from r e s i n .  
Upward flow i s  more r ap id  t h a n  
downward. 

This  conver t s  r e s i n  t o  %+ form. 

4. Pass  1000 m l  $ 0  over r e s i n .  1 This  removes excess  WC1, 

B. Generator Assembly 

1. Load r e s i n  i n t o  s p e c i a l l y  
b u i l t  gene ra to r ,  l eav ing  
-5 n l  f r e e  space over main 
sec t i .on  and -2 m l  f r e e  space 
over t o p  sec t ion .  

2. Cap o f f  bo th  r e s i n  f i l l  t ubes  
and ven t ,  l eav ing  v e s s e l  
e n t i r e l y  f i l l e d  w i t h  l i q u i d .  

3.  Connect product d e l i v e r y  tube  
t o  s topcock v i a  Tygon connec- 
t ions.  

4 .  Place  gene ra to r  i n  Luc i t e  
con ta ine r .  Connect gene ra to r  
o u t l e t  t o  s topcock v i a  Tygon 
connect ion.  

5. At tach  bottom Luc i t e  cover.  

6 .' Place  shock absorb ing  space r  
between genera tor  and Luci te .  

7. Screw down t o p  Luc i t e  cover t o  
s e a l  a g a i n s t  gasket .  

See Figures 12 and 13. Spaces 
a r e  f r e e  of r e s i n  but f i l l e d  wi th  
l i q u i d  and permit expansion of ' 

r e s i n  dur ing  chemical loading 
and washing. 

For f i l l  t ubes  use smll rubber  
"mul t i - i n j ec t ion"  serum b o t t l e  s top-  
pers .  For ven t  u se  Tygon s l e e v e  . 
Del ivery  tube  should swivel  f r e e l y  
and r e t r a c t  when s l i d i n g  cover  
c lo ses .  

Use a .  l eng th  of  f l e x i b l e  p l a s t i c  
tub ing  'compressed t o  f i t .  

Maintaining c l o s e  t o l e r a n c e s  i n  fab- 
r i c a t i o n  of gene ra to r  w i l l  p revent  
breakage when cover  is  t igh tened .  



2. Dissolve i n  required  amount of 
d i s t i l l e d  H, 0. I 

C. C i t r i c  Acid Preparat ion i 

3. Set  a s i d e  -5% 'of s o l u t i o n  i n  a 
separa te  conta iner .  . 

1. Weigh out 5.0 g anhydrous 
c i t r i c  ac id  and 1.0.g phenol 
per  l i t e r  of s o l u t i o n  t o  be 
made. . 

4. Using conc. wOH,raise pH of 
main por t ion  of c i t r i c  ac'id 
s o l u t i o n  t o  5.4 - 5.5. 

' An e n t i r e  loading requ i res  22000 m l .  
Phenol prevents mold growth. Auto- 
claving of f i n a l  so lu t ion  may be 
s u b s t i t u t e d  f o r  phenol i f  pH i s  
checked a f t e r  autoclaving. 

5. Add t h e  5% por t ion t o  the  main 
por t ion  of c i t r i c  a c i d  so lu t ion  
and r e a d j u s t  pH t o  5.4 - 5.5 
as i n  s t e p  ifi. 

. , 

Save f o t  l lback- t i t ra t ing"  i n  case 
of overshooting pH. 

Use accura te  pH meter c a l i b r a t e d  
i n  t h i s  range. pH i s  c r i t i c a l  and 
must be c iose ly  con t ro l l ed  and 
occasionally checked, i f  . s tored.  . 

Wrong pH w i l l  allow SI?O t o  
migrate, eventually ru in ing  generator. 

. . 

See below f o r  a n a l y s i s  t o  be '  
performed p r i o r  t o  shipment. 

2. Place generator  i n  "c l.can1' 
compartment of glove box, 
l i n i n g  up e luen t  add i t ion  por t  
wi th  hole i n  c e i l i n g  of com- 
partment. 

D. Chemical Loading of Generator ' 

3. I n s e r t  funnel through hole  i n  
compartment- c e i l i n g  i n t o  e luent  
add i t ion  por t  and place. s u i t -  
a b l e  d ra in  tube under product 
del ivery  tube. , 

1. Adjust flow r a t e  through 
generator  t o  -3 ml/min. 

Ccmpartment i s o l a t e s  generator  from ' 
S ~ O  s t w a g e  and dispensing equip- 
ment t o  preverit surface  contamina- 
t ion of generator.. 

Stopcock has screwdriver-operated 
Teflon rleedle valve f o r  permanently 
set~iu& desi red  flaw ra te  whcn coclc 
is  f u l l  open. 

4 .  Open generator  stopcock and 
d r a i n  any excess l i q u i d  present .  



Add required amount of s@O 
s tock  so lu t ion  slowly. 

Wash funnel and generator  with 
3 30-ml port ions of %O, allow- 
ing generator t o  d ra in  a f t e r  
each washigg. 

- 

Wash funnel and generator  with 
2 50-ml port ions of c i t r i c  a c i d  
preparat ion,  allowing generator  
t o  d ra in  a f t e r ,  each washing. 

Remove funnel.  Close hole  i n  
c e i l i n g  of "clean" compartment. 

Add enough powdered quar tz  (50 - 
100 mesh) t o  f i l l  re-ent rant  
wel l  over r es in .  Use c i t r i c  
a c i d  preparat ion t o  wash quartz 
i n t o  place. 

Check flow r a t e  of generator. 
I f  necessary read jus t  t o  
-3 ml/win. 

Pass 2000 m l  c i t r i c  a c i d  prepa- 
r a t i o n  through the  generator. 

Use, dispensing buret .  Prevent 
so lu t ion  from approaching gasket.  
Note: I f  ~ 1 0 0  mC ST?O a r e  loaded, 
generator  l i f e  w i l l  be -1 year 

, (before  S?O contamination i n  
product begins t o  increase);  i f  
>lo0 mC a r e  used, l i f e  w i l l  be 
shortened, presumably due t o  
r a d i a t i o n  damage of  r es in .  

Radiation l e v e l  a t  one foot  frqm 
generator  w i l l  be -6 mR/hr f o r  
100 mC loading. 

Capi l lary  a c t i o n  of quartz p a r t i c l e s  
a c t s  as a valve; when l iqu id  l e v e l  
reaches quartz,  flow s tops  auto- 
m t i c a l l y  and a i r  is  prevented from * 

enter ing generator  even with stop- 
cock s t i l l  open. A i r  reaching the  
r e s i n  would cause subsequent chan- 
nel ing and d i s rup t ion  of the .bed.  

The c i t r i c  a c i d  rese rvo i r  i s  an  
o r i f i c e d  T o r r i c e l l i a n  tube arranged 
t o  provide a constant  l i q u i d  flow 
and t o  shut off  i f  t h e  flow through 
t h e  generator  slows down' or  s tops.  

E . Milking Generat o r  

Pour 100 m l  c i t r i c  a c i d  prepa- 
r a t i o n  i n t o  top of generator 
through funnel.  

' This w i l l  milk 'off whatever YgO 
has grown i n  s ince  last milking. 
Knowing i n i t i a l  S S *  a c t i v i t y ,  age 
of generator ,  and time s ince  l a s t  
m'i lking,  consult  graph (Figure 14) 

, t o  see how much P O  is  avai lable .  



2. Place  125 m l  f l a s k  (see note 4) I Flask should be 'shielded by -0.5 inch 
under de l ive ry  tube and open p l a s t i c  or wood. 
stopcock. 

F. Pre-shipment Analysis f o r  SI?O 

1. To 100 m l  e f f l u e n t  from t h e  
generator  add a known amount 
(-10 mg) sr* c a r r i e r  as 
( 1  ) S r ( N 0 ) .  FIix we'll. 

. Add 10 m l  s a t u r a t e d  Na2 CO, , 5 m l  
conc. %OH, and 1 - 2 drops 
phenolphthalein. 

3. Heat t o  near b o i l i n g  f o r  30 min. 
with occasional  s t i r r i n g .  

4. Cool i n  i c e  bath I o r  30 min. 

5 .  Centrifuge, decant, wash precip-  
i t a t e  with d i s t i l l e d  $0, cen- 
t r i f u g e ,  and decant. 

6. Dissolve p r e c i p i t a t e  i n  5 m l  1 N 
HC1 and heat  fo r  15 min. 

7. Cool and add 1 - 2 drops phenol- 
phthale in  and 3 - 4 ,rig $+k 
c a r r i e r  . 

. 8. T i t r a t e  wi th  1 N NaOH t o  f i r s t  
s i g n  of pink color .  

.9. Yalce up volume t o  -20 m l .  

10. Let stand 5 - 10 min. with 
occasional  shaking. Centri-  
fuge .. 

11. Decant supernate i n t o  3 - 4 ng 
c a r r i e r  and 1 - 2 drops 

I - N HC1.- Mix well .  

Caution: Observe proper precautions 
fo r  handling $100 mC @' a c t i v i t y  
(Po 

SrCO, should p r e c i p i t a t e .  I f  solu-  

, - t ion tu rns  co lo r less  add more NH4 OH. 

Discard supernates . 

Use steam bath. 

Use. d i s t i l l e d  IL, 0. 

I f  solut2on i s  s t i l l  pink, add HC1 
dropwise u n t i l  color  l e s s .  

12. Repeat s t e p s  #8 - #I1 th ree  ' 

times. Then repeat  s t eps  #8 - 10. 
I 

13. Decant supernate i n t o  3 - 4 nlg 

I 
. ~e t f l ' - ca r r f  e r  and 1 - 2 drops 
. 1  N H C 1 ,  Mix well.  

I 
- i 



T i t r a t e  with 1 - N NaOH and add 
2 drops excess. 

Let stand 10 - 15 mine 
Centrifuge. 

To decanted supernate add 10 nl 
saturated oxalic acid  solut ion 
and heat  t o  near boiling. 

While hot, add conc, %OH drop- 
wise with s t i r r i n g  u n t i l  a pre- 
c i p i t a t e  jus t  forms. Digest 
hot for  15 mine with occasional 
s t i r r i ng .  

Cool i n  i ce  bath for  15 d n ,  
with occasional s t i r r i ng .  

F i l t e r  onto pre-weighed f i l t e r  
paper. 

l a s h  prec ip i ta te  with d i s t i l l e d  
%O, then with two 5-ml portions 
e thy l  alcohol, then with two 
5-ml portions e thy l  ether. 
Suck dry, 

PLace f i l t e r  paper and precipi-  
t a t e  i n  vacuum desiccator and 
evacuate for  2 - 3 mine 

Slowly admit air t o  desiccator. 

Repeat s teps  #21 - 822. 

Weigh and calculate  percent re-  
covery of ~r*. 

Mount prec ip i ta te  and count Po's 
with and without 215 - 220 mg/cd 
aluminum absorber. 

Correct count through the  absorb- 
e r  for  a t tenuat ion of Po B-'s 
by the  absorber. 

SrC O4* l&0  (strontium oxalate mono- 
h y k a t e )  precipi ta tes .  

U s e  -15 rn diameter paper on a 
H i r  sch funne 1. 

Use no desiccant. 

This absorber removes a l l  s B O  B"s, 
leaving only the background from 
residual  P O .  

Attenuation factor  must be determined 
under iden t ica l  conditions (backing, 
cover, thickness, area,  posit ion i n  
counter) used fo r  count i n  s t e p  #25, 



POROUS GLASS DISCS 

TOP SECTION 

POROUS GLASS DISC 

PRODUCT DELIVERY 

CONNECTIONS 

CARRYING HANDLE 

SWIVEL COVER 

ELUENT ADDITION PORT 
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LUCITE CONTAINER 

-POWDERED QUARTZ 

RESIN FILL TUBES 

DOWEX 5 0 W  x 8 

MAIN SECTION 

POROUS GLA35 DISC 

TFFI ON PLUG STOPCOCK 
WITH ADJUSTARLE 'ORIFICE 

Figure 12. Y ttrium-90 generator. 



REAGENT ADDITION GRADUATE d 
PRODUCT DELIVERY TUBE 

STOPCOCK EXTENSION 
FUNNEL 1 

YTTRIUM 90 
PRODUCT RECEIVER 

(125 ml GLASS STOPPERED 
ERLENMYER FLASK) 

Figure 13. Operation of yttrium-90 generator. 
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I 2 3 4 

TIME, WEEKS 

~ i g u r e  14. Cure showing gruvlll of' y90 from its 81'' parent and the 
ef fects  of milking 2 weeks after and 1 day after previous milkings. 





Subtract  correc ted '  count 
through absorber from count. 
without absorber and cor rec t  
f o r  geometry and chemical 
y i e l d  . .. . 

' This g ives  ST?O . a c t i v i t y  per  
100 m l .  product so lu t ion .  (Note: 
SI?O geometry co r rec t ion  must 
a l s o  be determined under condi- 
t i o n s  i d e n t i c a l  t o  those  i n  

, s t e p  #25 .) . 

Wash.resin with 10 m l  $0 and 
a d j u s t  flow r a t e  t o  -2 mllmin. 

. . 
. . G., ' prepara t ion  and Use. of Assay Coluhn (by Custonierl . 

. . . . 

I Raise o r  lower de l ive ry  tube  as 
required.  

F i l l  assay  coluhn t o  r e d  l i n e  
with r e s i n .  . , 

. . 
. . 

. . 

~ d d '  1' m i ,  ~ r *  c a r r i e r  t o  a 5-ml 
a l i q u o t  of t h e  lgO product,  t o  
be assayed,and mix.. 

A small  p l a s t i c  sh ie lded g l a s s  
column, sr* c a r r i e r  Cd.1 _M 
Sr(N4 ), 1, and Dowex 1 r e s i n  a r e  
furnished with each.generator .  
See photograph (Figure 15). 

Pour niixture i n t o  column, catch- 
ing  ' e f f luent  i n  25 m l  volumetric 
f l a sk .  

Wash with 10'~ M NH,OH u n t i l  . ' 

25 m l  e f f l u e n t  Ts col lec ted .  

P ipet  2 m l  samples onto each of 
2 planchets.  

Dry under' hea t  lamp. I 
Count i n  dup l i ca te  a s  i n  s t e p s  
/I25 - #27 i n  s e c t i o n  F above. I 

Note: This  column assay procedure provides a simple r ap id  - 
method whereby t h e  customer can v e r i f y  t h e  p u r i t y  of each 
milking before  t h e  batch is used. S e n s i t i v i t y  of t h i s  
procedure i s  0.01 - 0.02 VC s@O. Although t h i s  i s  a 
f a c t o r  of 10 higher than what should 'be  present  normally, 
it is  s t i l l  s u f f i c i e n t l y  s e n s i t i v e  f o r  complete s a f e t y .  
I f  t h e  procedure de tec t s  any ST?" which is confirmed by 
r e p e t i t i o n  using a f r e s h  a l i q u o t  of product, t h e  genera tor  
should be  re turned t o  Brookhaven. 




