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AN ANALYTICAL METHOD FOR N EPTU N IU M -237  

USING ANION EXCHANGE

INTRODUCTION

(1  2 )T he a n a ly tica l m ethod ’ for  neptunium  u sed  by the la b o r a to r ie s  

su p p ortin g  H anford sep a ra tio n  p r o c e s s e s  i s  b a sed  on the ex tra c tio n  of 
neptunium (IV) by T TA  fo llow ed  by to ta l alpha counting of n ep tu n iu m -237  and 
gam m a counting of n ep tu n iu m -2 39 tr a c e r , added to  p erm it y ie ld  m e a s u r e ­
m en ts . A lpha e n erg y  a n a ly s is  is  u sed  to  d e term in e  the pu rity  o f the  
n ep tu n iu m -2 37 . In sa m p le s  con ta in in g  high p lu ton iu m -to -n ep tu n iu m  r a tio s  
a n d /o r  high b e ta -g a m m a  a c tiv ity , rep ea ted  e x tra c tio n s  a re  e s s e n t ia l  to  

in su r e  su ffic ien t d econ tam in ation  to  p erm it n ep tu n iu m -237 d eterm in a tio n  by 
alpha e n erg y  a n a ly s is  and n ep tu n iu m -2 39 d eterm in a tio n  by gam m a en erg y  
a n a ly s is .

Anion exch an ge should  a lso  be a p p lica b le  to  the sep a ra tio n  o f neptu­
nium  fro m  in te r fe r e n c e s . Neptunium (IV) i s  s tro n g ly  a b so rb ed  on anion

(3)exch an ge r e s in s  fro m  n itr ic  a c id  so lu tion . R yan 's w ork on th e r e c o v e r y
(4)of p lu ton ium  by anion exch an ge sh ow s that a h igh  d eg ree  o f sep a ra tio n  

fr o m  u ran iu m , a m e r ic iu m  and f is s io n  p rod u cts  a s  w e ll a s  m o st com m on ly  

found im p u r it ie s  is  a ch iev ed . T he d eterm in a tio n  of neptunium  by u se  of 
anion  exch an ge r e s in s  should  be fe a s ib le  if  a m ethod for  sep a ra tio n  of p lu ton ­
iu m  is  found. T h is  p ap er d e s c r ib e s  the d evelop m en t o f su ch  a m ethod.

SUMMARY AND CONCLUSIONS

A m ethod h a s b een  d ev e lop ed  fo r  sep a ra tio n  o f neptunium  fro m  

plu ton ium , u ran iu m , a m e r ic iu m , cu riu m  and f is s io n  p rod u cts by anion  
exch ange w ith su ffic ie n t d econ tam in ation  to  p erm it n ep tu n iu m -237 e s t im a ­
tio n  by alpha en erg y  a n a ly s is  and n ep tu n iu m -2 39 e s t im a tio n  by gam m a  

sp e c tr o m e tr y . T he sa m p le  i s  sp ik ed  w ith n ep tu n iu m -239 tr a c e r  to  p erm it  

y ie ld  c o r r e c t io n s  and load ed  on a s m a ll co lum n  o f D ow ex 1, X -4  (100-200  
m esh ) fro m  8  M n itr ic  a c id  in  th e  p r e se n c e  of fe r r o u s  su lfa m a te  and
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se m ic a r b a z id e . A fter  w ash ing the r e s in  w ith 30 to  40 co lum n  v o lu m es o f a 

4, 5 M n itr ic  a c id  so lu tio n  con ta in in g  fe r r o u s  su lfa m a te  and s e m ic a r b a z id e ,  
th e neptunium  is  e lu ted  w ith 0. 005 M e e r ie  su lfa te  in  d ilu te  n itr ic  ac id  and 

m ounted fo r  to ta l alpha counting , alpha en erg y  a n a ly s is , and gam m a en erg y  
a n a ly s is . N eptunium  r e c o v e r ie s  o f 95 p er  cen t have been  obtained w hile  
plu ton ium  d econ tam in ation  fa c to r s  a re  5 x 10'^. D econ tam in ation  fa c to r s  
fo r  uran iu m , a m e r ic iu m , cu r iu m  and g r o s s  f is s io n  p rod u cts a re  a ll  g r ea ter  
than 10^. U ran ium , up to  180 g /1  in  the co lum n feed , d oes not in te r fe r e .
T he p lutonium  d econ tam in ation  fa c to r  can be in c r e a se d  by a fa c to r  of 10 to  
1 0 0  by fo llo w in g  the n itr ic  a c id -fe r r o u s  su lfa m a te -se m ic a r b a z id e  w ash  by  
a w ash  w ith 0 . 1 M NH^I in  12 M HCl. T h is  i s  fo llo w ed  by neptunium  e lu tion  

w ith 6 . 5 M H Cl con ta in in g  0 . 004 M H F. T he m ethod is  ap p lica b le  to  the  
high sa lt  sa m p le s  fr o m  th e R edox p r o c e s s  a s  w e ll a s  P u re x  p r o c e s s  sa m p le s .

DISCUSSION

An ion  exch an ge r e s in  m ay be co n s id ered  as an io n ic  sa lt  in  w hich  

one of the io n s  i s  a ttach ed  to  an in so lu b le  organ ic  m a te r ia l of high m o le c u ­
la r  w eight. In th e  c a s e  o f D ow ex 1 r e s in s ,  the a ttach ed  group is  a q u artern ary  
a m in e  and the m ovab le  ion  i s  any n e g a tiv e ly -c h a r g e d  ion . In the op eration  
of th e ion  exch an ge colum n th e  m ovab le anion i s  r ep la ce d  by the anion of the

so lu tio n  p a s se d  through th e colum n and o c c u r s  a cco rd in g  to  the law  of m a ss
(5)action .

R'^A' + B'*' = RB + A"
T he eq u ilib r iu m  d istr ib u tio n  co e ffic ien t i s  w id e ly  u sed  a s  a m e a su r e  of the  

d eg ree  o f ab sorp tion  of an ion  by the r e s in  and is  d efin ed  by

Kd = X m l so lu t io n /g r a m  of r e s in

fo r  c a s e s  o f v e r y  low  ion  co n cen tra tio n s . Mr and M s a re  th e am ounts in the  

r e s in  p h a se  and so lu tio n , r e s p e c t iv e ly . F ro m  the th eo ry  d evelop ed  by M ayer
( C \

and T om pk ins it can  be show n that the vo lu m e o f so lu tio n  p a s se d  through  

th e co lu m n  to b rin g  the co n cen tra tio n  of the ion  in  th e e fflu en t to  m axim u m
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is  p rop o rtio n a l to  th e  Kd va lu e . T hus io n s w ith w id ely  d ifferen t Kd v a lu es  

m ay be sep a ra ted  e a s i ly  by colum n o p era tio n s .

T h ere  a re  few  e le m e n ts  o th er  than N eptunium (IV ), P lutonium (IV ) 

and T horium (IV ) known to  fo rm  stro n g  an ion ic  n itra te  c o m p le x e s  in  n itr ic  
a c id  a b so rb a b le  on anion ex ch a n g ers . T ab le  I l i s t s  so m e  o f the known 
d istr ib u tio n  c o e f f ic ie n ts  o f io n s  in  n itr ic  a c id  w hich a re  of in te r e s t  in  the  

sep a ra tio n  of neptunium .

TA BLE I

DISTRIBUTION CO EFFICIENTS O F SOME IONS IN HNO, 
ON ANION EXCHANGE RESIN*

HNO 3  M o le s /L ite r  

Ion
2 4 6 8

Kd
1 0 1 2

R e fer e n c e
N eptunium (V) 0. 3 4 1 0 10. 5 10. 5 1 0 7
Neptunium (IV) 300 600 1800 2 0 0 0 2500 2400 3
Plutonium (IV ) 700 2 0 0 0 3500 4
Plutonium (III) N ot ab sorbed 7
Thorium (IV ) 15 50 2 0 0 300 2 0 0 8

P rotactin ium (V ) 2 8 1 0 1 0 4 7
U ranium (VI) 0 . 1 3 7 8 9
Z ircon ium (IV ) 0 . 1 0 . 3 0. 8  0 . 9 0. 7 7
R uthenium (IV) 50 2 0 1 0 8 4 7
A lum inum (III) N ot ab sorb ed 9
A m ericiu m (H I) Not ab sorb ed 9

Curium (III) Not ab sorb ed 9

Iron(IlX) N ot ab sorb ed 9

R a re  3jarth(III) N ot ab sorb ed 9

* T h is  data should  be co n s id e re d  q u a lita tive  ra th er  than quantitative  
b eca u se  r e s in s  o f d ifferen t c r o s s  lin k a g es  w ere  u sed  by d ifferen t  
au th ors.
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T he anion exch an ge b eh av ior  of m eta l co m p le x e s  in  ch lo r id e  s y s te m s
h a s  b een  w id e ly  stu d ied , U ranium , neptunium  and plu tonium  in

( 12)IV and VI ox id ation  s ta te s  show  quite s im ila r  ab sorp tion  c h a r a c te r is t ic s .

Many o th er  e le m e n ts  a re  ab sorb ed  fro m  h y d ro ch lo r ic  a c id  s y s te m s . F o r  
th e s e  r e a s o n s  and s in c e  th e P u rex  and R edox p r o c e s s e s  a r e  n itra te  s y s te m s ,  
th e n itr ic  a c id  s y s te m  a p p ea rs  m o re  a ttra c tiv e  fo r  th e sep a ra tio n  o f tr a c e r  
q u a n tities  o f neptunium  fro m  uranium , plutonium  and m ix ed  f is s io n  p rod u cts.

EX PER IM EN TA L

R ea g en ts  and M a ter ia ls

A n a ly iica l grad e  D ow ex 1* r e s in s  w ere  u sed  throughout the en tire  

study. T h e se  w ere  co n v erted  to  th e n itra te  fo rm  by w ash ing w ith 7. 0 M 
HNO 3 . No o th er  p u rifica tio n  s te p s  w ere  u sed .

F e r r o u s  su lfa m a te  s to ck  so lu tio n s  w ere  p rep a red  by d is so lv in g  high  

p u rity  iro n  pow der in  a s lig h t s to ic h io m e tr ic  e x c e s s  of su lfa m ic  a c id  s o lu ­
tio n . T he se m ic a r b a z id e  w as kept under r e fr ig e r a tio n  to  p reven t d eco m p o ­
s it io n . A red u cin g  so lu tio n  w as p rep a red  con ta in in g  0. 01 M fe r r o u s  su lfa m a te ,
0 . 1 M se m ic a r b a z id e  and n itr ic  ac id . It w as n e c e s s a r y  to  p rep a re  th e r ed u c ­
in g  so lu tio n  ea ch  day, a s  th is  m ix tu re  d e te r io r a te s  rap id ly .

T he n ep tu n iu m -239 tr a c e r  w as obtained by th er m a l neutron  irra d ia tio n  

o f u r a n iu m -238.

A pparatus

G la ss  co lu m n s, 3 m m  x 7 cm , w ith a 1 0  m l r e s e r v o ir  w ere  u sed  in  

a l l  e x p e r im e n ts . F lo w  r a te s  w ere  co n tro lled  by app lying a vacuum  to  the  
b ottom  o f the co lum n. F o r  h igh ly  ra d io a c tiv e  sa m p le s  th e efflu en t fro m  the  

load in g  and w ash  s te p s  w as con tin u ou sly  "slurped" into a w a ste  co n ta in er .
( 13)T he alpha e n e rg y  a n a ly zer  u sed  w as a fo u r -p la c e  gridded  ch am b er .

A s c in t illa t io n  cou n ter  w ith th r e e - in c h  N al(T l) c r y s ta l  w as u sed  a s  a gam m a
(14)d e te c to r . A 2 5 6 -ch a n n e l p u lse  height a n a ly zer  w as u sed  w ith th e alpha

and gam m a d e te c to r s . ________________________________  _________________
^  Supplied  by B io -R a d  L a b o r a to r ie s , B e r k e le y , C a lifo rn ia

UNCLASSIFIED



UNCLASSIFIED - 6 -  H W -59032

A b sorp tion  of N eptunium  on D o w e x -1 R esin
(7)S em ica rb a z id e  h as b een  u sed  by o th er  w o rk ers  a s  a reductant for  

neptunium . P r e lim in a r y  s tu d ies  w ith n ep tu n iu m -239 and p lu to n iu m -239 

t r a c e r s  show ed  that neptunium  is  q u antita tively  ab sorb ed  fro m  0, 1 M s e m i­
ca rb a z id e  in  7 .0  M HNOg, but l i t t le  sep a ra tio n  fro m  plutonium  is  ach ieved . 
W hen fe r r o u s  su lfa m a te  w as su b stitu ted  for  se m ic a r b a z id e , th er e  w as b e tter  
plutonium  sep a ra tio n  but g a s  form ation  on the r e s in  r e su lted  and high  
plutonium  d econ tam in ation  w as not obtained. When both fe r r o u s  su lfam ate  

and se m ic a r b a z id e  w ere  p r e se n t , g a s  fo rm a tio n  w as m ark ed ly  red u ced  and 
an e x c e lle n t  sep a ra tio n  fro m  plutonium  r esu lted .

To d e term in e  the e ffe c t  of n itr ic  a c id  co n cen tra tion  on th e a b so r p ­

tio n  o f neptunium , neptun iu m -239 tr a c e r  w as loaded  on D ow ex 1, X -4  co lu m n s  
fro m  a so lu tio n  of th e  red u cin g  m ix tu re  w ith v a r io u s  n itr ic  a c id  co n c en tr a ­
t io n s . T he co lu m n s w ere  w ash ed  with s e v e r a l  co lum n v o lu m es o f n itr ic  
a c id  at the sa m e  co n cen tra tio n  a s  the feed . T he n ep tu n iu m -2 39 gam m a  
a c t iv ity  in the effluen t w as com pared  with th e n ep tu n iu m -239 gam m a a c tiv ity  
added. T ab le  II sh ow s th e r e s u lt s  of th is  ex p erim en t.

T A BLE II

NEPTU NIU M  ABSORPTION ON DOWEX 1,
X -4  FROM  0. 01 M FgR R O U S SULFAM ATE - 0. 1 M SEM ICARBAZIDE

AND NITRIC ACID
N itr ic  A cid  in  F e e d  Np239 A ctiv ity  Np^^^ A ctiv ity  P e r  Cent Np

M in E fflu en t, c /m  Added, c /m  A b sorb ed

3. 0 28, 655 97, 105 57. 0
4 .0 1 0 , 390 97, 105 89. 3
4. 5 1, 140 97, 105 98. 8

5 .0 1 , 810 9 7 ,1 0 5 98. 1
5. 5 990 9 7 ,1 0 5 9 9 .0
6 . 0 2 , 106 1 3 0 ,566 98. 4
6 . 5 298 13 0 ,566 99. 8

7 .0 1, 780 1 3 0 ,566 98. 6
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The r em o v a l o f p lu tonium  fro m  th e r e s in  in th e p r e se n c e  of fe r ro u s  
su lfa m a te  and se m ic a r b a z id e  w as stu d ied  a s  a function  of n itr ic  a c id  co n cen -  

tra tio n . In th is  ex p er im en t, 3. 1 x 10 d /m  of te tra v a len t p lu ton ium -239  

w as ab sorb ed  on co lu m n s o f D ow ex 1, X -4  fro m  7 .0  M n itr ic  acid . The  

plutonium  w as then  e lu ted  with 0 . 01 M fe r r o u s  su lfa m a te , 0. 1 M s e m i­
ca rb a z id e  in  n itr ic  a c id . A to ta l o f 36 co lum n v o lu m es of the red u cing  

so lu tio n  w as p a s s e d  through each  colum n at a flow  ra te  of 0. 3 m il l i l i t e r s  
p e r  m in ute. T he rem a in in g  plutonium  w as e lu ted  w ith 5 m il l i l i t e r s  0. 35 M 
n itr ic  ac id  and d eterm in ed  by alpha counting. T he d econ tam in ation  fa c to r  
w as ca lcu la ted  by:

_ D /  M Pu L oaded on Colum n  
^  D /M  Pu E luted  w ith 0. 35 M HNO 3

T ab le  III sh ow s the r e s u lt s  fo r  d ifferen t a c id  co n cen tra tio n s .

T A BL E  III

PLUTONIUM  DECONTAMINATION OF DOWEX 1,
X -4  WITH FERROUS SULFAM ATE - SEM ICARBAZIDE AT 

D IF FE R E N T  NITRIC ACID CONCENTRATIONS

N itr ic  A cid  C on cen tration  Pu L oaded on Pu E lu ted  with D econ tam in ation
of W ash (M oles p er  L iter ) C olum n (D /M ) 0. 35 M HNO 3  (D /M ) F a c to r_

5
3 3. 1 X 10*̂ < 50 > 10

4 3. 1 X lo"^ < 50 > 10

4. 5 3. 1 X lo"^ 500 6

5. 0 3. 1 X 10^ 2. 2 X 10^ 1400

6 .0 3. 1 X 6. 1 X 10^ 510

7. 0 3. 1 X 5. 2 X 10^ 60

8. 0 3. 1 X lo'^ 2. 4 X 10® 13

E lu tion  of N eptunium  fro m  D ow ex 1 R esin

V a rio u s e lu tr ia n ts  w ere  te s te d  to  find a cond ition  under w hich neptu­

nium  could  be rem o v ed  fro m  th e r e s in  in a s m a ll vo lu m e. Both d ilu te n itr ic  
a c id  and h y d ro ch lo r ic  a c id  e lu ted  neptunium  ra th er  s lo w ly  and req u ired  
s e v e r a l  m i l l i l i t e r s  o f e lu tr ian t for  quantitative r e c o v e r y . T he ra te  o f e lu tion
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w as in c r e a se d  by o x id iz in g  neptunium (IV) to  a h ig h er  v a le n c e  s ta te . F o r  

th is  p u rp o se  e e r ie  su lfa te  w as u sed . T ab le  IV g iv e s  a co m p a r iso n  o f e lu tion  
r a te s  fo r  d ifferen t e lu tr ia n ts .

T A BLE IV

COMPARISON O F R ATES OF ELUTION OF NEPTUNIUM  FROM DOWEX 1,

X -4  BY D IFFE R E N T  ELUTRIANTS

P e r  C ent N eptunium  E lu ted  in  T o ta l N eptunium  E lu ted
E lu tr ian t F ra c tio n * in A ll T h ree

^ .... 2

H Cl 0 . 1 M 29, 6 6 . 9 4. 6 51. 1%
HNOg 0 . 25 M 50. 4 1 2 . 6 8 . 1 71. 1 %
C e(S0 4 > 4  0 .0 0 1  M + 

 ̂ HNOg 0 . 25 M 87. 5 9. 4 1 . 0 97. 9%
C e(S04>2 0 .0 1 0  M + 

HNO3  0 . 25 M 90. 2 8 . 8 0 . 6 99. 6 %

* T w o -co lu m n  v o lu m es  in fra c tio n

E ffe c t  o f U ran ium  on N eptunium  R e co v e ry

T he data in  T a b le s  I and II would in d ica te  the optim um  n itr ic  a c id  

co n cen tra tio n  fo r  load in g  and w ash in g  th e r e s in  i s  4. 5 m o le s  p er  l it e r .  
H ow ev er , when sa m p le s  con ta in in g  g r o s s  q u an tities o f uran iu m  w ere  an a lyzed  

u sin g  4. 5 M n itr ic  a c id  to  load  the sa m p le  on th e r e s in , neptunium  y ie ld s  

w e re  low . D ilu tion  o f the sa m p le  in c r e a se d  th e y ie ld  m ark ed ly , a s  i s  show n  
in  T ab le  V.

TARLE V

E F F E C T  O F URANIUM CONCENTRATION ON NEPTUNIUM  YIELD

U ran ium , P e r  Cent
M illig r a m s  p e r  M illi l ite r  N eptunium  R e co v e re d

244 7 6 .4
122 94. 1

24. 4 95. 8
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A lso  it w as found that th e  neptunium  r e c o v e r y  in  sa m p le s  contain ing  

g r o s s  q u an tities of uran ium  w as dependent on the n itr ic  a c id  con cen tra tion  

a s  i s  show n in  T ab le  VI.

T A BLE VI

E F F E C T  O F NITRIC ACID CONCENTRATION ON NEPTUNIUM  RECOVERY  

IN SA M PLES OF HIGH URANIUM CONTENT

HNO3  (m o le s / l i t e r )  P e r  Cent N eptunium  R eco v ered

3. 8  75. 7

5 .8  8 4 .2
7 .7  9 6 .0

U ran ium  co n cen tra tion  = 180 m illig r a m s  p er  m il l i l i t e r  in  
a ll  th ree  ru n s.

Sep aration  o f N eptunium  fro m  O ther E lem en ts

F r o m  the data p re se n ted  above the p roced u re  su g g e ste d  i s  to  load

th e co lu m n  fro m  8 . 0 M n itr ic  a c id , 0 . 1 M se m ic a r b a z id e , 0. 01 M fe r r o u s
su lfa m a te , fo llow ed  by w ash ing  w ith 40 colum n v o lu m es  o f 4. 5 M HNO^,
0 . 1 M se m ic a r b a z id e  and 0 . 01 M fe r r o u s  su lfa m a te . T he neptunium  is  then  

elu ted  w ith 0. 005 M e e r ie  su lfa te  in  0 . 25 M n itr ic  ac id .

T y p ica l r e c o v e r y  and d econ tam in ation  v a lu e s  obtained fro m  so lu tio n s  

sp ik ed  with v a r io u s  contam in an ts under th e se  con d ition s a re  show n in T ab le  VII.

TA BLE VII

E lem en t P e r  Cent Found in  N eptunium  F ra c tio n

N eptunium  96
P lu ton iu m  0 . 0 0 2
A m eric iu m -C u r iu m  < 0 . 0 0 1
U ranium  < 0 . 0 0 1
R uthenium  0 .0 0 8
Z irco n iu m  0 .0 0 3
N iob iu m  0 .0 0 3
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F u rth er  P lu ton iu m  D econ tam in ation

U nder the co n d ition s d e scr ib e d  in  th e  p receed in g  p aragrap h s the  

plutonium  d econ tam in ation  fa c to r  a p p ears to  be lim ite d  to  about 5 x 10^ for  
p r a c t ic a l v o lu m es  o f w ash  so lu tio n . H ow ever , an in c r e a se d  d econtam ination  
fa c to r  i s  obtained by co n v ertin g  th e r e s in  to  th e ch lo r id e  fo rm  by w ash ing  
with 12 M H Cl and p a s s in g  0. 1 M NH^I and 12 H Cl through the colum n. F ro m  

e igh t to  ten  c o lu m n -v o lu m es  o f th is  w ash  so lu tio n  in c r e a s e s  the o v e r a ll p lu to ­
nium  d econ tam ination  fa c to r  to  1 0 ®.

E lu tion  o f neptunium  fro m  the c h lo r id e -fo r m  r e s in  is  a cco m p lish ed  

w ith 6 . 5 M H Cl - 0 . 004  M H F . T h is  e lu tr ian t r e m o v e s  neptunium  rap id ly , 
a s  i s  show n in  T ab le  VIII,

T A BL E  V m

ELUTIO N OF NEPTUNIUM (IV) FROM Cl~ FORM  DOWEX 1 x 4 (100 - 200 m esh)
BY 6 . 5 M H C l, 0. 004  M HF

C olum n V o lu m es o f E lu tr ian t P e r  Cent N eptunium  E luted

4 93. 8

8  98. 8

12 9 9 .2
16 9 9 .4

A p p lica tion  of M ethod to  P u rex  and R edox. S am p les

S a m p les  o f P u rex  f ir s t  c y c le  feed  and f ir s t  c y c le  w a ste  w ere  c a r r ie d  

through th e p ro ced u re  g iven  in  the appendix.

E x a m p les  o f r e c o v e r y  and decon tam in ation  a re  show n for  th e  fe r ro u s  

su lfa m a te  - s e m ic a r b a z id e  w ash  and the com b in ed  fe r r o u s  - sem ica r b a z id e  

and NH^I - H C l w a sh e s . N eptunium  r e c o v e r ie s  w ere  b a sed  on r e c o v e r y  of 
n ep tu n iu m -239 sp ik e  added to  o r ig in a l sa m p le .
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T A BL E  IX

ANALYSIS O F PU R EX  SAM PLES

F ir s t  C y c le  F e e d  F ir s t  C ycle  W aste

1 1 1  I
N eptunium  R e co v e ry  94% 94.5%  94% 96%

P lu ton iu m  D econ tam in ation  4  r q a.
F a c to r  5 x 10 5 x 10^ 4 x  10 8  x  10^

B eta  D econ tam in ation  . .
F a c to r      1 . 2 1 x 1 0  2 . 3 x 1 0

1. F e r r o u s  su lfa m a te  - sem ica r b a z id e  w ash  only.
2. C om bined fe r r o u s  su lfa m a te  -  se m ic a r b a z id e  and NH^I - HCl 

w a sh es .

T h e lo w e r  p lu ton ium  d econ tam in ation  fa c to r  o b se rv e d  in  the sa m p le  

o f f ir s t  c y c le  w aste  m ay have b een  ca u sed  by ab sorp tion  o f p lu ton ium  to  
s o lid s  p r e se n t in  the sa m p le  and su b sequent r em o v a l during th e w ash  and 
e lu tio n  s te p s .

S yn thetic  R edox sa m p le s  w ere  p rep a red  and, w ith n ep tu n iu m -239 

t r a c e r , r e c o v e r ie s  w ere  d eterm in ed  by u s in g  the p ro ced u re  g iv en  in the  

appendix. It w as n e c e s s a r y  to  red u ce  th e d ich rom ate  p r e se n t in  th e se  
sa m p le s  w ith e x c e s s  3. 0 M fe r r o u s  su lfa m a te . T he high sa lt  content in  th is  

typ e of sa m p le  had no a d v e r se  e ffe c t  on th e co lum n  and gave h ig h er  r e c o v ­
e r ie s  than th e P u re x  typ e sa m p le s . T h is  in d ic a te s  that a lum inu m  n itra te  
m ay be b e n e fic ia l. R e c o v e r ie s  obtained in  s e v e r a l  runs a r e  show n in 

T ab le  X.
T A BLE X

NEPTUNIUM  RECOVERIES FROM  SYNTHETIC REDOX SAM PLES  

Run F ir s t  C y c le  F e e d  F ir s t  C y c le  W aste
1 100.9%  98.3%
2 98.4%  97. 9%
3 99. 9% 99.0%
4 98. 6 % ------
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A PPEN D IX

S u g g ested  P ro ced u re

1. T ake an ap p rop ria te  aliquot o f the sa m p le  in a m ix in g  v e s s e l .  A djust 
a c id ity  to  a p p rox im ate ly  8 . 0 M w ith 16 M HNOg.

2. Add an equ al vo lum e of a so lu tio n  contain ing  8 . 0 M HNOg, 0. 02 M 

fe r r o u s  su lfa m a te  and 0 . 2 sem ica r b a z id e . N ote 1.

3. Add enough n eptun iu m -239 tr a c e r  (ca  10 d /m ) to  d eterm in e  y ie ld .

4. P a s s  p rep a red  sa m p le  through a 3 m m  x 7 cm  colum n of D ow ex 1, X -4  
(100 - 200 m esh ) at a ra te  o f 3 to  6  drops p er  m inute.

5. R in se  r e s e r v o ir  above co lu m n  with s e v e r a l  drops o f 8 . 0 M HNOg.
A llow  r in se  to  p a s s  through colum n. A gain  r in s e  r e s e r v o ir  th orou gh ly  with  
8 . 0 M HNOg s e v e r a l  t im e s ,  d isca rd in g  th e se  r in s e s  by draw ing o ff w ith  

vacuum .

6 . P a s s  fr o m  15 to  20 m l 4. 5 M HNO^, 0 . 1 M se m ic a r b a z id e , 0. 01 M 

fe r r o u s  su lfa m a te  through colum n at flo w  ra te  o f 3 to  6  drops p er  m inute.

7. P a s s  2 m l 8 . 0 M HNO^ through th e colunrm to  rem o v e  se m ic a r b a z id e  and  

fe r r o u s  su lfa m a te .

8 . E lu te  the neptunium  w ith 2 m l 0. 005 M e e r ie  su lfa te  in  0. 25 M HNO^, 

ca tch in g  e lu a te  in a 2 m l v o lu m etr ic . N ote 2.

9. Mount an aliquot on a p latinu m  d isc  fo r  to ta l alpha counting and alpha  

e n erg y  a n a ly s is . T he y ie ld  i s  d eterm in ed  by co m p a ra tiv e  counting th e  

0. 24 M ev gam m a fro m  neptun iu m -239 on the d isc  w ith that o f a standard  
n ep tu n iu m -239  d isc .

N o tes

1. F o r  R edox sa m p le s , th e p ro ced u re  i s  v a r ied  by adding a su ffic ien t e x c e s s  

o f 3. 0 ^  fe r r o u s  su lfa m a te  to red u ce  the sod iu m  d ich rom ate  o r  o th er  
o x id iz in g  a g en ts  p r e se n t.
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4
2. F o r  sa m p le s  w ith  a n ep tu n iu m -to -p lu ton iu m  ra tio  g r e a te r  than 10 ^

an added w ash  i s  in se r te d  a fter  s tep  6 . P a s s  fro m  1 to  2 m l 12 M HCl 
through th e  colunan to  rem o v e  NOg . T hen p a s s  fro m  4 to  5 m l 0. 1 M 

NH^I - 12 M H Cl through th e  co lu m n  (apply vacuum  to  m ain ta in  a  flow  
r a te  o f 3 to  6  drops p er  m in ute). O m it s tep  7 and 8  above. T he neptu­
n ium  i s  e lu ted  w ith 2 m l 6 . 5 M H Cl - 0 . 004  M H F.
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