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ABSTRACT 

Equi l ibr ium exper iments using Dowex 50 ion-exchange res in 
and n i t r i c acid solutions of Pu , UO2 , Fe cations have yielded value 
for the absorpt ion affinities for these ions . Tr ivalent plutonium was 
found to be far m o r e strongly absorbed than UO2 and Fe 

Column studies have shown that u ran ium can be completely 
separa ted fronn plutonium even when the init ial concentrat ion of u ran ium 
is ve ry much g r e a t e r than that of the plutonium. A plutonium concent ra ­
tion inc rease of about fifty-fold can be obtained from solutions about 
10" M in plutonium and 1. OM in n i t r ic acid. 

The equation 

K 3+ - X R (1 - X g ) ^ Cg^ t\p - — 
Xs (1 -X^f C R ^ 

for es t imat ing the maxinaunn amount of plutonium taken up by a column 
of r es in of unit volume from a solution of total equivalent concentrat ion, 
Co. has been shown to hold for values of Cg up to 3 equivalents p e r l i t r e . 
X R , the equivalent fraction of plutonium on the r e s in , is the number of 
equivalents of plutonium absorbed by the r e s in divided by the total 
capacity of the column. Xg, the equivalent fraction of plutonium in 
solution, is the equivalent concentrat ion of plutonium divided by the 
total equivalent concentrat ion of cations in solution. Cp is the total 
capaci ty of the r e s in in nnill i-equivalents p e r g r a m of d ry r e s in . 

Recommendat ions have been made for the application and 
operat ion of ion-exchange columns in the P lu ton ium-Ext rac t ion P lan t . 
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Introduction 

One of the important operat ions n e c e s s a r y in a plutonium-
extract ion plant is that of concentrat ing very dilute solutions of plutonium. 
Uranium, fe r rous and f iss ion-product ions a r e the usual contaminants 
p re sen t in plutonium solutions obtained by backwashing the organic phase 
of a solvent-ext ract ion cycle. A p r o c e s s giving a separat ion from these 
ions s imultaneously with the concentration of the plutonium w^ould be an 
advantageous step. 

Evaporat ion and precipi ta t ion a r e the usual unit operat ions 
employed in concentrating these solut ions, but both have- se r ious d i s ­
advantages . During evaporat ion, dissolved organic m a t e r i a l decomposes 
producing compounds which complex plutonium, hence making r e -
extract ion difficult. C a r r y - o v e r of act ivi ty with the dis t i l la te is a lso 
t roub lesome. Co-precipi ta t ion of foreign ions with the plutonium and 
the difficulty of t r ans fe r r ing solid plutonium compounds a r e p rob lems 
which a r i s e when precipi ta t ion methods a r e used. 

Ion-exchange p r o c e s s e s using res in columns have been used 
w^ith success in both concentrat ion and ion ic -separa t ion opera t ions ; this 
has mainly been due to the development of new high-capacity r e s ins such 
as the Amber l i te and Dowex r e s i n s ( l , 2). The p r e sen t investigation w^as 
made to de te rmine the suitabili ty of such p r o c e s s e s in plutonium-
extract ion opera t ions , and plant operating conditions have been worked 
out from the l abora to ry data. 

Theore t ica l Considerat ions 

P resen t -day high-capacity r e s in s a r e nuclear-subst i tu ted 
hydrocarbon p o l y m e r s ; cation exchangers contain phenol ic , carboxylic 
or sulphonic acid g roups , and anion exchangers have amino r e s idues . 
Dowex 50, which is a ve ry high capacity cation exchanger (about 5 meq. 
p e r gm. dry r e s in ) , has sulphonic acid groups as the sole active species 
and can be considered as a highly ionised solid sal t . In column operat ion 
a dilute solution containing one or m o r e cations is passed through a bed 
of r e s in w^here the cations a r e absorbed and held m o r e or l e s s s t rongly 
depending on the absorpt ion affinity of each cation. The flow ra te of 
solution through the column defines the kinet ics of the operat ion; slow 
flow ra t e s allow equil ibr ium to be reached between res in pa r t i c l e s and 
solution, whereas fas ter flow gives nonequil ibr ium operat ion. Elution 
is c a r r i e d out at slow flow r a t e s with a smal l volume of solution 
containing a high concentrat ion of one cation, usual ly hydrogen ion, or 
w^ith a solution of a complexing agent which effectively reduces the ionic 
concentrat ion of the element complexed. The l e s s strongly absorbed 
cation is then eluted f i rs t followed by the m o r e s t rongly held cat ions . 
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Two fundamental approaches have been made towards formulating 
the thermodynamics of ion-exchange p r o c e s s e s . Boyd, Schubert and 
Adamson(3) considered ion exchange to be e i ther a s t ra ight - forward 
absorpt ion of the Langmuir type or a no rma l me ta thes i s react ion to which 
the Law of Mass Action applied. It is p rac t i ca l ly impossible to differentiate 
between the two p r o c e s s e s experinnentally but the l a t t e r mechan i sm has 
been selected by severa l au thors (3 , 4 , 5) to desc r ibe the p r o c e s s , and 
seve ra l kinetic equations have been evolved which fit individual cases of 
exchange fair ly sa t is factor i ly . These equations have been ve ry well 
reviewed by Duncan and Lister(6) who tes ted thoroughly the m a s s - a c t i o n 
concept over the complete range of concentrat ions of cation on the r e s in . 

If we consider the exchange 

Pu "̂*" + 3Hj^ = Puj^ + 3H+ 

where Hp r e p r e s e n t s the hydrogen form of the r e s in , the thermodynamic 
equi l ibr ium constant K is given by 

^Pup • ^Hc 
'Pu ' ' 

^Puc • ^H 

K„ ,+ = tl ^ ( i ) 

R 

where a r e p r e s e n t s the thermodynamic act ivi ty of the var ious ionic 
spec ies . Owing to the obvious difficulty in es t imat ing act ivi t ies of ions 
in the solid phase , it has been a s sumed that they form ideal solutions 
although Gregor(7) and Glueckauf and Duncan(8) have shown that swelling 
of the r e s in during exchange affects this ideali ty. "When equation ( i ) is 
expressed in t e r m s of equivalent fraction in place of concentrat ion it is 
seen m o r e c lear ly which var iab les affect the amount of absorpt ion. 
Making this substitution we have 

•^PuR • -^Hc • ^ H c • ^ g 
' Pu3+ 3 2 

^Pug • XHJ^ - V p u g • Cj^ 

where X p ^ is the equivalent fraction of plutonium on the res in and 
Xp is that in solution; s imi l a r ly , XTT is the equivalent fraction of 

S B-
hydrogen ion on the r e s in , and XTT that in solution. Cg is the total 
concentrat ion of cations in solution in equivalents p e r l i t r e , and C-n 
is the exchange capacity of the res in in mi l l i -equiva lents p e r g r am of 
oven-dry re s in . Gamma is the activi ty coefficient of the ion under 
considerat ion. F u r t h e r simplification leads to the form -
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X 
Kpu^+ 

P u R ^ l - X p u g ) ' Vlig • C | ( i i i ) 

3 r-2. 
^ P u g ( 1 - ^ P U R ) YPug • ^R 

7 + The genera l equation for exchange of a mult ivalent ion, M , with the 
hydrogen form of the exchanger is 

Equation (iii) is most important as far as the plutonium extract ion 
is concerned as it p red ic t s the amount of plutonium taken up by a given 
volume of r e s in . 

^Hg 
The rat io ~ is in pr inciple evaluable when the mean activi ty coeffi-

YPug 
cients for HNO, and Pu(N02) in mix tu res of both a r e known, but a s yet 
no data have been published. Assuming this ra t io to be unity does not 
appear to affect the constancy of K 3+ over a reasonable range of ionic 
s t rengths . 

Absorption affinities have been found to be dependent on ionic 
charge and the Debye-Huckel p a r a m e t e r a which is a m e a s u r e of the 
hydrated radius of an ion(3). A cation in a high valence state will be 
m o r e s t rongly absorbed than one in a lower i. e. M > M^ > M "̂̂  >M"^. 
A d e c r e a s e in a for cations of the same valency causes an inc rease in 
absorpt ion affinity; this effect is well i l lus t ra ted by the absorpt ion of the 
alkali metals(9) Cs> Rb > K > Na. Quali tat ively, t he re fo re , we would 
expect Pu3+ to be readi ly separable from UO2 ̂ ''" and Fê "*" and the following 
exper imenta l work substant ia tes this and provides quantitative operating 
data. 

Experinaental 

The equi l ibr ium constants for the cations Pu "̂*", Fe^"^ and UO2 ̂  "*" 
have been der ived by shaking a known weight of Dowex 50 res in with a 
solution containing known concentrat ions of the requi red cation and of 
n i t r ic acid until equi l ibr ium was reached , and then analysing the final 
solution. In this way the concentrat ion of cation in the res in in equi l ibr ium 
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with a solution having a known concentrat ion of the same cation was 
obtained and the values substi tuted in equation (iv) to de te rmine K. A 
second method of determining K is to run a solution of known composition 
through a res in column of known weight until the effluent concentration 
reaches that of the feed, and then es t imate the amount of plutonium on 
the column. A value for Kp^ has been obtained in this way from Run 4. 

The Dowex 50 res in used i« these exper iments was 50 - 100 
m e s h conditioned by a l te rna te wcxhaustion with 10% sodium n i t ra te solution 
and 6N n i t r i c acid , the final wash being acid. It w^as then ^vashed with 
dis t i l led water and a i r dr ied by drawing a i r through the r e s in contained 
in a Buchner funnel. The r e s in was s tored in an a i r - t igh t container , and 
a sample dr ied in an oven at 120*'C to de te rmine the mois tu re content. 
The value obtained, 45. 9%, was used to e s t ima te the amount of d ry r e s i n 
in a weighed quantity of the mois t r es in . Although exchange capacity is 
alw^ays based on unit weight of oven-dry r e s in , columns should invar iably 
be made up from mois t r e s in as drying tends to dec rea se the exchange 
capacity. The exchange capacity of the res in used in these exper iments 
was obtained by saturat ing a res in column of known dimensions with 10% 
NaNOs solution and t i t ra t ing the l ibera ted hydrogen ion with sodium 
hydroxide. A value of 5. 5 m e q / g m oven-dry res in was obtained. 

Tables I, II and III give the r e su l t s obtained from the equilibriunn 
exper iments using Pu(N03)3 , UO2 (N03)2 ^^^ Fe(NH2S03)2 with varying 
concentrat ions of n i t r i c acid. Plutonium was obtained in the t r i -pos i t ive 
state by reduction of Pu with 0. IM hydroxylamine solution. 

The values for the equi l ibr ium constants a r e seen to be r e a s o n ­
ably constant over a re la t ively wide range of total ionic concentra t ions . 
P lant solutions fed to exchange columns will invariably be l e s s than 3M 
in n i t r i c ac id , the point at which Kpu'+ begins to deviate from constancy; 
the re fo re , it should be poss ible to p r ed i c t the take-up of plutonium by a 
column using the average value for Kp up to that concentrat ion. The 
equil ibr ium constants for UO2^"^ and Fe "*" a r e far lower than that for Pu^"^, 
so that these cations would probably p a s s through the column during 
absorpt ion of the Pu and any absorbed would be eluted before the p lu ­
tonium, enabling a good separat ion to be nnade. 

Column Exper iments 

Column runs were ca r r i ed out on the bas i s of the above re su l t s 
using a 10 cm long bed of r e s in 1 cm in c ro s s sect ion. The column 
consisted of a 1 cm glass tube with a stopcock at the bottom and the 
res in was supported by a coarse s in tered d i sc . A constant head of about 
two feet of solution gave a reasonable flow r a t e , and cr i t ica l adjustments 
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Equi l ibr ium 

Absorption Equil i t 

P u 
conc'n in sol 'n 

m g m / 1 

* 157.0 
52 .8 
64. 1 

147.8 
46 .0 
54 .6 

105.3 
112. 1 
116.0 
112.0 

Pu5+ 

HNO3 cone' 
Equivalents 

0.54 
0. 54 
0. 54 
1.31 
1.32 
1.30 
2 .81 
2.78 
5.89 
5.78 

TABLE I 

»ria of Pu on Dowex 

- HNO3 Solutions 

50 from 

'n Equivalent fraction 
/I Pu on Resin 

0.49 
0. 342 
0. 363 
0. 139 
0.0562 
0.0638 
0.0147 
0.0167 
0.00416 
0.00408 

Kpu*^ 

10 
9 . 4 
9 . 6 
8 . 7 
8 . 9 
8 . 4 
8 . 6 
8 . 9 

19.6 
18.8 

TABLE II 

2+ Absorption Equi l ibr ia of UO2 on Dowex 50 from 

U02^"'' - HNO3 Solutions 

Equi l ibr ium 
conc'n in sol 

mgm / m l 

1.96 
1.49 
1.72 
1.88 
1.53 
1.24 

U 
'n HNO3 conc'n 

Equ l ivalents / l 

0.57 
0.59 
1. 16 
1. 16 
1.66 
2.91 

Equivalent fraction 
U on Resin 

0.274 
0.257 
0. 097 
0. 130 
0. 061 
0.034 

Ky ** 

1.9 
2 .3 
2 .0 
2 .7 
2 .7 
5.4 

* calculated from column Run 4 

** as defined by equation (iv) 
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TABLE III 

Absorption Equi l ibr ia of Fe on Dowex 50 from 

Equi l ibr ium Fe 
conc'n in sol 'n 

Equivalent / I 

0.0799 
0.0754 
0. 0664 
0.0647 
0.0422 
0. 0405 

Fe2+ - HNO, Solutions 

HNO3 cone 
Equivalents 

0.48 
0.48 
1.20 
1. 20 
3.00 
3.00 

'n 

/I 

Equivalent fraction 
F e o n Resin 

0. 308 
0. 321 
0.0809 
0.0692 
0. 0262 
0. 0249 

^Fe** 

0. 
0. 
0. 
0. 
1. 
1. 

34 
37 
38 
33 
04 
03 

** as defined by equation (iv) 

were made by means of the stopcock at the bottom of the column. Sieving 
the res in through an 80-mesh sieve removed fines that tended to plug the 
s in ter and reduce the flow r a t e . Flow r a t e s during absorpt ion were 
10 m l / m i n / c m and 0. 15 to 0. 25 m l / m i n / c m during elution. The 
elutr iant was 6N HNO3 which was made 0. 3M in sulphamic acid in o rde r 
to des t roy any ni t rous acid p re sen t which would oxidize Pu to Pu • 

During absorpt ion about 0. 05% of the plutonium in the feed 
appeared in the effluent. 

Graph A depicts a typical absorpt ion curve for Pu "̂*", (Run 4) 
the sigmoid curve represent ing the 'exchange band' which moves down 
the column as the res in r eaches equi l ibr ium with incoming solution. The 
point at which the effluent from the column acqu i res a concentrat ion of 
the absorbed cation of about 5% of the feed solution is denoted as ' b reak ­
through ' . This means in effect that the exchange band has reached the 
bottom of the column and when the effluent concentrat ion is equal to that 
of the feed the exchange band has moved right out of the column and the 
column has reached equi l ibr ium saturat ion. 

Five g r a m s of completely dehydrated res in when s lu r r i ed with 
water into a graduated cylinder produced a column occupying 10 ec and 
as the d ry res in was found to have a dry densi ty of one g r a m p e r ec the 
volume of water in this column is 5 cc. The 'void volume' of a column, 
or volume not occupied by r e s in , is therefore 50% of the total colunan 
volume. Graph B is an elution curve for Run 4 in which the eluate was 
collected in 5 ml aliquots equivalent to unit void volumes for the column. 
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The uran ium absorbed on the column in Runs 3 and 4 which 
was not replaced by plutonium was removed by washing with 0. 25M 
sulphuric acid. This reduced the cationic concentrat ion of u ran ium due 
to the formation of a stable su lphur ic /u ran ium connplex which was eluted 
leaving the Pu absorbed . The re su l t s obtained from the column 
exper iments a r e tabulated in Table IV. 

During elution the res in bed was broken up p resumab ly due to 
l iberat ion of absorbed gas from the r e s in when it began to shr ink on 
coming into contact with the strong acid. In o rde r to get the res in bed 
homogeneous again for absorpt ion it was n e c e s s a r y to expand the bed by 
countercur ren t washing with 0. 5N HNO3 to remove the gas bubbles. This 
p rob lem could be overcome with plant-s ize columns by down-flow elution 
followed by upflow absorpt ion with the bed expansion controlled by loading 
the column with sand. 

Run 
No. 

1 

2 

3 

4 

Run 
No. 

1 

2 

3 

4 

Data Obtaine 

Pu '+ S. 

Feed Compos 

Pu HNO3 
(mgm/1) N 

274 1.09 

279 1. 10 

273 0.80 

157 0.54 

Peak conc'n 
of Pu in 

eluate (mgnn/m 

32.0 

24.3 

28.0 

43 .8 

TABLE IV 

d from the Absorpt: 

Dlutions on 

ition 

U 
(mgm/ml) 

nil 

1) 

n i l 

4. 5 

1.2 

a Dowex 

ion and Elution of 

; 50 Column 

% of feed 
Pu conc'n 

reached by 
effluent 

90% 

41% 

10% 

97% 

Total Pu 
absorbed 

(gm) 

0.763 

0.727 

0.867 

1.010 

% of initial 
Pu remaining 

on column after 
50 ml eluate 

13% 

28% 

26% 

13% 

Conc'n Volume Decontamination 
Increase Reduction factor for p y 

49 

37 

47 

112 

72 

50 

53 

132 

_ 

-

5 .2 

5. 1 

* Total exchange capacity of column for Pu : 2. 08 gm 
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Runs 1 and 2 were ca r r i ed out to de te rmine the magnitude of 
the volume reduction to be expected on absorpt ion and elution of n i t r i c 
acid solutions of Pu s imi la r in concentrat ion to those obtained in the 
pilot plant . It is c lear from Table IV that a higher volume reduction with 
a much lower amount of plutonium remaining on the column is obtained 
by operat ing the column to equi l ibr ium saturat ion. It should be noticed 
he re though that 'volume reduction ' is a mis leading t e r m . The volume of 
solution containing the plutonium in the 'exchange band' (i. e. the volume 
of effluent between break- through and saturation) , has to be recycled or 
absorbed onto a s e r i e s column. The m o r e useful t e r m is 'concentrat ion 
i n c r e a s e ' , the two t e r m s only being equivalent when the whole of the 
exchange band r ema ins inside the column during absorpt ion. This occu r s 
w^hen absorpt ion is stopped before break- through is reached. 

Concentrat ion i n c r e a s e s w^ere calculated for a given volume of 
e lutr iant through the column owing to the difficulty of removing all the 
plutonium absorbed from the column. The a r b i t r a r y value of 50 m l 
equivalent to 10 void volumes was chosen because at this point the elution 
curve begins to level out so that further elution would dec rea se the volume-
reduction factor without ma te r i a l l y lowering the amount of plutonium left 
on the column. Feed solutions for Runs 3 and 4 were obtained by back-
washing with hydroxylamine in dilute n i t r i c acid a TBP ext rac t containing 
plutonium, u ran ium and some fission products during the no rma l operat ion 
of the pilot plant . The acidi ty in Run 4 w^as adjusted to about 0. 5N to 
de te rmine whether dilution of plant solut ions , which a r e usual ly about 
1. ON in n i t r i c ac id , would be justified by an added concentrat ion i nc r ea se 
through the higher plutonium absorpt ion at th is acidity. A compar ison of 
Run 1 with Run 4 shoAvs that the re is nothing gained by diluting the feed 
from 1. 09N to 0. 54N so far as concentrat ion i nc r ea se is concerned 
because the final eluates have s imi la r ave rage plutonium concentra t ions . 
The inc rease in Run 4 is slightly higher than in Run 1 due to the equivalent 
fraction of plutonium in the feed to Run 4 being r a the r g r e a t e r than Run 1. 
One advantage of working at lower feed acidi ty , however , is the taking 
up of m o r e of the available exchange capacity of the column and the 
corresponding inc rease in height of the elution peak. This is useful when 
highly concentrated plutonium solutions a r e requ i red and a re la t ively 
l a rge 'heel ' can be left on the column. Inspection of Graph B shows that 
the f i r s t void volume of eluate should be d i sca rded and recycled due to its 
low plutonium concentrat ion. 

The Pv decontamination factor is the number of counts pe r 
minute p e r mg of plutonium in the feed divided by that in the eluate . The 
value of about 5 obtained for this factor will be dependent on the actual 
fission products p r e sen t in the feed; the isotope remaining in this case 
appea r s to be Ru which is probably p r e sen t in the feed in a valence 
state which gives it a s imi l a r absorpt ion affinity to Pu . 
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Spectrographic ana lys is of the eluate from Run 3 gave a figure 
for uraniuna of 0. 6% of the plutonium concentrat ion giving a uran ium 
decontamination factor of 2. 8 x lO' . Iron was p r e s e n t in an amount 
g r e a t e r than 1% but the exact amount of i ron was not de te rminab le . This 
i ron mus t have been p re sen t as Fe and picked up in the plant p r o c e s s , 
as any Fe^ would have gone right through the column or been replaced 
by uran ium or plutonium. Fe would be expected to have a s imi l a r 
absorpt ion affinity to Pu and, the re fo re , would only be separable by 
chromatographic elution which is not feasible when a column is operated 
to obtain maximum concentration i n c r e a s e . Separat ion of plutonium 
from contaminating cations with s imi l a r absorpt ion affinities is poss ible 
by absorpt ion of al l cations at the top of a re la t ively long column followed 
by elution with a solution of a complexing agent to enhance the separa t ion. 
The plutonium fraction would then be acidified to b reak up the plutonium 
complex and reabsorbed on a sma l l e r column to obtain the volume reduction. 
Whether this method is an advantage over chemical separat ion is a m a t t e r 
for further exper imentat ion and plant economies . 

Plant Application 

The previous exper iments show that Dowex 50 res in columns 
would be suitable to give an approximate ly fifty-fold concentrat ion 
inc rease and a p rac t i ca l ly complete separa t ion of plutonium from uranium 
in solutions obtained by backwashing TBP ex t rac t s with hydroxylamine 
solution. The amount of r e s in requi red would depend on the weight of 
plutonium to be handled, one l i t r e of res in in column form having a total 
exchange capacity for t r ipos i t ive plutonium of about 200 gm . The 
fraction of this capacity taken up at equi l ibr ium can be es t imated using 
equation (iii) with Kp^ = 9 - 0 when the feed analys is is known. 

Operat ional p rocedure is as follows. During absorpt ion the 
flow ra te should be from 10 to 15 m l / m i n / c m . When breakthrough is 
reached , i . e . when plutonium appears in the effluent, the effluent is run 
onto a second column of s imi la r dimensions and,when the effluent from 
the f i rs t column reaches about 95% of the feed-plutonium concentration, 
the flow is stopped. The f i r s t column is then washed with 0. 5N sulphuric 
acid , about 40 void vo lumes , until al l the absorbed uraniuna is removed; 
meanwhile absorpt ion can be c a r r i e d on in the second column. Elution 
with 6N n i t r i c acid made 0. 3M in sulphamic is c a r r i e d out at about 
0. 2 m l / m i n / c m ; the f i rs t void volume eluted should be recycled a s it 
contains only a smal l amount of plutonium together with any l e s s 
s t rongly absorbed cation st i l l p r e s e n t on the column. The total volume 
of eluate collected will depend on whether a high concentrat ion of plutonium 
is requi red or whether the maximum amount of plutonium is to be 
removed from the column concomittant with a reasonable concentrat ion 
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i n c r e a s e . Af t e r e lu t ion the c o l u m n should be w a s h e d wi th 0. 5N n i t r i c 
a c i d to r e c o n d i t i o n the r e s i n bed for the nex t a b s o r p t i o n c y c l e . The r o l e s 
of the tw^o c o l u m n s a r e now r e v e r s e d and the e x c h a n g e band of the s e c o n d 
c o l u m n i s a b s o r b e d onto the f i r s t . 

When m a x i m u m v o l u m e r e d u c t i o n i s no t r e q u i r e d the a b o v e 
p r o c e d u r e can be s i m p l i f i e d . A s ing l e c o l u m n shou ld be u s e d in t h i s c a s e 
to a b s o r b an a m o u n t of p l u t o n i u m l e s s t h a n tha t c a l c u l a t e d to c a u s e b r e a k ­
t h r o u g h of p l u t o n i u m in the eff luent . K t h i s c o l u m n i s t h e n e l u t e d c o u n t e r -
c u r r e n t l y t h e a b s o r p t i o n band r e m a i n s r e a s o n a b l y w e l l def ined and d o e s 
not diffuse t h r o u g h o u t the r e m a i n d e r of the eolunnn t h u s m a i n t a i n i n g good 
v o l u m e - r e d u c t i o n c h a r a c t e r i s t i c s . 

The s a m e cond i t i ons can be u s e d to c o n c e n t r a t e t h e p l u t o n i u m 
s t r e a m f r o m the new T B P p r i m a r y - e x t r a c t i o n p r o c e s s . It i s f e a s i b l e t ha t 
the whole of t h e p l u t o n i u m p u r i f i c a t i o n s e c t i o n of t h i s p r o c e s s can be 
r e p l a c e d by u s i n g the a q u e o u s eff luent f r o m e x t r a c t i o n colunnn II a s feed 
to a n i o n - e x c h a n g e colunnn. A s long a s the F e / F e r a t i o r e m a i n s h igh 
in t h i s so lu t ion no i n t e r f e r e n c e by i r o n w i l l o c c u r . 

An es t inna t ion of the s i z e of a c o l u m n n e c e s s a r y to r e p l a c e the 
p l u t o n i u m e v a p o r a t o r a t p r e s e n t u s e d h a s b e e n m a d e ; the c o m p l e t e 
d e s i g n wi l l a p p e a r in a s e p a r a t e r e p o r t . 

S u g g e s t i o n s fo r F u r t h e r W o r k 

T h e p r e s e n t T B P s e c o n d a r y - e x t r a c t i o n p r o c e s s m i g h t a l s o be 
r e p l a c e d by one u s i n g i o n - e x c h a n g e m e t h o d s . T h e di f f icul ty h e r e i s t he 
v e r y l a r g e r a t i o of u ran iunn to p l u t o n i u m coup led wi th a h igh a c i d i t y 
w h i c h i s o b t a i n e d when the T r i g l y i s b a c k w a s h e d . A full i n v e s t i g a t i o n of 
t h i s p r o b l e m , i nc lud ing a s tudy of t h e a b s o r p t i o n c h a r a c t e r i s t i c s of P u , 
i s p r e s e n t l y u n d e r w a y , u s i n g bo th an ion and ca t ion e x c h a n g e r s . 

C o n c l u s i o n s 

(1) By a b s o r b i n g s o l u t i o n s con ta in ing abou t 200 m g / l i t r e of t r i v a l e n t 
p l u t o n i u m in IN n i t r i c a c i d onto a Dowex 50 r e s i n c o l u m n , a f i f ty-fold 
c o n c e n t r a t i o n i n c r e a s e can be o b t a i n e d on e lu t ing wi th 6N n i t r i c a c i d ; 
abou t 20% of the p l u t o n i u m o r i g i n a l l y a b s o r b e d i s left on the c o l u m n . 

(2) A d e c o n t a m i n a t i o n f a c t o r of 2. 8 x lO ' for u r a n i u m and 5 for py 
w a s o b t a i n e d u s i n g a p l u t o n i u m so lu t ion f r o m a s t a n d a r d r u n . 

(3) The a m o u n t of p l u t o n i u m t a k e n up by a g iven c o l u m n can be 
e s t i m a t e d once the feed a n a l y s i s i s known by u s i n g the e q u i l i b r i u m c o n s t a n t 
m e a s u r e d in e q u i l i b r i u m e x p e r i m e n t s . 
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A cknowle d g m e n t s 

The a u t h o r s w i s h to a c k n o w l e d g e the he lp wi th the e x p e r i m e n t a l 
w o r k g iven by M i s s E . W . L . M a i n l a n d and M i s s L . P o l l o c k . 
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