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ABSTRACT 

A serai t heo re t i c a l study has been raade of the cheiTiistry ox thn Arion 

Exchange Process for the recovery of plutonium, Pseudo-equilibrlur.i constantc 

have been obtained for the systerns plutonium-III - Dowex ^0, plutonium-III -

Dowex 50-W, and plutonium-IV - DOfiex 1, in n i t r i c acid so lu t ion . lixchange 

height equ.atlons have been obtfined for the plutoniuiti-III - 'kPf^ex 50 and 

the pliitoniure-rV - Dowex 1 systems, Elution equations are given for the 

systems plutonium-III - Dowex $0 and plutonium-III - Oowex ^,0-vI, The equi-

librirun plutonium-IV - Dovex 1 in the presence of uranium i s also br iof ly 

discussed. 
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INTROIIICTION 

The e x i s t e n c e of an ion ic n i t r a t e complexes of plutonium-IV i n concen t ra t ed 

n i t r a t e so lu t lca i s has l ed t o t h e development of a s e p a r a t i o n s process invo lv ing 

t h e abso rp t i on of these complexes on s t r o n g l y b a s i c anion exchange r e s i n s ( 1 5 ) . 

The p roces s has been app l i ed t o t h e s e p a r a t i o n of plutonium from both i r r a d i a t e d 

uranium and plutonium-aluminum fue l s ( 1 ) . I t could a l s o be app l i ed t o t h e 

s e p a r a t i o n of p lutonium from any spec i e s t h a t i s c a t i o n i c or non i o n i c i n s t r ong 

n i t r a t e s o l u t i o n . Because t h e process i s a p p l i c a b l e t o a wide v a r i e t y of s e p a r ­

a t i o n s a s tudy has been made of i t s chemis t ry so t h a t ope ra t ing cond i t i ons can 

be p r e d i c t e d f o r any given s e p a r a t i o n . 

THE PROCESS FLOW 

A s i m p l i f i e d f lowsheet of t h e s e p a r a t i o n s p rocess i s given i n F igure 1 . 

The n i t r a t e s o l u t i o n of plutonium-IV i s app l i ed t o a s t r o n g l y b a s i c anion e x ­

change r e s i n xfhich has p r e v i o u s l y been conver ted t o t h e n i t r a t e form. The 

plutonium i s absorbed on t h e r e s i n whi le t h e c a t i o n i c and weakly he ld an ion ic 

i rap i i r i t i es pass through t h e column i n t o t h e feed e f f l u e n t . Af ter t h e column 

has been washed vjith s t r ong n i t r i c ac id t h e plutonium i s e l u t e d by conver t ing 

i t t o c a t i o n i c p l u t o n i u m - I I I wi th a reduc ing agent such as hydroxylamine n i t r a t e . 

Because of t h e i n s t a b i l i t y of hydroxylamine i n s t r o n g n i t r i c ac id a 1 N n i t r i c 

ac id spacer wash i s i n s e r t e d between t h e wash and reducing s o l u t i o n . The hy­

droxylamine can be decomposed by c o n t r o l l e d a d d i t i o n t o b o i l i n g 7 .5 M n i t r i c 

ac id g iv ing a plutonium-IV product i n n i t r i c a c i d s o l u t i o n . 

I f a s i n g l e pass does not give a product of t h e d e s i r e d p u r i t y ( l ) t h e 

plutonium-IV product i n 7 .5 M n i t r i c a c i d can be app l i ed d i r e c t l y t o a second 

anion column as shown i n rou te 1, F igure 1 , A l t e rna t i ve ly t h e p l u t o n i u m - I I I may 

be absorbed from t h e hydroxylamine s o l u t i o n onto a s t r o n g l y a c i d i c c a t i o n e x ­

change r e s i n as shown i n rou te 2 . The hydroxylamine i s washed from t h e column 
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with 0.5 M n i t r i c acid and the plutonium i s eluted from the col-omn with 7.5 M 

n i t r i c acid. The eluate can then be applied d i r ec t ly t o a second anion exchange 

column for further pur i f i ca t ion . In prac t ice route 2 has proven t o be pre fe r ­

able t o route 1 because of corrosion product catalysed oxidation of plutonium-IV 

t o plutonium-VI i n the hydroxylamine decomposition s tep (2 ) (3 ) . 

EQUILIBRIUM STUDIES 

Anion Exchange Equi l ibr ia 

In a study of the n i t r a t e complexes of t e t rava len t plutonium Brothers e t 

a l (k) have shown tha t R2Pu(N03)6* i s the species formed when plutonium-IV 

absorbs on an anion exchange r e s in . They also show that below 6,5 M n i t r a t e 

ion plutonium-IV i s present almost en t i r e ly in the form PU(NOO)K and t ha t above 

11 M n i t r i c acid plutonium-IV i s present almost en t i re ly i n the form H2Pu(N02)5, 

Thus the reactions of plutonium-IV with an anion exchange res in can most con­

veniently be expressed as 

Pu(N03)^ + 2 RNO3 ^ = f R2Pu(N03)|j [l] 

in low acid concentrations, i , e . < 7 M, and 

H2Pu(N03)6 • 2 RN03;z:± R2Pu(N03)6 + 2 HNO3 [2] 

at high acid concentrations, i . e . > 1 1 M. At intermediate acid concentrations 

both these react ions and possibly the react ion 

HPu(N03)^ + 2 RN03^=f R2Pu(N03)6 + HNO3 ^3l 

could be involved. 

I f i t i s assumed tha t react ion £1] i s the predominant react ion a t most 

acid concentrations of i n t e r e s t i t i s possible t o wri te the following equ i l i b -

rivan expression t o represent the system. 

A Here and in what follows R represents the res in matrix. 
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^ R2Pu(N03)6 ^ Y R2Pu(N03)6 ^ ĵ ] 

C \ 2 
^"^R2Pu(N03)6; TPu(N03)i^ . r'^BMO-^ 

In equation [Ii] C's represent appropriate concentrations in moles / l i t re for 

the solut ion phage and mill iequivalents/gram of dry res in in the res in phase, 

Y ' S represent the appropriate a c t i v i t y coeff ic ients , V i s the sa tura t ion 

capacity of the res in i n mil l iequivalents per gram of dry r e s in , and Ki^ i s an 

equilibrium constant, V can be readi ly obtained by acid t i t r a t i o n of a known 

weight of exhausted res in and for most anion exchange res ins i s around 3.0 ( 5 ) . 

TE*u(N03)l̂  can be obtained from t r i b u t y l phosphate equilibrium data (1;) and i s 

p lo t t ed as a fimction of ionic s t rength in Figure 2 with the value a t an ionic 

s t rength of 1 a r b i t r a r i l y se t at 1, In n i t r i c acid solutions the ionic s trength 

can be obtained from the dissocia t ion data of Krawetz (6 ) , Figure 3« The a c t i v -

i t y coefficient r a t i o YR2Pu(N03)6/Y RNO3 has not been determined but should be 

a function so le ly of the res in plutonium concentration. 

The equilibrium between 50-100 mesh Dowex-1 - 1% cross-l inked and various 

n i t r i c acid solutions of plutonium-IV has been studied by Durham and Mills ( 7 ) . 

The low cross- l inked, f ine mesh res in was used t o hasten attainment of equ i l i b ­

rium. Since the t i t r a t i o n capacity of 1% cross-l inked 50-100 mesh Dowex-1 i s 

very s imi lar to the t i t r a t i o n capacity of most other quaternary ammonitim poly­

styrene base res ins (5) i t i s reasonable t o assume tha t the equilibrium data 

obtained w i l l be applicable to any strongly basic anion exchange res in of t h i s 

type. The ra te of attainment of equilibrium w i l l however vary d r a s t i c a l l y with 

p a r t i c l e s ize and degree of cross l inkage. The r e su l t s of these equilibrium ex­

periments are given in Table I , These data have been subs t i tu ted in equation 

[I4.J using V = 3.5 (8) t o give the values of K]_ * ^ ^ 3 , hereaf ter referred 
TR2Pu(N03)5 

to as K-^, given in Table I and platted in Figure U. 
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. Resin Pu Cone. 
%2P«(N03)6 

meq./gm. dry r e s i n 

0 .321 
0,l430 
0,Ii55 
0.597 
0,637 
0.766 
1.76 

0,U72 
0.572 
0,760 
0.766 
1.32 
1.11 
l . i i6 
2.03 
3 .20 

0,itli6 
0.680 
0,702 
0.770 
1.18 
1.52 
2.72 

0.U36 
0.653 
1.03 
2.3U 
2.55 
2 .85 
3 . 2 1 

O.U65 
0 ,731 
0,958 
1.32 
2.U6 
2 .55 
2.65 

0,U86 
0.5U0 
0.712 
0.820 

EQUILIBRIUM DATA 

Resin NO3 Cone. 
^-°R2Pu(N03)6 

meq./gm, dry r e s i n 

3.18 
3.07 
3.0ii 
2 .90 
2.86 
2,73 
I.7I1 

3 .03 
2.93 
2.7li 
2.73 
2.18 
2.39 
2.01^ 
l . i i7 
0.30 

3 .05 
2.82 
2.80 
2.73 
2,32 
1.98 
0,78 

3 .06 
2 .85 
2,ii7 
1,16 
0.95 
0 .65 
0.29 

3.0lt 
2,77 
2.5U 
2.18 
l.Oli 
0 .95 
0,85 

3 .01 
2.96 
2.79 
2.68 

Pseudo Equ i l ib r iu j 
Constant 

K i l 

0 .65 
0 .91 
0 .85 
1.00 
1.02 
1.33 
U.7 

1.8 
2 .3 
2 .6 
2 .5 
6 .0 
3.9 
6.U 

13 .8 
l i t8 ,0 

3 .3 
5 . 1 
U.9 
U.8 
9.3 

1U.6 
81i. 

3 .8 
^.h 
9.6 

50. 
7 1 . 
67 . 

216. 

3.^ 
6 ,0 
8.6 

II4.2 
$6, 
6 1 . 
77. 

3 .8 
li .3 
S.^ 
6 .3 
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An examination of Figure k shows that the values of K]_^ f a l l on three 

p a r a l l e l l i n e s , one comprising a l l the values from equi l ibrat ions at acid ccn-

centrat ions from 3 t o 8 M, one comprising the values for equi l ibra t ions at 9 M 

and one comprising the values a t 10 M. The increase i n Kj^ with res in loading 

i s due t o an increase in the value of ^21 and t h i s i s independent of 
TR2PU(N03)6 

the aqueous phase as i t should be . The fact tha t K -̂̂  i s constant at constant 

r e s in loading for a l l n i t r i c acid concentrations from 3 t o 8 M indicates tha t 

react ion [ l ] holds up t o 8 M and tha t equation \Ul described the system remark­

ably well up to t h i s po in t . The reduction in K^l above 8 M i s due t o the i n ­

creasing contribution of reactions [2j and [3I . 

I t would seem of value t o measure Kj^ values for t yp ica l s a l t solutions 

to check them with the n i t r i c acid values but t h i s has not been done t o da te . 

In the presence of uranium the system i s complicated by the absorption of 

uranium species in the res in phase. Experiments s imilar t o those used in the 

iden t i f i ca t ion of the plutonium species absorbing (1;) have shown that both 

R U02(N03)3 and R2U02(N03)|, are formed when an anion exchange res in i s contacted 

with a n i t r a t e solut ion of uranium-VI (Figure 5 ) . Consequently the react ions 

U02(N03)2 + RNO3 ^ ^ R U02(N03)3 [$] 

and U02(NG3)2 + 2 RNO3 ^ R2U02(N03)i^ [6j 

con?)ete with reactions ^ l ] , [ 2 j , and [3] for res in s i t e s thus great ly reducing 

the capacity of the res in for plutonium ( l ) . Attempts t o resolve t h i s system 

quant i ta t ive ly have been unsuccessful. 

Cation Exchange Equi l ibr ia 

In general plutonium-IH does not have a strong tendency to form complex 

ions (9) and, although some evidence does exis t for weak complex formation in 

n i t r a t e solut ion (9) , i t has been assumed for the purposes of t h i s study that 

the absorption of plutonium-III by cation exchange res ins can be adequately 

represented by the react ion 
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Pu*3 + 3 HR ^ ^ Pu R3 + 3 H* [7] 

Writing an equilibrium expression for reaction \^i\ s imilar t o tha t for react ion 

[1] gives 

Cp^+3 .(y-<3puR3^ ^^• '3 Y ^ 

2 = ^ ^ 3 - -H- ^ ^ _ ^ r u n ^ ^gj 

where C's again represent concentraticns in moles/litre for the solution phase 

and milliequivalents/gram dry resin for the resin phase, y's again are activity 

coefficients, V is the saturation capacity of the resin in milliequivalents/gram 

of dry resin and K2 is an equilibrium constant, V can be readily determined by 

caustic titration of a known weight of exhausted resin and for most strongly 

acid cation exchangers is around 5.0 (5). Cfj+ can be obtained from the dis­

sociation data of Krawetz (6) Figure 3. The activity coefficient ratio 

TPUR3 
has not been determined. 

^ * 3 i r | R 

Durham and Aikin (lO) have studied the equilibrium between 8% crossblinked, 

5O-IOO mesh Dowex 50 and plutonium-III - 0.1 M hydroxylamine n i t r a t e solutions 

at various concentrations of n i t r i c acid. Their data have been subst i tu ted in to 

equation [S] using t h e i r value of V = $,^, t o obtain the values of K2 "^^ "HR ^ 
YPUR3 

hereafter referred t o as Kp , given in Table I I . A similar se t of data i s 

given for 8% cross-l inked, 50-100 mesh Dowex 50-W, using V = 5.15, in Table I I I . 

Fortui tously the r a t i o YPu"''3 YHR appears t o be reasonably constant over 
rpnR 

the range of concentrations studied in the Dowex 50 equi l ibra t ions giving an 

average value of Kp = 2li. The r a t i o TPu -̂  "̂HR i s not constant for the Dowex 
TPUR 

50-W equi l ibra t ions giving values of IC2-'- varying from 21 at O.I48 M HNO3 t o 7 

at 2.39 M HNO3, 
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TABLE I I 

PLUTONIUM-III - DOWEX 50 EQUILIBRIUM DATA 

Sol'tt-H^Conc. Soln.Pu Cone, Resin Pu COTIC, Resin H*Conc. Pseudo Equi l ib r ium 
HNO3 Ccsac. ^H* ^Pu"*"3 Op^u^ v - C p ^ ^ Constant 
m o l e s / l , m o l e s / l . raoles/l, meq,/gm. dry r e s i n meq./gm, dry r e s i n K2'^ 

0 . ^ 
0,51^ 
o.51i 
1.31 
1.32 
1.30 
2.81 
2,78 
5.89 
5.89 

0.5U 
0.5U 
0.5U 
1.2U 
1.2h 
l,2li 
2,60 
2,60 
li.30 
li.30 

0,658 X 
0.221 
0,269 
0,6lli 
0.193 
0,229 
0.1t39 
0,ii69 
o,ii85 
O.U69 

10-3 
M 

n 
It 

II 

R 

11 

11 

II 

It 

PLUTONIUM-III 

TABLE 

2,70 
1,88 
2.00 
0,765 
0,310 
0,350 
0,081 
0.092 
0.023 
0.022 

I I I 

2.80 
3.62 
3.50 
I1.73 
5.19 
5.15 
5.1i2 
5.1il 
5.1i8 
5.U8 

- DOWEX 50-W EQUILIBKEUM DATA 

29 
28 
28 
23 
23 
21 
20 
22 
23 
23 

Soln, H*Conc, Soln.Pu Cone, Resin Pu Cone. K®§i^ H*Ccnc, Pseudo Equilibrium 
HNOo Cone. '̂ H+ ^Pu*3 Op^^ «-0puR3 Constant 
moles/ l . moles / l . moles / l . meq./gm. dry res in meq,/dry res in K2-̂  

0.1i8 0.U8 l,Ii9 X 10-3 2.96 2.5U 21 
0.1i8 0,U8 1.28 " 2.88 2.62 21 

2.96 
2.88 
0.89 
0,99 
0,02l4 

2.5U 
2.62 
1 .̂61 
li .5l 
5.U8 

1.17 l . lU 1.58 " 0.89 i t .6l 11 
1.18 l .Ut 1.90 " 0,99 li.51 11 
2.39 2,20 0.29 » 0,02l4 5.ii8 6.6 

Kinetic Studies 

The equilibrium s tud ies , which provide a method of calculat ing the equi -

libriTim res in plutonium concentration, must be supplemented by k ine t i c s tud ies , 

which provide a method of applying the equilibrium data t o column operation. 

Several methods of t r ea t i ng the dynamic ion exchange system have been described 

in the l i t e r a t u r e (11) (12) but most involve, for univalent-^olyvalent ex­

change, making a l inear approximaticsi for the equilibrium expression. Treat ­

ment of a system in t h i s manner i s des i rable , i f poss ible , since the numbers 

obtained are applicable t o coluims of any p r ac t i c a l s i ze , operating at any 
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practical flowrate and loaded with resin of any practical particle diameter. 

In the plutonium systems considered no satisfactory approximation for the equi­

librium expression could be found. Consequently, the data were treated by the 

exchange zone method of A.S. Michaels (13). Michaels relates the column capacity 

to any given breakthrough to the equilibrium column capacity by the relation 

where Cg is the column capacity to any given breakthrough 

Of is the equilibrium column capacity* 

h^ is the total column height in cms. 

F is the fractional residual capacity of the exchange zone 

hg is the height of the exchange zone in cms. 
Vm 

/ • ^ F = V E (XQ - X) dV r-io] 
XO Vz 

where X Q is the influent metallic ion concentration meq,/cc. 

X is the effluent metallic ion concentration meqo/cc 

Vg is the volume of effluent collected to breakthrough 

V^ is the volume of effluent collected to exhaustion 

V2 is V^ - Vg, 

Michaels has shown that, for a symmetrical breakthrough curve, a reasonable 

assunption for most systems, F =» 0,5 and 

This method eliminates the necessity of making a linear approximation for the 

equilibrium expression but requires either graphical or empirical correlation 

of exchange zone height with flowrate and particle size. Consequently, ex­

change heights have been determined experimentally and have been plotted 

against flow rate and particle size. Figure 6 shows the exchange heights for 

* C E and Cf can be expressed in any consistent units. 
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plutonium-III on Dcwex 50. The points for 60 mesh Dowex 50 can be c losely 

approximated by the equation b„ ~ 70 d ^ where v i s the flow r a t e in lais . /min./ 

cm.'̂  and d i s the diameiier cl the res in parfeiclfe in cm. The \(T re la t ionship has 

a lso been found by Mic^aels (13) and Marr and David (12)„ The two poijits ob­

tained on 20-2li mesh Dowex 50 give reasonable agreement with the above equation 

but t h i s should be furt.her checked on a p i l o t plant sca le . Prelim3.nary r e su l t s 

on the absorption of plutonium-IV on Dowax l-BX and Dâ irex 1-IK give exchange 

heights represented by the empirical equations h^ ^ 300 d \/v and h^ = 170 d y v 

respec t ive ly . I t should be emphasiasd t ha t these values are based on a minimum 

number of experimental r e su l t s and should only be used as a guide t o future ex­

perimental work, 

ELUTICN CONSIDERATIONS 

The react ion governing the elut ion of plutonium from Dowex 1 can be 

expressed as 

R2Pu(N03)6 ., PU(N03}|^ + 2 RNO3 [12] 

consequently the r a t e of eluti'^n i s going to ba goveraad a t l eas t t o some 

extent by the concent:."ation of Pa(NO'^)j. in the aqueous phase. Brothers et a l 

(it) have shown tha t even at 1 M HNO-j the predominant plutoniuia-IV species i s 

Pu(N03)j^ thus i t i s not surpr is ing tha t plutonium i s eluted slowly with d i lu t e 

n i t r i c acid (1) ( II , ) . In the presence of excess reducing agent the concentra­

t i on of V\i.{Wj)\^ in the aqueor-S phase 1.5 reduced vi r taa l l j r t o aero by reduction 

t o plutonrora-III and the r a t e of the e lu t l cn react ion i s grea t ly increased (15) . 

In the anion exchange p i lo t plant a t Chalk River two column volumes of 0,15 M 

hydroxylamine n i t r a t e at a flow ra te of 0.375 ml./min./cm.S give conplete 

e lu t ion ^I6) , 

The react ions ga/erning the e lut ion of plutonium-III from Dowex $0 or 

DoMC'X 50-W Ti-rith strong n i t r l s acid ara complex and probably involve the 
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absorption and elution of some plutonium-IV species as well as the elution and 

oxidation of plutonium-III, The results of a series of elution experiments are 

given in Figure 7. In these experiments 50-60 mesh Dowex 50 and Dowex 50-¥ 

resin columns were loaded to 1^ breakthrough vrith plutonium-III from a 0„05 N 

hydroxylamine - 0.95 N nitric acid solution. The columns were washed with 1.0 

N nitric acid to displace the hydroxylamine and were then eluted with 8 N nitric 

acid at flow rates varying from 0,5 to k«0 ml./min./cm,2, A consideration of 

Figxire 7 shows that the rate of elution appears to be dependent only on the 

time of contact at least over the flow rate range studied. A plot on semi 

logarithmic paper of the experimental points using the square root of the time 

of contact as abscissa. Figure 8, gives a single straight line for Dowex 50 and 

a second straight line for Dowex 50-W, These lines can be represented by the 

equations C/CQ = e"°'°^^ V*' f or 50-60 mesh Dowex 50 and C/CQ = e"̂'-'--'-̂  V * for 

Dowex 50-W, where C/CQ is the fraction of plutonium left on the resin after 

any given time of contact, t, and t is expressed in minutes. The solid lines 

in Figure 7 are plots of these functions and show the fit of the elution equa­

tions to the experimental points. It should be possible to obtain an equation 

of similar form for 20-50 mesh Dowex 50 but this has not as yet been done. It 

will be noted that no mention of coliann size was raade in the above treatment. 

The volumes of eluant involved in these elutions are very large in comparison 

to the volumes of the columns ccaisequently the movement of the exchange band 

through the column is probably a relatively minor factor. Thus the equations 

should be virtually independent of column dimensions. 
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CONCLUSIONS 

1) The equilibrium between plutonium-III and Dowex 50 can be described 

adequately by the equation 

CpuRo , Cpu+3 _ 
, ^ - Kpl -7-5— -13] 

where K2-̂ "'-̂ '" 2I4. This equation can be solved as a cubic equation or by t r i a l 

and e r ro r t o give a value of the plutonium concentration on the res in in equi­

librium with any p r a c t i c a l n i t r i c acid solut ion. This gives, for any column, 

a value of CT, the sa tura t ion capacity. The capacity t o breakthrough, Cg, can 

be determined from the equation 

CE - CT ( I j l i i i l l ) [12^ 

K2I for Dowex 50-W varies from-^^21 at 0.5 M n i t r i c acid t o ' ^ 6 . 6 at 2.1^ 

M n i t r i c acid. Exchange heights for Dowex 50-W have not as yet been obtained. 

Dowex 50-W i s much more r ead i ly eluted than i s Dowex 50 and consequently may 

find considerable usage, 

2) The equilibrium between plutonium-IV and 8% and 1% cross-linked Dowex 1 

can be represented by the equation 

7 ^^^^^^^3)6 ^ j^_^i Cp^(N03)u Ypu(N03)li [l^J 
'V^R2Pu(N03)6)2 

where K^}- can be obtained from Figure k and TPu(N03)|^ can be obtained from 

Figure 2. This equation can be solved as a simple quadratic or by t r i a l and 

error t o give a value of the plutonium concentration on the res in in equ i l ib ­

rium with any given n i t r i c acid solut ion. As above t h i s gives, for any column, 

a value of C™, and C'g can be calculated from the equations 

n » r (1 - 1̂ 0 df^) 
Cg - Cj ^ ^ 
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for 8% cross-linked resin and 

for 1^ cross-l inked r e s i n . I t should be emphiasized tha t equations [l^J and [ITJ 

are based on a minimum number of r e su l t s and should be further confirmed before 

too much f a i th i s put in them, 

3) The equilibriTjm between plutonium-IV and Dowex 1 in the presence of 

uranium i s conplicated by the formation of the species R U02(N03)3 and 

R2 U02(N03)j, and i t has not been possible t o resolve t h i s system quant i ta t ive ly , 

k) The elut ion of plutonium from 8% cross-linked 50-100 mesh Dowex 50 and 

Dowex 50-W can be represented respect ively by the equations 

C/Go « e-0.082f t |-3_8-] 

and C/C^ = Q-0,112NfT r-^^ 

Elution from 20-50 mesh resins could probably be expressed by equations of the 

same form but experiments to evaluate the constants have not been completed, 

5) The elution of plutonium from anion exchange resins is rapid with a re­

ducing agent but slow without one, A fairly complete study of elution with 

dilute acid is given by Ryan and Wheelwright (lit), 

SUG(2:STI0NS FOR FUTURE WORK 

1, The Kp values, quoted for use in equation fl5] s have been obtained on 

50-100 mesh resins. The validity of these values should be checked with resin 

of another mesh size, preferably 20-50 mesh, 

2, The equation for the exchange height in the plutonium-III - Dowex 50 

system, hg = 70 d\n?', should be further checked on 20-50 mesh resin, 

3, K-j_l values for use in equation Cl$l should be obtained for nitrate salt 

solutions and all values should be checked on 20-50 mesh 8% cross-linked resins. 
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The values quoted have been obtained on 50-100 mesh Dowex 1, 1% cross-lixiked, 

k. Equations [ l ^ and |l7] , representing the exchange heights in the 

plutonium-IV - Dowex 1 system, are based on a minimum number of experimental 

r e su l t s and should be checked on both 50-100 and 20-50 mesh r e s i n s , 

5, Equations should be obtained t o represent the elut ion of plutonium-III 

from 20-50 mesh Dowex 50 and Dowex 50-W, 

ACKNOWLEDGMENT 

The authors wish t o express t h e i r indebtedness t o Dr, W,G, Mathers, of 

the Chemical Engineering Branch, Atomic Energy of Canada Limited, for ex­

tremely helpful suggestions in in t e rp re ta t ion of the da ta . 



- lit - GRDC-818 

REFERENCES 

1. Aikin, A.M,, Chem. Eng. Progr,, 53, 82F (1957). 

2. Crocker, I,H,, A.E.G.L, Report DCI-18 (1956). 

3. Crocker, I.H., A.E.G.L. Report CRDG-697 (1957). 

it. Brothers, J,A., Hart, R.G., Mathers, W,G,, J, Inorg, Nucl. Chem, 

5, Nachod, F,C., Schubert, J,, "Ion Exchange Technology", pg, 2ii, 
Academic Press Inc, New York (1956). 

6, McKay, H,A,G,, Trans, Faraday Soc, 52, 1568 (1956). 

7, Durham, R.W., and Mills, R,, A,E.G,L. Report CEI-62 (1953). 

8, Samuelscn, 0,, "Ion Exchangers in Analytical Chemistry", pg. 26it, 
John Wiley and Sons Inc., New York (1953). 

9, Katz, J.J,, Seaborg, G.T., "The Chemistry of the Actinide Elements", 
pg. 30ii, Methuen and Co, Ltd., London (1957). 

10. Durham, R.W., Aikin, A.M., A,E,C.L. Report CEI-55 (1953). 

11. Heister, N.K,, VerraeuKn, T., Chem, Eng, Progr,, it8, 505 (1952). 

12. Mar, B.W., David, M.M., A.I.Ch.E. Journal 2, 38I (1956). 

13. Michaels, A.S., Ind. Eng. Chem, itit, 1922 (1952). 

lit. Ryan, J,L., Wheelwright, E.J., Ind. Eng. Chem, 51, 60.(1959). 

15. Allison, G.M,, Hart, R,G,, A.E.G.L. Report PDB-86 (1953). 

16, Nishiraura, D.T,, A,E.G.L. Report CRGE-7it3 (1957). 



NITRATE SOLUTION 

OF P u " ^ PLUS 

IMPURITIES 

WASH, 8M HNOg 

SPACER WASH, IM HNO3 

ELUANT, NH2OH HNO3 

NHgOH HNO3 

DECOMPOSITION 

WASH, 8M HNO3 

SPACER WASH, IM HNO3 

ELUANT, NHgOH HNO3 

STRONGLY BASIC 

ANION EXCHANGE 

RESIN 

Pu™ IN NHgOH HNO3 

FEED EFFLUENT 

WASH EFFLUENT 

WASH, 0 - 5 M HN03' 

E L U A N T ; 7 -5M HNO3 

P u - ^ IN 7 -5M HNO 

STRONGLY BASIC »-

ANION EXCHANGE 

RESIN >-

TO NHgOH HNO3 

DECOMPOSITION 

STRONGLY ACIDIC —*~ FEED EFFLUENT 
CATION EXCHANGE 

RESIN —•-WASH EFFLUENT 

FEED EFFLUENT 

WASH EFFLUENT 

NHgOH HNO3 DECOMPOSITION 

AND PRODUCT CONCENTRATION 

FIGURE I 

THE PROCESS FLOW 



0 

10 

10 

o 
3 

CL 

FIGURE 2. 

ACTIVITY COEFFICIENTS OF Pu(N03)4 
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FIGURE 7. 

ELUTION OF PLUTONIUM FROM DOWEX 50 

AND DOWEX 5 0 - W , WITH 8 M HNO, 
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FIGURE 8. 

SQUARE ROOT PLOT OF ELUTION DATA. 
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