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SUMMARY 

This report gives the results of tests on elution^ at 600C^ of a 
Permutit SK^ kO-'JQ mesh^ resin colunm loaded with Ri(l?3, 

The optimum elution rate to ensure the highest plutonium concentration 
in the eluate (or the minimum amount of eluant necessary) in a minimum elution 
time is also given. 

1 , IHTRODUCTIOl 

Repsrt ETR Io»120 (l) gave the results obtained for a plutonium load on 
to-70 mesh Perwutit SK resin at 60^C, for initial plutonium concentrations of 
0.8-5 g/liter and for 7.2 M nitric acid* 

Iteport ETR 123 (2) gave the results obtained for washing tests, at 60°C^ of 
a I^rmutlt SKj kO-'JO iesh^ resin column loaded vith Pu(l¥). 

The study given below completes the two preceding studies, pewiitting the 
establishaent of a final chemical purification soheme for plutonium by anionic 
resins* 

2, CHOICE OF CONDITIOIS 

2«1 Qioiee of Eluant 

A nitric acid molarity of 0.6 was selected as this concentration is con­
sidered the best according to the work of %an and Wheelwright (3_). 

2.2 Cholee of Operating Temperature 

Work on the Nineties of elution by the same authors {^) indicated that a 
temperature of 60°C is best to ensure a final high eoncentration of plutonium in 
the eluate, 

3, METHOD OF OEEKATIOl 

3^1 Preparation of Reagents 

The nitric aeid, 0.6 M, was pre;p,red by diluting Bferck p^a.* nitric acid 
with distilled imterj the solution thus pre^red was standardized by titration 
with sodium hydroxide of known concentration. 

3*2 Apg.ratus 

The elution being made after the loading and washing of the resin, the 
ap^ratus used is the same as that used for the loading and washing tests0 
The characteristics of this ap^ratus are given in the report cited (l). 

The column had the following dimensions: 3I as. height, 0.125 on^ cross-
seotlonal area, 3,88 cm3 volume utilized^ 

Figure 1 is a schematic view of the apparatus. 

*As on original. 
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3.3 Besin Elution 

After completion of the loading and tmshing, the eluant (0.6 M MOo) is 
placed in vessel A (Fig. l) and passage of this solution through the resin at 
a fixed rate is continued. 

3.4 IMnpling 

After passage through the resin, the soluticn is collected in a capillary 
at e (Fig. i). 

Samples for determination of the plutoniiua coucentration are taken at 
rejtular iriterva,ls. 

3»5 Analytical Method 

The a n a l y t i c a l methods a re j i v e n i n d e t a i l in Ctect. 3.6 of re ference 1 . 

Ji. j<; a'KiiiMaffAL ILEIKJULTS 

h. 1 Aima oj' the Tests 

The t'̂ cts laade had the aim of determining: (a) the relation hctveea the 
elution I'ato and the volume oJ' eluant necessary to clute the plutonjum from 
the resinj (b) the relation betxreen the plutonium load on the resin before the 
elution and the volumes of elimnt necessary, the elution rate remaining constant. 

k.2 Teats at Different Elution tetes 

A series of tests was nmde at different elution rates; the operating con­
ditions are given in Table 1. 

Figure 2 shows the effect of the elution rate on the volumes of eluant 
necessary (expressed as resin bed volumes). 

rrellmiiiary Observations 

1. Determination of the Amount of Eluant Heeded Expressed as Bed Volumes 
(Column SV' Th^ YolMeof' el^mnt ^cessary was determined experimentally in 
the folJowing way: Rrom the total volume of solution needod for elution to 
the point of obtaining a plutonium concentration in the eluate of 1 g/liter was 
subtracted 2.5 cm3, the volume corresponding to the apparatus between the bottom 
of the column and the end of the capillary for taking samples. The volume thus 
obtained was divided by the resin bed volume. 

2. Plutonium Loading on Besin before Elution (Colunm k). The loading 
was obtained by dividing the number of milligrams of total plutoniura loaded 
on the resin (see resin loading curve in ref. l) by the volume of the resin bed. 

The values followed by an asterisk («) were calculated from the total 
amount of plutonixm eluted (column 8) divided by the bed volume. 

As may be seen (column h), the tesuS were made at a plutonium concentration 
that varied between 51 and 97^5 g/liter. 

This concentration should not affect the volume of the eluant (3̂ ). 
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Table 

j Test 
i n* 

1 (1) 

1 

3 

5 

6 
1 

7 

8 
i 

9 

12 

1% 

. 15 

16 

17 

21 

mte, 
cc min./cm3 

( 2 ) 

0.0129 

0.0065 

0.0098 

0.0197 

0.0226 

0.0229 

0.0194 

0.026 

0,0329 

0.0390 

0,045if 

0.0305 

0.120 

Eluaiit 

( 3 ) 

2.71 

2,46 

2,96 

2,57 

3.02 

2,75 

2 ,63 

2 ,75 

3A5 

3.7% 

3.45 : 

3.51 1 

4.51 

I Bi Loadiag on 
! r e s i n 

1 s / l i t e r 

( 4 ) 

87 ,5 

75,5 

71 

89 

86.5 

80 

59 

74 X 

86 X 

86 * 

86 * 

97,5 X 

51 X 

1 mg- t o t a l 

(5 ) 

340 

294 

271 

339 

336 

305 

229 

-

-

-

-

-

«ra 1 

/ E l u t i o n 
j Curve 

C6) 

343 

287 

288 

237 

359 

302 

217 

-

405 

510 

390 

384 

255 

Ave«,ge Elutidn Gone 

g / H t e r j mgr t o t a l 

( 7 ) 

31 

27.2 

21.2 

26 ,3 

24 

-. 

19.5 

27 

25 

23 

25 

27.8 

: 14.1 

(8} 

325 

261 

239 

258 

281 

-

197 

297 

334 

332 

334 

378 

191 

[Observat ion 
i Er rors . % 

(5) - (8) 

1 ^9) 1 

+ 4 , 4 

: + 11 

+ 11.8 

+ 24 

+ 16.4 

-

+ 14 

- 1 

_ 

_ 1 

— 1 
1 

1 
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3. Percentage of Plutonium lot Eluted (Column 9). The difference in 
percent between the total amount of plutonitJiii loaded on the colunm (column 5) 
and the total amount of plutonium found in the eluate (column 8) gave us the 
^rcentage of the plutonium that remained on the resin after the elution 
(column 9). 

As 3nay be seen, except in test 6 (24^, which may be considered due to 
experimental error), it may be concluded that about 10^ of the plutonium remained 
on the column after the elution. This conclusion is in contradiction to 
the results of other authors i^), who considered that under the experimental 
conditions all the resin can be eluted. On the other hand, if an error of 5f» 
in the detenninations is assumed in our case^ it seems difficult to always 
have an error that gives a lower elution yield. 

Also, it must be taken into account that in our tests the elution was 
stopped when the plutonium concentration in the eluate became less than 
0.5-0»8 g/liter, to eliminate a long tail on the elution curves 

On the other hand, as shown in the second part, amm plutonium was recovered 
from the column -wash at the end of the elution and 'from the coluan regeneration 

In conclusion, it may be said that if some of the plutonium remains on 
the column after the elution, it is small enou^ not to affect the calcula­
tions for a resin cycle if a safety factor of 10^ is used in calculating the 
column loading. 

^•3 Tests at Constant Elution Ifate for Different Plutonium Ladings on the Resin 

Table 2 gives the conditions of the tests, 

^ble 2 

Test ~Ste',' ''""~'~W''Lmding on ' folToFajant lecessa^ 
Mo. ec/min/em3 Resin^ g/liter . , Bed Vol 

4 
19 
20 
12 

0.0264 
0^0255 
0.0259 
0.0260 

18.3 
42.4 
44.6 
74 

1.94 
2.79 
3.14 
2.75 

Figure 3 gives the volumes of eluant necessaiy as a function of the plutonium 
concentration on the resin after loadings 

Prelimiimry Observations. As may be seen from Fig, 3, the plutonium 
loading on the resin has no effect for a loading of 4o g/liter or higher^ For 
a lower loading, the necessary eluant volumes are lower^ 

5. ELUTIOl MECmiISM 

5̂ 1 Introduction 

Assuming that the plutonium absorbed on the resin is a simple nitrate 
complex that does not contain a H+-radical, we may write the following relations 
for the desorption of plutoniuni with nitric acid (^): 



- 5 -

Kn.i5.[Pu(N03)n]^ PUIO33+ + 3NO3" + n-4RI03 (l) 

Pu^+ + IO3- ^ PUIIO33+ (2) 

The equilibrium constant for reaction 2, calculated by Hindman (4), 
is . 

K^2) = (PuK033+)/(Pu'^+)(l03-) = 2.9 ± 0.6 (3) 

On the other hand, if the plutonium loading on the resin is kept 
constant, the equilibrium constent of relation 1 nay be written 

KJI) = (PUNO33+) X (l03-)3 (4) 

To consider the electroneutrality of the solution, we may write 

(IO3-) - (H+) + 3(Pul033+) + 4(Pu^+) (5) 

The overall total of these reactions has certain kineticsj if the elu­
tion rate is lower than the kinetics of the equilibriums mentioned above, 
the concentration at the peak of the elution corrcGponds to the plutoniuni 
concentration at equilibrium in these reactions. 

Elution tests under equilibrium conditions at 60°C on Permutit SK of 
20-50 mesh under conditions identical to o\ir tests, imde by %an and Wheel" 
Wright (^), gave an elution peak at 59 g of plutonium ̂ r liter« 

The following system is proposed 1 

(PuI033+)/(pu%+)»(||03") = 2.9 (3) 

(NO3-) = (H+) + 3(PuI033+) + 4(Pu^) (5) 

or (H+) = 0.6 

K'^) = (Mf033+)^(M03-)3 (4) 

(PUIO33+) + (Pu^) = 59/239 = O.2I46 (6) 

This system of fo-ur equations in four unknowns (Pul033"*'j Pu%+j lOo""! K'/ĵ )) 
gave i\) a value of K'(i) = 0.54. 

Knowing the value of KVj^j, we can calculate from the preceding system 
of equations the value of an elution peak for a given nitric acid concentration 
in the eluant solution, 

5.2 Determination of- Optimum Elution Bate 

A series of tests was made with different elution rates. For all 
elution rates in which the time of contact of the solution with the resin is 
greater than the time necessary for establishment of the equilibriums 
mentioned above, the eluant volumes necessary to desorb the plutonium are 
identical (region I, Fig. 2). 

In this case the elution, and consequently the elution time, is not 
controlled by the kinetics of the establishment of chemical equilibrium of 
interest in the elution, but by the elution rate. 
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on the other tend, if the elution rate is such that the time of contact 
of the solution with the resin is less than the time necessary for establish­
ment of the equilibriifflis of interest, the elution is controlled by the equi­
librium kinetics and not by the elution rate (region II of Flg^ 2). In other 
words, in this region the duration of the elution remains practically 
constant, while the eluant volumes necessary vary according to the rate. 

There is a third region (region III of Fig, 2) in which the elution rate 
is sufficiently high that it is not possible to connect the concentration to the 
peak equal to the equilibrium concentration. The more the elution rate is 
increased, and the lower is the elutioa p€ak, the exchange kinetics 
are higher; the result is that in this region one eluant volime remains prac­
tically constant but the elution curve has a lower and more extended peak^ 

Figure 4 shows a complete elution curve for each rate region considered 
in Fig, 2, 

The optimxun elution rate is found at the intersection of region I and II« 

This rate, determined graphically in Fig, 2, is about 0,0260 cc/iBin/cm3. 

5.3 Calculation of Constant K'fi^ for Expression 4 

As shown in Sect^ 5.2, in Region I of Fig. 2 there is a region in which 
the elution equilibrium is conncetedj in this way the value of the elution peak 
corresponds to the equilibrium values of expressions 3*"6. 

Table 3 gives the values of the peaks measured for the tests made in region I, 

Table 3 

Test 

1 
3 
5 
6 

No. Peak, g 

60 
58 
49 
60 

f u / l i t e r Test No. 

7 
8 
9 

12 

Peak , S 
54 
49 
63 
55 

Pu / i i t e r 

The average of these values is 5^ g/liter. If the value of ^\±) is now 
calculated by the system of equations 3-6, it is found to be 0.46; %an and 
Wheelwright (Sect^ ^,l), under the same conditions of acidity and temperatxire 
and with Permutit SK 20-50 mesh, found a value of the elution peak of 59 
g/liter, which gives a K'(i) value of 0.54. 

Considering the analytical errors in counting Pu (± %) and of the nitric 
acid titration (±2fo) which affect our tests and not knowing the 
analytical errors that affect the tests of %an and Wheelwright, 1% may at first 
glance be concluded that tlmt the K'(i) are practically the same in the two cases. 

6. CONCLUSIOIS 

6.1 Elution Ite.te 

The optimum elut ion ra t e i s 0,026 cc/min/aaS of res in . 
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6.2 Volume of Eluant 

The volume of eluant necessary is 2.73 resin bed volimes (Fig, 2). 

6.3 Effect of the Plutonium Loading on the Besin 

For a concentration of ^0 g of plutonium per liter or higher, the resin load­
ing does not have an lugjortant effect on the volume of eluant necessary (Fig, 3), 

For lower concentrations, the volume of eluant needed decreases (Fig, 3), 

7. TESTS STILL TO BE MADE 

lo tests have been made with very different columns j these tests will 
be made next» In general, there is an effect of height and of the bed cross 
section on the voltane necessaa^ for the elution (_̂ ). 

7.1 Effect of Bed Height 

Ftom studies made (5,) on different kinds of resins and different ions, 
the general relation between the volume of eluant necessary and the height of 
the column was demonstrated to be 

¥l/V2 = ,Mi^ (7) 

where ¥]_ and V2 are the volumes of eluant necessary for coltams of heights 
hi and h2, respectively. 

Tests should be made to determine whether a similar relation should be 
considered in our case. In this way, if the effect of the bed height on the 
eluant volume is not taken into account, a large error (relation 7) is made 
in the sense that a larger volime of eluant is used (total required for 
complete elution). 

7.2 Effect of Bed Cross Section 

From studies made (^) on other ions it was not possible to determine 
whether there was an effect of the bed cross section on the eluant volume. 

In some cases it appears tlmt there is a relation similar to the above: 

V1/V2 = # i M (8) 

where V2. ̂.nd ¥2 are the volumes of eluant necessaiy for columns of diameter 
Dx and D2, respectively^ However, a definitive and general relation could not 
be set up. 

If a column with a larger surface than that in which our tests were made 
should be designed, then the error is Eiade by default (relation 8), 

If relations 7 and 8 are considered, it is seen that a larger column may 
be constructed, the ratio h/D remaining eqiml to the ratio in the column we 
used, without changing the volume of eluant necessary« 
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l l . STUDY OF TIffi 7»2 M IfflÔ  KEmillNG Tl THE RESII BW 

1, IlTHODUCTIOl 

After the plutonium has been eluted from the resin by 0,6 M MO3, the 
bed is restored to a condition for receiving the next load with 7,2 H IttlOo. 

Cold preUtttna:^ test on restoring the bed treated with 0.6 M MOo 
with 7*2 M roOo, we demonstrated that 5 to 6 bed volumes are necessary to 
restore the coliamj these tests were imde at a temjerature of 25OC. 

2. MSJTHOD OF OPEMTXOl 

2.1 Preparsition of. Reagents 

The 7.2 M HNO3 \m,B preiared by diluting Merck p.a,* acid with distilled 
water; the concentration was determined by titration with laOH of Inoi-m strength. 

2.2 Appai^tus 

The operation of restoring the bed being made after the elution, the 
apparatus used is the same as that used for the elution tests. The cliarac-
teristics of this apparatus are given in ref, 1 and in Sect, 3.2 of jKirt I of 
this report. 

Figure i is a schematic view of the apparatus used. 

2.3 Restoration of the Resin 

When the elution is finished, the solution for restoring the resin, 7,2 M 
HKOo, is placed in receiver A and passage of solution through the resin at a " 
fixed rate is continued. 

2.4 £te.mpling 

After ^ssage through the resin, the solution is received in capillary 
B (Fig, 1). 

Samples for analytical deteiminations (Pu and HHOo) are telien at 
regular intervals. 

2.5 Analytical Methods 

The ana ly t ica l methods were given in d e t a i l in Sect, 3,6 of ref. 1, 

3 . SffiERIIElTAL RESULTS 

3,1 Aims of the Tests 

Ifaving detenmined in the cold the amount of solution needed to restore the 
resin bed for further sorption (see Sect« l), the only remaining unknown is 
the determination of the average concentration of plutonium in the same solu­
tion. Several tests were conducted for this puarpose* The results are given 
in Table 1« 
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Test 
lo. 
(1) 

1 
3 
5 
6 
7 

Rate, 
ce/min/cm3 

(2) 

0,258 
0,258 
0,258 
0.258 
0.258 

Detenriination 

Vol 

of 

. of I 
¥ol 
(3) 

5 + 
5 -t 
5 + 
5 + 
5 + 

Table 1 

Solution 
of Bed 

1 
1 
1 
1 
1 

Pu Loading on 
Column before 
Treatment, mg 

(h) 

15 
33 
32 
81 
55 

Solution Volume (Column 3) 

Avg Solution 
Concentration 
mgTilter 

(5) 

67 
67 
66 
63 
75 

Total mg 
(6) 

1.57 
1.57 
1.5 
1.44 
1.75 

"^ Pu Re­
maining in 
Apmratus 
(4) - (6) 

(7) 

90 
95 
95 
^ 
^ 

The volumes reported in this column correspond to 5 bed volumes plus 
the volume corresponding to the dead volume in the apparatus after the column, 
which, in our particular case, corresponds to one bed volume. 

4. G01CLU3I01S 

1, During the restoration of the column, only part of tlie plutonium tlmt 
remains in the apparatus (canalizations + resin) is piclr.ed up by the restoring 
medium i'j-6%). 

2, The plutonium concentration in the solution is about 6O-70 mg/liter, 
which necessitates recycling, eventually, in the nitric acid recovery apparatus, 

3, Five bed volumes plus the volume correspoding to the dead volume in 
the apparatus used (canalizations) are sufficient to restore the resin. 

Ill, CALCUMTIONS FOE A HSBifiJTIT SK 40-70 ruesh 
PLUTOmUM PUEIilGATION COLIMM 

1. IHTRODUCTIOK 

For simplification, loading and wash data already ob'tained (l,2) are 
reported here. 

2. CALCUIATIOIS FOR A Pu PURIPICATIOI CYCLE 

2.1 Wsis 

Loading Solution (l) 

Pu concentration 
BSOo concentration 
Amount of Pu to be treated per cycle 
Ifex tolerable loss 
leading ra t e 
(derat ing temperature 

4 g / l i t e r 
7.2 M 
1000"*g 
3 mg/Hter 
0,35 mg/min/cmJ of res in 
60^C 
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Wash Solution (2) 

fflO.3 concentration 7*2 M 
Volume of wash solut ion 27 res in bed volumes 
Washing ra te 0.5 cc/ain/ciflS 
(derat ing te :^era ture 60°C 

Elution Solution (par t l ) 

HlOo concentration 0.6 M 
Elution solut ion volume 2.73""resin bed VOIUUKS 
Elution ra te 0.026 cc/niin/cm3 
Operating te i^era ture 60^C 

Besin Regeneration (par t I I ) 

HIOo concentration 7-2 M 
Solution volume 5 re'sin bed voltimes 
Regenerating solution ra te 0.258 cc/min/cmS 
(derat ing teni)erature 250C 

Mote; In the calculat ions below, no account i s taken of the dead volume 
of the i n s t a l l a t i o n ; t h i s volume cannot be determined u n t i l a f ter the project 
i s f i n a l . 

2.2 Column Calculations 

The dimensions of the column were calculated in ref 2 , Sect. 6 .2. These 
a re : 

Diameter 11,7 cm 
Cross section IO7.5 cm 
H e i ^ t 168 cm 
Voluaae 18 l i t e r s 

2.3 Calculations for Different Cheaical Schenes 

2 .3 .1 loading 

For the detailed calculations see refs 1 and 2. 

Rate 1.57 liters/min 
Pu rate 58.4 mg/min/cm^ 
Duration of operation I60 min 
Total solution volume 250 liters 
Total Pu treated 1000 g 
Pu load on resin 55.5 g/liter 
Pu loss from colunm I.7 mg/liter or 0.043̂ 9 

2.3.2 Washing 

For calculations detailed see ref 2 , 

Rate 9 liters/min 
Total solution volume 480 liters 
Duration operation 54 min 
Pu concentration in wash solution < 3 mg/liter 
* x . Pu loss 0.l4^ 
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2.3^3 Elution 

Voltme of Eluant lecessary. As Bald in part I of this report, there are 
no data on the volume of eluant needed for eluting a Mrge-diaensloned eoMam. 
In the calculation it is assuiKd that the volume of eluant needed are the 
same as those found for the conditions of our tests. 

The colunm VOIUIM is 18 liters, and the eluant volume needed is 2.73 
resin bed voliunBSj thus we obtain? 

Vol « 2.73 X 18 = 50 liters 

Eluant flowi The optiimm elution rate is 0.1^6 cc/nin/ciB̂ , which gives 

D = 0.026 X 18000 = 470 cmS/fflin 

or 0.470 liters/fflln 

Average concentration in eluate 1 If an etation efficiency of 90^ is 
assumed and the loss to loading and washing is neglected, an average eluate 
Ptt eoncentration if I8 g/liter is obtained. 

This calculated concentration Is lô wer than that found for a similar 
colunn by By«n and Wheelwri^t (50 g/liter) (j). ftls probably is due chiefly 
to two factors I effect of the colunn height ̂ ich was neglected in our cal­
culations although it can have a large effect (formila 7 of part I). 

For the chemical scheme proposed by %an and Mheelwi^t (_3), during lead­
ing the loss from the colunm is «ich hi^er (^3-400 mg/literl^^-Aich peraits 
obtaining a higher loading on the column (75 g/liter)^ affecting tdae final 
plutonium concentration in the eluate. 

In the chemical scheme proposed by %an and Wieelwight, the problem of 
recovering the plutonium from the loading and "wash solutions arises. In our 
chemical scheme, the product has a rather low concentration, but there is no 
problem of recovering the plutonium from the loading and wash solutions. 

Duration of the operationi 50/O.470 - 106 min. 

2.3.4 Resin Begeneration 

Volume of solution needed: 5 resin bed volumes are needed to ensure 
resin regeneration; we have thus: 

18 X 5 = 90 liters of regenerating solution 

Rate of regeneration! O.258 cc/Mn/cm^ or 0.258 x 18,000 = 4650 cc/min 
or 4.65 liters/min. 

Plutonium concentration in the solutions As seen la part II of this report, 
the plutonium concentration is 60-70 mg/liter. 
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This nay be recovered by sending the solution to the acid recovery system. 

Duration of the operationi 90/4.65 = 20 inin. 

2.4 General StMrnmry 

Conditions Loading Wash Elution Regeneration 

Rate, liters/min 1.57 9 0.470 4.65 

Volume per cycle, liters 250 480 50 90 

Duration of operation, min l60 54 IC^ 20 

Motes 

1. Total cycle duration: 34o ndn or 5 hr 4o Bdni If the various dead 
tl^s are considered, this becomes 6-7 hr. 

2. Proposed rates: All the rates proposed are maximum; if for the 
particular circumstances of the plant it is necessary to use lower rates, this 
does not affect the preceding conclusions. Higher rates are not advisable 
because they nay substantially modify the operating conditions for the resin. 

3. Amount of plutoniuni to be treated per day: The cycle of the chemical 
scheme proposed lasts 6-7 hr. Taking into account the inevitable dead time in 
such an installation, two cycles per day nay be imde, which corresponds to 
treatment of 2000 g of plutoniua. 

4. The proposed installation can treat daily any amount of plutonium 
Icwer than the assumed (2000 g); the two following conditions should be realized: 
the plutonium concentration of the loaded solution should be bet-ween 0.55 and 5 
g/liter (l); the duration of the loading should be such that the amount of 
plutoniuJB"on the resin at the end of the loading is 1000 g. 

Btaaple: If the production of plutonium is 100 g/day, the duration of 
the loading operation would be 

t = 1000/100 = 10 days 

The duration of the other operations (crashing, elution, ...) would be 
unchanged. 

5. Direction of passage of various solutions: The loading and -washing should 
be made in the same direction (2), preferably from top to bottom to prevent dis­
placing resin particles from the bed. The elution and regeneration nay be imde 
either way. 

In order to rehomogenize the bed after each cycle, it -would be preferable 
to BBde the elution or the regeneration in the direction opposite to that of 
loading and -washing. The direction to be adopted, in our opinion, are: 

loading: top to bottom Elution: bottom to top 
Washing: top to bottom Regeneration: top to bottom 
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