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SUMMARY

This report gives the results of tests on elution, at 60°C, of a
Permutit SK, 40=-70 mesh, resin column loaded with Pu(IV].

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 glven,

1. INTRODUCTION

Report ETR No.120 (;) gave the resulbts obtained for a plutonium load on
4070 mesh Permutit SK resin at 60°C, for initial plutonium concentrations of
0.8-5 g/liter and for 7.2 M nitric acid,

Report ETR 123 (2) gave the results obtained for washing tests, at 60°C, of
& Permutit SK, 40-70 mesh, resin column loaded with Pu(IV).

The study given below completes the two preceding studles, permititing the
establishment of a final chemical purification scheme for plutonium by anionic
resins.,

2, CHOICE OF CONDITIONS

2.1 Choice of Eluant

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

2.2 Choice of Operating Temperature

Work on the kinetics of elution by the same authors (3) indicated that a
temperature of 60°C is best to ensure a final high concentration of plutonium in

the eluate,
3. METHOD OF OFERATION

3.1 Preparation of Resgents

The nitric acid, 0.6 M, was prepared by diluting Merck p.a.* nitric acid
with distilled water; the solubtion thus prepared was standardized by titration
with sodium hydroxide of known concentration.

3.2 Apparatus

The elution being made after the loading and washing of the resin, the
apparatus used is the same as that used for the lcading and washing tests.
The characteristics of this apparatus are given in the report cited (;).

The column had the following dimensions: 31 cm height, 0,125 eme crosse-
sectional area, 3.88 cm3 volume utilized,

Figure 1 is a schematic view of the apparatus,

¥As on originsl.
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3.3 BResin Blution

After completion of the loading and washing, the eluant (0.6 M HNO3) is
placed in vessel A (Fig. 1) and passage of this solution through the redin at
g Tixed vate is conbinued,

3.4 Sompling

After possage through the resin, the soluticn is collected in & capillary
at ¢ (Fig. 1).

BSamples for determination of iLhe plutonium councentration are baken at
regular intervals.

3.5 Analytical Method

The analybical wmethods are iven In detail in Jeci, 3.6 of rerevence 1.
h,  BIPRRIMENTAL DESULTS

hol Admg of the Testls

The treobs made had Lhe aim of determining: (a) the relation between the
clution rate and the volume of celuant necessory Lo clute the plutonium {rom
the resin; (b) the relation between the plulonium load on the resin before the
elubion and the volumes of eluant necegsary, the elution rate remaining constant.

h,2 Mests ot Different Elubion Rates

A series of tests was made at different elution rates; the operating cone
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).

Preliminary Observations

1. Determination of the Amount of Bluant Needed Bxopressed as Bed Volumes
(Column 3). The volume of eluant necessary was determined experimentally in
the followlng way: From the total volume of solution needed for elution to
the point of cobtoining a plubtonium concentration in the eluate of 1 g/liter was
subtracted 2.5 em3, 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 Resin before Elution (Column 4). The loading
was obtained by dividing the number of milligrems of total plutonium loaded
on the resin (see resin loading curve in ref, 1) by the volume of the resin bed,

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

As may be seen {column h), tre tes.s were made at a plutonium concentration
that varied between 51 and 97.5 8/liter.

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



Table 1
Test Rate, Eluant Pu Loading on - Average Elutidn Cone Observation
n® c¢/ min/om3 Bed Vol resin {  Elution Errors, %
&/liter; mg total t) Curve g/Hter | mgr total (5) ~ (8)
(1) (2) (3) (4) (5) (6) 7) (& {s)
1 0.0129 2.71 87,5 340 343 31 325 + b4 h
3 0.0065 2,46 75:5 294 287 27.2 261 + 11
5 0.0098 2,96 71 271 288 21.2 239 + 11.8
6 0.0197 2,57 89 339 237 26.3 258 + 24
7 0.0226 3,02 86.5 336 359 24 281 + 16.4
8 0.0229 2.75 80 305 302 - - -
9 0.0194 2,63 59 229 217 19.5 157 + 14
12 0.026 2.75 b4 = - - 27 297 -
14 0,0329 3.45 86 = - 4o5 25 334 -
15 0.0390 3,74 86 = - 310 23 332 -
16 0,045k 3.45 86 = - 390 a5 334 -
17 0.0305 3.51 97.5 = - 384 27.8 378 -
21 0.120 L.51 51 = - 255 151 191 -

° €
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3. Percentage of Plutonium Not Eluted (Column 9)., The difference in
percent between the total amount of plutonium loaded on the column (column 5)
and the total amount of plutonium found in the eluate (column 8) gave us the
percentage of the plubonium that remained on the resin after the elution

(column 9).

As may be seen, except in test & (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 (3), who considered that under the experimental
conditions all the resin can be eluted, On the other hand, if an error of 5%
in the determinations 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 elimivate a long tail on the elution curve.

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

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

4.3 Tests at Constant Elution Rate for Different Plutonium Loadings on the Resin

Table 2 gives the conditions of the tests.

Table 2
Test Rate, “Pu Loading on Vol of Eluant Necessary
No., cc/min/em3  Resin, g/liter Bed. Vol
b 0,026k 18.3 1.9k
19 0.0255 ho b 2.79
20 0.0259 Lh,6 3.14
12 0.0260 T 2,75

Figure 3 gives the volumes of eluant necessary as a function of the plutonium
concentration on the resin after loading,

Preliminary Observations. As may be seen from Fig, 3, the plutonium
loeding on the resin has no effect for a loading of 40 g/liter or higher, For
a lower loading, the necessary eluant volumes are lower,

5. ELUTION MECHANISM

5.1 Introduction

Assuming that the plutonium absorbed on the resin is a simple nitraie
complex that does not contain a Ht radical, we may write the following relations
for the desorption of plutonium with nitric acid (3):



- 5 =

Rl [Pu(N03)y| &= Pulio33* + 303" + n-4RNOg (1)
Pu'tt + NOs" =2 PuNog3* (2)
The equilibrium constant for reaction 2, calculated by Hindmen (L),
e K(p) = (PuNo33+)/(Pu”+)(No3') = 2,9t 0,6 (3)

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

§
K(l) = (PuNO33+) x (N03”)3 (&)
To consider the electroneutrality of the solution, we may write
(N03™) = (HF) + 3(PuNOg3*) + L(Pult+) (5)
The overall total of these reactions has certaln kinetics; if the elu=
tion rate is lower than the kinetics of the equilibriums mentioned above,
the concentration at the peak of the elution corresponds to the plutonium
concentration at egquilibrium in these reactions,
Elution tests under equilibrium conditions st 60°C on Permutit SK of
20-50 mesh under conditions identical to our tests, made by Ryan and Wheel-
wright (3), gave an elution peak at 59 g of plutonium per liter.

The following system is proposed:

(BuN033+)/ (Pu'tt) (NO3™) = 2.9 (3)
(No3) = (B) + 3(PuN0g3+) + L(pu*) (5)
or (B+) = 0.6
Ki(1) = (PuNog3*)- (n057)3 (1)
(Pu033+) + (Put) = 59/239 = 0.246 (6)

This system of four equations in four unknowns (PuNO33+; Pultt; NO3”; K'(1))
gave (3) a value of X'(1) = 0.54.

Knowing the value of K'(ll, we can calculate from the preceding system
of equations the value of an elution pesk for a given nitric acid concentration
in the elvant solutioun.

5.2 Determination of Optimum Elution Rate

A gseries of tests was made with different elution rates, TFor all
elution rates in which the time of contact of the solution with the resin is
greater than the time necessary for establislment 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 eguilibrium of
interest in the elubtion, but by the elution rate,
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On the other hand, 1f 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 equilibriums of interest, the elution is controlled by the equi-
librium kinetics and not by the elution rate (region IT of Iig, 2). In other
words, in this reglon 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 ig the elutlon péak, the exchange kinetics
are higher; the result is that in this region cne eluant volume 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 optimum elution rate is found at the intersection of regionsI and II,
This rate, determined graphically in Fig, 2, is about 0,0260 cc/min/cm3.

5.3 Calculetion of Constant K'(l) for Expression U4

As shown in Sect. 5.2, in Region I of Fig. 2 there is a region in which
the elution equilibrium is connceted; 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 No, Peak, g Pu/liter Test No, Peak, g Pu/liter
1 60 7 5k
3 58 8 g
5 ko 9 63
6 60 12 55

The average of these values is 56 g/liter. If the value of K° 1) is now
calculated by the system of equations 3-6, it is found to be O,L46; Ryan and
Wheelwright (Sect. 5.1), under the same conditions of acidity and temperature
and with Permutit SK 20-50 mesh, found a value of the elution peak of 59
g/liter, which gives a K'(1) value of 0.5k,

Considering the analytical errors in counting Pu (& 5%) and of the nitric
acid titration (¥2%) which affect our tests and not knowing the
analytical errors that affect the tests of Ryan and Wheelwright, it may at first
glance be concluded that that the K'(1) are practically the same in the two cases.

6. CONCLUSIONS

6.1 Elution Rate

The optimum elution rate is 0.026 cc/min/em3 of resin,
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6.2 Volume of Eluant

The volume of eluant necessary is 2,73 resin bed volumes (Fig. 2).

6.3 Effect of the Plutonium Loading on the Resin

For a concentration of 40 g of plutonium per liter or higher, the resin load-
ing does not have an important effect on the volume of eluant necessary (Fig. 3).

For lower concentrations, the volume of eluant needed decreases (Fig., 3).
T. TESTS STILL TO BE MADE
No tests have been made with very different columns; these tests will
be made next. In general, there is an effect of height and of the bed cross

section on the volume necessary for the elution (Q).

7.1 Effect of Bed Height

From studies made (2) on different kinds of resins and different ioms,
the general relation between the volume of eluant necessary and the height of
the column was demonstrated to be

Vy/V2 = Jho /iy (1

where Vi and Vo are the volumes of eluant necessary for columns of heights
hy and hp, respectively.

Tests ghould be made bo 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 errvor (relation 7) is made
in the sense that a larger volume of eluant is used (total required for
complete elution).

7.2 Effect of Bed Cross Section

From studies made (é) on obther lons 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 that there iz a relation similar to the above:

vi/v, = JBi/e (8)

where Vy and Vp are the volumes of eluant necessary for columns of diameter
Dy and Do, respectively. However, a deflinitive and general relation could not

be set up.

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

If relations 7 and & are considered, it is seen that a larger column may
be constructed, the ratio h/D remaining equal to the ratio in the column we
used.. without changing the volume of eluant necessary.
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II, STUDY OF THE 7.2 M HN03 REMAINING T% THE RESIN BED

1. INTRODUCTION

After the plutonium bas been eluted from the resin by 0.6 M HNO;, the
bed is restored to a condition for receiving the next load with 7.2 1 HNO3.

Cold preliminary test on restoring the bed treated with 0.6 M HNO
with 7.2 M HNO3, we demonstrated that 5 to 6 bed volumes are necessary td
restore the co umn; these tegts were made at a temperature of 259C.

2., METHOD OF OFERATION

2.1  Preparation of Beagents

The 7.2 M HNO3 was prepared by diluting Merck p.a.* acid with distilled
water; the concentration was determined by titraticn with HaOH of known strength,

2.2 Apparatus

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

Figure 1 is s schematic view of the apparatus used.

2.3 Restoretion of the Resin

When the elution is Tinished, the solution for restoring the resin, 7.2 M
HNOz, 1s placed in receiver A and passage of solution through lhe resin at a
fixed rate is continued,

2.4 Sampling

AfTter passage through the resin, the solution is received in capillary
B (Fig. 1).

Samples for analytical determinations (Pu and HNU3) are taken at
regulsr intervals,

2.5 Analytical Methods

The analytical methods were given in detail in Sect, 3.6 of ref. 1.
3. EXIPERIMENTAL RESULTS

3.1 Aims of the Tests

Having determined in the cold the amount of solution needed to restore the
resin bed for further sorption (see Sect. 1), the only remaining unknown is
the determination of the average concentration of plutonium in the same solu=
tion. Several tests were conducted for this purpose., The results are given
in Table 1.

"¥as on original
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Table 1
% Pu Re=
Pu Loading on Avg Solution maining in

Test Rate, Vol of Solution  Column before  Concentration Apparatus
No. cc/min/cm3 Vol of Bed  Treatment, mg mg/liter Total mg (4 - (6)
(1) (2) (3) (1) (5) (6) (7)

1 0.258 54+ 1 15 67 1.57 90

3 0.258 5+ 1 33 67 1.57 95

5 0.258 54+ 1 32 66 1.5 95

6 0.258 54 1 81 63 T.hd 98

7 0.258 5+ 1 55 5 1.75 98

Determination of Solution Volume (Column 3)

The volumes reporited 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 cne bed volume,

4, CONCLUSIONS
1. During the restoration of the column, only part of the plutonium that
remaing in the apparstus (canmalizations + resin) is picked up by the restoring

medium (5-6%).

2. The plutonium concentration in the solution is about 60~-T70 mg/liter,
which necessitates recycling, eventually, in bthe nitric acid recovery apparabus.

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

IIT. CALCULATIONS FOR A FPERMUTIT SK kO-70 nesh
PLUTONIUM PURLFICATION COLUMN

1. INTRODUCTLION

For simplification, loading and wash data already obtained (1,2) are
reported here,

2, CALCUILATIONS FOR A Pu PURIFICATION CYCLE

2.1 Bdsis
Loading Solution (1)
Pu concentration b g/liter
HNOo concentration 7.2 M
Amount of Pu to be treated per cycle 1000 g
Max tolerable loss 3 mg/liter
Loading rate 0.3 mg/min/cm3 of resin

Operating temperature 60°C
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Wash Solution (2)

HNO. concentration
Volame of wash solution
Weshing rate

Operating temperature

Elution Solution (part I)

HNO. concentration
Elution solubion volume
Elution rate

Operating temperature

Resin Regeneration (part II)

HNO, concentration
Solition volume
Regenerating solution rate
Operating temperatbure

7.2 M

27 resin bed volumes
0.5 cc/min/em3

60°C

M
3 resin bed volumes
6 cc/min/cm3

G o

NONVO
88

7.2 M

5 resin bed volumes
0.258 ce/min/cm3
250C

In the calculations below, no account is taken of the dead volume

of the installation; this volume cannot be determined until after the project

The dimensions of the column were calculated in ref 2, Sect. 6.2.

These

11.7 em
107.5 cm®
168 cem

18 liters

Note:
is final.
2.2 Column Calculations
are:
Dismeter
Cross section
Height
Volune
2.3 Calculations for Different Chemical Schemes

2.3.1 Ioading

For the detailed calculations see refs 1 and 2.

Rate

Pu rate

Duration of operation
Total solution volume
Total Pu treated

Pu load on resin

Pu loss from column

2.3.2 Washing

For calculations detailed see ref 2

Rate

Total solubion volume

Duration operstion

Pu concentration in wash solution
Mox. Pu loss

1.57 liters/min

58.4 mg/min/cnf

160 min

250 liters

1000 g

55.5 g/liter

1.7 mg/liter or 0.043%

9 liters/min
480 1iters
s min

< 3 mg/liter
0.14%
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2.3.3 Elution

Volume of Eluant Necessary. As said in part I of this report, there are
no data on the volume of eluant needed for eluting a large-dimensioned columm.
In the calculation it is assumed that the volumes of elusnt needed are the
same 88 those found for the conditions of ocur tests.

The column volume is 18 liters, and the eluant volume needed is 2.73
resin bed volumes; thus we obtain:

Vol = 2.73 x 18 = 50 liters
Eluant flow: The optimum elution rate is 0.026 cc/min/cms, which gives
D = 0.026 x 18000 = 470 em3/min

or 0.470 liters/min

Average concentration in eluate: If an elution efficiency of 90% is
assumed and the loss to loading and washing is neglected, an average eluate
Pu concentration if 18 g/liter is obtained.

This calculated concentration is lower than thet found for a similar
column by Ryan and Wheelwright (50 g/liter) (3). This probsbly is due chiefly
to two factors: effect of the column height which was neglected in our cal-
culations although it can have a large effect (formula 7 of part ).

For the chemical scheme proposed by Ryen and Wheelwright (3), during load-
ing the loss from the column is much higher (300-400 mg/liter), which permits
obtaining & higher loading on the column (75 g/liter), affecting the final
plutonium concentration in the eluate,

In the chemical scheme proposed by Ryan and Wheelwright, the problem of
recovering the plutonium from the loading and wash solutions arises. In our
chemical scheme, the product has & rather low concentration, but there is no
problem of recovering the plutonium from the loading and wash solutions.

Duration of the operation: 50/0.470 = 106 min.

2.3.4 Resin Regeneration

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: 0.258 cc/min/cm3 or 0.258 x 18,000 = 4650 ce/min
or 4.65 liters/min.

Plutonium concentration in the solution: As seen in part II of this report,
the plutonium concentration is 60-T70 mg/liter.
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This may be recovered by sending the solution to the acid recovery system.
Duration of the operation: 90/4.65 = 20 min.

2.4 General Summary

Conditions Loading Wash Blution Regeneration
Rate, 1iters/min 1.57 9 0.470 h.65
Volume per cycle, liters 250 480 50 90
Duration of operation, min 160 5k 106 20

Notes

1. Total cycle duration: 340 min or 5 hr 40 min: If the various dead
times are considered, this becomes 6-7 hr.

2. Proposed retes: 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 may substantially modify the operating conditions for the resin.

3. Amount of plutonium to be treated per day: The cycle of the chemical
scheme proposed lasts 6-7 hr. Teking into account the ineviteble dead time in
such an installation, two cycles per day may be made, which corresponds to
trestment of 2000 g of plutonium.

4, The proposed installation can treat daily any amount of plutonium
lower than the assumed {2000 g); the two following conditions should be realized:
the plutonium concentration of the losded solution should be between 0.55 and 5
g/liter (1); the duration of the loading should be such that the amount of
plutonium on the resin at the end of the loading is 1000 g.

Example: 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 (washing, elution, ...) would be
unchanged.

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

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

Ioading: top to bottom Elution: bottom to top
Washing: top to bottom Regeneration: top to bottom
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