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THE INFLUENCE OF PLUTONIUM CONCENTRATION
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OF MACROPOROUS ANION EXCHANGE RESIN

by

S. Fredric Marsh and Timothy D. Gallegos

ABSTRACT

The principal aqueous process used to recover and purify plutoniuni
at the Los Alamos Plutoniuni Facility is anion exchange in nitric acid.
Previous studies with gel-type anion exchange resin have shown an in-
verse relationship between plutonium concentration in the feed solution
and the optimum flow rate for this process. Because gel-type resin has
been replaced with macroporous resin at Los Alamos, the relationship
between plutonium concentration and solution flow rate was reexamined
with the selected Lewatit MP-500-FK resin using solutions of plutonium
in nitric acid and in nitric acid with high levels of added nitrate salts.
Our results with this resin differ significantly from previous data ob-
tained with gel-type resin. Flow-rate variation from 10 to 80 liters per
hour had essentially no effect on the measured quantities of plutonium
sorbed by the macroporous resin. However, the effect of plutonium con-
centration in the feed solutions was pronounced, as feed solutions that
contained the highest concentrations of plutonium also produced the
highest resin loadings. The most notable effect of high concentrations of
dissolved nitrate salts in these solutions was an increased resin capacity
for plutonium at low flow rates.

INTRODUCTION

Anion exchange in nitric acid is the principal aque-
ous process used to recover and purify plutonium at
Los Alamos. An important parameter that affects this
process is the relationship between plutonium concen-
tration and the optimal flow rate at which feed solu-
tion is supplied to the ion exchange column. It has
long been accepted qualitatively that feed solutions of
higher plutonium concentration should be loaded at
lower flow rates. This premise is reflected in Fig. 1,
copied from the "Los Alamos Standard Operating Pro-
cedure for Nitrate Anion Exchange."1 Unfortunately,
the experimental data that support Fig. 1 are from

studies of gel-type anion exchange resins no longer
used.

A recently completed ion exchange development
program at Los Alamos2 demonstrated that certain
macroporous resins are much superior to gel-type
resins for processing plutonium. Operational guide-
lines for plutonium processing based on past studies
with gel-type resins have therefore become obsolete.
For this reason, we designed an experimental system
to measure the influence of plutonium concentration
and feed-solution flow rate on the effective capacity
of the preferred macroporous resin. The objective of
this investigation was to define optimum flow rates for
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loading anion exchange columns of the selected resin
with feed solutions of specified plutonium concentra-
tion and salt composition.

This study has produced valuable operational data
for a superior macroporous resin that is gaining
widespread acceptance within the nuclear industry. In
addition to providing new guidelines that can improve
process throughput and efficiency, these experimental
results are of special interest because they differ sig-
nificantly from those reported in previous studies of
other resins.3'4

EXPERIMENTAL

All anion exchange resin used in this study was
taken from a single batch of Lewatit MP-500-FK (40-
to 70-mesh) resin that had been used in routine proc-
essing at Los Alamos for nearly a year. We selected
used resin because the performance of this resin im-
proves significantly with repeated use, for reasons not
yet fully understood. Because the thoroughly condi-
tioned resin used in this study reliably represents the

resin in production columns, the results reported here
should apply quite directly to full-scale plant opera-
tions.

The complete study consisted of two separate
phases. In Phase I we evaluated feed solutions that
contained only plutonium in 7 M nitric acid, whereas
in Phase II we evaluated feed solutions of high salt con-
tent that simulated recoverable waste from pyrochem-
ical operations. Thus, the solutions tested bracketed
the entire concentration range of impurities found in
actual process feed solutions.

The master solution of plutonium nitrate, from
which all other solutions were prepared, contained a
fluoride-to-plutonium ratio of 0.072. This base level of
fluoride was present in Phase I solutions, to which no
aluminum was added, and in Phase II solutions that
contained additional fluoride and aluminum. The plu-
tonium in the master solution was converted to Pu(IV)
by adding hydrogen peroxide.5 After spectrophoto-
metric analysis confirmed the absence of Pu(VI) and
Pu(III), individual dilutions were prepared.



Phase I: Low-Salt Solutions

Plutonium Concentration. The four selected
feed-solution concentrations of approximately 10, 20,
50, and 110 grams of plutonium per liter bracket
typical plutonium concentrations of routine anion ex-
change processes at Los Alamos. The various pluto-
nium concentrations used in this study were obtained
by diluting a portion of an initial master solution that
contained approximately 120 grams of plutonium per
liter. Final solution volumes were approximately 15,
6.25, 2.5, and 1.2 liters, respectively, for the four plu-
tonium concentrations described above.

Flow Rates. The four flow rates of 10, 20, 40, and
80 liters per hour for loading the feed solutions were
likewise selected to bracket flow rates typically used in
routine anion exchange processes at Los Alamos.

Nitric Acid. The concentration of nitric acid,
held constant at 7 M throughout the entire series of
experiments, is the nominal acid concentration used in
routine anion exchange processing.

Nitrate. In each solution, the constant concentra-
tion of nitrate in the form of nitric acid was supple-
mented by an additional amount of nitrate associated
with the dissolved plutonium nitrate. We assumed
that each Pu(IV) ion had four nitrate ions associated
with it, although this assumption was not experimen-
tally verified.

We recognized that Pu(IV) can associate with more
than four nitrate ions and that such anionic nitrate
species of plutonium existed in these solutions. Such
anionic species must, however, be offset by an appro-
priate number of hydrogen ions to preserve overall
charge balance. All hydrogen ions associated in this
manner with anionic nitrato complexes were measured
in the free-acid determination and therefore were in-
cluded in the measured concentration of nitric acid.

Although the total quantity of plutonium was held
constant in all experimental solutions, solutions of
specified plutonium concentrations were prepared by
diluting the uniform, initial quantity of plutonium to
an appropriate final volume. If we assume four nitrate
ions are contributed by each Pu(IV) ion, the additional
nitrate concentrations would be 0.17, 0.33, 0.83, and
2.00 M for plutonium concentrations of 10, 20, 50, and
120 grams per liter, respectively.

Column Loading Experiments. Sixteen sepa-
rate experiments were performed to evaluate all com-
binations of the four plutonium concentrations with

the four selected flow rates. Experimental conditions
were chosen to closely simulate actual anion exchange
process operations, although the scale was reduced to
minimize the quantity of plutonium, solutions, and
glove-box space required.

The flash chromatography columns (J. T. Baker
#7022-6) used as anion exchange columns in our study
(Fig. 2) are 24 inches high, as are the full-scale an-
ion exchange columns. However, the diameter of these
chromatography columns is only 1.5 inches, which rep-
resents a 16-fold scale reduction from the 6-inch diam-
eter of full-scale columns.

A measured volume of 600 milliliters of settled, wet
resin added to each small-scale column resulted in a
resin height of about 21 inches, which is comparable
to the resin height in full-scale process columns.

Phase II: High-Salt Solutions

Appropriate quantities of salts were added to Phase
II solutions to simulate pyrochemical operations waste
solutions with concentrations of 0.69 M Ca(NC>3)2,
0.76 MMg(NO3)2, and 0.093 M A1(NO3)3.

Plutonium Concentration. Plutonium concen-
trations in Phase II solutions were essentially identical
to those in Phase I solutions, with one exception. The
highest concentration of plutonium (greater than 110
grams per liter) could not be attained in these high-salt
solutions, which were already nearly saturated with
nitrate salts. The plutonium concentrations in Phase
II solutions therefore were limited to the three lower
levels of 10, 20, and 50 grams per liter. These levels
encompassed all realistic levels for high-salt solutions,
however, because high-salt solutions from pyrochemi-
cal waste rarely contain high concentrations of pluto-
nium.

Nitrate. Phase II solutions contained not only
nitrate added as 7 M nitric acid and nitrate ions as-
sociated with plutonium (as described under Phase I),
but also nitrate ions introduced as calcium, magne-
sium, and aluminum nitrate salts. The total concen-
tration of the nitrate added to Phase II solutions in
the form of nitrate salts was 3.18 M.

Fluoride. High-salt, pyrochemical waste solutions
encountered in an actual aqueous processing situation
also contain significant amounts of fluoride. The ex-
act amount of fluoride is unknown, however, because
varying portions of the initial hydrofluoric acid are lost
by volatilization during dissolution. A recent study at
Los Alamos6 determined the efiFect of various levels of



Fig. 2. Flash chromatography column used for one-sixteenth-scale anion exchange column studies.

fluoride and aluminum on the plutonium ion exchange
process. Based on the recommendations of this study,
the fluoride !evel in Phase II solutions was adjusted to
0.093 M, to be equal to the concentration of aluminum.

Experimental Procedure

Experimental Setup. Figure 3 shows the experi-
mental setup before its introduction into the glove box.
After the installation of this apparatus in the glove
box, each plutonium feed solution was prepared and
thoroughly mixed in a 6-inch column designated for
feed solution (Fig. 4). A peristaltic pump then trans-
ferred feed solutions to the anion exchange columns,
as shown in Fig. 3, at preset flow rates. During the-
loading of each feed solution onto an anion exchange
column (background of Fig. 5), the effluent solution
was collected and stored in a clean 6-inch column (fore-
ground of Fig. 5) for subsequent analysis.

Resin Capacity at Saturation. The effective
capacity of an anion exchange column may be de-
fined in various ways. Some investigators have chosen
to report the quantity of plutonium retained on the
ion exchange column when the plutonium exiting the
column (breakthrough) reaches predetermined levels
of 1%,7 10%,8 or even 5C%.3 We chose instead to

determine the saturation capacity of the anion
exchange column by loading each column with a vol-
ume of feed solution that contained ah excess of plu-
tonium. Although every experiment perfprmed in this
manner was subjected to different conditions of plu-
tonium concentration and solution flow rate, the total
quantity of plutonium was held constant.

The described column-saturation technique is con-
sidered to be reliable because the total quantity of plu-
tonium always exceeded the maximum capacity of the
anion exchange column by at least 20%. The quantity
of plutonium retained on the resin is, by definition,
the difference between the quantity of plutonium in
the initial feed solution and the quantity of plutonium
in the effluent solution. We therefore elected to use
the difference between these two measured values as a
reliable measure of the quantity of plutonium retained
on the column.

Because some portion of feed solution always re-
mains in the column void space after the solution
loading is complete, this by-difference measurement
of sorbed plutonhim is subject to bias. We recog-
nized that a considerable amount of plutonium could
remain in the resin void volume, which we measured
to be approximately one-third of the total resin bed
volume. Furthermore, the quantity of remaining plu-
tonium would depend on the concentration of pluto-
nium in the residual feed solution of that particular



Fig. 3. Complete experimental setup, consisting of feed tank, peristaltic pump, anion exchange column, and effluent collection
tank. . ' • . . . . . • • - • . - • - : - . -, •'- . : •••

experiment. If not removed before assay, this inter-
stitial, nonsorbed plutonium could easily be confused
with legitimately sorbed plutonium. Complete re-
moval of all nonsorbed plutonium from the column
therefore was essential.

Column Rinsing Technique. We employed a
rather lengthy washing procedure to remove any re-
maining nonsorbed plutonium. The residual feed so-
lution first was removed by vacuum applied to the
lower outlet of the column. Vacuum next was applied
to the top of the column while it was being refilled
from the bottom with clean 7 M nitric acid. The pur-
pose of this vacuum was to remove entrapped air that
otherwise could prevent the column from completely

refilling with liquid. Vacuum then was reapplied to
the lower outlet to again drain the column of solu-
tion. And finally, this entire vacuum-filling/vacuum-
draining process was repeated. All rinse solutions were
combined and uniformly mixed with the previously
collected effluent solution.

In this manner each loaded column was thoroughly
drained of residual feed solution and rinsed twice with
fresh nitric acid. We believe that this elaborate rinsing
procedure removed not only all nonsorbed plutonium,
but also a small portion of the legitimately sorbed plu-
tonium. If so, this would contribute a negative bias,
which would result in the reported resin capacities be-
ing somewhat understated.



Fig. 4. Dual feed-solution tanks containing plutonium nitrate solution, as installed in glove box.



Fig. 5. Dual effluent collection tanks (foreground) during loading of anion exchange columns (background).



RESULTS AND DISCUSSION

The flow rates used in these reduced-scale experi-
ments were proportionately lower than flow rates for
full-scale columns. All flow rates reported, however,
have been readjusted to be directly applicable to the
6-inch by 24-inch columns used in full-scale plant
processes. We also report measured resin capacities
in grams of plutonium per liter of resin to be applica-
ble to columns of any size.

Phase I: Low-Salt Solutions

Table 1 presents the measured quantities of pluto-
nium sorbed, per liter of Lewatit MP-500-FK resin,
for each of 16 combinations of plutonium concentra-
tion and solution flow rate. Figure 6 presents these
same data graphically. Two major conclusions are im-
mediately apparent from these data: (1) there is es-
sentially no flow rate dependence over the range of 10
to 80 liters per hour for the plutonium concentrations
studied, and (2) the highest saturation loading of the
resin occurs with solutions of the highest plutonium
concentration.

Effect of Plutonium Concentration. As stated
earlier, our findings using macroporous resin are in
sharp contrast with those of earlier studies that used
gel-type anion exchange resins. For example, Ryan
and Wheelwright reported that plutonium concentra-
tion has little effect on resin capacity,3 whereas our
data show a marked effect of plutonium concentra-
tion on the effective capacity of macroporous resin. Of
particular importance is our finding that macroporous
resin capacity is highest when plutonium concentra-
tion of the feed solution also is highest.

TABLE I. Quantity of Plutonium Sorbed by Lewatit
MP-500-FK Resin from Low-Salt 7 M Nitric Acid.

Plutonium
Concentration

(grams/liter)

10
20
50

110

Flow Rate
(liters of solution per hour)

10

125
140
152
168

20 40 80

Sorbed Plutonium
(grams per liter of resin)

125 125 123
138 139 140
150 156 147
170 167 167

James9 predicted earlier breakthrough of solutions
that contain high concentrations of plutonium from
columns of Dowex 1x4, per mole of plutonium fed to
the column, because under these conditions a given
amount of plutonium has a shorter column residence
time. Yet our data and visual observations during
the experiments consistently demonstrate quite the
opposite—that breakthrough is delayed and the effec-
tive column capacity is highest when the feed solutions
contain the highest concentrations of plutonium.

Why do our data differ so markedly from those of
other studies? The most obvious reason is that we
used a different resin, one that offers much faster sorp-
tion kinetics for plutonium.2 Rapid sorption kinetics
would be expected to be most beneficial when the ra-
tio of plutonium ions to the number of available resin
exchange sites is high.

Another reason our findings differ from those of
other studies, as mentioned earlier, is that our solu-
tions that contain the highest concentrations of plu-
tonium also contain the highest concentrations of ni-
trate. For example, solutions that contain 10 grams of
plutonium per liter are approximately 0.04 M in plu-
tonium. If, as we assume, four nitrate ions associate
with every Pu(IV) ion, the associated nitrate molarity
is 0.16 M. By comparison, solutions that contain 120
grams of plutonium per liter have an associated nitrate
concentration of 2.00 M. The additional nitrate present
as plutonium nitrate salt might very well enhance the
distribution coefficient of Pu(IV), an effect that has
been observed and reported for other dissolved nitrate
salts.

James10 reported that plutonium can be efficiently
sorbed from solutions of only 4 M nitric acid if
0.3 M aluminum nitrate also is present. Ryan and
Wheelwright11 reported much higher equilibrium dis-
tribution coefficients for plutonium from solutions
that contained high concentrations of calcium nitrate.
These higher distribution coefficients, however, took
much longer to achieve because the plutonium sorption
rate was much slower from high-nitrate-salt solutions.
Over all, these investigators concluded that the dis-
advantage of lower sorption rate more than offset the
eventual advantage of higher distribution coefficients.

Effect of Solution Flow Rate. Figure 6 shows
that the saturation capacity of Lewatit MP-500-FK
resin for the four plutonium concentrations studied is
essentially unaffected when flow rates vary over the
range of 10 to 80 liters per hour. This finding also is
contrary to findings of previous studies with other an-
ion exchange resins. Calleri and coworkers12 reported
that adsorption of Pu(IV) on Permutit SK resin is
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Fig. 6. Quantities of plutonium sorbed per liter of
Lewatit MP-500-FK resin from low-salt solutions, for
designated Sow rates and plutonium concentrations.
(Flow rates are scaled for a 6-inch by 24-inch column.)

inversely proportional to the solution flow rate but in-
dependent of plutonium concentration in the range of
0.8 to 5.5 grams per liter. Calleri found that break-
through occurred more rapidly, and also that the ef-
fective resin capacity for plutonium was less at higher
solution loading rates.

Again it seems likely that the rapid kinetics of
Lewatit MP-500-FK resin explains its improved ca-
pacity, in comparison with the capacities of inferior
resins examined in previous investigations. It is par-
ticularly noteworthy that many of these earlier stud-
ies used Permutit SK resin, which, although no longer
manufactured, is considered by knowledgeable investi-
gators to have been the best resin then available for
plutonium.13

Resin Capacity. Our measured saturation capac-
ities for Lewatit MP-500-FK resin can be compared
with those reported for other resins. Basso4 measured
the saturation capacities of Amberlite IRA-938 and
Dowex 11 resins to be 52 and 28 grams of plutonium
per liter of resin, respectively. Calleri and cowork-
ere found Permutit SK resin to have a capacity of
79 ± 13 grams of plutonium per liter of resin.14 Cal-
leri et al.12 state, "For all measurements made, the
resin capacity was determined to be very close, but
never higher than the capacity that it has for divalent
Pu(NO3)6=."

The differences between these cited findings and our
own were sufficient to justify a rigorous comparison
of our measured capacities to the total resin capac-
ity. The capacity of macroporous anion exchange resin
usually is given as a nominal 1.2 equivalents per liter of
resin. Rather than accept this value of uncertain ori-
gin, we converted a measured volume of nitrate-form

Lewatit MP-500-FK resin completely to the hydrox-
ide form, washed the resin free of residual base with
deionized water, and then determined the hydroxide
content by acid-base titration.

To completely neutralize the hydraxyl ions, we
added a measured excess of nitric acid to the hydroxide-
form resin. This resin/solution mixture was stirred
overnight (in a sealed container) to ensure that all ex-
change sites would be neutralized. The quantity of ex-
cess nitric acid then was determined by back-titration
with standard sodium hydroxide solution to a phenol-
phthalein endpoint.

The total capacity of the Lewatit MP-500-FK resin
measured in this manner was 0.96 equivalents per liter
of nitrate-form resin. If we assume that plutonium is
sorbed on the resin in the form of a divalent hexa-
nitrato anionic complex, as reported by Ryan,15 the
maximum capacity for plutonium should be half of
0.96, or 0.48 moles of plutonium per liter of resin,
which corresponds to 115 grams of plutonium per liter
of resin.

The fact that we measured plutonium loading ca-
pacities as high as 175 grams per liter of resin proves
that all of the plutonium could not have been sorbed
in a ratio of two anion exchange sites per plutonium
ion, as had been proposed.13-14 Some plutonium ions
(in fact most of them) may involve only a single anion
exchange site. Another possibility involves a mecha-
nism postulated by Kraus and Nelson16 whereby neu-
tral plutonium nitrate species, such as Pu(NO3)4 or
H2Pu(NO3)6, can diffuse into the resin at high solute
concentrations.

Readers are cautioned to carefully examine the
units used by other investigators who report resin
capacities for plutonhim. Some report capacities in
weight of plutonium per gram of dry resin, rather than
per volume of wet resin. The choice of such units is dif-
ficult to understand, because dry-resin weight is unre-
lated to the capacity of an operating resin column. The
fact that capacities computed on a dry-resin weight
basis are approximately three- to fourfold higher than
those computed on a wet-resin volume basis greatly
adds to the opportunity for confusion.

Phase H: High-Salt Solutions

The complete series of 16 combinations of pluto-
nium concentration and flow rate studied in Phase I
could not be repeated in the high-salt solutions exam-
ined hi Phase II. This was because the highest concen-
tration of plutonium (greater than 100 grams per liter)



was not soluble in Phase II solutions that were nearly
saturated with added nitrate salts. Phase II studies
therefore were limited to the three lower concentra-
tions of plutonium; however, each of these was evalu-
ated at all four flow rates, for a total of 12 experimen-
tal combinations. The measured saturation capacities
of Lewatit MP-500-FK resin for the 12 experimental
combinations studied are listed in Table II and also are
presented graphically in Fig. 7.

Effect of Plutonium Concentration. The
range of measured resin capacities for Phase II solu-
tions, when compared with that of Phase I solutions, is
larger at low flow rates and smaller at high flow rates.
We believe the trends shown in Fig. 7 result from a
combination of the higher equilibrium distribution co-
efficients of plutonium and the slower sorption kinetics
that occur from high-nitrate-salt solutions.

Adding to the complexity of this system is the pres-
ence of fluoride. In Phase II solutions, the concen-
tration of fluoride (0.093 M) is constant and equal to
that of aluminum. However, because the concentra-
tion of plutonium varies in different experiments, the
fluoride-to-plutonium ratio changes as the concentra-
tion of plutonium changes.

A recent Los Alamos study of the effect of varying
ratios of fluoride to aluminum to plutonium6 demon-
strated the importance of the overall fluoride-to-
plutonium ratio, as well as the fluoride-to-aluminum
ratio. Because in Phase II solutions the fluoride con-
centration is constant, whereas the plutonium concen-
tration varies, the solution that contains the highest
plutonium concentration also has the lowest fluoride-
to-plutonium ratio. This may explain the highest
measured capacity of 175 grams of plutonium per liter

TABLE II. Quantity of Plutonium Sorbed by Lewatit
MP-500-FK Resin from Low-Salt 7 M Nitric Acid."

Plutonium Flow Rate
Concentration (liters of solution per hour)

(grams/liter) 10 20 40 80

Sorbed Plutonium
(grams per liter of resin)

124 127 134 128
136 140 140 136
175 158 151 143

10
20
50

1

• 50 GRAMS Pu PER LITER FEED
a 20 GRAMS Pu PER LITER FEED
• 10 GRAMS Pu PER UTER FEED

_L

"In addition to 7 M nitric acid, these solutions con-
tained 0.69 MCa (NO3)2, 0.76 MMg(NO3)2, 0.093
MA1(NO3)3, and 0.093 M fluoride.

FLOW RATE, LITERS PER HOUR

Fig. 7. Quantities of plutonium sorbed per liter of
Lewatit MP-500-FK resin from high-salt solutions, for
designated flow rates and plutonium concentrations.
(Flow rates are scaled for a 6-inch by 24-inch column.)

of resin measured for the 50-gram-per-liter Phase II
solution at the lowest flow rate. This solution has
not only the lowest fluoride-to-plutonium ratio, but
also the highest total nitrate concentration of 11.01
Af, which is the sum of 7 M nitric acid plus 3.18 M
nitrate from the added impurity salts plus 0.83 M ni-
trate associated with Pu(IV) at 50 grams of plutonium
per liter.

Effect of Solution Flow Rate. Earlier
studies10'11 have reported that the high concentra-
tions of nitrate salts that favor high sorption of plu-
tonium at equilibrium significantly slow the sorption
rate. This could explain the unusually high capacity
of the resin for plutonium observed at the lowest flow
rate for the high-salt solution having the highest plu-
tonium concentration. However, an identical solution
did not demonstrate unusually high resin capacity at
higher flow rates, because at higher flow rates the plu-
tonium residence time in the anion exchange column
may be insufficient for the slower kinetics of the high-
salt solutions to contribute.

Resin Capacity. It should be noted that the
measured resin capacities for the three Phase II so-
lutions are essentially identical to those for Phase I
solutions of the same plutonium concentration, with
a single exception. The high-salt solution with the
highest plutonium concentration (50 grams per liter)
exhibits an unusually high resin capacity at the low-
est flow rate (10 liters per hour). We consider this to
be primarily an effect of flow rate, as described in the
previous paragraph.

10



CONCLUSIONS

1. Lewatit MP-500-FK resin offers substantially
higher saturation capacities for Pu(IV) from nitric acid
than any resin previously studied.

2. The saturation capacity of Lewatit MP-500-FK
resin for plutonium is highest for feed solutions that
have the highest concentrations of plutonium, in con-
trast to results reported from previous studies of other
resins.

3. Flow-rate variation has essentially no effect on
the saturation capacity of a 6-inch by 24-inch column
of Lewatit MP-500-FK resin for plutonium from low-
salt solutions of plutonium within the range of 10 to
80 liters per hour. Flow rate has a significant effect,
however, when solutions with high plutonium concen-
trations contain high levels of nitrate salts. In such
solutions, low flow rates increase the effective resin ca-
pacity, whereas high flow rates do not decrease it. As
explained earlier, this is attributed to the need for a
longer residence time within the column to take advan-
tage of the higher distribution of plutonium for high-
salt solutions.

4. Advantages of Lewatit MP-500-FK resin over
gel-type resin for processing plutonium include faster
sorption kinetics,2 higher resin i capacity in general,
higher resin capacity at high concentrations of plu-
tonium, little or no effect from an eightfold increase in
flow rate, and little degradation in performance when
solutions approach the saturation level in impurity ni-
trate salts.

5 The sorotion rate of Pu(IY) jw.ni nitric acid on
Lcwatit MF-6U0-FK resin is sufficiently rapid to have
not been a limiting factor for the range of flow rates
and plutonium concentrations included in this study.
Future studies of higher plutonium concentrations and
faster flow rates, although unrealistic for process-scale
applications, could contribute to a better understand-
ing of plutonium sorption kinetics and mechanisms.
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