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IMPROVED RECOVERY AND PURIFICATION OF PLUTONIUM AT LOS ALAMOS

USING MACROPOROUS ANION EXCHANGE RESIN
by

S. Fredric Marsh

ABSTRACT

For almost 30 years, Los Alamos National Laboratory has used anion
exchange in nitric acid as the major aqueous process for the recovery
and purification of plutonium. One of the few disadvantages of this sys-
tem is the particularly slow rate at which the anionic nitrato complex
of Pu(IV) equilibrates with the resin. The Nuclear Materiais Process
Technology Group at Los Alamos recently completed an ion exchange
development program that focused on improving the slow sorption ki-
netics that limits this process. A comprehensive investigation of modern
anion exchange resins identified porosity and bead size as the properties
that most influence plutonium sorption kinetics. Our study found that
small beads of macroporous resin produced a dramatic increase in pluto-
nium process efficiency. The Rocky Flats Plant has already adopted this
improved ion exchange technology, and it currently is being evaluated

for use in other DOE plutonium-processing facilities.

INTRODUCTION

Nearly three decades have passed since Ryan and
Wheelwright completed their extensive study! of the
anion exchange behavior of plutonium in nitric acid.
Shortly thereafter, Faris? measured the distribution
coefficients of 60 elements on anion exchange resin
from nitric acid. The data of Faris (Fig. 1) confirm
that anion exchange in nitric acid is a nearly ideal sys-
tem for plutonium, as no metal ion is more strongly
sorbed than Pu(IV), and few other ions show even
moderate sorption from nitric acid. The nuclear in-
dustry quickly adopted this anion exchange system,
and it is now the major aqueous process used to re-
cover and purify plutonium.

One of the few disadvantages of this system is the
particularly slow rate at which the hexanitrato com-
plex of Pu(IV) equilibrates with the resin. Sorption is
so slow, in fact, that Ryan and Wheelwright estimated
that final equilibrium would require several months. A
more recent study by Streat3 reported that 547 hours
was required for complete sorption of plutonium onto
a single resin bead.

Boyd, Adamson, and Myers* identified three rate-
controlling mechanisms for such anion exchange sys-
tems. These are (1) film gradient diffusion at the resin
bead surface, (2) diffusion within the resin matrix, and
(3) chemical reaction at the exchange site. Ryan and
Wheelwright! found that plutonium sorption was lim-
ited by the second rate-controlling mechanism, diffu-
sion within the bead. Early attempts to overcome slow



U 80 ] ] ‘ am] ¢ N 0; l ,
[LILED s, | it
NO Aos [ NO ADSH | §= NO ADS. - NO ADSORPTION FROM 1+14M HNO3 K0 ADS I ‘ i
I ] . gz . SL. ADS. - SLIGHT ADSORPTION ]j . .
_Ni:_ [wa [T a4 [al Tl P s| 1]
@ x
T 3 O 4 81214 ——1 4 - l H
0 Ao$! | nO aDS! MOLARITY KNOy noaos: || [ | {[jwo aps Bl
i s [T Al
K[ T Dlea THse TN T T Mer T O T TI[Fs TS N cu z:'-’d_ 6o | [|[ce As sa | 1]
Nl ) ) G ) Mo e SEm A R R N .
[ w0 aos! [[ no A?_s o a0s] || wo aos' [{ ko aos.' || wo aos] || no aosd |l no aos "°’.‘|°i, w0 40s.| || o aos! || wo aos]{[ xo A]o;_ | _{]| no aos! Nl
LLOCLLICT T LLOCLLOCTIACLT. LLILTL LI,
Rb S Y zr | ||[wn " Ma | [T’ ro | )[R Pa ag | Nlea T Tza T Tllsh sb Ts | |
T = [N 1= = il BEM BES RER|RER| BES] BLAINER]NLEI
-+ —t = T T T T t H
no aos i no aos] || wo aos S ADS, R st aps, [T | f] woaos. || wo aps.[ no aps! [l st aos!|l no aos] || o aos]
{ LR LLTL RRINNR BLL 1 [ 1
T > AR B T TryT 2R20 B, AR B T Frv 1T
Cs liBe HY | []|Ta w Re Os Ir P! Av_| H T Pb 8i Po ;
= Fid [= i T 1 o
! g ——-HL pante “,, st aos! ! 1T
no aps' || o aos st. ADS. no aps: || " jaos. 71 gl st aosdll A
L RN i NIAARIRRN A= 10T
Fr Ra
Lo | e [ [lles T THwa [ Tem [ Tlsen 1 (€8T Jlea T [}[xb [ [|{oy | [|[Ho e L T T GT
o n [ lm l'_m Im m 3 LEQ o m ™ ln " [ ]
U{“- -—j R s e o i | et SR S B S i
HERI 11 st a0s | noADs. || 0 A0sd Jl no abs || kO aos_ || Mo Ads{ || N0 DS |} wOADS. || wo aps f o aos. I w0 absif no aps]]
4 L LA TUT RN EANIRARIARRIRARIRRD LI LICI
SN — v T v
Ac Th P ol TTlin (}\L Pux|[am | [l[em 1 ]]fax lE:
. ‘T 1 T2 A T80 pe 4 n!—N m m 1 1 “T1TT1
I N 0 H-/ ’ --No;‘o;H N(I)ALS fl I
L.Lo Y b 4 N -t oy — 1
1 LLOLLE il

Fig. 1. Distribution of elements from nitric acid onto strong-base anion exchange resin.

diffusion within the beads led to the use of low cross-
linked resin whose larger pores presented fewer physi-
cal obstructions to the large [Pu(NO3)g]™ ions. Small
resin beads also have been used to improve sorption
kinetics because diffusion within the bead is inversely
proportional to the square of the bead radius.’

Early investigators agreed that the need for anion
exchange resin of high porosity could best be met at
that time by using a gel-type resin of low cross-linkage,
such as Dowex 1x4. Consequently, the gel-type resin
of low cross-linkage specified in these early studies was
quickly adopted for use in the standard processing pro-
cedures used by the nuclear industry. Although this
resin has worked reasonably well for more than a quar-
ter of a century, slow sorption kinetics remained the
major limitation of the process.

The purpose of our investigation was to identify, by
evaluating a wide variety of commercially available an-
ion exchange resins, the resin best suited for process-
ing plutonium in nitric acid. Major variables included
resin structure, resin porosity, resin bead size, nitric
acid concentration, and dynamic contact time.

REAGENTS
Nitric Acid

The reagent-grade nitric acid used throughout this
study was diluted as needed using single distilled
water.

Anion Exchange Resin

Gel-type Dowex 1x4 and macroporous Dow MSA-1
resins were obtained from the Dow Chemical Com-
pany, Midland, Michigan.

Macroporous IRA-900 and IR.A-938 resins were ob-
tained from Rohm & Haas, Philadelphia, Pennsylva-
nia.

Macroporous Lewatit MP-500-FK (40- to 70-mesh)
resin, manufactured by Bayer AG in the Federal Re-
public of Germany, was obtained from Mobay Chemi-
cal Company, Pittsburgh, Pennsylvania.



EXPERIMENTAL
Assay Technique

We used a wrist-action shaker, shown in Fig. 2,
to achieve dynamic batch contacts. Liquid scintilla-
tion vials, also shown in Fig. 2, contained a meas-
ured weight of dry, nitrate-form resin and a measured
volume of solution. Each solution initially contained
239py, 237U, and ?4'Am in a selected concentration
of nitric acid. After completion of the first dynamic
contact period, we removed a measured portion of
the aqueous phase for assay. The dynamic contacts
were quickly resumed and continued until completion
of the second contact period, when we removed an-
other aqueous portion for assay. This procedure was
repeated until all scheduled contact periods were com-
pleted.

Dowex Dower

124 "

Aqueous portions were in all cases assayed by
gamma spectrometry, which allowed us to measure
and compare each portion of resin-contacted solution
with an identical volume of uncontacted solution. The
difference between these two measurements represents
the quantity of the selected radioisotope sorbed on
the resin. Gamma spectrometric assay was based on
the 59.5-keV, 129-keV, and 208-keV gamma-ray peaks
of 241Am, 239Py, and 237U, respectively, as shown in
Fig. 3. The oxidation states of these three actinides
immediately before the resin contact were Am(III),
Pu(IV), and U(VI). Any change in oxidation state dur-
ing the contact periods is unlikely.

Dynamic contact periods ranged from 3 minutes to
3 hours. Because the sorption kinetics of plutonium
in this system is particularly slow,® we have no rea-
son to believe that the distribution coefficient (Kd) val-
ues measured after 3-hour contacts even approximate
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Fig. 2. Apparatus used for small-scale dynamic contact studies of anion exchange resins.
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Fig. 8. Gamma spectrum showing the specific energies used to assay americium, plutonium, and uranium.

Kd values at equilibrium. These measurements do,
however, allow us to compare all resins on an identi-
cal basis during short time periods that simulate the
brief residence time of an aqueous solution as it flows
through a stationary bed of anion exchange resin.

Computation of Kd Values

We computed distribution coefficients for each con-
tact period as follows:

Kd = concentration of element per milliliter of wet resin

In practice, Kd values were calculated by the equa-
tion:

4

concentration of element per milliliter of solution

A, - A Vi Vi
Kd=|—— —or—
( A )(Vrorwr)’
where

A is the activity of the actinide initially in the liquid,
A is the actinide activity in the liquid after contact,
V) is the liquid volume,

V; is the volume of wet resin, and

W; is the weight of dry resin.

Because each resin/acid combination was used for a
series of sequential contact measurements, the liquid-
to-resin ratio changed as each aqueous portion was re-
moved for assay. We corrected for this changing ratio,
as well as for the decrease in the total activity remain-
ing in a vial after the removal of each aqueous portion.



We have elected to express Kd in terms of wet-resin
volume, contrary to the common practice of express-
ing Kd in terms of dry-resin weight. Because water
accounts for as much as two-thirds of the weight of
as-received resin, the procedures used to obtain “dry”
resin must be reproducible and clearly defined. Many
published studies specify “air-drying” to obtain “dry”
resin. (Air-drying in Los Alamos, at 7400 feet with
20% relative humidity, is likely to yield resin with
a substantially different water content from that of
resin air-dried at sea level with 90% relative humid-
ity.) Some investigators dry their resin at elevated
temperatures, others use vacuum, and still others use
some combination of elevated temperature and vac-
uum. This assortment of drying procedures can make
it difficult, if not impossible, to reproduce published
data.

On the other hand, the volume of wet resin in wa-
ter can be measured easily and reproducibly in any
laboratory by using equipment no more elegant than
a graduated cylinder. Furthermore, when resin is se-
lected for a given process, the relative performance
must be predicted for a column of specified dimensions
and volume. Wet-resin volume therefore seems inher-
ently more useful than dry-resin weight for comparing
the performance of resins.

For these reasons, we have chosen to present our
measured Kd values in terms of the volume of nitrate-
form resin in water. However, for those who wish to
convert our Kd values to a dry-resin weight, we ob-
tained the “Los Alamos air-dried” weights per volume
of wet resin, and present them in Table I.

TABLE 1. Relationship Between Wet-Resin Volume
and Dry-Resin Weight

Air-dried weight Conversion

Resin (dry g/wet ml)® factor®
Dowex 1x4 0.331 3.02
Dow MSA-1 0.363 2.75
TRA-900 0.342 2.92
IRA-938 0.196 5.10
Lewatit

MP-500-FK 0.305 3.29

2Volume of nitrate-form resin in water.

PDistribution coefficients reported herein may be mul-
tiplied by these factors to obtain Kd values per gram
of “air-dried” resin.

Resins Studied

Because anion exchange in nitric acid continues to
be the major process used to recover and purify pluto-
nium at the Los Alamos Plutonium Facility (TA-55),
our injtial efforts to improve this process focused on
overcoming the slow sorption kinetics. Our experimen-
tal studies emphasized macroporous resins, in which
the styrene/divinylbenzene structure is polymerized
in the presence of an inert substance that produces
extra-large pores in the resulting polymer. The con-
trast between conventional gel-type resin and macro-
porous resin is shown in Figs. 4 and 5. These are
scanning electron micrographs of the gel-type resin for-
merly used and the macroporous resin currently used,
respectively. Note that the surface of the gel-type resin
appears solid, even at 10,000x magnification, whereas
macroporous resin clearly exhibits pore structure at
this same magnification.

In our small-scale studies, we evaluated many vari-
eties of anion exchange resin of both gel and macro-
porous structure (Table II). The resins listed in Ta-
ble II include an unusually large number of poly-4-
vinylpyridine resins, which gave occasionally rapid,
but highly variable sorption kinetics for plutonium.
The highly variable nature of the sorption data for
these resins was finally traced to a linear polymer im-
purity that remained from the resin manufacturing
process. Rather than fill many pages with descriptions
of resins that performed poorly, we describe here only
those resins whose performance qualifies them as can-
didates for plutonium processing, and compare them
to resins traditionally used in this process. Other ma-
jor variables studied in our investigation were acid con-
cenfration and dynamic contact time.

Dowex 1x4. Gel-type Dowex 1x4 resin had been
used routinely for recovering and purifying plutonium
at the Los Alamos Plutonium Facility for 25 years
before 1984, when the performance of resin identi-
fied and purchased as Dowex 1x4 from an interme-
diate resin processor deteriorated to an unacceptable
level. Consequently, the unacceptable resin was re-
placed with macroporous Dow MSA-1 resin because
small-scale column experiments had demonstrated its
superior performance.
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Fig. 4. Scanning electron micrograph of gel-type Dowex Fig. 6. Scanning electron micrograph of macroporous Dow
1x4 resin (10,000X magnification). MSA-1 resin (10,000X magnification).

TABLE II. Anion Exchange Resins Tested at Los Alamos

Manufacturer Resin Comments
Dow Chemical Co. Dowex 1x4 strong base, gel-type
Dowex 11 strong base, gel-type
Dow MSA-1 strong base, macroporous
Dow A-1 weak acid, iminodiacetate, chelating
Rohm & Haas IRA-99 weak base, macroporous
TRA-900 strong base, macroporous
TRA-904 strong base, macroporous
TRA-910 strong base, macroporous
TRA-938 strong base, macroporous
TRA-958 strong base, macroporous
Diamond Shamrock Duolite ES-63 intermediate acid, phosphonate, chelating
Duolite ES-467 weak acid, aminophosphonate, chelating
Sybron Chemical Ionac A-580 strong base, pyridinium polymer
Reilly Chemical P-4-VP strong base, poly-4-vinylpyridine, more than

20 combinations of porosity and cross-linkage

Bayer AG (Germany) Lewatit MP-500-FK strong base, macroporous




Whether the observed unacceptable performance of
Dowex 1x4 resulted from manufacturing problems or
from alteration or mislabeling by the intermediate sup-
plier has not been established. To minimize the pos-
sibility of mislabeling or alteration of resin after its
manufacture, we obtained the resins used in this study
directly from the producer whenever possible.

To further minimize the possibility of generating
misleading data from questionable Dowex 1x4 resin,
we used for this study a several-year-old portion of
Dowex 1x4 that represented the acceptable perform-
ance typical of many years of operation at Los Alamos.

Dow MSA-1. Dow MSA-1, like Dowex 1x4, is
a strong-base anion exchange resin that incorporates
tetraalkylammonium exchange groups on styrene/
divinylbenzene copolymer beads. The highly signifi-
cant difference between these two resins is that Dow
MSA-1 resin is polymerized in a manner that produces
the macroporous structure shown in Fig. 5.

Amberlite IRA-900. Amberlite IRA-900 was of
particular interest, as its manufacturer, Rohm & Haas,
defines it to be the equivalent of Dow MSA-1.

Amberlite TRA-938. Because Amberlite IRA-
938 has by far the largest pore structure of any resin
studied, the diffusion-controlled rate of exchange was
expected to be rapid. This, in fact, was the case. Un-
fortunately, the highly porous structure of IRA-938
contributes directly to its low mechanical strength. A
scanning electron micrograph (SEM) of TRA-938 resin
(Fig. 6) shows that the interlocking solid structure of
other resins (Figs. 4 and 5) is lacking. Instead, IRA-
938 appears to be an agglomeration of microspheres
that are approximately 10 ym in diameter. (Note also
that the SEM shown in Fig. 6 was taken at tenfold
lower magnification than the SEMs shown in Figs. 4
and 5.)

TRA-938 resin is so fragile that it literally disin-
tegrated during the relatively gentle agitation of the
wrist-action shaker used in our dynamic contacts. The
ultrafine resin particles that remained suspended in
the aqueous phase made reliable assay of the aqueous
phase impossible. Because the continuous disintegra-
tion of such fragile resin in a plant process would cause
excessive loss of plutonium to waste streams and plug-
ging of process valves and filters, we consider IRA-938
resin unsuitable for plant process use at Los Alamos.
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Fig. 6. Scanning electron micrograph of Amberlite IRA-
938 resin (10,000X magnification).

Lewatit MP-500-FK. Lewatit MP-500 is a
macroporous, strong-base anion exchange resin, man-
ufactured by Bayer AG in the Federal Republic of Ger-
many, that is similar in structure to Dow MSA-1 and
Amberlite IRA-900. This resin is attractive because
it is available as 40- to 70-mesh spherical resin beads,
designated Lewatit MP-500-FK. All domestic sources
of macroporous strong-base anion exchange beads, by
contrast, supply only a coarse 20- to 50-mesh range.

RESULTS AND DISCUSSION

The large amount of data generated in this study
can be presented in many ways. Because plutonium
sorption kinetics has been the major limitation of the
nitrate anion exchange process, we have chosen to
present our data in a manner that emphasizes differ-
ences in sorption kinetics.



General. As expected, americium showed no sig-
nificant sorption on any of the resins studied from
any concentration of nitric acid and therefore was not
included in the graphical presentation of measured
Kd values. In all cases, uranium equilibrated rapidly
with the resin, whereas plutonium sorption was con-
sistently much slower. Finally, a comparison of pluto-
nium Kd values for the shortest contact time and the
longest contact time confirms that plutonium equili-
brates more rapidly from dilute nitric acid, in agree-
ment with calculated predictions of James.®

Effect of Resin Bead Size. The effect of resin
bead size on plutonium sorption kinetics (Fig. 7) is
demonstrated by comparing two different-size frac-
tions of the same Dowex 1x4 resin. The observed faster
kinetics of smaller beads is in complete agreement with
theory and was fully expected. However, the benefits
associated with using smaller resin beads reach a point
of diminishing returns when the increasing resistance
to liquid flow eventually results in unacceptably high
liquid back-pressure.
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Fig. 7. Sorption of Pu(IV) from 7 M nitric acid as a
function of resin bead size.

Effect of Resin Porosity. The effect of resin
porosity on plutonium sorption kinetics (Fig. 8) is
demonstrated by comparing similar-size fractions of
two resins of different porosity. Dowex 1x4 is a gel-type
resin, whereas Dow MSA-1 is a macroporous resin.
The relative porosities of these two resins are shown
in Figs. 4 and 5, respectively.

From the results of many small-scale experiments,
we concluded that an ideal resin for processing pluto-
nium would incorporate both small bead size and high
porosity. Because small, spherical beads of macro-
porous resin were not available from any domestic
manufacturer, we developed an in-house hydraulic sys-
tem capable of separating cubic-foot quantities of 40-
to 50-mesh beads from as-received 20- to 50-mesh
macroporous resin. Use of a separated, smaller-size
fraction of macroporous resin in our full-scale plant
process resulted in a dramatic improvement in perfor-
mance; the apparent capacity of the resin for pluto-
nium tripled, while the plutonium content of the efflu-
ent waste stream decreased by a factor of 10.
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Fig. 8. Sorption of Pu(IV) from 7 M nitric acid as a
function of resin porosity.



Lewatit MP-500-FK Resin. Meanwhile, we
attempted to find a foreign supplier of small, spher-
ical beads of macroporous resin. We finally contacted
Mobay Chemical Corporation, a U. S. company that
represents Bayer AG in the Federal Republic of Ger-
many. Testing of Bayer’s Lewatit MP-500-FK resin in
small-scale experiments and full-scale processes con-
firmed our expectation of significantly faster kinetics
when these smaller beads are used. In Fig. 9, which
shows plutonium distribution onto all three resins as a
function of contact time, the highest curve reflects the
superior kinetics of the Lewatit resin.

The dramatic effect of dynamic contact time also
is demonstrated in Figs. 10 and 11. Figure 10 com-
pares the distribution coefficients of Dowex 1x4 and
Lewatit MP-500-FK as a function of nitric acid con-
centration, after a dynamic contact period of 3 hours.
The curves for this relatively long contact period are
virtually identical.

Figure 11, however, compares these same two resins
after a dynamic contact period of only 15 minutes. The
superiority of the Lewatit resin is clearly apparent for
this shorter contact period that simulates the actual
residence time of feed solution flowing through a full-
scale anion exchange column. These two resins are
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Fig. 9. Sorption of Pu(IV) from 7 M nitric acid on gel-type
Dowex 1x4, macroporous Dow MSA-1, and macroporous
Lewatit MP-500-FK resins.
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Fig. 10. Sorption of Pu(IV) on Dowex 1x4 and Lewatit
MP-500-FK resins, as a function of nitric acid concentra-

tion, for a 3-hour dynamic contact period.
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tion, for a 15-minute dynamic contact period.



compared as a function of dynamic contact time for
only 7 M nitric acid in Fig. 12. The fallacy in the com-
mon practice of using published “equilibrium” distri-
bution coefficient values to predict plutonium behavior
is readily apparent.

Uranium/Plutonium Separation. Uranium
equilibrated much more rapidly than plutonium with
all resins studied. The combination of rapid sorption
and consistently low uranium distribution coefficients
results in the similar curves for Dowex 1x4 and Lewatit
MP-500-FK shown in Fig. 13.

Because the Lewatit resin greatly affects the sorp-
tion kinetics of plutonium, whereas it affects the sorp-
tion kinetics of uranium only slightly, macroporous
Lewatit resin also provides significantly increased sep-
aration factors between uranium and plutonium, as
shown in Fig. 14.

Summary. Lewatit MP-500-FK resin offers ad-
vantages for plutonium processing in every category
that we can measure. When compared with the other
resins tested, Lewatit resin costs less, offers greater
capacity for plutonium, loads faster, elutes faster (all
of which result in greatly increased throughput), and
yields a plutonium product of higher purity. Further-
more, loss of plutonium to the effluent waste stream is
significantly lower.
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Fig. 12. Sorption of Pu(IV) from 7 M nitric acid
on Dowex 1x4 and Lewatit MP-500-FK resins, as a
function of dynamic contact time.
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TECHNOLOGY TRANSFER

Soon after we shared this improved anion exchange
technology” with Rocky Flats Plant personnel, they
performed an independent comparison® of macropo-
rous resing with the IRA-938 resin formerly used at
Rocky Flats. Their results confirmed the Los Alamos
conclusion that Lewatit MP-500-FK resin far outper-
forms all others tested. Of particular interest is the
Rocky Flats finding that Lewatit MP-500-FK resin,
when compared with IRA-938 resin, provides essen-
tially twice the capacity for plutonium, while it also al-
lows the sorbed plutonium to be eluted in half the vol-
ume. As this report is being written, Savannah River
and Hanford personnel also are evaluating Lewatit
MP-500-FK for use at those facilities.

CONCLUSIONS

1. High-porosity, macroporous anion exchange resin
sorbs the anionic nitrato complex of plutonium more
rapidly than does gel-type resin. Macroporous resin
therefore is preferred for processing plutonium.

2. Small resin beads of strong-base anion exchange

resin sorb the anionic nitrato complex of plutonium
more rapidly than do large resin beads. Small resin
bead size is therefore preferred for processing pluto-
nium.
3. Either small, spherical beads of gel-type resin
or large beads of macroporous resin may be pur-
chased from domestic manufacturers, but none of-
fers the combination of macroporous resin in small
bead size. Lewatit MP-500-FK resin, manufactured by
Bayer AG in the Federal Republic of Germany, com-
bines high porosity and small bead size. This 40- to
70-mesh, macroporous resin is primarily responsible
for the dramatic improvement in performance and ef-
ficiency that we have attained in our plutonium anion
exchange process at Los Alamos.

4. Amberlite IRA-938, which offers by far the
largest pore size of the resins studied, equilibrates
rapidly with the plutonium complex. However, the
highly porous structure contributes directly to the
poor mechanical strength that causes IRA-938 resin
to fracture under relatively gentle agitation. The se-
vere problems that can result from resin disintegrat-
ing into a fine suspension of microparticles make this

resin unsuitable for process use. (The relative mer-
its of IRA-938 resin have become academic, as Rohm
& Haas has recently discontinued production of this
resin.)

5. Uranium equilibrates rapidly with all resins stud-
ied from all concentrations of nitric acid; however, Kd
values of uranium are consistently much lower than
those of plutonium.

6. Because macroporous resin offers more rapid
sorption of plutonium, but not of uranium, when com-
pared with gel-type resin, there is an increased sep-
aration factor between these two actinides. In-plant
process use of Lewatit MP-500-FK resin at the Los
Alamos Plutonium Facility has demonstrated not only
a dramatic increase in process efficiency and through-
put, but also a significant improvement in product
purity.

7. The in-plant performance of most anion ex-
change resins is best when the resin is new and grad-
ually deteriorates thereafter as the resin is degraded
by chemical and radiolytic processes. An unexpected
bonus of Lewatit MP-500-FK resin is that its perform-
ance actually improved during the first eight months
of routine in-plant process use. The capacity of this
resin for plutonium noticeably increased, while the vol-
ume of eluting solution required to recover the sorbed
plutonium simultaneously decreased by 25%. The ex-
planation for this improved performance, although not
currently understood, is being investigated.
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