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REILLEX™ HPQ: A NEW, MACROPOROUS POLYVINYLPYRIDINE RESIN
FOR SEPARATING PLUTONIUM USING NITRATE ANION EXCHANGE

S. Frearic Marsh, Nuclear Materials Process Technology Group,

Los Alamos National Laboratory, Los Alamos, New Mexico 87545

ABSTRACT

Anion exchange in nitric acid is the major aqueous process used to
recover and purify plutonium from impure scrap materials. Most strong-
base anion exchange resins incorporate a styrene-divinylbenzene copoly-
mer. A newly available, macroporous anion exchange resin based on o
copolymer of 1-mecthyl-4-vinylpyridine and divinylbenzene has been
cvaluated. Comparative data for Pu(IV) sorption kinetics and capacity
are presented for this aew resin and two other commonly used anion
cxchange resins. The new resin offers high capacity and rapid sorption
kinetics for Pu(IV) from nitric acid, us well as greater stability to

chemical and radiolytic degradation.

INTRODUCTION

Anion cxchange in nitric acid is the major aqueous process used to
recover and purifly plutonium from impure scrap materials at the Los
Alamos Piutonium Facility Data from an early study by Faris and

Buchanan, Fig. 1(1), show why this system is necarly ideal for processing
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FIGURE 1. Distribution of clements from nitric acid onto strong-base anion
exchange resin.(])

plutonium; no metal ion is more strongly sorbed thae Pu(1V), and few
other ions show zven moderate sorption from nitric acid.

One of the few disadvaatages of the nitrate anion exchange system
is the particularly slow rete at which the anionic Pu(lV) nitrato complex
equilibrates with the resin. As part of ap earlier L.os Alamos effort to
improve the slow kinetics that limit this process, more than 30 commerc-
sl snd experimental vnion exchange resins were evaluated. That study(2)
identified resin porosity and bead size as the two properties that most
influence plutonium sorption kinetics. Bascd on these findings, gel-type
Dowex™ | x4 resin previously used at Los Alamos was replaced with
macroporous Lewatit™ MP-500-FK resin, which resulted in a dramatic
improvement ip process efficiency.(3)

Nearly 30 years ago, Permutit™ SK_ & gel-type resin no longer
produced, was reported to offer better sorpiion and desorption kingticy{4)

snd capacity(5) for plutonium than other resins available 2« that time



Permutit™ SK consisted of poly-2-methyl-S-vinylpyridine, rather than the
po.ystyrene used for Dowex™, Lewatit™, and most other strong-base

anion exchange resins. In addition to the seported performance bencfits of
Perm:tit™ SX, polyvinylpyridire anion exchange resins have been reported
to offer greatly increased stability to chemical attack(6) and radiolytic
degredation.(7)

This expectation of iucreased safety and performacnce led us to
actively seek a new commercial source of macroporous polyvinylpyridine
anion exchange resin. Subsequent interaction betwzen Los Alamos National
Lsborstory and Reilly Industries, Inc., a manufacturer of vinylpyridine poly-
mers, hus resulted in a new, macroporous anion exchange resin that consists
of a copolymer of l-methyl-4-viny!pyridine aad divinylbenzeue.

A compazsson of the chemical structures of this new poiyvinylpyridine
resin, designated as Reillex™ HPQ, and conventional polystyrene resin is
shown in Fig. 2. in both structures a quaternized nitroyen is tr.nc apion ex-

change site. In polystyrenc rexin, the qQuaternary ammonium group sttaches

CONVENTIONAL NEW
POLYSTYRENE POLYVINYLPYRIDINE
RESIN RESIN

ot CHz'CH"CHZ v ot CHz'CH'CHz o
~ N

NN N/
@
?HZ é“a
CH4yN-CH,

1P
CH,4

FIGURE 2. Comparstive structures of -onventional polystyrene resin ang
ncw polyvinylpyridine resin



to the benzene ring, whereas polyvinylipyridine resin is quaternized by
addition of a mcthyl group to the nitrogen in the pyridine ring.

Our initial small-scale evaluations of Reillex™ HPQ resin show
that it provides Pu(lV) sorption kigetics comparable or superior to that
obtained with Lewatit™ MP-500-FK resin, the best poiystyrene resin we
had previousiy identified.{2) This resin also offers persuasive safety
advantages. Production-scale testing is currently under way using

Reillex™ HPQ resin in one of our full-scale ion exchange systems.
AGEN

Rcagent-grade nitric acid was diluted as nceded using deionized water
that had a resistivity of &t least 17 megohms.

Dowex™ x4 gel-type, strong-base anion exchange resin, 50 to 100
mesh, was obtained from Dow Chemical Company, Midland, Michigan.

(A 50 to 60 mesh fractic.:, separated by dry-screening, was used in this
study.)

Lewatit™ MP-500-FK macroporous, strong-bdase anion exchange resin,
40 tno 70 mesh, was obtained from Mobay Chemical Corp., Pittsburgh,
Pennsylvania. (A 50 to 60 mesh fraction, separated by dry-screening, was
used in this study))

Reillex™ HPQ macroporous, polyvinylpyridine anion exch®nge resin, 30
to 60 mesh, was obtained (rom Reilly Indusiries, Inc., Indianapolis, Indiana.
(A 50 to 60 mesh fraction, separated by dry-screening, was used in this
study.) Specific properties of this new resin, as supplied by the

manufacturer, arc:

Chloride exchange capacity = G.85 moles per liter (in water)
Tota! exchange capacity in acid = 1.34 moles per liter (in water)
Surface arca = 75 squarc meters per gram

Functinnal groups quaternized = 63%



EXPERIMENTAL

in Fgr nversion

As specified above, only $3% of the pyridine rings are quaternized by
the addition of a methyl group. However, the unquaternized nitrogen atoms
in the pyridine rings readily acquire a8 proton in acid solution In either
case, & positive anion-cxchange site results.

A two-step process was therefore used to convert the as-received,
chloride-form Reillex™ HPQ resit to the desired nitrate form. Most of
the chloride ions were first displaced by passing two resin-bed volumss of
0.7 M aluminum nitrate solution through the resin-containing column. This
was followed by four resin-bed volumes of 2 M nitric acid to complete the
displacement of chloride and also to protonate any unquaternized pyricdine
rings.

It is essential that the resin bed be given adequate free space within
the column for expansion durirg this conversion, and also thai ooth
solutions arc passed through in an upflow direction to keep the resin

suspended during the expected volume increase of ~ 11%.

Assav Technigue

Small-scale dynamic contacts between resin and plutonium solutions of
specified compositions were ef fected for designated contact periods on a
wrist-action shaker. Mecasured portions of aqueous :oluticn were removed
after each contact period for gamma spectrometric assay. The 129-keV
gamma-ray peak of Pu-239 was mecasured in sll aqucous portions, both
before and after contact with the resin. The difference between these two
mecasurements represented the quantity of plutonium scrbed on the resin. A
more detailed description of the experimental assay technique is presented

elsewhere (2)

. . * Disti on Coellisiz
Distribution coefficient (Kd) values were calculated to represent the

concentration of plutenium per milliliter of wet resin (nitrate-form in

water) v.  :d by the concentration ¢f pluionium per milliliter of solution

This diffc.s from the common practice of calculating Kd values from the



weight of dry resin, rather than the volume of wet resin. We feel that

resin volume is & more useful parameter because process columns contain a
given volume of wet resin, rather than s measured dry weight. For readers
who prefer to work with values calculated from dry resin weight, those Kd

values arc higher thap ours by approximately 2 factor of 3.

7 1 YN

S ion Kineti
Distribution coefficients for Pu(lV) werc measured as a function of

dynamic contact time for various resin loadings. As ¢xpected, measured Kd

values decrease as the quantity of plutonium per volume resin increasss, as

scen in Fig. 3. (A solution-to-resin volume ratio of 10 was used for these
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FIGURE 3. Sorption of Pu(IV) on Reillex™ HPQ anion exchauge resin
from 7 M nitric scid as a function of piutonium loading.



cxperiments. The concentration of plutonium in each experiment was
therefore 1/i0 of the specified plutonium quantity. For example, a
plutonium solution concentration of 10 grams per liter was used for the
experiment that resulted in 100 grams of plutonium lcading per liter resin)

The observed faster kinetics for lower resin loading levels is
attributed to the rapid sorptiou of small quantities of Pu(l1V) by highly
accessible ion exchange sites on or near the surface of tne resin beads. As
the quantity ot plutonium increases, the competition for exchange sites also
increases. This competitive process requirss Pu(IV) ions to migrate prog-
ressively deeper within the resin bead to find available exchange sites, a
significantly slower process than when ions exchange only at sites on or
ne¢ar the surface.

Comparisons of Kd curves for different resins are therefore valid only
when quantities of plutonium per resin volume are identical. Accordingly,
we have measured and reported the sorption kinetics of Pu(l1V) from 7 M
nitric acid on Reillex™ HPQ, Lewatit™ MP-500-FK, and Dowex™ x4
resins only under such equivalent plutonium-loading conditions. The effect
of resin bead size differences was eliminated by using dry-screened, 50 to

60 mesh resin in all casrs.

n itri ]

Most conventional strong-basc anion exchange resins incorporate a
polymer of styrenc and divinylbenzene. Because these styrene polymers can
react violently with nitric acid under certain conditions, their safe use
requires strict avoidance of conditions known to be hazardous. Potential
safcty hazards associated with using ion exchange resins in nitric acid
systems have been addressed by Calmon.(8) Avoiding conditions that could
result in violent reactions between organic polymers and nitric acid
obviously is given an especially high priority within the nuclear industry.

Vinylpyridine polymers arc known to be unusually resistant to attaca
by nitric acid. Marston(6 . ctributes the difference in reactivity of poly-
styrenc and polyvinylpyridinc to the fact that polystyrenc is especially
susceptible to clectrophilic aromatic substitution, whereas the electron
deficiency of the aromatic system makes polyvirylpyridine quite resistant to

such substitution.



Polyvinvipyridine resins are therefore expected to be significant]y
safer than polystyrene resins; however, caution is always encouraged when
one combines organic polymers and nitric acid. In the specific case of
Reillex™ HPQ resin, only about 70% of the polymer is vinylpyridine; the
remaining 30% is divinylbenzene, whose chemical stability is considerably
lower.

Conspicuouns on Calmon’s list of the potentially most dangerous
conditions involving resin and nitric acid are high concentrations of nitric
acid and high temperatures.(8) To evaluate the new resin under worst-
case conditions, we intentionally violated both of these safety precautions
by subjecting a portion of nitrate-form Reillex™ HPQ resin to boiling,
concentrated nitric acid, under reflux, for 3 hours. Although a small
amount of NO, was observed during this period, there was no indication of
any vigorous reaction. The weight of the post-treatment, air-dried resin
agreed closeiy with the initial weight of air-dried resin, which was addi-
tional evidence that no significant resin decomposition had occurred.

Although refluxing the resin in concentrated nitric acid caused the
initially white Reillex™ HPQ resin to acquire a slight yellow color, there
was no significant change in the surface appearance, even at 10,000X.
Moreover, thermal decomposition profiles of acid-refluxed and untreated
Reillex™ HPQ resin (both air-dried in nitrate form), as determined by
thermogravimetric analysis in an argon atmosphere, were found to be nearly
identical (Fig. 4).

These similar thermal decomposition profiles for treated and untreated
Reillex™ HPQ resin further confirm the absence of significant resin alter-
ation by the treatment. A thermal decomposition profile of Lewatit™ MP-
500-FK resin also was mcasured and is included in Fig. 4. The initial
decomposition of Reillex™ resin at a lower temperature than Lewatit™
resir was unexpected, although there is no reason to expect thermal decom-
position of resin in a dry argon atmosphere to simulate its reactivity in

aqucous nitric acid.
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FIGURE 4. Thermal decomposition profiles of (!) nitric acid-refluxed
Reillex™, (2) untreated nitrate-form Reillex™ HPQ resins, and (3)
nitrate-form Lewatit™ MP-500-FK resin.

To further determine whether resin refluxed in nitric acid had
survived without significant damage, the capacity of treated resin for
Pu(lV) from 7 M nitric acid was mecasured. Capacities were expcrimentally
determined from batch contacts, in which the Pu(lV) quantity of 182 grams
per liter of resin exceeded the total resin capacity. The rate at which the
resin loaded also was determined in these experiments by assay-ing the
solution for nonsorbed plutonium after dynamic contact periods of 0.5, 1, 3,
S, and 8 hours.

Figure 5 shows the measured capacities of Dowex™ [x4, Lewatit™
MP-500-FK., and Reillex™ HPQ resin before and after the refluxing nitric
acid treatment. Mot only was there no loss in capacity of the treated resin
for Pu(1V) from nitric acid, relative to untreated resin, there was a

substantial increase’
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Because this increase in resin capacity was uncxpected, we repeated
the Pu(1V) sorption kipetics siud.es using resin that had been refluxed in
concentrated nitric acid. Figures 6 through 1! present comparative
distribution coefficients of Pu(IV) from 7 M nitric acid on Dowex™ x4,
Lewatit™ MP-500-FK, and trcated and untreated Reillex™ HPQ for total
plutonium loadings of 10, 20, 40, 60, 80, and 100 grams per liter vesin,
respectively.



At cach of these six levels of plutonium loading, the treated resin
exhibits equivalent or faster sorption kinetics for Pu(IV) than was ot ained
with untreated resin. Furthermore, in almost every case the sorption kinet-
ics of Pu(IV) on treatc § Reillex™ HPQ resin is superior to the kinetics of
the other three resins tested. This is particularly significant because
Lewatit™ MP-500-FK resin was found to offer the fastest kinetics of more
than 30 resins evaluated in a previous study.(2)
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The unexpected improvement in resin capacity and sorption kinetics
was discussed with Charles Marston, the senior research chemist who devel-
oped this resin in collaboration with Donald McQuigg at Reilly Indust-ies,
Inc. Marston suggested that refluxing HPQ resin in concentrated nitric acid
could cause oxidative cleavage of some alkyl aromatic cross-linking groups,
as evidenced by the production of NO;. Cleavage of some of the divinyl-
benzene cross-linking groups would relax the resin network structure by

lowering the cross-linking density and allow the resin beads to expand.



1000 =TT T T TR
SR Tremind Reitex ™HPQ
f — Mosie: ™HPC
- -
100 E ~
3
u .
P -
i 7]
0 E -
3 3
3
[ ]
- .
= .
N N I R ST T G I Rt
1 10 100

Oynamic Cortact Period (minuses )

FIGURE 8. Sorption of Pu(IV) on
various anion exchange resins from

7 M aitric acid (Pu loading = 40 grams
per liter resin).

1000 T T T T T T T TTH

3 3
- === Trested Redex UKPQ ]
- L) -
P T———— u. NPO —
SR Loween ™ MP-800-FK
—=-  Lowsx™ 121 ;
100 L -
= 3
- -y
e 4
- -
- -
P— -t
= -
10 . =
- Rd =
p— ’.’ j
p— ” —
= wa -
N
& .~ -
. -
.
- T
' FEN RN L1y
1 10 100

Oynarrc Contact Perod (vwruase )

FIGURE 10. Sorption of Pu(lV) on
various anion exchange resins from

7 M nitric acid (Pu loading ~ 80 grams
per liter resin).

1000 T T

- “
t -
- —eee. Tremed Reuiex MHPQ ~
- — Roiiex MHPQ -
- -
R Lowatr ™ MP-500-FX

100 + b
= =
mad -
- -
— -
- ~
o =
L J

10 = e =
- 7/ -
o e 3
- -, -
o P .
- _/" -J

-
-
1 Lo o

1 10 100

Dynamec Contact Period (memsss)

FIGURE 9. Sorption of Pu(IV) on
var'ous anjon exchange resins from

7 M nitric scid (Pu loading » 60 grams
per liter resin).

Y000 e——T—T"r TN TR

- 3

- —m-a. Treased Ml"w =1

™ — Roltgx MRAD B

[ Lowenn ™ {4 -800-F

- ce—em: Dower™ine T

100 =

- -

- -

;l —

- -4

- -

W b

- 3

- . -

- 'I —~

- ’." -

- ".’ -

.
L— . -
.
.
-

\ Loyl Lot Al

t 10 100
Dyrarmc Cortaot Periad (mirutee)

FIGURE !1. Sorption of Pu(lV) on
various anion exchange resins from
7 M aitric acid (Pu loading =« 100
grams per liter resin)



This explanation is in accord with an observed increase in wet resin
vcelume of spproximately 10%. The more open structure of expanded beads
should make interior anion exchange siies more accessible, which would

explain the increased resin capacity and improved sorption kinetics.

Elution Kineti

Because Reillex™ HPQ resin exhibits Pu(1V) sorption kinetics compar-
able or superior to that of Lewatit™ MP-500-FK, we also compared the
clution of Pu(1V) from these two resins using dilute nitric acid as the
cluant. In all cases, I-milliliter portions of resin were tested in columns of
7-millimeter diameter, using gravity flow for loading and clution.

Figare 12 presents Pu(IV) elution profiles from Reillex™ resin using
eluants of 0.35, 0.40. 0.45, C.50, ana 0.60 M nitric acid. The elution profile
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FIGURE 12. Comparison of Pu(lV) elution profiles from Reillex™ HPQ
resin using cluants of 0.35, 0.40, 0.45, 0.50, 0.55, and 0.60 M nitric acid,

and from Le~atit™ M7 -500-FK resin using only an cluant of 0.35 M nitric
acid.



of Lewatit™ resin using only 0.35 M nitric acid is presented for
comparison. Note that the elution is consistently sharper and more

complete in a smaller volume with Reillex™ resin, even when higher
concentrations of nitric acid are used as the eluant. This indicates that

the purified plutonium product can be recovered at higher cencentration in
a smalier volume from Reillex™ resin. The improved elution is particularly
significant because clution of Pu(IV) with dilute nitric acid is much faster

from Lewatit™ resin than from any other resin previousiy tested.

Radiolvtic Degradation

Another major safety advantage expected from Reillex™ HPQ resin is
increased resistance to radiolytic degradation. According to Gangwer ¢t
al.,(7) "These resins with pyridine exchange groups are more stable to
ionizing radiations than all other types of synthetic organic ion exchangers
that have been examined for radiation-induced chemical changes.” Our
near-term plans include a comparison of the radiolytic stability of
Reillex™ HPQ resin with several other macroporous and gel-type poly-

styrcac resins commonly used in the nuclear industry.

SUMMARY

A newly available, macroporous anion exchange resin based on a
copolymer of l-methyl-4-vinylpyridine and divinylbenzene has been
evaluated. This new resin offers high capacity and rapid sorption kinetics
for Pu(lV) from nitric acid, as well as greater resistance to chemical attack
by nitric scid. Significantly greater resistance to radiolytic degradation
also is expected, based on published studies of similar polyvinylpyridine

resins.
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