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The Influence of PlutoniumConcentrationand
SolutionFlow Rate on the Effective Capacity
of Macroporous Anion Exchange Resin

S. Fredric Marsh
Timothy D. Gallegos

THE INFLUENCE OF PLUTONIUM CONCENTRATION
AND SOLUTION FLOW RATE ON THE EFFECTIVE CAPACITY
OF MACROPOROUS ANION EXCHANGE RESIN
by
S. FredricMarsh and Timothy D. Gallegos

ABSTRACT
The principal aqueous proceas used to recover and purify plutonium
at the Los Alamos Plutonium Facility is anion exchange in nitric acid.
Previous studies with gel-type anion exchange resin have shown an inveraerelationshipbetween plutonium concentrationin 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
betweenplutonium concentrationand solution flow rate was reexamined
with the selectedLewatit MP-500-FK resin using solutionsof plutonium
in nitric acid and in nitric acid with high levels of added nitrate salts.
Our reanlts with this resin differ significantly from previous data obtained 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 concentration in the f-d 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 concentrationsof
dissolvednitrate salts in these solutions was an increasedresin capacity
for plutonium at low flow rates.

INTRODUCTION
Anion exchangein nitric acid is the principalaqueous process used to recover and purify plutonium at
Los Alamos.An importantparameterthat affectsthis
process is the_relationshipbetweenplutoniumconcentration and the optimal flow rate at which feed solution is supplied to the ion exchange column. It has
long been accepted qualitativelythat feed solutionaof
higher plutonium concentration should be loaded at
lower flow rates. This premise is reflected in Fig. 1,
copied from the “ha Alamos StandardOperatingProcedure for Nitrate Anion Exchange.”1 Unfortunately,
the experimentaldata 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 Alsmos2 demonstrated that certa.m
mscroporous resins are much superior to gel-type
resins for processing plutonium. Operational guidelines for plutonium processing based on past studies
with gel-type resins have therefore become obsolete.
For this reason, we designedan experimentalsystem
to measure the influenceof plutonium concentration
and feed-solutionflow rate on the effective capacity
of the preferredmacroporouaresin. The objective of
this investigationwas to defineoptimum flow ratesfor
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loading anion exchange columns of the selected resin
with feed solutionaof specified plutonium concentration and salt composition.
This study has produced valuableoperationaldata
for a superior macroporous resin that is gaining
widespreadacceptancewithin the nuclearindustry. In
additionto providingnew guidelinesthat can improve
process throughput and efficiency,these experimental
results are of special interestbecause they differ significantly from those reported in previous studies of
other reains.3*4
EXPERIMENTAL
All anion exchange resin used in this study was
takenfrom a singlebatch of Lewatit MP-500-FK (40to 70-mesh)resin that had been used in routineprocessing at Los Alamos for nearly a year. We selected
used resin because the performance of this resin improvessignificantlywith repeateduse, for reasonanot
yet fully understood. Because the thoroughly conditioned resin used in this study reliably representsthe
2

resin in production columns, the resultsreportedhere
should apply quite directly to full-scaleplant operations.
The complete study consisted of two separate
phases. In Phase I we evaluatedfeed solutions that
contained only plutonium in 7 M nitric acid, whereas
in PhaseII we evaluatedfeedsolutionsof highsalt content that simulatedrecoverablewastefrom pyrochemical operations. Thus, the solutions teated bracketed
the entire concentration rsnge of impuritiesfound in
actual process feed solutiona.
The master solution of plutonium nitrate, from
which all other solutions were prepared, contained a
fluoride-t~plutoniumratio of 0.072. This base levelof
fluoridewas presentin Phase I solutions, to which no
aluminum was added, and in Phase H solutions that
containedadditionalfluorideand aluminum.The plutoniumin the mastersolutionwasconvertedto Pu(IV)
by adding hydrogen peroxide.5 After spectrophotometric analysisconfirmed the absence of Pu(VI) and
Pu(III), individualdilutionawere prepared.

Phase I: Low-Salt Solutions

Plutonium Ccmcentration. The four selected
feed-solutionconcentrationsof approximately 10, 20,
50, and 110 grams of plutonium per liter bracket
typical plutonium concentrationsof routine anion exchange processes at Los Alamos. The various plut~
nium concentrationsused in this study were obtained
by dilutinga portion of an initialmastersolution that
conta”medapproximately120 grams of plutonium per
liter. Final solution volumes were approximately 15,
6.25, 2.5, and 1.2 l:iters,respectively,for the four plutonium concentrationsdescribed above.
Flow Rates. The four flow ratesof 10,20,40, and
80 liters per hour for loading the feed solutions were
likewiseselectedto bracketflow rates typically used in
routine anion exchimgeprocessesat Los Alamos.

the four selected flow rates. Experimentalconditions
were chosen to closely simulateactual anion exchange
process operations,althoughthe scale was reduced to
minimize the quantity of plutonium, solutions, and
glove-box space required.
The flash chromatography columns (J. T. Baker
#7022-6) usedas anionexchangecolumnsin our study
(Fig. 2) are 24 inches high, as are the full-scale anion exchangecolumns. However,the diameterof these
chromatographycolumnsis only 1.5inches,whichrepresentsa 16-foldscale reductionfrom the 6-inch diameter of full-scalecolumns.
A measuredvolume of 600 millilitersof settled,wet
resin added to each small-scalecolumn resulted in a
resin height of about 21 inches, which is comparable
to the resin height in full-scaleprocess columns.

Phase II: High-Salt Solutions

Nitric Acid. The concentration of nitric acid,
held constant at 7 M throughout the entire series of
experiments,is the nominalacid concentrationused in
routine anion exchangeprocessing.

Appropriatequantitiesof saltswereadded to Phase
11solutionsto simulatepyrochemicaloperationawaste
solutions with concentrations of 0.69 M Ca(NOs)z,
0.76 M Mg(NO&, and 0.093 JWA1(N03)3.

Nitrate. Ineachsolution,theconstantconcentration of nitrate in the form of nitric acid was supplementedby an additionalamount of nitrate associated
with the dissolved plutonium nitrate. We assumed
that each Pu(IV) ion had four nitrate ions associated
with it, althoughthis assumptionwas not experimentally verified.
We recognizedthat Pu(IV) can associatewith more
than four nitrate ions and that such anionic nitrate
species of plutonium existed in these solutions. Such
anionic species muxt, however,be offset by an appropriate number of hydrogen ions to preserve overall
charge balance. All hydrogen iona associated in this
mannerwith anionicnitrato complexesweremeasured
in the free-acid determinationand thereforewere included in the measuredconcentrationof nitric acid.
Although the total quantity of plutonium was held
constant .m all experimental solutions, solutions of
specified plutonium concentrationswere prepared by
diluting the uniform, initial quantity of plutonium to
an appropriatefinalvolume. If we assumefour nitrate
ionsarecontributedby eachPu(IV) ion, the additional
nitrate concentrationswould be 0.17, 0.33, 0.83, and
200 Mfor plutoniumconcentrationsof 10, 20, 50, and
120 gramsper liter, respectively.

Plutonium Concentration. PlutoniumconcentrationsinPhaseII solutions
wereessentially
identical
to thoseinPhaseI solutions,
withoneexception.The
highestconcentration
of plutonium(greaterthan110
gramsperliter)couldnotbeattainedinthesehigh-salt
solutions,whichwerealreadynearlysaturatedwith
nitratesalts. The plutonium concentrationsin Phase
II solutions thereforewere limited to the three lower
levels of 10, 20, and 50 grams per liter. These levels
encompassedail realisticlevelsfor high-saltsolutions,
however,because high-saltsolutions horn pyrochemicai waste rarely contain high concentrationsof plutonium.

Cohlmn Loading Experiments. Sixteenseparateexperiments
wereperformed
to evaluateall combinationsof the fourplutoniumconcentrations
with

Nitrate. PhaseII solutionacontainednot only
nitrateaddedas 7 M nitric acid and nitrate ions associated with plutonium (ss describedunder Phase I),
but also nitrate iona introduced as calcium, magnesium, and aluminumnitrate salts. The total concentration of the nitrate added to Phase II solutions in
the form of nitrate salts was 3.18 M.
Fluoride. High-salt,pyrochemical
wastesolutions
encountered
in anactualaqueous
processing
situation
alsocontainsignificant
amountsof fluoride.The exact amountof fluorideis unknown,however,because
varyingportionsoftheinitialhydrofluoric
acidarelost
by volatilization
duringdissolution.
A recentstudyat
LosAlamos6determined
theeffectof variouslevelsof
3

Fig. 2. Flash chromatography column used for on~sixteenth-scale

fluorideand alum”mumon the plutoniumion exchange
process. Baaedon the recommendationsof this study,
the fluoridelevel in Phase II solutionawas adjustedto
0.093M, to be equalto the concentrationof aluminum.

Experimental Procedure

Experimental Setup. Figure3 showstheexperimentalsetupbeforeitsintroduction
intotheglovebox.
After the installation
of this apparatusin the glove
box, eachplutoniumfeedsolutionwaspreparedand
thoroughly
mixedin a 6-inchcolumndesignatedfor
feedsolution(Fig.4). A peristaltic
pumpthentranaferredfeedsolutionsto the anionexchange
columns,
as shownin Fig. 3, at presetflowrates. Duringthe
loadingof eachfeedsolutionontoan anionexchange
column(background
of Fig. 5), the effluentsolution
wascollected
andstoredina clean6-inchcolumn(foregroundof Fig.5) forsubsequent
analysis.
Resin Capacity at Saturation. The effective
capacity of an anion exchange column may be dehd in variousways. Some investigatorshave chosen
to report the quantity of plutonium retained on the
ion exchangecolumn when the plutonium exiting the
column (breakthrough) reaches predeterminedlevels
of 1%,7 10~O,sor even 50Y0.3We chose instead to
4

anion exchange column studies.

determine the saturation capacity of the anion
exchangecolumn by loading each column with a volume of feed solution that contained an excess of plutonium. Although every experimentperformedin this
manner was subjected to differentconditions of plutonium concentrationand solution flow rate, the total
quantity of plutonium was held constant.
The described column-saturationtechniqueis consideredto be reliablebecausethe total quantityof plutonium alwaysexceededthe maximumcapacity of the
anion exchangecolumn by at least 20%. The quantity
of plutonium retained on the resin is, by definition,
the differencebetween the quantity of plutonium in
the initialfeed solutionand the quantityof plutonium
in the effluentsolution. We therefore elected to use
the differencebetweenthese two measuredvaluesas a
reliablemeasureof the quantityof plutoniumretained
on the column.
Because some portion of feed solution always remains in the column void space after the solution
loading is complete, this by-difference measurement
of sorbed plutonium is subject to bias. We recognized that a considerableamount of plutonium could
remain in the resin void volume, which we measured
to be approximatelyone-third of the total resin bed
volume. Furthermore,the quantity of remainingplutonium would depend on the concentrationof plutonium 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

experiment. If not removed before assay, this interstitial, nonsorbed plutonium could easily be confused
with legitimately sorbed plutonium. Complete removal of all nonsorbed plutonium from the column
thereforewas essential.
Column Rinsing Technique. We employed a
rather lengthy washing procedure to remove any remaining nonsorbed plutonium. The residualfeed solution firat was rcmoved by vacuum applied to the
loweroutlet of the column. Vacuum next was applied
to the top of the column while it was being refilled
from the bottom with clean 7 Mnitric acid. The purpose of this vacuumwas to removeentrappedair that
otherwisecould prevent the column from completely

refillingwith liquid. Vacuum then was reapplied to
the lower outlet to again drain the column of solution. And finally, this entire vacuum-filling/vacuumdrainingprocesswasrepeated. All rinsesolutionawere
combined and uniformly mixed with the previously
collected effluentsolution.
In this mannereach loaded column was thoroughly
drainedof residualfeed solution and rinsedtwice with
ilesh nitric acid. We believethat this elaboraterinsing
procedure removednot only all nonsorbedplutonium,
but also a smallportion of the legitimatelysorbed plutonium. If so, this would contribute a negative bias,
which would resultin the reportedresincapacitiesbeing somewhatunderstated.

5

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

6

Fig.

5. I)wd effluent collection tanks (foreground) during loading of anion exchange columns (background).
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RESULTS AND DISCUSSION
The flow rates used in these reduced-scaleexperiments were proportionately lower than flow rates for
full-scalecolumns. All flow rates reported, however,
have been readjustedto be directly applicable to the
&inch by 24-inch columns used in full-scale plant
processes. We also report measured resin capacities
in grams of plutoniumper liter of resin to be applicable to columns of any size.

Phase I: Low-Salt Solutions
Table I presentsthe measuredquantitiesof plutonium sorbed, per liter of Lewatit MP-500-FK resin,
for each of 16 combinations of plutonium concentration and solution flow rate. Figure 6 presentsthese
samedata graphically.Two major conclusionsare immediately apparent from these data: (1) there is essentiallyno flow rate dependenceover the range of 10
to 80 litersper hour for the plutonium concentrations
studied, and (2) the highest saturationloading 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 earlierstudies that used
gel-type anion exchange resins. For example, Ryan
and Wheelwrightreported that plutonium concentration has little effect on resin capacity,3 whereas our
data show a marked effect of plutonium concentration on the effectivecapacity of macroporousresin. Of
particularimportanceis our findingthat macroporous
resin capacity is highest when plutonium concentration of the feed solution also is highest.
TABLE 1. Quantityof PlutoniumSorbed by Lewatit
MP-500-FK Resin from Low-Salt 7 M Nitric Acid.
Plutonium
Concentration
(mumdliterl

Flow Rate
Oitersof solution Derhour)
10

20

80

40

Sorbed Plutonium
(grams per liter of resin)
125

125

125

123

20
50

140
152

138
150

139
156

140
147

110

168

170

167

167

10

8

Jamesgpredicted earlierbreakthroughof 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 breakthroughis delayedand the effective column capacity is highestwhenthe feedsolutions
contain the highestconcentrationsof plutonium.
Why do our data differ so markedlyfrom those of
other studies? The most obvious resson is that we
useda differentresin,one that offersmuch fastersorption kinetics for plutonium.2Rapid sorption kinetics
would be expected to be most beneficialwhen the ratio of plutonium ions to the numberof availableresin
exchangesites is high.
Another reason our findings differ from those of
other studies, as mentioned earlier, is that our solutions that contain the highest concentrationsof plutonium also contain the highest concentrationsof nitrate. For example,solutionsthat contain 10 gramsof
plutonium per liter are approximately0.04 M in plutonium. If, as we assume,four nitrate ions associate
with every Pu(IV) ion, the associatednitrate molarity
is 0.16 M. By comparison, solutions that contain 120
gramsof plutoniumper literhavean associatednitrate
concentrationof 2.00 M. The additionalnitratepresent
as plutoniumnitrate salt might very well enhancethe
distribution coefficient of Pu(IV), an effect that has
been observedand reportedfor other dissolvednitrate
salts.
James10reported that plutoniumcan be efficiently
sorbed from solutions of only 4 M nitric acid if
0.3 M aluminum nitrate also is present. Ryan and
Wheelwrightll reported much higherequilibriumdistribution coefficients for plutonium from solutions
that containedhigh concentrationsof calcium nitrate.
These higher distribution coefficients, however, took
muchlongerto achievebecausethe plutoniumsorption
rate was much slowerfrom high-nitrate-saltsolutions.
Over all, these investigatorsconcluded that the disadvantageof lower sorption rate more than offset the
eventualadvantageof higher distributioncoefficients.
Effect of Solution Flow Rate. Figure 6 shows
that the saturation capacity of Lewatit MP-500-FK
resin for the four plutoniumconcentrationsstudied is
essentiallyuntiected when flow rates vary over the
range of 10 to 80 liters per hour. This finding also is
contrary to findingsof previousstudieswith other anion exchangeresins. Calleriand coworkersi2reported
that adsorption of Pu(IV) on Permutit SK resin is

200,

I

r

I

LewatitMIWXJ-FKresincompletelyto the hydroxideform,washedthe resinfreeof residualbasewith
“ ed the hydroxide
deioniaed
water,andthendetermm
contentby acid-base
titration.
To completelyneutrake the hydmxylions, we
excessofnitricacidtothehydroxide
addedameasured
mixtureWaastirred
formresin. Thiareain/aolution
overnight
(@ a seaki container)
to ensurethataliex21 ——.
changesiteswouldbeneutralized.
Thequanti~ofexwl by back-titration
ceasnitricacidthenwaadetermin
withstandardsodiumhydroxide
solutionto a phenol,~~
phthalein
endpoint.
FLOW RATE. UTERS PER HOUR
Thetotaicapacityof theLewatitMP-500-FKresin
measured
inthismannerwas0.96equivalenta
perliter
Fig.
6. Quantities of plutonium sorbed per liter of
of nitrate+form
resin.If weassumethatplutoniumia
Lewatit MP-WFK
r=in from low-aalt solutiona, for
aorbedon the resinin the formof a divalenthexadesignated flow ratea and plutonium concentration.
nitratoanioniccomplex,as reportedby Ryan,15the
(Flow ratea are scaled for a 6-inch by 24-inch column.)
maximumcapacityfor plutoniumshouldbe haif of
0.96, or 0.48 mole3of plutoniumper iiterof rea@
inverselyproportionalto the solution flow rate but inwhichcorresponds
to 115gramaofplutonium
periiter
dependentof plutonium concentrationin the range of
of resin.
0.8 to 5.5 grams per liter. Calleri found that breakloadingcaThe factthat wemeasuredpiutoninrn
through occurred more rapidly, and also that the efpacitiesM high6s 175gramsperiiterof resinproves
fective resincapacity for plutoniumwas 1sssat higher thataiiof theplutoniumamid not havebeensorbed
solutionloading rates.
in a ratioof h anionexckmgeaiteaperplutonium
13,14pMmiurn ions
Again it seems likely that the rapid kinetics of
ion,as hadbeenpropmed.
Lewatit MP-500-FK resin explains its improvedca(m factmostof them)mayimroive
oniya 6ingieanion
pacity, in comparison with the capacities of inikrior emhangesite. Anotherpoaaibiiity
invoivesa mecharesinaexamined in previous investigationa.It is par- *
-ted&
IhUS andNeison16
whereby
neuticularly noteworthy that many of these eariieratud- trai phltmlimnnitrateSpecies,Suchas PU(N03)4
or
ieaused PermutitSK resin,which, althoughnolonger H2Pu(N03)fj,
can*
into the rt?8irl at high Soiute
manufactured,iaconsideredby knowledgeableinvesti.-ona.
gators to have been the best resin then avaiiabie
for
*
Wa&?lll are cautioned
to CaUW!tWy examine
plutonium.ls
“ tom who reportresin
Uuik used by other ~
capacities‘m
capacitiesfor piutaniurm~
_
Resin Capacity. Ourmeasured
saturation
capac- weightOfpiukmimn
pergramof dry resin, rather than
itiesfor LewatitMP-500-FKresincan be compared per volume of wetresin-Thechoiceofsucbunitsiadifwiththosereportedforotherresins.BSSS04
meamred ilcuitto un~
becausedry-resin
weightis ~
the saturationcapacitiesof AmbediteIRA-938 and iatedtothecapacity
ofanoperatingresin
colunm.The
Dowex11 resinsto be 52 and28 gramsof plutanhqn fact that capacitiescomputedon a dry-resinweight
per literof resin,respectively.Calleriand cowork- basisareapproximatdytbret%to fourfoldhigherthan
ers foundPermutitSK resinto havea capacityof thosecomputedon a we&re8in
volumebasisgreatly
79 * 13 gramsof plutoniumperIiterof resin.14 cgfaddsto theopportunity
forconii&om
leri et al.12 state, “For all measurementsmade, the
resin capacity was determined to be very close, but
neverhigher than the capacity that it baa for divalent
Phaae II: Higil-sait solutions
Pu(No3)13=.”
The differencesbetweenthesecited findingsandour
The completeseriesof 16 combinations
of plutoownweresufficient
to justifya rigorouscomparison
andflowratestudiedin PhaseI
of our measuredcapacitiesto the total resincapac- niumcmmmtration
examity. Thecapacityofmacroporous
anionexchange
resin couidnotbe repeatedin thehigh-ashsolutions
usuallyisgivenasa nominal1.2equivalentperiiterof inedinPhaseIL Thiswasbecausethehighestconcenthan100gramsperliter)
resin.Ratherthanacceptthisvalueof uncertain
ori- trationofplutonium(greater
gin,weconverted
a measuredvolumeof nitrate-form
9

was not soluble in Phase II solutionsthat were nearly
saturated with added nitrate salts. Phase II studies
therefore were limited to the three lower concentrations of plutonium; however,each of these was evaluated at all four flow rates, for a total of 12 experimental combinations. The measuredsaturationcapacities
of Lewatit MP-500-FK resin for the 12 experimental
combinationsstudiedare listedin Table 11and also are
presentedgraphicallyin Fig. 7.
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Effect of Plutonium Concentration.
The
range of measuredresin capacities for Phase II solutions,whencomparedwith that of PhaseI solutions,is
largerat low flow rates and smallerat high flow rates.
We believe the trends shown in Fig. 7 result from a
combinationof the higherequilibriumdistributioncoefficientsof plutoniumand the slowersorptionkinetics
that occur from high-nitrate-saltsolutions.
Adding to the complexityof this systemia the presence of fluoride. In Phase 11solutions, the concentration of fluoride (O.O93M) is constant and equal to
that of ahuninum. However, because the concentration of plutonium variesin differentexperiments,the
fluoridet~plutonium ratio changes as the concentration of plutoniumchanges.
A recent Los Alamos study of the effect of varying
ratios of fluoride to aluminumto plutonium6demonstrated the importance of the overall fluoride-toplutonium ratio, as well as the fluorid~t~aluminum
ratio. Because in Phase II solutions the fluoride concentrationis constant, whereasthe plutoniumconcentration varies, the solution that contains the highest
plutonium concentrationalso has the lowest fluorideto-plutonium ratio. This may explain the highest
measuredcapacity of 175gramsof plutoniumper liter
TABLE II. Quantityof PlutoniumSorbedby Lewatit
MP-500-FK Resin from Low-Salt 7 M Nitric Acid.a
Plutonium
Concentration
(grams/liter)

Flow Rate
(liters of solution per hour)
10

20

40

80

Sorbed Plutonium
fmuns Derliter of resin)
10
20
50

124
136
175

127
140
158

134
140
151

128
136
143

‘In addition to 7 M nitric acid, thesesolutions contained 0.69 M Ca (N03)2, 0.76 M Mg(N03)2, 0.093
M AI(N03)3, and 0.093 M fluoride.
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Quantities of plutonium sorbed per liter of

Lewatit MP-500-FK resin from high-salt solutions, for
d~ignated flow rates and plutonium concentrations.
(Flow rates are scaled for a &inch by 24inch column.)

of resin measured for the 50-gram-per-literPhase 11
solution at the lowest flow rate. This solution has
not only the lowest fluoride-to-plutoniumratio, but
also the highest total nitrate concentration of 11.01
M, which is the sum of 7 M nitric acid plus 3.18 M
nitrate from the added impuritysalts plus 0.83 M nitrate associatedwith Pu(IV) at 50 gramsof plutonium
per liter.
Effect of Solution Flow Rate.
Earlier
studieslO’llhavereportedthat the high concentrationsof nitratesaltsthat favorhighsorptionof plutoniumat equilibrium
significantly
slowthesorption
rate. This could explainthe unusually
highcapacity
of theresinforplutoniumobserved
at thelowestflow
rateforthehigh-saltsolutionhavingthehighestplutoniumconcentration.
However,an identicalsolution
did not demonstrateunusuallyhigh resin capacity at
higherflow rates,becauseat higherflow rates the plutonium residencetime in the anion exchange column
may be insufficientfor the slowerkineticsof the highsalt solutions to contribute.
Resin Capacity. It shouldbe notedthat the
measuredresincapacitiesfor the threePhase II solutions are essentiallyidentical 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 unusuallyhigh resin capacity at the lowest flow rate (10 liters per hour). We consider this to
be primarilyan effect of flow rate, as described in the
previousparagraph.

CONCLUSIONS
1. Lewatit MP-500-FK resin offers substantially
highersaturationcapacitiesfor Pu(IV) from nitricacid
than any resinpreviouslystudied.
2. The saturationcapacity of Lewatit MP-500-FK
resin for plutonium is highest for feed solutions that
have the highestconcentrationsof plutonium, in contrast to resultsreportedfrom previousstudiesof other
resins.
3. Flow-rate variation has essentiallyno effect on
the saturationcapacity of a &inch by 24-inch column
of Lewatit MP-500-FK resin for plutonium from lowsalt solutions of phtoniwn within the range of 10 to
80 literaper hour. Flow rate has a signticant effect,
however,when solutionswith high plutonium concentrations contain high levels of nitrate salts. In such
solutions,low flow rates increasethe effectiveresincapacity, whereashigh flow rateado not decreaseit. As
explainedearlier, this is attributed to the need for a
longerresidencetimewithinthe coh.rnnto takeadvantage of the higher distributionof plutonium for highsalt solutions.

4. Advantages of Lewatit MP-500-FK resin over
gel-type resin for processingplutonium include faster
sorption kinetics,2 higher resin capacity in general,
higher resin capacity at high concentrations of plutonium, little or no effect from an eightfoldincreasein
flow rate, and little degradationin performancewhen
solutionsapproachthe saturationlevelin impuritynitrate salts.
5. The sorption rate of Pu(IV) from nitric acid on
Lewatit MP-500-FK resin is sufficientlyrapid to have
not been a limiting factor for the range of flow rates
and plutonium concentrationsincluded in this study.
Futurestudiesof higherplutoniumconcentrationsand
faster flow rates, althoughunrealisticfor process-scale
applications,could contribute to a better understanding of plutonium sorption kineticsand mechanisms.

ACKNOWLEDGMENTS
We gratefullyacknowledgethe usefultechnicaldiscussionswith and suggestionsof JeffHatchelland Arch
Nixon.

11

1. “LosAlamosStandardOperatingProcedurefor Nitrate Anion Exchange,” procedure 461-REC-R02,
Los Alamos National Laboratory internal document (March 1987).

9. D. B. James, “Processing of Plutonium by Ion
Exchange-VI. Plutonium(IV) Sorption Kinetics on
Dowex 1x4 from Nitrate Solutions,” Los Alamos
Scientific Laboratory report LA-DC-7066, Figure 9 (July 1965).

2. S. F. Marah, “Improved Recovery and Purification of Plutonium at Los Alamos Us-mgMacro- 10. D. B. James, ‘The Processingof Plutonium by Ion
Exchange-V. Equilibrium Anion-Exchange Sorpporoua Anion Exchange Resin,” Los Alamos National Laboratory report LA-10906 (May 1987).
tion from Mixed Nitric Acid-AluminumNitrateSolvents,” Los Alamos Scientific Laboratory report
LA-3188 (March 1965).
3. J. L. RyanandE. J. Wheelwright,
“Recovery,
Purification,
andConcentration
of Plutoniumby AnionExchange
inNitricAcid,”U. S. AtomicEnergy 11. J. L. Ryan and E. J. Wheelwright, “Recovery and
Purificationof Plutoniumby Anion Exchange,”Ind.
CommissionreportHW-55893(Del.),p. 39 (January1959).
Eng. Chem. 51(1), 60-65 (1959).
4. D. L. Basso, “Evaluationof AmberliteIRA-938 and
Dowex 11 Anion ExchangeResins on a Pilot Plant
Scale,” Rockwell InternationalRocky Flats Plant
report CHOP-9202-83-11(October 1983).

12. G. Calleri, A. Geoffroy, F. Franssen,and M. De-

monie, “Study of the Kinetics of Loading Pu(IV)
on PermutitSK Resin from 7.2 MNitric Acid,” Eurochemic Technical Report No. 120 (NP-12345),
(September1961).

5. S. F. Marsh and T. D. Gallegos, “Chemical Tkeatment of Plutonium with Hydrogen Peroxide Be- 13. J. L. Ryan and E. J. Wheelwright,personal comfore Nitrate Anion Exchange Processing,” Los
munication (May 1986).
AlamosNationalLaboratoryreport LA-10907(May
14. G. Calleri, A. Geoffroy, F. Franssen,and J. De1987).
monie,

6. S. F. Marsh, “The Effectof Fluorideand Aluminum
on the Anion Exchange of Plutonium from Nitric
Acid,” Los Alamos NationalLaboratory report LA10999(Ju]y 1987).
7. J. D. Navratil, ‘Evaluation of Anion Exchange
Reai’nafor Plutonium-UraniumSeparationsin Nitric Acid,’>J. Radioanal. Chem. 43, 31-35 (1978).
8. J. D. Navratiland L. L. Martella, ‘Comparison of
Anion Exchange Resins for Recovering Plutonium
from Nitric Acid Waate,’’Nucl. Technol. 46, 105109 (1979).

12

“Study
of the Kinetics
of Pu(IV)
Elution from Permutit SK Resins, 40-70 mesh, at 60”C
by 0.6 M Nitric Acid,” Eurochemic Technical Re-

port No. 125 (NP-12244), (September1961).
15. J. L. Ryan, ‘Species Involved in the AnionExchangeAbsorption of QuadrivalentActinide Nitrates,”J. Phys. C%em. 64, 1375-1385(1960).
16. K. A. KrausandF. Nelson,‘AnionExchange
Studiesof MetalComplexes,”
Chapter23 in The Structure OJ Efectrof@e SoZutions, W. J. Hamer, Ed.
(J. Wiley and Sons, Inc., New York, 1959),pp. 340364.

Ptimedin
IheUn iled
St4tes0f Amcfiu
Available fmm
Nalhmd Technical lnfamdon SCN!CC

usDcpumellt
ofComem
S28S Pon Royal Road
Sp&@3dd. VA 22161
Mkrotlche (AOI)

NTls
Page Rarlv:
——

Price cadc

Psge Range

NT3s
Price Cak

A02
A03
A04
A05
A06
A07

15!-!7s
176.200
201.225
226.250
251-275
276.31M

A08
AW
AIO
All
AIZ
A13

W1432S
026.0S0

0s1-07s
076.100
101-125
126.150

“CauaciNT3S for a p?ix

quote

tics code

Page Range

NTIS
Pk-c Code

A14
A15
A16
A17
AM
A19

451475
476-500
501.525
526.550
SSI-575
576400
6ol.up”

A20
A21
A22
A23
A24
A25
A99

N-2Ts
Psge Rqe
301.32S
326.3S0
351.375
376dO0
401.425
426450

ILos Allanrms

