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COPRECIPITATIWOF URANIUMAND PI..UKNIUMOXAIATE-S

USINGSODIUMFORMALDEHYDESULFOXYLATEREDWXON

AND DIETHYLOXALATEHYDROLYSISPRECIPITATION

by

S. F. Marsh,M. R. Ortiz,J. E. Rein
.. .

ABsrRAcr

A prccedurewas developedforpreparinga crystalline
coprecipitateof uraniumand plutonium. Fromnitricac$d
media,uraniumand plutoniumare reducedto Uq+ and PU3 ,
thencoprecipitatedas oxalatesby hydrolysisof diethyl
oxalate.

I. SUWARY

A seriesof coprecipitatesof uraniumand plu-

toniumwas neededfor referencematerials. For this

purpose,controlledquantitativecoprecipitationin

a densecrystallineformfromsolutionscontaining

exactamountsof uraniumand plutoniumseemedthe

most promisingmethodof preparation.A suitable

precipitantfor hexavalenturanium(andplutonium)

was not known,and fewreductantswerecapableof
4+

reducinguraniumto U withoutthemselvescoprecip-

itating. @r investigationsshowedthatsodium

formaldehydesulfoxylate,NaHS02- CH20 . 2H20,re-

duceduranium-plutoniummixturesin 2~HNOq to U“+

and PU3+. Densecrystallineoxalatesof these

actinideswere formedby roomtemperaturehydrolysis

of diethyloxalate. Uniformdistributionof urani-

um and plutoniumin themixedoxalatesaltswas

verifiedby alphaautoradiography.

11. INTROIYJCTION

A seriesof referencesourcesof uniformly

distributeduraniumand plutoniumwas neededto eval

uate certainganrna-assaytechniquesand equipment.

Afterreviewingthe literature,severaltechniques

were experimentallyevaluated.None gavea suitable

crystallineprecipitate.The new techniquereported

hereproducescoprecipitateduraniumand plutonium

oxalatesthatare highlysuitablefor reference

sourcesfor gamna-assaymeasurements.Althoughthe

techniquewas not evaluatedextensivelyfrom the

standpointof chemicalreactionsand stoichiometry,

thispreparatorymethodis reportedin briefbecause

it appearsto applynot only to the preparationof

sources,but also to variousnuclearindustry

processes.

III. EXPERIMENT’ANDDISCUSSION

Requiredcharacteristicsof the seriesof

referencesourceswere (1)exactquantitiesof ura-

niumand plutoniumrangingfrom10 to 90 mg, (2)a

widevarietyof isotopiccompositionsof bothura-

nium and plutonium,and (3)a uniformdistribution

of uraniumand plutonium. Becausewe neededmany

sources,we selecteda preparationusingstandard-

izedsolutionsof uraniumand plutonium,rather

thanphysicalblendingof powders.

This preparationinvolved(1)preparingthe

variousenrichmenturaniumand plutoniumsolutions

on a weightbasisfromaccuratelycharacterized

startingmaterials,(2)combiningweightaliquots

of thesesolutionsto obtainthe desiredU/Pu ratio,

(3)distributingweightaliquotsof th~%ecombined

uranium-plutoniumsolutionsto beakers,(4)copre-

cipitatingtheuraniumand plutoniumas crystalline

.

1



salts,and (5)quantitativelycollectingthe salts

on a membranefilterwhichwas mountedas the refer-

ence source. The fourthoperation,coprecipitation

as crystallinesalts,was themost difficult.

An evaluationof varioustechniquesforco-

precipitatinguraniumand plutoniumledus to con-

cludethaturaniumnwt firstbe reducedto U“+ and

plutoniumto PU3+, and thatoxalateprecipitates

are themost quantitativeand crystalline.The usual

reductantscapableof reducinguraniumto Ub+ are

highlyelectronegativemetalswhoseionsalso form

insolubleoxalates. An unusualreductantwithout

thisdisadvantageis scdiumformaldehydesulfoxylate,

NaHS02“ CIi20“ 2Hz0. This compound,alsoknownas

rongalite,has beenused in the textileindustryto

reducedyes to theirsolubleleucocompounds,which
1are thendeoxidizedon the fiber. Grinberget al.z

reportedthatthe overallreductionof hexavalent

uraniumby sodiumformaldehydesulfoxylate,which

proceedsat room temperature,was:

Uo:+ + HsJ3; + U02++ Hso;.

The reactionratewas greatlyaccelerated,however,

by increasingthe H+ concentration.Theyalsore-

portedthatS0.2and HzS were producedby the reac-

tion in neutralsolution.The amountof HzSpro-

duceddecreasedwith increasedacidityand was prac-

ticallyundetectablewhen l&jHN3qwas themedium.

The rateof uraniumreductioncanbe observedbased

on the greencolorof U“+.

If onlyuraniumis to be reducedand precipi-

tated,oxalicacidmay be addedinitiallyto the

reactionvesselto slowlyformdensecrystalsof

uranitnnoxalate. Withuranium-plutoniummixtures,

however,the reductionof plutoniumto PU3+by sali-

um formaldehydesulfoxylateis very rapid. When

thisreactionis initiated,the bluecolorof Pu$+

is seenimmediatelyand thenchangesslowlyto blue-

greenas theuraniumis reduced. The completereduc-

tionof plutoniumand uraniumrequires1 to Z h in

&~q, themedimnused in our preparation.To

preventthe selectiveprecipitationof plutonium

oxalate,the additionof oxalatehad to be delayed

untiltheuraniumalsohad reducedcompletely.

A conventionaltechniquefor increasingthe

particlesizeand purityof a precipitateis slow

additionof a dilutesolutionof the precipitating

reagentusingheatedsolutionsand vigorousstirring.

Even so,high concentrationsin the localityof the

addeddropsof reagentsolutioncausesignificant

amountsof smallcrystalsto form. A disadvantage

of usingdilutesolutionsof the precipitatingre-

agentis an increasedvolubilityof the product,

particularlyatmilligramlevels. Precipitation

fromhomogeneoussolution3allowsthe precipitate

to format a slowand controlledrateby a uniform

changeof conditionsin an initiallyhomogeneous

solution.AIIexampleis the slow,uniformformation

of u“+ in a solutioncontainingoxalateion (de-

scribedearlier). Whendealingwith amixture of

uraniumand plutonium,however,the oxalateion

nust be slowlyand uniformlyprcducedin solution

to producea densecrystallineprecipitate.

One of themost successfultechniquesfor ob-

tainingslow,uniformreleaseof anionsin solution
3

involvesthe hydrolysisof esters. For our appli-

cationdiethyloxalatewas hydrolyzedat room tem-

peratureto producea very dense,easilyfiltered

precipitateof uraniumand plutoniumoxalates.A

seriesof 64 referencesourceswas preparedto con-

tainknownamountsof uraniumand plutonim, incor-

porating4 isotopiclevelsof 23% and 6 isotopic
levelsof 23SU. The uniformdistributionof the

uraniumand plutoniumin the precipitatewas veri-

fiedby alpharadiography.The completenessof

precipitation,determinedby analyzingthe super-

natantsolution,was > 99% foruranit.snand plutonium.

Althoughthistechniquehas beenused only to satisfy

our particularneeds,it appearsto be applicable

to variousnuclearindustryprccesses.

REFERENCES

1.

2.

3.

N. V. Sidgwick,The ChemicalElementsand

“-“1
arendonPress, ford,

A. A. Grinberg,L. E. Nikolskaya,G. I.
Petrzhak,B. V. Ptitsyn,and F. M. Filinov,
“Preparationof SlightlySolubleCcmymnds
of QuadrivalentUraniunUsingRongalite”in
SovietResearchon the Lanthanideand Actinide
Elements 49 957. Part I. BasicChemistry
~glish ‘hanslatlonby ConsultantsBureau,
fiew-York,1959), pp. 65 - 67.

L. Gordon,M. L. .Sdutsky,andH. H. Willard,
PrecipitationfrcsnHomogeneousSolution(John
Wiley Sons,Inc.,New York,lg~~

2


