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ABSTRACT

Electrophoreticdepositionof plutoniumhydridefrom suspensionsin

~-bu’tylalcoholand otherorganicliquidswas examinedfor its feasibility

in the preparationof thin sectionsof plutoniummetal. Dispersionsof

plutoniumhydridein the solventmediumwere producedby wet milling.

Additionof traceamountsof butyricacid priorto the millingoperation

was necessaryfor depositionof plutoniumhydrideon nickelor tantalum

electrodeswith the applicationof 600 to 1000voltsto suspensionsof the

hydridein purifiedQ-butylalcohol. Vacuumdryingof the depositsat

room temperaturewas followedby thermaldecompositionof the hydrideat

450”C. A finalheatingat 525*C.removedthe lasttracesof hydrogenand

sinteredthe depositto producea smooth,hard,adherentcoating. Inter-

actionof plutoniumhydrideand the solventvehicleduringmillingleads

to the formationof a mixtureof metallicPu, PuO,and &03 in the

sinteredproduct. The successfulapplicationofan electrophoreticprocess

dependson the choiceand availabilityof an inertsolventvehicle.





INTRODUCTION

Electrophoresisis identifiedas the movementof a chargedparticle

underthe influenceof a potentialgradient. &ny finelydividedsub-

stancesdispersedin a solventvehiclepossesselectricchargeson their

surfaces,primarilycausedby the differencein surfacepotentialof the

liquid-solidinterface.Applicationof an externalvoltagecausesthe

mi~ation of theseparticles,each of whichconsistsof a largenuniberof

molecules.Electrophoreticdepositionof the particleson an electrode

canbe accomplishedwithoutan accompanying valencechangeor changein

physicalstate.

The phenomenonof electrophoresiswas discoveredby Reuss(1) in 1807

with the observationof the migrationof claypsrticlesin waterwhen an

externalvoltagewas applied. One of the earlycommercialapplications

of electrophoresiswas for the depositionof cellulosein 1926. Electro-

phoresisis employedin the applicationof aluminac:wtingsto vacuumtube

parts,in the manufactureof latexrubbergloves,and in the application

of wax and plasticcoatingsto food containers.

The preparationof metalliccoatingsby electrophoreticdeposition

of oxidesand subsequentreductionand sinteringin purifiedhydrogen

atmospherehas been studied.(2) The use of dilutesuspensionsin an

organicmediummakespossiblethe applicationof a highvoltagewith a

low currentdensity. Electrophoreticdepositionoffersthe advantages

of uniformityand controlof coatingthiclmesseswithrapiddepositionon

regularand irregularshapes.

An electrophoreticmethodfor the preparationof <0,005in. layers

of plutoniumwas investigatedusingsuspensionsof plutoniumhydride.

The difficultiesin the reductionof plutoniumcompoundslimitedthe study

to the depositionfromsuspensionsof the metalor plutoniumhydride.

Plutoniumhydrideis obtainedas a brittlepowderfromwhichthe suspen.

sionscan be readilyprepared. It can be thermallydecomposedabove 500°C.j

at whichtemperaturea simultaneoussinteringactionto producea thin

adherentcoatingof plutoniummetalmightbe expected.
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EXPERIMENTALMETHODS

The feasibilityof electrophoreticdepositionfor plutoniumplating

was shownin earlyteststo dependlargelyupon the choiceof solvent

vehiclefor the plutoniumhydridesuspension.The viscosityand di-

electricconstantof the liquidinfluencethe velocityof the particle

undergoingelectrophoresis.In addition,the flash@_nt limitsthe

selectionsincedry box operationsare requiredwith plutonium.For

thisreason,isopropylalcohol,which is usually employedfor electro-
phoreticoperations,couldnot be used in the experimentswith plutonium

hydride.

Plutoniumhydrideformsa friablepowderon treatmentof d-phase

plutoniumturningswith hydrogen. PurehydrogenwasobtainedbYthermal

decompositionof uraniumhydride. The reactionbetweenplutoniumand

hydrogenis initiatedby heatingthe turningsto approximately100”C.

The subsequentreactionis highlyexothermic,makingit necessaryto

limitthe rate of additionof hydrogenina staticsystem. The volume

increaseduringthe conversionto plutoniumdihydridegivesa finely

dividedbrittlepowder. Additionalhydrogenis takenintosolidsolution

by plutoniumdihydride.(3) The hydrogen-saturatedproductat room temper-

aturecontained2.7 to 2.8 atomsof hydrogenper atom of plutonium.
Suspensionsfor the depositionexperimentswere obtainedby wet

millingthe plutoniumhydridein the organicliquidin a stainlesssteel

jarhalf filledwith a mixtureof 1/8 and lfl ti. chromesteelballs.

The concentratedslurryobtainedfromthe millingoperationwas trans-

ferredto a cylindricalbatteryjarand dilutedto 750 ml. with the

appropriateliquid.

The platingbathwas stirredby mans of a Teflon-coatedmagnetic

stirringbar in the bottomof the cell. The electrodesystemconsisted

of a cylindricalstainlesssteelscreenas the anodesurroundinga 0.5 in.

diameternickelor tantalumtubeas the cathode. The innerelectrodehad

a surfacearea

separationwas

of I-6sq. cm.wettedby the platingbath. The electrode

fixedat 1 cm. A powersupplywas obtainedto provide
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d.c. voltagewhichcouldbe variedfrom100 to 3500Volts. The maximum

currentwas 10 ma.

Dryingand decompositionof depositswere achievedby suspendingthe

nickelor tantalumtubehorizontallyinan evacuatedquartztube. The

initialremovalof liquidwas conductedat room temperature.Slowheating

releasedthe remainingliquidpriorto the beginningof the thermal

decompositionof plutoniumhydrideat 350°C. Slightlyhighertemperatures

requiredfor removalof the lasttracesof hydrogenproducedthe desired

sinteringaction.

~lec~j~q>horetic depositscf plutoniumwere characterizedby chemical

analysisand by x-rayexamination.The plutoniumdioxidecontentwas

estimatedfromthe insolubleresidueremainingaftertreatmentwith 6N

hydrochloricacid. The metallicplutoniumcontentwas ascertainedby

measuringthe volumeof hydrogenwhichwouldreactwith the sintered

productin reforming

in air also servedas

EXPERIMENTALRESULTS

plutoniumhydride. The weightgainduringignition

a guideto the qualityof the product.

Electrophoreticdepositionas a meansof preparingmtallic plutonium

coatingsdid not proveto be feasiblein systemsusingplutoniumhydride

suspendedin the organicliquidstested. The difficultiesare attributed

to interactionbetweenplutoniumhydrideand the solventvehicle. Other

areasof the experimentalwork were developedindependentlyof the liquid

behavior. In the eventa satisfactoryorganicmediuncanbe obtained,a

discussionof the experimentalwork in termsof bath preparation,deposi-

tion,dryingand decomposition,sinteringand analysismay be useful.

The wet-millingoperationproduceda satisfactorysizereductionof

the plutoniumhydride. The desiredpsrticlesizeof the solidphasefor

electrophoreticdepositionrangesfrom0.1 to 20p in diameter. Micro-

scopicexaminationof plutoniumhydridesuspensionspreparedby milling

for 64 hr. showedthatthe solidsrangedin psrticlesize from0.5 to
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10P with the bulk of the materialpresentas irregularlyshapedparticles

of 2 to h~ . Materialmilledfor 24 hr. consistedmainlyof particlesin

the 4 to Sp range,with few particlescoarserthan 10P . Thesemeasure.

mentsgaveassurace durin~the earlyunsuccessfulteststhat the solid

phasewas in the desiredphysicalstate.

Ironcontaminationof sintereddepositsamountedto 1000p.p.m.

and the chromiumcontentwas 500 p.p.m. These impuritieswere introduced

duringball millingfromthe chromesteelballs.

The solidphasecompositionof the suspensioncouldbe variedby

limitingthe amountof hydrogenaddedto the plutoniumturningsand

heatingthe powderat 350”C.for 3 to 4 hr. for a homogenizingtreatment.

Suspensionshavinga solidphasewithan averagecompositionof plutonium

monohydrideweretoohighlyconductingto permitrapiddepositionon the

cathode. Onlywith compositionsbetweenthat of plutoniumdihydrideand

and that of the hydrogen-saturatedstatecouldsufficientvoltagebe

appliedto givereasonableplatingtimes.

The formationof a 0.005in. coatingof plutoniumhydridewas completed

in 1 to 2 min. froma bath containing40 g. of plutoniumhydride~er liter.

By millingonly enoughplutoniumhydridefor a singledeposit,complete

removalof the solidphasegavea controlof the coatingthickness. De-

positionwas not rapidwith the dilutesuspensions;the formationof a

0.005in. coatingon the nickelor tantalumelectroderequired20 to 60

min.beforeall of the solidphasewas deposited. Slow stirringof the

bath gaveuniformthicknessof the depositoverthe lengthof the electrode.

Stirr$ngwas also necessaryfor exhaustionof the bath of itsplutonium

hydridecontent.

The platingoperationwas usuallycarriedout with 600 to 1000volts.

The higherconductivityof baths in whichthe liquidand plutoniumhydride

had been in contactfor more than one day limitedthe potentialgradient

on accountof the upperlimitof current. As depositionwas continuedthe

conductivitydecreased,possiblyas a resultof the insulatingqualities

of the plutoniumhydridedeposit.
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Depositsobtainedfromthe lessvolatileorganicliquids,suchas

n-butylalcoholand l-nitropropane,couldbe vacuumdriedat room tempera-

turewithoutflaking. Thin sectionsof 0.001to 0.003in. thickness

showedno furthergas evolutionuntildecompositionwas initiatedin the

vicinityof 350”C. Coatingsof 0.003to 0.005in. thicknessrequired

3 to 4 hr. at 100”C.to completethe removalof the organicliquid.

Completionof the dryingtreatmentwas indicatedby the restorationof

the vacuumon the systemto 0.1 to 0.5y .

Decompositionof the plutoniumhydridebeganat 350”C.but the rate

of liberationof hydrogenwas too slow. A temperatureof 450”C.gavea

rate of hydridedecompositionwhichallowedcompletionof the operation

in 3 to”4hr. Sampleswhichhad beenvacuumdriedat room temperature

were stablein air; thosewhichhad been heatedwere highlypyrophoric,

evenaftercoolingto room temperature.A finaltreatmentat 525°C.for

1 hr. completedthe hydridedecompositionand produceda sintereddeposit

whichcouldbe transferredin air.

The sinteringtreatmentcausedalloyingof the plutoniumwith the

nickelsubstrate.Samplesof thesecoatingsshowed1 to 2 per cent

nickelin the plutonium. The substitutionofa tantalumelectrodefor

the nickeleliminated’thealloyingproblem. Phasetransformationsduring

coolingof sintereddepositswere a matterof concernin thatvolume

changesmightaffectthe adherenceof the deposit. The use of d-phase

plutoniumsuccessfullyavoidedthisdifficulty.

A numberof solventswere testedfor the preparationof platingbaths

containingplutoniumhydride. A comparisonof the physicalpropertiesof

theseorganicliquidswith thoseof isopropylalcohol,fromwhich it was

assumedplutoniumhydridecouldbe deposited,indicatedthatthe surface

tensionwas anotherfactorin additionto the viscosity,dielectric

constant,and flashpointto be consideredin the selectionof the dis-

persingmedium.

Nitrobenzenegavea stablesuspensionin whichreactionbetween

plutoniumhydrideand the liquidphasewas not evident. Depositionona

9



nickel electrodecouldnot be achievedwith voltagesas high as E!500

volts. Therewas unapparent inabilityof nitrobenzeneto wet the elec-

trode. Testswith dibutyletheras the dispersingmdium were also fruit-

less unyieldinga plutoniumhydridedeposit. Thesesuspensionshad a

very low conductivity,allowinguse of the fuIJpotentialof 3500volts.

Electrophureticdepositionof plutoniumhydridewas achievedusing

&-butylalcoholas the dispersingmedium. Interactionbetweenplutonium

hydrideand ~-butylalcoholwas indicatedby the increasingconductivity

of the bath with contacttime. Purificationof the~.butyl alcoholby

distillationfroma suspensioncontaininguraniumhydridegavea product

fromwhichplutoniumhydridecouldno longerbe deposited. Small

additionsof butyricacid as a stabilizingagentrestoredthe plating

behaviarof ~-butylalcoholsystems. Stablesuspensionswere obtained

by addinga smallamountof a 5 per cent solutionof butyricacid in

n-butylalcoholpriorto milling. If depositionwas too slowfrom such

a bath, smalladditionsof the dilutebutyricacid solutionto the bath

couldbe made.

The effectivenessof butyricacid additionsin the preparationof

suspensionswas observedin a nuniberof solventsystems. Exceptionswere

suspensionof plutoniumhydridein nitrobenzene,carbontetrac~oride,

and &tributyl phosphate,sincethesesolventsdid not wet the electrode.

Most of the experimentalstudieswere devotedto depositionfromthe

n-butylalcoholsolventmedium. X-rayand microscopicexaminationof

plutoniumhydridecoatingsvacuumdriedat room temperatureidentified

the depositsas plutoniumhydride. Somevolatilecomponentwas also

retained,sinceignitionof plutoniumdioxideshowedthat the drieddeposit

containedonly94.0per centplutoniumhydride. X-rayexaminationof the

sintered~oduct hornthis driedmaterialshowedthat the majorconstituent

was the monoxide,PuO. Similardepositsfromthisplatingbath contained,

in additionto plutoniumhydride,5.3 per centplutoniumdioxideafter

vacuumdryingat room temperature; afterdryingat 250”C.the plutonium

dioxidecontenthad increasedto 7.8 per cent.
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More completepurificationof the n-butylalcoholby distillation

fromuraniumhydrideimprovedthe chemicalcharacterof the coating. On

thebasisof the volumeof hydrogenwhichwouldreactwith the sintered

product,the metallicplutoniumcontentwas increasedto 33 to 40 per cent.

X-rayexaminationof thesesinteredsamplesidentifiedthe main constit.

uentsas metallicPu, PuO,and l&03, presentin nearlyequalquantities.

Analysisfor plutoniumdioxidegave1.3 per cent in the materialas the

insolublere”siduefromtreatmentwith dilutehydrochloricacid.

In an effortto isolatethe phaseof operationsin whichoxide

contaminationof the plutoniumwas introduced,the role of millingtime

was re-examinedfor its effecton the chemicalcompositionof the sin-

teredproduct. Carboncontaminationof electrophoreticdepositsafter

sinteringwas directlydependenton the time of contactbetweenplutonium

hydrideand:-butyl alcoholin the ball mill. Carboncontentsof 0.44,

0.61,0.75,and 0.8’7per centwere reportedafter16, 20,

milling,respectively.Followingthe depositionfromthe

plutoniumhydridemilledfor 44 hr.,the remainingsolids

contactwith the n-butylalcoholfor an additional24 hr.

tion. The sinteredproductfromthe depositioncontained

carbon.

24, and 44 hr.

bath containing

were left in

beforedeposi-

1.23per cent

The metalliccontentof sinteredelectrophoreticdepositswas

closelyrelatedto the carboncontaminationintroducedduringmilling

and contact. Contactperiodsduringball-millingoperationsof 5, 47
and 238 hr. gave‘(8.6,37.4and 6.6 per centmetallicplutonium,respec.

tively,in the sintereddepositsobtainedfromthe suspensionsin ~-butyl

alcohol.

The resultsobtainedas a functionof contacttimeare seeminglynot

consistentwith the x-rayand microscopicobsermtionsthat the deposit

on the electrodeis plutoniumhydride. However,the amountof oxygen

necessaryto converta significantfractionof the depositto plutonium

monoxideduringheatingis small. The formationof a smallamountof an

oxygen-containingimpurityduringthe millingoperationcouldeasily

escapedetection.

11



Depositsfromdibutyletherand kerosene(GulfSolventBT) were

obtainedafteradditionsof butyricacid had been made. Thesedeposits

were quitevoluminousand tendedto flakefromthe electrodeduring

dryingin air. Bromobenzenewas consideredas a dispersingmediumcontain-

ingno oxygen. The depositfrombromobenzenesuspensionscontaining

traceof butyricacid is rapidlyflakedfromthe electrodeduringvacuum

dryingat room temperature.The sinteredelectrophoretlcdepositfrom

a suspensionmilledfor 5 hr. with practicalgradel-nftropropane

contained42.5per centplutoniummetal. S~plies of this liquidwere

not availablein sufficientquantityto allowa priorpurificationby

distillationfromuraniumhydride.

On the basisof the observationsmde in this study,it is believed

that the successfulapplicationof an electrophoreticprocessfor the

depositionof plutoniumhydrideremins with the choiceof the solvent

vehicle. l“heotherphasesof the deposittreatmentdo nOt appes.rto

presentseriousproblems.

SUMMARY

Electrophoreticdepositionof plutoniumhydridefromsuspensionsin

~-butylalcoholand otherorganicliquidswas examinedfor its possible

applicationin the preparationof thin sectionsof plutoniumm?tal.

Dispersionsof plutoniumhydridein the solventmedium,whichhad been

purifiedby distillationfroma suspensioncontaininguraniumhydride}

were producedby wet milling. Additionsof traceamountsof Wtyric

acidpriorto the millingoperationimpartedthe necessaryplatingproper-

tiesto the solidphasein most of-theliquidstested. Depositionof

plutoniumhydrideon nickelor tantalumelectrodeswas obtainedwith the

applicationof 600 to 1000voltsto the suspensionsof the hydridein

n-butylalcohol. Afterthe depositswere vacuumdriedat room tempera-

ture,thermaldecompositionof the plutoniumhydridewas accomplishedby

heatingat 450”C. Finaltracesof hydrogenwereremovedby heatingat

525”c.,at whichtemperaturea simultaneoussinteringactionproduceda

smooth,hard,adherentcoating.
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Interactionof the~-butylalcoholand plutoniumhydridewas shown

by an increasein conductivityof the platingbath. Thiswas confirmed

by the increasein the carbonand oxygencontentof the sinteredproduct

with increasedmillingor contacttime. The sintered~oduct contained

metallicPu, PuO,and @03, presentin nearlyequalproportions.

The use of otherorganicliquidsdid not yieldencouragingresults.

Depositionwas not possiblefromnitrobenzene,r&tri.butylphosphate,or

carbontetrachloride.Electrophoreticdepositionfromdibutyletherand

bromobenzenecontainingtracesof butyricacid gavevoluminousdeposits

whichtendedto flakefromthe electrodeduringthe initialdryingstages.

The use of l-nitropro~e was encouraging,but couldnot be pursued.

The applicationof an electrophoreticprocessfor plutoniumcoating

is limitedby the reactivityof plutoniumhydride. Sincethe other

phasesof the processdo not presentseriousproblems,emphasisshouldbe

placedon the procurement.ofan inertsolventvehiclefor preparationof

the

1.

2.

3*

suspensions.
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