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ABSTRACT

An apparatusis describedwhichwill
in greaterthan 85% field~ the reaction

produceplutoniumhexafluoride

~4 + F’2-+P@
6

The equigment,as described,is capableof ~oducing plutoniumhexa-
fluorideat a rate of approximately0.75 gm/hr,and largerproduction
couldbe achievedby a simplesealingup of the apparatus.
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fractionalgramquan-

the rate of ~oduction

Introduction

The prepmation of plutoniumhexafluoridein

1,2
titieshas been described~eviously. However,

was so low as to make it difficultto poduce materialin quantities

adequatefor experimentalpurposes.

An improvedapparatushas been developedfor the productionof

plutoniumhexafluorideby the reaction

AK)lxx?atus

The apparatusfor the preparationand purificationof plutonium

hexafluorideis illustratedin Fig.1. The manifoldsystemis construct-

ed of 1/4 in. coppertubingjoinedby silversolder. All of the valves

in thisportionof the fluorinationsystemare of the removablebellows

typewith fluorotheneseatsand fluorothenegasketedcopperbellows.

The body of the valveis monel.* To enhancethe utilityof the system,

the manifoldwas constructedin duplicate,thus permittingpumping

throughtraps,and precludingthe formationof vapor blockby the fluo-

rine whichis continuouslygivenoff by the plutoniumhexafluoride.In

addition,pumpingmay be carriedout in bothdirections,thus permitting

sam@es to be transferredconveniently.Furthermore,an alternateinlet

is providedin caseof valvefailure.

*
Cranevalves,typesHGP,HAP, and HTP.

I
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The upperof the two sets of manifolds~ovides the inletsfor the

variousservicesrequiredfor the preparationof plutoniumhexafluoride.

Thesemanifoldsbringfluorine,helium,highvacuum,and a roughvacuum

to the lowermanifolds. The rough-vacuumline is used to removethe

major~rt of sny gasesthat are left in the systemafterreaction. To

removethe fluorine,the gasesare takenthrougha soda-limetrap before

goingto the pump. All pump exhaustsare hooded.

The lowermanifoldsare used to distributethe servicesbroughtin

throughthe uppr manifolds. Connectedto the lowermanifoldsare a

brassreactor,a nickelweighingvessel,and severalfluorotheneand

nickeltraps. The choiceof thesematerielsfor-theconstructionof the

fluorinationsystemwas dictatedbecauseof theirrelativeinertnessto

corrosionby fluorine. In the case of fluorothene,its transparencywas

alsoa dictatingfactor.

The reactor,Fig. 2, is a brass can 4 in. I.D.x 6 in. high,ex-

clusiveof the 3 in. extensionat the top. The top to the reactoris

teflongasketedend is securedby six machinebolts. At the top of the

extensionis a fluorothenewindowthroughwhichthe reactioncan be ob-

served. The reactororiginallyhad no extensionfor the fluorothenewin-

dow; however,it was discoveredthat the windowbecamevery much over.

heatedwhenlocatedC1OSQto the hot region. The windowmountedin the

extendedtop, as shownin the figure,remainedcoolwhen the reactorwas

runningat hightemperatures.

6
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In the oenterof the reactoris an inductivelyheatednickeldish

on whichthe plutoniumtetrafluorideis placed. The heatingooilis a

1/4 in. coppertubewoundin a coilwith an insidediameterof 1.-3/l6 in.,

leavingapproximatelyl/32 in. clearancebetweenit and the reactordish.

The heatingcoilservesalso as a condenserfor the plutoniumhexafluo-

ride,sinceliquidnitrogenis circulatedthroughit whilethe reaction

takesplace. The plutoniumhexafluorideis frozenout almostimmediately

afterbeingformed,thus reducingany tendencytowardsubsequentdecom-

positionof the compound. The high temperaturegradientand the large

differencein the temperaturesbetweenthe reactordish and the heating-

coolingcoil set up strongconvectionourrentswhichpromotethe rapid

transferof plutoniumhexafluoridefrom the dish to the collectioncoils.

For thisreason,it is possibleto get an efficientreactionbg charging

the reactorwith a singleload of plutoniumtetrafluorideand fluorine;

hence,the problemsof accumulationof impuritiesfrom the fluorineend

the disposalof largequantitiesof fluorinein a simpleflow systemare

obviated.

Several.~eparations

out usingthis appsratuse

lute fluorinepressureof

at the temperatureof the

Experimental.Data

of plutoniumhexafluoridehave been carried

All of theseruns have been done at an abso-

33 om. This is the vapor pressureof fluorine

liquidnitrogen,whichis forcedthroughthe

heating-coolingcoil. The temperatureof the plutoniumtetrafluorideat

the time of reactionis approximately7000Cas determinedby an optical

pyrometer.
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Run 1. A chargeof 0.5915gm of plutoniumtetrafluoridewas per-

mittedto reaotwith fluorinefor a periodof 15 min. As soon as the

dish showeda red color,a whitecondensatewas noticedon the cooling

Ooil. The amountof condensateappearedto increasewith time. After

the 15-minreactionperiod,the bulk of the fluorinewas removedby

pumpingwhileliquidnitrogenflowwas maintainedthroughthe heating

coil. To minimizethe loss of plutoniumhexafluoride,the fluorinewas

takenthrougha liquidnitrogentrap. The coilwas then allowedto warm

to room temperature,and the whiteproductwas distilledintothe trap.

The outertube of this trap

to facilitateobservation.

characteristicof plutonium

was constructedof transparentfluorothene

The productdepositedas a brownishpowder,

hexafluoride.This powderwas purifiedby

distillationinto a liquidnitrogentrapwhilethe systemwas being

evacuated. The purifiedproductwas then distilledinto a nickelweigh-

ing vessel. It was foundthat 0.358 gm of plutoniumhexafluoridewas

made duringthis run. The yield is 54% of theoretical.

Upon inspectionof the reactordish,it was seen that sometetra-

fluoridewas unreacted. This was treatedwith fluorinefor 1 additional

hour,at the end of whichtime all.the tetrafluoridehad beenused.

Therewas then a totalof 0.561@ of hexafluorideand afield of 85%.

Run 2. A chargeof 0.8176gm of tetraflxofidewas fluorinatedfor

45 min. At the end of this time 0.1240gmwas unreacted. The hexa-

fluoridewas purifiedby pumpingawaynon-condensablegaseswhilethe

productwas distilledintoa liquidnitrogentrap. It was furtherpuri-

9
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fiedby distillationintoa trichloroethylene-dryice trap. The Held

of plutoniumhexafluoridewas 0.660gm, whichis 72% of theoretical.

The meld was 85% qn the basisof the plutoniumactusllyused in the

reaction.

Run 3. Freshtetrafluoride(1.0238gm) was then addedto the reactor

dish (whichstillcontainedthe somewhatoakedtetrafluorideleftunreacted

fromRun 2). Therewas presentat the startof the reactionl.1478gmof

tetrafluoride.A run of 1 hr durationproduced1.0758gm of hexafluoride.

On the basisof all the tetrafluoridepresent,this fs a weld of 84$.

Basedon the freshplutoniumtetrafluorideaddedjustbeforethe mn, the

@eld is 94%. Consideringonlythe materialwhichdisappearedfrom the

reactordish,the yieldis %%.

Run4. ‘his run was designedas an exploratoryexperimenton the

rate of formationof plutoniumhexafluoride.The reactiontook placein

two parts: an initialrun of 15 min duration,followed~ a more extended

reactionperiodof 1 hr. At the beginningof the reactionperiod,the re-

actordish contained1.1319gm of plutoniumtetrafluoride,of which

0.9880gm was addedafterthe completionof the last reaction. The 15-min

reactionperiodproduced0.460gm of plutoniumhexafluoride,whichrepre-

sentsa fieldof 36% on the basis of all tetrafluoridepresentand a yield

of 42% on the basisof the freshtetrafluoride.The apparatusus then

run for 1 hr more withoutrefilling,and 0.638gm of plutoniumhexafluoride

was produced. In this portionof the run, 50% of the totaltetrafluoride

was convertedto hexafluoride,and 58% of the freshtetrafluoridewas con-

verted.

10
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The entirerun of 1 hr and 15 min duration

hexafluoride.This is 8’7%of all the plutonium

materialadded. Of the plutoniumtetrafluoride

8% was recoveredas plutoniumhexafluoride.

No conclusionson the rate of formationof

produced1.098gmof

snd 99% of the fresh

used in this reactions

plutoniumhexafluoride

have been drawnfrom theseresultsbecauseof the preliminarynatureof

the experiment.

Data of the foregoingexperimentsare talniLatedin Table1.

1. A. E. Florin,Los Alamos

2. A. E. Florin,Los Alamos
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