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the bombreductionmethodwith 109 gramsof W4 with 12*7 grams (1/7Mole)

iodineand 36.7grams(25per cent excess)calcium The bomb is linedwith a

hard magnesialiner,previouslyfired at 17~0 to 2200°C*J and th@ charge

ignitedby heatingin the fieldof a high frequencycoil in a totaltime of

less thanfive minutes. Undertheseconditionsthe slagcollectson the

sidesof the liner,whilethe metal runs clesnlyto the bottomin a single

button. Even greateryields- 93.8 to 96.8 per cent,- are obtainedby the

sanetechniquewith chargesof 10.6 gram of fluoride,with iodineand calcium

in proportion.Soft,unfired,linersof magnesiaand hard Mners of zirconia

give inferiorresultsfor reasonsthat are beinginvestigated.

Preliminaryexperfil.entswith hotwire andatomichydrogenreductionhave

beencarriedout, usinghalidesrelativelyeasilyreduced,to

Iment01 the techniques.

IUectrolyticcellshavobeen set up, and smallyieldsof

permitdevelop-

uraniummetal

obtainedby electrolysisof fusedmixeduraniumand sodiumfluorides,in

graphitecells,at temperaturesin the neighborhoodof the meltingpoint.

Uraniumdioxidewas foundto be insolublein sodiumfluorideor bariumfluoride.

The tetrafluoridewas foundto be solublein both thesesalts,but segregation

occuredwhen aluminumor magnesiumfluoridewas added.
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Experimentson the reductionof uraniumare beingcarriedout by the

metallurgygroupat Y for the two-foldpurposeof

thatcan be applieddirectlyfor the reductionof

able,and t.oprovideexperiencewith a varietyof

whichwilleventuallybe adaptableto work on 49.

developingindetail.methods

25 when it becomesavai,l-

meithods,one or nore of

For the i’ormer,though

relativelyhighpuritymetalis needed,the composit~onspecificationsare

not extreme,and relativelyhighrecoveryis the prime requisite. Improve-

ment of the exist~ bombmethodto givebetteryieldsseenis

M.kelya~;proach.For the preliminarywork on 49, a scaleof

one gramhas been arbitrarilyset as the mallsst scalethat

to be the most

operationsof

the metallurgists

shouldwork on, thoughtheywill collaboratewith the chemistsand micro-

chemistswhose”workon the microgramand nd.lligrwjscalewillprovidethe

essentialbasisfor later’production.It seemslikelythat the conventional

bomb method‘v&wnot givesufficientlyhighpurity,and attentionis being

particular~ydcivotedto the studyof gas phasereactionsin wilichthe purity

of the componentsare more easily maintained,and in tiiichthere is littleor

no contactwithrefractorysurfaces. At presenttwo methodsin particular

seempromising--hotwire reductionand atomichydrogenreduction--andboth

are beingstudiedwith easilyreducedmaterialsto developthe techniques

concerned.

This reportis the firstof a seriesof progressreports

issuedat ,month,lyintervals: It is not a reportof completed

and its deficienciesmust be weighedagainstthe advantageof

that will be

investigations,

pronptreporting

of the statusof the work.
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The cheimiealand physicalpropertiesof the linerused are factorsof

extremeimportancein the productionof coherentmetalon a smallscaleof

bomb reduction.In the work describedbelow,the compositionof the charge

and the methodof firingwerenot varied. Two differentsizechargeswere

used,109 gramsor 9.6 gramsof UF4 with 1/7 mole of 12 per mole of UF4 and

25 per centexcesscalciummetal. The calcium~%asgroundin a {iileymill

and sievedto -20,+30 mesh. This removedthefine materialand,wi.thit,

mostof the calciumoxide. All reactionswere startedby’heatingthe steel

boI&..sin a

portionof

continued.

3 W inductionfurnace.

thebomb becamered, at

The totalheatingtine

fiveminutes.

Two typesof linerwere

packedlinerswere formedin

used,

Jhentne chargeignited,the Lower

whichtimeheatingwas immediatelydis-

for eithersizetxmbwes approximately

namelydry-packed

the bombby introducing

arounda coreand bumpingthe assemblyon the table.

and sintered. The dry-

the pulverizedrefractory

The corevas carefully

removedand themell-.mixedchargeintroducedintothe spaceleft. Looseliner

materialwas pressedfirmlyin by handabovethe chargeto fill the bomb.

The sinteredlinerswere formedby bumpingin a similarmannerin a

graphitemold and werefired in the mold by high-frequencyheatingto the

designatedtemperatures.The magnesialiners(preparedfrom 325 mesh

periclase)wheh firedto 1750°C.

thosefiredat’216G0- 2200°were

firedto lWO°C. were moredense

for 10 minuteswerehard and firm,“wts

harderand 1SSSporous. The zirconialiners

and lessporousthanthoseof magnesia. The

raw materialVU% a commercialwade of 300 nesh electricallyfusedZr02,

containingcon~iderableamountsof silicaand otheriiipurities.;Joappreciable

differencewas’noticedin the zirconiq”{rfi”~is~s#i’#o:”&1700°C., lWOO C.
● 008 s: : “?
““ ““%f~ef”~i~fn~ti grapilite, theor those cdxi.nhg magnesia as a bin;e;.—

jfi$”~=cLAssIFIED
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zirconialinerswere blackon the surfaceon accountof the presenceof carbide

or carbon,whitihwas removedby heatingin an oxidizingatmosphereat lCOOOC.

Lidswere madefor all sinteredliners. The si@.ficantdata obtainedto date

are given in thefol.low,ingtables.

TableI

CalciwuReductionof UraniumFluoridein 109 gram Charges

Charge: 109 gram UF4
12.7 graysIodine
36.7 gramsCalcium

Liner Yield Remarks

1 Drypackeddolomiticquicklime

2 Same as 1

3 Dry packedthoria (notfused)

4Sameas3 ,

5 Dry packed~lectricall.yfused
magnesia,lQOF

6 Same as s

7 Pry packed325 mesh periclaso

8 Sameas 7

9 Sintered,(1750°C) 325 mesh
periclase ‘ \

92.8

81.0

24.2

36.3

87.0

8+5

92.0

95.5

94*5

10 Same as 9 , 94.0

;Jellformedwaferof metal. ~iafer
coveredwith slag.

Poorlyformedwaferof metal. i’iafer
coveredwith slag.

No waferformed,
Linercollapsed.

Sa~e as 3.

onlybeadsof metal.

Porouswaferformed. T!af’crcovered
with

Same

Xell
than

Saze

Very
free

Same

slag.

as 5. \

formedvafer,wafermore clean
with dolomiticltie.

2s 7.

well torrnedwafer. Wafervery
of slag.

as 9.
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TableII

@cium Reductionof Uraniumin 9.6 ~ra.mCharg=

Chzrge: 9.6 grams UF

1.1 gramsIodine
3.2 gramsCalcium

Liner Yield Remarks
d#e

1

2

3

4

5

6

7

8

9

10

11

12

13

Dry packed325 mesh periclase

Saneas 1. ‘

Sameas 1 or 2

Sintered(1750° C) 325 mesh
periclase ,

Same as t+or 5

Sintered(2100-2200°C.)
325 mesh pariclase

Same as ‘?

Sintered(18b0°C.) zirconia
and 4% MgO

Same as 9 ,

Sintered(1.8@C) zirconia

Si.ntered(1700° c.] Zirconia

Dry packedZr02

32.0

78.0

66.0

96.o

96.7

93.8

96.8

95.0

70.0

73.6

77.0

53.5

63.0

Only beadsof metal
with slag.

Two piecesof metal
with slag.

One pieceof porous
Coveredwitn slag.

formed. Covered

formed,covered

●etal formed.

Jell formedbuttonof metal. Button
free from slag.

&xue as 4

Sme as 4 or 5

Verywell formedbutton. Betterthan
in 17500 liner.Buttonfree from slag.

same as 7

Wall formedbutton. Beads’ofmetal
held in slag.Buttonfree from slag.

Sameas 9

Xell formedbutton.Beadsof metal
held in slag.Buttonfreefrom slag.

Poorlyformedbutton.Beads of metal
held in slag.Buttonfree from slag.

Poorlyformedbutton. Buttoncovered
with Slag.

I

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



-7-

The result~obtainedclearlyindicatethata sinteredliner is superior

to a dry packedone. In the case of the sinteredpertclaseliners,thosefired

at 2100°- 2!200°C. are superiorto thosefiredto 1750°C. The yieldsare of

the sameordercf magnitudefor eitherfiringtemperature,but the buttonsformed

in the higherfiredlinersare much cleaner. In eithertype of’sintercdliner,

the slag forms~ uniformlayeron the insideof the liner,leavingthe button

of metelfree of slag. The slagdoesnot appearto penetrateor to be absorbed

by the linerto’anyextent,a fact due partlyto the densityof the latterand

partlyto the shorttime availableafterthe reactionbeforethe insidesurface

of the lineris:cooledto belowthe meltingpointof the slag.

An analyaisof the metalformedin the s~~llborjilwith a 1750°C. sintered

periclaselinergavethe followingresults:

u - 100.0%
Si - Orderof 1 ppw (spectrographicestimate)
B - Orderof 0.1 ppm 11 11

Mg-<5c) ppm 11 11

Ca - 100 ppm rl II

Sinceanalysesof the raw materialsused for the reductionsare not yet available,

i~ is notknown

materials. Thd

be satisfactor~

reductions.

whether

results

for the

the I:gwas obtainedi’romthe lineror from the rm

do indicate,however,that sinteredfwiclase linersmay

preparationof 25. They willnot be consideredtor 49

The fsinteiedzirconialiners

the sane experimentalconditions.

are inferiorto

The slaglayer

liner,but smallbeadsof mtal remaintrappedin

sinteredpericlaselinersunder

is formedon the insideof the

the layer. The yieldsreported

are on the basisof the one pieceof coherentmetalformed. .iorkis being

continuedin an effortto increasethe yield k sinteredzirconialiners.

Variousotherlinermaterialsare to be studied. investigationson pro-

ducinguranium!metalin one .~amamountswill be startedin the near future.
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1X - HOT WIRE REDUCTION

By C. R. Maxwell

Severalexperimentswith the deposition of ziroonium from the iodide

on a hot wiro wero made to familiarizetheexperimenterswith the teuhnique.

A 2 in. diameterpyrextube throughwhiohwas strunga 6 in. filment of 10 mil

refractory metal wire waa oharged w!Ltha mixture of zirooniuq and ziroonium

iodides and the apparatus evaouated and sealed off. The tube was then plaoed

in a tube f“urnhoeand raised to the appropriate temperature beforo deposition

was started by passing current to heat the filament to the desired temperature.

The ohargo of mixed metal and iodide had been prov5.ouslyprepared by

heating a large exoeas of zirconium with a small amount of’iodine in a oksod

vesselto 250°0r 430° 0 respeutivetyto formZrI and Zr12. Tho apparatus

oould then bo.evaouated without the removal of’volatile iodine.

The experiments are summarized in Table 111.

Table 111 - Hot wire dopoaition of Ziroonium

Charge Oven temp. Filament Filament Ruration of Froduot
Temp. Experiment

I
1. 4 grams Zr 4800 C 10 til 1200 to 4 l/2 hrs. 3040 mil wire

2 grams 12 %ungsten 13000 C
Healxedto,430°

13. Unused oherge 480° C 10 mil 1400 *O 11 min. 13 milwirowith
from exp.,1. molybdenum 16000 c beads of molten

alloy
11X. 1.7 grams k 280° 0 10 mil 1300 to 3 li2 hlw.

0.7 grams 12 tantalum 1060° (1 30 mil wire
heated 260°

I

The metal deposited on tungsten and tantalum was smooth, uniform, and

finely oryetalline. A low melting point alloy evidently exists in the molybde~-
1

ziroonium systems, for when using the molybdenum filament, beads of molten alloy
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formedat thb temperatureof operation,whichoausedlocalreductionin dia-

meterof thewire and rapidfailure.

lhcperimentein the near titure

tion of boron Y’romboron triohloride and

will be oarried out with the deposi-

hydrogen and this seems to be one of

the most easily oarried out thermal deposition reactions. In particular,

apparatus is being devisedto deposit the element on large oarbon or metal

surfaoes, he@ed by high frequenoy induotion, to teat tho feasibility of’

depositing metal direotly in final usable shapea and sizes, without the neaessiq

of subsequent remelting and ocmting.

111- REDUCTION IN AN ATOMUI HYDROGENARC

By@ R. Maxwell

The great reactivity of atomio hydrogen as indioated by the equation

2H-+IQ + 100 KCal

indiaatedthat suitablohalidesof almostany metal

atomichydrogen. As a souroe of atomiohydrogenat

mi~ht be reduofble by

high temperatures, the

tungsten aro;operated in a hydrogen atmosphere was seleoted. It is ooneeivable

that tho red@od metal oould be oondensed in massivo form upon a target main-

tained sligl+y below the melting point of the metal and thus shaped bodies

prepared direatly.

A hydrogen aro has
1

60 oyole, AUlline with a 3.5

been oonstruoted whioh operates off a 220 v.,

ohm resistance in sorbs. The oleotrode holders

are so const~ted to introduoe the hydrogen in an annular space around the

tungsten rod~eleotrodes. Tungsten rods, 60 nil dismeter, operating on 30
I

amperes were~found to be best. The electrodes make an angle of about 25°with

oaoh other

The halide

metal tube

~d when operatingsmoothlyare about?+4 mm apart at their t~p8.

to be reduoed ie introduced into the aro as a vapor from a glassor

between the electrodes and as near the are as possible. The
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hydrogen fluw is so adjusted tha% there is a mininrumoxidationof the olaotrodea.

Even so the electrodes lose from 10 to 20 mg of tungsten per minute; most of

this is found as finely divided powder on the target placed in front of the are.

The arc was first operated in air with a rotor ooolodtarget. A

water cooled metal box to oontain the aro with the exolusion of air has been

oonstruoted, thqugh muoh difficulty hns been enoounterod with the oraoking of

observation windows. The aro is harder to strike, but runs more smoothly than

in air.

l%rrio ohloride vapor was rapidly reduced to a blaok magnetio powder.

Boron triohloride was reduoed when introduced into the are, and the resulting

boron formed a finely divided powder as the ta~got placed for condensation was

not heated to a auffioiently high temperature to pemnit ooherent metal to grow.

Iv “ PROGRESSREPORTOilELJICT3ODEPOSITION
Ootober6, 1943to Ooil%%er23, 1943

ByM. Kolodney

Thisreportcovers”workinitiatedon Ootoier6, 1943,for the

purpose of producinguranih in oompsoiiform by eleohxieposi.tion, The metal

is at present being oommeroially deposited by the WMxLnghouse Company as a

powder from fused salt baths. TMs requires oleaning, oompaoting, and vaouum

meltingbefore;theproduotis suitableforuse. The obviousmodificationof ‘

thismethod would oomiat of deposition of the metal in liquid farm in mush

cmme fashion employed for the production of!aluminum. Tho major difficulty

be expeoted results from the relatively high melttng point of uranium whioh

akt 1100° 0- ‘fhtswould require tqxn’atures probnbly in exoeiisof 1200°

for satisfactory awumulation of the deposited metal. The high density Of

uranium, howev&S would appear to be a d$stinot adv~tag~ in ae~ring sharP

the

to

58

c.

“

separation from f’u8edsalt.
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Tbo premnt ?!estinghousebath employs a base mixture of oalohm

and sodiumohlorides. The boilingpointof thismixtureis probablyin the

vioini~ of 1500°C. qnd its operationat 1200-1300°0. is likelyto resultin

excessiveevaporationand I.owyields. However,the moltingand boilingpoints

of alkaliand allcalineearthfluoridesare in generalconsiderablyhigherthan

those of the corresponding ohl.orides,and An’thermore fluoride baths hswe been

suooossfully employed for tho &Leotz-03ytioproduction of ahminum, magnesium,

amd beryllium. Zn tho latter inotanoos, the oxide of the desired metal (or an

oxygen-fluorinecompound)is dissolvedin tho metal fluoridedilutedwith

alkaliand/oralkalineearthfluorides.Uraniumformsa stablefluorideand a

fairlystable~ioxide, and them materials were considered most suitable for

initial expsrirnente. The work was first direotod toward the determination of

the volubility of uranium fluoride and dioxide in other fluorides and this was

followed by exploratory eleotirolysesof suitablemixtures.
,

Xn all the experimentsdescribedbelow,heatingwas effectedbya

gao-firedfurn+ceconstructedof firebriokand aquippedwith a conductinghearth

to faoilits,teeleotrhal oonneotions. D.C. power was aeoured from a motor-

generator sot oapable of dolivoring a mescimumof 50 amperes at 3 to 20 volts.

The most suitab~e contained was graphite maohined zfromsolid stook. Clay-graphite

and silioon aa~bido aruoibles were readily attaoked by the molted fluorides.

&olubility ofUP4 and U02 in Fluoride~

In the experiments described by outline below, 50-60 grams of the dry

materials were premixed and molted in graphite arucibles 1 l/2 in. in diameter.

The molts ware fluid at the temperatures reaohed

HcxMng time wao 1O-M minutes. The solidified

for 8egreg5tion. TM results obkained are given

unlems otherwise stated.

saltwas brokenout and examined

in Table X.
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Segregation in the solid stateis an indicationthat a sfmilaroan-

ditionprobablyexistedin the liquidconditionand the absenoeof segregation

when uolidprovesthe existencw of misoibili~ in the meltonstate. The

rmulta indioatethaturaniumdi.okideis insolublein sodihmfluoridoand

probablyin barium fluorido. The tetrafluorid6, howevor, is solublein sodium

fluoride,bariumfluoride,and possiblyin osloiumfluoride,in the oonoentra-

tion used. Howevor, the addition of magnesium or aMninum fluorides to sodium

fluoride led to segregation in the solid. Magnesium fluoride had the same

effect in the barium and oaloium fluoride mixtures.

Table Z - Solubi3ity of U02 and UF4 in Fluorides

No. Composition, Xaximum Appmranoe of Solidified Melt
I’Mightperaont Tomporature* (M?A green, UQ brmn, all

0 c. other oompounds white)—.

4 4!3.5$WLF;45.5 BaF~;9UF4

5 45.5 Ilk@;45*5 Cd?z; 9UF4

I

6 4!5.5 MiF; 46.5 MgF2; 9 UF~

7 45.5 NaF;45.5 AIF3; 9UF4

8 45.5 BaF~;45.5 MgF2;9UF4

9 38.S BaBB2;38.5Mg)?2;
15.5 Na!i’#7.5UF4

lo 45.5 C~;45.5~GF2; 9UF4

1000

1115

----

102s

102s

1016

1050

1100

1026

1150

107s

ma

Whitewith thin brownlayerat boixtum

Whitewith thin brownlayerat bottum.

Deep green,with greenish-white surfaoe
Wystll18.

Uniform dark green.

Uniformgray-green,yelluwishorystals
e.+surtaoe.

Gray upperragionwith thin deep brown
lowerlayer.

Whiteupper region, thin brown liner
layer, mottled with white,

White upper region with briok-red
lower Iayor.

Whit@ upper region with thin bruwn
lower layer.

‘whiteupper half, brown 3ow@r half.

Deep greenthroughoutwithwhite apeoku.
,

12 ~ ?#@’2; i60 UF4
1 [not fluid)

Deep greenwilthbrown uenter.

13 33s3 liw~i W+*3 WI?%; 1200 Qrcmwith bkk area at bases

-- 33’3 ‘4
‘Ilwtxmnjaedwith ovticalwromotor, not correctedfor csuissivity.
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Sinoeuraniumtetrafluoridehas been foundsolublein sodiumfluoride

a and in bariumfluoride,most of the initialexperimentswere oonductodin those

menstrua,using ohargcm of 205-300 grams. Sinoehigh cathode current densities

could not be o@tained on the relatively large area presented by a cruoiblo,

some experiments wor~ porfo~rmedusing the csruoibleas anode,and a graphiterod

ae oakhode. V+ry smallquantitiesof uraniumoouldbe deteotedby tho uharao-

teristio appearanceof the sparkobtainedupon grindinqthe solidifiedealt

that had been in oontaotwith tho uathode. The current densities, ampere-hours,

and temperntur+s given in Table II, whiah summarizes the results, “arein many

oases approximate.lb eleotroohgmioalequivalentof uraniumin quadrivalent

stateis approximately2.2 grams per ampere-hour.

ltwill be noted that no current flow oould be obtained with UF4 in

calciw-baz’im, fluoridee, or with low oonceitrations in NaF. However, the bath

containing equal proportions of NaF and W??4is an exoellent oonduotor, and an

Snoremse in the tetrafluoride aonoentration to !57 per oent maintains these

properties-l@talwas depositedfromthe UF4-NaFbath only when high ourrent

densities were,oznployed. The failure to deposit any metal in runs suohas nos.

6 and 12 mc+ybo aeuountedfor eitherby the formationof a loworvalenoeaomponnd

at the oathodeor by the reaetionof the depositedmetalwith anodeproduote.

Furtheraxperirnontswill be made to testtheseexplanaticnm.

.
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