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Uranium hes been elecirodepcsited from fused srlts containing
approximately 16 per cent UC13 in a BaCl, - NaCl = FC1 solvent et 600=
650° ¢, The metel is dendritic in form and can be produced on & one=gram
seale. It appsars possible o strip the bath of its uranium. Current
gfficlency 1s approximately 20 per cent. The crystalline materisl may be

. melted with high rzcovery ané is readily converited to hydride. Corrosion
teats indicate that the most suitable contoiner material is tungsien,

Bxperiments with Uf.)li electrolytes have not been succesaful.
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FNOCKYES REPORT ON REDUYCTION BY EIRCTROILXSIS
Fobrusry 1944
INTRODUCTICH
During ‘she month of February experimental consideration has

been given to the guall secale reduction of uranium by elecizolysis.
Althcugh borb reduciion of plutonium msy prove eatisfectory when it
becomes available, it was believed that an alternative technique should
bo prepered. Since previous work with aqueous solutions had proved
lergely unsuccessiui, the work was coafined entirely to deposition frem
fased salvs. In view of the small quantities of materials involved, a
relatively porous eonteiner such as graphite could not be tolerated, and
probable losses by -rolatilization indicated thet low temperatures should
be preferred. Bocause the use of pure wranium salis would involve working
with fractions of a milliliter, 1t is cbvicus that éxtensive dilution is
essential. Farlier work (L& 54, 61) hsd shown that fused chlorides were
gatisfactory solvenis, but that uranivm could not be deposited frenm such
electrolytes containing small amounts of UF,, Aecordingly 'ﬂcl4 and 8613

4
viers selected as the most likely scurces of uraniul ion.

» EXTERIMENTAL
A1l of tho salts (other than the uranium chlorides) were of
C. P. or Reagent quality, and, vhen containing water of crystallization,
wora {irst dehydratad. FEach salt wae then individuelly fused in platinum

and east in platinun or nickel erucibles depending upon the relative case

of removal of the solid, The salts wore thon ground in porcelain and
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mixtures prepared and fused again in platinum and reground. The uranium
enlorides were sawples prepared by C. A. Kreus at Brown University. Tempezra=
tures were measured with iron-constantan or chromel-alumel thermocouples

and a Thwing potentiometer.

UCl, Eleetrolytes

The tetrachloride is exceedingly hygroscopic, and mixtures for
these experiments were weighed and ground in a dry box and subjected to a
proliminary fusion st 600° C. in Vycor teat tubes under dry HOl. Electrolyses
wore performed under hydrogem which had been freed of oxygen by pzssing over
platinized asbestes at 300° G, and dricd by Drierits.

One of the major causes of loss of cathodo preduct in fuged
electrolyses resulte from regetion of +the depesgit with anode products
guch as chlorine. In the initial experiments an stiempt was mode to mini-
mize such lo3s by scperating snode from cathode through the use of cells of
V shape constructed of fused silica or Vycor tubes. Successful tests of the
tachnique were perfcrmed by depositing silver and manganese from thelr fused
ehlorides digsolved in inert chloride solvents.

Elsctrolyses of Ul, in NaCl and in a lowemelting mixture of
BaCl,, NeCl and KC1 at temperatures betwoen 600 and 650° C., using grephite
anodea, and cathodes of graphite, molytdenum, platinum, and lead, and TC1 4
concentrations of 20 per cent end 77 per cent {2¥aCl mll,') , reeulied in
thin, doubtful depouits of nonemetallie appearance. These experiments wera

o% least temporarily abandoned because of the more promising results with

— UNCLASSIFIED
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UGJ.B electrolytes.
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UC1l, Electrolytes

It was feound that satisfactory yields uf uranium could be
obtained from UCly elecirolytes without resorting to cell division and,
therefore, straight tubes of fused silica, Vv jsior, or Pyrox were employed
as cells. Furthermors, in the exploratory experiments described bslow,
it was not found necoesgary to empley a dry box for UCl3 weighings, pro-
7lded they were made rapidly. In all tests in which the cell vas open
0 the air, a brick-rec powder was precipitated, bub this was provented
by an atnosphere of dry, oxygen-frec hydrogsn. Hoating of the cells wss
effected by e small wire~wounéd furnace, manually controlled. The ancdes
were 1/4 in, diameter commercial graphite or graphite of special spectro=
scopic purity. Current densities ave not spacified because the nmetal wes
deposited in dendritic form, so that the effective cathofe area increased
aontinously. Current efflciencies ére based on the reducticn of uranium
fron the vrivalent state, slthough it is 1ikely that congiderable quentitize
of Uéf' were pregent by virtue of eanodic oxida%ion., The actual efflciencics
axe, therefore, probably higher than stated. In all of the olecirolyces
the solvent (designuist as #1161) consisting of 48 per cent BaCl., 21 per
eent MeCl, 31 per cent KC1, with a melting point slightly over 500° ¢.,
was melted first end tre UCl3 sdded. WUhon hydrogen vwas paased through
+the cell, the effluent gases eppeaved Lo consist largely of HC1 which was
absorbed in sode«lime. The cathode product was washed with cold vater
followed by alcohol or acetone, and air-dried. Typical results ere

summazized in Table I. It was found that in conformity with general

A
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experience, the crystal size decreasses with increased current density.
A% low ourrents, or with longer deposition periods, crystals over a
centimeter in length were produced. & photograph of a typical growth on
a platinum wire (Run #12/8) is shown in Figure I, on a one=inch scale.

The most sultable contalner material would appear to be tungsten
slthough no date are available on silicon ecnlamination resulting from
the use of glass tubes. Based on the evidence of one run, it appears
possible to strip the bath completely of its uranium content by electro=~
deposivion. The eurrent efficiencies, which appear to be in the neigbbor="
hood of 20-<30 pcr cent, are low when compared with commercial fused salt
electrolysis on a large scale, but are relatively high for such smzll
seale operation.

. Unly one temperature range and one solvent ecomposition have besn
investigated, but it is hoped to extend the study to other conditions.
Helting_of Crystalline Uranium_

Several one=gram scale melts of the electrolytic uranium have
been made., A. U. Seybolt has succeeded in melting the uncompacied crystals
in a beryllia crucible using a conductlng liner in a 0.5 megacycle inductlcn
furnsce. Compaets approximately 1/¢ in. in disme%er, pressed at 3,000
paunds, melt readily in beryllia by selfeconduction. However, a reddish
£ilm appears to form on the exterior of the melts which prevenﬁs_perfect
agglomeration. Asemclted recoveries in these cases are about 99.5 per
cen®, falling %o 97 per cent after pickling to remove the film. One such

compaet was melted under fused barium chloride at 1300° ¢, with @ final

recovery of 98.5 per cent after cleaning. UNCLASS‘HED
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Hydride Tormation

Approximetely 0.1 gram of crystelline uranium prepared by
electrolysis has been converted to hydride by J. E. Burke with a
resultent formula, based on hydrogen absorption, of UHB.OO: 0.02° Hydride

formation was rapid.

Crystalline Uranium

APPROVED FOR PUBLI C RELEASE
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QIHISSTIONA

PABLIE X,

(#1161 =

FIECTROLYEIS OF URAWIUN TRICHLORITE

48% BeCl,s 21% FaCl; 314 ¥01)

Run Bath Composition Oporating Conditions g Resultis
Weight Percont
1203 20 8013; 80 #1161 25 g cherge. Vycor tube 22 x 200 mm, Small dendritic uranium
/4% graphite ecathodo; 3/4% immere- crystals.
sion; 600° C; 1.3 amps; 5 minutes.
1213 Continuation of Same as 1203; 640-680° C; 15 Smpll urenium crystals
1203 ninutes.
1214 | Continuation of Same as 1213; 670-630° C; 3 amp; Vory small uranium
1213 7 minutes. crystals.,
1
1215 Continuation of Same as 1214; 665-680% C; 1.0 amp; Fairly large uranium
1214 10 minutes. crystals.
1216 ¢ Continuation of Same as 1215; 665-680° C s 0.85 amp; ; Crystals larger than any
1215 6 minutes. above.
1227 25 Wl,; 75 #1161 4 g. charge; 8 mm. Vycor tube; Fairly large. silvery

0.020" platinum wire cathode, 1 em.
long et base; 650° C; 0.35 amp.
15 minutes.

erystals of uranium,

IHISSYIOND
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qIHISSTTIOND

TABIE I.

. -

ELECTROLYSIS OF URANIUM TRICHLORIDR {CONTINUSD}

Run

Bath Composition
Weight Porcent

Operating Conditions

Resulte

1228

16,7 TC1,; 83.3 #1161

33

12 g. charge; 18 x 150 mm. Fyrex
tube; 0.,020" platinum wire eathode,
1 em. long at base; 650-670° Cs
0.35 amp; 13 mlnutes.

Similar to 1227.

1229

16,7 TC1_; £3.3 #1161

3’

12 g. charge; 25 x 200 mm. Vyeor
tube; platznun cathode 3 x 15 mm.
650=670° C; 0.9 amp; 20 minutes.

2 QAo

Fine dendritic uranium
in flaky form. Platinum
markedly attacled at
liquid line.,

1236

16 Wly; 84 #1161

9.5 g. chorge; 18 x 150 mm. Pyrex
tube° 0.040% platinum vire cethods,
1 em. long; 640-652° C; 0.2 amp;

45 minutes.

Substential dendritie
growth of uranium on the
platinum wire.

1248

16 UClL

3; 8/.» #1161

Same as 1236; 630=636° C; 0,1 amp;
63 minutes.

Coerse crysials adherent
to platinum.

1256

16 UC4; 84 #1161

9,5 g. charge; 18 x 150 mm. FPyrex
tubes 0,020" platinum wire., 1

en long at base of tubs; 630-635° C;
0.1 amp; 180 minutes.

Ccarse dendritic crystals
as well as growth of
uranium foil following
contoura of tube.

G3HISSYI9NN
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TABIE I,

FILSTROIYSTE OF URANIGHY TRICHLORIDE {CONTTig)

Bath Compositicn

Velght percent

Opereting Conditions

Regults

16 UC15; 84 #1161

37 g. charge; 22 x 175 mm. Pyrex
tubes G.040" platinum wive, 2 wm,
long sealed in base; 626~635° C;
0.3 amp; 197 minutes.

Substantlial and fairly
thiek dendrites in o
shell of uranium foil
following contour of tube.
C.E. 43%; metal produced =
1.26 gm.

27 Wily; 73 #1161

22 g. charge; 18 x 150 mm. Pyrex
tube; 0.040% tungsten wire, 1 cm.
long cealed in base; 626-626° C3
0.2 anp; 2.5 vollis; 420 minutcs.

Silverewhite crystsls,
fairly adherent to tungs-
ten. C.E, 18%. Wetal
produced = 1.05 gn.

27 Wlys 73 #1261

Same ap 12663 635-650° G; 0.29
gup; 3.5 volts; 353 minutes.

Long, silverewhife
erystals. C.E. 19%; n
metal produced = 2.88 gm.

3ASVaT13d O 171aNd d04 d3Nodddv

qaLisSIONA

16 TCL,; 84 #1151

) - e rn. S e

12 g. charge; 22 x 17§ mm. Pyrex
tube; silver cathode 1/8% x
0.010%, 3/4%" immersion; 633~
642° C; 0,35 amp; 2.5 volts; 318
minutes.

Wl B, T IIRN T SR TP OB M- ST X MO TIR VW Sl M TR AN A8 TP T M LR faii SN

Smell stlvery erystels
of uranium. Silver
cathode cocted with thin
white £ilm above liquid
line, but not visibly
attacked, C.EB, 21%;
metal produced = 1,16 gm.

«]0-
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TABLE .

EIECTROLYSIS OF URENINI TRICHLOIIDE {SOTitul)

Run

Bath Composition
Weight Percent

Cperating Conditions

Results

1288

16 Wly; 8/ #1161

Same as 1280; 0.040" tungsten
vire cathode; 3/4% immersion;
635-640° C; 0,35 amp; 2.3 volis;
ZEQ minuteg.

Short thick crystals.
Bath stripped of UClB and
2ll motal recovered Wwith-
in limite of ewrror.
Tungsten not atiacked
above liguid line., C.E.
25%; metal produced =
1,97 g,

1296

35 WCl.,; 65 #1161

L8 g. charge; 26 x 150 mm. Pyrex
tube; all glass cell; 0.040" tungsten
wire cathode, 1 cm. long sealed in
tase; 635-645° C; 2.05 amps 300
minutos. '

Long thin eilvery :
erystale. C.E. 29%;
matal produced = 8,74 gn.

@ILSSVIONN
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