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Plutonium has been produced hy electrolytic reduotion of’its trichlorid.e

in a solvent of’barium, pOtQGSiUm= and sodium chloridost The PuC13 is best pre=

pared by a dry metliodand

ried out at approximately

urn,and graphite anodes.

should be free of oxygen. Electrolysis should be car=

800° C, usir.gcathodes of tun$;sten,molybdenum or kaxtal-

The initial plutoniun trichloride concentration may be

about 30 percent, and hydro~en or inert gas such as arjon should be employed tc pre-

vcmt oxidation.
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INTRODUCTION

Two methods for the production of c,etallicplutonium were considered by

the metallur~y :y?oupat Site Y prior to the availability of’the material in ap-

preciable qxm%iky. These were bomb reduction and electrolytic reduction, and small

scale stand-in work was perfor.nedusin$ tuballoy. The stand-in electrolytic in-

1)
vosti~ation is summarized in detail elsewhere . It was found that uranium could

be deposited from a solwtion of its trichloride in Q ‘fhsedsolvent containin~ 48 per=

cent BaC12, 31 percent KC1 and 21 percent NaCl by weight. The stand-in experiments

wore performed in smal] ?yrex cells and recoveries in excess of 50 percent wero

readily obtained on a ,500mgscale. Accordingly, tho same techniques were applied

to -plutoniumreduction as soon as it ‘becameavailable on the same scale.

The cells used for 50-rn5electrolysis, as well as for most of the larger-

scale reductions, oonsisted of 18/’7semiball Pyrex joints, usually constricted at

the base to an internal diameter OJ24 to 5 mTQ. The cathode of tun~sten or other

wire was sealed through the base exposing only about 1 mm oi’its length. The cell

top carried the anode and an inlet and outlot for inert-gas cover. The gas, either
\

hydro~en or argon, passed from tanks over tuballoy chips, heated $0 500° C, into

the cell. The effluent gas

a cold trap, over soda-lime

conneoted to a vacuum pump,

evacuated several times and

(argon a.ndchlorine or Wl and hydro~en) flowed throu~h

and Drierite to a f~ow indicator. The line was also

and prior to heating of the cell, the entire s:!stemwas

f’lushedwith the gas. The cells were heated by a wire-

wound pot furnace and the temperature controlled by a thermocouple shielded by Pyrex

tubing, and operating a proportioning controller. Temperatures were uonstant to
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The solvent salts were reagent grade, dehydrated at 150° C where nec-

essary, and individually fused and cast in platinum. They were then ground in

porcelain, inixed‘cocontain 48 percent BaCl2, 31 percent KC1, and 21 percent by

weight of NaCl, and fused, cast, and reground. The mixture was kept in a desic.

o~.torand heated to 150° C before use. The plutonium trichlorides were.prepared

by the chemistry :roup by a variety of inethodsand were checked by chemical and

X-ray analyses. The methods of preparation are listed below to correspond with

the designations in Table I. Details may be found in M-112.

(a) Hydroxylarnine- wet preparation of PuC14 reduced by hydroxylamine and

dehydrated in HC1.

(b) Formaldehyde - wet preparation of PuC14 reduced by formaldehyde and de-

hydrated in HC1.

(o) Hydride - metal reduced by l:ithitdm,converted to hydride,

with HC1.
●,

(d) Hydrogen - wet preparation of PuC14 dehydrated in HC1 and

&en●

hydrochlorinatad

reduced by hyd~o-

.

(e) HC1 - ~02 ignited from nitrate and reduced by a mixture of IIC1and hydro.

gen.

(f) Oxalate - trivalent oxalate hydrochlorinated by a mixture of HC1 and hy-

drogen.

The trich30ride, as rooeived, nns transferred to the base of the cell ani

the powdered solvent superimposed; all fillin~ and opening operations were perform.

ed h a closed box. Upon completion of the electrolysis, the cell was cooled under

the inert sas and opened in the box. The contents were usually washed with water
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and acetone and examined mic%%e~pi:cal.$y~~ $8;;na,jni~“ication.

Table I is a chronolo@.cal mnnnary oi’the experimental data. The tri-

chlorides prepared by wet methods invElri.ablycontained oxygen, probably as oxy-

chloride. They were very dark and difficultly soluble in water.

that metal viisproduced in runs 1393, 1508, 1556, 1576, and 1590;

coate’dby oxide which prevented coalef]cence. J?uC13prepared from

was light green, sol”ublein water, and yielded the first coherent

It is likely “

but was probably

hydride (1549)

electrolytic

metal, indicating that the meltin~ point of plutonium was probably below 660° C.

Runs 1612 throu~h 1639 were performed with a dry preparation of PuC13,

which, although it contained approximG,tely0.5 percent of oxygon, yielded appreci-

able amounts of mgtal upon electrolysis. These experiments indicated that for a

given current density the recovery was reduced by an increase in temperature, but

was increased at constant temperature by increase in current density. This effect
.

● is in accord with expectations, for the cathode efficiency is diminished almost

entirely hy reaction of’anode products with the metal. The low current densities

enployed in the early experiments resulted from the belief that the melting point

of the metal was high and that it would be deposited as u solid. Having determined

that the metal V.QSliquid at the electrolysis temperature, a run (1661) was made

at 900° C, but probably at too low

mainly powder was obtainod (1672),

600° and 660° C (the meltin~ point

about 6300).

a current derusity’tosecure

intiicatin+that the ]nelti~

by thermal analysis appears

At this point, a new method of’PuC13 preparation was

reduction. At 600°

point was between

at present to be

introduced, resul-b-

ing in a superior prochdct. Using the trichloride prepared by hydroohlorination of

the dioxide, it was determined that hi~h-density rne+ml(run 1677) was produced by

c
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● result of secondary chanical reaction with sodium or barium.

Having achieved some measure of success on the ~0-mg scale, a

l-gram reduction vfascarried out using the new trichloride”(l&W). A large

bead of metal weighing almost LOO mg was obtained on the projecting tu&sten

cathode ir~addition to the usual droplets (Fig. 1). Microscopic examination

of these droplets showed the presence of an eutectic phase and the presence

free cubes of a phase taken to be tungsten (Fig. 2). The experimentswhich

followed were designed to determiriewhether the t~gsten was derived from

of

the cathode by alloying, or from the anodes by solution followed by electrolytic

deposition. Alloying of plutonium with tantalum had been reported as negligible

even at ~OOOG~ and so an electrolysis (1707) ivas carried out in a cell ~iith

tantnhm=wire catrlodeand graphite anode. The metal s}~owedno~etallic

●
inclusions but no evidence of a second metallic phase (Fig. ~). A tungsten

cathode was substituted and the run repeated (17110lT20). No evidence of .

free -tungstenor of the outectic wao found (Figs. & 5).3 It may be concluded
.

then. that the tungsten present in the metal of run 1688 was obtained by -

anodic solution and subsequent electrodeposi.tion~This b~lief ia confirmed .

by the ciepositj.onof tungsten crystals under similar conditions in earlier

electrolysea. Mperienca in uranium deposition employing hydrogen as a

cover gas had been that virtually no tungsten was transferred from the anodes.

‘i’hedifference in behavior may be avtributcd to

by chlorine than by HCI. It will be noted that

first experiments, but argon was substituted to

considerably greater attack

hydrogen was used in the

avoid the possibility

of hydride formation. Howevoro a return to hydrogen (5008) demonstrated that

the .t’carswere unfounded.

● m* 0 ● *9 ● ,. .0

● * ● ● O

● : : :9
● ● 00 ● 80 ::

● ea ● m
00 000 000 ●:0 :00 ● 0

● 9O ● bO 9 ●
:00 ● O*8 ● ● ● ●**
● 00 ● ● ** ●
● 000 : ● 00
● ** O*; ●.* ●
● . 990 ● ● *

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



● ☛ ● ☛☛ ● ☛☛ ● 00 9** .0

The failure to deposi&go&~.1$ ~e@l fi.m wet-preparation tri-
● 9..*

.

a

Y :00..
chlorides was attributed to the -presence of oxychlorides~ Similarly PuClj

whioh was slightly hydrated by sto:rage(17400Fig. G) or incompletely converted

(1784, N%&) produced low yields. On the other

trichloride resulted in satisfactory recoveries

phenomenon is ~:otunusual and is e~cauntered in

hand, freshly prepared

(1856, 18y/)o ‘This

many fused-salt processes
.

notably the production of magnesium and calcium.

One of’the obvious drawbacks of the electrolyticmethod as described,

is the formation of individual droplets rather than a si];glemassive piece of

metal. Vihileit is probable that operation on a considerably larger scale

would rwaedy this defcot, it appeared likely that an increase in the tempera-

ture of electrolysis would aid collection of vhe metal. An attempt to remelt

the small droplets in the presense of the electrolysis bath met with-no

success (185’7). Reduction at high temperatures can not be performed in

● Pyrex, and after considerable stand-in testing, a conical cell of molybdenum

was finally selected. This cell rested

closed in a Vycor jacket. The tube was

the electrolysis carried out at 8000C.

on a graphite platform and was en-

swept by purified hydrogen. and

The metal collected as a single

coherent button in the base of the cone. Microscopic examination showed

no evidence of ailoying at the molybdenum-plutonium interface

A number of spectroscopic analyses have been made on electrolytic

plutonium, but the i?arlyanalyaes are ,ot reliable becauee of the small

quantities involved and because the analytical methods have since been

improved. ‘l’ableII lists the results of two later analyses on larger

samples. It will be noted that the sodium content is fairly high, but it

is almost oertain that even were the sodium not eliminated dlring remelt,
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Table 11. Analyses of ElectrolyticPlutonium

Impurity

Li

se

Na

Mg

Al

K

Ctt

Fe

Sa

La

Th

Sample M88

ND<l

20,,*O

20.40

<5.’<10

ND<40

i

Sample 5008

~
..

NR<2

20

ND< 400

40

<400

ND<400

ND<2000

ND - not detected

CONCLUSIOi\JS .’

The electrolytic mctnod of rcduotion was discontinued

became evident that high purity was no longer a consideration.

experimentalwork has been performed howeverO to allow several

conclut3ions0.

1. Plutonium may be prepared by electrolytic reduction of its

when it

Sufficient

dei’inite

fused trichlorids in a solution of chlorides oi’more electropositivemetals.

2. The PuC15 is best prepared by a dry method and the oxygen and
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j. The electrolysis i.sbest carried out at ap,~roximatelyi300°C and

at high current densitiosO A suitnble PuC13 concentration appears to be

approximately jMlper cent by weighto Cattiodesmay be of tungs%en~ tantalum.

or molybdezmmo and anodes of graphite. although tungsten anodes

a hydrogen cover is usedo Access of ai~”to the fused salt must

may serve when

be prevented.
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Fig. 1. Plutonium Beads and Cathode (1688)

Fig. 20 Futectic and Fren ‘Tungsten” (1688)
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Fig. z. Deposit from Tantalum Cathode (1707)
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Fig. 6, Deposit from Tungsten Cathode (17bO)
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