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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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INVESTIGATIONS FOR THE PRODUCTION OF THORIUM METAL
Contract No. AT (30-1)-1335

I | INTRODUCTION

e St

TR = -t e S

The electrolysis of ThCl, in molten NaCl has been continued durlng this

contract period; some electrolytic runs, performed in a small, bench scale cell

as described in the Sixth Quarterly Report, are reported and runs made to date

in a larger cell are summarized. This larger cell is described in detail in °
this report.
Several changes in the procedure for preparation of thorium chloride have
been instituted and are reported here.
:\Cgrrent experimentation has been largely devoted to the determimation of

the proper operating conditidns_fbr this largerfcell° While these conditions

of current density, bath concentration and bath temperature have been established

for thellaboratory size céli, they are not completely defined as yet for this

larger unit.

II. PREPARATION OF CELL FEEb»MATERIAL .

VThoriuﬁ<Chloride is being prepared from,thprium carboﬁate generally by
an aqueous procedure to proﬁide cell feed material for the electrolytic épera~
tionse The ovérall‘reactions remain;as previouélyvrepo;ted and the chémistny
isisummariied by the following equationsé |

1. . ThOCO; + HCl — ThGl, ° xHg0

2. ThCl, ° xH,0 + 2NH;,E';1 —_— (I\Hq,Cl)z'- ThCl, ° xHL0

3. (MH4CL), Thel, * tzo 00_600 Thc14 ke 2NH4Cl’

or L. (MH,C1), ThCI, _° tz0 ‘5 oNZgé : Thcl4 + NaCl + tz’o + 2NH,C1

NYO 3680 S T . -
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‘Current preparatlon practlce is, as followso Thorlum carbonate is. reacted - -

with concentrated hydrochlorlc aCldo: Two mols of ammonlum chloride are added

\ - o
'

| and the reactlon vessel is cooled to about 5° C in order to preclpltate the
hydrated ammonium thorlum chlor:.de° Further to lmprove thls recovery, anhydrous

" HC1 is bubbled into the solution until saturat_edo,g_- S .

The hydrated ammonium thorium chloride is filtered. . The.preoipitate filters

ea51ly, but retains appre01ab1e quantities of mother llquor. The wet fllter
cake is dehydrated at 150-200° € in an air oven. Durlng this operatlon the
salt goes throughha'fluid stage until‘most of the_water has been eliminatedoai
Further heating at 300° C removes the last traees of HC1l and watersu The ammonium
thorium chloride is then pyrolized in the presence of sodium chloride at.ééo-
800° C in an inert atmosnhere furnace with»the formation of thorium chloride in

.,h \ .
sodlum”chlorlde w1th possible formation of NaCl-ThCl4 compoundso : ' g .

Care must be taken to thoroughly dehydrate at 150-200 C, and at 300° C.
'f?eeldual water remaining after these steps w1ll result in the formation of ‘ R
thorium oxide at the-higher deeomposition tenperatures. ’When this precaution |
5 ) ‘
fegébserved,'no difficulty is encountered infproducingvan’NaGl~ThClé.conpound
“with only traces of insoluble matter'(thoriumioxide). This procedure‘is now.

“used to produce hatches of 20-25 pounds of containedsthorium cell feed material., - RS

IIT. ELECTROLYTIC EXPERIMENTATION - S

‘A. Iaboratory Size Cells _ ' o o
, Experimentationvwas_eontinued into this quarter on the laboratory‘f

cell used in the eleotrolytionwork summarized in the_preceding’reporto This

3~

AN

ene
*sesne
:...-n



[0S

e

[-¥Y

electrolytic cell has a four inch diaﬁeter crucible and a cathode three=-
quarters of anvinch in diameter, tﬁo'inches long. The entire unit operates
in‘an inert argon atmosphere.

The run summaries presented in Table I refer to electrolytic runs made
in.this laboratory unit. The runs were made at 800-850° C. Each bath,
comprising a mixture of Th(ll4 and NaCl, was pre-eiectrolyzed at 7 volts
DC at 100 amperes throughput for two and one-half minutes using a graphite
rod cathode. Current densities on the initial cathode surface area‘(during
electrolysis) were 225 amps/dm®, when the electrolyses were carried out

. A
using 75 amperes current. &

This work was done to complete the study of operating conditions in
this cell and te study in a preiiminary way the potentiality for continu-
ous operation offered with this particular electrolytic system.

The runs summarized in Table:I illustrate the practicability of .
continuous operation. The fused baths are capable of continuous operation
if thorium ion concentration can be maintained without undue increase in
bath weight. For example, if the thorium chloride cell feed is prepared

" with large amounts of sodium chloride‘present, more tptal salt must be
;recharged to reestablish the thorium ion concentratlon than is being
removed 1n the previous electroly51s; more’than the cru01ble can accommodate.

In run 196=1, thorium cell feed salts were-added to the cell during

electrolysis w1th excellent results in terms of process efflclency and product

hardness, establlshlng thls as a satlsfactony procedure, -

A dlStanulon is being made in thls report in remarks concerhing process

NYO 3680
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TABLE I

- -Bath Cell = Cell Metal  Process Process
Th Ion Temp. Voltage Current Amp Wt. Efficiency Recovery Hardness
Conc.2 _°C DC DG Hrs. Gms . % % — Ry . Remarks

=

a3
(o]
o
[N
(@]
o

. Run No.

[

97-172

97-174"*

97-176

97-178

| "97-180

- 97-182

97418h
(1)

 97-186

(2)

$97-188

,(3)

10

15

20

15

10

| 1h.1

05

850

850

850

840

8L

8L5
850

- 8us

830~
850

3.0

3.0

2—02-2 59

2 o8"3 -O

207-3 .0

2 ‘8'3 .0

2.8-3.0

2.9-3.0

5

75

75

75

50
75
75

75

9L

Lo
278

208

63

106

170

175

175

121

215.5

110.5

158

267.5

269

18k

o))

59.5

.71
18.L

69_0'5 l

69

72.5,

71.0

L8.7

5518

65 31.5
33.5 82

61.5 L6

72 36.5
86.5 13.5
§6,8 235

88 28

| Salt 165-39.

Salt 165-39.

. remaining.

Salt 165-39. Used salt bath from

Salt made_using
evaporation method. NH4Cl driven
off in cell. 2 mols MH,Cl per

mol ThCl,. Part of deposit fell

off cathode and was recovered.

method as 165~39. 3 mols NH,C1
per mol ThCl,. Most of depos1t
fell into the bath.

Salt 164-121. Electrolyzed until .

deposit shorted out on crucible &

wall. Salt bath had 3.2%thorium
Particles were very
large and were rolled in the
pulverlzer.

97-178. The voltage dropped very
fast. Stopped run w1th no depos1n
obtaineds

 Salt 16h-121. Repéat of 97-166.

Ceramic tube cracked during-run
Possibility of contamination.

Salt 16L4-128. Start of continuous

.run with salt bath reused. -

Salt -164-128. Ceramic tube split.
Removed bottom of fused salt bath
as possible SJ.O2 contamination.

Salt 164-128.

. Salt le-hO. Salt made using sam@- -ic



-] L]
o e
LA L
oceeeve

cessee
R .

oooooo

K~/ &

Bith Cell

fe

" TABIE I;ﬁéahtinuéd).

"Salt 164=128. Same as 97=190.

' Salt 164-128. Flrst run of

Salt 164-128. Part of deposit
fell into bath and was recoverede

Washed separately. A on'rod, B in

Salt 16li-128. Same as 97-190.
Continuous run stopped%

three run series.

Salt léh-128 -Bath was not depleted.l -
Used average process recovery fbr )
97-200 and 196~1. - ” ;&.

Salt 164-128. Used modified washing
technique which lowered the hardness
from Ry 53 to Ry 18. End of run, -
Evaluation of salt 164-138.

Evaluation of Salt 16L-1LO.

Cell . Metal ‘Process Process::

, Th Ion . Temp. . Voltage Current Amp Wt. Efficiency Recovery Hardness ,
‘Run No. Conge® . "D DC Hrs. Gms % % R, Bemarks
97-190 9.5 BLS 2.9-3.0 75 131 175.5 58 8L A=57

(L) | B=L3

B | | bath,
97-192 10 850 2.9%3.0  787% QHO 213.5 705 96 A=37

() L B=5
97-19k - 15 820 2.8-3.0 75 175 278 73.5 . 89.2  A=27
9721§6 :%.15;6 830 2.83.0 75 181 317 81 92y 21
9722?0 ° 835 2.7-2.9 75 165 266.5 75 87.5 26

2) :

196-1 835 2.7-2.9 75 . L 2455 79 87.5 18

) : :

196-8 10 84O 3.0 75 112 152.5 63 675 53
196-9 12 800~ 3.2 75 117 169 6645 6, 38
820
s Used graphite sleeve with no porcelain;
NYO 3680
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efflc:.enqy° Since thls data is- calculated as the percentage of ‘weight of“‘
metal recovered divided by the theoretlcally pOSSlble welght of metal

(electroChemical equivalent),»the-resnlting?value of current efficiency
actually incorporates losses encountered in- metal recovery steps and 1n
handllngo These losses, on thls scale, have been determlned as approx1-~

mations° The loss of" thorlum metal 1n cathode crushlng and preparatlon fbrr
..f}

Ea ]

aqueous leaching is nil. There is about a three percent“maxlmum_lOSS-ln

weight of thorium as fines in the‘aqueous leacning. "There is about a 5%

maximum loss of weight. in the final acid recovery step. In general;
therefore, process efficiencies in this report, and current efficiencies

Hgs reported in earlier reports, if reported as current eff1c1ency, would be

& out 1,08 times the process efflclenqy. For example, in run 196-1, the

urrent efficiency is about 85%, the process efflclenqy T9%e

;%b ‘Intermediate Size Cell

A cell, deslgnated in this laboratory as the Mark 20 cell, has been

de51gned, constructed and installed. Thls electrolytlc unit is 51m11ar in

prlnclple and in over all operatlonal characterlstlcs to the smaller labora— \

&
tory cell. An assembly drawing of this unlt is shown in Flgure lo ‘The

cell consists of a nickel shell 1nternally 1nsulated w1th K-23 flrebrlck
coated with Korundal cement. . The unit has an 1nternal, graphlte re51stor
heating element, connections to which are made by vacuum-tlght, eleotrlcalxy

insulated power le’ads_'through.,the_shell° The graphite resistor consists of

NYO 3680
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grabhite rods 1iﬁked»tog§ther by grabhite-cénnector,biocks invtwo paralleli
'cirquitso The over a1l resistor resistance a£'témpera£ure'(8607'c) is about
0;12 ohms. | : |
. L This cell employs a monolithic graphite crucible, eight and one-half
_ inches iﬁ‘insidé diameter, and'féurteen inéhes in inéide‘height. The .-

crucible rests upon three graphite posts which in turn rest upon the bottom

plate of the cell. A steel boss, welded to the bottom plate, is the anode -

connection to the bus bar. The anodic connection to the cruciblé is from the

shell bottom through the graphite posté'to the bottom of the crucible. A

"~ smaller nickel chamber between the main fﬁrnace shell and the opérating heaé

P

41lows room for the cathode to be Withdraﬁn ffom the bath and to remain in -
the inert cell athosphere. The cathode'donsists of a steel cylindér one and
one-half inches in diameter and five incheS'IOng'weldéd to a one and one=-
quarter iﬁch diameter nickel rod. A porcelain sleeve protecté the niékél

bar at the bath interface. A graphite sleeve\protedﬁs the nickel bar

against chiorine attack and extendsbﬁhrough the operating head. The cathode .
connection from the bus bar is made directly to this nickel rod; A transite
bushing insulates the cathade from the operating head.

The operating head is a solid piece of nickel to thé\béﬁtomf of which
ére attached three graphite heatvreflector’shiélds."This head is bolted to
the smaller chamber described abdvé.f Besides thé‘céthodé‘pbrt, a sight and
.charging hole is provided,

: Argon is introduqed through a por£ in the side of the maiﬁ cell body

and a thermocouple wéll_extending'into the crucible wall is also made through -

.
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:2:
the shell. A second thermocouple well to the crucible wall is made through
the ‘large flange.

The cell is provided with a 32 KW single phase AC transformer for its
AG power, and a selenium oxide rectifier and rectifier transfprmer rated at
1500 amps at 15 volts DC. The cell has a ventilating hood and other auxiliary
equipment. A photograph of the Mark 20 cell ié shown as Figure 2. This cell
has been testedand is now in operation. Eleven runs have been made to date
and are summarized in Table IIs

Pfemelectrolysis is carried out at 5 V, 220 amps on a steel rod for
2-5 minutes. Several pre-electrolysis deposits are obtafned_for each rune

The first run, 184-20, was made using a one inch diameter, six inch
loﬁg cathode tip. After 550 ampere hours of electrolysis, the current rose
sharply indicating that the cathode was shorting out against the bottom of
the crucible. Thé cathode had been immersed to a depth of eight inches in
a ten inch deep bath. Electrolysis was continued after the cathode was
raised oné inch, but the current rose sharply again after a total of 6LO
ampere hours. The deposit obtained was symmetrical in shape.

The second run, 184~22, was made using & one and one-half inch diameter
cathode tip, four inches long. The electrolysis was started at 3.6 volts
and 2U0 amperes (180 amps/dm®). The cu:rent'fose/gradually to a value of 295
amperes afterﬁélmost two hourse During this ﬁeriod there was continuous
chlorine evolution. The current was then lowered to 250 amp;res, and a

cell voltage ofA2;9‘volt$, at which time the chlorine evolution‘decreased

markedly. When the cathode was raised there was a definite resistance at
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Toadad with iron. -

TABLE IT
E o - 2
R , Bath Cell Cell Metal Process Process
& Th Ion Temp. Voltage Current Amp Wt. Efficiency Recovery Hardness
Run No. Conc.% _°C Dc DC Hrs. Gms % A Ry Remarks
184-20 10 820~ 3.5 250 640 Lo2 29 22 Ls Salt 164~-135. LO lbs.salt bath.
860 . Deposit shorted against crucible
bottoms 6 inch cathode is too long.
18L-22 15 8o 3.6 240~ 1500 -- - - - Used fused salt bath from 18L~20
o : 270 plus 164-135. No deposit. Cathode
badly corroded.
goeees 18L-25 15 850~ 3.5-2.9 250 800 ~-- - - - Used salt bath from 184~22./Cathode
e, 860 1" diam, x 5" long. No deposit.
joree 16L~-27 15 ' 850 3.9 360 1200 A=105,5 =-- -- L6 Used salt bath from 18l-25. Started
° . . . electrolysis at 3.9 V and 380 amps
;i“"' and allowed current to rise gradu-
soess ally. Cathode 1" diam. x 5 " long.
R 184-29 10 835~ 3.6 230~ 755 L57.5 28 25 93 Salt 16i~138. Starting current
. 850 300 density was 220 amps/dm2. Uniform
e’ o . deposit. Cathode 1" diam.x 5" 1lg.
18l4-31 7 850 3.7 190- 630 Lo - - - Salt bath from 184-29. Starting
cesese 225 current density was 185 amps/dm2,
gesses Most of deposit fell off. Metal
o * on cathode would not melt., Cathode
:::::: 1" diam. x 5“ ‘long.
16L-33 10 - 850 3.5 2Lo- 1600 == -- - - Salt 164-140. Cathode 1" diam. x
_ : 300 5" long. No deposit.
W 184-37 10 850 L5 390- 1500 -- -- -- -~ Salt bath from 184-33. Cathode
20 1-1/2" diam. x 5" long. No deposit.
~ Cathode was pitted slightly.
) : ’
18L-39 15 850 L.6 370- 2270 -~ - -- -- Salt 164~140 and 16h-1L2. Cathode
~ L30 1-1/2" diam. x 5" long. Thorium
‘\$: alloyed with cathode and fell into

bath. Cathode badly eaten away.
dbhoriigygron salt bath

«TT =



Bith Cell  Cell Metal ‘ s : _ '

_ : ‘ » Process  Process
" Th Ion Temp. Voltage Current Amp. Wt. Efficiency Recovery Hardness

Run No, Cone.% .°C _Dc DG Hrs. Gms % % Ry Remarks o _
18h=h2* .5 820 LV 320~ 1100 == == -- -- SaTt 16h=1hs:" Most of déposit”
v L50 ' .~ 8lid off cathode. .Four 1bs, of ~

s o o . - ~ from salt bath. Salt bath has -
8.9% thorium remaining.

...181;-&7* 2

800 L V. 320- 705 -— - -- - Salt. bath from 184=-42 plus salt
" B 380 . ‘ ' : 164-149. 10 minute preheating .
of cathode at 1.3 V and 65 amps.
Half of deposit slid off the
R cathode . "
rever % available to date. ‘ s
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first, and then the cathode lifted,eésily out of the bath. The deposit
fell off the cathode leaving it bares In the chlorine atmosphere of the
cell, the cathode became badly corroded. |

The next ﬁwo runs were made using the salt bath from 184~22. Because
of the slackening of chlorine evolution at lower voltages, the electrolysis
was started at the desired current density. and then the current was allowed
to rise gradually as the resistance of the bath decreased, the voltage
remaining fairly constant. This is not in accordance with procedure in the
laboratory size cell where the current source, from a DC motor generator,
is constant and the voltage drops off gradually during electrolysise

In run 184=~29 a uniform deposit was obtained at low process efficiencye.
The metal had a high hardness of RB 93, but part of this may be attributed

to the thorium salt. A check run was made in the laboratory sized cell, and

' resulted in a hardness of Ry 53 (Run 196=-8 in Table I).

Run No..18h~39 which was carried out at 850° C resulted in thorium
metal alloying with the steel cathodeo The resulting alloy dripped from
the cathode until about 10% of the latter was consumed.

Alloying can only be attributed to-too high a temperature of operation.

Since it is well known that the cathode is at a higher temperature than the

'béth during elecﬁrolysiss this fact, in addition to the high temperature.of .

theibatha can“account for the alloying.
A second thermocouple was added to the unit. Tﬁisg as shqwn in Figure 1,
goes down into the crucible Wéil and shoﬁld result in more accurate bath

temperature controle
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During_tﬁe pre-eléctrolysis procedure\for Run 184-L2, the first deposition
was carried out at 850° C ahd resulted in a good deposit} The second one was
slectrolyzed ab 804° C. Although the bath was molten the salt froze to the
rod, and the metal was electrolyzed over the salt. A third rod electrolyzed
at 82C° C was uniform and good.. After electrblysis on a one‘and one-half

{ inch diameter, five inch long cathode tip, most of the deposit slid off the
. rod, but was. Fecovered from the crucible.

To prevent electrolyzing on a frozen salt layer, &4s done in the pre-
electrolysis for 184=-L2, the cathode during Run 184-47 was immersed for ten
minutes at 1.2 volts and 60 amps DC. $Some chlorine evolution was noted at
this small volﬁage. Electrolysis was carried out at L volts and from
320”to 380 amps. After the electrplysis-was stopped, the cathode deposit

wéé@alloﬁed to cool to the bath temperéturé by lowering the DC current to

i
i

150{amps at 2.5 volts. Affairly’largé deposit was obtained; but about

half of it slid off into the salt bath.

IV. METAL RECOVERY

Cathode deposits are a composite of about 50% thorium metal and about 50%
salts.. Of the éalts, éboutIZ% are soluble thorium salts, the remainder sodium
chlori@eo' The deposits are broken away from the cathode by hammér and chisel or
by éi?;hammgr and are ‘then jaw crushed. The jaw crushed segments are thenjlightiy
pulverizedgin a secondéry crusher to =200 mesh. ‘

f?heifine particles of thorium-sgltvagglomerate are then water leached°
'This‘léédﬁing ié done either by'leachiﬁg and decantaéion in a beaker brfés a

)

g
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fluidized mass in an adaptation of counter current leaching principles. (See
Report No. 3) In this case the cruéhed deﬁosit is loaded into a cone shaped
washer in which water flows from the apex of the cone up through the fluidized
deposit. When the scluble salts have been dissolved, the metal deposit is
removed, drained free of excess water, and treated with 3.5% by weight hydrochloric
acid at room temperature for five minutes. The metal is then washed free of acid

and air-dried at 35° C.

Ve PHYSICAL PROPERTIES AND COMPOSITION

Thorium metal produced by electrolysis of thorium chloride has exhibited
hardnesses, as-cast, as low as Vickers 67. It is expected, from consideration
of the many runs reported upon in this and the preceeding report that as=-cast
thorium metal of Vickers 70-80 can be considered the expected average hardness,
Asbthe run summaries indicate, thorium of higher hardgess has been produced. In
ed’ch case, however, the higher hardnesses are explained by variations in salt
preparation, electrolytic procedure, etc. The production of low hardness thorium
in several instances alone establishes the capabilities of the process.

Through the good offices of the Atomic Energy Commission, the New Brunswick
Laboratory has analyzed thorium metal produced in several of the electrolytic
runs reported. These analyses are shown in Table III. N

This analysis can be compared to the results publlshed for Ames Thorium

(Billet A-520) in 1952. This bar had & hardness of RE Ak Horizons electrolytic

oo am @ o e o & 2. s 8 G0 o8 B3 a0 G o an s o oo - o oo e @@ Em ob &3 wm om M es O & G oo Go Mm@ @

*Gompllatlon of Analytlcal Results. for Ames Thorium Blllet A=520 = Thorium
Analytical Meeting, .September 23- 2h ‘1952, at Argomne National Laboratory
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- TABLE III
Horizons 97-162 - 97-170  97-17h  97-17h 97-170
Run Number Powder Powder Powde: . Pellet Rolled Strip.
NBL No. B-L7u8 - B-L7h9  B-LT750 B-L751 . B-L752
Ry (g 26)  (Rg 10.5) (Ry 31.5) Ry 31.5 ~—-
g a 1 a 2 a 2 a1 a 1 ’
Al a 20 a 30 a 20 a 30 a- 30
Au ' ' '
B a 0.5 > 10 a 1 a 5 a 5
Be a 10 a 5 5 a 3 a 10
Ca £100 <100 - <100 <100 < 100
Cd a 003 a 002\ a Ool ‘ a O'ol < Ool
Co - - = == -
Cr '
Cs . o
. Cu. a 80 a 80 a 20 a 100 ~a 80
Fe .. 600 550° 110 210 350
Ge - - - - T
In - - - - -
K
Li | |
Mg a 10 a 10 a 10 a 10 a 10
Mn a 5 a 5 a 3 a 2 a 3
Mo - - == L= ==
Na a 150 - a 1500  a3o0 <150 £150
Ni a 300 a 300 25 19 a 200
P -cm - - e
Pb 15 15 5 2 5,
Rb
. Sb i - - == =
5i a 50 a 50 a 100 a . 50 a 30
Sn. 5 10 5 6 10 -
n < 10. = - - -
as <S <5 <5 <5 <5
HCl i'nSO‘l ° 0 ° 7% O. 2% 3 '61%' ’ LT
c #1105 L60 ppm #310; 360 ppm %290 ppm = -= 3480 ppm
N : 3L ppm 32 ppm 27'ppm 26 ppm 37 ppm.
NOTE: a = approx1mate;v-" not detected l
*, Resdﬂﬁ %ﬁigflv Al 'permlnatlonsa :
s Probably  somewhat I “*Sample could not be prepared
_ prqperly to, burn completely.
‘NYO 3680 . : C. . . :. E.. . .l .
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thor‘iﬁm is somewhat higher in aluminum, boron, and bismuth oontent; somewhat
lower in:silicon, zinc, and tin content; appreciably higher in calcium, copper,
iron, nickel, and lead content. In nitr;sgens carbon, and HCl insoluble contents,
the metals appear to be equivalent.

A conversion curve for RB and RE hardness determinations for electrolytic
thorium metal as produced and melted at Horizons, versus Vickers Hardness Number
has been prepared and is presented as Figure 3.

Some physical evaluation of the thorium metal produced under this contract
has been begun at Horizons and at other laboratories through the cooperation of
the Conimission° This work is in the preliminary stages and is not reédy for
présentation in this report. The final report covering this product will contain
this informdtion upon the fabrication properties of electrolytic thorium metal.
powdere

Photomicrograms of typicdl thorium as-cast ingots are shown in Figure L.

VI. CONCLUSIONS

The electrolytic process for producing thorium métal, including the pre=
paration of anhydrous thorium chloride, the electrolysis of this salt in molten
sodium chloride, and the recovery of the thorium powder, has been proven in
laboratorﬁ sized equipment. |

The development of this process at the next larger scale, a factor of about
ten, has begun.. As was expegted, certdin operating conditions must be established
on this larger équipment° A nﬁmber of‘faétors which were inconsequential in the

small scale have proven to be of extreme importance in the larger cell. One of

.
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these factors is the bath temperature. At 850° €, no difficulty was encountered o
in the small cell. However, in the larger cell, the added factors of higher:
~ DC ‘currents, and a larger'cathode resulted in temperatures high enough to alloy

thorium with the steel cathode and melt this alloy off into the sal&'bath;

5

~Another factor is the size of the cathode. The small cathode quicﬁly reaches’
bath temperatures but the larger one which has approx1mately ten times the mass
of the smaller one remains cold long enough to Chlll a 1ayer of salt upon ite
layer of\ohilled salt. ' - \ o,
As sooh as the_opersting conditions have been established on'this.larger o z
scale, the unit will be operated on;s:coﬁtihdoﬁs bésiso‘wMaintenénce of a good" .
cell atmosphere between runs by evaouation and flushing with érgoﬁ should improve
upon the eontinuous runs in the 1aboratory sized scale, | | -
The thorium metal produced to date has been of excellent quallty and purlty.

Fabricdtion propertles w111 be 1nvest1gated and reported upon in the next

1

quarter.

‘In the laboratOﬁy sized scale, increasing the thorium ion concentration'has

resulted in 1ncreased process efflclency. At the llmltlng conoentratlon of

approx1mate1y 20%, the cathode grew until it shorted out agalnst the cru01b1e

s

f wall, There was still about 3% thorlum in the salx bath at this time. ;,Gonse== )

/
/

quently,_the limiting concehtrétion was set by the size and shape of the éruoible
rather than by any electrolytic'chafactefistiosﬂof the systém. Investigation of
concentration linit conducive to naximun e'f'ficfi‘ency will have to be determined

| 1n the next larger scale where the dlstance between cathode and cru01ble wall

‘will not be a llmltlng factore

ey k. -
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