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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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The research program oh electrolytlc prodﬁction of thorlum metal from fused
chloride baths has beep contlnued. A large portion of the effort has been
devote& to preparation of a chloride source electrolyte.

The method selected for preparation of NaCl-ThCl, as a cell feed material

was the reaction of ThOCQy with concentrated HC1 and addition of NH(Cl. Several

.modifications in procedure were made to simplify the chemical engineering opera-

~ tions involved. These include saturation'of the solution with anhydrous HC1,

and cooling to about 10° C. DBoth steps decrease the solubility of the
(NH,C1)aThCl, *x HgO, precipitating it from solution. The ammonium thorium
chloride crystals filter easily.

The intermediate complex (NH,C1)aThCl,.x H,0, protects the thorium chloride
from oxidizing whilevit is being dehydrayed. In previous work the NH,Cl was
sublimedlin the electrolytic cell atmosphere. On a small scale this did not
cause any eerious dlfficulties, but on a large scale the amount of NH,Cl
subliming from the cell feed material would seriously contaminate the cell,
plug tﬁe exhaust opening with NH,Cl, and in general be obJjectionable.

A method has been -evolved in which the NH,Cl can safely be removed from the

\salt at high temperatures out31de the electrolytic cell without oxidizing the

‘_("

ThCl‘ cell feed material..

The determination'oflelectrolysis conditions for maximum efficiency is being

' qarried‘out in a cell capable of producing 150~300 grams of thorium metal per

cathode. The resultshindicate that increasing the thorium ion concentretion
while maintaining the same current density, yields higher current efficiency.

Lowering the current density while maintaining the thorium ion concentration
oy EA
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§ummary'(cbﬁ£inued)'

‘constant, indicates that the crystal size inc;eaSés aith e resulting‘deé}ease
~in hardness. N
The‘best,reﬁults'toldate have been accomplished with.é'tho;iﬁﬁ igh concen-
tration of 15%, using an overall,éelljvdltége of 3.0 voitsADd;:dnaﬁé éafﬁode -
cﬁrréntfdeﬁSity;df,185yamps/aﬁ?. Gurrent effiéienciéslwere in the ofdéf.of’fb%,
énd in one instance the'fhéfium matal prodﬁced.had'an as-cast hardnegs §f;
Vickers 70. | | _
- Results regarding the quality éf metal produced in the smalliscale cell, .
~ quality of, cell feed material, andlihe cufrént‘efficiehcies and,métalnrecbVefies
obtaineq, afe'very satisféctony,,"Eiégtrblysiézin thefihtermédiété-sizéd §é11

capable of producing 5-10 1bs. of metal per cithode 18 now underway.

.
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INVESTIGATIONS FCR THE PRODUCTION OF THORIUM METAL
" Technical Progress Report - Sixth Quarter, September 1 to November 30, 1953
| By Jason C. Bleiweiss
I. INTRQDUCTION

During the previous contract period, the electrolysis of NaCl-ThCl,, showed
considerable'promise'as a commercially feasible means of ‘horium production.

The process is pérticularly:promising because of its potential as a low-
cost, continuous process. Electroly81s of a melt of NaCl-ThCl, and NaCl produces
thorium metal with NaCl, and chlorine as by-products. Thus, any given salt bath
Should‘have.én infinite 1ife requiring only make-up salt to account for that
removed withfthe cathode deposit. Considerable advantage is alsc inherent in
the simplicity of the salt system nith respect to recovery of the metal produced.
The only'inpurity noted in the deposits is a small amount of ThOClg which may be
removed by a dilute acid wash. 7

Thorium chloride is easily prepared by simple chemical techniques starting
with thorium oxycarbonate which can be purchased directiy or mde from the cheaper
thorium nitrate. Processing involves solution with HC1, precipitation of an
ammonium thorium cnloride. complex by saturation with anhydrous HCl and cooling,
filtering.-drying,'end~me1ting in NaCl under a chlorine atmosphere to’prevent
oxidation. | | ‘

Conditions of electrolysis ‘have been fairly well-defined w1th regard to

temperature, voltage, ‘current density, and concentration. Investigations are

now being completed conoerning electrolysis conditions for maximum efficiency.

v_These indicete that slightly higher current den31ty and higher concentration»tend )

toward greater current efficiency. A'minimum operating temperature of about 820° ¢

is indicated, but may be further lowered by use of higher thorium ion concentrations.

Li- Y
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Voitageris a critical factor with respect’ to elimination of concurrent sodium
production. An‘operatlngArange~of:2~h volts Dy across the cell seems to be

desirable from this standpoint.

II. PREPAFATION CF CELL mTéR:

In the reac+ion~ ThOCO3 + HC1 -+ Th014'x Hao, etc., the addltion of at least»
two moles of NH401 is. necessary to form the intermediate complex (NH;Cl)zThCJ4°x Hzo.
A Heatlng to about 150 c elimlnates the water of hydration 1eav1ng anhydrous
(NH‘GI),,ThCL,.' Further heatlng at about 500" C sublimes the NH4CI leanng
anhydrous ThC;;.- If the heatlng 1s carrled outsln the presence of NaCl, ¥'d
NaThCl5 ia presumably formed. ‘ ’ A i ' 1,A,w R

The elimiuation of NH401vat elevated temperatures without oxidation was
'successfully accompllshed in the small electrolytlc cells in a bath of molten d
v Nac1 under an argon atmosphere prior to electroly51s. Cn such a small scale,
the amount of NH4C1 sublimung from the salt and conden81ng on the operatlng
head was only about 60 grams.‘ The NH4Cl was scraped from the thermocouple and
cathode openlnps in the operatlng head to keep these openlngs from plugglnp :Ol;do

In the large cel; capable of produc1ng about 75 pounds of thorlum metal
per cathode, more than ten pounds of NH4C1 would have to be subllmed u51ng Uhe'
same technlque. *The dlfflcultles 1nherent in such a scale-up due to subllmatlon
and condensation of NHC1 are ooViou;; It was, “therefore, consmdered 1mpera-“.-
‘tive that the cell feed materlal, ThCl4 or NaTh015, should be free of NH4CI,
or at least have ‘the NH,CI present in such 1ow concentration that the dlfflcultles

. descrlbed above are reduced to a tolerable mlnlmum. -

esceee |
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A, Heating in Air .
Several attempts were made (Table i) at heating the (NH C1),ThCl,

i

to 500° C in air, with excessive amounts of oxidation taking place.

From the analyses of these salts, (Table 'II) the amount of 1nsolub1e

material was very high for three of theigalts heated in air. The 1nsoluble

material is ThOz; the oxychlorides which are also undesirable are soluble.
 'In the fourth run, No. S, the ammonium thorium chloride fused to a
solid mass, ﬁith highly oxidized, unfused material on the surface. The
fused mass sepafated from the white oxide, had only 0.29% insolubles and
'contained 9Qf5% ThCl,. The remainder is presumed to be NH,C1 (about 9.2%).
When this salt was electrolyzéd, a'very nice pre-electrolysis

déposit wus obtained, but the electrolysis deposit fell into the bath,
and the metal was dispersed in the sait:bath.

| One attempt was -made to remove.theﬂnn4cl.near its sublimation temp-
erature at 340° C (No. 6). The salt was képt at this temperature for
69 hours. Analysis showed no insolubles, 85% ThCl, and 15.1% NH,C1.

‘ ElectrolysiS’with‘ﬁhis salt resu1§¢§ in‘a deposit which fellvpff

»the ééfhode; Conciuéions regarding the:quaIity of theAsalt as cell feed
material are therefore difficult to draw, but it is falrly safe to o

' assume that the 300 C—350 C range is still below the critlcal tempera-
ture for oxidatlon.‘ However, the amount of ammonium chloride remalnlng
in the salt is toofhigh"for the salt to be used as a cell feed material

in a large scale electrolytic cell.

PRI A
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‘Notebook -

Temps™

Time

TABLE T

 starting Wgt.

PREPARATION OF THORIUM SALTS

.Code Reaction

550

»m

Atmos- Rexriarks -
No. °c Hours Thorium No. phere : :
: - ' e Larbonate . e , -
128-37 150 | "2 1232 grams | -1 | ThoGQ,* H,o + 10 HC1 + | Air HC1 evaporated almost
315 1L ‘ " NHC1 + 1.1 NaCl- ~ ‘to dryness at 150°C
 NaThClg+ 2NH4Cl + 7HC1 . prior to heating cycle
1 + 3H20 + COQ 'in graphite crucibles.
1 : l ; . Gray colored salt.
164=77 150 | 2 " 616 grams | 2 | Thoc o + 10HCL +- Air o | Filtered (NE,C1),ThC1, -
hSO | 18 : : " 3NHC1 + 2Na01 + Anhydrous - | . xHy0-NaCl-XSNH,C1 from
N . HC1 to. Saturatlon -+ . cold, saturated HC1
R ; 'ThCL‘ etc. s solution. Heated in
: : - graphite erucible.
R ' . Sl ] ! ® 3 " + Much oxide. Small yield
164-80 150 - w2 616 grams. 3 | Same as 2 using the ' | Air Much oxide. 250 grams
. L75 18 ) ' : - .mother 11quor from 2 ' _ “yield.. o ©
164-83 150 | 17 616 grams |- L 'l‘hOCQ:,onO + 10HCL + | Air |  Most of the ThCl, -
: 300 6 . - hNH‘Cl - 'I'hCl4 etc. : .~ remained behind in the
o 500 16 : . ) A mother. liquor.
16L4-85 150 Sl o2 616 grams g Same as h using mother Air ~ Top layer wds white
: _ 500 ; 20 . ‘ llquor from N : and full of insolubles.
. - . Bottom was fused mass.

v N ) , 1 - weighing L60 grams.
16-89 150 17 616 grams . 6 | Same as L using mother Air Top crust was separated.
- 340 69 . liquor from 5 ' 45 grams. Remainder

ESEREE B . ! ‘ o - weighed :880 grams.
138-120 150 - 1.5. 7 Same as'“h Used 100 .lirgon" | There wés probably
- o 250 1 . grams wet fllteI' cake some air ln-]_eakage
Loo 0.75 from 6 : “ with the argon. _
230 | 1.75 _hppeared promising. :
575 .| 2.0 ,_ HEEE L
160-91; 150 37 | 22 1s. : | 8 | same asl o Argon- Although an argon atmos-
- ‘ 350 100 - : o o Air phere was used, there
’ was enolgh in-leakage

of air to cause oxidation.

OSLE-OR
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’ Table I (Continued)
Notebook =~ Temp. =~ Time  Starting Wgt. Code Reaction Atmos~ , Remarké
No. - ~ °C Hours Thorium No-, ( phere .
' Carbonate o ]
164=-105 150 23 9 Same as 4. Used 5.5 Argons Melted in chlorine
_ 350 6 1bs. wet filter cake  Air Cl,  atmosphere-at 850° C a
850 3 from 8. After 350°C with NaCl. : Q
added 12 1bs. NaCl ) , A
. . . . )
164-112 150 - 20 25 1bs. 10 Sume as L. Used Argon-. . =
'310. 23 mother liquor from 8 Air o
164-121 310 23 - 11 Used NH,C1-TnCl, mix- Argon- Used chlorine atmos-
310-700 L ture from 10. Mixed  Air- ' phere . when heating
up tq 820 17 with 19.5 lbs. NaCl Chlorine with NaCl above 310°C.

Furnace shorted out at
700°C.- Completed
heating after repair.




0 f © nwo-3130
TABLE II -
. SUMMARY OF ANALYSIS FOR THORTUM o o
" OALT PREPARATIONS =
 Notebook Code Total . Th Chloride NHy  Total Remarks
Noe. No. Insolubles i A .
128637 1 0 29.8° 35.2 8.2
16-77 2 1B
164-80 3 | 35.1
165-83 L 16.9+ -
16-85 5 0.29 56.0. o
164-89 6 0 82.8 . . 5.1 1001
138-120 7 0 56.0 3L.8 1.8 - 92.6.
‘ 1&-9& 8 - 58.9 29.0 3.4b 91.)4‘ After heating to 375°C
" 164-9L 8-a 1.8 | 65.1 29.9 0.01 96.8  after heating to 535°C
164-105 9 0 | (7.6 62.1 R After heat:‘&;.lg to 310°C
164-110 . 9-a 0 ‘2.“52’|60.1 o i After melting in NaCl
16i-112 10 0 193 | Wet filter cake
164-116. 10 0 38.2 L6.6 13.5 ° 98.3  After 300°C
164-121 11 0 27,5 '_573.05' 0.006 - Melted in NaCl
A S S T
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B. ' Heating Under Protective Atmbépheré

A furnace already jjewomsssigee in thié laboratory was used to
drive off the NH Cl under an argon atmosphere. This was not an ideal
set-up, but since it was an experimental effort, the expense of designing
a more suitable large unit was not justified. The graphite crucible
used in this furnace has a capacity of about 30 pounds of salt.

- ‘As the analysis shows, this thorium chloride heated to 530° C was
not satisfactory. The total insolubles were 1.8% and the total of NH,,
Th, Cl, and insolubles was only 96.8% indicating.a possibility of
oxygen preseht as oxychloride. Reporting of oxygen "by difference' does
not seem reasonable when the total analysis is within several percent
of 100, because of the poésible errors in the several analytical
determinations.

Heating in an argon atmosphere should theoretically produce oxygen-
free ThCl,. However, the furnace atmosphere is not free of oxygen since

air can enter by back diffusion as the exhaust gases leave. :

C. Melting in NaCl Under Protective Atmosphere

. When heating under thé:"argonwair" atmosphere proved unsatisfactory,
the procedure was modified to provide mbre’protection'égainst oxidation

at the critical temperatures above 350° C. After the (NH,C1),ThCl, had

‘been heated to 310~350° C to remove water and HC1, it was removed from

the graphite crucibie, crushed, and mixed with Nall to yield a suitable

ThCl, concentration. A protective atmosphere of chlorine was maintained
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éver the salt mixture while it.was heated upti;;moltgng;__.
Condensation of NH,C1 in. the vent hole in»the;head of the furnace
caused some difficulty. In both runs,Rthe.supblonf chlorine: which was-
led in by.a 1/2 inch graphite tube through the center of the«l-l/ziinch‘
vent hole, had to be cut off at about Sooélctwhen the annulus between-
the tube and'the.hole'plugged solid with NH,Cl. This difficulty can be
.easily eliminated in the design of a different unit to accommodate .this

sublimation.
Table II shows the analyses of the two salts made in' this manner.

According to the analysis for No. 9, most of the 5.5 pounds of wet filter

cake used was NH,Cl. This resulted in a low thorium ion concentratior,
2,5%, but the experiment demonstrated that the method was satisfactory.
Neither salt had any insolubles. |
. Blectrolytic runs with No. 9‘resulted in‘extremely hard metai.
Thié-mgy have been a functionvéfxthe low thorium ion concentration.
No. 11 yielded metal of acceptable hardness, signifying that the
.method used in its produétion,is»satiéfactory° (Hardness was aa low
as VHN 70.) | .
A flow diagram forvﬁhe NaCléThclg process is shown in,Figﬁrg 1.
_ Mother liquor from the filtering operation contéins gbout'iBO:f
grams/lifer of ThClQ,and“is used with a small amount‘qf ﬁm;kewué" acid
_for tpe.next‘bapch. The HCl.loss should be small.. »
“ It is quiﬁe possible that the crushing and blending opergtipn which
follows heatiﬁg ay 320° C éaﬁ be eliminated by adding NaCl td the acid

slufry before filtering, or to the (NH,C1),ThCl, in the hot furnace.
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Thorium Carbonate

~ Con, HC1
Ammonium;Chldride
Anhydrous HC1 -

. Dry Ice

Sodium Chloride .

Chlorine ——

—-CO,

1.

Reaction is four step:

Ruvber-Lined Reactor

>

800
85090

(.

- .Furnace

Mother Liquor For °

React ThOCO, with conc. HC1
2. Add NH,C1
3. Saturate with HC1
L. Cool to 8 - 10°C with dry
ice. .
(NH,C1),ThC1, «xH,0
{ NH,C1
~Filter _ i
- NH,C1 - o
Ha0 i
HC1

+
Next Batch

|

320°C

-1 Blender [~¢—— Crushef

. NaCl-ThCl, Cell Feed Material

(NH,C1),Thcl, | 129

‘Furnace

’ Figure 1.

—» Crusher |—

Storage

Flow Diagram for Wet Preparation of NaCl-ThCl, Cell Feed.

] '
w by
=3 -
w .
AN
SR
| T

€T



TR NY0-3730 .

This would greatly simplify the process physically, and allow less -
.exposure to airvduring pfocessing. W D

~

D. gguigment for Ldrge §ca1e NaGl-ThCl Productlon

The furnace used in the: productlon of salt No. 11 can be ‘used to

prepare about 20 pounds of ThCl, per batch. With some minor modlflcatlonsg'
it will continue to be used to prepare»enough cell feed materldl to
malntaln the electrolytlc work in the 10 pound per cathode cell.

_ In tne meantlme, design of a furnace more sultable for Naﬁl-ThCI4

production is belngAprepared.
III. DETERMINATION OF CONDITION OF ELECTRQ I FOR MAXT GELL EFFICiENCY
The determinatlon of electrolysis condltlons in a small cell capable of

produclng about 150-300 grams of thorlum per- cathode is now in progress.

Enough NaCl-ThCl4 salt, No. 11, is on hend to be used for this entire -

. study, thus eliminating the effect of variation of cell feed material.

As shown dn.Table III, excellent metal of hardness lower than Ry 50 has
been produced from salt-batns containing 7515% thorium ion conCentretidn et
suitable current densities. 7At‘higher current densities difficulty was
encountered due to failure of the cathode deposit to adhere to the catnode.
Two runs were very outstanding with regard to hardness, current efflclency,
and per cent recovery«of ‘metal. Both runs, 97-162'and 97-170, were made at = ’\ :
75 amps, or about 188 amps/dmz and contalned 10% and 15% thorlum ion concen—

tratlon respectlvely. With 10% thorium 1on concentratlon,_the hardness was

RB.26 (RE173), current efficiency was 62%, and the metal recovery wes 78%..
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Thorium .. Bath

mn HO.
™ 97-143
97-145
E.‘.'..C’::v ‘ 97.]1‘6
0':.‘ ,l A
8'.0..2(}}‘ A
g..n‘:“‘;’ 97"‘1)47
97-148
97-1h9

Salt No. Compos -it;og °c
350 gm + L

é

120-36

lbs. NaCl

(8.7% Th)

330 gm+ L

.Jbs. NaCl .

(8.7% Th) .

"270'gn + b

1bs- -NaCl
(7.0% Th)

350 Eme. "' L

" lbs. NaCl -

135 gmn ¢+ L.
1bs.  NaCl-

- (he2% 'l'h)

-y Ibs.

164-110
(2.5% Th)

-

/5
UMAARY. T IC T
Temp. Volts Amps Amps Metal Becovery Hardness Current - Remaris
Hrs. Wt. Efficiency
850 2.0 2.0 . Cathode cathode' 22.8 Bottom portion of
' 2.9 50 120 k3.5 59 i "deposit fell into the
Crucible Criicible .bath. ‘Metal in the’
65.5 N L7.5 ‘bath was softer than
_metal on cathode '
80 5.4 100 L Excellent pre-elec-
880 2.8 - sa 100 trolysis deposit.
‘Deposit fell into
“hath and d1spersed
in ito )
875 6. 100 2.5. .10.5 7.5 B b6
850 36'2 lgg 13’3 55 — By 76 19.5 This run was made to
" ¢heck - cell condltions
and procedures. “:The-
results were the same
as previous runs made
wit.h the same salt.
830 . 6.C 100 L No deposit on®* pre- _
2. 6-3 0:.17-20 Lo electrolysis. No- '
deposit. Sludge on
~top of bath during
nm.
8U0 - 9.0 100 2.5  12.7 28 , A good-shaped deposit
2.6-3.0 11-32 L7 . ‘ By 10k 125 iag obtained, but the

metal was extremely
hard. 0.28% Th left
in salt bath.

ar
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o «, , R T Contanued
. Bun No. Thorium Bath Texp. Volts Amps Anmps W Hardness Current Remarks S &
97-151 9-a . U lbs. a.-no 850 3.0 1013 12 B8 n 6 Heavy deposit from
~ X T (2sm) . . 3.0 25 WS é 70 15  pre-electrolysis
\'7 97152 n 2 1bs. 1&-121 840 2 at.5.0 100 -12 86 3% By 8.5 L9 7 Metal deposit fell’
.9% ﬂt) 4.0-5.0 200-250 80 - _ . electrolysis deposits.
: _ . A A ‘ Last two had fairly
: A ‘ S .good deposib- L
fag 9L on ferem s 850 10 100 b . | FEE
----- o ' » MaCl 3.4 S0 9 52 51 Ry 93 4.6 neposi.t' vas -hrge E )
P - ,(u.ex 'th) - in size but showed. e
I ‘ : S B , i.ndicatums of car- ;
np L9116 M Googms e 850 2at 6.6 100 2ath | *
< | - L s, wC1 3.1-3.6 -5 124 w6 - 635 Ry 36 39.6. 1st pre-electrolysis
el | S (6.8$ Th) o . B , had no deposit. 2nd
et , » : pre-electrolysis had
. 1 : . C - good déposit.. urgo
'::::"*‘"‘*“"“ ) . ) oL L . . debosit. “: e
97158 11 Bo0gmse 850 2at 7.0100 2ath 67.3 30 R 6 28 1st pre-'e1ectro1.ysis
‘ 1,00 gns Nall 3.6 10 1o _ had.fair deposit. 2nd
(0% T™h) o . . pre-electrolysis had
- L . L good deposit. Deposit
fell into the salt
. : - ‘ , " . bath. Dispersed "
) L . - A . Salt batho‘ :
97160 1& S50 gms ¢+ 850 -. 6.5 100" Lk U e . ... Pre~electrolysis had
T 1650°gms NaC1 38 13 mé b 7S Rls om o EeE e
(7.0% Th) , o e B ceramic sleeve on
Coe T R o cathode instead of
graphite one. Very
-, ‘ good deposit. Bath -
B o o very clear durlng elec
. trolysis.
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TABLE III (continued
v | : g y
Run No  Thorium Bath : Temp. Volts  Amps Amps Metal Recovery Hardness . Current Remarks
: Salt_No. . Composition  .°C Hrs. Wt.. % Efficiency ,
97-162 1%  800.gms’+ 850 6.0 100 L 26 62 Pre-electrolysis had
~ "~ 1h40O gms N4CY- Tk 100 L 173.5 78 73 nice deposit. Depos-
(10% Th) ' 3.5 75 129 , it was large. -
97-166 11% 800 gms + 850 2 at 6.5 100 8 ), Very large deposit. Lo
" 1400 gms NaCl 2.8-3.2 50 120 159.5 71.5 Ry 61 Lower part.of deposit o
(10% Th) fell into bathrand wa: gf”m
. . : recovered intact. 7
Washed entire deposit. Eﬂ%
| Coarse crystals. &
o . . @l
1% S50 gns+ 850 7.0 100 b . __ Deposit fell into P
1650 gms NaCl 2.6 50 105 , bath and dispersed. b
- (T.0Th). L i
1000 -gms  NaCl 2.8-3.0 75 210 _ 67 large and very coarse.

# Porcelain prppection sleeve used over cathode rod.
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With 15% thorium ion concentratlon, the hardness was RB 10 (VHN 70), current
efficzency was T2%, and the metal recovery was 99%.
' The phenomenal 99% recovery will be checked by duplicating the run. It
is quite possible that salt No. 11 ie not‘homogeneous, and the ealt added to.
the bath had more thorium than the enaiysis indicates. Thorium concentration
_of the spent salt bath was less than 0.0S%. it any rate,'the hardness of
VHN 70 and current efficiency of 72% are quite satiefEctory. ‘
Figure 2 is a photOgraph'of the cathode deposit of run 97-170.
In run 97-166 the iowervpart-of the deposit felltinto‘the bath and was
jvrecovered intact, indicating that it fell off while raising the cathode out
of the bath. The appearance of the metal, gray, large crystals, was very gooo.
The part of the deposit whlch fell into the bath was washed with the remainder
of the deposit. Thls may account for the hardne§s of RB Sh, which was higher
than expected. The effact uhlch the lower current density, 125 amps/ama Jhad
.upon the hardness will be checked by duplicatlng the run. '
Concentration of thorium ion will be increased to a limit conclusive to .
maximum’current efficiency and yield. From these data‘a-correlation of | '
current densit} és. thorium ion concentration,'particle size,‘and metal

~

haninees uiillbe made, ' _ o

Ao éolq' Rolling : ' _ - S
a 15;gram pellet of thorium metal with a hardness of VEN 70 (run | -;

97-170) was cold rolled from_0.206’inches tovo.p35‘inches before eppeerance

of edge cracking. Col& rolling was continued to e thicknessiof 0. 006 |

inches‘uithout’further edge cracking, an overall 97% reduction by cold rolling. 11 .

being obtained.
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Figure 2

Cell IT 97-170 Thorium - Reduced to half size
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' B. Use'of«Porcelgiﬁ Cathode ProtectionVSLeere

| ~ The caﬁhcde'rod is mede‘ofAl/2}inch diameter nickel,rodlthreaded

'linfo a steel cathode tip.upon which the deposit is made. The cathode
tip is a cylinder ofl3/h‘lnchudiameter,,2 inches in length. During
‘elecfrolysis about 1/2 inch oflthe protec¢tion sleeve is immersed in the-
bath. |

One changeein the'electrclysis procedure hes:been the‘substitution |

of an unglezed porcelain:érotection>sleeve on the nlckel cathode rodvfor;
the previously .used grephite.slee&e. This was done.to elinlnate carbide
formation on ‘the cathode .cblepofsi‘tfrom the sleeve. In the runs which were
made,nslngqﬁne.porcélein,sleeve,;there was novacetilene odor. . This is a
definite lnprciement over tneiéraphite‘sleeve>which prevlously had

v alﬁays;cerbiﬂed and”contamlnated¥tne therlnm.neﬁal product.

L “‘The.service life.of these porcelain sleevesrﬁnder‘actual electrolysis

conditions will be determined.

{

IV. DESIGN AND CQN§TRQ§TI§§ OF A CELL CAPABLE QF PROQUC;HG TEN OUVDS OF
META PER CATHODE

An intermedlate-sized cell has been de51gned and constructed which 1s

'-'31milar in pr1nc1ple to the smaller cells used in prev1ous work.

Gl

The cell was tested in the operatlng temperature range to uncover week -
points of d351gn and consuructlon. Several corrective changes have been madel
and the cell is now ready for electrolytlc study. |

Complete details regarding this cell will be included in the next

Quarterly Report. - " .
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v. ‘CQNGLUSIOH§ S L —
The prOcess_for producinnga01-'fh014 as a cell feed material by melting
(NH;Cl)aThCI; with NaCl under a chlorine atmosphere has proved t¢ be satis-
factory. The chemical engineering problems involved are not éompiicatécl;f,, ard
the metal produced from fhe céll feed material is very acceptable with regard
to hardness and cold ductility..
‘The determination of electrolysis conditions for maximum efficiency
carried out in a cell capable of producing 150-300 grams of thorium metal
per cathode is reaching a satisfactory conclusion. Increasing the thorium
ion concentration while maintaining a cathode current density of ébbut‘IBS
:ampa/amz resulted in increased current efficiency, increased metal recovery,
and lower hardness’%horium product.
Electrolysis in the intermediate-sized cell capable of producing 5-10
| 1bs. of metal per cathode can commence shortly in view of the satisfactory
results thus far obtained in the determination of electrolysis conditions in
che smaller cell.
We wish to make'snégial.acknowi;dgenenf no.the fqllbwingfnénsnné of the
- Horizons! staff'for,theix.contributions to this works Tneéé'innlnae:‘
M. E. Sibert, M. Merlub-5obel, J. J. Wick, R. G. Ferryman, M. ...li;dnw}n, 6. Day, .

and D. Vincent.
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