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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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United States, nor the Commission, nor any person acting on behalf of the Commission:

B. Assumes any liabilities with respect to the use of, or for damages resulting from the

use of any information, apparatus, method, or process disclosed in this report.
As used in the above, “’person acting on behalf of the Commission’’ includes any em-

ployee or contractor of the Commission to the extent that such employee or contractor

prepares, handles or distributes, or provides access to, any information pursuant to his em-

A. Makes any warranty or representation, express or. implied, with respect to the ac-
ployment or contract with the Commission.

curacy, completeness, or usefulness of the information contained in this report, or that the
use of any information, apparatus, method, or process disclosed in this report may not in-

fringe privately owned rights; or
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- Summary
N .'?.. o v o e
} N

:"_”».-,1.',‘)’ ’::"« .- . . . . L - ) .
..Afurther report is given on progress of the ihvestigation

c‘:‘o:ncerjr,llinvg ihef‘ preparation of thorium metal by eléctrolytic

procedures. This work. ha's thus far been confined to ‘electrolysis

_of thorium doublé halides in‘alkali halide media. = -

- The ele_gtrbl_y'si:s ‘of KThFy in NaCl has been successful, but

the salt bath has a limited life; The usé of NaThCls has also been’

- successful but n'o.t consistently "’so'.‘A This: la'ttér”prb'ced'ux_-e is of
~ considerable interest due to its possibilities for use as a contin-"
‘uous process. "’Opef’atin‘g' data for these and other systems are

- given. in this report. =

- Work-'has been 1n1t1ated on obtaining decomposition potentials

sults are included herein, =

. of salts which show promise as source materials.. Preliminary re-

v
g

i

. Some physical metallurgical evaluation of the metal produced:;

‘has also been accomplished. This is reported along with pertinent |

analytical data, - oo N
D i — e e e
-3- ;
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INVESTIGATION FOR THE PRODUCTION OF THORIUM
METAL o

e g

1, 1952) -

(Second Quarter - August 1 to October 31

A Introductmn , R - ,

of attack as g1ven in the repo;_t _for_vt_h_e 'F1rst, ‘.Quarter.

two most promising sources of the metal to date appear to be potas-

sium thorium pentaﬂ_fluorvide and sodium tho‘rinrn..pentalchlor_ide .

“using two compounds as sources of thorium:

mosphere ‘ele»_c;troly{s‘_i's util_iz;ing a fu;sed _so‘diurn} chloride bath,

latter offers particular promise for reasons to be discussed-later.

. ‘ . . . < ‘ . . ) . ‘,- .

Cos

Further 1nvest1gat10n on the preparat1on of thor1um metal by

‘the e1ectrolys1s of fused salts has been carrled out followmg the lmes

.’;h1s_ ha_s

~ principally entailed an investigation of theoo_n‘dit_i:ons of electrolysis_

.

- The proee ss as de{ve‘lop,ed to date is essentia'lly’ an inert at- .

_The

A

The

.,

: Oth'er/ sources have been preliminarily st’ndi‘ed,: includ;ing ammonium

’,thorium,pentafluor'ind‘e and thorium dechlo_r.id:e’b_ut these have been

inferior to. the _so_dimn and potassium salts.

Operational variables such a‘s"temperat:uit.e',.currenfidéi@itigw :

' con’centration of thorium salts and purity of these salts have been

inve st1gated

a4
B

chem1ca1 measurements‘dealmg W1th these fused salt baths.

~

In add1t1on, work has been started on certain physxco-

This

- will con81st pr1nc1pally of decompos1tlon potennal and electrical

conduCt1v1ty' measurements‘ on the more promlsmg'electrolytlc bath's .

1

Some of the decompomtmn pc;tent1a1 data is complete and reported herem.

3
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producmg a ductlle grade of’ thorm.tn metal from e1ther the sod1um
or potassmm double hahde salt “Some work hasvbeen done on the

S phys1cal metallurglcal evalua.tlon of the metal produced ‘and this

: d_ate..;s 1nc1uded in the pre_sent_ repor‘t_.
. B.. Equipment

1. Ele ctro'lytic' 'Ce ll

The electrolytm cell employed in th1s work has been
completely descrlbed in the report: for the F1rst Quarter. There
have been no significant.changes 1nvth1-s des1gn_. ']_Z‘hus far the -
cs,t_hode cooling chambers havé not been \lsed in this work, and -
all work has been on a. smgle run-basis wherein the bath and
dep081t 1s allowed to cool in the cell atmosphere over night,

2 Decompos1t1on Potentlal Apparg.tus

The decompos1t10n potentlal work'is being done .utilizing a
’_small electrolyt-u”: ce‘ll.-W1th the: sa’meapruimples of operation as
: the larger one prev1ously descr1bed It-ishea:ted by a graphite
‘resistance element and employs anmargon-atmosphere. The
crucible holds a 50 g salt charge: and serves as' the anode,
comparable to the larger cell A 12:volt; - 1'5._.am_pere selenium
o reet_1f1_er serves-_as- _a_-_'D_C power source.for this unit.
- Conductivil;y measurements will be-made using a sta,nda;l'd
-‘Wheats‘t_ohe-bridge apparatus.. ‘A lOQ,Of’cy'cle‘AC oscillator will be
used as a pow..ef_'sou:roe,‘ ‘The cell i'tself..véiill be an induc.tioh‘heate_d‘
, \lnit oonslsting- of a g_raphite' crucible in ; gas tight e,qunine. l:ube |
. “This will fit lnside a silica tube suitably ir”;éi;la-ted from the alumina.
: AdJustable platmum wire electrodes will be-used. The'measurements

L £

f.;w1ll be done m an. argon atmOSphere. -
. " , . l‘ e' . »
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both cases, the baths are’ reusable at least w1th1n l1m1ts, as many ad

drred at 100= 120 C. before use. In mOst cases-,/th1s'vacuum:dry.mg‘:

‘has been done 1n lieu of a-pre- eléctrolyms at low voltage to’ remove '
purity analytical reagent grade.

, SEn_fially unchang,edvfrom-_that previcusly reported. The cell is o | !

_into the molten bath ~The- electrolyms is carrled out under the des1red

As prev1ously mentmned there have: been two. pr1nc1pal

' N
salt baths investigated, one an NaCl KThF5 mixture; and the other

: NaCl NaThCl5. Both have produced duct1le thorlum metal, andin.

| :
» srx_“’runs hav1n‘g b_een made on a g'1Ven bath. .

: Of the .tw’o =materials :used. as a-‘metal'sf'*ource the sodium'

salt may not be a true compound but is properly repre sented by the |
N e

assxgned formula in respect to compos1t1on .Both source-matenals- S
. A : N

have been prepared in our labor_atones..a__nd are es‘sentlgi‘ly completely .

‘stable’ at rodm temperature. Both have some, tendency to re»tain.

: mo1sture however, and all thorxum salt charges have been vacuum

: excess‘lve.molsture__., The sodium -chlor1dewusedhas been-a. h;gh. -

The run procedure has been well s}andardmed and is es-

heat_edto 900°-950'-9C.. ’ the”salts_ charged and m-elted under pur_ified .
argon.u, After the des1red temperature of- equ1hbr1um 1s obtamed,

steel cathode w1th graph1te protectlve sleeve for- the lead, 'is mserted

cond_rt;_ons? the ‘Catho_de-ra1s,ed out of th_e- bath, and _allowed.tocool in

the a?.,sphh,cé"l,l atmosphere.. PN

When the deposit-_iﬂ_s:-jat room -t«empera,tur.lé;,v it is broken‘ off the

' cathode; crushed to +..35_:.;xm_e_s_h or less.and.washed in cold'water, The -

A,__,,___,.___—_-—-———‘ ‘x
- i - i\‘
"3
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67 to" prevent undue hydrolysrs. »Aft,er-'rthe mater‘tal
is salt free, it'is washed w1th successive baths of cold water, '
‘ decanted each t1me until a clear supernatent 11qu1d is obtamed It
is essentlal that the washing procedure be carrled out in a rnmrmum
:t1rne; preferably.t_wo hours ‘or.;unde‘r.l - The metal powder is then
-‘ filtered and dr1ed with acetone or ether.. It is then stored in sealed
' contamers under argon untll rnelte‘d ‘into an 1ngot |
A list of thorxum compounds ‘included in th1s electrolytm
series 1s ‘glven in Table I together w1th their metal content and bath
concentrat;on ranges used,‘r -
A summary of runs rnade is’given in Table II III and IV,
 Table. II mcludes all runs made from KThF5, Table: III those made. from
NaThC15 and Table IV, other m1sce11aneous runs,

. In the 'foregoing tabulated runs, all thorium salts were -

“thoroughly vacuum dried before use. Concentrations were varied from

. _abo'ut 13 to’Z?']per,:::ee'nt with the exception of ThOC]; where a limited

amount of material was available.

. ‘. Current den51t1es were varied from 170 675 Amps/dm?. The

average operatmg vo‘ ’Eage of the bath at 150~ 200 Amps was about 4.5 V

Average tempe rature of:
R B

_ Were ma‘de of 1/2" mild steelv-'rod welded to rncke.l 'shafts.

operatlon has been about 850 C AIl cathodes

[

Of the f1ve salts 1nvest1gated three have g1ven acceptable -
. thorium metal depo,srts. The two materrals 11sted in Table 1V were

not _sat,_iijactory.‘ The NH4ThC15 fumed vxolently and con51derable

'a.vai:_lable thorium is lost because of thrs. The current_efﬁcrency:ls

Desese
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© TABLEL

‘Thorium Salts Investigated .

‘Salt - o Th C;ontﬁht . ‘Salt Content. ' Mp '
B % .. inBath °c

 NH,ThCl, 5.3 ° 125  Decomposes

. o : ( ' B . .-. : ' R .
' NaThCls 53,7 o 12.9-25  ee-

1w

" KThCl, 51,9 . 13.0-16,5  —-:
KThFs 63.4  13.7-27 906

ThOCl, 72,9 9.0 R
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8 —_ TABLE II
_T“ Electrolysis of KThFy
. Run e A T - E t T Amp., C.D. , Yield Apparent
No, -Cell .A(_;‘harge Amps. Volts hrs, °C - Jhrs.  Initial g, "% C.E.% °
97-7 2025 g.NaCl 150 4.3 1.25 808-21 187 205 118.5 58 27 Polarlza.tlon at’.
R L - e ; S 187 AL Brs..c ... ..
320 g.KThFs '100 4.5 .25 810 13 135 :
. ) 4 : , N ZTTU" . . ) 4
97-9. 97-7bath+ _}150 ! 4.2 1.75 807-17 263 205 100 58 18 .
2:.900.g:NaCl -~ 4...& S R :
270g: KThFs | - , . A . | o
-11 97-9bath ¥ . 150 3.2 1.75 860 . 260 255 115 63 20
~450'g:NaCl™ ~* o . ~
"280 g.KThF;. B - .
. . 1 . A - S = ‘.‘ '_“;;I,'i‘.-". . o
97-13 97-11 bath + 150 4.5 1.75 855-68 260 310 130 68 23 Na observed end of
450 g.NaCl+ . - ' ' ‘ Tun. o,
. 300-g.KThF, . LTy
97-15 97-13bath + 150 4.6 3 852-59 450 310 150 40 15 Na observed, heavy !
600 g. KThF5 : : fummg after 300 Ak,
4.77 2.3 85360 . 340 310 70 37 9
97-25 2025g. NaCl | , , . e EERET
e 204 KThF; 300 . 5.8-6.2 1 ' 852-68 30 675 163 80 25 Fuiﬁi"ng‘ after 225°A.
' ' ’ o hrs Some Ni in. bath
97-27 zozsgNaC1" s N S . e
IR 320 g. KThF5 75 3.5-3.7 3.25 847-71 263 170 166 81 29
- 97-29 2025 .g. NaCl . .
s, 320gKThF5" 150 . 3.2-4.5 2 937-54 300 335 .. .. e At150 A.hrs, heavy
‘ ‘ , fummg and V drop
- S i “io 32l
i’ : ’:ff;
_ el '
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TABLE I
Electrolys 8 of Eouble Chlorlde Salts

No,

Cell Charge 1

1

T
°C.

Amp.

- Yieid

“Apparent

97 3’%

97-35

NN 1‘. 97-43.:.

97-45

97-19
97-31

97-39

300 g.NaThCl,

1900 g, NaCl

2025 g.NaCl
400 g, NaThCls

150 .

. Lot No. 1

2025 g NaCl 75
300 g.NaThCl,
Lot No. 1

97-35 bath +°
900 g NaCl~

150

1800 g.NaCl 200
- 600 g. NaThCl,
Lot No, 2 o

‘97+41.bath +
600 g. NaThcg
Lot No, 2

150
600 g.NaThCls
Lot No., 2

2025 g,NaCl 150

400 g, KThCly =~~~

2025 g, NaCl
400 g KThCl; 150

2025 g, NaCl-

150
300 g.KThCls

. ‘Amps' Volts

200 =

47
3.6-3,9

4.5-4.8

 4.8-5,0
4,6-5- 0

4.6-4.7

4.7

4.- 3’4- 6

4.7

hrs.

2.
3.25

2.5

2.25

1,75

854-62
855-67

848-95

846-63
85(5?‘34"

' 846-58

855-61

851-68

858-64

'H.r-s,

300

263

375

450

350

300 .

300

300

C.D.

370

185

370

490

- 490

370

335

370

370

. g.

.41

80,6
. 94.5

43,9

66.7

130.7

29 - .6

32 10

~ % C.Ef~TT Rémarks

62 202~~'-~>' -Some-“Na at énd of

run

Mod. fuming after . -~ . 2
150 .A.hrs. .and. «.
on.melting.; ’

Heavy fuming after
e w2 225.A; hrs..and.en. ..,

S meltmg. Deposit- i.or tac

+ =stuck-in bath, loss.
fo. ..oLpart .of deposit..

25 - 8 Heavy Na deposxt.
h. -fuming on melting. ~
‘ e : Stee e N e e oA .
29 e k3er s Deposit.fell in 'salt g
: — ~ bath, h. fummg durmg ;

meltmg. L

14 - 14 -
h, fuming ¥

.Na.metal, end of run,,.

recovery.

63 20 Heavy fuming after
225 A.hrs. . and on

_ meltmg.- -
Heavy fun:ung before

-~current applied;’ T

: on melting.. ..o liwiee e
P TT—
§ N b
L 1

Na ‘metal and. polan =,
= . +. . zation at.150 Aihrs. . .

'.'m::after 185 'A.t:hrs": and
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| TABLEIV. = | .
g _Electrolysis of Other Salts L o - T ' T

L L o Cell Charge I E T T Amp . Yield - -Apparent SR
R . No. ' Amps. Volts . hrs. °C: hrs! - C.D. g.. o C.E.'% Remarks

. 77-92-21-2025 g.NaCl— 150" 4.7 -  1.75 864-67 260 . 335 - 34,7 22 - 6 * Na in deposit, -heavy~
© . 7290 g.NH,ThCly ‘ o . ’ :  _fuming throughout
T s ms s e meltiilg and"‘g‘l‘e'cti-o-"'

lysis. -

| g | 97-23 2025 g.NaCl 150 4.9 1.25 852-67 190 335 19 13 5 Na metal, attack on
ceses : : - 200 g. ThOCIl, L _ . : . . graphite. Doubt on
i ceses . ) . ] . . - N : o ’ purity of Th salt.
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ery low, =5%. S : '. s , S

The ThOClz was equall)r unsat1sfactory, but th1s is not

; concluswe s1nce there was some douh: as to the purlty and homo-_;i-

ﬂ

. gemety of th1s startmg mater1a1 The 1nd1cat1ons of sodmm metal

{

Lo

E

‘ _Na‘CLA:._
The KThF5 has g1ven cons1stently successful dep051ts ,
-w1th metal ylelds up. to 80% of theoret1ca1 Current eff1c1enc1es are

not. hlgh however, not havmg wexceeded 30% . It is 1nd1cated (Run 917~ 15)

that higher- concentratlons (ca 15%) g1ve even lower current eff1c1enc1es. :

Such fxgures are not completely accurate due to loss of fmes in. the

recover.y process.u Th1s is also reflected in the f1gures for total

rec'overable metal yields.
Temperatur‘e 'variations over aboqt 150° C-'from-800"- 950°C,

(Runs 97=< 7 29) gave no apprec1able change m e1ther operatmg char-

acterlst1cs ‘or type of depomt kaew1se, varlance in current den51ty
; i

from 170 675 Amps/dmz Runs 97 25 2.7) shqwed no apprec1able changes. :

: VIn fact the maximum y1e1ds of metal were obtalned at these two extremes

Tof current den51t1es.~f : : ‘ i

Work w1th the' double chlorldes has been as sat1sfactory as

that with the fluor1des msofar as quahty of the metal produced is-con--

cerned However y1e1ds and current eff1c1enc1es have generally been
~lower than correspondmg runs w1th the fluoride. It is noted that fumlng :

was observed in all. of these rbuns, and losses of ava11ab1e thor1um may
o P 1‘
be inv‘él’ved 'the.re'in'. These salts have not been estabhshed as true com—
: ‘ \
pounds of thor1um, e1ther, bemg 81mp1e melts of ThC14 + KCl or NaCl

TTA -
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It is-also true that cons_idere‘ble'm.o'r'e-':w_ork has been done using the -

fluoride and optimirrrx coxrdifion‘s5haVe not been fully ascertained in the-

chloride process. The presence of excessive moisture in these baths-

‘may be indicated, as well as -evidenced; by the heavy fuming and also-

by the fact that several of the-.de'p'o,'sit_s'.‘did not stay on the cathode rods

on removal from the bath. This may:be due to hydrogen being evolved

’simtiltain]eously:vWith~‘me'ta.l during the initial ,s’t;a‘g'e‘ s of the deposition

"._cap‘._;‘s‘ing a loose spongy-contact with the -cathode.-

Here again, as with the fluoride, a higher concentration of

thorium salt seems undesirable (Runs 9}7-41;,'_ 43, 45), giving the lowest

of ‘the .s,odi_urn(. and: potassium:salts.

’for a continuous.process. immediately,is apparent,

c.li'r-ren't“’_'ef-.f'icienc.y.-\}alue s. ‘We are discounting runs where part of the
d'ep‘o"si__t_ was l’c')st_ by other- means, | |

Present emphasis.is on:the c-h'loride_;pr_o_cess due to several
inhereﬁt advant_a'ge s to this bath. There:is little difference in b-ehavior
h With euch a bath, the opportunity
With a;-completely
chlorlde system, only NaCl and reduc1b1e chlor1des of thorium are in-
volved and the bath can- theoretmally be reused- 1ndef1n1te1y Thus

far, 'only’ two runs have been« -made on a. g‘1ven bath, : ;

There is also an add1t1ona1 advanta.ge to a'NaCl-KThCl; or

' NaThC15 bath in that there is no. accumulatmn of NaF or KF both of

‘wh1ch are relat1vely msoluble and present some washmg d1ff1cu1ty in

72

recovery of the metal powder from the: cathode deposxts. Dep031ts

frornv the»‘a‘.lhlfe_chlo,r__lrde -baths wash up extremely ‘:r,ea.dll_y‘ as opoosed j:o' '

those from the fluoride.

This chloride electrolytic bath shows consvi:d‘fera.ble pro_r'nise
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- F, Determmatmn of Decomposxtmn Potent1a1 - KTth

28 an industrially feasible process providing satisfactory efficiency can*' =
" be obtained.' There is. little ”'r’e,as,o,n.to' belie‘yev'thajt this should'not be " "°
pos51b1e under proper operatmg conditlons. ,

Analysm of Electrolytlc Thormm

Repre sentatwe samples of electrolytm thor1um have been analyzed
.for common ’irnpur-iti'es. -This. ‘has: 1ncluded materlal from all types of baths

and c‘ondit'ions.‘ Generally, analyses were run for oxygen, n1trogen, and

. carbon. Methods employed have been described in the prev1ous report '

' 7
.

Analyt1cal data are shown in Table V.

The decompos1t1on potentlal for KThF5 has thus far been deter-

- mined as a 2.5% concentra.’cion in Na}C-l at 8:5,_0.‘-'C and. 1000°C, A value in-

1

the vicinity,offz 7 V is indicated at 850°C and 2.4 V at 1000°C. A value

[

of ca., 1l volt is also; 1nd1cated by the type of curve obtamed . This: may be -
the breakdown of the KThF; to the trwalent thorlum state,’ and the h1gher :
‘value, -the' reduction to metal, Alternatwely the lower value may be the ' : ; | P
point where KThFj is reduced to metal. and the h1gher figure the decomp- :

‘os1t1_on of NaCl_. ThlS pomt w111 be clar1f1ed in future runs,

) "ji:The se rn'easuremen't‘s were ‘det_er.r_n_med u_smg ‘the- small 50 g.

"e’lectrplytlc cell de sc;jll?edv- uncfer Eqnipment_ (B) The -de ',s_iried; t_eniperature |
'is' ohtaine‘d 'an‘d‘.'th_e salt rnixt‘urue -fnelted, . The pﬁreét ava‘ilabl'e- salts' are"
’1‘1,sé_d‘.‘.__~ These a_reb then p‘re‘-elec'tr,o,lyz_edat l 0-:2.? 0 voits Igsing‘ a graphite -
cathode, this step rernové,s any occluded rn-ois'tdre _and small »‘-ar,n:ounts: of |

' iron and Silioon-._ LA pure .g-ra‘phi,tev. cathode of measured area is the.n »
inserted 'lnto‘ the bath and- DC po_We’r supplied. "V.o,lt_a'ge_s aré _'ac_vc,urat.e'_ly' ‘set \"‘/

using a regtifier regulated by a variable transfor’rn;er.-,:_‘and corresponding - e

.
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h Ana1y31s of Electrolytm Thormm
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N1trogen % Carbon % Rémarks .
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,‘current readmgs taken. A Slmpson m1111voltmeter 1s used and a Weston

5'm1ll1amméter.- Connectmns are made d1rectly to the electrodes.

)

. The current readmgs are then converted to current den51ty,

i
‘

‘ and these values plotted agamst voltage.,. The stra1ght line portlon of

the curve 1s extrapolated to Zero: current thus g1v1ng the. 1nd1cated de-.

compos 1t10n voltage .

]

; ” These data are gwen in Table VI and a plot of the' values are
shown 1n F1gure 1 S1m11ar- work is now be1ng'taken usmg varying
temperatures and also us1ng the NaThC15 and KThC15 baths.

G Phys1ca1 Propert1es of Electrolytlc Thor1um -

To evaluate the quahty of the electrolync thor1um produced

' .from KThF5 durmg the last quarter, samples oan number of runsvwere
.'_ar__c-fmel_ted under» 1/5 at_rn_.~ of purified argon.v The resultmg 20- 30 8r.

buttons _w,ere .tested.for hardnes,s_ and cold-rolled to sheet if possrble . In
.add‘iti‘on to arc-melted buttons, a:larger amount of thorium powd_er ‘w_as.

| ~induction melted in vacuo to produce a small ingot. Attempts to. co'ld:'-.rcoll

: a sect1on from th1s 1ngot were not successful, as extensive crackmg B
'occurred on"'the f1rst pass through the rolls. Another sect1on of the 1ngot

i

was th‘erefore "canned" 1n a steel sheet and hot-rolled at 800°C to 50%
of the ongmal th1ckne ss. The steel covermg was then- remov‘ed and the
- thormm was reduced cold to . 040" 1n thlckness. “

Hardness | |

The’hardnesses of the arc melted buttons vaned from 15 to 90 Rb
'.for the lots of thormm te sted Thls means that the 1mpurity content

i of the metal var1ed cons1derably from batch to batch The 1mpur1t1es |

. responslble for the high hardness may be e1ther carbon or oxygen, and
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0.53 .040 394 1 0.73 135 1,33
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S CTABLEVL

Decompos1t10n Potent1a1 Data _ T e

< 850G - 75% NaCl.° 25% KThF5 V:» . T=1010° c

- | ¢.p. . o . Ca 1)
_Voltage  -Current Ampsf/dm? . ‘Ygl_tage'- - Current ]

0,35 020 .197 - 0.37 .090  .886

- 0.83 - .045 443070010070 - 1195 . 1092
1.05  “.060  .590 .27 .240 2.36
1.40  .080 . . .788 1,50 & .340 3,35

1,72 L1150 1,13 0 700 4900 4082

©.1.88  ,170 1,67 2.13 . -.630 6,20

2.05 - .240  2.36  2.46 820 8.08
2,15 ©.300 2,95 ¢ 2.57°.  .950 . 9.35
236 e e z77 130 1z
_?;!56' 510 5,02 3.00 3.10 30.5
2,83 .550 5.42 - 3.25 4.10 0.4
3;10~ L1620 6.10 -~ 3,50 w;~«;’5.10” so}zﬂf'
3{25 ) .830  8.18 5 S - o
3,35 1,000 9;85"

]

= :1'.",'7‘ v, E'b(Z) =2.7V. EL(1)=1.0V, Ep(2)=2.47V
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- o/A‘ielongatmn in a one inch gage length are as follows ‘ .
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E 1ca1 analyses of the ‘_lectrolytic thormm are being made to ;

't-h1s» co_r;,d1t1on_:
hY ' \\ i
Ten51le Propertles o

g

Two tens1le specunens were prepared from thor1um sheet of

[,

040",th1ckness and tested to fracture. The sheet was rolled from a

small mgot of thorium wh1ch ‘was 1nduct1on melted in a beryha crucible

' underV’acuum.» : The mgot ‘'was sealed in a steel Jacket and. hot-rolled

.to a thlckness of 1/8” wh1ch repre sented a reductmn of about 50%. This

v she_et_ was then cold- ro,lled to . O_4Qf{ th;_ckne‘ss. for the t,ensrl,e tests, . The
"sp'ecimens were vacuurn annealed‘a:t"600"‘C for one hour pri"ifo'r to testing.

: The average values of u1t1mate tens1le strength yield point (0.2%), and

Uts - Y.P.(.2%) %Elong (1)

52,235 psi 41,675 psi 11.2%

A stress stram curve for th1s materlal is shown in F1gure 2

Pole F1gure Determ1nat1on

The cold-rolled and cold-rolled + recrystalhzed textures of

thorxum sheet were determlned from X-ray d1f§ract1on photograms us1ng
: N

. MoK o( radxatmn w1th Zx; f1lter.; Four. reflel:tmn patterns were used for
' .each pole f1gure determmatwn, corre spondlng to rotat1on of the spec1men

'.about axes 0° , 30°, 60°, and 90° from the rolhng direction.. Laue trans-

m1ss1on photograms were also taken normal to the rolling pla.ne. " These

) ‘photograms are shown in, F1g 3.. The stereograph1c plots of the 110 and

100‘“poles are shown n Fxgs "4 and 5, for cold-rolled and cold- rolled +

rec_rysta__.llrz,ed..t;hor ;um re spectively.

. The principal textures developed, in cold-rolling were (100)[001]
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- \ and(Oll) [211] Such dupl ex rollmg textures. are not uncom“rnonm

. ; » face -centered cub1c-: meta-,l:s ; having been ,foun_d_ in m\os_t' pur_e'r'.met,a_ls; s

*’ and al;loys, havmg the F.C.C. .cr"y'_st'allo.graph'ij_c structure oo

2 . "I‘he "recrystallizati‘onf teazct‘u'-re‘ s!' (v‘e're somewhadt ~more‘-;diffi'cul_£” ta .

: ] gle'f_lne in.te_r»rn_sf-of- ideal t_e‘:ttur’es_’;'l A;:-t:ons‘id'erablé 5te-n<i:'e'ncy.-'thard L -
fr;andornne_sjs_eXiSted.» in the t1-“-f‘eti:"r')r»s'ta'l_:li'z.,'ed'if‘_s‘:‘a»rrq'al‘e . There were |
'e'y‘i,den_c_e's:};::h-owes'('er',' oﬁa(IOO)[l 10] preferrecl‘orientatibn, and, in
aad'dvit,io‘n.a_n indication of 11 ,l-fp‘l'anesii.nf the: rolling plane'.'; However, -

. ‘ this latter.'condition did not deem to be as sociated with a detinite R

o crystallographm or1entat10n ln ‘the rolling® dxreotlon.
B H, . _TentatwewResearch Program L L
] o It 1s'ant1c1pated that the current program of electrolytlc research .

-, ' w1ll be contmued along the same lmes as followed to date. . The -

. process ut1hz1ng NaThCl5 w1ll be thoroughly mvest1gated with part- -

o - jcular emph.%%lws; its manifestation as a;continuously operative.

‘ '_pro_c_es_s;- The' source ‘rna_,te_r-ial itsﬂelgrr}ust‘ be ‘stand’arcliz‘ed on and .

K _specifications set up in light.of the variance of results from three
' lot ffé_'f: investigated.. VAA‘:Asu’ryey of operating conditions \willv_also o
‘bem;de P S
.Some further work w111 be done to either. cred1t or. dlsdredlt other
E salts as poss1b1e thormm source mater1als, e.g. \‘ ‘K‘.‘I‘hC15, -l\TH4ThF5,
NH4ThC15, ThOClz, etc. It may be adv1sable to survey the p0381b111t1es

. ,of alkalme earth-thonuxn double halides as well | -

J) A number of measurements on the physm'aLnature of these baths

' : are planned Decompomtmn potent1als will: be measured for KThF5:

3 NaThC15 and KThCl5, plus any other prom1smg source materzals, at two

o o~ e % : - -

: Lo
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or thfee tempera‘tures within. the normal range- of 0perat10n.. I_Txkewme ,
electmcal conduct1v1t1es of these and other acCeptable baths will. be
' measu‘.r_e‘.‘vd by t-eohmqne.s:: ment1oned-und,e,..t (F) _
- A con‘tinued.provgr.'arn of metal,evalx‘la—-t»_ion is ,planned-_'utiliz’_i;n»g- ‘
chemical and. metallurglcal techmques. This: will iné‘l-u'de analyvsi‘s'f'or'
carbon, mtrogen and oxygen, and any other 51gn1f1cant 1mpur1t1es en- . - .
,count‘ered.'t:,_A co_ntmu;ng c:he_ck,;,w;_lll_be vmade __on phy{slrcal pro’pe:rtles_.of»,,.. L
; the_’ rn,etal'by.,‘a'rcr.ql:f;'elt\in'g; hardnes 8. ev’_a_“ldation,‘ ‘tensible pﬁiﬁoertie s and . .
5_its"vi;orkabirlitiyn.d ' | o
As a given process approaches resolutlon, the y1e1d per ru.nmull be
-.mcreased and the cell operated semi- contmuously fo,r ‘a perlod of 6= 8
‘Tuns in: order to completely vahdate the process asa means of obtammg
pure thormm metal When it'is felt that a sat1sfactory grade of metal
..vcan be consxstently obtamed, samples of the matemal ;wnll bes subrnltted to
"both the Oak R1dge and Ames Laboratones for testmg and evaluatlon .
: _;;I?he proce s,S‘ut111z1ng KThFg 1-s, es‘sentla‘lly at this pmnt now, but thl,s-does

. ‘have the disadvantage of limi.ted bath'life” and a more difficult raw r-nate'v"r‘ial

\

A.':preparationp For this reason a hlgher pr1or1ty will be given the work w1th ,

the Na'I'hC15 salt

~ Merle. E Slbert L
5 Pro_]ect Superv1sor

E Morr1s A Stemberg
Ch1e£ Metaliurgxst ‘

December 3, 1952 - el TR — A\
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