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The dissolution medium consists of
Th.

•• • owe e * «a ••
• ris * ir* TL.

••-• :

Um Uro successive beta 
Satisfactory substance v snmrf to be the metal

A satisfactory aaathvd has been found for dissolving thorium metal 
and thorium oxide Ln 2J-12 heat—treated stainless steel vessel, without 
excessive corrosion of the vessels, 
strong UHOj containing a small amount of fluoride or fluosilicate 
fluoride required has no harmful effects on a subsequent solvent 
extraction ctep for a separation of uranium isotones free the dissolved 
thorium.

AKP HKO-t

THE UlSSCLUTlUli OF TMOUUM ICTAL AMO THCHIUK D1OXIDK

~ mixtvhks

Xuojutjy. of Th ord ThO^
Cont-jninz Fluoride or Fluosilicate

initial (n
■mount of I 
itself and a slurry of the diomldo

Ao&ordlny to the literature, tie metal waa said to be readily 
soluble in aqua reyia, more slowly ao Ln hydrochloric acid, and rendered

Tie dioxide was said to be insoluble in

In vie« of the interest Ln thorium in connection with piles for 
production of U2^ (resulting free neutron capture followed by two 

successive beta eadaslone), it was desirable to find a convenient 
method for dissolving metallic thorium and the dioxide, since the antici
pated methods of separation of the U2^ from thorium involved starting 

with an aqueous solution of thorium nitrate. Because of the desirability 
of using stainless steel vessels from an engineering standpoint it mas 
hoped that a medium for the dissolution of the metal could be found 
which would not excessively corrode stainless steel. Although the basic 
enrbonate, which is soluble in nitric acid, had been used in small scale 
irradiations, it waa not considered as tie factory for large scale bor»- 
bordmsnts because its heat conductivity would not permit sufficiently 
rapid removal of Us tremendous amour to of energy given off by the 

reactior , Us two successive beta emissions, and Uw small 
fisalon.

r-
#• • T 9 9• * • • e moo as emo e am. o e
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W<X or HJKJ, and converted to the sulfate by hot concentrated H^SO . 
Tlo sulfate la only moderately soluble In eater.

Since advent extraction appears to bo the moot attractive method 
for separating the V2^ frx» the thorium after irradiation of the latter 
and since the contemplated process involved the extraction of the V2^ 

from an aqueous thorium nitrate solution, it was deaired that the 
thorium bo converted to the nitrate in the dissolution step or to a 
compound which could lr turn bo readily converted to the nitrate. Si th 
this goal in mind the experiments now to be described mere carried out 
during the fall of 1944. Kitrie acid containing small amounts of 
fluoride as HF and H2S1F$ were tried as the first likely possibilities. 
11 was hoped that with low fluoride concentration the dissolution prop
erties of the advent would be satisfactory without the danger of ex
cessive corrosicn of Uie vessel or of the precipitation of thorium 
fluoride.

1-1 Qis solution of the Mytaj. A 90 grms slab of thorium metal, 
cut from a larger piece sade at Iowa State College under the direction 
of F. H. Speddinc, was obtained for dissolution test experiments. Thia 
slab of metal was cut into a mrnbcr of small slices with which the 
dissolution testa were carried out. The results of these tests are 
given in Table 1.

From a comparison of the rates of solution in experiments Mo. 3 
to Mo. 7, it is seen that the dissolution rate la approximately pro
portional to the HF concentration, at constant concentmtion of HJtOj 
and weight of metal. Tlmt the HF acts sa a catalyst, rather than, for 
example forming • warned complex with all Us dissolved thorium, la 
»»«n from Jxperlmsnts Ko. 6 and Ko. 7 where the final molar ratio of 
fluoride ion to thorium ion is about 0.03.



30* of Metal In 90 min

3* of Metal Ln 90 min

Complete in 13 min

Complete in 17 min

0.35

0.70

0.51

0.48

Th

Th

Th

Th

Expt. No Metal Tim for Dissolving

1

2

3

4

3

5 Th 0.53 Complete in 21 mln

6 Th 0.48 Complete in 65 mln
IP

7 Th O 46 Complete la 72 min

8 Th 0 37 Complete in 20 min

9 Th 2 15 Complete in 90 min

10 Th Fillings O 38 Complete in 6 mln

U 0 o 53 Cone Complete in 30 mln

•*7 ml of dissolution median was used in this case.

Cone Hl* 
‘C 012 «

Cone 
fO.05

Cone. PI 
TO. 05 N

~ t
___________ I____
wes abo';’ ~z-°z

'<• • see • Sas •

Cone HKOj 
K3 01 M (le^ljSlFfc

••
■ e *

5 ml B N HNO3 
TO 012 N HP

A rough Qualitative picture of the effect of metal surface to 
■mlffht ratio eon be seen by comparing Experiments No 10 and No 6 
and also No 5 and No 9, Prom Experiments No 5, No 8. and No. U 
it is seen that HXO^ containing a small amount of HF or RpSlF^ (In this 
case the fluosilicate was added aa (»«4>2S1P6 mill dissolve thorium metal 
•a rapidly as pure KNO3 dissolves uranium metal).

______ I i
•the temperature of this experiment

lable 1.

DISSOLUTION TIMES FOR Th AND 0 METALS IN STAINLESS STEEL 
VESSELS AT APP8DXZMATELT 100<»C IN 5 ml OP DISSOLUTION MEDIUM

Wt. (g) Solution for 
Dissolving Motelj " & If
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R O Oil 11
8 0-0082 13
8 0.0055 15
8 0.0027 Not diacolved in 5 hrs

16 0 on 3 5 *
i16 o 0055 3.5

16 0 0027 5
» 
<

I 
i

IN 10 *1 
------J VESSELS

HF 
N Tise (Minutes) for 

Complete Solution

.. h 5 :&F?E h

*• I
HNO

• e •• • ••• • •• * •

Cierolutior. fro . A

• particles of the order of 50 ■«J- c rone
Lindsey Light and Chemical Company 

experiments with the dioxide.
involved O 5 g ThO., and 10 ml EMO, f ‘ 
to Q7 C, where HF was used, and to about 8O*C where 
then adding the fluorine < 
all the oxide had dissolved 
addition of HF or (IW^SIF, 
The results of these

1.2
1»»O2 fl. e 
obtained froa the 
for the dissolution

HHO
N J

very pure grade of finely divided 
in diameter) was 

of test Chicago 
Each experiment 

in the reaction vessel, heating
— — _ j (NH^'^SiF^ was used, 

containing reagent and heating at 100°C until 
—T*1* recorded time is the tiee between the

V2*'a'?6 **”* the eoeplete solution of the oxide, 
teats are given in Table 2.

Table 2
DJSSCtX’TIOW OF 0.5 g ThO ~ 1 

>3 - HF AT 1OO®C 1W PTREX^GL/ S.S
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B.

16 0.010 9

8 0,010 6

16 0.015 9

8 0.0027 9 5
a.

for

• • • • •• »•

Time (Minutes) for 
Complete Solation

« ■ : :• • • • • ••• ••

2 
.. three tines the atoichi

to the nitrate) as Indicated in

HKO„
N 3

DISSOLUTION OF 0.5 g ThOn IN 10 ml HNO, - 
^,IH4.^2SiF6 AT 100<>C IN PTREI GLASS VESSELS

(NH. )-SiF, 4^2 o

According to the results of Table 2A, at constant but low concen
trations of HF thorium dioxide ie appreciably More readily dissolved 
in 16 N ENOthan 8 N HNO^. In order to be sure that this ’*« not 
readily soluble in pure HNO.^ in order to test the present Method of 
dissolution on a somewhat larger scale, three 10 great saaplei of Tho, 
were treated with 28 ml of 16 N ,woj (i • 
cunetric amount required to convert ThO, 
Taole 3 with the results shorui there

Ths higher temperature is believed to be chiefly responsible 
the shorter dissolution time required for a ample (a) than for (b). 
although the difference in pyrex and stainless steel vessels may also 
hove been a contributing factor

* ° 5 g sample of ThOg was heated in an evaporating dish in a 
Meker burner flame until the evaporating dish had bem held at red heat 
for several minutes. After this treatment, 5 ml of an 8 N HNO^ - 
C N HE mixture failed to dissolve the sample in 30 minutes at 100°C, 
showing that this heat treatment caused the ThO2 to be more d iff leu t 
to dissolve* Fhe HF concentration was raise I to 0 02 N, after which 
tt»a sample dissolved in 30 minutes additional heating at 100®C A 
similarly heated IO g sample of ThO^ did not dissolve in 22 ml of an 
8 N HNO^ —0.01 N HF Mixture (this 'Quantity of HNO, should result in a 
1 N HNO^ solution after co-splete solution of the oxide) in one hour
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Table 3

rumple Conditions

20 sin

50 Mn

c

.0,

In HNO

gw**—“ • IHMI .

1 2S dissolved in 
5C heirs

HF added to O 05 N and fixture 
heated in ataiolees steel beaker 

•t 105-11CPC

Tine for Complete 
Dissolution

lb HF or flood Heats added (
Mixture bested in gyres glass 

vessel at 100°C

•e 

s

;:ppf#r:s

• • • • • • so 0 see e«

• ••
H t 
e • ee

i<F aAtod Vw O.G$ « nnd <ijrtwre 
heated in pyrex glaaa vessel 

at 100®C

SAJ*T*LKS OF ThOa 
1Z> B n R*CH CASK)

DISSOUFTTOW OF IO a
I« hj»o3 MEDIA (» al OF

• • ••- • •• so*• f ~

st IOO C nor in JO minutes additional treats*nt st this tasguretore 
after raising the HF coneent ration to 0,02 ■ At this point 5 ml con
centrated HWO^ wore added and the weasel kept at lO0°C oremlgbt 
resulting in eorplete solution of the aside.

To test the effect of low*ring the temperature an the disroletdan 
of '.TiOj in HRO^ - mixtures, each of th raw 0.5 gras a—pl as
of our stoek ThQ2 we-e treated with 5 al of the sell aixturee at dif
ferent temperatures; 100°, 76°, and 5O°C. The results are presentee 
in Tabla a

The results of Table 1 showed thef If St were nocoeaary for 
reasons such m axcweaiwe corrosion, the dSssolntion of thories dloaido 
could be carried out st a feasible rate at temperatures as low as 
around 75°C
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Table k

(wO^sif^

100 O CO3 11 sin

76 0,003 22 ein

50 0.006 fbtween 2 and la hr .rs

?
■Ml

Tina for Canplate 
iliaao lotion

ois^currioH or o. 5 samples or 
J811 kmc, - (■*«),sir. Firrwc-.t J 4b « O

e e • • ••

:r ;«.• s». 
-X ‘ ~ Jv a*^• • • •• ■ e »-•see • •• see a a

-* j1 »m*gs3sawx-.
T (°C)

a* a a a a a ea
• • • ** *aa

1 3 Lfc-ryT 5^ale D-soolutloc of the Met.»! The eordl tlons er-*aon 
for etlaaaiviag thorlua aortal involved concertrates nitric **eid con 
t thing CLQ> M M» and mating near the hailing poim. (see Jooi-ias* « 
for corrasion roe alts ) Several larger scale dissolution expert sen* .s
have been coadeoted Ln the Clinton Laboratories Technical 01 vlaloe by 
t L- Sta^hly, J. CL Hloawtew, 0. C. '>»er*-olt* and • ■ Lauae 
T»-vt found tfMMt •horl-je *>♦•! eefere 1 I tnehea »t» diaaatar and 

inch thick (83 to 90 graan each) were esoentiallv noogilctely die- 
•olvod tn a five per cent excess of 4O-6C par cent MWO^ eontatnine 
005NWFlai73to30 hours | actually a aaaall son u nt of black thorlun 
OKide eeealnea untila*ol*ad a but tMe catde should not be presort tn 
future evlal production at loss Mete College, according to 
F 1 Snodtlns- bl th a 15 per eent excess acid, 16 hours eere mead rod

SUira tbs rate of eiaoolctlon oeereeaaa as hot>. the HMO^ eoneon- 
L ties »rd the netal a irfae* area decraese, and since tt la leslrwble 
to ord up vith a low corsoewtrat tnn of KWj (rather then having to 
ues*-rall»e)v Lt was considered eore expedient to keep an exeeoa of 
setal ir the dleoelver and ll.-wst to • ’-atbar low coosentmtlon of free 
so id
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- HF and2
entires

(2. 3. 4)

(5)

••
: :
• a

•• a ••• e
* 9 •e • O* O

• e e •• • • • ♦ so •

Corrosion of Stainless Steel HhO 
H»X', - (MH )_S«r Klxturea *t High ‘ -----j—»_— -------- —

After finding a suitable medium for dissolving thorium eetal and 
thorium dioxide, it was necessary to determine the corrosion rate of 
tt . medium on materials from which dissolver vessels could be made. 
It moo exjwctod that heat-treated 25—12 stairless steel would be best 
of the wore MSMn structural materials, with subatmces like Columbian, 
tantalum, amt platinum more corrosive resistant thou^ perhaps ore- 
hlbltfvelv cortlv for laps- scale work

A nti-ter of smell M*l« corrosion tents were carried out In the 
Technical division at Clinton Laboratories under the general supervision 
of U. 0. Peterson ^2* Some of »>e results of these experiments

are given in Table 5-
The figures given in Tables 5 and 6 are the maximum values obtained 

for each set of conditions end were obtained from weight losses of the
Ther* was no vvl donee that

•?♦ •

Sufficient 60 per cent H8O^ - 0.05 * HP solution war ad4sd to 
dissolve 86 grans of a 175 gram piece of metal and the mixture •-eated 
to boiling. It was found that 47, 74 and 86 gram* of metal had dissolved 
after 1/2, 1-1/2 and 3-1/2 hours digestion, zeapectiveljr, showing a 
considerable decrease in required time with excess xetal present. It 
was found that sort of the HHO. goes to 80^ as well as 80, so that the 
metil dissolved per mole of H8O^ consumed must be empirically determined

samrl*s over 21 to 72 hour test periods 
pitting would be an Important factor 

These results show that, at const ent fluoride concentration, the 
corrosion rate dmermaeea when thorium loo is present *nd as the K8O^ 
concentrat ion to decreased and surge at that under actual dissolving 
conditions a lower corrosion rate mav be obtained than those indicated 
by Table 5 In order to shoe t*-at thia was actually the ease, tM 
results in Table 6 were then obtained by K. 0. Peterson and Leslie 

(5) Burris ** Further corrosion studies bv these two authors shewed that
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(«’)aSlF£

HMG 
wr ■* 
Tb(MO)

MF

MBu
MF *

HF 9 
Th(MD)

W» 
KF J 
th(MO)

one105

0 003105

O.OOR6105

0 0016105

O OOOlno

O OOQfcno

no

O 008105

O 0015105

76 0 0000

16.0 
0.1

16.0 
O 003

M 0 
o 05

16.0
0.01

05

O OCX. 
(O 00006 
for Tantalma)

8.0
O .003
O.f

7.5 
0.05
1.5

16.0 
0.1 
0.5

8 0 
O 003 
o 5

10.1 
O 05 
1 9

16 0 
0.01

.-..ri.immi,

•a • •••
•• : r• • ♦» a •

• 
6’ *

• ««« am•. r*• t ♦ * 1• • Bi T*' •* »*• *•* s.. :
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Table 5

an
T (*C)Molarity Corrosion Rate* 

(Inchae/aonths)
Solation 

Composition

- HF 
THOUW

COSMOS ICR OF MEAt-TttAT® 25-12 STAIWIAZ^ STTEL HT HI
MO HMD- > (HL ) S1F. MXXTUI0S IM PMESKNCX AMD ABSDtOE 

3 6 2 6

I’1
 F-1

 
J J
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Table 6

25-12 29 0.00030

25-12 21 0.00026

25-12 26 0.00020

Tantalus 26 O 00000

t

• • •• • • •

■a ■■MT"

Corrosion Rata 
(inches/months )

HF

Exposure 
Tiine (hours)

(6O-8)» 
0.05 

(0.0-3-0)11

(6O-3X 
0.05 

(0.O-6.2>

(60-15)* 
Q.O5M 

(0.0-3.0)

(60—8)* 
0.05 

(0.0-3.0)11

the solutions rwu'.Un? from ths dissolution of thorlMl ratal (in *.M« 
particular- ease, 2.5 M ThdW-j)* . 1.0 M HNO?, 0.05 M HF) showed eery 
Utils corrosion at 4O°C on heat-treated and on non-heat-trested 18-8 

and non—heat—treated 25-12 stainless steel. The actual figures obtained 
showed 0.00001 to 0.00002 inches per month for the first 64 hours of 
contact and considerably leas for successive exposures of the we steel 
samples. Hence non—heat—treated stainless steel may be used for equip
ment other then the dissolver.

Solution 
flmmpoal or

HF
TW(SO ) 

J *•

FiFI's-33' 

e e see Vo

comnsxoN or heat-treated 25-12 stairless 
STEEL ARD OF TANTALUM BT HWO - HF - Th(»_) 
TURES Ot'RIRO THE OISSOLOTIOirOF THORIUM FETAL

WIX- 
AT 1LO°C

HF
TMIKIj^

HF
Th<"°3)4

0 f—p

Concentration | ***^*lr^a^-
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3 Kffowt o£ F^yv«da Lm as the StamLlan of 

JfcMteBJOMBJbBEiM-tf ffllTt Btftil IM

While it was not supposed that swell wojnli of fluoride ion in 
an aqueous solution of high nitrate concentrat Ion wcwld noticeably 
affect either the extraction of uranyl ion into organic solvents or the 
efficiency of ita separation from Large amount* of thorium by eolvent 
extraction, it was nevertheless necessary to verify this supposition. 
The presence of 0.01 ■ HF in an aqueous phase 1 M in AX(NO^)^, 1 M in 
HWO?, and 1/X M La Th(MOj)^, and containing U2’’2 tracer was found to 

have no effect on the uranl ue- thorium separation. It was deal ruble to 
find out at what concentration of fluoride the reparation would be 
affected and whether the semreticr could be improved bv the Hol it ng of 
the thorium in the aqueous phase at, for example, a fluoride to thorlm 
ratio of unity. (See Section 1 for complexing of Th(lV) by fluoride.) 

Batch extraction experiments were carried out on a 3 ml (in each 
phase) scale in which only the HF concentration was varied. The aqueous 
phases consisted of 7/8 W Th(NOj)^, by j/6 W Al(BO^)^, and 1 If HWO^, 
l.e.# 7 p ted*1 WOj”, with enough U*J’ to act as uranium tracer, enough 

Th*** to act as thorium tracer, and with enough HF present to give HF 
to Th(IV) ration of O, 1, or 2. The high nitrate concentration was 
piexed in order to be working under conditions where a significant 
fraction of both the thorium and urmlum was extracted These experiments 
were carried out before the required ratio chemical analytical techniques 
were perfected, and as a result it can be seen (Table 7) that where the 
values from duplicate rune were obtained the agreement la not as good ae 
desired, though ft was satisfactory f*»r <*• purpose of these testa, 
solvent used was diethyl ether.

r
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Th

O 0.311 1.3
1 0.22 1-7
2

4.
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Mole Ratio 
HF/Th(I¥)

Platrlbutlow Ratio ( Other/Aqueoue) 

0

0.23,

Table 7 

effect or wr cra*crx-'»jmap or r»»n srfam. 
Tim or muwnv fro* TBcm»w mr sounorr kxtrac-

It appear* fro* Tabla 7 that op t* a ratio of fluoride to Th(HT) 
of (boot unity, KF eoneertretlon Ppp little effoet on the ertraetin* of 
efth«. arwryl or thorium, at a retie ef 2 th. ext recti an effUUrcUo 
af both theee metallic leno an deeraeood.

1.2, 
0 53, o aiO.U5, 0.15

Kaaentlally la tncW! about the *» haalawa of the catalytic
arroct or HT or fleeollieato on th. <11'eolation of thorlae la nitrie 
eeM. Mntinned earlier zaee Table 1), under a riven set of con- 
tttloeo the rate of Tteoolotton ee. aoermrieatoly proportional to the 
flret oowar of the HT coraewtrotton

J. C. *«ln4aan and K. Me Un* of the Netallargleal Lahoretory of 
h<** *rl‘*wee f<*r • **»flc«»rt<»* temple* of Fa(XV) lea. i.o., 

donee ea. obtalnol free a a tody of the aheorptlon apmrtra tn ee let tor. 
oeatalrtlnc fleorUe, and theoo author* believe that co^lexoe tension, 
wore than on. florid* Pe(iy) aUo O^,.

l

•W
0*

«

•o
oe

ao

•••
eo

o
*:*T

t 
• •

4

u>

I •♦♦♦ooa

! 
••

%
• 
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(a) Thorium octal and dioxide *>«w been found to dlssolwo nrfta 

reedlly In strong M*Oj containing a ami 11 amount of fluoride or 
flams! ilea to. *

CONFIDENTIAL

5.

h r H

Metallurgical Lsbore.oi/ r/ wnomwd that on adding fluoride t~ .cllluw 

of U(IV) no precipitate use obtained wntll after two moles of fluoride 

per cole U(1T) had t>een added. indictting Ute existence ■>f the complex 
•W**-

The aethers of the present rarer r nun-1 eisdlwrlw that no precipi
tate was obtained until after t-m moles of fluoride hod been a iled to 
solet! osm of Th (IT), agair irdfewtlng Th'IT)~f” momplexes Perhaps 

ism sort of the>riear-flooride complex entero into the eochaaiaa of the 

catalytic <1 eeolwtlor of ♦.brrisss nmtsl and lloxide

Qn other Media for t>w PidTtflatioh sf Th and/or Tho?

While MMCh - MF and KbOj • (MKgT^&iFg mixture* were found to bo 
satisfactory dlsroiation as it Sa for thorium natal, it see considered 

deal rails to try ether radio, both oat of scientific curiosity and 
b-aase another mixture right bo satisfactory on a large scale. Both 
perchloric and phosphoric acids wore fowri to attack metallic thorium 

very slowly Mdiag smsil sssunte of H^SO^, MgCKO)):.
OoOKhy)), or Fe(MOj)j to nitric acid did not noticeably increase the 

rate of eolation of the sots) in thia Mid Mor did the use of 

netalUe platinsm resaels («rith the thorium metal contaetlng the 
platlnum) stpsar to increase the rets ower that obtained Ln pyrex glass 

resaels.
E G. Buhlman and t. K. Kennedy hnwe reported an apparent 

Ir-ereaeo Ln solubility la mineral acids of ThOj meatpies after pre- 
treaVsent sdth strong KaON so lot ion.
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I
IIII-

J. O. Blow he, D. C

CB-2199, 
” I to

resulting
oraniiss frw-

, CW-2B34, 
19, 1944 to

«

: •••
• • ••• *• *e
v to. : :

Overholt, and R. ■ Leese.

* #

(5) Peterson. W. |
(6) Hindsan, J. C.
(7) Banning, b. u,,
(«) BohLaann, ft. G

(1) Stoahljr, 
MonC-12$.

\ **' *• *• and K. P. Seitsar
l’“ “°rt‘ °r

‘**^*?*r*n» I1 M. *. Glarun, B. B. Ehl lev n T r

period'VrlTlJ^^rV^Xbl; S©7m95?** <***
. 0. and 4. Berri., »onC~97. Table 1, April 16, 1946 

and K. McLane, CM-26B9, p. 22. P.neh J, 1^,. 
prlvat. cn—unleation.
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*' ••<• of conditions Involves concentrated HMO>
containing 0.05 M HF and tsxreraturea near the boiling point.

(c) The corrosion rate on 25-12 host-treated stainless «U.l under 
th. rsconwnded dissolving condition, is only of th. order of 0.0003 imh 
r*r -loath. The ’orr.5,<x1dlr< corrosion on tantaloe is less than 
0,00001 ineh per eonth, 1.,.. too lo- for detection.

(d} The low co oentrstlons of fluoride in the solutions 
after dissolution do not «ffe«t . subs^oen' separation of 
the dissolved thorius by solve.tt extraction.

(e) The Mechanise of th. catalvtic dissolution of Th or Thp? by 
fl-orids nay involve cos^l-xa. of tboriur with fluoride.

(f) Other aedia for the dissolution of the natal were tried 
without success.


