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THE CHEMICLL DETEPMINATION OF THORIUM IN ITS ORES

by
John C, Ingles

Radicactivity Division
INT RODUCTION

Thorium, as it occurs in nature, is invariably associated with
olements such as the rare carths which resemble it closely in
chemical propertics, and with others, such as niobium and tantalum,
that do not respond readily to conventional enalytical procedures,

.Like uranium, it is frequontly present in considerable amounts in
refractory nincrals not ordinarily considered to be radiocactive, such
as biotite and zircon. The steps required to decompose the sample

mst, therefore, be severes To date no simple procedure for the

-
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solution and subscquent scparation of thorium from the other consti-

tuents of an ore has proved entirely satisfactory.

Thoriun docs not cause interference in the chemical and fluori-
nmetric procedures used in the Division's laboratories for the determination
of uranium, It does causec interfercnce however, in routine radiometric
deterninations but its prosence is detected readily and the anount
present nay be estimated roughly by a simple calculation, The direct
redionetric determination of thorium can be carried out with good

procision provided tho uraniumethorium ratio is not too high, and the
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sanple is in a stato of radiozctive equilibrium. Since this determination
roquires much less timo than any chemical procedure presently available,

it is profcrred where applicable. However, a chemical determination is
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nccessary as a check on radiometric ncthods and for altcred ores or

other materials in vhich the radiocactive aecay products are not in

cquilibriun,

The Division undortock the present investigation to evaluate
a number of procedures for the separation and determination of
thoriun, and to combinc those separations which appeared most reliable
into an integrated procedurc, With a view to lowering tho linmits of
doternination, the possibility of employing certain elements as
cerricrs for thoriun precipitates was also investigated, Howover,
it was found that the introduction of the clements used reduced the
specificity of the separations to a marked degreec and the use of
carriers is not, thorefore, included in the recommended.procedure
described in this report.

This proccduro rcquires from three to six days to conplcte,
depending upon the denplex’ty of the samples. With proper facilitigs,
fron six to tcn samples can be handled by one analyst, allowance fer
overnight evaporation of solutions and the digestion of precipitates

being particularly desirablec,

DETAILS OF EXPERIMENTS

The Colorinetric Determination of Thoriun

A rapid nothod for the detection and the detormination of small
arounts of thorium in the samples is essentinl.in. the investigation
of procedurcs for separating thoriun from the various elements

commonly associated with it,
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A colorinetric reagent which neets the above requirenents,

1-(o-arsonophenyluzo)-2 naphthol 36 disulphonic acidy, is described in

& rocont publication by Thomason, Perry, and Byerly (1), Although this

¥

reagent s subject to nany interferences, it has outstanding advantages,

It will deteet 10 nicrograns of thoriun in & 10 nl, volume of solution,

Since the sensitivity of the reagent to the interfering ions, except

zirconiun, is mich less than to thoriun, the purity of thorium precipi=-

tates can be checked by wolighing then, then/dasolving and estimating the

thoriun content colorinectrically, If tho veight of the precipitate is

rmuch in excess of that'calculated fron the colorimetric result, the
preccipitate is almost certainly contaninated, The amount of samplo
consuncd by this check is insignificant in relation to the usual weight
of thoriun precipitated so that the balance can be re-treated, and.again
weighed without affecting the over-all accuracy. In a qualitative ﬁay,
this sonetines serves to identify such conteminants as corium IV which

decolorizes the reagent, and zirconium which gives a distinctive red

turbidity,

Synthosis of 1=(o~arsonophenylazo)=2 naphthol 6 disulphonic acid

This reagent is not available commercially so it was necessary to
produce it synthctiéally. The starting material was o=nitroaniline
vhich was converted to o-nitrophenylarsonic acid in good yield by the
method developed by Kashima (2)e Tho noxt step, roduction of the omnitro
acid to the o=anino acid, presented considerable difficulty but was
finally accomplished by a procedure devised by Jacobs, Heidelberger and
Rolfe (3)s Knlb's method (4) was tried but withoutAsuccoss. The

conversion of the o=aminophenylarsonic acid to the corresponding diazoe
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conpound and its subsequent coupling with R—éalt (sodiun salt of 253,

6 naphthol-sulphonie acid) to form the colorimetric reagent was carried
out as described by Thomason and others (1)e -

Aéproximately 3 grans of the rcagent werc prepareds It was not
analysed for arscnic content to verify its purity, but the absorption
spectrun (page é ) coincided with that given by Thomason, Since only
1 nls of 0,1 pcr cent aqueous solution is used per\determination, the
above amcunt has proved nore than sufficient‘fbr all the investigational
work done to datee Tho rcagent is adequately stablos The properties of
a solution exposed in =z clear glass bottle in a well-lighted room with
northern exposure for scveral months remained unchanged,

Interfercnces

Table No. 1 illustrates the effect of wvarious cations on the
absorption of the reagent as determined by the same procedurc used with

thoriun solutions,
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BFFECT OF VARIOUS C.LTIONS ON THE ABSORPTION OF

1-(0-ARSONOPHENYL/Z0)=2 NAPHTHOL 36 DISULPHONIC 4CID

A

ZABLE NOo 1
ducunt in
10 1, vol, Thoriun cquivs
Cation| nicrograns Optical Density as ThO,
Thoo 20 0.103
40 04206
i 80 0,412
4 20 0,030 5
40 0,075 14
100 06205 40
7r 50 04320 62
200 (1) 04365 72
; cot? | 10,000 - 0,115 22
Poox 2,000 0.085 16
45000 0,157 30
8,000 (2) 0,192 37
Nd 2,000 0,000 nil
| 6,000 0,000 nil
ac 10,000 alone 0,023 4
iin pres. of 12 } ThO, 0,033
tin prose of 24 X ThO, 04040 7

(1) Dbegan to precipitate

(2) insufficiont reagent to complex all the yttrium
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Colorimotric Deternination of Corium

4 prolininary survey of the problens involved in the determi-
nation of thoriun in ores showed that the climination of the rare earths
constitutes onc of the major difficulties from the standpoint of quantity
involved, frequency of occurrence, and difficulty of chemical separation,

A rapid, sensitive method was therefore required for the determina=
tion of those compounds in the initial work on scparations of synthetic
‘nixtures, Sinée the detormination of most of the rare carths is a
difficult, timo-consuming cperation, it was deaided fecr a mmber .of
reasons to use cerium as a typical rare earth, It is one of the commonest
of these earthsg in its III oxidation state its chemical properties are
practically identical with many of the rare earths commonly associated
with thoriumg and it is a common constituent of thorium ores. It is
the nost readily aveilable in a state of high purity and by virtue of its
IV oxidation state, "is rcacdily determined chenically,

dlthough small anocunts of cerium may be deternined by a micro=
volunetric procecdure, it was believed that a colorimetric method would
prove more rapid, Sonc prclimindry work was done on a nethod based on
the use of hydrogon peroxide in alkaline solution, This method kes
beon recormended by many writers, 2ll of vhom used visual standards for
_quantitative determinations, It was found that the percerate compound,
though highly colourcd, is not soiuble in the solution from which it is -
prepared and hence, cannot be used for optical moasurcments in a spectrophotmetey,

It was decided therafores to use the colour of ceriun 1V in

sulphuric acid solution which, although somewhat less sensitive, is
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ancnable to objective measurcnent and is‘adequately sonéitive for the
purposc. Furthernore, if the anmount of cerium is too great for colori-
netric obseorvation it can be detcrnined volumetrically without further
treatrent. '

The nethod described below is based on one suggested by Sands1l (5)e
4 practically identical procecdura has since been published by Freedman
and Hunc (6),

Transfer a 10 nl. aliquot of the sample solution which should bo
2N in sulphuric acid, to a 15 nl. bezker with a mark corresponding to
2 10 nl, volune, A&dd 1 drop N/10 AgNOB and exactly 042 gramé armoniun
persulphate, Boil exactly 5 minutes, keeping the volune at 10 ml.
thpoughout. Cool quickly in a water bath and adjust to exactly 10 ml.
in a volunctric flask using 2N sulphuric acid which has been boiled with
armoniun persulphate and silver nitrate, HMix well and rcad immediétely
on a Bockmnn spectrophotometer in a 1 cme cell at 320 rm, slit width
Oe4-me 4 blank determination should be carried through the whole
proceduro with the samples. The procedﬁre of blcaching ceric sulphate
with a reducing agent and vsing the bleached solution as a blank
introduccs sorious orrors and is not recommcnded., The observed optical
density corrgetcd for the blank is converted to concentration of ceric

sulphate by means of an annlytical calibration curve,

It was desired to utilize some of the methods used in the Division
for tho decomposition of ores for uranium determinetion as meny of the
minerals encountered are similar, Theso mothods include treatment_with

three acids, nitric, hydrochloric and sulphuricyand fusion with potassium
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bisulphato, and sodium peroxide sinter, While thoy have proved entircly
satisfactory over a period of yecars as a first step in uranium
deterninations, they arc not as well adapted to tﬂg prelininary treatment
of thoriwn~bearing ores as they introducc large quantities of salts, and
nocessitatortho separation, and the separate treatment of silica, tantalum,
niobiun, and titaniun,

dn initial attack with hydrofluoric acid avoids both these difficultios
and thus roduces the time required for a determination. Platinum equipment
must be used, however, and since these ores sometines contain constituents
such as sulphides, and compounds of arsenic and antimony, tho woighed
sanple rust fifst be roasted in a pdrcelain or refractory dish. This
initial roasting also serves to "open up" the ore to the action of the acid,

Some ninerals, for cxanple, zircon and qassiterite, are resistant tc
the action of hydrofluoric acide. Small anmounts cen be treated separately
aftor tho main part of the ore has boen brought into solution, but, if the
bulk of tho senple ccnsists of such ninercls, onc of the other methods of
attack rust bo used, the sodiun peroxide sinter being moét vzluable in
theso cascse It is essential that the entire sample be brought into
solution as any undissolved resicduc nay contain thorium,

Soparation of Thoriun from the Conmon Interforing Ions

The Fluoride Separation

The initial trecatment with hydrofluoric acid removes a large number
of interfering clenmonts, Thus, phosphate, niobate, tantalate, titanate,
silicate, zirconium, aluminum, and wolfram (tungsten) are largely romoved,

and some uraniun is also separatcde. Many of these are elements which causc -
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loszes of thoriun by occlusion in hydrolytic precipitates and the use of
this scparation as a prelininary step in the nethod greatly simplifics
tho subsequent operations of the procecdurc, .

Using tho rccenmended procedure cutlined below, tho results of a
cheel: of the soparation by qualitative spoétrographic cxanination of the
residue and filtrates from o typical orc sample confirmed the efficicney
of the mothed,

Method

4 one=gran sample of a typical thoriun nineral, cuxenite = a rare
carth colombo-titanate, was roasted in a porcelain dish at 1000° C, and
the cooled naterial was transforred to a platinmun dish, 4 50 ml, portion
of 48 per ccent hydroflucric acid uas added and the solution was taken to
drynesss 4 sccond portion of hydrofluoric acid (20 nl.) was added and
taken dom to a volume of 10 mle This was nade to a volume of 50 ml.‘
with wator and filtcrcd on a # 41 H filter paper in a hard rubber funncl,
The residuc was washed twice with 20 mle portions of waters The paper
was transferred to the original dish, dried, and ignited. This precedurc
was ropeated twice;

The individual filtrates were talken to dryncss and together with the
residue insoluble in hydrofluoric acid, werc submitted for qualitative
analysis, The proccdurc cmployed, D.C. arc excitation with graphite
clectrodes, prevents the detection of some of the rare earths but most of

the clcnents of interest in this separation can ve detccted with adequate

sensitivity,.
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The rosults arc given in Table No. 2 below

.SPECTROGRAPHIC ANALYSES SHOUING SEPLRATIONS 4LCHIEVED

BY HYDROFLUORIC 4ACID TRELTMENT

TABLE NO, 2
Oro¢ EBuxcnite
Welght taken: 1,00 grans
Major Minor :
Sample Wte gmse Constituents| Constitucntsg Strong Trace
Regsiduc inscl,
in hydrofluoric
acid 042440 Y, b (1) Czy Pb Fe, Si, Mg
1st filtrato 06212 Ti b, Fo Si, Mg, ¥, Ybh
2nd filtrate 060690 (2) Y, Yb Fo, 8i, Mg
3rd filtrate 040180 (2) T, ¥b Fo, Si, Mg

(1) The prescnce of thoriun is not indicated since the amount present
was below the linit of detection in the method used,

(2) Major constituent not definitely assigned,

Tho Oxalate Separaticn

& survey of the literaturo indicated that oxalate compounds provide
onc of the best general separations of thorium fron the common ions,
The conventional oxalate preeipitation is timu-consuming since the
theriun precipitate requires = long digestion period before,obtaining‘

a gramilar form which can be successfully filtered and washed, The
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clapsced time can boe considerably shortened by an oporation, "Precipitation
fron Honogenoous Solution", dovised by Willard and Gordon (7)s In thc
exporinent described below, nethyl oxﬁlate was used as the precipitant

in placé of oxalic acid and gave satisfactory recoveries of small amounts
of thoriun, It is noted that a considerable amount of ceriun was

soparated from the thoriun which of coursc ineroases the valuc of the

reagont,

Method

Synthetic solutions containing 11,8 ng, of thoriun oxide and 20,8 nge
of coriun wore precipitated and washed according to the directions of
Willard and Gordon (7)e The filtrates wore analysed colorimetrically for
cofium and thoriun, The precipitates were redissolved and tho thorium
was procipitated again, The second filtrate was similarly exanined.
Finally, the precipitate was dissolved and tested colorimctrically for
coriun and thorium, JIn all casess the dpparent thoriun content was

corrccted for the knowm coriun content of the solution.
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Tho results are given in Table No. 3 bclow,

THE SEPARATION OF THORIUM FROM CERIUM

BY METHYL OXALATE PEECIPITATION

TABLE NO. 3

Thorium taken: 11.8 mge. ThOp

Ceriun taken: 20,8 ng, Ce

.Sanmplo Tost i ThO, found (ng.) | Ce found (mg,)
1 0009 203
2 0314 ' 4'6
Filtrate fron
3 0.07 40
lst Precipitation
/{. 0.10 309
1 0.04 5.9
2 0.09 Leb
Filtrate fron ~
3 0.02 4e3
2nd Prccipitation
4 0112 6.0
1 11,3 12,1
2 N4 1042
Precipitate
P 3 11.5 123
A 11,6 1.1
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Soparation of Thorium from Zirconiun

The Mandelic Acid Separation

The_ goneral excollence of the mandelic acid procipitation of '
zirconiun (8) was verified in the Division's laboratorios 4n tho
ostimtion of zirconfun in ores, Since zirconium is tho most serious
source of interference with the colorimotric nethod for thorium, a
nunber of tests wore carried out to detornine whether or not this
reagent can be used to separato thesc two clenents quantitatively,
Thorium was doternined colorimetrically in the filtrate after destruction
of the excess mandelic acid with nitric and perchloric acids,

The results confirned tho cloanness of this separation, and
indicated that it would be useful in tho determination of thopiun in
& high=-grade zirconiun ore, However, the extrome difficulty of
destroying the large amount of mandelic acid present in tho filtrate
rules this nothod out as a practical thoriun separation for routine
uses Nevertholess, it is possible that a rapid nethod of repoving the

oxcess nandelic acid will be found, in which ease this scparation could

be extremely wvaluable,
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Tho rosults obtaincd arc given in Table No, 4 bolow,

THE SEPARATION OF ZIRCONIUM FROM THORIUM
BY MANDELIC ACID PRECIPITATION

TABLE NO. 4

ALt o A O A0 50 TRt AL 1530 A 198
S

. Wte Zr taken Wte ThO, found
Wte ThOp taken nge in filtrato
11,8 ng, | 100,0 11.6 ng.
i 11.8 ng, 100,0 1.4 nge
2346 ng. 100,0 2344 nge
23.6 ng, i00.0 23¢3 Dge
51 pene 10.0 43 perie
51 pgne 10,0 48 Jeme

Soparation of Thorium from the Rarc Earths

Most thoriun nincrals contain a high proportion of tho ;aro earth
clenonts, 4 nunber of the nothods most recently recommended for thisg
soparation were therefore, studied using sinplo nixturcs of synthetic
solutions, Theo conposition of these mixtures and the results of the
soparation are shown below in tabular form for each nothod invostigated,
The corium and thorium contents of tho procipitates and filtrates wereo
deternined colorimetrically in cach case.

Tho Armonium Benzoate Scparation
In an invostigation into the applications of armoniun benzoate to

analytical soparations, Jowsbury and Osborne (9) reported that thoriunm
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can bo soparated fron the rere earths, yttrium, scandiun, and iron

by procipitatioh with this reagent at pH 2,0. A.number of tosts werc,
thorefore; phde to deternine the effectiveness of the thorium~ceriun
separations Since zirconiun is a conmon constituent of thoriun ores
and is also procipitated by amhoniun’bcnzoate, it was included in some
of the synthetic solutions to ascertain the effect its presence might
have on the separation of ceriun,

Tho possibility of employing zirconium as carrier for trace amounts
of thoriun and subsequently using mandelic acid to remove the zirconium,
was also entertained at this time, For this reason, zirconium was
added to somo of these solutions to determine its effect on the separation.
However, as is seen in Table No, 5, cerium III can not be satisfactorily
goparated from thoriun and zirconium when both are presohtg althcugh
satisfactory soparations can be achieved fron cither one separatelye. The
double procipitation roquired makes the operation lengbhy and filtration
is slow due to the linmited solubility of the armoniun benzoate at the
low pH used,

Mothod

The nethod outlined by Jowsbury and Osborne (9) was emdloyed with

the exception of an adjustnent of tho final pH of the solution containing

tho anmonium benzoate to a pH of 3.5 to onsure complete precipitation,




Tho rosults aro given in Table No. 5 below,

IHE _SEPARATION OF THORIUM FROI CERIUM LND ZIRCONIUM

BY AMMCYIUM BENZOLTE PRECIPITATION

TARIE W0, 5

Wte ThO, Wte Co III Se Z7 Ce in ppte | Wb, ThO, in ppte

taken, nge takon, ng, | bakon, ngs nge ngs
11,8 201 none £ 0,1 11.6
11,8 20.1 nonec 0a3 11,8
11,8 201 10.0 749 -
11,8 20.1 10.0 4o0 -
11,8 20,1 10.0 5,1 -
11,8 201 10.0 Ted -
none 20,1 10,0 0,1 -
nere 20,1 20,0 <0,1 -

The Hexanine Separation

any advantagces ovor the other methods tested,

carrier for trace anounts of theriun was investigateds

The use of hexancthvlcino tetramine for the separation of ceriun
and thorium was investigrted thoroughly by Ismail and Harwood (10),.
Two procipitations are reguired as with the provious mothod. Tho
procipitate is not bulky, and tho possibility of using alunimum as a
{1though this
nethod gives falrly satisfactory rosults s it does not appear to offer
The use of alumimun as

a carrier for thoriun in tha procedurs is inadvisable since it leads to




- 18 -

increasod contanination of the precipitatod therium,

Tho results dre given in Tablo No, 6 bc;low.

THE SEPARATION OF THORIUM FROM CERIUM AND ALUMINUM

BY, HEXAMINE PRECIPITATION

TABIE N0, 6
Wi. ThO, Wte Co Hte AL Ce in ThO, in
taken, ng. taken, ng, taken, ng, prte, nge PPbey mge

- 100 50 5e4 -

- 100 50 64/ -
1.8 100 50 740 11,5
11,8 100 50 5¢5 10,0
11.8 100 - 0,1 11,5
11.8 160 - 0.1 11.3
11,8 - 50 - 10,0
11,8 - 50 - %.1

The Urca=Formate Scparation
This ncthod was recommended rocently by Tillard and Gordon (7)

as a stop in their nothod for the analysis of monazite sand. Hydrolysis
of uroa slowly raises the pH of the boiling solution, and the prescnce
of formic acid improves the donsity of the procipitates The separation

of coriun and thorium was investigated as doscribeds Tho results
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showod that an adoquate _sopafa.tion is possiblc but lilio all the fore-

going nothods, it is laboricus and time=-consuning,

THE_SEPARATION OF THORIUM FROM CERIUM

BY URE/=-FORM.TE PRECIPITATION

TABLE NO., 7
Wt. Th02 Wto CO T\Tt. ThOz
takeny nge taken, nge in pptey ng.
11.8 20,8 114
11.8 20,8 11,3
11.8 20,8 ’ . 11.5
11.8 20-8 ' 11.6

The Mesityl Oxide Sgparation

The use of nosityl oxide, an organic solvent, for the e;chraction

of thoriun nitrate fron mizturcs of other nitrates has been proposed

by Lovine and Grimaldi (11)s The advantagos afforded by this scparation

aros

(1) Thore is no interforcnco from complexing ngonts such as phosphate
and sulphato ionss

(2) Thorium is separatod from corium {in both valcnce states) and from
other rarc carths as well as fron most common cations.

(3) Tho oporation takes only 10 minutos.

There arc, however, drawbacks to tho motheds Uranium, zirconium,
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and vanadium are not soparatéd from thorium, and the extract is
contaninated with aluminum (aluminun nitrate is used as a salting-
out agent) which must bo removed prior to the defermination of tho
thoriun éither gravimetrically or colorimetrically,
Mothod
4 sories of tests was carricd out similar to those for tho

separations proviously describod. Typical rosults are given in Tablo

No, 8, and show that tho recovery of thorium is quite satisfactory,
Bocause of the speed and the simplicity of the apparatus required,
this soparation has been incorporated into the recommended procedurc,
ds sulphato and phosphate will be romoved during the initial steps of
the recommended procedurc the effect of thesc ions on the nesityl

oxide cxtraction was not investigated.

THE SEPARLTION OF TIORIUM FROM CERIUM

BY EXTRACTION WITH MESITYL OXIDE

TABIE NO, 8

Wte ThO, Tte Co Wte Co found Wtes ThO, found
takon, nge taken, mg,. in extract, ng. in oxtract mg.
11,8 20,8 * <0,1 11.65

uos 20.8 ‘(0.1 11.60
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RECOMMENDED PROCEDURE_FOR THE DETERMINATION OF THORIUM IN ORES

On the basis of the experimental work descréped, a series of
separations was integrated into the followingAprocedure which has
been used successfully by the Division for the determination of
thorium in several of the common minerals in which it is found,

Weigh' accurately a sample sufficient to give 50-100 mg. of
thorium oxides. Roast in a porcelain dish for one hour at 1000°C,
Transfer to a 60 ml, platinum dishe 4dd 10 ml, water, moistening
the sample thoroughly. OCautiously pour in 30 ml, of 48 per cent
hydrofluoric acid. Evaporate to dryness, taking care not to bake
the residue. Moisten with hydrofluoric ecid and again take to
drynesse Add 5 ml, of hydrofluoric acid and 40 ml, of water, and
warm, Stir with a plastic rode OCoql, filter on a Whatman # 41
filter paper in a hard rubber funnel, Wash twice with 5 per cent
hydrofluoric acid whici may be made conveniently by diluting the
concentrated acid in the platinum dish and wash twice with water.
Transfer the residue and paper to a porcelain crucible, Moisten the
paper with concentrated nitric acid, dry thoroughly, and burn off the
filter paper at a low temperature (400o C)e Wash the residue into a
600 ml, beaker, add 5 ml. concentrated sulphuric acid, 10 ml,
concentrated hydrochloric acid, and a few drops of Superoxol, Teke to
fumes, and repeat the treatment several times to remove the last trace
of hydrofluoric acid, Make the solution to 100 ml, and filter off any
residue. Fuse the residuc with an equal weight of sodium peroxide at

800° F for 4 hour, take up in water, neutralize with sulphuric acid,
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and combine with tho original sclution, kecping total volume below
150 ml,

Oxalate Separation

To the solution in the beaker add concentrated ammonium hydroxide
dropwise with vigorous stirring until a slight permaneht turbidity
remainse If the solution is already slightly turbid at this point,
adjust the pH te 2.5, Add 10 ml, concentrated hydrochioric acid and
let stand 5 minutes with occasional stirring. A&dd 6,0 grams.of
nethyl oxalate, Warm the solution to about 75° G and stir slowly
with & mechanical stirrer for 30 minutes., Then add a hot solution
of 8 grams of oxalic acid in 300 ml, water and stir for an additional
30 minutes, keeping the solution wﬁrm. fool the solution and filter
through a Whatman #40 paper, Wash 10 times with a 2 per cent oxalic
acid solution adjusted to pH 2,0 with hydrechloric acid, Transfer ‘
the paper aﬁd precipitate to a porcelain dish, moisten with concentrated
nitric acid, and dry thoroughly. Burn off the paper at a low
temperature (400° C) and dissolve the residue in concentrated nitric
acid, Transfer to a 100 ml, beaker and evaporate to dryness on the
steam bath,

Megityl Oxide Separation (11)

Take up the residue in 10 ml, of nitric acid (15 ¢ 85) warming
the solution to diesclva the reaifus, A4dd 19 grams A1(NO,) 3.9'}120
and warm to dissolve the crystalse Cool., Pour into a 60 ml, separatory

funnel. Add 20 ml. of mesityl oxide to the beaker containing the

original solution, Agitate gently and pour the solvent into the
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separatory funnel, Shake the funnel vigorocusly and allow the layers
to separate, Draw off the aqueous layer into a second 60 ml.
separatory funncle Reserve the organic solvent layers Ropeat the
cxtraction of tho aluminium nitrate solution with 10 ml, of mesityl
oxide, Combine the mosityl oxide oxtracts and discard the aqueoﬁs
laycr. Backwash the organic solvent with 3 soparate 10 ml, portions
of aluminium nitratc solution (9.5 gms. AL(NO3). IR0 19 5 ml. of 1
(15 + 85) HN03) and reject the washings, Strip the thorium from tho
organic solvent wifh 3 =20 ml, portions of water and transfer the
aquoous layors to a 600 mls beaker,

Make to 300 ml, with water an& add concentrated ammonium hydroxidec
dropwise with vigorous stirring until a slight permancnt turbidity
romains, 4dd 10 nle. concentrated hydrochloric acid and stir. Iet
stand 5 minutes, &dd 6 grams methyl oxalate. - Warm the solution to
75° C end stir slowlx_for 30 ninutcs, 4&dd a hot solution of 8 grams of
oxalic acid in 300 ml. of wator and stir for an additional 30 minutes
keecping the solution warm. Cool the solution end filter through a
ﬁhatman #,0 filter papor., Veash 10 times with 2 per cent oxalic acid
solution adjusted to pH 2,0 with hydrochloric acide Transfor tho
papor and procipitate to a tared porcelain dish, moiston with eonccntrated
nitric acid, and dry thoroughi&. Burn off the paper at a low temporaturo
(400 - 500" G), cooly and woigh as ThO,, Dissolvo the rosidue in the
crucible in concantrated hydrochloric acid, using a fow drops‘of
"Superoxol® and teking care to avoid losses due to effervesconces Transfer

to a 50 ml, beaker., Teke to dryness soveral times with hydrochloric acid,

Transfer to a volumetric flask of suitablo sizc, so thet the diluted
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solution will centain 20«80 ugns., ThO5 per mls 4 500 nl, volumctric
. flask is recquircd for thc.samplc sizo rccomnended. Make to the mark
with dilute (1:20) hydrochloric acid, Pipette 1;0 ml, of this
solution into a 50 ml, beoaker and take to drynéss. Add 5 nls of 1220
hydrochloric acid, 1C ml. water, 1 ml. of 10 per cent hydroxylamine
hydrochloride and boil dowm to a 5 ml. volumo. Transfer to a 10 mle
volumetric flask, add 1 nls of a 0.1 per cont aquéous solution of
1 - (o-arsonophenylazo) 2 = naphthol 3-6 disulphbnic acid and moko
to the mark, Prepare a blark at tho same time, ﬁsing identical
quantities of roagents, Read the doveleped colour against the blank
using the Beckmon Spectfophotomcter, set at 545 mu, slit 0,03 mme
in 1.0 cn, colls,
Dotermine the thorium concentration from an analytical
calibration graph.
| If there is any serious discrepancy betwocen the colorimetric
and gravinotric results, the thorium sample solution should bé
subjccted to a second methyl oxnlatc precipitation and again determined
by the two methodss
Regults
The following results were obtained on typicel thorium orese Tho

only anclyzed samples available were all nonazites.

ThO, per cont Fouﬁd
Monazite A 210 ‘ 7,17 Ta33 765
Fuxonite W 126 078, 0,79
Fergusonite RD ‘ 0,70, 0.85, 0,70
ereusontte i 3 0470, 0.90
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APPENDIX

Reporting of Uraniun or Thoriun Dcterminations.

Under the Atomic Energy Regulations of Canada, the results of
an assay or analysis of a minoral that indicafcs a contént of noro
than 0,05 per cent by weight of uranium or thoriun are to be
reported forthwith to the Director of the Geological Survey,

Departnent of Mines and Technical Surveys, Ottawa, for the Atomic

ety L AT T R OIS B 5 R im0 i RN 2 8

Energy Control Board, together with full particulars relating to
the material assayed or analysed, inclgding the nane and address
of the porson from whom such naterial was received, the purpose

of the assay or analysis, and tho origin of the material so far

b AL il bt o ) Sl e P

as known to the person malking the report. Tﬁié requirenent does

nét apply to assays or analyses made for persons operating under

orders of tho Board which provido for periodical reportse
Copies of the Regulations may be obtained on application to

tho Secrotary, Atonic Energy Control Board, Ottawa.
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