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INTRCDTCTICON

The use of hyoovhosphate for the quantitative estimation of thorium
was first prorosed by Fauffman (11) in 1892. He found that thorium
formed a while amorphous precipitate when sodium hyvorhosnhate or hvoo-
phosohoric acid was sdded to a thorium solution. The vrecipitated thor-
jum hypcphosphate was insoluble in water, acids and alkalis. This
rrocedure was carried out in strongly acid solution and was important in
the separation of thorium from the rare earths ani for its quantitative
gravimetric estimation. It is assumed that the orecipitate was ignited
to the pyrophosvhate or counverted to the oxalate and then ipnited to
the oxide as the final weighing form.

Rosenheim (24) was also successful in using hypophosphate for the
determination of thorium. He dissolved the precipitated thorium hypo-
vhosrhate in sulfuric acid, changed to the chloride, converted to the
oxalete and ignited to the oxide. The method is described in detail by
"gyer and Hauser (15)., ¥oss (12) found that thorium could be separated
from the cerium earths in €7 hydrochloric acid solution by hypovhosphate
precipitation. IHecht (9) also used hypoohosphate to separate thorium
from the rare earths. The Rosenheim method as modified by Wirth (30)
was used to decompose the hypophosrhate and the final weighing form was
the oxide.

Since the precipitation of thorium was queantitative in strongly

acid solution and a reasonable separation from the rare earths was
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possible, it was believed that a rapid volumetric method for the do-
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termination of thorium utilizing hypophosphate as the prsc
arent, would be feasible. The oxidation of hyvophosphate with dichrom-
ate in strongly acid solution was investigated by Chulski (7). Ie

found that the oxidation of hyvophosphate by excess potassium dichromate
in 127 sulfuric acid was quantitative.

The initial investigation on the volumetric determination of
thorium by oxidation of thorium hypophosphate vms begun by Paine (20).
Thorium hypophosphate was precipitated from a 107 hydrochloric acid
solution with a 107 excess of disodium dihydrogen hypophosphate reagent.
Paine found that the precivitate contained a thorium to phosphorus ratio
of 1 to 2.271 instead of a ratio of 1 to 2. The amount of excess hyvo=-
vhosphate mist be calculated on this basise The precipitate was washed
free of chloride and hyvonhosphate with 250 ml. of 17 sulfuric acid.

The choice of a prover acid concentration of the wash solution was in-
vestizated and Paine found that the precipitate vms soluble in 57 sul=-
furic acid causing low results.

The thorium hyponhosvhate was oxidized with an excess of standard
dichromatse in 127 sulfuric acid. 4n evcess of standard ferrous sullate
vas added and the excess back titrated with standard dichromate using
diphenylamine sodium sulfonate as a redox indicator. It vas found that
a thick asbestos suspension facilitated the filtration of the gelatinous
precipitate. The asbestos blank was dstermined and this value was sub=-

tracted from the final volume of standard dichromate used.
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An emmirical factor was found to be necessary and it was suggected
taet the apparent equivalent weight of thorium oxide, 118.4, be used
instead of the normal equivalent weight, 132.1.

The purvose of this investigation is to continme the study besun
by Paine, to extend the msthod by studying the effect of interfaring

ions, and ultimately to apply the method to the determination of thorium

in monazite sandse.
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FISTORICAL

The chief source of thorium at the present time is monazite sand,
a phosvhate of cerium earths with varying amounts of thorium as an

accessory constituent. The devosits in Brazil and Travancore are the

orincipls source of supoly. Thorium also occurs as a rars silicate,
ThSiO4, thorite and thoranite, a mineral containing rare earths asso-
ciated with uranium (10). Thorium was priacipelly used in the prepara-
tion of incandescent gas mantles but recently has been used in the
manufacture of vhotocells, X-ray targots, glow tubes, alloys for jet
enpines, and as a catalyst in the preparation of aldehydes and ketones
(14).

Thorium normally exists in a single valency state of plus four,
however, under spscial conditions unstable lower valency states have
becn prevared (l). Recause of its similarities in ionic charze and
ionic size, thorium resembles the elements o Group IV-A, and cerium IV,
The fact that thorium is lecss basic than the trivalent rare earths
makes possible the separation of thorium from the rare earths by con-
trolled hydrolysis methodse.

The literature prior to 1948 has been extensively reviewed by
“oeller, Schweitzer and Starr (18), therefore, the historical will be
limited to a literature survey since that time.

Since the thorium ion is colorless, colorimetric methods are rela-

tively few. The methods devend on the formetion of colored derivatives
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or of compounds from which a color may be developed. An indirect
colorimetric method has been proposed by lider and ‘ellon (21) in which
thorium oxalate is vrecipitated with an eicess of oxalic acid at a pil
of 0.7=3.2. The excess oxalate is reacted with potassigm permanganate.
The unreduced permanganate gives the colored systeme This method pro=-
supnoses a separation of thorium from the rare earths. Ions which
react with oxalate or reducing agents which destroy the permenganate
color interfere. Iurthy and Zarhavarao (19) have used sodium alizarin
sulphonate (alizarin red-S) to detemine thorium colorimetrically. This
method has been applied to monazite sand ounly after the removal of zir-
conium, titanium and cerium. The use of l-(o-arsenophenylazo)=2-
Taphthol=3,6 disullonic acid has becn susgested by Thomeson, Perry and
Zyerly (25) as a rapid colorimetric methode The interferences are so
numcrous that the method is not practicale. IJodine liberation, when
thorium iodate is treated with hypophosphorous acid in the presence of
sulfuric acid, has been used by iilliams (29) as a basis for a colori-
metric method.

Gravimetric procedures for the determination of thorium have re-
ceived tho pgreatest amount of attention. As a rule gravimetric methods
are involved and roquire a great mumber o operations. An example of
this is the hexamine method of Ismail and larwood as published by the
Yew Brunswick Laboratory (22). There are seventy-three separate opera=-
tions in the analysis which ends with an oxalate precipitation followed
by ignition to the oxide as ths final weighing form. This is typical

of most gravimetric procedures.



Volumetric methods for the determination of thorium have received
little attention. »anks and Dieal (Z) have detarmined thorium by an
oxidimetric msethod baced on the precipitation of thorium as the normal
molybdate followed by reduction and titration o the molybderun equiva-
lent to the thorium. An electrometric method is described in which the
thorium is titrated with ammonium peramolvbdate in 7 acetic acid solu-
tion using a 0.17 calomel-molybdenum wire electrode systems I‘oeller and
“ritz (16) have described the use of iodate for the volumetric deter-
mination of thoriume Thorium iodate is precivitated from a strong nitric
acid solution and the thorium estimated by ilodometric determination of
the iodate contzsut of the precipitate. This is a refinement of the
method of Chernikhov and Uspenskaya (6) and has the disadvantarzes of loss
due to hydrolysis and diflficulty in renoving thne adsorbed iodate.

“loellsr and Schweitzer (17) have publiched a radiometric method in which
the thorium is precipitated with an excess of standard pyrophosphate
containing a known activity of radioactive vphosnhorus (P32). The amount
of excess vyrovhosphate is determined by its radicactivity. Ytterium
earths cause hich results and a preliminary separation is recommended.
The use of thorium veriodate has been sugrested by %enkataramanick and
Raghavarao (26) as a volumotric method. Thorium periodate is precipi-
tated from a hol neutral solution with potassium periodate. The gela-
tinous precipitate is dried and dissolved in hydrochloric acide A slight
ezcess of potassium iodide is added and the liberated iodine titrated

with standard thiosulphats.



A recent method employing high freaquency titrimetry has been in-
vestizated by Blaedel and “‘almstadt (3). Oxalic acid is used in an

indirect titration of thorium. SEmall amounts of titanium and zirconium

may be tolerated but the method can not be used in the presence of rare

earths and ions vhich comnlex or vprecinitate oxalate.
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EXPSNIILITAL

A. Reagents

Standard Disodinm Dihydrogen ynovhosnhatse Solution

Disodium dihydrogen hyvovhosphate was pravared by the oxidation
o red vhosphorus with sodium chlorite solution according to the di=-
rections of Leininger and Chulski (13). Zxactly 7.8535 grams of the
air dried rcarent was dissolved in water and diluted to one liter to
zive a 0.05! solution with respect to the oxidation of hypophosphate to
vhosphate. Decause the comnound wes difficult to dry to the exact state

of hydration, HaZHZPZOG'Gﬁzo, the solution was standardized with standard

votassium dichromate.

Standard Potassium Dichromate Solution

Baker's primary standard grade potassium dichromate was ground to
. . . o Py
a fine vowder and dried in an oven at 140 C. for four hours. The
crystals were cooled in a desiccator for thirty minutes and the correct

amount was weighed out to give a 0.15Y standard redox solution.

Standard Ferrous Sulfate Solution

A 0.151 ferrous sulfate solution was prepared by dissolving apvroxi-
mately the correct amount of ferrous arronium sulfate in six liters of
11 sulfuric acid solution. The solution vms standardized daily apainst

the standard dichromte.



Diphenylamine Sodium Sulfonate Indicator

Exactly 0.32 grams of barium diphenylamine sulfonate was dissolved
in 100 ml. of wmter and 0.5 grams of sodium sulfate was added. The
solution was filtered by decantation from the precinitated barium sul-
fate., An indicator blank of 0.05 ml. vas subtracted from the amount of

dichromate used (2¢).

Ashestos Suspension

Aoprozimately 50 grams of Baker's acid washed asbestos were weighed
into a Zuechner funnel and washed with concentrated hydrochloric acid
and concentrated nitric acid. The asbestos was washed free of acid with
vieter and transferred to a one liter beaker. It was alloﬁed to digest
overnight on the steam bath in a dichromate-sulfuric acid solution. The
asbestos was then filtered and washed a number of times with large
guantities of distilled waters It was finally diluted to a thick sus=-
peunsion with two liters of distilled wmter. Fifty ml. of this suspen-
sion w2re digested for three hours on a steam bath with eractly 25 ml.
of standard dichromate in 121 sulfuric acide. The solution was cooled
and diluted to 250 ml. =ighteen ml. of 857 orthonhosphoric acid were
added. A measured cxcess of stvandard ferrous sullate was added and the
excess back titrated with standard dichromate using, diphenylamine sodium
sulfonate as the redox indicator. The amount of dichromate used con-
stitutes the asbestos blank.

The asbestos blank was not a constant one but varied considerably

for each oreparatione The asbestos absorbs dichromate into its pores



and this is only partially removed during the washing with distilled
watere The same lot of asbestos was used throughout this study and

the blanks ranged from 0.18 ml. to 0.33 ml.

Standard Thorium Mitrate Soluticn

A standard thorium nitrate solution prepared by Paine (20) was
used throughout this study. An apporoximately 0.05!f thorium nitrete solu-
tion was prepared from Baker's thorium nitrate crystals and distilled
water. The thorium content was determined by the gravimetric potassium
iodate method as described by Zonardi (4) end checked by precipitation
of thorium oxalate. The oxalate was ignited to the oxide and weighed.
The solution was found to contain 0.3046 grams of thorium oxide in

24.92 ml. (calibrated pipet).
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B. Yactors Influencing the Apparent *"illiequivalent Weight

1. Acidity of “‘edium and ‘lash Solution

It has been shown that an empirical factor is mnecessary in this
method (20). The anparent eouivalent weight of thorium oxide must be
used in place of the normal equivalent weight. The formula, ThP,04,
wvould require an equivalsnt weight for the thorium dioxide of 132.0.

The apnarent equivalent weight is obtained by dividing the grams of
thorium dioxide present by the mumber of equivalents of dichromate used
in the oxidation of hyvophosphate to vhosphates. The change in oxidation
number is one for each phosvhorus atome.

The general procedure followed was to precipitate thorium hypovhos-
phate from an acid solution. The precipitate was filtered through a
Gooch crucible and washed with a dilute acid solutione. The precipitated
hyvovhosvhate was transferred to the original container and oxidized
with an excess of standard dichromte. A measured amount of standard
ferrous sulfate was added and the excess back titratéd with standard di-
chromte using diphenylamine sodium sulfonate as the rcdox indicator.

The initial problem was to étudy the effect of the wash solution
on the solubility of the precipitated thorium hyvophosphate. Precipita-
tion was carried out in a 10y hydrochloric acid solution as suggested

by Techt (9). The following were mixed in a 250 ml. centrifure bottle:

25 mle. of standard thorium nitrate solution
18 ml. of concentrated hydrochloric acid
5 ml. of 3{ hydrogen peroxide
50 ml. of distilled water
50 ml. of asbestos suspension

“11-



The solution is hosated in a boiling vwmbter bath and a 127 excess of
standard discdium dihvydrosen hwvovhosohate, based on the ratio ol thor-
ium to vhosnhorus of 1:2.3 (20), is added. The hyvophosonate is added
slowly from a buret and the hot solution is stirred constantly during
the addition. The precipitate is allowed to digest several minmutes.
The solution is then centrifuged for thirty minutes and filtered through
a Gooch crucible fitted with an asbestos mat. The precipitate is washed
with 250 ml. of a 17 sulfuric acid solution which effectively removes
the chloride and the excess hyvovhosphate. The precipitate and the
asbestos mat is transferred with a nickel spatula to the original bottle
and the crucible is rinsed thoroughly with 50 ml. .of hot watere sxactly
25 ml. of 0.15%7 potassium jichromate and enourh concentrated sulfuric
acid to make the solution 121 (35 ml.) are addede Tha solution is heated
in a boiling wmter bath for two hours with constant stirring. Adjustable
electric stirrers were used. After the precipitate has been completvely
xiéized, the contents are cooled and transferred to a 500 ml. irlenmeyer
flaske The solution is diluted to 250 ml. and 18 ml. o 85 orthophos=-
phoric acid are addede A measured azcess of sbtandard ferrous sulfate,
exactly 25 ml., is added and the excess is back titrated with 0.1E% di-
chromate. The esbestos blanlz and the indicator blank are subtracted from
the volume of potassium dichromate useds The recults are rccorded in
Table T,

Willard and Gordon (27) have shown that 707 perchloric acid has
several ad&antages over sulfuric acid in the decompositicn of monozite

sand. It was, therefore, decided to detormine the effect of oreeipitating

v
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Acidity by
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0.304¢
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0.1C12
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thorium hyporhosphate from a perchloric acid solution and washing with
L)

)

dilute perchloric acids. Perchloric acid does not interfere in the
oxidation of hypophosvhate and the washing period would require less
timo than if hydrochloric acid was usede The volume of wash solution
necessary to remove the excess hyvovhosphate was reduced to 150 ml.
wiich also saved tiwe. The time rcquired to carry out the precipitation
and washing was two hours vhen a perchloric acid medium (10 by volume
of 707 perchloric acid) and a 17 perchloric acid wash solution was used.
Saturating the wasin solution with thorium hypoohosohate has ouly
a slight effect on reducing the solubility. This is an indication that
there is not only a solubility effect to talte into consideration but
also the vossibility of loss due to dispersion.
These solubility S udies show that a perchloric acid system was

most satislactory in roducing the solubility of the precipitate and

ef "ectively removing the excess hyvophosphate.

2. Bffect of Varying Amounts o Thorium on the filliequivalent leirht

In order to estahlish the lower limit of apvlicability, a study
of the effect of varying the amounts of thorium on the svvarent milli-
equivalent weipght was carried out. The results are listed in Table II.
In each instance the precipitating medium was 1C;° perchlcric acid and
150 ml. of 17 perchloric acid warc used as the wash solution. It will
be noted that a two-fold dilution had little effect on the factor, how=
ever, a four-fold dilution produced inconsistent rssults. The range

should be kept botween 0.15 and 0.3 grems of thorium oxide for accurate

14



TAZLE II

BIWECT OW VARYTIUG AIUTNTS ¢ TICRIMT

e ThO2 Present g Apnarent *‘eq. iGe
0.0731 0.00273
0.0733 Tour fold excess of 0.0273
0.0737 a1, P.C 0.0958

2°2 6
0.0741 ) _0.0088

Ave 0.0073

0.1455 0.1020
0.1477 Two fold excess of 0.1025
: T T \
0.14€6 I'a,T,P,Cp 0.1017
Ave. 001021
0.3048 0.0999
0.3048 T™wvo fold excess of 0.1009
0.3048 TazﬂnPZOe 0.1012
0.304€ ¢ __0.1002
Av. 0.1005




results. The uvper limit could be higher than 0.3 grems but a larger

s difficult to filter and wash Tree of excess

o

anount of precipitate

hynonnosvhate.

3. Bffect of Cerium on the "!illiecuivalent eight

Since the rejor interference to be expected is from cerium; the
effect of varying amounts of cerium on the apparent milliequivalent

weight of thorium oxide was imvestigated.

To a hot solution conteining:

25 ml, of standard thorium nitrate

15 ml. of 3 hydroson peroxide

15 ml. of 707 perchloric acid

35 ml. of distilled weter

50 ml. of asbestos suspension

10 grams of primary standard grade emmonium
heranitrate cerate (gives 3.C grams of
CeCz)

a 107 excess of 0.05°7 disodium dihydrogen hyvovhosphate was added. The

soluticn was allowed to stand for several minutes then centrifuged until

the supernatent liquid was clear. The solution was filtered through a

>}
.

Cooch crucible fitted with an asbestos mat. The vrecivitate was vmshed
with 150 mle of a 17 perchloric acid solution. The gelatinous mass was
trarsferred to the original bottle and the crucible was rinsed with hot
vmater. The volume at this point was 50 ml. The solution was made 1217
with respect to sulfuric acid by adding 35 ml. of concentrated sulfuric
acid and exactly 25 ml. of 04150 potassium dichromete was pivetted into
the bottle. The mixture was heated in a boiling water batn with constant
cbirring for two hourse At the end of this time, the solution was cooled

and trancsferred to a 500 mle. Erlenmeyer flack. The green solution wns

=]16=



diluted to 250 ml. and exsctly 25 ml. of standard ferrous sulfnte were

orthonhosniioric acid is added and the sx-

1 <

=

adled. sightsen ml. ol EE7
cess ferrous sul”ate wms back titrstsl with sterdard dichro—ete to the
dichenylamine sodium sulfonate end voint. The indicator and asbestos
blonlrs were subtracted from the volume o7 dichromate used. The resulis
of varying cerium content are showm in Table III. There apoeared to be
no serious interference fron cerium even whan there wns ten times as

much cerium as thorium. The 37 hydorgen peroxide was effective in re-

ducing the ceric to cerous ion viich does not interfere.

4, fffect of Acidity in the Presence of Interfcrences

It is knowm that the trivalent elemcnts such as the rare earths do
not form hypophosphates which are insoluble in strong acid solutions.
In order to ascertain the ovtimum acidity for the prscivitation of
thorium in the oresence of rare earths ions, thorium hyrovhosphate was
precipitated in the presence of a fixed amount of cerium with varying
acid concentrations. The thorium was precinitated in the savne manner
previously described and oxidized in the usual wav. The acidity was
the only variahble. The results are tabulsted in Table I7.

The initial acidities ranred from 107" to 5 but after addition of
the 107 excess of disodium dihydrogen hyvpophosvhate rearent the acidi-
ties fell in a ranye of 6.5 to 3.07%. liesults wers consistant when the
acidity was in the hirsher ransge. This was in line with the findines of
Koss (12) who showed that inconsistencies resulted when the acidity fell

below 67 hydrochloric acid by volume, especially in the presence of such

-17=
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TATLE

17

PrZSSNICE 07 CuRITHY

‘fte ThOy Present Initial Tinal Yiash Solution Apparent
Zeo Acidity Acidity Teqe T
0.,3048 103 6e57 150 ml. 170 0.0994
€104 by HClO4 0.0004

volume 0.0996

0.0093

Av. 0.09%4

0.3048 To5" 4,97 150 ml. 10 0.0992
I’ClO4 by }IClO4 0.0983

volume 0.0983

0.0983

Ave 0.0985

0.3048 5.0:% 3.0 150 mle 17 0.0899
qclo, by HCIOA 0.0051

volume i 0.0E04

0.0000

Ave 0.0008




interferences as coeriume. _eoct results were obtained viren the initial

acidity wes 107,

5. Bffoct of Thorium=Ceriun Tatio on the actor

The results showvn in Tables III and IV indicate that the apparent
milliequivalent weight of thorium can be reoproduced in the vresence
of cerium when the cerium to thorium ratio is 10:1 i precipitation is
made from a 107 perchloric acid solution. It was necessary to determine
il this ratio wes cousistent when the quantities of both thorium and
cerium were changed but the ratio maintained at 10 to 1. The precipita-
tion and oxidation procedurses followed were the same used in the
previous studies with one excevption, 2 ml. of 307 hydrogen peroxide was
used in place of 37 in order to keep dovm the volume of reducing agent
recescaryes -he results snow that when the cerium to thorium ratio is
kevt within the range 8-10:1 consistent results can be obtained, however,

vhen the cerium content is changed considerably, the apparent milli-

equivalent weight chanzes apvoreciably.

Ce Doterminration of Thorium in '‘onazite Sand

A sample of 3razilian monazite sand was obtained through the
courtesy of the Lindsay Light and Chemical Comvany of ‘lest Chicago,
Illinois. The sample as received was ground to a fine powder, minus
200 mesh, and vas analyzed by tus peroxide-double oxalate-hexamine
mothod (5)e This method is used by the company as an umpire method when

results of the hishest accuracy are desirod. The exact psrcentare of



TABIE V

EFPECT € THCIIUI=CEiI™I TATIC

ate Thoz Present g. e CeO2 Present ge. Apnarent
e q. Tt

0.3001 360 0.09094
0.0996

0.0994

0.0093

Av. 0.0094

0.2002 240 0.099¢
0.1l9C8 0.0093
0.2002 0.0928
0.1993 0.,0094

Ave 0.0995
0.1990 3.0 0.0901
0.1995 0.0976
0.1992 0.,09€0

Av. 0.0966




thorium oxide was not known until the investisation was completed.

It was hoped that the hyvovhosphate method could be apnlied dirsct-
ly to the monazite sand without vrior sevaration of the interfering
elements., A 2.5 gram sample of monazite sand was decomposed in a plati-
nun dish with 20 ml. of 707 perchloric acid according to the directions
of illard and Gordon (27). The mixture was boiled for 1.5 hours. The
contents of the dish were cooled somewhat and 30 ml. of water were added
followed by 2 grans of hydrazine dihydrochloride. The solution was
heated on a steam bath for one hour. At this point tho solution was
clear. Three grams of Celite filter-aid were added and the solution Qas
filtered throurh a Whatman 'o. 41 paper. The residue was washed several
times with 1-3 perchloric acid, one part 70 perchloric acid ard three
parts wvater. The filtrate was evaporated on the steam bath to a volume
of about 50 ml. !ive ml. of 37 hydroren Deroxidé and 50 ml. of acbestos
suspension were added. The solution was heated in a boiling weter bath
for several minutes. The solution formed a solid gel which indicated
that the phosphates must be removed vrior to the vrecipitation of the
hyvpophosphate.

In order to seporate tie thorium from the phosphorus and the rare
earths, an atte~pt was made to precivitate thorium from a sulfuric acid
solution as a peroxysulfate with hydrosen peroxide (23). A 10 gram
samvle of monazite sand was decomposed with 25 mle of concentreted sul-
furic acide The mixture was heated in a platinum dish for one hour.

The mixture was cooled and poured into a beaker containing crushed ice.

The contents were poured into a 250 ml. volumstric flask and diluted to

00



volume. The soluticn was filtered throuch a nhatwan "o. 42 paper and
the first 20 ml. of "iltrote vwms discarded. The remaindar was col-
lected in a dry 250 ml. volumetric flask.e A& 25 ml. sample was pipetted
into a 400 ml. beaker ani the acidity was adjusted to 1M with respect
to sulfuric acid. Thirty mi. of 305 hydrogen peroxide were addede The
solution was heated for & short time botween 55° and 60° C. and then
cooled to room temperature. Iio procipitate was observed. The acidity
was adiusted to a p.l of 2.5 with ammonium hydroxide and a gelatinous
precicitate resulteds This orecipitate nroved to be a thorium and rare
eartn ovhosphate. Izurther information ol the exact conditions necessary
to carry out the quantitative precipitation of the peroxysulfate wore
not available because the material has not been declassified by the
Atomic Enermy Commissions This approach was, therefore, abandoned.

The onl:;" solution to the troublesome interfecrence of vhosphorus was
an oxalate sevaration. This separates thorium and the rare earths from
rhosvhorus as well as zirconium and titaniun.

A 50 gram samole of monazite s weighed into a 1000 ml. Srlenmeyer
flask and 200 ml. o” 7077 perchloric acid were added (27). The mixture
vs boiled vipgorously for 1.5 houfs. “he contents wsre cooled, 50 ml.

0

of 700 perchloric acid'and 300 mle of watoer were added with constant
rotations DBighteen grams of hydrazine dihydrochloride w2re added slowly
with vigorous shaking. The contents wore imrmsd on a steam bath for

ono hour to remove gaseous decomvosition products. The solution became

clear but there vms still a residue probably consistinz of rutile,

guartz, silica and zircone.



The flask wes cooled with tan water and 3 grams of Celite filter=-
aid were cddeds The solution was agitated in order to distribute the
filter-aid well. The solution was filtered through a medium porosity
filter vaper using a platinum cone for supvorte. The filter paper was
removed and macerated with a few mle. of perchloric acide. It was then
Tiltered and the filtrate wes added to the main solution. This was re-
peated several times. The combined filtrates were diluted with perchloric
acid, 1-3, to 1000 ml. in a volumctric flaske A 59 ml. sample was pi-
petted into a €00 ml. beaker. Concentrated armonium hydroxide was added
with mechanical stirring to the appearance of a permanent turbidity;

Ten mle o? concentrated hydrochloric acid were added and the solution
was allowed to stand 5 minutes with constant stirringe One hundred ml.
of vwrter were added followed by 12 grams of methyl oxalete. The solution
was warmed gently (70°-85° C.) for thirty minutes. After the thirty
minute warming period, a hot solution of 8 groms of oxalic acid in 280
mle of watcr was addede The coutents were heated for an additional
thirty minutes.

The solution was cooled to room temperature, filtered through a
Watman Yo. 41 paver and washed with 20 oxalic acid containing 40 mle. of
concentrated hydrochloric acid per liter. The filter paper with the
trnoriun aal rare earth oralates vas decoipcced by e@raporating with 20
ml. of concexnsrated nitric acid and 10 ml. of 707 perchloric to fumes of
the latter. The solution is now freed of phosnhates.

The thorium hyponhosphate was precipitated from a hot 107 perchloric

acid solution containing 2 ml. of 307 hydrorzen peroxide and 50 mle of
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asbectos susponsion, with a 107 excecs of standard hynoohosphate reapent

(based on the assumption of 7.5 tnorium oxide in the monazite sample).

The vrecinitated hypophosnhate was conbrifuged, filtered through a Gooch
my

crucible and washed with 150 ml. of 17 nerchloric acide The »nrzcipitate

was Ltransferred to the original bottle and exactly 25 mle of 1.157

t
’-l-

potassium dichromnate is addel. The solution is made 1277 with respect

to sulfuric acid by adding 35 mle of concentrated sulfuric acid. The
mizture is heated in a boiling water bath for two hours with constant
stirring. Jhean the hynonhosvhate is comvlstely oxidized, the solution
is transferred to a 500 ml. irlenmever {lask. The solution is diluted
to 250 ml. with vmter. DExactly 25 ml. of standard ferrous sulfate and
18 ml. of orthonhosvhoric acid are addel. The e:icess ferrous sulfate is

back titrated with standard dichromate using diphenylamine sodium sul-
fonate as the radox indicator. The asbestos and indicator blanks are
subtracted from the volume of dichromate used.

The thorium oxide is calculated by multiplying the total number of
milliequivalents of dichromate used by the apvarent milliequivalent
wei~zht of thorium oxide (0.0005, Table IV) and dividiwr by the sample

weighte. Hesults on many samples were consistently high and the cause

was finally attributed to the incomplete decomposition of the oxalate.

A qualitative test on the decomposition of pure oxalic acid with perciiloric
and aitric acids revealed that the oxalic acid was not entirely oxidized.

This would allow some thorium to precipitate as the oxalate which would

cause high results. A subsequent run using concentrated votassium
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permonrancte to aid in the decomposition of the oxalates vroved unirult-

Q

11 since in the acid solution cerous ion was proferentially oxidized

to tne ceric'staﬁo. “ecause of high results, it was assumed that the
oxalates were not corwplately decomposed. The only solution to the oxa=-
late decomposition was ignition to the oxide.
Individual 2.5 gran samples of monazite sand were weighed into

250 ml, Zrlermeyer flasls containing 5 ml. of concentrated nitric acid
and 32 ml. of 707 perchloric acid (8)s. The mixture was boiled vigor-
ously for 1.5 hourse. The flasks were coolad with tap wnter, 10 ml. of
water and 5 ml. of 37 hydrogen veroxide were added. The flasks were
hacted for several minutes to clarify the solutions. Ther were then

1

cooled and the contents filtcred through a Vhatman

T

Toe 41 paper.

I

The
recsidues were vmshed with 1-3 nitric acid. The filtratss were evaporat-
ed to dense white fumes in a 600 ml. beaker. The solutions were cooled
and 50 ml. of water were added followed by 5 ml. of 3. hydrogen peroxide.
The bealrers were varmed until thoe solutions became clear, One hundred
mle. of water were added and enouzh ammonium hydroxide to give a permanent
turbidity. The solutions were stirred and 10 ml. of concentrated hydro-
chloric acid were addeds The solutions were allowed to stand for ten
minutese.

To the hot solutiouns, 12 grams of methyl oxalate were added and the
solutions were hected gently between 70° and €5° C. The heating was
continued for thirty mimtes after which a hot solution containing 8 grans
ol oxalic acid in 200 ml. of water was added. The solutions were kent

warm for an additional thirty mimtes.
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The solutions wcrs allowed to cool to room tempsrature and the
oxalates were filtered throuzh “hatman oe. 42 filter paper. The oxa-
lates were washed by decantation with a 27 oxalic acid solution con-
tainine 40 ml. of concentrated hydrochloric acid per liter. The oxa-
lates were transferred to platinum crucibles and iznited to the oxides.
The oxides were dissolved in 15 ml, of concentrated hydrochloric acid
containing a small crystal of potassium iodide (5)s The crucibles were
rinsed with hot water. The solutions were heated on a hot plate until
the oxides comvlately dissolved. After dissolution, 10 ml. of 707
perchloric acid wore added and the solutions heated until the perchloric
acid beran to fume.

The perchloric acid solutions were transferred to 250 mle centri-
e bottles and the bealers were rinsed with water. The volume at
tais point was 50 ml. :ifty ml. of asbestos susnersion and 2 ml. of
300 hydrogen peroxide were added. The solutions were heated in a boil-
in; water bath to romove the excess peroxide. A 10 excess of hyvopios-
vhate roagent is added with constant stirriag. The precipitate was
allowed to disest several mimites. The bottles were then placed in
the centrifuge for thirty minutes. The solution is filtered throurh a
Gooch crucible fitted with an asbestos mat and washed with 150 ml. of
1. perchloric. The mat is transferred to the original bottle and the
crucible is rinsed with 50 mle of hot vamtore Exactly 25 mle of 0,157
potassium dichromate and 35 ml. of concentrated sulfuric acid are added

to the agueous mixture. The solutions are heated for two hours in a



boiling water bath with mechanical stirring. The bottles were cooled
and the solutions transferred to 500 ml. irlenmeyer flasl:s. Ths sus-
nension was diluted to 250 ml. and 12 ml. of 85/ orthophosphoric acid
were added. A measured excess, 25 ml. of standard ferrous sulfate was
added and the excess back titrated with stardard dichromete using the
usual diphenylamine sodium sulfonate end voint. <The asbestos and in-
dicator blanks are subtrected from the final volume of dichromate used.
The amounts of thorium oxide found were calculated and tabulated in
Table VI. There was rood pnrecision amons the samnles.

In order to obtain a check to determine if the msthod would apnly
when the thorium to cerium ratio was altered, a set of four deternina-
tions were mde using 2.5 pgrams samnles of monazite sand and a measured
amount of standard thorium nitrate solution. If the recovery were com-
plate, the method would be apnlicable to any thorium containing sand.

The decomposition and precipitation procedures were the same as
tiiose descrihed for the »nrevious determinations. A 10 ml. samnle of
thorium nitrate solution containing 0.1302 grams of thorium oxide was
added just orior to the precinitation of the hynophosphates The oxida-
tion vrocedure was not altered. Calculations of the amount of thoriun

recovered show that an error averasing plus 5.5 mg. resulted (Table VII).

-]
%)

is is an error of 35 The error would be smaller and almost neslirible

T the apvarent milliequivalent weisht wero determined when the thorium

e

to cerium ratio was also chanred.

At the completion of this woik, the results obtained by the Y po=-

vhosnhate method were checl:ed arainst the analyzed value for the "monazite.

o



TA2LE VI

THCRI™I IT TCIAZITSE SA'D

te *onazite Sand Percent ThC Precent ThoO Error
Taken g. ound 2 Present
2.5 6.€6 €.30 + 0.06
.22 + 0.32
€eET7 + 0.17
6.82 + 0.22
677 + 0,17
6.77 *0.17
6459 + 0.01
6.60 + 0.00
6460 +0.00
6.56 + 0.04
6463 + 0.03
€.55 + 0.05
6660 + 0.00
657 +0.03
Ave G.CO Av.” 0.08

TATLE VII

THOLITT® DUSCOVBAY

"%te ThO, from e ThOg Added T 'l‘hO2 Recovered Error

"onazi%e Se £e Te Tfe
0.1850 0.1302 0.1733 + 8.
0.1650 0.1302 0.1708 + 5.
0.1650 0.1302 0.1593 +4,
0.1550 0.1302 0.13690 + 4.

=20



DISCT'S3ICH AXD CCIICLUSION

The hynovhosvhate method for the volumetric determination of thorium
has been shovn tc give fairly accurate results.e It has the advantages
of being relatively rapid and involves only one separation. The oxalate
precinitation efficiently removes vhosovhorus, zirconium, and titanium.
The acid concentration of the original solution should be kept between
6.5 and 107 perchloric acid by volume. There is no interference from
cerium at this acidity in the presence of hydrogen peroxide.

The lower limit of thorium oxide which can be prosent to give
satisfactory results should be in the vicinity of 0,15 grame The upper
linmit would be fixed by the amount of precipitate which could be handled
efficiently. Large amounts of precipitate would be difficult to filtoer
and wash free of excess hyporhosphats.

The asbestos suspension is essential for the rapid filtration of
the gelatinous vrecipitate., A blank should be determined on each new
prevaration of asbestose The blanks will vary but low blanks can be ob-
tained if the asbestos is washed sufficiently with large quantities of
distilled vater prior to dilution. The asb;stos absorbs dichromate and
is removed only after many washinrs.

The Tact that an empirical factor is necessary is somevhat of a
disadvauntage. The apparent milliequivalent weight should be determined
for the thorium to cerium ratio susvected in the sampls. It has been

shovm that when the thorium %o cerium ratio is 1:8-10, the apnaroent
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millieguivalent welzht would have a value of 0.0925 instead of the
normal milliequivalent weight of 0.1320. The apvarent milliequivalent
weight is calculated by dividing the number of grams of thorium oxide
by the total number of milliequivalents of dichromate used. In the
oxidation of hyvonhosphate to phospnate, the chanre in oxidation umumber
is one for each phospaorus atom.

The wash solution should be slightly acid. A 150 ml. of 1,0 perchloric
acid were found to be sufficient to remove the excess hyvophosphats and
to reduce the solubility of the precipitate.

The filtration process can be done in a minimum amount of time if
the precipitate is not ellowed to go to drynecs before the addition of
more wash solution. Once the precipitate has bean drawn to dryness, the
pores of the asbestos mat become filled and the filtration requires
twice as much time. By washing many times vith small volumes, the ex-
cess hypovhosvhate can be removed and the filtratiou can be comvleted
in less than one hour.

The determination of thorium in monazite sand using this method
has been shovm to be accurate and reproducible. The decomposition of
the sand was most efficient when the sample was boiled with concentrated
nitric acid and 707 perchloric acids Only a slight insoluble residue
remained. A few ml. of 307 hydrogen peroxide was caneble of reducing
ceric cerium to cerous which does not interfere. All the procautions
cited previously should be observeld when monazitve sand is being analyzed.

The entire analysis can be completed in less than ten hours.

3]l
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