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INTRODUCTION
Diseovery

The discovery snd wwmwaww,mw thorium is very interasting.
MMAWWMq T6éns Jacob Berzelius (8) isolated from & Swedish min-
eral now known a3 “gadolinite, BegPe(Y0)z(310,]),, what he be-
lieved to be & new earth for which he sugpested the name “tho-
rinev after Thor, son of 0din, Scandinavisn God of War, Seven
years later, however, Berzelius (9]} concluded that hie new earth
was & basie phosphate of ytbrium, 8 metel which had been dis-
covered by Gadolin (22) in 1794. In 1828 the dark brown or black
mineral "thorite", ThSi0,, was discovered In the syenite on the
island of Lovd in the flord Langesund near Rrevig, Norway by H.
M. T. Esmark (12}, & mmmmeM§ of this mineral was sent to Ber-
zelius by Jens mwab%w‘ﬁwmw who belleved it to be the earth of |
tantalum because of 1ts high specific gravity. In the same w&wud
Berzelius, during the lavestigation of the minersl thorite, wasa
suecessful in isclsting & new sarth whick he called "thoria" be-

cause of its similarity to the forpmer thorine.

Preparation

Metallie thorium was first prepared in an wﬁ%mﬁm state in
1828, Berzeliuns (11) accomplished this by heating & mixture of

potassium and potassium thorium fluoride in a glass tube, The
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and Hitterd In ﬁﬁrway'éné in various places in the United

States.
franglte

In 1850 A. Krasutz (38) discovered the clear orange-yele
low mineral orangite which wes So nemed because of its color.
For some time thorite end oranglte were considered to be 4if-
ferent minerals but in 1859, T. Scheerer (48) claimed they
were chemically similar and this view was later supported by

other investigetors.

Thorianite

The jet-black mineral thorianite, Th0,.U,0g4, was dis-
covered about 1904 (18, 19} while a systematic survey of the
econonie minerals of Ceylon was being made by the Covernment
of Ceylon with the ecooperation of the Sclentific and Techni-
eal department of the Imperial Institute. In the course of
this survey %W. D. Holland geve A. X. Coomeraswanmy and J. Par-
sons a sample of a heavy black mineral that he found in gem
washings nesr Ralangodsa, in the Sebarsgsmuwe Provinece, This
minerael was 2ent to ¥. R. Dunstan &t the Imperial Institute
where it was analyzed by G. S. Blaske., It was found to con-
tain about 75 per cent thoris end W. R. Dunstan suggested
that 1t be called vthorianitev.

This rare minsral was the chilef source of thorium until

the discovery of monazlte. Small amounts of thorianite are



found in Betroke, Madagascar but the cohilef deposit is found
in Belangoda, Ceylon. Thorite and thorianite were once con-
gidered as the only valuable sources of thorium, but they

are not now found in large enough guantities to be important

as compured with the large deposits of monazite sands.
Monazite

This red-brown colored mineral is essentially aﬁ‘arthan
phosphate of the cerlum group of rare earth elements, but ale
most invariably conteins some thorium, probably &s the phose
phate {37}.

In addition to the mineral monazite, there is also its
disintegretion product the yellow-~brown monazite sand. These
sands have been produced by the weathering of rocks (pegma-
tites, granites and gneisses) whieh originally contained a
very small percentage of monazite. Eaga&ibs of mohezite sand
consists of a fine gravel or sand and is found on river banks
and on the seashore in Brazil, North end South Caroclina, end
éustralia. It also occurs in large tracts in the Ursle and
in very rich and extensive beds in the state of Travancore,
Indla. From 1902-1913 the deposits along the seashores of
Brazil suprlied most of the Worldt*s thorla. These deposits
contain about 6 per cent thorla. About 1¢12 Indla became &
real competitor for the world market for monazite sand and
since 1918 India has almost completely controlled the world
market. The deposits in India contain about 11 per cent

thoria.



From 1893«1810 the Carcline river bed deposits were

worked actively but the American supply hss been kept from
the World's market becsuse of the difficulty of mining and
the low (4.3 per cent) thorls content. Recently Brazil hes
shown some signs of revival and there has been some talk

about renswed activity in the Carolinas.

Usnes

No particular attentlon was paid to thorium until €. A.
von ¥elsbaeh (54) devised the incendescent ges mantle in
1885. At that time the only socurces of thorium known were
the rare earth minerals srd they were not availeble in quane
tities large epnough to supply sny considerable commercisl
demand. A4 geologlcal survey was confucted and extensive dew
posits of monazite sand becams available. |

he first importent commercial use of thorium wes in the
manufeoture of incandescent gas mantles. The first o7 these
were made of lanthana, lanthens and magnesia, zireonis and
lanthana, and 2zireonia and yttria but these were not satisge
factory. In 1892 #yelsbach®s mixture® was adopted for the
manufacture of mentles. Even after numerous attemplis, no
improvement has been mede on this mixture which consists of
99 per cent thoris and 1 per eent cerla. ‘ |

The use of thorium metal in photoeleetric cells, glow

tube electrodes and ¥~-ray targets give promise of commercial



importence. In addition thorlum ie used a&s an alloying ma-
terial, in the production of tungsten~thorium menﬁaaum»,

and as & catalyst.

Present Analytlicel Hethods

The analyticsl determinstion ww thorium 1s important not
only for the snalysis of monagite sands, the important rew
material for the production of different common commercial
compounds, but also for the thorium menufscturing industry,
for the gas msntle industry, for thorium employed as &an al=-
loying constituent, &am the branches of industry which use
thorium &s 8 catalyst in their processes, and for the elec~
trical engineering industry which preoduce condults and con~
densers. The snalysis of thorium 1s &lso important for min-
eraloglical researches and for w&w work on geological time
determinations.

A large number of methods have appeared in the literature
for the determination of thorium. Practically all of them
are beged on precipitating out the thorium in some form from
&n acid or neutral solution, and finishing by & gravimetrie
method. ¥The precipitate 1as elther ignited to the dioxide
direetly or dissolved and the thorium precipitated &s the
oxalate after whiech it is converted to the dioxide by igni~
tion.

A survey of the gravimetric methods for determining tho=



rium by means of (a) sodium thiosulfate, (b} hydrogen per-
oxide, (c¢) potassium azide, (d4) sebacic acid, (e} lead car-
bmﬁat&, {f) metanltrobenzoic aeld, {g) fumariec acid in a
40 per cent alcohol $olatien, {h} ammonium oxalate, (i)
potasslum lodate and (J) sodium hypophosphate has been made
by J. P. Bonardi (44).

In addition to these, other gravimetric methods making
use of {a) sodium pyrophosphate, (b) 8«hydroxyquinoline,
(¢) benzenearsoniec seid, (d) hexamethylenetetramine, {e)
aniline, (f) quinoline, (g) sodium or magnesium sulfite,
{h) picroionic acid, (i) socdium alizarin~3~sﬁlfonata and
{}) benzenesulfinic ascids have been reviewed by B. Justel
{(29) and found te leave much to be desired.

There have been relatively few titrimetric methods re-
ported in the literature and these will be discussed in the

next seotion.

Statement of the Problem

Sinee the large majority of methods that have been de~
vised in the puast have been gravimelrie and becsuse of the
need for a rapld, accurate method Tor determinihg thorium
in verious alloys and mixtures resulting from the recent
work on this metal, the titrimetric determination of thg-

rium was investigsated.



LITERATURE SURVEY

Precipitation Methods

Molybdate method

In this method thorium is precipitated at room tempera-
ture from a 7 per cent acetic scid solution as the normsl

molybdate.
Thi{NOz)y + 2(NHg)gloO, > Th(Molg), + 4NH NO4

F. J. Metzger and P. %. Zons (42) claim that thorium is
quentitatively separated from rare earths such as cerium,
lanthenum, neodymium, praseodymium, erbium, yttrium, gedo-
liniuan, ete., by this method. Diphenylcaerbazide is used as
an external indieator. The eaguivelent weight of thorium is
- Th/4.

Phis method has also been studied by L. 2. Keufman {30)
vaaé compared {31) with six other methods for determining tho-
rium. This study revesled that the method of P. J. Metzger
and F. W. Zons is applieable when speed 18 desired but that
it is not as accurste as the other methods. The author's
experience with this method is in agreement with that of
others {%&) in that the end-point is very difficult to dis-
tinguish,
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O0xldimetric Methods
Oxalate method

¥. A+ Gooeh and M. Eobayashi (23) repert that thorium
¢an be determined titrimetrieslly by precipiteting the tho-
rium &8 the oxalate and titrating the precipitated oxalate
or the excess oxalle acid with & 0.1 ¥ potassium permangenate

solution.

’i‘h{}?@@s)‘ + %gggg& ———p %(Gggi)g * mﬂg
STh(80,.)g +

Qi 4 3@@@5 * 3&33@‘ 4 }.%#6

Although excellisnt results were obtained it was necesssry to
add the thoriom nitrate solution gradually to an exeeszs of a
hot oxalie acld solution in order to obtain & precipitate of
constant composition. When & hot oxslic scid solutioh is
added to a thorium nitrete solutlion the precipitste does not
correspond to the normal oxalste and hence eannot be asaé in
titrimetry. It is rather inconvenient to a&dd the unknown
solution to the precipiteting agent. A modification of this
method might be to dissolve the thorium oxelate in an excess
eoric sulfabe and the excess baek titrated with ferrous sul-
fate using ferrolin as the indlieator. The equivalent welght

of thorium is Th/4.
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Oxine method

The use of 8-hydroxyguinoline as & resgent for thorium
was proposed by I. M. EKolthoff (35) in 1927. Since then
several studies have been made on the determination of tho-
rium as the 8~hydroxyquinoclate. ﬁa'ﬁatﬁfiaé, 25) found thst
precipitation begins at a pH of 3.7, is complete between the
pE of 4.4 and 8.8, and that the precipitate redissolves at a
pH of 12.5.

Other studies (6,21,27,28,39) have shown that when thoe
rium is precipitated from an asetic acid solution buffered
with ammonium acetate the preclpltate corresponds to Th{Cgy-
Hel0) 4+CgHgNOH. This 8-hydroxygquinolate can be weighed or
titrated by the method of R. Berg (5) in which case the
equivalent weight of thorium is Th/20.

Th{HOz) g + SCgRGHOH «—» Th{CgHgNO),.CoHNOH + 4HNO4
KBro; + SKBr 4 6HCL —~» 3Brg + GKC1 + 3H 0

OH : OH
) *mw@r o
r

Thorium-~8-hydroxyquinolate 18 suitsble for both the
macro and miero determinations of thorium but is not 2 sepa-
ration of thorium from any metsl precipitated by oxine from

an ascetate buffered solution.
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The most recent oxidimetric method far determining tho-
rium is that of Yu. A. Chernikhov and T. A. Uspenskaya {15).
These workers precipitated the thorium by adding an egual. |
volume of a solution containing 100 grama of potassium lodate
and 333 ml. of 1.24 N nitric acid per liter. The precipitate,
4Th(I0,),-X105.18H,0, was filtered onto & sintered glass fil-
ter, washed with a nitrie acid solution of potassium iodate,
then 95 per cent aleohol and fimally with atk&:, After dry-
ing for 10-15 minutes at 40-45® the precipitate was dissolved
in acidifled potassium iodide and the liberated lodine ti-
treted with 0.1 ¥ sodium thiosulfate.

4:’213(1%5}‘ % 1'72‘.163 4 1%36 """"> &%{I@g}**ﬂﬁg&i&gﬂ + 1ms
KIO; + 5KI + GHCL ~—> ¢ B3I ¢ 6KCL + 3Hg0
Ig & g&gﬁgass — Kazﬁ,‘@; +* 315&1

The equivalent weight of thorium is 4Th/102. This method has
boon used as a separation from trivalent serium which can la-
ter be oxidized and precipitated as 2Ce(I0:),.KT05.8Hz0.

Electrometric Methods

Oxalate method

I. A. Atanasia (2) first reported that attempts to ti-
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trate thorium chloride or nitrate with sodium oxalate falled
but later reported {3) that salts of thorium can be titrated
electrometrically with solutions containing ammonium or so-

dlum oxalate.
%(ﬁasi,‘ 4 m&gﬁgﬁ‘ —— ‘ﬁlf{}‘gﬂ“}g * %ﬁﬁma

Picrolonate method

Thorium in amounts up $o 10 mg. can be determined by
precipitating as the picrolonate, Th(@éﬁﬁyﬁiﬁsl‘Qﬁga, {286).

T. Kiba {32) has titrated thorium plerolonate with &
titanous solution., The end-point waes determined potentio-
metrically. The titretioh wes made in a carbon dioxide at-
mosphere at 90~95® and in about 4 N acid. The equivslent
weight of thorium is Th/24.

’fhiﬁﬁs)‘ + éﬁ}_aﬁag‘gs + Egﬁ ——g Th{aiaﬁyﬁiﬁg}‘-ﬁgg *ﬁ’igﬁa

sﬁzuﬁma«mg cH 3-»{‘; -C-NHp
Sornt o et o & , CAL g BPER
ﬁ\\g//ﬁ OH + 671 + 6H - ﬁ;\ﬁ//ﬂwﬂﬁ + 2Hga0 + 6TL
N0y 2

The method has found very litile use because the time

required for & titration is more than twe hours.



I. A» Atanasiu (1) found that when thorium nitrate was
potentiometrieally titrated wé%h potassium ferrocyanide, tho-
rium ferrocyanide, Th{Fe(CN)g.], was formed at the equivalence
point butb that the compound veried with an exeess of the al-

kall ferrocyanide.
Thi{NOz) g + Ky lFa(CN)gl —> ThiFe(CN)g]l + 4KNO,

| This dMethod is unsatisfactory for & quantitetive mﬁﬁheé‘ef
determining thorium.

T. ¥. Shemyakin and ¥* A. Volkova (49) found that an
inflection is observed when Th{FPe{CN)g] is preeipltated from
a 30 per cent ethsnol solution at 70° with a potassium ferro~

eyanide solution.



EXPERIMENTAL WORK

Materials Used

{1) Acetic Acld, CHZCO0H: Baker and Ademson reagent grade.
Glaclal, Sp. Gr.: 1.05; 99.9% CHy000H.

{2) Ammonium Acetate, Crystal, CHZCOONH,: Baker and Adam~

| son r&agaatkgraéaf

(3) Ammonium Hydroxide, NH,OH: Baker and Ademson reagent
grade. Sp. Gr.: 0.90; 28% Nig.

(4) Ammonium WNitrate, NH O, Baker and Adamson reagent
grade.

(5) Ammonium Paramolybdate, (NH/)gM0,054.4Hp0 (52):1 Baker
and Adanmson resgent grade. Bolution: Dissolve 7.8
grams of ammonlum paramolybdate in one liter of water.

vfs} Amuonium Phospbate, Dibasic, (NHg)HPO,: Baker and
Adanson resgent grade. .

(7) Csleium Witrate, Ca{NO;)p.4Hz0: Beker and Adamson re-
agent grade.

{8) Ceric Sulfeate, Anhydrous, Ce(HSO0,),t OC. Fredrick Smith
Chemical Company, Columbus, Ohio. GF3 reagent. Solu-
tion: Dissolve ceric sulfste in dilute sulfurle acid,
dilute to about 0.1 W and filter through glass wool.

(9} Cerous Oxide, Cey0z: A measured volume of standerd ceric

sulfate was reduced with hydrogen peroxide and the solu-
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tion boiled to éastrcsxtha excess g@rwmm The cerous
sulfate soclution thus obtained was used as a source for
cerlum.

{10) Diphenylearbazide, CgHzNHNHCOWHNHC izt Eastmen Kodak
Company, Rocheater 4, N. Y. Fastman (618) white label
quality, Solution: Prepared according to the diree=
tions of F. 3*‘Eﬁtzgar snd F. W. Zons (42). Dissolve
0.5 gram of diphenylearbazide in 200 ml. of 95 per cent
ethanol and allow to stand two weeks before using. The
solution, when ready for use, should be yellowish in
color, but show no pink %iﬁga; |

(11) Ethanol, CpHgO0H: U. S. Industrial Chenmleals, Inc., 642
South Michigan Ave., Chiesgo, Illinsis;‘ gﬁ%,céagaﬁ;

(12) Ether, Absolute, CgHz0CgHg: Merck & Co., Inc., Rahway,

- N. J« Merck reagent grade. Sp. Gr.: 0.710.

{13} Ferric Ammonium Sulfate, Feg(S0,)5.(1H,)30,.84H,0:
Baker and Adamson raagaﬁt gr&&é, Solution: Dissolve
10 grams of ferric amsonium sulfate in enough water to
make one liter of solution,

{14) Perrous Sulfate, FeS0,.7Hg0: Baker and Adamson reagent
grade.

{15) Filter Paper: Il1l-cm. Thatman #42, Ash: 0.0001 g.; 9-cm.
whatman #42, Ash: 0.00006 g.

{16} Filter Pulp: Whaimsn ashless tablets. 4ash: 0.00025 g./
tablet. | )

{17) Hydrezine Hydrate, &ﬁgﬁﬁgﬁﬁgaﬁ E&atﬁgg‘xa&&k cﬂmgaay,V 



%lﬁﬂ-

Rochester 4, N. Y, Eastman (P902-X) y@liaw label
guality. 85% in w&t@r; ’ o

{3&},§y&raeﬁ1§ria‘éeié, ﬁﬁlé' Baker and Adamson resagent grade.
Sps Gr.: 1.178-1.188; 35-37% HCl.

- {19) Hydrogen Peroxide, Smgﬁraxai* §anz Herck & €0e, Inca.,
Rahway, N. 7. Merck chemically pure grade. 30% Hgz0,.

{20} Indigo Caermine, Carmine Blue, 5,5%'-3odium Tudigodisul-
fonate, (CI 1180), €5n§aﬁ$$3}?sﬂg*lwcgéf%ﬂ}!8(%§£3?j_
%ti?gﬁsiﬁfmﬁﬁgﬁﬁ}ﬁ Hertmen-Ledden Co., Philadelphia,
Pa. Solution: 0.1%.

(21) Lenthenum Nitrate, La{N0y)4.8Hp0: Clty Chemical Cor-
poration, 132 West 22nd Street, ¥ew York, ¥. Y. Chenl-
¢cally pure grade. |

{22} Lanthanum Oxide, Lag0,: Prepered by lgniting lenthsnum
nltrate at ﬁ@@w?ﬁﬁ‘; Dissolved in dilute nltric acld
and added us thes nitrate.

(283) Methyl iso~Butyl Ketone, "Hexone", CH,CH(CH4)CHaCOCH 2
Tastman Xodsk Company, Rochester 4, N. Y. Eastman (416)
white label gquallty. |

{(24) Methyl Violet, {CI 680), [4-(CHj) NCgH, 10 10 H =4~ 1N~
(CH3) gC11{CgH~4~NHCH ]t Hartman-Ledden Col, Philadel-
phie, Pa. ;saiatiaaz 0.85%.

Holybdenum Wire, Mo: Fansteel Metallurgieal Corporation,
North Chiecago, Illinois. Dlameter: 40 mils. 99.97%
¥o.
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(26) Heodymium Oxalate, Ndg(Cg0,)5+10H,0: Lindsay Light &
Chemical Company, West Chicago, Illinois,

(2§§ Heodymlum Oxide, Ndg0,: Prepared by igniting neodymium
oxalate at 500-600°. Dissolved in concentrated hydro-
chloric aecid, diluted and added as the chloride,

{28} Hitric Aclid, HNOg4: Baker and Adamson reagent grade,

Sps Gre: 1.42; 70% HNO4.

{29) Ozelic Acid, HyCg0,+48H,0: Beker and Adamson reagent
grade. |

(30} Perchlorie Acid, HClO,: G. Fredrick Smith Chemical Co.,
Golumbua, Chie, GFS resgent. 5p. Or.: l.54; 60% BC1O,.

{31} 1,l0-Phenanthroline Perrous Sulfate, Ferroin,
?a{ﬂggﬁsﬁg}ﬁ$ﬂ4t Solution: Prepared according to Smith
apd Richter (51). Dissolve 14.8662 grams of 1,l0-phenan-
thfaiiﬁe monohydrate and 6.9505 grams of ferrous sul-
fate hepiahydrate in snough distilled water to mske one
liter of solution. This solution is 0.025 ¥ in ferroin.

(32) 1,10-Phenanthroline Monohydrste, C,gHgNg.Ha0t G. Fred-
rick Smith Chemieal Co., 867 MeKinley Ave., Columbus,
Qbia; GFS8 reagent.

(33) Phenosafranine, (CI 840), mmzfmg)?ﬁﬁa@%ésaﬁgtw-wg}
wa}mgﬁgm; Hertman-ledden Co., Philadelphia,
Pa. Solution: 0.5%.

(34) Phenylarsonic Acid, C,HghASO,Hp: Eastman Kodek Company,

Rochester 4, N. Y. Eastman (2020) white label qusality.



(35)

(36)

{97}

(38)

18w

Phenylhydrazine, C H NHRH,: Eastman Kodek Company,
Roohester 4, N. Y. ZEastman (329) white label quaslity,
Phosphordc Acid, H, PO, : Baker and Adsmson resgent grade.

Spe Gre: 1.69; 85% H PO, .

Potessium Bthyl Zenthate, C HgOC85K: Eastman Kodek
Company, Rochester 4, . Y. Eastmen (1568) white label
guslity. v

Potassium Ferrocyanlde, mwwahmmwa“ Baker and Adsmson

- reagent grade.

{39) Potnssium Pyrophosphate, K, ,P,0,: Buaker aznd Adamson

(40)

(41)

o (42)

(43)

(44)

(45)

chenically pure grade.
Potassium Thioeyanate, KCN3: Baker and Adamson reagent
grade,
Rhodamine &G, {CI 752), mmshmwwmwﬁmwﬁm%wommm@mml%mw
manmwﬂmwmmsw;a%ﬂmwm*wmtm@wammmmw Hertman-Ledde Co.,
Philedelphia, Pa, Solution: 0.1%.

Samerium Oxalate, Smg(Ca04 3.10Hg0: Folrmount Chemical
COwy Inc., 600 Ferry Street, Newark, N. J»

Samarium Oxide, 8my04r Prepasred by lgniting samariam
oxalate st 500-500%. Dissolved in concentrated hydro~
ehlorie scid, dildted and edded ss the chloride.

‘Sodium Thiosulfate, Nag8,04.5Hg0: Merck & Co., Inc.,

Rahway, N. J. Merck resgent grade.
W§wwﬁwwa;thﬁw_mwMWh” Baker and Adarmson reagent grade.
Sp. Gret 1.84; 95-96% HpS04. |
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(46) Tannin, Tannle Acid, m~Digallic acid, 3,4,5-{0H)z~
CgligCO0C gHo=b~CO0H-2,3=~(0H)} ;¢ Eastman Kodsk Company,

_ Rochester 4, N. Y. Eastmen (422) white label guality.

(47) éartrazina, (CI 640}, (4-Na0SCyCgH, )N :C(COON)C(N:NCe~

Hy-4-S05Na):C0H: HartmensLedden Co., Philadelphis, Pa.

Solution: 0.5%.
{48) Thorium (95%)-Columbium Alloy: Prepared by A. I. 8n9w;
* Rolled into a shest by 4. H. Daane.

(49) Thorium Nitrate, Th(NO,)s.4Hg0: Lindsay Light & Chemical
Company, West thsag&,lxllinais. Atomlc welght graﬁa}
Purified as described on page (24 ;, |

{50} Thorium Perchlorate, Th(ClO,)4s Prepared by fuming puri-
fied thorium nitrate with perehlorie acid to near dry-
ness and diluting until 1 ml. 1s egulvalent to about 5
mg. of Ho.

{51) Urasnium-Molybdenum Alloys: Prepsred by D, H. Ahnmenn and
A. T. Snow.

{52) Uranlum-Thorium Alloys: Prepared by 0., N. Carlson.

(53) Uranous Uranaie, U(U0g}g, Uz0gt Prepsred from uranyl
nltrate hexahydrate as follows: Uranyl nitrate hexa-
hydrate was extracted with dlethyl ether. The ether
was evaporated and the purified urenyl nitrate was re~
crystallized from wa%&r; ‘These crystals were dried
and igpited in a muffle at 1000°. The resulting pro-
duet was ground, ignited, ground, ignited and ground
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sgain. The Uy0g prepared in this manper wes used as
_ a primery standard,

{54} Urenyl Nitrete Hexahydrate, U0g{N0gz}g.6/50: Mellin-
ckrodt Chemical Works, Hesgent grede. FPurified by
extreeting with diethyl etber and then reerystellizing
from weter.

{65) Yttrium Nitrate, Y(NCz},.6Hg0: City Chemleal Corpora~
tion, 132 ¥est 22nd Street, Wew York, W. Y. Chemie
cally pure grade.

{56) Yttrium Gxiéa, Yg0zt Prepsred by lgniting yttrium ni-
trate at 600-700°. Dissolved in dilute nitrie acid
and added as the nitrate.

{57) Zinec, Amslgemated, 20 mesh: Bsker snd Adamson resgent

grade.
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¥ethods of Procedure

Precipitation methods

Adsorption indicator methods. The determination of

-a metal lon by adsorption indicators depends upon the forme-
tion of a difficultly soluble compound which adsorbs the
anions of the yr@aipitant,'%ﬁua»giving the precipitated
particles & negative charge, when the equivalence point is
passed., Positive lons of & dyestuff mey then be adsorbed
by the precipitated particles or actually exchanged for some
of the eations of the wrecipitete. The deformation of the |
dyestuff ions, as a result of being adsorbed by the precipi-
tate, is accompanied by a color change wﬁish is the basis of
these titrations (34). Basic dyestuffs, such as rhodamine
€3G, phenosafranine, and methyl violet should be applieable
tc the titration of thorium with snions such as phenylearso-
nate, molybdete, phosphate, and pyrophosphate. Tartrazine,
although an acid dye, has been found {7) to work best when
the cation i1s titrated with the anion,

A solution of thorium nitrate, to whieh & small amount
of acetlc acld end methyl viﬁ;et had been added, wes titrated
with an ammonium paramolybdate solution. The thorium molybe

date adsorbed the methyl vlolet giving the ﬁree&giﬁaﬁe a
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slight 1ilee color but no end-point was observed. Phenyl-
arsonioc acid, asmmonium ﬁhaaphata, and p@%aasiam{pyreghase
phate were a&lso tried as §reaiyitaﬁe5 bat no end-point could
be detected. |

Thorium nitrate solutions containing & small emount of
acetic aeld, were titrated with each of the above mentioned
grssigit&nts in the presence of phenosafranine. No end-point
eould be detected in any of the experiments.

vhen similar experiments were run using rhodamine &0 as
indicator it was strongly adsorbed in the csse of thorium
molybdate giving & pink colored preciplitate but no end-point
was observed, Attempts to deteet an end-point with the other
precipitants also met with failure.

The only indieator that gave any evidence of an end-point
was tertrazine., In the case of thorium molybdate there wes
some indication of a change from yellow to pale green eround
the equivalence point but the change was not sharp. The other

precipitants gave no hetter resulis,

Oxidimetric methods

Genersl, This method 1s based on the qnantitative pre-
eipitation of thorium as the normal molybdate and the subse-
quent reduction and titration of the molybdenum that is come~

binad with the thorium.
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TR(NOg)( + 2(NH,)gho0, — Th(MoD,)g + ANH,NO,
- Th(MoOg)g + 4HCl —> ThCl, + 2 Mo0
aﬁsm‘ * 328 + 12A0L —> 2MoCls + 3ZnCly + 8Hg0
2MoCly, + 6Ce(HS0), + Sﬁg& ZHpMo0, +
3Ceg(S0,)y + GHCL + 15HgSO,

According to H. T. S. Britton and W. L. German (13)
thorium begins to preeipitate at a pH of 3 when an alkali
‘molybdate is &&&sﬁQ ?ﬁay claim that the nermﬂifgym&ann& is
precipitated and give as evidence for ﬁﬁis’that {a) preci-
pitation takes place at a pH value lower than that at which
the hydroxide separates, (b) a sharp inflection is produced
when an equivelent emount of the titrant‘naaAbeeﬁ adaeé, {e)
the final pH of the solution 1s just abaV@vé; {d) on analysis
' the precipitate, after being dried &t/l@ﬁ‘, was feanﬂ to ocon=-
tain molybdic oxide and thoria in the ratio of 2.07:1. That
the normal thorium molybdete is precipitated is also suggested
by the findings of ¥F. J. Metzger and P. W. Zons (42) who ana~
lyzed the preeipitate they obtalned and found it te conbain
molybdenum and thorium in the ratia 2.,017:1 and 2.03:1.

H. T. S. Britton and W. L. Germsn (13) also found that
when an alkall paramolybdate or an alkali metamolybdate is
used s the precipitant the thorium pera- or metamolybdate
is not precipitated. In these cases thorium is precipitated
as the normal molybdate but the precipitate is contaminated
with coprecipitated molybdie axiﬁe. The rest of the molyb=
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diec oxide is liberated 1# the solution which accounts for
the initial decrease in pH when thorium is precipiteated
with sodium paramﬂlyb&a%a; |

Determination gg_thsr;ﬁmyggggg; The thorium nitrate
used in the Tollowing experiments waé earefully purified
in the following menner. |

Two hundred fifty grams (ca. 0.45 mole) of thorium ni-
trate tetrahydrate was mixed with 450 grems (ca. 2 moles)
of caleium nitrate tetrahydrate. To this mixture was added
193 ml. of congentrated nitric acid (ea. 3 moles) and enough
water to meke one liter of sclution. This solution was ex~-
tracted with two one~liter gertiaas of hexone that hed been
saturated with & nitrie acid-water mixture by shaking egqual
volumes of hexone and 4 N nitric aeid for 5-10 minutes. The
two liters of hexone, aéntainiag the extracted thorium, were
extracted with en equal volume of water to remove the thorium
from the hexone.

To the two liters of water, containing the purified tho-
rium, was added 100 grams {ca. 1.25 moles] of ammonium ni-
trate to prevent the precipitation of calcium and the thorium
was precipitated with ammaﬁia; The thorium bhydroxide thus
obteined was filtered, redissolved in nitriec aclid and the
thoriam precipitated ageln in the same way, The thorium hy-
droxide was agein d4issolved in nitrie acid and the solution

was Tiltered to remove any suspended material. The thorium
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was precipltated two more times with ammonia and washed 5.6
times with distilled water. The pure white thorium hydroxide
thus obtained was dissolved in just enough nitric acid to ef-
fect sclution. 7This solution was filtered into a bottle and
4&&1&%&6 to about five liters. The above purification effec~
tively separates thorium from the fara earths and most other
“lons. _

This ﬁﬁlﬁtiﬂnfwﬁﬁ sﬁaﬁéarﬁiggﬁ by preecipitating the tho-
rium &8s the hydroxide, filﬁsring‘antn g~cm. Whatman §42 £ile-
ters, washing, and igniting to the dloxide. Welght burets
were used throughout this investigation. The results of this

standardization are summarized in Table 1.

7 Table 1 o
3tandardization of Thorium Nitrste Solution

Trial Wt.sol'n, g. WE.ThO,+x'bls, g. Wt. x'ble, g;V&.%hﬁafé.aal'a

14.8308

14.7105

0.01039

1 11.5778
2 8.7474 13.6012 13.5100 0.01042
3 10.6524 13.8252 13.7144 0.01040
4 10.2106 12.3472 12.2409 0.01041
5 8.7131 12.3002 12.2094 0.01042
; Average values 0.01041
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Several samples of the standardized ﬁhariﬁm,nitrate
solution were welghed Into 250 ml. beakers. These samples
were diluted to 150 ml. with water and made 7 per gent in
acetic acld. About 15 ml. of thick Filter pulp was added
to sach sanmple and 40 ml. é% the a&meniam.yaraﬁalybﬁata
solution was slowly aéﬁeé from & buret with stirring. The
samples were then heated to bolling and filtered, while hot,
through ll=-om. Whatman #42 filters into 400 ml. beskers.
Thafﬁbariam molybdate precipitates were washed 5-6 times
with hot 1:100 acetic acid. The precipitates and filters
were transferred ta‘%ha'zﬁﬁfmi; beakers in whieh the preci-
pitations were earried ont. 7To esach af't&ése\baék&rs wes
:é&ééﬁfzﬁ ml. of conoentrated hydrochlerie acid and the con-
tents stirred until the ﬁh@fi#&vmslybéaﬁa had dissolved end
the filters had éiﬁimﬂegratsé; ﬁavagtyufiva ml. of water
was added to each beasker and the solutions were brought to
& boll, After B migutaa of slow bolling the solutions were
filtered through ll-om. Whaotman #42 filters into 400 ml.
beakers, Lomger boiling st this point is accompanied by
partial reduction of the molybdete and é coloring of the solu=
tion end the filter pupp. This should be avoided. The fil-
ter pulp and filters were washed ﬁwﬁ times witﬁ'het 13100
hydroehloric acid,. The filtrstes, after being cooled to

room temperature, were psssed through an amalgemated zine
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Jones reductor into an excess (50 ml. of 10 per cent) of
ferric alum to which had been added 2-3 ml. of concentrated
phosphoriec acid to decolorize the ferrie iron whieh would
otherwise tend to obscure the &hdhﬁoint. The Jones reductor
quantitatively reduces molybdenum from the hexavalent {eolor«
less)} state to the trivalent {green) state {4?3; The ferrie 7
alum, containing phosphoric acid, oxidizes the trivelent
molybdenum meinly to the guinquivalent (red) atat@; Contrary
to A, D. ¥itchsll and A, %,*%aré‘(ég} it is believed that tri-
valent molybdenum is largely pxldized to the hexevalent state
by ferriec alum in the ebsence of phosphoric acid. This be-
lilef is based on the fz~% that & nearly eolorless saiutiaﬁ is
obtained when phosphoric ecid is edded to the ferric alum solu-
tion after the trivalent molybdenum has been in%redaeaa;

The solutions containing mainly quinquivalent molybdenum
and ferrous iron were titrated with 0.1 N ceric sulfate using
two drops of ferroin as indicator. The end-point is taken as
thet point when the pink eolor changes to colorless or light
blue. The end~point in the absence of phosphoric aeid 1s
shown by & color change from pink to light green but the pink
color returns several times before a permunent light green
solor 1s obtained., This sluggish end-point is sliminated by
the addition of phosphoric ecid which increases the rapidity
of oxidation by the ceric sulfate (50)}. The results of this

experiment are recorded in Table 2,
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The data of Teble 3 show conclusively that thorium can
be determined quentitatively by precipitation with emmonium
paremolybdate and the Sﬁﬁﬁﬁqﬁ&ﬁt\ﬁitt&tﬁ@ﬁ~6f’ﬁhe combined
molybdenum, Chleride and perchlorate solutions may also be
used, The recommended procedure for determining thorium in
Ath@riam solutions is given below. ’

Samples contalning 0.15 to 0.2 gram of ThO, are weighed
into 250 ml. beakers. After the samples have been aisaalvéé
any large excess of mineral aclid 1s destroyed by evaporsting
the salutians'aaarly to’ﬁrynaSQ.  %§3 samples are then é&&uﬁaé
to 150 ml. with water and made about 7 per cent in acetie
acld by adding 11 ml. of glaclel acetic acid. Pifteen ml.
of thick filter pulp and 1 ml. of the diphenylearbezide solu~
tion are sdded. The ammonium paramolybdete solution is ad-
ded from & buret with stirring until the §1gﬁanyia&rhaziﬂe
imparts a deep pink color to the aoiﬁtién, aftﬁf~tha gr#aia
pitates have settled the supernatant liquids may be tested
for complete graeipi%&tiang ‘The contents of the beskers
are heated to the ﬁéiiigg ﬁﬁiaz and filtered, while hot,
through linam; whatman #42 filters into 400 ml. hsakera;

The precipitates are washed 56 times with hot 1:100 acetie
acid. The 250 ml. beakers need not be scrubbed out with a
policeman but only a&rﬁxally'riaaa§ out 2~3 times with wash
solution. The washed precipitates and filters are trans-
ferred to ﬁha 250 ml. beskurs in whieh the precipitations
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dissociatlon of celcium acetate. F. H. MacDougell and W, D.
Lerson (41) claim that the following equilibria exist in

" aqueous solution and that the first stage of the i@n&ﬁ&#ian
is complete but that the second stage is only partially come
plete. '

Ca(0Ac)p wwemmnx cadhe’ + CAc™

Ceohe’ === Ca't + Qac”

They estimated the ionization constant for thls second stege
to be 0.15. In contradiction to thim €. W. Davies (17) claims
that calcium mcetate 1s a stronger electrolyte then calcium
nitrate and that in dilute solutions {0.02 ¥) it is nearly
completely dlssociated. |

The sultebility of determining thorium in the presence
of ealcium with molybdate was tested by adding different
amounts of calcium nitrate to thorlum nitrate sclutions end
separating the thorium as the molybdate. The results from
this seriss of sxperiments are shown in Table 4.

From the dats in Table 4 1t is apparent that thorium can
be quantlitatively separated from as much as 0.4 gram of eal-
elum in a 7 per cent acetic acid solution. The high results
obtained when extrenely large aﬁﬁaats of ﬁ&lﬂiﬁ& are present
may be due to @ayreaigitaﬁian; large amounts of eslelium ni-
trat@‘give & pink colorstion with dliphenylecarbazide, thus it
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13 imposaible to use this indiestor for approximating the
equivalence-point when these conditions exist., Solutions
1.5 ¥ in calcium would not ordinarily be encountered in a
thorium analysis but in case they are they should be di-
luted prior to analysis. | | |

The rscommended procedure for determining thorium in
the presence of caleium is ths same as that outlined for de-
termining thorium in thorium solutions on page (& ).

Seperation of thorium from uranium. Uranyl molybdate
is insoluble in aqueous solutions end solutions contalining
acetic acld. Ammonium acetaete prevents uranyl molybdate
from ﬁ?&ﬂigi%ﬁﬁiﬁg‘fé? about th:aé,hﬁars even if the aalé.
tianAia'baileﬁ(bnt & graaigit&te appears aftar at&nﬁing
twelve hours. B

A geries of experiments wéra &anﬁaataﬁ in order to de~
ternins wﬁatﬁaz or not thorium could be separated from uranyl
salts in an ammoniun ascetate solution with ammonium paramolybe
date, Different amounts of wranyl nitrate were added te tho-
rium nitrate and the thorium determined by separating it as
thorium molybdate. All solutions were made 7 per cent in
acetic acid and contained 3 grams of ammonium acetate. The
resulis are tabulated in Table ﬁ;

In this series af experiments the amount of uranium was

varied while the amount of ammaaiam'aaatate was constant.
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In trial four an excess of four mlg of preeipitant was
added and in all other cases &an excess of two ml. was added,
Since the errors were sconsistently one per cent low they
‘were probably due to the ammonium aaeta%$'$in¢s it was pre-
sent in constent amount while the ursnium was not. Since
trial four gave guantitative results and contained four ml.
excess of precipitant it seemed that a larger excess of pre-
clpitant was all that was necessary to overcome the effeet
of the ammonium acetate. A series of experiments were made
~to deternine whether this was true. The results obtained
are recorded in Table 6;

The data in Teble 6 show clearly thet the excess of
preci pitant must be econtrollied. From four to six ml; must
be present in order to get quantitative saggratien of the
thorium. Smallsy or larger amounts glve low or high results
respectively, This mneed for regulating the amount of excess
precipitent necessitates a knowledge of the axﬁunttof tho=
rium greaant or a method to detsrmine the approximete equivae
lence-point. Diphenylcarbazide is not satisfactory in this
case. Thakaﬁxy ﬂatiéfaatory method found was to test the
supernatant liquid for complete precipitation or mske & pre-
liminary determination to find approximetely the amount of
thorium present.

»ﬁha recomuended proeedure for determining thorium in



Table 6

Effect of Excess Precipitant®

Trial ThOs sol'n., g. ThO, teken, g, Ml.excess M1,C0e(HSO0,).** Thoy found, z. % Excess

D <= o o s G o W

15.1806
17,1680
17.0598
18,7198
Mmmmmqa
17.5897
15.8660
13.6257

0.1580
0.,1787
0.1776
0.1740
0.1443
0.1831
0.1652
0.1418

e o &

35.15
40.30
40.10
39..50
32,72
£1.60
57.66
32.28

@ywmmw
0.1786
@rﬂqqm
@ywﬁmw
QmW?&G
0.1844
0.1669
0.1431

~1.39
~0.086
+0.11
f@pmm
*@.ww
+0.71
+1.03
*@mam

* = 0.2 gram of Uz0, was present in each trial

** N = 0,1007

~gg=
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the presence of ufaniﬂm.is given below.

Samples containing 0.15 to 0.2 gram of Th0, and not
more than 0.5 gram of Ug0, are weighed into 250 ml. beakers,
After the sémpi@é aﬁa éissélvéé a@y 1ar§a exeess of mineral
aeld is éestraya& by evaporating the solutions nearly to
éryn@as* Five grams of ammonium ecetate and 11 ml. of gla-
clal acetic acid are added to each sample and they are thenm
diluted to 150 ml. ﬁi%ﬁﬁﬁaﬁara Twenty-five ml. of thick
filter pulp 1s added and the thorium precipitated by adding
ammonium paremolybdate solution from & buret with stirring.
The amount of &mmcni&m‘yaram@ly%éate solution that is neces-
sary is determined by testing the supernatant licquid for com-
plete precipltation or by making a preliminary ﬁsterminatiaa.
Four ml. in excess of that reguired for aampléta yre@iﬁita-
tion 1s added, The eontents of the beakers are heated to
bailiag and filtered through llecm. Whatmen #42 filters into
400 ml. beakers. The precipitates are washed 5-6 times with
hot 1:100 acetie acid. The 350 ml. beakers need not be
serubhed out with & policeman but only carefully rinsed out
2«3 times with the wash 3Qiatiang The washed precipitates
and filters are transferred to the 250 ml. beakers in which
the precipitations were ecarried out and 25 ml. of concen-
trated hydrochlorlie acid added to each besaker. The contents
are stirred until tha filters have digintegrated. Seventy=-
five ml. of water is added, the mixtures heated to boiling



~4 Q-

and filtered, while hot, through ll-cm. Whatman #42 fil-
ters into 40V ml. beaskers. The filter pulp snd filters are
washed 5-6 times with hot 11100 hyﬁroeklerie acid., The fil~
trates, after being cooled to room temperature, are passed
through & Jones reductor into an exeess (50 ml. of 10 per
eent) of ferrie alum to which 2-3 ml. of concentrated phos-
phorie acid has been added and titrated with 0.1 ¥ cerie
sulfate using two drops of ferroin as indicator. The end-
point is observed as a change in the eolor of the solution
from plnk to colorless or light blue. ,

The sbove method has been used to sdvantage in analyz-
ing thorium-uranium alleys for ﬁhsrinm. These alloys are
easily decomposed with hydrochlorie acid and then brought
into solution by fuming with perchlorle acid. Typleal re-
gults obtalned by this method are shown in Table 7. The
uranium was &e%arginaa on a separate sample by redneing{
in a Jones reductor, aserating, and titrating the uranous
solution with 0.1 N ceric sulfate in the usual manner (50,

Pe 87}
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Table 7
Analysis of Thorium-Uranium Alloys®

semple % Thorium ¥ Uranium Total, %

1 1.87 97.60 99.37

2 16.10 82.60 98.70

3 23.60 76.90 100.50

* These snalyses made by
J+ He Patterson.

Separation of thorium from rare earths. According
t0 F. J. ¥otzger and ¥. W. Zons (42) an excess of ammon-

ium paramolybdate when added to & solution of a thorium

salt under proper condltions of temperature and ascidity
will céuantitaﬁimiy precipltate the thorium as molybdate.

It is also stated thaet rare earths such as cerium, lantha-
n&m; neodymium, preaseodymium, erbium, yttrium, gadolinium,
ete., give no preeipitation whatever under these conditions.
The above workers recommend thet thorium be precipitated

ag the molybdate at room temperature from a 7 ner cent ace-
tie aeld sclution. The determlination of thorium in the pre-
sepnoce of various rare esarths was tried as follows:

| Samples of the standard ThOp, solution were weighed into
250 ml. beakers. One hundred mg. of a rare earth oxide was

added, as & splution, to each of the samples, Fifteen ml.
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of thieck filter pulp was added to each beaker. These mix-
tures were diluted to 100 ml. and made 7 per cent in acetie
acid, The thorium was precipitated at room temperature by
adding 2 ml, excess of an amuonium paramolybdate solution.

The beekers contalning the precipitated thorium molybe-
date were heated just to bolling end the precipitates fil-
tered onto ll-om. Whatmen #42 filters., The beakers end pre=-
eipitates were washed thoroughly with hot 1:100 acetie acid.
The filters contalning the thorium malyb&aﬁa'wara returned
to the 250 ml. beakers in which the precipitations were car-
ried out. Twenty-Tive ml; of concentrated hydrochloric acid
was added to each beaker and the contents stirred until the
filters were disintegrated. Seventy-five ml. of water was
then added to each beaker and they were placed on & hot plate.
After boiling for a few minutes the thorium molybdate solu-
tions were filtered through li-cm. Whatmen #42 rilters. The
filters were washed earﬁtuily with hot 1:100 hydrochlorie
acid, The filtrates, when aaal; were passed through & Jones
raéﬁut&r into ferric alum to whiebh phosphorie acid had been
added and titrated with ceric sulfate using ferroin as in-
dicator. The results obtained &re shown in Tabdle B.

The data in Table 8 show that part of the rare earihs
were precipitated as the é@iyhaata along with the thoriom.
1t was thought that perhaps this precipitation of rare earth



Separation of Thorium from Rare Harths

Table 8

o

Trisl REz04, 8. ThOp sol'n., §. ThO, teken, g. M1.Ce(HS0,),* Th0y found, g. % Error
1 0.1 Lagh; 15,7839 0.1643 39.00 0.1729 +5.2
2 0.1Lag0; 15,5380 0.1618 38.80 0.1720 +6.3
3 0.1 Yg05 15,7030 0.1635 38,30 0.1698 +3.9
4 0.1 Y0, 16,0973 0.1678 39,75 0.1762  +5.1
5 0.1 S5m0y 16.2549 0.1692 59,72 0.1761 4.1
6 0.1 Smg0; 14,9834 0.1560 38,02 0.1686 +8.1
7 0.1 N&z04 15.6247 0.1627 38,95 041726 6.1
8 0.1 Nag0; 16.1526 0.1681 39.80 0.1764 +4,9
9 0.1 Ceg0y 16,2042 0.1687 39.85 0.1767 4.

10 0.1 Ceg0y 15.7928 0.1644 38.42 0.1703 +3.6

* N = 0.1007
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molybdates could be prevented by the addition of more ace-
tie aeld since ¥. J. Metzger and F. W. Zons (42) found that
a certain minimum emount of acetic acid was necessary to
prevent the rare earths from being precipitated.

A study was made of the effect of varylng the amount
of acetic aeld in the following menner. To several solue~
tions of thorlia was edded 0.1 gram of lanthanum oxide, as
a nitrate solution, and varying smounts of acetic acid. The
analyses were carried out as before. The data obtained from
this study are $&$ﬁﬂ;iﬁ ?ablﬁ ?. | | |

The data of Table 9 show that the amount of acetie acid
present delinltely affects the coprecipitation of the lane
thanum molybdate. This coprecipitstion sppears to be & mini-
mum when the sclution 1s about 20 per cent in eseetic acid but
even then it is not reduced suffieciently so that thorium ean
be determined ga&ntit&tivalg;

- All the above anelyses were masde Dy heating the contents
of the beakers ﬁa boiling before filtering the thorium molyb-
date, It was thought that tespersture might have some effect
on the ocoprecipitatlion of the rare sarth molybdates so a
geries of determinations were made without heating to boil~
ing before filtering off the thorium molybdate. The solutions
were made 20 per cent in acetic acid. The data obtained from
this series of determinations are recorded in Table 16;

The date of Table 10 show that temperature has little ef-



i G

4007°0 = W *

T° 4 865T°0 g0*9g 26¥T*0 ¢ 08 4
g* L+ 404T*0 og*ee 8961°0 o 0% 9
LT 68T 0 AL T181°0 0 08 ¢
6°3+ LOVT*0 0T ce 929T° 0 o s ¥
4" T+ $281°0 ST*T9 ¥64T°0  T°0 02 g
09+ 188T°0 0e*TY 83410 0 st @

1

£ o+ 08410 08" 82 81810 T*0 4

2023y 4 *8 ‘punoy Sous ,¥(YosH)eortw *F ‘uwexes Foul *3 ‘Fofer oVOH 9§ TETAL

e e O e e B A A e e Rt st

24 ppaiTON wnuwygueT
Jo uotrqegtdioexdo) uo proy 01380V JO q081JH

& eTqsl



G

L00T*0 = H 4

LT+ 8991°0 a9t 4e T901°0 889461 10

i e ’

e A ST AN S

o ——

e

0
T+ PRLT0 veroe 024T'0 JT26*9T 1°0 g
9° T+ $OLT" 0 ¥°8¢ LL9T* O ZTTT* 9T T*0 ¥
g1+ $2LT*0 68* 82 669T"0 2688°0T 1°0 g
40T+ gg9T"0 $8°0¢ 909T"0 892%° ST °0 g
8* T+ g0ST*0 . ge*ee 84L¥T*0 92081 T*0 1

xoxxy ¢ *9 ‘puncy Fouy LY(®OsH)es TH 8 ‘uexsy Boul *F ¢-u,Tos fouy °*% f25%97 TVTLL

998 pqiToy wnusyyuey ,
Jo uopgegrdioeadod oyz uo samuiedus] Jo 19003139

0T o14sl



fect on the eoprecipitation of lanthenum molybdate because
"the per cent error observed in the determination of thorium
under sirlilar conditions, with the gxeﬁyﬁi@n‘ar temperature,
was +1.7 as shown in Table 9., The perfectly clear filtrates
obtained from the above anslyses were heated to boiling and
8 81light turbidity appeared indicating that thorium molyb-
date is not lmmediately precipitated quantitatively in the
¢old. Lanthanum nitrate, in the absence of thorium, gives
absolutely no precipitation under the above conditions.

From the above experiments 1t was conecluded that tho-
rium cannot be determined quantitatively by the molybdate me-
thod. : |

Determination of molybdenum by reversal. The determina-
tion of molybdenum by precipitating it as thorium molybdate
is very useful in that it affords a mesns of separating molyb-
denum from certain other elements from whieh 1t cannot be con-
venlently separated atherwisa, Such an examgle is the separa-
tion of molybdenum &nd uranium. Several methods have been
studied (4) in connection with this separstion but all leave
mach to be desirs&; The precipitation of ammonium diuranate
by the wea hydrolysis method (56) does not give a complete
separation except for very low uranium alleys; The a-ben=
zoinoxime method (33) 1s only satisfaetory for low molyb-
denum alloys. Chatard*s {14) lead molybdate method, Me Cay's
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added to each beaker and the contents heated to boiling
and filtered through ll-cm. Whatman #42 filters into 400
ml, beakers. The Tilter pulp and filters were washed 5«6
times with hot 1:100 hydrochloric acid., The filtrates,
after being cooled to room temperature, were passed through
a Jones reductor into an excess (B0 ml. of 10 per cent) of
ferric alum to which had been added 2-3 ml. of concentrated
phosphorie aéia and titrated with 0.1 N ceric sulfate using
two drops of ferroin a&s indiestor. The data obtained from
this study are recorded in Table 1ll.

These data show thet molybdenum can be conveniently
separated from uranium as therium molybdate, The above pro-
cedure has been successfully spplied to the analysis of urane
jum-molybdenum alloys., The recommended procedure for the
snalysis of uranium-molybdenum alloys is outlined balow;

Samples containihg 0.1 to 0.15 g. MoO; are weighed into
400 nml. beakers and dissalveﬁ in as small 2 volume of 1l:1
nydrochloric aeid as possible. The mixtures may be warmed
to ald solution. Hydrogen peroxide 1s added to dissolve
the black hydrated uranium dioxide, and to oxidize bath ele-~
mente to the hexavalent state. The solutions are holled about
10 minutes to destroy the excess hydrogen peroxide and then
diluted to 200 ml, Silxteen ml. of glacisel acetic aecld is ad-
ded to each sample and enough ammonium acetate, usually 1 g.,

to resct with the mineral acid present. About 15 ml. of thick



Table 11
Separation of Molybdenum from Uranium

Trial Us0g, 8+ M0O; taken, g, Mi.Ce{HSD,),* Mo0

s found, g. % Error

sk iAo A S A ot

1 0.24 0.1301 36.58 0.1573 -0.58
2 0.24  0.13681 36,70 68,1379 -0 14

* N = 0,0783



filter pulp is added to each besker and the molybdenum analy-
sis carried out as described above.

In case the 1l:1 hydrochlorie a&id does not dissclve the
sanple a 1ittle concentrated nitric aéi& is added, and the
solution bolled., It is baét to é?gi& the use of nitric acid
if possible, for 1t must be removed prior Lo reducing the
arenium in the Jones reductor. The use of nitriec aecld is,
however, necessary for the higher (20 per cent or more)
molybdenum alloys. The nitriec acid, when used, sannot be
fumﬁé.aff immediately after dissclving the ssmple because
{d) the use of sulfurle aeld yraai§itaﬁé$ thorium sulfate,
aﬁﬁ {b) fa@ing with perehloric acid causes molybdic oxlde
to precipitates |

The filtratses containing the ursnium are concentreted
to & convenient volume or fumed with perehloric acid, if ni-
tric acid was used in dissolving the samples, and diluted to
a convenient volume . Theze solutions are analyzed for uran-
ium by passing through a Jones reductor, aerating for about
five minutes, and titrsting with 0.1 ¥ ceric sulfate nsing
two drops of ferroin as indicator.

Larger semples can be welghed out, dissolved, diluted
toc a known volume, and aliquots used for analysis if the
gample form demands it or wvarlation becausse of pon-homogen-
ious samples is to be avmié@ﬁ;

Typlesal analyses of uranium-molybdenum alloys obbtained

by the above procedure are recorded in Teble l2.
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Table 12
analysis of UrsniumeMolybdenum Alloys

Sample % Mo v Total %
1* 0.46 £9.10 99.56
1* 0.48 99.50 99.98

4.00 99.06  100.06
4,00 99.06  100.08
7.26 91.91  99.17

7.22 91.91  99.13

15.93 83.19  99.12

15.91 83.30  99.21

20.66 78.59  99.25

20.65 77.75  98.38

AP PRGN

* Analyzed by R. W. Holmberg

Thorium-molybdenum alloys could no doubt be analyzed
for thorium by dissolving in hydrochloric and nitric seclds,
adjusting the acidity, adding enough smmonium paramclybdate
to complete the precipitation and proceeding with the analy=-
sis in the usual manner, Molybdenum could be determined by
reducing the molybdenum in & ssparste ssmple if nitrie acid
was not necessary in effecting scolution or by adjusting the
acidity, adding an excess thorium nitrate, and determining
the molybdenum in the precipitasted thorium molybdate if ni-
tric secid was used in dissolving the zample.
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Bleoctrometric methods

General., Bven though thorium ean be determined wvery

aecurately by ths oxidimetrie method desoribed above 1t has
the dissdvantage of being rather lengthy. It was apparent
that much time could be saved if a direet titrimetric me-~

thod could be devised. Such substances as potassium thio-
cyanate, potassium ferroeyanlde, sodium thiosulfate, tennin,
phenylhydrazine, hydrazine, and potassium ethylxanthate were
found to be unsatisfactory for detecting an excess of molyb-
date when bthorium was titrated with an ammonium paramolyhdate
solution. The possibility of %ww&a«w%@ the end-~point slectro-
metrically was studied. |

The Foulk-Bawden {20) technigue of detecting the end-
point was tried using two thorium electrodes but no breek was
observed.

FTitrations amwa carried out using 2 0.1 ¥ calomel elec-
trode and a thorium electrode under the following conditions:
(a) 7 per cent acetlc acid at 25°, {b) 7 per cent acetic acid
at 25° with osmic acid as eatalyst, {(¢) 7 per cent scetic acid
at 25° with iodine monoehloride as catalyst, mmv 7 per cent
acetic acid at 55°, and {e) 7 per cent acetlc acld at 70°.

The results were very errstic in every case and this electrode
systen was not studied fTurther.

The following conditions were tried for the titration

using a 0.1 N calomel as the reference elsctrode and a molyb-
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denum wire s the indicator electrode: {a) 7 per cent acetie
acid at 25%, (b) 7 per cent acetic acid at 25° with osmie
acld as cat&l?at, {e) 7 per cent acetic acid at 25%* with 1o~
dine mﬁaﬁﬁﬁléxi&a as ecatalyst, (d) 7 per cent acetic aeld at
55%, {e) 7 per cent acetic acid at 70°, aﬁ& (£) 7 per cent
acetic acid and 30 per cent ethanol at 70°. ’

In experiment (a) equilibrium was very slowly attained
while in experiments (b) arnd (¢} normal potentiometrie titra=-
tion curves were not obtained. Experiments (d) and (e) gave
normal titration ourves with the exeception of a slight per-
turbation Just preceeding the end-point, Equilibrium was
readily attained at both 55® and 7¢°. The presence of ethanol
in experiment (f) was af no advantage since a titration curve
very similer to those in exreriments (d) and {e) was obtained,
™e conditions of experiment (d) seemed most promising and the
gnasibiliﬁy of using these conditions for the potentiometrie
estimation of thorium was further studled. |

Determination of thorium potentiometrically. It was

‘found that when thorium nitrate solutions were potentiometri-
cally titrated with ammonium paramolybdate the thoria titer
of the ammonium paramolybdate solution was about 0.8 per cent
higher then thet obtsined by redueing the ammonium paramolybe
date solution in a Jones reductor and titrating with cerie
gulfate., For this reason it was necessary to standardize the
ammonium psramolybdate solution potentiometrieally against

known amounts éf\ghwriam.
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An ammonium paramolybdate sclution wes standardized as
follows, Known amounts of a standard thorium nitrate solu-
tion were weighed into 250 ml. beakers and diluted to sbout
10U ml. After making these solutions 7 per cent in aecetlc
acid they were heated to §50°~-05%° and potentiometrically ti-
trated with esummonium parsmolybdate using a 0.1 N calomel
reference electrode and a molybdenum indicator eleetrode.
In each case the data were plotited and the end-point deter-
mined from the graph, The results obtaiped by this proce~
dure are shown in Table 13.

The data of Table 13 show that the method is reprodu-
cible and that thorium can be determined quantitatively by
titration with ammonium paramolybdate when the end-point is
datected potentiometricslly. 4 btypleal titration curve is
shown in Flg. 1.

Petermination of thorium in the presence of calcium,
This study was made %y'weighing 0a§ known amounts of a
gtandard thorium nitrate solution, diluting to about 100
ml., adding kﬁsnﬁ anounts of calelum nitrate, msking the
solutions 7 per cent in scetic scid, warning to 50°-55% and
titrating &8s outlined sbove. @narium’aﬁn be guantitatively
estimated in the presence of caelcium as shown by the dste

of Table 14«
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DISCUSSION

In an attempt to d&%@?ﬁi&ﬁ the general applicability
of the molybdate m@thgd for thorium, a series of gqualitative
sxperiments were aanaﬁetaé‘ In these experiments an a@a@aas
solution of the fom to be tested was made about 7 per cent in
acetlic acid and an egual wvolume of ammonium raramoclybdate wes
added, In the ceses of the anions another 7 per cent acetlie
scid solution was prepared and dlluted wlth an equal volume
of a thorium nitrate solution. BZach solution was hested to
boiling snd allowed to stand for 12 hours. IT no precipltate
formed the ion in qaga%iaﬁ-was’eaﬂﬁiéaraﬁ &8 not to interfere.

The following ions were found ﬁ@~be:interfareﬁe@s a8t~
cordimg to the ahevg experiments: gllver, strontium, barium,
zireonyl, stennous, stannic, lead, bismuth, tungstate, fer-
rous, and ferrlio.

Aanarﬁing to the ab&va ax§arimﬁnt$ it was found that 1i1s
thium, sodium, potasslum, ammonium, cuprie, calclum, beryl-
lium, magnesium, zine, cadmiwm, mercurie, lanthanum, borate,
aluminum, gallivm, indlum, nitrate, vanadate, sulfate, ehro-
mie, dichromate, molybdate, selenate, uranyl, mangsnous, per-
mangenate, chloride, perchlorate, bromide, iodlde, cobalt,
and nickel would probebly not interfere in the determination
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Further quantitative work should be done on checking

the thorium moelybdate method for interferences.
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CORCLUBIONS

1. A pew oxldimetric method for determining thoriwm
in the presence of calecium or uranyl salts has been developed,

2+ Uranium-thorivm alloys ean be spalyzed using the
thorium molybdate metheﬁg

3+ Molybdenunm can be convenlently sepersted from cer=-
tain obther lons as thoriuwa molybdate when other methods
are not satisfactory.

4, Uraniun-molvbdenum alloys can be analyzed convenw
iently by separating the molybdenum as thorium molybdats,

5. Thorium cannot be sepsrated from the rare earths as
the molybdate from e ¥ per cent acetie asid solution.

6. No satisfactory methed of determining the end-point
in the tlitrastion of thoriom with ammonium paramolybdate using
adsorption indicators has heen devised.

7+« & new potentliometric method of titrasting thorium has

been devised which is quantitative in the presence of caleium.



SUMMARY

A brief account of the history of thorium has been pre-
sant@d; The present analytical methods for determining tho-
rium have been discussed and found to be largely gravimetrio.
Because of a definite need for & rapid, accurate method for
determining thorium, & study of the titrimetric determination
of thorium was mede. This study has resulted in the develop~
ment of a new oxidimetric methed in whieh thorium is precipi-
tated as the normal molybdate and the molybdenum equivalent
to the thorium 1s reduced end titrated., This method was found
to work very well in the presence of csleclum and uranium but
not so in the presence of the rare aar%hs?w “

Molybdenum can be conveniently separated from certaln
fons ss thorium molybdate and this method has been success-
fully applied to the analysis of uranium-molybdenum alloys.

A new potentiomestric method for determining thorium has
been devised in which the thorium is titrated with ammonium
paramolybdate and the end-point detected by means of a molybe

denum-calomel electrode system.
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