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ABSTKACT OF THLSIS

Two methods of analysis to determine thoria {thorium
oxide, ThO») content of thoriated tungsten electrodes are

investirated.

Chlorination methods are shown to leave thoria residues
contaminated with tungstic oxide which may not be remoﬁed by
extended chlorination. Ignition of the sample in air before
chlorination increases contamination. A correction for the

tungstic oxide in the residue is obtained colorimetrically.

The classical hydrofluoric-nitric mixed acid method is
modified and shown to be equally as accurate, less exposed
to operator's error, and more rapid than chlorination methods,
Thin~walled polyethylene beakers are preferable to platinum
ware for dissolving; the sample, and cuartz crucibles may re=
place platinum for irnitions, Tungstic oxide contamination
of the thoria reczidue is much less than with chlorination

methods,

When purity of the thoria is questioned, thorium is
isolated from the common elements by precipitation as the
fluoride in preferance to the oxalate, and {rom the rare

earths and uranium by precipitation with benzoic acid.
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ZUEROJUCT LG

Tungsten electrodes are ciployed in inert sas shielded
are weldl:; wien none-conswiiable electrodes are required,
A more stable arc is obtain-d when 0,1 to 3.0% of powdered
thoria (thorium oxide, ThO,} i nixed with tungsten pouder
before the sinterin~ ond swidiing. Longer eloctrode life
and various other improvements in welding nroperties are ale
go claimed. Alternataly, thoria jay e apnlied to the sure
face of pure tungsten electrades;g although this is a cone
parabively now discovery tunr-uten {ilaments containing small

anountys of thoria have lon~ beon in service,

There has been cuestion concerning thoe strte of thorium
in filanonte made from sintering tungsten netal and thoria.
48 early as 1922 one investigator (i, “edekind,)B reported
that tunzsten filanents nade from 2 parts thoria and 98 parts
tunzoten leave a residue anounting to 2. of the total weight
of filamont alter treatnent with iHF and ﬁ§03. liis conclusion
is Ghat the thoria is present in the i ilshed {ilament sube
stantially as such and that no detectable auantit, of metallic
thoriun results durius the sinterins in a reducing atmosphere,
It is further suc:cented tint the thoria s in the Jora of a

N .

salid solation with sunsl.on in thes filanent, Cther investie-
gators have concluded that some netallic thoriunm is rresent

in filaments after loug =eriods of service,



In the same yvear (1922) the research staff of the Cen=
eral Eleectric Coupany (London, 5n§land)h investigated the
reduction of thoria by metallic tungsten, Tungsten £ilaw
ments containing C,7. thoria were burned for different pere
icds at various temperatures, They determined that thoria
is reduced to thorium at sbout 2700°K, and that the thoria
content of tunguten {ilaments diminishes when the temperature
and the time of burning is increased, They also found that a
large part of the thoria remains in the filament as thoriun,
and that soze of the tungstic oxide formed coumbines with e
changed thoria to form a compound of the form Th(KGB)n where

n may be from about 3 to 10,

The sae investigators contend that thoriws is soluble
in a mixture of boiling HF and HNGB whereas thoria remains us
a white residue when the tungsten dissolves, They also rerort
that the total thorium is recovered as the oxide when the tunge
sten is volatilized by heating in a current of chloroform and
air., Frosunably the thorium content may be caleulated from the
differences in the weight of thoria obtained by the tuwo proe

cadures,

In another publicationﬁ the same greoup reported that
thoriated tungsten filaments roeduced with phosphorus vayor
leaves no residue of oxide on dissolving with a mixture of HF.
and 103 in a platinun dish, whereas thorium can be detected

by the usual methods, The snecific procedurcs used for the



detection of the thoriun and actual values for thorium cone
tent found in these reduced filaments are not given in those

articles,

In 1920 a further contribution was made by ', Singletan,6
anothoer member of the General Electric Dlesearch Laboratorics,.
Mr, Singleton repeats the above contention, namely, that both
thoria and thorium are likely to be present in thoriated tunge
sten filaments, and that thoriun metal dissolves in HY and
HEOB nixtures whereas the oxide remains as a residue, He Likew
wise asserts that total thorium is left behind after tungsten
removal by chlorination with air and chlorofornu vapor. As in
the nroceding articles no evidence is wresonted in terms of

actual values of thoria and thorium obtained in any samnle,

In the determination of thorila content by wet methods,
the tungston filament is usually dissolved in a nmixture of
HY and HHGB and the rosidue is cleansed from residual tungsten
by various scparations., Typical of these vrocedurcs is one
published in 1943 by . Béhm7 which conoists of digesnting the
thoriated tungsten wire with HF and HKDB, precipitating Th(mg)b
by treatment with NaOH (which n% the same time dissolves resi-
dual W03), dissolving the washed Th(OH), in HCl, (fusing any
undissolved Th(OH), with BHSO, ,) precipit.ting thorimm zs the

oxalate Th(CQGh)Q and igniting to ThO,,

Such methods are tedlous and cuantitative rocovery of the

thoria after several precipitations is cuesticrable, especially



when an oxalate separation is included, Oonme investigators
have found the oxalate method for thoria satisfactory;8 howWw
ever, a recent study by H, L. Hall and L, Gardong led to the
conclusion that the precipitation of thorium as oxalate should

be avoided whenever possible,

Attempts to establish a more rapid determination of
thoria in tungsten filaments which could be applied to small
samples led to chlorination methods, A critical study of
these procedures by ., H. Brophy and C, Van Brunt of the
General Electric Company, Schenectady, New York, appeared in
1927,10

An early attempt to establish a more rapid determination
consisted of moderate heating of the wire in a current of
chlorine gas,driving off the tungsten as the chloride, and
weighing the white residue as thoriaj however, this method
was @abandoned owing to the danger of losing thoria as the
chloride, An attempt to remedy this loss by addition of
oxygen to the chlorine resulted in widely varying results,
except when the sample was first burned in oxygen folliowed
by several hours of volatiligation, Chlorination with pure
HCLl after oxidation was found to occasionally produce low

values,

Addition of an equal nart of oxygen to the IiCl gas pree
vents the loss of thoria. Nevertheless some residues from

tungsten filaments showed decided loss in weipht on extended



chlorination when the first wei hins was made as soon as the
sanple was whitej however this loss is attributed to snall

anounts of WOB.

An explanation of the preventlc. of thoria loss by the
prasence of oxycen ic offered Ly the above investigators in
the following equation, with the comment thot the reaction
is apparently cormvdete frou left to rizht with a very moderw

ate concentration of oxygent Thslh + 05 = ThOp + 201,

The following analytical procedure was subscouently
adopted by Drophy and Van Brunt:

Short picees of filament are added to a small quarts
tube 30 nm. long and 5 to 6 mm, U.l, with the ends slightly
choked by fusion, The tube (which weighs about 0.5 grams)
is wei hed before and alter to 2,01 mg, It is placed in a
small quartz boat snd introduced intn the larrser quartz coie
bustion tube, The special electric heater is so constructed
that the samrle may be incpected 26 any time by simnly ralsing;

& covoyr, The temreraturce is zet at 700°C.

The sample is first ignited in oxygen, usually overnisht,
then dry HCl ~as is added to tle oxygen in about equal prow
portions, The tungsten is volatilized ns the oxychloride in

about 2 hours, The residue iv reported as thoria,

Chloroform vapor was substituted for HCL with eoually
good resultis,



No gas flows or filament sample weights used in these

experiments are recorded in the literature.

Chlorinating the sample directly with mixed gases
(without pre-ignition in oxygen) was considered by the above
investigators; however, they foresaw little advantage and
also a danger of possible loss of thoria by direct chlorina-
tion., Consequently this possibility was not further investi-

gated.

A few other methods of determining thoria in thoriated

tungsten wires have been studied.

Spectographic methods for total thorium in tungsten
wires have been successfulll and are useful for control pur-
poses, Quantitative values for total thorium may be obtained
but determinations by other methods must be accepted in es-

tablishing standards.

Radioactivity tast512 by means of a Geiger~M§ller coun-
ter have been recently studied and found to give relative
vélues of thorium but comparison with samples standardized
by other methods may be expected to have limitations owing to

the variation of activity with time.

No satisfactory colorimetric procedures for thoria in the
1 - 2% range have been developed for tungsten wire although

the possibility of applying a recently published method for



) 1
microgram amounts of thorium 3 showuld not be dismissed,

The use of hydrofluoric and oxalic acids in separating
thorium and the rare earths from the common elements is well
knomullF Thorium in turn may be separated from the rare
earths by precipitation with benzoic acid.l5 A combination
of these separations should provide a satisfactory method for

isolating thorium.

Small amounts of tungsten may be accurately d etermined
colorimetrically and the method has been applied to the deter-
mination of tungsten in cast ironcl6 The application to resi-

dual tungsten in thoria residues seems possible,

Discussion

Because of the growing importance of inert ~as shielded
arc welding an accurate and rapid method of thoria determination

in tungsten electrodes is in demand.

Existing wet methods are tedious because they involve vari-
ous chemical separations and long digestions which are quanti-

tative only under carefully controlled conditions.

The more rapid chlorination methods wherein tungsten is
separated from thoria by volatilization as the oxychloride are
currently in use; however they have not been fully investigated.
It is generally assumed that the white residue obtained by chlori-
nation is pure thoria when constant weight is reached, but no

evidence for this assumption has been offered.



The writer believes that a definite contributio- to
~he field of analytic 1 chemistry will be made by a 8yse
tematic approach to the ztudy of chloriration methods.
ihis investigation will be carried out in view of deter-
mining the most desirable chlorinating mixturcs, flow
rates and reaction temperatures for rapid removal of tun=
cten without loss of thorda, and in view of determining

the purity of the constant weight residues,

The hydrofluoric-nitric mixedwacid method of sepurating
thoria and tungs-.en will also be imyestigated in the hope of
establishing an acceptable procedure involving no special

ecuipment such as that needed in chlorination methods,

The drawback of existing wet methods making use of the
hydrofluoric-nitric separation is the time consumed in at=-
tempting to purify the residue., The writer believes that
this method may be rendered competitive to chlorination methods
if this disadvantage 1s overcome by correcting for residual

tungstic oxide instead of attemnting purification,

Investization Procedure

The following investigations arc carried out to achieve
the information cusential to the establishment of the desived

analytical methods:

Halogenation methods, The rate of volatility of tung-
sten and tungstic oxide powders and of thoria in various

gaseous mixtures and at different temperatures are first ine
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vestigated, [ixtures which nrove saticfactory for tungs-
ten and thoria separately are tested with homogeneous

nixturces of thorda and tunsgsten powders,

The relative properties of quartz, alumina nnd porw

celain combuation boats are determined,

The reaction of metallic thorium in the selectoed
saseous mixtures is ascertained to determine if any roe-

duced thoria would be lost durings chlorination,

The purity of the turgsten, thoria and thoriwm uned

in thove investigations is determined chemically.

The ehlorinating aixtures are titrated after passase
‘ﬁhmugh the combustion tube to determine the chemical
1 actions taking nlace betweeon the gases as ther nass
through the hot zone, and to determine the possible in-

fluence of the reaction products,

The apprlication of the thiocyanatewstahnous chloride
colorimetric method for the determination of small amounts
of tungsten, reccently studied by W, Westwood and 4, hayer,lB
is investigated for determining tuﬁgstic oxide in thoria

reasiduss,

Two larpge samples of 2% grade thoriated tungsten
electrodes (about 50 grams of each heat) are prevared by
crushing in a steel mortar uand nassing through a SUenesh

sicve, Thoria values obtained by the developed procedures
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are conpared,

et methoed, The solubility of tungsten, tungstie
oxide, thoria, thorium and thorium nitrate in mixtures of
hydrofluoric and nitric acids is determined, and the res-

pective importance of these findings is discussed.

The possibility of substituting polyethylene beakers
and quartg crucibles for vlatinum ware is considered, and
thoria values of the two prepared samples are obtained using
both polyethylene and platinum containers in dissolving the

samples, and quartz and platinum crucibles for ignition,

The aolorimetric tungsten method is applied to deter=

mine tungstic oxide in the ignited residue,

The precipitation of thorium as oxalate and as fluoride
are compared, and the benzoic acid separation from rare
earths is investigated. The possibility of separating
uranim from thorium by this latter method is also tested,
These separations are employed in determining the purity
of thorium nitrate and metallic thorium employed in the
course of ﬁhis study, and in isolating thoria from residues

obtained from the prepared thoriated tungsten samples,



The following exporiments were carried out to determine
the rate of wvolatility of tungsten metal powder and of tunge-
stic oxide in various halogenating mixtures and at different

flow rates and temperatures,

The tungaten powder employed was =325 mesh particle
gize. Chemical analysis {(A,0.T,.)1,) revealed i (total) =99,14%.
CGolorimetric analysis of the residue inscluble in HF-H%QB

showed ‘;’5033 1,505 thus W netallic = 97.03%.

The equipment employed is shown in Figure l. 4 dow
tailed description of the apparatus will be found in the ape
pendix,

A zas dispersion botile and only oue gas line for the

oxysen is used for tests with chloroform,

The apparatus of Figurc 1 is for use with gascous nixe
tures, Hot shown in the photograph are the supports on vwhich
the combustion tube iz first placed outside of tie furnace,
The boat contalning the sam»le is pesitioned in the centre
of the tube, and the apparatus assambled as in Figure 1

after the pas flow i# established,

To establish the flow oxygen 1is passoed through the flowe
meier, into sulphuric acid in one of the bubbling tubes,
thence to the Ye-connection and into the combustion tube,

“hen the desire! oxygen flow is established, the liie ate
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tached to the flowmeter is disconnected (if only one flowe
meter is available) and connected to the tubing vhich

loads to the second testetube, The flowneter is then con-
nected to the HCY line and the desired HCLl flow is then
obrained, The :ases meet at the Y-connection and are mixed
by conveetion before enterins the combustion tube., The
exit gases pass through a small bottle wherein most of the
tungsten oxychloride which has escaped condensation in the
coocl end of the combustion tube is trapped. The gas stream
then passes through the »yrex slass wool filter to remove the
remaining particles and then through the titrating solutiong
the residual gases are directed ur the fume cuvboard, Ulhen
titrations are not ecarried out the gases may nass directly

up the fume eupboard from the small botile trap.

With the furnace at the fixed temperature as determined
by the Variac setting the combustion tube is then positioned
in the furnace and the furnace is cloved ov:r the tube, The
samnle 1s examined occasionally by raising the upper section
of the furnace and the state of halogenation is ascertained
visually. When tungsten removal is complete as shown by
the empty boat the tube is removed fros the furnace to its
external suprorts and purged with oxyren., The combustion
boat is then removed, In the case oi thoriated electrodes
the tube is removed five minutes after the residue in the

boat appears pure white,
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Glazed quarta combustion boats were used exclusively

in the tungsten volatility determinations,

Observations

Hesults of this investigation are shown in Table 1.

No titrations of exit gases were made for this series,

Furnace temperatures are r-corded from the centre of
the hot zZone of the combustion tube; the temperature is ae

bout lOOOC.lower three inches from the centre,

One pram samples of tungsten powder are employed,
Sarvles whose time of volatilization is followed by an ase

. . s . s PPN o .
terisk were preirnited by burning in air at 800 C.overnight,

Visual observations are recorded below,

Oxygen dispersed throush chloroform, After 2 minutes
the tungsten metal powder sample in the quartz boat begins

to glow at the end facing the incoming gases, and the glow=
ing slowly rioves towards the opposite emd. A yellow deposit
forms on the walls of the combustion tube but clears in five
minutes, The entire sample soon swells in the formation of
the “rown oxide, then slowly disappears beginning a: the in-

coming gas end,

Most of the products condense outside of the furnace
zone of the combustion tube, The color of the deposit
changes from brown just at the exit to orange, green, yellow

and finally white about three inches from the exit, Swirling



14

white clouds are visible outside the furnace zone, After
some tiue tiny droplets of liquid appear at the end of the
conbustion tube, On cooling the varlous colors mostly change

to greenish yellow,

At 600°C  the reaction was slugrish and after 2% hours
when the sample was finally volatilized there was still a

brown deposit on the boat walls,

Similar observaticns vere made with oxygen dispersed

through carbon tetrachloride,

Dichloro-methane forms explosive mixtures with oxygen

hence was not included in these tests,

With pre-oxidized samples observations were similar with
the exception that no glowing takes place, and that no fur-
ther increase in the sanple volume occurs. In this case the
glowing and swelling takes place as the sample is burned in

air to the brown oxide,

Oxygen-hydrogen chloride mixtures, Observations were
similar to those with oxygenechloroform mixtures, with the
exception that with mixtures of 4:1, 3:1, 2:1 and 1:l
HC1:0, there is no glowing with metallic tungsten; there is
no swelling of the sample by oxidation., With the 1:2 HC1:0,

mixture we a-ain meet with glowing and swelling of the sample,

At 600°C, chlorination required several hours in all in-

stances,
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Only halogenating mistures vhielh »rovide ranid volgtilie
zation of tungsten (i,e., not over 1 hour) are emrloyed in

theue tegts, Ireon 12 (ﬁFEGlz) is rejected hecausé of seriw
ous etching of the Vycor combust i on tube and of the quartz

combustion boat.,.

A flow rate of 100 mls. per minute was selected for
most of the runs as being a satisfactory brisk flow with no

danger of nechanical loss,

Flow periods of 2 hrs, were considered sufficient, as
thig is well beyond tho period of satisfuctory halogenation

of a l=gram sample,

Samples were tested in pairs using two quartz combus-
tion boats end to end for ecach test. Thoric obtained from
chlorinated tungsten electrodes was transferred to preée=ig-
nited weizhed hoats, ignited at 80&03_ in air for 5 minutes,
allowed to cool in a dessicctor for 30 minutes and raplidly
welihed, These nrecautions were necossary because of the
slight hyzroscopieity of the honeyeombed thoria from the
eloctrodes, eiphts of thoria thus determined asree with
absolute weirhte obtained by igniting -nd welrhing in

covercd platinum crucibloes,
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Observations

There were no visible observations during these tests
other than a faint white deposit on the cool zone of the

combustion tube with samples which revealed loss of thoria,

No change in weight was observed with the rfases ree
corded in Table 2, using flow rates of 100 = 300 mls,/min-
ute for periods of 2 hours at 800°C, As there was no loss
of thoria at this temperature and as tungsten volatility
was found to be generally sluggish below SODQG., no tests

were made at lower temperatures,

Chlorinating mixtures which caused loss of thoria are
recorded in Table 3, Jamples identified as (1) ar. either
single samplés or the first of a pair; saunles identified
as (2) are second of a pair., When there is loss of thoria
in the first sample the products of reaction must rass

over the second sample,

Volatility of Thoria with Tungsten

The chlorinating gases of Table 2 are those which ra=
pidly volatilize tungsten and which do not react with thoria
scparately. 7To determine if these nixtures of sases are
satisfactory with tungsten and thorila together, weighed
sanrles of thoria were mixed with 1,00 grams tungsten povder

and treated in the same manner as the samnples recorded in
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Tables 2 and 3, Results are recorded in Table L.

lioist Chlorine and chlorine-oxygen l:l completely vow
latilized thoria with tungsten when the sample was not
preignited, Chlorination of preignited samples with these
gases was too slugyrish to be competitive with the other

mixtures,

Hydrogen chloride-oxygen nixtures showed no loss of
thoria with and without preoxidation, Moist hydrogen

chloride showed no loss on preoxidized samples,

Oxygen dispersed through chloroform showed losses of
not more than 0,3 mg. ThOy with and without preoxidation
when samnples were removed five minutes after chlorination

was complete,

Tungstic oxlde corrections made on above residues

ranged from 0.1 to 2.0 nmg,.

On the basis of rapid volatility of tungsten without
loss of thoria, the chlorinating mixtures and ¢ nditions

shown in Table 5 anpear to be ideal,

Chloroform is inecluded because no ¢ylinder gas other
than oxyren 1y required; however chloroform is the least
desirable and the possibility of obtaining slightly low
thoria values will always be present,



18

All three types of boats were emploved at various tome
peraturcs with diverse chlorinating mixtures, Alumina
boats increased sligitly in weirht after the first chlorinae-
tion, but showed no further change in weizht after two adw
ditionzal chlorinations,., Both porcelain and quartz showed
no chango in weipht after many determinations, Hesults

are yecorded in Table 7.

Quartz boats have the'advantage of being transparent,
making it possible to view the samrle frou beneath, This
is lmportant when ehloroform is emiloyed, as extended chlori-
nation causes loss of thoria, DBut quartz boats have the
disadvantare of bein; extremely sensitive to static clecw
tricity, which increases the risk of mechanical loss during

trangportation and transferring of the residue,

There is little choice between Coors porcelain and
Morzanite alumina boats, BPoth are ruch less sensitive teo
static electricity than cuartz, and both arc nearly as re=
sistont to thermal shock. The gain in weight of the illorsane
ite boats after the {irst ehlorination was probably owing
to absorption or adsorption of the chlorinated tungsten,
and does not appear to be of moment since the boats are

permanently stabilized,

Platinunm erucibles have the advantase of rapid cooling

and insensitivity to static charges, uartz crucibles are
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satisfactory but require about one half hour to cool to room
temperature, They are extrenmely sensitive to static eleC-
tricity, hence mut not be rubbed or brushed, Presumably
poreelain crucibles may bc used although they are somewhat
more atbtacked by bisulfate fusions, Flatinum definitely has
preference as onlv 0,2 np, arce lost during a short bisulfate
fusion; if proverly cared for they are also morce economical,

as they retain thoir monetary value and are unbreakable,

In view of the possibility of the presence of netallic
thoriuwm in tungsten electrodes, an inveatigation was carried
out to determine the reaction of metallic¢ thoriun in the se=

lected chlorinating mixtures of Table 5.

The thorium powder employed in these tests was analyzed
and found to be substantially metallic thorium., The method
of analysis is found in the appendix,

Weighed amounts of thoria, thorium and tungsten powders
were transfarred to quartz boats, thoroughly mixed, and chlo-
rinated directly at £00°C, lietallic thorium was quantita-
tively recovered as the oxide. A slightly low value was obw

tained with chloroform. Hesults are recorded in Table o,

In order to quantitatively determine tungstic oxide in

thoria residues, the following adaptation of the Westwoode
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tayer version of the thiocyanate-stannous chloride method

was egstablished.

golutiong:

Sodium Thiocyanate: 50,0 grame dissolved in HQQ diluted
to 106,00 mls, :

Stannous Chlordide: 70,0 grams SnCl ,zﬂzo dissolved in 1
liter of concentratcd HC1 (frcShly“preparecd,)

Tartaric acid: 50,0 srams dissolved in H,0 diluted to
100,0 mls, “

Standard Tungsten lolution: 00,0457 zrams pure W0, was
dissolved fusing with 1,00 grams NaH30, in a”platie
num crucible, On cooling 10 wuls, Hs0 and 5 mls,
tartaric acid solution were added and the cruecible
warmed to dissolve the fusion, The cloudy solution
was washed into a 250-ml. volumetric [lask, cleared
by adding 10 mls, concentrated Hil OH, cooled to reom
temperature and diluted to the maf + The solution
was thoroughly mixed.

1l ml. =183 X lﬂﬁﬁ grams WOB

Procedyrg:

The procedurc used in determining tungstle oxide in
thoria residucs is precisely the same ac used in the
hlank" determination of the followlng series from which
the graph of Figure 3 was ostablished,

Five samples of stock thoria weighing approximately
U.02 gram were each fused with 1.00 gram NalS0, in plati-
num ¢rucibles. On cooling, 1, 3, 5 and 1C mls, of the
shandard tunssten solution were pipetted into four ol the
crucibles, the fifth belng taien as a blank, Jater was

added to nake a total volume of 10 mls, 2 nls, of cone
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centrated HCl are added to each, snd the crucibles are
cauticusly warmed over a low flame until the fusion come

pletely dissolves,

The solutions are transferred to 50 wml, volumetric
flasks using 5 nmls, H 0 (between 4 and 6 mls.,) 5 mls, of
tartaric acid and 1,5 mls, of sodium thiecyanate solution
are added, and the flask is swirled and set aside for 2 mine
utes or longer. Stannous chloride is then added to the 50
ml. line, and the 50 nls, are immediately transferred to a

125 ml, dry Erlenmeyer flasi and quickly cooled to 27f2°c,

Absorbance readings at a wavelength of 420 millimi-
crons were taken at 3-minute intervals using a Beckman
Model B Spectrophotometer and 1 soquarec centimeter pyrex

cells, The results are recorded Figure 2.

Three additional 10 ml, portions of the standard tungse
ten solution were repeated without thoria or sodium bisule
fate and were found to agree closely with the original 10
ml. reading after 20 minutes, showing that neither thoria
nor sodium bisulfate interferes with color formation. A
blank determination without thorlia or bisulfate alse agreed
with the blank obtained above,

Figure 3 demonstrates the ;raph obtained by taking the
readin s at 20 to 30 minutes after the stannous chloride

addition, deducting the "blank™ reading at 20 minutes,
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Beer's law is seen to hold up to at least 1.8 mg.
(36 P.P.M,) The graph was coufirmed using K.B.S #50 b
Tungsten Steel (W = 18,0994,

Tungstic oxide corrections in subsequent thoria resi-
dues were obtained using Figzure 3, taking the readings in

from 20 to 30 minutes.

A few sampleg were found to reach a peak in 10 minutes,
others in 30 minutes; however the readings between 20 and

30 were always close to peak readin-s,.

Residues containing over 2,0 mgs. V0, will not completely

3
clear after warming the sodium bisulfate fusion with 10 mls.
Ho0 and 2 mls, HCl, In this case ammonium hydroxide should

be added dropwise following tartaric acid addition until the

solution is perfectly clear. It is then cooled and a 1l0-ml,

aliquot is taken after dilution to a suitabtle volume (usually

50 or 100 lﬁls.)

In the preparation of samples for analysis 50-mesh was
selected as Leing the smallest screen size for manual pre-

paration in a reasonably short period,

A steel mortar and pestle were employed in preparing two
50~-gram, 50-mesh samples from different lots of thoriated
tuncsten electrodes (2% thoria grade.) Small particles of

metallic iron from the mortar were removed by repeated passage
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of a bar magnet through the samples. About 50 minutes are

required to prepare a 50=-gram sample,

Several Thoria determinations with sample (1) were made
at 700° and 900°C,, which may be considered the minimum and
maximum chlorination temperatures, Values are recorded in

Table 9,

Preignited samples were ignited in air overnight at 800 -

850 °¢, before chlorination.

Most of the chlorinations with sample (2) were made at

the ideal temperature 800°C, Values are rccorded in Table 10,

Table 11 records values obtained with extended chlorina=

tion periods, Chlorination by means of chloroform gave de-
cidedly low ThOs values,

The thorium metal used in both chlorination tests and the
hydrofluoricenitric method is in the form of a very fine pow=
der. Attempts to dissolve it in various acid mixtures, includm
ing aqua regia, were not very successful; the thorium refused
to completely dissolve over periods of several hours, It was

necessary to ignite the thorium to the oxide before analysis.

The thorium powder ignited in air at a brilliant white
heat and weishing before and after ignition gave results lower
than expected, Hesults of two samples ignited in quartz cruci-

bles are recorded in Tsble &,
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To reduce the possibility of loss by volatilization
of thoria at white heat, two additional samples of thorium
were mized with water and achless saper pulps and filtered
on 742 Whatman ll-cm, filter papers; they were ignited in
weighed quartz crucibles at 450°C, in a small muffle furnace
hoving little wventilation., The furnace door was kept closed
ovefnight to assure slow oxidation of thorium, The following
day the samples (which appeared completely oxidized) were ige
nited in air at 850°C, for 15 minutes, covered, cooled to

room temperature in a dessicator and weighed,

Two grams of fused NaHSOh are added to sach crucible and
thoroughly mixed with the residues by spatulaj the crucibles
gently heated over a low flame until completé solution of the

contents,

After cooling, the fusions are dissolved in hot water,
transferred to 400 ml, beakers, and diluted to 200 uls, Filve
grams of NHhCl are added to each solution and M O0H is added
dropwise until the bromcresol purple indicator turns blue,
then 2 drops in excess., The solutions are boiled for 30
seconds, a little ashless paper pulp added, and filtered
using gentle suction on #42 Whatman ll-cm, filter papers.

The beaker 15 policed and washed with hot 1 NHAGI conbaine
ing L4 drops of NH)OH per liter; the residues are washed
several times with the same solution and returned to the

- respective beakers.,



To one of the precipitatos is added 10 drops of cone,
HCl; the precipitate is then broken up thoroughly with a
rlass rod, 200 mls, of ot water are added and the conw
tents heated to boiling, 10 grams of pure oxalic acld eryse
tals arec addeé with vigorous stirring, and the beaker is
placed on a hot plate and held at 60°¢C overnizht, The zoluw
tion is cooled to below room temperature and after one hour
is filtered on a 42 Yhatman llecn, filter paper and washed
thoroughly with cold 2, oxalic acid, It is transferred to
a platinum crucible (weighed with cover), ignited at 4,500
until white, finally at 850% for 15 minutes, covered, cooled

in a dessicator, and welghed,

"To the other precipitate is added 10 mls, HCLl and 90
mls, hot water and the paper ig completsly bYroken up with a
glass rod. 10 grams NH,Cl are added and the solution is taw
ken to a pH of 2,2~-2,6 with NH,OH, usins pHvdrion indicator
papers. It is then heated to boiling,

To the boiling solution is added 100 mls, of boiling hot
2;; benzole acid solution, and boiling is continued for 10
minutes., The precipitate is allowed to settle, filtered on
a /42 Yhatman llecu, paper, washed with hot 0.25% benzoic
acid, and irnited in a platinum crucible (weished with cover)
at 450%C, until white, finally at £50°C, for 15 minutes,

cooled with cover in a dessicator, and weighed,
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The above benzoic acid procedure is essentially that

of Venkataramanlah, Rao and nao.15

Results arc recorded in Table 8,

Under the conditions of the above precipitations,
thorium and rare earths arce precipitated ar oxalatess
thorium is also precipitated with benzoic acid, whereas
rare earths are not, althoush a few other elements such as

aluminum or zirconium would be precipitated if proesent,

The purity of the thorium metal is suffielent Tor the
marpose of this investisation, Total thorium contoent is

about 97,7

We shall endeavour to prove under 'felative insolubility
of thorium oxalate and fluoride', page 36, that quantitativc
nrecipitation of thoria may not be expected with oxalic acid
in dilute HCl, It is probable that this accounts for the low

imited thorium oxalate value,



CHAPTLI: 3
Ul OF Tii HYDROFLUOKIC=NITR

sstic Oxide, Thoria, Thorium

o &

A snall amount of thorium metal »owder was boiled in
various proportions of IF and HHOB in a platinum dish for

about 3 hours, with no apparent solution of the sample,

Following the above preliminary test, four 1,000 pgram
samples of “ample (2) were transferred to small polethylene
bottles. Tungstic oxide, thorium and therium nitrate were
added in the amounts shown in Tsble 12, The beakers were
coverad with polyethylene covers containing 1/8 inech diae

nmeter circular openings for dropwisec acid addition,

To beakers 1 and 4 were added 5 mle, HF and 2 mls,
HHGB {(dropwisc). To beakers 2 and 3 were added 5 nmls,
ﬁﬁﬁB and 3 mls, 1P {dropvisc), Beakers 2, 3 and L were
heated in water baths and occasionally agitated for 15 nmine
utes after the samples were dissolved., The samnles in boae
kers 1 and L dissolved readily; those in boakers 2 and 3

dissolved with difficulty.

To two additional boakers 5 and & were adled weighed
amounts of thorium nitrate und treatod similar to the above
samples. The caleulated ThOp contont of the reagent Th{l03), .
&HQO was obtained using the experinintal valuc of 97,005

purity {seec Table 13).

i



The above six samples were filtered, ignited and
weighed in the manner described under "Analytical Proceo-
dure for Thorilated Tungsten," Results of these tests ar

recorded in Joble 12,

The first four residues were yellowish in aprearance

in eontrast with the »ure whito chlorination residues,

The a~tual weights of thoriwm and thorius nitrate
added to beaker 2 were 0,001l and 0.0019 gram respectively,
and are convertoed to the oxide equivalent by rultiplying by
their respe tive conversion factors, i.e. 1.1386 and 0,479 X
0.97. Similarly forxr beaker I, the actual respective weights
are 14,0009 gram and 00,0010 gram., The thorium nitrate added

to ;5 and #0 is 0,1123 and 0,0279 gram respectively,

From Table 12 we learn that ThO, recovercd in the resie
due is equal to the ThO, value of the combined thoria,
thorium and thorium nitrate, proving that all thorim, dise
solved or otherwise, is rccovercd in the residue as Thﬂz,

‘e aloso dearn that tungsten metal is completely soluble,
and tungstic oxdde is quantitatively insoluble, This holds

true when either HF or HNOB iz in oxeess,

Apnalytical Procedure for

The following procedurce was emvloyed in obtaining the

values of Thoria reported in Table 1k,
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and ilearents:

(a) ©Small polyethylene beakers witi covers having small

oyam%nxa for dropuls- acid addition, (Platinun nay be
sed}),

(b} Platinu: or quartz erucibles with cover,

(¢} A polyethylene funnel with rlatinwm conc and 3523
cloth supports,

(¢) uhatmen 12 - 11 en. filter papers.

{c) Ashless paper-pulp suspension nreparcd from Whatman
ashless tablets,

i} Coneentrated nitric ani hrdrofluoric acids,

() Graduates and polyethylene dropping bottles,

(1) ‘wffle Furnaces (or burners), dessicator cnd analyti-
cal balance,

Procedures
1.000C or 2,000 sran of [0-nesh thoriated clectrode

(or small pieces »of electrode) is transferred to o polyethye
lene beaker and 5 uls, !F {47} iz added, Toc nolyethylene
covaer is tightly positioned and 557.2‘303 is added throush the
cmall opening 5 or O dropgs at 1 minute intervals until solue
tion is complete, (If small pleces instead of 50-mesh sofme
ple is used, 2 nmls, of Ei’iiﬁB way be added at once), 35 or O
drops ©XCESS ﬂHOB is added vhen no dark particles remain,
aad bhoe econtents digested 5 minutes or longer. Aboub 15
minutes for a 1,00 sram or 25 minutes for o 2,00 crom sannle
is required for sclubion, Unly 5 or 10 minutes is roquired
for the solution of emall vicces with the initial addition

of excess Hﬁ03.
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An llecz, 42 “hatman filter naper is folded and posi-
tioned in the nolyethylene funrnel supported with the platie
nunt cone and cloth; the filter japer is then halfwfilled
with a crecamy suspension of Yhatman ashless pulp in water,
The contents of the boaker are transferrod to the funnel
using a fine stream ol cold water while applying sentle suce
tion to the filter (as a nrecaution the beaker is policed),
The paper and residue is washed 30 times with cold water,
suction dried, ond transferred Yo a platinum or cuartz cruclie

ble weighed with cover,

A small muffle furnace set at L50°C, is excellent for
charring and burning the paper although a low flanme 1s sae
tisfactory, The cerucible is then taken to a bright red
heat (about 850°C,) for st leust 5 minutes, transferred to

o dessicator, coverocd, cooled and weighed,

Correction f0r>303 is made in the same manner as dese
cribed in chapter 2, under "Colorimetric Correction for
Tungstic Oxide Contamination.”™ The corrected residue is
taken as thoria combent, Ifltiplying by 100 gives per cent

thoria for a 1,000 sram sannle,

Several samples shouwld not be placed in the same dessi-
cator, particularly vhen quartz crucibles are used, Large
weiching errvors will be introduced if the cruclibles are
slightly warn) ;encrally at least 30 minutes in the dessie
cator for aquartz and 15 minutes for platinum crucibles are

required for cooling to room temperature.
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Table 14 records thoria determinations by the zbove
procedure on portions of the original 50emesh samples (1)
and (2), with the exception of the last four vaiues which
were obtained from =mall nieces of electrodes of the same

lot as samle (2},

Neither the above procedure nor chlorinatiocsn methods
isolate thoria from other elenents; theoretically the rosi-
due could contain alumina, zirconia, rare earth oxides
or others, If the purity or even the presencce of thoria
isg in cuestion, thoria should be isolated by the [luoridew
benzoate procedurs described under "Purity of Thoria ‘me-
ploycd in Tunrsten Llectrodes," In this case no NOB COT ™
rection is required.

estisation of the Benzoic Acid Method of Separating
fhoriunm fron Lanthanum, Uranium and the Rare Larths

Two camples of pure Th0s (purified by hydrofluoric and

benzoic acid seporations) and weirhing 0,0168 and 0,0170 grams

cd

e

respectively, are contained in platinum crucibles.  eig
amounts of cerium oxide arc added and the residues cautiously
fused with 2,00 gram Naﬁbch. The fusions are dissolved in
water, transferred to 400 nl., oyrex beakers, and diluted to
200 mls., Uranium acetate and lanthanum nitravc arc added

and diesolved by stirring,

The welights of the additions are recorded in Table 15,



0.,0150 and 0,0156 gram U0, (C2H302) .2H20 are recorded in

the Table as 0.,0099 and 0.0103 gran UBOg‘(conversion factor
0.,001); 0,0160 and 0,0110 ran La(l03)3. Oligl ave likewise
recorded zs 0,0059 and O,0040 'ram Lap03 respectively (conw-

version factor 0.368),

To each beaker is added 5 gram HHyCl, and IH)0H is
added dronwise while stirring until the soluti » is Jjust
blue %o bromeresol purple indicator, then 2 dro s in Cle
cess, The NHQOH precipitation followed by the benzoic acid
separation are carried out as described under "Furity of

vhe Employed Thorium Iebtal Powder.”

The process of fusion followed by NHAOH and benzoic
ncid separations is repeated, as it is evident from the
welghts of the residuse tht a single separation is not

guite quantitative,

The initial investigation of the benzoic acid separa=-
tion was made by precipitation in the presence of sodium
bisulfate, Because of sli:htly high values, presumably by
cowprecipitation of sodiwn bisulfate, it was considered
necessary to make the prealiminary NH,OH precinitation to

renmove sodium salts.

Co=-precipitation of ammonium salts is not of moment as

the salte are completely volatilized during i nition,

From Table 15 it is apparent that a double benzoate
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separation is necescary for the isolation of thoria from
uranium, lathanum and the rare earths (cerium is consi-

dered as repreosentative of the latter).

f Thoria Emploved in Tungs Electrodes
Four 1,000 gram portions of sample (2) are dissolved
with HF«HHOB in polyethylene beakers, filtered and ignited
as described under "Analytical Frocedure for Thoriated
fungsten,” The residues are then fused with 1,0 gram
HaHS0), and two are precipitated with NH)OH in the manner
detailed in "Purity of bmployed Thorium Metal Powder," with

the exception that 9-cm, filter papers are eaploved,

One of the NH40H residues is transferred to a 250 ml,
beaker and precipitated with oxalic acid; the other is
transferred to a 400 nl, beaker and precipitabed with bLene
zoic acid. Detalls of precipitation sre found under "Purity
of employed Thorium Metal Powder," with the exception that
only half the volume and half the reagents are used for the

oxalic aecid procedure.

The two other fusions are dissolved in 10 nls. Hn03
5 mls. conc, HF are added, and the fluoride precipitated
and ignited as described under "Purity of Fmployed Thorium
Hitrate Tetrahydrate." The ignited residues are then fused
with 1,00 gram NaHSOy, precipitated with NH,OH, and finally
with benzoic acid, washed, ignited and weighed in the same

manner as the second residue above,
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Results of the fowr tests are recorded in Table 106,

The ammonium hydroxide~oxalic acid precipitations
separate thorium from residual ﬁOB and the common elements;
the amioniun hydroxide-benzoic acid precipitstions separate

thorium from residual EOB and the rare earths.

The hydrofluoricweamionium hydroxide~benzoic ~cid pre-
cipitations isolate thorium from all other elements, with
the possible exceptions of Scandium, Yttrium, fctinium and
Indium, From Table 55 of "Outlines of HMethods of Chemical
Analysis”™ by Lundell and Hcffman,lh we see that the above
enumerated elements, along with uranium, thoriuwm, lanthanum
and the rare earths (Llements 58-71) are precipitated with
hydrofluoric acid. %e have already demonstrated the seperae-
tion of thorium from lanthanum, uranium and cerium (one of
the rare earths) under "Investigation of the Benszoic Acid
ifethod of Separating Thorium from Lanthanum, tie Rare Earths
and Uranium." However, the above enumerated elements are
precipitated with NHAOH, and have not been investigated with

benzoic acid; consequently they remain as the only possible

contaminamnts,

Thorium nitrate reagent, labelled Th(NO3},. 4H,0, is
exanined for purity in the same manner as thorium netal,
with the exception that the water soluble nitrate requires

no fusion,
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In addition to orxalate and boenzoate separations ig-
nited fluoride nrceipitates are also recorded, The fluoride

preciritation is carried ocut as followst

Welghed samples of the hydrated thoriwa nitrate are
dissolved in a platinum crucible with 10 nmls, Hr0s 5 nls
o conc, il are added and the contents of the erucible are
neated just below the boiling point for 2 or 3 minutes.
After 5 minutes the sample is poured inte a 42 Whatman
11 em, filter paper half filled with a creamy suspension of
ashless pulp; the lattor is supvorted by a platinum cone

and 58,23 cloth support in a polyethylene funnel,

After filtration using gentle suction, the residue is
thoroushly washed with cold water, transferred to a platie
num crucible weirhed with cover, ignited at 4509, until
white, finally at 850°F, for 15 minutes, tranaferred to a

dessicator, covercd, and weished at room temperature,
Results ol these tests are recorded in Table 13.

The oxalate and fluoride ignited residues include total
rare earth oxides and thorila; the benzoate i;nited residue
excludes rare earth oxiles bhut includes thoria. s rosults
are in close agreecment, it is evident that no mcasurable
amoun:s of rare earths are present, and that the thorium
nitrate tetranvdrate crystals are close to U7.0) pure,
Judgzing frou the fact that erystals were stuck to the walls
of the rea ent bottle, it is likely that the remalning 3,000

iz additional noisture,
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Helative Insolubility of Thorium Oxalabe and Fluoride

Both hydrofluoric and oxalic acids have long been used

in geparating thorium and rare earths from the common elee
ments; bub only oxalic acid is used when an ignition and

welghing as oxides is required}A

From Trbles £ and 13 it is apparent that ixnited OXgm=
late residu«s yield slightly lower values for thoria content
than ignited benzoate preecipitates, From theoretical con-
siderationg this dizscrepancy could be owing to impurities
such as alumina or zirconia which arc precipitated with ben-
z0i¢ acid but not with oxalic acid; however we h-ve additional
cvidence that the oxalate precipilation of thoria is not

quite quantitative,

A study of Table 10 reveals that choria frowu the tunge
sten electrodes is pure, Ifor the preliminary fluoride separa=
ticn would remove common clements, and the final benzoate
separation would remove rare -arths; yet the final residues
of pure ThOs agree closely with our established value of
1.71;: for sample (2) (see Table 17), However, the ignited

cxalote residue is the equivalent of only 1,66,

For further confirmction, wwo samples of chemically
pure stock thoria weishing 0.02,7 and 0,03L2 gram were fused,
precipitatec with HHLOH, and then precipitated with oxalic

and benzoic aclds respectively., 7The ignited residues
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weighod 0.0242 and 0.0343 gran, ghowing quantitative roe
covery by the benzoate method but a loss of 0.5 ng. using

oxalic aeid.

Table 10 also reveals that total thoria is rccovered
with benzoic acild following preecipit tion and ignition of&
the fliuoride; consequently tiie precipitation of thoria with

hydrofiuoric acid must be quantitative.

Thoriun fluoride wrecipitates z:e never weighed after
ignition, and are employed only as separatiensfu’ however,
the ignited fluorlde residues recorded in Table 13 a.e in
closc agreement with ignited benzoate residues. 7“he writer
sugsests thot the conversion gf the fluoride to the oxide
may be quantitative by following the method of ignition
used in this investigation. The conversion is explained
by the following equation? ?hFh.AHEO = ThFy ,2H,0 +2H50

ThF; .2H 0 = ThOp + LHF

Precipitation as the fluoride has the furthor advantage
of being cuantitztive in 10 minutes, whereas the oxalatc is

not quite quantitative after several hours,



CHAPTLR L
CORCLUSIONS

Halogenation Methods
1, Of the various halogenation mixtures tested, the followe
ing arc considered the most satisfactory on the basis of rae
pid removal of tungsten without loss of thoria, They are
listed in order of preferencet (See Tables 1 to 5)
{a) HCL and Oy mixtures in ratios l:l to 511,
at 800°C, and total flow rates from 100 to 300
mls,/minute, with oxidized or metallic samples,
(b) HCL (moist), at 800°C, and flow rates of
at least 100 mls,/minute (the highest flow tes=
ted), with oxidized samples only.
(¢) 0y dispersed through CHCl3 and H,0, at 800°¢ .
and flow rates of at least 100”mls,./mInute (the
highest flow tested), with oxidized or metallic
samples, Samples must not be chlorinated for more
than five minutes after apparent completion,
2, Quartz, porcelain or alumina combustion boats may be

employed, (See Table 7)

3. With all chlorination mixtures WOB contamination of the
residue méy not be ignored nor may it be removed by extende
ed chlorination, This contamination is considerably higher
with preoxidized samples than with metallic samples, and is
highest with low temperature chlorinations. (See Tables 9,

16, 11)

L, Accurate corrections for WOB in the weighed rocsidues may
be obtained in 30 minutes by the stannous chloride«thiocya=

nite colorimetric method, eliminating the necessity of
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tedious purification separations, Th02 does not interfere,

5. Dry gases should be avoided since the presence of noise
ture prevents loss of thoria (see Appendix). In the case
ol gases containing oxygen moisture may be absent as oxygen
also prevents thoria loss} nevertheless the addition of
moisture requires no extra effort and appears to be a reaw

sonable precaution ajainst thoria loss,

6, Metallic thorium if present will be quantitatively rc=

tained in the residue as the oxide Thog’ as seen in Table 6.-

7. Unless thoria has been isolated by chemical methods, it
is nerely an assumption to consider residues corrected for

WO3 as thoria,

The HF=-HHNO, Method

1. Tungsten rapidly dissolvss in HF~HN03 mixtures whereas
thoria remains insoluble and may be quantitatively recove

ered on filtering, washing with water and igniting, (Table 12)

2. Thinewalled polyethylene beakers are preferable to pla=
tinum for dissolving, as the sample may bc examined without

raising the cover,

3, Contaminaticn of the residue by WOB is much lower than
with chlorination methods, in spite of the yellowish ap=~

pearance as contraste! with the white chlorination residues.
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4y As with residues from chlorination, accurate and rapid
colorimetric corroctions for WOS eliminates further nurie
fication, This correctinn is negligible for the two samples

employed in this investigation, as shown in Table 14,

5. Metallic thorium if present will be quantitatively ree
covered in the rusidue as ?hﬂg, for either thorium remains
as the metal and is converted to ThOs on ignition, or thore
ium dissolves and is preelpitated as the hydrated fluoride

which converts to ThO; on ignition. (See Table 12)

6., Tungstic oxide and thoria are insoluble in HFwHNOB nixe-

tures, as demonstrated in Table 12,

7. Values of thoria in JSampnles {l) ~and (2) are in close
agrecment with values obtained by chlorination methods, as

disclosed in Table 17,

€« Tnoria emnloved in the tested elecirodes is uncontaninae
ted with rare earths or other impurities; the _ample (2) re=
sidue 1,70 (Table 17) is shown in Table 16 to be pure ThO,,

9. As with residues from chlorinmation, chemical ncthods
must be employed to indentify thoria, A combination of hyw
drofluoric and benzoic acid separations 1s excellent for

this purpose, The use of oxalic acid should be avoided,

10, Chendcal reasents anploved in this investigation are
correctly labelled and of satisfactory purity as determined

by chemical analysis, (JSee Tables & and 13).



CHAPTER 5

RECOMMENDATIONS
Selection of an Anmalvtical Procedure

Accuracy and speed »re of fundamental concern in see
lécting a method of analysis; available space and eguin-
ment are alsc important items; the pogsibility of operae
torts error should not be ovecrlooked. A conaideration of

all factors favors the nitric-hydrofluoric method,

Chlorination methods for thoria determinations require
the equipment shown in Figure 1 (with the execlusion of the
titration apparatus), and in addition fume-cupboard space,
In small laboratories where the equipment or space are not
readily available the HF-HNOB method at once offers pre;

ference,

A glance at Table 17 reveals that both methods of ang-
lysis possess accuracy; however, Table 17 does not reveal
that much greater care on the part of the operator is cSw

sential to obtain accuracy by chlorination methods,

The first thoria value recorded in Table 10 is well
below the average value of 1,71% ThO, for sample (2),
In spite of the care taken in all of these determinations,

0.7 mg. ?hoz was lost in the course of this analysis.

Transferring the thoria from boat to erucible requires

the greatest care, Brushes must not be used as static



charges cuaucy thoria to cling te the hailry trunsferriang
must be accomplished by epatula and moistened filtor paper,
ven with these crecautions thoria tenls to erawl over the
wall of the boat, If enartz crucibles are used they rmust
not be brushed befor:e weighing, and static charges must be
removed from one's hody before touching the erucihle by

hand or by ton ce

A study ol Table 14 suggests that tungstic oxide may
so ignored in residues oblained by the HF-HNOB method @Xe
cept in the most accuratc work; thus it is posgiblc to obe-
%ain an accurate thoria valne by the H?-ﬂﬁOB nethed in
35 ~ L5 nminutes on broken pleces of electrode with a nini-
muz of operator's error, Cn the other hand, Tables 9 and
10 show conclusively that tuncsstie oxide in the chlorinae
tion residues nust ot be ignored) consequently at least 2
hours (inciudinz 3 hour for colorimetric ﬁ03 correction)
is required for an accurate thoria determination by chlo~
rinatlion methods with a relatively high possibility of

operatorts error.

W& have shown that the solubility of thorium oxalate

s

in dilute HCl is appreclable and agree with i, L. Lall and

. Gordong that it is well to aveid the use of oxalic acid
Por nrecipivating thorlia. The hydroflueric~bonzoic acid

g

nechol deseribod under “Purity of Thoriz innloved in Tunsjw

sten slectrodos™ wan found to bo quite satisfactory fow

Lsolating thoris Jron bhe common clenents, and from lane
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thanum, uranium and the rare carths, and is recommcnded
in place of a tunsstic oxide correction when the nurity or

even the presence of thoria is in question,

»

1on

sSuggestions
Thoriated Tungsten

It has been denonstrated from results rocorded in

Tables & and 12 that if thoria and thorium are present

in tne tungsten electrode, both will be recovere: and
weizghed as thoria., Thus it is not possible by the proce=
dures developed to distinguish one from the other, or to

prove the absence of the latter,

If thorium should form during the sintering of the
electrode in a reducing atmosphere, then an oxide of
tungsten would also be formed in the reaction, It scems
possible that both thorium and tungstic oxide would escane

from the electrode and be vaporized at the extremely
high sintering temperature; however if tungstic oxide
should remain, such as by combination with thoria, it
seens likely that it would remain behind in the residue
following an HF~HN03 treatment. If such be the case,

then the WOB correction may be a function of the thorium

*

content, making it possible to establish a relationship
between the two; however, there is also the possibility
that the woB correction is an indicaticn of good or bad

sintering during the electrode manufacture, and not of



thorium content,

A secowns! suggeastion i directed towards the thorium
rather thaa e tunsstic oxile, If thoriuw ig progsent and
we puppore it disselves, it will be orecinitated as thoe
fluoride, he precivibate could be centrifued in a polye-
thylene centriluze tube, washed, and reecenvrifiuged several

719y

tbinmes o rouove bungsten., The residue could dhen be ©

Eate ety

g

ferred %o a wlatinwa dish and dried below 200°C,; wnder these
condltisas the thoriwm fluoride fro.. the thorium would be in
the form Th?h.QHRO. Fusion of the residue with hq?OB would
convert the fluoride to water soluble sodium fluoride, I
may be possible to determine this fluoride colorimetrically
such ac by extinction of the titanium-peroxide complex,

Fron the fluoride determinat on the original thorium could

he ealeulatbed,

The abhove method would depend on two factors; {irst,
that thorium will dissolve in H?~Hﬁ03 -~ and our investie
sation has shed doubt on this possibility; and secondly,
Lhat no thoria will be converted to fluoride durins tho
solution of the tungsten, Judging fro: our tests with
finely powdered thorium metal it is more likely that
thoriun would romain in the residue as such and could be
cualitatively determined and roughly estinmated by a microe

)

scople examination of tho ceontrifused or decanted rosiduos
& i3 b 4

cr more accurabely determined by leray diffraction nethods.



APPLENDIX

Detailed Chlorination Apparatus

The chlorination equirment is shown in Figure 3., A
gas dispersion bottle and only one gas line (for oxy:en)
is used for tests with chloroform., The titration appara=~
tus is employed in this investigation for identifying
gaseous oroduchts, and is not roquired for determining

thoria .

The following is a detailed description of the appara-
tus:
(a) A Multiple Unit type 70 Hevi Duty combustion furnace,
(b) An oxygen cylinder with regulator.
{c} A hydrogen chloride cvlinder with needle valve,

(d) & vycor combustion tube 19 X 25 X 600 mm, with trane
site adaptors,.

{e) Glazed silica combustion boats 75 X 15 X 10 nm,
Coors porcelain combustion boats 97 X 10 X 11 mm,
Morganite recrystallized alumina combustion boats
90 X 17 X 12 mm, {all outside dimensions),

{(f} 4 Variac tyne V10 voltage regulator,

(z) A portable pyrometer,

(h}) Clamps and supports.

(i) Two pyrex test tubes £ X 6 inches fitted with 2-holed
rubber stoppers containing inlet and outlet glass
tubing {(used for H?Sok bubbling bottles).

(j) Two size 3 one~hole rubber stoppers containing a short
length of 10 mm, 0.D. »pyrex tubing with ends flane-
drawn to receive tygon nlastic tubing,

(k} .. Te-connection ior combining 02 and HCl zases before
enbrance to the combustion tube.
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1} Tyszon tubing L/0, /0 and 3/8 inch 1.0

{

(] & szmall bottle (150 mla.; with a 2-holed rubber stop=

per containing 10 mu., OO0 pyrox tubing (whilch serves

to trap eondenced tungsben oxychloride particles),

ny A small funnel Uittod with a one-hole rubber stopper
containin: pyrexn zlass wool {(whieh Siltors oubt most of
the remaining varticleni.

(o) 4 150-ul, cylin riczl bot-le fit.ed with o 3=-holed
rubber ctopper {itted with & fritted-slacs gas dise
perser, « 25-ml, burette, and o 10 mm, pyrex tubing
outlet,

{p) & 3=foot lengtii of 10 rm O..'. pyrex tubins leading up
inte the fume cusboard, It is conneccted to the titrie
ting bottle exit or to the bottle at the furmace exit
vhen Lo titratin: apraratus is not used,

*

4 calibrated {lowmeteér.

o~
]
gt

3

{r} 4 gas dispersing bottle for use with chloroforn and
wator,

Learents
(=) 10 1C1 (in distilled wabtor)
(b} sodium Thiosulfate O.1.:0.

{c) Starch-iodide indicator - 5,0gs, starch and &,0;s,
21 in 5{;’{} Z'llSm 3220&

(¢} Sodiwn hydroxide 0,I,M,
{¢} Phenolphthalein indicosor 0.1 in ethancl,

(£} Tungsten mrtal powder.

i".¢ Reaction of ThO, with Dry and Moist HCLl and Cls

The volatility of thoria in dry (01l gas i explained

by the equation: ThOz + LICL = ThCY ¢+ 2Hn0(1)

Addition of moisture couses the reaction to go to the
left, 7This cxplaing the partial loss of thoria in dry HCL

at 30000, and the quantitative retention of thoria in
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moist HCL under the anme conditions of flovw rate and ben-

nerature,

From the last seection of Table 3 it in ovident thot the
loss of thordia in the boat facing the incon’ ng gases is cone
clderably more than in the seeond boat; two check runs were
made to confirm this Tinding., The explanation offered is
that the small anmount of ThClh and H,0 from the first boat
causes the reaction of equation (1) to reverse more in the

ageond bhoat,

The volatility of ThO, in dry Cl, at 800°C is explained

by a similar ecuation: ThOp 4 2l = ThCl,, 4 04(2)

There ir no loss of thoria in moist Cl, pas under the
same conditions, Although moisture is wot o »nroduct of
equation (2), the pre ence of H»0 may prevent the loss of
thorium tetrachloridce as shown in ecuation (l). At the same
time oxygen is actually added to the systou by reaction with

chlorine accoriing to the equation 201, + 2H,0 = LHCL + 0,(3)

The Oxidation of HC1 vwith Og

The addition of oxypen to the systen of ecuation (1)
has a similar dual affect, Uxygsen will reaet with hydrogen
chloride to produce H20 according to thoe reverse of ecuation
(3)s thus the moisturc @r@véntﬁ loss of thoria by reversing
equation (1), and the oxygen prevents loss of thoria by rew

versing equation (),
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To determine the extent of the formation of chlorine,
the pases leaving the combustion tube were titrated with
O.1N sodium thiosulphate using starch-iodine indicator,
Pitrations were made at different tenpervatures with and

without samples in the tube, using 2 ¢+ 1 HCLl : O,,

“he amount of HCLl entering over a fixed period was obe
tained from the approximate flow rate, ignoring slizht corw-
rections for temperatuve and pressure, and baking 22.4 liters

HCL = 30,4LG graus,
\

The amount of 012 formed was determined from the titra-
tiony; 1 ml, 0.1N sodium thiosulfate = 3.546 X 10“3 grams

chlorine,

lesults are rocorded in Yable 1&, Alumina combustion
boats appear to have a hicher cabalytic action than quartg

in the formation of chlorine.

The Oxidation of CHCl3 with O,

3

Titrations were also nade after passing nixturcs of oXye

-

gen and chloroform through bhe heated combustion tube. he
first titrations were made using 0.1N Hapdp03 with starch-
iodine indicator; the second titratisns were made with O.1N
NaOH using @henolphtalein indicator. The indicator was
added frequently as it as continually destroyed Ly the

#ia0Cl formed., Results are recorded in Table 19,

The titration with sodium thiosulfate shows that chloroform

is oxidized to chlorine, There are two equations which could
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account for this:i CHCl3 4 0, = CO, + HCL + Cl, {4)
LCHCly + 50, = LCO, w 20 + 601, (5)
If ecquation (5) is correct, tihien the titratiossn of 20 mls,
0,11 NapS,03 would requirc the same time as the titration of
20 mls, 0,1H laOh; froa zble 17 we see that such is not the
case, If eaquation (L) ls corvect, then the titrasion oi 20
als. C.1H Hanb,03 would requive three-halves ol the bime row
quired to bitrate 20 mls. O,1N NaOH, This is evident from
whe following ecquationst
23@&23303 P Clz = I-%aQSAOé +« 2NaCl (6}
2NaOH 4 Cl, = NaCl + {a0Cl « Hs0 (7)
NaOH & HCL = NaCl « Ho0 (2)
Prom Table 19 it is evident that equat on (L) does not
explain why the NaOH titration requires so much less btine

than the HapSp03 titration,

il

£

The samc amount of C,1N HaOH as of 0,1 Hagdps0y is roe
quired to titrate Cl,; thus it is evident that much more HCL
than Cly is formed during the oxidation of CHClB. This may
be explained by the formation of vhosgene, which recacts with
water to liberate HCl:

CHCl3 + 0, = COCl, & HCL (9)

C0Cl,y + Hy0 = COp v 2HCL (10)

The formation of carbonyl chloride (phoszene) is not une
’ is known that chloroform may be transformed

1
to phosgene by oxidizing agents,. 7

@
¥
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O
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o
o
=
ey
1]
Fuds
s
e



50

Ve conclude that in the oxidati n of chlorofor: by oxy=-

~en at 800°C the reactions may be renresented by equations

{U} combined with one or both of ecuations (4} and (5},

Ry experinent it wag found that with our disncrsion
bottle 25 nls. of cilorofora (37.5 grams) are carried over
by a flew of 100 mls. Op/ninute in 220 minutes, Thus in 1

porube wo ¢arry over 2Lsl gran CHCIB s 0,17 gran CHGlB‘

™

From Table 19, takins average values, we see that in 1

riinube we titrabe L,5 nle, O.1H %323203 and 25,7 mls, O.1H

= s ""3

naQi, This corresponds to L.5 X 3.546 ¥ 1077 grams o1,

il R5.7 Y 3,047 % 19“3 srens HCl, 1i.e.t

0.016 gran Clp
and 0,091 gram Cl as ICl
total 0,107 gram Cl from 0.17 gram G

s

{1

1Y

¢

From these values it is apparent that nost of thwe chloro-
form is oxidized by oxygen ot £00°C, There is no exnlosioan,
nct becsuse it doss nost burn, but bec.use the hent ol oM
bustion is low (89,2 kg. calories, Handbuok of Chemisvyr und

Physics), and because in the bulk of the reaction representes]

]

by eguation (9) there is no change in volunc,

the Volatilization of Tunsmsten and fungstic Oxide

i

‘he reactlions with tungsten may be explaiiod b Lhe fole

lowinz equaticns: U 4 LHCL + Op = WOCl, <+ 2,0 {11}
U ¢ AHCL 4 30, = 21/0,C1ls 4 2,0 (12)
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Various other rcactions probably take place (judging
from the various colors of the sublimate) such as the fore

nation of WClg, wClé or other chlorides with chlorine.

With tungstic oxide and HCL we havel

W03 « 2HCL = W0,01, + HoO (13)
W03 « LHC1 = wocl, + 2Hp0 (14)

Loss of Ti with Tunzgsten and Cl

The complete loss of thoria in chlorine cas with motallic
tungsten »resent may be explained in the following nanner:

W+ ThOy 4 3C1y = 10,01, + ThCl, (15)
2+ ThOy 4 6C1, = 2y0Cl, =+ ThCl, (16)

iven the presence of equal parts of oxygen to chlorine
doec not prevent this reaction, for we found total loss of

thoria in both caces.

tWhen the tun sten is firet oxidized by burnins
there is no loss of thoria with moist chlorinesg
W03 (#ThO0,) 4 2¢1 =
2 2

170CY;, (+ThO,) + 05 (17)
2003 (+ThO5) « 2312 =

2W02CLy (#ThO5) + 0, (18)

The slight loss of thoria by heating in chloroforne=
oxyzen mixtures may be explained by rcaction with phosgene:

ThO, » 200C1, = ThCl, + 200, (19)

The presence of 0, and HoO formed by reaction with HCL
and 0, tend to reduce this tendency. Bubbling the 0, through

a layer of H,0 on the CHCl; does not eliminate this loss, but



appears to be a reasonable precavtion to take, considering

thnat no extra work is involved,.
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FIGURE 2. ABSORBANCE OF TUNGSTEN
THIOCYANATE COMPLEX

VERSVS TIME.
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FIGURE 3. TUNGSTIC OXIDE CALIBRATION
CURVE — ABSORBANCE VERSVS
CONCENTRATION.

-
L o

AUGSORBANCE (0PTICAL PensiTYy)

: * + T T T r
IO 22009 MISES DODSE SOLDE RESOY SENEE SESDY RRANE QRN REDEA PRSI HHOENE PHRSS [ER S Rraad }.4‘, %4_,‘_;.%
SSODSOERES N TETTY IRh0) SHSHE DRNEE RENET TTRE Y RIRRE XRS] srraddriedin i b Lo bt bt ]
B R R R B O S e N T R B R N i ot e s b H Hrim bt
O R R B R B D R I IR e e N R I s 2R T"I‘ 4+ esaiiiat
i o 3 * +
[SNS SORLE SRONE ERIGS SSAGE MINOS PABLE RN T Jpu B
[SR0E SODES HEONE SHNNE SHSHY FHERS FEOIN SSES1 e
IS ITETE TRETE RRIRE FRTTR RRUEY PRATE FHS L
’ JSS5% $E0DS SRSAS S04 dyavfesid il .
o *
[ESS SRR SRS RRLSS PEOaS 13552 Sxati BEEE:
BSOS DORSY EQONE SROAS SOE REEGE SRDEE BESH
IR DS SOOE SHPR PR DT DIIDIS i ..,_I
st [ s Sl e e IR I
SRS PEERS POORE PRSSY DESUE SEDOL PIEBDY PR
IEERESRR2E SR RET RROSS RROTE BRROR DONSE BRSS!
SPRRE SOEST PE NG SNNS PRNDE DHDGS SPOPE DEE
JOEDS SONDE SHNEE SHNEY DHRDS DSNEY DU SIS PRnSt
1% as Tans
1SS0S I3RS LR RN RS R
IROYY SHHS N DS DNDES DRt
PNOOOS SESTS SIS PGS DI
RN SO NRE B RONE DT
PR R I e Y A D T 2 S
R IR T PR RERNY PROOE PROTD DREOE PaE
IO0S SUSHE SROEE NPDEY SURES SOESS PRAGE FEST
PO DONEE DI [P PRNDE SSSHY PGS HHSHE
bt
[DRS POOEE HNMMIS SERE DI BINDE B jonDt
JORS DRSS IMEDE RIS S5O0 SOHOS SHPNE SHES1
PR PR RREPEE TEEES FERTE PINEEE SIRERS R e
[EREE SEREE SRS SR SS AL IS Shaas SRS BEand
PRR S SO MMNN I Seass JS POSAE DRRRS
N R I TRRET DR DG DORES POORY PROW
O'F’ P B N B g N R
IPRES SEPTE DORDE RN DR J99 MRS SRDIY DRUEE DRSS SHPE DIN { JIPRS SRS PUEDE RMGES DRERE SSHP SIS
D DN NS PSR FHASS INES HNSS SHENN SHE00 DS DA - [0 SODDE PRORE DRSS SHINNE PERNS SHINE BODIE
R BUNM SR B S 100 BSOS S DSOS DO SN S SN NN SERE SHDEE SSINE BRIy PG DG PPN FPEIN
PORDE DENEE HNDE PO DI [0S DEDOE INSES SNRGE SREGS M SN JRRSS SRENE HEGHE H SO N L R SRR A
|SPEE PRESE PN DI DTS RN DI I JIDUE DRSS SN I PONIS POURS SONRE SRR FREDE PORRS MEGRE FRRGN
P R SN JOUE DS RS RN RS D 200 [ERG DGR SREY RIS SIS I e S S
B N IR [N SO DY DINIDS DO DETEE S & O N S B S R R R S RO
DRRTE PR FEEEE REEEY I I I - IR I FERSPON N R TS R SRR LRERE R R
0-6
[PD0S SRTRE SRREY PRGEY SOEMN [ S SRORE SRS SHOUE NMMIS MSGPE PRBSE PIDHE SEOIE SRR SRS
SOUSH NS PSS PP SN 00 DRSS SODEE S SODEY SRORE RHODS PHGGE PRODY HENPE DEHPS!
SO PN SIS DRSS 17 .4 DBDSE SEDON DS SHENE SIS SIS IS REGIDE $PEY [P SN
BRGNS BRODE MRS RN PN I8 SOREE SHRDE SSREE SEBES PRGOS SSONE PRENG SESSE BN 1R ERE TR
LRI R DRIRE R ‘. R R TR R RS RESRE R R R RIS B
NG DAY i N SO INODE DPRORE SSHEE S S0 SHIME MHGHE SENES SOENE PRONE HHE T DI SEPN
DU R N RN SN MO DI SONMIN PG DS SIS DRSNS DRSNS S R TR re
P SRS R DO SRSRE SRODE SRS PRREE SOEDE DRESE DINHE BRGEE DI HINPI SN
P DO D JNDE SN DM MDA S T S S I D I
PO SN ¢ [0 DODRE POSES SOMEE SIS SEERE PN SINNE NN MRS EEEEE REREe
POV S JRRG DRI DOSRE SN SIS SHOHE DS NI HOMNE DI DINDES DN
[RDES DONTS U NS DRSS PRGN SHEE DRGEE DO SPIE DEGES DEDE MM PR DUMNIN
PGS SOH0A TN < AN (NS [0 DI SRS MDY PN TRINT M
NPSNPE SR [N RN AN PG DI UM SN DRI DG PP S S G
Jp oY S i : N T .
. i BN .. oL I IDSPINONG Y I

06 o8 10
MILLIGRAMS WOy




TABLE 1
VOLATILITY OF 1,00 GRAM TUNGSTLN 10 UALQGENATING MIXTURUS
Gas Mixture Tenmpe Time Gas Hixture Temp Time
and and
Flow nate Flow Late
LS /MINUTE °.  HOUR MLS /MINUTE %, Hulk
HYDROGLN CiiLORIDE-OXYGEN MIXTURLS
300HCL : 750, 800 0.8 * 150HCL ¢ 750 900 0.7
300HCL : 750, 800 0.4 150HCL : 7505 1000 0.3
300HCL :10005 800 0.5 200HCL :10005 800 0,5
150HCL : 5005 400 5,0 200HCL :10005 800 0,5+
150HCL : 5005 800 1,0 50HCL : 500 600 8,0
150HCL : 5005 900 0.8 50HCL : 5005 800 2.0
150HCL : 7505 700 1.5 100HCL :10005 700 3,0+
150HCL : 7505 700 1,2* 100HCL :10005 800  0,9*
150HCL : 7505 800 0.7 100HCL :10005 900 0,8+
150HCL : 7505 900 0.5 50HC1 :10005 800 5,0«
OXYGEN DISPERSED THROUGH CHLOROFORM
100 O 600 2.5 100 02 800 0.8 *
100 05 800 0.8 300 05 800 1.0+
300 O 800 047
MISCELLANEOUS MIXTURES
100HCL (dry) 800 reaction|| 5001, : 500, 800 11,5 *
100HCL (moist) 800 reaBfion|| 1000p-HBR (48%) 800 oxidizes
100HCL (moist) 700 2,0 ¥ || 1000,-BR, 800 oxid %@s
100HCL {moist) 900 0.8 * || 100N,.BR, 800 5,0
100C1, (dry) 600 -~ 8.0 10005-HI  (475) 800 oxjdizes
100C1, (dry) 800 0.3 10005-HC1 (375 800 16.0
100612 (inSt ) 800 2,0 100 GFzClZ 800 rgageion
100C1, (moist) 800 2.5 * || 100 CF,Clp 800 0.3 *
50C1; : 500, 800 0.3 1000, - ccl, 800 1.0

* samples first oxidized in air at 800°C.overnight



CHLORINATING Gunias

TABLE 2

CAUSING NG LOSO

orF

Tho, AT 200°¢,

Gas Mixture Time  Sample ThO, ThO, ThO
and Flow lave if Number  Before After Losg,
Flow
HLS 111U T HOUR GRAM Gl GhaM
HYDROGEL CHLOLIDE-OXYGE:N NIXTURES
100HCL : 200, 2,0 {1) 0.0297 0,0296 09,0001
8OHCL ¢ 200, 2.0 (1) 0.0297 0,0297  0.0000
2) 0.0348 0,03,9 ~0,0001
150HCL : 500, 2.0 1) 0.1113 $.1i13 0.0000
200HC1 :10005 2,0 1) 0,0170 0,017C 0.,0060
‘ 2) 0.0180  0,0180 0,0000
1001CL :1000, 2.0 1) 0.0170 0,017 0,0001
(2) 0,018, 00,0184 0.0000
~ HYDROGEN CHLOLIDE (HOIsY)
10CHC 2.0 }1) 0.0296  0,0295 0.0001
2} 0.0342  C.03L48 53,0001
CHLORINE=OXYGEN
50C1, : 500, 2,0 (1) 0.0677 0,067¢8  -0.0001
CHLORINEG (i0IST)

(2) 0,0,01  (,0402 -0,0001




TABLE 3

CHLORINALING GASLG SalUGING LOSS OF ThOz AT SOOOC

Gas Mixture Time Sample ThO
and Flow ilate of Humber Befo%e
Flow

LS /UINUTE HOUES GLAaK

Thog
After

Gltdd

ThO»o
Loss

ORI ]
Gloadd

OXYGEN DISPLRESED THRUUGH CHLOLOFORM (DY)

100 05 2 il) 0,0345
2 2) 0.0356
% (1) 0.0107
2 (1) 0,0107
2 (1) 0.0106

0.0337
0,0352
041107
0,0100
00,0104

0,0008
0,000¢4
0.0000
0.0001
0.0002

OXYGEN DISPILSED THROUGH CHLOKHOFORM (ﬁOIST)

100 0y (1) 0,010}
(1) 0.0171
(1) 0.0171

N N

0.,0100
00,0154
0.01060

0.00064
00,0007
00,0011

OXYGEN DISPERSLD THROUGH C.KBON TETRACHLOHWILE

2 2) 0.030L 0.0271 0,0033
CHLORINE (DiY)
100 Cly 2 (1) 0.0691  0.0676  0,0015
2 (2) 0.0413 0.0401 0,0012
HYDROGIN CHLO:IDZ (DLY)

100HCL (D..¥) 2 (1) 0.0348 0,030, 0,004
2 (2) 0.0295 0.0289  0,00006

1 (1) 0.0463 0,0395 0.0068

1 (2) 0,0602 0,0583 0,0019

1 (1) 0.0583 0.0L75 0.0108

1 {2) 0,0395 0,0371 0,002
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TABLL L

CHLOWIL wl.w OF ThO, MIXID WITH
1,00 GitAll TUNGSTUN 4T 800°¢,

Gas Mixturg Tinme ThO» ThO2 ThO,

and Flow hate ?giw Before  After »x  Loss

HLS HINUTY, HUUR GiuALi Glinl Gieidd
150HCL ¢ 750, 1.0 0,028¢ 0.0288 0,0000
1.0 00,0190 0.0190 0.,00C¢
50015 ¢ 500, 0.2 0.,0402 0.0002 0.0400
1000, : CClh 1.0 0,0180 0,0007 0.,0173
100HCL (moist) 1.0 % 0,0100 0.0099 0.0001
10002~CH013 (moist) 1.0 * 0,0072 0.0059 0.,0003
lOOOQ-GHCIB {noist) 1,0  0,0103 00,0163 00,0000

* samples first oxidized iu air at 800°, ovepnight

** ThOs weiphts corrected for W03 contamination



TABLE 5

60

SELECTED GAS HMIVTURLS aND CONDITIONS FOu
RAPID CHLORINAYIC! OF TUNGSTOH

WITHOUT LOS:

CF ThO,

e

Gag HMixture Flow late State of Tenmp
and hatio Sample
MLS /MINUTE °c.
HCL : O, 4 : 1 100 - 300 HMetallic or £00
oxidized
HCl : 0, 3 :1 100 - 300 Metallic or 800
' oxidized
HCL ¢ 0, 2:1 100 - 300 HMetallic or 800
oxidized
HCL : O, 1 : 1 100 - 300 ilctallic or 800
B oxidized
HC1 (moist) 100 oxidized 800G
0, dispersed Metalli
through CICl; 100 M mea . 800

and H20
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CHLONTLATIOH OF (0L LLG THORIUR Ix.s I8 Yho
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2
GHD OGS SY 80000,,
Gas Llesidue ThO,
Sample HMixture Contents of Toat ilesidue Correctad From
Humber and for 303 Thoriun
Flow llate
LS, /IR, Gliidi GLAM  Gra Gitild
ThO, = 00,0285
150 HCl Th = 0,0190
1 7502 (.5 Th02 s 0,0216) 0.0512 0,0502 00,0217
W o= 1,00
t™hQ, = 0,0191
150 HC1 TR = 0.0009
2 7500 (i3 ThO, = 0,0010) 0,0203 0,0201 0.0010
- ¥ =1.,00
100 © ThO, = 0,0116
Thro TH = 0,0235




CHANGL I JDIGIT

CHLORIHATION

ISR
HS I3
Wi

COMBUSTLOUN B30ATS OU

OF TUNGSTER

Boat Boat Initial ieisht Vielrht
Humber Material ‘leight After After
First Third
Chlorination Chlorination
GR:M Giifdd GR AN

2 Alumina 16,2272 16,2280 16,2279

3 Alumine 16,4704 16,4711 16.4713

L Porcelain G,0537 9.0539 9.0537

5 Fuartz 7.3711 7.3713 73714

6 Quartz 8,9649 8,96L9 £,9650
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TABLE 8

PURITY OF MPLOYID THOWIUM METAL POWDER

Welght Calculated Ueight  Weight eight

of Lelght of of of Recovery
Thorium  of ThO, Ignited Ignited Ignited of
Powder (Thx 1,138 Sample  Oxalate Benzoate Calﬁglated
St AR i B OAT - T 2
GRAM GRAHM Lliabl GHA Git /3l per cent

INITIAL SGAMPLES IGNITLD IN AIR ONLY

0.1952 00,2220 0,2169 97.7
0.1818 0.2069 0,2022 97.7

CONTROLLED IGNITIONS - RISIDUES ANALYZED

0,0881 0,1003 0.0982 0.0967 96.L
0.1002 0.,1140 0.1110 0.1115 97.8
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PHOLIA CONJENT OF SauPLE (1) BY CHLO«WILALION

Gap Hixbture Teup ‘Jeight ‘jeisht  Correction Thoriaz
and of of for
Flow Late Sanple Residue W 04
MLS /MINU g GLAIl Gl GiAzl Per Cent
MOIST HCL e OXIDILLD GAIPLE
100 HCY 700 1,000 0.,0193 0.0012 1.81
100 HCL 300 1,000 0,0190  0,0C11 1.79
HC1 ¢ Op == OXILIZED 5.4IPLE
100HCY ¢ 10005 700 1,000 0,0283 0,013 1,80
100HCL : 1000, 900 1,000 0,0195  0.0013 1,82
150HCL :- 750, 700 1,000 0,0202 0.0018 1.84
HCL ¢ Op == METALLIC SAMPLU
150HCL : 750, 700 1,000 0,0185 0.0006 1.79
150HCL : 7505 80¢ 1,000 0,0187 0.0005 1.82
150HCL : 7503 900 1,000 0,018,  G,0003 1.81
©C1 f Op = cLWALLID Sl
1504CL « 750, 1000 1,000 0,018C  0.000L 1.76
Op : CHCly : HpQ == OXIDIZE SAVPLE
10C0, 800 1,000 0,0191  0,0010 1.21




Ta LE 10

THORIA COUIENT OF 5.0TLE (2) BY CulORINATION

Gas Mixture Temp Weight Weight Correction Thoria
and of of for
Flow lLate Sample [esidue '::503
MLS /MINUTE oc GRAM GiLAM GrAT Per Cent
HCL ¢ Op wm OXIDIUND SAILE
100HCL ¢ 1000, 800 1,000  0,0182  0.0018 1.64
200HC1 : 1000, 800 1,000 0.0186 0.0016 1.76
200HC1 : 1000, 800  1.000 0,0186 0.0016 1.70
300HCL : 750, 800 1,000 0.,018¢  ©.00L7 1.71
CL & O, -~ METALLIC SANPLE
200HCL : 1000, 800 1,000 0.0174  0.000L 1.70
200HCL : 1000, 800 2,000 0.0359 0.0015 1.72
300HCL : 7505 800 1,000 0.,0176 0.0005 1,71
300HC1 : 7505 800  2.000 0,0356  0,0012 1.72
0p @ CHCly : H,0 w=- OXIDIZED SiMPLE
100 0, 800 1,000 0,0184 0,001k 1.70
100 0, 800 1.000 0,018l  0,001L 1.67
100 05 g0 1,000 0,0186 Oe 0Lk 1.72
Oy : CHCl3 : Hp0 ww METALLIC SAMPLE
100 0, 800  1.00C 0.0180 0.0010 1.70
100 05 800 1,000  0,0076  0.0007 1.69
300 0, 800  1.000 0.0179 0.0008 1.71
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Dasbs 11

THORIA AND TUNGSTIC OXIDE CONTENT OF RESIDUES

FTON Chowl, 5o (1) D (2) 0N DAUTNDEL CHLORI T

1

66

Tas Mixture Veisht LeND e
and of
Flov llate SCamrle

LGN o

Lxhended  eiht

Popiod o O
Residue

Holi Gl

Sorrection Thoriac

for
.'Q:;

HOL ¢ Op we SANCLE
20061 ¢ 100Us 1,000 800
100 €1 : 1000, 1,000 800

(2) ozi. 1an
2 00,0185

: RYak
Q . /l}lU

D015

0.0170
0,0170

HCL : 0p == 0..LLE
15010C1 ¢ 750, 1,000 900

-

(1) .rALLIC
1 0,0181

0. 0177

O, ¢ CHCly t HpO — 5:iIFLE

(2) OXILIZED

1000, 1.000 £00 2 0.0170 o.oaa@ 0,0154
On ¢ CHCL3 (D.Y] = . PLE (2) OXI91I400

10004 1.000 800

00,0003

0,0160




TABLE 12

SOLUBILITY OF W, W03, Th, Th(NO3),. 4H20 AND ThO2 IN HF-HNO3 MIXTURLS

Beaker Dissolving ThO Th Th{NO3 ) WO Weight W Tot
Number Acid in2 Caleculated 4H2? b 3 ‘ o% 123 Thg,.f;,, ngz
Mixture 1,000 Gram as Calculated Ignited Ignited Addition fupited
Sample (2) ThO, as Residue Residue as Hesidue
ThOp ThO,
MLS GitAl GRA GRAM GLAM  GRAM GRAM GHAM CRAM
1 SHF
2iNO;  0,0171 0.0173 0.000L  0.0171 0.0172
2 5HNO3 )
oIF 0.0171 0.0013 0,0009 0,0013 0,0206 0,001,  0,0193 0,0192
3 5§gg3 0.0171 0.0170 0.0001  0.017L  0.0169
b 2%%%3 0.0171 0.0011 0.0005 0.0032 0,0220 0,0033  0.0187 0,0187
5 25%83 0.0521 0.,0522 0.0521 0.0522
6 52533 0.0129 0.0129 0.0129 0.0129

L9



TASLE 13

PURITY OF LiPLOYED THORIUM JITHAT. TBETRAHIDLATL

Welght Caleulated “Teight Ueight Teight Purity
of " eight of of Irnited of Ignited of Ignited
Sample Oxide Oxalate Benzoate Pluoride
X0.479)
GilAR GRALL GilAb GHAR GRAI: Per Cent
0.3339 00,1599 D.1542 5,0

(X0 AN
-~} i
-

0,1150 0.0551 0.0537 >
00,2000 0.0958 0.0930 97.1
0,1182 0.0566 0.0550 97.2

0.1022 0.0490 00,0474 56,9




TARLY 1k

THOLIA CONLNT OF SANMPLGS (1) AND (2) BY WHi ﬁF-HNOB HMETHOD

Dissolving Ignition Sample Hesidue W0 Thoria
Container Crucible ‘Yeight Teight Correétion
Material HMaterial w
GHRAN GhAM GLAR Per Cent
ANALYSIS OF S.MPLE (1)
Polyethylene uartz 1,000 0,0178 0,0001 1.77
it @ 2.000 00036.1 OIGOQL" 1079
Platinum Platinum 1,000 0,0180 00,0002 1.78
t " 1,000 0,181 0,0002 1.79
ANALYSIS OF SaliPLE (2)
Polyethylene Platinum 1,000 00,0173 0,0001 l.72
i ¥ l ‘OOO O . 0173 O . 0001 l . 72
u ’? 2,000 00,0344 0.0002 1.71
ANALYSIS OF SMALL PIECES FROM LOT (2)
Polyethylene Platinum 1,000 0,0173 0.0002 1.71
i " 1,00 0,0171 0,0002 1.09
" i 1,000 00,0172 0,0002 1.70
" " 1.600 90,0170 0,0001 1,59




TABLL 15

SEPALATION OF THORIUM FROM URANIUM, LANTHANUI
AND RARE _ARTHS BY THE DENZOIC ACID IITHOD

Sample Wegght Yeight ieight ieight  lieight teight
Number ThO 0 of of of of
2 Ce0, U30g Las 03  Residue Residue
‘ Single Double
' separation Separation
GEAM GRAN GRAM GHAD GitAM GHAM
PRECI PTUATION IN PRESSNCE OF NaHSOh
1l 0,0081 0.008L
2 0,019¢ | 0,0206
3 0.0073 0,u062 0,0051  0,0100 0.,0078
SODIUM SALTS REMOVED BY NHAOH SEPAR TION
L 0.,0342 0.03L3
0.,0168 0,0358 0,0099 0,0059 0.0187 0,0166
6 0,0170 0,0416 0,0103 0,0040 0.0198 0,0168
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TABLE 16

PURITY OF Th02 BHPLOYED I3 TUNGSTLI LLECTiODES

Sample  Weight Ignited Ignited Ignitcd Benzoate
Number ) Ozalate Benzoate Residue Following
Sample (2) Residue Residue  Preliminary Fluoe

ride Scparation

Giiids GHAM GRAN GRAM
1 1,000 0.0166
2 1,000 00,0171
3 1.000 0,0168
L 1.000 06,0170




12

COul . ar "b 0 gt

507 O |
BY | aiéhllxﬂﬁ s

Sl U 3l Ll NU:BLiL AV Gla
OF hOs

< (D EfyY
S DTy DETERIIHNA T LGS

cBSIDULG CORLECTED vOIt W03

Chloring .ion of Sample (1) 6 1.681
Oxidized Sample Sample (2) 6 170G
Chlorination of Sample (1) 3 1,81
letallic sample Sample (2) 7 1.7
HF ~1[HO4 Sample (1) 4 1.78

Sample (2) 7 1,71

,MOP SaPARATL Y CHEMICALLY ¥udii wGB AND BARD BALTHS

p—

HF &0, , Followed by
‘aﬁbﬂh Fusion, Amsonium
Hydroxide and Bengzoice
aeid Preecipitations

Sample (2) 1l 1,71

Phoe ISOLAT: L CHUMICALLY FiOll OTHBN DLEMENTS

HF«[ili04, Followed by
Nall0) “Fusion, HF Preci-
pitation, NaH30, Fusion,
Armmonium Hydroxide and
Denzoic icid Precipitations

-

Sample (2) 2 1,59




TLELE 18

S OVISSTOT 0 Lel Viiw 02

Gas
Mixture
and
FPlow
ate

LS /iIN

0,11
ﬁa28203

Amount
aof Gl?

formed

Boat
Maverial

Time

LA MIN G

Conversion
B 1) 019

Jmount
of HCl
Enployed

Mo (REAT ”"?‘}T
LV SRWIVETY Elnl e didy

TIPRACION DURING CHLGLILILD oF o

;AT 800°%

10GHCL
500,

100HCL
500,

Quarte 35,0 71

12.0 1 0.0355

Alunina

1.11

1.98

TITLATION AFT: . CHLORIES 08w

ER R

1008C1
500,

100HCL
500,

Luarbz 11,0 20 0,03%0

Mundna 10,0 11 0,0355

1,20

1,96




e

TABLE 19

THE OXIDATION OF CHClB WITH Op

Gas Mixture 0.1N 0,1  “ime
and Na,5,0 NaOH

Flow Hate 27273

MLS/HI%UTE VLS MLS Seconds

GAS DISPISED THROUGH EMPTY TUBL AT 8000¢

100 0, dispersed 20,0 285
througﬁ dry CH013 20,0 255
100 O diu ersed 30;0 65
through dry CHClB 30.0 75
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