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ABSTRACT
Thorium is separated from uranium, titanium and tungsten by precipita-
tion as fluoride. The precipitate is ignited to o;tide , dissolved in
nitric acid, evaporated with perchloric acid, neutralized to a PH
between 2.0 énd 2.5 and titrated with the disodium salt of ethylene-
diamine tetraacetic acid, using Eriochrome Cyanine as indicator. If

less than 30 milligrams of thorium is present, lanthanum is added as

a carrier,
fie :_/";\3:);}'&.:—\- lv" gle\_EtLED
e F ission
For The Atomic Energy Comm
| ‘ Chief, Declassihcqtion Branch J



DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.






‘g.-

iy

'THE DETERMINATION OF THORIUM IN THE PRESENCE
OF URANIUM, TITANIUM AND TUNGSTEN

Hobart H. W1llard,( ) Arthur ¥. Mbsen( ) and Ross D. Gardner, Los

' Alamos Scientific Laboratory, Los Alamos, New Mexico.

lPresent address, University of Michigan, Ann Arbor.

yaPresent address, General Atomic Corporation, San Diego California

Work done under the auspices of the Atomic Energy Commission

Most of the older accepted methods for the determination of thorium

are gravimetric.(5’5) A large number .of insoluble compounds have
béen used in separafibns but the elgment is usually weighed as oxide
after ignition, The oxalate method which has been used in this lsb-
oratory for the determination of thorium in uranium alloys has not
been satisfactory for alloys containing less than 0.5%’6f_thorium be-

(¥)

cagsé the‘loss due to solubility becomes significant. Increasing
the size of the sample is impractical because of the iimited solubility
of uranyl oxalate, A spectrophotometiic prdcedure(6) is available for
very}small amounts of thorium in uranium but it lacks £he precision re-

quired for the range of 0.1 to 1.0%.

- The precipitation of small emounts of thorium fluoride in the presence

of other metals has been described by Grimaldi and Fairchild.(a) They

showed that it was & good separation from urenium and certain other

metals such as tantalum, niobium, titenium, zirconium and iron. By
A3

using a carrier they obtained gquantitative recoveries of leas than

milligrem smounts. Fritz and Ford(l) nave described the titration of

" thorium with discdium ethylenecdiamine tetraacetate (EDTA) using alizarin
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éé indicator. A combination of these two processes described in this

‘ papér has afforded a rapid and accurate procedure for the determination

‘of thorium in the presence of large amounts of uranium and many other

métals. The thorium fluoride with a carrier of lanthanum fluoride is
ignited to the oxide, dissolved in nitric acid, and evaporated with
perchloric acid. ‘The solution 1s'adjusted to a pH of 2 and titrated

with EDTA using eriochromcyanine as indicator.

EXPERIMENTAL

Apparatus. Polyethylené beakers, funnels and stirring rods, -

Reagents. Ammonium fluoride solution, 10 grams of reagent grade 1n

100 ml, of water in a plastic bottle,

~ Ammonia, hydrochloric acid, nitric acid, concentrated.

Hydrofluoric acid, 48%.

Perchloric acid, 70%., All acids were analytical reagent grade.

' Hydrogen peroxide, 30% analytical reagent.

‘Indicator solution, 100 milligrams of Eriochrome Cyanine R. C. (from
" Hach Chemical Co., Ames, Iowa) dissolved in 100 ml, of water,

' EDTA, standard solution, 0,025 M, Dissolve 9.3088 grams of dry,

reagent quality, disodium ethylenediamine tetraacetate in water and

- dilute to 1 liter. The dry reagent may be considered a primary
atandard or it may be standardized against pure thorium oxide,

- Thorium nitrate, standard solution, 2 mg. per ml, of thorium. Dissolve
- 4.7580 grams of pure thorium nitrate tetrahydrate in water and dilute
“"to 1 liter., Standardize by titrating against the standard EDTA solution

and also by determining the thorium gravimetrically by the oxalate method.



" Uranium solution. Dissolve the metal in hydrochloric acid, okidize it
“with hydrogen peroxide, destroy the excess by heat and dilute it to a
suitable concentration, such as 0.3 gram per ml.

" Wash solution., Add 25 ml, of U48% hydrofluoric acid to 475 ml. of water,

and store in a plastic dbottle,

PROCEDURE

Dissolve the sample in concentrated hydrochloric acid and add an excess

~ of hydrogen peroxide to oxidize the uranium. Heat the solution to boil-
 -ihg'to complete the dissolution of the sample and continue heating to
remove the excess of peroxide, If titanium 1s prebent, leave a little
-hydrogén peroxide in solution. If.tungsten is preseﬂf leavevés much
gpéroxiae as necessary to keep the tungsten in solution but nét so much

. @s to precipitate uranium peroxide. If there is so much tungsten that

it cannot be kept in solution with hydrogen peroxide, add the 5 ml. of

hydrqfluoric acid and 20 ml, of 10% ammonium fluoride from & subsequent

' step and immediately transfer the solution to a plastic beaker. The

quantity of ammonia to be added in the later step must then be estimated

to be equivalent to the excess hydrochlofié acid used to dissolve the

‘.sample. Dilute the solution to 25 ml. and add 5 ml. of the lanthanum

. solution. AdJjust the PH to between 2,0 and 3.0 with ammonia using & -

glass electrode and stirring constantly with a magnetic stirrer, The

'solution at this point should contain no precipitate, Transfer the -

solution to a plastic 250 ml, beaker and add & little ashless filter

paper pulp. Add from & plastic graduate 5 ml. of hydrofluoric acid

and 20 ml. of 10% ammonium fluoride solution, stirring with a plastic

_rod,
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" Allow the precipitate to digest for at least 2 hours (preferably over

.night) et room temperature. Filter the solution through a 9 cm. Whatman

#42 or similar dense, ashless paper. Use a plastic funnel, with no

-éuﬁtion and place & little paper pulp in the filter before starting the
_'filfration. Wash the precipitate with hydrofluoric acid wesh solution
- bﬁtil ali the uranium is removed and use a plece of dry filter paper
7 £o{wipe'out the beaker to insure complete removal of the precipitate.

- Ignite it in a platinum crucible at 800° C. Wash it into the 100 ml.

bgékér.in-whiéh the sample was dissolved. Heat some nitric acid in

- the crucible to dissolve any thorium oxide that may have adhered to. .

o ;t'anﬂ rinse it into the beaker. Add 15 to 20 ml, 6f nitric acid and

heat until the oxide has dissolved. If this requires more than 20 to

~ 30 minutes, add 1 drop of 5% hydrofluoric acid and continue heating.

‘Td-the clear solution add 1 ml, of perchloric acid and evaporate until a
"moist residue remains. Dissolve this in 20 to éS ml. of water, adjust

_ the pH to between 2.0 and 2.5 with hydrochloric acid or sodium hydroxide
‘using a pH meter and magnetic stirrer. Add é drops of indicator solution
}and titrate with standard EDTA solution until the color changes sharply

- from purplish red to salmon pink.

 Multiply the number of milliliters of EDTA solution by 0,005803 (or what-
ever the titer of the solution was determined to be), to find the weight

of thorium, Multiply this by 100 and divide by the weight of the sample

to obtain the percent of thorium,
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DISCUSSION
In the analyses of actusl samples it wvas sometimes found that an unde -
termined impurity masked the end point in the titration. 1In these cases

it was necessary to reprecipitate the thorium from the solution of the

. ignited oxide.

Eveporation of the solution qf the oxide with perchloric acid served
‘ to remove_traces of fluoride which interfered seriously with the ti-
' yxation, but since the oxide was hot,dissolved by perchloric acid, it
wﬁs necessary to dissolve it first in nitric acid. large amounts of

;Jperchloric acid made the end point indistinct.

‘The color change of the indicator was sharpest at a pH of 2. Other
},1ndicator$ tried wéfe: alizarin, carminic acid, chromazurol, ammonium
" purpurate and purpurin sulfonate. None of these could be used in thg
,ﬁresence of lanthanum although Fritz and Ford(l) claimed that lanthanum

‘did not interfere when alizarin was used.

Attempts vere made to destroy the filter paper with nitric and per-
'cﬁioric acids instead of igniting the fluoride to oxide. Although this
f wgs‘rapid and convenient the resulting solution showed no end point when
Atgtrated;with EDTA. This was apparently not due to any material removed
: from pyfex glass because small amounts of boron and arsenic showed no
effect., When quartz.beakers were used no trouble was experienced at
first, but in later experiments a turbidity was produced when the pH
ﬁés:addusted to betﬁeen 2 and 2.3, and no ﬁitfation was pogsible., No

" explanation has been found for these phenomena.
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The volume of solution frém which thorium fluoride was precipitated
vagied'from'50 to 100 ml.,‘but with 3 grams.of'uranium in 50 ml. of
solution a greenish yellow, crystalline precipitate of urﬁnyi armonium
fluéride was formed, Undepfthese conditions a volume df at least 100 ml,

is recommended,

Effects of Titanium and Tungsten. When titanium was present, hydrogen

peroxide prevented 1?3 precipitation. »It was usually not present in the

" thorium fluoride but even large amounts of it did not interfere with the °
EDTA tiFratibn because the titanium complex with the reagent is unstable,
‘When titeniun vas present the thorium fluoride had a bluish tint and
fturned brown on ignition, dﬁevto the presence of a trace of uranium

@hich 1s not carried down in the absence of titanium, -

‘fungsten tended to prec;pitaté ag tungstic acid shortly after the sample
«;waSmd59801ved. An excess of hydrogen peroxide kept a'limitednamounx of
~ tungsten in solution but was inadequate for 20 mg. or more, If the pre-
» cipitate of tungstic acid was allovwed to stand for a time it did not
. dissolve when hydrofluoric écid wvas added, but remained with.the thorium
' fluoride, vwhere it interfered with the titration., When such amounts of
fffhnés%éh were présent best results vere obtained by adding'the hydro-
“fluoric acid as soon as the alloy was in solution and neutralizing part
of the acid later by adding a calculated amount of ammonia., This pre-

vented any tungsten from contaminating the thorium precipitate.
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EXPERIMENTAL RESULTS
A number of determinations were carried out on solutions mede up to
V'simulate alloys of uranium ahd thorium varying ffom 0.1 to 1,0% thorium,

};The'results are shown in Table I,

Table I

DETERMINATION OF THORTIUM IN KNOWN SOLUTIONS

' _ Average Average
~Nos, of - Thorium Uranium Error Thorium Standard
" Determin- Taken, Present, Thorium, Found "Deviation,
" atioms . mg. _grams .. mg, . '
9 3.0 3.0 +0,01 1100.4 1.03
8 6.0 3.0 -0,02 99.6 0.40
9 9.0 3.0 -0,03 99.7 0.30
~ 10- 12.0 . 3,0 -0.05 99.6 0.27
24 10.0 2.0 -0.06 99.4 0.36
7 30,0 3.0 -0.,12 99.6 0.32
> 40.0 2.7 0 100.0 - 0.22
10 50.0 1.7 0.k0 99.2 0.35

Séveral series of determinations were made according to the procedure

]éiven; on samples containing titanium and tungsten as well as uranium,

‘The simulated titanium alloy vas made from solutions containing uranium,
;ﬁﬁoriuﬁ and titanium, However, in the case of tungeten,:aihce the main
:pfoblem was to keep it in solution while the thorium fluoride was pre-
.éipitated, an alloy of tungsten and uranium was prepared énd'éamples from
if weré dissdlved in the presence of known amounts of thoriuﬁ. The deter- .
;hﬁnatioq was then made acecording to the special directiqﬁs 1n'the procedure,

The results are shown in Table II,
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Teble IX S ,
“ EFFECT OF TITANIUM AND TUNGSTEN IN THE DETERMINATION OF THORIUM
- Averbgé"Avefage

No. of Thorium Titanium Tungsten Uranium Error Thorium Standard
~ Detéermin- Taken, Present, Present, Present, Thorium Found Deviation,

ations - _ mas. ng, ng. grans ng, % %

13 . 19.78 10, 2 -0,02 99.1 0.46
27 . 9.89 - 10 2 -0.07-  99.3 0.34
15 10.00 10 2 -0.04 - 99,6 0.62
9 9.82 20 2 -0.05 - 99.5 0.45
15 5.89 10 2 -0.06 - 99.0 0.58

The amount of thorium that can be determined by this method is limited -
on;y.by the precision of the titration. Three milligrams was'the smallest
.amdﬁnt titrated :in these experiments, but by using a'more dilpte EDTA
.solutioﬁ‘and, if necessary, é‘photometric end point ﬁucﬁ.smaller amounts
could dpubtlesé be determined., As little as 0,05 mg. of thorium was

' fecovered from complex synthetic mixtures by Grimaldi‘and'Fairchild.(e)v
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