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ANALYTICAL PROCEDURES FOR
THE PLUTONIUM METAL FABRICATION PROCESS
X1, THE DETERMINATION OF FLUORIDE

INTRODUCTION

Among the determinations requested for the 234-5 Project analytical pro-
gram was that of fluoride in plutonium metal samples, with a sensitivity of
0.5 p.p. m. and an accuracy of * 100% (1).

Several fluorimetric and volumetric methods for the microdetermination
of fluoride have heen reported in the classified literature (2,3)., The method
selected for investigation, however, was one developed for the determination
of ionizable fluorine in gases in the range of 1-500 p. p. m.; this method appear-
ed attractive because the determination depends on the generation of a color
rather than on the bleaching effect or on a change of color (4).

SUMMARY

A method has been developed for the determination of 0. 25-2. 5 micro-
grams of fluoride in plutonium. After dissolving the sample in perchloric acid
and separating fluoride ion by distillation of fluosilicic acid, the quantity of
fluoride i3 determined by measuring the intensity of color generated by the re-

action between the fluoride and the zirconium salt of p~dimethylaminoazophenyl-
arsonic acid.

EXPERIMENTAL WORK

In the method described for the analysis of gases (4), a sample is drawn

through a tube con’ - ining a moist mixture of sand and the zirconium salt of p-
dimethylaminoazophenylarsonic acid; the colored free acid is then separated

from the tube contents by elution with an acetone-hydrochloric acid mixture and
transferred to a piece of filter paper,

The color intensity, and thus the fiuoride
content of the gas, is evaluated by visual comparison with standards. The

method depends upon two facts: (1) in an acidic medium the zirconium salt reacts
with fluoride ion to generate the frec acid and (2) p-dimethylaminoazophenyl-
arsonic acid dissolves in a mixture of acetone and hydrochloric acid to form a
deep red solution, while the zirconium salt of this acid is insoluble,

Preliminary tests indicated that the following was a feasible inethod for the
present problem: distill fluoride from the sample as fluosilicic acid using the
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Willard-Winter procedure; collect the distillate in a receiver containing the
reagent; evaporate to reduce volume; extract the acid from the residue with
hydrochloric acid-acetone; and measure the optical density of the filtrate. The
zirconium p-dimethylaminoazophenylarsonate is prepared by adding an aqueous
solution of zirconyl chloride to the acid in a mixture of ethanol and hydrochloric
acid. After prolonged digestion at 60°C. , the precipitate is separated by filtra-
tion, washed, and dried (4). It was found in subsequent preparations that the
digestion period could be reduced substantially with a corresponding saving of
time, and that modifications in the washing and drying procedures produced a
better reagent.

The first investigations were made of conditions for optimum color develop-
ment. After locating the absorption peak of p-dimethylaminoazophenylarsonic §
acid at 500 my, tests were performed by adding various quantities of solution

containing known amounts of sodium fluoride to a mixture of 1% reagent and sea
sand in 2 Nhydrochloric acid in a fused silica dish. After the contents of the

dish were evaporated to dryness, the residue was washed with several portions

of 1:4 solution of 2 N hydrochloric acid and acetone. The liquid was decanted

into a small sintered glass filter funnel, and the filtrate was collected in a five
ml. volumetric flask. After dilution to volume, the optical density was read on
a Beckman spectrophotometer using one cm. cells.

Inconsistent and nonrepro- “a
ducible results were traced in part to variations in the reagent and to hetero-

geneity of the sand-reagent mixture. Modifications in the preparations of re-

agent and the replacement of the sand mixture by a water suspension of the re-

agent resulted in markedly improved results. Tests with a new reagent reveal -

ed that the optical density difference between blank and sample was dependent
upon acidity and time during the color development. Optimum differentiation
was found at 3. 6 N hydrochloric acid and 30 minutes standing, higher acidities
resulting in limited ranges for the determination.

Additional tests were made to determine the effect of elevated temperatures
on the color development. After adding sodium hydroxide solution to give pH=9
to prevent possible loss of hydrofluoric acid, heating for 30 minutes at tempera-
tures between 25-95°C. increased the optical density of both the sample and the
blank with only slight improvement in the difference between them. The proce-
dure decided upon for the color development was as follows:

E
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1. Pipet a solution containing fluoride into a 50 ml. silica dish, and add
200 ul. of 0.1% suspension of reagent in water.

2. Add water, if necessary, to give a volume of 700 ul.

3. Add 300 ul. of 12 N hydrochloric acid, and mix immediately by
swirling, then let stand 30 minutes.

4, Pour the contents of the dish into a 3 ml. fine sintered-glass filter
funnel, collecting the filtrate in a 5 ml. volumetric flask,

5. Extract the free acid by washing the dish with five 500 ul. portions of
acidified acetone and filtering each portion through the funnel,

Dilute the filtrate to 5 ml, with acidified acetone and mix. Measure the
optical density at 500 my , using a one cm, cell,

6.

It was found that this procedure provided determinations in the range 0.25-2.5
prg. of fluoride with a difference of 3-5% between samples.

The above procedure was coupled to the distillation step by making the distill-

ate alkaline with sodium hydroxide, evaporating to dryness, and dissolving the

residue in 500 ul. of water. The Willard-Winter procedure consists of dissolving

the sample to form hydrofluoric acid and steam-distilling fluosilicic acid, formed
by the reaction of the hydrofluoric acid on the glass vessel, from sulfuric or
perchloric acid at about 140°C. , since plutonium is not soluble in sulfuric acid,

it was necessary to use perchloric acid for this problem. Determinations of
known quantities of fluoride added to the distilling flask were erratic and several

designs of the still were tried before satisfactory results were obtained; the final
design is shown in Figure L.

The use of perchloric acid presented a problem, since it was realized that
with the sensitivity limit for the method at 0. 25 ug., a 0.5 g. sample of plutonium

would be required to determine 0.5 p.p. m. This made imperative the use of a

gloved box for this operation, which then entailed the use of hot perchloric acid in
& wooden box equipped with rubber gloves.

Efforts were therefore made to lessen
the hazards of the operation.

Mixtures of sulfuric and perchloric acids do not dis-
solve even small samples, while the addition of sulfuric acid to the sample dissolv~
ed in perchloric acid results in considerable frothing and bumping during the dis-

tillation. It was decided therefore to use 1 10 perchloric acid for the dissolving

and 57% perchloric zcid for the distillation. A steel shield was built around the

distilling flask to prevent spattering and to hold the acid in case of breakage.

-
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The precision for several results obtained with standard sodium fluoride
solutions using the procedure as finally written is shown in Table I.

TABLE 1
PRECISION OF DETERMINATIONS
OF FLUORIDE IN STANDARD SOLUTIONS

No. of Average Precision (0.D.)
ug. F~ Determinations O.D. 99% limits
0.0 23 0. 262 0. 020
0.5 8 . 299 +0. 026
1.0 8 . 341 +0. 020
1.5 9 . 359 +0. 020
2.0 8 . 410 +0. 050

The same information is presented graphically in Figure 2,
The complete procedure is given in Appendix L.
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APPENDIX |
_PROCEDURE _
Safety Precautions
10
2.

Follow general laboratory safety rules pertaining to hazardous materials.

Perchloric acid is a hazardous chemical; use extreme caution to avoid
contact between the acid and rubber gloves or tubing.

ggglicability

The method is applicable to samples containing acid-soluble fluoride in the range

of 0.25 - 2.5 micrograms. At one microgram the accuracy is within a factor of
two of the amount present,

Chemicals and Solutions Required

1. Perchloric acid, 57%.

2. Sodium hydroxide, 0.5%.

3. Acetone-hydrochloric acid mixture; mix 50 ml. of 2 N hydrochloric acid

with 200 ml. of acetone.

Fluor . de standard; dissolve 1. 105 g. of sodium fluoride (dried at 110°C.)

in 100 ml. of dist.’.ed water and transfer to a polyethylene bottle. For
use, dilute 100 ul. to 50 ml. with distilled water,

Zirconium reagent suspension; add 0. 100 g, zirconium reagent (see pre-
paration page 13) to 100 ml. of distilled water containing one drop of

Aerosol, and stir vigorously until the suspension appears to be homoge- ‘
neous,

Proredugg

A. Preparation of the Calibration Curve

A new calibration curve must be prepared for each new preparation of zirconium
p-dimethylaminoazophenylarsonate and of the acetone-hydrochloric acid mixture.

I.  Deliver into separate 50 ml. silica crucibles containing 5 ml. of water,
0, 50, 100, 150, and 200 microliters of freshly prepared fluoride stand-
ard solution. The crucible containing no fluoride will serve as a blank.

Proceed with the color development as described in steps 9-20 below,
omitting step 18.

Plot on cross section graph paper, the optical density of each solution

as ordinate against the amount of {luoride in micrograms in each solu-
tion. Draw a smooth curve through the points.

—
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B. Analysis of the Sample

1.

10,
11,

2.

13.

140

15.
i6.

i7.

18,

See that the distillation flask contains several soft glass beads; place
5-10 ml. of water in the steam generator; and place a 50 ml. silica

crucible containing 0.2 ml. of water under the condenser tip so that
the tip is beneath the surface of the water,

Put a sample to contain about 0.5 to 1 microgram of fluoride in the flask
through the thermometer opening. Insert the thermometer.

Add 2 ml. of 1:10 perchloric acid cautiously through the steam inlet,

When gas evolution has ceased, slowly add 200 ul. of 57% perchloric
acid,

Repeat step 4 nine times,

Heat both flasks so that steam begins to bubble into the acid when the
temperature of the latter is 135°C,

Raise temperature gradually so that after 5 ml. of distillate has been
collected the temperature of the acid is 140°C,

Turn off heater on distillation flask, lower the crucible and continue to
pass steam until the temperature is 120°C.

Remove the crucible and add 200 ul. of 0. 5% sodium hydroxide to it;
place on a steam bath and evaporate to dryness.

Dissolve the residue in 500 kl. of water.

While stirring the zirconium reagent suspension vigorously, remave 200
pl. and add to the crucible,

Add 300 ul, of coned. hydrochloric acid. Swirl to mix, and let stand
for 30 min.

Filter the solution through a 3 ml. fine porosity sintered glass filter
into a 5 ml. volumetric flask,

Wash the crucible with 500 ul. of acetone-hydrochloric acid mixture
and filter into the flask.

Repeat step 14 four times.

Dilute the filtrate to volume with acetone-hydrochloric acid mixture,
mix thoroughly. and transfer the liquid into an absorption cell,

Measure the optical density of the solution at 500 my.

Determine the amount of fluoride present by reference to the calibration

DECLASSIFIED
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19.

20.

Preparation of Zirconium Reagent

Convert the resulis to parts of fluoride per million of plutonium by

dividing the number of micrograms of fluoride by the sample weight in
grams,

Disconnect the steam generator from the distillation flask and replace
with the waste removal line. Remove the residual acid from the still

and flush by holding a beaker containing 5-10 ml, of water under the
condenser tip.

1.

2.

10.

1L
l(:)

12.

132

14,

"Bepeat step 5 until all of the slurry has been centrifuged.

Mix 90 ml. of ethanol and 10 ml. of conc. hydrochloric acid in a 2590 ml,
beaker.

Add 2.5 gms. of p- dxmethylammoazophenylarsomc acid and place the

beaker on a hot plate. Heat to 60°C. while agitating with a mechanical
stirrer.

Dissclve 1. 0 gm. of zirconyl chloride in 100 ml. of 1 N hydrochlorir acid.

Add this solution slowly with vigorous stirring to the mixture in the
beaker.

Continue stirring for 1 hour, maintaining the temperature at 80 C. Let
cool to room temperature.

Transfer part of the slurry to a 50 ml. centrifuge tube and centrifuge
until the supernatant is clear, Remove the supernatant and discard.

Wash the cake by adding 25 ml. of 2 N hydrochloric acid and stirring
vigorously for 5 minutes. Centrifuge, remove and discard the supernatant,
@

Repeat step 7.

Repeat steps 7 and 8 using 2 N hydrochloric acid which has been heated
to 50°C.

@

Repeat steps 7 and 8 until five successive washes are of equal color.

Wash twice by adding two 25 ml. portions of distilled water and stirring
for one minute; centrifuge, remove and discard the supernatant.

Repeat step 1l four times, using two portions each of ethanol and ¢f ether,

Remove the cake from the tube with a spatula and transfer to a large
piece of filter paper. Let dry in air,

Transfer the dried product to a mortar and grind.
’ -
L i
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Transfer the product to a 200 mesh sieve and brush the powderoon the
sieve.

Regrind the particles which do not pass the sieve and repeat step 15.

Repeat step 18 until all of the product has passed the sieve.

Transfer
to a two ounce screw cap vial,
O
O
O
O o
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