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Uranium dioxide powder and sintered pellets —
Determination of oxygen/uranium atomic ratio —

Amperometric method

1 Scope

This Intdrnational Standard specifies an analytical
method fpr the determination of the oxygen/uranium
ratio in ufanium dioxide powder and sintered pellets.

The method is applicable to reactor grade samples of
hyperstoichiometric uranium dioxide powder and
pellets. |The presence of reducing agents or
undecomposed organic additives invalidates the pro-
cedure. he limit of detection for deviation from
stoichionjetric composition is 2,002 for uranium diox-
ide powder and 2,000 2 for sintered pellets.

2 Principle

2.1 Thq test sample is dissolved-in_orthophosphoric
acid whith yields uranium(VI)-in*-proportion to the
hyperstoichiometric oxygen present. The uranium(Vi)
content gf the solution is determined by titration with
a previolsly standardized™ solution of ammonium
iron(ll) sliifate hexahydrate in orthophosphoric acid.
The eng-point of\{the titration is determined
amperiometrically=Using a pair of polarized platinum
electrodds. he oxygen/uranium ratio is calculated
from the[uranium(Vl) content.

lysed, the dissolution) is performed at a higher

temperature in putified phosphoric a
the water has been partly removed.

The cooled"” solution is
orthophosphoric acid solution of am
sulfatess'which has previously bee

titrated

id from which

with  an
monium iron(ll)
 standardized

against potassium dichromate. The ephd-point of the
titration is detected by the sudden inciease of current
between a pair of polarized platinum electrodes on
addition of an excess of ammonium| iron(ll) sulfate

solution.

3 Reactions

UO2* + 2Fe® + 4H* - U™ + 2Fe®*

4 Reagents

Use only reagents of recognized anal
demineralized water.

4.1 Orthophosphoric acid, p 1,75 g

4.2 Orthophosphoric acid, purified
Add 1 500 mi of orthophosphoric acig

tical grade and

ml.

i (4.1) to 40 ml

2.2 A portion of the test sample, weighing about
1 g, is dissolved in orthophosphoric acid. The dissol-
ution is performed in an atmosphere of nitrogen or
carbon dioxide when sintered material is being ana-
lysed. When highly sintered material is being ana-

of nitric acid (p 1,42 g/ml) to a cylindrical quartz vessel
and raise the temperature gradually to 275 °C. Main-
tain this temperature for 45 min while a gentle stream

of nitrogen or carbon dioxide is pass

ed through the

solution. After cooling to room temperature, store the

liquid in a glass bottle.
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4.3 Ammonium iron(il) sulfate,

0,05 mol/l solution.

approximately

Heat 1 000 ml of orthophosphoric acid (4.1) to 60 °C
to 70 °C in a glass vessel. Add 20 g of ammonium
iron(ll) sulfate hexahydrate [(NH,),Fe(SO,),.6H,0] and
stir until dissolved. Cool and store the solution in a
nitrogen or carbon dioxide atmosphere.

Standardize  this  solution against  potassium
dichromate in the conventional way with each run of
samples. Calculate the molarity of the iron(ll) solution.

© SO

The electrodes should be cleaned occasionally as fol-
lows. Immerse the platinum in boiling concentrated
nitric acid containing 10 g/l to 20 g/l of potassium
dichromate for about 5 min. Rinse with demineralized
water, then immerse in 1 mol/l iron(ll) sulfate solution
for 30 s to 60 s and then rinse with demineralized
water.

5.4 Biamperometric titration circuit (see figure 4).

5.5 Piston burette, 5 ml or 1 ml capacity, capable

4.4 Naturally

occurring U30g, 0,01 mol/l standard

P 1g of pure UzOg in purified
acid (4.2) in a nitrogen or carbon di-

oxide atmospr;Ire, warming if necessary. Cool and

solution.
Dissolve 0,84
orthophosphorig
dilute to 100
(4.2).

NOTES

1 This solution

2 To guarantee
use is recommen

4.5 Nitrogen
than 20 ppm (V

5 Apparatu

Usual laboratony

5.1 Inert dis:
figure 1).

5.2 Inert dis:
figure 2).

5.3 Electrode

When not in us

| with purified orthophosphoric acid

vill contain 0,02 moles of UOZ* per litre.

stoichiometric U;Og, ignition just prior to
ded.

or carbon dioxide, containing less
V) oxygen.

3
apparatus and

solution apparatus, type” A (see

(see

solution apparatus, type B

assembly, (see figure 3).

e, thetelectrodes shall be stored in a

completed titrat

or_solution (see 7.4.2).

of reading to 0,001 ml, fitted with a capillafty end to
dip into the titration solution.

5.6 Thermostatically controlled’heating [block or
isomantle.

6 Preparation of the'test sample

6.1 Uranium dioxide powder

The laboratory. sample is analysed without further
preparation:

6.2 .\ Uranium dioxide sintered pellets

€rush the laboratory sample in a percussion mortar
and pass it through 250 um and 150 um |aperture
sieves until about 2 g of sample has passed through
the 250 um sieve and has been retained on the
150 um sieve. Retain this 150 um to 250 um portion
for use as the test sample.

NOTES

3 The test sample should not be in finely grdund form
otherwise significant oxidation may occur.

4  Whole pellets or large pieces may be used Rut dissol-
ution times will be prolonged.

5 The crushing of sintered pellets implies an impprtant risk
of reoxidation. The crushing should be carried out |n an inert
atmosphere for maximum accuracy.
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Dimensions in millimetres

Thermometer.well ‘\

300

Condenser

J

Nitrogen purge

——

Flask 34/35
socket cone \
n
m
=
~+
\J
| y
30

Figure 1 — Dissolution apparatus, type A
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Ke:

Quartzrdissolution vessel, @ 50 mm, with
ground rim

7/16 neck for insertion of nitrogen purge tube

Pyrex cover with ground rim equipped with
four necks B4 to By:

24/29 neck for admittance of test portion

14/23 neck for insertion of thermocouple

By

Ceniral tUDe, @ internal 8 mm, for insertion of
stirrer, equipped with two polytetra-
fluoroethylene (PTFE) bearings

Quartz stirrer: total length of stirring blades
25 mm rotating at a constant rotational fre-
quency of 900 r/min

Electric heating mantle powered by a tempera-
ture regulator in combination with the
thermocouple in neck B,

Figure 2 — Dissolution apparatus, type B

© ISO
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Dimensions in millimetres
To biamperometric titration apparatus

/s

[

Glass tubes, @ internal 3, taped together:

Glass seal

Platinum electrodes (10 x 10)

Figure 3 — Electrode assembly
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Cell titration
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To adjust voltmater for full scale, remove 741, feed 1V in at pin-6'and adjust VR2 for full-scale deflection.

Power supply

: Ancom DPS 100

220V

110V

Neon

Mains switch

Underside (pin view)

Figure 4 — Biamperometric titration circuit

SO

,r
=%

Adjust for 300 mV
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7 Procedure

7.1 Uranium dioxide powder

7.1.1 Weigh, to the nearest 0,001 g, approximately
1 g of the test sample (m). Transfer the test portion
to a b0ml squatform beaker and add
30 ml + 0,5 ml of orthophosphoric acid (4.1). Cover
the beaker with a watch-glass.

7.1.2 Prepare the blank-test solution, using normal

ISO 9005:1994(E)

7.3 Highly sintered pellets of uranium
dioxide

7.3.1 Weigh, to the nearest 0,001 g, approximately
1 g of the test sample (m). Transfer the test portion
to the quartz vessel of an inert dissolution apparatus,
type B (56.2) and add 50 ml+ 1 ml of purified
orthophosphoric acid (4.2).

7.3.2 Prepare the blank-test solution, using inert
dissolution of highly sintered pellets, as follows. Add

dissolution, as follows. Add 30 ml+ 0,5 ml of
orthophosgphoric acid (4.1) to a 50 ml squat-form
beaker. Qover the beaker with a watch-glass.

7.1.3 He¢at the test portion and blank-test solution
at 160 °C{to 180 °C until dissolution is complete. Cool
to room temperature.

NOTE 6 |If greater accuracy is required, the dissolution
should be [performed in an inert dissolution apparatus, type
A (5.1).

7.2 Sintered pellets of uranium dioxide

7.21 Wigh, to the nearest 0,001 g, approximately
1 g of the test sample (m). Transfer the test portion
to the flagk of an inert dissolution apparatus, type A
(5.1), and|add 30 ml + 0,5 ml of orthophosphoric acid
(4.1).

7.2.2 Prepare the blank-test solution, using inert
dissolution, as follows. Add 30 mh+0,56 ml of
orthophogphoric acid (4.1) to the flaskyof an inert dis-
solution gpparatus, type A (5.1).

7.2.3 Agsemble the inert-dissolution apparatus. Pass
a stream|of nitrogen orcarbon dioxide through the
solution pnd heat the tést portion and blank at
160 °C to[180 °C untibdissolution is complete. Cool to
room temperature.

NOTES

50 mI £ T mil of purified orthophosphdric acid (4.2) to
the quartz vessel of an inert-disselution apparatus,
type B (56.2). Add 0,5 ml of standard U;Og solution
(4.4).

7.3.3 Assemble the inérydissolution apparatus. Start
stirring the test portion and blank with the quartz
stirrer and pass a stréam of nitrogen o1 carbon dioxide
through the solution.

Heat to a_maximum temperature of 245 °C and main-
tain the temperature for 1 h. Cool to apout 70 °C and
add 5l of demineralized water to the test portion
and blank solution.

7.4 Determination

7.4.1 Stir the test and blank solutions at high speed
to create a vortex of about 5 mm dgpth. Insert the
electrode assembly (5.3) into the solufion and switch
on the amperometric titration circuit (5|4).

7.4.2 Titrate with ammonium iron(ll) pulfate solution
(4.3) from the piston burette (5.5) until a small per-
manent current reading is obtained. Record the vol-
ume of the titrant used for the test splution (V;) and
for the blank solution (V,).

NOTES

9 For maximum accuracy and precision, pass a stream of
nitrogen or carbon dioxide through the solution during the
titration.

7 Some batches of orthophosphoric acid cam contaim re- 101115 preferabie 10 use a more concentrated titrant when

ducing impurities. For greater accuracy, the procedure of 7.3
should be followed.

8 It may be necessary to heat certain highly sintered
samples at a higher temperature to achieve dissolution.
Proceed as described in 7.3.

analysing samples with an oxygen-uranium ratio of more
than 2,1.

11 The aim should be obtain the same small permanent
current at the end-point for both test solution and blank
solution.
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