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Foreword

ISO (the Internptional Organization for Standardization) is a worldwide
federation of national standards bodies (ISO member bodies). The work
of preparing In{ernational Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for
which a technifal committee has been established has the right to be
represented oh that committee. International organizations, govern-
mental and nop-governmental, in liaison with ISO, also take part in the
work. ISO collfjborates closely with the International Electrotechnical
Commission (IHC) on all matters of electrotechnical standardization.

Draft Internatignal Standards adopted by the technical committees are
circulated to the member bodies for voting. Publication as an Intei-
national Standprd requires approval by at least 75% of the member
bodies casting Ja vote.

International S{andard ISO 9892 was prepared by Technical Committee
ISO/TC 85, Nuglear energy, Sub-Committee SC 5, Nuclear’fuel tech-
nology.

Annex A forms|an integral part of this International Standard.

© I1SO 1992
All rights reserved. No part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without
permission in writing from the publisher.

International Organization for Standardization

Case Postale 56 ¢ CH-1211 Genéve 20 ¢ Switzerland

Printed in Switzerland


https://standardsiso.com/api/?name=c380683f9ae23952da8e5bea1d17751d

INTERNATIONAL STANDARD

ISO 9892:1992(E)

Uranium metal, uranium dioxide powder and pellets, and
uranyl nitrate solutions — Determination of fluorine

content— Fluoride ion selective electrode method

1 Scope

1.1 Thlis International Standard specifies an ana-
Iytical method for determining the fluorine content
in uranjum metal, uranium dioxide powder and pel-
lets and solutions of uranyl nitrate.

1.2 The method can be used within the concen-
tration range of 1 pg to 0,01 g of fluorine per gram
of the sample. Impurity levels of up to 300 pg of
boron apd 3 000 pg of silicon, aluminium and iron in
the fingl measured solution can be tolerated)
Zirconiym interferes seriously and should be(ab-
sent. TILe applicability of the method to samples
containing significant impurity levels cansbé con-
firmed By modifying the basic procedure!

2 General requirements

2.1 Prjinciple

A weighed portion of“\the laboratory sample of
uranium metal or utanium dioxide is dissolved in
nitric adid in a closed polyethylene bottle to prevent
loss of [hydrogen fluoride. The nitric acid used is
dosed vith a-known amount of fluoride to give a
blank cqgnceéntration which is higher than the lowest
concentfation of linear response of the fluoride

where

m; is 'the total mass, in| micrograms, of
fluorine in the inital splution;

m, is the total mass, in|micrograms, of
fluorine in the known addition of
fluoride standard solution;

B — E

is the absolute value pf the change in
potential, in millivoit$, which occurs
on making the standayd addition;

S is the electrode slope at the tem-
perature of the determination.

Potentials are measured using B fluoride ion-
selective electrode, reference electfode and digital
millivoltmeter.

2.2 Use of Nernst equation

In solutions of constant ionic streng
ion-selective electrode responds to
concentration [F ] of a solution a

th, the fluoride-
the fluoride ion
ccording to the

Nernst equation:

electrode, thus ensuring that all subsequent meas-
urements will take place within the linear response
range of the electrode.

The determination is performed by a known addition
procedure in which a small volume of a relatively
concentrated fluoride standard solution is added to
the initial solution. The result is then caiculated us-
ing the basic standard addition equation, which is
readily deduced from the Nernst equation (see 2.2)
as follows:

m,

m.:
L0 P EalS g

F=F,—SIg[F]
where
E is the measured potential, in millivolts;

E is the standard cell potential, in millivolts;

(o]

S is the theoretical value of the Nernst
slope (58,2 mV at 20 °C).

In nitric acid solutions of uranium (VI), fluoride ion
is complexed by H" and UO§+ ions mainly as HF and
UO,F". Both these complexes dissociate to give a
very small fraction of free fluoride ions, to which the
electrode responds.

The function ¢ is defined as
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¢ = [F:J/I[F]

where [Fy] is the total fluorine concentration of the

solution. Provided that ¢ remains constant, there-
fore. the Nerns

st equation can be wr 6};\“ in ¥ i
OV e, LNe NeThH Ut wiiuel

o) ha f
YL Tyuauwvil vairi i N e 1orm

Under the experimental conditions, ¢ and the ionic
strength of the solution remain constant and this
equation thus indicates that the total fluorine con-

4 Apparatus

4.1 Polyethylene bottles, of capacity 250 ml and
500 ml, with narrow necks and screw-caps.

4.2 Micrometer syringe pipette, of capacity 500 pl,
capable of delivering increments of 0,2 pl.

4.3 Fluoride-ion-selective electrode, constructed to
be resistant to solutions containing nitric acid at a
concentration of 2 mol/l. The sensing portion of the

centration of the i

3 Reagents

S

c

Q-(tr

1y reage 1
e

ol
disti

ipitial solution can be determined.

s of recognized anaiytical grade
ionized water.

3.1 Fluoride standard solution, p = 5,00 g/I.

Dry about 2 g of
at 120 °C. Allow
1,105 g of the drie
dilute to 100 ml in
fer the solutig

sodium fluoride by heating for 4 h
to cool in a desiccator. Weigh
d product, dissolve it in water and
a volumetric flask. Mix and trans-
n immediately to a 100 ml

polyethylene bottle for storage.

3.2 Nitric acid pretreated with fluoride (PWF), di-

luted 1 + 3.

Carefully mix together 375 ml of water and 125 ml

of nitric acid (p 1
bottle which is
pipette. When no

42 g/ml) and transfer to a. 600 ml|
itted with a 10 ml autematic tilt
in use, protect the solution from

atmospheric or dust contamination by placing an

inverted plastic b
it with a rubber b

Dilute a 10 ml pq
water and procsg
7.1.1. Depending
blank solution pr

ag over the pipette-and fastening
and around the-neck of the bottle.

rtion of this, reagent with 15 ml of
ed as described in 6.2, 6.3 and
on thecmass m, of fluorine in the
pceed\to step a), b) or c).

electrode should be immersed in water or~a| dilute
fluoride solution of similar strength to thexsgmples
measured for storage between measunements.

4.4 Reference electrode.

4.5 Digital millivoltmeter, capable of dlscrlmlnating
to 01 mV, with an input\impedance of 10t Q to
10" Q.

4.6 Polypropylene beakers, of capacity 50 ml
5 Sampling

5.1 Preparation of the test sample

5.11 Uranium metal and uranyl nitrate solutipns
No sample preparation is required.
5.1.2 Uranium dioxide powder

Grind impure uranium dioxide samples finely {o give

a homogeneous powder and to increase the dlissol-
ution rate of any fluorine present as UF,.

5.1.3 Uranium dioxide pellets

Crush the laboratory sample in a percussion mortar.

6 Procedure

a) my,<1,25ug

Add 60 pg of
standard solu
of the mix.

fluorine [i.e. 0,012 ml of fluoride
tion (3.1)] to the remaining 490 ml

b) 1,25 pg < m, < 2,50 pg

The reagent is satisfactory and does not require

treatment.

c) my,>2,50 ng

Reject the reagent and re-prepare it using a dif-
ferent batch of nitric acid (p 1,42 g/ml).

6.1 Preparation of the test solution

6.1.1 Uranium metal and uranium dioxide

Weigh a mass (m,) of the test sample to the nearest
0,01 g as specified in table1, and transfer it to a
250 ml polyethylene bottle (4.1) in the case of ura-
nium dioxide, or a 500 ml polyethylene bottle (4.1)
for uranium metal.

Add 10 ml of nitric acid (PWF) (3.2), squeeze the
bottle to collapse the walls and screw the cap on
firmly to ensure that dissolution takes place in a
closed system.
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Place the bottle in a boiling water bath. When dis-
solution of the test portion appears to be complete,
shake the bottle to remove any particles which may
be adhering to the upper walls and neck. Complete
the dissolution, if necessary, by reheating.

Allow the solution to cool to room temperature, and
dilute to volume (V) with water as specified in
table 1.

ISO 9892:1992(E)

NOTE 2 The volume of fluoride standard solution added
should not be less than 0,01 ml.

Measure the potential and record the reading E,, in
millivolts, when it is stable, to the nearest 0,1 mV.

Record the temperature (f) of the solution to the
nearest 0,5 °C.

6.3 Blank test

Determine the blank level of the reagents (recorded

Table 1
- Testportiom | Dilute to
Range of fluprine content in mass (m,) volume (V)
laboratpry sample ° °
o] mi
1 ng/g tq 1 000 pg/g 3,00 50
0,1 % (m/m)|to 1,0 % (m/m) 1,00 100

6.1.2 Uran]yl nitrate solutions

Take a volume (V) of the laboratory sample as
specified in[ table 2.

Transfer it {o a volumetric flask and dilute to volume
V, with water as specified in table 2.

Table 2
i 3 Test portion Dilute to
Range of flugrine content in volume (V;) volume (V)
laborat¢ry sample
ml ml
1 pg/mi td 1 000 pg/ml 540,01 50
0,1 g/100 ml|to 1,0 g/100 ml 14 0,01 100

transfer it tg a 50 ml polypropylene’beaker (4.6). Add
10 ml of nifric acid (PWF) (3:2)-and 10 ml of water.
Add a stirripg rod.

Take 5,0 mi + 0,05 ml of the diluted solution and

6.2 Known addition procedure

Place the fluoridé and reference electrodes in the
solution (6.1)“and measure the potential whilst stir-

as mass m,) {see 7.1.1) by carrying fout the pro-
cedure of 6.1.1, 6.1.2 and 6.2 (as apptopriate), but
omit the test portion.

7 Expression of results

7.1 Method of calculation

711 Calculate the total mass of fluoripe, in micro-
grams, in the sample solution (m,) or bjank solution
(m,) using“equation (1) which is derivied from the
Nernst equation (see 2.1):

_ m,
iy Or my = PNV (M
where
my is the mass, in micrograms, of fluor-
ide in the known standprd addition
(see 6.2);

| £, — E,| is the absolute value of the change in
potential, in millivolts, groduced on
making the known standard addition
(see 6.2);

S is the electrode slope @t the tem-
perature ¢, in degrees Cglsius, of the
determination, where S|=54,2 + 0,2¢
(see annex A).

NOTE 3 The electrode slope is the change in millivolts
for a decade change in concentration.

ring at a constant rate. Record the reading E;, in
millivolts, when it is stable, to the nearest 0,1 mV.

NOTE 1  Stirring with a magnetic stirrer should be car-
ried out continuously and at a steady rate throughout the
series of measurements. The millivolt reading is con-
sidered to be stable when it does not change by more than
0,5 mV/min.

Using the micrometer syringe, add the fluoride
standard solution (3.1) until the change in millivolts
is greater than 17 mV.

Record the mass my, in micrograms, of fluoride
added.

7.1.2  Calculate the Total fluorine content (wg) of the
test sample, expressed in micrograms of fluorine
per gram of sample, using equation (2) or (3).

Uranium metal and uranium dioxide

(ml - mz) Vo
i @
Uranyl nitrate solutions
(my —my) 1,
= Y2 .(3
where
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m, is the mass, in micrograms, of fluorine in
the sample solution;

my is the mass, in micrograms, of fluorine in
the blank solution;

my is the mass, in grams, of the test portion
(see 6.2, first paragraph);

added and the cumulative millivolt change pro-
duced.

Calculate the mass of fluorine present in the solution
for each of the three known additions, as described
in 7.1.1.

NOTE 4 If the volume of fluoride standard solution
added exceeds 0,1 ml, correct for volume change using

Ve is the volume, in millilitres, to which the equation (4) instead of equation (1) in 7.1.1 and equation
test solution is diluted in the last para- A1in A22:
graph of 6.1.1; m
3
) my or m, = — ... (4)
V, is [the—vofume, T mifittitres, of the test (TR p—
poftion in the first paragraph of 6.1.2; 25+ 1,
V, is the volume. in millilitres. to which the where V; is the volume, in millilitres, of fluoride standard
test solution is diluted in the first para- solution (3.1) added.
graph of 6.1.2. The total mass of fluorine presentii the solutipn shall not

7.2 Reproducibility

7.2.1 Uranium dioxide powder

The reprodud

ibility (twice the standard deviation)

based on 10

determinations at a fluorine content

level of 200 pg/g is + 13,3 pg/g.

7.2.2 Uraniu
The reprodud

based on 104
level of 2 pg/g

8 Special

dioxide pellets
ibility (twice the standard deviation)

determinations at a fluorine content
is + 1,7 ug/g.

case — Samples containing high

levels of stiong fluoride complexants

Prepare the g
6.1.1.

Determine th
described in §

olution of the sample as_@described in

p fluorine content ©f,the solution as
2andin 7.1.1.

Using the same solution, ¢epéat the procedure de-

scribed in 6.
again, record

P (excepi.the last paragraph) twice
ing thescumulative mass of fluoride

exceed 2 500 pg.

The three values obtained should be identlical within
the limits of error described in 7.2.

If the values are\not identical, this is an |indication
that the functionvg = [F{]/[F ] does not have a con-
stant valuevand that the method cannot he applied
to the samyple under test.

9 .Test report

The test report shall include the following infor-
mation:

a) identification of sample;

b) the method used by reference to this Inter-
national Standard;

c) the results and the form in which thgy are ex-
pressed;

d) any unusual features noted during the fest;

e) any operations not included in this International
Standard, or regarded as optional.
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