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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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INTERNATIONAL STANDARD IS0 21613:2015(E)

(U, Pu)O2 Powders and sintered pellets — Determination
of chlorine and fluorine

1 Scope

This International Standard describes a method for determining chlorine and fluorine in mixed (U,Pu)
O2p ' Tt i ' TTTi g 1to 50 pg.
g1 of chlorine and 2 pg.g-1 to 50 pg.g-1of fluorine.

For JO; powder and sintered pellets, refer to ISO 22875.

2 Normative references

The following documents, in whole or in part, are normatively referen¢ed in this docunient and are
indigpensable for its application. For dated references, only the edition cited applies. For undated
referjences, the latest edition of the referenced document (including'‘ahy amendments) applies.

[SO 3696, Water for analytical laboratory use — Specification andtest methods

ISO 22875, Nuclear energy — Determination of chlorine:and fluorine in uranium dioxide [powder and
sintered pellets

IS0 9892, Uranium metal, uranium dioxide powder and pellets, and uranyl nitrate solutions — Dgtermination
of fluorine content — Fluoride ion selective electrdde method
3 Principle

The $amples are pyrohydrolyzed at 850 °C - 1 000 °C in a tubular furnace with steam or moist oxygen.
Chlorine and fluorine are trappedias halogenated acids and entrained in an aqueous solution. Chloride
and fluoride ions are measured using selective electrodes or another appropriate method, for instance,
ionic|chromatography.

4 Reagents

Use gnly reagents®f recognized analytical grade.

4.1 | Demineéralised water,complying with atleastgrade 1inaccordance withISO 3696 isrejommended.

4.2 Anhydrnnc sodium chloride (qu“l)l analyfir‘ql grqdp

4.3 Anhydrous sodium fluoride (NaF), analytical grade.

4.4 Concentrated sodium hydroxide solution, w(NaOH) = 32 %, relative density approximately
1,35 gml-1.

Concentrated sodium hydroxide solution (4.4) is used to prepare sodium hydroxide solutions (4.4.1,
4.4.2, and 4.4.3). Concentrations of solutions (4.4.1, 4.4.2, and 4.4.3) are examples of reference solutions
that are acceptable for use.

4.4.1 Sodium hydroxide solution, c((NaOH) = 5 mol.l-1.

This reagent can also be prepared by using solid sodium hydroxide in various ways.

© IS0 2015 - All rights reserved 1
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For example, the procedure can be as follows.

Pour 460 ml of concentrated sodium hydroxide solution (4.4) into 1 000 ml volumetric flask, dilute to the
mark using demineralised water (4.1), and mix.

This reagent can also be prepared by dissolving solid sodium hydroxide (4.5) in solution using
demineralised water (4.1).

4.4.2 Sodium hydroxide solution, c((NaOH) = 0,5 mol.l-1.

Pour 46 ml of concentrated sodium hydroxide solution (4.4) into 1 000 ml volumetric flask, dilute to the

: - 1. | L4 | .
mark using genmmerarsca watet L), aIra X

4.4.3 Sodjum hydroxide solution, c((NaOH) = 0,05 mol.I-1.

Pour 100 m] of 0,5 mol/I-1 sodium hydroxide (4.4.2) into 1 000 ml volumetric flask, dilite to the park
using demineralised water (4.1), and mix.

4.4.4 Sodjum hydroxide solution, c(NaOH) = 104 mol.I-1 (or pH 10).

The concenfration of solution (4.4.4) is an example of a receiver solution that can be used for a
measurement by chromatography.

4.5 Anhydrous sodium hydroxide (NaOH), granules.
4.6 Glacigl acetic acid, (CH3COOH), relative density appraoximately 1,06 g.ml-1.
4.7 Sodium acetate, (CH3COONa) analytical grade.

4.8 Buffer solution.

Using the fgllowing buffer solution is recommended in order to ensure that the absorbing solfition
remains alkpline. An example of the procedure to prepare the buffer solution is as follows.

Pour 15 ml ¢f acetic acid (4.6) into 12000 ml polyethylene volumetric flask and dissolve 50 g of soflium
acetate (4.7). Adjust the solution volume to about 900 ml with demineralised water (4.1). Adjust the pH
to 5,3 with the 5 mol.l-1 sodium-hydroxide solution (4.4.1), for example, then dilute to the mark fising
demineralised water (4.1) and-niix.

pH adjustmé¢nt can be performed with a different sodium hydroxide solution concentration.

Another reajgent such.as NaOH solution with phenolphthalein can also be used.

4.9 Chlorjde.reference solution.

4.9.1 Primary chloride reference solution, c¢(Cl-) = 0,5 g.1-1.

Dissolve 166 mg of dry anhydrous sodium chloride (4.2) in demineralised water (4.1). Pour into a 200 ml
volumetric flask, then dilute to the mark using demineralised water (4.1) and mix.

Primary chloride reference solution (4.9.1) is used to prepare chloride reference solutions (4.9.2, 4.9.3,
49.4,49.5,and 4.9.6). Concentrations of solutions (4.9.2, 4.9.3, 4.9.4, and 4.9.5) are examples of reference
solutions that can be used for calibration of selective electrodes. Exact concentrations of calibration
solutions should be determined by the user based upon the expected concentration of analyte in the
NaOH buffer solution.

2 © IS0 2015 - All rights reserved
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4.9.2 Chloride reference solution, c¢(Cl-) = 35 mg.I-1.

Pipette 70 ml of the primary reference solution (4.9.1) into 1 000 ml flask. Dilute to the mark with the
0,05 mol.I-1 sodium hydroxide solution (4.4.3) and mix.

4.9.3 Chloride reference solution, ¢(Cl-) = 8 mg.I-1.

Pipette 16 ml of the primary reference solution (4.9.1) into 1 000 ml flask. Dilute to the mark with the
0,05 mol.I-1 sodium hydroxide solution (4.4.3) and mix.

4.9.4 Chloride reference solution, ¢(Cl-) = 2,5 mg.l-1.

Pipette 5 ml of the primary reference solution (4.9.1) into 1 000 ml flask. Dilute to théumark with the
0,05 mol.I-1 sodium hydroxide solution (4.4.3) and mix.

4.9.3 Chloride reference solution, ¢(Cl-) = 2 mg.l-1.

Pipette 25 ml of the reference solution (4.9.3) into a 100 ml flask. Dilute to\the mark with the 0,05 mol.
-1 sqdium hydroxide solution (4.4.3) and mix.

4.9.4 Chloride reference solution, ¢(Cl-) = X mg.I-1.

Othefr chloride reference solution concentrations may be used.’For example, a reference polution can
be prepared by diluting the reference solution of 4.9.1 with:the 0,05 mol.I-1 sodium hydroxide solution
(4.4.3) to obtain the reference solution (4.9.6).

4.10| Fluoride reference solution.

4.10{1 Primary fluoride reference solution, c(F-) = 0,5 g.1-1.

Dissglve 221 mg of dry anhydrous sodiumfluoride (4.3) in demineralised water (4.1). Pour ipto a 200 ml
voluinetric flask, dilute to the mark using demineralised water (4.1), and mix.

Primfary fluoride reference solution (4.10.1) is used to prepare fluoride reference solutions (4.10.2,4.10.3,
4.10.4, 4.10.5, and 4.10.6). Coricentrations of solutions (4.10.2, 4.10.3, 4.10.4, and 4.10.5) afe examples
of rj{erence solutions that can be used for calibration of selective electrodes. Exact comcentrations
of cdlibration solutions,should be determined by the user based upon the expected condentration of
analyte in the NaOH buffer solution.

4.10{2 Fluoride'reference solution, c(F-) =5 mgl-1.

Pipetfte 10 mhof the primary reference solution (4.10.1) into 1 000 ml flask. Dilute to the mprk with the
0,05 moLI5¥sodium hydroxide solution (4.4.3) and mix.

4.10.3 Fluoride reference solution, c(FJ = 2,5 mg.l 1.

Pipette 25 ml of the reference solution (4.10.2) into a 50 ml flask. Dilute to the mark with the 0,05 mol.
1-1 sodium hydroxide solution (4.4.3) and mix.

4.10.4 Fluoride reference solution, c¢(F-) = 1 mg.l-1.

Pipette 10 ml of the reference solution (4.10.2) into a 50 ml flask. Dilute to the mark with the 0,05 mol.
1-1 sodium hydroxide solution (4.4.3) and mix.

4.10.5 Fluoride reference solution, c¢(F-) = 0,5 mg.l-1.

Pipette 10 ml of the reference solution (4.10.2) into a 100 ml flask. Dilute to the mark with the 0,05 mol.
1-1 sodium hydroxide solution (4.4.3) and mix.

© IS0 2015 - All rights reserved 3
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4.10.6 Fluoride reference solution, c(F-) = X mg.l-1.

Other fluoride reference solution concentrations may be used. For example, a reference solution can be
prepared by diluting reference solution of 4.10.1 with the 0,05 mol.I-1 sodium hydroxide solution (4.4.3)

to obtain the reference solution (4.10.6).

4.11 U30g or anhydrous tungsten acid.

Application of halogen free U30g powder or anhydrous tungsten acid can be used in order to accelerate

the pyrohydrolysis reaction.

4.12 Concegntrated eluent solution for chromatography, 4-hydroxybenzoic

acid

¢(HOCgH4CQOH) = 10 mmol.I-1 and N,N-Diethylethanolamine, c¢((C2Hs)2NCH2CH2CH0H) = 1 LmmglL1-1.

For examplg, the procedure to prepare concentrated eluent solution can be as follows.
Dissolve 1,3B8g of 4-hydroxybenzoic acid with 700 ml demineralised water (4.1).

Transfer 1,48 ml aliquot of N,N-Diethylethanolamine into 1 000 ml volumetric. flask. Add all diss
4-hydroxybgenzoic acid and dilute to 1 000 ml with demineralised water (4.1)~Homogenize.

Prepared sollution should be stored in a polyethylene bottle and kept in a'refrigerator.

Other conceptrated eluent solution such as KOH, NaOH, or NaHC03/Na>€03 can also be used.

rd eluent solutions for chromatography.

, the procedure to prepare standard eluent solutions can be as follows.

Transfer 50 ml aliquot of concentrated eluent solution.(4:12) into a 500 ml volumetric flask and dily
500 ml with| demineralised water (4.1) (heated to the)room temperature before use). Homogenize.

The make-up of the standard eluent solution is4+hydroxybenzoic acid, c((HOCgH4COOH) = 1,0 mm|
and N,N-Diefthylethanolamine, ¢((C2Hs5)2NCH2€H2CH20H)) = 1,1 mmol.l-1 (approximately pH 7,9).

Filtration of|the solution to remove fine'particles before use is recommended.

blved

teto

0l.]-1

Other standard eluent solutions such/as KOH, NaOH, or NaHC03/NaC0O3 with different concentrations

can also be yised.

4.14 Flow gas, pure air or 0xygen.

5 Equipment

5.1 Standard laboratory equipment

5.2 Pyrohydrolysis equipment, refer to Figure 1.

5.2.1 Tubular furnace, equipped with a calibrated temperature regulator.

4 © IS0 2015 - All rights reserved
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5.2.2 Tube with condenser, Inconel®1), platinum, or quartz.

5.2.3 Steam generator, consisting of a reservoir for water (4.1) and provisions for heating and
temperature regulation to adjust the flow rate of the steam.

5.2.4 Combustion boats, of Inconel®1), platinum, ceramic, or quartz.

5.3 Volumetric flasks or test tube, 10, 50, 100, and 1 000 ml. Flasks of any material can be used after
verification of acceptable blank levels of fluoride and chloride.

5.4 | Balance, capable of reading the nearest 1 mg or less depending on the sample mass. Check the
calibpation validity before use.

5.5 | Ion analysis measuring with selective electrode equipment
5.5.1 Millivoltmeter, required sensitivity is approx. 0,1 mV.

5.5.7 Chlorine ion-selective electrode, compatible with the milliveltmeter.

Test [the electrode for satisfactory operation by determining-the response curve accofding to the
procgdure described in ISO 9892, Annex A and in accordanceiwith the manufacturer’s manpal.

5.5.3 Fluorine ion-selective electrode, compatible with the millivoltmeter.

Test |the electrode for satisfactory operation by determining the response curve accoiding to the
procgdure described in ISO 9892, Annex A and infaccordance with the manufacturer’s manpal.

5.5.4 Double-junction reference electrode, compatible with the millivoltmeter.

5.6 | Ion-exchange chromatography system

HightPerformance Liquid Chrontatography (HPLC) or any other ionic chromatograph instryiment.
5.6.1 Injector, consistsofjinjection bulb, injection loop, and syringe or auto sampler.
5.6.2 Pump.

5.6.3 Separation column, with a separating power sufficient to ensure effective separation of the
fluoride and-chloride anion peaks all the way to the baseline under the specified operating cpnditions.

5.6.4 “Suppressor.

5.6.5 Conductivity measurement sensor.

5.7 Mortar

1) Inconelis an example of a suitable product available commercially. This information is given for the convenience
of users of ISO 21613 and does not constitute an endorsement by ISO of this product.

© IS0 2015 - All rights reserved 5
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6 Operating procedure

6.1 Sample pyrohydrolysis

6.1.1 Blanktest

Blank tests can be carried out before and after each series of analyses according to the procedure
describe in 6.1.4 (for the blank test, the empty combustion boat is introduced into the furnace).

Before the series of analyses, a blank test is performed to establish the initial background (blank By) for
the Series OF determinations

After compl
confirm if th

If negligible
calculation

6.1.2 (UH

Weigh powd
sample mas
or according

Pour the sar

Carry out th
blank test 6

6.1.3 (UK
Sample one
Place the pe

Carry out th
blank test 6]

Another wa
homogenizeg

6.1.4 Pyr

For the exar]

eting the series of determinations, another blank test (final blank test Br) is perform
le background did not change significantly during the analysis.

F or Cl were found in the blank measurements, only the initial blank result is used fg
bf the blank value (6.3.1).

u)02 powder sample

ler to obtain a sample with a mass, M. Frequently, sample mass, M, is 10 g (¥0,001 g]

F to the required analytical performance.
hple into the combustion boat at room temperature.

e pyrohydrolysis according to the procedure described in 6.1.4 (same procedure as fo
1.1, but with sample in the combustion boat).

u)03 pellet sample
pr two pellets from the analysis lot Wwith a total mass, M.
[lets in the sample vessel at room temperature.

e pyrohydrolysis accordifigito the procedure described in 6.1.4 (same procedure as fo
1.1, but with sample in the combustion boat).

. For pellets crushied into powder, refer to 6.1.2.

phydrolysis
hple of.assembly of the pyrohydrolysis device, see Figure 1.

 to proceed is toplace the pellets in a mortar (5.7) and crush them to a fine powder

ed to

r the

, but

5 could be less down to 1 g according to the chloride or flueride concentration in the sample

r the

r the

and
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Figure 1 — Schematic(diagram of a pyrohydrolysis device using superheated steam

a) Adjust the furnace temperature to 850 °C -1 000 °C.

INOTE Pyrohydrtolysis consists of decomposing by heating species containing fluoride pnd chloride.
'hen, chloridésand fluoride are released. In the presence of water vapour, these elements are recovered
gither to chlorhydric or fluorhydric acid which is trapped in sodium hydroxide solution.

Jpecies,containing chloride can be organic chloride compounds (decomposition between 450 °L and 550 °C)
¢or mineral salts (decomposition starting at 850 °C).

Species containing fluoride can be mainly mineral salts, for instance, smectite (decomposition between
550 °C and 700 °C), illite (decomposition starting at 750 °C), apatite (decomposition between 600 °C and
700 °C), and fluorine, CaF; (decomposition at 900 °C).

For both species containing chloride or fluoride listed above, kinetic decomposition increases with
temperature so that the pyrohydrolysis yield tends to increase when the temperature increases.

To ensure the highest fluoride salts decomposition yield, it is recommended to use temperature above 900 °C.
However, depending on the application, a temperature above 850 °C can be sufficient (for example, if there is
no fluorite in the sample).

b) Check the calibration of the furnace temperature regulating system.

c) Adjust the distillate flow rate to around 80 ml per 15 min. Purge the device with steam for 30 min.

© IS0 2015 - All rights reserved 7
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d) Shut off the steam flow to the furnace by opening stopcock, R1, to atmosphere and closing stopcock,
R2, leading to the furnace .

e) Open the furnace.

f) Place the combustion boat (5.2.4), either empty (blank test, 6.1.1) or containing (U,Pu)O; powder

sample

g) Forthe

(6.1.2) or (U,Pu)O3 pellet sample (6.1.3) in the furnace, and close the furnace.

measurement of chloride and fluoride, carry out of one of the following operations:

1) for measurements with a selective electrode, place 100 ml flask containing at least a volume
of about 5 ml of 0,5 mol.l-1 sodium hydroxide solution (4.4.2) under the condenser so that the

out

2) for
to 4
out

h) Restorg

et end of the condenser is immersed in the solution;

measurements by chromatography, add at least 4 ml of sodium hydroxide solution (4
volumetric flask or test tube and place the flask/test tube under the condenser'So th3
et end of the condenser is immersed in the solution.

the steam flow by closing stopcock, R1, to atmosphere and opening stopcock, R2, leg

to the flirnace.

i) Collect
then sh
stopcoc

j) Rinseth

it off the steam flow to the furnace by opening stopcock, &1, to atmosphere and cl
k, R2, leading to the furnace.

e outlet tube with demineralised water (4.1) allowing the'water to drain into the flask. A

the soluttion in the flask/test tube to the required volume with demineralised water (4.1) and 1

6.2 Meas

Measureme
6.2.1 Mes

6.2.1.1 (4
a) Connecf

b) Pour10
polyeth

c) Add10
electrog
the mea
standan

urement of pyrohydrolysis solutions

nt procedure by selective electrode and jonic chromatography is shown below for exar
surement by selective electrode

libration curve
the chloride-specific eleéctrode (5.5.2) to the millivoltmeter (5.5.1).

ml of each chloridereference solution (4.9.1,4.9.2,4.9.3,4.9.4,4.9.5,and 4.9.6) into a sep
ylene beaker.

m! of buffer<eélution (4.8) to each beaker. Stir each beaker slowly and regularly. Inser
le. Record-thie potential value after the equilibrium is reached. Plot the calibration cur
sured potentials versus the decimal logarithm of the chloride concentrations (mg.1-1) i
d soliitions.

d) Repeat

1.4.4)
t the

ding

hbout 45 ml or during a period of about 10 min (at a gas flow rate‘of 0,4 . min-1) of distifllate,

hsing
djust

ix.

hple.

hrate

t the
ve of
n the

dard

the’ same procedure with the fluoride-specific electrode (5.5.3) and fluoride sta

solutions (4.10.1, 4.10.2, 4.10.3, 4.10.4, 4.10.5, and 4.10.6).

The temperature of the standard solutions should be constant for selective electrode measurements to

avoid the ne

ed for applying correction factors.

6.2.1.2 Measurement

The hydrolysis solutions for the initial and final blank tests and the sample hydrolysis solutions are
measured in the same way.

a) Sample 10 ml of the pyrohydrolysis solution in a polyethylene beaker. Add 10 ml of buffer solution (4.8).
Stir slowly and regularly. Insert the electrode. Record the potential value after equilibrium is reached.

© ISO 2015 - All rights reserved
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b) From the calibration curves (refer to 6.2.1.1), calculate the chlorine concentration, [CI-] (mg.I-1), and
the fluorine concentration, [F-] (mg.l-1), of the measured solution.

6.2.2 Measurement by ionic chromatography

a) Load the solutions from the injector (5.6.1) in the order of initial blank and samples and final blank. It is
advisable to insert calibration standards at regular intervals to check the calibration of the equipment.

b) Proceed with chromatographic analysis of the solutions using the standard eluent solution (4.13).

c) From the stored linear regressions, calculate the chlorine concentration, [Cl-], in milligrams per

NOTH Bromide, iodide, sulphide, and cyanide, if present in the condensate, interfere withthe measurement
of chloride, but have very little effect upon the measurement of fluoride.
6.3 | Expression of results
6.3.1 Calculation
Calcylate the chlorine and fluorine content (mg.kg-1or ug. g-1) of the sample from the followipg formulas:
Cl Cl
[C,—}_[BOH?FJ v
2 p
VVC[ =
o ()
[ F_J _| Bo +BF v
2 p
W=
d M
wherre
Wg is the fluorine content, inmg per kg or pg per g of sample;
Wel is the chlorine cofitent, in mg per kg or pg per g of sample;
[Cr] is the measured chloride ion concentration, (mg.I-1), of pyrohydrolysis samplg;
IF] is the measured fluoride ion concentration, (mg.I-1), of pyrohydrolysis sample}
BCI orF measured chloride or fluoride ion concentration in initial blank test;
0
BCI ér ¥~ measured chloride or fluoride ion concentration in final blank test;
F
M test sample mass, (g);
Vy pyrohydrolysis solution volume, (ml), as example 100 ml (selective electrodes detection)

or 100 ml (HPLC detection).

NOTE In the formula, it is assumed that the pyrohydrolysis yield is 100 %. Pyrohydrolysis yield of 100 % is
achieved if furnace sizing is in accordance with Reference [3].

If furnace sizing is not in accordance with Reference [3]:

— in the case the analysis is to check the absence of chloride or fluoride in the sample, there is no need to
determine pyrohydrolysis yields;

© IS0 2015 - All rights reserved 9
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— in the case where chloride or fluoride are detected, depending on the analysis requirement, pyrohydrolysis
yields can be taken into account. Pyrohydrolysis yields are different for chloride and fluoride and depend on
pyrohydrolysis temperature and chloride and fluoride concentration in the sample.

They can be determined during the equipment set up validation test, for instance, by a pyrohydrolysis of
a sample with addition of known quantities of chloride and fluoride (refer to Reference [1]).

Taking into account pyrohydrolysis yields, the chlorine and fluorine content (mg.kg-lor ug.g-1) of the
sample can be calculated from the following formulae:

¢l Cl Y]
o 12857 |,

Y

W =
R (2)
{[F‘J—{BO +Bp J]XV
2 p
W, =
F RpxM
where
Wg is the fluorine content, in mg per kg or pg per g of sample;
Wrei chlorine content, in mg per kg or pg per g of sample;
[CI] measured chloride ion concentration (mg.l-1) of pyehydrolysis sample;
[F] measured fluoride ion concentration (mg.I-1) 6f pyrohydrolysis sample;

gClorF measured chloride or fluoride ion concentration in initial blank test;

gClorF measured chloride or fluoride ion concentration in final blank test;
F

M test sample mass (g);

Vy pyrohydrolysis solutierd volume (ml);

Rr pyrohydrolysisyield of fluoride by steam;
Rci pyrohydrolysis yield of chloride by steam.

6.3.2 Validation limits

During validation tests, for instance, pyrohydrolysis yields have been determined within the upper and
lowest masdfraction of chloride and fluoride

In the case of fluoride and chloride measurement by selective electrode, under the operating conditions
defined in this International Standard, the validation limit for chlorine can be a mass fraction of 5 mg.
kg-1to 50 mg.kg-1 and for fluoride, can be a mass fraction of 2 mg.kg-1 to 50 mg.kg-1.

To stay within the validations limits, the sample mass has to be adjusted.

6.3.3 Determination limits

The determination limit is the lowest concentration of an analyte that can be determined with an
acceptable level of repeatability, precision, and trueness. For instance, the determination limits can
correspond to the lowest standard solution concentration which has been well-measured during the
calibration test.
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