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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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ent was prepared by Technical Committee ISQfTC 85, Nuclear energy, nuclear technolggies,
ical protection, Subcommittee SC 5, Nuclearinstallations, processes and technologies.

edition cancels and replaces the first edition (ISO 21484:2008), which has been technically

© ISO 2017 - All rights reserved


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/foreword.html
https://standardsiso.com/api/?name=a395ecbbf564de5f18f072aead5653f8

INTERNATIONAL STANDARD ISO 21484:2017(E)

Nuclear Energy — Fuel technology — Determination of the
O/M ratio in MOX pellets by the gravimetric method

1 Scope

This document describes a method for determining the Oxygen-to-Metal (0/M) ratio in mixed uranium-
I I > ED ; i I I relevant for
pellets within a range of O/M ratio corresponding to 1,98 to 2,01. The method described in the document
is adppted, with regard to the parameters, if the expected values of O/M ratio are outside the range.

2 Normative references

Therk are no normative references in this document.

3 Terms and definitions
No t¢rms and definitions are listed in this document.
ISO gnd IEC maintain terminological databases for use intstandardization at the following dddresses:

— ISO Online browsing platform: available at http:/Awvww.iso.org/obp

— IEC Electropedia: available at http://www.eléctropedia.org/

4 Principle

The |(U,Pu)O2 + y sample is submitted to controlled oxidation-reduction under theymodynamic
condjfitions designed to change the.O/M ratio to a value of 2,000. The initial stoichiometric deviation, X,
is defermined from the samplemass difference before and after heat treatment.

5 Reactions
The inain reactions’are as follows:

a) (U,Pu)O2sx&*/2 02 - (U,Pu)02,000;
b) (U,PujOz.x + xHz = (U,Pu)02 000 + xH20.

6 reagents and materials

During the analysis, unless otherwise stated, use only reagents of recognized analytical grade and
distilled or demineralized water or water of equivalent purity.

6.1 Nitric acid solution, 50 % per volume nitric acid aqueous solution.
6.2 Purge gas.
6.2.1 Air, a volume fraction of 99,99 % purity grade is recommended.

6.2.2 Inertgas, such as Argon or nitrogen can be used with a recommended volume fraction of 99,99 %
purity grade [02 < 0,000 5 % (5 ppm), H20 < 0,000 5 % (5 ppm), N2 < 0,000 5 % (5 ppm)].

© IS0 2017 - All rights reserved 1
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6.2.3 Hydrogen or mixture of hydrogen and inert gas, a volume fraction of 99,99 % purity grade to
which water vapour may be added to obtain an oxygen potential (AGo) near -420 kJ /mol (-100 kcal/mol).

7 Apparatus

7.1 Furnace, one of the following furnaces can be used.

7.1.1 Muffle furnace, controlled up to 950 °C, having a device for measuring the temperature and
having sweeping possibility with various gases.

7.1.2 Oth
image furna

7.2 Crucil

7.3 Analyj
furnace is uj

8 Sampl

A represent
make smallg

If necessary
sample pre
atmosphere
shall establi

er furnaces, other furnaces, with same performance can also be used such as Infrared|
ce (IR lamp heating).

bles, use platinum or quartz crucibles.

tical balance, use an analytical balance with an accuracy of at least 0,1 mg when nj
ed or atleast 0,01 mg if samples are smaller.

ling

htive sample shall be taken from the pellet batch for analysis. If necessary, crush pellg
br samples according to the furnace type or the crucible size.

, care shall be taken to avoid sample oxidation*during the sampling procedure an
paration. Typical precautions include performming the sampling operation under 3
placing the sample in an argon-filled bottle; etc. The laboratory performing the ana
sh the procedure.

9 Procedure

9.1 Preli)

The balance

9.2 Prep;
The cruciblg

minary test

shall be checked at pegular intervals using a standard mass.

iring the crueibles

gold

uffle

ts to

1 the
rgon
[yses

s shall be ¢lean and weighed before use. An example of a cleaning procedure that coulld be
used is as follows.

e cfuc€ibles by heating them in nitric acid (6.1) near the boiling point.

a) Clean th
b) Rinsett
c) Drythe
d)
e)

oroughty withrdeiomnized water:

crucibles in the furnace for 30 min at 150 °C under inert atmosphere.

Allow the crucibles to cool to 35 °C in the furnace under inert atmosphere.

Remove each crucible from the furnace and weigh it to within 0,1 mg or better.

f) Record the crucible mass, mg, in grams.

9.3 Weighing the sample

9.3.1 Place the sample, sampled as indicated in Clause 8, in an empty crucible.
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9.3.2 Weigh the crucible containing the pellets to within £0,1 mg or better.

9.3.3 Record the mass, my, in grams of the crucible containing the pellets.

9.4

Heat treatment cycles

9.4.1 General

The sample shall be heat treated in such a way that the O/M ratio is changed to exactly 2,000. The
duration of the oxidation-reduction cycles and the gas flow rates in the furnace shall be optimized

according to the nature ol the rurnace used, the number oI sample pellels measured

com

Load

9.4.2

9.4.2

9.4.2

9.4.2

9.4.2
900

9.4.2
to dr

9.4.3

9.4.3
in ar,

9.4.3

9.5

9.5.1

osition, etc.

the furnace with the crucible containing the sample pellets. Apply the desired,heat treg
Example 1

.1 Under argon sweeping, raise the temperature to 900 °C + 30 °Caird hold for 5 min,

.2 Under air sweeping, maintain the furnace temperature for T min to 7 min at 900 °(

.3 Under argon sweeping, maintain the furnace temperature for 5 min at 900 °C + 30

.4 Under argon +5 % to 7 % H; sweeping, maintain the furnace temperature for 8
C+30°C.

.5 Under argon +5 % to 7 % Hp sweeping; shut off the furnace heating and allow the
pp to 35 °C.

Example 2

.1 Heat the samples for(T6*h at 800 °C, in an atmosphere comprising a volume fracti
bon saturated with water at room temperature.

.2 Cool under dry-drgon containing a volume fraction of 4 % Hp.
Final weighing

Remove the crucible from the furnace.

, the pellet

tment cycle.

+30°C.
C.

h to 13 h at

femperature

n of 4 % Ho

9.5.

Weigh the crucible to within 0,1 mg or better.

9.5.3 Record the mass, mp, in grams of the crucible after oxidation-reduction heat treatment.
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10 Calculation

10.1 Mean atomic mass of oxide after heat treatment

Calculate the mean atomic mass of the oxide after treatment, when O/M = 2,000 exactly, by using

Formula (1):
m - m(Pu)-xp, +m(U)-x; + m(Am)-x, + 2m(0) )
Xpy + Xy + X Am
where
ma is the mean atomic mass of the oxide of heavy metals;
m(Pu) | is the mean atomic mass of plutonium in the oxide;
m(U) |isthe mean atomic mass of uranium in the oxide;
m(Am) | is the mean atomic mass of americium in the oxide;
XPu is the mole fraction in percent of plutonium in the oxide;
Xy is the mole fraction in percent of uranium in the oxide;
XAm is the mole fraction in percent of americium in the é%ide;
m(0) |isthe atomic mass of oxygen (15,999 4);
Xpu +X{ + XAm = 100 %.
10.2 Calculation of O/M ratio
Calculate the O/M ratio by using Formula (2):
0/M = 4,000 - my > (my —my ) (2)
m(O) X (m2 - mo)
where
mo is[the mass of €mpty crucible, in g;
m1  is[the massof crucible with test sample before oxidation-reduction, in g;
my  is[thé'mass of crucible with test sample after oxidation-reduction heat treatment, in g;

m(0) is the atomic mass of oxygen (15,999 4);

m,  is the mean atomic mass of the oxide of heavy metals.

11 Precision

11.1 Accuracy

30 determinations on stoichiometric mixed oxide pellets containing approximately 7 % plutonium gave

a mean O/M ratio of 2,000.
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11.2 Precision

The standard deviation calculated from 30 determinations by two operators on a control sample of
stoichiometric mixed oxide pellets containing approximately 7 % plutonium is better than 0,001.

11.3 Sensitivity

Typically for a 15 g sample a change in weight of 0,5 mg results in a change in O/M ratio of 0,001.

12 Test report

The {

a)
b)
‘)
d)

e)
f)
g)

q

q

1

1
q

q

q

1

est report shall contain the following information:

111 information necessary for identification of the sample tested;
| reference to this document, i.e ISO 21484:2017;

he method used;

he results of the test, including the results of the individual determinations and
alculated as specified in Clause 10;

gny deviations from the procedure specified;

gny unusual features (anomalies) observed during the test;

he date of the test.

© IS0 2017 - All rights reserved

their mean,


https://standardsiso.com/api/?name=a395ecbbf564de5f18f072aead5653f8

	Foreword
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Principle
	5 Reactions
	6 Reagents and materials
	7 Apparatus
	8 Sampling
	9 Procedure
	9.1 Preliminary test
	9.2 Preparing the crucibles
	9.3 Weighing the sample
	9.4 Heat treatment cycles
	9.4.1 General
	9.4.2 Example 1
	9.4.3 Example 2
	9.5 Final weighing
	10 Calculation
	10.1 Mean atomic mass of oxide after heat treatment
	10.2 Calculation of O/M ratio
	11 Precision
	11.1 Accuracy
	11.2 Precision
	11.3 Sensitivity
	12 Test report
	Bibliography

