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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.

The proced e ) d e are
described in the ISO/IEC Dlrectlves Part 1. In partlcular the dlfferent approval crlterla needed fbr the
different types of ISO documents should be noted. This document was drafted in accordanee with the

4. ISO shall not be held responsible for identifying any or all such patentirights. Details of
ights identified during the development of the document will be in the Introduction and/or
on the ISO ligt of patent declarations received (see www.iso.org/patents).

Any trade ngdme used in this document is information given for the convéniénce of users and do¢s not
constitute ar} endorsement.

For an explanation on the meaning of ISO specific terms and-expressions related to conformity
assessment, fis well as information about ISO’s adherence to the WO principles in the Technical Bafriers
to Trade (TBJI') see the following URL: Foreword - Supplementary information

The commitfee responsible for this document is ISO/TG:85, Nuclear energy, nuclear technologiep, and
radiological protection, Subcommittee SC 5, Nuclear fuel'cycle.

This second [edition cancels and replaces the first edition (ISO 8300:1987), of which it constitlites a
minor revisipn.
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Introduction

The method specified in this International Standard is based on an oxidation of the plutonium followed
by weighing. If the content of impurities is measured, a correction is made to allow for them.

Respecting certain conditions, the overall standard deviation on a single determination (gravimetric
determination and impurities correction) can be below 0,1 %.
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Nuclear fuel technology — Determination of plutonium
content in plutonium dioxide of nuclear grade quality —
Gravimetric method

1 Scope

This

plutopium content in plutonium dioxide (PuO3) of nuclear grade quality, containing a'mad

less

The

2 Principle

The

a)
b)

‘)
d)
e)
)

If the|latter is not known, it shall.be measured, usually by mass spectrometry.

3

All impurities whieh'are not volatile at 1 200 °C cause a positive bias in the analysis. Their a

shal

spectfoscopy.

If the|total non-volatile impurities content is of a mass fraction of up to 0,1 %, the overall u
the mleasurement will depend on the precision of the impurities determination.

nternational Standard specifies a precise and accurate gravimetric method for det

than 0,65 % of non-volatile impurities.

npethod is used to cross-check accountancy analyses of plutonium dioxide.

npethod specified in this International Standard consists of the following:
sampling and weighing of the sample in dry atmosphere;

hfating in air between 1 200 °C and 1 250 °C to constant mass in order to obtain a st
plutonium dioxide, which is stable and non-hygroscepic;

reighing of the plutonium dioxide;

=

inpurity analysis and correction for non-velatile impurities;

hlculation of plutonium concentration;

e

hlculation of the plutonium content using a gravimetric conversion factor which dep
h the isotopic composition ofithe plutonium.

o 0O

Interferences

1 be measured-with appropriate techniques, including, for example, atomic emission d

brmining the
5s fraction of

oichiometric

ends slightly

rtual content
r absorption

ncertainty of

4 Apparatus

4.1 Sub-sampling station, comprising a glove box under dry atmosphere (dew point less than or equal
to —40 °C) equipped with an analytical balance accurate to * 0,1 mg.

4.2 Heating box, supplied with ambient air and equipped with a temperature-regulated muffle furnace
capable of operating at 1 200 °C to 1 250 °C.

4.3

4.4

Stainless steel sampling vials.

Platinum crucibles.

© IS0 2013 - All rights reserved
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4.5 Desiccators.

5 Procedure

5.1 Handling of the sample at the sampling station

5.1.1 Transfer at least 10 g of the material to be analysed into a vial (4.3).

5.1.2 Herme

tically seal the vial.

5.1.3 Transf

5.2 Tarring of crucibles

5.2.1 Heata

then for 5 mihn in the balance (4.1 a), weigh to within #0,1 mg. Repeat the heating-until the mass re

constant to w

5.2.2 Record

5.3 Sub-sampling

5.3.1 As soo
into the tarre

5.3.2 Measu

5.3.3 If seve
all the sub-sg

5.3.4 If the ¢
heating box

repeat the sampling and the procedure.

5.4 Heatis

5.4.1 Heat th

1 the vial rapidly to the sub-sampling station (4.1).

clean crucible (4.4) for 1hat1 200 °Cto 1 250 °C. Cool for 20 min in the-desiccators (4.!

rithin +0,1 mg.

the constant mass, m1, to an accuracy of £0,1 mg.

1 as possible after receiving the vial containing the’sample, transfer about 1,5 g of the s
d crucible.

e and record the gross mass of the crucible, my, to an accuracy of +0,1 mg.

ral sub-samples are taken, keep the first in the sub-sampling station and weigh it agaif
mples have been taken.

hange in mass of the fitst sub-sample is less than 0,1 mg, transfer the sub-samples
4.2). If this is not thé€ case, discard the sub-samples, adjust the hygrometry of the bo

g

e 1,5 gsample for 1 hat1 200 °Cto 1250 °C.

5.4.2 Cool foir 20 min in the desiccators and weigh it to within #0,1 mg.

) and
mains

hmple

| after

to the
%, and

5.4.3 Repeat 5.4.1 and 5.4.2 until the mass remains constant to within 0,1 mg.

5.4.4 Record the new gross mass, m3, to an accuracy of 0,1 mg.

5.5 Additional measurements

5.5.1 Perform an isotopic analysis of plutonium to calculate its mean relative atomic mass, A(Pu).

5.5.2 Perform an analysis of the impurities that are not volatile at 1 200 °C.

© ISO 2013 - All rights reserved
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6 Expression of result

6.1 Calculation of the gravimetric conversion factor

Calculate the gravimetric conversion factor using Formula (1).

4,(Pu)

CPu = 4 pu) + 24.(0) )
where

AFf0="15,9994 s theTetative atomnmic rass of OXYgETT;

Af(Pu) is the mean relative atomic mass of plutonium calculated usingFormula (2).

Al (Pu) = ! (2)

My3s + Mj39 n M40 n Mp4q n Ma4p " Mo44
238,050 239,052 240,054 241,057 242,059 244,064

wher¢ my3g, m239, etc... are the mass fractions of the plutonium isotopes 238Pu, 239Puy| etc... in the
samples.

6.2 [Calculation of impurity correction factor

Expr¢ss the results of the impurity analyses in micrograms of each impurity element pef gram of the
originial sample (1y).

Calcujate the total mass of impurities, Iy, in grams$;in the heated sample using Formula (3)

I = 107 x (mZ - ml) X Z (1,Cp) (3)

mp — m1 is the mass of the-sample before heating;

2 is the gross mass before heating, in grams (sample plus crucible);
m is the massof the crucible, in grams;
I is the-mass of impurity element n, in micrograms per gram of the original sample;
Ch is'the gravimetric conversion factor for element n (see Annex A).
NOTE Depending on the context in which the results are to be used, mass (my - mp) can require standard

corrections for air buoyancy effects.

6.3 Calculation of plutonium concentration

Calculate the plutonium concentration, Pu, as a percentage, in the sample using Formula (4).

my —mq — I

Pu = Cp, X 9 % 100 (4)

mp; — my
where

m3 is the gross mass after heating (sample plus crucible), in grams.

© IS0 2013 - All rights reserved 3
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6.4 Repeatability

The standard deviation for a single gravimetric determination is about 0,05 %.

In order for the standard deviation of the impurity correction factor to stand below 0,1 %, the impurities
shall be measured to the following:

— with a standard deviation of 50 % (detection limit) up to 1 000 ug - g-1 of impurities;

— with a standard deviation of 25 % (semiquantitative analysis) up to 2 500 pg - g-1 of impurities;

— with a standard deviation of 10 % (quantitative analysis) up to 6 500 pg - g-1 of impurities.

In these cond
and impuriti

itions, the overall standard deviation on a single determination (gravimetric determiy
bs correction) is below 0,1 %.

6.5 Systematic errors

6.5.1 The sy

6.5.2 Non-st|
variation of t

6.5.3 Non-vd

a)
b)

<)

These sourcq

7 Testre
The test repc
a) identific
b) referenc
c) results g
method

d) wunusual
e)

4

calibrati

his factor is expected to be less than 0,1 %.

latile impurities are responsible for three further possible sources of bias:

pn errors in the impurity analysis;

uncertai

ties in the impurity conversion factors;

the impyrities that are not corrected for, because they are neither measured nor detected,

source o

positive bias.

s can cause a systematic error of up to 20 % of the total impurity concentration.

port

rt shall include the following information:
htion of the sample;

b of the method used;

f the measurement and the associated overall uncertainties, impurities percentag
bf expression used;

btematic errors due to weighing have a coefficient of variation no greater than 0,014 %.

1ation

pichiometry of the plutonium oxide is a potential systematic error or bias; the coefficient of

are a

b, and

eatures noted dnring the test:

operations not included in this International Standard (i.e. ISO 8300).
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Annex A
(informative)

Gravimetric conversion factor for the non-volatile impurities

Table A.1 — Gravimetric conversion factor for the non-volatile impurities

Impurity Probable shape of the impurity Conversionyfjctor
Ch

Ag Ag 1,00
Al Al,03 1,89
Am AmO> 1,13
B B203 3,22
Ba BaO 1,12
Be BeO 2,78
Bi Biz03 1,11
Ca Ca0 1,40
Cd Ccd 1,00
Co CoO 1,27
Cr €103 1,46
Cu Cu 1,00
Fe Fe304 1,38
K K20 1,21
Mg MgO 1,66
Mn Mn304 1,39
Na Na;0 1,35
Ni Niz03 1,40
P P,05 2,29
Pb PbO 1,07
Rare earth M,03 1,16
Sb Sby03 1,20
Si SiO2 2,14
Sn SnO 1,13
Ta Taz05 1,22
Th ThO> 1,14
Ti TiO7 1,67
\% V205 1,78
w WO03 1,26
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