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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an

International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 16796 was prepared by Technical Committee ISO/TC 85, Nuclear energy, Subcommittee SC 5, Nuclear
fuel technology.
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INTERNATIONAL STANDARD ISO 16796:2004(E)

Nuclear energy — Determination of Gd,O; content in
gadolinium fuel blends and gadolinium fuel pellets by atomic
emission spectrometry using an inductively coupled plasma
source (ICP-AES)

1 Scope

This International Standard is applicable to the determination of Gd,O3 in powder blends and sintered pellets of
Gdy03 + UO5 from 1 % to 10 %, by the ICP-AES method.

2 Principle

The sample is weighed and dissolved in nitric acid. The sample solutions are aspirated into an inductively coupled
plasma using argon as a carrier. The emitted light from the sample in the plasma is dispersed, and the Gd line at
335,0 nm is measured by a spectrometer.

The intensity of the Gd line is proportional to the:concentration'of.Gd present.

Impurity interferences have not been observed for the usual;samples of the nuclear grade material.

3 Apparatus

3.1 High dispersion direct reading spectrometer with I.C.P. source
A typical value for resolution is 0,555 nm/mm in the first order.

3.2 Analytical balance; sensitivity £ 0,1 mg

3.3 Turbula mixer

3.4 Hot plate

3.5 Micropipettes

3.6  Volumetric flasks

3.7 Glass beakers

3.8 Percussion mortar

3.9 Muffle furnace
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4 Reagents

4.1 Concentrated nitric acid (analytical reagent grade)
4.2 Deionized water

4.3 Nitric acid, 1:1

4.4 Uranium dioxide, nuclear grade

4.5 Gadolinium oxide, Gd,O3, minimum purity 99,99 %

5 Standard blends

Standard powder blends are prepared from the UO, and Gd,O3 high-purity materials in Clause 4. These
standards will contain GdyOg3 in the range of 1 % to 10 %, depending on the required level.

5.1 Drying

The UO, and Gd»0O3 powders to be used in the standard blends are previously dried at 110 °C for 2 h.

5.2 Preparation

The appropriate amounts of Gd,O3 and UO5 are weighed into different plastic vials to obtain the standard
blends in the range from 1 % to 10 % Gd20O3.;The-mass of tHe- U0y must be corrected for stoichiometry as
follows:

XAO
Uvo =gUO5 | 14 e
g8U024x) =& 2( A+ 2Aoj

where

UO 2.y s the powder to be weighed;

U0y is the stoichiometric UO, powder in the blend;
Ay is the relative atomic mass of uranium;
Ao is the relative atomic mass of oxygen.

5.3 Blending

Each blend is mixed in the Turbula mixer for 4 h (or the time necessary to guarantee the homogeneity of the
blend).

5.4 Identification

Each blend shall be identified and retained as an appropriate standard.

2 © ISO 2004 - All rights reserved



ISO 16796:2004(E)

6 Standard and sample preparation

6.1 Standard preparation
6.1.1  Weigh 5,0 g of each standard into a beaker, weighed to nearest 0,000 1 g.
6.1.2 Add 25 ml of nitric acid (1:1).

6.1.3 Heat on the hot plate until the blend is completely dissolved and evaporate off the excess nitric acid
(few minutes boiling).

6.1.4 Cool the solution and transfer quantitatively to a 100 ml volumetric flask.
6.1.5 Dilute to 100 ml with deionized water and mix the solution.
6.1.6 Pipette 1 ml of the prepared solution into a 100 ml volumetric flask.

6.1.7 Dilute to 100 ml with deionized water.

6.2 Preparation of the powder samples of Gd,0; plus UO,
6.2.1 Weigh 5,0 g of sample into a beaker, weighed to nearest 0,000 1 g.

6.2.2 Prepare the sample as described in 6.1.

6.3 Preparation of pellet samples

6.3.1  Crush the pellet.

6.3.2 Weight 5,0 glinto/alcrucible;weighedtonearest0,00011g-

6.3.3 Heat the crucible with the sample in a muffle furnace at 420 °C + 25 °C minimum for 2 hto 3 h.

6.3.4 Quantitatively transfer the content from the crucible to a glass beaker. Then proceed as in 6.1.2.

7 Calibration and analysis of the samples

Standards as prepared in Clause 5 and 6.1 are used to calibrate the equipment.

7.1 Calibration
The I.C.P. spectrometer analytical conditions are developed by each laboratory.

The standard solutions are measured in duplicate and the calibration curve produced from the intensity-
versus-concentration curve.

See example in Annex A.

7.2 Analysis of the samples

The samples prepared in 6.2 and 6.3 shall be analysed after making the calibration curve. To avoid daily
correction and achieve the required precision, a calibration curve is carried out for each run of sample
determinations. The background correction is not necessary.

Compare the sample emission intensity to the calibration curve and calculate the Gd,O3 concentration of the
samples.
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If the powder blend contents other products than UO, and Gd,0O3, the calibration shall be done separately; the
standards used for the calibration curve shall have the same matrix.

8

Precision and accuracy

Typical results are the following:

For 20 determinations of each of 6 standards from 2 % to 10 % Gd,0O3, the maximum coefficient of variation

was 0,991 % for 7 % Gd,O5, and the minimum was 0,323 % for 4 % GdyO3.

Maximum relative error was 0,979 %.

See Annex B.

9

Test report

The test report shall include the following information:

a)

identification of the sample;

the method used with reference to this International Standard;
the results and their units of measurément;

any unusual features noted during the test;

any operations not included in this International Standard;

a note of whether or not buoyancy corrections have been applied, '
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Annex A
(informative)

Calibration curve
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Y Intensity
NOTE To carry out the pattern curve, each standard is read twice.
Figure A1
Table A1
Data used to calculate the Regression results
pattern curve Constant 0,410 999 43
% Gd,03 Intensity Estimation error Y 0,057 089 23
2,007 5 48 780 R2 0,999 757 19
4,014 6 89 691 Number of data 5
6,021 5 129 232 Freedom degrees 3
8,028 1 172 216 Slope 4,945 9E-05
10,034 3 210 333 Coefficient of error 4,450 1E-07
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