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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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Nuclear energy — Determination of Gd,05 content in
gadolinium fuel blends and gadolinium fuel pellets by
atomic emission spectrometry using an inductively
coupled plasma source (ICP-AES)
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Normative references

Terms and definitions

fcope

document is applicable to the determination of gadolinium as Gd,05 in powder blends
ts of Gd,05 + UO, and ((U, Gd) O,) from mass fraction 10 g/kg to 100 g/kg (i.e~1"% to
fable ICP-AES instrument.

methodology is capable of demonstrating compliance with agreed upon fuel specif
riated data quality objectives provided the user has performed. qualification mg
r their established measurement control program to demonstrate that measurement
rements will be met with the desired level of confidence at thespecification.

following documents are referred to in the text in such a way that some or all of t
Fitutes requirements of this document. For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

696, Water for analytical laboratory use —Specification and test methods

rms and definitions are listed in this document.
nd IEC maintain terminelogical databases for use in standardization at the following g

SO Online browsing platform: available at https://www.iso.org/obp

EC Electropedia:available at https://www.electropedia.org/

Principle

festcsample is weighed and dissolved in nitric acid. The test sample solutions are as
duetively coupled plasma using argon as a carrier. The emitted light from the test s:

ind sintered
10 %), using

cations and
asurements
uncertainty

heir content
applies. For
hts) applies.

ddresses:

pirated into
imple in the

plas

a 15 dispersed, and the gadolintum tine at 335,0 i {3 measured by a Spectrometer:

The intensity of the gadolinium line is proportional to the concentration of gadolinium present.

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

5 Apparatus

5.1
resol

5.2

©ISO

Inductively coupled plasma atomic emission spectrometer (ICP-AES). A typic
ution is 0,555 nm/mm in the first order.

Analytical balance; sensitivity +0,1 mg.
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5.3 Three-dimensional shaker mixer.

5.4 Hot plate.

5.5 Micropipettes; accurate to +0,25 %.

5.6 Volumetric flasks; accurate to 0,25 %.

5.7 Glass beakers.

5.8 Percussion mortar.

5.9 Pellefpress.

5.10 Muffle furnace.

6 Reagents

6.1 Conceéntrated nitric acid, analytical reagent grade.

6.2 Demiheralized water, in accordance with the Grade 2 putify requirements of ISO 3696.

6.3 Nitriqacid, 1:1, prepare by diluting equal volumes of concentrated nitric acid and deminerallized
water.

6.4 Uranium dioxide, nuclear grade reference material, obtained from a qualified supplier.

6.5 Gadolinium oxide, Gd,03, minimum mass fraction 999,9 g/kg, reference material, obtained

a qualified g

7 Stand:

Standard pd
reference m
10 g/kgto 1

Guidance on

7.1 Dryirn

upplier.

ard blends

wder blends are prépared under laboratory conditions from the UO, and Gd,05 high-p
pterials listed jnClause 6. These standards will contain Gd,03 mass fraction in the ran
00 g/kg, depénding on the anticipated Gd,05 content in the test samples.

preparing working reference materials is available in ASTM C1128[3],

jg-of reference materials

from

urity
ge of

The UO, and Gd,05 powders are dried at 110 °C for 2 h and allowed to cool in a desiccator (or dried and
cooled as directed by the reference material supplier) before preparing the standard blends.

7.2 Preparing standard blends

The appropriate amounts of Gd,05 and UO, are weighed on an analytical balance into different plastic
vials to obtain the standard blends containing Gd,05; mass fraction in the range from 10 g/kg to 100 g/

kg.
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When preparing standard powder blends that will be pelletized and fired, the desired mass of the UO,
reference material shall be calculated based on the stoichiometry of the reference material, as given in

Formula (1):

1+ *o
m =m —_
U0 ~ 02| T 7 4 124,

where

mUO(2+X) is the desired mass of reference material powder, in grams;

)

7.3

Each
the h

7.4

Afte
pres
discd
stan
stan
for c

7.5
Each

8

8.1

Myo., is the mass of stoichiometric UO, powder needed in the blend, in grams;
ly is the atomic mass of uranium;
o is the atomic mass of oxygen;

is the excess fraction of oxygen atoms calculated from the values on the rq
terial certificate.

Blending

blend is mixed in the three-dimensional shaker mixer fon4/h (or the time necessary ]
omogeneity of the blend).

Preparing pellets standards

bing the standard pellets. The first set of\pressed pellets for each Gd,05; mass fract
rded. As sintering conditions may strdngly impact the analytical results, sintering

lards shall be performed under thelsame conditions as production. The Gd,05 co
lard pellets shall be validated, usingthe procedure described in this document, befor
hlibration or quality control.

Identification

blend shall be identified and retained as an appropriate standard.

ptandard and’'test sample preparation

Preparation of standard solution from powder reference materials

8.1.1

ference ma-

0 guarantee

blending, the powders are pressed into peHets. Care shall be taken to clean the press before

ion shall be
bf the pellet
ntent of the
e being used

Weigh 5,0 g of each standard into a beaker, weighed to the nearest 0,001 g.

8.1.2 Add 25 ml of nitric acid (1:1) to each standard.

8.1.3 Heat on the hot plate until the blend is completely dissolved, then evaporate the excess nitric
acid by boiling for several minutes.

8.1.4 Cool the solution and transfer quantitatively to a 100 ml volumetric flask.

8.1.5 Dilute to 100 ml with demineralized water and mix the solution.

8.1.6 Pipette 1 ml of the prepared solution into a 100 ml volumetric flask.

©ISO
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8.1.7 Dilute to 100 ml with demineralized water.

8.2 Preparation of the powder test samples of Gd,05 plus UO,

8.2.1 Weigh 5,0 g of test sample into a beaker, weighed to the nearest 0,001 g.

8.2.2 Prepare the test sample as described in 8.1, steps 8.1.2 through 8.1.7.

8.3 Preparation of pellet standards and test samples

8.3.1 Crus
8.3.2 Wei
8.3.3 Heaf
3 h.

8.3.4 Qua
described i1

9 (alibr

9.1 Gene
Standards a

Calibration
for the dissd

a)

In the 4

be recalibrated and the measurements repeated; or the test sample dilution scheme sha

adjuste
measur
b) Indeper]
control
the sam
differen

9.2 C(Calib

h the pellet using a percussion mortar (5.8).
bh 5,0 g into a crucible, weighed to the nearest 0,001 g.

the crucible with the test sample in a muffle furnace at 420 °C + 25 °Chmihimum for 2

htitatively transfer the content from the crucible to a glassybeaker. Then proceg
8.1, steps 8.1.2 through 8.1.7.

ation and analysis of test samples

ral
5 prepared in Clause 7 and 8.1 are used to ¢alibrate the equipment.

standards shall be traceable to the SI ahd shall bracket the anticipated concentration 1
lved test samples being measured.

bvent that a test sample result is outside of the calibration range: the instrument

l so the concentration of the dissolved test sample is within the calibration range whe
bment is repeated.

dence between reférence materials used to prepare calibration standards and qu
standards is required. At a minimum, different lots of gadolinium reference material

t suppliersiis-recommended.

ration

h to

d as

ange

shall
11 be
n the

ality
from

e supplier may'be used to prepare calibration and quality control standards, however fising

The measu

from

fement system shall be calibrated using traceable reference materials prm‘nrpd

competent and qualified suppliers.

The ICP-AES analytical conditions are developed by each laboratory.

with manufacturer’s guidance.

accorda

nce with manufacturer’s guidance.

series of analyses.

Instrument wavelength calibration, camera alignment, and tuning shall be performed in accordance

Optical intensity and plasma position should be verified as part of the calibration process, in

No specific intensity is required other than that it should not change significantly from the last

© IS0 2022 - All rights reserved
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— The measurement of optical intensity is typically performed each day at a single wavelength using
the same concentration analyte (for example 10 pg/g manganese standard solution at 257,610 nm).

— The intensity is normally measured radially with respect to the plasma. Gadolinium measurements
at high concentration are typically measured radially while low concentration gadolinium is
typically measured axially.

To calibrate the measurement system for powder test samples, the standard solutions prepared in
accordance with 8.1 are measured in at least duplicate and the calibration curve produced from the
intensity-versus-concentration curve.

To calibrate the measurement system for pp]]pf test Qnmp]pc the standard solutions repared in
accordance with 8.3 are measured in at least duplicate and the calibration curve produged from the
intersity-versus-concentration curve.

Califration curves are evaluated using acceptance criteria established by each lalyoratory,|based upon
thein historical performance; e.g., linear regression fit (R2), slope, and coefficierit of error.

See dxample in Annex A.

9.3 | Analysis of the test samples and quality control standdrds

The test samples prepared in 8.2 and 8.3 shall be analysed aftér making the calibration curve. Test
samples shall be measured in at least duplicate and spiked’tést samples should be mdasured at a
defined frequency such as one test sample per batch of tenor fewer similar test samples. T¢ avoid daily
corr¢ction and achieve the required precision, a new calibration curve is prepared for each patch of test
sample determinations.

Procgss blank measurements should be performediperiodically to ensure that background|levels are in
the expected range; however, background corrections are not normally necessary.

Qualjty control (QC) standards shall be prepared and measured in the same manner as tesf samples.

Compare the emission intensities ofithe test samples and QC standards to the calibratiopn curve and
calcylate the Gd,05 concentrations for each of the test samples and QC standards.

QC standards shall be used as both opening and closing controls, and should be contro] charted to
monjtor measurement and analyst performance.

If any of the test sampleS<Contain products other than UO, and Gd,05, the calibration and th¢ instrument
contfol measurements)shall be performed using reference material blends having the sanie matrix as
the test samples.

9.4 | Measurement control program

The mmeasurement control program, procedure system, record retention program, method dualification,
and M@M&m&&mwm accepted

practices at the user laboratory. Guidance on record retention, method qualification, and staff
training is available in ISO/IEC 17025[2l. Guidance on a measurement control program is available in
ANSI N15.51[4]

QC standards shall be traceable and of sufficient quality to demonstrate control of measurement
parameters and performance/proficiency of analysts.

Periodic spiking of a predetermined percentage of test samples with known quantities of gadolinium is
recommended. Spike recoveries should be consistent with measurement uncertainty determined from
quality control standards and should support the conclusion that the measurement method may be
applied to demonstrate that materials meet product specification.

Measurement of process blanks is recommended to detect unexpected gadolinium background levels.

© IS0 2022 - All rights reserved 5
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If any measurements, such as process blanks, will be performed at or near the method detection limit
(MDL), then the MDL and the method reporting limit (MRL) should be determined using accepted
practices at the user laboratory.

Secondary absorption lines for gadolinium such as 342,247 nm and 376,839 nm may be used for routine
or periodic comparison purposes or to support method qualification or demonstration activities;
however, this document has not been validated or demonstrated using these secondary absorption

lines.

10 Precision and accuracy

Measureme
specificatio
for the mea
of ISO/IEC

Typical res

— For 20
kg to 1
minim

— Maximy
— See Ang

The precisid
customers 1
laboratory d

11 Test report

The test rep|
a) identifi
b) arefere
c) themet

d) the reg
measur

e) any uny

f) any ope

t and sampling uncertainties shall be adequately understood to demonstrate
s are being satisfied with an appropriate level of confidence. The calculation of uncert
urement method shall be performed using accepted statistical practices. Implément
uide 98-311 is recommended.

Its obtained by one laboratory are the following:

eterminations of each of 6 standards containing Gd,0; mass fractions ranging from
0 g/kg, the maximum coefficient of variation was 0,99 % for«d,05 at 70 g/kg, an
was 0,32 % for Gd,05 at 40 g/kg.

m relative error was 0,98 %.
ex B.

n and accuracy requirements (i.e., acceptance criteria) shall be agreed upon with indiv
equesting analytical services. Prior method qualification shall have demonstrated thg
an meet the customer’s requirements beforgany request for analytical services is acce

ort shall include the following information:
fation of the test sample;

nce to this document,i.e-ASO 16796:2022;
hod used with reference to this document;

ults (i.e., values, expanded uncertainties, and coverage factors) and their uni
Pment;

sual féatures noted during the test;

rations not included in this document;

that
hinty
htion

b0 g/
1 the

idual
t the
pted.

s of

g) anote indicating whether or not buoyancy corrections have been applied.

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=62dbea2a466cd27c1112e23eed50b061

IS0 16796:2022(E)

Annex A
(informative)

Calibration curve

Y

250000

200000 |-

150 000 |-

100 000 |-

50000

Key
X  (d,05, mass fraction in g/kg
Y iptensity

NOTH To carry out the pattetn)curve, each standard is read twice.

Figure A.1 — Calibration curve

Table A.1
Data used to calculate the Linear regression results
pattern curve Y-intercept -4,110
Gd,0,
- Intensity Estimation errorinY +0,571
g/kg
20,075 48780 R2 0,999 8
40,146 89 691 Number of data 5
60,215 129 232 Freedom degrees 3
80,281 172 216 Slope 4,945 9E-04
100,343 210 333 Coefficient of error +4 5E-06
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