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Nationales Vorwort

Das Dokument EN [SO 12183:2024 wurde vom Technischen Komitee ISO/TC 85, Nuclear energy, nuclear tech-
nologies, and radiological protection” in Zusammenarbeit mit dem Technischen Komitee CEN/TC 430 ,Kern-
energie, Kerntechnik und Strahlenschutz“ erarbeitet, dessen Sekretariat von AFNOR (Frankreich) gehalten
wird.

Fur Deutschland hat hieran der Fachbereichsbeirat NA 062-07 FBR ,Fachbereichsbeirat Kerntechnik und
Strahlenschutz)“ im DIN-Normenausschuss Materialpriifung (NMP) mitgearbeitet.

Dieses Dokument enthalt unter Berticksichtigung des DIN-Prasidialbeschlusses 1/2004 nur die Englische Fas-
sung von EN ISO 12183:2024.

Fiir die in diesem Dokument zitierten Dokumente wird im Folgenden auf die entsprechenden deutschen Doku-
mente hingewiesen:

ISO 3696 siehe DIN ISO 3696
ISO/IEC17025 siehe DINENISO/IEC17025

[EC 80000 (all parts) siehe DIN EN IEC 80000 (alle Teile)

Aktuelle Informationen zu diesem Dokument kdnnen {iber die Internetseiten von DIN (www.din.de) durch eine
Suche nach der Dokumentennummer aufgerufen werden.

Anderungen

Gegeniiber DIN EN ISO 12183:2019-12 wurden folgende Anderungen vorgenommen:
a) technische Uberarbeitung;

b) redaktionelle Uberarbeitung.

Friihere Ausgaben

DINENISO12183:2019-12
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Nationaler Anhang NA
(informativ)

Begriffe

In diesem Dokument werden keine Begriffe aufgefiihrt.

ISO und IEC stellen terminologische Datenbanken fiir die Verwendung in der Normung unter den folgenden
Adressen bereit:

— IS0 Online Browsing Platform: verfiigbar unter https://www.iso.org/obp

— IEC Electropedia: verfiigbar unter https://www.electropedia.org/
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Nationaler Anhang NB
(informativ)

Literaturhinweise

DIN EN IEC 80000 (alle Teile), GrofSen und Einheiten
DIN EN ISO/IEC 17025, Allgemeine Anforderungen an die Kompetenz von Priif- und Kalibrierlaboratorien

DIN ISO 3696, Wasser fiir analytische Zwecke — Anforderungen und Priifungen
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EUROPEAN STANDARD ENISO 12183
NORME EUROPEENNE
EUROPAISCHE NORM May 2024

ICS 27.120.30 Supersedes EN ISO 12183:2019

English Version

Nuclear fuel technology - Controlled-potential coulometric
measurement of plutonium (ISO 12183:2024)

Technologie du combustible nucléaire - Dosage du Kernbrennstofftechnologie - Coulometrische
plutonium par coulométrie a potentiel imposé (ISO Bestimmung von Plutonium mit kontrolliertem
12183:2024) Potential (ISO 12183:2024)

This European Standard was approved by CEN on 21 January 2024.

CEN members are bound to comply with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving this
European Standard the status of a national standard without any alteration. Up-to-date lists and bibliographical references
concerning such national standards may be obtained on application to the CEN-CENELEC Management Centre or to any CEN
member.

This European Standard exists in three official versions (English, French, German). A version in any other language made by
translation under the responsibility of a CEN member into its own language and notified to the CEN-CENELEC Management
Centre has the same status as the official versions.

CEN members are the national standards bodies of Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia,
Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway,
Poland, Portugal, Republic of North Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Tirkiye and
United Kingdom.

. — |

EUROPEAN COMMITTEE FOR STANDARDIZATION
COMITE EUROPEEN DE NORMALISATION
EUROPAISCHES KOMITEE FUR NORMUNG

CEN-CENELEC Management Centre: Rue de la Science 23, B-1040 Brussels
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ENISO 12183:2024 (E)

European foreword

This document (EN ISO 12183:2024) has been prepared by Technical Committee ISO/TC 85 "Nuclear
energy, nuclear technologies, and radiological protection” in collaboration with Technical Committee
CEN/TC 430 “Nuclear energy, nuclear technologies, and radiological protection” the secretariat of
which is held by AFNOR.

This European Standard shall be given the status of a national standard, either by publication of an
identical text or by endorsement, at the latest by November 2024, and conflicting national standards
shall be withdrawn at the latest by November 2024.

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

This document supersedes EN ISO 12183:2019.

Any feedback and questions on this document should be directed to the users’ national standards
body/national committee. A complete listing of these bodies can be found on the CEN website.

According to the CEN-CENELEC Internal Regulations, the national standards organizations of the
following countries are bound to implement this European Standard: Austria, Belgium, Bulgaria,
Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland,
Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Republic of
North Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Tiirkiye and the
United Kingdom.

Endorsement notice

The text of ISO 12183:2024 has been approved by CEN as EN ISO 12183:2024 without any modification.

Documents
2 Document Sharing Hub

Full document details: DIN EN ISO 12183:2024-08


http://www.avadocuments.com/doc/din-en-iso-12183-2024-08
http://www.avadocuments.com/doc/din-en-iso-12183-2024-08

DIN EN ISO 12183:2024-08

1SO 12183:2024(en)
Contents Page
FOT@WOTM.........oc et iv
SCOPI@ ...tk 1

Reagents

1

2

3

4 Principle
5

6 AAPPATATULS ..ot 2
7 PTOCEAUIE ...t et
7.1 Plutonium determination

7.2 Analysis of subsequent test samples

8 EXpPression of QUANTITY VALUES. ...t

8.1 Calculation of the electrical calibration factor

8.2 Calculation of the blank ...

8.3  Fraction of electrolysed plutonium.......

8.4 Plutonium, amount of substance and mass....

8.5 QUALTEY COMEIOL ...
9 Characteristics Of the METROMA ... 17

9.1 REPEALADIIIEY ..ot 17

9.2 CONFIARNICE TNEETVAL ...t 17

9.3 AIALYSTS TIINIE ..ot 17
10 INEEIERIT@INCES........c..co e85 855555 17
11 Procedure variations and OPtIMIZation ...

11.1  Accountability measurements and reference material preparation...

11.2  Process CONLIOl MEASUTEINEITS ....ooocooevrivrierirsisseessiess s

11.3  MeaSuremMeENt CEIL A@SIGIN ...

11.4 Electrolyte and electrode options

11.5 Test sample Size ...

11.6  Background current corrections...............

11.7  Correction for iron ...

11.8 Control-potential adjustment..........cccccc.cc..

119  Calibration MEthOAOIOZIES ...t
12 Trac@abIlity €0 ST UIIIES ..o 25
Annex A (informative) Purification by anion-exchange separation................: 26
Annex B (informative) Determination of formal potential, Ejy.............iiiiiiiiiiscs 28
BIDLIOGIAPIY ... 29

Documents
Document Sharing Hub
iii
Full document details: DIN EN 1ISO 12183:2024-08


http://www.avadocuments.com/doc/din-en-iso-12183-2024-08
http://www.avadocuments.com/doc/din-en-iso-12183-2024-08

DIN ENISO 12183:2024-08
ISO 12183:2024(en)

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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
ISO/IEC Directives, Part 2 (see www.iso.org/directives).

[SO draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed patent
rights in respect thereof. As of the date of publication of this document, ISO had not received notice of (a)
patent(s) which may be required to implement this document. However, implementers are cautioned that
this may not represent the latest information, which may be obtained from the patent database available at
www.iso.org/patents. [SO shall not be held responsible for identifying any or all such patent rights.

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions
related to conformity assessment, as well as information about ISO's adherence to the World Trade
Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 85, Nuclear energy, nuclear technologies, and
radiological protection, Subcommittee SC 5, Nuclear fuel cycle, in collaboration with the European Committee
for Standardization (CEN) Technical Committee CEN/TC 430, Nuclear energy, in accordance with the
Agreement on technical cooperation between ISO and CEN (Vienna Agreement).

This fourth edition cancels and replaces the third edition (ISO 12183:2016), which has been technically
revised.

The main changes are as follows:
— Figures 1 and 2 have been revised to resolve errors introduced in the third edition of this document;

— quantity values and uncertainties values have been reformatted to comply with requirements for
properly stating these values with SI units;

— editorial changes were made throughout the document to ensure clarity of the instructions;
— words with optional spellings were corrected to match ISO/IEC guidance;

— an additional key step was added to Clause 4 to indicated that the moles of plutonium obtained by
controlled-potential coulometry is multiplied by the molar mass of plutonium obtained by other means,
such as mass spectrometry or process knowledge;

— a formula has been added to 8.4 to calculate the amount of substance of plutonium in millimoles in
addition to the mass of plutonium in milligrams;

— Clause 12 has been added to discuss traceability to SI units.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Nuclear fuel technology — Controlled-potential coulometric
measurement of plutonium

1 Scope

This document specifies an analytical method for the electrochemical measurement of pure plutonium
nitrate solutions of nuclear grade, with an expanded uncertainty not exceeding 0,2 % at the confidence
level of 0,95 for a single determination (coverage factor, k = 2). The method is applicable for aqueous solutions
containing plutonium at more than 0,5 g/l and test samples containing plutonium between 4 mg and
15 mg. Application of this technique to solutions containing plutonium at less than 0,5 g/l and test samples
containing plutonium at less than 4 mg requires experimental demonstration by the user that applicable
data quality objectives will be met.

2 Normative references

There are no normative references in this document.

3 Terms and definitions

No terms and definitions are listed in this document.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:
— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

4 Principle
The key steps and their purposes are outlined below:

— test samples are prepared from homogenous solutions by weighing and then fuming to dryness with
sulfuric acid to achieve a stable anhydrous plutonium sulfate salt that is free from chloride, fluoride,
nitrate, nitrite, hydroxylamine, and volatile organic compounds;

— if needed to remove interferences, dissolve test samples and purify by anion exchange, then fume the
eluted plutonium solution in the presence of sulfuric acid to obtain the anhydrous plutonium sulfate salt;

— measure the supporting electrolyte blank and calculate the background current correction applicable to
the electrolysis of the test sample from charging, faradaic, and residual currents(];

— dissolve the dried test sample in the previously measured supporting electrolyte (the blank);

— reduce the test sample at a controlled potential that electrolyses the plutonium to a Pu3* amount of
substance fraction greater than 99,8 % and measure the equilibrium solution potential at the end of this
step by control-potential adjustmentl(2];

— oxidize the test sample at a controlled potential that electrolyses the plutonium to a Pu** amount fraction
greater than 99,8 % and measure the equilibrium solution potential at the end of this electrolysis by
control-potential adjustment;

— correct the integrated current (integrator output from the test sample) for the background current,
including the residual current corrections, and for the amount fraction of plutonium not electrolysed;
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— calibrate the coulometer using traceable electrical standards and Ohm'’s law;

— use the measured value of the electrical calibration factor and the Faraday constant to convert the
integrator output to coulombs and then to moles of plutonium measured by the coulometer;

— calculate the mass of plutonium by multiplying the moles of plutonium determined by controlled-
potential coulometry times a molar mass of plutonium determined by other means, such as thermal
ionization mass spectrometry, magnetic sector inductively coupled plasma mass spectrometry, or
process knowledge.

— use quality-control standards with traceable plutonium quantity values to demonstrate independently
the performance of the measurement system;

— periodically measure the formal potential of the plutonium couple, E, which is user-specific based on the
cell design, connections, reference electrode type, acid-type and molarity of the supporting electrolyte,
and the presence of any complexing agents in the electrolyte.

These steps ensure that test samples are taken from reproducible and stable sample solutions and prepared
for measurement. The test samples are measured using a protocol based upon first principles and a traceable,
electrical calibration of the coulometer. Further details are provided in Clauses 10 and 11.

5 Reagents

Use only analytical grade reagents.

All aqueous solutions shall be prepared with double-distilled or distilled, demineralized water with a
resistivity greater than 10 MQ-cm, i.e. ISO 3696[3] Grade 1 purified water.

5.1 Nitric acid solution, c(HNO3) = 0,9 mol/l.

NOTE Refer to 11.4 for alternative electrolyte options.
5.2 Amidosulfuric acid solution, c(NH,HSO3) = 1,5 mol/l.

5.3 Sulfuric acid solution, ¢(H,SO,) = 3 mol/I.
NOTE The concentration of the sulfuric acid solution used to fume the plutonium test samples is not a critical

parameter, provided the sulfate ion concentration remains in large excess (above 50) compared to the plutonium ion
in order to avoid the formation of colloidal Pu complexes.

5.4 Pure argon or nitrogen, (O, amount of substance fraction less than 10 pmol/mol).

5.5 Pure air (optional reagent), free of organic contaminants.

6 Apparatus

Usual laboratory equipment found in a medium-activity-radiochemical laboratory suitable for work with
plutonium should be used.

6.1 Analytical balance, installed in radiological containment unit and shall be capable of weighing a mass
of 1 g, with a standard uncertainty of 0,1 mg, k = 1. This represents a relative standard uncertainty of 0,01 %.

— Weighinglessthan 1 gwillincrease the relative uncertainty to >0,01 %, in an inversely proportional manner.

— If the uncertainty of the balance, as installed, does not meet the criterion of +0,1 mg, then test samples
greater than 1 g should be used.
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6.2 Weighing bottle, glass or plastic, the material selection is not critical provided it is chemically inert,

maintains a stable mass (tare weight), and static charge is controlled as described in 7.1.1.

6.3 Equipment for test sample evaporation in the coulometric cell, comprising of an overhead radiant
heater or hot-plate with controls to adjust temperature. Design requirements and optional features for
effective evaporation and fuming include:

— providing settings that allow both a rapid and well-controlled rate of initial evaporation, followed by
fuming the remaining sulfuric acid solution to dryness at a higher temperature;

— preventing mechanical loss of the test sample solution from boiling and/or spattering;

— preventing contamination by extraneous chemicals, such as those which may be used to neutralize acid
vapours;

— heating of the coulometer cell wall to optimize fuming and minimize refluxing of sulfuric acid by placing
the cell inside an optional aluminium tube (inner diameter 1 mm to 3 mm larger than the outer diameter
of the cell, tube height 1 mm to 5 mm shorter than the cell) placed around the cell during the fuming step;

NOTE An aluminium block with holes bored to a similar specification for inserting the coulometer cell can be
used instead of the aluminium tubes.

— addition of an optional air supply with the delivery tube directed towards the surface of the liquid to
optimize the evaporation rate and disperse the acid fumes, with appropriate controls and feature that
will depend upon facility design and ventilation system requirements;

— addition of an optional vapour capture and local neutralization to control acid fumes, with appropriate
controls and features that will depend upon facility design and ventilation system requirements.

See Figure 1.

Dimensions in millimetres

—_
—
~J

Figure 1 — Sample evaporation system
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6.4 Controlled-potential coulometer.

See Figure 2.

6.4.1 Coulometer cell assembly, comprising the following:
a) A stirrer motor with a rotation frequency of at least 16,7 s1 (1 000 min1).

NOTE1 Adjustable-speed motors allow users to optimize the rate of rotation to the individual cell designs.
Stirrer motors powered by isolated DC power supplies are recommended as they prevent electrical noise from
being superimposed on the blank and test sample electrolysis current signals sent to the integrator.

b) A cylindrical or tapered glass coulometric cell of capacity 50 ml, or less.

c¢) Atight-fittinglid made from chemically and electrochemically inert material [e.g. polytetrafluoroethylene
(PTFE)], that includes an O-ring seal, and with openings to insert the following internal equipment:

— aninlettube for humidified, inert gas to displace dissolved and atmospheric oxygen from the solution
and the electrolysis cell, respectively;

— a stirrer with blade and shaft made from chemically and electrochemically inert materials
[e.g. polytetrafluoroethylene (PTFE)], and designed to prevent splashing; the shaft of the stirrer is
typically located in the centre of the cell and connected directly to the stirrer motor;

— a working electrode made of gold [mass fraction (purity) 999,9 g/kg or greater] and consisting of
a gold wire welded or machined to a cylindrical gold wire frame, a nominal height of 15 mm and a
diameter of 20 mm, around which is welded or machined a very fine gold mesh, which is typically
several layers (e.g. four layers);

NOTE 2 Refer to 11.4 for other working electrode options.

— a glass salt bridge tube plugged at the bottom end with a sintered-glass disc (typical thickness of
2,5 mm and pore size of <0,01 pm), the tube is filled with nitric acid (5.1) and the tip of the sintered-
glass end is positioned within the ring of the working electrode;

NOTE 3 The diameter of the glass salt bridge tube and sintered-glass disc containing the auxiliary
(counter) electrode can be larger than that of the glass salt bridge tube and sintered-glass disc containing the
reference electrode. The desired flow rate of the solution through both glass discs is 0,05 ml/h, or less.

— areference electrode, saturated calomel electrode (SCE), or other reference electrodes as described
in 11.3, is inserted into the glass salt bridge tube;

— another glass salt bridge tube, similar to the first one, also filled with nitric acid (5.1), and the tip of
the sintered-glass end positioned within the ring of the working electrode;

— an auxiliary (counter) electrode consisting of a platinum wire [mass fraction (purity) 999,5 g/kg or
greater] with a diameter of 0,5 mm to 3,0 mm, is inserted into the second glass salt bridge tube;

NOTE 4 Coiling the platinum wire increases the surface area submerged in the supporting electrolyte,
as illustrated in Figure 2.

d) A gas washer bottle, filled with reagent water as described in Clause 5, to humidify the inert gas before
itis introduced into the coulometer cell assembly.

e) A thermocouple or resistance thermometer installed in the coulometer cell assembly for measuring the
temperature of the test sample solution during the measurement process is an optional feature. The solution
temperature should be measured either during the oxidation of the test sample or immediately following
the analysis. A goal for the standard uncertainty of the temperature measurement is +0,2 °C, k= 1.

NOTE5  The purge gas is cooled by expansion causing the solution temperature to decrease relative to the
ambient temperature; the extent of this decrease is a function of the inert-gas flow rate and the cell design.
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