
Sources of error in the use of 
electrochemical impedance 
spectroscopy for the investigation of 
coatings and other materials
Sources d'erreur dans l'utilisation de la spectroscopie d’impédance 
électrochimique pour l'étude des revêtements et autres matériaux

TECHNICAL 
REPORT

ISO/TR 
5602

First edition 
2021-11

Reference number 
ISO/TR 5602:2021(E)

© ISO 2021

iTeh Standards
(https://standards.iteh.ai)

Document Preview
ISO/TR 5602:2021

https://standards.iteh.ai/catalog/standards/iso/026192f1-91fd-46c5-ba1a-adaf96ca295c/iso-tr-5602-2021



ii

ISO/TR 5602:2021(E)

COPYRIGHT PROTECTED DOCUMENT

©  ISO 2021
All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may 
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting on 
the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address below 
or ISO’s member body in the country of the requester.

ISO copyright office
CP 401 • Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

	 ﻿� © ISO 2021 – All rights reserved
�

iTeh Standards
(https://standards.iteh.ai)

Document Preview
ISO/TR 5602:2021

https://standards.iteh.ai/catalog/standards/iso/026192f1-91fd-46c5-ba1a-adaf96ca295c/iso-tr-5602-2021



Foreword...........................................................................................................................................................................................................................................v
Introduction............................................................................................................................................................................................................................... vi
1	 Scope.................................................................................................................................................................................................................................. 1
2	 Normative references...................................................................................................................................................................................... 1
3	 Terms and definitions..................................................................................................................................................................................... 1
4	 Error in the make-up of the measuring cell............................................................................................................................. 1

4.1	 Roughness of the surface............................................................................................................................................................... 1
4.2	 O-ring — Considerations about the precise determination of the exposed area......................... 3
4.3	 Faulty cell make-up............................................................................................................................................................................. 7

4.3.1	 Optically detectable leaks........................................................................................................................................... 7
4.3.2	 Optically non-detectable causes............................................................................................................................ 7

4.4	 Reference electrodes.......................................................................................................................................................................... 9
4.4.1	 General information on the distance between the reference and working 

electrodes.................................................................................................................................................................................. 9
4.4.2	 Shielding.................................................................................................................................................................................. 11
4.4.3	 Air bubble in the reference electrode............................................................................................................ 11
4.4.4	 Poisoning of the reference electrode.............................................................................................................. 11
4.4.5	 Bleeding of the reference electrode................................................................................................................ 11

4.5	 Counter electrodes............................................................................................................................................................................ 11
4.5.1	 Relative sizes....................................................................................................................................................................... 11
4.5.2	 Reactive counter electrodes................................................................................................................................... 11

4.6	 Gas inclusions in the measuring cell................................................................................................................................. 11
5	 Faults caused by electronics incl. shielding..........................................................................................................................12

5.1	 Faraday cage........................................................................................................................................................................................... 12
5.2	 Extended cable (without active shielding).................................................................................................................. 15
5.3	 Cable breaks............................................................................................................................................................................................ 16
5.4	 Contact resistances between metallic contacts and the working electrode/counter 

electrode.................................................................................................................................................................................................... 17
5.5	 Inductivities............................................................................................................................................................................................ 18
5.6	 Measurement range switching............................................................................................................................................... 19
5.7	 Scattering signals in power supply.................................................................................................................................... 20
5.8	 Insufficient signal-to-noise ratio.......................................................................................................................................... 22
5.9	 Influence of peripheral devices............................................................................................................................................. 22

6	 Parameter selection, measurement range limits...........................................................................................................24
6.1	 Open-lead test....................................................................................................................................................................................... 24
6.2	 Note on dummy cells – ISO 16773-3.................................................................................................................................. 24
6.3	 Unsuitable amplitude..................................................................................................................................................................... 24
6.4	 Insufficient frequency range.................................................................................................................................................... 26
6.5	 Repetition rate for subsequent measurements....................................................................................................... 27

7	 Non-stationary measurement conditions...............................................................................................................................28
7.1	 General......................................................................................................................................................................................................... 28
7.2	 Temperature fluctuations........................................................................................................................................................... 29
7.3	 Electrolytic conductivity............................................................................................................................................................. 31
7.4	 Swelling....................................................................................................................................................................................................... 31
7.5	 Drifting OCP............................................................................................................................................................................................ 31
7.6	 Corroding working electrode.................................................................................................................................................. 33
7.7	 Reactive counter electrodes..................................................................................................................................................... 33
7.8	 Gas formation at the counter electrode.......................................................................................................................... 33

8	 Design and selection of equivalent circuit diagrams.................................................................................................34
8.1	 Constant phase element...............................................................................................................................................................34
8.2	 Multiple possibilities for the selection of equivalent circuits..................................................................... 35

ISO/TR 5602:2021(E)

iii© ISO 2021 – All rights reserved	 ﻿

Contents� Page

iTeh Standards
(https://standards.iteh.ai)

Document Preview
ISO/TR 5602:2021

https://standards.iteh.ai/catalog/standards/iso/026192f1-91fd-46c5-ba1a-adaf96ca295c/iso-tr-5602-2021



ISO/TR 5602:2021(E)

8.3	 Warburg impedance........................................................................................................................................................................ 37
9	 Significance of measurement values from equivalent circuits........................................................................37

9.1	 Measurement uncertainty.......................................................................................................................................................... 37
9.2	 Plausibility analysis.........................................................................................................................................................................38

10	 Interpretation of the measurement values of various coating systems.................................................39
10.1	 Pre-treatment........................................................................................................................................................................................ 39
10.2	 Film thickness and measurement surface...................................................................................................................40
10.3	 Number of layers................................................................................................................................................................................. 41
10.4	 Conditioning........................................................................................................................................................................................... 45
10.5	 Generic type of binder.................................................................................................................................................................... 45

11	 Presentation of data.......................................................................................................................................................................................45
Annex A (informative) Calculation of the coating capacitance.............................................................................................48
Annex B (informative) Further information on the influence of the double-layer capacitance........49
Annex  C (informative) Estimation of the order of magnitude of an apparent capacitance 

caused by corrosion........................................................................................................................................................................................50
Bibliography..............................................................................................................................................................................................................................52

	 ﻿� © ISO 2021 – All rights reserved
�

iv

iTeh Standards
(https://standards.iteh.ai)

Document Preview
ISO/TR 5602:2021

https://standards.iteh.ai/catalog/standards/iso/026192f1-91fd-46c5-ba1a-adaf96ca295c/iso-tr-5602-2021



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 documents 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).

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. Details of 
any patent rights identified during the development of the document will be in the Introduction and/or 
on the ISO list of patent declarations received (see www.iso.org/patents).

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 35, Paints and varnishes, Subcommittee 
SC 9, General test methods for paints and varnishes.

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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Introduction

Electrochemical impedance spectroscopy is described in detail in ISO  16773-1 to ISO  16773-4. It 
became apparent during use of these standards that sources of error and measurement artefacts that 
lead to incorrect interpretations are not dealt with comprehensively. This document supplements the 
ISO 16773 series of standards to deal with this issue.
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Sources of error in the use of electrochemical impedance 
spectroscopy for the investigation of coatings and other 
materials

1	 Scope

This document describes the main sources of error in the use of electrochemical impedance spectroscopy 
for the investigation of coatings and other materials. The sources of error listed here include all process 
steps from the set-up of the sample with the measuring cell right through to evaluation.

NOTE	 The sources of error discussed here do not represent a complete list.

2	 Normative references

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements of this document. For dated references, only the edition cited applies. For 
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 4618, Paints and varnishes — Terms and definitions

ISO 16773-1, Electrochemical impedance spectroscopy (EIS) on coated and uncoated metallic specimens — 
Part 1: Terms and definitions

3	 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 4618, ISO 16773-1 and the 
following apply.

ISO 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/​

3.1
limit impedance
minimum or maximum impedance that can be measured using the impedance spectrometer

3.2
limit frequency
minimum or maximum frequency that can be set on the impedance spectrometer

4	 Error in the make-up of the measuring cell

4.1	 Roughness of the surface

A wet and rough surface could conduct stray currents to a scratch or artificial defect, see Figure 1. This 
could yield in a spectrum showing a much lower resistance than in reality. Examples of spectra are 
shown in Figure 2.
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