
 

IEC 62535
Edition 1.0 2008-10

INTERNATIONAL 
STANDARD 
NORME 
INTERNATIONALE

Insulating liquids – Test method for detection of potentially corrosive sulphur in 
used and unused insulating oil 
 
Liquides isolants – Méthode d’essai pour la détection du soufre potentiellement 
corrosif dans les huiles usagées et neuves 
 

IE
C

 6
25

35
:2

00
8 

  
  

iTeh STANDARD PREVIEW
(standards.iteh.ai)

IEC 62535:2008
https://standards.iteh.ai/catalog/standards/sist/d05c02d0-099d-4c26-b76a-

a4e21d9eb09e/iec-62535-2008



 

 
  

 THIS PUBLICATION IS COPYRIGHT PROTECTED 
 Copyright © 2008 IEC, Geneva, Switzerland  
 
All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by 
any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from either IEC or 
IEC's member National Committee in the country of the requester. 
If you have any questions about IEC copyright or have an enquiry about obtaining additional rights to this publication, 
please contact the address below or your local IEC member National Committee for further information. 
 
Droits de reproduction réservés. Sauf indication contraire, aucune partie de cette publication ne peut être reproduite 
ni utilisée sous quelque forme que ce soit et par aucun procédé, électronique ou mécanique, y compris la photocopie 
et les microfilms, sans l'accord écrit de la CEI ou du Comité national de la CEI du pays du demandeur.  
Si vous avez des questions sur le copyright de la CEI ou si vous désirez obtenir des droits supplémentaires sur cette 
publication, utilisez les coordonnées ci-après ou contactez le Comité national de la CEI de votre pays de résidence. 
 

IEC Central Office 
3, rue de Varembé 
CH-1211 Geneva 20 
Switzerland 
Email: inmail@iec.ch 
Web: www.iec.ch 

 

About the IEC  
The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes 
International Standards for all electrical, electronic and related technologies.  
 

About IEC publications 
The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the 
latest edition, a corrigenda or an amendment might have been published. 
 Catalogue of IEC publications: www.iec.ch/searchpub 

The IEC on-line Catalogue enables you to search by a variety of criteria (reference number, text, technical committee,…). 
It also gives information on projects, withdrawn and replaced publications.  
 IEC Just Published: www.iec.ch/online_news/justpub 

Stay up to date on all new IEC publications. Just Published details twice a month all new publications released. Available 
on-line and also by email.  
 Electropedia: www.electropedia.org 

The world's leading online dictionary of electronic and electrical terms containing more than 20 000 terms and definitions 
in English and French, with equivalent terms in additional languages. Also known as the International Electrotechnical 
Vocabulary online. 
 Customer Service Centre: www.iec.ch/webstore/custserv 

If you wish to give us your feedback on this publication or need further assistance, please visit the Customer Service 
Centre FAQ or contact us: 
Email: csc@iec.ch 
Tel.: +41 22 919 02 11 
Fax: +41 22 919 03 00 
 
 

A propos de la CEI  
La Commission Electrotechnique Internationale (CEI) est la première organisation mondiale qui élabore et publie des 
normes internationales pour tout ce qui a trait à l'électricité, à l'électronique et aux technologies apparentées. 
 

A propos des publications CEI  
Le contenu technique des publications de la CEI est constamment revu. Veuillez vous assurer que vous possédez 
l’édition la plus récente, un corrigendum ou amendement peut avoir été publié. 
 Catalogue des publications de la CEI: www.iec.ch/searchpub/cur_fut-f.htm 

Le Catalogue en-ligne de la CEI vous permet d’effectuer des recherches en utilisant différents critères (numéro de référence, 
texte, comité d’études,…). Il donne aussi des informations sur les projets et les publications retirées ou remplacées. 
 Just Published CEI: www.iec.ch/online_news/justpub 

Restez informé sur les nouvelles publications de la CEI. Just Published détaille deux fois par mois les nouvelles 
publications parues. Disponible en-ligne et aussi par email.  
 Electropedia: www.electropedia.org 

Le premier dictionnaire en ligne au monde de termes électroniques et électriques. Il contient plus de 20 000 termes et 
définitions en anglais et en français, ainsi que les termes équivalents dans les langues additionnelles. Egalement appelé 
Vocabulaire Electrotechnique International en ligne. 
 Service Clients: www.iec.ch/webstore/custserv/custserv_entry-f.htm 

Si vous désirez nous donner des commentaires sur cette publication ou si vous avez des questions, visitez le FAQ du 
Service clients ou contactez-nous: 
Email: csc@iec.ch 
Tél.: +41 22 919 02 11 
Fax: +41 22 919 03 00 

 

iTeh STANDARD PREVIEW
(standards.iteh.ai)

IEC 62535:2008
https://standards.iteh.ai/catalog/standards/sist/d05c02d0-099d-4c26-b76a-

a4e21d9eb09e/iec-62535-2008



 

 

IEC 62535
Edition 1.0 2008-10

INTERNATIONAL 
STANDARD 
NORME 
INTERNATIONALE

Insulating liquids – Test method for detection of potentially corrosive sulphur in 
used and unused insulating oil 
 
Liquides isolants – Méthode d’essai pour la détection du soufre potentiellement 
corrosif dans les huiles usagées et neuves 
 

INTERNATIONAL 
ELECTROTECHNICAL 
COMMISSION 

COMMISSION 
ELECTROTECHNIQUE 
INTERNATIONALE P
ICS 29.040.10 

PRICE CODE
CODE PRIX

ISBN 978-2-88910-756-8

  
  

® Registered trademark of the International Electrotechnical Commission 
 Marque déposée de la Commission Electrotechnique Internationale 

iTeh STANDARD PREVIEW
(standards.iteh.ai)

IEC 62535:2008
https://standards.iteh.ai/catalog/standards/sist/d05c02d0-099d-4c26-b76a-

a4e21d9eb09e/iec-62535-2008



 – 2 – 62535 © IEC:2008 

CONTENTS 

FOREWORD...........................................................................................................................3 
INTRODUCTION.....................................................................................................................5 
1 Scope...............................................................................................................................6 
2 Normative references .......................................................................................................6 
3 Terms and definitions .......................................................................................................6 
4 Sampling ..........................................................................................................................7 
5 Procedure ........................................................................................................................7 

5.1 Principle ..................................................................................................................7 
5.2 Apparatus and materials..........................................................................................7 
5.3 Method ....................................................................................................................8 

6 Inspection and interpretation ............................................................................................8 
6.1 General ...................................................................................................................8 
6.2 Copper ....................................................................................................................9 
6.3 Paper ......................................................................................................................9 
6.4 Result .....................................................................................................................9 

7 Repeatability and reproducibility .......................................................................................9 
8 Report ............................................................................................................................ 10 
Annex A (informative)  Copper strip method to detect corrosive and potentially 
corrosive sulphur in oil .......................................................................................................... 11 
Annex B (informative)  Analysis for copper sulphide on insulating paper by scanning 
electron microscope-energy dispersive X-ray spectrometry (SEM/EDX) ................................ 14 
Bibliography.......................................................................................................................... 16 

 

 

iTeh STANDARD PREVIEW
(standards.iteh.ai)

IEC 62535:2008
https://standards.iteh.ai/catalog/standards/sist/d05c02d0-099d-4c26-b76a-

a4e21d9eb09e/iec-62535-2008



62535 © IEC:2008 – 3 – 

INTERNATIONAL ELECTROTECHNICAL COMMISSION 
____________ 

 
INSULATING LIQUIDS –  

TEST METHOD FOR DETECTION OF POTENTIALLY CORROSIVE  
SULPHUR IN USED AND UNUSED INSULATING OIL  

 
 

FOREWORD 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 
agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

5) IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any 
equipment declared to be in conformity with an IEC Publication. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

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

International Standard IEC 62535 has been prepared by IEC technical committee 10: Fluids 
for electrotechnical applications. 

The text of this standard is based on the following documents: 

FDIS Report on voting 

10/746/FDIS 10/749/RVD 

 
Full information on the voting for the approval of this standard can be found in the report on 
voting indicated in the above table. 

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2. 
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The committee has decided that the contents of this publication will remain unchanged until 
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in 
the data related to the specific publication. At this date, the publication will be  

• reconfirmed; 
• withdrawn; 
• replaced by a revised edition; or 
• amended. 
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INTRODUCTION 

In recent years, several failures of transformers and reactors due to copper sulphide 
formation in/on the cellulose insulation have been reported worldwide. The tendency of 
transformer oils to form copper sulphide in the presence of copper is seen as one of the major 
contributing factors. 

The most common reason for such failures is arcing between adjacent disks or conductors of 
a winding, due to the formation of deposits of copper sulphide on the cellulosic insulating 
paper. 

It has been demonstrated that existing test methods for corrosive sulphur, ASTM D1275 
method A and DIN 51353, are unable to detect oils having potentially corrosive behaviour. 

For this reason, IEC technical committee 10 has prepared this International Standard for the 
detection of potentially corrosive sulphur in mineral insulating oils. The wrapped conductor 
test method is suitable for used and unused mineral oils.  

This test method is based on a study performed by Conseil International des Grands Réseaux 
Electriques (CIGRE) working group A2.32 [1]1. 

Health and safety 

This International Standard does not purport to address all the safety problems associated 
with its use. It is the responsibility of the user of the standard to establish appropriate health 
and safety practices and determine the applicability of regulatory limitations prior to use. 

The mineral oils which are the subject of this standard should be handled with due regard to 
personal hygiene. Direct contact with eyes may cause slight irritation. In the case of eye 
contact, irrigation with copious quantities of clean running water should be carried out and 
medical advice sought. 

Some of the tests specified in this standard involve the use of processes that could lead to a 
hazardous situation. Attention is drawn to the relevant standard for guidance. 

Environment 

This standard involves mineral oils, chemicals and used sample containers. The disposal of 
these items should be carried out in accordance with current national legislation with regard 
to the impact on the environment. Every precaution should be taken to prevent the release 
into the environment of mineral oil. 

___________ 

1  Figures in square brackets refer to the bibliography. 
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INSULATING LIQUIDS –  
TEST METHOD FOR DETECTION OF POTENTIALLY CORROSIVE  

SULPHUR IN USED AND UNUSED INSULATING OIL  
 
 
 

1 Scope 

This International Standard specifies a test method for detection of potentially corrosive 
sulphur in used and unused mineral insulating oil. 

Most recent failures due to corrosive sulphur are related to the formation of copper sulphide 
deposits in and on the surface of winding cellulosic paper.  

The test method uses a copper conductor, wrapped with one layer of paper, immersed in the 
oil and heated to evaluate the capability of the oil to yield copper sulphide and transfer it to 
paper layers.  

The growth of copper sulphide on bare copper may cause the presence of conductive 
particulates in the oil, which can act as nuclei for electrical discharge and may lead to a fault. 
Other test methods exist using a bare copper strip immersed in oil and heated to detect the 
corrosive behaviour of oil against copper. ASTM D1275 Method B is also used for this test 
and a modified procedure using low oil volumes is included in Annex A. 

Tests with and without paper are considered as complementary and may lead to different 
results. 

2 Normative references 

The following referenced documents are indispensable for the application 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. 

IEC 60475, Method of sampling liquid dielectrics 

IEC 60554-3-1, Specification for cellulosic papers for electrical purposes – Part 3: 
Specifications for individual materials – Sheet 1: General purpose electrical paper 

ASTM D1275, Methods A and B: Standard test method for corrosive sulfur in electrical 
insulating oils  

ASTM D130, Standard test method for corrosiveness to copper from petroleum products by 
copper strip test  

DIN 51353, Testing of insulating oils; detection of corrosive sulfur; silver strip test  

EN 13601, Copper and copper alloys. Copper rod, bar and wire for general electrical 
purposes 

3 Terms and definitions 

For the purposes of this document, the following terms and definitions apply.  
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3.1  
potentially corrosive sulphur 
organo-sulphur compounds present in transformer oils that may cause copper sulphide 
formation. 

NOTE  Some of these compounds may be initially corrosive, or become corrosive under certain operating 
conditions 

4 Sampling 

Samples shall be taken, following the procedure given in IEC 60475. Ensure that the test 
portion is representative by thoroughly mixing. 

5 Procedure  

5.1 Principle 

A piece of copper conductor wrapped with Kraft paper is immersed in the oil and subjected to 
heating for 72 h at 150 °C in a sealed glass headspace vial. 

The copper is examined for indications of discolouration and the paper is examined for the 
presence of copper sulphide deposits. 

5.2 Apparatus and materials 

The following apparatus and materials shall be used: 

– Glass headspace vial as used for chromatography, capacity approximately 20 ml, with a 
nominal diameter of 22,5 mm to 23 mm. 

NOTE 1 Vials are commonly available from suppliers of chromatography consumables and from instrument 
manufacturers. 

– PTFE-faced silicone septum and aluminium cap for sealing the vial. 
– Crimping tool. 

– Heating chamber or oven capable of being maintained at 150 °C ± 2 °C. 
– Flat, unvarnished, paper-wrapped copper conductor obtained from a transformer 

manufacturer or winding supplier. Dimension of the flat copper: approximately 7,5 mm x 
1,5 mm (or with a surface area corresponding to these dimensions). Wrapping paper width 
10 mm to 14 mm. The most suitable have proven to be flat conductors having four layers 
of wrapped paper. The paper adjacent to copper should be wound gap to gap (the gap 
should be in the tolerance 00,1

2,0
+
−  mm, the negative value means overlapping). This is the 

layer used with the copper conductor for the test itself. The rest of the paper layers have 
only a mechanical and protective function during transport and storage. 

NOTE 2 Possible sources of supply are : 

– Asta Elektrodraht GmbH & Co. (Austria) 

– Essex Nexans L+K GmbH,  (Germany) 

– Siemens AG, Trafowerk Nuremberg (Germany).2 

 

– Kraft paper according to IEC 60554-3-1: 
– Density: 0,70 to 0,85 g/cm3 
– Thickness: 0,060 mm to 0,100 mm 

___________ 

2  This information is given for the convenience of the users of this International Standard and does not constitute 
an endorsement by the IEC. 
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– Air permeability M or H 
– Conductivity:  < 4 mS/m 
– Free nitrogen content: 0 % 

– Cu-ETP according to EN 13601, (old material code: E-Cu58):  
– Material code:  CW 004A 
– Oxygen content:  < 0,04 % (w/w) 
– Cu:  99,90 % 

– Solvent for rinsing: 
– Cyclohexane or heptane, analytical grade. 

5.3 Method 

Pour 50 ml of oil into a beaker of 100 ml and leave in the open air for 60 min (protected from 
sunlight). 

Transfer 15 ml of this oil into the headspace vial. The precision given by a measuring cylinder 
is adequate, as is use of a headspace vial pre-marked at 15 ml. 

Cut the conductor in 30 mm ± 3 mm lengths. Unwrap the outer layers of the copper conductor 
and leave only one layer in contact with the copper. Do not touch paper or copper with fingers 
during this and subsequent operations and ensure that all tools are pre-cleaned with solvent. 

Place the wrapped flat conductor inside the headspace vial and close it with the septum 
(PTFE face towards the oil) and close the cap using a crimping tool. The crimped cap should 
be sufficiently tight such that hand rotating of the cap on the vial is not possible. 

NOTE It is essential that, if a butyl rubber septum is used, the PTFE face seals correctly to the glass vial. The hot 
oil must have no access to the butyl rubber, which contains sulphur. 

Place in a heating chamber for 72 h ± 30 min at 150 °C ± 2 °C. 

After the vial has cooled, remove the cap and take out the wrapped conductor. Tweezers 
should always used to handle the conductor and the paper. 

Unwrap the paper for evaluation of the copper surface. 

Rinse the copper conductor with cyclohexane or heptane, and allow to dry for 2 min in air. 

Prior to evaluation, degrease the paper by immersion in 50 ml of solvent in a beaker for 1 min. 
Repeat the degreasing twice in fresh solvent and allow the paper to dry for at least 5 min until 
all solvent is evaporated.  

Carry out the test in duplicate. 

Carry out a blank test, in order to ensure that all materials used are sulphur free. The blank 
test should be carried out with a white oil or other oil containing less than 5 mg/kg sulphur. 
Such a test will also assist in detecting changes to the copper. 

6 Inspection and interpretation 

6.1 General 

All inspections should be carried out under very good light conditions. Bright daylight or 
strong fluorescent lighting has been proven to be satisfactory. It is important to view objects 
with light from different angles.  
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Both the copper and the paper shall be inspected for signs of sulphide formation. The results 
from the duplicate tests must show the same discolouration.  

6.2 Copper 

Examine all surfaces of the copper for discolouration and note the appearance and colour. 
The result is positive if the copper strip has one of the following colours: graphite grey, dark 
brown or black. All other colours are considered a negative result. 

6.3 Paper 

Examine both the inside and outside surfaces of the paper strip. A magnifying glass (approx. 
5 × magnification) can be helpful. 

Copper sulphide deposition on the paper appears metallic, from clearly shiny to almost 
lustreless, often with a lead- or tin-like appearance. It can also have the appearance of silver, 
brass or bronze. The metal-like surface of sulphide can have an overlay of blue and/or purple 
due to interference phenomena. Other discolourations (i.e. by-products of paper ageing and 
oil deterioration) shall not to be taken as copper sulphide formation. 

Copper sulphide may be formed both on the outside as well as the inside of the paper. Even 
though sulphide may be formed anywhere, particular attention should be paid to edges and 
inside bends. Note that deposits localized at some edges may come from copper 
mechanically transferred to the paper while cutting the conductor. Sometimes the paper 
surface is smoothed at the edges by the cutting tool. If any shiny appearance of the paper is 
limited to such edges, it shall not be considered a positive result unless confirmed to be 
sulphide.  

Although copper sulphide formation is often clearly evident even when the paper is 
discoloured, it may possibly be obscured by strong discoloration. SEM-EDX, or alternative 
methods to determine total copper and sulphur content of the paper may be used to assist the 
interpretation. An example of a method using SEM-EDX to evaluate the presence of copper 
sulphide deposits on paper is described in Annex B. 

In case of doubt concerning the composition of the precipitate, the result cannot be 
considered as corrosive unless the precipitate is positively identified as copper sulphide. 

X-ray diffraction or determination of copper and sulphur content of the paper may also give 
guidance. It is also highly recommended in those cases to analyse for both copper and 
sulphur on paper from an unused test specimen.  

6.4 Result 

If, for both of the duplicate samples, a positive result is found for copper, or paper, or both, 
the oil shall be reported as potentially corrosive. If, for both samples, a negative result is 
obtained for both copper and paper, the oil shall be reported as non-corrosive. 

If the results for the duplicate sample are different, the test shall be repeated. 

NOTE If there are any doubts in the interpretation of the results of inspection of paper, the composition of 
precipitate should be analysed by other methods (for example by SEM-EDX). If the precipitate is identified as 
copper sulphide, the oil must be reported as potentially corrosive. 

7 Repeatability and reproducibility 

Repeatability: according to inter-laboratory tests carried out by CIGRE WG A2.32, duplicate 
results had 100 % agreement. 
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Reproducibility: according to inter-laboratory tests carried out by CIGRE WG A2.32, 2 
laboratories out of 16 had different results. In these cases the oils differed from the original 
delivered batches. 

8 Report 

The test report shall contain at least the following information: 

• testing laboratory; 

• the type and identification of the product tested; 

• a reference to this International Standard; 

• the result of the test (see 6.4); 

• any deviation, by agreement or otherwise, from the procedure specified; 

• the date of the test. 
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