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INTERNATIONAL ELECTROTECHNICAL COMMISSION

TEST METHODS FOR QUANTITATIVE DETERMINATION OF CORROSIVE
SULFUR COMPOUNDS IN UNUSED AND USED INSULATING LIQUIDS -

Part 2: Test method for quantitative determination
of total corrosive sulfur (TCS)

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 itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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.

The main task of IEC technical committees is to prepare International Standards. However, a
technical committee may propose the publication of a technical report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC TR 62697-2, which is a Technical Report, has been prepared by IEC technical committee
10: Fluids for electrotechnical applications.

The text of this Technical Report is based on the following documents:

Draft TR Report on voting
10/1013/DTR 10/1027/RVDTR

Full information on the voting for the approval of this Technical Report can be fﬁnd in the
report on voting indicated in the above table. ocuments
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This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 62697 series, published under the general title Test methods for
quantitative determination of corrosive sulfur compounds in unused and used insulating
liquids, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch” in the data related to
the specific document. At this date, the document will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

A bilingual version of this publication may be issued at a later date.
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INTRODUCTION

During the IEC technical committee 10 plenary meeting in 2007, it was decided to set up a
working group with the aim of developing a standard on “quantitative determination of
corrosive sulfur compounds in insulating fluids”.

TC 10 decided to divide the overall task into three parts:

e Part 1: Test method for quantitative determination of dibenzyl disulfide (DBDS);
e Part 2: Test method for quantitative determination of total corrosive sulfur (TCS);

e Part 3: Test method for quantitative determination of elemental sulfur.

Part 1 was published in 2012, however the work for the preparation of Part 2 and Part 3 took
longer than anticipated. During the TC 10 plenary meeting in 2015, in order to finalize the
important work achieved, a proposal was made to complete the work and publish Part 2 and
Part 3 as Technical Reports.

Sulfur can be present in insulating liquids in various forms, including elemental sulfur,
inorganic sulfur compounds and organic sulfur compounds. Hundreds of diverse sulfur
species comprised of different isomers and homologous have been identified in petroleum
products. To simplify quantification, sulfur species are expressed as the total sulfur (TS).
Total sulfur concentration in insulating liquids depends on the origin of the base oils, refining
processes and the degree of refining and formulation including addition of additives to the
base oils. Base oils include mineral based paraffinic and naphthenic oils, synthetic iso-
paraffins obtained through gas to liquid conversion process (GTL-Fischer-Tropsch), esters,
poly olefins, poly alkylene glycols, etc. To improve characteristics of insulating liquids,
additives are sometimes added. Additives can be comprised of electrostatic discharge
depressants, metal deactivators, metal passivators, phenolic and sulfur containing
antioxidants.

Certain sulfur compounds present in the insulating liquids exhibit antioxidant and metal
deactivating properties without being corrosive, whereas other sulfur compounds have been
known to react with metal surfaces. Specifically, sulfur compounds such as mercaptans are
very corrosive to metallic components of electrical devices and lead to the formation of metal
sulfides. Presence of these corrosive sulfur species has been linked to failures of electrical
equipment used in generation, transmission and distribution of electrical energy for several
decades. Therefore, IEC 60296 states that corrosive sulfur compounds shall not be present in
unused and used insulating liquids.

Serious detrimental impact of corrosive sulfur has also been linked to the presence of a
specific highly corrosive sulfur compound, DBDS. This compound has been found in certain
mineral insulating oils [1], [15], [16], [17]'; presence of this compound has been shown to
result in copper sulfide formation on the surfaces of copper conductors under normal
operating conditions of transformers [2]. A specific standard test method for quantitative
determination of this corrosive compound has been developed (see IEC 62697-1).

However, current standard test methods for the detection of corrosive sulfur species ([11],
and [13]) and potentially corrosive sulfur in used and unused insulating oil (IEC 62535) are
empirical and yield qualitative results based on visual and subjective perception of colour
profiles.

Several field examinations of transformers and other electrical equipment filled with insulating
liguids have shown that copper sulfide formation is related to corrosive sulfur compounds.
Stability and the reactivity of different classes of sulfur species (elemental sulfur, aliphatic and
aromatic mercaptans, sulfides, disulfides, thiophens) which could be present in the insulating
liquids have been examined. Corrosivity of nine compounds sulfur containing organic

1 Numbers in square brackets refer to the Bibliography. Documents
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