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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SPECIFICATION OF TECHNICAL GRADE SULPHUR
HEXAFLUORIDE (SF;) AND COMPLEMENTARY GASES
TO BE USED IN ITS MIXTURES FOR USE IN ELECTRICAL EQUIPMENT

FOREWORD

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.

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.

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.

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.

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.

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

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.

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.

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 60376 has been prepared by IEC technical committee 10: Fluids
for electrotechnical applications.

This third edition cancels and replaces the second edition published in 2005. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous

edition:

a) the requirements for the use of SFq in electrical equipment have been confirmed,;

b) a specification for complementary gases to be used in SFz mixtures with N, and CF, has
been included;

c) the introduction and scope have been merged;

d) a new repartition of the annexes of IEC 60376, IEC 60480 and IEC 62271-4 has been

included.
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The text of this International Standard is based on the following documents:

FDIS Report on voting
10/1056/FDIS 10/1060/RVD

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

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

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,

o 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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SPECIFICATION OF TECHNICAL GRADE SULPHUR
HEXAFLUORIDE (SF;) AND COMPLEMENTARY GASES
TO BE USED IN ITS MIXTURES FOR USE IN ELECTRICAL EQUIPMENT

1 Scope

This document defines the quality for technical grade sulphur hexafluoride (SFg) and
complementary gases such as nitrogen (N,) and carbon tetra-fluoride (CF,), for use in
electrical equipment. Detection techniques, covering both laboratory and in-situ
portable instrumentation, applicable to the analysis of SFg, N, and CF, gases prior to the
introduction of these gases into the electrical equipment are also described in this document.

This document provides some information on sulphur hexafluoride in Annex A and on the
environmental effects of SFg in Annex B.

Information about SFg by-products and the procedure for evaluating the potential effects of
SFg by-products on human health are covered by IEC 60480, their handling and disposal
being carried out according to international and local regulations with regard to the impact on
the environment. Handling of SFg and its mixtures is covered by IEC 62271-4.

Procedures to determine SFg leakages are described in IEC 60068-2-17.

For the purposes of this document, the complementary gases used in SFg mixtures will be
limited to N, or CF.

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.

IEC 60050-212, International Electrotechnical Vocabulary — Part 212: Electrical insulating
solids, liquids and gases (available at http://www.electropedia.org)

IEC 60050-441, International Electrotechnical Vocabulary — Part 441: Switchgear, controlgear
and fuses (available at http://www.electropedia.org)

IEC 60050-826, International Electrotechnical Vocabulary — Part 826: Electrical installations
(available at http://www.electropedia.org)

IEC 60480, Guidelines for the checking and treatment of sulphur hexafluoride (SFg) taken
from electrical equipment and specification for its re-use

IEC 62271-4, High-voltage switchgear and controlgear — Part 4: Handling procedures for
sulphur hexafluoride (SFg) and its mixtures
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3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-212,
IEC 60050-441 and IEC 60050-826 and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

NOTE Some of the more important terms are listed here for easy reference.

3.1.1

electrical equipment

item used for such purposes as generation, conversion, transmission, distribution or utilization
of electrical energy, such as electric machines, transformers, switchgear and controlgear,
measuring instruments, protective devices, wiring systems, current-using equipment,
insulated bushings, surge arresters

[SOURCE: IEC 60050-826:2004, 826-16-01, modified — "insulated bushings, surge arresters”
has been added.]

3.1.2
technical grade SFg
SFg gas having a very low level of contaminants in accordance with IEC 60376:2018, Table 1

3.1.3
SFg mixture
gas mixture formed by SFg and a complementary gas, typically N, or CF,

3.1.4

container

vessel (cylinder) suitable for the containment of pressurized gases either in gaseous or liquid
phase, according to local and/or international safety and transportation regulations

3.1.5

contaminant

foreign substance or material in an insulating liquid or gas which usually has a deleterious
effect on one or more properties

[SOURCE: IEC 60050-212:2010, 212-17-27, modified — “solid” has been removed.]

3.2 Abbreviated terms

GCB gas circuit breaker

GIL gas insulated line

GIS gas insulated switchgear

GIT gas insulated transformer

GVT gas insulated voltage transformer
LCA life cycle assessment

OEM original equipment manufacturer

GWP global warming potential
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4 General requirements

It is the responsibility of the supplier to guarantee that the delivered gas or gas mixture is
non-toxic, in accordance with international and local regulations.

5 Requirements for technical grade SFg

SFg for use in electrical equipment as pure gas or in an SFg mixture shall fulfil requirements
given in Table 1. The accuracy of the measuring devices shall be taken into account when
checking the quality of the gas.

Further handling and storage of the gas and operation of equipment may introduce additional
quantities of contaminants. This situation is covered in IEC 60480.

Table 1 — Requirements for technical grade SFg

Substance Concentration
SF, > 98,5 % volume in the gas phase
For use in mixtures: > 99,7 % volume in the gas phase
A <10 000 pl/I (i.e. 1 % volume) for pure SF
For use in mixtures: <2 000 pl/l (i.e. 0,2 % volume)
<4000 pl/I (i.e. 0,4 % volume) for pure SFy
Fa For use in mixtures: < 800 pl/l (i.e. 0,08 % volume)
H,0 < 200 pl/1 (i.e. 200 ppmv)
Mineral oil < 10 mg/kg (i.e. 10 ppmw)
Total acidity <7 plll (i.e. 7 ppmv)

Key
ppmv = parts per million by volume

ppmw = parts per million by weight

Regarding the values in Table 1 and depending on the situation, the following considerations
shall be taken into account:

— The error in the final mixing percentage of the SFg gas mixture mainly depends on
handling and purity of SFg and the complementary gas. The error due to handling can be
reduced by using gas mixing devices, or high accuracy manometers and thermometers
(e.g. class 0.1 or better). The error due to purity can be reduced by using high purity
gases (e.g. 99,9 % volume or higher).

— SFg for use in filling electrical equipment shall fulfil specifications given in Table 1. This is
with the exception of gas mixtures with a rated tolerance specified by the original
equipment manufacturer (OEM) to be less than + 5 % by volume of the SFg percentage. In
that case, to limit the total uncertainty after a typical gas handling operation such as re-
filling in order to comply with OEM specifications on the mixture composition ratio, higher
SFg purity grade > 99,7 % volume shall be used.

— For the determination of total acidity, the sum of all acidic compounds is reported as one
value and expressed as HF equivalent. For further information, refer to [1]1 and [2].

— For humidity measurement, the limit expressed in Table 1 is equivalent to —36 °C frost
point at 100 kPa.

1 Numbers in square brackets refer to the Bibliography.
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