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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FLUIDS FOR ELECTROTECHNICAL APPLICATIONS -
UNUSED MINERAL INSULATING OILS FOR
TRANSFORMERS AND SWITCHGEAR

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, fechnisal Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereaffer referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC i ittee interested
in the subject dealt with may participate in this preparatory work. Intern
governmental organizations liaising with the IEC also participate in this prep
with the International Organization for Standardization (ISO) in accordahs
agreement between the two organizations.

transparently to the maximum extent possib
between any IEC Publication and the correspo

the latter.

5) IEC itself does not provide any attestation of co Nity. S ificati i i i
assessment services and, i e 4 ess tq IEC mapks of conformity. IEC is not responsible for any
services carried out by indep®s ifi QnN\Qodies

6) All users should ensure that thg 2 edi f this publication.

7) No liability shall aft
members of its

pyees, servants or agents including individual experts and
tighal Committees for any personal injury, property damage or

z g ather direct or indirect, or for costs (including legal fees) and
expenses arising o icatign, wsg of, or reliance upon, this IEC Publication or any other IEC

8) Attention is dr. b efences cited in this publication. Use of the referenced publications is
indispensab é forghe\correct qp qtion of this publication.

for electrotechnical_applications.

This fourth edition cancels and replaces the third edition, published in 2003. This edition
constitutes a technical revision.

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

— specifications for corrosive sulphur compounds that can lead to copper sulphide
deposition in transformers (in non-passivated and passivated oils);
— definitions of additives in oil; and

— re-insertion of a missing note on oxidation.
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The text of this standard is based on the following documents:

FDIS Report on voting
10/878/FDIS 10/885/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.

The committee has decided that the contents of this publication will remain~unchanged until

PN in the data

related to the specific publication. At this date, the publication will be

* reconfirmed,
* withdrawn,
» replaced by a revised edition, or

@@
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INTRODUCTION

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 insulating oils which are the subject of this standard should be handled with due
regard to personal hygiene. Direct contact with the eyes may cause 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.

This standard is applicable to mineral insulating oils, chemicals and
The disposal of these items should be carried out according to loca
their impact on the environment. Every precaution should be take
mineral insulating oil into the environment.

O
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FLUIDS FOR ELECTROTECHNICAL APPLICATIONS -
UNUSED MINERAL INSULATING OILS FOR
TRANSFORMERS AND SWITCHGEAR

1 Scope

This International Standard is applicable to specifications and test methods for unused
mineral insulating oils (see Clause 3 for definitions). It applies to oil delivered to the agreed
point and time of delivery, intended for use in transformers, switchgear ahd similar electrical
equipment in which oil is required for insulation and heat transfer. The obtained by

This standard does not apply to mine
capacitors.

2 Normative referen

riormatively referenced in this document and
are indispensableAor i ad references, only the edition cited applies. For
undated refere the referenced document (including any
amendments) apph€

IEC 60247, Inswating\ liquids — Measurement of relative permittivity, dielectric dissipation
factor (tan 6) and d~e/ resistivity

IEC 60422, Mineral insulating oils in electrical equipment — Supervision and maintenance
guidance

IEC 60475, Method of sampling liquid dielectrics
IEC 60628:1985, Gassing of insulating liquids under electrical stress and ionization
IEC 60666, Detection and determination of specified additives in mineral insulating oils

IEC 60814, Insulating liquids — Oil-impregnated paper and pressboard — Determination of
water by automatic coulometric Karl Fischer titration

1 In preparation. Documents
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IEC 60970, Insulating liquids — Methods for counting and sizing particles

IEC 61125:1992, Unused hydrocarbon-based insulating liquids — Test methods for evaluating
the oxidation stability
Amendment 1 (2004)

IEC 61198, Mineral insulating oils — Methods for the determination of 2-furfural and related
compounds

IEC 61619, Insulating liquids — Contamination by polychlorinated biphenyls (PCBs) — Method
of determination by capillary column gas chromatography

IEC 61620, Insulating liquids — Determination of the dielectric
measurement of the conductance and capacitance — Test method

IEC 61868, Mineral insulating oils — Determination of kine
temperatures

IEC 62021-1, Insulating liquids — Determination of acidit
titration

IEC 62535:2008, Insulating liquids —
in used and unused insulating oils

ISO 2719, Determination of~flash point

1SO 3104, Petro@
viscosity and cal tie

ISO 3675, Crud& ps
density — Hyd {

ISO 14596, Petroleuny’ products — Determination of sulfur content — Wavelength-dispersive X-
ray fluorescence spectrometry

ASTM D971, Standard Test Method for Interfacial Tension of Oil Against Water by the Ring
Method

ASTM D7150, Standard Test Method for the Determination of Gassing Characteristics of
Insulating Liquids Under Thermal Stress at Low temperature

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

EN 14210, Surface active agents — Determination of interfacial tension of solutions of surface
active agents by the stirrup or ring method

IP 346, Determination of polycyclic aromatics in lubricant base oils and asphaltene free
petroleum fractions — Dimethylsulfoxide refractive method
Documents
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IP 373, Determination of the sulphur content of light and middle distillates — Oxidative
microcoulometry

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

3.1
transformer oil
mineral insulating oil for transformers and similar electrical equipment

3.2

low temperature switchgear oil
mineral insulating oil for oil-filled switchgear for outdoor applic
conditions

ery d\climatic

3.3

mineral insulating oil
insulating oil obtained by refining, modifying and/or blendi 3 ; prfoducts and other
hydrocarbons

Note 1 to entry This does not include insulatingAiquids sug , s@wetic aromatics or silicone fluids.

3.4

additive
chemical substance that is added tp
characteristics

Note 1 to entry Example
tendency depressants, gas at

3.5
antioxidant add

vators, metal deactivators, electrostatic charging
anti-foam agents and refining process improvers.

6.11.1 and 6.11.

3.5.1
inhibitor
antioxidant additi
IEC 60666

es of the phenolic-or amine- type, such as DBPC and DBP described in

Note 1 to entry DBPC = 2,6-di-tert-butyl-para-cresol; DBP = 2,6-di-tert-butyl-phenol.

3.5.2
other antioxidant additive
antioxidant additive of the sulphur- or phosphorous- type

3.5.3

passivator

metal passivator additive used primarily as electrostatic charging depressant, but which may
also improve oxidation stability

Note 1 to entry Metal passivators are sometimes described as metal deactivators or corrosion inhibitors.

3.6
uninhibited oil Documents

mineral insulating oil containing no inhibitor
Document Sharing Hub
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Note 1 to entry No inhibitor means that the total inhibitor content is below the detection limit of 0,01 % indicated
in [IEC 60666.

3.7

trace inhibited oil

mineral insulating oil containing less than 0,08 % of total inhibitor content as measured by
IEC 60666

3.8

inhibited oil

mineral insulating oil containing a minimum of 0,08 % and a maximum of 0,40 % of total
inhibitor content as measured by IEC 60666

3.9
unused mineral insulating oil
mineral insulating oil not recycled as delivered by the supplier

Note 1 to entry Such an oil has not been used in, nor been in contact with el i ome Qthev’equipment
not required for manufacture, storage or transport. The manufacturer and suplier © ave taken all
reasonable precautions to ensure that there is no contamination with polyshlori $ grphenyls (PCB,

NOTE Functional pr rtie i i ity, ypour point, water content, breakdown voltage and dielectric
dissipation factor.

4.2 Refining ang

Properties that are related to the long-term behaviour of oil in service and/or its reaction to
high electric stress and temperature.

NOTE Examples include oxidation stability, gassing tendency and electrostatic charging tendency (ECT).
4.4 Health, safety and environment (HSE) properties

Oil properties related to safe handling and environment protection.

NOTE Examples can include flash point, density, PCA (polycyclic aromatics) and PCB/PCT (polychlorinated
biphenyls/ terphenyls).
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5 Classification, identification, general delivery requirements and sampling

5.1 Classification
5.1.1 Classes
For the purposes of this standard, mineral insulating oils are classified into two classes:

— transformer oils;

— low temperature switchgear oils.

5.1.2 Antioxidant additive (inhibitor) content

Transformer oils are classified into three groups, according to their/Cante antioxidant
additive:

— uninhibited transformer oils: marked with U;

— trace inhibited transformer oils: marked with T;

— inhibited transformer oils: marked with |I.

5.1.3 Lowest cold start energizing temperature

After the inhibitor marking, the LCSET gk

Standard LCSET in this standard is
according to Table 1.

ther LCSET can be selected

5.2 Requirements

able 2.

s, of the same class (51 1), the same group (5. 1 2) same

5.4 Identification and general delivery requirements

Identification and general delivery requirements are as follows:

a) Oil is normally delivered in bulk, rail tank cars, tank containers or packed in drums or IBC
(intermediate bulk containers). These shall be clean and suitable for this purpose to avoid
any contamination.

b) Oil drums and sample containers shall carry at least the following markings:
— supplier's designation;
— classification (see 5.1);
— oil quantity.

c) As agreed between the supplier and purchaser each oil delivery may be accompanied by a
document specifying the supplier's designation, oil classification and compliance
certificate.

NOTE This standard may be traceable to a specific batch of oil processed.
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d) The supplier shall declare the generic type of all additives, and their concentrations in the
cases of inhibitors and passivators.

5.5 Sampling

Sampling shall be carried out in accordance with the procedure described in IEC 60475.

6 Properties, their significance and test methods

6.1 Viscosity

Viscosity influences heat transfer and therefore the temperature rise/o e equipment.
The lower the viscosity, the easier the oil circulates leading to improved heat tragsfer. At low

respectively

2 500 mm?/s at —40 °C, see Table 1). This lowest cold st perature (LCSET)

for transformer oils is defined in this standard as bein
indicated in IEC 60076-2). Other LCSET (see Tabl G between supplier and
purchaser.

Standard LCSET of low temperature s
be agreed between supplier and purch

Table 1 — Maximu
at lowest d sta

N
LCSET axi Mosity Maximum pour point
?\ 2/s °C

1800 -10

_29\§ \/\ 1800 -30
S0 \ 4 1800 —40
( \40\\\ 2500 -50

6.2 Pour point

The pour point of mineral insulating oil is the lowest temperature at which the oil will just flow.
It is recommended that the pour point should be at least 10 K below the lowest cold start
energizing temperature (LCSET). If a pour point depressant additive is used, this shall be
declared by the supplier to the user. Pour point shall be measured in accordance with
ISO 3016.

6.3 Water content

A low water content of mineral insulating oil is necessary to achieve adequate breakdown
voltage and low dissipation losses. To avoid separation of free water, unused insulating oil
should have limited water content. Before filling the electrical equipment, the oil should be
treated to meet the requirements of IEC 60422. Water content shall be measured in
accordance with IEC 60814.
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6.4 Breakdown voltage

The breakdown voltage of transformer oil indicates its ability to resist electrical stress in
electrical equipment. Breakdown voltage shall be measured in accordance with IEC 60156.
The supplier shall demonstrate that after treatment to reduce particles, water and dissolved
air by a vacuum procedure (see note), the oil shall have a high dielectric strength (breakdown
voltage >70 kV).

NOTE This treatment referred to consists of filtration of the oil at 60 °C by vacuum (pressure below 2,5 kPa)
through a sintered glass filter (with a maximum pore size of 2,5 um).

6.5 Dielectric dissipation factor (DDF)

DDF is a measure for dielectric losses within the oil. DDF values ab
Table 2 can indicate contamination of the oil by polar contaminants ¢
DDF shall be measured in accordance with IEC 60247 or |IEC 616
dispute, IEC 60247 at 90 °C should be used.

guirements of
oor _refiwing quality.

NOTE By agreement between parties, DDF can be measured at temperature
temperature of measurement can be stated in the report.

6.6 Appearance
A visual inspection of insulating oil (oil sample i

approximately 10 cm and at ambient temperd
contaminants, free water or suspended

6.7 Acidity

Unused mineral insulating oil should\be 8, from "¢
measured according to IEC 6% EC 62021-2.
6.8 Interfacial tensjon (

Low IFT someti
accordance with ENX

Sulphur content is a specific requirement of 7.1.
Sulphur content should be measured following IP 373 or ISO 14596.

6.10 Corrosive and potentially corrosive sulphur

Some sulphur compounds, e.g. mercaptans, are very corrosive to metal surfaces, i.e. steel,
copper and silver (switchgear contacts) and shall not be present in new oil. This type of
corrosive sulphur should be detected following DIN 51353.

Some other sulphur compounds, e.g. dibenzyldisulphide (DBDS), may result in the deposition
of copper sulphide (Cu,S) in paper insulation, reducing its electrical insulation properties (see
Annex A). This has resulted in several equipment failures in service.
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IEC 62535, based on work performed by CIGRE WG A2.32, provides the best currently
available method to detect potentially corrosive sulphur compounds in oil. It applies only to
oils that do not contain a metal passivator additive (declared or undeclared).

For passivator-containing oils, see Clause A.3.

6.11 Additives (see 3.4)
6.11.1 General

The generic type of all additives shall be declared in product data sheets and certificates of
compliance. For antioxidant additives and passivators, their concentrations shall also be
stated.

6.11.2 Antioxidant additives (see 3.5)

s on copper, preventing the catalytic effect of copper in
copper sulphide deposits in paper by reaction with corrosive
the oil. Some of them protect the oil from the catalytic action
down the rate of OX|dat|on of oil. Passivators therefore slow down the

thus leading to~an optimistic result of the oxidation stability test. Some of them are also used
to reduce the electrqgtatic charging tendency of oils (see 6.14).

Three main types of benzotriazole derivatives are typically used as metal passivator additives:
N-bis(2-Ethylhexyl)-aminomethyl-tolutriazole (TTAA), benzotriazole (BTA) and
5-methyl-1H-benzotriazole (TTA). Detection and measurement of these additives shall be
according to IEC 60666.

Several other compounds can be used as metal passivator additives, such as
N,N-bis(2-ethylhexyl)-1H-1,2,4-triazole-1 methanamine (TAA), diamino-diphenyldisulphide,
nicotinic acid, hydroquinoline and other sulphur-based compounds, for which no IEC test
methods are availableZ2.

2 Examples of commercially available TTAA and TAA are Irgamet 39 © and Irgamet 30 ©, respectively. This
information is given for the convenience of users of this standard and does not constitute an engqr
the IEC of these products. ﬁ&&ﬂments
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6.11.4 Pour point depressants

These additives are used to improve the viscosity and pour point of oils at very low
temperatures. Detection and measurement of the two main types of pour point depressant
additives used (polynaphthalenes and polymethacrylates) shall be according to IEC 60666.

6.12 Oxidation stability

Oxidation of oil gives rise to acidity and sludge formation. This can be reduced by using oils
with a high oxidation stability leading to longer service life time by minimizing sludge
deposition and maximizing insulation life. Oxidation stability is measured in accordance with
Method C of IEC 61125:1992. There is an option for stricter limits for special applications. In
some countries more stringent limits and/or additional requirements d_tests may be
requested.

6.13 Gassing tendency

Gassing tendency of mineral insulatifig
subjected to corona partial discharges
like HV (high voltage) instrument trans
absorption or evolution of gas into oil
properties could be related to oil aroma

fcsconten
Method A of IEC 60628:19
NOTE Additives s

proposed to reduce 5 some oils, but are not described in IEC 60666. Mono and
dibenzyltoluene are des i 8

ECT of oil i$ i erty for certain designs of HV and EHV transformers which
have oil i ts th ¥n give rise to the build-up of electrostatic charge. This charge
can resulj argy dischayge causing transformer failure.

ECT testing is a Specific requirement of 7.2.

NOTE A method to measure ECT is proposed by CIGRE Technical Brochure 170. ECT can be reduced by using
metal passivator additives such as BTA and TTA.

6.15 Flash point

The safe operation of electrical equipment requires an adequately high flash point that is
measured in accordance with ISO 2719 (Pensky-Martens closed cup procedure).

6.16 Density

In cold climates, density of oil shall be low enough to avoid the ice that results from the
freezing of free water to float to the oil surface and possibly lead to fault conditions

3 Alternatively, passivator-containing oils may be tested for oxidation stability AFTER the passivator additive
has been removed by absorption from the oil, using for example Procedure 1 of Clause A.3.
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developing such as flashover of conductors. Density shall be measured in accordance with
ISO 3675 (reference method) but ISO 12185 as well is accepted.

6.17 Polycyclic aromatic content (PCAs)

Some PCAs are classified to be carcinogens and therefore need to be controlled to an
acceptable level in mineral insulating oil. The total amount of PCAs can be measured by
extraction with DMSO (dimethylsulfoxide) under the conditions of IP 346.

NOTE Acceptable limits of total or individual PCAs are specified in national and local regulations.

6.18 Polychlorinated biphenyl content (PCBs)

Unused mineral insulating oil shall be free from PCBs. The refere st method is

IEC 61619.

NOTE Acceptable limits of total or individual PCBs are specified in national \a S ” Further
European specifications are described in Directive 96/59/EC.

6.19 2-Furfural (2-FAL) and related compounds conte

2-FAL and related compounds in unused mineral A
improper re-distillation after solvent extraction during HiNg e S ntamination with used
oil.

Unused mineral insulating oils should have‘a “AL and related compounds;
measurement should be carried out according to

NOTE “Related compounds”

are: 5-hydroxymeth
(2ACF) and 5-methyl-2-furfural ( .

6.20 Particle content

Particles in unu i
of the oil, and m
according to IEC 609

6.22 Stray gassi

Some oils can produce gases such as hydrogen, hydrocarbons and carbon oxides at low
temperatures (< 120 °C) without thermal or electrical faults in a transformer, sometimes even
without operational stress. This phenomenon could result in a high production of gases and a
misinterpretation of DGA results.

NOTE Methods to measure stray gassing are described in CIGRE Brochure 296 and ASTM D7150. Inhibited
grades typically produce less stray gassing than uninhibited ones.
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Table 2 — General specifications

Property

Test method

Limits

Low temperature

Transformer oil . t
switchgear oil

1 - Function

Viscosity at 40 °C ISO 3104 Max. 12 mm?2/s Max. 3,5 mm2 /s
Viscosity at =30 °C a ISO 3104 Max. 1 800 mm?2/s -
Viscosity at —40 °C b IEC 61868 - Max. 400 mm?2/s
Pour point ISO 3016 Max. —40 °C Max. -60 °C
Water content IEC 60814 Max. 30 mg/kg ¢/ 40 mg/kg d
Breakdown voltage IEC 60156 Min. 30 kV /(70 kW&

Density at 20 °C

ISO 3675 or ISO 12185

Max. Q/g% g/(m.L

DDF at 90 °C

IEC 60247 or IEC 61620

,005

Particle content

IEC 60970

TN
No;;@n@{al\gq\'(em@q\t‘ /

2 — Refining/stability

NN >

Appearance - Clear, fy/e\f{)h\sesg@& aN suspended matter
Acidity IEC 62021-1 or 62021-2 Max, 0,9 g KOH/g
Interfacial tension EN 14210 or ASTM D971 / l\hggn‘eral\gquement f
Total sulphur content IP 373 or &}7 ge}e{ql/{aquirement
ISO 14596 f'\ N
Corrosive sulphur DIN 51353 /\ > ( k) ‘\)?ot corrosive
Potentially corrosive IEC 62535 x Not corrosive
sulphur
DBDS IEC 62697-1 (in ;ﬁeparation) Not detectable (< 5 mg/kg)

Inhibitors of IEC 60666

IEC\60666

() inhibited oils: 0,08 % — 0,40 %
(see 3.6 to 3.8)

\(‘U)/unlnmblted oil: not detectable (< 0,01%)
(T) trace inhibited oil: < 0,08 %

Metal passivator addifives
of IEC 60666

Not detectable (< 5mg/kg), or as agreed upon with
the purchaser

Other additives /\

N
i N\V

See ?

2-Furfural and related
compounds content

Not detectable (< 0,05 mg/kg) for each individual
compound

Stray gassing

=
SR

No general requirement h

3- Perform&nc

NNV

Oxidation tabﬁg\

ule}‘ 61125:1992 (Method C)
st duration k
(U) Uninhibited oil: 164 h

(T) Trace inhibited oil: 332 h
(I) Inhibited oil: 500 h

For oils with other antioxidant additives and metal
passivator additives, see 6.12.

Amendment 1 (2004) +
IEC 60247

- Total acidity’ 1.9.4 of IEC 61125:1992 Max. 1,2 mg KOH/g
- Sludge 1.9.1 of IEC 61125:1992 Max. 0,8 %
- DDF at 90 °C' 1.9.6 of IEC 61125, Max. 0,500

Gassing tendency

IEC 60628:1985, Method A

No general requirement h

ECT

See 6.14

No general requirement "
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Limits

Property Test method . Low temperature
Transformer oil switchgear oil

4 — Health, safety and environment (HSE)

Flash point ISO 2719 Min. 135 °C | Min. 100 °C
PCA content IP 346 Max. 3 %
PCB content IEC 61619 Not detectable (< 2 mg/kg)

a This is the standard LCSET for a transformer oil (see 6.1) and can be modified depending on the climatic
condition of each country. Pour point should be minimum 10 K below LCSET.

b Standard LCSET for low temperature switchgear oil.

¢ For bulk supply.

d  For delivery in drums and IBC.

€ After laboratory treatment (see 6.4).

9 The supplier shall declare the generic type of all additives, and their congé e\of ahtioxidant

additives.
To be agreed upon between supplier and purchaser.
At the end of oxidation stability tests.

Particle content in drums at delivery of oil can be agre d customer, based on a

statistical reference at delivery.

In Canada and the USA, where requireme
durations can be reduced to: (T) trace inhibi
permanent nature.

A DDF of max. 0,020 after 2 h of oxidation : 2, Method C) can be used for application in
EHV instrument transformers and bushings.

ver for some applications, test
h. These requirements are of a

For transformers
there may exist r
such oil is inhjbkj

— Total . 0,3 mg KOH/g;
— Sludg max. 0,05 %;
— DDF at90™ max. 0,050;

— Total sulphur confent: max. 0,05 % (before oxidation test).

7.2 Electrostatic charging tendency (ECT)

For equipment with high oil circulation speed (OF- or OD-cooled power transformers
(IEC 60076-2)), as e.g. HV/DC transformers, a limit may be agreed between purchaser and
manufacturer.

7.3 Gassing tendency

For equipment with high electrical field stress or special design, gases formed when subjected
to corona partial discharges (6.13) shall be absorbed by the oil. Therefore the gassing
tendency according to IEC 60628 shall be agreed upon between the supplier and purchaser of
the oil for such equipment.

NOTE In Poland, a gassing tendency < +5mm3/min is used for equipment = 400 kV.
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