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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FLUIDS FOR ELECTROTECHNICAL APPLICATIONS -
UNUSED NATURAL ESTERS FOR TRANSFORMERS
AND SIMILAR ELECTRICAL EQUIPMENT

FOREWORD

1) Thqg International Electrotechnical Commission (IEC) is a worldwide organization for standardization eamn|prising
all pational electrotechnical committees (IEC National Committees). The object of IEC is to promotesinterrjational
co-pperation on all questions concerning standardization in the electrical and electronic fields. Tothis gnd and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Trechnical Rleports,
PuRhlicly 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 deplt with
may participate in this preparatory work. International, governmental and non-governmental/organizations fiaising
with) the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Stapdardization (ISO) in accordance with conditions determined by agreement betWeen the two organizations.

2) Thqg formal decisions or agreements of IEC on technical matters express, as n€arly as possible, an interrjational
conjsensus of opinion on the relevant subjects since each technical committee has representation ffom all
intgrested IEC National Committees.

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

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

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

6) Al

7) No [liability shall attach to IEC or its directors, employees, servants or agents including individual expefts and
memmbers of its technical committeessand’IEC National Committees for any personal injury, property danjage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feqs) and
explenses arising out of the pdblication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

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

8) Attgntion is drawn to the Narmative references cited in this publication. Use of the referenced publicafions is
indispensable for the cofrect application of this publication.

9) IEQ draws attention to/the possibility that the implementation of this document may involve the usqg of (a)
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent r|ghts in
respect thereof{As of the date of publication of this document, IEC had not received notice of (a) patent(s), which
may be requifed‘to implement this document. However, implementers are cautioned that this may not represent
thellatest infermation, which may be obtained from the patent database available at https://patents.iec.¢h. IEC
shall not’be held responsible for identifying any or all such patent rights.

This commented version (CMV) of the official standard IEC 62770:2024 edition 2.0 dllows
the user to identify the changes made to the previous IEC 62770:2013
edition 1.0. Furthermore, comments from IEC TC 10 experts are provided to explain the
reasons of the most relevant changes, or to clarify any part of the content.

A vertical bar appears in the margin wherever a change has been made. Additions are in
green text, deletions are in strikethrough red text. Experts' comments are identified by a
blue-background number. Mouse over a number to display a pop-up note with the
comment.

This publication contains the CMV and the official standard. The full list of comments is
available at the end of the CMV.
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IEC 62770 has been prepared by IEC technical committee 10: Fluids for electrotechnical

applic

ations. It is an International Standard.

This second edition cancels and replaces the first edition published in 2013. This edition

consti

tutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition: {1

a) Introduction of IEC 63012 which details other liquids not covered by this document.
IEC 63012 was published in 2019 after the first edition of IEC 62770 (2013).

b) N{
c) Af

d) Pd
be

e) Ad

f) Fl
Pe

g) Td
h) An

The tgxt of this International Standard is based on the following documents:

Full in
the alj

The 1§

This ¢
accor
at ww
descr

The ¢
stabil
speci

w Table 1 inserted which clarifies definitions.
pearance and colour requirements now merged.

ur point: Introduction of the importance of LCSET with advice on cold, témpe
haviour of natural esters.

ditives: new agreed wording inserted on the declaration of additives

hsh and fire points: now only determined by Cleveland OpenACup method, sing
nsky-Martens closed cup method was identified as problemati€)with natural esters

xicity: Aquatic toxicity now emphasized.
nex B removed as it is no longer needed since the publication of IEC 63012.

Draft Report on voting

10/1215/FDIS 10/1243/RVD

ove table.

nguage used for the develepment of this International Standard is English.

Hance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, av4
w.iec.ch/membersyexperts/refdocs. The main document types developed by IE
bed in greater(detail at www.iec.ch/publications.

bmmitteehas decided that the contents of this document will remain unchanged un
y datevindicated on the IEC website under webstore.iec.ch in the data related
ic docubment. At this date, the document will be

rature

e the

formation on the voting for its approeval can be found in the report on voting indicated in

ocument was drafted, in“accordance with ISO/IEC Directives, Part 2, and developed in

ilable
C are

til the
o the

e e

confirmed
y

e withdrawn, or

e revised.

IMPORTANT - The "colour inside” logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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https://www.iec.ch/publications
https://webstore.iec.ch/?ref=menu
The list of changes from the 2013 edition is added to clarify the advances in this standard.

https://iecnorm.com/api/?name=f2466099b04c5ded2e4a022f96ca9d36

-6- IEC 62770:2024 CMV © IEC 2024

INTRODUCTION

Because of their higher fire points and-better lower environmental-compatibility impact relative
to hydrocarbon petroleum derived insulating mineral oil, the use of vegetable oils and other
natural esters is on the rise as insulating and heat transfer fluids in electrical devices such as
transformers.

This document sets performance criteria for unused natural esters earmarked for electrical
applications. However, the use of natural esters is recommended only for equipment that is not
open to the atmosphere, for example sealed transformers and reactors because these fluids
liquids are-prone susceptible torapid oxidation.

This document does not purport to address all the safety problems associated with its\use.
the rg¢sponsibility of the user of the document to establish appropriate health_and pafety
practices and determine the applicability of regulatory limitations prior to use.

to pefrsonal hygiene. Direct contact with eyes should be avoided. Jn\case of eye cdntact,
irrigaffjon with copious amounts of clean running water should be carried\out and medical gdvice
sought.

UnusId natural esters which are the subject of this document should be handled with due fegard

Perfofmance of some of the tests mentioned in this document could lead to a hazdrdous
situatjon. Attention is drawn to the relevant document test method for guidance.



Disposal advice for natural esters is moved to Subclause 4.6.4 Aquatic toxicity.
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FLUIDS FOR ELECTROTECHNICAL APPLICATIONS -
UNUSED NATURAL ESTERS FOR TRANSFORMERS
AND SIMILAR ELECTRICAL EQUIPMENT

1 Scope

This document describes specifications and test methods for unused natural esters in

trans

is reqpiired as an insulating and heat transfer medium. The exposure of natural ester tatair

to de

equipment-that-is—open—to-the—atmosphere therefore restricted to sealed units,~or wi

consdrvator tank protected from the contact with atmosphere by a membrane @r/other sy
system. '3

In thi

and

compatibiity impact. Such natural esters are vegetable oils obtained from seeds, an

obtai

periogd. These oils are comprised of triglycerides.

Natural esters with additives are within the scope of this ‘document. Because of their dif
chemijcal composition, natural esters differ from insulating mineral oils and other insu
fleids|liquids that have high fire points, such as synthetic esters or silicone fluids.

Naturgl ester-derived insulating-fluids liquids(with low viscosity have been introduced b

pvered by this document.—Pertinentproperties—ofsuch—fluids—are—given—in—-Annex—B-
IEC 6B012 covers these liquids. |4

not ¢

This @

ester

this dpcument.

NOTE

handbdok (Quantities, Units ahd Symbols in Physical Chemistry).
2 Normative-references

The following=documents are referred to in the text in such a way that some or all of their ¢
constJtutes requirements of this document. For dated references, only the edition cited aj

For

rmers anda simitar-ed-trpregratea liqulia-iminersea electrical equipment In wnicn.a

terioration of the insulating liquid. Use of natural esters is-notrecommended forele]

¢ document the term "natural esters" applies to insulating-fluidsi\liquids for transfo
similar electrical equipment with suitable biodegradability~and lower environn

ned from other suitable biological materials-and-delivered4e-an-agreed-point,ata-sg

g blended with-nen-naturalestersfluids other insulating liquids are beyond the scq

The chemical nomenclature and scientific notations used in the document are in accordance with the

ndated references, the latest edition of the referenced document (including

liquid
leads
ctrical
h the
itable

rmers
hental
d oils
ttime

ferent
lating

ut are

ocument is applicable only to tinused natural esters. Reclaimed natural esters and njatural

pe of

IUPAC

bntent
plies.
) any

amendments) applies. |5

IEC 60156, Insulating liquids — Determination of the breakdown voltage at power frequency —

Test

method

IEC 60247, Insulating liquids — Measurement of relative permittivity, dielectric dissipation factor

(tan d) and d.c. resistivity-ef-insulating-fluids



The scope has not changed but extra wording is added for increased clarity. “Fluid” is replaced by “liquid” throughout since “fluid” may also describe gases which are not part of this standard.

Annex B is removed and now replaced by IEC 63012 (2019) which was not published at the time of the 2013 edition of this standard.

The normative references are updated to reflect the current standard status.

https://iecnorm.com/api/?name=f2466099b04c5ded2e4a022f96ca9d36
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IEC 60475, Method of sampling-tiquid-dielectries insulating liquids

IEC 60666, Detection and determination of specific additives in mineral insulating oils

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

IEC 61125:4992 #myseéhydfeea#beﬂ—baseekmsuiaﬂﬂgﬂwds Insulating //qu1ds — Test methods

for oX idating ctabilif ’ CS tlo: —EV t v; sidation—atabilifi. of ; Jaotina lic, IdS II7

CotroTTSta oty Y TG trorT uu.uuuu.] O uruu:uu”y LEB~ A=

the delivered state

IEC 6[1198, Mineral insulating oils — Methods for the determination of 2-furfural~and related
comppunds

IEC 6[1619, Insulating liquids — Contamination by polychlorinated biphenyls (PCBs) — Method
of defermination by capillary column gas chromatography

IEC 6[1620, Insulating liquids — Determination of the dielectric dissipation factpr by
measlirement of the conductance and capacitance — Test method

IEC 6p021-3, Insulating liquids — Determination of acidity — Part 3: Test methods fof non-
minergl insulating oils?

IEC 6p535:2008, Insulating liquids — Test method\or detection of potentially corrosive stilphur
in usgqd and unused insulating oil

IEC 6R697-1, Test methods for quantitative determination of corrosive sulfur compounds in
unusdgd and used insulating liquids —‘Part 1: Test method for quantitative determinatfon of
dibengyldisulfide (DBDS)

ISO 249, Petroleum products’~Determination of colour (ASTM scale)

ISO 2p92, Petroleum andtrelated products — Determination of flash and fire points — Clejeland
open cup method

SO0

ISO 3p16,.Retroleum and related products from natural or synthetic sources — Determination of
pour ;foint

ISO 3104, Petroleum products — Transparent and opaque fluids — Determination of kinematic
viscosity and calculation of dynamic viscosity

ISO 3675, Crude petroleum and liquid petroleum products — Laboratory determination of density
— Hydrometer method

ISO 12185, Crude petroleum and petroleum products — Determination of density — Oscillating
U-tube method


https://iecnorm.com/api/?name=f2466099b04c5ded2e4a022f96ca9d36
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ASTM D1500, Standard Test Method for ASTM Color of Petroleum Products (ASTM Color
Scale)

ASTM D7042, Standard Test Method for Dynamic Viscosity and Density of Liquids by Stabinger
Viscometer (and the Calculation of Kinematic Viscosity)

3 T

3.1
For th

e purposes of this document, the following terms and definitions apply.
ISO apd IEC maintain terminology databases for use’in standardization at the foll
sses: | 6

addre

prms, definitions and abbreviated terms

Terms and definitions

C Electropedia: available at https://www.el&Ctfopedia.org/

O Online browsing platform: available a{’https://www.iso.org/obp

ves
le—chemical substances which_are deliberately added to natural ester insulating
b in order to improve certain characteristics;—e-g—pour—point,—viscosity,foaming
. bili

owing

fhaids

dencv

uuuuu CY

3.1.2

natural esters
vegetable oils obtained from seeds and oils obtained from other suitable biological materials
and comprised of triglycerides



https://www.electropedia.org/
https://www.iso.org/obp
Information about IEC/ISO terminology is added in this edition of the standard.
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3.1.3
unused natural esters
unused-natural esters as delivered by the supplier

Note 1 to entry: Such a liquid has not been used in, nor been in contact with, electrical equipment or other
equipment not required for its manufacture, storage or transport.

3.2 Abbreviated terms

The aLbreviated terms are given in Table 1.

Table 1 — Abbreviated terms |7

Abbreviated term Full term
DBDS Dibenzyl disulphide
DDF Dielectric dissipation factor
HSE Health, safety and environment
IBC Intermediate bulk container,
LCSET Lowest cold start energizifg temperature
PCBs Polychlorinated biph&nyts
RRT Round robin test

4 Properties, their significance and:\test methods

4.1 General

Saliegt-Required characteristics of-unused natural esters are listed in Table 2.

NOTE Additional information on natural esters for transformers and similar electrical equipment is available in
CIGRE(brochure 436 and IEEE.C567.147-2018 TM.

NOTE 2 In natural estefatynormal operating temperatures, a significant formation of stray gases such as hyldrogen
and ethane is sometim®s witnessed for a specific period (weeks to months) after the transformer is activateq. Such
unexpdgcted gas formation at low temperature can lead to confusion in the dissolved gas analyses interprg¢tation.

Natural esters show‘a higher tendency towards stray gassing. |8

4.2 ([Physical properties
4.2.1 L ~Appearanceand-colour

A visual inspection of unused natural esters (with light transmitted through a glass transparent
beaker of approximately 10 cm thickness-ef-natural-esters at ambient temperature) will indicate
the presence of visible contaminants, free water and suspended matter.

The colour of an insulating liquid is determined in transmitted light, and is expressed by a
numerical value based on comparison with a series of colour standards. Colour shall be
measured following 1SO 2049 (reference method) or ASTM D1500.

4.2.2 Viscosity

Viscosity influences heat transfer and therefore affects-the-inerease-of temperature distribution
in the transformer and other equipment. The lower the viscosity, the easier the—oil liquid
circulates, generally leading to better heat transfer. Viscosities at lower temperatures are a


Table 1 is added to clarify these terms.

A new note is added regarding stray gas generation which has been noted in natural esters in more recent years.

https://iecnorm.com/api/?name=f2466099b04c5ded2e4a022f96ca9d36
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critical factor for the cold start of transformers with-ON-eoeoling K class liquid insulation with
natural (not forced/pumped) flow (the absence of circulation can lead to possible overheating
at hot spots) /9. It can have a negative impact on the speed of moving parts, such as on-load
tap changer mechanisms, pumps and regulators. Due consideration should be given to viscosity
at the lowest cold start energizing temperature (LCSET). Viscosity at 40 °C and 100 °C shall
be measured according to ISO 3104 (referee method) or ASTM D7042.

4.2.3 Pour point

:

-
€«
-

D

[0}

[

P

=
oo D

d
(0N
e

The plour point of liquids is the lowest temperature at which the liquidAvill flow. The pour point
shall be measured in accordance with ISO 3016.

Longgr dwell times (weeks or months) below 0 °C can lead to dn ihcrease of the pour point, or,
alternptively, to an increase of viscosity of the liquid in comp@arison to the original state (the so-
called "cold-and-hold behaviour"). It depends on the, individual molecular structurg¢ and
formujation and the time the liquid is exposed to the lowtemperature. While natural ester ljquids
show |pour points in the region of -15 °C to -31 °C, i¥has been noticed that they can show a
tendepcy to precipitate ester crystals if held for exténded periods at temperatures slightly fbove
the pour point. These crystals will re-melt back*nto the bulk ester liquid with no side gffects
once |[the mixture has been warmed up, huflthis can take time. For references sge the
bibliography.

Precalutions shall be taken if the electrical equipment is to be left or stored at continuous|ly low
tempdgratures below 0 °C. The possiblé partial crystallization can result in an unforeseeable and
undetprmined increase in viscosity, which can adversely affect the mechanical, therma], and

dieledtric behaviour of the device/immersed in natural ester liquid.

An acknowledged methqd\to ' measure the effect of crystallization behaviour is not availgble at
presepht. As a substitufey*additional viscosity measurement at low temperatures accordjing to
IEC 6[1868 is recommended, using standing times of 24 h, 72 h and 168 h. The lowest cold start
energjzing temperature (LCSET) is the temperature which, after a defined holding time,|leads
to a vjiscosity equal to or lower than the maximum admissible viscosity needed for the proper
functipn of the_equipment. During the normal operation of the equipment, no crystals shall be
present in-the liquid.

Tap-c S is—eommoer—practee—that—before—energizing—the—onr-tead—tap~chander (if
present) is operated to reach a position where the transformer can be energized without
carrying an abnormally large load. It can happen that the spring-operated diverter switch cannot
complete its operation if the natural ester liquid is partially crystalized. Such situation shall be
avoided in any case. 10

4.2.4 Water content

Water content of natural esters affects their dielectric properties. Water content shall be
measured in accordance with IEC 60814.

NOTE 1 Due to the moderately polar nature of natural esters, water content at which free water will appear and
cause deterioration of electric strength is significantly higher in natural esters than that in mineral insulating oils.

NOTE 2 The terms “water” and “moisture” are the same in this document.



The relevance of K class added in to viscosity is highlighted since it has an effect on the cooling properties of the liquid. The measurement of viscosity are adapted to align with IEC 60296.

A detailed description of the low temperature behaviour of natural ester is added.

https://iecnorm.com/api/?name=f2466099b04c5ded2e4a022f96ca9d36
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4.2.5 Density

Density of natural esters shall be measured in accordance with-1SO-3675 ISO 12185 (reference
method), but4+S6-142485 ISO 3675 or ASTM D7042 are also acceptable.

4.3 Electrical properties

4.31 Breakdown voltage

Breakdown voltage of unused natural esters shall be measured in accordance with IEC 60156.

4.3.2 Dielectric dissipation factor (DDF)

DDF [is a measure for dielectric losses caused by the liquid. High; DDF can inflicate
contamination of the liquid with moisture, particles, soluble polar contaminants, or poor rgfining
quality. DDF shall be measured in accordance with IEC 60247-ortEE-81620 at 90 °C.-lf-case

By agreement between parties, DDF-may can be measured attémperatures other than 90 °C.
In sugh cases the measurement temperature-should shall beystated in the report.

4.3.3 Relative permittivity (dielectric constant)

Relative permittivity is the ratio of the amount ef_electrical energy stored in the liquid|at an
appligd voltage, relative to that stored in a vacuum. It shall be measured in accordance with
IEC 6p247 or IEC 61620 at 90 °C. In case of dispute, IEC 60247 (reference method) at{90 °C
shoulft shall be used.

NOTE | A typical value is between 2,8 and 33
4.4 |[Chemical properties
4.4.1| Acidity

Unusg¢d natural estersrshould be near neutral; acidity shall be measured in accordance with
IEC 6R021-3.

NOTE | Natural estefs=may can contain very low concentrations of free fatty acids; presence of free fatty ac|ds can
affect the aciditylof)natural esters. This is reflected in the values given in Table 2.

4.4.2 Corrosive sulfur

Free-Corrosive sulfur and potentially corrosive compounds—are shall be detected by contacting
copper with insulating liquid under the standardized conditions specified in IEC 62535-er-ASTM
DB1275B. Known corrosive sulfur compounds such as dibenzyl disulphide (DBDS) shall not be
present above the detection limit given in IEC 62697-1.

NOTE Corrosive sulfur compounds are not naturally present in vegetable oils or other natural esters. The tests
given in IEC 62535 can verify that any additives used are non-corrosive and that cross-contamination with a
potentially corrosive-eils liquid has not occurred.

4.4.3 Additive content

Additives include antioxidants, metal deactivators, pour point depressants, dyes, etc. An
antioxidant add|t|ve slows down the OX|dat|on of esters and, in turn, the formation of gels and
acidity.—One 6 W
e%hep&a;&als&usedr Detectlon and measurement of deflned anti- OX|dant add|t|ves shall be in



The new edition of IEC 60156 now includes mention of increased rest time between samples for higher viscosity liquids hence this advice is unnecessary in this standard.
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accordance with IEC 60666 or other suitable methods. Total concentration of additives shall be
less than a weight fraction of 5 %.

The chemical family and function of all additives and maximum concentration of each family
shall be declared in product data sheets and certificates of compliance. 12

NOTE
phenol

4.4.4

Example of additives are DBPC = 2,6-di-tert-butyl-para-cresol (also known as BHT); DBP = 2,6-di-ter
Irganox®109, Irganox® 1010, Irgamet® 39, Irgamet ®303, methacrylate.

Furfural content

f-butyl-

Furanlic compounds, including 2-Furfural, are degradation products of kraft\insulating paper;

such
compH

compounds are not typically present in unused natural esters.-2=Fuffural-and—r{
bunds—shall-be-determined-inaccordance-with- 1lEC-61198- Furfufal Compounds sh

determined via an adapted procedure for ester after revision of IEC_61198.

Lo
4.5
4.5.1

NOTE

Performance

General

L This concerns the properties that are related\to the long-term behaviour of natural

insuldting-flaids liquids in service andfor their reaction to high electric stress and temper

or bo
Seatie

4.5.2
4.5.2.

[h. Acceptable operating temperatures~for transformers filled with natural estef
led suggested in IEC 60076-14.

Oxidation stability

1 General

Unuséd natural ester liquids.are recommended for application only in equipment that

open
of-th

o0 atmosphere because these-fluids liquids are prone to-rapid oxidation.-Oxidation-st

e fluids-can-be-assessed-with-modificationsto-the procedure-as-described-in-Met

blated
all be

ester
ature,
s are

is not

j%

P

O

Ot TP

of 1E(
IEC 6
Anne

TG o Cat o aggC oo U With— ot mcatrorTo to e pPp1roctOurc—as GT oGt Heain-hMet

b-61125:1992. Oxidation stability of natural esters shall be tested in accordancy

A. 13

2 Total acidity

1125 with a testduration of 48 h. The acceptable final limits are indicated in Table 2.

O =
o =

Total acidity is the sum of volatile and soluble acidity of natural esters subjected to the oxidation

stabili

3

ty test as specified in IEC 61125.

Irganox®109, Irganox® 1010, Irgamet® 39, Irgamet ®30 are the trade names of products supplied by BASF. This

information is given for the convenience of users of this document and does not constitute an endorsement by
IEC of the product named. Equivalent products may be used if they can be shown to lead to the same results.



New requirement for additive content is added including dyes for transparency.

Oxidation stability is transferred to the main text as it was previously only in Annex A.
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4.5.2.3 Viscosity

Viscosity of natural esters subjected to the oxidation stability test shall be measured at 40 °C
in accordance with ISO 3104 (reference method) or ASTM D7042.

4.5.2.4 Dielectric dissipation factor (DDF)

DDF measurements after the oxidation stability test provide a measure for dielectric losses
resulting from the water and soluble polar compounds formed in a dielectric liquid as a result
of oxidation. DDF shall be measured in accordance with IEC 60247-erEC-61620.

4.6 Health;safety-and-environmental{HSE)properties

NOTE Th

€
mpact E
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. . N - P;E P;I‘“ _

0]
D,
D

[V}
g
5
i
D
n
n
n
D
D
D

3

5

2

I
D
ingd
D
D
D
h
N

any
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4.6.1 Fire point and flash point

The shfe operation of electrical equipment requires an adequately high flash and fire points that
s shalll be measured in accordance with ISO 2592 (reference method) 'or ASTM D92 14.{Flashk

point{s-measured-according-to1S0-2719-

4.6.2 Polychlorinated biphenyls (PCBs)

Unuse¢d natural esters shall be free from PCBs.

The r¢ference test method that shall be used\or these materials is as specified in IEC 61619.

The fest method has been developed' for mineral oil. Using it for esters could r¢quire
modif|cation. 48

NOTE PCBs and related compounds can be present in unused natural esters only because of|cross-
contamjination.

NOTE § Acceptable limits ofitotal or individual PCBs are specified in national or local regulations. European
specifi¢ations are described_ih Directive 96/59/EC and UN guideline for the identification of PCBs and materials
containing PCBs.

4.6.3 Biodegradation

Natural ester insulating liquids exhibit lower environmental impact relative to most mineral
insulating liquids. Specific tests need to be undertaken to demonstrate ready biodegradability
of these liquids. Tests include OECD 301B, C or F. These tests are based on natural materials
(inoculum) and hence have a certain variability. Biodegradation tests are defined in IEC 61039.

4.6.4 Aquatic toxicity 16

Unused natural ester liquids are generally considered non-toxic to aquatic life in the case of
accidental release. Suppliers shall supply assays that define the product as non-toxic.


Open cup testing for flash points replaces closed cup since it is more reliable than closed cup.

IEC 61619 will be developed to be adapted for PCB in esters.

A more precise definition of toxicity involving aquatic environment is added. “Aquatic toxicity” replaces “toxicity”.
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National regulations dealing with the impact on the environment of the disposal of natural
esters, chemicals and sample containers mentioned in this document can apply. Every
precaution should be taken to prevent the release of natural esters into the environment. 17

5 Classification, identification, general delivery requirements, and sampling

5.1

Classification

Naturgl esters conforming to this document are classified in a single class:

— legs flammable natural ester dielectric liquids.

NOTE
g
liquids
5.2
a) N4

b) L

5.3

Samp

©
= c

hot covered by
Identification and general delivery requirements

tural esters are normally delivered in bulk, rail tank cars, tank containers, or pac
Lims or intermediate bulk containers (IBCs). These shall be clean and suitable fq
rpose in order to avoid any contamination.

uid drums and sample containers shall carry-atleast'the following markings:
supplier’s designation;

classification; and

liquid net weight.

ch natural ester delivery shall be accompanied by a document from the suU
ecifying-atleast:

supplier’s designation;
liquid classification; and

guality certificate.-Atthe-request-of-thepurchaserand-by-mutual-consent—the-sy

I " i . | ons.
Sampling

ing shall bescarried out in accordance with the procedure described in IEC 60475.

-these
ulating

ed in
r this

pplier



This chapter referring to national regulation is added for clarity.
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Table 2 — General specifications 18

Property Test method Limits

Physical

Appearance Clear, free from sediment and
suspended matter

Colour ISO 204%érTe'1:/e|n§?ggomethod), Max. 1.0

Viscosity at 100 °C 1SO 310:é;e&e§;§fzmeth0d) Max. 15 mm?2-s™"

Viscopity at 40 °C 6 sz\s(il'l\;/l 6;042"‘ thod) Max. 50 mm#-s™

Pour point 1ISO 3016 Max. -10 °C

Watelq content IEC 60814 Max. 200 mg-kg™'

Density at 20 °C '3%102;?755(@2@%9E;‘}%ng) Max. 1 000 kg

Electfical

Breakdown voltage IEC 60156-(2,5-mm-gap) Min. 35 kV @

Dissigation factor (tan ) 90 °C IEC 61620 Orr'nEe?hi%” (reference | yfoy) 0,05

Chenical

Solubje-Acidity IEC 62021-3 Max. 0,06 mg KOH g,

Corropive sulfur IEC 62535-0r-ASTM-D4275B Non corrosive

DBDS IEC 626971 Below detection limit

Total Fdditives

IEC 60666 or othersuitable methods

Max. weight fraction 5 %

Perfctmance —-Salient Required
IEC 61125:1992 b

properties after\oxidation stability te

st in accordance with-Method-¢-of

Total pcidity 104 of [EC 61125:4992 Max. 0,6 mg KOH go”'1

. ¥ R ISO 3104 (reference method) Max. 30 % increase over the inltial
Viscopity at 40 °C ASTM D7042 value
DDF (tan 8) at 90 °C IEC 60247 Max. 0,5
Health, safety and environment (HSE)

. . ISO 2592 (reference method) . o
Fire ppint ASTM D92 Min. 300 °C

. 1SO-2749 I1SO 2592 (reference . o
Flash|point method) ASTM D92 Min. 250 °C
US EPA, OECD 301 B, CorF

Biodegradation Readily biodegradable

US-EPA OPPTS 835.311

a

b

At delivery. Expect >70 kV after lab treating, for example degassing and drying

See Annex A for details of oxidation stability parameters.



When more that one measurement method is included in Table 2, the reference method is always indicated.
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A1

Annex A
(normative)

Summary of the test method for evaluating
oxidation stability of unused natural esters

Introductory remark General

Oxidation stability of natural esters is evaluated under accelerated ageing conditions similar to

those

described in IEC 6544251000

Aliqugts of the natural esters samples are maintained at 120 °C in the presence“of 4 solid

coppqgr catalyst, while a constant volume of air is bubbled through the samples_for 48 |

resist

formal

oxida

A.2

All te
oxida

The only modification is in the duration for accelerated ageing, which is set at 48 h.

A3

bnce to oxidation is estimated by measuring volatile acidity, solublenacidity,

ion are compared against the values obtained prior to accelerated oxidation.

Test conditions

5t conditions, i.e. the amount of natural esters, length and diameter of copper ca
ion temperature and oxidant (air) flow rate are the sanie*as described in IEC 61125;

Precision

. The
ludge

tion, viscosity and DDF. The values obtained for these parameters)\after accele¢rated

alyst,
1992,

Precigion values obtained during the round robin test (RRT) on commercially available gatural

esterg after 48 h oxidation are given in Table A.1. Relative reproducibility for each par
is based on results obtained from 11 parti¢ipating laboratories. The values reported in Tab
are in|general agreement with values.reported for mineral insulating oils in IEC 61125.

A.4

Dupligate determinations-carried out by one laboratory at the 95 % confidence level.

A.5

Dupliq

Relative repeatability.(7)

Relative teproducibility (R)

Table A.1 — Relative repeatability and relative reproducibility

ate determinations carried out by different laboratories at the 95 % confidence level.

meter
le A.1

obtained for different parameters during RRT

Parameter r R

% %

Viscosity at 40 °C 5 7,5
Total acidity 13 38
Sludge 22 57
DDF (tan 8) at 90 °C - 47
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AnnexB 19
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Annex B is deleted as the information has been replaced by IEC 63012.
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List of comments

The list of changes from the 2013 edition is added to clarify the advances in this standard.

Disposal advice for natural esters is moved to Subclause 4.6.4 Aquatic toxicity.

The scope has not changed but extra wording is added for increased clarity. “Fluid” is
replaced by “liquid” throughout since “fluid” may also describe gases which are not part of
this standard.

Annex B is removed and now replaced by IEC 63012 (2019) which was not published at

i
T

I

—

n

— 0 4

B

>

®

€ time of the 203 edition of thisStandard:

he normative references are updated to reflect the current standard status.
formation about IEC/ISO terminology is added in this edition of the standard.

able 1 is added to clarify these terms.

new note is added regarding stray gas generation which has been noted in natural
more recent years.

boling properties of the liquid. The measurement of viscosity are adapted to alig

EC 60296.

detailed description of the low temperature behaviour of natural ester is added.

he new edition of IEC 60156 now includes,*mention of increased rest time be
amples for higher viscosity liquids hence this advice is unnecessary in this standar

New requirement for additive content is, added including dyes for transparency.

xidation stability is transferred to.the main text as it was previously only in Annex A

pen cup testing for flash paeints replaces closed cup since it is more reliable than ¢
p.

EC 61619 will be developed to be adapted for PCB in esters.

more precise,definition of toxicity involving aquatic environment is added. “A
xicity” replaces-“toxicity”.

his chaptérreferring to national regulation is added for clarity.

hen-more that one measurement method is included in Table 2, the reference met
ways’indicated.

bsters

he relevance of K class added in to viscosity is highlighted-since it has an effect ¢n the

n with

ween

\.

losed

nuatic

hod is

A
B

nnex B is deleted as the information has been replaced by IEC 63012.

ibliography is updated to reflect the current literature.


https://iecnorm.com/api/?name=f2466099b04c5ded2e4a022f96ca9d36



https://iecnorm.com/api/?name=f2466099b04c5ded2e4a022f96ca9d36

IEC 62770:2024-10(en-fr)

IEC IEC 62770

®

Edition 2.0 2024-10

INTERNATIONAL
STANDARD

N S
INTERNATIONALE @

v
é’%
¢\
o

Fluids for electrotechnical applications — Unl.éi natural esters for transformers
and[imilar electrical equipment N

~N

Fluiges pour applications électrotechniques — Esters naturels neufs pour

transformateurs et matériels électr&q s analogues
R\4



https://iecnorm.com/api/?name=f2466099b04c5ded2e4a022f96ca9d36

-2- IEC 62770:2024 © IEC 2024

CONTENTS

O T T 1 I PP 4
LN I 2 1 1 L O 1 PN 6
1 ST e o] o 1Y OO PRPRN 7
2 NOIMAtIVE FEIEIENCES .. e e 7
3  Terms, definitions and abbreviated terms ... 8
3.1 Terms and definifioNS .. ..o 8
3.2 AbDbreviated termMS ... .. 9
4 roperties, their significance and test methods ... 9
4.1 GBNEIAl. .S b 9
4.2 Physical properties ... g e e 9
421 Appearance and COIOUN .......cc.iiiiii it e 9
42.2 VIS COSIEY ittt ....10
42.3 PouUr pOiNt....o e D S ....10
424 Water content ... O ....10
425 D BN Sy et T e ....10
4.3 Electrical properties ..o e 11
4.3.1 Breakdown VOIAgE .....couiii e R
4.3.2 Dielectric dissipation factor (DDF) ...t U
43.3 Relative permittivity (dielectric constamt)s.. ..o R
4.4 Chemical ProPerties ...iuiiiiic e e e U
4.4.1 ACTAILY e e e o1
4.4.2 Corrosive SUITUN ... 11
4.4.3 Additive CoNteNnt .. .o R
444 Furfural content ... ....12
4.5 Performance ... ... s .12
451 GBNEIAl e T ....12
4.5.2 Oxidation stability .......ccoooii i 12
4.4 Health, safety and.environmental (HSE) properties ..........ccocovvviiieiiiiiiiiinnennne. .12
46.1 Fire pointrand flash point ... ....12
4.6.2 Polychlorinated biphenyls (PCBS) .......cc.oiuiiiiiiiie e .12
46.3 Biodegradation ... ...13
4.6.4 AGUALIC TOXICITY L.ivniiniiii e ...13
5 (lassification, identification, general delivery requirements, and sampling................ ...13
5.1 ClasSIfICAtION ..t ...13
5. Iaertrcation ana general delivery requireimnernts ... 13
5.3 S T= 1021 11 o Yo T PPN 13

Annex A (normative) Summary of the test method for evaluating oxidation stability
Of UNUSEA NAtUFAl @STEIS ...uiiii et e s 15
A.1 LT a1 = PP 15
A.2 TeSt CONAITIONS .eieii e 15
A.3 P I S ON . e s 15
A.4 Relative repeatability (7)......ccciiuiiii 15
A.5 Relative reproducCibility (R) ......oeuoeuiii e 15

BB O G AP Y . e 16


https://iecnorm.com/api/?name=f2466099b04c5ded2e4a022f96ca9d36

IEC 62770:2024 © |IEC 2024 -3-

Table 1 — Abbreviated termMS .. ... e et 9
Table 2 — General specCifiCations ... ... 14
Table A.1 — Relative repeatability and relative reproducibility obtained for different

15

parameters during RRT ... et



https://iecnorm.com/api/?name=f2466099b04c5ded2e4a022f96ca9d36

-4 - IEC 62770:2024 © |IEC

INTERNATIONAL ELECTROTECHNICAL COMMISSION

FLUIDS FOR ELECTROTECHNICAL APPLICATIONS -
UNUSED NATURAL ESTERS FOR TRANSFORMERS
AND SIMILAR ELECTRICAL EQUIPMENT

FOREWORD

2024

1) Thsg
all
co-
in g
Pul
pre
ma
with
Sta

International Electrotechnical Commission (IEC) is a worldwide organization for standardization,eom
ational electrotechnical committees (IEC National Committees). The object of IEC is to promotesintern
bperation on all questions concerning standardization in the electrical and electronic fields. To jthis €
ddition to other activities, IEC publishes International Standards, Technical Specifications, Technical R
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bnt(s). IEC takes'no position concerning the evidence, validity or applicability of any claimed patent r
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IEC 6

D770 has been prepared by IEC technical committee 10: Fluids for electrotec

nical

applications. It is an International Standard.

This second edition cancels and replaces the first edition published in 2013. This edition

consti

tutes a technical revision.

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

a) Introduction of IEC 63012 which details other liquids not covered by this document.

IE

C 63012 was published in 2019 after the first edition of IEC 62770 (2013).

b) New Table 1 inserted which clarifies definitions.

c) Appearance and colour requirements now merged.


https://iecnorm.com/api/?name=f2466099b04c5ded2e4a022f96ca9d36

IEC 62770:2024 © |IEC 2024 -5-

d) Pour point: Introduction of the importance of LCSET with advice on cold temperature

be
e) Ad

haviour of natural esters.
ditives: new agreed wording inserted on the declaration of additives

f) Flash and fire points: now only determined by Cleveland Open Cup method, since the
Pensky-Martens closed cup method was identified as problematic with natural esters.

g) To

xicity: Aquatic toxicity now emphasized.

h) Annex B removed as it is no longer needed since the publication of IEC 63012.

The text of this International Standard is based on the following documents:
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e e
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INTRODUCTION

Because of their higher fire points and lower environmental impact relative to hydrocarbon
petroleum derived insulating mineral oil, the use of vegetable oils and other natural esters is on
the rise as insulating and heat transfer fluids in electrical devices such as transformers.

This document sets performance criteria for unused natural esters earmarked for electrical
applications. However, the use of natural esters is recommended only for equipment that is not
open to the atmosphere, for example sealed transformers and reactors because these liquids
are susceptible to oxidation.

This document does not purport to address all the safety problems associated with its.useg. It is
the rg¢sponsibility of the user of the document to establish appropriate health and gafety
practices and determine the applicability of regulatory limitations prior to use.

to pefsonal hygiene. Direct contact with eyes should be avoided. In eas€ of eye cantact,
irrigation with copious amounts of clean running water should be carried’aut and medical gdvice
sought.

UnusId natural esters which are the subject of this document should be handled with due regard

Perfofmance of some of the tests mentioned in this document-could lead to a hazardous
situatjon. Attention is drawn to the relevant document test method for guidance.
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FLUIDS FOR ELECTROTECHNICAL APPLICATIONS -
UNUSED NATURAL ESTERS FOR TRANSFORMERS
AND SIMILAR ELECTRICAL EQUIPMENT

1 Scope

This document describes specifications and test methods for unused natural esters in

suitaf

Natur
chem
liquid

Natur
cover

This d
esterg

NOTE
handbd

document the term "natural esters" applies to insulating liquids‘for transformer|
electrical equipment with suitable biodegradability and lowefi environmental in
natural esters are vegetable oils obtained from seeds, and: oils obtained from
le biological materials. These oils are comprised of triglycerides.

bl esters with additives are within the scope of this document. Because of their dif]
cal composition, natural esters differ from insulating“mineral oils and other insu
5 that have high fire points, such as synthetic esters or silicone fluids.

bl ester-derived insulating liquids with low \viscosity have been introduced but a
ed by this document. IEC 63012 covers these liquids.

ocument is applicable only to unusedwnatural esters. Reclaimed natural esters and n
blended with other insulating liquids are beyond the scope of this document.

The chemical nomenclature and scientific notations used in the document are in accordance with the
ok (Quantities, Units and Symbolsin Physical Chemistry).

2 Normative references

The fd

llowing documents are referred to in the text in such a way that some or all of their ¢

constitutes requirements of this document. For dated references, only the edition cited ag

For U
amen

IEC 6

ndated references, the latest edition of the referenced document (including
Iments)(applies.

D156;”Insulating liquids — Determination of the breakdown voltage at power frequg
ethod

units,
ne or

s and
hpact.
other

ferent
lating

e not

atural

IUPAC

bntent

plies.
any

ncy —

Test n

IEC 60247, Insulating liquids — Measurement of relative permittivity, dielectric dissipation factor
(tan d) and d.c. resistivity

IEC 60475, Method of sampling insulating liquids

IEC 60666, Detection and determination of specific additives in mineral insulating oils

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

IEC 61125, Insulating liquids — Test methods for oxidation stability — Test method for evaluating
the oxidation stability of insulating liquids in the delivered state
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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 dissipation factor by
measurement of the conductance and capacitance — Test method

IEC 62021-3, Insulating liquids — Determination of acidity — Part 3: Test methods for non-
mineral insulating oils

IEC 6R535, Insulating liquids — Test method for detection of potentially corrosivesstiphur in
used and unused insulating oil

IEC 6R697-1, Test methods for quantitative determination of corrosive suifur compounds in
unusdgd and used insulating liquids — Part 1: Test method for quantitative” determinatfon of
dibenkyldisulfide (DBDS)

ISO 2P49, Petroleum products — Determination of colour (ASTM scale)

ISO 2p92, Petroleum and related products — Determination 6f flash and fire points — Clevyeland
open pup method

ISO 3P16, Petroleum and related products from natural or synthetic sources — Determination of
pour point

ISO 3104, Petroleum products — Transparent.and opaque fluids — Determination of kingmatic
viscogity and calculation of dynamic viscosity

ISO 3p75, Crude petroleum and liquighpetroleum products — Laboratory determination of density
— Hydrometer method

ISO 1R185, Crude petroleum\and petroleum products — Determination of density — Oscillating
U-tube method

ASTM D1500, Standard Test Method for ASTM Color of Petroleum Products (ASTM |Color
Scale

ASTM D7042,-Standard Test Method for Dynamic Viscosity and Density of Liquids by Stabinger
Viscofneter (and the Calculation of Kinematic Viscosity)

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

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

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

e |EC Electropedia: available at https://www.electropedia.org/
e |SO Online browsing platform: available at https://www.iso.org/obp
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3.1.1

additives

chemical substances which are deliberately added to natural ester insulating liquids in order to
improve certain characteristics

3.1.2

natural esters

vegetable oils obtained from seeds and oils obtained from other suitable biological materials
and comprised of triglycerides

3.1.3
unus¢d natural esters
naturgl esters as delivered by the supplier

Note 1|to entry: Such a liquid has not been used in, nor been in contact with, electrical equipment of other
equipment not required for its manufacture, storage or transport.

3.2 Abbreviated terms

The apbreviated terms are given in Table 1.

Table 1 — Abbreviated terms

Abbreviated term Fulliterm
DBDS Dibenzyl disulphide
DDF Dielectric dissipatian factor
HSE Health, safety-and environment
IBC Intermediaté/bulk container
LCSET Lowest cold start energizing temperature
PCBs Polychlorinated biphenyls
RRT Round robin test

4 Properties, their significance and test methods

4.1 General

Required charagteristics of unused natural esters are listed in Table 2.

NOTE Additional information on natural esters for transformers and similar electrical equipment is available in
CIGRE|brochute 436 and IEEE C57.147-2018 TM,

NOTE zZ—tnmmaturatesteratormat operating temperatares, a SIgniicant 1ormdtion or stray gases suUch as drogen
and ethane is sometimes witnessed for a specific period (weeks to months) after the transformer is activated. Such
unexpected gas formation at low temperature can lead to confusion in the dissolved gas analyses interpretation.
Natural esters show a higher tendency towards stray gassing.

4.2 Physical properties
4.21 Appearance and colour

A visual inspection of unused natural esters (with light transmitted through a glass transparent
beaker of approximately 10 cm thickness at ambient temperature) will indicate the presence of
visible contaminants, free water and suspended matter.

The colour of an insulating liquid is determined in transmitted light, and is expressed by a
numerical value based on comparison with a series of colour standards. Colour shall be
measured following ISO 2049 (reference method) or ASTM D1500.
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4.2.2 Viscosity

Viscosity influences heat transfer and therefore affects temperature distribution in the
transformer and other equipment. The lower the viscosity, the easier the liquid circulates,
generally leading to better heat transfer. Viscosities at lower temperatures are a critical factor
for the cold start of transformers with K class liquid insulation with natural (not forced/pumped)
flow (the absence of circulation can lead to possible overheating at hot spots). It can have a
negative impact on the speed of moving parts, such as on-load tap changer mechanisms, pumps
and regulators. Due consideration should be given to viscosity at the lowest cold start
energizing temperature (LCSET). Viscosity at 40 °C and 100 °C shall be measured according
to ISO 3104 (referee method) or ASTM D7042

4.2.3 Pour point

The ppur point of liquids is the lowest temperature at which the liquid will flow. Thepoun point
shall be measured in accordance with ISO 3016.

Longgr dwell times (weeks or months) below 0 °C can lead to an increase-ofithe pour poipt, or,
alternptively, to an increase of viscosity of the liquid in comparison to the original state (the so-
called "cold-and-hold behaviour"). It depends on the individual smolecular structure¢ and
formulation and the time the liquid is exposed to the low temperature.While natural ester ljquids
show |pour points in the region of -15 °C to -31 °C, it has been(noticed that they can show a
tendepcy to precipitate ester crystals if held for extended periods,at temperatures slightly above
the pour point. These crystals will re-melt back into the bulk. ester liquid with no side dffects
once |[the mixture has been warmed up, but this can/take time. For references see the
bibliography.

Precajutions shall be taken if the electrical equipmént is to be left or stored at continuous|y low
tempgratures below 0 °C. The possible partial crystallization can result in an unforeseeable and
undetermined increase in viscosity, which can-adversely affect the mechanical, therma, and
dielegtric behaviour of the device immersed\in natural ester liquid.

An acknowledged method to measure, the effect of crystallization behaviour is not availdble at
presept. As a substitute, additional‘wiscosity measurement at low temperatures accordjng to
IEC 61868 is recommended, using'standing times of 24 h, 72 h and 168 h. The lowest cold start
energjzing temperature (LCSETY is the temperature which, after a defined holding time,|leads
to a vjscosity equal to or lower than the maximum admissible viscosity needed for the proper
functipn of the equipmenty'During the normal operation of the equipment, no crystals shall be
presept in the liquid.

Tap-changers: Atis common practice that, before energizing, the on-load tap-changer (if
presept) is operated to reach a position where the transformer can be energized wjithout
carryipg anabnormally large load. It can happen that the spring-operated diverter switch dannot
complete lits operation if the natural ester liquid is partially crystalized. Such situation shall be
avoid!&d in"any case.

4.2.4 Water content

Water content of natural esters affects their dielectric properties. Water content shall be
measured in accordance with IEC 60814.

NOTE 1 Due to the moderately polar nature of natural esters, water content at which free water will appear and
cause deterioration of electric strength is significantly higher in natural esters than that in mineral insulating oils.

NOTE 2 The terms “water” and “moisture” are the same in this document.
4.2.5 Density

Density of natural esters shall be measured in accordance with ISO 12185 (reference method),
but ISO 3675 or ASTM D7042 are also acceptable.
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4.3
4.3.1

Electrical properties

Breakdown voltage

Breakdown voltage of unused natural esters shall be measured in accordance with IEC 60156.

4.3.2

Dielectric dissipation factor (DDF)

DDF is a measure for dielectric losses caused by the liquid. High DDF can indicate
contamination of the liquid with moisture, particles, soluble polar contaminants, or poor refining
quality. DDF shall be measured in accordance with IEC 60247 at 90 °C.

By ag
such

4.3.3

Relati

applie
IEC 6

shall be used.

NOTE | A typical value is between 2,8 and 3,3.

4.4 |Chemical properties

4.41 Acidity

Unusgd natural esters should be near neutral; acidity shall be measured in accordanc
IEC 6R021-3.

NOTE | Natural esters can contain very low concentrations of free fatty acids; presence of free fatty acids ca
the aciglity of natural esters. This is reflected in the“values given in Table 2.

4.4.2 Corrosive sulfur

Corropive sulfur and potentialiy.corrosive compounds shall be detected by contacting ¢

with
COrros
detec

NOTE
given i
potenti

443

reement between parties, DDF can be measured at temperatures other than 90
cases the measurement temperature shall be stated in the report.

Relative permittivity (dielectric constant)

ve permittivity is the ratio of the amount of electrical energy stored in the liquid
d voltage, relative to that stored in a vacuum. It shall be measufed’'in accordanc
D247 or IEC 61620 at 90 °C. In case of dispute, IEC 60247 (reference method) at

nsulating liquid under~the standardized conditions specified in IEC 62535. K
ive sulfur compounds such as dibenzyl disulphide (DBDS) shall not be present abo
ion limit given in(IEC 62697-1.

Corrosive sulfur*compounds are not naturally present in vegetable oils or other natural esters. Th
h |IEC 6253%/¢ean verify that any additives used are non-corrosive and that cross-contamination
blly corrosive liquid has not occurred.

Additive content

"C. In

at an
e with
90 °C

e with

h affect

opper
nown
e the

e tests
with a

Additi

ves Incliude antioXiaants, metal deactivalors, pour point depressants, dyes, €

c. An

antioxidant additive slows down the oxidation of esters and, in turn, the formation of gels and
acidity. Detection and measurement of defined anti-oxidant additives shall be in accordance
with [EC 60666 or other suitable methods. Total concentration of additives shall be less than a

weigh

t fraction of 5 %.

The chemical family and function of all additives and maximum concentration of each family
shall be declared in product data sheets and certificates of compliance.
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NOTE Example of additives are DBPC = 2,6-di-tert-butyl-para-cresol (also known as BHT); DBP = 2,6-di-tert-butyl-
phenol, Irganox®109, Irganox® 1010, Irgamet® 39, Irgamet ®3O1, methacrylate.

4.4.4 Furfural content

Furanic compounds, including 2-Furfural, are degradation products of kraft insulating paper;
such compounds are not typically present in unused natural esters. Furfural compounds shall
be determined via an adapted procedure for ester after revision of IEC 61198.

4.5 Performance

4.51 General

This ¢oncerns the properties that are related to the long-term behaviour of natural|ester
insulating liquids in service or their reaction to high electric stress and temperature; or| both.
Acceptable operating temperatures for transformers filled with natural esters are suggested in
IEC 6D076-14.

4.5.2 Oxidation stability
4.5.2.( General

Unused natural ester liquids are recommended for application,'enly in equipment that |is not
open [o atmosphere because these liquids are prone to oxidation. Oxidation stability of njatural
esterq shall be tested in accordance with IEC 61125 with a test duration of 48 h. The acceptable
final limits are indicated in Table 2. See Annex A.

4.5.2.p Total acidity

Total facidity is the sum of volatile and soluble acidity of natural esters subjected to the oxi¢lation
stability test as specified in IEC 61125.

4.5.2.3 Viscosity

Viscosity of natural esters subjected-to the oxidation stability test shall be measured at 40 °C
in acgordance with 1ISO 3104 (reference method) or ASTM D7042.

4.5.2.4 Dielectric dissipation factor (DDF)

DDF measurements qafter the oxidation stability test provide a measure for dielectric Ipsses
resultng from the watér and soluble polar compounds formed in a dielectric liquid as a|result
of oxiflation. DDF shall be measured in accordance with IEC 60247.

4.6 |Health; safety and environmental (HSE) properties

4.6.1 Fire point and flash point

The safe operation of electrical equipment requires an adequately high flash and fire points that
shall be measured in accordance with 1ISO 2592 (reference method) or ASTM D92.

4.6.2 Polychlorinated biphenyls (PCBs)

Unused natural esters shall be free from PCBs.

The reference test method that shall be used for these materials is as specified in IEC 61619.

1 Irganox®109, Irganox® 1010, Irgamet® 39, Irgamet ®30 are the trade names of products supplied by BASF. This
information is given for the convenience of users of this document and does not constitute an endorsement by
IEC of the product named. Equivalent products may be used if they can be shown to lead to the same results.
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The test method has been developed for mineral oil. Using it for esters could require
modification.

NOTE 1 PCBs and related compounds can be present in unused natural esters only because of cross-
contamination.

NOTE 2 Acceptable limits of total or individual PCBs are specified in national or local regulations. European
specifications are described in Directive 96/59/EC and UN guideline for the identification of PCBs and materials
containing PCBs.

4.6.3 Biodegradation

Natural ester insulating liguids exhibit lower environmental impact relative to most mineral
insulating liquids. Specific tests need to be undertaken to demonstrate ready biodegradpbility
of thepe liquids. Tests include OECD 301B, C or F. These tests are based on natural‘maferials
(inocylum) and hence have a certain variability. Biodegradation tests are defined in 1EC §1039.

4.6.4 Aquatic toxicity

UnusId natural ester liquids are generally considered non-toxic to aquatic’ life in the case of
accidgntal release. Suppliers shall supply assays that define the product'as non-toxic.

Natiopal regulations dealing with the impact on the environmeéent of the disposal of njatural
esterd, chemicals and sample containers mentioned in this,/document can apply. [Every
precaption should be taken to prevent the release of naturalesters into the environment.

NOTE | Aquatic toxicity of natural esters can be assessed using test methods such as OECD 201-203.
5 Classification, identification, general delivery requirements, and sampling

5.1 |[Classification
Natural esters conforming to this document are classified in a single class:

— legs flammable natural ester dielectric liquids.

NOTE | Other ester insulating liquids hot covered by this document or IEC 61099 are covered by IEC 63012.

5.2 |ldentification and‘general delivery requirements

a) Natural esters are (normally delivered in bulk, rail tank cars, tank containers, or packed in
drbms or intermediate bulk containers (IBCs). These shall be clean and suitable fgr this
purpose in orderto avoid any contamination.

b) Liquid drums*and sample containers shall carry the following markings:

— | supplier’s designation;

— | classification; and

liquid net weight.

c) Each natural ester delivery shall be accompanied by a document from the supplier
specifying:

— supplier’s designation;
— liquid classification; and
— quality certificate.

5.3 Sampling

Sampling shall be carried out in accordance with the procedure described in IEC 60475.
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Table 2 — General specifications

Property Test method Limits
Physical
Appearance Clear, free from sediment and
PP suspended matter
Colour ISO 204iér${fr§?ggometh°d)' Max. 1,0
Viscosity at 100 °C ISO 310:é;e&e§;gf2meth°d) Max. 15 mm?2-s""!

1S0 3104 (reference-method)
7

Viscopity at 40 °C AS\TM D7042 Max. 50 mm<-s™'

Pour point ISO 3016 Max. —-10 °C

Watel content IEC 60814 Max. 200 mg-kg™
Density at 20 °C IS0, L2155 (reference memod) | Max. 1000 kgim*?
Electfical

Breakldown voltage IEC 60156 Min. 35 kV @

Dissigation factor (tan ) 90 °C IEC 61620 °rr'nEect;hi%§47 (reference | jav) 0,05

Chenical

Acidity IEC 62021-3 Max. 0,06 mg KOH goil'1
Corropive sulfur IEC 62535 Noncorrosive

DBDS IEC 62697 Below detection limit
Total pdditives IEC 60666 or othersuitable methods | Max. weight fraction 5 %

Performance — Required properties after oxidation stability test in accordance with IEC 61125 P

Total pcidity

IEC 61125

Max. 0,6 mg KOH g,

Viscopity at 40 °C

1ISO-3104 (reference method)

Max. 30 % increase over the injtial

ASTM D7042 value
DDF (tan 6) at 90 °C IEC 60247 Max. 0,5
Health, safety and environment.(HSE)
. . ISO 2592 (reference method) . o
Fire ppoint ASTM D92 Min. 300 °C
. ISO 2592 (reference method) . o
Flash|point ASTM D92 Min. 250 °C

Biodelgradation

US EPA, OECD 301 B, Cor F

Readily biodegradable

a At

delivery. Expect >70 kV after lab treating, for example degassing and drying.

b Sde Annex A for details of oxidation efnhilif\{/ parameters
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A1

Annex A
(normative)

Summary of the test method for evaluating
oxidation stability of unused natural esters

General

Oxidation stability of natural esters is evaluated under accelerated ageing conditions similar to

those

described in IEC 61125

Aliqug
coppe
resist

ts of the natural esters samples are maintained at 120 °C in the presenceof 4
r catalyst, while a constant volume of air is bubbled through the samples_for 48
bnce to oxidation is estimated by measuring volatile acidity, solublenacidity, s

solid
. The
ludge

formation, viscosity and DDF. The values obtained for these parameters,\afier accelg¢rated

oxidat

A.2

All te
oxidatf
only n

A3

Precis
esters
is bas
are in

A.4

Duplig

A.5

Duplidg

ion are compared against the values obtained prior to accelerated oxidation.

Test conditions

5t conditions, i.e. the amount of natural esters, length and diameter of copper ca
ion temperature and oxidant (air) flow rate are the same as described in IEC 61124
nodification is in the duration for accelerated ageing; which is set at 48 h.

Precision

ion values obtained during the round robin test (RRT) on commercially available n
after 48 h oxidation are given in Table A.1. Relative reproducibility for each para
ed on results obtained from 11 participating laboratories. The values reported in Tab
general agreement with values.réeported for mineral insulating oils in IEC 61125.

Relative repeatabiljty:(r)

ate determinations:-carried out by one laboratory at the 95 % confidence level.

Relative reproducibility (R)

Table A.1 — Relative repeatability and relative reproducibility

ate determinations carried out by different laboratories at the 95 % confidence levgl.

alyst,
b. The

atural
meter
e A.1

obtained for different parameters during RRT

Parameter r R

% %

Viscosity at 40 °C 5 7,5
Total acidity 13 38
Sludge 22 57
DDF (tan d) at 90 °C - 47
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AVANT-PROPOS

La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation~can
de |'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC a_pour o
faveriser la coopération internationale pour toutes les questions de normalisation dans le§ domai
I'élgctricité et de I'électronique. A cet effet, ''EC — entre autres activités — publie des Normes, internati
des| Spécifications techniques, des Rapports techniques, des Spécifications accessibles aufpublic (PAS
Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a des,comités d'étud
aux desquels tout Comité national intéressé par le sujet traité peut participer. Les organi
rnationales, gouvernementales et non gouvernementales, en liaison avec I'lEC4 participent égalemsg
aux. L'IEC collabore étroitement avec I'Organisation Internationale de Nofmalisation (ISO), sel
itions fixées par accord entre les deux organisations.

décisions ou accords officiels de I'lEC concernant les questions techniques‘représentent, dans la me
ible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux de I'lEC intd
représentés dans chaque comité d'études.

Publications de I'lEC se présentent sous la forme de recommandations internationales et sont g
me telles par les Comités nationaux de I'lEC. Tous les effafts raisonnables sont entrepris afin qu
sure de I'exactitude du contenu technique de ses publicatians;*I'lEC ne peut pas étre tenue respons
I'éventuelle mauvaise utilisation ou interprétation qui en est faite¥par un quelconque utilisateur final.

Danjs le but d'encourager I'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans t
mesgure possible, a appliquer de fagon transparente les ‘Rublications de I'lEC dans leurs publications nat
et fégionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications nationg
réglonales correspondantes doivent étre indiquéesxeén‘termes clairs dans ces dernieres.

L'IHC elle-méme ne fournit aucune attestation.de conformité. Des organismes de certification indép¢g
fournissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux marq
confformité de I'lEC. L'IEC n'est responsableid'aucun des services effectués par les organismes de certi
ind¢gpendants.

Toys les utilisateurs doivent s'assureriqu'ils sont en possession de la derniére édition de cette publicatio

Auqune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mand
y cpmpris ses experts particuliers’et les membres de ses comités d'études et des Comités nationaux d
pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre dommage de ¢
natlire que ce soit, directe.ewindirecte, ou pour supporter les colts (y compris les frais de justice) et les dé
ulant de la publication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication d
ou fu crédit qui lui est accordé.

L'aftention est atfiree sur les références normatives citées dans cette publication. L'utilisation de publi
réfdrencées esi\obligatoire pour une application correcte de la présente publication.

L'IHC attire l'attention sur le fait que la mise en application du présent document peut entrainer I'utilisati
ou fle plasieurs brevets. L'IEC ne prend pas position quant a la preuve, a la validité et a I'applicabilité
dro|t de brevet revendiqué a cet égard. A la date de publication du présent document, I'lEC n'avait p
notification qu'un ou plusieurs brevets pouvaient étre nécessaires a sa mise en application. Toutefois, il
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L'I[EC 62770 a été établie par le comité d'études 10 de I'lEC: Fluides pour applications
électrotechniques. Il s'agit d'une Norme internationale.

Cette deuxiéme édition annule et remplace la premiére édition parue en 2013. Cette édition
constitue une révision technique.
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Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) I'lEC 63012, qui décrit les autres liquides non couverts par le présent document, a été
introduite. L'IEC 63012 a été publiée en 2019, aprés la premiére édition de I'lEC 62770
(2013);

b) un

nouveau Tableau 1, qui clarifie les définitions, a été inséré;

c) les exigences relatives a I'apparence et la couleur sont désormais fusionnées;

d) point d'écoulement: I'importance de la TMDP a été introduite, avec des conseils relatifs au

co

g) to
h) I'A

mportement a basse température des esters naturels;

e ouvert, la méthode Pensky-Martens en vase clos ayant été identifiée c
bblématique avec les esters naturels;

icité: la toxicité aquatique est désormais soulignée;
nnexe B a été supprimée, dans la mesure ou elle n'est plus nécessaire dep

publication de I'EC 63012.
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INTRODUCTION

Du fait de leurs points de feu plus élevés et de leur impact moindre sur I'environnement par
rapport a I'huile minérale isolante obtenue a partir des hydrocarbures pétroliers, I'utilisation des
huiles végétales et d'autres esters naturels est en augmentation en tant que liquides isolants
et fluides caloporteurs dans les appareils électriques tels que les transformateurs.

Le présent document établit des critéres de performance pour les esters naturels neufs destinés
aux applications électriques. Cependant, l'utilisation des esters naturels est recommandée
uniquement pour les matériels sans contact avec l'air, par exemple les transformateurs et
réacteurs scellés, car ces liquides sont susceptibles de s'oxyder.

Le pri

gsent document ne prétend pas couvrir tous les problémes de sécurité dies

utilisation. Il est de la responsabilité de I'utilisateur du présent document de mettrelen pla
ues d'hygiéne et de sécurité adéquates et de déterminer avant utilisation §i des

pratiq
contrg

Il con
scrup
En ca
et de

Certa
situat
titre d

intes réglementaires s'appliquent.

ient de manipuler les esters naturels neufs dont traite le présent, dacument en resp
Ileusement I'hygiéne personnelle. Il convient d'éviter tout contact direct avec les

B son
ce les

pctant
yeux.

5 de contact oculaire, il convient de laver les yeux abondammeént a I'eau courante propre

demander un avis médical.

ns des essais mentionnés dans le présent document sont susceptibles d'entraingr une
on dangereuse. L'attention est attirée sur la méthode d'essai du document applicable a

e recommandation.
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1 D

FLUIDES POUR APPLICATIONS ELECTROTECHNIQUES -
ESTERS NATURELS NEUFS POUR TRANSFORMATEURS
ET MATERIELS ELECTRIQUES ANALOGUES

omaine d'application

Le présent document décrit les spécifications et méthodes d'essai applicables aux esters

natur
analo
I'estel
naturg
atmos

Dans
transf

convgnable et un impact moindre sur I'environnement. Ces esters_naturels sont des
bles obtenues a partir de graines et des huiles obtenues a“partir d'autres matgriaux

véget
biolog

Les e
En rai
minér
que l¢

Les li

été infroduits, mais ne sont pas couverts par le présent document. L'IEC 63012 couvr

liquid¢
Le pré
et les

d'app

NOTE
au mar

2 R

Lesd
de le

IS Neurs ddhns 1Ies rdnsrormateurs et malteriels electrigues lminerges dans dadu, |

phérique par une membrane ou tout autre systéme approprié.

le présent document, le terme "esters naturels" s'applique aux,liquides isolantg

iques appropriés. Ces huiles sont composées de triglycéfides.

sters naturels avec additifs entrent dans le domaine d*application du présent docul

bles isolantes et d'autres liquides isolants qui‘poSsedent des points de feu élevé
s esters synthétiques ou les fluides silicones;

bS.
esters naturels mélangés-a d'autres liquides isolants n'entrent pas dans le do
ication du présent document.

La nomenclature chimique et les notations scientifiques utilisées dans le présent document sont con
uel de I''UPAC (Grafdeurs, unités et symboles de la chimie physique).

éférences"normatives

bcuments suivants sont cités dans le texte de sorte qu'ils constituent, pour tout ou
ir .cantenu, des exigences du présent document. Pour les références datées,

quide

jues qui nécessitent un liquide en tant que milieu isolant et caloporteur. L'expgsition de
naturel a l'air entraine une détérioration du liquide isolant. L'utilisation~des e¢sters
Is est donc limitée a des unités scellées, ou avec le conservateur protégé-du contact

pour

brmateurs et matériels électriques analogues qui présentent ‘une biodégradabilité

huiles

ment.

son de leur composition chimique différente, les €sters naturels se distinguent des huiles

5, tels

juides isolants obtenus a partir d'esters™naturels qui présentent une faible viscosité ont

e ces

sent document ne s'applique qu'aux esters naturels neufs. Les esters naturels régénérés

maine

formes

partie
seule

I'éditign.citée s'applique. Pour les références non datées, la derniére édition du document de
référence s'applique (y compris les éventuels amendements).

IEC 60156, Isolants liquides — Détermination de la tension de claquage a fréquence industrielle

— Mét

hode d'essai

IEC 60247, Liquides isolants — Mesure de la permittivité relative, du facteur de dissipation
diélectrique (tan 0) et de la résistivité en courant continu

IEC 6

0475, Méthode d'échantillonnage des liquides isolants

IEC 60666, Détection et dosage d'additifs spécifiques présents dans les huiles minérales
isolantes
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IEC 60814, Isolants liquides — Cartons et papiers imprégnés d'huile — Détermination de la
teneur en eau par titrage coulométrique de Karl Fischer automatique

IEC 61125, Isolants liquides — Méthodes d'essai de la stabilité a I'oxydation — Méthode d'essai
pour évaluer la stabilité a I'oxydation des isolants liquides tels que livrés

IEC 61198, Huiles minérales isolantes — Méthodes pour la détermination du 2-furfural et ses
dérivés

IEC 61619, Isolants liquides — Contamination par les polychlorobiphényles (PCB) — Méthode
de détermination par chromatographie en phase gazeuse sur colonne capillaire

IEC 6
mesu

IEC 6
les hu

IEC 6
COrros

IEC 6
corroq
déterr

ISO 2

ISO 2
Cleve

ISO 3
du po

ISO 3
ViSCO4

ISO 3
volum

ISO 1
Métha

1620, Isolants liquides — Détermination du facteur de dissipation diélectrique
'e de la conductance et de la capacité — Méthode d'essai

P021-3, Liquides isolants — Détermination de l'acidité — Partie 3: Méthedes d'essa
iles non minérales isolantes

P535, Liquides isolants — Méthode d'essai pour la détection-'du soufre potentiell
if dans les huiles usagées et neuves

P6I7-1, Méthodes d'essai pour la détermination quahtitative des composés de

nination quantitative du disulfure de dibenzyle (DBDS)
P49, Produits pétroliers — Détermination de [a couleur (échelle ASTM)

692, Pétrole et produits connexes — Détermination des points d'éclair et de feu — Mé
and a vase ouvert

D16, Produits pétroliers et connexes d'origine naturelle ou synthétique — Détermi
nt d'écoulement

104, Produits pétroliers)— Liquides opaques et transparents — Détermination
ité cinématique et calcul de la viscosité dynamique

675, Pétrole brut et produits pétroliers liquides — Détermination en laboratoire de la 1
iqgue — Méthode a I'aréomeétre

185, Rétroles bruts et produits pétroliers — Détermination de la masse volumi
de dustube en U oscillant

bar la

i pour

bment

soufre

if dans les liquides isolants usagés et neufs — Partie 1. Méthode d'essai pour la

thode

hation

de la

nasse

Hue —

AST

D1o00, Standard lest Method ror ASTM Color or Fetroleum Froducts (ASTM

Scale)

Color

ASTM D7042, Standard Test Method for Dynamic Viscosity and Density of Liquids by Stabinger
Viscometer (and the Calculation of Kinematic Viscosity)
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