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INTERNATIONAL ELECTROTECHNICAL COMMISSION

GUIDANCE ON THE MEASUREMENT OF WETTABILITY
OF INSULATOR SURFACES

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of the IEC is to

inter
this

entrusted to technical committees; any IEC National Committee interested in

p q ectronic
end and in addition to other activities, the IEC publishes International Standafds. Th i

promote
elds. To
ration is
vith may

parti¢ipate in this preparatory work. International, governmental and non- -gove liaising
with the IEC also participate in this preparation. The IEC collaborates closely Anization
for Ptandardization (ISO) in accordance with conditions determined by\agre the two
organmizations.

2) The [formal decisions or agreements of the IEC on technical matters express tible, an
interpational consensus of opinion on the relevant subjects since eg entation
from|all interested National Committees.

3) The fgocuments produced have the form of recommendations for inter t|o 3 Y the form
of standards, technical specifications, technical reports of gujde y accepted by the |National
Compnittees in that sense.

4) In order to promote international unification rnational
Stan q ds. Any
diver e clearly
indichted in the latter

5) The for any
equif

6) Attention is drawn to the pog P subject
of pd .

The main task of IEC te b excep-

tional pircumsta chnical

specifi¢ation whe

+ therequired ined for the publication of an International Standard,
degpite repea

+ the nical development or where, for any other reason, therg is the
futy ibility of an agreement on an International Standard.

Techni afe subject to review within three years of publication to |decide

whethe nsformed into International Standards

IEC 62073, which is a technical specification, has been prepared by IEC technical commmittee

36: Insttators:

The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
36/185/DTS 36/197A/RVC

Full information on the voting for the approval of this technical specification can be found in

the rep

ort on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this publication will remain unchanged until
2006. At this date, the publication will be

» transformed into an International standard;

* reconfirmed;

* withdrawn;

+ replaced by a revised edition, or

*+ amended.

@%
&
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INTRODUCTION

The wetting properties of a surface by water are commonly described by the terms hydrophobic
(or hydrophobicity) and hydrophilic (or hydrophilicity). A hydrophobic surface is water-repellent,
while a surface that is easily wetted by water is hydrophilic.

The wetting phenomenon of a surface is complex and many different parameters can influence
its apparent wettability. Some important parameters include: type of insulator material, surface
roughness, heterogeneities of the surface, chemical composition (e.g. due to ageing) and
presence of pollution. For some of the insulator materials in common use, the wetting
propertles can change over tlme due to the mfluence of the ambient conditions. Th|s change

can bere ttability
may b which
the ins or less
specifi

The dy i i i ibi i i i fo their~chemical
compositi Joi¥: lecular
weight water,
rotation growth,
deposmon of contaminants, adhe3|on and encapsul ion of\contaminant particles, may take
place 4 along
and ar S ioh, rain,
corona| discharges, deposited pollutio . Th ingulators
should[be performed on several separa

Measurement of the wettability of a $ i i i bn well
defineq, p ase of
insulators, for which non de Ve i [-out of
material samples is usua lesi Ji i nt with
high precision is a diffi ! § to be
performed on an insula voltage
test sef-up in thera 0
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GUIDANCE ON THE MEASUREMENT OF WETTABILITY
OF INSULATOR SURFACES

1 Scope and object

The methods described in this technical specification can be used for the measurement of the
wettability of the shed and housing material of composite insulators for overhead lines,
substations and equipment or ceramic insulators covered or not covered by a coating. The

obtaindd value represents the wettability at the time of the measurement.

The olject of this standard is to describe three methods that can be
wettability of insulators. The determination of the ability of water to wet t
may be useful to evaluate the condition of the surface of insulatars
the insylator testing in the laboratory.

2 Terms and definitions

For theg purposes of this document, the following

21

wettatlility

ability ¢f a surface to be wetted by a liqdid (e.g. w
2.2

hydrophobicity and hydroy

2.21

hydroq
low lev
and thu

hobicity

2.2.2

hydrogq
high leyé
and thy

ine the
ulators
part of

fension

tension
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2.3

surface tension

interface tension

region of finite thickness (usually less than 0,1 um) in which the composition and energy vary
continuously from one bulk phase to the other. The pressure (force field) in the interfacial zone
has a gradient perpendicular to the interfacial boundary. A net energy is required to create an
interface (surface) by transporting the matter from the bulk phase to the interfacial (surface)
zone. The reversible work required to create a unit interfacial (surface) area is the surface
tension and is defined thermodynamically as follows:

y=[99)

\ 04 )T’P,n
where
y is the surface (interfacial) tension or surface energy;
G is the Gibbs free energy of the total system;
A is the surface (interfacial) area;
T is the temperature;
P is the pressure;
n is the total number of moles of matter in the
The sufface tension ()) is usually expre
2.4
static ¢ontact angle
when & and a gas is in contact with bgth, the
forces ese forces are due to surface t¢nsions
acting v . Fyom Figure 1 it follows that:
where
6, s edge of the drop with the solid surface,
J(ct
VGs 1§
YsL i$ the.surface tepsion of the solid-liquid interface.
NOTE Thetabove equation (Young’s equation) is only valid for ideal and smooth surfaces.

Air
Liquid JGL
23

4 ysL J'GS>

Solid
IEC 1755/03

Figure 1 — Definition of the static contact angle

The right side of the above equation (the difference between the surface tensions of the gas-
solid and the solid-liquid interfaces) is defined as the surface tension of the solid surface. It is
not a fundamental property of the surface but depends on the interaction between the solid and
a particular environment.
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When the gas is air saturated with vapour of the liquid, yg will be the surface tension of the

liquid. If the contact angle is 0°, the liquid is said to just wet the surface of the solid, and in this
particular case (since cos 6; = 1), the surface tension of the solid will be equal to the surface

tension of the liquid.

25
advancing and receding contact angle

droplet on an inclined solid surface exhibits two different angles. The advancing contact angle
(6,) is the angle inside the water droplet between the solid surface and the droplet surface at

the lower part of the droplet on the inclined surface (see Figure 2).

The repeding contact angle (6,) of a droplet on an inclined surface is fhe aqggle ins

droplet| between the solid surface and the droplet surface at the dropl
the inclined surface). If the receding contact angle is zero, a completg
formed| as the drop moves along the solid inclined surface (see Figu

The gepheral physical relation between the advancing and reced
contac{ angle defined in 2.4 is: 6, < 6,< 6,

IEC 1756/03

2.6

wettabiility class

wcC

hydrophobicit

specifi le ysed'in the spray method (Method C)

NOTE $even

and WC/7 to the mest hydrgphilic surface.

3 Methods for measurement of wetting properties

Figure 2 — Defi ’ adva ng angle (6,) and the receding angle (6,

/1 to WC/7, have been defined. WC/1 corresponds to the most hydrophobi

ide the

part on
vater is

e static

surface

Three methods for wettability measurement, differing in accuracy, simplicity, size of measured

surface area and applicability, are described in this standard and are as follows:

a) the contact angle method;
b) the surface tension method;
c) the spray method.

Guidance relative to the specific use of the three methods is found in Annex A.
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4 Method A — Contact angle method

4.1 General

The contact angle method is a measurement that involves the evaluation of the contact angle
formed between the edge of a single droplet of water and the surface of a solid material. If
done on a horizontal surface, the advancing and receding contact angles can be measured by

adding

water to or withdrawing water from the droplet.

The contact angles depend strongly on the surface roughness and contact angles measured on
polluted surfaces may differ significantly from contact angles measured on smooth, clean and

planar

surfaces

4.2 Equipment

Differe
measu
on a fr
involve
image
and co

4.3 M
4.3.1 ¢
Generd

a) the
ady
b) it is
tes

apy
sur
unt
sod

c) the

tenpi

d) the
be
ma
shd

used: i ecommended volume. For rough surfaces, a larger droplet
y be needed. To limit a possible influence of the water droplet volume, the
uld be kept as’constant as possible when comparing different specimens;

e) the

measurement of the contact angles should be performed as soon as possible (

nt commercial equipment for measuring the contact afgle Simple
ements are made using a magnifying device with a gradua r) fixed
ame with a syringe for application of the droplet on the method
s magnifying the droplet using a light projector (be ting an
bf the droplet onto a graduated background. Some display
mputer for analysis of the measurements.
basurement procedure
Seneral recommendations
| recommendations include:
receding contact angle (6, : operties of an insulator more than the
ancing contact angle (6 § ' et angle (6, );
often necessary tq 3 0y from the insulator under investigation. The
specimen sglex g planar as possible and the size should allow|for the
lication .@ S s€parate surface areas adjacent to each other. The
face to be nve howd/not betouched and the specimen should be carefully stored

contain impurities affecting the water surface tension (e.g.

pl may
volume
volume

vithin a

minute) after the application of the droplet on the surface. This is especially important when
the ambient temperature is high and the relative humidity is low, which increases the rate of
evaporation of the droplet. If the measurement is performed in a chamber with saturated
water vapour, it eliminates the influence of evaporation.

NOTE Small droplet volumes have the advantage that the contact angle is less influenced by gravity. On the other
hand, for rough surfaces and other surfaces that could have high advancing contact angles and low receding
angles, a too small droplet volume makes the measurement of the dynamic contact angles very difficult. A small
droplet volume will also be more sensitive to evaporation, which could affect the measurement. The optimal droplet
volume may thus be dependent on type of surface and ambient temperature and humidity
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4.3.2 Static contact angle measurements

The measurement of the static contact angle (6,) can be performed by applying a water
droplet to the horizontal surface of a test specimen, using a pipette or a syringe with a scale.

4.3.3 Dynamic contact angle measurements

The measurement of the receding contact angle (6,) can be performed on a horizontal plane
by withdrawing water from the droplet by using a syringe with a scale (see Figure 3). 6, is the
angle at the moment when the liquid front recedes. Measurement of 6, should be performed on

both proj C = 3 3 plied on
adjace 1t areas on the test spemmen shaII be performed d, this
gives g total of six values.

If three dropI ts are applr

Air

Liquid
([ (Sqid

@:17 03

ancing.angle (6,) and the

Figure 3 — Measurement
receding angle (6,) by addi

It is recommended to keep the gapilla ipe > i i i during
the entjre measuremengt_in o i ati nd distortions of the droplet that otherwise
may affect the result.

There ¢xist othe ethods
are given in Annex
NOTE Prior to the measur S i A i er to the

droplet. | is theang

4.4 EV3

To obthin a_goed indication of the wettability of the whole insulator, several contacf angle
measu be performed on different areas along and around the insulator.|Low or
zero rgcéding angles on all measured areas indicate an easrly wetted msulator espegially if

ad (PN On—-the =X 1 ’mH nd—ad i
alSO tlﬂ au‘v'ancing anglco afre—1owW—or—Zefo—oh—thet UUIILICAIy, |||3|| |UuUu|||3 \ullu v .AnCIng)

angles indicate that the insulator is hydrophobic. Measurement on a single spot of the insulator
surface is only valid for that location and is not sufficient to draw conclusions on the wettability
of the whole insulator.

5 Method B - Surface tension method

5.1 General

The determination of the surface tension of an insulator surface is based on the phenomenon
that drops of a series of organic liquid mixtures, with gradually increasing surface tension, have
different ability to wet the insulator surface. Any trace of surface-active impurities in the liquid
reagents or on the surface may affect the results. It is, therefore, important that the surface to
be tested should not be touched or rubbed, that all equipment is clean and that reagent purity
is carefully controlled.
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This method is an extension of IEC 60674-21, which is used for the determination of the
surface tension of polyethylene and polypropylene films. In particular this method implies
the adoption of a larger number of liquids to cover a wider range of surface tension, which is
needed to perform measurements on both hydrophobic and hydrophilic insulators. There may
be restrictions in using this method on polluted insulator surfaces (see Annex A).

5.2 Safety precautions

The organic liquids used as reagents may affect health if not used properly. Formamide
(HCONH;) may cause skin irritation and is particularly dangerous in direct contact with eyes.
Ethylene-glycolmonoethyl-ether (CH;OCH,CH,OH) (or ethyl cellosolve) is a highly flammable
solvent. Both formamide and ethyl cellosolve are toxic. Adequate safety precautions should be
adoptefi, e.q. Y U W h when
handling these liquids and performing the measurements.

5.3 Equipment and reagents
5.3.1 Preparation of reagents
es. For

ures in
ed with

Tables|C.1, C.2 and C.3 of Annex C are used for the prep4
surfacg tension outside the range 30 mN/m to 56 mM/n
Tables|C.2 and C.3 of Annex C. Commercially avai

5.3.2 Equipment
Three different applicators are available to.apply t a S Lirface:

a) cotfon-tipped wooden applicators;
b) small soft paintbrushe i

c) commercially availakle 8 surface
tengion.

For applicators a@i

e two

« othe hrome-
sulfuric aid a

NOTE 1 h of the

different ! . y surface

of the ofganic material copsidered. Furthermore, the dye must be of such a chemical composition that if will not

measuragply affect\ffte wetting tension of the liquid mixtures.

NOTE 2| Itsisscecommended that the surface tension of the liquid mixture be checked weekly. Any surfacg tension
method ppplied in the laboratory is suitable. Although the shown liquid mixtures are relatively stable, exgosure to

. an o : i . FRTYO £z 0 ot L O
temperatures—above30—Cand—=aretative UMy M eXCesS 017U /6 Snotia e avotaea:

5.4 Measurement procedure

Wet the extreme tip of the cotton applicator (if cotton applicators are used) with one of the
reagent mixtures or remove the soft paintbrush fixed into the cap of the bottle with the reagent.
Use only a minimum amount of liquid as an excess of reagent may affect the result.

The same measurement procedure is then used with any of the three applicators.

1 |EC 60674-2:1988, Specification for plastic films for electrical purposes — Part 2: Methods of test.
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Spread the liquid lightly over an area of approximately 5 cm? (25 mm of diameter) of the
insulator surface at the selected location. Note the time required for the continuous liquid
coverage formed on the surface to break up into droplets. If the continuous liquid coverage
holds for more than 2 s, proceed to a higher surface tension mixture, but if the continuous
liquid coverage breaks into droplets in less than 2 s proceed to a lower surface tension
mixture. For each application of a new reagent mixture, a new adjacent surface should be
selected to avoid contamination from the previously applied reagent. If measurements on the
same surface area are desirable and possible without disturbance, the surface may be gently
cleaned with a dry cloth (without the use of any detergent) to remove the remaining reagent
previously applied. If cleaning is not performed, it is recommended to start with the lower
surface tension mixtures and progressively continue to higher surface tension mixtures to
minimize erroneous results due to contamination from the previously applied reagent mixture.
When B cotton applicator is used, a clean, new applicator shall be used time-tp avoid

contanfination of the solution. If the soft paintbrushes fixed into the caps|are used;th¢ brush
may bg cleaned in a small volume of the reagent before it is re-inserteq i e jent bottle
again.

Proceeld in the direction indicated above continually repeatmg ’ i steps until it is
possible to select the right mixture according to the evaluatio

5.5 Evyaluation

The miixture is considered as wetting the insua i i t as a
contindous coverage of the liquid for a hrifka g finuous
liquid ¢overage does not indicate I4 . eaki i ithin 2 s
indicates lack of wetting. Severe periph S z quid is
placed upon the surface. The surface -- S i i i , i emains
intact ¢ insulator
surface.

6 Method C — The s

6.1 General Q

The sq étting response that an insulator surface givegs after
exposyre to a fihe wate i hort period. The wettability after the mist expojsure is
evaluafed.

6.2 Equ

The eduipmen a device that can produce a fine mist, such as a common spray
bottle. [The spra ott e is filled with water. The water shall not contain any impurities| which
could influence the sUrface tension of the water, such as detergents, solvents, etc.

NOTE 1 —Additional equipment which may facilitate the measurement include a magnification glass (for an easier
judgement of droplet shape) and a lamp.

NOTE 2 Tap water of high quality does usually not contain impurities that significantly influence the surface
tension of the water. Tap water of high quality could thus be used for the measurement. If there are any
uncertainties about the water quality, de-ionized water or distilled water should be used.

6.3 Measurement procedure

The test area should preferably be approximately 50 cm? to 100 cm?®. The ratio between the
length and width of the test area should not be larger than 1:3. If this requirement cannot be
met, this should be noted in the measurement report. Apply the mist from a distance of 25 cm
10 cm. The surface shall be exposed to the mist for a period of 20 s to 30 s. Typically, the
amount of water sprayed during the 20 s to 30 s should be within 10 ml to 30 ml. The
measurements of the wettability shall be performed within 10 s after the spraying has been
completed.


https://iecnorm.com/api/?name=84b7e3faa946b1f501fac6d32c884174

—14 - TS 62073 O IEC:2003(E)

The measurement should be performed in such a way that a clear picture of the variation of the
wettability along and around the insulator is obtained.

NOTE 1 For long insulators only some selected sheds from the upper, middle and lower part of the insulator may
be examined.

NOTE 2 The measurement might be difficult to perform in high winds. If such difficulties are present it may be
necessary to perform the spraying from a shorter distance than 25 cm + 10 cm. This should be noted in the
measurement report, together with any other possible deviations from given recommendations, e.g. smaller
test area.

6.4 Evaluation

The appearance on the insulator surface after mist exposure has to be identified with one of
the seyer—wettabitity(hydrophot ieity—etasses A e—between Aeh 7. The
criteria WCs a
WCs afe shown in Annex D.

A surfgce with the WC value 1 is the most hydrophobic surfac
value 7] is the most hydrophilic surface.

Two visual criteria are used to judge the WC value:

a) thelshape of droplets;
b) the|percentage part of the surface which is w

NOTE The uncertainty in the visual evaluatiop/s™suall

Table 1 — Criteria for the dete

wcC

3 ONly diserete droplets are formed. The major part of the surface is
covexed by droplets with an irregular shape.
< \ This corresponds to 20° < g, < 50° for the majority of droplets.
\4 \Bo/th discrete droplets and wetted traces from the water runnels or

water film are observed (i.e. g = 0° for some of the droplets).

Less than 10 % of the observed area is covered by water runnels or
film.

5 Both discrete droplets and wetted traces from the water runnels or
water film are observed (i.e. 9, = 0° for some of the droplets).

More than 10 % but less than 90 % of the observed area is covered by
water runnels or film.

6 More than 90 % but less than 100 % of the observed area is covered
by water runnels or film (i.e. small non-wetted areas/spots/traces are
still observed).

7 Continuous water film is formed over the whole-observed area.
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7 Documentation

The measurement report should include the following information:

a) General information
1) location, station, line or laboratory conditions;
2) method used (A, B or C);
3) date and time of the measurement and sample collection date and droplet volume for

method A;
4) weatherceondittons{temperatore—wind—precipitation):
5) \who performed the test.
b) Test object
6) [type of insulator or apparatus;
7) linsulator material and shed profile;
8) [identity (item No., position in substation or tower No,

9) |voltage class, arcing distance, creepage distance

ent positions should be documented,
ace within each shed sequende (top,
ifferences (if any) around the irsulator

e.g.
bo)
cir
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consid¢rations relevant to each method are outlined below:
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Annex A
(normative)

Guidelines regarding the applicability and comments

on the limitations of the different methods described
in this technical specification

General

thod A : Contact angle measurement

required.
thod B : Surface

required.
thod-C : Spray method

pciated

sufted for

hod A.
Some

of filler,

face is

spatial
nt,

llution,
nd the

face is

gives a giobal assessment of the wettabfiity of the Insutator surface and 1t v
along and around the insulator,

is easy to perform and requires simple equipment,
depends on subjective visual examination of the surface,
can be used to evaluate bare and polluted surfaces, and

riation

may be affected by an interaction between certain types of surface pollution and the
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A.2 Typical results obtained with the three methods

Typical results obtained with the three methods are as follows:

a) Hydrophobic surface (not wettable)
O high value of receding contact angle (> 80°),
O low value of surface tension (< 30 mN/m),
O low WC value (WC =1 or WC = 2).

b) Intermediate surface (semi-wettable)

O [fintermediate value of receding contact angle (10° to 80°),
O [intermediate value of surface tension (30 mN/m to 60 mN/m),
O [|intermediate WC value (WC= 3 to WC = 5).
c) Hydrophilic surface (wettable)
O [low value of receding contact angle (< 10°),
O |high value of surface tension (> 60 mN/m),

0 |high WC value (WC = 6 or WC = 7). %
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