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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
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Surfaces or coatings which are extremely difficult to wet with water can be considered as
superhydrophobic. Based on the scientific literature, superhydrophobic surfaces and coatings show
contact angles of above 150° as well as contact angle hysteresis less than 10°. Superhydrophobicity
phenomena is seen in some natural species, e.g. lotus leaves. Another related term is “lotus effect”
which arises for droplets in the Cassie-Baxter wetting state.
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g superhydrophobi¢_Jsurfaces and coatings are normally subjected to different

pography (i.e. micro- and nano-sized asperities) combined with low suirface energy. This
erarchical) roughness would result in large water contact angle, low)contact angle hyste
h wetting stability against the Cassie-Baxter to Wenzel transition/In other words, a lar

bined with small contact angle hysteresis, nanoscale roughiness is needed[3l. In other wo
ot penetrate into nano-scale surface asperities which résults in small contact angle hys
absence of nano roughness, penetration of water intg, the micro-scale surface asperities
h contact angle hysteresis (see Annex A). Such surfages (surfaces with contact angles a
l contact angle hysteresis more than 10°) are called,“pseudo-superhydrophobic” surfacesl:
ated term for pseudo-superhydrophobic is “sticky superhydrophobic”, that arises due t
al effect for droplets being in the Wenzel state:

ter droplets easily bead up and roll-off on superhydrophobic surfaces and coatings and
off is the root cause of all the interesting properties of superhydrophobic surfaces and
ancing and receding angles are theparameters used to quantify the droplet mobility on sy
'h, measuring the advancing andreceding angles identifies if a coating/surface has superhy|
pperties. Also, measuring the advancing and receding angles before and after exp

perhydrophobic surfaces.and coatings.

yironmental conditions, for example, mechanical stress, ultra-violet (UV), visible and inf
bosure, exposure-to different liquids and thermal cycling. These conditions may lead t

be market,\there is currently no standard to assess the durability of superhydrophobi
1l coatings/ This document aims to specify performance assessment methods of superhy|
facessand coatings under different working/environmental conditions, where applicable
agreement between interested parties. The assessment criteria are comparison of advan

face to different workinggenvironmental conditions can be used to assess the perfor

Various methods have been utlllzed for the productlon of superhydrophoblc surfaces and coatings,

g, sol-gel,
faces and
hn include
rfaces are

industries.
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ble is already achievable with a microscale surface roughness-but for having a large conftact angle

rds, water
teresis. In
results in
bove 150°
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pration of the-performance of superhydrophobic surfaces and coatings. Unfortunately, despite the

c surfaces
drophobic
based on
ing angle,

re

pding :mglp and contact :mg]p hycfprncic ofthe cqmp]pc before and after hping cnhjpr‘fpd ta

the above-

mentioned working/environmental conditions. Further, this document facilitates the communication
between the interested parties. Also, this document supports UN sustainable development goals (SDGs)
8 and 12 which are “decent work and economic growth” and “responsible consumption and production”.
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superhydrophobic surfaces and coatings subjected to mechanical stress, solar radi
athering, liquids, and thermal cycling, where applicable, based on the agreement between

bancing and receding angles and the calculation of the contact angle hysteresis’before
above-mentioned working/environmental conditions. This document does-niot address
yironmental related issues of such coatings.

is document is applicable to any superhydrophobic surfaces and coatings (i.e. nanostrug
ich the measurement of the advancing and receding angles is possible.

Normative references

e following documents are referred to in the text in such a way that some or all of the

1y methods

ation and
nterested

rties. The performance assessment is carried out based on comparative measurements of the

and after
afety and

tured) on

ir content

copstitutes requirements of this document. For dated references, only the edition cited applies. For

unfated references, the latest edition of the referenced document (including any amendmentf) applies.
[SQ 2812-1, Paints and varnishes — Determination of resistance to liquids — Part 1: Immersion in liquids
other than water

ISQ 7784-3, Paints and varnishes — Determination of resistance to abrasion — Part 3: Mdqthod with
abtasive-paper covered wheel and linearly réciprocating test panel

ISQ 11997-3, Paints and varnishes - Determination of resistance to cyclic corrosion conditions|— Part 3:
Tegting of coating systems on materials and components in automotive construction

IS 16474-2, Paints and varnishes — Methods of exposure to laboratory light sources — Part 2:|Xenon-arc
lamps

ISQ 19403-6:2017, Paints and varnishes — Wettability — Part 6: Measurement of dynamic contqct angle
ISQ/TR 21555:2019, Paints and varnishes — Overview of test methods on hardness and wear refistance of
coqitings

3 | Terms and definitions

Forthie purposes of this document, the foltowing terms and def nitions appiy-

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

ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

31

ab

rasion

wear which is caused by removal of coating materials on a surface

[SOURCE: ISO/TR 21555:2019, 3.6]
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3.2

advancing angle

Oa

contact angle (3.3), which is measured during advancing of the three-phase point

Note 1 to entry: Generally, the advancing angle is used for the determination of the interface energy, in which
case, the measurement should be carried out close to the thermodynamic equilibrium. This is approximately
reached if there is no influence of, for example, the dosing speed on the contact angle.

Note 2 to entry: See Figure 1.

/—\ Q3 P27\ Q2| Q2

Key
0 advgncing angle

Figure 1 — Illustration of an advancing angle by needle application of a drop

[SOURCE:|ISO 19403-6:2017, 3.2, modified—Note 2 to entry has been added.]

3.3
contact apgle
6
angle to the base line within the drop, formed by means of a tangent on the drop contour through ong of
the three-{phase points

Note 1 to eptry: see Figure 2.

2 © IS0 2023 - All rights reserved
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Figure 2 — Illusgt%n of a contact angle in wetting equilibrium

fe 2 to entry: The contact ﬁe is preferably indicated in degrees (°). 1° =x /180. If the sy
rmodynamic equilibrium@ls contact angle is also referred to as thermodynamic equilibrium con

URCE: ISO 19403-\1"3?(9&, 3.1.9, modified — the title of Figure 2 has been slightly modified]

QD
htact angl%@steresm

fere '@etween advancing angle (3.2) and receding angle

[S(

I@E [SO 19403-6:2017, 3.4]

3.5
chemical homogeneity
chemically homogeneous composition of a surface to be examined

2023(E)

stem is in
act angle.

[Rali

Note 1 to entry: The definition regards a purely qualitative assessment of the surface. Regarding the measurement
of the contact angle (3.3), a surface is considered chemically and topologically sufficiently homogeneous if no
significant differences of the contact angles can be determined when measuring on several areas on the surface.
The significance limits can be specified by the user in accordance with standard laboratory methods.

[SOURCE: ISO 19403-1:2022, 3.1.1, modified — "locations" has been replaced with "areas" in Note 2 to
entry.]
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double stroke

ds

complete reciprocal movement made by the abrasive wheel

[SOURCE:
3.7

ISO 7784-3:2022, 3.2]

dynamic contact angle
contact angle (3.3), which is measured during advancing or receding of the three-phase point

Note 1 to ¢
the liquid ¢
or by movi

[SOURCE:

3.8
receding
91‘
contact an

Noteltoe

Key
0 recedi
r

rop to be measured, by relative movement (immersing and pulling out) of a solid body to an interfs
hg the drop over the interface (e.g. rolling off).

1SO 19403-6:2017, 3.1]
contact angle

gle (3.3), which is measured during receding of the three-phase paint

htry: See Figure 3.

-

hg angle

Figure’3 — Illustration of receding angle by needle extraction of a drop

ntry: The advancing or receding of the three-phase point can be achieved by changing the volumg

[SOURCE:

[S0,19403-6:2017, 3.3, modified — Note 1 to entry has been added.]

39

static contact angle
angle between a plane solid surface and the tangent drawn in the vertical plane at the interface between
the plane solid surface and the surface of a droplet of liquid resting on the surface

[SOURCE:
3.10

[SO 15989:2004, 3.4, modified — the symbol "6" has been deleted.]

superhydrophobic coating
coated surface for which the contact angle (3.3) with a water droplet exceeds 150° and contact angle

hysteresis

(3.4) is less than 10°

of
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3.11

superhydrophobic surface

surface made from hydrophobic material having nano-scale textures for which the contact angle (3.3)
with a water droplet exceeds 150° and the contact angle hysteresis (3.4) is less than 10°

3.12
topological homogeneity
uniformity of the macroscopic surface, including evenness and smoothness

Note 1 to entry: The definition regards a purely qualitative assessment of the surface. Regarding the measurement
of the contact angle (3.3), a surface is considered chemically and topologically sufficiently homogeneous if no
sighificant differences of the contact angles can be determined when measuring on several areas on-ghe surface.
The significance limits can be specified by the user in accordance with standard laboratory methods.

[SOURCE: ISO 19403-1:2017, 3.1.2]

3.13
wdar
irreversible change of a coating which is caused by the mechanical impactofinoved objects

[SOURCE: ISO/TR 21555: 2019, 3.2]

3.14
wgttability
degree of wetting

Nofe 1 to entry: Contact angle (3.3) 8 =0 indicates fully wetted'and 8 =180° indicates not wetted.

[SOURCE: 1SO 19403-1:2017, 3.3.2, modified — Note(} to entry has been added.]

4 | Characteristics and measurement methods

4.1 General

The contact angle of water on superhydrophobic surfaces and coatings is larger than 150° and contact
angle hysteresis is less than 10" Measuring the static contact angle on a superhydrophobif surface/
coqiting according to ISO 19403-2:2017, 7.2.2 is not possible (or at least it is challenging) ag the drop
adheres to the needle and-detaches from the surface during the procedure. As such, only dynamic
mdgthod (advancing and-receding angles) shall be used. In other words, the following characteristics
shall be measured /ealctulated and reported after each test: advancing angle, receding angle and contact
angle hysteresis<The superhydrophobic surfaces and coatings to be tested for this document shall be
rigid, planar, macroscopically homogeneous and macroscopically smooth, on which meaguring the
adyancing and receding angles (dynamic contact angles) in accordance with ISO 19403-6 is ppssible.

A ¢ommiercially available contact-angle meter, including a light source, optical system, specimen stage,
aufomatic liquid delivery system, and image processing algorithm is used according to ISO 19403-6.

4.2 Test piece

Cut out flat pieces of the substrate coated by superhydrophobic coating or substrate with
superhydrophobic surface. The cut pieces shall be proper representatives of the whole material used in
the real-world application. Caution shall be made not to contaminate the test piece with contaminants.
The shape and size of the test piece should allow the measurement of the advancing/receding angle
at minimum five different points, also allow performing the required tests mentioned in Clause 5 and
agreed by interested parties.

© IS0 2023 - All rights reserved 5
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-treatment of the test piece

Measurements and determination of contact angle is extremely surface sensitive, especially to any
contamination. The risk of measuring useless results is therefore immense. Store the test pieces when
they will not be used immediately. Storage depends on the superhydrophobic material and substrate;
storage specifications shall be agreed upon by the interested parties.

4.4 Contact angle measurement — Dynamic method

44.1 A

dvancing angle
(=] (=)

The advaj
the test li
should be
not be mo
chemical

value can

4.4.2 R

The reced
the test li
should be
be more t
measurin
for smalle)

icing angle shall be measured in accordance with ISO 19403-6. In this method, by~add
uids (i.e. water) to a drop on a surface, advancing angles are measured. The medsurem
carried out close to the equilibrium. The standard deviation for the advancing-angle sho
e than 5° In case the standard deviation is more than 5° for the dynamic method; the surf:
ind topological homogeneities shall be checked. In order to improve the reliability, the me
be calculated for smaller periods.

pceding angle

ing angle shall be measured in accordance with ISO 19403-6. In'this method, by subtract
uid (i.e. water) from a drop on a surface, receding angles are measured. The measurem
carried out close to the equilibrium. The standard deviatign/for the receding angle should
han 5° In case the standard deviation is more than 5° fer the dynamic method, the individ
b values shall be checked. In order to improve the reliability, the mean value can be calculaf
I periods.

4.4.3 Contact angle hysteresis

The diffen

4.5 We

ence between advancing angle and receding angle is the contact angle hysteresis.

[tability regions

The maximum water contact angle that.can be attained on smooth surfaces (with lowering the surf

free energ

y) is 120° for a surface covered with CF; groups, e.g. on Teflon. For heterogeneous surfa

as shown
angles of

by Cassie-Baxter relation; the apparent contact angle is the weighted average of the cont
atches. As the contactangle of water on air is 180°, by roughening the surface, contact ang

ng
bt
11d
hce
an

ng
bnt
not
hal
ed

hce
Ces
hct
les

can be larger than 120°. On—eugh or heterogeneous surfaces, the apparent contact angle is not unigue.
The appayent contact angle’changes between a minimum (receding angle) and a maximum (advanc
angle). From the wettability perspective, surfaces are categorized into: superhydrophobic, hydrophol
hydrophilic and superhydrophilic.

Adhesion [of drops*to substrates is linearly correlated to the contact angle hysteresis. The lower
contact anpglechysteresis, the lower the force required to shed (detach) a drop from its substrate. T
shedding fféroe is usually gravity and/or stream. Comparing two drops with equal volumes, the ¢

ng
hic,

he
he

ne

with larger contact angle has Targer area exposed to air. So, when the drops are exposed to free/forced
streams, to facilitate the shedding of drops, along with the low contact angle hysteresis, large contact
angle is important. As such, drops easily detach from superhydrophobic surfaces. In this document,
the following borders are suggested to better distinguish the superhydrophobics, hydrophobics,

hydrophil

ics and superhydrophilics. See Figure 4 and Table 1.
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Y
180
150 A
126
B
90
60
C
30
D
0
Key
X | receding angle (degree) \O B hydrophobic
Y | advancing angle (degree) . c\}‘ C  hydrophilic
A | superhydrophobic C)\\ D  superhydrophilic
Figure 4 — Superhydro@ﬁic, hydrophobic, hydrophilic and superhydrophilic wettpbility
O regions
O
Table logﬁrades of superhydrophobic (x5), hydrophobic (x2), hydrophilic and
Q‘ superhydrophilic wettability regions
O
Wet\@‘flity Advancing angle Receding angle Contact angle hystdresis
Superhydrophobic 0, >150° 6, >140° .. <10°
@e\rhydrophobic 11 6, >150° 6. >110° 10°<6,, <409
Superhydrophobic 111 150°>0, >120° 6. >80° 0, < 40°
Superhydrophobic IV 6, >120° 0. >30° 40°<0,,. <90°
Superhydrophobic V 0, >120° — 90°<0,,
Hydrophobic I 120°>6, >90° 6, >50° O, <40°
Hydrophobic II 120°>6, >90° — 40°<6,,
Hydrophilic 90°>6, >10° — —
Superhydrophilic 10°>6, — —

© IS0 2023 - All rights reserved
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Based on the above-mentioned discussion in this subclause, superhydrophobic grades IV and V (or
pseudo-superhydrophobics) are not always preferred to hydrophobic grade 1. For example, for the
applications that the shedding force is not a free/forced stream, smaller contact angle hysteresis is
preferred to larger contact angle (i.e. hydrophobic grade I is preferred to superhydrophobic grades IV
and V). For the application that the surface is exposed to air, a higher contact angle is more important,
so superhydrophobic grades IV and V are preferred to hydrophobic grade 1.

5 Proc

edure

5.1 General

Considering the fact that superhydrophobic surfaces and coatings are in practice subjected to-differ
environmpntal and working conditions, the performance assessment of superhydrophobic surfaces 3

coatings

contact a
include m
liquid att
working ¢

5.2 Me

In practic

by washing pads, sand or rain drops, which can lead to deterioration of the hierarchical structur

Therefore
superhydi

5.2.1 W

5.2.1.1

The purpd
and thung
drops are

during thfinderstorm is 2,5 cm/h, thefollowing setup can be used to simulate the rainfall and Tabl

can be us
real-life. H

surface té
main driv|

all be carried out and reported based on measuring the dynamic angles and ealculating
gle hysteresis before and after applying such working conditions. The wotking conditic
echanical stress (water impacting, and wear resistance), solar radiatien and weatheri
hcks, and thermal cycling (see Annex B). Depending on the application(s), the subject
ondition(s) to be applied shall be the matter of agreement between theinterested parties.

chanical stress methods

h] applications, superhydrophobic surfaces and coatings are unavoidably rubbed or scratch

assessing the mechanical durability and adhesion“'is essential to applicability of
ophobic surfaces and coatings.

ater impacting test

General

se of this test is to evaluate the resistance of superhydrophobic surfaces and coatings to r
erstorm. During heavy rain in a_thunderstorm, the maximum diameter and velocity of r
4 mm to 5 mm and 7 m/s to 9my/s, respectivelyl4l. Considering the precipitation of heavy r

bd to relate the duration of water impacting test to the duration of constant heavy rainfal
or such drops, the Weber number (We), a dimensionless number which compares inertia

nsion, is in the orde? of 103. So, the effect of surface tension is negligible, and inertia is
ing force on mjero/nano-textures.

bnt
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Key
h | spacing from pipe to the specimen
4 | pipe diameter
sample inclination angle
Figure 5 — Water impacting test setup
Table 2 — Duration of water impacting test relatéd to the real-life rainfall duration.
Velocity of water exiting the pipe Experimént duration equivalent to 1-year constant rain
m/s S
7 32
9 24,7
5.2.1.2 Preparation
Calculate the flowrate by weighing the water exiting the pipe and measuring the time. Calculate the

w4

ter exiting velocity by dividing the volume flowrate to the faucet surface area. Make sure

velocity is at least 7 m/s and-préferably less than 9 m/s. The spacing from pipe to the specin

no

5.2

Pl3
fal
md

F exceed 50 cm.

.1.3 Procedure

ce the sample-as shown in Figure 5 preferably put the sample at 45° (i.e. @ =45°) and ex
ing water stream hits the center of the specimen. Subsequent to the water impacting test,
asuring.the contact angle, the specimen shall be dried.

Be

forénand after each test, measure the advancing angle and the receding angle, and cal

the water
en should

amine the
ind before

rulate the

coptact angle hysteresis. The examination shall be performed as specified in 4.4.

5.2.1.4 Testreport

Th
a)
b)
‘)
d)
e)

e test report shall contain at least the following information:
specimen description;
velocity of water exiting the pipe, duration of the test and sample inclination angle;
a reference to this document (i.e. ISO/TS 10689:2023);
agreed sample preparation and conditioning requirements between interested parties;

the results of the test, as identified in 5.2.1.3;

© IS0 2023 - All rights reserved
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f) them

ethod used;

g) any deviation from the procedure;

h) any unusual features observed;

i) the date of the test.

5.2.2 Wear resistance tests

5.2.2.1

5.2.2.1.1

The purpgse of this test is to evaluate to what extent the superhydrophobic surfaces andccoatings

affected W
applying t
Then the
accordand
angle hys
reported.

5.2.2.1.2
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hbrasive paper is moved on the surface. The abrasion resistance test/shall be performed

e with ISO 7784-3. Then the possible alteration of advancing and regeding angles and cont
Leresis of the as-received sample and those subjected to abrasiém)Tesistance test shall

Preparation

B).
Procedure
it to the abrasion, the specimen shall be cleaned as per agreement between interes

.

baper can release chemicals, abrasive and dust on the surface. The surface shall not sh

br agreement between inferested parties, after the abrasion resistance test and before
gle measurement.

d after each double~stroke abrasion, measure the advancing angle and receding angle, 3
he contact anglé-hysteresis. The examination shall be performed as specified in 4.4.

er of iterations of the test should be agreed between the interested parties.

Test report
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by

he test load, a rigid abrasive paper is pressed on the superhydrophobic surfaces and coatinlgs.

in
hct
be

bee

ed
an

DW
he
he

nd

bport shall contain at least the following information:

a) allitems identified in ISO 7784-3:2022, Clause 10;

b) areference to this document (i.e. ISO/TS 10689:2023);

c) agree

d sample preparation and conditioning requirements between interested parties;

d) the results of the test, as identified in 5.2.2.1.3;

e) them

ethod used;

f) any deviation from the procedure;

g) any unusual features observed;
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h) the date of the test.
5.2.2.2 Falling-sand test

5.2.2.2.1 General

This test method covers the determination of the resistance of superhydrophobic surfaces and coatings
to abrasion produced by abrasive falling and dunes onto the surface. The test shall be performed in
accordance with ISO/TR 21555:2019, 5.5.

5.2.2.2.2 Preparation

Alilgn the apparatus until the inner concentrated core of the sand stream falls in the ¢enter of the flow
when viewed at two positions at 90° to each other.

5.2.2.2.3 Procedure

Popir a quantity of standard sand specified in ISO/TR 21555:2019, 5.5, into‘the funnel and expmine the
sapd stream falling from the lower end of the guide tube.

Before and after each test, measure the advancing angle and the receding angle, and calfulate the
co[tact angle hysteresis. The examination shall be performed ds specified in 4.4.

The superhydrophobic surface/coating shall not show ewidence of residue. To see if the cleaning
procedure was effective, the chemical and topological fiomogeneities can be checked. If the surface
is puspected of having foreign material embedded ,in“it, clean the surface per agreemen{ between
interested parties.

The number of iterations of the test should be agreed between the interested parties.

5.2.2.2.4 Testreport

The test report shall contain at least'the following information:

a) | all necessary details identified in ISO/TR 21555:2019, 5.4.1;

b) | areference to this document (i.e. ISO/TS 10689:2023);

c) | agreed sample preparation and conditioning requirements between interested parties;
d)| the results ofthe'test, as identified in 5.2.2.2.3;

e) | the method used;

f) | any.deviation from the procedure;

g) | @ny unusual features observed;

h) the date of the test.
5.2.2.3 Scrub test with brush

5.2.2.3.1 General

The ability of superhydrophobic surfaces and coatings to withstand wear caused by repeated cleaning
operations is an important consideration. This test is designed to evaluate the washability of painted
and coated surfaces. The test shall be performed in accordance with ISO/TR 21555:2019, 5.4.1. This
test method covers the determination of the resistance of superhydrophobic surfaces and coatings to
abrasion produced by wet abrasion onto the surface.
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5.2.2.3.2 Preparation

Adjust the stroke length of the wet-scrub tester apparatus to (300 * 10) mm and operate at
approximately 30 scrub cycles per minute. A counter for recording the number of scrub cycles shall be
provided. Hold the sample with the scrub pad holder and replace the abrasive pad for every test.

5.2.2.3.3 Procedure

The superhydrophobic surface/coating is subjected to a number of wet-scrub cycles in a scrub testing
machine. The number of iterations of the test should be agreed between the interested parties.

Before anld after each test, measure the advancing angle and the receding angle, and calculateythe
contact arjgle hysteresis. The examination shall be performed as specified in 4.4.

The superhydrophobic surface/coating shall not show evidence of residual. To see if-the’ clean|ng
procedurg¢ was effective, the chemical and topological homogeneities can be checked{clf'the surface
is suspected of having foreign material embedded in it, clean the surface per agreement betwgen
interested parties.

5.2.2.3.4 | Testreport

The test report shall contain at least the following information:

a) all nefessary details identified in ISO/TR 21555:2019, 5.4.1;

b) arefefence to this document (i.e. ISO/TS 10689:2023);

c) agreed sample preparation and conditioning requiremetits between interested parties;
d) the rgsults of the test, as identified in 5.2.2.3.3;

e) the method used;

f) any dgviation from the procedure;

g) any uhusual features observed;

h) the date of the test.
5.3 Determination of theresistance to solar radiation and weathering

5.3.1 General

Radiation| temperatureé and humidity contribute to the aging process of surfaces and coatings. The dim
of this tesft is to compare and assess the performance of superhydrophobic coatings/surfaces after the
exposure fo splarradiation and weathering. The test can be performed according to [SO 16474-2, where
methods are.described to expose coatings to xenon-arc radiation, to simulate the aging process, whjch
occurs whefmaterials-are-exposedin-theiractual-end-use-environments-to-sotarradiation-or-te-solar
radiation filtered through window glass. For outdoor conditions optical systems in accordance with
ISO 16474-2, method A shall be used to simulate solar radiation. For indoor conditions optical systems
in accordance with ISO 16474-2, method B shall be used to simulate solar radiation filtered by window
glass. Also, for the simulation of outdoor conditions, specimens may be exposed to moisture in the form
of water spray, condensation, or by immersion.

5.3.2 Specimen preparation and conditioning

The method used for test panel preparation shall be agreed upon by the interested parties. It should
preferably be closely related to the method normally used to process the material in typical applications.
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Attach the specimens to the specimen holders in the test chamber in such a manner that the specimens
are fixed, but not compressed.

Before testing, condition the test specimens for at least 16 h under standard conditions as specified in
IS0 3270, i.e. (23 £ 2) °C and (50 £ 5) % relative humidity.

5.3.3 Procedure

Test cycle, test duration, iteration, specimen conditioning and intermediate inspections shall be agreed
upon by the interested parties.

Oplerate the equipment to simulate outdoor conditions, for example, according to ISO 164}4-2 Cycle
1 (|black standard temperature control) or Cycle 4 (black panel temperature control)(and for indoor
conditions, for example, according to ISO 16474-2 Cycle 2 (black standard temperature ¢ontrdl) or Cycle
5 (pplack panel temperature control).

Expose the specimen to the agreed test cycle. If a test cycle with specimen wetting was use(d, the test
should be interrupted for inspection at the end of a dry phase. Before exandination, the specimen shall
be|conditioned in accordance with the agreed procedure and duration.

When removing the specimen for contact angle measurement, takeé)care not to touch the exposed
surface or alter it in any way. The advancing angle, receding angle-and contact angle hysteregis shall be
reported. The examination shall be performed as specified in 4/4.

The superhydrophobic surface shall not show evidence of residual. If the surface is suspected of having
forleign material embedded in it, dry and clean the surface.as agreed between the interested parties.

If after the examination the test needs to be contifiued, return the specimen to its holdgr with its
exposed surface oriented in the same direction as before and continue the exposure.

5.3.4 Testreport

The test report shall contain at least thelfollowing information:

a) | specimen description;

b) | description of exposure tést conducted in accordance with [SO 16474-2;
c) | the date of the exposure'test;

d) | areference to thisZldocument (i.e. ISO/TS 10689:2023);

e) | the agreed samiple preparation and conditioning requirements between interested parti¢s;
f) | the results of the test, as identified in 5.3.3;

g) | the method used;

h) any deviation from the prnrpdnrp;

i) any unusual features observed.
5.4 Determination of resistance to liquids

5.4.1 General

Superhydrophobic surfaces and coatings are exposed to rain which is sometimes acidic in industrial
areas, and detergents which are usually basic. Acidic, basic and ionic solutions may contribute to
the deterioration of the superhydrophobic surfaces and coatings. This test is devised to assess the
resistance of superhydrophobic surfaces and coatings to different liquids. The test shall be performed
in accordance with ISO 2812-1. ISO 2812-1 specifies general methods for determining the resistance of
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an individual-layer or multi-layer system of coating materials to the effect of liquids, other than water,
or paste-like products.

5.4.2 Preparation

Both sides of the sample should be superhydrophobic and the edges protected, otherwise, the reverse
side and edges should be protected with a sufficiently resistant coating agreed by interested parties.
The suggested liquids used for assessing the resistance of superhydrophobic surfaces are: acidic water
(3 mol/l1 of sulfuric acid), alkaline water (6 mol/] of sodium hydroxide) and ionic solution (mass fraction
of 3,5 % of sodium chloride) or any other liquid as agreed between interested parties.

5.4.3 Procedure

Superhydfophobic surface or surface with superhydrophobic coating is exposed to a test liquid |by
immersioh in the test liquid according to ISO 2812-1.

After the [test period has expired, unless specified and agreed between interested parties, wipe the
test piece|with a cloth. Then clean off any dried residue of test liquids under rufining water or with a
solvent thpt does not attack the surface and coating. To see if the cleaning procedure was effective, the
chemical 4nd topological homogeneities can be checked.

The effects of the exposures are assessed by measuring the contact angles. Before and after each
immersion followed by cleaning and drying, measure the advancing angle, receding angle, and calculate
the contag¢t angle hysteresis. The examination shall be performed<@s‘specified in 4.4. Evaluate only the
areas whifrh have been in direct contact with the test liquid.

The number of iterations and duration of the test should be agreed between the interested parties.

5.4.4 Testreport

a) all nefessary details identified in ISO 2812-1;

b) areference to this document (i.e. ISO/TS 10689:2023);

c) agreed sample preparation and conditioning requirements between interested parties;
d) the rdsults of the test, as identified in 5.4.3;

e) the method used;

f) any dgviation from theprocedure;

g) any uhusual featutesobserved;

h) the date of thetest.

55 Thefrmal cycling test

5.5.1 General

The thermal cycling test covers the determination of the resistance of superhydrophobic surfaces and
coatings during prolonged exposure in harsh climates. The suggested thermal cycling is described in
ISO 11997-3 daily cycle C (=15 °C to 50 °C, where each cycle is 24 h).

5.5.2 Procedure

Before and after each cycle, measure the advancing angle and the receding angle, and calculate the
contact angle hysteresis. The examination shall be performed as specified in 4.4.

The number cycles should be agreed between the interested parties.
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