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Foreword

[SO (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 electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1.In partlcular the different approval criteria needed for the dlfferent types
of ISO documen A les of the
ISO/IEC Directives, Part 2 (see WWW.is0. org/dlrectlves)

[SO draws$ attention to the possibility that the implementation of this document may involve‘the[use of (a)
patent(s).[ ISO takes no position concerning the evidence, validity or applicability of any claimed patent
rights in fespect thereof. As of the date of publication of this document, ISO had not.received ndtice of (a)
patent(s) which may be required to implement this document. However, implementers are cautioned that
this may not represent the latest information, which may be obtained from the patent database ayailable at
www.iso.prg/patents. ISO shall not be held responsible for identifying any or alljsuch patent rightg.

Any trad¢ name used in this document is information given for the convenience of users and| does not
constitut¢ an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and e
related tp conformity assessment, as well as information about ISO's adherence to the Wo
Organization (WTO) principles in the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

This doc@iment was prepared by Technical Committee<1SO/TC 35, Paints and varnishes, Subcommittee
SC 9, Gerleral test methods for paints and varnishes, in: collaboration with the European Comipittee for
Standardjzation (CEN) Technical Committee CEN/T€ 139, Paints and varnishes, in accordance| with the
Agreemel[‘t on technical cooperation between ISO-and CEN (Vienna Agreement).

This secopd edition cancels and replaces the-first edition (ISO 19403-6:2017), which has been t¢chnically

revised.
The main|changes are as follows:

— the part title has been changéd,to: Measurement of dynamic advancing and receding angle by|changing
the vplume of a drop;

— thetdrm 3.2 “advancingangle” has beenreplaced by “dynamicadvancing contact angle” and the definition
has been reworded;

— the tgrm 3.3 “receding angle” has been replaced by “dynamic receding contact angle” and the definition
has been reworded;

— normfative references have been updated.

Alist of all parts in the ISO 19403 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Dynamic contact angles describe the processes on the interface liquid or solid during volume increase
(dynamic advancing contact angle) or volume decrease (dynamic receding contact angle) of a drop. As an
alternative to the static method (see ISO 19403-2), the dynamic advancing or dynamic receding methods
measure the contact angle while the three-phase contact line is moving. The contact angle for the dynamic
advancing contact angle is measured while wetting a previously unwetted surface. For the dynamic receding
contact angle, the contact angle is observed during dewetting. By determining the difference between the
dynamic advancing contact angle and the receding contact angle, information on chemical homogeneity and
roughness can be concluded. The dynamic receding contact angle is not recommended for the determination
of the surface energy.

© IS0 2024 - All rights reserved
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Paints and varnishes — Wettability —

Part 6:
Measurement of dynamic advancing and receding angle by
changing the volume of a drop

1 Scope

This docyment specifies a method to measure the dynamic contact angle with an_ optical method. The
dynamic §dvancing and the dynamic receding contact angles are determined.

By using|the measurement specified in this document, the wetting and dewetting propertig¢s can be
characterfized. The morphological and chemical homogeneity of interfaces can‘also be determined

2 Normative references

The folloying documents are referred to in the text in such a way that'some or all of their content cpnstitutes
requiremgnts of this document. For dated references, only the edition cited applies. For undated rgferences,
the latest|edition of the referenced document (including any aniendments) applies.

ISO 4618,|Paints and varnishes — Vocabulary
[SO 15528, Paints, varnishes and raw materials for paints and varnishes — Sampling
[SO 19403-1:2022, Paints and varnishes — Wettability — Part 1: Vocabulary and general principles

ISO 19408-2:2024, Paints and varnishes —-Wettability — Part 2: Determination of the surface free|energy of
solid surfqces by measuring the contact angle

3 Terms and definitions

For the gurposes of this decument, the terms and definitions given in ISO 4618, ISO 19403-] and the
followingl|apply.

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

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

— |IEC E]ectropedia: available at https://www.electropedia.org/

31
dynamic contact angle
contact angle, which is measured during advancing or receding of the three-phase point

Note 1 to entry: For the definition of “contact angle”, see ISO 19403-1:2022, 3.1.9.

Note 2 to entry: The advancing or receding of the three-phase point can be achieved by changing the volume of the
liquid drop to be measured, by relative movement (immersing and pulling out) of a solid body to an interface, or by
moving the drop over the interface (e.g. rolling off). This document only describes the determination of the dynamic
contact angle by changing the volume of a drop.

© IS0 2024 - All rights reserved
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3.2

dynamic advancing contact angle

dynamic advancing angle

0

cca)ntact angle measured at the three-phase line during advancing the liquid phase

Note 1 to entry: The values depend on the method.

3.3

dynamic receding contact angle
dynamic receding angle

0

r
contact a gln measured atthe fhrnp-ph:\cp line r‘lnring rnr‘pr‘]ing the ]ir}nid phacp

Note 1 to gntry: The values depend on the method.

3.4
contact ajngle hysteresis
0

ar

differenc¢ between the dynamic advancing contact angle (3.2) and the dynamic receding contact angle (3.3)

4 Principle

A drop off the respective test liquids is dosed onto the flat surface 6f a test specimen. The volume of the

respective drop is continuously increased (dynamic advancing~eontact angle) or decreased
receding fontact angle). The procedure is repeated with at least.two drops. The contact angle is
determingd by means of the polynomial method, synchronouslywith the dosing. If the polar and
fraction df the surface free energy is determined accordingdo ISO 19403-2, the dynamic advanci

angle shall be used.

5 Apparatus and materials

Ordinary [laboratory apparatus, together with-the following shall be used.

(dynamic
referably
}ispersive
g contact

© IS0 2024 - All rights reserved
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5.1 Contact angle measuring system, i.e. any state-of-the-art contact angle measuring device. It is
preferred to use systems with digital image capture and analysis for measuring the contact angle. Figure 1
shows a schematic example of a contact angle measuring system.

6
(7 : N
/
5 /
e
=
Key
1  light Jource
2 specimen holder
3 systern with microlitre syringe for continuous dosing
4  opticdl system
5 screen
6  needlg positioned in the drop
NOTE The device used can differ from the schematic'diagram regarding light path and the arrangement of the components.
Figure 1 — Schematic diagram of a contact angle measuring system
The imagp capturing system should pe oriented in a way that the optimal image resolution ratip (ratio of
width and height) can be used.
5.2 Doging unit, which.ihakes it possible to continuously change the drop volume on the surfpce in the
range of rhicrolitres.
NOTE Typical dosing rates for test liquids for the determination of the surface energy are in the range of{10 pl/min.

measured in the saturated vapour phase

6 Sampling

Take a representative specimen of the solid substrate to be tested as specified in ISO 15528. The specimens
shall not be contaminated before measuring.

Preferably, the sample should have a minimum size of 4 cm x 4 cm and be as flat as possible.

For advice on sampling and sample preparation, see Annex A.

© IS0 2024 - All rights reserved
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7 Procedure

7.1 General for measuring on the horizontal drop

7.1.1 Setting up the contact angle measuring system

Choose the location of the contact angle measuring system so that it is not exposed to:

— vibrations,

— intense air flows (e.g. caused by air conditioning), and

— inten
Align the

Tilt the cd
accuratel

712 T

Carry out
test medi

713 C

If not oth
(50+5)9

NOTE
at50 % re

714 C

Condition
immediat]

7.2 Me

721 G

Place a p
specimen
is horizon

Fill the dg

€ EXpPOSUTE L0 iGNt [TOm OUtsSIide (€.8. windows, Dright ightingJ-
contact angle measuring system horizontally.

mera back to front (maximum 4°) to be able to see the reflection and detect théthree-p
.

bst conditions

the test at (23 % 2) °C and a relative humidity of (50 £ 5) % (see 1SO 3270) and make su
h have this temperature.

pnditioning of the test panels

hase line,

re that all

brwise agreed, condition the test panels at a temperature of (23 * 2) °C and a relative h\Lmidity of

b for a minimum of 16 h prior to testing. Carry out the test immediately after conditioning.

Other conditioning parameters can be necessary ifithe surface of the test sample changes its che
ative humidity.

pnditioning of the test liquids

the liquids in a closed containerata temperature of (23 * 2) °C prior to testing. Carry oy
ely after conditioning.

asurement

eneral

Feferably flat test specimen of the surface to be measured on the specimen holder. A
holder so that the surface of the test specimen is located in the lower half of the image 4
tally aligned.

sing system with the chosen liquid. Pay attention to fill without contamination or bubblg

mraca ranrasantationthat ic cufficiaont ragarding ]r\vﬂn-]nfnaoo and contract (Faleinag inta o

mical state

1t the test

\djust the
nd that it

S.

Adjust an
specificati

NOTE

T S T O P T e oI tO tIOTT tIHT t 1O OO I I TCICIIC T C o U T Ot o o T TS5 T eI e oo COTT el oot COHIs it S TIrcoT™c

ions given by the manufacturer).

count the

It can be reasonable to test the modes of operation of the optical components by means of two-dimensional
images of drops.

Bring the needle into focus. Adjust the zoom of the contact angle measuring device so that the maximum
width of the contour of the drop is imaged entirely at maximum expansion.

© IS0 2024 - All rights reserved
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7.2.2 Measuring method

Choose the distance between the dosing needle and the surface so that the influence on the expected contour
of the drop is as slight as possible.

NOTE1 Asinitial guidance for the distance between the needle and the surface of the test specimen, the one-and-a-
half-times diameter of the needle can be used.

Especially for low contact angles, minimize the pull-up of liquid on the needle, if necessary, by using a needle
of poorly wettable material.

For very low-energy surfaces and superhydrophobic surfaces, pull-up of liquid can be challenging, even
when the needle is of poorly wettable material. For such cases, it is common practice to make a hole in the
surface afid inject the drop from underneath.

Choose a|dosing speed which is as slow as possible so that the contact angle of the drop jstas’clpse to the
thermodynamic equilibrium contact angle as possible.

Typical dpsing speeds for the determination of the surface energy are in the range’ef’10 ul/min. For test
liquids with higher viscosity than the test liquids given in ISO 19403-2:2024, Table-the dosing speeds shall
be reducedd. This especially applies for glycerol.

NOTE 2 |Itis common practice to start measuring only after a dosing of 3 pl minjmtal volume.

NOTE 3 [Due to the limited image section and the limited precision, it can be difficult to measure dynamicladvancing
contact angles below 10° by means of the dynamic method.

Align the paseline so that it runs through the three-phase points-ofthe drop.

NOTE 4 |A top-view angle of the camera to the horizontal can be adjusted to help find the three-phase points. The
top-view angle causes an image error of the drop projection. This\can have an influence on the measuring r¢sult of the
contact angle and can be corrected.

Start megdsuring the contact angle immediately after dosing the minimal volume. Record the rheasuring
values as ffunction of time.

7.2.3 Deetermination of the contact angle

Preferably, determine the dynamic advancing and dynamic receding contact angle. Select the fittirjg method
according to the device manufacturérs instructions in order to exclude the influence of the cannulaon the fit.

Measure fon a minimum of three different measuring points on the test specimen to obtain [sufficient
informatipn in regard to thethomogeneity of a test specimen. Previously wetted positions shall ngt be used.
Arguablereadings which ean be caused by dust, contaminations, etc. shall not be included in the cplculation
of the mefin value. Disearded, possibly contaminated test liquid shall not be reused.

Repeat the measufing with at least one more liquid, which was selected in accordance with tHe criteria
given in 53.

8 Evaluation

Present the measured contact angles as a function of time. Determine the dynamic advancing and dynamic
receding contact angle from these data (see Figure 2 and Figure 3). A dynamic advancing and dynamic
receding contact angle can only be described if a respective plateau forms in the contact angle vs. time
plot (see Figure 4). This requires that the measured dynamic advancing or dynamic receding contact angle
remains constant over a certain time period or at least varies around a mean value.

The wettability behaviour is characterized by the dynamic advancing contact angle. The dewettability
behaviour is characterized by the dynamic receding contact angle.

The method for determining the surface free energy is specified in ISO 19403-2.

© IS0 2024 - All rights reserved
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~———

dynar]

hic advancing contact angle

Figure 2 — Applying a drop through a needle for the dynamic measurement of the dynamic

dynar]

Figu

advancing contact angle

—~——1

-

hic receding contact\angle

e 3 — Extracting a drop through a needle for the dynamic measurement of the dyn
receding contact angle
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0 L

0 stat

ear

Key
dynamic contact angle

., dynamic advancing contact angle

¢ Statid contact angle

dynamic receding contact angle

r
.- contdct angle hysteresis

0
0
0
0
0
t time

Figurg 4 — Time curve of the dynamic contact angle during advancing and receding meapsuring

In the cdse of rough and chemically inhomegeneous surfaces, severe time variations of the| dynamic
advancing contact angle can occur. These gccur when the base diameter of the drop does not change even
though the volume of the drop is contintously increased. This results in an increase of the contact angle
until this|contact angle is decreased instantly by the abrupt expansion of the drop. This phengmenon is
called sligstick (see Figure 5).
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0 stat

mic contact angle

mic advancing contact angle
contact angle

mic receding contact angle
ct angle hysteresis

— Slipstick behaviour of the time curve ofthe contact angle during dynamic advan
dynamic receding measuring

report

eport shall contain at least.the following information:

Fails necessary to identify-the test specimen (manufacturer, product identification, batch nur
rence to this docuirient, i.e. ISO 19403-6:2024;

sed test liquids;

bed dropdelumes at the beginning and upon completion of measurement;

psing'Speed and waiting times, if necessary;

cing and

hber, etc.);

thod with which the contact nng]n ofthe drnp wasobtained ideviqfing fromthe pn]ynnmi

the top-view angle and, if necessary, the used correction;

the contact angle/time diagram;

the amount of measuring points per test liquid;

I method;

the dynamic advancing and dynamic receding contact angle, if necessary, including mean value and
standard deviation;

Key

6 dyna
0, dyna
Ogae Statid
0, dyna
0, conta
t time
Figure 5
9 Test
The test 1
a) allde
b) arefd
c¢) theu
d) theu
e) thed
f) the
g)

h)

i)

j)

k) anyd
1) anyu

eviations from the specified method and their possible influences on the results;

nusual observation (deviation) during the test;
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