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superscript epsilon (¢) indicates an editori; gge sin t revision or reapproval.
1. Scope -/ g

1.1 T‘niqspraice dovers the measurement of the angle of

contact n a drop of liquid is applied to a coated surface,
substrate, or preformed disk of pigment.

1.2 There are two types of contact angles, advancing and
receding. This standard deals only with advancing contact
angles.

1.3 This practice is intended to supplement the manufactur-
er’s instructions for the device being used to make the
measurements, but is not intended to replace them.

1.4 A common test liquid is water, but many other liquids
such as solvents, surfactant and dispersant solutions and even
liquid paints can be used.

1.5 This practice is based on goniometry, which involves the
observation of a sessile drop of test liquid on a solid SQT: e.
ace

1.6 Although contact angles ar
%d to

tension, this standard cannot asure surface

tension directly. :

1.7 Th;Fys stated n SI units are to be regarded as the
standard.#The values given in parentheses are for information
only.

1.8 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:*
D1193 Specification for Reagent Water

Q
! This practice is under the jurisdiction of ASTM Committee DO1 orﬁl d

Related Coatings, Materials, and Applications and is th: esponsi illy or
Subcommittee DO1.23 on Physwal Properu S hed
Current edition approved ublished June 2013 Originally

approved in 2008. Last pré‘l t10n in 2008 as D7334 — 08. DOI:

10.1520/D733 13.

2 For reiﬁmTM standards, visit the ASTM website, www.astm.org, or
contact AS ustomer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

D5725 Test Method for Surface Wettability and Absorbency
of Sheeted Materials Using an Automated Contact Angle
Tester (Withdrawn 2010)?

3. Terminology

3.1 Definitions:

3.1.1 advancing contact angle, n—the contact angle that is
measured immediately after the sessile drop is placed on the
surface.

3.1.1.1 Discussion—The drop has the maximum volume
allowable for the liquid-solid interfacial area‘ a ition will
make the drop expand and 1ncreas u1d— terfacial
area. This can be thou g angle” because the
drop is re area This is the contact angle
Reeddn th1 d and in most coating measurements.

2 contact angle, n—the interior angle that a drop makes
between the substrate and a tangent drawn at the intersection
between the drop and the substrate as shown in Fig. 1.

3.1.2.1 Discussion—This is the angle formed by a liquid at
the three phase boundary where a liquid, gas (air) and solid
intersect.

3.1.3 receding contact angle, n—the contact angle measured
when material is removed from the drop so that it contracts.

3.1.3.1 Discussion—The liquid-solid interfacial area will
decrease. This is the “de-wetting angle.”

3.1.4 sessile drop, n—drop of liquid on the upper side of a
horizontal surface (as in Fig. 1).

3.1.5 surface tension, n, and surface energy, n—the terms
surface tension and surface energy are often u rchange-

ably. ~
3.1.5.1 Discussion are {haame numerically, al-
though they h iffer l%m They are measures of an effect
ises nbalanced molecular cohesive forces at a
that cause the surface to contract and behave like a film
or membrane. The surface molecules have higher free energy
than those in the bulk material. The excess free energy is what
we call surface energy, which has units of energy/unit area such
as Joules/cm?. However, what we measure is surface tension,

3The last approved version of this historical standard is referenced on
www.astm.org.
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A = contact angle

D = drop of liquid

P = specimen

T = tangent at specimen surface

FIG. 1 Measuring Angle of Cont E i *

the force necessary ta. a fil
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4. Sumnfiary of Practice

4.1 A drop of a specified volume of water or another agreed
upon test liquid is applied to a test specimen using a syringe.

given length, usually in

4.2 The contact angle is measured by either of two methods:

4.2.1 by viewing the sessile drop through a microscope
fitted with a goniometer scale for direct measurement of the
angle,

4.2.2 by capturing an image of the drop, then measuring
with a protractor or using appropriate software to process the
image and measure the angle.

5. Significance and Use

5.1 This standard is useful for characterizing the wett
of surfaces. A surface that is easy to wet 1s ver ﬁd
coating is more likely to glve g‘g&(@ dhes10 earance

and less likely to suffe n related defects such as

crawling, cratering, n1 1 g and’orange peel.

5.2 Thﬁdard also can be used to test pigment surfaces
for wettability, particularly by potential surfactant- or resin-
based dispersants or mill bases. Easily wetted pigments are
more likely to be easy to disperse and dispersants/mill bases

that wet pigments of interest are more likely to disperse those
pigments well.

5.3 Although the contact angle is governed by the surface
tensions of the test liquid and test surface, the angle cannot
provide a surface tension value directly.

5.4 Alow advancing contact angle value (<45°) is indicative
of wetting and angles of 10 to 20° are indicative of excellent
wetting.

5.5 Water can be used as a test liquid to establish (via the
advancing contact angle) whether a surface is hy i'ic
(angle <45°), hydrophobic (angle >90°) ewhele”1n-
between (angle of 45 to 90°). W tactsa S have been
used to estimate surfa eanli efore and after cleaning

operations,gease o bility of surfaces by waterborne
coatings zﬁweffectiveness of rinsing processes.

5.6 An organic liquid such as a solvent also can be used to
characterize a substrate, coating or pigment. The resultant
contact angle will depend on the surface tensions of the liquid

and the test surface. A low surface tension (energy) test surface
will not be wet by a high surface tension liquid.

5.7 In addition to water and solvents, a surfactant dispersion
or dispersant solution can be used to test a pigment surface.
Any test liquid that is a potential dispersant for a test pigment
must wet the pigment well or it will not work as a dispersant.

5.8 Contact angle measurements c u‘s@map sur-
faces in terms of hydro 11c1ty nce of Tow surface
tension components o man r variations in compo-

sition. Oth t1ca1 ods such as infrared microscopy
e née d o identify the chemical moieties that give the
angle differences.

5.9 This test method can be used on nearly all coatings and
substrates and may be extended to pigments by compressing
the pigment powder into a solid disk.

6. Interferences

6.1 The following factors may interfere with results:

6.1.1 Dirt or fingerprints on the surface being tested.

6.1.2 A rough or porous test surface such that the drop sinks
in rapidly.

6.1.3 A curved test surface such that angles are difficult to
measure.

6.1.4 Low humidity (<50 % RH) when wg;eljs the test
liquid such that the contact angle changes ra

q g S &

7. Apparatu ‘%
qﬁl stage onto which a flat surface is mounted,

Zea
dev1ce (generally a syringe) to place a droplet on the
surface.

7.3 An enclosure (if desired) to prevent interference of
vapor-borne impurities and to secure saturation of vapor
(particularly useful in measuring water angles).

7.4 A light source to illuminate the three-phase contact
region from behind.

7.5 A microscope which magnifies the contact area. It must
be able to travel along when the drop advances. Nowadays
eyepieces and still cameras usually are replaced by digital
video cameras (CCTV) provided with appropriate software to
process the image and determine the contact angle. A descrip-
tion of an automated instrument for measuring f contact
and a method for using it can be f()jtd.@Tesf%i D5725.

L

8. Test Liqui
% The 4 S) selected for testing purposes are chosen

n the characteristics of the surface that are of interest.

8.2 Water is used to determine wetting characteristics of that
liquid on the coating or substrate and/or to characterize the
hydrophilicity and hydrophobicity of that surface.

8.3 Organic test liquids such as solvents must be of reagent
grade or better.

8.4 Water—Type II reagent water (distilled) in accordance
with Specification D1193.

8.5 Paint may be used as a test liquid to evaluate the ability
of that paint to wet a substrate or primer.
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8.6 A mill base, dispersant solution or surfactant dispersion
may be used as a test liquid to evaluate the ability of that
material to wet a pigment.

9. Test Specimens

9.1 If the part or panel of interest is too large to fit on the
stage, then test specimens should be cut to a size appropriate
for the instrument being used. They shall be cut in such a way
as to be thoroughly representative of the sample.

9.2 The actual test areas tested shall not conta1
blemishes or defects and shall not be touc
or contaminated in any other w X:

93 If contaminati:rggém % ndling is suspected, the
specimen » be rinsg¢-with water or washed with laboratory

detergent vater. However, cleaning may affect the results
and must be noted on the report.

9.4 Pigment specimens shall be in the form of disks
prepared in a press such as those used to prepare KBr disks for
infrared analysis.

10. Procedure

10.1 Test the specimens at a temperature of 23 * 2°C (73.5
* 3.5°F) and at a relative humidity >50 % unless otherwise
agreed upon.

10.2 Set up the goniometer and level the stage in accordance
with the manufacturer’s instructions.

the

10.3 Place the test specimen on the instrument, if nece
holding it in close contact with the stage by eans
weights, clips, or whatever ﬁxtures are a d w1
instrument.

10.4 Contact anglz — set the tip of the hypodermic
needle a:‘tk#tanc! rom the surface recommended by the
manufactéfer of the instrument (3 mm (%% in.) has worked well
for testing coatings) and deposit a drop of test liquid no greater

08 (2013)

than 20 pL in size on the specimen. With automated equipment,
use the drop size recommended by the manufacturer (usually ~
5 uL). With manual equipment, 20 uL. is commonly used. For
best results, drop size should be controlled to *0.1 uL. The
contact angle measured on this drop will b dvancing
contact angle.

10.5 Adjust the g
measuring

&

%r ey iece and the internal
ﬁmsm at the interior angle of each of the
ints otitact of the drop can be determined (see Fig.
cus the camera or video device so that the image of the

drop can be captured.

10.6 Make two angle measurements (one on each drop
edge) of each of three drops on the specimen. If the contact
angles on two edges are significantly different, the values
should be eliminated and the test repeated. The contact angle
for the specimen shall be the average of the six angles
measured.

10.7 Water contact angles must be measured rapidly (within
30 s of depositing the drop) to avoid changes in angle as the

water evaporates.
a)

11. Report

11.1 Report the following 1nformau.%

11.1.1 Apparatus used

11.1.2 Iden t10 pe01men

3 I at10n test liquid.

ge contact angle liquid on the specimen.

1.5 If the specimen was cleaned, this must be noted.
11.1.6 Whether or not a humidity chamber was used for a

water contact angle measurement.

12. Keywords

12.1 advancing contact angles; contact angles; surface ten-
sions; wettability; wettings
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