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Standard Test Method for
Measurement of the Surface Tension of Solid Coatings,
Substrates and Pigments using Contact Angle
Measurements1

This standard is issued under the fixed designation D7490; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (´) indicates an editorial change since the last revision or reapproval.

1. Scope*

1.1 This test method describes a procedure for the measure-
ment of contact angles of two liquids, one polar and the other
nonpolar, of known surface tension on a substrate, pigment (in
the form of a disk), or cured or air dried coating in order to
calculate the surface properties (surface tension and its disper-
sion and polar components) of the solid.

1.2 The total solid surface tension range that can be deter-
mined using this method is approximately 20 to 60 dyn/cm.

1.3 The values stated in CGS units (dyn/cm) are to be
regarded as standard. No other units of measurement are
included in this standard.

1.4 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:2

D1193 Specification for Reagent Water
D5725 Test Method for Surface Wettability and Absorbency

of Sheeted Materials Using an Automated Contact Angle
Tester (Withdrawn 2010)3

D7334 Practice for Surface Wettability of Coatings, Sub-
strates and Pigments by Advancing Contact Angle Mea-
surement

3. Terminology

3.1 Definitions:

3.1.1 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; this is
the angle formed by a liquid at the three phase boundary where
a liquid, gas (air) and solid intersect.

3.1.2 dispersion component, n—the component of solid
surface tension that is related to intermolecular attraction
caused by nonpolar dispersion forces.

3.1.3 polar component, n—the component of solid surface
tension that is related to polar forces, such as hydrogen
bonding and ion-dipole forces.

3.1.4 solid surface tension, n—the surface tension of a solid
surface; this parameter cannot be measured directly, but must
be determined by extrapolation of polymer melt or solution
data to 100 % solids or by contact angles with liquids of known
surface tension.

3.1.5 surface energy, n—excess free energy of surface
molecules compared to those of the bulk material; arises from
unbalanced molecular cohesive forces at a surface that cause
the surface to contract and behave like a film or membrane
(units are energy/unit areas such as joules/cm2).

3.1.6 surface tension, n—the force necessary to break the
surface of a film of a given length (units are force/length, such
as dyn/cm or newtons/m); the same numerically as surface
energy, but different units.

4. Summary of Test Method

4.1 Contact angles of drops of distilled water and di-
iodomethane (methylene iodide) are measured on the surface
of interest. The two values are then substituted into two
separate expressions of the Owens-Wendt-Kaelble equation
(one for each liquid). This results in two equations in two
unknowns, which are then solved for the dispersion and polar
components of surface tension. The sum of the components is
the surface tension of the solid.

1 This test method is under the jurisdiction of ASTM Committee D01 on Paint
and Related Coatings, Materials, and Applications and is the direct responsibility of
Subcommittee D01.23 on Physical Properties of Applied Paint Films.

Current edition approved July 1, 2013. Published August 2013. Originally
approved in 2008. Last previous edition approved in 2008 as D7394 – 08. DOI:
10.1520/D7490-13.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer 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.

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

*A Summary of Changes section appears at the end of this standard
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5. Significance and Use

5.1 The method described in this standard is based on the
concept that the total free energy at a surface is the sum of
contributions from different intermolecular forces, such as
dispersion, polar and hydrogen bonding. There are other
techniques that employ three components (dispersion, polar
and hydrogen bonding). These methods are further compli-
cated by needing three to five test liquids and are not practical
for routine testing. This method uses contact angles of two
liquids to provide data for the calculation of two components,
dispersion, γs

d, and polar, γs
p.

5.2 Dispersion and polar component data, along with the
total solid surface tension, are useful for explaining or predict-
ing wetting or adhesion, or both, of coatings on pretreatments,
substrates and other coatings. Low solid surface tension values
often are a sign of contamination and portend potential wetting
problems. High polar components may signal polar contami-
nation. There is evidence in the literature that matching of polar
components of topcoats and primers gives better adhesion.4

5.3 Solid surface tensions of pigments, particularly the polar
components, may be useful in understanding dispersion prob-
lems or to provide signals for the composition of dispersants
and mill bases. However, comparison of pigments may be
difficult if there are differences in the roughness or porosity, or
both, of the disks prepared from them.

5.4 Although this technique is very useful in characterizing
surfaces, evaluating surface active additives and explaining
problems, it is not designed to be a quality control or
specification test.

6. Interferences

6.1 The following factors may interfere with results:
6.1.1 Dirt, fingerprints or other contamination on the surface

being tested. Contact angles are very sensitive to surface
contamination.

6.1.2 A rough or porous test surface such that drops sink in
rapidly. Such surfaces are most likely found with pigment disks
or sanded coatings.

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

6.1.4 Low humidity (<40 % RH) when water is the test
liquid such that the contact angle changes rapidly.

7. Apparatus

7.1 Goniometer—An instrument consisting of a controlled
light source, a stage to hold the test specimen, and a micro-
scope or camera for viewing of the drop on the specimen is
required. An automated instrument for measuring angle of
contact and a method for using it can be found in Test Method
D5725.

7.2 Hypodermic Syringe—A syringe, such as a 1-mL
hypodermic, equipped with a No. 27 stainless steel needle,
capable of providing 100 to 200 drops from 1 mL, is suitable
for use with water-like liquids. More viscous liquids may
require a needle of different size.

8. Reagents and Materials

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

8.2 Diiodomethane—reagent grade or better.

9. Preparation of 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 areas tested shall not contain visible blemishes or
defects and shall not be touched with the fingers or contami-
nated in any other way.

9.3 If contamination or improper handling is suspected, the
specimen may be rinsed with water or washed with laboratory
detergent and water. However, cleaning may affect the results
and must be noted on the report.

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

10. Procedure

10.1 Test the specimens at a standard temperature of 23 6

2°C and at a relative humidity ≥50 %, unless otherwise agreed
upon.

10.2 Set up the goniometer and level the stage according to
the manufacturer’s instructions.

10.3 Measure contact angles of water and diiodomethane on
the specimen of interest as described in Practice D7334 or the
manufacturer’s literature for the instrument being used.

10.4 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.

10.5 Water contact angles must be measured rapidly (within
30 s of depositing the drop) to avoid changes in angle as the
water evaporates. A humidity chamber may be used to reduce
the rate of evaporation.

4 Imai, T, Organic Coatings Science and Technology, G. D. Parfitt and A. V.
Patsis, eds, Vol. 6, Marcel Dekker, New York, 1984, p. 301.

A = contact angle
D = drop of liquid
P = specimen
T = tangent at specimen surface

FIG. 1 Measuring Angle of Contact
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11. Calculation

11.1 This method is based on the Owens-Wendt-Kaelble
equation:5,6

γ1 ~11 cos θ!
2

5 @~γ l
dγ s

d!1/21~γ l
pγ s

p!1/2# (1)

where:
θ = the average contact angle for the test liquid on

the test specimen,
γ1 = the surface tension of the test liquid in dyn/cm,

and
γd and γp = the dispersion and polar components of the

liquid and the solid, also in dyn/cm.

However, since this method specifies two liquids of known
surface tension (distilled water = 72.8, diiodomethane = 50.8)
and known dispersion and polar components (distilled water γd

= 21.8, γp = 51.0; diiodomethane γd = 49.5, γp = 1.3), all in
dyn/cm), we can use these numbers to simplify the O-W-K
equation and turn it into two expressions, one for water and the
other for diiodomethane (denoted as i):

72.8 ~11 cos θw!/2 5 @~21.8 γ s
d!1/21~51.0 γ s

p!1/2# (2)

50.8 ~11 cos θ i!/2 5 @~49.5 γ s
d!1/21~1.3 γ s

p!1/2# (3)

Next, let us further simplify the equations by calculating the
square roots of the values for the dispersion and polar
components of the two test liquids and placing them outside the
parentheses. This gives the working equations when water and
diiodomethane are used as the test liquids.

~36.4!~11 cos θw! 5 @4.67 ~γ s
d!1/217.14 ~γ s

p!1/2# (4)

~25.4!~11 cos θ i! 5 @7.03 ~γ s
d!1/211.14 ~γ s

p!1/2# (5)

11.2 Determine the cos θ value for each liquid from the
contact angles.

11.3 Write two expressions, one for water, and the other for
diiodomethane based on working Eq 4 and Eq 5 in 11.1. This
will result in two equations in two unknowns (the unknowns
being the dispersion and polar components of the solid surface,
γs

d and γs
p, respectively).

11.4 Solve for the two unknowns (see Appendix X1 for a
sample calculation).

11.5 Add the dispersion and polar component values to-
gether to give the total surface tension.

12. Report

12.1 Report the following information:
12.1.1 Identification of the specimen,
12.1.2 Average contact angles for each of the two liquids on

the specimen,
12.1.3 Dispersion and polar components of solid surface

tension and the total solid surface tension, and
12.1.4 If the specimen was cleaned in any way, this must be

noted.

13. Precision and Bias

13.1 Precision—The precision of this method has not been
determined by interlaboratory testing, but estimates of preci-
sion of measurements on substrates and coatings can be made
based on experience with the method. Variability of measure-
ments on pigments is expected to be greater due to differences
in roughness and porosity.

13.1.1 Repeatability (substrates and coatings):
13.1.1.1 Contact Angle—Two contact angle results (each

the overall average of two measurements made on each of three
drops) obtained by the same operator should be considered
suspect (or as an indicator of the presence of localized
contamination) if they differ by more than 2°.

13.1.1.2 Dispersion and Polar Components—Two values,
each based on three drops of each test liquid, obtained by the
same operator should be considered suspect (or as an indicator
of the presence of localized contamination) if they differ by
more than 5 dyn/cm.

13.1.2 Reproducibility—These measurements rarely if ever
are carried out on the same specimen in two different labora-
tories. therefore, reproducibility is unknown and probably will
be impossible to establish with any certainty.

13.2 Bias—It is not possible to determine bias for this
method because of the lack of availability of a standard
substrate whose surface can be expected to remain constant
long enough for comparisons to be made with it.

14. Keywords

14.1 adhesion; contact angles; dispersion and polar compo-
nents of solid surface tension; solid surface tension; wetting

5 Schoff, C. K., “Wettability Phenomena and Coatings” in Modern Approaches to
Wettability: Theory and Applications, M. E. Schrader and G. Loeb, eds. Plenum
Press, New York, 1992, p. 375.

6 Pierce, P. E. and Schoff, C. K., Coating Film Defects, 2nd Edition, Federation
of Societies for Coatings Technology, Blue Bell, PA, 1994.
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APPENDIX

(Nonmandatory Information)

X1. SAMPLE CALCULATION FOR DISPERSION AND POLAR COMPONENTS OF SOLID SURFACE TENSION AND TOTAL
SOLID SURFACE TENSION

X1.1 The following data were collected during root cause
analysis work on a problem involving poor wetting/dewetting
of a topcoat over a primer, particularly when the primed
surface was aged.5 Contact angles with distilled water and
diiodomethane were measured on an aged specimen, the same
after washing with a detergent solution, and on a control, a very
similar primer know to give adequate wetting. Results are
shown in Table X1.1.

X1.1.1 Let us consider O-W-K working equations Eq 4 and
Eq 5 for water and diiodomethane that are shown in 11.1:

~36.4!~11 cos θw! 5 @4.67 ~γ s
d!1/217.14 ~γ s

p!1/2#

~25.4!~11 cos θ i! 5 @7.03 ~γ s
d!1/211.14 ~γ s

p!1/2#

Now, we need to change two equations in two unknowns to
a single equation with one unknown. To accomplish this, we
multiply both sides of the first equation by 7.03/4.67 and
subtract the second equation above from this new equation:

~54.8! ~11 cos θw! 5 @7.03 ~γ s
d!1/2110.75 ~γ s

p!1/2#

2$~25.4! ~11 cos θ i! 5 @7.03 ~γ s
d!1/211.14 ~γ s

p!1/2#%

~54.8! ~11 cos θw! 2 ~25.4! ~11 cos θ i! 5 9.61 ~γ s
p!1/2

For the aged problem primer, the water contact angle was
63°, so cos θw = 0.454, and the diiodomethane contact angle
was 46°, cos θi = 0.695. Therefore, the expression resulting
from the subtraction becomes

~54.8!~1.454! 2 ~25.4!~1.695! 5 79.7 2 43.1 5 36.6 5 9.61 ~γ s
p!1/2

Therefore, γs
p = (36.7/9.61)2 = 14.5 dyn/cm. This is the

polar component of the primer.
We then can substitute this value into either of the two

equations and calculate γs
d, the dispersion component of the

primer. For example, using the working equation for water:

γ s
d 5 @~52.9 2 27.1!/4.67#2 5 30.5 dyn ⁄cm

~36.4!~1.454! 5 @4.67 ~γ s
d!1/21~7.14!~14.5!1/2#

52.9 5 4.67 ~γ s
d!1/2127.1

The sum of these two values gives the total solid surface
tension, which in this case is 45.0 dyn/cm.

SUMMARY OF CHANGES

Committee D01 has identified the location of selected changes to this standard since the last issue (D7490-08)
that may impact the use of this standard. (Approved July 1, 2013.)

(1) Section 1.3 has been corrected to indicate that the method
is based on CGS units.
(2) The units have been changed from dynes/cm to dyn/cm.
(3) Two numbers in the sample calculation in Appendix X1
have been corrected. The latter correction does not change the
final answer in the exercises as the corrections cancel each
other out.

TABLE X1.1 Averaged Contact Angles and Cosine Values for
Problem and Control Primers

Specimen
Water Contact

Angle, θ Cos θ Diiodomethane
Angle, θ Cos θ

Aged problem
primer

63° 0.454 46° 0.695

After washing 72° 0.309 30° 0.866
Control 73° 0.292 36° 0.809
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org). Permission rights to photocopy the standard may also be secured from the Copyright Clearance Center, 222
Rosewood Drive, Danvers, MA 01923, Tel: (978) 646-2600; http://www.copyright.com/
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