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CAUTION:

This Test Method may include safety precautions which are believed to be appropriate at the time of publication of the method. The intent of these
is to alert the user of the method to safety issues related to such use. The user is responsible for determining that the safety precautions are complete
and are appropriate to their use of the method, and for ensuring that suitable safety practices have not changed since publication of the method. This
method may require the use, disposal, or both, of chemicals which may present serious health hazards to humans. Procedures for the handling of
such substances are set forth on Material Safety Data Sheets which must be developed by all manufacturers and importers of potentially hazardous
chemicals and maintained by all distributors of potentially hazardous chemicals. Prior to the use of this method, the user must determine whether
any of the chemicals to be used or disposed of are potentially hazardous and, if so, must follow strictly the procedures specified by both the
manufacturer, as well as local, state, and federal authorities for safe use and disposal of these chemicals.

Surface wettability of paper (angle of contact method)

1. Scope

1.1 In this method (7-3), the contact angle between air and liquid on a paper surface is taken as a measure of
the resistance of the paper surface to wetting by the liquid.

1.2 The initial angle of contact or initial wettability is considered to be a measure of the ruling quality of the
paper. The rate of change in the wettability is considered to be a measure of the writing quality.

1.3 There are other important purposes for which surface wettability of a paper by contact angle measurement

may be of interest, for example, with regard to adhesives. However, considerable modification of the procedure might be
required. Hence, this procedure is restricted to ruling and writing purposes.

2. Significance

2.1 The ruling and writing qualities of paper are of importance for papers intended for drafting and writing.
These papers must accept ink (ruling quality) without feathering (writing quality). Certain ranges of contact angle are
reportedly indicative of these qualities (see Additional Information 12.3.2, 12.3.3).

2.2 The property being measured is an apparent contact angle, since paper is not smooth but is porous and
rough on a microscopic scale. For this reason, some doubt has been expressed concerning the significance of the contact
angle test (4); however, the method is widely used on glassines, printing papers, release papers, film laminates, and other
papers, and there are both Canadian and SCAN test methods for contact angle. Contact angle is considered meaningful
and measurable “as long as the absorption rate is sufficiently low as to be negligible during the first 10 s after application
of the liquid drop on the surface” (5).

3. Summary of method

3.1 A small drop of liquid (water or ink) is placed on the paper surface. The contact angle of the drop is
magnified and measured, both initially when the drop is placed on the surface and 60 s later.
3.2 Any methods for magnifying and measuring the contact angle may be used, such as projection,

photography, and microscopic goniometry, provided that the contact angle may be determined to the nearest degree.
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4.  Apparatus’

4.1 Horizontal surface, such as a microscope slide mounted on a test table with leveling screws, for holding
the test specimen by means of small weights or two-sided tape in order to prevent distortion of the specimen when it is
wetted.

4.2 Projector, camera, or microscope for obtaining a magnified image of the liquid drop. See Appendix.

43 Device for measuring contact angle. See Appendix.

4.3.1  Protractor or goniometer for direct measurement of the contact angle.

4.3.2  Scale for measuring dimensions of drop, from which the contact angle may be calculated.

4.4 Microburette or syringe such as a 1-mL hypodermic equipped with a No. 27 stainless steel needle giving
150 to 200 drops per milliliter.

NOTE 1: A smaller drop is needed for the method described in Appendix A.4.
4.5 Light source furnished with a filter to protect the test specimen from heat.
4.6 Timer.

5. Reagents

5.1 Distilled water at 23°C, and having a surface tension of at least 72 mN/m (72 dyn/cm).
52 Ink, as agreed upon (e.g., the ink with which the paper is to be used).
53 Alternate liquids may be used as agreed by manufacturer and user.

6. Sampling and test specimens

6.1 Sample the paper in accordance with TAPPI T 400 “Sampling and Accepting a Single Lot of Paper,
Paperboard, Containerboard, or Related Product.” Be careful not to touch the areas to be tested, or contaminate them in
any other way. Identify and mark the wire and felt sides or, if not possible, mark “A” on the same side of all sheets.

6.2 From each test unit of the sample, cut, so as to be representative of the test unit, ten 100+ 1 x 15+ 0.1
mm clean specimen strips, free of folds, wrinkles, blemishes, water marks and other defects not normally inherent in the
paper. Repeat the markings to identify each specimen strip.

NOTE 2: If there is a marked fiber orientation, cut and test strips in both directions.
7. Procedure

7.1 Condition and test the paper in the conditioning/testing atmosphere specified in TAPPI T 402 “Standard
Conditioning and Testing Atmospheres for Paper, Board, Pulp Handsheets, and Related Products.”

7.2 Place a test specimen strip on a slide on the test table. Hold it in close contact with the surface of the
slide by means of small weights or clamps placed close enough on each side of the syringe located above the slide to
prevent distortion of the paper when it is wetted by the drop. Alternatively, use double-faced pressure sensitive tape to
hold the test strip to the slide. Level the table.

7.3 Set the tip of the hypodermic needle 2.5 mm from the surface of the strip and deposit a drop on the paper.
As soon as the specified time of contact of the drop with the paper has elapsed, quickly determine both angles of contact
(left and right sides of the image of the drop) by one of the procedures specified in the Appendix or by an equivalent
procedure. The interior angles (C) between the base line of the drop and the two tangents to the curve at the two points
of contact with the base line (Fig. 1) are designated angles of contact.

1
Names of suppliers of testing equipment and materials for this method may be found on the Test Equipment Suppliers list in the set of
TAPPI Test Methods, or may be available from the TAPPI Quality and Standards Department.
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Fig. 1. Measuring angle of contact. NOTE: Angle A is the exterior angle and angle C is the interior angle.

7.4 For initial wettability, used as a measure of ruling quality, measure the angles after the drop has been in
contact with the paper for 5 s. For rate of change in wettability, used as a measure of writing quality, make an additional
set of measurements after 60 s.

7.5 During the test, turn off the lamp when not needed, to avoid heating the specimen any more than is
necessary.
7.6 Test five specimen strips on one side and five on the other. Carry out the tests on unwetted areas.

8. Calculation

8.1 For each side, calculate the average rate of change of wettability, in degrees per second, as follows:
R= c-C
55
where

R = the rate at which the angle of wetting changes
C = the average angle of contact after 5 s
C’ = the average angle of contact after 60 s

9. Report
9.1 State the liquid used.
9.2 State the methods used for magnifying the drop and measuring the contact angles (see Appendix).
9.3 For each test unit and each side of the paper report:

9.3.1  Average drop volume if different than specified in 4.4.
9.3.2  The average initial angle of contact in degrees.
9.3.3  The average rate of wettability in degrees per second.

10. Precision

10.1 The values of repeatability and reproducibility provided below have been calculated for test units each of
which is an average of 5 replicate test determinations on the same side of the sheet.

10.1.1  Repeatability (within a laboratory) = 3% or 4% for angles of 90° or higher.

10.1.2  Reproducibility (between operators using the same apparatus) = 7%.
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