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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
electrotechnical standardization.
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Introduction

The interaction between the liquid and the solid phases influences the contact angle. Contact angles
above 90° define a situation where the liquid is repelled by the solid; below 90° defines a situation of
attraction where the liquid wets the surface. The magnitude above or below 90° shows the relative
degree of repulsion or attraction between the two phases.

On many surfaces the contact angle varies with duration of contact through a combination of spreading,
penetration (in the case of porous substrates) and evaporation. Both manual and automated apparatus

are—available for nph'{‘:l] measurement of contact angle hut automated equipment is pre
(=]

erred for
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The test method deseribed in this document is sometimes known as ‘static’ or even ‘ses|

sin
Yet
an
au

bcision and rapid measurement, and because it is often applicable to a wider combinatio
1 paper or board samples.

htact angle measurement is used to predict how liquids interact with paper surfdees. This
scribes the most common form of test, using water as probe liquid, and from the data 3

hracteristics is often inferred. The veracity of this inference should be tested wherever pos

twithstanding the above, contact angle measurement is used widelyas a predictive tool
ustrial settings, for example:

inkjet, gravure or flexographic printing);
for gluing applications;

for wet offset lithographic printing;

for hot-foil applications;

for barrier or release coatings;

for coating applications.

some cases, measurements of dontact angle are used to calculate two or three compong
rface energy of the paper or board, which requires the use of two or three liquids of know
ergy, respectively. In such-eases, the values calculated for the components of surface ener
hted to the liquids chosen for the analysislll. This is not covered in this document.

ce on many surfaces the droplet remains static and in equilibrium with the paper surfa

on paper and board surfaces the droplet often changes its dimensions with time, due t
] wetting plienomena. This has led some instrument manufacturers and researchers to de
omated optical technique outlined in this document as measurement of the ‘dynamic’ cont

Thiis do€ument does not use the term ‘dynamic’ because this nomenclature confuses a meg

nglng with respect to time with one that changes due to a plane of shear For example the

cha

h of liquid

document
probable

eraction between the paper surface and another liquid with comparable surfaee tension andl viscosity

sible.

in several

for assessing writing, ruling or printing quality with water-based or solvent based inks (e.g. in

nts of the
'n surface
oy will be

sile drop’,
ce and air.
b sorption
scribe the
act angle.

surement
Willhelmy

1nto and then pull it out from a hquld reserv01r isatrue ‘dynamlc method[z]

id material

Similarly, this document does not cover the situation where a droplet is placed on a horizontal surface
that is subsequently tilted so that gravity causes the droplet to assume an asymmetric shape, then to
commence movement.
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TECHNICAL SPECIFICATION ISO/TS 14778:2021(E)

Paper and board — Measurement of water contact angle by
optical methods

er and the
strates, or
mgasurement of the droplet shape in contact with the solid is performed by automated equipment.

The limits of measurement are determined by the capabilities of the instrumentation used. The
indtrumental capabilities defined by this document use a digital image capturing system operating at
a rthinimum of 50 frames per second and needs the ability to perform the first'measuremert after no
mqre than 20 ms to 40 ms contact between the droplet and substrate.

The test method is applicable to most kinds of paper or board however it cannot be applicable to
strjuctured materials.

2 | Normative references

Thf following documents are referred to in the text iniSuch a way that some or all of thejir content
copstitutes requirements of this document. For dated\references, only the edition cited applies. For
unfated references, the latest edition of the refereneed document (including any amendmentf) applies.

ISQ 186, Paper and board — Sampling to determine average quality

ISQ 187, Paper, board and pulps — Standard atmosphere for conditioning and testing and procedure for
mdnitoring the atmosphere and conditioning of samples

ISQ 13530, Water quality - Guidance on analytical quality control for chemical and physicochemical water
anglysis

3 | Terms and references

For the purposes of thi® document, the following terms and definitions apply:

eline
ling of contact'between the water droplet and paper or board surface, determined by optical neans and

Nofell, to entry: Precise measurement of contact angle requires precise assessment of the baselipe. For the
i i i e, 1 i 1at it views
the droplet slightly from above, at a shallow angle (typically 0-3° relative to the horizontal), rather than directly
from the side (0°). Experience shows this small change in viewing angle does not affect the measured contact
angle value but can enhance detection of the baselinel3].,

3.2

contact angle

)

angle to a baseline (3.1), formed by means of a tangent on the droplet contour through one of the three-
phase points at the specified contact time

Note 1 to entry: The contact angle is expressed in degrees (°).

© IS0 2021 - All rights reserved 1
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3.3

contact time
duration of contact(s) between the water droplet and the test piece surface, as measured automatically

from the i

3.4
dropleth
H

nstant at which the timing mechanism is triggered to the instant of measurement

eight

distance from the top of the droplet in contact with the test piece surface as measured from the baseline

(3.1) atth
Note1toe

3.5
dropletb
D

e specified contact time (3.3)

htry: The droplet height is expressed in millimetres.

hse diameter

maximum width of the droplet base in contact with the test piece surface, as meastired along
baseline (3.1) at the specified contact time (3.3)

Noteltoe

3.6
three-ph

htry: The droplet base diameter is expressed in millimetres.

hse point

point of intersection of the liquid/solid, liquid/gaseous and solid/gasedus boundary lines

4 Prin

Ciple

A water droplet is applied to the horizontal planar surface of paper or board, the angle of contac

makes wi

h the material is assessed by optical digital imaging.

he

L it

Figure 1 — Principle of measurement
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Key

1  substrate

D  droplet base diameter
H droplet height

O contact angle

921

Reagents

013530.

fa droplet
bubstantial
be defined.
hique to be
w drops of
sing water.

to droplet
formation. Heating alters both surface tension and viscosity, both of which.dan affect contact angle. If the liquid is
heated, this is a deviation from the standard.

NOTE 3  Many contact angles measuring apparatus (6.1) are alse-capable of measuring liquid surface tension
andl can be used to examine water surface tension. It is recommended to periodically check that the wgter has not
be¢n contaminated as it would have a direct effect on the contact angle readings.

6 | Apparatus

6.1 Contact angle measuring apparatus.

A
[¢’]
=

platform

light source

droplet

pump

liquid reservoir

droplet application system
video camera

R N O U A WN

substrate

Figure 2 — General schematic of automated contact angle apparatus
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For the optical determination of contact angles on a horizontal, planar substrate, any type of apparatus
having the general geometry shown in Figure 2 and further conforming to the requirements in the
following sub clauses is used.

NOTE This schematic is not intended to describe all possible instrumental arrangements. Accordingly,
instruments without a platform, with separated liquid container, with different kind of construction or those
using different viewing arrangements, are also permitted.

6.1.1 Platform with a holder mechanism (key item 1), to secure the test piece, capable of maintaining
flatness of the test piece over the duration of the test. The platform shall be horizontal.

NOTE The “platform” can be a table-top and the holder can be the housing of the device.

6.1.2 Light source (key item 2), capable of illuminating the droplet, with suitable heat, filters, if
needed tq eliminate heating of the test piece or water droplet. The illumination system.’shall prodiice
homogengous lighting over the entire field of view.

6.1.3 Liguid delivery system (key item 5), consisting of a water reservoir and\a-dosing mechanigm,
capable of producing a water droplet of known volume to a tolerance of +/- 10 %.)If the droplet volume is
determingd by the pumped volume, are shall be taken that no air bubbles arepresent as they will cafise
significanf volume error.

NOTE1 |The volume relates to the droplet produced at the end of a capillary, not necessarily to the volume
applied to|the test piece surface. After release of the droplet there will always be a small portion of water
remaininglon the capillary, the amount of which will relate to the water, capillary diameter, capillary type and
material, apd droplet application technique.

NOTE 2  |The dispensing volume and reproducibility of dosing system can be checked using an impermeapble
reference qurface.

NOTE 3 |Some contact angle measuring apparatus enable the volume calculation directly from pendant droplet
in which cgse air bubbles won’t affect the final droplétvolume.

6.1.4 Droplet application system (key(item 6), allowing a water droplet of specified volume to|be
suspendedl at the end of a capillary before being applied to a paper or board surface under controlled
conditiong. The diameter and matefial® of the capillary shall be chosen for application of water| in
accordande to Clause 5 and the dreplet application system. The droplet application system shall|be
adjusted o that the droplet has-minimum kinetic energy when it impacts the test piece surface.

The exactmethod of droplet.application will differ between instruments. The method shall allow the
droplet to]detach from thie,eapillary so as not to inhibit contact angle measurement after a contact time
of at most|20 ms to 40<ms:

The material of the\capillary shall be chosen

— to hinder‘wicking of the water up the exterior of the capillary;

— to be mnert, such that it does not affect the liquid surface tension, and
— to allow release of the droplet with a minimum of effort.

Care shall be taken when interpreting behaviour of water on very hydrophobic surfaces, since the
droplet may bounce for several hundred milliseconds due to the way some droplet application systems
impart kinetic energy, which causes an apparent oscillation in contact angle values. Where such
behaviour is observed, contact angle values during this period shall not be reported. This behaviour
does not tend to occur on hydrophilic surfaces when using water.

4 © IS0 2021 - All rights reserved
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6.1.5
allows the shape and dimensions of the droplet in contact with the paper or board to be
accurately.

:2021(E)

Image capturing system (key item 7), incorporating an optical magnification mechanism that

measured

The video camera shall be capable of taking a minimum of 50 frames per second, and the exposure of

each frame shall take no more than 1 ms.

The ratio between image width (mm) and the number of horizontal pixels in the displayed image shall

not exceed 0,02 mm/pixel to provide sufficient detail for image analysis.

The_depth of field shall be sufficient to encompass the whole of the droplet contour on th
bohrd surface.

6.1.6 Timing system, which is triggered when the droplet is released from the capillary,
directly before the droplet contacts the test piece surface or which is based on a captured vidg
before the drop reaches the substrate. This timing system shall initiate before; or at the lat|
s after contact, and shall allow each digital image to be assigned a unique time stam
ac¢uracy of +2 ms.

E The nature of the trigger mechanism differs between instruments. In general, it will b
trigger or a software trigger. For example, in some instruments the dropletis dislodged from the ¢
echanical pulse, which simultaneously initiates the timer mechanisin. In others, the timer start
falling droplet approaches a point just above the test piece surface. Alternatively, a continuous video c
starting before the droplet contacts the paper or board surface, su¢h'that the contact time can be back
taling the point at which contact between the liquid and solid takes place as ‘zero’.

6.1.7 Suitable image analysis software, that can-process each digital image taken by th
producing values for droplet height, H, droplet basediameter, D, and contact angle, 8, and in s
an|estimate of the droplet volume.

NOTE Various algorithms can be used to-analyse the droplet shape or contour and provi
angle values. The contact angle value determined is influenced by the mathematical procedure ch
malnufacturers use their own proprietary algorithms, depending on what shape the individual drople
as%ume on the sample surfacel4], which\ causes variability between instruments. For this reason

equiation [see Formula (1)] has been chosen as the only algorithm to be compliant with this document

Sampling

If 1
1S(
po
thg

he test is being made’on a lot of paper or board, the sample shall be selected in accord|
186. If the testiissbeing made on another type of sample, report the source of the sam
5sible, the samipling procedure used, and make sure that the test pieces taken are repressg
sample received.

8
P14

Conditioning

cethe contact measuring apparatus and distilled water ('% 1) inthe conditioned n‘rmncphpw

e paper or

triggered
o starting
pst within
p with an

b a camera
apillary by
5 when the
n be taken
tcalculated

€ camera,
pme cases

de contact
sen. Many
ts of water
the circle

Ance with
ple and, if
ntative of

p specified

in ISO 187 for sufficient time that they come to equilibrium Condition the sample in accordance with
[SO 187. Keep the sample, and the test pieces from it, in the conditioned atmosphere throughout the test.

9 Preparation of test pieces

Prepare, in the same atmospheric conditions used to condition the sample, sufficient test pieces to
perform at least valid 5 measurements per side. Avoid contact of the test area with hands or fingers,
and avoid folds, creases, cracks and other defects, including watermarks.

Test piece dimensions depend on the characteristics of the holder mechanism (6.1.1) and on the contact
angle measuring apparatus (6.1). All test piece widths shall be a minimum of 10 mm but shall not be so
wide that it is difficult to maintain flatness. The width shall be sufficient to prevent the droplet from

© IS0 2021 - All rights reserved 5
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reaching the edges of the test piece due to spreading before the end of the test period. Multiple tests can
be made upon the same test piece, providing sufficient area is available where the new droplet will not
be affected by the presence of any previous droplets.

Where anisotropy is known to produce different contact angle values when viewed from the machine
and cross directions, it is recommended that two sets of test pieces are cut, one for measurements in
the machine direction and the other in the cross direction. Alternatively, cut one set of test pieces in
either the machine or cross direction, or diagonally at 45 ° to the machine direction and record this
information in the report. Where appropriate, mark the test pieces Machine Direction (MD) and Cross
Direction (CD).

Identify the two sides to be measured and designate them appropriately (e.g. top and bottom) and, if
needed, identify the direction as MD and CD.

Separate fest pieces shall be cut for each side, with the surface to be tested uppermost, tolavoid edge
deformation caused as a result of cutting from affecting the view of the droplet on the test piece surfgce.

10 Prodedure

10.1 General

The contact angle measuring apparatus (6.1) shall be positioned{such that the measurement is
unaffecteql by vibration, ambient light or reflections, and air flow.

NOTE 1 |For very porous materials, particularly those with a low ‘0r'no degree of sizing, the droplet can| be
absorbed too quickly. In some case the absorption will be faster than some or all of the measurement tirhes
required ir} this document.

NOTE 2  |For papers with low or no degree of sizing, swelling of fibres can cause problems with recognition of
the base lifie over the course of a measurement.

10.2 Mounting of the test piece

The test piece shall remain flat throughout the test. Unless the holder mechanism can maintain this
aspect of fthe test piece adequately, it is preferable to secure the test piece by means of double-sided
tape to a dtiff and flat base material;sich as thin board or a glass slide, to ensure there is no curvatyre.
Securing by means of double-sided tape over the full width of the test piece will eliminate this probl
for most tpst pieces.

%

NOTE Curvature of the test piece that obscures the baseline is particularly detrimental.

For absorbent sample$<are must be taken not to seal the underside of the test piece, which can prevent
the water|droplet frem absorbing properly. For such samples an area directly under the place where the
droplet is|to be applied shall be left unsealed to allow the water droplet to absorb without hindrance.

In case of| instruments with a hole under the drop deposition position care has to be taken that the

achnt curve intathe hole affectina the haceline
sample ddesnoetcurve intothe hole affecting

tIreo oo ST er

10.3 Calibration and adjustment of apparatus

See Figure 2. Instruments vary in design, so consult the manufacturer's manual prior to use.

10.3.1 The lighting system shall be controlled, according to the manufacturer’s instructions, to provide
sufficient illumination to allow the droplet contour to be described accurately when the image is captured
and processed. LED light source has almost no warming-up time. If the light source (6.1.2) is a halogen
lamp, it shall be allowed to warm up for 30 min before any measurements are made in order to stabilise
the system.

6 © IS0 2021 - All rights reserved
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10.3.2 Adjust the camera (6.1.5) viewing angle, if required, considering the information in Note 1 to
entry to 3.1 and according to the manufacturer’s instructions, to allow the baseline to be determined.

10.3.3 Calibrate the optical magnification system according to the manufacturer’s instructions.

10.3.4 The digital image capture system (6.1.5) shall be validated using suitable samples supplied for
the apparatus. For each verification sample the software shall provide values such as contact angle,
droplet base diameter and droplet height, that are within stated tolerance for the sample under test.

NOTE Some manufacturers supply two-dimensional slides showing images of droplets of known dimensions
on p horizontal surface. Others supply three-dimensional spheres mounted on a solid base.

10.4 Method of measurement

1014.1 Place the test piece into the holder mechanism (6.1.1), making sure it is flat and positioned so the
surface of the test piece is level with the baseline.

10{4.2 Position the capillary of the droplet application system (6.1.4]) as close as possible to the test
pigce surface and releasing the water drop from the capillary tip toZthe paper surface, following the
procedure as stated in the manufacturer's manual. A close positioping is important to allow the drop to
be|deposited onto the paper surface with minimal kinetic energy:

10{4.3 Adjust the water delivery system (6.1.3) to form dtoplets of (4,0 + 0,4) ul.

NQTE In general, droplets in the range 2 pl to 10 pl are suitable for assessing the interaction of water and
mast paper and board types. The value of 4,0 ul has beexn‘chosen to provide continuity with previous sfandards[2!
[61l¥], Occasionally, droplets of higher or lower volume.tan be needed for specific materials. Report any|deviations
in yolume.

1014.4 Adjust the droplet application system (6.1.4) to allow consistent release of the droplet from the
capillary on to the test piece surface.

10{4.5 Initiate the measurement sequence as instructed in the manufacturer's manual.

10{4.6 Allow the image capture system (6.1.5) to capture images of the droplet on the test piefe surface.
1014.7 Use the image-analysis software (6.1.7) to calculate contact angle values for contact timles of 0,1 s,
1,d sand 10,0 s.

The image analysis software shall be set to use the circle algorithm of 11.1.

Alghough-in most cases for paper substrates these times are sufficient to characterize th¢ material
there’axe cases of sorbtive papers where these times are not suitable. In these cases a suitable range of
tinesshall be determined and recorded in the report

NO

TE

Most manufacturers allow the entire sequence of digital images from a single test run to be saved

and viewed. However, for comparative purposes, contact angle values at three predetermined contact times are
usually sufficient to describe the interaction between water and paper or board. The contact times selected are
suitable for a wide range of sized and coated papers or boards. Poorly sized papers and some speciality products
may require shorter times.

10.4.8 Check if the substrate swells and if this resulted in automatic (undesired) adjustment of the
baseline. Record both in the report.

10.4.9 Repeat 10.4.1 to 10.4.7 for the remaining test pieces until a minimum of 5 valid measurements
for each side and direction under examination are obtained.

© IS0 2021 - All rights reserved
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11 Expression of results

11.1 Determine the contact angles from digitised optical images using the circle algorithm, which
assumes that the droplet approximates to a sphere.

6=2tan"! [ﬁ)
D

NOTE

11.2 Caldulate the arithmetic mean and the standard deviation for each test piece side, and, wh

required,

NOTE

mean and §tandard deviation for each side. Report this in the report.

the piecise identification of the sample, including side and dire¢tion;

the piecise identification of the apparatus;

nominal droplet volume (if different from4;0 ul);

the ngimber of measurements made;

See Annex A for precision.

@)

he machine and cross directions, at each designated contact time.

Ifrequired, data from the machine and cross directions can be combined to produce a singl@ arithmg

report
bport shall include the following information:

rence to this document, i.e. ISO/TS 14778:2021;

by the baseline is determined and if it was correeted or modified during the measurement
nd place of testing;

ard atmosphere used;

Pre

btic

arithinetic mean and standard deyviation, rounded to the nearest degree of the contact angle val{ies

h contact time and for._each side tested, and, if required, for both the machine and cr
ions;

perations or technical issues not specified in this document or in the International Standa
ich referenceis’ made, or which are regarded as optional, which might have affected
s, in particular image processing, arithmetic deviations, special measurement modes w
ion and Sides.

PSS

rds
he
r.t.

12 Test
The testr
a) arefe
b)
c)
d) thew
e) date{
f) stand
g)
h)
i)
at eaq
direct
j) anyo
to wh
result
direct
8
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Be
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Unlffortunately the participants, or their devices, of this RR are not representative for

ind
int

For

ISO/TS 14778:

Annex A
(informative)

Precision

2021(E)

fween October 2016 and January 2017, an international interlaboratory test was perform
ber samples by eight different laboratories according to this International Standard<Both
1 coated papers were included to allow a wide range of contact angle values to be assessed

ustry but mainly for R&D. For this reason, this information is given fef-information only
erlaboratory tests will be performed to acquire market conform r&R-data.

each series of samples, 10 measurements have been performed\on’ each surface, at threg

co

The repeatability and reproducibility limits reported are estimates of the maximum differe

sh
de
dif

NO
reyl

.2 Contact angle

tact times. The calculations were made according to ISO/TR 24498.

uld be expected in 19 of 20 instances, when comparing two test results for material
scribed under similar test conditions. These estimates ' may not be valid for different m:
ferent test conditions.

TE Repeatability and reproducibility limits, are calculated by multiplying the repeatd
roducibility standard deviations by 2,77, where®=1,96-V/2s.

Table’A.1 — Estimation of repeatability

bd on four
uncoated

the paper
y and new

b different

nce which
like those
hterials or

bility and

Samples Number of Contact Mean Con- Repeatability |Coefficient of| Rep¢atability
Laboratories? Time tact Angle | Standard Devi- Variation Limit

s o ation c, -

S, % o
Cqrbonless CB 8 0,1 113,8 3,1 2,7 8,7
Uthcoated side 8 1,0 113,8 2,4 2,1 6,7
8 10,0 113,5 31 2,7 8,6
Cqrboenless CB 8 0,1 68,2 3,2 4,7 89
Coated side 8 1,0 51,1 2,3 4,5 6,5
8 10,0 38,9 2,1 5,4 5,7
Label Paper 8 0,1 97,5 1,9 19 5,4
Lick-coated 8 1,0 93,7 1,4 1,5 3,7
side 8 10,0 90,2 1,6 1,8 4,4
Label Paper 8 0,1 88,7 2,0 2,3 5,5
Double-coated 8 1,0 81,5 1,7 2,1 4,7
side 8 10,0 74,2 2,2 3,0 6,0

a2 Incomplete data set - only 2 values supplied.
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Table A.1 (continued)
Samples Number of Contact Mean Con- Repeatability |Coefficient of| Repeatability
Laboratories? Time tact Angle | Standard Devi- Variation Limit
s o ation c, -
s, % °
Copier paper 8 0,1 102,5 3,7 3,6 10,2
side 1 8 1,0 102,4 3,6 3,5 10,0
3 10,0 99,8 4,8 4,8 13,2
Copier paper 8 0,1 108,8 4.3 4.0 12,0
side 2 8 1,0 108,5 3,6 3,3 99
8 10,0 106,5 4,2 39 11,7
SC Papér 8 0,1 68,2 2,4 3,5 6,8
side 1 8a 1,0 66,4 3,5 5,3 9,7
7 10,0 40,6 5,8 14,3 16,2
SC Papé¢r 8 0,1 69,7 2,5 3,6 7,0
side 2 8 1,0 61,7 2,5 41 71
8 10,0 45,2 6,1 13,5 17,0
a  Incomplete data set - only 2 values supplied.
Table A.2 — Estimation of réproducibility
Samplgs Number of Contact Mean Con-¢{, Reproducibility |Coefficient of| Reproducibili-
Laboratories? Time tact Angle*| Standard Devi- | Variation ty Limit
s N ation C,p R
St . :
Carbonlesk CB 8 0,1 113,8 41 3,6 11,4
Uncoated kide 8 1/0 113,8 3,7 3,3 10,2
8 10,0 113,5 4,2 3,7 11,7
Carbonless CB 8 0,1 68,2 5,7 8,4 15,8
Coated slde 8 1,0 51,1 3,3 6,5 91
8 10,0 38,9 3,8 9,8 10,5
Label Paper 8 0,1 97,5 3,9 4,0 10,9
Lick-coated 8 1,0 93,7 3,4 3,6 9,5
side 8 10,0 90,2 3,2 3,5 8,9
Label Papes 8 04 88,7 53 6,0 148
Double-coat- 8 1,0 81,5 3,7 4,5 10,2
ed side 8 10,0 74,2 3,0 4,0 8,3
Copier paper 8 0,1 102,5 6,7 6,5 18,5
side 1 8 1,0 102,4 6,4 6,3 17,7
8 10,0 99,8 8,0 8,0 22,2
Copier paper 8 0,1 108,8 5,5 51 15,3
side 2 8 1,0 108,5 4,8 4,4 13,4
8 10,0 106,5 5,8 5,4 16,1
a2 Incomplete data set - only 2 values supplied.
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