INTERNATIONAL ISO
STANDARD 19810

Second edition
2023-07

Fine ceramics (advanced.ceramics,
advanced technical ceramics) — Test
method for self-cleaning performance
of semiconducting photocatalytic
materials under-iindoor lighting
environment — Measurement of water
contact angle

Céramiques techniques — Méthode d'essai relative aux pnopriétés
autonettoyantes des matériaux photocatalytiques semicopnducteurs
dans un enyironnement d'éclairage intérieur — Mesurage de l'angle
de contaet de I'eau

Reference number
1SO 19810:2023(E)

© IS0 2023


https://standardsiso.com/api/?name=3dc74325121ad1c9d27393fb810babde

IS0 19810:2023(E)

COPYRIGHT PROTECTED DOCUMENT

© 1502023

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting on
the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address below
or ISO’s member body in the country of the requester.

ISO copyright office

CP 401  Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org
Published in Switzerland

ii © 1S0 2023 - All rights reserved


https://www.iso.org
https://standardsiso.com/api/?name=3dc74325121ad1c9d27393fb810babde

1SO 19810:2023(E)

Contents Page
FOT@WOT ... iv
1 SCOPI@ ... 1
2 NOTIATIVE FEFEI@IICES ..........oo et 1
3 Terms and definE IONIS ... 1
4 PIIIICEPIE ... 3
5 Testapparatus........ 3
5.1 Instruments and apparatus. w3
5.2 ReAGENTS .....oooi e 4
5.3 Laboratory temperature and humidity ... o e 4
TeSt PIeCe PreParation....... e seseses e espas D g 4
7 TESTPIOCEAUIES ... P e
7.1 Measurement of water contact angle
7.2 Test piece pretreatment ... G
7.3 Visible light irradiation and measurement of contact afigle after n h of visible[light
Irradiation, 04 (1) ...ttt e oo 6
7.3.1 Measurement of illuminance and preparation of test piece placement
(007 1 (o) o VOO SO NS 6
7.3.2 Measurement of contact angle after nhof visible light irradiation, 0, (h) ................ 6
8 Calculation Of teSE reSULES. ... Pt s 8
8.1  Guide to the rounding Of NUMDETS ... 50 e 8
8.2 Calculation of cONtact ANEIE ... aad e 8
8.3  Conditions for a valid test
8.4  Initial contact angle halving tie, 711 /3 .o s 9
8.5  Contact angle reduction tile, Mo ...t 10
9 Reporting of test results
10 Test measurement @XaAMPIES ... 11
BIDIIOGIAPIY ..o et e 12

© 1S0 2023 - All rights reserved iii


https://standardsiso.com/api/?name=3dc74325121ad1c9d27393fb810babde

ISO 19810:

2023(E)

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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Fine ceramics (advanced ceramics, advanced technical
ceramics) — Test method for self-cleaning performance
of semiconducting photocatalytic materials under indoor
lighting environment — Measurement of water contact
angle
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pcope

document specifies a test method for the determination of the self-cleaning per
-form materials that contain an indoor-light-active photocatalyst or~have indoor
bcatalytic films on the surface, under indoor lighting environment.

method is used to measure the change of water contact angle undep indoor lighting e
h is one of the indices reflecting the self-cleaning performance*of'semiconducting ph
rials.

document is not applicable to permeable materials on which' water droplets cannot hol
rials which obscure water droplets. This document is.not applicable to materials d
pes in the water contact angle due to decomposition 6fadhered organic matter cannot |
ise even if the surface is clean, the water contactiangle is remarkably large or the wj
e cannot be sufficiently increased by attaching organic matter to the surface.

Normative references

following documents are referred.fo'in the text in such a way that some or all of t
Fitutes requirements of this do€ument. For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

0677, Fine ceramics (adyaunded ceramics, advanced technical ceramics) — Ultraviolet lig

testimg semiconducting photoedtalytic materials

ISO
semi

ISO
clean

3

14605, Fine ceramics’ (advanced ceramics, advanced technical ceramics) — Light sourd|
fonducting photecatalytic materials used under indoor lighting environment

7448, Fine>ceramics (advanced ceramics, advanced technical ceramics) — Test met
ing performance of semiconducting photocatalytic materials — Measurement of water ¢

Térms and definitions

formance of
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nvironment,
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d and rough
f which the
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ater contact

heir content
applies. For
hts) applies.
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hod for self-
bntact angle

For the purposes of this document, the terms and definitions given in ISO 27448 and the following apply.

[SO and [EC maintain terminology databases for use in standardization at the following addresses:

©ISO

[SO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at https://www.electropedia.org/
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photocatalyst
substance that performs one or more catalytic functions based on oxidation or reduction reactions
under photoirradiation

Note 1 to entry: The functions include decomposition and removal of air and water contaminants, deodorization,
antibacterial, self-cleaning and antifogging actions. A photocatalyst can also be used for light energy conversion.

[SOURCE: IS

3.2
photocataly

0 20507:2022, 3.1.62]

tic materials

material in Y
Note 1 to ent

3.3
semicondu

substance that displays photocatalytic action based on its electronic band structure

Note 1 to ent
semiconduct

3.4
self-cleanirn
maintenanc

Note 1 to en
by oxidation
flow of (rain)

Note 2 to en|
general purp

3.5
indoor ligh
indoor light

include sunlight

Note 1 to ent]
and intensityj

3.6

indoor-light-active photocatalyst

substance t
an artificial
water conta

Ey: Self-cleaning using photocatalysis is achieved threugh decomposition of surface contami

vhich or on which the photocatalyst is added by coating, impregnation or mixing

Fy: Materials include ceramic, metal, plastic, paper and cloth for general purposes.

cting photocatalyst

ry: This applies to metal oxides like titanium dioxide, and sulphides. Photocatalysts which aj
ng includes metal complexes.

g effect
e of surface cleanliness of a material by employing a phetocatalyst loaded onto the sur

nd reduction reactions, and/or hydrophilicity that allows stains or dirt to be easily removed
ater over the surface.

try: Examples include glass, tiling and other facings for buildings, and plastics and coating
Dses.

fing environment
ing environment with an artificial light source for general lighting service that doe

Iy: For the purposes of photocatalytic activity characterization, a clear definition of spectral
is normally requireds

hat carri€syout many functions based on oxidization and reduction reactions producg

minarts, deodorization, and antibacterial, antifungal, self-cleaning and antifogging act

light source for general lighting service, including decomposition and removal of air

e not

face
hants

y the

rs for

5 not

fange

ed by

and
ions

3.7

contact angle before pretreatment

6

water contact angle before pretreatment by UV irradiation and coating with organic matter

3.8

contact angle after UV irradiation and before coating

0,

water contact angle after pretreatment by UV irradiation and before coating with organic matter
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3.9

initial contact angle

63

water contact angle after pretreatment by UV irradiation and coating with organic matter and
immediately before starting visible light irradiation (water contact angle after 0 h of visible light
irradiation)

3.10
contact angle after n h of visible light irradiation

0,(n)
water contact angle after applying visible light irradiation for n h

Note [L to entry: The unit of time may also be in days, minutes, and seconds in addition to hours;

3.11
initial contact angle halving time
f2) o -
timefrequired for water contact angle to reach half the value of the initial contact angle 6; due to visible
lightfirradiation

3.12
contact angle reduction time (10°)
nlOO
time|required for water contact angle to reach 10° due to visible light irradiation

3.13
test piece set
multjple test pieces of the same material, treated under the same conditions, to investigatg time-series
chanjges in a water contact angle by sequential measurement under identical visible light irradiation
condjitions

4 Principle

This test method measures the time until a water contact angle increased by attaching organic matter to
a test piece is reduced due to de¢omposition of the organic matter by the photocatalytic eff¢ct of visible
light|irradiation, thus provides-an index of the self-cleaning effect performance of an indoor-light-active
photpcatalytic material. First; the test piece is irradiated with UV light to remove any organic matter
adsorbed to its surfacesand organic matter for test purposes (stearic acid) is then appliefl to the test
piece by a previouslycestablished method. Next, the initial contact angle is measured, and the test piece
is th¢n irradiated with a given amount of visible light. The time-series changes in the contact angle due
to visible light irrddiation are measured, and the elapsed time from the start of visible light irradiation
untillthe contact angle reaches half of the initial value and until the contact angle reaches [L0° or lower
are determined.

5 Te<ct annaratuc
“CJIL ullllul L2932 % T4
5.1 Instruments and apparatus

5.1.1 Blacklight blue fluorescent lamp, in accordance with ISO 10677.

In general, the lamp recommended for use is an ultraviolet fluorescent lamp which produces ultraviolet
rays termed UVA and has a peak emission at 351 nm, employing blue glass which absorbs visible light.

5.1.2 Ultravioletlight irradiation apparatus, in accordance with 1SO 27448.

5.1.3 Ultraviolet light radiometer, in accordance with ISO 10677.

©1S0 2023 - All rights reserved 3
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5.1.4 Visible light source (fluorescent lamp and UV cut filter).

Indoor illumination environment condition (Condition A) shall be used with a cool white halophosphate
fluorescent lamp and a UV sharp cut filter designated as Type A from among those specified by
ISO 14605, with an attached cover which transmits light longer than wavelengths of 400 nm. Fluorescent
lamps shall be warmed up for 15 min before use to stabilize output.

5.1.5 Visible light irradiating apparatus.

To ensure uniform irradiation of test piece sets by light produced by the lamp, allow for blocking of light
from surroundings, and allow for adjustment of illuminance, the test piece or the position of the lamp

shall be movfable. TfaTamp reflector is attached, it shall employ a material with Tittle absorption ofvisible

light and dejgradation under visible light conditions and the structure shall allow for measurémgnt of

illuminance[where the test piece is located. Illuminance at the test piece surface shall be adjustablel over

a threefold ¢r greater range.

5.1.6 Illuminometer, in accordance with ISO 14605.

5.1.7 Contact angle measurement apparatus, in accordance with ISO 27448

5.2 Reagents

5.2.1 Stedricacid, of assay (cGC) 60,0 % or higher.

5.2.2 n-Heptane, of assay (cGC) 99,0 % or higher.

5.2.3 Water, distilled water or water of equivalent putity.

5.3 Laboratory temperature and humidity

The laborat¢ry should be preferably kept at atemperature (23 + 5) °C, relative humidity (501’%8 )% ora

temperaturg (20 + 5) °C, relative humidity (65 + 10) %. The laboratory temperature and humidity in

use shall be|documented in the reports.of test results.

6 Test plece preparation

Preparation| of test pieceSishall be as follows.

a) Test piefces: Testpieces shall be prepared by cutting a square 50 * 2 mm in size from the flat poftion
of a semiconducting photocatalytic material. During preparation of test pieces, due care sh3ll be
taken tq avoid contamination by oils or other such organic matter and cross-contamination between
semicorduéting photocatalytic materials. Test pieces should be taken from the semicondufting

b)

photocatalytic material itself, but if the shape of a semiconducting photocatalytic material makes
preparation of test pieces difficult, test pieces may be prepared on a separate flat sheet made from
the same starting material and processed identically. A single test piece set comprises multiple
test pieces prepared from the same material under the same conditions to investigate time-series
changes in a water contact angle through sequential measurement of the water contact angle under
identical visible light irradiation conditions.

Number of test pieces: Each test piece set shall include a sufficient number of test pieces needed to
carry out testing. Since the water contact angle is measured at different locations on the test piece
surface, a greater number of test pieces are needed if the visible light irradiation time becomes
longer and the number of water contact angle measurements increases. The number of test pieces
needed can be estimated by preliminary testing and other means in advance. The number of test
piece sets needed also corresponds to the number of visible light irradiation levels to be used in

© IS0 2023 - All rights reserved
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testing on two or more levels under visible light irradiation conditions with at least a threefold

difference in illuminance.

Test procedures

7.1 Measurement of water contact angle

When water droplets are brought into contact with a test piece, water droplets are transferred to the
test piece, and liquid droplets are formed. The contact angle at such time shall be measured rapidly,
preferably 3 s to 5 s after water dripping. The amount of water dripped shall follow the specification
for the contact angle meter used, and measurement is performed with a suitable amount. [[he value of

the @
thred

al care shall be needed in cases where the water contact angle is small and water dro

ontact angle shall be always taken as the arithmetic mean for measurement of dontgct angles at
 different locations. Measurement shall not be repeated at a location on a test pigee surface where
the water contact angle has been measured previously. Likewise, if multiple measureme
on tHe same test piece, measurement is made at a location sufficiently separated from locg
meagurement was made previously, with care taken to obviate effects from’previous m
Spec
on tHe surface of the test piece.

ts are made
tions where
basurement.
plets spread

7.2 | Test piece pretreatment
Test jpieces shall be pretreated by the following procedures,‘in which the test piece is irrgdiated with
ultraviolet light to remove any organic matter adsorbed\te the surface, and the test piece is then
coat¢d with stearic acid. When handling the test piece, care shall be taken to prevent direct contact
with|the test piece surface, so as to prevent contamination by hydrophobic substances of other such
matedrials. Polyethylene or similar gloves should be\worn to protect the test piece from coptamination
by hydrophobic substances or other such materials.

a) easurement of contact angle before pretreatment, 8. For each test piece set, the cpntact angle
t three locations shall be measured before pretreatment of the test pieces. The arithmietic mean of
he measured values of contact angles at the three locations measured in this fashion Is?fall be taken
s the “contact angle before pretreatment, 6,” of each test piece set. If multiple, entirply identical
est pieces are divided into individual test piece sets, the measured value for a single “cpntact angle
efore pretreatment, 6,” may be used for all such test piece sets.

b) Preparation of ultraviolet irradiation apparatus. The light receiving section of & ultraviolet
ight radiometer shall be installed on the base surface of the ultraviolet irradiation apparatus, and
he apparatus shall'be adjusted such that irradiance at the test piece surface is (2,0[+ 0,1) mW/
m? during usé&. When measuring irradiance, the light source of the irradiation apparatus shall be

armed upyl5 min in advance to stabilize the level of irradiance.

c¢) Removalof organic matter by ultraviolet irradiation and measurement of contactlangle after

V_irradiation and before stearic acid coating, 8,. The ultraviolet irradiation app
irfadiance adjusted, shall be used to irradiate each test piece set with UV light for 24 h

hratus, with
Thereafter,

the contact angle shall be measured at three locations Ior each test piece set. I he arith

metic mean

of the contact angles in the three locations measured for each test piece set shall be then taken as
the “contact angle after UV irradiation and before coating, 6,” of each test piece set. If the contact
angle after UV irradiation and before stearic acid coating, 6,, is not 10° or lower, the test piece
set shall be again subjected to UV irradiation for 24 h, and the contact angle after UV irradiation
and before stearic acid coating, 8,, shall be re-measured. This process shall be repeated until the
contact angle after UV irradiation and before stearic acid coating, 6,, is 10° or lower. If the contact
angle after UV irradiation and before stearic acid coating, 8,, does not attain 10° or lower despite
repeated UV irradiation, the test is judged invalid. If multiple, exactly identical test pieces have
been divided into separate test piece sets and entirely identical ultraviolet irradiation has been
performed for each such set, the measured value of a single “contact angle after UV irradiation and
before coating, 8,” may be used for all such test piece sets.

© IS0 2023 - All rights reserved 5
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d) Coating with stearic acid and measurement of initial contact angle, 6. Test pieces shall be

coated with stearic acid by the following method. A heptane solution of stearic acid (0,3 wt%) shall
be prepared, and each test piece shall be spin-coated with this solution by dripping 1 mlat 2 000 r/
min x 20 s, whereafter the test pieces shall be then dried for 10 min at 70 °C. The contact angle at
three locations shall be subsequently measured for each test piece set. The arithmetic mean of the
contact angles measured at the three locations is determined for each test piece set, and if this
value is not 20° or greater, spin-coating with a heptane solution of stearic acid (0,3 wt%) and drying
are again performed under the same conditions, and the contact angles shall be re-measured. This
process shall be repeated until the arithmetic mean of the contact angle value measured at the
three locations reaches 20° or greater, the value at which 20° or greater is attained shall be taken
as the “initial contact angle, 8;” for the test piece set, and the next stage of visible light irradiation

can be (
with ste

7.3 Visib

irradiation, 6,(n)

7.3.1 Meg

The light re
irradiation
surface is a
visible light
is measured
stabilize illy

7.3.2 Meas

Once visible
be allowed,
arithmetic 1
shall be tak
Visible light
angle is red
reduction ti
10° within t
angle when
examples (2

arried out. If the contact angle does not reach 20° or greater despite repeated spin-€o
aric acid, the test is judged invalid.

le light irradiation and measurement of contact angle after n h of visible lig

surement of illuminance and preparation of test piece placementlocation

ceiving section of an illuminometer shall be installed on the-base surface of the v
hpparatus, and the apparatus shall be adjusted such thatilluminance at the test
predetermined value during use. Testing shall be perforined on two or more levels 4
irradiation conditions with at least a threefold difference‘in illuminance. When illumin

ating

tht

sible
biece
nder
ance

, the light source of the irradiation apparatus shall be’let for 15 min or more in advance to

minance.

surement of contact angle after n h of visible light irradiation, 8,(n)

light irradiation of a test piece set is initiated, an appropriate interval of irradiation
and the contact angle at three locations shall be measured for each test piece set
hean of the contact angle measured dt three locations after n h of visible light irradi
bn as the “contact angle after n'hof visible light irradiation, 6,(n)” for each test piec
irradiation shall be continued and contact angle measurement is repeated until the co
iced enough to calculate the'initial contact angle halving time, n, ,, and the contact

e, nq,.. If the contact angle’is not reduced to half the value of the initial contact angle a
he anticipated test duration, the tester shall record the elapsed irradiation time and co
visible light irradidtion is stopped, and testing ends. Figures 1 and 2 present measure
level of visible light illuminance).

shall

The
htion
b set.
ntact
ingle
nd to
ntact
ment
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Figure 1 — Measurement example for illuminance of 10 000 1x
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n time, h

htact angle, degrees
he: 65, 96,7°

he: 60, /2 48,4°

he: 10°

1/239,1h

00 76,0 h

Figure 2 — Measurement example for illuminance of 3 000 1x

number of measuring points in these measurement examples is small, testing shall in

ere the contact-angle becomes 10° or lower by performing preliminary testing or

three or mjl;e measuring points)between the point where the maximum contact angle is reached

such proce

or loweris 1

8 Calcul

ures in advance/(including the point of maximum contact angle and the point at whic
eached, five;or more points shall be evaluated).

ation of test results

clude
| and
bther
h 10°

8.1 Guide to the rounding of numbers

The calculation values are usually rounded to one decimal place.

8.2 Calculation of contact angle

The arithmetic mean shall be determined for contact angles measured at three points for each test
piece set, and the result is taken as the “contact angle for the test piece set” under the conditions.
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Conditions for a valid test

When the following conditions for a valid test are fulfilled, the associated test is judged valid. The
contact angle after UV irradiation and before stearic acid coating, 6,, shall be 10° or lower [fulfils

Formula (1)].

6, <10°

where

The initial contact angle, 85, shall be 20° or higher [fulfils Formula (2)].

where

8.4

The jnitial contact angle halving time, n, /,, shall be calculated by the following formulae.

For ¢ach test piece set, when the contact angle is reduced by visible light irradiation and|
angl¢ at measurement of the contact angle after n_ , hoof visible light irradiation (64(n_y ,))
a sizp that is not more than half of the initial contact angle, 65 [fulfils Formula (4)], if
contact angle measurement was made after nj;, h of visible light irradiation and the c
at sugch time is taken as 64(n,; ,), the initial Contact angle halving time n, , is defined by |
using these values.

6, =20°

6, isthe contact angle after UV irradiation and before stearic acid coating.

¢ is the initial contact angle (contact angle after 0 h of visible lightirradiation).

Initial contact angle halving time, n, ,

V)
(ny12—n_1/2) '73+"—1/2 03 (n41/2) 417204 (n_1/2)

)

(2)

the contact
first reaches
he previous
bntact angle

Formula (3),

M2 = (3)
0, (121/2) 04 (n_1/2)
0
04 (n_1/2 ) < 73 (4)
wherre

R1/2 i's the elapsed time of visible light irradiation (h) at contact angle measuremgnt when
the size of the contact angle, 8,, first reaches half or less that of the initial contact angle,
03;

N1/ is the elapsed time of visible light irradiation (h) at contact angle measurement imme-

diately before contact angle measurement when the size of the contact angle, 6,, first

reaches half or less that of the initial contact angle, 05;
04(n4,;) isthe contact angle (°) after n_; , h of visible light irradiation;
04(n,1/;) is the contact angle (°) after n,, , h of visible light irradiation;
ny/; is the initial contact angle halving time (h);

0, is the initial contact angle (°).

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=3dc74325121ad1c9d27393fb810babde

IS0 19810:2023(E)

8.5 Contact angle reduction time, n,.

Contact angle reduction time, ny,. shall be calculated by Formula (3), with the following substitutions.

When the contact angle first reaches 10° or lower at the time of contact angle measurement, visible
light irradiation time at that time is taken as n_ ,,, and the contact angle is taken as 6,(n_ ;). For the
contact angle measurement immediately before the measurement above, visible light irradiation time
is taken as n,; s, and the contact angle is taken as 6,(n,, ). Assuming that the value of 65 at such time is
20°, ny /, calculated by Formula (3) shall be taken as n..

9

Repor

Test results

a)
b)
‘)
d)
e)
f)

g)
h)
i)
j)
k)
)

10

arefere
test dat
test pie
reagent|
black lig

visible ]
emissio

ultravid
visible |
contact
Spin coa3
UV light
contact

contact
piece se

spin coa
initial c

illumind

ing of test results

shall be reported for the following items:

nce to this document, i.e. ISO 19810;

b, temperature, relative humidity, etc.;

Ce type, size, material, and shape;

manufacturer name, grade, etc.;

ht blue fluorescent lamp model, specification, number of lamps, peak emission wavele

ight source (fluorescent lamp and UV cut filter) model,specification, number of lamps,
h wavelength;

let light radiometer model, specification;

ight illuminometer model, specification;

angle measurement apparatus model, spécification;
ting equipment model, specification;

irradiation time during pretreatment;

angle before pretreatment,0,, for each test piece set;

angle after ultravjelet light irradiation and before stearic acid coating, 6,, for each
t;

ting conditighs$-(e.g. number of repetitions);
bntact angle, 0;, for each test piece set;

ince of irradiated visible light;

hgth;
peak

test

contact

contact

laoloolazs 43 £, | S a3 rs
auslc ucuvuls LIITIC, lll/z, IUL T4AllIl tTOoU PICLC oCL,

angle reduction time, ny,., for each test piece set;

maximum contact angle after starting visible light irradiation (maximum value of 8,) and duration
of irradiation at such time [if monotone decreasing, 6,(0)];

if contact angle did not decrease to half of the initial contact angle value or to 10° during the test
duration, documentation of same, and documentation of irradiation time and contact angle when

visible 1

contact

ight irradiation was stopped;

angle after n h of visible light irradiation, 8,(n), for each test piece set;

noteworthy details concerning test and test pieces after testing;
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