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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

Photocatalytic performance depends on testing light sources. To fairly evaluate photocatalytic
performance, an ISO Standard on testing light sources for photocatalytic materials used under indoor
lighting environments was developed based on the lighting environment prevalent at the time of its
drafting (ISO 14605[]). Fluorescent lamps are specified as a testing light source in the document.
However, in order to achieve a low-carbon society and reduce the environmental load of mercury,
production of this type of lamp will stop in the near future. Light sources for indoor lighting will change
from this type of lamp to white LED lamps. According to a global lighting market report, the LED share
in general lighting was 45 % in 2016 and almost 70 % in 2020.[11] Another report estimates the 2018
shar§ of solid-state light products, including LEDS, as 64 %, and predicts that by 2030 thig will rise to
96 %.112] This document has been developed based on this background.
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Fine ceramics (advanced ceramics, advanced technical
ceramics) — LED light source for testing semiconducting
photocatalytic materials used under indoor lighting

en

1

vironment

$cope

This|document specifies light emitting diodes (LED) for light source and radiometers
performance evaluation of semiconducting photocatalytic materials under indoor L

envi

ronments in a laboratory. Light sources for indoor lighting environments,dé not incly

passing through window glass.

This|document does not replace 1SO 14605.1] Either document can apply depending on

envi

2

ronment in which the photocatalytic material is used.

Normative references

Therk are no normative references in this document.

Terms and definitions

For the purposes of this document, the following-terms and definitions apply.

ISO dnd IEC maintain terminology databases-for use in standardization at the following add

3.1

ISO Online browsing platform: ayailable at https://www.iso.org/obp

IEC Electropedia: available at'https://www.electropedia.org/

indopr lighting environment
lighting environment with artificial light source for general lighting service that does

sunl

ight

[SOURCE: ISO 14605:2013, 3.3[1]

3.2

light emitting diode

LED

used in the
ED lighting
ide sunlight

the lighting

Iresses:

not include

solid=statedevite embodying a p-Trjurctiors, enritting incolerent opticat Tadiationr wheme
electric current

[SOURCE: IEC 60050-845:1987, 845-04-40[3]]

3.3

correlated colour temperature
temperature of the Planckian radiator whose perceived colour most closely resembles that of a given
stimulus at the same brightness and under specified viewing conditions

Note 1 to entry: The correlated colour temperature is expressed in kelvins (K).

cited by an

Note 2 to entry: The recommended method of calculating the correlated colour temperature of a stimulus is to
determine on a chromaticity diagram the temperature corresponding to the point on the Planckian locus that is
intersected by the agreed isotemperature line containing the point representing the stimulus.
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Note 3 to entry: Reciprocal correlated colour temperature is used rather than reciprocal colour temperature
whenever correlated colour temperature is appropriate.

[SOURCE: IEC 60050-845:1987, definition 845-03-50[3]

3.4

colour rendering index
measure of the degree to which the psychophysical colour of an object illuminated by the test illuminant
conforms to that of the same object illuminated by the reference illuminant, suitable allowance having
been made for the state of chromatic adaptation

Note 1 to ent

ry: In German, the term “Farbwiedergabe-Index” is also applied to colour reproduction.

[SOURCE: I§

3.5
CIE 1974 g¢
Ra
mean of the

[SOURCE: I§
3.6

C 60050-845:1987, definition 845-02-61[3]]

neral colour rendering index

CIE 1974 special colour rendering indices for a specified set of eight testicolour samplg

C 60050-845:1987, definition 845-02-63[3]

spectral lupninous efficiency

V' (A) for phg

topic vision

<monochromatic radiation of wavelength A> ratio of the radjant flux at wavelength A to th

wavelength
photometrig

Note 1 to en
vision are th
and recommg

[SOURCE: If

3.7
general V(A

1
index descr

function
[SOURCE: I

3.8
directional

A such that both radiations produce equally intense‘luminous sensations under speq
conditions and A, is chosen so that the maximuymvalue of this ratio is equal to 1

fry: Unless otherwise indicated, the values used;for the spectral luminous efficiency in phd
b values agreed internationally in 1924 by the €IE, completed by interpolation and extrapol
nded by the International Committee of Weights and Measures (CIPM) in 1972.

C 60050-845:1987, definition 845:01-22, modified[3]]

) mismatch index

bing the deviation of .the relative spectral responsivity of the photometer from the

0/CIE 19476:2614) 3.2.2(2]]

responseindex (cosine response index) for illuminance

f2

index describing.the responsivity of the photometer to light incident at an angle other than norma
cosine law fprigeneral purpose illuminance meters)

at at
ified

topic
htion,

V(A

(the

[SOURCE: IS

0/CIE 19476:2014, 3.2.5[2]]

4 Light sources

The following requirements apply to white LED lamps used as a testing light source of photocatalytic
materials under indoor LED lighting environments.

a) A phosphor-type LED lamp with a peak wavelength of optical radiation emitting from solid of

450 nm

+ 10 nm shall be used (see A.1 for additional information).

b) A phosphor-type LED lamp with a CIE 1974 general colour rendering index Ra of 80 < Ra < 90 shall

be used

© IS0 2023 - All rights reserved
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c) Correlated colour temperature of a white phosphor-type LED lamp shall be defined by a national
testing light source standard for photocatalytic materials, a regional (e.g. EU) light source standard
for photocatalytic materials or a light source standard of each national photocatalytic association.

Where these standards are not published, correlated colour temperature of the white phosphor-
type LED lamp shall be between 3 800 Kand 4 500 K (F4000, cool white). Lighting environments in
different countries are described in A.2 for additional information.

d) A phosphor-type LED lamp shall be driven by direct current (DC). An alternating current (AC)-
driven phosphor-type LED lamp is not permitted.

q

f)

I
k
9
9

If th
wave
mete
illum
the iy

Aty

fa phncphnr-fvpp LED ]qmp with a reflection p];\fp is selected for the testing ]ighf source, the

olour of the reflection plate shall be white.

f multiple white LED lamps are used to achieve a large uniform irradiation surface,
ame white LED lamp (the same manufacturer and the same catalogue nuniber) shal
election of white LED lamps with a peak wavelength of optical radiatioh.emitting f
trongly recommended.

e spectral distribution data of LED lamps is not obtained from the manufacturg
length of the optical radiation emitting from a solid shall be evaluated with a spectre
r or a spectral illuminance meter. The spectral response of a spéctral irradiance meter
linance meter shall be calibrated with a spectral irradianeeéstandard lamp which is
ational standard.

ical spectral distribution of white LED lamps specified by this document is shown in H

Y

1,2

08

06

04 r

02)

400 500 600 700 800 X

Key

at least the
| be used. A
rom solid is

1, the peak
l irradiance
br a spectral
traceable to

igure 1.

X  wavelength, nm

Y relative radiant power

Figure 1 — An example of spectral power distribution of a white LED in which the correlated

NOTE 1

colour temperature is 4 000 K and CIE 1974 general colour rendering index Ra

is 80

White LEDs sold in the market are divided into two types by method of white light generation. The

first is RGB type. This type of white LEDs has three LED chips which emit red, green and blue light in one LED
package. The second is phosphor-type. This type of white LEDs generates white light by fluorescence of phosphor
which is excited by violet light (405 nm) or blue light (450 nm) emitting from solid. The phosphor-type white

LEDs

©ISO

using phosphors excited by blue light are commonly used in lighting environments.
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NOTE 2

An example of the different characteristics of white LED lamps in the same product sold in the market

is shown in Annex B. An example of an irradiation box with a large uniform irradiation surface is shown in
Annex C.

5

IIluminance meters

[lluminance (E) shall be measured by an illuminance meter. The following specifications apply.

a)

b)

<)

d)

The importd

6 Measu
a) Theillu
b)

in each
¢) Theillu
d)

materi
e) Theligh
NOTE

7

A conventional filter-type illuminance meter shall be used. A spectral radiometer or a spectral
illuminance meter shall not be used as an illuminance meter.

A conve
be used

A conve
index) fi

A conve
laborat
be used

ntional filter-type illuminance meter with a general V(4) mismatch index f*; of < 6 %

ntional filter-type illuminance meter with a directional response index (cosine resp
pr illuminance f; of < 4 % shall be used.

ntional filter-type illuminance meter which has been calibrated by a‘mational calibr
ry or with a standard lamp which is traceable to the national measuréement standard

nce of defining the characteristics of illuminance meters is deseribed in Annex D.

rement and use conditions

minance for testing shall be set at the standard valde specified in each testing standar

Ambienf temperature and relative humidity for testing'shall be set in standard conditions spec

festing standard.

minance shall be measured in stable conditions. The drift of illuminance shall be < 1,25

The illl;lminance shall be measured at the.start and the end of the irradiation to a photocatj
|

t source shall be replaced'when the illuminance has decreased to 70 % of the initial va

The variation of illumimance, condition c), is decided by maximum irradiation time (8 h
illuminance

evel control level (£5;0-9) in irradiation.

Testr

port

The test report in ‘each application standard on photocatalytic materials shall include at leas
following information as a testing light source:

a)
b)

‘)
d)

e)

shall

onse

htion
shall

d.
ified

06/h.

lytic

lue.

and

t the

areference’to this document, i.e. ISO 24448:2023;

the kind of light source used (catalogue number, manufacturer, Ra, wavelength of the peak emission
from solid, spectral emission data of the lamp. If possible, correlated colour temperature);

the kind of illuminance meter used in the measurement (catalogue number, manufacturer);

illuminance at the sample surface;

the date of the test.
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Annex A
(informative)

Relationship between photocatalytic performance and
correlated colour temperature of light source and indoor lighting

environments

A1l

temperature of light source

The |
for i1
the 1
1659
spec
iso
dio
LED
unde

The
sour
case
ISO 1
are d

How
regrd
(405
meas
excit
peak

)ﬂée photocatalyst thus generated, for the phosphor-type[450-nm excitation, Type PC

Relationship between photocatalytic performance and correlated c¢

ate of photocatalytic reaction, which generally depends on the wavelength of the light
radiation, can be estimated by the action spectrum of the reactiop-and spectral dig
ght source used (these factors of the light sources for photocatalysis’are summarize
0 [2]). In the case of photocatalytic reaction, a category of photochemical reactions,
frum is used instead of the action spectrum which is not easily available. Spectral
ained from the manufacturer. Figure A.1 shows the perforfmance of a nitrogen-dop

defined in CEN/TS 16599 [2]) white LED lamps with different correlated colour td
r the same illuminance.

photocatalytic performance is well correlated“with the correlated colour temperaf
Ce as shown by the ascending line in Figure¥A.1. Similar relationship has been obs¢
of fluorescent lamps when the ultraviolet\radiation is eliminated (Type A conditio
4605). This means that the test results @btained with different white LEDs whose emis
ifferent can be intercompared by just specifying the correlated colour temperature.

bver, the two points at around 2 500 K and 5 000 K in Figure A.1 (shown as A) are cl
ession line. These points are generated by the phosphor-type white LED with violet lig
nm). Although the radiafion at around 405 nm in wavelength does not affect
urement significantly, /t-activates photocatalyst much more efficiently than that
ation. For this reason; this document specifies the use of commonly available white
wavelength from solid is 450 nm.

lour

source used
tribution of
1 in CEN/TS
a reflection
data of LED
ed titanium
LB as visible
mperatures

ure of light
erved in the
h defined in
sion spectra

barly off the
ht excitation
illuminance

of 450-nm
LEDs whose
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0,75

Key

X correlatd

Y photocat

Figure

A.2 Indo

Photocataly
source proy
colour temy

OT

5500

6500

2500 3500 4500 7500 X

d colour temperature, K A

from:$olid-type white LEDs
alytic performance, AU

A.1 — Relationship between correlated colour temperature and photocatalytic
performance generated by white LED lamps.

pr lighting environment'in different countries

tic performance depends’on the spectrum of the light source. High correlated colour
ides a high photoeatalytic performance as shown in Figure A.1. Regulating a corre
erature of testing light source in this document is the best for realization of m

authentication system. Hawgver, it is impossible to regulate one correlated colour temperature

and in the fy

[ture because/of the difference of indoor lighting environment.

Indoor light
environme
In Asia, hig
temperatur

ing envirenments differ between countries and room usage. In general, indoor lig

photocatalytic performance by 405 nm light emjitting

light
lated
1tual
now

hting

ts in\North America and Europe use light sources of low correlated colour temperature.

correlated colour temperature of light source is commonly used. The correlated c

blour

lture

differences, working performance and safety requirements. Therefore, this document does not make
requirements relating to correlated colour temperature.
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Difference in characteristics of white LED lamps in the same
product sold in the market

irradiance of white LED lamps in the same product is measured at the same distance,ard
and photocatalytic performance are calculated. The results are shown in Table B.1,

yaracteristic
ve. Spectral
illuminance

formance is
e level shall
commended
b used in an

The maximum difference (maximum/minimum) of illuminance and photocatalytic per
aboult 8 % and 5,6 %, respectively. On the photocatalytic performance teststhe illuminanc
be controlled within +5,0 % in irradiation. This means selection of whité"LED lamps is re
for precise evaluation on the photocatalytic performance if multiple white LED lamps ar
irradiation box.
Table B.1 — Difference in illuminance and photocatalyti¢.performance of white LEI) lamps in
the same product (downlight)
D Lot. No. Illum::ance phot(f,;:;?gl?: per-

100-85-5K-1 A 803 0,504 4

100-85-5K-2 A 803 0,506 6

100-85-5K-3 A 805 0,503 2

100-85-5K-4 A 799 0,504 1

100-85-5K-5 A 809 0,505 0

100-85-5K-6 A 792 0,496 5

100-85-5K-7 A 837 0,524 3

100-85-5K+8 A 801 0,503 6

100-85<5K-9 A 782 0,496 7

100=85-5K-10 A 788 0,499 6

100-85-5K-11 A 823 0,523 1

100-85-5K-12 A 796 0,502 1

100-85-5K-1W B 835 0,519 7

100-85-5K-2W B 811 0,504 5

TO0=85-5K-3W B 833 0,5209

100-85-5K-4W B 842 0,5201

Average 810 0,508 4

Max./min. 1,08 1,056 0
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Annex C
(informative)

Example of an irradiation box with a large uniform illuminance on

When a large—usi

antiviral te
illuminance
provided by

An example

surface is slhown in Figure C.1. The box is a cuboid made of steel angle (96 cm wide, 90 cm dee

120 cm high
and below t
minimize lig
Four-white
unit used is

85° beam angle. The illuminance can be adjusted by changing thelieight of the panel and moving

lighting unif
the sample

of downligh
illuminance

an irradiation surface

5ts, multiple white LED lamps should be installed in the irradiation box. Uniformi
on the irradiation surface can be estimated by calculation software for lighting’d
lamp manufacturers.

of the structure of an irradiation box with a large uniform illuminance on"an irradi

) covered with a blackout curtain. The height includes the spaces above the lighting
he sample stage. The upper panel and sample stage also have blackor dark surface so
ht reflection.

LED downlight units are installed on the upper panel of the\irradiation box. The dowr
90 mm o.d. and 42 mm high in size, and provides 1 0204m*(5 000 K, Ra 85, 9,9 W) wi

radially on the panel. Figure C.2 shows an example ofilluminance distribution obtaing
stage. With the distance between optical axis of déwnlights (P,,, P4) 50 cm and the h
L panel (H) 89,5 cm, the area within 50 cm circle'can be used for testing, where the rel
(Emax = 1,0) is higher than 0,9.

y of
psign

htion
and
Lnits
as to

light
th an
each
bd on

pight

ative
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-—S—»

Key
S ifradiation surface (sample stage) H distance between LED units and irradidtion surface
P, distance of optical @xis (width) P, distance of optical axis (depth)

Figure C.1 —Example of irradiation box with a uniform illuminance on the large irradiation
surface, design by lighting design software
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irradiation box shown in Figure C.1

= 1,0) measured on the irradiation surface of the
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Annex D
(informative)

Characteristics of illuminance meters

General V(A) mismatch index f,;

Gene
illum
illum
are 1]
quitg
500 j
from
indej
unce
of di

Key

inance meters. This index describes the deviation of the relative spectral respons
[inance meter from the spectral luminous efficiency V(A) function. In general, allillumin|
hanufactured so that its spectral response should be adjusted to the V(A).function. H
difficult to realize a perfect spectral response, especially in wavelengths<of between
m, because of the limitation of the optical filters. There is a peak spectral irradiance
the solid of white LED lamps in this wavelength range. This means’ the general V/(
K /1 affects the results of illuminance measurement generated by white LED lamps. Tqg
rtainty of illuminance measurement, this index is regulated, Aexample of the spect
ferent illuminance meters is shown in Figure D.1.

Y

1,2

0,8

— A
0,6 B

— VW
04 F

02 L 1

0 1 1 1 1
400 450 500 550 600 650 700 X

vavélength, nm

Y 1

ral V(A) mismatch index f’; is the most important fundamental index of the charalcteristics of

ivity of the
ance meters

lowever, it is

400 nm and
which emits
) mismatch
make a low
"al response

elative spectral response

Figure D.1 — Example of the spectral responses of illuminance meters

D.2 Directional response index (cosine response index) for illuminance f,

Directional response index (cosine response index) for illuminance f, is also a fundamental
characteristic of illuminance meters. The index describes the responsivity of illuminance meters to
light incident at an angle other than normal. This response must theoretically be adjusted to the cosine
curve, therefore it is also called cosine response.

This characteristic affects the result when non-parallel beam photometry is carried out near the light
source. In general, the size of the light source is larger than that of the receiving surface of illuminance

© IS0 2023 - All rights reserved
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