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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.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

Photocatalyst is a substance that performs decomposition and removal of contaminants, self-
cleaning, antifogging, deodorization and antibacterial actions under photoirradiation. Its application
has expanded considerably in recent years. The application of photocatalysts for indoor spaces
has increasingly been sought as a solution to indoor environmental problems. Since conventional
photocatalysts are responsive only to ultraviolet light, studies have been made to develop an indoor-
light-active photocatalyst that makes effective use of indoor light, which room lights mainly emit, and
thus demonstrates high photocatalytic performance indoors. The development has recently led to the
commercialization of various indoor-light-active photocatalytic products, and there has been demand
for the establishment of test methods to evaluate the performance of this type of photocatalyst.

Thig document, with [SO 22197-1 and ISO 22197-2 as the basis, is intended to provide atesting method to
detgrmine the performance of indoor-light-active photocatalytic materials with regards to the removal
of methyl mercaptan, enabling swift distribution of photocatalytic products and-thus contributing to a
safg and clean environment.

© ISO 2018 - All rights reserved v
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Fine ceramics (advanced ceramics, advanced technical
ceramics) — Test method for air-purification performance
of semiconducting photocatalytic materials under indoor
lighting environment —
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Scope

5 document specifies a test method for the determination of the air-purification pe
h regards to removal of methyl mercaptan, of materials that centain a photocataly

ph

ocatalytic films on the surface, usually made from semiconducting metal oxides such :

rformance,
st or have
IS titanium

dioxide or other ceramic materials, by continuous exposure of a test piece to the model air pollutant

under illumination with indoor light.

Thif document is intended for use with different kinds ofumaterials, such as construction mpaterials in

flat|sheet, board or plate shape, which are the basic forms of materials for various applica
document also applies to materials in honeycomb form, and to plastic or paper materials
cergmic microcrystals and composites. This doCument does not apply to powder o
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ocatalytic materials.

5 test method is usually applicable to photocatalytic materials produced for air purific
hod is not suitable for the determinationef other performance attributes of photocatalyti
lecomposition of water contaminants,self-cleaning, antifogging and antibacterial action

Normative references

following documents are referred to in the text in such a way that some or all of th
Ktitutes requirementshof this document. For dated references, only the edition cited 3
ated references, the'latest edition of the referenced document (including any amendmen

6145-7, Gas analysis — Preparation of calibration gas mixtures using dynamic volumetric
b 7: Thermal.idss-flow controllers

14605;-Eine ceramics (advanced ceramics, advanced technical ceramics) — Light source
iconducting photocatalytic materials used under indoor lighting environment
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[s) applies.

methods —

for testing

ISO

1EC 1702 ':’ General roqniromonfcjfnr the r'nmpof'anr'a nJFf'ocf-ing and-calibration laboratorie

ISO 17168-1, Fine-ceramics (advanced ceramics, advanced technical ceramics) — Test method for air-
purification performance of semiconducting photocatalytic materials under indoor lighting environment —
Part 1: Removal of nitric oxide

ISO
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For

©IS

80000-1, Quantities and units — Part 1: General

Terms and definitions

the purposes of this document, the terms and definitions given in ISO 17168-1 apply.
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

— IEC Electropedia: available at http://www.electropedia.org/

4 Symbols

f air-flow rate of test gas converted into that at the standard state (0 °C, 101,3 kPa) (1/min)
¢m  methyl mercaptan volume fraction at the reactor exit (/1)

¢Mo  supply volume fraction of methyl mercaptan (pl/1)

nm renfoval quantity, by test piece, of methyl mercaptan (pmol)

Rm renfoval percentage, by test piece, of methyl mercaptan (%)
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6 Appa

6.1 Test

hent deals with the development, comparison, quality assurance/characterization, reliab
data generation of photocatalytic materials[ll. The methed\ described is intended to ob
ification performance of photocatalytic materials by expgasing a test piece to model polly
lumination by indoor light. Methyl mercaptan (methanethiol, CH3SH) is chosen as a ty
s substancel2l. The test piece, placed in a flow-type photoreactor, is activated by indoor-1
n, and adsorbs and oxidizes gas-phase methyl meteaptan. The air-purification performd
hed from the amount of the net removal of methyl mercaptan and removal rate of me
The simple adsorption and desorption of CH3SH by the test piece (not due to photocataly
d by tests in the dark. However, this doecument cannot be applied to test pieces whic}
stable concentration of methyl mercaptan in the designated test time. The photocatal
iy depend on physical and chemical'properties of pollutants, mainly due to the adsorp
rolved. For a better evaluation of-aixpurification performance of photocatalytic materia
bnded that one or more suitable test methods are combined, as provided in other parts of
Series.

ratus

equipment

The teste
by supplyi
is the sam
ofatestg
equipment

ipment enables a photocatalytic material to be examined for its pollutant-removal capab
g the testgas continuously, while providing photoirradiation to activate the photocatalyj
as thatused in the test method for the removal of nitric oxide (see [SO 17168-1) and cons
s supply, a photoreactor, a light source, a UV sharp cut-off filter and pollutant measure

lity
fain
ted
ical
ght
nce
thyl
sis)

do
lytic
[ion
s, it
the

lity
t. It
ists

with materials of low adsorption and resistant to ultraviolet (UV) radiation, for example acrylic resin,
stainless steel, glass and fluorocarbon polymers. An example of a test system is shown in Figure 1.

© ISO 2018 - All rights reserved


https://www.iso.org/obp/ui
http://www.electropedia.org/
https://standardsiso.com/api/?name=d9be3d277c0e410c641b8fdcb84ace4d

ISO 17168-5:2018(E)

Key

1 [testgas supply 9  four-way valve

2 |air compressor 10 photoreactor

3 |air-purification system 11 testpiece

4 |standard gas (pollutant) 12 airtight optical window
5 |pressure regulator with a gauge 13 light source

6 |mass-flow controller 14 sharp cut-off filter

7 |humidifier 15 analyser

8 |gas mixer 16 vent

Figure 1 — A schematic of the testing equipment

6.2| Testgds supply

The test'gas supply provides air polluted with model contaminant at a predetermined confcentration,
tenmperature anmd humidity, amdsuppties it continuousty tothe photoreactor— Tt Tomsists of flow
regulators, a humidifier, gas mixers and so on. The flow rate of each gas should be within 5,0 % of
the designated value, which is easily attained by using thermal mass-flow controllers with knowledge
of temperature and gas type at calibration in accordance with ISO 6145-7. The expression of gas flow
rate in this document is that converted to the standard state (0 °C, 101,3 kPa). Typical capacities of
flow controller for pollutant gas, dry air and wet air are 50, 1 000 and 1 000 ml/min, respectively. The
standard methyl mercaptan gas in a cylinder, normally balanced with nitrogen, shall have a volume
fraction of 100 pl/1to 1 000 pl/1.

6.3 Photoreactor

The photoreactor holds a planar test piece within a 50-mm wide trough, with its surface parallel to an
airtight optical window for photoirradiation. The reactor shall be fabricated from materials that adsorb

© ISO 2018 - All rights reserved 3
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little test gas and withstand irradiation of near-UV light. The test piece shall be separated from the
window by a 5,0 mm + 0,5 mm thick air layer. The test gas shall pass only through the space between
the test piece and the window. This gap shall be accurately set up according to the thickness of the test
piece, for example by using height-adjusting plates with different thicknesses, as shown in Figure 2 a).
When a filter-type material is tested, an alternative type of test-piece holder shall be used, which holds
the test piece while allowing the test gas to pass through the cells of the filter under illumination
[Figure 2 b)]. Quartz or borosilicate glass that absorbs minimal light at wavelengths longer than 300 nm
should be used for the window.

4 © ISO 2018 - All rights reserved
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b) For filter-type test pieces

Test piece length | Test piece width | Air layer thickness
I Ip I

99,0 + 1,0 mm 49,0 + 1,0 mm 5,0+ 0,5mm
Key
1 testgasinlet 6 auxiliary plate
2 baffle 7  testpiece (flat-type)
3 airtight optical window 8  testgas outlet
4  flow channel 9  test piece holder
5 height-adjusting plate 10 test piece (filter-type)

Figure 2 — Cross-sectional views of photoreactor

© ISO 2018 - All rights reserved
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6.4 Ligh

t source

A cool white harophosphate fluorescent lamp and a UV sharp cut-off filter as specified in ISO 14605
shall be used. The test piece shall be illuminated uniformly through the window by the light source.
When testing honeycomb-form photocatalysts, the light source shall illuminate one face of the test
piece. A light source that requires warming up shall be equipped with a shutter. The distance between
the light source and the reactor shall be adjusted so that the illuminance at the test piece surface is
6 000 Ix + 300 1x. The illuminance along the length of the test piece shall also be constant within * 5 %.
The illuminance shall be measured with an illuminance meter which conforms to ISO 14605. The

reactor and light source shall be shielded from external llght The parts around the llght source, such

as luminaige
wavelengt

6.5 UV

The UV sh
The transy
than 1 %

where the
390 nm % §5

6.6 Anal

The concel
column or
organic co
photometr
way valve
valve is us
with the te
The volum
analytical

gharp cut-off filter

rnge ofmdoorllght o

hittance of the UV sharp cut-off filter shall be less than 0,1 % (wavelength < 365 nm),
at 380 nm) and higher than 80 % (400 nm < wavelength < 780 nm), and the waveler
[ransmittance is half of the average transmittance between 400 nm and 780 nm is locate]
nm.

lytical system

ptration of methyl mercaptan shall be determined by:gas chromatography. Either pad
capillary column can be used as long as it can séparate methyl mercaptan from reld
mpounds. The detection shall be made by eitherflame ionization detector (FID) or fl
jc detector (FPD). The test gas is sampled withva gas-tight syringe. However, use of a
s recommended for reproducible and automatic sampling. The flow diagram when a six-
bd is shown in Figure 3. A small sampling\pump continuously ventilates the metering ]
st gas. The pump is stopped when thectest gas is sampled by switching the six-way v{
e of the metering tube is typically 0,5ml, but it shall be determined by the sensitivity of
bystem.

the

arp cut-off filter shall remove a small amount of UV light radiated from he light source.

less
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8.1

photoreactor
six-way valve
carrier gas
metering tube
sampling pump
gas chromatograph
vent

FID

Test piece

Procedure

General aspects

Figure 3 —Gas sampling system

test piece shall be a flat material or ahoneycomb filter 49,0 mm + 1,0 mm wide and 99,0 mm + 1,0 mm
. [t may be cut to these dimensions from a larger bulk material or coated sheet, or may he specially
bared for the test by coatiing a pre-cut substrate. The thickness of the test piece shall ideplly be less
n 5 mm, in order to minimize the contribution from the side faces. If thicker test pieces are to be
ed, the side faces.Shall be sealed with an inert material before testing. The honeycoml test piece
I not be thicker thian 20 mm.

The test procedure consists of pre-treatment of a test piece, adsorption process in the dark, and
measurements of removal of methyl mercaptan under photoirradiation. An example of concentration
change of methyl mercaptan during the test is shown in Figure 4. Some test pieces may not give
accurate removal of methyl mercaptan due to lower photocatalytic activity. In this case, loading of
methyl mercaptan per test piece can be reduced following the procedure in Clause 10.
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Key
1 feed leyel
2 lights op
3 lights off
X  time (h
Y methyljmercaptan concentration (pl/1)

Figure 4 — Examples of methyl mercaptan concentration measurement

8.2 Pretreatment of the test piece

8.2.1 The test piece shall notmally be pretreated as specified in 8.2.2 and 8.2.3 in this order. Wh¢n it
is anticipated that the test.piece has hydrophobic contamination, 8.2.3 may be followed by 8.2.2. [The
procedure [in 8.2.2 cande omitted if it causes damage to the test piece. If the test pieces are not t¢ be
tested imnlediately afterthis pretreatment, they shall be kept in an airtight container.

8.2.2 Immerse/the test piece in deionized water for 2 h or more, remove it and air-dry at r¢om
temperature_The test piece may be dried by heating within a temperature range that does not cquse

: 1 1 . 1 1 b 4=l b b . L . 123000 I - o | 1
phySlcal ar CIICIITIC Al Llldllst LU LIIT LTSL plCLC Lllld)&llllulll 124U \4) Lll_ylleb IS COLNIT ITICU WIITIT d CUILLS .ant
mass is reached. The method of drying and any observations, such as the appearance of sediment in the

wash water, shall be recorded.

8.2.3 Irradiate the test piece with an ultraviolet lamp for at least 12 h (up to 24 h) to decompose
residual organic matter on the test piece. The UV irradiance at the sample surface shall be high enough to
secure complete decomposition of organic matter (10 W/m2 - 20 W/m?2).

8.3 Pollutant removal test

8.3.1 Adjust the test gas supply beforehand so that it can stably supply the test gas containing
5,0 pl/1 £ 0,25 pl/1 of methyl mercaptan and 1,56 % * 0,08 % of volume fraction of water vapour at

8 © ISO 2018 - All rights reserved
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