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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 proceglures 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 needed*for
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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 edition cancels and replaces the first edition (ISO 22197-3:2011), which has been technic
e main changes compared to the previous edition are as follows:

n of reference to ISO 2718 (withdpvawn) from Clause 2 and 6.5;

n of ISO 4677-1 (withdrawn}from Clause 2 and 8.3.1;

of gas flow measurement from dry-gas basis to wet-gas basis in 6.2;

of tolerance on dimeénsions of test piece in Clause 7;
n of proceduses/for removing water-soluble contaminants (8.2);
n of criterion for acceptable adsorption of toluene (Clause 9).
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Fine ceramics (advanced ceramics, advanced technical
ceramics) — Test method for air-purification performance
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‘moval of toluene

Scope

erials that contain a photocatalyst or have photocatalytic films on the-surface, usually
iconducting metal oxides, such as titanium dioxide or other ceramic materials, by
psure of a test piece to the model air pollutant under irradiation withultraviolet light (U

5 document also applies to structured filter materials:including honeycomb-form, wove
ren fabrics, and to plastic or paper materials if they €entain ceramic microcrystals and g
5 document does not apply to powder or granular photocatalytic materials.

5 test method is usually applicable to photocatalytic materials produced for air p
5 method is not suitable for the determination of other performance attributes of phg
erials, i.e. decomposition of water contaminants, self-cleaning, antifogging and af
ons. It concerns the removal of toluene:

Normative references

following documents aré veferred to in the text in such a way that some or all of th
stitutes requirements of this document. For dated references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

4892-3, Plastics= Methods of exposure to laboratory light sources — Part 3: Fluorescent

10677, Fine_ceramics (advanced ceramics, advanced technical ceramics) — Ultraviolet ligh
ing semiconducting photocatalytic materials

IEG 17025, General requirements for the competence of testing and calibration laboratorie

5 document specifies a test method for the determination of the air-purification perf¢rmance of

made from
continuous
V-A).

5 document is intended for use with different kinds of materials, such as construction npaterials in
sheet, board or plate shape, that are the basic forms of materials for various applicationg.

n and non-
omposites.

irification.
tocatalytic
tibacterial

Pir content
pplies. For
[s) applies.

[V lamps

| source for

ISO

3

For

Rnnnn-1’ Qunnl’iﬁpc andunits — Part 1: General

Terms and definitions

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

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

©IS

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

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

substance that performs one or more functions based on oxidization and reduction reactions under
photoirradiation, including decomposition and removal of air and water contaminants, deodorization,
and antibacterial, self-cleaning and antifogging actions

3.2
photocatalytic materials
materials in which or on which the photocatalyst is added by, for example, coating, impregnation or mixing

Note 1 to entry: Such photocatalytic materials are intended primarily for use as building and road construction
materials td obtain the functions described in 3.1.

3.3
zero-calibration gas
air that dog¢s not contain pollutants (i.e. in which common pollutants are below 0,01 ul/H

Note 1 to er]try: The zero-calibration gas is prepared from indoor air using a laboratory airspurification sysfem,
or supplied ps synthetic air in a gas cylinder.

3.4
standard gas
diluted gaq of known concentration supplied in cylinders and certified by an accredited laboratory

3.5

test gas
mixture of air and pollutant(s) of known concentration prepatred from a standard gas or a z¢ro-
calibration| gas, to be used for the performance test of a phetocatalytic material

3.6
dark condjition
test conditjon with no light irradiation by the lightspurce for testing and room lighting

4 Symbols

For the puiposes of this document, the:following symbols apply.

f flow rate of test gas converted into that at the standard state (0 °C and 101,3 kPa) (I/min)
bt volyme fraction of teluene at the reactor exit (pl/1)
¢1o  supply volume ffaction of toluene (ul/1)

¢rp  tolyene volume fraction at the reactor exit under dark condition (pl/1)

nr qualntity of toluene removed by the test piece (umol)

R removal percentage, by test piece, of toluene (%)

5 Principle

This document concerns the development, comparison, quality assurance, characterization, reliability,
and design data generation of photocatalytic materials (see Reference [1]). The method described is
intended to obtain the air-purification performance of photocatalytic materials by exposing a test
piece to model polluted air under irradiation by ultraviolet (UV) light (Reference [2]). Toluene (C,Hg) is
chosen as a typical aromatic volatile organic compound (VOC) with offensive odourl3l. The test piece,
placed in a flow-type photoreactor, is activated by UV irradiation, and adsorbs and oxidizes gas-phase
toluene to form carbon dioxide (CO,) and other oxidation products (References [4] to [6]). The air-
purification performance is determined from the amount of toluene removed by the test piece, in

2 © IS0 2019 - All rights reserved
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micromoles (umol). The simple adsorption by the test piece (not due to photocatalysis) is evaluated by
tests in the dark. However, some test pieces adsorb toluene very strongly, and a stable concentration
of toluene may not be attained in the designated time of test. The photocatalytic activity may depend
on physical and chemical properties of pollutants, mainly due to the adsorption process involved. For
a better evaluation of air-purification performance of photocatalytic materials, it is recommended that
one or more suitable test methods are combined as described in other parts of the ISO 22197 series.

6

Apparatus
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upplying the test gas continuously, while providing photoirradiation to activate-the phd
the same as that used in the test method for the removal of nitric oxide (ISO 22197-1[2]) a
test gas supply, a photoreactor, a light source and pollutant-measurement,equipment]
centrations of pollutants are to be tested, the system shall be constructed with mate
prption and resistant to UV radiation (e.g. acrylic resin, borosilicate glass). An example

em is shown in Figure 1.

testequipment enables a photocatalytic material to be examined for its pollutant-rethoval capability

tocatalyst.
hd consists

Since low
ials of low
Df a testing
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ion,

Key
1 testgagsupply 9 \“4-way valve
2 air compressor 10 photoreactor
3 air-purffication system 11 test piece
4  standaid gas (pollutant) 12 air-tight optical window
5 pressute regulator 13 light source
6  mass-flpw controller 14 analyser
7 humidifier 15 vent
8  gas mixer
Figure 1 — Schematic diagram of test equipment
6.2 Testigas supply
The test gas Supply provides air polluted with the model contaminant at a predetermined concentraf
temperature—amd—humidity, amd—suppties it contimuousty to—the photoreactor— Tt consists—of f

low

regulators, a humidifier, gas mixers and so forth. The flow rate of each gas should be within 5 % of the
designated value, which is easily attained by using thermal mass-flow controllers, with knowledge of
the temperature and gas type at calibration in accordance with ISO 6145-7[Z], The expression of gas flow
rate in this document is that converted to the standard state (0 °C and 101,3 kPa). Typical capacities
of flow controller for pollutant gas, dry air and wet air are 10 ml/min, 500 ml/min and 500 ml/min,
respectively. The standard toluene gas before dilution, normally balanced with nitrogen in a cylinder,
shall have a volume fraction of 10 pl/1 to 50 pl/1.

6.3 Photoreactor

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

4
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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 irradiation [Figure 2 b)].

Quartz or borosilicate glass that absorbs minimal light at wavelengths longer than 300 nm shall be
used for the window.

1@ /—2 /—3 /—4 /—7 4}8
) I// QI /I // I ™
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/7. 77 \ \ L
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a) For flat test pieces

4769 3[9f1o/9 9979
/ / ] /] 7
¢

A
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b) For filter-type test pieces

test piece length [; | test piece width [, |air layer thickness I,

99,0 £ 1,0 mm 49,0 £ 1,0 mm 50+ 0,5 mm
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Key

1 testgasinlet 6 auxiliary plate

2 Dbaffle 7  testpiece (flat-type)
3 air-tight optical window 8 testgasoutlet

4 flow channel 9 testpiece holder

5 height-adjusting plate 10 test piece (filter-type)

Figure 2 — Cross-sectional views of photoreactor

6.4 Lig]Jt source

The light s

Suitable sojurces include the so-called black light (BL) and black light blue (BLB) fluorescerit lamps, v

a maximur
that block
accordancg
light sourc
the test pi¢
between th

at the sample surface is 10 W/m?2 + 0,5 W/m2. This distance shall be detérmined independently wit}

using the
window or]
of the test
necessary.

6.5 Ana

The conce
or capillar
The detect
(PID). The
for reprod
Figure 3. A
is stopped
tube is typ

ource shall provide UV-A irradiation within a wavelength range of 300 nni te 400

h at 351 nm or 368 nm, as specified in ISO 4892-3, and xenon arc lamps with optical fil
radiation below 300 nm. In the case of a xenon arc lamp, a cooling system shall be use
with ISO 10677. The test piece shall be irradiated uniformly through”the window by

ce. A light source that requires warming up shall be equipped with a shutter. The distd
e light source and the reactor shall be adjusted so that the UV irradiance (300 nm to 400

hotoreactor. A UV radiometer in conformity with ISO 10677 shall be put behind the opt
its equivalent, at the same level as the test piece to be tested. The irradiance along the len
piece shall also be constant within +5 %. The reactorshall be shielded from external lig

ytical system

htration of toluene shall be determined’ by gas chromatography. Either a packed coly
y column can be used, as long as it-can separate toluene from related organic compou
ion shall be made by either a flameé ionization detector (FID) or a photoionization dete
Lest gas is sampled with a gastight syringe. However, use of a six-way valve is recommen|
icible and automatic sampling. The flow diagram when a six-way valve is used is show
small sampling pump continuously ventilates the metering tube with the test gas. The pt
when the test gas is_samipled by switching the six-way valve. The volume of the mete
cally 0,5 ml, but it shall be determined by the sensitivity of the analytical system.

nm.
vith
Lers
1 in
the

e. In the case of testing filter-type photocatalysts, the light sourceZshall irradiate one end of

nce
hm)
out
ical
gth
ht if

mn
nds.
Ctor
ded
h in
| mp
ing
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3 2
4 5
S Q A
] (
LK>—| IJ—V 7
6
8
Key
1 |photoreactor 5 sampling pump
2 |six-way valve 6  gas chromatograph
3 |carrier gas 7  vent
4 |metering tube 8 FID

7

The test piece shall be a flat material or—a filter-type material 49,0 mm * 1,0 mm

99,

or thay be specially prepared for the test'by coating a precut substrate. The thickness of th

sha
pied
typ

8

8.1

Thd
med
the

appl:ied to certain test pieces that contain a large amount of adsorbent, due to unattained

equitiBT

Figure 3 — Gas sampling system

Test piece

) mm * 1,0 mm long. It may be cut to these dimensions from a larger bulk material or co

lideally be less than 5 mm, in order to minimize the contribution from the side faces. If
es are to be tested, the side faces shall be sealed with an inert material before testing
e test piece shall not be thicker than 20 mm.

Procedure

General aspects

test procedure consists of pretreatment of the test piece, an adsorption process in thg
isurements of removal quantity and percentage of toluene under photoirradiation. An
concentration change of toluene during the test is shown in Figure 4. This document

wide and
ated sheet,
e test piece
hicker test
The filter-

b dark, and
pxample of
cannot be
pdsorption

tocatalytic

activity. In this case, the loading of toluene per test piece can be reduced following the procedure in
Clause 10. Results of round-robin test are reported in Annex A.
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0 60 120 180 240 300, X
Key
X  time (npin)
Y concenfration of toluene (ul/1)
1 under dark
2 irradiafion start
3 irradia]ion stop

8.2 Pretreatment of test piece

8.2.1 Th
is anticipaf
The proced
tested imm

8.2.2 Im
temperatul
physical or
mass is reg
wash wate

Y
1 q ) Tér%f
1
0,5 3
(\WWM

Figure 4 — Typical trace of toluene concentration during the test operation

b test piece shall normally be pretreated according to 8.2.2 and 8.2.3, in this order. Whe
ed that the test piece will-have hydrophobic contamination, 8.2.3 may be followed by 8|
ure in 8.2.2 can be omittedHf it causes damage to the test piece. If the test pieces are not t
ediately after this pretreatment, they shall be kept in an airtight container.

n it
2.2.
b be

merse the test-piece in deionized water for 2 h or more, remove it, and air-dry at r¢om

'e. The test piece may be dried by heating within a temperature range that does not cz
chemical changes to the test piece (maximum 120 °C). Dryness is confirmed when a cons
ched. Thie method of drying and any observations, such as the appearance of sediment in|
, shall.be recorded.

use
fant
the

8.2.3 Irr

didte—thetestpiece—with-anultravicletlampforatleast 12 h{up-to—24-h)to-decomy

rerrert oIt

pose

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 Tolu

ene removal test

8.3.1 Adjust the test gas supply beforehand so that it can stably supply the test gas containing
1,0 ul/1 £ 0,05 pl/1 of toluene and 1,56 % + 0,16 % of volume fraction of water vapour at 25,0 °C + 2,5 °C.
This water-vapour volume fraction is equivalent to a relative humidity of 50 % at 25 °C. The relative
humidity shall be measured using a hygrometer (with accuracy of + 3 % RH) that has been calibrated by
a method traceable to a certified reference standard. Adjust the flow regulator in order for the flow rate
at the inlet of the reactor to be 0,500 1/min + 0,025 1/min (0 °C and 101,3 kPa). Measure and record the
irradiance from the light source at the surface of the test piece. For the light source that requires warming

8
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up, turn the power on well before the measurement of irradiance and irradiation for the toluene removal
test. Use the shutter appropriately to avoid unnecessary irradiation to the photoreactor.

8.3.2 Place the test piece in the centre of the photoreactor and attach the glass window after adjusting
the air layer between the test piece and window to be 5,0 mm #* 0,5 mm thick. If necessary, height-
adjusting plates are used for this purpose, adjusting the height before and after the test piece to be
within 1,0 mm difference based on the top of the test piece. Check that the reactor is sealed by visual
examination of the sealing material, such as an O-ring to tightly contact the glass window.

8.3.3 Allow the test gas to flow into the photoreactor, without photoirradiation. The flow rate shall

be
Ads
the
star
unt
rep

8.3
of t
isd
pho

8.3
con

orption of toluene onto the test piece can be observed by this procedure. When the concg

ted at the time. If the toluene concentration is less than 90 % of the concentratidrsupplie
| it exceeds this. If the concentration does not exceed 90 % after 90 min,-$top measur
brt that this test is not applicable to the test piece used.

bluene under photoirradiation for 3 h. The concentration decreases;.as shown in Figure 4
pcomposed by a photocatalyst and then stabilizes. The concentration of toluene at the o
toreactor should be the average of three or more measurements in the final 1 h testing pe

5 Stop photoirradiation and confirm that the con¢entration of toluene returns to
centration. Stop the gas supply to the reactor and take'the test piece out of the reactor.

D,5 1/min. Record the change in the concentrations of toluene under dark conditions,for 30 min.

ntration at

outlet of the reactor returns to the supply gas concentration within 30 min, photoirradiation may be

d, continue
ement and

4 Maintain the gas to flow and commence irradiation of the test pie€e)and record the cofcentration

L, if toluene
Litlet of the
iod.

supply gas

9 ([Calculation
Thq test results shall be calculated as follows. If ¢ does not satisfy Formula (1), meanifpg that the
difference between toluene concentrations-tunder dark condition and those under photoirgadiation is
lesgthan 5 % of the toluene concentration supplied as Formula (1), this test method shall not|be applied.
The calculated values shall be rounded to one decimal place in accordance with ISO 80000-]L.. The flow
ratg of the test gas fis 0,5 (I/min) at the standard state (0 °C and 101,3 kPa).
The removal percentage of toluene (R) is calculated using Formula (2). When R is either beJow 5 % or
morte than 95 %, it is expressed as “below 5 %” or “more than 95 %", respectively. Then the guantity of
tolyene removed (ng) is-calculated using Formula (3). When ny is either below 5 % or more than 95 %, it
is expressed as “below.5%” or “more than 95 %", respectively.

Pr <@rp —Ppg>0,05 (1)

R=I0% 100 (2)

0
X fx60
100x22,4

where

R is the removal percentage, by test piece, of toluene;

¢p is the toluene volume fraction at the reactor exit under dark condition (ul/1);

¢1o is the supply volume fraction of toluene, in microlitres per litre (pl/1);
© IS0 2019 - All rights reserved 9
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¢  is the toluene volume fraction at the reactor exit, in microlitres per litre (ul/1);

ny  is the quantity of toluene removed by the test piece, in micromoles (pumol);

is the flow rate of test gas converted into that at the standard state (0,5 1/min, 0 °C and

101,3 kPa).

10 Test method for test pieces with lower performance

When the removal percentage is less than 5 % and a more certain result is demanded, the number of

test pieces|may be altered as shown in Table 1. However, the removal quantity of toluene to apped

the test re;lyort shall be half of the value calculated from Formula (3).

Table 1 — Alternative test conditions

Alterable test conditions Value after change

Number of test pieces Two pieces in series (surface’of
50 mm x 200 min)

The date of the test, a unique identification of the repert and of each page, the customer's name

eport

ort shall include the reporting provisions of ISO/IEC 17025, and shall include the follow
. Items g), h) and i) shall be reported for each test.

me and address of the testing establishment.

s, signatory of the report.

ence to this document, i.e. determined‘in’accordance with 1SO 22197-3:2019.
F test, atmospheric temperature, relative humidity.

Fiption of the test piece (e.g. material, size, shape).

Fiption of test equipment (elg. specifications).

b conditions (e.g. kind/of pollutant gas, supply concentration, water-vapour concentraf
te, detailed description of light source, irradiance, analyser and radiometer used, condit
reatment, modification under Clause 10).

rin

ring

and

ion,
ons

hount of toluene removed during the final 1 h, and removal percentage of toluene (optioral).

est is notwvalid, the reasons for that (e.g. strong adsorption of toluene).

her'matters of special importance, such as a change in the test piece noticed during the t

psSt.

11 Test
The testr
informatio
a) Theng
b)
addres
c) Arefeq
d) Dateo
e) Adesc
f) Adesc
g) Testin
flow ré
of pref]
h) The an
If the t
i) Any ot
10
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