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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 photocatalytlc performance indoors. The development has recently led to the
comme ] 1s been demand
for the establlshment of test methods to evaluate the performance of thls type of photocatalyst.

This document is based on ISO 22197-1, a test method for air purification performance ofphdtocatalytic
materials under UV light, and is intended to provide a testing method to determine‘the perfprmance of
indpor-light-active photocatalytic materials with regards to the removal of nitri¢-0xide, endbling swift
distiribution of photocatalytic products and thus contributing to a safe 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 —

Part1:
Removal of nitric oxide

1 [Scope

Thif document specifies a test method for the determination of the air purification perfor
regards to removal of nitric oxide, of materials that contain a photecatalyst or have phdtocatalytic
s on the surface, usually made from semiconducting metal oxides'stch as titanium dioxifde or other
ceramic materials, by continuous exposure of a test piece to the model air pollutant under iljlumination

fil
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ISO
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ISO
Par

indoor light.

5 document is intended for use with different kinds of-materials, such as construction
sheet, board or plate shape, which are the basic forms of materials for various applicg
Liment also applies to materials in honeycomb form'and to plastic or paper materials
mic microcrystals and composites. This document does not apply to certain test pieces t
rge amount of adsorbent, due to unattained adsorption equilibrium. This document doe
owder or granular photocatalytic materials:

5 test method is usually applicable to*photocatalytic materials produced for air purifidg
hod is not suitable for the determination of other performance attributes of photocatalyti
Hecomposition of water contamimants, self-cleaning, antifogging and antibacterial action

Normative references

following documentsyare referred to in the text in such a way that some or all of th
Stitutes requireménts of this document. For dated references, only the edition cited 4
ated references,the latest edition of the referenced document (including any amendmen

7996, Ambient air — Determination of the mass concentration of nitrogen
miluminéssence method

10304+1, Water quality — Determination of dissolved anions by liquid chromatography
E I:-Determination of bromide, chloride, fluoride, nitrate, nitrite, phosphate and sulfate

ance, with

aterials in
tions. This
containing
hat contain
5 not apply

ation. This
" materials,
S,

Pir content
pplies. For
[s) applies.

oxides —

of ions —

ISO

10523, Water quality — Determination of pH

ISO 14605, Fine ceramics (advanced ceramics, advanced technical ceramics) — Light source for testing

sem

iconducting photocatalytic materials used under indoor lighting environment

ISO/IEC 17025, General requirements for the competence of testing and calibration laboratories

ISO

3

For

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

Terms and definitions

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

© ISO 2018 - All rights reserved
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

31

photocatalyst

substance that performs one or more functions based on oxidation and reduction reactions under
photoirradiation, including decomposition and removal of air and water contaminants, deodorization,
and antibacterial, self-cleaning and antifogging actions; a type of functional fine ceramics

3.2
indoor light
light from an artificial light source for general lighting service that does not include sunlight

3.3
indoor-light-active photocatalyst
photocatalyst (3.1) that performs under indoor light irradiation

34
photocatallytic material
material infwhich or on which the photocatalyst is added by, for example,coating, impregnation or mixing

Note 1 to ¢ntry: Photocatalytic materials are intended primarily for yse“as building and road construdtion
materials td obtain the above-mentioned functions.

3.5
zero-calibration gas
air in which common pollutants are below 0,01 pl/1

Note 1 to emtry: Zero-calibration gas is prepared from indoor air using a laboratory air purification system, or
supplied as pynthetic air in a gas cylinder.

3.6
standard gas
diluted gaq of known concentration supplied in cylinders and certified by an accredited laboratory

3.7

test gas
mixture of air and pollutant(s))of known concentration prepared from the standard gas (3.6) or|the
zero-calibryition gas (3.5), 0rfrom the standard gas (3.6) only, to be used for the performance test/of a
photocatalptic material (3:4)

3.8
purified water
water Wit.-lr asspecific conductivity lower than 1 pS/cm, prepared by the ion exchange method or

distillatio

39
dark conditions
test conditions of no light illumination by the light source for testing and room lighting

Note 1 to entry: Usually the test gas is supplied for comparison with the illuminated reaction.

2 © ISO 2018 - All rights reserved
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4 Symbols
f air-flow rate converted into that at the standard state (0 °C, 101,3 kPa) (1/min)
®no nitric oxide concentration at the reactor exit (pul/1)
®Noi supply concentration of nitric oxide (ul/1)
$No2 nitrogen dioxide concentration at the reactor exit (pl/1)
O concentration of nitrogen oxides (¢png + ¢na2) at the reactor exit (ul/1)
X
PNOR- nitrite ion concentration in the eluent from the test piece (mg/1)
PNOB- nitrate ion concentration in the eluent from the test piece (mg/1)
t time of adsorption, removal or desorption operation (min)
Nad amount of NO, adsorbed by the test piece (umol)
Ndes amount of NO desorbed from the test piece (umol)
nNo amount of NO removed by the test piece (umol)
nNop amount of NO; formed by the test piece (umol)
NN amount of NO, removed by the test piece (umol)
X
Nw amount of nitrogen eluted from the test piece (umol) [w1, wy are the first and
tion, respectively]
Vw volume of collected washings«(ml) [w1, wp are the first and second elution, resp
Nw fractional recovery of nitrogen
5 |Principle
Thif document deals with-thie development, comparison, quality assurance, characterization|
and| design data generation of photocatalytic materials[ll. The method described is intende
thelair purification performance of photocatalytic materials by exposing a test piece to mod
air finder illumination by indoor light[2]. Nitric oxide (NO) is chosen as a typical air pollutan
norf-volatile products on the photocatalystl2]l. The test piece, placed in a flow-type phot
activated by(imdoor-light illumination, and adsorbs and oxidizes gas-phase NO to form nitfic acid (or
nitrjate) orits surfacel3l. A part of the NO is converted to nitrogen dioxide (NO2) on the tes{ piece. The
air purification performance is determined from the amount of the net removal of nitr
(NG )= NO removed - NO3 formed). The simple adsorption and desorption of NO by the tesf piece (not

due to photocatalysis) is evaluated by tests in the dark. Although the photocatalytic activity is reduced
by the accumulation of reaction products, it is usually restored by washing with water[4]. The elution
test provided gives information about the ease of regeneration and material balance of the pollutants.

The results of an interlaboratory test are given in Annex A.

6 Apparatus

6.1 Test equipment

The test equipment enables a photocatalytic material to be examined for its pollutant-removal
capability by supplying the test gas continuously, while providing photoirradiation to activate the

© ISO 2018 - All rights reserved
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photocatalyst. It consists of a test gas supply, a photoreactor, a light source, a UV sharp cut-off filter and
pollutant measurement equipment. Since low concentrations of pollutants are to be tested, the system
shall be constructed with materials of low adsorption, for example acrylic resin, stainless steel, glass
and fluorocarbon polymers. An example of a testing system is shown in Figure 1.

6.2 Test gas supply

The test gas supply provides air polluted with the model contaminant at a predetermined concentration,
temperature and humidity, and supplies it continuously to the photoreactor. It consists of flow
regulators, a humidifier, gas mixers and so on. The flow rate of each gas should be within 5,0 % of

the design;

of calibrat¢d gas flow rate and temperature (ISO 6145-7). Typical capacities of the flow contrelle
pollutant gas, dry air and wet air are 0,1 1/min, 2,0 1/min and 2,0 1/min, respectively. The expfessi

= dge
for

gas flow rdte in this document is that converted to the standard state (0 °C, 101,3 kPa). The'standard

NO gas, nqrmally balanced with nitrogen in a cylinder, shall have a concentration of;30 - 100

because thle oxidation of NO to NO2 upon mixing with purified air becomes prominéntwith a higher

concentratfion of NO.

Key
1  testgas supply 9 four-way valve
2 air compressor 10 photoreactor
3 air-purification system 11 testpiece
4  standard gas (pollutant) 12 air-tight 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 test equipment
4 © ISO 2018 - All rights reserved
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6.3 Photoreactor

The photoreactor holds a planar test piece within a 50 mm-wide trough, with its surface parallel to
an air-tight optical window for photoirradiation. The reactor shall be fabricated from materials that
adsorb minimal 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, for example by using height-
adjusting plates with different thickness, as shown in Figure 2a). When a filter-type photocatalyst 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 2b)]. Quartz or borosilicate
g]a_ sthatabsorbs minimal ]ighf at mmvp]nngfhc lnngnr than 300 nm shall be used for the window.

© IS0 2018 - All rights reserved 5
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a) For flat test pieces

4 6 9 39109 999
[ [ [/
// /[ ] /[ 7 [ [ ]
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/ [ |
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[ [ v [
. / / / 5
= :/> % / /:> = 1,
a b ¢
2369 4 10
W ST

b) For filter-type test pieces

Test piece length Test piece width Air layer thickness
1 I Ig
99,0 + 1,0 mm 49,0 £ 1,0 mm 50+ 0,5 mm

Key
1 testgasinlet 6  auxiliary plate
2 baffle 7  testpiece (flat-type)
3 air-tight optical window 8 testgas outlet
4  flow channel 9 testpiece holder
5 height-adjusting plate 10 test piece (filter-type)

Figure 2 — Cross-sectional views of photoreactor

6 © ISO 2018 - All rights reserved
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6.4 Lightsource

A cool white halophosphate fluorescent lamp and a UV sharp cut-off filter specified in ISO 14605 shall
be used. The test piece shall be illuminated uniformly through the window by the light source. In the
case of 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 1x * 300 Ix. The irradiance 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 light. The parts around the light source, such

as luminaire and chin]r‘ing device shall have small reflectance,or flat cppr‘h‘a] reflectance over the

wayelength range of indoor light.

6.5/ UV sharp cut-off filter

The
The
tha
whyd
390

UV sharp cut-off filter shall remove a small amount of UV light radiated-from the li
transmittance of the UV sharp cut-off filter shall be less than 0,1 % (wiavelength < 36
h 1 % (at 380 nm) and higher than 80 % (400 nm < wavelength < 780 nm), and the ¥
re the transmittance is half of the average transmittance between400 nm and 780 nm i
nm * 5 nm.

bht source.
5 nm), less
vavelength
b located at

6.6 Analyser of pollutants

Ac
det
NO
des
san

nemiluminescent NOy analyser as specified in ISO 7996, or equivalent, shall be used f¢r accurate
ermination of NO, concentration. The analyser shallbe’calibrated using calibration gasep with zero
and concentrations spanning the range of the tést gas before testing. An ion chromatograph as
cribed in ISO 10304-1 or equivalent shall be uSed for the analysis of nitrate and nitrife in water
ples.

7 |Test piece

The
long
pre
tha
are
pied

8

8.1
Thd

test piece shall be a flat materialora honeycomb filter 49,0 mm + 1,0 mm wide and 99,0 m
. It may be cut to these dimensions from a larger bulk material or coated sheet, or may &
bared for the test by coating-a‘pre-cut substrate. The thickness of the test piece shall ide
h 5 mm in order to minimize'the photocatalytic contribution from the side faces. If thicken
to be tested, the side faces shall be sealed with an inert material before testing. The hone
e shall not be thickerthan 20 mm.

Procedurée

General aspects

test procedure consists of pretreatment of a test piece, adsorption process in the

m+ 1,0 mm
e specially
ally be less
test pieces
ycomb test

dark, and

; £ 1 it 1 + P T =1 1 1 s 1 -
medasureIrreIrts ol reimovdl qudltity diitid PpClLTlitdgc Ul HTILTIC UXTUC UITUCT PIIOLUIT T dUIdUUIL £

of concentration change of NOy during the test is shown in Figure 3.

8.2

Pretreatment of test piece

n example

8.2.1 The test piece shall normally be pretreated as specified in 8.2.1 and 8.2.2 in this order. If any
smear is present, removal of organic matter (8.2.2) shall be performed before washing with water (8.2.2).

8.2.2 Washing with water: immerse the test piece in deionised water for 2 h or more, remove it, and
air-dry at room temperature. The test piece may be dried by heating within a temperature range that
does not cause physical or chemical changes to the test piece (maximum 110 °C). Dryness is confirmed
when a constant mass is reached. The method of drying and any observations, such as the appearance of

© ISO 2018 - All rights reserved
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sediment in the wash water, shall be recorded. The pH and the concentrations of nitrate and nitrite ions
are measured by the method described in 8.4. If the test pieces are not to be tested immediately after the
pretreatment, they shall be kept in an airtight container.

8.2.3 Removal of organic matter: irradiate the test piece with an ultraviolet lamp for at least 5 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/m?2 or higher).

8.3 Pollutant removal test

83.1 Th
dark condji
shows a ty]
procedure.

8.3.2 Ad
1,0 ul/1£0
water vapd
shall be me
traceable t
Warm up a

s test uses the following procedure to obtain the amount of the pollutant adsorbed ‘i
[tions, that removed by photoirradiation, and that desorbed after photoirradiation(Kigu
pical concentration change of nitric oxide (NO) and nitrogen dioxide (NO2) during the

05 ul/1of NO and 1,56 % + 0,08 % of volume fraction of water vapour-at 25,0 °C + 2,5 °C.
ur concentration is equivalent to a relative humidity of 50 % at 25-°€/The relative humi
asured using a hygrometer (with accuracy of + 3 % RH) that hascbeéen calibrated by a met]
b a certified reference standard. Measure and record the illuminhance from the light sou
Ind calibrate the pollutant analyser during this period.

8.3.3 Plalce the test piece in the photoreactor and attach the glass window after adjusting the sf

between th
adjust the

1,0 mm ba
sealing ma

e test piece and the window to 5,0 = 0,5 mm. If necessary, height-adjusting plates are use
lifference of the height of the front part of the test'piece and that of the rear part to be wi
bed on the top of the test piece. Check that thereactor is sealed by visual examination of]
ferial such as an O-ring to tightly connect to the glass window.

8.3.4 Plalce the UV sharp cut-off filter at the space’between the light source and the photoreactor.

8.3.5 Flog
min = 0,15
above). Co
dioxide (N

w the test gas into the photoreactor, without photoirradiation. The flow rate shall be 3,

htinue the flow for 30 min-and record the change in the concentrations of NO and nitro
D7) under dark conditigns’If the NO, concentration is less than 90 % of the concentra

supplied after 30 min, continue until it exceeds this percentage.

8.3.6 Malintain the gasAlow and commence irradiation of the sample, recording the NO and

concentrat

8.3.7 St
record th

1

ons under photodirradiation for 5 h continuously.

photeirradiation, switch to the zero-calibration gas under the same flow conditions
Oy concentration for 30 min.

der
e 3
test

ust the test gas supply beforehand so that it can stably supply the“test gas contaiping

[his
dity
hod
rce.

ace
d to
thin
the

01/

I/min (equivalent to a velocity of approximately 0,2 m/s for the vessel dimensions described

gen
fion

NO>

and
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8.3.8 Stop the gas supply to the reactor and remove the test piece from the reactor.

Y T T T
12 2 i
ol 1
\3 A
08 '/
0,6 B lo_——/j -
0,4 F
i NO
02 | ’
0 L i | ! !
0 2 4 6 X
Key]
1 |NO feed level
2 |contact start
3 [lights on
4 |lights off, zero-calibration gas
X |time (h)
Y [NO,NO; (ul/1)

Figure 3 — Typical trace of NOx concentration during the test operation

8.4 Elution test

8.4]1 Immerse the test piece in a known quantity of purified water (ca. 50 ml) for 1 h. Remgve the test
pie¢e and record the volume of the water (hereafter called Washing 1). Immerse the test piecp again in a
second known quantity of purified water for 1 h. Remove the piece and record the volume of the water
(Wdshing 2). Record any obServations, such as discoloration of the washings or the presence off sediment.

NOTE1  When the testpiece absorbs water, the quantity of water can be increased appropriately.

NOTE 2  For test{pieces presenting difficulties with elution, for example due to strong water absorption, a
retgst after drying-the test piece can be performed, omitting the procedure in 8.2.2 to show that fthe removal
performance jis.¢onstant for the repeated tests.

8.412 «Measure the pH of washings 1 and 2 according to ISO 10523, together with the conceftrations of
nitrpte-and nitrite determined in accordance with ISO 10304-1.

9 (Calculation

9.1 Calculation method

The test results shall be calculated as specified in 9.2 to 9.8. The calculated values are usually rounded
to one decimal place according to ISO 80000-1. The fractional recovery of nitrogen is rounded to two
decimal places.

© ISO 2018 - All rights reserved 9
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9.2 Amount of NOy adsorption by the test piece

The amount of adsorption from the test gas is calculated using Formula (1).

Nads :(f/22;4)U(¢N0i —®no )dt_J¢Nozdt}

where

Nads

f
®Noi
¢$No

$No2

The integr
contact stq

9.3 Amd
The amourj
NNo =
where nno
in minutes
Figure 3.
9.4 Amg
The amour
NNo2 F
where nno

time, in m
shown in H

9.5 Amd

is the amount of NO, adsorbed by the test piece (pmol);

M

is the air-flow rate converted into that at the standard state (0 °C,101,3 kPa) (I/min);
is the supply concentration of nitric oxide (pl/1);

is the nitric oxide concentration at the reactor exit (ul/1);

is the nitrogen dioxide concentration at the reactor exit (ul/1);

htions are taken over the time, in minutes, of the adsorption operatién) i.e. the time betw
't and lights on as shown in Figure 3.

unt of NO removed by the test piece
t of NO removed from the test gas is calculated using Fermula (2).

£122,4) [ (9n0i ~0x0)

is the amount of NO removed by the test piece (nLmol). The integration is taken over the t
for which the sample is illuminated, i.e. the time between lights on and lights off as show

unt of NO; formed by the testpiece
t of NO7 formed is calculated\wusing Formula (3).

(f/22,4) [onoz dt

p is the amount.6f NO; formed by the test piece (umol). The integration is taken over
nutes, for which the sample is illuminated, i.e. the time between lights on and lights of

igure 3.

unt 0f NOy desorbed from the test piece

The amoun

een

(2)

me,
nin

(3)

the
f as

t+of ]\InA desorhedis calculated usinag Eormula (40
O+ = oS+ ettt ey

creetrtroTtS

Ndes =(f/22,4)(J¢N0 dt+_[¢N02 dt)

(4)

where nges is the amount of NOy desorbed from the test piece (umol). The integration is taken over the
time, in minutes, between lights off and the end of the test as shown in Figure 3.

10
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9.6 Netamount of NO, removed by the test piece
The net amount of NOy removed is calculated using Formula (5).

NNO, =Mads +1INO ~/INO2 ~Mdes (5)
where nNo is the amount of NO, removal by the test piece (umol).

9.7 Nitrogen eluted from the test piece

Thdamount of nitrogen eluted 1s calculated using Formula [6].

n=ny1 +ny2 =Vit (PN03-w1 / 62+ PNo2-w1 / 46)+Viyz ( PNO3-w2 / 62+ PNO2- w2 /46) (6)
wheére

n is the nitrogen from the test piece (nmol);

% is the volume of collected washings (ml);

PNO3- is the nitrate ion concentration in the eluentfrom the test piece (mg/1);

PNO2- is the nitrite ion concentration in the eluentfrom the test piece (mg/ 1);

wl, w2 are the first and second elution, respeetively.

(subscripts)

9.8 Recovery of washing with water

The fractional recovery of nitrogen is calculated to two decimal places using Formula (7).

NMw =(nwl +an)/nNOX (7)

where 1 is the fractional recovery of nitrogen.

10|Test method for'test pieces with lower performance

When the removal-qliantity in Formula (5) is less than 2 pmol and a more certain result is demanded,
both the numberjoftest pieces and the flow rate of test gas may be altered simultaneously gs shown in
e 1. However, the amounts of NO, removed, NO; generated, NOy adsorbed and NO, desorbed which
applear in thetest report shall be half of the values calculated in Formula (2) to Formula ($). In cases
wheére the.removal quantity is less than 0,25 pmol, this shall be indicated.

Alterable test conditions Value after change
Flow rate of test gas 1,5+ 0,075 1/min
Number of test pieces Two pieces in series (surface of 50 mm x 200 mm)

11 Test report

The test report shall be in accordance with the reporting provisions of ISO/IEC 17025, and shall include
the following information. Items g) and h) shall be reported for each test.

a) the name and address of the test establishment;
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