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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{or
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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ttee responsible for this document is ISO/TC 206, Fine ceramics.

| edition cancels and replaces the first edition (ISO 22197-1:2007), which has been technid
'h the following changes:

n of reference to ISO 4677-1 (withdfawn) from Clause 2 and 8.2.2;

n of a definition of “dark condition” (3.7);

of air-flow rate measurement to a wet gas basis (6.2);

of tolerance on diméngsions of test piece in Clause 7;

of procedure int€lause 8 to reflect the latest knowledge;

n of a test meéthod for test pieces with lower performance (new Clause 10).
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Fine ceramics (advanced ceramics, advanced technical
ceramics) — Test method for air-purification performance
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‘moval of nitricoxide
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 illumindtion with ultraviolet
ument is intended for use with different kinds of materials, sueh ‘as construction mate
bt, board or plate shape, that are the basic forms of materials for'various applications. Thi
applies to materials in honeycomb-form and to plastic or paper materials if they cont3
rocrystals and composites. This document does not apply to powder or granular phdg
erials.

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

Normative references

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

4892-1, Plastics — Methods of exposure to laboratory light sources — Part 1: General guidd

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

the determination of repeatability and reproducibility of a standard measurement method

6145%7, Gas analysis — Preparation of calibration gas mixtures using dynamic volumetric

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

made from
Continuous
light. This
rials in flat
document
in ceramic
tocatalytic

hirification.
tocatalytic
itibacterial

Pir content
pplies. For
[s) applies.

nce

[V lamps

5725-2, Accuracy (trueness and precision) of measurement methods and results — Part 2: Bgsic method

methods —

Par

t Z-Thermal mass-flow controllers

ISO 7996, Ambient air — Determination of the mass concentration of nitrogen oxides —

Che

miluminescence method

ISO 10304-1, Water quality — Determination of dissolved anions by liquid chromatography of ions —
Part 1: Determination of bromide, chloride, fluoride, nitrate, nitrite, phosphate and sulfate

ISO
ISO

10523, Water quality — Determination of pH

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

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

s and definitions

For 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:

[EC Electropedia: available at http://www.electropedia.org/

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

31
photocat

PoY

luct
5t

J

substance [that performs one or more functions based on oxidation and reduction reactions ‘ux

|

photoirradfiation, including decomposition and removal of air and water contaminants, deodorizaf

and antiba

3.2

Cterial, self-cleaning and antifogging actions

photocatallytic materials

materials i

Note 1 to er]
materials tg

3.3

h which or on which the photocatalyst is added by coating, impregnatién, mixing, etc.

try: Such photocatalytic materials are intended primarily for use as buildifig and road construg
obtain the above-mentioned functions.

zero-calibration gas

air that do

Note 1 to er
or supplied

3.4
standard {
diluted gas

3.5

test gas
mixture o
calibration

3.6

purified w
water to b
exchange 1]

3.7

s not contain pollutants (i.e. in which common pollutants are below 0,01 pl/1)

try: The zero-calibration gas is prepared from indoor air using a laboratory air-purification sys
hs synthetic air in a gas cylinder.

bas
es of known concentrations supplied ineylinders and certified by an accredited laboratq

air and pollutant(s) of kndwn concentration prepared from a standard gas or a z
gas, to be used for the performance test of a photocatalytic material

ater
e used for elutiofi;etc., with a specific conductivity lower than 1 uS/cm, prepared by the
nethod or distillation

dark condjition

test condit

onwith no light illumination by the light source for testing and room lightings

der
ion,

tion

fem,

L0~

—n

on

4 Symbols

f air-flow rate converted into that at the standard state (0 °C, 101,3 kPa) (1/min)

Do nitric oxide volume fraction at the reactor exit (ul/1)

Dro, supply volume fraction of nitric oxide (ul/1)

Dros nitrogen dioxide volume fraction at the reactor exit (ul/1)

Puo. volume fraction of nitrogen oxides (¢, + @,,) at the reactor exit (ul/1)
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Pyo: nitrite ion concentration in the eluent from the test piece (mg/1)
2
Pyo. nitrate ion concentration in the eluent from the test piece (mg/1)
3

t time of adsorption, removal or desorption operation (min)
Nads amount of NO, adsorbed by the test piece (umol)
Ndes amount of NO, desorbed from the test piece (umol)
nN amountof NGremovedby thetestprece{tmoh)

Nyo amount of NO; formed by the test piece (Lmol)

Ny, amount of NO, removed by the test piece (umol)
N amount of nitrogen eluted from the test piece (umol); w1, wy are the 1st and 2nd elptions,

W respectively

Vw volume of collected washings (ml); wi, wy are the 1st and 2hd-€lutions, respectively
Nw fractional recovery of nitrogen

5 |Principle
Thif document concerns the development, comparison; quality assurance, characterization| reliability,
and| design data generation of photocatalytic materials.[1] The method described is intende[ to obtain
thefair-purification performance of photocatalytic materials by exposing a test piece to model polluted
air inder illumination by ultraviolet (UV) light.{2] Nitric oxide (NO) is chosen as a typical ajr pollutant
that gives nonvolatile products on the photgeatalyst. The test piece, placed in a flow-type phptoreactor,
is aftivated by UV illumination, and adserbs and oxidizes gas-phase NO to form nitric acid [or nitrate)
on {ts surface.[3] A part of the NO jis‘\¢converted to nitrogen dioxide (NO2) on the test pieqe. The air-
purjfication performance is determiried from the amount of the net removal of nitrogen oxides (NOy)
= NO removed - NO; formed).The simple adsorption and desorption of NO by the test piefe (not due
to photocatalysis) are evaluated by tests in the dark. Although the photocatalytic activity is feduced by
the [accumulation of reaction/products, it is usually restored by washing with water.[4] The ¢lution test
proyided here gives information about the ease of regeneration and material balance of the pollutants.

6

6.1
Thd

Apparatus

Test equipment

test equlpment enablesa photocatalytlc materlal to be exammed for its pollutant—remova

by s

capability
dtocatalyst.

It Con515ts of a test gas supply, a photoreactor a llght source, and pollutant measurement equipment.

Since low concentrations of pollutants are to be tested, the system shall be constructed 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.

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, etc. 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 the knowledge of calibrated
gas flow rate and temperature in accordance with ISO 6145-7. Typical capacities of the flow controller

© ISO 2016 - All rights reserved
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for pollutant gas, dry air and wet air are 0,1 I/min, 2,0 1/min and 2,0 1/min, respectively. The expression
of gas flow rate in this document is that converted to the standard state (0 °C, 101,3 kPa). The standard
NO gas, normally balanced with nitrogen in a cylinder, shall have a volume fraction of 30 ul/1to 100 pl/l,
because the oxidation of NO to NO2 upon mixing with purified air becomes prominent with a higher
concentration of NO.

o 1l
|

4] LF |
I |
: N
| |
| - N |
g ol —4
| Sso tag |
| N\ N\ |
] N0 11 12 |

S

Key

1 testgas syipply 6 _mass-flow controller 11 testpiece

2 air compiessor 7\ _Jhumidifier 12 air-tight optical window
3 air-purifi¢ation system 8 gas mixer 13 light source

4 standard gas (pollutant) 9 4-way valve 14 analyser

5 pressure fegulator 10 photoreactor 15 vent

Figure 1 — Schematic of the test equipment

4 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=7321f276f13cde02c2dd7285fd6b3162

IS0 22197-1:2016(E)

7
/7 ﬁ8
' \ ‘\\ -
6/ L \s \e
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b) For filter-type test pieces
Test piecelength Test piece width Air layer thicknpss
l ) lg

99:0\mim + 1,0 mm 49,0 mm + 1,0 mm 50mm * 0,5 mm
Key
1 ltestgasinlet 6 auxiliary plate
2 baffle 7  testpiece (flat-type)
3 air-tight 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 view of photoreactor
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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 thicknesses, as shown in Figure 2 a). 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 [see Figure 2 b)]. Quartz or borosilicate glass
that absorbs-minimal ]ighf at umvn]nngfhc Inngnr than 300 nm shall be used for the windows

6.4 Light source

The light s
Suitable sd

with the npaximum at 351 nm, as specified in ISO 4892-3, and xenon lamps withhoptical filters

block radia
the windoy
shall illum
with a shu
irradiance
the length

ource shall provide UV-A illumination within a wavelength range of 300 nm to 400
urces include the so-called black light (BL) and black light blue (BLB) flGorescent lan

tion below 300 nm and above 400 nm. The test piece shall be irradiated-uniformly thr

v by the light source. In the case of testing honeycomb-form photocatalysts, the light so
nate one face of the test piece. A light source that requires warming up shall be equip
'ter. The distance between the light source and the reactor shall*be adjusted so that the
(300 nm to 400 nm) at the sample surface is 10,0 W/m2 +9Q,5 W/mZ2. The irradiance al
of the test piece shall also be constant within +5 %. The*UV irradiance shall be measy

nm.
nps,
that

gh
rce
ped

uv
ong
red

with a rad nt if

necessary.

ometer which conforms to ISO 4892-1. The reactor shall be shielded from external lig

6.5 Analyser of pollutants

Fate
ring
aph
hter

A chemiluy
determina
zero NOy a
as specifie
samples.

hinescent NOy analyser as specified in ISO_.7996, or equivalent, shall be used for the accu
ion of NOy concentration. The analyserishall be calibrated using calibration gases hay
Ind concentrations spanning the range of the test gas before testing. An ion chromatogn
[ in ISO 10304-1, or equivalent, shall’ be used for the analysis of nitrate and nitrite in w

and
ytic

NOTE ]
it can conta
converter u

'he concentration indicated as*NO;” is calculated by the difference between those of NOyand NO,
n HNO2, HNO3 and other nitrogen-containing species, depending on the performance of the cata
sed in the analyser.

7 Test piece

The test plece shall bg~49,5 mm #* 0,5 mm wide and 99,0 mm * 1,0 mm long. It may be cut to t}
dimension$ from allarger bulk material or coated sheet, or may be specially prepared for the tes
coating a pgre-cut.substrate. The thickness of the test piece shall ideally be less than 5 mm, in orde
minimize thephotocatalytic contribution from the side faces. If thicker test pieces are to be tested,
side faces ghall be se ith an inert materi ore i £ i hall no
thicker than 20 mm.

aled w he a Djece

8 Procedure

8.1 Pretreatment of test piece

8.1.1 The test piece shall be normally pretreated as 8.1.2 and 8.1.3 in this order. In case any smear is
present, removal of organic matter (8.1.2) shall be performed before washing with water (8.1.3).

© ISO 2016 - All rights reserved
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8.1.2 Irradiate the test piece with an ultraviolet lamp for at least 16 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).

8.1.3 Immerse the test piece in deionized 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 and chemical changes to the test piece (maximum 120 °C). Dryness is confirmed when a constant
mass is reached. The method of drying and any observations, such as the appearance of 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 8.3. If the test pieces are not to be tested immediately after the pretreatment,

thej
8.2

8.2
dar

typ

8.2
1,0
Thi
hun
by ¢
sou

8.2
bety
exal

8.2
be ]
des
nitr
frad

8.2

volyme fractions under photoirradiation for 5 h.

8.2

y shall be Kept 1n an alrtlgnt container.
Pollutant-removal test

1 This test uses the following procedure to obtain the amount of the peéllutant adsol
k conditions, removed by photoirradiation, and desorbed after photoirradiation. Figure
cal volume fraction change of nitric oxide (NO) and nitrogen dioxide (NO3)'during the test

2 Adjust the test gas supply beforehand so that it can stablySupply the test gas
ul/1 + 0,05 pl/l of NO and 1,56 % * 0,08 % of volume fraction(of water vapour at 25,0
b water-vapour volume fraction is equivalent to a relative-hdmidity of 50 % at 25 °C. T
hidity shall be measured by using a hygrometer (with aceiracy of +3 % RH) that has beer
method traceable to a certified reference standard. Measure and record the irradiance frd
'ce. Warm up and calibrate the pollutant analyser during this period.

3 Place the test piece in the photoreactor and“attach the glass window after adjustin
veen the test piece and the window to 5,0-mym *+ 0,5 mm. Check that the reactor is seale
mination of the sealing material, such as an-O-ring, for tight contact against the glass wind

4 Allow the test gas to flow intohe photoreactor, without photoirradiation. The flov
Cribed above). Continue the flow for 30 min and record the change in the volume fractior

pgen dioxide (NO3) under dark conditions. If the NO, volume fraction is less than 90 % of
tion supplied after 30 miny-continue until it exceeds this.

5 Maintain the gas flow and commence irradiation of the sample, and record the N

‘bed under
|3 shows a
procedure.

containing
C+2,5°C.
he relative
calibrated
m the light

b the space
d by visual
pW.

I rate shall

,0 1/min £ 0,15 1/min (equivalefit to a velocity of approximately 0,2 m/s for the vessel limensions

of NO and
the volume

D and NO>

6 Stop photoirradiation, switch to the zero-calibration gas under the same flow con

rec

itions and

rd the NOy volume fraction for 30 min. When it is necessary to check the initial NO comcentration

(1,d parts;per million), stop photoirradiation and confirm the concentration by switching the 4-way valve
pass the photoreactor. Then, switch the valve to the previous position and continue the grocedure.

to
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8.2.7 Sto

p the gas supply to the reactor and remove the test piece from the reactor.

YA
1,2 +

I

Key

NO feeq
contact
lights o
lights o
time (h
NO, NO

= XA W N

8.3 Elut

83.1 Im
test piece

againinas
of the wate

04

level
start
n

ff, zero-calibration gas

p (1l/1)

Figure 3 — Typical trace of NOx'doncentration during the test operation

jon test

merse the test piece in a-known quantity of purified water (about 50 ml) for 1 h. Remove
ind record the volume’ of the water (hereinafter called Washing 1). Immerse the test p

the
ece

econd known quantity of purified water for 1 h. Remove the test piece and record the volgime

r (Washing 2).[Reeord any observations, such as discoloration of the washings or the prese

of sedime
NOTE 1

NOTE 2
drying the

hen thétest piece absorbs water, the quantity of water can be increased appropriately.

ortest pieces presenting difficulties with elution, e.g. due to strong water absorption, a retest 3

nce

fter

stpiece can be performed, omitting the procedure in 8.1.3, to show that the removal performan

Ce is

constant for the repeated tests.

8.3.2 Measure the pH of Washings 1 and 2 in accordance with ISO 10523, together with the
concentrations of nitrate and nitrite determined in accordance with ISO 10304-1.

9 (Calculation

9.1 Calculation method

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

8
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Amount of NOy adsorption by the test piece

amount of adsorption from the test gas is calculated by the following formula:

Nags = (f/22, 4) {_[ (¢N0i - ¢N0)dt - I¢N02 dt}

where

Nads 1s the amount of NO, adsorbed by the test piece (umol);

ey

Thd
con

9.3
Thd

whd

Thd

Thd
bet

9.4
Thd

f is the air-flow rate converted into that at the standard state (0 °C,101,3 kPa) (1/m
dvo, 1S the supply volume fraction of nitric oxide (ul/1);

Do is the nitric oxide volume fraction at the reactor exit (pul/1);

Pyo, 1s the nitrogen dioxide volume fraction at the reactor exit (ul/1).

bact start and lights on as shown in Figure 3.

Amount of NO removed by the test piece

amount of NO removed from the test gas is calculated-by the following formula:
NNo = (f / 22’4)I(¢N0i _¢N0)dt

pIre

nNo is the amount of NO removedby the test piece (umol).

other symbols are as defined in 9.2.

integration is taken oyer_the time, in minutes, for which the sample is illuminated, i.
veen lights on and lights-eff as shown in Figure 3.

Amount of NO) formed by the test piece

amount of NO7 formed is calculated by the following formula:

Mo, =S/ 22,4)I¢N02dt

n);

integrations are taken over the time, in minutes, of the adsorption-operation, i.e. the tinje between

(2)

. the time

3

where

n is the amount of NO; formed by the test piece (umol).

NO2

The other symbols are as defined in 9.2.

The integration is taken over the time, in minutes, for which the sample is illuminated, i.e. the time
between lights on and lights off as shown in Figure 3.
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9.5 Amount of NOy desorbed from the test piece

The amount of NOy desorbed is calculated by the following formula:

ndes =

where

(f/ 22,4)“¢N0dt + I¢N02dt}

Ndes is the amount of NOy desorbed from the test piece (umol).

(4)

The other §

The integr
Figure 3.

9.6 Net
The net anj

MNo. T

X

where

nN Ox

The other §

When ny,

9.7 Nitr

The amour

ymbols are as defined in 9.2.

htion is taken over the time, in minutes, between lights off and the end of the test as show

hmount of NOy removed by the test piece

ount of NOy removed is calculated by the following formula:

Mads T Mo _nNOZ " Nes

s the amount of NO, removed by the test piece (umol).

ymbols are as defined in 9.2 to 9.5.

is below 1,0 pmol, n,,_ is expressed as “bélow 1,0 pmol”.

pgen eluted from the test piece

t of nitrogen eluted is calculatedby the following formula:

|4 62 46 |+, 62 46
wi (pNOé,wl/ +’01\10'2,w1/ j+ w2 (pNO'B,wz / +pNO'2,w2/ j

+n

L w2

is the amountof nitrogen eluted from the test piece (nmol);
is the volume of collected washings (ml);

is the nitrate ion concentration in the eluent from the test piece (mg/1);

n in

(5)

(6)

NO3

NO3

W1, W2

10

is the nitrite ion concentration in the eluent from the test piece (mg/1);

are the 1st and 2nd elutions, respectively.
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