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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 hlgh photocatalytlc performance indoors. The development has recently led to the

e e en demand
yst.

provide a
brials with

) icompound
(VJC)-caused sick-house syndromes, enabling swift distribution of photocatalytic producys and thus
confributing to a safe and clean environment.
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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 —

Part4:
Removal of formaldehyde

1 [Scope

Thif document specifies a test method for the determination of the air-purification perfor
regards to the removal of formaldehyde, of materials that contain a photocatalyst 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

fro

Thi
flat
doc
cer

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
ument also applies to materials in honeycomb form, and to plastic or paper materials
imic microcrystals and composites. This doCument does not apply to powder o

phatocatalytic materials.

Thi
metf
i.e.

2

Thd
con
und

ISO
Par

ISO
sem

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

ISO

ance, with

aterials in
tions. This
containing
I granular

ation. This
" materials,
S.

Pir content
pplies. For
[s) applies.

methods —

for testing

16000 Q, Indoor air

Part 3 Determingtion ananrmnlr‘]oh}lr"o and-other f'nrknn}ll compoun

Is in indoor

air and test chamber air — Active sampling method

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

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

3

For

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.

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

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

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

S:

4 Symbols

f flow rate of test gas converted into that at the standard state (0 °C, 101,3 kPa)
ol fofmaldehyde volume fraction at the reactor exit (p/1)

¢FD formaldehyde volume fraction at the reactor exit under dark conditions (p1/1)

®ro supply volume fraction of formaldehyde (pl/1)

ng refnoval quantity, by test piece, of formaldehyde (pmol)
Rp refnoval percentage, by test piece, of formaldehyde (%)
5 Pringiple

This document deals with the development, comparison, quality assurance, characterizatiion,
reliability aind design data generation of photocatalytic materialstll. The method described is intended

to obtain the air-purification performance of photocatalyticiraterials by exposing a test piec
model pollpited air under illumination by indoor light. Formaldehyde (HCHO) is chosen because it

P to
is a

typical indpor air pollutant that causes the so-called sick building syndromel2l. The test piece, pldced

in a flow-tlype photoreactor, is activated by indoor light illumination, and adsorbs and oxidizes

phase formpaldehyde to form carbon dioxide (CO2) anhd other oxidation products. The air purifica
performanie is determined from the amount of fobmaldehyde removed by the test piece (umol).
simple adsprption of HCHO by the test piece (notldue to photocatalysis) is evaluated by tests in the d
However, some test pieces are very absorbent,-and a stable concentration of formaldehyde may no

bas-
[ion
The
hrk.
t be

attained inf the designated test time. The phatocatalytic activity may depend on physical and chentical

properties|of pollutants, mainly due to‘the adsorption process involved. For a better evaluation o
purificatioh performance of photocatalytic materials, it is recommended that one or more suitable
methods are combined, as provided in other parts of the ISO 17168 series.

6 Apparatus

6.1 Testiequipment

ipment enables a photocatalytic material to be examined for its pollutant-removal capab

air
test

lity

ing thetest gas continuously, while providing photoirradiation to activate the photocatalygt. It

is the samd asthat used in the test method for the removal of nitric oxide (see ISO 17168-1) and condists
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 absorption and resistant to ultraviolet (UV) radiation, for example acrylic resin,
stainless steel, glass and fluorocarbon polymers. An example of a testing system is shown in Figure 1.

2 © ISO 2018 - All rights reserved
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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 % of the
designated value, which is easily attained by using thermal mass-flow controllers with a 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 100, 1 000 and 1 000 ml/min, respectively. The
standard formaldehyde gas in a cylinder, normally balanced with nitrogen, shall have a volume fraction
of ca. 20 pl/l. If formaldehyde gas generated relevantly can be used besides the standard formaldehyde
gas in a cylinder, it is necessary to generate a constant concentration of formaldehyde for the designated
test time, which shall not contain impurities (e.g. methanol).

© ISO 2018 - All rights reserved 3
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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
airtight optical window for photoirradiation. The reactor shall be fabricated from materials that adsorb
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 \] Qn:n*f'7 orborasilicate g]ncc that absorbs minimal ]ighf at umvn]pngfhc ]nngnr than 300 nm

should be ysed 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
I1 I lg
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 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

© IS0 2018 - All rights reserved 5
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6.4 Lightsource

A cool white halophosphate 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 indoor 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 lu
the wavele

6.5 UV

The UV sh
The transy
than 1 %
where the
390 nm % §5

6.6 Anal

The test g
ISO 16000
derivatised
procedure

7 Test piece

The test pi¢
long. It ma
prepared f

than 5 mnj,

tested, the|
shall not b

8 Proce

8.1 Gen

The test p
measurem

gharp cut-off filter

gth rangeofmdoorllght 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

as is sampled using a sampling cartridge, pump and flow controller, as specifieg
3. The concentration of formaldehyde shall be detétmined by 2,4-dinitorphenylhydraz
| high-performance liquid chromatography (DNPH-HPLC). The reagents, equipment
specified in ISO 16000-3 shall be used.

bce shall be a flat material or a honeycomb filter 49,0 mm + 1,0 mm wide and 99,0 mm + 1,0
 be cut to these dimensions fromm alarger bulk material or coated sheet, or may be speci
br the test by coating a pre-cut substrate. The thickness of the test piece shall ideally be

side faces shall be sealed . with an inert material before testing. The honeycomb test p
e thicker than 20 mm.

dure

eral aspects

rocedure consists of pretreatment of a test piece, adsorption process in the dark,
b1its “of removal of formaldehyde under photoirradiation. An example of concentra

ver

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

less
gth
d at

| in
ne-
and

mm
ally
less

in order to minimize the‘contribution from the side faces. If thicker test pieces are t¢ be

ece

and
fion

change of

111 1 1 : +1 + — 1 : hall faYal + + . + -
UI'II4IUCITyuc UUl'llg LT TEST IS SITUOWITNTIT TISUI T o. OUIIIC LEST PICLCES Tlidy 1IOL gIve dllUu

ate

removal of formaldehyde due to lower photocatalytic activity. In this case, loading of formaldehyde per
test piece can be reduced following the procedure in Clause 10.
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2 1 41
1,0 - 2
05 [
3
0 s ! s s !
2 1 0 1 2 3 4
X
Key
1 [formaldehyde feed level
2 |concentration at reactor inlet
3 [lights on
4 |lights off
X |time (h)
Y |formaldehyde concentration (ul/1)

Figure 3 — Examples of formaldehydée concentration measurement

8.2| Pretreatment of test piece

8.2]1 The test piece shall normally be-pretreated as specified in 8.2.2 and 8.2.3 in this order. When it
is apticipated that the test piece has hydrophobic contamination, 8.2.3 may be followed byf 8.2.2. The
profedure in 8.2.2 can be omitted-if it causes damage to the test piece. If the test pieces arg not to be
tested immediately after this 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-dfy at room
temlperature. The test@iece may be dried by heating within a temperature range that does not cause
physical and chemicalchanges to the test piece (maximum 120 °C). Dryness is confirmed wher] a constant
mags is reached, The method of drying and any observations, such as the appearance of sedijnent in the
wagh water, shallbe recorded.

8.2]3 Irradiate the test piece with an ultraviolet lamp for at least 12 h (up to 24 h) to flecompose
residuahorganic matter on the test piece. The UV irradiance at the sample surface shall be high enough to
seclire-compl mposition of organic matter (10 W/m?2 - 20 W/m?2).

8.3 Preparation for the test

8.3.1 Adjust the test gas supply beforehand so that it can stably supply the test gas containing
1,0 £ 0,1 (p1/1) of formaldehyde and 1,56 % * 0,08 % 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 by using a hygrometer (with accuracy of = 3 % RH) that has been calibrated
by a method traceable to a certified reference standard. Set the flow rate to be 1,0 I/min (0 °C, 101,3 kPa)
at the entrance of the photoreactor. Measure and record the illuminance from the light source. Warm up
and calibrate the pollutant analyser during this period.

© ISO 2018 - All rights reserved 7
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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 a thickness of 5,0 mm # 0,5 mm. If necessary, height-
adjusting plates are used for this purpose, and adjusting 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 connect to the
glass window.

8.3.3 Place the UV sharp cut-off filter at the space between the light source and the photoreactor.

8.4 Pretest

The concentration of formaldehyde cannot be obtained instantaneously by the DNPH-HPLC method.
Therefore,[the time of the adsorption of formaldehyde reaching saturation in dark conditionscannot
be confirmled during the test. For this reason, the following pre-test shall be carried out. If the-tim¢ for
saturation|can be confirmed during the test, there is no need for the pre-test.

After pretijeatment of the test piece in 8.2 and preparation for the test in 8.3, introdugehe test gas |nto
the reactor. Measure the concentration of formaldehyde under dark conditions evefry 15 min. When|the
concentratjion of formaldehyde exceeds 90 % of the supply gas concentration for-the'first time, then that
time and the concentration at that time are defined as the time of the dark conditions and concentration
of the dark conditions, respectively. When the concentration of formaldehyde is still less than 90 %
after 90 min, then this document shall not apply.

8.5 Renjoval test
8.5.1 Follow the pretreatment procedure in 8.2 and preparation in 8.3.

8.5.2 If the pre-test in 8.4 has been carried out already, introduce the test gas into the photoreaftor
under darK conditions for the previously confirmed time. If the pre-test has not been done yet, carry|out
the following procedure. Introduce the test gas inte the photoreactor and measure the formaldellyde
concentratjon until the concentration of acetaldehyde exceeds 90 % of the supply gas concentratior. At
this time the concentration is defined as the ceneéntration of the dark conditions. When the concentration
of acetaldehyde is still less than 90 % after 90/min, then this document shall not apply. If the requirenjent
mentioned|above is satisfied, it is possible to continue the dark conditions for the purpose of increaging
the concenfration of the dark conditions.

8.5.3 Turn on the light sourde.) (In the time required to light the light source, prevent the UV rays
from makipg contact with the-test pieces. Set a partition while the light source is on. After the [test
piece stabilizes, remove thé-partition.) Record the concentration under irradiation for 3 h. When|the
photocatalytic decompasition begins, the concentration decreases as in Figure 3 and eventually becomes
constant. The formaldehyde concentration shall be measured at more than one point in an hjour.
Measurement shallkbe made at more than three points as in the last 1 h (120 min to 180 min after|the
start of irradiation). The concentration of formaldehyde shall be obtained from the average value bgdsed
on the con¢entrations measured in the last 1 h.

8.5.4 Stop the gas supply to the reactor and remove the test piece from the reactor. When the test piece
that was used in the pre-test is going to be reused in the actual test, the pretreatment in 8.2 shall be
repeated.

9 C(Calculation

If ¢ does not satisfy Formula (1), i.e. the difference between formaldehyde concentrations under dark
conditions and under photoirradiation is less than 5 % of the formaldehyde concentration supplied, this
test method shall not be applied. The test results shall be calculated as follows. The calculated values
are usually rounded to one decimal place according to ISO 80000-1. The flow rate of test gas fis the
observed flow rate normalized for 0 °C, 101,3 kPa.
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