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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.
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Fine ceramics (advanced ceramics, advanced technical
ceramics) — Test method for complete decomposition
performance of semiconducting photocatalytic materials
under indoor lighting environment — Decomposition of
acetaldehyde
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In thlis document, photocatalytic materials are usually made from semiconducting metal
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Normative references

Terms and definitions

pcope

document specifies a test method for the determination of complete decompgsition per
br light-active photocatalytic materials under an indoor lighting environsnent using a

anium dioxide, tungsten trioxide or other ceramic materials, and théy)are treated in p
document does not apply to film, flat sheet, board and other platesshape materials.

method is not suitable for the determination of other performance attributes of ph
rials, i.e. decomposition of water contaminants, self-cléaning, antifogging and 3

following documents are referred to in the text in such a way that some or all of t
fitutes requirements of this document. For-dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

224, Ambient air — Determination of carbon monoxide — Non-dispersive infrared spectrom

14605, Fine ceramics (advanced ceramics, advanced technical ceramics) — Light sourd
ronducting photocatalytic materials used under indoor lighting environment

he purposes of this document, the following terms and definitions apply.
nd [EC maintain terminological databases for use in standardization at the following z

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

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

formance of
tetaldehyde.
pxides, such
owder form.

otocatalytic
ntibacterial

heir content
applies. For
hts) applies.

etric method

e for testing

ddresses:

31
phot

ocatalyst

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

3.2

indoor lighting environment
environment with artificial light source for general lighting service

Note

© ISO

1 to entry: Does not include sunlight.
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indoor light-active photocatalytic materials
materials which perform one or more functions based on oxidation and reduction reactions under
indoor lighting environment

3.4
zero-calibr

ation gas

air which does not contain pollutants (i.e. common pollutants are below 0,01 pl/1) or carbon dioxide
(i.e. carbon dioxide is below 1,0 ul/1.)

Note 1 to entry: The zero-calibration gas is supplied as synthetic air in a gas cylinder.

3.5

standard gas
s of known concentrations supplied in cylinders and certified by an accredited.1aboratory

diluted gas¢

3.6

test gas
mixture of
calibration §

3.7
dark condit
test conditid

3.8

complete d
complete m
producing ¢

4 Princi

This docun
capabilities

This docum
active photd
evaluation 3

This test en
window and
photoreactd
production

air in the ph
reactor in a
The reactor

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

ions
ns of no light illumination by the light source for testing@nd room lighting

pcomposition
ineralization through oxidative decomposition*of organic compounds by a photocat
hrbon dioxide and water

ple

ent has been established to develop, compare and evaluate the characteristics
of practical indoor light-active photocatalysts.

bnt serves as an evaluative index for complete decomposition performance for indoor
catalytic materials underindoor light irradiation, selects acetaldehyde as the target g:
nd establishes an objective and reproducible test method.

| a gas inlet/eollection port. A photocatalyst serving as a test sample is placed insid
r, which istthen sealed. First, as a pretreatment, the test sample is photoirradiated
pf carbon dioxide ceases. After confirming that production of carbon dioxide has ce
otoreactor is displaced by a zero-calibration gas. Acetaldehyde gas is then injected int
dark Tocation until the concentration of acetaldehyde gas in the reactor reaches 100

v.ero-

hlyst,

and

ight-
1s for

Fails the use of alphotoreactor with a sealable structure provided with a light-transmitting

e the
until
hsed,
o the

isdeft in the dark for 1 h and then irradiated with indoor light. At regular intervals, th

F

gas

in the reactor is analysed, and the concentrations of acetaldehyde and carbon dioxide are measured.
It is considered complete decomposition when the concentration of carbon dioxide reaches a twofold
equivalent of the acetaldehyde injected, and the increase of carbon dioxide ceases simultaneously.

5 Appar

atus

5.1 Test equipment

The test equipment is used to evaluate complete decomposition performance of acetaldehyde by a
test sample of a photocatalytic powder when test gas is introduced to a photoreactor in which the test
sample has been placed and sealed, then irradiated with indoor light. The test equipment consists of the

© ISO 2018 - All rights reserved
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photoreactor, light source, UV-cut filter, acetaldehyde concentration measuring unit and carbon dioxide
concentration measuring unit shown below.

Since the test equipment uses air containing acetaldehyde, consideration shall be given to minimizing
adsorptive and other such losses.

5.2 Photoreactor

The photoreactor has a capacity of 500 ml + 25 ml and a sealable structure provided with a light-
transmitting window, and is constructed from a material which adsorbs little acetaldehyde, emits no
outgas and can withstand close UV radiation. Glass is a favourable material. The light-transmitting
window shall be a quartz glass or borosilicate glass plate of low light absorption in the|wavelength
range at which photoirradiation is performed. Figure 1 shows an example of a photoredectof.

Gas inlets/collection ports are provided at two or three locations on the photoreaetor’to cqllect the gas
in the reactor and for air displacement.

The pirtightness of the photoreactor is important, and performing the following airtightness test
is degirable before using it in this examination. The empty photoreactar jis sealed and the air inside
replgced with zero-calibration gas (carbon dioxide-free gas). It is thew’ placed in the dalrk for 24 h.
Ideally, the carbon dioxide concentration inside the photoreactor 24 h later should be zerp, but if it is
less than 5 ppm then the airtightness is good enough for this exafmination.

1 2 3

—— \
NN e

Key
glastic gasket
light-transmitting-window
¢lamp holder
gas inlet

atdish
:[hotoreactor

N O U W

rubber plug

Figure 1 — Example of a sealed photoreactor equipped with a glass window

5.3 Light source

Test samples shall be irradiated uniformly through a UV cut filter and the photoreactor window using
a cool white halophosphate fluorescent lamp from among those specified by ISO 14605. The distance
from the lamp to the photoreactor is also adjusted such that illuminance on the test sample surface is
10 000 Ix. The irradiance shall be measured in illuminance (1x) by using an illuminance meter that has
been calibrated by a calibration laboratory.

© ISO 2018 - All rights reserved 3
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External light shall be prevented from entering the photoreactor, and the components used around the
light source and photoreactor shall have a low or uniform reflectance of 360 nm or higher wavelengths.

5.4 UV cut condition

Irradiation wavelengths can be restricted using a Type A or B sharp cut-off filter specified by ISO 14605.

5.5 Analytical system of acetaldehyde

The concentration of acetaldehyde shall be determined by gas chromatography analysis. Apparatus

equipped w
sensitivity t
organic con
other such 1

5.6 Analy

The concent]
analyser,ag
equipped W
ISO 4224. In

6 Test sg

The test sar
(glass, inne
(ion exchan
dispersed iy
effective to
be dried by
checked to {

th a flame ionization detector (Pln) or a micro-gas {‘hrnmnfngr;\ph Pqnipppd with a

igh-

hermal conductivity detector (TCD), shall be used. As long as the column is able to sép
pounds, either a packed column or capillary column can be used. A gas-tight syrin
heans allowing gas sampling with good reproducibility shall be used.

rtical system for carbon dioxide

ration of carbon dioxide shall be determined using a non-dispersive_infrared carbon di
hs chromatograph equipped with a methanizer unitand an FID or anii¢ro-gas chromatog
ith a high-sensitivity TCD. Calibration of the system shall be done in accordance

the case of gas chromatography, the test gas shall be sampled.as described in 5.5.

imple

hple shall be photocatalytic powder in an amountof 0,3 g + 0,01 g weighed into a flaf
" diameter 60 mm) and spread uniformly over the entire dish. It is useful to add
be water or purified water) to spread samples uniformly. If water is added, the samj
| the water homogeneously and then spreads uniformly over the entire dish by itself]
use an ultrasonic bath when the samplée-is dispersed in water. After that, the sample
heating to an extent not causing physical or chemical changes (up to 120 °C), and shz
ee that it has achieved a constantweight.

7 Procedure

7.1 Pretn

eatment of test sample

e test sample-ifica flat dish into the photoreactor, then displace the air using the
ion gas at 1,56:% + 0,16 % volume of water vapour and a temperature of 25,0 °C + 2
vessel aftepair displacement.

he illuminance of the catalyst surface in advance to 10 000 1x * 500 Ix. [lluminance
stedawith the window and UV cut filter in place, as used for acetaldehyde decompoq
nZ2. A black cloth or black paper should be kept spread under the photoreactor to pr¢

hrate
be or

bxide
raph
with

dish
vater
ble is

It is
shall
11l be

y.ero-
5°C.

shall
ition
bvent

the reflection of light from the bottom surface.

vessel containing the test sample, and place the vessel below the light source described in 5.3.

Place a UV cut filter used in acetaldehyde decomposition testing (7.2) on the top surface of the sealed

Start the photoirradiation after the illumination by the light source is stable. (For light sources

requiring time for steady lighting, shutters are closed before the light source is lit, and shutters are
then opened when the lighting is stable.)

a) Place th
calibrat]
Seal thd

b) Adjust t
be adju
testing

c)

d)

4
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Measure the concentration of carbon dioxide produced by photoirradiation with the analytical
system for carbon dioxide described in 5.6. Continue the photoirradiation until the rate of carbon
dioxide production reaches 2,0 ppm/h or lower.

Ideally, the rate of carbon dioxide production should be zero, but this is difficult. Carbon dioxide
which adsorbed to the sample inside is desorbed slowly, or decomposition of organic compounds
included in the sample inside produces carbon dioxide. Therefore, a rate of carbon dioxide
production of 2,0 ppm/h is permitted, because this is distinguishable from carbon dioxide
production caused from decomposition of acetaldehyde from experience.

Stop the photoirradiation when the rate of carbon dioxide production reaches 2,0 ppm/h or lower.

Acetaldehyde decomposition testing

Acetaldehyde decomposition testing shall be performed according to the follewing prpcedures to
invegtigate acetaldehyde and carbon dioxide concentrations under dark conditioris ahd photgirradiation.

Figure 2 shows an example of the measurement of acetaldehyde and carbon dioxide.

a)

b)

d)

f)

g)

h)

Displace air in the photoreactor containing the test sample using the zero-calibration gas

at 1,56 % = 0,16 % volume fraction of water vapour and a tempetature of 25,0 °C *
the test sample is pretreated to remove organic matter, then seal the reactor. The W
¢oncentration at this time corresponds to a relative humidit§yof 50 % = 5 % at 25 °C.

¢arbon dioxide concentration after displacement of air to che¢k that the air has been ful

INOTE 1
tlo ensure reproducibility of testing.

2,5 °C after
ater vapour
Measure the
y displaced.

Humidity does not affect complete acetaldehyde decomposition by photocatalysts biit is specified

Parken the photoreactor with a blackout curtain-or other means, and inject acetaldeh

y adjusting the amount of gas injected.ith advance such that a concentration of 100 pp
chieved. Collect the gas in the reactor.immediately after the injection, and measure a
nd carbon dioxide concentrations:Fhe acetaldehyde measurement apparatus and cat
easurement apparatus shall be'warmed up in advance, and calibration curves shall b

eave the reactor in the dark'for 1 h or less. Sample the gas in the reactor and measure g
nd carbon dioxide congéntrations after removing from the dark.

OTE2  Although cadsorption of acetaldehyde under dark conditions does not affg
ecomposition performance, retention is carried on in darkness for uniform dispersion of the
as in the reactaf:

urn the light'on in advance to stabilize illuminance. Adjust the illuminance at the surf
f the test.sample to 10 000 Ix + 500 1x with the glass window and the UV cut filter uss
n thetop surface of the illuminometer sensor. Record the illuminance.

de gas into

the reactor to create an acetaldehyde concentration of 100 ppm * 5 ppm. Adjust the acetaldehyde
¢oncentration in the sealed, empty photoréeactor using acetaldehyde gas of a known cqncentration

+ 5ppm is
cetaldehyde
bon dioxide
e prepared.

cetaldehyde

ct complete
Acetaldehyde

ace position
d in the test

lace the UV cut filter on the top surface of the photoreactor and below the light sourcg.

Turn the light on (for light sources requiring a long time for stable lighting, shutters are closed in
advance when the light is lit, and shutters are then opened when lighting becomes stable). Irradiate
the sample.

Sample the gas in the reactor at regular intervals under photoirradiation. Measure acetaldehyde
concentration and carbon dioxide concentration. An example of the real measurement is shown in
Annex A. After photoirradiation, complete the measurement based on the conditions in 8.3.

When the frequency of sampling is too high, the internal pressure of the reactor decreases, which
can easily cause a leak. Therefore the sum total volume of sampling-gas should be less than 50 mL.

The recommended volume of one sampling is less than 1 ml. With 1 ml of sampling gas, it is possible
to measure both acetaldehyde concentration and carbon dioxide concentration exactly, if using a

© IS0 2018 - All rights reserved 5
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gas chromatograph. Up to 50 instances of sampling are then possible. Predicting the number of
sampling instances and the interval of sampling until complete decomposition by a preliminary
experiment is recommended.

YA
250

200

150
o
100

50
\
\
0
0 2 4 6 8 10 ¥

Key
1 indoor-light irradiation
2 acetaldehyde concentration
3 carbon dioxide concentration
X irradiatipn time (h)
Y concentration of acetaldehyde or carbon dioxide (vol-ppm)

Figure 2 — Example of test results

8 Calculation

8.1 General

Test results|shall be calculated-as follows. The calculation values are usually rounded to one de¢imal
place in acc¢rdance with 1S@80000-1.

8.2 Carbon dioxide concentration

The concenfratiowof carbon dioxide produced by decomposition of acetaldehyde is the value obtained
by subtractjng-carbon dioxide concentration measured before photoirradiation in darkness [7]2 c]]

=~ . . L r 3 . e .
from carborrdioxideconcentrationmreasutredafter protottrracdiation:

8.3 Measurement end point
After photoirradiation, measurement is complete when the following conditions are fulfilled.

a) When the rate of carbon dioxide production (@1 and a3) in three successive measurements is
calculated according to Formulae (1) and (2) and fulfils the condition in Formula (3), measurement
shall be complete (Figure 3, pattern A, C or E).

_[€oy Jt,-[€O, Jty
L=
t2—t

a

€y

6 © ISO 2018 - All rights reserved
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:[C02:|t3—|:C02:|t2

o (2)
tg—t,
a1 = 2,0 ppm/h and az = 2,0 ppm/h 3)
where
a1 is the carbon dioxide production rate after t1-t; h of photoirradiation (ppm/h);
ar is the carbon dioxide production rate after tp—t3 h of photoirradiation (ppm/h);

CO2]t1  is the carbon dioxide concentration after t1 h of photoirradiation (ppm);
CO2]t2  isthe carbon dioxide concentration after ¢z h of photoirradiation (ppm);
CO2]t3  isthe carbon dioxide concentration after t3 h of photoirradiation-(ppm).

b) After photoirradiation, if the measured value of carbon dioxide concéntration is betwe
imit (190 ppm) and upper limit of that during complete acetaldehyde decompositio
actors such as leakage to the reactor), measurement shall be coricluded after 45 h whe
arbon dioxide generation exceeds 2,0 ppm/h even after 45 i or more (Figure 3, patter]

c) After photoirradiation, if the concentration of carbon dioxide generated is 2,0 ppm
nd exceeds the upper limit of carbon dioxide com¢entration during complete a
ecomposition (including factors such as leakage to the reactor), measurement shall
t such time (Figure 3, pattern F).

d) After photoirradiation, if the concentration efcarbon dioxide generated for more thar
han the lower limit (190 ppm) of complete\decomposition of acetaldehyde supplied, m
iIs concluded in 45 h (Figure 3, Pattern DJ.

deally, the rate of carbon dioxide:production should be zero, but this is difficult. Car
yhich adsorbed to the sample inside is desorbed slowly, or decomposition of organic
included in the sample inside-produces carbon dioxide. Therefore, a rate of car
:Lroduction of 2,0 ppm/h is-permitted, because it is distinguishable from carbon dioxid¢
¢aused from decomposition’of acetaldehyde from experience.

8.4 | Determination.of complete decomposition

a) Patterns establishing complete decomposition: After photoirradiation, complete de
is deemed established when the measured concentration of carbon dioxide fulfils Fornj

90 ppii=[CO2]¢ = (210 + 2 x t) ppm

en the lower
h (including
n the rate of
n B).

h or higher,
cetaldehyde
e concluded

45 h is less
easurement

bon dioxide
compounds
bon dioxide
e production

composition

ula (4).
(4)

b) Patterns A and B in Figure 3 correspond to this case.
Pattern A fulfils Formulae (3) and (4).
Pattern B does not fulfil Formula (3) but fulfils Formula (4).

c) Patterns not leading to complete decomposition: After photoirradiation, if the measured
concentration of carbon dioxide is below the lower limit (LL) of Formula (4), oxidative decomposition
strength is assessed as insufficient. Patterns C and D in Figure 3 correspond to this case.

Pattern C fulfils Formula (3) but is below the lower limit (LL) of Formula (4).

Pattern D is below the lower limit (LL) of Formula (4) in a measurement time of 45 h.

© ISO 2018 - All rights reserved
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d) Patterns which invalidate the test: After photoirradiation, if the measured concentration of
carbon dioxide exceeds the upper limit (UL) of Formula (4), the test is not considered valid. Patterns
E and F in Figure 3 correspond to this case.

Pattern E fulfils Formula (3) but exceeds the upper limit (UL) of Formula (4).

Pattern F exceeds the upper limit (UL) of Formula (4).
Y\
350 '
I
F I UL
-~ iﬁlo +2¢)

300

250
210
200

wlr—f T ==~ ‘?‘(1_9(5
150

100

50

o
(=Y
o
)
o
w
=
S
o
N
Ul
Ul
o
<

X irradjation time (h)

Y concentration of carbon dioxide (vol-ppm)
A~F  patterns of curve-example

LL lower limit for complete decomposition
UL uppelr limit for complete decomposition

Figure(3)— Curve examples of carbon dioxide concentration

NOTE The stoichiometric amount of carbon dioxide produced by complete decomposition of acetaldehyde is
a molar amoynt double that of acetaldehyde, according to Formula (5).

CH3CHO|{ 4572 0, — 2C0; + 2H,0 (5)

In the acetaldehyde decomposition testing in 7.2, the concentration of acetaldehyde supplied to
the reactor is 100 ppm * 5 ppm, and the carbon dioxide concentration resulting from complete
decomposition is thus 190 ppm~210 ppm. Additionally, because the concentration of carbon dioxide
produced by leakage to the reactor and decomposition of organic residue adhering to the test sample
is 2,0 ppm/h or lower by pretreatment, the maximum concentration of carbon dioxide produced by the
test sample after photoirradiation is thus (2 x measurement time) ppm. Consequently, the upper limit
of carbon dioxide concentration measured by complete decomposition will be (210 + 2 x measurement
time) ppm.

8 © ISO 2018 - All rights reserved
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