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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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Introduction

International Standards covering test methods for determination of photocatalytic activity have been
published. A wide variety of photocatalytic functions, such as water and air purification, antibacterial
effect, and self-cleaning, require different evaluation methods. However, much easier methods to
evaluate a common semiconducting photocatalytic activity are strongly demanded, in particular in
research and development activities for testing of performance of semiconducting photocatalyst and
photocatalytic materials under development.
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INTERNATIONAL STANDARD ISO 19722:2017(E)

Fine ceramics (advanced ceramics, advanced technical
ceramics) — Test method for determination of
photocatalytic activity on semiconducting photocatalytic
materials by dissolved oxygen consumption

1

This
cons
subs
phot
evaly

N

fcope

document specifies the test method for determination of concentration ofdisso
imed due to photocatalytic oxidation of phenol in aqueous phase by semiconducting ph
fances. The method is applicable to powder test sample or film test piece of sen
bcatalystic material targeting water contaminants. This test methed 'is not ap
lating the materials conjugated with other base material, such as organic binder whic}

ved oxygen
otocatalytic
iconducting
plicable for
| can also be

deco
This
of se
2

The
cons
undg

ISO §
ISO 1]

mposed by the photocatalytic activity.

document is applicable to the test method for the activity of pewder test sample or fil
miconducting photocatalystic material targeting water contaminants.

Normative references

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

0677, Fine ceramics (advanced ceramics, advanced technical ceramics) — Ultraviolet lig

testimg semiconducting photocatalytic.materials

1S0/

3
Fort
[SO 4
|
|

EC 17025, General requirenients for the competence of testing and calibration laboratori

Terms and definitions

he purposes ofthiis document, the terms and definitions given in ISO 20507 and the foll
nd IEC maiptain terminological databases for use in standardization at the following ¢

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

SO-Online browsing platform: available at http://www.iso.org/obp

814, Water quality — Determination of.dissolved oxygen — Electrochemical probe meth(

Im test piece

heir content
applies. For
hts) applies.

d

ht source for

es

bwing apply.

ddresses:

3.1

semiconducting photocatalyst
substance that displays photocatalytic action based on its electronic band structure

Note 1 to entry: This applies to metal oxides like titanium dioxide and sulfides. Photocatalysts which are not
semiconducting includes metal complexes.

3.2
phot

ocatalytic materials

material in which or on which the photocatalyst is added by coating, impregnation, mixing, etc.

Note

© ISO

1 to entry: Materials include ceramic, metal, plastic, cloth, etc. for general purpose.
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3.3
DO
dissolved molecular oxygen in aqueous phase

3.4
DO analyser
measuring instrument for continuous measurement of DO (3.3) in aqueous using DO electrode (3.5)

3.5
DO electrode
electrode to measure DO (3.3) in aqueous phase

3.6
photocatalytic oxygen demand
POD
quantity of molecular oxygen in aqueous phase consumed in photocatalysis

3.7
blank POD (%)
percentage of concentration of DO (3.3) consumed under a test condition withéuf phenol addition

4 Symbols

Designation Syimbol Unit
room temperature R.T. °C
water temperature W.T. °C
concentration c mol/]
concentration of DO Do mg/1
photocatalytic oxygen demand POD mg/1
cpo before UV light irradiation in the dark CiDO mg/l
cpo after UV light irradiation in\the dark CfDO mg/l
volume of test solution %4 ml
wavelength A nm
UV light irradiatiop-intensity I mW/cm?

5 Principle

Photocatalypis in pure\water generally produces molecular oxygen(0z) from water molecule (jHz0)
oxidation[3]{ In the water polluted by some of the organic compounds, major photocatalysis oxidiz€s the
organic conjpourids{4]. Photocatalyst needs O to oxidize organic compounds to CO and water ip the
' tl4]. Then the quantlty of 02 that photocataly51s needs 1s much larger than 02 production
from Hy0 osddatienbecausethe organic compoundisphotocataly than
water molecule. Oz then has major three functlons in semiconducting photocatalyst The flrst function
is to improve charge separation by accepting conduction band electron. The second one is to produce
active oxygen species that have the ability to oxidize organic compounds. The final one is oxidation.
02 combines with organic radicals (intermediates) produced by semiconducting photocatalytic
oxidation; Oz is an indispensable species in the semiconducting photocatalysisl4l. Therefore, the
photocatalysis to oxidize organic compound means Oz consumption. In the photocatalysis to oxidize
and mineralize the organic compounds, partially oxygenated by-products are produced. Under the
progress in the continuous oxidation of partially oxygenated by-products, the photocatalysis consume
02 to mineralisation. On the basis of the photocatalytic mineralization and functions of O, the
semiconducting photocatalytic activity can be evaluated by determining Oz consumption. This test
method is especially effective in the photocatalysis in aqueous phase. Target photocatalytic materials
are either powder test samples or a film test pieces.

2 © IS0 2017 - All rights reserved
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6 Materials

6.1

Reag

6.2

Reagent

ent is phenol and the assay is >99 wt%.

Purified water

Water used for the preparation of all solutions shall be distilled or deionised water.

6.3

rurired air

Air in the atmosphere aerated through 1 000 ml purified water.

6.4

Purif

6.5
Susp

7

7.1

App3
meth
The {

7.2

Purified water saturated with dissolved oxygen

ied water at R.T. + 1 °C saturated with DO.

Test solution
ension with the powder test sample in phenol solution or phénol solution for the film t
[est apparatus

General

ratus shall be used to evaluate the semiecgnducting photocatalytic materials with a
od. The powder test sample is suspendéd and the film test piece is immersed in the t
ollowing apparatus is required.

Ultraviolet (UV) — Irradiation light source

Use black light fluorescence lamps as black light lamp (BL) and black light blue lamps (BLH

light

7.3
A ra

fluorescence lamps shall have a peak wavelength A = 351 nm as specified in ISO 10677

UV radiometer

UV-light intensity. The radiometer shall be calibrated to closely match the characterist

light
the ¥

irradiation light source as specified in ISO 10677 or be corrected to ascertain sensit
vavelength range to be adsorbed by the powder test sample or the film test piece W
paches.

pst piece.

buitable test
est solution.

). The black

liometer with-d detector whose sensitivity peak is at A = 351 nm shall be used to feasure the

c of the UV
ivity within
rith suitable

appr

7.4

UV light intensity

Iis adjusted to be 1,5 mW/cm? at the centre of a test vessel for the powder test sample or at the centre of
the film test piece surface for the film test piece (see Annex C).

7.5

DO analyser

To measure cpo, an electrode of DO analyser has an oxygen permeable membrane and the performance
of electrode and equipment is specified in [SO 5814. Sensitivity correction and operation of the electrode
and the DO analyser shall be performed following their manuals of suppliers and manufactures. Notice
that portable equipment does not have stability for voltage, if indicated values are unstable, it is
necessary to use stabilised power supplies.

© ISO
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7.6 Magnetic stirrer and magnetic stirring bar

A rotational number for stirring is 1 400 r/min to 2 100 r/min. The size of a magnetic stirring bar is
approximately o.d. 7 mm x L 20 mm which is adjusted to be the size of the test vessel. Digital laser
tachometers (non-contact system) are suitable for measurement of a rotational number. The rotational
number is measured in the air.

8 Arrangement of test method

8.1 Meas

uring device setup

The appara
decrease in
after susper
of the test
closed syst¢
setup is sho

8.2 Testy

Schematic d
borosilicate
vessel for th

The test sol
jacket in wk
(upper and

holder is he
overflow ex

fus shall be used to evaluate the activity of photocatalytic materials by measur
cpo in the test solution with photo irradiation necessary for the photocatalytic’rea
ding the powder test sample or immersing the film test piece in the test solution, consi
essel, the light source, the DO analyser, a thermostatic bath, and a pump4 This test ij
m to measure the decrease in cpg in the test solution. An example of thé-measuring d
vn in Annex A.

ressel and implement

iagrams are shown in Annex B. The test vessel and glass-implement shall be ma
glass which can resist near-UV light irradiation of A > 300'nm and absorbs less UV. The
e test solution shall be cylindrical and the volume shalkbe 200 ml.

ution temperature has to be kept within a certaif/definite range during the test. A yj
ich water can circulate at a constant temperature shall be used and a test vessel h
ower) to fix the test vessel inside the watersjacket shown in Annex C shall be prepar
d has O-rings to keep airtightness of the closed system and with a through-hole as w
tra suspension/test solution because tlie amount of suspension/test solution equal t

DO electrode volume is overflowed when the DQ-electrode is inserted into the holder. A plug shj

used to clos
spacer adjug
test piece wj
test sample,
method is n
vessel shall
keep the W.]
under stirri

e the through-hole following the step. The holder has a space to hold the film test pig
ted to a thickness of the film testpiece shall be used to fill a gap in a holding part for thg
hen the film test piece is held. in the holder. In the case of the suspension with the po
the spacer to fill an orifice of the holding part for the film test piece shall be used. Thi
bt limited to the specification of this measuring device setup shown in Annex A, but th{
be made of airtight,(chemical resistant, and non-photoresponsive material and be ak
. constant and be what an adequate amount of light for the photocatalytic activity is g4
g. The O-rings.dnd other implements shall be near-UV resistant and chemical resistant

it is preferalple to use flugro-carbon polymer for the O-rings and polytetrafluoroethylene for the ot

9 Testm

aterial

9.1 Pow

ng a
ction
sting

ina
bvice

He of
b test

vater
plder
ed. A
ell to
b the
111 be
ce. A
film
wder
b test
b test
le to
lined
,and
hers.

ertest sample

The powder test sample is the photoctalytic material synthesized for treatment of environmental
pollution and does not contain so many organic compounds as plastic cement. The quantity of powder

test sample

shall be 0,110 g + 0,005 g.

9.2 Film test piece

Sample size

of the film test piece shall be as follows:

width: 29,5 mm + 0,5 mm;

— length: 59,5 mm * 0,5 mm;

thickness: 5 mm + 0,5 mm.

© ISO 2017 - All rights reserved
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The film test piece is held vertically (lengthwise) using a holder and a minimum effective area of
49,5 mm x 29,5 mm of the film is subjected to the test.

NOTE 1

evalu

NOTE 2

If the film test piece cannot maintain the shape in the solution, it is not applicable to
ation in this test method.

A film test piece of less than 5 mm thickness is also available by using adjustable spacer.

10 Procedure of the measurement

10.1Festtemperattre—M M ¥ ——————————

All te
to a (

10.2

Purif
satul
analy
pass

10.3

10.3

Powdler test sample is added into 1 000 ml of the“purified water and agitated by a sonic

23k
irrad
the 4
300
valug
wasH
R.T. 1T
inIS

10.3

A volume of 0,5 mDof'phenol stock solution is added into 195 ml of the suspension and the cg

of ph
thes
Sett
susp

sts shall be carried outat R.T. of 23 °C £ 5 °C and W.T. shall be at R.T. + 1 °C. W.T. should b
ertain temperature by thermostatic bath/cryostat.

Preparation of water

ied water quality shall be distilled or deionised water. The DO in ‘purified water of

rser. Then the cpg obeys the concentration specified in ISO 5814:The air for the aerati
bd through another 1 000 ml of distilled or deionized water to clean itself.

Powder test sample

1 Preparation of suspension from powder testsample

Hz to 43 kHz) for 15 min. After sonication,‘the suspension is irradiated by a UV lamp
iation intensity of 1 mW/cm?2 under aeration by purified air in vigorous stirring for 18
eration flow rate shall be above 1 500-ml/min. A cylindrical glass vessel (a size of o.d
nm, the volume is above 1 000 mN:is made of borosilicate glass. After UV light irradig

ed to remove materials which change the pH. The temperature of the suspension is
'hen the saturated cpo shall'be the DO value +0,3 mg/l1 at the test temperature, which
D 5814.

2 Procedure of-the measurement

enol shall be-finally 0,33 mmol/l. The magnetic stirring bar is then put into the suspd
hturated.epo shall be the DO value £0,3 mg/1 at the test temperature, which is specified
he holder into the test vessel with the suspension overflowed. To avoid forming air by
ension, insert the DO electrode into the holder with the suspension overflowed and

an adequate

e controlled

1 000 ml is

ated by aeration of 1 500 ml/min for 60 min and the DO saturation is determined by the DO

n should be

htor (within
ht a UV light
0 min. Then

80 mm x H
tion, the pH

b of the suspension shall be within 5 to 7. If it is not such a range, the powder test saniple shall be

adjusted to
is specified

ncentration
nsion. Here,
in ISO 5814.
bbles in the
set the plug

into

he fhrmlgh-hn]p of the holder The test vessel is then put into the water jarl(pf Start

tirring and

recording the cpp every minute at least for 5 min in the dark. Start and carry on the UV light irradiation
for 60 min. After stopping the UV light irradiation, keep recording the cpg every minute for 5 min in the
dark. If the cpg becomes 0 before regulated examination time, the time and the POD should be included
in the test report.

NOTE The flowing water in the water jacket is purified water and the W.T. is adjusted to R.T.

10.4 Film test piece

10.4.1 Preparation of film test piece

Set the film test piece into the holder and then set the holder in the purified water-filled test vessel.
The film test piece is irradiated by a UV lamp at a UV light irradiation intensity of 1 mW/cm?2 under

© IS0 2017 - All rights reserved 5
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aeration by purified air in vigorous stirring for 180 min. Then the aeration flow rate shall be above
1 500 ml/min. W.T. is adjusted to be R.T. and then the saturated cpo shall be the DO value 0,3 mg/I
at the test temperature, which is specified in ISO 5814. In addition, the pH value of the solution shall
be within 5 to 7. If it is not such a range, the film test piece shall be washed to remove materials which

change the pH.

NOTE

This preparation procedure can be skipped when it is apparent that the film test piece is clean.

10.4.2 Procedure of the measurement

Of Phenol solution, 1 mmol/l adjusted with the purified water saturated with dissolved oxygen shall be

prepared fo
in the test v
solution ove
holder with
test vessel i
5 min in the
irradiation,
regulated e

NOTE

[ the test solution. Pour the test solution Into the test vessel. Put the magnetic stirrin
pssel. Set the film test piece into the holder. Set the holder into the test vessel with.th¢
rflowed. To avoid forming air bubbles in the test solution, insert the DO electroede int
the test solution overflowed and then put the plug into the through-hole of the Holder
b placed into the water jacket. Start stirring and recording the cpg every minute at lea
dark. Start and carry on the UV light irradiation for 180 min. After stopping the UV
keep recording the cpp every minute for 5 min in the dark. If the cpo*becomes 0 b
famination time, the time and the POD should be included in the testreport.

The flowing water is purified water and the W.T. is adjusted to R.T.

10.5 Blan

If reproducI

organic conj
check clean}

After the pr
is performg
Formula (2)
addition fol
UV light irr
after prepaf
procedure d

POD(%)

le result is not obtained, as the powder test sampleJor the film test piece is pollutg
pounds and the pollution affects the test result, Blank POD(%) measurement is need
iness of the test sample.

pparation procedure of powder test sample/film test piece without the UV light irradi
d, the POD shall be measured without the phenol addition. The POD is calculate

owing the normal preparation proCedure of powder test sample/film test piece (wit
hdiation). Each Blank POD(%) shall be calculated using Formula (1). If the Blank PO
ation procedure with the UV light irradiation is not to be less than 15 %, the prepar
f powder test sample/film-test piece should be repeated until the Blank POD(%) bec

b bar
> test
p the
L The
5t for
light
bfore

d by
ed to

htion
d by

as explained in Clause 11. On the other hand, the POD shall be measured without the phenol

h the
D(%)
htion
bmes

less than 1p %. The calculated values are usually rounded to second decimal place according to
ISO 80000-1:
blank PPD (%) = POD / ¢ % 100 % )

11 Evalud

ition of results

11.1 Gene

ral

Report all values rounded to second decimal places.

11.2 Evaluation of POD

For the quantitative data treatment, use only the dark parts before and after the UV light irradiation,
i.e. the average cpo in the dark before and after the UV light irradiation. The POD analysed by this test
method is calculated using Formula (2). If POD becomes 0 mg/] within the measurement period of
60 min or 180 min, the termination time and the POD should be reported. The calculated values are
usually rounded to the second decimal place according to ISO 80000-1:

POD = ¢, (2)

po ~ ¢fpo
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12 Test report

The test report shall be in accordance with the reporting provisions of ISO/IEC 17025 and shall include
the following information:

a)
b)
‘)
d)
e)
f)

g)
h)
i)
j)
k)
1)

areference to this document, i.e. ISO 19722;
name of measurer and testing laboratory;
date of the test;

details concerning the measurement device (DO analyser, data logger, thermometer);

etails concerning the light intensity, supplier, number of UV light sources used (BlroF

etails concerning the sample name, composition, purity, quality/reagent grade,'suppl
film, phenol, water);

lemperature in the test room in the laboratory;

lemperature of test solution;

POD (mg/1);

fime and POD (mg/1) if the POD becomes 0 before regulated.éxamination time;

Blank POD(%) and repeated number of the procedure;

affected the results.

BLB);

ier (powder,

details of any operation not specified in this document or in the International Standards to which
feference is made, and any operations regarded as optional, as well as any incidents likely to have

© IS0 2017 - All rights reserved
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Annex A
(informative)

Example of suitable measuring device component

P
H|M{—M|©©
3 7 (O

a) Plane view
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Is qC=_]00

UV light source 8 thermostatic bath/cryostat
DO analyser 9  water flow direction
DO electrode 10 testvessel
lug 11 stirring bar
older 12 water jacket
st vessel holder (upper) 13 test vessel holder (lower)
ump 14 magnetic stirrer

mg/LO
—
 b——- 12
e
10 o
) 13
)
~_|
14, e
~ O
 — 8
T e

b) Side view

Figure A.1 — Schematic diagram of measuring device setup
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Annex B
(informative)

Example of suitable test vessel and implement

B.1 Schematic diagram of test vessel and implement

Key

N Ul AW N

6+ 1(5)

+2

40

20 + 16

ot
0,2 0.5

10 + 1

test vessgl holder(upper)
test vessgl halder (lower)

holder uppé€r view

A
O

P4

99 w2

30+ 05
L
/

5:+05(9)

L: 30 «
L: 30 «
L: 30 «
L: 30 «

05 H: 15 1, T «1
05 H: 15 £ 1, T2 1
0,5 H: 15 £ 1, Th: £1
0,5 H: 15 £ 1, T5: #1

Dimensions in millimetres

holder lower view

through-hole for suspension or test solution

hole for DO electrode

7  O-ring (P16)

8 O-ring (P46)

9  holding part for film test piece
10 spacer

11 plugfor5

Figure B.1 — Schematic diagram of test vessel holder and holder for DO electrode and film
test piece

10
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B.2 Schematic diagram of test vessel and water jacket

Dimensions in millimetres

)

%

7\ — S =
50 +1
v \\/ )
+I
=]
- :
+ +
=4 + S
- =) -
She2 -3
N Al 2~3
=3
1 2

Key
1 tlestvessel
2 yvater jacket

Figure B.2 — Schematic diagram of test vessel and water jacket

NOTH The test vessel and the water jacket.are made of borosilicate glass.
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Annex C
(informative)

Example of test position of test vessel

=

T fffa,
| I

Key

1 powder fest sample (suspension) 6  magnetic stirrer

2 DO electfode 7  magnetic stirring bar

3  spacer 8 centre of light

4 UV light fource 9 reaction area

5 film testjpiece 10 position of stirring bar and test vessel

Figure C.1 — Schematic' diagram of test position of measuring device setup for powder
suspension and film test piece

Film test piece

Light intendity-is adjusted at the centre of the film test piece surface. The centre of film test piece

surface shaltthenbeplacedimthe middte of the tight source—thestirring bar positiomrtsunder-the DO

electrode.

Powder test sample

Light intensity is adjusted at the centre of the test vessel. The centre of the test vessel shall then be
placed in the middle of the light source. The stirring bar position is in the centre of the test vessel.
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Annex D
(informative)

Example of a data evaluation

The measurements were performed in the test vessel designed as shown in Annexes A, B and C and
the UV light irradiation wavelength was A = 351 nm and I was 1,5 mW/cm2. The DO analyser was UC12

supplied by CENTRAL KAGAKU®Y. The time interval of measurement is that 5 min inthe dark after

the start of measurement, the UV light irradiation starts at 5 min and is carried on for*60
light|irradiation stops at 65 min and 5 min more in the dark. The data was recordedby’a d
100 s as a time interval. The POD was calculated using Formula (1). Powder test §ample (§
as arn example. Figure D.1 shows an example of experimental results and theesults for t
calcylation are listed in Table D.1.
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NOTE Decrement of DO with powder test sample PL by decomposition of ¢ = 0,33 mmol/l phenol.

Figure D.1 — Result obtained from powder test sample

1) Example of a suitable product available commercially. This information is given for the convenience of users of

this document and does not constitute an endorsement by ISO of this product.
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