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Foreword

ISO (the Inte

rnational 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-governm

ental, in liaison with 1SQ _ also take part in the work 1SO collaborates closely with the

International
International
The main ta
adopted by

International

Attention is
rights. ISO s

ISO 10678 w

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stangards
the technical committees are circulated to the member bodies for voting:~Publication gs an

Standard requires approval by at least 75 % of the member bodies casting-a vote.

rawn to the possibility that some of the elements of this document may be the subject of gatent
nall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 206, Fine ceramics.
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INTERNATIONAL STANDARD ISO 10678:2010(E)

Fine ceramics (advanced ceramics, advanced technical
ceramics) — Determination of photocatalytic activity of
surfaces in an aqueous medium by degradation of methylene
blue

1 $cope

This International Standard specifies a method for the determination of the photocatalytic activity of surfaces
by degradation of the dye molecule methylene blue (MB) in aqueous solution~using artificial ul{raviolet (UV)
radiation, and characterizes the ability of photoactive surfaces to degrade_ dissolved organic molecules on
ultraviolet radiation.

The fest method specified is also applicable to evaluation of the speeific photocatalytic self-clean|ng activity of
surfafes covered with respective coatings.

This method is not applicable to characterizing the photoactivity of surfaces on visible illuminatipn, regarding
direct soiling, degradation of gaseous molecules and the determination of antimicrobial phptoactivity of
surfafes.

NOTE Correlations between these different kinds\of photocatalytic activity can, however, exist, in particular at
surfages exhibiting low photonic efficiencies.

2 Terms and definitions
For the purposes of this document,‘the following terms and definitions apply.

21
specjfic photocatalytic activity

Pyvp
meagure of the photechemical conversion

NOTE Specifi¢ photocatalytic activity is expressed in moles per square metre and hour [mol/(m2h)].
2.2

photpnic efficiency

SMB

measure of the selectivity of the incident photons to induce the decolourization of methylene blue
NOTE 1 Photonic efficiency is expressed as a percentage of the incident photon flux.

NOTE 2 It is assumed that one photon can induce the decolourization of one dye molecule.

23

test solution
aqueous methylene blue solution used to determine the photocatalytic activity of surfaces

© 1SO 2010 — All rights reserved 1
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24
measuring solution

part of test solution (2.3) with a volume of < 10 % of the volume of the test solution used for external
determination of the optical absorbance employing a spectrophotometer

25
conditioning solution

aqueous methylene blue solution used for the pre-adsorption of methylene blue on the test surfaces prior to

the determination of the photocatalytic activity of surfaces

3 Symbgls and units
For the purpgses of this document, the symbols and units in Table 1 apply.
Table 1 — Symbols and units

Designation Symbol Unit
Planfk's constant (4 = 6,626 x 10734 Js) h Js
Avogadro number (N, = 6,022 x 102% 1/mol) Ny 1/mol
Relative molar mass M g/mol
Moldr extinction coefficient £ m2/mol
Time ¢ h
Timg of measurement tm h
Congentration c mol/l
Absgrbance Ay unitless
Length d cm
Volume of test solution V |
Irradjated area A m?
WavElength A m
UV-radiation intensity E W/m?
Averpge UV-radiation intensity Eg = det W/m?

m
Spegific degradation rate R= % mol/(m2h)
Spegific’degradation rate with UV radiation Rirr = Main” mol/(m?h)
AtedA
Specific degradation rate without UV radiation Ryark = Magand” mol/(m?h)
AtedA
Specific photoactivity Py = Rgark — Rirr mol/(m?2h)
Photonic UV-radiation intensity = % x 3 600 mol/(m?h)
cNp

Average photonic UV-radiation intensity Ep oy mol/(m2h)
Photonic efficiency SMB = ?‘—:MOO %

© 1SO 2010 — All rights reserved
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4 Principle

Methylene blue is degraded in an aqueous solution that is in contact with the potentially photocatalytically
active surface by UV radiation of this surface through the solution, with light not capable of inducing the direct
photolysis of the dye (320 nm < A < 400 nm), with the overall result being the decolourization of the solution.
The amount of dye remaining in the solution is determined at regular intervals during the UV-radiation period
using UV/visible (vis)-spectroscopy. A reference measurement is either performed with the same sample
without UV radiation or with an identical sample in a second container with the photoactive surface protected
by a cover from the incident light beam. The results are used to calculate the specific degradation rates and
the respective photonic efficiencies characteristic of the surface tested.

5 Apparatus
5.1 | General

Apparatus that will be in contact with the methylene blue solution shall be made from materials |exhibiting no
or jugt a very small tendency to adsorb this dye on its surface, e.g. glass,. stainless steel, polyethylene,
polygropylene, polyacrylate, silicones with low organic emission. The test arrangement shall exhibit minimal
stray|light.

5.2 | Measuring device, either two testing cylinders fixed on the sample surface by a suitablg glue, or two
testing cells, each consisting of a vessel with a sample holder(for a schematic diagram ¢f a suitable
meaguring device, see Annex B).

5.3 | Glass pane, to cover the measuring cell exhibitingminimal absorbance within the spectral emission
regioh of the UV-radiation light source (5.4).

5.4 | UV-radiation light source, i.e. a narrow-bahnd emitter in the wavelength range betweef A= 320 nm
and f =400 nm (UV-A) with a UV-radiation intensity of £= (10 +0,5) W/m2, measured at the height of the
samgple underneath the covering glass pane.

5.5 | UV radiometer (sensor), to measure the UV-radiation intensity, calibrated to closely match the
chargacteristic of the UV-radiation light.source.

5.6 | UV/vis-spectrophotometer) calibrated in the measuring range between 4=600 nm and A= 700 nm,
for the determination of methylenie blue concentration.

5.7 | Measurement cells/ for the spectrophotometer made of glass or plastics, with an optical length of
10 mm and a transmittance > 80 % (600 nm to 700 nm).
6 Calibration

The ppparatus according to 5.5 and 5.6, as well as the balances used, shall be calibrated following the

instructicns-for nqulpmnnf mr\nlfnrlng_

7 Measuring and conditioning solution

Aqueous methylene blue solutions shall be used for both the measurement and the conditioning. The
methylene blue solutions shall be prepared freshly from stock solutions stored in the dark using distilled water
in the absence of any other additives. The initial MB concentration ¢y for the test solution shall be
cg=(10£0,5) ymol/L. The conditioning solution shall be prepared at a concentration of ¢ = (20 £ 1) ymol/L.
The absorbance, 4, of the solutions shall be calculated using Equation (1):

Ay =exexd (1)

© 1SO 2010 — All rights reserved 3
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NOTE 1 The absorbance amounts are 4, .. =0,74 (for the test solution) and 4, ., =1,48 (for the conditioning

solution), at a

measuring length of d = 10 mm.

NOTE 2  Methylene blue (C1gH5CIN3S x 3H,0; M = 373,90 g/mol) is a dye with a small absorbance in the wavelength
range between A=350 nm and 1=450 nm. MB has a molar extinction coefficient of £(664 nm)=7402,8 m2/mol in an

aqueous soluti

8 Sampl

ion at a concentration of ¢ = (10 + 0,5) umol/L (see Reference [2]).

e preparation

The sample shall have a geometncal surface area between (100 +1) mm2 and (1 500 + 15) mm2 It shaII flrst
be cleaned fotfowing ' ' v v :

24hto72h
apparatus sh

Afterwards,
conditioning
fixed onto th

own in Figure B.1 is used, the amount of MB solution shall be (35 + 0,3) mL.

wo similar samples shall be conditioned by placing each of them in a separate vesse
solution (see Clause 7). Alternatively, this conditioning solution may be podred into a cy|

concentration in the conditioning solution is lower than that of the test solution at the.end of the conditi

period, the ¢

9 Prepar

If testing cell

pbnditioning shall be repeated using a fresh conditioning solution.

ation of the measurement

S (see Figure B.2) are used, place both conditioned samples in the measuring device (5.2

the test solufjons (see Clause 7) and keep them in the dark.

Using testing cylinders fixed onto the sample surface, replace-the conditioning solution with test solution
time ¢, (see |Figure 1). The height of the MB test solution~above the photoactive surface shall be between
20 mm and %0 mm. The volume of the test solution shall be at least ten times greater than the volume

measuring
volume of th

NOTE Fq
and a filling he

lution required for the measurementlin the spectrophotometer. Exactly determine the
test solution.

r the fixed cylinder, the total volume of the test solution is usually 50 ml at a covered area of 4 =1 00
ight of 50 mm.

by UV light with a wavelength l of l< 400 nm and an UV- radlatlon |ntenS|ty E >10 W/m2

with
inder
e sample surface. This conditioning phase shall last for at least 12 h_in the dark. If the¢ dye

bning

with
bt the
bf the

total

) mm2
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Key
Y gbsorbance
X time
1 1bsorbance/time curve of the measuring solution in the dark (without UV radiation)
2 bsorbance/time curve of the measuring solution in the case of UV radiation

Figure 1 — Schematic of the\obtained measuring curves

10 Procedure of the measurement

Cover the measuring cells or cylinders(with the UV transparent glass pane (5.3) during the whale test. Start
the UV radiation of the sample if the absorbance/time curve of the test solution (see curvep 1 and 2 in
Figurg 1) is nearly linear, i.e. in theirange of ¢, to t,. The UV-radiation light source (5.4) shall Qe capable of
mainfaining a UV-radiation intensity of £ = (10 + 0,5) W/mZ2. Stir the MB solution at least every 20 min during
the tg¢st to ensure a homogeneous concentration. Carry out stirring manually, with a glass stirfer, magnetic
stirref, or by purging with compressed air. During the entire measurement, measure and keep thg temperature
of the test solution at (23.+'2) °C and record it. Temperature measurement and control is permitfed inside, as
well gs near, the testeylinder.

Set the detectionwavelength of the spectrophotometer at 4= (664 + 5) nm. The measurement may either be
performed onling directly through the test solution (2.3) (see curve 2 in Figure 1) or by external measurements
of m%asuring solutions (2.4) taken from the test solution and subsequently added back to the|test solution

before continuing the UV radiation. Measure the optical density of the test solution in regular|intervals not
excegding 20 min. The total duration of the UV radiation shall be 3 h, but not longer than the tim¢ required for
the total decolourization of the test solution.

Perform the blank (dark) experiment in an analogous fashion but without UV radiation (see curve 1 in
Figure 1).

Record all measured values in a table linking optical density and time of measurement.

If the data evaluation (see Clause 11 and the example in Annex A) results in a mean photonic efficiency
Cmg > 0,10 %, repeat the measurement at a UV-radiation intensity of £=(2,5+0,13) W/mZ2. If the subsequent
data analysis yields a higher value for the mean photonic efficiency than that obtained at the higher UV-
radiation intensity, for the test report, use the value determined at the UV-radiation intensity of
E=(2,5+0,13) W/m2. This observation of the high mean photonic efficiency at a UV-radiation intensity of
E = (10 + 0,5) W/m2 shall also be included in the test report.

© 1SO 2010 — All rights reserved 5
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11 Evaluation of results

11.1 General

For the quantitative data treatment, use only the linear part of the degradation curve, i.e. the values between
t3 and t, (see Figure 1). In the case of the devices shown in Figures B.1 and B.2, the degradation rate can
alternatively be calculated from nine points, except for the starting point (0 min), by the minimum-mean-square

method. Rep

ort all values rounded to three decimal places.

An example of an appropriate data treatment is given in Annex A.

11.2 Specihc degradation rate, R

The specific

AA

" Are]

11.3 Photg

The photon
Equation (3)]

11.4 Average UV-radiation intensity, £,

The average

Eqyy =

11.5 Average photon UV-radiation intensity, £y ,,

The average
using Equati

EP,av =

Hegradation rate, R, is calculated using Equation (2):

V

A

n UV-radiation intensity, £

UV-radiation intensity, Ep, is calculated, based upon a constant UV-radiation intensity £,

axE
A

%3 600 = Ay £ x30 074

UV-radiation intensity, £, is calculated Gsing Equation (4):

av’

Iel;

fm

photon UV-radiation intensity, Ep 4 is calculated from the average UV-radiation intensity
bn (5):

AmaxE
"max “avis 3 600 = Apyay Eqy X 30 074
hCNA

11.6 Speci

fic-photoactivity, 2.
™ P A B Y/

()

using

®)

(4)

av’

®)

1=}

The specific photoactivity, Py, is calculated using Equation (6):

A = Rirr — Rdark

11.7 Photonic efficiency, {5

The photonic efficiency, {yg, is calculated using Equation (7):

jMB
=—2x%x100
gMB E

P

(6)

()

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=f227bdd5b3e603c3f2ac93edcd723ab5

ISO 10678:2010(E)

12 Precision

12.1 Repeatability

The absolute difference between two independent measurements carried out within a short time period, for
the same sample in the same laboratory by the same operator using the same experimental and analytical
measuring device, will not exceed the repeatability limit, , in more than 5 % of cases.

Typical precision data for four different laboratories obtained in an inter-laboratory test are given in Annex C.

12.2 Reproducibility

The absolute difference between two individual measurements carried out using the same test'm
samg sample in different laboratories by different operators using different experimental a
meaguring devices, will not exceed the reproducibility limit, R, in more than 5 % of cases:

Typidal precision data obtained in an inter-laboratory test are given in Annex C.

13 Test report

The test report shall include the following information:

a reference to this International Standard, i.e. determined.in-accordance with ISO 10678:201
mame of the testing laboratory;

q

steps used) and concerning the measurement device [kind of measuring device (Figure
dimension, sample position, volume of test solution];

temperature in the laboratory;

JV-radiation light source used,;

manufacturer and type of UY radiometer;

JV-radiation intensity,_E, and type of UV radiation (continuous or periodical);

gpecific photoactivity, Pyg, information on start and end of constancy;
photonic efficiency, (g, information on start and end of constancy;

if applicable, deviations from this International Standard;

bthod, for the
nd analytical

—

etails concerning the sample (dimensions of/the sample surface tested, composition, pre-treatment

B.1 or B.2),

details of any operation not specified in this International Standard or in the International
which reference is made, and any operations regarded as optional, as well as any incidents
affected the results.

© 1SO 2010 — All rights reserved
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Annex A

(informative)

Example of a data evaluation

The measurements were performed in a cylinder with a volume of V'=0,03L, fixed on an area of

=10,75cm?; the UV-radiation wavelength was 2 365nm and the measuring cell for the
spectrophoto ete 3 arts a =0
(equivalent tg ¢4 in F|gure 1) and stops at the end of the linear reg|me W|th tn = 80 (t4 in F|gure 1). The specific
degradation fates R, and Ry, the specific photoactivity P,z and the photonlc efficiency {g were-Calcylated
using Equatipns (2), (6) and (7). The values are determined as the difference of subsequent values for #{ and
A,. At a timel 7, > 80 min, both the specific photoactivity Py;g and the photonic efficiency {g-start decrepsing
steadily. Theyefore, values at #,, > 80 min are not considered. The result is determined as the)arithmetic fnean
of all values|calculated for Py,g and ¢,z during the time interval from ¢, = 20 min to 7=-80 min. The mean
specific photpactivity is Py g = 2,54 x 10-5 mol/m2h and the mean photonic efficiency/is Sve = 0,024 % In the
chosen exanpple. The results for this example calculation are given in Table A.1.
Table A.1 — Evaluation of the data for a given example
Im Im Al,irr Aﬂ,dark E, Eav EP’ EP,av Rirr Rdark RMB C 1B
min h 1 1 W/m2 mol/m2h mol/m2h mol/m2h mol/mZ2h %o
E,vi(4? | (3), (5 (2)2 (2)2 (6)2 C)s
0 0,00 0,57 0,549 10 0,110
20 0,33 0,545 0,546 10 0,110 2,83x10-5 | 3,39 x 106 | 2,49 x 10-5 O,(r23
40 0,67 0,512 0,54 10 0,110 3,73 x10-° | 6,79 x 10-6 | 3,05%x 10-° O,(#ZS
60 1,00 0,49 0,538 10 0,110 2,49 x10-° | 2,26 x 10-6 | 2,26 x 10-° O,¢21
80 1,33 0,461 0,53 10 0,110 3,28 x10-° | 9,05 x10-6 | 2,37 x 10-° O,(#ZZ
100 1,67 0,45 0,52 10 0,110 1,24 x10-5 | 1,13 x 105 | 1,13 x10-6 O,¢01
120 2,00 0,426 0,547 10 0,110 2,71x10-5 | 3,39 x 106 | 2,37 x 10-5 O,(#ZZ
140 2,33 0,406 0,611 10 0,110 2,26 x10-5 | 6,79 x 106 | 1,58 x 10-5 O,¢14
160 2,67 0,385 0,507 10 0,110 2,37 x10-5 | 4,52 x 106 | 1,92 x 10-5 O,¢18
180 3,00 0,365 0,5 10 0,110 2,26 x10-° | 7,92 x10-6 | 1,47 x 10-° O,(t13
@  Number of equation.
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Annex B
(informative)

Examples of suitable measuring devices

B.1 Schematic diagram of a measuring device using a test cylinder

\
D
a
L Ca | 3

Key
1 gample L D
2  testing area, point where light intensity is measured 1
3  testing cylinder
4 (lass pane (5.3) / -
5  WV-radiation light source (5.4) I |

Figure B.1 — Schematic diagram of a measuring device with a test cylinder

B.2 |Schematic diagram of a measuring\device using a testing cell

Sy
—

Key

UV radiometer (5.5)
magnetic stirrer

sample
test solution
test cells

glass pane (5.3)

cover against UV-radiation
UV-radiation light source (5.4)
UV/vis-spectrophotometer (5.6)

© O N O OB W N -~

Figure B.2 — Schematic diagram of a measuring device with a testing cell
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B.3 UV-radiation device and sensor

A suitable UV-radiation device for the irradiation of the sample in the UV-A region should have an emission in
the wavelength range of 320 nm to 400 nm.

A suitable sensor for the measurement of the UV-radiation intensity in the UV-A region is a sensor with a
calibration close to the emission spectrum of the UV-radiation device.

10 © 1SO 2010 — All rights reserved
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