Priklady testovani
fotokatalytickych produktu z
hlediska jejich funkcnosti a
vytvareni novych standardu

Dr. David Hazafy, VSCHT



Co je to fotokatalyza?

e Radikalovy neselektivni redoxni mechanismus.

» Sezere cokoliv pokud jsou energetické potencialy ve spravné relativni
poloze.
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Jak to tedy funguje?

Redukce vs. Oxidace
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Co je to standard?

* Technicka norma Ci standard je podrobny predpis, ktery stanovuje
dulezité parametry Ci vlastnosti materialu, vyrobku, soucasti nebo
pracovniho postupu, ktery vede ke standardizaci...

e Standardizace je proces sjednoceni pomoci zavadéni standardu. Vede
ke koordinaci, kompatibilité a opakovatelnosti v kvalité vyroby.
Standardy se zavadéji bud centralné (de iure), coz je zpusob, ktery
prevazuje, nebo jde o ustaleny prevazujici standard (de facto), ktery
vznikl z rozSireného uzivani.



K cemu je standard?

e Zaruceni (kontrola) kvality

* Porovnavani produktu za stejnych podminek
* Marketingoveé vyuziti

e Simulovani realnych podminek?



Fotokatalytické standardy

 Historicky jsou fotokatalytické standardy zalozeny na japonskych
normach

 |ISO (mezinarodni organizace, hlavné Asie)

* CEN (evropska organizace)

* SO standardu je spousta nejpouzivanéjsi je jich jen nékolik
e Kritika ISO standardu — Ize aktualizovat

* Nové ISO standardy — hledani kompromisu



(i) air purification

Test pollutant

ISO standard reference
number

Suitable sample types and
applications

NO 1ISO 22197-1
Acetaldehyde ISO 22197-2
Toluene 1ISO 22197-3
Formaldehyde R

Exterior: NO, removing paint,
concrete and tiles;

Interior: odour-removing paint.
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Priklad ISO na odbouravani NOx
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Figure 2 — Histogram illustrating the ability of supplied test pieces, and 2 example test
pieces, to remove NOy from an air stream containing 1 ppm NO over a 5 hour period
(units: % of NO supplied to the reactor). All supplied samples are of photocatalytic coating
on ceramic tile, whilst example 1 is a sample of TiO—2 paste dipcogted onto glass, and

example 2 is a sample of photocatalytic paper.
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Figure 1 — Histogram illustrating the ability of supplied test pieces, and 2 example test
pieces, to remove NOy from an air stream containing 1 ppm NO over a 5 hour period
(units: umol). All supplied samples are of photocatalytic coating on ceramic tile, whilst
example 1 is a sample of TiO: paste dipcoated onto glass, and example 2 is a sample of
photocatalytic paper.



Customer Name: n/a

Figure 11 — Trace of NO/NO/NO: concentration during the ISO test for a typical

photocatalytic paper.

Time (min)

Customer contact: n/a
Sample name: Example 2
Sample description: Photocatalytic paper
Testing conditions
Date (dd/mm/yyyy) 05/09/2012
T (°C) 21.1
RH (%) 51
, i 2
Drits: ol STP flow (L/min) 2.8676
(i) NO supplied | (i) NO removed | (iii) total NO (tv) amount of NOz (v) net amount of NOx Irradiance (mW/em™) 0.98
Sample number (and name) to the reactor by the test piece unreacted generated by the test piece | removed by the test piece = ((ii)-(iv)) NO su pply conc. (ppm) 0.977
Hydrotect 40.61 -0.24 40.85 -0.02 -0.22
Clean B 40.22 0.49 39.74 0.64 -0.15 o
Clean Matte 40.66 -0.13 4079 -0.02 -0.11 Results Amount (umol) ~ Area (%)
Examplel - TiO; paste coated on glass | 36.86 5.59 3126 5.38 0.21 (i) NO supplied to the reactor 35.69 100.00
Example2 - Typical photocatalytic paper | 35.69 23.85 11.84 10.02 13.83 (if) NO removed b} the test piece 23 .85 66.82
Table 1 — Summary of (i) NO supplied to the reactor (ii) NO removed by the test piece (iii) total NO unreacted (iv) amount of NO; generated by the fest piece e
(iii) total NO unreacted 11.84 33.18
and (v) net amount of NO. removed by the test piece = ((ii)-(iv)) for each of the tested samples, and example test pieces, in units umol. (n ) amownt o ff\rOQ generate J fJ_}-‘ the test piece 10.02 28.07
(v) net amount of NO, removed by the test piece = ((ii)-(iv)) 13.83 38.76
Units: % of NO supplied to the reactor
(1) NO supplied | (ii) NO removed | (iii) total NO (iv) amount of NO:z (v) net amount of NOx
Sample number (and name) to the reactor | by the test piece unreacted generated by the test piece | removed by the test piece = ({ii)-(iv})
| Hydroteet 100 0.6 100.6 -0.1 0.5
Clean B 100 12 98.8 1.6 -0.4 1000 —-|
Clean Matte 100 -0.3 100.3 0 -0.3 f
Examplel - TiO2 paste coated on glass 100.00 15.18 84.82 14.60 0.58
E le2 R . — 800 - =N O, ppb
xample2 - Typical photocatalytic paper | 100.00 66.82 33.18 28.07 38.76 = NO. oob
Table 2 — Summary of (i) NO supplied to the reactor (ii) NO removed by the test piece (iii) total NO unreacted (iv) amount of NO; generated by the test piece o N o’ngpb
o )
and (v) net amount of NO; removed by the test piece = ((ii)-(iv)) for each of the tested samples, and example test pieces, as a % of NO supplied to the reactor. - 600 - (..——
o
5
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Klicové reakce fotokat. oxidace NO

Key reactions
The titania-sensitised, photocatalytic oxidation of NO proceeds to nitric acid, via nitrous acid
and a radical based mechanism.[4-8] The two key photocatalytic reactions are:

T10-
ANO+ 02 +2H:.0 ——— 3 4HNO, (1)
hv = Eia

and
TiO;
2HNO; + O ———» 2HNO; (2)
hv = Epg

Recent work [4] reveals that the accumulation of nitric acid on the surface promotes its

pheotocatalysed reaction with NO that generates the toxic product NOa, i.e.

TiO;
2HNO; + NO ——— 3NO; + HhO (3)

hv = Ebg

This can lead to an eventual steady state where the rate of NO removwal is matched by the rate

of NO;z production; which is clearly highly undesirable. It follows that for any NOx-
removing photocatalyst product to work effectively it is necessary that the HNO; [4] Y. Ohko, Y. Nakamura, N. Negishi, S. Matsuzawa and K.

photogenerated, via reactions (1) and (2), must be removed at regular intervals, by rinsing Takeuchi, J. Photochem. Photobiol. A: Chem., 205 (2009) 28.
with water, e.g. from rain or a damp cloth.



Priklad ISO na odbouravani VOC - acetaldehydu
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Figure | — Histogram illustrating the ability of supplied test pieces, and 2 example test

pieces, to remove acetaldehyde from an air stream containing 5 ppm acetaldehyde during the

fast | howr of photoirradiation (uniis: gmol).
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Figure 2 — Histogram illustraving the ability of supplied test pieces, and 2 example test

pieces, to remove acetaldehyde from an air stream comtaining § ppm acetaldehyde during the

last I howr of photeirvadiation (units: %6 of acetaldehyde supplied to the reactor).

Customer Name:
Customer contact:
Sample name: Fabric 1

Sample description: White fabric

Testing conditions

Date (dd/'mm/vyyyy) 28/01/2014
T(°C) 23.0
RH (%) 48
STP flow (L/min) 1.0495
Irradiance (mW/cm™) 1.00
Acetaldehyde supply vol. fraction (ppm) 5.00
Results
{i) Concemration of acetaldehyvde supply 13.17 pmol
(i) Acetaldehyde removed by the test piece during the last 1 h of irradiation 1.46 pmol
{iii) Removal percentage of Acetaldehyvde by the test piece 11.06 %
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Figure 3 — Trace of acetaldehyde concentration during the ISO test for sample Fabric 1.



* MB not an ISO for water
purification by definition, but it is

used in that way.

(i) water purification

Test pollutant

ISO standard reference number

Suitable sample types and
applications

Methylene SO 10678: 2010
blue
DMSO SO 10676 2010

Water purification units



http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=46019&commid=54756
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=46017&commid=54756

(iii) self cleaning surfaces

Test pollutant

ISO standard reference
number

Suitable sample types and
applications

Contact angle/Oleic acid

ISO 274438: 2009

Methylene blue

1ISO 10678: 2010

Self-cleaning glass, concrete,
tent/awning materials and
tiles



http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=53953
http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=46019&commid=54756

Priklad ISO na samocistici povrch
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Figure I — Histogram illustrating the change in contact angle for Glass 1 and Pilkington

Pilkington Glass I I

sampie

Glass after 48h irvadiation with 1 m/em? UVA. The red bar indicates the starting contact
angle and the blue bar indicates the contact angle after 48h.

Table 1 summarises the starting contact angle and contact angle after 3, 24 and 48 h for each
of the samples shown in Figure 1, with Table 2 illustrating the water droplet on the surface of

each sample at these time periods.

Contact Angle (°)
0h 3h 24 h 48 h
Glass 1 63.82 58.32 32.33 24.32
Pilkington Glass 64.39 73.74 26.52 9.48

Table 1 — Initial contact angles for all and for Glass 1 and Pilkington glass, during
irradiation with I mW¥/cm? UVA

Oh 3h 24 h 48 h

Glass 1

Pilkington
Glass

Table 2 — Photographs to illustrate contact angle measurements over time.

The remainder of this report contains the raw data gathered from the contact angle

instrument, along with the original data figure and reaction conditions for each sample under

test.
Customer Name:
Customer contact:
Sample name: Glass 1
Sample description: Glass

Testing conditions
Date (dd/mm/yyyy) 27/11/2013
T(°C) 209
RH (%) 52
Irradiance (mW/cm™) 1.00




Irradiation Time (hours) 0 1 3 24 28 48
Contact Angle (deg) 63.82 | 59.99 | 58.32 | 32.33 | 28.25 | 24.32
50 Contact Angle Left (deg) | 6382 | 59.99 | 58.32 | 32.33 | 2825 | 24.32
Contact Angle Right (dgg) | 63-82 | 59.99 | 58.32 [ 32.33 [ 28.25 | 24.32
Tilt Angle (deg) 314 | 044 | 020 | 0.86 | 2.08 | 047
=" Base (mm) 339 | 3.60 | 3.80 | 4.42 | 439 | 4.82
g Base Area (mm?) 11.55 | 13.01 | 1448 | 19.6 | 19.29 | 23.30
S 4. High (mm) 105 | 104 | 097 | 0.61 | 0.56 | 0.53
B Volume (ul) 543 | 594 | 601 | 483 | 435 | 5.01
E Maximum Diameter (mm) 378 | 414 | 469 | 8.63 | 9.13 5.1
© Contrast (cts) 220 | 221 | 223 | 216 | 221 | 210
Sharpness (gts) 40 90 62 52 23 21
Black Peak (gis) 0 0 0 3 0 12
0 - - ; White Peak (cts) 220 | 221 | 223 | 219 | 221 | 222
0 2 “ 3 4 Edge Threshold (cts) o1 | 91 | 92 | 92 | 91 | 99

Time (h)

Figure 2 — Trace of water contact angle measured on Glass 1, during 48 h irradiation with

1 mWiem? UVA light.

Table 3 — Raw data gathered from contact angle instrument for Glass 1, during 48 h

irradiation with 1 mW/em? UVA light.



Priklad ISO na degradaci MB
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Fig 1 — Histogram illustrating the specific photoactivity (Pus) of supplied test pieces over a 3 hour period (units: mol n? ).
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Fig 2 — Histogram illustrating the photonic efficiency of supplied test pieces over o 3 hour period {units: %).

3 E, Eav/ Es mol i mol m2 maol m2 Pus maol m2
tm/ min tm/ h A Adda wgﬁ—z iﬁ“‘}“{ B et Wh* ht Qve_(%)
Q 0.00 0.730 0.739 10 0.110
20 0.33 0.707 0.735 10 0.110 3.22E-05 ©6.95E-06 2.52E-05 0.022967
40 0.67 0.680 0.736 10 0.110 3.89E-05 -2.053E-06 4.10E-05 0.037300
60 1.00 0.656 0.731 10 0.110 3.36E-05 6.35E-06 2.73E-05 0.024838
80 1.33 0.634 0.733 10 0.110 3.20E-05 -2.68E-06 3.47E-05 0.031604
100 1.67 0.612 0.728 10 0.110 3.00E-05 7.21E-06 2.28E-05 0.020725
120 2.00 0.600 0.730 10 0.110 1.80E-05 -1.86E-06 1.99E-05 0.018116
140 2.33 0.585 0.727 10 0.110 2.03E-05 3.46E-06 1.68E-05 0.015324
160 2.67 0.355 0.726 10 0.110 4,36E-05 2.02E-06 4,.16E-05 0.037364
150 3.00 0.555 0.732 10 0.110 2.78E-08 -8.43E-06 8.46E-06 0.007704

Table 1 — Worked results for the BS 150 10678:2010 test on the test sample A.

Sample  Pus (mol m* b x 10°) CME (%)

A 26.4 0.024049

B 229 0.020896

Reference 19.9 0.018072
Sample

Table 2 — Summary of the MB mineralisation test results for the supplied test samples.

The above tables show the results of the test.



(iv) additional tests

ISO standard
Test pollutant | reference number Suitable sample types and applications

_— Self-cleaning glass, tiles, paint, textile;




Priklad 1ISO na odbouravani resozurinu

Results

I on smooth tile

This sample displayed a good degree of photocatalytic activity, with the Rz film bleaching in 0.38 -
an average time of 78 s, a time usually expected from samples of high activity. However the
wide difference in how rapidly the two regions tested bleached the Rz would suggest the 0.36 |
possibility that the coating is not entirely uniform. The regions were found to reach the end ©
point of the reaction at 109 and 47 s respectively, with these times found from the intercept of 034 -
the straight line sections of the profiles below (plot 1). ?
032 -
8 e regionl
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Figure 1 — Visual change in Rz on PURET] Clear smooth tile sample Plot 1 — Rz breakdown on [ smooth tile sample



(v) antibacterial activity and antiviral activity

ISO standard

Test pollutant
P reference number

Suitable sample types and applications

ceramic materials or other materials that are
E. coli 1ISO 27447: 2009 generated through coating or mixing
with photocatalysts.

ceramic materials or other materials that are
1ISO 18061:2014(E) generated through coating or mixing
with photocatalysts.

Bacteriophage Q-
beta
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Table 2 — Table of results obtained

Group Sample Condition Test Duration Average Bacterial
(hours irradiated) Count (CFU mL1)
A test Dark 24 964
A test UVA 24 0
AB blank Dark 24 350
AB blank UVA 24 103
B test Dark 24 1221
B test UVA 24 879
BB blank Dark 24 1581
BB blank UVA 24 1973
C test UVA 24 0
CB blank Dark 24 765
CB blank UVA 24 188

A dark

Figure 2.- Photographs of final bacteria growth — sample A

AUVA




(vi) light sources

Test pollutant

ISO standard reference
number

Suitable sample types and
applications

n/a

1ISO 10677: 2011

A photocatalyst’s performance
depends on light irradiation
source.

500

365 nm BEB



http://www.iso.org/iso/iso_catalogue/catalogue_tc/catalogue_detail.htm?csnumber=46018&commid=54756

(vii) Chamber test

Test pollutant

CEN standard reference
number

Suitable sample types and
applications

4 VVOC gases

CSN EN 16846-1

Air purifying devices




Priklad CEN testu na ucinnost Cisticky vzduchu

CO, IR analyzator
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Obrézek 3. Vyvoj koncentrace CO; podle CO; analyzatoru. Celkovy narist COz byl 15 ppm,
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Obrazek 4. Pribéh experimentu na odbourdvani VOC v boxu pfi pfipojeni pavodnim kratkym potrubim.
Jedna se o stejnou komercni Cisticku.



ezitosti pri vyvijeni produktu pro
atek z prostredi (MVP)

Uskali a pfi
odstranovani toxickych

 Svata trojice: zareni + fotokatalyzator + substrat

* Indoor vs. outdoor

* Viditelné svetlo vs. UVA zareni

* UVA ze slunce nebo z umélého zdroje

* LEDs — energie emise diod je naprosto klicova

* Trvanlivost vs. pojiva vs. aktivita

* Mit na pameéti ,radikalovy neselektivni redoxni mechanismus’



Poznamka k elektromagnetickéemu vinéni

Visible Light/UV

Visible Light Ultraviolet Light
700-400 nm 400-320nm | 320-290 nm

{inm = panometer or
billiomhs of a meter)

~d Incraasing wavelength

—
Increasing energy




Jak tedy testovat vyvijené PC produkty

e Zaklad je mit funkéni povrch.

* \/lyvoj produktu — PAIl inkousty.

e Citlivé testy zalozené na ISO standardech — porovnani s benchmarkem.
* |ISO test, vhodny pro zvolenou aplikaci produktu.

* Velice zalezi na koncovém vyuziti produktu a substratu- relativnée nizky
vysledek ISO testu neznamena tragédii.

* Test, ktery simuluje realné podminky.



The need for a useful association

* PIAJ stamp

* The European Photocatalysis Federation — closed in 2017
* Ceska spole¢nost pro aplikovanou fotokatalyzu

* ISO and CEN committees

* Periodic attempts to start one

* Need strong industrial partners with good PC products

* Need independent testing centers with good standards
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Almost done...

Despite its tempting misinterpretation due to
seemingly easy application and relatively uneasy
validation, photocatalysis offers a realistic and
economically viable solution in line with the idea
of sustainable development!

And that is good!



Dékuji za pozornost

e Otazky?
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Jak prezentovat vysledek ISO?

B [ppm]

It’s complicated

1ISO je rigidni... respektujme kolegy v oboru (it’s a niche market).
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