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Das Prinzip der Photokatalyse
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Zum Mechanismus der Photokatalyse
Dichloroacetat (DCA) Abbau too:4 § Hannover
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Abb. 4.: Ergebnisse der MTT-Tests der A-549-, HepG2-, NIH3T3- und PC-12-Zellen kultiviert auf nanostrukturiertem Titandioxid im Vergleich zu unbehandel-

ten Oberfldchen. Dargestellt sind die Mittelwerte aus 6fach Bestimmungen +/- Standardabweichung.
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Die Photokatalytische Welt:
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Standardisierung in der Photokatalyse:
NO Oxidation, der ISO 22197-1 Standard
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Standardisierung in der Photokatalyse:
Apparatur am Institut fir Technische Chemie

i; { § Leibniz
{ 0 2 Universitat
tog: 4 | Hannover

JEELE T

Institut fiir Technische Chemie

Photokatalyse und Nanotechnologie bahnemann@iftc.uni-hannover.de



Test des Abbau-Mechanismus: ¢ Leioniz

Universitat

Ausgewahlte Arbeiten der Literatur 14 | Hannover

(1) Photocatalysis

TiO, +hv ——— TiO,* (h"  +e-,) charge carrier generation

OH 4, th*, —* OH- hole trapping
O, a9y T € —> Oy electron trapping
(2a) Oxidation using hydroxyl radicals: OHe
(@) NO , +20H> > NO, (a9 T H;0 (oa5)
. - +
or (b) NOZ (ads,g) +OH (ads) » N03 (ads) + H (ads)
(2b) Oxidation using “active oxygen”: O,
N OZ-(ads) NO.-
Ovaty — » NOy
(2¢) Reaction with Ti-OH via disproportion®

3NO, + 20H ——— 2NO; +NO + H,0

3) Removal of [HNO,| complex from surface of block by water

[[{NO3] (ads on block) E— HNO3 (aq)

Reaction Scheme 1.

Dalton J. S.; Janes, P. A.; Jones, N. G.; Nicholson, J. A.; Hallam, K. R.; Allen, J. C., Photocatalytic oxidation of NOx gases using TiO,: a surface spectroscopic approach,
Environmental Pollution 120 (2002) 415-422.
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H' +NO,
Tl
NO — HNO;, — NO, Initial
fast slow
H' + NO, H +NO;
11 M NO+ «OH = HNO, + «OH = NO, + H,0 (a)
NO — HNO, — NO; —> HNO; Transient i Th
slow fast fast H™ + NO, =
hv
H + NO, H" + NO; NO, + sOH = HNO;
il 1 Steady State 1 (b)
NO — HNO, = NO, ¥ HNO; Short Space Time H'+NO's
| fast fast
e Fig. 12. Reaction networks for photocatalytic oxidation of nitric oxide
over Ti0:.
H' +NO, H' + NO;°
1 1 Steady State
NO = HNO, = NO, = HNO; Long Space Time

Fig. 11. Reaction regimes for photocatalytic oxidation of mitric oxude over
TiOs.

Devahasdin, S.; Fan C.; Li, K.; Chen, D., TiO, photocatalytic oxidation of nitric oxide: transient behavior and reaction kinetics, Journal of Photochemistry and Photobiology A:
Chemistry 156 (2003) 161-170.

Institut fiir Technische Chemie bahnemann@iftc.uni-hannover.de
Photokatalyse und Nanotechnologie ) )



Test des Abbau-Mechanismus:
Ausgewahlte Arbeiten der Literatur

1;’ { § Leibniz
t 0; ZJ Universitat
tog: 4 0 Hannover

TiO, + v — h, + e,
0, +e,—~ 0}
NO; + h, — NO}

NO} + hv — NO,+0'
NO} + hv — NO + 0,

0'+0,+M—0,+M

(1)
(2)
(3)
(4)
(3)
(6)

Monge, M. E.; George, C.; D’Anna, B.; Doussin, J.-F.; Jammoul, A.; Wang, J.; Eyglunent, G.; Solignac, G.; Daéle, V.; Mellouki, A., Ozone Formation from llluminated Titanium

Dioxide Surfaces, Journal of the American Chemical Society, 132 (2010) 8234-8235.
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NO, + 2¢” + 2H*—NO+H,0 (5)
and (a) step 1: production of HNO,
NO, + e +H —HNO, (6)

HNO, + e + H'—NO+H,0, orHNO, +

UV light

hv —NO+"'0OH (7)

{<=400nm)
TiO, nanoparticulate films with different thickness

step 2: diffusion and accumulation of HNO, in the TiO, film
while continuous production of HNO,

UV light No}\\'

NO, ANO. )

! NO, S
d

N 4 sparse
ense 5 diffusi HNO,
HNO, & accumulatio
NOg
step 3: full-filled HNO, in the TiO, film

UV light

(k)

NO, — HNO, = NO; NO,
TiO,+ UV
TiO, surface
(Final state)
1.0 nm

All the same density of HNO, on the TiO, surface
(max. 2 molecules nm#)

Ohko, Y; Nakamura, Y.; Fukuda, A.; Matsuzawa, S.; Takeuchi, K., Photocatalytic Oxidation of Nitrogen Dioxide with TiO, Thin Films under Continuous UV-Light lllumination,
Journal of Physical Chemistry C, 112 (2008) 10502-10508.
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Unsere erste publizierte wissenschaftliche Arbeit:

Influence of inlet concentration and light intensity on the photocatalytic
oxidation of nitrogen(Il) oxide at the surface of Aeroxide® TiO; P25

Ralf Dillert>b.* Julia Stétzner?, Astrid Engel 2P, Detlef W. Bahnemann?

3 Institut far Technische Chemie, Leibniz Universitat Hannover, Callinstr, 2, 20167 Hannover, Germany
b Laboratortum far Nano- und Quantenengineering, Letbniz Universitat Hannover, Schneiderberg 39, 30167 Hannover, Germany

Journal of Hazardous Materials 211— 212 (2012) 240- 246

Institut fiir Technische Chemie bahnemann@iftc.uni-hannover.de
Photokatalyse und Nanotechnologie ) )



Standardisierung in der Photokatalyse: Leibniz
too: 4

. . . . Universitat
Apparatur am Institut fur Technische Chemie

Hannover

Institut fiir Technische Chemie

Photokatalyse und Nanotechnologie bahnemann@iftc.uni-hannover.de



Test der photokatalytischen Aktivitat: 0| Leioniz

Universitat

Abbau von NO Hannover

1.2

light off
1 lighton
'

LI e D T \
A

Nads E
0,8 - ﬂdeg |

cM,I ppm
(=]
[+2]
A 1

0,4 -

0,2 -

Ndes

0.0 v , . '
0 3600 7200

time/s

Fig. 2. Time course of the NO concentration at the reactor outlet observed during a
typical experimental run with an UV(A) irradiated Aeroxide® TiO, P25 sample,

Journal of Hazardous Materials 211— 212 (2012) 240- 246
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Mrem = Nads + Ngeg — Ndes

_ P(Vair + Vo) @ he
Nads = RT . Ztk

V + V e hey
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tOJw
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Journal of Hazardous Materials 211— 212 (2012) 240- 246
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Fig. 3. Dependence of the photocatalytically removed amount of NO (1, ) vs. the
incoming NO concentration (Cyoy,) at different UV(A) light intensities, Trendlines
are included to guide the eye,

Journal of Hazardous Materials 211— 212 (2012) 240- 246
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Test der photokatalytischen Aktivitat:
Abbau von NO

NO HNO, NO, HNO4
ldes,NO ”f ads,NO r des.HN021 t lads,HNO2 T des.NO?ﬂr ads,NO2 r des.HNOaﬂ lads,HNOa
NIO ;NO HN02 Fe HNO: 02 Fe.NO2 HNO3

"OH

Fig. 6. Proposed reaction steps during the photocatalytic oxidation of NO to yield HNO;,

Journal of Hazardous Materials 211— 212 (2012) 240- 246
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Test der photokatalytischen Aktivitat:
Abbau von NO

Tads,NO — I',NO — 'des,No =0 (8)
Tads,NO = Kads,NO - @free - CNO (9)
rr,No = Kr,No - o - Oox (10)
Tdes,NO = Kdes,No - @no (11)
Ofree =1 — Ono — Cpno, — Ono, — Phino, (12)
©Hno, + @no, + OHno, =0 (13)
Ofree =1 - Ono (14)
Oox=n-1 (15)

Inserting Eqs.(9),(10),(11),(14),and (15) into Eq. (8) yields after
rearrangement an equation for the surface coverage by NO:

KadsCNO
16
kdes + kr 0l + KadsCno (16)

Ono =

Journal of Hazardous Materials 211— 212 (2012) 240- 246
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By inserting Egs.(15)and (16) into Eq.(10) and taking cno = ¢y
a rate law for the photocatalytic degradation of NO is obtained as
follows:

k() -K(I) - cio

N0 = 3 +K(I) - cfy, (17)
with

k()= ken-1 (18)
and

K(1) = —Xads (19)

Kies + Kemp -1

Journal of Hazardous Materials 211— 212 (2012) 240- 246
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Fig. 4. Dependence of the photocatalytic reaction rate on the mean NO concen-
tration inside the photoreactor at different UV(A) light intensities, The lines have
been calculated using Egs. (17)-(19) and &k »=18.9.10-3, k4= 12.1.10-* ms~', and
Kdes=22.10-° molm=2 5!,

Journal of Hazardous Materials 211— 212 (2012) 240- 246
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Test der photokatalytischen Aktivitat

Abbau von NO
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Fig. 5. Plot of the kinetic parameters k and K- vs, the photon flux I,
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Photokatalytischer NO-Abbau:
Ein alternativer Mechanismus log! 4 Hannover
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Photokatalytischer NO-Abbau:
Ein alternativer Mechanismus - Mathematik
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Photokatalytischer NO-Abbau:
Versuche im CSTR-Reaktor
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Bestrahlungsstérke

Wellenlénge
(Durchschnitt)

Relative Luftfeuchte

Temperatur

Eingangskonzentration
NO

Probe

10 W m™2

355 nm

(12,4 £0,3) %

(25,6 + 0,3) °C

260-740 ppb

Anatas (UV100) auf
Glas
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Photokatalytischer NO-Abbau: i
Versuche im CSTR-Reaktor Vol | BRI
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Photokatalytischer NO-Abbau: i
NO-Abbau & NO,-Bildungsrate 1o9:4 | Hannover
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Anatas-Probe (UV 100) im CSTR
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Bestimmung der Depositionsgeschwindigkeit von NO:
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Photokatalytischer NO-Abbau: i
Versuchsstrecke an der Al to g4 | Hannover
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