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Mn-doped amorphous TiO, photocatalyst powders containing 0.1% and 1% Mn (w/w) were tested for
oxidation of NO under indoor-like illumination conditions. Only the catalyst containing 0.1% Mn was
able to degrade NO efficiently upon irradiation with the indoor-like source (visible light), whereas the
one containing 1% Mn was active under solar-like irradiation. Preliminary results from addition of the
0.1% Mn-TiO, photocatalyst to calcareous filler commonly used in the formulation of building products
demonstrate its ability, in this form too, to degrade NO at concentration levels typically found in indoor

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Since the discovery of the Honda-Fujishima effect in 1972 [1],
TiO, and ZnO have been extensively investigated as catalysts for
photochemical degradation of numerous pollutants [2-8]. How-
ever, due to their wide energy band gap (>3 eV), they can only be
activated by UV irradiation. In an attempt to use photocatalysis for
remediation of indoor air pollution, nowadays research is directed
towards development of additives that would reduce the band gap
of TiO, and ZnO, leading to activation by visible light so that they
will then be useful for applications in indoor environments.

Among the different strategies to obtain photocatalysts acti-
vated by indoor-like illumination, the most promising results have
been achieved by doping photocatalysts with either non-metals
(e.g.N, Cor S)[9-11] or transition metals (e.g. Fe, Co, Cu, Mn or Au)
[12-15].

Ullah and Dutta [16] described preparation of ZnO doped with
1% Mn. The doped photocatalyst proved to be 50 times more effi-
cient than undoped ZnO for degradation of an aqueous suspension
of methylene blue using visible light. On the other hand, Hu et al.
[17] recently evaluated the photocatalytic activity of TiO, co-doped
with Mn and N for oxidation of rhodamine B, demonstrating that
co-doping was significantly more efficient than just doping TiO,
with N. This study reports on the efficiency of TiO, doped with
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manganese to degrade inorganic priority pollutants, e.g. NO, upon
irradiation with a commonly used indoor light.

2. Methods

0.1% and 1% doped Mn-TiO, powders were prepared in accor-
dance with the procedure described in patent GR-20090100724
and patent application PCT/EP2010/070872. Further details on the
procedures for synthesis of the powders applied are given else-
where [18]. Thirty grams of the photocatalyst powder was spread
homogeneously in a 0.1 m radius Petri dish and placed in a 0.45 m3
environmental test chamber in which a controlled atmosphere
containing approximately 200 ppbv NO was created. The loading
factor achieved under these conditions was around 0.07 m2/m3.
Furthermore, samples of calcareous filler containing 0%, 5% or
10% of the 0.1% doped Mn-TiO, photocatalyst were deposited
on 0.25m x 0.25m glass panels, giving a loading factor of around
0.14 m2/m3 when placed in the 0.45 m3 test chamber. Prior to irra-
diation, the photocatalytic material was conditioned for 18 h in the
chamber by passing synthetic air at an air change rate of 1 per hour.

During the experiments an atmosphere of 200 ppbv NO was gen-
erated in the 0.45 m3? environmental test chamber with controlled
conditions of temperature (23 °C) and relative humidity (50%) in
static mode (thorough mixing of the atmospheric constituents in
the chamber, using a fan). The lamps selected to activate photo-
catalysis were an OSRAM UltraVitalux 300 W lamp to simulate solar
irradiation and a Philips TL-D Super80 18W-840 lamp to simulate
indoor-like illumination. Light intensities over the material surface
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Fig. 1. Comparison of photolytic and photocatalytic decomposition of NO with
Mn-doped TiO; catalysts containing 0.1% and 1% Mn under indoor- and solar-like
illumination.

in the visible and UV-A spectral regions, measured with a Delta Ohm
HD9021 radiometer, were 31 and 4 W/m? for the OSRAM lamp and
3 and 0.038 W/m? for the Philips lamp.

The photocatalytic tests were carried out by irradiating the
photocatalyst for 6 h, both in powder form and embedded in the
calcareous matrix. During this period, the concentration of both
NO and NOx in the chamber was analyzed on a periodic basis. To
do so, around 1 | of air was sampled from the chamber at selected
times (once every hour) and both NO and NOx were analyzed by
means of a chemiluminescence NO/NOx gas analyser from Thermo
Environmental Instruments.

3. Results

The ability of the Mn-doped TiO, photocatalysts to degrade NO
was evaluated under both solar- and indoor-like illumination. In
order to assess the influence of other depletion mechanisms that
could affect the NO concentration inside the chamber, each experi-
ment followed four steps: (1) evaluation of the chamber sink in the
absence of the photocatalytic material and in the dark; (2) evalu-
ation of the NO adsorption on the photocatalytic material in the
presence of the photocatalyst and in the dark; (3) evaluation of NO
photolysis in the absence of the photocatalyst and under irradia-
tion with the same lamps used in the photocatalysis experiments;
and (4) evaluation of NO photocatalysis in the presence of the pho-
tocatalyst and under irradiation.

This demonstrated that competing depletion mechanisms in the
form of adsorption of NO onto the chamber walls or the sample
were negligible compared with the degradation due to photocatal-
ysis. The contribution made by the chamber sink or adsorption on
the samples was in the 5-10% range in every case. NO photolysis,
on the other hand, led to 20% depletion of NO under the OSRAM
lamp and 8% under the Philips lamp.

The results (see Fig. 1) clearly indicate that the photocatalyst
doped with 0.1% Mn was able to degrade NO by up to 95% under
indoor-like illumination, whereas the material doped with 1% Mn
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Fig. 2. Photocatalytic decomposition of NO by calcareous filler panels containing
0.1% Mn-TiO, photocatalyst. Influence of the amount of the catalyst (PC).

was active under solar-like illumination only. According to this
result, not only the nature of the dopant material, but also its con-
centration plays a very important role in the capability of a certain
photocatalyst to be active in the visible region. Further research
would nonetheless be required in this field in order to better under-
stand how the dopant concentration influences the band-energy
gap in order to better design visible active photocatalysts.

Partial inactivation (around 10% per cycle) of both photocat-
alysts was observed after consecutive photocatalytic cycles. This
can be attributed to the adsorption of HNO3 formed during the
photocatalysis of NO onto the catalyst occupying active photo-
catalyst centres. This effect had already been observed by Ohko
et al. for photocatalysis of NO and NO, using pure anatase TiO,
[19,20].

After confirming the photocatalytical activity of the 0.1% Mn-
doped TiO, powder under indoor-like illumination, two small
(0.25m x 0.25m) glass panels were prepared containing 5% and
10% (w/w) of the 0.1% Mn-doped TiO, photocatalyst embedded in
calcareous filler. As can be observed from the data in Fig. 2, when
added to a building material matrix, the photocatalyst still remains
active for degradation of NO. The activity of these preparations is
directly correlated with the amount of catalyst added. After irradia-
tion for 6 h with the Philips lamp, NO was degraded efficiently in the
presence of panels containing 5% and 10% of photocatalyst, by up
to 80% and 95% respectively. NO, equivalent concentration, calcu-
lated as the difference between the concentrations of NOx and NO
inside the chamber, was maximum after 4-5h of irradiation, and
showed a very slowly decrease during the rest of the photocatalytic
experiments.

As previously described [19], first-order kinetics was followed
for photocatalysis of NO. Photocatalytic rates, expressed as micro-
grams of NO converted per square metre of material per second,
were calculated as 0.08 and 0.12 during the first hour (Table 1). Itis
worth adding that the inactivation observed in the pure Mn-doped
TiO, powders was demonstrated to be negligible when they were
added to the calcareous filler.

Photocatalytic rates (g/m? s) and photocatalytic (after 6 h of irradiation) degradation (%) of NO under the different experimental conditions.

% Mn in % doped photocatalyst Irradiation type Photocatalytic rate % NO photodegraded
photocatalyst embedded in (pg/m?s) (6h)

calcareous filler
1 Pure powder Solar like 0.09 88

Indoor like 0.02 11

Pure powder Indoor like 0.18 95

0 Indoor like 0.02 12
01 5 Indoor like 0.08 80

10 Indoor like 0.12 95
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4. Conclusions

A Mn-doped TiO, photocatalyst containing 0.1% Mn (w/w) was
successfully applied for photocatalytic degradation of NO under
indoor-like illumination conditions. After it was added to a cal-
careous matrix, the photocatalyst was able to degrade up to 95%
of NO after 6 h of irradiation, without any significant photocatalyst
inactivation.

Results from these experiments demonstrate that, with selec-
tion of both the appropriate dopant and its concentration, the
photo-assisted elimination of air pollutants is a promising tech-
nique for remediation purposes in indoor environments too.
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