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                        Innovative Building Material – Reduction of Air
®
Pollution through TioCem
G. Bolte0
Abstract. In many European cities air quality is a massive problem. Besides the
particulate matter, nitrogen oxides (NOX) and volatile organic compounds (VOC)
are mainly responsible for the heavy pollution. Motivation to “do something” to
protect the environment and climate is increasing constantly. Pollutants such as
nitrogen oxides can be oxidized by means of photolysis. With the help of photocatalytic active particles this effect can be accelerated extensively. Photocatalytic
active particles dispersed in the concrete turn it into an air pollutant reducing surface. Pollutants getting in contact with the concrete surface are decomposed or
oxidized and therewith rendered harmless. This brand new technique is introduced
®
into building industry with a new label “TX Active “1. A premium brand cement
®
for the production of photo catalytically active concrete products - TX Active
®
products - is now available in the form of TioCem . This cement can effectively
contribute to air purification by using in numerous concrete components such as
pavement, roof tiles, facade plates, concrete road surfaces, mortars etc.
1 Pollution in the Urban Environment
The emission of exhaust gases from vehicles, heating installations and power
stations has increased in recent years leading to a rise in air pollution. This is a
growing concern for human health as there is a proven link between poor air
quality - particularly evident in congested, densely populated urban areas - and an
increased risk of respiratory infections and impaired lung function [1]. The main
pollutants in the air include fine dust particulates, nitrogen oxides (NOX), sulphur
oxides (SO2), carbon monoxide (CO), volatile organic compounds (VOC) and
Ozone (O3).
Nitrogen oxides are particularly important as they are the pre-substances for the
formation of ozone which is harmful to health in near to ground layers, especially
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in summer. In consequence from 2010 on, a mandatory EU directive [2] prescribes
3
a maximum yearly average of 40 µg NO2 /m and a one-hour average of 200 µg
3
NO2 /m . Due to the legislative directives, cities are obliged to elaborate air purification plans which in future shall help to observe the critical values. The observance of these limits will not be possible in the vicinity of heavily congested
roads, even if all vehicles are conform to the EURO 4 standard. Additional provisions will therefore be necessary.
2 Resolutions for the Reduction of Pollutants
Many compounds and so also air pollutants are decomposed by sunlight, in particular by energy-rich UV radiation. This natural process of the photolysis takes
place extremely slowly. With the help of photocatalysts this effect can be accelerated extensively.
Photocatalysts are semi-conductors. Activated by UV-light, an electron is
transported from the valence-band to the conduction-band [3]. When oxygen gets
in contact with such an activated electron, superoxidion is generated. Gets the valence-band hole in contact with water, the hydroxyl radicals OH• are generated.
Both are highly reactive compounds which are able to oxidize most organic compounds and also pollutants such as NOX.
Scientific proof of the effective reduction of nitrogen oxide exposure has been
carried under close to practical conditions by the PICADA (Photocatalytic Innovative Coverings Applications for Depollution Assessment) project supported by the
EU [4]. The test apparatus used for this purpose consisted of a simulation of three
parallel streets on a scale of 1:5. Cargo containers were used as roadside buildings.
The walls of the center street were covered with a photocatalytic active cement
mortar. Pollutants were uniformly distributed along the streets by means of a
piping system. As a result of the use of the photocatalytic active cement mortar a
reduction in NOX between 40 to 80% was ascertained.
After years of scientific research, photocatalytically active products have
meanwhile clearly outgrown the laboratory stage. HeidelbergCement, for example, supplies a highly photocatalytically active cement under the trade name
®
TioCem .
3 Photocatalytic Activity of Concrete Surface
The photocatalytic activity of surfaces can be demonstrated and quantified in
terms of the bleaching of an organic dye [5]. Rhodamine B is applied as a model
substance to test objects consisting of a mortar-tile. The color intensity of the test
objects is repeatedly measured using a chromameter prior to application of the
dye, after drying of the dye, and after a defined period of exposure under a light
source (ULTRA Vitalux spotlight). A measure of the activity of the surface is obtained by relating the color difference ΔE* of the test objects exposed under the
Innovative Building Material – Reduction of Air Pollution through TioCem®
Fig. 1 Discoloration of Rhodamine B on
2
mortar-tiles; UV-A Intensity 600 µW/cm
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spotlight to the ΔE* of the unexposed sample. This test apparatus provides results
which are repeatable only on extremely smooth surfaces.
A further measuring method used for detection of photocatalytic activity involves a test apparatus in which a mixture of air and NO, NO2 or a mixture of the
two flows in a chamber over a test object and the NOX concentration is measured
with and without exposure to light. (Fig. 2) These measuring methods are described for example in ISO 22917, Part 1 [6] and UNI11247 [7].
Fig. 2 NO, NO2, NOX abatement in
accordance with UNI11247 on concrete surface
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The degree to which the use of the photocatalytic active cement TioCem® is
capable of reducing the oxide of nitrogen concentration in the air is determined at
HeidelbergCement’s Technology Center in Leimen using a measuring apparatus
specially developed for this purpose. This permits variation of a large range of parameters, such as flow velocity, light intensity and the NO and NO2 concentrations
in the feed air, thus allowing simulation of diverse environmental conditions. Figs.
3 and 4 showing for example the extent to which the rates of degradation are in®
fluenced by these ambient conditions on a face mix paving block with TioCem in
the top layer.
58
100
10
%
90
9
80
8
70
7
60
6
50
5
40
4
30
3
20
2
10
1
0
0
2000
4000
6000
8000
Abatement in mg/m²h
mg/m²h
Abatement in %
Fig. 3 NO abatement in % vs. mg/m²h as a
function of initial NO concentration on
concrete paving block; air flow 1 l/min;
2
UV-A Intensity 2000 µw/cm
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The abatement of NOX in the flow of air can be declared in % and in mg/m h.
Fig. 3 illustrates that a 70% abatement is achieved from an initial pollutant concentration, for example, of 1000 ppb, which is equivalent to a degradation rate of
2
2
2.5 mg/m h. The amount of NOX degraded rises to 4.5 mg/m h at a higher initial
pollutant concentration of, for example, 3000 ppb, whereas rate of reduction drops
to 55% of the feed flow.
Fig. 4 stated the correlation between photocatalytic activity and UV-A radiation. Degradation of the air pollutant is achieved even at UV-A radiation intensities below those described in the various measuring methods. Breakdown of air
pollutants thus starts, so to speak, at sunrise.
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Fig. 4 NOX Abatement in % as a function
of UV-A intensity and air flow on concrete paving block; 550 ppb NOX in the
feed air (400 ppb NO + 150 ppb NO2)
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Many diverse parameters resulting, for example, from fluctuating weather conditions and traffic loadings make evaluation of achieved pollutant reduction extremely difficult in any particular practical application. In the laboratory, on the
other hand, it is possible to “merge out” certain parameters, in order to demonstrate that the NOX content in air which comes into contact with a photo catalytically active concrete surface is significantly reduced.
An attempt to demonstrate this with a decreased number of parameters in an
outdoor field test was performed in Stockholm in July, 2008. For this purpose, two
identical test chambers consisting of material translucent to visible-light and
UV-A radiation were positioned in the inner city. One of the two test chambers
Innovative Building Material – Reduction of Air Pollution through TioCem®
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®
contained a surface consisting of a lime-cement render based on TioCem . Normal
ambient air was passed through the test chamber and on to an NOX analyzer. The
daily average on NO2 in the air fed through the test camber was reduced between
40 to 70%.
®
The use of paving blocks containing TX Active implemented by Italcementi in
Italy resulted in a reduction in eight-hour average NOX readings in the Via Borgo
Palazzo, Bergamo, between 26 to 56% [9]. A further major project has been implemented in Paris by Ciment Calcia. A concrete street has been constructed using
®
TX Active in the Rue Jean Bleuzen, in the Vanves district of the city. Air quality
was then monitored by an external laboratory (Laboratoire Régional de l‘Quest
Parisien). Initial results have already been obtained, and the concluding report is
expected to appear in 2009.
4 Practical Applications
Climalife, the first “environmentally active roof tile”, was unveiled in November,
®
2007. The surface of this concrete roof tile consists of a TioCem coating. An ex2
ternal test certificate documents a degradation rate of 1.6 mg NO/m h for this roofing tile surface. The test was conducted in accordance with ISO 22917, Part 1, in
which a mixture of room air and NO is fed as the analysis substance. NO2 is degraded to the same degree, as is documented by our own trials. By the end of
2
2008, more than 200000 m of roof surface area have begun to make an active
contribution to reduce air pollution. Roofing of an average detached house (with a
2
roof surface area of around 200 m ) using the Climalife roofing tile would eliminate, thanks to its photocatalytic surface, the NOX emissions from three gas central-heating installations. The potentials for improving air quality that are opened
up by this innovative product can be roughly estimated when one remembers that
2
around 30 million m of roof area are covered with concrete roof tiles every year
in Germany alone.
Fig. 5 George Harrisson Memorial Garden, Chelsea Flower Show 2008, England
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®
Concrete products containing white TioCem made its debut recently in Eng®
land. Photocatalytically active white TioCem was incorporated into concrete
elements, in combination with marble, for two show gardens, the George Harrison
Memorial Garden (Fig. 5) and the “Sail for Gold” garden, which is dedicated to
the English Olympic sailing team at the Chelsea Flower Show.
5 TX Active® – Tried and Tested Quality
A brand new technique based on process photocatalysis was introduced into build®
ing industry. The technology is called “TX Active ” and represent advanced fea®
ture of cement-bonded building materials. TX Active has been developed by the
®
licensor Italcementi S.p.A. TX Active is a quality mark used to validate the
photocatalytic activity of building materials and represents a brand new technique
and advanced technology. Strict quality standards have been defined, both for the
cement and for the end products made from it.
®
®
TioCem - a cement with TX Active inside - is a cement in conformity to EN
197. Rhodamine B bleaching in accordance with UNI11259 [8] is complemented
®
to the internal production-inspection of the cement. Products made from TioCem
are regularly monitored for their photocatalytic activity at the HeidelbergCement
Technology Center. The breakdown rate of the NOX being determined in the laboratory test procedure under the conditions defined in UNI11247 [7]. The application and durability properties of this cement are, by the way, equivalent to those of
a standard cement.
6 Outlook
~
2
If a traffic surface for example of the size of a football pitch ( 7500 m ) covered
with photocatalytically active paving stones of the quality specified in Fig. 3 ex2
posed on average to 2000 hours of solar radiation annually (> 1000 µW/cm ), it
will be capable of breaking down the pollutant emissions from more than
190000 car-kilometers, assuming an NOX emission rate of the EURO 4 pollution
category and a ratio of 50% gasoline- and 50% diesel-engines. This calculated
figure is greatly exceeded in practice, since photocatalysis occurs not only under
exposure to direct sunshine, but also under cloudy skies, and under twilight conditions (Fig. 4). When the many and diverse potential applications are grouped
together, it becomes clear that the surface: atmosphere ratio can be increased
step-by-step, assuming a not merely sporadic use for refurbishing, repair and
construction of new roads, pavements, façades and buildings. In the future, the
innovative functional benefit of cement bound building materials and building
products will contribute to significant improvements in the quality of life in our
towns and cities.
Innovative Building Material – Reduction of Air Pollution through TioCem®
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