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Despite the development of advanced technology (or because of its development) environmental pollution, including particularly dangerous
air pollutions, are really serious today. Photocatalytic air treatment has the potential for degradation of both, organic and inorganic
contaminants including particularly dangerous nitrogen oxides and volatile organic compounds from indoor as well as outdoor air.
Photocatalytic methods have a great advantage - do not lead to adsorption of pollutants but lead to degradation and mineralization of
organic and inorganic compounds. The attractiveness of photocatalysis results also from features such as ability of using cheap and
abundant sunlight as an energy source or mild conditions of process. This article briefly summaries the broad range of studies: from
modeling and photoreactor design, through laboratory experiment to large scale application within recent 5 years. Our goal was not only to
summarize a recent works but to demonstrate that the photocatalytic air cleaning is not a technology of a distant future, but is already
technology available today. 
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Introduction 

Heterogeneous photocatalysis is a versatile and 
environmentally benign treatment technology based on solar 
energy (light) utilization. Degradation of biological, organic 
and inorganic pollutants in water and air, conversion of 
carbon dioxide to useful compounds or water splitting with 
hydrogen formation can be cited as examples of 
photocatalytic processes.1 Absorption of light of energy 
equal or greater than energy of band gap results in charge 
separation – electrons are promoted to conduction band 
leaving holes in valence band (Fig. 1). Photogenerated 
charges might recombine (undesirable effect) or migrate 
toward surface of material. At the surface charges can react 
with adsorbed species – electron donor D or electron 
acceptor A resulting in reduction or oxidation of these 
species and leading to a final products Ared and Dox.  

In case of photocatalytic degradation of pollutants, oxygen 
adsorbed at the surface plays a role of electron acceptor. 
One electron reduction of molecular oxygen leads to 
superoxide anion radical, or upon former oxidation to singlet 
oxygen.2–4 Subsequent reaction leads to the formation of 
other reactive oxygen species like H2O2 and •OH. In the 
meantime, water (or surface –OH group) can be oxidized by 
photogenerated hole form the valence band with formation 
of •OH radical. The presence of the several kinds of reactive 
oxygen species makes the photocatalysis a great method of 
pollutants degradation. Reaction of reactive oxygen species 
with organic and inorganic compounds leads to complete  

Figure 1. General mechanism of photocatalytic degradation of 
pollutants. 

mineralization and the possible products are: CO2, H2O, Cl–, 
NO3

–, SO4
2– and other small and safe molecules or ions. The 

degradation of the pollutants follows the pseudo first-order 
kinetics, that indicates that the reaction is controlled by the 
surface chemical reaction and the reaction rate is controlled 
by concentration of pollutants.5,6 The reaction yield depends 
also on other factors such as oxygen or water amount. 
Increasing humidity enhances the formation of •OH radicals 
which overcomes the negative competitive adsorption of 
H2O molecules.7 Slightly different conclusion was reported 
by Cazoir et at.8 In view of the results, authors suggest that 
mechanism of reaction strongly depends on the humidity of 
environment. Light (wavelength and intensity) is a crucial 
factor for reaction efficiency, and it will be discussed below. 

Organic and inorganic air pollutions are a major issue 
leading to many serious illnesses. Irritation of respiratory 
tract and eyes, headaches, dizziness, visual disorders, and 
memory impairment are the symptoms that people have 
experienced soon after exposure to some organics. Many 
volatile organic compounds are known to cause cancer in 
humans and animals. Air pollutants are particularly 
dangerous because its high mobility. Volatile organic 
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compounds (VOCs) are widespread components of air 
pollutions. Photocatalytic oxidation is considered as a very 
promising method of VOCs removal from indoor air. 
Literature mentions long list of tested model pollutants that 
can be photocatalytically removed from air: aliphatic and 
aromatic hydrocarbons (particularly dangerous polycyclic 
aromatic hydrocarbons), halogenated compounds, alcohols, 
ethers, aldehydes, sulpfur- and nitrogen-containing 
compounds, esters, pesticides, herbicides and others.9–15 
Among the above air pollutants are mono-nitrogen oxides 
NO and NO2, a group of highly reactive gases. NOx comes 
primarily from vehicles exhausts and cannot be completely 
eliminated by catalytic converters. NOx has severe 
environmental and health effects. Nitrogen dioxide is 
unhealthy to breathe, especially by children, asthmatics and 
people with chronic obstructive pulmonary disease. NOx 
may react with VOCs in the presence of sunlight to form 
ozone that damage lung tissue and reduction in lungs 
function. NOx together with sulfur oxide are also a 
precursors for acid rain, and NOx contributes to global 
warming.  

The review is divided into three main sections that are 
related to materials engineering, types of photoreactors and 
commercial application of photocatalytic materials towards 
air cleaning. We would like to discuss photocatalytic 
degradation of air pollutants from modeling, photoreactor 
design, and materials study through laboratory experiment 
to large scale application. 

Material engineering 

The first issue concerning the successful photocatalytic air 
cleaner is related to materials. An ideal photocatalyst should 
have following features: i) appropriative potentials of 
conduction and valence band edges that allow the reactive 
oxygen species formation from O2 and H2O, ii) 
appropriative band gap energy, iii) long lifetime of the 
separated electrons and holes, iv) activity upon irradiation 
with light of possibly low energies, preferably with visible 
light, v) high stability and photo stability, vi) possible low 
environmental impact, vii) low cost, viii) favorable 
morphological properties such as high specific surface area. 
Band structures of several common semiconductors are 
shown in Fig. 2.  

Properties of photocatalysts greatly depend on synthesis 
process. Majority of photocatalyst was prepared by one of 
the following general methods: sol-gel method,6,16 
hydrothermal technique,6,7 ultrasonic-assisted method,17 
electrochemical method,18 ultrasonic spray pyrolysis,19 
microwave assisted synthesis.20 Many properties of 
semiconductor can influence a photocatalytic reaction. 
Therefore, photocatalysts are modified and developed in 
order to increase the yield of light conversion, change the 
direction or selectivity of reaction, enhance the resistance to 
photo corrosion and poisoning, etc. The main methods of 
improving photocatalysts are listed below and discussed in 
detailed in the next subsections:  

- lowering of the particles size (preparation of 
nanocrystalline photocatalysts),  

- sensitization towards visible light (surface 
modification, doping, composites of semiconductors), 

- modification of the photocatalyst with co-catalyst 
(e.g. deposition of metal nanoparticles or transition 
metal complexes),  

- use of the supports (e.g. zeolites, carbon nanotubes, 
aerogels, aluminum oxide, silica, glass beads, fibers 
or pellets, organo-clays, paper),  

- structural and morphological modifications (increase 
of specific surface area, presence of surface hydroxyl 
groups).1,21 

Figure 2. Band gap energies and potentials of band edges of 
selected semiconductors at pH = 7. 

Titanium dioxide based materials are commonly used for 
photo-catalytic degradation of both, organic and inorganic 
pollutants. Success of TiO2 results from several advantages 
of these wide-bandgap semiconductors such as stability in 
the dark and under irradiation, insolubility in water, lack of 
toxicity and safety for the environment. The lifetime of 
photogenerated charges are relatively long - this facilitates 
the interfacial charges transfer. Wide band gap is 
disadvantage of titanium dioxide that limits the use of solar 
light – energy of band gap is 3.2 eV for anatase, 3.0 eV 
rutile and 3,23 eV for brookite (see Fig. 2).1,22  

Many papers concerned with the use of TiO2 as a photo-
catalyst have been published within last years. It should be 
noticed that number of scientific reports on titanium dioxide 
is incomparably greater than that for other materials; thus 
several following paragraphs will be dedicated to the use of 
pure and modified TiO2. Majority of reports describes the 
possibility of use titanium dioxide excited by UV light and 
discuss various aspect of reaction e.g. properties of material, 
photoreactor type, the influence of model pollutants (in 
particular the probe of degradation especially danger 
compound like NOx), the influence of oxygen and water 
concentration.10,11,23 Commercial titanium dioxide (e.g. P25-
Evonic, Hombicat UV100) shows some photocatalytic 
activity, however nanocrystalline materials seems to be 
more promising. Combining advancements in 
nanotechnology, a nanostructure titanium dioxide with 
controlled particles size, surface area, and morphology has 
been designed, synthesized and tested as photocatalyst for 
pollutants degradation. Recent reports are summarized in 
Table 1.  
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Table 1. Summarizon of nanocatalytic TiO2 based photocatalyst 

TiO2 based photocatalyst Pollutant and the efficiency 
of its degradation 

TiO2 nanotubes24 Toluene, 30-100 % 
degradation in 30 min 

Microporous anatase TiO2 
nanoparticles25 

Toluene, removed 77 %  

TiO2 anatase nanoplates26  Acetaldehyde, NO, NO2 
Zeolite based nano TiO2

27 Acetaldehyde 
Nanofibers TiO2

28 Elementary mercury, 6-68 % 
conversion 

Nano-TiO2-based 
architectural mortar29 

NO, bacteria (E. coli) 

TiO2 nanoparticles layer30 Toluene, higher than 95 % 
and elimination rates up to 75 
mg m-2 h-1 

TiO2 nanotubes31 Toluene, acetaldehyde, 0.09 
min-1 

TiO2 nanorods32 NO, 9-50 % conversion 

TiO2 nanotubes were tested as a photocatalyst for NO and 
NO2 degradation under UV-A irradiation ( in range 315–
400 nm).33 Results suggested that reaction rate of NO 
degradation was much faster than that of NO2. 
Transformation of NO2 to nitrate seems to be the rate-
limiting step. However during 4h experiment up to 80 % of 
initial amount of NOx was removed. Titanium dioxide 
exhibit also the activity towards degradation of SO2.

14 
Photocatalytic oxidation removes up to around 40 % of the 
initial amount of SO2 (14ppm). 

Photo-catalyst’s properties can be influenced by metal(0) 
particles deposition on its surface. The deposited metal can 
be regarded as an electron sink or a co-catalyst. The ability 
of charge trapping is related to the work function of the 
metals, which are usually higher than those of many 
common semiconductors. Moreover, metal as a co-catalyst 
offers the reaction sites and catalyzes the reactions and 
promotes the charge separation (increase in the lifetime of 
electron-hole pairs).34 Pt on TiO2 with various amounts of 
platinum was prepared by photocatalytic deposition and 
tested in photocatalytic degradation of indoor air 
contaminations.35 Einaga et al. discussed the presence of 
platinum at TiO2 on the reaction selectivity.36 Coverage of 
TiO2 surface with Pt has a noticeable effect on toluene 
oxidation activity at room temperature and the bigger 
amount of intermediate compounds was observed in 
comparison to neat TiO2, however at higher temperature Pt 
on TiO2 showed enhanced activity. It has been proved that 
also other metals like silver may enhance the photocatalytic 
activity, as has been reported for Ag on TiO2 and Ag on 
ZnAl2O4 (vide infra).37 Ag on TiO2 thin films exhibited the 
rewarding performance for benzene, toluene, ethylbenzene 
and xylene degradation under visible light.16 The maximum 
degradation efficiency is for xylene (89 %), followed by 
ethylbenzene (86 %), toluene (83 %) and benzene (79 %). 
Similar, TiO2 (P25) modified with Ag, Au, Pt and Pd 
clusters exhibits high efficiency in toluene removal.38 

Photosensitization of semiconductors by surface 
modification can be achieved by using organic or inorganic 
chromophores. Three various mechanisms are commonly 
known: i) direct photosensitization (optical charge transfer), 
ii) photosensitization involving an electron injection from 

the excited photosensitizer to the conduction band of 
semiconductor, iii) photosensitization involving a hole 
injection from the excited photosensitizer to the valence 
band of semiconductor.39 A series of materials based on 
titanium dioxide modified with platinum or chromium 
compounds (Cr2O7

2− on TiO2, [PtCl6]
2− on TiO2, [CrO3F]− 

on TiO2, CrF3 on TiO2) were studied in photocatalytic 
oxidation of volatile air pollutants.40 All materials were 
more active than neat commercially available TiO2 under 
visible light. 

Doping is one of the common methods of semiconductors 
modification leading to band gap energy diminution. Some 
metals or nonmetals can provide additional energy levels 
within the band gap of the semiconductor. Electron 
excitation from the valence band to the acceptor level or 
from the donor level to conduction band, requires a lower 
photon energy compared with the direct semiconductor 
excitation.34 C/TiO2 can be given as an example.41 
Degradation of NOx under visible light irradiation vary from 
7 % to 18 %. Ag/TiO2 has been tested as a catalyst of 
transformation of phenol and oxalic acid.42 Shie et al. 
studied photodegradation kinetics of toluene using nitrogen 
doped titanium dioxide modified by radio frequency 
plasma.43 Reaction efficiencies of toluene degradation for 
modified material were higher than those of commercial 
TiO2 (P25). Visible light activity of titanium dioxide was 
achieved by doping with iron or cobalt ions.5,44 Fe-doped 
TiO2 can remove indoor contaminations such as 
formaldehyde, benzene, ammonia under solar light. The 
removal percentage of above compound after 9 h of 
irradiation achieved 55 % (HCOH), 53.1 % (NH3), and 
37.5 % (C6H6), when they existed in the air individually 
however in case of the mixture of all gases the removal 
percentage decreased to 33.3 %, 28.3 %, and 28 %, 
respectively.5 Efficiency of benzene degradation varied from 
2.1 % to 51.5 % in the presence of Co-doped TiO2.

45 Other 
example based on lanthanum doped TiO2 (titania 
nanotubes).6 The properties of this material were determined 
by the photocatalytic degradation of gaseous ethylbenzene. 

Composites of two semiconductors are other group of 
photocatalysts. Formation of composites has various goals. 
The most important aim is to obtain photosensitization 
effect and better charge separation. A photosensitization 
through formation of composites of two semiconductors 
involves excitation of the narrow bandgap semiconductor, 
followed by electron transfer from its conduction band to the 
valence band of the wide bandgap semiconductor. Moreover, 
ingredient of composite can also play a role of support. 
Open-cell self-bonded SiC foams were used as a support for 
TiO2 in the gas phase photocatalytic degradation of 
methylethylketone.46 Titania–graphite composite is the other 
example, that has been tested for degradation of 
acetaldehyde upon visible light irradiation.12 Andryushina 
and Stroyuk studied the influence of graphene oxide on 
photocatalytic activity of titanium dioxide in gas-phase 
alcohols and hydrocarbons oxidation.9 These authors found, 
that the presence of graphene oxide accelerated the 
photocatalytic oxidation of ethanol and benzene because of 
interaction of graphene oxide with the TiO2 surface via 
anchoring functional groups and high efficiency of 
accepting of the photogenerated electrons. Similarly, 
Nikkanen et al. observed enhanced photocatalytic properties 
of TiO2 coated steel by the application of silicon oxide 
intermediate layer.47 Bi2O3/TiO2 is an interesting example of 
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obtaining the photosensitization effect by formation of 
composite and the mechanism is presented in Fig. 3.48 
Studied material showed higher photocatalytic activity for 
the degradation of isopropanol in gas phase than Bi2O3 and 
TiO2. Two hours of irradiation resulted in degradation of 
75 % of isopropanol. Authors suggested that TiO2 acts as a 
principal photocatalyst while Bi2O3 plays a role of light 
harvester. Similar mechanism was observed also in other 
cases. LaVO4/TiO2 heterojunction nanotubes were prepared 
by sol–gel method in order to obtain visible light active 
material and the photocatalytic activity was demonstrated by 
catalytic degradation of gaseous toluene.13 Composites 
presented high photodegradation efficiency. The conversion 
of toluene (c0=120 ppm) over 1 % LaVO4/TiO2 reached 
75 % after 6h of irradiation (in case of P25 it was about 
10 %). The enhanced performance of heterojunction 
nanotubes was attributed to the matching band potentials, 
the interconnected heterojunction of LaVO4 versus titanium 
dioxide as well as small particles size and big surface area. 

Figure 3. Mechanism for the photocatalytic activity of Bi2O3/TiO2 
heterojunction photocatalyst.48 

 

Over the last few years ZnO, in particular nanocrystalline 
ZnO, has become the object of scientific interest. However, 
majority of the reports about photocatalytic application of 
ZnO have been focused on the photodegradation of 
pollutants in water. The comparison of photo-activities of 
ZnO and TiO2 seems to glorify the titanium oxide: the rate 
constant of TiO2 for HCHO degradation was 0.05 min-1 

which was two orders of magnitude larger than that of zinc 
oxide.49 However, high photocatalytic activity towards 
degradation of formaldehyde in gas phase has been 
demonstrated for nano-ZnO on bone char.50 Published 
results show, that maximum decomposition efficiency of 
formaldehyde was 73 % using continuous flow reactor (inlet 
formaldehyde concentration 2.5 mg/m3). ZnO also exhibited 
good efficiency of degradation of NOx.

51 Photocatalytic 
activity for the decomposition of NOx under visible light as 
well as UV irradiation was superior to that of commercial 
TiO2 powders. ZnO/carbon quantum dots composite is an 
interesting example of photosensitization toward visible 
light.52 Such material was used as superior photocatalyst for 
the degradation of benzene and methanol, and the results 
showed that composites exhibit higher activity (degradation 
efficiency over 80 %, 24 h) compared to pure TiO2 or ZnO. 
Synergistic effect for the activity and photocatalytic 
property has been demonstrated also for other composites 
e.g. g-C3N4/ZnO.53  

Zinc and cadmium sulfide based materials are the next big 
group of active photomaterials. Metal sulfides, in particular 
ZnS, are very promising, buoyant photocatalysts for CO2 
conversion, water splitting as well as for organic compounds 
degradation.54 Some metal sulfides (CdS, CdSe, PbS, and 
PbSe) as well as other chalcogenides also offer a significant 
advantage because of their tunable response to visible light. 
CdS is the most commonly studied and its photocatalytic 
activity for degradation of vapors of ethanol and isopropanol 
is noticeable.55,56 The morphology of cadmium sulfide can 
be easily controlled during preparation, and various particle 
shapes may be obtained e.g. nanowires, nanoribbons, hollow 
particles. Nonetheless, the activity of CdS as a photocatalyst 
for total degradation of organic compounds is not promising. 
Partial oxidation of ethanol and isopropanol to acetaldehyde 
and acetone was observed.56 Total mineralization should be 
the goal of photocatalytic degradation, otherwise some more 
dangerous coproducts can be formed. 

WO3 is an attractive photocatalyst because small band gap 
energy as well as their stability and photostability. Materials 
based on WO3 have been tested as a photocatalysts which 
are able to remove very toxic pollutants such as H2S; authors 
have reported complete degradation.57 The WO3/Cu2O 
composite, synthesized by hydrothermal method, was 
studied as a photocatalyst for air treatment.58 Taking phenol 
as degradation target, the effects of the amount and kind of 
catalyst and other factors e.g. light source, air flow rate and 
initial concentration was investigated. The degradation rate 
of phenol was above 98 % in case of optimal conditions and 
irradiation time 180 min. In turn, Ag on WO3 showed 
activity for acetone degradation three and six times higher 
than that of pure mesoporous WO3 and nitrogen-doped TiO2, 
respectively (under visible-light irradiation).59 Enhanced 
photocatalytic properties are attributed to the largely 
improved electron–hole separation in the Ag on WO3 
heterojunction.  

Photocatalyst based on iron oxides and oxide-hydroxide 
has attracted some attention in recent years because its 
activity under visible light is, probably, due to the possible 
formation of singlet oxygen.4 -Fe2O3 is the most stable iron 
oxide, an example of n-type semiconductor with band gap 
energy of 1.9–2.2 eV. -Fe2O3 prepared from hollow -
FeOOH urchin-like spheres was tested as a catalyst of 
photodegradation of organic pollutants under visible light 
irradiation.60 Decomposition of the model organic 
contaminants is associated with ROS formation, which has 
been proved.60  

Besides all commonly used materials, literature gives 
more unique examples of photocatalysts. Cobalt oxide is one 
of them.61 Authors suggested the potential use of 
hierarchical structures of cobalt oxide as an alternative to 
titanium dioxide for photodegradation of organic 
contaminants. 3 hours of irradiation resulted in 80 % 
degradation of acetaldehyde. Moreover, the big advantage of 
Co3O4 is its activity under visible light. Chromium oxide is 
the next oxide material suggested as a photocatalyst for 
degradation of volatile organic compounds.62 Authors 
reported a turnover number 17 in case of the most active 
catalyst 0.5 mol% Cr–SiO2, however, the use of chromium 
compounds for environmental protection seems to be 
dangerous and should be considered very carefully. Also 
cerium oxide has been studied as a photocatalyst. With 
regard to the sample of CeO2-nanoparticles, the conversion 
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ratio of benzene at the initial stage was 2.2 %; after reaction 
(22 h) it decreased to 1.4 %.63 Porous graphitic carbon 
nitride was synthesized and coupled with the MoS2 
nanosheets to form MoS2/C3N4 hetero-structures in which 
MoS2 served as electron trapper to extend the lifetime of 
separated electron−hole pairs.64 Bi2WO6 is an active 
photomaterial in visible light. Photocatalytic properties of 
Bi2WO6 modified with polyaniline (PANI) has been 
investigated using gaseous acetaldehyde as a model air 
contaminant.65 CH3CHO was degraded by the Bi2WO6 and 
PANI/Bi2WO6 with production of water and CO2 under 
visible light irradiation. Going to another example, it has 
been reported, that 1 % Ag on ZnAl2O4 nano-particles were 
more active than neat materials as well as commercial P25 
in photo-catalytic oxidation of gaseous toluene.37 Authors 
suggested, that hydroxyl groups on the surface of 
nanomaterial are able to react with the product of oxidation, 
which is retained on the surface leading to the progressive 
deactivation of the catalyst in the gas–solid system. The 
BiOI/BiOCl composites showed enhanced visible light 
activity for removal of NO because of the large specific 
surface areas and pore volume, hierarchical nanostructure 
and modified band potentials, exceeding that of 
commercially available TiO2, BiOI, and Bi2WO6.

66  

The photocatalytic inactivation of microorganisms in air is 
an important aspect of photocatalytic air cleaning. 
Photocatalysis has ability to kill broad range of 
microorganisms including Gram- positive and Gram- 
negative bacteria, endospores, fungi, algae, protozoa and 
viruses, as well as prions.67 Photocatalysis can also destroy 
endospores and microbial toxins. Tests in real conditions, as 
well as feasibility of elimination of bacteria in laboratory 
scale, have been studied.68 Elimination ratio vary form few 
percent up to 80 % depending on the conditions and applied 
materials. Inactivation of Escherichia coli, P. aeruginosa, 
Anabaena, Legionella pneumophila are the most commonly 
tested processes involving neat and modified TiO2, CuO or 
WO3.

69–72 The typical mechanism of inactivation of 
microorganism is shown in Fig. 4. However, not all 
microorganisms can be photo-inactivated. The published 
results showed that species like Staphylococcus pasteuri, 
Staphylococcus saprophyticus, Stenotrophomonas 
maltophilia, Macrococcus equipercicus, Naxibacter 
haematophilus, and Bacillus endophyticus were resistant to 
photocatalytic treatment.68  

Figure 4. Mechanism of photocatalytic inactivation of 
bacteria. 

Photoreactor design 

The photo-catalytic performance for air cleaning 
strongly depends on the design of an efficient photocatalytic 
reactor. The main performance parameters of a 
photocatalytic reactor are the factor of mass transfer rate and 
the factor of light delivery, thus typical photo-reactor is 
constructed of two important parts: support for 
photocatalytic filter and a light source. The features of an 
ideal photoreactor are:  

i) high specific surface area for a large reaction 
area;  

ii) energy-saving appropriate light source with 
appropriative wavelength,  

iii) high mass transfer,  

iv) high residential time.  

Several types of reactors have been developed e.g. a flow-
through photo-reactor,11 bed packed photoreactor,10 
honeycomb monolith reactor,73 continuous flow reactor.50 
Schematic diagrams of various photoreactors for air 
purification are shown in Fig. 5.74–77 Detailed descriptions of 
all types of photoreactors are given elsewhere and there is 
no point to repeat these.78–80 An interesting example is the 
use of 3D printed gas-phase photocatalysis reactor because 
the 3D printer availability will allow the design and produce 
photo-reactor in very easy way.81 

 

Figure 5. Schematic diagrams of various photoreactors for air 
purification.74–77 

The most common light sources for photocatalysis are the 
black-light-type UV lamp that emits light in the UVA band 
(max 355 nm), high pressure mercury vapors lamp (184, 
253, 365, 404, 435, 546, 578 nm) and xenon lamp (visible 
light). Lately, light emitting diodes (LEDs) that can emit 
ultraviolet light (360 and 400 nm) or visible light are being 
considered as a better light source because of their many 
advantages. The LED save significant amount of energy in 
comparison to the UV lamps or HBO and XBO. LEDs are 
durable, robust, efficient, and can be easily installed in any 
configuration.82 Many examples of the use of LED driven 
photosystem for air cleaning can be given.40,82 Much work 
has been done in order to check the influence of light source 
and light intensity for the reaction efficiency.  
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The effect of light intensity (35, 225 and 435 µW cm-2) on 
photocatalytic degradation using TiO2 was studied and the 
obtained results prove that the removal efficiency increased 
with increasing of light intensity. It vary from 0.035 to 0.130 
mg L-1 min-1 for the lowest and highest light intensity 
respectively.83 

Commercial applications of photocatalysts 

Within last 10 years photocatalysis has become more and 
more attractive for the industry with regard to the 
development of technologies for water and air purification. 
The market of photocatalytic products is increasing and 
photocatalysis is considered as a future technology. 
According to a market research report, the global market 
value for photocatalysts was estimated at the level of 847.5 
million dollars in 2009 and was expected to reach 1.7 billion 
dollars in 2014. Products for the construction sector and 
consumer products account for the largest share of the 
market. The use of titanium dioxide as coating in buildings 
has received highest interests due to its excellent ability to 
purify the environment by capturing the pollutants both in 
the indoor and outdoor air. TiO2 can be incorporated into 
coatings and paints, plastics and fabrics, concrete and plaster, 
glass, including pavement blocks, wood-based panels, 
plaster (gypsum) boards, ceiling tiles, ceramic tiles and wall 
papers.84  

Photocatalytically active paints can be used in outdoor 
applications on so called self-cleaning facades and for 
degradation of nitrogen oxides in street as well as in indoor 
application due to antimicrobial, antifungal properties of the 
paint or because of its ability to decompose organic and 
inorganic pollutants. For internal applications it is specially 
dedicated by producer for places, which require the 
elimination of noxious and toxic air substances in hospitals, 
schools, public buildings, shops, magazines of food, 
convention centers, food-processing plants, factories, 
poultry and livestock sheds. Many buildings in developed 
countries are constructed with photo catalytic materials or 
paints. Ecogreen Plus™, KNOxOUT or Sto AG can be 
given as examples of photocatalytic paint brands. Auvinen 
and Wirtanen noticed, that the organic components of paints 
may be decomposed by photocatalytic reaction.85,86 Self-
degrading effect leads to an increase in the concentration of 
organic compounds, like aldehydes and ketones, that are 
quite stable indoor as air pollutants and decrease the quality 
of the air. It should be highlighted, that to prohibit this kind 
of back-effect, all components of paints should be stable 
enough to endure highly active radicals. 

An interesting application of photo-catalysis is covering 
the glass (windows) with photocatalyst. Such windows have 
two attractive features: self-cleaning (mainly from outside) 
and photocatalytic degradation of air pollutants (mainly the 
inner side). Photo-catalytic surfaces show super-hydrophilic 
effect, allowing dirt to be washed off - self-cleaning 
windows and self-cleaning glass covers for highway tunnel 
lamps (e.g. San Gobain Bioclean™, Pilkington Active™ 
and Sunclean™).67 

The use of photo-catalysis for air cleaning has caught the 
interest of industry. Photocatalytic reactors can be integrated 
with conditioning and ventilation systems. Several 

companies (e.g. AirOasis, Indoor Purification Systems Inc., 
Daiken Chemical Co. Ltd., Life Air IAQ Ltd., Laiyang 
ZiXiLai Environmental Protection Technology Co. Ltd.) 
produce the photocatalytic air purifiers equipped with TiO2 
coated filters and UV lamps. 

Slimen and coauthors studied very interesting practical 
aspect of photocatalysis – degradation of cigarette smoke.87 
The TiO2-impregnated titanium mesh filter revealed high 
activity for the removal of nicotine, ammonium, 3-
ethenylpyridine, and tar, which constitute some of the 
compounds of cigarette smoke. The prototype air purifier 
was composed of six photocatalyst units, some additional 
filters and a fan. Experiments carried out in the 1 m3 box 
and operated in an air flow of >10 m3 min-1 showed a 
significant decrease in the acetaldehyde concentration 
( 80 %). Other very interesting application of 
photocatalysis is the use of nano-photo-filters in air quality 
control system of airliner cabin.88 Long-term usable air-
cleaner based on the synergy of photo-catalysis and plasma 
treatments has been also tested for degradation of cigarette 
smoke.89 In one case of the treatment of smoke from tobacco 
worth 12,000 cigarettes, the air-cleaner maintained high-
level air-purification activity (close to 100 % of the total 
suspended particulate and 88 % of total volatile organic 
compound) at single-pass conditions.  

Conclusion 

Some people consider photocatalysis as a science fiction. 
Looking at this article, it is difficult to agree with such 
people. This review highlights several current aspects for the 
preparation and improvement of photocatalysts such as 
surface modification, doping, formation of composites, 
quantum-size effects and surface coverage with metal 
nanoparticles. There is no one simple recipe to prepare 
efficient material. Various applications (bacteria inactivation, 
degradation of organic or inorganic pollutants) require 
different properties of photocatalyst. Scientists are looking 
for the correct direction. Often they go astray but science, as 
a whole, is going forward. Photo-catalysis appears (perhaps 
still timidly) to be working in our houses, offices, schools, 
hospitals and cars. 
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