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Abstract
This work deals with the preparation of  TiO2 nanoparticulate layers of various mass (0.05 mg/cm2 to 2 mg/cm2) from three 
commercial nanopowder materials, P90, P25 and CG 300, their characterisation (profilometry, BET and SEM) and evalua-
tion of their photocatalytic activity in the gaseous phase in a flow-through photoreactor according to the ISO standard (ISO 
22197-2). Hexane was chosen as a single model pollutant and a mixture of four compounds, namely acetaldehyde, acetone, 
heptane and toluene was used for the evaluation of the efficiency of simultaneous removal of several pollutants. A linear 
dependence between the layer mass and the layer thickness for all materials was found. Up to a layer mass 0.5 mg/cm2, the 
immobilisation P90 and P25 powder did not result in a decrease in BET surface area, whereas with an increase in layer mass 
to 1 mg/cm2, a decrease of the BET surface was observed, being more significant in the case of P90. The photocatalytic 
conversion of hexane was comparable for all immobilised powders up to a layer mass of 0.5 mg/cm2. For higher layer mass, 
the photocatalytic conversion of hexane on P25 and P90 differ; the latter achieved about 30% higher conversion. In the case 
of the simultaneous degradation of four compounds, acetaldehyde was degraded best, followed by acetone and toluene; the 
least degraded compound was heptane. The measurement of released  CO2 revealed that 90% of degraded hexane was min-
eralised to  CO2 and water while for a mixture of 4 VOCs, the level of mineralisation was 83%.
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1 Introduction

Semiconductor photocatalysis on  TiO2 surfaces represents 
a promising method for the atmospheric decomposition 
of volatile organic compounds (VOCs), such as formalde-
hyde or acetaldehyde [1]. Such compounds can be released 
from building materials in interior environment, caus-
ing non-specific diseases including respiratory irritation 
symptoms, headaches, dizziness, and fatigue. Such non-
specific symptoms are generally marked as thick build-
ing syndrome [2]. Various photocatalytic technologies, 
including air purifiers [3] or photocatalytic paints [4–6], 
prepared with the aim of improving interior air quality, 
appear nowadays on the market. The photoactive layers in 
these products are based on  TiO2 nanoparticles and their 
compacted networks. The photocatalytic efficiency of P25 
is often determined using the removal of NOx (ISO 22197-
1), as an example of a typical outdoor pollutant [7, 8] or 
acetaldehyde [9, 10], as an example of a typical indoor 
pollutant. Another model pollutant can be hexane [11], 
whose higher number of carbon atoms makes it easier to 
measure the amount of mineralization (formation of  CO2).

Commercial  TiO2 powder photocatalysts, such as Aer-
oxide P25 [12], produced by Evonik, are often studied 
materials in environmental photocatalytic processes, but 
for practical application of photocatalytic air treatment, it 
is important to immobilise photocatalyst powders in the 
form of thin layers using dip-coating [13], electrophoresis 
[14], doctor blading or drop casting [15, 16].

There are several studies focused on the removal of 
volatile organic compounds (VOCs), with attention paid 
to the reaction mechanism [17–19], reactor design [20, 
21], effect of process parameters such as flow rate, UV 
intensity [22, 23], humidity [24, 25] or large scale studies 
including photocatalytic de-polluting efficiency in indoor 
car parks [26] or simulated street canyons [27]. For the 
determination of photocatalytic activity in the gaseous 
phase, acetaldehyde is often used as a model compound 
[28–31]. Acetaldehyde is degraded more easily compared 
to toluene [32] and is also used as model pollutant in the 
ISO standard (ISO 22197-2). Beside acetaldehyde, hexane 
is also used especially in the case where  CO2 formation is 
simultaneously measured [11].

The effect of layer thickness and surface area on the 
rate of photocatalytic oxidation of organic compounds was 
predominantly studied in the liquid phase. Krýsa et al. [15] 
studied the influence of the thickness of  TiO2 P25 films 
on photocurrent and degradation rate of oxalic acid. It was 
found that the optimal thickness of the film was about 
0.5 μm, with further increase of the thickness leading to 
a photocurrent decrease. Jung et al. [33] studied the influ-
ence of  TiO2 layer thickness prepared by chemical vapour 

deposition (CVD) on the degradation rate of methylene 
blue. The degradation rate increased up to 3 microns, but 
further increase in layer thickness had no influence on 
the degradation rate. Another study showed the influence 
of surface area of  TiO2 on the degradation rate of oxalic 
acid [34]. Although  TiO2 materials exhibited much higher 
surface area than P25 (about 300  m2/g), the photocata-
lytic activity reached only 60% of that of  TiO2 P25 which 
was explained by more efficient charge recombination in 
smaller particles of  TiO2 in comparison with bigger parti-
cles of P25. Concerning the gaseous phase, in our recent 
work [35], we described the influence of the thickness of 
 TiO2 nanotubes on the photocatalytic efficiency of hexane 
and benzene removal. It was found that the photocatalytic 
efficiency increased with increasing layer thickness form 
0.17 to 14 μm). In the case of hexane, there was no sign of 
deactivation but in the case of benzene the initial conver-
sion degree decreased [35].

In practical applications, we usually have not only one 
single compound but a mixture of various types of com-
pounds. Stucchi et al. [36] described the photocatalytic 
performance of  TiO2 material during simultaneous deg-
radation of 17 compounds including aldehydes, hydrocar-
bons and chlorinated compounds. The authors observed 
that VOCs compete for the adsorption on  TiO2 surface 
according their polarity. Thus, the degradation reaction 
was slower compared to that of a single compound. Acet-
aldehyde and formaldehyde when used as single pollutants 
were photocatalytically degraded with a conversion degree 
of almost 100%; on the other hand, when they were in a 
mixture, the conversion degree of each pollutant dropped 
significantly.

Even though  TiO2 P25 is often deposited on a glass 
support using drop casting [16, 37], the main attention is 
paid to the texture properties of pure powder, and the tex-
tural properties of layers themselves are often neglected. 
Thus, the objective of this work was to evaluate the photo-
catalytic activity of nanoparticulate layers prepared from 
several commercial  TiO2 powder photocatalysts with 
special emphasis on the detailed characterization (layer 
mass, layer thickness, porosity, textural properties). The 
photocatalytic activity in the gaseous phase was deter-
mined using the standard ISO setup ((ISO-22197-2) with 
a single pollutant (hexane) and a mixture of four pollut-
ants (acetaldehyde, heptane, acetone and toluene), and 
special attention was given to the evaluation of the level 
of mineralization.
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2  Experimental

2.1  Preparation and characterization of  TiO2 
nanoparticulate layers

Soda lime glass slides (5 × 10 × 0.3 cm) were used as sup-
port. Support cleaning involved a sequence of washing steps 
in an ultrasonic bath [DT100H (Bandelin electronic GmbH 
& Co. KG, frequency 35 kHz)] using acetone, ethanol, and 
water. Layers were prepared by drop-casting. First, the 
appropriate amount of the photocatalyst was dispersed in 
50 ml water using treatment in ultrasonic bath for 10 min. 
Afterwards, 10 ml of the prepared suspension was deposited 
on the glass supports and left to dry at room temperature.

X-ray diffraction (XRD) was performed with an X’Pert3 
MRD system (Malvern Panalytical). The thickness of the 
 TiO2 layer was determined using a profilometer (DektakXT, 
Bruker). The porosity of the  TiO2 layer (P, in %) was calcu-
lated as in our previous work [38], using the formula below 
(Eq. 1) where d is the layer thickness (cm), mlayer/S is the 
layer mass (mg/cm2), ρTiO2 represents the density of  TiO2 
(g/cm3) and S is the geometrical surface area of the layer.

Structural analysis was car r ied out using a 
Brunauer–Emmett–Teller (BET) concept. The specific sur-
face area (SBET) was measured using the nitrogen (purity 
5 N) sorption method (TriFlex, Micromeritics, USA) and 
the krypton (purity 4 N) sorption method (ASAP 2020, 
Micromeritics, USA). The samples were degassed at 200 °C 
for 12 h prior to measurement. The equilibration time in 
between the measurement steps was 20 s.

2.2  Determination of photocatalytic activity of  TiO2 
nanoparticulate layers

Photocatalytic activity was determined using conditions 
based on ISO 22197-2 (removal of acetaldehyde). Instead 
of acetaldehyde, either hexane as a single pollutant (inlet 

(1)

P =
Vair

Vlayer

100 =
Vlayer − VTiO2

Vlayer

100 =

(d −
mlayer

1000.S.�
TiO2

)

d
100.

concentration 5 ppm), or a mixture of four pollutants (acet-
aldehyde, heptane, acetone and toluene, inlet concentration 
1 ppm for each) was used. Conditions of individual pho-
tocatalytic tests in the gaseous phase are summarized in 
Table 1. A scheme of the whole apparatus for the measure-
ment and the photoreactor, together with a corresponding 
description, are given in Figs. 1 and S1 (in Supplementary 
information), respectively. As a UV light source two UV 
A fluorescent tubes (Philips T8) with an emission maxi-
mum at 365 nm and an irradiance of 1 mW/cm2 were used. 
The concentration of the model pollutants was determined 
using a gas chromatograph GC 7890B (Agilent) equiped 
with a flame-ionization detector (FID) and a methanizer (a 
chemical reactor that converts carbon dioxide and carbon 
monoxide to methane to enable sensitive detection by a FID 
(Jetanizer, Activated Research Company)).

The testing gas was prepared by mixing of synthetic air 
(AIR) with reactant gas from a calibration cylinder using 
two mass flow controllers (MFC). The gas to be reacted was 
either hexane (100 ppm) in nitrogen or a mixture of acetalde-
hyde, heptan, aceton and toluene (each 10 ppm) in nitrogen. 
Before mixing with calibration gas, synthetic air was divided 
in wet and dry flow lines, using two needle valves to control 
the relative humidity.

Photocatalytic activity was determined as follows. The 
concentration of the pollutant (e.g. hexane) in the testing gas 
was measured in regular intervals by GC using an FID. At 
first, the testing gas was introduced via 2 three valve vents 
(4) outside the photoreactor (bypass) and the concentration 
of the tested pollutant (e.g. hexane) was measured (GC with 
FID). After reaching a stable initial concentration of 5 ppm, 
the testing gas was introduced to the photoreactor in the 
dark (reactor dark) to see the potential adsorption of the 
tested pollutant on the  TiO2 surface (as a decrease in the 
concentration). Adsorption equilibrium was reached when 
the concentration returned back to 5 ppm. Then, the UV 
light was switched on (reactor light) and the output concen-
tration of the tested pollutant (e.g. hexane) was measured. 
After a given time and reaching stable conversion of the 
tested pollutant the light was switched off (reactor dark). 
Tests with a mixture of 4 pollutants were performed in the 

Table 1  Conditions of 
photocatalytic experiments in 
the gaseous phase

ISO test ISO 22197–2 [39] This study

Model compound Acetaldehyde Hexane Mixture of acetone, acet-
aldehyde, heptane and 
toluene

Initial concentration (ppm) 5 5 1 ppm per compound
Flowrate  (dm3/min) 1 1 1
Relative humidity (%) 50 50 50
Irradiance of UV light (mW/cm2) 1 1 1
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same way. The concentration of all four pollutants was meas-
ured by GC FID.

3  Results and discussion

3.1  Characterisation of  TiO2 nanopowders 
and layers

Table S1 (supplementary information) summarises the 
measured composition and structural and textural proper-
ties of studied  TiO2 nanopowders using XRD and BET 
(nitrogen adsorption). X-ray diffraction patterns of studied 
 TiO2 powders are shown in Fig. S2 (in SI). Both powder 
materials, P90 and P25, exhibited adsorption isotherms of 
type V indicating mesoporous material with a BET sur-
face area of 109 and 45  m2/g, respectively. The  N2 adsorp-
tion isotherms of  TiO2 powders are shown in Fig. S3. The 
CG300 powder had the highest BET surface area (300 
 m2/g). It contained only anatase and the crystal size was 
about 5 nm. P25 and P90 exhibit both phases, Ohtani et al. 
reported that typical crystalline composition of P25 was 
78% anatase and 14% rutile, the remaining 8% corresponds 
to amorphous phase [12]. The crystal size of anatase was 
around 22 nm in P25 and 13 nm in P90. For all powder 
materials, the crystal size calculated from XRD corre-
sponded to the BET surface area.

To better understand the homogeneity of the obtained 
 TiO2 films, photographs of  TiO2 layers of different 
layer mass prepared by drop-casting from P90 powder 

Table 2  BET surface area and 
calculated roughness factor (Rf) 
of P90 layers of different layer 
mass

Layer mass 
(mg/cm2)

Area of layer 
 (cm2)

Mass of 
 TiO2 (mg)

Nitrogen Krypton

SBET
(m2/g)

Rf  (cm2/cm2) SBET  (m2/g) Rf  (cm2/cm2)

0.2 11 2.2 132 264 111 222
0.5 10 5.0 116 580 110 550
1 11.2 11.2 79 790 66 660

Table 3  BET surface area and 
calculated roughness factor  (Rf) 
of P25 layers of different layer 
mass

Layer mass 
(mg/cm2)

Area of layer 
 (cm2)

Mass of 
 TiO2 (mg)

Nitrogen Krypton

SBET
(m2/g)

Rf  (cm2/cm2) SBET  (m2/g) Rf  (cm2/cm2)

0.2 10.5 2.1 58 116 47 94
0.5 12 6.4 42 210 45 225
0.7 10.5 7.5 47 330 47 329
1 11.4 10.2 38 340 35 313

Fig. 1  Scheme of used photo-
catalytic ISO apparatus (1—
humidifying flask, 2—empty 
flask, 3—humidity meter, 4—
three valve vent, 5—ISO reac-
tor). MFC mass flow controller, 
GC FID gas chromatograph 
with flame-ionization detector
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suspensions are shown in Fig S4 (in SI). It can be con-
cluded that layers prepared from P25 and P90 show suf-
ficient adhesion to the glass support up to a layer mass of 
2 mg/cm2. On the other hand, layers prepared from CG300 
with a layer mass above 0.5 mg/cm2 are not very adher-
ent and already a simple manipulation resulted in particle 
loss from the surface. This can be explained by the fact 
that even C300 has a high BET surface area and the small-
est crystal size from all materials (Fig. S2 and S3 in SI), 
it consists of much bigger agglomerates which were not 
broken even by sonification of aqueous suspension (used 
before drop-casting deposition).

Figure 2 (and Table S2 in SI) shows the dependence of 
layer thickness on the layer mass for all three types of immo-
bilised powders. Typical profilometric trace of a step – glass/
TiO2_P25 layer is shown in Fig. S5 (in SI). With increas-
ing layer mass, the layer thickness proportionally increases. 
For the same layer mass, the highest layer thickness was 
observed for the P25 layer and the lowest for the P90 layer. 
This can be explained by the value of the calculated porosity 
(Eq. 1), for P25 layers the porosity was 60–70% and for P90 
layers it was 40–50%. CG300 layers had a porosity about 
50%, which is close to that of P90. This indicates that layers 
fabricated from powders of higher BET surface area (P90 
and CG300) are more compact (lower porosity) than layers 
fabricated from powders of lower BET surface area (P25). 

The specific surface areas of  TiO2 layers were evaluated 
using  N2 and Kr isotherms. Frequently,  N2 is used as adsorb-
ate. For low surface areas, however, more accurate values 
are usually obtained with Kr instead of  N2 [38] due to the 
lower vapour pressure of Kr at the adsorption measurement 
temperature of 77 K compared to  N2. Another reason is the 
fact that the mass of layers exposed to the test gas in the 
adsorption measurement is very small (limited by the size 
of samples which can be placed in the measurement flask). 
The  N2 adsorption isotherms are shown in Figs. S6a and 

S7a and the Kr adsorption isotherms are shown in Figs. S6b 
and S7b. The specific surface areas per mass (SBET) and per 
geometrical area (dimensionless Rf) of particulate layers of 
various layer mass are given in Tables 2 and 3, respectively.

It can be seen that the values of BET obtained by adsorp-
tion of either  N2 or Kr are very similar. Only for the smallest 
layer mass (0.2 mg/cm2), the BET value obtained from  N2 
adsorption is much higher (about 20%) than that obtained 
from Kr adsorption. The reason is that the adsorbed amount 
of  N2 on glass (taken as reference) was about 10–20% of 
the adsorbed amount of  N2 on this small sample (see Figs. 
S6a and S7a). For layers of mass 0.2 and 0.5 mg/cm2, the 
observed value of BET surface area corresponds to the value 
observed for both powders. But for layer of mass 1 mg/cm2, 
the BET value is about 40% (P90) and 25% lower than that 
for powders. This was observed either using  N2 or Kr iso-
therm. The decrease in the BET value is more pronounced 
for P90 and this can be connected with the decrease in the 
calculated porosity of these layers from 50 to 41%.

3.2  Photocatalytic degradation of hexane 
as a single pollutant

It is important to mention that for the present implementa-
tion of the experiment, the conversion is governed by the 
length of the reactor, the flow rate and the irradiance. In 
the present study, these parameters are chosen according 
to the ISO standard (see Table 1). Fig S8 (in SI) shows a 
comparison of the photocatalytic activity of hexane and of 
acetaldehyde. It follows that acetaldehyde can be more eas-
ily  removed (conversion about 75%). To prevent potential 
mass transfer limitation we used hexane instead of acetal-
dehyde, which is more difficult to be removed (conversion 
about 31%). The second reason for using hexane was the 
evaluation of the level of mineralization. Total mineraliza-
tion of 1 mol of hexane results in the production of 6 mols 

Fig. 3  Concentration of hexane 
during a photocatalytic experi-
ment
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of  CO2 (while in the case of acetaldehyde only 2 mols of 
 CO2 are produced).

Figure 3 shows the concentration of hexane during the 
typical gas phase photocatalytic experiment on the P25 layer 
with the layer mass 0.5 mg/cm2. From each experiment, the 
hexane conversion was calculated as the difference between 
the hexane concentration in the dark (average from 3 sub-
sequent concentrations before the light was switched on) 
and under light (average from 3 subsequent concentration 
measurements before the light was switched off).

The dependence of hexane conversion on the layer mass 
for all immobilised powders (P90, P25 and CG300) is shown 
in Fig. 4. The degradation experiments were repeated (three 
times) and each calculated conversion degree was found to 
be within ± 10% of the mean value. In the case of CG300, 
due to the poor adhesion to the glass substrate, only results 
for a layer mass up to 0.5 mg/cm2 are shown. It can be seen 
that up to the layer mass of 0.5 mg/cm2, the hexane conver-
sion degree for all three  TiO2 layers is comparable and grad-
ually increases with increasing layer mass (layer thickness). 
With further increase of the layer mass, P25 and P90 layers 
behave differently. In case of P90, the conversion degree 
steeply increases up to 1 mg/cm2 and then remains almost 
unchanged for layer masses of 2.1 and 2.3 mg/cm2. In the 
case of P25, the increase of the conversion degree is not as 
steep as for P90, but increases up to a layer mass of 1.5 mg/
cm2 and for the layer mass of 2 mg/cm2 there is only a very 
small increase.

The increase in the layer mass (thickness) may have a 
positive influence on pollutant photocatalytic conversion 
due to i) increase in the amount of absorbed light and ii) 
increase of adsorption sites for substances present in the gas 
phase. Figure 4 shows that the conversion degree increases 
only up to layer mass ~ 1 mg/cm2 (layer thickness 4–6 µm). 
This would mean that above this thickness (4–6 µm), either 
the UV light cannot reach the whole  TiO2 surface, or whole 

surface is not available for adsorption of hexane [40] or both. 
From the layer thickness measured by profilometry and cal-
culated porosity (Eq. 1), an effective  TiO2 layer thickness 
was calculated and shown in Table S2 (in SI). Based on the 
work [41] for effective  TiO2 thickness 1 µm (layer mass of 
our layers ~ 0.4 mg  cm2) more than 95% light is absorbed. 
The significant increase of conversion degree for layer mass 
0—0.3 mg  cm2 is predominantly due to the increase in 
amount of absorbed light. The further slower increase of 
conversion degree for layer mass above 0.3 mg  cm2 can be 
explained by increasing the amount of adsorption sites.

From the comparison of P25 and P90 layers of the same 
layer mass, hexane conversion is about 10–30% higher on 
P90 layer than on P25 layers. The explanation can be in 
significantly higher value of BET for P90, but the increase 
in conversion is much smaller (10–30%) than the increase in 
the specific area (about 100%). A similar dependence of pho-
tocatalytic activity on layer mass (thickness) was reported 
in our previous work [42]. Up to a layer mass 0.4 mg/cm2, 
the photocatalytic degradation rate (of model ink 2,6-dichlo-
roindophenol) increased proportionally with the layer mass. 
For a layer mass higher than 0.3 mg/cm2, there was no sig-
nificant improvement of photocatalytic degradation rate (of 
oxalic acid) [15].

Fig. S9a and b (in SI) show the repeated removal of hex-
ane on a layer consisting of P25. The conversion degree 
in two subsequent experiments did not decrease and was 
around 40%. A similar observation was made in the case of 
P90 and CG300. It suggests that during hexane degradation, 
there is no photocatalyst deactivation and photocatalytic 
treatment can be used repeatedly.

3.3  Simultaneous degradation of four pollutants

In a practical application of photocatalytic air treatment, 
there is not just one single pollutant, but there is always a 
mixture of various organics pollutant. Thus in the next step, 
instead of the single pollutant hexane we used a mixture of 
four organic pollutants, i.e. acetaldehyde, acetone, heptane, 
and toluene. The conditions (flow rate, relative humidity) 
were the same as for hexane, but the inlet concentration of 
each compound was lower (1 ppm), so that the total con-
centration was 4 ppm (value close to 5 ppm of the single 
pollutant hexane).

Figure 5 shows the concentration of 4 VOC’s during the 
typical gas phase photocatalytic experiment on the P25 layer 
with the layer mass 0.5 mg/cm2. Other experiments with 
longer UV illumination (210 min.) showed that the conver-
sion of all pollutants remained constant without any sign 
of photocatalyst deactivation. Acetaldehyde exhibited the 
highest degradation rate, followed by acetone and toluene 
that were degraded with a similar efficiency, while heptane 
had the lowest degradation rate. A similar trend was reported 
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in [43] where authors used a standard method (French XP 
B44-013, ISO 18560-1:2014) for the evaluation of the pho-
tocatalytic efficiency of VOC removal in a closed cham-
ber. In another work, it was shown that oxygen containing 
compounds such as alcohols and ketones were more easily 
degraded than alkanes [22]. It seems that the difference in 
photocatalytic conversion degrees of individual compounds 
correlate with their solubility in water. Acetaldehyde is mis-
cible with water but the solubility of heptane is very small 
(3.4 mg/l  H2O) [44]. The much higher rate of photocatalyti-
cal oxidization of acetaldehyde can be thus explained by the 
higher affinity to the hydrophilic surface of irradiated  TiO2.

Figure S10 shows the comparison of acetaldehyde, ace-
tone, heptane and toluene conversion on particulate layers of 
three commercial  TiO2 powders with a layer mass of 0.5 mg/
cm2. The preference in degradation of an individual pollut-
ant did not depend on the type of  TiO2 powder. Acetalde-
hyde was the easiest, whereas heptane was the most difficult 
to be oxidatively removed.

3.4  Mineralization and production of  CO2

Figure 6a shows the evolution of  CO2 produced by the pho-
tocatalytic decomposition of hexane. According to the molar 
ratio of hexane/CO2, the totally oxidized hexane (initial con-
centration 5 ppm) produces 30 ppm of  CO2. In the present 
case, the conversion is only about 31% so the theoretical 
amount of  CO2 produced corresponds to 9.3 ppm. Our meas-
ured value of produced  CO2 was about 8.4 ppm indicating 
that about 90% of degraded hexane was transformed to  CO2 
and the production of organic intermediates was very small. 
A similar fraction of mineralization leading to  CO2 (about 
98%) was observed for  TiO2, while in the case of ZnO, the 

value was lower (about 57%) and a number of oxygen con-
taining intermediates (3-hexanone, 2-hexanone, 3-hexanol 
and 2-hexanol) was identified [45]. Figure 6b shows the evo-
lution of  CO2 produced by the photocatalytic decomposition 
of 4 VOCs. The theoretical amount of produced  CO2, which 
was calculated from measured conversion degrees of acet-
aldehyde (82%), acetone (50%), heptane (40%) and toluene 
(56%) was 10 ppm. As follows from Fig. 6b, the measured 
concentration of  CO2 was about 8.3 ppm indicating that 83% 
of degraded pollutants were transformed to  CO2 and thus 
mineralised.

4  Conclusion

Texture properties of  TiO2 layers with layer mass up to 2 mg/
cm2 prepared from aqueous suspensions of three commercial 
 TiO2 powders (P25, P90, and CG300) by drop-casting tech-
niques were investigated. Good agreement of determined 
BET surface area for powder and layers was observed for 
P90 and P25 up to layer mass 0.5 mg/cm2 (proved by meas-
uring of  N2 and Kr isotherms) indicating that the powder 
immobilisation does not result in a decrease in real surface 
area. With an increase in layer mass to 1 mg/cm2, a decrease 
of BET surface area was observed, which was more signifi-
cant in the case of P90.

It was found that for layers with the mass up to 0.5 mg/
cm2, the photocatalytic conversion of hexane was compara-
ble for all immobilised powders. With increasing layer mass 
photocatalytic conversion of hexane on P25 and P90 differ; 
the latter catalyst achieved an about 30% higher conversion 
degree. In the case of simultaneous photocatalytic decom-
position of four VOCs (acetaldehyde, acetone, toluene and 

Fig. 5  Concentration of four 
VOC’s during a photocata-
lytic experiment on P25 layer 
(0.5 mg/cm2)
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heptane), acetaldehyde exhibited the highest conversion 
degree which can be explained by the highest water solu-
bility and thus the highest affinity to the hydrophilic  TiO2 
surface. The measurement of released  CO2 by photocatalytic 
oxidation of pollutants revealed that 90% of degraded hex-
ane was mineralised to  CO2 and water while for a mixture of 
four VOCs the level of mineralisation was 83%.
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