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Abstract Photocatalysis is considered as an environment-
friendly process able to decompose organic pollutants and
increasingly applied to water and air purification. Photo-
catalysts having the morphology of a fibrous layer are
attractive candidates for practical applications due to their
high structural dimensionality and improved photocatalytic
performance. This paper describes the production and
characterization of supported TiO2 nanofibre layers, pro-
duced by electrospinning process and deposited on a glass
plate via solvent evaporation. The obtained structures were
characterized by X-ray diffraction, scanning and transmit-
tance electron microscopies, and ellipsometry. Depending
on calcination temperature, fibres contained anatase or
anatase and rutile crystal phases of TiO2. The supported
nanofibres formed a compact but fenestrate layer. The cat-
alytic activity was determined by the decomposition of
methylene blue and oxalic acid under UV light. The
nanofibre layer proved as a competitive catalyst media
based on structural properties and the degradation efficiency
of several organic pollutants.

Graphical abstract

Keywords Photocatalysis ● TiO2
● Nanofibres ●

Electrospinning ● Organic pollutants

1 Introduction

Photocatalysis is a process of the facilitation of chemical
reactions under light radiation and with the presence of a
catalyst. It is widely considered as a relatively clean process
due to low inputs of materials and energy, as well as
minimum waste output. One of the main applications
includes the clean-tech sector, where the decomposition of
organic pollutants in air or water is being addressed.

Various metal oxides including Fe2O5, ZnO, SnO2, TiO2,
etc. may be used as photocatalysts, due to their ability to
absorb light hereby producing electron–hole pairs that
enable chemical transformations of participating com-
pounds. The typical feature of a photocatalyst is a capability
to regenerate its chemical composition after each cycle of
interactions [1]. However, it is important to mention that
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semiconductors with narrower bandgap are susceptible to a
weaker chemical bonding leaving it sensitive to photo-
corrosion, while those semiconductors with wider band gap
require higher-energy ultraviolet photons to excite charge
carrier pairs [2]. Titanium dioxide (TiO2, sometimes refer-
red to as titania) has been established as the most popular
photocatalyst due to its chemical stability and stability
against photocorrosion, availability, and competitive cost
[3–10].

Heterogeneous TiO2-based photocatalysis has been
demonstrated as a promising advanced oxidation technique
for the treatment of air and water pollution due to the ability
to oxidize a variety of environmental pollutants into less or
no harmful products instead of accumulating them [11–13].
The photocatalytic activity of TiO2 is related to the for-
mation of free radicals during the sequence of reactions
occurring on the surface of TiO2 where the photons can be
converted into chemical energy in relation with the migra-
tion of electrons between valance and conduction bands
[14, 15]. TiO2 particles are often immobilized on a solid
support, in order to prevent of the transfer of the catalyst
material to the treated medium. Nevertheless, most reported
solid supports have low specific surface area, which may
lead to the decrease in the TiO2 activity [8]. Therefore,
research attempts directed towards the development of
catalyst substrates containing high surface area are very
relevant [8, 16].

Many factors influence the performance of the photo-
catalyst, such as particle size and shape, specific surface
area, structure, crystalline phase, structural dimensionality,
and others. Commercial nano-spheres dispersed in the
treated media have been shown as some of the most
effective structures [15]. Even though these spheres have a
relatively high specific surface area, the separation of these
nanoparticles from the solution can be very difficult;
moreover, the tendency of the particles to agglomerate into
larger particles reduces the photocatalytic activity during the
cycled use [8, 15, 17–19]. The dimensional anisotropy of
fibres or tubes, on the other hand, are advantageous due to
the higher surface-to-volume ratio, enabling a reduction in
the hole-electron recombination rate and a high interfacial
charge carrier transfer rate, with both of these effects being
favorable for photocatalytic reactions [7, 15, 20].

Several methods have been reported for preparing TiO2

fibres, including direct drawing from a solution, melt pro-
cessing, hydrothermal method, etc. [15, 21, 22]. Among
these, the fabrication of TiO2 fibres by electrospinning
stands out as a simple and effective method [23, 24].
Electrospinning produces fibres using an electric force to
draw charged threads of polymer solutions, reaching fibre
diameters in the range between tens and hundreds of
nanometers. Titanium isopropoxide (TIPP) is one of the
most widely used titanium alkoxides as a TiO2 source

[8, 17, 25–31], as opposed to electrospinning of solutions
containing TiO2 nanoparticles, which faces challenges such
as nozzle blockage, bead formation, and severe agglom-
eration of TiO2 nanoparticles [8, 15, 17].

Many attempts reported manufactured TiO2 nanos-
tructures using electrospinning, mostly for photovoltaic
applications [26–29, 32–34]. However, the application of
these fibres for environmental catalysis are scarse. Several
atempts have been carried out in testing such fibres for their
catalytic properties in water-based solutions, by dispersing
the fibres in water in the free-standing form [7, 26, 35–37],
and thus causing troublesome separation and reuse of TiO2

in suspension after treatment in water environment. Such
approach is not feasible in engineering applications.

This paper presents the attempts of the formation of TiO2

fibres from TIPP with the major advantage of uniform
distribution of TiO2 crystals in the fibrous structure. The
TiO2-nanofibre layer was immobilized on the glass sub-
strate forming an efficient photocatalyst, who’s activity has
been evaluated based on the decomposition of two model
compounds under UV-light irradiation, namely oxalic acid
(open-chain low molecular mass compound) and methylene
blue (complex heterocyclic compound). The characteristics
of synthesized nanofibres were compared against commer-
cially available TiO2 nano-powder. These catalyst layers
have been tested in an aqueous environment and proved to
be very competitive with respect to structural properties as
well as efficiency for the application in photocatalytic
degradation of waterborne pollutants.

2 Experimental

2.1 Materials

Polyacrylonitrile (PAN, with Mw≈150,000, Sigma Aldrich,
UK) in N,N dimethylformamide (DMF, 99.8%, POCH S.
A., Poland) were used as polymeric matrix for TTIP (97%,
Sigma Aldrich). Glacial acetic acid (HAc, 100%, POCH S.
A.) was used for the control of the hydrolysis of TTIP.
Commercial titanium dioxide powder (99.5 %, Aeroxide
P25, Evonik GmbH, Germany) was utilized as a compara-
tive catalyst material.

2.2 Fabrication of titania fibres and photocatalytic layer

Significant efforts were paid in adjusting electrospinning
conditions which allowed forming PAN fibres containing
organic TiO2 precursor, including adjustments of polymer
concentration and composition as well as needle diameter,
voltage, tip-to-collector distance, and environmental con-
ditions which were crucial for the electrospinning process.
The 10.4 wt% PAN solution in DMF was prepared under
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the continuous stirring. The TTIP solution was prepared in a
separate vial. After PAN dissolved completely, TTIP solu-
tion has been dripped slowly into the polymer solution with
continuous stirring. Subsequently, the incorporated solution
was stirred further for at least 15 min. before electrospin-
ning. The final sol-gel solution was then transferred into
custom made electrospinning setup [38]. The distance
between the tip of needle and collector was fixed at 22 cm.
The syringe needle was electrified using 24–27 kV voltage
and polymer solution was ejected via a syringe pump
(LSP01-1A, Baoding Longer Precision Pump Co., Ltd.,
PRC) at a feeding rate of 0.6–0.7 ml/h. The production was
collected on a vertically positioned cylindrical collector
coated with stainless steel (grade 316 L) plate and rotating
at a linear speed of 0.025 m/s. The electrospinning was
carried out in a closed chamber at ambient conditions
(22–26 °C and 40–45% relative humidity).

The as-spun composite fibres were calcined in muffle
furnace (SNOL 8,2/1100, Lithuania) at 600–750 °C (at rate
5 °C per minute, for 2 h) in air with the aim to remove
organics and to obtain crystalline structure of TiO2 fibres.
The catalytic layers were then prepared by the method of
solution evaporation. The solution of fibres in a solvent
(methanol, 99.8%, Chempur, Poland) was prepared
achieving concentration of 0.4 mg/mL. The fibres were
thoroughly dispersed using an ultrasonic bath (EMMI
30HC, Emag GmbH, Germany). A glass substrate was
placed in the solution and the entire assembly was warmed
up to 70 °C in order to evaporate the solvent. The Aeroxide
TiO2 powder were also mounted on the glass surface by
electrospray technique. The substrate was then calcined at
400 °C aiming to achieve better adhesion of fibres to a glass
surface. The final catalyst layer used in subsequent experi-
ments had a surface of 18.75 cm2 and surface density of
0.09–0.17 mg/cm2. The average diameter of fibres was
measured from 70–100 points in SEM images using ImageJ
software (NIH, USA).

2.3 Photo-catalytic activity

The photocatalytic activity of TiO2 nanofibres were inves-
tigated by using Methylene Blue (IUPAC 3,7-bis(dime-
thylamino)-phenothiazin-5-ium chloride, CAS No. 61-73-4,
Sigma Aldrich) and oxalic acid (IUPAC ethanedioic acid,
CAS No. 144-62-7, Sigma Aldrich) as model pollutants.

18W Hg lamp with peak intensity at 254 nm was applied
as the UV-C source (Koninklijke Philips N.V., Nether-
lands). The photometric data of the lamp is provided in
supplementary material (Fig. S1). The pollutant decom-
position was tested with UV-C light alone and UV-C
together with the catalyst (Table 1). Another test of catalyst
without UV-C radiation was used to determine sorption
capacity of a catalyst. 230 mL of Methylene Blue solutionT
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with the concentration of 5 ppm, and 250 mL of oxalic acid
with concentration of 100 ppm were subjected to the
decomposition. The experiment was conducted at a room
temperature with continuous stirring. The samples were
taken at regular intervals of time for all sets of experiments.
The prepared catalyst was kept in the dark for the certain
period of time to reach the saturation of pollutants absor-
bance on the surface of catalyst. A schematic representation
of the employed experimental setup of the photocatalytic
reactor is provided in supplementary material (Fig. S2).

The photo-degradation efficacy and kinetics of Methy-
lene Blue were observed by measuring light absorbance at
665 nm with a UV-visible spectrophotometer (Spectronic
GENESYS8, Genesys JSC, USA) while the degradation
efficacy and kinetics of oxalic acid were assessed by the
total organic carbon analyzer (TOC-L-CSN, Shimadzu,
Japan). The data analysis was performed using software
OriginPro®9 (OriginLab Corporation, USA).

2.4 Characterization and instrumentation

X-ray diffraction (XRD) spectra of nanofibres were recor-
ded by an XRD (D8 ADVANCE, BRUKER-AXS,
Germany, using Cu Kα radiation). Anatase and rutile mass
fractions were calculated from the intensities of XRD dif-
fraction peaks using Spurr equation [39, 40] and the crys-
tallite sizes were determined applying the Scherrer equation
to the width of individual peaks using the software for XRD
measurement (DIFFRAC.EVA, BRUKER-AXS, Ger-
many). Material morphologies, nanofibre diameters and
element composition were observed by scanning electron
microscopy (Carl Zeiss EVO MA10, Germany) with EDS
spectrometer (Bruker Quantax 200, Germany) and by
transmission electron microscopy (TEM, FEI Tecnai T20
G2, USA). An ellipsometer (MarSurf WS1, Mahr GmbH,
Germany) was used to measure the roughness and waviness
of produced catalytic layers. Brunauer–Emmett–Teller
(BET) surface area and pore sizes were characterized by a
Micromeritics TriStar II 3020 (USA) nitrogen
adsorption–desorption isotherm.

3 Results and discussion

3.1 Structural characterization of the catalyst

3.1.1 Crystallinity

The crystalline phases of the synthesized nanofibres of TiO2

were researched with the aim to achieve the crystalline
composition with the highest catalytic activity. TiO2 is an
n-type wide bandgap semiconductor and occurs in three
natural crystalline phases, namely anatase, rutile, and

brookite. Rutile is the most stable form, whereas anatase
and brookite phases are metastable and can be transformed
to rutile phase when heated under elevated temperatures.
Most applications in photocatalysis have been carried out
with either anatase or rutile.

The formation of the phases of TiO2 depends sig-
nificantly on the conditions of synthesis, but usually bulk
anatase is considered to transform irreversibly to rutile in air
at 600 °C [39, 41]. In the synthesized nanofibres, the ana-
tase crystal form was formed at a temperature higher than
600 °C, while the phase transformation occurred at tem-
perature higher than 700 °C when both crystal forms of
TiO2 have been activated (Fig. 1). These temperature ranges
agree with other reports where the initiation of the trans-
formation of anatase to rutile was determined at an interval
of 500–900 °C, which is higher than of a bulk material
[28, 42, 43]. The remains of elemental carbon formed
during the calcination of PAN may have influenced a
relatively higher temperature range for the transformation in
TiO2 fibres. During the calcination process, anatase crystals
were developed simultaneously with the formation of ele-
mental carbon structures. A high specific surface area of
carbon brought a decrease in the surface energy of the
nanoparticles which lead to a higher stability of anatase
crystals in high temperatures and hence, higher anatase
crystal content. Similar observation was reported by
Mehrpouya et al. 2012.

At the calcination temperature of 750 °C, the allocation
of anatase and rutile mass fractions within crystalline phase
was calculated at 28 and 72%, respectively. This is com-
parable to the commercial TiO2 nanopowder (23 and 77%,
Fig. 1). The above allocations obtained from XRD analysis
only refer to the distributions between fractions in crystal-
line phase. The amorphous phase was also present in both
synthesized samples and commercial TiO2 powders (up to

Fig. 1 XRD spectra of commercial TiO2 nanopowder (Aeroxide P25)
and calcined fibres at 600 °C and 750 °C
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10%, as stated by the producer), but was not assessed
quantitatively.

The size of the anatase TiO2 crystallite in the calcined
fibres lied in the range of 12.9–18.7 nm as determined by
the XRD analysis (Table 1). TEM images also indicate
similar sizes of crystallites (Fig. 2f). This is higher than
observed size of 7.3–11.3 nm by Mehrpouya et al. [16] who
also used PAN as polymeric matrix. Nevertheless the

crystallite sizes measured in this experiment are similar to
those obtain by other researches who used different poly-
meric matrixes, namely polyvinylpyrrolidone and poly-
vinylacetate [25, 28, 43]. The size of crystallites is an
important factor affecting the photo-activity, since the life-
time of photo-excited electron-hole pairs is prolonged due
to a longer migration distance in a large crystal than in a
small crystal [44].

a b 

c d 

e f 

Fig. 2 SEM images of TiO2

nanofibres: a before calcination,
b, c after calcination, d after
deposition, e, f TEM images of
TiO2 nanofibres after calcination
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3.1.2 Morphology and elemental composition

The morphology of fibres was essentially achieved during
calcination process. Before calcination fibres were smooth
(Fig. 2a) as a result of polymer matrix hosting the TiO2

precursor. After the calcination, the surface became
rougher, which is a result of the removed polymer during
calcination and titania being the predominant matrix of the
fibre (Fig. 2c). The roughness can be related with the for-
mation of crystallites which can be clearly identified from
TEM images (Figs. 2e, f). The removal of the polymer and
activation of titania in elevated temperatures resulted in the
almost four-fold reduction of fibre diameter (Fig. 2a–c,
Table 1). Fibres containing only anatase phase titania were
of larger diameter compared to fibres containing both pha-
ses (327 ± 56 vs. 257± 39 nm, Table 1), and this difference
was statistically significant (Student’s t test, p< 0,05).

The mass of Ti in fibres comprised 19.4 and 40.54%
before and after calcination process, respectively, indicating
that calcined fibres were prevailingly composited of TiO2.
The EDS elemental composition map revealed an even
distribution of TiO2 over the length of a fibre. This is a
major achievement over the earlier presented data using
TiO2 nanoparticles as precursors (as opposed to TIPP),
which reported agglomeration or non-uniform distribution
due to electrostatic repulsions formed by the positive
charges of both TiO2 particles and fibres in the final product
[11], [45]. Moreover, rising suppression and diffusion of
organic molecules has been indicated as a major drawback
of this approach [15]. Therefore, the formation of titania
fibres using TIPP as a precursor is advantageous for the
formation of uniform distribution of TiO2 crystals.

The final layer of the catalyst was obtained via the
deposition from a solvent. Here fibres shortened down to
30 µm in length and uniformly distributed on a glass sub-
strate forming a compact but fenestrate layer (Figs. 2d, 3b).

The nanofibrous catalyst layer form a rough and porous
surface, characterized by a high average surface roughness
(Ra) value of 1.31± 0.15 µm. On the contrary, the layer of
Aeroxide P25 powder demonstrates relatively smooth sur-
face (Fig. 3a) with few irregularities (Ra= 0.27± 0.14 µm).
These differences are statistically significant (p≪ 0.05
based on the Student’s t test). High surface roughness is a
result of the porous matrix formed by the fibres, potentially
providing higher and more accessible macro pore surface
area, which was later confirmed by the higher sorption
capacity compared to Aeroxide P25 particle layer.

The BET specific surface are and the porous structure
was determined only within the nanofibres, as the char-
acteristics of Aeroxide P25 powders were reported earlier
[18, 46]. Despite its larger diameter, nanofibres of pure
anatase had larger specific surface area (58.23 m2/g) than
nanofibres of anatase and rutile mixture (36.28 m2/g) as well
as Aeroxide P25 nanopowders (~35–50 m2/g). N2 isotherm
of nanofibres had a shape of type IV isotherm (Fig. 4),
exhibiting a hysteresis loop over higher range of relative
pressure (p/p0), which is common for mesoporous materials.
The hysteresis loop was associated with capillary con-
densation and indicated slit-shaped pores. Both composi-
tions nanofibres had mesopores that lied in the range of
10–20 nm, although pure anatase nanofibres had narrower
pore size distribution and larger pore volume (Fig. 4). Pore
sizes and shapes have been related to the temperature range
of the calcination [25, 27].

The calculated surface density of the layer for Aeroxide
P25 powders, pure anatase nanofibres, and fibres containing
a mixture of rutile and anatase were 0.123, 0.09, and 0.165
mg/cm2, respectively. The catalyst layers were manu-
factured with the aim to minimize the amount of substance
to form a uniform thin layer without empty or thin spots on
a glass substrate. Such approach resulted in substantially

Fig. 3 Surface roughness of surface deposited Aeroxide P25 powder (left) and TiO2 nanofibres (right)
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different surface densities, which nanofibrous layer being
more efficient with respect to material consumption.

3.2 Photocatalytic activity of the catalyst

3.2.1 Sorption capacity

The sorptive capacity of the catalytic surface has been
indicated to play an important role in photocatalytic reac-
tions, since adsorption of contaminants on the surface of a
catalyst has been shown as a major parameter influencing
the photocatalytic decomposition of chemical species [47].

Surface-deposited nanofibres demonstrated a higher
ability to sorb organic compounds from water solution, as
compared to the Aeroxide P25 powder (0.002 mg/mg for
MB, 0.125 mg/mg for OA, Table 1). This is attributed to a
higher surface porosity and roughness of fibrous layer,
providing higher volume of macro pores between fibres.
Some increase in sorption capacity may be associated with
remaining elemental carbon after the calcination of PAN.
This polymer has been shown to form carbon nanotube
structures during the calcination of nanofibres in tempera-
tures above 1000 °C [48, 49], however we do not expect
formation of these structures in applied temperature ranges
and did not investigate further effects of the potentially
remaining carbon to catalytic performance of the layer.

Purely anatase fibres exhibited higher sorption capacity
than fibres containing a mixture of rutile and anatase (0.034
and 1.233 mg/mg anatase phase fibres vs. 0.011 and 0.467
mg/mg nanofibres containing mixture of both phases, for
MB and OA, respectively). The adsorptive affinity of ana-
tase is known to be higher for organic compounds [14, 50].
However, the catalytic activity of Aeroxide P25 powder
appeared higher than that of nanofibres (as presented in next

section), even at a lower sorption capacity. This indicates
that other factors (such as combination of an optimal
crystallite size and phase distribution) are more important in
determining final photocatalytic activity of a layer. More-
over, the process of photocatalysis relies on the photo
activation of the catalysts by photon radiation, which is only
available at the very surface of the layer. Thus a high por-
osity and a sorptive capacity may not be as beneficial as in
other types of catalysis.

3.2.2 Catalytic performance

The catalytic performance was assessed as the function of
concentration decrease during time, which has followed two
mechanisms. The measurements of light absorbance of the
reaction solution during experiment period shows only the
destruction of primary compound. Thus of the decomposi-
tion of MB followed an exponential decay function (1):

Ci ¼ C0e
�kt ð1Þ

where C0—initial MB concentration (mg/L), Ci—con-
centration at the time measured (mg/L), k—decay constant
(min−1), t—time (min). Results of these measurements are
shown in Fig. 5.

The TOC measurements used as an indicator of the OA
decomposition take into account formation of decomposi-
tion byproducts, thus introducing delay in the beginning of
the decomposition process [50]. Therefore the decomposi-
tion of OA was approximated by sigmoidal decay curve (2):

Ci ¼ C0

1þ e�
ðt�t0Þ

k

ð2Þ

The obtained decay curves are displayed in Fig. 5 and
served for the calculation of below presented degradation
periods.

The UV-C radiation without a catalyst was capable in
decomposing only one third of tested (28% for MB and
35% for OA) substances during 180 min period due to
direct photolysis.

The catalytic layer formed from Aeroxide P25 fibres
appeared to be the most efficient in the comparative
assessment (Fig. 5). The decomposition of MB of 50% has
been achieved during 80 min period with the initial con-
centration decay rate of 0.009 min−1, while the same
amount of oxalic acid was complete during the period of a
bit more than 30 min. (with the initial concentration decay
rate of 0.02 min−1). Such high photocatalytic performance
of the Aeroxide P25 has been well documented and has
been established as a benchmark for TiO2 based catalysts
[15, 26, 51, 52]. The synthesized nanofibrous layer of TiO2

has proved as a very efficient photocatalyst, although
slightly less efficient then the Aeroxide P25 layer. The
decomposition of MB and OA of 50% with anatase phase

Fig. 4 N2 adsorption-desorption isotherms and pore size distribution
of TiO2 nanofibres consisting of mixture of rutile and anatase phases
(NF-mixture) and purely anatase (NF-anatase)
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nanofibres has been achieved during 90 and 70 min period,
respectively (with the initial concentration decay rate of
0.008 min−1 for MB and 0.004 min−1 for OA). Meanwhile
nanofibres of mixture of rutile and anatase phases have
shown photocatalytic activity almost two and a half time
poorer than commercial powders.

Although a mixed form of rutile and anatase has been
shown to result in an enhanced photocatalytic ability, such
as in case of Aeroxide P25 powder, the presence of both
crystal phases in nanofibres did not follow this trend in the
tested setup. Such observation may be related with the size
of crystallites and not only with the phase distribution. The
lifetime of photoexcited electron-hole pairs is prolonged in
larger crystallites because they migrate a longer distance
indicating that the such particles have faster electron
transfer rate from the surface to the absorbed intermediates
[44, 53]. The migration of excited electrons may be also
obstructed by the impurities in crystallites, namely the
remains of carbon after the calcination.

The above presented results on the application of nano-
fibrous TiO2 for the photocatalytic decomposition of aqu-
eous organic substances may not be directly applied to other
environmental media, such as gas phase systems, because
mechanisms of photon absorption and reaction kinetics of
chemical species differ at the solid−liquid and solid−gas
interfaces [11, 47]. Furthermore, the activity of a photo-
catalyst is highly dependent on the light intensity as the
light energy (light wavelength) per unit area (photon flux)
on the surface of the catalyst and is limited by the liquid
layer. Even considering the above limitations, we have been
able to synthesize a surface deposited layer of a catalyst
with promising qualities, including high available surface
area, porosity, and sorptive capacity. Such catalyst has a

high potential to be further applied in systems of environ-
mental catalysis.

Even though TiO2 is the most widely used and studied
semiconductor, researchers tackle issues for its further
applications, such as the low photo-quantum efficiency that
arises from the fast recombination of photogenerated elec-
trons and holes and photoresponse into visible light regions
[54]. For this purpose, the various TiO2 surface modifica-
tion strategies have received a great interest, such as doping
with transitional metals or nonmetals, coupling with another
semiconductor, surface sensitization [55–58]. This area is
within the interest of the authors and further research is
addressed to this direction.

4 Conclusions

A pathway for synthesizing a surface deposited layer of
nanofibrous TiO2 has been presented, considering the
morphology, crystalline phase, and catalytic performance in
aqueous solutions vs. an industrial benchmark catalyst
(Aeroxide P25).

The synthesis of nanofibres from the precursor TIPP in
the PAN matrix has proved as an efficient method for the
development of fibrous TiO2 leading to an equally dispersed
TiO2 crystals in the nanofibres. In this respect, it is superior
to the direct mixing of TiO2 nanoparticles in the initial
electrospinning solution, which may lead to non-uniform
distribution and/or aggregation of TiO2 particles.

The formation of anatase TiO2 crystallite during the
calcination (removal of polymer and activation) occurred in
a higher temperature range as compared with the transfor-
mation of anatase to rutile outside a polymer matrix. The

Fig. 5 Decomposition kinetics of methylene blue (left) and oxalic acid
(right) presented as a ratio of final concertation for the compound (C)
vs. the initial concentration (C0) using UV-activated surface deposited
commercial TiO2 nanopowder (Aeroxide P25), TiO2 nanofibres

consisting of mixture of rutile and anatase phases (NF-mixture) and
purely anatase (NF-anatase), as well as UV radiation without a cata-
lyst. Error bars represent standard deviation of three multiples
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optimum calcination temperatures have been selected
allowing to adjust the phases and crystallite sizes of TiO2.

The obtained nanofibrous layer of TiO2 catalyst featured
a relatively high sorptive capacity (higher than Aeroxide
P25) as a result of high specific surface area and a presence
of mesopores.

The highest catalytic activity of nanofibrous TiO2 has
been achieved with purely anatase phase. This is contrary to
the commercial TiO2 nanoparticles, where the mixture of
anatase and rutile displays enhanced photocatalytic ability.
Such increased catalytic activity may have resulted from a
relatively large crystallite size of a TiO2 in a fibre of ana-
tase. On the other hand, there is a room for further opti-
mization of phase distribution and crystallite size for the
further enhancement.

The characteristics of generated surface deposited cata-
lytic layer, such as porosity and sorptive capacity, and a
competitive catalytic performance suggests a high potential
for application in systems of environmental catalysis.
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