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v. Novel Inorganic Materials & Nanomaterials - LECTURE
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. . Over the past years great attention has been devoted to studies on photocatalytic
activity of TiO2, since it has unique performance for photoactivated degradation of
various contaminants from water suspensions. It has been shown that the crystallinity
and particle size represent key factors for influencing the photoactivity of anatase. The
application of mechanochemical technique for tiOz synthesis has been reported
relatively seldom in contrast to sol gel-technique, which has been frequently used. In this
contribution the study of photocatalytic activity of anatase tio, prepared via
mechanochemical synthesis from TiOSOl.xH2O and NazCOr pr€cursors is ieported. The
influence of TiOz. contamination by Fe3* and Cr3* ions, which originate from milling
vessel, was investigated by EPR. The presence of these ions remarfably decreases the
photocatalytic activity. Samples with iignificantly higher photoactivity were obtained
aAer milling in corundum apparatus. The resuli, oi t unrition eleciron microscopy
(TEM) and selected area diffraction (SAED) show that the crystalliniry and size of the
obtained nanocrystals crucially depend on the annealing temperature, which is applied
after milling. Since an effective degradation of organic sibstunces requires the formation
of reactive radical species on the surface, which are suitable for oxidation of the
contaminants, the radical-producing ability of synthes ized TiO2 nanopowders was
evaluated. The ficrmation of photoinduced free radicals in aerated TiO2 suspensions was
foflowcd by in .ritu EPR spectroscopy, using as indicators the spin trapping agents, 5,5-
dirrethyl-l-pynoline-N-oxide (DMiO), as well as semi-srable cation-raJical of 2,2.-
azinobis (3-ethylbenzothiazoline-6-sulfonic acid), diammonium salt {ABTS). Spin
trapping technique (DMPO) was applied to monitor the generation of hi.droxyl radical
adduct upon irradiation of TiO2 suspensions, and the changes in the initial rate of adduct
formation (Ri") were used for tt 

" 
comparison of tilania photocatalytic activitl,.

Analogous results u'ere found during the photocatalytic elimination of ABTS'-. The
photoactivity increases with growing of sphlrical anaLse nanocrystals, nhich proceecls
in the process of annealing. It run be assumed that the high photocaralytic^activitl,,
which rvas observed in sample obtained upon annealing at 700 "C can bc explained by
strong il0l) faceting and appropriate size (-30 nm)bf anatase nanocrysrallites. The
study of UV spectra showed that the annealing temperature influenced significantly the
optical properties of synthesized TiOz sumpi"s. For suspensions prepaied using the
samples annealed in the temperature range 200 - 600 "C similar extinctibn values at 365
nm were measured, but experiments with the sample annealed at 700 "C revealed an
increase in absorption and scattering coefficients, respectively.
Acknowledgement: The authors thank to Dr. P. Billik for the synthesis of the samples.
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Switzerland
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Ceramic foams with open porosity are providing interesting varieties of
properties, including high porosity, low density, high permeability, high temperature
stability, low thermal conductivity and low heat capacity. For this reason they are
used in diverse fields of applications, like catalyst support, metal melt frltration,
porous burner technologies, diesel soot traps and others. Hence, Al2O3 foams have
been investigated as substrate material for TiO2 thick film coatings launched for
applications like photocatalytical water purification.
For this purpose, ceramic foams with pore sizes of 8, 10, 20 and 25 ppi were
assembled by the well known "Schwartzwalder" replica method. After a pre-
sintering step, the porous foams were coated with a TiO2 aqueous slurries (P25
Degussa) by a vacuum infiltration technique and subsequently annealed below
600'C to avoid the complete phase transformation from anatase to rutile. Crack-free
films with a thickness of 5 - 15 pm could be build up by adjusting the coating slurry
in sense of TiOz loading and adjusting the viscosity. The photocatalytic activity was
investigated by determining the total organic carbon content (TOC) due to the
degradation of an aqueous phenol solution. It could be shown clearly, that coating of
TiO2 powder on AlzOi foams increases its catalytic activity significantly by
adjusting the pore size of the foams and the TiOz load on the foam surface. This is
expressed as the amount of photodecomposed phenol per mg of the TiO2 catalyst.
TiO2 coated Al2O3 foam with a pore size distribution of 15 ppi could be shown to
achieve the highest photocatalytic activity.
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photocatalytic degradation of organic pollutants is presentlybecoming one of

the most promisLg tecf,nologies of environmental chemistry. TiO2 has an unique

performance for pliotoactivated degradation of various contaminants in water or air'

it 
"un 

be used either in form of witer suspensions or as films deposited on various

carriers. Although numerous reports ituue been made on preparation and

photocatalytic aciivity studies of TiOz films on flat substrates, e'g' glass, research on

TiOz fitms on otherirpporrt has been largely lacking' Ceramic foams with open

porority exhibit high porosities (85-90%) with spherical-like cells connected to each

other through op"tiittlt and windows. This makes them to highly suitable substrates

for various catalytical applications.
tn this contributi'on TiO2 thick films were deposited on ceramic Al2O3 foam

substrates with pore sizes of 10 and 15 ppi wpi : pores per inch), which were

fabricated by "schwartm,,alder" replica method and sintered at only 1400oC to

enhance the Tioz deposition. Tio, was synthesized by sol-gel method and by

coprecipitation. The 
^phase 

composition of the obtained titania powders was

charactirized by XRD and their ipecific surfaces were determined by BET' The

porous foams were coated with TiO2 aqueous slurries by wash coating.technique and

subsequently annealed below 600oC. The microstnrcture of the deposited TiOz thick

hlms was studied by SEM. The obtained results show that the above deposition

conditions led to 
"*"k-fr"" 

coatings with a thickness of about 10 pm, where anatase

clearly prevails over rutile. For comparison thick films containing of TiOz

pnotolne*ical standard DegussaP25 *"t. pt"pared under the same conditions' The

photocatalytic activity of the obtainect samples was characterized using the

derermination of totai organic carbon (TOC) in the reaction of photochemical

decomposition of phenol in aqueous Tioz solution. The relations between the

technique of the Tib2 synthesis and the photocatalytic activity of the obtained films

are discussed.

Acknowledgements
This work was supported by the Slovak Research and Development Agency (project

APVT-20-0011804).

266



vII. Deposited Films and surface chemistrv - posrER
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Recently increasing number of sensors with improved efficiency and
performance are used in various processes. The field of gas sensors benefited from
intensive progress in nanostructructured materials. In this field much attention has
been devoted to metal-oxide compounds. TiOz thin films deposited on various
substrates have highly promising applications as oxygen and combustible gas
sensors, lambda sensors in automotive industry and photocatalytic active sensors for
determination of chemical oxygen demand in water research.

In this contribution the synthesis of TiO2 films with a thickness of about 100
nm is reported. They were prepared by sol-gel method using dip-coating technique
with titanium(IV)-isopropoxide as precursor. Sapphire was employed as substrate.
The effect of the predeposition surface treatment of the substrate by high-pressure
atmospheric plasma, which influenced the structure of the nanocrystalline films, was
studied. Surface quality and roughness of the obtained films were inspected by
Atomic Force Microscope (AFM) and their phase composition and crystallinity were
investigated by XRD. The electrical response of the prepared nanocrystalline films
to different concentrations of H2 in dry synthetic air was studied and the results are
discussed.
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EFFECTS OF LANTHANUM DOPING AND LONG.TIME
AGING ON GRAIN AND INTBRGRAIN PROPERTIES OF

B ULK (Th.6Pb0.sXBao. r S r s.e) 2C a2C u3O; SAMPLES
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The Tl-1223 phase shows high critical temperature and exhibits good critical
currents in outer magnetic fields. The formation of pinning centra in high-f.
superconductors shifts the irreversibility line to higher values. It has been reported
that the admixture of Tl-1212 in the Tl-1223 superconductor increases the pinning.
The addition of rare earth oxides toTl-1223 favors the formation of an admixture of
Tl-1212 phase. Therefore in this contribution the effect of lanthanum doping on
inter- and intragrain properties in (T10.6Pb05)(Srs.3Bao.2)2Ca2Cu3Os16-xL&O1.5 system
was investigated. Also the influence of long-time aging was studied
Polycrystalline bulk samples were prepared in a two-step process, where the
Srl.6Baa.aCa2CusOT.aprecursor was synthesized in sol-gel process. In the second step,
proper amounts of PbO, TlzOr, and La2O3 were added in order to obtain systems of
the nominal composition (T16 6Pbo.sxSro sBas.)2Ca2Cu3o616-xlaoo.s (.r : 0.00, 0.04,
0.07. 0.1). The maximal sintering temperature was 925 "C. The samples were
characterized by X-ray diffraction using CuKcr radiation and their microstructure
was investigated by optical polarization microscopy. AC and virgin volume
magnetization characteristics were measured by the compensation method using
second order SQUID gradiometer. Transition properties of the samples were studied
using four-point technique measurement of R vs. Z dependence and contactless
inductive method of the induced voltage (J vs. ?n dependence. In addition also
harnronic components of U vs. Z were measured simultaneously by using the
Brtiel&Kjaer signal analyzer. They were Employed for characterization of intergrain
properties, as well as for interpretation of anomalous position of the central peak of
magnetization hysteresis loops.
According to XRD results the low level La-doping supports the formation of Tl-
I212 phase. The added La prefers the occupation of sites in the Tl-1212 structure.
The formation of Tl-1212 admixture in the main Tl-1223 phase leads to an
improvement of intergrain properties. With increasing La content the Ic values
slightly increase, however, intragrain properties deteriorate moderately. The long-
time aging (- 5 years) in ambient atmosphere results in a decrease of intergrain
properties The anomalous positive position of the zero central peak is reduced and
the position of the second magnetization peak is shifted towards higher
temperatures. The possible explanation of the above facts is discussed.
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