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Abstract:

Pure Ti films deposited by radio-frequency magnetron sputtering on FTO glass were
anodized to fabricate TiO, nanotubes (NTs) arrays. The TiO, NTs/FTO samples were sintered
at 450, 550 and 630°C, in ambient air. The thermal treatment did not influence the crystal
phase composition, preserving in all cases the anatase single phase. As expected, the
crystalline anatase quality improved with the annealing temperature. Nevertheless, slight
differences in nanotubular morphology, such as the appearance of grains inside the walls,
were observed in the case of the sample sintered at 630°C.

Chemical analysis by X-ray Photoelectron Spectroscopy of annealed samples
revealed the presence of Sn inside TiO, NTs, due to diffusion of Sn from the substrate to TiO,.
For the substrate was used FTO glass whose top layer consists of SnO, doped with F.
Rutherford Backscattering Spectrometry and Time-of-Flight Elastic Recoil Detection Analysis
were carried out to study the elemental depth profile of the films. It was found that the
temperature of sintering controls the Sn diffusion inside TiO, film. Sn atoms diffuse towards
the TiO, NTs surface for the samples annealed at 450 and 550°C. The diffusion is however
hindered in the case of the heat treatment at 630°C. Besides, the Ti diffusion into the SnO;
underlayer was observed, together with the formation of TiO,/SnO, interfaces. One then
expected but not a great difference in absorption between samples, since all contained
anatase phase, as confirmed by Diffuse Reflectance Spectroscopy. A higher amount of Sn was
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however detected for the sample annealed at 550°C, which accounts for a slight red
absorption shift. The importance of controlling the annealing parameters of the anodized
TiOL/FTO structures was highlighted through the formation of TiO,-SnO, interfaces and the
Sn insertion from FTO, which can play an essential role in increasing the photoperformances
of TiO, NTs/FTO based structures of photovoltaic cells.
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1. Introduction

The conversion of solar to electrical energy via photovoltaics (PV) is a demonstrated
direction aiming to solve both the world energy crisis and global warming. Production of
energy using PV devices, like solar cells, is much less harmful to the environment than widely
used fossil fuels. Consequently, the design of performant PV devices became an interesting
research challenge and many different types of solar cells were developed, from silicon
crystals [1] to organic [2], quantum dots (QD) [3,4], dye-sensitized (DSSC) [5] and the
inorganic-organic perovskite solar cells [6]. Among them, DSSC, QD and perovskite solar
cells are low cost and simple to fabricate. They include a sensitizer (dye, quantum dot or
perovskite), a photoanode and a hole transport material or electrolyte. As a rule, the
photoanode is a titanium oxide (TiO,) based film deposited on a transparent substrate. TiO, is
an n-type semiconductor that has many different applications: in solar cells [7], gas sensors
[8], lithium batteries [9], for photocatalysis [10], improving mechanical performance of
ceramics [11] and etc. The most used form of TiO, is of nanoparticles, but the drawback of
this morphology is the randomization of the particle network with agglomeration and
interholes. This leads to electron-hole recombination increase and loss of energy efficiency
[12]. On the other hand, nanotubular morphology provides a unidirectional pathway for
electron transport which reduces electron-hole recombination, increases electron diffusion
length and provides a large internal surface area [13]. Different techniques were designed to
synthesize nanotubular objects, such as hydrothermal [14], template [15] and anodization of
titanium (Ti) foil or Ti film [16]. Among these methods, anodization of Ti foil is adequate for
obtaining highly ordered and vertically aligned nanotubes on the substrate. Ti foil is an
opaque material that hinders applications in solar cells due to the back-side illumination. To
overcome this drawback, synthesizing transparent TiO, nanotubes (NTs) by anodization of Ti
film deposited on a transparent substrate can be a solution. As-anodized TiO, NTs are
amorphous, and in order to obtain a crystal structure that has much better electrical
conductivity, the TiO, photoanode should be annealed above 400°C [17]. Due to the high-
temperature annealing, different morphology and crystallinity of the NT film could be
obtained. The high temperature treatment has also an impact on the transparent substrate.
Usually, transparent conductive oxide (TCO) glasses are used. This type of substrate consists
of sodium-lime glass covered with a thin conductive layer on the top. The conductive layer is
commonly a SnO, (tin oxide, TO) that can be doped with fluoride (known as FTO glass) or
with indium (known as ITO glass). Both FTO and ITO are commercially available, but FTO
is more commonly used [18]. Although ITO has better conductivity, it is thermally unstable
and less resistant to chemicals. At temperatures in excess of 350°C [19], the conductivity of
ITO decreases, while FTO glass preserves conductivity stability up to 800°C (if short
annealing times are applied). However, diffusion of Sn from SnO, layer into TiO, layer during
thermal treatment (TT) was detected. Shinde et al. [20], sintered iron-coated FTO at 800°C
just for a short time in order to preserve the optimum conductivity of FTO. They got Sn
diffusion into a-Fe,O3 photoanode which enhanced the photoactivity of the photoanode.
Andrei et al. [21] also investigated the effect of annealing temperature on a DSSC and
observed the SnO, migration into TiO,. Shang et al. [22] noticed an improved photocatalytic
activity of TiO,/SnO, bilayered structure due to the better charge separation. Our previous
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studies [23] showed that Sn diffusion from FTO into TiO, nanotube arrays at 500°C had a
positive impact on the photocatalytic degradation of methyl blue dye. Li at al. [24] also
observed improved perovskite solar conversion efficiency for TiO, modified with SnO,-
Sh,0s, while Chua et al. [25] pointing that TiO, doped with Sn improved photocatalytic
degradation of stearic acid due to reduction electron-hole recombination rate.

Even though these studies suggest the beneficial role of Sn diffusion in the TiO,
active layer, herein we focus on tracking the changes that occur due to the annealing within
the 450-630°C temperature range, with a special focus on the interface between TiO, NTs
film and FTO glass. Complex information about the chemical composition of TiO, films was
provided by X-ray Photoelectron Spectroscopy (XPS). To thoroughly characterize the
TiO/FTO interface, a Rutherford Backscattering Spectrometry (RBS) was used for the
chemical composition analysis of TiO, films, whereas elemental depth profiles of the films
were determined via Time-of-Flight Elastic Recoil Detection Analysis (ToF-ERDA).

2. Materials and Experimental Procedures
2.1 Preparation of samples

Radio-frequency magnetron sputtering (RF-MS) was used to deposit pure Ti film
onto FTO glass substrate (PI-KEM Ltd, 200 nm FTO film, 12-14 Q cm™). Before sputtering,
FTO glasses were ultrasonically cleaned in acetone and ethanol for 10 min each. After drying,
the glass substrates were fixed inside a deposition chamber and a shadow mask was
interposed to obtain coated areas with sizes of 10 x 10 mm® The sputtering was conducted at
room temperature using Cesar RF Power Generator equipped with a Dressler RMC-1
Matching Controller (13.56 MHz). Pure Ti disk (Alfa Aesar GmbH) was used as a magnetron
cathode target. A target-to-substrate separation distance of 40 mm was set. The FTO glass
was first etched in argon plasma for 10 min and then the Ti film was deposited at a working
argon gas pressure of 0.5 Pa for 60 min.

The Ti films on FTO glass were anodized under 60 V in an organic electrolyte. The
electrolyte consisted of 0.3wt.% NH;F and 2 wt.% de-ionized water in ethylene glycol
[26,27]. A platinum foil was used as a cathode and, placed 20 mm from the anode (Ti). The
anodization was stopped when the film became transparent, meaning that all Ti was reacted.
The samples were rinsed with water and dried naturally in the air. Then, the annealing was
carried out in ambient air at three different temperatures: 450, 550 and 630°C, for 30 min,
with heating speed 5 °C/min. The samples were not annealed at 650°C because the substrates
started to deform at that temperature. Samples were labeled as TiO,-450, TiO»-550 and TiO,-
630 according to the temperature of annealing.

2.2 Characterization

The sample morphology was examined by Field Emission Scanning Electron
Microscopy (FESEM), with Tescan MIRA3 XMU equipment, under 20 keV.

The crystal structure of the samples was analyzed by Grazing Incidence X-Ray
Diffraction (GIXRD) using a Rigaku SmartLab 3 kW system with CuK, radiation
(A=1.5418 A), operating at 40 kV and 40 mA at the room temperature. The incidence angle
was set at 0.25° (to maximize the signal originating from the TiO, NTs), and the scattered
intensity was scanned within the 20 range of 20-50° with a step size of 0.04°, and a scan
speed of 0.25 degrees/min (dwell time of 9.6 s).

The X-ray Photoelectron Spectroscopy (XPS) analyses were performed using
1253.6 eV Mg K, X-ray source to investigate the overall chemical composition of the
samples. The XPS spectra were analyzed via fitting the Shirley-type function (i.e., non-linear
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background) and a sum of Voigt functions, using KolXPD software. The charging of spectra
was corrected according to the binding energy of the adventitious carbon (284.8 eV).

Rutherford Backscattering Spectrometry is a widely used non-destructive technique,
suitable for the analysis of heavier elements in a matrix of light elements, within a depth of
several um. Moreover, RBS can provide results with a nm-depth resolution and thereby, was
employed to obtain the depth profiles of Ti and Sn. The measurements were carried out using
a4 MeV "Li* beam and the scattered ions were detected by a Silicon Surface Barrier detector
placed at 165° with respect to the beam axis. The analysis of the acquired spectra was
performed using SIMNRA code [28].

The elemental depth profile of the films was determined using Time-of-Flight Elastic
Recoil Detection Analysis. The measurements were performed using a 23 MeV *#I°* beam,
under 20° incidence angle against the sample surface, and ToF-ERDA spectrometer
positioned at 37.5° with respect to the beam direction. More details about the ToF-ERDA
spectrometer (and analytical method) are available in the Refs. [22,23]. Data analysis has
been carried out using the simulation code Potku [31].

Diffuse Reflectance Spectroscopy (DRS) data were recorded using a Shimadzu UV-
2600 spectrophotometer.

3. Results and Discussion

The surface morphology of the sputtered Ti film on the FTO glass (before
anodization) is visible from Fig. 1a.

Fig. 1. Top-view FESEM micrographs of the sputtered Ti film on FTO glass (a), and TiO,
nanotubes annealed in air at 450°C (b), 550°C (c) and 630°C (d). The cross-sectional FESEM
images of the TiO,-450, TiO,-550 and TiO,-630 samples are given in the corresponding
insets.
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The as-sputtered Ti film was dense and consisted of small tightly-packed grains with
sizes ~200 nm. After anodization, the morphology of samples (Fig. 1b-d) became porous.
Self-ordered ~250 nm long nanotubes were forming, with an average inner diameter of
~40 nm. The samples annealed at 450 and 550°C had a similar morphology, suggesting that
up to 550°C no morphological changes are actually induced. However, at higher annealing
temperature of 630°C, the nanotubular structure started to crumble. Porosity is still present,
but the NT wall is now thinner and formation of grains on walls was observed (Fig. 1d).
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Fig. 2. GIXRD patterns of the FTO-glass substrate, bare and coated with TiO, nanotubes
arrays (as-prepared or thermal-treated (TT) at 450, 550 and 630 °C in air for 30 min). The
ICDD-PDF4+ 2018 reference file of TiO,-anatase (no. 00-021-1272) is visible in the bottom
graph for comparison. Inset: Evolution of the average crystallite size, estimated for the 101
anatase reflection, with the annealing temperature.

The GIXRD investigations, shown comparatively in Fig. 2, indicated the incremental
increase of the crystalline gquality of TiO, nanotubes array with the annealing temperature. In
the case of the as-prepared TiO, sample, the definite diffraction maxima appertain to the
substrate (a SnO,-like phase, e.g., ICDD: 00-041-1445). The absence of other peaks and the
presence of a slender hump, extending from 23 to 26° in 20 range, suggest an amorphous
status (within the sensitivity limit of the XRD machine) of the as-prepared TiO, samples. The
101 and 200 reflections of an anatase-like TiO, phase (ICDD: 00-021-1272) were observed
after the TT at 450°C. The increase of the annealing temperature induced an augmentation of
the anatase peaks intensity, accompanied by the decrease of the full width at half maximum
(FWHM), indicative of a continuous improvement of the crystalline status. The 103 anatase
diffraction maxima could only be hinted by the slender shoulder peaking to the left-hand side
of the dominant FTO substrate peak, which becomes more definite with the increase of the TT
temperature. The other anatase maxima (i.e., 004, 112) are overlaid by the higher intensity
reflections from the substrate, and thereby, are difficult to discriminate.

The crystalline coherence length (“crystallite size™) was calculated from the FWHM
of the 101 diffraction line of anatase, using the Scherrer equation [32]. The line width was
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corrected for instrumental broadening using a corundum standard reference (NIST-SRM
1976a). As expected, the crystallite size (Djo;) gradually increased with the post-synthesis
heat-treatment temperature from ~19 nm (at 450°C) to ~39 nm (at 630°C) (see Fig. 2-inset).

TiO, NTs on Ti substrate were sintered from 450 to 700°C [33]. One observed that
the rutile phase appears at 450°C, to become dominant at 600°C. The rutile phase was not
observed for the TiO, NTs onto FTO glass at 630 °C, probably due to different substrates
underneath nanotubes. Feng et al. [34] noticed that the rutile phase appears at a lower
temperature if TiO, NT is on Ti plate. On the other hand, they found out that the freestanding
TiO, NT membrane (without substrate) retains an anatase phase when increasing the
temperature to 800°C. Anatase to rutile transformation is faster in case of TiO, NTs onto
titanium plate because the rutile phase nucleation and growth occur at the interfaces between
nanotubes and titanium substrate. For the freestanding membrane, there is however not
enough space for rotation and transformation of anatase crystals to rutile. Ti substrate
accordingly speeds up the anatase to rutile transformation, not observed in the case of FTO
substrate [35]. The presence of rutile phase in TiO, NTs onto FTO glass was therefore not
observable.
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Fig. 3. XPS spectra of Ti 2p (a), O1s (b) and Sn 3d (c) of TiO, NT arrays annealed in air at
450, 550 and 630°C (black line - data, red line - fit, blue line - background, dark cyan - peak
1, magenta - peak 2, dark yellow - peak 3).

The XPS measurements were recorded for the sintered TiO, films to investigate
chemical composition and the oxidation state of elements. Wide scans revealed the presence
of C, Ti, O and Sn elements in the NT arrays (data not shown here). All annealed samples
exhibit two main Ti 2p peaks located at 458.7 eV (Ti 2ps;) and 464.4 eV (Ti 2py;), and the
difference between these two components is 5.7 eV, which corresponds to the anatase phase
[36]. It is indicative for the presence of Ti** chemical state in TiO, lattice [36]. No shifts were
observed, regardless of the annealing temperature (Fig. 3a). Zatsepin et al. [37] also noticed



J. Vujancevié et al.,/Science of Sintering, 54(2022)235-248 241

no Ti 2p shift after Sn implantation into TiO, thin film. As visible from Fig. 3b, the O 1s
peaks feature three main components: (i) 529.9 eV corresponding to lattice oxygen bonded to
Ti; (ii) 531.0 eV, which could be ascribed to hydroxide or oxygen in organic compounds; and
(iii) 532.1 eV is probably surface H,O group [29,31]. As it can be seen from Fig. 3c, all
annealed samples exhibit Sn, seemingly in lower contents in the case of TiO,-630. When
comparing the position of Sn in FTO, with that in TiO, films (Table I), it is evident that the
binding energy of Sn decreases with the increase of the annealing temperature. This could be
due to changes in electron density, suggesting leaching and diffusion of Sn from underlying
FTO layer into TiO, NTs thin film. A similar trend was observed for nanotubular hematite
photodiodes, which were sintered at 800°C. It was found that a high annealing temperature
induced the diffusion of Sn from FTO into hematite. With increasing sintering treatment time,
the Sn 3ds, and Sn 3ds), peaks shifted to lower binding energies. Because the electronegativity
of Sn (1.96) is superior to that of Fe (1.83), the Sn 3d peaks shifted to lower binding energies
when Sn was incorporated into the FeO matrix [18]. XPS analysis revealed the presence of Sn
in TiO, nanotube arrays, at the concentration level of 0.6 to 3.9 at.%, where the highest
amount (3.9 at.%) is for the 550°C heat-treated sample. The Sn was found to drastically
decrease when a 630°C annealing was applied.

Tab. I Peaks positions in the case of the Ti 2p, O 1s and Sn 3d core electron levels for the
bare FTO glass and TiO, NT arrays annealed in air at 450, 550 and 630°C.

Sample TI 2p1/2; TI 2p3/2, Sn 3d5/2, Sn 3d3/2’
type eV eV Ols,ev eV eV
FTO / / 530.4 531.7 533.1 486.7 495.2

TiO»-450 464.4 458.7 529.9 531.0 532.1 486.5 494.9
TiO,-550 464.4 458.7 529.9 531.0 532.1 486.5 495.0
TiO,-630 464.4 458.7 529.9 531.0 532.1 486.3 494.8
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Fig. 4. Experimental and simulated RBS spectra of bare FTO glass and TiO, NT films

deposited onto FTO glass and annealed in air at 450, 550 and 630°C.
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As XPS is basically a surface sensitive method, RBS and ToF-ERDA measurements
were further carried out to investigate the diffusion of Sn into the TiO, nanotubes depth. From
experimental and simulated RBS spectra, shown in Fig. 4, the presence of Sn (observed
around 2500-3000 keV) and Si (seen below 1500 keV), can be observed for bare FTO glass.
The presence of oxygen could not be detected, since the contribution of light elements is
generally small for Li beam RBS, and this part of spectra is cut away. The RBS spectra of the
annealed TiO,-NT samples evidenced the presence of Sn and Si (originating from the FTO
glass substrate), but also a new peak, around 2000-2500 keV, that is assigned to Ti in TiO,
NT film.

The SIMNRA code was used for the simulation of the experimental data, which
provides information on the stoichiometry and areal concentration of the samples (Fig. 5) with
an uncertainty of the fit estimated to 5 %. The RBS-technique mass resolution for light
elements is limited and, as a result, in the aforementioned figures, the depth profiles of C, N,
O and F are given as a total sum denoted as “light elements”. The thickness of the samples
annealed at 450 and 550°C is 1250 x 10° at/cm?, increases to 1370 x 10* at/cm? for 630°C.
The TiO,-630 film is thereby thicker or denser. Sn diffuses into all samples, to reach ~500 x
10% at/cm? from the surface of TiO, NT films in case of 450 and 550°C annealing. In the case
of the 630°C-treated TiO, NT films, the diffusion had a shorter path, ending to 975 x 10®
at/cm? from the surface. It should be emphasized that Fig. 5 shows an average thickness of the
TiO, film, corresponding to a density of 4.23 g/cm? (for pure anatase). On the other hand,
TiO, film is not homogeneous due to nanotube morphology. It is to note that the additional
energy straggling of incoming and recoiled ions produces the broadening of measured energy
spectra at the TiO,—-SnO, interface. Nevertheless, the simulation of this extra contribution in
energy straggling was impossible, even by MC code. Fig. 5 presents therefore the depth
profile as a convolution of diffusion between the layers and energy straggling via the non-
homogeneous media.
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Fig. 5. The depth profiles by RBS measurements in the case of TiO, NT samples, annealed in
air at 450, 550 and 630°C.
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Besides the Sn, a Ti diffusion into SnO, film was also evident. The interfaces
between the two elements were situated for the 450, 550 and 630°C annealed samples at 500
x 10", 550 x 10™ or 975 x 10" at/cm?, respectively. According to these results, it follows that
Sn diffuses into TiO, films in all cases, with a maximum for the TiO,-550 sample. It is
suggested that competition takes place between the diffusion of Sn into TiO, and Ti into SnO,
films. At 450 and 550°C, Sn diffused up to ~500-550 x 10% at/cm? while at 630°C, the
corresponding diffusion extends to ~950 x 10" at/cm?,

Additional elemental depth profile investigations were carried out by ToF-ERDA and
the results are provided in Fig. 6. Herein, it is also evident that TiO, film is denser at 630°C,
and it seems that Sn diffusion is lower than for 450 and 550°C. It can be seen that when
increasing atomic content of Sn, Ti content starts to decrease, pointing to the existence of an
interface between the TiO, and SnO, layers, with a mix of TiO, and SnO, (interface). The
estimated thickness of TiO, layers by ToF-ERDA is smaller than measured by RBS (Fig. 5).

On the other hand, as visible from Fig. 1, after the annealing, the surface morphology
of TiO, layer is not flat, but porous due to formation of NT arrays. Also, since the beam in
ToF-ERDA has been oriented 20° against the sample surface, the average thickness of
measured films is actually lower than obtained by RBS, where the beam incidence angle was
90° with respect to the sample surface. ToF-ERDA results must be therefore considered from
a qualitative point of view only.
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Fig. 6. ToF-ERDA depth profile measurements of the TiO, NT arrays samples annealed in air
at 450, 550 and 630°C.

The interpretation of the optical properties of the annealed TiO, NT samples is
introduced with Fig. 7. The absorption edges were inferred from the maxima of the DRS, as
proposed by Murphy [39]. The annealing temperature has not significantly affected the
absorption edge of the films, but a slight red shift of wavelength was still observed. Actually,
the sample with higher diffusion of Sn (i.e., TiO,-550) had the highest absorption shift, while
Ti0,-630 had the smallest one, along with a lower amount of diffused Sn.
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Fig. 7. DRS spectra of the TiO,-450, TiO»-550 and Ti0,-630 samples, respectively.

According to the results from RBS and ToF-ERDA analysis, it can be seen that the
TiO, film is thicker (or denser) for the sample sintered at 630°C compared to the sintering at
450 and 550°C. The XRD analysis showed better crystalline quality for higher temperatures
of sintering. Having all this in mind, the lower content of Sn in TiO»-630 is probably due to
changes in crystallinity, thickness, and morphology of the TiO,. Bjelajac et al. [23] sintered
TiO, NTs onto FTO at 500°C and observed diffusion of 0.15 at.% Sn into TiO,. They sintered
for 2 h, while in this study annealing was done for a half hour and observed higher Sn content.
The reason for that could be different speed heating and time of annealing. Further research
efforts should focus on optimizing the temperature of annealing with other parameters of
annealing such as speed heating and time of annealing. Besides this, the DRS results showed
a trend in a red shift as the amount of Sn in TiO, NTs increases, which can improve the
photoactivity of TiO,. This diffusion of Sn in TiO, during thermal treatment can be beneficial
as can be seen from the literature. For example, according to the Ref. [20], the photoactivity is
enhanced in the case of hematite photoanodes due to Sn diffusion from FTO glass into
hematite. This shows that the annealing temperature influences the formation of the TiO,-
SnO; interface that plays an important role in the photoactivity of TiO,. Perovskite solar cells
with TiO,/SnO, bilayer demonstrated higher efficiency than solar cells with solely TiO, or
SnO; layer. This is because bilayer enables a higher electron extraction driving force and a
stronger hole blocking ability due to the defect-free physical contact at the interface [40]. Our
study reports on the detailed chemical analysis of the TiO,/SnO, mix phase obtained by
annealing of anodized TiO, NTs on FTO. The results support the continuation of this
investigation line to gain better photo performances of TiO, NTs/FTO based structures.

4. Conclusion

TiO, nanotube arrays were synthesized perpendicularly to the FTO support via an
anodization method in ethylene glycol electrolyte. The as-obtained amorphous TiO, nanotube
arrays were annealed at three different temperatures (450, 550 and 630°C) to study the
possible chemical and morphological changes. According to GIXRD investigations, the
samples consisted of an anatase sole phase, whose crystalline status of the TiO, nanotubes
array increased with thermal-treatment temperature. The mean crystallite size grew
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progressively from ~19 nm (at 450°C) to ~39 nm (at 630°C). The sintering temperature
influenced the Sn diffusion into TiO, NT, where the highest concentration of Sn was reached
for the 550°C heat-treated sample. The amount of Sn drastically decreased when a 630°C
annealing was applied. The chemical distributions of elements, along with the nanotubes
depth were studied by RBS and ToF-ERDA. Sn diffusion was less extensive for 630°C-
annealed samples, in comparison with those heat-treated at 450 and 550°C. Besides Sn
diffusion, the Ti into SnO, film was also observed. With the increase of atomic content of Sn,
Ti content started to decrease, pointing to the existence of an interface between the TiO, and
SnO;, layers, where the presence is assumed of a mixed phase of TiO, and SnO,. The observed
evolutions are expected to strongly influence the convertibility of TiO, anatase layers of UV
to Vis absorption for a new generation of electrical energy sources under solar illumination.
The developed structures can be further used for electrodes preparation for more efficient
solar cells.
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Caxcemax. Yucmu Ti Quimosu Oenonosanu cy paouo-QOpexeeHmHum MAaAcHemHUM
cnameposarwem na OTO cmaxny 0a 6u ce cunmemucanu uamosu TiO, nanoyesu (HL]). TiO,
HILJ/®TO yzopyu cy cunmeposanu na 450, 550 u 630°C, y 6azdyxy. Tepmuuku mpemman Huje
VMUYao Ha cacmae Kpucmanne ¢haze, cauwyeajyhu y ceum ysopyuma camo jeony ¢azy,
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anamac. Kao wmo ce ouexusano, KpucmanuHuyHOCm awamaca ce nooosWANA Ca
memnepamypom sicaperoa. HMnax, mane pasziuxe y Mop@onocuju Hanoyesu, Kao wmo je
usened 3pHa ywymap 3udosa, npumeliene cy y cayuajy ysopka cunmeposanoe Ha 630°C.
Ipumenom ¢pomoenexmponcke cnekmpockonuje X-3paxa ypahena je xemujcka ananuza
Jrcapenux yzopaxa npu uemy je ymepheno mnpucycmeo Sn ywymap TiO, namoyesu, ycieo
ougysuje Sn uz cyncmpama y TiO,. 3a cyncmpam je xopuwheno @TO cmaxio uuju ce coprvu
cnoj cacmoju 00 SnO, oonupan ca F. RBS cnekmpockonuja u cnekmpockonuja eiacmuyro
u3OUjenux joHa Mmeperem 8peMeHa Npoiema cy CnpogedeHd padu npoyuasarsa npoguia
O0ybune guimosa. Ymephero je oa memnepamypa curmeposara KOHmpoauue ougysujy Sn
yuymap Quima TiOy. Amomu Sn ougyndyjy npema nospuwiunu TiO, HL] 3a y30pke sicapene na
450 u 550°C. Jugpysuja je mehymum omedscana y cayuajy mepmuuxoe mpemmana na 630°C.
Ocum moea, npumehena je ougpysuja Ti y SnO, cnojy, npu wemy ce opmupao mehycioj
TiOy/SnO,. Huje youena eenuxa pasnuxa y ancopnyuju uzmely y3opaxa, nowmo ceu y30pyu
cadpoce anamac Gazy, wmo je nomepheno cnexmpockonujom oughyzuone pegrexcuje.
Melymum, youena je eeha konuuuna Sn k00 y3opka sicapenoz Ha 550°C, wmo je 0oeeno 0o
Onazoe ypeenoz ancopnyuoroz nomepaja. Baoswcnocm xommpone napamemapa dcapersa
anoouzoganux TiOy/PTO cmpyxmypa je naerawena kpo3 gpopmuparse TiOr-SnO, mehycaoja
u ougysuje Sn uz DTO, wmo modce ucpamu CYWMUHCKY yiaozy y nosehary
gomoneppopmarncu pomonanouckux cmpykmypa 3acroganux vHa TiOy HL/DTO.

Kuwyune peuu: Sn ougysuja, Sn-TiO, donupare, cunmeposarwe, ToF-ERDA, XPS.
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