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ABSTRACTThin films of TiO, and TiO,-Zeolite were deposited with different concentrations on glass
substrates using the spin-coating technique. X-ray diffraction (XRD), UV-vis, Raman spectroscopy and scanning
electron microscopy (SEM) characterizations were used in order to determine the influence of this variation on
the structural, optical and morphological properties of the films. As a result, it was found that the films are
polycrystals, an exhibit high transmittance in the visible and near infrared regions. Furthermore, the narrow
optical bands are in the range of 4.03 eV-4.46eV, and the morphology of the samples shows conglomerates with
sizes less than 10 um.
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I. INTRODUCTION

Since the research of photocatalytic water split on TiO, electrodes was conducted in 1972, the
photocatalytic oxidation of aqueous and gaseous contaminants has been extensively studied [1].However, the
widespread use of TiO, has been restricted because of its some drawbacks including low adsorption capacity.
Therefore, many studies have been focused on supporting TiO, nanoparticles on certain matrix [2]. Some of the
matrices that we can find in the literature are active carbon [3], glass [4], grapheme [5] and zeolite [6].
Furthermore, TiO, has been attracted extensive attention due to higher stability, cheapness and activity
photocatalytic []. Adsorption-photocatalyst hybrids (AHP's) are bifunctional materials based on an adsorbent
and a photocatalyst with great potential for decontamination processes [8].

Zeolites are crystalline microporousaluminosilicates that are widely used as adsorbents and catalysts
[8], these materials display a number of unique properties such as: a presence of strong acidic centers, large
specific surface area, high ion-exchange ability, high thermal stability, precisely defined system of micropores
and channels which enable conducting shape-selective catalytic reactions [10]. Thanks to these properties,
Zeolites can be then applied in catalysis.

According to the International Union of Pure and Applied Chemistry (IUPAC) the zeolites can be
classified in three groups; micropores (> 2nm), mesopoross (2-50nm) and macropores (<50 nm) [11], within
micropore materials we can find Erionite [12], Mordenite [13] and Clinoptilolite [14].

Although TiO,-Zeolite powders have been previously studied [13] which have shown incredible optical
properties. This work aims to demonstrate that it is possible to incorporate TiO, in Zeolites to make films, the
zeolites used were: Erionite, Mordenite and Clinoptilolite, since they have small pores in which small molecules
can be captured (dimethylether, CO,, etc.) and can be incorporated to these materials, which can be used in the
future as photocatalysts.

Il. MATERIAL AND METHODS
2.1 Material and methods
2.1.1.Chemical Compounds
Titanium isopropoxide(Sigma-Aldrich, Cas N° 546-68-9), isopropanol (J.T. Baker, Cas N° 67-63-0) and
ammonium hydroxide (EM SCIENCE, Cas N° 1336-21-6).

2.1.2.Synthesis of TiO, nanoparticle

TiO, films and the TiO,-Zeolite compounds were obtained by the sol-gel method, which consisted in the
following:

i) Mixing: the precursor titanium isopropoxide was mixed with the solvent isopropanol.

ii) Gelification: Sodium hydroxide was added to generate the gelation.
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iii) Aging: it consisted of allowing the sample to stand for about 24 hours

iv) Drying: the temperature used in this stage was 80 ° C in order to remove the solvent and the organic
components for a time of approximately 6 hrs.

v) Sintering: The nanoparticles were left at a temperature of 500 ° C for an approximate time of 1 hr for the
restructuring of their networks.

2.2.Synthesis of TiO, nanocomposite

In the case of the composites of TiO, with Zeolites, they are carried out in situ, which means that we
add the natural Zeolites in the mixing stage of the TiO,process.In the present work, 9 samples were made as
shown in Table 1.

Table 1: Weight % by of the films of the composites.

Sample % weight of TiO, | % weight of Zeolite % Total
Ti0, — Eri (75 — 25) 75.00 25.00 100.00
Ti0, — Eri (50 — 50) 50.00 50.00 100.00
Ti0, — Eri (25 —=175) 25.00 75.00 100.00
Ti0, — Cli (75 — 25) 75.00 25.00 100.00
Ti0, — Cli (50 — 50) 50.00 50.00 100.00
TiO, — Cli (25=175) 25.00 75.00 100.00
TiO, — Mor (75 — 25) 75.00 25.00 100.00
Ti0, — Mor(50 — 50) 50.00 50.00 100.00
Ti0, — Mor (25 —75) 25.00 75.00 100.00

2.1.3 Deposition of films by the Sol-Gel method
The nanoparticles of TiO, and TiO,-Zeolites were redispersed in methanol and subsequently deposited by the
spin-coating method at 1000 rpm.

I1l. RESULTS AND DISCUSSION

Figure 1la shows diffraction patterns of the films of the TiO,-Erionite composites in their different
concentrations. The XRD spectra shows a good crystallization of the samples and the presence of the anatase
phase (peak attributed to 20 = 25,281° of the plane (101)) with the reference 00-021-1272 (ICCD, 2015)
corresponds to composites with phase anatase. Moreover, in the case of the sample that has a high content of
Erionite, the peak attributed to 20 = 31.46° is observed in the plane (214) with the reference 00-088-1223
(ICCD, 2015) [15-16].

Furthermore, considering the films with TiO,-Clinoptilolite, the presence of the anatase phase can also
be observed thanks to the peak located at 26 = 25.281° of the plane (101). If the amount of clinoptilolite
increases, it is possible to observe a peak located at 26 = 31.322° of the plane (-242) with reference 04-016-
1257 (ICCD, 2015), which corresponds to the Clinoptilolite sample [15].

Additionally, for the TiO,-Mordenite films, the peak located at 20 = 25.281° of the plane (101)
corresponding to the anatase phase of TiO, is observed, while as the amount of zeolite mordenite increases, the
peaks located at 26 = 22.206°, 23.144°, 24.572°, 26,268°, 27,681° and 30,851° of the plans (150), (241), (510),
(350), (511) and (332) with reference 029-1790 (ICCD, 2015) appears [15].

Previous research has shown that these composites have several orientations due to the mixture of
anatase and zeolite (Erionite, Clinoptilolite and Mordenite). However when they are deposited by spin coating
the amount of orientations decreases. According to Mishra et al., the surface energies, play a key role in the
determination of the grain growth in certain orientation [15-17], they also have carried out studies on the
calculation of surface energy to know the growth of the grain in certain orientations.
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Figure 1: X-ray diffraction spectra of a) TiO,-Erionite, b) TiO,-Clinoptilolite and c) TiO,-Mordenite.

3.2 Characterization by Retro-disperse Energy Spectroscopy (EDS).

Table 2 shows the elemental composition of the TiO,-Zeolite composites, the presence of Ti and O is
observed, which are elements related to TiO,. However, the Al element is also related to alumosilicates (Al and
Si) belonging to the zeolites, as well as successively some salts related to the different structures of the zeolites
such as (Na, Mg, Si and ClI).

In the case of the samples with TiO,-Erionite, it is observed that when its concentration has 75% of
TiO, and 25% of Erionite, the Ti and O elements increase and when it presents 25% TiO2 and 75% Erionite
these elements have a decrease, while the alumosilicates (Al and Si) increases along with the salts (Mg, Nay Cl),
and Ca element is also present but this is due to the glass substrate in which the films were deposited.

On the other hand, the composites that have TiO,-Cli, present a variation of the elements due to the
higher content it has, that is, if it has a higher amount of TiO,, its present elements (Ti and O) generate an
increase in % W and a decrease in the content of alumosilicates (Al and Si) and salts (Na and Mg) as well as
samples of TiO,-Erionite this also shows Ca due to the substrate.

The study of the samples of TiO,-Mordenite shows the dependence of the increase of TiO, (75%) and
decrease of the Mordenite (25%), and this is achieved through the decrease of the alumosilicates (Al and Si) and
the salts (Na, Mg, Cl and Ca) of the samples as well as their increase of Ti and O, these samples contain
Calcium because the Mordenite reports salts of Calcium in its structure however it is also due to the substrate in
which finds the film deposited.

In general, from these characterization it is observed how the presence of elements in the films
increases or decreases according to the concentration they have contain in the material.

Table 2: Weight % and atomic % of the composites films.

Composites % weight | Element Weight % Atomic %
concentration in
the synthesis
TiO, — Eri (25 —75) 25% TiO; ) 22.13 36.35
75% Erionite Na 15.54 15.00
Mg 5.72 5.44
Al 3.82 3.52
Si 38.86 31.85
Cl 3.12 2.35
Ca 6.50 3.90
Ti 431 1.59
Total 100.00 100.00
TiO, — Eri (75 — 25) 75% TiO; ) 37.97 52.19
25% Erionite Na 12.42 11.88
Mg 2.86 2.58
Al 1.59 1.29
Si 32.32 25.31
Cl 2.04 1.27
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Ca 5.77 3.17

Ti 5.03 231

Total 100.00 100.00

TiO, — Cli (25 —175) 25% TiO, ] 35.64 58.39
75% Clinoptilolite Na 9.65 8.16

Mg 3.42 1.72

Al 6.95 1.73

Si 37.78 26.73

Ca 3.89 1.82

Ti 2.67 1.44

Total 100.00 100.00

TiO, — Cli (75 — 25) 75% TiO; ) 44.42 56.83
25% Clinoptilolite Na 8.92 7.84

Mg 1.99 1.63

Al 2.22 1.90

Si 35.7 38.12

Ca 3.46 1.72

Ti 3.28 1.95

Total 100.00 100.00

TiO, — Mor (25— 75) 25% TiO; ) 28.97 54.24
75% Mordenite Na 13.40 12.10

Mg 3.62 2.55

Al 2.16 1.19

Si 38.3 25.17

Cl 2.74 1.48

Ca 6.88 3.17

Ti 3.93 2.10

Total 100.00 100.00

TiO, — Mor (75 — 25) 75% TiO; ) 38.07 54.24
25% Mordenite Na 12.67 12.10

Mg 2.82 2.55

Al 1.46 1.19

Si 32.21 25.17

Cl 2.40 1.48

Ca 5.79 3.17

Ti 4,58 2.10

Total 100.00 100.00

3.3 Raman

Figure 2 shows the Raman spectra of the TiO,-Zeolite composites films, Figure 2 a) shows the TiO,-
Erionite composites, where two peaks are observed, which are related with the vibrational modes of TiO,anatase
phase located at 143 (Symmetrical O-Ti-O stretch) and 181 (Symmetrical O-Ti-O stretch). It is also observed
that for the sample that has higher TiO, content, these peaks are very remarkable compared to those that have
more Erionite (Zeolite), which is due to the vibrations that are strong in Raman if the bond is covalent, whereas
are strong in IR if the bond is ionic [15,18].

In addition, the films of the TiO,-Clinoptilolite composites are observed in Figure 2 b) where, like the
TiO,-Erionite films, it is possible to appreciate two vibrational modes allocated in 143 nm and 181 nm related to
TiO, (this occurs with greater intensity to those that have higher TiO, content).

Figure 2 c) belongs to the samples of TiO,-Mordenite, where it cannot be possible to distinguished any
bands, this is because they show characteristic shot noises of the fluorescence due to the calcite (CaCOs) present
in the samples [15].

46



Structural and optical properties of TiO2 and TiO2-Zeolites composites films

45000 1000 ——Ti02-Cll (25-75)
—— Ti02-Cli (50-50)
40000 4 ¥ -
a00.] TiO2-Cli (75-25)
—— TiO2-Eri (25-75)
35000 —— Ti02-Eri (50-50)
,;:\ — TiO2-Eri (75-25) ’; 600 -
i 30000 i
= 900 £ i
g g 400 | "
2 2 . i A
£ £ PRI o g
£ 600 = M",,WM e i
. et 2007 Anstoaebir
3004 & e P
Lt
0 T T T — 0 T T T T
200 400 600 @ 800 < 1000 200 400 600 800 1000
Wavenumber (cm-1) Wavenumber (cm-1)
21000
18000 -|
15000 o e
T 12000 e —— TiO2-Mor(25-75)
s - —— Ti02-Mor (50-50)
S TiO2-Mor(75-25)
@
& 600
=
400 |
200
o T T T T
200 400 600 800 1000

Wavenumber (cm-1)

Figure 2: Raman Spectroscopy of a) TiO,, b) TiO,-Erionite, ¢) TiO,-Clinoptilolite and d) TiO,Mordenite.

3.4 UV-Vis

Diffuse reflection spectrum of the samples under study were recorded at room temperature, by
employing Kubelka—Munk theory by using the formula: F(R)=(1-R)%2R, where R is the diffuse reflection
factor and F(R) is the Kubelka-Munk function [19]. By using the Tauc algorithm, the optical band gap can be
obtained (F(R) = hV)™ [20].

This equation against hV is plotted and n= 0.5 (direct band gap) and 2 (indirect band gap). On the Tauc
plot, a linear region just above the optical absorption edge is fitted and extrapolated to photon energy axis which
is possible to observed in Figure 3 [15].

Finally, the optical band gap is obtained from the plot of the Tauc equation, whereby the intersection
of the tangent to the turning point with the x-axis is use for the determination [20].
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Figure 3: Band gap diagram of the different TiO,-Zeolite composites films.

Table 3 shows the energies of the different compounds obtained by the Kubelka-Munk equation.
Where the values obtained for these composites films are in the range of 4.05eV-4.46eV. It is observed that,
when adding zeolite to TiO,, a modification of the band gap is present, which generates an increase of the
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bandgap. It is well known that this band interval belongs to the uv-vis region, which is important because
photoexcitation occurs in this energy to generate photocatalysis. Previous studies have shown that this type of
composite has a band interval less than 4 eV [13].The increase in this case is due to the presence of preferential
orientations (monocrystals) that are presented in the film differences of powders that appear in more than one
orientation (polycrystals) and that are related to conductivity [15-21]

Table 3: Different composites Band Gap.

Sample Energy (eV)
Ti0, — Eri (75 — 25) 4.02
TiO, — Eri (50 —50) 4.03
TiO, — Eri (25 —=75) 4.05
Ti0, — Cli (75 — 25) 4.43
Ti0, — Cli (50 — 50) 4.44
Ti0, — Cli (25 —75) 4.46
TiO, — Mor (75 — 25) 4.20
Ti0, — Mor(50 — 50) 4.27
Ti0, — Mor (25 —75) 4.33

3.5 Scanning Electronic Microscopy (SEM)

Figure 4 shows the different micrographs of the films of TiO,-Zeolite composites. In Figures 4 a-d, we
can see the films of the TiO,-Eri (25-75) and TiO,-Eri (75-25) composites, these films have a greater number of
blocks and conglomerates when there is a greater amount of Erionite (75%) as seen in Figure 4 d), a difference
when the amount of Erionite (25%) decreases as achieved in Figure 4 a), where the amounts of particles are
small and there are also minute amounts of particles corresponding to TiO..

The films of the TiO,-Cli composites are observed in Figures 4b-4e, in Figure 4b they are observed in
the TiO,-Cli composition (25-75), and in which a group of conglomerates can be identified in a zone. This is
due to a type of deposit that was used (spin coating), which consists in the deposition of the layers by means of
the drip in the central part of the substrate, which generates the greatest amount remains in the middle of the
substrate that the layer is not homogeneous, another reason is the high content of zeolite in this sample that
generates more conglomerates of a larger size, that the zeolite has large quantities, however, in Figure 4e
corresponding to the sample TiO,-Cli (75 -25) a better uniformity in the film is seen, this is due to a greater
amount of nanoparticles of TiO, than of Zeolites which have a larger size than a large part of the TiO,, that is
why it disperses in a better way.

When we observed the Figures 4 ¢) and 4 f), which belongs to TiO,-Mor (25-75) and TiO,-Mor (75-
25), the content of the Mordenite Zeolite is more clearly obtained, that is, in Figure 4 ¢ ) that has a smaller
amount of Clinoptilolite, there are small and medium sized particles dissected on the surface of the substrate,
while the sample that contains more percentage of Clinoptilolite (75%) is able to observe small particle sizes in
very small quantity, but more information than the medium and large sizes of these particles belonging to the
Clinoptilolite Zeolite.

0 —————: o ———
Figure 4: Composites of a) TiO,-Eri (25-75), b)TiO,-Cli (25-75), ¢)TiO2-Mor (25-75), d)TiO,-Eri (75-25),
e)TiO,-Cli (75-25) y ) TiO,-Mor (75-25).

IV. CONCLUSIONS
Thanks to the characterization of XRD it was possible to distinguish the presence of crystalline phases
in the films of the TiO,-Zeolite compounds, whereas in RAMAN it was possible to appreciate two vibration
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modes related to the anatase phase of TiO,, while in UV- Vis it was possible to determine the band gap of TiO,
Zeolite films ranging between 4.03-4.46 eV for films of TiO,-Zeolite composites, when compared with previous
studies, an increase in band interval, such time due to the fact that the films have a reduction of the
crystallographic orientations which generates an increase in the conductivity, finally, we can observe the
different morphologies that these films present.
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