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Abstract: Ceramic ZnO-SnO,-Fe, O3 powders and transparent coatings on glasses prepared using
the non-isothermal polymer-salt method demonstrate a strong ability to generate chemically active
oxygen species under UV and visible irradiation. Crystal structures and morphologies of these
materials were studied using the XRD and the SEM analysis. It was found that there are significant
differences in the crystal structure of ceramic powders and thin coatings. The powders consist of
randomly oriented oxide nanocrystals of size ~47 nm. The strong orientation of the ZnO nanocrystals
due to their interaction with the glass substrate is observed in the coating structure. Experimental
data show that thin ceramic coatings are transparent (~90%) in the visible spectral range and the
band gap of the ceramic material is 3.44 eV. The band gap value of this multi-component ceramic
material is described sufficiently using Verlag’s law. Ceramic powders and coatings demonstrate the
intensive photogeneration of reactive oxygen species, both in liquid and air. High photocatalytic
activity of ZnO-SnO;-Fe;O3 ceramic coatings and powders was observed upon the oxidation of the
diazo dye, Chicago Sky Blue. In the presence of transparent photocatalytic coating, the value of the
constant rate of the dye photodecomposition was high (k = 0.056 min~1). It was found that, in spite
of their short life time, photogenerated reactive oxygen species demonstrate the ability to decompose
dye molecules located up to a distance of 0.5 mm from the surface of ceramic coating. Obtained
experimental results suggest that the prepared ceramic materials are promising for different practical
applications of the photocatalytic materials.
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1. Introduction

Photocatalytic materials are used in many different practical applications (water and
air purification, sensors, water splitting, etc.) and are the object of intensive investiga-
tions [1-14]. Many oxide semiconductor materials are effective photocatalysts, demonstrate
antibacterial activity and have an excellent thermal stability and chemical durability.

Ceramic materials (powders and coatings) based on ZnO are very effective photocata-
lysts [2-14] which have been successfully tested in industrial conditions [1]. Modification of
the ZnO ceramic materials using other oxides additions provides a significant enhancement
to its photocatalytic and bactericidal characteristics [3-8]. These additions decrease the size
of ZnO crystals, modify the crystal structure and morphology of the ZnO ceramic materials
and increase their specific surface areas.

The reaction between reactive oxygen species (ROS) and organic compounds is the key
process in photocatalysis [10,15-17]. Therefore, the high ability of the photogeneration of
chemically active oxygen species is very important for photocatalytic materials. The effec-
tiveness of ROS photogeneration depends on the chemical composition of the photocatalyst,
its structure and morphology as well as on the parameters of excited radiation (intensity,
wavelength, etc.) [18-20]. It is known that the chemical reactive activity of ROS is very
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high and, therefore their lifetime in the liquid or gas phases is short [16,21,22]. Therefore, it
is believed that often photogenerated ROS decompose only organic molecules adsorbed
on the surface of the photocatalysts, [23] and hence the photocatalysis rate cannot exceed
the adsorption rate. However, the experimental data described in [16,24,25] show that
organic decomposition can be observed in gas or liquid phases at some distance from the
photocatalyst surface. The additional study of this phenomenon is important for scientific
knowledge on practical photocatalytic applications.

Chemical composition, structure and morphology of photocatalysts determine the
spectral diapason of the light which can excite a semiconductor material, its specific
surface area, adsorption properties and photocatalytic activity. It was found [2,6-9] that
materials consisting of semiconductor nanoparticles with specific shapes, such as nanorods,
nanowires and “flowers”, exhibit high photocatalytic properties.

Photocatalytic activity of semiconductors depends on the intensity of the exciting light.
This phenomenon is determined by the competition between different processes occurring
in the material after its light excitation and the generation of electron-hole pairs [18,19].
The photogenerated charges recombination play a negative role in photocatalysis. The
alternative process is the ROS formation on the material surface. The ratio of these com-
petitive processes remains constant at the small light intensity and the dependence of the
photocatalysis rate v from light intensity I is linear (v = kI) [18]. The increase in light inten-
sity leads to a more significant growth of the recombination process and the dependence
v = f(I) transfers to the view v = kI" n < 1.

Multicomponent photocatalysts consisting of two or more closely packed different
semiconductor particles are used in photocatalysis. The application of these semiconductor
heterostructures allows to decrease the possibility of the recombination of photogenerated
electron-hole pairs by the spatial separation of charges. It was found that the application
of different heterostructures (ZnO-SnO; [3,4]; ZnO-Fe,; O3 [6]; ZnO-TiO; [5]) provides the
increase in the effectiveness of photocatalysis [3-6].

It is known [26,27] that the crystalline structure and the morphology of ceramic
coatings and powders differ significantly due to the interaction of coating material and the
substrate surface. This interaction inhibits the crystallization process [26] and stimulates
the texture formation [14,27,28] in the coating materials. Therefore, besides the difference
in the thickness of photocatalytic layers between thin ceramic coating and powder, the
features of crystal structures and morphologies of these ceramics can have an influence on
their photocatalytic properties. In spite of small thickness, ceramic coatings demonstrate
photocatalytic properties [4,5,14,20,29-32], although in some cases the photocatalysis rate
is low [31].

ZnO-SnO, ceramic materials are one of the most effective ZnO-based photocata-
lysts [3,4,7,28]. ZnO and SnO, have relatively high band gap values (3.37 and 3.6 eV, respec-
tively [33]), and demonstrate high photocatalytic properties under UV irradiation [4,29].
Different approaches, such as the application of some additions (Ag [9,10,34], Co [29],
etc.) or the structural engineering [7], have been developed to increase the photocatalytic
properties of these materials in the visible spectral range.

Many methods have been developed for the preparation of nanocrystalline ceramic
Zn0O-5nO, photocatalysts: polymer-salt method [4], sol-gel technique [33,35], hydrothermal
method [36], spray pyrolysis [37], etc. Polymer-salt synthesis is a facile and an effective
method widely used in the preparation of different ZnO-based nanomaterials and thin
ceramic coatings [4,7,16,25-28]. Photocatalytic ZnO-5nO;-Fe;O3 powders consisting of
“flower”-like particles have been synthesized using the non-isothermal polymer-salt syn-
thesis in [7]. It was exposed that the small additions of Fe,O3 provides a significant increase
in photocatalytic properties of ZnO-SnO; powder materials.

Thin photocatalytic ceramic films are required for some important practical application,
such as transparent “self-cleaning” and bactericidal coatings on displays surfaces, medical
and laboratory equipment, etc. Clearly, for such applications ceramic coatings should
demonstrate high transparency (>90%) in the visible spectral range. ZnO-5nO, thin
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coatings exposed high transparency in the visible spectral range [4]. Fe;O3 has a relatively
small band gap value (2.0 eV [38]) and the addition of this component to ZnO-5nO,
compositions can significantly affect the transparency of ceramic coatings. Therefore, the
possibility of forming photocatalytic ZnO-SnO,-Fe;O3 coatings with high transparency
was not obvious in the beginning.

The aim of this work is the analyses of polymer-salt synthesis of thin ceramic ZnO-
5SnO,-Fe, O3 coating and powders, detailed characterization of these materials and the
comparison of their crystal structure, morphology and photocatalytic properties.

2. Materials and Methods

The polymer-salt technique, described in detail in [4,7,23,26,29], was used for the
preparation of ceramic powder and coatings. Aqueous solutions of Zn(NOj3);, SnCl; and
FeCl; in pre-determined volumes were mixed at room temperature with the solution of
high-molecular polyvinylpyrrolidone (PVP, My, = 1,300,000; Sigma-Aldrich) in ethanol.
The additions of PVP are used for the stabilization of the forming nanoparticles [7,16]. The
list of raw materials used is given in Table 1.

Table 1. List of used raw materials.

Compound Supplier Specification
Neva Reactive Co., (Neva
Zn(NOj3),-6 H,O Reactive, Saint-Petersburg, Uléil;_Sol 10 96 6{:10 g?. 2650
Russia) ’

MERCK-1078150250
5nCl,-2 H,O MERCK CA S:10025-69-1
ACS. ISO. Reag. PhEur.

Neva Reactive Co., (Neva ACROS-217091000

FeCl3- 6 H,O Reactive, Samt.—Petersburg, CAS: 10025-77-1
Russia)
Polyvinylpyrrolidone Sigma-Aldrich K30; CAS: 9003-39-8
Chicago Sky Blue 6 B Sigma-Aldrich CAS: 2610-05-1

The mixed solution was dried at 70 °C for 24 h to prepare the powders. Then, obtained
polymer-salts composite were subjected to a thermal treatment at 550 °C for 2 h.

The deposition of thin coatings on the glass samples was carried out using the dipping
method at room temperature. This technique leads to the formation of thin uniform
composite coatings composed of PVP polymer matrix with small salt particles. After
deposition, coated samples were dried at room temperature for 24 h and were calcined at
550 °C for 2 h. Nominal chemical compositions of the ceramic powder and thin coating
were the same: ZnO 95 mol.%; SnO, 3 mol.%; and Fe,O3 2 mol.%.

The crystal structure of prepared gels and ceramic samples were studied using the
XRD method which incorporates the Rigaku Ultima IV device. The diffraction patterns
were scanned from 20° to 50° (20). Based on the obtained XRD data, we estimated the
crystal sizes using the Scherrer formula:

KxA

d:ﬁxcosﬂ

)

where d is the average crystal size; K is the dimensionless particle shape factor (for spherical

particles K = 0.9); A is the X-ray wavelength (A (CuK« = 1.5418 A); B—is the width of the
reflection at half height (in radians, and in units of 26); and 8 is the diffraction angle.

The morphology and chemical composition of the prepared samples were studied
using the SEM and the energy-dispersive analysis which is equipped with the electronic
microscope TESCAN VEGA3, an Advanced Aztec Energy system (Oxford Instruments,
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Oxford, UK). EDS analysis showed that the difference between nominal and analytical
chemical compositions of prepared ceramic materials did not exceed 10%.

Double beam UV-Vis spectrophotometer, Perkin-Elmer Lambda 650, was used for
measuring the absorption spectra. The quartz cuvette (thickness 10 mm) was used for
solutions measurements.

Photoluminescence spectra, near the IR spectral region were measured upon excitation
by the radiation of LEDs (HPR40E set) with emission bands maximums at 370 nm and
405 nm, using the SDH-IV spectrometer (SOLAR Laser Systems).

For photocatalytic tests of the thin coatings, we used the experimental technique which
is similar to that used earlier in [4,16]. Diazo dye, Chicago Sky Blue (CSB, Sigma Aldrich),
was used in the photocatalytic experiments as a model organic contaminant. Spectral
properties of CSB were described in detail in [39]. This dye was often used earlier for the
characterization of the photocatalytic properties of different materials [4,9,40-42].

Small glass sheets with coatings having a surface area about 2 cm? and a thickness of
0.5 mm were put into a quartz cuvette. Then the cuvette was filled using a CSB solution
and was subjected to UV irradiation by using a high-pressure mercury lamp (DRT-250,
STK-Light, Moscow, Russia). The radiation energy density was 0.25 W/cm? during the
photocatalytic test for CSB photodecomposition in the solutions.

Photocatalytic experiments were carried out to study the effect of photogenerated
ROS on CSB molecules located at some distance from the photoactive ceramic coating. The
scheme of this experiment is shown in Figure 1. Thin CSB coating from the alcohol solution
was deposited on the glass plate and was then dried in air atmosphere. The glass specimens
with dye and ceramic coatings were disposed one above the other at the distance 0.5 mm.
The irradiation was carried out for 5 min from the side of the glass sample with the ceramic
coating. Each photocatalytic test was repeated 3 =+ 4 times and the difference obtained
between the experimental results of similar tests did not exceed 10%.

Dye decomposition
L

substrates Ceramic coating

~F
I I I Photogenerated ROS

UV light

Figure 1. Scheme of photocatalytic experiments in air atmosphere.

3. Results
3.1. XRD Analysis

XRD analysis showed the significant differences in the structure of the prepared
ceramic coatings and powders. Intensive peaks of hexagonal ZnO crystals are observed
in the XRD pattern of ceramic powder (Figure 2a). A few small peaks of the same ZnO
crystals are observed in the XRD patterns of ceramic coating. The average size of the ZnO
crystals in the powder, calculated using Scherer’s formula, is 47 nm. In addition to the
peaks of ZnO crystals, small peaks of SnO, and Zn,SnO; crystals are observed in XRD
pattern of ceramic powder (Figure 2a).

Relative intensities of ZnO peaks in the diffraction pattern of ceramic powder are fully
corresponding to the standard values (JCPDS card No. 36-1451). Based on the experimental
results, the relative ZnO peaks intensities in the XRD patterns of ceramic powders and
coatings, were calculated (Table 2). The data obtained indicate the significant differences
in the crystal structures of ceramic powder and thin coating. In the powder, there is no
preferred crystal orientation and relative peaks intensities are close to standard values
(Table 2). In contrast, the small coating thickness and the strong interaction of forming
crystals with the substrate surface determined the preferable orientation of ZnO crystals
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along (002) direction (Figure 2b). This phenomenon was described earlier in ZnO-based
coatings prepared using different methods [11,14,28,37,43].

ZnO
Zn0 (100)
ZnO (002)

ZnO

ZnO (101)

Intensity
ZnO
Intensity

Fe,03
Zn,Sn0y
Zn,SnOy
ZnO

g SnO;

ZnO (102)

Y 30 35 40 45 30
20 30
20, degrees 40 50 20, degrees

(a) (b)

Figure 2. Diffraction patterns of ceramic powder (a) and thin ceramic coating on the glass (b).

In diffraction patterns of ceramic coating, ZnO crystals peaks positions are very close
to standard values (JCPDS card No. 36-1451) (Table 2). The peaks position of these crystals
in the XRD pattern of ceramic powder somewhat differ from standard values, however,
this difference is not significant. Such variations of peaks positions are observed in the XRD
patterns of ZnO crystals prepared using low-temperature methods [13].

Table 2. Relative peaks intensities and peaks positions of ZnO crystals in ceramic powders
and coatings.

Planes Relative Peaks Intensities Peaks Positions 2Q, Degrees

(hkD JCPDS Card Ceramic Ceramic JCPDS Card Ceramic Ceramic
Planes No. 36-1451 Powder Coating No. 36-1451 Powder Coating

(100) 57 55 82 31.770 31.85 31.78
(002) 44 36 100 34.422 34.50 34.42
(101) 100 100 70 36.253 36.30 36.21

Thus, the XRD data indicate the formation of ZnO crystals as the main crystal phase
in the obtained powder and coating.

3.2. SEM Analysis

Figure 3 demonstrates a SEM photo of the ceramic powder (a) and thin coating (b).
The powder consists of randomly oriented microscopic particles which have the the shape
of hexagonal rods. The structure of ceramic coating contains small particles with a size of
about 150 nm (Figure 3b).

Figure 4 shows the transmittance spectra of the initial glass sample without coatings
and samples with ceramic ZnO-5nO,-Fe,O3 coatings deposited on one or two sides of the
glass plates. The deposition of the coatings decrease the transparency in glass samples.
Significant transparency reduction is observed in the UV spectral range that is related to
the fundamental absorption of the semiconductor coating material. The observed light
absorption in the spectral range 400 =- 420 nm, indicates the possibility of the excitation of
ceramic coatings by blue light.

At the same time, it is worth noticing that the transparency decrease observed after
the coating deposition on one side of the glass plate do not exceed a few percents in the
visible spectral range (420 < 670 nm). This fact indicates the possibility for the practical
application of this transparent coating on the surface of different displays, windows,
medical instruments, and other objects.
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Figure 3. SEM images of the ceramic powder (a) and thin coating (b).
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Figure 4. (a) Transmittance spectra of glass sample and glass samples with ceramic coatings; (b) The
dependence («hv)? = f(hv) for the coating material.

The intensive absorption band with Apax = 366 nm, observed in the spectra of coated
samples, is the characteristic excitonic absorption band of ZnO nanoparticles [44]. The
appearance of this band in the spectra of coated sample is explained by the high content of
ZnO crystals in the structure of ceramic coating.

The band gap values of the synthesized coatings were estimated using the Tauc’s
equation [45], which can be written for direct semiconductors as:

(xhv)? = A(hv — Eg) 2)

where hv—photon energy, Ec—band gap value, A—constant, a—absorption coefficient.
The plotting of the graphs («hv)? vs. hv was used for the determination of Eg value of the
coating material (Figure 3b).

Obtained Eg value is 3.44 eV, which is higher than the Eg of macroscopic ZnO crystals
(Eg#"O~3.37 eV [33,44,46]). The bang gap values of multicomponent semiconductors are
estimated often using Verlag’s law, which describes the dependence of the semiconductor
band gap value on b parameter (parameter of a non-linearity) and molar ratio between
its components.

The bang gap values of the multicomponent ZnO-based semiconductors were de-
scribed sufficiently using Verlag’s law at b = 0 [26,47,48]. For (100-x-y) ZnO-xSnO,-yFe, O3
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Eg(ZnO—SnOZ—FeZO3) — ngSnOz + yEgFeZOS + (l_x_y)EanO (3)

where E,(“n0-5n0:F&:05) 5 3 coating material band gap value, Eg™"?, E,#"0 and E,Fe20
are band gap values of SnO,, ZnO and Fe; O3, respectively. The substitution of molar
ratios of oxides and their band gap values (Egzn0~3.37 eV [33,44,46], EgSnOz ~3.6 eV [33],
EgF9203 =2.0 eV [38]) into Equation (2) gives Eg(Z“O'S“OZ'F9203) =3.33 eV that is less than the
value obtained from the spectral measurements (3.44 eV). This fact can be related to some
deviation of the parameter b from 0 and to the small size of the semiconductor crystals in
the coating and the effect of quantum confinement on them.

Photoluminescence spectra of the ceramic coating in NIR spectral range are exposed
in Figure 5. The intensive luminescence band characteristic of singlet oxygen (1A,—— 3Z¢
electronic transition [49]) is observed in the spectra at different light excitations.
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Figure 5. Photoluminescence spectra of ceramic coating (a,b). Dependence of the luminescence
intensity from the excited radiation density (c).

It is important to notice that the singlet oxygen photogeneration by the ceramic coating
occurs under visible light irradiation (Aex = 405 nm) (Figure 5b). The increase in visible light
intensity enhances significantly during this process (Figure 5c). The obtained dependence
of the luminescence band (A = 1270 nm) intensity Isp, from the intensity of excited visible
irradiation (Aex = 405 nm) I, is not linear and can be described with the expression:

Iso = IF,, where (0 < B < 1) (4)

It is worth noting that the observed behavior of this dependence is similar to the
dependencies of the photocatalytic activities of different semiconductors from the intensities
of excited light irradiation reported in [19,20,50]. The non-linear behavior of the dependence
is determined by the significant increase in the recombination of photogenerated electron-
hole pairs due to the growth of the excited radiation intensity [19].

Active ROS photogeneration using prepared ceramic materials determines their high
ability to decompose organic compounds in solutions and in the gaseous phase. Figure 6a
shows the kinetic dependencies of CSB dye adsorption from the solution on the surface
of the powder (curve 2) and its photodecomposition in the solution under UV irradiation
(curves 1, 3, 4).

Figure 6a also shows kinetics dependencies of the dye photodecomposition in solu-
tions. The rate of this process without ceramic photocatalysts additions is low (curve 1,
Figure 6a), and less than 20% of the dye molecules are decomposed in 30 min. After UV
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irradiation, the dye solution without photocatalytic additions remains in the bright blue
color (photo 1, inset in Figure 6a).

The comparison of curves 1 and 2 show that the addition of the glass plate with thin
ceramic coating remarkably accelerates CSB decomposition in the solution and more than
50% of the CSB molecules are oxidized in 5 min. The remarkable discoloration of the
CSB solution was observed after 30 min of UV irradiation (photo 2, inset in Figure 6b).
These experimental data show that this coating demonstrates higher photocatalytic activity
than ZnO-Er,O3, ZnO-Smp0O3 and ZnO-5nO, coatings prepared earlier, using the same
polymer-salt method described in [4,26].

The additions of ceramic powders or the glass sample with photocatalytic ceramic
coating significantly accelerate CSB photodecomposition. The ceramic powder rapidly
adsorbed dye molecules from the solution and after 5 min more than 95% of them were
removed from the liquid phase (curve 2, Figure 6a). The constant rate value of CSB photode-
composition in the solution using ZnO-SnO,-Fe,O3 powder was high (k = 0.224 min~1).
Additionally, UV irradiation of the ceramic powder accelerates discoloration of the dye
solution (curve 3, Figure 6a). The addition of ceramic powders provides almost full discol-
oration of the CSB solutions after 30 min (photos 3 and 4, inset in Figure 6b).

0.0141

109 0.012
=
a 1
g 0-81 0.0101
":: after 30 min ° J
£ 0.6 T 2 0.008 )
g — 2 ]
=) -
S 0.41 2 0.006-
= =
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2 0.2 0.004
k|
W L
&
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(a) (b)

Figure 6. (a) Kinetics of adsorption (curve 2) and photodecomposition of CSB dye in the solution
under UV irradiation (curves 1,3,4). Curve 1—Photodegradation of dye in the solution without
photocatalytic addition; Curve 2—Photodegradation of dye in the solution containing the glass
sample with transparent ceramic coating; Curve 4—Dye adsorption from the solution on the surface
of the powder sample in the darkness; Curve 4—Photodegradation of dye in the solution with
ceramic powder. Inset: Photo of dye solutions after UV treatment (samples 1,2,3) or after adsorption
during 30 min. (b) Influence of photogenerated ROS on the absorption spectra of thin diazo dye
coatings. Initial coating (curve 1); coating subjected to the action of photogenerated ROS from gas
phase (curve 2).

Table 3 shows the comparison of the constant rates of CSB photodecomposition
by thin ceramic coatings under UV irradiation (power density 20 + 25 mW/sm?) in
aqueous solutions with different photocatalytic additions. Prepared ZnO-5nO;-Fe;O3
coating demonstrates a constant rate of CSB photodecomposition which is significantly
higher than previously synthesized ZnO-based ceramic coatings.

According to the XRD data (Figure 2 and Table 3), the distortion of ZnO crystals in
the coating is low and cannot significantly affect its photocatalytic activity. Therefore,
this fact suggests that observed high photocatalytic activity of prepared coating can be
related with its morphology (formation the texture) and/or chemical composition. The
remarkable effect of ZnO crystal orientation in thin coating on its photocatalytic properties
was described earlier in [14].
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In contrary to the coating, some distortion of the ZnO crystals is observed in the
powder (Table 2). Moreover, crystal structures of ZnO-5nO,-Fe,O3 powders can contain
some structural defects, such as oxygen vacancies and Zn interstitials [7]. These structural
defects can affect the photocatalytic properties of the prepared powder.

Table 3. The comparison of the constant rates of CSB photodecomposition by thin ceramic coat-
ings under UV irradiation (power density 20 <+ 25 mW/sm?) in aqueous solutions with different
photocatalytic additions.

Photocatalysts Constant Rate, min—1 References
ZnO 100% 0.022 [4]
Zn0 93.2 mol.% + SnO, 6.8 mol.% 0.026 [4]
Zn0 95.7 mol.% + Er,O3 4.3 mol.% 0.012 [26]
Zn0O 95.3 mol.% + EryO3 4.7 mol.% 0.017 [26]
Zn0 96.2 mol.% + Sm»O3 3.8 mol.% 0.014 [26]
ZnO 95 mol.% + SnO; 3 mol.% + Fe; O3 2 mol.% 0.056 present work

Figure 6b illustrates the photocatalytic decomposition of the thin dye coating deposited
on the glass substrate by the photogenerated ROS from the gas phase. The absorption
spectra of CSB thin coating deposited on glass substrate before (curve 1) and after (curve 2)
the photocatalytic process are also shown in this figure. Two absorption peaks characteristic
of the CSB molecules (Amax = 618 nm) and their dimers (Apax = 670 nm) ([39]) are observed
in these spectra. ROS generated during UV irradiation of the ceramic coating decomposed
some part of the CSB molecules and light absorption of the CSB coating decreased. It is
worth noting that, in spite of their short life time, photogenerated ROS demonstrate the
ability to decompose dye molecules located up to a distance of 0.5 mm from the surface of
the photocatalytic coating.

The dye adsorption significantly changes the color of the powder from bright yellow
to brown (Figure 7a,b). Additionally, UV irradiation accelerates the dye removal (curve 3,
Figure 5). The color of the ceramic powder also changes after photocatalytic process within
30 min. However, this color change is somewhat smaller compared to dye adsorption
without UV irradiation (Figure 7c). It is worth noticing that dye molecules are decomposed
during the photocatalytic process whilst they are only concentrated on the surface of
ceramic powder during the adsorption without UV irradiation.

(a)

(b) (c)

Figure 7. Photos of the surface of ceramic powders. (a) Initial powder; (b) Dried powder after dye
adsorption during 30 min; (c¢) Dried powder after photocatalytic process during 30 min.
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Thus, both ceramic ZnO-5nO;-Fe,O3 powders and coatings demonstrate high adsorp-
tion activity and photocatalytic properties.

4. Conclusions

ZnO-5n0;-Fe;O3 ceramic powders and transparent coatings with high photocatalytic
properties were synthesized using the non-isothermal polymer-salt method. The crystal
structures and morphologies of obtained ceramic materials were studied using the XRD
and the SEM analysis.

Experimental data show that thin ceramic coatings are transparent (~90%) in the
visible spectral range and the band gap of ceramic material is 3.44 eV. The band gap value
of this multi-component ceramic material is described sufficiently using Verlag’s law.

It was found that ceramic powders as well as thin coatings demonstrate a strong
ability to generate reactive oxygen species (ROS) under UV (Aex. = 365 nm) and visible
(Aex. = 405 nm) irradiation. The concentration of photogenerated singlet oxygen from the
intensity of excited light is non-linear which is determined by the significant increase in
the recombination of photogenerated electron-hole pairs due to the growth of the excited
radiation intensity. ZnO-SnO,-Fe, O3 ceramic coatings and powders demonstrate a high
photocatalytic effect upon the photodecomposition of the diazo dye Chicago Sky Blue,
both in the solution and in the air. It was found that, in spite of their short life time,
photogenerated ROS demonstrate the ability to decompose dye molecules located up to a
distance of0.5 mm from the surface of the photocatalytic ceramic coating. Experimental data
suggest that ZnO-SnO,-Fe;O3 ceramic materials are promising for different environmental
and medical applications.
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