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Abstract

Y-doped ZnO nanocomposites with different content of Y203 (1-5 %) were obtained by the Pechini method from
their nitrate solutions. The solutions of Zn2+ and Y3+ nitrates were preliminary obtained by dissolving of zinc and
yttrium oxides with a content of the main component of 99.99% in nitric acid. The influence of yttrium doping the
on the microstructure, morphology, optical properties and photocatalytic activity of the ZnO nanopowders were
examined. The properties of the nanopowders were studied by using X-ray phase analysis, scanning electron
microscopy (SEM), energy dispersive X-ray spectroscopy. The samples were subjected to X-ray powder diffraction
using a DRON-3 diffractometer (Cu-Ka radiation) at room temperature. X-ray phase analysis confirms the formation
of single phase of Y203-doped ZnO powders on diffractograms. According to SEM results, the powders characterized
a conglomerate structure. The undoped ZnO has an average particle size of 43 nm, while the average particle size of
Y3+-doped ZnO ranges from 63 to 79 nm. It was established that the morphology of powder particles primarily
depends on the content of Y3+ in the material. Raman scattering measurements indicate that ZnO samples doped
with Y203 have an intense and clearly expressed A:7° mode, which may be related to the deformation of the powder
granules. In the photoluminescence spectra of ZnO powders, with increasing Y203 concentration, bands at 400 nm
are observed due to the appearance of impurities that cause of interstitial zinc and zinc vacancy defects and their
broadening with a shift to the long-wave region. Photocatalytic properties of ZnO powders doped with yttrium
oxide were investigated using Methyl Orange as a model dye under Osram Ultra-Vitalux lamp (300 W) irradiation. A
present result indicates that the obtained powders are potential candidate for the practical application in
photocatalysis.
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CTPYKTYPA, OIITUYHI B/IACTUBOCTI TA ®OTOKATAJIITUYHA AKTUBHICTb
HAHOKOMIIO3HUTIB ZnO, JIETOBAHHUX Y203
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AHoTariqa

Hanoxomnosutu ZnO, JieroBadi Y3+, 3 pisHum BmicTtom Y203 (1-5 %), orpumano MetoaoM IleuiHi 3 HiTpaTHHX
po34MHiB. Po3uMHM HiTpaTiB Zn2+ Ta Y3+ nonepeAHL0 OTPUMYyBaJ/Id pO3YMHEHHAM OKCH/IB IIUHKY Ta ITpilo 3 BMicTOM
OCHOBHOTO KOMMNOHeHTa 99.99 % y HiTpaTHill kucjaoTi. locaigkeHo BIUIUB JieryBaHHA okcuaoM Itpiro (III) Ha
MiKpOCTPYKTypy, Mopdosioriio, OnTUYHI BJIACTUBOCTI Ta (OTOKATAJTITUYHY AKTUBHICTb HaHONMOpomkiB ZnO.
B/s1acTUBOCTI HAaHOMOPOIUKIB AOCAiAKyBa/Ill MeTOAAMHU peHTreHodas3oBOro aHajidy, CKaHyH4oi e/leKTPOHHOi
mikpockonii (PEM), eHeproaucnepciiiHoi peHTreHiBcbkoi cnekTpockomii. Ha audpakrorpamax oTpHMMaHMX
nopomwkiB ZnO, neroBanux Y203, NpUCYyTHA B OCHOBHOMYy ojHa ¢dasa. 3a pesyabraTamum CEM mnopomku Maau
KOHIJIOMepaTHY CTpPyKTypy. HesieroBaHuii ZnO mae cepejHiil po3Mmip yacTuHOK 43 HM, TOAi sIK cepeAHiil po3mip
4acTUHOK ZnO0, sieroBaHmii Y3+, KoJIMBa€eThcA BiJ, 63 A0 79 HM. BcraHoBJ1eHO, 110 MOpPd0.10Tisi YaCTUHOK NOPOLIKY B
nepuly 4yepry 3ajeKUThb BiJ BMicTy B MaTepiaji Y3+. BuMiploBaHHsSI KOMGIHALiHHOTO PO3CiIHHA MOKa3ye, 0 3pa3Ku
ZnO, neroBaHi Y203, MalOTh iIHTEHCUBHY Ta 4YiTKO BUpa)keHy Moay A:170, Aka MoxKe GyTH NOB'A3aHa 3 AedopManieio
YaCcTUHOK MNOpoOlIKy. Y cnekTtpax ¢oToawMmiHecneHnii mopomkiB ZnO 3i 36ijibmieHHAM KoHUeHTpauii Y203
crnocrepiraloTbcs cMyry 3a 400 HM, 3yMOBJIEHI IOSIBOI0 JOMIIIOK, AKI BUK/IMKAOTh Ae(eKTH MiKBY3/J10BOro HUHKY
Ta LUHKOBHUX BaKaHCiil Ta iX po3lIMpeHHs 3i 3CyBOM y AOBroXBWJIbOBY 06J/1acTb. POoTOKaTa/IITU4YHI BJIaCTUBOCTI
HaHonopoumkiB ZnO, sieroBaHux okcugoM Itpiro (I1I), gocaigKyBaau 3 BAKOPUCTAaHHSM METHJIOBOT'O OPAaHKEBOT0 SIK
MO/ieJIbHOT0 6apBHUKA 3 ONPOMiHeHHAM JiaMnow Osram Ultra-Vitalux (300 BT). Pe3yabTaTH A0C/aiAXKeHb BKa3ylOTh
Ha Te, [0 OTPMMaHi NOPOIIKH € NOTEHIINHUMHU KaHAMJaTaMHU AJis1 IPaKTU4YHOr0 3aCTOCyBaHHA y ¢oToKaTamisi.
Karouosi cnosa: HaHonopouiku Zn0-Y203, oKCUA LUHKY, OKCU/, iTpito, poToKaTai3, AerpajaLis.
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Introduction

In recent years, the development of new
advance photocatalytic materials has become the
objects of intensive scientific research.
Photocatalytic materials based on metal oxides
are distinguished among other materials by their
high chemical resistance, mechanical strength
and non-toxicity. Therefore, the production of
new oxide photocatalytic materials is an urgent
problem.

Photocatalytic decomposition of organic
substances occurs when they are in close contact
with a photoactive material. Therefore, the
contact area is very important for efficient
photocatalysis. This determines the significant
influence of the morphology of materials on their
photocatalytic activity. Thus, it was established
that the photocatalytic activity strongly increases
with the dispersion of materials. In many works,
the objects of research of photocatalytic
properties were oxide powders [1-18].

It is well known that ZnO-based materials
exhibit high photocatalytic properties. They are
promising candidates for practical application. It
was established that the photocatalytic and
bactericidal properties of ZnO-based materials
depend on their morphology and can be
enhanced by the addition of some materials (CdS,
CeO,, TiOz, Sn0, Iny03, Agz) [19]. Rare earth
elements also are used as dopants for synthesis of
photocatalytic materials [1-21]. The addition of
rare earth elements increased the photoactive
properties of oxide materials based on TiO, and
ZnO [19]. It was established [19-20] that small
additions of Y03 dramatically increase the
bactericidal properties of transparent coatings
based on ZnO. The combination of ZnO with Y3+
ions in the form of ZnO-Y,03 nanostructures
involves increasing its photocatalytic activity,
creating transparent coatings for displays,
improving UV radiation in photoluminescence
(PL), etc. The element yttrium (Y) has one filled

4d orbital, which creates certain electron
configurations. Its oxides have numerous
advantages, including different types of
crystallinity, as well as good electronic
conductivity and thermal stability [14; 22]. In the
study [15], ZnO nanopowders doped with
different concentrations of Y3* ions were

obtained using a simple combustion method. In
this work, was shown that the inclusion of Y3+
ions improves the photocatalytic characteristics
of Zn0O. The percentage of photocatalytic
degradation of Phenol (Ph), Methylene Blue (MB),
and Rhodamine B (RhB) by ZnO nanoparticles

doped with Y,03 reaches 91 %, 94 %, and 97 %,
respectively within 90 min under the influence of
visible irradiation. The highest rate of
photocatalytic decomposition of Phenol, MB, and
RhB solutions (98 %) was obtained after
40 minutes using ZnO doped with 1% Y203. In
[16], dense nanocrystalline ZnO containing 1 and
5 mol.% was obtained by microwave irradiation.
% of yttrium oxide and its UV catalytic activity
was investigated. The photodegradation reaction
kinetics of MB dyes showed first-order reaction
kinetics for ZnO samples doped with 1 mol. %
Y203. When the doping of Y203 exceeded 5 mol. %,
the catalytic reaction was described as a second-
order reaction. The reason was the segregation of
Y203 [16].

According to these research results, the
properties of the photocatalytic materials are
sensitive to the conditions of their preparation.
Hence, metal impurity can increase or decrease
the photocatalytic activity of ZnO depending on
the preparation conditions and doping
concentrations [23]. Based on the above, the
effect of Y3+ doping on the structural, optical and
photocatalytic properties of ZnO nanopowders
obtained by Pechini method was investigated. In
this work, the photocatalytic properties of Y,03-
doped ZnO nanopowders were studied by the
decomposition of Methyl Orange dye at Osram
Ultra-Vitalux lamp irradiation. The detailed study
of photocatalytic properties of ZnO nanopowders
doped with rare earth oxides can also be of both
scientific interest and practical importance.

Experimental

Y203-doped ZnO nanocomposites were
obtained by the Pechini method. The essence of
the method is to achieve a high degree of cations
mixing in the solution, the controlled transition of
the solution into a polymer gel, the removal of the
polymer matrix with the formation of an oxide
precursor, and the preservation of a high degree
of homogeneity. Solutions of Zn2* and Y3+ nitrates,
which were obtained by dissolving zinc and
yttrium oxides with a content of the main
component of 99.99 % in nitric acid, were used as
starting materials. Before preparing the initial
solutions, yttrium oxide was pre-dried in a muffle
at 300 °C for 2 hours. A mixture with different Y3+
content was prepared from nitrate solutions. The
mix of nitrate and citric acid solutions was stirred
for 1 hour at 80 °C. The obtained precursor was
dried at 150 °C for 24 hours and then subjected to
heat treatment at 800 °C.
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The samples were subjected to X-ray powder
diffraction using a DRON-3 diffractometer at
room temperature (Cu-Ko radiation). The scan
angle was 0.05-0.1 ° in the range 26 = 15-90 °.
The lattice parameters were calculated with the
least-square method employing the LATTIC
software, with an error of less than 0.0002 nm for
the cubic phase. The phase composition was
determined of the Joint Committee on Powder
Diffraction Standards (JCPDS International Center
for Diffraction Data, 1999).

The volume of the unit cell was determined
using the calculation data of the cell parameters
obtained by the X-ray method [24]:

- cubic symmetry: Ve = a3

- monoclinic symmetry: Ve = a-b-c-sinf8
- hexagonal symmetry: Ve = 0,866-a2-b
- rhombic symmetry: Ve = a-b-c.

Scanning electron microscopy (SEM) was used
to assess the homogeneity of the powders.
Elemental analysis of the samples was performed
by X-ray spectral microanalysis (XMR) using an
energy dispersive spectrometer (EDS) INCA 450
(OXFORD Instruments). The atomic
concentrations of the elements were determined
within the relative experimental error of ~ 0.2 %
for the investigated area of 500 pm x 500 pm.

The specific surface area of the samples was
measured by the chromatographic method of
low-temperature argon adsorption at -196 °C
(one-point BET method). The essence of the
method is that test samples are analyzed under
identical conditions with a standard sample with
a specific surface area known and stable over a
long time. In this case, silica (cytochrome C-80)
with a specific surface area of 80 m2/g was used
as a standard.

Raman scattering and photoluminescence (PL)
spectra were recorded by Horiba Jobin Yvon
T64000 spectrometer equipped with a CCD

Co
Co

DE = x 100,

where (y is the initial dye concentration, C is the
concentration after photoirradiation.

The reaction kinetics of the MO dye
degradation was described by the pseudo-first
order model (2):

In (C/Cy) = -kxt, (2)

detector at room temperature. Radiation from
solid-state lasers (442 and 532 nm) and the He-
Cd laser (325 nm) was focused onto the sample
using an Olympus BX 41 microscope and used to
study Raman scattering and PL. At the same time,
the diameter of the analyzed spot was 1 um, and
the spectral resolution was 1 cm-1.

The photocatalytic activity of zinc oxide
powders doped with yttrium oxide was studied
by the decomposition of Methyl Orange (MO),
which was used as a model dye. Powders of
undoped zinc oxide and doped with Y203 (1-5 %)
were dispersed in an aqueous solution of MO
with an initial concentration of 10 mg/L. The
resulting suspensions were stirred using a
magnetic stirrer for 30 min in the dark until
adsorption-desorption equilibrium was reached
between Methyl Orange and the catalyst surface.
The content of the catalyst powder in the MO
solution was 2 g/L. The samples were irradiated
with Osram Ultra-Vitalux lamp with a power of
300 W for 30, 60, 90, and 120 minutes,
respectively (Fig. 1). After the specified time
intervals, 5 ml of the suspension were filtered to
remove the photocatalyst, and transmission
spectra were measured on a modern two-beam
UV  spectrophotometer Shimadzu UV2600i.
Distilled water was used as a standard. MO has
two absorption peaks in distilled water at 270 nm
and 465 nm, respectively. The concentration of
MO dye was monitored by measuring the
transmission of visible absorption at 465 nm at
each stage of photodegradation. According to the
Beer-Lambert law, MO concentration is linearly
proportional to the transmittance value (T) at
465 nm [25]. The concentration of MO in the
investigated solutions was determined by
measuring of the transmission coefficient at
465 nm.

Degradation efficiency (DE) was calculated
according to equation (1):

(1)

where Cp and C are the concentrations of MO dye
in the aqueous solution at time t = 0 and certain
time t respectively, and k is the pseudo-first order
degradation rate constant [26]. The error of dye
concentration measurement was no more than
0.1.
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Fig. 1. Photocatalytic activity testing system

Results and Discussion

Structural properties

Fig. 2 shows XRD patterns of ZnO and Y,03-
doped ZnO nanocomposites in the samples with
from 1 to 5% Y203 presence of peaks
corresponding to Y20s3. This indicates the not
ideal solubility and not homogeneity of Y+3 ions in
the ZnO lattice.

All samples have a polycrystalline structure
corresponding to the hexagonal phase of wurtzite

ZnO. The diffractograms are indexed by ICDD
card No. 01-036-1451 (a = 0.3250 nm,
€c=0.5206 nm). The main peaks belong to the
planes (100), (002), (101), (102), (110), (103),
(200), (112), (201), (004), and (202). The Y*3
amount increase in zinc oxide leads to a change,
namely an increase in the lattice period (Table 1,
Fig. 3). This increase can be explained by the size
factor of the Y*3 ions radius (0.089 nm) is greater
than the Zn*2 ions radius (0.074 nm).
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Fig. 2. XRD patterns of ZnO and Yz03-doped ZnO nanocomposites
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Structural properties of Y203-doped ZnO nanocomposites

Table 1

Lattice parameters of the phases, nm

Cell volume

Sample c/a V. nm3
a c
Zn0 0.3248 0.5200 1.601 0.0475
Zn0-1 % Y203 0.3248 0.5201 1.601 0.0475
Zn0-2 % Y203 0.3246 0.5202 1.602 0.0475
Zn0-3 % Y203 0.3244 0.5204 1.604 0.0474
Zn0-4 % Y203 0.3247 0.5204 1.603 0.0475
Zn0-5 % Y203 0.3250 0.5206 1.602 0.0476
0.5218 -
0.5216
05214 )
£ 05212
= -
~£ 05210 o
@ J
& 05208
S 05206
0.5204 ®
0.5202
0.5200
0,5198—.
T | T T T
1] 2 4 6 8 10
%Y,0,

Fig. 3. Dependence of the unit cell parameter c of zinc oxide on the Y203 content

Structurally, ZnO has three types of crystal
planes, two non-polar (2110) and (0110) planes
and a polar (0001) basal plane with C6V
symmetry. The (0001) plane has a higher surface
energy, so crystal growth in the direction of the c-
axis is faster, which leads to the formation of
nanorod-shaped crystals, as shown in Fig. 4a. A
change from a nanorod to a nanoplate form is
observed after doping ZnO with trivalent ions of
rare earth elements (Fig. 4b) [27].

The presence of trivalent ions instead of Zn2+
ions in the ZnO crystal is likely to increase the
adsorption of ligands on these basal surfaces,
which in turn will lead to a decrease in the

(0001)
a

growth rate of ZnO nanocrystallites along the c-
axis direction. This means that crystal growth
along the (0001) direction is significantly
suppressed under this condition, while
nanocrystallites can still grow along the (2110)
direction. The scheme of disruption of the crystal
structure of the ZnO lattice by doping is shown in
Fig. 4c, which shows the crystal growth oriented
along the lateral directions. Therefore, the sharp
morphological changes observed for ZnO samples
doped with trivalent ions can be considered
evidence of the inclusion of these elements in the
ZnO lattice.

(2110)
b

hki=0,0,1

Zn
o

® Dopant

Fig. 4. Schematic crystal growth of pure (a) and doped (b) ZnO nanostructures. Scheme of crystal growth in
lateral directions after doping (c) [27]
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Adsorption-structural studies

The specific surface area of the samples was
measured by the chromatographic method of
low-temperature argon adsorption at -196 °C
(one-point BET method). The value of the
particular surface of the test sample was
calculated according to the formula:

Sger = (S:Feeme) / (F-m),
where Sger and S are the specific surfaces of the
sample and standard, respectively, m2/g; F and F.
are the areas of the argon desorption peak of the
studied sample and the standard, respectively
(chromatographic data); m and m. are the mass
of the sample and the standard, respectively, g.

Table 2

Specific surface area of Y203-doped ZnO nanocomposites

Composition Sper, m?/g
Zn0 3.8
Zn0-1 % Y203 6.0
Zn0-2 % Y203 5.1
Zn0-3 % Y203 6.8
Zn0-4 % Y203 5.7
Zn0-5 % Y203 9.5

The morphology and chemical composition
study

According to SEM, the synthesized powders
have a conglomerate structure. Particles whose
size does not exceed 100 nm are observed in the
conglomerate themselves (Fig. 5).

The morphology of powder particles primarily
depends on the content of Y3+ in the material. The

undoped zinc oxide characterized particles with
regular shape from 20 to 50 nm, and average size
- 43 nm. The small amounts of single particles
with diameter of 5 nm are also observed (Table
3). The introduction of Y3+ affects changes in
particle morphology and size. The particles began
to acquire a lamellar shape, and their average
planar dimensions increased to 79 nm.

Table 3

Size of Y203-doped Zn0O nanocomposites

Composition Size, nm

Zn0 43
Zn0-1 % Y203 74
Zn0-2 % Y203 79
Zn0-3 % Y203 64
Zn0-4 % Y203 68
Zn0-5 % Y203 63

Raman scattering

Raman scattering measurements were carried
out to investigate the influence of Y3+ doping on
the structural and vibrational properties of ZnO
powders.

According to group theory, ZnO with wurtzite
structure belongs to space group (%, with two
formula units per unit cell. The unit cell of ZnO
consists of four atoms, each of which occupies the
C3v position, leading to 12 phonon branches (nine
optical and three acoustic). The irreducible
expression of optical phonons is given as
Fop=A1+2B;1+E;+2E;. Modes A; and E; are polar
and can be divided into transverse-optical (TO)
and longitudinal-optical (LO) phonons, while
modes B; are Raman inactive [28]. The oscillation

of A; phonons is polarized parallel to the c axis;
phonon E; is polarized perpendicular to the ¢
axis. Each mode corresponds to a band in the
Raman spectrum. The intensity of these bands
depends on the cross section of the scattering of
these modes. The nonpolar modes E; are Raman
active and have two wavenumbers, namely low -
E>lw and high - Ehigh, associated with the motion
of the the zinc (Zn) and oxygen (O) sublattice,
respectively.

Fig. 6 shows Raman light scattering spectra for
zinc oxide nanopowders doped with yttrium
oxide. In all Zn0-Y,03 powders, typical Ez"gh and
E;ow Raman scattering modes are clear detected,
A179, A;10 modes and combinations of Ehigh-Ejlow
and E;T0+Elow are observed.
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Fig. 6. Raman scattering spectra of ZnO powders doped with yttrium oxide (1-5 %).

A noticeable increase in the intensity of the
A9 mode is observed with increasing
concentrations of yttrium oxide in the powders.
For high quality ZnO films the intensity of A;.0
mode is weak due to a destructive interference
between the deformation and Froéhlich
contributions to the LO scattering cross-section.
In our case, the high intensity of A:l® mode is
caused by a ZnO lattice disorder [29]. The
samples with yttrium oxide also have a more

intense and more clearly expressed A;7° mode,
which may be related to the deformation of the
powder granules.

In samples with 2 and 5% by weight of
yttrium oxide bands of intracentric luminescence
are detected, which are observed only upon
excitation by a 532 nm solid-state laser, which
with a high probability can be associated with the
formation of Y203 clusters and an increase in the
yttrium content at the grain boundaries (Fig.7).

F Ao = 932 NM
10000 |
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: 8000 |-
g ——2Zn0-5%Y,0,
&
@ 6000
>
‘D
& 4000
IS
2000
0 PR P Y
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100 200

300

400 500 600

Raman shift, cm™

Fig. 7. Raman scattering spectra of ZnO powders doped with Y203 (2 % and 5 %)

Photoluminescence (PL) studies

In the PL spectra of ZnO powders a near
bandgap edge emission around 389 nm and a
deep-level emission associated with transitions
from defects at 560 nm were observed [30]. The
relatively narrow maximum in the UV region

around 385 nm in the samples corresponds to the
emission during the recombination of free
excitons [31]. With  increasing Y203
concentration, bands at 400 nm are observed due
to the appearance of impurities that cause of
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interstitial zinc and zinc vacancy defects and their

broadening with a shift to the long-wave region.

4

w
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Fig. 8. Photoluminescence spectra of ZnO and Y-doped ZnO (1-5%) nanopowders

Study of the photocatalytic activity of ZnO and
Y203-doped ZnO nanopowders

Photocatalytic activities of undoped and
doped with 1-5% yttrium oxide ZnO
nanopowders (NPs) were studied by the
decomposition of aqueous Methyl Orange (MO)
dye solution. Methyl orange belongs to the
organic azo dyes groups, which are widely used
in printing, textile, and other industries. Its entry
into the environment has a toxic effect on living
organisms and, in particular, a carcinogenic effect
on humans [28]. In order to studying the
photocatalytic activity of Y,0s;-doped ZnO NPs,
the powder catalyst was dispersed in a aqueous
solution of MO (10 mg/L) and were exposed
under Osram Ultra-Vitalux lamp irradiation with
power of 300 W during 30, 60, 90 and 120 min.

In fig. 9 presents the photodegradation
kinetics of MO dye by ZnO and Y.03-doped ZnO
NPs. The obtained results indicated that the Y3+-
doped ZnO NPs has a lower photocatalytic
activity compared to undoped ZnO NPs. The
photocatalytic efficiency of pure zinc oxide
powders consist 96.6 % after 120 min of
irradiation. At the same time, the photocatalytic
activity of ZnO NPs powders doped with Y,03 (1
and 2 wt. %) is 79.2-79.9 %. For ZnO NPs with a
higher concentration of yttrium oxide impurity
(3-5 % wt. %), this value decreased to 63-66 %
(Fig. 10). The reason of the reducing in the
photocatalytic  activity of Y-doped ZnO
nanopowders compared to pure ZnO can be due

to increasing of ZnO particles size after yttrium
doping. A further decrease in the photocatalytic
activity of doped ZnO nanopowders can be
associated with the introduction of an excess
amount of Y3+ (3-5 wt. %), which leads to the
formation of the second phase of yttrium oxide
(Fig. 2). From the obtained results, it can be
concluded that the optimal dopant concentration
of Y3+ is not more 1-2 %wt. Therefore, the
selection of the obtaining conditions (method and
concentration of impurity) of doped zinc oxide
powders plays an important role in creating a
material with the necessary photocatalytic
properties. In this case, the reduction of
photocatalytic properties can also be of practical
importance. The use of materials based on zinc
oxide with reduced photocatalytic activity is
promising for slowing down the decomposition of
pigments under the influence of UV radiation.

The degradation rate constant k were
determined from the slope of the curves and
equation In(C/Cy) = -kt. Fig. 11 presents the
dependence of degradation rate constant k vs
yttrium concentration The reaction kinetics of the
MO dye destruction could be described by the
pseudo-first order model for low dye
concentrations, where C; and C are the
concentrations of MO at time t=0 and certain time
t, respectively, k is the pseudo-first order rate
constant [32].
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The obtained straight lines showing that the
reactions are of pseudo-first order. The
calculated values of the degradation rate constant
k for ZnO samples doped with yttrium oxide
consists 0.0078-0.0128 min-, for undoped ZnO -
0.0272 min'l. As we can see from XRD and SEM
results, the decrease in degradation rate constant
of nanopowders doped with yttrium oxide is due
to an increase in the size of the powder
nanoparticles. As a result, the surface area of the
photocatalyst decreases. Photocatalytic materials

Y3+ +hyv > é (Y3+) + h+( Y3+)
Zn?* + hv — e (Zn2*) + h*(Zn2+)

Y3+ + OH-—Y?* + OH-

OH-+ M 0 — Products of photodegradation

Y3+ + e Yz
Y2+ +0; »Y3* + Oz

Oz + M O - Products of photodegradation

Superoxide ions 0% cause the decomposition
reaction as mentioned above. The presence of Y3+
ions contributes to the photon absorption of MO,
as these ions capture electrons and inhibit
electron-hole recombination. In some cases, the
reducing of the photocatalytic properties of ZnO
has the practical use as UV protection
applications, where ZnO used as a safe and
durable shielding agent against UV irradiation,
because UV causes cells damage, deterioration of
paints and plastics as well as color fading of
paints and fabrics [34].

Conclusions

It is shown that Y-doped ZnO nanocomposites
(1-5 %) characterized by a wurtzite structure of
crystal lattice. An increase in the amount of Y3+in
zinc oxide leads to an increase in the lattice
period. According to scanning electron
microscopy, the synthesized powders have a
conglomerate structure. It was established that
the morphology of powder particles primarily
depends on the content of Y3+ in the material. The
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