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Nanosized composite ZnO/T10, thin films for photocatalytic applications
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This study is focused on preparation, characterization and photocatalysis with ZnO, TiO, and nanocomposite thin
films of ZnO/Ti0,, prepared by spin coating method from suspensions of the commercial metal oxide powders in
ethanol, with addition of PEG as stabilizer. The content of ZnO in the composite samples is selected to be 90%. The
phase composition and morphology of the ZnO, Ti0, and mixed composite thin films of ZnO/Ti0O, is characterized by
X-Ray Diffraction and SEM analysis. The photocatalytic efficiency of the prepared films is tested in photooxidation
of organic azo dye Orange II from aqueous solutions under irradiation with UV and visible light. The influence of the
number of coated layers on the efficiency of dye photodegradation is also investigated. Comparative photocatalytic
experiments with ZnO and TiO, films are performed. It is found out that the nanocomposite film of 90% ZnO content
with 3 coated layers manifests the highest photocatalytic efficiency under UV irradiation.
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INTRODUCTION

Heterogeneous photocatalysis is an attractive ad-
vanced technology for removal of organic pollutants
from water and air under light illumination. Titania
and zinc oxide are the most popular semiconductor
oxides used as photocatalysts due to their unique
blend of properties [1]. The coupling of two semi-
conductors, possessing different energy levels for
their corresponding conduction and valence bands,
provides an approach to achieve a more efficient
charge separation, an increased lifetime of the charge
carriers and an enhanced interfacial charge transfer
to the adsorbed species favoring their photooxidation
and further mineralization [2]. There is significant
interest in the scientific research on nanostructured
ZnO/Ti0O, composites with different configurations
and morphologies in order to obtain more efficient
photocatalytic degradation [3—5]. In addition to clas-
sical mechanochemical processing used to manufac-
ture nanoparticulate (TiO,) (ZnO), , photocatalytic
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powders [6], the photocatalityc performance is in-
vestigated for coated with titania shell ZnO nanorods
[7], junction type p-ZnO/n-TiO, powder photocata-
lyst [8], powdered ZnO-TiO, nanocomposites pre-
pared by wet chemical methods [9—11], nanosized
ZnO/TiO, [12] and Zn-TiO,-ZnO [13] nanocom-
posite films. To the best of our knowledge, we have
not found in the available literature, investigation on
ZnO/TiO, films, prepared via spin coating method
from suspensions.

In this study we present a procedure for obtain-
ing thin solid films of TiO,/ZnO from slurry by spin
coating and their characterization as a first step to
enhance the photocatalitic efficiency of the com-
posite film under UV-light. For this reason, our goal
is to find the conditions for preparation of good and
reproducible coatings by studying the influence of
different factors on the photocatalytic properties of
the composite films.

EXPERIMENTAL

The reagents and materials used in the ex-
periments were as follows: TiO, anatase from
KRONOS-Germany, ZnO and Orange II (O II)
(C,(H, N,NaO,S, dye content ~85%, absorption
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maximum at A, = 484 nm) from Sigma Aldrich.
Absolute ethanol and PEG (2000) were purchased
from the Institute of Pure Substances, University of
Sofia. Standard microscopic glass slides of dimen-
sions 75%26x1 mm (Isolab, Germany) were used
as substrates of the coatings. The glass slides were
preliminary cleaned thoroughly with detergent and
then consecutively rinsed with isopropanol, acetone
and ethanol in order to eliminate organic residues
and assure better adhesion of the coatings [14].

The coating suspension, containing commercial
TiO, or ZnO powders, was obtained by addition of
the corresponding metal oxides (7% weight ratio)
to ethanol. The ZnO content in the composite TiO,/
ZnO film samples was selected to be 90% with re-
spect to titanium oxide, based on our previous in-
vestigation [15]. To assure better films adhesion
and porosity, 7% (weight) polyethylene glycol 2000
was also added to the slurry [16]. Then the coat-
ing suspension was homogenized by ultrasonic bath
(IKEDARIKA BU95001) for 20 minutes and was
let to age overnight. The substrates were coated us-
ing spin-coater (KW-4A, Chemat Technology Inc)
at two speeds of rotation: first — 1000 rpm (3 sec)
and second — 2000 rpm (30 sec). Three series of film
samples of each composition were prepared — with
one, two and three coated layers. The films were
allowed to dry at 100 °C for 10 min between the
successive coating cycles. The as-coated substrates
were finally annealed in a high temperature oven
(Barnstead Thermolyne, Furnace 1400) for 1.5 h at
500 °C in air atmosphere to obtain complete organ-
ics decomposition and crystalline films.

The phase composition and crystallinity of as-
prepared thin films was established by Siemens
D 500 diffractometer (CuKa source of radiation
at a step of 0.05 deg for 2@ and counting time
2s/step). The surface morphology of the samples
was observed via scanning electron microscope
(SEM) (JSM-5510 JEOL). The film thickness was
determined by weight method for series of films
from ZnO, TiO, and TiO,/ZnO, prepared with 1,
2 and 3 spin coated layers.

The as-prepared ZnO, TiO, and TiO,/ZnO films
were tested in photodegradation of Orange Il from
water solution by a standard testing procedure [14].
The volume of dye solution was 100 ml. The ini-
tial O II concentration was 8 ppm. The sources of
irradiation were as follows: UVA lamp (Sylvania
18W BLB T8, emitting mainly in the range 315-
400 nm) placed 10 cm above and a linear Tungsram
lamp (500 W K1R7s 9700 Lm, maximal emission at
700 nm) for the visible irradiation fixed at 25 cm
above the investigated solution. Aliquot samples
were regularly taken from the dye solution at fixed
time intervals and analyzed for absorption at the
maximal absorption of O II by UV-VIS spectro-
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photometer (Thermo scientific, Type Evolution
300 BB). After absorption measurement, the aliq-
uots were immediately returned back to the treated
solution. The solution was constantly stirred by
electromagnetic stirrer at constant rotation speed
of 400 rpm. All photocatalytic experiments were
conducted at constant temperature of 23+2 °C.

RESULTS AND DISCUSSION

The crystalline phase of the prepared ZnO, TiO,
and Ti0,/ZnO films, identified by X-ray diffraction
analysis is represented in Fig. 1. It is clear from the
XRD pattern that zinc oxide is well crystallized and
can be classified as hexagonal wurtzite modification,
with dominating (101) peak. The titanium dioxide,
in the thin films, is of anatase form (with main peak
at (101)). The diffractogram of mixed TiO,/ZnO
composite film with pointed characteristic peaks of
anatase and zinc oxide is presented also in Fig. 1.
The intensities of the main peaks of ZnO and TiO,
in case of composite do not differ from those in case
of pure ZnO or TiO, film — both oxides are present
in the composite as separate phases, there is no indi-
cation for formation of mixed compound. The size
of crystallites is calculated following Sherrers equa-
tion (k = 1.5406 A) for ZnO from the (101) peak
and for TiO, from the (101) peak (Fig. 1) as they
are relatively strong and single for the respective
metal oxide. The sizes of crystallites are found to be
40.7 nm for TiO, and 24 nm for ZnO.

The surface morphology of TiO, and TiO,/ZnO
composite film is represented in Fig. 2. From the
SEM images in Fig. 2 is seen that the films are uni-
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Fig. 1. Comparative XRD pattern of TiO,, ZnO and com-
posite TiO,/ZnO thin films
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Fig. 2. SEM images of the prepared catalysts in form of thin films at different

magnifications

form and homogeneous. The size of the particles in
the films is calculated following the equation:

i=1

D("‘ = Z (Da'mux + Da'min )sz (1)
N

Where N is the number of observed particles, and
D,, D, and D . are the average, maximum and
minimum diameter of the particle, respectively. In
our case N=300-500. The average particle size is
found to be 0.2 um for TiO, and 0.45 pm for ZnO in
all the prepared films. The observed film thickness
by SEM is 2.5 pm.

Series of experiments are made in order to ob-
tain the optimal number of coated layers of the pre-
pared films. The dependence of the film weight on
the number of spin coating cycles is presented in
Fig. 3. As seen from Fig. 3a, in case of ZnO and
TiO, films, the weight of the first layer is greater,
compared to that of the next ones. The second and
third coatings, for each of the pure oxide films, have
approximately equal weigh. In general — the ZnO
films have greater weight (0.49 pg.cm™ per 3 coat-
inds), than these of TiO, (0.43 pg.cm?) due to the
different density of the respective oxides (p,,,= 5.6
g.cm?, pro, = 3.9 g.cm?®). The average film weight
in case of 3 coated film of TiO,/ZnO composite
(Fig. 3b) is found to be 0.43 pg.cm™.

The photocatalytic action of the titania, zinc ox-
ide and titania/zinc oxide nanocomposite films is
investigated, as mentioned above, in the photo initi-
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Fig. 3. Weight of the successive coatings for the films of:
(a) TiO, and ZnO; (b) thin composite films of 90% ZnO
content. The experimental data points represent the aver-
age from three independent measurements; the error bars
show the respective deviations
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Fig. 4. Comparison of the achieved degree of photocata-
lytic decomposition of O II in 8 ppm water solution with
all film samples at 3" h of UV light irradiation
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ated decomposition of Orange II from 8 ppm water
solutions. The photocatalytic experiments are car-
ried out with films coated by 1, 2 and 3 spin coated
layers. The results of the photocatalytic experiments
after 180 min of UV illumination are shown in
Fig. 4. The experimental data in case of TiO, and
Ti0,/ZnO composite films show clear tendency for
higher photocatalytic efficiency with the number
of film coatings. The effect is most expressive for
the TiO,/ZnO composite films. The photocatalytic
activity of ZnO films undergoes maximum (62%
dye degradation) for the film prepared with 2 spin
coatings and then slightly decreases. Higher degree
of pollutants photodegradation (65%) is observed
with TiO, films, prepared with 3 layers. The ti-
tania/zinc oxide films, prepared with 3 coatings,
manifest the best photocatalytic efficiency (72% O
II degradation) under UV irradiation due to suc-
cessful charge separation in the prepared compos-
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Fig. 5. Degradation degree (%) of Orange I after 3 h photo-
catalysis with the different film samples under visible light
illumination. The initial dye concentration is 8 ppm

652

ite and therefore avoiding losses from recombina-
tion of the photogenerated charge carriers.

The experimental results from the photocata-
lytic tests at the 180™ minute of visible light il-
lumination are presented in Fig. 5. Generally the
photocatalytic activity of all film samples under
visible light is lower, compared to the results ob-
tained upon UV irradiation. In this case a trend,
reverse to the case of photocatalysis under UV
light, is observed for the TiO, and TiO,/ZnO film
samples — the photocatalytic activity decreases
with the number of coated layers. Here the TiO,
and TiO,/ZnO films have lower efficiency in
comparison with the ZnO films. In case of films
of zinc oxide, the photodegradation efficiency
regularly increases with the number of the film
coatings. The ZnO films prepared with 3 coated
layers have the highest efficiency — 14% Orange
II photodegradation.

The apparent rate constants of photocatalytic
process are determined following the equation:

C=C. e™ 2

mn

where C is the concentration of the dye solution at
the moment ¢, C, — the initial dye concentration and
¢ is the illumination time in minutes.

The rate constants values (K), calculated by
Eq. (2) with the data, obtained from the photocata-
lytic experiments under both types of illumination,
are plotted in Fig. 6. From the figure one can see,
that highest rate constants values are observed in
case of photocatalysis under UV light with TiO,/ZnO
nanocomposite films, where the process of photoca-
talysis is the most effective.
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Fig. 6. Rate constants of photocatalysis versus number of
the films coatings



S. A. Siuleiman et al.: Nanosized composite ZnO/TiO, thin films for photocatalytic applications

CONCLUSIONS

Nanocomposite films of TiO,/ZnO are prepared
using for the first time dip coating method from etha-
nol suspensions. The films exhibit a good homogene-
ity and nanocrystallinity as shown by XRD and SEM
analysis. The titania and zinc oxides in the composite
film exist as separate phases in form of anatase and
wurtzite modification, respectively. The determined
by weight method composite film weight is found
to be 0.43 pg.cm?. The photocatalytic action of the
TiO,/ZnO films is tested and compared with that of
ZnO and TiO, films in UV and visible light induced
purification of aqueous solutions from the organic
dye Orange II. Most efficient dye photodegradation
is achieved with the composite films of TiO,/ZnO un-
der UV irradiation. The investigation will be devel-
oped further upon visible light illumination, where a
better photocatalytic performance of the composite
Ti0,/ZnO films might be expected.
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HAHOPA3MEPHU KOMITIO3UTHU ThHKU ®MJIMU OT ZnO/TiO,
3A ®OTOKATAJIMTUYHU ITPUIIOKEHUA

. A. Croneiiman, /1. B. PaiiueB A. C. boxuHoBa*,
. 1. Aumurpos, K. 1. [Tamazosa

Jlabopamopus no nayka u mexuono2ust Ha Hanovacmuyu, kameopa Odwa u HeopeanuyHa Xumusl,
@akynmem no xumusi u papmayus, Cogputicku ynusepcumem, Coghus 1164, Bvreapus

Ioctenuna despyapu, 2013 r.; npuera maii, 2013 r.
(Pestome)

[IpeacraBeHOTO U3CIIE/IBaHE € HACOUEHO KbM CHHTE3, XapaKTepH3upaHe U (OTOKATAIUTHYHA aKTUBHOCT Ha ZnO,
Ti0, u HaHOKOMIIO3UTHY THHKH (punmu 0T ZnO/Ti0,, 0TI0KEHH 110 METo/1a Ha LIEHTPOOEKHO BbpTEeHE (spin coating)
OT €TAHOJIHH CYCIICH3MHU Ha ThPrOBCKHUTE IPAX0OBE METAIHU OKCH/IH, ChIbPIKAIM CTa0MIM3Kpaa jo0aBKa oT HoJu-
eTwieHr Ko, V3opanoro cbibpikanne Ha ZnO B koMro3utHUTe npodu e 90%. dazoBusar cberaB 1 Mopdoorusta
Ha ZnO, TiO, u cMeceHUTe KOMIIO3UTHH THHKU (uimu oT ZnO/Ti0, ca XapakTepu3upaHu ¢ PEHTI€HOBA AUPPAKLIU
U CKaHWpallla eJIEKTPOHHA MUKPOCKOMHsL. POTOKATAIMTHYHOTO MOBEICHHE HA NOIYyUYSHUTE PUIMHU € U3MUTAHO NPU
(oToOKHCIEHNETO Ha OpraHn4yHoTO a3o Oarpuiio OpanxeBo Il BbB BOJIEH pa3TBOp IpU 0OJBYBAHE C YJITpaBUOJIE-
TOBa W BUAMMa cBeTyIMHA. M3clieiBaHO € U BIMSHHUETO Ha Oposi Ha MOKPUTHATA BBPXY e(DeKTHBHOCTTA Ha (OTOpaA3-
rpaxase Ha 6arpuinoro. [IpoBenenu ca cpaBHUTEIHU (OTOKATANUTHYHY TecToBe ¢ ¢puiaMu oT uucture ZnO u Ti0,.
YcraHoBeHo e, ue ¢punmure cbe chabpkanue Ha 90% ZnO u 3 moKpuUTHsI TIOKa3BaT Hall-BUCOKa (DOTOKATAIUTHYHA
e(eKTUBHOCT 1O/ ACHCTBUETO HA YJITPABHOJICTOBA CBETIIMHA.
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