Bulgarian Chemical Communications, Volume 49, Special Issue F, (pp. 95 - 99) 2017

Efficiency of ZnO photocatalysts doped with La and Ag
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The photocatalytic efficiency of Ag and La doped ZnO materials, obtained using the impregnation followed by thermal
treatment, was studied and compared in the reaction of oxidative degradation of RB5 dye as model contaminant in
aqueous solutions under UV irradiation. The structure, phase composition, morphology and specific surface area of the
non-doped and doped ZnO photocatalysts were investigated by Powder X-ray diffraction analysis, Scanning electron
microscopy and BET method. The results indicated that the highest degree of degradation of RB5 dye (69%) after 120
minutes of illumination was achieved using La doped ZnO photocatalyst, comparing with the degree of degradation
over the others samples - Ag doped ZnO (35%) and non-doped ZnO (20%). The apparent rate constants of RB5 dye
degradation decrease in the following order: La-ZnO (9.2x10 min) > Ag-ZnO (3x10° min™?) > ZnO (1.4x10° min?)

due to the interplay of La®* and La®* ion pair.
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INTRODUCTION

Developing effective and green methods for
pollutants removal (among them dyes from textile
industry) is important environmental hot topic of
the day [1]. Heterogeneous photocatalysis using
semiconductors has demonstrated its productivity in
this aspect, especially in degrading persistent
organics into CO: and H:O or into easily
biodegradable compounds [2, 3]. ZnO is among the
most popular photocatalysts for dyes degradation
due to its ability to absorb a wide solar spectrum [1,
4]. An effective approach for decreasing the
recombination of photo-generated charge carriers
and enhancing photoactivity is the modification of
ZnO using doping with metals or nonmetals, metal
deposition and coupling with other semiconductors
[5].

The activities of Ag/ZnO samples were
investigated by photodegradation of aqueous
solution of Acid Blue 113, Rhodamine B, Basonyl
Violet and Methylene Blue dyes under UV
illumination [6-11]. Ag/ZnO photocatalysts were
evaluated by the dye degradation also under direct
sunlight [12-15]. Mechanism of photodegradation
of Methyl Orange [16-18] and Methylene Blue dye
on Ag/ZnO nanocomposites for UV and visible-
light was studied [16, 17, 19]. ZnO nanosheets were
hybridized with AgsPOs nanoparticles and their
photocatalytic activity for the degradation of
Rhodamine B dye under visible-light illumination
was investigated [20]. The  Fenton-like
photocatalytic activity for the degradation of
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Rhodamine B and Methylene Blue in the mixed dye
solution using Ag/ZnO hybrid samples was studied
[21]. Photodegradation of dye mixtures of
Methylene Blue and Methyl Orange by Ag/ZnO
under UV-irradiation were performed in [22].

Mechanisms of the degradation of three
different dyes on La doped ZnO photocatalyst using
visible light was presented in [23]. The
photocatalytic degradation of Reactive Black 5 dye
in distilled and sea water using La/ZnO samples
under UV-light irradiation was described in [24].
The photodegradation of the Metasystox,
Paracetamol drugs, 2,4,6-trichlorophenol and
Methyl Orange dye on La-doped ZnO powders
were reported [25-28].

The aim of the present paper is to study
comparatively the photocatalytic properties of non-
doped and Ag- or La-doped-ZnO photocatalysts
obtained by impregnation method for degradation
of aqueous solution of Reactive Black 5 dye as
model contaminant.

EXPERIMENTAL

The activated ZnO powder was prepared by
procedure presented in Bulgarian Patent Ne
28915/1980 by Shishkov et al. (CI. Index C 01 G
9/02) [29]. The commercial ZnO was dissolved in
nitric acid and after that simultaneous treatment by
adding NH4OH and bubbling CO,. The obtained
precipitate Zn(OH)COs was filtered, washed, dried
at 110 °C and thermally treated at 400 °C for 4 h.
ZnO powder was impregnated with definite
amounts of the aqueous solutions of the AgNOs and
La(NOs)s (prepared by dissolving of La;Os in nitric
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acid). The concentrations of Ag and La metal
dopants were so preset to give 1.5 wt% metal
content with respect to Zn amount. The doped ZnO
samples were calcined at 500 °C for 2 h in air
atmosphere [30-32].

The powder X-ray diffraction analysis, scanning
electron microscopy (SEM) and single point
Brunauer-Emmet-Teller (BET) method were used
to study the phase composition, morphology and
specific surface area of the catalysts. The PXRD
patterns were registered on a TUR M62 apparatus
with PC control and data acquisition, using HZG-4
goniometer and CoKa radiation. The Scherrer’s
formula was used to calculate the crystallites size.
The morphology of the ZnO photocatalysts surface
were investigated by scanning electron microscope
(SEM) JEOL, model JEM-200CX, scanning
adaptor EM-ASID3D. The specific surface area of
the samples was measured in a conventional
volumetric apparatus Micromeritics FlowSorb I
2300 (USA) applying single point BET method and
using nitrogen adsorption from a mixture 30%
N2+70% He at the boiling temperature of liquid
nitrogen (77.4 K). Before determining the specific
surface area the materials were degassed at 423 K
for 30 min to liberate the entire surface from
adsorbed impurities until the residual pressure
became lower than 1.333x102 Pa. The nitrogen
(N2) monolayer formed was used to evaluate the
specific surface area (Aser) using the BET
equation, whereupon He was the carrier-gas [30-
32].

The photocatalytic degradation of Reactive
Black 5 (RB5) dye as contaminant in aqueous
solution under UV-A polychromatic illumination
(18 W) was tested. The change of absorbance
during the photocatalytic tests was monitored by
UV-Vis absorbance spectrophotometer CamSpec
M501 in the wavelength range from 200 to 800 nm,
observing especially the wavelength maximum of
absorbance at Amax = 599 nm for RB5. The initial
concentration of RB5 dye was 20 ppm. The studied
systems were left in the dark for about 30 min
before switching on the UV irradiation in order to
reach adsorption-desorption equilibrium state. A
semi-batch slurry photocatalytic reactor was used
continuously feeding air flow creating large excess
of O, compared to stoichiometry. The
measurements were carried out by taking aliquot
samples of the suspension out of the reaction vessel
after regular time intervals. The powder was then
separated from the aliquot solution by
centrifugation before the UV-Vis
spectrophotometrical measurements. After that, the
aliquot solution, together with the photocatalyst
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powder, were returned back quantitatively into the
reaction vessel, which ensured the operation under
constant volume and constant catalyst amount [30-
32].

RESULTS AND DISCUSSION

On the Figure 1 the Powder X-ray diffraction
patterns of the undoped and doped ZnO materials
are displayed. The presence of ZnO wurtzite phase
(PDF-36-1451) was registered in the spectra of the
investigated samples. The low content of La and Ag
is possible reason explaining the absence of their
peaks on the X -ray diffractograms. The determined
crystallites size of the studied samples is varying
within the range 50+57 nm (Figure 2). The results
established smaller crystallites size of Ag and La
doped ZnO (50 and 54 nm) compared to the non-
doped ZnO sample (57 nm). The SEM images of
the Ag and La doped ZnO materials are presented
in Figure 3. The smaller size of the particles is
observed for Ag doped ZnO than that in the case of
La dopant. The aggregates consisting of nanosized
particles with irregular shape can be seen on the
Figure 3. The Ag-ZnO (32 m?g) and La-ZnO (30
m?/g) doped photocatalyst samples possess
somewhat higher specific surface areas compared
to that of the pure ZnO (19 m?%g) [30- 32].
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Fig. 1. PXRD patterns of studied non-doped and doped
ZnO samples.

The adsorption capacities of non-doped and
doped ZnO samples after 30 minutes dark period
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(adsorption discoloration) were calculated by the
equation:
_(C,-C)V

where Co and C are the initial and after 30 minutes
in the dark concentrations of the dye, V is the
volume of the solution and m is the weight of the
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Fig. 2. Crystallites size of investigated non-doped and doped ZnO materials.
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Fig. 3. SEM images of 1 - Ag doped ZnO and 2 - La
doped ZnO photocatalysts

The adsorption capacities of the investigated
samples decrease in the following order: ZnO
(0.028 mg/g) > La-ZnO (0.025 mg/g) > Ag-ZnO
(0.018 mg/g).

Figure 4 presents concentration changes of RB5
dye related to the surface area of the photocatalyst
based on the changes in the intensity of the

maximal absorbance at 599 nm with time under UV
irradiation. Photocatalytic degradation degree of
RB5 dye on the studied samples are different for
doped and undoped zinc oxide photocatalysts. We
observed lower activity for ZnO, while doping with
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Fig. 4. Concentration changes of RB5 dye related to the
surface area of the photocatalyst based on changes in the
intensity of the maximal absorbance at 599 nm
corresponding to the peak of the diazo bond (-N=N-) for
RB5 respectively, with the course of time under UV-A
irradiation

Ag and La improved it especially in the case of La-
ZnO sample. Figure 5 illustrates the reaction course
of dye degradation of investigated catalysts with the
time of illumination. The results for degradation
conversion degrees are in correlation with those of
Figure 4 as they followed the order of activities:
Zn0O (20%)< Ag-ZnO (35%)< La-ZnO (69%). The
degradation apparent rate constants (pseudo first
order kinetics) have been calculated using
logarithmic linear dependence of the concentrations
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Fig. 5. Degradation of Reactive Black 5 dye calculated
as [(Co-C)/Co]x100,% with the course of time under UV-
A illumination at 599 nm absorbance maximum,
attributed to the peak of the diazo bond (-N=N-) for RB5
using non-doped and Ag and La doped ZnO
photocatalysts.

ratio on the time: —In(C/Co) = k.t. and they are
represented in Figure 6. The highest photocatalytic
activity is demonstrated by La doped ZnO
photocatalyst. In comparison with our previous
work on La-ZnO photocatalyst this new sample
possesses higher value of the rate constant than
those of Co, Mn, Ni or Cu doped ZnO samples

[32].
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Fig. 6. Apparent rate constants of non-doped and Ag and
La doped ZnO photocatalysts.

The enhanced photocatalytic activity in
oxidative photodegradation of organic compounds
is probably due to the decrease in rate of
recombination of the photogenerated -electron-
holes, synergistic effect between dopant and ZnO
[10], production of a large number of oxygen
vacancies on doped ZnO, which strongly adsorb
OH™ [27]. Among the lanthanides doped ZnO
catalysts, La/ZnO shows the best photocatalytic
activity because of: higher dark adsorption
capacity, electron accepting ability, more OH
radical production capability [28].
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The doped photocatalysts have higher specific
surface area than the non-doped ZnQO. The higher
photocatalytic efficiency of La-ZnO samples,
compared to that of Ag/ZnO, can be explained in
terms of differences in dark adsorption capacity and
higher degree of crystallinity.

The superiority of the La/ZnO photocatalytic
material is probably due to the interplay of the
La**«sLa?" ion pair  representing  an
oxidation/reduction catalytic cycle, whereupon the
reduction of La® ions into La?" ions is caused by
the photoexcited electrons, while the oxidation of
La%" into La*" is caused by the oxygen molecules in
large stoichiometric excess in comparison to the
pollutant concentration in a semi-batch reactor
feeding continuously air to the photoreactor
(equation 2). This interplay of an ion couple is
missing in the case of Ag/ZnO sample.

La%* + 0, — Lad* + O, (2)

Similar supposition has been put forward by
Okte [28]. The produced superoxide anion-radical
(O27) is responsible for the generation of highly
reactive *OH radicals, due to their electrophilic
nature.

In the meantime, photogenerated holes may
react with H,O molecules and produce <OH
radicals. Thus, loading of lanthanum ions on the
surface of ZnO matrix can suppress the
recombination of photoinduced charge -carriers
either with only electron capture ability or with
steps forward to produce *OH radicals.

CONCLUSIONS

The present study on the photocatalytic behavior
of Ag and La doped ZnO materials in the oxidative
degradation of aqueous solutions of RB5 dye under
UV light, shows that the doping affects the
photocatalytic activity, the crystallite size and the
specific surface area of ZnO material. The Ag and
La doping of ZnO lead to increase in the
photocatalytic activity and specific surface area and
decrease in the crystallite size, comparing with
those characteristics of the non-doped ZnO
material. Lanthanum doped ZnO photocatalyst
exhibited higher efficiency in the oxidative
degradation of RB5 dye than Ag doped ZnO
samples due to the interplay between La?* and La%*
ions, which effect is missing in the case of Ag
dopant.
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EOEKTUBHOCT HA ZnO ®OTOKATAJIM3ATOPU JIOTUPAHU C Ag U La
K. 1. Munenosa'*, K. JI. 3axapuesa’, . JI. Cram6onosa?, B. H. Busckos?, A. E. Enusc!

1P[Hcmumym no kamanus, bvreapcka akademus na naykume, ya. ,,Axao. I'. bonueg”, ox. 11, 1113 Coghus, bvreapus
2Uucmumym no obwa u neopeanuuna xumus, Bvneapcka axademus na naykume, yi. ,, Axao. I. Bonues“, 6. 11, 1113
Cous, Bvreapus

[Toctenuna Ha 27 1onu, 2016 r. kopurupana Ha 11 HoemBpH, 2016 1.
(Pesrome)

dotokaranuTuyHaTa edektuBHocT Ha AQ u La morupanu ZnO marepuany, TMOJyYeHH 4Ype3 MMIPErHUpaHe H
nocnezBaiia TepMudHa o0paboTka, Oele M3ciieABaHAa M CPaBHEHA B PEaKlMsITa HAa OKHUCIUTEIHO pasrpakiaHe Ha
PeaxtueHO YepHo 5 Garpuino (PU5) kato MoJieieH 3aMbPCUTEN BbB BOAHM Pa3TBOPHU 10 AeHCTBHETO HAa Y B cBeTIHHA.
Crpykrypara, (a3oBusi ¢bcTaB, MOp(oOrusaTa U criennpuIHaTa MOBBPXHOCT HA HEAOTHPAHUTE W gotupanute ZnO
(orokaTanuzaTopu Osixa M3CIIEIBaHHM 4Ype3 PEHTIeHOBa AW(PaKIMs, CKaHHWpaIla eleKTpoHHa MHKpockomust U BET
MeToJ. Pe3ynraTuTe ycTaHOBHXA, Ye Hail-BUCOKa CTemeH Ha pasrpaxkaane Ha PUS5 6arpuno (69%) cnen 120 mMunyTH
ocBeTsiBaHe Oelle MmocTUrHaTa u3noi3Baiiku La gotupan ZnO ¢orokaTanuzaTtop B CpaBHEHHE C ApYyrure npodu - Ag
notupan ZnO (35%) u wemotupan ZnO (20%). CxopocTHHTE KOHCTAHTH Ha pasrpaxigaHe Ha PUS5 Oarpuiioro
HamansBar B cneanus pex: La-Zn0 (9.2x10° min?t) > Ag-ZnO (3x10 min?) > ZnO (1.4x1073 min?) gemkanio ce na
obMeHHO B3auMmoeiicTere Ha Lat u La®" nBoiika #HoHH.
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