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The photocatalytic process employing semiconductor photocatalysts are the most powerful technology
for the mineralization and decoloration of organic pollutants such as dyes, phenols, etc. The
photocatalytic decoloration of an azonium dye namely, Saffranin O dye by TiO; and ZnO was investigated
under UV light illumination. The effects of initial concentration of dye, pH, TiO2 and ZnO and the

illumination time were experimented and the optimized conditions for maximum removal of the dye
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were determined and compared. The Kinetic was studied with Langmuir- Hinshelwood mechanism.
Among the two catalysts, TiO2 exhibited more removal efficiency than ZnO in this study.

1. Introduction

Water is the most significant and necessary component for the living
beings on the earth crust. Due to the tremendous growth of population and
industrialization, the quality of water resources is deteriorating
continuously and water pollution has become a series problem now-a-
days [1]. All kinds of pollutants such as inorganic, organic and biological
pollutants are present in waste water. Many organic pollutants such as
dyes, pesticides, fertilizers, herbicides, surfactants, hydrocarbons,
carboxylic acids, etc., have been detected in waste water coming from
industries. These pollutants cause adverse effects on human beings and
the aquatic organisms. Hence, the removal of such pollutants from the
contaminated water is of great need. Among all these pollutants dyes
impart color to the water. The presence of color reduces the penetration
of sun light and results in eutrophication.

Dyes are a group of complex organic compounds which enter into the
environment from various industries like tanning, paper, paint, inks and
textile industries. Some of these dyes are of highly toxic [2]. Dyes in waste
water can be treated by different methods. The traditional methods such
as adsorption on waste materials, adsorption on activated carbons,
precipitation, air stripping, flocculation, reverse osmosis and ultra-
filtration can be used for the removal of dyes [3]. These methods are phase
transferring methods and require further treatment for disposal [4]. The
biological treatment of waste water is better to some extent over the above
methods. But they are time consuming and produce large quantity of
sludge which could not be recycled [5]. Also, many colorful waste waters
are highly resistant to biodegradation.

Thus all the above methods are ineffective for removing the synthetic
dyes that enter into water from various industries. A cost effective, simple
and promising method to do complete mineralization of dyes into CO; and
H20 is the advanced oxidation process [6]. Among the various advanced
oxidation processes, heterogeneous photocatalysis has emerged as
powerful technique for the total mineralization of almost all the organic
pollutants including the dyes [7]. Some metal oxide semiconductors like
Zn0, WOs, SrTiOs and hematite are also proven to be photoactive like TiO>
[8]. Titanium dioxide is proven to be the best photocatalyst for the removal
of dyes in waste water. However, the separation of TiO. after
photocatalytic reaction is very difficult due to its fine size [9]. ZnO, an n-
type semiconductor whose band gap is comparable to that of TiO; (~3.2
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eV) is also a promising candidate in the field of photocatalysis. Removal of
zinc oxide after photocatalytic reaction is quite simple as it settles down at
the bottom of the photocatalytic reaction vessel quickly.

In the present work, we aimed to compare the photocatalytic activities
of two semiconductors viz, ZnO and TiO; on the basis of
photodecolouration efficiencies under UV light for the dye Saffranin O.
Saffranin O is an azonium dye. It is widely used in textiles and biological
laboratory as a staining agent. It is also used to dye wool, silk, tannin,
mordant cotton, leather and paper. Effects of various parameters such as
initial concentration of dye, dose of the photocatalysts and pH have been
investigated.

2. Experimental Methods

2.1 Materials

Saffranin O (SO) dye was purchased from Himedia and was used
without further purification. ZnO and TiO: were obtained from Merck and
used as photocatalysts. All other chemicals used in this study were also
obtained from Merck.

2.2 Characterization of Catalysts

To define the crystalline phase composition of TiO2 and ZnO, X-Ray
diffraction measurements were carried out at room temperature using
X'PERT diffractometer with Cu K. radiation. The average particle sizes
were calculated using Debye Scherer’s equation. Diffused Reflectance
Spectra were recorded with UV-visible spectrophotometer [Model:
Schimadzu, UV 2400 series]. PL spectra were taken from Luminescence
spectrometer [Model: Perkin Elmer, LS 45 Luminescence spectrometer].
SEM images were recorded on VEGA3 TESCAN.

2.3 Photocatalytic Reactors and Degradation

The photocatalytic reactions were carried out in Heber Multilamp
photoreactor [Model: HMP 88]. The photoreactor consists of eight
numbers of 8 W Mercury lamps (Sankyo, Denki, Japan) as UV light source
(Amax = 365 nm) and highly polished anodized aluminum reactor.

A sample of either ZnO or TiO;was suspended in 50 mL of the aqueous
SO dye solutions. The suspension was stirred in dark for 30 minutes to
attain adsorption-desorption equilibrium. During illumination, the
contents of the reaction tubes were stirred continuously with magnetic
stirrer which is inbuilt in the photoreactor. The tubes were withdrawn
from the reactor at different intervals of time and the contents were
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centrifuged to remove the suspended catalyst particles. The supernatant
dye solutions were analyzed by UV-visible spectrophotometer for the
determination of concentration of the remaining dye. Absorbances of the
dye solutions were measured at the Amax 0of SO dye i.e, at 519 nm. From the
values of absorbance, the concentration of dyes was calculated from the
standard calibration curve.

3. Results and Discussion

3.1Characterization of ZnO and TiO;

In Fig. 1 (a), the entire nine diffraction peaks were indexed as hexagonal
wurtzite structure of ZnO (JCPDS Card no: 36-1451) [10]. The analysis of
the XRD pattern in Fig. 1 (b) revealed that TiO: exhibited the single phase
of anatase (JCPDS card no: 21-1272). Similarly the peaks at different 26
values were all well-defined and could be assigned to anatase crystalline
form of TiO2 (JCPDS Card no: 21-1272) [11]. The particle sizes of ZnO and
TiO; were determined by applying the Debye-Scherrer’s formula and are
found to be 126.7 nm and 127.4 nm respectively.
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Fig. 1 X-ray powder diffraction patterns of (a) ZnO and (b) TiO2

The band gap energies were calculated using UV-Visible Diffused
Reflectance Spectra. Fig. 2 shows the plot of absorbance vs wavelength.
The values of the band gap energies of ZnO and TiO; were calculated to be
3.28 eV and 3.52 eV respectively.
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Fig. 2 UV- Visible Diffused Reflectance Spectra of ZnO and TiO2

The photoluminescent (PL) properties of materials provide valuable
information about their purity, quality, charge trapping, electron-hole
recombination and so the photocatalytic efficiencies of semiconductors.
Hence, PL properties of ZnO and TiO2 were intensively studied. The room
temperature PL spectra of samples were given in Fig. 3. From the PL
spectra of ZnO and TiO, it was seen that UV-PL intensity is greatly reduced
in TiO2 than ZnO [12]. Therefore, TiO: is expected to show more
photocatalytic efficiency towards the decoloration of SO dye.
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Fig. 3 Photoluminescence Spectra of ZnO and TiO. showing the NBE Peaks and their
PL Intensity

3.2 Photodegradation of Saffranin O under UV light
3.2.1 Effect of Initial Concentration of SO Dye

The influence of increasing the concentration of SO dye in the
photocatalytic decoloration efficiencies of ZnO and TiO; was studied by
conducting experiments by varying the concentration of SO dye in the
range of 5 ppm to 30 ppm for both ZnO and TiO; at its natural pH 9.4. The
doses of ZnO and TiO2 were 0.8 gL' and 0.4 gL' respectively. The
percentage of decoloration of SO dye was decreased with increase in initial
concentration of the dye for both ZnO and TiO: photocatalysts (Fig. 4). It
could be explained on the basis of the following reasons: As the initial
concentration of the dye increases, the hydroxyl radicals generated are
insufficient to attack the dye molecules and hence resulted in lower
percentage of decoloration. Another reason is that, with increase in initial
concentration of the dye, the path length of the photons reaching the
surface of the catalyst is decreased due to impermeability at the dye
solution. Due to this, the relative number of hydroxyl radicals and 0%
species produced may be reduced even though the illumination time and
amount of photocatalyst are being kept constant [13-15].
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Fig. 4 Percentage of color removal of SO dye as a function of initial concentration of
dye; ZnO-loading = 0.8 gL-1, TiO:- loading = 0.4 gL-1, volume of the reaction solution =
50 mL, UV- light irradiation time = 60 min.

3.2.2 Effect of Catalyst Loading

In order to avoid the use of excess catalysts, it is necessary to find an
optimum loading of catalysts for efficient removal of color from the SO dye.
Hence, experiments were carried out in the range 0.2 gL to 1.2 gL of ZnO
and 0.1 gL-! to 0.6 gL-! of TiO2 for 50 mL of 15 ppm SO dye solution. As the
weight of photocatalysts was increased, the percentage of decoloration
was increased upto a certain loading and then decreased on further
loading of photocatalysts. It could be attributed to the following two
reasons: The increase in catalyst loading may lead to particle aggregation
and reduced the catalytic activity [16]. Secondly, the increased loading of
catalyst may cause opaqueness due to scattering of the photons and led to
reduced percentage of removal [17].

0] @ /-
88 —

e

—

Color removal, %

Color removal, %

|/

0005 0010 0015 0020 0025 0030

001 0.02 003 0.04 005 006

ZnO-loading, g TiO,- loading, g

Fig. 5 Percentage of color removal of SO dye at different (a) ZnO-loading and (b) TiO2-
loading; [SO dye] = 15 ppm, volume of the reaction solution = 50 mL, UV- light
irradiation time = 60 min.

3.2.3 Effect of pH

Since the effluents discharged from various industries have different
pHs, the influence of pH on the percentage removal of the dye is most
significant. The decoloration of SO dye was studied with ZnO and TiO: at
different pHs varying from 3 to 11 (Fig. 6). As a result of Pzc, at acidic pHs,
the catalyst’s surfaces were positively charged and so the Cl- ions were
attracted more towards the surface of catalyst than the dye cation. This
resulted in lower percentage of decoloration. The percentage of removal
showed an increase with increase in pH value and reached their maximum
value in the alkaline pHs. The surfaces of the catalysts were negatively
charged in alkaline medium so that the dye cations were electrostatically
attracted more towards the catalyst surface and thus decoloration of SO
dye was enhanced. Another reason for this observation was due to the
increased generation of OH- radicals under alkaline conditions [18].
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Fig. 6 Influence of pH on the percentage of color removal of SO dye; [SO dye] = 15
ppm, ZnO-loading = 0.8 gL, TiO2- loading = 0.4 gL-1, volume of the reaction solution
=50 mL, UV- light irradiation time = 60 min.

3.2.4 Effect of lllumination Time and Kinetic Analysis

The decoloration of SO dye (50 mL of 15 ppm) was investigated under
UV light irradiation in presence of 0.8 gL'of ZnO and 0.4 gL TiO2. The
reaction tubes were withdrawn at regular time intervals of 10 minutes and
were analyzed using UV-visible spectrophotometer for the concentration
of remaining dye. The gradual decrease in the absorbance of SO dye with
increase in illumination time was shown in Fig. 7. It was seen that
absorption intensity of peaks at Amax of 519 nm decreases gradually.
Moreover, the absorbance of the peak at Amax = 275 nm get decreased
continuously and finally disappeared in both the cases and confirmed the
photocatalytic degradation of SO dye with illumination time.
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Fig. 7 UV-light induced decoloration of SO dye with (a) ZnO and (b) TiO2: UV-visible
spectra of reaction solution at 10, 20, 30, 40, 50, 60 min; [SO dye] = 15 ppm, ZnO-
loading = 0.8 gL-1, TiO;- loading = 0.4 gL-1, volume of the reaction solution = 50 mL.

The decoloration process of SO dye by both ZnO and TiO was followed
by pseudo -first order kinetics [19]. The plots were shown in Fig. 8. The
rate constants for the decoloration of SO dye by ZnO and TiOz were 0.0151
mintand 0.0182 min-!respectively. Thus, on comparing the rate constants
of decoloration by ZnO and TiO, it was found that, TiO2 showed the highest
photocatalytic activity than ZnO. With the intension of determining the
best color removal performance and the most efficient photocatalysts for
the SO dye in aqueous solution, we carried out similar photocatalytic
processes with 0.4 gL! ZnO. Kinetic rate constant for the
photodecoloration processes with 0.4 gL' of ZnO was 0.0099. It was
observed that the rate constant for TiO, mediated photodecoloration was
1.84 times higher than that of ZnO. Thus the most effective decoloration
rate was achieved with TiO and so, the ranking is in the order TiO; > ZnO.
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Fig. 8 Langmuir-Hinshelwood kinetics for decoloration of SO dye; [SO dye] = 15 ppm,
ZnO-loading = 0.8 gL-! and 0.4 gL-1, TiOz- loading = 0.4 gL-1, volume of the reaction
solution = 50 mL.

3.2.5 Adsorption and Photolysis of SO Dye

The property of adsorption on to the surface of ZnO and TiO; and
photolysis of SO dye were studied. The results were depicted in Fig. 9. It
was found that the decoloration of SO dye require both the photocatalysts
and UV light illumination.
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Fig. 9 Extent of color removal of SO dye under different experimental conditions;
[SO dye] = 15 ppm, ZnO- loading = 0.6 gL-1, TiO2- loading =0.3 gL-1, volume of the
reaction solution = 50 mL.

4. Conclusion

In this work, we assessed the efficiencies of ZnO and TiO; for the
photocatalytic decoloration of SO dyes. The results of our studies indicated
that the photocatalytic decoloration of SO dye was affected by doses of the
ZnO and TiOg, initial concentrations of SO dye, initial pHs and irradiation
time. We obtained the optimum amount of photocatalysts for the
decoloration 15 ppm of SO dye as 0.8 gL of ZnO and 0.4 gL-! of TiO; under
60 minutes of UV light illumination. The highest percentage of
decoloration was obtained in basic conditions with pH 11 for both the
photocatalysts viz,, ZnO and TiOx.

Acknowledgment

The authors gratefully acknowledge the Principal and Management of
Ayya Nadar Janaki Ammal College, Sivakasi for providing necessary
laboratory facilities and N. Uma Sangari acknowledge the Principal and
Management of The Standard Fireworks Rajaratnam College for Women,
Sivakasi for permitting to carry out part of the work there and for
recording UV-DRS and PL spectra.

References

[1] L Ali, New generation adsorbents for water treatment, Chem. Rev. 112 (2012)
5073-5091.

[2] C. Sahoo, AK. Gupta, A. Pal, Photocatalytic degradation of crystal violet (C.L
Basic violet 3) on silver ion doped TiOz, Dyes. Pigment 66 (2005) 189-196.

[3] S.K Kansal, M. Singh, D. Sud, Studies on photodegradation of two commercial
dyes in aqueous phase using different photocatalysts, J. Hazard. Mater. 41
(2007) 581-590.

[4] U.G. Akpan, B.H. Hameed, Parameters affecting the photocatalytic degradation
of dyes using TiO; - based photocatalysts: A review, ]. Hazard. Mater. 170
(2009) 520-529.

[5] RB.M. Bergamini, E.B. Azevedo, L.R. Raddi de Araijo, Heterogeneous
photocatalytic degradation of reactive dyes in aqueous TiO2 suspensions:
Decolorization kinetics, Chem. Eng. J. 149 (2009) 215-220.

[6] A.R.Khataee, V. Vatanpour, A.R. Amani Ghadim, Decolorization of C.I. Acid Blue
9 solution by UV/ Nano-TiO2, Fenton, Fenton-like, electro-Fenton and
electrocoagulation processes: A comparative study, ]. Hazard. Mater. 161
(2009) 1225-1233.

[71 N.M. Mahmoodi, M. Arami, N.Y. Limaee, K. Gharanjig, F.D. Ardejani,
Decolorization and mineralization of textile dyes at solution bulk by
heterogeneous nanophotocatalysis using immobilized nanoparticles of
Titanium dioxide, Colloid. Surf. A: Phys. Chem. Eng. Aspects. 290 (2006) 125-
131.

[8] R.Ullah, J. Dutta, Photocatalytic degradation of organic dyes with manganese-
doped ZnO nanoparticles, ]. Hazard. Mater. 156 (2008) 194-200.

[9] B. Damardji, H. Khalaf, L. Duclaux, B. David, Preparation of TiO:-pillared
montmorillonite as photocatalyst part II: photocatalytic degradation of a textile
azo dye, Appl. Clay Sci. 45 (2009) 98-104.

[10] M.F.Malek, M.H. Mamat, Z. Khusaimi, M.Z. Sahdan, M.Z. Musa, A.R. Zainun, et al.,
Sonicated sol-gel preparation of nano particulate ZnO thin films with various
deposition speeds: The highly preferred c- axis (002) orientation enhances the
final properties, J. Alloy. Compd. 582 (2014) 12-21.

[11] P. Pandi, C. Gopinathan, R. Sakthivadivel, M. Kavitha, M. Karuppuchamy, Dye
sensitized solar cell materials -TiO2 with Hesperidin, Int. J. Innovat. Res. Sci.
Eng. Technol. 2(7) (2013) 3237-3244.

Cite this Article as: N.Uma Sangari, P. Velusamy, Photocatalytic decoloration efficiencies of ZnO and TiO»: A comparative study, ]. Env. Sci. Pollut. Res. 2(1) (2016) 42-45.



[12]

[13]

[14]

[15]

N. Uma Sangari and P. Velusamy / Journal of Environmental Science and Pollution Research 2(1) (2016) 42-45 45

A. Kajbafvala, H. Ghorbani, A. Paravar, ].P. Samberg, E. Kajbafvala, S.K.
Sadrnezhaad, Effects of morphology on photocatalytic performance of zinc
oxide nanostructures synthesized by rapid microwave irradiation methods,
Super. Latt. Microstruc. 51 (2012) 512-522.

P. Velusamy, S. Pitchaimuthu, S. Rajalakshmi, N. Kannan, Modification of the
photocatalytic activity of TiO2 by B-Cyclodextrin in decoloration of Ethyl Violet
dye, J. Adv. Res. 5 (2014) 19-25.

A. Giwa, P.0. Nkeonye, KA. Bello, E.G. Kolawole, Solar photocatalytic
degradation of Reactive Yellow 81 and Reactive Violet 1 in aqueous solution
containing semiconductor oxides, Int.]. App. Sc. Technol. 2 (2012) 90-105.
M.M. Kamel, H.M. Mashaly, F. Abdelghaffa, Photocatalyst decolorization of
Reactive Orange 5 dye using MgO nano powder and H20: solution, World Appl.
Sci. J. 26(8) (2013) 1053-1060.

[16]

(17]

(18]

(19]

D.R. Manickam, M. Santhi, Photocatalytic degradation of an azo dye Sunset
Yellow under UV-A light using TiO2/CAC composite catalysts, Spectro. Chem.
Acta. Part A: Molecular and Biomol. Spectros. 128 (2014) 100-108.

M. Swati, R.C. Meena, Photocatalytic decolorization of Acid Red 186 using
alternative developed photocatalyst MBIR Dowex 11, Res. J. Chem. Sci. 2(9)
(2012) 56-62.

AH. Mahvi, M. Ghanbarian, S. Nasseri, A. Khairi, Mineralisation and
discoloration of textile waste water by TiO; nanoparticles, Desalination 239
(2009) 309-316.

M. Mittal, M. Sharma, O.P. Pandey, Photocatalytic studies of Crystal Violet dye
using Mn doped and PVP capped ZnO nanoparticles, J. Nanosci. Nanotechnol.
14 (2014) 2725-2733.

Cite this Article as: N.Uma Sangari, P. Velusamy, Photocatalytic decoloration efficiencies of ZnO and TiO»: A comparative study, ]. Env. Sci. Pollut. Res. 2(1) (2016) 42-45.



