Available online at www.scholar sresear chlibrary.com

Scholars Research Library
Scholars Research Archives of Applied Science Research, 2011, 3 (2):596-605 S (\
S

(http://scholarsresearchlibrary.com/archive.html) c~—2

Library
I SSN 0975-508X
CODEN (USA) AASRC9

Preparation, Characterization and Applications of Nanostructure
Photocatalysts

K. M. Joshi, B. N. Patil and V. S. Shrivastava

Nanochemistry Research Laboratory, G.T.P. College, Nandurbar (India)

ABSTRACT

The photocatal ytic degradation on semiconductors especially on TiO, and ZnO were carried out
in presence of light to observe good semiconducting property. In this paper the preparation,
charectrization and applications of semiconducting materials were studied. The purification of
wastewater in the presence of photocatal ysts were carried out. The photocatal ytic degradation of
dyes Methylene blue, Acid blue-29, and Alizarin red-Swere used in this experiment. A Total time
required for photocatalytic degradation is different for different effluent samples, varied from 60
to 180 min. Parameters like band gap; Dose of Catalysts concentrations of effluent, pH, etc
were studied. Sudies The TiO, shows more photocatal ytic efficiency than ZnO. The degradation
of the dye by using semiconducting materials were characterized by XRD, SEM and EDX
analysis before and after application of photocatalysts.
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INTODUCTION

Photcatalysis has large capability for the wateewdteatment. It can be utilized for the
decomposition of organic and inorganic compoundsramoval of dyes [1]. A wide variety of
semiconductors have been examined for their phtaytie capacity and thus for TiChave
been shown to the most active amongst the otherTjg}, and ZnO were selected as the
photocatalyst for this project because it is inb@uin water, photostable, non toxic, less
expensive and It has higher photocatlayitic efficie [3]. Titanium dioxide (TiQ) shows its
unique photocatalytic activity at an excellent deoof photo catalysis application [4, 5].

Last few decades numerous research effect in #id &6f photocatalysis by semiconducting

materials through particular system has been dy6i&]. Textile dye produces huge amount of
polluted effluents that are normally dischargedtiom surface water bodies and ground water
aquifers [8]. This wastewater causes damages tedbkgical system of the receiving surface

596
Scholar Research Library



K. M. Joshi et al Arch. Appl. Sci. Res,, 2011, 3 (2):596-605

water capacity and certain a lot of disturbancéheoground water resources. Most of the dyes
used in the textiles industries are stable to lagid non biodegradable [9]. In order to reduce the
risk of environmental pollution from such as wasdésv, it is necessary to treat them before
discharging it into the environment [10]. Study wisathat toxic effects of these synthetic dyes
are observed in the presence of the ultraviolet pmorant of sunlight (285-400 nm) [11].
However, the aqueous phase photochemical degradz#tidyes like Methylene blue, Acid blue-
29 and Alizarin red-S etc. has been studied inptlesence of semiconducting oxide like TiO
and ZnO [12]. Characterization and application@d, ZnO as photocatalyst is also studied
[13].

The difficulty with the traditional waste water atenent techniques as adsorption, coagulation,
chlorination, ozonisation, precipitation, ion exoga and reverse osmosis [14]. Most of these
methods require high capital and recurring expeneliand consequently they are not suitable for
small scale industries [15-16]. In the present stigation, photocatalytic degradation method is

used for removal of dye from liquid industrial wasater. Beside the above a study of the effect
of pH, contact time, dosage of photocatalyst, ahdracterization of semiconductors were

studied.

1.1 Mechanism of Photocatalysis.

Photocatalysis over a semiconductor oxide such@si$ initiated by the absorption of a photon
with energy equal to, or greater than the band a@jajhe semiconductor (.3.2 eV for anatase),
producing electron-hole (8") pairs, as written in the equation 1and 2.

TiO, M & (TiOs) + I up (TIO2) vvvven, (1)

v

Zno " Bty (Zn0) ... @

Where cb is conduction band and vb is the valeace b

The TiG particle can act as either an electron donor ce@tor for molecules in the surrounding
medium. The valence band hole is strongly oxidiziagd the conduction band electron is
strongly reducing. At the external surface, theitexicelectron and the hole can take part in redox
reactions with adsorbed species such as waterokigdr ion (OH), organic compounds, or
oxygen. The charges can react directly with adsbgmlutants, but reactions with water are far
more likely since the water molecules are far mpopulous than contaminant molecules.
Oxidation of water or OHby the hole produces the hydroxyl radical (QHan extremely
powerful and indiscriminant oxidant fig.1.
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Fig.1. Simplified mechanism for the Photo-activation of a semiconductor catalyst

1.2 Effect of band gap of semiconductor

As a semiconductor is irradiated with light havergergy (E= ) equal to or more than band gap
energy, a heterogeneous photocatalyst reactionrd@usurface of semiconducting materials.
The semi conducting forms a pair of valence bang) fdle and conduction band f)Gelectron

as in case of zinc oxide and titanium dioxide. fiilan dioxide having band gap (3.23eV)
semiconductor, is transport to visible light. Theual exited semiconductor has separated the
hole and electron pairs that induced the photoytataeaction and hence the band gap energy
has important role to play. The band gaps of dffiéphoto catalysts are summarized in Table 1.

Table 1.Band gap of different photo catalysts

Sr.No. | Semiconductor | Band Gap
1 PbS 0.30
2 CdS 2.50
3 ZnO 3.20
4 ZnS 3.80
5 TiO2 3.80

MATERIALSAND METHODS

2.1 Materialsand Methods:
The Dyes Methylene blue, Acid blue-29, and Alizared-S were used in this experiment

procured from BDH India Ltd. was used. The stodkison was prepared by dissolving 0.1g L
of dye in water and made up a stock solution irunwdtric flask. By making 20, 40, 60 ppm
solution. The concentration of the dye solution wetermined spectrophotometerically.

2.2 Preapration of Nanosized photocatalysts:

Nano sized semiconductors as 7,i@nd ZnO are one of the most basic functionakmels for
photcatalytic degradation. For the preparationradtase TiQ by using Titanium isopropoxide
and ethanol stirred continuously for 30 min. Hyglsid of titanium isopropoxide by adding
distilled water slowly with continuous stirring. I8ent from the mixiture was removed. The
compound was heated at 393 K overnight. The dréadple was calcined at 753 K under air for
8 hrs. and the calcined samples are termed asakat@se Ti¢) [17]. Nanocrustalline ZnO was
preapered by using the precipitation method Zn36,0 and NaOH form a slurry. It is
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contieously stirred for 12 hrs and washed with deied water . The weight powder was dried to
form ZnO . Finally the Powder was calcined in air482 K to produced nanosized ZnO
photocastalysts[18]. The average crystalline sine anorphology of the prepared and
commercial TiQand ZnO powder were determined from XRD patterresehmaterials are used
for photocatalysis for removal of dyes. After detation of dyes the size of the photocatalysts
particles are increases.

2.3 Spectrophotometric Study:
The photodegradation of dyes was followed by meaguabsorbance periodically, using
Systronics-2203 spectrophotometer. The study oabismrbance characteristics of the effluents.
The corresponding absorbance values for the dyes diiferent as Methylene blue was 665nm,
Acid blue-29 was 620nm and Alizarine red-S was 480 The reaction mixture was irradiated
with light source UV lamp (PHILIPS-400Watt) at a@ince 30cm from the reaction vessel fig.2.
Double distilled water was used through out theeexpent. After each 15 minutes intervals
sample was determined from aqueous solution arwkblyifugation photocatalyst is separated.
TV Lights

Eeflection plates

Cuattz
plates

Magnetic Bar

Photocatalyst and semuiconducting

Fig.1. Schematic diagram of the Photocatlaysis experimental device

In the experiment an accurately weighted amounti@, and ZnO was added in flask in 100 ml

dye solution. The pH of the dye solution was adjdstin between 3 to10 with addition of

requisite volume of NaOH and HCI ( E.Merck IndiaThe absorbance of the supernatant
solution was estimated to determine the dye conaonh, and values of the % of dye removal
were found to be maximum at different pH for diéfiet Dyes [19].

RESULT AND DISCUSSION

3.1 Effect of pH:

The pH of is one of the most important factor colfitrg the photocatalysis process of dye on to
the photocatalyst. The removal of Methylene blues weaximum at pH 7.0 was reported 92 %
removal, Acid blue was maximum at pH 6.0 was regbi®8.5% removal, and the maximum
removal of Alizarin red-S dye was 84.4% at pH &Qvas increases from 3 to 6 and decreases
from pH 8 to 10. Fig. 3
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Figure 3. Effect of pH for removal of thedye

3.2 Effect of photocatalyst dose:

The photocatalyst dose was studied with 100 ml tewluof different dyes with the
concentration 20, 40 and 60 ppm with varying phatalysis as TiQ@and ZnO dose with 0.2 g/l
to 0.6 g/l at pH 8 ( figure 4). The percentage reahaf the dyes increase with increase in
dosage of the photocatalyst. The amount of thequaddlyst increased with an increasing the
dye concentration However, the % removal rate dsa® with an increase in the dye
concentration. It is also noted that the rate &f tbmoval of the dye is as faster at the lower
concentration and decreases with an increase icotheentration of photocatalyst.

100 +
90 -
80 -
70 -
60 -
50 -

40 - * Acid blue

30 -
20 4 a Alizarinred

% of removal

o methylene blue

10
0

1 2 3 4 5 6
concnetraion of Photocatalyst

Fig.4 . Effect of photocatalyst dose on Dyes
It is found that with decreasing concentration lo¢ dye from 1 g/Lit to 6 gm/Lit .The
percentage removabf Acid blue-29 increases from 32.5 to 84.6%. Tédmoval of the dye was
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found to increases constantly with increasing thiecentration of Ti@ for the dye Methylene
blue at 5 gm/Lit, It was 94.2 % and decreases 86té % at 6 gm / (Fig.5).
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50 —<O—Alizarin red-S
40 —@— Acid blue-29
—2&— Methylene blue

% of removal
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20 +
10 ~

O T T T T 1
0 10

4 6
Adsorbent Dose gm/Lit

Fig.5 Effect of contact timeof Alizarin red-Sred with TiO,

3.3 Effect of contact time:

The effect of contact time on the amount of Alinared S adsorbed was investigated using 20,
40, 60 ppm initial concentration with 0.5g/l of Ti@&nd ZnO, respectively. It was observed that
the photocatalysis percentage was found to be mawinat 120 minutes increases. As

concentration of the dye is increases the percentdgphotocatalysts should increases for
complete removal of the dye from 92.9 to 78.5% Big.

100

90 ~
80 ~

0 T T T T 1

0 60 120 180 240
Time (min)

Fig.6. Effect of contact time of Methyleneblue with TiO2 at pH 6
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Charectrization :

3.4.1 XRD Analysis:

The X ray diffraction pattern of TiCand ZnO shows the peak at 25,251.78 the diffraction
pattern shows a shift to 252dnd 36.38 indicating the interrelation of surfactant ionsthe
ZnO. X ray diffraction of TiQ and ZnO was recorded by Philips Holland. Xpert MRDdel
using Cu-kKu target. The d values obtained for Fi@hd ZnO was 0.5764, 0.4706 correspond to
0.4583 and 0.4012 respectively, Table 3. It indisdahat after photcatlalytic degradation the size
of particles are increases. The diffractogram hoave figure 7 and 8.
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Fig.7. XRD diagram of TiO, semiconductor beforeirradiation
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Fig.8 XRD diagram of TiO, semiconductor after irradiation
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342 SEM:

The scanning electron micrographs are recorded Withlips XL-30 SEM analyzer for
characterization the surface morphology of J7&d ZnO photocatalyst(fig.9, 10) on the Cr(VI)
before and after degradation . The SEM Photogragmsct the surface texture and porosity,
before and after treatment of photocatalysts, itlsar that TiQ has rough surface with
heterogeneous porous nature. It indicates thae tisegood possibility for adsorption Cr(VI) on
TiO..

Before Treatment After treatment -

< 20 Spot Magn Det WD
’ 30 0kV 5 0 200x GSE 113038 Torr Ti02 (c2) befure Treatment 5.0 1200>< GSE 8.1 0.8 Torr Tio2 (C1) aﬂer Treatment
#* % L RED
&a A

Fig.9 SEM imagesof ZnO after and after irradiation with Acid blue-29

3.4.3 EDX:

Energy dispensive X ray spectroscopy (EDX) is dlealmmicroanalysis technique used co-
junction with SEM , EDX analysis was used by cheeazed the element composition of the
typical EDX pattern of TiQis shown in the figure 11. The Chemical composif TiO, was
found to be Ti= 68%, Si = 21%, O = 8% and carbori2%was confirm that presence of 7iO

%0 LA 270 3od 450 540 ﬁ.'!l] ?.E LN IO ]

Fig.7 EDX Spectrum of TiO2 powder

4. Applciationsof phtocatlaysts;
In recent years applications have been directedrdsvenvironmental clean-up. Later, other
applications of photocatalysis have been impleggim many fields such as, drinking water
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treatment, industrial, and health applications. ¥ather uses are known; example is found in
catalysis as Ti@are also using full self cleaning [20], self dieimg [21].Titanium dioxide
work effectively under low UV light intensities @malso applicable to indoor and outdoor
environments. Photocatalysis has large capabititytie water treatment. It can be utilized for
the decomposition of organic and inorganic compsuadd removal of trace metals as well as
destruction of viruses and bacteria.

4.1 Removing trace metals

A water free from hazardous metal are essentaily important for human health and water
quality. [22]. Trace metal such as mercury (Hgyoahium (Cr), lead (Pb) Cadmium (Cd), lead
(Pb), Arsenic (As), nickel (Ni) Copper (Cu) and eth metals are highly health hazardous.
Photocatalysts can remove these toxic metals mgusio, and ZnO .

4.2 Destruction of organics

Photocatalysis has been used for the destructioorgénic compounds such as alcohols,
carboxylic acids, phenolic derivatives, or chloteth aromatics, into harmless products as
carbon dioxide, water, and simple mineral acids [23].

4.3 Removing inorganic compounds

In addition to organic compounds, wide ranges ajrganic compounds are sensitive to
photochemical transformation on the catalyst sedadnorganic species such as bromate, or
chlorate azide, halide ions, nitric oxide, palladiand rhodium species, and sulfur species can be
decomposed by photocatalysis [25].

4.4 Water disinfections

Photocatalysis can also be used to destroy bacsem viruses. Streptococcus mutans,
Streptococcus natuss, Escherichia coli, scacchamesncerevisisas, were destructed effectively
using heterogeneous photocatalysis [26].

CONCLUSION

The results of this study clearly establish tha©;Tisemiconductor photocatalysis can be
efficiently used for the degradation of the dyesl ather organic compounds in dyeing and
printing effluents. In order to determine the rate photochemical degradation of dyes in
different effluent samples, the absorbance valuedifgerent irradiation times were measured
periodically at fixed (TiQ) = 5 gm/L. Initially the decrease in concentratibe degradation of
dyes were fast. Photocatalytic oxidation using ;T&d UV light was successfully applied for
the degradation of dye. The degradation rate waseased significantly by increasing the
amount of catalyst, while on increasing concergratf photoctalyst. pH condition were found
to be significantly affected the degradation of .dy&, as a photocatalyst was an effectively
for the remove the dyes. Nano sized anatase da remove the dye from aqueous solution. its
possible to obtained a wastewater free from dyseds as trace metal by using Ti@s well as
Zn0.
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