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Abstract

The biggest consumers of water are textiles, tannery, electroplating and pulp and paper industries and
these are also the most serious polluters of environment. Photocatalytic degradation has been considered to
be an efficient process for degradation of organic pollutants, which are present in the effluents released by
these industries. The photocatalytic bleaching of p-rosaniline hydrochloride was carried out on cationic dyes
in the presence of niobium pentaoxide and was observed spectrophotometrically. The effect of various operating
variables like pH, concentration of dyes, amount of semiconductor, ight intensity, particle size, stirring, etc.
was also observed on the efficiency of the reaction. A tentative mechanism has also been proposed for this

photocatalytic bleaching.
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1. INTRODUCTION

As we stepped into the twenty-first century,
we are facing the challenge of purification of water
and air resources. On one hand, we are enjoyimg the
comforts and benefits that chemistry has provided
to us, e.g. from drugs to dyes, from composites to
computer chips, etc. On the other hand, we are facing
with the problem of proper disposal of various
products and byproducts of dye industries.Inspite of
many uses, the dyes are toxic and carcmogenic 1n
nature and environmental contamination by these
toxic chemicals 1s emerging as a serious global
problem. Coloured solution containing dyes from
industrial effluents of textile, dyeing and printing
industries may cause skin cancer due to
photosensitization and photodynamic damage. On
the other hand, bleached dye solution 1s less toxic
and almost harmless. Secondly, dye containing
coloured water 1s of almost no use, but if this
coloured solution 1s bleached to give colourless
water, then it may be used for washing, cooling,
irrigation and cleaning purpose. The photocatalytic
bleaching seems to be quite promising and can
provide a low cost method to solve this problem.
The field of photocatalysis has been excellently
reviewed by Ameta ef al.. Photocatalytic degradation
of cetylpyridintum chloride over TiO, has been
reported by Singhal ef al.. Similar photocatalytic
reaction of xylidine ponceau and orange-G dyes by
/nO powder has been reported by Sharma ef al..
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Yoneyama ef al. studied the photocatalytic reduction
of dichromate ions usmg WO, powder in acidic
range. Costa ef al. proposed the mechanism of gas
phase degradation of cyclohexanol and
methylcyclohexanol catalyzed by niobyum
pentaoxide and phosphite. Shyama and Arakawa
have used zirconium dioxide as photocatalyst. A
composite system ot polycrystalline ZnO/Ti0, and
its photocatalytic activity was studied by Marci et
al.. T10, sol-gel deposited over glass and its
application as a photocatalyst for water
decontamination has been reported by Gelover et
al.. Kako ef al. suggested some preventive methods
against catalytic poisoning of TiO, photocatalyst by
H2S. The eftect of T102 acidic pre-treatment on the
photocatalytic phenol degradation was reported by
Colon et al. whereas photodegradation of lignm from
black iquor usmg a UV/T10, system was mvestigated
by Ksibi ef al.. Enhanced efficiency of unsymmetrical
versus symmetrical squaraine dyes sensitized
nanocrystalline TiO, was reported by Alex ez al..
Morwetz and Selli investigated the effect of iron
species i photocatalytic degradation of azo dye in
Ti0, suspension. Kim ef al. used ZnO coated TiO2
nanoparticles for the flexible dye-sensitized solar
cells. Use of semiconducting iron (II) oxide 1n
photocatalytic bleaching of some dyes (malachite
green, crystal violet and methylene blue) has been
reported by Ameta ef al.. Photocatalytic degradation
of brilliant red dye and textile waste water has been
suggested by Martins ef al.. Photocatalytic
degradation of acid blue-62 over CuO-SnO,
nanocomposite photocatalyst under simulated
sunlight has been reported by Xia ef al.. The
photocatalytic bleaching of p-rosaniline
hydrochloride 1n presence of niobyum pentaoxide

photocatalyst 1s being reported in the present
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investigation. Bleaching of some dyes using niobyum
pentaoxide photocatalyst have been studied by
Panwar et al..
2. EXPERIMENTAL DETAILS
Degradation of pararosaniline hydrochloride
using niobium pentaoxide

A 0.0305 g of p-rosaniline hydrochloride was
dissolved in 100.0 ml of doubly distilled water so
that the concentration of the dye solution was 1.0x10
* M. This solution was used as stock solution. The
photocatalytic degradation of p-rosaniline
hydrochloride was observed on a 50 ml dye solution
(5.00x10°M), which was prepared in doubly distilled
water, and adding 0.10 g niobium pentaoxide
(photocatalyst). Irradiation was carried out by
keeping the whole assembly exposed to a 200 W
tungsten lamp. The intensity of light at various
distances from the lamp was measured with the help
of a Solarmmeter (SM CEL 201). A water filter was
used to cut out the thermal radiations. A digital pH
meter was used to measure the pH of solution. The
desired pH of solution was adjusted by the addition
of previously standardized sulphuric acid and sodium
hydroxide solutions. The progress of the reaction was
monitored spectrophotometrically by measuring the
optical density (O.D.) of the dye solution at various
time mtervals. Controlled experiments were also
carried out to confirm that the reaction 1s neither
photochemical nor thermal, but it is photocatalytic.
3.RESULTS AND DISCUSSION

The results of a typical run are graphically
represented m Fig. 1. The plot of log O.D. v/s
exposure time 1s a straight line. This indicates that
the photocatalytic degradation of p-rosaniline
hydrochloride n presence of niobium pentaoxide
follows pseudo first order kinetics and the rate
constant for this reaction was determined using the
expression k£ = 2.303 X slope.

A Typical Run
(Progress of the Photocatalytic reaction)
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Fig. 1. Varnation of dye concentration with time of exposure.
Conditions: [P-Rosaniline hydrochloride] = 5.00x10° M, pH = 8.5,
Niobyum pentaoxide = 0.10 g and light intensity = 37.0 mW cm™
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Effect of the pH

The effect of pH on photocatalytic

degradation was also investigated. The results are
reported i Table 1 and are graphically presented in
Fig. 2.

[t was observed that with an increase mn pH,
the rate of photocatalytic degradation of the dye
increases from 6.00 to 8.50. On further mcreasing
the pH, a decrease in the rate of photocatalytic
bleaching was observed. This behaviour can be
explained on the basis that as the pH of the solution
increases, more OH  1ons are available. OH 10ns will
generate more OH- radicals by combining with the
hole of the semiconductor and these OH- are
considered responsible for the photocatalytic
bleaching. After a certain pH value, more OH ions
in the bulk will retard the approach of the dye
molecules towards the semiconductor surface in the
desired time limit due to the decrease in the
movement of the large dye molecules. This will result
in a decrease m the rate of photocatalytic bleaching
of p- rosaniline hydrochloride. The participation of
OH:' radicals in the reaction was confirmed by
carrying out the reaction m presence of oxalate 10ns,
which act as hole (h") scavenger through the
following reaction.

h' + (CO0),2 = CO,
Tablel

Effect of pH on the rate of photocatalytic
degradation of p- rosaniline hydrochloride
pH | kx10°(s")
6.0 21.9
1.!_;'-
6.5 223 .
7.0 30.7 »
i
1.8 34.5
8.0 48.4
8.9 52.2 o H
0.0 92.2
05 £9 6 Fig.2. Effect of pH on the rate of photocatalytic degradation
' ' of p-rosaniling hydrochloride.
10.0 59 Conditions: [P-Rosaniline hydrochloride] = 5.00x10° M,

Niobyum pentaoxide = 0.10 g and light infensity =37.0 mW ¢m™

Effect of the p-rosaniline hydrochloride concentration

The effect of variation of dye concentration
was also studied by taking different concentrations of
p-rosaniline hydrochloride. The results are tabulated
in Table 2 and graphically presented in Fig.3.

From the data presented, it 1s clear that the rate
of photocatalytic degradation increases with increasing
concentration of the dye (up to 5.0x10> M). This may
be attributed to the fact that as the concentration of
p-rosaniline hydrochloride was increased, more dye
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