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Abstract: The removal of lead (II) ion from water environment is described by photocatalytic process. SrWO4

is used as a semiconductor and the progress of reaction is observed spectrophotometrically. The effect of
variation of different parameters like pH, concentration of lead (II), amount of photocatalyst and light intensity
on the rate of reaction is observed. A tentative mechanism is proposed.
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INTRODUCTION by   using   metal-loaded   MgTiO -TiO    is   investigated

A significant issue affecting the aquaculture and Lead is a general toxicant that accumulates in the
water quality is the presence of toxic metal contaminants skeleton. Exposure to lead causes a variety of health
in water. Heavy metal such as mercury(Hg), chromium(Cr), effects like damage to brain and central nervous system
lead(Pb), cadmium(Cd), arsenic(As), nickel(Ni) and others function, inhibits the formation of hemoglobin, cause
metals are considered to be highly health hazardous. suicidal tendencies, over anxiety, aggression mania,
Thus, removing these toxic metals is essentially important illusion, symptoms of schizophernia. Long term inhalation
for human health and water quality. Photocatalysis can be of lead may cause kidney damage, colic pains, miscarriage,
utilized for the decomposition of organic and inorganic cancer, liver disorder, loss of appetite etc. The main
compounds, removal of trace metals as well as destruction sources of lead pollution are smelting of lead ores,
of viruses and bacteria. Semiconductor photocatalysis emission from automobile exhaust, mining, lead pipes, lead
has received considerable attention in recent years as an pigments and effluents from storage battery industries.
alternate for treating water polluted with heavy metal ions. Solar photocatalytic removal of Cu(II), Ni(II), Zn(II)
Removal of toxic metal ions from waste water by and Pb(II), speciation modeling of metal-citric acid
semiconductor   photocatalysis  have  been  carried out complexes was studied by Kabra et al [8]. Photocatalytic
by Chen et al. [1]. Troupis et al. [2] studied the removal of Ni(II) and Cu(II) by using different
photocatalytic reduction and recovery of copper by semiconducting materials were carried out by Joshi et al.
polyoxometalates. Solar photocatalytic treatment of [9]. Removal of toxic metals from water and recovery of
stimulated   dyestuff   effluents   is   carried   out by precious metals by photocatalysis was investigated by
Kositzi  et  al  [3].  Prairie  and  his  coworker [4]  studied Malati et al. [10]. Photocatalytic reactivity of zinc and
the photocatalysis for the treatment of water cadmium  ions   in   UV-irradiated   titania   suspensions
contaminated  with  metals  and  organic  chemicals in was suggested by Chenthamarakshan et al. [11].
TiO   suspended  system.  Effects  of  Bismuth  Vanadate Forouzan  et al.  [12]  studied photoinduced reaction at2

and Anthraquinone dye on  the  photodegradation of TiO  particles photodeposition from Ni(II) solutions with
polycarbonate  was  discovered  by  Saron  et  al.  [5]. oxalate. The removal of Pb(II) from water through a new
Verma et al. [6] carried out the photocatalytic degradation semiconductor SrWO  is attempted in the present work
of nickel from waste water using iron (III) oxide. and is found more effective as compared to other
Photocatalytic reduction of nitrate ion in drinking water semiconductors.
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by Jin et al. [7].
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MATERIALS AND METHODS k = 2.303 × slope

Semiconducting powder SrWO  was prepared via a The rate constants obtained are 0.242×10  (sec )4

precipitation  reaction  between  SrCl   and  Na WO [13]. and 1.97×10  (sec ) in dark and in presence of light2 2 4

The precipitate was washed with distilled water a number respectively. Rate of removal in presence of light
of times and dried. Stock solution of lead nitrate was irradiation is about ten times greater than the adsorption
prepared in doubly distilled water. The photocatalytic process in dark. This indicates that the process is a
reduction of lead nitrate was observed by taking 100mL photocatalytic reduction. Thus study of the
solution (8.40 ppm) in a 150mL beaker and 0.30g of photocatalytic reaction was carried out in present
strontium tungstate was added to it. Irradiation was investigations.
carried out by keeping whole assembly exposed to 1000W
halogen lamp (Okano). The intensity of light at various Effect  of  pH:  The  effect  of  pH  on  the  rate of
distances from the lamp was measured with the help of a reduction of Pb (II) was studied in the pH range 2.0-7.0.
solarimeter (Surya Mapi Model CEL201). A water filter The results are reported graphically in Figure 2. It was
was  used   to  cut  out  thermal  radiations.  The  pH  of observed that with the increase in pH, rate of reduction
the solution was measured with a digital pH meter increases.  After  attaining   maximum   value   (pH  4.5),
(Systronics Model 324). The desired pH of the solution rate decreases. It is established that surface properties of
was adjusted by the addition of pre standardized semiconductor are responsible for photocatalytic
sulphuric acid and sodium hydroxide solution. The process[14]. The hole (h ) generated by semiconductor
progress  of  the  photocatalytic  reaction  was  observed creates H ions in the solution from water. These protons
by taking absorbance at regular time intervals using are utilized by dissolved oxygen in solution.
Atomic Absorption Spectrophotometer (Varian AA240FS
Model). (1)

RESULT AND DISCUSSION (2)

The photocatalytic reduction of Pb(NO )  was These two reactions counter balance each other to a3 2

observed by AAS at wavelength 217.0 nm. A typical run particular extent. The surface charge on the
is given in Table1 and represented graphically in Figure 1. semiconductor-electrolyte  interface  plays  a  major   role
It has been observed that plot of log (concentration) v/s in deciding the fate of this photocatalytic reduction[15]
time is linear, which indicates that this photocatalytic and is responsible for transfer of electrons to Pb (II)
reduction follows pseudo first order kinetics. The rate converting it into Pb [16]. The surface charge on
constant is calculated by. semiconductor favors the reduction when it is positive.

4 1

4 1
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Table 1: Typical Run Rate of removal of lead (II) from water [Lead Nitrate=8.40 ppm]; pH = 4. 5; SrWO = 0.30g Temperature = 302 K; = 217.0 nm;4 max

Intensity of light = 54.0 mWcm 2

Time (minute) Concentration in Dark [C`] (ppm) Concentration in presence of Light [C] (ppm)

0 8.40 8.40

30 7.80 5.85

60 7.12 4.18

90 6.76 2.74

120 6.54 2.00

150 6.37 1.45

180 6.05 0.89

210 5.85 0.72

240 5.72 0.48

270 5.58 0.35

k = 0.242×10  (sec ) in dark and 4 1

k = 1.97×10  (sec ) in presence of light4 1
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Fig. 1: A typical run Fig. 4: Effect of amount of photocatalyst

Fig. 2: Effect of pH the decrease in rate of photocatalytic degradation of Pb
[Lead    Nitrate=8.40    ppm];    SrWO =    0.30   g; (II). The reduction of Pb (II) to its lower oxidation state4

= 217.0 nm will also adversely affect the value of PZC and thus themax

Temperature  =  302 K; Intensity of light = 54.0 lowering of rate of reaction occurs.
mWcm 2

Fig. 3: Effect of lead nitrate concentration pH = 4. 5;
SrWO = 0.30 g; = 217.0 nm Effect of Amount of Photocatalyst: The effect of amount4 max

Temperature = 302 K; Intensity of light = 54.0 of photocatalyst on the rate of photocatalytic reduction
mWcm of lead  (II) was observed by taking different amounts of2

[Lead Nitrate=8.40 ppm]; pH = 4. 5; = 217.0 nmmax

Temperature = 302 K; Intensity of light = 54.0
mWcm 2

This surface charge depends on the pH of the solution
being positive in acidic medium and negative in alkaline
medium. After a particular pH net charge on
semiconductor surface becomes zero and is called point
of zero discharge (PZC) [13]. When the pH of the solution
is low, reaction (1) dominants and reduction of Pb (II)
takes place. As the pH is raised reaction (2) starts
dominating the reaction (1), so that there will be an
additional decrease in the amount of H  ions and hence+

Effect of Lead (II) Concentration: The concentration of
lead nitrate was varied between 5.50-13.50 ppm. The
effects of change in concentration of Pb (II) on the rate of
reaction was observed, with keeping all other factors
constant. The results are reported in Figure 3. It was
observed that as the concentration of lead nitrate
increases, the rate of reaction increases. After attaining a
maximum value (8.40ppm), decrease in the rate of reaction
was observed. This may be explained on the ground that
at larger concentrations, the movement of lead metal ions
towards semiconductor surface will be hindered, which
will not permit lead ions to reach the desired site within
the limited time domain and hence, a decrease in the rate
of photocatalytic reaction was observed.
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Fig. 5: Effect of light intensity
[Lead Nitrate=8.40 ppm]; pH = 4. 5; SrWO = 0.30 g4

Temperature = 302 K; = 217.0 nmmax

semiconductor,   keeping   all   other   factors  constant.
The  results   are   graphically   presented   in   Figure   4.
As evident by the plot, the rate of photocatalytic
reduction of Pb (II) increases with increasing the amount
of photocatalyst. After a certain amount of semiconductor
(0.30g), the rate of photocatalytic degradation became
constant. Any further increase in amount of
semiconductor showed no increase in the rate of reaction.
It can be explained on the basis that as the amount of
semiconductor is increased, more particle are available for
excitation and there is greater possibility of electron–hole
pair generation on exosure to light. This results into a
corresponding increase in the rate of reaction. After a
certain amount (0.30g), the bottom of the reaction vessel
is almost covered and now any addition of semiconductor
does not increase the exposed area, rather it only adds to
the thickness of the layer of semiconductor at the bottom
of the reaction vessel. Hence saturation like behavior is
observed. It was confirmed by the fact that as vessel size
is changed, value of k changes and as solution is stirred,
rate increases due to increase in number of particle
exposed to light.

Effect of Light Intensity: The intensity of light reaching
to the semiconductor is varied by placing reaction vessel
at different places beneath the lamp. The results are
reported in Figure 5. It has been observed that the rate of
photocatalytic  reaction  increases  with  increasing  the
light intensity. It is attributed to the fact that more
electron-hole pair will be generated due to an increased
number of photons striking the semiconductor surface
with an increase in the intensity of light. Therefore more
electrons will be available for reduction, resulting into the
increase in rate of reaction.

On the basis of the observed experimental data, a
tentative mechanism is proposed:

(3)

(4)

(5)

(6)

In the first step, the semiconductor SrWO  absorbs4

ultraviolet (UV) radiation from illuminated light source
(halogen lamp). It will produce pairs of electrons and
holes. An electron from the valance band of the
semiconductor jumps into its conduction band, leaving
behind a hole. This hole is utilized by the water molecule
to generate oxygen and H  ions. These H  ions and+ +

dissolved oxygen in solution are reduced by two
electrons to form hydrogen peroxide, which slowly
degrades. In the last step lead (II) accept two electrons
from conduction band of the semiconductor and reduces
to its metallic state. In acidic medium reaction (4)
dominates and thus production of more electrons reduces
more Pb (II) substrate increasing the k value. As the pH is
raised, reaction (5) starts dominating resulting into
decrease in rate of reduction. The photocatalytic
reduction process is an efficient route for the removal or
the recovery of lead and other heavy metals. This method
is applicable at very low concentration (ppm level) of
metal contaminants which may not only make the
industrial effluents harmless but may also provide an
effective way to recover such metals.
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