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Abstract: Combination of photodegradation and adsorption processes induces strong beneficial effects in removal of
dyes. Addition of high adsorption capacity activated carbon to photoactive titanium dioxide in photodegradation of dyes
improves the efficiency of dye mineralization. The present study involves the preparation of immobilized TiO, films by
two different techniques to overcome the drawbacks encountered with the powdered suspensions. The photocatalytic
performance of the prepared films for degradation of Azorubine dye has been evaluated and compared. The activated
carbon has also been immobilized along with titanium dioxide to examine the dual effect of photodegradation and
adsorption in removal of Azorubine. The dual effect showed better dye degradation capabilities.
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Introduction and Experimental

The treatment of coloured waste water containing
hazardous dyes is one of the growing needs of the
present time. To meet increasingly stringent
regulations, waste water treatment plants have applied
additional processes like coagulation, adsorption and
filtration for the removal of dyes. However, these
processes simply transfer pollutants from one source to
another rather than completely eliminating them [1].
Photocatalysis using nanosized titanium dioxide has
been widely studied as alternate to conventional
processes for complete degradation of dyes [2]. In
recent years, TiO, photocatalysis has been successfully
applied to remove chemical pollutants and to inactivate
microorganism [3-5].

Most of the studies related to photodegradation have
been carried out using the suspension of powdered
TiO, in aqueous solutions. However, the use of
aqueous suspensions is limited for practical application
by filtration problems due to the nanosize of TiO,
particles.  Alternatively, the catalyst may be

immobilized on to a solid inert support, which
eliminates the need of filtration of catalyst for reuse.
Many techniques have been developed to obtain
immobilized films of nano-crystals of TiO,. The films
of TiO, nanoparticles are routinely produced through
the sol-gel process [6-7]. The sol-gel method of
immobilization requires expensive precursors of TiO,
and thermal treatment of the film between 400-500 °C
[8].

The  present investigation  highlights the
immobilization of TiO, with the help of polyvinyl
alcohol —formaldehyde binder and using acrylic
emulsion. Both of these methods do not require
expensive precursors and thermal treatment at higher
temperatures. The photocatlytic performance of the
prepared films for degradation of Azorubine was
evaluated and compared. The dual effect of
photocatalysis and adsorption was also evaluated by
immobilizing the activated carbon along with titanium
dioxide.
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Materials

The chemicals in this study were used as purchased.
Titanium dioxide powder (nano-crystals) Degussa P25
(size of crystallites =30 nm, surface area = 55%15
m’/g) was procured from Degussa, Germany.
Polyvinyl alcohol LR, Formaldehyde LR and
Azorubine (Cy0H;1N,O0S;Na;) dye powder were
obtained from s d Fine-Chem Ltd, Mumbai. Activated
carbon was procured from Merck (India) Ltd Mumbai.
Acrylic binder was obtained from Golden Chemical
Works, Delhi.

Preparation of Degussa P25 films using polyvinyl
alcohol-formaldehyde binder

TiO, suspension was prepared by adding 1 gm of TiO,
in 10 ml of double distilled water followed by
continuous stirring for 1 hour. Similarly, TiO,-
activated carbon suspension was prepared by mixing
0.5 gm of TiO, and 0.5 gm of activated carbon in 10
ml of double distilled water followed by stirring for 1
hour to ensure homogeneity. A 6.25% w/v polyvinyl
alcohol-formaldehyde binder was prepared under
constant stirring in a 70 °C water bath until
transparent, sticky polymer glue is formed. The binder
was kept in a sealed bottle to prevent it from rapid
hardening. The fiberglass slides (75 mm % 50 mm x
Imm) were first applied with a thin layer of binder on
one side of the slide. The TiO, suspension was then
brushed onto the layer of binder to immobilize it. The
film prepared by this method was given an identity
FP1. The same procedure was carried out to
immobilize TiO,-activated carbon on fiberglass sheet
to examine the combined effect of adsorption and
photodegradation. This film was given an identity FP2.

Preparation of Degussa P25 films using acrylic
binder

The TiO, films using acrylic binder were prepared by
adding 1 gm of TiO, in 25 ml of water followed by
addition of 1ml of acrylic emulsion under vigorous
stirring for proper mixing. The TiO-acrylic emulsion
was then applied over one side of the microscope glass
slides (75 mm % 50 mm X Imm) with the help of a
brush. The coated film was left for air-drying. Coating
was repeated twice to get a uniform film without pin
holes. The film prepared in this way was given an
identity GAL. In a similar way, 0.5 gm of TiO, and 0.5
gm of activated carbon were added in 25 ml of double
distilled water followed by addition of 1ml of acrylic
binder under vigorous stirring for proper mixing. The
resultant emulsion was applied over microscope glass
slides to form Ti10O,-activated carbon film in the same
way as discussed above. This film was given an
identity GA2.
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Photocatalytic performance test

All of the prepared films were used for photocatalytic
degradation of Azorubine dye. Photocatalytic
degradation experiments were carried out in a
photocatalytic chamber containing two 15W lamps as
source of UV light to evaluate the photocatalytic
performance of the sol-gel derived films. A dye
solution of 50ml with concentration of 10ppm was
poured into a beaker having cross sectional area of
86.6 cn’. The slide carrying film of TiO, was placed
in the beaker in such a manner that the total available
surface of photocatalyst was 50 mm x 75 mm. The
beaker was then placed onto the working area of the
photocatalytic reactor. A magnetic stirrer was used to
provide mixing. Two UV light sources were then
switched on and the solution was irradiated with the
ultraviolet light The concentration of the dye at
different reaction times were determined by measuring
the absorbance intensity at A,,,x = 520 nm with the help
of the UV-Vis spectrophotometer. The decrease in
concentration of the Azorubine was plotted with
respect to time for analysis. The experiment was
repeated for all kind of prepared TiO; films.

Kinetic Modeling

It has been agreed that the expression for the rate of
degradation of dyes with irradiated TiO, follows the
Langmuir —Hinshelwood (L-H) law of heterogeneous
photocatalytic reactions [9]. According to L-H model,
when initial concentration C, is very small the
following pseudo-first order rate equation is followed.

C
In—= -kt

CG . .
where k is pseudo- first order rate constant and t is

time. A plot of In (C/Co) versus time represents a
straight line, the slope of which upon linear regression
equals the pseudo-first order rate constant k.

Scanning Electron Microscopy (SEM)

The SEM analysis of the used films, after being coated
with gold, was done with the help of scanning electron
microscope JSM 6100 (JEOL) operated at 25 kV.

Results and Discussion

The photocatalytic degradation of Azorubine was
performed with films FP1 and GAl separately for a
period of 5 hours in each case. The decrease in
concentration of dye was recorded with respect time
and is shown in Figure 1. The recorded data was best
fitted by exponential equations with regression
coefficient as high as 0.9904 and 0.9938 for FP1 and
GA1 films respectively. It was observed that there was
83.2% decrease in the concentration of dye after 5
hours of UV light illumination in case of FP1 film. A
decrease of 45.2% of dye concentration was monitored
for the same period of illumination in case of GA1
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film. The In(C/Co) values were calculated and plotted
with respect to time for FP1 and GA1 films as shown
in Figure 2. The plotted data for both types of films
was best fitted by straight line of different slopes
which indicate that the reactions followed pseudo-first
order kinetics according to the Langmuir -
Hinshelwood (L-H) law. The pseudo-first order
reaction rate constants were determined from the
slopes of the plot In(C/Co) versus time.

Table 1 shows the values of half life time (t;,) and
pseudo-first order reaction rate constant (k) for FP1
and GAl films. It is obvious that the films formed by
polyvinyl alcohol binder gave fast photocatalytic
degradation of Azorubine than film prepared using
acrylic binder. The half life time was less and reaction
rate constant was higher in case of film formed by
polyvinyl alcohol-formaldehyde binder (FP1). One of
the main reasons for the remarkable difference could
be the solid-liquid interface between the TiO, particles
and the aqueous solution. The polyvinyl alcohol-
formaldehyde binder films contained very slightly
physically adsorbed TiO, aggregates on the support
that’s why these films were not dense and had a large
contact area of TiO,. Moreover, the formaldehyde (a
large portion of the binder) gets evaporated at room
temperature providing the more TiO, surface area for
degradation. The acrylic binder film (GA1) was less
active because TiO, was more firmly bounded to the
surface and acrylic binder does not evaporate at room
temperature resulting in less surface area available for
degradation.

In the similar way, the photocatalytic degradation of
Azorubuine was also performed with films FP2 and
GA2 separately for a period of 2.5 hours. The decrease
in concentration of dye was plotted with respect to
time and is shown in Figure 3. The recorded data was
fitted by exponential equations with regression
coefficient of 0.9972 in both of the cases. About
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79.5% and 28.9% of the dye was photodegradad
within 2.5 hours of UV light illumination for FP2 and
GA2 films respectively. The plots of In(C/Co) versus
time for these films were best fitted by straight lines of
different slopes as shown in Figure 4. It is obvious
from the Figure 4 that the photocatalytic reactions
followed pseudo-first order kinetics according to the
Langmuir —Hinshelwood (L-H) law. The pseudo-first
order reaction rate constants were determined from the
slopes of the plot In(C/Co) versus time.

Table 2 shows the values of half life time (t;,) and
pseudo-first order reaction rate constant (k) for FP2
and GA2 films. These films gave comparatively better
results than the FP1 and GAIl films due to the
combined effect of adsorption and photodegradation.
Activated carbon acts as an adsorbent in adsorbing the
dye molecules from the solution. The adsorbed
molecules on the surface of the activated carbon then
come in contact with TiO, which causes
photodegradation. TiO,-activated carbon films act as
semiconductor as well as adsorbent to give dual effect
to the dye removal regardless the characteristics of the
dye. In the present case, the activated carbon
adsorption worked well in combination with TiO,
photodegradation for removal of dye. The dual effect
was capable of increasing the efficiency or
performance of the whole degradation system. The
film prepared using polyvinyl alcohol-formaldehyde
binder (FP2) showed higher degradation rates than the
films prepared by acrylic binder (GA2) due to the
earlier mentioned reasons.

The SEM images of the used FP2 and GA2 films were
also taken and shown in Figures 5 and 6. From the
micrographs it was observed that the TiO, and
activated carbon particles were present on the surface
of the film even after use indicating the reusability of
the film. The TiO, and activated carbon particles were
not covered fully by the binders.

Table 1: Half life time (t,,) and rate constant (k) for immobilized films containing only TiO,

Film Immobilization Content Half Life Rate
Identity Technique Time (t;1), Constant
hours (k), hour™
FP1 Polyvinyl alcohol — Ti0O, 2.07 0.3370
formaldehyde binder
GAl Acrylic binder TiO, 5.56 0.1255
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Table 2: Half life time (t;,2) and rate constant (k) for immobilized films containing both TiO, and activated

carbon
Film Immobilization Technique Content Half Life Time Rate Constant
Identity (t12), hours (k), hour™
FP2 Polyvinyl alcohol — TiO, & Activated carbon 1.16 0.588
formaldehyde binder
GA2 Acrylic binder TiO, & Activated carbon ~ 4.84 0.1513
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Figure 1: Time effect on photocatalytic degradation of Azorubine for immobilized

films containing only TiO,
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Figure 2: Kinetics of photocatalytic degradation of Azorubine for immobilized

films containing only TiO,
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Figure 3: Time effect on photocatalytic degradation of Azorubine for immobilized

films containing both TiO; & activated carbon
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Figure 4: Kinetics of photocatalytic degradation of Azorubine for immobilized films

containing both TiO, & activated carbon
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Fhoto No.=9 or

Figure 5: SEM image of TiO,-activated carbon film prepared using polyvinyl-alcohol formaldehyde binder

1un [ Fhoto No.=11

Figure 6: SEM image TiO;-activated carbon film prepared using acrylic binder
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Conclusion

The catalyst was immobilized on inert supports by two
different methods, which eliminated the need of
filtration of catalyst for further use. It is found that the
TiO, films formed with the help of polyvinyl alcohol —
formaldehyde binder showed better results than films
formed using acrylic emulsion for photocatalytic
degradation of Azorubine solution. The addition of
activated carbon to the films enhanced the
photocatalytic activity due to the combined effect of
photodegradation and adsorption. The present results
suggest that the polyvinyl alcohol-formaldehyde
binder films are efficient for the treatment of aqueous
solution of Azorubine. The application of these films
should be extended for treatment of industrial
wastewater.
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