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A thin wetted film cylindrical flow reactor was fabricated for photocatalytic oxidation of Procion blue H-B dye in
textile washwater with the suspensions of TiO

 

2

 

 and ZnO. The disappearance of colour and organic reduction were
studied in terms of the removal of colour and chemical oxygen demand (COD). Operating parameters such as effect
of pH, UV irradiation with and without catalyst, initial concentration of dye and effect of flow rate were studied and
kinetics of Procion blue H-B dye has been studied over TiO

 

2

 

 and ZnO surfaces. Since adsorption is the prerequisite
condition for decolorization / degradation of dye molecules in the presence of heterogeneous catalysis, the Langmuir
and Freundlich isotherms were examined to verify the adsorption intensity. The results clearly demonstrated that, the
optimum loading of the photocatalyst was found to be 300 and 400 mg/L of TiO

 

2

 

 and ZnO, respectively. The
maximum COD reduction efficiency was 68% for TiO

 

2

 

 and 58% for ZnO. On the other hand, the colour removal
efficiency was found to be 74% and 69%, respectively for TiO

 

2

 

- and ZnO-assisted systems under optimum
conditions. Conclusively, these two semiconductors could degrade Procion blue H-B dye at different time intervals
and both isotherms fit well.
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2
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1. Introduction

 

Reactive dyes are some of the most commonly used
dyes in the textile industry. They are coloured
compounds, which have a high solubility in water and
have reactive groups. The stability and resistance of
dyes to degradation have made colour removal from
textile wastewater difficult by conventional biological
treatment plants [1] and considerable research is focused
on addressing this problem [2,3,4]. Conventionally
effluents containing organics are treated with adsorp-
tion, biological oxidation, coagulation, etc. Though the
conventional methods have individual advantages, they
lack effectiveness if applied individually. For example,
biological treatment is the most efficient and economic
way of reducing the environmental impact of the indus-
trial effluents containing organic pollutants, but this
technique is time consuming and cannot be employed
for textile effluent, as textile effluent is recalcitrant to
biodegradation. On the other hand, the physical adsorp-
tion is expensive and difficult for adsorbent regenera-
tion. Further, biological and chemical methods generate
a considerable quantity of sludge, which itself requires
treatment. Due to the large variability of the composi-
tion of textile wastewater, most of the traditional meth-
ods are becoming inadequate [5,6,7].

Numerous biodegradability studies on dyes have
shown that reactive dyes are not likely to be biodegrad-
able under aerobic conditions [8,9,10]. Due to the
stability of modern dyes, conventional biological treat-
ment methods for industrial wastewater are ineffective,
frequently resulting in an intensely coloured discharge
from the treatment facilities. Additionally, they are
readily reduced under anaerobic conditions to poten-
tially hazardous aromatic amines. Thus, there is a need
for developing treatment methods that are more effec-
tive in eliminating dyes from a waste stream at its
source [11,12].

New technologies of wastewater purification lead-
ing to the complete mineralization of organic pollutants
are now considered as the most suitable solution. The
degradation of many organic compounds by semicon-
ductor particles, such as TiO

 

2

 

, ZnO, ZrO

 

2

 

, WO

 

3

 

, SrO

 

2

 

,
Fe

 

2

 

O

 

3

 

, CeO

 

2

 

, CdS and ZnS have been attempted for the
photocatalytic degradation of a wide variety of environ-
mental contaminants. But TiO

 

2

 

 and ZnO have been
widely recognized as a promising method for the treat-
ment of water and wastewater [13–18]. The efficiency
of photocatalytic processes seems to depend on several
different characteristics of the semiconductor particles,
such as their surface properties, the position of their
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band gap potentials, and the mobility and recombina-
tion rate of the charge carriers generated by UV-light
absorption. Moreover, a relevant role is also played by
the chemical and adsorption properties of the degrada-
tion substrate, depending also on experimental condi-
tions, such as pH and the substrate to photocatalyst
concentration ratio.

Even though many catalysts have been attempted
for the photocatalytic degradation of organic pollutants,
only a handful of studies have been carried out which
compare the efficiency of different catalysts for a
particular organic compound under identical experi-
mental conditions. Hence, attempts have been made to
study the activity of two photo catalysts namely TiO

 

2

 

(Ranbaxy) and ZnO in the photocatalytic degradation of
Procion blue H-B dye.

It is generally accepted that the photocatalytic reac-
tion is initiated by band gap photo excitation of the tita-
nium dioxide on zinc oxide with UV light having
energy equal to or larger than the band gap of the semi-
conductor (3.2 eV). Electrons are photo excited to the
conduction band from the valence band, producing elec-
tron-hole pairs within the semiconductor solid. Some of
the electrons and holes migrate to the semiconductor
and initiate redox reactions with adsorbates through
interfacial electron transfer [19].

The main objective of this study was the fabrication
of a novel, thin wetted film cylindrical flow photo reac-
tor and the maximum removal of the Procion blue H-B
dye in the textile washwater by photocatalytic degrada-
tion. The photocatalytic degradation was investigated in
the presence of titanium dioxide and of zinc oxide under
different experimental conditions. In particular, the
effect of pH, flow rate, UV irradiation with and without
catalyst, initial concentration of dye, and sorption
isotherms such as Longmuir and Freundlich were inves-
tigated on the removal of colour and reduction of COD.

 

2. Materials and methods

 

2.1. Materials

 

Textile washwater which contains procion blue H-B
dye was obtained from Tube knit Fashion Ltd, Tirupur.
Initial concentration of washwater was varied by the
addition of distilled water. Initial pH of the washwater
was adjusted by adding HCl. Anatase TiO

 

2

 

 powder
(98%) was purchased from Ranbaxy Laboratories, India
and ZnO was purchased from Pure Drugs India.

 

2.2. Thin film photo reactor

 

The fabrication of a photocatalytic reactor with high
efficiency for UV application was one of the objectives
of the present study. The thin film photo reactor
comprises a titanium cylindrical container (reactor) of

diameter 50 mm and height of 270 mm. In order to store
and allow the effluent along inside walls of the reactor
as thin film a PVC cup was fixed on the top of the
container. A pencil type 6 W medium pressure, mercury
vapour immersion lamp of 25 mm diameter and of 270
mm height with a maximum emission at 365 nm was
employed as a source for UV irradiation and it was
fixed vertically in the centre of the cylindrical reactor
with the help of PVC clamps. Provisions were also
made for washwater entry and exit in the photo reactor.
The cross-section view of the thin film photo reactor is
shown in Figure 1.

 

Figure 1. Cross-section view of thin film photo reactor.

 

2.3. Methods

 

Textile washwater was taken in the 1 litre beaker and
placed on a magnetic stirrer. The magnetic stirrer was
used to mix the photo catalysts and bring the molecules
closer. In this work washwater was affected by a batch

Figure 1. Cross-section view of thin film photo reactor.
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recirculation system. Washwater was sent to the PVC
cup on the top of the photo reactor with the help of a
double head peristaltic pump. The washwater from the
reservoir was passed at the required flow rate to the
photo reactor by adjusting the speed of peristaltic pump.
After filling up the PVC cup, the effluent flows down as
a thin wetted film on the wall of the photo reactor. The
thin film of washwater was irradiated by a pencil type
UV lamp. The treated washwater was sent back to the
reservoir by using the second head of the peristaltic
pump for recirculation. The schematic diagram of the
experimental set up is shown in Figure 2. Washwater
which was collected from industry was diluted using
distilled water to get different concentrations. pH of the
washwater was varied by adding hydrochloric acid.

 

Figure 2. Schematic diagram of experimental set up.

 

2.4. Analysis of COD

 

The chemical oxygen demand (COD) analysis was used
to measure the amount of organic pollutants present in
washwater indirectly. The basis for the COD analysis
was that nearly all organic compounds can be fully
oxidized to carbon dioxide with a strong oxidizing agent
under acidic conditions. In this analysis, Potassium
dichromate was used as a strong oxidizing agent under
acidic conditions. 0.4 g of HgSO

 

4

 

 was placed in a reflux
flask and an aliquot of the sample was added. This

sample was mixed well and 2 ml of 0.25N K

 

2

 

Cr

 

2

 

O

 

7

 

 solu-
tion was added. Then 3 ml of H

 

2

 

SO

 

4

 

 – AgSO

 

4

 

 reagent
was slowly added while continuously swirling the flask.
A condenser was connected in the flask and kept in the
COD digester. This mixture was refluxed for at least 2
hours at about 148

 

°

 

C. The digested mixture was cooled
and washed down the condenser with distilled water
such that the washings fell into the flask. The unreacted
K

 

2

 

Cr

 

2

 

O

 

7

 

 was titrated with the N/10 ferrous ammonium
sulphate solution using ferroin as an indicator. The
colour change at the end point was from blue green to
wine red. A blank experiment with distilled water
instead of the sample was also performed. The following
formula was used to calculate COD: 

where 

 

b

 

 is the volume of FAS used in the blank sample,

 

s

 

 is the volume of FAS in the original sample, and 

 

n

 

 is
the normality of FAS.

 

2.5. Analysis of colour removal

 

Choice of wavelength was selected by measuring the
absorbance value of the sample at all wavelengths avail-
able in the NOVA 60 instrument. A wavelength which
gives the maximum absorbance value was considered as
a suitable wavelength (605 nm) for the Procion blue H-
B dye. Samples were collected at an interval and
measured the hourly absorbance values directly using
the NOVA 60 (MERK) instrument at 605 nm. Percent-
age of colour removal can be calculated by the follow-
ing formula: 

 

2.6. Kinetic studies

 

When photo catalyst is irradiated with UV, an electron
is exited from the valence band (VB) to the conduction
band (CB) leaving the hole behind in the VB. This is a
rapid process occurring in femtoseconds [20]. In order
to investigate the mechanism of sorption and potential
rate controlling steps such as mass transport and chem-
ical reaction processes, kinetic models have been used
to test experimental data.

 

2.6.1. The pseudo-first-order equation

 

The rate constant of adsorption can also be determined
from the pseudo-first-order kinetic model given by
Namasivayam and Ranganathan [21]. The differential
equation is given as, 

COD
b s n

volume of sample
dilution factor= − ×8000( )

Initial absorbance final absorbance

Initial absorbance

− ×100

Figure 2. Schematic diagram of experimental set up.
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where q

 

e

 

 and q

 

t

 

 are the amount of dye adsorbed (mg/g)
on the adsorbent at the equilibrium and at time t, respec-
tively and k

 

1

 

 is the rate constant of pseudo-first-order
adsorption (L/min).

Integrating Equation (1) for the boundary conditions
t=0 to t=t and q=0 to qt, gives, 

This is the integrated rate law for a pseudo-first-order
reaction. Equation (2) can be rearranged to obtain a
linear form: 

In order to obtain the rate constant k

 

1

 

 and correlation

coefficient R

 

1
2

 

 from the linear plots of 

against t for different initial dye concentrations and
sorbent dosages have been analysed.

 

2.6.2. The second-order equation

 

The second-order kinetic model equation is also based
on the sorption capacity of the solid phase [22].
Contrary to the other model it predicts the behaviour
over the whole time adsorption and is in agreement with
an adsorption mechanism being the rate controlling
step. If the rate of sorption is a second-order mecha-
nism, the second-order chemisorptions kinetic rate
equation is expressed as: 

where q

 

e

 

 and q

 

t

 

 are the amount of dye adsorbed (mg/g)
on the adsorbent at the equilibrium and at time t, respec-
tively and k

 

2

 

 is the rate constant of second order. Inte-
grating Equation (4) for the boundary conditions t=0 to
qt gives: 

This is known as the second-order equation. Equation
(5) can be rearranged to obtain a linear form: 

The linear plots of t/q

 

t

 

 against t have been treated to
obtain the rate constant k

 

2

 

 (g/mg min) for different
initial dye concentrations and sorbent dosages. The
initial adsorption rate (k

 

2

 

q

 

e
2

 

), and the correlation coeffi-
cients R

 

2
2

 

 were obtained from these plots.

 

2.6.3. The intra-particle diffusion equation

 

In any adsorption process, the rate limiting step has an
important role that is known as the adsorption mecha-
nism. Generally in a solid-liquid sorption process, the
solute transfer is usually characterized by external mass
transfer or intraparticle diffusion. There are three path-
ways to analyse the adsorption mechanism. The first
path is known as film diffusion which is on the exterior
surface, that the transfer of solute from bulk solution
through the liquid film takes place. The second path is
the particle diffusion where the transportation of the
adsorbate within the pores of the adsorbent occurs and
the third path is the adsorption of the adsorbate on the
interior surface of the adsorbent. According to Weber
and Morris [23], the rate constant for intraparticle diffu-
sion is given by Equation (7): 

where q

 

t

 

 is the amount of dye adsorbed (mg/g) at time,
t and K

 

id

 

 were calculated from the slope of q

 

t

 

 versus t

 

1/2

 

for all initial dye concentrations and sorbent dosages
have been analysed.

 

2.7. Mechanism of adsorption isotherms

 

Adsorption isotherms are important for the description
of the interaction of molecules or ions of adsorbate with
adsorbent surface sites and also, are critical in optimizing
the use of adsorbent. Hence, the correlation of equilib-
rium data using either a theoretical or empirical equation
is essential for the adsorption interpretation and predic-
tion of the extent of adsorption. In the present study,
Langmuir and Freundlich isotherm equations have been
tested. Langmuir adsorption isotherm is based on the
assumption that all adsorption sites are equivalent and
adsorption in active sites is independent of whether the
adjacent sites are occupied or not. Langmuir isotherm is
often used to describe sorption of solutes from liquid
solutions and is expressed by the following equation: 

dq

dt
k q qt

e t= −1( ) ( )1

log
.

q

q q

k
te

e t−













= 1

2 303
( )2

log log
.

1
2 303

1−












= − 





q

q

k
tt

e

( )3

log 1−






q

q
t

e

dq

dt
k q qt

e t= −( )2
2

( )4

1 1
2

q q q
k t

e t e−( ) = + ( )5

t

q k q q
t

t e e

= +1 1

2
2

( )6

q k tt id=
1

2 ( )7
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where C

 

e

 

 is the concentration of dye at equilibrium (mg/
L), Q

 

0

 

 and b are Langmuir constants related to adsorp-
tion capacity and energy of adsorption respectively. The
linear form of (8) is given by the following form: 

Langmuir constants Q

 

0

 

 and b can be calculated from
the linear plots of 1/q

 

e

 

 versus 1/C

 

e

 

 of slope and intercept
respectively. It gives a straight line of slope 1/bQ

 

0

 

 and
intercepts 1/Q

 

0

 

. The theoretical maximum adsorption
capacity Q

 

0

 

 corresponding to Langmuir constant is
numerically equal to bQ

 

0

 

. The constant b represents
affinity between adsorbent and sorbate.

Freundlich isotherm is the earliest known relation-
ship describing the sorption equation. This fairly satis-
factory empirical isotherm can be used for non-ideal
sorption that involves heterogeneous sorption and is
expressed by the following equation: 

Where K

 

f

 

 and n are the Freundlich constants, K

 

f

 

 relates
to sorption capacity and ‘n’ as sorption intensity. The
logarithmic form of Equation (10) given below is
usually used to fit data from the batch equilibrium
studies. 

K

 

f

 

 and ‘n’ can be calculated from the intercept log
K

 

f

 

 and slope 1/n by plotting log q

 

e

 

 versus C

 

e

 

. It shows
that the ‘n’ values of Freundlich model were 1<n<3
suggesting that adsorption of dye was favourable.

 

3. Results and discussions

 

3.1. Photocatalytic degradation of Procion blue 
H-B dye

 

3.1.1. Effect of flow rate

 

Degradation studies were conducted with different flow
rates of 20,40,60,80 and 100 mL/min. Figure 3 shows
the effect of flow rates on colour removal. From this
figure it was clear that, degradation rate gradually
decreased with the increases of flow rate. It is due to the
fact that increase of flow rate also increases the thick-
ness of washwater which flows inside the walls of the

reactor. Matthews [24] has reported that, an increase in
the flow rate through an illuminated spiral increases the
photocatalytic oxidation rate of several solutes. Based
on the experimental results the maximum degradation
and colour removal have occurred at the minimum flow
rate of 20 mL/min for both catalysts because of the
greater residence time.

 

Figure 3. Effect of flow rate.

 

3.1.2. Effect of pH

 

Solution pH is an important variable in the evaluation of
aqueous-phase-mediated photocatalytic reactions. It
influences the adsorption and dissociation of the
substrate, the catalyst surface charge, oxidation poten-
tial of the valence band and other physicochemical
properties of the system [25,26,27]. The role of pH on
the rate of photocatalytic degradation was studied by
three different initial pH values of the washwater such
as 3, 7 and 10. Figure 4 shows the effect of pH on the
removal of colour and COD. From this figure, it was
observed that the degradation decreased with an
increase of pH, exhibiting maximum degradation rate
at  pH 3. At higher pH values the degradation rate
decreased exponentially. The effect of pH can be
explained on the basis of zero point charge [11] (pHzpc)
of catalysts, the pH at which the concentrations of
protonated and deprotonated surface groups are equal.
At high solution pH (>3) there will be a higher concen-
tration of dye anions. Since the dye has a sulphonic acid
group in its structure, which is negatively charged, the
acidic solution favours adsorption of dye onto the
photocatalyst surface, thus the photodegradation effi-
ciency increases. However, adsorption on the catalyst
surface is hindered due to the negatively charged
surface prevalent at pH values beyond the zero point
charge of catalysts. At high pH, OH species will

q
Q bC

bC
e

e

e

=
+

0

1
( )8

1 1 1 1
0 0q Q bQ Ce e

= + ( )9

q K Ce f e
n= . ( )10

log log logq K
n

Ce f e= + 1
1( )1

Figure 3. Effect of flow rate.
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compete with dye anions for the available photo gener-
ated holes on the catalyst’s surface.

 

Figure 4. Effect of pH.

 

3.1.3. Effect of initial concentration

 

During the dyeing process, the dyes fix on to the fibre
in a way that depends on contact time, temperature,
salinity and the dye’s characteristic adsorption
isotherm. It being impossible to determine the concen-
tration of dye in the exhausted washwater, the results
obtained in this research were based on colour removal
instead of dye concentration. The effect of initial
concentration on decolorization efficiency has been
investigated by varying the initial concentration of
washwater such as 20, 40, 60, 80 and 100 mg/L in the
presence of TiO

 

2

 

 and ZnO suspension, since the pollut-
ant concentration is an important parameter in wastewa-
ter treatment. Experimental results are presented in
Figure 5. It can be seen from the figure that the concen-
tration has a significant effect on the degradation rates
and rate of decrease in the dye concentration is faster

when the initial concentration is less. The degradation
rate is lower for higher initial concentration as the order
decreases and, therefore, the Langmuir and Freundlich
rate form was proposed to model the experimental data.
The inset of the figure shows that initial rate increases
with increase in initial concentrations and saturates at
higher concentrations. The external diffusion is negligi-
ble in the concentration range of our investigation.
Adsorption and surface reaction were assumed to be the
rate controlling steps and these parameters were deter-
mined using Langmuir and Freundlich rate form. From
the results it was observed that, in acidic solution (pH 3)
maximum colour removal was 74% and 65% for TiO

 

2

 

and ZnO, respectively. The decolorization and degrada-
tion efficiencies are inversely related to the washwater
concentration. By increasing the concentration, the
equilibrium adsorption of dye on catalyst surface sites
increases, and as a result OH

 

•

 

 radical formation rate
decreases due to the hindered OH

 

−

 

 ion adsorption at
the same sites. In addition to that the path lengths of
photons entering the solution also decrease according to
the Beer Lambert law, which causes lower photonic
absorption on catalyst particles and hence the photocat-
alytic reaction rate decreases.

 

Figure 5. Effect of initial concentration.

 

3.1.4. Effect of catalyst loading

 

To investigate the effect of catalyst loading on decolori-
zation efficiency, two sets of experiments were
conducted employing TiO

 

2

 

 and ZnO photo catalysts.
The varying amounts of catalysts ranging from 100 to
500 mg/L were used. The result obtained, shown in
Figure 6(a) and (b), suggests that both the catalysts
showed the same trend, i.e., decolorization efficiency
increased with increasing catalyst loading until a
plateau was reached at a concentration of 300 and 400
mg/L respectively for TiO

 

2

 

 and ZnO. This is because
catalyst loading exhibits conflicting effects on the
photocatalytic process; at lower loading levels, photo-
nic adsorption controls the reaction extent due to the
limited catalyst surface area, while at higher loading
levels, light scattering by catalyst particles predomi-
nates over photonic adsorption [28,29]. Figure 7(a) and
(b) shows the degradation of washwater on percentage
removal of COD and colour. From the results, it was
observed that, the maximum COD reduction efficiency
was 68% for TiO

 

2 and 58% for ZnO. On the other hand,
the colour removal efficiency was found to be 74% and
69%, respectively, for TiO2- and ZnO-assisted systems
under optimum conditions.
Figure 6. Effect of catalyst loading.Figure 7. Photocatalytic degradation of Procion blue H-B dye on (a) COD removal (b) colour removal.

3.1.5. Decolorization kinetics

A study of the adsorption kinetic is desirable because
it provides information regarding the mechanism of

Figure 4. Effect of pH.

Figure 5. Effect of initial concentration.
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adsorption, which is important for the efficiency of
the process. The experimental kinetic data of adsorp-
tion studies were applied to the first-order, second-
order and intraparticle diffusion kinetic models and
shown in the table 1(a) & (b). The correlation coeffi-
cients for the first-order kinetic model obtained at all
the studied concentrations for ZnO were shown in
Table 1(a), and the values of correlation coefficients
were greater than 0.9 and the theoretical qe values also
agreed very well. This suggests that the pseudo first-
order kinetic model was applicable when using Zinc
oxide for the adsorption of Procion blue dye at lower
and higher dye concentrations. The results indicate
that correlation coefficient for second order is lower
than that of first order for all dye concentrations and
sorbent dosages. It was concluded that the second
order kinetic model did not show a good correlation
coefficient for adsorption of Procion blue dye. The
correlation coefficients were always R2 < 0.900 also
shown in Table 1(a). These results also show that the

sorption system is not second-order reaction and it
was the pseudo first-order. The intraparticle-diffusion
kinetic model based on the assumption that the rate
limiting step may be physical and chemical adsorption
involving sharing or exchange of electron between
dye anion and adsorbent, provides the best correla-
tion of the data for the Procion blue dye onto Zinc
oxide.

The rate constants and correlation coefficients for
the adsorption of process blue dye molecules into
titanium dioxide were presented in Table 1(b). The
coefficient of correlation (R2) obtained by the pseudo
first-order (mostly greater than 0.95), intraparticle-
diffusion (mostly greater than 0.97) and the second-
order kinetic model (not well described) suggests that
the pseudo first-order and intraparticle-diffusion models
are suitable for description of adsorption kinetic for the

Figure 6. Effect of catalyst loading.

Figure 7. Photocatalytic degradation of Procion blue H-B
dye on (a) COD removal (b) colour removal.
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Table 1. Kinetic data for (a) ZnO; (b) TiO2.

Table 1(a)

Pseudo First-order Second-order Intraparticle-diffusion

Dosage of 
Zno (g)

Concentration 
of dye (mg/L) K qe R1

2 K2 R2
2 Kid R3

2

0.02 20 0.0077 147.4 0.97 – 0.92 7.08 0.98
40 0.0089 272.7 0.95 – 0.95 13.37 0.98
60 0.0088 395.4 0.96 – 0.91 19.37 0.98
80 0.0081 502.1 0.96 – 0.93 23.99 0.97

100 0.0082 570.4 0.96 – 0.63 27.12 0.97

0.04 20 0.0102 76.54 0.97 – 0.95 3.93 0.98
40 0.0094 149.4 0.97 – 0.83 7.472 0.97
60 0.0078 220.5 0.98 – 0.81 10.65 0.97
80 0.0085 276.9 0.95 – 0.82 13.36 0.98

100 0.0085 321.4 0.93 – 0.63 15.02 0.97

0.06 20 0.0102 53.7 0.96 – 0.93 2.73 0.98
40 0.0095 102.2 0.96 – 0.87 5.08 0.98
60 0.0077 136.6 0.97 – 0.90 6.58 0.98
80 0.0079 167.2 0.95 0.001 0.92 7.97 0.98

100 0.0067 200.9 0.96 0.21 9.05 0.97

0.08 20 0.0101 40.4 0.95 – 0.91 2.02 0.98
40 0.0083 76.9 0.95 – 0.85 3.71 0.98
60 0.0086 103.9 0.95 – 0.84 4.95 0.97
80 0.0074 131.0 0.94 – 0.64 5.92 0.97

100 0.0077 150.7 0.94 – 0.65 7.04 0.98

0.1 20 0.0077 33.1 0.94 – 0.84 1.66 0.97
40 0.0079 63.2 0.96 – 0.82 2.97 0.97
60 0.0081 88.3 0.95 0.002 0.96 4.20 0.98
80 0.0072 114.4 0.96 – 0.91 5.27 0.97

100 0.0080 135.1 0.95 – 0.61 6.24 0.97

Table 1(b)

Pseudo first-order Second-order Particle-diffusion

S.NO
Dosage of 
TiO2 (g)

Concentration 
of dye (mg/L) K qe R1

2 K2 R2
2 Kid R3

2

1. 0.02 20 0.0082 132.2 0.98 – 0.98 6.6 0.98
40 0.0084 242.4 0.95 – 0.93 11.5 0.98
60 0.0078 337.2 0.93 – – 15.2 0.97
80 0.0073 390 0.93 – – 17.1 0.96

100 0.0076 416 0.95 – – 18.6 0.96

2. 0.04 20 0.0087 71.2 0.99 0.002 0.99 3.8 0.97
40 0.0096 129.6 0.99 – 0.98 6.9 0.98
60 0.0084 186.8 0.99 – 0.99 9.6 0.98
80 0.0099 225.7 0.96 – 0.97 11.7 0.98

100 0.0088 253.6 0.98 – – 12.7 0.97

3. 0.06 20 0.0095 49.7 0.97 – – 2.4 0.96
40 0.0108 90.9 0.96 – – 4.4 0.96
60 0.0104 132.5 0.95 – – 6.3 0.95
80 0.0098 167.7 0.95 – – 7.8 0.95

100 0.0085 204.7 0.95 – – 9.2 0.94
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removal of dye from aqueous solution into titanium
dioxide. The second-order kinetic model was not suit-
able to describe the adsorption of Procion blue dye.

3.1.6. Adsorption effects of TiO2 and ZnO

The analysis of isotherm data is important to develop
the equations that represent the results and would be
useful to design degradation purpose [30]. For heteroge-
neous photo catalysis adsorption on catalyst surface is a

prerequisite condition [31]. It has been observed that the
amount of adsorption per gram of adsorbate increases
with the rise of concentration. In this study two
isotherms namely, Langmuir and Freundlich isotherms
have been selected to evaluate the adsorption capacity
of the adsorbents (TiO2 and ZnO). The values of
isotherm constants with the correlation coefficients
were listed in Table 2(a) and (b). This shows the high
values of correlation coefficients RL

2 and RF
2 which

indicate that both the Langmuir and Freundlich
isotherms fit well. From the Table, it was also evident

Table 1. (Continued).

Table 1(b)

Pseudo first-order Second-order Particle-diffusion

S.NO
Dosage of 
TiO2 (g)

Concentration 
of dye (mg/L) K qe R1

2 K2 R2
2 Kid R3

2

4. 0.08 20 0.0096 38.6 0.99 0.001 0.96 2.0 0.98
40 0.0089 73.0 0.98 – 0.87 3.7 0.97
60 0.0081 105 0.97 – – 3.7 0.97
80 0.0078 133.8 0.97 – – 6.2 0.97

100 0.0080 158.1 0.94 – – 7.3 0.96
5. 0.1 20 0.0098 31.3 0.97 0.002 0.97 1.6 0.98

40 0.0100 59.6 0.94 – 0.97 3.0 0.98
60 0.0095 84.6 0.96 – 0.94 4.3 0.98
80 0.0089 107.7 0.96 – 0.83 5.3 0.98

100 0.0092 128.5 0.95 – – 6.3 0.97

Table 2. Values of isotherm constants (a) ZnO; (b) TiO2.

Table 2(a)

Linear Langmuir Freundlich

Dosage of ZnO (g) KD R2
2 Q0 b RL2

2 Kf n RF2
2

0.02 11.29 0.97 632.9 0.03 0.998 5.48 1.50 0.99
0.04 7.73 0.96 380.2 0.02 0.999 4.19 1.39 0.99
0.06 3.81 0.98 315.4 0.06 0.998 4.20 1.83 0.99
0.08 2.96 0.97 261.0 0.06 0.999 3.69 1.79 0.99
0.1 3.46 0.98 205.7 2.44 0.998 3.32 1.59 0.99

Table 2(b)

Linear Langmuir Freundlich

Dosage of TiO2 (g) KD R2
2 Q0 b RL2

2 Kf n RF2
2

0.02 5.26 0.92 47.3 0.039 0.99 5.5 1.83 0.97
0.04 4.12 0.96 21.4 0.039 0.99 4.1 1.64 0.99
0.06 4.58 0.99 15.5 0.036 0.99 3.2 1.42 0.99
0.08 3.68 0.98 15.9 0.037 0.99 3.1 1.46 0.99
0.1 3.03 0.98 8.56 0.041 0.99 2.9 1.49 0.99
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that Q0 values of Zinc oxide were more than those of
Titanium dioxide. It shows that the amount of adsorp-
tion per gram of adsorbate was more. Also the initial
concentration of dye gives the maximum adsorption of
dye at free sites of the surface of particles of catalyst
and hence all sites are occupied. This concentration
adsorbed becomes constant and there is formation of a
monolayer and heterogeneous [32].

4. Conclusion

The photocatalytic degradation of a pollutant Procion
blue H-B dye in textile washwater was studied using
two photo catalysts TiO and ZnO. For the chosen pollut-
ant, Procion blue H-B dye, two methods of oxidation
were observed. Oxidation with OH• radicals originating
on the surface of the photocatalyst; direct oxidation by
holes created by the action of light on the semiconduc-
tor. Nevertheless, after a long irradiation time (7 hrs),
the maximum COD reduction efficiency was 68% for
TiO2 and 58% for ZnO. On the other hand, the colour
removal efficiency was found to be 91% and 82%,
respectively for TiO2- and ZnO-assisted systems under
optimum conditions. The data obtained is well fitted
with Freundlich and Langmuir adsorption isotherms.
Under all experimental conditions TiO2 showed better
catalytic properties over ZnO subject to both adsorption
and decolorization. Under the experimental condition
described, it was noticed that decolorization mechanism
of Procion blue dye follows pseudo first order kinetics
over TiO2/ZnO surfaces.
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