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ABSTRACT 
The present study describes the advanced oxidation (Photo catalytic oxidation) of an 
anaerobically degraded textile dye bath effluent containing reactive red 2 dye by combined UV 
and hydrogen peroxide. The reactor used in this study is a batch laboratory-scale photo-reactor 
equipped with a low-pressure mercury lamp. Different initial dosages of hydrogen peroxide at 
variable TiO2 concentrations were used. The degradation of secondary metabolites formed 
during the anaerobic degradation was measured in terms of Chemical Oxygen Demand (COD) 
reduction. Within 5 hours of exposure time at 200 rpm stirrer speed with 30 mmolL-1 H2O2 
concentration, 350 mg L-1 TiO2 concentration and pH 3 the COD reduction was appreciable with 
97% COD reduction based on the inlet COD to the photocatalytic reactor. 
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INTRODUCTION 
The textile industry is one of the industries that 
generate a high volume of wastewater strong 
color of the textile wastewater is the most serious 
problem of the textile waste effluent. The textile 
mills can be classified into two main groups viz., 
Dry processing mill and Woven fabric finishing 
mills. In Woven fabric finishing mills, desizing, 
scouring, bleaching, mercerizing, dyeing, 
printing and packing are the main processing 
stages. These stages consume approximately 
2400 to 2700 m3/day of raw water. The 
wastewater characteristics depend upon the 
processing stages. In general, the wastewater 
from a typical cotton textile industry is 
characterized by high values of BOD, COD, 
color and pH.1 The disposal of these wastes into 
receiving waters causes damage to the 
environment.  
Dyes may significantly affect photosynthetic 
activity in aquatic life because of reduced light 
penetration and may also be toxic to some 
aquatic life due to the presence of aromatics, 
metals, chlorides etc. Initially, the treatment 
procedures were based on physical and chemical 
methods,    which  proved  to  be  inadequate  and 

costly. Biochemical methods, which have 
inherent advantages are still in their early stages 
of development. 
Synthetic dyes which are used in textile 
industries are classified according to their most 
predominant chemical structures, namely, 
polyene and polymethine, diarylmethine, 
triarylmethine nitro and nitroso, anthraqui-
none and diazo. Approximately 10,000 diffe-
rent dyes and pigments are manufactured 
worldwide with a total annual market of more 
than 7×105 metric tons per year.2 Cotton textile 
wastewater has a high content of polluting 
compounds, the sources of which are the 
natural impurities extracted from the cotton 
fibers, the processing chemicals and the dyes. 
The discharge of this wastewater to the 
environment causes aesthetic problems due to 
the remaining color (from the dyestuff used) 
and also damages the quality of the receiving 
water. The color impedes light penetration and 
the dyes and/or their degradation derivatives 
can prove toxic to aquatic life.3, 4 
Reactive dyes are by far the best choice for 
dyeing cotton and other cellulose fibers. These 
dyes utilize a chromophore containing a 
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substituent that is capable of directly reacting 
with  the  fiber  substrate.  The  covalent bonds  
that attach reactive dye to natural fibers make 
it among the most permanent of dyes. Cold 
reactive dyes are very easy to use because the 
dye can be applied at room temperature. The 
composition of the dye bath contains hydrolyzed 
reactive dyes, substantial quantities of alkalis 
(soda ash) and very high concentration of sodium 
chloride. For example, to dye 1 kg of cotton with 
reactive dyes, 0.6–0.8 kg of NaCl, 30–60 g of 
dyestuff, and 70–150 L of water are required.5,6 
They are non-biodegradable by conventional 
activated sludge treatment methods and they 
require intense physical/chemical methods in 
order to be removed from the wastewater. 
Chemical coagulation/ flocculation and activated 
carbon adsorption techniques have been develop-
ped in order to remove the color. However, the 
latter methods can only transfer the contaminants 
(dyes) from one phase to the other leaving the 
problem essentially unsolved (solid waste is 
created).7-10 Chlorination and ozonation are also 
being used for the removal of certain dyes but at 
slower rates as they have often high operating 
costs and limited effect on carbon content.11 A 
combination of anaerobic degradation and 
advanced oxidation processes is a viable, cost-
effective than other methods, the low cost of 
treatment is largely attributed to the small 
quantities of added reagents.  
Anaerobic digestion is a biological process in 
which organic matter is categorized to methane 
and carbon dioxide. It has the potential to break 
down complex refractory organic compounds so 
that they may be further degraded aerobically or 
to completely mineralize them.12 In the absence 
of oxygen, carbon atoms associated with the 
organic substrate become electron acceptors and 
are reduced, while other compounds are oxidized 
to carbon dioxide.13 Anaerobic digestion of 
textile wastewater is a very promising technique 
since it is cost-effective and environmentally 
safe. Azo-reactive dyes decompose under 
anaerobic (reductive) conditions due to the 
cleavage of the azo-bond eliminating 
consequently the color of the wastewater. The 
reduction products (aromatic amines) should 

then be further treated using aerobic treatment 
methods.4,14–20 
Ar-N = N-Ar’ + 4e- + 4H+ → ArNH2 + H2NA 
Bacteria generally are easier to culture and 
they grow more quickly than fungi. They are 
more amenable to molecular genetic 
manipulations. They are able to metabolize 
chlorinated and other organic contaminants 
such as oil and mineralize chemicals using 
them as carbon or energy source. Under 
anaerobic conditions in a fixed-bed column 
using glucose as co-substrate, the azo dyes 
were reduced and amines were released by the 
bacterial biomass.21 The decolorization of 
textile azo dyes by newly isolated halophilic 
and halotolerant bacterial strains were able to 
decolorize azo dyes in a wide range of NaCl 
concentration (up to 20%w/v), temperature 
(25-40 degrees C), and pH (5-11) after 4 days 
of incubation in static culture.22 
A combination of UV radiation and hydrogen 
peroxide oxidation has been applied 
successfully in advanced oxidation processes 
(AOPs) to treat different pollutants in water. 
The mechanism of dye destruction in AOPs is 
based on the formation of a very reactive 
hydroxyl radical (•OH), that, with an oxidation 
potential of 2.80V can oxidize a broad range of 
organic compounds. In comparison with other 
AOPs such as fenton, ozone, UV/O3, UV/TiO2, 
etc., the photolysis of hydrogen peroxide 
shows some advantages such as the complete 
miscibility of H2O2 with water, the stability 
and commercial availability of hydrogen 
peroxide no phase transfer problems and lower 
investment costs. It can be carried out under 
ambient conditions and may lead to complete 
mineralization of organic carbon into CO2.

23  

AIMS AND OBJECTIVES 
To study the degradation of reduction products 
obtained by degrading reactive red 2 dye bath 
effluent using Halomonas sp.24 by 
photocatalytic oxidation process. 

MATERIAL AND METHODS 
Analytical grade reagents of NaOH, Na2CO3, 
K2Cr2O7, H2SO4, Na2SO4, CH3OH, HCl, KBr, 
H2O2, TiO2 (anatase form), ferrous ammonium 
sulfate, ethyl acetate are used for all the 
processes and analysis. To fit the experimental 
data with corresponding model, regression 
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analysis was made and R2 error calculated 
using the trend line option of Microsoft Excel 
2007 software. 
Photo catalytic oxidation system 
The schematic and photographic representations 
of the experimental set-up of the photocatalytic 
Stirred Tank Reactor (PSTR) in the batch mode 
of operation are shown in Fig.1 and Fig. 2 
respectively. The PSTR consisted of a 120 W 
medium  pressure  mercury  lamp  was used for  

illumination. A 500 mL beaker acts as a PSTR  
to carryout studies for the treated effluent. There 
was a provision made in the setup to 
continuously stir the treated effluent to get 
uniform radiation and maintaining constant 
temperature inside the reactor. TiO2 (anatase 
form) was used as catalyst for degradation. 
H2O2 is used to enhance the oxidation process. 
Photocatalytic  oxidation  studies  were  carried 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 : Schematic diagram of batch mode photocatalytic stirred tank reactor system 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 : Experimental setup of batch mode photocatalytic stirred tank reactor system 

out in photocatalytic stirred tank reactor for the 
anaerobically degraded optimized diluted 

initial dye concentration effluent (1300 mgL-1) 
for 144 hours. All the experiments were 
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carried out in a batch mode photocatalytic 
stirred tank reactor. The treated dye bath  
effluent (200 mL having initial COD of 235 
mgL-1) is taken in the reactor for studies and 
photocatalytic oxidation experiments were 
carried out by varying parameters such as 
stirrer speed, pH, TiO2 concentration, H2O2 
concentration, irradiation time . Experiments 
were repeated for five different stirrer speed 
viz. 50, 100, 150, 200, 250, 300 rpm (1 rpm = 
0.01831 ms-1). The photocatalytic degradation 
is carried out at different pH values ranging 
from 2 to11. H2O2 concentration (35% w/w, 
density = 1.13 g/ml) was varied between 5 and 
40 mmolL-1

. TiO2 concentration was varied 
between 50 and 400 mgL-1. Minimum 1 h 
exposure to ultraviolet radiation with an 
interval of 1 h was used. The treated samples 
are taken for COD and BOD analysis.  
COD analysis 
COD of the samples was determined using the 
dichromatic open reflux method strictly 
following the APHA.25 In order to determine the 
extent of degradation of the effluent chemical 
oxygen demand (COD) was measured. The COD 
as the name implies is the oxygen requirement of 
a sample for oxidation of organic and inorganic 
matter. COD is generally considered as the 
oxygen equivalent of the amount of organic 
matter oxidizable by potassium dichromate. The 
organic matter of the sample is oxidized with a 
known excess of potassium dichromate in a 50% 
sulfuric acid solution. The excess dichromate is 
titrated with a standard solution of ferrous 
ammonium sulfate solution. Experiments were 
repeated until the difference found was less than 
3%. 
BOD analysis 
BOD of the samples was determined using 5-day 
BOD Test method strictly following the 
APHA.25 The method consists of filling with 
sample to overflowing, an airtight bottle of the 
specified size and incubating it at the specified 
temperature for 5 d. Dissolved oxygen is 
measured initially and after incubation and the 
BOD is computed from the difference between 
initial and final DO. Because the initial DO is 
determined shortly after the dilution is made all 
oxygen uptake occurring after this measurement 
is included in the BOD measurement. 
Experiments were repeated until the difference 
found was less than 3%. 

RESULTS AND DISCUSSION 
The anaerobically digested effluent was 
subjected to photo catalytic oxidation with 
varying  parameters  such  as  Reynolds  number,  
time, catalyst concentration, H2O2 concentration. 
Photocatalytic oxidation studies were carried out 
in photocatalytic stirred tank reactor for the 
anaerobically degraded optimized diluted initial 
dye concentration effluent (1300 mgL-1) for 144 
hours.  The resultant anaerobically degraded 
solution was taken for COD and BOD analysis, 
which will be the initial COD and BOD for 
photocatalytic oxidation process. The COD and 
BOD were found to be nearly 230 and 178 mgL-1 
respectively. The parameters such as stirrer 
speed, pH, TiO2 concentration, exposure time for 
ultraviolet radiation will be optimized using this 
study.  
Effect of stirrer speed 
COD reduction in photocatalytic oxidation 
studies depends on the stirrer speed since this 
parameter is responsible for proper mixing of 
catalyst particles for better adsorption by 
exposing its surface to the intermediates 
produced during the anaerobic degradation 
process. If the flow is turbulent, it may also lead 
to desorption of intermediates. So, it was decided 
to find the effect of Stirrer Speed on BOD and 
COD reduction under various stirrer speeds. The 
reduction in BOD and COD for various stirrer 
speeds at 35 mmolL-1 H2O2 concentration, 400 
mg L-1 TiO2 concentration, pH 5 and 2h of 
exposure time is given in Fig. 3 and Fig. 4. The 
figures clearly indicate that the flow inside the 
unbaffled reactor moves from laminar to 
transition at around 200 rpm and therefore this 
speed will be sufficient for the degradation of 
intermediates and the speed more than this is of 
no use in the degradation process.  
Effect of H2O2 addition 
According to So et al., Hydrogen peroxide was 
reported to significantly improve the rate of 
photocatalytic process increasing the destruction 
rate by up to 10 fold. So, it was decided to find 
the effect of H2O2 addition on BOD and COD 
reduction under various H2O2 concentrations. 
The reduction in COD and BOD for various 
H2O2 concentration at 200 rpm stirrer speed, 400 
mg L-1 TiO2 concentration, pH 5 and 2h of 
exposure time is given in Fig. 5 and Fig. 6. The 
figures clearly indicate that 30 mmol L-1 of H2O2 
is enough for the degradation to take place for 
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the given concentration. Even after increasing the 
exposure time the maximum concentration of 
H2O2 required remained unchanged. Anything in 

excess of the above will make the degradation 
process uneconomical. 

 

 

 

 

 

 

 

 

 

 

Fig. 3 : Effect of stirrer speed on BOD reduction at 35 mmolL-1 H2O2 concentration, 400 mg L-1 
TiO2 concentration, pH 5 and 2h of exposure time 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4 : Effect of stirrer speed on COD reduction at 35 mmolL-1 H2O2 concentration, 400 mg L-1 
TiO2 concentration, pH 5 and 2h of exposure time 
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Fig. 5 : Effect of H2O2 addition on BOD reduction at 200 rpm stirrer speed, 400 mg L-1 TiO2 
concentration, pH 5 and 2h of exposure time 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6 : Effect of H2O2 addition on COD reduction at 200 rpm stirrer speed, 400 mg L-1 TiO2 
concentration, pH 5 and 2h of exposure time 

Effect of TiO2 concentration 
TiO2 acts as a catalyst in the photocatalytic 
degradation. If the concentration of the 
catalyst is increased it leads increase in 
degradation of intermediates. So, it was 
decided to find the effect of TiO2 

concentration on BOD and COD reduction 
under various TiO2 concentration s. The 
reduction in COD and BOD for various TiO2 
concentrations at 200 rpm stirrer speed, 
30mmolL-1 H2O2 concentration, pH 5 and 2h 
of exposure time is given in Fig. 7 and Fig. 8 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7 : Effect of TiO2 addition on BOD reduction at 200 rpm stirrer speed, 30 mmolL-1 H2O2 
concentration, pH 5 and 2h of exposure time 
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Fig. 8 : Effect of TiO2 addition on COD reduction at 200 rpm stirrer speed, 30 mmolL-1 H2O2 
concentration, pH 5 and 2h of exposure time 

Effect of pH 
pH has a significant effect on degradation of 
organic pollutants. The generation of .OH 
depends on the solution pH. In alkaline 
solutions, the generation of the radical .OH 
mainly involves a charge transfer between   
OH- ions and valence band holes at the 
photocatalyst  surface,  whereas  at  neutral and  

acidic pH, direct hole oxidation is also 
possible. Organic pollutants which are 
adsorbed on the surface of the catalyst will 
then be oxidized by .OH.26 So an analysis was 
made to optimize the pH of the photocatalytic 
degradation. The results are shown in Fig 9 
and Fig. 10. Maximum COD and BOD 
reduction is around pH 2 and 3.  

 
 
 
 
 
 
 
 
 
 
 

Fig. 9 : Effect of pH addition on BOD reduction at 200 rpm stirrer speed, 30 mmolL-1 H2O2 
concentration, 350 mgL-1 TiO2 concentration and 2h of exposure time 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 10 : Effect of pH addition on COD reduction at 200 rpm stirrer speed, 30 mmolL-1 H2O2 
concentration, 350 mgL-1 TiO2 concentration and 2h of exposure time 
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Fig. 11 : Effect of exposure time on BOD reduction at 200 rpm stirrer speed, 30 mmolL-1 H2O2 
concentration, 350 mg L-1 TiO2 concentration and pH 3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 12 : Effect of exposure time on COD reduction at 200 rpm stirrer speed, 30 mmolL-1 H2O2 
concentration, 350 mg L-1 TiO2 concentration and pH 3 

Effect of exposure time 
After optimizing all the parameters, the 
exposure time for near 100% COD and BOD 
reduction has to be determined. Keeping all the 
other parameters as constant, the exposure time 
is varied. After 5 h of exposure to UV 
irradiation, the oxygen demand of the effluent 
has reduced to zero. This is evident from the 
Fig. 11 and Fig. 12. There is some residual 
BOD and COD left behind after advanced 
oxidation. 
Effect of irradiation on microbial 
population 
The treated synthetic effluent samples were 
incubated for 2 days for the microbial growth 
and the samples were subjected to spread plate 
analysis. The absence of microbes visually 
ensured from the samples taken after 5 h of 
irradiation. Hence, the treated effluent could be 
brought into reusable form after 5 h of 
irradiation. 
Mechanism and kinetics of photocatalytic 
degradation 
It has been well demonstrated that when TiO2 
is illuminated by light (λ < 390 nm) electrons 
are promoted from the valence band to the 
conduction band to give electron-hole pairs. 
The holes at the TiO2 valence band can oxidize 
water or hydroxide to produce hydroxyl 
radicals. The hydroxyl radical is a powerful 
oxidizing agent and reacts with organic 
compounds (Org) and formed intermediates 
(I). These intermediates react with hydroxyl 
radicals to produce final products (P). Reaction 

can occur between bounded hydroxyl radical 
and bounded organics, bounded hydroxyl 
radical and unbounded organic, unbounded 
hydroxyl radical and bounded organic and 
unbounded hydroxyl radical and unbounded 
organic. A simple photo kinetic model 
according to the following reactions can be 
obtained easily 

Electron–hole generation :  

TiO2  kh1hν  TiO2 (h++e-)  (1) 
Recombination :  
h++e-  kh2 heat (2) 
Hydroxyl radical formation :  
a) Hole pathway :  
H2Oads+ h+ kh3 OHads+ H+ (3) 

OHads+ H+ kh3' H2Oads+ h+ (4) 

OH 
ads + h+ kh4 OHads (5) 

OHads kh4'  OH 
ads + h+ (6) 

b) Electron pathway :  
O2+ e- ke1 O 

2  (7) 
O 

2 +e- + 2H+ ke2  H2O2                                (8) 

2O 
2 +2H+ ke3  H2O2 + O2                               (9) 

H2O2+ e- ke4 OH+OH- (10) 
Organic degradation :   
h+ + Orgads k1  I 

ads + S  P (11) 

h+ + Org k2  I+  P (12) 
OHads + Orgads kp1  Iads+ S  P (13) 
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OHads + Org kp2  I+ S  P (14) 
OH + Orgads kp3  Iads  P (15) 
OH + Org kp4  I  P (16) 
From adsorption equilibrium, expressions 
containing the surface vacant site 
concentration[S], concentrations of the 
hydroxyl radical and organics can be written as 

OH][S][K OH][ OHs
                                       (17) 

[Org][S]K[Org] Orgs                                        (18) 
Organic degradation : 

OH][Org][kOH][Org][k

[Org]OH][k[Org]OH][k

][Org][hk][h[Org]kr

p4sp3

sp2ssp1

2s1Org













                   (19) 

Equation (19) can be simplified and written in 
terms of bulk concentration of organic 
contaminants as follows: 

































[COD]K1
kk

[COD]k[COD]k
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kk[Org]k[Org]kr

2
43

1OH

2

43
1OHorg

               (20) 

Where 

)[S]k][H(kK

k[S]Kk[S]Kk[S]KKk
K

h4'h3'OH

p4Dp3OHp2
2

DOHp1
2







           

                                                                    (21) 
])[hk[S]Kk(k 2D1OH

      (22) 
p4Dp3OHp2

2
OHDp11 k[S]Kk[S]Kk[S]KKkk  (23) 

)[S]k][H(kK

kk
h4'h3'OH

3





                 (24) 

sh4s2h3 ][OHkO][Hkk                      (25) 

)[S]k][H(kK

]][eO[Hk
k

h4'h3'OH

-
22e4

4





                             (26) 

Equation (20) gives the relation between the  
photo catalytic degradation rate and the 
concentrations of organic contaminants which 
have to be estimated in terms of COD. The rate 
constants, 31kk  and 41kk  refer to the 
generation of OH• by hole and electron 
pathway, respectively. Equation (20) is 
rationalized and neglecting the quadratic term 
of [COD], the following equation is obtained 

[COD]K1
)][COD]kk(k[k

dt
d[COD]

2

431OH



  (27) 

The solution of equation (27) is 

tk)[COD]([COD]K
[COD]
[COD]

ln oo2
o










                (28) 

OH431o k)kk(kk                                      (29) 
 
The equations (28) can be rewritten as 

2
o

o
o

o K
)[COD]([COD]

tk
)[COD]([COD]

[COD]
[COD]ln
















      (30) 

The plot of ln([COD]/ [COD]o)/( [COD]- 
[COD]o) vs t/( [COD]- [COD]o) will be linear. 
The constant K2 can be computed from the 
intercept and ko is the slope. K2 and ko refers 
the contribution of hole alone and hole plus 
electron towards degradation. 
The plot of ln([COD]/ [COD]o)/( [COD]- 
[COD]o) vs t/( [COD]- [COD]o) will be linear. 
The constant K2 can be computed from the 
intercept and ko is the slope. K2 and ko refers 
the contribution of hole alone and hole plus 
electron towards degradation. 
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Fig. 13 : Regression analysis plot for the photocatalytic degradation of anaerobically treated 
reactive red 2 dye effluent 

Kinetics constants of photo catalytic oxidation 
K2 and ko were evaluated from the % of COD 
removal with time their regression coefficients 
are also presented in the (Fig. 13). The 
regression coefficient was found for the study 
and the value (R2=0.992) suggest that two 
parameter kinetic model is suitable for 
describing the model for the removal of COD 
by photo catalytic oxidation in the studied 
concentration. The kinetic model parameters 
were ko= 0.998 h-1, K2= 3.75 Lmg-1, R2= 0.992 
in %COD reduction. 

CONCLUSION 
The optimal values suggest that the reactive 
red 2 dye effluent which has been degraded an 
aerobically can be oxidized using photo 
catalytic oxidation within 5 h. Further studies 
using membrane separation and flash 
evaporation may lead to the formation of a 
zero discharge system. 
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