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Abstract 
Combination of adsorption and photodegradation processes induces strong beneficial effects in dye removals. Adding high 
adsorption capacity activated carbon to photoactive titanium dioxide is an attractive solution due to their potential in 
removing dyes of diverse chemical characteristics. Recently, immobilisation has been an acceptable approach to overcome 
the drawbacks encountered with powder suspensions. The present study involves the removals of Victoria Blue R (VBR), a 
cationic dye and Indigo Carmine (IC), an anionic using approximately one gram of immobilised titanium dioxide (TiO2), 
activated carbon (AC) and mixture titanium dioxide/activated carbon (TiO2/AC) from 200 mL solution at the concentration 
of 20 ppm under UV illumination for 4 hours. Comparisons were made in terms of their removal efficiency by applying 
first-order kinetics model. Immobilised TiO2 showed total removal of IC in 40 minutes whereas only 44% of VBR was 
removed in 2 hours. On the other hand, in the case of immobilised AC, about 87% of VBR and 6% of IC were removed in 2 
hours. The results obtained using immobilised TiO2/AC proved the prominence of this immobilised sample in dealing with 
VBR and IC by achieving 95% and 62% removal respectively in 2 hours. 
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Introduction 
Textile industry covers pretreatment, dyeing, printing and finishing of textile material. These activities are 
highly chemically polluting [1]. Dyestuff contributes to the effluent colourization that may lead to the reduction 
of light transmission to aquatic life. More lives will face the consequences of the development posed by the 
textile industry. The extend of the destruction caused by the textile industry in releasing large volumes of 
coloured effluents, has urged environmentalists and worldwide researchers to come hand in hand in controlling 
the escalating and unsolved problem and pay much attention in developing textile wastewater treatment. 
 
Exploring in various methods such as physical [2-5], chemical [2, 5, 6-10] or biological [11, 12] treatment has 
drive these researchers to come out with a conclusion whereby each process is applicable in dealing with 
wastewater and the removal efficiency of the process in a shorter time speaks all. Types of physical treatment 
methods are such as filtration, sedimentation and degasification while ozonation, coagulation, adsorption, 
photodegradation and ion exchange are categorized under chemical treatment methods. On the other hand, 
biological treatment methods like aerobic and anaerobic digestions use microorganisms, mostly bacteria in the 
decomposition of wastewaters to stable end products. There are tonnes and tonnes of effluents being released 
every single day and the most effective removal technique is out to be grabbed. 
 
In the chemical classification method, dyes are grouped according to certain common chemical structural 
features. Cationic and anionic dyes are the two main groups. In order to differentiate cationic and anionic dyes, 
several points have been studied in detail. Dyes embrace a wide variety of structural types depending on the 
precise nature of electron donor (A) and electron acceptor (D) groups and can be subdivided into three main 
categories: cationic (z = + 1), anionic (z = - 1) and neutral (z = 0). Cationic dyes are positively charged and the 
most important group of this type of dye contains nitrogen atoms in both the D and A groups. On the other hand, 
a characteristic feature of anionic dyes is the presence of one or more sulfonate (-SO3

-) groups, usually as 
sodium (Na+) salts. These groups ensure that the dyes carry a negative charge.  
 
With the presence of these two main groups of dyes in the wastewater, a method that is able to remove them is 
essential. Therefore, adsorption-photodegradation process has been proposed by many researchers after 
realizing the noble potentials in both processes [13-17]. It was proven that activated carbon adsorption works 
well with photodegradation using TiO2 in removing various pollutants. The dual effect was capable in 
increasing the efficiency or performance of the whole removal system. Therefore, in this study, the removal 
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efficiency of cationic dye, Victoria Blue R (VBR) and anionic dye, Indigo Carmine (IC) using immobilised 
TiO2, AC and TiO2/AC were compared. 
 
 

Experimental 
Preparation of immobilised TiO2, AC and TiO2/AC 
Titanium dioxide powder (specific surface area, BET = 50 ± 15 m2/g, moisture = ≤ 1.5 wt. %, pH value in 4% 
dispersion = 3.5 – 4.5, Aeroxide Degussa P25) was mixed with blended and sieved (200 mesh) activated carbon 
(iodine number = 1150-1200, carbon total content = 70%-80%, bulk density = 0.40-0.44, ash = maximum 5%) 
with the ratio of 30:70 before adding 15.0 mL of distilled water. The mixture was stirred for 1 hour to ensure 
homogeneity.  
 
A 6.25 % w/v polyvinylalcohol-formaldehyde binder was prepared to attach TiO2/AC to the substrate (glass 
slide with the dimension of 2.54 cm x 7.62 cm). Under continuous stirring in a 70 °C water bath, transparent, 
sticky polymer glue was formed. This binder was kept in a sealed bottle to prevent it from rapid hardening. 
 
The slide was first applied with a thin layer of binder. Then, TiO2/AC suspension was brushed onto the layer of 
binder and let to dry. The samples were kept in a sealed container to prevent preactivation. The same procedure 
was carried out in the preparation of immobilised TiO2 and AC.  
 
Dye Solutions 
Victoria Blue R and Indigo Carmine stock solutions with the concentration of 200 ppm were prepared by 
dissolving the dyes powder with distilled water respectively. Dye solution (20 ppm) used in the removal 
processes was prepared by diluting the stock solution. 
 
Dyes Removal 
Photodegradation experiments were run by illuminating Victoria Blue R (VBR) and Indigo Carmine (IC) dye 
solutions (200 mL) containing immobilised samples using an ultraviolet (UV) lamp and air was continuously 
pumped into the solution to ensure a constant supply of oxygen. Temperature was maintained at 28 ºC using a 
water bath. UV-Visible analysis was performed on the sample solutions using Perkin Elmer UV/Vis Lambda 20 
Spectrophotometer.  
 
Removal Kinetics 
In this study, first-order kinetics model is applied to describe the relationship between the initial degradation 
rate and the initial concentration as photodegradation occurs during the early stage of the process. The kinetic 
equation of first-order is as shown in Equation (1.1): 
 

tk
C
C

O
1ln −=                                                        (1.1) 

 
where C    is the concentration of the substrate in solution at time t  of illumination (ppm),  
           OC  is the concentration of the substrate in solution at time zero of illumination (ppm), 

           1k    is the first-order rate constant (min-1).  
 

Straight line plots of 
OC

Cln  against t  gives the values of rate constant, 1k  obtained from the slope. In order to 

indicate the rapidity of rate processes, the concept of half-life, defined as the time required for a reaction to 
proceed half-way to completion and usually denoted by 

2
1t . So, if the initial concentration is OC , at 

2
1t it had 

fallen  to 
2
1

OC .  
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Thus, the half-life time depends on the first-order rate constant and equation below is obtained:  
 

  
1

2ln
2

1
k

t =      (1.2) 

 
 
 

Results and Discussion 
Removal of Various Dyes by Immobilised TiO2 
Figure 1 compares the removal of 20 ppm VBR and 20 ppm IC in 4 hours using immobilised TiO2. IC achieved 
total removal in 40 minutes while VBR required longer hours to be removed by the immobilised samples. Plots 
of ln(C/Co) versus illumination time give straight lines (inset in Figure 1) and the rate constant values for both 
dye removals were obtained from the slopes. Higher rate constant was observed in IC removal compared to 
VBR removal with the value of 103.3 x 10-3 min-1 for the former and 4.7 x 10-3 min-1 for the latter as listed in 
Table 1. Cationic dye, VBR carries positive charge while anionic dye, IC contains negative charge. It is very 
difficult to achieve photosensitization with cationic dye because of the positive charge of TiO2 surface and the 
resultant electrostatic repulsion between the dye molecules and the TiO2 surface [18]. This leads to the 
interpretation of lower removal capability of immobilised TiO2. This idea is supported by Hasnat and co-
workers [19]. 
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    Fig. 1: VBR and IC removals at 20 ppm in the presence of immobilised TiO2. Inset is the first-order kinetics 

plot for the removal of both dyes. 
 
 

Half-life time values and percentage of removal of VBR and IC in the presence of immobilised TiO2 are 
tabulated in Table 1. The irradiation from ultraviolet light enhanced oxidation process of adsorbed dye 
molecules on the surface of TiO2 particles and the presence of air may speed up the removal process. 
Immobilised TiO2 did not show prominent efficiency for the removal of VBR by achieving about 44% of 
removal in 120 minutes.  It can be observed that if the removal process is allowed to proceed for longer time, 
immobilised TiO2 is able to remove more dyes. However, immobilised TiO2 shows its prominence in removing 
IC by achieving total removal in 40 minutes. It once again proved that immobilised TiO2 worked well in 
removing anionic dye due to its positive surface charged. With a faster removal rate, the half-life time for IC 
removal is shorter than the removal of VBR. 
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Table 1: First-order rate constant, 1k , half-life time, 
2

1t and percentage of removal of  VBR 

and IC in the presence of immobilised TiO2. 
 

Dyes First-order rate constant, 

1k  
(x 10-3 min-1) 

 

Half-life time, 
2

1t  (min) Percentage of removal in 
120 minutes 

(%) 

VBR 4.7 147.4 44 
IC 103.3 6.7 100 

 
 
 
Removal of Various Dyes by Immobilised AC 
A different phenomenon was observed in the dye removal systems by applying immobilised AC. VBR removal 
was much greater and faster compared to IC removal. The removal of this anionic dye was found to be 
insignificant as shown in Figure 2. On the other hand, the removal of the cationic dye, VBR was prominent. 
Activated carbon used in this study was prepared commercially by steam activation at 800 ºC to 900 ºC. In this 
range of temperature, basic oxides predominate and become acid-adsorbing. 
 
When VBR is dissolved in water and undergoes hydrolysis: 
 

RCl + H2O  ↔  ROH + HCl 
 
The solution contains equilibrium concentrations of Victoria Blue R chloride, Victoria Blue R hydroxide and 
hydrochloric acid together with ions of hydrogen, chloride and dye. Activated carbon preferentially adsorbs the 
basic constituent [20]. This leads to the interpretation of better VBR removal.  
 
However, repulsive force dominates between the AC surface and IC anions and resulted in poor removal 
efficiency. AC did not have the ability in removing the anionic dye despite of its high adsorption ability. The 
uptake of IC fluctuates throughout the experiment. The rate constant values for both dye removals were 
obtained from the slopes of plots of ln(C/Co) versus illumination time (inset in Figure 2). As expected, the 
removal rate shown by VBR is greater than IC as listed in Table 2. 
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Fig. 2: VBR and IC removals at 20 ppm in the presence of immobilised AC.  Inset is the first-order kinetics plot 

for the removal of both dyes. 
 

R2 = 0.9516

R2 = 0.8557

-3.0

-2.0

-1.0

0.0
0 50 100 150

Time (min)

ln
 C

/C
o



The Malaysian Journal of Analytical Sciences, Vol 12, No 2 (2008): 451 - 457 

455 
 

A drastic difference was observed in the removal of these two groups of dyes by using immobilised AC as 
highlighted in Table 2 in terms of the half-life time values and the removal percentage. The percentage of 
removal of VBR was far higher than IC. This again proved that cationic dye with basic constituent is better 
removed by immobilised AC. Higher rate constant leads to shorter half-life time for the removal of VBR. 

 
 

Table 2: First-order rate constant, 1k , half-life time, 
2

1t and percentage of removal of VBR 

and IC in the presence of immobilised AC. 
 

Dyes First-order rate constant, 

1k  
(x 10-3 min-1) 

 

Half-life time, 
2

1t  (min) Percentage of removal in 
120 minutes 

(%) 

VBR 16.5 42.0 87 
IC 0.7 990.0 6 

 
 
 
Removal of Various Dyes by Immobilised TiO2/AC 
Immobilised TiO2/AC emphasizes on the combined effect of AC in the adsorption and TiO2 in the 
photodegradation as presented in Figure 3. The inset in Figure 3 shows the rate constant values for the removals 
of both dyes obtained from the slopes of plots of ln(C/Co) versus illumination time while the half-life time 
values are tabulated in Table 3.  
 
AC acts as an adsorbent in adsorbing and removing the dye molecules from the system and some of them which 
was adsorbed to the surface of AC migrated continuously to TiO2 where photocatalytic degradation occurs. 
Upon initiation by UV, high energy electron (eCB

-)/hole (hVB
+) pairs form in TiO2 from the excitation of electron 

into the conduction band leaving holes in the valence band. This is followed by formation of hydroxyl radicals, 
OH· when photogenerated holes reacted with water molecules and hydroxyl ions. On the other hand, the 
presence of oxygen on the TiO2 surface responsible for the formation of superoxide radical ion (O2

·-) which 
subsequently forms more hydroxyl radicals. This leads to oxidization of the dye molecules as these hydroxyl 
radicals are strong oxidizing agents.  
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Fig. 3: VBR and IC removals at 20 ppm in the presence of immobilised TiO2/AC. Inset is the first-order kinetics 

plot for the removal of both dyes. 
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Therefore, immobilised TiO2/AC was introduced to overcome the shortcomings portrayed by immobilised TiO2 
and immobilised AC in removing cationic and anionic dyes. In 120 minutes, immobilised TiO2/AC was able to 
remove at approximately 95% of VBR and 62% of IC as listed in Table 3. TiO2/AC acted as semiconductor and 
also as an adsorbent gave dual effect to the dye removal systems regardless of their characteristics. AC helps to 
concentrate the VBR and IC molecules on the surface of TiO2/AC to enable TiO2 to degrade the dye molecules. 
Initialization of UV may lead to the formation of hydroxyl radicals that helps in oxidizing VBR and IC. This 
resulted in greater dye removals. 
 
 

Table 3: First-order rate constant, 1k , half-life time, 
2

1t and percentage of removal of VBR 

and IC in the presence of immobilised TiO2/AC. 
 

Dyes First-order rate constant, 

1k  
(x 10-3 min-1) 

 

Half-life time, 
2

1t  (min) Percentage of removal in 
120 ninutes 

(%) 

VBR 24.3 28.5 95 
IC 8.1 85.6 62 

 
 
 

Conclusion 
This study evaluates the ability and effectiveness of the immobilised system containing TiO2, AC and TiO2/AC 
in removing cationic and anionic dyes. Combination of adsorption and photodegradation processes has better 
removal capability with various dyes. Immobilised TiO2/AC showed great potential in dealing with both groups 
of dyes while TiO2 and AC worked effectively in the removal of IC and VBR respectively.   
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