
Introduction 

OVer the last few decades, society has become 
increasingly sensitive towards the protection of 
the environment. Due to this problem, mankind 
nowadays has concern about the potential 
adv~rse effects to the chemical industry on the 
environment, although the response in some 
parts of the world has been much faster and more 
~ntense than in others. The colour manufacturing 
Industry represents a relatively small part of the 
overall chemical industry. 

Dyes and pigments are highly visible material. 
Thus even minor release into the environment 
~y cause the appearance of colour, for example 
In open waters, which attracts the critical attention 
of public and local authorities. There is thus the 
requirement on industry to minimise environmental 
release of colour, even in cases where a small 
but visible release might be considered as 
toxicologically rather innocuous. A major source 
of release of colour into the environment is 
associated with the incomplete exhaustion of 
dyes onto textile fibre from an aqueous dyeing 
process and the need to reduce the amount of 
residual dye in textile effluent has thus become a 
major concern in recent years. 

An altemative approach to addressing the problem 
of colour in textile dyeing effluent has involved 
the development of effluent treatment methods to 
remove colour. These methods inevitably add to 
the cost of the overall process and some present 
the complication associated with the possible 
toxicily of degradation products. 

Technologies for colour removal 

There are more than 100,000 commercially 
available dye exist and mare than 7x105 lonnes 
per year are produced annually (Pearce et 
al .• 2003. McMullan et al. . 2001). Wastewater 
containing dyes is very difficult to treat. since the 
dyes are recalcitrant organic molecules, resistant 
to aerobic digestion, and are stable to light. 

A synthetic dye in wastewater cannot be efficiently 
decolorized by traditional methods. This is 
because of the high cost and disposal problems 
for treating dye wastewater at large scale in 
the textile and paper industries (Ghoreishi and 
Haghighi. 2003). 

The technologies for colour removal can 
be divided into three categories: biological, 
chemical and physical (Robinson et al.. 2001). 
All of them have advantages and drawbacks. 

Biological methods 

Biological treatment is the often the most 
economical alternatives when compared 
with other phYSical and chemical processes. 
Biodegradation methods such as fungal 
decolourization, microbial degradation, 
adsorption by (living or dead) microbial 
biomass and bioremediation systems are 
commonly applied to the treatment of industrial 
effluents because many microorganisms 
such as bacteria, yeasts, alges and fungi 
are able to accumulate and degrade different 
pollutants (McMullan et al.. 2001 and Fu and 
Viraraghavan. 2001). 

However, their application is often restricted 
because of technical constraint. According to 
Bhattacharyya and Sharma. (2003). biological 
treatment requires a large land area and 
is constrained by sensitivity toward diurnal 
variation as well as toxicity of some chemicals. 
and less flexibility in deSign and operation. 
Further, biological treatment is incapable of 
obtaining satisfactory colour elimination with 
current conventional biodegradation processes 
(Robinson et al.. 2001). Moreover. allhough 
many organic molecules are degraded, many 
others are recalcitrant due to their complex 
chemical structure and synthetic organic origin 
(Ravi Kumar et al .• 1998). In particular. due to 
their xenobiotic nature, azo dyes are not totally 
degraded. 

Chemical methode 

Chemical methods include coagulation or 
fiocculationcombinedwithflotationandftlllatlon. 
precipitation-fIocctJlation with Fe(II)ICa(OH)z. 
electrofiotation. electrokinetic coagulation. 
conventional oxidation methods by OXidizing 
agents (ozore). irradiation or eIedrochemical 
processes. These chemical techniques are 
often expensive. and although the dyes are 
removed. accumulation of concentrated sludge 
creates a disposal problem. There is also the 
possibilily that a secondary pollution problem 
will anse because of excessive chemical use. 

Recently. other emerging techniques. known 
as advanced oxidation processes. which ... 
based on the generation of v.y powerful 
oxidizing agents such as hydroxyl redicl/s, 
have been applied with success tier ... 
pollutant degradation. Although th_ methoda 
are efficient for the lraalment aI W8IIn 
contaminated with pollutants, they _ WIY 
costly and commercially unattractlw. The hIgII 
electncal energy demand and the consumption 
of chemical reagents are oommon prcbIeme. 

Physical methods 

Dilferent physical methods are also widely 
used. such as memb.-- - filtration 
processes (nanofiltration, reverse osmosi., 
electrodialysis) and adsorption techniques. 
The major disadvantages of the rnemIlIane 
processes is that Ihey a fimited 1_ before 
membrane fouling occurs and the COlI of 
penodic replacement must thus be Included In 
any analysis of their economic viability. 

In accordance with the v.y abundant 
literature data. liquid-phase adsorption i, one 
of the most popular methods for the remcwal 
of pollutants ITom wallewatar since proper 
deSign of the edsorption process wi. produce 
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a high-qualily treated ettluenl. This process 
provides an attractive altemative for the treatment 
of contaminated waters, especially if the sorbent 
is inexpensive and does not require an additional 
pre-treatment step before its application. 

Adsorption is a well known equilibrium separatton 
process and an effective method for water 
decontamination applications (Dabrowski. 2001). 
Adsorption has been found to be superior to other 
techniques for water re-use in terms of initial 
cost. fiexibilily and simp/icily of design. ease of 
operation and insensitivity to toxic pollutants. 
Decolourisation is a result of two mechanisms: 
adsorption and ion exchange (Slokar and Le 
Marechal. 1998). and is infiuenced by many 
physio-<:hemical factors. such as. dyelsotllent 
interaction. sorbent surface area. particle size. 
lemperature. pH. and contact time (Kumar at 
al.. 1998). Adsorption also does not resuH in the 
formation of hannful substance. 
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