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ABSTRACT

Textile industries that use or produce synthetic dyes hold an important position in the global industrial arena. Synthetic dyes
are major part of our life because of their undeniable contributions to basic human needs and satisfaction. But the effluents of textile
industries have higher concentrations of synthetic dyes that are carcinogenic in nature. Hence these effluents if discharged without prior
treatment become potential sources of water pollution. So this waste water has to be treated accordingly. The treatment techniques used
include adsorption, ozonation, photo catalysis, and filtration. Dyes can be effectively decolorized by combining two advanced
techniques such as Membrane Technology and Advanced oxidation process. Due to the scarcity of published papers covering the hybrid
membrane techniques, the present review paper thus elucidates the contributions of membrane technology and advanced oxidation
process towards textile effluent treatment and unexhausted raw materials recovery. Advantages and also bottlenecks of these techniques
such as high quantity of treated wastewater, high removal efficiency, fouling control, low energy consumption and lower backwashing
time have also been highlighted. Finally, various accounts dealing with techno economic evaluation of these wastewater treatment
processes have been provided.
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INTRODUCTION

Textile industry consumes immense amounts of process water and chemicals. Approximately 21 to 377 m?® of water is
consumed for one ton of textile product (Sahunin et al., 2006) and chemical consumption normally varies from 10% to over 100% of
the weight of the cloth (Ozturk et al., 2009). Estimates indicate that approximately, 7 - 105 tons of dyestuffs are produced annually and
280,000 tons of the textile dyes are discharged into water sinks through textile effluents (Eren, 2012; Jin et al., 2007). That, explains
why textile effluent is characterized by high COD (150-10,000 mg/L), BOD (100-4000 mg/L), pH (6-10) and color content (50-2500)
(Kalraetal., 2011). Moreover, discharge of even a small quantity (ca.1 mg/L) of dye is not acceptable and may produce toxic compounds
at the end of treatment process (Ghodbane and Hamdaoui, 2009). Since dyes are designed to resist degradation, these are chemically
stable, non-biodegradable and exist as substances that possess toxic and carcinogenic characteristics (Turhan et al., 2012). Therefore, a
proper treatment strategy is required to meet the pollution control requirements.
MATERIALS AND METHODS

Majority of the conventional treatment methods comprise of adsorption (Yeh et al., 2002), coagulation (Alinsafi et al., 2005),
filtration (M_etivier-Pignon et al., 2003) and biological treatment (Paprowicz and Stodczyk, 1988). These methods are less efficient
because dyes are stable against biological degradation (Wu et al., 2008), which results in sludge formation, membrane fouling and
incomplete mineralization (Yeh et al., 2002; Alinsafi et al., 2005; Liu et al., 2007a,b). Traditional wastewater treatment technologies
like activated sludge processes have proven to be markedly ineffective for handling wastewater containing synthetic textile dyes because
of the chemical stability of these pollutants (Banerjee P, 2007). A wide range of methods has been developed for removal of synthetic
dyes from water and wastewater . The technologies involve adsorption on inorganic or organic matrices, decolorization by photo
catalysis and/or by oxidation processes and microbiological decomposition (Shaul G M, 1991). Chemical oxidation is reported to be
very effective but the efficiency strongly depends on the type of oxidant and the nature of dye (Hao O J ,2000). The overall objective
of the present work is degradation of dye and its removal by the combination of AOP and Membrane processes.
Advanced Oxidation Process: Advanced Oxidation Processes refers to a set of chemical treatment procedures designed to remove
organic and inorganic materials in waste water by oxidation. One such type of process is called In Situ Chemical Oxidation.
Contaminants are oxidized by four different reagents: ozone, hydrogen peroxide, oxygen, and air, in precise, pre-programmed dosages,
sequences, and combinations. These procedures may also be combined with UV irradiation and specific catalysts (Arana J,2001;
Andreozzi R,1999; Haber F,1934; Wang A, 2005)
Types of AOP:
Fenton Process: Production of OH radicals by Fenton reagent occurs by means of addition of H,O; to Fe?* salts (Titus M P, 2004).
H,0, +Fe?* — OH+OH™ + Fe3*

This is a very simple way of producing OH radicals neither special reactants nor special apparatus being required.

Electro-Fenton Process: There is a need to develop effective methods for the degradation of such organic pollutants, either to less
harmful compounds or, more desirable, to their complete decolorization. Recently, mainly because of its amenability to automation,
high efficiency and environmental compatibility, there is a growing interest in the use of effective direct or indirect electrochemical
degradation of organic pollutants in waters (Lucas M S, 2006). This electro- Fenton process can generate ‘OH by the simultaneous
electrochemical reduction of O in the presence of catalytic amounts of ferrous ions (Malik P K, 2003).
Photo-Fenton Process: In photo-Fenton process in addition to the above Fenton reactions the formation of hydroxyl radical also occurs
by the following reactions:
H,O0,+UV [IOH'+ OH’

JCHPS Special Issue 4: December 2014 WWW.jchps.com Page 296


http://www.jchps.com/

National Conference on Green Engineering and Technologies for Sustainable Future-2014
Journal of Chemical and Pharmaceutical Sciences ISSN: 0974-2115

Other AOP Processes: Combining various AOPs commonly causes interesting synergistic effects that can markedly reduce the reaction
time and economic cost. Various studies have explored the synergistic effects of the decolorization of dyes in 0zone-based systems,
such as (Muruganantham M, 2004; Lucas M S, 2010).
a) 03/H20;
b) Os/Fe*
C) UV/O3/H202
d) Os/HzOz/FE‘2+
e) UV/O;/Fe?*
f) UVIO; /Fe**
g) UVITIO, /O
h) UV/O3/H,0, /[Fe*
Advantages of Advanced Oxidation Processes:

a) Rapid reaction rates.

b) Small foot print.

c) Potential to reduce toxicity and possibly complete mineralization of organics treated.

d) Does not concentrate waste for further treatment with methods such as membranes.

e) Does not produce materials that require further treatment such as "spent carbon" from activated carbon absorption.
Disadvantages of Advanced Oxidation Processes:

a) Capital Intensive.

b) Complex chemistry must be tailored to specific application.
Membrane Separation Processes: Membranes emerged as a viable means of water purification in the 1960s with the development of
high performance synthetic membranes. Membrane processes could be successfully used not only for producing purified water but also
for recycling of specific contaminants in industrial effluents by an efficient separation. Although these processes have been extensively
researched for textile wastewaters and waste streams including dye pollutants, the literature lacks of comprehensive studies on recovery
of water and valuable materials from textile wastewaters.
Types of membranes: Water treatment processes employ several types of membranes (Amjad,1993 ; Perry R H, 1997).
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Figure.1.Types of membranes

Membrane Materials: Most MF, UF, RO, and NF membranes are synthetic organic polymers (Baker, 2004). MF and UF membranes
are often made from the same materials, but they are prepared under different membrane formation conditions so that different pore
sizes are produced. Membranes can also be prepared from inorganic materials such as ceramics or metals (Nunes S P, 2001).

Membrane Modules: There are four main types of modules: plate-and-frame, tubular, spiral wound, and hollow fiber.
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Figure.2.Schematic of a) plate and frame, b) tubular, c) spiral wound and d) hollow fiber modules
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Summary of applications of combined treatment systems on textile effluent (Woei-Jye Lau, 2009)

Treatment First Second Remarks
processes stage stage
Physical/membrane | Coagulation UF Achieved substantial colloidal particle removal (>97%) of
treatment (2007) Turbidity removal) regardless of type and dosage of coagulants used, but
degree of membrane fouling was highly dependent on type of coagulants used.
Study has proven that inorganic coagulants were more efficient to reduce
fouling compared to polymeric coagulants
Membrane UF NF Authors claimed that UF was an appropriate pre-treatment of a NR/RO process
treatment (2006) for textile wastewater reuse. To deal with the wastewater with high variability
values of COD and conductivity, they observed flux decline was significant at
the lowest cross flow velocity studied due to the solid deposition onto the
membrane surface
Physical/membrane | Coagulation/ NF Study reported that the quality of permeate after coagulation/
treatment (2005) flocculation flocculation did not match the requirement of reuse on the site However, this
method could act as pretreatment of NF to limit membrane fouling. By using
this integrated approach, high-quality permeate could be obtained
Chemical/membrane Electro- Membr. Study indicated the feasibility of combined processes for treatment of textile
treatment (2005) chemical wastewater. Membrane prior to electrochemical oxidation process showed
oxidation promising results in terms of COD, turbidity and color removal (Rcop = 89.2%,
Ruuridity = 98.3%; Reolor = 91.1%;) compared to electrochemical oxidation prior
to membrane process (Rcop = 86.2%, Rumidity = 95.1%, Reolor = 85.2%). This is
due to lower color concentration remaining in wastewater after the
electrochemical oxidation process
Chemical/biological Ozonation Aerobic | Use of ozonation as pretreatment was able to increase the bioavailability of the
treatment (2003) dye before it was treated with the aerobic process. To achieve higher color
(99.8%) and DOC (85%) removal, higher doses of ozone were required. This
would make it less economically favorable
Physical/membrane Sand NF Sand filtration and MF in a pilot plant were fundamental in reduction of
Treatment filtration suspended solids (100%) and turbidity (78%). To completely remove COD,
and MF conductivity and color, NF was
responsible for removal
Physical/chemical Coagulation lon Water produced from this integrated treatment was reported good to reduce
treatment (1997) and electro- | exchange | color, turbidity and COD; however, efficiency of treatments was significantly
chemical different with varying reaction times of H,O, and current of electrochemical
oxidation treatment.
CONCLUSION

Measurement of the combined process efficiency depends on the purpose of the treatment, but normally requires the
independent optimization of each chemical and biological step. For example, the extent of mineralization of the organic compounds
may be a measure of efficiency if highly pure water is needed or an effluent with a specific dissolved organic carbon limit. The main
purpose of other treatments may be reduction of toxicity or elimination of a specific pollutant. Determining the target is an essential
step in combination studies since it helps define process efficiency and provides a basis for comparing the different operating conditions
and optimizing the process. By combining two different technique, advanced oxidation process and Membrane separation process
efficiency of dye decolorization from textile effluents can be increased. The bottle necks of one process will be taking away by the
other. Nevertheless, despite its imperfections, the genesis in the research field can still been regarded as a revolutionary technological
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breakthrough, and with the future methodological improvements, hybrid membrane technology will certainly emerge as the Holy Grail
of industrial wastewater treatment.
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