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1. Introduction

Dye manufacturing industries represent a small 
part of the chemical synthesizing industries. 

Numerous industrial processes make extensive use 
of dyes for manufacturing of their products. Major 
use of dyes is found in textile, paper, printing, and 
photography industry. When such industries release 
their waste into the environment a significant amount 
of dye is also added into the ecosystem in the form of 
industrial effluent (Gupta, 2009).

Dyes are basically unsaturated colored organic 
compounds. Worldwide production of textile is 

around 30 million tons per year with an increasing 
trend of approximately 3% gross increase on annual 
basis (Walker and Weatherley, 1997). Consumption 
of water in textile industry on an average is nearly 
100 m3 /t textiles (Bergna et al., 1999). According 
to one of the reported studies, annual discharge of 
water from textile and associated industries is about 
10% of textile production. The volume of water being 
discharged from textile industries varies according 
to the type of fabric being produced. Most of the 
consumed water is discharged in the form of colored 
effluents containing various hazardous and toxic color 
imparting substances (Wong et al., 2004). Many 
color imparting substances (dyes) are toxic and even 
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carcinogenic in nature, thus posing a serious hazard to 
hydrosphere and marine life (Yagub et al., 2014). The 
presence of these dyes into our ecosystem is not only 
a threat to misbalancing the environmental segments 
but they may also be responsible for causing various 
diseases, if their amount or concentration exceeds 
their acceptable limit value (Crozier et al., 2009). 

Dyes, being hazardous to human health and 
environment are considered as risky for a sustainable 
ecosystem. Hence, removal of dyes from textile 
effluent is of paramount importance as an effort to 
restore water bodies. Numerous studies have been 
reported involving biological methods, incineration 
of organic compounds and adsorption process for 
treating textile effluent. However, all these methods 
suffer from various drawbacks of their own. For 
instance, in order to accomplish successful adsorption 
of dyes it is necessary that dyes should have affinity to 
create the bonds to substrate (Zollinger, 2003). 

Nowadays a tremendous increase has been observed 
in the use of chemically synthesized surfactants in 
various industrial processes. Surfactant is a vital 
innovation of researchers which make human life 
easier to live. The class of surface active agents have 
wide arranged of applications in our daily life uses 
(cleaning, foods, cosmetics, pharmaceutical products, 
food etc.) The importance of surfactant lies in their 
unique amphipathic nature. 

Surfactants which are commonly referred as 
“Surface Active Agents” are widely used in many 
industrial applications e.g. fabrics, fibers, paints, 
plastics, cosmetics, narcotics, detergents, cleaners, 
food leathers, petroleum production, pulp and paper 
industries (Banat et al., 2000). Surfactants are basically 
organic compounds in nature with an ability to 
lower the surface tension of water even when used at 
relatively low concentrations. The surfactant molecule 
is composed of a hydrophobic head and a hydrophilic 
tail (Rangel-Yagui et al., 2005). A thin monolayer 
is formed by surfactants as they are adsorbed on 
the surface of the solution thereby reducing the 
surface tension. At a certain concentration called 
Critical Micellar Concentration (CMC), surfactant 
monomers tend to aggregate themselves into clusters 
called “micelles”. It is the packing parameter of the 
surfactant molecule which governs the size and shape 
of the micellar aggregate (Zana and Talmon, 1993).

New methods have recently emerged in the literature 
studies to address the use of bio-surfactants by several 
environmental scientists and researchers (Huang et 
al., 2017). The increased prevalence of bio surfactants 
over synthetic surfactants has been accompanied 
due to their increased affinity, renewable properties, 
biodegradability and non-toxic nature (Lu et al., 
2013). One of the review study reported in literature 
summarizes an array of various experimental studies 
conducted for an effective removal of pharmaceutical 
byproducts, dyes/pigments, petrochemical products, 
and various hydrocarbons by using surfactant micellar 
assemblies (Rasheed et al., 2020).

The present review focuses on the use of surfactants 
or surface active agents for the removal of dyes and 
pigments from industrial effluent and the factors 
effecting the solubilization phenomena.
 
2. Solubilization

From the past few years a trend has been observed 
for the elimination of dyes and pigments emerging 
from various sources by using the surfactants. Study 
of interaction between dyes and surfactants in 
aqueous solution requires a complete understanding 
of solubilization phenomena (Goddard, 2017). The 
term solubilization is referred to as the instinctive 
dissolving of an insoluble substance i.e. solubility of 
hydrophobic compound in a solvent with the help 
of surfactants to form a thermodynamically stable 
isotropic solution. In other words, incorporation of 
hydrophobic substance into the surfactant micellar 
assemblies is called solubilization (West and 
Harwell, 1992). The phenomena of solubilization 
plays an important role in the field of industrial and 
biological processes (Elworthy et al., 1968). In many 
industrial applications it is essential to solubilize the 
water-insoluble materials in the aqueous solution 
of surfactant for e.g. solubilization has been widely 
employed in the formulation of various suspensions, 
paints and emulsions as shown in Figure 1. 

A vast amount of data has been reported in the use 
of solubilization of various pharmaceutical drugs. 
In drug delivery micelles are used, in order to 
reduce the degradation of drugs and its damage, to 
avoid from injurious consequences, and to increase 
drug bioaccessibility, which is also conferred in the 
literature (Elzoghby et al., 2011). 
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Figure 1: Schematic representation of solubilization 
of dyes within surfactant micelles.

2.1 Standard test method for dye solubilization 
The solubilization of dyes using standard test 
method was studied by Rajdeep Singh. According 
to this method, a calibration curve of the dye is 
first constructed to measure the solubilization of a 
hydrophobic dye in water through a combination 
of an appropriate solvent for instance (50% vol/vol 
ethanol/acetone) and water using appropriate range 
of dye concentrations. In most of the literature it is 
found that for quantitative analysis of dye the most 
frequently used technique is UV-Vis spectroscopy 
(Tehrani-Bagha and Holmberg, 2013). A linear plot 
is obtained for dye concentration (c) versus maximum 
absorption (λmax), therefore Beer-Lambert law given 
in Equation 1 can be used to measure the dye molar 
extinction coefficient (ε).

A= εlc …(1)

Where; 
A represents absorbance ε represents the absorbance 
coefficient l symbolizes the path length of light and c 
indicates the dye concentration.

By measuring the concentration of dye solution, the 
solubilization of dye within micellar assemblies can 
be examined. The concentration of surfactant must 
vary from below to several times above the CMC. 
A summary of the procedure employed is given as 
under; Finely powdered dye in excess is added to the 
surfactant solution.
• Constant stirring of dye/surfactant solution for 

24-48 hours at room temperature until stability 
is reached. 

• Removal of the dye that is not solubilized by the 
process of centrifugation or filtration. Dilution of 
filtrate with an equivalent volume of the solvent 
(e.g. 50% vol/vol of ethanol/acetone) that was 

required for establishing the calibration curve. 
• UV-Vis spectrophotometer recorded absorption 

of the solution and the concentration of dye that 
is solubilized is attained from the calibration 
curve (i.e., from Equation 1). 

2.2 Solubilization power
Solubilizing power (SP) also known as molar 
solubilization capacity of surfactant can be declared 
as moles of dye solubilized per mole of surfactant 
micellized in surfactant solution. Equation 2, can be 
used to determine the solubilization capacity, 

Where, 
Stotal = molar dye solubility in the aqueous system; Swat 
= molar dye solubility in water; Csurf = molar surfactant 
concentration (Yagub et al., 2014).

The slope of CMC’s solubility curve obtained is used 
to measure the solubilization power or a solubilization 
capacity of a specific surfactant (Rosen, 2004). A 
summary of solubilizing capacity of various dyes is 
given in Table 1. Over the last few decades various 
modifications for the removal of dyes e.g. adsorptive 
bubble separation techniques have been formulated 
resulting in the adequate removal of dyes i.e. 99% 
from the waste water effluent. Another modification 
of solubilization phenomena known as foam 
separation technique is used to remove heavy metal 
ions using metal-ion-surfactant interaction before 
releasing effluent into the water bodies. Since heavy 
metals are carcinogenic and very dangerous to human 
health and our environment therefore it is necessary 
to treat effluents contaminated with heavy metal ion. 
The foam separation process is gaining considerable 
attention due to its low cost expense, low-energy 
consumption and easy handling process (Darton et 
al., 2004). Methodology of foam separation has a 
specific principle which relies on the surfactant and 
metal ion adsorption on the liquid film surface, for 
instance some surfactants namely sodium dodecyl 
sulphate (SDS) and cetyl trimethyl ammonium 
bromide (CTAB) are frequently used as a medium to 
segregate slight concentration of dyes from the metal 
ion solution, which might be possibly the consequence 
of secondary pollution. The surface-active materials 
are separated on the basis of their surface activity by 
the process named as foam separation. 
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Table 1: Solubilization Power [mole/litre] (SP) for Various Dyes at 23-25 oC
Dye SP 103 [mol/litre] References 

Dye 1 Aniline Yellow 256 (Choi et al., 2000) 
Dye 2 Sudan 1/Yellow 14 13.5 (Tehrani-Bagha and Holmberg, 2013; Tehrani-Bagha et al., 2013) 
Dye 3 OrangeOT/C.I Orange 2 11.5 (Ikeda et al., 1989) 
Dye 4 C.I Red 19 2.7 (Choi et al., 2000) 
Dye 5 Sudan 4/Red 25 2.2 and 2.8 (Imae et al., 1986; Abe et al., 1987) 
Dye 6 Quanizirin/Orange 86 0.9 (Tehrani-Bagha and Holmberg, 2013)
Dye 7 C.I. Violet 1 4 (Nizri and Magdassi, 2005)

2.3 Factors effecting solubilization of dye
Literature studies indicate solubilization studies 
conducted on hydrophobic and dispersive dyes 
using cationic, anionic and non-ionic surfactants in 
(Tehrani-Bagha and Holmberg, 2013). There are 
several more studies reporting the effect of various 
factors like pH, temperature, surfactant concentration, 
additive effect, nature of surfactant on the solubilizing 
power of surfactants. 

Following points elaborate a conclusive summary 
of the effect of parameters like temperature, nature 
of surfactant, concentration of surfactant, pH, and 
additive effect affecting the solubilzation capacity. 
 
• Mata et al. (2005) observed the solubilizing 

behavior of Sudan 1 and Quinizarin dye. It 
was witnessed that beyond the CMC value of 
surfactant, solubilization of dyes increases almost 
linearly on increasing the concentration of 
surfactant.

• Few studies have been reported dealing with 
effect of pH on solubilization of dyes. The reason 
for this gap lies because it is believed that pH 
effect is negligible on solubilizing efficiency of 
surfactant solutions. Tehrani et al. (2013) reported 
a study using decyl trimethyl ammonium bromide 
(DTAB) a cationic surfactant and sodium dodecyl 
sulphate (SDS) an anionic surfactant. It was found 
that for the cationic surfactant the solubilization 
of dye increases rapidly at pH more than 7 due to 
the deprotonation of the phenolic hydroxyl group, 
whereas in anionic surfactant the solubilization of 
the same dye is not affected by changing the pH 
value.

• Carlota O in 2004 discussed the micellar 
solubilization in the field of pharmaceuticals. He 
briefly explained that higher the salt concentration 
more will be the possibility of water insoluble dyes 
in surfactant solution to be solubilized (Rangel et 
al., 2005). 

• The most significant factor found in many studies 
effecting solubilization process is the temperature. 
In addition, the amount of dye solubilized within 
surfactant micelles is also greatly influenced by dye 
structure and the type of surfactant used. In one 
the studies conducted by Kamaladin Gharanjig 
interaction of decyltrimethyl ammonium bromide 
(DTAB) with azo dyes has been conducted. This 
study reveals that as the temperature is increased 
there is an increase in the solubilized amount of 
dye in case of anionic and cationic surfactants. 
This increase in solubilising power is accompanied 
with an increased thermal agitation at higher 
temperatures resulting in creating greater vacant 
space within the miceller aggregates (Gharanjig 
et al., 2011).

2.4 Foam fractionation technique
Foam fractionation technique is based on the 
selective adsorption of metal ions or surfactant 
molecules or on the surfaces of gas bubbles mounting 
through a solution (Prudich et al., 2007). With the 
help of bubbles, surface-inactive ions are removed 
from aqueous solutions by means of foam formation. 
A collector which is basically a surfactant is used 
for the segregation of non-surface active materials 
(Boonyasuwat et al., 2003). A surface active ion more 
commonly termed as collector carrying the opposite 
charge is introduced into the solution of ion that 
has to be separated namely collagen. Subsequently 
the solution is well blended to form a collagenous 
surfactant product. The smooth flow of fine gas 
bubbles is used to levitate the formed product to the 
surface of solution which results in a froth formation. 
The insolubility of surfactant collagen product is 
entitled as “sublate” and froth interface or a “scum” 
is formed at the surface of solution. In this case the 
exclusion of the ionic species is done by true flotation 
as this process comprises the foam separation of a 
heterogeneous system (Rubin et al., 1966). 

A Perspective Review on Solubilization and Foam Fractionation
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Foam separation technique which is an alternative 
to sedimentation have been extensively examined 
for the removal of several inorganic, organic, protein 
extraction, bacterial cell extraction, biological pollutants 
and radionuclides (Moussavi and Javidnejad, 2007). 
Particularly, when provision is made for fine bubbles 
foam formation method is particularly used due to 
its tendency to reduce the turbidity and hence can 
almost completely remove the flocks. However, the 
splitting of soluble and suspended matter in water has 
gained considerable attraction attention towards the 
removal of dyes (Kabil and Ghazy, 1994), Literature 
studies indicate the use of foam formation process 
for successful treatment of wastewater and sewage 
handling, reduction in concentration of rare elements 
from seawater and the trace amounts of radioactive 
substances from solutions as well. This happens 
because when a flow of gas bubbles is led into the 
surfactant solution, due to the hydrophobicity of the 
dye, the bubble tends to adhere to the hydrophobic 
material on its surface and as a result is removed from 
the top of the water reservoir (Kabil and Ghazy, 1994). 

Figure 2: Schematic representation of the foam 
fractionation system (Barackov et al., 2012).

Figure 2 depicts a very simple schematic illustration of 
foam formation assembly setup. Using this assembly 
setup, foam formation procedure is conducted under 
steady state conditions at various concentrations of 
surfactants and dye separately. The rate of aeration 
is kept constant at the room temperature i.e. 25°C. 

The air flow meter provides the compressed gas that 
is aerated from the lower side of the fractionator and 
the foam is produced in surfactant/dye solution. The 
obtained foam, collected in the component known as 
fractionator gets collected into the collector of foam 
storage. By using the spectrophotometry method, 
the bubble formation distorted into the foamate and 
the concentration of dye in the residue liquid can be 
computed. Removal efficiency (R%) and Enrichment 
ratio (E) can be calculated using linear relation 
between concentration (C) of dye and absorbance (A). 
The validity of the calibration curve can be evaluated 
using was evaluated using correlation coefficient (R2) 
value (Fei et al., 2018). 

Equation 3 is used for the calculation of removal 
efficiency and Equation 4 gives the enrichment ratio.

Where; 
Co= preliminary dye concentration; C= dye 
concentration after foam separation; V= the volume 
from which impurities was removed (mL); Vo= initial 
volume dye/surfactant solution; Ce= foam liquid 
concentration.

Conclusions and Recommendations

Solubilization studies of various water insoluble dyes 
within surfactant micelles and the factors affecting 
the extent of dye solubilization has been studied. It is 
found that solubilizing power depends upon structure 
of both the dye and the surfactant. The most common 
technique employed to evaluate the solublizing 
capacity of the surfactant in the literature is UV 
visible spectrophotometry. Following conclusions can 
be drawn from the present study. 
• At critical micellar concentration (CMC) i.e. 

at the onset of micellization no solubilization 
process takes place. 

• Parameters like temperature, electrolyte 
concentration (additive), nature of surfactant 
are beneficial for quantitative analysis of 
the solubilization capacity of the surfactant. 
Solubilization phenomena can be of significant 
importance in treating various textile effluents 
resulting in lowering the concentration of 
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eliminated dyes or pigments. 
• In addition concept of solubilization when 

employed in conjuction with bubble or thin film 
formation can of great use to eliminate heavy metal 
from industrial effluents along with reduction in 
dye concentration. 

• Thereby, providing a simple, cheap and easy 
method for treating various industrial effluents 
helping to reduce harmful contaminants from our 
ecosystem in an effective way. 
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