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a b s t r a c t

Pollution abatement of wastewaters discharged from textile industry remained a serious environmental
problem susceptible for further technological improvements. This study proposes an innovative, fast and
efficient microemulsion system for removal of ionic dyes mixture from such wastewaters.
A series of physical–chemical parameters (initial dye concentration, pH, salt and sequestrant concen-

trations) with significant influence on the dye removal efficiency of water/nonionic surfactant/ethyl acet-
ate ternary system has been studied in order to find out the optimal compositions for an efficient
extraction of cationic and anionic dyes from aqueous media. The optimum extraction conditions for this
system correspond to pH > 5, surfactant concentration around 8% (w/w) and organic phase concentration
around 13% (w/w), resulting in extraction efficiencies around 90%. By adding sodium chloride (concentra-
tion > 60 g/L) in the ternary system the removal efficiency was improved.

� 2015 Elsevier B.V. All rights reserved.
1. Introduction

The removal of color from dyehouse wastewater is currently
one of the major problems faced by the textile industry [1–4].
The textile dyeing and finishing industry has created a huge pollu-
tion problem as it is one of the most chemically intensive indus-
tries on earth, and the principal polluter of clean water (after
agriculture). The daily water consumption of an average sized tex-
tile mill having a production of about 8000 kg of fabric per day is
about 1.6 million liters [5]. The stability and resistance of dyes to
degradation has made color removal from textile wastewater diffi-
cult by conventional biological treatment plants and considerable
research is focused on addressing this problem [1,6]. Among vari-
ous new techniques used for color removal, extraction by
microemulsion has been introduced as an innovative and very effi-
cient method [1,7,8].

Microemulsions have a wide variety of applications ranging
from oil recovery to food, cosmetics, biotechnology, detergency,
nanomaterials synthesis and environmental remediation [9–14].
Microemulsions are optically isotropic and thermodynamically
stable colloidal systems in which water and oil may coexist in a
single phase by the addition of a surfactant with an appropriate
hydrophile-lipophile balance [15]. Microemulsion extraction sys-
tems offer several advantages compared to the conventional sol-
vent extraction such as: efficiency, enhanced selectivity, no need
of processing at high temperature or pressure, cost effective and
less time consuming.

A detailed study has been carried out in this paper to determine
the best composition and the optimal conditions for dye removal
from textile wastewaters using the extraction in microemulsion
systems. Anionic dye Methyl Orange and cationic dyes Crystal Vio-
let and Rhodamine B, respectively, as being largely present in the
dyeing process and rinsing effluents of the textile industries were
selected as being representative for this study [16–19]. The surfac-
tant was chosen from nonionic class (polyoxyethylene (4) lauryl
ether) and the organic phase required to form the microemulsion
system was ethyl acetate. Nonionic surfactant was used since it
has a low toxicity and exhibits better solubility properties in
microemulsion systems [20]. Moreover, nonionic surfactants have
the ability to form microemulsion without the assistance of co-
surfactant. Ethyl acetate has several advantages: it is manufactured
on a large scale for use as a solvent; it is very volatile so it can be
removed from a sample by heating; its LD50 for rats is 11.3 g/kg,
indicating low toxicity.
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Table 1
Winsor II compositions for dye aqueous solutions/Brij 30/EtOAc systems.

Composition EtOAc %
w/w

Brij 30%
w/w

Water %
w/w

Brij 30/EtOAc
ratio

5 mg/L dye
1 12.61 8.01 79.38 0.71
2 17.02 7.34 75.64 0.48
3 21.31 7.70 71.00 0.40
4 21.79 21.74 56.48 1.11
5 28.94 11.36 59.70 0.44
6 33.42 10.89 55.69 0.37
7 37.29 12.09 50.62 0.36

10 mg/L dye
1 8.31 8.60 83.08 1.16
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In the present work the extraction in microemulsion technique
has been used in order to remove mixture of dyes from textile
wastewaters. In order to simulate the practical working conditions
of a water treatment plant, the effect of several factors on removal
efficiency was studied: initial dye concentration, pH, inorganic and
organic compounds concentrations. To the best of our knowledge,
no study has been reported on the use of nonionic microemulsions
for color removal of a mixed dyes solution composed by ionic dyes.
Moreover, the nonionic microemulsions are able to reduce the
level of pollutants from wastewaters with the purpose of reaching
the standards established by the environmental regulations in a
very short time with the possibility to reuse the cleaned water in
the industrial circuit without additional treatment steps.
2 18.46 20.04 61.50 1.21
3 24.95 10.40 64.65 0.46
4 29.09 10.90 60.00 0.42
5 33.14 11.66 55.21 0.39
6 38.35 9.59 52.06 0.28

25 mg/L dye
1 8.56 5.85 85.59 0.76
2 29.11 10.83 60.06 0.41
3 32.43 13.53 54.04 0.46
4 36.44 14.09 49.47 0.43
5 36.82 22.28 40.90 0.67
2. Materials and methods

2.1. Materials

Ethyl acetate (EtOAc) 99.8%, Rhodamine B (Rh B) dye, sodium
hydroxide (NaOH), sodium chloride (NaCl) and hydrochloric acid
(HCl) were purchased from Sigma–Aldrich. Crystal Violet (CV)
and Methyl Orange (MO) dyes were obtained from Riedel-de Haen
and ethylenediaminetetraacetic acid (EDTA) was bought from
Fluka. Polyoxyethylene (4) lauryl ether (Brij 30) and polyethylene
glycol tert-octylphenyl ether (TX-114) were provided by Acros
Organics. Distilled water was used for the preparation of the
microemulsion samples. All chemicals were used as received with-
out further purification. The chemical structures of dyes and sur-
factant used in this work are presented in Fig. 1.

2.2. Methods

2.2.1. Extraction procedure
The pseudo ternary phase diagrams represent the first step in

analysing a multi-component heterogeneous system. The Winsor
II (WII) compositions used in this study are shown in Table 1 and
they have been chosen from the ternary phase diagrams published
elsewhere [7]. The detailed experimental extraction can be
described briefly as follows: the WII microemulsion was prepared
using nonionic surfactant (Brij 30), organic phase (EtOAc) and a
mixed dyes solution (aqueous phase). The extraction experiments
were carried out in a scale-lab glass reactor. The reactor was
equipped with four valves: one for wastewater supply, one for
Fig. 1. Chemical structures of Rhodamine B, C
ethyl acetate and Brij 30 supply, one for clean water evacuation
and one for air injection. During the extraction process all four
valves were closed in order to preserve the composition of the sys-
tem, as the ethyl acetate is a volatile compound. The microemul-
sion was stirred until the equilibrium of mixed dyes solution
distribution was achieved. The equilibrium was checked by moni-
toring the separation of two clear phases (visual inspection): the
upper phase, represented by the water-in-oil microemulsion,
which is strongly colored, and the colorless aqueous phase (down
phase). A schematic representation of the extraction process is
illustrated in Fig. 2.

The extraction experiments were performed at room tempera-
ture. The dyes solution was obtained by mixing three ionic dyes,
Crystal Violet, Methyl Orange and Rhodamine B aqueous solutions
with concentrations in the range 2–25 mg/L.

The influence of some physical–chemical parameters on the
extraction efficiency has been investigated as follows: concentra-
tions of single and mixed dye solutions, pH, NaCl concentration
rystal Violet, Methyl Orange and Brij 30.



Fig. 2. Schematic representation of the extraction process.
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as inorganic compound and EDTA concentration as organic
compound.

2.2.2. Color analysis
Taking into consideration that the aqueous phase is formed by a

mixed dyes solution, the individual concentrations are difficult to
be calculated using the absorbance values. Therefore the extraction
efficiency was obtained using the color difference (DE⁄ab) values.

For color evolution in the aqueous phase, absorbance and the
color system established by the ‘Comission Internationale de
l’Eclairage – CIE’, based on space reading (L⁄a⁄b⁄) – CIELAB, and
color difference (DE⁄ab) [21–23] were used. The values of color
components are:

L⁄ – lightness coordinate,
a⁄ – redness–greenness coordinate,
b⁄ – yellow–blueness coordinate,
C⁄ – chroma providing indications on purity (high values) or
complexity (small values) of the mixture,
h – hue angle reflects the proportion between a⁄ and b⁄ chro-
matic components, in degrees of a circle: 0–90� – Ist quadrant,
between red and yellow; 90–180� – IInd quadrant, between red
and green; 180–270� – IIIrd quadrant, between green and blue;
and 270–360� – IVth quadrant, between blue and red.

DE⁄ab represents the total ‘‘three-dimensional” color difference
and it is obtained by using Eq. (1) [1]:

DE�ab ¼ ½ðDL�Þ2 þ ðDa�Þ2 þ ðDb�Þ2�1=2 ð1Þ
These parameters were determined by using a UV–VIS spec-

trophotometer type V-670, Jasco and appropriate software for
color analysis.

The reason why the representation in CIELAB was selected
instead of X, Y, Z tristimulus values is that the CIELAB color space
is more perceptually uniform. In this study, these trichromatic
parameters have been evaluated by using the entire visible domain
(380–780 nm).
3. Results and discussion

3.1. Water/Brij 30/EtOAc WII microemulsions as efficient extraction
systems of dyes from aqueous media

3.1.1. The selection of optimal extraction composition
The specific characteristics of physical and chemical equilibria

involved in the dyes removal by extraction procedure from aque-
ous media using WII microemulsions in Water/Brij 30/EtOAc sys-
tem have been evaluated. The aqueous phase is represented by
the pollutant sample to be treated, which is mixed with the oil
phase represented by ethyl acetate, and surfactant as Brij 30. Using
the ternary phase diagrams described in a previous paper [7], dif-
ferent composition points were chosen from the WII microemul-
sion region. These points correspond to the water/organic phase
ratio higher than 1 (R = VW/VO > 1). For dye concentrations above
5 mg/L in ternary system Water/Brij 30/EtOAc a narrow WII region
was obtained. In order to choose the best composition for dye
extraction, the removal efficiency was calculated based on color
removal, taking into account the depolluted water volume. The
removal efficiency can be described as follows:

Removal efficiency ¼ g
V
� 100 ð2Þ

where g is:

g ¼ ðDE�abin � DE�abfinÞ
DE�abin

� 100 ð3Þ

and V is:

V ¼ Vaq1
Vaq2

ð4Þ

where g – extraction efficiency, V – volumetric ratio of separated
aqueous phase (Vaq1) to quantity of water added in the system
(Vaq2), DE⁄abin – initial color difference between dye solution and
water, DE⁄abfin – final color difference between separated aqueous
phase and water. All DE⁄ab values were corrected by subtracting
the background value provided by Tyndall effect caused by surfac-
tant in similar microemulsion systems without dye.

Variation of the calculated removal efficiency as function of sur-
factant/organic phase ratio is presented in Fig. 3. It can be seen that
the best dye removal efficiency for all the three dyes was obtained
when the Brij 30/EtOAc ratio was equal to 0.71 for 5 mg/L dye con-
centration, 0.46 for 10 mg/L dye concentration and 0.67 for 25 mg//
L dye concentration, respectively.

The differences in the extraction efficiencies observed for the
three dyes when composition of the microemulsion system is sys-
tematically changed can be reasonably based on specific interac-
tions manifested in each case toward the organic phase and for
the nonionic surfactant. The highest extraction yields obtained
for Rhodamine B almost in all the situations provided when both
dye concentrations and Brij 30/EtOAc ratios are changed are
mainly due to the structural similarity between RhB-with four
ethylene groups and the basic organic solvent-ethyl acetate. This
is a reason why its extraction efficiency is slightly decreasing only
at the highest surfactant weight. More complex behaviour appears
when compare CV and MO, since the relative affinity for solvent or
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Fig. 3. Influence of Nonionic surfactant/organic phase ratio on removal efficiency of
different concentrations of dyes: (a) 5 mg/L dye; (b) 10 mg/L dye and (c) 25 mg/L
dye.
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for surfactant seems to be also changed function of the dye concen-
trations, especially in the low surfactant content. Thus, at 5 mg/L
dye concentration the affinity of CV for the organic solvent is
higher than of MO, at medium concentration 10 mg/L the two dyes
have similar behaviour, while at 20 mg/L the affinity of MO for
ethyl acetate becomes dominant. In this way, the effect of increas-
ing surfactant/oil ratio can be related to the increasing of the
hydrophobicity of microemulsion environment while adding oxy-
ethylenic groups of surfactant. At the same time, increasing the
concentration of nonionic surfactant has a counteracting effect
toward a hydrophilic balance.

Taking into consideration that it is desirable to minimize the
chemical consumption and to clean a large amount of contami-
nated water, the composition corresponding to Brij 30/EtOAc ratio
equal to 0.71 and containing 12.61% EtOAc, 8.01% Brij 30 and
79.38% water was chosen for further experiments (Table 1).
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Fig. 4. Influence of initial dye concentration on extraction efficiency.
3.1.2. Influence of dye concentration
Since the textile wastewaters contain a mixture of dyes, a syn-

thetic solution containing all the three dyes (CV, Rh B and MO) in
equal amounts and the same concentration was prepared. The
influence of the initial dye concentration of the three dyes and also
of the mixed dyes solution on the extraction efficiency was studied
as shown in Fig. 4. It can be seen that the initial dye concentration
has effect on the extraction efficiency in the microemulsion phase.
By increasing the dye concentration from 2 to 25 mg/L, a decreas-
ing trend of extraction yields can be observed in the range of 95–
87%. The best extraction efficiency was obtained in the case of Rh
B and the lowest extraction efficiency was achieved in the case
of MO. Nonionic systems have higher extraction efficiency for the
molecular form of dyes [24]. As the system pH is around 5, the
MO is presented in the ionic form, therefore the extraction effi-
ciency in this case is lower for MO than for CV and Rh B dyes.

3.2. The influence of environmental parameters on the extraction
efficiency

As it was previously mentioned, the textile wastewaters com-
position is complex. These waters contain a mixture of dyes, inor-
ganic and organic compounds and have different pH. In order to
simulate the practical working conditions of a water treatment
plant, the effect of a series of factors was studied. As can be seen
from Fig. 4 for 25 mg/L of mixed dyes solution concentration, the
extraction efficiency still has a great value (around 90%). For fur-
ther experiments the synthetic solution of 25 mg/L was used.

3.2.1. Influence of pH on dye extraction efficiency
The original pH of the mixed dyes solution was 5.5. At this pH a

good color extraction was achieved, but from Fig. 5 can be
observed that at strong acidic pH, the extraction efficiency shown
a significant decrease. The basic pH values favoured the color
extraction by microemulsion system. These results can be
explained by the MO behaviour at different pH values, as at
pH < 5 it is present in ionic form, while at pH > 6 it is found pre-
dominantly in molecular form. As it was mentioned before, the
nonionic systems have higher extraction efficiency for dyes in
molecular form. Considering that most of the textile wastewaters
are alkaline solutions [25–28], it is expected that the pH will have
a favourable effect on the extraction efficiency, and thus the max-
imum value will be reached.

3.2.2. Influence of salt and sequestrant concentration on dye extraction
efficiency

Salts plays important role in dyeing process by improving the
affinity of the dyestuff towards the fibre and acceleration of the
dyestuff’s association and lowering its solubility. In this context,
the effect of one of the most used salts in the textile dyeing, sodium
chloride (NaCl) was investigated. As illustrated in Fig. 6 the pres-
ence of NaCl in high concentration (greater than 60 g/L) increased
the extraction efficiency of the microemulsion system from 88% to
95%. The enhanced extraction activity in the presence of chloride
anions may be due to the fact that inorganic salts increase the
surface tension and also the ionic strength of the aqueous dyes
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solution, which push the dye molecules out from the aqueous solu-
tion toward the organic nonionic phase [29].

One of the most commonly used sequestrant of textile industry
is ethylenediaminetatraacetic acid (EDTA), which is considered as
most stable complex, since the metal atom is enclosed in a 5 or 6
member ring. The effect of EDTA as organic compound was inves-
tigated and was found that the presence of EDTA does not influ-
ence the removal efficiency of the mixed dyes solution.

4. Conclusions

The results demonstrate that the extraction process follows the
microemulsion mechanism. The micelles that are initially in the
aqueous phase are transferred into the organic phase and turned
into W/O microemulsion corresponding to a Winsor II system.

The Water/Brij 30/Ethyl Acetate microemulsions were very effi-
cient in dye removal with over 90% efficiency for 25 mg/L dye con-
centration. The basic pH favoured the color extraction in the
studied microemulsion system which underlines the applicability
of this technique in real systems (industrial scale). The microemul-
sion system proposed in this paper can be easily implemented in a
water treatment plant, as it is a fast (30 min), efficient, cheap and
comfortable to use procedure compared with existing treatment
solutions that are time consuming, require expensive equipment
and have significant energy requirements.
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