
 Energy Procedia   36  ( 2013 )  1232 – 1240 

1876-6102 © 2013 The Authors. Published by Elsevier Ltd.
Selection and/or peer-review under responsibility of the TerraGreen Academy
doi: 10.1016/j.egypro.2013.07.139 

TerraGre

Extra

Abstract 

The rem
wastewaters
emulsified li
(D2EHPA) 

Effects o
external and
the ELM. Th
(MB) from 
efficiency r
regenerated.
 
 
© 2013 The
Selection an
 
Keywords: emu
 
 
1.  Introduc
 

Being so
complexes t
120,000 ton
1 to 2% in p
about 4% [2

A numbe
and inevitab
anthraquinon
not complet
mutagenic e

Due to in
from wastew

                    
* Correspon
E-mail add

een 13 Inter

action an

Ly

moval of meth
s during its pr
iquid membra
as a surfactan

of important 
d  emulsified p
hen using fav
an aqueous 

reached 98.15
.  

e Authors. Pub
nd/or peer-revi

ulsified liquid me

ction 

oluble in aque
that possess re
s of  reactive 

production and
2]. Important q
er of these che
bly become a 
ne, triarylmet
tely biodegra

effects that aff
ncreasingly str
water before t

                      
nding author. Tel

dress: ismail.fadhe

rnational Co

nd desext
liquid m

ynda Bahlo
aUnity of Resear

bLaborat
cDepartment of P

hylene blue (
roduction or it
ane (ELM) con
nt and an extra
factors (conc
phases, conce
ourable condi
solution was

5%. The des

blished by Els
iew under resp

embrane; emulsio

eous and org
emarkable ele
dyes are prod
d 1 to 10% in 
quantities of sy
emicals which
hazard to the

thane and som
dable [5]. M

fect aquatic bi
ringent restric
they are disch

                  
l.: +213 7711557
el@univ-annaba.

onference 2
E

traction 
membran

oula, Fadhe
rch in Industrial  
tory LOMOP, Un
Process Engineer

C16H18ClN3S)
ts use was the
nsisting of sor

actant respecti
entration of H

entrations of e
itions for a go
s investigated
sextraction of

evier Ltd.  
ponsibility of 

on W/O; extractio

ganic solution
ectro-catalytic
duced per year

use are a fair 
ynthetic dyes 
h are more an
e environmen

me reactive gr
any dyes and
ota and human

ctions on pollu
harged into th

48; fax: +213  38
org. 

2013 - Adva
Environmen

 of a cat
ne in an a

el Ismailb,c*
Technology URT

niversity Badji-Mo
ring, University B

 

) as a cation
e main objecti
rbitan mono-o
vely. The inte
H2SO4, stirrin

extractant and 
ood stability of
d. Optimal co
f this dye w

f the TerraGree

on; methylene blu

ns, reactive dy
 properties. A

r accounting o
estimate. For
are discharge

nd more applic
ntal [4]. React
roups (vinyl s
d pigments ar
ns [6].  

utant contents
he environmen

8876560. 

ancements in
nt 

tionic dy
aqueous 

*, Med El-
TI/CSC BP 1037, 

Mokhtar of  Annaba
Badji-Mokhtar of 

ic dye which
ive in this wo
oleate (SPAN8
ernal phase us
ng velocity, q
surfactant we

f the membran
onditions wer

was performed

en Academy.

ue; desextraction

yes are used 
Among 8000 d
over 60% of al
r reactive dyes
ed in the envir
cable in variou
tive dyes con

sulphone, chlo
re toxic in n

of industrial 
nt. The remov

n Renewabl

ye using 
solution

-hadi, Sama
Annaba, Algeria

a, Algeria 
f  Annaba, Algeria

h might be re
rk. The extrac
80) and di(2-e
ed was sulphu
quantities of 
ere studied  ac
ne, the extract
re then deter
d at 81.91% 

in homogene
dyes used in t
ll dyes for cell
s in the textile
ronment from 
us fields, are 

ntain chromop
orotriazine, tri
nature with su

effluents, it is
val of colour 

le Energy a

an emul
n 

arc 

a 

a 

ejected in tex
ction was perf
ethylhexyl)ph
uric acid.  
organic, aque
ccording to th
tion and of m

rmined and th
and the me

eous catalysis
the textile ind
lulosic fibers 

e industry, the
industrial effl
left in the ind

phoric groups 
ichloropyrimid
uspected carc

s necessary to 
from textile w

and Clean 

lsified 

xtile industry 
formed by an 
osphoric acid 

eous, phases,
he stability of 
ethylene blue 
he extraction 
embrane was 

s. They form 
dustry, around 

[1]. A loss of 
eir loss can be 
luents [3].  
dustrial waste 

such as azo, 
dine) and are 
inogenic and 

remove dyes 
wastewater is 

f

f

Available online at www.sciencedirect.com

© 2013 The Authors. Published by Elsevier Ltd.
Selection and/or peer-review under responsibility of the TerraGreen Academy

ScienceDirect

Open access under CC BY-NC-ND license.

Open access under CC BY-NC-ND license.

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Elsevier - Publisher Connector 

https://core.ac.uk/display/82455726?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://creativecommons.org/licenses/by-nc-nd/3.0/
http://creativecommons.org/licenses/by-nc-nd/3.0/


 Lynda Bahloul et al.  /  Energy Procedia   36  ( 2013 )  1232 – 1240 1233

one of the major environmental problems because of the difficulty to treat water by conventional methods. To remove 
dyes from reaction products, separation treatments and recycling or adapted reclamations are thus required. Many 
works have studied several methods for dyes removal such as biological treatment [7], coagulation/flocculation [8], 
chemical oxidation and photocatalytic processes [9,10], membrane processes [11,12], and adsorption [13]. 

The extraction process by emulsified liquid membrane ELM has been achieved for the first time by N. N. Li [14] 
and reaches now the practice stage which attaches great importance to its application in various fields: since, several 
works had emerged as the extraction of heavy metals [15], or precious metals [16], the extraction of heteropolyanion 
complexes [17], the separation of hydrocarbons  [18,19], penicillin separation [20] etc.  In medicine for example, the 
hydroxyapatite Ca10(PO4)6(OH)2 which is the main constituent of human bones and teeth is widely used as implants or 
coatings to prostheses [21,22] and to study the effect of Ca/P ratio on the texture and morphology of this product,  an 
extraction by ELM which  was consisted  of a biodegradable emulsifier and a fatty acid as extractant was  used [23]. In 
hydrometallurgy, and using an ELM that was consisted of Span80 (sorbitan mono-oleate) as the surfactant, copper 
extraction was performed and effects of different parameters of the extraction process was studied using LIX-84 and 
sulphuric acid as the extractant and the internal phase respectively [24]. With the same emulsifier, the extraction of 
uranium from an aqueous solution was conducted by the extractant TOPO (trioctylphosphine oxide) in the presence of 
a thinner to 60% paraffin alkanes C12 [25]. On the other hand, the selective extraction of gallium from acidic solution 
containing other components (Fe, Co, Ni, Zn, Cd, Pb, Cu and Al), was conducted by ELM that was composed  of 
ECA4360J as the surfactant, in kerosene as the thinner, TOPO (trioctylphosphine oxide) as the extractant and HCl as 
the internal phase [26]. In biotechnology, extraction of penicillin G has been optimized by using an emulsifier mixture 
consisting of ELM Span80/ECA4360J in kerosene and Amberlite LA-2 as an extractant [27]. And in chemistry 
generally, the extraction of organic acids and many other products can be extracted using emulsified liquid membranes 
[28]. 

The stability of the emulsified liquid membranes is very important and it must be optimized before their use. A 
good stability according to the composition of the membrane has being reported in different studies [17, 29-31].  

Methylene blue (C16H18ClN3S) is among the most often cationic dyes used. The objective of this work was to 
recover this dye under optimal conditions using an extraction process by an emulsified liquid membrane. The method 
consisted to contact the aqueous phase to be treated with a water-oil emulsion (W/O) which was formed of an organic 
phase (membrane) and an internal aqueous solution. Before extraction, a preliminary study of the emulsified liquid 
membrane was essential to deduce the favourable conditions for the emulsion stability. The recovery of the membrane 
in order to another use was also important to study carrying out a back-extraction (desextration) of the dye. 

 
 
2.  Stability of the emulsion  

 
To ensure the stability of W/O emulsion, the method of tracer which was in this case H+ ion of the internal phase, 

was chosen because this tracer is detectable by a pH-meter easily. The external phase was distilled water, pH and the 
known variation of acidity leaded to the rupture of the emulsion. The rupture rate (Tr) was defined by equation 1 as the 
percentage of the volume (Vr) of the internal phase expelled by breaking into the external phase compared to the initial 
volume (Vi) of the internal phase. 

 

100
inV

rV
rT                         (1) 

2.1 Composition of the membrane 
  

The membrane for extracting the complex (C16H18ClN3S) was consisted of bis (2-ethyl hexyl) phosphoric acid 
(D2EHPA) as the extractant, hexane "Riedel de Haen" as the thinner and sorbitan monooleate (SPAN80) "Federa" as 
the surfactant.  This emulsifier nonionic ester was used to slightly acidic or alkaline and promoted an emulsion (W/O) 
with marked lipophilicity (HLB = 4.3). 
 
2.2  Procedure 
 

Emulsions were made using a homogenizer ULTRA-Turrax T 18-10; a volume of 15 ml of H2SO4 (concentration 
optimized) and 15 ml of organic phase (membrane) consisting of 4% (SPAN 80), 10% (D2EHPA) and 86% hexane, 
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• Concentration of the extractant  
 

The increasing of the extractant mass which has a high viscosity, improves the stability of the emulsion. Indeed, 
below 6% of extractant, the rupture rate reached a very low value.  

 
• Concentration of the surfactant  
 

The mass of the surfactant that is more viscous than the extractant, stabilizes the membrane.  Above 8% of 
surfactant, the rupture rate 4 is below 1%. 

 
• Concentration of H2SO4 in the internal phase  
 

The acid concentration from 0.5 M to 1.5 M of the internal phase was studied in the following operating conditions: 
agitation speed: 150 rpm, O/A: 1, Vex./Vem.: 10, D2EHPA: 6% Span80: 6% thinner: heptane, contact time: 10min. 

The experimental results obtained showed a constant rupture rate (approximately 1%) correspondent to an acid 
concentration equal to 0.5M. Beyond this concentration, the rupture rate increased slightly of about 1.58% for an acid 
concentration equal to 1.5 M. The increase of this rupture rate could be explained by the partial hydrolysis of Span80 
which is catalyzed by protons. The reaction products may degrade the properties of surfactant Span80 and destabilize 
the emulsion resulting a high rupture rate. The 1M acid concentration of the internal phase can be regarded as a 
concentration limit not to exceed and 0.5M will be chosen as one of the operating conditions.  

 

• Ratio (O/A) 
 

In   the operating conditions chosen just above, the effect of volume ratio of the membrane on the volume of 
internal aqueous phase (O/A: 1 to 3) was followed. The results showed that the increase of O/A implies a decrease of 
the rupture rate; this can be explained by the fact that the increasing of the membrane volume causes an increase of the 
emulsion viscosity (high viscosity is generally favourable for the stability of the emulsion). However, a high ratio O/A 
creates a very thick film on the membrane, slowing the transfer of the solute. The O/A ratio equal to 1 would be a good 
choice if the stability of the membrane and the kinetics of extraction were considered.  

 
 

3.  Extraction of methylene blue 
 
3.1 Experimental Procedure 

 
The membrane prepared as mentioned above, was composed of Span80 (6%), D2EHPA (6%) and hexane (88%) as 

surfactant, extractant and thinner respectively. The internal phase was a solution of H2SO4 (0.5M). These operating 
conditions were determined previously and which provided a stable emulsion.  

Using a mechanical stirrer (150rpm), this emulsified membrane was dispersed in a beaker containing 150mL of the 
solution to be treated (external phase). The volume ratio of the external phase on the emulsified volume Vex/Vem was 
equal to 10. The initial concentration of the complex in the external phase was equal to 10mg/L.  

The concentration of the residual complex methylene blue at different reaction times ranging from 3 to 15 minutes 
was determined by measuring the absorption intensity using a visible spectrophotometer (Boeco S-24). The 
wavelength 665nm was determined experimentally and was used in these conditions. The kinetics of extraction was 
followed with up taking samples of 2mL which were analyzed to determine the concentration of the residual complex 
methylene blue from a calibration curve carried out at pH 6 at concentrations ranging from 0 to 10mg/L. The 
extraction efficiency was calculated by equation 3. 

 
100]00/)[(1 extVextCfextVfextCextY

                 
 (3)     

 V0ext: initial volume of the external phase  
      Vfext: final volume of the external phase.  
     C0ext: initial concentration of MB in the external phase.  
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   Cfext: final concentration of MB in the external phase.  
   Yext: Extraction yield. 

  
3.2- Optimal extraction   
 

The extraction of MB by the emulsified liquid membrane was studied according to the following factors: volume 
ratio of the external phase on the emulsion volume (Vex/Vem), stirring speed, concentration of extractant D2EHPA, 
initial concentration of (BM) in the external phase, contact time and pH of the external phase. 
 
• Ratio Vex/Vem 
 

To study the influence of the Vex/Vem ratio on the kinetics of extraction, different values of this ratio from 3 to 10 
were used. The results showed that for high Vex/Vem ratio (beyond 10), the extraction efficiency was low (57% for a 
ratio of 10). This can be explained by the phenomenon of swelling (water passage from the external aqueous phase to 
the internal phase). The increase of the volume emulsion would cause the decrease of the membrane film thickness. 
The emulsion was very unstable. The optimal value of Vex/Vem was around 5 and the performance was about 70%. 

 

• Stirring speed 
 

The speeds used are 150, 200, 250 and 280 rpm. The results of the influence of stirring speed on the kinetics of 
extraction showed that the increasing of the stirring speed beyond 250rpm caused high shear, implying the rupture of 
the emulsion and the expulsion of the solute already extracted from the internal phase to external phase. This causes a 
decrease in the extraction yield. For low stirring speeds, the kinetics was slow. The optimum stirring speed was in 
order of 200rpm for a higher extraction yield until 90.3%.  

 
• Mass of the extractant 
  
The weight percentages of the extractant in the membrane tested were 7%, 8% and 9%.  
The increase of the quantity of the extractant provided better efficiency of the extraction. The optimum percentage was   
9%   corresponding to a stable membrane and which gave the best efficiency 99.9%.  
 
• Concentration of BM in the external phase 
 

To study the influence of the dye concentration in the external phase on the extraction kinetics, different values 
ranging from 30 to 100 mg/L were studied. The extraction yields indicated that a higher initial concentration of 
methylene blue in the external phase decreases the extraction yield, in agreement with what the technique of extraction 
by emulsion liquid membrane which is effective for solutes at low concentrations. For concentrations above 10 mg/l, 
the extraction yield decreased slightly this is due to the saturation of the internal phase droplets by methylene blue. The 
best extraction yield was obtained for a dye concentration about 10 mg/L with an extraction yield equal to 99.9%. 
 
• Contact time 
 

The emulsion remains stable during 7 min, beyond this contact time the concentration of the solute in the external 
phase increases because from the rupture of the membrane (leakage of the solute from the internal phase to the external 
phase). The best extraction efficiency of methylene blue was obtained at 7min which may be considered as an optimal 
contact time (Fig.3).  

 
• pH of the external phase  

 
In this experiment the kinetics of extraction of methylene blue was studied as a function of pH (Fig. 4). Indeed, the 

external phase pH affected the extraction yield, among the three values used, pH 5 seems to give the best result. The 
effect of pH from 4 to 6 is quadratic; pH 5 must be considered as an optimized factor. 
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4.  Regeneration of the membrane 
  

After studying the stability of the membrane and determining the optimal conditions to attempt the maximum of the 
extraction efficiency, the regeneration of the membrane is now another objective of this work. This procedure allows 
an inverse process which is called back-extraction and which depends essentially on the nature of the acid used in the 
internal phase and its concentration. In this perspective sulphuric acid and hydrochloric acid were tested using different 
concentrations 0.5M, 1M and 1.5 M. The regeneration process consisted to break down the emulsion and to separate 
the membrane (organic phase) and the internal phase. The breaking of the emulsion was obtained by chemical means, 
using octanol as a destabilizing [31,32].   

 
4.1 Procedure 
 

The extraction of methylene blue was carried out in the conditions obtained previously. A   decantation within 30 
minutes allowed to separate the treated water (external phase) from the emulsion. The concentration of the residual dye 
in the external phase was determined by the spectrophotometer and the final volume of the external phase was also 
measured. Then the membrane containing the dye extracted was broken with 10 ml of octanol stirred moderately to 
separate of the internal phase containing the dye from the organic phase (membrane). Figure 5 resumes the 
experimental procedure. 

                                                            

Fig.5. Regeneration of the membrane 

 
4.2 Results and discussion 

 
The dosage of the methylene blue in all aqueous phases was performed by spectrophotometric method as indicated 

above. The quantity of MB extracted in the membrane (MMB) was determined from the material balance presented by 
equation 4, the yield of the extraction (Yext ) and the  back-extraction (Yb-ext) were calculated from equations 5. 
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MMB = [(C0ext×V0ext) - (Cfext×Vfext)]/1000               (4)  

 10000/)intint( fextVfextCexttVextCfVfCextbY
                  

 (5)      
 
V0ext: initial volume of the external phase  
Vfext: final volume of the external phase.  
Vfint: initial volume of the internal phase.  
Coext: initial concentration of MB in the external phase.  
Cfext: final concentration of MB in the external phase.  
MMB : mass of MB 
Yb-ext: Extraction yield.  

 
Table 1. Experimental results of the extraction and the back-extraction of MB. 

 
 

Acid 

[acid] 

M 

V0ext 

mL 

Vf ext 

mg/L 

Vf int 

mg/L 

C0 ext 

mg/L 

Cf ext 

mg/L 

Cf int 

mg/L 

Yext  

% 

Yb-ext  

% 

 

H2SO4 

0.5 100 75 32 10 0.31 23.93 97.68 78.4 

1 100 71 40 10 0.26 20.10 98.15 81.91 

1.5 100 65 44 10 0.77 12.78 95.00 59.19 

HCl 1 100 71 39 0.93 0.93 16.39 93.40 68.44 

 
 

Experimental results are summarized in table 1. Sulphuric acid   seems to give results better than those obtained by 
hydrochloric acid. The best performance was obtained with sulphuric acid 1M giving a stable emulsion relatively with 
a higher extraction yield (98.15%) and a higher desextraction yield (81.91%). The type and the concentration of the 
acid in the internal phase are then important to take into consideration.  
 

5.  Conclusion 
 

The extraction of the cationic dye methylene blue (MB) (C16H18ClN3S) was the subject of this work. The study of 
an emulsified liquid membrane consisting of Span80 and D2EHPA as a surfactant and an extractant respectively 
according to different important parameters showed that the stability of the emulsion W/O requires certain operating 
conditions. Indeed, for high concentrations of H2SO4, the SPAN80 loses its surfactant properties. Increasing the 
stirring speed causes a rupture of the emulsion. The increase of the O/A ratio leads to an increase in the viscosity of the 
emulsion making the transfer slow probably. Increasing the ratio Vext/Vemul causes the phenomenon of osmosis 
(swelling). Increasing the concentration of the extractant and the surfactant stabilizes the emulsion and makes the 
membrane more viscous slowing the diffusion of the solute. Taking into account the stability of the liquid membrane 
emulsion, the optimum operating conditions for the extraction yield (98.15) of the complex (C16H18ClN3S) and the 
desextraction yield (81.91) which  depends of the nature and the concentration of the acid used in the internal phase, 
are: concentration of acid in the internal phase: 1M, speed of agitation: 200 rpm,     O/A: 1, Vex / Vem: 5, percentage 
of the extractant in the membrane: 9%, percentage of the surfactant in the membrane: 6%, pH of the external phase: 5 
and the solvent is hexane. It would be interesting to apply the membrane in a real wastewater and in a continuous 
system, with a regeneration of the membrane and its reuse according to the process outlined above. 
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