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Removal of phenolic compounds from aqueous solutions using Aliquat 336
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Abstract—A carrier-mediated separation of phenolic compounds from the dilute aqueous solution was studied with
an emulsion liquid membrane, constituted by a solution of ionic liquid (Aliquat 336) in kerosene, sodium hydroxide
as a stripping agent and Sorbitan monooleate as a surfactant. The effects on various operating parameters such as sur-
factant concentration, carrier concentration, emulsification time, strip agent concentration, stirring speed, phase volume
ratio, external phase pH and treat ratio were experimentally investigated. Additionally, a stability test was performed
under a static condition using Rose Bengal dye. The results showed that the stability of emulsion and extraction was
enhanced on adding Aliquat 336 in membrane phase, and it has been verified by FT-IR spectra. By selecting appropriate
conditions, the stability and life span of membrane was increased by six times and the percentage of removal of phenol

increases upto 99.3% at the treat ratio of 3.
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INTRODUCTION

Room temperature ionic liquids (RTILs) are a group of low melt-
ing point salts that consist of organic cations and organic/inorganic
anions. They have negligible vapor pressure, low flammability, and
can be fine-tuned according to the functional needs [1,2]. These
unique properties serve them as an option to replace the volatile
organic solvents for removal process of an organic pollutant like
phenolic compounds [3-5]. Phenol is often present in the wastewater
discharged by manufacturing processes such as in the petrochemi-
cal and agrochemical industries and in coal gasification wastewa-
ters. Due to their potential harm to human health, most are listed as
priority pollutants by the US Environmental Protection Agency [6].
There are many treatment processes used for removal of phenol
like fenton, ozonation, distillation, extraction, adsorption, membrane
pervaporation, membrane-based solvent extraction, electrochemi-
cal methods and some biological process [6-27]. Among the avail-
able treatment methods, emulsion liquid membrane (ELM) also
attracts attention from the industry and researchers. The ELM system
contains a water-oil-water system, which may be referred to as an
external aqueous solution, and an internal aqueous solution is spatially
separated by an immiscible liquid as membrane phase. Due to the
favorable thermodynamic conditions created at the interface between
the external and membrane phase, the transportation of solutes oc-
curs from external phase to membrane phase. Simultaneously, the
transported solute readily reacts with the strip agent in internal phase
and gets accumulated in the internal phase itself. Due to the combi-
nation of both extraction and stripping in a single process, which
shows the practical simplicity, it has less capital and operating cost
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compared with other processes [4-28].

The use of tricaprylmethylammonium chloride (Aliquat 336) ionic
Liquid as a carrier in ELM for removal of phenolic compounds from
aqueous solution is the focus of the present work. There are a num-
ber of literature studies available for removal of phenolic compounds
using ELM [29-36] and by using solvent extraction using ionic lig-
uids [37-41]. To the best of our knowledge, no work has been re-
ported on removal of phenols using Aliquat 336 as a carrier in emul-
sion liquid membrane technique. The performance of Aliquat 336
as a carrier in ELM under different operating parameters, like carrier
concentration, internal phase concentration, surfactant concentration,
emulsification time, a phase volume ratio (/M) (Internal to Mem-
brane phase volume ratio), treat ratio (external to emulsion phase
volume ratio), stirring speed and external phase pH, was studied.
FT-IR characterization was performed for IL, IL with kerosene and
membrane phase (before and after extraction). In addition, an emulsion
stability test under a static condition was also carried out using Rose
Bengal dye to study the effect of adding ionic liquid in emulsion.

MATERIALS AND METHODS

1. Reagents and Analysis

The phenol, p-chlorophenol, 2,4 dichlorophenol, 2,4,6 trichlo-
rophenol and pentachlorophenol, Sodium hydroxide (NaOH) flakes,
Sorbitan monooleate (Span 80), kerosene, 0.1 N Hydrochloric acid
(HCI) and Ammonia solution were obtained from LOBA Chemie
(India). Tri C8-C10 alkylmethylammonium chloride (Aliquat 336)
was purchased from Otto Chemie (India), Sodium phenoxide tri-
hydrate (99%) (NaOC:H;-3H,0) and Rose Bengal (Dye content
95%) were obtained from Sigma Aldrich (USA). Reagents used in
4 Aminoantipyrine procedure (4-AAP) spectrophotometric deter-
mination (4-aminoantipyrine, K;Fe(CN),, K.HPO,, KH,PO,, Ammo-
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nium hydroxide, and potassium ferricyanide) were of analytical
grade supplied by Merck (Germany). ULTRA TURRAX IKA-T25
(Germany) was used as a high speed homogenizer for emulsion
preparation. IKA RW 20 (Germany) overhead stirrer was used for
the extraction studies. Sartorius Basic Meter PB-11 (Germany) was
used for measuring pH. Absorbance was measured by UV-Vis spec-
trophotometer, Shimadzu-UV-2450 (Japan). Hybridization shaker
incubator combi-SV120 (Korea) was used for phenol loading in
membrane phase, and FTIR spectra were recorded on a Perkin Elmer
FTIR spectrometer-spectrum RX- I (USA).
2. Stock Solution Preparation

300 ppm of Phenolic compounds (Phenol (6.5 pH), p-chlorophe-
nol (6.5 pH), 2,4 dichlorophenol (6.3 pH), 2,4,6 trichlorophenol (6.1
pH), pentachlorophenol (6.2 pH)), | N NaOH, the reagents for the
4-AAP procedure and Ammonium hydroxide stock solution was
prepared by dissolving them into double distilled water, respectively.
3. Experimental Procedure

Initially, an emulsion was prepared by emulsifying 0.25 N NaOH
aqueous solution of strip phase with an organic phase. The organic
phase (membrane phase) consisted of the appropriate volume of sur-
factant (Span-80), Aliquat 336 as a carrier and kerosene as a dilu-
ent. The internal strip phase was added dropwise into a beaker con-
taining the organic phase. A phase volume ratio (I/M) of 1 (v/v) was
maintained and homogenized at 8,000 rpm for 5 min to obtain a
milky-white emulsion. The emulsion was dispersed in the feed phase
containing phenolic compounds in a treat ratio of 3 by volume and
stirred by an overhead stirrer with a speed of 200 rpm. At various
time intervals, extracted samples were taken from the beaker and
external phase was separated from the emulsion by laboratory centri-
fuge. The concentration of phenolic compounds in the aqueous exter-
nal phase was determined by 4-AAP method using UV-Vis spec-
trophotometer at a wavelength of 510 nm [42,43]. Emulsion leak-
age can be justified by directly measuring the presence of sodium
phenoxide, sodium 4-chlorophenoxide, sodium 2,4-dichlorophe-
noxide, sodium 2.4,6-trichlorophenoxide, and sodium pentachlo-
rophenoxide concentration in the external aqueous phase after ELM
extraction at a wavelength of 290 nm [6], 294, 288, 312 and 345
nm, respectively, to avoid misperception. This value was then com-
pared with the total amount of sodium phenoxides produced by reac-
tion of phenolic compounds with NaOH based on the amount of
phenolic compounds removed using mass balance. The concentra-
tion of phenolic compounds and sodium phenoxides was found from
the absorbance of phenolic compounds and sodium phenoxides cali-
bration curves. The percentage removal and emulsion leakage of
phenol and chlorophenols was determined by Egs. (1) and (2):

Removal of phenols (%)= [(COC;C‘)} x100 )]
0

Where ¢, is the initial and ¢, is the final concentration of phenol in
the external phase.
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Fig. 1. (a) Effect of Aliquat 336 concentration on the emulsion leak-
age and removal of phenol from aqueous solutions (Con-
centration of Span 80 : 4% (v/v), Internal phase concentra-
tion (NaOH): 0.25 N, I/M ratio: 1, emulsification speed: 8,000
rpm, emulsification time: 5 min, treat ratio: 3, stirring speed:
200 rpm and phenol concentration in external phase: 300
ppm), (b) Effect of NaOH concentration in internal phase
on the emulsion leakage and removal of phenol from aque-
ous solutions (concentration of Span 80 : 4% (v/v); emulsi-
fication speed: 8,000 rpm; I/M ratio: 1; emulsification time:
S min; treat ratio: 3; stirring speed: 200 rpm and phenol
concentration in external phase: 300 ppm).

RESULTS AND DISCUSSIONS

1. Effect of Carrier Concentration on Membrane Phase

The effect of Aliquat 336 carrier concentration on the removal
of phenol using ELM and emulsion leakage was studied in the range
of 0-0.9% (v/v), and the results are displayed in Fig. 1(a). The ex-
perimental conditions used wereas follows: surfactant concentration
4% (v/v), 0.25 N NaOH in internal phase, I/'M ratio: 1 (v/v), emulsi-
fication speed and time are 8,000 rpm for 5 min and treat ratio of 3
at 200 rpm of stirring speed. From Fig. 1(a), it is observed that as the
Aligaut 336 (A-336) concentration increased from 0% to 0.2% v/v,
the removal of phenol increased from 98.4% (in 6 min) to 99.12%
in 10 minutes time. Beyond extraction time, sodium phenoxide started
to accumulate in external phase due to membrane leakage and no
phenol was detected. This is due to reaction of unextracted phenol
in external phase with leaked NaOH. With further increase in carrier
concentration, the percentage removal of phenol decreased. This
was mainly due to increase in viscosity of the membrane phase,
which minimized the diffusion of phenol [6]. Beyond 10 minutes
of extraction time, for all concentrations of ionic liquids in mem-
brane phase, membrane leakage was noted. Maximum removal of
phenol with minimal leakage was obtained with Aliquat 336 con-
centration of 0.2% (v/v) and it was selected for further studies.
2. Effect of Stripping Agent in Strip Phase

The role of stripping agent in strip phase in phenol removal was
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studied in the concentration range from 0.05 to 0.75 N NaOH, and
the data obtained is illustrated in Fig. 1(b). Experimental conditions
are the same as mentioned previously using a carrier concentration
of 0.2% (v/v). Sodium hydroxide concentration increased from 0.05
N to 0.5 N, and the percentage removal of phenol increased from
96.01% (4 min) to 99.3% (10 min). Beyond the extraction time,
sodium phenoxide was measured in external phase and no phenol
was detected. When the strip agent concentration was above 0.5 N
NaOH, the extraction rate decreased and emulsion leakage was in-
creased, and no phenol was observed in the external phase. This
may have been due to the reaction between NaOH and Span 80 that
involved a reduction in the properties of the surfactant that subse-
quently led to an emulsion disruption [6,7]. Hence, the optimum
internal phase concentration of 0.50 N is preferred for maximum
extraction of phenol with minimum leakage.
3. Effect of Surfactant Concentration

The effect of surfactant concentration on the behavior of the emul-
sion leakage and phenol removal efficiency was investigated in the
range of 3-5% (v/v). Experiments were conducted in the same con-
ditions as mentioned previously with an internal phase concentra-
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Fig. 2. (a) Effect of surfactant concentration on emulsion leakage
and removal of phenol from aqueous solutions (NaOH con-
centration in internal phase: 0.5SN, I/M ratio: 1, emulsifi-
cation speed: 8,000 rpm, emulsification time: 5 min, treat
ratio: 3, stirring speed: 200 rpm and phenol concentration
in external phase: 300 ppm), (b) Effect of emulsification time
on the emulsion leakage and removal of phenol from aque-
ous solutions (concentration of Span 80 : 4% (v/v), NaOH
concentration in internal phase: 0.5 N, I/M ratio: 1, emulsi-
fication speed: 8,000 rpm, treat ratio: 3, stirring speed: 200
rpm and phenol concentration in external phase: 300 ppm),
(c) Effect of internal to membrane phase ratio on the emul-
sion leakage and removal of phenol from aqueous solutions
(concentration of Span 80 : 4% (v/v), NaOH concentration
in internal phase: 0.5 N, emulsification speed: 8,000 rpm,
treat ratio: 3, stirring speed: 200 rpm and phenol concen-
tration in external phase: 300 ppm).
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tion of 0.50 N, and the results obtained are given in 2(a). From Fig.
2(a), percentage removal of phenol increased from 96.7% (6 min)
t0 99.3% (10 min) with an increase in the surfactant concentration
of 3% to 4% (v/v). Beyond the maximum removal of phenol, sodium
phenoxide started to accumulate in external phase due to membrane
leakage and no phenol was detected. Emulsion leakage decreased
with increased surfactant concentration in the membrane phase. This
was mainly due to decrease in the interfacial tension between oil
and water by the formation of finer droplets, which produced a stable
emulsion. But, the percentage removal of phenol decreased while
it exceeded surfactant concentration of 5% (v/v). It was attributed
to the increase in the resistance at the interface, which does not favor
the extraction kinetics and minimizes the diffusion of phenol [6,7].
Hence, the surfactant concentration of 4% (v/v) is selected in this
work.

4. Effect of Emulsification Time

The effect of emulsification time on the removal of phenol and
emulsion leakage was experimentally studied and shown in Fig,
2(b). An increase in the emulsification time from 3 min to 5 min
led to an increase in the removal of phenol from 98.08% to 99.3%.
Beyond the maximum extraction time, no phenol was detected in
external phase due to the reaction with leaked NaOH to form sodium
phenoxide. The increase in phenol removal was due to the size re-
duction of strip phase droplets and improved the homogeneity of
the dispersed strip phase. Additionally, a lower leakage was obtained
for an emulsification time of 5 min. However, prolonged emulsifi-
cation time (7 min) led to a decrease in the percentage removal of
phenol with an increase in leakage. This may be due to the coales-
cence of internal phase droplets [6,7]. Thus, an emulsification time
of 5 min was chosen as an optimum value for further studies.

5. Effect of Internal to Membrane Phase Ratio (I/M)

The effect of internal to membrane phase (I/M) volume ratio on
removal of phenol and emulsions leakage was experimentally stud-
ied in the range of 0.5-2. The obtained results are presented in Fig.
2(c). The percentage removal of phenol increased from 97.3% to
99.3% in 10 min with increase in I/M ratio from 0.5 to 1. This was
due to the increase in interfacial area by adding more internal phase
(in droplets), which enhanced the permeation rate of phenol. Beyond
10 min, no phenol was detected in external phase and sodium phe-
noxide was detected, which was due to emulsion leakage. How-
ever, increasing the ratio from 1.33 to 2, there was a decrease in
phenol removal and significant emulsion leakage. This may be ex-
plained by the fact that at higher I/'M ratio, the volume of mem-
brane phase was not enough to confine all the internal aqueous phase,
which led to unstable emulsion and leakage of internal reagent into
the external phase. Hence, the optimum I/M ratio of 1 (v/v) was
chosen for further study based on maximum extraction of phenol
with minimum leakage.

6. Effect of Treat Ratio

The effect of external to emulsion phase volume ratio (treat ratio)
in the range from 2 to 10 was studied on removal of phenol and
emulsion leakage, and the results are in Fig. 3(a). With an increase
in the treat ratio from 2 to 10 (v/v), decrease in removal of phenol
from 99.3% to 96.08%. This was due to the area of emulsion per
total external phase volume in the ELM system was being reduced
and the time at which the emulsion leakage started was extended
[6]. However, emulsion leakage was more prominent at a lower



Removal of phenolic compounds from aqueous solutions using Aliquat 336 as a carrier in emulsion liquid membrane 1625

- N -
— (a)
e L
v -2 (Treat ratio)
90 4 ool @3 (Treat ratio) | .
v A5 (Treat ratio)
N W 10 (Treat ratio)
%5 4 Remwoval of phenol (%o s
Enmlaon leakage o)
80 d i -
. . -
o . - - & - +
o - T T 1+ +- T T T
P 4 8 10 14 18 18
s JE— . - 7
2 - (L] =
e el =
= 90 - B 100 rpin £
g — a =
£ ] - @ 200 rpm =
£ 0l A 300 rpm =
= 5 Removal of phenol &) g
- ] Emulson leakage (%) =3
£ 104 =
3 R 2
g " £ =
& P A - - w\e
= 71 s - -
0 + T T T
00 2 4 8 10 12
9% —h (0]
a5 b
e .
- — e ——1 /- 2pH
o1 g & 4pH
it A 54 pH
i - - 10pH
25 -
=
24
91 i v v %
v > et e S
0 g 4

Time (min)

Fig. 3. (a) Effect of treat ratio on the emulsion leakage and removal
of phenol from aqueous solutions (Concentration of Span
80 : 4% (v/v), Internal phase concentration (NaOH): 0.5 N,
I/M ratio: 1, emulsification speed: 8,000 rpm, emulsifica-
tion time: 5 min, stirring speed: 200 rpm and phenol con-
centration in external phase: 300 ppm), (b) Effect of stirring
speed on the emulsion leakage and removal of phenol from
aqueous solutions (Concentration of Span 80 : 4% (v/v), In-
ternal phase concentration (NaOH): 0.5 N, I/M ratio: 1, e-
mulsification speed: 8,000 rpm, emulsification time: 5 min,
treat ratio: 3 and phenol concentration in external phase:
300 ppm), (c) Effect of external phase pH on the emulsion
leakage and removal of phenol from aqueous solutions (Con-
centration of Span 80 : 4% (v/v), Internal phase concentra-
tion (NaOH): 0.5 N, I/'M ratio: 1, emulsification speed: 8,000
rpm, emulsification time: 5 min, treat ratio: 3, stirring speed:
200 rpm and phenol concentration in external phase: 300
ppm).

treat ratio of 2 (v/v), and this was due to coalescence of emulsion.
For higher treat ratios of 3 to 10 (v/v), the emulsion leakage was
insignificant and low. Thus, the treat ratio of 3 was chosen for further
study.
7. Effect of Stirring Speed

To investigate the effect of stirring speed on removal of phenol
and emulsion leakage, experiments were carried out in the range of
100 to 300 rpm and the results are shown in Fig. 3(b). It is evident
from the Fig. 3(b) that stirring at 200 rpm provides maximum re-
moval of phenol with lower emulsion leakage. When the stirring
speed decreased (<200 rpm), the mass transfer rate of phenol was
decreased due to the increase in the size of the emulsion globules.
Additionally, emulsion leakage was also greater due to increase in
osmotic swelling of the membrane. Above the stirring speed of 200
rpm, phenol removal was not significantly increased and it drasti-
cally affected the emulsion stability. This may be due to higher shear
force from stirrer, which ruptured the membrane phase, causing the
leakage of strip agent into the external phase. Therefore, optimum
stirring speed for removal of phenol was chosen as 200 rpm.

8. Effect of External Phase pH

The effect of external phase pH on removal of phenol was studied
in the range of 2-10, and the results are in Fig. 3(c). The unadjusted
pH of the external phase was 6.5, and it was adjusted to acidic me-
dium (2 and 4) and alkaline medium (10). From Fig. 3(c), it can be
clearly observed that removal of phenol was favorable in the exter-
nal phase pH 2 to 6.5. According to the literature [39], the fraction
of the species in aqueous solution exists in molecular form in the
range of pH<7. Then, their anionic fraction increases with increas-
ing in aqueous phase pH. Phenol extraction was enhanced on the
hydrogen bonding between the hydroxyl H of the phenols with CI”
anion of the ionic liquid and hydrophobic interaction between tri-
n-octyl methyl ammonium cation of IL with phenol. Although the
unadjusted pH of external phase gives maximum phenol removal
with minimum emulsion leakage, the other acidic pH showed slight
decreased phenol removal. As the external phase pH was increased
to 10, no phenol removal was observed. This may be due to reverse
transport of NaOH from internal to external phase, which was veri-
fied by observing the sodium phenoxide in the aqueous external
phase at 290 nm. From the literature [44], the neutral form of (pH=
6.5) phenol in the external phase favors more extraction. Thus, the
unadjusted external phase pH of 6.5 was chosen as the optimum
value.
9. Removal of Chlorophenols Using Ionic Liquid Based ELM

Experiments were carried out to study the removal of chlorophe-
nols from aqueous solutions at the optimized conditions using ionic
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Fig. 4. (a) Removal of phenol and chlorophenols at optimized con-
ditions of IL based ELM. (Concentration of Span 80 : 4%
(v/v), Internal phase concentration (NaOH): 0.5 N, I/M ratio:
1, emulsification speed: 8,000 rpm, emulsification time: 5
min, treat ratio: 3, stirring speed: 200 rpm and phenolic
compound concentration in external phase: 300 ppm), (b)
FTIR spectra of Kerosene, Aliquat 336 and Kerosene+
Aliquat 336, (c) FTIR spectra of Ionic liquid based solvent
extraction of phenol (Experimental conditions: aqueous
phase-300 ppm of phenol, oil phase-aliquat 336/kerosene/
span 80, shaker speed and time-500 rpm for 30 min).
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liquid based ELM, and the results are shown in Fig. 4(a). As can
be observed from Fig. 4(a), the percentage removal of phenol, p-
Chlorophenol, 2,4-dichlorophenol, 2,4,6-trichlorophenol and pen-
tachlorophenol was 99.3, 94.14, 92.60, 91.24 and 90.06, respec-
tively. The maximum removal of phenols with minimum emulsion
leakage follows the order: phenol>p-Chlorophenol>2,4-dichloro-
phenol>2 4, 6-trichlorophenol>pentachlorophenol. This behavior
can be associated with the charged characteristics of the phenols.
The acid dissociation constants (pKa) of phenol, p-chlorophenol,
2,4-dichlorophenol, 2,4, 6-trichlorophenol and pentachlorophenol
in water are 9.95, 9.29, 7.85, 6.0 and 4.7, respectively [32,45]. Re-
moval of phenol was higher while compared to all other chlorophe-
nols, and this was due to the inverse relation between pKa and extent
of dissociation. All chlorophenols were predominantly present as
dissociated form in aqueous solution, which decreased their removal
efficiency. All the above results were found from an average of ex-
periments repeated three times at the same condition with a stan-
dard deviation value <5%.
10. Characterization of Aliquat 336 for Phenol Removal Using
FTIR

Solvent extraction of phenol was performed using 10 mL of kero-
sene (95.8%), Aliquat 336 (0.2%) and Span 80 (4%) as a mem-
brane phase with 30 mL of 300 ppm aqueous phenol concentration.
The experiments were performed in a shaker incubator at 500 rpm
for 30 mins and the samples were characterized by FTIR spectros-
copy. Fig. 4(b) shows the IR spectrum of solvent (kerosene), Ali-
quat 336 and their mixture. Fig. 4(c) shows the ionic liquid dissolved
solvent before and after phenol extraction. From Fig. 4(b), the peaks
at the region 3,000-2,840 cm™ and 1,460 cm™ are attributed to C-H
stretching vibration and asymmetrical bending vibration of kerosene.
By comparing the IR spectra of pure kerosene with a mixture of
Aliquat 336+Kerosene, the disappearance of the peak at 1,275.02
cm', 550.22 cm™" and appearance of peak at 1,717.78 cm™" is due

r034cm

480 mi
(f)

Fig. 5. Emulsion stability test for IL and non-IL based emulsion
under static condition for various time intervals (Aliquat
336 concentration: 0.2% (v/v), concentration of Span 80 :
4% (v/v); Internal phase concentration (NaOH): 0.5 N; /M
ratio: 1; emulsification speed: 8,000 rpm; emulsification
time: 5 min).
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to the interaction of tri octyl methylammonium cation with kero-
sene. Fig. 4(c) shows the characteristic peak of extracted phenol
appears at 3,396.13 cm™' (-OH stretch), 1,638.34 cm™ (C=0) and
727.58 em™ (out of plane C-H bend ) in solvent phase after extrac-
tion as observed from the same region of aqueous phenol [46,47].
11. Stability Test for Aliquat 336 Based Emulsion under Static
Condition

To study the stability of ionic liquid based emulsion, a set of emul-
sification experiments were conducted using the above optimized
parameters and kept under a static condition. To facilitate the visual-
ization of the separated membrane phase clearly with respect to time,
Rose Bengal dye was dissolved in membrane phase. The emulsion
images were captured at regular time interval with a digital camera
(SONY Optical Steady Shot DSC-W360). The images of emul-
sion for IL and non-IL based emulsion are in Fig. 5. From Fig. 5(b)-
(f), the non-IL based emulsion clearly becomes unstable and starts
phase separation from 30 minutes itself. The IL based emulsion starts
phase separation after 180 min, which shows much better stability
than non-IL based emulsion. Increased stability was due to the effec-
tual hydrogen bonding, Coulombic and Van der Waals interactions
of Aliquat 336 with Kerosene, Span 80 and NaOH. These interac-
tions avoid the coalescence of internal phase droplets and enhance
the emulsion stability [48].

CONCLUSION

Removal of phenolic compounds from aqueous solutions using
Aliquat 336 as a carrier in emulsion liquid membrane (ELM) was
investigated. The optimum condition for maximum phenol removal
was found to be as 0.2% (v/v) of Aliquat 336 in membrane phase,
internal phase concentration: 0.50 N, surfactant concentration: 4%
(v/v), emulsification time: 5 min, phase volume ratio (I/M): 1 (v/v),
stirring speed: 200 rppm and external phase pH: 6.5. Maximum per-
centage removal of phenol, p-Chlorophenol, 2,4-dichlorophenol,
2,4.6-trichlorophenol and pentachlorophenol is (99.3, 94.14, 92.60,
91.24 and 90.06) obtained at the optimized conditions. The addi-
tion of Aliquat 336 in membrane phase increased the stability of
the emulsion over six times than the emulsion without ionic liquid.
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