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ABSTRACT

Emulsion Liquid Membrane (ELM) has garnered much attention, for its simple operation and high selectivity for the
target solute. For an ELM process to be successful, emulsion stability and formulation of liquid membrane are the
two main criteria. This study investigated an ELM formulation to identify a suitable green surfactant over the ordi-
nary ones to reduce the utilization of chemicals. The stability of water-in-oil-in-water (w/o/w) was assessed in the
following ways, by altering the concentrations of the egg yolk and NaOH, homogenizer speed, and emulsification
time. To ascertain the favorable conditions for phenol extraction, several experiments were performed, adopting the
batch process, which included many parameters, like the influence exerted by the pH of the external feed, concen-
tration of surfactant, concentration of the internal phase, time of emulsification, homogenization speed and mixing
time. Lower breakage and greater extraction efficiency (0.83% and 82.06%, respectively) were attained at 3.5 pH
of the external feed, 4% (v/v) of the surfactant, 0.1 M of NaOH, 7 min of emulsification time, 5800 rpm of homog-
enizer speed and 3 minutes of mixing time. From the results of this study, egg yolk emerged as a good green surfac-
tant. Thus, the ELM process holds promise as an effective technology for stripping phenol from aqueous solutions.

Keywords: ELM, phenol, green surfactant, stability, extraction.

INTRODUCTION

Phenol is a corrosive and nerve poison, re-
leases fumes that irritate the eyes, nose and skin.
Hence, employees especially need to be protect-
ed, and exposure to phenol must be controlled.
According to the National Institution for Occupa-
tion Safety and Health (NIOSH) no one should
experience phenol exposure at concentrations
that exceed 20 mg/m’, on a time-weighted aver-
age 10-hour work day or a 40-hour work schedule
per week. Not only to humans, phenol is also very
toxic to fish particularly, although it affects all
animals. Fish especially get contaminated when
exposed to phenol in the marine environment,
even at concentrations of 0.1-1.0 ppm. The maxi-
mum permissible phenol concentrations in the
effluents of drinking and industrial waste water

should be less than 0.1 and 1 mg/L, respectively
(Verschueren 1977, Mahvi et al. 2007). Substan-
tial quantities of phenol are released in the waste
streams of several industries including the petro-
chemical plants, petroleum refineries, pesticide
manufacturing units, as well as petroleum and
activities in the oilfields (Xin Zhao 2006, Mous-
savi et al. 2009). Thus, the phenol discharged into
the water resources, on a global level, has precipi-
tated in many countries, serious water pollution
issues and been even life-threating, particularly
when the populace is solely dependent on these
resources for drinking water. High phenol con-
centrations induce the water to change in odor,
color, and taste (Bazrafshan et al. 2019).

The methods most frequently employed in
phenol removal from aqueous solutions include
the following: adsorption (Roostaei and Tezel
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2004, Dehmani et al. 2020), advanced oxida-
tion (Jiang and Mao 2012), biological treatment
(Arutchelvan et al. 2006, Shibata et al. 2006,
Jiang et al. 2010), electrocoagulation (Ahmed
2008, Abdelwahab et al. 2009, Hernandez-Fran-
cisco et al. 2017), flotation (Wilberg et al. 2000)
and emulsion liquid membrane, etc. Low efficien-
cy in terms of performance with small concen-
trations of inorganic and organic contaminants,
high operational expenditure incurred, accumula-
tion of secondary sludge, extended treatment and
operational times, are some of the factors which
pose restrictions on the success of the methods
cited above (Mohammed and Selman 2018). In
light of the state-of-the-art research works, to date
the simplest method of chemical contaminant re-
moval from wastewater is through the use of the
emulsion liquid membrane (ELM) technique. On
comparison with the ELM, the usage of classical
semi-permeable and permeable membranes in re-
verse osmosis, ultrafiltration and microfiltration
displayed limitations induced by sensitivity and
difficult operating conditions, besides high main-
tenance and operating expenditures, heightened
power consumption and huge quantities of sludge
(Hussein et al. 2019).

Numerous studies in the literature advocate
the ELM technique which has now earned massive
popularity (Giirel et al. 2005, Raji et al. 2017, Ku-
sumastuti et al. 2018, Seifollahi et al. 2019) for its
unique features over other conventional methods
used in the recovery and removal of inorganic and
organic pollutants from wastewater. These char-
acteristics include simplicity and easy operation
process, high degree of efficiency in removal and
recovery, simultaneous stripping and extraction,
high flux, low operating expenditure and low capi-
tal cost (Kohli et al. 2019, Mohammed et al. 2020).
Overall, the ELM is a three-phase dispersion sys-
tem, which includes an immiscible organic phase
(membrane) and a miscible liquid aqueous phase
(internal and external). The emulsion is created by
homogenization of the internal aqueous phase and
organic oil phase via high-speed emulsification, in
the presence of a stabilizing agent to help main-
tain the emulsion stability. This is done by prevent-
ing the internal phase droplets from coalescing to
produce the water-in-oil (w/0) emulsion. This is
then dispersed in an external feed phase to form
the water-in-oil-in-water (w/o/w) emulsion (Jiao et
al. 2013, Mohammed et al. 2020). Normally, the
dispersed internal phase droplet size distribution is
1-100 pm (Devulapalli and Jones 1999).
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The concept of contaminant separation
utilizing emulsion liquid membrane involves
the dispersal of the emulsion into the aque-
ous feed phase and the transportation of the
constituents across the organic oil phase to
arrive at the internal stripping phase as drop-
lets. The principal hurdle in the ELM process
is emulsion stability, meaning the breakdown
of the emulsion to release the internal phase
of the outside emulsion droplet. Therefore, it
is necessary to reach the target stability level
to overcome the application problems in the
ELM system on an industrial scale through
the use of the appropriate surfactant (Ahmad
et al. 2012). In the literature, the use of many
surfactant types has been cited, among which
span 80, is extensively employed to produce a
milky-white emulsion.

To the best of our knowledge, the earlier
studies had never assessed the stability and ef-
ficiency of the ELM using egg yolk as a green
surfactant. The focus of our investigation was
to estimate the efficacy of the egg yolk as a
surface-active agent in terms of the extrac-
tion efficiency and ELM stability. The study
intended to report the influence exerted by the
variables involved in the emulsion prepara-
tion and different process parameters, namely
surfactant concentration, homogenizer speed,
mixing speed, emulsification time, and extrac-
tion time. The goal was to show also the ways
in which the concentration of the internal
phase and the pH of the feed solution affected
the emulsion stability and phenol extraction
efficiency.

MATERIALS AND EXPERIMENTAL
METHODS

Materials

The membrane phase is composed of surfac-
tant and diluent. The egg yolk acts as the surfac-
tant (structure shown in Figure 1a) and xylene
was the diluent (98% purity); the physical prop-
erties are listed in Table 1. The sodium hydrox-
ide (NaOH) (Thomas Baker-India), was used as
the internal phase. The feed solution used at dif-
ferent values of pH contained 100 mg/L phenol.
The phenol solution was prepared by dissolving
a specific quantity in distilled water (structure
shown in Figure 1b).
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Table 1. Physical properties of egg yolk

Physical properties of egg yolk Value at 20 °C
pH 6.13
Density 1027 kg/m?®
Viscosity 1.499 k(Pa s)"

Membrane preparation

The emulsion was prepared in a 100 mL glass
beaker, utilizing an SR30 homogenizer, at the
appropriate speed and mixing time. The entire
preparation process was performed at room tem-
perature. The emulsion liquid membrane was pre-
pared by dissolving egg yolk (green surfactant) in
xylene (diluent). The NaOH solution, regarded as
a supplementary, was added slowly to the mem-
brane phase, as the mixture was being homog-
enized (as shown in Figure 2).

Extraction procedure by
emulsion liquid membrane

First, crystal phenol was dissolved with a suit-
able quantity of distilled water to prepare 250 mL
of 100 mg/L of phenol solution in a 400 mL bea-
ker. This phenol solution was prepared prior to the
preparation of the W/O emulsion. Then the W/O
emulsion was poured into the external phase (phe-
nol solution). At specific time intervals, the samples
were drawn while the mixture was being continu-
ally stirred. All the samples were filtered through a

Table 2. Operating variable in EML system

Variable Range
EY concentration %(v/v) 3;4;5
Emulsification time (min) 4,7,10
Homogenizer speed (rpm) 3000; 5800; 12700
Stirrer speed (rpm) 150; 250; 350
NaOH concentration (M) 0.05; 0.1; 0.2

0.25 um-bore filter syringe. A summary of the con-
ditions of the operation is given in Table 2.

Analysis and calculations

The phenol concentration in the external
phase, is calculated using the UV spectrophotom-
eter (thermospectronic, USA). The phenol con-
centration was calculated using the calibration
curve and standard method. The extraction effi-
ciency is calculated according to Eq. (1) below:

E% = M 100% (1)

mn
where: ¢, refers to the initial concentration of
phenol in the feed phase, and c, indicates
the concentration of phenol at time ¢,
through the extraction stage.

The emulsion breakage is found using, Eq.
(2) below:

B% = i 100% 2)
Vint
where: v, indicates the volume of the internal
phase, which leaks into the feed phase
and v, represents the initial volume of the
internal phase.

The mass balance from the feed phase mea-
sured prior to and post the contact, were used
to determine through Eq. (3) (Sabry et al. 2007,
Chiha et al. 2010).

Vg, (107PHo — 107PH)

SCUE )

)

where: v, is the initial volume of the feed phase,
C5¥ indicates the initial OH concentra-
tion in the internal phase, the pH signi-
fies the initial concentration of the pH in
the feed phase and pH refers to the pH of

the feed phase after a time interval.

PHENOL STRUCTURE

(b)

Figure 1. (a) Egg yolk structure Phosphatidyl choline, phospholipid in lecithin. Red
represents phosphate group and choline; Black represents glycerol; Green represents
unsaturated fatty acid; Blue represents saturated fatty acid. (b) Phenol structure
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Figure 2. Schematic diagram of ELM process

RESULTS AND DISCUSSIONS

Effect of pH in feed solution and contact time

In this study, the investigations were done
through various pH settings in the 3.5-9.5 range
limit, to ascertain the influence exerted by the pH
in the external phase on phenol extraction. Figure
3 shows the effect of the pH, revealing the high-
est extraction efficiency at pH=3.5. The emulsion
used was formulated using equal volumes of xy-
lene and stripping phase. the surfactant concen-
tration was 4% (V/V), with homogenizer speed
of 5800 rpm, 7 min of emulsification time, and an
initial phenol concentration of 100 ppm, keeping
the treat ratio of the emulsion to feed solution at
1:5. Above this value (pH=6.5), the efficiency of
extraction began to decrease slightly, reaching its
minimum value at (pH=9.5), this behavior is be-
cause during the extraction process, The release
of the internal phase via the ELM breaking raises
the pH of the feed phase. As a result, decreasing
the pH during the later stages of extraction suc-
cessfully inhibited the increase in the external

phase concentration (Park 2006). As a result, pH
3.5 was chosen for feed solution in this work.

Extraction contact time is defined as the time
period when the liquid emulsion and the feed
phase stay in contact while the system is continu-
ally stirred. The extraction contact time is regard-
ed as a significant limitation in the ELM process.

In this study, an investigation of contact time
effect was done, via optimum experimental con-
ditions and the results obtained are plotted in
Figure 3. Here, within the first 90 seconds, 70%
of the phenol extraction efficiency was observed.
With increasing extraction time to 120 seconds,
the extraction efficiency was noted to increase
slightly and achieve the optimal value (75%).
However, at a longer extraction time of 150 sec-
onds, as light drop was evident in the phenol ex-
traction and stripping efficiency. This was largely
caused by the long period of contact, and the sub-
sequent increase in the transport of water from the
internal droplets into the feed solution, which in
turn resulted in the membrane swelling phase and
thus raised the level of emulsion breakage.
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Figure 3. pH effect on phenol extraction (4% v/v EY; O/ ratio: 1:1; 0.1M NaOH;
homogenizer speed: 5800 rpm; ET: 7min.; mixing speed 250 rpm).
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Effect of egg yolk concentration

In the course of the experiment, it became clear
that surfactant concentration ranks among the most
influential parameters that affect the ELM efficien-
cy, in terms of extraction and stability. The surfac-
tant is best described as a polar organic compound
having a hydrophilic head and hydrophobic tail. It
is impossible to disperse the internal aqueous phase
into the oil phase, in the absence of the surfactant,
thus preventing the formation of the emulsion. The
egg yolk used in the present study, as a green sur-
factant was to reduce the usage of chemicals in the
emulsion liquid membrane procedure.

The amino acids present in the egg yolk pro-
teins facilitate the egg yolk to act as an emulsifier,
as certain amino acids repel water and others oper-
ate in the opposite manner. When the egg proteins
mix with the oil and water, one part of the protein
will adhere to the water, while another will stick
to the oil. These investigations thus studied the
effect of the surfactant concentration on the emul-
sion stability and phenol extraction efficiency, at
the egg yolk/solvent volume percentages of 2, 3, 4
and 5% (as shown in Figure 4). By raising the egg
yolk concentration from 3 to 4% the stability of
emulsion was observed to improve. However, the
results of the extraction efficiency are not shown
in Figure 4, when the egg yolk concentration was
below 2% (v/v) because instantancous emulsion
breakage was clearly observed even without any
calculations. The 3% (v/v) egg yolk concentration
was found insufficient to surround the aqueous
internal phase, causing membrane instability and
breakup (1.56%), with extraction efficiency of
74.5%. On increasing the egg yolk concentration
to 4% (v/v) the emulsion stability showed a rise,
(0.83% breakage) revealed maximum phenol re-
moval efficiency, as shown in Figure 4.

—l— =qraction
e ATipping
—t— lirealage

Extraction/Stripping %

The results cited here reiterate that the extrac-
tion efficiency and emulsion stability depend par-
ticularly on the concentration of the surface-active
agent. However, as evident from this Figure, when
the egg yolk concentration increases to 5% (v/v)
the phenol extraction efficiency drops due to the
resistance offered by the high mass transfer of the
phenol transport at the internal oil interface. Sev-
eral works in the literature mention this behavior
(Kusumastuti et al. 2018, Mahakal 2018). Hence,
the 4% (v/v) concentration of the egg yolk was
identified as the most suitable percentage for fur-
ther experiments. Besides, when the egg yolk con-
centration increased from 3 (v/v) to 4% (v/v), the
stripping efficiency also escalated from 65.67 to
92.38% (as shown in Figure 4).

Effect of homogenizer speed

At high-speed, the rotation energy caused the
dispersal of one liquid into another, creating the
emulsion, as well as the break-down of the liquid
into droplets. As the droplet size of the emulsion is
clearly dependent upon the homogenizer speed, the
droplet size reduces when the homogenizer speed is
increased. This results in the expansion of the sur-
face area of the droplet, which induces a higher rate
of mass transfer during the course of the extraction.

This work investigated the effect of the ho-
mogenizer speed on emulsion stability. The strip-
ping and extraction efficiency were checked at
three rotation speeds (3000, 5800, and 12700
rpm). The results shown in Figure 5 reveal the
decrease in the breakage from 4.12 to 0.83% in
response to the increase in the homogenizer speed
from 3000 rpm to 5800 rpm; the efficiency of the
phenol extraction subsequently surged from 62.2
to 82.06%. Another observation was an escalation

Breakage %

25 3 35 4

45 5 55

Egg yolk conc. #{v/v)

Figure 4. Effect of egg yolk concentration on extraction, stripping and breakage
(O/I ratio 1:1; 0.1M NaOH; homogenizer speed 5800 rpm; ET 7 min; mixing speed 250 rpm
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Figure 5. Homogenizer speed effect on the extraction, stripping and membrane breakage
(4% v/v EY; O/l ratio 1:1; 0.1M NaOH; ET 7 min; mixing speed 250 rpm)

3000 rpm

12700 rpm

Figure 6. Optical microscopic image of the w/o emulsion droplets through different homogenizer speeds
(4% (v/v) EY; O/I ratio 1:1; 0.1M NaOH; ET 7 min; scale bar = 100 pm)

in the breakage, in response to an increase in the
homogenizer speed to 12,700 rpm, as well as a
corresponding drop in both the extraction efficien-
cy to 80.1% and the stripping efficiency to 74.6%.

Figure 6 shows an optical microscopy im-
age of w/o emulsion formed through different
homogenizer speeds at 7 minutes of emulsifi-
cation time. When the homogenizer speed was
low (3000 rpm) the droplet size grew larger (as
shown in Figure 6) and the coalescence phenom-
enon happened in a brief time period. From a
discussion of the results, the homogenizer speed
of 5800 rpm was chosen as the optimal speed for
further experiments.

Effect of emulsification time

The emulsification time refers to the time tak-
en for mixing during the preparation of the emul-
sion and is another factor which significantly in-
fluences the W/O emulsion stability and thus the
extraction efficiency. This study reveals the effect
of the three different emulsification times (4, 7,
and 10 min) on the emulsion stability and extrac-
tion efficiency of phenol. The results revealed that
low emulsion stability and high breakage (2.81%)
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occurred at a low emulsification time (4 min), low-
ering the extraction efficiency. Insufficient time
for emulsification induced high emulsion break-
age because the large droplet diameter caused the
coalescence. However, an increase in the emul-
sification time to 7 minutes caused the breakage
percent to drop to 0.83%; interestingly, the longer
emulsification time also induced breakage, due
to the high internal shearing that caused a greater
number of small droplets to get formed, by unit
volume. In Figure 7, it is clear that by raising the
emulsification time from 4 to 7 minutes, the ex-
traction efficiency surged from 76.33 to 82.06%;
the stripping efficiency also soared from 86.5 to
91.3%. After that, in response to the increase in
the emulsification time to 10 min, the stripping
and the extraction efficiency dropped to 88.06%
and 75.08%, respectively. From these findings,
an emulsification time of 7 min. was selected for
further experiments.

Effect of NaOH concentration

As the extraction step take place in the in-
terface between the liquid membrane and the
feed phase solution, the extraction of species
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Figure 7. Emulsification time effect on the extraction, stripping and membrane breakage
(4% v/v EY; O/l ratio 1:1; 0.1M NaOH; homogenizer speed 5800 rpm; mixing speed 250 rpm for 12 min)
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Figure 8. NaOH concentration effect on the extraction, stripping and membrane breakage
(4% v/v EY; O/l ratio 1:1; homogenizer speed 5800 rpm; mixing speed 250 rpm)

necessarily requires a simultaneous stripping step
at the opposite side of the membrane (Kumbasar
2008). In this study, investigation was also done
on the influence exerted by the NaOH concentra-
tion on the degree of extraction so as to boost the
regeneration of the membrane and increase the
phenol concentration in the stripping phase. In
Figure 8 it is evident that when the NaOH con-
centration was raised from 0.05 to 0.1 M, the per-
centage of breakage reduced from 2.87 to 0.83%.
On further increasing the NaOH concentration to
0.2 M the breakage percent escalated. Besides,
the phenol extraction and stripping efficiency
intensified from 73.66 to 82.06% and from 82.4
to 91.1%, respectively, when the NaOH concen-
tration was boosted in the internal phase, from
0.05 to 0.1 M. Therefore, when the NaOH con-
centration was raised beyond 0.1 M, the phenol
extraction and stripping efficiency were seen to
decline. This was possibly because the increase
in the NaOH concentration in the stripping phase
reduced the difference in densities and built up
the emulsion viscosity, which was reflected in
the enhanced droplet sizes. Further, at the higher
concentration of the sodium hydroxide, the emul-
sion stability declined, a reaction induced by the
NaOH-surfactant interaction. This also caused the
partial loss of its surfactant properties resulting in

the de-stabilization of the emulsion and lowered
extraction efficiency (Daas and Hamdaoui 2010).
Therefore, in this study, the 0.1 M NaOH concen-
tration was selected as it induced a higher extrac-
tion percentage and lower degree of breakage.

In Figure 9, the photograph images show the
emulsion stability at different times. The photo-
graph image of the fresh w/o emulsion reveals the
complete stability of the emulsion, which after 24
hours shows the oil and the internal phase appear-
ing to be separated from the emulsion.

Effect of stirring speed

The stirring speed plays a massive part in the
rate of transport of the solution across the liquid
membrane. Raising the agitation rates produces
smaller sized globules, while an increase in the
interfacial area between the membrane and feed
phase enhances the mass transfer rate.

The influence exerted by the mixing speed on
membrane stability, phenol extraction and strip-
ping efficiency were investigated at speeds of
150, 250 and 350 rpm. As shown in Figure 10, it
is clear that the increase in the stirring speed from
150 to 250 rpm results in the extraction efficiency
slowly rising from 78.2 to 82.06% with the strip-
ping efficiency also up from 69.4 to 87.21%. This
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Figure 9. The emulsion at different time intervals: (4%(v/v) egg yolk; NaOH 0.1M; xylene
as diluent; 5800 rpm homogenizer speed, 7 min emulsification time and O/I ratio 1:1
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Figure 10. Stirrer speed effect on extraction, stripping and membrane breakage
(4% v/v EY; O/l ratio 1:1; speed of homogenizer 5800 rpm)
occurs because of the reduction in the size of the Ce
emulsion globules and an augmentation of the in- in (Ce°) = ~kobs + t )

terfacial area required for mass transfer when the
mixing speed is increased. Any rise in the agita-
tion speed beyond the critical value (250 rpm) af-
fects the membrane phase stability and boosts the The slopes of the straight curves give the val-
osmotic swelling of the membrane. This leads to  ues of the constant extraction rate (k,, ) and be-
emulsion instability, which results in the decrease cause the slopes are negative, itis established that
in the stripping and extraction efficiency to 80.2  phenol extraction follows the 1* order of kinetics.
and 76.7%, respectively. Hence, 250 rpm was  The constant of the extraction rate thus achieved
found to give the highest extraction efficiency and ~ was 0.155 1-min". Eq. (5) reveals the total mass

where: ¢ represents the time in minutes and &, in-
dicates the extraction rate constant (min").

was therefore selected in this study. transfer coefficient for the ELM system (Kasaini
et al. 1998):
1 1 N 1 s

EVALUATION OF MASS TRANSFER Kr  Ku Kp ©)
COEFFICIENT AND PHENOL where: K represents the mass transfer coeffi-
EXTRACTION KINETIC cient of the feed phase (m/s) determined

by Skell and Lee correlation, see Eq. (6)

The phenol extraction kinetic using the ELM (Raji et al. 2018):

method was estimated using the 1* order rate, as K_m 2932 x 107 - W, + V) .
evident in Eq. (4), following the similar technique vND Vi +V, +Vo)
performed by Raji et al. (2018) and Koli et al. '(ﬂ)olsw Reld71 6)
(2019). T
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where: N is the mixing speed of the agitated ves-
sel; T and d refer to the diameters of the
mixing tank and impeller, respectively.
V, V , and V are, respectively, the vol-
umes of the internal, membrane and feed
phases.

Re represents the continuous phase Reynold
number, which is calculated through Eq. (7):

2
R, = (Ndf - pc) (7)

Kc
The Re value obtained was 15773.28, where
D is the solute diffusivity in the membrane sol-
vent, assessed using the Wilke and Chang correla-

tion (Treybal 1981), see Eq. (8):
_ 1173 x 1078 (M)°*°T
(Mm®2®)

®)

The molecular weight of the solvent is given
by M (106.16 kg/kmol for xylene). The associa-
tion factor of the solvent is indicated by ¢ (1 for
xylene). T signifies the Kelvin temperature and p_
is the viscosity of the organic phase (0.731x107
kg/ms). The molar volume of the phenol is ex-
pressed as @, which is calculated using the Schro-
eder method (Poling et al. 2001). For phenol the
value of @_equals 0.089 (m’/kmol).

K, represents the constant interfacial reaction
rate (m/s), calculated through Eq. (9)

Ce
In (—) = —Akp-t ©)
Ceo

On comparing equations Eq. (9) and Eq. (4),
K, can be identified through Eq. (10):
Kobs

A

Where A is the area of the emulsion spe-
cific interfacial, calculated by applying Eq. (11)
(Karcher, Perrechil et al. 2015):
Ai 6a

Kp = (10)

(1D)

In Table 3 the achieved mass transfer coeffi-
cients are listed.

Table 3. Phenol mass transfer coefficients in green
surfactant emulsion liquid membrane

Mass transfer coefficients (m/s) Value
Ky 1.3373x10%
K. 1.302x107
K, 1.2894x107

CONCLUSION

The present study presents a novel and simple
technique of preparing a stable ELM, using an en-
vironment-friendly green surfactant (egg yolk) in
lieu of an artificial one. In this investigation three
egg yolk concentrations were employed, utilizing
the ability of the egg yolk to form an ELM that can
extract and strip the phenol from the external phase.
The green surfactant ELM was found to efficiently
extract the phenol present in the aqueous solution.
The emulsion included the following constituents:
4% (v/v) egg yolk acting as the surfactant, xylene
as the diluent, 0.1 M NaOH as the stripping phase,
5800 rpm as the homogenizer speed, 7 minutes as
the emulsification time and 250 rpm as the stirrer
speed. The results revealed the removal of 82.06%
of phenol with 0.83% and 91.1% as the breakage
and stripping efficiency respectively. The coeffi-
cient of the phenol mass transfer through ELM was
also estimated. The final results of the mass trans-
fer coefficient of the feed phase (KM), constant
interfacial reaction rate (KF) and the total mass
transfer coefficient (KT) achieved were respective-
ly, 1.3373x10, 1.302x107and 1.2894x107m/s.
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