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a b s t r a c t 

Surfactants are widely used to improve the solubility of oil in water in petrochemical, 

making it more difficult to remove oil–water emulsions during the water treatment process. 

Electrocoagulation (EC) is an appropriate method for treating oily wastewater and destabi- 

lizing emulsions. However, the demulsification mechanism of oil–water droplets emulsified 

by surfactants with different charges have not been investigated systematically. The demul- 

sification performance of electrocoagulation on emulsions wastewater containing cationic, 

non-ionic, and anionic surfactants was studied. The results showed that the removal rate 

of total organic carbon (TOC) in oily wastewater with anionic surfactant by EC reached 

92.98% ± 0.40% at a current density of 1 mA/cm 

2 , while that of the non-ionic surfactant was 

84.88% ± 0.63%. The characterization of flocs showed that EC has the highest coagulation 

and demulsification of oil droplets with a negative charge on the surface ( −70.50 ± 10.25 

mV), which indicated that the charge neutralization of oil droplets was beneficial for the 

destabilization of the formed oily flocs. However, when the zeta potential of the oil droplets 

reached 75.50 ± 1.25 mV, the TOC removal efficiency was only 11.80% ± 1.43%. The TOC 

removal could achieve 33.23% ± 3.21% when the current density improved from 1 mA/cm 

2 

to 10 mA/cm 

2 . The enhanced removal was due to the sweep coagulation rather than charge 

neutralization. This study provides a fundamental basis for the electrochemical treatment 

of oily wastewater. 
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Fig. 1 – The (a) TOC, (b) turbidity, and (c) pH change when 

the emulsified solution was treated in the EC. The current 
density was 1 mA/cm 

2 . The initial pH was 7, and the 
concentration of sodium chloride was 10 mmol/L. 
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ntroduction 

ily wastewater is a common component of domestic and 

ndustrial wastewater. Surfactants are widely used to im- 
rove crude oil recovery because several oilfields have al- 
eady entered the stage of high water cut and low liquid 

ield ( Boehm et al., 2011 ; Kumar et al., 2020 ; Nurfarahin et al.,
018 ). When the oil droplets were stabilized by surfac- 
ants, the functional groups on surfactants would change 
he charge density of the formed emulsions, leading to 
he enhanced electrostatic interactions between adjacent oil 
roplets. Therefore, the emulsions would be more stable and 

ifficult to be demulsified and purified ( Hussain et al., 2020 ; 
i et al., 2021 ), challenging the oily wastewater treatment 
rocess. 

Currently, the common methods of treating emulsified 

il wastewater include coagulation precipitation ( Chen et al.,
019 ; Zhao et al., 2021 ), membrane filtration ( Ismail et al.,
020 ; Tanudjaja et al., 2019 ; Yang et al., 2019 ), and flota-
ion ( Painmanakul et al., 2010 ), among others. However, these 

ethods are characterized by high chemical agent residues in 

ater, severe membrane fouling, or high energy consumption.
lectrocoagulation (EC) has the advantages of high efficiency 
nd low sludge production ( Chen et al., 2020a ; Damaraju et al.,
020 ; Heidenreich et al., 1996 ; Valero et al., 2011 a; Zodi et al.,
009 ). In addition, metal ions (e.g. Fe 2 + or Al 3 + ) are generated 

rom sacrificial anode flocculate colloidal contaminants, while 
ydrogen evolution on cathodes can produce air floatation 

o remove suspended pollutants ( Garcia-Segura et al., 2017 ; 
ang et al., 2021a ). When the aluminum electrode is applied 

s an anode, aluminum dissolution is the main reaction in 

C ( Yang, 2007 a). Aluminum ions hydrolyze in water and form 

ononuclear complexes and a series of polynuclear polymers 
nd hydroxides, which interact with the pollutants to form 

ocs effectively ( Hu et al., 2017 a). The reduction reaction of 
he EC cathode produces a large number of H 2 bubbles, which 

ould absorb the oil droplets and take the oil droplets to the 
urface of solutions. Therefore, the oil droplets could be re- 
oved by flotation. 
In addition, the electric field has been proved an effective 

ethod for demulsification that the oil droplets move along 
he direction of the electric field driven by the electric field 

orce, and then aggregate and become demulsified ( Chen et al.,
020b ; Hu et al., 2021 ; Ichikawa, 2007 ; Ren and Kang, 2019 ).
he oil droplet was polarized in the electric field, leading to 

hat the electrostatic attractions between adjacent oil droplets 
ere enhanced ( Dutcher et al., 2013 ; Woehl et al., 2014 ). Fur-

hermore, the performance of demulsification was positively 
elated to electric field strength ( Cotillas et al., 2020 ; Yang et al.,
021b ). In the process of EC, coagulation, flotation, and electric 
elds may have a synergistic effect on oil removal ( Valero et al.,
011 b). 

In this study, the performance of EC on oily wastew- 
ter with different surfactant types was investigated and 

he removal paths of the oil droplets were analyzed. The 
hanges in pH, particle size, and zeta potential of the so- 
ution during treatment were measured. The surface mor- 
hology, functional groups, composition, and structure of 
he flocs were characterized, and the removal mechanism 
f emulsified oil wastewater with different surfactants was 
iscussed. This study provides a technical and fundamental 
asis for the treatment of oily wastewater emulsified with 

urfactants. 
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Fig. 2 – Changes in (a) zeta potential, (b) particle size, (c) aluminum ion content, and (d) percentage composition due to EC. 
The current density was 1 mA/cm 

2 . The initial pH was 7, and the concentration of sodium chloride was 10 mmol/L. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Materials and methods 

1.1. Chemicals and materials 

The reagents used were of analytical grade. Sodium dodecyl
sulfate (SDS, ≥ 98.0%), polyoxyethylene dehydrated sorbitol
monooleate (Tween80, ≥ 98%), and cetyltrimethylammonium
bromide (CTAB, ≥ 98%) were used as anionic, non-ionic, and
cationic surfactants, respectively, to prepare three types of
emulsions. The above reagents were purchased from Aladdin
(Shanghai, China). Sodium chloride (GR, ≥ 99.8%) was used as
the electrolyte to change the electric field intensity. Sodium
chloride, hydrochloric acid, and sodium hydroxide were pur-
chased from Sinopharm Chemical Reagent Co., Ltd. (Shang-
hai, China). Deionized water was obtained using a Millipore
system (Billerica, MA, USA). 

1.2. Preparation of oil-in-water emulsions 

A stock solution of 400 ppm SDS-stabilized oil-in-water emul-
sion was prepared by mixing 0.5 g N-hexadecane, 0.05 g SDS,
and 5 mmol NaOH and diluting the solution to 500 mL with
deionized water ( Lu et al., 2015 a). An ultrasonic crushing in-
strument (Biosafer 650-92) was used for the ultrasonic crush-
ing of the SDS-stabilized oil-in-water emulsion for 15 min. The
initial TOC ( AlJaberi et al., 2020 ) and turbidity of water samples
were 400 mg/L and 149 NTU, respectively. The Tween80- and
CTAB-stabilized oil-in-water emulsions were prepared in the
same manner as SDS-stabilized oil-in-water emulsions. The
zeta potentials of SDS-, CTAB-, and Tween80-stabilized emul-
sions were -70.50 ±10.25 mV, 75.50 ± 1.25 mV, and -10.50 ± 1.28
mV, respectively. Though Tween80 was non-ionic surfactants.
The Tween80-stabilized emulsions in this study were slightly
negatively charged, which might be due to the ionization of
some polar components in the oil ( Fakhru’l-Razi et al., 2009 ). 

1.3. EC experiments 

The effective volume of the EC reactor was 800 mL. 480 mL
prepared solution has been applied in each experiment. The
Al plates were employed as electrodes with sizes of 10 × 6 × 0.2
cm. The effective area of the electrodes in EC was 48 cm 

2 , and
the distance between electrodes was 2 cm. A DC power supply
(DH1720A-6, Dahua, China) was used to provide certain cur-
rent densities, and the EC time was 30 min. The feedwater was
mixed thoroughly using a magnetic stirrer at 300 r/min, and
the initial pH was adjusted to 7. 

1.4. Analysis methods 

A TOC analyzer (TOC-VCPH, Shimadzu, Japan) was used to an-
alyze the TOC content of the samples taken at various periods.
The scum and precipitation produced in the oily wastewater
after EC were taken, and then redissolved by water with a cer-
tain volume. The percentage compositions in the precipitate
and scum were calculated by the detected TOC and volume
of the resolved solution. The particle sizes and zeta poten-
tials were measured by the laser particle sizer (MASTERSIZE
2000, Malvern, UK). All the measurements were repeated three
times. The scum and precipitated flocs in the oily wastewater
after EC treatment were extracted by filter paper, then freeze-
dried for 24 hr with a freeze-dryer, and observed by a scan-
ning electron microscope (SEM, SU-8020, Hitachi, Japan). The
oily wastewater containing different surfactants were treated
by EC for 30 min, and then the floating residue on the wa-
ter surface was collected, filtered by a membrane (0.45 μm),



174 journal of environmental sciences 118 (2022) 171–180 

Fig. 3 – SEM micrography of surface morphology of scum 

after EC: (a) SDS-stabilized oil-in-water emulsion, (b) 
Tween80-stabilized oil-in-water emulsion, and (c) 
CTAB-stabilized oil-in-water emulsion. 
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nd freeze-dried in a freeze-dryer for 6 h prior to being de- 
ected by Fourier Transform infrared spectroscopy (FTIR, Nico- 
et 8700, Thermo Fisher Scientific, USA). The morphologies of 
he scums were determined using diffraction of X-ray (XRD,
 ’Pert PRO, Panalytical, Netherlands), while X-ray photoelec- 

ron spectroscopy (XPS, ESCALAB250Xi, Thermo Fisher Scien- 
ific, USA) was used to characterize the elements of the scum.
. Results and discussion 

.1. Removal performance of emulsion with different 
urfactants by EC 

n this study, SDS (-), Tween80 (0), and CTAB ( + ) were selected
s model surfactants to investigate the influence of surfac- 
ants on emulsion removal in EC. As shown in Fig. 1 a , all
he removal rates of three types of emulsions increased dur- 
ng the EC process. The TOC removal rate of SDS- stabilized 

mulsions increased significantly after 10 min, while that of 
ween80- stabilized emulsions increased gradually along with 

he increase of EC time. The final TOC removal rates of SDS- 
nd Tween80- stabilized emulsions were 92.98% ± 0.40% and 

4.88% ± 0.63% at the current density of 1 mA/cm 

2 , respec- 
ively. However, the removal rate of CTAB-stabilized emul- 
ions reached only 11.80% ± 1.43% after 30 min, indicating the 
harge property may play a key role in emulsions removal by 
C. 

The TOC removal rate of wastewater containing SDS in- 
reased significantly in 2–10 min. Then, the treatment process 
ntered the stable stage, and with the increase of H 2 bubbles 
nd Al 3 + , the TOC removal rate changed only marginally. The 
OC removal rate of wastewater containing CTAB increased 

lowly and reached only 10.05% after 30 min of EC. It could be
een that different surfactants had different effects on the oil 
emoval process. 

The final turbidity of the oil-in-water emulsions treated 

ith SDS, Tween80, and CTAB was 15.91 ± 16.40 NTU, 28.9 ±
2.20 NTU, and 230.50 ± 31.44 NTU, respectively, after EC for 
0 min ( Fig. 1 b ), and the removal effect was consistent with
hat of TOC. The decrease in turbidity could be attributed to 
he coagulation effect and forming large flocs. And then the 
ocs were removed from the solutions by sedimentation and 

otation. In the initial stage, the slight increase in turbidity 
ight have been caused by the formation of flocs that were 

ot completely precipitated and the presence of flocs in the 
olution. 

As shown in Fig. 1 c , when the initial pH was 7, the pH of the
mulsion formed by any surfactant increased gradually dur- 
ng the EC process. This was mainly because the EC cathode 
enerated H 2 , which consumed a large amount of H 

+ , result- 
ng in the increase of free OH 

− in the solution. This led to an
ncrease in pH, and thus the final solution was alkaline. 

As shown in Fig. 2 a , the initial zeta potential of the emul-
ions stabilized by SDS, Tween80, and CTAB were −70.50 ±
0.25 mV, −10.50 ± 1.28 mV, and 75.50 ± 1.25 mV, respectively; 
fter 30 min of EC, the final zeta potentials were 7.15 ± 4.56 
V, 20.13 ± 3.15 mV, and 76.2 ± 1.23 mV, respectively. Pos- 

tively charged aluminum hydroxyl compounds are strongly 
ttracted towards negatively charged oil droplets according 
o the charge neutralization effect. This would increase the 
eta potential and destabilize the oil droplets, thereby improv- 
ng the removal rate. Additionally, the positively charged oil 
roplets and metal complexes produced electrostatic repul- 
ion ( Zhang et al., 2006 ). This was not conducive to the desta-
ilization and coagulation of oil droplets, resulting in low re- 
oval efficiency. 
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Fig. 4 – The (a) FTIR and (b) XRD patterns of EC scums obtained from emulsions with different surfactants. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The initial particle sizes of SDS-, Tween80-, and CTAB-
stabilized emulsions were 188.90 ± 3.26 nm, 113.90 ± 1.14
nm, and 179.60 ± 1.85 nm, and the final diameters were
5257.00 ± 410.25 nm, 4450.0 ± 245.00 nm, and 227.9 ± 2.35 nm,
respectively ( Fig. 2 b ). The particle size of the CTAB emulsion
increased slightly. This may be because the flocs formed by
EC in the process of stabilizing the CTAB emulsion did not
effectively adsorb the oil droplets. The surface of the CTAB-
stabilized emulsion was positively charged ( Fig. 2 a ). However,
the mononuclear complexes formed by Al 3 + hydrolysis were
mainly Al(OH) 2 + and Al (OH) 2 + ( Lu et al., 2015b ), which
produced electrostatic repulsion, and oil droplets were not
easily absorbed by flocs. The final particle size of the Tween80
emulsion was slightly smaller than that of the SDS emulsion,
mainly as the surface of the former was neutral, and did not
impede the coagulation of metal hydroxides and oil droplets.
The SDS emulsion with a negative surface charge strongly
attracted and approached the positively charged aluminum
polymers present in the water, and gradually formed larger
flocs. 

Fig. 2 c shows the change in the aluminum concentra-
tion in the three different emulsions during EC treatment. A
large amount of free aluminum existed in the CTAB-stabilized
emulsion, and only a small amount of hydrolysis resulted in
the formation of metal complexes. The increase in aluminum
enhanced the spatial repulsion. The electrostatic repulsion ef-
fect forced the distance between adjacent oil droplets to be
separated from each other gradually, which was not conducive
to the coalescence of oil droplets and severely hindered the oil
droplet destabilization. 

In order to clarify the removal mechanisms, the concen-
trations of pollutants in the scum, solution, and precipitation
after EC treatment were investigated ( Fig. 2 d) . The proportion
of pollutants in the scum of emulsions stabilized by SDS and
Tween80 was 87.20% ± 0.40% and 53.70% ± 0.56%, respectively.
The results illustrated that flotation was the main removal
path of the oil droplets. During EC, the reduction reaction of
the Al cathode generated a large number of H 2 bubbles. On
one hand, the bubbles rose, gathered, and collided with the
oil droplets, which eventually brought the oil droplets to the
surface of the solution. On the other hand, aluminum hydrox-
ide formed during EC strongly adsorbed the oil droplets. As
the structure of the polynuclear polymer was compact, it sank
continuously, and some oil drops were removed through pre-
cipitation. During the sinking process, the flocs continuously
caught oil droplets and collided with the bubbles, which in-
creased the buoyancy of the flocs, and some of the flocs floated
to the surface of the solution. Therefore, both bubble adhe-
sion and coagulation eventually led to the floating of the oil
droplets. 

2.2. Characterization of flocs generated from emulsion in 

EC 

Fig. 3 shows the scanning electron microscope (SEM) images of
flocs formed by the three types of surfactant-stabilized emul-
sions. It can be observed that flocs had different morphologies.
The flocs of the SDS emulsion were mainly distributed in ir-
regular spheres, and several small spherical particles were at-
tached to the surface of the flocs. The surface of the flocs was
coarser, which indicated that more pollutants were attached
to the flocs by adsorption. The Tween80-stabilized emulsion
was layered and had several irregular serrated edges. The
lamellar material might be the floc produced by EC, and the
floc connected to the lamellar material might contain a cer-
tain amount of oil droplets. However, in the CTAB-stabilized
emulsion, the flocs existed in the sheets and the surface was
smooth, and almost no oil droplets were attached to the floc
surface. 

Fig. 4 a shows the FTIR spectra of flocs in different emul-
sions, most of the flocs were Al(OH) 3 . The peak intensity of
C 16 H 34 was in the order SDS > Tween80 > CTAB. This indi-
cated that most of the oil droplets were adsorbed by SDS flocs,
followed by Tween80 and the least by CTAB, which was con-
sistent with the TOC removal rate. Fig. 4 b shows the crystal
morphologies of the flocs. When oil droplets were adsorbed in
the flocs, the crystal morphology of the flocs showed a disor-
dered distribution, which was consistent with the results ob-
served by SEM. XRD showed that the flocs mainly consisted of
Al(OH) 3 , Al 2 (OOH) 2 , AlOOH, and Al 2 O 3 . Al(OH) 3 mainly existed
at 2 θ of 16.975 °, 37.90 °, and 42.075 ° ( Drouiche et al., 2009 ), the
peak intensity followed the order SDS > Tween80 > CTAB, and
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Fig. 5 – Elements analysis for the scum of emulsions with 

different surfactants after EC. 
he flocs in the SDS emulsion contained the highest amount 
f Al(OH) 3 . The results indicated that the formation and con- 
ent of Al(OH) 3 had a direct effect on the removal of TOC from 

he emulsion. 
As shown in Figs. 5 and 6 , the composition and chemi- 

al structure of the flocs of different emulsions were analyzed 

y XPS. The results showed that the floc surface was mainly 
omposed of Al, O, C, and S elements. The O 1s nuclear de- 
omposition of all the three emulsions had three peaks, and 

 

2 − and OH 

− appeared at 532.5 eV and 534.0 eV, respectively 
 Mercier et al., 2008 ). As shown in Fig. 6 a-c , the Al 2s nuclear
ecomposition had two peaks at binding energies of 118.2 eV 

metal aluminum) and 121.0 eV (aluminum oxide/hydroxide) 
 Cornette et al., 2020 ). The core energy level spectrum of C 1s
as decomposed into three peaks at 286.7, 289.3, and 290.5 eV,

orresponding to C-C, C-O, and O-C = O, respectively ( Fig. 6 d-f )
 Wu et al., 2018 ). The carbon contents of the three emulsions 
ere 33.26%, 17.82%, and 13.09%, respectively, indicating that 
rganic matter was transferred from the solution to the flocs 
hrough the EC process. This result was consistent with the 
bsorption peak intensity of the infrared organic compounds 
hown in Fig. 4 a . 

Fig. 7 a shows the porosities of flocs formed with three dis- 
inct emulsions. The results showed that the adsorption and 

esorption lines are not completely coincident (the upper line 
s ascribed to desorption and the bottom line is due to desorp- 
ion) and formed a hysteresis loop. The CTAB-stabilized emul- 
ion had a large hysteretic loop between 0.4 and 1.0, indicating 
hat the floc had a good pore sequence ( Govindan et al., 2020 ).
he CTAB-stabilized emulsion was not adsorbed by the metal 
ydroxide generated by EC, and the pore size of the floccu- 

ate maintained good adsorption performance. However, the 
DS-stabilized emulsion had a slight hysteresis loop between 

.66 and 0.9, indicating channel disorder. This was because the 
ocs of SDS were fully complexed with the oil droplets dur- 

ng the EC process, and the pores were filled with contami- 
ants. The specific surface areas of SDS-, Tween80-, and CTAB- 
tabilized scum emulsions were 3.45, 51.78, and 73.36 m 

2 /g,
espectively, indicating that CTAB flocs had a poor adsorption 

ffect on oil droplets and maintained a good specific surface 
rea and pore size. 

.3. Mechanism of emulsion removal with different 
urfactants in EC 

n practical processes, the current density is an important fac- 
or affecting the removal efficiency in EC ( Hu et al., 2017 b; 
rdemez et al., 2006 ). Therefore, the removal performance of 
TAB-stabilized emulsions by EC at different current densi- 

ies has been investigated. As shown in Fig. 8 a and b , with
he increase in current density, the final TOC removal rate 
ncreased, and the final turbidity decreased after 30 min of 
C. At a high current density (10 mA/cm 

2 ), the TOC removal 
ate of the CTAB emulsion reached 33.23% ± 3.21%. This 

ight be because the dissolution rate of the anode material 
nd the concentration of metal ions increased with the in- 
rease in current density, which accelerated the formation of 
ocs. When the current density was less than 200 A/m 

2 , the 
ubble size decreased with the increase in current density 
 Tsouris, 1997 ). Small bubbles increased the surface area of ad- 
orbed oil droplets, which made them easier to remove. 
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Fig. 6 – Al 2p spectra of the scum of (a) SDS-, (b) Tween80-, and (c) CTAB- stabilized emulsions after EC. O 1s spectra of the 
scum of (d) SDS-, (e) Tween80-, and (f) CTAB- stabilized emulsions after EC. 

Fig. 7 – (a) N 2 adsorption/desorption isotherms and (b) pore size distributions obtained from emulsions with different 
surfactants. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

However, when the current density increased from 5 to 10
mA/cm 

2 , the corresponding TOC removal rate did not achieve
the expected effect. This was because the increase in current
density, on one hand, increased the oxidation reaction rate
and accelerated the corrosion of the plate, while on the other,
it formed an oxide layer on the surface of the aluminum an-
ode. When the current density reaches a certain value, the
rate of formation of the oxide layer is greater than the corro-
sion rate of the plate, resulting in the passivation of the plate
( Yang et al., 2015 ). The passivation layer reduces the EC treat-
ment efficiency ( He et al., 2018 ). 

A linear relationship exists between the EC voltage and
current density ( Murthy et al., 2007 ). As shown in Fig. 8 c , the
energy consumption increased significantly with the increase
in current density. It has been found that the actual dissolu-
tion rate of Al increases significantly with an increase in cur-
rent density at lower current densities ( Mouedhen et al., 2008 ).
The excessive current would not only reduce the coagula-
tion efficiency but also significantly increase energy consump-
tion. Therefore, in the actual treatment process, the treatment
should be completed at the appropriate current density. 

Fig. 9 shows the proposed mechanism of the EC pro-
cess for the treatment of stable emulsions. Different sur-
factants result in different charges on the surface of the
oil droplets( Yang, 2007 b) and interact differently with the
metal complexes generated by EC. Owing to its strong space
effect and electrostatic attraction, more SDS-stabilized oil
droplets with negative charges on the surface combined
with metal hydroxyl compounds, and charge neutralization
occurred, resulting in a destabilization of the oil droplets
( Bayramoglu et al., 2004 ), which facilitated the formation of
flocs. The electric field had a strong demulsifying effect on the
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Fig. 8 – The effect of current densities on (a) TOC removal, 
(b) turbidity, and (c) power change during the EC treatment. 
The current density was 1 mA/cm 

2 . The initial pH was 7, 
and the concentration of sodium chloride was 10 mmol/L. 
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DS-stabilized emulsion. Small oil droplets in the emulsion 

ere polarized and deformed under the action of the electric 
eld force and gradually formed larger oil droplets. These oil 
roplets easily floated, were readily adsorbed to form flocs. 

The zeta potential of the Tween80-stabilized emulsion was 
eutral and did not affect the aggregation of metal complexes 
uring the EC process. The coagulant formed by the metal 
omplex had a certain adsorption effect on the Tween80- 
tabilized emulsion. After coagulation, the particle size of the 
ollutants gradually increased. The hydrogen bubbles carried 

ost of the flocs up to the surface to form scum. However,
he CTAB-stabilized emulsion had a large number of positive 
harges on the surface of the oil droplets, and strongly repelled 

he metal cations produced in the EC process ( Wang et al.,
021 ). The formation of metal complexes was hindered by 
ositively charged oil droplets, which affected the adsorption 

roperties of the metal complexes. During the EC period, the 
article size of the oil droplets did not increase significantly,
ossibly as the metal hydroxyl compounds produced by EC re- 
elled the positively charged CTAB-stabilized emulsion. The 
lectrical repulsion between flocs and emulsions inhibited the 
rowth of particles. The bubbles were absorbed by flocs rather 
han emulsions. The unstable oil droplets could only be re- 

oved by sweep coagulation. Additionally, as EC progressed,
he concentration of Al 3 + gradually increased, which strength- 
ned the spatial repulsion. The electrical repulsion between 

ositively charged oil drops and positively charged flocs dete- 
iorated the removal performance of the emulsions. The elec- 
rical repulsion between flocs and emulsions inhibited the 
rowth of particles, which was unfavorable for H 2 adsorption.
he bubbles were absorbed by flocs rather than emulsions.
herefore, the CTAB-stabilized emulsions were difficult to re- 
ove from water by flotation and coagulation, leading to that 
ost emulsions remained in solution. 

. Conclusion 

he removal performance of emulsions with different surfac- 
ant by EC were analyzed in this study. In addition, the removal 
aths of the oil droplets were analyzed according to the char- 
cterization of the formed flocs, as well as the demulsification 

echanism. This study provides a technical and fundamental 
asis for the oily wastewater treatment with surfactants and 

mproves the understanding of the demulsification process in 

C. The specific conclusions are as follows: 

1 EC was favorable for negatively charge emulsion. The re- 
moval efficiencies of SDS- and Tween80- stabilized emul- 
sions were 92.98% ± 0.40% and 84.88% ± 0.63% after EC for 
30 min, which could be attributed to the charge neutraliza- 
tion effect that destabilized the oil droplets. The removal 
efficiency of positively charged CTAB-stabilized emulsions 
was only 11.80% ± 1.43%, whose removal mechanism was 
ascribed to the sweep coagulation rather than charge neu- 
tralization. 

2 The proportion of pollutants in the scum of emulsions sta- 
bilized by SDS and Tween80 was 87.20% ± 0.40% and 53.70% 

± 0.56% after EC treatment, respectively. In contrast, the 
CTAB-stabilized emulsions barely transferred to the scums 
(2.13% ± 0.36%). This indicated that the emulsions could 

not be removed by relying solely on bubbles, the flocs gen- 
erated during EC were a key point in the flotation process. 

3 The current density of 5 mA/cm 

2 was a compromised pa- 
rameter in EC for removing CTAB-stabilized emulsions.
The removal efficiency increased from 15.21% ± 2.12% to 



journal of environmental sciences 118 (2022) 171–180 179 

Fig. 9 – Proposed mechanism for the removal of emulsions with different surfactants by EC. 

 

 

 

 

 

 

 

 

 

 

 

27.50% ± 0.14% when the current density was improved
from 1 mA/cm 

2 to 5 mA/cm 

2 . Further increasing the cur-
rent density was not cost-effective because when the cur-
rent density was improved from 5 mA/cm 

2 to 10 mA/cm 

2 ,
the removal efficiency increased from 27.50% ± 0.14% to
33.23% ± 3.21% while the energy consumption increased
by 3.49 times. 
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