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In this study, an ultrasonic irradiation technique was utilized to mitigate the fouling of polyethersulfone (PES) and polyvinyli-
dene fluoride (PVDF) membranes. The use of ultrasound at 20 kHz was applied to a dead-end microfiltration cell in order
to mitigate fouling caused by the presence of colloidal bentonite particles. The effect of ultrasonic power and pulse duration
on the permeate flux recovery was examined. Measurements indicate that an increase in ultrasonic power and longer pulse
duration results to a higher permeate flux recovery. In order to reduce power consumption, a low to high power shift (LHPS)
and pulsation method, were investigated. Methods of cleaning such as ultrasonic irradiation, ultrasonic cleaning with forward
flushing and ultrasonic cleaning with backwashing were utilized and their cleaning efficiencies were examined. The clean-
ing performance was assessed using the clean water flux method and scanning electron microscope analysis of the cleaned
membranes. Results showed that LHPS and pulsation method both improve the permeate flux recovery but were not able to
attain the 93.97 and 74.88% flux recovery for PES and PVDF that was achieved by constant-15 W ultrasonic cleaning. In
addition, forward flushing and backwashing may enhance the performance of ultrasonic cleaning at 9 W but could become
disadvantageous at 15 W.

Keywords: backwashing; forward flushing; fouling; membrane; ultrasonic irradiation

1. Introduction
Membrane technology has been widely applied in water
and wastewater treatment, especially in the removal of dis-
solved and suspended solids from industrial and municipal
wastewater [1]. Its wide spread application is due to its
ability in producing a high quality of permeate. A major
disadvantage of membrane technology is fouling, which
refers to the deterioration of membrane performance due to
permeate flux decline caused by pore blocking, concentra-
tion polarization and cake formation [2]. The replacement
of a membrane due to fouling is one of the largest operating
costs in a water treatment plant [3]. Therefore, mitigation of
membrane fouling becomes important in order to maintain
the economic viability of the treatment process. Previous
studies have developed a variety of approaches in reduc-
ing membrane fouling such as synthesis of new membrane
materials [4], development of a new membrane unit [5] and
membrane cleaning methods [3,6].

Current technologies that are used in reducing mem-
brane fouling are chemical, hydraulic and electrical clean-
ing [7,8]. These technologies have certain disadvantages,
where hydraulic cleaning such as backwashing and forward
flushing does not remove efficiently strong adherent films

∗Corresponding author. Email: cckanev@mail.chna.edu.tw
This article was originally published with erroneous pagination. This version has been corrected. Please see Erratum (http://dx.doi.org/
10.1080/09593330.2013.869393).

or material trapped within the pores of the membrane [8].
In addition, hydraulic processes are time-consuming and
often interrupt the filtration operation [1]. Chemicals used
in membrane cleaning cause damage to the membrane
material, resulting in secondary pollution and are expen-
sive [7,9,10]. Application of the electrical technique is
limited due to corrosion of electrodes, high power costs,
and the induced electrolysis effect [1,9].

Ultrasound has been widely utilized in cleaning lenses,
jewellery, semiconductor wafers and steel strips [1,7].
Ultrasonic cleaning utilizes the cavitation phenomenon,
which produces turbulence and high shear velocities that
dislodge particles from the membrane surface [9]. In com-
parison to the conventional cleaning methods, ultrasoni-
cation has several advantages such as high flux recovery,
no chemical waste generated and an in situ operation is
made possible [11]. However, ultrasonic irradiation is not
economically attractive due to its high-energy consump-
tion. In the literature, ultrasonic frequencies ranging from
70 to 1062 kHz were utilized in cleaning fouled ceramic
membranes [12] while 42 kHz was applied in cleaning
fouled polyvinylidene fluoride (PVDF) hollow fibre mem-
branes [2]. Meanwhile, an ultrasonic power of 19 W was

© 2013 Taylor & Francis
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2930 M.-W. Wan et al.

used for cleaning silica-fouled ceramic membranes [8] and
375 W was applied for cleaning hollow-fibre ultrafiltration
membranes [1]. Due to the high ultrasonic frequency and
power applied in previous studies, current investigations
focused on finding ways to decrease the energy require-
ment by optimization, pulsation and combining ultrasonic
irradiation with other cleaning methods such as hydraulic
and chemical cleaning. Previous studies have focused in
modifying the feed characteristics, membrane properties
and operating temperature in order to enhance the use
of ultrasound in membrane cleaning. On the other hand,
the pulsation method, which is not widely studied, has
shown potential on reducing the power consumption but
its performance is slightly ineffective compared to con-
tinuous ultrasonic cleaning [12]. In addition, combining
ultrasonic cleaning with backwashing, forward flushing and
chemical cleaning further enhances the membrane cleaning
efficiency [2,6].

Numerous studies have been performed in optimizing
the membrane cleaning process using ultrasonic irradiation
in terms of altering the power intensity, feed characteris-
tics, colloidal particle size and ultrasonic frequency. Only a
few studies on ultrasonic irradiation were done regarding
a reduction of power consumption as well as the com-
bined methods of ultrasonic and hydraulic cleaning. In
this study, a new approach to reducing the energy con-
sumption of membrane ultrasonic cleaning is investigated.
The low to high power shift (LHPS) method (i.e. ultra-
sonic cleaning will start from a lower power then to its
optimum power) is utilized and its performance will be
compared to the pulsed method in ultrasonic membrane
cleaning.

The experiments were performed using a dead-end
microfiltration set-up with an ultrasonic probe system, to
investigate the capability in cleaning fouled polyethersul-
fone (PES) and PVDF by ultrasonic irradiation. The effect
of ultrasonic power and pulse duration on the permeate flux
recovery was examined. In order to reduce power consump-
tion, the efficiency of applying LHPS and pulse duration
method was evaluated against continuous ultrasonic irra-
diation. In addition, the effectiveness of various cleaning
methods such as backwashing, forward flushing and ultra-
sonic irradiation combined with hydraulic cleaning was also
studied.

2. Experimental
2.1. Chemicals and equipment
Bentonite and Al2(SO4)3 were procured from Sigma–
Aldrich (USA) while HCl (37% fuming) and NaOH pellets
(99% purity) were obtained from Merck (Germany). All
reagents were of analytical grade and used without further
purification.

GE Osmonics manufactured the PES and PVDF mem-
branes with nominal pore size of 0.45 μm, effective area

of 1.96 × 10−3 m2 and 5.0 cm diameter. Turbidity of the
synthetic raw water was measured using Hach 2100P tur-
bidimeter. The average particle size as well as the particle
size distribution curve was obtained using the Malvern 2000
particle size analyser. The surface morphology of fresh and
fouled membranes was examined using a scanning electron
microscope (SEM S-4800 Hitachi, Japan).

2.2. Preparation of synthetic raw water (clay solution)
Synthetic raw water was prepared by adding 20 g bentonite
to 2 L of tap water. It was stirred at 200 rpm for 15 min to
uniformly distribute the particles, and the mixture was left
for 24 h. Approximately 1.8 L of supernatant was decanted
and vigorously agitated at 200 rpm for 10 min. The sus-
pension was used as stock solution. About 200 mL of the
bentonite stock solution was diluted to 2 L with tap water.
The general characteristics of the synthetic raw water are
shown in Table 1.

2.3. Dead-end microfiltration system
The dead-end microfiltration set-up used in this study is
shown in Figure 1.

The set-up is composed of a feed tank, membrane,
stirrer, ultrasonic probe, permeate tank, electronic scale,
computer and vacuum pump. The feed tank, which is made
of Plexiglas, has a 12 L capacity. The stirrer is used during
coagulation and flocculation of synthetic raw water. Subse-
quent to flocculation, it is continuously operated at 30 rpm
to keep the flocs suspended. A horn-type ultrasonic probe
(Sonicator3000, Misonix, USA), is positioned about 2.5 cm
above the membrane surface. The feed water passes through
the membrane using the vacuum pump operated at constant
50 kPa. The permeate was drawn from the membrane using
vacuum suction produced by the vacuum pump (Stainless
Vacuum Pump 60 Hz Rocker 400), where the pressure could
be controlled digitally. The permeate enters the tank, which
was placed over an electronic balance (High Precision Bal-
ance BH-3000 Series). The electronic scale measures the
cumulative mass of the permeate, and then transmits it to a
computer where it is recorded at specific time intervals.

Table 1. Characteristics of synthetic raw water.

Parameters

Turbidity (NTU) 160 ± 10
pH 8.2–8.4
Conductivity (μS m−1) 358.37
TDS (mg L−1) 241.07
TSS (mg L−1) 201.80
Total Hardness (mg L−1) 185.08
Ca2+ (mg L−1) 51.60
Mg2+ (mg L−1) 13.61
K + (mg L−1) 17.96
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Environmental Technology 2931

Figure 1. Schematic diagram of the ultrasound and dead-end microfiltration experimental set-up.
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Figure 2. Particle size distribution of flocs under 0 and 5 mg L−1

Al2(SO4)3 concentration.

2.4. Determination of flux recovery
The experiment consists of 5 stages: coagulation and floccu-
lation, initial clean water flux, fouling, membrane cleaning
and final clean water flux.

2.4.1. Coagulation and flocculation of synthetic raw
water

About 8.0 L of synthetic raw water was placed in the feed
tank. The temperature and pH of the feed water were main-
tained at 25◦C and pH 7.0 ± 0.1 using 0.5 N NaOH and
0.5 N HCl. About 5 mg L−1 of Al2(SO4)3 was added and
stirred at 200 rpm followed by slow mixing at 30 rpm. The
particle size distribution of non-coagulated and coagulated
(5 mg L−1Al2(SO4)3) raw water is shown in Figure 2.

In raw water, the particle sizes range from 0.48 to
13.18 μm. Upon addition of Al2(SO4)3, an enlargement of

particles was observed with a corresponding shift in the
distribution curve in the range from 4.37 to 316.23 μm.

2.4.2. Initial clean water flux
The membranes were stabilized by passing deionized (DI)
water through the membrane for 5 min or until the flux
became constant. The operating pressure was maintained at
50 kPa. The steady-state flux represents initial clean water
flux.

2.4.3. Fouling
Fouling of the membrane was carried out for 15 min using
the coagulated synthetic bentonite solution, maintaining
a trans membrane pressure of 50 kPa. Preliminary exper-
iments were performed (Figure 3), where the optimum
dosage of 5 mg L−1 Al2(SO4)3 for coagulation/flocculation
and microfiltration showed that after 15 min of fouling, the
permeate flux became constant.

2.4.4. Membrane cleaning
2.4.4.1. Ultrasonic cleaning. The fouled membrane was
placed in a DI water bath and ultrasonically cleaned for
5 min at 25◦C using a probe type sonicator. Preliminary
experiments were carried out; where 5 min is the short-
est cleaning time that would recover the permeate flux
(Figure 4).

The effect of ultrasonic power and pulse duration on per-
centage flux recovery was examined by varying the power
from 3 to 24 W and pulse duration from 1 to 10 s, respec-
tively. A blank experiment was carried out by submerging
the fouled membrane in DI water for the same cleaning time
of 5 min.

The effect of LHPS was done by setting the ultrasonic
cleaning at low power in the range of 3 to 9 W for 2.5 min
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2932 M.-W. Wan et al.

followed by membrane cleaning at optimum ultrasonic
power for 2.5 min.

2.4.4.2. Combined cleaning. Forward flushing and
backwashing were combined with ultrasonic cleaning,
where same method and conditions for fouling and cleaning
were applied. Forward flushing and backwashing utilized a
flow rate of 0.5 L min−1 of the permeate water for 1 min.

2.4.4.3. Final clean water flux. DI water was allowed
to pass through the cleaned membranes for 5 min or until
steady-state flux was achieved. This would represent the
final clean water flux.

2.5. Calculation of flux recovery
The permeate flux recovery was calculated using
Equation (1):

%recovery = Jfw

Jiw
× 100 (1)

(a)

(b)

Figure 3. Permeate flux under different Al2(SO4)3 concentration
using (a) PES and (b) PVDF membrane.

where Jiw is the initial water flux (m3/m2 s), which is
determined by filtering DI water until constant flux is
achieved. Meanwhile, Jfw is the final water flux (m3/m2

s), which is obtained by passing through DI water in the
fouled membrane after removal of the cake formed on the
membrane.

3. Results and discussion
3.1. Effect of ultrasonic power
In order to study the effect of ultrasonic power on flux
recovery, membrane cleaning was performed under vary-
ing power from 3 to 24 W with a sonication time of 5 min.
As shown in Figure 5, there is an increase in the permeate
flux recovery with an increase in ultrasonic power.

As the power applied to the membrane system was
increased, a high-pressure amplitude of the sound wave is

Figure 4. Permeate flux recovery of PES and PVDF using
different ultrasonic cleaning time.

Figure 5. Effect of ultrasonic power on permeate flux recovery
of PES and PVDF membranes.
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Environmental Technology 2933

Figure 6. SEM images: (a) unfouled PES; (b) cleaned PES at 15W; (c) unfouled PVDF; and (d) cleaned PVDF at 15 W.

created, causing an increase in the number of cavitation bub-
bles formed and greater size of cavitation zone [7,13,14].
There is also an increase in the hydrodynamic turbulence
caused by the high intensity of the implosion of bubbles.
This is due to the greater number of bubbles that are able
to collapse and an increase in the absorption of the acoustic
energy of the system [7,15].

There is no significant increase observed in the flux
recovery when the power applied is greater than 15 W.
Instead, a slight decrease in permeate flux recovery is
observed when power applied on membrane cleaning is
higher than 15 W. This could be due to the excess power
applied generating smaller particles that could block the
membrane pores, causing a decrease in the permeate flux.

During the application of low ultrasonic power to the
fouled membrane, PVDF has a slightly higher flux recov-
ery over PES. This indicates that ultrasound at low power
can only remove particles on the top most layer of the fouled
material but it cannot fully remove the particles on the mem-
brane surface. Upon the application of high power of 12 W
or greater, PES has attained a higher flux recovery compared
to PVDF, implying that PVDF is more difficult to clean.

Figure 6 shows the surface morphology of PES and
PVDF, both clean and fouled. The PVDF membrane
exhibits a rough and irregular morphology while the PES
membrane has a smoother surface.

A rough surface would produce more tangential col-
loidal forces that could help immobilize other particles
onto the membrane [16]. Surface roughness of a membrane
also enhances the attachment of the colloidal particles onto

the surface either through an increase in the attachment
rate between colloidal particles (coagulation) or between
a particle and the surface (deposition). Preferably, the col-
loidal particles accumulate and deposit in the ‘valleys’
of rough membranes [17]. In addition, a rough surface
would provide greater contact area that would increase the
rate of attachment by providing more opportunity for the
particle to deposit onto the membrane surface [16]. All
these effects contribute to severe fouling of a membrane
with an irregular and rough surface. From Figure 6(b), the
application of ultrasonic irradiation using 15 W was suf-
ficient to restore the fouled PES membrane. On the other
hand, Figure 6(d) illustrates that the membrane pores of
PVDF remain clogged and some particles are still attached
on the membrane surface even after ultrasonic cleaning.
Therefore, PVDF proves to be more difficult to clean over
PES.

3.2. Effect of power shift
According to the previous section, the optimum ultrasonic
power in membrane cleaning is 15 W. In order to determine
the effect of the power shift on the permeate flux recovery of
the membrane a low ultrasonic power was combined with
15 W. The total applied sonication time is 5 min, where low
power is applied for the first 2.5 min followed by the 15 W
ultrasonic power for the succeeding 2.5 min. The combi-
nation of low to high power may significantly reduce the
power consumption of the ultrasonic unit.
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2934 M.-W. Wan et al.

Table 2. Comparison of the permeate flux recovery
of PES and PVDF membranes using LHPS and HLPS
methods.

Power shift % permeate flux recovery

LHPS HLPS
PES PVDF PES PVDF

3–15 W 78.78 67.33 63.19 67.21
6–15 W 85.07 73.78 73.75 69.33
9–15 W 88.15 73.79 80.01 72.05
Continuous 15 W 93.97 74.78 93.97 74.78

Table 2 shows the effect of low to high power shift
(LHPS) and high to low power shift (HLPS) on the permeate
flux recovery.

In PES using the LHPS method, the permeate flux recov-
ery was observed to increase as the applied low power
was increased from 3 to 9 W. The combination of 9–15 W
provided the highest flux recovery of 88.91%, which is
still inferior in comparison to the 93.97% flux recovery
obtained using constant 15 W ultrasonic cleaning. On the
other hand, cleaning PVDF membrane provided almost sim-
ilar values of 73.79% flux recovery using LHPS (9–15 W)
with the 74.78% flux recovery obtained from continuous
15 W ultrasonic cleaning. This implies that despite any type
of ultrasonic cleaning method used, PVDF proved to be
more difficult to clean due to its rough, irregular surface
in comparison to PES. In Figure 7, the SEM images of
PES membrane after ultrasonic cleaning using continuous
(15 W) and LHPS (9–15 W) method are shown.

The surface of the cleaned membrane using LHPS
method (Figure 7(b)) appeared to have some particles that
are still attached onto the membrane surface. On the other
hand, application of continuous ultrasonic cleaning at 15 W
caused the appearance of clear pore structure of the mem-
brane (Figure 7(a)). A constant application of 15 W for
5 min was sufficient enough to break up, disperse and
completely remove the fouling from the membrane surface.

A HLPS method was also utilized in membrane clean-
ing and its efficiency is compared to the LHPS method. A
similar trend with the LHPS method was observed, as the

low power was increased, the permeate flux recovery also
increases. From Table 2, it is evident that LHPS is a more
effective method of membrane cleaning in comparison to
HLPS due to its higher permeate flux recovery.

In PES, the flux recovery using 15 W ultrasonic clean-
ing is 5.06% higher compared to the LHPS method that
utilized a combination of 9–15 W. The power combination
of 9–15 W only utilized 80% of the total power used by the
constant 15 W ultrasonic cleaning. Although the difference
in power saving is larger when compared to the difference in
flux recovery, it cannot be concluded that 9–15 W is a more
cost-effective method. Other parameters should be consid-
ered regarding the microfiltration cycle such as pumping
cost and membrane life span. Meanwhile, in PVDF, simi-
lar flux recovery values of 73.79, 72.05 and 74.78% were
obtained using LHPS, HLPS and continuous 15 W cleaning,
respectively.

3.3. Effect of pulse duration
Another economical method to mitigate membrane foul-
ing is the intermittent use of ultrasonic energy [18]. In
this experiment, 15 W of ultrasonic power is intermittently
applied under varying pulse duration from 1 to 10 s, with
constant 5 s pulse interval with a total cleaning time of
5 min. Figure 8 shows the effect of pulse duration on the per-
cent flux recovery at a constant pulse interval of 5 s. It could
be observed that the permeate flux recovery increases as the
pulse duration was increased caused by longer ultrasonic
cleaning time.

The flux recovery becomes constant at pulse duration
of 5 s, where further increase in the pulse duration has
insignificant effect on the flux recovery. The maximum flux
recovery using intermittent pulsed ultrasonication is 83.65
and 73.29% for PES and PVDF, respectively. In PES, the
efficiency in flux recovery using intermittent ultrasonica-
tion is inferior in comparison to that of the continuous and
LHPS ultrasonic method, which makes it the least effective
method. However, in PVDF, 73.29% flux recovery using
pulsed ultrasonication is almost similar in value to that
of continuous 15 W (74.78%), LHPS (73.79%) and HLPS
(72.05%). This indicates that regardless of the ultrasonic

Figure 7. SEM micrograph of cleaned PES membrane using (a) continuous 15W and (b) LHPS at 9–15 W.
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Environmental Technology 2935

Figure 8. Effect of pulse duration on flux recovery for PES and
PVDF membrane.

Table 3. Flux recovery of the fouled PES and PVDF
membranes after cleaning using combined ultrasonication
and hydraulic cleaning.

% flux recovery

Cleaning method PES PVDF

Backwashing 61.51 41.30
Forward flushing 66.43 54.72
Ultrasonic at 9 W 59.73 62.99
Ultrasonic at 9 W + backwashing 79.07 73.67
Ultrasonic at 9 W + forward flushing 74.39 60.55
Ultrasonic at 15 W 93.97 74.88
Ultrasonic at 15 W + backwashing 93.78 74.21
Ultrasonic at 15 W + forward flushing 81.51 73.00

cleaning method applied; almost the same flux recovery
values were obtained.

3.4. Ultrasonic cleaning combined with hydraulic
cleaning

In order to compare the efficiency of different cleaning
methods, PES and PVDF membranes were fouled for
15 min using pre-coagulated bentonite solution. The mem-
branes were cleaned using different methods for a total
of 5 min for each cleaning process. The effectiveness of
membrane cleaning by several methods like backwash-
ing, forward flushing, ultrasonic irradiation or combination
method (ultrasonication and backwashing, ultrasonication
and forward flushing) was examined and the results in terms
of flux recovery are listed in Table 3.

Forward flushing and backwashing both yield low flux
recovery where backwashing appears to be the least effec-
tive method of membrane cleaning for PES and PVDF.
This result is contrary to previous studies where backwash-
ing is a more effective method than forward flushing in
cleaning the fouled ultrafiltration polysulfone membrane

used to treat a water reservoir in China and reclamation
of municipal wastewater [19]. In backwashing, the back-
wash water flows against the direction of the permeate,
where pores are cleaned and flushed from inside out, which
removes particles clogged within the membrane pores [20].
Whereas, forward flushing brings the feed water forward
to the membrane in order to remove any cake formation.
In this study, the slightly higher recovery of forward flush-
ing over backwashing may be due to the pre-coagulation
method (5 mg L−1 Al2(SO4)3) performed before the micro-
filtration step. The enlargement of the bentonite particles
due to coagulation favours the deposition of cake layer over
pore blocking. During backwashing, the permeate water
may have difficulty in penetrating the cake layer, which
is usually dense and non-porous, on the membrane surface
since less water could have push through the membrane
pores from the permeate side [21]. In addition, the back-
flow water from the permeate to feed side causes expansion
and fluidization of the cake layer [20], where the detached
particles could redeposit on the membrane surface. On the
other hand, forward flushing provides surface shear force
through pumping of the permeate water on the feed side,
where cross-flow velocity causes the cake layer to be flushed
away from the membrane [20,22]. In addition, the total dura-
tion of hydraulic cleaning was only 1 min, which indicates
that the cleaning time might be insufficient for backwash-
ing to effectively remove membrane fouling. As shown in
Figure 9, the SEM micrograph of the cleaned PES using
backwashing has a few particles left on the membrane sur-
face when compared to the clear pore structure of PES that
was cleaned using forward flushing.

Ultrasonic cleaning at 9 W provided flux recovery of
59.73 and 62.99% for PES and PVDF, respectively. The
permeate flux recovery of ultrasonication at 9 W signifi-
cantly improved when combined with hydraulic cleaning.
However, the combination of ultrasonic irradiation with
backwashing provided a higher flux recovery over ultra-
sonic irradiation combined with forward flushing. The
application of ultrasound has loosened the cake layer, and
then backwashing lifted and removed the loosened and
trapped particles from the membrane surface and within its
pores [2,21]. Meanwhile, similar values of permeate flux
recovery were obtained for ultrasonic irradiation (15 W)
and ultrasonic irradiation (15 W) plus backwashing for PES.
In addition, similar flux recovery values were achieved as
well for ultrasonic irradiation (15 W), ultrasonic irradia-
tion (15 W) plus backwashing and ultrasonic irradiation
(15 W) plus forward flushing for PVDF. This indicates
that ultrasonication (15 W) alone can effectively remove
the foulants on the membrane and within its pores, where
the aid of backwashing (for PES and PVDF) and forward
flushing (for PVDF) is not necessary. Meanwhile, the com-
bination of forward flushing with ultrasonication at 15 W
(for PES) and 9 W (for PVDF) caused a decrease in the
permeate flux. The application of ultrasonication causes
the cake layer to loosen and break into smaller particle
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Figure 9. SEM images of fouled PES membrane cleaned by (a) forward flushing and (b) backwashing.

sizes [2]. As forward flushing was applied, the smaller par-
ticle sized-foulants were brought towards the feed side of
the membrane surface, which led to clogging of the mem-
brane pores [20,23]. Thus, combination of ultrasonication,
at 15 W for PES and 9 W for PVDF, with forward flush-
ing became disadvantageous. In addition, flux recovery
of 73.67% attained using ultrasonic irradiation (9 W) plus
backwashing has very similar values with those obtained
from ultrasonic irradiation (15 W) and its combination with
backwashing and forward flushing, which validates the dif-
ficulty in cleaning PVDF. Contrary to the results of previous
investigations, this study has deduced that combination of
hydraulic cleaning with ultrasonication does not always
provide good impact on the flux recovery.

4. Conclusion
In order to reduce the fouling of polymeric microfiltra-
tion membrane, ultrasonic cleaning was utilized and its
effects in improving the filtration process through permeate
flux recovery was examined. Two polymeric membranes,
PES and PVDF, were utilized in a dead-end microfiltra-
tion to investigate the effect of ultrasonic irradiation on
membrane cleaning. Results showed that there is signifi-
cant improvement on the recovery of permeate flux as the
applied ultrasonic power and pulse duration were increased.
The improvement in permeate flux recovery is attributed
to longer cleaning times and an increase in the number of
cavitation bubbles and acoustic energy in the system. In
continuous ultrasonic cleaning, results show that the mem-
brane can be effectively cleaned at an ultrasonic power of
15 W. The optimal power of 15 W was combined with low
ultrasonic power in order to determine the effects of LHPS
and HLPS on the permeate flux recovery. LHPS has greater
permeate flux recovery compared to HLPS, implying that
the top layer of the cake formed could be removed using
low ultrasonic power. In the LHPS method, the highest flux
recovery achieved was 88.91% in cleaning PES at 9 W for
2.5 min followed by 15 W for 2.5 min. A PES membrane
has better flux recovery over PVDF due to the inherent
rough surface of PVDF. Surface roughness causes severe

membrane fouling due to increase in the rate of particle
attachment onto the membrane surface.

The combined method of ultrasonic cleaning (9 W) and
backwashing proved to be the most effective in the recov-
ery of permeate flux while backwashing alone was the least
effective method. The combination of ultrasonic (15 W)
cleaning and backwashing provided no significant improve-
ment in flux recovery when compared to ultrasonic cleaning
at 15 W. Meanwhile, ultrasonic (15 W) cleaning combined
with forward flushing causes the permeate flux to decline.
Overall, combining ultrasonic and hydraulic cleaning does
not always have a positive effect on the permeate flux
recovery.
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