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Ultrasonication Effects on Ultrafiltration
Membrane Cleaning and Fouling Mitigation
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Abstract—Mitigation of fouling on hollow fiber ultrafiltration
membrane using ultrasonication has been carried out. The effects of
different contact times, at constant frequency and power of 28 kHz
and 60 Watt, respectively on membrane cleaning with and without
chemical agents were studied. Results showed that the best optimal
membrane cleaning achieved were sonicating in 15 minutes without
any chemical agents, with 57% recoveries. It should be noted that the
presence of the chemical agent increased the effectiveness of
ultrasonic cleaning compared to using water. The best combination
method recovered the initial flux to at 67% using 1M of NaOH and
10 min sonication. This is likely the consequence of expanded
cavitations movement occurring in the more surface-dynamic result.
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fouling.
Mencountered in  membrane filtration, occurs by
irreversible deposition of retained particles, colloids,
macromolecules, salts, etc. Consequently, fouling causes
significant decreased in permeate flux as a results of
concentration polarization, plugging of membrane pores and
adsorption of fouling material on the membrane surface or in
the pore walls (1).

Currently, the most common membrane cleaning
technologies for hollow fiber ultrafiltration membrane include
hydraulic backwashing, chemical cleaning, electrical cleaning
and mechanical cleaning (2). Through these methods are
satisfiable but there are some drawbacks and limitations.
Repeating back flushing in the hollow fiber membrane (3-5)
results in degradation of maximum flux and often time
consuming which could interrupt the total operation process.
Chemical cleaning involves applying strong chemicals may
damage the membrane materials and cause secondary pollution
(6). Problems with other cleaning techniques include chemical
costs, waste disposal and significant capital investments for
equipment (7).

Alternatively, ultrasound has been widely applied as a
cleaning method due to cavitation phenomena (8). Ultrasound
cleaning is the use of an aqueous medium aided by ultrasound
to remove the soluble and insoluble foreign particles through
dissolution and displacement. Ultrasound is sound transmitted
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at frequencies beyond the range of human hearing. Ultrasonic
energy is generated by piezoelectric transducer, which is
powered by a generator. Various studies have been conducted
using ultrasound as a method of mitigating membrane fouling
over the last decade. The frequency of the ultrasound driving
is an important parameter, which was mainly applied in the
range of 20 to 100 kHz to create cavitation and scrubbing
action, and power intensity was up to 1500 W. Various studies
reported the enhancement of permeate flux using ultrasound
(9-11), which attributed to phenomena related to bubble
oscillations, acoustic streaming, and heating (12,13,14), which
increase flux by affecting the concentration polarization at the
membrane surface (15). Cavitation and acoustic turbulence
generated by ultrasound are generally regarded as the major
mechanisms of detaching particles and other foulants from
membrane surfaces.

Kobayashi et al. (16) investigated the effect of permeate
flux with ultrasound irradiation at three different frequencies
of 28, 45 and 100 kHz. It should be noted that lower frequency
of 28 kHz was more effective in cleaning fouled membranes.
Similar results were obtained by Lamminen et al. (17).
Maskooki et al. (18) tested three ultrasound frequencies as
well as a combination of these both with and without a
chemical cleaning agent (ethylene-diamine-tetra-acetic-acid,
EDTA) and found that the best cleaning performance achieved
when the frequency was alternated between 28 to 45 and 100
kHz. Chu et al. (19) reported that strong turbulent eddies of
size 5 to 100 microns are induced around the collapsing
bubbles and cavitation has been known to occur more rapidly
at frequency between 20 to 40 kHz.

This study was to focused on establishing effective
membrane cleaning procedures to maintain and/or produce a
high permeate flux recovery for the hollow fiber membrane
fouling during the filtration process of activated sludge
solution. The cleaning procedures which, incorporated
chemical (alkaline solutions), physical (backwashing and
ultrasonic application) were conducted at room temperature.

A schematic diagram of the experimental setup was shown
in Figure 1, where the feed solution was circulated in the tank
by using peristaltic pump. During the experimental run, the
retentates was recycled back to the feed tank. Permeate was
collected and the volumes recorded for every 20 min interval
for permeate flux calculation. It was subsequently poured back
to the feed tank to maintain constant volume of the feed tank.
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Fig. 1: Cleaning transducers for membrane fouling mitigation.

1. LITERATURE REVIEW

A. Experimental Apparatus

A plate type hollow fiber ultrafiltration membrane was used
in this study. It was connected in series of membrane bundles
with dimensions of 0.5 m height and 1.2 m width, giving an
effective membrane area of 8 m” The feed solutions were
prepared with the characteristics as mention in Table I.

TABLE I: CHARACTERISTICS OF FEED SOLUTION.

TABLE II: SPECIFICATION OF 28 KHZ 60W ULTRASONIC TRANSDUCER.

PARAMETER VALUE
Frequency (kHz) 28
Power (W) 60
Capacity 3800pt (8pzt)
Radiating surface (mm) 59
Resonance resistance (Q) 10-20
Piezo-ceramics size 38*15*5
Length (mm) 68
Power supply Input: 220V — 240V AC
Weight (g) 500g/piece

PARAMETER BULKING GRANULAR SLUDGE
SLUDGE SOLUTION
SOLUTION
Turbidity (NTU) >900 >900
TSS (mg/L) 3100 3200
pH 8.41 8.18
Oxidation reducion potential 18.1 37.7
(mV)
Conductivity (mS/m) 77 76
Dissolved oxygen (mg/L) >2.0 >2.0
Total dissolved solids (g/L) 1.8 0.77

In this study, the membrane was completely submerged in a
stainless-steel module of 40L capacity and eight units of piezo-
electric ultrasonic transducers were attached at nominal power
of 60 W output for an emission of 28 kHz each to generate
ultrasonic waves and micro-bubbles. Table Il shows the
specification of the ultrasonic transducer. The first stage
involved filtering the sludge solution for about 30 min so that
substantial decrease in the permeate flux was observed. In the
second stage, DI water was used to rinse the hollow fiber. The
membrane flux was kept constant at about 20 L/m*h. The
membrane permeate was extracted intermittently (7min
on/4min off) with a negative pressure pump and being recycle
back to the tank to maintain the water level. Trans-membrane
pressure was used as the indicator of fouling in membrane.
Cleaning of fouled membrane using sonication with and
without chemicals were investigated at the selected contact
time.
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B. Analytical Method

All activated sludge characteristics including MLSS and
MLVSS were measured according to Standard Method
(APHA, 1995). The membrane fouling was observed with
scanning electron microscope couple with energy dispersive x-
ray spectroscopy (SEM-EDX) (Thermo Scientific, accelerating
voltage of 20 kV, Universiti Putra Malaysia). Before SEM-
EDX analysis, samples were Au-Pd coated. TMP values were
also measured.

Flux decay rates were greatest at the beginning of each
operation but reduced significantly when TMP reach 30 kPa in
30 min. This indicates that fouling occurred rapidly when
membrane module was put into operation.

RESULTS AND DISCUSSION

A.Membrane Cleaning by Sonication

The effects of ultrasonication cleaning at different contact
times, at constant frequency and power of 28 kHz and 60 W,
respectively on membrane cleaning with and without chemical
agents were studied. A hollow fiber membrane was filtered
with sludge solution at high pressure (approx. 30 kPa) in 10
min to foul the membrane. Membrane filtration operated in
longer pumping time with high trans-membrane pressure
would lead to faster fouling. Membrane fouling is
characterized in general as a reduction of permeate flux
through the membrane, as a result of increase flow resistance
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due to pore blocking, concentration of polarization and cake  cake fragments on it as shown in Fig. 2 (iv).
formation. Pore blocking and cake formation can be
considered as two essential mechanisms of membrane fouling.

TABLE Ill: EFFECTS OF ULTRASONIC CLEANING TIME ON PERMEATE FLUX.

Sonicatio Initial Water flux ~ Water flux Flux
n time water flux after after recovery
(min) (L/m%min fouling ultrasonic (%)
(Um2min  cleaning
) (L/m%min
)
5 1.87 0.10 0.90 48
10 1.87 0.12 1.07 57
15 1.80 0.05 1.05 58
Table 1l shows the effects of sonication time on the

recovery of permeate flux at 5, 10 and 15 min of contact time.
Significant improvement of permeate flux were observed. The
best contact time recorded was at 10 min using water as
solution. However, increasing sonication time to 15 min,
improved flux recovery up to only 58%.

B. Membrane Cleaning by Sonication With NaOH as Cleaning
Agents

Experimental were repeated using NaOH as chemical agents
(based on the best flux recovery previously) and sonication
time at 5, 10 and 15 min, and results are presented in Table IV.
It appears that 10 min of sonication is an appropriate duration
as shorter and longer sonication durations did not give
improvement in cleaning.

TABLE IV: EFFECTS OF ULTRASONIC CLEANING TIME ON PERMEATE FLUX.

Sonicatio Water flux ~ Water flux Flux
n time NaOH before after recovery
(min) sonication ultrasonic (%)
cleaning cleaning
(Um?min)  (L/m%min)
5 1.0M 1.82 414 56
10 1.0M 1.83 5.55 67
15 1.0M 1.82 5.35 66

Acoustic cavitation, vibration and other effects generated by
ultrasound may destroy sludge floc structure and consequently
reduce the average particle size and viscosity of solution. The
best flux recovery observed was at 10 minutes with 67%
recoveries. It should be noted that the chemical agent increases
the effectiveness of ultrasonic cleaning as compared to using
water. However, the increase in water flux after cleaning might
due to increase in pore size of membrane due to high
concentration of chemical cleaning. This is likely the
consequence of expanded cavitation movement occurring in
the more surface-dynamic result.

SEM analysis was performed from the membrane surface to
verify that the flux enhancement is not due to the membrane
destruction. The SEM images shows surfaces of clean
membrane, fouled membrane, and fouled membrane after
being cleaned by sonication, chemical cleaning and by the
combination method. New membrane surface is observed to be
porous and free of particles as shown in Fig. 2 (i). The surface
of used membrane shows the presence of cake layer (Fig. 2
(ii)). Sonication cleaning removed most of the cake, and as a
result, most of the pores became open (Fig. 2 (iii)). The
membrane surface after chemical cleaning still have a lot of

I ".. l : . .\ | %}
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(iii) cleaned by sonication
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Fig. 2: SEM image of membrane surface before and after cleaning.

IV. CONCLUSION

Pore blocking fouling prevails in the early stage of filtration,
which causes a significant flux decline over time. Sonication
method can be used to clean membrane fouling effectively.
Results showed that the best removal achieved were at
sonication in 15 minutes without any chemical agents, with
57% recoveries. It should be noted that the presence of the
chemical agent increased the effectiveness of ultrasonic
cleaning compared to using water. The best combination
method recovered the initial flux to at 67% using 1M of NaOH
and 10 min sonication. Therefore, it is feasible to apply low
intensity ultrasound to improve membrane cleaning.

ACKNOWLEDGMENT

The authors gratefully acknowledge the financial and
support received for this research from the Research
University (RU) grant of Universiti Putra Malaysia (UPM).

REFERENCES

[1] X. Chai, T. Kobayashi and N. Fujii, Ultrasound-associated cleaning of
polymeric membranes for water treatment, Sep. Purif. Technol. 15 2
(1999) 139-146.

http://dx.doi.org/10.1016/S1383-5866(98)00091-4

Xu Li, Jinsong Yu, A.G. Agwu Nnanna, Fouling mitigation for hollow
fiber UF membrane by sonication, Desalination. 281 (2011) 23-29.
http://dx.doi.org/10.1016/j.desal.2011.07.049

A. Fane, Submerged membranes, in: N. Li, A. Fane, W. S. W. Ho, and
T. Matsuura, Advanced Membrane Technology and Applications, John
Wiley & Sons, 2008, pp. 239 - 268.
http://dx.doi.org/10.1002/9780470276280.ch10

S Lauterborn and W Urban, Ultrasonic cleaning of submerged
membranes for drinking water applications, Acoustics 08, Paris.

Reuter, F, R Mettin and W Lauterborn, Pressure fields and their effects
in membrane cleaning applications, Acoustics 08, Paris.

J. Li, R. D. Sanderson and E. P. Jacobs, Ultrasonic cleaning of nylon
microfiltration membranes fouled by Kraft paper mill effluent, J.
Membr. Sci. 205 1-2 (2002) 247-257.
http://dx.doi.org/10.1016/S0376-7388(02)00121-7

G. J. Price, Introduction to Sonochemistry, The Royal Society of
Chemistry, 1992, Special publication, Cambridge, 1992.

K. S. Suslick, Ultrasound: its chemical, physica, and biological effects,
1988,Vch Pub.

(2

(31

(4]

(5]

(6]

(71
(8]

http://dx.doi.org/10.15242/IJACEBS.U0516604

154

[9] Y. Matsumoto, T. Miwa, S. I. Nakao and S. Kimura, Improvement of
membrane permeation performance by ultrasonic microfiltration, J.
Chem. Eng. Jpn. 29 4 (1996) 561-567.
http://dx.doi.org/10.1252/jcej.29.561

[10] K. K. Latt and T. Kobayashi, Ultrasound-membrane hybrid processes
for enhancement of filtration properties, Ultrason. Sonochem. 13 4
(2006) 321-328.
http://dx.doi.org/10.1016/j.ultsonch.2005.05.002

[11] S. Muthukumaran, S. E. Kentish, M. Ashokkumar, G. W. Stevens,
Mechanisms for the ultrasonic enhancement of dairy whey
ultrafiltration, J. Membr. Sci. 258 1-2 (2005) 106-114.
http://dx.doi.org/10.1016/j.memsci.2005.03.001

[12] D. Chen, L. K. Weavers, H. W. Walker, Ultrasonic control of ceramic
membrane fouling: Effect of particle characteristics, Water Res. 40 4
(2006) 840-850.
http://dx.doi.org/10.1016/j.watres.2005.12.031

[13] T. Kobayashi, X. Chai and N, Fujii, Ultrasound enhanced cross-flow
membrane filtration, Sep. Purif. Technol. 17 1 (1999) 31-40.
http://dx.doi.org/10.1016/S1383-5866(99)00023-4

[14] M. O. Lamminen, H. W. Walker, and L. K. Weavers, Mechanisms and
factors influencing the ultrasonic cleaning of particle-fouled ceramic
membranes, J. Membr. Sci. 237 1-2 (2004) 213-223.
http://dx.doi.org/10.1016/j.memsci.2004.02.031

[15] H. M. Kyllénen, P. Pirkonen and M. Nystrom, Membrane filtration
enhanced by ultrasound: A review, Desalination, 181 1-3 (2005) 319-
335.
http://dx.doi.org/10.1016/j.desal.2005.06.003

[16] T. Kobayashi, Y. Hosaka, and N. Fujii, Ultrasound-enhanced
membrane-cleaning processes applied water treatments: Influence of
sonic frequency on filtration treatments, Ultrasonics 413 (2003) 185-
190.
http://dx.doi.org/10.1016/S0041-624X(02)00462-6

[17] A. Maskooki, T. Kobayashi, S. A. Mortazavi and A. Maskooki, Effect
of low frequencies and mixed wave of ultrasound and EDTA on flux
recovery and cleaning of microfiltration membranes, Sep. Purif.
Technol. 59 (2008) 67-73.
http://dx.doi.org/10.1016/j.seppur.2007.05.028

[18] W Kim, T-H Kim, J Choi and H-Y Kim, Mechanism of particle removal
by megasonic waves, Appl. Phys. Lett. 081908 94 (2009).
http://dx.doi.org/10.1063/1.3089820

[19] Chu C., Chang B., Liao G., Jean D. and Lee D., “Observation on
changes in ultrasonically treated waste-activated sludge”, Water
Research, vol 35, no.4, pp. 1038-46, 2001.
http://dx.doi.org/10.1016/S0043-1354(00)00338-9


http://dx.doi.org/10.1016/S1383-5866(98)00091-4
http://dx.doi.org/10.1016/S1383-5866(98)00091-4
http://dx.doi.org/10.1016/S1383-5866(98)00091-4
http://dx.doi.org/10.1016/S1383-5866(98)00091-4
http://dx.doi.org/10.1016/j.desal.2011.07.049
http://dx.doi.org/10.1016/j.desal.2011.07.049
http://dx.doi.org/10.1016/j.desal.2011.07.049
http://dx.doi.org/10.1002/9780470276280.ch10
http://dx.doi.org/10.1002/9780470276280.ch10
http://dx.doi.org/10.1002/9780470276280.ch10
http://dx.doi.org/10.1002/9780470276280.ch10
http://dx.doi.org/10.1016/S0376-7388(02)00121-7
http://dx.doi.org/10.1016/S0376-7388(02)00121-7
http://dx.doi.org/10.1016/S0376-7388(02)00121-7
http://dx.doi.org/10.1016/S0376-7388(02)00121-7
http://dx.doi.org/10.1252/jcej.29.561
http://dx.doi.org/10.1252/jcej.29.561
http://dx.doi.org/10.1252/jcej.29.561
http://dx.doi.org/10.1252/jcej.29.561
http://dx.doi.org/10.1016/j.ultsonch.2005.05.002
http://dx.doi.org/10.1016/j.ultsonch.2005.05.002
http://dx.doi.org/10.1016/j.ultsonch.2005.05.002
http://dx.doi.org/10.1016/j.ultsonch.2005.05.002
http://dx.doi.org/10.1016/j.memsci.2005.03.001
http://dx.doi.org/10.1016/j.memsci.2005.03.001
http://dx.doi.org/10.1016/j.memsci.2005.03.001
http://dx.doi.org/10.1016/j.memsci.2005.03.001
http://dx.doi.org/10.1016/j.watres.2005.12.031
http://dx.doi.org/10.1016/j.watres.2005.12.031
http://dx.doi.org/10.1016/j.watres.2005.12.031
http://dx.doi.org/10.1016/j.watres.2005.12.031
http://dx.doi.org/10.1016/S1383-5866(99)00023-4
http://dx.doi.org/10.1016/S1383-5866(99)00023-4
http://dx.doi.org/10.1016/S1383-5866(99)00023-4
http://dx.doi.org/10.1016/j.memsci.2004.02.031
http://dx.doi.org/10.1016/j.memsci.2004.02.031
http://dx.doi.org/10.1016/j.memsci.2004.02.031
http://dx.doi.org/10.1016/j.memsci.2004.02.031
http://dx.doi.org/10.1016/j.desal.2005.06.003
http://dx.doi.org/10.1016/j.desal.2005.06.003
http://dx.doi.org/10.1016/j.desal.2005.06.003
http://dx.doi.org/10.1016/j.desal.2005.06.003
http://dx.doi.org/10.1016/S0041-624X(02)00462-6
http://dx.doi.org/10.1016/S0041-624X(02)00462-6
http://dx.doi.org/10.1016/S0041-624X(02)00462-6
http://dx.doi.org/10.1016/S0041-624X(02)00462-6
http://dx.doi.org/10.1016/S0041-624X(02)00462-6
http://dx.doi.org/10.1016/j.seppur.2007.05.028
http://dx.doi.org/10.1016/j.seppur.2007.05.028
http://dx.doi.org/10.1016/j.seppur.2007.05.028
http://dx.doi.org/10.1016/j.seppur.2007.05.028
http://dx.doi.org/10.1016/j.seppur.2007.05.028
http://dx.doi.org/10.1063/1.3089820
http://dx.doi.org/10.1063/1.3089820
http://dx.doi.org/10.1063/1.3089820
http://dx.doi.org/10.1016/S0043-1354(00)00338-9
http://dx.doi.org/10.1016/S0043-1354(00)00338-9
http://dx.doi.org/10.1016/S0043-1354(00)00338-9
http://dx.doi.org/10.1016/S0043-1354(00)00338-9



