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Abstract 
In the present study, the influence of MLSS 
concentration on membrane fouling mechanisms was 
investigated.  The resistance series model with different 
steps of fouling removal was applied to estimate fouling 
resistance in each experiment.  The results showed that 
membrane total fouling resistance had a positive 
correlation with MLSS concentration under supra-
critical flux operation, while there was no significant 
change in total resistance with MLSS variation under 
sub-critical flux.  In contrast, the MLSS increasing 
resulted in the pore fouling enlargement under sub-
critical flux operation.  The higher the MLSS was, the 
greater the cake fouling resistance was observed under 
supra-critical flux operation.   
 

1.  Introduction 
One disadvantage of the activated sludge process is the 
difficulty of separating suspended matter from the 
effluent by settling [1] which requires large-size tanks 
[2].  Over the last decades, a modification of the 
conventional activated sludge process using submerged 
membranes technology called submerged membrane 
bioreactor (SMBR) has been used to separate the 
effluent, replacing sedimentation, which reduces the 
plant size due to the absence of settling tanks.  It has  

 
 
 
 
 
 
 
 
 
been shown that all microorganisms from wastewater 
were retained and treated effectively by this SMBR 
system.  Although their several advantages are well 
recognized, the SMBR process also has as its principal 
limitation on membrane fouling, which causes permeate 
flux decline and necessitates frequent cleaning and/or 
replacement of membranes. 
 In the SMBR process, direct contact between 
membrane and mix liquor sludge is inevitable and 
causes membrane fouling attributed to deposition and 
interaction between sludge and membrane surfaces.  
However, the effects of MLSS on membrane fouling 
are not yet fully understood and controversial reports 
about the effects of this parameter have been presented.  
Magara and Itoh (1991) [3] reported that membrane 
fouling took place more rapidly at higher MLSS 
concentration similar to the study of Sato and Ishii 
(1991) [4].  Chang et al. (2002) [5] also came to the 
same conclusion.  On the other hand, some author have 
claimed that sludge concentration is not a main 
influencing factor or has little impact on membrane 
fouling [6].   

Besides, Lee et al. (2003) [7] suggested that 
higher MLSS concentration is beneficial to fouling 
control.  An exponential relationship between MLSS 
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every minute on the PLC device.  After finishing each 
test, the membrane surface was cleaned with soft 
sponge, which was adopted to ensure removal of sludge 
particles from the membrane surface and a chemical 
cleaning of 0.5% sodium hypochlorite was proceeded in 
place to remove irreversible fouling from membrane 
pore blocking.  Then the next test was continued.  

2.3 Membrane fouling analysis 
The degree of membrane fouling was 

quantitatively calculated, using the resistance series 
model [9]: 

       Rt    =   P/J  =     Rm + Rc + Rp        (1) 

where J is the permeate flux (m3/m2.s), P the TMP 
(Pa),  the viscosity of the permeate (Pa.s), Rt the total 
filtration resistance (1/m), Rm membrane resistance 
(1/m), Rc cake resistance (1/m) and Rp pore resistance 
(1/m). 

In this study, membrane cake fouling was 
assumed to be reversible fouling and readily removable.   

 

 
 
 
 
 
 
 
 
 

Figure 2 Steps to measure filtration resistance 
 

 On the other hand, colloids and dissolved 
material from the supernatant was assumed to cause 
pore blocking that could only be removed by chemicals 
and so called irreversible fouling [10].  The filtration 
resistance was measured step by step as follows (Figure 
2), and calculated using equation (1). 
 

3. Results and discussion  
3.1 Determination of critical flux through 90% 
permeability 

According to the permeability definition in 
equation 2, critical flux can be defined at the maximum 
flux for which K remains linear.  

 Permeability of the system:       K    =   J/P     (2) 

where J is the permeate flux, P the trans-membrane 
pressure (TMP), K the permeability. 
 

Le Clech et al. (2003) [6] assumed critical 
flux to be the flux at which permeability decreases to 
below 90% of the permeability recorded for the first 
filtration step.   

 
Figure 3 Permeability at step heights 2 L/m2h and 15 
min step length (MLSS 6.3 g/L, aeration 50 L/min) 

0
20
40
60
80

100
120
140

0 4 8 12 16 20 24 28

Pe
rc

en
tag

e o
f p

er
me

ab
ilit

y (
%

)

Flux (L/m2.h)

Step size 2 L/m2.h - Step duration 15 mins

Last flux ≥ 90% permeability

First flux ≤ 90% permeability

Rinternal  =  Rp  + Rm 

Rm  = Clean membrane resistance 

Clean water flux test 

Activated sludge  
fouling test 

Removal of the cake layer on 
membrane and repetition of  

clean water filtration 

 and   Rt – Rinternal  = Rc 

Chemical cleaning to remove foulants 
from membrane pore 



วิศวกรรมส

 
 

 

mean of t
0.9K0 and
two value
boundarie
showed th
fluxes. 

3.2 Effect

were exam
total fouli
MLSS un
increase o
gaining o
critical flu

Fi

shear cre
mode was
fouling be
effect of M

0
1
2
3
4
5

To
tal

  fo
uli

ng
 re

sis
tan

ce
 (1

/m
)

ML

ารฉบบัวิจยัและพั

Therefore, the 
the maximum 
d the subseque
es, respectively
es of the critic
he example tren

 
t of MLSS on 

The impact of
mined and show
ing resistance d
nder sub-critic
of MLSS had 

of total fouling
ux operation.  

igure 4 MLSS 
 
This finding m

eated by air b
s adequate to m
ehaviors reduci
MLSS increase

.E+00

.E+11

.E+11

.E+11

.E+11

.E+11

S

LSS 3.1 g/L

พฒันา ปีท่ี 24 ฉบั

 critical flux ca
 flux at which 
ent flux-step v
y, represent the
cal flux region
nd of permeab

 total membra

f MLSS on M
wn in Figure 4
did not vary wi
cal flux oper
 positive relat
g resistance on

 and total foulin
 

may suggested t
bubbles under 
maintain a ver
ing the effect o
e on the gainin

Supra-Jc

Operational c

MLSS 6.3 g/L

บบัท่ี 2 พ.ศ. 2556

an be taken as t
 K is higher th

value, since the
e lower and upp
n [11].  Figure
ility and impos

ne fouling 

MBR total fouli
4.  From Figure
ith the increase
ation, while t
tionship with t
nly under sup

ng resistance 

that the impact
sub-critical fl

ry low membra
of MLSS.  Sev
ng of total fouli

Sub-Jc

onditions 

L MLSS 9.2

6   RESEARCH A

65 

the 
han 
ese 
per 
e 3 
sed 

ing 
e 4, 
e of 
the 
the 

pra-

 

t of 
flux 
ane 

vere 
ing 

pr
cr

m
re
ex
wi
na
an
fo
ve
Sa
ob

3.

po
5. 
re
su
fo
lev

2 g/L

AND DEVELOPM

ropensity was 
ritical zone ope

The im
membrane fouli

search groups
xisting studies 
ith increasing M
ature of the 
naerobic).  H
ouling was inde
ery high value
anderson (1996
bserved for slud

 
3 Effect of ML

The ef
ore fouling was
  Results in Fi
sistances were

upra-critical flu
ouling resistanc
vels.   

Figure 5 M

0.E+00
1.E+10
2.E+10
3.E+10
4.E+10

Po
re

  fo
uli

ng
 re

sis
tan

ce
 (1

/m
)

MLSS 3.1 g

MENT JOURNA

clearly showed
ration. 

mportance of b
ing has been 
. The general
was that mem

MLSS concent
biological pro
owever, some

ependent of ML
e was reached
6) [14] showed
dge concentrati

LSS on membr

ffect of activat
s also investiga
igure 5 illustra
e higher unde
ux operation.  
ces happened 

MLSS and pore

Supra-Jc

Operati

g/L MLSS 

AL VOLUME 24 N

ed only under 

biomass concen
 recognized b
l consensus a

mbrane fouling
tration, depend
ocess (e.g. ae
e studies rep
LSS concentrat
d [12-13].  M
d that some fo
ions between 5

rane pore foul

ted sludge on 
ated and shown
ates that the po
er sub-critical 
Besides, the h
with the high

e fouling resist

Sub-Jc

inal conditions

 6.3 g/L ML

NO.2, 2013 

the supra-

ntration on 
by several 
among the 
g increased 
ding on the 
erobic and 
orted that 
tion until a 

Manem and 
ouling was 
5 -12 g/L. 

ling 

membrane 
n in Figure 
ore fouling 

flux than 
higher pore 
her MLSS 

 

ance 

s 

LSS 9.2 g/L



วิศวกรรมส

 
 

 

resistance
the findin
other han
pore foul
discrepan
membrane

3.4 Effect

with diffe
fouling re
the increa
critical fl
cake resis
be express

where Rc
cake resi
biosolids 
(m2) and w

Fig

0.E+
1.E+
2.E+
3.E+
4.E+

Ca
ke

  fo
uli

ng
 re

sis
tan

ce
 (1

/m
)

MLS

ารฉบบัวิจยัและพั

The positive c
e and MLSS fo
ngs of several p
nd, some other
ling was indep
cy is likely 
e and sludge ch

t of MLSS on 
Figure 6 show

erent MLSS co
esistance occu
ase of MLSS c
ux operation. 
stance (Rc) an
sed by the follo

RC    =   VCb

 is cake resista
stance, V a p
 concentration 
w is a mass of d

gure 6 MLSS an

+00
+11
+11
+11
+11

Sup

O

SS 3.1 g/L

พฒันา ปีท่ี 24 ฉบั

orrelation betw
ound in this stu
previous studies
r study showed
pendent of M
due to the d
haracteristics.  

 membrane ca
wed the cake f
oncentrations. 

urred and incre
concentration o
 The relations

nd the sludge c
owing Equation

b/Am  =     w 

ance (1/m),  
permeate volum
 (kg/m3), Am
dry solids per u

nd cake fouling

pra-Jc

Operatinal con

MLSS 6.3 g/L

บบัท่ี 2 พ.ศ. 2556

ween pore fouli
udy concurs w
s [15-16].  On t
d that membra

MLSS [17].  T
difference in t

ke fouling 
fouling resistan
 Obviously, ca
eased along w
only under sup
ship between t
concentration c
n [15]: 

    (3) 

 (m/kg) a speci
me (m3), Cb t

m is surface ar
unit area (kg/m

g resistance 

Sub-Jc

ditions 

MLSS 9.2 g

6   RESEARCH A

66 

ing 
with 

the 
ane 
The 
the 

nce 
ake 

with 
pra-
the 
can 

ific 
the 
rea 

m2).  

 

Cb

ex
ef
ef

4. 

co
in
ste
re
m
in
op
un
re
on
w
al
co

5. 
Th
of
 
R
[1

[2

g/L

AND DEVELOPM

Thus, t

b), the greater
xpected and the
ffect on memb
fficiency reduct

 Conclusions 

In the 
oncentration on
nvestigated.  Th
eps of fouling r
sistance in eac

membrane total 
ncrease of M
peration and no
nder sub-critica
sistance occurr

nly under sub-
as clearly obse
so showed a 

oncentration. 
 

 Acknowledge
he author woul
f Technology K

eferences 
] L. Benefi

process de
Englewood

2] L. Defran
constituent
bioreactor 
2000, pp. 1

MENT JOURNA

the higher the M
r the cake fou
e increase in M
rane filterabili
tion.  

present study,
n membrane f
he resistance se
removal was ap
ch experiment. 
 fouling resist
LSS only un
o significant ch
al flux.  The e
red significantl
-critical flux.  
erved only und

positive corre

ement 
ld like to thank

Krungthep for th

ield and C.W
esign for wast
d Cliffs, NJ: Pre
ce, et al., “C
ts of activated
fouling”, Biore

105-112. 

AL VOLUME 24 N

MLSS was (or 
uling resistanc

MLSS also had 
ity, resulting in

, the influence
fouling mechan
eries model wit
pplied to estim
  The results sh
tance increased
nder supra-cri
change in total 
enlarged of po
ly with MLSS 
 Cake fouling 

der supra-critica
elation with t

k Rajamangala 
he fund of this 

W. Randall, 
tewater treatm
rentice-Hall. 
Contribution o
d sludge to 
esour. Technol

NO.2, 2013 

 the higher 
ce can be 
 a negative 
n filtration 

 of MLSS 
nisms was 
th different 
ate fouling 
howed that 
d with the 
itical flux 
 resistance 

ore fouling 
 increasing 
 resistance 
al flux and 
the MLSS 

 University 
 work. 

Biological 
ment, 1980, 

of various 
membrane 
l., Vol. 73, 



วิศวกรรมสารฉบบัวิจยัและพฒันา ปีท่ี 24 ฉบบัท่ี 2 พ.ศ. 2556   RESEARCH AND DEVELOPMENT JOURNAL VOLUME 24 NO.2, 2013 

 
 

67 
 

[3] Y. Magara and M. Itoh, “The effect of operational 
factors on solid/liquid separation by 
ultramembrane filtration in a biological 
denitrification system for collected human excreta 
treatment plants”, Water Sci. Technol., Vol. 23, 
1991, pp. 1583–1590. 

[4] T. Sato and Y. Ishii, “Effects of activated sludge 
properties on water flux of ultrafiltration 
membrane used for human excrement treatment”, 
Water Sci. Technol., Vol. 23, 1991, pp. 1601-
1607. 

[5] I-S Chang, et al., “Membrane Fouling in 
Membrane Bioreactors for Wastewater 
Treatment”,  J. Environmental Engineering , Vol. 
128, 2002, pp. 1018-1029. 

[6] P. Le-Clech, et al., “ Impact of aeration, solids 
concentration and membrane characteristics on 
the hydraulic performance of a membrane 
bioreactor”, J. Membrane Sci., Vol. 218, 2003, 
pp. 117-129. 

[7] S. Lee, et al. , “Sludge characteristics and their 
contribution to microfiltration in submerged 
membrane bioreactors”, J. Membrane Sci., Vol. 
216, 2003, pp. 217–227. 

[8] F. Meng, et al., “Identification of activated sludge 
properties affecting membrane fouling in 
submerged membrane bioreactors”,  Separation 
and Purification Technology, Vol. 51, 2006, pp. 
95-103. 

[9] M. Mulder, Basic Principles of Membrane 
Technology, 1996, Kluwer Academic Publisher.  

[10] I. Chang and C. Lee,  "Membrane filtration 
characteristics in membranecoupled activated 
sludge system—the effect of physiological states 

of activated sludge on membrane fouling",  
Desalination, Vol. 120, 1998, pp. 221–233. 

[11] G. Guglielmi, et al., "Flux criticality and 
sustainability in a hollow fibre submerged 
membrane bioreactor for municipal wastewater 
treatment", J. Membrane Sci., Vol. 289, 2007, pp. 
241-248. 

[12] Yamamoto, K., et al., Direct solid-liquid 
separation using hollow fiber membrane in an 
activated sludge aeration tank. Water Sci. 
Technol. , Vol. 21, 1999, pp. 43-54. 

[13] W. Ross, et al.,  “Application of ultrafiltration 
membranes for solid-liquid separation in 
anaerobic digestion systems: the ADUF process”, 
Water SA, Vol. 16, 1990, pp. 85-91. 

[14] J. Manem and R. Sanderson, “Membrane 
bioreactors in water treatment”, Water Treatment 
Membrane Process, 1996, McGraw-Hill: New 
York. 

[15] Y. Shimizu, et al., “Filtration characteristics of 
hollow fiber microfiltration membranes used in 
membrane bioreactor for domestic wastewater 
treatment”, Water Research, Vol. 30, 1996, pp. 
2385-2392. 

[16] H. Fang and X. Shi, “Pore fouling of 
microfiltration membranes by activated sludge”, 
J. Membrane Science, Vol. 264, 2005, pp. 161-
166. 

[17] S. Rosenberger and M. Kraume, “Filterability of 
activated sludge in membrane bioreactors”, 
Desalination, Vol. 151, 2002, pp. 195-200. 


