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Microfiltration of Activated Sludge Using Modified
PVC Membranes: Effect of Pulsing on

Flux Recovery

Dae Sik Kim, Jong Seok Kang, and Young Moo Lee*

National Research Laboratory for Membrane, School of

Chemical Engineering, College of Engineering, Hanyang University,

Seongdong-KU, Seoul, South Korea

ABSTRACT

A combined effect of backpulsing, crosspulsing, and membrane-surface

modification was investigated for the reduction of membrane fouling and

the recovery of flux for crossflow filtration. The hydrophobic poly(vinyl

chloride) (PVC) membranes were subjected to the surface modification

with N-vinyl-2-pyrrolidinone (NVP) monomer by the ultraviolet-assisted

graft polymerization to increase the surface wettability and to decrease

the adsorptive fouling. The flux was dependent on the membrane-surface

properties. The flux of the modified membrane was higher than that of the

unmodified membrane due to the increase of hydrophilicity on the

membrane surface and the more or less dilution of protein concentration
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in the sludge solution at NVP layer. The recovered fluxes of modified and

unmodified membranes, after the removal of the foulants from the

membrane surface, were about 61% and 34% of the initial flux,

respectively. These results suggest that the adhesive interactions of the

mixed liquor-suspended solid (MLSS) with the hydrophilic membrane

surfaces are weaker than those with a hydrophobic surface. To clean

foulants, backpulsing and crosspulsing were carried out. 3.6-fold and

5.6-fold enhancements of modified membranes in the average permeate

flux, in comparison with unmodified membranes, were obtained for

filtering MLSS using backpulsing alone and a combination of

backpulsing and surface modification, respectively. The average

permeate flux of surface modified membrane with backpulsing (5.6-

fold) was higher than with crosspulsing (2.8-fold), indicating that the

deposition of MLSS in the interior of the membrane pore was the

dominant fouling mechanism. The transmembrane pressure (TMP) of

modified membranes was lower than that of unmodified membrane.

Key Words: Microporous membrane; Poly(vinylchloride); N-vinyl-2-

pyrrolidinone (NVP); Sludge; Crossflow filtration; Backpulsing.

INTRODUCTION

Membrane systems have become increasingly important to the water

treatment in, for instance, the pharmaceutical, biotechnology, and food and

beverage industries. A major obstacle to further incorporation of membrane

process in industrial operation is flux decline resulting from fouling through

the adsorption of a solute within pores. In water treatment applications

involving colloids, microbes, and undissolved hydrocarbons, the foulants are

often adhesive and exhibit fouling due to hydrophobic interaction, hydrogen

bonding, van der Waals attraction, extracellular macromolecular interactions,

and other effects. Fouling can occur as accumulation of cells, cell debris, or

other rejected particles on the top surface of the membrane (external fouling),

or as deposition and adsorption of small particles or macromolecules (internal

fouling).

Many of the commercially available synthetic membranes in the field of

microfiltration and ultrafiltration are made of hydrophobic polymers such as

polyvinylchloride (PVC), polysulfone (PSf), polypropylene (PP), and so on,

because of their good mechanical property. However, the hydrophobic

membranes are very susceptible to protein fouling by adsorption in the feed,

giving rise to a fast flux decrease and an increasing demand for frequent

cleaning cycles. Particularly, in the filtration of biological solutions,
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the membrane fouling due to pore plugging, pore narrowing, and cake

formation by a protein is a considerable restriction in application.

A variety of methods have been reported to reduce this type of fouling for

a range of different application. The first method is the addition of coagulants

to form larger particles that are readily lifted off the membrane surfaces.[1] The

second case is the introduction of the instability of flow by low-frequency

axial pressure and velocity pulsing or by injecting air into the feed stream.[2]

The third way of reducing fouling is the crosspulsing by periodically stopping

the permeate flow and forward rinsing with a rinse solution such as pure

water.[3] The final method is the backpulsing using fluid or gas.[4] During

filtration, particles accumulate on the membrane surface, forming a cake or gel

layer. Foulants are lifted off the membrane by the backpulsing and then swept

to the filter exit by the crossflow.[5,6] This results in a hydraulic cleaning of the

membrane by forcing permeates back through the membrane in the reverse

direction.

Membrane surface properties are important because the interactions

between the polymers and their environments occur chiefly at their surfaces.

Several methods have been reported with the potential to reduce or eliminate

adhesive fouling by changing the membrane surface chemistry: (a) physical

coating of the charged surfactants onto the membrane surface for temporary

surface modification[7] has been suggested, (b) coating hydrophilic polymers

on the membrane,[8] and (c) photografting of functional monomers on the

surface of the membrane using light sources were also supported for effective

reduction of membrane fouling.[9,10] To reduce the membrane fouling, the

conventional grafting polymerization technique has required chemically

reactive groups on the surface as well as on the membrane pore wall. For this

reason, a series of prefunctionalization steps are necessary for covalent

grafting. The surface prefunctionalization techniques such as UV, g-ray

irradiation, plasma, ion beam, or chemical initiators has been suggested.[9,10]

Among these techniques, the radiation grafting method is one of the preferable

methods because of the uniform and rapid creation of active radical sites

without a catalytic contamination in grafting sample. Many researchers have

reported the reduction of protein (BSA) fouling by membrane-surface

modification using photografting methods.[9,11]

N-vinyl-2-pyrrolidinone (NVP) is known as a hydrophilic graft monomer

for radiation grafting on various trunk polymers, and it has been described as

useful not only for the preparation of membranes, but also for the preparation

of a biocompatible polymer.[12 – 14] The water-absorption capacity of modified

membranes is directly related with the degree of grafting, which itself depends

greatly on the irradiation dose.
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The objective of this study is to investigate the effect of the combination

of surface modification and pulsing to recover flux or to decrease membrane

fouling. At first, the PVC membranes for the microfiltration were prepared

according to our preview study.[15] To improve the membrane performance,

grafting NVP on the surface of PVC membrane by UV irradiation changed the

surface hydrophilicity of a membrane. To confirm the effect of the membrane

grafting on the filtration performance, the unmodified and the modified PVC

membranes were compared with respect to their deionized-water permeation.

To further investigate the effect of the pulsing for the recovery of flux, both

unmodified and modified PVC membranes were tested in a crossflow

microfiltration system with and without crosspulsing or backpulsing in the

presence of activated sludge suspensions.

EXPERIMENTAL

Materials

Poly(vinyl chloride) (PVC) (LG Chem Ltd. Seoul, Korea, Grade:PB1752,

DP:1700) was obtained and used as a base polymer. Tetrahydrofuran (THF,

Milwaukee, WI) and n-butyl alcohol (n-BA, Junsei Co., Tokyo, Japan) were

used as a good solvent and a nonsolvent additive, respectively. N-vinyl-2-

pyrrolidinone (NVP, Aldrich Chemical Co., Milwaukee, WI) was vacuum-

distilled to remove an inhibitor before use and dissolved in methanol and then

used as a grafting monomer. Methanol (J. T. Baker, Paris, KY) was used with a

reagent grade. Deionized water was produced by an ultra-pure water system

(Milli-Q plus, Millipore, MA).

Surface Modification of PVC Membranes

Cosolvent, which consisted of 70 wt.% THF and 30 wt.% n-butyl alcohol,

was utilized in the preparation of polymer solution while the total

concentration of PVC in the solution was maintained to be 9 wt.%. The

membranes were prepared inside a glove box (JEIO Tech. Model SK-G001,

Seoul, Korea) capable of controlling both the relative humidity (RH) and

temperature in the accuracy limit of ^2%. The dope solution was cast on a

polyester fabric with the casting knife of 150mm thickness inside the glove

box, keeping the humidity range of 80% at 25 ^ 0.58C. In this study, for UV

irradiation and grafting experiments, PVC membranes were first dipped in

20 wt.% aqueous NVP solution for 2 hr prior to mounting in the glass vessel.

Then, PVC membranes were placed at a distance of 10 cm from UV source
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and irradiated in air with an unfocused medium-pressure mercury UV lamp

(450W power, Ace Glass Co., NJ) having mixed wavelengths of 303, 313,

348, and 363 nm (lmain) to graft the NVP monomer on the surface of the PVC

membrane. After grafting the reaction for 5 min, the grafted membrane was

taken out from the glass vessel and washed in the flask filled with deionized

water at a shaking water bath at 658C for 1 day to remove the unreacted

monomer (NVP) and homopolymer remaining on the membrane. Deionized

water was exchanged five times. After washing, all prepared membranes were

dried completely in the vacuum oven. The graft yield was obtained

gravimetrically by the following equation:

Graft yield ðmg=cm2Þ ¼
wg 2 w0

A

where w0 and wg are the weight of a membrane before and after NVP grafting,

respectively. A is the effective area of membrane surface

Membrane Characterization

Pore Size and Distribution

In order to investigate the change of pore size and distribution between

the unmodified and the modified PVC membranes, a capillary-flow porometer

(CFP-1200-AEL, PMI Co.,) was used. The membrane is first wetted with a

liquid (Porewickw) having a low surface tension ðg ¼ 16*1023 N=mÞ: The

wetted membrane is subjected to increasing pressure by a compressed clean

and dry air source. As the air pressure increases, it will reach a point where it

can overcome the surface tension of the liquid in the largest pores and will

push the liquid out. Increasing the pressure still further allows the air to flow

through smaller pores, according to Cantor’s equation.[16]

Contact-Angle Measurements

The sessile-drop method was used to determine the polarity of the

unmodified and the modified PVC membranes. 0.1mL of deionized water with

a microsyringe was dropped onto a dry membrane in an air atmosphere and the

contact angle was measured by using a goniometer (CA-X, Kyowa,

Kaimenkagaku Co., Tokyo, Japan) as soon as possible. The reported values

were the mean of at least 10 experiments and the standard deviation was

within ca. ^ 8%.
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Fourier Transform Infrared Spectroscopy (FT-IR)

In order to investigate the changes of chemical structure between the

unmodified and the modified PVC membranes and confirm the grafting of

NVP onto the membrane, a Fourier transform infrared spectroscopy (FT-IR,

Nicolet Magna-IR spectroscopy 550, WI) was used.

Field Emission Scanning Electron Microscopy (FE-SEM)

The morphology of a membrane affects the filtration performance.

Therefore, the morphological changes of membranes after grafting were

investigated. The surfaces of the unmodified and the modified PVC

membranes were observed by field emission scanning electron microscopy

(FE-SEM, JEOL-6330F, Kyoto, Japan). The morphology of the membranes

before and after crossflow filtration was also confirmed by FE-SEM.

Crossflow Filtration Experiments

The crossflow filtration apparatus consisted of a crossflow plane module

cell (length £ width £ hight: 110 £ 25 £ 3 mm size, effective membrane area

27.5 cm2), a circulation pump (Masterflexw L/S Model 77310-01, Cole-

Parmer Instrument, IL) for a stable feed supply, a peristaltic pump (Minipuls3,

Gilsonw, WI) for a constant suction performance, a pressure transducer

(Model 626A13TAE, MKS Instruments, MA) to detect the pressures of feed

and permeate from the membrane module, a 2000 ml feed reservoir, a

permeate collection reservoir, and an electronic balance connected with a

personal computer as shown in Fig. 1. In the crossflow filtration of pure water,

velocity of feed solution was 0.22 m/sec or 0.44 m/sec. The pump in the

crossflow filtration unit was a centrifugal type and the permeate flow rate was

controlled only by the revolutions per minute (rpm) of the suction pump. The

rpm increases every 150 sec by stages. All the membranes in the filtration tests

were initially immersed into the isopropylalcohol/H2O (20/80 wt.%) mixture

for 10 min before testing. The weight of permeate was measured every 30 sec

with an electronic balance and then automatically recorded in an on-line

computer. Also the transmembrane pressure (TMP) was obtained by the

following equation,

TMP ¼
P1 þ P2

2
2 P3
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where P1 and P2 are feed pressures at the front and the back of crossflow

module, respectively. P3 is permeate pressures.

Crossflow Filtration Experiments with Backpulsing and Crosspulsing

To induce fouling, the feed solution, which contained the chemical

oxygen demand (COD) of 1038 ppm and the mixed liquor-suspended solids

(MLSS) of 2830 ppm, was used during the crossflow filtration. The sludge

solution was sampled from the aeration tank in the membrane bioreactor

(MBR). The ratio between COD and MLSS is low because the F/M

(food/microorganisms) ratio in the MBR is low or all of the cells were not

oxidized completely. For crossflow filtration without pulsing, the feed flows

from reservoir to the membrane module at a flow rate of 0.066 m/sec for 1 hr.

The retentate flows from the module back to the feed reservoir. The permeate

flows to a computer-interfaced electronic balance which records the mass. The

transmembrane pressure (TMP) is simultaneously recorded by a computer-

interfaced pressure transducer and is calculated. For crosspulsing to remove

the foulants on the surface of membrane, the pure water from a third reservoir

flows periodically, reversing the flow direction of retentate at a flow rate of

0.132 m/sec. During backpulsing, the pure water from a third reservoir is sent

through the permeate channel, up through the membrane in the direction

opposite to that of feed flow. The pulsing is performed every 10 min and

Figure 1. Schematic of crossflow filtration apparatus.
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the pulsing time is 1 min. A schematic of velocity profile during filtration and

pulsing is illustrated in Fig. 2.

RESULTS AND DISCUSSION

Surface Modification of the PVC Membranes

The characterization of PVC membranes and the modified PVC

membranes (PVC-g-PNVP membrane) with NVP monomer onto the PVC

membranes were summarized in Table 1. The use of a hydrophilic rather than

a hydrophobic membrane helps reduce the membrane fouling. Generally,

proteins adsorb more strongly at hydrophobic surfaces and are less readily

removed than hydrophilic surfaces. Although we prepared a series of modified

PVC membranes, we intend to report here for only one modified PVC

membrane for pulsing effect.

Figure 2. Schematics of the crossflow filtration and the mechanical pulsing:

(a) filtration, (b) cross-pulsing, and (c) back-pulsing.

Kim, Kang, and Lee598

MARCEL DEKKER, INC. • 270 MADISON AVENUE • NEW YORK, NY 10016

©2003 Marcel Dekker, Inc. All rights reserved. This material may not be used or reproduced in any form without the express written permission of Marcel Dekker, Inc.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
2
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



Contact-angle measurements have been commonly used to characterize

the polarity or the surface energy of the polymeric surface.[17,18] However, such

measurements are difficult to interpret for synthetic membranes due to capillary

forces within pores, contraction in the dry state, heterogeneity, roughness, and

restructuring of the surfaces. Nevertheless, the relative hydrophilicity or

hydrophobicity of each sample can be easily obtained by this measurement. As

shown in Table 1, the virgin PVC membrane showed the contact angle of

113.38. However, the contact angle of PVC-g-PNVP membranes decreased to

68.48 due to hydrophilicity of NVP. These changes of contact angles meant that

a hydrophobic PVC membrane effectively changed its surface characteristics

into a hydrophilic membrane by the grafting of NVP onto the surface.

The variation of chemical structure through the grafting of NVP onto the

PVC membrane surface was confirmed by FT-IR and shown in Fig. 3. The

most significant change in the spectra of the modified PVC-g-PNVP

membranes was the appearance of a red-shifted 1350 cm21 absorption band

due to CZN stretching vibration of NVP into an ,1230 cm21 band without

the variation of an 1730 cm21 stretching band representing the CvO in

PNVP. Also, the major characteristic peaks for PVC appeared at 800, 750, and

720 cm21, representing CZCl stretching bands.

Table 1. Characterization of the PVC membrane and PVC-g-PNVP membrane.

Sample

NVP

conc.a

(wt.%)

Grafting

yieldb

(mg/cm2)

Contact

anglec

(degree, 8)

Mean flow

pore

diameterd

(mm)

Fluxe

(L/m2 h)

Resistancef

(Rm, 109 m21)

PVC — — 133.3 0.98 8800 4.09

PVC-

g-PNVP

20 117.23 68.4 0.55 4970 7.24

a NVP monomer was dissolved in pure water.
b Grafting yield ¼ ðwg 2 woÞ=A; where wo and wg are the weight of membrane before

and after grafting reaction, respectively, A is the effective area of membrane surface.
c Contact angle was measured by the sessile-drop method and the average estimated

error was ^8%.
d Mean flow pore diameter was measured by PMI porometer.
e Deionized water flux by dead-end filtration (Amicon cell, model 8050) at

1500 torr-(2 bar).
f Resistance was calculated by the measured deionized water flux. Rm ¼ DP=hJ; J is

the hydraulic flux, Rm is the hydrodynamic resistance of the membrane itself, DP is the

pressure difference between the feed and the permeate side of the membrane, and h is

the viscosity of water.
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The morphological changes of a PVC membrane after grafting reaction

were observed by FE-SEM as shown in Fig. 4. The pores on the membrane

surface seemed to be narrowed after the grafting reaction. Surface pore size

and pore size distribution of the membrane were further investigated using the

capillary-flow porometer. The mean pore sizes of unmodified and modified

membrane were 0.98mm and 0.55mm, respectively, as taken by the capillary-

flow porometer (see Fig. 5). This confirms the results of the FE-SEM.

Filtration Tests

To investigate the effect of hydrophilicity induced by the grafting of NVP

monomer on the membrane performance, deionized-water filtration exper-

iments of the unmodified and the modified PVC membranes were carried out.

Figure 3. FT-IR spectra of (a) unmodified PVC membrane and (b) modified

PVC membrane.
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In the dead-end filtration test of membranes, the modified membranes

showed a decrease in a deionized-water flux from 8800 LMH(L/m2 h) for PVC

to 4970 LMH for PVC-g-PNVP membrane due to the narrowed and plugged

pores after modification.[19] On the other hand, in the crossflow filtration test,

the deionized-water flux of the modified membrane was higher than the

unmodified membranes due to the reduced membrane resistance by increasing

the hydrophilicity after surface modification. In the crossflow test, the suction

speed increased every 150 sec by stages. Therefore, as the suction speed

increased, the TMP increased and, thus, higher flux was obtained.[20,21]

Figure 6 shows the effects of feed velocities of 0.22 and 0.44 m/sec for

crossflow operation on the permeation water flux, respectively. As shown in

Fig. 6, the starting TMP of modified membrane at 0 sec at the same condition

is lower than that of unmodified PVC membrane for both 0.22 and 0.44 m/sec

velocities. In view of the flux, the modified membrane has the higher

permeation flux than the unmodified membrane. It means that membrane

resistance in the crossflow filtration decreased, although the resistance of a

membrane was higher in the dead-end filtration (see Table 1). These

phenomena were due to the hydrophilicity of the membrane surface. At the

same TMP, the difference of flux between modified and unmodified

membranes would increase. Although the TMP between unmodified and

modified membrane increases gradually, the rate of TMP increase of modified

membrane is lower than that of unmodified membrane. At the velocity of 0.22

and 0.44 m/sec, the difference in flux is not detected. However, note that TMP

increased largely at high velocity.

Figure 4. FE-SEM photographs (a) unmodified PVC membrane and (b) modified

PVC membrane.
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Figure 5. Pore distribution and air-flow rate of (a) unmodified PVC membrane, and

(b) modified PVC membrane using capillary-flow methods (wet and dry flow method).
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Backpulsing and Crosspulsing

The crosspulsing and backpulsing were used as cleaning methods to

recover the flux and to reduce fouling for filtering activated sludges. Typical

cleaning agents remove exterior foulants and attack the membrane, resulting

in a decrease in its lifetime. Backpulsing is one approach to the problem

in which the permeate is periodically forced back through the membrane in

the reverse direction to normal permeate flow in order to flush out

the accumulated fouling material from the membrane pores and the membrane

surface. If the permeate pressure increases until it is higher than the pressure

on the feed side of the membrane, then reverse filtration will occur and clean

purified water will be forced to flow from the permeate side of the membrane

to the feed side. If backpulsing removes foulants from the membrane, the flux

recovers to its value before fouling begins.

In this study, the combination of surface modification and pulsing was

carried out to determine the effectiveness in reducing membrane fouling.

Figure 7 showed that the recovered flux of modified and unmodified

membrane after removal of the foulants from the membrane surface were

about 61% and 34% of the initial flux, respectively. Also, TMP of modified

membrane was lower than that of unmodified membrane. These results

suggest that the adhesive interactions of the MLSS with the hydrophilic

membrane surfaces are weaker than those with a hydrophobic surface. When

the combination of backpulsing and surface modification was adopted, as

Figure 7. Permeate flux and TMP as a function of time without pulsing and recovery

of flux.
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shown in Fig. 8, for the unmodified PVC membrane the cumulative permeate

volume after 60 min of filtration with backpulsing is 4.16 times that obtained

without backpulsing. In contrast, the cumulative mass of the permeate after

60 min of filtration with backpulsing using the modified PVC membrane is

6.33 times that obtained using the unmodified PVC membrane. Ultimately,

Figure 8. Accumulated permeate volume as a function of time.

Table 2. Average permeation flux and TMP as a function of time with backpulsing

or crosspulsing.

PVC membrane PVC-g-PNVP membrane

Cleaning

process

TMP

(torr)

Flux

(L/m2 h)

TMP

(torr)

Flux

(L/m2 h)

No pulsing 39.6 13.07 26.5 23.35

Backpulsing 55.2 46.9 44.3 73

Crosspulsing 43.3 25.1 35.3 36.45

Removal rate

of CODa
95.06% 92.78%

Removal rate

of MLSSb
98% 97%

a COD was measured by the micro-COD method proposed by HACH.
b MLSS was measured according to standard methods [APHA, 1995].
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Figure 9. Permeate flux as a function of time with and without crosspulsing:

(a) unmodified PVC membrane and (b) modified PVC membrane.
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Figure 10. Permeate flux as a function of time with and without backpulsing:

(a) unmodified PVC membrane and (b) modified PVC membrane.
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the cumulative permeate volume enhancement was obtained. Ma et al.[22,23]

reported the similar results demonstrating the synergistic effects of

backpulsing and surface modification.

Figures 9 and 10 showed the permeate flux as a function of time with

and without backpulsing or crosspulsing. After filtration for 60 min,

3.6-]fold and 5.6-fold enhancements in the average permeate flux were

noted for PVC-g-PNVP membrane filtering 2830 ppm MLSS using only

backpulsing and a combination of backpulsing and surface modification,

respectively (see Table 2). The recovered flux for the modified PVC

membrane is slightly better than for the unmodified PVC membrane. It is

well-known that the hydrophilic membrane maintains higher flux than the

hydrophobic one.[24] As shown in Table 2, the removal rate of COD was

95% for unmodified and 93% for modified membranes, respectively. The

removal rate of MLSS was 98% for unmodified and 97% for

modified membranes. The permeate COD and MLSS concentration of

Figure 11. The photographs of the surface of PVC membrane (a) before the

permeation test, (b) after the permeation, and (c) after pulsing.
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the unmodified membrane were lower than those of the modified

membrane. The difference in the solute-rejection rate between modified

and unmodified membranes was mainly due to the degree of sieving

and/or adsorption onto the cakes deposited over the membrane, and partly

due to adsorption into membrane pores and surface.[25] For modified

membranes, the recovered flux with backpulsing (5.6-fold) is higher than

with crosspulsing (2.8-fold), indicating that the deposition of MLSS in

the interior of the membrane pore is the dominant fouling mechanism and

the membrane surface fouling is then of less importance because the

crosspulsing removes the foulants only on the membrane surface.

The surfaces of membrane before and after backpulsing were observed

using the FE-SEM photographs as shown in Fig. 11. After backpulsing, the

foulants was removed from the surface of membrane [see Fig. 11(c)]. The

higher flux enhancements and lower TMP obtained for the modified PVC

membrane indicate that the membrane fouling could be effectively reduced by

a combination of backpulsing and surface modification.

CONCLUSIONS

The microporous PVC membrane with the open of pore of 0.98mm was

modified to obtain PVC membrane (0.55mm) by grafting the 20 wt.% aqueous

NVP solution on the membrane surface with a 5-min UV-assisted

polymerization technique to increase the surface hydrophilicity of PVC

membrane.

In the crossflow filtration test of deionized water, the flux of the

modified membrane was higher than the unmodified membranes due to the

reduced membrane resistance by increasing the surface hydrophilicity after

surface modification. Grafting NVP onto PVC membrane reduced pore

size and increased membrane hydrophilicity. Increasing membrane

hydrophilicity increased the flux even with smaller pore size.

To confirm the effect of the pulsing on the recovery of flux in the presence

of active sludge suspensions, both unmodified and modified PVC membranes

were tested in a crossflow microfiltration system. 3.6-fold and 5.6-fold

enhancements in the average permeate flux were noticed for membrane

filtering 2830 ppm MLSS using backpulsing alone and a combination of

backpulsing and surface modification, respectively. These results suggest that

the adhesive interactions of the bacteria with the hydrophilic membrane

surfaces are weaker than those with a hydrophobic surface and the more or less

diluted protein concentration in the sludge solution at NVP layer. The

recovered flux with backpulsing is higher than that with crosspulsing,
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indicating that the deposition of MLSS in the interior of the membrane pore is

the dominant fouling mechanism. The permeate flux of modified membrane is

slightly better than that of unmodified membrane. Backpulsing is efficient and

foulants seem to attach less on modified membrane. The TMP of modified

membranes is lower than that of unmodified membrane. It means that at the

same TMP, the difference of flux between modified and unmodified

membranes would be increased. The higher flux enhancements and lower

TMP obtained for the modified PVC membrane indicate that the membrane

fouling is reduced further by an effective combination of backpulsing and

surface modification.
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