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A B S T R AC T

One of the signifi cant parameters to be considered for evaluating the process and economic 
viability of crosssfl ow microfi ltration (MF) is fl ux stability. The MF economics are dependent on 
the fl ux decay through the membrane caused by membrane fouling. This work aims to evalu-
ate the performance of MF by electro and chemical coagulation as pretreatments. The perfor-
mance of MF was found to be sensitive to pH of feed solution, coagulant dosing and generation 
time. Acrylonitrile butadiene styrene (ABS) MF membrane of pore size 0.4 μm was used in this 
study. Without pretreatment normalised fl ux declined by 94% after 160 min of MF operation 
using model wastewater. However with pretreatments, the MF fl ux was signifi cantly improved. 
The optimum performance for MF with both electro and chemical coagulation pretreatments 
occurred at isoelectric point where the highest removal of organic and turbidity was observed. 
With chemical coagulation under optimum conditions (30 mg/l alum dose and pH 6.5), MF 
did not experience any fl ux decline. MF performed better with chemical coagulation compared 
to electrocoagulation (EC). Also organic matter removal was found to be more for chemical 
coagulation than for EC.
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1. Introduction

Membrane fi ltration has become an indispensible 
technology for waste and wastewater purifi cation. How-
ever, membrane fouling has remained one of the most 
serious challenges [1]. Membrane fouling results in the 
reduction of permeate fl ux, increase in energy consump-
tion ultimately affecting plant economy. The perfor-
mance of membrane is infl uenced by the characteristics 
of feed water and how its constituents interact with 
the membrane under certain operating conditions [2]. 
Crossfl ow or tangential fi ltration is a process in which 
the formation of a fi lter cake is either limited or, under 

certain conditions, almost completely suppressed by a 
fl ow of the suspension parallel to the fi ltration surface. 
Since this system is pressurized, water is forced through 
the fi lter. Particles deposited on the fi lter medium are 
swept away by the cross-fl ow velocity action, which 
produces shear and lift forces on the particles as they 
become attached to the fi lter medium whereas for the 
case of conventional cake fi ltration, the suspension 
fl ows at right angles to the fi lter medium under the 
applied pressure.

Due to the increasingly stringent regulations, the 
rising costs of liquid waste disposal and the growing 
needs for innovative sources of water supply, crossfl ow 
membrane separation processes are gaining a consider-
able prominence in many sectors of the water industry. 
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The effi ciency of crossfl ow fi ltration is primarily a 
function of the operating parameters. This effi ciency is 
measured by the fi ltrate fl ow rate (fl ux) and its quality. 
Crossfl ow velocity, transmembrane pressure, tempera-
ture, pore size of the membrane and concentration of 
suspended solids in the feed were reported to affect the 
performance of crossfl ow MF [3,4]. The various other 
industrial applications where crossfl ow MF is applied 
includes upgrading of cleaning solutions in food and 
metalworking industries; clarifi cation of fruit juice, 
wine, cider and vinegar, removal of beer yeast; clarifi ca-
tion of whey before other membrane fi ltration steps, like 
ultrafi ltration or electrodialysis; separation of fat and 
bacterial removal from milk and fi ltration of fermenta-
tion broths [5].

Flux stability is a signifi cant parameter that must 
be taken into consideration for evaluating the process 
and economic viability of crossfl ow MF applications. 
The overall economics of MF is primarily dependent on 
fl ux decay and any subsequent membrane cleaning or 
replacement. Several techniques have been implemented 
to prevent the particles reaching the membrane, which 
include the use of abrasives, fi ltration aids, coagulants, 
and electrofi ltration. Different techniques have been 
used to increase the fl ux rate [6,7]. The fl ux decline is 
caused by the continuous infi ltration of fi ne particulate 
matter into the concentration polarization layer or by the 
compaction of the layer. One of the major drawbacks of 
membrane processes is the membrane fouling. Effective 
pretreatment is an effi cient way of reducing membrane 
fouling. Pretreatment also reduces the need for frequent 
chemical cleaning, which is a major factor impacting 
membrane life. Pretreatment offers great potential for 
improving the effi ciency of membrane processes.

Coagulation is a term used to describe the process of 
aggregation of colloidal particles into large aggregates. 
Aggregation of particles is carried out by two distinct 
mechanisms: particle transport to affect interparticle 
contact, and particle destabilization to permit attach-
ment when contact occurs. Coagulation is defi ned as the 
term applied to the overall process of particle aggrega-
tion, including both particle destabilization and trans-
port, while fl occulation is the term used to describe only 
the transport mechanism [8]. Coagulants, when used in 
crossfl ow membrane fi ltration, aim to reduce or even to 
eliminate internal clogging of the membrane by deposit-
ing the colloidal particles and helping form suffi ciently 
large aggregates to facilitate obtaining higher fl ux rates. 
Shon et al. [9] found that the permeate fl ux of ultrafi l-
traion can be signifi cantly increased by fl occulation as 
a pretreatment. Peuchot and Ben Aim [10] investigated 
the improvement of crossfl ow MF performance with 
fl occulation. They concluded that incorporating fl occu-
lation arrangement with crossfl ow MF would increase 

the particle size, which would tend to limit the increase 
of the deposit resistance and that the permeate fl ux was 
much higher at the optimum dose of the coagulant. In 
another study by Ben Aim et al. [11], in-line fl occulation-
crossfl ow MF was investigated. They found that a sig-
nifi cant improvement in the permeate fl ux was achieved 
with such an arrangement. The degree of improvement 
depended on the coagulation dose, fl occulation time 
and crossfl ow velocity.

EC pretreatment is an alternative to conventional 
chemical coagulation using Fe or Al electrodes prior 
to MF. In EC, the coagulant (Fe or Al) is generated by 
electrolytic oxidation of an anode. The advantages of 
EC over conventional chemical coagulation include (i) 
no alkalinity consumption, (ii) no change in bulk pH, 
(iii) the direct handling of corrosive chemicals is nearly 
eliminated and (iv) can be easily adapted for use in por-
table water treatment units especially during emergen-
cies [12]. EC had been investigated to be economically 
feasible. The cost analysis for the treatment of poultry 
slaughterhouse wastewater was assessed [13]. Total 
operating cost was calculated for a plant with 480 m3 of 
wastewater per day. The direct and indirect costs items 
including electrical, sacrifi cial electrodes, labour, sludge 
handling, maintenance and depreciation cost was con-
sidered in the calculation of total cost where total oper-
ating cost was found to be between 0.3 and 0.4 $/m3 for 
iron electrodes (fi gure in US dollars). Also a compara-
tive study on the economic and cost analysis for EC with 
chemical coagulation was performed [14] for textile 
wastewater where it was found that the treatment cost 
of EC at optimum conditions was 3.2 times cheaper than 
that of chemical coagulation.

EC had been reported to be effi cient and feasible 
for removing large range of contaminant [15−17]. But 
very limited information is available regarding EC 
as a MF pretreatment process to improve membrane 
performance and reduce fouling. EC is a complex and 
interdependent process. A sacrifi cial metal anode is 
used to produce coagulating agent to dose the pol-
luted water and electrolytic gases (mainly hydro-
gen at the cathode) are generated. Electrochemistry, 
coagulation and hydrodynamics form the basis of 
EC [18]. The most widely used electrode materials in 
EC process are aluminium and iron, sometimes steel. 
The electrical current causes the dissolution of metal 
into wastewater. The metal ions, at an appropriate 
pH value, can form wide ranges of coagulated species 
and metal hydroxides that destabilize and aggregate 
the suspended particles or precipitate and adsorb dis-
solved contaminants. In the case of aluminium, main 
reactions are as:

Anode: 3Al  Al  3e+ −→ +  (1)
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Cathode: 2 23H O  3e  3/2H  3OH− −+ → +  (2)

The generated Al3+ and OH− react with each other to 
form Al(OH)3

( )3
2 3Al  3H O  Al OH  3H+ ++ → +  (3)

The objectives of this study is to evaluate the per-
formance of crossfl ow MF with chemical coagulation 
and EC as pretreatments. This research also aims in 
fi nding out the operating conditions favouring removal 
of organic matter and turbidity by EC and chemical 
coagulation. MF performance was evaluated using fl ux 
decline and organic removal at constant transmembrane 
pressure and crossfl ow velocity.

2. Materials and methods

2.1. Synthetic wastewater (SWW)

SWW was prepared in the laboratory using kaolin 
and humic acid (Table 1). Stock solution was prepared 
using 2 g humic acid sodium salt and 40 g kaolin which 
were then diluted with normal tap water to give a fairly 
constant turbidity between 80 to 85 NTU.

2.2. MF Membrane

Flat sheet MF membrane was used throughout the 
study; properties of which are given in Table 2.

2.3. Electrocoagulation setup

The EC reactor used in this study consisted of a 
5 l pyrex glass beaker with two aluminum electrodes 
(17 cm x 9 cm x 0.2 cm) in a monopolar confi guration 
and the spacing between the electrodes was 2 cm. The 

source of power supply included DC power converter 
(Q1770, Dick Smith Electronics, Australia). Suspensions 
were stirred using a magnetic stirrer adjusted to an opti-
mal rate (250 rpm) so as to obtain the highest effi ciency 
of turbidity removal. Experiments were performed at 
different generation times (5−30 min) and at wide pH 
range (3−11) for determining the optimum conditions. 
Prior to each test, 5 l of synthetic wastewater was used 
in the EC cell which was carried out by varying the pro-
cess operating parameters. The current was adjusted by 
varying the voltage. When not in use, the aluminium 
electrodes were immersed in acid bath (4% HCl) and 
prior to each experiment, they were carefully cleaned 
using steel wool to remove any aluminium oxide that 
may have formed on the surface. The desired alumin-
ium concentration can be achieved by operating the unit 
under variable generation time (t) mode in accordance 
with Faraday’s law:

mAl = (27 × I × t)/Z × F

where mAl is the mass of Al generated (g), I is the cur-
rent , Z is the number of electrons transferred in the 
reaction at the electrode and F is the Faraday’s constant 
(96,486 C/eq).

Table 1
Properties of SWW

Turbidity Total organic
carbon (TOC)

UV Abs
(254 nm)

Conductivity

80 NTU 5.5 mg/l 0.150 0.0805 ms/cm

Table 2
General characteristics of MF membrane used in this study

Pore size pH resistance range Temperature range Pressure range Material

0.4 μm 2~11 2~38oC 0~ 60 cm Hg Acrylonitrile butadiene 
styrene (ABS)

Fig. 1. Schematic diagram of a bench-scale two-electrode 
EC cell [4].
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Faraday’s law is mostly used for calculating the 
amount of aluminium released as a good correlation 
between the theoretically calculated and the experimen-
tally determined amount of aluminium that went into 
solution was found in the previous study [12].

2.4. Chemical coagulation setup

Conventional chemical coagulation tests were con-
ducted using standard jar test. Aluminium sulphate was 
added to the wastewater at room temperature. The sam-
ple was stirred rapidly for 3 min at 130 rpm, followed by 
20 min of slow mixing at 30 rpm, and 60 min of settling. Jar 
tests were performed at different dosings of aluminium 
sulphate (10−60 mg/l) and under wide pH range (2−11) 
to determine the optimum conditions. The pH of the solu-
tion was adjusted with 0.1 N HCl and 0.1 N NaOH.

2.5. Microfi ltration setup

A crossfl ow membrane fi ltration unit (Nitto Denko 
Corp., Japan) was used to study the effect of pretreat-
ment on membrane performance. The schematic dia-
gram of the crossfl ow MF experimental setup is shown 
in Fig. 2. Synthetic wastewater, with and without pre-
treatment, was pumped into a fl at sheet membrane 
module (effective membrane area of 0.007 m2). The 
operating transmembrane pressure and crossfl ow veloc-
ity were controlled at 10 kPa and 0.5 l/m respectively 
by means of bypass and regulating valves. The fi ltrate 
was accumulated. The mass of fi ltrate was determined 
by using an electronic balance and transferred to a com-
puter. New membranes were used in each experiment to 
avoid the effect of residual fouling and to compare the 
results obtained under different conditions.

2.6. Analytical measurements

A turbidimeter (HACH 2100P, USA) was used to 
measure the turbidity for all samples. 25 ml of superna-
tant was taken for turbidity measurement after 60 min 

settling period. Measurements for the turbidity were 
taken three times and the mean value was recorded.

Dissolved organic (humic acid) removal was mea-
sured in terms of dissolved organic carbon (DOC) and 
UV absorbance at 254 nm. Total organic carbon (TOC) 
was measured by using the Dohrmann Phoenix 8000 
UV-persulfate TOC analyzer equipped with an autos-
ampler. All samples were fi ltered through a 0.45 μm fi l-
ter prior to the TOC measurement. Thus, the TOC values 
obtained are, in fact, DOC values. UV absorbance was 
measured with a UV-vis spectrophotometer (Shimadzu, 
N 595, Kyoto, Japan) in a 1 cm quartz cell. Here too, the 
samples were fi ltered through a 0.45 μm fi lter prior to 
measurement. The zeta potential of supernatants was 
measured with Zetasizer Nano Series-Zs (Malvern, UK). 
The current that fl ows through the cell and the voltage 
across the electrodes were measured by using multime-
ter (Jaycar Electronics, N287).

3. Results and discussion

3.1. Effect of EC generation time on MF fl ux

Fig. 3 shows the normalised permeate fl ux profi le 
for 60 min operated at different EC generation times 
(0−30 min) at pH 8.0. Normalisation was done by divid-
ing the obtained fl ux by pure water fl ux (J/J0). Here, J0 
is the pure water fl ux and J is the fi ltrate fl ux at a given 
time. The current density was kept constant at 12 A/m2 
for all the experiments.

In all cases, fl ux decline was observed with time. 
The fl ux decline was rapid at an initial stage (0−20 min) 
followed by more gradual decline. The decline trend 
was proportional to EC generation time. At lower EC 
time low fl ux was observed whereas at higher EC time 

Fig. 2. Schematic diagram of the crossfl ow MF unit.

Pump Membrane Unit Balance
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Feed Tank
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Fig. 3. Normalised permeate fl ux at different generation 
times of EC (current density: 12 A/m2, transmembrane pres-
sure 10 kPa, cross fl ow velocity 0.5 l/min, pH 8).
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higher fl ux was observed. Without EC pretreatment, the 
normalized fl ux for wastewater decreased by as much 
as 90%. With operation of 5 min of EC, the fl ux decline 
was 55% (fl ux increase of 35% compared to without pre-
treatment). As EC time was increased, the fl ux through 
MF gradually increased. The fl ux was found narrowly 
changed after 30 min. This suggests that the optimum 
EC time for the best fl ux was 30 min. At this point we 
also observed highest turbidity and organic removal 
(DOC and UV abs). Similar results were obtained using 
polyester MF membrane for the electrocoagulated kaolin 
suspension [19] where the initial fl ux increased by more 
than 490 percent with optimum EC generation time.

Increase of EC time increases the aluminium ion 
released to the system. As the experiment was con-
ducted at pH 8, it was believed that the released ion 
converted to Al(OH)3 fl oc quickly. Thus the formed fl oc 
caused the particles and organics to agglomerate, fl oat, 
settle and remove from the wastewater.

3.2. Effect of chemical coagulant dose on MF fl ux

Fig. 4 shows the effect of alum doses in MF fl ux varia-
tion. Experiments were conducted with alum dosing 
from 0 to 60 mg/l. In absence of alum, the fl ux through 
MF decreased by almost 90%. Increase of alum dose from 
10 to 30 mg/l increased the fl ux. The fl ux decline was 
84% and 50% respectively at 10 and 20 mg/l doses (Flux 
increase of 6% and 40% respectively compared to without 
pretreatment). Above 30 mg/l the fl ux again decreased. 
A signifi cant result was observed at 30 mg/l dose where 
MF did not experience any fl ux decline. Similar results 
were found for polyester yarn woven MF membrane [20] 

where fl ux increase by 70% with the addition of opti-
mum dose of alum compared to without pretreatment. 
The result is also in agreement with the investigation was 
performed for fl occulation as a pretreatment for ultrafi l-
tration membrane (NTR 7410) [9]. With optimum dose of 
coagulant ultrafi ltration membrane did not experience 
any fl ux decline during the whole operation of 6 h.

The dose response curve shows that the optimum 
dose for chemical coagulation was 30 mg/l. Above and 
below the optimum dose reduced the fl ux. This result 
confi rms with the optimal concentration determined 
by the jar-test where the maximum removal of organic 
matter and turbidity occurred at this dose. A possible 
reason for obtaining less fl ux below the optimum dose is 
less availability of the aluminium coagulant. As the dose 
increased above 30 mg/l, the excess fl oc caused altera-
tion in the fl ux size that reduced the performance of col-
loidal removal [21].

3.3. Effect of pH on turbidity and zeta potential with EC

To examine the effect of pH on EC pretreatment for MF 
performance, EC experiments were conducted in the pH 
range of 3−11. Fig. 5 shows the turbidity removal effi ciency 
and zeta potential for wastewater in the range of pH 3−11. 
It is seen that turbidity removal effi ciency increased grad-
ually from 52% at pH 3.0 to as high as 88% at pH 8 and 
decreased to 46% at pH 11. The highest turbidity removal 
effi ciency (88%) was found at pH 8. One of the possible 
reasons for getting higher turbidity removal is the forma-
tion of stable fl oc of Al. At lower pH the alum dissolves 
itself. However, at pH 8 the alum works well but once it 
crosses it, the fl oc becomes unstable and begins to come 
apart. This is supported by zeta potential result which 
shows isoelectric point at pH 8. The pHs below 8 gave 
positive values of the zeta potential, whereas pH above 
8 produced negative zeta potentials. This behavior could 
be explained in terms of the charge of the particles, which 
were positive due to the adsorption of cations such as Al3+, 

Fig. 4. Normalised permeate fl ux at different dosing of 
chemical coagulation (coagulation time: 3 min fast mixing at 
130 rpm, 20 min slow mixing at 30 rpm followed by 60 min of 
settling, transmembrane pressure 10 kPa, cross fl ow velocity 
0.5 l/min, pH 6.5).

Fig. 5. Turbidity removal effi ciency and zeta potential after 
EC treatment at different pH (current density: 12 A/m2; EC 
time: 30 min).
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Al(OH)2
+, Al(OH)2+ and negative due to the adsorption 

of anions (Al(OH)4). The zero isoelectric potential shows 
that no net charge is formed at this pH. This suggests that 
the aluminum hydroxide is precipitated and suitable for 
fl occulation that helped to remove maximum turbidity 
at pH 8.

3.4. Effect of pH on organic matter removal with EC

Organic matter removal in terms of DOC and UV 
absorbance at 254 nm at different pH was carried out. 
Fig. 6 shows the DOC removal effi ciency and nor-
malised UV absorbance at 254 nm in the pH range 3−11. 
Normalisation for UV abs was done by dividing the 
obtained UV abs value after EC treatment with value 
without treatment. DOC removal increased from 40% at 
pH 3 to 68% at pH 8 and gradually decreased to 48% 
at pH 11. As can be seen from the graph, the maximum 
DOC removal was found to be 68% at pH 8. Normalised 
UV abs also followed the same trend gradually decreas-
ing from pH 3. and then again increasing after pH 8. 
Normalised UV 254 absorbance was minimum at pH 8. 
The intensity corresponded to 78% removal at pH 8. The 
performance of MF was affected by the organic matter 
removal by EC pretreatment due to the adsorption of 
organic matter on the membrane surface.

3.5. Effect of pH on turbidity and zeta potential with chemical 
coagulation

To study the effect of pH on MF performance by 
chemical coagulation pretreatment, coagulation was per-
formed at different pH in the wide range of 3−11. Fig. 7 
shows turbidity removal effi ciency and zeta potential 
respectively for wastewater for pH range 3−11. It is seen 
from the fi gure that the turbidity removal effi ciency was 
only 52% at pH 3 and increased steadily with increasing 
pH up to 94% at pH 6.5 and then gradually decreased to 
60% at pH 11. The zeta potential curve went through two 

isoelectric points at pH 3 and pH 6.5. The zeta potential 
remained at it’s near-zero values within the wide pH 
range of 5−8 where the turbidity removal effi ciencies 
were about 90%.

As the zeta potential shows two isoelectric points, it 
shows that neutralization occurred at two points. At low 
pH almost all Al compounds are in cationic monomeric 
species Al3+ and Al(OH)2

+. Kaolin clay contains net nega-
tive charge on its surface. So the clay surface and other 
particles in the solution attract the aluminium ion on its 
surface and neutralizes. The fi rst point of zero charge 
is mainly due to adsorption of Al3+ ion on remaining 
kaolin. The fi rst isolectric point is not due to the alumi-
num itself but due to the adsorption of aluminium with 
the particles of the solution. As the pH increases (pH 
5−8), hydrolysis occurs forming various monomeric spe-
cies aluminum hydroxyl such as Al(OH)2

+, Al(OH)2
+2, 

and polymeric species such as Al6(OH)15
3+, Al7(OH)17

4+, 
Al13(OH)34

5+ predominate, which fi nally transform into 
Al(OH)3 [22,23]. These hydroxyl species being positive 
in charge, tends to adsorb on the solution resulting in 
very low zeta potential. As the pH crosses the neu-
tral region (pH 7), Al starts to form a stable hydroxide 
(Al(OH)3) that starts to precipitate. But at higher pH the 
fl oc breaks and form Al(OH)4 ions.

3.6. Effect of pH on organic matter removal with chemical 
coagulation

Organic matter removal in terms of DOC and UV 
absorbance at 254 nm at different pH was carried out 
to investigate the effect of organic removal on MF per-
formance. Fig. 8 shows the DOC removal effi ciency and 
normalised UV absorbance at 254 nm respectively in the 
pH range 3−11. There was a gradual increase of DOC 
removal from 55% at pH 3 to 58% at pH 11 showing the 
maximum DOC removal (78%) at pH 6.5. UV abs (254 
nm) also showed the highest removal at pH 6.5 (86%). 

Fig. 6. DOC removal effi ciency and normalized UV absor-
bance after EC treatment at different pH (current density: 
12 A/m2; EC time: 30 min).

Fig. 7. Turbidity removal effi ciency and zeta potential after 
chemical coagulation experiments at different pH (alum dos-
ing: 30 mg/l ; coagulation time: 3 min fast mixing at 130 rpm, 
20 min slow mixing at 30 rpm followed by 60 min of settling).
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As DOC and UV abs followed similar trend, it can be con-
cluded that the MF membrane performed better under 
the conditions when organic matter removal was highest.

Three possible mechanisms for DOC removal in a 
conventional alum coagulation/sedimentation process 
have been proposed. They are i) charge neutralization, 
ii) adsorption and iii) entrapment [24,25]. According to 
the equilibrium concentrations of hydroxo aluminium 
(III) complexes in a solution in contact with Al(OH)3, 
aluminium from Al3+ at pH 4.5 converts to Al7(OH)17 

4+ 
at pH 6 and becomes Al(OH)3 at the isoelectric point of 
around pH 6.5, i.e., the positive charge of aluminium 
increases as pH increases from 4.5 to 6.5, whereas vis-
ible fl oc particles of aluminium hydroxide precipitate 
form after the isoelectric point. It is to say that with the 
increasing pH from 4.5 to 6.5, contribution of the charge 
neutralization to DOC removal increased, whereas 
after pH 6.5 contribution of the charge neutralization 
decreased and contributions of the adsorption and 
entrapment predominated for DOC removal [26].

3.7. Validation of pH on MF fl ux

The performance of MF was evaluated in terms 
of normalised permeate fl ux (J/J0) through the mem-
brane [27], turbidity, DOC, UV abs at 254 nm and zeta 
potential at different pH in order to validate our above 
experiments. Figs. 10 and 11 show the fl ux trend in EC 
and chemical coagulation. During the experiments, the 
operating condition (cross fl ow velocity and pressure) 
and feed water characteristics (kaolin and humic acid) 
remained same except pH.

Fig. 9 shows the fl ux through the membrane 
depended on pH of the feed solution. At pH 3, the fl ux 
decline was 92%, only 2% increase in fl ux compared to 
without pretreatment. MF performed best at pH 8 where 

fl ux increased by 55% compared to without pretreat-
ment. The fl ux data is provided in Table 3.

At lower pH (< 7) the coagulation is very poor. As pH 
was increased the fl ux through MF increased. Increase 
of pH helped to form the fl oc as well as to dissolve the 
humic acid. The optimum fl ux was observed at pH 8. 
This result is confi rmed from our previous experiments 
that this maximum fl ux occurred at isoelectric point 
for EC where there was optimum removal of turbidity 
and organic matter. Above pH 8, the decline in fl ux was 
again observed. As mentioned above, the decline was 
possibly due to breakage of fl oc after pH 8.

The profi le of normalised fl ux after chemical coagu-
lation pretreatment at different pH is shown in Fig. 10. 
Similar to EC, the chemical coagulation also followed 

Fig. 8. DOC removal effi ciency and normalised UV absor-
bance after EC experiments at different pH (alum dosing: 30 
mg/l ; coagulation time: 3 min fast mixing at 130 rpm, 20 min 
slow mixing at 30 rpm followed by 60 min of settling).

Fig. 9. Normalised permeate fl ux through MF for EC using 
Aluminium plates (transmembrane pressure 10 kPa, cross 
fl ow velocity 0.5 l/min).

Fig. 10. Normalized permeate fl ux through MF for chemi-
cal coagulation (transmembrane pressure 10 kPa, cross fl ow 
velocity 0.5 l/min).
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similar trend. Flux decline was 78% and 13% at pH 3 
and pH 5 respectively. At pH 6.5, the MF did not expe-
rience any fl ux decline. Initially the fl ux decline was 
sharp for the fi rst 20 min for all the experiments. After 
20 min, the decline was more gradual. Compared to EC, 
chemical coagulation showed higher fl ux. Previously 
we observed two isoelectric points at pH 3 and pH 6.5. 
Between these two pH the isoelectric point was very 
minimal compared to EC. This shows that fl oc formation 
is relatively higher in chemical coagulation compared 
to EC. The enriched (higher) fl oc formation in chemical 
coagualtion caused higher removal of colloidal (kaolin 
as well as humic acid) materials from the wastewater. 
This possibly caused good fl ux from the beginning in 
chemical coagulation. Above pH 6.5, fl ux declined. The 
normalised fl ux data is provided in Table 3. The reason 
for getting low fl ux above pH 6.5 is the same as with EC.

4. Conclusions

A bench-scale study was undertaken to investigate 
the performance of MF through electro and chemical 
coagulation pretreatments. The results lead to the fol-
lowing conclusions:

1. Without pretreatment, MF experienced signifi cant 
fl ux decline. Normalised fl ux declined by 94% after 
160 min of operation.

2. The optimum removal of organic matter and tur-
bidity for both electro and chemical coagula-
tion occured at their isoelectric points. Both DOC 
removal and UV abs. removal for chemical coagu-
laiton (68% and 78% respectively) was more than 
for EC (78% and 85% respectively). Also turbidity 
removal was 6% higher for chemical coagualtion 
(94%) compared to EC (88%).

3. MF fl ux was found to be sensitive to pH of feed solu-
tion. Maximum fl ux after both electro and chemical 
coagulation was obtained at their respective isolectric 
points. Below and above the isoelectric points fl ux 
was signifi cantly declined.

4. MF performed better with chemical coagulation pre-
treatment than that with EC. For chemical coagual-
tion pretreatment; under optimum conditions (pH 
6.5, 30 mg/l alum), MF did not experience any fl ux 
decline while with electrocoagulation under opti-
mum conditions (pH 8.0, generation time 30 min), 
normalised fl ux increased by 55% compared to with-
out pretreatment.
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