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ABSTRACT

A microfiltration process coupled with online coagulation using honeycomb ceramic mem-
branes was used to purify lake water. The turbidity of feed lake water was from 13 to 30 NTU
and the suitable dose of the coagulant was 15-30 mg L™ by the jar test. The turbidity of the
treated lake water after coagulation was about 5 NTU, which was suitable for microfiltration at
the optimised operating conditions of 0.2 MPa and 1 m x s™. The function of flux as membrane
pore size showed that the optimal pore size was 500 nm in the tested four ceramic membranes for
treating the lake water. The steady flux of microfiltration increased from 225 to 640 L x m™2 x h™
by coupled with online coagulation, and the turbidity removal increased from 97.2% to 99.5%.

The water quality analysis displayed that UV,

254/

the content of TOC and metal ions by microfil-

tration with online coagulation were lower than that without coagulation.
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1. Introduction

Lake water is the important resource for drinking.
However, with the improvement of the requirements
on the quality of drinking water, lake water should be
clarified first instead direct drinking. The conventional
process for tap water purification was coagulation, sedi-
mentation and filtration. The main limitations were the
poor water quality and the large area covering caused
by the low efficiency of the filtration and sedimentation
processes. Nowadays, the new technologies for water
purification became hot topics.

Membrane separation as a drinking water treatment
process was the most important technological break-
through in the last decades [1-3]. Membrane application
in water treatment provides lots of advantages over
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conventional treatment, such as higher filtration effi-
ciency, better water quality and simpler procedure. Usu-
ally, organic membranes have been applied in water
treatment for drinking because of their lower economi-
cal cost compared with ceramic membranes. However,
organic membranes had their innate limitations just like
poor material stability in acid water, poor ageing resis-
tance and poor antioxygenation. Therefore, some stud-
ies [4-7] reported that ceramic membranes were used to
purify river water and the microfiltration of water with
ceramic membranes obtained good filtration efficiency.
Especially, the combination of ceramic membrane micro-
filtration and coagulation could improve the permeate
flux and was a promising water technology for produc-
ing high quality drinking water.

Lake water, low polluted surface water, is easy to
be treated as drinking water. Lake water was treated
by microfiltration/ultrafiltration [8,9]. However, the
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membrane fouling caused by the impurities in the feed
water led to low permeate flux. Therefore, coagulation
was used as the pretreatment to intensify the micofiltra-
tion process for high permeate flux. Pikkarainen et al. [10]
applied pre-coagulation for microfiltration of upland
surface water. The coagulation-microfiltration process
for treating river water was also studied [5]. Here, the
coagulation-microfiltration process was used to purify
lake water using ceramic membranes. The objective of
this work was to optimize the coagulation-microfiltration
process for treating the lake water by using the honey-
comb ceramic membrane.

2. Experimental details
2.1. Ceramic membranes

In this study the honeycomb ceramic membranes
(Jiusi High-Tech, China) with different pore sizes (50,
200, 500 and 800 nm) were used. Their thicknesses were
15, 20, 30 and 45 microns from the SEM images analysis,
respectively. The porosity was 0.3-0.35. Each membrane
provides 0.7 m? efficient filtration area.

2.2. Experimental apparatus

The test apparatus diagram (Fig. 1) showed a cross-
flow filtration unit using ceramic membranes. The
coagulant was added into the feed water pipe and coag-
ulation was carried out in the pipe and the feed tank.

2.3. Experimental procedure and analysis

The lake water was taken from the Xuanwu Lake of
Nanjing at the southeast China. The experimental proce-
dure went as follows.

The first stage was optimisation of the coagulation.
The influence of dose of the coagulant (Ferric chloride)
on the coagulation efficiency and the coagulation
dynamic were investigated.
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Fig. 1. Microfiltration apparatus.

The second stage was to optimize the operating param-
eters for microfiltration. The feed lake water was treated
by coagulation and then used as the feed of microfiltra-
tion. An orthogonal experiment of three factors (crossflow
velocity, trans-membrane pressure, dose of coagulant)
with three levels was designed for the optimization.

The third stage was the coagulation—microfiltration
using the ceramic membrane. Two processes of microfil-
tration without coagulation and with online coagulation
were compared. The microfiltration of lake water using
four ceramic membranes was carried out at 0.2 MPa,
1.0 m x s, 20°C.

The efficiency of coagulation, microfiltration and the
hybrid process was assessed based on the physicochem-
ical analysis of feed water, water after the coagulation
and on the permeates. The analysis involved the deter-
mination of the following: turbidity, total organic carbon
(TOC), absorbance at 254nm (UV,,) and metal ions
(Ca, Mg, Fe, Cu, Cr and Pb) content.

3. Results and discussion
3.1. Optimization of the coagulation

The jar test for selecting the coagulation parameters
was carried out. In this test the dose of the coagulant
and the coagulation time were investigated.

Because the quality of the feed lake water fluctu-
ates according to the weather, the feed lake waters
with different turbidity (13, 15, 20 and 30 NTU) were
used to investigate the efficiency of the coagulation.
The results shown in Fig. 2 (a)—(d) depicted the func-
tion of turbidity variation as time. The turbidity of the
lake water after coagulation decreased with increas-
ing dose of the coagulant in the range of 5-30 mg L™
and dropped rapidly in the first 20 min but varied
slightly after 40 min. The final coagulation efficiency
for the four feed lake waters was shown in Fig. 3. As
shown, for the feed lake waters of 13, 15 and 20 NTU,
the turbidity variation of the coagulated water with
the dose of the coagulant showed the same ten-
dency. When the dose of the coagulant was 15 mg L,
theturbidityofthetreated waterarrivedatabout5 NTU.
However, when treating the feed water of 30 NTU
using 15 mg L' coagulant, the turbidity was 7.5 NTU
and reached 52 NTU using 30 mg L™ coagulant.
The lake water of higher turbidity contained more
impurities, which resulted in the lower coagulation
efficiency. From Fig. 3, the doses of coagulant that
made the effluent turbidity of 5 NTU for the different
turbidities feed lake waters (13, 15, 20 and 30 NTU)
were 11.8,13.4,15.6 and 30.0 mg L™, respectively. The
doses of coagulation showed linearity with the feed
turbidity.
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Fig. 2. Coagulation for feed lake waters with different turbidities: (a) 13 NTU, (b) 15 NTU, (c) 20 NTU and (d) 30 NTU.

3.2. Optimization of operating parameters for microfiltration
of treated lake water by coagulation

The operating parameters for microfiltration of
treated lake water by coagulation using ceramic mem-
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Fig. 3. Coagulation efficiency for treating feed lake waters
with different turbidity values.

branes were optimized by the orthogonal experiments
of three factors with three levels (listed in Table 1). The
objective of the orthogonal experiments is to pick out
some typical factors of experiments and obtain the
best factor combinations by designing the factor levels
properly. The optimization result by the orthogonal
experiments was listed in Table 2.

In Table 2 the influence of three operating parame-
ters on coagulation-microfiltration using ceramic mem-
branes were analysed. From the error of the fluxes, the
importance order of the factors was C>B > A. And the
velocity had the least influence because error(A) was

Table 1
The factors and their levels for the orthogonal experiments.
Factors Levels

1 2 3
A. Crossflow velocity (m x s™) 1 2 3
B. Trans-membrane pressure (MPa) 010 015 0.20
C. Dose of coagulant (mg x L) 10 20 30
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Table 2
The orthogonal array to optimize operating parameters for
coagulation-microfiltration.

Experimentno  Factors Flux
(Lxm?xh?)
A B C

1 1 0.10 10 426
2 1 0.15 20 847
3 1 0.20 30 1232
4 2 0.10 20 586
5 2 0.15 30 1173
6 2 0.20 10 540
7 3 0.10 30 777
8 3 0.15 10 495
9 3 0.20 20 1060
Mean k1 83512 596.89 48740

Mean k2 766.81 838.63  831.68

Mean k3 77812 94453 1060.97

Error 68.30 347.64 573.57
Optimized Al B3 c3

far lower than the others. The best factor combination
was A1B3C3 (the crossflow velocity of 1 m xs™, trans-
membrane pressure of 0.2 MPa and dose of coagulant
of 30mgxL™) from the mean values at three levels.
As listed in Table 2 the optimized operating condi-
tions happened to be investigated and the permeate
flux was 1232 Lxm2xh™". Due to the varied turbidity
(13-30 NTU) of the feed lake water, the optimization of
the dose of the coagulant could not be taken as the opti-
mized operating condition. The dose of coagulant should
be adjusted by the turbidity of the feed lake water.

3.3. Coagulation—microfiltration using the ceramic
membrane

In order to reduce the tank volume for coagulation,
the online coagulation was taken into account. The pro-
cesses of microfiltration without coagulation and with

online coagulation were compared. The microfiltration
of lake water using four ceramic membranes (50, 200,
500 and 800 nm) was carried out at 0.2 MPa, 1.0 m xs7},
20°C. The quality of the feed lake waters was listed in
Table 3. Fig. 4 showed the effects of pore size on the per-
meate flux by microfiltration without coagulation (a) and
with online coagulation (b). The experiment results dis-
played that the microfiltration permeate flux with online
coagulation was higher than that without coagulation,
which implied that the coagulation had the positive
influence on microfiltration permeate flux.

The differences between microfiltration with online
coagulation and without coagulation are shown in Fig. 5
and Table 3. The function of flux as ceramic membrane
pore size presented in Fig. 5 showed that the flux increased
with pore size for the ceramic membrane from 50-500 nm
and decreased after 500 nm. The reason for the function
of flux as pore size might be that 800 nm was so large that
a few particles in the lake water entered into membrane
pores, which resulted in the serious membrane fouling
and the large filtration resistance. And the membrane
fouling developed very fast and the flux dropped dra-
matically (Fig. 4). Therefore, the flux by the ceramic mem-
brane with a pore size of 800 nm was the lowest, which
had nothing to do with coagulation. The experimental
data listed in Table 3 also showed that turbidity removal
by the ceramic membrane with a pore size of 800 nm was
the least because a few ultra-fine particles in the lake water
could pass through the membrane into the permeates.
The ceramic membrane with a pore size of 500 nm had
the good turbidity removal of 97.2% and 99.5% by with-
out coagulation and with online coagulation, respectively.
The steady flux of microfiltration increased when coupled
with online coagulation. When using the ceramic mem-
brane with a pore size of 500 nm, the steady flux increased
from 225-640 Lxm=2xh™ (Fig. 5). The experimental
results implied that the optimal pore size was 500 nm in
the tested ceramic membranes for treating the lake water.

Table 3

The permeability of various ceramic membranes at 0.2 MPa, 1.0 m x s, 20°C.

Microfiltration Pore size Turbidity (NTU) Turbidity removal (%) Flux
(nm) (Lxm?xhM)

Feed lake Permeate

Without 50 111 0.230 979 155

coagulation 200 15.2 0.427 97.2 196
500 234 0.663 97.2 225
800 179 0.961 94.6 148

With online 50 16.7 0.078 99.5 316

coagulation 200 16.9 0.081 99.5 512
500 30.1 0.147 99.5 640
800 30.1 0.800 97.3 190
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Fig. 4. Effect of pore size on the permeate flux at 0.2 MPa, 1.0 m x s, 20°C with different treatment process: (a) without

coagulation and (b) with online coagulation.
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Fig. 5. The function of the steady permeate flux as pore size
at 0.2 MPa, 1.0 m x s, 20°C.

Table 4 listed the water quality of lake water before
and after microfiltration. The analyzed items on water
quality were turbidity, UV, TOC and metal ions (Ca,
Mg, Fe, Cu, Cr and Pb). Due to coupling with online
coagulation, the microfiltration had the better impurities
removal and the turbidity, UV,,,, the content of TOC and
metal ions were lower than that without coagulation.
These values were all lower than that in the national stan-
dard and met the national drinking water requirements.
The water quality by the coagulation-microfiltration
for treating the Xuanwu Lake water was good enough
for tap water.

4. Conclusion

The lake water treatment by the coagulation—
microfiltration process was investigated. The coagu-

Table 4
Water quality analysis for the permeate.
Water quality Feed . ) .
lake Microfiltration
water Without With online
coagulation  coagulation
Turbidity (NTU) 234 0.663 0.147
UV254 (cm™) 0.198 0.105 0.043
TOC (mg x L™) 2.102 1.982 1.265
Ca 26.64 2512 24.01
) Mg 749 7.30 6.59
Metal 1orl1 Fe 0.100 0.017 0.004
(mgxL7) ¢y 0.017 0.009 0.005
Cr 0.0020 0.0012 0.0003
Pb 0.0018 0.0017 0.0005

lation experimental results showed that the dose of
coagulant (Ferric chloride) increased with increasing
turbidity of the feed lake water. As for the turbidity from
13 to 30 NTU, the suitable dose of the coagulant was
15-30 mg L™ and the turbidity of the treated lake water
was about 5 NTU. The suitable operating parameters
for microfiltration of the treated lake water by coagula-
tion were the crossflow velocity of 1 m xs™ and trans-
membrane pressure of 0.2 MPa. The optimal pore size
was 500 nm in the tested ceramic membranes for treating
the lake water. The coagulation—microfiltration experi-
ment result displayed that the permeate flux and turbid-
ity removal with online coagulation were higher than
that without coagulation. The steady flux of microfil-
tration increased from 225 to 640 L x m™ x h™! using the
ceramic membrane with a pore size of 500 nm when cou-
pled with online coagulation, and the turbidity removal
increased from 97.2% t0 99.5%. The water quality analysis
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showed that the coagulation—microfiltration produced
high quality water. The coagulation—microfiltration
using ceramic membranes was an optional method for
tap water produce.
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