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ABSTRACT

In this research, to investigate totally the phenomenon of concentration and dilution in microfil-
tration membrane (MF)- reverse osmosis membrane (RO) hybrid process, it was operated for
sewage with the change of variables such as temperature and TMP (trans-membrane pressure).
MF modules were used directly without pretreatment and then MF permeate was sent to RO
module. For evaluation of membrane fouling at a point of time, continuous process was con-
ducted at a fixed temperature and TMP. With physical cleaning by air-stripping, permeate flux
of MF module was decreased by the lapse of time. After 11 h, permeate flux in RO was
decreased drastically and it implied the cleaning period of RO module. The removal efficiency
of chemical oxygen demand (COD), T-N, T-P, total dissolved solid (TDS) and turbidity in RO
module was observed high values over 94% regardless of the variations of temperature and
TMP. It suggests that this system is very suitable for the treatment of sewage and the treated
water is satisfied on environment standard. Turbidity was removed sufficiently in microfiltra-
tion modules and pH values were maintained under 6.5–8.1 range. In RO module, degree of
concentration (DC) of COD, T-N, T-P and TDS was shown high values. T-N, T-P and TDS were
shown very high DC values because of low removal efficiency in microfiltration modules.

Keywords: Immersed microfiltration membranes; A spiral wound reverse osmosis membrane;
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1. Introduction

Antique documents for the water pollution related
closely to humans were recorded in history of the
ancient Roman era’s wastewater facilities. Actual sani-
tation had not been managed until the 1800s of indus-
trial revolution. At that time, the industrial revolution
led to the formation of slum and the abrupt outbreak of
various diseases although it raised the living standard.

Such situations let advanced nations (e.g. the United
Kingdom) reflect to repair sewer and construct sewage
disposal plant, additionally to legislate against the envi-
ronmental pollution of the sewage [1]. Meanwhile,
there are many causes of water pollution such as
sewage, industrial wastewater, livestock wastewater,
solid waste and so on. The treatment of wastewater is
indispensable to preserve the ecosystem, whose
processes are characterized by various effects during
operation. The treatment of wastewater enables us to
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be protected from the threat of infectious disease due to
stagnant water and the flooding due to rainfall. They
play important role in preserving the ecosystem and
the resource of drinking water over self-purification [2].
Especially, membrane filtration as a novel alternative is
expected to play an important role in treating sewage.
It is more reliable of water-quality in drinking water
process because of automatic operation and environ-
mentally-friendly process. Its several merits on the pro-
cess are described as follows; the easiness of scale-up,
simultaneous feasibility of batch and continuous opera-
tion, the easiness of operation, and excellent removal
efficiency. The other hand, its several demerits are sta-
ted as follows; economics due to the limited amount of
filtration and high energy consumption in a huge plant,
the outbreak of membrane fouling, the weak polymeric
membrane due to the effect of pH and temperature,
short life-time, the short change period of membrane,
brittleness of ceramic membrane, the limited applica-
tion of metallic membrane and so forth. Nevertheless,
much effort to overcome them has been continuously
carried out by many researchers [3–5]. Microfiltration-
reverse osmosis (MF-RO) hybrid process is one of them
and it has been expanded to various applications, espe-
cially for water treatment such as reuse of industrial
waste-water and desalination of seawater [6–18]. As pre-
vious studies for MF-RO hybrid system had been dis-
cussed in the viewpoint of permeate (produced water),
these of MF-RO hybrid system were little discussed in
the viewpoint of retentate (concentrated water). In this
study, both behavior of concentrated water and that of
produced water were totally observed/considered to
raise reuse of concentrated water as well as quality of
produced water. To carry it out, hybrid process com-
bined an immersed MF with a spiral wound RO was
applied to S-sewage (influent). Behaviors of the concen-
trated water in retentate and the produced water in per-
meate were discussed by measuring chemical oxygen
demand (COD), T-N, T-P, total dissolved solid (TDS)
and turbidity as a function of temperature and pressure.
In MF-RO hybrid process applied to sewage, optimal
operating condition was investigated through running
variables (e.g. Temperature, trans-membrane pressure
[TMP]) to satisfy water-quality standard and achieve
effective concentration. As well, optimal cleaning period
was determined through the sudden change of flux as
index of membrane fouling.

2. Experimental

2.1. Equipments

Microfiltration modules were installed directly to
feed reservoir without special pre-treatment. Feed

solution used in the experiment was collected from
preliminary clarifier of environmental public
corporation in “P” city and it was directly applied to
microfiltration modules. The diagram of process was
illustrated in Fig. 1.

2.2. Methods

Feed solution was retained in feed reservoir of
MF. And it was circulated in the hybrid process with
the variation of temperature and TMP. MF permeate-
retaining reservoir was installed to minimize the effect
of MF modules combined with the pressure of RO.
Temperatures of feed solution-retaining reservoir were
varied by 3 steps of 15, 25 and 35˚C. Air supplier was
set up in the bottom of reservoir to minimize the dif-
ference of temperature and concentration, and to clean
modules indirectly. To maintain temperature and con-
centration constantly in feed solution, circulation
pump was installed in MF-RO hybrid process. The
concentration amount in MF-permeating solution and
RO-concentrating/permeating solution were directly
measured and/or collected from the permeating-line
after reaching at the state-state. Both collecting sam-
ples to analyze and measuring the flux were simulta-
neously conducted to minimize experimental error.

Fig. 1. Schematic diagram of membrane separation system.

Table 1
Experimental conditions for microfiltration and reverse
osmosis membrane module

Item Unit Value

Pressure MF Pa 133, 200, 267, 333

RO kPa 392, 490, 588, 686

Aeration MF L/min 20

Temperature ˚C 15, 25, 35
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Table 1 stated experimental condition for MF module
and RO module. In continuous operation at constant
temperature and pressure, the change of flux in per-
meate was checked with the period of 1 h to observe
membrane fouling. The condition of operation was
described in Table 2.

3. Results and discussion

3.1. Permeability

For the immersed MF, permeability of ultra-pure
water was measured in permeate to observe relation-
ship between temperature and TMP. For the experi-
ment of ultra-pure water permeability using the
immersed MF, it showed general trend that ultra-pure
water permeability (Jw) increased with increasing tem-
perature at constant pressure (permeability order:
15 < 25 < 35˚C). The value of permeability at the
applied pressure passed through “0” as shown in
Fig. 2, indicating that membrane had no defects (e.g.
large pore, water leak) and it enable to conduct the
experiment (Fig. 2). For the spiral wound RO, perme-
ability of ultra-pure water was measured in permeate
to observe relationship between temperature and

TMP. It showed general trend that ultra-pure water
permeability linearly increased with increasing
rtemperature at constant pressure (Fig. 3). For the
immersed MF module applied to sewage, Fig. 4
showed relationship between permeability and TMP/
temperature. Fluctuation of permeability as a function
of temperature/pressure was constant although the
decreasing rate of permeability was 23–32% compared
to that of pure-water permeability. It is inferred that
primary cause of deceasing permeability is pore-block-
ing of membrane surface due to colloidal pollutants
and secondary cause is pore-blocking of inter-pore
due to adsorption of soluble pollutants. In the system,
the immersed MF module played a role in controlling
effectively the membrane load of RO system by block-
ing colloidal pollutants. Also, J/J0 as the factor of
decreasing rate in permeability was inversely propor-
tional to operating time under continuous operation.

Table 2
Experimental conditions of continuous operation for
microfiltration and reverse osmosis module

Item Value Unit

Continuous
operation

Pressure MF 200 Pa

RO 588 kPa

Temperature MF & RO 25 ˚C

Aeration MF 20 L/min

Fig. 2. Behavior of pure water permeate flux in the MF
process as a function of TMP.

Fig. 3. Behavior of pure water permeate flux in the RO
process as a function of TMP.

Fig. 4. Behavior of sewage permeate flux in the MF
process as a function of TMP.
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The results enabled to know that membrane fouling in
MF module was evaluated by air-scrubbing as physi-
cal cleaning (Fig. 5). For RO module applied to sew-
age, Fig. 6 showed relationship between permeability
and TMP/temperature. Fluctuation of permeability as
a function of temperature/pressure was constant
although the decreasing rate of permeability was 13–
21% compared to that of pure-water permeability. The
abrupt decease of permeability appeared after 11 h of
operation whereas it did not appear till 11 h of opera-
tion. It means that RO module should be cleaned
around 11 h of operation (Fig. 7). It is inferred that
main cause of deceasing permeability is scaling
phenomenon due to laminating of soluble pollutants
(e.g. virus, humic acid) unlike their cause in MF
related to colloidal pollutants. It was interpreted that
soluble pollutants to adsorb on RO surface resulted in
the decrease of permeability.

3.2. COD, T-N, T-P

The system was sequentially constituted of the
immersed MF module and RO module. To observe
the efficiency of treatment, permeate in each process
was measured by various analytical items (e.g. COD,
T-N, T-P). Removal efficiencies of CODs were 65–70%
in the immersed MF module and 95% in RO module
(Fig. 8). For permeate of MF and retentate of RO,
respectively, the degree of concentration for COD was
calculated. As shown in Fig. 9, the degree of COD
concentration was 0.07–0.09 as a function of tempera-
ture. The results were interpreted in the viewpoint of
colloidal pollutants and soluble pollutants. In other
word, wastewater supplied to the immersed MF mod-
ule gave the load for MF membrane with colloidal
pollutants and soluble pollutants. The efficiency of
COD removal due to the reason described above was

Fig. 5. Behavior of sewage permeate flux ratio J/J0 in the
MF process as a function of operating time.

Fig. 6. Behavior of sewage permeate flux in the RO process
as a function of TMP.

Fig. 7. Behavior of sewage permeate flux ratio J/J0 in the
RO process as a function of operating time.

Fig. 8. Behavior of COD removal efficiency in the process
as a function of TMP.
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65–70%. The soluble pollutants can’t be removed with-
out RO-connected process because substances treated
by MF process are mostly soluble. It led to COD
removal efficiency of 95%, indicating the RO module
was effectively connected to the overall system.
Removal efficiencies of T-N were 30–35% in the
immersed MF module and 96% in RO module, respec-
tively (Fig. 10). As shown in Fig. 11, concentration
degree of T-N some increased linearly with increasing
temperature while the fluctuation of concentration
degree was not observed. The concentration degree of
T-N increased from 0.20 to 0.24 with increasing tem-
perature. The removal efficiency of T-N was 96% in
RO module whereas that in MF module was very
low. Nitrogen-induced compounds result in the
eutrophication of water and they are soluble in water,
indicating that the MF module is not suitable to
remove nitrogen-induced compound. As a result, the

removal efficiency of T-N was low 30–35% in the MF
module while that in RO module was high 95%. The
system effectively controlled the water-quality without
the process based on biological treatment (see Fig. 12).
The concentration degree of T-P in MF module was
not even expected as the removal efficiency of T-P
was very low. By contrary, the concentration degree
of T-P in RO module was expected as the removal
efficiency of T-P was over 98%. The removal efficiency
of T-P increased from 0.22 to 0.39 with increasing tem-
perature at the applied pressure (Fig. 13). Like the
result of T-N, the results of T-P can also be interpreted
in the viewpoint of the features of pollutants. Namely,
phosphorus-induced compounds result in the
eutrophication of water and they are soluble in water,
indicating that the MF module is not suitable to
remove phosphorus-induced compound. Therefore,
RO-connected system is indispensable to remove

Fig. 9. Behavior of degree of COD concentration in the RO
process as a function of temperature.

Fig. 10. Behavior of T-N removal efficiency in the process
as a function of TMP.

Fig. 11. Behavior of degree of T-N concentration in the RO
process as a function of temperature.

Fig. 12. Behavior of T-P removal efficiency in the process
as a function of TMP.
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phosphorus-induced compound. The removal effi-
ciency of T-P was low 25–30% in the MF module
while that of RO module was high 98%. The system
was effectively controlled the water-quality without
the process based on biological treatment.

3.3. TDS, turbidity, pH

The removal efficiency of TDS was high 94% in
RO module whereas that in MF module was very low
10% (Fig. 14). For permeate of MF and retentate of
RO, respectively, the degree of concentration for TDS
was calculated. The degree of TDS concentration was
not expected as the removal efficiency of TDS was
low 6–8% in MF module. However, that of RO mod-
ule was expected as the removal efficiency of TDS is
very high 94%. The removal efficiency of TDS
increased from 0.08 to 0.16 with increasing tempera-
ture, independent of the applied pressure (Fig. 15).
Like the result of T-N and T-P, the results of TDS can
also be interpreted in the viewpoint of the features of
pollutants. As soluble chemicals are soluble in water,
the MF module is not suitable to remove soluble sub-
stances. Therefore, RO-connected system is indispens-
able to remove soluble substances. With the operation
of the system, the removal efficiency of turbidity was
very high 99.7% in RO module while that in MF mod-
ule was 99% (Fig. 16). Meanwhile, the removal effi-
ciency of turbidity in RO module was independent of
temperature/applied pressure. In the condition of
constant temperature, the pH value of permeate in
MF module was 7.9–8.0 (increasing) whereas that in
RO module was 6.5–6.7 (decreasing) (Fig. 17). They
were satisfied with the range of management and
effluent standard of environmental regulation.

Fig. 13. Behavior of degree of T-P concentration in the RO
process as a function of temperature.

Fig. 14. Behavior of TDS removal efficiency in the process
as a function of TMP.

Fig. 15. Behavior of degree of TDS concentration in the RO
process as a function of temperature.

Fig. 16. Behavior of turbidity removal efficiency in the
process as a function of TMP.
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4. Conclusions

Performances of RO–MF hybrid process was evalu-
ated through filtration feature, retentate concentration,
and permeate dilution of sewage as follows:

(1) In the case of sewage, the decreasing rate of
permeability in MF was 23–32% of pure-water
permeability and that of RO was 13–21% of
pure-water permeability. Both permeabilities
were linearly proportional to temperature and
TMP.

(2) Under air-scrubbing of MF, permeability of MF
for sewage linearly decreased with increasing
time

(3) The abrupt decease in permeability in RO mod-
ule appeared around 11 h of operation, imply-
ing that the system should be cleaned after 11 h
of operation.

(4) Removal efficiency for COD, T-N, T-P, TDS,
and turbidity was over 94% in MF-RO hybrid
process, implying that RO module was greatly
contributed to hybrid system. The water quality
of RO permeate was not restricted in environ-
mental standard for sewage.

(5) In the case of applying to RO module with con-
trolling temperature and TMP, the applied
pressure was independent of the system
although permeability linearly increased with
increasing temperature.

(6) The low removal efficiency for T-N, T-P and
TDS in MF module led to the high-concentra-
tion degree for RO module.
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