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Table 1
Experimental condition for backwashing

Gas flow rate Ozone concentration Backwashing time Filtration time Feed type

(L/min) (mg O4/L) (min) (min)
Run 1 2 - 2 60 Fresh
Run 2 4 - 1 60 Fresh
Run 3 2 58 2 60 Fresh
Run 4 4 58 1 60 Fresh
Run 5 4 - 1 60 Synthetic
Run 6 4 58 1 60 Synthetic

The membrane module was designed as a tubu-
lar type and was made of stainless steel (SUS
316L) material which composed of five multi
layer. The outward and cross-section of metal
membrane were shown in Fig. 1(b). Metal mem-
brane has some material advantages for the
application of wastewater treatment, such as the
strength endurable impact force and tolerance to
oxidation and high temperature compared to the
conventional polymer membrane materials. In
addition, it is capable of ultrasonic cleaning for
membrane cleaning.

The microfiltration (MF) system, with a working
volume of 100 L, is maintained at a constant vol-
ume level of mixed liquor and is continuously
mixed by the controls of the feed pump. The metal
membrane module was submerged in the system.
Diffuser installed below the membrane module
functioned for the aeration. Exhausted ozone gas
was treated with a 4% KI solution. The perfor-
mance of the membrane filtration was determined
by measuring the permeation flux under different
operating conditions.

Experimental condition was shown in Table 1.
As feed for experiments, a fresh and a synthetic

Table 2
Water qualities of fresh sewage

sewage were used. The water qualities of fresh
sewage and the composition of synthetic sewage
were shown in Tables 2 and 3, respectively. As
analytic items, suspended solids (SS), alkalinity,
COD,_, BOD, T-N, T-P, NH; -N and particle
size were all quantified by the following methods
shown in Table 4.

3. Results and discussion

3.1. Performance of microfiltration: effect of
particle size

Two types of municipal sewage were used
for microfiltration performance. One is the fresh
sewage without sonication and the other is fresh
sewage with 3 min sonication at 100 kHz 90 W.
Permeation flux decline patterns of membrane
microfiltration were shown in Fig. 2. Perme-
ation flux rapidly decreased at the beginning of
each filtration then approached to the steady
state after 6 h at both cases. Permeation flux
without sonication was significantly higher than
that with sonication.

The difference in the performance of mem-
brane microfiltration may be attributed to the

Item BOD COD

cr

T-N T-P

Value 85 (mg/L) 163 (mg/L)

203 (mg/L)

33 (mg N/L) 1.6 (mg P/L)
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Table 3
Composition and water qualities of synthetic sewage

Chemicals Dose (mg/L) Water quality
Glucose 190 75 (mg C/L)
Poly-peptone 210 20 (mg N/L)
NH,CI 75 22.3 (mg N/L)
CaCl,- 2H,0 35 10 (mg Ca/L)
FeCl; - 6H,0 0.25 0.05 (mg Fe/L)
MgSO,-7H,0 170 17 (mg Mg/L)
NaHCO, 450 270 (mg CaCO,/L)
KH,PO, 30 6.8 (mg P/L)

Water qualities:

BOD 250 (mg O,/L), Alkalinity 270 (mg CaCO,/L),
NH; -N 22.3 (mg N/L), T-N 42.3 (mg N/L), T-P

6.8 (mg P/L).

differences in the particle size distributions in
two types of feed. As shown in Fig. 3, the parti-
cle size distributions were different and the
municipal fresh sewage without sonication had
greater particle diameters than that of fresh sew-
age with sonication. Therefore, smaller particles
less than membrane pore size can be concluded
to cause more severe membrane fouling than the
larger particles. It may be expected that particle
size closer to or smaller than membrane pore size
can contribute to membrane fouling through inter-
nal and external pore blocking mechanism [3].

Table 4
Analytic items and methods
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Fig. 2. Permeation flux decline patterns in two types
of fresh sewage as a function of time.

In addition, cakes formed on membrane surface
by smaller particles can be expected to create
greater filtration resistance [10].

3.2. Effect of air or ozone backwashing for
permeation flux recovery

The hydraulic cleaning including backwashing
is an essential step for membrane fouling reduc-
tion. The ozonation effect has been few studied
for the enhancement of permeation flux in the
membrane process. First of all, the use of an

Items Methods (device)

Suspended Solids (SS) Glass fiber, Whatman GF/C

Alkalinity Standard method, Titration method [9]

COD,, Standard method (Hach DR-2010)

BOD Standard method, 5-day BOD test

T-N In-line UV/persulfate digestion and oxidation method
(UV spectrometer jena SPECORD 50)

T-P Perchloric acid with vanadomolydo phosphoric acid method
(UV spectrometer jena SPECORD 50)

NH; -N Indophenol method (UV spectrometer jena SPECORD 50)

Particle size

(LS 230 Particle size analyzer, Beckman Coulter Co. USA)
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Fig. 3. Particle size distributions of fresh sewage with
and without sonication.

ozone-mediated membrane in the wastewater
has been utilized as an alternative method in
order to reduce membrane fouling.

Six separate experimental runs for flux recov-
ery were conducted using air or ozone gas back-
washing with fresh or synthetic sewage as shown
in Table 1. The permeation flux variations as a
function of time with air back washing or ozone
back washing were shown in Fig. 4.

In case, fresh sewage was used as feed,
permeation flux with ozone backwashing was
higher than those of air backwashing. Similarly,
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permeation flux with intermittent ozone back-
washing showed significantly higher values than
those in air backwashing during continuous fil-
tration with synthetic sewage. It was found that
ozone back washing could effectively recover
the permeation flux in the microfiltration system
and prolong the period to reach the membrane
fouling rather than air backwashing. This may
be ascribed to the decomposition of organic fou-
lants in the membrane pore structure by the
strong oxidation of ozone and the exfoliation of
cake layer by physical force of backwashing on
membrane surface with backwashing. The air
backwashing method for membrane fouling
reduction is believed relatively inefficient in the
case of long-term operation because it has only
physical exfoliation effect.

In addition, when synthetic sewage was used
as feed, permeation flux was higher than that in
the case of fresh sewage. This is attributed to
that the compounds of synthetic sewage are
composed of degradable materials such as glu-
cose and poly peptones thus, are easily degraded
by ozonation. Regarding the operational parame-
ters, the increase of ozone gas flow rate (Run 4)
for the recovery of permeation flux was more
effective than the prolongation of the injection
time (Run 3) under the same ozone doses.
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Fig. 4. Flux variations as a function of time in the case of air backwashing and ozone backwashing. [Conditions: (a)
feed: fresh sewage (b) feed: synthetic sewage, pore size 1 (um), pressure: 50 (kPa)].
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Fig. 5. The variation of flux and J/J; in the case of air backwashing and ozone backwashing with fresh sewage. [Condi-
tions: gas flow rate 6 (L/min), ozone concentration 58 (g/m’), backwashing time 2 (min), filtration time 30 (min), pore

size 1 (um)].

The variation of permeation flux and flux ratio
(J/J,) as a function of operational time was shown
in Fig. 5, The result suggests that intermittent
ozone backwashing was highly effective than air
backwashing for fouling reduction. In case of air
backwashing, flux recovery ratio was about 80%,
while it showed over 90% of recovery when
ozone backwashing was applied.

3.3. Effect of filtration/backwashing cycle

Generally, though the flux increases with the
pressure increase, when the flux reached a certain
point of limit, it was not affected the pressure.
Namely, flux does not change any more by the
increase of pressure during the filtration. When
membrane cleaning was conducted at this point,
the effect of membrane cleaning was likely to
decrease. Therefore, it is important to determine
the pertinent backwashing cycle for permeation
flux recovery.

The ratio of initial flux to permeation flux (J/J,)
at four different backwashing cycles was shown
in Fig. 6 and experimental condition was illus-
trated in Table 5. The ratio of J/J, in Run 7 and

Run 8 was 0.91 and 0.91, respectively. As the fil-
tration/backwashing cycle was longer, the effect
of flux recovery by ozone backwashing decreased.
Therefore, it is favorable to operate membrane
cleaning before the foulant is consolidated on the
membrane surface. It is reported that ozonation
for flux enhancement would make the membrane
prolong the period to reach the membrane fouling

Flux ratio (J/J)

Run 7

Run 8 Run 9
Filtration/backwashing cycle

Run 10

Fig. 6. Relationship between filtration/backwashing
cycle and flux ratio J/J,,.
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Table 5

Experimental conditions for membrane filtration/backwashing cycle

Run 7 Run 8

Run 9 Run 10

Filtration time (min) 5 10

Backwashing cycle 2 min On, 2 min Off

Other conditions:

20 30

Ozone concentration: 20 (mg O,/L), Gas flow rate: 2 (L/min), Pressure: 50 (kPa), Operation time: 24 (h) at each Run,

Nominal pore size 1 (um)

rather than having a significant role to prevent
the membrane fouling completely [11].

If ozone back washing was appropriately
operated for membrane fouling in microfiltra-
tion system, this technique can be contributed to
the enhancement of membrane permeability and
system efficiency.

4. Conclusions

Backwashing effect by ozonation for permeation
flux recovery was experimentally investigated in
a microfiltration membrane process. The results
obtained from experiments are summarized as
follows: Particle size and size distribution play an
important role in membrane fouling and small
particles cause much severer fouling than the
larger particles. Fresh sewage with sonication
caused greater fouling than that without sonica-
tion. Intermittent ozone backwashing can be used
to clean membrane effectively for fouling caused
by cake formation and internal pore blocking.
The permeation flux with intermittent ozone
backwashing showed significantly higher value
than that in air backwashing during continuous
filtration. Under the same ozone injection, gas
flow rate increasing was more effective than the
increase of injection time for the recovery of per-
meation flux. In continuous operation, flux
recovery ratio by air backwashing was about
80%, while showed over 90% of recovery ratio
with ozone gas. As the filtration/backwashing
cycle was longer, the effect of flux recovery by

ozone backwashing decreased. Therefore, it is
favorable to operate membrane cleaning before
the foulant is consolidated on the membrane
surface.
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