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Treatment of stable oil/water emulsion by novel felt-metal supported PVA
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Abstract: The novel felt-metal supported PVA composite hydrophilic ultrafiltration membrane was used for the treatment of
oil/water(O/W) emulsion. The effects of transmembrane pressure(TMP), cross flow velocity, feed concentration on membrane
performance were investigated, and ultrasonic cleaning of the fouled membrane was also investigated. The results show the flux
increases with the increase of cross-flow velocity and TMP within the given TMP range from 0.20 MPa to 0.40 MPa. With increase
of initial oil concentration increases, the oil rejection increases while the permeate flux decreases. The composite membrane shows
more than 90% oil rejection within the initial oil concentration range from 0.05% to 0.50% (mass fraction) at TMP of 0.30 MPa. The
fouling of the composite membrane increases rapidly during the initial 20 min at given TMP range from 0.20 MPa to 0.40 MPa, and
it increases slowly after 30 min. The results also show that ultrasound is very effective in removing oil fouling of the fouled

membrane, and the properties of the composite ultrafiltration membrane can be completely recovered by 10 min of sonication.
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1 Introduction

A large volume of wastewater containing oily
emulsion is generated from various process industries
such as metallurgical industry, cutting, transportation,
food processing, petrochemical industry and petroleum
refineries. The main kinds of oily wastewater are
free-floating oil, unstable oil/water(O/W) emulsion and
stable O/W emulsion[1]. Free-floating oil or unstable
O/W emulsions can be easily removed by using
conventional separation processes such as chemical,
mechanical and thermal methods[2]. The chemical
methods involve chemical pretreatment of emulsified oil
to destabilize the emulsion followed by gravity
separation, the mechanical and thermal methods
primarily based on the phenomenon of gravitational and
thermal emulsion breaking. However, the conventional
methods for treatment of oil emulsions have several
disadvantages, such as a low efficiency, operational
difficulties and high operation costs. Furthermore, these
conventional processes are not effective enough for
removing stable O/W emulsion.

Membrane separation is a useful method for the
treatment of micron sized oily wastewater. Ultrafiltration
(UF) is considered to be a versatile separation method
[3—5]. This pressure-driven process is widely used in the
treatment of colloidal suspensions and O/W emulsions in
applications[6—9]. Oily water with
emulsion droplets of size higher than 50 pm is in
unstable state[10]. Those less than 10 pm are considered
to be highly stable. So, it is very difficult to separate
particularly when oil concentration is small. However,
little reports on treating oily emulsion with droplets
below 5 um have been reported.

Although ultrafiltration is a suitable technique to
treat oily wastewaters[11], membranes suffer severe
fouling as a result of adsorption and accumulation of
rejected oil and other components on the membrane
surface. To minimize fouling, the cross-flow, where the
feed flows parallel to the membrane surface, has been
widely applied to reducing the formation of a cake layer.
Several studies have reported that cross flow membrane
filtration is an effective process in concentrating O/W
emulsions[1,4,8,12].

Generally, organic membranes have good selectivity
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but poor mechanical strength, while inorganic
membranes have good thermal and chemical stability,
and immunity to microorganism, but poor flexibility. The
novel felt-metal-PVA  composite membrane has
combined the good selectivity of the PVA membrane and
the high mechanical strength of the felt-meta[13].
Furthermore, it can be easily reused by removing the
organic layer when the composite membrane gets
deteriorated. To our best knowledge, there have been less
reports on felt-metal-PVA composite hydrophilic
ultrafiltration membrane used in ultrafiltration of oil
emulsion.

In this study, a novel felt-metal-PVA composite
hydrophilic ultrafiltration membrane was used to treat
stable O/W emulsion by cross-flow ultrafiltration. The
effects of transmembrane pressure(TMP), flow velocity,
feed initial oil concentration, and filtration time, etc., on
the permeate flux and oil rejection were investigated. In
addition, the cleaning of the fouled membrane by
sonication was also studied.

2 Experimental

2.1 Preparation of felt-metal modified PVA composite
UF membrane

The pretreated felt-metal was coated by 12%(mass
fraction) polyvinyl alcohol(PVA) solution, then was
heat-treated at 120 °C for half an hour, and the supported
membrane was prepared. The felt-metal modified PVA
composite UF membrane was prepared by casting PVA
solution on the surface of the supported layer by phase
inversion[13].

2.2 Preparation of emulsion

0.1% O/W emulsion was prepared by adding 1 g
kerosene and a certain mass of Tween-20 to 1 L distilled
water, then stirring for 2 min at the rate of 10 000 r/min
by JRJ-300-I high-speed cutting emulsifier, and the
average size of the oil droplets was about 0.3 pm. R is
retention defined as follows:

C
R=|1-—L1{x100% 1)
o

where C; and C, are the oil concentrations of the feed
and the permeate, respectively, expressed by chemical
oxygen demand(COD).

2.3 Membrane characterization

Pure water flux Jy and rejection R of O/W emulsion
were determined in a dead-end UF apparatus under
different transmembrane pressures. The permeate flux
and the oil concentration were the average values for the
first 5 min, and the results are listed in Table 1, where R,
is the intrinsic resistance of the membrane.

Table 1 Properties of composite membrane

TMP/MPa  Jy/(L'm >h™") R/% Ry/10"m™!
0.25 75.6 93.8 1.190
0.30 86.3 93.8 1.251
0.35 96.0 93.5 1312
0.40 105.0 93.2 1.327
0.45 113.0 92.7 1.434

2.4 Cleaning of composite membrane

SB2200 Ultrasound Cleaner (Shanghai Binengxin
Ultrasound Co. Ltd., China) was used to clean the fouled
membrane, and properties of the cleaned composite
membranes with different cleaning time from 3 min to 15
min were compared.

2.5 Apparatus for cross-flow ultrafiltration

Fig.1 shows schematic diagram of cross-flow
ultrafiltration. One-side plate UF module was used in this
experiment. The height of the channel could be adjusted
from 0.025 m to 0.040 m, and the effective ultrafiltration
area was 4.95X 10 m’.
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Fig.1 Schematic diagram of cross flow ultrafiltration

3 Results and discussion

3.1 Flux declination

Fig.2 shows the flux declination curves for the
treatment of 0.10% O/W emulsion when the flow
velocity is 0.053 m/s under different TMP from 0.25
MPa to 0.40 MPa, where w is the mass fraction of oil.
The fluxes decline rapidly during the initial 20 min, and
then gradually decrease, finally become almost constant
with time, which is called the steady state. The flux
declination is caused by pore blocking due to the
existence of size distribution of membrane pores and oil
droplets, settling of oil droplets on membrane surface,
and concentration polarization due to the increase in
retentate concentration. However, at the initial stage of
the experiment, since the retentate concentration is not
very high, the concentration polarization effect can be
negligible[14—15]. In this case, pore blocking by oil
droplets is the major factor for initial flux declination.
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Fig.2 Flux decline curves for cross-flow ultrafiltration at
different TMP

3.2 Effect of TMP on permeate flux
Fig.3 shows the effect of TMP on permeation flux at

steady state for different concentrations of oily emulsions.

The flux increases with the increase of TMP within the
given pressure range, but the permeate flux increases a
little slowly with the TMP for the emulsion with mass
fraction of 0.50%, because the settling of oil droplets on
membrane surface gets a little easy as oil concentration
increases. The increase of permeate flux with TMP is due
to the increase in driving force across the membrane. The

increase of flux with TMP is not seen to be exactly linear.

The reason is the existence of additional resistance due to
adsorption and concentration polarization[15], and the
increase of the membrane intrinsic resistance due to the
increase of TMP (Table 1).
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Fig.3 Effect of TMP on permeate flux at stead state

3.3 Effect of cross-flow velocity on permeate flux

The effect of cross-flow velocity on the permeate
flux at TMP of 0.30 MPa is shown in Fig.4. Permeate
flux increases with the increase of cross-flow velocity,
because the concentration polarization decreases with the
increase of the flow velocity. Another reason is that it gets
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Fig.4 Effect of cross-flow velocity on permeate flux

a little difficult for the oil droplets adsorbed on the
membrane surface as the flow velocity increases, and the
membrane fouling resistance decreases with the increase
of flow velocity.

3.4 Effect of oil concentration on permeate flux and

oil rejection

The effects of feed oil concentration on the
permeate flux and oil rejection are shown in Fig.5 and
Fig.6, respectively. Fig.5 indicates that as initial oil
concentration increases, permeate flux decreases, which
may be attributed to the increase of resistance due to the
formation of oil layer on the membrane surface with the
increase of oil concentration. As the oil concentration
increases, the oil rejection increases. Oil droplets are
retained by the membrane to build up a boundary layer
on the membrane surface which accumulates the oil
droplets and reduces the permeate flux. An increase of
oil concentration in the feed would increase the oil
concentration in the boundary layer resulting in more
reduction of flux and at the same time increase the oil
rejection. From Fig.6, the membrane shows more than
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Fig.5 Effect of initial feed oil concentration on permeate flux at

steady state
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Fig.6 Effect of initial feed oil concentration on rejection

90% oil rejection within the initial oil concentration
range from 0.05% to 0.50% at TMP of 0.30 MPa. At a
lower oil concentration (i.e., wW=0.10%), the rejection is a
little low; while at a higher oil concentration (i.e.,
w=0.50%), the oil rejection is over 95%.

3.5 Resistance of ultrafiltration

Fig.7 shows the correlation of the total resistance
(Ry) with ultrafiltration time at TMP of 0.30 MPa and
0.40 MPa, and feed velocity of 0.053 m/s. The resistance
increases quickly during the initial 20 min, because the
oil droplets may be adsorbed on the inner surface of the
pores and on the membrane surface, which may block
some pores of the membrane. As pore blocking is a very
fast process, fouling resistance increases rapidly. After 30
min, the resistance increases slowly. Because the
permeate flux is small, the concentration polarization
resistance is relatively small compared with membrane
fouling resistance. Total membrane resistance(R;)
consists of three parts, the membrane intrinsic
resistance(R,,), the fouling resistance (Rf) and concen-
tration polarization resistance(R.). In the early stage of
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Fig.7 Total resistance of ultrafiltration with ultrafiltration time
at TMP of 0.30 MPa and 0.40 MPa

ultrafiltration, most of the oil droplets participate in the
blocking by pore sealing, causing flux declination at a
higher rate. As time passes, pore blocking process is
gradually stopped, and the oil layer, formed by settling of
oil droplets on membrane surface, begins to dominate the
total membrane resistance.

3.6 Cleaning of membrane

A number of approaches are available to reduce
membrane fouling, and the most common approaches are
backwashing and chemical membrane cleaning.
However, backwashing does not generally remove
strongly adherent films or material trapped within the
porous substructure of the membrane. Sonication is a
possible method for cleaning membranes. When
ultrasound is introduced into water, cavitation bubbles
are formed, associated with ultrasound and cavitation
bubbles, and acoustic microstreaming,
microstreamers, microjets, and shock waves are
generated, which may be capable of removing portions
of the fouling layer from the membrane surface.

Fig.8 shows the effect of sonication time on the flux
of the composite membrane. The cleaned membranes are
used to filtrate 0.10% oily emulsion at TMP of 0.30 MPa
and flow velocity of 0.053 m/s. It is indicated that
ultrasound is very effective in removing oil fouling of the
fouled membrane and can increase the permeate flux.
The permeate flux of the cleaned membrane can increase
a lot by 3 min and 6 min sonication, and the flux can
completely recover by 10 min cleaning. When the
cleaning time is 15 min, the flux of the cleaned
membrane gets much greater than that of the new
membrane, and the rejection of 0.10% oily emulsion
decreases to 80.6%, as seen in Table 2. This may be
caused by the damage of the composite membrane. So,
the suitable sonication time is about 10 min.

Sonication can supply sufficient agitation energy to
the composite membrane to remove the adsorbed oil
from the membrane surface and membrane pores, and

streaming,
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Fig.8 Effect of sonication time on flux of composite membrane
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Table 2 Effect of sonication time on rejection of composite

membrane
Time/min 3 6 10 15
Rejection/% 93.6 93.8 93.5 80.6

cavitation phenomena produced by the ultrasonic wave
may help to displace the cake on the membrane structure
which in turn promotes fouling prevention and facilitates
improved separation rates[16—18].

4 Conclusions

1) The novel prepared felt-metal supported PVA
composite hydrophilic ultrafiltration membrane is used
for the treatment of O/W emulsion. The permeate flux
increases with the increase of TMP within the given
pressure range from 0.20 MPa to 0.40 MPa; the flux
increases with the increase of cross-flow velocity and
decreases with the increase of the oil concentration.

2) The composite membrane shows more than 90%
oil rejection within the initial oil concentration range
from 0.05% to 0.50% at TMP of 0.30 MPa, and the oil
rejection is over 95% for the treatment of 0.50% O/W
emulsion.

3) The fouling of the composite membrane
increases rapidly during the initial 20 min at given TMP
from 0.20 MPa to 0.40 MPa, and increases slowly after
30 min.

4) Ultrasound is very effective in removing oil
fouling of the fouled membrane, and the properties of the
composite UF membrane can be completely recovered
by 10 min sonication.
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