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Abstract: The modified PVA-CA blend ultrafiltration membranes were prepared by phase inversion from the casting so-

lutions consisting of polyvinyl alcohol( PVA), cellulose acetate( CA), acetic acid, alkali metal chloride and water. The ef-

fects of different concentration of alkali metal chloride on the properties of membranes were investigated. The results show

that when the mass fraction of the salt in the casting solution is not greater than 1%, the property of rejection of the alkali

metal salt modified ultrafiltration PVA-CA blend membrane has little change compared with that of the unmodified PV A-

CA blend membrane, but the permeation flux is much greater than that of the unmodified membrane under the same oper-

ation condition. When the mass fraction of the salt is greater than 1. 5%, the permeate flux increases much greater than

that of the unmodified membrane, but the property of rejection of the modified ultrafiltration membrane decreases greatly.

The results also show that the contact angle of the salt modified PV A-CA blend UF membrane decreases but the swelling

in water increases with the increment of the mass fraction of alkali metal salts. Furthermore, the NaCl modified PVA-CA

blend membrane has a slightly lower swelling and a little smaller contact angle of water than the KCl modified PVA-CA

blend membrane does when the mass fraction of salts is the same.
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1 INTRODUCTION

Ultrafiltration( UF) is a membrane separation
process which has found wide applications in such
fields as petroleum, textile, bioseparation, pharma-

wastewater treatment,
[ 173]

cy, food, preparation of

drinking water Many researchers have devoted
themselves to improving the permeation flux of the
UF membrane under the same rejection, and prevent-
ing the formation of a fouling layer on the surface of
UF membrane. Many novel membrane materials and
various modification technologies have been devel
oped, some modification methods, such as co-poly-
merization, blend, modification of the surface, are
used in the preparation of membranes, among which
blend is widely used in the modification of the mem-
brane as it is simple and feasible! .

Polyvinyl alcohol( PVA) polymer seems attrac
tive for the preparation of membranes, because of its
high hydrophilicity and good film forming properties.
It has also been known that polyvinyl alcohol is little
affected by greases, hydrocarbons, and chemical sta
bility against organic solvents. But PVA is readily
swelling and soluble in water, thus the modification
of PVA is necessary for the industrial application.

Heat-treatment, cross-linking, acetalization, blend
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etc are the usual methods of modification!” . We

have ever investigated the preparation and the proper-
ties of the PVA-CA blend UF membrane' . In this
paper, we are further studying the modification of
PVA-CA blend UF membrane by alkali metal chlo-

ride.
2 EXPERIMENTAL

2.1 Reagents

Polyvinyl alcohol (PVA), with a degree of poly-
merization 1 750, and a degree of hydrolysis 99. 8% ~
100% ; cellulose acetate( CA), with a combo acetic
acid of 54. 5% ~ 56% ; acetic acid, Tweemr 20, sodium
chloride, potassium chloride, are all analytical pure
grade.

2.2 Preparation of blend UF membranes

PVA-CA blend ultrafiliration membrane was
prepared by phase inversion from the casting solutions
consisting of polyvinyl alcohol( PVA), cellulose ac
etate( CA), acetic acid and water, the casting solu-
tion of which consists of 10% ( mass fraction) of poly-
mer, among which the mass fraction of CA is 8%,
acetic acid 50%, and water' '?!. The alkali metal
chloride modified PV A-CA blend ultrafiltration mem-
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branes were prepared by adding different concentra-
tions of alkali metal chloride to the casting solution,
and the method of preparation is the same.

3 PROPERTIES OF BLEND UF MEMBRANES

3.1 Flux of permeation

Flux of permeation is the permeation volume
through unit area within unit time under a certain op-
eration pressure, expressed with the sign F, which is
one of the main factors for evaluating properties of
membrane.

3.2 Rejection

The oil/ water emulsion was prepared by adding
1 000 mg kerosene and a certain mass of Tweer 20 to
1 000 mL distilled water, then stirring at the rate of
10 000 round per minute for 2 min by JRJ-300-1 type
high-speed cutting emulsifier.

R is retention defined as follows:

C
R= (1= () x 100%

where Cyand C, are the oil concentrations of the

feed and permeation, respectively.
4 RESULTS AND DISCUSSION

4.1 Effects of alkali metal chloride on properties
of blend membranes

The properties and structure of membrane are af-
fected by the addition of alkali metal chloride to the
casting solution. In order to investigate the effects of
alkali metal chloride on properties of blend mem-
brane, we prepared a series of different concentrations
of salts in the casting solution, and a series of blend
membrane were prepared under the same condition.
The properties, including the permeation flux and re-
tention, were tested under the operation pressure of
0.30 MPa, and the results are shown in Fig. 1 and
Fig. 2, where © is the mass fraction in the blend
membrane.

Fig. 1 and Fig. 2 illustrate that the permeation
flux of the blend membranes increases but the rejec
tion decreases with the increase of the concentration
of salts under the operation pressure 0. 30 MPa. The
salt modified blend membrane has a little higher per-
meation flux but the rejection has little change when
® is not greater than 1%. The permeation flux of
modified blend membrane is much greater than that
of unmodified blend membrane but the retention is a
little lower than that of unmodified membrane when
the mass fraction of salt is greater than 1. 5%.

Thus, the better properties of modified PVA-CA
UF membrane can be obtained when the mass frac
tion of salt is within 1%.

Fig. 3 shows the SEM photograph of sodium ch-
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Fig. 2 Mass fraction of salts vs rejection

loride modified PVA-CA UF membrane. Fig. 3 ( a)
shows that the surface of the membrane is uniform,
salt is dispersed evenly in the blend membrane when
the concentration of salt is small. When the mem-
brane is immersed in water, a part of salt will dis-
solve, and diffuse into water, so the micro-void is
formed. Thus, it is clear that the permeation flux of
UF membrane increases without decrease of rejec
tion. Sodium chloride crystal can be seen on the sur-
face of the membrane in Fig. 3(b) which indicates
that the sodium chloride crystal can be produced in
the process of forming membrane. When the mem-
brane is immersed in water, sodium chloride crystal
will dissolve, and diffuse into water, and macro-void
is formed. Thus, the permeation flux of UF mem-
brane increases greatly and the rejection decreases a
lot.

The properties and structure of membrane can
be changed by the addition of alkali metal chloride.
Fig. 4 illustrates that the addition of alkali metal chlo-
rides NaCl and KCI can make the swelling of blend
membranes increase, and the swelling of membranes
increases with the augment of alkali metal salt. It is
also shown that KCl modified UF membrane has a
slightly greater swelling than that of NaCl modified
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Fig. 3 SEM of NaCl modified PVA-CA

membrane
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Fig. 4 Mass fraction of salts vs
swelling of membranes

UF membrane when the mass fraction of salts is the
same. Because the addition of salts can increase the
hydrophilicity of the membrane, and the formation of
microvoid can increase the containing water of the
membrane, when the mass fraction of salt increases,
the crystalline salts will dissolve in water and the
macrovoid can be formed, so the swelling of the
membrane increases with the salts which it contains.

Not only the process of forming membrane but
also the properties of the surface and the hydrophilic-
ity of membrane are affected by the addition of alkali

metal salts. Fig. 5 shows that the addition of both
NaCl and KCI can decrease the contact angle of water
on the surface of blend membranes. Furthermore, the
contact angle decrease with the increase of salts, and
NaCl modified UF membrane has a slight lower con-
tact angle of water than that of KCl modified UF
membrane when the mass fraction of salts is the

same.
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Fig. 5 Mass fraction of salts vs contact
angle of membranes

4.2 Effects of operation pressure on properties of
blend membranes

To further compare the properties of the alkali metal
salt modified blend membrane with unmodified blend
membrane, the permeation flux and rejection of oil were
tested under different operation pressure, the results are
shown in Fig. 6 and Fig. 7. They can be shown that
the permeation flux of membranes increases with the
operation pressure, but the permeation flux is not
proportional to the operation pressure in the range of
0.27 0.5 MPa, especially when the operation pres-
sure is greater than 0.4 MPa. Fig. 7 shows that the
oil rejection decreases with the increase of operation
pressure. The possible reason is that when the trans
membrane pressure increase, the asymmetric layer
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Fig. 6 Trans membrane pressure vs
permeate flux
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Fig. 7 Trans membrane pressure vs retention

may be compressed and the void fraction decreases, so
the resistance against the flow of permeation increas-
es. Thus, the increment of water flux is relatively
small when the trans membrane pressure is greater
than 0.4 MPa. In addition, the concentration polar
ization on the surface of the membrane will be
strengthened when the permeation flux increases. so
the oil concentration in the permeation will increase a
little, and the apparent oil retention seems to de
crease.

S CONCLUSIONS

1) The modified PVA-CA blend ultrafiltration
membranes were prepared by phase inversion from
the casting solutions consisting of polyvinyl alcohol
(PVA), cellulose acetate( CA), acetic acid, alkali
metal chloride and water, and the effects on the prop-
erties of membranes of different concentration of alka-
li metal chlorides were investigated.

2) When the mass fraction of the alkali metal
salt in the casting solution is not greater than 1%,
the property of rejection of the salt modified ultrafil-
tration PVA-CA blend membrane has little change
compared with the unmodified PVA-CA blend mem-
brane, but the permeation flux is much greater than
that of the unmodified membrane under the same op-
eration condition. When the mass fraction of the salt
is greater than 1.5%, the permeation flux increases
much greater than that of the unmodified blend mem-
brane, but the property of rejection of the modified
blend ultrafiltration membrane decreases greatly.

3) For alkali metal salt modified PVA-CA

blend UF membrane, the contact angle of which de-
creases but the swelling increases with the increment
of the mass fraction of alkali metal salts. Further
more, the NaCl modified PVA-CA blend membrane
has a slightly lower swelling and a little smaller con-
tact angle of water than the KCI modified PVA-CA
blend membrane does when the mass fraction of salts
is the same.
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