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ultrafiltration (UF) blend membranes were prepared by wet-spinning method.

Polyvinylpyrrolidone (PVP)and ethanol aqueous solutions were employed as
additive and coagulants; respectively. The effect of PVP concentration in the dopes and
ethanol concentration in the coagulants on morphology and performance of PVDF-
PFSA hollow fibre/UF blend membranes were investigated. Blend membranes were
characterized in terms of precipitation kinetics, morphology, thermal property and
separation performance. The results showed that the increments of PVP concentration
in the dopes‘and ethanol concentration in coagulants both resulted in higher pure water
permeation flux (PWP) and worse rejection (R) of bovine serum albumin (with the
increment of PVP.concentration from 0 to 5 wt% in the dopes, PWP increased from
41.7 L. m2h1to 134 L.m2.h'1 and R decreased from 99.8% to 84.4% as well as with
the increase in ethanol concentration in coagulants from 0 to 40 wt%, PWP increased
from 33.5 L.m2.h-1 to 123 L.m2.h-1 and R decreased from 97.7% to 88.7%). However,
the proportion of sponge-like structure in the cross-section of membranes decreased
with the increasing PVP concentration in the dopes and the proportion increased with
the increased ethanol concentration in the coagulations. In addition, the location of the
sponge-like structure in the cross-section of membranes was significantly influenced by
ethanol concentrations in the coagulants and DSC results revealed that the
crystallinity (X.) of the blend membrane was in accordance with the proportion of
sponge-like structure. These behaviours were attributed to the different roles of PVP in
the dopes and ethanol in the coagulants, respectively. PVDF-PFSA hollow fibre
membranes with different morphologies and performances were prepared by these two
different routes. Meanwhile, the range of PVDF-PFSA hollow fibre blend membranes
was extended.

Polyvinylidene fluoride (PVDF)-perfluorosulphonic acid (PFSA) hollow fibre

INTRODUCTION

Polyvinylidene fluoride (PVDF)
possesses  excellent  thermal
properties and perfect chemical
resistance to the corrosive
chemicals and organic compounds.
As a semi-crystalline polymer, due
to its more complicated phase
separation phenomenon compared
with the amorphous polymers[1], it

has received increasing attention in
the field of membrane separation
applications. During the non-
solvent induced phase separation
(NIPS) process, the effect of poly-
mer concentration, solvent/non-
solvent system, additives and blend
polymers in the dopes have been
described and emphasized [2-5].



The introduction of non-solvent additives in the
PVDF dopes is an effective way to increase the
precipitation rate [6]. Shi et al. [7] and Wang et al. [§]
investigated the effects of PEG and PVP on
morphology of PVDF membranes, respectively. The
effect of PVP on the phase inversion behaviour of
PVDF/DMAcCc/water ternary system was reported by
Yeow et a. [9]. Some investigations were carried out
to prepare various blend membranes, such as porous
polyvinylidene fluoride-thermoplastic polyurethane
(PVDF-TPU) blend hollow fibre membranes [10,11],
polyvinylidene fluoride-co-hexafluoropropylene
(PVDF-HFP) microporous hollow fibre membranes
[7] and others as well [12].

Different morphologies of PVDF membranes
could be obtained with different spinning conditions
such as extrusion rate, air gap and coagulant [7,16-
21] and different dopes [11-15]. From the viewpoint
of environmental protection, the ethanol/water
system is widely used as a coagulant to prepare the
membranes with different morphologies [22]. The
inner skin layer of hollow fibre changes to a loose
porous network with ethanol as an internal coagulant
[8]. Kong et a. [6] found that external skin.layer
could be completely eliminated with 50% (v/v)
ethanol agueous solution as external coagulant, and
similarly the inner skin layer could also be
completely removed with anhydrous ethanol as the
internal coagulant. However, forra PVDF/DMAC/
PVP/LiCl dope, a solution of 50 wt% ethanol could
not lead to skinless surface [23].

Perfluorosulphonic acid (PFSA) actually exhibits
agood miscibility with PV DF [24]. The PVDF-PFSA
blend membranes have been used in the chlor-alkali
industry and ion-exchange membrane in fuel cell
[25,26]. Lang et a. [27] have prepared PVDF-PFSA
hollow fibre UF blend membranes. The addition of
non-solvent additives in dope solution would be a
good way to improve the performance of the PVDF-
PFSA membranes and meanwhile the different
water/ethanol fabricating coagulations may extend
the range of PV DF-PSFA membranes. To the best of
our knowledge, the effects of PVP in dope solution
and composition of coagulations on PVDF-PFSA
hollow fibre have not been reported. This present
investigation aimed to prepare PVDF-PFSA hollow
fibre blend membranes with different morphologies

and performances by introducing PVP in the dopes
and ethanol in the coagulant. Thus, the effects of PVP
concentration in dopes and ethanol concentrations in
the internal and external coagulants were systemati-
cally studied on the morphologies and properties of
PVDF-PFSA blend membranes by precipitation
kinetics, thermal properties and separation
performances.

EXPERIMENTAL

Materials

PVDF (FR904) powder was purchased from
Shanghai San Ai Fu Co. Ltd. (China), and PFSA
granules. from Shanghai Bai-Chun Chemical
Materias Co. Ltd. (China). N,N-Dimethylacetamide
(DMAC) and glycerol were from Shanghai Jing-Wei
Chemical ‘Reagent Co. Ltd. (China), as well as
ethanol, PEG (M,, = 400), PVP (K30) and bovine
serum albumin (BSA) from Shangha Sinopharm
Chemical Reagent Co. Ltd. (China).

Preparation of the Blend Membranes

The spinning dopes were prepared by mixing PVDF,
PFSA, PEG PVP and DMAc under continuous
agitation. After forming homogeneous solutions, the
spinning dopes were degassed at 50°C. The com-
position of the solution was 19 wt% PVDF, 1 wt%
PFSA and 5 wt% PEG with the remainder comprising

Internal coagulant

1. Nitrogen tank
2. Solution tank
3. Internal coagulant tank
4. Metering pump

5. Spinnerette

6. External coagulant bath
7. Motor guide

Figure 1. Scheme of PVDF-PFSA hollow fibre preparation
setup.
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Table 1. Concentrations of PVP in the dopes and ethanol in coagulants for different hollow fibore membranes.

Membrane PVP concentration Ethanol concentration (wt%)
in the dope (wt%)
External coagulation Internal coagulation
M-0PVP 0 50 50
M-1PVP 1 50 50
M-3PVP 3 50 50
M-5PVP 5 50 50
M-5000 5 50 0
M-5010 5 50 10
M-5020 5 50 20
M-5030 5 50 30
M-5040 5 50 40
M-0050 5 0 50
M-1050 5 10 50
M-2050 5 20 50
M-3050 5 30 50
M-4050 5 40 50

PVP and DMAc. Aqueous ethanol solutions (O to
50 wt%) were used as internal and external
coagulants, respectively at room temperature (25°C).
The dopes were kept at 50°C, and the hollow fibre
blend membranes were spun by wet-spinning method
(the air gap was 0 cm) which was described-in
previous report [27] using the spinning. apparatus
(Figure 1). Nascent hollow fibres were collected by a
roller at afree falling velocity. Then, the membranes
were stored in a deionized water bath to remove resid-
ua solvent; followed by keeping in 50 wt% glycerol
agueous solution. The concentrations of PVP used in
the dopes and concentrations of ethanol used in the
internal and external coagulants for different PVDF-
PFSA hollow fibre membranes are listed in Table 1.

Light Transmittance Measurement

Analysis of light transmittance curves is a simple
method to investigate the coagulation kinetics [28].
The curves have been obtained by immersing dopesin
non-solvent baths, with a self-made device [29,30].
Taking, for example, abeam of laser passed through a
dope-cast plate that was immersed in a coagulation
bath and an optical detector detecting the transmitted
light intensity to produce signals which were
consequently converted, amplified and then recorded
by a computer. The precipitation rate of the dope

solution was investigated by the curve of transmitted
light intensity versus immersion time.

Calculations of Solubility Parameters

Solubility parameters could be used to describe
interactions qualitatively between polymer and
non-solvent and solvent and non-solvent [28]. Based
on the solubility parameters and molecular volume in
Table 2 [31], the solubility parameters of the various
coagulations (8) were calculated by egn (1) and the
differences of solubility parameters between the
coagulants and solvent and the coagulants and
polymer were calculated by egn (2) [28]:

6- — X1V15i,1+ X2V26i,2 |:d p h
! XV, +Xy, = D

A5j—n = [(5d,j _5d,n)2 + (5p,j _5p,n)2 +
(6h,j _6h,n)2]l/2 2

where o is the solubility parameter, X is the
molecular fraction and V is the molecular volume.
Subscripts 1 and 2, in egn (1), stand for water and
ethanol, respectively. Subscripts d, p and h stand
for the dispersive, polar and hydrogen-bonding
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Table 2. Solubility parameter and molecular volume of DMAc, ethanol and water [31].

Substance &4 dy o ) v
(MPa)l/2 (MPa)1/2 (MPa)l/2 (MPa)1/2 (cm3/mol)
PVDF 17.2 12.5 9.2 23.2 -
DMAc 16.8 11.5 10.2 22.7 92.5
Water 155 16.0 42.4 47.9 18.0
Ethanol 15.8 8.8 19.4 26.6 58.5

components of the solubility parameter, respectively.
The notation n stands for coagulant and j stands for
solvent or polymer.

The results are listed in Table 3. 3¢, is the
difference of solubility parameter between solvent
and coagulation. 8p_n is the difference of solubility
parameter between polymer and coagulation.

Characterization of Membrane Morphology
The morphology of the membranes was inspected by
scanning electron microscopy (SEM) (Jeol Model
JSM-6360 LV, Japan). The wet membranes taken
from the glycerol/water solution were firstly
immersed in ethanol for 12 h, then immersed in
hexane for 12 h and finally dried in air. The treated
membranes were frozen in liquid nitrogen-for a few
minutes and carefully fractured. These samples were
deposited on a copper holder, coated with:sputtering
gold under vacuum and then transferred under the
microscope for imaging.

The proportion of finger-like voids area in the
whole cross-section (Pf) was calculated by egn (3):

S
P, = S—fx100% €)

m

Table 3. Calculated values of , &5, and 8.

Substance ) Os.n 3p-n
(MPa)l2 | (MPa)l2 | (MPa)l/2

Water - 31.3 33.4
Ethanol:
10 wit% 45.3 29.6 225
20 wt% 42.8 26.8 20.0
30 wt% 40.4 24.2 17.6
40 wt% 38.1 21.7 15.4
50 wt% 36.0 19.4 13.5

where & is the area of finger-like voids in the cross-
section of membrane (mm2) (near inner layer for
M-5000, M-5010, M-5020, M-5030 and M-5040;
near outer dayer for M-0050, M-1050, M-2050,
M-3050 and M-4050), S, is the whole cross-
sectional area of the hollow fibre membrane (mm?).
St and S, were obtained with software located on the
cross-sections of the membranein SEM photographs.

DSC Analysis

The crystallinity (X;) of PVDF crystals in various
membranes was determined by means of thermal
analysis. The differential scanning calorimeter (DSC)
(Diamond, Perkin EImer, USA) was used to measure
the thermal properties of the membranes. The
samples of membranes were heated under nitrogen
atmosphere at a rate of 10°C/min in all the
experiments. The melting temperature (T,) and heat
of fusion (AH,,) data of different membranes were
obtained as a mean average value of 3 tests on each
sample. The X for each membrane was calculated
based on the heat of fusion data of ideal PVDF
crystal (AH? = 105 mJ¥mg) [32].

Separation Performance Test

All the tests were performed at room temperature
with a constant pressure of 0.1 MPa and the BSA
concentration of the feed solution was 500 ppm. The
concentrations of permeate and feed solutions were
determined by UV-spectrophotometry (Shimadzu
UV-3000, Japan). The pure water permeation flux
(PWP) and rejection (R) of BSA were defined as egns
(4) and (5) [29]. The experimental data were
measured 3 times for each kind of membrane and

then averaged.
_Q
PP = XA @
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R= [1—&}400% ()
Ce
where PWP is the pure water permeation flux
(L.m2.h1), Q is the volume of permeate pure water
(L), A is the effective area of the hollow fibre
membrane in the modules (m2) and t is the permeate
time (h). R isthe rgjection of the BSA, Cp and Cg are
the BSA concentrations (wt%) in permeate and feed
solutions respectively.

RESULTS AND DISCUSSION

Effect of Dope PVP Concentration and Coagulant
Ethanol Concentration on NIPS Process
Figure 2 shows the light transmittance curves
characterized by immersing the dopes with different
PV P concentrations into 50 wt% ethanol coagulation
bath. According to the studies by Reuvers et al.
[33,34], the precipitation process can be divided into
instantaneous demixing and delayed demixing under
different delayed times. In Figure 2, the phase
inversion is all shown to be slow and tend to delay
demixing for different dopes immersed in 50 wt%
agueous ethanol solution.

The transmitted light intensity is decreased with
time except an increase at the start for. the dopes
containing PVP, which is in accordance with the
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Figure 2. Light transmittance curves obtained by immersing
the dopes containing different PVP (0, 1, 3 and 5 wt%) into
50 wt% ethanol aqueous solution.

report of Yang et a. [35]. The skin is formed faster
due to PVP in the dope, and consequently limit the
DMAc diffusion out of the nascent membrane.
Therefore, a high local concentration of solvent was
formed which could result in partia dissolution of
precipitated PVDF. Further investigations are being
carried out for more in-depth studies on this
phenomenon.

Figure 3 illustrates the light transmittance changes
with the increase in ethanol concentration for the
dopes with 5 wt% PVP. The light transmittance has
declined immediately and sharply after immersing the
dope in contact'with water (0 wt% ethanol) and the
precipitation rate has also decreased with
increasing ethanol concentration in the coagulation
from 10 wt% to 50 wt%. The redissolution of PVDF
has also occurred in these precipitation processes,
thus the transmittance curves of 30 wt%, 40 wt% and
50 wt% ethanol are crossed each other.

The precipitation rate of polymer dope was
determined by the thermodynamics and kinetics of the
process. Both 8 , and 8, , decreased with increasing
concentration of ethanol in coagulation (Table 3). The
mixing of solvent and coagulant is easier and the
precipitation is faster when d, is smaller. On the
other hand, smaller Bp_n implies that more coagulant
might be needed for NIPS process. Meanwhile,
according to the diffusion coefficients of non-solvent
and solvent (Table 4 [23,36]), Dpmac-in-water @d
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Figure 3. Light transmittance curves obtained by immersing
dopes containing 5 wt% PVP into coagulation with different
ethanol concentrations: 0, 10, 20, 30, 40 and 50 wt%.
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Table 4. Diffusion coefficient of non-solvent and solvent
[22,36].

Diffusion coefficient Dx10° (cm?2/s)

DpmAc-in-water 0.91
DpMAc-in-ethanol 1.08
Dwater-in-DMAc 1.68
DEthanol-in-DMAc 0.04

DpMAc-in-ethanol @€ Similar, and the diffusion rate of
ethanol in DMAc is smaler than that of water in
DMAc. Thus, more ethanal in the coagulation has led
to slower diffusion of coagulant into the dope. The
final precipitation rate of the dope is dependent on the
comprehensive result of the above two effects. Figure
3 confirms that more ethanol in coagulation decreased
the precipitation rate of this dope system.

x300 50 um

| —

x250 100 jim
(b)

Effect of Dope PVP Concentration and Coagulant
Ethanol Concentration on the Morphology of
PVDF-PFSA Hollow Fibre UF Blend Membranes

Figure 4 displays the cross-section morphologies of
the PVDF-PFSA membranes. Finger-like voids and
cavities are absent in the whole cross-section of the
hollow fibre without PV Pin dope (M-0PVP). Cavities
have appeared near the inner layer, for the dope with
1 wt% PVP (M-1PVP) and near both inner and outer
layers for the dope with 3 wt% PVP (M-3PVP). With
the increasing PVP concentration, the number of
cavities increased (M-5PVP). Although the sponge-
like structures-occupied most of the cross-section, the
finger-likevoids and cavities gradually increased with
the addition of PVPR which suggested PVP in the
dopes “could promote the formation of finger-like
pores and cavities in the fibre cross-section. Shi et al.

(d)

Figure 4. SEM photographs for cross-section of hollow fibres with different PVP concentrations: (a) without PVP (M-0PVP),
(b) with 1 wt% PVP (M-1PVP), (c) 3 wt% PVP (M-3PVP), and (d) 5 wt% PVP (M-5PVP).
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(b)
Figure 5. SEM photographs for surfaces and cross-section
of membranes: (a) M-0050 and (b) M-5000.

[7], dso found that up to 5 wi% PVP.in the dope
favoured the devel opment of the macrovoid in PVDF
membranes.

Figure 5 shows the morphologies of membranes
M-5000 and M-0050. The effect of ethanol concen-
tration of internal coagulation on the morphol ogies of
membranes is presented in Figure 6. As shown in
Figure 5 (M-5000) and Figure 6, the finger-like voids
under the inner layer diminished with increasing

ethanol concentration in the internal coagulant. In
Table 5, P; of M-5000 is 69.7%; P; of M-5010,
M-5020, M-5030 and M-5040 are decreased from
60.0% to 36.8% when the ethanol concentration is
increased from 10 wt% to 40 wt% in the internal
coagulant. Smaller cavities near the outer surface
(generated in 50 wt% ethanol aqueous solution) are
remained amost unchanged. The sponge-like
structure is relatively thicker. It is reported that pure
ethanol using as internal coagulant makes finger-like
voids disappear for PVDF membranes spun from the
dope consisting 5 wt% PVP by Wang et al. [8]

Figure 7 illustrates the effect of ethanol concentra-
tion in the'external coagulation on morphologies of
membranes. As it is observed, the finger-like
structure.is decreased with the incrementa increase
of ethanol concentration in external coagulation. Py of
M-1050, M-2050, M-3050 and M-4050 decreased
from 52.2% to 23.1% with increasing ethanol concen-
tration in external coagulant from 10 wt% to 40 wt%
(Table 5). This confirms that the increased ethanol
concentration in the coagulation bath has led to a shift
in the membrane morphology from finger-like voids
to sponge-like structures. PVDF hollow fibre
membranes without finger-like voids near the outer
layer could be spun from a dope without PV P additive
and coagulated in 50% (v/v) aqueous ethanol solution
used as external coagulant [22] as well as M-0PVP,
The morphology of M-0050 is shown in Figure 5.
There are no small cavities near inner layer of
M-0050. The reason for this phenomenon is under
further investigation.

Comparing with the morphologies of PVDF-
PFSA hollow fibre blend membranesin Figures 6 and
7, the locations of sponge-like structures depend on
the relative coagulating power of the internal and
external coagulants, e.g., for M-5010 the sponge-like
structure is formed near the outer layer but for M-

Table 5. Proportion of finger-like voids area in cross-section of different membranes.

Membrane | P;near inner layer (%) Membrane Ps near outer layer (%)
M-5000 69.7 M-0050 54.6
M-5010 60.0 M-1050 52.2
M-5020 51.3 M-2050 45.0
M-5030 44.7 M-3050 375
M-5040 36.8 M-4050 23.1
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Figure 6. Effect of ethanol concentrations.((a) 10 wt% (M-5010), (b) 20 wt% (M-5020), (c) 30 wt% (M-5030), and (d) 40 wt%
(M-5040)) as internal coagulant on the morphology of membrane when 50 wt% concentration of aqueous ethanol solution is as

the external coagulant.

1050 the location of the sponge-like structure is near
the inner layer.

In Figures 5-7, the presence of the inner and outer
skin layers may be observed which indicates that
50 wt% agueous ethanol solution as internal and/or
external coagulants could not form the inner and/or
external skinless surface of PVDF-PFSA hollow fibre
membranes for this dope system. This is different
from the morphologies of membrane prepared by
Kong et . [6]. For PVDF/PVP/DMACc dope system,
using 50% (v/v) of agueous ethanol solution as the
external coagulation bath there would be a tota
elimination of the external skin layer. In the present
work, the PFSA in dopes has the sulphonic group side
chains which have strong binding capacity with water

and ethanol molecules [37]. Hence, it enhances the
diffusion of coagulant and favours the formation of
skin layer during the precipitation process.

Thermal Properties of PVDF-PFSA Hollow Fibre
UF Blend Membranes

Theresultsof Ty, AH,,, and X, obtained by means of
DSC thermal analysis, are summarized in Table 6. All
the membranes have exhibited a similar melting
behaviour with a broad melting peak around 162°C.
As the concentration of PVP is increased from 0 to
5 wt%, X, is dramatically decreased from 52.6% to
44.0%. This is in accordance with the fact that less
structural areas of the membrane have sponge-like
morphology. X, of membranes prepared from the

eIt Iranian Polymer Journal / Volume 18 Number 11 (2009)
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(b)
Figure 7. Effect of ethanol concentrations ((a) 10 wt% (M-1050), (b) 20 wt% (M-2050), (c) 30 wt% (M-3050), and (d) 40 wt%
(M-4050)) as external coagulant on the:-morphelogy of membrane when 50 wt% concentration of aqueous ethanol solution is

as the internal coagulant.

same dope is dlightly increased when more ethanol
has been introduced in coagulants. X. has been
maximized at 44.0% when the ethanol concentrations
of internal and external-coagul ants were both 50 wt%.
The liquid-liquid ‘demixing taking place before the
nucleation process. of crystallization leads to
finger-like voids. In contrast, if the mass transfer is
slow enough, crystallization occurs prior to the
liquid-liquid dimixing and thus sponge-like structure
is formed [38]. PVDF plate membranes with higher
crystallinity were prepared before with immersion
precipitation method in 1-octanol by Young et al. [38].

Separation Performance of PVDF-PFSA Hollow
Fibre UF Blend Membranes
For PVDF-PFSA hollow fibre blend membranes,

(d)

when entrapped by membrane materials PVP
improves the permeate flux (Table 6), since it
increases the hydrophilicity of the membranes [39].
The water flux of membranes is increased when PVP
is bleached out as additive [10]. Growth of polymer
crystallinity has a detrimental effect on the final
membrane permeation properties [40]. Without PVP,
PVDF hollow fibre membrane has low permeate
fluxes (41.7 L.m2.h'1). When PVP in PVDF-PFSA
dopes is increased from 1 wt% to 5 wt%, the
crystallinity is reduced, PWP is enhanced from
61.2 L.m2.h1to 134 L.m2.h1 and R is simultane-
ously decreased from 98.9% to 84.4% in Table 6.
Yuan et a. [10] and Shi et a. [7] have also reported
that PVP-K30 for PVDF-TPU and PVDF-PHF blend
membranes operate as a permeate flux enhancer,

Iranian Polymer Journal / Volume 18 Number 11 (2009) Beieje]



Table 6. Thermal and separation properties of different PVDF-PFSA membranes.

Membrane T, (°C) AH,,, (mJ/mg) X (%) PWP (L.m-2.h-1) R (%)
M-OPVP 163.2+0.1 55.2+0.2 526 +0.1 41.7 + 3.0 99.8x0
M-1PVP 162.9£0.2 52.7+0.6 50.3+0.3 61.2+27 98.9+0.2
M-3PVP 162.5+0.2 485+ 0.5 46.3+0.2 108 £5.0 928+1.0
M-5PVP 162.2 + 0.1 46.2 + 0.7 440+ 0.3 134 £4.38 84412
M-5000 161.2 £0.2 41.8+04 39.9+0.2 335+20 95.4+0.9
M-5010 161.8 + 0.3 431 +0.1 41.0+0 428 +55 95.2+0.3
M-5020 162.2 £ 0.2 436 +0.1 4150 97.2+3.0 946 £ 0.5
M-5030 162.2+£0.1 43.4+0.2 414 +0 98.1+21 94.1+0.7
M-5040 161.8 £ 0.2 446+1.4 425 +0.3 123 +£6.9 93.2+16
M-0050 161.9+0.3 435+0.3 41.4+0.1 35.5%+5.0 97.7+2.0
M-1050 161.5+0.3 440+0.3 419+0.1 419+6.3 95.6 +0.8
M-2050 161.9+£0.2 442 +0.1 42.1+0 68.6 £ 2.0 94.7+04
M-3050 162.2 £+ 0.0 44,6 +0.3 425+ 0.1 113+ 7.7 94.4+0.7
M-4050 162.2 £ 0.1 451 +04 43.0+£0.2 116 £ 6.0 88.7+x11

respectively. Besides, with the incremental increase of
ethanol concentration from 0 to 50 wt% in interna
coagulation, PWP is increased from 33.5 L.m2.h"1 to
123 L.m2.h"1 and R of BSA is decreased from 95.4%
to0 93.2%, respectively. When ethanol concentration of
external coagulation is increased from 0O to 50 wt%,
PWP is also enhanced from 35.5 L.m2.h1 to 116
L.m2.h"1 and R is decreased from 97.7% to 88.7%,
respectively. The results from the UF. experiments
reveal that the PVDF-PFSA<hollow fibre ' UF blend
membranes with different permeation performances
could be prepared when gthanol concentration is
variable in internal/external coagulants.

CONCLUSION

A series of PVDF-PFSA hollow fibre UF blend
membranes with different morphologies and perform-
ances were successfully prepared by wet-spinning
method. Effects of ethanol concentrations in the
internal and external coagulants and PVP concen-
tration in the dopes on inversion process, morphology,
thermal properties and separation performances of the
PVDF-PSA hollow fibre membranes were studied. It
was found that the sponge-like structures possess the
whole cross-section of the membrane without PVP in

the dope. With the increase of PVP concentration
from 1 wt% to 5 wt% in dopes, macrovoid in cross-
section is gradually increased. As the ethanol
concentrations in internal or external coagulants are
increased from 0 to 50 wt%, the proportions of long
finger-like voids near inner layer or outer layer are
gradually decreased. The proportion and location of
the sponge-like structures depend on ethanol
concentrations in the internal and external coagulants.
50 wt% agueous ethanol solution using as internal
or/and external coagulants could not eliminate inner
and/or external skin layers of PVDF-PFSA hollow
fibre membranes. PWP has been enhanced and R is
decreased as PVP concentration in the dope and
ethanol concentration in the coagulant are increased,
respectively. The results of thermal property from
DSC examination revealed that the crystallinity (X.)
of the blend membrane isin accordance to the propor-
tion of sponge-like morphologies.
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