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Fabrication of polyvinylidene fluoride (PVDF) membranes from non-solvent
induced phase separation process (NIPS) was studied. Particular focus was
given to the effects of triglycol and Tween80 as non-solvent additive (NSA) on the

polymer solution viscosity and membrane performance. The results showed that the
viscosity of polymer solution increased after NSA addition, while it decreased with 
further incremental content of NSA. When VNSA/VS ratio approached its cloud point
value, the viscosity did increase again. Under the same concentration level, unlike
Tween80, triglycol could lead to higher incremental value in viscosity. All the 
membranes obtained in this research work had dense outer surface and the pores in
subsurface were formed by the gaps between spherulites. Similarly, the cross-section
images showed that, asymmetric structure consisted of a dense top layer and a porous
sub-layer. The addition of triglycol promoted the formation of sponge-like structure and
suppressed the formation of finger-like structure. While, Tween80 promoted the 
formation of macrovoid structure and induced the disappearance of the finger-like
pores. In addition, Tween80 improved the membrane surface hydrophilicity due to the
exposure of the residual hydrophilic groups on the membrane surface. The addition of
NSA improved the water flux, especially for additive such as Tween80 (from 3.73 
L . (m2. h . 0.1 MPa)-1 to 440.25 L . ( m2. h . 0.1 MPa)-1. After adding NSA into the 
polymer solution, the breaking tenacity of the obtained membrane decreased, while the
elongation-at-break increased.

INTRODUCTION

Phase inversion is one of the most
important processes for preparing
both symmetric and asymmetric
polymeric membranes [1-4]. These
membranes are widely used in 
various applications such as 
microfiltration, ultrafiltration, and
reverse osmosis and also as 
supports for composite structures.
According to the mechanism of
phase separation [5-7] the process
can be classified as three major 

categories including non-solvent
induced phase separation (NIPS),
evaporation-induced phase separa-
tion (EIPS) and thermally induced
phase separation (TIPS), among
which NIPS is the most popular
method. During NIPS process, the
membrane morphology and prop-
erties are very much influenced by
a factor such as non-solvent additive
(NSA) which has been reported in
many publications [6,8]. 
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The porosity and flux can be enhanced for the
addition of low molecular weight organic compounds
[9-11] and high molecular weight additives such as
poly(vinyl pyrrolidone) (PVP), and poly(ethylene
glycol) (PEG) are also used as pore-forming agent
[12,13]. When an additive, as a surfactant, is added
into the polymer solution of polyethersulphone
(PES), the pure water permeability of membrane is
increased due to the improved hydrophilicity, which
leads to the formation of macrovoids and finger-like
pores in the sub-layer [14]. Molecular weight of
triglycol (G) is larger than ethanol, propanol and
butanol, etc., but lower than that of PEG. The low
molecular weight additives could easily diffuse out
from the nascent membrane during immersion. 

In addition, the coagulation time could be delayed
by a macromolecular additive. Therefore, triglycol
was used as a phase-inversion promoter additive in
the polymer dope to control the diffusion rate.
Tween80 (Tw) was a normal non-ionic surfactant
additive. It could not be completely washed out from
the membrane structure due to its high molecular
weight. The residual amount could reduce the surface
energy and improve the membrane hydrophilicity.
The effects of surfactant content on the membrane
morphology and performance are scarcely reported in
the open literature. 

In this work, triglycol and Tween80 were used as
non-solvent additives (NSA) and N,N-dimethylac-
etamide (DMAc) was used as solvent (S). The 
volume ratio of non-solvent/solvent (NSA/S) was
regarded as an evaluation factor. The polymer 
solution viscosity changes, the membrane 
morphology and properties were studied before and
after NSA addition.

EXPERIMENTAL

Materials
Polyvinylidene fluoride (PVDF, in powder,
Tm=175°C) was purchased from Kureha Chemical
Industrial Co. Ltd., Tokyo, Japan. Triglycol
(Analytical reagent) and Tween80 (Analytical
reagent) were bought from Tianjin Chemical Reagent
Plant (Tianjin, China). N,N-Dimethylacetamide
(DMAc, Chemical Pure) was provided by Tianjin

Motian Membrane Engineering & Technology Co.
Ltd. (Tianjin, China). The water used in this work was
purified by UF membrane. 

Membranes Fabrication 
First, solvent (DMAc) and non-solvent additives
(NSA: triglycol or Tween80) were mixed with stir-
ring at 70°C. Then, PVDF (25 wt%) was dissolved in
DMAc-NSA mixture. A polymer solution, without an
additive, was also prepared for comparative test. The
homogeneous polymer solution was degassed at 70°C
in vacuum oven. The viscosity of representative 
polymer solutions at different temperatures was
measured by using a NDJ-7 Rotary viscometer
(Shanghai Balance Instrument Factory, China).
Polymer solution was poured onto a glass plate and
cast as a film using a casting knife. The glass plate
was immediately immersed in a water bath at room
temperature for 5 min. Thus, the obtained membranes
were kept in water bath to facilitate the DMAc 
residual exchange. 

Membranes Characterizations
A Quanta 200 scanning electron microscope (The
Netherlands, FEI) was used to investigate the surface
and cross-section morphology of the membranes. The
membranes were frozen in liquid nitrogen and then
fractured for cross-section observation. The samples
were all gold sputtered before testing. 

Membranes permeability was characterized by
pure water flux (PWF) and porosity (ε). The pure
water penetration flux was determined at 0.1 MPa and
calculated by the following equation:

(1) 

where, V is the quantity of permeation (L), A is the
effective area of membrane (m2) and t is the testing
time (h). The porosity was calculated according to
eqn (2):

(2)

where, W1 and W2 represent the weight of wet and
dry membrane (g), respectively; ρg is the glycerol
density (1.2613 g/cm3) and V represents the apparent
volume of  the membrane (cm3). 

Effects of Non-solvent Additives on PVDF Solution ... Liu M et al.

Iranian Polymer Journal / Volume 20 Number 12 (2011)980

tAVPWF ×= /

VWW g21 100)( ρε ×−=



Membranes hydrophilic property was character-
ized by surface contact angle (CA) determination
using a JYSP-180 contact angle tester (Beijing
Jinshengxin Testing Instruments Co. Ltd., China).
Every sample was dried at 60°C for 4 h before any
measurement test. The contact angle values of each
sample were obtained at four various positions of the
sample and then the average value was recorded.

The mechanical properties of the membrane were
measured at room temperature, by a Laizhou
Electronic Fabric Strength Machine (Electronic
Instrument Co. Ltd., China) at the rate of 
100 mm/min. The gripping distance was 100 mm and
sample's initial width was 50 mm. Meanwhile, the
stretch direction was along the scratch direction.

RESULTS AND DISCUSSION

Effects of NSA on Polymer Solution Viscosity
From the kinetic point of view of NIPS process, 
additives regulate the inter-diffusion rate between the
solvent and non-solvent by altering dope viscosity [6].
The addition of NSA could be used to control the 
solvent power to affect the polymer solution 
viscosity. Furthermore, opposite effects were 
produced by the reduction of solvent power caused by
NSA presence. The increased coiling of macromole-
cules would reduce viscosity, while the increased
polymer-polymer interactions and entanglement
would increase it [15]. 

Effects of NSA content (triglycol (G) and Tween80
(Tw)) and temperature on the polymer solution 
viscosity are shown in Figure 1. When G was used as
the additive, the viscosity of polymer solution 
followed η0/10 < η1/9 < η1/6 < η1/7.5 sequence in the
temperature range 40°C-90°C, while the viscosity of
polymer solution with Tw followed  η0/10 < η1/9 <
η1/6 < η1/4 sequence. A little amount of triglycol in
the polymer solution could promote the entanglement
of polymer chains (G/D=1/9) and it induced the 
viscosity to increase. With the increasing of G 
content, the coiling of chains resulted in the lowering
of viscosity (G/D=1/7.5). When the volume ratio of
G/D approached the cloud point [16] the properties of
polymer solution which was in an unstable state could
change easily by addition of a small amount of G. At 

Figure 1. Changes of different polymer solution viscosities
vs. temperature at different volume ratios of (a)
triglycol/DMAc and (b) Tween80/DMAc (D: DMAc; G: trigly-
col; Tw: Tween80; G/D and Tw/D respectively represents
the volume ratio of triglycol/DMAc and Tween80/DMAc).

a value of G/D=1/4, phase separation could occur in
the degassing process, meanwhile, a gel was formed.

The surfactant Tween80 (Tw) was soluble in
DMAc. In order to find the stability of DMAc/
PVDF/Tween80 system, Tw was gradually dropped
into DMAc/PVDF system (at polymer concentration
of 5 wt%). At Tw/D=1.75/1, the cloud point could 
not be observed visually. The polymer-polymer 
interactions and aggregation were dominant by 
higher Tw content as well as the viscosity.
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Considering all the above observations, a small
amount of NSA in polymer solution could improve its
viscosity, while the viscosity would decrease by 
further incremental increase in NSA content. When
VNSA/VS ratio approached the cloud point, the 

viscosity would increase again.

Effects of NSA on the Membrane Morphology 
Figure 2 shows the SEM micrographs of the 
membranes outer surfaces prepared by addition of 
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Figure 2. SEM micrographs of different membranes outer surface at: (a) no NSA, (b) G/D=1/9, (c)
G/D=1/6, (d) Tw/D =1/9, (e) Tw/D =1/6, and (f) Tw/D =1/4. 



different amounts of NSA. It seems that all the 
membranes have dense outer surface. This may be
explained in two ways. First, the coagulant in every

preparation process is water which is a strong non-
solvent for polymer solutions. When the polymer
solution on glass plate immerges in water, a phase
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Figure 3. SEM micrographs of different membranes glass-side surface: (a) no NSA, (b) G/D=1/6,
(c) Tw/D =1/9, (d) Tw/D =1/6, and (e) Tw/D =1/4. 



separation occurs immediately. Second, G, Tw and
DMAc are soluble in water. The solubility of these
substances would slightly affect the diffusion rate.

The SEM micrographs of the subsurface (i.e.,
glass-side surface) of different membranes are 
presented in Figure 3. All the pores in the subsurface
were formed by the gaps in between the spherulites. It
could be explained by the concept of polymer-rich
phase nucleation [17]. After adding NSA, the nodule
and aggregate of the spherulites could be observed
clearly. That was due to the domination of polymer-
rich phase nucleation during the coagulation process
[6]. The spherulites were formed and their gaps acted
as water passages. With the incremental addition of
Tw content, smaller nodules and aggregates were
formed and meanwhile, the gaps among them 

gradually disappeared, because of the presence of
Tween80 as a normal water-soluble non-ionic 
surfactant. This surfactant decreased the interfacial 
surface energy of polymer solution. Meanwhile, the
diffusion rate was improved due to the increasing
affinity between the solvent and coagulant [18]. 

Figure 4 shows the SEM micrographs of the cross-
section of membranes prepared with two different
NSA types. An asymmetric structure can be seen
which consists of a dense top layer and a porous sub-
layer. After adding G, the ratio of finger-like pores
length/membrane thickness was reduced. This could
be accounted for the increases in the viscosity of poly-
mer solution which resulted in delayed diffusion time
[19]. The addition of G promoted the formation of a
sponge-like structure and suppressed the finger-like
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Figure  4. SEM micrographs of cross-section of different membranes: (a) no NSA,
(b) Tw/D=1/6, (c) G/D=1/9, and (d) G/D=1/6.



structure. According to other research results, an
appropriate amount of NSA enhances the formation
of macrovoids. While, too much NSA suppresses the
macrovoids formation due to the inhibition of delayed
de-mixing during coagulation process [10,20]. 

From Figure 4, it can be seen that macrovoid 
structure has been formed and the finger-like pores
structure disappear by the presence of Tween80 in
polymer solution. In order to explain this 
morphology, Figure 5 has been introduced. Tween80
is a normal water-soluble non-ionic surfactant. Its
hydrophile-lipophile balance (HLB) number is 
measured as the ratio of hydrophilic to lipophilic
groups. HLB numbers >10 possess an affinity for
water (hydrophilic) and HLB numbers <10 show an
affinity for oil (lipophilic). HLB number of Tween80
is 15, thus, it has an affinity for water. Tween80 is
capable to form micelle in the polymer solution and
before the liquid membrane was immerges into the
coagulation bath, micelle-2 was formed in the liquid
membrane. At the time of its contact with water
micelle-1, unlike micelle-2, is easily formed.
Therefore, micelle-2 is gradually converted into
micelle-1 with time. The aggregation of micelle-1
during the coagulation process formed macrovoids in
the obtained membrane.

Effects of NSA on Membrane Performance
Figure 6 shows the effects of different NSA contents
on the membrane contact angle (CA). It was observed
that the membrane hydrophilicity is improved by

adding NSA in the polymer solution. This result is
similar with another research finding [21]. Contact
angle of a membrane which was prepared by
Tween80 addition was obviously decreased. As we all
know, Tween80 is a normal surfactant. It could not be
absolutely removed by diffusion in water. The
hydrophilic groups of the residual amount were
exposed on the membrane surface resulting in the
improvement of the membrane hydrophilicity [22].
The contact angle of the membrane prepared by 
addition of triglycol (G) decreased slightly. 

Figure 7 shows the effects of different NSA , i.e.,
triglycol and Tween80 on membrane permeability.
The addition of NSA could improve the water flux 

Figure  6. Contact angle of different membranes.
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Figure  5. Conversion of micelle-2 to micelle-1 in the polymer solution during the coagulation process.

 



especially for additive Tween80 (from 3.73 L . ( m2 .
h . 0.1 MPa)-1 to 440.25 L . ( m2. h . 0.1 MPa)-1. As it
is evident in Figure 6, the hydrophilicity of membrane
prepared by addition of Tween80 is at highest com-
pared to other membranes in this work. Meanwhile,
the macrovoid structure of this membrane (Figure 4)
has led to increases in porosity. These are some major
reasons for water flux increment. From Figures 6 and
7, it can be seen that addition of triglycol slightly 

Figure 8. Effects of NSA type on membrane mechanical
property: (a) elongation-at-break and (b) breaking tenancity.

affected the performance of the obtained membrane. 
Figure 8 presents simple mechanical properties of

the membrane. The breaking tenacity decreased, and
elongation-at-break increased due to the presence of
additive in polymer solution. These phenomena could
be explained by the fact that the diffusion rate which
controlled the membrane morphology is confirmed by
NSA addition. A relatively loose structure is formed
which leads to a reduction in breaking tenacity. With
the increasing of coagulation time, the oriented 
polymer chains might have sufficient time to be
relaxed. Consequently, the elongation-at-break values
increase.

CONCLUSION

PVDF Membranes were prepared from casting solu-
tions containing PVDF (25 wt%), DMAc (solvent)
with two different NSA, viz. triglycol and Tween80 (a
kind of surfactant), separately, by NIPS process. The
effects of NSA on the morphology and performance
were studied. Polymer solution viscosity decreased
with temperature, while the addition of NSA could
improve it. Viscosity increment which was caused by
triglycol was higher than that of Tween80. As evident
by SEM micrograph, membranes have asymmetric
structure consisting of a dense top layer and a porous
sub-layer. The sub-layer seems to have finger-like
pores. Triglycol could suppress the formation of 
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Figure 7. Effects of NSA types: (a) triglycol and (b) Tween80 on membrane permeability.
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finger-like structure. While Tween80 led to the 
formation of  macrovoid structure and the disappear-
ance of finger-like pores structure. In subsurfaces,
nodules and aggregates were clearly observed. The
size of nodules and aggregates became smaller with
the increase in Tween80 concentration. Compared to
triglycol, Tween80 could improve the membrane 
surface hydrophilicity and cause membrane 
permeability to increase significantly. 
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