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Abstract

The skin layer structure can be changed by adjusting the diffusion rate of the non-solvent into the polymer solution between
membrane and coagulation bath through adding surfactant into either coagulation bath or dope solution. When adding SDS in
coagulation bath, the variation trend of apparent diffusion coefficient during phase separation and scanning electron microscopy
morphology of resultant membranes indicated that, at the beginning SDS migrated to the membrane-bath interface during phase
separation process, playing a role as mechanical barrier within 0.15 wt% SDS concentration. Once the SDS concentration
exceeds CMC, the remaining SDS will form micelles act as a carrier, hence, the phase separation rate accelerated. The mem-
branes were characterized roughness parameters, obtained by the atomic force microscopic technique. While adding surfactant in
the dope solution, compared with SDS addition into the coagulation bath, apparent diffusion coefficient and SEM morphology
showed the similar trend, and the excellent range of SDS concentration is 0.08 wt%-0.1 wt%. As changing the nature of surfactant
in the dope solution, we found that, with the increase of surfactant hydrophile-lipophile balance (HLB) value, the rate of phase

separation speeds up, the size of macrovoid increases, flux increases gradually and rejection is weakened.

Keywords Surfactant - Preparation - Polysulfone membranes - Pore size

Introduction

Polysulfone (PSf) membranes are widely used in many appli-
cations from electronic film capacitors to gas separation and
water purification membrane [1-3]. Phase inversion via
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immersion precipitation is a well-known process for preparing
Polysulfone (PSf) membranes [4—7]. In the preparation of the
membrane, a homogeneous polymer solution containing poly-
mer and adequate solvent is cast on a glass plate and after a
short period of solvent evaporation, then immersed in a coag-
ulation bath [8—10]. The diffusive exchange of solvent and
non-solvent introduces liquid-liquid phase separation. The
phase separated solution leads to a porous, asymmetric struc-
ture [11, 12]. The morphology and performance of mem-
branes depend strongly on the thermodynamics as well as
kinetics of the phase inversion process [13, 14].

In order to adjust the morphology and performance of
membranes, some researchers have changed the concentration
of'the casting solution and some have changed the coagulation
bath temperature [ 15—-18], but the better effective way is to add
the surfactant [ 19-22]. Some researchers immerse the nonwo-
ven fabric scraped with the PSf solution into a coagulation
bath containing a certain concentration of sodium dodecyl
sulfate (SDS) [23]. This is conducive to the follow-up inter-
face polycondensation reaction, but also beneficial to immerse
the aqueous monomer into the polysulfone support layer. The
addition of SDS can effectively change the surface tension of
the water in the coagulation bath and can change the kinetic
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process in the phase separation process by some special sur-
face action [24]. So that people can control the coagulation
bath SDS content simply to improve the PSf ultrafiltration
membrane microstructure, resulting in a more ideal support
layer. Alsdeg et al. studied the effect of different content of
SDS on the preparation of PES membrane after phase separa-
tion [23]. The addition of SDS could significantly alter the
membrane surface structure and membrane filtration perfor-
mance, and the critical micelle concentration (CMC) of SDS
in water was the most critical factor.

In addition, the surfactant can also be added as an additive
to the casting solution to change the phase separation process
[25]. Lin et al. suggested that the affinity of the solvent and the
coagulation bath in the casting solution was improved after the
addition of the appropriate surfactant, and the phase separation
mechanism shifted from the delayed phase separation to the
instantaneous phase separation, resulting in the formation of
large pores [26, 27]. Bin et al. proposed that the addition of
Tween 80 favored the formation of larger pores by
interrupting the polymer chain entanglement and improving
the miscibility between solvent and coagulant [28]. Sh. Saedi
et al. study has demonstrated that the addition of surfactants in
the casting solution increases the formation of macrovoids and
large finger-like pores in the sub-layer of polysulfone mem-
branes [29]. Most of the research focused on polymer chain
and the surfactants interacted at molecular level and
polysulfone membrane cross-sectional morphology changes
[30-32], while ignoring the diffusion rate of the non-solvent
into the polymer solution and the surface morphology.
However the diffusion rate has a significant effect on the for-
mation of surface morphology.

The pore size and distribution of the pore structure on the
membrane surface affect the process of interfacial polymeri-
zation during the preparation of the composite membrane and
ultimately affect the filtration performance of the TFC mem-
brane [9, 33-35]. The results show that the integrity of the PA
functional layer on the surface of the TFC membrane will be
destroyed at these defective structures and irreversibly dam-
age the TFC film when the pore structure on the membrane
surface is large [36-38]. In response to this problem, we tried
to change the amount of SDS added. Membrane structure was
characterized by scanning electron microscopy (SEM), poros-
ity and pore size analysis, and atomic force microscopy
(AFM). Membrane performance was evaluated by pure water
flux and rejection. On the basis of ensuring the better filtration
efficiency of the prepared support layer, the formation of large
pore structure is reduced, and the comprehensive performance
of the membrane is further improved. On the other hand, the
amount of SDS added in the coagulation bath increase the
difficulty of post-treatment of SDS in coagulation bath. In
order to reduce the dosage of surfactant, the addition of SDS
to the casting solution can greatly reduce the dosage of sur-
factant. Therefore, we added SDS to the casting solution and
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selected several other surfactants with large differences in
properties as a contrast to study its effect on the phase separa-
tion process.

Experimental
Material

Commercial polysulfone (Udel® P-3500, Mn~22 kDa,
Solvay.) was used as membrane materials. N,N-
dimethylformamide (DMF, Chengdu Kelong Chemical Co.,
Ltd. purity >99.5%, Analytical reagent) and distilled water
were employed in this study as solvent and nonsolvent respec-
tively. Sodium dodecyl sulfate (SDS), sodium dodecyl ben-
zene sulfonate (SDBS), polyoxyethylene sorbitan
monolaurate (Tween-20), polyoxyethylene sorbitan
monostearate (Tween-80), glycerol monostearate (GMS) and
sorbitan monooleate (Span-80) were also purchased from
Chengdu Kelong Chemical reagents, analytical grade and
were used as surfactants.

Membrane preparation

Phase inversion method was used to prepare asymmetric
polysulfone (PSf) membranes. The PSf resin particles were
treated in a vacuum oven at 100 °C for 12 h to completely
remove the water and then a different composition of the
polymer solution (casting solution) was prepared using dry
PSf and DMF solvent. PSf was dissolved into the solvent
mixture with different additives. The casting solution was
evenly coated on the polyester sheet with a scraper, and the
film thickness was controlled at 300 wm. The PSf sheet coated
with the casting solution was then rapidly immersed in a non-
solvent coagulation bath (temperature controlled at 25 °C).
Finally, the membrane is removed from the deionized water
and dried at room temperature. The humidity of the environ-
ment during the preparation of the membrane is about 60%.

Characterization
Phase separation apparent diffusion coefficient test

The phase separation process was observed by optical micro-
scope. At the same time in the phase separation process every
30 s using a digital camera to take pictures immediately.
Sample preparation was carried out as described by Matz
[39] and a drop (about 30 ul) of the coating solution was
placed between the slide and the edge of the coverslip. And
then touch the edge of the coverslip with a drop of non-sol-
vent. The non-solvent rapidly enters the gap to contact the
edge of the diffused polymer solution. The trend of non-
solvent invasion depth was linearly fitted with time. The
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apparent diffusion coefficient of the non-solvent of the select-
ed system was calculated.

Membrane pure water flux and rejection rate test

(1) Test of pure water flux: Moisturizing membrane with
appropriate size is under the positive pressure filter flux
test. Filtration experiments were carried out using a
dead-end filter. The membrane was preloaded for
30 min at a differential pressure of 1.5 bars and then
the amount of deionized water through the membrane
per unit time was measured at a pressure of 1 bar. Flux
is calculated as follows:

T= (1)

Sxt

Where J is the measured pure water flux (L / m? - h), V(L)
is the volume of the membrane passing through the area S (m®
in time t (hour).

(2) Test of rejection rate: The distilled water at the test flux
was replaced with the formulated 1000 ppm PEG 20000
solution, and collected the filtrate when stabilizing. After
the filtrate was diluted 100-fold, the concentration of
PEG 20000 in the permeated and the stock solution
was measured under a visible light spectrophotometer
using a dragon doff reagent as a color reagent.
Respectively, as Crand C,,, the rejection rate was:

R= <1—gp) x 100% (2)

f

Scanning electron microscopy analysis (SEM)

The prepared hand membrane was freeze-dried with liquid
nitrogen to prepare a membrane cross section. The samples
were dried and then mounted on an SEM sample rack and
coated with gold to prevent charging. The images of the mem-
brane section and the top surface were taken using a Hitachi S-
4800 emission scanning electron microscope (FE-SEM).

Atomic force microscopy analysis (AFM)

The roughness of membrane surface was analyzed by an
atomic force microscopy (Veeco AFM Dimension 3100). A
picture with a scan frequency of 1.3 Hz and a scan size of
1 um was used for analysis. The surface roughness (R,), the
average roughness (R,), the peak-to-bottom height (R,), and
the specific surface area of the membrane were used to repre-
sent the surface roughness. The specific surface area is the

ratio of the true area of the measured membrane surface to
the projection in the vertical direction.

Porosity determination

The porosity of the membrane was represented by calculating
the water occupied volume ratio of the membrane when the
membrane was in full water state. It is operated by the follow-
ing steps: The membranes under wet conditions were cut into
a certain size of the rectangle. The area is recorded as A (cm?),
the thickness is recorded as h (mm). The surface of the water is
wiped with a filter paper and weighed, denoted as Wy, (g). The
wetted membrane was weighed in an oven at 60 °C and 80 °C
for 24 h to ensure complete removal of moisture and a
completely dry membrane weighed as Wy (g). The porosity
can be calculated using the following formula:

W, =Wy

P(%):pwaxh

x 1000 (3)

Where P represents the porosity of the calculated sample;
P is the water density, where 1 g/ cm? are taken. Each sample
was done three times in parallel and then calculated as an
average.

Compression test

The compression performance of the film was tested using a
universal material testing machine (CMT6104, Meters
Industrial Systems, Inc.). All samples were dried before
testing.

Casting fluid viscosity test

The viscosity of the cast membrane was measured by NDJ-1
rotary viscometer (Shanghai Jingke).

Results and discussion
SDS was added to the coagulation bath

An aqueous solution of different concentrations of SDS was
prepared as a coagulation bath of 18 wt% PSf, and the phase
separation process was observed under an optical microscope.
After the linear fitting, the calculated apparent diffusion coef-
ficient varies with SDS concentration as shown in Fig. 1.
Initially, the addition of the surfactant adjusts the surface ten-
sion of the casting solution and the coagulation bath to in-
crease the phase separation rate. Then the diffusion rate of
the non-solvent into the polymer solution can be reduced with
the increase of SDS concentration. At the 0.15 wt% SDS
concentration to a minimum, this concentration corresponds
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Fig. 1 Influence of SDS concentration in the coagulation bath on the
phase separation rate of 18 wt% PSf dope solution
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to the critical micelle concentration (CMC). And then, the
apparent diffusion coefficient increases progressively with
an increase in SDS in the coagulation bath.

Figure 2 shows the cross section and surface SEM of the
PSf film prepared by SDS concentration of different coagula-
tion bath. It can be seen that the sample prepared with pure
water as the coagulation bath has a smaller thickness. With the
increase of SDS concentration, the porosity of the membrane
section becomes larger and larger, showing a “floating” state,
and a turning point occurs at 0.15 wt% SDS concentrations,
and then the macrovoid structure runs through the whole
membrane section. The relationship between the phase sepa-
ration rate and the SDS concentration in the coagulation bath
can be explained in the following manner. It is widely accept-
ed that phase separation is a trade-off between thermodynamic
enhancement and kinetic hindrance. As the gelled medium is
brought into contact with the casting polymer solution, ex-
change of solvent and non-solvent begins to take place rapid-
ly. When one side of the membrane is in contact with the
gelling medium, the solvent casting membrane enters the cast-
ing membrane from the inside to the gel medium and the non-
solvent moves from the gelation medium into the cast film.
Due to the rapid invasion of non-solvent, the proportion of
non-solvent in the polymer solution membrane begins to in-
crease. When the ratio of non-solvent increases to a certain
value, PSf/DMF/water ternary system begins to become un-
stable, and the polymer can not be stably present in the system
and begins to precipitate. During polymer precipitation, not
only is there an exchange of solvent and non-solvent, but also
the polymer is constantly moving in solution. The precipita-
tion of polymer initially takes place at the interface to form a
skin layer that gradually diffuses into the polymer solution
film.

Therefore, the addition of SDS to the coagulation bath can
significantly change the tension of the membrane-bath
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interface during phase separation, thus influence the mecha-
nism of phase separation, then further affecting the pore struc-
ture of the membrane. The concentration of SDS in the pres-
ence of macrovoid structure is close to the CMC value. From
the surface morphology of the membrane, it can be seen that
the size and distribution of surface pores is altered by the
addition of SDS in the coagulation bath. With the increase
of SDS concentration, the surface pore size decreased first,
reached the minimum at 0.15 wt% SDS, and then gradually
increased. In contrast to Fig. 1 characterization of the phase
separation rate, the addition of SDS in the phase separation
process to the membrane bath interface, play a mechanical
barrier effect, reducing the phase separation process of solvent
and non-solvent exchange process. That is consistent with the
mechanism proposed by Alsdeg et al. [23] As shown in Fig. 3
when the concentration of SDS is lower than that of CMC
shown in Fig. 3a, with the increase of SDS concentration,
the concentration of SDS in the membrane-bath interface is
increasing, which gradually hinders the exchange process of
DMF and water during phase separation. Leading to the phase
separation process being delayed, the formation of the cortex
will become thicker and thicker, the surface pores become
smaller and smaller. When the SDS concentration exceeds
CMC, the dissolved SDS in the coagulation bath will remain
at a certain concentration, and the remaining SDS will form
micelles. These micelles are very compatible with the solvent
DMF, when the phase is separated these micelles act as a
carrier for the exudation of DMF in the PSf solution. That in
turn accelerates the process of solvent and non-solvent ex-
change. While, at the beginning of the formation of micelles,
micelles are smaller in volume and less in number. With the
increase of the concentration of SDS the phase separation rate
is gradually increased. As the concentration of SDS increased
to a critical value, the size and concentration of micelles
tended to be stable. Moreover, the phase separation rate is
the balance of thermodynamics and kinetics. Hence, as the
phase separation rate is accelerated, the formation of the cor-
tex becomes thinner, and the pore size of the surface pore
increases.

The membrane prepared by adding SDS in the coagulation
bath was subjected to filtration performance and mechanical
properties shown in Fig. 4. The addition of SDS in the coag-
ulation bath decreases the rejection first. With increase the
concentration of SDS the rejection increases and reaches the
maximum at the CMC, then decreases gradually, indicating
that the formation of the cortical pore structure decreases first
and then increases. This is consistent with the previous SEM
results. The addition of SDS in the coagulation bath can sig-
nificantly increase the flux of the membrane. With the increase
of SDS concentration, the flux decreases first and then in-
creases, and decreases to the minimum at 0.15 wt%. The size
of the flux is not only related to the continuity of the mem-
brane cross-section, but also on the porosity of the membrane
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Cross section

Fig. 2 SEM cross-section and top surface images of membranes prepared from 18 wt% PSf cast dope solutions precipitated in coagulation bath with

different SDS concentration

surface. The presence of large pores increases the continuity
between the pores of the membrane section, and the mem-
brane surface porosity determines the amount of water that
enters the membrane during the test process. Therefore, we
believe that, below the CMC, the phase separation rate be-
comes slower, the membrane cortex thickened, although the
pores of the membrane surface become smaller, but there is
enough time to induce the formation, resulting in the number
will be more, the two contradictory factors together determine
the ultimate flux of the membrane. Under 0.15 wt%, with the
increase of SDS concentration, the size of the pore structure
decreases with the decrease of the porosity of the membrane
surface. The increase in the number of pinhole structures con-
tributes to the surface porosity and the flux decreases. In the
range of 0.15 wt% -0.25 wt%, the decrease of pore porosity
caused by the decrease of pore size is less than the increase of
the number of pores to increase the porosity of the membrane

surface, and the flux begins to increase. When the SDS con-
centration exceeds CMC, the phase separation rate is acceler-
ated. At this point, very low membrane-bath interface tension
is also more conducive to solvent-non-solvent exchange. The
membrane surface will form a larger pinhole-like structure.
The number of which is reduced due to the accelerated rate
of phase separation, the porosity of the membrane surface is
not changed and the flux tends to be stable. From Fig. 4 (b), it
can be seen that the introduction of large pores increases the
porosity of the membrane and increases the flux of the mem-
brane to a certain extent, but the compressive capacity of the
membrane is decline apparently.

After comprehensive consideration, to make the prepared
PSf film pressure resistance is higher, and the filtration effi-
ciency is better (Both retention and flux are maintained at a
high level). The concentration of SDS added to the coagula-
tion bath is preferably 0.2-0.25 wt%. At this point, the

@ Springer
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Fig. 2 continued.
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prepared membrane can withstand about 50 bar of pressure,
flux increased by about 50% -100%, while the retention rate
can basically maintain the original level.

The relationship between surface morphology
and SDS concentration

Usually, the scanning electron microscope image can only see
the surface of the membrane surface plan and in the sample
preparation when the need for the film spray treatment, the

0.4%

0.3%

surface of the film surface will be a certain degree of distor-
tion. Atomic force microscopy (AFM) can more truly reflect
the three-dimensional surface of the membrane surface. Thus,
in order to characterize the fluctuation of the membrane sur-
face, that is, the surface roughness of the membrane, we con-
ducted an AFM test on the skin cortex. Figure 5 is a three-
dimensional map of different SDS contents added to the co-
agulation bath after the transformation. The addition of SDS
significantly changed the morphology of the membrane sur-
face, and the fluctuation structure of the membrane surface

15 nm
0.25% -15 nm
15 nm
0.5% -15 nm

Fig. 5 AFM surface pictures of membranes prepared from 18 wt% PSf cast dope solutions precipitated in coagulation bath with different SDS

concentration
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Table 1 Roughness parameters

and calculated pore parameters SDS content

Roughness parameters

Calculated pore parameters

from the AFM results of (Wt%)
membranes prepared from R, Ry R, Surface area Diameter Geometric S.D.  Porosity
18 wt% PSf cast dope solutions (m)  (m)  (m)  ratio (nm) (op) (%)
precipitated in coagulation bath
with different SDS concentration 0 43 34 44.6 1.08 273 1.40 13.3
0.15 4.4 35 312 1.04 31.0 1.48 14.9
0.25 4.8 4.0 31.0 1.03 24.8 1.69 183
0.3 3.6 2.9 24.7 1.03 264 1.49 16.8
0.4 3.8 3.1 254 1.04 393 1.46 16.7
0.5 45 35 279 1.05 42.4 1.50 13.8

became more detailed near the CMC value. The aperture of
the pore-shaped structure of the membrane surface can be
obtained by AFM data processing. Compared with the SEM,
AFM in the test process does not need any treatment on the
membrane surface, the test results can be a very true response
to the surface morphology of the membrane. Thus, the aper-
ture data of the pinhole structure on the membrane surface
obtained from the AFM is more reliable. [40, 41]

The roughness data of the film measured by AFM and
the calculated pore size and porosity are shown in
Table 1. Below the CMC, the phase separation slowed
down, the membrane cortex became thick and the surface
porosity became smaller. Although the pores on the sur-
face of the membrane are smaller, there is enough time to

induce the formation, resulting in the number of surface
pores moves upward. The final morphology of mem-
branes was determined by the two conflicting factors that
the phase separation rate and time. When the concentra-
tion of SDS is below the CMC, as the concentration of
SDS increases, the phase interface phase separation was
hindered by SDS aggregated at the phase interface. The
effect of pinhole diameter reduction on the porosity of the
membrane is greater than the contribution of the pinhole
number to the surface porosity. The surface roughness of
the membrane gradually raises, but the surface of mem-
branes and the overall surface area gradually decreased.
Above CMC, micellar content and size also go up with
increasing SDS concentration. In the range of 0.15% -

15nm
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Fig. 6 Schematic drawing of the different diffusion rate on the formation of surface morphology
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0.25 wt%, the number of micelles is gradually increased
and the phase separation rate increases and the surface
porosity moves upward. The influence of pinhole diame-
ter ascends on the porosity of the membrane do more
effect on the surface morphology than the contribution
of the pinhole number to the surface porosity. Thus, the
surface of membranes and surface area gradually de-
creased, thereby reducing the film surface roughness.
The formation of membrane surface structure is more de-
tailed. When the concentration of SDS exceeds 0.25%, the
volume and number of micelles tend to be stable, and the
phase separation rate is accelerated. As the micelles carry

DMF, the surface of the membrane will form larger pin-
holes and surface of membranes become more roughness.
Therefore, as shown in Fig. 6, different diffusion rates
form different surface structures.

SDS and SDBS were added to the casting solution

In order to reduce the concentration of SDS, further optimize
the film preparation program. We attempted to add SDS to the
casting solution. Experiments show that the preparation of
18 wt% PSf casting solution, which can add the SDS content
of up to about 1 wt%. In order to verify the feasibility of the
experiment, we chose another molecular structure with SDS
similar to sodium dodecyl benzene sulfonate (SDBS) as a
surfactant, for comparison.

Figure 7 is shown when different amounts of SDS and
SDBS were added to the casting solution. When the pure
water is used as the coagulation bath, the apparent diffusion
coefficient of water diffusing into the casting solution tends to
change with the surfactant. The phase separation rate tends to
decrease first and then increase, which is similar to the addi-
tion of surfactant to the coagulation bath. As shown in Fig. 7,
the addition of SDS to the casting solution increases the rate of
phase separation at the beginning. When the additive is SDS,
at the concentration of 0.05 wt% SDS, the phase separation
rate tends to decrease first and then increase. The additive
SDBS also has a similar phenomenon, but the critical value
is 0.1 wt%. Initially, the casting solution of surfactant can also

Fig. 8 SEM cross-section of membranes prepared from dope solutions having different SDS content
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migrate to the membrane - bath interface, play a mechanical
barrier role. When SDS formed micelles in the casting solu-
tion, the rate of phase separation began to go up, which is
correspond to the phenomenon of surfactant added to the co-
agulation bath.

The SEM cross-section of membrane sections after addi-
tion of different contents of SDS is exhibited in Fig.8. With the
increase in SDS concentration, the trend of morphology of the
membrane section changes as SDS was added to the casting

solution and the coagulation bath are similar. After adding
0.02 wt% SDS, the macrovoid structure of the membrane
section increased significantly. When the SDS content in-
creased to 0.05 wt%, the macrovoid structure of the membrane
section was suppressed. Subsequently, the macrovoid struc-
ture becomes larger and runs through the entire membrane
section. When the content exceeds than 0.5% wt, we can see
that finger-like macropores ruins through the entire cross-
section.

Table 2 Nature of the selected

surfactants Nomenclature Chemistry name HLB Type Character
Span-80 Sorbitan monooleate 43 Non-ion Liquid
GMS Glycerol monostearate 5.5 Non-ion Solid
Tween-80 Polyoxyethylene sorbitan monostearate 15.0 Non-ion Liquid
Tween-20 Polyoxyethylene sorbitan monolaurate 16.7 Non-ion Liquid
SDBS Sodium dodecyl benzene sulfonate 11.7 Ion Solid
SDS sodium dodecyl sulfate 40.0 Ion Solid
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Table 3 Viscosity of the dope

solution having different Content Span-80 GMS Tween-80 Tween-20 SDBS SDS
surfactant content (Wt%) (mPa-s) (mPas) (mPa-s) (mPas) (mPa-s) (mPas)
0.5 759.8 784.5 778.0 794.5 813.5 826.0
1.0 784.0 791.0 799.5 814.5 863.5 864.0
Table 4  Effective diffusion coefficient of the dope solution having different surfactant content
Content Span-80 GMS Tween-80 Tween-20 SDBS SDS
(Wt%) (107 cm’/s) (107 cm’/s) (107 cm?/s) (107 em?/s) (107 em’/s) (10~ em’/s)
0.5 0.64 0.63 0.71 0.67 0.71 0.70
1.0 0.72 0.66 0.80 0.71 0.71 0.65

After the addition of SDS and SDBS to the casting solu-
tion, the permeation performance and mechanical pressure
resistance were changed illustrated in Fig. 9 and Fig. 10.
This trend is similar to the addition of SDS in the coagulation
bath. The addition of SDS to the casting solution can also
achieve the purpose of improving the overall performance of
the membrane. When the SDS in the casting solution is
0.08 wt% -0.1 wt%, the comprehensive performance of the
membrane is better.

Effect of surfactant properties in casting solution
From the above studies, we have found that in the phase sep-

aration, the surfactant added to the casting solution will mi-
grate into the coagulation bath as the exudation of solvent. If

we change the nature of the surfactant, it is bound to affect the
phase separation of solvent and non-solvent exchange pro-
cess, thereby changing the structure and performance of the
membrane. Surfactants can express their affinity for water or
oil according to their hydrophilic lipophilic balance (HLB),
the greater the HLB value, the stronger hydrophilicity of the
surfactant. In addition, depending on the form of dissociation
of the surfactant in the solvent, it can be divided into ionic and
nonionic. So we chose six surfactants, divided into two
groups. One group is the ionic surfactant, SDS and SDBS,
and the other is nonionic Span-80, GMS, Tween-80 and
Tween-20. Their properties depicted in Table 2.

Table 3 shows the viscosity of the casting solution and the
rate of phase separation observed under an optical microscope
respectively after adding 0.5 wt% and 1 wt% of the surfactant.

Fig. 11 SEM cross-section of membranes prepared from dope solutions having 0.5 wt% different surfactant
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Table 5 Flux vs. rejection and

yield stress vs. porosity properties Surfactant ~ Content (wt%)  Flux (L/m*h-bar)  Rejection (%)  Off-set yield stress (Bar) ~ Porosity (%)
of membranes prepared from
dope solutions having different Span-80 0.5 28.1+2.6 20.3+0.8 56.4+0.2 724 +0.8
surfactant 1.0 344+26 152+14 52.6+2.7 729+0.3
GMS 0.5 529+4.1 16.9+0.6 584+29 70.5+0.2
1.0 61.7+49 159+14 62.5+0.1 712402
Tween-80 0.5 98.0 +8.2 13.7+1.1 544+2.6 75.2+0.6
1.0 1293 +£15.5 123+1.1 458+39 779+04
Tween-20 0.5 1192+ 152 18.2+0.8 50.8 +4.4 77.5+0.3
1.0 306.4 +32.7 11.5+0.8 41.1+09 782402
SDBS 0.5 378.9+37.0 11.8+1.4 434+08 80.3+0.3
1.0 592.0 +49.0 5.1+0.6 37.8+1.7 83.9+0.5
SDS 0.5 352.1 +£26.1 103+1.1 425+22 80.4 +0.1
1.0 636.8 +59.2 7.0 +0.7 35.6+1.8 81.9+12

With the increase of surfactant HLB value, the viscosity of
casting solution showed a general trend, the rate of phase
separation also gradually accelerated as shown in Table 4.
The greater the HLB value, the worse the compatibility of
the surfactant with the casting solution, the more unstable
the casting solution becomes, the higher of viscosity.

Figure 11 shows that SEM images of membrane sections
after adding 0.5 wt% of different surfactants to the casting
solution. With the increase of the HLB value of the surfactant,
the macrovoid structure of the membrane showed an increas-
ing trend. Table 5 for the prepared membrane permeability
and pressure resistance, with the HLB value increases, the
membrane flux is gradually increased, but the retention capac-
ity of PEG20000 weakened. Considering all of the above
surfactants, we found that when GMS was used as an additive
for the casting solution, the overall performance of the pre-
pared film was better.

Conclusion

In this paper, we choose the method of surfactant to change
diffusion rate of the non-solvent into the polymer solution
between membrane and coagulation bath. Whether the surfac-
tant is added to the coagulation bath or the casting solution,
the properties of the prepared film will inevitably change to a
great extent. It was found that the addition of small amounts of
surfactants in the coagulation bath or in the casting solution
increases the surface of macrovoids and finger-like pores in
the sub-layer of membranes. The surface analysis of mem-
branes showed that mean pore size, pore density and surface
porosity of membranes are higher at first compared to the
membrane prepared without surfactant. As the SDS was
added in the coagulation bath the surface of macrovoids and
finger-like pores reached the minimum at 0.15 wt% SDS, then
gradually increased. While the SDS in the casting solution is

@ Springer

0.08 wt% -0.1 wt%, the comprehensive performance of the
membrane is better.
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