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Research on porous membrane technology is proliferating, especially in the
process of fabrication of membranes. Different methods in membrane fabrication
can affect the physical and chemical properties of the produced membrane. This
study aims to investigate the influence of temperature, molecular weight, and
non-solvent type on the physical-chemical properties of PVDF membranes. The
membrane was produced by the immersion precipitation method with varying
PVDF molecular weights of 64 kDa, 352 kDa (Solef 1010), 534 kDa, and 573 kDa
(Solef 1015); non-solvent variations of alcohol (methanol, ethanol, isopropyl
alcohol, and butanol); and drying temperature variations of 40, 50, and 60°C. The
produced membranes were analyzed using ATR-FTIR, XRD, TGA, DSC, and SEM,
and their wettability properties were evaluated using water contact angles. The
optimal drying temperature for membrane production was 60°C. The ATR-FTIR
data showed that molecular weight impacted membrane structure, where PVDF
MW 534 kDa membrane had the highest percentage of g phase (77.47%). Non-
solvent changes also affected membrane structure; PVDF Solef 1010 with non-
solvent isopropyl alcohol had the highest percentage of g phase (67.45%). This is
supported by the XRD diffractogram that displayed peaks at 26 values between
20.24° and 20.66°, indicating the presence of a phase g PVDF. The thermal
analysis exhibited three stages of degradation for Solef 1010 with ethanol non-
solvent and two for the other seven membranes. The degradation temperature
increases with the increase in molecular weight and the difference in non-
solvents. The highest thermal stability membrane was PVDF Solef 1010 with
isopropyl alcohol non-solvent (430°C). SEM images showed the membrane with
non-solvent isopropyl alcohol, displaying a dense sponge-like morphology. The
wettability of membranes is affected by molecular weight and non-solvent type.
The membrane with isopropyl alcohol non-solvent obtained the smallest contact
angle (54.77°) and indicated the most wettability membrane.

1.

Introduction

Porous membrane technology has become prevalent
across many fields due to its convenient production
methods using various materials and fabrication

techniques [1]. Porous membranes are frequently
employed in many applications, such as water
purification [2], battery separators [3], and gels or solids
polymer electrolytes in batteries [4]. The basic materials
for fabricating membranes can be categorized into
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ceramics and polymers. The significant chemical
resistance of polymeric materials, like polysulfone (PS),
polyvinylidene fluoride (PVDF), and polypropylene (PP),
makes them popular choices for use in the production of
commercial membranes [5].

Polyvinylidene fluoride (PVDF) has high mechanical
strength, good chemical resistance, good thermal
stability, and exceptional resistance to membrane
degradation, all of which are crucial attributes for their
application in high-pressure environments [6].
Polyvinylidene fluoride (PVDF) is synthesized via free
radical polymerization using vinylidene fluoride
monomers, resulting in a diverse distribution of
molecular weights attributed to varying polymerization
rates [7]. The influence of the molecular weight of
polyvinylidene fluoride (PVDF) affects several elements,
such as rheological effects on polymer solutions,
thermodynamic and kinetic, membrane structure, and
other physical properties inside a PVDF membrane [8].

Besides molecular weight, several parameters affect
the morphology and performance of the fabricated
membrane, including polymer concentration in the dope
solution, the strength of the non-solvent employed in the
coagulant bath, the incorporation of additives, and the
temperature (dope solution temperature and coagulant
bath) [9]. Different fabrication methods for PVDF
membranes also impact their physical properties,
especially polymorphs [10]. The phase inversion
approach is popular because it can produce membranes in
controlled ways, with simple processing and low-cost
production [1, 11].

In the immersion precipitation method, solvent and
non-solvent are exchanged to form a membrane. In the
polymer melting process in the immersion precipitation
method, melting using a solvent with a temperature of
<70°C, a B phase will be formed, as long as the solvent
used is a good solvent for PVDF [12]. It is important to pay
attention to the temperature when preparing
membranes. Whether it is the temperature of the dope
solution, the temperature of the coagulant bath, or the
casting device because the temperature plays a significant
role in influencing the kinetics of membrane formation
and the resulting membrane’s morphology (13, 14].

Selecting non-solvents in this method also plays a
crucial role in influencing the precipitation of the
membrane. When a dope solution is cast on a petri dish
and subsequently immersed in a non-solvent, the
miscibility of solvent and non-solvent, along with the
affinity between the polymer and non-solvent,
determines the exchange rate and the ultimate structure
of the membrane. Utilizing “soft” non-solvent-like
alcohol leads to a precipitation process that yields a
particulate morphology [9, 13].

Several studies have investigated the effect of various
molecular weights of PVDF [10, 15, 16, 17]. Haponska et al.
[10] reported an immersion precipitation method using
NMP as solvent and water as non-solvent with different
temperatures of non-solvents at 20, 40, and 60°C. The
result showed that the membrane produced at 20°C has a
reasonably high g phase and dense structure. Chang et al.

[9] investigated the impact of non-solvents in the form of
propanol, isopropanol, butanol, and 1-octanol on PVDF
with MW 254 kDa, resulting in membranes that had only
a and y type polymorphs for all membranes using non-
solvents propanol, isopropyl alcohol, butanol, and
1- octanol. Also, it produced membrane morphology with
a globular shape.

Meanwhile, comprehensive information and
research on the effect of temperature, coagulant type, and
molecular weight on the physical properties of PVDF
membranes through immersion precipitation methods is
still limited. This study investigates the effect of
molecular weight variations on four different PVDF
polymers and the influence of non-solvent alcohols on
PVDF with a molecular weight of 352 kDa. The
investigation aims to determine the effects on various
physical properties of the membranes, including the
types of polymorphs formed, crystallinity, thermal
degradation, melting point, and wettability.

2. Experimental
2.1. Materials

Polyvinylidene fluoride (PVDF) Solef 1010 (MW: 352
kDa) and PVDF Solef 1015 (MW: 573 kDa) were obtained
from Solvay. PVDF (MW: 64 kDa) was obtained from
Jiangsu Freechem-China, and PVDF (MW 534 kDa) was
obtained from Sigma Aldrich. N’N-Dimethylacetamide
(DMACc), methanol, ethanol, isopropyl alcohol (IPA), and
butanol were purchased from Merck.

2.2. Fabrication of PVDF Membranes

PVDF membranes were produced by dissolving each
18% (wt%) PVDF (PVDF with MW of 64 kDa, 352 kDa
(Solef® 1010), 534 kDa, and 573 kDa (Solef® 1015)) into
82 wt% DMAc. This solution was homogenized for
24 hours at 60°C to produce a dope. The dope was cast on
a glass plate and immersed in ethanol as a non-solvent.
The resulting flat membrane was dried in an oven at 60°C
for one hour. To introduce variations in the non-solvent,
methanol, ethanol, isopropyl alcohol, and butanol were
used. Additionally, PVDF membranes were dried in an
oven at temperatures of 40, 50, and 60°C to investigate
the impact of drying temperature.

2.3. Characterization

The membranes were subsequently characterized
using ATR-FTIR, XRD, Water Contact Angle (WCA), SEM,
TGA, and DSC. The functional groups of the membrane
were analyzed using ATR-FTIR. The B phase was
determined using Equation (1).

FB) = qtr e

(KB/Ku)Au+AB

Where F(B) represents the g-phase content, Aa and AB
denote the absorbance at 763 and 833 cm™?, Ka and K are
the absorption coefficients at the respective
wavenumber, with values of 6.1x104 and 7.7x104
cm?mol-1, respectively.

The crystallinity data and crystal structure changes
of the produced PVDF membrane were determined using
XRD. The obtained information consisted of the intensity



Jurnal Kimia Sains dan Aplikasi 27 (1) (2024): 35— 44 37

of the peaks that appear at the specified diffraction angle.
Then, the degree of crystallinity was calculated using
Equation (2).

Degree of cristallinity = x 100% (2)

Ac
(Aa+Ac)
Where Ac represents the total area of the crystalline
phase, and Aa represents the total area of the amorphous
phase.

WCA measurement was conducted to determine the
wettability of the PVDF membrane by dripping water on
the membrane surface. The images were then captured
with a super-macro camera and analyzed using Image]J
software. The membrane morphology was assessed by
examining the membrane cross-section using Scanning
Electron Microscopy (SEM). Additionally,
Thermogravimetric Analysis (TGA) and Differential
Scanning Calorimetry (DSC) were employed to assess the
thermal stability and melting temperature of the PVDF
membranes.

3. Results and Discussion

3.1. Fabrication of PVDF Membranes with Drying
Temperature Variations

Using different non-solvents causes differences in
the time of membrane precipitation and the physical
appearance of each membrane. Figure 1 shows the results
of membrane fabrication at 40, 50, and 60°C. For
methanol, ethanol, and isopropyl alcohol, membrane
formation at a drying temperature of 40°C requires
2 hours, whereas butanol necessitates more than 3 hours
for membrane formation. This trend persists at 50°C and
60°C, where methanol, ethanol, and isopropyl alcohol
exhibit faster membrane formation than butanol.

The observed differences in membrane formation
times can be attributed to the wunique mixing
characteristics of solvents and non-solvents in the
membrane formation system. Non-solvents that exhibit
poor mixing with solvents tend to result in delayed
membrane development [13]. The delayed time in
membrane formation can be used to determine the
precipitation rate. The longer the time required for
membrane formation, the slower the precipitation rate.
The exchange rate of non-solvent and solvent can explain
the difference in precipitation rate (determination of
diffusion coefficient (D°) of non-solvent with solvent)
[18].

Table 1. Delay time and diffusion coefficient between
non-solvent and DMAc [18]

Non solvent Dela(;; )time Dononsoz\sl;;{;)/lgj;c x 1076
Water 0 24.61
Methanol 6.6 20.63
Ethanol 10.2 17.64
Isopropyl 163 15.75

alcohol

Figure 1. PVDF membranes dried in an oven at a) 40°C,
b) 50°C, and c) 60°C

Table 1 presents the values of the distribution
coefficients of several alcohols against DMAc. The delay
time in membrane formation increases as non-solvent D°
from methanol, ethanol, and isopropyl alcohol decreases.
Furthermore, in the use of solvents from DMAc,
Dimethylformamide (DMF), and N-methylpyrrolidone
(NMP), D° decreased with non-solvent variations in the
order of methanol > ethanol > isopropyl alcohol
>butanol, with butanol having the longest delay time
among all the non-solvents employed [19, 20]. Thus, the
observed trend is consistent with the outcomes of the
conducted experiments.

The membrane obtained at 40°C (Figure 1a) is
extremely dry and impossible to use, whereas the
membrane obtained at 50°C (Figure 1b) has a physical
shape similar to a gel and a transparent appearance.
However, this gel-like nature causes membrane damage
upon removal from the petri dish, indicating that its
mechanical properties may not be suitable for certain
applications. In contrast to the membranes produced at
60°C (Figure 1c), this membrane is a non-brittle nature
and is easily detached from a petri dish, allowing it to be
utilized in various applications.

A temperature of 60°C has been commonly employed
in similar methods for both PVDF and other polymers, as
demonstrated by several other studies, including those
conducted by Hussain et al. [21] and Ashtiani et al. [22].
In this research, PVDF membranes were dried in an oven
at a temperature of 60°C for 60 minutes for non-solvents
such as methanol, ethanol, and isopropyl alcohol. For the
non-solvent butanol, the drying time was extended to
75 minutes.

3.2. PVDF Membranes with Various Molecular Weight

Figure 2 shows ATR-FTIR spectra of PVDF
membranes based on polymers with molecular weights of
352 kDa (Solef 1010) and 573 kDa (Solef 1015) and PVDF
with molecular weights of 64 and 534 kDa in ethanol non-
solvent. Among the four membranes, there is an
absorption of a phase whose absorbance intensity is
relatively high in PVDF Solef 1010 and PVDF Solef 1015 at
wavenumbers 763, 795, 975, 1203, and 1383 cm™ [11, 23,
24, 25]. The appearance of absorption at wavenumber
around 1070 and 1170 cm™! indicate the presence of the
B phase, while 833 cm™ is a shift from the absorption
B phase [12, 26, 27]. This is supported by XRD data
(Figure 3), with the occurrence of the peaks at 26 = 20.2—
20.6° as the main peak of the g phase [12, 27].
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Figure 2. ATR-FTIR spectra of PVDF membranes with
different molecular weights

High intensity at 26 = 21.3° and 23.6° are related to
polyethylene-like structure [28], which indicates the
presence of the B phase because the structure of
polyethylene is similar to the g phase of PVDF. In addition,
the XRD diffractogram shows intensities at 26 = 17.95°,
26.7°, and 38.8°, which indicates the o phase [12, 26]. The
crystallinity of the membrane can also be measured from
XRD data. The lowest crystallinity was obtained in Solef
1010 with B phase 49.69%. The crystallinity data and the
B phase content of the produced membrane can be seen in
Table 2.

The formation of g phase corresponds to the dipole
moment of the solvent. When solvents with high dipole
moments interact with PVDF, the g phase is easily formed
[23]. Thus, it can be said that hydrogen bonding in PVDF
and solvent is the crucial factor governing the formation
of the p-phase. An interface hydrogen bond is formed
between the hydrogen or fluorine atoms in the PVDF and
the solvent [23]. In addition, according to the rule of
“Polar Soluble in Polar,” the interaction between DMAc
and B-PVDF solvents is strong. Hence, it can form a
B phase in PVDF membranes [24]. In addition, B-PVDF
phase formation depends on delayed phase inversion
processes, such as lowering the casting temperature or
using a soft non-solvent as the coagulation bath, e.g.,
alcohol.

[——PVDF Solef 1015
[——PVDF MW 534 kDa
|-~ PVDF Solef 1010
2’%1.3 26 27 388 [——PVDF MW 64 kDa
2, H

Intensity (a.u.)

Figure 3. XRD diffractogram of PVDF membranes with
different molecular weights

Table 2. Crystallinity and number of g fractions of each
membrane with different molecular weights

PVDF B phase (%) Crys(t(:)a/fljl)mlty
PVDF MW 64 kDa 75.11 71.41
PVDF Solef 1010 49.69 69.17
PVDF MW 534 kDa 77.47 86.02
PVDF Solef 1015 41.30 96.50

The difference in molecular weight of PVDF also
affects the thermal stability of the produced membrane.
Figure 4 and Table 3 represent the TGA thermogram and
the degradation temperature ranges of each membrane.
The PVDF Solef 1010 membrane has three degradation
stages: evaporation from moisture (water vapor) and the
breaking of the C-H bond followed by H-F and C=Cbonds.
The third degradation is caused by the degradation
process of the main chain of PVDF [25].

Meanwhile, in PVDF Solef 1015, PVDF MW 64 kDa,
and PVDF MW 534 kDa experienced two stages of
degradation. Table 3 shows that the membranes with the
lowest to highest degradation temperature are PVDF Solef
1010, PVDF MW 534 kDa, PVDF MW 64 kDa, and PVDF
Solef 1015. Higher molecular weight tends to have better
thermal stability because it has a longer and denser
polymer chain, making it more resistant to chemical bond
breaking and thermal degradation during heating [29].
Therefore, this research obtained the contrary condition
because PVDF MW 64 kDa has higher thermal degradation
than PVDF Solef 1010 and PVDF MW 534 kDa.

DSC analysis was performed to determine the effect
of PVDF’s molecular weight on the membrane’s melting
point. The DSC thermogram is shown in Figure 5, and the
melting point of each membrane is shown in Table 4. The
lowest to highest melting points are owned by PVDF MW
64 kDa, PVDF MW 534 kDa, PVDF Solef 1015, and PVDF
Solef 1010 membranes. The melting point of PVDF Solef
1015 and PVDF MW 534 kDa was lower than Solef 1010.
This is because Solef 1010 PVDF membranes have the
lowest crystallinity of the other three PVDF membranes,
known that the crystallinity of a membrane affects its
thermal stability; the higher the crystallinity, the higher

the thermal stability [30].
PVDF MW 64 kDa
p=— PVDF Solef 1010
PVDF MW 534 kDa

|—— PVDF Solef 1015 |

100 -

80 4

60
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40

20

100 200 300 400 500 600
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Figure 4. TGA thermogram of PVDF membranes with
different molecular weights
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Table 3. Degradation temperature of each membrane

39

Stage of Degradation
PVDF 1(°C) 11 (°C) III (°C)
Onset Offset Onset Offset Onset Offset
PVDF MW 64 kDa 421 483 490 600 -
PVDF Solef 1010 110 178 410 4,82 489 600
PVDF MW 534 kDa 415 488 495 600 - -
PVDF Solef 1015 425 489 490 600 - -
VDR MW 524 k0 a) b)
PO b 64 kDa
-_‘_\_”7 ~. ¥, @ V //—’_ir
= —
s e /
8 "
w —
»k\\ \f’k—‘

T T T T T T T ]
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Temperature (°C)

Figure 5. DSC thermogram of PVDF membranes with
different molecular weights

In addition, although Solef 1010 has the lowest
B phase, it has a higher « and y phase; this is in line with
data from ATR-FTIR (Figure 2), so Solef 1010 has the
highest melting point because Tm o phase is 167-172°C
and y phase 179-180°C [12]. However, this contradicts
findings from prior research [31], indicating that based on
the molecular weight of PVDF, an elevation in molecular
mass tends to impact the melting point. In this context, a
higher molecular weight of the polymer corresponds to an
increased melting point.

WCA measurements are performed to determine the
effect of molecular weight and temperature on membrane
wettability, and the data are presented in Table 5 and
Figure 6. In this study, the lowest WCA belongs to PVDF
Solef 1010 (55.97°), while PVDF MW 534 kDa has the
highest WCA (83°). The study’s results also show a
membrane with a molecular weight of 573 kDa (Solef
1015), and using ethanol as a non-solvent produced the
roughest membrane surface. The wettability of a
membrane can be influenced by its surface roughness,
which is influenced by material properties like pore size
distribution and molecular weight [32].

A higher molecular weight tends to result in a
membrane with a more uneven surface [32],
consequently leading to an increased value of the water
contact angle (WCA) [10]. Roughness is also influenced by
the exchange of solvent-non-solvent by the delay
demixing method. It follows the corresponding kinetic
rate (rate leading to membrane formation by
incorporating PVDF chains into the non-woven support
matrix) [10]. A comparison of WCA values from this study
with previous studies [10] can be seen in Table 5.

Figure 6. Water contact angle of PVDF membranes:
a) MW 64 kDa, b) Solef 1010, ¢) MW 534 kDa,
d) Solef 1015

The molecular weight of PVDF generally affects the
physical properties of the prepared membrane. However,
in this study, there are some differences with existing
research [10, 31, 33]. According to the previous research,
the higher the molecular weight of PVDF, the higher the
degradation temperature. However, PVDF MW 64 kDa has
a higher degradation temperature (421°C) than PVDF
Solef 1010 (410°C). In addition, WCA is also affected by
membrane roughness and molecular weight, while in
PVDF Solef 1010, WCA is lower than PVDF MW 64 kDa, and
WCA PVDF Solef 1015 is lower than PVDF MW 534 kDa.
PVDF MW 534 kDa has a high B phase and has more
potential for use in various fields; however, PVDFs with
molecular weight of 64 kDa, 534 kDa, and Solef 1015 have
difficulties casting membranes using the immersion
precipitation method. Consequently, for the subsequent
investigation, PVDF Solef 1010 was used.

Table 4. Melting point of each membrane

Molecular Temperature (°C)
PVDF Weight
(kDa) Onset  Offset Tm
PVDF MW 64
KDa 64 142.5 178.5 165.5
PVDF Solef 5 158 185 1720
1010 35 58.9 3 73.
PVDF MW 534
KDa 534 143.9 180.3 167.0
PVDF Solef
1015 573 137.3 184.4  169.9
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Table 5. Comparison of contact angles with previous studies

Molecular weight of PVDF (kDa) Temperature (°C) Contact angle (°) Reference
300-320 60 78 [10]
570-600 60 79 [10]
670-700 60 98 [10]
64 60 74.32 This study
352 60 55.97 This study
534 60 83 This study
585 60 69 This study
PVDF-Butanol Butanol
Eﬁ?éﬂi’m‘ Alcohol —— Isopropyl Alcohol
EF’VDF-M@ManaI 213 : Et:;n::ol
202 236
g >
< =
1466 1300 1200 1100 1000 900 800 700 16 18 20 22 24 2 2 2

Wavenumber (cm'')

Figure 7. ATR-FTIR spectra of PVDF membranes with
different non-solvents

3.3. PVDF Membranes with Various Non-Solvents

PVDF Solef 1010 is used in this section because this
polymer is the easiest to cast using the immersion
precipitation method and produces homogeneous
membranes. Non-solvent is one of the essential things in
membrane fabrication with this method. The type of non-
solvent used for membrane fabrication influences
membrane preparation [34]. Different non-solvent
alcohols can give other physical properties to the
produced membrane. Figure 7 shows the analysis result
using ATR-FTIR on PVDF membranes produced from
PVDF Solef 1010 with a drying temperature of 60°C for
60 minutes with methanol, ethanol, isopropyl alcohol,
and extending to 75 minutes for butanol.

ATR-FTIR spectra show the presence of absorption «
phase at wavenumbers 763, 795, 855, 975, 1148, 1203,
1383, and 1424 cm™ [12, 26, 27, 35], while the
wavenumbers 833 cm™ can be interpreted as absorption
from B phase and y phase [12, 26, 27]. The XRD data
(Figure 8) shows the appearance of the peaks at 26 =
20.24-20.66°, which is the main peak of the g phase [12,
27],at 26 = 21.3°and 23.6° are related to polyethylene-like
structures [28], then 26 = 17.95° and 25.6° indicate
diffractogram of the o« phase [12]. Meanwhile, the
crystallinity calculation shows the lowest crystallinity
belongs to ethanol non-solvent with g phase 49.69%. The
crystallinity data and the g phase content of the produced
membrane can be seen in Table 6.

20(°)

Figure 8. XRD diffractogram of PVDF membranes with
different non-solvents

The formation of the B phase occurs during the
membrane formation process. The g phase and y phase
polymorphs in PVDF membranes have been formed due to
certain trans-nucleation of PVDF segments growing in
PVDF chain crystal development. This may be due to the
interaction between alcohol (non-solvent bath) and PVDF
polymers. The O-H functional group present in alcohols
has the ability to establish hydrogen bonding interactions
with the C-F bonds in polyvinylidene fluoride (PVDF)
[36]. It can also be seen in ATR-FTIR spectra that
different types of non-solvents can reduce the a phase
and increase the g phase quite well found in isopropyl
alcohol spectra.

Membranes produced using ethanol and isopropyl
alcohol as non-solvent were analyzed using SEM to
determine the cross-section morphology. Morphological
analysis using SEM is shown in Figures 9a and 9b. Figure
9a shows that membranes produced using non-solvent
ethanol form a finger-like morphology. In Figure 9b, the
membrane with non-solvent isopropyl alcohol shows a
dense sponge-like morphology. This morphology occurs
due to the diffusion of non-solvents and solvents in PVDF
membranes. Table 1 shows that the diffusion coefficient
in isopropyl alcohol is lower than in ethanol. This
indicates that the rate of liquid-liquid phase separation is
slower in isopropyl alcohol, resulting in the formation of
finger-like macropores being inhibited to some extent,
and the structure tends to transform more completely
into sponge-like pores. This pore structure has a micron-
sized space of many well-connected nanopores [21].
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Figure 9. Membrane cross-section morphologies of
a) PVDF-ethanol, b) PVDF-isopropyl! alcohol
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Figure 10. TGA thermogram of PVDF membranes with
different non-solvents

The TGA thermogram (Figure 10) shows that
different non-solvents also affect the thermal stability of
the produced membrane. The three membranes made
using methanol, isopropyl alcohol, and butanol undergo
two stages of degradation, while the membranes
produced using ethanol undergo three stages of
degradation. The degradation temperature range of each
membrane can be seen in Table 7. Membranes with non-
solvent isopropyl alcohol possess the highest degradation
temperature. This happens because of the presence of the
y phase, which is a polymorph highly resistant to
chemical environments and high temperatures. In
comparison, the g phase PVDF is challenging to maintain
at high temperatures because the polymer chains of
B phase are easily disoriented [12]. This data aligns with
ATR-FTIR (Figure 7), where a membrane with non-
solvent isopropyl alcohol, y phase appears reasonably
high at wavenumber 1233 cm™ compared to other non-
solvents.

Table 6. Crystallinity and number of g fractions of each
membrane with different non-solvents

PVDESOlef1010- f phage (%) Crystalinty (%)
M emanal | 2760 B3
el 4969 0917
opropyl Alcohol 6745 s
ol 4405 899

—— PVDF-Butanol

~——— PVDF-Isopropyl Alcohol
~—— PVDF-Ethanol

——— PVDF-Methanol

Heat Flow (a.u)

T T T T T |
140 150 160 170 180 190 200
Temperature (°C)

Figure 11. DSC thermogram of PVDF membranes with
different non-solvents

a) b)

Figure 12. Water contact angle of PVDF membranes with
non-solvents: a) methanol, b) ethanol, c) isopropyl
alcohol, d) butanol

DSC thermograms and melting point of each PVDF
Solef 1010 membrane with some non-solvents are shown
in Figure 11 and Table 8. The data show that the non-
solvent type in PVDF fabrication has a melting point in the
range of 173-175°C. Given the proximity of this range, it
can be concluded that the difference in non-solvent type
does not significantly impact the melting point of the
PVDF membrane.

Non-solvents of isopropyl alcohol show the highest
wettability, as indicated by the lowest contact angle value.
Therefore, this non-solvent is considered most
promising for producing PVDF membranes with favorable
physical properties [37]. This is also supported by ATR-
FTIR results, where isopropyl alcohol non-solvent can
increase the B-phase. In addition, TGA analysis also
shows that the use of this non-solvent has the best
degradation temperature than other non-solvents in
PVDF membrane fabrication.

WCA measurements are performed to determine the
effect of alcohol on membrane wettability. The results
indicate that the produced membrane wettability
properties are relatively close. Contact angle values from
smallest to largest are 54.77°, 55.97°, 56.03°, and 56.87°,
corresponding to isopropyl alcohol, ethanol, methanol,
and butanol non-solvents, respectively. The images of
the water contact angle on the membrane surface are
presented in Figure 12a-d.
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Table 7. Degradation temperature of each membrane

Stage of Degradation
PVDF Solef 1010-Non o N 5
solvent 1(°C) I1(°C) 111 (°C)
Onset Offset Onset Offset Onset Offset
PVDF Solef 1010-
Methanol 369 445 450 600 - -
PVDF Solef 1010-Ethanol 110 178 410 482 489 600
PVDF Solef 1010-
Isopropyl Alcohol 430 468 482 600 - -
PVDF Solef 1010-Butanol 430 471 481 600 - -

Table 8. Melting temperature of each membrane

Temperature (°C)

Non-solvent

Onset Offset Tm
Methanol 154.7 183.8 174.6
Ethanol 158.9 182.3 173.0
Isopropyl alcohol 143.9 180.3 174.9
Butanol 137.3 184.4 174.8

4. Conclusion

PVDF membrane fabrication with several molecular
weight and non-solvent variations has been studied and
analyzed. PVDF membranes were prepared using
immersion precipitation using several molecular weights
of 64 kDa, Solef 1010, 534 kDa, Solef 1015, and several
non-solvents. PVDF Solef 1010 has the lowest crystallinity
(69.17%) and WCA (55.97°), and it is also the most
accessible membrane to cast using the immersion
precipitation method compared to the other three PVDFs.
Although this membrane’s B phase (49.69%) and
degradation temperature (410°C) are lower than the other
three PVDFs, they can be modified using non-solvents to
increase the B phase and degradation temperature.
Isopropyl alcohol can increase the g phase of PVDF Solef
1010 to 67.45% and the degradation temperature to
£430°C. In addition, PVDF Solef 1010 membrane with non-
solvent isopropyl alcohol also has the best surface
wettability, indicated by a low WCA of 54.77°.
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