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ABSTRACT
The separator is a porous membrane and is the most important part of a lithium-ion battery. One viable alternative
material used as the membrane is polypropylene (PP). This membrane has the advantages of being available in
various sizes, well-controlled porosity, thermally and chemically stable, as well as low cost. Therefore, this study
aims to determine the characteristics of the polypropylene membrane including the wettability value using a contact
angle goniometer, surface morphology using SEM (Scanning Electron Microscopy), thermal properties using a
thermogravimetric analyzer and thickness using a digital screw micrometer. The study was firstly conducted by
preparing a PP membrane and the characteristics were then tested. The results showed that the contact angle was
<90° indicating that the wetting value is good because of the fact that various membrane surfaces are wetted. The
SEM test then indicated a homogeneous pore-shaped morphology. Furthermore, the differential scanning
calorimetry (DSC) and the thermogravimetric analysis (TGA) tests showed that the PP membrane is capable of
withstanding high temperatures up to 139°C, while the thickness test showed a value <25 m.
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INTRODUCTION
The lithium-ion battery is the most common choice for users of portable electronic devices, such as
laptops, tablets and cell phones.1-6 One reason is due to the fact that the battery has a high energy density
compared to nickel-cadmium (NiCd) and nickel-metal hydride (NiMH) based battery systems. 7,8 It also
has a longer service life, high efficiency, and fast charging speed.9 Meanwhile, aspects that impact the
performance of a lithium battery include the material type on the electrodes, electrolyte and separator.10
The separator is a porous membrane and is a crucial part of a lithium-ion battery.11 It functions majorly to
ensure the movement of ions and to prohibit short circuits.12 Furthermore, lithium batteries use several
types of separators such as polyethylene (PE), Cellgard 2400 and Polysulfone (PSU). 13-18 Each type has
its own advantages and disadvantages. For example, PE has the advantage of high mechanical strength,
but low ionic conductivity value, while Cellgard 2400 is highly resistant to extreme pH states and
insoluble in most solvents at room temperature, yet is very expensive.19 These limitations have
encouraged previous works to use alternative separators types. One alternative material used as a
substitute for PE and Cellgard 2400 is PP membrane which has a comprehensive range of applications
due to the availability in various sizes, well-controlled porosity, thermally and chemically stable, as well
as low cost.20 Besides, the performance of the separator membrane in lithium-ion batteries is determined
by several properties such as porosity, thermal and chemical stability, wettability value, thickness, ion
conductivity and tensile strength.21 The pore size is very important in the separator and is expected to be
smaller than the size of the particle inside the electrode components. Ideally, the pores need to be evenly
distributed and have a tortuous structure, thereby ensuring even distribution of current throughout the
separator to suppress Li growth at the anode. In addition, the porosity of the separator needs to be
adequate to ensure ion movement between the electrodes.22 The separator membrane is also expected to
have a high mechanical strength to resist the pressure between anode and cathode. In addition, it also
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should have chemical stability and ionic conductivity, as well as expected to be easy to fabricate in thin
sizes, with high thermal and dimensional stabilities.23 Thus, this study aims to investigate the
characteristics of PP when used as a CR2016 type lithium-ion coin cell battery separator.

EXPERIMENITAL
Material
The PP membrane was used while the electrolytes used include 1 M LiPF 6 in ethylene carbonate
(EC)/diethyl carbonate (DEC) 1:1 (v/v).
Method and Characterization Material preparation
General procedure
The PP membrane was prepared and then characterized.
Contact Angle Test
The contact angle test was performed using a Canon PowerShot G7 X Mark II Camera and was
determined using the goniometer contact angle technique and there were 3 variations carried out in this
test. The membrane was dripped with LiPF6 and then allowed to stand for 2 minutes, 5 minutes and 10
minutes. Subsequently, the DSLR camera was then used and the contact angle is determined using ImageJ
Software to avoid errors during measurement.
SEM Test
The PP membrane sample was firstly dried, attached to the holder, inserted into the chamber and then
analyzed. Furthermore, the morphology was determined on the cross-sectional surface at a voltage of 10
kV.
DSC Test
The DSC characterization test was conducted at temperature values ranging from 30°C to 300°C with an
increase of 10°C/min using a Netzsch differential scanning calorimeter. This test was performed to
determine the sintering temperature to produce a membrane that is not easily cracked.
TGA Test
The TGA characterization test was performed at temperature values between 25°C and 800°C with 10°C
min-1 atmospheres of air heating rate. PP membranes were tested by TGA to measure the reduced mass
when heated continuously from room to high temperature to determine at what temperature the membrane
lose significant mass.
Fourier Transform-Infra Red (FT-IR) Test
The FT-IR analysis aims to determine the structure of the membrane material with important information
about molecular functional groups. The used instrument was the Thermo Scientific Nicolet 8700 FT-IR
Spectrophotometer and the analysis was prepared with 1 PP membrane which was then placed in an FTIR analytical pellet and then analyzed in the wavenumber range of 3500-550 cm -1.

RESULTS AND DISCUSSION
PP Membrane Characterization by Goniometer Contact Angle Test
The characterization of PP membranes using the Goniometer Contact Angle test was conducted to
analyze the wettability value and the results are depicted in Fig.-1.
The contact angle was used to determine the degree to which a liquid wet the surface of a solid object. In
this study, the wettability value of LiPF6 solution on the surface of the polypropylene membrane was
determined. This property is very important to obtain a good ionic conductivity value as well as a high
battery rate capability. In addition, high wettability values lead to better cycle performance. Based on the
results, the contact angle sizes at each time variation were <90°, indicating that the wettability value on
the membrane surface is good because various surfaces absorb the electrolyte solution. Therefore, the
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electrolyte solution is easy to absorb and the electrolyte solution functions as a good intermediary for the
anode and cathode.
A

B

C

Fig.-1: Characterization of PP Membrane with a time variation of (a) 2 minutes, (b) 5 minutes and (c) 10 minutes.

PP Membrane Characterization by SEM Test
The characterization of PP membranes using SEM was performed to determine the surface morphology of
the membrane. Fig.-2 shows that the PP membrane in both samples had a pore-shaped morphology at
20000 times magnification. The PP membranes soaked with LiPF6 solution had a more homogeneous
pore-shaped morphology. Thus, it is bound to the electrolyte solution in a short time and serves as an
intermediary for the cathode or anode.

Fig.-2: Characterization of PP Membrane using SEM Test

PP Membrane Characterization by DSC Test
The characterization of PP membrane using DSC was conducted to determine the thermal stability of the
membrane. Figure-3 shows an endothermic curve which is the melting point at a temperature of 139°C.
During the melting process, an endothermic reaction occurred due to the transition from solid to liquid.
The thermal property test is important because the melting temperature affects the safety of the lithiumion battery. When the membrane is heated beyond its melting point, it experiences extreme shrinkage,
hence, the performance is not maximized and the battery's safety is affected.
PP Membrane Characterization by TGA Test
The characterization of PP membrane using TGA was carried out to measure the physical changes (mass
shrinkage) of the polypropylene membrane. It can be seen in Fig.-4 that the PP membrane shrinks at
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certain temperatures indicating the performance of the membrane. The polypropylene membrane
withstands high temperatures up to 139°C with shrinkage of 1.1817%.

Fig.-3: Characterization of PP Membrane using DSC Test.

Fig.-4: Characterization of PP membrane using TGA test.

PP Membrane Characterization by FT-IR Test
The characterization of PP membrane using FT-IR was carried out to determine the functional group
components. The FT-IR test results indicate that PP membrane contains key absorption peaks used to
identify the constituent compounds. The results as depicted in Fig.-5 show the presence of typical
absorptions for functional groups in the wavenumber region of 2918.3 cm -1 indicating a wide absorption
as C-H stretching vibrations. Furthermore, the wavenumber of 2849.9 cm -1 shows an aliphatic –CH group
and has a strong absorption pattern caused by the C-H stretching vibration. On the other hand, the
wavenumber of 1463 cm-1 and 1472.9 cm-1 has a strong absorption pattern caused by the CH2 vibration.
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The wavenumber of 719.8 cm-1 has an aromatic cyclic absorption pattern (C=C) while 730.6 cm -1 has an
aromatic cyclic absorption pattern (C=C).

Fig.-5: Characterization of PP Membrane using FT-IR Test.

CONCLUSION
The contact angle value of <90° shows that the wettability value on the PP membrane is very good as
numerous surfaces is wetted. Furthermore, the results indicate a homogeneous morphology in the form of
pores in the membrane samples soaked with LiPF6 solution. Also, there was a mass shrinkage at 139°C,
indicating that the membrane is capable of withstanding high temperatures up to this value and the FT-IR
results showed the presence of a C-H group.
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