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ABSTRACT

Separator is an important component in lithium ion batteries that is placed between the anode and cathode which
functions to keep the two electrodes from touching directly and to prevent electrical short circuit. In addition, it is
also a medium for transporting ions needed in the electrochemical process. This research aims to make a separator
material with Polyolefin polymer with the addition of poly(vinylidene flouride) composite (PVDF/nano chitosan)
using the membrane blending method. The comparison of PVDF/Nano chitosan composition variations are 10:0,
9:1, 8:2, and 7:3. The purpose of increasing the concentration fraction of nano chitosan to PVDF is to improve the
performance of the composite separator, which includes porosity dimensions, pore density, and electrical
conductivity. FTIR data shows that the material meets the criteria of composite materials, as the two phases can be
distinguished by their molecular vibrational wave numbers. The higher concentration of nano chitosan resulted in a
decrease in porosity dimension and an increase in porosity density, with the smallest pore dimension of 1.71 um and
pore density of 4.07x1011 count/m2 at a ratio of 7:3. This material can be categorized as a separator for lithium-ion
batteries based on the above criteria.
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INTRODUCTION
Lithium-ion batteries play an important role as a power source in various portable electronic devices and
hybrid and electric vehicles.! Lithium batteries are attractive to many users because they have high
specific energy, high energy density, and longer usage time.? The separator is a porous membrane and is
the most important part of the lithium-ion battery. The main function of the separator is to ensure ion flow
and prevent short-circuiting.> An ideal separator has an ion resistance value of zero. A low ion resistance
value can be obtained with a high porosity value.? The higher the porosity value, the lower the ion
resistance value obtained.! Separators generally consist of a polymer membrane and form a microporous
layer, which is a porous layer. The pore size of the separator is a critical factor, as it must be smaller than
the particle size of the electrode components to function effectively. An ideal separator features uniformly
distributed pores with a tortuous structure, which promotes uniform current distribution across the
separator and helps inhibit lithium dendrite growth on the anode.
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Additionally, the porosity of the separator must be carefully optimized to facilitate efficient ion transport
between the electrodes. The pore structure and the separator's ability to absorb electrolytes directly
influence ionic conductivity. Separators with higher porosity can retain more liquid electrolytes, thereby
enhancing the availability of ionic charge carriers for electrochemical processes. Balancing these
properties is essential for optimal separator performance.* In addition, it improves the absorption of liquid
electrolytes in the polymer matrix by controlling its components and morphology. Phase inversion is one
of the main technologies in the manufacture of microporous membranes. According to Cui et al., The
manufacture of PVDF membrane by the phase inversion method produces polymer electrolyte ion
conductivity greater than 1 x 10-3 S/cm at room temperature.’ Therefore, this method can be used in the
manufacture of microporous membranes. Conventional separator materials in lithium-ion batteries, such
as polyolefins—including polyethylene (PE) and polypropylene (PP)—are widely utilized due to their
established properties. However, their low polarity results in limited liquid electrolyte absorption despite
their high dielectric constant. This characteristic often leads to reduced ionic conductivity and a higher
risk of electrolyte leakage. In contrast, semicrystalline polyvinylidene fluoride (PVDF) has garnered
significant interest among researchers as a promising alternative for lithium-ion battery separators. Its
high polarity and superior electrolyte absorption capacity make it an attractive candidate, potentially
addressing the limitations associated with traditional polyolefin-based separators.” However, the
disadvantage of the PVDF pore membrane is its high crystallinity.® To reduce the crystallinity of PVDF,
two methods can be used: one is to combine the asymmetry group with the main chain of the polymer,
and the other is to mix the polymer matrix (PVDF) with a suitable polymer or blending method.’ The
blending method is a simple method to modify the polymer matrix. Chitosan nanofiber can be explained
due to the nature of the chitosan solution, which has high viscosity and surface tension.!° The nature of
the solution is influenced by the structure of D-glucosamine contained in chitosan, which has crystallinity
and a high ability to hydrogen bond so that the chitosan solution is more like a cationic polyelectrolyte.'!
A solution with a high concentration and low viscosity makes it difficult to make nanofibers through the
electrospinning process, so this research will use the spin coating method. By measuring morphology,
phase analysis, functional group bonding, conductivity, resistance, etc., the effect of nano chitosan on
PVDF membrane structure with variation of PVDF/Nano chitosan composition will be further
investigated.

EXPERIMENTAL
Material and Methods
The materials used in this research are polyvinylidene fluoride (PVDF), nano chitosan,
dimethylacetamide (DMAc), polyolefin, and distilled water. This section will describe the preparation and
manufacturing process of membrane separators from polyolefin, nano-chitosan, and PVDF/Nano
chitosan, as well as characteristic testing using FTIR, SEM, and TGA.

General Procedure

Separator Manufacturing Procedure

Synthesis PVDF/Nano chitosan

PVDF to be used as the main material for the manufacture of lithium ion battery separator was dissolved
in N, N - dimethyl acetamide (DMAc) and added glycerol and Nano chitosan rotated for 6 hours at 7000C
to homogenize the solution. The solution was spin-coated with an ITO glass substrate to form a thin layer.
Before dispin coating, the ITO glass was first cleaned with an ultrasonic cleaner for 10 minutes and dried
with tissue paper or optical tissue. After evaporation for 10 seconds, the thin layer is soaked in distilled
water for 48 hours, and a porous membrane is formed. The purpose of this process is to remove glycerol,
solvents, and additives. The soaked, thin film was dried under a vacuum at 400°C for 24 hours.
PVDEF/Nano chitosan porous membrane was formed.

Manufacture of Polypropylene Separator Modified with PVDF/Nano Chitosan Membrane

The first step was to prepare 21 ml of DMAc, 2.8 grams of PVDF, and 0.7 grams of Nano Chitosan. After
that, 21 ml of DMAc with 2.8 grams of PVDF was stirred for 30 minutes, dissolved PP (Polypropylene)
and PE (Polyethylene) using distilled water, then added 0.7 grams of Nano Chitosan stirred for 24 hours
at 70°C. After all materials were stirred, ultrasonication was carried out for 30 minutes at 30°C, then
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allowed to stand for 12 hours. Next, the spin coating process was carried out at a speed of 827 rpm to
obtain a thin sheet sample. After that, it was soaked in a mixture of distilled water and DMAc for 30
seconds and then soaked with distilled water for 2 days, then oven for 12 hours at 60°C. The PVDF/Nano
chitosan samples were then characterized by FTIR, SEM, and TGA testing. Mechanical properties test:
Tensile test and current density.

Detection Method

FTIR Spectroscopy

Infrared (IR) spectroscopy is a widely employed spectroscopic technique for analyzing polymeric
materials. It encompasses two primary instrumental approaches: the dispersive method, which utilizes a
prism or grating to disperse infrared radiation, and the Fourier transform (FT) method, which operates on
the principles of interferometry (Malcolm, 2007). The fundamental principle of IR spectroscopy involves
the absorption of infrared radiation by a compound, enabling the characterization of molecular vibrational
states. By examining the intensity and spectral position (wavelength) of the absorbed infrared radiation,
the elemental composition of the material under investigation can be determined. At a microscopic level,
the material absorbs infrared radiation, which increases the vibrational amplitude of the bonded atoms,
elevating the material to an excited vibrational state. When the molecule returns to its ground state, the
absorbed energy is dissipated as heat. The specific wavelength absorbed is contingent on the type of
vibrational motion occurring within the bonded atoms, resulting in distinct absorption values for different
chemical bonds. The most commonly utilized range for infrared radiation in this technique lies between
4000 and 690 cm™, providing a robust framework for identifying and characterizing molecular structures.
FTIR Spectroscopy testing was carried out at the Lhokseumawe State Polytechnic Chemical Engineering
Laboratory in the wavelength range of 500 - 4000 cm™.

)

F ig.-l; Set of FTIR Spectroscopy Test Equipment

Scanning Electron Microscope (SEM) Test

Scanning electron microscopy (SEM) was employed to examine the surface morphology and layer
thickness of the PVDF/Nano Chitosan separator. SEM is an advanced electron microscopy technique that
generates high-resolution surface images of solid specimens by scanning them with a focused beam of
high-energy electrons in a raster pattern. This method relies on the interaction of electrons with the atomic
structure of the sample, producing various signals that convey detailed information about the sample's
surface topography and compositional characteristics. During SEM imaging, the surface of the sample is
bombarded with an electron beam, resulting in the emission of secondary electrons or backscattered
electrons. These emitted electrons are captured by detectors, amplified, and subsequently translated into
grayscale images displayed on a cathode ray tube (CRT) monitor. The contrast in these images,
represented by variations in brightness, corresponds to the surface features of the sample. The secondary
electron detector, a standard component in all SEM instruments, is capable of producing exceptionally
high-resolution images, enabling the visualization of surface details at a scale of less than 1-5 nm. This
allows for precise analysis of the sample's surface structure and morphology. A significant advantage of
SEM is its ability to analyze samples without the need for thinning, thereby preserving their three-
dimensional integrity. This feature makes SEM an invaluable tool for obtaining detailed, three-
dimensional insights into the structural and morphological properties of materials.

Based on the SEM test results, the morphology of the pore structure of each PVDF/Nano Chitosan
composition ratio and layer thickness will be obtained. From the SEM test results, the number of pores
and pore density can be calculated using the following equation.
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Fig.-2: SEM Test Equipment Set

TGA Thermogravimetric Analysis (TGA)

Thermogravimetric analysis (TGA) was conducted using a Shimadzu DTG-60 instrument to investigate
the mass variation of the sample as a function of temperature, time, and atmospheric conditions. This
technique operates on the principle of measuring the mass loss of a material as it is subjected to a
controlled temperature increase, typically ranging from ambient temperature to approximately 800°C, at a
constant heating rate of 20°C/min.*® The analysis involves progressively raising the sample temperature
while monitoring the corresponding mass changes, thereby providing insights into the thermal stability
and decomposition behavior of the material. All specimens were analyzed under a continuous flow of
nitrogen gas to maintain an inert environment and prevent oxidative degradation during the measurement
process.

ig.-3: A Set of TGA Test Equipment
RESULTS AND DISCUSSION

Analysis of FT-IR Spectroscopy Test Results

The bonding of functional groups in a compound in organic or inorganic materials can be identified using
one of the spectroscopic tools, namely Fourier Transform Infrared (FTIR). FTIR is used to identify the
type of chemical bond and polymer structure of the PVDF/Nano Chitosan composite separator, as shown
in Fig.-4. The infrared spectrum of this material is highly dependent on its composition and the
interaction between its main elements. The interaction simultaneously produces vibrational changes of
atoms or molecules in the material that cause changes in the chemical and physical properties of the main
elements (M. Usha Rani et al., 2013). This FTIR test was carried out on the four samples, one sample in
the form of pure PVDF powder and four samples in the form of membranes, namely the PVDF / Nano
Chitosan composite separator with a composition ratio of 10:0, 9:1, 8:2, and 7:3. The wavelengths that
appeared in the FTIR spectroscopy test of the PVDF / Nano Chitosan separator were compared with the
FTIR results of pure PVDF powder.

The FTIR spectrum of pure PVDF is shown in Fig.-4 in the 500-4000 cm-1 region. At wave number
2345.44 cm™! is the CH2 functional group asymmetric vibration. The strongest bond occurs at wave
number 1726.29 cm™!, which is the CH2 wagging functional group. The CH2 rocking functional group is
a strong infrared bond at a wavelength of 505.35 cm™'. A more complete FTIR spectrum of PVDF is
tabulated in the table below. The FTIR results of the PVDF spectra provide some structural information to
distinguish between crystalline and amorphous forms.

627
PVDE/NANO CHITOSAN COMPOSITE BLENDING MEMBRANE METHOD T. Rihayat et al.



RASAYAN J, Chem.
Vol. 18 | No. 1 |624-631| January - March | 2025

—PMP
BVPx ——

378241 >

2086.98 (

Transmittance (%)
Transmittance (%)

2856.58
2586.54
2054.19
1896.03
1726. z;f

3217.27
918.30
1625.99
5

T T T T T T
4000 3500 3000 2500 2000 1500 1000

4000 3500 3000 2500 2000 1500 1000 500 Wave number (cm")

Wave number (cm™')

(a) (b)
Fig.4: Spectrum of PVDF/Nano Chitosan (PMPy) and (PMPy)
The functional group bonds in a compound, whether organic or inorganic, can be identified using one of
the spectroscopic tools, namely Fourier Transform Infrared (FTIR) spectroscopy. FTIR is used to identify
the types of chemical bonds and the polymer structure formed in the PVDF/PDMS composite separator,
as shown in Fig.-4. The infrared spectrum of this material is highly dependent on its composition and the
interactions among its main elements. These interactions simultaneously produce changes in the
vibrations of atoms or molecules in the material, leading to alterations in the chemical and physical
properties of the main components (M. Usha Rani et al, 2013). FTIR testing was conducted on two
samples: one sample consisted of pure PVDF powder, and the other was a membrane, specifically the
PVDF/Nanochitosan composite separator with composition ratios of 10:0 and 7:3. The wave numbers
obtained from the FTIR spectroscopy of the PVDF/Nanochitosan separator were compared with the FTIR
results of the pure PVDF powder. The FTIR spectrum of the pure PVDF sample (PMPy) shows several
characteristic absorption peaks that describe the structure and chemical composition of the polymer.
Peaks at 3024 cm™ and 2981 cm™ correspond to the symmetric and asymmetric stretching vibrations of
the CH2 groups in the main chain of PVDF. The presence of these peaks indicates that the basic structure
of the polymer remains intact. A sharp peak at 1403 cm™ is characteristic of the bending vibration of CH:
in PVDF. The strong intensity indicates the presence of a significant number of methylene groups in the
polymer structure. The peak at 1180 cm™ can be attributed to the symmetric stretching vibration of the
CF: group. This is one of the main characteristic peaks of PVDF, indicating the presence of C-F bonds in
the polymer structure. The peak at 841 cm™ is particularly important as it relates to the  phase of PVDF,
which is known for its excellent piezoelectric and electroactive properties, essential for lithium-ion
battery separator applications. The presence of this peak indicates that the PVDF sample has a significant
B phase component. The peak at 764 cm™ is typically associated with the a phase of PVDF. Its presence
alongside the P phase peak indicates that the PVDF sample has a mixed structure of both o and B phases.
The range of peaks between 1000-650 cm™ includes several peaks (such as at 764 cm™, 841 cm™, and
976 cm™) that collectively represent various vibrational modes of the PVDF main chain, including
wagging and rocking vibrations of CF2 and CHo.

Analysis of Scanning Electron Microscope (SEM) Test Results

To qualitatively identify the morphology of the PVDF/Nano Chitosan composite separator, a SEM
(Scanning Electron Microscope) can be used. The purpose of SEM testing is to determine the
microstructure profile, layer thickness, and pore size of the PVDF/Nano Chitosan composite separator.
Based on Fig.-5 is the result of testing using Scanning Electron Microscopy (SEM) in the treatment of
500x magnification distance on PVDF /Nano Chitosan with a ratio of 10:0, 9:1, 8:2, and 7:3, it can be
seen in the picture above that there are many clumps of samples that are widely spread due to
electromagnetic beam. In the PVDF /Nano Chitosan sample, there are fewer sample blobs than the other
samples; this shows that the morphology in each PVDF /Nano Chitosan comparison has a symmetrical
pore structure.
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Fig.-5: SEM Test Results of Pore Separator With PVDF/Nano Chitosan Composition Ratio Comparison

The pore structure is formed due to the vacuum process for 24 hours. According to C.L. Cheng, the
evaporation process in a vacuum can form a pore structure in the electrolyte separator (C.L. Cheng,
2004). At aratio of 10:0, the geometry of the pore consists of two types, namely circles and ovals. Along
with the addition of Nano Chitosan, the geometry of the pore shape tends to form a circle. SEM test Fig.-
5 also shows the decreasing size with increasing concentration of Nano Chitosan in PVDF/Nano Chitosan
composite separator. In the PVDF/Nano Chitosan comparison (10:0 or without Nano Chitosan) with the
shrinking pore diameter, it shows that the number of pores from each comparison is increasing. This can
be proven qualitatively and quantitatively, qualitatively as shown in the SEM test results in Fig.-5.

Analysis of TGA Test Results Thermogravimetric Analysis (TGA)

The process of mass loss in thermal tests occurs due to the decomposition process, namely the breaking of
chemical bonds. Figure-6 is a graph of the TGA test results for Pure PVDF and PVDF/Nano Chitosan
with the highest value in the previous test, namely the PVDF/Nano Chitosan (7:3) sample.
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Fig.-6: PVDF/Nano Chitosan with a Ratio of 7:3 With Pure PVDF

The TGA test results characterize the changes in temperature and mass of the sample during heating. This
test was conducted in an inert atmosphere using nitrogen gas to control thermal events such as melting,
phase transitions, and decomposition. The PVDEF/Nanochitosan separator was tested using TGA
instrumentation to determine its thermal stability. The TGA results for PVDF/Nanochitosan are shown in
Fig.-6. The onset of thermal degradation occurs at 359.74°C, indicating that the material has good thermal
stability up to this temperature. The PVDF/Nanochitosan separator experiences three stages of
decomposition, with midpoint data at 425.72°C and endset at 505.04°C, demonstrating that the
decomposition process occurs over a wide temperature range. The first stage involves the evaporation of
water and solvents, occurring from the initial temperature up to around 250°C. During this stage, bound
water and residual solvents evaporate, resulting in a slight weight loss observed in the TGA curve. The
second stage, with onset at 359.74°C, midpoint at 425.72°C, and endset at 505.04°C, involves the thermal
decomposition of the polymer components. PVDF begins to decompose, releasing HF and forming
double bonds. Nanochitosan also starts to decompose within this range. The final stage occurs above
505.04°C, where carbonization of the polymer residue takes place, along with further degradation of the
remaining carbon structure. The total weight loss recorded was 4.684 mg (160.154%). This high
percentage may indicate calibration or calculation errors, as weight loss should not exceed 100%. The
graph shows the presence of residue after heating, which could originate from nanochitosan or
interactions between PVDF and chitosan.
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CONCLUSION

From the Findings of This Study, the Following Conclusions Can be Drawn
The blending method successfully facilitated the formation of a PVDF/Nano Chitosan composite
separator with micro-scale features, achieving a minimum pore size of 1.71 um at a 7:3 ratio. Increasing
the PDMS concentration was observed to reduce the pore size of the separator, as evidenced by the high
pore density of 4.07 x 10''/m? attained at the 7:3 ratio. Additionally, this ratio exhibited a crystallinity
degree of 29.26%. The incorporation of a higher concentration fraction of nano chitosan relative to PVDF
aimed to enhance the composite separator's performance, particularly in terms of porosity, pore density,
and electrical conductivity. FTIR analysis confirmed the composite nature of the material, as the distinct
molecular vibrational wave numbers of each constituent phase remained identifiable, satisfying the
criteria for composite materials. Given these characteristics, the developed material meets the essential
requirements for use as a separator in lithium-ion batteries, demonstrating its potential for application in
energy storage systems.
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