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This report provides a thorough examination of the surface 
morphology, chemical content, and physical properties of 
Perfluorosulfonic Acid (PFSA) membrane which is commonly utilised 
as a conductive membrane in fuel cells, ionic batteries, and 
electrolysers. This experimental effort is separated into two parts: 
morphological characterisation and physicochemical analysis, which 
aim to improve understanding of the membrane functional qualities. 
The membrane surface and cross-sectional characteristics were 
examined at varied magnifications using Field Emission Scanning 
Electron Microscopy (FESEM) and Energy-Dispersive X-ray 
Spectroscopy (EDX). The EDX results revealed that the membrane 
surface is predominantly composed of carbon (C), oxygen (O), 
manganese (Mn), and nickel (Ni), accounting for 22.82% by mass, 
whereas the cross-section analysis revealed higher mass percentages 
of titanium (Ti), sulphur (S), oxygen (O), carbon (C), and fluorine (F), 
totalling 53.51%. Tensile testing confirmed the membrane's strength, 
with a tensile stress of 13.71 N/mm² and an elongation at break of 
73.73%. Thermal stability and breakdown behaviour were determined 
using Thermogravimetric Analysis (TGA), which validated this 
membrane thermal endurance at 422oC degradation temperatures. 
These findings provide significant understanding into the surface 
morphology and structural functional features of PFSA membrane 
which allow its optimisation for advanced electrochemical 
applications. 
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1. Introduction 
Perfluorosulfonic acid (PFSA) membrane, employed in proton exchange membrane (PEM) fuel cells, demonstrate 
a distinctive set of properties essential for optimal performance in electrochemical applications[1].This 
membrane shows high proton conductivity, exceptional chemical and thermal stability, and mechanical strength, 
rendering it suitable in various applications such as fuel cells, electrolyser and redox flow batteries[2]. PFSA 
membranes play a crucial role in electrochemical devices, particularly in proton exchange membranes (PEMs) for 
fuel cells and electrolysers. Instead of that, its nanostructured morphology influences proton conductivity, 
mechanical strength, and chemical stability[3]. These unique design of PFSA membranes, consisting of 
hydrophobic polytetrafluoroethylene (PTFE) backbones and hydrophilic sulfonic acid side chains, is key to 
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achieving high proton conductivity. Due to that characteristic, PFSA membranes offer high proton conductivity, a 
critical characteristic for optimal performance in fuel cells, which the membrane serves as a pathway for proton 
transport while ensuring gas separation[4].  The presence of sulfonic acid groups in the PFSA polymer structure 
is responsible for high proton conductivity, as these groups attract water molecules and enhance ion transport 
[5].The polymer structure, including the reduction of side chains or the incorporation of other materials, have 
demonstrated improvements in conductivity and dimensional stability during operational conditions. This unique 
structure is key to achieving high proton conductivity, which is essential for efficient fuel cell performance. 
Research highlights that the connectivity and size of these hydrophilic domains are vital to the water content and 
overall performance of the membranes [6].The morphology of the hydrated states in PFSA membranes has been 
shown to consist of water clusters that facilitate proton conduction, demonstrating the importance of structural 
characteristics in enhancing ionic transport pathways[7].  

The chemical properties shows the stability of PFSA membranes in harsh operational environments because 
it exhibit resilience against degradation by radical species, especially in low humidity and high-temperature 
conditions typical of fuel cell and electrolyser  conditions  Despite being stable at high temperatures (up to 130 
°C), PFSA membranes still have problems with hydroxyl radical-induced breakdown at low humidity levels 
[8].However, the addition of zirconium phosphate improves the mechanical properties of PFSA membranes while 
maintaining their chemical integrity . The mechanical strength and dimensional stability are important 
characteristics of PFSA membranes, essential for the longevity and durability of fuel cells.  Studies demonstrate 
that the incorporation of nanofibers and composite structures improves the mechanical integrity and structural 
stability of PFSA membranes [9].  

This study focuses on the morphology of PFSA membranes using FESEM imaging to observe their 
microstructure, which may reveal key variables influencing performance. Additionally, EDX analysis is employed 
to detect the presence of specific elements that contribute to increased ion conductivity. Previous studies have 
shown that highly ordered PFSA membranes can effectively minimize ion crossover and improve performance 
metrics in applications such as vanadium redox flow batteries .The configuration of ion channels and the spatial 
distribution of water clusters within the membrane significantly influence its transport properties, which are 
critical for overall application efficiency[10].Furthermore, the physical properties of PFSA membranes can be 
evaluated through tensile and TGA testing, providing a more comprehensive understanding of their structural and 
thermal characteristics. 

2. Materials 
Perfluorosulfonic acid (PFSA) membrane type Nafion 115 was purchased from Sigma-Aldrich with formula 
(C7HF13O5S. C2F4)x. The chemical structure for PFSA membrane was illustrated in Fig.1. The chemical used is 
received unless otherwise stated.  
 

 

Fig. 1 General PFSA membrane chemical formula structure provided by Sigma-Aldrich  
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3. Methodology  

3.1 FESEM-EDX Analysis  
Prior to analysis, the PFSA membrane was cut into 5 mm × 5 mm squares with a thickness of 127 µm . Each 
membrane sample was mounted on the stub of the FESEM sample holder to ensure optimal image acquisition. 
Due to the inherent conductivity of the PFSA-Nafion 115 membrane, gold sputtering was not required for direct 
imaging. Field Emission Scanning Electron Microscopy (FESEM) and Energy-Dispersive X-ray Spectroscopy (EDX) 
were performed using the Apreo 2S model by Thermo Scientific. FESEM imaging was conducted at an accelerating 
voltage of 2 kV with magnifications ranging from 5,000× to 40,000×. Following surface imaging, chemical 
elemental analysis was carried out using EDX mapping to ensure the chemical present in the matrix of the PFSA 
membrane [11]. For cross-sectional analysis, the membrane was vertically positioned on a dedicated cross-section 
stub. During FESEM-EDX scanning, backscattered electron imaging was employed to enhance material contrast 
and surface detail. This approach enabled precise characterization of the membrane’s surface morphology and 
elemental composition. All procedures were conducted in accordance with ASTM E986-04 (Reapproved 2010) 
and FESEM ASTM (2014) standards. 

3.2 Tensile Analysis  
The PFSA membrane sample was carefully cut into a square measuring 2 cm × 2 cm for tensile testing. To ensure 
accurate measurement, the sample was securely mounted on the grips of the tensile testing apparatus. Proper 
alignment and firm clamping were essential to maintain uniform stress distribution across the membrane during 
testing. Special attention was given to prevent any slippage or distortion, which could compromise the accuracy 
of the results. Prior to testing, the tensile machine was calibrated and set to operate at a crosshead speed of 30 
mm/min under ambient temperature conditions. The tensile strength measurements were performed using a 
Shimadzu AG-X Universal Testing Machine (UTM). The procedure was conducted in accordance with ASTM 
D4073/D4073M-06(2019) e1, the Standard Test Method for Tensile-Tear Strength of Bituminous Roofing 
Membranes, which served as the guiding standard throughout the analysis. 

3.3 Thermal Stability Testing by TGA Analysis 
The PFSA membrane sample was precisely cut into a 2 cm × 2 cm square for tensile testing. To ensure accurate 
results, the sample was firmly secured in the grips of the tensile testing machine, with careful attention to proper 
alignment and clamping. This setup was critical to achieve uniform stress distribution across the membrane and 
to prevent any slippage or deformation that could affect the test accuracy. Before testing, the tensile machine was 
calibrated and set to a crosshead speed of 30 mm/min under ambient temperature conditions. Tensile strength 
measurements were conducted using a Shimadzu AG-X Universal Testing Machine (UTM). The testing procedure 
followed the guidelines of ASTM D4073/D4073M-06(2019) e1, the Standard Test Method for Tensile-Tear 
Strength of Bituminous Roofing Membranes, which provided the framework for the analysis. 

4. Results and Discussion 

4.1 Morphology PFSA Membrane Analysis by FESEM-EDX 
Fig 2 illustrates the integration of the PFSA membrane within an electrolyser cell. In Figure 2(A), a Field Emission 
Scanning Electron Microscope (FESEM) image shows the surface morphology of the PFSA membrane at 500× 
magnification. The membrane surface appears predominantly smooth, with minor imperfections such as surface 
protrusions, likely resulting from the fabrication process. Fig2(B) presents a schematic of the membrane ideal 
placement between the anode and cathode inside the electrolyser. This diagram highlights the membrane’s critical 
role in the electrolysis process by facilitating proton (H⁺) transfer from the anode to the cathode, while 
simultaneously preventing the crossover of hydrogen and oxygen gases and inhibiting electron movement within 
the cell. This selective functionality is essential for maintaining the efficiency, safety, and overall reliability of 
electrolyser operation [12]. 
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                                                                   (a)                                             (b) 

Fig. 2 PFSA membrane placed in between anode and cathode in electrochemical cell this observation at 200µm 
magnification  [13] 

This FESEM imaging analysis provides crucial insights into both the physical morphology and surface 
elemental composition of the PFSA membrane. This analysis is vital for understanding how the membrane surface 
behaves and interacts during the electrolysis process within the electrolyser cell [14]. Notably, surface defects 
were observed in the FESEM image (Fig. 2a), indicating that the membrane morphology, particularly the presence 
of surface cavities, may influence electrochemical performance. These structural features can affect key properties 
such as proton conductivity and membrane durability[15]. Further reported that modifying Nafion membranes 
with additional materials, such as polyphenylsulfone, can significantly improve conductivity. This enhancement 
is attributed to the increased water retention capability of the composite membrane, which supports more 
efficient proton transport[16]. 

Fig. 2b illustrates the functional placement of the PFSA membrane within an electrolyzer cell, emphasizing its 
critical role in separating the electrodes and facilitating transport. Together, Fig. 2a and 2b provide a 
comprehensive overview of the membrane’s application, combining both microstructural analysis and its 
integration within an electrochemical system. This highlights the importance of membrane properties in 
optimizing the design and operation of electrochemical energy conversion devices[17]. The PFSA membrane is 
considered a leading candidate for electrolyzer applications, as it effectively supports hydrogen gas generation by 
enabling the dissociation of water into protons and electrons in the presence of a catalyst[18].  

Fig. 3 presents four FESEM images of the PFSA membrane captured at different magnifications, providing a 
detailed analysis of its surface morphology. Images 3a and 3b were obtained at magnifications of 1,000× and 
4,000×, respectively, allowing for the observation of fine surface features such as particle distribution and 
structural uniformity. The increasing magnification reveals the membrane relatively smooth surface with the 
presence of uniformly dispersed particulate matter, indicative of its consistent morphology and material integrity.  
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Fig. 3 Represent PFSA membrane morphology with magnification 1k (a) 1k; (b) 4k; (c) 10k; and (d) 40k 

Fig. 3c presents the PFSA membrane surface at a magnification of 10,000×, allowing for clearer observation 
of surface particles and subtle morphological variations. At the maximum magnification of 40,000×, shown in 
Image 3d, the membrane structure is depicted in greater detail, revealing the shape, size, and distribution of 
particles, including both isolated and clustered forms. These morphological features are critical, as they influence 
key membrane properties such as proton conductivity and mechanical stability, both of which directly affect the 
overall performance and efficiency of the electrolyzer system[19].  

Fig. 4 presents high-magnification FESEM images of the PFSA membrane, revealing progressively detailed 
surface characteristics. At lower magnifications (1,000× and 4,000×), the membrane exhibited a generally uniform 
surface with some observable defects and particle distribution. As the magnification increased to 10,000× and 
40,000×, finer morphological features became more apparent, including the structure, shape, and arrangement of 
surface particles. This detailed morphological analysis provides critical understanding into the membrane 
attributes, including the presence of fractures, fissures, particle distribution, and surface composition. These 
factors are essential for evaluating its electrochemical performance [20] . 

 
Fig. 4 FESEM images and EDX analysis of PFSA-Nafion115 membrane at 5K, 20K and 40 K magnifications and EDX 

analysis was observed at 5K magnification 

(A)
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Fig. 4 presents a series of scanning electron microscopy (SEM) images of the PFSA membrane. Fig. 4A was 
captured at varying magnifications using field emission scanning electron microscopy (FESEM), while Fig. 4B 
displays the corresponding energy-dispersive X-ray spectroscopy (EDX) analysis. The FESEM images were 
obtained at magnifications of 5,000× (5k), 20,000× (20k), and 40,000× (40k) to examine the membrane’s surface 
morphology in increasing detail. At 5k magnification, the membrane surface appears relatively smooth, with some 
dispersed particulate matter. At 20k, the particles become more defined and appear to form clustered structures. 
At the highest magnification of 40k, individual particles are distinctly visible, offering a clearer view of their shape 
and distribution. This morphological characterization provides valuable insights into the surface features of the 
PFSA membrane, which are likely influenced by the physicochemical interactions within the matrix during its 
fabrication and operational processes  [21]. 

At highest magnification, the surface features of the PFSA membrane become more visible, exposing the nano-
scale texture that could potentially impact the membrane characteristic. The finding of manganese (Mn) and nickel 
(Ni) indicates the potential catalyst mechanism and suspects of additives which intended to improve the 
performance of PFSA membrane. The purposes of enhancement during PFSA membrane manufacturing stage 
were targeted applications related to electrochemical devices such as fuel cells or electrolyzers. This integration 
of FESEM and EDX investigations provides a thorough comprehension of the material properties of the PFSA 
membrane by encompassing its surface morphology and elemental composition. These factors are crucial in 
assessing its suitability and effectiveness in targeted application [22]. Instead of FESEM, EDX analysis offers a 
precise evaluation of the elemental composition which is essential to comprehend the chemical characteristics 
and potential reactivity of the membrane.  

The EDX analysis shows fig. 2(B) represents the spectrum corresponding to the different elements detected 
on the PFSA membrane scanning. The results indicate that based on the element composition, the highest atomic 
percentage is oxygen (66.21%), indicating a significant presence on the membrane surface, followed by nickel 
(19.06%), manganese (8.16%), and carbon (6.57%). Then, based on mass percentage, Nickel has the highest mass 
percentage (22.82%), while it is not the most abundant element in terms of atoms, it is heavier than the other 
elements present. Oxygen, despite having the highest atomic percentage, has a lower mass percentage (21.60%) 
compared to nickel.  The present of nikel (Ni) in PFSA membrane is due to behavior of nikel based catalyst 
enhancing durability and sustaining high operational metric for water electrolysis and overall system[23]. 

Due to their unique structural and functional qualities, commercial perfluorosulfonic acid (PFSA) membranes 
widely used in electrochemical applications such as flow batteries and electrolysers. The membranes are made up 
of a polytetrafluoroethylene (PTFE) backbone that doesn't like water and hydrophilic side chains that end in 
sulfonic acid groups (–SO₀H) (refer to fig 1)[24]. In wet conditions, the interaction between these domains creates 
a clear cluster-network structure with ionic clusters. This structure makes it easy for protons to move quickly 
using both the Grotthuss mechanism (proton hopping) and the vehicular mechanism (proton movement with 
water molecules) [25].The EDX analysis shown in Figure 4B confirms the idea that the PFSA membrane surface 
has oxygen-rich functional groups. These groups are necessary to maintain the membrane hydrated and allow for 
high ionic conductivity. In addition, the high oxygen level seen is linked to the sulfonic acid groups and the ability 
to take in water, which are both important for proton conduction to work well [26]. Finding elements like nickel 
and manganese, which were probably added when the membrane was being made or when the catalyst was being 
integrated, shows that the membrane could have better electrochemical performance[27]. 

The backbone made of PTFE helps the membrane stay chemically stable even in harsh working situations. 
Even with these benefits, however, the high cost of making PFSA membranes is still a big reason why they aren't 
widely used in energy storage and conversion systems. Combining FESEM and EDX research shows the surface 
topography and elemental make-up. Knowing these details is important for improving membrane design and 
lowering production costs without affecting performance.[28]  

4.2 Cross Section of PFSA membrane Analysis 
Fig. 5 illustrates the cross-sectional morphology of the PFSA membrane was obtained through Field Emission 
Scanning Electron Microscopy (FESEM) at a magnification of 1,000. The image illustrates the internal structural 
characteristics of the membrane, exhibiting a measured thickness of approximately 130 µm. This measurement 
value aligns with the standard thickness specifications for commercially PFSA membranes [29]. The cross-
sectional view reveals a dense, compact membrane structure with embedded particulate materials predominantly 
located along the upper surface region. The distribution of these surface-deposited particles is uneven and may 
relate to catalyst loading, membrane-electrode assembly processes, or residual inorganic components from 
membrane activation or conditioning treatments[30]. Their presence may affect the interfacial properties of the 
membrane, such as ion exchange capacity, surface conductivity, and interactions with electrode materials. The 
internal matrix of the membrane remains intact, showing no signs of delamination or structural failure, which 
shows mechanical robustness[31]. Although the discovered microvoids images within the membrane interior, this 
may be related to hydration domains or leftover manufacturing stresses, but the membrane overall integrity does 
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not appear to be affected[32]. This morphological characterisation offers essential understandings into the 
structural uniformity and functional surface behaviour of the PFSA membrane which underscoring its 
appropriateness for electrochemical applications like electrolysers. Adequate thickness, dense morphology, and 
controlled surface particle distribution are critical for ensuring high proton conductivity, mechanical stability, and 
sustained performance under operational conditions [33]. 
 

 
Fig. 5 Cross section of PFSA membrane 

4.3 EDX Cross Section of PFSA-Nafion115 Membrane Analysis 
The spectrum of EDX analysis shows that the PFSA membrane cross section in Fig. 6 displayed the individual peaks 
that correspond to the different elements present in membrane. The spectrum shows  y-axis represents the 
intensity of X-ray emissions produced by each element resulted from excitement by the electron beam and it is 
measured in counts per second per electron volt (cps/eV).This analysis represent the chemical elemental in PFSA 
membrane as in the peaks labelled as chemical symbols used to indicate each peak according to their individual 
elements which are fluorine (F), carbon (C), oxygen (O), sulphur (S), and titanium (Ti) [34].  
 

  
Fig. 6 EDX analysis peaks of surface elements of cross section PFSA membrane 
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Table 1 displays the elements together with their corresponding mass percentages (%) and atomic 
percentages (%). Fluorine (F) has the highest mass percentage of 60.71% and atomic percentage of 53.51%. This 
revealed the PFSA membrane possessed the majority with fluoropolymer. Carbon (C) is the second most prevalent 
element of both mass and atomic percentages at 25.27% and 35.24% respectively. Oxygen (O) constitutes 8.40% 
of the mass and 8.79% of the atomic percentage. Sulphur (S) and titanium (Ti) are found in smaller quantities, 
comprising 2.82% and 2.80% of the total mass, and 1.47% and 0.98% of the total atomic composition, respectively. 
Florine (F) is found in the PFSA membrane because of a widely recognized material used for various 
electrochemistry applications [35]. This PFSA was sulfonated tetrafluoroethylene-based fluoropolymer-
copolymer which is owned better in physical-chemical stability and high ionic conductance at moderate operating 
temperatures [36]. 

Table 1 EDX chemical element analysis of PFSA membrane 
Element Mass % Atom % 

Fluorine (F) 60.71 53.51 
Carbon (C) 25.27 35.24 
Oxygen (O) 8.40 8.79 
Sulfur (S) 2.82 1.47 

Titanium (Ti) 2.80 0.98 
 

The PFSA membrane chemical composition, obtained through Energy-Dispersive X-ray Spectroscopy (EDX), 
is crucial for its electrochemical behaviours and suitability for applications like fuel cells and water electrolysers 
[37] . The high fluorine content confirms a perfluorinated backbone, a signature feature of PFSA membranes. The 
presence of sulphur (S) and titanium (Ti) may indicate the presence of catalytic or reinforcement additives. The 
FESEM cross-sectional view allows for a deeper understanding of the membrane morphology, with particulate 
distributions indicating metallic elements like Ti. These findings support the continued use and optimization of 
PFSA membranes in advanced technologies[38].  

4.4 Tensile Testing for PFSA Membrane 
TGA measures weight loss of a specimen as a function of temperature, thereby providing insights into its thermal 
decomposition behaviour. Fig. 7 presents a stress-strain curve obtained from a tensile analysis performed on a 
PFSA membrane. Tensile testing is destructive testing that was conducted to analyze the physical characteristics 
of a material and determine its properties based on temperature stability. This method is critical for examining 
various stages of thermal degradation, which is vital for understanding the endurance and performance of PFSA 
in applications such as membranes for fuel cells, where thermal stability is essential for functionality under 
operating conditions[39][40].  
 

 

Fig. 7 Tensile of PFSA membrane 
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The curve reveals at point (a) as Elastic Deformation which corresponds to the initial linear component of the 
curve. At point (a) time, the membrane undergoes elastic deformation condition. In this locality, the substance will 
revert to its initial form once the burden is lifted. At point (a) to (b), the gradient of area corresponds to the Young's 
modulus of the substance, which quantifies its rigidity. Point at (b) indicates as Yield Point which marks as 
termination of the linear region where the curve begins to plateau. At this point the membrane undergoes plastic 
determination. The actual condition indicates that it will not revert to initial shape once the load is released. Then, 
the region labelled at (c) on the curve corresponds to the ultimate tensile strength (UTS) of the PFSA membrane. 
This condition considered as the highest level of stress that the membrane can endure and stretch before it 
fractures. The Ultimate Tensile Strength (UTS) of this material is specified as 13.71 N/mm². This value is 
contradicted from which the tensile strength of pure PFSA membrane is 38.2 N/mm2 [41]. This value is higher 
than PFSA membrane is may due to electrostatic cross-linking. At last point, Region at (d) indicates as Failure. 
Then, the sudden decrease in stress indicates the precise location where the membrane experiences a fracture  
[42]. The strain of failure is recorded at 73.73%, showing that the membrane experienced substantial elongation 
prior to fracturing. 

This tensile testing of PFSA membrane demonstrates elastic properties at low level of strain value (<73.73 
%), which transition to plastic deformation and ultimately experiencing failure at high levels of strain (> 73.73%). 
The ultimate tensile strength (UTS) of 13.71 N/mm² and the strain at failure of 73.73% indicate that the PFSA 
membrane possesses a notably high resistance on stretching and endured significant elongation before fracturing. 
This characteristic is an advantage to enhance the durability and performance of the membrane strength  [43]. 
Fig.8 illustrates a linear graphical depiction of the variation in force and strain over time during the tensile testing 
of a PFSA membrane. This analysis is helping to evaluate the mechanical of the perfluorosulfonic acid (PFSA) 
membrane which critically affects the performance [44].  
 

 

Fig. 8 Rate analysis of force and strain during tensile testing of PFSA membrane 

The stroke linear line curve exhibits a consistent and gradual rise in stroke strain as time progresses. It 
indicates that the membrane undergoes consistent deformation over time until it is completed. The force line 
demonstrates a linear correlation with time. However, it has a more definite incline compared to the stroke line 
[45]. This implies that the magnitude of the force exerted on the membrane happened more rapidly than the extent 
of the deformation. These are the characteristics that were observed during analysis. This is caused by the 
membrane progressively subjected to an increasing tension, resulting in deformation. The correlation between 
force and stroke strain can be utilized to ascertain the characteristics which include its stiffness, ductility, and 
tensile strength. Thus, these tensile results offer valuable information regarding the membrane physical 
performance. The linear relationship between force and stroke strain over time indicates that this test was 
conducted with controlled conditions to systematically raise these variables at a steady rate [46]. 
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4.5 TGA PFSA Membrane Analysis 
Fig. 9 presents the Thermogravimetric Analysis (TGA) curve, demonstrating the decrease in weight of the PFSA 
membrane with increasing temperature. TGA is a thermal analysis method that quantifies mass loss as 
temperature increases, offering significant understanding into the thermal degradation characteristics of 
membranes. This method is commonly used to evaluate the thermal durability of PFSA membranes, which find 
extensive application in fuel cells and electrolysers [47] 

Initially, the membrane sample maintains a stable weight. However, two distinct and rapid drops in weight 
are observed, indicating the occurrence of thermal decomposition at two separate temperature ranges. The first 
weight loss begins around 50 °C (decomposition stage 1), which can be attributed to the evaporation of water and 
other volatile components. A more significant weight reduction starts at approximately 300 °C, signifying the 
onset of decomposition and evaporation of the membrane’s structural constituents [48]. The significant 
decomposition temperature of PFSA membranes typically occurs around 300 °C, which aligns with Decomposition 
Temperature 2 observed in this analysis[49]. At this stage (point b), the second major weight loss of the PFSA 
membrane occurs, indicating a further phase of thermal degradation involving additional membrane constituents. 
A final weight loss is observed at point (c), corresponding to a decomposition temperature of approximately 
422 °C, representing the highest temperature before complete degradation. The derivative weight curve (%/°C) 
illustrates the rate of weight loss with respect to temperature. The highest peak (marked as (*)) on the curve 
indicates the temperature at which the membrane experiences the most rapid thermal degradation [50]. 

 

 

Fig. 9 TGA analysis of PFSA-Nafion115 membrane  

The presence of three decomposition temperatures implies the membrane consists of three distinct 
components that exhibit varying thermal stabilities. The thermal stability of a membrane is a crucial factor in the 
application of fuel cells, electrolyzer and other electrochemical devices [51] [52]. 

5. Conclusion 
This study contributes to a better understanding of the material characterisation through surface morphology 
study and mechanical properties of the PFSA membrane. These features are important for the membrane's 
efficient applications, such as in fuel cells and electrolysers in electrochemistry applications. This investigation 
into the surface characteristics of membrane reveals that the presence of catalyst may essential for enhancing the 
comprehension of the chemical present   on the PFSA membrane. These results of this experimental study 
demonstrate additional details regarding the PFSA membrane, which is possible to be used in future applications. 
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