
© June 2025 | IJIRT | Volume 12 Issue 1 | ISSN: 2349-6002 

IJIRT 180163   INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY          245 

The characteristics and applications of Nafion 

membranes -An overview 
 

 

Arun Kum Guptaa, Vinay Kumar Sachanb 
a,b Department of Chemical Engineering, University Institute of Engineering and Technology 

Chhatrapati Shahu Ji Maharaj University Kanpur 

 

Abstract- Nafion membranes, composed of 

perfluorosulfonic acid (PFSA) polymers, represent a 

cornerstone material in electrochemical and energy 

conversion technologies due to their exceptional proton 

conductivity, thermal stability, and chemical resistance. 

Their unique structure, featuring a hydrophobic 

polytetrafluoroethylene (PTFE) backbone and 

hydrophilic sulfonic acid side chains, facilitates efficient 

proton transport under hydrated conditions. Nafion is 

extensively employed in diverse applications such as 

proton exchange membrane fuel cells (PEMFCs), 

electrolysis systems, chemical sensors, desalination 

units, batteries, and catalytic processes. Various Nafion 

membrane types have been developed to meet specific 

operational demands, including Nafion 117 (183 µm) 

for high-durability applications, Nafion 112 (50 µm) for 

reduced resistance, and Nafion XL for high-

temperature and low-humidity environments. Other 

variants like Nafion 211, Nafion D Series, and Nafion 

1100 Series offer flexibility in mechanical strength, 

thickness, and operational stability. Moreover, 

composite and organic-hybrid Nafion membranes have 

been engineered to enhance properties such as 

mechanical strength, gas impermeability, and water 

retention. Nafion membranes exhibit key physical 

characteristics such as high ionic conductivity, 

hydration sensitivity, low gas permeability, and 

mechanical robustness, along with chemical traits like 

resistance to oxidation, acid stability, and strong 

hydrophilicity. These characteristics make Nafion an 

indispensable material in the development of advanced 

electrochemical devices, with ongoing innovations 

focused on improving efficiency, durability, and 

performance under varied environmental conditions. 
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I. INTRODUCTION 

 

Nafion is a perfluorosulfonic acid (PFSA)-based 

ionomer membrane developed by DuPont, widely 

used in electrochemical systems due to its unique 

combination of high proton conductivity, chemical 

stability, and mechanical robustness. Structurally, 

Nafion consists of a hydrophobic 

polytetrafluoroethylene (PTFE) backbone with 

perfluorinated side chains terminating in strongly 

acidic sulfonic acid (-SO₃H) groups. This 

architecture enables efficient proton transport when 

hydrated, as the sulfonic groups attract and retain 

water, forming ionic pathways that facilitate proton 

conduction. Nafion membranes are particularly 

valued in proton exchange membrane fuel cells 

(PEMFCs) [1], electrolyzers, redox flow batteries, 

and chemical sensors. They are available in various 

thicknesses and configurations, including standard 

types such as Nafion 117, 112, and 115, as well as 

high-performance variants like Nafion XL and 

composite membranes [2]. These membranes exhibit 

excellent thermal stability (up to ~120°C under 

hydrated conditions), high resistance to chemical 

degradation, and low permeability to gases such as 

hydrogen and oxygen. However, their performance is 

highly sensitive to hydration levels, with significant 

loss of conductivity under dry conditions. Recent 

developments include composite and hybrid Nafion 

membranes incorporating inorganic fillers or organic 

polymers to enhance mechanical strength, thermal 

resistance, or water retention [3]. Overall, Nafion 

membranes remain a cornerstone material in modern 

electrochemical technologies, with ongoing research 

focused on optimizing their durability, conductivity, 

and cost-effectiveness for broader commercial use. 

Some of the primary applications of Nafion 

membranes include: Fuel Cells, Nafion is used in 

electrolysis systems, Sensors, Desalination, 

Batteries, Catalysis in chemical reactions [4]. 

 

II. MATERIAL AND METHODS 

 

Materials 

The following materials were used for the preparation 

of Nafion membranes and their composite forms:  

Commercial Nafion Membranes: Nafion 117, Nafion 

112, Nafion 115, Nafion 211 (DuPont/Chemours) 

[5]. 
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Nafion Dispersion (5 wt%): Acquired from Sigma-

Aldrich or equivalent supplier. 

Solvents: Isopropanol (IPA), Ethanol, Deionized 

Water, Dimethyl Sulfoxide (DMSO), N,N-

Dimethylformamide (DMF). 

 

Reagents for Composite Membranes: 

Inorganic fillers: SiO₂, TiO₂, ZrO₂ nanoparticles. 

Organic additives: Polyvinyl alcohol (PVA),    

Poly(ethylene glycol) (PEG), Polyimide (PI). Other 

Chemicals: Hydrogen peroxide (H₂O₂),  

Sulfuric acid (H₂SO₄), Nitric acid (HNO₃) for 

membrane pretreatment and activation [4]. 

 

Methods 

Pretreatment of Commercial Nafion Membranes: To 

ensure removal of organic and inorganic 

contaminants, and to enhance membrane 

performance, the following cleaning procedure was 

used: Boiling in H₂O₂ (3 wt%) at 80 °C for 1 hour to 

remove organic impurities. Rinsing with deionized 

water. Boiling in 0.5 M H₂SO₄ at 80 °C for 1 hour to 

protonate the membrane. Final rinse in deionized 

water until neutral pH was achieved. 

 

Preparation of Nafion Composite Membranes 

Nafion–Inorganic Composite Membranes: 

Nanoparticle dispersion: Inorganic fillers (e.g., SiO₂, 

TiO₂) were ultrasonicated in a mixture of IPA and 

deionized water (1:1 v/v) for 30 minutes. 

Mixing: The prepared dispersion was mixed with a 5 

wt% Nafion solution in a magnetic stirrer for 6–8 

hours at room temperature to ensure uniform 

distribution. 

Casting: The mixture was cast onto a clean glass plate 

using a doctor blade to control thickness. 

Drying: Membranes were air-dried for 24 hours, 

followed by vacuum drying at 60 °C for 12 hours. 

Annealing: The membrane was annealed at 130 °C 

for 1 hour to enhance mechanical and ionic 

properties. 

 

Nafion–Organic Composite Membranes 

Polymer blending: Nafion dispersion was mixed with 

organic additives (e.g., PVA, PEG) in predetermined 

ratios. 

Homogenization: Stirred at 80 °C for several hours to 

ensure complete blending. 

Casting and drying: As above, the blended solution 

was cast and dried to form a thin   membrane. 

Membrane Thickness Control: Membranes of 

different thicknesses (e.g., 25–180 µm) were 

prepared by varying the casting blade height and 

solution viscosity. Commercial variants (Nafion 112, 

115, 117, etc.) were used directly or after 

modification, as per experimental need. 

 

Membrane Characterization Methods 

To evaluate physical and electrochemical properties: 

Thickness Measurement: Using a digital micrometer 

(±1 µm accuracy). 

Ion Exchange Capacity (IEC): Determined by acid–

base titration. 

Proton Conductivity: Measured using 

Electrochemical Impedance Spectroscopy (EIS) 

under controlled humidity [2]. 

Water Uptake and Swelling Ratio: Membranes were 

weighed before and after immersion in water at room 

temperature. 

Thermal Stability: Assessed by Thermogravimetric 

Analysis (TGA). Mechanical Strength: Evaluated 

using a Universal Testing Machine (UTM). 

Morphology: Examined by Scanning Electron 

Microscopy (SEM) to check dispersion of fillers and 

membrane integrity. 

 

III. RESULT AND DISCUSSION 

 

Nafion 117 

Description: Nafion 117 is one of the most commonly 

used and well-known Nafion membranes, widely 

utilized in proton exchange membrane fuel cells 

(PEMFCs) and other electrochemical devices [4,5]. 

Thickness: Typically 183 µm thick. Applications: 

Fuel cells, electrolyzers, and other electrochemical 

systems. Features: High mechanical strength and 

chemical stability. Good proton conductivity, 

especially under hydrated conditions. Suitable for 

higher current densities and long-term stability in fuel 

cell operations. 

 

Nafion 112 

Description: Nafion 112 is a thinner version of 

Nafion 117 and is typically used in applications 

where a thinner membrane is needed to reduce 

resistance. 

Thickness: 50 µm thick. Applications: Fuel cells, 

electrolyzers, and sensors. 

Features: Lower ionic resistance compared to thicker 

membranes like Nafion 117, leading to better 

efficiency. Less mechanical strength and stability 

compared to Nafion 117, but useful when flexibility 

and lower resistance are critical . 
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Nafion 115 

Description: Nafion 115 is another intermediate 

thickness membrane, commonly used in fuel cells 

and electrolysis. 

Thickness: 127 µm thick. Applications: Fuel cells, 

electrolyzers, and other electrochemical devices. 

Features: A good balance between ionic conductivity 

and mechanical strength. 

Used for applications where a compromise between 

ion conductivity and robustness is needed. 

 

Nafion 211 

Description: Nafion 211 is a thinner membrane 

variant typically used for applications that require 

good ionic conductivity but where mechanical 

properties can be less critical. 

Thickness: 25-50 µm. Applications: Fuel cells, 

electrolyzers, and battery separators. 

Features: Very low resistance and good ionic 

conductivity can be used for applications with lower 

mechanical stress requirements. 

 

Nafion 1100 Series (Nafion 1100, 1120, 1135, etc.) 

Description: The Nafion 1100 series represents a 

group of thinner membranes than Nafion 117, often 

used in low-current density applications. 

Thickness: Typically 10-50 µm. Applications: 

Applications requiring high flexibility and lower 

weight, such as small-scale fuel cells or battery 

components [6]. 

Features: Excellent proton conductivity, particularly 

in hydrated conditions. 

Thinness allows for reduced resistance, but they may 

lack the robustness of thicker membranes. 

 

Nafion XL 

Description: Nafion XL is a newer, high-performance 

Nafion membrane, designed to operate at higher 

temperatures and with lower water content compared 

to conventional Nafion membranes. 

Thickness: Varies, but similar to Nafion 117 and 112. 

Applications: High-temperature PEM fuel cells, 

electrolyzers, and applications requiring stability at 

elevated temperatures [6]. 

Features: Enhanced stability at temperatures above 

100°C, allowing for better performance in high-

temperature fuel cell operations. Lower water 

content, leading to higher efficiency in dry conditions 

or low-humidity environments. 

 

Nafion D Series (Nafion 200, 210, etc.) 

Description: The Nafion D series represents 

membranes designed for specific industrial 

applications, such as large-scale fuel cells or for use 

in areas with lower humidity. 

Thickness: Varies. Applications: Industrial and 

commercial-scale applications in fuel cells and other 

electrochemical processes. Features: These 

membranes are designed for increased durability and 

performance under commercial operation conditions. 

 

Nafion PFSA Membranes (Per fluorosulfonic Acid 

Membranes) 

Description: Nafion PFSA membranes are based on 

perfluorosulfonic acid chemistry, offering superior 

ionic conductivity and electrochemical performance. 

Thickness: Varies. Applications: Fuel cells, 

electrolyzers, sensors, and other electrochemical 

devices. Features: High chemical and thermal 

stability. Very high proton conductivity due to the 

sulfonic acid groups.  

 

Nafion Composite Membranes 

Description: Nafion composite membranes consist of 

Nafion mixed with other materials such as inorganic 

nanoparticles or fillers to enhance specific properties 

(e.g., mechanical strength, proton conductivity, or 

gas permeability) [7]. 

Applications: Fuel cells, electrolyzers, and sensors 

where enhanced performance is needed. 

Features: Often tailored to specific needs such as 

increased ionic conductivity, improved mechanical 

strength, or enhanced stability under extreme 

conditions. 

A wide variety of formulations depending on the 

desired characteristics. 

 

Nafion Membrane Electrolyte Assemblies 

Description: These are composite systems that 

combine Nafion membranes with electrodes or other 

materials in a ready-to-use configuration for 

electrochemical applications. 

Applications: Ready-to-use systems in fuel cells, 

electrolyzers, and other electrochemical devices [8]. 

Features: Simplifies the integration of Nafion into 

devices like fuel cells. 

Available in various configurations for different 

application needs. 

 

Nafion-Organic Composite Membranes 

Description: These membranes are composed of 

Nafion and organic materials, which can enhance 

properties such as flexibility and processability. 

Applications: Fuel cells, batteries, and sensors [13]. 

Features: Tailored to applications requiring 
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flexibility or specialized interactions between the 

membrane and other components. 

 

Physical Properties 

Ionic Conductivity: Nafion membranes exhibit high 

ionic conductivity, especially for protons (H⁺). This 

is one of their most important physical properties, as 

it allows them to function efficiently in proton 

exchange membrane fuel cells (PEMFCs) and 

electrolysis applications. The conductivity is strongly 

influenced by the membrane's water content and 

temperature. 

 

Mechanical Strength: Nafion membranes have 

excellent mechanical strength, which is crucial for 

ensuring their durability and integrity in demanding 

applications like fuel cells. They can withstand high 

pressures and mechanical stresses while maintaining 

their performance. This makes them suitable for use 

in automotive fuel cells, which require durability 

over extended operational periods [9]. 

 

Hydration Sensitivity: The ionic conductivity of 

Nafion is highly sensitive to hydration levels. When 

hydrated, the sulfonic acid groups in the membrane 

attract water molecules, creating a hydrated network 

that facilitates proton transport. As a result, Nafion 

membranes are more conductive when wet. 

However, they can lose conductivity if they dry out, 

which is a critical consideration in practical 

applications. 

 

Thermal Stability: Nafion membranes have good 

thermal stability, withstanding temperatures up to 

about 100°C to 120°C under hydrated conditions 

without significant degradation. In dry conditions, 

the maximum stable operating temperature can be 

higher, depending on the specific grade of Nafion 

used. 

 

Swelling Beshavior : Nafion membranes swell when 

they absorb water. The degree of swelling is 

dependent on the water content and can affect the 

membrane's dimensions and mechanical properties. 

This swelling must be carefully controlled in 

applications like fuel cells to ensure stable 

performance and dimensions over time. 

 

Gas Permeability: Nafion membranes are selectively 

permeable to protons, but they are typically 

impermeable to gases like hydrogen, oxygen, and 

nitrogen. This selective permeability is essential in 

fuel cell applications, where the membrane needs to 

allow the transport of protons while blocking the 

gases involved in the electrochemical reaction. 

 

Thickness and Form: Nafion membranes can be 

produced in a wide range of thicknesses, typically 

from 20 microns to a few millimeters, depending on 

the application. They are often produced as thin, 

flexible films that can be shaped and molded to fit the 

specific needs of the system. 

 

Chemical Properties 

Sulfonation and Ion Exchange: The sulfonic acid 

groups (-SO₃H) in Nafion are key to its function as a 

proton conductor. These groups can dissociate, 

releasing protons (H⁺) and allowing ionic 

conductivity. The sulfonic groups also make Nafion 

highly hydrophilic, facilitating water absorption and 

enhancing proton conductivity in the presence of 

water [10]. 

 

Chemical Stability: Nafion is highly chemically 

stable and resistant to most acids, bases, and organic 

solvents. This makes it an ideal material for use in 

corrosive environments such as in fuel cells, 

electrolyzers, and in processes involving aggressive 

chemicals. However, it can be degraded by strong 

oxidizers (e.g., concentrated nitric acid, chlorine) at 

elevated temperatures or under extreme conditions. 

Resistance to Oxidation: Nafion membranes exhibit 

resistance to oxidation, particularly when exposed to 

hydrogen and oxygen in fuel cell environments. This 

property is essential for ensuring that the membrane 

remains intact and does not degrade under operating 

conditions. 

 

Acidic Nature: Nafion membranes have an acidic 

character due to the presence of sulfonic acid groups, 

which dissociate in water. This acidity contributes to 

their proton conductivity and allows them to function 

efficiently in electrochemical reactions, where the 

proton transfer is essential [11]. 

 

Water Retention and Hydrophilicity: The sulfonic 

acid groups in Nafion make it highly hydrophilic, 

allowing the membrane to retain water effectively. 

This water retention is crucial for maintaining its 

ionic conductivity, as water acts as a medium for 

proton transport. However, the membrane's 

performance can degrade if it loses water in dry 

conditions, which is why controlling hydration is 

vital in practical applications. 
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Polymer Backbone: Nafion is based on a 

perfluorinated polymer backbone (often made from 

tetrafluoroethylene or TFE), which is chemically 

inert and resistant to many solvents and high 

temperatures. This backbone provides Nafion with 

high mechanical strength and stability under harsh 

operating conditions [12]. 

 

Solubility: Nafion is insoluble in most organic 

solvents, including alcohols and hydrocarbons, due to 

its strong, hydrophobic perfluorinated backbone. 

This resistance to solubility makes it useful in various 

chemical and industrial processes, where exposure to 

such solvents is common. 

 

IV. CONCLUSION 

 

Nafion membranes, with their unique 

perfluorosulfonic acid (PFSA) architecture, continue 

to play a pivotal role in the advancement of 

electrochemical and energy conversion technologies. 

Their exceptional proton conductivity, thermal and 

chemical stability, and mechanical integrity make 

them highly suitable for a wide range of applications, 

including proton exchange membrane fuel cells 

(PEMFCs), electrolyzers, batteries, sensors, and 

catalytic systems. The structural composition—

comprising a hydrophobic PTFE backbone and 

hydrophilic sulfonic acid side chains—enables 

efficient ion transport, especially under hydrated 

conditions. The availability of various Nafion grades 

such as Nafion 117, 112, 115, XL, and specialized 

series like the 1100 and D series allows for precise 

tuning of membrane thickness, mechanical strength, 

and operational flexibility to meet specific 

performance requirements. Moreover, recent 

advancements in composite and organic-hybrid 

Nafion membranes have significantly improved 

properties such as mechanical strength, water 

retention, and performance under low-humidity or 

high-temperature environments. Despite challenges 

related to hydration sensitivity and performance 

degradation under dry conditions, continued research 

and innovation have led to the development of more 

robust and efficient Nafion-based materials. With 

ongoing improvements in fabrication techniques and 

composite formulations, Nafion membranes remain 

at the forefront of membrane technology, supporting 

the transition toward more efficient, durable, and 

scalable electrochemical energy systems. 
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