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Abstract

Hydrogen fuel cell technology is now being researched extensively
globally to provide a stable renewable energy source in the future. New
research is aiding in improving performance, endurance, cost-efficiency,
and the elimination of fuel cell limitations. Throughout the development
process, the many aspects impacting the features, efficiency, durability,
and cost of a fuel cell must be examined in a specific method. This
review study looked at the impact of several variables on hydrogen fuel
cell durability (HFC). In every sphere of fuel cell application, long-term
operation is a must to make this electrochemical cell work. The major
durability-enhancing aspects of a fuel cell include temperature, catalytic
decay, contaminants, thermal energy and water maintenance, and fuel
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Introduction

In a Hydrogen fuel cell (HFC), Hydrogen and oxygen
are fed into the cell, where an electrochemical
reaction between anode and cathode is separated
by an ion-exchange membrane.’-> Among all the
types of fuel cells, proton exchange membrane
fuel cell (PEMFC) has become widely accepted
for powering electric devices and vehicles.5'° The
core of the fuel is a sandwich-like structure where

on both sides of the proton exchange membrane,
there is a catalyst layer and a gas diffusion layer
covers the catalyst layer (Figure 1).28112 One side
of the membrane acts as an anode, and the other
side acts as a cathode. This core is the deciding
part for fuel cell efficiency and longevity." Here, the
reaction process in the cathode is named Oxygen
reduction reaction.*57
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Fig.1: Operating Principle of PEMFC'

Normally, oxygen reduction is a slow reaction.
To accelerate this reaction mechanism, carbon
nanoparticle-based platinum catalyst is widely used
for its unique operation.' The optimum platinum
distribution is around 100 micrograms with 2-5
nanometer sizes.'®'” Advantages like larger current
density, quiet and instant operation, mobile use
feasibility make fuel cells very reliable to use.'®%5
As an electrochemical reaction in a fuel cell
generates electricity, it has wide and multiple-
use from household application to power plant
level energy demand.?6-2° This technology is
comparatively far away from conventional fossil
fuel-based engines in the region of carbon footprint.*

The membrane electrode assembly is the prime
cost-bearing component in a fuel cell which is
around 70 percent of the total fuel cell cost.?' In the
total cost of the membrane electrode assembly, 91
percent cost is responsible for platinum (Pt) catalyst
and membrane materials.?®*? The main goal is to
reduce the platinum catalyst in the electrode and to
improve the recycling process.'®%% For vehicle and
mobile energy demand, fuel cell-based on proton
exchange membrane is an appropriate choice. 83335
The required longevity and the cost reduction are the
main challenges yet to achieve.®202536-3 | gongevity
investigation for fuel cell systems is costly and time-
consuming. Around five years of the continuous
fuel cell,the experimental operation is needed to
achieve the forty-thousand-hour lifetime level.
To make fuel cells feasible for widespread use, there
are some challenges.?%%:3940 Relative to the battery

operation, the fuel cell is not durable enough due
to the constituent decay.*' The storage technology
for hydrogen fuel storage is yet to be cost-effective
with proper safety measures.?*#? The storage volume
needs to be decreased for hydrogen fuel storage.*344
Besides, the maintenance cost of a fuel cell is still
high apart from the initial building cost.*>**” To make
fuel cell relevant in comparison to the other options,
these main challenges need to be met.

Cell Durability Factors, Challenges and Solutions
Fuel Cell Temperature

Despite the proton exchange membrane's enormous
development, its long-term viability remains an issue.
The lifetime of the proton exchange membrane
is closely linked to the durability of the catalyst,
electrode plate, gas diffusion layer, and gasket.3348-%1
The lifetime of the proton exchange membrane is
determined by electrochemical erosion, component
erosion, and temperature impact. With the increase
in temperature, the proton exchange membrane
loses its water and becomes dehydrated. As a
consequence, hydrogen gas will reach the cathode
side after passing the dehydrated membrane. The
bipolar plate, catalyst, and gaskets will be damaged
by Hydrogen on the cathode side.

Challenges with Fuel Cell Temperature

If the fuel cell continues to run at high temperatures,
the proton exchange membrane fuel cell's durability
will deteriorate over time. In a study, a fluid dynamic
model with an operating temperature range of
80°C to 120°C and a pressure range of 0.2 MPa
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was suggested.®52 A high-temperature fuel cell
performed better in this model, with a higher current
density at 80°C rather than 120°C. The anode side's
water production was found to be superior to the
cathode side's. 'Smooth water production was
discovered when the temperature was reduced from
120°C to 80°C. However, it may cause direct damage
to the fuel cell, reducing the fuel cell's durability.5®
A small quantity of water accumulates on the
surface of the proton exchange membrane at low
temperatures of about 100°C. At high temperatures
about 200°C, the sulfonate portion of the Nafion
membrane decays, allowing hydrogen gas to flow
through the proton exchange membrane and reach
the cathode region." Temperature effects on Fuel
cell durability are shown in Figure 2.
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Fig. 2: The predicted effects of temperature

on PEMFC durability®

Fuel cell operation at 0°C or at negative thermal
conditions is significant. Water will get iced in the
membrane electrode assembly, and the ice creates a
volume larger than the same amount of water in liquid
form. This extra volume in the assembly will create
extra pressure and will result in gas diffusion layer
carbon fiber damage, catalyst release, membrane
crack, etc.?>55 After the transformation of ice to water
will relax the extra volume pressure in the assembly.
This pressure and relax situation have a bad effect
on fuel cell constituent components, and the fuel cell
performance decays. The produced water from the
electrochemical reaction needs to be purged before
it becomes ice in low thermal conditions for better
performance of the fuel cell. A more tolerant gas
diffusion layer and proton exchange membrane will
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ameliorate fuel cell performance in harsh negative
thermal conditions.®

The fuel cell has a certain operating temperature
which is different from the ambient temperature of
the fuel cell. During the electrochemical reaction,
heat is one of the by-products in the fuel cell. Internal
mass resistance of the fuel cell also generates
some heat. Up to 50 to 70 percent of the total input
hydrogen fuel is lost from the fuel cell, and it turns
into heat energy.53%:5 The fuel cell components
will be experienced with thermal expansion with
the integrated amount of all the thermal energy.
The thermal energy difference throughout the
electrochemical reaction process will result from
irreversible damage to a fuel cell. The gas diffusion
layer loses its conductivity of thermal energy with
the increment of the fuel cell temperature.

Solution
The temperature should be maintained optimum
based on the table 1.

Presence of Carbon Monoxide

Carbon monoxide is very reactive to the platinum
catalyst than hydrogen fuel and results in a
deposition of carbon monoxide layer over the active
surface of the platinum catalyst. After the carbon
monoxide deposition, it very difficult to recover
the active surface of the catalyst for the further
electrochemical reaction.®' Pure hydrogen fuel fed
into the fuel cell recovers the damage of carbon
monoxide, but it takes a larger time period relative
to the damage time. The damaging effect of carbon
monoxide depends on some variables, such as the
thermal condition, pressure, and flow parameter
of hydrogen fuel.®' For the high amount of carbon
monoxide impurity in the hydrogen fuel for a long
time operation, the membrane will have exposure
to severe damage. However, for the higher thermal
condition of the fuel cell, the membrane decay will
be less.™

Challenges with the Presence of Carbon
Monoxide

The performance of the fuel cell will be decreased
regardless of the effect of carbon monoxide is
recoverable from pure hydrogen fuel feed.®' For
a long-term operation of the fuel cell, the carbon
monoxide impurity from the hydrogen fuel reacts with
the catalyst, which results in catalyst release from
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the active reaction area.Along the flow channel of the
fuel cell, the degradation process happens.8®¢ The
carbon monoxide exposure in the membrane is not
uniformly distributed. During the anode half-reaction,
the catalyst in the anode side decays.%® Besides,
during the cathode half-reaction, the catalyst decay
is rapid in the outlet than in the inlet.%¢ Carbon
monoxide has a negative effect on reverse hydrogen
movement. This is considered as the contribution to
the proton exchange membrane fuel cell durability.®”
The operating temperature range for high-
temperature proton exchange membrane fuel cells
is 100°C to 200°C."% When the carbondioxide
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percentage reaches 25 percent and methanol to
10 percent, then the membrane is vulnerable to
be affected.®® Moist proton exchange membrane
is essential for proton exchange from anode to
cathode.” For a certain amount of carbon, dioxide
presence creates a negative effect of dilution, which
has a negative effect on proton exchange; at a high
thermal condition in a high-temperature proton
exchange membrane, the reaction mechanism
between the carbon monoxide and the catalyst
decreases.% That's why high-temperature PEMFC
operates with better performance compared to the
low-temperature PEMFC.

Table 1: Effect of Temperature on HFC parameters (adapted from ')

Parameters

Effect on the parameters?:242%4849,57-60

Performance and efficiency
Humidity

Power Production

Voltage

Leakage

Catalyst

Mass cross-over

Durability

Increases with the increase in temperature

Optimum temperature maintains the required humidity
Increases with the increase in temperature

Increases with the increase in temperature

Current Increases with the increase in temperature
Tolerance Increases with the increase in temperature
Decreases with the increase in temperature
Decreases with the increase in temperature

Fuel

Air Steam Steam
143 ]

Reformer

(POX/ATR)

Reaction:
Gasoline — H, + CO

T: 700 to 900°C
Exit CO: 10-15%

Reaction:
CO+H,0—-CO,+H,

T: 200 to 400°C
Exit CO: 0.2-1%

NexTech
Air PROX
ﬂ CO Sensor

Reaction:
CO0+0,— CO,

T: 120 to 150°C
Exit CO: 10-100 ppm

Fig. 3: Schematic diagram showing carbon monoxide
clean up procedure steps in a fuel processor®?

Solution

Major hydrogen fuel generation is obtained from
fossil fuel.”" There are different types of impurities
that remain during the hydrogen generation process.
For the best performance of a fuel cell, the purity of

Hydrogen must be 99.999 percent.” In the hydrogen
fuel purification process, carbon monoxide levels
must be under ten parts per million.”>”* Impurity
management of hydrogen fuel can be performed
in two ways. Either the input hydrogen fuel must
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be contamination-free, or the tolerance level of the
fuel cell be increased.”™ Adsorbing impurities with
the pressure variable is a widely used hydrogen
purification process.'® Based on the target impurity
elimination, the absorbent material will be changed.
Pressure swing adsorption is a mature technology
for sizeable industrial-scale purification or gas
separation.” But precise purification process yields
less amount of Hydrogen compared to the reformed
gas, which is 75 to 90 percent.’®7®

Hydrogen purification from membrane separation is
cost-effective and takes a comparatively less amount
of energy.”” Palladium-based membrane surface
can capture Hydrogen and forms a metal hydride
bond. From the opposite side of the palladium
membrane, Hydrogen is released with 99.999%
purity.?® Hydrogen generation from fossil fuel by
steam reforming the carbon monoxide presence
rate is very high. This carbon monoxide rate can
be reduced from 10 percent to 0.5 percent by the
water gas shift reaction method.” This reaction has
two thermal conditions. High-temperature reaction
mechanisms operate with significant kinetics at
temperatures ranging from 350°C to 500°C."¢ At low
thermal conditions range from 150°C to 250°C, the
reaction kinetic is slow but generates a high amount
of pure hydrogen fuel because of the equilibrium
thermal condition. An introduction of the Platinum
cerium-based catalyst during water gas shift
reaction shows significant hydrogen fuel purification
performance with precise selectivity.”

Extraction of carbon monoxide impurity from
hydrogen fuel can be performed with the preferential
oxidation method. "' With an exposure of oxygen in
the reformate gas, this method has the ability to purify
hydrogen fuel with the extraction of carbon monoxide
from 0.5 percent to 10-part parts per million level.”®
This purification method is cost-effective with easy
condition maintenance and is suitable for vehicular
and stationary or mobile use.*2”® A minute amount of
oxidant element addition in the reformed hydrogen
fuel will minimize the bad effect of impurities on fuel
cells.8® When air or oxygen is added as an oxidant
element, then this process is named air bleeding.
If hydrogen peroxide acts as an oxidant element in the
membrane and catalyst region, the electrochemical
reaction process will be promoted. Air bleeding
hydrogen peroxide is also an option to be used as
an oxidant element in the fuel cell to prevent the

fuel cell membrane corrosion and catalyst layer
decay.”® As carbon monoxide is less reactive to the
platinum catalyst during high-temperature fuel cells
than low temperature. High thermal conditions can
enhance the fuel cell tolerance to carbon monoxide
impact.®” But during the low-temperature fuel cell, the
high thermal condition to protect carbon monoxide
effect can be detrimental for the proton exchange
membrane because the proton exchange membrane
will be damaged in high thermal conditions during
the electrochemical reaction process. Humidified
proton exchange membrane is significant for the
performance and longevity of the fuel cell." The
water takes the place of the pinhole in the proton
exchange membrane and acts as a forbidden zone
for carbon monoxide movement from anode to
cathode. If oxygen moves through the membrane
from cathode to anode, then a low concentration
of carbon monoxide will cause significant harm
to the proton exchange membrane. This oxygen
movement is named oxygen bleeding, which is
responsible for the proton exchange membrane
decay.®*® The catalyst decay is significant for the
fuel, which containsa large percentage of carbon-
based impurities.3+3°

The input hydrogen purity is essential up to 99.999
% for the reactive and sensitive behavior of the
catalyst.”? Normally, CO2, CO, NH,, H,S are the
impurities in the fuel cell system."8" Hydrogen
gas production from the reform method could
contain CO up to 0.5 to 10 percent.®27¢ For fuel cell
operation, CO level should be decreased from the
fuel.®? H,S creates a significant amount of damage
in the fuel cell system even for a minute amount of
presence.® For NH,, the damage varies according
to its trace amount and interval ®' If the trace amount
is less, then the damage will be recoverable for a
short interval of time. Besides, for the higher trace
amount, the damage is irrecoverable for a long
interval of time.?® Apart from the effect of dilution,
methane and nitrogen have no negative effect
on the fuel cell.® The presence of formaldehyde
(CH,0), acetaldehyde (C,H,O), formic acid (C,H,0),
chloromethane (CH,CI) will cause recoverable
damage in a fuel cell.8*# But a total exposure of
all types of impure gases will result in permanent
damage to the proton exchange membrane.4¢
Chloride has an adverse effect on fuel cells.
For increased power density during the fuel cell
operation, chloride has a negative effect on the fuel
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cell membrane.™'® The adverse effect of chloride is
related to the amount of chlorine ion which reacts
with the platinum catalyst and results in decreasing
of the platinum catalyst active area.'®®

Fuel Purification Process

For the durability of the fuel cell for vehicle
applications, an international organization for
standardization (ISO) fixed a level for the percentage
of impurities in hydrogen fuel.”® But not all the
hydrogen fuel production system meets this level
of fuel purification. The water electrolysis hydrogen
generation process is far from the ISO fixed
production level.® Carbon emission is high from the
water electrolysis hydrogen generation process. The
durability, along with the market feasibility of the fuel
cell, is yet to be improved.3?

The Pressure Swing Adsorption process is a
developed method for hydrogen fuel purification
within a limited weight and volume.®” Hydrogen
fuel production from methanol is more feasible
for vehicle application. In contrast to hydrogen
storage, methanol can be stored in a storage tank
with less pressure. Hydrogen fuel production from
commercial method contain impurities which are
responsible for fuel cell degradation.®” A purity level
of hydrogen fuel up to 100 ppm of Carbon monoxide
impurity will show better performance along with the
catalyst, which is tolerant to Carbon monoxide in
low-temperature fuel cells."

But impurity level over 1000ppm, there must be a
purification process for the required purity level of
hydrogen fuel before fed into the fuel cell with a
precise maintenance method for the durability of
the fuel cell, the storage system, storage cylinder,
and metal hydride technology yet to be explored
and investigated.®® Hydrogen storage material in
metal hydride technology is a significant area for
pure hydrogen storage and use. In the future, the
development of catalyst, electrolyte elements, the
membrane will boost the durability of the fuel cell.
Middle-temperature proton exchange membrane
(PEM) fuel cells in which phosphoric acid is replaced
with ionic liquid combine the advantages of low-
temperature and high-temperature proton exchange
membrane(PEM) fuel cells, showing great potential
in the utilization of impure Hydrogen.3 8
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Power Supply and Transient Period

Fuel cell power on and off, high load, etc., are
considered transient periods and these transient
periods are responsible for the longevity decay of
the fuel cell.®° [f the fuel cell can operate with a
consistent load, the durability of the fuel cell will be
higher.®!

Challenges Regarding Power Supply And
Transient Period

During the transition operation, the longevity and
the efficiency of the fuel cell decrease. For the
interruption of proton flow, there is a polarization
difference between the anode to the cathode at a
high power load. As a result, fuel cell fails to supply
the required energy.®*% At the beginning of the fuel
cell operation, oxygen diffusion occurs, and oxygen
reached to anode side from the cathode side. This
diffusion process hampers the longevity of the proton
exchange membrane fuel cell( Figure 4).8°

a Model: T=3.11x10" (e-448V )

Life [Years]

Voltage [V]

Fig. 4: The predicted effects of operating
voltage on fuel cell durability®*

Solution

The fuel cell shows improved performance and
durability for a thin layer of tungsten oxide. This layer
will act as an auxiliary catalyst in the fuel cell. It will
accelerate to dissociation of Hydrogen and increase
the catalyst tolerance level in carbon monoxide.?%%
The tungsten oxide has duel conductivity behavior
with electron and hydrogen ion conduction in an
acidic electrolyte ambiance. For quick response
hydrogen capacity, oxygen cleaning during a
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reaction, energy load sensor, this tungsten-based
thin layer is a versatile integration for the durable
and efficient fuel cell.®

Humidity and hydration of the fuel cell environment
For better proton exchange through the membrane,
hydrogen humidification in fuel cell input is
crucial 38939 Water maintenance is directly related
to the durability and performance of the fuel cell. For
a better electrochemical reaction in the fuel cell, the
proton exchange membrane needs to be hydrated
with optimum conditions.

Challenges Regarding Humidity of the Fuel Cell
Environment

If the water is not extracted properly, there will be
excessive water accumulation in the membrane
electrode assembly.?'%3% With the water flooding,
the gas diffusion layer will lose its fuel porosity. So,
the input hydrogen gas will not be able to reach the
catalyst active reaction area. Finally, the reaction
process will be starving with input fuel, and the overall
performance and the durability of the fuel cell will be
decreased.®7%% The second half electrochemical
reaction is completed on the cathode side, where
water is one of the output products. During the
proton exchange through the membrane, water
molecules also pass through the membrane due
to the electro-osmotic process. Total water on the
cathode side will also result in water transport from
the cathode to the anode side as well. Precise
water maintenance in the membrane electrode
assembly will ameliorate the overall performance
and longevity of the fuel cell. 5 The membrane will
be damaged due to inconsistent output load and
lack of uniformly distributed water.5'*? Besides, a
higher level humidification process makes the fuel
cell system less easy to handle and becomes costly.
The toughest condition for a fuel cell's durability is
the fuel cell starving with hydrogen input fuel.%4*7

Solution

To protect fuel cells from the harsh situation, hybrid
type cell and a maintaining cell can be introduced
under a consistent, stable current density with 0.2
amp/cm2 where the input gas is changed from
Hydrogen to nitrogen gas.® There is a microporous
coated layer between the gas diffusion layer and the
catalyst layer. This layer is mainly coated in one side
of the gas diffusion layer, which is faced in contact
with the catalyst layer. Sometimes either side of
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the gas diffusion layer is coated with a microporous
layer. Carbon and hydrophobic element-based
microporous layer improve the conductivity of the
gas diffusion layer. For optimum humid condition of
the gas diffusion layer microporous coating layer is
significant.'®%%% A microporous layer is introduced
here to make the gas diffusion layer less conductive
to the electron. The electron conductivity of the
microporous layer is less than the gas diffusion
layer. This electron conductivity difference between
these two layers increases with the increment of
compression value.37°

Gasket in Fuel Cell

Silicon, Ethylene Propylene Diene Monomer (EPDM)
rubber, and Polytetrafluoroethylene(PTFE) are some
of the most widely utilized gasket components for
low-temperature-based fuel cells. Gasket materials
for higher temperature fuel cells are more challenging
to develop since sealing ceramic elements to avoid
gas leakage is much more challenging.

Fig. 5: Fuel cell Gasket

Challenges with Gasket in Fuel Cell

In a long-term fuel cell operation study, traces of
silicon-based gasket material were found in the
reaction active area.?’ The degraded silicon element
for gasket decay reaches the catalyst layer on both
sides of the proton exchange membrane. This
gasket decay process would worsen the sealing
pressure, and the cell will suffer from reactant
leakage, reactant cross-over, electric short circuit,
cooling agent leakage, etc.5” During the fuel cell
reaction process, the gasket decay element reaches
the electrode, which decreases the electrode
hydrophobicity and acts as a contaminating agent in
the catalyst element.?®8' The proton exchange rate of
the membrane will be reduced, and the membrane
will face mechanical degradation due to the gasket
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decay process. Consequently, this gasket element
will affect the overall performance and durability of
the fuel cell.37:99:100

Solution

Sealing materials ought to have optimal relaxation
behavior and processability, enabling for mass
manufacturing at a cheap cost and broad fuel
cell compatibility. The substances must be free of
any possible catalyst poisons that may transfer
and damage the proton exchange membrane fuel
cell's (PEMFC) catalyst surface. Furthermore, the
materials should not include any elements that
may be drained and therefore have the ability to
clog openings in the gas-diffusion layer, cover other
active areas, or interact in any manner with the cell
electrochemistry.5” The various temperatures at
which the cells are handled, as well as the various
media to which the materials must be resistant
(water, fuel: H,, O,, reformate, methanol, formic acid,
phosphoric acid, coolants), should be considered.*®

Catalyst Decay

The platinum (Pt) catalyst is mainly supported by a
carbon base which helps to develop inner contact
between the catalyst and the proton exchange
membrane. With the help of carbon support, the
proton is driven to the exchange membrane, and
the reaction process accelerates. Any carbon decay
will be related to catalyst decay. The catalyst decay
means catalyst dissolute, or catalyst detach from
the catalyst layer. The catalyst release indicates
the reduced active reaction area for electrochemical
reactions.%® Platinum is the most effective catalyst
in fuel cell electrochemical reactions. A supporting
element and the noble and expensive catalyst
will result in a feasible and cost-effective fuel cell
operation.””* Among the supported elements for
catalyst are carbon-based nanotube, graphene,
etc. The inclusion of supporting elements along
with the catalyst layer boosts fuel cell performance
and durability.®® The inverse flow of the cathode
and anode may cause dry-wet cyclic stress and
degradation of the catalyst layer in the cathode inlet
region, according to the surface examination of the
catalyst layer (anode outlet area). This causes the
catalyst layer to break and the carbon support to
corrode. Furthermore, the uncorroded electrolyte will
fill in the original microporous structure, reducing the
permeability of the catalyst layer and accelerating
its mass-transfer efficiency'®"
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Challenges with Catalyst Decay

Load variation, lower loading, and the harsh
negative thermal condition cause severe damage
to the fuel cell system.'861.67.73.102 Catalyst layer
based on Platinum (Pt) and platinum group metal
along with carbon or carbon nano-tube has been
developed over the recent years which indicate
the lower loading of catalyst.’®® Due to the high
voltage reaction mechanism, the platinum catalyst
turns into movable platinum 2+ ion, and the ions
become a large collection of ions. Consequently,
the active catalyst area will be reduced, and the
reaction mechanism in the cathode side will be
hampered.'* This collection of platinum ion deposits
over the proton exchange membrane and results in
the production of membrane degradable radicals
of OH. In addition, platinum (Pt2+) ions can also
migrate and precipitate in the membrane structure.
This platinum (Pt) precipitates can then generate
hydroxyl (OHe) radicals, which cause significant
membrane degradation.*!¢0

Solution

To overcome the limitation of the proton exchange
membrane, fuel cell due to catalyst and membrane
decay membrane with alkaline ion exchange is
an appropriate alternative.*®1921%4 The alkaline
membrane is compatible with the non-platinum
group catalyst such as transition metal based
nitrogen carbon, which will reduce the platinum
catalyst loading in the fuel cell and the overall price of
the fuel cell will be reduced.'® Either with consistent
or dynamic power demand, an inappropriate starting
condition affects the overall fuel cell performance.
If the fuel cell operates with some conditions such
as insufficient input hydrogen flow, lack of adequate
humid condition, presence of impurities in input gas,
then this will be considered as an inappropriate
operation condition of a fuel cell.2%1%

Water Management in the Fuel Cell

The membrane needs to remain in optimized humid
condition for proton exchange from anode to cathode.
Water is the output element of the electrochemical
reaction in the membrane electrode assembly
zone. The extra water is purged from the fuel cell
through an external path. Suppose the bad water
maintenance in the fuel cell creates an accumulation
of excess water. On the cathode side, the oxygen
is fed into the fuel cell. Accumulation of excess
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water will forbid the oxygen to reach the catalyst
layer in the cathode electrode. This will result in
deceleration of the reaction process in the cathode,
and the overall performance of the fuel cell will
degrade.?*'% This extra water will also responsible
for catalyst release from the electrode.®' After the
catalyst release, the catalyst will agglomerate and
reduce the active reaction area in the electrode.
As a result, the thermal condition in the electrode
will rise inconsistently, and for the longer operation
of the fuel cell, the reaction process will decelerate.>

Membrane Dehydration

Dehydrate membrane is less inclined to exchange
proton from anode to cathode. Lack of water content
in the membrane electrode region raises potential
energy in the anode.5% Fuel cell operation with
dehydration will affect the chemical structure of the
proton exchange membrane. During the hydrated
condition, sulfate and ferrous-based impurities
are eliminated by the purged water maintenance.
However, during the dehydration period, the
impurities remain in the membrane electrode region.
Hydrogen peroxide is generated in the fuel cell's
electrochemical reaction, and the membrane is
very reactive to the hydrogen peroxide and relative
elements.?*% This is a chain reaction mechanism,
and all the impurity accumulation erases the
membrane wall. As a result, the membrane becomes
less strong. Consequently, there will be extra tension
compare to the membrane strength, and pinhole-like
deformation will generate. Finally, the inconsistent
mass cross-over will destroy the proton exchange
membrane.5393%

Degradation due to the Scarcity of Reactant Gas
The input hydrogen fuel must be purified, and this
fuel needs a way to reach the active reaction area.
This simple mechanism could be hampered by any
cell malfunction or any impurity of input reactant
gas.*' The carbon-based gas diffusion layer will
decay due to reactant insufficiency in the reaction
mechanism. %107

Effect of Impurity in Fuel Cell

In @ membrane electrode assembly is a three-layer
arrangement on either side of the proton exchange
membrane. The gas diffusion layer, catalyst, proton
exchange membrane, catalyst, and gas diffusion
layer are the consequential central arrangement of
a membrane electrode assembly. This arrangement
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is attached to each other by hot press technology.®
For the required output power demand, many single
cells are arranged and attached with nuts and bolts
adjustment. This arrangement is called a fuel cell
stack. The hot press process and nuts and bolts
adjustment impose a compression pressure over
the fuel cell system. This compression pressure is
significant for the longevity and performance of the
fuel cell.

The main functions of the gas diffusion layer in the
fuel cell are multipurpose. This layer diffuses input
hydrogen fuel uniformly from input flow over the
active surface of the catalyst layer. Fuel cells get rid
of the extra water with the help of the gas diffusion
layer through an external purged channel.>” Electrons
from the catalyst layer are driven to an external
circuit through the gas diffusion layer.Similarly, the
thermal energy produced in the reaction process is
transferred to the outer surface to reduce the overall
temperature in the membrane electrode assembly.%
The gas diffusion layer is building support in the
membrane electrode assembly. This microporous
layer eliminates the resistance for hydrogen fuel
and required electrical connection during the fuel
cell operation. The gas diffusion layer has various
types considering the carbon configuration. The
gas diffusion layer is also a performance deciding
component of the fuel cell during the compressed
situation. This layer is a carbon-based layer with a
porosity range from 70-85%.%"%" Generally, the gas
diffusion layer is hydrophobic due to the presence
of the polytetrafluoroethylene-based hydrophobic
element.® The gas diffusion layer distributes the
input gas uniformly over the active reaction catalyst
area and manages the output water during the
electrochemical reaction.5%1%

Use of Carbon Nanotube

To improve the catalyst response and longevity
in the active reaction surface area, the inclusion
of supported elements significant. High electron
conduction rate, very flimsy with precise hexagonal
shape make the carbon nanotube to support catalyst
and explore higher active reaction surface area. The
addition of carbon nanotube as platinum catalyst
support shows higher power density and reaction
response and decreases platinum catalyst loading
in the fuel cell.’® The platinum catalyst is distributed
over the inner and outer walls of the carbon
nanotube. This platinum and carbon nanotube
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combination is propitious for fuel cell electrochemical
reactions. For a sustainable catalytic activity with
less decay, the inclusion of carbon nanotube is
significant. Besides, oxides are not stable in carbon
nanotube surfaces.'%®

Mechanical Pressure In Fuel Cell Structure

To build a fuel cell with gas leakage-free, well
surface contact among the components, adequate
thermal and electric energy release, there is a need
fora certain amount of compression. There are
external and internal types of compression. Imposed
compression at the time of fuel cell building is an
external type.

Challenges with Mechanical Pressure In Fuel
Cell Structure

Excessive external compression will lead to fiber
crack or damage, and consequently, the diffusion
layer will lose its porosity, and the fuel cross-over
resistance will be high. At the same time, the
produced water in the core of the fuel cell will be
trapped and will create a flooding environment.”
At a compressed value rise from 0 megapascals to
2 MPa, the fuel cell shows performance development.
However, for the pressure range over 5 MPa, the fuel
cell performance fall rapidly.*®

Solution

Mechanical pressure should be maintained in
optimum level. The other related factors affecting
the pressure should be optimized. The membrane
humidification, thermal condition, and the operation
cycle also should be controlled to maintain pressure
at the core of the membrane electrode assembly.5"%

Membrane Composition and Structure

Holes, tears, and non-uniform thickness are the
mechanical defects in the membrane that mainly
occurs due to manufacturing error, membrane
electrode assembling process, building pressure or
stress, etc.50.10°

Challenges with Membrane Decay

The input hydrogen and oxygen will pass through
the crack or the hole. In this way, the reactant
will react will each other through the sudden
combustion of Hydrogen and oxygen, which is a
safety concern. This reactant pass-through will also
create resistance with heat and water maintenance
in the membrane electrode assembly. The integrated
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thermal energy in the membrane electrode assembly
has a degrading effect on the proton exchange
membrane. The hydrophilic group to the membrane
is very prone to be decomposed at high thermal
conditions. "% Membrane thickness is very crucial
for fuel cell performance. Thicker membranes are
durable in chemical and mechanical stress.?'"°
Besides, a thinner membrane is more suitable for
proton exchange from the anode side to the cathode
side. The membrane also degrades due to the
chemical environment. The intermediate radicals
of peroxide or hydroperoxide make the membrane
to be decomposed during the fuel cell operation.
Iron and copper ions form due to electron collector
plate decay. This ion act as an accelerating agent
for the above-mentioned radical formation, and
the aftermath of this action is thinner membrane
formation. Fuel cell operation hampers drastically
due to the short circuit due to the thin layer of the
proton exchange membrane. The catalyst in the
cathode side reacts with the input oxygen and
form platinumoxides. After that, this platinum oxide
generates platinum ions due to the availability of
reaction output water. This ion then reaches the
proton exchange membrane, and by a reduction
reaction process, the platinum ion makes a layer
over the membrane. This layer over the membrane
decreases the fuel cell performance and durability.

Solution

Proton exchange and durability features during
fuel cell operation should be maintained to provide
the optimum conditions for proton exchange
membrane.""-""* Membrane thickness should
be optimum to stand with the susceptibility to
degradation. The thermal energy should be
controlled.

Conclusion

In the future years, hydrogen fuel cells are going to
be a viable source of renewable energy. Fuel cells
are seen as a promising contender to replace fossil
fuel based operation in modern automobiles, as
there is an increasing desire to reduce environmental
damage caused by burning of fossil fuels. A simple
and dependable fuel cell technology is necessary
for the deployment of fuel cell-based propulsion.
Proton exchange membrane fuel cell is the best
choice which has emission-free operation in which
oxygen from the environment is used for input
reactant oxidant gas and cooling. This process helps
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to decrease the operation cost of the fuel cell. The
main disadvantage of proton exchange membrane
fuel cells is the cell performance is highly dependent
on the ambient conditions. However, the technology
is still not economically viable because of the high
operating and maintenance costs. Efficient catalysts
for proton exchange membrane fuel cells (PEMFC)
will face ever-increasing pressures in terms of cost,
activity, durability, and efficiency. Several research
examining the performance of the proton exchange
membrane fuel cell and various factors impacting
it have been undertaken and presented.A larger
portion of these costs is related to the durability
factors of the fuel cell. To accelerate the widespread
adoption of fuel cells, it is critical to extract and
discuss key findings from earlier studies, as well
as to identify gaps that need to be addressed. In
this study, we have presenteda number of factors
having a substantial impact, the challenges, and
necessary solution. For optimal use and durability,
all of these factors should be taken into account. This
study provides a complete overview of the current
state of the proton exchange membrane fuel cell
development and discusses numerous factors that
may have an impact on future improvements.

Highlights

. Different factors have effects on the durability
of the Hydrogen fuel cell.
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. The effects of different durability factors
forhydrogen fuel cells, challenges and
solutions have been discussed.
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