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Abstract. The objective of this work is to develop a theoretical model, to study the effect of quantum species, activation potential,
current density, and temperature/generated temperature on the performance of Pt/C catalysts in Proton Exchange Membrane Fuel
Cells (PEMFCs). For this we modified Butler-Volmer equations and analyzing I-V characteristics, the observation shows lower
activation potential of 40 mV yields better performance compared to 55 mV. The effect of temperature was observed showing
that increased in temperatures can mitigate carbon support corrosion and decline the performance of PEMFCs. Also, increasing
the electron flow per reaction cycle decreases the performance of PEMFCs by screening the flow of electrons. This result brings
negative voltage and power, highlighting the complex interplay between these factors. The results underscore the importance of
optimizing activation potential and managing temperature to enhance PEMFCs performance and longevity.
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INTRODUCTION

The design of a PEMFC is influenced by several factors,
including gas distribution, moisture content in the Gas
Diffusion Layer, heat exchange, and the properties of
the membrane and catalyst. A critical aspect is moisture
regulation in the membrane electrode assembly (MEA)
[1]. According to Park et al., insufficient water content
reduces ionic conductivity in the membrane and cata-
lyst layer, increasing contact resistance between them.
This impedes the removal of electrons at the reaction
site, essential for the fuel cell’s function. Conversely,
excess water reduces catalytic sites for electrochemical
reactions. Electrons are conducted away through the an-
ode around an electrical circuit [2]. PEMFCs used in
Unmanned Aerial Vehicles (UAVs) operate under high
current density conditions, influenced by parameters like
operating temperature, fuel supply pressure, and vol-

umetric flow rates of air and fuel. A comprehensive
optimization using the Taguchi Design of Experiment
(DoE) method was conducted to optimize these condi-
tions. MATLAB/Simulink simulations identified optimal
conditions as 313 K operating temperature, 50 lpm fuel
flow rate, 300 lpm air flow rate, and 1.5 bar fuel sup-
ply pressure. The contribution ratios to current density
were 69.7% for temperature, 16.6% for supply pressure,
6.7% for fuel flow rate, and 0.9% for air flow rate [3]. In
PEMFCs operation, oxidation occurs at the anode, where
hydrogen gas (H2) is oxidized to protons (H+), releasing
electrons. These electrons travel through an external cir-
cuit, generating current, while protons move through the
membrane to the cathode. At the cathode, oxygen (O2)
from the air is reduced and combines with the protons and
electrons to form water (H2O) in an exothermic reaction
[4].

PEMFCs have a simple structure consisting of two
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porous conductive electrodes (anode and cathode), a
polymer electrolyte, bipolar plates with gas flow chan-
nels, and an external electrical circuit. In a typical single
cell, graphite plates with machined grooves provide path-
ways for hydrogen at the anode and air or oxygen at the
cathode. Bipolar plates serve multiple functions, includ-
ing electrical interconnection and structural support. Gas
diffusion layers (GDLs) are placed between the bipolar
plates and catalyst layers, facilitating gas distribution and
acting as electrical contacts. Electrodes are thin cata-
lyst layers where oxidation and reduction reactions occur
[5, 6]. Understanding ionomer chemical degradation in
PEMFCs has advanced through experimental testing and
analysis. In-situ tests at open circuit voltage (OCV) reveal
that reactant gas permeation and radical formation (e.g.,
hydrogen peroxide) occur even at 300 K. The potential
profile within the membrane varies linearly, influencing
the rate of oxygen reduction to hydrogen peroxide. The
selectivity of peroxide formation over water generation
varies with electrode potential and humidity [7–9]. Plat-
inum nanocatalysts and their alloys are known for high
catalytic activity, stability, durability, and selectivity for
the cathodic reactions in energy conversion devices like
PEMFCs. Protons produced from hydrogen oxidation at
the anode are transported to the cathode, where they react
in a multi-electron process to form water. The interfa-
cial kinetics of these catalysts are crucial, with processes
such as reactant adsorption, intermediate conversion, and
product desorption enhancing efficiency and stability
[10]. New M-N-C type catalysts are being studied for
their kinetic ORR mechanisms and catalytic activity, with
iron-based catalysts showing good activity and stability
but causing membrane degradation via the Fenton reac-
tion, prompting interest in cobalt compounds [11–14].
Bimetallic nitrides like Ti0.8Co0.2N show increased cat-
alytic activity with cobalt incorporation, though still less
than Pt/C in acidic mediums. Mo3+ in Co0.6Mo1.4N
enhances activity due to its hexagonal structure. MEA
optimization involves blending catalysts with ultrapure
water, Nafion, and isopropanol, affecting cost and per-
formance. Reducing platinum group metal content in
electrodes is a focus to lower costs for hydrogen-powered
vehicles [15]. Nanoporous metals with continuous solid
and pore phases ensure ion and electron flow, where pore
size impacts mass transport and ion conduction. Ad-
vances in PEMFCs technology aim to reduce membrane
costs and improve efficiency and durability, supported by
mathematical models and experimental results [16].

The electrode in a PEMFC is essential for controlling
reactant supply, proton and electron transport, water and
heat management, and electrochemical reactions. Plat-
inum (Pt) is the most popular catalyst due to its excellent
activity, selectivity, and stability [17]. The structure of
the electrode and the method of catalyst deposition sig-
nificantly affect the rate of transport and electrochemi-

cal reactions. Catalysts can be coated on the membrane
(CCM) or on the substrate. CCM electrodes generally
perform better, especially at low Pt loadings, due to higher
surface area in the catalyst layers, whereas CCS elec-
trodes, although thinner and more porous, show signifi-
cantly lower performance at low Pt loading due to catalyst
penetration into the gas diffusion layer [18]. The GDL is
a carbon-based porous component that bridges reactants
and electrons in PEMFCs. Assembly pressure impacts
GDL structure, affecting reactant distribution and PEM-
FCs performance. Variations in GDL properties due to
assembly pressure can lead to uneven current density dis-
tribution and potential thermal damage to the MEA. Ap-
propriate assembly pressure can improve PEMFCs output
performance by optimizing the distribution of gases, wa-
ter, heat, and electrons through the GDL [18].

Despite extensive research on PEMFCs, gaps remain in
understanding specific activation potentials for Pt/C cata-
lysts and the effects of thermal quantum species screen-
ing. Current studies reveal a gradient in d-spacing from
the anode to the cathode, influenced by Pt particle scat-
tering and hydration levels. Scattering data show that
while small pores fill with water at lower current den-
sities, larger pores only partially fill at higher saturation
levels [19]. Particle size distributions obtained via the
MaxEnt method highlight the complexity of water uptake
in various pore sizes [20]. While much research has in-
vestigated temperature effects on PEMFC performance,
the impact of thermal quantum species screening remains
unexplored. This research aims to address this gap by in-
terlinking screening parameters with the free electron gas
model and incorporating them into the Helmholtz equa-
tion within the Butler–Volmer framework [1, 3, 21].

The thermal quantum species are defined as elec-
trons, protons, and hydrogen molecules present in a
thermal environment (1.17 eV to 1.24 meV) acting as
non-monochromatic photons, which is created by the
exothermic reaction in the presence of a catalyst at the
electrode of PEMFC. These quantum species, formed
within this thermally energized setting, interact and in-
terfere with one another around the anode, significantly
impacting the performance of the PEMFC. The behavior
of these species, particularly their quantum interactions
and interference, influences key factors such as proton
transport, electron flow, and catalyst efficiency. Addition-
ally, their interactions contribute to the overall thermal
dynamics of the system, generating heat and causing tem-
perature variations near the electrode. This temperature
increase affects the fuel cell by enhancing particle mobil-
ity while also contributing to scattering effects around the
electrode in self-generated temperature, scattering acts
as within the laser field as the generated energy ranges
from 1.17 eV to 1.24 meV, falling within the infrared
(IR) spectrum., which can either improve or hinder the
electrochemical processes within the cell. Effective man-
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agement of these interactions is crucial for optimizing
PEMFC performance and maintaining efficient energy
conversion.

The dense formation of thermal quantum species,
including electrons, protons, and hydrogen molecules,
around the electrodes of the PEMFC creates screening
effect. In this effect, the accumulation of these species
near the electrode surface resists and hinders the free flow
of both electrons and protons. As a result, the charged
particles are screened/partially blocked from moving ef-
ficiently through the system. This resistance directly
impacts the performance of the PEMFC, as it reduces
the rate of proton transport through the membrane and
impedes the electron flow through the external circuit,
ultimately lowering the overall power output and energy
efficiency of the cell. The screening effect, therefore,
represents a significant challenge in optimizing PEMFC
performance, as it can lead to energy losses and reduced
operational efficiency.

METHODS AND MATERIALS

The output current and voltage of PEM fuel cell is de-
fined by Butler–Volmer equation which is one of the most
fundamental relationships in electrochemical kinetics. It
describes how the electrical current on an electrode de-
pends on the electrode potential, considering that both a
cathodic and an anodic reaction occur on the same elec-
trode [22]:

I =Ai0

{
exp
[

βaneF
RT

(E−Eeq)

]
−exp

[
−βcneF

RT
(E−Eeq)

]}
(1)

In more compact form

i = i0

{
exp
[

βaneF
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η

]
− exp
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−βcneF
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(2)

High-Overpotential Approximation i = −i0 exp
[

βnFη

RT

]
for Large Cathodic Current and i = i0 exp

[
(1−β )nFη

RT

]
for

Large Anodic Current. In equations (1) and (2), I am
electrode current measure in ampere, A is surface of the
electrode, i is electrode current density defined as i = I

A ,
i0 is exchange current density, E is electrode potential,
Eeq is equilibrium potential, T is absolute temperature, ne
is number of electrons involved in the electrode reaction,
F is Faraday constant, R is the universal gas constant,
βc and βa is cathodic and anodic charge transfer coeffi-
cient which is dimensionless, η is activation overpoten-
tial defined as η = (E−Eeq). The value of βa +βc = 1,
βa ≈ βc ≈ β = 0.5 [22]. In fuel cells, the movement of

electrons through the external circuit and protons through
the membrane for a single cell generates a voltage differ-
ence between the cell terminals and is given as

Vcell = ENernst−Vact−Vohm−Vconc (3)

Here, ENernst is the cell thermodynamic potential drop or
initial voltage, Vact is activation polarization voltage, Vohm
is the ohmic polarized voltage of cell resistance and Vconc
concentration polarization. The ENernst of equation (3) is
calculated using Nernst equation as [23],

ENernst =
∆G
2F

+
∆S
2F

(T −Tref)

+
RT
2F

[
ln(PH2)+

1
2

ln(PO2)

]
(4)

Here, ∆G is the change in the free Gibbs energy, F is the
constant of Faraday, ∆S is the change of entropy of the
reaction, R is the universal constant of the gases and PH2
and PO2 are the partial pressures of hydrogen and oxygen,
respectively. T and Tre f denote the cell operating tem-
perature and the reference temperature, respectively. Haji
studied PEMFC voltage and current using E0 = 1.229 V,
∆S = 163.23J/molK, n =2, F = 96485.35 C/mol, Tre f =
298.15 K, R = 8.314 J/molK reported by Akimoto and
Okajima [24]. The activation polarizations of equation
(3) is directly proportional to the increase in current flow
and are defined as,

ηact =
RT

αnF
ln
(

i
i0

)
(5)

Here, α the charge transfer coefficient and this loss are
due to slow electrochemical reactions at the electrode sur-
face. The ohmic polarization varies with the increase in
current due to the constant nature of fuel cell resistance
and is defined as

ηohm = IRc (6)

Here, Rc is the cell resistance and ohmic polarization re-
sistance to the flow of ions in the electrolyte and flow of
electrons through the electrodes and the external electri-
cal circuit. The concentration losses take place due to the
entire range of current density and are defined as

ηcon =
RT
nF

ln
(

1− i
iL

)
(7)

Here, iL is the limiting current density, the potential drop
due to the drop in the initial concentration of the bulk of
the fluid in the surroundings. Now from equation (3) on
putting the value we get
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RT
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)
(8)
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Since,∆G = nFE,ne = n = 2 Now total electrical power
generated by a PEMFCs is obtained as

P =Vcell · i = i0
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Since there form quantum species (electrons, protons and
hydrogen) round the electron cause the current produc-
tion in circuit of PEMFCs. The electron formed around
electrode is free and the number density is given as∆n =
D(EF)eV , where eV the change of the electron concentra-
tion and induced charge density is given as ρind = e∆n =
e2D(EF)V , where density of states at the fermi energy of
a three dimensional free electron gas is given as D(EF) =
3n
2 EF . For induced charge density the Helmholtz equation

can be written as

∇
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V =−eδ (r− r′)

ε0
(10)

Ans also screening parameters with the Thomas-Fermi
screening obtained as k2
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3 which is the relation of screening parameters and
electron density. If we considered n is number of elec-
trons produces in complete reaction cycle we have form
this equation to (2) we get
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Now the equation with screening parametric is modified
as
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RESULTS AND DISCUSSION

The activation potentials of 55 mV and 40 mV for Pt/C
catalysts were obtained from the work of [25], who stud-
ied high-entropy materials as emerging electrocatalysts

for hydrogen production through low-temperature wa-
ter electrolysis. The I-V characteristics were analyzed
using a modified Butler-Volmer equation, incorporat-
ing a screening parameter, as shown in Figure 1. The
observed behavior in Figure 3 can be attributed to the
generation and flow of electrons during a single cyclic
reaction within a nanoscale section of the electrode. As
the current density increases, the voltage decreases. This
decrease is due to an increase in the charge transfer co-
efficient, which correlates with an increase in the power
output as the current density rises. While this trend is
generally consistent, there is a notable deviation around
a current density of 0.47 mA/cm², where both power and
voltage exhibit a peak. This peak is caused by a screening
effect as well as electron interference in the presence of
non-monochromatic photons generated around the elec-
trode of PEMF, which occurs between the equilibrium
and surface electrons formed around the electrode in the
PEMFCs. The screening effect impedes the flow of elec-
trons, leading to a temporary increase in both voltage
and power. However, once the current density surpasses
this critical point, the flow of electrons sharply increases,
causing the voltage to decrease again, as the usual elec-
tron barrier formation takes place.

FIGURE 1. IV characteristic at 55 mV with 2 electrons per
nano sec

Additionally, both power and voltage are influenced by
temperature. The power output at 300 K is observed to be
higher than at 325 K, which aligns with the findings [26,
27]. When examining the voltage as a function of current
density, it is evident that at lower current densities, the
voltage at the lower temperature (300 K) is also lower.
However, as the current density increases, the voltage at
the higher temperature (325 K) becomes lower, while the
voltage at the lower temperature increases, as shown in
Figure 1. This demonstrates that temperature plays a cru-
cial role in determining both power and voltage. The ob-
served effects are due to the influence of temperature on
electron behavior. At higher temperatures, the electrons
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formed are more affected by thermal agitation, leading
to a decrease in both power and voltage. This decrease
is a result of the combined effects of temperature and the
previously mentioned screening effect, which together re-
duce the overall performance of the system. For the for-
mation of four electrons per section, with an activation
potential of 55 mV for Pt/C, the behavior is illustrated in
Figure 2. In this case, the peak in power is shifted to-
wards a lower current density region, and the nature of
both power and voltage is consistent with the findings
[28]. The shift and the observed behavior are primarily
due to the screening effect as well as electron interference
in the presence of non-monochromatic photons generated
around the electrode of PEMF. However, in the scenario
where four electrons are formed in a single cyclic reac-
tion, the power output is higher as the current increases,
and the screening effect is less pronounced compared to
the formation of two electrons in a single system.

FIGURE 2. IV characteristic at 55 mV with 4 electrons per
nano sec

Similar to the observations in Figure 1, the voltage
and power at different temperatures exhibit a compara-
ble trend. However, in the system involving the forma-
tion of four electrons per reaction, both the power and
voltage are higher compared to the system with two-
electron formation. This difference highlights the impact
of electron formation on the overall system performance.
Specifically, the increased electron formation in a sin-
gle reaction leads to a higher energy output, resulting
in greater power and voltage. In Figure 2, the voltage
decreases more sharply in the system with four-electron
formation compared to the system with two-electron for-
mation. Despite this sharp decrease, the overall power
trend remains consistent across both systems, although
it diverges in magnitude. The decrease in voltage with
increasing temperature, as reported [29], is more pro-
nounced in the four-electron system, emphasizing the
influence of thermal effects on electron behavior. Figure
3 provides a clear illustration of the combined effects of

screening and temperature on power and voltage. The
trends observed in this figure are markedly different from
those seen in previous experimental work, likely due to
the complex interplay between screening effects and tem-
perature variations. In this context, the screening effect
refers to the phenomenon where the electric field created
by the electrons near the electrode surface reduces the ef-
fective force on other electrons, thus impeding their flow.
One particularly noteworthy observation in Figure 3 is
the occurrence of negative voltage and negative power.
This phenomenon suggests that, under certain conditions,
the system experiences a reverse bias where the direction
of current flow is opposite to the expected direction. The
presence of negative power indicates that the system is
absorbing energy rather than delivering it, which could be
attributed to the enhanced screening effect when a higher
number of electrons are formed in a single reaction.

FIGURE 3. IV characteristic at 55 mV with 6 electrons per
nano sec

The significance of negative power and negative volt-
age lies in the implications for system stability and ef-
ficiency. When the screening effect becomes more pro-
nounced, it increases the resistance to electron flow, lead-
ing to a decrease in voltage and, eventually, the emer-
gence of negative voltage. This reverse voltage, in turn,
results in negative power, meaning that the system is ef-
fectively consuming energy. This behavior can be detri-
mental to the overall performance of the system, as it re-
duces the efficiency of energy conversion and may lead to
operational instability. The formation of more electrons in
a single reaction enhances the screening effect around the
electrons, which in turn resists electron flow. This resis-
tance manifests as a decrease in voltage and the potential
emergence of negative voltage and power. Understanding
and mitigating these effects is crucial for optimizing the
performance of electrochemical systems, particularly in
scenarios involving high electron formation rates.

Figure 4 illustrates the relationship between voltage,
power, and current density for a Pt/C electrode with an ac-
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tivation potential of 40 mV. The behavior observed in this
figure closely mirrors the trends shown in Figure 3, partic-
ularly regarding the influence of temperature and current
density on the system’s performance. At a lower current
density, the voltage at 325 K is higher than that at 300 K.
This initially counterintuitive result can be attributed to
the screening effect, which plays a significant role in the
two-electron system. At lower temperatures, the screen-
ing effect is less pronounced, allowing electrons to flow
more freely. However, as the temperature increases to
325 K, the screening effect becomes stronger, which ini-
tially increases the resistance to electron flow, leading to
a higher voltage.

Similar to the observations in Figure 1, the voltage
and power at different temperatures exhibit a compara-
ble trend. However, in the system involving the forma-
tion of four electrons per reaction, both the power and
voltage are higher compared to the system with two-
electron formation. This difference highlights the impact
of electron formation on the overall system performance.
Specifically, the increased electron formation in a sin-
gle reaction leads to a higher energy output, resulting
in greater power and voltage. In Figure 2, the voltage
decreases more sharply in the system with four-electron
formation compared to the system with two-electron for-
mation. Despite this sharp decrease, the overall power
trend remains consistent across both systems, although
it diverges in magnitude. The decrease in voltage with
increasing temperature, as reported [29], is more pro-
nounced in the four-electron system, emphasizing the
influence of thermal effects on electron behavior. Figure
3 provides a clear illustration of the combined effects of
screening and temperature on power and voltage. The
trends observed in this figure are markedly different from
those seen in previous experimental work, likely due to
the complex interplay between screening effects and tem-
perature variations. In this context, the screening effect
refers to the phenomenon where the electric field created
by the electrons near the electrode surface reduces the ef-
fective force on other electrons, thus impeding their flow.
One particularly noteworthy observation in Figure 3 is
the occurrence of negative voltage and negative power.
This phenomenon suggests that, under certain conditions,
the system experiences a reverse bias where the direction
of current flow is opposite to the expected direction. The
presence of negative power indicates that the system is
absorbing energy rather than delivering it, which could be
attributed to the enhanced screening effect when a higher
number of electrons are formed in a single reaction.

As the current density increases, the trend reverses,
and the voltage at 300 K surpasses that at 325 K. This
reversal occurs because, at higher current densities, the
screening effect at the higher temperature (325 K) be-
comes more dominant, impeding electron flow more sig-
nificantly. Consequently, the voltage at 325 K drops

FIGURE 4. IV characteristic at 40 mV with 2 electrons per
nano sec

below that at 300 K. A similar pattern is observed in the
power output, where the power at 300 K is consistently
higher than at 325 K, particularly in the higher current
density region. The exchange of voltage behavior in the
lower current density region due to the screening effect
is particularly notable in the two-electron system. The
screening effect refers to the interaction between the elec-
tric fields of closely spaced electrons, which can hinder
their movement. At lower current densities, this effect
is more prominent at higher temperatures, leading to the
observed exchange in voltage behavior between 300 K
and 325 K. This phenomenon aligns with findings from
[30], who reported similar results in their studies. The
consistency between these findings suggests that the in-
terplay between temperature, current density, and the
screening effect is a fundamental aspect of the behavior
in Pt/C electrodes, particularly in systems involving the
formation of two electrons per reaction. The I-V char-
acteristics, as depicted in Figure 5, were analyzed using
a modified Butler-Volmer equation that incorporates a
screening parameter. The behavior observed in Figure 5
is attributed to the production and flow of two electrons
in a single cyclic reaction within a nanoscale section.
As the current density increases, the voltage decreases,
which is associated with an increase in the charge trans-
fer coefficient. Concurrently, the power increases with
the rising current density. This trend is generally consis-
tent; however, around 0.47 mA/cm², both the power and
voltage exhibit a peak. This peak arises due to the screen-
ing effect between the equilibrium and surface electrons
formed around the electrode in a PEMFC. The screening
effect impedes the flow of electrons, causing an increase
in voltage and power. However, as the current density
continues to increase beyond this critical point, the flow
of electrons sharply increases due to the screening effect
as well as electron interference in the presence of non-
monochromatic photons generated around the electrode
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of PEMF, leading to a subsequent decrease in voltage as
the normal electron barrier forms.

FIGURE 5. IV characteristic at 40 mV with 4 electrons per
nano sec

Temperature also significantly influences both power
and voltage. The power output at 300 K is higher than
at 325 K, which is consistent with findings from previ-
ous studies. At lower current densities, the voltage at the
lower temperature (300 K) is lower, but as the current den-
sity increases, the voltage at the higher temperature (325
K) becomes lower, while the voltage at the lower tem-
perature rises, as shown in Figure 5. This indicates that
temperature plays a crucial role in determining power and
voltage. The observed decrease in power and voltage at
higher temperatures can be attributed to the combined ef-
fects of temperature and screening. At higher tempera-
tures, the formed electrons are more affected, leading to a
decrease in both power and voltage. This behavior is sim-
ilar to what is seen in Figure 1 for an activation potential
of 40 mV, as compared to 50 mV. The behavior associ-
ated with the formation of six electrons per section, with
an activation potential of 40 mV for the Pt/C electrode, is
depicted in Figure 4. This behavior is analogous to that
shown in Figure 2, but with some key differences. The
most notable change is that the peak in power and voltage
shifts toward a lower current density region. This shift is
similar to the findings reported [31], where the impact of
electron formation and screening effects was thoroughly
examined. The observed shift is largely due to the screen-
ing effect, which plays a crucial role in modulating the
system’s response.

In systems where six electrons are formed in a sin-
gle cyclic reaction, the power increases with rising cur-
rent density, although the screening effect is less pro-
nounced compared to systems where only four electrons
are formed. This reduction in screening effect for the six-
electron system leads to a smoother increase in power and
a corresponding shift of the peak towards lower current
densities. Similar trends are observed in Figure 1, where

FIGURE 6. IV characteristic at 40 mV with 6 electrons per
nano sec

voltage and power at different temperatures exhibit com-
parable behaviors. However, in the case of six-electron
formation, both the power and voltage are higher than
in a system with only two-electron formation. This sug-
gests that the increased number of electrons involved in
the reaction enhances the overall energy output, thereby
raising both power and voltage. When comparing the
sharp decrease in voltage observed in Figure 2 with the
behavior seen in the four-electron formation system, it
is clear that the six-electron system behaves differently.
The voltage decreases more gradually, indicating a more
stable electron flow despite the increased number of elec-
trons involved. The power output follows a similar trend
as in the other systems, but with a notable difference in
magnitude when compared to the two-electron formation
system. This difference highlights the significant impact
of electron formation on the system’s performance. In
systems with more electrons per reaction, the screening
effect is less dominant, leading to more efficient energy
conversion and higher power outputs. The nature of the
power and voltage in the six-electron system suggests
that increasing the number of electrons involved in the
reaction can enhance system performance, particularly
at lower current densities. Influence of fuel cell tem-
perature on the performance of fuel cell. Under low
current condition, the voltage output keeps decrease with
the increase of working temperature. Under high current
condition, higher working temperature makes the concen-
tration losses reduced, resulting in higher voltage output
[32].

Figure 7 illustrates the pronounced effects of both
screening and temperature on power and voltage, devi-
ating significantly from previous experimental work. The
differences in power and voltage behavior are stark, in-
dicating that the interplay between these factors can lead
to unexpected outcomes in the system’s performance.
One particularly notable observation is the occurrence
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of negative voltage, which is accompanied by negative
power. This phenomenon suggests a fundamental shift
in the behavior of the system under certain conditions.
The emergence of negative voltage, often referred to as
reverse voltage, implies that the direction of the potential
difference across the system has reversed. In typical sce-
narios, voltage is positive, driving the flow of electrons
through the circuit in a direction that supports energy gen-
eration. However, when the voltage becomes negative, it
indicates that the system is experiencing a reverse bias,
where the current is flowing in the opposite direction.
This reverse flow can lead to energy being consumed
rather than generated, resulting in negative power out-
put. The occurrence of negative power is particularly
significant, as it indicates that the system is absorbing en-
ergy instead of delivering it. This reversal in energy flow
can be attributed to the screening effect, which becomes
more pronounced when a larger number of electrons are
formed in a single reaction. The screening effect involves
the interaction of electric fields between closely spaced
electrons, which can hinder their movement and create
additional resistance to the flow of current. As a result,
the system becomes less efficient in converting energy,
and under certain conditions, this inefficiency leads to a
net loss of energy, manifested as negative power. The
intensity of the screening effect is directly related to the
number of electrons involved in the reaction. When more
electrons are generated in a single reaction, the screening
effect increases, creating a stronger barrier to electron
flow. This heightened resistance can lead to a scenario
where the voltage drops into negative territory, and the
power output follows suit. The relationship between elec-
tron formation, screening, and reverse voltage is critical
in understanding how to optimize the performance of
such systems.

FIGURE 7. IV characteristic at 40 mV with 8 electrons per
nano sec

The presence of negative voltage and power in Figure
7 suggests that the system is operating in a regime where

the usual energy conversion processes are disrupted. This
disruption could be due to several factors, including ex-
cessive electron formation leading to intense screening
effects, or temperature conditions that exacerbate these
effects. The negative voltage indicates that the poten-
tial barrier created by the screening effect is so strong
that it overcomes the normal driving force of the reac-
tion, causing the system to absorb energy rather than pro-
duce it. Understanding the implications of negative volt-
age and power is essential for optimizing electrochemi-
cal systems. In practical terms, these phenomena can re-
duce the overall efficiency of the system and may even
lead to instability or failure if not properly managed. To
mitigate these effects, it may be necessary to carefully
control the number of electrons formed in the reaction,
manage temperature conditions, or reduce the intensity of
the screening effect through material or structural mod-
ifications. At the same current density and temperature,
the activation potential plays a crucial role in determining
the overall performance of the electrochemical system.
Specifically, it was observed that an activation potential of
55 mV resulted in lower performance compared to a lower
activation potential of 40 mV. This implies that a lower
activation potential is more favorable for enhancing the
system’s efficiency and performance. As demonstrated
in Figure 2, the performance of single cells deteriorated
across the entire range of current densities after extended
operation. The cells operated at temperatures of 65 °C and
90 °C for 100 hours showed a decrease in voltage from an
initial value of 0.636 V to 0.615 V and 0.578 V, respec-
tively. These voltage drops correspond to performance
decay rates of 3.30% and 9.12% at 65 °C and 90 °C, re-
spectively. The data indicates that higher temperatures
accelerate the degradation of the PEMFCs. Several fac-
tors contribute to the observed performance degradation
of Membrane Electrode Assemblies (MEAs). The perfor-
mance and lifetime of MEAs are influenced by compo-
nents such as membranes, platinum (Pt) catalysts, carbon
supports, and GDLs [33]. While increasing the tempera-
ture can reduce the corrosion of carbon supports caused
by water flooding, it simultaneously exacerbates the me-
chanical and chemical degradation of the membrane and
increases the dissolution rate of Pt [34]. At elevated tem-
peratures, such as 90 °C, the degradation mechanisms are
more pronounced. The increased temperature accelerates
the degradation of the membrane, leading to a more sig-
nificant reduction in voltage compared to operation at 65
°C. The activation potential significantly impacts the per-
formance of PEMFCs, with a lower activation potential
being more beneficial. The performance degradation ob-
served at higher temperatures underscores the importance
of carefully managing operating conditions to balance the
benefits of increased temperature with the potential for
accelerated degradation of cell components. The findings
suggest that while some temperature increases might al-
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leviate specific issues, they generally lead to more severe
performance losses due to enhanced degradation of criti-
cal components.

CONCLUSION

This research shows activation potential, current density,
and temperature play an important role to determining the
performance of Pt/C catalysts in PEMFCs. The activa-
tion potential shows lower activation potentials improved
system performance when compared to higher poten-
tials. The IV characteristic of PEMFC shows temperature
play an important role. So careful management of acti-
vation potentials and operating temperatures to optimize
fuel cell performance and prevent operational needed.
The study contributes valuable insights into the complex
interactions affecting PEMFCs and offers guidance for
enhancing their efficiency and longevity through strategic
adjustments to system parameters.
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