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mox na eaexmpooax. B danomy odocnioxncenni
npoeoouMmbCa MOOEI0BAHHA NPOOYKMUBHOCHE
HEIIOM wnaxom uucenvnozo 00CAi0NHCEHHS
enauey nopucmocmi /]I 6 desicux xomepuiii-
nux ELAT-TEK-1200W (¢=0,31) i SIGRACET
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1. Introduction

One of the energy sources that promise in the future is
a fuel cell. It is an electro-chemical device that produces
direct electrical current from the chemical energy stored
in a fuel [1]. It is the most promising energy conversion
device because it has the cleanest technology, relatively low
operating temperature (around 80 °C), almost no noise, and
has a high efficiency to generate electricity (around 70 %).
The exhaust emissions are water and heat, which are used
as “fuel cell by-products”. At present, it is used in various
applications including electricity for households and trans-
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portation [2]. From several types of fuel cells, the Proton
Exchange Membrane Fuel Cell (PEMFC) is the type that is
very suitable for power plants because it uses a membrane on
the stack. It is a very practical certainty compared to after
fuel cell types.

The PEMFC basic elements are bipolar plates, diffusion
layers, electrodes and an electrolyte [3]. In the components,
the membrane electrode assembly (MEA) is composed by a
proton exchange membrane, catalyst layers, and gas diffu-
sion layers (GDL) sandwiched in between flow field plates.
The GDL is one of PEMFC parts, a vital electrode part
located at Membrane-Electrode Assembly (MEA) [4-6]



that functions to provide a good pathway for reactants to
catalysts [6]. Another function of the GDL is as gas diffuser
and provides additional mechanical strength (mechanical
support) for the membrane [6]. Consequently, the main re-
quirements in selecting materials for GDL are:

1) having high electrical conductivity;

2) having high permeability;

3) having corrosion resistance;

4) facilitating water and CO, disposal,

5) having good mechanical properties, good porosity for
the inlet and outlet of the reactant and products;

6) a cheap price [7].

Various improvements and developments continue to be
made to expand the efficiency of PEMFC because one of
the weaknesses is the high water content in each electrode
due to the trapping of water from the reaction between Hy
and Oj. Therefore, there have been many efforts focused
on developing conductor membranes, including the GDL
material with high conductivity and can operate at higher
temperatures to expand the ability of Hj diffusivity can
cause further surface transfer properties.

To meet the requirements of the GDL material, it is nec-
essary to choose materials that meet the requirements that
the availability of material that is easy and abundant, high
permeability, and also has a cheap price. An organic matter
that meets these criteria seems to be a material composed
of compounds containing carbon. As we know, carbon has
allotropic properties so that it can be used as a catalyst or
material that is easy to absorb the water content. The GDL
material must also transfer the generated heat on the cata-
lyst away from the MEA. Therefore, the use of organic ma-
terials by the GDL must be done. Recently, the most widely
used materials for GDLs is carbon in the form of commercial
carbon [8] and organic carbon.

2. Literature review and problem statement

The commercial GDL used is generally produced using
carbon-based polyacrylonitrile materials, which are derived
from non-renewable energy materials having high produc-
tion costs [9]. This problem makes some researchers develop
the GDL by using carbon materials derived from biomass
which is very abundant and is a renewable material. One of
the promising biomass as the GDL materials which has been
studied is coconut fiber [10]. It was observed that carbon
coconut coir can be useful in distributing reactant gas. It has
many parallel hollow tubes and functions as porous media
material. It has a certain size porosity which is capable of
distribution of the reactants throughout the catalyst layer.
Coconut coir is also able to eliminate water and CO, out of
the cell. Besides, it is able to transfer the generated heat on
the catalyst away from the MEA.

One of the factors that can increase the surface transfer
property for gas diffusivity apart from the membrane ma-
terial itself is the Hy mass distribution of the catalyst [11]
which states that the reduction in membrane porosity size
can increase the electronic conductivity of GDL. The size
of porosity will also significantly affect the uniformity of
reactant gas distribution, so that it will affect the generat-
ed electric current which shows the PEMFC performance.
Besides the porosity is one of significant factors in deter-
mining gas and water transport through/in the GDL, the

distribution and variation in porosity give the effect on
the capillary pressure driving the water out of the PEM-
FC [12]. Therefore, in the present study, various porosities
of the used organic materials as GDL will be considered.
Some effects of the reactant transports in the PEMFC
electrodes will be compared.

The porosity can be defined as the ratio of the volume of
empty space in a material [13]. It can also be defined as the
ratio of non-fiber volume to the total volume of material [14].
In the recent study, the effect of porosity that greatly affects
the performance of GDL in 3 types of organic matter will
be observed using COMSOL numerical simulation. The nu-
merical simulation will investigate the diffusion of reactants
that greatly affect the mass and mass transport that occurs
in the electrodes (Anode and PEMFC cathode). Therefore,
the study will compare the porosity effects of coconut carbon
fiber (e=0.74) [10] with the two of commercial GDL materi-
als; SIGRACET 25BA (e=0.88) [7] and ELAT-TEK-1200W
(e=0.31) [12] using COMSOL Multiphysics 5.3a software.
In the simulation results, the species mass concentration at
the anode and cathode in the Gas Diffusion Layer (GDL)
will be presented. If the previous studies [15] observed the
gas velocity and the mass conservation in the steady con-
ditions, however, in this study, the mass concentration will
be simulated under transient conditions until the reactants
reach the equilibrium state.

3. The aim and objectives of the study

The aims of the study are to determine the PEMFC per-
formance due to different porosities among three GDL ma-
terials affecting the surface transport properties of gas diffu-
sivity causing some losses or polarizations or overpotentials.

On the other hand, the transport properties make some
losses in the PEMFC, so that it will give an impact on the
PEMFC performance.

To achieve this aim, the following objectives are accom-
plished:

— by calculating the performance of PEMFC by in-
vestigating the effect of GDL porosities in some commer-
cial ELAT-TEK-1200W (g=0.31), and SIGRACET 25BA
(e=0.88), also an organic material coconut coir (€=0.74)
numerically using COMSOL Multiphysics 5.3a;

— by determining the species mass distribution repre-
sented by the gas flow velocity and total mass conservation
at the anode and cathode of the Gas Diffusion Layer (GDL);

— by calculating the electricity voltage to get the power
density of the fuel cell. It explains that the PEMFC perfor-
mance curve was influenced by three polarizations:

1) an activation polarization;

2) an ohmic polarization;

3) a concentration polarization.

4. Numerical simulation for GDL species transport

There are some assumptions for analysis conditions in
the present study considering that the PEMFC (Fig. 1) is
operated in unsteady (transient) and isothermal conditions.
Then, pressure drops are ignored. It works in adiabatic con-
ditions. It is only Hj that reacts electrochemically, while all
gases and water obey ideal gas law.



@,

side (Table 1).

Table 1
Anode Cathode Dimensions
4
o1 1 e Parameters Value | Unit
e ) @ Cell height 2 mm
Cell width 0.25 | mm
®3 3 0 Membrane
f 1. Anode Outlet thickness 0.1 mm
® 4 4 @ 2. Anode Current Controller
3. Anode Inlet Current _collec— { mm
£ g ®5 5 @ 4. Anode tor height
g e 5. Cathode inlet
- @6 6 @ 6. Cathode Current Collector
7. Cathode Outlet Table 2
8. Cathod . .
i ®7 7 e o f/fem%rzne Operating conditions
® 8 8 @ -
Parameters | Anode C:c;}el
@9 9 @
Reactant H, Oy
® 10 10 ® Pressure, P,/P, | 1 atm | 1 atm
A, . .
< » Relative mois-
< < ° 100 % | 100 %
0.25 mm 0.1 mm 0.25 mm 0.25 mm ture, RH,/RH.
Operating tem-
a b poature 7. | 333K [ 333K
Fig. 1. Geometry model of PEMFC: a — size, domain, and boundary layers;
b — cut point method measuring mass concentration
deli " Table 3
4.1. Mo ¢ ing approac . List of parameters for governing equations
The physical properties of various
organic matters for GDL materials Parameter Value Unity
are assumed to have the same math- Conductivity, solid phase, kq 5,000 S/m
ematical parameters. However, the Conductivity, membrane, £y, 79 S/m
usage of d{fferent materlals. causes a Cell voltage, Ve 06 %
dlfference in terms of porosity. Mod- Fluid viscosity, 1 2 10%105 Pa s
eling of porosity effects of PEMFC
. . X Reference pressure, P,s 1 atm
has an essential material for the opti- -
.. . Anode inlet pressure, P, i, 1 atm
mization of parameters affecting the Cathodo il > n
performance of the fuel cell. The pres- at rodein et DIEsSUure, T, out atm
ent study predicts the mass fraction qull}lbflum POtenFlal’ anode 0 v
effects and the transport phenomena Equilibrium potential, cathode 1 A
in the transient conditions. The mod- | Proton-water drag coefficient through membrane, D 3 -
el is developed as having a single flow Exchange current density, anode, ig, , 9.23x108 A/m?
channel presented in Fig. 1,a and Exchange current density, cathode, iy, . 1.05%10% A/m?
using model parameters given in Ta- Specific surface area, S 1.04x107 m?/m?
ble 1, 2. In addition, some parameters Aggregate radius, Ryg 01 um
an(élphysmz.ﬂ properties arf{: listed in Faraday constant, F 96,487 C/mol
Ta e 3, using recent work assump- T ELAT-TEK-1200 W=031.
tions and the other previous research. Microscopic porosity inside agglomerates, € — coconut coir=0.74; -
The recent study uses a two-di- — SIGRACET 25 BA=0.88
mensiona! model, two-phase flow, ideal ~ELAT-TEK-1200 W=0231;
gas, non-isothermal PEM Fuel Cells Macroscopic porosity between agglomerates, €4 — coconut coir=0.74; -
and uses the agglomeration model - SIGRACET 25 BA=0.88
simulated with COMSOL Multiphy- Anode inlet weight fraction Hy, @, 0.2 _
sics 5.3&. The model is divided into Cathode inlet weight fraction O, @, 0.168 -
3 domains; an anode, a membrane, and 24
a cathode. Each GDL material is inte- Cathode inlet weight fraction, HyO, @u,0,in 0.2 -
grated directly with the gas distributor M
’ olar mass, Ho,
that has an inlet channel, a current » My, 2 g/mol
collector, and a channel outlet. The Molar mass, O, M, 32 g/mol
same notation is used for the cathode Molar mass, H,0, My, , 18 /mol
Furthermore, the anode side is Molar mass, N, M, N, 28 g/mol
divided into 10 cut points to investi- Henry’s law constant, H, in agglomerate, H, 456%103 Pa m?/mol
gate the H2 mass concentratlo? that Henry's law constant, O, in agglomerate, H, 0.101x1012 Pa m3/mol
occurs during PEMFC operation as 2
Active layer thickness, I, 10 um

shown in Fig. 1, b (Table 2).




4.2.Model equations at porous media fluid flow
of GDL

To model the gas flow, the reactant gas velocity can be
calculated using Darcy’s law based on the law of continuity
determined by:

V.(pu)=0 at the anode and cathode, 1)

where p is the mixture density of the gas phase (kg/m?) and
u is the velocity of the gas (m/s). Then, the ideal gas law
states the density in the gas phase mixture:

P
=—» Mx,. 2
P= g M @

At the electrode boundary aimed at the anode and cathode,
the gas velocity was calculated from the total mass flow agreed
by the stoichiometric coefficients using Faraday’s law, resulting:

i M
_n'uanode = ]ani’de [ 2H2 + kHzOMHZO J’ (3)
p
i M 1
Jeathode 2
MU patode = F;}}: : ( 4“ + (EXHZ())MHZO ] (4)

By combining all the boundary conditions, Darcy’s law
calculates the gas flow velocity and preserves the total mass
conservation in the anode and cathode.

Further, in the anode, there are two gases; Hy and H,O
while in the cathode, it presents three gases; Oy and N (air), as
well as HyO. The model used one instance of the transport of
concentrated species interface for each electrode side, then each
electrode was focused in some cut points illustrated by Fig. 1, b.

4. 3. 2D Comsol Multiphysics model simulation pro-
cedures

In the recent study, Fuel Cell and Battery module were
selected for the PEMFC system. The PEMFC model was
modeled by adding Electrochemical in Secondary Current
Distribution (CD) to model electrochemical currents using
Ohm’s law and the Butler-Vormer equation. Using the equa-
tions, some polarization plots and distributions of current
density will be obtained. Then, determining the velocity of
fluid flow in the GDL, the physics was selected in Fluid Flow
in Porous Media and Subsurface Flow in Darcy’s Law (dl).
Meanwhile, finding out mass transportation that occurs at
PEMFC, Transport Species Materials in Transport of Con-
centrates Species (tcs) was added. The physics was added
twice at the anode and cathode sides because the mass trans-
port at the anode is Hy and H,O, while at the cathode there
was the mass transport of Oy and Ny (air). The Maxwell-Ste-
fan equation was used to solve the mass transfer in the poros-
ity of GDL. The Navier Stokes and the Brinkman equations
are also used in the GDL and electrodes. The equations were
also used to obtain the mass concentration profiles of sub-
stances at the anode and cathode in the physics.

5. Performance assessment of PEMFC using various
organic materials

In addition, the study also calculates the PEMFC perfor-
mance considering numerical simulation results of the mass

concentration influenced by the use of three GDL materials
with different porosity. Then, the PEMFC performance will
be represented by the power density versus the resulting
current. Before getting the result, several parameters need
to be calculated.

Initially, the PEMFC operating voltage can be deter-
mined by the result of ideal voltage reduced by all three
types of polarizations [16]:

Ver =E=M00 =Moe =M, = Mys =Moo ©)
where E is open-circuit voltage (OCV), n,, m, m,, respec-
tively, are the activation polarization, the ohmic polarization
and the mass concentration polarization.

E, the open-circuit voltage, is the ideal potential known
as the theoretical potential which is not possible to be ob-
tained in actual applications due to its irreversibility. Later,
it is referred to as the polarization or the losses or the over-
potentials.

5. 1. Activation overpotential

This polarization is the amount of voltage needed to
generate the activation energy of an electrochemical reaction
expressed with the ButtlerVolmer equation:

azFn,,
exp| —2* |-
RT 0"
J=Jo (1=a)zFn,, \| 11)
—exp| L et
RT

where a is known as the transfer coefficient (or symmetry
factor) and the value changes in the range 0<a<1. Experi-
mentally, the value often used for the value of @ is around 0.5.
Meanwhile, Jo; is exchange current density and represents
the readiness of the electrodes to form electrochemical reac-
tions. Then, the activation overpotential for the anode and
cathode can be calculated as follows:

MNoers = 2RT G| L ,i=a, c.
o zF 2],

5. 2. Ohmic overpotential

Charge transport regulates the charge of the electrons
and the ions from the production to the consumption. The
resistance to the charge transport results in a lost voltage
(the ohmic loss) [16]. For excess PEMFC resistance by
considering the contribution of each cell component; an-
ode, cathode, electrolyte, and interconnector, Ohm’s law
can be determined as follows [17]

(12)

nohmzj(dapa+depe+dcpc+dintpinf)7 (13)
in which, d and p are thickness and resistivity for anodes,
cathodes, electrolytes and GDL.

5. 3. Concentration overpotential

The mass transfer process of uncharged species of both
H, and O, is an important matter because the reactants
and products mixing in the catalyst layer ensure the perfor-
mance of the fuel cell. In order to minimize overpotential
(concentration loss), it is able to be optimized at the elec-
trode. The mass transport in a porous solid is eventually
studied as a complex phenomenon. Knudsen diffusion re-



gards the diffusion of gas molecules over some very
small capillary pores. An effective Knudsen diffu-
sion takes into account the porosity and tortuosity
of the electrodes as follows:

v 2¢ [8RT
K vl a9

where g, rand r, represent porosity, tortuosity, and
pore average radius of porous media. M is the mo-
lecular mass of species.

The difference in concentration of the two
gas species between the electrode interface and
the bulk becomes the concentration overpotential
written by the equation as follows:

P
nwn a=£In " ’ (15)
= 2F |\ By
RT P 05 P
Mmoo | | | 5251 (16)
" oF (B ) P

Afterward, the partial pressure of the elec-
trode-electrolyte of the gas species is explained by
the Fickian diffusion [16].

Finally, after finding the appropriate parameters
in some of the equations above, we will come at the
purpose of the research, which is to get the PEMFC
performance which can be formulated as follows :

P:JVcezlr (17)

where P stands for power density, J is commonly
used as current density and V,, is the fuel cell op-
erating voltage.

Finally, from some equations, the performance of
PEMFC based on the effect of the porosity from the
3 different organic materials will be found.

6. Results

6. 1. Effect of porosity on the mass concentra-
tion profiles in elapsed time

In the concentration profiles, the surface con-
tour and mass concentration of species at the anode
and cathode for Hy, O, and H,O will be presented.
The surface contour illustrates the mass concentra-
tion distribution during the reaction process, then
it will present at the mass concentration profiles at
each cut point measuring the mass concentration as
illustrated in Fig. 1.

6. 2. Concentration profiles of H,

Due to Hj inlet through the anode, the H,
mass concentration is shown their surface contour
and mass concentration as illustrated in Fig. 2. It
is represented by one of the organic material; the
coconut Coir.
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Fig. 2. Hydrogen mass concentration at anode of Coconut Coir:
a—t=0.02s; b— t=0.05s; c— +=0.09 s

Then, the Hy mass concentrations of three GDL materi- Afterward, the mass concentration of Hj in each mate-
als are plotted in Fig. 3 from each cut point method measur-  rial having different porosities can be compared as shown

ing illustrated in Fig. 1, b.

in Fig. 4.
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that is far from the inlet. In the area, the Hy concen-
tration increases significantly because the unreacted
H, flows upward, causing the increase of the Hy mass
concentration at the anode outlet. Correspondingly,
if we look at the surface contour in Fig. 2, it can be
understood that there is an increasing Hj concentra-
tion in elapsed time and pile up in the anode outlet.
Automatically, in the steady state conditions (after
t=0.09 s), the anode outlet has the highest mass con-
centration of hydrogen.
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Fig. 3. Hy mass concentration at anode:
a— ELAT-TEK-1200W; 6 — Coconut Coir;
¢ — SIGRACET 25BA

Fig. 3 explains that the Hy mass concentration increas-
es in elapsed time. It increases with the time, even it is
close to the anode outlet, the Hy concentration tends to
be constant. It is due to H» has reacted on the electrode
to release the protons in the electrolyte membrane toward
the cathode. The conditions are different from the area

Fig. 4. The effect of different porosities of Hydrogen
mass concentrations

Initially, at the anode inlet (point 10), the Hy con-
centration is the highest if it is compared to other points.
Afterward, after point 7, it begins to decrease because
H, has reacted with electrodes to break down the pro-
tons and the electrons. At the points 10 to 8, it tends to
be constant because the fuel cell is a reversible system
in which the reactants (H,) will continue to be supplied
through the anode inlet.

Afterward, Fig.4 compares the H, mass concen-
tration among three GDL materials. It shows that the
highest hydrogen concentration was owned by ELAT-
TEK-1200W which had a porosity of 0.31 followed by
coconut coir and SIGRACET 25BA.

6. 3. Concentration profiles of O,

At the cathode, the flow rate of Oy can be observed
in the form of the O, mass surface contour in Fig. 5 and
also the mass concentration profiles for each cut point
in Fig. 6. Then, the effect of each type of material with
different porosities can be compared in Fig. 7.

Fig. 5 illustrates the surface contour changes of the
0O, mass concentration in surface contour to calculate
the mass concentration plotting in Fig. 6. The figure
represents the O, mass concentration in elapsed time for
the 3 GDL materials. From the cathode inlet (point 1),
the O, mass concentration decreases significantly over
time approaching 0 (runs out).

In all porosities, based on the surface con-
tour, the highest mass concentration is at the
cathode inlet. Then, they were plotted in Fig.7
to describe the comparison of the O, mass con-
centration in the difference porosities. The result
shows that the highest O, mass concentration is
SIGRACET 25BA, then coconut coir, and finally
ELAT-TEK-1200W.
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Fig. 6. Oxygen mass concentration at anode: @ — ELAT-TEK-
1200W; b — Coconut Coir; ¢ — SIGRACET 25BA
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6. 4. Concentration profiles of H,O

The insufficient PEMFC that cannot be avoided is the
water formation in the electrode; cathode and anode. Like
H, and O species, the surface contour and the water mass
concentration at each electrode point are also plotted in
the comparison graph among the GDL materials shown
in Fig. 8.
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Fig. 8. The effect of different porosities of water mass
concentrations at the anode

From Fig. 8, it can be seen that the porosity of the GDL
also influences the water mass concentration distribution at
each point.

At the anode, the water concentration at each point
decreases in elapsed time. Meanwhile, the highest water
content in each GDL material is located at point 10, in
which it is the anode inlet. If the GDL that is a part of the
electrode has high porosity, the displacement of protons
containing water molecules will be inhibited, so that the
diffusion velocity will slow down. It will cause the water
in the GDL to be retained [17]. It is illustrated in Fig. 8
that the lowest water mass concentration is located at the
anode outlet.

The water mass concentrations for the three different
GDL materials at the cathode also are illustrated in Fig. 8
using the dash line in which it tends to increase. It opposites
to the HyO mass concentration at the anode due to the dif-
ferent inlet/outlet of the anode and the cathode.

6. 5. Performance of PEMFC affected by various
GDL porosities

After finding the numerical simulation results in the
mass concentration of the three different GDL porosities,
both in the surface contour and the cut point of mass
concentration at the anode and cathode, then the PEM-
FC performance influenced by the GDL materials with
different porosities will be calculated based on the data
written on the physical parameters in Table 1-3 by using
equations (5)—(17).

Initially, before calculating the PEMFC performance
determined using eq. (17), the losses (overpotentials) had
been calculated. The overpotentials of the PEMFC oper-
ation will reduce the ideal cell potential stated in eq. (5).
After considering the three overpotentials of PEMFC
operation, it can be illustrated by the following graphs as
shown in Fig. 9—-11.
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Fig. 9. Activation overpotential in the different GDL porosities

6. 6. Activation overpotential

The activation overpotential represents the activation
polarization among three materials having the same values
shown in Fig. 9, the activation polarization for both the an-
ode and cathode. In fact, the three different materials show
the same changes from 0 to 0.295 V.
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Fig. 10. Ohmic overpotential in the different GDL thickness

6. 7. Ohmic overpotential

Fig. 10 presents the ohmic overpotential that depends on
the thickness and the resistivity for anodes, cathodes, elec-
trolytes and GDL. The porosity of GDL materials does not
affect the ohmic overpotential, however, each material has a
different thickness and resistivity, which greatly affects the
ohmic overpotential value.

6. 8. Concentration overpotential
After finding the mass concentration values plotted in
Fig. 2—8, the overpotential activation is illustrated in Fig. 9.
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Fig. 11. Concentration overpotential in the different GDL
porosities



Meanwhile, the excess concentration of the anode con-
centration can be neglected, but the excess concentration
of the cathode concentration is considered at high current
densities as shown in Fig. 11.

Table 4
Thickness and resistivity of GDL materials
Unit ELAT-LT- COCONUT SIGRACET
1200W COIR 25 BA
d, m 0.0003 0.00025 0.0002
Pa Q-m 8,000 5,000 8,000
d, m 0.00001 0.00001 0.00001
Pe Q-m 9 9 9
d, m 0.0003 0.00025 0.0002
Pe Q-m 8,000 5,000 8,000

In Fig. 11, it looks that porosity greatly influences the
concentration losses which are very significant results. The
biggest losses occur in SIGRACET 25BA which has the
biggest pores.

6. 9. Power density (PEMFC performance)

After calculating the amount of losses/polarization oc-
curring in the fuel cell stack using eq. (17), finally the PEM-
FC performance can be illustrated in Fig. 12. At different
porosities, the concentration polarization has great losses
affecting the PEMFC performance.
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Fig. 12. PEMFC performances of the various porosities GDL
materials

7. Discussion of PEMFC performance influenced by
the porosities of the GDL materials affecting various
activations

In the concentration profiles depicted in Fig. 2—8, the
surface contour and mass concentration of species at the
anode and cathode for Hy, Oy, and H,O were presented. The
surface contours illustrate the mass concentration distribu-
tion during the reaction process. The H, mass concentration
increases in elapsed time. However, the H, concentration
close to the anode outlet tends to be constant due to Hy
has reacted on the electrode to release the protons in the
electrolyte membrane toward the cathode. The conditions
are far different from the outlet area because the unreacted
H, flows upward, causing the increase of the Hy mass con-
centration at the anode outlet. Correspondingly, if we look
at the surface contour, the anode outlet has the highest mass

concentration of hydrogen. Then, if to compare the Hy mass
concentration among three GDL materials, it shows that the
highest hydrogen concentration was owned by ELAT-TEK-
1200W which had a porosity of 0.31 followed by coconut
coirand SIGRACET 25BA. It means that the porosity factor
certainly plays an important role to influence it. The higher
the porosity, the more difficult for Hy to release protons and
even the anode outlet function to release the protons. As
a result, the less proton production, Hj is more difficult to
flow into the membrane then it will bond with O,.

The surface contour of the O, mass concentration rep-
resents the Oy mass concentration that decreases signifi-
cantly over time in the cathode inlet. It is because O, reacts
with protons and electrons to form H,O. Among the three
GDL materials, they have the same trend, which decreases
in elapsed time. In all porosities, based on the surface con-
tour, the highest mass concentration is at the cathode inlet.
Then, after regarding comparison among them, the result
shows that the highest Oy mass concentration is SIGRACET
25BA, then coconut coir, and finally ELAT-TEK-1200W.
At the cathode, the porosity affects the distribution of O,
significantly. The greater the porosity, the smaller the O,
diffusivity ability.

Afterwards, the insufficient PEMFC that cannot be
avoided is the water formation in the electrode; cathode and
anode. Like Hy and O species, the surface contour and the
water mass concentration at each electrode were compared.
It can be seen that the porosity of the GDL also influences
the water mass concentration distributions. At the anode, the
highest water concentration is the anode inlet. If the GDL
that is a part of the electrode has high porosity, the displace-
ment of protons containing water molecules would be in-
hibited, so that the diffusion velocity will slow down. It will
cause the water in the GDL to be retained [17]. On the con-
trary, the lowest water mass concentration is located at the
anode outlet. It means that the mass of water has not accu-
mulated at the anode outlet, then it makes easier to flow H.
Afterward, beside the Hy mass is enough to initiate the
reaction, some of them move to the cathode through the
membrane.

Then, the water mass concentrations for the three dif-
ferent GDL materials at the cathode opposites to the
H,O mass concentration at the anode due to the different
inlet/outlet of the anode and the cathode. In fact, the water
mass concentration at the cathode is much greater than at
the anode one. This is the result of the effects of “electro-os-
motic drag” transport, in which together with the electro-
chemical water production resulting in an accumulation of
water at the cathode [18].

After finding the numerical simulation results in the
mass concentration of the three different GDL porosities,
both in the surface contour and the cut point of mass concen-
tration at the anode and cathode, the PEMFC performance
influenced by the GDL materials with different porosities
was calculated based on the data written on the physical pa-
rameters in Table 1-3 by using equations (5)—(17). Initially,
before calculating the PEMFC performance determined us-
ing eq. (17), the losses (overpotentials) had been calculated.
The overpotentials of the PEMFC operation reduce the ideal
cell potential stated in equation (5). Firstly, the activation
overpotential represents the required energy to initiate the
reaction at PEMFC. It is also illustrated as a barrier that
the reactants must overcome. It will influence the electro-
chemical reaction involving the absorption process among



species on the electrode surface. However, the results show
that the activation polarization among three materials has
the same values shown in Fig. 9. It is the fact that, based on
equation (11), (12), the activation polarization only depends
on the operating temperature, thus the porosity does not
affect the activation losses. In the present study, the activa-
tion polarization for both anode and cathode and also from
the three different materials show the same changes from 0
t0 0.295 V.

The other overpotential, the ohmic overpotential de-
pends on the thickness and the resistivity for anodes, cath-
odes, electrolytes and GDL. Here, the ion transport is more
difficult and complex than electricity transmission. In the
electrolytes, it is a dominant loss and is caused by an excess
of resistance (ohmic overpotential). Therefore, it depends
on some parameters, such as the proton conductivity, the
electrolyte thickness and the current density, as presented
in eq. (13), (14). The porosity of GDL materials does not
affect the ohmic overpotential, however, each material has a
different thickness and resistivity, which greatly affects the
ohmic overpotential value. In addition to the size of the thick-
ness and resistivity of each material calculated in eq. (13),
it can be seen in Table 4 giving some different properties of
materials.

After finding the mass concentration values, the over-
potential activation was illustrated in Fig.9. The mass
transportation is simultaneous activity in the fuel cell in
which the reactants sent to the electrochemical reaction
area producing the product must be quickly removed from
the reaction to get a stable electricity production. Some
species appear to be overreacting, such as unexpected water
formation. Thus, one of the main reasons for excess concen-
tration is the convective mass transfer from the gas channel
to the porous electrodes. The anode consists of Hy and O,
for the cathode side. However, there are H,y, Oy, and H,O
flowing in porous electrodes. Hy can pass to the interface
of the electrodes quickly on the anode side due to its high
effective diffusion coefficient. On the other hand, O and
H,0O, which have a high molecular weight, diffuse at the
cathode side with a lower diffusion coefficient. Meanwhile,
the excess concentration of the anode can be neglected, but
the excess concentration of the cathode is considered at high
current densities as shown in Fig. 11. It looks that the effect
of the porosity greatly influences the concentration losses
which are very significant results. The biggest losses occur
in SIGRACET 25BA which has the biggest pores. It is due
to the big porosity will produce the overreacting process,
such as unexpected water formation, it gives an effect in an
accumulation of species concentrations at the electrode.

After calculating the amount of losses/polarization that
occurs in the fuel cell stack using eq. (17), finally the PEM-
FC performance can be illustrated in Fig. 12. At different
porosities, the concentration polarization has great losses

affecting the PEMFC performance. It has a significant loss
besides the ohmic and activation losses. As a result, the ideal
power density of the maximum power density cannot be
achieved due to the polarizations. The highest power density
is achieved by the smallest porosity material (ELAT-TEK-
1200W). If it is look at the mass concentration species in
Fig. 2-8, ELAT-TEK-1200W is capable of producing very
high-power densities because the Hy concentration in the
anode generates the highest concentration compared to
other GDL materials. As a result, the supply of fuel is very
large to react with O,. This is evidenced by the lowest O,
concentration at the cathode side. It means the best Hy and
0O, reactions compared to coconut coir and SIGRACET
25BA. On the other hand, the H,O formation at the an-
ode for ELAT-TEK-1200W is the lowest one. It makes an
easier way for the diffusion between Hy and O, species to
work properly. Finally, ELAT-TEK-1200W produces a high
generated power density for PEMFC. In the study, coconut
coir as an organic material nevertheless has the potential
GDL material to replace other commercial GDL such as
ELAT-TEK-1200W and SIGRACET because it has a quite
promising performance. Coconut coir can be a promising
GDL material in the future because of its performance and
environmentally friendly materials.

The future work needs to investigate the performance
of PEMFC comparing GDL materials among other some
derived organic materials, coconut coir, and commercial
materials. The other physical properties of the GDL need
to be considered in the numerical simulation properties to
predict the PEMFC performance more accurately due to
this research only examines the porosity effects. Hence,
further research will be needed to calculate all the physical
properties of organic materials having some potencies to
become GDL. Afterward, the effect of temperature and
pressure that is currently under STP conditions will be
able to be varied in real terms according to experimental
conditions.

8. Conclusions

1. The highest Hy mass concentration was owned by
ELAT-TEK-1200W which had a porosity of 0.31, however,
the highest O, mass concentration is SIGRACET 25BA.

2. The greater the porosity, the smaller the Oy diffusiv-
ity. The porosity does not affect the activation and also the
ohmic overpotential. It only influences the concentration po-
larization that gives an impact on the PEMFC performance.

3. The biggest losses occur at SIGRACET 25BA, so that
ELAT-TEK-1200W produces the highest generated power
density for PEMFC. Coconut coir can be a promising GDL
material in the future because of its performance and envi-
ronmentally friendly materials.
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